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MOTOROLA’S
MICROPROCESSOR AND MICROCOMPUTER FAMILIES

Serving as the “heart” of every microcomputer system is a microprocessor. Motorola
manufactures the industry’s most complete selection of solid-state microcomputer com-
ponents to provide the performance you need and the design flexibility you want.

The family concept has been extremely popular in the microprocessor industry. Motorola
pioneered this family concept with the introduction of the M6800 Family in 1974. Since
then the MPU/MCU Family has evolved in several directions, as shown in Figure 1-1, in
order to fill expanding use concepts. In addition, the basic M6800 Family has been en-
hanced. A large number of peripheral devices have been developed to support the ex-
panding family of microprocessors and microcomputers.

FIGURE 1-1. GENEALOGY OF THE COHESIVE
M6800 MICROPROCESSOR/MICROCOMPUTER FAMILY
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8-BIT MICROPROCESSORS (MPUs)
MC6800 — MC6802 — MC6803 — MC6808 —
MC6809 — MC6809E — MC146805E2

The MC6800 MPU was the first of the M6800 MPU Family and still remains a highly
cost-effective processor for a great many process-control and data-communications ap-
plications. Seventy-two instructions and six different addressing modes give it powerful
capability, and a full range of compatible peripheral chips offer the widest possible latitude
in system implementation. After years of field experience, the MC6800 has earned an
enviable reputation as one of the easiest-to-use processors available.
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Moreover, to tailor the system to your specific needs at the lowest cost, the MC6800 (and
its peripherals) is available in three different packages, three different temperature ranges,
and three speed ranges, as follows:

The MC6802 MPU has all the attributes of the basic MC6800, but it reduces the com-
ponent count of a minimum microcomputer system to only two.

The MC6802 adds an on-chip clock oscillator and 128 bytes of RAM to the capability of
an MC6800. Data in the first 32 bytes of the built-in RAM can be retained in a lower-power
mode by an external power source, allowing memory retention during a power-down
situation.

Using this microprocessor, a minimum microcomputer system consists of:

1 — MC6802 Microprocessing Unit
1 — MC6846 ROM-I/O-Timer Unit

Of course, the system is expandable to any requirement with the adapters, expanders,
and other peripheral chips that are a part of the M6800 Family.

The MC6803 MPU is the microprocessor version of the MC6801 single-chip microcom-
puter. The MC6803 accommodates applications where external ROM is present. With 13
parallel input/output lines, a 16-bit timer, and a serial communications interface the MC6803
offers a great deal of freedom in system needs. One of the most desirable attributes of
the multigeneration MC6803 is its compatibility with existing software and hardware. The
MC6803 easily meets this goal by being thoroughly integrated into the total M6800 family
of components. In addition, since the MC6803 is an HMOS device, it requires only a single
+5 volt power supply and interfaces with both TTL and MOS peripherals. The concept
of an integrated family of devices is predicated on continuity in both design and devel-
opment. As a member of the M6800 family, the MC6803 shares many of the attributes of
the basic MC6800 MPU. For example, the MC6803 encompasses the full MC6800 instruc-
tion set, yet new instructions have been incorporated for even greater system capability
and ease of programming. Many MC68083 instructions execute in fewer cycles than on the
MC6800. More and faster instructions increase throughput and reduce software conversion
and development time. Some of the features of the MC6803 are:

Expanded MC6800 Instruction Set

Full Duplex Serial Communications Interface

Upward MC6800 Source and Object Code Compatibility

16-Bit Timer with Three Modes

16-Bit Multiplexed Address Bus Providing 64K-Byte Memory Space
128 Bytes of On-Chip RAM (64 Bytes Retainable with Battery Backup)
13 Parallel I/O Lines

Internal Clock (Divide-by-Four)

TTL-Compatible Inputs and Outputs

Interrupt Capability (Maskable and Non-Maskable)

The MC6803E was designed for uses in which the internal clock needs to be synchronized
with system, peripherals, or other MPUs. The MC6803E also supports DMA and dynamic
RAM refresh with its halt (HALT) and bus available (BA) pins. Other features include:
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Enhanced MC6800 Instruction Set

Upward Source and Object Code Compatible with the MC6800
Bus Compatible with the M6800 Family

Direct Source and Object Code Compatible with the MC6801

8 x 8 Multiply Instruction

64K Memory Map (Unused High Order Address Lines Can Be Used as Input Lines)
External Clock Inputs (E and AS) Allow Synchronization

Serial Communications Interface (SCI)

16-Bit, Three-Function Programmable Timer

128 Bytes of RAM

64 Bytes of RAM Retainable During Power Down

Pin-for-Pin Compatible with MC6801 Except for HALT and BA Pins

The MC6808 low-cost version of the MC6802 microprocessor has an on-chip clock
oscillator and driver, but no on-chip memory. The MC6808 can use up to 64K of external
RAM, ROM, or peripherals.

The MC6809 microprocessor, with five internal 16-bit registers, offers up to five times
higher performance than the MC6800, yet, due to the 8-bit bus is fully compatible with all
M6800 bus-oriented supplementary circuits and peripherals. Here’s how the MC6809
stacks up:

Architectural Improvements:

Additional 16-Bit Index and Stack Registers
Direct Page Register

Increased Addressing Modes

16-Bit. Operations and 16-Bit Accumulator
8 x 8 Muiltiplier

Fast Interrupt

Software Improvements:

e Designed for efficient handling of high-level languages, including Pascal, Basic,
MPL, Cobol, and Fortran.

e Position-independent coding and reentrant-programming capability encourage de-
velopment of “canned software,” with modular program interchangeability.

® Structural, high subroutined code enhanced by two 16-bit index registers and pro-
gram counter usable for indexing. »

e Multi-task and multi-processor organization.

e Stack-oriented compiler instructions with both user and hardware stack registers
available.

Although the MC6809 is compatible with the extensive existing M6800 Family, Motorola
is designing even more peripherals to enhance systems designed with the MC6809. These
new peripherals (e.g., the MC6829 Memory Management Unit, the MC6839 Floating Point
ROM, and the MC6855 Serial DMA Processor) allow an MC6809 user to realize the full
potential of the processor.
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The MC6809 is a logical step for applications that crowd the capacity limits of today’s
conventional 8-bit processor — yet, hardware and software (upward) compatibility with
existing M6800 processors protects previous software investment.

The MC6809E includes all the features of the MC6809 plus external clocking to provide
the flexibility required in a multi-processor system.

The MC146805E2 initiates the CMOS side of Motorola’s microprocessor family. Battery-
oriented and noise sensitive applications have long sought an M6800 MPU implemented
in CMOS. The MC146805E2 includes an 8-bit optimized processor the equal of the MC6800
in speed and performance, plus on-chip RAM, timer, parallel /O ports, and clock oscillator.
Complete CMOS systems are assembled using the MC146823 Parallel Interface,
MC146818 Real-Time Clock plus RAM, MCM65516 CMOS 2K ROM, and many MSI| and
SSI support parts. The MC146805E2 also serves as a ROMiess prototype device for the
CMOS and HMOS M6805 Family single-chip MCUSs.

The processor has sixty-one basic instructions that are similar to those of the popular
MC6800 microprocessor, plus some unique enhancements. A complete set of bit-
manipulation and test instructions allow any bit in RAM or any I/O pin to be individually
set or cleared or tested as a conditional branch, all with a single instruction. The table
look-up indexing modes have also been enhanced and made more ROM efficient.

The very low power requirement of static CMOS make the MC146804E2 family of pro-
cessors and peripherals extremely attractive for those applications where power is a major
consideration (portable instruments, telecommunications, point-of-sale terminals, remote
instrumentation, industrial control, applicance controllers, etc.). The operating voltage
range is from 3 to 6 volts, while current usage ranges from microamps upward depending
upon frequency, voltage, standby modes, and operating duty cycle. Other MC146805E2
features include:

® Expansion Bus Addressing 8K Bytes of Memory
® 112 Bytes of RAM

® 16 Bidirectional I/O Lines in Addition to the Bus
® 2 Program Initiated Low-Power Standby Modes
°

Timer/Counter:

— 8-Bit Programmable Counter

— 7-Bit Software-Selectable Prescaler
— External Timer Input

— Maskable Timer Interrupt

® Maskable External Interrupt

® 40-Pin Package

e Fully Static Operation for Lower Power Needs

® Oscillator Frequency to 5 MHz at 5 V

e Compatible ROM Available — MCM65516 (2K x 8)

The MC146805E3 is an expanded version of the MC146805E2 that includes a 64K
memory addressing capability.
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8-BIT MICROPROCESSORS FEATURES MATRIX

RAM 1/0 Special [Mnem| Ext | Data
Device Tech | Pins | 8X Lines 1/0 Inst! | Addr | Size | Clock Timer
MC6800 NMOS | 40 —_ — — 72 64K 8 No —
MC6802 NMOS| 40 | 128 — — 72 64K 8 Yes —
MC6802NS NMOS | 40 128 — — 72 64K 8 Yes —
MC6803 HMOS| 40 | 128 13 Serial 82 64K 8 Yes - 16-Bit
MC6803NR HMOS | 40 — 13 Serial 82 64K 8 Yes 16-Bit
MC6803E HMOS| 40 | 128 13 Serial 82 (64K | 8 No 16-Bit
MC6808 HMOS | 40 — _— — 72 64K 8 Yes —
MC6809 HMOS | 40 - — — 59 |[64K2| 8 Yes —_
MC6809E HMOS| 40 [ — — — 59 |64K2| 8 No —
MC146805E2 CMOS | 40 112 16 — 61 8K 8 Yes 8-Bit +
MC146805E3 CMOS| 40 | 112 16 — 61 64K | 8 Yes } Prescaler
NOTES:

1. Some Mnemonic Instructions can have many Opcode Instructions. As a resuit a Microprocessor normally has many
more Opcode Instructions than Mnemonic Instructions. For instance the MC6809 has 59 Mnemonic Instructions and
1464 Opcode Instructions.

2. Two megabytes when used with the MC6829 Memory Management Unit.




PERIPHERAL AND INTERFACE COMPONENTS

Motorola manufactures and is continuing in new design efforts to provide you with an
extensive selection of efficient, cost effective peripheral and interface components.

PERIPHERAL AND INTERFACE COMPONENTS SELECTOR GUIDE

FOR NMOS/HMOS MICROPROCESSOR SYSTEMS Page
For MC6800 Two-Phase Clock Generation
MC6875 — Two-Phase Clock Generator ...........cceveviriirciicecrire e 3-555
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MC6821 — Peripheral Interface Adapter ..o 3-307
MC6822 — Industrial Interface Adapter ........ccccooviiiiiiiiie e 3-317
MC6840 — Programmable TIMEr ........cccveereirnieriorierieeire e sesssnae s 3-397
For Serial Applications
MC6850 — Asynchronous Interface Adapter ..........ccovvvviiiiiice v, 3-494
MC68HC51 — Asynchronous Communications Interface Adapter ...................... 3-503
MC6852 — Synchronous Serial Data Adapter ........ccccovcivvieeiiicnn e, 3-506
MC68HC53 — Asynchronous Communications Interface Adapter ..................... 3-520
MC6854 — Advanced Data Link Controller ............ccooevirviineninecineen e 3-524
For Complex Peripheral Control
MC6829 — Memory Management Unit .........ccccocer e neviceneee e 3-326
MC68HC34 — Dual-Port RAM Memory Unit ..........coooieiiiiiieceeecer e, 3-342
MCB835 — CRT CONtrOllEr ......oeeeieeeiisieeeieeeeees st e 3-350
MC6839 — Floating Point ROM ...........cccooiriiiirirniieeieeneie e e 3-382
MC6844 — DireCt MEMOrY ACCESS .......covcveueeevererieeeieeeeteereeeeesesessessssesseeseeseeeeens 3-410
MC6846 — ROM — 1/O — TIMEI ..oocurviii et ste et s ebe e s 3-450
MC6859 — Data Security DEVICE ........c.ccovoveeeueereeiieeeeeeie et 3-546
MC68120/MC68121 — Intelligent Peripheral Controller .............ccevevvicveeeeennnne. 3-618
For Display
MC1372 — Coior TV Video MOAUIAIOr ........cccccoveiciiveieiiieree vt s 3-2
MCB845 — CRT CONrONEr .....cvveieeeceeeceee ettt 3-427
MC6847 — Video Display GENerator ..........ccceveeecvecveiieee et 3-469
MC2670 — Display Character and Graphics Generator (DCGG) .........cccecuvenee. 3-10
MC2671 — Programmabie Keyboard and Communications Controller (PKCC) .. 3-24
MC2672 — Programmable Video Timer Controller (PVTC) .....ccceeviivviviciecennn 3-47
MC2673 — Video Attributes Controller (VAC) .......cccooeeeiieciieieee e 3-74
MC2674 — Advanced Video Display Controller (AVDC) .........cccoveeveevecniieeccnnen, 3-87
MC2675 — Color/Monochrome Attribute Controller (CMAC) .......cccccovvvvveneennene. 3-119
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PERIPHERAL AND INTERFACE COMPONENTS
SELECTOR GUIDE (CONTINUED)

For Memory Page
I MCM6810 — 128 x 8-Bit Static Random AccessMemory............... 3-302
MCM6836E16/MCM6836R16 — 128K-Bit Combination
ROM/EEPROM MemMOrY ..\ttt ittt it st e et e e 3-371
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MC3446 — Quad Bidirectional Bus Transceiver ....................... 3-135
MC3447 — Octal Bidirectional Inst. Bus (GPIA) Transceiver ............. 3-138
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RELIABILITY AND QUALITY
MONITOR REPORT

OCTOBER 1983

introduction

Motorola conducts extensive reliability tests to qualify devices, to evaluate process and material
changes and to accumulate generic performance data. The results of these tests provide the basis
for production decisions and the generation of reliability reports for customer use. The following
report provides an overview of reliability testing on Motorola’s MOS Microprocessor Components
conducted during 1982. Included in the report are summary results of dynamic life testing and thermal
performance testing for plastic and ceramic packaged devices, and moisture performance testing
for plastic parts. Results of the tests are detailed below.

Dynamic Life

Dynamic life, or high temperature operating life, is performed to accelerate failures resulting
from thermally activated defects. Failure mechanisms detected during life test include die related
defects which occur during wafer processing and both die and package related defects which occur
during assembly.

Stress is generated through the application of a 5 volt dynamic bias and an ambient temperature
of 125°C. A dynamic bias is considered more effective than static bias for LSI Microprocessor devices
because a large percentage of the chip can be continuously exercised. During life test, devices are
exercised using a common mid-range frequency clock signal which is typically 500KHz or 1MHz.

Devices are electrically tested after 168, 504, and 1008 hours using computer controlled testers
which employ functional patterns under worst-case supply and clock conditions. Pass/fail criteria are
established for each circuit type based on functionality and data sheet limits for AC and DC param-
eters. Devices which fail to meet a test criterion are segregated by failure mode and data logged,
and failure analysis is performed, when appropriate, to establish associated failure mechanisms.

Life test failure rates are calculated using the Chi-Square distribution and a 90% confidence level
(see Appendix A). This 90% confidence level is more stringent than the 60% level used in the 1981
report. The accompanying increase in failure rates for individuai device types is a result of tightening
the confidence level and does not indicate a reduction in the reliability of the devices. Tables 1 and
2 summarize the 1982 dynamic life test data for MOS Microprocessors.

Test results contained herein are for information only. This report does not aiter
Motorola’s standard warranty or product specifications.
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TABLE 1.

SUMMARY OF DYNAMIC LIFE TEST RESULTS

70°C Failure

Device Test 125°C Equivalent Rate*

Technology Type Devices |Device Hours| Device Hours | Failures FiTs
NMOS MC6800 45 45,360 2.2 x 106 0 1050
MC6810 90 89,040 46x 106 2 1150

MC6821 448 451,584 24.1 x 106 0 100

MC6822 83 83,664 49x 106 0 470

MC6840 45 45,360 2.5x 106 0 920

MC6844 45 45,360 2.7 x 106 0 860

MC6845 346 346,752 19.5 x 106 2 270

MC68652 45 45,360 1.9 x 106 0 1200

MC68653 134 135,072 5.3 x 106 0 440

MC68661 45 45,360 2.5x 106 0 920

TOTAL 1,326 1,332,912 70.2 x 106 4 110
HMOS MC6801 704 702,672 27.1 x 106 3 250
MC6805P2 224 212,352 9.7 x 106 0 240

MC6805R2 171 170,520 10.1 x 106 1 370

MC6805U2 86 80,808 3.0 x 106 0 770

MC6809 225 225,960 6.3 x 106 1 580

MC68000 262 262,080 15.0 x 106 2 350

MC68008 168 169,344 6.8 x 106 0 340

MC68230 126 120,456 7.0 x 106 3 960

MC68451 88 88,704 4.8 x 106 0 480

MC68705P3 268 265,248 15.3 x 106 2 340

TOTAL 2,322 2,298,144 105.1 x 106 12 170
CMOS MC141200 135 135,576 14.1 x 106 1 270
MC146805E2 89 83,352 8.8 x 106 0 260

MC146805G2 178 171,192 - 17.2x 106 3 390

MC146818 89 88,872 7.4 x 106 0 310

TOTAL 491 478,992 475 x 106 4 170
GRAND TOTAL 4,139 4,110,048 222.8 x 106 20 120

*90% Confidence Level



TABLE 2.

MICROPROCESSOR FAMILY DYNAMIC LIFE TEST RESULTS

Total 125°C Eq::l:;ent Failure Rate®
Devices Device Hours Device Hours Fallures FITs
WAFER PROCESS TECHNOLOGY
NMOS 1,326 1,332,912 70.2 x 106 4 110
HMOS 2,322 2,298,144 105.1 x 106 12 170
CMOS 491 478,992 475 x 106 4 170
PACKAGING SYSTEM TECHNOLOGY
Ceramic 1,875 1,858,176 104.3 x 106 12 170
Plastic 2,264 2,251,872 118.5 x 106 8 110
TOTAL 4,139 4,110,048 222.8 x 106 20 120

*90% Confidence Level

SUMMARY:

The overall life test results for 1982 show a very significant improvement over our 1981 data base
(Reliability Report 8238). For 1982 we tightened our confidence level from 60% to 90%. The failure
rate for 1982 was 120 FITs at a 90% confidence level as compared with 250 FITs at 90% confidence
level for 1981. The major effect of tightening the confidence level from 60% to 90% is to increase
the predicted failure rate of individual devices with limited device hours. For example, the predicted
failure rate for the MC6800 using 60% confidence is 420 FITs. The predicted failure rate for this
same device using the 90% confidence is 1050 FiTs, or more than double. This makes a statistically
significant comparison of the individual device failure rates very difficult. It is more beneficial to
examine the failure rate of the process technologies (NMOS, HMOS, CMOS) or the packaging
technologies (plastic and ceramic) in which there are a considerable number of device hours which
reduce the impact of the confidence level change. Even with the statistical tightening for 1982, the
process and package technologies have achieved a reliability improvement as measured by dynamic
life test when compared with the 1981 data base.

Plastic Package Environmental Performance

The use of plastic ‘encapsulation for packaging of integrated circuits has met with widespread
customer acceptance throughout the semiconductor industry because it is lighter, less expensive,
and more resistant to physical damage than ceramic packaging. However, there are several reliability
concerns in plastic packages: contamination, moisture resistance, wirebond integrity, and thermal
performance. Dynamic life test results show no significant difference between plastic and ceramic
device performance; this demonstrates that Motorola’s careful selection of materials and rigid control
of processes has eliminated any plastic-related performance degradation. The following section
addresses the other reliability concerns of plastic parts: corrosion, wirebond integrity, and thermal
performance.



Moisture Related Performance

In plastic integrated circuits, moisture present in the package can cause an increase in the corrosion
rate of the die metallization, if ionic contaminants are present, resulting in failures when the device
is in use. Moisture may reach the interconnect metallization along the leadframe-molding compound
interface or through the bulk of the plastic. The combination of moisture, ionic contaminants carried
in with the moisture or present in the plastic, and an electric field creates an electrolytic cell which
becomes a corrosion site.

To help prevent corrosion problems, Motorola uses a molding compound which forms a com-
pressive bond around the leadframe which, when cured, produces a tight seal to minimize microgaps.
Tighter control of contamination sources throughout the manufacturing process, improvements in
passivation and improved metallization techniques have resulted in lower defect density and more
complete passivation coverage, keeping moisture from penetrating to the-die surface.

Two accelerated tests are used by Motorola to assess the level of performance achieved by the
combined application of these corrosion-prevention measures: Autoclave and Temperature Humidity
Bias (T.H.B.). 1982 moisture performance test results are detailed below.

Autoclave

Autoclave testing uses a combination of temperature, humidity, and pressure to accelerate moisture
ingress along the leadframe-molding compound interface path. The absence of a bias keeps device
power dissipation from acting as a moisture barrier, increasing the probability that moisture will reach
the die if a part is defective.

Autoclave test conditions include 121°C, 100% relative humidity and 15 psig. Each test sample
is selected from a separate assembly lot and subjected to a minimum of 96 hours of stress; complete
parametric and functional tests are performed on all devices at each readpoint. In addition, some
devices are stressed for an additional 48 hours. All electrical failures are included in the data base,
not only those associated with corrosion on the die. Autoclave test results for 1982 are summarized
in Table 3.

TABLE 3.
AUTOCLAVE TEST RESULTS
121°C 100% R.H. 15 psig
Hours 48 96 144
Failures/Sample 6/3083 1/3076 2/1399
Percent Defective 0.19 0.03 0.14
Cumulative Percent Defective 0.19 0.22 0.36

Temperature Humidity Bias

Temperature Humidity Bias (T.H.B.) testing is used to evaluate the moisture resistance of piastic
devices by employing the severe conditions of 85°C, 85% relative humidity, and 5 volts to accelerate
corrosion of the metallization. The biasing circuits used in T.H.B. testing create static electric fields
between adjacent pins and metallization stripes, maximizing the effect of electrolytic cells while
minimizing the power dissipation. A typical T.H.B. biasing scheme would include: ail /O or output
pins either open or with resistive terminations; enable pins are disabled; and ail other pins have
alternate VDD and VSS on adjacent pins. As with autoclave, the expected failure mode is corrosion
of the die metallization.
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Each T.H.B. sample is sourced from a separate assembly ot and tested for a period of 1008
hours. Complete parametric and functional test programs are typically performed at the 168, 504,
and 1008 hour read points using computer controlied testers. The pass/fail criteria used for life test
are also employed with T.H.B. samples. A worst-case analysis is presented since all electrical failures
are considered instead of only those associated with corrosion mechanisms. Results for 1982 are
summarized in Table 4.

TABLE 4.
TEMPERATURE HUMIDITY BIAS TEST RESULTS
85°C 85% R.H. 5.0 VOLTS
Hours 168 504 1008
Failures/Sample 2/1456 4/1796 5/1781
Percent Defective 0.14 0.22 0.28
Cumulative Percent Defective 0.14 0.36 0.64

A Weibull plot (Figure 1) shows the continued improvement in T.H.B. performance as measured
in 1979, 1980, 1981 and 1982.
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FIGURE 1. WEIBULL PLOT OF TEMPERATURE HUMIDITY BIAS TEST RESULTS
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Thermal Cycling Performance

Thermal cycling accelerates the stressing effects of thermal expansion mismatch between the
various components of the plastic and ceramic packaging systems through rapid successive ex-
cursions to high and low temperature extremes. Temperature cycle and thermal shock are two tests
which are used to determine the effects of these stresses on package integrity, especially wire bond
and die bond integrity. These types of failure modes follow the classical wearout mechanism pattern
(i.e. an increasing failure rate with increased cycles of exposure.)

Temperature Cycle

The integrity of wire bonds and die bonds in plastic packages can be accurately evaluated through
temperature cycle testing. Military Standard 8838, Method 1010.4, Condition C is employed to
permit easy comparison of results with other industry sources.

Devices are inserted into the cycling system and held at — 65°C for at least ten minutes. Following
the cold dwell, devices are heated to 150°C during a transition time of five minutes maximum, after
which devices dwell at 150°C for a minimum of ten minutes. They are then cooled during a similar
transition period to —65°C after which the cycle is repeated. The system employs a circulating air
environment to assure rapid stabilization at the specified temperature. The dwell at each extreme,
plus the two transition times, constitutes one test cycle (approximately 30 minutes).

Electrical measurements and high temperature continuity tests are typically performed after 100,
500 and 1000 cycles. The predominant failure mechanism in the ceramic packaged product is wire
bond breakage above the ball near the die where the heat and stress of the bonding process reduce
the strength of the wire. The predominant temperature cycle activated failure mechanisms in plastic
encapsulated circuits are die lift and die crazing/cracking due to inadequate die wetting/curing and
mold compound stresses on the die, respectively. Results of the test are shown in Table 5.

TABLE 5.
TEMPERATURE CYCLE TEST RESULTS

-65°C to +150°C  AIR TO AIR
Cycles 100 500 1000
Failures/Sample 7/3103 5/3081 8/3050
Percent Defective 0.23 0.16 0.26
Cumulative Percent Defective 0.23 0.39 0.65

Thermal Shock

Thermal shock is an environmental test performed in accordance with Military Standard 8838,
Method 1011.3, Condition C. The objective of this test is the same as that for temperature cycle
— to emphasize differences in expansion coefficients for components of the packaging system.
However, thermal shock provides a more severe stress than temperature cycle in that the devices
are exposed to a more sudden change in temperature due to the higher thermal conductivity and
heat capacity of the liquid ambient.

Devices are placed in a fluorocarbon bath cooled to —65°C. After being held in the cold chamber
for at least five minutes, the sample is transferred in less than ten seconds to an adjacent chamber
filled with fluorocarbon at 150°C and held for an equivalent time. The dwell time at each endpoint,
plus the total transition time, constitutes one test cycle (approximately ten minutes). Thermal shock
endpoint electrical measurements and high temperature continuity tests are typicaily performed
at 100, 500, and 1000 cycles. Resuits of thermal shock tests performed in 1982 are shown in
Table 6.
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TABLE 6.
THERMAL SHOCK TESTS RESULTS
-65°C TO +150°C LIQUID TO LIQUID

} Cycles 100 500 1000
Failures/Sample 1/941 1/967 9/955
Percent Defective 0.11 0.10 0.94
Cumulative Percent Defective 0.11 0.21 1.15

Conclusions

Reliability testing performed by Motorola MOS Microprocessor Division during 1982 has produced
excellent results. The specific test results included in this report are representative of Motorola MOS
Microprocessor components expected field performance. Failure rate estimates have been based
on the outcome of tests and data analyses which are widely accepted. Life test failure rates on both
ceramic and plastic packaged devices are significantly reduced over those reported previously.
Moisture resistance testing indicates extremely high performance of Motorola MOS Microprocessor
plastic encapsulated circuits. Thermal integrity testing shows that there are few failures, which
typically occur only after extensive exposure to temperature extremes greater than those seen in
field applications. The ievel of performance predicted by these test results is among the best available
in the industry and far exceeds the requirements of most applications. Comparison to previous
reports (Reliabiiity Report 8238) verifies a history of continuous improvement which has made
Motorola MOS Microprocessor components the optimum choice for reliable performance.

Copies of this and other reliability reports may be obtained from your local Motorola representative.
For additional information contact Microprocessor Reliability Engineering 512-928-6640 or write to:

MQOS Microprocessor Reliability Engineering
Motorola incorporated

3501 Ed Bluestein Bivd.

Austin, Texas 78721
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APPENDIX A.
QUALITY AND RELIABILITY SYSTEM

A compiete Reliability and Quality Assurance system is in place to monitor and control the per-
formance of Motorola’s MOS Microprocessor Components. Incoming Quality Control inspects starting
wafers, masks, chemicals, package piece parts and molding compounds. Process Engineering and
In-Process Quality Control perform step-by-step monitoring of the wafer process to check oxidation,
diffusion, photolithography, ion impiantation, polysilicon deposition, metallization, passivation, and
other process operations. Final visual, class probe, and capacitance-voltage plots complete the wafer
area inspections. Environmental monitors are also performed for air cleanliness, water quality, tem-
perature and humidity.

In the assembly area, In-Process Quality Control performs monitors on equipment performance
and gate inspections at the major process steps on all lots. The Outgoing Quality Control group
continues this philosophy in the final test area by performing electrical and visual-mechanical gates
on every lot. The electrical inspection, which consists of AC, DC and functional tests, is performed
to a 0.1% (maximum) Acceptable Quality Level (AQL) sampling plan. The visual/mechanical in-
spection is also performed to a 0.1% AQL sampling plan. Any lot which fails either of these gates
is returned to production for 100% rescreen. A Quality Engineering organization exists to approve
final test programs and support the Outgoing Quality Control organization. Test programs are tailored
to assure all required specifications are met or the devices are rejected.

The Reliability Engineering organization is responsibie for performing qualifications of new designs
and process changes prior to introduction. In addition, Reliability Engineering establishes and main-
tains monitor programs to assure processes stay in control once they are qualified. Results from
these programs provide rapid feedback to correct problems as they occur.

Supporting these efforts is the Metrology Laboratory which includes both a Standards and a
Calibration Laboratory to provide National Bureau of Standards traceability to all production
measurements.

Also offering required support are a Chemical Laboratory with such equipment as a gas chro-
matograph/mass spectrograph and X-ray fluorescent systems for detailed incoming chemical anal-
yses; a Surface Analysis Laboratory whose equipment includes a Scanning Electron Microscope
(S.E.M.) and a Scanning Auger Microprobe (S.A.M.); and a Product Analysis Laborabory for detailed
analyses of failure modes and mechanisms for Microprocessor devices.
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APPENDIX B.
PACKAGING SYSTEMS

Motorola Microprocessor devices are produced in plastic, CERDIP and sidebraze packages. The
ceramic package types are hermetically sealed to protect the integrated circuit from environmental
factors and permit operation over extreme temperature ranges. Although plastic devices are not
hermetic, modern epoxies exhibit extremely high moisture resistance, and long lifetimes may there-
fore be expected from these devices in typical environments.

Plastic

In recent years, plastic encapsulated devices have gained widespread acceptance throughout the
electronics industry. Improvements in materials and process controls have resulted in significant
improvements in reliability performance. In acdition, plastic packages have the advantage of low
cost and physicai strength. Through careful selection of molding compound, leadframe material, and
assembly methods, Motorola produces plastic packaged ICs with reliability suitable for nearly all
applications.

Encapsulated integrated circuits incorporate the simplest processing and package construction
of the various systems available. The die is attached to a leadframe, wire bonded and encapsulated
using an epoxy novolac molding compound. The die may be attached to the leadframe by epoxy
or by any of a variety of eutectic forming metal preforms. Wire bonding may be thermocompression
or thermosonic, but the wire is always gold. This system has evolved from early industry experiments
with aluminum ultrasonic wire bonding which experienced high rates of opens and intermittents. The
encapsulant is the most critical component of the system since it controls contamination, moisture
resistance, and stress effects. Epoxy novolacs have become the industry standard molding com-
pound since they combine excellent characteristics in all these areas.

The plastic package is, by far, the most resistant to physical damage since the die is completely
encapsulated and cavity hermeticity is not a concern. Since the package is light in weight and the
plastic is less brittle than ceramic, chipping and cosmetic damage are not problems. The leadframe
and plating are equivalent to CERDIP, and modern epoxies pose no danger from contamination.

In comparing plastic to ceramic packages, there are two characteristics to be considered: moisture
resistance and thermal characteristics. Microprocessor plastic products perform very weil on moisture
resistance related tests. This is due to advances in molding compounds, and the characteristic low
voltages and moderate power dissipation of Microprocessor products. In most instances, plastic
devices will provide excellent performance, essentially equivalent to hermetic performance. Thermal
resistance has been improved dramatically through the introduction of copper leadframes and heat-
spreaders. During 1982 and 1983, a large number of Microprocessor devices will be converted from
Alloy 42 to copper leadframes to take advantage of the better thermal conductivity of copper. This
results in lower junction temperatures, and subsequent improvements in electrical characteristics
and reliability performance.

Another approach to lower thermal resistance for devices with high power dissipation is plastic
assembly using a heatspreader. The heatspreader is an anodized aluminum piece part that sits
below the plane of the leadframe. During the encapsulation process, the heatspreader is surrounded
by plastic and becomes part of the package structure. Heatspreaders, when used in combination
with Alloy 42 leadframes, yield a thermal resistance roughly equivalent to a copper leadframe plastic
device, or to a ceramic device. Devices which contain a heatspreader employ the suffix “G” to
designate this package type. The MC6801 Microprocessor Family has been offered in this package,
and the 64-pin MC68000 16-bit Microprocessor is being offered in a heatspreader package.
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The sidebraze, or solder seal, package is composed of three layers of alumina which are screened
with refractory metal such as tungsten or moly manganese and fired together to form the package
body with a cavity for the die. The refractory metal is then plated and Alloy 42 leadframes are brazed
to the bottom, sides or top of the package, depending on the vendor. The advantage of the sidebraze
version is accurate lead alignment without the need for forming. The final piece part operation is
plating which may be goid, or tin with a selective gold plate in the cavity. Although epoxy die bonding
is feasible in this package — due to the higher sealing temperature, most manufacturers, including
Motorola, employ a eutectic bond. Both aluminum ultrasonic wire bonding and gold thermocompres-
sion bonding are used.
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Some tradeoffs exist in the performance characteristics of the two hermetic packages as they are
offered by Motorola. Both typically are ceramic, hermetic, employ a eutectic die bond, use ultrasonic
aluminum wire bonding, and have tin plating. The thermai resistance of the packages is very similar,
with the sidebraze having a slight advantage. Both packages perform well on the standard thermal
and mechanical environmental tests, but each is susceptible to handling damage. Loose shipping
rail packaging or high velocity impacts during testing can chip the sidebraze package and sever the
interlayer metallization. This type of handling will not affect the 10-mil-thick leadframe of the CERDIP
package, but hermeticity failures can occur. The CERDIP package is slightly thicker and heavier, but
no conductive surfaces are exposed so the shorting potential in dense packaging is reduced. Ex-
tensive testing of 24, 28, and 40 lead CERDIP and sidebraze devices has indicated no significant
differences in reliability.

Some Microprocessor devices are now being offered in Leadless Chip Carriers (LCC). The primary
advantage of LCCs is increased device density at the bcard or substrate level. Motorola currently
uses a 40-pin LCC that is essentially identical to the sidebraze dual-in-line in construction charac-
teristics and assembly methods. Some MC68000 16-bit family devices will be offered in higher
terminal count LCCs, up to 68 terminals. Future plans include LCCs with single layer construction
and other package types offering higher packing density at the system level.

214



APPENDIX C.
FAILURE RATE CALCULATIONS

Environmental tests are designed to measure device resistance to unusual and severe stress, not
expected under normal operating conditions. Device performance under these conditions is ex-
pressed as a percent of devices defective and compared to previous results. Life tests, on the other
hand, accelerate the use conditions of the device with temperature and voltage in a manner which
is more guantitatively correlatable to system operation. Life test failure rates are expressed as failures
per unit time and are calculated using established principles of probability and statistics.

The principles of reliability engineering have indicated that failure rates for semiconductor devices
will take the form of the “bathtub” curve (Figure C1).
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FIGURE C1. DEVICE FAILURE RATE AS A FUNCTION OF TIME.

The following three regions are represented in the curve:

1. Infant Mortality — a region of high but rapidly declining failure rates, usually associated with
manufacturing defects. '

2. Random Failures — a region of low, random failures caused by more subtle defects. This
area of the curve represents the useful part of device life.’

3. Wearout — a region of rapidly rising failure rates related to device wearout. Most semicon-
ductors will not reach this stage before they are replaced because of changes in technology.

Techniques for calculating life test failure rates assume that the devices being tested have passed
infant mortality and entered the stable random failure portion of the life curve. Failures which occur
in this area are few and are known to approximate specific probability distributions. These probability
distributions are used to calculate sample failure rates which can be projected to the population in
general through the application of confidence limits. Techniques used to calculate life test failure
rates for microprocessors are discussed below.

A failure rate for any sample of life tested devices can be determined by dividing the number of
failures by the number of device hours. However, this rate will apply to that sample only. If you are
interested in projecting from the sample to the populations in general, you must establish confidence
limits. The application of confidence limits is a statement of how “confident” you are that the sample
failure rate approximates that for the population in general. To obtain rates with different confidence
levels it is necessary to make use of specific probability distributions which take the same form as
the actual failure distribution.
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It has been determined that failures in semiconductors that have entered the middie portion of the
bathtub curve will approximate a Poisson distribution; this distribution applies when one has a large
sample with an extremely small number of events of interest, such as device failures. Given a
Poisson failure process, a Chi-Square distribution can be used to establish confidence limits for
failure rates. Reliability Engineering has determined that the following general formula, which utilizes
values from a Chi-Square table, can be used to calculate failure rates for semiconductors:

_1x105  x2(a, df)
T MTTF 2t

1

where:
A = Failure Rate, %/1000 Hours
MTTF = Mean Time To Failure (Hours)

x2 = Chi-Square Function
_ 100 — Confidence Limit

100

a

Number of Failures
Device Hours

d.f. = Degrees of Freedom = 2r + 2
r =
t

To calculate the failure rate, first determine the level of confidence you require and caiculate
degrees of freedom. Select the Chi-Square value from a Chi-Square distribution table with the
appropriate degrees of freedom and confidence ievel. Divide that value by twice the actual device
hours, at the temperature of interest.

The above formula applies for calculating a device failure rate, provided that the test is conducted
at system temperature. However, since we are unable to observe long-term effects which develop
over time, the test is accelerated through the application of a high temperature. In order to calculate
a failure rate at the ambient temperature of a system, a factor must be supplied to compensate for
the acceleration. The factor (Fa) which equates test temperature with rated temperature is derived
from the Arrhenius relationship:

Fa = exp ((e/m : (Tir - %)) @)

where:

Fa = Acceleration Factor

= Activation Energy, eV

Boltzman'’s constant, 8.62 x 10~ 5 eV/°K

Ty = Junction Temperature, °K at the Rated Ambient of 70°C

Tt = Junction Temperature, °K at the Life Test Ambient of 125°C

x @
i |

Motorola uses 70°C for the system temperature (To) to more closely approximate the actual tem-
perature of the device during system operation and to supply a degree of conservatism to the failure
rate calculation. ‘
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Motorola uses an activation energy (8) value of 1.0 electron-volt. A 1.0 eV was selected as an
average value because a variety of different failure mechanisms exist for microprocessor and other
VLS! devices, with activation energies ranging from 0.40 eV for oxide related failures to 1.0 eV or
greater for contamination and metal related failures. Tr and Tt of the equation are the average
junction temperatures present at the rated and test ambients. Motorola uses junction, rather than
ambient temperature, because they produce acceleration factors that are more conservative and
representative of actual conditions. These temperatures are calculated as follows:

TJ=Ta + PD: 6JA (3)

where:
TJ = Junction Temperature, °C
Ta = Ambient Temperature, °C
Pp = Average Power Dissipation, Watts
8JA = Thermal Resistance — Junction to Ambient, °C Per Watt

Il

Once this step has been completed, the acceleration factor can be calculated and applied as a
multiplier to the number of device test hours under accelerated test conditions to determine the
equivaient number of hours at rated operating conditions. To determine the failure rate at the operating
temperature, use equation (1) substituting the equivalent device hours at rated temperature for t in
the equation. -

Formula 1 provides a failure rate expressed in percent per thousand hours. This number, stated
as a percentage per each thousand hours of operation, is one way Motorola Reliability Engineering
expresses failure rates for Microprocessors. One other way of expressing failure rates is Failures
In Time (FITs) which refers to failed units per 109 device hours (1 FIT = X\ x 104).

Mean Time To Failure (MTTF) is another parameter frequently used to express failure rates. MTTF
is the average time to a failure of a non-repairable item such as a semiconductor and is expressed
as the reciprocal of the failure rate:

MTTF = 1 (4)
A
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APPENDIX D.
ELECTRICAL TESTING AND FAILURE CHARACTERISTICS

The electrical measurements performed on reliability test samples were obtained using computer
controlled testers and programs employing exhaustive functional routines under worst-case supply
and clock conditions. Devices which do not meet a test criterion, including those failing for parametric
reasons, are first segregated into “bin outs” defined by the test program. A data log is obtained from
which each failing device is then assigned to one of six failure mode categories. An analysis to
determine specific failure mechanisms is performed when the level or pattern of failure indicates
that it is appropriate. T.H.B. rejects are routinely decapsulated and inspected for corrosion of the
metaliization.

The electrical test programs are typically constructed in the following manner:

1. “"Opens” test

2. "Shorts” test

3. Input Leakage

4. Functionality using nominal supply and input voltage levels and low frequency clock conditions
5. Functionality to data sheet parametric limits using worst-case combinations of VDD level and
clock frequency

Three-state leakage

Output buffer current drive capability

Power dissipation test

oN®

Failure modes categorized according to these tests do not always indicate a specific problem
and individual test programs may deviate from the sequence shown above as required for complete
testing of the specific device type. Microprocessors and other LSI logic circuits do not readily lend
themselves to the identification of failure modes since their complexity creates an astronomical
number of possible combination, some of which are very subtle. Attempts to categorize these
modes by the test sequence invariably result in groupings which are not mutually exclusive or
related to physical mechanisms.

The distribution of failure modes and mechanisms observed during life testing appears to be
the result of random manufacturing anomalies and does not, therefore, indicate trends correlatable
to specific process or design deficiencies. These results are consistent with careful attention to
process controls and reflect Motorola's high priority for quality and reliability.
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TABLE D1.
FAILURE MODE CLASSIFICATION

OPENS — No electrical connection between an external terminal and corresponding die
circuitry (possible intermitent). MOS inputs are normally high impedance parts and opens are
detected by forward-biasing the substrate diode.

SHORTS — An unintended resistive path of relatively low value between one terminal and
any other terminal.

FUNCTIONAL — A failure of one or more output terminals to respond with a correct logical
state under nominal supply, clock, and VIH/VIL levels; a violation of the internal Boolean
relationship defined by the circuit design.

INPUT LEAKAGE — A current of either polarity which exceeds data sheet limits for input
terminals. Large values of leakage are classified as shorts.

THREE-STATE LEAKAGE — A current of either polarity which exceeds data sheet limits for
I/0O terminals when under three-stated conditions. This parameter is also timing dependent
and, when catastrophic, is classified as a functional failure mode.

PARAMETRIC — A broad classification of non-catastrophic failure modes which excludes
leakages but includes:

1. Failure to respond at one or more output terminais with a correct logical state under worst-
case supply, clock, and VIH/VIL conditions; usually the result of excessive propagation
delays, improper VOH/VOL levels, or a dynamic logic state which should be static, etc.
Must be 100% functional under nominal conditions and may be associated with leakage
currents not previously detected.

2. Excessive power dissipation. For CMOS Microprocessors, leakage currents can be a sig-
nificant contributing factor for this failure mode. Device is 100% functional.

3. Incorrect output analog voltage or current level not resulting in a functional failure.
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APPENDIX E.

MICROPROCESSOR AVERAGE JUNCTION TEMPERATURES
AND GATE COUNTS

Average Junction
Temperature @Tp = 70°C Equivalent
MOS Device Plastic Number of

Technology Type Ceramic A42 Cu Gates
NMOS MC8800 83 92 1,367
MC6802/08 91 116 3,633

MC6810 83 92 1,083

MCe6821 79 92 81 450

MC6844 85 103 88 1,000

MC6845 89 105 90 750

MC6846 89 109 91 3,755

MC6847 83 94 84 833

MC6850 81 92 85 580

MC6852 83 91 84 907

MC6854 89 101 91 1,400

MC68488 85 98 86 893

MC68652 86 106 88 6,442

MC68653 3,200

MC68661 85 102 91 4,200

MC68701 99 11,267

HMOS MC6801 95 96" 97 8,533
MC6805P2 88 106 95 4,833

MC6805R2/U2 82 108 87 6,430

MC6809/E 92 117 96 3,000

MC6829 92 "7, 96 3,293

MC68000 97 95 12,667

MC68008 107 12,667

MC68120 96 9,644

MC68451 12,233

MC68705P3 88 8,833

MC68705R3 89 14,433

CMOS MC141000 7 72 2,425
MC141200 71 72 2,425

MC146805E2 71 72 4,333

MC146805F2 71 72 5,633

MC146805G2 71 72 5,800

MC146823 71 72 867

NOTES: * Plastic package with molded-in heatspreader.
A42 Plastic package with Alioy 42 ieadframe.
Cu Plastic package with copper leadframe.
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APPENDIX F.
RELIABILITY AND QUALITY MONITOR PROGRAM

The Motorala MOS Microprocessor Reliability and Quality Monitor Program is designed to generate
an ongoing data base of reliability and quality performance for various categories of Microprocessor
products. The primary purpose of the program is to identify negative trends in the data so that
immediate corrective action can be taken. The program also allows Motorola to develop a large data
base of reliability and quality results that can be reported quarterly to customers.

For the reliability monitor tests, each quarter sample group is puiled from major categories of
product representing a matrix of processing and packaging technologies (see Sample Group chart).
Product mix, sample availability and equipment capacity may cause the specific sample group pulled
for a given quarter to vary from the chart shown. Each sample group has a specific set of reliability
tests associated with it that are appropriate for that product type based on our history for that
classification. At the end of each quarter, results are reported for all sample groups that have
completed testing.

The quality results that are reported are the electrical and visual/mechanical AOQ (Average
Outgoing Quality, given in parts per million defective) for the Microprocessor Division. This data
represents the summary of results from the QC gate operaticn performed on every lot during the
quarter. Electrical AOQ represents any AC, DC, or functional failure at any temperature (each lot
is typically gated at two temperatures: hot and either room or cold). Visual/mechanical AOQ rep-
resents failures such as bent leads, incorrect marking, marking permanency problems, and cracked
packages. The AOQ reported is the product of the process average (ratio of defective devices to
largest sample size) and the lot acceptance rate.

Following are brief descriptions of the various reliability tests included in this program:

High Temperature Operating Life

High temperature operating life (H.T.O.L.) testing is performed to accelerate failure mechanisms
which are thermally activated through the application of extreme temperatures and the use of dynamic
operating conditions. The temperature and voltage conditions used in the stress are typically 125°C
with a bias level at the maximum data sheet specification limit of 5.5 volts. All devices used in HTOL
test are sampled directly after final electrical test with no prior burn-in or other pre-screening. Testing
is performed per Mil Std 8838, Method 1005, with all stressing dynamic and minimum test duration
1008 hours. Some sample groups will be extended beyond 1008 hours, some run at temperatures
higher than 125°C, and some at voitages higher than maximum rated voltage to look for the effects
of these variations.

Device equivalent hours assume the Arrhenius relationship using an activation energy of 1.0 eV
to extrapolate from the device junction temperature at 125°C to the junction temperature at 70°C.
Failure rates given in FiTs are derived using the Chi-Square distribution to a 90% confidence limit.
A FIT is 1 failure per 10° device hours or 0.0001%/1000 Hours.

Temperature Humidity Bias

Temperature Humidity Bias (T.H.B.) is an environmental test performed at a temperature of 85°C
and a relative humidity of 85%. The test is designed to measure the moisture resistance of plastic
encapsulated circuits. A nominal voitage of 5 volts static bias is applied to the device to create the
electrolytic cells necessary to accelerate corrosion of the metallization. Testing is performed per
JEDEC Standard 22, Method A101. Most groups are tested to 100 hours with some groups extended
beyond to look for longer term effects.

2-21




Autoclave

Autoclave, like T.H.B., is an environmental test which measures device resistance to moisture
penetration along the leadframe-plastic interface. Conditions employed during the test include 121°C,
100% relative humidity, and 15 psig. Corrosion of the die is the expected failure mechanism. Autoclave
is a highly accelerated and destructive test performed per JEDEC Standard 22, method A102. Testing
is routinely performed for 144 hours.

Temperature Cycle

Temperature cycle testing accelerates the effects of thermal expansion mismatch among the
different components within a specific packaging system. This test is typically performed per Mil
Std 883B, Method 1010, Condition C (—-65°C to + 150°C), or JEDEC Standard 22, Method A104,
Condition B (—40°C to +125°C). During temperature cycle testing, devices are inserted into a
cycling system and held at the cold dwell temperature for at least ten minutes. Foliowing this cold
dwell, the devices are heated to the hot dwell where they rerain for another ten minute minimum
time period. The system employs a circulating air environment to assure rapid stabilization at the
specified temperature. The dwell at each extreme, plus the two transition times of five minutes each
(one up to the hot dwell temperature, another down to the cold dwell temperature), constitute one
cycle. Test duration is for 1000 cycles with some tests extended to look for longer term effects.

Thermal Shock

The objective of thermal shock testing is the same as that for temperature cycle testing — to
emphasize differences in expansion coefficients for components of the packaging systems. However,
thermal shock provides additional stress in that the device is exposed to a sudden change in
temperature due to the transfer time of ten seconds maximum as well as the increased thermal
conductivity of a liquid ambient. This test is performed per Mil Std 883B, Method 1011, Condition
C (—65°C to +150°C). Devices are placed in a fluorocarbon bath and cooled to —65°C. After being
held in the cold chamber for five minutes minimum, the devices are transferred to an adjacent
chamber filled with fluorocarbon at + 150°C for an equivalent time. Two five-minute dwells plus two
ten-second transitions constitute one cycle. Test duration is normally for 1000 cycles with some tests
being extended to look for longer term effects.

Data Retention

Data retention testing or high temperature storage is performed to measure the stability of pro-
grammed EPROM and EEPROM devices during storage at elevated temperatures with no electrical
stress applied. The devices are exposed to an ambient environment of 150°C per Mil Std 883B,
Method 1008, Condition C. An acceleration of charge loss from the storage cell is the expected
result. All groups are typically tested to 1008 hours.
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RELIABILITY AND QUALITY MONITOR PROGRAM
SAMPLE GROUPS

Typical
Category Product Minimum Number of Test Performed
Name Types Sample Groups/Qtr No. Samples (Typ.)
NMOS 6800 Family HTOL 45 Pcs
Plastic 3870, 6800, 6810 8 THB 34 Pcs
6821, 6845, Custom Autoclave 22 Pcs
TC/TS 38 Pcs
HMOS 6801 Family HTOL 45 Pcs
Plastic 6805 Family 4 THB 34 Pcs
6809 Family Autoclave 22 Pcs
TC/TS 38 Pcs
CMOS CMOS Family HTOL 45 Pcs
Plastic 146805E2 4 THB 34 Pcs
146805G2 Autoclave 22 Pcs
TC/TS 38 Pcs
68000 68000 HTOL 45 Pcs
Family 2 THB 36 Pcs
Plastic Autoclave 38 Pcs
(HMOS) TC/TS 38 Pcs
CERDIP 6800 Family HTOL 45 Pcs
(NMOS or 3870, 6800, 6810, 2 TC/TS 38 Pcs
HMOS) 6821, 6845, 6801,
6805, 6809
Side 6800 Family TC/TS 52 Pcs
Braze 3870, 6800, 6810 2
6821, 6845, 6810,
6805, 6809
Leadless 146805E2 HTOL 30 Pcs
Chip 146805G2 3 TC/TS 38 Pcs
Carrier CMOS Family
68000 68000 HTOL 45 Pcs
Family 2
Ceramic
(HMOS)
EPROM MCU 68701 HTOL 45 Pcs
(NMOS, HMOS 68705 2 TCTS 38 Pcs
or CMQOS) 1468705G2 Data
Retention 45 Pcs
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APPENDIX G.
QUALITY PERFORMANCE

The chart below gives the goals and actuals for the Microprocessor Division Electrical and Visual/
Mechanical AOQ (Average Outgoing Quality, given in parts per million defective). This data represents
the summary of results from the QC gate operations performed on every lot. Electrical AOQ rep-

resents any AC, DC, or functional failure at any temperature (each lot is typically gated at two

temperatures: hot, and either room or cold). Visual/Mechanical AOQ represents failures such as bent
leads, incorrect marking, marking permanency problems, and cracked packages. The AOQ reported
is the product of the process average (ratio of defective devices to largest sample size) and the lot
acceptance rate.

AVERAGE OUTGOING QUALITY

Electrical Visual/Mechanical
AOQ (PPM) AOQ (PPM)
Goal Actual Actual

Total 1979 3000 (~) 4000 (~) 4500

Total 1980 2500 (~) 2000 (~) 2500

Total 1981 1500 1725 1920

1st Qtr 1982 1200 1045 1408

2nd Qtr 1982 1000 868 1934

3rd Qtr 1982 800 492 1062

4th Qtr 1982 600 636 651

1st Qtr 1983 500 326 405

2nd Qtr 1983 450 341 267

3rd Qtr 1983 400 313 251
4th Qtr 1983 350
1st Half 1984 275
2nd Half 1984 275
1st Half 1985 : 175
2nd Half 1985 125
1986 100
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MC1372

COLOR TV VIDEO MODULATOR

...an integrated circuit used to generate an RF TV signal from
baseband color-difference and luminance signals.

The MC1372 contains a chroma subcarrier oscillator, a lead and
lag network, a quasi-quadrature suppressed carrier DSB chroma
modulator, an RF oscillator and modulator, and an LSTTL com-
patible clock driver with adjustable duty cycle.

The MC1372 is a companion part to the MC6847 Video Display
Generator, providing and accepting the correct dc interconnection
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MC1372

MAXIMUM RATINGS (T 5 = 25°C unless otherwise noted)

Rating Value Unit
Supply Voltage 8.0 Vdc
Operating Ambient Temperature Range 0to +70 oc
Storage Temperature Range -65 to +150 oc
Junction Temperature 150 oc
Power Dissipation, Package 1.25 Watts
Derate above 25°C 13 mwW/°C

RECOMMENDED OPERATING CONDITIONS

Supply Voltage 5.0 vdc

Luma Input Voltage — Sync Tip 1.0 Vdc
Peak White 0.35

Color Reference Voltage 1.5 Vdc

Color A, B Input Voltage Range 1.0t02.0 Vdc

ELECTRICAL CHARACTERISTICS (Ve = +5 Vde, Ta = 25°C, Test Circuit 1 unless otherwise noted)

Characteristic Min Typ Max Unit
Operating Supply Voltage 475 50 5.25 Volts
Supply Current - 25 — mA

CHROMA OSCILLATOR/CLOCK DRIVER {Measured at Pin 1 unless otherwise noted)
Qutput Voltage VoLl - - 04 Vdc
(VoR) 24 -
Rise Time (V1 = 0.4 to 2.4 Vdc) — — 50 ns
Fall Time (V1 =24 t0 0.4 Vdc) — - 50 ns
Duty Cycle Adjustment Range (V3 = 5.0 Vdc) 70 - 30 %
{(Measured at V1 = 1.4 V)

Inherent Duty Cycle {No connection to Pin 3} — 50 - %

CHROMA MODULATOR (V5 = V6 = V7 = 1.5 Vdc unless otherwise noted)

Input Common Mode Voltage Range (Pins 5,6, 7) 0.8 — 2.3 Vdc
Oscillator Feedthrough (Measured at Pin 8) - 15 31 mV (p-p)
Modulation Angle (#8(V7 = 2.0 Vdc) - 28(V5 = 2.0 Vdc)] 85 100 115 degrees
Conversion Gain [V8/{V7 - V6); V8/(V5 - V6)] — 0.6 — V (p-p)/Vdc
Input Current (Pins 5, 6, 7} — - -20 LA
Input Resistance (Pins 5,6, 7) 100 - -- ki)
Input Capacitance (Pins 5,6, 7) — - 50 pF
Chroma Modulator Linearity - 4.0 %
(V6=10t020V;V7=10t020V)
RF MODULATOR
Luma Input Dynamic Range (Pin 9, Test Circuit 2) o] — 1.5 Voits
RF Output Voltage (f =67.25 MHz, V9 = 1.0 V) - 15 — mVrms
Luma Conversion Gain
(AV12/aV9; V9 =0.1to 1.0 Vdc) Test Circuit 2 — 0.8 V/V
Chroma Conversion Gain VIV
(AV12/aV10; V10 = 1.5 Vp-p; V9 = 1.0 Vdc) Test Circuit 2 — 0.95
Chroma Linearity (Pin 12, V10 = 1.5 Vp-p). Test Circuit 2 —_ 1.0 - %
Luma Linearity (Pin 12, V9 =0 to 1.5 Vdc) Test Circuit 2 — 2.0 — %
Input Current (Pin 9) - — -20 uA
Input Resistance (Pin 10) — 800 — Q
Input Resistance (Pin 9) 100 - (39
Input Capacitance (Pins 9, 10} — — 5.0 pF
Residual 920 kHz (Measured at Pin 12) See Note 1 — 50 - dB
Output Current (Pin 12, V9 = 0 V) Test Circuit 2 - 1.0 mA
TEMPERATURE CHARACTERISTICS (Vo =5 Vde, Ta =0to 70°C, IC only)
Chroma Oscillator Deviation (g = 3.579545 MHz) — +50 Hz
RF Oscillator Deviation (f, = 67.25 MHz2) - +250 kHz
Clock Drive Duty Cycle Stability +5.0 - - %

NOTE 1. V9 = 1.0 Vdc, V¢ = 300 mV({p-p) @ 3.58 MHz,
Vg =250 mV(p-p) @ 4.5 MHz, Source impedance = 75 2.
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FIGURE 2 — TEST CIRCUIT 1
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FIGURE 4 — SCHEMATIC DIAGRAM
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MC1372

OPERATIONAL DESCRIPTION

Pin 1 — Clock Output

Provides a rectangular pulse output waveform with
frequency equal to the chrominance subcarrier oscillator.
This output is capable of driving one LS-TTL load.

Pin 2 — Oscillator Input

Color subcarrier oscillator feedback input. Signal from
the clock output is externally phase shifted and ac cou-
pled to this pin.

Pin 3 — Duty Cycle Adjust

A dc voltage applied to this pin adjusts the duty cycle
of the clock output signal. If the pin is left unconnected,
the duty cycle is approximately 50%.

Pin 4 — Ground

Pin 5 — Color B Input

Dc coupled input to Chroma Modulator B, whose
phase leads modulator A by approximately 100°. The
modulator output amplitude and polarity correspond to
the voltage difference between this pin and the Color
Reference Voltage at Pin 6.

Pin 6 — Color Reference Input

The dc voltage applied to this pin establishes the
reference voltage to which Color A and Color B inputs
are compared.

Pin 7 — Color A Input

Dc coupled input to Chroma Modulator A, whose
phase lags modulator B by approximately 100°. The
modulator output amplitude and polarity correspond to
the voltage difference between this pin and the Color
Reference Voltage at Pin 6.

Pin 8 — Chroma Modulator Output

Low impedance (emitter follower) output which
provides the vectorial sum of chroma modulators A
and B.

Pin 9 — Luminance Input

Input to RF modulator. This pin accepts a dc coupled
luminance and sync signal. The amplitude of the RF signal
output increases with positive voltage applied to the pin,
and ground potential results in zero output (i.e., 100%
modulation). A signal with positive-going sync should
be used.

Pin 10 — Chrominance Input

Input to the RF modulator. This pin accepts ac coupled
chrominance provided by the Chroma Modulator Output
(pin 8). Thessignal is reduced by an internal resistor divider
before being applied to the RF modulator. The resistor
divider consists of a 300 ohm series resistor and a 500
ohm shunt resistor. Additional gain reduction may be
obtained by the addition of external series resistance
to pin 10,

Pin 11 — Ve
Positive supply voltage

Pin 12 — RF Modulator Output

Common collector of output modulator stage. Output
impedance and stage gain may be selected by choice of
resistor connected between this pin and dc supply.

Pins 13 and 14 — RF Tank

A tuned circuit connected between these pins deter-
mines the RF oscillator frequency. The tuned circuit must
provide a low dc resistance shunt. Applying a dc offset
voltage between these pins results in baseband composite
video at the RF Modulator Qutput.

MC1372 CIRCUIT DESCRIPTION

The chrominance oscillator and clock driver consist of
emitter follower Q4 and inverting amplifier Q5. Signal
presented at clock driver output pin 1 is coupled to
osciilator input pin 2 through an external RC and crystal
network, which provides 180° phase shift at the resonant
frequency. The duty cycle of the output waveform is
determined by the dc component at pin 1 internally
coupled through R12 to the base of Q4. As pin 1 dc
voltage a smaller portion of the sinusoidal
feedback signal at pin 2 exceeds the Q4 base voltage of
two times VBE required for conduction, As the dc level
is reduced, device Q4 and thus Q5 is turned on for a
longer percentage of the cycle. Transistors QO, Q1,
Q2 and diode D1 provide the biasing network which
determines the dc operating level of the oscillator. The
transistor Q2 and resistors R5, R6, and R7 form a voltage
reference of four times VBE at the collector of Q2. The
dc voltage at pin 1 is determined by the values of R4,
R8, and R12 and the applied duty cycle adjust volitage
at pin 3. Since these resistors are nominally equal, the
voltage at pin 1 will always approximate the dc voltage
at pin 3.

The oscillator signal at pin 1 is internally coupled to
active filter Q44. This filter reduces the frequency content
above 4 MHz. The output of the fiiter at the emitter of
Q44 is ac coupled through C3 to the input of the fead/lag
network. R32 and C1 provide approximately 50° of phase
lag, while C2 and R29 provide approximately 50° of
phase lead. These two quasi-quadrature waveforms are
used to switch chroma modulators B and A, respectively.
The transistors Q22 through Q25 and Q32-Q33 form
a doubly balanced modulator. The input signal applied
at pin 5 is compared to the color dc reference voltage
applied at pin 6 in differential amplifier Q32-Q33. The
source current provided by transistor Q34 is partitioned
in transistors Q32 and Q33 according to the differential
input signal. The bases of transistors Q23 and Q24 are
connected to the dc reference voltage at the emitter of
Q30. The bases of transistors Q22 and Q25 are connected

increases,



MC1372

to the phase delayed oscillator signal at the emitter of
buffer transistor Q21. The differential signal currents
provided by Q32 and Q33 are switched in transistors
Q22 through Q25 and the resultant signal voltage is
developed across R49. This signal has the phase and
frequency of the oscillator signal at the emitter of Q21.
The amplitude is proportional to the differential input
signal applied between pins 5 and 6. Transistors Q26
through Q29 and Q38-Q39 form chroma modulator B.
This modulator develops a signal voltage which is propor-
tional to the differential voltage applied between pins
7 and 6. The phase and frequency of the output is equal
to the phase advanced chroma oscillator at the emitter
of buffer transistor Q20. Both chroma modulators A and
B share the same output resistor, R49, so the output
signal presented at the emitter of Q42 (pin 8) is the
algebraic sum of modulators A and B.

The RF oscillator consists of differential amplifier
Q18 and Q19 cross-coupled through emitter followers
Q16 and Q17. The oscillator 'will operate at the parallel
resonant frequency of the network connected between
pins 13 and 14. The oscillator output is used to switch
the doubly balanced RF modulator, Q9 through Q15.
Transistors Q7 and Q8 provide level shifting and a high
input impedance to the luminance input pin 9. The
bases of transistors Q9 and Q10 are both biased through
resistors R17 and R18, respectively, to the same dc
reference voltage at Q6 emitter. The base voltage at Q10
may only be offset in a negative direction by luminance
signal current source Q8. This design insures that over-
modulation due to the luminance signal will never occur.
The chrominance signal developed at pin 8 is externally
ac coupled to pin 10 where it is reduced by resistor
dividers R20 and R17, and added to the luminance
signal in Q9. The resultant differential composite video
currents are switched at the appropriate RF frequency
in Q12 through Q15. The output signal current is presented
at pin 12.

Transistors Q36, Q41 and resistors R44, R47 provide
a highly stable voltage reference for biasing current sources
Q43, 034, 035, and Q11.

MC1372 APPLICATION INFORMATION

Chrominance Oscillator

The oscillator is used as a clock signal for driving
associated external circuitry, in addition to providing a
switching signal for the chroma modulators. The IC uses
an external crystal in a Colpitts configuration, as shown
in Figure 5. Resistor R1 provides current limiting to
reduce the signal swing. Capacitor C2 is adjusted for
the exact frequency desired (3.579545 MHz).

In some applications, the duty cycle of the clock signal
at pin 1 must be modified to overcome gate delays in
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associated equipment. The duty cycle may be adjusted
by varying the dc voltage applied to pin 3. This adjust-
ment may be made with the use of a potentiometer
(10 k) between supply and ground. With no connection
to pin 3, the duty cycle is approximately 50%.

Chroma Modulator

The chrominance oscillator is internally phase shifted
and applied to chroma modulators A and B. No externai
lead/lag networks are necessary. The phase relationship
between the modulators is approximately 100°, which
was chosen to provide the best rendition of colors using
equal amplitude color-difference signals. The voltage
applied to pin b, 6, or 7 must always be within the input
Common Mode Voltage Range. Since the amplitude of
chrominance output is proportional to the voltage dif-
ference between pins 5 and 6 or 7 and 6, it is desirable
to select the Color Reference Voltage applied to pin 6 to
be midway between Vb5mayx and Vbmin (which should
be V7max and V7min). The Chroma B Modulator will be
defined as a (B-Y) modulator if a burst flag signal is
applied to the Color B Input (pin 5) at the appropriate
time. This voltage should be negative with respect to the
Color Reference Voltage, and typically has an amplitude
equal to 1/2{V6-V5min]. Since the phase of burst is
always defined as -(B-Y), the Chroma A Modulator
approximates an (R-Y) modulator; however, the phase
is offset by 10° from the nominal 90°, to provide the
100° phase shift as discussed previously.

RF Modulator and Oscillator

The coil and capacitor connected between pins 13 and
14 should be selected to have a parallel resonance at the
carrier frequency of the desired TV channel. The values
of 56 pF and 0.1 uH shown in Figure 5 were chosen
for a Channel 4 carrier frequency of 67.25 MHz. For
Channel 3 operation, the resonant frequency should
be 61.25 MHz (C = 75 pF, L = 0.1 gH). Resistors R4 and
R5 are chosen to provide an adequate amplitude of
switching voltage, whereas R6 is used to lower the maxi-
mum dc level of switching voltage below Vgg, thus
preventing saturation within the IC.

Composite Luminance and Sync should be dc coupled
to Luminance Input, pin 9. This signal must be within
the Luma Input Dynamic Range to insure linearity.
Since an increase in dc voltage applied to pin 9 results
in an increase in RF output, the input signal should
have positive-going sync to generate an NTSC compatible
signal. As long as the input signal is positive, over-
modulation is prevented by the integrated circuit.

Chrominance information should be ac coupled to
Chrominance Input, pin 10. This pin is internally con-
nected to a resistor divider consisting of a series 300
ohms and a shunt 500 ohms resistor. The input impedance
is thus 800 ohms, and a coupling capacitor should be
appropriately chosen.
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FIGURE 5 — TYPICAL APPLICATION CIRCUIT
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The Luminance to Chrominance ratio (L:C) may be
modified with the addition of an external resistor in series
with pin 10 (as shown in Figure 5). The unmodified L:C
(Ap) is determined by the ratio of the respective Conver-
sion Gain for equal amplitude signals (typically, 0.883 =
-1.6 dB). The modified L:C will be governed by the
equation Ag{1 + Rext/800) for equal amplitude input
signals.

The internal chrominance modulators are not inter-
nally connected to the RF modulator; therefore, the user
has the option of connecting an externally generated
chrominance signal to the RF modulator. In addition,
the RF modulator is wideband, and a 4.5 MHz FM audio
signal may be added to the chrominance input at pin 10.
This may be accomplished by selecting an appropriate series
input resistor to provide the correct Luminance:Sound
ratio.

The modulated RF signal is presented as a current
at RF Modulator Qutput, pin 12. Since this pin represents
a current source, any load impedance may be selected for
matching purposes and gain selection, as long as the vol-

tage at pin 12 is high enough to prevent the output
devices from reaching saturation {approximately 4.5 V
with components in Figure 5). The peak current out of
pin 12 is typically 2 mA. Hence, a load resistance of up
to 250 ohms may be safely used with a 5\ supply.

Composite Video Signal Generation

The RF modulator may be easily used as a composite
video generator by replacing the RF oscillator tank
circuit with a diode as shown in Figure 3. This results in
the output modulator being biased so the summation of
luminance and chrominance appears unswitched at
pin 12. The polarity of the output waveform is con-
trolled by the direction of the diode. /nverted video:
Anode to pin 14, cathode to pin 13. Non-inverted
video: Anode to pin 13, cathode to pin 14. Note that the
supply resistor must always be connected to the anode
of the diode.

The amplitude of signal may be increased by increasing
the load resistor on pin 12 and returning it to a higher
supply voltage. Any voltage up to the Absolute Maximum
Rating may be used.
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Applications with MC6847 Video Display Generator

The MC1372 may be easily interfaced to the MC6847
as shown in Figure 5. The dc levels generated and required
by the VDG are compatible with the MC1372, so that
pins 1, 5, 6, 7, and 9 may be directly coupled to the
appropriate MC6847 pins. Both integrated circuits as
well as any associated NMOS MPU may be driven from
a common 5 Vdc supply.

Recommended Chroma-Luma Signals

A chroma modulation angle of 100° was chosen to
facilitate a desirable selection of colors with a minimum
number of input signal levels. The following table demon-
strates applicable signal levels for a variety of colors.

39

RECOMMENDED CHROMA-LUMA SIGNALS

Pin =9 Pin =7 Pin #6 Pin #5
Luminance

Input Color A | Color Ref.] Color B

(Vde) (Vde) (Vde) (Vdc)
Sync 10 15 15 15
Blanking 0.75 1.5 1.5 1.5
Burst 0.75 1.5 1.5 1.25
Black 0.70 1.5 15 1.5
Green 0.50 1.0 1.5 1.0
Yellow 0.38 1.5 1.5 1.0
Blue 0.62 1.5 1.5 2.0
Red 0.62 20 1.5 1.5
Cyan 0.50 1.0 15 1.5
Magenta 0.50 2.0 1.5 2.0
QOrange 0.50 2.0 1.5 1.0
Buff 0.38 15 15 1.5




@ MOTOROLA MC2670

L Advance Information
- HMOS

(HIGH DENSITY N-CHANNEL, SILICON-GATE
DEPLETION LOAD)

DISPLAY CHARACTER AND
GRAPHICS GENERATOR (DCGG)

DISPLAY CHARACTER AND GRAPHICS GENERATOR

(DCGG)

The MC2670 display character and graphics generator (DCGG) is a
mask-programmable 11,648-bit line-select character generator. It con-
tains 128 10x 9 characters placed in a 10x 16 matrix, and has the

capability of shifting certain characters such as j, y, g, p, and q that nor- L SUFFIX
mally extend below the baseline. Character shifting, previously requir- CERAMIC PACKAGE
ing additional external circuitry, is now accomplished internally by the CASE 719

DCGG; effectively, the ning‘active lines are lowered within the matrix to
compensate for the character's position.

Seven bits of an 8-bit address code are used to select one of 128 avail-
able characters. The eighth bit functions as a chip-enable signal. Each
character is defined by a pattern of logic ones and zeros stored in a
10x 9 matrix. When a specific 4-bit binary line address code is applied, a
word of 10 parallel bits appears at the output. The lines can be sequen-
tially selected, providing a 9-word sequence of 10 parallel bits per word
for each character selected by the address inputs. As the line address
inputs are sequentially addressed, the device will automatically place
the 10x 9 character in one of two pre-programmed positions on the
16-line matrix with the positions defined by the 4-line address inputs.
One or more of the 10 parallel outputs can be used as control signals to

CASE 710

selectively enable functions such as half-dot shift, color selection, etc. csﬁilggizmee
The MC2670 includes latches to store the character address and line " CASE 735
address data. A control input to inhibit character data output for certain
groups of characters is also provided. The MC2670 also includes a
graphics capability, wherein the 8-bit character code is translated direct-
ly into 266 possible user-programmable graphic patterns. Thus, data
can be generated for 384 distinct patterns, of which 128 are defined by
the mask-programmable ROM. Features include: PIN ASSIGNMENT
® 128 10x 9 Matrix Characters Laogr ~ Hvee
® 256 Graphic Characters LSTROBE {12 27 QLAY
® Optional Thin Graphics for Forms cA0 QI3 26 1 LA2
® Character and Line Address Latches ca1 4 250 1A3
@ Internal Descent Logic ) cAa20Qs 24100
® 200 Nanosecond and 300 Nanosecond Character Select Access Time X
Versions ca3fe 23001
® Control Character Output Inhibit Logic CSTROBE 7 2202
@ Static Operation — No Clocks Required cAalls 21 QD3
® Single 5-Volt Power Supply cA5 39 20 3 D4
@ TTL Compatible Inputs and Cutputs cas Q10 190 D5
' carfn 12 N D6
M (]2 17 QD7
sco 13 16 [J D8
Vgg (14 153 D9

This document contains information on a new product. Specifications and information herein
are subject to change without notice.
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BLOCK DIAGRAM

SCD «—Vce
GM ~«—GND
m-CN%
Y Y
L]
CSTROBE—3|  CharacterLatch | Output
L Inhibit
L_'_—EJI : Control —-|
_L:> .
Graphics

]LAO-LAS Logic
e

T

Read Only : Line

Memory Select :>‘ Output 3 .

(128 % 91) | Multiplexers Drivers po-D9
|

I

Line Address
Translation ROM
(32x10)

p
LAO- LA3C> Lateh
LSTROBE——}

POWER CONSIDERATIONS

The average chip-junction temperature, T J, in °C can be obtained from:
Ty=Ta+(Ppedya)
Where:
Ta=Ambient Temperature, °C
6JA =Package Thermal Resistance, Junction-to-Ambient, °C/W
PD=PINT+PPORT
PINT=Ilccx Ve, Watts — Chip Internal Power
PpORT = Port Power Dissipation, Watts — User Determined
For most applications PPORT © PINT and can be neglected. PPORT may become significant if the device is configured to
drive Darlington bases or sink LED loads.
An approximate relationship between Pp and T (if PPORT is neglected) is:

(1)

Pp=K =+ {Tj+273°C} (2)
Solving equations 1 and 2 for K gives:
K=Ppe(Ta+273°C) + 6 4°PD2 (3

Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium)
for a known T A. Using this value of K the values of Pp and T j can be obtained by solving equations (1) and (2) iteratively for any
value of Ta.
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MAXIMUM RATINGS

Parameter Symbol Value Unit
Supply Voltage Vce -03t7.0 \
Input Voltage with Respect to Ground Vin -03107.0 \
Operating Temperature Range TA 0t070 °C
Storage Temperature Range Tstg —55to + 150 °C
THERMAL CHARACTERISTICS
Characteristic Symbol | Value Unit
Thermal Resistance
Plastic (AT 15 °C/IW
Ceramic 60
Cerdip 65

This device contains circuitry to protect
the inputs against damage due to high
static voltages or electrical fields;
however, it is advised that normal precau-
tions be taken to avoid application of any
voltage higher than maximum-rated
voltages to the high-impedance circuit.

DC ELECTRICAL CHARACTERISTICS (TA=0°C to 70°C, Vcc=5.0 V 5%, See Notes 1, 2, and 3)

Parameter Symbol Min Typ Max Unit
3 Input Low Voltage Vil ~03 - 0.8 v
Input High Voltage VIH 2.0 — Vee \
Output Low Voltage
ILoad=16 mA VoL - 0.3 0.4 \
Output High Voitage
ILoad= ~ 100 A VOH 2.4 3 - v
Input Leakage Current
Vin=01t0 4.25 V I - - 10 wA
Hi-Z (Off-State) Leakage Current
Vee=5.25V, v.n=%.4 t02.4V TsL | -10 - 10 uh
Internal Power Dissipation
Vee=5.25V, Tao=0°C Minimum PINT — 200 420 mwW
Input Capacitance (All Other Pins Grounded) Cin - - 10 pF
Qutput Capacitance Cout - - 15 pF

NOTES:

1. Parameters are valid over operating temperature range unless otherwise specified.
2. All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and outputs. Input

levels are0V to 2.4 V.

3. Typical values are at +25°C, typical supply voltages, and typical processing parameters

AC ELECTRICAL CHARACTERISTICS (TA=0°C to 70°C, Vcc=5V +5%, See Notes 1, 2, 3, and 4)

MC2670%3 MC2670%2

Parameter Symbol Min Max Min Max Unit
Strobe Pulse Width ws 100 - 100 — ns
Line Address Setup Time tILAS 50 — 50 - ns
Line Address Hold Time tLAH 25 - 25 - ns
Character Address Setup Time tCAS 25 — 15 - ns
Character Address Hold Time tCAH 25 - 15 - ns
Character Select Access Time tCA - 300 ‘- 200 ns
Line Select Access Time LA - 500 - 350 ns
Chip Select Delay Time tSEL — 250 - 150 ns
Chip Deselect Delay Time 1DES - 200 - 125 ns
Special Character Blank/Unblank Time 1sC - 300 - 200 ns

* Substitute letter corresponding to standard font for () in part number for standard parts. Refer to ORDERING INFORMATION for additional

information.
NOTES:

1. Parameters are valid over operating temperature range unless otherwise specified.
2. All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and outputs. Input

levels are 0 V and 2.4 V.

3. Typical values are at +25°C, typical supply voltages, and typical processing parameters.

4. Test conditions: C_=100 pF and 1 TTL load.
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TIMING DIAGRAMS

tws
LSTROBE
tLAS —
—» tLAH
LAO-LA3
(———TLA————>L

DO0-DS

X
wr \

CA5, CA6
tcA tcA
e N L\ L/
et C—» fsc—i—;{
*When GM =1 SCD inputis inactive
tws
CSTROBE
ICAS
—>1 {CAH
CA0-CA7, GM
(———tCA———)L

D0-D9 X

CSTROBE /_—\'* f_\
CA7* / L
‘SEL—bl TDES—>1

DO-D9 J\ Outputs Active )—

*CA7 operates as output enable only in character mode (GM =0}
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SIGNAL DESCRIPTION

The input and output signals for the DCGG are described
in the following paragraphs.

Vcc AND Vgg

Power is supplied to the DCGG using these two pins. V¢
is the +5-volt power supply and Vgg is the ground connec-
tion.

CHARACTER ADDRESS (CA0-CA7)

This 8-bit input code specifies the character or graphic
pattern for which matrix data is to be supplied. In character
mode (GM=0), CAQ through CA6 select one of the 128
ROM-defined characters and CA7 is a chip enable. The out-
puts are active when CA7 =1 and are in the high-impedance
state when CA7=0. In graphics mode {(GM = 1), the outputs
are active and CAO through CA7 select one of 256 possible
graphic patterns to be output.

CHARACTER STROBE (CSTROBE)

This input pin is used to store the character address (CAQ
through CA7) and graphics mode (GM) inputs into the
character latch. Data is latched on the negative going edge
of CSTROBE.

GRAPHICS MODE (GM)
This input pin when low (GM=0) selects the character
mode and when high (GM=1) selects graphics mode.

LINE ADDRESS {(LA0-LA3)

When operating in the character mode, these input pins
select one of the 16 lines of matrix data for the selected
character to appear at the 10 outputs. LAQ is the least-signifi-
cant bit and LA3 is the most-significant bit. The input codes
which cause each of the nine lines of character data to be
output are specified as part of the programming data for
both non-shifted and shifted fonts. Cycling through the nine
specified counts at the LAO through LA3 inputs causes suc-
cessive lines of data to be output on DO through DS. The
seven non-specified codes for both non-shifted and shifted
characters cause blanks (logic zeros) to be output. In
graphics mode, the line address gates the latched graphics
data directly to the outputs.

LINE STROBE (LSTROBE)

This input pin is used to store the line address data (LAO
through LA3} in the line address latch. Data is latched on the
negative going edge of LSTROBE.

SELECTED CHARACTER DISABLE (SCD)

In character mode, a high level at this input causes all out-
puts (regardless of line address) to be blanks (zeros) for
characters for which CA6 and CAbB are both zero. A low level
input selects normal operation. SCD is inoperative in the
graphics mode.

DATA OUTPUTS (D0-D9)

These outputs provide data for the specified character and
line.

FUNCTIONAL DESCRIPTION

The DCGG consists of nine major sections which are
described in the following paragraphs. Line and character
codes are strobed into the line and character latches. The
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character latch outputs are presented to the three sources of
data; the ROM through an address decoder, the graphics
logic, and the output inhibit control. The output inhibit con-
trol {together with the SCD input) suppresses the ROM data
for selected character codes. The outputs from the line latch
drive the line address translation ROM which maps the
character ROM data onto 9 of 16 line positions. Finally, the
line select multiplexers route the ROM or graphics data to
the output drivers on DO through D9.

CHARACTER LATCH

The character latch is a 9-bit edge-triggered latch used to
store the character address {CAQ through CA7) and graphics
mode {GM) inputs. The data is stored on the falling edge of
CSTROBE. Seven latched addresses (CAQ through CA6) are
inputs to the ROM character address decoder. In character
mode {(GM=0), CA7 operates as a chip enable. The output
drivers are enabled when CA7=1 and are in the high-
impedance state when CA7=0. In graphics mode (GM=1),
the output drivers are always enabled and the CAO through
CA7 outputs of the latch are used to generate graphic
symbols.

CHARACTER ADDRESS DECODER

This circuit decodes the 7-bit character address from the
character latch to select one of the 128 character fonts
stored in the ROM section of the DCGG.

READ-ONLY MEMORY

The 11,648-bit ROM stores the fonts for the 128 matrix-
defined characters. The data for each character consists of
91 bits. Ninety bits represent the 10x 9 matrix and one bit
specifies whether the character data is output at the normal
(unshifted) lines or at the descended (shifted) lines. The 90
data bit outputs are supplied to the line select multiplexers.
The descend control bit is an input to the line address
translation ROM.

GRAPHICS LOGIC

When the GM input is zero (low), the DCGG operates in
the character mode. When it is one (high), it operates in the
graphics mode. In graphics mode, output data is generated
by the graphics logic instead of the ROM. The graphics logic
maps the latched character address (CAQO through CA7) to
the outputs (DO through D9) as a function of line address
(LAO through LA3}. For any particular line address value,
two of the CA bits are output: CAO, CA2, CA4, or CAB is
output on DO through D4 and CA1, CA3, CAb, or CA7 is out-
put on D5 through D9. The outputs are paired: when CAO is
output on DO through D4, CA1 is output on D5 through D9
and likewise for CA2-CA3, CA4-CAB, and CAB-CA7

A ROM within the graphics logic allows the specific line
numbers for which each pair of bits is output to be specified
by the customer. Figure 1 illustrates the general format for
graphics symbols and an example where (CA7 through
CAO)=H'65". The outputs from the graphics logic go to the
line select multiplexers. The multiplexers route the graphic
symbol data to the outputs when GM=1.

As a customer specified option, 16 of the possible graphic
codes (H'80' to H'8F') may be used to generate the special
graphic characters illustrated in Figure 2. For each of these
characters, the vertical component appears on the D4 out-
put. The horizontal components occur on Ly which is
specified by the customer. The vertical components
specified by CAO and CA2 are output for line addresses zero
through Ly and LH through 15, respectively.
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FIGURE 1 — GENERAL FORMAT GRAPHIC SYMBOLS

Line Address Line

Lp=0- 0~

11— CAO CA1 Group 1 -

2- 2 -

3- 3—

4= CA2 CA3 Group2 4=

65— 5—

6— 6—

7~ CA4 CA5 Group3 7—

8— 8~

9- 9—

10— CA6 CA7 Group 4 10—

L =11= 1=
[€——D0-D4 —»1——D5-D9 —3»f

D2 -
D3~
D4 -
D5 —
D6 —
D8 —
D9 —

| 1
a 8
Example: CA7-CAO0=H'65'

Group 1 Specified for Lines 0, 1, 2
Group 2 Specified for Lines 3, 4, 5
Group 3 Specified for Lines 8, 7, 8
Group 4 Specified for Lines 9, 10, 11
Space Specified for Lines 12, 13, 14, 15

1
8
Group line addresses are specified by the customer

FIGURE 2 — SPECIAL GRAPHIC CHARACTERS

General Format Thin Graphics Fonts for CA7-CAO0=
10 x 16 Character Block HEX 80 — HEX 8F
Lo l l
80 81 82 83

84 85 86 87
Ly e _I ]
83 89 8A 8B

8C 8D 8E 8F

-« Fixed
{Always on D4)

L15

Do D4 D9
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LINE SELECT MULTIPLEXERS

The 10 line select multiplexers select ROM data as
specified by the line address transiation ROM when GM =0,
or graphics data when GM=1. The inputs to each multi-
plexer are the nine line outputs from the ROM, an output
from the graphics logic, and a logic zero (ground).

OUTPUT DRIVERS

Ten output drivers with three-state capability serve as buf-
fers between the line select multiplexers and external logic.
The three-state control input to these drivers is supplied from
the CA7 logic when GM=0. When GM=1, the outputs are
always active.

OUTPUT INHIBIT CONTROL

The output inhibit control logic operates only if GM=0. It
causes the output of the line select multiplexers to be logic
zero if the SCD input is high and CAG and CAb of the latched
character address are DO. If the SCD input is low, normal
operation occurs. {This feature is useful in ASCII coded ap-
plications to selectively disable character generation for non-
displayable characters such as line feed, carriage return,
etc.)

LINE ADDRESS LATCH .
The line address latch is a 4-bit latch used to store the line

address (LAQO-LA3). The data is stored on the negative edge
of the LSTROBE input.

LINE ADDRESS TRANSLATION ROM

This 32x 10 ROM translates the 5-bit code consisting of
the four outputs from the line address latch and the descend
control bit from the ROM into a one-of-ten code for the line
select multiplexers. Programming information provided by
the customer specifies the address which selects each line of
RCM data for both shifted and non-shifted characters. Thus,
there are nine line addresses which select ROM data for un-
shifted characters and nine addresses for shifted characters.
These combinations are usually specified by the customer in
either ascending or descending order. For the remaining 14
codes (seven each for unshifted and shifted characters), the
translation ROM forces zeros at the outputs of the line select
multiplexers.

This circuitry only operates if GM=0. When GM=1, the
line select multiplexers are forced to select the outputs from
the graphics logic.

Figure 3 shows an example of data outputs where the
customer has specified line 14 as the first line for unshifted
characters, line 11 as the first line for shifted characters, and
line address combinations in descending order.

FIGURE 3 — CUSTOMER SPECIFIED EXAMPLE

Line
15
14
13
12
1
10

©

O—-NWHIO~N®

Customer Specified

3-16




MC2670

ORDERING INFORMATION

The information required when ordering a custom DCGG
is listed below, a sample card deck input is given in Figure 4,
and matrix font drawings in Figure 5. The ROM program may
be transmitted to Motorola on EPROM(s) or an MDOS disk
file.

To initiate a ROM pattern for the DCGG it is necessary to
first contact your local Motorola representative or Motorola
distributor.

EPROMs

The MCM68764 or MCM2532 type EPROMSs, programmed
with the customer program (positive logic sense for address
and data), may be submitted for pattern generation (see
example below). The ROM data format should be DO
through D9 programmed into two 8-bit words with DO being
the lease significant bit. Characters are programmed in se-
quence starting with CA equal to zero being the first
character and CA equal to 7F being the last character. The
third bit of the second word of each character is left as a one
for unshifted characters and changed to zero for shifted
characters. The remaining five bits are programmed to zeros.

The EPROM must be clearly marked to indicate which
EPROM corresponds to which address space. The recom-
mended marking procedure is illustrated below:

] /]
XXX XXX
000 400

XXX = Customer |D

EPROM Programming Example:

After the EPROM(s) are marked, they should be placed in
conductive IC carriers and securely packed. Do not use
styrofoam.

VERIFICATION MEDIA

All original pattern media (EPROMSs or floppy disk) are
filed for contractual purposes and are not returned. A com-
puter listing of ROM code will be generated and returned
along with a listing verification form. The listing should be
thoroughly checked and the verification form completed,
signed, and returned to Motorola. The signed verification
form constitutes the contractual agreement for creation of
the customer mask. If desired, Motorola will program on
blank EPROM from the data file used to care the custom
mask and aid in the verification process.

ROM VERIFICATION UNITS (RVUs)

Ten DCGGs containing the customer's ROM pattern will
be sent for program verification. These units will have been
made using the custom mask but are for the purpose of
ROM verification only. For expediency they are usually un-
marked, packaged in ceramic, and tested only at room
temperature and 5 volts. These RVUs are included in the
mask charge and are not production parts. The RVUs are
thus not guaranteed by Motorola Quality Assurance and
should be discarded after verification is completed.

FLEXIBLE DISKS

The disk media submitted must be single-sided, singte-
density, 8-inch, MDOS compatible floppies. The customer
must write the binary file name on the disk with a felt-tip
pen. The minimum MDOS system files as well as an object
file made from a memory dump using the ROLLOUT com-
mand are acceptable.

MDOS is Motorola’s Disk Operating system available on
development systems such as EXORciser, EXORset, etc.

0 4 2 3 Hex Value of One Character Line

0000 oToo

0

01

0 o0 11 Binary Value

Specifies a Shifted Character

D7 PO
[0000 010 0l Fistsyeof ePrROM

D7
[c o1 o0

DO
00 1 1]

Second Byte of EPROM
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MC2670 DISPLAY CHARACTER AND GRAPHICS GENERATOR ORDERING INFORMATION

Date. Customer PO Number
Motorola Part Numbers:
Customer Company. MC
Address. sC
(5ity State Zip,
Country,
Telephone. Extension

Customer Contact Person

Customer Part Number.

Line numbers in hex which outputs the font word for non-shifted ROM fonts (9 line numbers)

Line numbers in hex which outputs the font word for shifted ROM fonts (9 line numbers)

Specify left-to-right or right-to-left printing of DO through DO. Also top-to-bottom or bottom-to-top line addresses.

Thin graphics? Yes No

Line address in hex for horizontal segments of line graphics fonts,

Graphics group number 1, 2, 3, 4, or blank corresponds to line address hex O through hex F. The group number specified
will cause the graphic data generated by that group to be output on the corresponding line address.

Pattern Media (All other media requires prior factory approval)
EPROMs (MCM68764 or MCM2532)

Floppy Disk

Other.

Character Select Access.

Temperature Range:

Marking Information {12 Characters Maximum),

Signature,

Title.
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FIGURE 4 — SAMPLE CARD DECK INPUT
SAMPLE CARD DECK INPUT

2670/CP1000PA 2670 TEST RUN 04/16/79

THIN GRAPHICS=YES HO

1111222233334444

30
3E
3F

000 000 000 AFE 000 000 OFE 00O 000 70
008 010 020 n40 080 040 020 010 008 7€
07c 082 082 nBO 060 010 010 000 010 ki

018 020 020 n20 04G 020 520 026 018
000 000 000 nOC 092 060 000 000 000
0AA 0S4 DAA 054 OAA 054 OAA 054 OAA

NONSHIFT=1+2+13:4+8¢64748:9 SHIFT=314+5+6471819:£18 0 o
00 N 022 026 02A n32 OAA (88 088 088 070 40 N 078 084 0B2 nCA 08A 072 002 084 078
01 N 0D1C 002 00C N10 0BE .088 OF6 088 086 41 N 010 028 044 nB2 082 OFE 082 082 082
02 N 01C 002 00C nl0 08E 050 020 050 088 42 N 03E 044 084 n4% O03C 044 084 (4% 03E
03 N 01E 002 00E 002 09E 050 020 050 083 43 N 078 084 002 n02 002 002 002 084 078
04 N O1E 002 OOE n02 OLE OF8 020 020 V20 44 N O3E 044 08Y% nBY 084 084 084 044 03E
05 N OLE 002 GOE n02 O6E 090 US0 0DO OEQ 45 N OFE 002 002 n02 03E 002 002 002 OFE
06 N 00c 012 01£ nl2 092 050 030 0S50 030 46 N OFF 002 002 n02 03g 002 002 002 002
07 N 00F 012 00E N12 OOF 010 010 010 OF0 47 N 078 084 002 002 002 OE2 082 OCY4 088
08 N 00f 012 OOE 012 OEg 010 D&O0 080 070 48 N 082 082 082 n82 OFE 082 042 082 082
09 N 012 012 01£ Nn12 012 OF8 G20 C2C C20 49 N 07C 0lo 010 nl0 010 010 919 910 07C
0A N 002 002 002 nlE OF0 010 G70 010 010 4A N OEQ 040 D%0 n40 040 040 042 042 03C
08 N 022 022 022 nl4 008 OF8 020 020 020 4B N 082 042 022 nl2 00A Olos 222 942 082
0C N 01E 002 00E n02 OF2 010 070 018 010 4C N 0D2 002 002 n02 002 002 302 302 07¢
00 N 01C 002 002 002 07C 050 G70 050 050 4D N 082 0C6 OAA n92 092 082 082 082 082
0E N 01C 002 00C nl0 06E 09G 090 090 C60 4E N 082 082 086 nBA D92 0A2 0C2 082 082
OF N 01C 002 00C nlo OEE 040 040 040 O0E0 4F N 038 044 082 nB82 082 082 082 04 038
10 N 00E 012 012 nl2 00E 010 010 010 OFO 50 N 07E 082 082 082 D7E 002 002 002 002
11 N DDE 012 012 nl2 D4E 060 040 040 OFO 51 N 038 044 082 nB2 082 092 0A2 D44 ORB
12 N 00E 012 012 012 06€ 090 040 020 OF0 52 N 076 082 082 nB2 O7E 012 u22 V42 082
13 N 00F 012 012 nl2 06E 080 060 080 070 53 N 078 084 002 n04 038 040 GLAO 042 03C
14 N 00E 012 012 nl2 O4E 060 050 OF8 040 S4 N OFE 010 010 nlo 010 010 (10 clO 210
15 N 012 016 01A nl2 092 050 030 0%0 090 S5 N 082 082 082 n82 082 082 082 044 033
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FIGURE 5 — 10x 16 MATRIX FONT DRAWING (Sheet 4 of 4)
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MC2671

Advance Information

- PROGRAMMABLE KEYBOARD AND
COMMUNICATIONS CONTROLLER (PKCC)

The MC2671 programmable keyboard and communications con-
troller (PKCC) is an MOS/LSI device which provides a versatile
keyboard encoder and an independent full-duplex asynchronous com-
munications controller. It is intended for use in microprocessor-based
systems and provides an 8-bit data bus interface.

Applications for the. MC2671 include: CRT terminals, hard-copy
terminals, word-processing systems, data—entry terminals, and small
business computers.

® Keyboard Interface

® Contact or Capacitive Keyboard

® Up to 128 Keys on an 8 X 16 Matrix

® Encoded or Unencoded Operation

® Four Code Levels Per Key

® Latched Key Option — Separate Depress and Release Codes
® Programmable Scan Rate and Debounce Time
® Programmable Rollover Modes

® Programmable Auto-Repeat for Selected Keys
® Tone Output — Two Frequencies

@ Asynchronous Communication Interface
@ [nternal Baud-Rate Generator — 16 Rates
® Full-Duplex Operation

® Detection of Start and End of Break

® Programmable Break Generation

® Programmable Character Parameters

® Auto-Echo and Maintenance Loopback Modes

® Polled or Interrupt Operation

@ Interrupt Priority Controller and Vector Generator
® Operates Directly from Crystal or External Clocks
® TTL Compatible

@ Single +5 Volt Power Supply

HMOS

(HIGH-DENSITY
N-CHANNEL, SILCON-GATE)

PROGRAMMABLE KEYBOARD
AND COMMUNICATIONS
CONTROLLER

L SUFFIX
CERAMIC PACKAGE
CASE 7156

S SUFFIX
CERDIP PACKAGE
CASE 734

P SUFFIX
PLASTIC PACKAGE
CASE 711

ORDERING INFORMATION

Package Type Fre y Temp Order Number
Ceramic

L Suffix 1.0 MHz 0°C to 70°C MC2671AL
Cerdip

S Suffix 1.0 MHz 0°C to 70°C MC2671AS
Plastic

P Suffix 1.0 MHz 0°C to 70°C MC2671AP

PIN ASSIGNMENT

Avshh e 1Vee
KDRES []2 1 RxD
KCLK O3 [1 TxD
Kc3 4 [ XTAL2/BRCLK
Kcz2 s [ XTAL1
kc1 e ] RxC
Kco 07 1 TxC
KrR2 [}8 [0 A2
KR1 9 1 A1
KRO h AO
REPEAT 1 CE
SHIFT AR
CONTROL 1K
TONE 1 INTA
KRET 1 D7
DO 1 D6
D1 1 D5
D2 1 Da
D3 ] INTR
Vss [ XINTR

This document contains information on a new product. Specifications and information herein
are subject to change without notice.
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BLOCK DIAGRAM

Data

" JE—
DO-D7 <:> Bus Buffer Keyboard Encoder REPEAT

|———> KCLK

' Mode & Timing ——— KDRES
Contro! —
HYS
— Operation Control
w
— CMR
R ————
_ KMR I » KCO-KC3
CE — CSR k Keyboard
N — Scanner and }¢—————— KRET

KSR Encoder/
AD-A2 Decoder
Command Decoder ] | KRO-KR2

4x128x8 SHIFT
Read-Only CONTROL
XINTR Interrupt Control Memory

and K

INTA , Vector Generator

INTR ﬁ% Keyboard Data
Register

{

vVee Key Holding
GND Register
- Tone Generator TONE
Timing
Baud-Rate
. Generator
TxC
RxC —————» Baud-Rate
Control Transmitter
Register
Transmit
:> Holding Register

Transmit
T * Shift Register TxD
XTAL1/BRCLK

XTAL2
pA—— Receiver
lnt;u;ts Receive Holding
Timing Register
Receive
Controls Shift Register RxD
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MAXIMUM RATINGS This device contains circuitry to protect the in-
- - - puts against damage due to high static voltages

Characteristics Symbol Rating Unit or electric fields; however, it is advised that nor-

Supply Voltage vVee -0.3to +7.0 \% mal precautions be taken to avoid application
Input Voltage Vin ~0.3t0-+7.0 v of any voltage _higher than maximum.-ratt.ed

N voltages to this high-impedance circuit.
Operating Temperature Range TA 0t 70 °c Reliability of operation is enhanced if unused
Storage Temperature Tstg -55to0 +150 °cC inputs are tied to an appropriate logic voltage

level (e.g., either Vgg or V¢
THERMAL CHARACTERISTICS

Characteristics Symbol Rating Unit

Thermal Resistance 0JA °C/W
Plastic 100
Cerdip 60
Ceramic 50

POWER CONSIDERATIONS

The average chip-junction temperature, T, in °C can be obtained from:
Ty=Ta+(Pp*oya) {1)
Where:

TA = Ambient Temperature, °C
0 =Package Thermal Resistance, Junction-to-Ambient, °C/W
PD=PINT +PPORT
PINT = lcc X Ve, Watts—Chip Internal Power
PpORT =Port Power Dissipation, Watts —User Determined

For most applications PPORT <PINT and can be neglected. PPQRT may become significant if the device is configured

to drive Darlington bases or sink LED loads.
An approximate relationship between Pp and T (if PPQRT is neglected) is:

PD=K+ (T +273°C) 2}
Solving equations 1 and 2 for K gives:
K=Ppe(Ta+273°C) +8aPp2 (3)

Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at
equilibrium) for a known Ta. Using this value of K the values of Pp and Tj can be obtained by solving equations (1)
and (2) iteratively for any value of Ta.

DC ELECTRICAL CHARACTERISTICS (Ta = 0°C to 70°C, Vg =5 V +5%)

Parameter Symbol Min Typ Max Unit
Input Low Voltage VL - — 0.8 \
Input High Voltage XTAL1, XTAL2 VIH 4.0 - — v
All Other Inputs 2,0 — —

Output Low Voltage VoL - - 0.4 A
(loL = 1.6 mA)

Output High Voltage {Except INTR} VOH 2.4 — - v
(lgH = —100 xA)

Input Leakage Current XTAL2/BRCLK 'TH - -100 - pA
Vin = 0to Vo) All Other Inputs -10 | — 10

Data Bus Hi-Z Leakage Current L -10 — 10 A
(Vg = 0to Vge)

Power Supply Current Icc — — 150 mA
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AC ELECTRICAL SPECIFICATIONS — READ CYCLE (Tp = 0°C to 70°C, Vcc = +5%) (See Figure 1)

Parameter Symbol Min Typ Max Unit
Address Setup Time to R tAS 50 — — ns
CE Setup Time toR tcs 50 | — — ns
Read Cycle Pulse Width tpwW 250 - — ns
Address Hold Time from R tAH 20 - — ns
CE Hold Time from R tCH 0 — — ns
Data Delay Time for Read Cycle tpD - - 200 ns
(CL = 150 pF)
Data Bus Floating Time for Read Cycle tpF 10 - 100 ns
(CL = 150 pF)
Access Delay Time from any Read to Next Read or Write tAD 250 — — ns

FIGURE 1 — READ CYCLE TIMING DIAGRAM

iCs

— VIH
CE v
AO-A2
—*

]

DO-D7

tAS

A o ~ __
ﬁtoo? {DF
Valid

N

AC ELECTRICAL SPECIFICATIONS — WRITE CYCLE (Tp = 0°C to 70°C, Vcc = +5%) (See Figure 2)

Parameter Symbol Min Typ Max Unit
Address Setup Time to W tAS 50 — — ns
CE Setup Time to W tcs 50 — — ns
Write Cycle Pulse Width PW 250 — — ns
Address Hold Time from W tAH 20 —~ - ns
CE Hold Time from W tCH 0 - — ns
Data Setup Time DS 100 — — ns
Data Hold time tDH 10 — — ns
Access Delay Time from any Write to Next Read or Write tAD 250 — — ns
Access Delay Time from Reset Command to Next Read or Write tAD 1.0 — — KS

FIGURE 2 — WRITE CYCLE TIMING DIAGRAM

cE uh 4
— tcs — —tcH
A0-A2 X
—ltas — _b—taH
- N tpw
W / : tAD N
DS DH
DO-D7 { valid
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AC ELECTRICAL SPECIFICATIONS — INTERRUPT KNOWLEDGE (Tp = 0°C to 70°C, Vcg = +5%) (See Figure 3)

Parameter Symbol Min Typ Max Unit
INTA Pulse Width . PWI 300 — - ns
Data Delay Time for Interrupt Vector tpDI - - 250 ns
(CL = 150 pF)
Data Bus Floating Time after INTA tDFI 10 - 100 ns
(CL = 150 pF)
rlN:TK to INTA Access Delay Time tADI 300 - - ns
FIGURE 3 — INTERRUPT KNOWLEDGE TIMING
tpwi
INTA ViIH™Y JZ tADI N\
Vi |
le——1tDDI tDFI
DO-D7 "
(Interrupt Vector) \____._/vahd
AC ELECTRICAL SPECIFICATIONS — INTERRUPT RESET (Tp = 0°C to 70°C, Ve = +5%) (See Figure 4)
Parameter Symbol Min Typ Max Unit
INTR Delay Time from: tRI ns
Read RxHR (RxRDY) - - 400
Read KHR (KRDY) - — 400
Reset Commands (KOVR, KERR, BREAK) - - 450
Load TxHR (TXEMT, TxRDY) - — 400
Mask Bit Reset : - - 300

FIGURE 4 — INTERRUPT RESET TIMING DIAGRAM

ViH-F

El

RI
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AC ELECTRICAL SPECIFICATIONS — KEYBOARD (Tp = 0°C to 70°C, Vcc = +5%) (See Figures 5 and 6)

Parameter Symbol Min Typ Max Unit

KCLK Frequency ) fKCLK — | 409 — kHz

KRi, KCi, to KRET Sample Delay Time: tKBD %3
Fast Scan 12.0 — -
Slow Scan 55.0 - -

Scan Time per Matrix Position: tpOS us
Fast Scan - 20 _
Slow Scan — 80 —

KDRES Delay Time from KCLK tKRD ns
(CL = 150 pF) . — - 400

KDRES Hold Time from KCLK tKRH ' ns
(CL = 150 pF) - — 400

HYS Delay Time from KCLK tHYSD ns
(CL = 150 pF) . — — 600

KRi, KCi Delay Time from KCLK : tRCD ns
(CL = 150 pF} - - 400

FIGURE 5 — KEYBOARD SCAN TIMING DIAGRAM
| tpOS |

| |

‘ 1Kk
tKRD —=| [+~ [+ KRH
L

KDRES I |
[*~—tHYSD
Avs X )

t

KRO-KR2 —;E_ 2D X

KCO-KC3

f— tKBD |
KRET, Shift Control, and
Repeat Sample Time J-I

NOTE: Scan timing shown is for fast scan (KMR1 = 1). For slow scan (KMR1 = 0). All signals except KLCK
run at % the shown rates.

FIGURE 6 — KEYBOARD TIMING

1 Scan Cycle

ks ,__[—*‘_l_!,,__r“*'—\_.._l‘_”_‘l__

Key 1 Key 1 Key 2 Key 1 Key 2 Key 1

KRET . - T 1 — JL Tl N, .

€2 W

- 3 » ) YN
v

J— * R -2 g R

HYS |_| N-Key Rollover U—

4~ Modes Only

KRDY I

KSRO|
{ ) ) ”<—tKR=1I‘«S N2 Key Rollover

2 Key Inhibit
TE I
Read KHR (K1)

KERR

(KSR1)

INTR | I
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AC ELECTRICAL SPECIFICATIONS — UART (Tp = 0°C to 70°C, Ve = +5%) (See Figures 7, 8, and 9)

Parameter Symbol Min Typ Max Unit
RxD Setup Time tRxS 200 — — ns
RxD Hold Time tRxH 200 — — ns
TxD Delay Time from Falling Edge of TxC tTxD - - 300 ns
(CL = 150 pF)
Skew Between TxD Transition and Falling Edge of TxC Output (C|. = 150 pF) t7Cs — 0 — ns
XTAL1 Clock High (see Figures 10 and 11) 1BRH 70 — — ns
XTAL1 Clock Low (see Figures 10 and 11). i tBRL 70 — — ns
BRG Input Frequency ‘ fBRG 1.0 [4.91515.075 | MHz
TxC or RxC Input Frequency fR/T MHz
Clock Rate Factor = 16X, 32X, 64X — — 1.3
Clock Rate Factor = 1X - — 1.0
TxC or RxC Clock High tR/TH 350 - - ns
TxC or RxC Clock Low tR/TL 350 - - ns

FIGURE 7 — CLOCK, TRANSMIT, AND RECEIVE TIMING DIAGRAMS
CLOCK

{BRH— 1BRL—
TR/ TH—| R/TL—

XTAL1, TxC, RxC " / \
’ . 1
X'_d f

1/fgRG
11RIT
TRANSMIT
H Bit Time (1, 16, or 64 Clock Periods)»v
T*XC ) -
{Input) K.n_ —
\ r
TxD
A"
—tTxD —tTxD
tTcs
TxC
(Output)
RECEIVE
RxD

tAXS | tRXH
RXC (IX) \ jvl‘L"H \
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“TxC

D — A

FIGURE 8 — TRANSMITTER TIMING DIAGRAM
{5-Bit Characters, No Parity, 2 Stop Bits)

B CA

BC w———De—— A

BC D~

TxD

Data 1 [ I Data 2

1 L[ Datas J

TxEN §
CE for

Write of
THR

TxRDY

~7

(CSRt)
TxEMT
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A
TxD [e=—-Break 1

BCA
Break 2

B ¢ <-—D—m—

Cc A
[ | F=paas—]

TxEN 3
CE for

Break
Command

TxRDY
(CSR1)

Transmit Break
CSR3

TxEMT

i X

(CSR2)

J

Write of
THR

Start Bit
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FIGURE 9 — RECEIVER TIMING DIAGRAM
(6-Bit Characters, No Parity, 2 Stop Bits)

RxC
: A BC A

8B C_A

B

C

o
o
>

| | Datad

]

RxD | [ Datat | | [ Data2 1 | Data3

RxEN l

CE for

Ready of
RHR L‘

RxRDY

(CSRO)
ROVRUN

{CSR5)

RxD B

A
[ r Data 1 |

A

C A B
] L.Data 2.]_.. «—Data 3—

WL

l

RxEN I
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Error (CSR6)

Received
Break (CSR4}

CE for Reset

Command
with D4 =1

ISR5

{Break Detect

Change) Start Bit

First Stop Bit
= Second Stop Bit

O® >
[ ]

FIGURE 10 — CRYSTAL CONNECTIONS BRG CLOCK

4.9152 MHz &

MC2671
XTAL1

XTAL2

FIGURE 11 — CONNECTION FOR EXTERNAL BRG CLOCK SOURCE

Vce

4.9152 MHz

MC2671

XTAL1
Vee

XTAL2
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SIGNAL DESCRIPTION

The input and output signals for the PKCC are described
in the following paragraphs.

Vg AND Vs

Power is supplied to the PKCC using these two pins.
V¢ is the +5 volt power supply and Vgg is the ground
connection.

DATA BUS (D0-D7)

This 8-bit three-state bidirectional data bus makes all
data, command, and status transfers. DO is the least
significant bit and D7 is the most signficant bit.

ADDRESS BUS (A0-A2)

These input lines are used to select internal PKCC
registers or commands.

READ STROBE (R)

This input, when low, gates the selected PKCC register
onto the data bus if chip enable is also low.

WRITE STROBE (W)

This input, when low, gates the contents of the data
bus into the selected PKCC register if chip enable is also
low.

CHIP ENABLE (CE)

This input, when high, places the data bus output drivers
in a high-impedance condition. If chip enable is low, data
transfers are enabled in conjunction with the read and write
inputs.

INTERRUPT REQUEST (INTR)

Using this active low open-drain output, several condi-
tions may be programmed to request an interrupt to the
CPU. This pin will be inactive after power-on reset or a
master reset command.

INTERRUPT ACKNOWLEDGE (INTA)

This input is used to indicate that an interrupt request
has been accepted by the CPU. When INTA goes low, the
PKCC outputs an. 8-bit address vectcr on DO-D7 cor-
responding to the highest priority interrupt currently active.

EXTERNAL INTERRUPT (XINTR)

This is an active low external interrupt input to the PKCC
interrupt priority receiver.

TRANSMITTER CLOCK (TxC)

The function of this input/output pin depends on bit 7
of the baud-rate control register (BRR7). If the external
transmitter clock is selected (BRR7 =0), this pin is an in-
put for the transmitter clock. If the internal wransmitter
clock is selected (BRR7 = 1), this pin is an output which
is a multiple of the actual baud rate (1X, 16X) as selected
by BRR5. The data is transmitted on the falling edge of
TxC. This pin is an input after power on and after master
reset or communications reset commands.

3-33

RECEIVER CLOCK (RxC)

The function of this input/output pin depends on BRR6.
If the external receiver clock is selected (BRR6 =0), this
pin is an input for the receiver clock. If internal receiver
clock is selected (BRR6 = 1), this pin is an output which
is a multiple of the actual baud rate (1X, 16X) as selected
by BRR4. The received data is sampled on the rising edge
of RxC. This pin is an input after power on and after master
reset or communications reset commands.

TRANSMITTER DATA (TxD)

This output is the transmitted serial data; the least
significant bit is transmitted first. This pin is high after
power-on reset or a reset command that affects the
transmitter.

RECEIVER DATA (RxD)
This input is the serial data input to the receiver. The
least significant bit is received first.

CONNECTIONS FOR CRYSTAL (XTAL1, XTAL2/BRCLK)

The crystal connections provide an on-chip clock
generator for the internal baud-rate generator and the
keyboard interface logic. If an external clock is provided,
use XTAL2 as the clock input. See Figures 10 and 11.

All timing parameters such as keyboard scan times, tone
frequency, and baud rate assume a clock input at the
specified BRG input frequency. If this frequency is dif-
ferent, the timing parameters will vary proportionately.

KEYBOARD ROW SCAN {(KRO-KR2)

This output is decoded externally and selects one of
eight rows.

KEYBOARD COLUMN SCAN (KCO0-KC3)

This output is decoded externally and selects one of 16
columns.

KEY RETURN (KRET)

This input, when active high, indicates that the key being
scanned is closed.

SHIFT KEY (SHIFT)

This is the active low input from the shift key. The com-
bination of SHIFT and CONTROL inputs selects one of four
possible codes from the internal key encoding ROM.

CONTROL KEY (CONTROL)

This is the active low input from the CONTROL key. The
combination of SHIFT and CONTROL inputs selects one
of four possible codes from the internal key encoding ROM.

REPEAT KEY (REPEAT)

This is the active low input from the REPEAT key which
causes the key depression currently active to be repeated
at a rate of approximately 15 times per second.

KEYBOARD CLOCK (KCLK)

This high frequency (approximately 400 kHz) output is
used to scan capacitive keyboards.
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KEY DETECT RESET (KDRES)
This output resets the analog detector before scanning
a key. it is used for capacitive keyboards.

HYSTERESIS QUTPUT (HYS)

This output is sent to the analog detector for capacitive
keyboard applications. A low indicates the key currently
scanned has been recognized on previous scan cycles.

SQUARE WAVE OUTPUT (TONE)
This output is used for tone generation.

FUNCTIONAL DESCRIPTION

The programmable keyboard and communications con-
troller (PKCC) consists of six major sections. These are the
transmitter, receiver, timing, operation control, keyboard
encoder, and a priority encoded interrupt control unit.
These sections communicate with each other via an in-
ternal data bus and an internal control bus. The internal
bus interfaces to the microprocessor data bus via a bidirec-
tional data bus buffer.

OPERATION CONTROL

This functional block stores configuration and operation
commands from the CPU and generates appropriate signals
to various internal sections to control the overall device
operation. It contains read and write circuits to permit com-
munications with the microprocessor via the data bus and
contains mode registers KMR and CMR, the command
decoder, and status registers KSR and CSR. Details of
operating modes and status information are presented in
OPERATION. The register addressing is specified in
Table 1.

TIMING

The PKCC contains a baud-rate generator (BRG) which
is programmable to accept external transmit or receive
clocks or to divide an external clock to perform data com-
munications. The unit can generate 16 baud rates, any of
which can be selected for full-duplex operation. The ex-
ternal clock to the baud-rate generator can be applied
directly to the XTAL2 input (see Figure 11) or can be
generated internally by connecting a crystal across the
XTAL1, XTAL2 input pins. The clock input is also utilized
by the keyboard en _der section. Thus, a clock must be
provided even if external transmitter and receiver clocks
are used.

RECEIVER

The receiver accepts seria! data on the RxD pin, con-
verts this serial input to parallel format, checks for break
conditions, framing and parity errors, and loads an
“assembled’’ character in the receive holding register for
access by the CPU.

TRANSMITTER

The transmitter accepts parallel data loaded by the CPU
into the transmit holding register and converts it to a serial
bit stream framed by the start bit, calculated parity bit (if
specified), and stop bit(s). The composite serial stream of
data is transmitted on the TxD output pin.

KEYBOARD ENCODER

The keyboard encoder provides encoded scanning
signals for a matrix keyboard. Key depressions are
detected on the KRET input. The debounced and verified
key codes (or matrix addresses) are loaded into the key
holding register for access by the CPU. Figures 12 and 13
illustrate the PKCC interface to contact and capacitive
keyboards, respectively.

TABLE 1 — REGISTER ADDRESSING

CE A2 A1 A0 R W Function

1 X X X X Three-State Data Bus

0 0 0 0 W Reset Command

[o] ] 0 0 R Read Interrupt Status Register (ISR)

(o] (o] 0 1 R W Read/Write Communications Mode Register (CMR)
(¢} o] 1 [} w Write Transmit Holding Register (TxHR)

] 0 1 0 R Read Receiver Holding Register (RxHR}

o) 0 1 1 W Write Baud-Rate Mode Register (BRR)

0 o] 1 1 R Read Communications Status Register {CSR)
0 1 0 0 R W Read/Write Interrupt Mask Register (IMR)

0 1 0 1 RW ' Read/Write Keyboard Mode Register (KMR)
[+] 1 1 0 R Read Keyboard Holding Register (KHR)

0 1 1 1 R Read Keyboard Status Register (KSR}

0 1 1 1 W Miscellaneous Commands

X = Don’t Care

T
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FIGURE 12 — CONTACT KEYBOARD INTERFACE

KRET

PKCC

KCO-KC3

KRO-KR2 * Digital Multiplexer |
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F—\]1-0f-16
|————/|Decode

16
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FIGURE 13 — CAPACITIVE KEYBOARD INTERFACE

Analog

Detector
KRET /I
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KDRES

\
Analog Multiplexer ]
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INTERRUPT CONTROL

The interrupt controller unit contains a software pro-
grammable interrupt mask register which selectively
enables status conditions from the keyboard encoder and
communication controller to generate interrupts. The in-
terrupts are priority encoded and individually generate an
8-bit vector which is output on the data bus in response
to a CPU interrupt acknowledge on the INTA input pin.

OPERATION

KEYBOARD ENCODER

The keyboard is continuously scanned by KCO-KC3 and
KRO-KR2 which are decoded externally to handle 128
possible keys (see Figures 12 and 13). KCO-KC3 select
one of 16 columns and KRO-KR2 multiplex the eight row
return fines into the KRET pin. Debouncing is accomplished
by remembering a one state at the KRET pin when a key
is being addressed and verifying it one scan later. Once
the key is verified a key code is loaded into the keyboard

KRO-KR2
8 Rows
PKCC
KCLK
1-of-16 16 Col
| \]|Decod olumns
KCO-KC3 b
Capacitive
Keyboard
Matrix

data register (KDR). If the keyboard holding register is
empty, the contents of the KDR will be transferred to the
KHR immediately:; if the KHR is full (i.e., the CPU has not
read the previous key code), the transfer will be held off
until the KHR is read. The data transfer to the KHR causes
keyboard data (KRDY) to be set in the keyboard status
register.

For capacitive keyboards, the high frequency output
KCLK can be used to gate the column scan to the keyboard
(see Figure 13). The key detector reset (KDRES) output
resets the analog detector prior to scanning each key loca-
tion. The output from the analog multiplexer is sensed and
then latched in the analog detector. The HYS output con-
trols the sense level. A zero will lower the sense level caus-
ing hysteresis, and a one will raise the sense level with
no hysteresis.

The REPEAT input enables the keyboard logic to
recognize any key repeatedly, 15 times per second. Addi-
tionally, certain keys can be programmed to repeat
automatically if depressed for more than one-half second.

A square wave is output on the TONE pin when the CPU
issues a ring tone command to the PKCC.
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KEYBOARD MODE REGISTER

Operating modes are selected by programming the
keyboard mode register (KMR), whose format is illustrated
in Figure 14.

Bit KMR7 is used for testing the device. For normal
operation, this bit should always be written to a zero.

Bits KMR6-KMRS5 select the rollover modes for keyboard
processing:

N-Key Rollover. In this mode, the code corresponding
to each key depression is loaded into the KDR as
soon as that key is debounced, independent of
the release of other keys. Two or more closures
occurring within one scan cycle are considered
to be simultaneous which will set keyboard er-
ror in the keyboard status register (KSR1). As
soon as the keyboard holding register is empty
the code in the KDR is transferred to the KHR and
the KRDY status bit is set (KSRO).

N-Key Rollover with Latched Keys. This mode is the
same as regular N-key rollover, except that the
keys which are assigned to row O of the keyboard

matrix (KR2-KRO =000) produce a code both
when depressed and when released. The codes
are independent of the states of the inputs as
SHIFT and CONTROL. If one or more of the
latched keys are depressed when the keyboard
is enabled (after a keyboard reset), the
corresponding codes will be sent out as the keys
are scanned and debounced. Note that
simultaneous latched keys will not set KERR
(KSR1) and that latched keys will not be auto-
repeat and will not be affected by the REPEAT
input.

Two-Key Rollover. The first key code is loaded into

the KDR immediately and the second code is
loaded only after the first key is released.
Simultaneous keys will set KERR (KSR1). If three
or more keys remain closed at any given time,
the KERR bit will also be set. All keys must then
be released before the next KRET will be
processed.

Two-Key Inhibit. All keys must be released between

keystrokes; otherwise, KERR (KSR1) will be set.

FIGURE 14 — KEYBOARD MODE REGISTER FORMAT

KMR | 7 16| 5] a| 3|2

1

0

l ~——— ———— |
Test Mode Tone Select

1 = Enable 0 = 1kHz
0 = Disable 1 = 2kHz
Rollover Modes Key
00 = N-Key with Matrix Scan
Latched Keys KMR2 KMR1 Size Time
01 = N-Key 0 0 128 10 ms
10 = Two Key (o] 1 128 2.5'ms
11 = Two-Key 1 (0] 80 6.4 ms
inhibit 1 1 80 1.6 ms
0 = Encoded Auto Repeat
Keyboard O = Disable
1 = Non-Encoded 1 = Enable
Keyboard
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Bit KMR4 specifies the key encoding mode. Each key KDR

is assigned four 8-bit codes, corresponding to the states
of the SHIFT and CONTROL inputs. If the encoded mode 7 6 5 4 3 2 1 0
is programmed, the row/column address of the detected

key is used to load one of the four key codes into the KDR. | |

See Table 2 for key code assignments. If the non-encoded
mode is programmed, the row/column address is loaded
directly into the KDR with the following format:

KR2, KR1, KRO
L-KC3, KC2, KC1, KCO
“0"" for momentary keys
‘“1"* for latched keys release
‘0" for latched keys depress
TABLE 2 — STANDARD KEY CODES (HEX)
Row (KR3-KRO)
Column
(KC3-KCO) 2 3 4 5 6 7
EO co 1B ESC 09 HT 1F us 1A SUB 30 0 2B +
0 FO DO 1B ESC 09 HT 1F us 1A SUB 30 - 0 3B H
EO co 1B ESC 09 * HT 1F us 5A Z 30 0 2B +
FO DO 1B ESC 09 ¢ HT 1F us 7A  z 30 0 3B B
El ct 21 11 DC1 01 SOH {18 CAN |3D = 2A o
1 F1 D1 31 1 11 DC1 01 SOH 18 CAN 2D = 3A :
E1 C1 21 ! 51 Q 41 A 58 X 3De = 2A .
F1 D1 31 1 71 q 61 a 78 «x 2D — 3A
E2 Cc2 22 " 17 ETB 13 DC3 03 ETX 1E RS 1F us
2 F2 D2 32 2 17 ETB 13 DC3 03 ETX 1E RS 1F us
E2 c2 22 o« 57 W 53 S 43 C 78~ 7F » DEL
F2 D2 32 2 77 w 73 s 63 ¢ 5E f 6F ¢ __
E3 Cc3 23 # 05 ENQ 04 EOT 16 SYN 1C FS 1B ESC
3 F3 D3 33 3 05 ENQ 04 EOT 16 SYN 1C FS 1B ESC
E3 c3 23 # 45 E 44 D 56 V 7c 7B
F3 D3 33 3 65 e 64 d 76 v 5C . 5B [
E4 c4 24§ 12 DC2 |06 ACK (02 STX |08 BS iD GS
4 F4 D4 34 4 12 bDC2 06 ACK 02 STX 08 BS 1D GS
E4 c4 24 $ 52 R 46 F 42 B 08 * BS 7D }
F4 D4 34 4 72 r 66 f 62 b 08 ¢ BS 5D |
E5 C5 25 % 14 DC4 07 BEL OE SO 10 DLE 08 BS
5 F5 D5 ‘36 5 14 DC4 07 BEL OE SO 10 DLE 08 BS
ES cs 25 % 54 T 47 G 4E N 50 P 08 BS.
F5 D5 35 5 74 t 67 g 6E n 70 p 08 ¢ BS
E6 cé 26 & 19 EM 08 BS oD CR 00 NUL [09 HT
6 F6 D6 36 6 19 &M 08 BS oD CR 00  NUL 09 HT
E6 cé 26 & 59 Y 48 H 4D M 60 09 ¢ HT
F6 D6 36 6 79 \ 68 h 6D m 40 @ 09 o HT
Continued
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TABLE 2 — STANDARD KEY CODES {HEX) (Continued)

Row (KR3-KRO)
Column
(KC3-KC0} [+] 1 2 3 4 5 6 7
E7 Cc7 27 ’ 15 NAK OA LF 3C < 7F DEL 20 SP
7 F7 D7 37 7 15 NAK OA LF 2c 7F  DEL 20 SP
E7 Cc7 27 ! 55 U 4A J 3C < 7F DEL 20 ¢ SP
F7 D7 37 7 75 u 6A 2c 7F  DEL 20 « SP
E8 cs 28 09 HT 0B VT 3E > OA LF 0B VT
8 F8 D8 38 8 09 HT 0B VT 2E . OA LF 0B VT
E8 c8 28 { 49 I 4B K 3E > OA LF 0B e VT
F8 D8 38 8 69 i 6B k 2E . OA LF 0B« VT
E9 C9 29 ) OF St 0oC FF 3F ? oD CR OA LF
9 F9 D9 39 9 OF SI 0OC FF 2F / 0D CR OA LF
E9 c9 29 ) 4F o 4C L 3F ? 0D CR OA e LF
F9 D9 39 9 6F o 6C | 2F / OD CR OA e LF
EA CA 37 7 34 4 31 1 30 o] A0 A6
A FA DA 37 7 34 4 31 1 30 [o] BO B6
EA CA 37 7 34 4 31 1 30 0 AQ A6
FA DA 37 7 34 4 31 1 30 0 B8O B6
EB cB 38 8 3 5 32 2 2E Al A7
B FB D8 38 8 35 5 32 2 2E 81 B7
EB cB 38 8 35 5 32 2 2E Al A7
FB DB 38 8 35 5 32 2 2E B1 B7
EC cC 39 9 36 6 33 3 BF A2 A8
c FC DC 39 9 36 6 33 3 AF B2 B8
EC cCc 39 9 36 6 33 3 9F A2 A8
FC DC 39 9 36 6 33 3 8F B2 B8
ED co 90 93 82 95 A3 A9
D FD DD 90 93 82 95 B3 B9
ED cD 90 93 82 e 95 A3 e A9 e
FD DD 90 93 82 » 95 B3 e BY o
EE CE 91 80 84 81 A4 AA
E FE DE 91 80 84 81 B4 BA
EE CE 91 80 ¢ 84 81 o Ad o AA e
FE DE 91 80 84 81 ¢ B4 o BA o
EF CF 92 94 83 96 AS AB
F FF DF 92 94 83 926 B5 BB
EF CF 92 94 83 o 96 A5 e AB e
FF DF 92 94 83 e« 96 B5 o BB o
I CONTROL XX YYY SHIFT (Pin 12 = 0}
{Pin 13 = m XX YYY
This row contains the XX e YYY < Latched key code for release
latched keys when that XX e  YYY [-«—— Latched key code for depress
mode is selected (KMR6,

KMR5 = 00).

Bit KMR3 enables the auto-repeat mode. In this mode,
if a key that is programmed for auto-repeat is depressed
for longer than one-half second, the key code will be loaded
into the KDR approximately 15 times per second until that
key is released. Only the non-control codes will auto-
repeat, i.e., CONTROL=1. Table 2 specifies the auto-
repeat keys.

KMR2 and KMR1 select the key matrix size and
debounce time (scan rate). The keyboard row outputs
(KR2, KR1, KRO) always scan from O to 7. The column
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Key codes in hex ——J

tit

ASCII equivalent (if any)

* Indicates Auto-Repeat keys

outputs (KC3, KC2, KC1, KCO) scan from O to 15 for a
128-key matrix and from O to 9 for an 80-key matrix.

KMRO selects between a 1 kHz and 2 kHz frequency to
be output on the TONE pin in response to a ring tone
command.

KEYBOARD STATUS REGISTER

The keyboard status register (KSR) provides operational
feedback to the CPU. Its format is illustrated in Figure 15.
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FIGURE 15 — KEYBOARD STATUS REGISTER FORMAT

3 2 1 0

KSR 7 6 5
Control _,
Shift
Shift Lock
Repeat

I— KRDY

KERR
KOVR

KSR7, KSR6, and KSR4 reflect the state of the inputs
at the corresponding pins. CONTROL and SHIFT are
latched at the time the key is accepted. As the verified
codes are loaded into the KDR, the corresponding states
of CONTROL and SHIFT are ioaded into the KSR. REPEAT
is updated on every matrix example. The status bits are
the complements of the input levels.

KSRS5 reflects the state of the internal shift lock flag
which is controlled by the set/reset shift lock commands.

KSR3 indicates that the keyboard controller is enabled.
It is controlled by the set/clear keyboard enable command.

Keyboard overrun (KSR2} is set when both the KHR and
KDR are full and a third key is validated. The original con-
tent of the KHR is preserved and the content of the KDR
is overwritten with the new key code. This bit can be

specified (by IMR1) to generate an interrupt and is cleared’

by the reset command with D2=1.

Keyboard error (KR1) is set when the operator depresses
more keys than are allowed in the selected rollover mode,
or when keys are depressed simultaneously {within one
scan cycle). This bit can be specified (by IMR3) to generate
an interrupt and is cleared by the reset command with
D1=1.

Keyboard data ready (KSRO) is set when the key code
or address is transferred from the KDR to the KHR. This
bit can be specified (by IMR2) to generate an interrupt.
It is cleared when the CPU reads the KHR.

COMMUNICATIONS CONTROLLER

The communications controller section of the PKCC
comprises a full duplex asynchronous receiver/transmitter
(UART) with a baud-rate generator. Registers associated
with these elements are the communications mode register
(CMR), the baud-rate control register (BRR}, and the com-
munications status register (CSR).

RECEIVER

The receiver accepts serial data on the RxD pin, con-
verts the serial input to parallel format, checks for start
bit, stop bit, parity bit (if any), or break condition, and
presents the assembled character to the CPU. The receiver
looks for a high-to-low (mark-to-space) transition of the
start bit on the RxD input pin. If a transition is detected,
the state of the RxD pin is sampled again after a delay of
one half of the bit time. If RxD is then high, the start bit
is invalid and the search for a valid start bit begins again.
If RxD is still low, a valid start bit is assumed and the
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receiver continues to sample the input at one bit time inter-
vals at the theoretical center of the bit, until the proper
number of data bits and the parity bit (if any) have been
assembled, and one stop bit has been detected. The least
significant bit is received first. The data is then transferred
to the receive holding register (RxHR) and the RxRDY bit
in the CSR is set to a one. If the character length is less
than eight bits, the most significant unused bits in the
RxHR are set to zero.

After the stop bit is detected, the receiver will imme-
diately look for the next start bit. However, if a non-zero
character was received without a stop bit (i.e., framing
error) and RxD remains low for one half of the bit period
after the stop bit was sampled, then the space is inter-
preted as a start bit.

The parity error, framing error, and overrun error (if any)
are strobed into the CSR at the received character boun-
dary. If a break condition is detected (RxD is low for the
entire character including the stop bit) only one character
consisting of all zeros will be transferred to the RxHR and
the received break bit in the CSR is set to one (RxRDY is
not set when a break is received). The RxD input must
return to a high condition for one bit time before a search
for the next start bit begins.

TRANSMITTER

The transmitter accepts parallel data from the CPU and
converts it to a serial bit stream on the TxD output pin.
It automatically sends a start bit followed by the data bits,
an optional parity bit, and the programmed number of stop
bits. The least significant bit is sent first. Following. the
transmission of the stop bits, if a new character is not avail-
able.in the transmit holding register (TxHR}, the TxD out-
put remains high and the TxEMT bit in the CSR will be set
to one. Transmission resumes and the TxEMT bit is cleared
when the CPU loads a new character into the TxHR. The
transmitter can be forced to send a continuous low con-
dition by a transmit break command.

If the transmitter is disabled, it continues operating un-
til the character currently being transmitted is completely
sent out.

COMMUNICATION MODE REGISTER

Figure 16 illustrates the bit format of the CMR, which
controls the operational mode of the communications con-
troller and the character parameters.
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FIGURE 16 — COMMUNICATIONS MODE REGISTER FORMAT

CMR 7|16 |s
Operating Mode
00 = Normal
01 = Auto Echo
10 = Local Loopback
11 = Remote Loopback
Parity

0 = Odd/Force O
1 = Even/Force 1

Bits CMR1-CMRO select a character length of five, six,
seven, or eight bits. The character length does not include
the parity, start, or stop bits.

CMR2 selects the transmitted character framing as one
or two stop bits. The receiver always checks for one stop
bit.

The parity format is selected by bits CMR4 and CMR3.
If parity or force parity is selected, a parity bit is added
to the transmitted character and the receiver performs a
parity check on incoming data. CMR5 selects odd or even
parity and determines the polarity of the parity bit in the
force parity mode. . =

The bits in the mode register affecting character
assembly and disassembly {CMR5-CMRO) can be changed
dynamically and affect the characters currently being
assembled in RxSR and transmitted by TxSR. To affect
assembly of a received character, the CMR must be up-
dated within n-1 bit times of the receipt of that character’s
start bit. To affect a transmitted character, the CMR must
be updated within n-1 bit times of transmitting that
character’s start bit (n=the smaller of the new and old
character lengths).

The UART can operate in one of four modes, as illus-
trated in Figure 17. The operating modes are selected by
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Character Length

00 =8

01 =5

10 =6

1M1 =7
0 = Two Stop Bits
1 = One Stop Bit
Parity Mode

00 = With Parity

01 = Force Parity

10 = No Parity

11 = Not Allowed

bits CMR7 and CMR6, which should only be changed
when both the transmitter and receiver are operating inde-
pendently. CMR7 —CMR6 =01 places the UART in the
automatic-echo mode, which automatically retransmits the
received data. The following conditions are true while in
automatic-echo mode:

1. Data assembled by the receiver is automatically
placed in the transmit holding register and retrans-
mitted on the TxD output.

. The receive clock is used for the transmitter.

. The receiver must be enabled, but the transmitter
need not be enabled. .

. Status bit TxRDY is not set. TxEMT operates
normally. ‘

. The received parity is checked, but is not
regenerated for transmission, i.e., transmitted pari-
ty bit is as received. .

. Only the first character of a break condition is
echoed; the TxD output will go high until the next
received character is assembled.

. CPU-to-receiver communication continues normal-
ly, but the CPU-to-transmitter link is disabled.
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FIGURE 17 — OPERATING MODES OF THE MC2671 UART
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Two diagnostic modes can also be configured. In local
loopback mode (CMR7 —-CMR6 =10):
1. The transmitter output is internally connected to

the receiver input.

aPpwWN

need not be enabled.

o

continue normally.
The second diagnostic mode is the remote loopback

mode (CMR7 —~CMR6 =11). In this mode:

. The transmit clock is used for the receiver.
. The TxD output is held high.
. The RxD input is ignored.

. The transmitter must be enabled, but the receiver

. CPU-to-transmitter and receiver communications

1. Data assembled by the receiver is automatically
placed in the transmit holding register and retrans-
mitted on the TxD output.

2. The receive clock is used for the transmitter.

3. No data is sent to the local CPU, but the error status
conditions (parity and framing) are set if required.

-4, The received parity is checked, but is not regen-
erated for transmission, i.e., transmitted parity bit
is as received.

5. The receiver must be enabled, but the transmitter
need not be enabled.

BAUD-RATE CONTROL REGISTER

The baud-rate control register (BRR) controls the fre-
quency generated by the baud-rate generator (BRG) and
the clock source used by the receiver and transmitter. Its
format is illustrated in Figure 18.

BRR3-BRRO select one of sixteen frequencies to be
generated by the BRG. See Table 3.

BRR7 and BRR6 select the source of the transmit and
receive clocks. If external clocks are chosen (BRR7 =0 or
BRR6 =0), then the clock rate factor is determined by
BRR5 and BRR4. The external clock input(s) should be the
desired baud rate multiplied by the clock rate factor.

FIGURE 18 — BAUD-RATE CONTROL REGISTER FORMAT

BRR 7

2 1 o]

Tx Clock Souvce__l

-0

[

Rx Clock Source
= External
Internal (BRG)

0
1

External
Internal (BRG)

L Baud Rate Select — See Table 3

Clock Rate Factor for External

Clocks
00 = 16X
01 = 32X
10 = 64X
11 = 1X

For internal clocks these
bits specify the output
frequency on pin 34 and
pin 35. See Table 4.

TABLE 3 — BAUD RATE GENERATOR CHARACTERISTICS
(BRCLK = 4.9152 MHz)

Actual
Baud Frequency Percent

BRR3-0 Rate 16X Clock Error Divisor
0000 50 0.8 kHz - 6144
0001 110 1.7698 -0.01 2793
0010 134.5 2.162 - 2284
0011 150 2.4 — 2048
0100 200 3.2 - 1636
0101 300 4.8 - 1024
0110 600 9.6 - 512
0111 1050 16.8329 +0.20 292
1000 1200 19.2 - 256
1001 1800 28.7438 -0.20 17
1010 2000 31.9168 -0.26 154
1011 2400 38.4 - 128
1100 4800 76.8 - 64
1101 9600 153.6 — 32
1110 19200 307.2 - 16
1111 38400 614.4 - 8

3-42



MC2671

If internal clock(s) are specified, (BRR7 =1 or BRR6 =1),
the clock is supplied by the internal baud-rate generator
at the selected baud rate. The clock rate factor for inter-
nally generated clocks is always 16. Pins 35 and 34
become outputs for transmit or receive clocks, respective-
ly. See Table 4 for the description and selection of these
outputs.

COMMUNICATIONS STATUS REGISTER

Figure 19 illustrates the bit format of the communica-
tions status register (CSR), which provides UART status
to the CPU.

Receiver ready (CSRO) indicates that a received char-
acter is assembled and transferred to the RxHR and is ready
to be read by the CPU. This bit can be specified (by IMRO)
to generate an interrupt and is reset by reading the RxHR.

Transmitter ready {CSR1) indicates that the TxHR is
empty and ready to be loaded with character. This bit will
be cleared when the TxHR is loaded and has not yet trans-
ferred the character to the transmit shift register (TxSR).
TxRDY is reset when the transmitter is disabled. It will be

set when the transmitter is enabled, provided that no data
was loaded into the TxHR during the time the transmitter
was disabled. This bit can be specified (by IMR7) to gen-
erate an interrupt.

Transmitter empty (CSR2) indicates that the transmitter
has underrun, i.e., both the TxHR and TxSR are empty.
This bit can only be set after transmission of at least one
character, and is cleared when the TxHR is loaded by the
CPU. TxEMT is reset when the transmitter is disabled. This
bit can be specified (by IMR6) to generate an interrupt.

CSR3 will be set when the PKCC receives a command
to transmit a break. This bit will be cleared after the break
is completed.

Received break (CSR4) indicates that an all zero char-
acter of the programmed length has been received without
a stop bit. Breaks originating in the middle of a received
character can be detected. This bit is cleared when RxD
returns to a high state for at least one bit time.

Receiver overrun (CSRS5) indicates that the previous
character in the RxHR has not been read by the CPU and
that a new character has been loaded into the RxHR. This
bit is cleared by a reset command with D3=1.

TABLE 4 — BAUD-RATE CONTROL REGISTER

Clock Source Pin Functions
BRR7- ’ Pin Pin BRR3-BRRO
BRR4 TxC RxC 34 35 Baud Rate Selection
00** E E TxC RxC The baud rates are
o1** E | TxC X listed in Table 3.
10** i E 16X RxC
1100 1 I X 1X
1101 I | 1X 16X
1110 ! | 18X 1X
1111 | | 16X 16X
NOTES
1. ** = Clock rate factor for external clocks: 00 = 16X
01 = 32X
10 = 64X
11 = 1X
2. E = External clock.
3. 1 = Internal clock (BRG).
4. 1X and 16X are clock outputs at 1 or 16 times the actual baud rate. For receive, the 1X output is the actual data sample
clock.
5. BRR7-BRR6 = 01 or 10 not permitted in automatic echo or remote ioopback modes unless BRR5-BRR4 = 00.

FIGURE 19 — COMMUNICATIONS STATUS REGISTER FORMAT

CSR

7 [} 5 4

Parity Error __I

Framing Error

Overrun Error

Received Break

2 1 [¢]
'— RxRDY
TxRDY
TxEMT

Transmit Break
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Framing error (CSR6) indicates that the stop bit has not
been detected. The stop bit check is made in the middle
of the first stop bit position. This bit is cleared by a reset
command with D3=1.

Parity error (CSR7) indicates that a character was re-
ceived with incorrect parity when 'with parity’ is enabl-
ed. This bit is cleared by a reset command with D3 =1.

INTERRUPT CONTROLLER

The MC2671 contains a maskable interrupt status
register {(ISR) which can be enabled to generate an active
low interrupt request on the INTR output. The eight inter-
rupt conditions in the ISR are individually enabled by
writing a one into the corresponding bit of the interrupt
mask register (IMR).

Each of the interrupt conditions is assigned a priority and
a vector. When an enabled ISR bit is set, the MC2671
asserts the INTR output. |f the CPU activates the INTA in-
put, the MC2671 responds by placing the corresponding
8-bit on the data bus (D7-DO). If multiple interrupts are
pending, the vector corresponds to the condition with the
highest priority. The interrupt will persist until all pending
interrupt conditions are cleared.

The ISR can also be polled by reading at address
A2 - A0 =000. All pending interrupt conditions which are
enabled by the IMR will be read independent of priority.

TABLE 5 — INTERRUPT MASK REGISTER

The bit assignments of the ISR and IMR and correspond-
ing vectors and priorities are listed in Table 5.

COMMANDS

In addition to the control exercised by programming of
the PKCC control registers, several functions can be per-
formed by executing command operations. There are two
classes of commands which are initiated by writing to the
MC2671 at address A2 — AQ =000 (reset command) and
address A2—-A0=111 (miscellaneous commands). In-
dividual commands are specified by the bit pattern of the
data bus (D7 - DO).

RESET COMMANDS

The reset command bit format is illustrated in Figure 20
and the detailed command descriptions are given in
Table 6.

A reset command with D7 - DO =111XXXX1 is a master
reset for the MC2671. This command must be given
following a power-on condition to release the internal
power-on reset latch which deactivates the MC2671 on
power up.

MISCELLANEOUS COMMANDS
The miscellaneous command format is illustrated in
Figure 21.

(IMR) AND INTERRUPT STATUS REGISTER (ISR)

Bit in Interrupt Vector on D7-D0O
IMR/ISR Condition Priority Binary Hex Condition Reset by:
IMRO/ISRO RxRDY 1 11001111 CF Read RxHR
IMR1/ISR1 KOVR 2 11010111 D7 Reset CMD (D2 = 1)
IMR2/1SR2 KRDY 3 11011111 DF Read KHR
IMR3/1SR3 KERR 4 11100111 E7 Reset CMD (D1 = 1)
IMR4/ISR4 XINT1 5 11101111 EF External
IMR5/ISR5 ABREAK2 6 11110111 F7 Reset CMD (D4 = 1)
IMR6/ISR6 TxEMT 7 11000111 c7 Load TxHR
IMR7/i1SR7 TxRDY 8 11000111 c7 Load TxHR
NOTES:

1. XINT is an input from an external interrupt source, active low (pin 21).

2. ABREAK refers to the change of a received break condition.

00X
010
011
100
101
110

No Effect —————erd

Set RxE

Reset RxE

Set TxE

Reset TxE

Set TxE and RxE

FIGURE 20 — RESET COMMAND FORMAT

0

l— Keyboard Reset

KERR Reset

KOVR Reset

111 Communications Reset

Break Detect Change Reset

Communications Error Reset
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TABLE 6 — RESET COMMAND DESCRIPTION

Command Resets Comments

Keyboard Reset KMR7-KMRO The keyboard controller is reset, ignoring the input at KRET.
KSR5, KSR2-KSRO
IMR3-IMR1

KERR Reset KSR1 Keyboard error status bit reset.

KOVR Reset KSR2 Keyboard overrun status bit reset.

Communications CSR7-CSRS Resets the receiver overrun, parity, and framing error status bits.

Error Reset
Break Detect ISR5 Resets the break detect change bit in the interrupt status register.
Change Reset

Set RxE See note Enables receiver operation.

Reset RxE CSR7-CSR4, CSRO Disables the receiver.
See note

Set TxE See note Enables transmitter operation .

Reset TxE CSR3-CSR1 Disables the transmitter. Sets the TxD output to a one after
See note transmitting the character in TxSR.

Communications Reset| CMR, CSR, BRR, TxE, RxE, Resets the communication controller. The RxD input is ignored and
IMR7-IMR5, IMRO the TxD output is set to a one.

Master Reset CMR, CSR, BRR, TxE, RxE, KMR, | Resets the keyboard and communication controllers. Inputs at
KSR5, KSR3-KSRO, IMR7-IMRO. | KRET and RxD are ignored and the TxD output is set to a one.
Releases the internally latched :
power-on reset.

NOTE: Command does not affect the CMR or the BRR.

FIGURE 21 — MISCELLANEOUS COMMANDS FORMAT

7 6 5 4 3 2 1 (o]

Clear Keyboard Enable—-l I—Transmit Character Break

Set Keyboard Enable ————— ‘' Transmit Timed Break
Clear Shift Lock Ring Tone Short
Set Shift Lock Ring Tone Long
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The transmit break commands force a break (steady low
output) on the TxD pin immediately or after the character
in the TxSR (if any) is transmitted. A timed break lasts for
approximately 200 milliseconds, and a character break
lasts for one character time including parity and stop bit
time. In either case, TxRDY (CSR1) will be set at the begin-
ning of the break which can be extended indefinitely (by
200 milliseconds or one character time increments} by
reasserting the command in response to TXxRDY. Note that
these commands reset TxRDY. When a transmit break
command is asserted, CSR3 will be set. This bit will be
cleared after the break is completed.

The ring tone commands cause the tone generator to
output a square wave on the TONE output. The tone dura-
tions are specified by the commands.

Ring tone short =25 milliseconds

Ring toné long =100 milliseconds
The tone frequency is either 1 kHz or 2 kHz, as specified
by KMRO.

The set/clear shift lock commands control the state of
the internal shift lock flip flop. When shift lock is set the

_keyboard controller encodes all key depressions as if the

SHIFT input was asserted. The state of the shift lock flip
flop is reflected in KSR5.
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The set keyboard enable command enables the keyboard
controller and sets KSR3 in the keyboard status register.
The clear keyboard enable command resets KSR3 and
disables key processing at the KRET input. The keyboard
controller is not reset by this command, and the current
state of the keyboard (key depressions and latched key
states) is preserved internally. When the keyboard is subse-
quently enabled, key processing. resumes, old and new
keys are debounced, and latched keys are encoded if there
has been a change in their state.

MASK PROGRAMMABLE OPTIONS

Characteristics of certain portions of the PKCC are in-
ternally programmed by means of a ready-only memory.

The items which can be programmed are:
® Key codes
® Auto-repeat keys
® Scan times, tone frequency, and tone duration
® Baud rates
® Interrupt vectors
Consult your local Motorola representative for costs,
minimum quantities, and data submission requirements for
customized versions of the PKCC.



@ MOTOROLA MC2672

| Advance Information T

HMOS

(HIGH-DENSITY N-CHANNEL, SILICON-GATE)
PROGRAMMABLE VIDEOQ TIMING CONTROLLER (PVTC)

The MC2672 programmable video timing controlier (PVTC) is a pro- PROGRAMMABLE VIDEO TIMING
grammable device designed for use in CRT terminals and display CONTROLLER (PVTC)
systems that employ raster scan techniques. The PVTC generates the
vertical and horizontal timing signals necessary for the display of in-
terlaced or non-interlaced data on . a CRT monitor. It provides con-
secutive addressing to a user specified display buffer memory domain
and controls the CPU-display buffer interface for various buffer con-
figuration modes. A variety of operating modes, display formats, and
timing profiles can be implemented by programming the control
registers in the PVTC. Applications include CRT terminals, word-
processing systems, small business computers, and home computers.

L SUFFIX
CERAMIC PACKAGE

CASE 715
® 4 MHz Character Rate
® Up to 266 Characters Per Row
® 1 to 16 Raster Lines Per Character Row S SUFFIX
CERDIP PACKAGE
® Up to 128 Character Rows Per Frame CASE 734
® Programmable Horizontal and Vertical Sync Generators
@ [nterlaced or Non-Interlaced Operation
® Up to 16K RAM Addressing for Multiple Page Operation P SUFFIX
) PLASTIC PACKAGE
® Automatic Wraparound of RAM CASE 711
@ Addressable, Incrementable, and Readable Cursor
® Programmable Cursor Size, Position, and Blink
@ Split Screen and Horizontal Scroll Capability
@ Light Pen Register ’ PIN ASSIGNMENT
@ Selectable Buffer Interface Modes
® Dynamic RAM Refresh R ' Hvee
® Completely TTL Compatible CEQ2 39[1A2
@ Single +5-Volt Power Supply wis B8[AI
® Power-On Reset Circuit CTRLI q 4 3710
cTRL205 3PS
CTRL3[6 3BAINTR
cursor 7 34[IDADDO
pol]s 33[1DADD!1
D109 32[1DADD2
p20 10 31[IDADDS/ LI
ORDERIN.:E INFORMA'l:ON (Tao=0°C toc::;f)n — p3l] 11 30[1DADD4/LAD
Package Type requency u
Plastic 2.7 MHz MC2672A3P D4l 12 ® :DADD5/ LA
P Suffix 4.0 MHz MC2672A4P D5} 13 28[IDADDE/LA2
Ceramic 2.7 MHz MC2672A3L pef] 14 27[1DADD7/LA3
L Suffix 4.0 MHz MC2672A4L o7l 15 26lIDADDS/LNZ
Cerdip 2.7 MHz MC2672A3S
S Suffix 4.0 MHz MC2672A4S eIk g 16 25 [IDADDS/LPL
BLANK [ 17 24 ADADD10/UL
VSYNC/ DADD11
Shle ahm
HSYNC I 19 2888
GND Q20 21 [IDADD13/LL

This document contains information on a new product. Specifications and information herein
are subject to change without notice.
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BLOCK DIAGRAM
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CE Interface Control CTRU
> e
- Display
<] Inmallzanon Memory CTRL2
—_— and Display Hand: SEESE———2 L
. . Registers andshake :
w Read/Write Logic CTRL3
———— 1| control Logic _— ——————
. Command
Decode Display
Logic g
Address
*-> Tirning
Multiplexers
POR2 Address - Interrupt
Decoder Logic and
3 Status
Register Cursor,
Pointer, and Light Pen Strobe
. b
Light Pen
Registers
A
_ INTR
Cursor and
DO.07 r Compare | j———CURSORy,
Data Bus Logic
Drivers
8
Vee
HSYNC
GND 3 —
TR Clock Timing Chain VSYNC/CSYNC,
Buffer Decode Logic :
1 BLANK
Timing SEE——
ABSOLUTE MAXIMUM RATINGS
Rating Symbol Value Unit This device contains circuitry to protect
the inputs against damage due to high
Supply Vol -0. .
7 Ll Io tage \</CC 0310 +7.0 v static voltages or electric fields; however,
nput \{o tage in —0310 +70 v it is advised that normal precautions be
Operating Temperature Range . TA 0 to 70 °C taken to avoid application of any voltage
Storage Temperature Range Tstg —55 1o +160 °C higher than maximum-rated voltages to
this high-impedance circuit. For proper
operation it is recommended that Vi, and
" THERMAL CHARACTERISTICS Vout be constrained to the range
Characteristic Symbol | Value | Rating ] VS53(Vin of VouttsVcc. Reliability of
Thermal Resistance 1 operation is enhanced if unused inputs
Plastic Package 100 ~ are tied to an appropriate logic voltage
Ceramic Package 0JA 50 | ocyw | level le.g. either Vs or Vech.
Cerdip Package - 60
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POWER CONSIDERATIONS

The average chip-junction temperature, Tj, in °C can be obtained from:
Ty=Ta+(Ppeaja) (1)
Where:

Ta=Ambient Temperature, °C
8 =Package Thermal Resistance, Junction-to-Ambient, °C/W
PD=PINT+PPORT
PINT=lccx Ve, Watts — Chip Internal Power
PpORT =Port Power Dissipation, Watts — User Determined

For most applications PPORT<PINT and can be neglected, PPORT may become significant if the device is configured to

drive Darlington bases or sink LED loads.
An approximate relationship between Pp and Ty (if PPORT is neglected) is:

Pp=K =+ (Ty+273°C) 2)
Solving equations 1 and 2 for K gives:
K=Ppe(Ta+273°C) +6 5*PD2 (3

Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium)
for a known TA. Using this value of K the values of Pp and T can be obtained by solving equations (1) and (2) iteratively for any
value of TA.

DC ELECTRICAL CHARACTERISTICS (To=0°C to 70°C, Ve =5.0 V £5%)

Parameter Symbol Min Max Unit
Input Low Voltage ViL -03 0.8 \
Input High Voitage VIH 20 Vee Vv
Output Low Voltage (I ggg=1.6 mA) VoL — 0.4 \
Output High Voltage (Except INTR Output) | gad= — 100 xA VOH 24 - \
Input Leakage Current Vip=0to VoC lin ~10 10 »A
Hi-Z {Offstate) Input Current Vin=0.4 to 2.4 V ITs| -10 10 A
INTR Open-Drain Output Leakage Current Vo =2.4 VCC ILOH — 10 A
Internal Power Dissipation PINT - 800 mw
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AC ELECTRICAL CHARACTERISTICS — BUS TIMING (Tp=0°t0 70°C, Vcc=5.0 V +5%, See Note 1)

MC2672A3 MC2672A4

Parameter Symbol Min Max Min Max Unit
AO-A2 Setup Time to W, R Low 1AS 30 - 30 — ns
AO-A2 Hold Time from W, R High tAH 0 -~ 0 - ns
CE Setup Time to W, R Low tcs 0 - 0 - ns
CE Hold Time from W, R High tcH 0 — 0 — ns
W, R Pulse Width tRW 250 — 250 — ns
Data Valid after R Low DD — 200 - 200 ns
Data Bus Floating after R High DE - 100 — 100 ns
Data Setup Time to W High DS 150 - 150 -~ ns
Data Hold Time from W High DY 10 — 5 — ns
High Time from CE to CE (see Note 2) Consecutive Commands|  tcc 600 - 600 - ns
Other Commands 300 — 300 — ns

NOTES:

1. Timing is illustrated and specified referenced to W and R inputs. Device may also be operated with CE as the *‘strobing”’ input, In this case,
all timing specifications apply referenced to falling and rising edges of CE.
2. This specification requires that the CE input be negated (high) between read and/or write cycles.

BUS TIMING DIAGRAM

Y X

> tas [« > tAHl<-

7\ [
«)-llcs<— —»l 1CH1<»

[ ——— R\ ——— ]

el

[ae——1DD— <toF

DO0-D7 (Read) Fioat XNot Valid Valid x Float
—\___/

[ tD S
DS_)

2l

[ tDH

DO-D7 (Write) Valid
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AC ELECTRICAL CHARACTERISTICS — CHARACTER CLOCK TIMING (Ta=0°C to 70°C, Vcc=5.0 V +5%, See Note 1)

MC2672A3 M(_?_20;72A4
Parameter Symbol Min Max Min Max Unit
CCLK Period teep 370 - 250 — ns
CCLK High Time tCCH 125 - 100 = ns
CCLK Low Time teeL 125 — 100 ~ ns
Output Delay Time from CCLK Edge tcep
DADDO-DADD13, BCE, WDB, RDB, MBC o 40 175 40 150 ns
BLANK, HSYNC, VSYNC/CSYNC, CURSOR, BEXT, BREQ, BACK* 40 225 40 200

*BCE, WDB, and RDB delays track each other within 10 nanoseconds. Also, these output delays will tend to follow the direction (minimum/
maximum) of DADDO-DADD13 delays.

CHARACTER CLOCK TIMING DIAGRAM

CCLK /

[e———tcCP——»
€= tCCH

tCCL—’]

ICCD [
Outputs
(See Note 1)
tceo
Outputs
WDB, RDB, BCE \
NOTES:

1. DADDO-DADD13, BLANK, HSYNC, CSYNC/VSYNC, CURSOR, BEXT, BREQ, BCE, MBC, BACK.
2. BCE changes state on both CCLK edges.
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AC ELECTRICAL CHARACTERISTICS — OTHER TIMINGS (TA=0°C to 70°C, Vcc=5.0 V +5%)
2 . MC2672A3 MC2672A4

Parameter Symbol Min Max Min Max Unit
READY/RDFLG Low from W HIGH* tRDL - tccp+30] — tccp+30{ ns
BACK High from PGREQ Low 1BAK - 225 — 200 ns
BEXT High from PBREQ High tBXT - 225 — 200 ns
Light Pen Strobe Setup Time to CCLK Low t.ps 120 - 120 — ns
Light Pen Strobe Hold Time from CCLK Low tLPH -10 - -10 — ns
TNTR Low from CCLK Low tIRL - 225 — 200 ns
TNTR High from W, R High* YRH - 600 ~ 600 ns

* Timing is illustrated and specified referenced to W and R inputs. Device may also be operated with CE as the “strobing’” input. In this case, all
timing specifications apply referenced to falling and rising edges of CE.

OTHER TIMING DIAGRAMS

Interval

Vertica! Blanking

First HSYNC
of VBLANK

VBLANK
Status Bit

z
-

=_/ \

S\

—»{ tlccp

/
=

J 0\

/

BLANK

Horizontal
Blanking Interval

j«—tcco

\

—

je—tccD

DADD3-
DADD13

X

Multiplexed
Signals Valid

Address of Fir:
Character of Row

st

K

Line Zero and
Split Screen
Status Bit

/

|
el

""H\l
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OTHER TIMING DIAGRAMS (Continued)}

=_ [\ /[ \/ /S L/
T e |

Light Pen
Status Bit
(~——URL—>]

INTR
DADDO- Character Character Address in Light Character
DADD13 Address n Address n+ 1 Pen Register Address n+3

Wfora

Delayed

Command

_ tRDL

W or R Which

Resets

Interrupt
PBREQ \ N ’

BAK &~

BACK / I‘—‘BXT

BEXT

Ready or
RDFLG Status
Bits

:
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COMPOSITE SYNC TIMING DIAGRAM

Even Field First Displayed Scan

Last Displayed Scan i
A : . Vertical SYNC . of Even Field
of Previous Field Vertical Front Porch—)l(—— Pulse »‘(—Vemcal Back Porch—>1 Horizontal Sync
CSYNC-I A ﬂ ﬂ " " " " n " ﬂ I—l ﬂ rl l—] ﬂ " n ” " I-I " n ﬂ H : Pulses
F‘ N
BLANK | Vertical Blanking interval 7:! I |

0dd Field .
lLast Displayed Scan . First Displayed Scan
of Even Field '(—Venical FrontPorch — % H—){(—Ve’t"fz:szYNc—h-(—Vertical Back Porch — % H. of Odd Field
| VoH e
Y% Horizontal SYNC— je— €—3»}—H Period
BLANK | l [:l‘ Vertical Blanking Interval N|

Horizontal Blanking Interval
NOTES:
1. In non-interlaced operation the even field is repeated continuously, and the odd field is not.
2. In interlaced operation the even field alternates with the odd field.

SIGNAL DESCRIPTION WRITE STROBE (W)
. . o This pin is an active low input. A low on this pin while chip
The input and output signals for the PVTC are described in enable is also low causes the contents of the data bus to be
the following paragraphs. transferred to the register selected by AO-A2. The transfer
occurs on the rising edge of W.
Vce AND GND
Power is supplied to the PVTC using these two pins. Vc¢ CHIP ENABLE (CE)
'CSO:;ZC‘;E“VOHS +5% power input and GND is the ground This pin is an active low input. When low, data transfers

between the CPU _and the PVTC are enabled on D0-D7 as
controlled by the W, R, and AO-A2 inputs. When CE is high,
ADDRESS LINES (A0-A2) the PVTC is effectively isolated from the data bus and DO

These lines are used to select PVTC internal registers for through D7 are placed in the high-impedance state.
read/write operations and for commands.

CHARACTER CLOCK (CCLK)

This pin is the timing signal derived from the video dot
clock which is used to synchronize the PVTC's timing func-
tions.

DATA BUS (D0-D7)

These lines comprise the 8-bit bidirectional three-state
data bus. Bit O is the least significant bit and bit 7 is the most
significant bit. All data, command, and status transfers bet-
ween the CPU and the PVTC take place over this bus. The

direction of the transfer is controlled by the read and write in- HORIZONTAL SYNC (HSYNC)

puts when the chip enable input is low. When the chip This pin is an active high output which provides video
enable input is high the data bus is in the high-impedance horizontal sync pulses. The timing parameters are program-
state. mable.
READ STROBE (R) ) VERTICAL SYNC/COMPOSITE SYNC (VSYNC/CSYNC)
This pin is an active low input. A low on this pin while chip A control bit selects either vertical or composite sync
enable is low causes the contents of the register selected by pulses on this active high output. When CSYNC is selected,
AO0-A2 to be placed on the data bus. The read cycle begins equalization pulses are included. The timing parameters are
on the falling edge of R. programmable.
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BLANK (BLANK)

This active high output defines the horizontal and vertical
borders of the display. Display control signals which are out-
put on DADD3 through DADD13 are valid on the trailing
edge of BLANK.

CURSOR GATE (CURSOR)

This active high output becomes active for a specified
number of scan lines when the address contained in the cur-
sor registers matches the address output on the display ad-
dress (DADDO through DADD13). The first and last lines of
the cursor and a blink option are programmable.

INTERRUPT REQUEST (INTR)

This pin is an open-drain output which supplies an active
low interrupt request from any of five maskable sources.
This pin is inactive after power-on reset or a master reset
command.

LIGHT PEN STROBE (LPS)

This positive edge triggered input indicates a light pen ‘hit’
causing the current value of the display address to be
strobed into the light pen register.

HANDSHAKE CONTROL 1 (CTRL1)

In independent mode, this pin provides an active low write
data buffer (WDB) output which strobes data from the inter-
face latch into the display memory. In transparent and
shared modes, this is an active low processor bus request
(PBREQ) input which indicates that the CPU desires to ac-
cess the display memory. This pin must be tied high when
operating in row-buffer mode.

HANDSHAKE CONTROL 2 (CTRL2)

In independent mode, this pin provides an active low read
data buffer (RDB) output which strobes data from the
display memory into the interface latch. In transparent and
shared modes, CTRL2 is an active low bus external enable
(BEXT) output which indicates that the PVTC has relin-
quished control of the display memory (DADDO-DADD13 are
in the high-impedance state) in response to a CPU bus re-
quest. BEXT also goes low in response to a “display off and
float DADD" command. In row-buffer mode, CTRL2 is an
active low bus request {(BREQ) output which halts the CPU
during a line DMA.

HANDSHAKE CONTROL 3 (CTRL3)

In independent mode, this pin provides the active low buf-
fer chip enable (BCE) signal to the display memory. In
transparent and shared modes, CTRL3 provides an active
low bus acknowledge (BACK) output which serves as a
ready. signal to the CPU in response to a processor bus re-
quest. In row buffer mode, CTRL3 is an active high memory
bus control (MBC) output which configures the system for
the DMA transfer of one row of character codes from system
memory to the row display buffer.
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DISPLAY ADDRESS (DADDO-DADD13)

The display address is used by the PVTC to address up to
16K of display memory. These outputs are floated at various
times depending on the buffer mode. Various control signals
are multiplexed on DADD3 through DADD13 and are valid at
the trailing edge of BLANK. The following paragraphs
describe these control signals.

LINE INTERLACE (DADD3/LI} — Replaces DADD4/LAO
as the least significant line address for interlaced sync and
video applications. A low indicates an even row of an even
field or an odd row of an odd field.

LINE ADDRESS (DADD4-DADD7/LAO-LA3) — Provides
the number of the current scan line within each character
row.

LINE ZERO (DADDB8/LNZ) — Asserted before the first
scan line in each character row.

LIGHT PEN LINE (DADD9/LPL) — Asserted before the
scan line which matches the programmed light pen line posi-
tion (line three, five, seven, or nine).

UNDERLINE (DADD10/UL) — Asserted before the scan
line which matches the programmed underline position (line
0 through 15).

BLINK FREQUENCY (DADD11/BLINK} — Provides an
output divided down from the vertical sync rate.

0DD FIELD (DADD12/0DD) — Active high signal which
is asserted before each scan line of the odd field when inter-
lace is specified.

LAST LINE (DADD13/LL} — Asserted before the last scan
line of character row.

FUNCTIONAL DESCRIPTION

The following paragraphs describe the major-blocks (data-
bus buffer, interface logic, operation control, timing, display
control, and buffer control) which comprise the PVTC.

DATA-BUS BUFFER

The data-bus buffer provides the interface between the ex-
ternal and internal data buses. It is controlied by the opera-
tion control block to allow read and write operations to take
place between the controlling CPU and the PVTC.

INTERFACE LOGIC

The interface logic contains address decoding and read
and write circuits to permit communications with the micro-
processor via the data-bus buffer. The functions performed
by the CPU read and write operations are as shown in
Table 1.
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TABLE 1 — PVTC ADDRESSING

A2 | A1 | A0 Read (R=0) Write (W=0)

0 0 Q | Interrupt Register Initialization Registers*

0 0 1 Status Register Command Register

0 1 0 | Screen Start Address Lower Register |Screen Start Address Lower Register

0 1 1 | Screen Start Address Upper Register |Screen Start Address Upper Register

1 0 0 | Cursor Address Lower Register Cursor Address Lower Register

1 0 1 | Cursor Address Upper Register Cursor Address Upper Register

1 1 0 | Light Pen Address Lower Register Display Pointer Address Lower Register
1 1 1 Light Pen Address Upper Register Display Pointer Address Upper Register

*There are 11 initialization registers which are accessed sequentially via a simple address. The PVTC
maintains an internal pointer to these registers which is incremented after each write at this address
until the last register (IR10, the split-screen register) is accessed. The pointer then continues to point
to the split-screen register. Upon power-up or a master reset command, the internal pointer is reset to
point to the first register (IRO) of the initialization register group. The internal pointer can also be preset
to any register of the group via the “'load IR address pointer”’ command.

OPERATION CONTROL

The operation control section decodes configuration and
operation commands from the CPU and generates appro-
priate signals to other internal sections to control the overall
device operation. It contains the timing and display registers
which configure the display format and operating modes,
the interrupt logic, and the status register which provides
operational feedback to the CPU.

TIMING

The timing section contains the cursors and decoding
logic necessary to generate and monitor timing outputs and
to control the display format. These timing parameters are
selected by programming of the initialization registers.

DISPLAY CONTROL

The display control section generates linear addressing of
up to 16K bytes of display memory. Internal comparators
limit the portion of the memory which is displayed to pro-
grammed values. Additional functions performed in this sec-
tion include cursor positioning, storage of light pen “hit”
locations, and address comparisons required for generation
of timing signals and the split-screen interrupt.

BUFFER CONTROL

The buffer control section generates three signals which
control the transfer of data between the CPU and the display
buffer memory. Four system configurations requiring four
different handshaking schemes are supported. These are
described in SYSTEM CONFIGURATIONS.

SYSTEM CONFIGURATIONS

A typical display terminal using the MC2670, MC2671,
MC2672, and MC2673 CRT ‘terminal devices is shown in
Figure 1. In this system, the CPU examines inputs from the
data communications line and the keyboard and places the
data to be displayed in the display buffer memory. This buf-
fer is typically a RAM which holds the data for a single or
multiple screenload (page) or for a single character row.

The PVTC supports four common system configurations
of display buffer memory, designated the independent,
transparent, shared, and row-buffer modes. The first three
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modes utilize a single or muitiple page RAM and differ
primarily in the means used to transfer display data between
the RAM and the CPU. The row-buffer mode makes use of a
single row buffer {which can be shift register or a smalil
RAM) that is updated in real time to contain the appropriate
display data.

The user program bits 0 and 1 of IRO to select the mode
best suited for the system environment. The CNTRLI1-
CNTRL3 outputs perform different functions for each mode
and are named accordingly in the description of each mode
given in the following paragraphs.

INDEPENDENT MODE

The CPU-to-RAM interface configuration for this mode is
illustrated in Figure 2. Transfer of data between the CPU and
display memory is accomplished via a bidirectional latched
port and is controlled by the signals read data buffer (RDB),
write data buffer (WDB), and buffer chip enable {BCE). This
mode provides a non-contention type of operation that does
not address the memory directly. The read or write operation
is performed at the address contained in the cursor address
register or the pointer address register as specified by the
CPU. The PVTC enacts the data transfers during blanking
intervals in order to prevent visual disturbances of the
displayed data.

The CPU manages the data transfers by supply commands
to the PVTC. The commands used are:

1. Read/write at pointer address.

2. Read/write at cursor address (with optional incre-
ment of address).

3. Write from cursor address to pointer address.

The operational sequence for a write operation is:

1. CPU checks RDFLG status bit to assure that any
previous operation has been completed.

2. CPU loads data to be written to display memory into
the interface latch.

3. CPU writes address into cursor or pointer registers.

4. CPU issues "write at cursor with/without increment”
or "‘write at pointer’” command.

6. PVTC generates control signals and outputs specified
address to perform requested operation. Data is
copied from the interface latch into the memory.
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6. PVTC sets RDFLG status to indicate that the write is
completed.

Similarly, a read operation proceeds as follows:

1. Steps 1. and 3. as above

2. CPU issues ""read at cursor with/without increment”
or "‘read at pointer’” command.

3. PVTC generates control signals and outputs specified
address to perform requested operation. Data is
copied from memory to the interface latch and PVTC
sets RDFLG status to indicate that the read is com-
plete.

4. CPU checks RDFLG status to see if operation is com-
pleted.

5. CPU reads data from interface latch.

Loading the same data into a block of display memory is
accomplished via the "write from cursor-to-pointer” com-
mand:

1. CPU checks RDFLG status bit to assure that any
previous operation has been completed.

2. CPU loads data to be written to display memory into
the interface latch.

3. CPU writes beginning address of memory block into
cursor address register and ending address of block
into pointer address register.

4. CPU issues “‘write from cursor-to-pointer’” com-

5. PVTC generates control signals and outputs block
addresses to copy data from the interface latch into
the specified biock of memory.

6. PVTC sets RDFLG status to indicate that the block
write is completed.

Similar sequences can be implemented on an interrupt
driven basis using the READY interrupt output to advise the
CPU that a previously requested command has been com-
pleted.

Two timing sequences are possible for the “‘read/write at
cursor/ pointer’” commands. If the command is given during
the active display window (defined as first scan line of the
first character row to the last scan line of the last character
row), the operation takes place during the next horizontal
blanking interval, as illustrated in Figure 3. If the command is
given during the vertical blanking interval, or while the
display has been commanded blanked, the operation takes
place immediately. In the latter case, the execution time for
the command is approximately one microsecond plus six
character clocks (see Figure 4).

Timing for the “write from cursor-to-pointer’” operation is
shown in Figure 5. The BLANK output is asserted auto-
matically and remains asserted until the vertical retrace inter-
val following completion of the command. The memory is
filed at a rate of one location per two character times, plus a
small amount of cverhead.

mand.
FIGURE 1 — CRT TERMINAL BLOCK DIAGRAM
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MC2672
PVTC

DADD
CTRL3
CTRL1

CRTL2

FIGURE 2 — INDEPENDENT BUFFER-MODE CONFIGURATION
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FIGURE 3 — READ/WRITE AT CURSOR/POINTER COMMAND TIMING DIAGRAM

{Command Received During Active Display Window)
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NOTE: Write waveforms shown in dotted lines.
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FIGURE 4 — READ/WRITE AT CURSOR/POINTER COMMAND TIMING DIAGRAM
{Command Received While Display is Blanked)
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DADD X x x Address x x x Address X x

<«——Refresh Addresses——» <«————Refresh Addresses——————m
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FIGURE 5 — WRITE FROM CURSOR-TO-POINTER COMMAND TIMING
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SHARED AND TRANSPARENT BUFFER MODES

In these modes the display buffer RAM is a part of the
CPU memory domain and is addressed directly by the CPU.
Both modes use the same hardware configuration with the
CPU accessing the display buffer via three-state drivers (see
Figure 6). The processor bus request (PBREQ) control signal
informs the PVTC that the CPU is requesting access to the
display buffer. In response to this request, the PVTC raises
bus acknowledge (BACK) until its bus external (BEXT) out-
put has freed the display address and data buses for CPU ac-

cesses. BACK, which can be used as a ’hold" input to the
CPU, is then lowered to indicate that the CPU can access the
buffer. )

In transparent mode, the PVTC delays the granting of the
buffer to the CPU until a vertical or horizontal blanking inter-
val, thereby causing minimum disturbance of the display. In
shared mode, the PVTC will blank the display and grant im-
mediate access to the CPU. Timing for these modes is il-
lustrated in Figures 7, 8, and 9.

FIGURE 6 — PVTC SHARED OR TRANSPARENT BUFFER MODES

MC2672 Refresh
PVTC RAM
Display Address Jl> ADR
PBREQ —»CTRL1 _
CPU > CE
BACK - CTRL3 W
. Data I/0
BEXT CTRL2
Display Data Bus >
> | SN74L5244
a Dse'e‘;' SN741.5245
—_—
cpu {- ecode
W ——
Lower

S System Address Bus

\ System Data Bus (
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FIGURE 7 — TRANSPARENT-BUFFER MODE TIMING

ee Note 2)

=
S w
@ o
o ®
T
21

1

1

|

”

{See Note 1)

(See Note 2)
S
BLANK ; \
Horizontal Blanking Interval | P,
1st Char
Address

[

PVTC CTRL Signals

PVTC CTRL Signals | 1st Char.
to VAC and DCG

System
to VAC and DCG Address

DADD Addresses

NOTES:
1. PBREQ must be asserted prior to the rising edge of BLANK in order for sequence to begin during that blanking period.
2. If PBREQ is negated after the next to last CCLK of the horizontal blanking interval, the next scan line will also be blanked.

FIGURE 8 — SHARED-BUFFER MODE TIMING

- —— -———-

BLANK ____j '\r \.__ o

1st Char, PVTC CTRL Signals Y 1st Char.

DADD % Address to VAC and DCG Address

NOTE:
1. If PBREQ is negated after the next to last CCLK of the horizontal blanking interval, the next scan line wili also be blanked.
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FIGURE 9 — SHARED AND TRANSPARENT MODE TIMING

(a) During Vertical Blank or after ‘display off’ command

S AvATaValAWalal

PBREQ _——_l\'—

}\

VBLANK
or DBLANK

DADD

-« Refresh Addresses - Sys. Add. ‘Refresh)
Addresses

ROW-BUFFER MODE

Figures 10 and 11 show the timing and a typical hardware
implementation for the row-buffer mode. During the first
scan line (line 0) of each character row, the PVTC halts the
CPU and DMA's the next row of character data from the
system memory to row-buffer memory. The PVTC then
releases the CPU and displays the row-buffer data for the

(b) After ‘display off and three-state’ command

AYAYavAVaVaWal

N
PBREQ
N
BACK
r\
BEXT
N
BLANK N\

Z

DADD { System Processor has , ' Continuous Bus Control )-

<

programmed number of scan lines. The bus-request control
(BREQ) signal informs the CPU that character addresses and
the memory bus control (MBC) signal will start at the next
falling edge of BLANK. The CPU must release the address
and data buses before this time to prevent bus contention.
After the row of character data is transferred to the CPU,
BREQ returns high to grant memory control back to the

CPU.

FIGURE 10 — ROW-BUFFER MODE CONFIGURATION

2x2111
MC2672 LSB's sz‘:;vsh
PVTC , Display Address RAM
BREQ » 0D

<«—{cTRL2
To CPU MBC SN74LS244

CTRL3 /_ W

L{} System Address Bus I

l Display Data Bus >
4 SN74LS244

System Select
RAM lg Decode!
a1
W——
1 System Data Bus ?
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FIGURE 11 — ROW-BUFFER MODE TIMING

(Line 0 Only)

OPERATION

After power is applied, the PVTC will be in an inactive
state. Two consecutive “master reset’” commands are
necessary to release this circuitry and ready the PVTC for
operation. Two register groups exist within the PVTC: the
initialization registers and the display control registers. The
initialization registers select the system configuration,
monitor timing, cursor shape, display memory domain, and
screen format. These are loaded first and normally require no
modification except for certain special visual effects. The
display control registers specify the memory address of the
base character {(upper left corner of screen), the cursor posi-
tion, and the pointer address for independent memory
access mode. These usually require modification during
operation.

After initial loading of the two register groups, the PVTC is
ready to control the monitor screen. Prior to executing the
PVTC commands which turn on the display and cursor, the
user should load the display memory with the first data to be
displayed. During operation, the PVTC will sequentially ad-
dress the display memory within the limits programmed into
its registers. The memory outputs character codes to the
system character and graphics generation logic, where they
are converted to the serial video stream necessary to display

}\‘
X !

the data on the CRT. The user effects changes to the display
by modifying the contents of the display memory, the PVTC
display control and command registers, and the initialization
registers, if required. Interrupts and status conditions
generated by the PVTC supply the “"handshaking’” informa-
tion necessary for the CPU to effect the display changes in
the proper time frame.

INITIALIZATION REGISTERS

There are 11 initialization registers (IR0-IR10) which are ac-
cessed sequentially via a single address. The PVTC maintains
an internal pointer to these registers which is incremented
after each write at this address until the last register (IR10,
the split-screen register) is accessed. The pointer then con-
tinues to point to the split-screen register. Upon power-up or
a master reset command, the internal pointer is reset to point
to the first register (IR0} of the initialization register group.
The internal pointer can also be preset to any register of the
group via the “load IR address pointer” command. These
registers are write only and are used to specify parameters
such as the system configuration, display format, cursor
shape, and monitor timing. Register formats are shown in
Figure 12 and described in the following paragraphs.

FIGURE 12 — INITIALIZATION REGISTER FORMATS (Page 1 of 3)

7 6 5 4 3 2 1 0
iRO Scan Lines Per Character Row
Not Used Non-Interlaced Interlaced Sync Select Buffer-Mode Select
0000=1 Line 0000 = Undefined 0=VSYNC {00=Independent
0001=2 Lines 000t =5 Lines 1=CSYNC {01= Transparent
0010=3 Lines 0010=7 Lines 10= Shared
. . 11=Row
. .
1110=15 Lines 1110=37 Lines
1111=16 Lines 1111 = Undefined
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FIGURE 12 — INITIALIZATION REGISTER FORMATS (Page 2 of 3}

7 6 5 4 3 2 1 0
IR1 Interlace
Enable Equalizing Constant
0= Non- 0000000=1 CCLK
Interlace | 0000001 =2 CCLK Caiculated from:
1= Interlace . EC=0.5 (HACT+HFp+HSYNC+ Hgp) - 2(HSYNC)
oo .
.
1111110=127 CCLK
1111111=128 CCLK
7 6 5 4 3 2 1 0
IR2 Not Used Horizontal Sync Width Horizontal Back Porch
0000=2 CCLK 000=1 CCLK
0001=4 CCLK 001=5 CCLK
L] L]
L] .

1110=30 CCLK 110=25 CCLK
1111=32 CCLK 111=29 CCLK

7 6 5 4 3 2 1 0

IR3 Vertical Front Porch

Vertical Back Porch

00000=4 Scan Lines
00001=6 Scan Lines

000=4 Scan Lines
001=8 Scan Lines
.
L]
110=28 Scan Lines
111=32 Scan Lines

.
11110=64 Scan Lines
11111=66 Scan Lines

7 6 5 4 3 2 1 0
IR4 Character
Blink Rate Active Character Rows Per Screen*
0=1/16 0000000=1 Row
VSYNC 0000001 =2 Rows
1=1/32 .
VSYNC

.
1111110=127 Rows
1111111 =128 Rows

*In intertace mode with odd total character rows per screen the last character row will be the programmed scan lines per
character row minus one.

7 6 5 4 3 2
Active Characters Per Row

00000010= 2 Characters
00000011 =4 Characters

.
11111110= 255 Characters
11111111 =256 Characters
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FIGURE 12 — INITIALIZATION REGISTER FORMATS (Page 3 of 3)

7 6 5 4 3 2 1
IR6 First Line of Cursor Last Line of Cursor
0000= Scan Line 0 0000 = Scan Line 0
0001 = Scan Line 1 0001 =Scan Line 1
. .
. .
1110= Scan Line 14 1110=Scan Line 14
1111=Scan Line 15 1111=Scan Line 15
7 6 5 4 3 2 1 0
IR7 Double
Cursor Height
Light Pen Line Blink Char. Underline Position
00= Scan Line 3 0=No 0=No 0000= Scan Line 0
01=Scan Line 5 1=Yes 1=Yes 0001=Scan Line 1
10t Scan Line 7 .
11t Scan Line 8 .
1110= Scan Line 14
1111=Scan Line 15
7 6 5 4 3 2 1 0
IR8 Display Buffer First Address LSBs
H"000" =0
H"001" =1
. NOTE: MSBs are in IR9(3:0]
.
H"FFE" =4,094
H"'FFF" =4,09%
7 6 5 4 3 2 1 0
IR9 Display Buffer Last Address Display Buffer First Address MSBs
0000= 1,023
0001=2,047
. See IR8
.
1110= 15,359
1111=186,383
7 6 5 4 3 2 1 0
IR10 Cursor
Blink
Rate Split-Screen Interrupt Row
0=1/16 0000000= Row O
VSYNC 0000001 = Row 1
1=1/32 .
VSYNC .
. 1111110 = Row 126
1111111 = Row 127
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SCAN LINES PER CHARACTER ROW (IR0[6:3]) — Both
interlaced and non-interlaced scanning are supported by the
PVTC. For interlaced mode, two different formats can be im-
plemented, depending on the interconnection between the
PVTC and the character generator (see IR1[7]). This field
defines the number of scan lines used to compose a char-
acter row for each technique. As scanning occurs, the scan
line count is output on the LAG-LA3 and L! pins.

VS/CS ENABLE (IR0[2]) — This bit selects either vertical
sync pulses or composite sync pulses on the VSYNC/
CSYNC output (pin 18). The composite sync waveform con-
forms to EIA RS170 standards, with the vertical interval com-
posed of six equalizing pulses, six vertical sync pulses, and
six more equalizing pulses.

BUFFER MODE SELECT (IR0[1:0]) — Four buffer memory
modes may be selectively enabled to accommodate the
desired system configuration. See SYSTEM CONFIGURA-
TION.

INTERLACE ENABLE (IR1[7]) — Specifies interlaced or

non-interlaced timing operation. Two modes of interlaced
operation are available, depending on whether LO-L3 or LI,
LO-L2 are used as the line address for the character
generator. The resulting displays are shown in Figure 13.

For "interlaced sync'” operation, the same information is
displayed in both odd and even fields, resulting in enhanced
readability. The PVTC outputs successive line numbers in
ascending order on the LAO-LA3 lines, one per scan line for
each field.

The “interlaced sync and video” format doubles the
character density on the screen. The PVTC outputs suc-
cessive line numbers in ascending order on the LI, LAO-LA2
lines, one per scan line for each field, but alternates begin-
ning the count with even and odd line numbers. This
displays the odd field with even scan lines in even character
rows and odd scan lines in odd character rows, and the even
field with odd scan lines in even character rows and even
scan lines on odd character rows. This provides balanced
beam currents in the odd and even fields, thus minimizing
character variations due to different loading of the CRT
anode supply between fields.

FIGURE 13 — INTERLACED DISPLAY MODES

Ll =
<« LO —»
- L1 —»

-<— L3

|

Line Address

l -— 12 —»

Line Address

Line Address

To Char. Gen. To Char. Gen. To Char. Gen.
c
g2
7 38
(o 0 2 8 a
1—e-0-0—0-0 1 0— 0
2 —e 2 _1_ 9 Scan | 2
s 2- Lines/ 4
9 Scan —e V7 Scan | 3 Row
Lines/ § 4 —e-0-9 Lines/ 4 — 6
Row 5 e Row 5 4- 8
6 —e 6 26 !
-0
7 —e-e-e—90-o 7 %—0—.—0—.—. E
L 0—0—0—0—
| s s . 0-0-0 5
0 0 ; 7?
-0-0-0-0
1—eo-0-0—-0-0 1 ?o—o—o—o—o 0 1—20000
2 —e 2 ? 2 3-0
B —eoeoe
3 —e 3 e 4 5-0
- —
4 —e-0-0 4 = 6 7-00000
5 —e 5 —6—0 8 0
6—e 6 —e— "7
7 —e-e—e—e-e 7 2979787878 8-
8 —_—
8 0 5 6 -
0 7 —
8
0

Non-Interlaced
JRO=1000; Total Lines/Row=9

Interlaced Sync

IR0O=01111; Total Lines/Row=17
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IR0O=0011; Total Lines/Row=9
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EQUALIZING CONSTANT (IR1[6:01) — This field indirect-
ly defines the horizontal front porch and is used internally to
generate the equalizing pulses for the RS170 compatible
CSYNC. The value for this field is the total number of char-
acter clocks (CCLK) during a horizontal line period divided by
two, minus two times the number of character clocks in the
horizontal sync pulse:

pc= HACT+ HFP+2HSYNC+ HBP _ »ihsyNC)

The definition of the individual parameters is illustrated in
Figure 4. The minimum value of HEp is two character
clocks.

Note that when using the MC2673 video attributes con-
troller (VAC), the blank pulse is delayed three CCLKs relative
to the HSYNC pulse.

HORIZONTAL SYNC PULSE WIDTH (IR2(6:3]) — This
field specifies the width of the HSYNC puise in CCLK
periods.

HORIZONTAL BACK PORCH (IR2[2:0]) — This field
defines the number of CCLKs between the trailing edge of
HSYNC and the trailing edge of BLANK.

VERTICAL FRONT PORCH (IR3[7:5]) — Programs the
number of scan line periods between the rising edges of
BLANK and VSYNC during a vertical retrace interval. The
width of the VSYNC pulse is fixed at three scan lines.

VERTICAL BACK PORCH (IR3[4:0]) — This field deter-
mines the number of scan line periods between the falling
edges of the VSYNC and BLANK outputs.

CHARACTER BLINK RATE (IR4[7]) — Specifies the fre-
quency for the character blink attribute timing. The blink rate
can be specified as 1/16 or 1/32 of the vertical field rate. The
timing signal has a duty cycle of 76% and is multiplexed onto
the DADD11/BLINK output at the falling edge of each
BLANK.

CHARACTER ROWS PER SCREEN (IR4{6:0]) — This field
defines the number of character rows to be displayed. This
value multiplied by the scan lines per character row, plus the
vertical front and back porch values, and the vertical sync
pulse width (three scan lines) is the vertical scan period in
scan lines.

ACTIVE CHARACTERS PER ROW (IR5[7:01) — This field
determines the number of characters to be displayed on each
row of the CRT screen. The sum of this value, the horizontal
front porch, the horizontal sync width, and the horizontal
back porch is the horizontal scan period is CCLKs.

FIRST AND LAST SCAN LINE OF CURSOR (IR6[7:4]
AND IR6[3:0]) — These two fields specify the height and
position of the cursor on the character block. The *first’” line
is the topmost line when scanning from the top to the bot-
tom of the screen.

FIGURE 14 — HORIZONTAL AND VERTICAL TIMING

Char/Row
e (IR6) >
HBLANK J ] [ l
—>| = Front Porch (IRT) Back Porch (1R2) 3»{ |
HSYNC 1 e
—»{  pe-HSYNCI{R2)

Char Rows/ Screen (I1R4)
|«& Scan Lines Per Row (IR0}

VBLANK l l

> | Front Porch (IR3)

Back Porch (IR3) | je

VSYNC 1 [
—»| | -~ VSYNC/(Fixed at3) -
Equalizing
Lines/Row Constant
[— N— e —
wo (TTTTTTT] W TTTTTTT]
HSYNC HBACK VFRONT  VBACK
Width Porch Porch Porch

e, e
e (ITTTIT ]
Char. Rows/Screen

e ——
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LIGHT PEN LINE POSITION (IR7(7:61) — This field
defines which of four scan lines of the character row will be
used for the light pen strike — through attribute by the
MC2673 VAC. The timing signal is multiplexed onto the
DADD9/LPL output during the falling edge of BLANK.

CURSOR BLINK ENABLE (IR7[5]) — This bit controls
whether or not the cursor output pin will be blinked at the
selected rate (IR10[7]}. The blink duty cycle for the cursor is
50%.

DOUBLE HEIGHT CHARACTER ROW ENABLE (IR7(4])
— If enabled, the number of each scan line will be repeated
twice in succession, causing the height of the character row
to double. This bit can be changed at any time but will only
become effective at the beginning of the character row fol-
lowing the time it is changed. This allows selected character
rows to be of double height. The split-screen interrupt can
be used to notify the CPU when the effectuate changes to
this bit. For each double height row which replaces a normal
row, one row count should be subtracted from the ""char-
acter rows per screen” field (IR4) to maintain the same total
number of scan lines per field.

UNDERLINE POSITION (IR7(3:0}) — This field defines
which scan line of the character row will be used for the
underline attribute by the MC2673 VAC. The timing signal is
multiplexed onto the DADD10/UL output during the falling
edge of BLANK.

DISPLAY BUFFER FIRST ADDRESS (IR9[3:01 AND
IR8{7:01) AND DISPLAY BUFFER LAST ADDRESS
(IR9[7:4]) — These two fields define the area within the buf-
fer memory where the display data will reside. When the data
at the “display buffer last address’ is displayed, the PVTC
will wrap-around and obtain the data to be displayed at the
next screen position from the “'display buffer first address’’.

If "last address” is the end of a character row and a.new
screen start address has been loaded into the screen start
register, or if “last address” is the last character position of
the screen, the next data is obtained from the address con-
tained in the screen start register.

.~ Note that there is no restriction in displaying data from
other areas of the addressable memory. Normally, the area
between these two bounds is used for data which can be
overwritten {(e.g., as a result of scrolling), while data that is
not to be overwritten would be contained outside these
bounds and accessed by means of the split-screen interrupt
feature of the PVTC.

CURSOR BLINK RATE (IR10[7]) — The cursor blink rate
can be specified at 1/16 or 1/32 of the vertical scan fre-
quency. Blink is effective only if blink is enabled by IR7[5].

SPLIT-SCREEN INTERRUPT (IR10[6:01) — The split-
screen interrupt can be used to provide special screen effects
such as a row of double height characters or to change the
normal addressing sequence of the display memory. The
contents of this field is compared, in real time, to the current
character row number. Upon a match, the PVTC sets the
split-screen status bit, and issues an interrupt request if so
programmed. The status change/interrupt request is made
at the beginning of scan line zero of the split-screen char-
acter row.

TIMING CONSIDERATIONS

Normally, the contents of the initialization registers are not
changed during operation. However, this may be necessary
to implement special display features such as multiple cur-
sors, smooth scrolling, horizontal scrolling, and double
height character rows. Table 2 describes the timing details
for these registers which should be considered when imple-
menting these features.

TABLE 2 — TIMING CONSIDERATIONS

Parameter

Timing Considerations

Field Line of Cursor
Last Line of Cursor
Light Pen Line
Underline

These parameters must be established at a minimum of two characters times
prior to their occurrence.

Double Height Characters
double height.

Set/reset during the character row prior to the row which is to be/not to be

Cursor Blink
Cursor Blink Rate
Character Blink Rate

New values become effective within one field after values are changed.

Split-Screen Interrupt Row

Change anytime prior to line zero of desired row.

Character Rows Per Screen

Change only during vertical blanking period.

Vertical Front Porch

Change prior to first line of VFP.

Vertical Back Porch

Change prior to fourth line after VSYNC.

Screen-Start Register

Change prior to the horizontal blanking interval of the last line of character
row before row where new value is to be used.
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DISPLAY CONTROL REGISTERS

There are nine registers in this group, each with an in-
dividual address. Their formats are illustrated in Figure 15.
The command register is used to invoke one of 16 possible
PVTC commands as described in COMMANDS. The remain-

ing registers in the group store address values which specify
the cursor and buffer pointer locations, the location of the
first character to be displayed on the screen, and the location
of a light pen “hit"”. With the exception of the light pen
register, the user initializes these registers after powering on
the system and changes their values to control the data
which is displayed.

FIGURE 15 — DISPLAY CONTROL REGISTER FORMATS

(a) Command Register (Write Only)

7 6 5 4

3 2 1 0

Command Code

Refer to COMMANDS for Command Codes

(b) Screen Start Registers (Read and Write),

Cursor Address Registers (Read and Write),

Pointer Address Register (Write Only), and
Light Pen Address Register (Read Only)

7 6 5 4

3 2 1 0

Upper Register

Not Used MSBs
7 6 5 4 3 2 1 0
Lower Register (LSBs)
H""0000"" =0
H"0001"" =1

H""3FFE" = 16,382
H"3FFF" = 16,383

NOTE: MSBs are in Upper Register [6:0]

SCREEN-START REGISTERS

The screen-start registers contain the address of the first
character of the first row (upper left corner of the active
display}. At the beginning of the first scan line of the first
row, this address is transferred to the row-start register
(RSR) and into the memory-address counter (MAC). The
counter is then advanced sequentially at the character rate
the number of times programmed into the active characters-
per-row register (IR5) thus reaching the address of the last
character of the row plus one. At the beginning of each sub-
sequent scan line of the first row, the MAC is reloaded from
the RSR and the above sequence is repeated. At the end of
the last scan line of the first row, the contents of the MAC is
loaded into the RSR to serve as the starting memory address
for the second character row. This process is repeated for
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the programmed number of rows per screen. Thus, the data
in the display memory is displayed sequentially starting from
the address contained in the screen start register. After the
ensuing vertical retrace interval, the entire process repeats
again.

The sequential operation described above will be modified
upon the occurrence of either of two events. First, if during
the incrementing of the memory address counter the
“display buffer last address’’ (IR9[7:4}) is reached, the MAC
will be loaded from the “display buffer first address” register
(IR9(3:01), (IRB[7:0]) at the next character clock. Sequential
operation will then resume starting form this address. This
wraparound operation allows portions of the display buffer
to be used for purposes other than storage of displayable
data and is completely automatic without any CPU interven-
tion {see Figure 16a).
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FIGURE 16 — DISPLAY ADDRESSING OPERATION
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«&Display Buffer Start
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(a) Display Memory Wraparound

<€ Display Buffer End

16K

<&-Display Buffer Start

<&Bottom of Screen

Screen Start 1=

WY,
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Screen Start 2-3»

\

Memory

<& Display Buffer End
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AN

Monitor
Display

(b) Display Memory Split Screen With Wraparound

The sequential row-to-row addressing can also be
modified under CPU control. If the contents of the screen-
start register (upper, lower, or both) are changed during any
character row (say row 'n”’), the starting address of the next
character row (row ““n+ 1"} will be the next value of the
screen-start register and addressing will continue sequential-
ly from there. This allows features such as split-screen
operation, partial scroll, or status line display to be im-
plemented. The split-screen interrupt feature of the PVTC is
useful in controlling this type of operation. Note that in order
to obtain the correct screen display, the screen-start register
must be reloaded with the original value prior to the end of
the vertical retrace. See Figure 16b.

During vertical blanking the address counter operation is
modified by stopping the automatic load of the contents of
the RSR into the counter, thereby allowing the address out-
puts to free-run. This allows dynamic memory refresh to oc-
cur during the vertical retrace interval. The refresh address-
ing starts at the last address displayed on the screen and in-
crements by one for each character clock during the retrace
interval. If the display buffer last address is encountered
refreshing continues from the display buffer first address.
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CURSOR ADDRESS REGISTERS

The contents of these registers define the buffer memory
address of the cursor. If enabled, the cursor output will be
asserted when the memory address counter matches the
value of the cursor address registers. The cursor address
registers may be read or written by the CPU or incremented
via the "increment cursor address” command. In indepen-
dent buffer mode, these registers define a buffer memory ad-
dress for PVTC controlled access in response to ‘‘read/write
at cursor with/without increment’” commands, or the first
address to be used in executing the “write for cursor to
pointer”” command.

DISPLAY POINTER ADDRESS REGISTERS

These registers define a buffer memory address for PVTC
controlled accesses in response to “‘read/write at pointer”
commands. They also define the last buffer memory address
to be written for the “write from cursor to pointer’” com-
mand.

LIGHT PEN ADDRESS REGISTERS
If the light pen input is enabled, these registers are used to
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store the current character address upon receipt of a light
pen strobe input. Several sources of delay between the
display of a character upon the screen and the receipt of a
light pen hit can be expected to exist in a system environ-
ment. These delays include address pipelining in the char-
acter generation circuits, delays in the video generation cir-
cuits, and delays in the light detection circuitry itself. These
delays cause the value stored in the light pen register to dif-
fer from the actual address of the character at which the light
pen hit actually was detected. Software must be used to cor-
rect this condition

INTERRUPT/STATUS REGISTERS

The interrupt and status registers provide information to
the CPU to allow it to interface with the PVTC to effect
desired changes to implement various display operations.
The interrupt register provides information on five possible
interrupting conditions, as shown in Figure 17. These condi-
tions may be selectively enabled or disabled (masked) from
causing interrupts by certain PVTC commands. An interrupt
condition which is enabled (mask bit equal to one) will cause
the TNTR output to be asserted and will cause the corres-
ponding bit in the interrupt register to be set upon occur-
rence of interrupt condition. An interrupt condition which is
disabled (mask bit equal to zero) has no effect on either the
INTR output or the interrupt register.

The status register provides six bits of status information;
the five possible interrupting conditions plus the NOT BUSY
bit. For this register, however, the contents are not effected
by the state of the mask bits.

Descriptions of each interrupt/status register bit follows.
Unless otherwise indicated, a bit, once set, will remain set
until reset by the CPU by issuing a “reset interrupt/status
bits” command. The bits are also reset by a ““master reset’’
command and upon power-up.

RDFLG (SRI5]) — This bit is present in the status register
only. A zero indicates that the PVTC is currently executing
the previously issued command. A one indicates that the
PVTC is ready to accept a new command.

VBLANK (I/SRI4]) - Indicates the beginning of a vertical
blanking interval, is set to a one at the beginning of the first
scan line of the vertical front porch.

LINE ZERO (I/SRI[3]) — Is set to a one at the beginning of
the first scan line (line zero) of each active character row.

SPLIT SCREEN (I/SR[2]) — This bit is set when a match
occurs between the current character row number and the
value contained in the split-screen interrupt register,
IR10[6:0]. The equality condition is only checked at the
beginning of line zero of each character row. This bit is reset
when either of the screen-start registers is loaded by the
CPU.

READY (I/SR[1]) — Certain PVTC commands affect the
display and may require the PVTC to wait for a blanking
interval before enacting the command. This bit is set to one
when execution of the command has been completed. No
command should be invoked untit the prior command is
completed.

LIGHT PEN {I/SRI0]} — A one indicates that a light pen
hit has occurred and that the contents of the light pen
register have been updated. This bit will be reset when either
of the light pen registers is read.

COMMANDS

The PVTC commands are divided into two classes: the in-
stantaneous commands, which are executed immediately
after they are invoked, and the delayed commands which
may need to wait for a blanking interval prior to their execu-
tion. Command formats are shown in Table 3. The com-
mands are asserted by performing a write operation to the
command register with the appropriate bit pattern as the
data byte.

FIGURE 17 — INTERRUPT AND STATUS REGISTER FORMAT

7 6 5 4 3 2 1 0
Line Split Light
Not Used RDFLG VBLANK Zero Screen Ready Pen
Always Read 0= Busy 0=No 0=No 0=No 0=Busy 0=No
as Zero 1= Ready 1=Yes 1=Yes 1=Yes 1= Ready 1= Yes

3-71




MC2672

TABLE 3 — PVTC COMMAND FORMATS

D7 | 06 [ D5 [ pa [ D3 [ p2 | D1 | DO [ Hex | Command
Instantaneous Commands
0 0 0 0 0 0 0 0 Master Reset
0 0 0 1 \ \ \ \ Load IR Pointer with Value V (V=0 to 10}
0 0 1 d d d 1 0* Disable Light Pen
0 0 1 d d d 1 1* Enable Light Pen
0 0 1 d 1 N d 0* Display Off — Float DADD Bus if N=1
0 0 1 d 1 N d 1% Display On — Next Field (N=1) or Scan Line (N=0)
0 0 1 1 d d d o* Cursor Off
0 0 1 1 d d d % Cursor On
0 1 0 N N N N N "Reset.Interrupt/ Status — Bit Reset where N=1
1 0 0 N N N N N Disable Interrupt =~ Disable where N=1
0 1 1 N N N N N Enable Interrupt — Enables Interrupts and Resets the Corresponding
Interrupt/ Status Bits where N=1
Y L S R L
8 z S D P
Delayed Commands
1 0 1 0 0 1 0 0 A4 | Reset at Pointer Address
1 0 1 0 0 0 1 0 A2 | Write at Pointer Address
1 0 1 0 1 0 0 1 A8 Ilncrement Cursor Address
1 o] 1 0 1 1 0 0 AC | Read at Cursor Address
1 0 1 0 1 0 1 0 AA | Write at Cursor Address
1 0 1 0 1 1 o] 1 AD |Read at Cursor Address and Increment Address
1 0 1 0 1 0 1 1 AB | Write at Cursor Address and Increment Address
1 0 1 1 1 0 1 1 BB | Write from Cursor Address to Pointer Address

* Any combination of these three commands is valid
d=Don't Care

INSTANTANEOUS COMMANDS

The instantaneous commands are executed immediately
after the trailing edge of the write pulse during which the
command is issued. These commands do not affect the state
of the RDFLG or READY interrupt/status bits. However, a
command should not be invoked if the RDFLG bit is low.

MASTER RESET
This command initializes the PVTC and may be invoked at
any time to return the PVTC to its initial state. Upon power-
up, two successive master reset commands must be applied
to release the PVTC's internal power on circuits. In trans-
parent and shared buffer modes, the CNTRL1 input must be
high when the command is issued. The command causes the
following:
1. VSYNC and HSYNC are driven low for the duration of
reset and BLANK goes high. BLANK remains high until
a "'display on” command is received.
2. The interrupt and status bits and masks are set to zero,
except for the RDFLG flag which is set to a one.
3. The transparent mode, cursor off, display off, and light
pen disable states are set.

4. The initialization register pointer is set to address IR0.

LOAD IR ADDRESS

This command is used to preset the initialization register
pointer with the value V" defined by D3-DO. Allowable
values are O to 10.

ENABLE LIGHT PEN

After invoking this command, receipt of a light pen strobe
input will cause the light pen register to be loaded with the
current butfer memory address and the corresponding inter-
rupt and status flag to be set. Once loaded, further loads are
inhibited until either one of the light pen registers are read or
a reset function is performed.

DISABLE LIGHT PEN
Light pen hits will not be recognized.

DISPLAY OFF

Asserts the BLANK output. The DADDO through DADD13
display address bus outputs may be optionally placed in the
high-impedance state by setting bit 2 to a one when invoking
the command.

DISPLAY ON

Restores normal blanking operation either at the beginning
of the next field (bit 2=1) or at the beginning of the next
scan line (bit 2=0}. Also returns the DADDO-DADD13
drivers to their active state.

CURSOR OFF
Disables cursor operation. Cursor output is placed in the
low state.

CURSOR ON
Enables normal cursor operation.



MC2672

RESET INTERRUPT/STATUS BITS

This command resets the designated bits in the interrupt
and status registers. The bit positions correspond to the bit
positions in the registers:

Bit 0 — Light Pen
Bit 1 — Ready

Bit 2 — Split Screen
Bit 3 — Line Zero
Bit 4 — Vertical Blank

DISABLE INTERRUPTS
Sets the interrupt mask to zeros for the designated condi-
tions, thus disabling these conditions from asserting the

INTR output. Bit position correspondence is as above.
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ENABLE INTERRUPTS

Resets the selected interrupt and status register bits and
writes the associated interrupt mask bits to a one. This
enables the corresponding conditions to assert the INTR out-
put. Bit position ‘correspondence is as.above.

DELAYED COMMANDS

This group of commands is utilized for the independent
buffer mode of operation, although the ”increment cursor”
command can also be used in other modes. With the excep-
tion of the ""write from cursor to pointer” and "increment
cursor’” commands, all the commands of this type will be
executed immediately or will be delayed depending on when
the command is invoked. If invoked during the active screen
time, the command is executed at the next horizontal blank-
ing blanking interval. If invoked during a vertical retrace in-
terval or a ““display off" state, the command is executed im-
mediately.
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Advance Information

VIDEO ATTRIBUTES CONTROLLER (VAC)

The MC2673A and MC2673B video attributes controllers (VAC) are
bipolar LS| devices designed for CRT terminals and display systems that
employ raster scan techniques. Each contains a high-speed video shift
register, field and character attributes logic, attribute latch, cursor for-
mat logic, and half-dot shift control.

The VAC provides control of visual attributes on a field or character
by character. Internal logic preserves field attribute data from character
row to character row so that an attribute byte is not required at the
beginning of each row. The MC2673B provides for reverse video, blank
(non-display), blink, underline, and highlight attributes and a graphics
mode attribute to work in conjunction with the MC2670 display
character and graphics generator (DCGG). The MC2673A substitutes a
light pen (strike-thru) attribute for the graphics attribute.

The horizontal dot frequency is the basic timing input to the VAC.
Internally, this clock is divided down to provide a character clock output
for system asynchronization. Up to ten bits of video dot data are parallel
loaded into the video shift register on each character boundary. The
video data is shifted out on three outputs at the dot frequency. On the
VIDEO output, the data is presented as a three-level signal representing
low, medium, and high intensities. The three intensities are also en-

" ¢oded on two TTL compatible video outputs. Light or dark screen back-

ground can be selected.

® 25 MHz Video Dot Rate
® Three-Level Current Driven (75 Ohms) Video Output
® Three-Level Encoded TTL Video Outputs
® Character/Field Attribute Logic:
— Reverse Video
— Character Blank
— Character Blink
— Underline
— Highlight
— Light Pen Strike-Thru or Graphics Control
@ Field Attributes Extend from Row to Row
@® Light or Dark Field
® Cursor Reverse Video Logic
® Up to Ten Dots Per Character
® Composite Blanking for Light Field Retrace
® Optional Field Graphics Control Output
® High-Speed Bipolar Design
® 40-Pin Dual-in-Line Package
® TTL Compatible
® Compatible with the MC2672 PVTC and MC2670 DCGG
® Applications Include:
— CRT Terminals
— Word Processing Systems
— Small Business Computers

HMOS

(HIGH-DENSITY N-CHANNEL, SILICON-GATE)

VIDEO ATTRIBUTES
CONTROLLER (VAC)

P SUFFIX
PLASTIC PACKAGE
CASE 711
L SUFFIX
CERAMIC PACKAGE
CASE 715
PIN ASSIGNMENT
vss j1 @ 0 vee
p3 f2 D2
D4 3 101
D5 Q4 [ Do
D6 [5 ] CCLK
D7 [ 1 cco
Ds 7 ] cct
D9 []8 ] cc2
RESET []9 ] DCLK
BKGND 1 CBLANK
ACD [ TTLVIDY
AMODE 1 TTLVID2
AFLG 1 viDEO
CURSOR 1 HDOT
BLANK [1 ABLANK
uL [1 ABLINK
BLINK 1 AUL
LL J AHILT
LPL/GMD ] ARVID
GND ! QELPEN/

This document contains information on a new product. Specifications and information herein
are subject to change without notice.
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ORDERING INFORMATION
(Vcec=5V+5%, TA=0°to 70°C}

Light-Pen Attribute Graphics Attribute
Package Type | Frequency |Order Number| Frequency |Order Number
Ceramic 18 MHz | MC2673A8L | 18 MHz | MC2673B8L
L Suffix 25 MHz | MC2673A5L | 25 MHz | MC2673B5L
Plastic 18 MHz | MC2673A8P | 18 MHz | MC2673B8P
P Suffix 25 MHz | MC2673A5P | 25 MHz | MC2673B5P

VIDEO ATTRIBUTES CONTROLLER BLOCK DIAGRAM

3-75

CCO ———
cel Character 3
Clock Counter
cc2 —>
DCLK 1
,__1!
10 - Dot
Vldeo_ Shift Data 3-Level
DO-D9 Register > Driver
—12 Bits— N
Video TTL
HDOT and
Attribute
é Hierarchy
¢ CURSOR ———3 Logic
ARVID ————3» | €
ABLANK ————3» <€
ABLINK =3
AHILT ———3» 1
. AUL ——  Anribute and
< ALTPEN/AGM ——3{ Cursor Controt
AFLG —— Logic and <
AMODE ————3» Pipeline
ACD ————— «
BLINK ————> B —
UL ——» <
LL —————3
LPL/GMD

(@]
O
=
A

VIDEO

TTLVID1
TTLVID2

BKGND
CBLANK

BLANK
RESET
Vee
Vss
GND



MC2673

ABSOLUTE MAXIMUM RATINGS

Rating Symbol Value Unit :’hhisAdevice co{'nain[s1 circuitr\é to prot:ec;
e inputs against damage due to hi

Supply Voltage Vee ~0510 460 v static voltagegs or electric 2elds; howevgr,

Input Voltage Vin —051t0 +6.0 4 it is advised that normal precautions be

Operating Temperature Range TA 0t 70 °C taken to avoid application of any voltage

Storage Temperature Range Tstg -65to + 150 °C higher than maximum-rated voltages to

this high-impedance circuit. For proper

operation it is recommended that Vjp, and

Vout be constrained to the range

THERMAL CHARACTERISTICS Vss={Vin or Voutl =Vce. Reliability of

Characteristic Symbol | Value Rating operation is enhanced if unused inputs

Thermal Resistance are tied to z_an appropriate logic voltage
Plastic Package oA 50 oC/W level (g.g,, either Vgg or V).

Ceramic Package 50

~-POWER CQNSIDERATIONS

The average chip-junction temperature, T, in °C can be obtained from:
Ty=Ta+ (PpedJa) o
Where:

T.A=Ambient Temperature, °C
8 ="Package Thermal Resistant, Junction-to-Ambient, °C/W
PD=PINT+PpPORT
PINT=IccXx Ve, Watts — Chip Internal Power
PPORT =Port Power Dissipation, Watts — User Determined

For most applications PPORT<PpiNT and can be neglected. PPORT may become significant if the device is configured to

drive Darlington bases or sink LED loads.
An approximate relationship between Pp and Ty (if PPORT is neglected) is:

PD=K = {Ty+273°C) (2)
Solving equations 1 and 2 for K gives:
K=Ppe(Ta+273°C) +64a°Pp2 (3)

Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium)
for a known T . Using this value of K the values of Pp and T j can be obtained by solving equations (1) and (2) iteratively for any
value of Ta.

DC ELECTRICAL CHARACTERISTICS (T =0°C t0 70°C, Ve =5.0 V +5%, see Figure 1)

Parameter Symbol Min Typ Max Unit
Input Low Voltage ViL — — 0.8 vV
Input High Voltage VIH 2.0 - - \%
Output Low Voltage {Except VIDEO) I = 4 mA VoL ~ - 0.4 \
QOutput High Voltage {Except VIDEO) Ig= —400 A VOH 2.4 - - \
VIDEO Black Level R =150 Ohms to GND VB — 0 — v
VIDEO Gray Level R| =150 Ohms to GND Vg - 0.45 - \
VIDEO White Level R =150 Ohms to GND Vw - 0.90 - v
Input Low Current Vip=0.4V L — — -—400/ rA

—800*
Input High Current Vin=2.4 V IiH - - 20/ p#A
40*

Power Supply Current Vin=0 V, Vcc=Max, Vgg=Max Icc - - 80 mA
Bias Supply Current Vin=0V, Voo =Max, Vgg=Max Iss - - 120 mA

*For DCLK input
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FIGURE 1 — TEST DIAGRAM

vee
40
Vee
$ 37.4 ohms,
VAC S 1%, %W
1
Vss
j_\ 0.1uF

AC ELECTRICAL CHARACTERISTICS (TA=0°C t0 70°C, Ve =5V +5%, see Figure 1)

25 MHz 18 MHz
Parameter Symbol Min Max Min Max Unit

Dot Clock Frequency (see Figure 2) fp — 25 . 18 MHz
Dot Clock High (see Figure 2) 1DH 15 — 22 - ns
Dot Clock Low (see Figure 2) DL 15 ~ 22 — ns
BLANK to CCLK Setup Time (see Figures 2, 3, 4, and 5) tBS 50 — 50 - ns
BLINK, UL, LPL, LL (Ref. to BLANK) to CCLK Setup Time

{see Figures 2, 3, 4, and 5) tsC 20 - 20 — ns
Attributes to CCLK Setup Time (see Figures 2, 3, 4, and 5) tSA 45 - 55 — ns
Dot Data D0-D9 to CCLK Setup Time (see Figures 2, 3, 4, and 5) tsD 70 - 70 - ns
CURSOR to CCLK Setup Time (see Figures 2, 3, 4, and 5) tsK 50 - 50 = ns
AFLG to CCLK Setup Time (see Figures 2, 3, 4, and 5) tFS 50 - 65 — ns
HDOT to CCLK Setup Time (see Figures 2, 3, 4, and 5) tSH 45 — 55 — ns
BLINK, UL, LPL, LL (Ref. to BLANK) Hold Time from TCLK

(see Figures 2, 3, 4, and 5) tHC 20 - 20 - ns
Attributes Hold Time from CCLK (see Figures 2, 3, 4, and 5} tHA 20 - 20 — ns
Dot Data DO-D9 Hold Time from CCLK (see Figures 2, 3, 4, and 5) tHD 30 - 30 - ns
CURSOR Hold Time from CCLK (see Figures 2, 3, 4, and 5) tHK 20 — 20 — ns
AFLG Hold Time from CCLK (see Figures 2, 3, 4, and 5) tFH 30 — 30 - ns
HDOT Hold Time from CCLK (see Figures 2, 3, 4, and 5) tHH 20 - 20 - ns
BKGND to DCLK Setup Time (see Figure 6) 1SG 15 — 15 — ns
CBLANK to DCLK Setup Time (see Figure 6) ) tsB 15 - 15 — ns
BKGND Hold Time from DCLK (see Figure 6) HG 15 - 15 — ns
CBLANK Hold Time from DCLK (see Figure 6) tHB 15 - 15 — ns
GMD from DCLK Delay Time C|_= 150 pF (see Figures 5 and 7) 1DGM — 65 — 65 ns
CCLK from DCLK Delay Time* C| =150 pF (see Figures 5 and 7) tpC - 65 - 65 ns
TTLVID1 and TTLVID2 from OCLK Delay Time C =150 pF

(see Figures 5 and 7) tpv 45 75 45 80 ns
VIDEO from DCLK Delay Time C| =150 pF (see Figures 5 and 7) DV — 240 - 240 ns

*Cy_ less than 150 picofarads could be faster.
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FIGURE 2 — HALF-DOT SHIFT TIMING DIAGRAM

UL yuuuul

Character N

oy
z
9
ol
< <
S o
F I
s
S
|

|
|
| l
!
{JJL

tSH |e—Io1e—] thH

VI 3
HDOT
e e
VIDEO X x x
Last PIXEL Last PIXEL
Char N~1 Char N
First PIXEL First PIXEL

Char N Char N+1
NOTE: Half-dot shift feature 18 MHz maximum.

FIGURE 3 — VAC PIPELINE TIMING DIAGRAM

‘-tBS-D' ‘BS-‘4——>|
Viny
BLANK Vi
2 g tH
tsc ¢
BLINK, UL
LPL, LL
A > —» |e—tHa
. 1 1st 2nd
Attributes x Char Char
‘ t \
X woleslle wo__ .
Dot Data? 1st 2nd
DO-D9 Char Char
st 2nd Last-1 Last
3 4
VIDEO BKGND Char Char Char Char BKGND#
NOTES

1. Attributes include: ABLINK, ABLANK, ARVID, AUL, AHILT, and ALTPEN.

2. One CCLK delay for dot data (obtained from delay through character generator).
3. See Figure 7 for detail timing of VIDEO, TTLVID1, TTLVID2.

4. Non-active scan time. VIDEO reverts to polarity selected by the BKGND input.
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FIGURE 4 — CURSOR PIPELINE TIMING DIAGRAM

Cursor

Video W

Character
with Cursor

FIGURE 5§ — CHARACTER (AMODE=0), FIELD (AMODE=1), AND GMD ATTRIBUTE TIMING DIAGRAM

tFs —>| tFH
AFLG ]F_A—\ ﬁ {

1
/)
viosE2s ) i

Blank Characters
\\\
A2
\ \Q\ \

¢
VIDEO /77/7_{/ /) ACD/./O }//__é‘
(AMODE - 1) ///?}/M[M %% 1.0 Qz\\

GmD!
(AMODE=1)

NOTE
1. GMD output in MC2673B version only. See Figure 7 for detail timing.

FIGURE 6 — BKGND AND CBLANK TIMING DURING INACTIVE SCAN TIME (BLANK=1)

DCLK

156 fe— —>{ le—thg
A—
BKGND Yo ‘SB——>| fe— }\‘ ——>‘ tHg

oL
\ CBLANK /
VIDEO White \ Black / White Black /_
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FIGURE 7 — VIDEO AND GMD PIPELINE TIMING DIAGRAM

ey e e

DCLK
4 -
_ﬂ tDC
_ vV
&R OH
VoL
I —»‘ le—tov
VIDEO Last—1 Last 1st 2nd
TTLVIDY, 2 PIXEL PIXEL | PIXEL PIXEL
|
Character N~ 1
N
tDeMm Character
GMD!

(AMODE=1)

NOTE

1. GMD output in MC2673B version only.

SIGNAL DESCRIPTION

The input and output signals for the VAC are described in
the following paragraphs.

DOT CLOCK (DCLK)
This input controls the dot frequency and video shift rate.

CHARACTER CLOCK (CCLK)

This output is a submultiple of DCLK. The frequency
ranges from one sixth to one twelfth of DCLK, as determined
by the state of the CCO-CC2 inputs.

CHARACTER CLOCK CONTROL {CC2-CCO0)

The logic state of these three static inputs determine the
internal divide factor for the CCLK output rate. Character
clock rates of 6 through 12 dots per character may be
specified.

DOT DATA INPUT (D0-D9)

These are parallel inputs corresponding to the character/
graphic symbol dot data for a given scan line. These inputs
are strobed into the video shift register on the falling edge of
each character clock.

HALF-DOT SHIFT (HDOT)

When this input is high, the serial video output is delayed
by one-half dot time. This input is latched on the falling edge
of each character clock.

CURSOR TIMING (CURSOR)

This input provides the timing for the cursor video. When
high, it effectively reverses the intensities of the video and

attributes. Cursor position, shape, and blink rate are con-
trolled by this input.

BACKGROUND INTENSITY (BKGND)
This input specifies light or dark video during BLANK and
character fields. Affects the intensities of all attributes.

SCREEN BLANK (BLANK)

When high, this input forces the video outputs to the level
specified by the BKGND input (either high or low intensity).
However, BLANK is not effective when composite blank
(CBLANK) is high.

COMPOSITE BLANK (CBLANK)

This input is used with the TTL video outputs only. When
high, CBLANK forces the video outputs to a low intensity
state for retrace blanking. When BKGND input is low, or
when using video outputs, this input may be tied fow.

- REVERSE VIDEO ATTRIBUTE (ARVID}
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This input causes the intensity of the associated character
or field video to be reversed. All other attributes are effec-
tively‘reversed.

HIGHLIGHT ATTRIBUTE (AHILT)

This input causes all dot video (including underline) of the
associated character or field to be highlighted with respect to
the BKGND input and the reverse video attribute.

BLANK ATTRIBUTE (ABLANK)

This input generates a blank space in the associated char-
acter or field. The blank space intensity is determined by the
BKGND input, the reverse video attribute, and the CURSOR
input.
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BLINK ATTRIBUTE (ABLINK)

This input causes the associated character or field video to
be driven to the intensity determined by BKGND and the
reverse video attribute when the BLINK input is high.

UNDERLINE ATTRIBUTE (AUL)

This input specifies a line to be displayed on the character
or field. The line is specified by the underline (UL) input. All
other attributes apply to the underiine video.

LIGHT PEN ATTRIBUTE (ALTPEN)

This input of the MC2673A specifies a highlighted line to
be displayed on the character or field. The line is specified by
the LPL input.

ATTRIBUTE GRAPHICS MODE (AGM)

This input of the MC2673B is latched and synchronized to
provide a field graphics mode output for the MC2670 DCGG.

ATTRIBUTE MODE (AMODE)
This input specifies character (AMODE=0)
(AMODE= 1) attributes mode.

or field

ATTRIBUTES FLAG (AFLG)

This input, when high, causes the VAC to sample and
latch the attributes inputs. If field attributes are specified
(AMODE=1), the attributes are double buffered on a row
basis. Thus, each scan line of every character row will start
with the attributes that were valid at the end of the previous
row.

ATTRIBUTE CONTROL DISPLAY (ACD)

In field attributes mode (AMODE= 1), if ACD=0, the first
character in each new attribute field (the attribute control
character) will be suppressed and only the attributes will be
displayed. If ACD=1, the first character and the attributes
are displayed. This input has no effect in character mode
(AMODE=0).

BLINK (BLINK)

This input is sampled on the falling edge of BLANK to pro-
vide the blink rate for the character blink attribute. It should
be a submultiple of the frame rate.

UNDERLINE (UL)
This input indicates the scan line(s) for the underline attri-
bute. Latched on the falling edge of BLANK.

LIGHT-PEN LINE (LPL)

For the MC2673A, this input indicates the scan line(s) for
the light pen strike-thru attribute. Latched on the falling edge
of BLANK.

GRAPHICS MODE (GMD)

For the MC2673B, this output provides a synchronized,
latched, field graphics mode corresponding to the AGM in-
put. This output can be used to control the GM input on the
MC2670 DCGG.
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LAST LINE (LL)

This input indicates the last scan line of each character
row and is used internally to extend field attributes across
row boundaries. Latched on the falling edge of BLANK. This
input has no effect in character mode (AMODE = 0).

VIDEO (VIDEO)

This is a three-level serial video output which corresponds
to the composite dot pattern of characters, attributes, and
cursor.

TTL VIDEO 1 (TTLVID1}
This output corresponds to the serial, non-highlighted
video dot pattern.

TTL VIDEO 2 (TTLVID2}

This output corresponds to the highlighted serial video dot
pattern. Should be used with TTLVID1 to decode a com-
posite video of three intensities.

MANUAL RESET (RESET)
This active high input initializes the internal logic and
resets the attribute latches. Normally used for testing.

Ve, Vss, AND GND

Power is supplied to the VAC using these three pins. V¢
is the +5 volts +5% power input, VBR is the bias supply
(see Figure 1), and GND is the ground connection.

FUNCTIONAL DESCRIPTION

The VAC consists of four major sections. The high speed
dot clock input is divided internally to provide a character
clock for system timing. The parallel dot data is loaded into
the video shift register on each character boundary and
shifted into the video logic block at the dot rate. The six attri-
bute inputs are latched internally and combined with the
serial dot data to. provide a three-level video source for the
monitor.

A separate BLANK input defines the active screen area.
When BLANK =0, the video levels are derived internally by
the combinations of dot data, attributes, cursor, and the
state of the BKGND input. Either black or white background
can be selected. Symbols (dot data) are normally gray and
can be highlighted to white or black as shown in Figure 8.
Note that the VIDEO output is inverted as referenced to the
TTL video outputs. The video output stages of the MC2673
are illustrated in Figure 9.

During the inactive screen area (BLANK=1), the video
tevel produced by the TTL outputs in either white
(BKGND=1) or black (BKGND=0). A separate composite
blank (CBLANK) input is provided to suppress raster retrace
video when white background is specified. During the inac-
tive screen area (BLANK =1}, the video level produced by
the VIDEO output is either black (BKGND=1) or white
(BKGND=0). For the latter case, raster retrace video sup-
pression is accomplished by raising the BKGND input during
horizontal and vertical retrace intervals. For black
background, tie BKGND high. Tie CBLANK input low for
both cases.
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FIGURE 8 — ENCODED VIDEO OUTPUTS
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FIGURE 9 — VIDEO OUTPUT STAGES OF THE MC2673
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CHARACTER CLOCK COUNTER VIDEO SHIFT REGISTER
The character cfock counter divides the frequency on the On each character boundary, the parallel data (DO-D9) is
DCLK input to generate the character clock (CCLK). The loaded into the video shift register. The data is shifted out
divide factor is specified by the clock control inputs (CCO- least significant bit first (DO) by the DCLK. If 11 or 12 dots/
CC2) as follows: character are specified (CC2-CCO=110 or 111}, a zero
(blar’k dot) is always shifted out before DO. For 12 dots/
Character Clock (CCLK) character, a zero is also shifted out after D9. The serial dot
CC2 |cct |cco Dots/ Character Duty Cycle data is shifted into the video logic where it is combined
0 0 0 6 3/3 with the cursor and attributes to encode three levels of
0 0 1 6 3/3 video.
0 1 0 7 4/3
0 1 1 8 4/4 ATTRIBUTE AND CURSOR CONTROL
1 0 0 9 5/4 The VAC visual attributes capabilities include: reverse
1 0 1 10 5/5 video, character blank, blink, underline, highlight, and light
! ! 0 1 6/5 pen strike-thru. The six attributes and the three attribute
! 1 L 12 6/6 control inputs {AMOD, AFLG, and ACD) are clocked into
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the VAC on the falling edge of CCLK. If AFLG is high, the
attributes are latched internally and are effective for either
one character time {(AMODE=0) or until ancther set of
attributes is latched (AMODE=1). The attributes set is
double buffered on a row-by-row basis internally. Using
this technique, field attributes can extend across character
row boundaries thereby eliminating the necessity of start-
ing each row with an attribute set.

When field attribute mode is sefected, (AMODE = 1), the
VAC will accomodate two attribute storage configurations.
In one configuration, the attribute control data is stored in
the refresh RAM, taking the place of the first character
code in the field to be affected. For this mode, the ACD in-
put is tied low and blank characters will be displayed in the

screen positions occupied by the attribute data (see Figure
10). In the second configuration, (ACD = 1), the character
codes and attribute data are presented to the VAC in
parallel. In this mode, dot data is displayed at each char-
acter position (see Figure 11).

The CURSOR and the attribute input signals are pipe-
lined internally to allow for system propagations (one CCLK
for refresh RAM, one CCLK for dot generator). The attri-
bute timing signals BLINK, UL, LPL, and LL are ciocked
into the VAC at the beginning of each scan line by the fall-
ing edge of the BLANK input. Thus, these signals must be
in their proper state at the falling edge of BLANK preceding
the scan line at which they are to be active (see Figure 3).

FIGURE 10 — SYSTEM BLOCK DIAGRAM OF THE MC2673 IN FIELD ATTRIBUTE MODE USING THE NARROW RAM
{8 WIDE) CONFIGURATION

To CRT Controller

CCLK —"__»
BLINK
UL
LL
w ———q MC2673
8 r Page N
S L ]
e
< MC2670
Refresh ! 8 ! 10
CA0 DO DO .
RAM R H H Video
2K x8 . . . 3
Page 1 17 CA6 D9 D3
t - GMD GMD
~——>» AGM
7 ——1 ARVID vee
/ —» AHILT
/ ——{ AuL
—» ABLINK KQ
RAM Byte Format: 4
v . ——>! ABLANK
~——»{ AFLG AMODE
l Char Code I Character Byte
5]
Causes ;___

—l f I l ] 1 [V]Amibuterte

Lo
- b o~

A \
AFLG AGM
Not-Used ARVID
ABLINK AHILT
ABLANK AUL
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FIGURE 11 — SYSTEM BLOCK DIAGRAM OF THE MC2673 IN FIELD OR CHARACTER ATTRIBUTE MODE USING THE
WIDE RAM CONFIGURATION

Not Used J—V To CRT Controlier
r— Character Code TCLK
] ——1 BLANK DCLK 0osc
p ~ —— BLINK
7 0 —{ UL
l R l Character Byte — LL
3 [ pageN 1 MC2673
3 ! |
< mMC2670
| 7 10 Do
Refresh ‘ CA0 DO »
RAM . . . p—3 Video
2Kx8 cAs Do D9
Page 1 Note 2
L GMD = GMD
-— A
GM Vee
-——»{ ARVID
r=-— .I —— AHILT
N Page N | » AUL Q@
| 7 > ABLINK ACD Field Attributes
. —>»{ ABLANK
Attribute
RaM /J ——>] AFLG! ',/t/
2K x 8 AMODE f——0<
T 7
Pagel | | } \
- Character
= Attributes
7 0
[ f [ L J l J l I Attribute Byte NOTES
‘r b A \ 4\ 4 1. For operation in character attribute mode, tie AFLG high.
Not Used AGM .
2. In character attribute mode, AGM output from RAM should
AFLG! L—— ARVID be connected directly to the MC2670 GMD input.
ABLINK L———— AHILT
ABLANK AUL
VIDEO LOGIC be used to effect eyepleasing character rounding as shown

The serial dot data and the pipeline cursor and attributes

are combined to generate the three-level current source on

the VIDEO output. The three levels (white, gray, and black)
are also encoded on the two TTL compatible outputs
TTLVIDT and TTLVID2. The three levels are encoded as
shown below:

TTLVID2 TTLVID1 Intensity
0 0 Black (for CBLANK)
1 Gray {on black surround)
1 0 Gray (on white surround)
1 1 White

NOTE: The TTLVID1 output can be used independently to generate
a two-level non-highlighted video.

The video is normally shifted out on the leading edge of
the DCLK. When the HDOT input is asserted, the corres-
ponding dot data is delayed by one-half DCLK. This half-dot
shifting, when used on selected lines of character video, can
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in Figure 12.

ATTRIBUTE HIERARCHY

The video of each character block consists of four com-
ponents as shown in Figure 13.

Symbol video is generated from the dot data inputs
DO0-D9. Underline video is enabled by the AUL attribute and
is generated when the UL timing input is active. Underline
and symbol video are always the same intensity.

Strike-thru video is enabled by the ALTPEN attribute and
is generated when the LPL timing input is active. This video
is always highlighted and takes precedence over the symbol
and underline video. This feature applies to the MC2673A
only.

Surround video is the absence of symbol, underline, and
strike-thru video or the presence of the non-display attri-
butes (ABLANK or ABLINK®BLINK).

The relative intensities of the four video components are
determined by the remaining attributes (AHILT, ABLANK,
ABLINK, ARVID) and the BKGND and CURSOR inputs are
illustrated in Table 1.




MC2673

FIGURE 12 — “AT"” SYMBOL WITH AND WITHOUT FIGURE 13 — VIDEO COMPONENTS OF CHARACTER BLOCK
HALF-DOT SHIFTING :

RN L IPll Symbol \ N
—| oooo0 il oooo fioeo N \%ﬁs?ﬁm
— 8 08 E OO OO OO St'iingTF;\‘ar: SN 1\
_ 8 oO 8 — OO OO OO (MC2673A\8(;§/?
~jgocooo | o 000 i .
—| ooo0 0000

H=Lines Shifted

TABLE 1 — ATTRIBUTES HIERARCHY

Attributes and Control Inputs Relative Video Intensities
Strike-
Thru Symbol or Surround
BKGND Reverse - Video Underline Video Video
{See (See Non-Display (See (See Figure 13 (See
Note 1) Note 2) (See Note 3) AHILT Figure 13) and Note 4) Figure 13)
0 0 0 0 W G B
0 0 0 1 W W B
0 0 1 d 8 B B
0 1 0 0 8 G W
0 1 0 1 B B W
0 1 1 d W W W
1 0 [¢] 0 B G W
1 0 0 1 B B W
1 0 1 d w W w
1 1 0 0 W G B
1 1 0 1 w W B
1 1 1 d 8 B B8
d=don't care
W = white
B=black
G=gray
NOTES:

1. Reverse sense for VIDEO output.

2. Reverse= ARVIDeCURSOR + ARVID*CURSOR

3. Non-display = ABLANK + ABLINKeBLINK

4. Symbol and underline video are always the same intensity.
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Advance Information

ADVANCED VIDEO DISPLAY CONTROLLER (AVDC)

The MC2674 advanced video display controller (AVDC) is a program-
mable device designed for use in CRT terminals and display systems
that employ raster-scan techniques. The AVDC generates the vertical
and horizontal timing signals necessary for the display of interlaced or
non-interlaced data on a CRT monitor. it provides consecutive address-
ing to a user specified display buffer memory domain and controls the
CPU-display buffer interface for various buffer configuration modes. A
variety of operating modes, display formats, and timing profiles can be
implemented by programming the control registers in the AVDC.

A minimum CRT terminal system configuration consists of an AVDC,
an MC2671 keyboard and communication controller (PKCC), an
MC2670 display character and graphics generator (DCGG), an MC2675
color/monochrome attributes controller (CMAC), a single-chip
microcomputer such as the MC6809, a display buffer RAM, and a small
amount of TTL for miscellaneous address decoding, interface, and con-
trol. Typically, the package count for a minimum system is between 15
and 20 devices; system complexity can be enhanced by upgrading the
microprocessor and expanding via the system address and data buses.

® 4 MHz Character Rate
® 1 to 256 Characters Per Row

® 1 to 16 Raster Lines Per Character Row

@ Bit Mapped Graphics Mode

® Programmable Horizontal and Vertical Sync Generators
@ Interlaced or Non-interlaced Operation

® Up to 64K RAM Address for Multiple-Page Operation
® Readable, Writeable, and Incrementable Cursor

® Programmable Cursor Size and Blink

® AC Line Lock

® Automatic Wraparound of RAM

® Automatic Split Screen

@ Automatic Bidirectional Soft Scrolling

® Programmable Scan Line Increment

® Row Table Addressing Mode

® Double Height Tops and Bottoms

® Double Width Control Output

® Selectable Buffer interface Modes

® Dynamic RAM Refresh

@ Completely TTL Compatible

@ Single +5-Volt Power Supply

® Power-On Reset Circuit

[}

Applications Include: CRT Terminals, Word Processing Systems,
Small Business Computers, and Home Computers

HMOS

(HIGH-DENSITY N-CHANNEL, SILICON-GATE)

ADVANCED VIDEO DISPLAY
CONTROLLER {AVDC)

L SUFFIX
CERAMIC PACKAGE
CASE 715

P SUFFIX
PLASTIC PACKAGE
CASE 711

S SUFFIX
CERDIP PACKAGE
CASE 734

PIN ASSIGNMENT

rfie ~ «f vee
o P afl A2
W I.“ 3 38 A1
CTRLT O4 37 b A0
cTRL2 [5 3l acLL
CTRL3 6 351 INTR
CURSOR 07 34[1 DADDO/LG
oo s %[ DADDI4
o1 O9 a2y DADD2/
D2 1o 31{1 DADD3/LR
D3 N 30[1 DADD4/LAO
D4 12 291 DADDS/LA1
Ds [J13 28[1 DADDE/LA2
D6 14 27{1 DACD7/LA3
p7 Qs 26 [1 DADDS/FL
TCLK O 25 {1 DADDY/DW
BLANK {17 24 [} DADD10/UL
it g op g2
HSYNC [ 2 833012/
GND Q20 21 {)¥ DADD13/LL

This document contains information on a new product. Specifications and information herein
are subject to change without notice.
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ORDERING INFORMATION (Vcc=5 V5%, To=0°C to 70°C)

Package Type Frequency Order Number
Plastic 2.7 MHz MC2674B3P
P Suffix 4.0 MHz MC2674B4P
Ceramic 2.7 MHz MC2674B3L
L Suffix 4.0 MHz MC2674B4L
Cerdip 2.7 MHz MC267483S
S Suffix 4.0 MHz MC2674B4S

BLOCK DIAGRAM

CE interface Control
—_— . Display CTRLY
R Inlt;,al!zatlon, Memory Ju—
—"_W_ F\ilsad/ °'n;e’ Handshake
rite an Logic
> Control Display 9 CTRL3
Logic Registers ey
Command
Decode Display
Logic
AO-A2 Scroll and
s Address Double Height | | pADDO-DADD13
Decoder Interrupt J Logic
3 Logic
Status
Register Address LY
Timing
INTR A Multiplexers
Cursor and
DO-D7 Screen Start
Data Registers
<¢> Bus < > Cursor
3 Drivers Cursor
and
Compare
Vee » Logic
GND
ACLL
CCLK Clock Timing Chain [HSYNC
E—— Buffer > and VSYNC/CSYNC
Decode Logic
BLANK
Timing
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ABSOLUTE MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage vee -03to+7.0 \
Input Voltage Vin -031t0 +7.0 \%
Operating Temperature Range TA O0to70 °C
Storage Temperature Range Tstg —-55to + 150 °C
THERMAL CHARACTERISTICS
Characteristic Symbol | Value Rating
Thermal Resistance
Plastic Package 0JA 50 °C/W
Ceramic Package 50

POWER CONSIDERATIONS

The average chip-junction temperature, T, in °C can be obtained from:

TJ=Ta+(Ppeb a)
Where:
Ta=Ambient Temperature, °C
6 =Package Thermal Resistance, Junction-to-Ambient, °C/W
Pp=P|NT+PPORT
PINT=Iccx Ve, Watts — Chip Internal Power
PpORT=Port Power Dissipation, Watts — User Determined

This device contains circuitry to protect
the inputs against damage due to high
static voltages or electric fields; however,
it is advised that normal precautions be
taken to avoid application of any voltage
higher than maximum-rated voltages to
this high-impedance circuit. For proper
operation it is recommended that Vi, and
Vout be constrained to the range
Vgs =(Vin or Vou) Ve Reliability of
operation is enhanced if unused inputs
are tied to an appropriate logic voltage
level (e.g., either Vgg or V).

(1

For most applications PPORT <€ P|NT and can be neglected. PPORT may become significant if the device is configured to

drive Darlington bases or sink LED loads.

An approximate relationship between Pp and T (if PPORT is neglected) is:

Pp=K =+ (Ty+273°C)
Solving equations 1 and 2 for K gives:
K =Ppe(Ta+273°C) + 6 p*Pp2

(2)

(3)

Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium)
for a known T a. Using this vafue of K the values of Pp and T can be obtained by solving equations (1) and (2) iteratively for any

value of TA.

DC ELECTRICAL CHARACTERISTICS (TA=0°C to 70°C, Vcc=5.0 V+5%)

Parameter Symbol Min Max Unit
Input Low Voltage VL -03 08 \
Input High Voltage VIH 20 Vee \
Output Low Voltage (g =2.4 mA) VoL ~ 0.4 vV
Output High Voltage (Except INTR Output) (IgH= — 200 pA) VoH 2.4 - \
Input Leakage Current (Vin=0 to V() lin -10 10 pA
Hi-Z (Off-State) Leakage Current (Vcc=5.25V, Vip=0.4t02.4 V) ITS! -10 10 pA
INTR Open-Drain Output Leakage Current (Vo=0 to Vcc) lop - 10 pA
Internal Power Dissipation (Measured at Ta=0°C) PINT - 800 mw
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AC ELECTRICAL CHARACTERISTICS — BUS TIMING (TA=0°C to 70°C, Vcc=5 V+5%)

2.7 MHz 4.0 MHz
Parameter Symbol Min Max Min Max Unit

AO-A2 Setup Time to W, R Low taAs 30 — 30 = ns
AO-A2 Hold Time from W, R High tAH 0 — 0 - ns
CE Setup Time to W, R Low 1cs 0 - - ns
CE Hold Time from W, R High tcH 0 - 0 - ns
W, R Pulse Width tRW 250 - 200 — ns
Data Valid after R Low DD — 200 - 200 ns
Data Bus Floating after R High DF — 100 — 100 ns
Data Setup Time to W High DS 150 - 150 - ns
Data Hold Time from W High 1DH 10 - 5 - ns
High Time from CE to CE tce

Consecutive Commands tccp - tcep - ns

Other Accesses 300 — 300 - ns

BUS TIMING DIAGRAM

AQ-A2 x

—~

—‘)I'Asﬂ—

=T\

—> tAH}(—

—

—ATCS —

_\1—-———'RW—-———H
R

teH b

——

~3»

S

€———1DD——> ’("DF"1
(21%:317) Float x Not Valid X Valid * Float
—————
W \
tDg—t
IE OS2, F—‘DH
D0-D7 o
(Write) all
ERW /
le—1CC
NOTES:

1. Any two must be high for tcc.
2. All ac measurement points shown are 0.8 V and 2.0 V, unless otherwise specified.
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AC ELECTRICAL CHARACTERISTICS — CHARACTER CLOCK (CCLK) TIMING (Tp=0°C to 70°C, Voc=5 V+5%)

2.7 MHz 4.0 MHz

Parameter Symbol Min Max Min Max Unit

CCLK Period tcep 370 10000 250 10000 ns

CCIK High Time tCCH 125 - 100 - ns

TCLK Low Time teeL 125 — 100 - ns
Output Delay Time from CCLK Edge

DADDO-13, MBC tcept 40 175 40 1650 ns

BLM HS_Y_N(_I,_VSY&{CSYNC, CURSOR, BEXT, BREQ, tcch2 40 225 40 200 ns

BACK, BCE, WDB, RDB*

*BCE, WDB, and RDB delays track each other within 10 nanoseconds. Also, these output delays will tend to follow direction (minimum/max-
imum) of DADDO-DADD13 delays.

CCLK TIMING DIAGRAM

e—————1CCP———————3»]
tCCH—

= /T -

1CCD1 Jae—tCCL

tccD2—
Outputs
(Note 1)
<€ »1-1CCD1
Outputs WDB,
RDB, BCE

NOTES:
1. DADDO-DADD13, BLANK, HSYNC, CSYNC/VSYNC, CURSOR, BEXT, BREQ, BCE, MBC, BACK.

2. BCE changes state on both TCLK edges.
3. All ac measurement points shown are 0.8 V to 2.0 V, unless otherwise specified.

AC ELECTRICAL CHARACTERISTICS — OTHER TIMING (Tp=0°C to 70°C, Vcc=5 V+5%)

2.7 MHz 4.0 MHz

Parameter Symbol Min Max Min Max Unit
READY/RDFLG Low from W High* oL (tccP+30]  ~  ftecp+30] - ns
BACK High from PBREQ Low tBAK 225 - 200 ~ ns
BEXT High from PBREQ High tBXT 225 - 200 - ns
TNTR Low from CCLK Low YRL 225 — 200 — ns
INTR High from W, R High* YRH 600 — 600 - ns
ACLL from HSYNC tac | 3xtccp - 3xtcep - ns

* Timing is illustrated and specified referenced to W and R inputs. Device may also be operated with TE as the “strobing” input. In this case,
all timing specifications apply referenced to falling and rising edges of CE.
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HSYNC

VBLANK Status Bit

3
e

OTHER TIMING DIAGRAMS (Sheet 2 of 2)

Vertical
Blanking
Interval

1st HSYNC
of VBLANK

AVAYAVAN

—

le—tiRL

CCIK _/—\

WA

SN\

BLANK

DADDO-DADD13

Line Zero and Split
Screen Status Bits

tcCp2—3
Horizontal \
Blanking
Interval Address of
1st Character
teen1— — tccp1— / of Row
Multiplexed v
Signals Valid
YR

puar
e

NOTE: Ali ac measurement points shown are 0.8 V to 2.0 V, unless otherwise specified.
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OTHER TIMING DIAGRAMS (Sheet 2 of 2)

S (N N O O O O
BLANK I A\

- - VEp=n Scan Lines
Normal VSYNC (ACLL=1)
i\
\-
—> [—1AC
ACLL
-\
N
Delayed VSYNC N
N .
lge—————VEp =N+ 3 Scan Lines ——————3»!

— 4
W for a Delayed Command

[ €— tRDL

READY or RDFLG Status Bits

e

BACK /

——> (e— tpXT

e e
W or R Which Resets Interrupt _\__/

<«—»— {RH

/S

INTR

NOTE: All ac measurement points are 0.8 V to 2.0 V, unless otherwise specified.
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AC ELECTRICAL CHARACTERISTICS — ROW TABLE INPUT TIMING (T =0°C to 70°C, Vcc=5 V+5%)

2.7 MHz 4.0 MHz
Parameter Symbol Min Max Min Max Unit
Data Setup Time to CCLK Low DSRT 100 - 60 — ns
Data Hold Time from CCLK Low 1DHRT 60 - 60 — ns

ROW TABLE FETCH 1/0 TIMING DIAGRAM

Latch DO-D7 Into  Latch DO-D7 Into
SSR1 Upper

SSR1 Lower

| |

[ LI

BLANK /

tccpt —»  fe—

MBC
tccoz——>1 I-n—
CURSOR \
toco1— l-—
DADD SSR2 Address X SSR2 Address+ 1 —X
IDSRT F—— l—— tDSRT
K"‘DHRT-)I ﬂ—‘DHRT—Fi

Address Upper

X

NOTE: All ac measurement points are 0.8 V to 2.0 V, unless otherwise specified.

Even Field COMPQSITE SYNC TIMING DIAGRAM

Last Displayed

Scan of First Displayed Scan
Previous Field f«&~——Vertical Front Porch ertical SYNC Pulse; Vertical Back Porch of Even Field
\ / Horizontal
CSYNC l SYNC
Pulses

i N i
\N—
BLANK
Vertical Blanking Interval >
0Odd Field
. First Displayed
Last Dggfxzc: Vertical Front Porch — %2 H —3»taVertical SYNC Pulse Vertical Back Porch— % H—-H ' Sc;poafye
Even Field “%H Od/d Field
% Horizontal SYNC ——»l ~ . > H Period

\-
BLANK

[

<

NOTES:
1. In non-interlaced operation the even field is repeated

Vertical Blanking Interval

Han

Horizontal Blanking Interval

continuously. 2. in interlaced operation the even field alternates with the odd field.
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SIGNAL DESCRIPTION

The input and output signals for the AVDC are described
in the following paragraphs.

ADDRESS LINES (A0-A2)
These input lines are used to select AVDC internal register
for read/write operations and for commands.

DATA BUS (D0-D7)

The 8-bit bidirectional three-state data bus controls all
data, command, and status transfers between the CPU and
the AVDC. Bit 0 is the least significant bit and bit 7 is the
most significant bit. The direction of the transfer is con-
trolled by the read (R) and write (W) inputs when chip enable
(CE) input is low. When the CE input is high, the data bus is
in the three-state condition.

READ STROBE (R)

This pin is an active low input. A low on this pin while CE
is low causes the contents of the register selected by the ad-
dress lines to be placed on the data bus. The read cycle
begins on the leading (falling) edge of R.

WRITE STROBE (W)

This is an active low input. A low on this pin while CE is
also low causes the contents of the data bus to be transfer-
red to the register selected by the address lines. The transfer
occurs on the trailing (rising) edge of W.

CHIP ENABLE (CE)

This is an active low input. When low, data transfers bet-
ween the CPU and the AVDC are enabled on the data bus as
controlled by the write strobe, read strobe, and address
lines. When CE is high, effectively, the AVDC is isolated
from the data bus and DO-D7 are placed in the three-state
condition.

CHARACTER CLOCK (CCLK)

This input is the timing signal derived from the video dot
clock which is used to synchronize the AVDC's timing func-
tions.

HORIZONTAL SYNC (HSYNC)
This active high output provides video horizontal sync
puises. The timing parameters are programmable.

VERTICAL SYNC/COMPOSITE SYNC (VSYNC/CSYNC)

A control bit selects either vertical or composite sync
pulses on this active high output. When CSYNC is selected,
equalization pulses are included. The timing parameters are
programmable.

BLANK (BLANK)

This active high output defines the horizontal and vertical
borders of the display. Display control signals which are out-
put on display addresses DADDO and DADD3 through
DADD13 are valid on the trailing edge of BLANK.
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CURSOR GATE (CURSOR)

This output becomes active for a specified number of scan
lines when the address continued in the cursor register
matches the address output on DADDO through DADD13 for
displayable character addresses. The first and last lines of the
cursor and a blink option are programmable. When the row
table addressing mode is enabled, this output is active for a
portion of the blanking interval prior to the first scan line of a
character row, while the AVDC is fetching the starting ad-
dress for that row.

INTERRUPT REQUEST (INTR)

This is an open-drain output which supplies an active low
interrupt request from any of five maskable sources. This pin
is inactive after a power-on reset or a master reset command.

AC LINE LOCK (ACLL)

If this input is fow after the programmed vertical front
porch interval, the vertical front porch will be lengthened by
increments of horizontal scan line times unti! this input goes
high.

HANDSHAKE CONTROL 1 (CTRL1)

In independent mode, provides an active low write data
buffer (WDB) output which strobes data from the interface
latch into the display memory. In transparent and shared
modes, this is an active low processor bus request (PBREQ)
input which indicates that the CPU desires to access the
display memory.

HANDSHAKE CONTROL 2 (CTRL2)

in independent mode, provides an active low read data
buffer (RDB) output which strobes data from tHe display
memory into the interface latch. In transparent and shared
modes, this is an active low bus external enable (BEXT) out-
put which indicates that the AVDC has relinquished control
of the display memory (DADDO-DADD13 are in the three-
state condition) in response to a CPU bus request. BEXT
also goes low in response to a ‘display off and float DADD’
command. In row buffer mode, it is an active low bus re-
quest (BREQ) output which halts the CPU during a line
DMA.

HANDSHAKE CONTROL 3 (CTRL3}

In independent mode, provides the active low buffer chip
enable (BCE) signal to the display memory. in transparent
and shared modes, provides an active low bus acknowledge
(BACK) output which serves as a ready signal to the CPU in
response to a processor bus request. In row buffer mode,
this is an active high memory bus control (MBC) output
which configures the system for the DMA transfer of one
row of character codes from system memory to the row
display buffer.

DISPLAY ADDRESS (DADDO-DADD13}

These outputs are used by the AVDC to address up to 16K
of display memory directly, or to 64K of memory by demulti-
plexing DADD14 and DADD15. These outputs are floated at
various times depending on the buffer mode. Various control
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signals are multiplexed on DADDO through DADD13 and are
valid at the trailing edge of BLANK. The following para-
graphs describes the control signals.

LINE GRAPHICS (DADDO/LG) — This is the output
which denotes bit-mapped graphics mode.

DISPLAY ADDRESS 14 (DADD1/DADD14) — This is the
multiplexed address bit used to extend addressing to 64K.

DISPLAY ADDRESS 15 (DADD2/DADD15) — This is the
multiplexed address bit used to extend addressing to 64K.

LAST ROW (DADD3/LR) — This is the output which indi-
cates the last active character row of each field.

LINE ADDRESS (DADD4-DADD7/LAQO-LA3) — These
outputs provide the number of the current scan line count
for each character row.

FIRST LINE (DADDS8/FL) — This output is asserted dur-
ing the blanking interval just prior to the first scan line of
each character row.

DOUBLE WIDTH (DADD9/DW) — This output denotes a
double width character row.

UNDERLINE (DADD10/UL) — This output is asserted
during the blanking interval just prior to the scan line which
matches the programmed underline position (line O through
15).

BLINK FREQUENCY (DADD11/BLINK) — Blink fre-
quency provides an output divided down from the vertical
sync rate.

ODD FIELD (DADD12/0DD) — This active high signal is
asserted before each scan line of the odd field when interlace
is specified. Replaces DADD4/LAQ as the least significant
line address for interlaced sync and video applications.

LAST LINE (DADD13/LL) — This output is asserted dur-
ing the blanking interval just prior to the last scan line of each
character row.

Vce AND GND

Power is supplied to the AVDC using these two pins. VCC
is the +5 volts +5% power input and GND is the ground
connection.

FUNCTIONAL DESCRIPTION

As shown in the block diagram, the AVDC contains the
following major blocks: data bus buffer, interface logic,
operation control, timing, display control, and buffer con-

trol. The major blocks are described in the following
paragraphs.

DATA BUS BUFFER

The data bus buffer provides the interface between the ex-
ternal and internal data buses. It is controlled by the opera-
tion control block to allow read and write operations to take
place between the controlling CPU and the AVDC.

INTERFACE LOGIC

The interface logic contains address decoding and read
and write circuits to permit communications with the
microprocessor via the data buffer. The functions performed
by the CPU read and write operations are shown in Table 1.

OPERATION CONTROL

The operation control section decodes configuration and
operation commands from the CPU and generates ap-
propriate signals to other internal sections to control the
overall device operation. It contains the_timing and display
registers which configure the display format and operating
mode, the interrupt logic, and the status register which pro-
vides operational feedback to the CPU.

TIMING

The timing section contains the counters and decoding
logic necessary to generate the monitor timing outputs and
to control the display format. These timing parameters are
selected by programming of the initialization registers.

DISPLAY CONTROL

The display control section generates linear addressing of
up to 16K bytes of display memory. Internal comparators
limit the portion of the memory which is displayed to pro-
grammed values. Additional functions performed in this sec-
tion inciude cursor positioning and address comparisons re-
quired for generation of timing signals, double-height tops
and bottoms, smooth scrolling, and the split-screen inter-
rupts.

BUFFER CONTROL

The buffer control section generates three signals which
control the transfer of data between the CPU and the display
buffer memory. Four system configurations requiring four
different ‘handshaking’ schemes are supported. These are
described in SYSTEM CONFIGURATIONS.

TABLE 1 — AVDC ADDRESSING

A2 [ A1 | A0 Read (R=0) Write (W=0)

0 0 0 Interrupt Register Initialization Registers*

0 ] 1 Status Register Command Register

0 1 0 |Screen Start 1 Lower Register |Screen Start 1 Lower Register

0 1 1 }Screen Start 1 Upper Register [ Screen Start 1 Upper Register

1 0 0 |Cursor Address Lower Register | Cursor Address Lower Register

1 0 1 Cursor Address Upper Register | Cursor Address Upper Register

1 1 0 | Screen Start 2 Lower Register |Screen Start 2 Lower Register
1 1 1 Screen Start 2 Upper Register | Screen Start 2 Upper Register

*There are 15 initialization registers which are accessed sequentially via a single address.
The AVDC maintains an internal pointer to these registers which is incremented after
each write at this address until the last register (IR14) is accessed. The pointer then con-
tinues to point to IR14 for additional accesses. Upon a power-on or a master reset com-
mand, the internal pointer is reset to point to the first register {IR0) of the initialization
register group. The internal pointer can also be preset to any register of the group via the

‘load IR address pointer’ command.
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SYSTEM CONFIGURATIONS

Figure 1 illustrates the block diagram of a typical display
terminal using the MC2670, MC2671, MC2674, and MC2675
CRT terminal devices. In this system, the CPU examines in-
puts from the data communications line and the keyboard
and places the data to be displayed in the display buffer
memory. This buffer is typically a RAM which holds the data
for a single or muitiple screenload (page) or for a single
character row.

The AVDC supports four common system configurations
of display-buffer memory, designated the independent,
transparent, shared, and row-buffer modes. The first three
modes utilize a single or multiple page RAM and differ
primarily in the means used to transfer display data between
the RAM and the CPU. The row-buffer mode makes use of a
single row buffer (which can be a shift register or a small
RAM) that is updated in real time to contain the appropriate
display data.

The user programs IR0 bits 0 and 1 to select the mode best
suited for the system environment. The CTRL1, CTRL2, and
CTRL3 outputs perform different functions for each mode
and are named accordingly in the description of each mode.
mode.

INDEPENDENT MODE

The CPU-to-RAM interface configuration for this mode is
illustrated in Figure 2. Transfer of data between the CPU and
display memory is accomplished via a bidirectional latched
port and is controlled by read data buffer (RDB), write data
buffer (WDB), and buffer chip enable (BCE). This mode pro-
vides a non-contention type of operation that does not re-
quire address multiplexers. The CPU does not address the
memory directly — the read or write operation is performed
at the address contained in the cursor address register or the
pointer address register as specified by the CPU. The AVDC
enacts the data transfers during blanking intervals in order to
prevent visual disturbances of the displayed data.

The CPU manages the data transfers by supplying com-
mands to the AVDC. The commands used are:

1. Read/write at pointer address,

2. Read/write at cursor address (with optional increment
of address), and

3. Write from cursor address to pointer address.

The operatidnal sequence for a write operation is:

1. CPU checks RDFLG status bit to assure that any de-
layed commands have been completed.

2. CPU loads data to be written to display memory into the
interface latch.

3. CPU writes address into cursor or pointer registers.

4. CPU issues "write at cursor with/without increment’”
or “write at pointer” command.

5. AVDC generates control signals and outputs specified
address to perform requested operation. Data is copied
from the interface latch into the memory.

397

6. AVDC sets RDFLG status to indicate that the write is
completed.

Similarly, a read operation proceeds as follows:

1. Steps 1. and 3. as above.

2. CPU issues “‘read at cursor with/without increment”” or
“read at pointer’” command.

3. AVDC generates control signals and outputs specified
address to perform requested operation. Data is copied
from memory to the interface latch and AVDC sets
RDFLG status to indicate that the read is completed.

4. CPU checks RDFLG status to see if operation is com-
pleted.

5. CPU reads data from interface latch.

Loading the same data into a block of display memory is
accomplished via the “write from cursor to pointer’” com-
mand:

1. CPU checks RDFLG status bit to assure that any de-

layed commands have been completed.

2. CPU loads data to be written to display memory into the
interface latch.

3. CPU writes beginning address of memory block into
cursor address register and ending address of block into
pointer address register.

4. CPU issues "“write from cursor to pointer’” command.

5. AVDC generates control signals and outputs block ad-
dresses to copy data from the interface latch into the
specified block of memory.

6. AVDC sets RDFLG status to indicate that the block
write is completed.

Similar sequences can be implemented on an interrupt
driven basis using the READY interrupt output to advise the
CPU that a previously asserted delayed command has been
completed.

Two timing sequences are possible for the ‘‘read/write at
cursor/ pointer’ commands. If the command is given during
the active display window (defined as first scan line of the
first character row to the last scan line of the last character
row), the operation takes place during the next horizontal
blanking interval, as illustrated in Figure 3. If the command is
given during the vertical blanking interval, or while the
display has been commanded blanked, the operation takes
place immediately. In the latter case, the execution time for
the command is approximately ‘five character clocks (see
Figure 4).

Timing for the “write from cursor to pointer'” operation is
shown in Figure 5. The memory is filled at a rate of one loca-
tion per two character times. The command will execute only
during blanking intervals and may require many horizontal or
vertical blanking intervals to complete. Additional delayed
commands can be asserted immediately after this command
has completed.

Immediately commands can be asserted at any time
regardless of the state of the ready state/interrupt.
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FIGURE 1 — CRT TERMINAL BLOCK DIAGRAM
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FIGURE 2 — INDEPENDENT BUFFER MODE CONFIGURATION
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FIGURE 3 — READ/WRITE AT CURSOR/POINTER COMMAND TIMING
(Command Received During Active Display Window)
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NOTES:

1. Write waveforms shown in dotted lines.

2. If command execution occurs just prior to the first scan line of a character row and row table addressing mode is enabled, execution of the
command is delayed by two character clocks from the timing illustrated.

3. Measurement points shown at 0.8 V to 2.0 V, unless otherwise noted.
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FIGURE 4 — READ/WRITE AT CURSOR/POINTER COMMAND TIMING
{Command Received While Display Is Blanked)
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NOTE: Measurement points shown at 0.8 V to 2.0 V, unless otherwise noted.

SHARED AND TRANSPARENT BUFFER MODES

In these modes, the display buffer RAM is a part of the
CPU memory domain and is addressed directly by the CPU.
Both modes use the same hardware configuration with the
CPU accessing the display buffer via three-state drivers (see
Figure 6). The processor bus request (PBREQ) control signal
informs the AVDC that the CPU is requesting access to the
display buffer. in response to this request, the AVDC raises
bus acknowledge (BACK) until its bus external (BEXT) out-
put has freed the display address and data buses for CPU ac-
cess. BACK, which can be used as a “"hold” input to the
CPU, is then lowered to indicate that the CPU can access the
buffer.

In transparent mode, the AVDC delays the granting of the
buffer to the CPU until a vertical or horizontal blanking inter-
val, thereby causing minimum disturbance of the display. In
shared mode, the AVDC will blank. the display and grant im-
mediate access to the CPU. Timing for these modes is il-
lustrated in Figures 7, 8, and 9.

ROW BUFFER MODE

Figures 10 and 11 show the timing and a typical hardware
implementation for the row buffer mode. During the first
scan line (line 0) of each character row, the AVDC halts the
CPU and DMA'’s the next row of character data from the
system memory to the row buffer memory. The AVDC then
releases the CPU and displays the row buffer data for the
programmed number of scan lines. The control signal BREQ
informs the CPU that character addresses and the MBC
signal will start at the next falling edge of BLANK. The CPU
must release the address and data buses before this time to
prevent bus contention. After the row of character data is
transferred to the CPU, BREQ returns high to grant memory
control back to the CPU.
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ROW TABLE ADDRESS MODE

In this mode, each character row in the screen image
memory has a unique starting address. This provides greater
flexibility with respect to screen operations, such as editing,
than the sequential addressing mode. The row table, Figure
12, is a list of starting addresses for each character row and
may reside anywhere in the AVDC's addressable memory
space. Each entry in the table consists of two bytes: the first
byte contains the eight least significant bits of the row start-
ing address and the second byte contains, in its six least
significant bits, the six most significant bits of the row start-
ing address. The function of the two most significant bits of
the second byte is selected by programming IRO[7]. They
may be used either as row attribute bits to control double
width and double height for that character row, or as an ad-
ditional two address bits to extend the usable display
memory to 64K.

The first address of the row table operation is designated
in screen start register 2 (SSR2). If row table addressing is
enabled via IR2[7], the AVDC fetches the next row’s starting
address from the table during the blanking interval prior to
the first scan line of each character row, while simul-
taneously incrementing the contents of SSR2 by two so as
to point to the next tabie entry. The fetching of the row start-
ing address from the row table is indicated by the assertion
of the CURSOR output during BLANK. The address read
from the table by the AVDC is loaded into screen start
register 1 {SSR1) for use internally. Since the contents of
SSR2 changes as the table entries are fetched, it must be re-
initialized to point to the first table entry during each vertical
retrace interval.

Row table addressing is intended primarily for use in con-
junction with the row buffer mode of operation and requires
no additional circuitry in that case.’It may also be used with
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FIGURE 5 — WRITE FROM CURSOR TO POINTER COMMAND TIMING

= _N NN NANNNNNNNNNNNN

Bt

BLANK N I \

A\l HFP = Odd

HSYNC J \

A
\ |
DADD x Last Cursor Cursor Cursor ursor AVDC Control X?s\ Rowx
Addr Addre Address + 1 Address+2 A Address+3 A Addr A Addr Signals Addr
A
A\ ]

s S\
N N\ T\

BLANK , \
HFP = Even
HSYNC I \

A
\J
x Last x Cursor x Cursor x x x x x LAVDC Control Xm Rowx

DADD m Addr Address Address + 1 RFRRF+1JRD + 28RF+3LRF+4 Signals Addr
BLANK ’ L——
HSYNC ’ Command \

A Completion

RF XRH1XRF+2XHF+§XRF+4XRF+5' e !'i{f‘ﬁwx

NOTE:

If. command execution accurs just prior to the first scan line of a character row and row table addressing mode is enabled, execution of the
command is delayed by two character clocks from the timing illustrated.

Pointer
Address

Pointer
Address — 1

~Cursor

DADD Address+ N

v2920N



MC2674
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FIGURE 6 — AVDC SHARED OR TRANSPARENT BUFFER MODES
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FIGURE 7 — TRANSPARENT BUFFER MODE TIMING
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NOTES:

1. PBREQ must be asserted prior to the rising edge of BLANK in order for sequence to begin during that bianking period.
2. If PBREQ is negated after the next to last CCLK of the horizontal blanking interval, the next scan line will also be blanked.
3. Accesses during vertical blank or "“display off” are granted only at the beginning of the horizontal front porch.

4. if row table addressi

ing is enabled, CPU access is delayed by two character clocks prior to the first scan line of each character row

5. Measurement points shown at 0.8 V to 2.0 V, uniess otherwise noted.
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FIGURE 8 — SHARED BUFFER MODE TIMING
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NOTES:

1. If PBREQ is negated after the next to last CCLK of the horizontal blanking interval, the next scan line will also be blanked.

2. Measurement points shown at 0.8 V to 2.0 V, unless otherwise noted.

FIGURE 9 — SHARED AND TRANSPARENT MODE TIMING
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a) During Vertical Blank or after ‘display off’ command in shared
mode only. See Figure 7 for transparent timing

NOTE: Measurment points shown at 0.8 V to 2.0 V, unless otherwise noted.

the other modes, but circuitry must be added to route the
data from the display memory to the data bus inputs of the
AVDC. Additionallty, when not operating in row buffer
mode, care must be taken to assure that the CPU does not
attempt to access the AVDC while it is reading the row table.
One way of preventing this is to latch prior to reading or
writing the AVDC. The AVDC shouid only be accessed if the
latch is low, indicating that the last line of the row is not
active.

Figure 13 illustrates a typical hardware implementation for
use in conjunction with independent and transparent modes,
and Figure 14 shows the timing for row table operation.
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b} After 'display off and 3-state’ command.

OPERATION

After power is applied, the AVDC will be in an inactive
state. Two consecutive “master reset” commands are
necessary to release this circuitry and ready the AVDC for
operation. Two register groups exist within the ADC; the
initialization registers and the display control registers. The
initialization registers select the system configuration,
monitor timing, cursor shape, display memory domain,
pointer address, scrolling region, double height and width
condition, and screen format. These are loaded first and nor-
matlly require no modification except for certain special visual
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FIGURE 10 — ROW BUFFER MODE CONFIGURATION
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FIGURE 11 — ROW BUFFER MODE TIMING
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1. If row tabie addressing is enabled, BREQ wili be asserted at the middle of the last scan line of the prior row, and MBC will be asserted at the

beginning of BLANK.

2. Measurement points shown.at 0.8 V to 2.0 V, unless otherwise noted.
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FIGURE 12 — ROW TABLE ADDRESS FORMAT
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FIGURE 14 — ROW TABLE MODE TIMING
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effects. The display control registers specify the memory ad-
dress of the base character {upper left corner of screen), the
cursor position, and the split screen addresses associated
with the scrolling area or an alternate memory. These may
require modification during operation.

After initial loading of the two register groups, the ADC is
ready to control the monitor screen. Prior to executing the
AVDC commands which turn on the display and cursor, the
user should load the display memory with the first data to be
displayed. During operation, the AVDC will sequentially ad-
dress the display memory within the limits programmed into
its registers. The memory outputs character codes to the
system character and graphics generation logic, where they
are converted to the serial video stream necessary to display
the data on the CRT. The user effects changes to the display
by modifying the contents of the display memory, the AVDC
display control and command registers, and the initialization
registers, if required. Interrupts and status conditions
generated by the AVDC supply the "“handshaking” informa-

tion necessary for the CPU to effect real time display
changes in the proper time frame if required.

INITIALIZATION REGISTERS

There are 15 initialization registers (IR0-IR14} which are ac-
cessed sequentially via a single address. The AVDC main-
tains an internal pointer to these registers which is incre-
mented after each write at this address until the last register
(IR14) is accessed. The pointer then continues to point to
IR14 for further accesses. Upon a power-on or a master reset
command, the internal pointer is reset to point to the first
register (IRO) of the initialization register group. The internal
pointer can also be preset to any register of the group via the
“load IR address pointer’’ command. These registers are
write only and are used to specify parameters such as the
system configuration, display format, cursor shape, and
moenitor timing. Register formats are shown in Figure 15.

FIGURE 156 — INITIALIZATION REGISTER FORMATS (Sheet 1 of 4)

7 6 5 4 3 2 1 0
1RO Double Scan Lines Per Character Row Sync Buffer-Mode
Height/ Non-interlaced Interlaced Select Select
Width 0000=1 Line 0000=2 Lines 0=VSYNC 00= Independent
0001=2 Lines 0001=4 Lines 1=CSYNC 01 Transparent
0010=3 Lines 0010=6 Lines 10= Shared
. . 11=Row
. -
1110=15 Lines 1110=230 Lines
1111=16 Lines 1111 = Undefined
7 6 5 4 3 2 1 0
IR1 Interlace Equalizing Constant
Enable [ 0000000=1 TCIK
0=N 0000001=2 TCLK
=Non- . Calculated from:
Bit . EC=0.5 (HaCT+HFp+HsYNC+HBP) —2(HSYNC)
1='r'l]$r’ 1111110=127 TCIR
1111111=128 TCLK
7 6 5 4 3 2 1 0
IR2 Row
Table Horizontal Sync Width Horizontal Back Porch
0=0Off 0000=2 CCLK 000= Not Allowed
1=0n 0001=4 CCLK 001=3 CCLK
. L]

.
110=23 CCLK
111=27 CCLK

.
1110=30 CCLK
1111=32 CCLK
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IR3

IR4

IRS

IR6

1R7

FIGURE 15 — INITIALIZATION REGISTER FORMATS (Sheet 2 of 4)

7 6 5 4 3 2

Vertical Front Porch Vertical Back Porch

000=4 Scan Lines 00000=4 Scan Lines
001=8 Scan Lines 00001 =6 Scan Lines
L .
. L]
110=28 Scan Lines 11110=64 Scan Lines
111=32 Scan Lines 11111=66 Scan Lines

7 6 5 4 3 2
Character
Blink Rate Active Character Rows Per Screen
0=1/64 0000000=1 Row
VSYNC 0000001 =2 Rows
1=1/128 .
VSYNC .
.
1111110=127 Rows
1111111=128 Rows
7 6 5 4 3 2 1
Active Characters Per Row
00000010=3 Characters
00000011 =4 Characters
L]
Ll
11111110= 255 Characters
11111111 =256 Characters
7 6 5 4 3 2 1
First Line of Cursor Last Line of Cursor
N 0000 = Scan Line 0 0000= Scan Line 0
0001=Scan Line 1 0001 = Scan Line 1
. .
. L]
1110= Scan Line 14 1110= Scan Line 14
1111 = Scan Line 156 1111=Scan Line 15
7 6 5 4 3 2 1
Cursor Cursor
Light Pen Line Blink Rate Underline Position
00=Scan Line 3 0= Off 0=1/32 0000 = Scan Line 0
01=Scan Line 1 1=0n 1=1/64 0001 = Scan Line 1
10= Scan Line 6 )
11=Scan Line 7 .
1110=Scan Line 14
1111 = Scan Line 15
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FIGURE 15 — INITIALIZATION REGISTER FORMATS (Sheet 3 of 4)

7 6 5 4 3 2 1 0
IR8 Display Buffer First Address LSBs
H'000'=0
H001'=1
. NOTE: MSBs are in IR9[3:0]
L]
H'FFE =4,094
H'FFF' =4,096
7 6 5 4 3 2 1 0
IR9 Display Buffer Last Address Display Buffer First Address MSBs
0000=1,023
0001=2,047
. See IR8
L]
1110= 15,359
1111=16,383
7 6 5 4 3 2 1 0
IR10 Display Pointer Address Lower
See IR11
7 5 5 4 3 2 1 0
IR LZ Down LZ Up Display Pointer Address Upper
0="0ff 0="0ff H'0000"=0
1=0n 1=0n H0001" =1
L]
L]
H'3FFF = 16,383
7 6 5 4 3 2 1 0
1R12 Scroll End Split Register 1
0=0ff 0000000 = Row 1
1=0n 0000001 = Row 2

1111111=Row 128

3-109



MC2674

FIGURE 15 — INITIALIZATION REGISTER FORMATS (Sheet 4 of 4}

7 6 5 3 2 1 0
IR13 Scroll End Split Register 2
0=0ff 0000000 = Row 1
1=0n 0000001 = Row 2
L]
.
1111111 =Row 128
7 6 5 3 2 1 0
IR14 Double 1 Double 2 Lines to Scroll
00= Normai 00= Normal 0000=1
01=Double Width 01=Double Width 0001=2
10=Double Width 10= Double Width .
and Tops and Tops .
11=Double Width 11=Double Width 1110=15
and Bottoms and Bottoms 1111=16

DOUBLE HEIGHT/WIDTH ENABLE (IR0O{7]) — When this
bit is set, the value in IR14{7:6] is used to control the double
height and width conditions of each character row. Asser-
tion of this bit also allows 1R14[7:6] to be programmed in two
ways:

1. By the CP writing to IR14 directly.

2. When the contents of screen start register 1 {SSR1)
upper are changed, either by the CPU writing to this
register or by the automatic loading of SSR1 when
operating in row table mode, the two most significant
bits of SSR1 upper are copied into IR14{7:6]. Thus, the
most significant bits of each row table entry can be us-
ed to control double height and double width attributes
on a row-by-row basis.

IR14(5:4] are not active when this bit is set. When this bit
is reset, the double height and width attributes operate as
described in IR[14].

SCAN LINES PER CHARACTER ROW (IR0[6:3]) — Both
interlaced and non-interlaced scanning are supported by the
AVDC. For interlaced mode, two different formats can be
implemented, depending on the interconnection between
the AVDC and the character generator (see [R1[7]). This field
defines the number of scan lines used to compose a char-
acter row for each technique. As scanning occurs, the scan
line count is output on the LAQ-LA3 and ODD pins.

VSYNC/CSYNC (IRO0[2]) — This bit selects either vertical
sync pulses or composite sync pulses on the VSYNC/
CSYNC output (pin 18). The composite sync waveform con-
forms to EIA RS170 standards, with the vertical interval com-
posed of six equalizing pulses, six vertical sync pulses, and
six more equalizing pulses.

BUFFER MODE SELECT (IR0{1:0]) — Four buffer memory
modes may be selectively enabled to accommodate the
desired system configuration. See SYSTEM CONFIGURA-
TIONS.

INTERLACE ENABLE (IR1[7]) — Specifies interlaced or
non-interlaced timing operation. Two modes of interlaced
operation are available, depending on whether LO-L3 or

ODD, LO-L2 are used as the line address for the character
generator. The resulting displays are shown in Figure 16.

For “interlaced sync’’ operation, the same information is
displayed in both odd and even fields, resulting in enhanced
readability. The AVDC outputs successive line numbers in
ascending order on the LAO-LA3 lines, one per scan line for
each field.

The “interlaced sync and video”' format doubles the char-
acter density on the screen. The AVDC outputs successive
line numbers in ascending order on the odd and LAQ-LA2
lines, one per scan line for each field.

EQUALIZING CONSTANT (IR1[6:01) — This field indirect-
ly defines the horizontal front porch and is used internally to
generate the equalizing pulses for the RS170 compatible
CSYNC. The value for this field is the total number of
character clocks (CCLKs) during a horizontal line period
divided by two, minus two times the number of character
clocks in the horizontal sync pulse:

_ Hact+Hrp+HsyNC+Hsp

EC
2

-2 (HsyNC)

The definition of the individual parameters is illustrated in
Figure 17.

Note that when using the MC2675 CMAC, it will delay the
blank pulse three CCIKs relative to the HSYNC pulse.

ROW TABLE MODE ENABLE (IR2[7]) — Assertion/nega-
tion of this bit causes the AVDC to begin/terminate
operating in row table mode starting at thenext character
row. See ROW TABLE ADDRESS MODE. By using the split
interrupt capability of the AVDC, this mode can be enabled
and disabled on a particular character row. This allows a
combination of row table and sequential addressing to be
utilized to provide maximum flexibility in generating the
display.

HORIZONTAL SYNC PULSE WIDTH (IR2[6:3]) — This
field specifies the width of the HSYNC pulse in CTCLK
periods.
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FIGURE 16 — INTERLACED DISPLAY MODES
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HORIZONTAL BACK PORCH (IR2[2:0]) — This field
defines the number of CCLKs between the trailing edge of
HSYNC and the trailing edge of BLANK.

VERTICAL FRONT PORCH (IR3[7:3]) — Specifies the
number of scan line periods between the rising edges of
BLANK and VSYNC during the vertical retrace interval. The
vertical front porch will be extended in increments of scan
lines if the ACLL input is low at the end of the programmed
value.

CHARACTER BLINK RATE (IR4[7]) — Specifies the fre-
quency-for the character blink attribute timing. The blink rate
can be specified as 1/64 or 1/128 of the vertical field rate.
The timing signal has a duty cycle of 50% and is multiplexed
onto the DADD11/BLINK output at the falling edge of each
BLANK.

3111

7-0-0r0~0-0

8

Interlaced SYNC
IRO=1000; Total Lines/Row= 16

Line Address
To Character Generator

- 2 —>
<« 3

Line Address
To Character Generator

0dd

1-00000
—
3-0

10 Scan
Lines/Row

AN O ® O AN O ©® O A NMO ®©® o o o Even

(=2}

interlaced SYNC and Video
IR0=0100; Total Lines/Row=10

CHARACTER ROWS PER SCREEN (IR4[6:0]) — This field
defines the number of character rows to be displayed. The
value multiplied by the scan lines per. character row, plus the
vertical front porch, the vertical back porch values, and the
vertical sync pulse width is the vertical scan period in scan
lines.

ACTIVE CHARACTERS PER ROW (IR5[7:0]) — This field
determines the number of characters to be displayed on each
row of the CRT screen. The sum of this value, the horizontal
front porch, the horizontal sync width, and the horizontal
back porch is the horizontal scan period in CCLKs.

FIRST AND LAST SCAN LINE OF CURSOR (IR6[7:4],
IR6[3:01) — These two field specify the height and position
of the cursor on the character block. The “first” line is the
topmost line when scanning from the top to the bottom of
the screen.
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FIGURE 17 — HORIZONTAL AND VERTICAL TIMING
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VERTICAL SYNC PULSE WIDTH (IR7{7:6]) — This field
specifies the width of the VSYNC pulse in scan lirie periods.

CURSOR BLINK ENABLE (IR7[5]) — This bit controls
whether or not the cursor output pin will be blinked at the
selected rate (IR7[4]). The blink duty cycle for the cursor is
50%.

CURSOR BLINK RATE (IR7[4]) — The cursor blink rate
can be specified at 1/32 or 1/64 of the vertical scan frequen-
cy. Blink is effective only if blink is enabled by IR7(5].

UNDERLINE POSITION (IR7[3:01) — This field defines
which scan line of the character row will be used for the
underline attribute by the MC2675 CMAC. The timing signal
is multiplexed onto the DADD10/UL output during the fall-
ing edge of BLANK.

DISPLAY BUFFER FIRST ADDRESS (IR9[3:0]), IR8[7:0]
~AND DISPLAY BUFFER LAST ADDRESS (IR9(7:41) —
These two fields define the area within the buffer memory
where the display data will reside. When the data at the
“display buffer last address” is displayed, the AVDC wili
wraparound and obtain the data to be displayed at the next
screen position from the “display buffer first address”. If
"last address” is the end of a character row and a new
screen start address has been loaded into the screen start
register, or if ““last address” is the last character position of
the screen, the next data is obtained from the address con-
tained in the screen start register.

Note that there is no restriction in displaying data from
other areas of the addressable memory. Normally, the area

Characters per Row
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between these two bounds is used for data which can be
overwritten (e.g., as a result of scrolling), while data that is
not to be overwritten would be contained outside these
bounds and accessed by means of the automatic split screen
or split screen interrupt features of the AVDC.

DISPLAY POINTER ADDRESS LOWER (IR10[(7:0] AND
DISPLAY POINTER ADDRESS UPPER (IR11[5:0]) — These
two fields define a buffer memory address for AVDC con-
trolled accesses in response to ‘'read/write at pointer’” com-
mands. They also define the last buffer memory address to
be written for the “write from cursor to pointer’” command.

SCAN LINE ZERO DURING SCROLL DOWN (IRZ11(7]} —
This field specifies normal scan line count or all scan line zero
counts for the new character row that occurs at the top of
the scroliing area during soft scroll down operation. If the
character generator provides blanks during scan line zero,
this will cause the new row to be automatically blanked on
the display. This feature can be used, if necessary, to blank
the.new row until the CPU places ""blank data” into the
display buffer.

SCAN LINE ZERO DURING SCROLL UP (IR11[6]) — This
field specifies normal scan line-count or all scan line counts
for the new character row that occurs at the bottom of the
scrolling area during soft scroll up operation.

SCROLL START (IR12[7}) — This bit is asserted when
soft scroll is to take place. The scrolling area begins at the
row specified in split register 1 (1R12(6:0]). If set, the first
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row to scroll scan line count will be reduced by the value in
the lines to scroll register (IR14{3:0]). The scan line count of
this row will start at the programmed offset value. When this
bit is asserted, scroll end IR13[7] must be set before split
register 2.

SPLIT REGISTER 1 (IR12[6:0]) — Split register 1 can be
used to provide special screen effects such as soft {scan line
by scan line) scrolling, double height/width rows, or to
change the normal addressing sequence of the display
memory. The contents of this field is compared, in real time,
to the current row number. Upon a match, the AVDC sets
the split screen 1 status bit, and issues an interrupt request if
so programmed. The status change/interrupt request is
made at the beginning of the scan line zero of the split screen
character row. If enabled by the SPL1 bit of screen start
register 2, an automatic split screen to the address specified
in screen start register 2 will be made for the designated
character row. During a scroll operation, this field defines
the first character row of the scrolling area.

SCROLL END (IR13[7]) — This field specifies that the row
programmed in split register 2 (IR13[6:0]) is to be the last
scrolling row of the scrolling area. Note that this bit must be
asserted for a valid row only when the scroll start bit IR12[7]
is also asserted.

SPLIT REGISTER 2 (IR13[6:0])) — This field is similar to
the split register 1 field except for the following:

1. Split screen 2 status bit is set.

2. During a scroll operation, this field defines the last
character row of the scrolling area. This row will be
followed by a partial row. The LTSR (IR14) value
replaces the normal scan lines/row value for the partial
row, thus keeping the total scan lines/screen the same.

3. If enabled by the SPL2 bit of screen start register 2, an
automatic split to the address contained in screen start
register 2 will occur in one of two ways:

a) If not scrolling an automatic split will occur for the
next character row.

b) If scrolling, the automatic split will occur after the
partial row being scrolled onto or off the screen.

4. The specified double width and height conditions {IR14)
are also asserted in two possible ways:
a) Automatic split will assert the programmed condition
for the current row.
b} During soft scroll operation the programmed condi-
tions are asserted for the partial row scrolling onto or
off the screen.

DOUBLE 1 {IR14[7:6]) — This field specifies the condi-
tions (double width/height or normal) of the row designated
in split register 1 (IR12[6:0)). When double height tops or
bottoms has been specified, the AVDC will automaticaily
toggle between tops and bottoms until another split 1 or 2
occurs which changes the double height/width condition. If
a double height top row is specified, the scan line count will
start at zero and increment the scan line every other scan
line. If a double height bottom row is specified, the AVDC
will start a one half the normal scan line total. If double width
is specified, the AVDC will assert the DADDS/DW output at
the falling edge of blank. This condition will also remain ac-
tive until the next split 1 or 2. When IR0[7]1=1, the values
written into bits 7 and 6 of screen start 1 upper will also be
written into IR14[7:6] and the automatic toggling between
tops and bottoms is disabled.

DOUBLE 2 (IR14[5:4]) — This field specifies the condi-
tions {double width/height or normal) of the row designated
in split register 2 {IR13[6:01). Not used with IRO[7]=1.

LINES TO SCROLL (IR14[3:0]) — This field defines the
scan line increment to be used during a soft scroll operation.
This value will only be used when scroll start (IR12[7]) and
scroll end (IR13[7]) are enabled.

TIMING CONSIDERATIONS

Normally, the contents of the initialization registers are not
changed during normal operation. However, this may. be
necessary to implement special display features such as
multiple cursors and horizontal scrolling. Table 2 describes
timing details for these registers which should be considered
when implementing these features.

TABLE 2 — TIMING CONSIDERATIONS

Parameter

Timing Considerations

First Line of Cursor
Last Line of Cursor
Underline Line

occurrence.

These parameters must be established at a minimum of two character times prior to their

Double Height Character Rows
Double Width Character Rows
Rows to Scroll

Set/reset prior to the row specified in split 1 or 2 registers.

Cursor Blink
Cursor Blink Rate
Character Blink Rate

New values become effective within one field after values are changed.

Split Register 1
Split Register 2

Change anytime prior to line zero of desired row.

Character Rows Per Screen

Change only during vertical blanking period.

Vertical Front Porch

Change prior to first line of VFP.

Vertical Back Porch

Change prior to four line after VSYNC.

Screen Start Register 1
Row Table Mode Enable

new value is to be used.

Change prior to the horizontal blanking interval of the last line of character row before row where
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DISPLAY CONTROL REGISTERS

There are seven registers in this group, each with an in-
dividual address. Their formats are illustrated in Figure 18.
The command register is used to invoke one of 19 possible
AVDC commands as described in COMMANDS. The re-
maining registers in the group store address values which
specify the cursor location, the location of the first character
to be be displayed on the screen, and any split screen ad-
dress locations. The user initializes these registers after
powering on the system and changes their values to control
the data which is displayed.

SCREEN START REGISTERS 1 AND 2

The screen start 1 registers contain the address of the first
character of the first row (upper left corner of the active
display). At the beginning of the first scan line of the first
row, this address is transferred to the row start register
(RSR) and into the memory address counter (MAC). The
counter is then advanced sequentially at the character clock
rate for the number of times programmed into the active
characters per row register (IRB), thus reaching the address
of the last character of the row plus-one. At the beginning of
each subsequent scan line of the first row, the MAC is
reloaded from the RSR and the above sequence is repeated.
At the end of the last scan line of the first row, the contents
of the MAC is loaded into the RSR to serve as the starting
memory address for the second character row. This process
is repeated for the programmed number of rows per screen.
Thus, the data in the display memory is displayed sequen-
tially starting from the address contained in the screen start
register. After the ensuing vertical retrace interval, the entire
process repeats again.

During vertical blanking, the address counter operation is
modified by stopping the automatic load of the contents of
the RSR into the counter, thereby allowing the address out-
puts to free-run. This allows dynamic memory refresh to oc-
cur during the vertical retrace interval. The refresh address-

ing starts at the last address displayed on the screen and in-
crements by one for each character clock during the retrace
interval. If the display buffer last address is encountered,
refreshing continues from the display buffer first address.
The sequential operation described above will be modified
upon the occurrence of any of three events. First, if during
the incrementing of the memory address counter the
“display buffer last address” (IR9[7:4]) is reached, the MAC
will be loaded from the ““display buffer first address” register

(IR9[3:0] and IR8[7:0]) at the next character clock. Sequen-

tial operation will then resume starting from this address.
This wraparound operation allows portions of the display
buffer to be used for purposes other than storage of display-
able data and is completely automatic without any CPU
intervention (see Figure 19a).

The sequential row to row addressing can also be modified
via split register 1 {IR12) and split register 2 (IR13), under
CPU control, or by enabling the row table addressing mode.
If bit 6 of screen start register 2 upper (SPL1) is set, the
screen start register 2 contents will be loaded automatically
into the RSR at the beginning of the first scan line of the row
designated by split register 1 (IR12[6:0). If bit 7 of screen
start 2 upper (SPL2) is set, the screen start register 2 con-
tents is automatically loaded into the RSR at the end of the
last scan line of the row designated by split register 2
(IR13[6:0]). SPL1 and SPL2 are write only bits and will read
as zero when reading screen start register 2.

If the contents of screen start register 1 {upper, lower, or
both) are changed during any character row (e.g., row 'n’),
the starting address of the next character row (row ‘n+1°)
will be the new value of the screen start register and address-
ing will continue sequentially from there. This allows fea-
tures such as split screen operation, partial scroll, or status
line display to be implemented. The split screen interrupt fea-
ture of the AVDC is useful in controlling the CPU initiated
operations. Note that in order to obtain the correct screen
display, screen start register 1 must be reloaded with the
original (origin of display) value prior to the end of the ver-
tical retrace. See Figure 19b.

FIGURE 18 — DISPLAY CONTROL REGISTER FORMATS (Sheet 1 of 2}
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Command Code

See COMMANDS for Command Codes

Command Registers (Write Only)
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Upper Register
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Most Significant Bits
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FIGURE 18 — DISPLAY CONTROL REGISTER FORMATS (Sheet 2 of 2)

7 6 5 4 3 2 1 0
Lower Register (Least Significant Bit)
H'0000"=0
H'0001" =1
Through NOTE: Most significant bits are in upper register [5:0)
H*3FFE’ = 16,382
H'3FFF' = 16,383
NOTES:

1. Bits 7 and 6 of upper register are not used in the cursor address register.

2. Bits 7 and 6 of upper register are always zero when read by the CPU.

3. When IR0[7]=1, the values written into bits 7 and 6 of screen start 1 upper will also be written into
{R14(7:6] to control the double width and double height attributes of the display as follows:

A 8 Attribute
0 0 None
0 1 Double Width Only
1 0 Double Width and Double Height Tops
1 1 Double Width and Double Height Bottoms
Screen Start 1 Register (Read and Write) and
Cursor Address Registers {Read and Write)
7 6 5 4 3 2 1 0
Upper Register
SPL2 SPLT
0=0Off 0= Off
1=0n 1=0n Most Significant Bits
7 6 5 4 3 2 1 0
Lower Register (Least Significant Bit)
H‘0000'=0
H'0001" =1
Through NOTE: Most significant bits are in upper register [5:0]
H'3FFE' = 16,382
H'3FFF = 16,383

NOTE:
Bit 7 and bit 6 are always zero when read by the CPU.

Screen Start 2 Registers (Read and Write)

When row table addressing mode is enabled, the first ad-
dress of the row table is designated in SSR2. The AVDC
fetches the next row's starting address from the table during
the blanking interval prior to the first scan line of each char-
acter row and loads it into SSR1 for use as the starting ad-
dress of the next row. Since the contents of SSR2 changes
as the table entries are fetched, it must be re-initialized to
point to the first table entry during each vertical retrace inter-
val.

The values of the two most significant bits of SSR1 upper
are multiplexed onto the DADD1/DADD14 and DADD2/
DADD15 outputs during the falling edge of BLANK. If
IRO[71=0, these two bits act as memory page select bits
which may be used to extend the display memory addressing
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range of the AVDC up to 64K. In that case, these two bits
act as a two-bit counter which is incremented each time that
“‘wraparound’’ occurs (see above). Note that the counter is
incremented at the falling edge of BLANK and that for pro-
per display operation the wraparound address should be pro-
grammed to occur at the last character position of a row.
Also, the first address accessed in the new page will be the
address contained in the display buffer first address register
(IR9[3:0] and IR8(7:0]).

CURSOR ADDRESS REGISTERS

The contents of these registers define the buffer memory
address of the cursor. The cursor output will be asserted
when the memory address counter matches the value of the
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FIGURE 19 — DISPLAY ADDRESSING OPERATION
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cursor address registers for the scan lines specified in IR6.
The cursor address registers can be read or written by the
CPU or incremented via the “increment cursor address’’
command. In independent buffer mode, these registers
define a buffer memory address for AVDC controlled access
in response to ‘“read/write at cursor with/without incre-
ment’ commands, or the first address to be used in
executing the ‘write from cursor to pointer’ command.

INTERRUPT/STATUS REGISTERS

The interrupt and status registers provide information to
the CPU to allow it to interact with the AVDC to effect
desired changes that implement various display operations.
The interrupt register provides information on five display
operations. The interrupt register provides information on
five possible interrupt conditions, as shown in Figure 20.
These conditions can be selectively enabled or disabled
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(masked) from causing interrupts by certain AVDC com-
mands. An interrupt condition which is enabled (masked bit
equal to one) will cause the INTR output to be asserted and
will cause the corresponding bit in the interrupt register to be
set upon the occurrence of the interrupting condition. An
interrupt condition which is disabled (mask bit equal to zero)
has no effect on either the INTR output or the interrupt
register.

The status register provides six bits of status information:
the five possible interrupt conditions plus the RDFLG bit. For
this register, however, the contents are not affected by the
state of the mask bits.

Descriptions of.each interrupt/status register bit follow.
Unless otherwise indicated, a bit, once set, will remain set
until reset by the CPU by issuing a “reset interrupt/status
bits” command. The bits are also reset by a “‘master reset”
command and upon power-up.
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FIGURE 20 — INTERRUPT AND STATUS REGISTER FORMAT

7 6 5 4 3 2 1 0
Line
RDFLG VBLANK Zero Split 1 Ready Spilit 2
Not Used 0= Busy 0=No 0=No 0=No 0= Busy 0=No
Always Read as 0 1= Ready 1=Yes 1=VYes 1=Yes 1= Ready 1=Yes

RDFLG (I/SR(5]) — This bit is present in the status
register only. A zero indicates that the AVDC is currently
executing the previously issued delayed command. A one
indicates that the AVDC is ready to accept a new delayed
command.

VBLANK (I/SRI[4]) — Indicates the beginning of a vertical
blanking interval. Set to one at the beginning of the first scan
line of the vertical front porch.

LINE ZERO {I/SR[3]) — Set to one at the beginning of the
first scan line (line 0) of each active character row.

SPLIT SCREEN 1 (I/SRI[2]) — This bit is set when a match
occurs between the current character row number and the
value contained in split register 1, IR12[6:0]. The equality
condition is only checked at the beginning of line zero of
each character row.

READY (I/SR[1})) — The delayed commands affect the
display and may require the AVDC to wait for a blanking
interval before enacting the command. This bit is set to one

when execution of a delayed command has been completed.
No other delayed command should be invoked until the prior
delayed command is completed.

SPLIT SCREEN 2 (I/SRI0]) — This bit is set when a match
occurs between the current character row number and the
value contained in split register 2 (IR13[6:0]).

COMMANDS

The AVDC commands are divided into two classes: the in-
stantaneous commands which are executed immediately
after they are invoked, and the delayed commands which
may need to wait for a blanking interval prior to their execu-
tion. Command formats are shown in Table 3. The com-
mands are asserted by performing a write operation to the
command register with the appropriate bit pattern as the
data byte.

TABLE 3 — AVDC COMMAND FORMATS

D7 | D6 | D5 [ D4 [ D3 | D2 | D1 [ DO [ Hex | Command
Instantaneous Commands

0 0 o] 0 0 0 0 0 Master Reset

0 0 0 1 \ \ \ v Load IR Pointer with Value V (V=0 to 14)

0 0 1 d d d 1 0* Disable Graphics

0 0 1 d d d 1 Enable Graphics

0 0 1 d 1 N o* Disable Off — Float DADD Bus if N=1

0 0 1 d 1 N 1* Disable On —Next Field (N=1) or Scan Line (N=0)
0 0 1 1 d d o* Cursor Off

0 0 1 1 d d 1% Cursor On

0 1 0 N N N N Reset Interrupt/ Status: Bit Reset where N=1

1 0 0 N N N N Disable Interrupt: Disable where N=1

O LL AN NI NT | N ] |Enableintorupt Enables Interrupts whereN=1 _ _ _ _ _ _ _ _ _ |

' L S R S Interrupt Bit
B z P D P Assignments
1 Y 2
Delayed Commands

1 0 1 0 0 1 0 0 A4 | Read at Pointer Address

1 0 1 0 0 0 1 0 A2 | Write at Pointer Address

1 0 1 0 1 0 ] 1 A8 | Increment Cursor Address

1 0 1 0 1 1 4] 0 AC | Read at Cursor Address

1 0 1 0 1 0 1 0 AA | Write at Cursor Address

1 0 1 0 1 1 0 1 AD | Read at Cursor Address and Increment Address
1 0 1 0 1 0 1 1 AB | Write at Cursor Address and Increment Address
1 0 1 1 1 0 1 1 BB | Write from Cursor Address to Pointer Address

1 0 1 1 1 1 0 1 BD | Read from Cursor Address to Pointer Address

NOTES:
* Any combination of these three commands is valid.
d=Don't care.
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INSTANTANEOUS COMMANDS

The instantaneous commands are executed immediately
after the trailing edge of the write pulse during which the
command is issued. These commands do not affect the state
of the RDFLG or READY interrupt/status bits and can be in-
voked at any time.

MASTER RESET

This command initializes the AVDC and can be invoked at
any time to return the AVDC to its initial state. Upon power-
up, two successive master reset commands must be applied
to release the AVDC's internal power-on circuits. In
transparent and shared buffer modes, the CTRL1 input must
be high when the command is issued. The command causes
the following:

1. VSYNC and HSYNC are driven low for the duration of
the command and BLANK goes high. After command
completion, HSYNC and VSYNC will begin operation
and BLANK will remain high until a ““display on’* com-
mand is received.

2. The interrupt and status bits and masks are set to zero,
except for the RDFLG flag which is set to a one.

3. The row buffer mode, cursor-off, display-off, and line
graphics disable states are set.

4. The initialization register pointer is set to address |RO.

5. IR2[7] is reset.

LOAD IR ADDRESS

This command is used to preset the initialization register
pointer with the value "V defined by D3-D0. Allowable
values are 0 to 14.

ENABLE GRAPHICS

After invoking this command, the AVDC will increment
the MAC to the next consecutive memory address for each
scan line even if more than one scan line per row is program-
med. This mode can be used for bit-mapped graphics where
each location in the display buffer within the defined area
contains the bit pattern to be displayed. This command is
row buffered and should be asserted during the character
row prior to the row where this feature is required. This
allows the user to enter and exit graphics mode on character
row boundaries.

To perform split screen operations while in graphics mode
use SSR2 only.

DADDO/LG is asserted during the trailing edge of BLANK
for each scan line while this mode is active.

DISABLE GRAPHICS
Normal addressing resumes at the next row boundary.

DISPLAY OFF

Asserts the BLANK output. The DADDO through DADD13
display address bus outputs can be optionally placed in the
three-state condition by setting bit 2 to a one when invoking
the command.
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DISPLAY ON

Restores normal blanking operation either at the beginning
of the next field (bit 2=1) or at the beginning of the next
scan line (bit 2=0). Also returns the DADDO-DADD13
drivers to their active state.

CURSOR OFF
Disables cursor operation. Cursor output is placed in the
low state.

CURSOR ON
Enables normal cursor operation.

RESET INTERRUPT/STATUS BITS

This command resets the designated bits in the interrupt
and status registers. The bit positions correspond to the bit
positions in the registers:

Bit0 — Split 2
Bit 1 — Ready
Bit2 — Split 1

Bit 3 — Line Zero
Bit4 — Vertical Blank

DISABLE INTERRUPTS

Sets the interrupt mask to zeros for the designated condi-
tions, thus disabling these conditions from being set in the
interrupt register and asserting the INTR output. Bit position
correspondence is as above.

ENABLE INTERRUPTS

This command writes the associated interrupt mask bit to
a one. This enables the corresponding conditions to be set in
the interrupt register and asserts the INTR output. Bit posi-
tion correspondence is as above.

DELAYED COMMANDS

This group of commands is utilized for the independent
buffer mode of operation, although the “increment cursor’
command can also be used in other modes. With the excep-
tion of the “write from cursor to pointer’ and ‘‘increment
cursor'”” commands, all the commands of this type will be
executed immediately or will be delayed depending on when
the command is invoked. If invoked during the active screen
time, the command is executed at the next horizontal blank-
ing interval. If invoked during a vertical retrace interval or a
"display off” state, the command is executed immediately.

The “increment cursor’” command is executed immedi-
ately after it is issued and requires approximately three CCLK
periods for completion. The "‘write from cursor to pointer’’
command executes during blanking intervals. The AVDC will
execute as many writes as possible during each blanking
interval. If the command is not completed during the current
blanking interval, the command will be held in suspension
during the next active portion of the screen and continues
?uring the next blanking interval until the command is
completed.
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I Advance Information

COLOR/MONOCHROME ATTRIBUTES CONTROLLER
(CMAC)

The MC2675 color/monochrome attributes controller {CMAC) is a
bipolar LS| device designed for CRT terminals and display systems that
employ raster scan techniques. It contains a programmable dot clock
divider to generate a character clock, a high speed shift register to
serialize input dot data into a video stream, latches, logic to apply visual
attributes to the resulting display, and logic to display a cursor on the
display.

The CMAC provides control of visual attributes on a character-by-
character basis for two operating modes: monochrome and color. The
monochrome mode provides reverse video, blank, highlight, and two
general purpose user definable attributes. In this mode, the display
characters can be specified to appear on either a light or dark screen
background. Retrace video supression can be automatically or exter-
nally controlled. The color mode provides eight colors for foreground
(character) video and eight colors for background video together with a
luminance output for external color set selection or to simultaneously
drive a monochrome monitor. Additionally, both modes provide double
width, underline, blink, dot stretching, and dot width attributes. In
monochrome mode, the MC2675 emulates the attributes characteristics
of Digital Equipment Corporation VT100 terminal.

The horizontal dot frequency is the basic timing input to the CMAC.
This clock is divided internally to provide a character clock output for
system synchronization. Up to ten bits of dot data are parallel loaded in-
to the video shift register on each character boundary. The two TTL
video data outputs in monochrome mode are encoded to provide four
video intensities (black, gray, white, and highlight). The video data in
color mode is encoded to provide eight foreground colors and shifted
out on three TTL outputs, together with the luminance output.

Applications include CRT terminals, word processing systems, small
business computers.

® 25 MHz and 18 MHz Video Dot Rate Versions*

® Four Video Intensities Encoded on Two TTL Outputs {(Monochrome
Mode)

® Fight Foreground and Background Colors Encoded on Three TTL
Outputs (Color Mode)

® Internally Latched Character Atrributes:
Reverse Video Two General Purpose

Blank Eight Foreground Colors
Blink Eight Background Colors
Underline Dot Width Control

Highlight Double Width Characters

® VT100 Compatible Attributes

® Reverse Video Cursor with Optional White Cursor in Color Mode
® Up to Ten Dots Per Character
]

Light or Dark Background in Monochrome Mode — Automatic
Retrace Blanking

® Programmable Dot Stretching
® TTL Compatible
® 40-Pin Dual-in-Line Package

*For faster versions consult factory.

HMOS

(HIGH-DENSITY N-CHANNEL, SILICON-GATE)

COLOR/MONOCHROME
ATTRIBUTES CONTROLLER
(CMAC)

L SUFFIX
CERAMIC PACKAGE
CASE 715

P SUFFIX
PLASTIC PACKAGE
CASE 711

Wl S SUFFIX
CERDIP PACKAGF
CASE 734

PIN ASSIGNNENT

vgg Q1 N 40;| Vee
D12 3sp DO
p3(3 38f D2
D5 Q4 37f3 D4
D7 )5 36[1 D6
D8 [}6 3spci
RBLANK [} 7 3af co
CURSOR [I8 33[1 CCIK
CMODE 9 32f1DCLK
pots 10 31fIDoT™
BLINK 11 30[AM/C
BLANK []12 20f1 BEUE
uL g 28] RED/TTLV1
ADOUBLE []14 27l GREEN/GP1
RESET []15 26{] LUM/GP2
o g PpALT
BKGND 1§14 241 ADOTM
AGTEENS! e SRAZSTY
AUL [j19 2 ABLYES/
GND [J20 21y AREDB/

This document contains information on a new product. Specifications and information herein
are subject to change without notice.
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DCLK

c1

co

DO-D8

uL

BLINK

CURSOR

CMODE

ABLINK

AUL

M/C
ABLUEF/ABLANK

AGREENF/BKGND

AREDF/AHILT
ABLUEB/AGP2

AGREENB/ARVID

AREDB/AGP1

ORDERING INFORMATION (Vcc=5V 5%, 0°C to 70°C)

Dots Per Frequency
Package Type Character (MHz) Order Number
Ceramic 7.8,9,10 18 MC2675B8L
L Suffix 7,8,9, 10 25 MC2675B5L
6,8,9, 10 18 MC2675C8L
6,8,9 10 25 MC2675C5L
Plastic 7,89 10 18 MC2675B8P
P Suffix 7,8,9, 10 25 MC2675B5P
6,8,9, 10 18 MC2675C8P
6,8,9, 10 25 MC2675C5P
Cerdip 7,8,9,10 18 MC2675B8S
S Suffix 7,8,9, 10 25 MC2675B5S
6,8,9, 10 18 MC2675C8S
6,8,9 10 25 MC2675C5S
BLOCK DIAGRAM
Character Double
Clock <« > Width €
Counter Logic
Video Shift b ? Dot h
Register - Modulation -
—10 Bits— Logic
Video
and
Attribute
Hierarchy
Monocchrome
and Color Logic TTL
Attribute > Drivers
and >
Cursor
Logic > f
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BLUE/TTLV2
GREEN/GP1
LUM/GP2

BLANK
RESET
Vee
Vss
GND
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ABSOLUTE MAXIMUM RATINGS This device contains circuitry to protect the
Rating Symbol Value Unit inputs against damage due to high static
Supply Voltage Vee “ 031t +7.0 v vpltages or electric fields; however, it is ad-
Input Voltage Vin 0310 +7.0 v vised that‘ no.rmal precautions bg taken to
Oneratng Tomperatore Fanos T XN o avotq application of any voltage hlgher 1han
p g P 9 A maximum-rated voltages to this high-
Storage Temperature Range Tstg ~55to +150 °C impedance circuit. For proper operation it is
recommended that Vi, and Vgyt be con-
strained to the range Vgg=(Vi or
Vout!=Vce. Reliability of operation is
THERMAL CHARACTERISTICS enhanced if unused inputs are tied to an ap-
Characteristic Symbol | Value Rating propriate logic voltage level (e.g., either Vgg
Thermal Resistance or Vegh
Plastic Package AT 50 °C/W
Ceramic Package 50

POWER CONSIDERATIONS

The average chip-junction temperature, T, in °C can be obtained from:
Ty=TA+(Ppeoya) (1
Where:

Ta=Ambient Temperature, °C
0 =Package Thermal Resistance, Junction-to-Ambient, °C/W
PD=PINT+PPORT
PINT=Icc x Vce., Watts — Chip Internal Power
PpoRT =Port Power Dissipation, Watts — User Determined

For most applications PPORT <P|NT and can be neglected. PPoRT may become significant if the device is configured to

drive Darlington bases or sink LED loads.
An approximate relationship between Pp and T (if PpORT is neglected) is:

Pp=K-+ (T +273°C) (2)
Solving equations 1 and 2 for K gives:
K=Ppe(TA+273°C) + 6 a°PD2 (3

Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium)
for a known T a. Using this value of K the values of Pp and T j can be obtained by solving equations (1) and (2) iteratively for any
value of Ta.

DC ELECTRICAL CHARACTERISTICS (TA=0°C to 70°C, Vcc=5.0 V +5%)

Parameter Symbol Min Max Unit
Input Low Voltage Vit -03 0.8 \
Input High Voltage VIH 2.0 vVee Y
Output Low Voltage (ig. =4 mA) VoL = 0.4 v
Output High Voltage {lgq= —400 A} VOH 24 - vV
Input Low Current (V;;=0.4 V) DCLK | - -800 A
All Other Inputs | 'IL - -400 | ¥
Input High Current (Vi =2.4 V) DCLK i - 40 "
All Other Inputs in - 20 s
Ve Supply Current (Vin=0V, Vcc=Max) Icc - 80 mA
Vgg Supply Current (See Figure 1) IBB - 120 mA
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FIGURE 1 — RECOMMENDED Vgg TEST CIRCUIT

Vee
40
Vee
31.6Q
1%, % W
1
VeB
I 0.1 uF

AC ELECTRICAL CHARACTERISTICS — DOT CLOCK TIMING (T =0°C to 70°C, Vcc=5.0 V +56%)

25 MHz 18 MHz

Parameter Symbol Min Max Min Max Unit
Dot Clock High Time 1DH 15 — 22 - ns
Dot Clock Low Time DL 15 — 22 = ns
BLANK to CCLK Setup Time tsB 40 — 50 — ns
Attributes to CCLK Setup Time 1SA 40 — 50 — ns
D0-D9 to CCLK Setup Time tsD 60 — 70 — ns
CURSOR to CCLK Setup Time tSK 40 - 50 - ns
€0 and C1 to DCLK Setup Time tsC 20 - 20 - ns
RBLANK to DCLK Setup Time 1SR 20 — 20 - ns
BLINK, UL, DOTS, to BLANK Setup Time tSM 20 — 20 — ns
BLANK from CCLK Hold Time tHB 20 — 20 - ns
Attributes from CCLK Hold Time tHA 20 - 20 — ns
DO-D8 from CCLK Hold Time tHD 30 — 30 — ns
CURSOR from CCLK Hold Time tHK 20 - 20 - ns
CQ and C1 from DCLK Hold Time tHC 20 - 20 - ns
RBLANK from DCLK Hold Time tHR 20 — 20 - ns
BLINK, UL, DOTS, from BLANK Hold Time tHM 20 - 20 - ns
CCLK from DCLK Delay Time (C|_=50 pF) tDC — 55 — 70 ns
Other Outputs from DCLK Delay Time (C =50 pF) tov 30 60 35 70 ns

NOTE: All voitage measurements are referenced to ground. For testing, all input signals swing between 0.4 volts and 2.4 volts with a transition
time of 3 nanoseconds maximum. All time measurements are referenced at input voltages of 0.8 volts and 2.0 volts and at output
voltages of 0.8 volts and 2.0 volts as appropriate.

3-122



MC2675

CMAC PIPELINE TIMING DIAGRAM

L LI

CCLK | l I I | | I |
tsp—e ——»1 r-tHB
BLANK /
THM—]
tSM
BLINK,
UL,
DOTS —
ISA—e—>] tHA '4—
LN & € §
— tHD
tSD: >
Dot Data2 1st 2nd - Last —1 Last
D0-D8 Char Char — Char Char
. st 2nd - | Last—1
video3 BKGND4 L Cr?arJ Clr':ar l éélshar
NOTES:

colors.

N

- w

CURSOR PIPELINE TIMING DIAGRAM

VIDEO [ I;Z 224
Character / y

with CURSOR
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. Attributes include: ABLINK, ABLANK, ARVID, AUL, AHILT, ADOUBLE, ADOTM

One CCLK delay for dot data (obtained from delay through character generator).
For detail timing of video outputs, see Output Pipeline Timing Diagram.
Non-active scan time. Video reverts to polarity selected by the BKGND input in monochrome mode.

DCLK

CCLK

Other
Outputs

Last
Char —l;«}ND4

, two general purpose, and foreground/background

OUTPUT PIPELINE TIMING DIAGRAM

[4_1/tD->|

tDH'}<—>|

tD|.-ﬂ-->|

DC
‘Dv-l(—)J
Last—1 Last 1st 2nd
Pixel Pixel Pixel Pixel

Character N—1

Character N
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BKGND AND RBLANK TIMING DIAGRAM DURING INACTIVE SCAN TIME (BLANK =1) — MONOCHROME MODE

e LT LT L L LD W) L L

tsA i(-— > HA

BKGND /

tsn—bl — ‘r;:{ >»

RBLANK

Video Gray

\ Black /

G
ray \_N, Black /

CLOCK DIVIDER TIMING DIAGRAM

SEVAVAVAVAVAVAVAVAVAVAY,

ccLk! \

—>| |&—tSC

—tSC

A

—>1

Don't Care x

o0 XDC
= ]

NOTE:

|<——ch

1. The high and low times of CCLK may be controlled independently.

SIGNAL DESCRIPTION

The input and output signals for the CMAC are described
in the following paragraphs.

Vce. VBB, AND GND

Power is supplied to the CMAC using these three pins.
Ve is the +5 volts 5% power input, VBR is the bias
supply current (refer to Figure 1), and GND is the ground
connection.

DOT CLOCK (DCLK)
This dot frequency input controls the video output shift
rate.

CHARACTER CLOCK (CCLK)

This output is a submultiple of DCLK. The period ranges
from seven to ten DCLK periods per cycle and is determined
by the state of the character clock control (CO-C1) inputs.

RED/TTL VIDEO 1 {RED/TTLV1)

In color mode, this output provides the red gun serial
video. In monochrome mode, it should be used with the
blue/TTL video 2 output to decode four video intensities.

BLUE/TTL VIDEO 2 (BLUE/TTLV2)

In color mode, this output provides the blue gun serial
video. In monochrome mode, it should be used with the
read/ TTL video 1 output to decode four video intensities.

GENERAL/GENERAL PURPOSE 1 (GREEN/GP1)

In color mode, this output provides the green gun serial
video. In monochrome mode, it is a general purpose TTL
output which is asserted if the AREDB/AGP1 input is
asserted when the corresponding character dot data is
loaded into the video shift register.

LUMINANCE/GENERAL PURPOSE 2 (LUM/GP2)
In color mode, this output is the logical OR of the RGB
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foreground video. [tis low during a blanking interval and dur-
ing the foreground portion of the cursor display. In mono-
chrome mode, it is a general purpose TTL output which is
asserted if the ABLUEB/AGP2 input is asserted when the
corresponding character dot data is loaded into the video
shift register.

UNDERLINE TIMING (UL)

Indicates the scan line(s) for the underline attribute.
Latched on the falling edge of BLANK.

BLINK TIMING (BLINK)

This input is sampled on the falling edge of BLANK to pro-
vide the blink rate for the blink attribute. Should be a sub-
multiple of the frame rate.

SCREEN BLANK (BLANK)

When high, this input forces the video outputs to the
specified background color in color mode and to the level
specified by the BKGND input (either black or gray) in mono-
chrome mode.

RETRACE BLANK (RBLANK)

This input is used to force the video outputs to a low dur-
ing retrace periods. If pulled high, it will automatically sup-
press video during the retrace periods when BLANK is high.
The user may also pulse this input while BLANK is high to
selectively suppress raster video.

GREEN FOREGROUND/BACKGROUND INTENSITY
(AGREENF/BKGND)

In color mode, this input activates the GREEN/GP1 output
during the foreground (character video) portion of the asso-
ciated character block. In monochrome mode, this input
specifies gray or black screen background.

BLUE FOREGROUND/BLANK ATTRIBUTE
(ABLUEF/ABLANK)

In color mode, this input activates the BLUE/TTLV2 out-
put during the foreground (character video) portion of the
associated character block. In monochrome mode, this input
generates a blank space for the associated character. The
blank space intensity is controlled by the AGREENF/BKGND
input, the reverse video attribute and cursor input.

RED FOREGROUND/HIGHLIGHT ATTRIBUTE
(AREDF/AHILT)

In color mode, this input activates the RED/TTLV1 output
during the foreground (character video} portion of the asso-
ciated character block. In monochrome mode, this input
highlights the associated character ({including underline).

CURSOR TIMING (CURSOR)

This input provides the timing for the cursor video. In color
mode, with CURSOR and CMODE high, the RGB outputs
are driven high (white cursor). If CMODE is low, or in mono-
chrome mode, this input reverses the intensities of the video
and attributes. Cursor position, shape, and blink rate are
controlled by this input.
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CURSOR MODE (CMODE)

Used in color mode only. When CURSOR and CMODE are
high, the RGB outputs are driven high (white cursor). When
CURSOR is high and CMODE is low, the RGB outputs are
logically inverted (reverse video cursor).

UNDERLINE ATTRIBUTE (AUL)

Specifies a line to be displayed in the character block. The
specific linels) are specified by the UL input. All other attri-
butes apply to the underline video.

BLINK ATTRIBUTE (ABLINK)

In color mode, this active high input will drive the fore-
ground RGB combination to the background RGB combina-
tion. In monochrome mode, the associated character or
background is driven to the intensity determined by BKGND,
reverse video attribute, and the cursor input.

DOUBLE WIDTH ATTRIBUTE (ADOUBLE)

This. active high input causes the associated character
video to be shifted out of the serial shift register at one-half
the dot frequency (DCLK). The CCLK output is not affected.

RED BACKGROUND/GENERAL PURPOSE ATTRIBUTE 1
(AREDB/AGP1)

In color mode, this input activates the RED/TTLV1 output
during the background portion of the associated character
block. In monochrome mode, it activates the GREEN/GP1
output for the associated character biock

BLUE BACKGROUND/GENERAL PURPOSE ATTRIBUTE 2
(ABLUEB/AGP2}

In color mode, this input activates the BLUE/TTLV2 out-
put during the background portion of the associated char-
acter block. In monochrome mode, it activates the
LUM/GP2 output for the associated character block.

GREEN BACKGROUND/REVERSE VIDEO ATTRIBUTE
(AGREENB/ARVID)

In color mode, this input activates the GREEN/GP1 output
during the background portion of the associated character
block. In monochrome mode, it causes the associated char-
acter block video intensities to be reversed.

DOT DATA INPUT (D0-D8)

These are parallel inputs corresponding to the character/
graphic symbol dot data for a given scan line. These inputs
are strobed into the video shift register on the trailing (falling)
edge of each character clock (CCLK).

CHARACTER CLOCK CONTROL (C0-C1)
The states of these two static inputs determine the internal
divide factor for the CCLK output rate.

RESET (RESET)

This active high input initializes the internal logic and
resets the attribute latches.
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MONOCHROME/COLOR MODE (M/C)

This input selects whether the CMAC operates in mono-
chrome or color mode. A low selects color mode and a high
selects monochrome mode.

DOT MODULATION ATTRIBUTE (ADOTM)

When DOTM and this input are high, the active dot width
of the associated character video is one DCLK. When DOTM
is high and this input is low, the active dot width of the
associated character video is two DCLKs.

‘DOT WIDTH MODULATION (DOTM)

When this input is high, two DCLKs are used for each dot
shifted through the shift register. When this input is low, one
DCLK is used.

DOT STRETCHING (DOTS)

This input is sampled at the falling edge of BLANK. When
this input is high, one extra dot is appended to individual
dots or groups of dots of the input parallel data and then
transferred through the shift register. When this input is low,
normal transfer of input parallel data results.

FUNCTIONAL DESCRIPTION

The CMAC consists of seven major sections (refer to the
block diagram). The high speed dot clock input is applied to
a programmable divider to provide a character clock output
for system timing. Parallel dot data is loaded into the video
shift register on character boundaries and shifted into the
video logic block at the dot rate specified by the dot modula-
tion section. The appropriate attribute control inputs are
selected by the mode select logic, latched internally on char-
acter boundaries, and combined with the serial dot data to
provide monochrome or color video outputs. System block
diagrams of the MC2675 in color mode and monochrome
mode are provided in Figures 2 and 3.

The BLANK input defines the active screen area. In cofor
mode, the video outputs are forced to the specified back-
ground color when this signal is asserted; in monochrome
mode the video outputs are forced to the states defined by
the BKGND input, i.e., black if dark background is selected
and gray if light background is selected. A separate RBLANK
input allows the user to select the amount of border around
the active area when operating in color mode or in
monochrome mode with light background. This input can be

FIGURE 2 — SYSTEM BLOCK DIAGRAM OF MC2675 IN COLOR MODE
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FIGURE 3 — SYSTEM BLOCK DIAGRAM OF MC2675 IN MONOCHROME MODE
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tied high, in which case the area outside the active area will TABLE 1 — MONOCHROME MODE ATTRIBUTE
be dark, or it may be pulsed during BLANK periods to exter- CHARACTERISTICS
nally control the border widths.

In color mode, eight colors for the character (foreground) Foreground Background
and eight colors for the background f{area other than REV#* | AHILT |ABLINK** Video Video
character) can be selected by the attribute inputs. In mono- 0 0 0 W B
chrome mode, the intensities of foreground and background 0 0 1 W/G B
are a function of the attribute and BKGND inputs, i.e., char- 0 1 0 H B
acters may be black, gray, white, or highlight (very white) 0 1 1 H/W B
while background may be black, gray, or white (see Table 1). 1 0 0 B G

1 0 1 B/W G/B

1 1 0 B w

1 1 1 B/H W/B
CHARACTER CLOCK COUNTER *REV =(BKGND) XOR (AVRID}:

The character clock counter divides the DCLK input to BKGND ARVID  REV
generate the character clock (CCLK). The divide factor is 0 0 0
specified by the clock control inputs (C1-CO) as follows: 0 1 1

1 0 1
MC26758 MC2675C ! 1 0
CCLK CCLK ** For blinking, the video outputs are shown as zero/one, where
Dots/ Duty Dots/ Duty zero and one are the blink timing input states.
C1 Co Character] Cycle* |Character { Cycle* NOTES:
0 0 10 5/5 10 5/5 1. Foreground includes underline when underlining is specified by
0 1 7 4/3 6 3/3 AUL=1.
1 0 8 4/4 8 4/4 2. When ABLANK = 1, foreground component becomes same as
1 1 9 5/4 9 5/4 background component.
" 3. Codes for video outputs are as follows:
High/Low .
B 0 0 Black
G 0 1 Gray
W 1 0 White
H 1 1 Highlight
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The number of dot clocks/character is normally the
number of dots/character as listed above. However, when
dot width control is specified, the DCLK input is divided by
two before it is applied to the character clock counter
resulting in the number of dot clocks/ character being double
those listed above, although the number of displayed dots/
character remains the same. See DOT MODULATION
LOGIC.

VIDEO SHIFT REGISTER

On each character boundary, the paralle! input dot data
(DO-D8) is loaded into the video shift register. The data is
shifted out least significant bit first {DO) at the DCLK rate. If
ten dots/character are specified (C1-CO=00), the tenth dot
will be the same as D8. The serial dot data from the video
shift register is routed to the video logic where it is combined
with the cursor and attribute control bits to produce the
video data outputs.

MODE SELECT, ATTRIBUTE, AND CURSOR CONTROL

The mode select logic multiplexes the monochrome and
color attribute inputs and outputs as specified by the M/ C in-
put. The monochrome mode provides blank, reverse video,
highlight, and two general purpose attributes. The latter may
be used, with external logic, to combine other attributes
(e.g., overscore) into the video stream. The color mode pro-
vides RGB foreground and background color attributes.
Both modes provide double width characters, blink, under-
line, dot width control, and dot stretching.

The cursor and attribute inputs are pipelined internally to
allow for system pipeline propagations. The cursor input
signal is delayed internally by two CCLKs (one for RAM and
one for the character generator), while the attribute inputs
are delayed for one CCLK to account for the delay of the
character data through the character generator latches. The
attribute timing inputs (BLINK, UL, and DOTS) are clocked
into the MC2675 at the beginning of each scan line time by
the falling edge of BLANK. Thus, these inputs must be their
proper state at the falling edge of BLANK preceding the scan
line where they are required to be active. The BLANK signal
itself is also delayed internally to provide for the RAM and
character generator delays. Internal delays cause the video
outputs to be delayed relative to CCLK.

VIDEO LOGIC

Each character block consists of the three components
shown in Figure 4. Symbol video is generated from the dot
data inputs DO-D8. Underline video is enabled by the AUL
attribute and is generated during the scan lines for which the
UL input is active. Underline and symbol video are always
the same intensity or color, and other attributes (e.g.,
ABLINK) apply to them equally. The combination of under-
line and symbol video is also referred to as foreground video.
Background video is the area of the character block corres-
ponding to the absence of foreground video. The assertion
of the non-display attribute (ABLANK) causes the entire
character block to be displayed as background.

In monochrome mode, the serial dot data and pipelined
cursor and attributes are combined to generate four video
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intensities (black, gray, white, and highlight) which are en-
coded on the TTLV1 and TTLV2 outputs as follows:

TTLV2 TTLV1 Video intensity
0 0 Black
0 1 Gray
1 0 White
1 1 Highlight

FIGURE 4 — CHARACTER BLOCK DEFINITION
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Underline ___|
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Table 1 describes the relationship between attributes and
video intensity of the foreground and background com-
ponents of the character block in monochrome mode.

In color mode, the colors of the foreground and back-
ground components are specified by the corresponding attri-
bute inputs; AREDF, AGREENF, and ABLUEF dictate the
color of the foreground components while AREDB,
AGREENB, and ABLUEB do the same for the background
component. In this mode, the serial dot data and pipelined
cursor and attributes are combined to generate four video
outputs. The RED, GREEN, and BLUE outputs separately
contain the corresponding foreground and background com-
ponents. The LUM output is the logical OR of the fore-
ground colors and can be used to drive a separate mono-
chrome monitor or to select a different set of colors for the
foreground.

DOT MODULATION LOGIC

The dot modulation logic controls the video shift register
to supply dot stretching and dot width control.

Dot stretching is controlied by the DOTS input which is
sampled each scan line at the trailing (falling) edge of
BLANK. If DOTS is asserted at that time, all characters on
the following scan line will have dot stretching applied. Dot
stretching causes an extra dot to be added to individual dots
or groups of dots as shown in Figures 5 and 6. Dot stretching
can be used to:

1. Compensate for low video backwidth monitors (since
the minimum active displayed segment with dot
stretching is two DCLKs).

2. Assure crisp black characters when operating in white
background mode.

3. Provide thick characters as a means of distinguishing
areas of the display.
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FIGURE 5 — DOT MODULATION TIMING
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FIGURE 6 — DOT STRETCHING

Character as Stored
in Character Generator
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Dot width is controlled by the DOTM and ADOTM inputs.
DOTM is tied either high, which enables the features on the
entire display, or low, which disables the feature. With
ADOTM high, the dot width of characters can be selectively
controlled by assertion of the ADOTM attribute input. When
operating in this mode, the dot clock input is divided by two
before being applied to other circuits in the CMAC. This af-
fects the CCLK output.

When dot width control is enabled as above, two DCLKs
are used for each video dot period. Asserting ADOTM for a
particular character will cause each active video dot of the
displayed character to be turned on for one DCLK and off for
the other DCLK, while if ADOTM is negated for that char-
acter, the active video dot for that character will be turned on
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Actual Character Displayed
with Dot Stretching Employed

—

o Q

-

(black background) or off {white background) for both DCLK
times (see Figures 5 and 7). Only the character video com-
ponents of the character block are modulated. Underline
video and background are not affected by on-time modula-
tion. Width control can be used to:

1. Make horizontal lines and vertical lines appear the same
brightness on the display.

2. Provide two different brightness levels for characters
without requiring a monitor with analog brightness
inputs.

However, note that the effects produced by this feature are
highly dependent on the video amplifier characteristics of the
monitor used.




MC2675

FIGURE 7 — DOT WIDTH CONTROL

Normal Character Display Actual Character Display
Without Width Control with Width Control
DOUBLE WIDTH LOGIC ) for the next character will be loaded into the shift register
The double width logic controls the rate at which dots are two CCLKs later. The CCLK output is not affected. If a
shifted through the video shift register. When the ADOUBLE double width character is specified at the last location of a
input is asserted, the associated character video will be character row, the second half of the double width character
shifted at one half the DCLK rate, and the dot information (one CCLK) will extent into the horizontal front porch.
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MC3440A
@ MOTOROLA MC3441A
MC3443A

QUAD GENERAL-PURPOSE INTERFACE B%‘;AD lNNTs!cE:R FACE
BUS (GPI1B) TRANSCEIVERS TRANSCEIVERS
SILICON MONOLITHIC
The MC3440A, MC3441A, MC3443A are quad bus transceivers INTEGRATED CIRCUITS
intended for usage in instruments and programmable calculators
equipped for interconnection into complete measurement systems. P SUFFIX
These transceivers allow the bidirectional flow of digital data and 3 H l’ PLASTIC PACKAGE
commands between the various instruments. Each of the transceiver H H | CASE 648-05
versions provides four open-collector drivers and four receivers
Lo . MC3440A
featuring input hysteresis. Output and
The MC3440A version consists of three drivers controlled by TerminationE :;:] Vee
a common Enable input and a single driver without an Enable input. Gnd
Terminations are provided in the device. gus A [] BusC
The MC3441A differs in that all four drivers are controlled by Receiver ] Receiver
the common Enable input. Again, the terminations are provided. Output A Output C
The MC3443A is identical to the MC3441A except that the ter- Driver [ 5| Driver
minations have been omitted. As such it is pin compatible, and '"p'f" A Input €
functionally equivalent to the SN75138. It does offer the advantage IE;L":'B - 5 | Enable €
of receiver input hysteresis. Receiver — Driver
. . . . N [e] t B ~h tD
® Receiver Input Hysteresis Provides Excellent Noise Rejection ey :pu .
eceiver
® Open-Collector Driver Qutputs Permit Wire-OR Connection Bus B E ZOutput [}
® Tailored to Meet the Standards Set by the IEEE and IEC Logic Gnd E leuwso
Committees on Instrument Interface (488-1978)
® Terminations provided (except MC3443A version) Mci"ﬁ
X X - . Output and
® Provides Electrical Compatibility with General-Purpose Termination E E] Vee
Interface Bus Gnd
Bus A E E BusC
MAXIMUM RATINGS (T 5 =25°C unless otherwise noted } Receiver 2 Receiver
Rating Symbol Value Unit Output A Output €
Driver Driver
Power Supply Voltage Vee 7.0 Vdc Input A S Input C
tnput Voitage \% 55 Vdc i
! Driver Enable E
DCriver Output Current 10(D) 150 mA Input B
Power Dissipation (Package Limitation) Pp 830 mwW Receiver Driver
Derate above 25°C 6.7 mW/oC Output B Input D
Operating Ambient Temperature Range T Q1o +70 oc 3 —] Receiver
3 P g A o Bus B E 2loutput D
torage Temperature Range Tstg ~-65 to +150 °oc
Logic Gnd E E] Bus D
TYPICAL APPLICATION — GPIB MEASUREMENT SYSTEM MC3443A
[ S
Output Gnd [~ (7] vee
Instrument ; Bus A E E] BusC
A '
(with GP18) i Receiver 3| Receiver
Output A Output C
Drivaer ~] Oriver
Programmable - a
H Calculator Input A Input C
. (with GPIB) Driver .
input 8 L= B Enable E
Instrument Y Receiver —7 Driver
. Output B L2 =l inputD
(with GPIB) -
suss [~ Receiver
e — T _=Bus us Output D
‘} " V ’ Termination Logic Gnd E 3 Bus D
16 Lines Total
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MC3440A, MC3441A, MC3443A

ELECTRICAL CHARACTERISTICS (Unless otherwise noted, 4.5 V < Ve < 5.5 V and 0 < T4 < 70°C, typical values are at
. : Ta = 25°C, Ve =50V)

I ' Characteristic ] Symbol l Min I Typ I Max l Unit l
DRIVER PORTION
Input Voltage - High Logic State VIH(D) 2.0 - - Vv
tnput Voltage — Low Logic State ViLiD} - - 08 \
Tnput Current — High Logi’c State IIH(D) - - 40 oA
(Vi - 24V)
Input Current - Low Logic State MC3443A ITRDY) N - -16 mA
(ViL 04V,Vge 50V, Ta  25°C) MC3440A, 3441A -0.25
Input Clamp Voltage ViKk(D) - - -1.5 Vv
(hk =-12mA}
Output Voltage — High Logic State (1) (MC3440A, 34414 only) VOHID) 25 - - v
(ViH(E) = 24 Vor V) D) = 0.8 V)
Qutput Voltage — Low Logic State VoLip) \Y%
(ViHD) = 20 V. V|_(E) = 0.8 V. loL(D) = 48 mA) - - 0.5
(VIH(D) = 20V, V| (F) = 0.8V, loL(D) = 100 mA) - - 0.80
Output Leakage Current — MC3443A Only IOH(D) - 250 KA
Wing) 20VorVi(py 08W)
3 RECEIVER PORTION
Input Hysteresis 400 580 - mv
nput Threshold Voitage - Low to High Output Logic Siate VILHIR) 08 0.98 - Y
(Vce - 50V, Ta - 25°C)
Input Threshold Voltage — High to Low Output Logic State VIHLIR) - 1.56 2.0 v
IVeo =50V, Ta - 25°C)
Qutput Voltage - High Logic State VOHIR} 24 — - Vv
(VIL(R) - 08 V.IQH(R) -400uA)
Output Voltage - Low Logic State VOLIR) - 05 v
(ViH(R) . 20 V. IgLIR) 16 mA)
Output Short-Circuit Current 108(R) -20 - -55 mA
(Vi (R) = 0.8 V) (Only one cutput may be shorted at a time)
BUS TERMINATION PORTION (Does not apply to MC3443A)
Bus Voltage (V| (p) = 0.8 V) VBUS v
(lgus = =12 mA) - - -15
(No Load) 250 - 3.70
Bus Current . Igus mA
(V|L(D) =08V, Vgys > 5.0 V) 0.7 - -
(VIL(D) =08 V.Vgys < 65 V) - - 25
(ViL(p)=08V,Vgys =05V -1.3 - -3.2
(Ve =0,0< Vgys < 2.75 V) (MC3440A, 3441A only) - - +0.04
TOTAL DEVICE POWER CONSUMPTION
Power Supply Current lec 30 56 75 mA
ViH(D) = 24 V. Vi) OV)

SWITCHING CHARACTERISTICS (Ve =50V, T4 25°C)

MC3440A,3441A MC3443A

Characteristic Symbol Min | Typ | Max [Min | Typ | Max | unit
DRIVER PORTION
Propagation Delay Time from Driver input to Low Logic State Bus Qutput tPHL (D) - 13 30 - 13 25 ns
Propagation Delay Time from Driver Input to High Logic State Bus Output PLH(D) - 17 30 - 17 25 ns
Propagation Delay Time from Enable Input to Low Logic State Bus Output PHL(E) - 25 40 - 25 32 ns
Propagation Delay Time from Enable Input to High Logic State Bus Output PLH(E) — 25 | 40 - 25 | 32 ns
RECEIVER PORTION
Propagation Delay Time from Bus Input to High Logic State Receiver Output PLHIR) - 15 30 - 15 22 ns
Propagation Delay Time from Bus Input to Low Logic State Receiver Output tPHL(R) - 15 30 - 15 22 ns

(1) 12 k resistor from the bus terminal to Vg required on the MC3443A version.
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MC3440A, MC3441A, MC3443A

FIGURE 1 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM
RECEIVER INPUT (BUS) TO OUTPUT

To Scope
30V (uteut) 5oy
Input 50% 50%
ov To Scope Receiver 400
(Input) Output
PLH(R) WPHL(R)
VoH )
Driver
Output 1.5V 15V Bus Input R 15 pF
VoL
2 1N916
S50 Enable or equiv
Pulse Input
Generator 4
= -:L

FIGURE 2 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM
DRIVER AND COMMON ENABLE INPUTS TO OUTPUT (BUS)

3.0V

Driver Input 50% 50%

ov

PHL(D) PLH(D)
15V

i Enable Input 50% 50%
< |
ov
i 50 pF
IEnnpautie I tPLH(E) PHL(E)
L VoH

Output 1.5V 1.5V
VoL

To Scope 3.0V +5.0 V

S

\
To Scope OH
{Input) T (Output) Output
VoL
Enable Driver 3.0V
Input
Pulse

Generator

1N

FIGURE 3 — TYPICAL RECEIVER HYSTERESIS
CHARACTERISTICS

50 I L l
1 vee=50V
_ Ta = 250C
2 40 -
B
2
-
2 30
=
]
ES Y
5 20
2
&
>
e
S0
0
0 05 1.0 15 20

Vi, INPUT VOLTAGE (VOLTS}
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MC3440A, MC3441A, MC3443A

GENERAL PURPOSE INTERFACE BUS APPLICATION

INSTRUMENT A 4 “ “ “ ‘\ ‘ INSTRUMENT 8
_____ _| S B
D101 DI01 !
! T
l D102 D102
| 1 |
MESIA) | biog ooz || fmessson | |0 T2
‘ I
DI04 REN |
(Always I
| Enabled) |
| | )
| o] '
DI05 DI04 |
i
| D106 D105 |
MC3441A D107 D106 | |mcaaa0a
| oros , sRQ
| (Always
Enabled) ‘
—1 A S
| |
REN DI07 |
‘ EO! Di08
MC3441A ATN DAV : MC34404
IFC EO!
| (Always
Enabled) |
| (Always E
Enabled) (Always |
1 Enabled) I
SRQ , ATN
DAV IFC
MC3440A T, NRED MC3440A
| NDAC NDAC I
l I
1 I B R I
16 Li
————— . BRI BT N S ——

GPIB SIGNALS:

8 Line Data Bus: DIO1 ~ DI08

5 General Interrupt Transfer Control Bus:

REN — Remote Enable
SRQ — Service Request
EOI — End or Identify
ATN — Attention

IFC — Interface Clear
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3 Data Byte Transfer Control Bus
DAV — Data Valid
NRFD — Not Ready for Data
NDAC — Not Data Accepted
16 Total Signal Lines



@ MOTOROLA

MC3446A

QUAD GENERAL-PURPOSE INTERFACE
BUS (GPIB) TRANSCEIVER

The MC3446A is a quad bus transceiver intended for usage in
instruments and programmable caiculators equipped for interconnec-
tion into complete measurement systems. This transceiver allows the
bidirectional flow of digital data and commands between the various
instruments. The transceiver provides four open-collector drivers and
four receivers featuring hysteresis.

® Tailored to Meet the |EEE Standard 488-1978 (Digital Interface
for Programmable Instrumentation) and the Proposed |EC
Standard on Instrument Interface

® Provides Electrical Compatibility with General-Purpose Interface
Bus (GPIB)

MOS Compatible with High Impedance Inputs
Driver Output Guaranteed Off During Power Up/Power Down

Low Power — Average Power Supply Current = 12 mA

® Terminations Provided

QUAD INTERFACE
BUS TRANSCEIVER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

1

P SUFFIX
PLASTIC PACKAGE
CASE 648-05

TYPICAL MEASUREMENT SYSTEM APPLICATION

A i
Instrument v
A H
(with GP18) —
Programmable
H Calculator
! (with GP18)
Instrument —
8 '
(with GPIB) —
vy vy

16 Lines Total

PIN CONNECTIONS

Receiver E E Vee
Output A
| Receiver
Bus A Output D
Driver [<] 2] BusD
Input A
Oriver
Enable E Input D
ABC
Driver ? Enable D
I B
npy Driver
Bus B tnput C
Receiver |~ Bus C
Output B
Receiver
Gnd E ©1 OuwpputC

— T — = Bus Termination
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MC3446A

MAXIMUM RATINGS (T 5-= 25°C unless otherwise noted.)

Rating Symbol Value Unit
Power Supply Voltage Vee 7.0 Vdc
Input Voltage V) 5.5 Vdc
Driver Output Current 10(D) 150 mA
Junction Temperature ) Ty 150 oc
Operating Ambient Temperature Range TA 0to+70 °c
Storage Temperature Range Tsg -65 to +150 °c

ELECTRICAL CHARACTERISTICS
(Unless otherwise noted, 4.5V < Vo < 5.5 V and 0 < Tp < 70°C, typical values are at Ta = 25°C, Vgg = 5.0 V)

Characteristic l Symbol l Min l Typ i Max L Unit I
DRIVER PORTION
input Voltage — High Logic State ViH(D) 2.0 — — \
input Voltage — Low Logic State ViL(D) - - 0.8 \"
Input Current — High Logic State 1{H(D) - 5.0 40 pA
(ViH = 2.4 V)
Input Current — Low Logic State TR} - -0.2 -0.256 mA
(Vi =04V, Vcc =50V, Tp = 25°C)
fnput Clamp Voltage ViK(D) - - -15 \"
(lik = -12mA)
Output Voltage — High Logic State (1) VOHI(D) 25 33 3.7 v
(ViH(s) = 24 Vor ViH(D) = 2.0V)
Output Voltage — Low Logic State VoL(D) - - 05
(ViL(s) = 0.8V, Vi (D) =08V, lgL(D) =48 mA)
Input Breakdown Current 11B8(D) - - 1.0 mA
(Vi(D} = 5.5 V)
RECEIVER PORTION
Input Hysteresis - 400 625 — mV
Input Threshold Voltage — Low to High Output Logic State ViLH(R) = 1.66 2.0 Vv
Input Threshold Voltage — High to Low Output Logic State VIHL(R) 0.8 1.03 - \
Output Voltage — High Logic State VOH(R) 24 - - \4
(ViH(R) = 2.0 V. IQH(R) = -400 uA)
Output Voltage — Low Logic State VOLI(R) - - 0.5 v
(VI (R) =08V, IgL(R) = 8.0mA)
Output Short-Circuit Current 10s{R) 4.0 - 14 mA
(ViH(R) = 2.0 V) (Only one output may be shorted at a time)
BUS LOAD CHARACTERISTICS
Bus Voltage (VIH(E) = 24 V) V(BUS) 25 33 3.7 A
(Igus = -12 mA) - - 15
Bus Current (VIH(0)= 24 V. VBys=5.0 V) \{BUS) 0.7 - - mA
(VIH(D) =24 V. Vgys = 0.5V) -1.3 - -3.2
(Vgys <5.5V) - - 25
(Vge=0,0V <Vgys <275V) - - 0.04
TOTAL DEVICE POWER CONSUMPTION
Power Supply Current Icc mA
(All Drivers OFF) - 12 19
(All Drivers ON) - 32 40
SWITCHING CHARACTERISTICS (Vg =50V, Tp = 25°C)
l Characteristic 1 Symbol L Min [ Typ ] Max I Unit
DRIVER PORTION
Propagation Delay Time from Driver Input to Low Logic State Bus Output| tpH (D} - — 50 ns
Propagation Delay Time from Driver input to High Logic State Bus Qutput| tpL H(D) — 40 ns
Propagation Delay Time from Enable Input to Low Logic State BusOQutput | tpHy (E) - - 50 ns
Propagation Delay Time from Enable Input to High Logic State BusOutput | tp H(E) - - 50 ns
RECEIVER PORTION
Propagation Delay Time from Bus Input to High Logic State Receiver Output] tp H(R) - - 50 ns
Propagation Delay Time from Bus Input to Low Logic State Receiver Output] tpH (R) - - 40 ns
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MC3446A

FIGURE 1 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM
RECEIVER INPUT (BUS) TO OUTPUT

To Scope
(Output)

3.0V
Input 50% 50% Tos
ov 0 Scope Receiver 1k
(input) Output
I‘—'PLH(R) PHL(R)

VoH
Output 1.5V * 15V
Vou

Driver
Input

Enabie
Puise Input

Generator

FIGURE 2 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM
DRIVER AND COMMON ENABLE INPUTS TO OUTPUT (BUS)

To Scope +5.0V

(Input) To Scope

(Output) 30V —

Driver Input
or Enable
ov

tPLH(D) '-— tPHL(D)

VoH i
Output %1.5 v 15V
Vou

50% 50%

Driver
Input

*
50 pF

* Includes Probe and Jig Capacitance

Pulse
Generator

FIGURE 3 — TYPICAL RECEIVER HYSTERESIS FIGURE 4 — TYPICAL BUS LOAD LINE
CHARACTERISTICS
5.0 T 60
vee=50V 40— 4+ | 7_____{»,__’__‘_’_‘
> Ta= 250C
5 40 — 5 20 l —
o E —
= 0 - I
w Z /
< 30 L 20 |
5 (T
=) o 40
- g
2 0 a -60 Non-Shaded Area
5 2 80 [ Conforms to Paragraph |
=] @ - l - 35.3 of EEE
S 10 10 I Standard 488-1978
— 12
0 1
0 05 10 15 2.0 -4.0 -20 ] 20 40 6.0

Vi, INPUT VOLTAGE (VOLTS) Vgus. BUS VOLTAGE (VOLTS)
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@ MOTOROLA

MC3447

BIDIRECTIONAL INSTRUMENTATION
BUS (GP1B) TRANSCEIVER

This bidirectional bus transceiver is intended as the interface

between TTL or MOS logic and the |EEE Standard Instrumentation
Bus (488-1978, often referred to as GPIB). The required bus termi-
nation is internally provided.

Low power consumption has been achieved by trading a minimum

of speed for low current drain on non-writical channels. A fast
channel is provided for critical ATN and EOI paths.

Each driver/receiver pair forms the complete interface between

OCTAL BIDIRECTIONAL
BUS TRANSCEIVER
WITH
TERMINATION NETWORKS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

L SUFFIX

the bus and an instrument. Either the driver or the receiver of each
channel is enabled by a Send/Receive input with the disabled output
of the pair forced to a high impedance state. The receivers have
input hysteresis to improve noise margin, and their input loading
follows the bus standard specifications.

CERAMIC PACKAGE
CASE 623-05

Low Power — Average Power Supply Current = 30 mA Listening
75 mA Talking
Eight Driver/Receiver Pairs
Three-State Outputs
High Impedance Inputs
Receiver Hysteresis — 600 mV (Typ)
Fast Propagation Times — 15-20 ns (Typ)
TTL Compatible Receiver Outputs
Single +5 Volt Supply
Open Collector Driver Qutput with Terminations
Power Up/Power Down Protection (No Invalid
Information Transmitted to Bus)
No Bus Loading When Power is Removed From Device
Required Termination Characteristics Provided

P3 SUFFIX
PLASTIC PACKAGE
CASE 724-02

MAXIMUM RATINGS (T a = 25°C unless otherwise noted)

Rating Symbol Value Unit
Power Supply Voltage Vece 70 Vdc
Input Voltage Vi 55 Vdc
Driver Qutput Current 'O(D) 150 mA
Junction Temperature Ty 150 °c
Operating Ambient Temperature Range Ta 0to+70 oc
Storage Temperature Range Tstg -65 to +150 °c
3
o TYPICAL MEASUREMENT
Instrument
A — . SYSTEM APPLICATION
(With GPIB) - =
y — Programmable
-7 N Calculator
(With GP1B)
instrument §
B i NS
(With GPIB) =

16 Lines Total

PIN ASSIGNMENTS

~—
SR 10)[1_-_1——9—1 @ vee
Data OE‘[%L_ F—{3] 8us 0
Data 1E——EE;—T— 22) Bus 1
Data 2[4} > F L’z\ Bus 2
L5
Data 3[_5————[“% . —F—{20]Bus 3
Data 4E—E§ } [ F—{i9)Bus 4
Data 57| [18]Bus 5
simis 8] 17]s/R (1.4)
Data GE—E F"—EBUS 13
Data 7E—EE} —F—15)Bus 7
s/R (e)[10 ————D——r_LQ—E]szn n
'-ZQ'C 12 [13)BUS
nd Gnd

Vece

—}

—F—O Bus — Indicates —————Q Bus

Terminations

Gnd
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MC3447

ELECTRICAL CHARACTERISTICS
(Unless otherwise noted 4.50 V< Vg < 5.50 V and 0 < T < 70°C; typical values are at Tp = 25°C, Vg = 5.0 V)

Characteristic — Note 2 Symbol Min Typ Max Unit
Bus Voltage \
(Bus Pin Open}{V|(s/R) = 0.8 V) V(Bus) 25 - 3.7
(l(Bus) = 12 mA) VIC(Bus) - - -1.5
Bus Current 1(Bus) mA
6.0V < V(gys) < 5.5V) 0.7 - 25
(V(Bus) =05 V) -13 - -3.2
(Vcec=0V,0V < V(gys) <2.75V) — - +0.04
Receiver Input Hysteresis - 400 600 - mV
(Vi(s/R)y=08V)
Receiver {nput Threshold \
(Vi(s/R) =08 V) Low to High VILH(R) - 16 20
High to Low VIHL(R) 0.8 1.0 -
Receiver Qutput Voltage — High Logic State VOH(R) 24 - - \
(VI(s/R) =08 V, IoH(R) = 200 A, V(Bys) = 2.0 V)
Receiver Output Voltage — Low Logic State VOL(R) - - 0.5 Vv
V1s/R) =08 V, loL (R} =40 mA, (V(gus) =08V
Receiver Output Short Circuit Current 10s8(R) -4.0 - -20 mA
(Vi(s/R) =08V, V(gys) =20 V)
Driver Input Voltage — High Logic State VIH(D) 2.0 - - v
(Vy(s/R) =2.0V)
Driver Input Voltage — Low Logic State ViL() - - 08 Vv
(Vi(s/R)=20V)
Driver Input Current — Data Pins MHA
Vi(s/R) =20V}
06<V|p)<27V) 11{D) -100 - 40
(VD) =55V} l1B(D) - - 200
Input Current — Send/Receive MA
05<V|(g/R)<2.7V) 11(s/R) -250 - 20
Vi(s/R) =55 V) li8(s/R) - - 100
Driver Input Clamp Voltage Vic(p) - - -15 A
(Vi(s/R) =20V, l|c(p) = -18 mA)
Driver Output Voltage — High Logic State VOH(D) 25 - - A
(Vis/R) =20V, V H(Dp) =20 V)
Driver Output Voltage — Low Logic State (Note 1} VOL(D) - — 05 v
(Vi(s/R) =20 V. ViL(D) =08V, loL(D) =48 mA)
Power Supply Current mA
(Listening Mode — All Receivers On) fccL - 30 45
(Talking Mode — All Drivers On) IccH - 75 95
SWITCHING CHARACTERISTICS (Vgc =5.0 V, Ta = 25°C unless otherwise noted)
Propagation Delay of Driver ns
(Output Low to High) tPLH{D) - 7.0 15
(Output High to Low) tPHL(D) - 16 30
Propagation Delay of Receiver (Channels 0 to 5, 7) ns
(Output Low to High) tPLH(R) - 28 50
(Output High to Low} tPHL(R) — 15 30
Propagation Delay of Receiver (Channel 6, Note 3) ns
(Output Low to High) PLH(R) - 17 30
(Output High to Low) tPHL(R) - 12 22

NOTES: 1. The IEEE 488-1978 Bus Standard changes Vg (p) from 0.4 to 0.5 V maximum to permit the use of Schottky technology.
2. Specified test conditions for V(g/R) are 0.8 V (Low) and 2.0 V (High). Where V|(5/R) is specified as a test condition, V|(§/R)
uses the opposite logic levels.

3. In order to meet the |EEE 488-1978 standard for total systern delay on the ATN and EOI channels, a fast receiver has been
provided on Channel 6 (pins 9 and 16).
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MC3447

SWITCHING CHARACTERISTICS (continued) (Vg = 5.0 V, T = 25°C unless otherwise noted)

Characteristic Symbol ' Min Typ Max Unit

Propagation Delay Time — Send/Receiver to Data ns

Logic High to Third State tPHZ(R) - 15 30

Third State to Logic High PZH(R) - 15 30

Logic Low to Third State tPLZ(R) - 15 25

Third State to Logic Low tPZL(R) -~ 10 25
Propagation Delay Time — Send/Receiver to Bus | ns

Logic Low to Third State tPLZ(D) — 13 25

Third State to Logic Low PPZL(D) - 30 50

PROPAGATION DELAY TEST CIRCUITS AND WAVEFORMS

FIGURE 1 — BUS INPUT TO DATA OUTPUT (RECEIVER)
- To Scope

(Qutput} 459V
\Y

3.0
Input 1.5V To Scope . 1k
oV {!nput) dara
[* PLH(R) ,‘—"PHL(R)

1.5V
VoH
Output 1.5V a“ *1.5v Bus
VoL p—O—4

CL
15 pF 1N916
or Equiv.
£<1.0 MHz =
tTLH = tTHL = 5.0 ns (10-90) $ 51
> =
Duty Cycle = 50% h =
Pulse *includes Jig
Generator p and Probe Capacitance

FIGURE 2 — DATA INPUT TO BUS OUTPUT {DRIVER)

To Scope 3.0V

.
(Input) o Scope

(Output) 3.0V
v

3.0
Send/ Driver Input RN sy
Data Rec or Enabie :
51 ov
puise Y Bus tPLH(D) PHL(D)

O
Generator 51 VoH
Output 20V
Cy* 7% 30 oF 08V
1 Vour
= f=1.0MHz
“Includes Jig = < tTHL < 5.0 ns (10-90
and Probe Capacitance ETLHZITHL = 500 o0
Duty Cycle = 50%
FIGURE 3 — SEND/RECEIVE INPUT TO BUS OUTPUT (DRIVER)
To Scope
{Outpur)
Data Bus 3.0V
‘L Send/Rec l/ﬂ fnput ov
= c Output 30V
To Scope | L 51 Low to Open 10% 08V vy
(Input) —|= OLO Vv
i B 1 = wLzio) f=trzLD)
Generator = 3.0V f=1.0MHz

C| =30 pF (Includes Jig and _ _
- Probe Capacitance tTLH = tTHL = < 5.0 ns (10-90)

= Duty Cycle = 50%
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FIGURE 4 — SEND/RECEIVE INPUT TO DATA OUTPUT (RECEIVER)

3.0V ( \ 3.0V
’ Input j 15V 1.5V
50V N
o \
To Scope . [¢]
51 (Output) PZH(R)—®
1.2k 20% VoH
“H Bus Output \ ¢ 15V
High to Open oV
r“ Send/Rec —# [®—tPHZ(R)
= 2 CL ZH 0 Qutput / 50V
To Scope 600 Low to Open 10% 1.5V VoL
(Input) —_— P oL ov
= —> re—tpLz —’1 z
20V h
Pulse 51 C = 15 pF (Includes Jig f=1.0 MHz
Generator and Probe Capacitance) TTLH = tTHL = < 5.0 ns (10-90)
= Duty Cycle = 50%
FIGURE 5 — TYPICAL RECEIVER HYSTERESIS
CHARACTERISTICS FIGURE 6 — TYPICAL BUS LOAD LINE
50 —[ 6.0
T B 40
_ Vep=50V
2 40 Tp - 25°C 2 ¥ i —
= <
> E 0
@ = J
e 3.0 & -20 1
hs <
- 3
= 3 -40
>
«‘ Non-Shaded Area
5 20 1 3 -60— Conforms to
5 3 -8.0 Paragraph 3-5.3 of
2 = IEEE Standard
S -10 4881978
-12 Veg =50V
0 -14 ]
0 05 1.0 15 20 -4.0 -2.0 0 20 4.0 6.0
V|, INPUT VOLTAGE (VOLTS} VBys. BUS VOLTAGE (VOLTS)

FIGURE 7 — SUGGESTED PRINTED CIRCUIT BOARD LAYOUT USING MC3447s AND MC68488
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T
o e, 7 { O 4  O— / 0 g}AOC8
° IB-70/ T O s O 0 O——RFD
o M8 o4 I/ ) / S/R (5) OS/R(1-4)
o T/R2 f O/ o——2"
Eol
° ATN 7 o"—_“\E._;____ O———-REN
IFC
5av O—n- EOI S/ﬁi?j/ﬁm i
DAC O——— o !
RFD SR_QO_‘ Gnd  Gnd Gnd Gnd
° FENO— O -—=0
Jumper or second
o TFC level metal
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IEEE 488-1978 BUS

FIGURE 8 — SIMPLE SYSTEM CONFIGURATION
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.
D7
R/W
MC6802
or
MC6800
MPU

Address

3-142

NS

NOTE 1: Although the MC3447 transceivers
are non-inverting, the 488.-1978 bus callouts
appear inverted with respect to the MC68488
pin designations. This is because the 488-1978
Standard is defined for negative logic, while all
MB800 MPU components make use of positive
logic format.
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FIGURE 9 —- SUGGESTED PIN DESIGNATIONS FOR USE WITH MC68488

MC68488 MC68488
Connections MC3447 Pin Designations Connections
A B A B

TR 2| vee | /B () 1 24 | vee vee Vee
DAV | SRQ | Data0 0 2 23 | BusO DAV SRQ
B0 81 Data 1 3 22 1 Bus1 DIO 1 DIO 2
82 183 Data 2 4 21 | Bus2 DIO3 | DI04
B3 85 Data 3 5 20 | Bus3 DlIO5 | DIOS®
86 87 Data 4 6 Octal 19 | Bus4 pio7 | plos
DAC | RFD | Data5 7 T,a?,zc’zve, 18 | Bus5 NDAC | NRFD
T/R2| T/R 2| S/R (5) 8 17 ) s/R(1-4) ] T/R2 | T/R2
EOT ATN | Data 6 9 16 | Bus6 Eo! ATN
TFC REN | Data7 10 15 | Bus7 IFC REN
T/R1| Gnd | S/R(6) 1 14 | S/R(7) Gnd Gnd
Gnd Gnd t.ogic Gnd 12 13 Bus Gnd Gnd Gnd
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MC3448A

BIDIRECTIONAL INSTRUMENTATION
BUS (GPIB) TRANSCEIVER

This bidirectional bus transceiver is intended as the interface
between TTL or MOS logic and the |IEEE Standard Instrumentation
Bus (488-1978, often referred to as GPIB). The required bus
termination is internally provided.

Each driver/receiver pair forms the complete interface between
the bus and an instrument. Either the driver or the receiver of each
channel is enabled by its corresponding Send/Receive input with
the disabled output of the pair forced to a high impedance state. An
additional option allows the driver outputs to be operated in an
open collector{1} or active puli-up configuration. The receivers have
input hysteresis to improve noise margin, and their input loading
follows the bus standard specifications.

Four Independent Driver/Receiver Pairs
Three-State Qutputs
High Impedance Inputs
Receiver Hysteresis — 600 mV {Typ)
Fast Propagation Times — 15-20 ns (Typ)
TTL Compatible Receiver Qutputs
Single +5 Volt Supply
Open Collector Driver Qutput Option(1}
Power Up/Power Down Protection
{No Invalid Information Transmitted to Bus)
® No Bus Loading When Power Is Removed From Device
® Required Termination Characteristics Provided

QUAD THREE-STATE
BUS TRANSCEIVER WITH
TERMINATION NETWORKS

SILICON MONOLITHIC

(1) Selection of the "'Open Collector’’ configuration, in fact, selects an open collector device
with a passive pull-up load/termination which conforms to Figure 7, IEEE 488-1978
Bus Standard.

MAXIMUM RATINGS (T p = 25°C unless otherwise noted)

Rating Symbol Value Unit
Power Supply Voltage Vee 7.0 Vdc
Input Voltage Vi 5.5 Vdc
Driver Output Current 10(D) 150 mA
Junction Temperature T, 150 °oc
Operating Ambient Temperature Range TA 0to +70 °c
Storage Temperature Range Tstg -65to +150 °c
ﬁl ﬁl 1\ [
R TYPICAL MEASUREMENT
SYSTEM APPLICATION
instrument
T -~
A ; Sl
(With GPIB)
Instrument
PPtad i B
(With GPIB)

Programmable
Calculator
(With GPIB)

Ty vy

16 Lines Total

INTEGRATED CIRCUIT
16
1
L SUFFIX
CERAMIC PACKAGE
CASE 620-02 I
16
1
P SUFFIX
PLASTIC PACKAGE
CASE 648-05
A
Send/Rec.
input A E E Vee
— Send/Rec.
pataa [+] Z) input D
Bus A E: E Data D
Pull-Up
Enable E T4z (BusD
Input A-B Puli-Up
BusB |« 5 | Enable
us l: Input C-D
Data B E] T.z] Bus C
Send/Rec. [~ % S |DataC
input B E
Send/Rec.
Gnd E: ? JinputC
~T- = Bus Termination
TRUTH TABLE
Send/Rec. Enable Info. Flow Comments
[ x Bus ~* Data -
1 1 Data 2> Bus | Active Pull-Up
1 [ Data > Bus Open Col.

X = Don't Care

3-144




MC3448A

ELECTRICAL CHARACTERISTICS
(Unless otherwise noted 4.75 V < Vo <5.25 Vand0 < Tpa < 70°C; typical values are at Ta = 25°C, Vee =50V}

Characteristic Symbol Min Typ Max Unit

Bus Voltage V]
(Bus Pin Open)(V(g/R) =0.8 V) V(guUS) 2.75 - 3.7
Uus) =-12mA) Vic(sus) - - -15

Bus Current lBuUS) mA
(5.0 V< V(gys) <5.5V) 0.7 - 2.5
(V(Bus) =05V) 13 _ _32
(Vec=0V,0V < V(gys) <275 V) - - +0.04

Receiver Input Hysteresis - 400 600 - mV
{Vi(s/r} =08 V)

Receiver Input Threshold v
(Vi(s/r) = 0.8 V, Low to High) VILH(R) - 1.6 18
(V|(s/r) = 0.8 V, High to Low} VIHL(R) 08 1.0 -

Receiver Output Voltage — High Logic State VOH(R) 2.7 - — v
(Vi(s/r) =0.8 V, IgH(R) = -800 A, V(gus) = 2.0 V)

Receiver Qutput Voltage — Low Logic State VOL(R) - - 0.5 v
(Vi(s/R)=0.8V, IgL(R) =16 mA, V(gus) =0.8 V)

Receiver Qutput Short Circuit Current 10s(R) -15 - -75 mA
(Vi(s/R) =0.8 V, V(gus) = 20 V)

Driver Input Voitage — High Logic State VIH(D) 20 - — v
Vi(s/r) =20 V)

Driver Input Voltage — Low Logic State ViL(D) . - 08 \
(Vi(s/r) =20 V)

Driver Input Current — Data Pins A
Vi(s/r) = VI(E) = 20 V)

(05<V|p)<27V) 11{D) -200 - 40
(Vi(D)=55V) HB(D) - - 200

Input Current — Send/Receive MA
(05 < V|(s/R} <27V li{s/R) -100 - 20
(Vi(s/R) =55 V) '1B(S/R) - - 100

Input Current — Enable ) MA
(05 < VyE)<27V) Li(E) -200 - 20
(Vi(E) =565 V) IB(E) - C - 100

Driver Input Clamp Voltage Vic(p) — - 15 Vv
(Vi(s/r) =20V, lic(p) = -18 mA)

Driver Output Voltage — High Logic State VOH(D) 25 - - v
(Vi(s/r) =20V, VIH(D) =20V, V|H(E} = 20V, IgH = -5.2 mA)

Driver Output Voltage — Low Logic State {Note 1) VoL(p) - - 05 v
(Vi(s/R) = 2.0 V. loL(D) = 48 mA)

Output Short Circuit Current los(D) -30 - -120 mA
(Vi(s/R) =20 V, VIH4(D) =20 V, V|H(E) = 2.0 V)

Power Supply Current mA
{Listening Mode — All Receivers On) lccL - 63 85
(Tatking Mode — All Drivers On) IccH - 106 125

SWITCHING CHARACTERISTICS (v =5.0 V, Tp = 25°C unless otherwise noted)

Propagation Delay of Driver ns
{Output Low to High) tPLH(D) - - 15
(Output High to Low) tPHL(D) - - 7

Propagation Delay of Receiver ns
{Output Low to High) tPLH(R) - - 25
{Output High to Low) tPHL(R) - — 23

NOTE 1. A modification of the |IEEE 488- 1978 Bus Standard changes Vo (p) from 0.4 to 0.5 V maximum to permit the use of
Schottky technology.

3-145



MC3448A

SWITCHING CHARACTERISTICS (continued) (Vcc = 5.0 V, Tp = 25°C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit

Propagation Delay Time — Send/Receive to Data ns

Logic High to Third State tPHZ(R) - - 30

Third State to Logic High tPZH(R) - - 30

Logic Low to Third State tPLZ(R) - - 30

Third State to Logic Low PZLIR) - — 30
Propagation Delay Time — Send/Receive to Bus ns

Logic High'to Third State tPHZ(D) - - 30

Third State to Logic High tPZH(D} - - 30

Logic Low to Third State PLZ(D) - - 30

Third State to Logic Low tPZL(D) - — 30
Turn-On Time — Enable to Bus ns

Pull-Up Enable to Open Collector tPOFF(E) - - 30

Open Collector to Pull-Up Enable PON(E) - - 20

PROPAGATION DELAY TEST CIRCUITS AND WAVEFORMS

FIGURE 1 — BUS INPUT TO DATA OUTPUT (RECEIVER)

To Scope
{Output) +59v

3.0V

Input 1.5V 1.5V To Scope

ov (Input)

PLH(R) "-fPHL(m

VoH
Output 1.5V *1.5 v
Vou

f=1.0 MHz

tTLH = tTHL < 5.0 ns (10-90) :EE"

Duty Cycle = 50%
Pulse *Includes Jig and Send/
Generator L Probe Capacitance Rec

FIGURE 2 — DATA INPUT TO BUS OUTPUT (DRIVER)

3.0V
To s e
(C:n::’:)’ To Scope
(Output) 2.3V
~ 3.0V
~ Send/ Driver Input 1.5v
ata __Ree or Enable ’ eV
O 38.3 ov
puise J Y 5 B tPLH(D) ) PHL(D)
Generator 51 v
OH
Output
CL' A= 30 pF ’
1 VoL
= I = 1.0 MHz

*Includes Jig

= < -
and Probe Capacitance Pull-Up Enable TTLH = tTHL < 5.0 ns (10-90)

Duty Cycle = 50%

30V FIGURE 3 — SEND/RECEIVE INPUT TO BUS OUTPUT (DRIVER)

To Scope
ZH ®ZL (Outout) Input X 1.5V ]

ov
2n Pull-Up ZL tPZH(D) —™
Data Epable Bus — Von
S - Output [ 90% 20V
_Eo Send/Rec K i ZH 13.5 High to Open
zL —|- oV
= . c —* [ tPHZ(D)
To Scope L 480 Output ——Vz=x11V
(Input) 4 11V Low to Open {10% 08V
Puise ‘&51 u L _ VoL,
Generator p: h - [*— tPLz(D) - Pz
Cy. = 15 pF (Includes Jig and f=1.0MHz

Probe Capacitance
= TTLH = tTHL = < 5.0 ns (10-90)

Duty Cycle = 50%
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FIGURE 4 — SEND/RECEIVE INPUT TO DATA OUTPUT (RECEIVER)

\ 3.0V
Input ‘1,5V 15V
50V
T J \.___.o v
0 Scope
3ov (Output) tPZH(R) — y
/Ty % OH
T_Z:‘ Bus Output \goo/ 1.5V
b High to Open ov
L—‘ Send/Rec ~— t@—tpHZ(R)
L ZL Output [ 5.0V
< L to O 1.5V
To Scope ow to Open 10% k Voo
(input) —_— ov
— e tp|Z(R) — ‘«-fpzum
Pulse 51 ¢ = 15 pF (Includes Jig f=1.0MHz
Generator and Probe Capacitance) tTLH = tTHL = < 6.0 ns (10-90)
L Duty Cycle = 50%
FIGURE 5 — ENABLE INPUT TO BUS OUTPUT (DRIVER)
3.0V To Scope
>ﬁ7 {Output)
Pull-Up 3ov
Data Enable B8us Enable Input 1.5V 1.5V
D, ov
Send/Rec
VS PON(E) I-—tpOFF(E)
E cLA< v
To Scope 480 20V 90% OH
(Input) ' Output
Pulse 51 1oV Voc
Generator C_ = 15 pF (Includes Jig = f=1.0MHz
and Probe Capacitance tTLH = tTHL = < 5.0ns (10-90)
Duty Cycle = 50%
FIGURE 6 — TYPICAL RECEIVER HYSTERESIS
CHARACTERISTICS FIGURE 7 — TYPICAL BUS LOAD LINE
50 ( = 6.0
T 4.0
5 40 Veg=50V 20 ¢
4 = 250 .
5 Tp = 250C = L
> E 0
w ~ ]
@ 30 3 -20
hd <
[ =
2 240
z % Non-Shaded Area
:.-::’ 20 ,3 -6.0 Conforms ta
5 2 -0 Paragraph 3-5.3 of
2 = |EEE Standard
S -10 188.1978
12 Veg=50V
0 - 11
0 0.5 10 15 20 -40 -20 0 20 4.0 6.0
V|, INPUT VOLTAGE (VOLTS) Vgys. BUS VOLTAGE (VOLTS)
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Management

Bus

Hand-shake
4
P
n
o

IEEE 488-1975 BUS
Bus

D102

D103

Dio4

Data

L

D105

Dl1O6

DIO7

K DIOS

FIGURE 8 — SIMPLE SYSTEM CONFIGURATION

—°<]—1 T/R2

T
: aMmcasasa |
|
1
|
|

-—

T—

|

i

|

|

|

|
F

{Je

T

|

|

|

1

!

|
4l

g

gl

L‘V‘

Trig -

3-148

5V
*
TR Deg og
: .
. Data M
. .
D87 D7
£01 RIW (g RIW
MC6802
JE— RS@ AP OR
SRQ : . MC6800
RS2 Address . MPU
__ H
REN M
.
.
.
— A15
1F
iRQ # iRQ
ATN
DAC
RFD
DAV
MC68488
GPIA
8¢
81
B2
183
B4
T NOTE 1: Although the MC3448A transceivers
are non-inverting, the 488-1978 bus callouts
appear inverted with respect to the MC68488
T3 pin designations. This is because the 488-1978
B6 Standard is defined for negative logic, while
all M6800 MPU components make use of
87 positive logic format.
NOTE 2: Unless proper considerations are
provided, it is recommended that the pull-up
enable pins on the MC3448As be grounded,

selecting the open-collector mode.
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MC6800

8-BIT MICROPROCESSING UNIT (MPU)

The MC8800 is a monolithic 8-bit microprocessor forming the central
control function for Motorola’s M680C family. Compatible with TTL, the
MC6800, as with all MB6800 system parts, requires only one +5.0-volt
power supply, and no external TTL devices for bus interface.

The MC6800 is capable of addressing 84K bytes of memory with its
16-bit address lines. The 8-bit data bus is bidirectional as well as three-
state, making direct memory addressing and multiprocessing applica-
tions realizable.
® 8-Bit Parallel Processing
® Bidirectional Data Bus
® 16-Bit Address Bus — 64K Bytes of Addressing
® 72 Instructions — Variable Length
® Seven Addressing Modes — Direct, Relative, immediate, Indexed,
Extended, Implied and Accumulator
Variable Length Stack
Vectored Restart
Maskable Interrupt Vector
Separate Non-Maskable Interrupt — Internal Registers Saved in
Stack
Six Internal Registers — Two Accumulators, Index Register,
Program Counter, Stack Pointer and Condition Code Register
Direct Memory Addressing (DMA) and Multiple Processor
Capability
Simplified Clocking Characteristics
Clock Rates as High as 2.0 MHz
Simple Bus Interface Without TTL
Halt and Single Instruction Execution Capability

MOS

(N-CHANNEL, SILICON-GATE,
DEPLETION LOAD)

MICROPROCESSOR

S SUFFIX
CERDIP PACKAGE
CASE 734

P SUFFIX
PLASTIC PACKAGE
CASE 7M1

L SUFFIX
CERAMIC PACKAGE
CASE 715

ORDERING INFORMATION

Package Type Frequency (MHz) Temperature Order Number
Ceramic 1.0 0°C to 70°C MC6800L
L Suffix 1.0 —40°C to 85°C MC8800CL
1.5 0°C to 70°C MC68A00L
15 —~40°C to 85°C MCB8A00CL
2.0 0°C to 70°C MC68B0O0L
Cerdip 1.0 0°C to 70°C MC6800S
S Suffix 1.0 —40°C to 85°C MC6800CS
15 0°C to 70°C MCB8A00S
15 —40°C to 85°C MC68A00CS
2.0 0°C to 70°C MCB8B00S
Plastic 1.0 0°C to 70°C MC6800P
P Suffix 1.0 ~40°C to 85°C MCB800CP
15 0°C to 70°C MC68A00P
1.5 ~40°C to 85°C MCB8A00CP
2.0 0°C to 70°C MC68B0OP

PIN ASSIGNMENT
Vssi]t @ W PR‘Eﬁ
HALTH 2 390TSC
#1003 asfIn.C.
Rag4 37 pdaz
VMALS 36[1DBE
Wq 6 35hN.c.
BAl7 MfR/W
VCC: 8 33100
Ao} 9 320101
IShiR 31[D2
Azfn 30 poz
A3[Q12 29[1D4
A4fhi3 28 []D5
As{]4 271106
Asl]15 26 []D7
A76 25[1A15
Asff17 24[1A14
Aol]18 23(1A13
a10019 22[1Aa12
A11[20 21fVss
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MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage Vee -031w0 +7.0 \
Input Voltage Vin -03t10 +70 | V This device contains circuitry to protect the
Operating Temperature Range TLto TH inputs against damage due to high static
MC6800, MC68A00, MC68B0O Ta 0to +70 °C voltages or electrical fields; however, it is ad-
MCB800C, MCBBA00C —-4010 +85 vised that normal precautions be taken to
Storage Temperature Range Tsig —B51tc +160 | °C avoid application of any voltage higher than
maximum-rated voltages to this high-
impedance circuit. Reliability of operation is
enhanced if unused inputs are tied to an ap-
THERMAL RESISTANCE . propriate logic voitage (e.g., either Vgg or
Rating Symbol Value Unit vee.
Plastic Package 100
Cerdip Package : [ATN 60 °C/W
Ceramic Package 50
POWER CONSIDERATIONS
The average chip-junction temperature, TJ, in °C can be obtained from:
Ty=TAa+{Ppeoja) (1

Where:
TA=Ambient Temperature, °C
0= Package Thermal Resistance, Junction-to-Ambient, °C/W
PD=PINT +PPORT
PINT=ICCcx VCC, Watts — Chip Internal Power
PpORT = Port Power Dissipation, Watts — User Determined

For most applications PPORT < P|NT and can be neglected. PPQRT may become significant if the device is configured to
drive Darlington bases or sink LED loads.

An approximate relationship between Pp and T (if PPORT is neglected) is:

Pp=K+(Ty+273°C) (2)
Solving equations 1 and 2 for K gives:
K=Ppe (Ta+273°C)+6 A% Pp? @)

Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium)
for a known Ta. Using this value of K the values of Pp and T j can be obtained by solving equations (1) and (2) iteratively for any
value of Ta.

DC ELECTRICAL CHARACTERISTICS (Vcc=5.0 Vde, +5%, V§5=0, TA=T{ to TH unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Input High Volitage Logic ViH Vss+2.0 - vee v
o1, 62| ViHc (|Vcc-086] — ([Vgc+03
Input Low Voltage Logic ViL Vgg-03 - Vgg+0.38 v
¢1, 62| Viic |Vss—-03] — |Vss+04
Input Leakage Current
Vin=0106.25V, Vcc = Max) Logic lin - 1.0 25 uA
(Vin=0105.26V, Vcc=0V t05.26 V) o1, 92 . - 100
Hi-Z Input Leakage Current D0-D7 : - 2.0 10 A
(Vin=0.4102.4V, Vcc = Max) AO-A15, R/W 1z - - 100 #
QOutput High Voltage
(ILoad= —206 A, Ve e = Min) _DOD7| Vgg+24] - - v
(ILoad= — 145 pA, VGG = Min) AO-A15, RAW,VMA| YOR  vgss2a| — -
(ILoad= — 100 kA, VC e = Min) BA Vgs+24| - -
Output Low Voitage (Il oad=1.6 mA, VCC = Min) VoL - — |Vss+04] V
Internal Power Dissipation (Measured at To=T|) PINT - 0.5 1.0 W
Capacitance
(Vin=0, TA=25°C, f=1.0 MH2) Al - 25 3B
2 Cin - 45 70 pF
00-D7 - 10 125
Logic Inputs - 6.5 10
AO-A15, R/W,VMA | Coyt - - 12 pF
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CLOCK TIMING (Vcc=5.0V, +5%, Vg5=0, TA=T| to TH unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Frequency of Operation MC6800 0.1 - 1.0
MC68A00 f 0.1 - 15 MHz
MC68B00 0.1 - 2.0
Cycle Time (Figure 1} MC8800 1.000 - 10
MC68A00 teye 0.666 - 10 HS
MC68B00 0.500 — 10
Clock Pulse Width #1, 92 — MC680C 400 - 9500
(Measured at Ve — 0.6 V) 1,92 — MC6BA00 | PWgH 230 - 9500 ns
1, 92 — MC68B00 180 - 9500
Total ¢1and ¢2 Up Time MCe800 900 - -
MCB8BA00 | tyy 600 - - ns
MC68B00 440 - -
Rise and Fall Time (Measured between Vgs+0.4 and Vg —0.6) . tf - - 100 ns
Delay Time or Clock Separation (Figure 1)
(Measured at Voy=Vg5+0.6 V@t =1 100 ns) td o - 9100 ns
{Measured at Voy =Vgg + 1.0 V@t,=1t{<35 ns) 0 - 9100

FIGURE 1 — CLOCK TIMING WAVEFORM

Teye
|

tgr —=] F PWgH *"'i r

@1 VIHC

tut

tof

—_—

tg —]

|
ViHC
¢2 J Vov
ViLe

t¢r —~ PWoH ——= = tg

NOTES:
1. Voltage levels shown are V| 0.4, VH=2.4 V, unless otherwise specified.

2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise noted.

READ/WRITE TIMING (Reference Figures 2 through 6, 8, 9, 11, 12 and 13)

ch L Symbol MC6800 MCB8A00 MC68800 Unit
aractenistic ym Min | Ty | Max | Min | Typ | Max | Min | Typ | Max
Address Delay
C=90 pF tAD - - {270] - - 180 | - - | 150 | ns
C=30 pF — - (250 | — — j 165 | — - |13
Peripheral Read Access Time
tace=tut= (1AD + IDSR) R Rl B M Bl A T el D il
Data Setup Time (Read) tDSR 100 1 — - 60 - - 40 - - ns
Input Data Hold Time tH 10 — - 10 - - 10 - — ns
Output Data Hold Time H 10 25 — 10 25 - 10 25 - ns
Address Hold Time {Address, R/W, VMA) tAH 30 | %0 - 30 | 80 — 0 {90 — ns
Enable High Time for DBE Input tEH 450 | — - | 280} — - 220} -~ — ns
Data Delay Time (Write) tDDW - — |25 | — — |20 | — - | 160 | ns
Processor Controls
Processor Control Setup Time tpCs 200 | — — 1140} - - [ 10 ] - -
Processor Control Rise and Fall Time tPCr. tPCE — - 100 | — - 100 | — - 100
Bus Available Delay tBA - — | 280 | ~ — 1165 | — - | 136 ns
Hi-Z Enable tTSE 0 - 40 0 - 40 0 - 40
Hi-Z Delay tTsSD - —- 120 | — - 1270 | - - {220
Data Bus Enable Down Time During ¢1 Up Time tDBE 180 { — - (120} — - 75 - -
Data Bus Enable Rise and Fall Times tDBEr, tDBEf | — - 2% - - 25 - - 25
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FIGURE 2 — READ DATA FROM MEMORY OR PERIPHERALS

Start of Cycle

I/
3] Vine \
04V 04V
-t ;
N / e
0.4 V
24V Nald
2 —
w N\
™ tAH
Address 2.4V \X 2.0
From MPU 0.4 Vv I\ Y y—08
24V AD \
VMA
] |ty
fe——tAD ta tDSR—=
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FIGURE 3 — WRITE IN MEMORY OR PERIPHERALS
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NOTES:
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1. Voltage levels shown are V| <0.4, V=2.4 V, unless otherwise specified.
2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise noted.
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DELAY TIME (ns)
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FIGURE 4 — TYPICAL DATA BUS OUTPUT DELAY
versus CAPACITIVE LOADING (Tppw)
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FIGURE 5 — TYPICAL READ/WRITE, VMA, AND ADDRESS
OUTPUT DELAY versus CAPACITIVE LOADING (TAp)
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FIGURE 6 — BUS TIMING TEST LOADS

Vee
R =22 kQ

MMDE150
or Equiv.

Test Point

MMD 7000
or Equiv.

C = 130 pF for DO~-D7, E
=90 pF for AO-A15, R/W, and VMA
(Except top o)
=30 pF for AO-A15, R/W, and VMA
(tap2 only)
= 30 pF for BA
R =11.7 kQ for DO-D7
= 16.5 k2 for A0O-A15, R/W, and VMA
= 24 k2 for BA

3-153

TEST CONDITIONS

The dynamic test load for the Data Bus is
130 pF and one standard TTL load as shown.
The Address, R/W, and VMA outputs are tested
under two conditions to aliow optimum opera-
tion in both buffered and unbuffered systems.
The resistor (R) is chosen to insure specified
load currents during Vo measurement.

Notice that the Data Bus lines, the Address
lines, the Interrupt Request line, and the DBE
line are all specified and tested to guarantee
0.4 V of dynamic noise immunity at both
1" and 0"’ logic levels.
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FIGURE 7 — EXPANDED BLOCK DIAGRAM
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Data Bus Enable 36 —=1 Index \ndex
Bus Available 7 -— Register H Register L
Valid Memory Address 5 <@—
Read/Write, R/W 34 Accumulator
[] -
Instruction Accumulator
Register B
Condition
Code
Reﬂister
Data —
Buffer ALY
VT bt 21 6 2 8 2 ¥ 3 2 B
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MPU SIGNAL DESCR!PTION

Proper operation of the MPU requires that certain control
and timing signals be provided to accomplish specific func-
tions and that other signal lines be monitored to determine
the state of the processor.

Clocks. Phase One and Phase Two (¢1, $2) — Two pins
are used for a two-phase non-overlapping clock that runs at
the V¢ voltage level.

Figure 1 shows the microprocessor clocks. The high level
is specified at VIHC and the low level is specified at V|LC.
The allowable clock frequency is specified by f (frequency).
The minimum ¢1 and ¢2 high level pulse widths are specified
by PWgH (pulse width high time). To guarantee the required
access time for the peripherals, the clock up time, tyt, is
specified. Clock separation, tq, is measured at a maximum
voltage of Voy (overlap voltage). This allows for a multitude
of clock variations at the system frequency rate.

Address Bus {A0-A15) — Sixteen pins are used for the ad-
dress bus. The outputs are three-state bus drivers capable of
driving one standard TTL load and 90 pF. When the output is
turned off, it is essentially an open circuit. This permits the
MPU to be used in DMA applications. Putting TSCin its high
state forces the Address bus to go into the three-state mode.

Data Bus (D0-D7) — Eight pins are used for the data bus.
It is bidirectional, transferring data to and from the memory
and peripheral devices. It also has three-state output buffers
capable of driving one standard TTL load and 130 pF. Data
Bus is placed in the three-state mode when DBE is low.

Data Bus Enable (DBE) — This level sensitive input is the
three-state control signal for the MPU data bus and will
enable the bus drivers when in the high state. This input is
TTL compatible; however in normal operation, it would be
driven by the phase two clock. During an MPU read cycle,
the data bus drivers will be disabled internally. When it is
desired that another device control the data bus, such as in
Direct Memory Access (DMA) applications, DBE should be
held low.

If additional data setup or hold time is required on an MPU
write, the DBE down time can be decreased, as shown in
Figure 3 (DBE#¢2). The minimum down time for DBE is
tDBE as shown. By skewing DBE with respect to E, data
setup or hold time can be increased.

Bus Available (BA) — The Bus Available signal will nor-
mally be in the low state; when activated, it will go to the
high state indicating that the microprocessor has stopped
and that the address bus is available. This will occur if the
HALT line is in the low state or the processor is in the WAIT
state as a result of the execution of a WAIT instruction. At
such time, all three-state output drivers will go to their off
state and other outputs to their normally inactive level. The
processor is removed from the WAIT state by the occurrence
of a maskable {(mask bit | =0) or nonmaskable interrupt. This
output is capable of driving one standard TTL load and
30 pF. If TSC s in the high state, Bus Available will be low.

Read/Write (R/W) — This TTL compatible output signals
the peripherals and memory devices wether the MPU is in a
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Read (high) or Write (low) state. The normal standby state of
this signal is Read (high). Three-State Control going high will
turn Read/Write to the off (high impedance) state. Also,
when the processor is halted, it will be in the off state. This
output is capable of driving one standard TTL load and
90 pF.

RESET — The RESET input is used to reset and start the
MPU from a power down condition resulting from a power
failure or initial start-up of the processor. This level sensitive
input can also be used to reinitialize the machine at any time
after start-up.

If a high levet is detected in this input, this will signal the
MPU to begin the reset sequence. During the reset se-
quence, the contents of the last two locations {FFFE, FFFF)
in memory will be loaded into the Program Counter to point
to the beginning of the reset routine. During the reset
routine, the interrupt mask bit is set and must be cleared
under program control before the MPU can be interrupted by
IRQ. While RESET is low (assuming a minimum of 8 clock
cycles have occurred) the MPU output signals will be in the
following states: VMA=low, BA=low, Data Bus = high im-
pedance, R/W = high (read state), and the Address Bus will
contain the reset address FFFE. Figure 8 illustrates a power
up sequence using the RESET control line. After the power
supply reaches 4.75 V, a minimum of eight clock cycles are
required for the processor to stabilize in preparation for
restarting. During these eight cycles, VMA will be in an in-
determinate state so any devices that are enabled by VMA
which could accept a false write during this time (such as
battery-backed RAM) must be disabled until VMA is forced
low after eight cycles. RESET can go high asynchronously
with the system clock any time after the eighth cycle.

RESET timing is shown in Figure 8. The maximum rise and
fall transition times are specified by tpcr and tpct. If RESET
is high at tpcs (processor control setup time), as shown in
Figure 8, in any given cycle then the restart sequence will
begin on the next cycle as shown. The RESET control line
may also be used to reinitialize the MPU system at any time
during its operation. This is accomplished by pulsing RESET
low for the duration of a minimum of three complete ¢2
cycles. The RESET pulse can be completely asynchronous
with the MPU system clock and will be recognized during ¢2
if setup time tpCs is met.

Interrupt Request (IRQ) — This level sensitive input re-
quests that an interrupt sequence be generated within the
machine. The processor will wait until it completes the cur-
rent instruction that is being executed before it recognizes
the request. At that time, if the interrupt mask bit in the Con-
dition Code Register is not set, the machine will begin an in-
terrupt sequence. The Index Register, Program Counter, Ac-
cumulators, and Condition Code Register are stored away on
the stack. Next, the MPU will respond to the interrupt re-
quest by setting the interrupt mask bit high so that no further
interrupts may occur. At the end of the cycle, a 16-bit ad-
dress will be loaded that points to a vectoring address which
is located in memory locations FFF8 and FFF9. An address
loaded at these locations causes the MPU to branch to an in-
terrupt routine in memory. Interrupt timing is shown in
Figure 8.
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FIGURE 8 — RESET TIMING
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FIGURE 9 — INTERRUPT TIMING
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The HALT line must be in the high state for interrupts to
be serviced. Interrupts will be latched internally while HALT
is low.

The IRQ has a high-impedance pullup device internal to
the chip; however, a 3 kf} external resistor to V¢ should be
used for wire-OR and optimum control of interrupts.

Non-Maskable Interrupt (NMI) and Wait for Interrupt
(WAI) — The MC6800 is capable of handling two types of in-
terrupts: maskable (IRQ) as described earlier, and_non-
maskable (NMI) which is an edge sensitive input. TRQ is
maskable by the interrupt mask in the condition code register
while NMI is not maskable. The handling of these interrupts
by the MPU is the same except that each has its own vector
address. The behavior of the MPU when interrupted is
shown in Figure 9 which details the MPU response to an in-
terrupt while the MPU is executing the control program. The
interrupt shown could be either TRQ or NMT and can be asyn-
chronous with respect to ¢2. The interrupt is shown going
low at time tpCs in cycle #1 which precedes the first cycle of
an instruction (OP code fetch). This instruction is not ex-
ecuted but instead the Program Counter (PC), Index
Register (IX}, Accumulators (ACCX), and the Condition
Code Register (CCR) are pushed onto the stack.

The Interrupt Mask bit is set to prevent further interrupts.
The address of the interrupt service routine is then fetched
from FFFC, FFFD for an NMlinterrupt and from FFF8, FFF9
for an IRQ interrupt. Upon completion of the interrupt ser-
vice routine, the execution of RTI will pull the PC, IX, ACCX,
and CCR off the stack; the Interrupt Mask bit is restored to
its condition prior to Interrupts (see Figure 10).

Figure 11 is a similar interrupt sequence, except in this
case, a WAIT instruction has been executed in preparation
for the interrupt. This technique speeds up the MPU's
response to the interrupt because the stacking of the PC, IX,
ACCX, and the CCR is already done. While the MPU is
waiting for the interrupt, Bus Available will go high in-
dicating the following states of the control lines: VMA is low,
and the Address Bus, R/W and Data Bus are all in the high
impedance state. After the interrupt occurs, it is serviced as
previously described.

A 3-10 k) external resistor to V¢ should be used for wire-
OR and optimum control of interrupts.

MEMORY MAP FOR INTERRUPT VECTORS

Vector L
™S s Description
FFFE FFFF Reset
FFFC FFFD Non-Maskable Interrupt
FFFA FFFB Software Interrupt
FFF8 FFF9 Interrupt Request

Refer to Figure 10 for program flow for Interrupts.

Three-State Control (TSC) — When the level sensitive
Three-State Control (TSC) line is a logic “1”, the Address
Bus and the R/W line are placed in a high-i |mpedance state.
VMA and BA are forced low when TSC="1" to prevent
false reads or writes on any device enabled by VMA. It is
necessary to delay program execution while TSC is held
high. This is done by insuring that no transitions of ¢1 (or ¢2)
occur during this period. (Logic levels of the clocks are irrele-
vant so long as they do not change). Since the MPU is a
dynamic device, the ¢1 clock can be stopped for a maximum
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time PWgH without destroying data within the MPU. TSC
then can be used in a short Direct Memory Access (DMA)
application.

Figure 12 shows the effect of TSC on the MPU. TSC must
have its transitions at tTSE (three-state enable) while holding
¢1 high and ¢2 low as shown. The Address Bus and R/W
line will reach the high-impedance state at tTsp (three-state
delay), with VMA being forced low. In this example, the
Data Bus is also in the high-impedance state while ¢2 is be-
ing held low since DBE=¢2. At this point in time, a DMA
transfer could occur on cycles #3 and #4. When TSC is
returned low, the MPU Address and R/W lines return to the
bus. Because it is too late in cycle #5 to access memory, this
cycle is dead and used for synchronization. Program execu-
tion resumes in cycle #6.

Valid Memory Address (VMA} — This output indicates to
peripheral devices that there is a valid address on the address
bus. In normal operation, this signal should be utilized for
enabling peripheral interfaces such as the PIA and ACIA.
This signal is not three-state. One standard TTL load and
90 pF may be directly driven by this active high signal.

HALT — When this level sensitive input is in the low state,
all activity in the machine will be halted. This input is level
sensitive.

The HALT line provides an input to the MPU to allow con-
trol of program execution by an outside source. If HALT is
high, the MPU will execute the instructions; if it is low, the
MPU will go to a halted or idle mode. A response signal, Bus
Available (BA) provides an indication of the current MPU
status. When BA is low, the MPU is in the process of ex-
ecuting the control program; if BA is high, the MPU has
halted and all internal activity has stopped. _

When BA is high, the Address Bus, Data Bus, and R/W
line will be in a high-impedance state, effectively removing
the MPU from the system bus. VMA is forced low so that the
floating system bus will not activate any device on the bus
that is enabled by VMA.

While the MPU is halted, all program activity is stopped,
and if either an NMl or IRQ interrupt occurs, it wilt be latched
into the MPU and acted on as soon as the MPU is taken out
of the halted mode. If a RESET command occurs while-the
MPU is halted, the following states occur: VMA=low,
BA=low, Data Bus=high impedance, R/W=high (read
state), and the Address Bus will contain address FFFE as
long as RESET is low. As soon as the RESET line goes high,
the MPU will go to locations FFFE and FFFF for the address
of the reset routine.

Figure 13 shows the timing relationships involved when
halting the MPU. The instruction illustrated is a one byte, 2
cycle instruction such as CLRA. When HALT goes low, the
MPU will halt after completing execution of the current in-
struction. The transition of HALT must occur tpcs before
the trailing edge of ¢1 of the last cycle of an instruction
(point A of Figure 13). HALT must not go low any time later
than the minmum tpcs specified.

The fetch of the OP code by the MPU is the first cycle of
the instruction. If HALT had not been low at Point A but
went low during ¢2 of that cycle, the MPU would have
halted after completion of the following instruction. BA will
go high by time tgA (bus available delay time) after the last
instruction cycle. At this point in time, VMA is low and R/W,
Address Bus, and the Data Bus are in the high-impedance
state.
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To debug programs it is advantageous to step through
programs instruction by instruction. To do this, HALT must
be brought high for one MPU cycle and then returned low as
shown at point B of Figure 13. Again, the transitions of
HALT must occur tpcg before the trailing edge of ¢1. BA
will go low at tgA after the leading edge of the next ¢1, in-
dicating that the Address Bus, Data Bus, VMA and R/W

lines are back on the bus. A single byte, 2 cycle instruction
such as LSR is used for this example also. During the first cy-
cle, the instruction Y is fetched from address M+ 1. BA
returns high at tgA on the last cycle of the instruction in-
dicating the MPU is off the bus. If instruction Y had been
three cycles, the width of the BA low time would have been
increased by one cycle.

FIGURE 10 — MPU FLOWCHART

ITMP—+1{

{TMP —= |

Stack
PC, X, A, B, CC

Condition Code Register

Vector — PC [ 1IHJIlN[ZIV_ICJ
NMI FFCA

W FEFA ITEMP' 1-Bit
1RQ FFF8 Buffer Register

Notes:

1. Reset is recognized at any position in the flowchart.

2. Instructions which affect the I-Bit act upon a one-bit buffer register,
“ITMP.” This has the effect of delaying any CLEARING of the |-Bit one
clock time. Setting the I-Bit, however, is not de_layed4

3. See Tables 6-11 for details of Instruction Execution.
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FIGURE 11 — WAIT INSTRUCTION TIMING
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FIGURE 13 — HALT AND SINGLE INSTRUCTION EXECUTION FOR SYSTEM DEBUG
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MPU REGISTERS

The MPU has three 16-bit registers and three 8-bit FIGURE 14 — PROGRAMMING MODEL OF
registers available for use by the programmer (Figure 14). THE MICROPROCESSING UNIT

Program Counter — The program counter is a two byte

. ; . 7
(16 bits) register that points to the current program address. g
ACCA Accumulator A

Stack Pointer — The stack ponter is a two byte register 7 o

that contains the address of the next available location in an Accumulator B
external push-down/pop-up stack. This stack is normally a
0

random access Read/Write memory that may have any loca- i

tion (address) that is convenient. In those applications that | X Index Register

require storage of information in the stack when power is 15 °

lost, the stack must be nonvolatile. L rC l Program Counter
Index Register — The index register is a two byte register 15 Q

that is used to store data or a sixteen bit memory address for I sp W Stack Pointer

the Indexed mode of memory addressing. >

7
Condition Code
Accumulators — The MPU contains two 8-bit ac- N ZICI Register

cumulators that are used to hold operands and results from
an arithmetic logic unit (ALU).

Carry (From Bit 7)

Overflow
Condition Code Register — The condition code register in-

dicates the results of an Arithmetic Logic Unit operation:

Negative (N}, Zero (Z), Overflow (V), Carry from bit 7 (C),

and half carry from bit 3 (H). These bits of the Condition ——— Interrupt

Code Register are used as testable conditions for the condi- ‘——————— Half Carry (From Bit 3)

tional branch instructions. Bit 4 is the interrupt mask bit (1).

The unused bits of the Condition Code Register (b6 and b7)

are ones.

Zero

t———— Negative
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MPU INSTRUCTION SET

The MCB800 instructions are described in detail in the
M6800 Programming Manual. This Section will provide a
brief introduction and discuss their use in developing
MCB800 control programs. The MC6800 has a set of 72 dif-
ferent executable source instructions. Included are binary
and decimal arithmetic, logical, shift, rotate, load, store,
conditional or unconditional branch, interrupt and stack
manipulation instructions.

Each of the 72 executable instructions of the source
language assembles into 1 to 3 bytes of machine code. The
number of bytes depends on the particular instruction and
on the addressing mode. (The addressing modes which are
available for use with the various executive instructions are
discussed later.)

The coding of the first (or only) byte corresponding to an
executable instruction is sufficient to identify the instruction
and the addressing mode. The hexadecimal equivalents of
the binary codes, which resuit from the translation of the 72
instructions in all valid modes of addressing, are shown in
Table 1. There are 197 valid machine codes, 59 of the 256
possible codes being unassigned.

When an instruction translates into two or three bytes of
code, the second byte, or the second and third bytes con-
tain(s) an operand, an address, or information from which an
address is obtained during execution.

Microprocessor instructions are often divided into three
general classifications: (1) memory reference, so called
because they operate on specific memory locations; (2)
operating instructions that function without needing a
memory reference; (3) 1/0 instructions for transferring data
between the microprocessor and peripheral devices.

In many instances, the MC8800 performs the same opera-
tion on both its internal accumulators and the external
memory locations. In addition, the MC6800 interface
adapters (PIA and ACIA) allow the MPU to treat peripheral
devices exactly like other memory locations, hence, no 1/0
instructions as such are required. Because of these features,
other classifications are more suitable for introducing the
MC6800's instruction set: (1) Accumulator and memory
operations; (2) Program control operations; (3) Condition
Code Register operations.

TABLE 1 — HEXADECIMAL VALUES OF MACHINE CODES

oo - 40 NEG A 80 sus A IMM
01 NOP 41 81 CMP A IMM
02 - 42 - 82 SBC A IMM
03 43 COM A 83 -

04 N 44 LSR A 84 AND A MM
05 . 45 N 85 BIT A MM
06 TAP 46 ROR A 86 LDA A iMM
07 TPA 47 ASR A 87 -

08 INX 48  ASL A 88 EOR A MM
08 DEX 49 ROL A 89 ADC A MM
0A CLV 4A  DEC A 8A  ORA A MM
0B SEV 48 88  ADD A MM
oc CLC 4C  INC A 8C  CPX A MM
0D SEC 4D TST A 8D BSR REL
0E CL! 4E 8E  LDS MM
OF SEI 4F CLR A 8F -

10 SBA 50 NEG B 90  sus A DIR
" CBA 51 - 91 CMP A DIR
2 - 52 " 92  SBC A DIR
13 - 53 COM B 93 :

14 N 54 LSR B 94 AND A DIR
15 * 55 N 95 BIT A DIR
16 TAB 56 ROR B 96 LDA A DIR
17 TBA 57  ASR B 97  STA A DIR
18 58  ASL B 98  EOR A DIR
19 DAA 58  ROL B 93  ADC A DIR
1A SA  DEC B SA  ORA A DIR
18 ABA sB - 98  ADD A DIR
1c 5C INC B 9C  CPX DIR
1D 50  TST B 80 -

1E SE N 9E LDS DIR
1F 5F  CLR B 9F 8T8 DIR
20 BRA REL |80 NEG IND [ A0 SUB A IND
21 61 A1 CMP A IND
22 BHI REL |62 * A2 SBC A IND
23 BLS REL| 63 COM IND | A3 *

24 BCC REL | 64 LSR IND [ A4 AND A IND
25 BCS REL | 65 * A5 BIT A IND
26 BNE REL (66 ROR IND | A8 LDA A IND
27  BEQ REL [ 67 ASR IND | A7 STA A IND
28 BVC REL | 68  ASL IND A8 EOR A IND
29 BVS REL (69 ROL IND | A§  ADC A IND
2A  BPL REL [ 6A DEC IND | AA ORA A IND
2B BMI REL | 6B * AB  ADD A IND
2C BGE REL | 6C INC IND |AC  CPX IND
2D BLT REL ] 6D TST IND [AD  JSR IND
2E  BGT REL | 6E  JMP IND | AE DS IND
2F  BLE REL| 6F CLR IND | AF STS IND
30 TSX 70 NEG EXT|B0 SuB A EXT
31 INS oo B1. CMP A EXT
32 PUL A 72 - B2 sBC A EXT
33  PUL B 73  COM EXTiB3 -

34 DES 74 LSR EXT|[B4 AND A EXT
3 TXS 7% " B85 BIT A EXT
36 PSH A 76 ROR EXT|[B6 LDA A EXT
37 PSH B 77 ASR EXT|B7 STA A EXT
38 78 ASL EXT|B8 EOR A EXT
39 RTS 79  ROL EXT[B9 ADC A EXT
3A " 7A  DEC EXT|BA  ORA A EXT
38 AT 7B - BB ADD A EXT
<o 7C INC EXT(BC CPX EXT
3 7D TST EXT{BD JSR EXT
3E WAl 7E  JMP EXT|BE LDS EXT
3F  Swi 7F  CLR EXT|BF STS EXT

suB B IMM

CMP B IMM

SBC B MM

AND B MM

BT B MM

':DA A L Notes: 1. Addressing Modes:

EOR B IMM A = Accumulator A

ADC B MM B Accumulator B

ORA B IMM REL Relative

ADD B IMM IND = indexed

: IMM = Immedate
DIR = Direct

LDX IMM

suB B DIR i x4

CMP 8 DIR 2. Unassigned code indicated by .

sBC B DIR

AND B DIR

8IT B DIR

LDA 8 DIR

STA B DIR

EOR B DIR

ADC B DIR

ORA B DIR

ADD B DIR

LDX DIR

STX DIR

suB B iND

CMP B IND

SBC B IND

AND 8 IND

BIT B IND

LDA B IND

STA B IND

EOR B IND

ADC B8 IND

ORA B IND

ADD B IND

LDX IND

8TX IND

sus 8 EXT

CMP B EXT

SBC B EXT

AND B EXT

8IT B EXT

LDA B EXT

STA B EXT

EOR B EXT

ADC B EXT

ORA B EXT

ADD B EXT

LDX EXT

STX EXT
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TABLE 2 — ACCUMULATOR AND MEMORY OPERATIONS
ADDRESSING MODES

BOOLEAN/ARITHMETIC OPERATION COND. CODE REG.

IMMED DIRECT INDEX EXTND | IMPLIED (AN cegister labels sa]3/z(1(0
OPERATIONS % ~ -|op ~ =|op - b ~ -|op ~ = refer ta contents) w1 [N]z]v]c
Add ADDA |88 2 2|98 3 2|AB 2|88 4 3 A+M A HOHHEE

ADDB [ CB 2 2)D8 3 2[€ 5 2|Ff8 4 3 B+M -B tleftit|1|t

Add Acmites ABA B 2 1 [A+B~ HOHEHREE
Add with Carry ADCA |8 2 2|98 3 2[A3 5 2(89 4 3 A+M+C -A I EARARS
apce [cs 2 2|09 3 2{E3 5 2(F3 4 3 B+M+C -B teft tftlt

And aNDA | 84 2 2|94 3 2|A4 5 2|Bs 4 3 A‘M A elejt|t|r|e
ANOB [ C4 2 2|04 3 2(E4 5 2{F4 4 3 B-M-8 eleftit|n]e

Bit Test BITA 8 2 2|95 3 2|As 5 2|85 4 3 AM ele|t|t|R]e
BITB €5 2 2}05 3 2|E5 § 2|F5 4 3 B:M elsitil(R]e®

Clear CLR 6F 7 2|7F 6 3 00+ M o|eR[s|R|R
CLRA 4F 2 1 o00-A ole|Ris|R[R

CLRB SF 2 1 (00-8 elelRisin|n

Compare evea [ 81 2 2|9 3 2flal s 2|81 4 3 : A-M olelt)tftft
ecMP8 [ Cl 2 2(01 3 2(El 5 2(F1 4 3 B-M eloftftf1]t

Compare Acitrs CBA o2 o1 |A-8 efelt]s|1ft
Complement, 15 com 63 7 2|73 8 3 MM ole|t|t|n|s
COMA 3 2 1 |R-A elelilt[R]s

coms 53 2 1 |8-8 ele|t|1iR[S

Complement, 2's NEG 60 7 2|7 & 3 00-M M oo 1DQ
(Negate) NEGA 0 2 1 [00-A-A ole|1|1DQ
NEGB §0 2 1{00-B+8 eolelt1DQ

Decimal Adjust, A DAA 19 2 1 | Converts Binary Add. of BCD Characters | {e|{|1| 1@

into BCD Format

Decrement DEC 6A 7 2/7A 6 3| . M-1mm oloftftfs]e
DECA A2 1| Aa-1-A elelt|tlale

DECB 5A 2 1 |B-1-8 efolt[t]a]e

Exclusive OR EORA |88 2 2|9 3 2|A8 5 2|88 4 3 A®M - A ele|t|1[R|e
EORB |8 2 2|D8 3 2(E8 5 2[F8 4 3 BOM 8 e(eit(tR|®

Increment INC 6c 7 2|7C 6 3 M+1=M ole|1|1[®)|e
INCA 46 2 1| A+1-A eleltti@®e

INCB 5C 2 1 [ 8+1-B ele|1|1®)e

Load Acmitr DAA [ 86 2 2/9 3 2/A6 5 2|86 4 3 M- A e|e|t|1|R]e
was | ce 2 2{oe 3 2|e6 5 2|F6 4 3 M-8 ele|t|t]R]|e

0r, Inclusive ORAA | 8A 2 2/9A 3 2|AA 5 2(BA 4 3 AtM—=A ole|i{t[r]e
orae [ca 2 2[{oa 3 2[ea 5 2[Fa 4 3 B+M—8 efeft|1[R(®

Push Data PSHA 36 4 1| A-MgpSP-1-SP ojejoiofele
PSHB 37 4 1 B-MgpSP-1-5P olofelelele

Pull Data PULA 32 4 1| SP+1-SP Mgp—A ofejo|eje|e
PULB 33 4 1 SP+1--SP, Mgp— 8 e|o|o|e|ele

Rotate Left ROL 8 7 2|7 5 3 M oot x%z
}m;;;x NHHH H

ROLB 9 2 1|8 C b7 = b0 .-11@11

Rotate Right ROR 66 7 2|7 6 3 [ olelt|1|®t
RORA % 2 1A - ofeit 1B

RORB 6 2 118 € b7 — b0 ele(t|t@Xt

Shift Left, Arithmetic AsL 68 7 2,18 6 3 M} - ele|t 1)@t
ASLA 8 2 1| Ay O~ CIOIID-0 ole|t|ti®lt

ASLB 58 2 18 c b7 bo eolelt 1@

Shift Right, Arithmetic ASR 67 7 2|1 6 3 M - DICIRAEL G B
ASRA a7 2 1| A Qm -Qa ele|l|t 1

ASR8 57 2 1|8 b7 0 NOHHGH

Shift Right, Logic LSR 66 7 2(78 6§ 3 [ -~ olelR|t|@®t
LSRA 4 2 1| Ap o~XmIm - O olelrl i@t

LSR8 5 2 108 b7 b0 elolr1|@®1t

Store Acmitr. STAA 97 4 2/A7 6 287 5 3 A-M ole|t|t]r|e
sTAB 07 4 2|E7 6 2|F1 5 3 B-M elelt|tiR[®

Subtract SuBA [ 80 2 2/9 3 2/A0 5 2/B0 4 3 A-M-A ejo|t|t|ft
s | co 2 2(pDo 3 2|e0 5 2(F0 4 3 B-M-B oloft]t|t[s

Subtract Acmltrs. SBA 1 2 1| A-B—A elejtlt|t|t
Subtr, with Carry sBCA |82 2 2|92 3 2(A2 5 2{82 4 3 A-M-C-A DO HHE
sac8 | c2 2 2[p2 3 £2 5 F2 3 B-M-C—B eleftt|t]t

Transfer Acmitrs TAB 6 2 1] a-8 ole|t|t]r|e
TBA 17 2 1{B-A elet|t|R|®

Test, Zeo or Minus ST 60 7 2/ 6 3 ™-00 ele|1lt|R|R
TSTA 0 2 1| A-00 ololt|1|R|R

TSTB 50 2 1| B-00 oloit|1|r]|R

ul1[nfz[v|c

LEGEND: CONDITION CODE SYMBOLS: CONDITION CODE REGISTER NOTES:

0P  Operation Code {Hexadecimal);
Number of MPU Cycles;
Number of Program Bytes;
Asithmetic Plus;

Arithmetic Minus;

Boolean AND;

LR

<

Boolean Inclusive OR;
Boolean Exclusive OR;
Complement of M;
Transfer Into;

Bit = Zero;

Byte = Zero;

82 iz®+ F

Contents of memory location pointed to be Stack Painter;

Half-carry from bit 3;

Interrupt mask
Negative (sign bit)
Zero (byte)

Carry from bit 7
Reset Always
Set Always

Test and set if true, cleared otherwise

H
1
N
z
V. Overflow, 2's complement
c
R
H
3
3

Not Affected

Note — Accumulator addressing mode instructions are included in the column for IMPLIED addressing

3-162

(Bit set if test is true and cleared otherwise)

1 (BitV}  Test: Result = 100000007
2 (Bit C)  Test: Result = 000000007
3 (BitC)  Test: Decimal value of most significant BCD
Character greater than nine?
{Not cleared if previously set.)
4 {Bit V)  Test: Operand = 10000000 prior to execution?
{BitV)  Test: Operand = 01111111 prior to execution?
6 (Bit V)  Test: Set equal to result of N@C after shift has occurred.

2
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PROGRAM CONTROL OPERATIONS

Program Control operation can be subdivided into two Stack Pointer is automatically incremented by one just prior
categories: {1) Index Register/Stack Pointer instructions; (2) to the data transfer so that it will point to the last byte stack-
Jump and Branch operations. ed rather than the next empty location. Note that the PULL

) instruction does not ‘remove’’ the data from memory; in the
Index Register/Stack Pointer Operations example, 1A is still in location (m+ 1) following execution of

The instructions for direct operation on the MPU's Index PULA. A subsequent PUSH instruction would overwrite that

Register and Stack Pointer are summarized in Table 3. location with the new “pushed” data.
Decrement (DEX, DES), increment {INX, INS), load (LDX, Execution of the Branch to Subroutine (BSR} and Jump to
LDS), and store {STX, STS) instructions are provided for Subroutine (JSR) instructions cause a return address to be
both. The Compare instruction, CPX, can be used to com- saved on the stack as shown in Figures 18 through 20. The
pare the Index Register to a 16-bit value and update the Con- stack is decremented after each byte of the return address is
dition Code Register accordingly. pushed onto the stack. For both of these instructions, the

The TSX instruction causes the Index Register to be load- return address is the memory location following the bytes of
ed with the address of the last data byte put onto the code that correspond to the BSR and JSR instruction. The
“'stack.” The TXS instruction loads the Stack Pointer with a code required for BSR or JSR may be either two or three
value equal to one less than the current contents of the Index bytes, depending on whether the JSR is in the indexed {two
Register. This causes the next byte to be pulled from the bytes} or the extended (three bytes) addressing mode.
“stack” to come from the location indicated by the Index Before it is stacked, the Program Counter is automatically in-
Register. The utility of these two instructions can be clarified cremented the correct number of times to be pointing at the
by describing the “stack’ concept reiative to the M6800 location of the next instruction. The Return from Subroutine
system. Instruction, RTS, causes the return address to be retrieved

The “stack’” can be thought of as a sequential list of data and loaded into the Program Counter as shown in Figure 21.
stored in the MPU’s read/write memory. The Stack Pointer There are several operations that cause the status of the
contains a 16-bit memory address that is used to access the MPU to be saved on the stack. The Software Interrupt (SWH)
list from one end on a last-in-first-out (LIFO) basis in contrast and Wait for_Interrupt (WAL} instructions as well as the
to the random access mode used by the MPU's other ad- maskable (IRQ) and non-maskable (NMI) hardware inter-
dressing modes. rupts all cause the MPU’s internal registers {except for the

The MC6800 instruction set and interrupt structure allow Stack Pointer itself) to be stacked as shown in Figure 23.
extensive use of the stack concept for efficient handling of MPU status is restored by the Return from Interrupt, RTI, as
data movement, subroutines and interrupts. The instructions shown in Figure 22.
can be used to establish one or more "‘stacks’ anywhere in
read/write memory. Stack length is limited only by the Jump and Branch Operation
amount of memory that is made available. The Jump and Branch instructions are summarized in

Operation of the Stack Pointer with the Push and Pull in- Table 4. These instructions are used to control the transfer or
structions is illustrated in Figures 15 and 16. The Push in- operation from one point to another in the control program.
struction (PSHA} causes the contents of the indicated ac- The No Operation instruction, NOP, while included here,
cumulator (A in this example) to be stored in memory at the is a jump operation in a very limited sense. Its only effect is to
location indicated by the Stack Pointer. The Stack Pointer is increment the Program Counter by one. It is useful during
automatically decremented by one following the storage program development as a “stand-in”’ for some other in-
operation and is “pointing”’ to the next empty stack location. struction that is to be determined during debug. It is also us-
The Pull instruction (PULA or PULB) causes the last byte ed for equalizing the execution time through alternate paths
stacked to be loaded into the appropriate accumulator. The in a control program.

TABLE 3 — INDEX REGISTER AND STACK POINTER INSTRUCTIONS
COND. CODE REG.

IMMED DIRECT INDEX EXTND IMPLIED §{a{3(2(1]0

POINTER OPERATIONS MNEMONIC | OP | ~| =1 OP| ~| = (OP |~ = |OP|~ | =[0P | ~| = BOOLEAN/ARITHMETIC OPERATION |[H {1/ N (Z V(C
mmpave index Reg CPX 8C|3f 3)9C) 4| 241AC}6}2|BC)5 |3 XH-M XL -(M+1) e|olD1i|e
Decrement Index Reg DEX 09|41 X-1-X elo/eflio|e
Decrement Stack Pntr DES 341411 SP-1-58P e e oielole
Increment Index Reg INX 08|41 X+1-=X oo oo
Increment Stack Pntr INS 314 SP+1-+SP LK AR
Load Index Reg LDX CE|3) 3|DE| 4| 2 EE|6|2|FE|5 |3 M= Xy, (M +1) =X o|eD|!|R|®
Load Stack Pntr LDS BE |31 3(9E[4| 2|AE|6 | 2(BE]S5 |3 M= SPy, (M-+1) = SP ole[® :inle
Store Index Reg STX DF}5) 2jEF| 7] 2|FF| 6|3 XH=M X —~(M+1) . ‘@ iIR|e®
Store Stack Pntr STS 9F (6 2 |AF|7 (2 BF|6 |3 SPH—~M,SPL —{M+1) ele @ I{R|e®
Indx Reg — Stack Pntr XS 350411 X-1-8P ele oo
Stack Pntr — Indx Reg TSX 3041 SP+1 X e o 0000

@ (Bit N) Test: Sign bit of most significant (MS) byte of result = 1?
{Bit V) Test: 2's complement overflow from subtraction of ms bytes?
(Bit N) Test: Result less than zero? (Bit 15 = 1)
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FIGURE 15 — STACK OPERATION, PUSH INSTRUCTION

MPU

ACCA

(—

Data Bus

MPU

acca  [F]

m -2

SP —— m — 1
New Data m F3
m+1 7F

Previously
Stacked m+2 63
Data
m+3 FD
3C
PSHA
PC ~—> Next Instr.

(b) After PSHA

FIGURE 16 — STACK OPERATION, PULL INSTRUCTION

(—

m -2
m -1
SP =% m
m+ 1 7F
Previously
Stacked m+2 63
Data
m+3 FD
I
PC ——» PSHA
Next |nstr.
’—\—
(a) Before PSHA
MPU
m—2
m -1

m+1 1A
Previously
Stacked m+2 3C
Data
m+3 D5
R
PC — PULA
Next Instr.

/

(a) Before PULA

m -2

m -1

m
SP—» m+1 1A
m+2 3C

Previously
Stacked m+3 Ds
Data
=
PULA
PC — Next instr.
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(b) After PULA
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TABLE 4 — JUMP AND BRANCH INSTRUCTIONS
COND. CODE REG.

RELATIVE | INDEX EXTND IMPLIED slaf3lz|1]0
OPERATIONS MNEMONIC | OP | ~ | # |OP| ~| #| 0P| ~ | #|OP|~ | # BRANCH TEST Hl1|N|Z]|V]C
Branch Always BRA 2042 None CARC N N N )
Branch If Carry Clear BCC 2[4 |2 c=0 e o (o|0 0 e
Branch If Carry Set BCS 251412 c=1 ol oo e 0 0
Branch If = Zero BEQ 2714 |2 2=1 oo jo|/ej0]|e
Branch If > Zero BGE 2|42 N®V=0 o o o|0o o0
Branch If > Zero BGT 2604 |2 Z+(N®V)=0 o e[oi0o|e|e
Branch If Higher BHI 221412 C+Z2=0 e/ eo|o| 0|0 fe
Branch If < Zero BLE 2F | 4|2 Z+IN®V)=1 o/ ole|ofo e
Branch If Lower Or Same BLS 2314 |2 c+Z=1 e/ o ol o|0fe
Branch If < Zero BLT 2004 |2 NOV=1 DEIRIEIEIK]
Branch If Minus BMI 2B{ 42 N=1 o o|e|o|ele
Branch If Not Equal Zero BNE 26(4 (2 z=0 el o ol ofe|e
Branch If Overflow Clear BvVC 28412 V=0 e/ o e 0|00
Branch If Overflow Set BVS 29| 4|2 v=1 oo o/ 0ojofe
Branch If Plus BPL 2A1 4| 2 N=0 el o o 0ojo|e
Branch To Subroutine BSR 8D| 8|2 oo | o ol o|e
Jump JMP BE| 41 2|76} 3|3 } See Special Operations e 0| o 0|0 |0
Jump To Subroutine JSR AD( 8| 2|BD| 9| 3 o| o o 0 e|e
No Operation NOP orfa |t Advances Prog. Cotr. Only e[ o e/ 0|0
Return From Interrupt RTI B0 1 @
Return From Subroutine RTS 395 |1 oo o o0le|e
Software Interrupt swi F 1241 See Special Operations el s 0 .
Wait for Interrupt* WAI 3E 1 } o|@)| oo

*WAI puts Address Bus, R/W, and Data Bus in the three-state mode while VMA is held low.
@ (AIN) Load Condition Code Register from Stack. (See Special Operations)
@ (Bit 1) Set when interrupt occurs. If previously set, a Non-Maskable Interrupt
is required to exit the wait state.

Execution of the Jump Instruction, JMP, and Branch cle faster than JSR. The Return from Subroutine, RTS, is
Always, BRA, affects program flow as shown in Figure 17. used as the end of a subroutine to return to the main pro-
When the MPU encounters the Jump (Indexed) instruction, gram as indicated in Figure 21.
it adds the offset to the value in the Index Register and uses The effect of executing the Software Interrupt, SWi, and
the result as the address of the next instruction to be ex- the Wait for Interrupt, WAI, and their relationship to the
ecuted. In the extended addressing mode, the address of the hardware interrupts is shown in Figure 22. SWI causes the
next instruction to be executed is fetched from the two loca- MPU contents to be stacked and then fetches the starting
tions immediately following the JMP instruction. The Branch address of the interrupt routine from the memory locations
Always (BRA) instruction is similar to the JMP {extended) in- that respond to the addresses FFFA and FFFB. Note that as
struction except that the relative addressing mode applies in the case of the subroutine instructions, the Program
and the branch is limited to the range within — 125 or + 127 Counter is incremented to-point at the correct return address
bytes of the branch instruction itself. The opcode for the before being stacked. The Return from Interrupt instruction,
BRA instruction requires one less byte than JMP (extended) RTI, (Figure 22) is used at the end of an interrupt routine to
but takes one more cycle to execute. restore control to the main program. The SWI instruction is

The effect on program flow for the Jump to Subroutine useful for inserting break points in the control program, that
(JSR) and Branch to Subroutine {BSR) is shown in Figures is, it can be used to stop operation and put the MPU
18 through 20. Note that the Program Counter is properly in- registers in memory where they can be examined. The WAI
cremented to be pointing at the correct return address instruction is used to decrease the time required to service a
before it is stacked. Operation of the Branch to Subroutine hardware interrupt; it stacks the MPU contents and then
and Jump to Subroutine (extended) instruction is similar ex- waits for the interrupt to occur, effectively removing the
cept for the range. The BSR instruction requires less opcode stacking time from a hardware interrupt sequence.
than JSR (2 bytes versus 3 bytes) and also executes one cy-

FIGURE 17 — PROGRAM FLOW FOR JUMP AND BRANCH INSTRUCTIONS
Main Program .
PC  Main Program P: 7E=JMcl:g Main Program
n | 6E=JMP n 2¢=BRA
n+1 [KH=Next Address
n+1 | K=Offset n+1 K=0ffset"
INDXD - EXTND n+2 |KL=Next Address -

) *
.
X+ K | Next Instruction - (n+2)£K Next Instruction
K Next Instruction

*K = Signed 7-bit value
{a) Jump (b) Branch
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FIGURE 18 — PROGRAM FLOW FOR BSR

m-—2 SPp—>m — 2
m-1 m-1 (n+2)H
SP—> m m (n+2)L
m+1 7€ m+1 7E
L_/MA \/-_—
—f J
PC——>» n BSR n BSR
n+1 +K = Offset* n+1 #K = Offset
n+2 Next Main Instr, n+2 Next Main Instr.
'K = Si .
Signed 7-8it Value PC = (n +2) 3K 1st Subr. Instr.

(a) Before Execution (b) After Execution

FIGURE 19 — PROGRAM FLOW FOR JSR (EXTENDED) FIGURE 20 — PROGRAM FLOW FOR JSR (INDEXED}

Y
i m-s m-2 SP—sm -2
m-2 SP—>m -2 m-1 m-1 (n+2)H
m-t mot fn*3m SP——>m m n+ 20
sSp—>m m tn+3L m+1 7E m+1 7€
m+ 1 7€ m+1 7€ 7A 1A
L— LA
m+2 7A m+2 7A o
\_)"—' L)’—J PC—— n JSR = AD n ISR = AD
— — ] net K = Offset* n+t K = Offset
PC— n JSR = 8D ISA ne2 Next Main Instr. ne+2 Next Main instr.
n+1 | Sy=Subr. Addr. n+1 | Sy =Subr. Addr. L_/_-—
n+2 | 8= Subr. Addr. n+2 | S =Subr. Addr. . i . ]
n+3 | NextMmain Instr. n+3 | NextMain instr, - BB Unsaned Value pe —px2 4 & 15t Subr. Instr.
—— ——
)
{(a) Before Execution PC—pS 1st Subr. Instr. *Contents of Index Register
(a) Before Execution (b) After Execution
(S formed from
Swaras) |

(b) After Execution
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n+1

n+2

PC — Sn

m -6
m—5
m—4
m-3
m-2
m -1

m
n+1

Sn

PC —

FIGURE 21 — PROGRAM FLOW FOR RTS

)

(n+ 3

(n+3)L

7E

7A

«_—
——~/

JSR = BD

Sy = Subr. Addr.

S = Subr. Addr.

Next Main Instr.

1

)

Last Subr. Instr.

RTS

L

(a) Before Execution

SP—> m

m+1

PC —n+3

Sn

FIGURE 22 — PROGRAM FLOW FOR RTI

4:

CCR

ACCB

ACCA

Xy (Index Reg)

X (Index Reg)

PC(n+1)}H

PC(n+1)L.

7€

Next Main Instr.

f

Last inter. Instr.

RTI

/

(a) Before Execution

m-—~7
m—6
m-—5
m-—4
m -3
m-—2
m -1
SP g m

PC—a=— n+1
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7€

7A

_/

JSR = BD

Sy = Subr. Addr.

S|_ = Subr. Addr.

Next Main Instr.

—

Last Subr. Instr.

RTS

L/

(b) After Execution

CCR

AcCCB

ACCA

PCH

PCL

e ——

Next Main Instr.

L —

Last Subr. Instr.

RTI

/

{b) After Execution
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nGEEse ] o [Geswar ] [ ]
n+l n+1 1 Next Main Instr. n | Last Prog. Byte
[\ J A\ J - J
N a .

FIGURE 23 — PROGRAM FLOW FOR INTERRUPTS

Software tnterrupt
Main Program

Wait For

Hardware Interrupt or

Main Program

Main Program

errupt (NM1)

Continue Main Prog.
"

Stack MPU
Register Contents

INT

FFFA
§ FFF8 1

FFF8
FFFY

Wait Loop

FFFC
FFFD \

Yy 9 \
Stack
SP—> m-—-7
m — 6} Condition Code
© m —5| Acmitr. B
m —4| Acmitr. A
m — 3| Index Register (Xy}
m — 2| Index Register (X )
m—1 PC(n + 1)H
m} PC(n+1)L
Swi HDWR WAI| NMI Restart

FFFE
FrFF Y

Interrupt Memory Assignment?

FFF8 IRQ MS
FFF9 IRQ Ls
FFFA Swi MS First Instr.
FFFB SWI LS @ Addr. Formed
By Fetching

FFFC NMI us 2-Bytes From
FFFD NMI LS Per. Mem.
FFFE Reset MS Assign.
FFFF Reset Ls

NOTE: MS = Most Significant Address Byte;

LS = Least Significant Address Byte;
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Set Interrupt
Mask (CCR 4)

Load Interrupt
Vector Into
Pragram Counter

Interrupt Program
1st Interrupt Instr.
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FIGURE 24 — CONDITIONAL BRANCH INSTRUCTIONS

BMI : N=1; BEQ : Z=1;
BPL : N=¢ ; BNE : Z=¢ ;
BVC : v=¢ ; BCC : C=¢ ;
BVS : v=1 BCS : c=1;
BHI : C+Z=¢ ; BLT : Nev=1;
BLS : C+2=1 ; BGE : N&V=9¢ ;

BLE : Z+(NBV)=1 ;

BGT : Z+(N®V)=9¢ ;

The conditional branch instructions, Figure 24, consists of
seven pairs of complementary instructions. They are used to
test the results of the preceding operation and either con-
tinue with the next instruction in sequence (test fails) or
cause a branch to another point in the program (test suc-
ceeds).

Four of the pairs are used for simple tests of status bits N,
Z,V,and C:

1. Branch on Minus (BMI) and Branch On Plus (BPL) tests
the sign bit, N, to determine if the previous result was
negative or positive, respectively.

2. Branch On Equal (BEQ)} and Branch On Not Equal
(BNE) are used to test the zero status bit, Z, to determine
whether or not the result of the previous operation was equal
to zero. These two instructions are useful following a Com-
pare (CMP) instruction to test for equality between an ac-
cumulator and the operand. They are also used following the
Bit Test (BIT) to determine whether or not the same bit posi-
tions are set in an accumulator and the operand.

3. Branch On Overflow Clear (BVC) and Branch On
Overflow Set (BVS) tests the state of the V bit to determine
if the previous operation caused an arithmetic overflow.

4. Branch On Carry Clear (BCC) and Branch On Carry Set
(BCS) tests the state of the C bit to determine if the previous
operation caused a carry to occur. BCC and BCS are useful

for testing relative magnitude when the values being tested
are regarded as unsigned binary numbers, that is, the values
are in the range 00 (lowest) to FF (highest). BCC following a -
comparison (CMP) will cause a branch if the (unsigned)
value in the accumulator is higher than or the same as the
value of the operand. Conversely, BCS will cause a branch if
the accumuiator value is lower than the operand.

The fifth complementary pair, Branch On Higher (BHI) and
Branch On Lower or Same (BLS) are, in a sense, com-
plements to BCC and BCS. BHi tests for both C and Z=0; if
used following a CMP, it will cause a branch if the value in
the accumulator is higher than the operand. Conversely,
BLS will cause a branch if the unsigned binary value in the
accumulator is lower than or the same as the operand.

The remaining two pairs are useful in testing results of
operations in which the values are regarded as signed two’s
complement numbers. This differs from the unsigned binary
case in the following sense: in unsigned, the orientation is
higher or lower; in signed two’s complement, the com-
parison is between larger or smaller where the range of
values is between —128 and + 127.

Branch On Less Than Zero (BLT) and Branch On Greater
Than Or Equal Zero (BGE) test the status bits for Ne V=1
and Ne V=0, respectively. BLT will always cause a branch
following an operation in which two negative numbers were
added. In addition, it will cause a branch following a CMP in
which the value in the accumulator was negative and the
operand was positive. BLT will never cause a branch follow-
ing a CMP in which the accumulator value was positive and
the operand negative. BGE, the complement to BLT, will
cause a branch following operations in which two positive
values were added or in which the result was zero.

The last pair, Branch On Less Than Or Equal Zero (BLE)
and Branch On Greater Than Zero (BGT) test the status bits
for Ze (N+V)=1 and Ze (N+V)=0, respectively. The ac-
tion of BLE is identical to that for BLT except that a branch
will also occur if the result of the previous resuit was zero.
Conversely, BGT is similar to BGE except that no branch will
occur following a zero result.

CONDITION CODE REGISTER
OPERATIONS

The Condition Code Register (CCR) is a 6-bit register
within the MPU that is useful in controlling program flow
during system operation. The bits are defined in Figure 25.

The instructions shown in Table 5 are available to the user
for direct manipulation of the CCR.

A CLI-WAI instruction sequence operated properly, with
early MC6800 processors, only if the preceding instruction
was odd (Least Significant Bit=1). Similarly it was advisable

to precede any SEl instruction with an odd opcode — such
as NOP. These precautions are not necessary for MC6800
processors indicating manufacture in November 1977 or
later.

Systems which require an interrupt window to be opened
under program control should use a CLI-NOP-SEI| sequence
rather than CLI-SEl.
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FIGURE 26 — CONDITION CODE REGISTER BIT DEFINITION

bgs bg b3z by by

bo
Onnann

I
"

Half-carry; set whenever a-carry from b3 to by of the result is generated

by ADD, ABA, ADC; cleared if no b3 to bg carry; not affected by other

instructions.

Interrupt Mask; set by hardware or software interrupt or SEl instruction;

cleared by CLI instruction. (Normally not used in arithmetic operations.)
Restored to a zero as a result of an RT1 instruction if Iy stored on the

stacked is low.

N = Negative; set if high order bit (b7) of result is set; cleared otherwise.

Z = Zero; set if result = 0; cleared otherwise.

V = Overlow; set if there was arithmetic overflow as a result of the operation;

cleared otherwise.

C = Carry; set if there was a carry from the most significant bit (b7) of the

result; cleared otherwise.

TABLE 6 — CONDITION CODE REGISTER INSTRUCTIONS

COND. CODE REG.

IMPLIED 54 (3 [2]1(0
OPERATIONS MNEMONIC | OP | ~ | = | BOOLEAN OPERATION [ H hI NjzZ|Vv]cC
T
Clear Carry cLe act 2t 0-C e|{o|e[eo[eR
Clear Interrupt Mask cu OE[2 1 01 e R|ole)e] e
Clear Overfiow cLv 0A(2 (1 0-v e|e /o |e|R|e
Set Carry SEC 00)2|1 1-C oo jeje s
Set Interrupt Mask SEI 0F |2 |1 1-1 e|S|[efele]| e
Set Overflow SEV 08|21 1~V e(e|oioisSie
Acmitr A—>CCR TAP 062 (1 A—CCR
CCR - Acmite A TPA 07241 CCR-A olelojeleje
R = Reset
S = Set

® = Not affected

@ {ALL) Set according to the contents of Accumulator A.

ADDRESSING MODES

The MPU operates on 8-bit binary numbers presented to it
via the Data Bus. A given number (byte) may represent
either data or an instruction to be executed, depending on
where it is encountered in the control program. The M6800
has 72 unique instructions, however, it recognizes and takes
action on 197 of the 266 possibilitis that can occur using an
8-bit word length. This larger number of instructions results
from the fact that many of the executive instructions have
more than one addressing mode.

These addressing modes refer to the manner in which the
program causes the MPU to obtain its instructions and data.
The programmer must have a method for addressing the
MPU's internal registers and all of the external memory loca-
tions.

Selection of the desired addressing mode is made by the

‘user as the source statements are written. Translation into
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appropriate opcode then depends on the method used. If
manual translation is used, the addressing mode is inherent
in the opcode. For example, the Immediate, Direct, Indexed,
and Extended modes may all be used with the ADD instruc-
tion. The proper mode is determined by selecting (hex-
adecimal notation) 8B, 9B, AB, or BB, respectively.

The source statement format includes adequate informa-
tion for the selection if an assembler program is used to
generate the opcode. For instance, the Immediate mode is
selected by the Assembler whenever it encounters the ''#”
symbol in the operand field. Similarly, an X" in the operand
field causes the Indexed mode to be selected. Only the
Relative mode applies to the branch instructions, therefore,
the mnemonic instruction itself is enough for the Assembler
to determine addressing mode.



MC6800

For the instructions that use both Direct and Extended
modes, the Assembler selects the Direct mode if the operand
value is in the range 0-255 and Extended otherwise. There
are a number of instructions for which the Extended mode is
valid but the Direct is not. For these instructions, the
Assembler automatically selects the Extended mode even if
the operand is in the 0-255 range. The addressing modes are
summarized in Figure 26.

Inherent (Includes “Accumulator Addressing” Mode)

The successive fields in a statement are normally
separated by one or more spaces. An exception to this rule
occurs for instructions that use dual addressing in the
operand field and for instructions that must distinguish be-
tween the two accumulators. In these cases, A and B are

“operands’’ but the space between them and the operator
may be omitted. This is commonly done, resulting in ap-
parent four character mnemonics for those instructions.

The addition instruction, ADD, provides an example of
dual addressing in the operand field:

Operator Operand Comment
ADDA MEM12 ADD CONTENTS OF MEM12 TO ACCA
or
ADDB MEM12 ADD CONTENTS OF MEM12 TO ACCB

The example used earlier for the test instruction, TST, also
applies to the accumulators and uses the ‘‘accumulator ad-
dressing mode’ to designate which of the two accumulators
is being tested:

FIGURE 26 — ADDRESSING MODE SUMMARY

Direct: n DO Instruction

Example: SUBB Z

Addr. Range = 0—255 n+1 Z = Oprnd Address

A

n+2 Next instr.

(K = One-Byte Oprnd) z
OR
(K = Two-Byte Oprnd) 2 K = Operand
Z+1 K = Operand

A\ 12 $255, Assembler Select Direct Mode
If Z>> 255, Extended Mode is selected

Extended: n FO Instruction

Example: CMPA 2 n+1 2} = Oprnd Address

Adzgsnjgg;:ss n+2 | 2 =0prnd Address
n+3 Next Instr.
.
.
.

(K = One-Byte Oprnd)

OR
(K = Two-Byte Oprnd) z Ky = Operand
Z+1 KL = Operand

Immaediate: n Instruction

Example: LDAA #K n+1 -

(K = One-Byte Oprna) K = Operand
n+2 Next inst.

OR

(K = Two-Byte Oprnd) n i

(CPX, LDX, and LDS) Instruction
n+1 K = Operand
n+2 K| = Operand
n+3 Next Instr.

Relative: n instruction

Example: BNE K n+1 *K = Brnch Offset

(K = Signed 7-Bit Value) n+2 Nextinstr. A

Addr. Range: L)
—125 to +129
Relative to n.

(n+2)tK

A\ 11 Bench Tst False, A\ 1 Brnch Tst True,

Indexed: n Instruction
Example: ADDA Z, X n+1 Z = Offset
Addr. Range: n+2 Next Instr.
Iindex Register, X P

[ ]

(Z = 8-Bit Unsigned
Value)
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Operator Comment
TST8B TEST CONTENTS OF ACCB
or
TSTA TEST CONTENTS OF ACCA

A number of the instructions either alone or together with
an accumulator operand contain all of the address informa-
tion that is required, that is, “inherent” in the instruction
itself. For instance, the instruction ABA causes the MPU to
add the contents of accmulators A and B together and place
the result in accumulator A. The instruction INCB, another
example of "“accumulator addressing,”’ causes the contents
of accumulator B to be increased by one. Similarly, INX, in-
crement the Index Register, causes the contents of the index
Register to be increased by one.

Program flow for instructions of this type is illustrated in
Figures 27 and 28. In these figures, the general case is shown
on the left and a specific example is shown on the right.
Numerical examples are in decimal notation. Instructions of
this type require only one byte of opcode. Cycle-by-cycle
operation of the inherent mode is shown in Table 6.

Immediate Addressing Mode — In the Immediate address-
ing mode, the operand is the value that is to be operated on.
For instance, the instruction

Operator Operand Comment
LDAA #25 LOAD 25 INTO ACCA

causes the MPU to "immediately load accumulator A with
the value 25"; no further address reference is required. The
Immediate mode is selected by preceding the operand value
with the "“#' symbol. Program flow for this addressing mode
is illustrated in Figure 29.

The operand format allows either properly defined sym-
bols or numerical values. Except for the instructions CPX,
LDX, and LDS, the operand may be any value in the range 0
to 265. Since Compare Index Register (CPX), Load Index
Register (LDX), and Load Stack Pointer (LDS), require 16-bit
values, the immediate mode for these three instructions re-
quire two-byte operands. In the Immediate addressing

FIGURE 27 — INHERENT ADDRESSING

MPU MPU

INDEX
<r_T

RAM

il

PROGRAM
PROGRAM
MEMORY MEMORY
PC INSTR K PC = 5000 INX
GENERAL FLOW EXAMPLE
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mode, the “address” of the operand is effectively the
memory location immediately following the instruction itself.
Table 7 shows the cycle-by-cycle operation for the im-
mediate addressing mode.

Direct and Extended Addressing Modes — In the Direct
and Extended modes of addressing, the operand field of the
source statement is the address of the value that is to be
operated on. The Direct and Extended modes differ only in
the range of memory locations to which they can direct the
MPU. Direct addressing generates a single B-bit operand
and, hence, can address only memory locations O through
255; a two byte operand is generated for Extended address-
ing, enabling the MPU to reach the remaining memory loca-
tions, 256 through 65535. An example of Direct addressing
and its effect on program flow is illustrated in Figure 30.

The MPU, after encountering the opcode for the instruc-
tion LDAA (Direct) at memory location 5004 (Program
Counter =5004), looks in the next location, 5006, for the ad-
dress of the operand. It then sets the program counter equal
to the value found there {100 in the example) and fetches the
operand, in this case a value to be loaded into accumulator
A, from that location. For instructions requiring a two-byte
operand such as LDX (Load the Index Register), the operand
bytes would be retrieved from locations 100 and 101. Table 8
shows the cycle-by-cycle operation for the direct mode of
addressing.

Extended addressing, Figure 31, is similar except that a
two-byte address is obtained from locations 5007 and 5008
after the LDAB (Extended) opcode shows up in location
5006. Extended addressing can be thought of as the “stan-
dard” addressing mode, that is, it is a method of reaching
any place in memory. Direct addressing, since only one ad-
dress byte is required, provides a faster method of process-
ing data and generates fewer bytes of control code. In most
applications, the direct addressing range, memory locations
0-255, are reserved for RAM. They are used for data buffer-
ing and temporary storage of system variables, the area in
which faster addressing is of most value. Cycle-by-cycle
operation is shown in Table 9 for Extended Addressing.

FIGURE 28 — ACCUMULATOR ADDRESSING

MPU MPU
ACCB
RAM RAM
) b

PROGRAM PR AM
MEMORY M?N?ORRV

PC INSTR K PC = 5001 INC B

GENERAL FLOW EXAMPLE
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Relative Address Mode — In both the Direct and Extended
modes, the address obtained by the MPU is an absolute
numerical address. The Relative addressing mode, im-
plemented for the MPU’s branch instructions, specifies a
memory location relative to the Program Counter’s current
location. Branch instructions generate two bytes of machine
code, one for the instruction opcode and one for the
"relative’” address (see Figure 32). Since it is desirable to be
able to branch in either direction, the 8-bit address byte is in-
terpreted as a signed 7-bit value; the 8th bit of the operand is
treated as a sign bit, “0” =plus and ‘1" =minus. The re-
maining seven bits represent the numerical value. This
results in a relative addressing range of + 127 with respect to
the location of the branch instruction itself. However, the
branch range is computed with respect to the next instruc-
tion that would be executed if the branch conditions are not
satisfied. Since two bytes are generated, the next instruction
is located at PC+2. If D is defined as the address of the
branch destination, the range is then:

(PC+2)-127=D=<(PC+2)+127
or
PC—-125=D=<PC+129
that is, the destination of the branch instruction must be
within —125 to + 129 memory locations of the branch in-
struction itself. For transferring control beyond this range,

the unconditional jump {JMP), jump to subroutine (JSR),
and return from subroutine (RTS) are used.

in Figure 32, when the MPU encounters the opcode for
BEQ (Branch if result of last instruction was zero), it tests the
Zero bit in the Condition Code Register. If that bit is 0, in-
dicating a non-zero result, the MPU continues execution
with the next instruction (in location 5010 in Figure 32). If the
previous result was zero, the branch condition is satisfied
and the MPU adds the offset, 16 in this case, to PC+2 and
branches to location 5025 for the next instruction.

The branch instructions allow the programmer to efficient-
ly direct the MPU to one point or another in the control pro-
gram depending on the outcome of test results. Since the
control program is normally in read-only memory and cannot
be changed, the relative address used in execution of branch
instructions is a constant numerical value. Cycle-by-cycle
operation is shown in Table 10 for relative addressing.

Indexed Addressing Mode — With Indexed addressing,
the numerical address is variable and depends on the current
contents of the Index Register. A source statement such as

Comment
PUT A IN INDEXED LOCATION

Operator Operand
STAA X

causes the MPU to store the contents of accumulator A in

TABLE 6 — INHERENT MODE CYCLE-BY-CYCLE OPERATION

Address Mode

Cycle | VMA
and Instructions Cycles # Line

R/W
Address Bus Line Data Bus

ABA DAA SEC 1 1 Op Code Address 1 Op Code
ASL DEC SE| 2 2 1 Op Code Address + 1 1 Op Code of Next Instruction
ASR INC SEV
CBA LSR TAB
CLC NEG TAP
CLI NOP TBA
CLR ROL TPA
CLV ROR TST
COM SBA
DES 1 1 Op Code Address 1 Op Code
FNESX 4 2 1 Op Code Address + 1 1‘ Op Code of Next Instruction
INX 3 0 Previous Register Contents 1 Irrelevant Data (Note 1)
4 0 New Register Contents 1 Irrelevant Data {Note 1}
PSH 1 1 Op Code Address 1 Op Code
4 2 1 Op Code Address + 1 1 Op Code of Next Instruction
3 1 Stack Pointer 0 Accumulator Data
4 0 Stack Pointer — 1 1 Accumulator Data
PUL 1 1 Op Code Address 1 Op Code
a 2 1 Op Code Address + 1 1 Op Code of Next Instruction
3 1] Stack Pointer 1 Irrelevant Data (Note 1)
4 1 Stack Pointer + 1 1 Operand Data from Stack
TSX 1 1 Op Code Address 1 Op Code
4 2 1 Op Code Address + 1 1 Op Code of Next Instruction
3 4] Stack Pointer 1 Irrelevant Data (Note 1)
4 [+] New Index Register 1 Irrelevant Data (Note 1)
TXS 1 1 Op Code Address 1 Op Code
a 2 1 Op Code Address + 1 1 Op Code of Next Instruction
3 1] Index Register 1 Irrelevant Data
4 o New Stack Pointer 1 irrelevant Data
RTS 1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 Irrelevant Data {(Note 2)
5 3 0 Stack Pointer 1 Irrelevant Data (Note 1)
4 1 Stack Pointer + 1 1 Address of Next Instruction (High
Order Byte)
5 1 Stack Pointer + 2 1 Address of Next Instruction {Low
Order Byte)
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TABLE 6 — INHERENT MODE CYCLE-BY-CYCLE OPERATION (CONTINUED)

Address Mode J Cyclel vmA R/W|
and Instructions Cycles # | Line Address Bus Line Data Bus
WAI 1 1 | Op Code Address 1 | Op Code
2 1 ) Op Code Address + 1 1 | Op Code of Next Instruction
3 1 | Stack Pointer 0 | Return Address (Low Order Byte)
4 1 ] Stack Pointer — 1 0 | Return Address (High Order Byte}
9 5 1 | Stack Pointer — 2 0 | Index Register (Low Order Byte)
6 1 | Stack Pointer — 3 0 | Index Register (High Order Byte)
7 1 {Stack Pointer — 4 0 | Contents of Accumulator A
8 1 | Stack Pointer — 5 0 | Contents of Accumulator 8
9 1 | Stack Painter — 6 (Note 3) 1 | Contents of Cond. Code Register
RTY 1 1 | Op Code Address 1 | Op Code
2 1 |Op Code Address + 1 1 | Irrelevant Data (Note 2)
3 0 |Stack Painter 1 | Irrelevant Data (Note 1)
4 1 | Stack Pointer + 1 1 | Contents of Cond. Code Register from
Stack
10 5 1 | Stack Pointer + 2 1 | Contents of Accumulator B from Stack
6 1 |Stack Pointer + 3 1 | Contents of Accumulator A from Stack
7 1 |Stack Pointer + 4 1 | Index Register from Stack (High Order
Byte)
8 1 |[Stack Pointer + 5 1 | Index Register from Stack (Low Order
Byte)
9 1 |Stack Pointer + 6 1 | Next Instruction Address from Stack
(High Order Byte)
10 1 |Stack Pointer + 7 1 | Next Instruction Address from Stack
(Low Order Byte)
Swi 1 1 |Op Code Address 1 |.Op Code
2 1 [Op Code Address + 1 1 | lIrrelevant Data (Note 1)
3 1 |Stack Pointer 0 {Return Address (Low Order Byte)
4 1 |Stack Pointer — 1 0 [ Return Address (High Order Byte)
5 1 |Stack Pointer — 2 0 [ Index Register (Low Order Byte)
12 6 1 |Stack Pointer — 3 0 | Index Register (High Order Byte)
7 1 |Stack Pointer — 4 0 [ Contents of Accumuiator A
8 1 |Stack Pointer — 5 0 | Contents of Accumutator B
9 1 |Stack Pointer — 6 0 | Contents of Cond. Code Register
10 0 |Stack Pointer — 7 1 |lIrrelevant Data {Note 1}
11 1 |Vector Address FFFA {Hex) 1 | Address of Subroutine (High Order
Byte)
12 1 | Vector Address FFFB (Hex) 1 | Address of Subroutine (Low Order
Byte}
Note 1.  |f device which is addressed during this cycle uses VMA, then the Data Bus will go to the high impedance three-state condition.
Depending on bus capacitance, data from the previous cycle may be retained on the Data Bus.
Note 2. Data is ignored by the MPU.
Note 3. While the MPU is waiting for the interrupt, Bus Available will go high indicating the following states of the control lines: VMA is

low; Address Bus, R/W, and Data Bus are all in the high impedance state.

the memory location specified by the contents of the index
Register (recall that the label "*X"" is reserved to designate the
Index Register). Since there are instructions for manipulating
X during program execution (LDX, INX, DEC, etc.), the In-
dexed addressing mode provides a dynamic “‘on the fly" way
to modify program activity.

The operand field can also contain a numerical value that
will be automatically added to X during execution. This for-
mat is illustrated in Figure 33.

When the MPU encounters the LDAB (Indexed) opcode in

location 5008, it looks in the next memory location for the
value to be added to X (5in the example) and calculates the
required address by adding 5 to the present Index Register
value of 400. In the operand format, the offset may be
represented by a label or'a numerical value in the range 0-265
as in the example. In the earlier example, STAA X, the
operand is equivalent to O, X, that is, the O may be omitted
when the desired address is equal to X. Table 11 shows the
cycle-by-cycle operation for the Indexed Mode of Address-
ing.
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FIGURE 29 — IMMEDIATE ADDRESSING MODE

FIGURE 30 — DIRECT ADDRESSING MODE

mMPU MPU MPU
: : ACCA :
RAM RaM RAM RAM
<: apor [ DATA K ADDR = 100 35
PROGRAM PROGRAM PROGRAM PROGRAM
MEMORY MEMORY MEMORY MEMORY
pc | INSTR pc =5002] LDA A pc | INSTR PC=5004 LDAA
DATA 25 i PC+1| ADDR 5006 100
B ADDR = 0 £ 255
GENERAL FLOW EXAMPLE GENERAL FLOW EXAMPLE
TABLE 7 — IMMEDIATE MODE CYCLE-BY-CYCLE OPERATION
Address Mode Cycle | VMA RW
and Instructions Cycles # | Line Address Bus Line Data Bus
ADC EOR 1 1 Op Code Address 1 Op Code
:ﬁg (L)g: 2 2 1 Op Code Address + 1 1 Operand Data
BIT SBC
CMP SUB
cPX 1 1 Op Code Address 1 Op Code
tgi 3 2 1 Op Code Address + 1 1 Operand Data (High Order Byte)
3 1 Op Code Address + 2 1 Operand Data (Low Order Byte)

TABLE 8 — DIRECT MODE CYCLE-BY-CYCLE OPERATION

L Address Mode —[ 1 Cycle—|VMA{ T R/W -I
and Instructions Cycles # | Line Address Bus Line Data Bus
ADC EOR 1 1 Op Code Address 1 Op Code
ADD LDA 2 1 Op Code Address + 1 1 Address of Operand
AND ORA 3
BIT SBC 3 1 Address of Operand 1 Operand Data
CMP SUB
CPX 1 1 Op Code Address 1 Op Code
tgi 4 2 1 Op Code Address + 1 1 Address of Operand
3 1 Address of Operand 1 Operand Data (High Order Byte)
4 1 Operand Address + 1 1 Operand Data (Low Order Byte)
STA 1 1 Op Code Address 1 Op Code
a 2 1 Op Code Address + 1 1 Destination Address
3 0 Destination Address 1 Irrelevant Data (Note 1)
4 1 Destination Address 0 Data from Accumulator
STS 1 1 Op Code Address 1 Op Code
STX 2 | 1 | opcode Address + 1 1| Address of Operand
5 3 0 Address of Operand 1 Irrelevant Data {(Note 1)
4 1 Address of Operand 0 Register Data (High Order Byte)
5 1 Address of Operand + 1 0 Register Data (Low Order Byte)

Note 1. If device which is address during this cycie uses VMA, then the Data Bus will go to the high impedance three-state condition.
Depending on bus capacitance, data from the previous cycle may be retained on the Data Bus.
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ADDR

PC

FIGURE 31 — EXTENDED ADDRESSING MODE

MPU MPU
: ACCB

RAM RAM

DATA ADDR = 300 45
PROGRAM PROGRAM
MEMORY MEMORY

INSTR PC=5006 | LpAB

ADDR <

300
ADDR
5009 /_\
ADDR - 256

GENERAL FLOW

EXAMPLE

TABLE 9 — EXTENDED MODE CYCLE-BY-CYCLE

<

|

L Address Made 1 l Cycls | vMA R/W
and Instructions Cycles = Line Address Bus Line Data Bus
SsTS 1 1 Op Code Address 1 Op Code
STX 2 1 Op Code Address + 1 1 Address of Operand (High Order Byte)
6 3 1 Op Code Address + 2 1 Address of Operand {Low Order Byte)
4 0 Address of Operand 1 Irrelevant Data (Note 1)
5 1 Address of Operand 0 Operand Data (High Order Byte}
6 1 Address of Operand + 1 4] Operand Data {Low Order Byte)
JSR 1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 Address of Subroutine {High Order Byte)
3 1 Op Code Address + 2 1 Address of Subroutine (Low Order Byte)
4 1 Subroutine Starting Address 1 Op Code of Next Instruction
9 5 1 Stack Pointer 0 Return Address {Low Order Byte)
6 1 Stack Pointer — 1 0] Return Address (High Order Byte)
7 o Stack Pointer — 2 1 Irrelevant Data (Note 1}
8 0 Op Code Address + 2 1 Irrelevant Data (Note 1)
9 1 Op Code Address + 2 1 Address of Subroutine (Low Order Byte)
JMP 1 1 Op Code Address 1 Op Code
3 2 1 Op Code Address + 1 1 Jump Address (High Order Byte)
3 1 Op Code Address + 2 1 Jump Address (Low Order Byte}
ADC EOR 1 1 Op Code Address 1 Op Code
:33 g‘%ﬁ A 2 1 Op Code Address + 1 1| Address of Operand (High Order Byte)
BIT SBC 3 1 Op Code Address + 2 1 Address of Operand (Low Order Byte)
CMP SUB 4 1 Address of Operand 1 Operand Data
CcPX 1 1 Op Code Address 1 Op Code
tgi 2 1 Op Code Address + 1 1 Address of Operand (High Order Byte)
5 3 1 Op Code Address + 2 1 Address of Operand {Low Order Byte)
4 1 Address of Operand 1 Operand Data (High Order Byte)
5 1 Address of Operand + 1 1 Operand Data (Low Order Byte)
STA A 1 1 Op Code Address 1 Op Code
STAB 2 1 Op Code Address + 1 1 Destination Address (High Order Byte)
5 3 1 Op Code Address + 2 1 Destination Address (Low Order Byte)
4 o Operand Destination Address 1 irrelevant Data (Note 1)
5 1 Operand Destination Address 0 Data from Accumulator
ASL LSR 1 1 Op Code Address 1 Op Code
232 ggﬁ 2 1 Op Code Address + 1 1 Address of Operand (High Order Byte)
COM ROR 6 3 1 Op Code Address + 2 1 Address of Operand (Low Order Byte)
DEC TST 4| 1 | Addressof Operand 1| Current Operand Data
5 [} Address of Operand 1 Irrelevant Data (Note 1}
6 1/0 Address of Operand 0 New Operand Data (Note 2)
{Note
2)
Note 1. If device which is addressed during this cycle uses VMA, then the Data Bus will go to the high impedance three-state condition.
Depending on bus capacitance, data from the previous cycle may be retained on the Data Bus.
Note 2. For TST, VMA = 0 and Operand data does not change.
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FIGURE 32 — RELATIVE ADDRESSING MODE

MPU MPU

RAM IAM
Program Program
Memory Memory

PC Instr.
Offset PC 5008 BEQ
(PC + 2)] Next Instr. 15

PC 5010 Next instr.
(PC + 2) + (Offset)| Next Instr. PC 5025| Next Instr.

FIGURE 33 — INDEXED ADDRESSING MODE

MPU MPU

RAM M
ADDR = INDX
+ OFFSET DATA K ADDR = 405 59

%

PROGRAM PROGRAM
MEMORY MEMORY

PC INSTR PC = 5008 LDAB
OFFSET [ 5
OFFSET < 256 ’\v

GENERAL FLOW EXAMPLE

TABLE 10 — RELATIVE MODE CYCLE-BY-CYCLE OPERATION

L Address Mode Cycle[vMA RAW

and Instructions Cycles # | Line Address Bus Line Data Bus

BCC BHI BNE 1 1 |Op Code Address 1 |Op Code

ggg gtg g;LA 4 2 1 |Op Code Address + 1 1 |Branch Offset

BGE BLT BVC 3 0 [Op Code Address + 2 1 |Irrelevant Data (Note 1)

BGT BMI BVS 4 0 |Branch Address 1 |irrelevant Data (Note 1)

BSR 1 1 ]Op Code Address 1 |Op Code
2 1 |[Op Code Address + 1 1 |Branch Offset
3 0 ]Return Address of Main Program 1 |lIrrelevant Data (Note 1)

8 4 1 |Stack Pointer 0 |Return Address (Low Order Byte)

5 1 |Stack Pointer — 1 0 |Return Address (High Order Byte)
6 0 |Stack Painter — 2 1 |irrelevant Data (Note 1)
7 0 | Return Address of Main Program 1 [trrelevant Data (Note 1)
8 0 _[Subroutine Address 1 [Irrelevant Data (Note 1)

Note 1. If devnce which is addnmed during this cycle uses VMA, then the Data Bus will go to the high impedance three-state condition.

1g on bus data from the previous cycle may be retained on the Data Bus.
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TABLE 11 — INDEXED MODE CYCLE-BY-CYCLE

I; Address Mode —[ I Cycle ]7VIIVIA —[ H/{W
and Instructions Cycles # Line Address Bus Line Data Bus
INDEXED
JMP 1 1 Op Code Address 1 Op Code
4 2 1 Op Code Address + 1 1 Offset
3 0 Index Register 1 Irrelevant Data (Note 1)
4 0 Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1)
ADC EOR 1 1 Op Code Address 1 Op Code
AR oA 2 | 1 | 0pCode Address + 1 1| Offset
BIT SBC 5 3 0 Index Register 1 frrelevant Data (Note 1)
CMP sus 4 0 Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1)
5 1 Index Register Plus Offset 1 Operand Data
CcPX 1 1 Op Code Address 1 Op Code
tg,s( 2 1 Op Code Address + 1 1 Offset
6 3 [« index Register 1 Irrelevant Data (Note 1}
4 0 Index Register Plus Offset (w/o Carry) i Irrelevant Data {Note 1)
5 1 Index Register Plus Offset 1 Operand Data (High Order Byte)
6 1 Index Register Plus Offset + 1 1 Operand Data (Low Order Byte)
STA 1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 Offset
6 3 0 index Register 1 Irrelevant Data (Note 1)
4 0 Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1)
5 0 Index Register Plus Offset 1 Irrelevant Data (Note 1)
6 1 Index Register Plus Offset o] Operand Data
ASL LSR i 1 Op Code Address 1 Op Code
éis ggﬁ 2 1 Op Code Address + 1 1 Offset
gCE)I\CII ?so-li.:\‘ 7 3 0 tndex Register 1 Irrelevant Data (Note 1)
INC 4 0 Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1)
5 1 Index Register Plus Offset 1 Current Operand Data
6 0 Index Register Plus Offset 1 Irrelevant Data (Note 1)
7 1/0 Index Register Plus Offset 0 New Operand Data (Note 2)
{Note
2)
STS 1 1 Op Code Address 1 Op Code
STX 2 1 Op Code Address + 1 1 Offset
7 3 o] Index Register 1 Irrelevant Data (Note 1)
4 0 Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1)
5 0 Index Register Plus Offset 1 Irrefevant Data (Note 1)
6 1 Index Register Plus Offset 0 Operand Data {High Order Byte)
7 1 Index Register Plus Offset + 1 0 Operand Data (Low Order Byte)
JSR 1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 Offset
3 0 Index Register 1 Irrelevant Data (Note 1)
8 4 1 Stack Pointer 0 Return Address (Low Order Byte)
5 1 Stack Pointer — 1 0 Return Address (High Order Byte)
6 0 Stack Pointer — 2 1 Irrelevant Data (Note 1)
7 0 Index Register 1 frrelevant Data (Note 1)
8 0 Index Register Plus Offset (w/o Carry) 1 irrelevant Data (Note 1)

Note 1.  If device which is addressed during this cycle uses VMA, then the Data Bus will go to the high impedance three-state condition.
Depending on bus capacitance, data from the previous cycle may be retained on the Data Bus.
Note 2.  For TST, VMA = 0 and Operand data does not change.
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@ MOTOROLA MC6808
MCG6802NS

MICROPROCESSOR WITH CLOCK AND OPTIONAL RAM

The MC6802 is a monolithic 8-bit microprocessor that contains ali the (N-CHANNEL, SILICON-GATE,
registers and accumulators of the present MC6800 plus an internal clock DEPLETION LOAD)
oscillator and driver on the same chip. In addition, the MC6802 has 128
bytes of on-board RAM located at hex addresses $0000 to $007F. The
first 32 bytes of RAM, at hex addresses $0000 to $001F, may be retained MICROPROCESSOR
in a low power mode by utilizing Vc¢ standby; thus, facilitating
memory retention during a power-down situation. WITH CLOCK AND OPTIONAL RAM

The MC6802 is completely software compatible with the MC8800 as
well as the entire MB800 family of parts. Hence, the MC6802 is expand-
able to 64K words.

The MC6802NS is identical to the MC6802 without standby RAM
feature. The MC6808 is identical to the MC8802 without on-board
RAM. )
® On-Chip Clock Circuit SUFFIX

; ; L
® 128 x 8 Bit On-Chip RAM A CERAMIC PACKAGE -
@ 32 Bytes of RAM are Retainable CASE 715
® Software-Compatible with the MC6800
® Expandable to 64K Words
® Standard TTL-Compatible Inputs and Outputs

. . P SUFFIX
@ 8-Bit Word Size ‘ PLASTIC PACKAGE
® 16-Bit Memory Addressing CASE 711

@ Interrupt Capability

PIN ASSIGNMENT

vssl1 @ 7  wprESET
HALTO 2 39 PexTAL
MR 3 38XTAL
ORDERING INFORMATION Rag4 wfE
Package Type Freq y (MHz) Temperature Order Number V_"'EE 5 % j RE
Ceramic 10 0°C to 70°C MCe802L NMig6 % :VCE Standoy
L Suffix 10 -40°C 10 85°C | MCB802CL 8all7 M R/W
1.0 0°C to 70°C MC6802NSL
1.0 0°C 10 70°C MC8808L vecls BPoo
15 0°C to 70°C MC68A02L A0Q)9 2fDpy
15 —40°C1085°C | MC68A02CL
15 0°C 0 70°C MCB8A08L ATgo nfpo2
2.0 0°C to 70°C MC68B02L Azgn 3 P03
2.0 0°C to 70°C MC68B08L a3 P04
Plastic 1.0 0°Ct070°C | MC6802P
P Suffix 10 ~40°C toB5°C |  MC6802CP A4ll3 805
1.0 0°C to 70°C MC6802NSP A5 (14 27[1 D6
1.0 0°C to 70°C MC6808P
15 0°C to 70°C MCB8AG2P A6l %107
15 --40°C to 85°C MCB8A02CP A7Qe %[ A15
15 0°C to 70°C MCB8A0SP
A8 Q17 2
26 0°C to 70°C MC68B02P g P At4
2.0 0°C to 70°C MC68B08P aoflrs 2 A13
Aloll1e 2 b A12
A1l 2 h Vss

*Pin 35 must be tied to 5 V on the MCB802NS
* % Pin 36 must be tied to ground for the MC6808
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TYPICAL MICROCOMPUTER

Vee Vee vee vee
e
S
-—
T(?ountier/ — MC6846 TRa RESET This block diagram shows a typical cost ef-
imer /O { __gf ROM, 1/0, Timer MR fective microcomputer. The MPU is the
RESET ——» S0 faYMA VMA HALT pe— I center of the microcomputer system and is
p—— Clock E L._ = shown in a minimum system interfacing with
«—e| 2k Bytes ROM R/W — RE a ROM combination chip. !t is not intended
«—w{ 101/0Lines RIW 4 cesoz WA L— that this system be limited to this function
Parallel | <e—s= 3 Lines Timer MPU but that it be expandable with other parts in
1/0 | < DO-D7 D0-D7 BA— the MBB0O Microcomputer family.
gy
EXTAL 1
- ()]
-— CP2 AO-A10, | T
Control { T 1202 cst AO-AIS _ |A0-A15  XTAL
MAXIMUM RATINGS
Rating Symbol Value Unit This input contains circuitry to protect the
— inputs against damage due to high static
Supply Voltage vee 0310 +7.0 v voltages or electric fields; however, it is ad-
Input Voltage Vin | -03t+70 | V vised that normal precautions be taken to
Operating Temperature Range avoid application of any voltage higher than
MC6802, MC680A02, MC680B02 Oto +70 maximum rated voltages to this high-
MC6802C, MCB80A02C TA —40 to +85 °C impedance circuit. Reliability of operation is
MC6802NS Oto +70 enhanced if unused inputs are tied to an ap-
MC6808, MCE68A08, MC68B08 0to +70 propriate logic voltage level (e.g., either Vgg
Storage Temperature Range Tstg -55to + 150 °C or Veg).
THERMAL CHARACTERISTICS
Characteristic Symbol Value Unit
Average Thermal Resistance (Junction to Ambient)
Plastic 100
Ceramic fiA 50 CIW

POWER CONSIDERATIONS

The average chip-junction temperature, T, in °C can be obtained from:
Tyj=Ta+(Ppedja) (81}
Where:

TA=Ambient Temperature, °C
8 A= Package Thermal Resistance, Junction-to-Ambient, °C/W
PD=PINT + PPORT
PINT=ICC X VCC, Watts — Chip Internal Power
PpORT = Port Power Dissipation, Watts — User Determined

For most applications PPORT <€ PINT and can be neglected. PPORT may become significant if the device is configured to

drive Darlington bases or sink LED loads.
An approximate relationship between Pp and T (if PPORT is neglected) is:

Pp=K+(TJ+273°C) (2)
Solving equations 1 and 2 for K gives:
K=Ppe(Ta+273°C) + 0 ja*Pp2 3

Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp {at equilibrium)
for a known T A. Using this value of K the values of Pp and T j can be obtained by solving equations (1) and (2} iteratively for any
value of Ta.
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DC ELECTRICAL CHARACTERISTICS (Vcc=5.0 Vdc £5%, Vss=0, TAo=0 to 70°C, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
i Logic, EXTAL Vgg+2.0] — V
Input High Voltage 9 REseT| VY v:: tiol C vgg v
Input Low Voltage Logic, EXTALW ViL Vgs—0.3 - Vss+0.8 v
Input Leakage Current (Vin=0105.26V, Vg ¢ = max) Logic lin - 1.0 25 uA
Output High Voltage
(Load= —206 A, VcC=min} ‘ __ bo-b7 Vgs+24 ] — - v
{ILoad = — 146 A, VCC = min) AO-A15,R/W,VMA,E| VoH | Vgs+24] - -
(I oad = — 100 xA, VCC = min) BA Vgs+24 | — -
Output Low Voltage (I| gad=1.6 mA, Vcc=min} VoL -~ — |Vss+04| V
Internal Power Dissipation (Measured at Tp=0°C) PINT — '0.750 1.0 w
Power Down | V 4.0 - 5.256
Vec Standby Power Up VSSBBB 4.75 - 5.25 v
Standby Current iseB — — 8.0 mA
Capacitance #
(Vin=0, TA=26°C, f=1.0 MHz) D0-D7 Cin - 10 125 pF
Logic Inputs, EXTAL — 6.5 10
AO-A15, R/W, VMA | ¢y - - 12 pF

*In power-down mode, maximum power dissipation is less than 42 mW.
#Capacitances are periodically sampled rather than 100% tested.

CONTROL TIMING (Vcc=5.0V +5%, Vg5=0, TA=T( to TH, unless otherwise noted)

Mws MC68A02 | MC68B02
Characteristics Symbol | MC6808 | MCBBA08 | MC68B08 | Unit
Min [ Max | Min | Max | Min | Max
Frequency of Operation fo 0.1 1.0 | 0.1 15 | 01| 20 | MHz
Crystal Frequency fxTAL | 10140 {10] 60 | 10| 8.0 |MHz
External Oscillator Frequency 4xto 04 |40 {04 60 |04 | 80 [MHz
Crystal Oscillator Start Up Time tre 100 | - 100 | - 100 — ms
Processor Controls (HALT, MR, RE, RESET, TRQ NMI)
Processor Control Setup Time tpcs | 200 | ~ |140] - |10 - ns
Processor Control Rise and Fall Time tpCr.
(Does Not Apply to RESET) tig = |10} — 100 [ -} 100 ns

3-181



MC6802 - MC6808 - MC6802NS

BUS TIMING CHARACTERISTICS

\dent. - Mhs%s MC68A02 | MC68B02 ‘
Number Characteristic Symbol MCBA08 MC68A08 | MC68BO8 [ Unit
Min | Max | Min | Max | Min | Max

1 Cycle Time teye 1.0 10 }o.ee7] 10 | 05 10 us
2 Pulse Width, E Low PWEg_ | 450 | 5000 [ 280 | 5000 | 210 | 5000] ns
3 Puise Width, E High PWgH | 450 [ 9500 | 280 | 8700 | 220 | 9700| ns
4 Clock Rise and Fall Time tr, 4 - 25 - 25 - 25 ns
9 Address Hold Time* tAH 20 - 20 - 20 — ns
12 Non-Muxed Address Valid Time to E (See Note 5) :}‘:z; 1?0 2;0 130 - 5_0 " ioms
17 Read Data Setup Time 1DSR 100 - 70 - 60 - ns
18 Read Data Hold Time {DHR 10 - 10 - 10 - ns
19 Write Data Delay Time 1DDW - |25 | - 170 | - 160 | ns
21 Write Data Hold Time* tDHW | 30 — 20 - 20 - ns
29 Usable Access Time (See Note 4) tACC | 836 — | 3B - |23 - ns

* Address and data hold times are periodically tested rather than 100% tested.

FIGURE 2 — BUS TIMING

R/W, Address

{Non-Muxed)
<>{(18) 4—@—-» «
Read Data MPU Read Data Non-Muxed
Non-Muxed 4 Note 4
ote
(29> »

. —_—
Write Data

‘,® «——-
-

Non-Muxed 4

NOTES:

. Voltage levels shown are V| s0.4 V, V4 =2.4 V, unless otherwise specified.

Measurement points shown are 0.8 V and 2.0 V, uniess otherwise noted.

All electricals shown for the MC6802 apply to the MCB802NS and MC6B808, unless otherwise noted.

Usable access time is computed by: 12+3+4-17.

If programs are not executed from on-board RAM, TAV1 applies. It programs are to be stored and executed from on-board RAM, TAV2 ap-

plies. For normal data storage in the on-board RAM, this extended delay does not apply. Programs cannot be executed from on-board
RAM when using A and B parts (MC68A02, MCEBA08, MC68B02, MC68B08). On-board RAM can be used for data storage with all parts.

6. Al electrical and control characteristics are referenced from: Ty =0°C minimum and T4 =70°C maximum.

-

obr e
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DELAY TIME (ns}

FIGURE 3 — BUS TIMING TEST LOAD

C=130 pF for DO-D7, E __
=90 pF for AC-A15, R/W, and VMA

=30 pF for BA
R=11.7 k@ for DO-D7,

E

Test Point

=16.5 kQ for A0-A15, R/W, and VMA

=24 k@ for BA

FIGURE 4 — TYPICAL DATA BUS OUTPUT DELAY
versus CAPACITIVE LOADING

600

475V

RL=2.2kQ2
MMD6150

or Equiv.

MMD7000
or Equiv.

. FIGURE 5 — TYPICAL READ/WRITE, VMA AND
ADDRESS OUTPUT DELAY versus CAPACITIVE LOADING

T 1 600 T T
t I0H =-206 wA max @ 2.4 V LioH =-145 pA max @ 2.4 V
500_'0L:“6"‘A"‘3’@04V gL =16 mA max@ 0.4V
vee =50V 500 vgpp=50v
FTa=25°C LTa=25°C
400 Z 400 —
o Address, VMA
=
300 — ’i 300
S
o}
200 S — 1 _|*W
—
100 100
C includes stray capacitance C inciudes stray capacitance
0 Ty " 0 | ri S e
0 100 200 300 400 500 600 100 200 300 400 500 600
Ct, LOAD CAPACITANCE (pF) CL, LOAD CAPACITANCE (pF)
FIGURE 6 — EXPANDED BLOCK DIAGRAM
A5 A14 A13 A12 A1l AI0 A9 A8 A7 AB A5 A4 A3 A2 Al AD
25 24 23 22 20 19 18 7 1; 15 1; li 2 11 10 ;
Output Output
Buffers Bufters
= 7
; 3 RAM Enable
t |
I |
) 32 Bytes #4356 Vcc Standby
——————— |
!
T 96 Bytes I i
Memory Ready 3~ I V! "__N;r: I\AAVCaélsaobée
Enable 37 w— - o === - -
RESET 403w Program { Program
Non-Maskable Interrupt (NMI) 6= Clock Counter Counter |
HALT 2—3{ Instruction
Interrupt Request (IRQ) d4—3p{ DECOdE Stack -] Stack
and Pointer Pointer |
EXTAL 39— Control
XTAL 38—~ Index S { Index
Bus Available 7 <€ Register H Register
Valid Memory Address 5 <&—
Read/Write (R/W) 34 <€— -
A
Instruction { Accumulator
Register B
Condition
Code
Register
Vce=Pin8 Data

V¢ G="Pin 35 for MC6802NS

Vss=Pins 1, 21
Vgs =Pin 36 for MC6808

Buftfer

% 27
D7 D6

L
EEEEE

28 2
D5 D4

P11y

D3 D2 D1

3-183




MC6802 - MC6808 - MC6802NS

MPU REGISTERS

A general block diagram of the MCB802 is shown in Figure
6. As shown, the number and configuration of the registers
are the same as for the MC6800. The 128 x 8-bit RAM* has
been added to the basic MPU. The first 32 bytes can be re-
tained during power-up and power-down conditions via the
RE signal.

The MCB802NS is identical to the MC6802 except for the
standby feature on the first 32 bytes of RAM. The standby
feature does not exist on the MC6802NS and thus pin 35
must be tied to 5 V.

The MC6808 is identical to the MC6802 except for on-
board RAM. Since the MC8808 does not have on-board
RAM pin 36 must be tied to ground allowing the processor to
utilize up to 64K bytes of external memory.

The MPU has three 16-bit registers and three 8-bit
registers available for use by the programmer (Figure 7).

PROGRAM COUNTER

The program counter is a two byte (16-bit) register that
points to the current program address.

STACK POINTER

The stack pointer is a two byte register that contains the
address of the next available location in an external push-
down/pop-up stack. This stack is normally a random access

read/write memory that may have any location (address)
that is convenient. In those applications that require storage
of information in the stack when power is lost, the stack
must be non-volatile.

INDEX REGISTER

The index register is a two byte register that is used to
store data or a 16-bit memory address for the indexed mode
of memory addressing.

ACCUMULATORS

The MPU contains two 8-bit accumulators that are used to
hold operands and results from an arithmetic logic unit
(ALU).

CONDITION CODE REGISTER

The condition code register indicates the results of an
Arithmetic Logic Unit operation: Negative (N), Zero (Z),
Overflow (V), Carry from bit 7 (C), and Half Carry from bit 3
(H). These bits of the Condition Code Register are used as
testable conditions for the conditional branch instructions.
Bit 4 is the interrupt mask bit {I). The unused bits of the Con-
dition Code Register (b6 and b7) are ones.

Figure B shows the order of saving the microprocessor
status within the stack.

*if programs are not executed from on-board RAM, TAV1 applies. If programs are to be stored and executed from on-board RAM, TAV2 ap-
plies. For normal data storage in the on-board RAM, this extended delay does not apply. Programs cannot be executed from on-board RAM
when using A and B parts (MC68A02, MC68A08, MC68B02, and MC68B08}. On-board RAM can be used for data storage with all parts.

FIGURE 7 — PROGRAMMING MODEL OF THE MICROPROCESSING UNIT

~

ACCA

~

ACCB

o

Accumulator A

i<

Accumulator B

OI

15

1
x

Index Register

15

Program Counter

0
°

Stack Pointer

o
ol__JolL__Jo

~

Condition Codes

T H{ N vic Register

Carry (From Bit 7)

=

Overflow

Zero

Negative

‘————— Interrupt

Half Carry (From Bit 3)
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FIGURE 8 — SAVING THE STATUS OF THE MICROPROCESSOR IN THE STACK

SP = Stack Pointer
CC = Condition Codes (Also called the Processor Status Byte)
ACCB = Accumulator B
ACCA = Accumulator A
IXH = Index Register, Higher Order 8 Bits
IXL = Index Register, Lower Order 8 Bits
PCH = Program Counter, Higher Order 8 Bits
PCL = Program Counter, Lower Order 8 Bits

m-2

m -1

m+ 1

m+2

m-9
m-8
m-7 [@——— SP
m-6| cc 3
m-5| ACCS8
m-4 ACCA
m-3 IXH
m-2 XL x
o
m-1| PCH ;),9
| ———sP m PCL
m+1
~ m+ 2
o
2
7}
| | !
| I . I | 1
Before After

MPU SIGNAL DESCRIPTION

Proper operation of the MPU requires that certain control
and timing signals be provided to accomplish specific func-
tions and that other signal lines be monitored to determine
the state of the processor. These control and timing signals
are similar to those of the MC6800 except that TSC, DBE,
¢1, 2 input, and two unused pins have been eliminated,
and the following signal and timing lines have been added:

RAM Enable (RE)

Crystal Connections EXTAL and XTAL

Memory Ready (MR)

V¢c Standby

Enable ¢2 Output (E)

The following is a summary of the MPU signals:

ADDRESS BUS (A0-A15)

Sixteen pins are used for the address bus. The outputs are
capable of driving one standard TTL load and 90 pF. These
lines do not have three-state capability.

DATA BUS (D0-D7)

Eight pins are used for the data bus. It is bidirectional,
transferring data to and from the memory and peripheral
devices. It also has three-state output buffers capable of
driving one standard TTL load and 130 pF.

Data bus will be in the output mode when the internal
RAM is accessed and RE will be high. This prohibits external
data entering the MPU. It should be noted that the internal
RAM is fully decoded from $0000 to $007F. External RAM at
$0000 to $007F must be disabled when internal RAM is ac-
cessed.

HALT

When this input is in the low state, all activity in the
machine will be halted. This input is level sensitive. In the
HALT mode, the machine will stop at the end of an instruc-
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tion, bus available will be at a high state, vatid memory ad-
dress will be at a low state. The address bus will display the
address of the next instruction.

To ensure single instruction operation, transition of the
HALT line must occur tpcs before the falling edge of E and
the HALT line must go high for one clock cycle.

HALT should be tied high if not used. This is good
engineering design practice in general and necessary to en-
sure proper operation of the part.

READ/WRITE (R/W)

This TTL-compatible output signals the peripherals and
memory devices whether the MPU is in a read (high) or write
(low) state. The normal standby state of this signal is read
(high). When the processor is halted, it will be in the read
state. This output is capable of driving one standard TTL
load and 90 pF.

VALID MEMORY ADDRESS (VMA)

This output indicates to peripheral devices that there is a
valid address on the address bus. In normal operation, this
signal should be utilized for enabling peripheral interfaces
such as the PIA and ACIA. This signal is not three-state. One
standard TTL load and 90 pF may be directly driven by this
active high signal.

BUS AVAILABLE (BA) — The bus available signal will nor-
mally be in the low state; when activated, it will go to the
high state indicating that the microprocessor has stopped
and that the address bus is available (but notin a three-state
condition). This will occur if the HALT line is in the low state
or the processor is in the WAIT state as a result of the execu-
tion of a WAIT instruction. At such time, all three-state out-
put drivers will go to their off-state and other outputs to their
normally inactive level. The processor is removed from the




MC6802 - MC6808 - MC6802NS

WAIT state by the occurrence of a maskable (mask bit 1=0)
or nonmaskable interrupt. This output is capable of driving
one standard TTL load and 30 pF.

INTERRUPT REQUEST (IRQ)

A low level on this input requests that an interrupt se-
quence be generated within the machine. The processor will
wait until it completes the current instruction that is being
excuted before it recognizes the request. At that time, if the
interrupt mask bit in the condition code register is not set,
the machine will begin an interrupt sequence. The index
register, program counter, accumulators, and condition
code register are stored away on the stack. Next the MPU
will respond to the interrupt request by setting the interrupt
mask bit high so that no further interrupts may occur. At the
end of the cycle, a 16-bit vectoring address which is located
in memory locations $FFF8 and $FFF9 is loaded which
causes the MPU to branch to an interrupt routine in memory.

The HALT line must be in the high state for interrupts to
be serviced. Interrupts will be latched internally while HALT
is low.

A nominal 3 k& pullup resistor to V¢ should be used for
wire-OR and optimum control of interrupts. IRQ may be tied
directly to V¢ if not used.

RESET

This input is used to reset and start the MPU from a
power-down condition, resulting from a power failure or an
initial start-up of the processor. When this line is low, the
MPU is inactive and the information in the registers will be
lost. |f a high level is detected on the input, this will signal
the MPU to begin the restart sequence. This will start execu-

tion of a routine to initialize the processor from its reset con-
dition. Ali the higher order address lines will be forced high.
For the restart, the last two ($FFFE, $FFFF) locations in
memory will be used to load the program that is addressed
by the program counter. During the restart routine, the inter-
rupt mask bit is set and must be reset before the MPU can be
interrupted by IRQ. Power-up and reset timing and power-
down sequences are shown in Figures 9 and 10, respectively.

RESET, when brought low, must be held low at least three
clock cycles. This allows adequate time to respond internally
to the reset. This is independent of the tyc power-up reset
that is required.

When RESET is released it must go through the low-to-
high threshold without bouncing, oscillating, or otherwise
causing an erroneous reset {less than three clock cycles).
This may cause improper MPU operation until the next valid
reset.

NON-MASKABLE INTERRUPT (NMI)

A low-going edge on this input requests that a non-
maskable interrupt sequence be generated within the pro-
cessor. As with the interrupt request signal, the processor
will complete the current instruction that is being executed
before it recognizes the NMi signal. The interrupt mask bit in
the condition code register has no effect on NMI.

The index register, program counter, accumulators, and
condition code registers are stored away on the stack. At the
end of the cycle, a 16-bit vectoring address which is located
in memory locations $FFFC and $FFFD is loaded causing the
MPU to branch to an interrupt service routine in memory.

A nominal 3 kQ pullup resistor to V¢ should be used for
wire-OR and optimum control of interrupts. NMi may be tied

FIGURE 9 — POWER-UP AND RESET TIMING

-k

475V
vee

X ¢

SRR N I I I 6 I

L—tpcs

ViH
Vip

Option 1
(See Note Below)

RESE

3 fom

\___.

(See Figure 10 for
Power-down Condition)

RE

tPCr

—

NOTE: If option 1 is chosen, RESET and RE pins can be tied together.
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directly to V¢ if not used. FIGURE 10 — POWER-DOWN SEQUENCE
Inputs TRQ and NMI are hardware interrupt lines that are
sampled when E is high and will start the interrupt routine on JN 475V

a low E following the completion of an instruction. vee
Figure 11 is a flowchart describing the major decision

paths and interrupt vectors of the microprocessor. Table 1

gives the memory map for interrupt vectors. N

TABLE 1 — MEMORY MAP FOR E
INTERRUPT VECTORS

tcPsA
Vector . tpcf >
MS s Description n
IH
$FFFE | $FFFF Restart RE
$FFFC | $FFFD | Non-Maskable Interrupt
$FFFA | $FFFB Software Interrupt

$FFF8 $FFF9 Interrupt Request

3 Cycles—3»

ViL

FIGURE 11 — MPU FLOWCHART

Start Sequence
$FFFE, $FFFF

Machine
on Halt

No

\

Execute
Interrupt Routine

Y

Y

Fetch Instruction

/
Execute
Instruction RMI TRG
$FFFC $FFF8
$FFFD $FFF9
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FIGURE 12 — CRYSTAL SPECIFICATIONS

Y1 Cin Cout
3.58 MHz 27 pF 27 pF

8

4 MHz 27 pF 27 pF
D ® 6 MHz 20 pF 20 pF
ComI Y1 I Cin 8 MHz 18 pF 18 pF

Crystal Loading

Y1
L1 ) Rs
f | O
4]
iC
N
Nominal Crystal Parameters*
3.58 MHz 4.0 MHz 6.0 MHz 8.0 MHz
Rs 60 Q 50 Q 30-50 0 20-40 @
Cco 3.5 pF 6.5 pF 4-6 pF 4-6 pF
C1 0.015 pF 0.025 pF 0.01-0.02 pF 0.01-0.02 pF
Q > 40K >30K > 20K > 20K

*These are representative AT-cut parallel resonance crystal parameters only.
Crystals of other types of cuts may also be used.

Figure 13 — SUGGESTED PC BOARD LAYOUT

Example of Board Design Using the Crystal Oscillator

L(—-——20 mm max———){
L

D/}
[/

/Other Signals are Not Wired in this Area

N

Crystall C

NN

+He

»

.

1

N

f——20 mm max——3»

N

\

E Signal is Wired Apart from 38 Pin
/ and 39 Pin

E
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FIGURE 14 — MEMORY READY SYNCHRONIZATION

4xfq
Oscillator

x

o

>

8 18
fl

Memory Ready
Df— Generated from
CS Logic

SN74LS74

FIGURE 156 — MR NEGATIVE SETUP TIME REQUIREMENT

E Clock Stretch

—tpPCS -tPCS
408V 0.8 V

The E clock will be stretched at end of E high of the cycle during which MR negative meets the tpcg setup time. The tpcg setup time is
referenced to the fall of E. if the tpcg setup time is not met, E will be stretched at the end of the next E-high % cycle. E will be stretched in in-
tegral multiples of % cycles.

Resuming E Clocking

je«—>}ipcs je—>tipcs [«—»ftpcs je—>ttpcs
[i [ T

| |
Stretched £ ] | II

" il

The E clock will resume normal operation at the end of the % cycie during which MR assertion meets the tpCg setup time. The tpCS setup time
is referenced to transitions of E were it not stretched. If tpcs setup time is not met, E will fall at the second possible transition time after MR is
asserted. There is no direct means of determining when the tpcs references occur, unless the synchronizing circuit of Figure 14 is used.
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RAM ENABLE (RE — MC6802 + MC6802NS ONLY)

A TTL-compatible RAM enable input controls the on-chip
RAM of the MCB802. When placed in the high state, the on-
chip memory is enabled to respond to the MPU controls. In
the low state, RAM is disabled. This pin may also be utilized
to disable reading and writing the on-chip RAM during a
power-down situation. RAM Enable must be low three
cycles before V¢ goes below 4.75 V during power-down.
RAM enable must be tied low on the MC6808. RE should be
tied to the correct high or low state if not used.

EXTAL AND XTAL

These inputs are used for the internal oscillator that may
be crystal controlied. These connections are for a parallel
resonant fundamental crystal (see Figure 12). {(AT-cut.) A
divide-by-four circuit has been added so a 4 MHz crystal may
be used in lieu of a 1 MHz crystal for a more cost-effective
system. An example of the crystal circuit layout is shown in
Figure 13. Pin 39 may be driven externally by a TTL input
signal four times the required E clock frequency. Pin 38 is to
be grounded.

An RC network is not directly usable as a frequency
source on pins 38 and 39. An RC network type TTL or CMOS
oscillator will work well as long as the TTL or CMOS output
drives the on-chip oscillator.

LC networks are not recommended to be used in place of
the crystal.

If an external clock is used, it may not be halted for more
than tpwgl. The MC6802, MC6808 and MCB802NS are
dynamic parts except for the internal RAM, and require the
external clock to retain information.

MEMORY READY (MR)

MR is a TTL-compatible input signal controlling the stret-
ching of E. Use of MR requires synchronization with the 4xfq
signal, as shown in Figure 14. When MR is high, E will be in
normal operation. When MR is low, E will be stretched in-
tegral numbers of half periods, thus allowing interface to
slow memories. Memory Ready timing is shown in Figure 15.

MR should be tied high (connected directly to V) if not
used. This is necessary to ensure proper operation of the
part. A maximum stretch is toyc.

ENABLE (E)

This pin supplies the clock for the MPU and the rest of the
system. This is a single-phase, TTL-compatible clock. This
clock may be conditioned by a memory read signal. This is
equivalent to ¢2 on the MC6800. This output is capable of
driving one standard TTL load and 130 pF.

Vcc STANDBY (MC6802 ONLY)

This pin supplies the dc voltage to the first 32 bytes of
RAM as well as the RAM Enable (RE) contro! logic. Thus,
retention of data in this portion of the RAM on a power-up,
power-down, or standby condition is guaranteed. Maximum
current drain at Vgg maximum is Iggg. For the MC6802NS
this pin must be connected to V.

34190

MPU INSTRUCTION SET

The instruction set has 72 different instructions. Included
are binary and decimal arithmetic, logical, shift, rotate, load,
store, conditional or unconditional branch, interrupt and
stack manipulation instructions (Tables 2 through 6). The in-
struction set is the same as that for the MC6800.

MPU ADDRESSING MODES

There are seven address modes that can be used by a pro-
grammer, with the addressing mode a function of both the
type of instruction and the coding within the instruction. A
summary of the addressing modes for a particular instruction
can be found in Table 7 along with the associated instruction
execution time that is given in machine cycles. With a bus
frequency of 1 MHz, these times would be microseconds.

ACCUMULATOR (ACCX) ADDRESSING

In accumulator only addressing, either accumulator A or
accumulator B is specified. These are one-byte instructions.

IMMEDIATE ADDRESSING

In immediate addressing, the operand is contained in the
second byte of the instruction except LDS and LDX which
have the operand in the second and third bytes of the in-
struction. The MPU addresses this location when it fetches
the immediate instruction for execution. These are two- or
three-byte instructions.

DIRECT ADDRESSING

In direct addressing, the address of the operand is contain-
ed in the second byte of the instruction. Direct addressing
allows the user to directly address the lowest 256 bytes in the
machine, i.e., locations zero through 255. Enhanced execu-
tion times are achieved by storing data in these locations. In
most configurations, it should be a random-access memory.
These are two-byte instructions.

EXTENDED ADDRESSING

In extended addressing, the address contained in the se-
cond byte of the instruction is used as the higher eight bits of
the address of the operand. The third byte of the instruction
is used as the lower eight bits of the address for the operand.
This is an absolute address in memory. These are three-byte
instructions.

INDEXED ADDRESSING

In indexed addressing, the address contained in the se-
cond byte of the instruction is added to the index register's
lowest eight bits in the MPU. The carry is then added to the
higher order eight bits of the index register. This result is
then used to address memory. The modified address is held
in a temporary address register so there is no change to the
index register. These are two-byte instructions.
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IMPLIED ADDRESSING

In the implied addressing mode, the instruction gives the
address (i.e., stack pointer, index register, etc.}. These are
one-byte instructions.

RELATIVE ADDRESSING

byte of the instruction is added to the program counter’s
lowest eight bits plus two. The carry or borrow is then added
to the high eight bits. This allows the user to address data
within a range of — 125 to + 129 bytes of the present instruc-
tion. These are two-byte instructions.

In relative addressing, the address contained in the second

TABLE 2 — MICROPROCESSOR INSTRUCTION SET — ALPHABETIC SEQUENCE

ABA Add Accumulators CLR Clear PUL Pull Data
ADC Add with Carry CLv Clear Overflow
w5 A Gue  Gonpar oL el
AND Logical And CoM Complement RTH Return frogm Interrupt
ASL Arithmetic Shift Left CPX Compare Index Register upt

. " o RTS Return from Subroutine
ASR Arithmetic Shift Right . .

DAA Decimal Adjust SBA Subtract Accumulators
BCC Branch if Carry Clear DEC Decrement SBC Subtract with C
BCS Branch if Carry Set DES Decrement Stack Pointer SEC S:t (r:aar with Larry
BEQ  Branch if Equal to Zero DEX  Decrement Index Register i
. SE! Set Interrupt Mask

BGE Branch if Greater or Equal Zero EOR Exclusive OR SEV Set Overflo
BGT  Branch if Greater than Zero STA  Store Ascumulat
BHI Branch if Higher INC Increment ore Accumulator

" : STS Store Stack Register
BIT Bit Test INS Increment Stack Pointer STX Store Index Reqister
BLE  Branch if Less or Equal INX  Increment Index Register  aum  Subtract 9
BLS Branch if Lower or Same IMP J SWI Software Int t
BLT Branch if Less than Zero p ump ) are Interrup
BMI Branch if Minus s Jump to Subroutine TAB Transfer Accumulators
BNE Branch if Not Equal to Zero LDA Load Accumulator TAP Transfer Accumutators to Condition Code Reg.
BPL Branch if Plus LDS Load Stack Pointer TBA Transfer Accumulators
BRA Branch Always LDX Load Index Register TPA Transfer Condition Code Reg. to Accumulator
BSR Branch to Subroutine LSR Logical Shift Right TST Test
BVC Branch if Overflow Clear NEG Negate TSX Transfer Stack Pointer to Index Register
BVS Branch it Overflow Set NOP ngOperation XS Transfer Index Register to Stack Pointer
CBA Compare Accumulators . WAI Wait for Interrupt
cLe Ciear Carry ORA Inclusive OR Accumulator
Cu Clear nterrupt Mask PSH Push Data
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TABLE 3 — ACCUMULATOR AND MEMORY INSTRUCTIONS

ADDRESSING MODES BOOLEAN/ARITHMETIC OPERATION COND. CODE REG.
IMMED DIRECT INDEX EXTND IMPLIED (AN register lahels 5]aj3fz]1]0
OPERATIONS o ~ =|oP ~ =|op ~ =|{oP -~ =|OPp ~ = refer to contents) HIVIN|Z[V]C
Add ADDA (38 2 2|9 3 2[AB 5 2|BB 3 AvM A tetir|t]t
ADDB [ c8 2 2|08 3 2fE8 5 2|F8 3 B+M -8B te|t|t]|t]t
Add Acmitrs ABA 1B 2 1| A+B A HOHHED
Add with Carry ADCA 89 2 2[99 3 2|A9 5 2|89 4 3 A+M+C -A HOHHED
ADCE | €9 2 2{D9 3 2|E9 5 2[F9 4 3 B+M+C -8 HOH
And ANDA [ 8¢ 2 2|9 3 2|As 5 2|B4 4 3 A-M -A efefr|r[r|e
ANDB | C4 2 2|D4 3 2/E4 5 2[F4 4 3 8:M -8 elelt|t|R|®
Bit Test 8ITA 85 2 2[9 3 2/A5 5 2|85 4 3 AM ele|r[tR]e
BITB €5 2 2|D5 3 2/E5 5 2|F5 4 3 B M eleft|t]r]e
Clear CtR 6F 7 2|7 § 3 00 +M e|e|r(s|R|R
CLRA 4F 2 1] 00-A e|elR[S|R|R
CLR8 5 2 1 [00-8 o|e|r|s|R|R
Compare cmea 81 2 2|91 3 2|A1 5 2|Bl 4 3 AM ofleftft]t]1
CMPB €2 20D 3 2[E1 5 27Ff1 & 3 B-M eleftit]1]1
Compare Acmitrs cBA M 2.1 [a-8 efo]tit1]1
Complement, 1s com 63 7 2[713 6 3 L ele|titlRls
cOMA 43 2 1 |A-A elefr|1[R]S
coms 53 2 1|8-8 ele|1|1{R[S
Complement, 2's NEG 60 7 2170 6 3 00 - M .M ele|! D@
(Negate) NEGA 40 2 1|00-A-A eolel! DO
NEGB 50 2 1]|00-8 -8B oo} D@
Decimal Adyust, A DAA 192 1 | Converts Binary Add. of BCO Characters | @ (@ |1 | 1] 1@
into BCO Format .
Decrement DEC 6A 7 2(7A 6 3 M-1 M oo @
DECA 4A 2 1| A 1A oo K@)«
DECB SA 2 1 /8-1:'8 oo (D] e
Extlusive OR EORA 88 2 2(9 3 2|a8 5 2|88 4 3 AGM - A ole R|e
EORB | c8 2 2|08 3 2[E8 S5 2[F8 4 3 BOM -8B ole Rle
Increment INC 6c 7 2|1c 6 3 M1 oM oo ©¢
INCA a2 1At -a ole B
INCB 5C 2 1 | B+l -8 oo e
Load Acmite LDAA 8 2 2]9% 3 2|A6 5 2(B6 4 3 M -A ole R|e
LDAB C6 2 2|D6 3 2{€E6 5 2[F6 4 3 M-8 oo R|e
0r, Inclusive ORAA [8A 2 2|9%A 3 2f{AA 5 2/8A 4 3 AvM A oo R|e
oraB [ca 2 2|pa 3 2lea 5 2[Fa 4 3 B+M -8B ole Rle
Push Data PSHA 36 4 1| A MgpSP 1 -SP ole ole
PSHB 37 4 1|8 -MgpSP 1 -SP ole ele
Pull Data PULA 32 4 1 [ SP+1 -SP Mgp A oo oo
PULB 33 4 1| sPe1 -SP.Mgp -8B ofe oo
Rotate Left ROL 69 7 2[79 6 3 ] ofe ®) !
ROLB 59 2 1|8 c b7 = b0 oo ® !
Rotate Right ROR 6 7 2|76 6 3 M ole GH
RORA e 2 1| ab g ~ oo ole ®!
RORB 56 2 18 ¢ b7 = b0 oo @)1
Shift Lett, Anthmetic AsL 68 7 2|78 6 3 " - ofe G
ASLA 48 2 1A a - -0 ofe @)1
AsLB 8 2 1|8 c b7 b0 ofe ® 1
Shift Right, Arithmetic ASR 6/ 7 20711 6 3 1) - oo ®| !
ASRA ar 2 A} :&Dm -0 oo GH
ASRB 57 2 18 o7 [ ole !
Shilt Right, Log:c (SR 64 7 2{74 6 3 ] - ole G
LSRA a4 2 1|a 0~CIIIIID — g oo ® 1
LSR8 54 2 1|8 b7 0 .o @) 1
Store Acmitr STAA 97 4 2|A7 6 2|BT 5 3 A M ofe R|e
STAB 07 4 2[E7 8 2[F1 5 3 B oM ole R|e
Subtract suBA 80 2 2% 3 2(A0 5 2([8 4 3 A M-A .o HE
sues O 2 2{D0 3 2[E0 5 2[F0 4 3 8 M B ole 1t
Subtract Acmltrs, $BA 0 2 1] A B-A ofe R
Subtr. with Carry SBCA 82 2 2019 3 2[A2 5 2|82 4 AM C-A ole i
SBCB c2 2 2|D2 3 2|€2 5 2|Ff2 4 B-M-C -8 oo 1
Transter Acmitrs TAB 16 2 1|a-8 .le R|e
TBA 17 2 1|8 -a ole R|e
Test, Zeto or Minus ST 60 7 2|7 6 3 M- 00 ole /(R
TSTA 0 2 1| a-00 ole R|R
TS78 50 2 1{8-00 .o R|R
Hlvlniz{vic
LEGEND: CONDITION CODE SYMBOLS:
0P Operation Code (Hexadecimal): +  Boolean Incluswe OR:
~  Number of MPU Cycles: ®©  Boolean Exclusive OR; H  Halt-carry from bit 3;
= Number of Program Bytes, M Complement of M: I Interrupt mask
+ Anthmetic Plus; < Transter Into; N Negatwe (sign bit)
- Arithmetic Minus; 0 Bit = Zero: r4 Zero (byte)
- Boofean AND; 00 Byte = Zero: v Ouertlow, 2's complement
Mgp  Contents of memory location pornted to be Stack Pointer; 4 Carry from bit 7
R Reset Always
Note - Accumulator addressing mode instructions are included in the column tor IMPLIED addressing S Set Always
1 Test and set if true, cleared otherwise
. Not Affected
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TABLE 4 — INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS

COND. CODE REG.

IMMED DIRECT INDEX EXTND IMPLIED 5|4 2|10
POINTER QPERATIONS MNEMONIC | OP [ ~| = [OP| ~| = |OP |~ | =|OP|~ | =[0OP|~ = | BOOLEAN/ARITHMETIC OPERATION (H 1| N|Z |V |C
Compare Index Reg CPX 8C 3| 3|9C| 4| 2|ACI6E |2 BC|5 |3 XH-M X - (M+1) . 0@ H @ .
Decrement Index Reg DEX 034 | X-1-X LN ARARK AN
Decrement Stack Patr DES 34041 SP1--8P oo o|eeie
Increment Index Reg INX 08| 4|1 X+1-+X o oo e
Increment Stack Pntr INS 314 (1 SP+1--SP LI AR AR
Load Index Reg LoX CE|[3| 3|DE|(4| 2 |EE|6|2|FE[5]3 M- Xy, M+ 1) =X olo@ 1|R|®
Load Stack Pntr LDS 8E | 3| 3|SE|4 |2 AE|6|2|BE[S |3 M-+ SPH, (M +1) =8P o|e[®:|R|e
Store Index Reg STX OF I 5| 2|EF| 7 2|FF|B6 |3 Xy =M, X[ (M1} o|e|@!|R|e
Store Stack Pntr STS 9F | 5| 2 |AF|7 |2 BF|[6 |3 SPH =M, SPL -(M+1) o|e[(D:|R[e
Indx Reg — Stack Pntr TXS 3514 |1 X-1-8P oo o 00 0
Stack Pntr - Indx Reg TSX 041 SP+1 -X oo OLO J

TABLE 5 — JUMP AND BRANCH INSTRUCTIONS
COND. CODE REG.

RELATIVE INDEX EXTND IMPLIED 5143 110
OPERATIONS MNEMONIC OP|~ | =|0P|~|=|0P| ~| =[0P|~|= BRANCH TEST |1 N vi]c
Branch Always BRA 20042 None o o oo 0|
Branch If Carry Clear BCC 24412 c=0 o| oo 0| o]0
Branch If Carry Set 8CS 25| 4|2 c=1 BRI
Branch If = Zero BEQ 274 |2 Z=1 s o 0l e oo
Branch If > Zero BGE 2|4 |2 N®OV=0 ol o0l e oo
Branch It > Zero BGT 2B 4|2 Z+IN®OV)=0 el o 0| e|e]|e
Branch If Higher BHI 22|42 C+Z=0 o o 0|0 00
Branch If < Zero BLE 2F 4|2 Z+(IN®VI=1 e/l oo o0 o
Branch If Lower Or Same BLS 231412 C+Z=1 o/ o e 0|0 e
Branch If <Zero BLT 20 4|2 NDV-=1 o/ o o 0o 00
Branch If Minus BMI 2842 N=1 e oo e ele
Branch If Not Equal Zero BNE 26(4 2 zZ=0 ol o |0/ ele e
Branch If Overflow Clear BvC 28142 V=0 o/l oo o|ele
Branch If Overflow Set BVS 2914 |2 v=1 e e e o o
Branch If Plus BPL 2A) 42 N=0 ol o0/ 0 0 o
Branch To Subroutine BSR 8D |8 |2 o/ o |0 o0 o
Jump JMP 6E| 4] 2|7E| 3| 3 See Special Operations el o 0o oo
Jump To Subroutine ISR AD{ 8| 2(BD| 9|3 (Figure 16) oo el ojele
No Operation NOP 01 1 Advances Prog. Cntr. Only e oo/ ofe|e
Return From Interrupt RTI 38101
Return From Subroutine RTS 39 1 l o ol e
Software Interrupt Swi F 12 |1 See Special Operations o/ o 0 0o e 0@
Wait for Interrupt WAl 3E 1 ; (Figure 16) o[ o] oje}e
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FIGURE 16 — SPECIAL OPERATIONS

SPECIAL OPERATIONS
JSR, JUMP TO SUBROUTINE:
PC  Main Program sP Stack PC Subroutine
n | AD=JSR - §p-2 INX + K
INDXD | a+1 | K= Offset* :> sp-1 [ [n+2 H
n+2 | Next Main tnstr. sp | the2) L
*K = 8-Bit Unsigned Value [n+2lyand (n+2] | Formn+2
PC Main Program sP Stack PC Subroutine
n [ BD=JSR - §P-2 s
EXTND n+1 | SH=Subr. Addr. © SP-1 (n+3) H
n+2 | SL = Subr. Addr SP | (n+3l L (S Formed From Sy and Sy}

n+3 | NextMain Instr. — = Stack Pointer After Execution

BSR, BRANCH TO SUBROUTINE:

PC  Main Program P Stack PC Subroutine
n | 8D=BSR - SP-2 n+2+K
n+1 | £ K= Offser® [:> sp-1 [ [n+2l n
n+2 | Next Main Instr SP | in+2] L
*K = 7-8it Signed Value; n+2 Formed from [n+2] yand [n+2]
JMP, JUMP:
PC Main Program PC Main Program
n n | 7E=JMP
N+l m n+1 [Ky = Next Address]
INOXD H EXTENDED { n+2 |K, - Next Address

X+ K | Next Instruction .
K { Next Instruction

RTS, RETURN FROM SUBROUTINE:

PC Subroutine SP Stack PC Main Program
S SP
spe1 [ Ny

— sP+2 | N

RTI, RETURN FROM INTERRUPT:

pg Interrupt Program SP Stack PC Main Program
s n [ Next Main Ingt. ]

SP+1 Condition Code
SP+2 Acmitr B
SP+3 Acmitr A
SP+4 Index Register (XH)}
SP+5 Index Register (X |}
spP+8 [ PCh

— SP+7 PCL

TABLE 6 — CONDITION CODE REGISTER MANIPULATION INSTRUCTIONS
COND. CODE REG.

MPLIED 5|43 110

OPERATIONS MNEMONIC [OP | ~ | = |BOOLEANOPERATION | H | I [N |[Z |V ]| C

Clear Carry cLe oc|2 |1 0--c e oo e e|R

Clear Interrupt Mask cLt 0E |2 1 0=~ @ R|® o oo

Clear Overflow cLv 0A|2 |1 0-v e/o o o R|e -

Set Carry SEC w2 1 1-C oo o o]0

Set Interrupt Mask SEI 0F |2 (1 11 eiS|e e 0w

Set Overflow SEV 08|21 1~V o|lole 0S| e

Acmlitr A= CCR TAP 062 |1 A~ CCR —_— —

CCR ~ Acmitr A TPA 0721 CCR—A ele|e o]

CONDITION CODE REGISTER NOTES:  (Bit set it test is true and cleared otherwise)
1 (Bit V)  Test: Result = 100000007 7 (Bit N} Test: Sign bit of most significant (MS) byte = 1?7
2 (Bit C)  Test: Result # 000000007 8 (Bit V) Test: 2's complement overflow trom subtraction of MS bytes?
3 (Bit C)  Test: Decimal value of most significant BCD Character greater than nine? 9 (Bit N} Test: Result less than zero? (Bit 15 = 1)
(Not cleared if previously set.) 0 (AN Load Condition Code Register from Stack. (See Special Operations)

4 (BitV) Test: Operand = 10000000 prior to execution? 11 (Bit])  Set when interrupt occurs. If previously set, a Non-Maskable
5 (Bit V) Test: Operand = 01111111 prior to execution? Interrupt is required 1o exit the wait state.
6 (Bit V) Test: Set equal ta result of N@C after shift has occurced 12 (A Set according to the contents of Accumulator A.
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TABLE 7 — INSTRUCTION ADDRESSING MODES AND ASSOCIATED EXECUTION TIMES
(Times in Machine Cycle}
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Interrupt time is 12 cycles from the end of

NOTE

the instruction being executed, except following

a WA instruction. Then it 1s 4 cycles
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SUMMARY OF CYCLE-BY-CYCLE OPERATION

Table 8 provides a detailed description of the information
present on the address bus, data bus, valid memory address
line (VMAY), and the read/write line (R/W) during each cycle
for each instruction.

This information is useful in comparing actual with ex-
pected results during debug of both software and hardware

as the control program is executed. The information is
categorized in groups according to addressing modes and
number of cycles per instruction. (In general, instructions
with the same addressing mode and number of cycles ex-
ecute in the same manner; exceptions are indicated in the
table.)

TABLE 8 — OPERATIONS SUMMARY

| Address Mode Cycle | VMA l ]R/W
and Instructions Cycles # Line Address Bus Line Data Bus
IMMEDIATE
ADC EOR 1 1 Op Code Address 1 Op Code
ﬁﬁg (LJ%: 2 2 1 Op Code Address + 1 1 Operand Data
BIT SBC
CMP SUB
CcPX 1 1 Op Code Address 1 Op Code
tgi 3 2 1 Op Code Address + 1 1 Operand Data (High Order Byte)
3 1 Op Code Address + 2 1 Operand Data {Low Order Byte)
DIRECT
ADC EOR 1 1 Op Code Address 1 Op Code
ARD Loa 3 2 | 1 | OpCode Address + 1 1| Address of Operand
BIT SBC 3 1 Address of Operand 1 Operand Data
CMP  SUB
CPX 1 1 Op Code Address 1 Op Code
tgi a 2 1 Op Code Address + 1 1 Address of Operand
3 1 Address of Operand 1 Operand Data (High Order Byte)
4 1 Operand Address + 1 1 Operand Data (Low Order Byte)
STA 1 1 Op Code Address 1 Op Code
4 2 1 Op Code Address + 1 1 Destination Address
3 o Destination Address 1 Irrelevant Data (Note 1)
4 1 Destination Address 0 Data from Accumulator
STS 1 1 Op Code Address 1 Op Code
STX 2 1 Op Code Address + 1 1 Address of Operand
5 3 0 Address of Operand 1 Irrelevant Data (Note 1)
4 1 Address of Operand 0 Register Data {High Order Byte)
5 1 Address of Operand + 1 0 Register Data (Low Order Byte)
INDEXED
JMP 1 1 Op Code Address 1 Op Code
4 2 1 Op Code Address + 1 1 Offset
3 0 Index Register 1 Irrelevant Data {Note 1)
4 0 Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1)
ADC’' EOR 1 1 Op Code Address 1 Op Code
238 g%’: 2 1 Op Code Address + 1 1 Offset
BIT SBC 5 3 [} Index Register 1 Irrelevant Data (Note 1)
CMP suB 4 o] index Register Plus Offset (w/o Carry} 1 Irrelevant Data (Note 1)
5 1 Index Register Plus Offset 1 Operand Data
CPX 1 1 Op Code Address 1 Op Code
tgi 2 ‘1 Op Code Address + 1 1 Offset
6 3 0 Index Register 1 Irrelevant Data (Note 1)
4 0 index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1)
5 1 Index Register Plus Offset 1 Operand Data (High Order Byte)
6 1 index Register Plus Offset + 1 1 Operand Data (Low Order Byte}
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TABLE 8 — OPERATIONS SUMMARY (CONTINUED)

r Address Mode L Cycle |[VMA R/W
and Instructions Cycles # |Line Address Bus Line Data Bus
INDEXED {Continued)
STA 1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 Offset
6 3 0 Index Register 1 Irrelevant Data (Note 1)
4 0 Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1)
5 0 Index Register Plus Offset 1 trrelevant Data (Note 1)
6 1 Index Register Plus Offset 0 Operand Data
ASL LSR 1 1 Op Code Address 1 Op Code
éﬁg ggf 2 1 Op Code Address + 1 1 Offset
COM ROR 7 3 o] Index Register 1 Irrelevant Data {Note 1)
IDNECC TST 4 0 Index Register Pius Offset (w/o Carry) 1 Irrelevant Data (Note 1)
5 1 Index Register Plus Offset 1 Current Operand Data
6 0 Index Register Plus Offset 1 Irrelevant Data (Note 1}
7 “11/0 Index Register Plus Offset 0 New Operand Data (Note 3)
3c’te
STS 1 1 Op Code Address 1 Op Code
STX 2 1 Op Code Address + 1 1 Offset
7 3 ] Index Register 1 Irrelevant Data (Note 1)
4 0 Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1)
5 0 Index Register Plus Offset 1 Irrelevant Data (Note 1)
6 1 Index Register Plus Offset 0 | Operand Data (High Order Byte)
7 1 Index Register Plus Offset + 1 1] Operand Data (Low Order Byte)
JSR 1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 Offset
3 0 Index Register 1 {rrelevant Data (Note 1)
8 4 1 Stack Pointer 0 Return Address {Low Order Byte)
5 1 Stack Pointer — 1 0 Return Address (High Order Byte)
6 0 Stack Pointer — 2 1 Irrelevant Data (Note 1)
7 0 Index Register 1 Irrelevant Data (Note 1)
8 0 tndex Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1)
EXTENDED
JMP 1 1 Op Code Address 1 Op Code
3 2 1 Op Code Address + 1 1 Jump Address (High Order Byte)
3 1 Op Code Address + 2 1 Jump Address (Low Order Byte)
ADC EOR 1 1 Op Code Address 1 Op Code
ﬁﬁg ggﬁ 4 2 1 Op Code Address + 1 1 Address of Operand (High Order Byte)
BIT SBC 3 1 Op Code Address + 2 1 Address of Operand {Low Order Byte)
CMP sus 3 1 Address of Operand 1 Operand Data
CPX 1 1 Op Code Address 1 Op Code
tgi 2 1 Op Code Address + 1 1 Address of Operand {High Order Byte)
5 3 1 Op Code Address + 2 1 Address of Operand (Low Order Byte)
4 1 Address of Operand 1 Operand Data (High Order Byte)
5 1 Address of Operand + 1 1 Operand Data (Low Order Byte)
STA A 1 1 Op Code Address 1 Op Code
STAB 2 | 1 | OpCodeAddress+1 1 | Destination Address (High Order Byte)
5 3 1 Op Code Address + 2 1 Destination Address (Low Order Byte)
4 0 Operand Destination Address 1 Irrelevant Data (Note 1)
5 1 Operand Destination Address 0 Data from Accumulator
ASL LSR 1 1 Op Code Address 1 Op Code
éfg :gf 2 1 Op Code Address + 1 1 Address of Operand (High Order Byte)
SCE”CA ?so_lﬁ 6 3 1 Op Code Address + 2 1 Address of Operand (Low Order Byte}
INC 4 1 Address of Operand 1 Current Operand Data
5 0 Address of Operand 1 Irrelevant Data (Note 1}
6 1/0 Address of Operand 0 New Operand Data (Note 3)
(N3c)vte
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TABLE 8 — OPERATIONS SUMMARY (CONTINUED)

Address Mode l Cycle [VMA RW
and Instructions Cycles # Line Address Bus Line Data Bus
EXTENDED {Continued}
STS 1 1 Op Code Address 1 Op Code
§TX 2 1 Op Code Address + 1 1 Address of Operand (High Order Byte)
6 3 1 Op Code Address + 2 1 Address of Operand (Low Order Byte)
4 ] Address of Operand 1 Irrelevant Data (Note 1)
5 1 Address of Operand 0 Operand Data (High Order Byte)
6 1 Address of Operand + 1 0] Operand Data (Low Order Byte)
JSR 1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 Address of Subroutine (High Order Byte)
3 1 Op Code Address + 2 1 Address of Subroutine (Low Order Byte)
4 1 Subroutine Starting Address 1 Op Code of Next Instruction
9 5 1 Stack Pointer [} Return Address (Low Order Byte)
6 1 Stack Pointer — 1 0 Return Address (High Order Byte)
3 7 0 Stack Pointer — 2 1 Irrelevant Data (Note 1)
8 0 Op Code Address + 2 1 irrelevant Data (Note 1)
9 1 Op Code Address + 2 1 Address of Subroutine (Low Order Byte}
INHERENT
ABA DAA SEC 1 1 Op Code Address 1 Op Code
ASL DEC SEI 2 .
ASR INC SEV 2 1 Op Code Address + 1 1 Op Code of Next Instruction
CBA LSR TAB
CLC NEG TAP
CLI NOP TBA
CLR ROL TPA
CLV ROR TST
COM SBA
DES 1 1 Op Code Address 1 Op Code
IDNESX a 2 1 Op Code Address + 1 1 Op Code of Next Instruction
INX 3 0 Previous Register Contents 1 irrelevant Data (Note 1)
4 0 New Register Contents 1 Irrelevant Data (Note 1)
PSH 1 1 Op Code Address 1 Op Code
4 2 1 Op Code Address + 1 1 Op Code of Next Instruction
3 1 Stack Pointer 0 Accumulator Data
4 0 Stack Pointer — 1 1 Accumulator Data
PUL 1 1 Op Code Address 1 Op Code
4 2 1 Op Code Address + 1 1 Op Code of Next Instruction
3 0 Stack Pointer 1 Irrelevant Data (Note 1)
4 1 Stack Pointer + 1 1 Operand Data from Stack
TSX 1 1 Op Code Address 1 Op Code
4 2 1 Op Code Address + 1 1 Op Code of Next Instruction
3 0 Stack Pointer 1 Irrelevant Data (Note 1)
4 0 New Index Register 1 Irrelevant Data (Note 1)
TXS 1 1 Op Code Address 1 Op Code
4 2 1 Op Code Address + 1 1 Op Code of Next Instruction
3 0 Index Register 1 frrelevant Data
4 0 New Stack Pointer 1 irrelevant Data
RTS 1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 Irretevant Data (Note 2}
5 3 0 Stack Pointer 1 Irrelevant Data (Note 1)
4 1 Stack Pointer + 1 1 Address of Next instruction {(High
Order Byte)
5 1 Stack Pointer + 2 1 Address of Next Instruction (Low
Order Byte)
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TABLE 8 — OPERATIONS SUMMARY (CONCLUDED)

Address Mode I Cycle | VMA R/W
and Instructions Cycles # Line Address Bus Line Data Bus
INHERENT (Continued)
WAI 1 1 |Op Code Address 1 {Op Code
2 1 |Op Code Address + 1 1 | Op Code of Next Instruction
3 1 |Stack Pointer 0 | Return Address (Low Order Byte)
4 1 |Stack Pointer — 1 0 [Return Address (High Order Byte)
9 5 1 |Stack Pointer — 2 0 | index Register (Low Order Byte)
[ 1 [Stack Pointer — 3 0 | Index Register (High Order Byte)
7 1 [Stack Pointer — 4 0 [ Contents of Accumulator A
8 1 |Stack Pointer — 6 0 | Contents of Accumulator B
9 1 |Stack Pointer — 6 1 | Contents of Cond. Code Register
RTI 1 1 |Op Code Address 1 [Op Code
2 1 |Op Code Address + 1 1 |irrelevant Data (Note 2)
3 0 |Stack Pointer 1 |lIrrelevant Data (Note 1)
4 1 |Stack Pointer + 1 1 | Contenis of Cond. Code Register from
Stack
10 5 1 |Stack Pointer + 2 1 [ Contents of Accumulator B from Stack
6 1 |Stack Pointer + 3 1 | Contents of Accumulator A from Stack
7 1 |Stack Pointer + 4 1 | Index Register from Stack (High Order
Byte)
8 1 |Stack Pointer + 5 1 | Index Register from Stack (Low Order
Byte)
9 1 |Stack Pointer + 6 1 | Next Instruction Address from Stack
(High Order Byte}
10 1 |Stack Pointer + 7 1 | Next Instruction Address from Stack
{Low Order Byte)
SwWi 1 1 |Op Code Address 1 | Op Code
2 1 |Op Code Address + 1 1 | Irrelevant Data (Note 1}
3 1 | Stack Pointer 0 | Return Address (Low Order Byte}
4 1 |Stack Pointer — 1 0 | Return Address (High Order Byte)
5 1 |Stack Pointer — 2 0 | Index Register (Low Order Byte)
12 6 1 |Stack Pointer — 3 0 | Index Register (High Order Byte)
7 1 |Stack Pointer — 4 0 | Contents of Accumulator A
8 1 |Stack Pointer — 5 0 [ Contents of Accumuiator B
9 1 |Stack Pointer — 6 0 | Contents of Cond. Code Register
10 0 |Stack Pointer — 7 1 [ irretevant Data (Note 1)
1 1 |Vector Address FFFA (Hex) 1 BAddr)ess of Subroutine (High Order
yte
12 1 | Vector Address FFFB (Hex) 1 g\ddr)ess of Subroutine (Low Order
yte
RELATIVE
BCC BHI BNE 1 1 | Op Code Address 1 | Op Code
gg% gtg g:‘;_\ 4 2 1 |} Op Code Address + 1 1 ] Branch Offset
BGE BLT BVC 3 0 |Op Code Address + 2 1 | irrelevant Data (Note 1)
BGT BMI BVS 4 0 |Branch Address 1 | Irrelevant Data (Note 1)
BSR 1 1 | Op Code Address 1 | Op Code
2 1 | Op Code Address + 1 1 | Branch Offset
3 0 | Return Address of Main Program 1 | Irrelevant Data {Note 1)
e 4 1 | Stack Pointer O | Return Address (Low Order Byte)
5 1 | Stack Pointer — 1 0 | Return Address {High Order Byte)
6 0 |Stack Pointer — 2 1 | Irrelevant Data (Note 1)
7 0 | Return Address of Main Program 1 | Irrelevant Data (Note 1)
8 0 | Subroutine Address (Note 4) 1 | Irrelevant Data (Note 1)
NOTES:

1. If device which is addressed during this cycle uses VMA, then the Data Bus will go to the high-impedance three-state condition.
Depending on bus capacitance, data from the previous cycle may be retained on the Data Bus.

2. Data is ignored by the MPU.

3. For TST, VMA =0 and Operand data does not change.

4. MS Byte of Address Bus=MS Byte of Address of BSR instruction and LS Byte of Address Bus=LS Byte of Sub-Routine Address.
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MC6803E

Advance Information

8-BIT MICROPROCESSOR

The MC6803E is an 8-bit microprocessing unit (MPU) designed for
uses in which the internal clock needs to be synchronized with systems,
peripherals, or other MPUs. The MCB6803E also supports DMA and
dynamic RAM refresh with its halt (HALT) and bus available (BA) pins.
The MCB803E has all the features of the MC8801 microcomputer unit
except on-chip ROM and an on-chip oscillator. These on-chip features

HMOS

‘H.IGHfDENSITY N-CHANNEL, SILICON-GATE)

8-BIT
MICROPROCESSOR

include 128 bytes of RAM, a serial communications interface (SCI), P SUFFIX
parallel 1/0, and a three-function programmable timer. The MC6803E PLASJLCSPA”C]KAGE
E

has the same enhanced MC6800 features as the MC6801, which include
684K addresss space, two 8-bit accumulators (which can be con-
catenated into one 16-bit accumulator), and the enhanced instruction
set, as well as extra internal interrupts.

L SUFFIX
CERAMIC PACKAGE
CASE 715

® Enhanced MC68800 Instruction Set
® Upward Source and Object Code Compatible with the MC8800 PIN ASSIGNMENT
® Bus Compatible with the MB800 Family
® Direct Source and Object Code Compatible with the MC8801 Vssi1 @ 4 4E
® 8 x 8 Multiply Instruction AACT [ 2 [ As
® 64K Memqry Map (Unused High Order Address Lines Can Be Used N B R/W
as Input Lines)
® External Clock Inputs (E and AS) Allow Synchronization NMiga 37 P30
® DMA Capability (Clock Stretching) with HALT and BA Pins TRT1 05 361 P31
® Serial Communications Interface (SCI) RESET 6 35{1 P32
@ 16-Bit, Three-Function Programmable Timer vee 7 34{1P33
® 128 Bytes of RAM . P20 I8 3frx
® 64 Bytes of RAM Retainable During Power Down P21 9 32[1P35
® Pin-for-Pin Compatible with MC8801 Except for HALT and BA Pins )
P22 1o 31{1P36
P23 11 30 [] P37
P24 12 291 P40
P10 13 28[1pa1
P11 014 27[1P42
ORDERING INFORMATION (T =0°C to 70°C)
P12 15 26[1P43
Package Type Frequency Order Number
Plastic 1.0 MHz MCBBO3EP P13Q1e 25[Pas
P Suffix 1.25 MHz MC6803EP-1 P14 117 24 JP45
Ceramic 1.0 MHz MC6803EL
L Suffix 1.26 MHz MC6803EL-1 P15 018 = :IP46 .
P16 [J19 22[1pPa7
P17[]20 21f3Vec
Standby

This document contains information on a new product. Specifications and information herein
are subject to change without notice.
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BLOCK DIAGRAM

Wi

A
MPU
[
P37 A7/D7 <€ <« >1/0_ TIN P20
P36 AG/D6 € »: > (/0% TOUT P21
P35 AS/D5 = Port Mux Port | /O SCLK P22
P34 Ad/D4 <> 2 e >1/0 RDATA P23
P33 A3/D3 <] »>/0 TDATA P24
P32 A2/D2 < \
P31 A1/D1 ]
P30 AQ/DO <]
R/W <— l—
AS > Timer
|S
€
P47 A15 — l
P46 Ald<—] Port Address
P45 Al13e— 4 [<———>1/0 P10
P44 A12 — port [€ >0 P
P43 A11 ] ot e—————>1/0 P12
P42 A10 <— ——————» | /0 P13
P41 A9 i < Data > [————>1/0 P14
P40 A8 — le———»1/0 P15
[€————>1/0 P16
«————» /0 P17

Voo Standby—| 128 x 8
RAM

*The output at this pin (P21) comes from the timer and not a data register.

MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage “Vee -03to +7.0 \
Input Voltage Vin “0310 +7.0 v This device contains circuitry to protgct the in-
puts against damage due to high static voltages
Operating Temperature Range TA 01070 °c or electric fields; however, it is advised that nor-
Storage Temperature Range Tstg -551t0 +150 | °C mal precautions be taken to avoid application of

any voltage higher than maximum rated voltages
to this high-impedance circuit. For proper opera-
tion it is recommended that Vi, and Vgt be con-
THERMAL CHARACTERISTICS strained to the range Vs g < {Vin or Vout) = VCC-
Input protection is enhanced by connecting
unused inputs to either Vpp or VSS.

Characteristic Symbol Value Rating

Thermal Resistance
Plastic A 50 °C/W
Ceramic 50
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POWER CONSIDERATIONS

The average chip-junction temperature, T, in °C can be obtained from:

Ty=Ta+(Ppedja) n

Where:
Ta=Ambient Temperature, °C
6 A= Package Thermal Resistance, Junction-to-Ambient, °C/W
PD=PINT + PPORT
PINT=!ccx Vee, Watts — Chip Internal Power
PpoRT=Port Power Dissipation, Watts — User Determined

For most applications PPORT < P|NT and can be neglected. PPQRT may become significant if the device is configured to

drive Darlington bases or sink LED loads.
An approximate relationship between Pp and Ty (if PPORT is neglected) is:

Pp=K = (T +273°C) 2

Solving equations 1 and 2 for K gives:

K =Ppe(TA+273°C) +8APD2 3

Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium)
for a known Ta. Using this value of K the values of PD and T can be obtained by solving equations (1) ard (2) iteratively for any

value of Tp.

DC ELECTRICAL CHARACTERISTICS (Vcc=5.0 Vdc +5% Vgg=0, TaA=0°C to 70°C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
input High Voltage E| VEH | Vcg-0.75 — Vee \
Input Low Voltage El VgL | Vss-03 — Vgs+06 | V
Input High Voltage RESEI Vi Vgg+4.0 - Vee \

Other Inputs Vgg+20 — Vee
Input Low Voltage All \nputs* ViL Vss-0.3 — Vgs+0.8 \
Input Leakage Current o o
(Vin=0105.25V) HALT, AS, NMI, IRQ1, RESET lin - 15 2.5 A
Hi-Z Input Current
(Vin=05102.4V) P10-P17, P20-P24, P30-P37 | ITg) - 2.0 10 #A
Output High Voltage
(lioad= — 100 pA, Vcc=min) Ali Outputs | Von Vgg+2.4 — - \
Output Low Voltage
Ujoad=2.0mA, V= min) AliQutputs | VoL - - Vgg+0.5 \
Darlington Drive Current
Vo=15V) P10-P17 | lon 1.0 15 5.0 mA
Internal Power Dissipation {Measured at Ta=0°C in Steady-State Operation) PINT — . 1200 mwW
Input Capacitance
(Vin=0, TA=25°C, fo=1.0 MH2) P30-P37, AS Cin - - 12,5 pF
Other Inputs (Except E) - — 10.0
V¢ Standby Power Down | Vggp 4.0 - 5.25 \
Power Up | Vgg 4.75 — 5.25
Standby Current Power Down | . igpg — — 6.0 mA

*Except mode programming levels; see Figure 8.
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PERIPHERAL PORT TIMING (Refer to Figures 1 and 2)

Characteristics Symbol Min Typ Max Unit
Peripheral Data Setup Time tPDSU 200 — —~ ns
Peripheral Data Hold Time tPDH 200 - - ns

Delay Time, Enable Negative Transition to Peripheral Data Valid
Ports 1, 2

tPWD - - 350 ns
Delay Time, Enable Negative Transition to Peripheral CMOS Data Valid tCMOS - 2.0 s
FIGURE 1 — DATA SETUP AND HOLD TIMES FIGURE 2 — DATA SETUP AND HOLD TIMES
(MPU READ) (MPU WRITE)

r' MPU Read MPU Write
i N

PDSU «—>1-tppH
P10-P17 - WO L 07vee
P20-P24 X Data Valid Y,
Inputs P10-P17 ¢
P20-P24 y Data Valid
Outputs
NOTES:

1. 10 k pullup resistor required for port 2 to reach 0.7 V¢ -
2. Not applicable to P21.

NOTE: Timing measurements are referenced to and from a low voltage of 0.8 voits and a high voltage of 2.0 volts, unless otherwise noted

FIGURE 3 — CMOS LOAD FIGURE 4 — TIMING TEST LOAD PORTS 1, 2, 3, 4

Vce

RL=1.8kQ

Test Point MMD6150

Test Point or Equiv
. C R
I 30 pF

MMD7000
or Equiv

C=90 pF for P30-P37, P40-P47, R/W
=30 pF for P10-P17, P20-P24, BA
R =24 k@ for P10-P17, P20-P24,
P30-P37, P40-P47, R/W, BA
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BUS TIMING (See Notes 1 and 2}

Ident. MC6803E | MC6803E-1

Number Characteristics Symbol { Min { Max | Min | Max | Unit
1 Cycle Time feye 1.0 20 (08 20| pus
2 Pulse Width, E Low PWEg| | 430 { 1000 360 {1000| ns
3 Pulse Width, E High PWgH | 450 | 1000 | 360 {1000{ ns
4 Clock Rise and Fall Time 1. tf — 25 - 25 ns
9 Non-Muxed Address Hold Time tAH 20 — 20 - ns
1 Address Delay From E Low 1AD — | 260 | — {220 | ns
17 Read Data Setup Time tIDSR 80 — 70 — ns
18 Read Data Hold Time tDHR 10 — 10 — ns
19 Write Data Delay Time 1DDW — | 225 — | 200 | ns
21 Write Data Hold Time toHw | 20 — 20 - ns
23 Muxed Address Delay from AS TADM - 90 — 70 ns
25 Muxed Address Hold Time tAHL 20 — 20 — ns
26 Delay Time E to AS Rise tasp | 100 | — 80 - ns
27 Pulse Width, AS High PWAGH 220 ] — | 170 | — ns
28 Delay Time AS to E Rise | tASED | 100 | — 80 — ns
29 Usable Access Time (See Note 4) taCcc (636 | — |48 | — ns
Enable Rise Time Extended tERE — 80 — 80 ns
Processor Control Setup Time tpcg | 200 [ — (200 { — ns
Processor Control Hold Time tPCH 20 40 20 40 ns

Bus Available Delay Time from Enable Low tBA 0O 1300 0O 300 [ ns

HALT Rise and Fall Time tpcftpe] © [100 [ O [100 | ms

FIGURE 5 — BUS TIMING DIAGRAM
L€ G >
—> 1
VEH /‘L<__ £RE VEIH
; Yvar ve VM \ VeIL
O~ 00— o3
b O

R/W, Address
Non Muxed

Addr/Data
Muxed

Addr/Data
Muxed

—
Note 3
O~ [~
26 J€ >+ 23 )

Address
Strobe (AS)

NOTES:

—

Note 4

Read Data Muxed

Write Data Muxed

28

~©

5

~®

1. Voltage levels shown are V| 0.5V, V=24V, unless otherwise specified.
2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified
3. Address valid on the occurrence of the latter of 11 or 23.
4. Usable access time is computed by smaller of 1—(4+11+17) or 1— (4+ 17+ 23+ 26).
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INTRODUCTION

The MC6803E is an MC6801 microcomputer unit without
the internal oscillator or the on-chip ROM. The MC6803E is
used in the applications in which synchronization to another
device or system is needed, or in which clock stretching is a
requirement (i.e., direct memory access or dynamic RAM
refresh). At reset, the MCB803E is configured into one of two
operating modes to control the various functions associated
with the memory map. These operating modes are the
expanded multiplexed modes of the MC6801 (2 and 3).

The MCB803E has three 8-bit ports and one 5-bit port.
Each port except port 3 and port 4 consists of at least a write-
only data direction register and .a data register. The data
direction register is used to define whether corresponding
bits in the data register are configured as an input (clear) or
output (set).

The term “port,”” by itself, refers to all of the hardware
associated with the port. When the port is used as a “‘data
port” oran “I/0 port,” it is controlled by the port data direc-
tion register and the programmer has direct access to the
port pins using the port data register. Port 3 functions as a
time multiplexed address/data bus and does not contain
either a data direction register or a data register. Port 4 func-
tions as a non-multiplexed high order address bus and does
not contain either a data direction register or a data register.
Port pins are labeled as Pij, where i identifies one of four
ports and j indicates the particular bit.

The MCB803E is an enhanced MC6800 MPU with addi-
tional capabilities and greater throughput. It is directly
source and object code compatible with the MC6801 and up-
ward source and object code compatible with the MC6800.
The programming model is shown in Figure 6. A list of the
new instructions available on the MCB803E, in addition to
the M6800 instruction set, are given in Table 1.

FIGURE 6 — PROGRAMMING MODEL

0 8-Bit Accumulators A and B

- -; Or 16-Bit Double Accumulator D

OJ Index Register (X)

OJ Stack Pointer (SP)

[15 PC

O] Program Counter (PC)

7

0

[T

A

Overflow
————— Zero
Negative

| |N zl v Icl Condition Code Register (CCRI
]

Carry/Borrow from MSB

Interrupt
Half Carry (From Bit 3)

TABLE 1 — NEW INSTRUCTIONS

Instruction Description
ABX Unsigned addition of accumulator B to index register
ADDD Adds (without carry) the double accumulator to memory and leaves the sum in the double accumulator
ASLD or LSLD Shifts the double accumulator left (towards MSB) one bit; the LSB is cleared and the MSB is shifted into the C bit
BHS Branch if higher or same; unsigned conditional branch (same as BCC)
BLO Branch if lower; unsigned conditional branch (same as BCS)
BRN Branch never
JSR Additional addressing mode: direct
LDD Loads double accumulator from memory
LSL Shifts memory or accumulator left (towards MSB) one bit; the LSB is cleared and the MSB is shifted into the C bit
(same as ASL)
LSRD Shifts the double accumulator right (towards LSB) one bit; the MSB is cleared and the LSB is shifted into the C bit
MUL Unsigned multiply; multiplies the two accumulators and leaves the product in the double accumulator
PSHX Pushes the index register to stack
PULX Pulls the index register from stack
STD Stores the double accumulator to memory
SUBD Subtracts memory from the double accumulator and leaves the difference in the double accumulator
CPX Internal processing modified to permit its use with any conditional branch instruction
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OPERATING MODES

The MCB803E has two operating modes {modes 2 and 3).
The operating modes are hardware selectable, determining
the device memory map. The mode numbers are referred to
as 2 and 3 for consistency with the MC6801 and because that
is the binary value applied to the mode programming pins
during reset. (See PROGRAMMING THE MODE.)

A 64K byte memory space is available in both operating
modes. In modes 2 and 3, port 4 provides address lines A8 to
A15.

Port 3 functions as a time multiplexed address/data bus
with address valid on the negative edge of address strobe
(AS) and data valid while E is high. Address strobe can be
used to control a transparent D-type latch to capture
addresses AQ-A7, as shown in Figure 7. This allows port 3 to
function as a data bus when E is high.

Figure 8 depicts a typical operating configuration.

PROGRAMMING THE MODE

The operating mode is determined at reset by the levels
asserted on P20 and P21. These levels are lached into the

PC1 and PCO bit locations of the program control register on
the positive edge of RESET. The operating mode may be
read from the port 2 data register as shown below, and pro-
gramming levels and timing must be met as shown in Figure
9. Characteristics and a brief outline of the operating modes
are shown in Tables 2 and 3.

PORT 2 DATA REGISTER

7 6 5 4 3 2 1 0
[ o Trci]pco]r2sa JPa3]Paz P21 P20 ] s03

Circuitry to provide the programming levels is dependent
primarily on the normal system usage of P20 and P21. If con-
figured as outputs, the circuit shown in Figure 10 may be
used; otherwise, three-state buffers can be used to provide
isolation while programming the mode.

FIGURE 7 — TYPICAL LATCH ARRANGEMENT

GND »
AS > L
|- G OC
D1 Q1
la 3
»
g e
»— 7ALS373 b
Port 3 » . Address: A0-A7
Address/Data | » (Typicall oy
» >
»— >
> D3 a8
>
g Data: D0-D7
>
P
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FIGURE 8 — EXPANDED MULTIPLEXED CONFIGURATION

Vee
1
[€— E
fe— NMI
Ve Standby gl
RESET —» le— TR
Port 3
MCt E
6803 8 Lines
Port 1 Multiplexed
81/0 Lines Data/Address
—>r/W
Port 2 l&—— AS
51/0 Lines “ “ Port 4
Serial 1/0 8 Lines
16-Bit Timer T Address Bus
Vss
Vee
Port3 8 8 . Data Bus
AS * (D0-D7)
Ve Standby >
RESET > Port4 a Address Bus
NMI——>f MCE803E [p 16 3 N (AO-A15)
TRQT—> gy
E
Port 1 - >
81/0
Port 2 AS| E a s 5
51/0 Clock ,8 an 8
ScCl Circuit ! A
Timer T
vss
ROM RAM PIA

NOTE: To avoid data bus (port 3) contention in the expanded muitiplexed modes, memory should be enabled only during E high time.

FIGURE 9 — MODE PROGRAMMING TIMING

See Figure 10
for Diode Arrangement

VMPDD

VMPL

(P20, P21, P22) 7]
Mode Inputs VMPH Min ————— T Moﬁvae?rch
(P20, P21) VMPL Max ESET
MODE PROGRAMMING (Refer to Figure 9)
Characteristic Symbol Min | Max Unit

Mode Programming Input Voltage Low VMPL - 1.8 \
Mode Programming Input Voltage High VMPH 4.0 — \
Mode Programming Diode Differential (If Diodes are Used) VMPDD 0.6 - \
RESET Low Pulse Width PWRsTL | 30 | — |ECycles
Mode Programming Setup Time tMPS 20 | — |ECycles
Mode Programming Hold Time

RESET Rise Timez1 us tMPH o} - ns

RESET Rise Time< 1 ps 100 —
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TABLE 2 — SUMMARY OF MC6803E OPERATING MODES

Memory Space Options (64K Address Space)
Mode 2 — Internal RAM
Mode 3 — No Internal RAM

TABLE 3 — MODE SELECTION SUMMARY

P21 P20 Interrupt Bus
Mode PC1 PCO RAM Vectors Mode Operating Mode

3 H H E E MUX | Multiplexed/No RAM
2 H L | E MUX | Muitiplexed/ RAM
1 L H Undefined "
0 L L Undefined

Legend:

| — Internal L — Logic 0

E — External H — Logic 1 MUX — Multiplexed

*These modes are undefined for the MCB803E; device should not be operated in these modes.

FIGURE 10 — TYPICAL MODE PROGRAMMING CIRCUIT

vee

|

R2 § R1 Rlé

MCE803E
R ) p—
RESET »— - RESET
P20 P20 (PCO)
9
P21 P21 (PC1)

Mode
Control
Switches

NOTES:

1. Mode 3 as shown .

2. R2¢C = reset time constant
3. R1 = 10 k {typical)
4
5

k-

. D = 1N914, 1N4001 (typical)
. Diode V¢ should not exceed Vpmppp min.
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MEMORY MAPS Figure 11. The first 32 locations of each map are reserved for
The MCB803E can provide up to 84K bytes of address the internal register area, as shown in Table 4, with excep-
space. A memory map for each operating mode is shown in tions as indicated.

FIGURE 11 — MC6803E MEMORY MAPS

MC6803E MC6803E
Mode Mode

Multiplexed/RAM Multiplexed/No RAM
$0000(1) 500001 1) -
internal Registers % Internal Registers
$001F
$001F
External Memory Space
$0080
Internal RAM
$OOFF
External Memory Space
External Memory Space
S$FEFO $FFFO
External Interrupt Vectors External Interrupt Vectors
SFFFF $FFFF
NOTE: NOTE:
1) Excludes the following addresses which may 1} Excludes the following addresses which may
be used externally: $04, $05, $06, $07, and be used externally: $04, $05, $06, $07, and
$OF. $OF.
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TABLE 4 — INTERNAL REGISTER AREA

Address
Register {Hex)
Port 1 Data Direction Register* 00
Port 2 Data Direction Register” 01
Port 1 Data Register 02
Port 2 Data Register 03
External Memory 04
External Memory 05
External Memory 06
External Memory 07
Timer Control and Status Register 08
Counter {High Byte) 09
Counter {Low Byte) 0A
Output Compare Register (High Byte) 0B
Output Compare Register {Low Byte) ocC
Input Capture Register (High Byte) oD
Input Capture Register (Low Byte) OE
External Memory OF
Rate and Mode Control Register 10
Transmit/Receive Control and Status Register 1
Receive Data Register 12
Transmit Data Register 13
RAM Control Register 14
Reserved 15-1F

*1= Output, 0= Input

MC6803E INTERRUPTS

The MCB803E supports two types of interrupt requests:
maskable and non-maskable. A non-maskable interrupt
(NMI) is always recognized and acted upon at the comple-
tion of the current instruction. Maskable interrupts are con-
trolled by the condition code register | bit and by individual
enable bits. The | bit controls all maskable interrupts. Of the
maskable interrupts, there are two types: IRQ1 and TRQ2.
The programmable timer and serial communications inter-
face use an internal TRQZ2 interrupt line, as shown in the
block diagram. External devices use TRQ1. An TRQT interrupt
is serviced before TRQ2 if both are pending.

All TRQZ interrupts use hardware prioritized vectors. The
single SCl interrupt and three timer interrupts are serviced in
a prioritized order and each is vectored to a separate loca-
tion. All interrupt vector locations are shown in Table b.

The interrupt flowchart is depicted in Figure 12 and is
common to every interrupt excluding reset. During interrupt
servicing, the program counter, A accumulator, B accumu-
lator, and condition code register are pushed onto the stack.
The 1 bit is set to inhibit maskable interrupts and a vector is

TABLE 5 — MCU INTERRUPT VECTOR LOCATIONS

MSB LSB Interrupt

FFFE FFFF | RESET

FFFC | FFFD | NMI

FFFA FFFB | Software Interrupt (SWI)

FFF8 FFF9 1 TRQI

FFF6 FFF7 | ICF {lnput Capture) *

FFF4 | FFF5 | OCF (Output Compare) ™

FFF2 FFF3 | TOF (Timer Overflow)

FFFO FFF1 SCI (RDRF + ORFE + TDRE)*

"TRa2 Interrupt

fetched corresponding to the current highest priority inter-
rupt. The vector is transferred to the program counter and
instruction execution is resumed. Interrupt and RESET
timing are illustrated in Figures 13 and 14.

FUNCTIONAL PIN DESCRIPTIONS

Vce AND Vgs

Vee and Vss provide power to a large portion of
the MPU. The power supply should provide +5 volts
(+ 5%) to Ve, and Vgg should be tied to ground. Total
power dissipation (including V¢ standby} will not exceed
Pp milliwatts.

Vcc STANDBY

Ve standby provides power to the standby portion {$80
through $BF) of the RAM and the STBY PWR and RAME
bits of the RAM control register. Voltage requirements de-
pend on whether the device is in a power-up or power-down
state. In the power-up state, the power supply should pro-
vide +5 volts (+ 5%) and must reach VgB volts before
RESET reaches 4.0 volts. During power down, V¢ standby
must remain above VSR (minimum) to sustain the standby
RAM and STBY PWR bit. While in power-down operation,
the standby current will not exceed ISBB.

It is typical to power both V¢ and V¢ standby from the
same source during normal operation. A diode must be used
between them to prevent supplying power to Vg during
power-down operation. V¢ standby should be tied to
ground in mode 3.

AS (ADDRESS STROBE)

Address strobe is an input strobe used to strobe out the
least significant byte of an address on the 8-bit multiplexed
bus. The AS line is used to demultiplex the eight least signifi-
cant bits from the data bus.
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FIGURE 12 — INTERRUPT FLOWCHART
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FIGURE 13 — INTERRUPT SEQUENCE

Cycle
Last Instruction #1
- _[UuUyryyyyryuyuyyyyuruawruyy

I-Bit Set

#2 #3 H4 #5 #6 #7 #8 #9 #10 #11 #12

Aderess Bus X X X XX X XX X XXX

Op Code Op Code SP(n)  SP(n-1) SP(n-2) SP(n-3) SP(n-4) SP(n-5) SP(n-6) SP(n-7) Vector Vector New PC

Addr Addr MSB Addr LSB Addr Address
IRQ1
—>! |etpcs
NMI or [RQ2 N
—>{ je—trcs

Internal
Data Bus x X X X X X X U X v Veoior Fretinst. of
- - - - Irrel t ector ector Firs
Op Code Op Code PCO-7 PC8-156 XO0-7 X815 ACCA ACCB CCR rr%:;/:n oo R Intorrunt Routine
Internal R/W \

FIGURE 14 — RESET TIMING

— 525V ]
75V (
Vee 7|‘4 75 le— tPCS
[ tRC > i tpcs
RESET ) | 08 v} 40V 08 vy

Adiress Bus STIRILTUTLUTIRCY XXX XXX X
FFFE ' 'FFFE  FFFE FFFE  FFFF  New PC FFFE FFFE
JREZEAATILTARITINARIRRAVEA AR RN RAR AR ARRRNNAN N (D

oo, SEERELIRIIRTRTIRITY TRRERTRRCRIRRRRRR RN IR XXX X XX XXX

PC 8-15 PCO-7 First
RN\ ot Valid

Instruction

3E0890N



MC6803E

HALT

This level sensitive active low input causes the MPU to halt
all activity when a low is applied to it. When the HALT input
is low, the machine stops at the end of an instruction and
bus available (BA) goes to a high state. During this time
read/write {R/W) is high and the address bus displays the
address of the next instruction. See Figure 15 for timing
requirements.

To debug programs, it is advantageous to step through
programs one instruction at a time. To do this, HALT must
be brought high for one clock cycle and then returned low as
shown in Figure 156. The instruction illustrated is a one byte,
two cycle instruction, such as CLRA. When the HALT line
goes low, the MCB803E is halted after completing execution
of the current instruction.

BA (BUS AVAILABLE)

This active high output is used to indicate when the
MCB803E is halted. Other devices may then use the address
and data buses, providing care is taken to prevent conten-
tion. Alternatives include three-state buffers on the address
and data buses, or three-state buffers on the address bus
and holding AS low during BA high. Note that the BA line
will also go high when a wait instruction is executed.

R/W (READ/WRITE)

The R/W output is used to indicate the direction of data
transfer on the data bus. A logic low indicates that the MPU
is writing data onto the bus and a logic high indicates that
the MPU is reading data from the bus.

FIGURE 15 — HALT AND BA TIMING
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RESET E (ENABLE)

This input is used to reset the internal state of the device
and provide an orderly start-up procedure. During power up,
RESET must be held below 0.8 volts until 1) V¢ reaches
4.75 volts and E is stable, and 2) until Vg standby reaches
4.75 volts. RESET must be held low at least three E cycles if
asserted during power-up operation. During the rising edge
of RESET, the MCB803E also latches in its operating mode.
RESET timing is shown in Figure 14.

This is an input clock used primarily for address and data

" bus synchronization. This input should have some provision

to obtain the specified logical high level which is greater than
standard TTL levels. Two examples of clock generating cir-
cuits are presented in Figures 16 and 17.

Enable is the primary MCB803E system timing signal and
all timing data specified as. cycles is assumed to be
referenced to this clock unless otherwise noted.

3-213




MC6803E

FIGURE 16 — CLOCK CIRCUIT EXAMPLE 1

Vee
Schematic
%ﬁ
i S ¢
Ic ] U2 AS
4 S Q
CLR CLR CLR CLR
D" Q D~ q o' D Q £
Ula Ulb Ule u1d
PCLK O cLk @ P>cikal [>CLK
Y
8 MHz | cc U1 SN74LS175
Haln . . * U2 SN75L508
1RC =10 pus
Timing

DA L

- 1

—

o T

Qc I

L |
—

v E r
AS ' I

-

I L

NMI (NON-MASKABLE INTERRUPT)

An NMi negative edge requests an MPU interrupt se-
quence, but the current instruction will be completed before
it responds to the request. The MPU will then begin an inter-
rupt sequence. Finally, a vector is fetched from $FFFC and
$FFFD, transferred to the program counter, and instruction
execution is resumed. NMi typically requires a 3.3 kilohm
(nominal) resistor to V. There is no internal NMI pullup
resistor. NMI must be held low for at least one E cycle to be
recognized under all conditions.

IRQ1 (MASKABLE INTERRUPT REQUEST 1)

IRQ1 is a level-sensitive input which can be used to re-
quest an interrupt sequence. The MPU will complete the cur-
rent instruction before it responds to the request. If the inter-
rupt mask bit (1 bit) in the condition code register is clear, the

MPU will begin an interrupt sequence. A vector is fetched
from $FFF8 and $FFF9, transferred to the program counter,
and instruction execution is resumed.

IRQ1 typically requires an external 3.3 kilohm (nominal)
resistor to V¢ for wire-OR applications. TRQ1 has no inter-
nal pullup resistors.

P10-P17 (PORT 1)

Port 1 is a mode independent 8-bit [/ O port with each line
an input or output as defined by the port 1 data direction
register. The TTL compatible three-state output buffers can
drive one Schottky TTL load and 30 picofarads, Darlington
transistors, or CMOS devices using external pullup resistors.
it is configured as a data input port during reset. Unused
lines can remain unconnected.
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FIGURE 17 — CLOCK CIRCUIT EXAMPLE 2
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P20-P24 (PORT 2)

Port 2 is a mode-independent, 5-bit, multipurpose 1/0
port. The voltage levels present on P20 and P21 on the rising
edge of RESET determine the operating mode of the MPU.
The entire port is then configured as a data input port. The
port 2 lines can be selectively configured as data output lines
by setting the appropriate bits in the port 2 data direction
register. The port 2 data register is used to move data
through the port. However, if P21 is configured as an out-
put, it will be tied to the timer output compare function and
cannot be used to provide output from the port 2 data
register.

Port 2 can also be used to provide an interface for the
serial communications interface and one of the timer input
edge functions. These configurations are described in PRO-
GRAMMABLE TIMER and SERIAL COMMUNICATIONS
INTERFACE.

The port 2 three-state TTL-compatible output buffers are
capable of driving one Schottky TTL load and 30 picofarads,
or CMOS devices using external pullup resistors.

PORT 2 DATA REGISTER

7 6 5 4 3 2 1 0
[ o JpcifpPco]Pas[pra3] P2z [P21 [P2o] s03

P30-P37 {PORT 3)

Port 3 consists of a time multiplexed address (A7-A0) and
data bus (D7-D0) where address strobe (AS) can be used to
demultiplex the two buses. The port is held in a high-
impedance state between valid address and data to prevent
bus conflicts. The TTL-compatible three-state output buffers
can drive one Schottky TTL load and 90 picofarads.

P40-P47 (PORT 4)

Port 4 functions as half of the address bus and provides A8
to A15. Port 4 can drive one Schottky TTL load and 90
picofarads and is the only port with internal pullup resistors.
Unused lines can remain unconnected.

RESIDENT MEMORY

The MCB803E provides 128 bytes of on-board RAM. One
half of the RAM is powered through the V¢ standby pin
and is maintainable during V¢ power down. This standby
portion of the RAM consists of 64 bytes located from $80
through $BF.

Power must be supplied to V¢ standby if the internal
RAM is to be used, regardless of whether standby power
operation is anticipated.

The RAM is controlled by the RAM control register.

RAM CONTROL REGISTER ($14)

The RAM control register includes two bits which can be
used to control RAM accesses and determine the adequacy
of the standby power source during power-down operation.
It is intended that RAME be cleared and STBY PWR be set
as part of a power-down procedure.
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RAM CONTROL REGISTER

7 6 5 4 3 2
STBY|RAME| X X X X X X
PWR

_
o

Bit 0-5 Not used.

Bit 6 RAM Enable {(RAME) — This read/write bit can be
used to remove the entire RAM from the internal
memory map. RAME is set (enabled) during reset pro-
vided standby power is available on the positive edge
of RESET. If RAME is clear, any access to a RAM ad-
dress is external. If RAME is set and not in mode 3, the
RAM is included in the internal map.

Bit 7 Standby Power (STBY PWR) — This bit is a read/
write status bit which, when cleared, indicates that
V¢ standby has decreased sufficiently below Vgpg
{minimum) to make data in the standby RAM suspect.
1t can be set only by software and is not affected dur-
ing reset.

PROGRAMMABLE TIMER

The programmable timer can be used to perform input
waveform measurements while independently generating an
output waveform. Pulse widths can vary from several micro-
seconds to many seconds.. A block diagram of the timer is
shown in Figure 18.

COUNTER ($09:0A}

The key timer element is a 16-bit free-running counter
which is incremented by E {enable). It is cleared during reset
and is read-only with one exception: a write to the counter
($09) will preset it to $FFF8. This feature, intended for
testing, can disturb serial operations because the counter
provides the SCI internal bit rate clock. TOF is set whenever
the counter contains all ones.

OUTPUT COMPARE REGISTER ($0B:0C)

The output compare register is-a 16-bit read/ write register
used to control an output waveform or to provide an arbi-
trary timeout flag. It is compared with the free-running
counter on each E cycle. When a match occurs, OCF is set
and OLVL is clocked to an output level register. If port 2, bit
1is configured as an output, OLVL will appear at P21 and the
output compare register and OLVL can then be changed for
the next compare. The function is inhibited for one cycle
after a write to its high byte ($0B) to ensure a valid compare.
The output compare register is set to $FFFF at RESET.

INPUT CAPTURE REGISTER ($0D:0E)

The input capture register is a 16-bit read-only register
used to store the free-running counter when a "“proper” in-
put transition occurs as defined by IEDG. Port 2, bit 0 should
be configured as an input, but the edge detect circuit always
senses P20 even when configured as an output. An input
capture can occur independently of ICF: the register always
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FIGURE 18 — BLOCK DIAGRAM OF PROGRAMMABLE TIMER
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contains the most current value. Counter transfer is in-
hibited, however, between accesses of a double byte MPU
read. The input pulse width must be at least two E cycles to
ensure an input capture under all conditions.

TIMER CONTROL AND STATUS REGISTERS ($08)

The timer control and status register (TCSR) is an 8-bit
register of which all bits are readable, while only bits 0-4 can
be written. The three most significant bits provide the timer
status and indicate if:

1. a proper level transition has been detected,

2. a match has occurred between the free-running

counter and the output compare register, and

3. the free-running counter has overflowed.

Each of the three events can generate an IRQ2 interrupt and
is controlled by an individual enable bit in the TCSR.

TIMER CONTROL AND STATUS REGISTER (TCSR)
7 6 5 4 3 2 1 0
[icF Tocr [ror T eici Jeoci] eToiJiepclouvi) sos

Bit 0 Output Level (OLVL) — OLVL is clocked to the output
level register by a successful output compare and will
appear at P21 if bit 1 of the port 2 data direction
register is set. OLVL is cleared during reset.

3-217

IRQ2
Output Compare Pulse — — — ] output Input
Level Edge
Bit1 BitO

Port 2 Port 2

Bit 1 Input Edge (IEDG) — IEDG is cleared during reset and
controls which level transition on P20 will trigger a
counter transfer to input capture register:

IEDG =0 transfer on a negative edge
IEDG =1 transfer on a positive edge

Bit 2 Enable Timer Overflow Interrupt (ETOl) — When set,
an TRQ2 interrupt will be generated when the timer
overflow flag is set; when clear, the interrupt is in-
hibited. ETOI is cleared during reset.

Bit 3 Enable Output Compare Interrupt (EOCI) — When set,
an TRQ2 interrupt will be generated when output com-
pare flag is set; when clear, the interrupt is inhibited.
EOC! is cleared during reset.

Bit 4 Enable Input Capture Interrupt (EICI) — When set, an
TRQ2 interrupt will be generated when input capture
flag is set; when clear, the interrupt is inhibited. EICl is
cleared during reset.

Bit 5 Timer Overflow Flag (TOF) — The TOF is set when the
counter contains all ones ($FFFF). [t is cleared by
reading TCSR (with TOF set) then reading the counter
high byte ($09), or during reset.

Bit 6 Output Compare Flag (OCF) — OCF is set when the
output compare register matches the free-running
counter. OCF is cleared by reading the TCSR {with
OCF set) and then writing to output compare register
($0B or $0C), or during reset.
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Bit 7 Input Capture Flag (ICF) — When ICF is set, it in-
dicates a proper level transition; it is cleared by reading
TCSR (with ICF set) and then the input capture
register high byte ($0D), or during reset.

SERIAL COMMUNICATIONS INTERFACE

A full-duplex asynchronous serial communications inter-
face (SCI) is provided with two data formats and a variety of
rates. The SCI transmitter and receiver are functionally in-
dependent, but use the same data format and bit rate. Serial
data formats include standard mark/space (NRZ) and bi-
phase and both provide one start bit, eight data bits, and one
stop bit. "“Baud” and "'bit rate’’ are used synonymously in
the following description.

WAKE-UP FEATURE

In a typical serial loop multiprocessor configuration, the
software protocol will usually identify the addresseel(s) at the
beginning of the message. In order to permit uninterested
MPUs to ignore the remainder of the message, a wake-up
feature is included whereby all further SCI receiver flag (and
interrupt) processing can be inhibited until its data line goes
idle. An SCI receiver is re-enabled by an idle string of ten
consecutive ones or during reset. Software must provide for
the required idle string between consecutive messages and
prevent it within messages.

PROGRAMMABLE OPTIONS

The following features of the SCI are programmable:

® format : standard mark/space (NRZ) or bi-phase

® clock: external or internal bit rate clock

® baud: one of 4 per E clock frequency, or external clock
(8x desired baud)

® wake-up feature: enabled or disabled

® interrupt requests: enabled individually for transmitter
and receiver

® clock output: internal bit rate clock enabled or disabled
to P22

SERIAL COMMUNICATIONS REGISTERS

The serial communications interface includes four
addressable registers as depicted in Figure 19. It is controlled
by the rate and mode control register and the transmit/
receive control and status register. Data is transmitted and
received utilizing a write-only transmit register and a read-
only receive register. The shift registers are not accessible to
software.

RATE AND MODE CONTROL REGISTER (RMCR) ($10)—
The rate and mode control register controls the SCI bit rate,
format, clock source, and under certain conditions the con-
figuration of P22. The register consists of four write-only bits
which are cleared during reset. The two least significant bits
control the bit rate of the internal clock and the remaining
two bits control the format and clock source.

FIGURE 19 — SCI REGISTERS
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RATE AND MODE CONTROL REGISTER

7 6 5 4 3 2 1 0
[ X I x [ x ] xJccifcco]ssi]sso]s10

Bit 1:Bit 0 SS1:SS0 Speed Select — These two bits select
the baud when using the internal clock. Four
rates may be selected which are a function of the
MPU input frequency. Table 6 lists bit time and
rates for three selected MPU frequencies.

Bit 3:Bit 2 CC1:CCO Clock Control and Format Select —
These two bits control the format and select the
serial clock source. If CC1 is set, the DDR value
for P22 is forced to the complement of CCO and
cannot be altered until CC1 is cleared. If CC1 is
cleared after having been set, its DDR value is
unchanged. Table 7 defines the formats, clock
source, and use of P22.

If both CC1 and CCQ are set, an external TTL compatible
clock must be connected to P22 at eight times (8x) the
desired bit rate, but not greater than E, with a duty cycle of
50% (+10%). If CC1:CCO=10, the internal bit rate clock is
provided at P22 regardless of the values for TE or RE.

NOTE
The source of SCI internal bit rate clock is the timer
free-running counter. An MPU write to the counter can
disturb serial operations.

TRANSMIT/RECEIVE CONTROL AND STATUS
REGISTER (TRCSR) ($11) — The transmit/receive control
and status register controls the transmitter, receiver, wake-
up feature, and two individual interrupts, and monitors the
status of serial operations. All eight bits are readable while
bits 0 to 4 are also writable. The register is initialized to $20
by RESET.

TRANSMIT/RECEIVE CONTROL AND STATUS REGISTER

7 6 5 4 3 2 1 0
[rorFlorFe[ToRe] RIE ] RE [ TIE] TE [wu]sn

Bit 0 Wake-up on Idle Line (WU) — When set, WU enables
the wake-up function; it is cleared by ten consecutive
ones or during reset. WU will not set if the line is idle.

Bit 1 Transmit Enable (TE) — When set, the P24 DDR bit is
set and cannot be changed. P24 DDR will remain set if
TE is subseguently cleared. When TE is changed from
clear to set, the transmitter is connected to P24 and a
preamble of nine consecutive ones is transmitted. TE is
cleared during reset.

Bit 2 Transmit Interrupt Enable (TIE) — When set, an IRQ2
is enabled when TDRE is set; when clear, the interrupt
is inhibited. TIE is cleared during reset.

Bit 3 Receive Enable (RE) — When set, the P23 DDR bit is
cleared and cannot be changed. P23 DDR will remain
clear if RE is subsequently cleared. While RE is set, the
SCl receiver is enabled. RE is cleared during reset.

Bit 4 Receiver Interrupt Enable (RIE) — When set, an IRQ2
interrupt is enabled when RDRF and/or ORFE is set;
when clear, the interrupt is inhibited. RIE is cleared
during reset.

Bit 5 Transmit Data Register Empty (TDRE) — TDRE is set
when the transmit data register is transferred to the
output serial shift register, or during reset. It is cleared
by reading the TRCSR (with TDRE set) and then
writing to the transmit data register. Additional data
will be transmitted only if TDRE has been cleared.

TABLE 6 — SCI BIT TIMES AND RATES

614.4 kHz 1.0 MHz 1.2288 MHz
§51:850 E Baud Time Baud Time Baud Time
0 0 ~16 | 38400.0 26us | 62500.0 | 16.0ps | 76800.0 | 13.0us
0 1 +128 4800.0 | 208.3 us 78125 | 128.0 s 9600.0 | 104.2 ps
1 0 +1024 600.0 | 1.67 ms 976.6 | 1.024 ms 1200.0 | 833.3 us
1 1 + 4096 150.0 [ 6.67 ms 244.1 | 4.096 ms 300.0 | 3.33ms
External (P22)* 76800.0 13.0 us | 125000.0 8.0 us | 153600.0 6.5 ps

*Using maximum clock rate

TABLE 7 — SCI FORMAT AND CLOCK SOURCE CONTROL

cencco | Formar | ook | Fort2
00 Bi-Phase | Internal | Not Used
01 NRZ Internal | Not Used
10 NRZ Internat Output
1" NRZ External Input
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Bit 6 Overrun Framing Error (ORFE) — If set, ORFE indi-
cates either an overrun or framing error. An overrun is
a new byte ready to transfer to the receive data register
with RDRF stili set. A receiver framing error has occur-
red when the byte boundaries of the bit stream are not
synchronized to the bit counter. An overrun can be
distinguished from a framing error by the state of
RDRF: if RDRF is set, then an overrun has occurred;
otherwise, a framing error has been detected. Data is
not transferred to the receive data register in an over-
run condition. Unframed data causing a framing error
is transferred to the receive data register, however,
subsequent data transfer is blocked until the framing
error flag is cleared. ORFE is cleared by reading the
TRCSR {with ORFE set) then the receive data register,
or during reset.

Bit 7 Receive Data Register Full (RDRF) — RDRF is set

when the input serial shift register is transferred to the

receive data register, or during reset.

SERIAL OPERATIONS

The SCl is initialized by writing control bytes first to the
rate and mode control register and then to the transmit/
receive control and status register. When TE is set, the out-
put of the transmit serial shift register is connected to P24
and serial output is initiated by transmitting a 9-bit preamble
of ones.

At this point, one of two situations exists: 1} if the transmit
data register is empty (TDRE=1), a continuous string of
ones will be sent indicating an idle line, or 2) if a byte has
been written to the transmit-data register (TDRE=0), it will
be transferred to the output serial shift register (synchro-
nized with the bit rate clock), TDRE will be set, and transmis-
sion will begin.

The start bit (0), eight data bits (beginning with bit 0), and
a stop bit (1) will be transmitted. If TDRE is still set when the
next byte transfer should occur, ones will be sent until more
data is provided. In bi-phase format, the output toggles at
the start of each bit and at half-bit time when a one is sent.
Receive operation is controlled by RE which configures P23
as an input and enables the receiver. SCI data formats are il-
lustrated in Figure 20.

INSTRUCTION SET

As stated earlier, the MC6803E is upward source and ob-
ject code compatible with the MCB800. Execution times of
key instructions have been reduced and several new instruc-
tions have been added, including a hardware multiply.

In addition, two new special opcodes, 4E and 5E, are pro-
vided for test purposes. These opcodes force the program
counter to increment like a 16-bit counter, causing address
lines to increment until the device is reset. These opcodes
have no mnemonics. .

The coding of the first (or only} byte corresponding to an
executable instruction is sufficient to identify the instruction
and the addressing mode. The hexadecimal equivalents of
the binary codes, which result from the translation of the 82
instructions in all valid modes of addressing, are shown in
Table 8. There are 220 valid machine codes, 34 unassigned
codes, and two codes reserved for test purposes.

PROGRAMMING MODEL
A programming model for the MCB803E is shown in Figure
6. The registers are defined in the following paragraphs.

ACCUMULATORS — The MPU contains two 8-bit
accumulators, A and B, which are used to store operands
and results from the arithmetic logic unit (ALU). They can be
concatenated and referred to as the D (double) accumulator.
Any operation which modifies the D accumulator
automatically modifies the A and B accumulators.

INDEX REGISTER — The index register is a 16-bit register
which can be used to store data or provide an address for the
indexed mode of addressing.

STACK POINTER — The stack pointer is a 16-bit register
which contains the address of the next available location in a
pushdown/pullup (LIFO) queue. The stack resides in
random-access memory at a location defined by the pro-
grammer.

PROGRAM COUNTER — The program counter is a 16-bit
register which always points to the next instruction.

FIGURE 20 — SCI DATA FORMATS

Output
Clock

NRZ
Format

Bi-Phase
Format

Idle State
Data: 01001101 ($4D)
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TABLE 8 — CPU INSTRUCTION MAP

OP MNEM  MODE . ¥ |oP MNEM MODE ~ # | opP MNEM MODE ~ #10pP MNEM MODE ~ #{OpP MNEM MODE ~ L]
00 . 34 DES INHER 3 1 ]88 ASL INDXD 6 2]9cC CPX DIR 5 2 | oo SuUB8 DIR 3 2
o NOP INHER 2 1135 XS “ 3 11869 ROL 6 2|90 JSR 5 2|01 CMPB 3 3 2
02 . 36 PSHA 3 1| BA DEC 6 2| 9E LDS 4 2| D2 SBCB 3 2
03 . 37 PSHB 3 1168 . 9F STS DIR 4 2|03 ADDD 5 2
04 LSRD 3 ]38 PULX 5 1 |6C INC 6 2| A0 SUBA INDXD 4 2104 ANDB 3 2
i3} ASLD 3 1139 RTS 5 1160 TST 6 2 A1 CMPA A 4 2| D5 BITB 3 2
06 TAP 2 1] 3A ABX 3 1 ]6E JMP 3 2| A2 SBCA 4 2| D6 LDAB 3 2
07 TPA 2 1138 RTI 10 1 ) 6F CLR INDXD 6 2| A3 SUBD 6 2| D7 STAB 3 2
08 INX 3 1]3C PSHX 4 1|70 NEG EXTND & 3| A4 ANDA 4 2 | D8 EOR8 3 2
03 DEXx 3 13§30 MUL 10 7 . k Ab BITA 4 2|08 ADCB 3 2
0A CLv 2 1|3t WAL 9 172 . AB LDAA 4 2 | DA ORAB 3 2
oB SEV 2 1| 3F SWiI 12 1173 coM 6 3| A7 STAA 4 2|08 ADDB 3 2
ocC CLC 2 1140 NEGA 2 1 {74 LSR 6 3] A8 EORA 4 2|0C LDD 4 2
oD SEC 2 141 . 75 . A9 ADCA 4 2 {00 STD 4 2
OE cu 2 1|42 . 76 ROR 6 3| AA ORAA 4 2 | DE LDX " 4 2
OF SEI 2 1143 COMA 2 1177 ASR 6 31 AB ADDA 4 2 | DF STX DIR 4 2
10 SBA 2 1 ]4s LSRA 2 1178 ASL 6 3 [ AC CPX 6 2 {0 SUBB  INDXD 4 2
m CBA 2 1145 . 79 ROL 6 3| AD JSR 6 2 |€1 CMPB 4 2
12 . 46 RORA 2 17A DEC 6 3| AE LDS " 5 2 |E2 SBCB 4 2
13 . a7 ASRA 2 1178 . AF STS INDXD & 2103 ADDD 6 2
14 . 48 ASLA 2 1|7C INC 6 3|80 SUBA EXTND 4 3| t4 ANDB 4 2
15 . 49 ROLA 2 1|70 TST 6 3|8 CMPA 4 3|5 BITR 4 2
16 TAB 2 1 [ 4A DECA 2 1 17E IMP V 3 3182 SBCA 4 3|6 LDAB 4 2
17 TBA 2 1148 . 7F CLR EXTND 6 3183 SUBD 6 3 |E7 STAB 4 2
18 . y 4Cc INCA 2 1|80 SUBA IMMED 2 2|84 ANDA 4 3 |E8 EORB 4 2
19 DAA INHER 2 114D TSTA 2 18 CMPA 2 2185 BITA 4 3 |ES ADCB 4 2
1A . R 4t T 82 SBCA 2 2186 LDAA 4 3 |EA ORAB 4 2
1B ABA INHER 2 1 {4F CLRA 2 1183 SUBD 4 3187 STAA 4 3 |EB ADDB 4 2
1C . 50 NEGB 2 1 ]84 ANDA 2 2|88 EORA 4 3 |eC LD 5 2
10 L] 51 . 85 BITA 2 2188 ADCA a4 3 |ED STD 5 2
1€ . 52 . 86 LDAA 2 2 |BA ORAA 4 3 | EE LOX 5 2
1F . 53 CcomB 2 187 . BB ADDA 4 3 }EF STX INDXD 5 2
20 BRA REL 3 2 |%4 | LSRB 2 1|88 EORA 2 2|8C CPX 6 3 |FO SUBB EXTND 4 3
21 BRN A 3 2 |55 . 89 ADCA 2 2 }BD JSR 6 3 |F1 CMPB “ 4 3
2 BHI 3 2 1% RORB 2 1 |8A ORAA 2 2 | BE LDS 5 3 |F2 $BCB 4 3
23 BLS 3 2 157 ASRB ? 1188 ADDA 2 2| BF STS EXTND 6 3 |F3 ADLD 6 3
24 BCC 3 288 ASLB 2 1 |8C CPX IMMED 4 3]Co SUBB IMMED 2 2 |Fa ANDB 4 3
25 8CS 3 2 159 ROLB 2 1 |8D BSR REL 6 210 CMPB “ 2 2 |F5 BITB 4 3
26 BNE 3 2 |5A DECB 2 1 18E LDS IMMED 3 31C2 SBC8B 2 2 |F6 LDAB 4 3
27 BEQ 3 2 |58 . 8F . Cc3 ADDOD 4 3 |F7 ST1AB a 3
28 BVC 3 2 |8C INCB 2 1 |90 SUBA DIR 3 2)C4 ANDB 2 2 |F8 £0ORB 4 3
29 BVS 3 2 |sD TSTB 2 1491 CMPA 3 2{Cs BITB 2 2 }F9 ADCB 4 3
2A BPL 3 2 |5E T {' 92 SBCA 3 21¢Cs LDAB 2 2 |FA ORAB 4 3
28 BMI 3 2 |5F CLRB  INHER 2 1 |e3 SUBD 5 2|¢Cr . F8 ADDB a 3
2C BGE 3 2 |60 NEG INDXD 6 2 (94 ANDA 3 2{Cs £ORB 2 2 |FC LDD 5 3
20 BLT 3 2 |61 . a5 BITA 3 2]C9 ADCB 2 2 |FO STD 5 3
2 BGT \] 3 2062 . 9%  LDAA 3 2{ca ORAB 2 2|FE DX \] 5 3
2F BLE REL 3 2 {63 com 6 2 197 STAA 3 2]cB ADDB 2 2 |FF STX EXTND 5 3
30 TSX INHER 3 1|64 LSR 6 2 |s8 E0RA 3 2 |cc LDD 3 3
31 INS 3 1|65 . 99 ADCA 3 21CD o " * UNDEFINED OP CODE
32 PULA 4 1|66 ROR 6 2 J9A ORAA 3 2 JCe LDX IMMED 3 3
33 PULB 4 1|67 ASR INDXD 6 2 |98 ADDA 3 2 |CF .
NOTES:

1. Addressing Modes
INHER = Inherent
REL =Relative

2. Unassigned opcodes are indicated by "

INDXD =Indexed

EXTND = Extended DIR=Direct

IMMED = Immediate

3. Codes marked by "“T" force the PC to function as a 16-bit counter.

CONDITION CODE REGISTER The condition code
register indicates the results of an instruction and includes
the following five condition bits: negative (N), zero (Z),
overflow (V), carry/borrow from MSB (C), and half carry
from bit 3 (H). These bits are testable by the conditional
branch instructions. Bit 4 is the interrupt mask (I bit) and in-
hibits all maskable interrupts when set. The two unused bits,
B6 and B7, are read as ones.

ADDRESSING MODES

Six addressing modes can be used to reference memory.
A summary of the addressing modes for all instructions is
presented in Tables 9 through 12, where execution times are
provided in E cycles. Instruction execution times are sum-
marized in Table 13. With an input frequency of 4 megahertz,
one E cycle is equivalent to one microsecond. A description
of selected instructions is shown in Figure 21.

" and should not be executed

IMMEDIATE ADDRESSING — The operand or immediate
byte(s) is contained in the following bytels) of the instruction
where the number of bytes matches the size of the register.
These are two or three byte instructions.

DIRECT ADDRESSING — The least significant byte of the
operand address is contained in the second byte of the in-
struction and the most significant byte is assumed to be $00.
Direct addressing allows the user to access $00 through $FF
using two byte instructions and execution time is reduced by
eliminating the additional memory access. In most applica-
tions, the 256-byte area is reserved for frequently referenced
data.

EXTENDED ADDRESSING — The second and third bytes
of the instruction contain the absolute address of the
operand. These are three byte instructions.
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INDEXED ADDRESSING — The unsigned offset contain-
ed in the second byte of the instruction is added with carry to
the index register and ‘used to reference memory without
changing the index register. These are two byte instructions.

INHERENT ADDRESSING — The operand(s) is a-register
and no memory reference is required. These are single byte
instructions.

RELATIVE ADDRESSING — Relative addressing is used
only for branch instructions. If the branch condition is true,
the program counter is overwritten with the sum of a signed
single byte displacement in the second byte of the instruc-
tion and the current program counter. This provides a
branch range of —126 to + 129 bytes from the first byte of
the instruction. These are two byte instructions.

TABLE 8 — INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS

Condition Codes
Immed Direct Index Extnd Inherent Boolean/ 5|4[(3[2]1]0
Pointer Operations MNEM |[Op|~1{ #| Op|~| #{Op| ~| #{Op|~| # [Op|~| # Arithmetic Operation HIt{N]Z|V]|C
Compare Index Register cpx Jac|a]3|sc|5]2]ac[e] 2]8c[6]3 X~ M:M+ 1 DRI
Decrement Index Register DEX 03| 1[{X-1—X o lefe f ole
Decrement Stack Pointer DES 34|31 1|SP-1~+SP ejefo|efe]e
Increment Index Register INX 08|31 1|X+1=—X BEEERDD
Increment Stack Pointer INS 313 1[1SP+1—SP o e[o]e]e e
Load Index Register ox [cel3lslpefa[2fee]s]2]refs]3 M= Xpy, IM+ 1) = X|_ DD
Load Stack Pointer LDS [8E|3|3|9E 4] 2|AE|5| 2|BE|5 |3 M =*SPy,(M+1) —SP| e |e f t R|e
Store Index Register STX oFla|2(er|s| 2| FF[s]3 Xy = MXL =M+ 1) ole[F]F[R]"
Store Stack Pointer STS SF [4 |2 |AF|5] 2|BF|5 3 SPH — M,SP_ — (M~ 1) ERHEE
Index Reg — Stack Pointer TXS 35|31 |X-1—SP e fjejojelete
Stack Pntr — Index Register TSX 30{3[1{SP+1—X e|oietefe e
Add ABX A3 |t [B+X—X o fejofe]e (e
Push Data PSHX 3C[4[1[X —Mgp,SP-1—SP o oo oo e
Xpy— Mgp,SP~1—=SP
Pull Data PULX 38|65 | 1]SP+1— SP.Mgp— Xy BDRORD
SP+1—SP.Mgp —*X_

TABLE 10 — ACCUMULATOR AND MEMORY INSTRUCTIONS (Sheet 1 of 2}

Condition Codes
Accumulator and Immed Direct Index Extend Inher Boolean 51413]2(1]0
Memory Operations MNEM|[Op |~ | #|Op|~ | # [Op{~| # |OP|~ | # |Op|~ | # Expression H|I[N]Z]|V]C
Add Accumulators ABA B[2[1][A+B—A IHBIE
Add B to X ABX 3A]3 |1 [00B+x—Xx o [oe]e]T"
Add with Carry apcalsa|2 [2{saa{2]nrola] 2 Bola 3 A+M+C—A TT« [T 80
apcefco{2 |2|po]3[2]ea]a]2|Fafa]3 B+M+C—8 BB EEE
Add ADDAsB |2 |2]98 |3 ]| 2]aB4 ]2 8B4 [3 A+M—A I IHEABE
aopg|ca|2 [2|o8|3 ]2 [esfa] 2 [r8]a |3 B+M—A I
‘Add Double ADDD 3[4 |3|Dafs5 |2 [e3]e |2 [Fa]6 |3 D+ MM+1—D [ THHTTE
And anpAfsa |2 [2]ea[a]2{adala] 2 [B4]a |3 AdM = A o« [ [T1TTR].
aNoB [caf2 [2]oa|af2]ea]a]2|rafa |3 BeM— 8 o [« T8 ]RT"
Shift Left, Arithmetic ASL 6562 78(6 |3 — o [ [TTTT
ASLA g2 1| [ ATTIITIT) —o = [ 333
ASLB 582 |1 o7 b0 - [ [F[I]E
Shift Left Double ASLD 0513 |1 ] < o3 [
Shift Right, Arithmetic ASR 671612 17716 {3 — Al A
ASRA 47]2 |1 I:I [T~ -
ASRB 5712 {1 b7 b0 . Je
Bit Test BiTA ls5 |2 [2] o5 [3|2]asla ]2 [85]4 |3 AM o e HEE
8i7B [c5]2 [2{os{s |2[esfa]2 s (4 |3 BeM D HIED
Compare Accumulators CBA {2 [1]a-8 < T
Clear CLR 6F [6 ]2 |7F |6 |3 00— M « [« [r]s[r R
CLRA ar [2 7 jo—A e [ [R[s[r[R
CLRB 5F |2 |1 [oo—8 o [« [r]s{r[r
Compare cMPA 8112 [2]or [3f2at]4 ]2 |81 ][4 [3 A-M o |e 117
cmee e |2 [2]ot s {2 (e [af2 [F1]s |3 B-M o |o 1]
1's Complement COM 6316 [2]73]6 |3 M—M . L R[S
coMA 43 [2 [1]a—A o |e R [s
COMB 53 [2 [1 [8—8 o [o R [s
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TABLE 10 — ACCUMULATOR AND MEMORY INSTRUCTIONS (Sheet 2 of 2)

. Condition Codes
Accumulator and Immed Direct Index Extend inher Boolean §/4[3]|2(1]0
Memory Operations MNEM Op} ~| #]10p| ~| #|Op] ~ ) #]Op|~] #|Op]~| # Expression HII|N}Z|V]|C
Decimal Adjust, A DAA 19| 2 | 1 | Ad) binary sum to BCD Ed 1
Decrement DEC 6Al6]2|7A]6]3 M-1—M L .
DECA 4Al 2] 1 [A-1—A ol .
DECB BAl 2|1 [B-1—B L .
Exclusive OR EORA([88[ 2] 298| 3| 2(A8[4]2]|B8|4]3 ABM—A (a4 Rl
EORB|CB| 2| 2|D8[ 3| 2fE8| 4| 2|F8|4]3 B®M—B ° | R| e
Increment INC 6C{6[2{7Cy6(3 M+1—M [ .
INCA 4C1 21 [A+1—A o | .
INCB 6C| 211 |B+1—B o e .
Load Accumulators LDAA|86| 2| 2(96)] 3| 2/A6l4|2]|B6]4 |3 M—A ¢ je R
LDAB|CB| 2| 2|D6} 3| 2|EB|4f2[F6|4]3 M—B ol Rie
Load Double LDD CC] 3] 3|DC[ 4| 2|€EC| 5| 2{FC[5]3 M:M+1—D bl Ble
Logical Shift, Left LSL 68| 6[2]78]6]|3 b
LSLA 48211 o[
LSLB BB{2)1 ‘).
LSLD 051312 ‘i
Shift Right, Logical LSR 641 612({74]16]3 *|[e[R
LSRA aal2 |1 * || R
LSRB 541211 s ies|R
LSRD 04]13[1 s ]| R
Multiply MUL 3D}{10| 1 [AxB—D s [o|efefe
2's Complement {Negate} NEG 60| 62170|6]| 3 0-M=—M L K3 t
NEGA 2021 ]o-A—>A olelt
NEGB s0[2[ 1 {o-8—8 sl
No Operation NOP 01} 2|1 |PC+1—PC v (e]eje]ele
Inclusive OR oRaAlsal 2| 2]oa[ 3] 2|aal 4 [2]BAl4]3 A+M—A BRHHREE
oraglcal 2| 2]oa] 3] 2fea] a | 2[rala]3 B+M—8 BEEBED
Push Data PSHA 363 ] 1 |A— Stack e e e
PSHB 37|31 |B—Stack o oo fofe]e
Pull Data PULA 32|41 IStack—A sjefofole e
PULB 33|41 [Stack—8 ool ]e]e]e
Rotate Left ROL 6916 [2]|79]6]3 — o[
ROLA as]2 1] [d I 3E
ROLB 59121 o7 0 ol
Rotate Right ROR 66)612|76/6]3 — [
RORA - a6]2 |1 [T -1
RORB 562 |1 o7 0 o]
Subtract Accumulator SBA 5 1012]1]|]A-B—A o |
Subtract with Carry SBCA|82|2]2[92[3|2([A2)4]2/B2|4|3 A-M-C—A (N
SBCB|C2{2|2|D2|3|2]|E2{4 |2|F2]|4]|3 B-M-C—B [
Store Accumutators STAA 9713 | 2[A7]4 [2]|B7}{4]3 A—M ¢ | R|e
STAB D7|3|2|E7|4|2(F7{4]3 B—M * ] R[e
STD DD[4 |2 [eD}6 [2[FD|5 |3 D—~MM+1 o | Rle
Subtract SUBA|8B0|2(2]|9|{3|2|A0[4[2]|BO[4 |3 A-M—A L
SUBB[CO|2|2|DO[3[2[E0|4 |2]F0]4 |3 8-M—8 .-
Subtract Double SUBD|83[4|3193|5]2|A3|6(2]|B3[6]|3 D-M:M+1=—D o |-
Transfer Accumulator TAB 6[2]1[|A—=B o |- Rie
TBA 1712 )1 [B—A L R|e
Test, Zero or Minus TST 60[6 {2|7D[6 |3 M-00 o | RIR
TSTA 4012 |1 |A-00 LA R]R
TSTB 5D(2 |1 |B-00 .| R|[R

The condition code register notes are listed after Table 12.
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TABLE 11 — JUMP AND BRANCH INSTRUCTIONS

Condition Code Reg.

Direct Relative Index Extend Inherent 5|14]3|2(1]0

Operations MNEM(Op| ~| #|Op[~] #|Op| ~| #]|Op|~| #[Op| ~| # Branch Test H{IIN]Z[V]|C

Branch Always BRA 2013|2 None ele|efo]e]e
Branch Never BRN 2132 None elefofeofefe
Branch If Carry Clear BCC 24312 Cc=0 e|efje|le|e]e
Branch If Carry Set BCS 261312 C=1 elojof[efe]e
Branch If= Zero BEQ 27132 Z=1 ejeje]e o]
Branch If = Zero BGE 2C|3] 2 N® V=0 efelofofe]e
Branch If >Zero BGT 261312 Z+INB®Vvi=0 ejejo|ole|e
Branch If Higher BHI 2013)2 C+Z=0 o|oe|e|o]|ofe
Branch If Higher or Same BHS 24132 C=0 eleloeleo]|a]e
Branch If <Zero BLE 2F[3]2 Z+IN® V) =1 ofeefelo]e
Branch If Carry Set BLO 25{3(2 C=1 elelelelole
Branch If Lower Or Same BLS 23132 C+Z= o|e|e]|e[e]e
Branch If <Zero BLT 2032 ND V- elefe]e]e]e
Branch If Minus BMI 2832 N=1 e folofo]afe
3 Branch If Not Equal Zero BNE %32 7-0 e [
Branch If Qverflow Clear BVC 28(3]2 V=0 o lofofofefe
Branch If Overflow Set BVS 291(3]2 V=1 oo |e[o o]
Branch'!f Plus BPL 2A(3 |2 N=0 e le e o]0
Branch To Subroutine BSR 80|62 See Special e e |ofe oo
Jump JMP 6E|3]27e[3]3 Operations - o fo]efefe]e
Jump To Subroutine JSR jap[5 | 2 apl6 |2 [BD]6 |3 Figure 21 o [efofe]e]e
No Operation NOP 01]2 )1 e jefeloje e
Return From tnterrupt RTI 3B |10 1 . 1 t 3 t t I
Return From Subroutine RTS 3915 |1 See s‘?ec'a' o |ojofe o0
Software Interrupt Wi 3 2|1 gzﬁz";"s . s e[ ]|+
Wait For Interrupt WAI 3E |9 |1 o oo o [a]e

TABLE 12 — CONDITION CODE REGISTER MANIPULATION INSTRUCTIONS

Condition Code Register

Inherent 5 1413|2110

Operations MNEM | Op | ~ | # | Boolean Operation | H | N|lzjVv]C

Clear Carry cLC oc |2 1 0—C . . . . . R

Clear Interrupt Mask CLI OF | 2 1 00— . Rjle || o] e

Clear Overflow CLV |0A 2 |1 0—V o | o |o |

Set Carry SEC 0D | 2 1 1—C hd . 4 i .
Set Interrupt Mask SEl oF [ 2] 1 11— e [S | |e] -~

Set Overflow SEV | 0B |2 | 1 1—V ® |e | o Jeo | S| e

Accumulator A— CCR TaP o6 |21 A—CCR BB EE

CCR— Accumulator A TPA [07 J2 |1 CCR—A o jo [o je]oef e

LEGEND
Op

Msp

Operation Code (Hexadecimal)
Number of MPU Cycles

Number of Program Bytes
. Arithmetic Plus
Arithmetic Minus
Boolean AND
Arithmetic Multiply
Boolean Inclusive OR
Boolean Exclusive OR
Complement of M
Transfer Into
Bit=Zero
Byte=Zero

Solze+xe

Contents of memory location pointed to by Stack Pointer

CONDITION CODE SYMBOLS
H Half-carry from bit 3

interrupt mask

Negative (sign bit)

e Tuwmo<NZ—
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Zero (byte)
Overflow, 2's complement

Carry/Borrow from MSB
Reset-Always

Set Always

Affected

Not Affected
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TABLE 13 — INSTRUCTION EXECUTION TIMES IN E CYCLES
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JSR, . Jump to Subroutine

PC
Direct
RTN
PC
INDXD
RTN
Y
EXTND
RTN

BSR, Branch To Subroutine

39

RTN

RTS, Return from Subroutine

Y

Legend:

RTN = Address of next instruction in Main Program to be executed upon return from subroutine

Main Program

$9D=JSR

K

Next Main Instr.

K = Direct Address

Main Program

$AD=JSR

K = Offset

Next Main Instr

Main Program

$8D=JSR

SH = Subr. Addr

SL=Subr. Addr

Next Main Inst.

Main Program

$8D=8SR

+ K = Offset

Next Main Instr.

Subroutine

$39=RTS

RTNQ = Most significant byte of Return Address

-bit Unsigned Value

Least significant byte of Return Address
tack Pointer After Execution

> SP-2

SP—1
sp

SP
SP+1
—» SP+2

FIGURE 24 — SPECIAL OPERATIONS

Stack

RTNp

RTN

Stack

RTNR
RTN|

Stack

RTNy

RTN

SWI, Software Interrupt

WAL, Wait for Interrupt

RTN

RTN

RTI, Return from Interrupt

JMP, Jump

INDXD

X+K Next Instruction

[

Main Program

$3F=SWI

Main Program

$3E=WAI

Interrupt Program

$38=RTI

Main Program

$6E=JMP

K = Offset

—>

Extended

spP
SP+1
SP+2
SP+3
SP+4
SP+5
SP+6
SP+7

K Next Instruction

Stack

Condition Code

Acmitr B

Acmitr A

Index Register (X}

Index Register (X )

RTNH

RTNL

Stack

Condition Code

Acmitr B

Acmitr A

Index Register {XH)

index Register (X}

RTNH

RTNL

Main Program

$7E=JMP

K= Next Address

KL= Next Address
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SUMMARY OF CYCLE-BY-CYCLE OPERATION

Table 14 provides a detailed description of the information
present on the address bus, data bus, and the read/write
(R/W) line during each cycle of each instruction.

The information is useful in comparing actual with ex-
pected results during debug of both software and hardware
as the program is executed. The information is categorized in

groups according to addressing mode and number of cycles
per instruction. In general, instructions with the same
addressing mode and number of cycles execute in the same
manner. Exceptions are indicated in the table.

Note that during MPU reads of internal locations, the
resultant value will not appear on the external data bus. High
order byte refers to the most significant byte of a 16-bit
value.

TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 1 of 6)

[ Address Mode and ] l Cycle] R/W
Instructions Cycles| # Address Bus Line Data Bus
IMMEDIATE
ADC EOR 2 1 Opcode Address 1 Opcode
ADD LDA 2 Opcode Address+ 1 1 Operand Data
AND ORA
BIT SBC
CMP SUB
LDS 3 1 Opcode Address 1 Opcode
LDX 2 Opcode Address+ 1 1 Operand Data (High Order Byte)
LDD 3 Opcode Address+2 | 1 Operand Data (Low Order Byte)
CPX 4 1 Opcode Address 1 Opcode
SUBD 2 Opcode Address+1 1 Operand Data (High Order Byte)
ADDD 3 Opcode Address+ 2 1 Operand Data (Low Order Byte)
4 Address Bus FFFF 1 Low Byte of Restart Vector
DIRECT
ADC EOR 3 1 Opcode Address 1 Opcode
ADD LDA 2 Opcode Address + 1 1 Address of Operand
AND ORA 3 | Address of Operand 1 Operand Data
BIT SBC
CMP suB
STA 3 1 | Opcode Address 1 | Opcode
2 | Opcode Address+ 1 1 Destination Address
3 | Destination Address 0 | Data from Accumulator
LDS 4 1 Opcode Address 1 Opcode
LDX 2 Opcode Address + 1 1 Address of Operand
LDOD 3 | Address of Operand 1 Operand Data (High Order Byte)
4 | Operand Address+ 1 1 Operand Data (Low Order Byte}
STS 4 1 | Opcode Address 1 | Opcode
STX 2 | Opcode Address + 1 1 Address of Operand
STD 3 | Address of Operand 0 | Register Data (High Crder Bytel
4 | Address of Operand+1 0 Register Data (Low Order Byte)
CPX 5 1 Opcode Address 1 Opcode
SUBD 2 | Opcode Address+ 1 1 Address of Operand
ADDD 3 | Operand Address 1 Operand Data {High Order Byte)
4 Operand Address + 1 1 Operand Data {Low Order Byte)
5 Address Bus FFFF 1 Low Byte of Restart Vector
JSR 5 1 Opcode Address 1 Opcode
2 Opcode Address+ 1 1 Irrelevant Data
3 Subroutine Address 1 First Subroutine Opcode
4 Stack Pointer 0 | Return Address (Low Order Byte)
5 Stack Pointer—1 0 | Return Address (High Order Bytel
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 2 of 6)

Address Mode and Cycle R/W
Instructions # Address Bus Line Data Bus
EXTENDED
JMP 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Jump Address (High Order Byte)
3 Opcode Address + 2 1 Jump Address (Low Order Bytel
ADC EOR 1 Opcode Address 1 Opcode
ADD LDA 2 Opcode Address + 1 1 Address of Operand
AND ORA 3 | Opcode Address + 2 1 Address of Operand (Low Order Byte)
BIT SBC 4 | Address of Operand 1 Operand Data
CMmP SuB
STA 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Destination Address (High Order Byte)
3 | Opcode Address+2 1 Destination Address (Low Order Byte)
4 Operand Destination Address 0 Data from Accumulator
LDS 1 Opcode Address 1 Opcode
LDX 2 Opcode Address + 1 1 Address of Operand (High Order Byte)
‘ LDD 3 Opcode Address+2 1 Address of Operand (Low Order Byte)
4 Address of Operand 1 Operand Data (High Order Byte)
5 Address of Operand + 1 1 Operand Data (Low Order Byte)
STS 1 Opcode Address 1 Opcode
STX 2 Opcode Address+ 1 1 Address of Operand (High Order Byte)
STD 3 Opcode Address + 2 1 Address of Operand (Low Order Byte)
4 Address of Operand 0 Operand Data (High Order Byte}
5 Address of Operand + 1 0 Operand Data (Low Order Byte)
ASL LSR 1 Opcode Address 1 Opcode
ASR NEG 2 | Opcode Address + 1 1 Address of Operand (High Order Byte)
CLR ROL 3 Opcode Address + 2 1 Address of Operand (Low Order Byte}
COM ROR 4 Address of Operand 1 Current Operand Data
DEC TST* 5 Address Bus FFFF 1 Low Byte of Restart Vector
INC 6 | Address of Operand 0 New Operand Data
CPX 1 Opcode Address 1 Opcode
SUBD 2 Opcode Address+ 1 1 Operand Address (High Order Byte)
ADDD 3 Opcode Address+ 2 1 Operand Address (Low Order Byte)
4 Operand Address 1 Operand Data (High Order Byte)
5 Operand Address+ 1 1 Operand Data (Low Order Byte)
6 Address Bus FFFF 1 Low Byte of Restart Vector
JSR 1 Opcode Address 1 Opcode
2 Opcode Address+ 1 1 Address of Subroutine (High Order Byte)
3 Opcode Address+2 1 Address of Subroutine {Low Order Byte}
4 Subroutine Starting Address 1 Opcode of Next Instruction
5 Stack Pointer 0 Return Address (Low Order Byte)
6 Stack Pointer—1 0 Return Address (High Order Byte)

*TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus= $FFFF
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 3 of 6)

Address Mode and Cycle R/IW
Instructions Cycles| # Address Bus Line Data Bus
INDEXED
JMP 3 1 Opcode Address 1 Opcode
2 Opcode Address+ 1 1 Offset
3 Address Bus FFFF 1 Low Byte of Restart Vector
ADC EOR 4 1 Opcode Address 1 Opcode
ADD LDA 2 Opcode Address + 1 1 Offset
AND ORA 3 Address Bus FFFF 1 Low Byte of Restart Vector
BIT SBC 4 | Index Register Plus Offset 1 | Operand Data
CMP SUB
STA 4 1 Opcode Address 1 Opcode
2 | Opcode Address+ 1 1 Offset
3 Address Bus FFFF 1 Low Byte of Restart Vector
4 | Index Register Plus Offset 0 | Operand Data
LDS 5 1 Opcode Address 1 Opcode
LDX 2 Opcode Address+ 1 1 Offset
LDOD 3 Address Bus FFFF 1 Low Byte of Restart Vector
4 index Register Plus Offset 1 Operand Data (High Order Byte)
5 Index Register Plus Offset+1 1 Operand Data (Low Order Byte)
STS 5 1 Opcode Address 1 Opcode
STX 2 Opcode Address + 1 1 Offset
STD 3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Index Register Pius Offset 0 Operand Data {High Order Byte)
5 Index Register Plus Offset+ 1 o] Operand Data {Low Order Byte)
ASL LSR 6 1 Opcode Address 1 Opcode
ASR NEG 2 Opcode Address+ 1 1 Offset
CLR ROL 3 Address Bus FFFF 1 Low Byte of Restart Vector
COM ROR 4 | Index Register Plus Offset 1 Current Operand Data
DEC TST* 5 Address Bus FFFF 1 Low Byte of Restart Vector
INC 6 | Index Register Plus Offset 0 | New Operand Data
CPX 6 1 Opcode Address 1 Opcode
SUBD 2 Opcode Address + 1 1 Offset
ADDD 3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Index Register + Offset 1 Operand Data (High Order Byte)
5 Index Register + Offset+ 1 1 Operand Data {Low Order Byte}
[§] Address Bus FFFF Low Byte of Restart Vector
JSR 6 1 Opcode Address 1 Opcode
2 | Opcode Address+ 1 1 Offset
3 Address Bus FFFF 1 Low Byte of Restart Vector
4 | Index Register + Offset 1 First Subroutine Opcode
5 Stack Pointer 0 Return Address (Low Order Byte)
6 Stack Pointer—1 0 Return Address {High Order Byte)

*TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus= $FFFF
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TABLE 14 — CYCLE-BY-CYCLE OPERATION {Sheet 4 of 6}

Address Mode and Cycle R/W
Instructions Cycles| # Address Bus Line Data Bus
INHERENT
ABA DAA SEC| 2 1 Opcode Address 1 Opcode
ASL DEC SEI 2 Opcode Address+ 1 1 Opcode of Next Instruction
ASR INC SEV
CBA LSR TAB
CLC NEG TAP
CLl NOP TBA
CLR ROL TPA
CLv ROR TST
coM SBA
ABX 3 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Irrelevant Data
3 Address Bus FFFF 1 Low Byte of Restart Vector
ASLD 3 1 Opcode Address 1 Opcode
LSRD 2 | Opcode Address+ 1 1 Irrelevant Data
3 3 Address Bus FFFF 1 Low Byte of Restart Vector
DES 3 1 Opcode Address 1 Opcode
INS 2 Opcode Address+ 1 1 Opcode of Next Instruction
3 Previous Stack Pointer Contents| 1 Irrelevant Data
INX 3 1 Opcode Address 1 Opcode
DEX 2 Opcode Address+ 1 1 Opcode of Next Instruction
3 Address Bus FFFF 1 Low Byte of Restart Vector
PSHA 3 1 Opcode Address 1 Opcode
PSHB 2 | Opcode Address+ 1 1 Opcode of Next Instruction
3 | Stack Pointer 0 | Accumulator Data
TSX 3 1 Opcode Address 1 Opcode
2 | Opcode Address+ 1 1 Opcode of Next instruction
3 Stack Pointer 1 Irrelevant Data
TXS 3 1 Opcode Address 1 Opcode
2 Opcode Address+ 1 1 Opcode of Next Instruction
3 | Address Bus FFFF 1 Low Byte of Restart Vector
PULA 4 1 Opcode Address 1 Opcode
PULB 2 Opcode Address + 1 1 Opcode of Next Instruction
3 | Stack Pointer 1 Irrelevant Data
4 | Stack Pointer+1 1 Operand Data from Stack
PSHX 4 1 Opcode Address 1 Opcode
2 | Opcode Address+1 1 Irrelevant Data
3 | Stack Pointer 0 | Index Register {(Low Order Byte)
4 | Stack Pointer—1 0 | Index Register (High Order Byte)
PULX 5 1 Opcode Address 1 Opcode
2 | Opcode Address+ 1 1 Irrelevant Data
3 | Stack Pointer 1 Irrelevant Data
4 | Stack Pointer+1 1 Index Register {High Order Byte)
5 Stack Pointer+2 1 Index Register {Low Order Byte)

2-230



MC6803E

TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 5 of 6)

Address Mode and Cyclel R/WI ]
Instructions Cycles| # Address Bus Line] Data Bus
INHERENT
RTS 5 1 Opcode Address 1 Opcode
2 Opcode Address +1 1 irrelevant Data
3 Stack Pointer 1 Irrelevant Data
4 Stack Pointer+1 1 Address of Next Instruction (High Order Byte)
5 Stack Pointer +2 1 Address of Next Instruction (Low Order Byte}
WAL 9 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Opcode of Next Instruction
3 Stack Pointer 0 Return Address (Low Order Byte)
4 Stack Pointer—1 0 Return Address (High Order Byte)
5 Stack Pointer—2 0 Index Register (Low Order Byte)
6 Stack Pointer—3 0 Index Register (High Order Bytel
7 Stack Pointer—4 0 Contents of Accumulator A
8 | Stack Pointer-5 0 | Contents of Accumulator B
9 Stack Pointer—6 0 | Contents of Condition Code Register
MUL 10 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Irrelevant Data
3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Address Bus FFFF 1 Low Byte of Restart Vector
5 Address Bus FFFF 1 Low Byte of Restart Vector
6 Address Bus FFFF 1 Low Byte of Restart Vector
7 Address Bus FFFF 1 Low Byte of Restart Vector
8 Address Bus FFFF 1 Low Byte of Restart Vector
9 Address Bus FFFF 1 Low Byte of Restart Vector
10 | Address Bus FFFF 1 Low Byte of Restart Vector
RTI 10 1 Opcode Address 1 Opcode
2 | Opcode Address + 1 1 Irrelevant Data
3 Stack Pointer 1 Irrelevant Data
4 | Stack Pointer+1 1 Contents of Condition Code Register from Stack
5 Stack Pointer+2 1 Contents of Accumulator B from Stack
6 | Stack Pointer+3 1 Contents of Accumulator A from Stack
7 Stack Pointer+4 1 Index Register from Stack {High Order Byte)
8 Stack Pointer +5 1 Index Register from Stack (Low Order Byte)
9 Stack Pointer+6 1 Next Instruction Address from Stack (High Order Byte)
10 | Stack Pointer+7 1 Next Instruction Address from Stack {Low Order Byte)
SwWi 12 1 Opcode Address 1 Opcode
2 Opcode Address+ 1 1 Irrelevant Data
3 Stack Pointer 0 Return Address (Low Order Bytel
4 | Stack Pointer—1 0 | Return Address (High Order Byte)
5 Stack Pointer—2 0 [ Index Register (Low Order Byte)
6 Stack Pointer—3 o] Index Register (High Order Byte}
7 Stack Pointer—4 0 | Contents of Accumulator A
8 Stack Pointer—5 0 | Contents of Accumulator B
9 | Stack Pointer—6 0 | Contents of Condition Code Register
10 | Stack Pointer—7 1 Irrelevant Data
11 | Vector Address FFFA (Hex) 1 Address of Subroutine (High Order Byte)
12 | Vector Address FFFB (Hex) 1 Address of Subroutine (Low Order Byte)
RELATIVE
BCC BHT BNE' BLO 3 1 Opcode Address 1 | Opcode
BCS BLE BPL BHS 2 Opcode Address+1 1 Branch Offset
BEQ BLS BRA BRN 3 Address Buss FFFF 1 Low Byte of Restast Vector
BGE BLT BVC
BGT BMI BVS
BSR 6 1 Opcode Address 1 Opcode
2 | Opcode Address+ 1 1 Branch Offset
3 | Address Bus FFFF 1 Low Byte of Restart Vector
4 | Subroutine Starting Address 1 Opcode of Next Instruction
5 [ Stack Pointer 0 | Return Address (Low Order Byte)
6 Stack Pointer—1 0 Return Address (High Order Byte)
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 6 of 6)

Address Mode and Cycle R/W
tnstructions Cycles| # Address Bus Line Data Bus
RELATIVE

BCC BHT BNE BLO 3 1 Opcode Address 1 Opcode

BCS BLE BPL BHS 2 | Opcode Address+ 1 1 Branch Offset

BEQ BLS BRA BRN 3 Address Buss FFFF 1 Low Byte of Restart Vector

BGE BLT BVC

BGT BM! BVS

BSR 6 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Branch Offset
3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Subroutine Starting Address 1 Opcode of Next Instruction
5 Stack Pointer o} Return Address (Low Order Byte}
6 Stack Pointer—1 0 Return Address {High Order Byte)
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MC6809

8-BIT MICROPROCESSING UNIT

The MCB809 is a revolutionary high-performance 8-bit microprocessor
which supports modern programming techniques such as position indepen-
dence, reentrancy, and modular programming.

This third-generation addition to the M6800 Family has major architectural
improvements which include additional registers, instructions, and addressing
modes.

The basic instructions of any computer are greatly enhanced by the
presence of powerful addressing modes. The MC6809 has the most complete
set of addressing modes available on any 8-bit microprocessor today.

The MC6809 has hardware and software features which make it an ideal
processor for higher level language execution or standard controller applica-
tions.

MC6800 COMPATIBLE
® Hardware — Interfaces with All M6800 Peripherals
@® Software — Upward Source Code Compatible Instruction Set and
Addressing Modes

ARCHITECTURAL FEATURES
® Two 16-Bit Index Registers
® Two 16-Bit indexable Stack Pointers
® Two 8-Bit Accumulators can be Concatenated to Form One
16-Bit Accumuliator
® Direct Page Register Allows Direct Addressing Throughout Memory

HARDWARE FEATURES

® On-Chip Oscillator (Crystal Frequency =4 x E)

e DMA/BREQ Allows DMA Operation on Memory Refresh

@ Fast Interrupt Request Input Stacks Only Condition Code Register

and Program Counter

® MRDY Input Extends Data Access Times for Use with Slow
Memory
Interrupt Acknowledge Output Allows Vectoring by Devices
Sync Acknowledge Output Allows for Synchronization to External
Event
Single Bus-Cycle RESET
Single 5-Volt Supply Operation
NMI Inhibited After RESET Until After First Load of Stack Pointer
Early Address Valid Allows Use with Slower Memories
Early Write Data for Dynamic Memories

SOFTWARE FEATURES
® 10 Addressing Modes
® 6800 Upward Compatible Addressing Modes

Direct Addressing Anywhere in Memory Map
Long Relative Branches
Program Counter Relative
True Indirect Addressing
Expanded Indexed Addressing:

0-, 5, 8-, or 16-Bit Constant Offsets

8- or 16-Bit Accumulator Offsets

Auto Increment/Decrement by 1 or 2
Improved Stack Manipulation
1464 Instructions with Unique Addressing Modes
8 x 8 Unsigned Multiply
16-Bit Arithmetic
Transfer/Exchange All Registers
Push/Pull Any Registers or Any Set of Registers
Load Effective Address

HMOS

(HIGH DENSITY N-CHANNEL, SILICON-GATE)

8-BIT
MICROPROCESSING
UNIT

L SUFFIX
CERAMIC PACKAGE
CASE 715

P SUFFIX
PLASTIC PACKAGE
CASE 711

S SUFFIX
CERDIP PACKAGE
CASE 734

PIN ASSIGNMENT

vssll1 @~ 10 AATT
Mgz 39 I XTAL
TRQQ3 38 gEXTAL
FIRGQ4 37 ;m‘r
8s[5 36 {IMRDY
BAll6 35f1Q
veell7 34[]e
aolje 33 1BMA/BREG |
Allle R2[AR/W
A2[}10 31 [Joo
A3l 30 {101
Ad4fh2 29 {102
As[i3 28103
Asf]14 27 [104
A7l1s 26 [105
Asll16 25 106
Asl]17 24 Em
Atofhs 23 [1A15
A1 22 A4
A12ﬁ 20 21 pA3
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MAXIMUM RATINGS

Rating Symbol Value Unit Thisa
his device contains circuitry to protect the
-0. 7. \
Supply Voltage vVee 03t0 +70 inputs against damage due to high static
Input Voltage Vin —03tw0 +70 [ V voltages or electric fields; however, it is ad-
Operating Temperature Range TLto TH vised that normal precautions be taken to
MC6809, MC68A03, MC68B09 TA Oto +70 °C avoid application of any voltage higher than
MC6809C, MCBBA09C, MCB8B0OSC —40 10 +85 maximum rated voltages to this high im-
T ture Range T —8510 +150 | °C pedance circuit. Reliability of operation is
Storage ern{aera ure Hang | 9 ° enhanced if unused inputs are tied to an ap-
THERMAL CHARACTERISTICS propriate logic voltage levels {e.g., either
Characteristic Symbol Value Unit Vss or Vee)-
Thermal Resistance
Ceramic 50 o
Cerdip n 60 Ccrw
Plastic 100
POWER CONSIDERATIONS
The average chip-junction temperature, T j, in °C can be obtained from:
Ty=TA+(Ppeoya) 1

Where:
TA=Ambient Temperature, °C
0 =Package Thermal Resistance, Junction-to-Ambient, °C/W
PD=PINT+PPORT
PINT=IcCcx Ve, Watts — Chip Internal Power
PpORT = Port Power Dissipation, Watts — User Determined

For most applications PPORT <€ P|NT and can be neglected. PPORT may become significant if the device is configured to
drive Darlington bases or sink LED loads.

An approximate relationship between Pp and T (if PPORT is neglected) is:

Pp=K+(Tj+273°C) 2)
Solving equations 1 and 2 for K gives:
K =Ppe(TA +273°C) + 6 a®Pp2 3)

Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium)
for a known TA. Using this value of K the values of Pp and T can be obtained by solving equations (1) and (2) iteratively for any
value of TA.

ELECTRICAL CHARACTERISTICS (Vcc=5.0V +5%, Vgs=0, TA=T| to TH unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
. Logic, EXTAL ViH Vgg+2.0 - Vee v
Input High Voltage RESET VidR Vag+4.0 _ veo
Input Low Voltage Logic, EXTAL, RESET ViL Vss-03 ] — [ Vss+08| V
Input Leakage Current . . =

(Vin =010 5.25 V, Vcc=max) Logic lin - 25 A
dc Output High Voltage

(I oad= —205 kA, Vg =min) DO-D7 v Vgg+2.4 - - v

(ILoad = — 146 pA, Ve = min) A0-A15, R/W, Q, E OH | vgg+24 | — -

(I pad= — 100 pA, Ve =min) BA, BS Vgg+24 | — —

{ dc Output Low Voltage _ _

U1 0ad=2.0 mA, Ve =min) VoL Vss+05| Vv
Internal Power Dissipation (Measured at Tp=0°C in Steady State Operation) PINT - - 1.0 w
Capacitance *

Vin=0, TA=25°C, f=1.0 MHz) D0-D7, RESET | Cin - 10 15 pF
Logic Inputs, EXTAL, XTAL - 10 15
AO-A15, R/W, BA, BS Cout - — 15 pF
Frequency of Operation MC6809 0.4 - 4
(Crystal or External Input) MC68A0S fXTAL 0.4 - 6 MHz
MC68B09 0.4 — 8
Hi-Z (Off State) Input Current DO0-D7 | - 20 10 A
(Vin=0.4 10 2.4 V, V¢ C = max} A0-A15, R/W | TS - - 100 s

*Capacitances are periodically tested rather than 100% tested.
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FIGURE 1 — BUS TIMING

o~ —=0C !

> @ - O — @ >

R/W, Address,
BA, BS

Read Data X MPU Read Data
W @ Note 3

S
D) >

Write Data 1 4

BUS TIMING CHARACTERISTICS (See Notes 1 and 2)

. 68, MC688B! '
NIS:::;r Characteristics Symbol Mﬂcm‘&zx mg ?/Ioagx Mig Moagx Unit
1 Cycle Time {See Note 5) teyc 1.0 | 10 |0.667| 10 | 0.6 10 us
2 Pulse Width, E Low PWEL [ 430 | 5000 280 | 5000 ) 210 | 5000 | ns
3 Pulse Width, E High PWgy | 450 |15500] 280 |15700| 220 15700 ns
4 Clock Rise and Fall Time tr, 4 - 25 - 25 - 20 ns
5 Pulse Width, Q High PWQH | 430 | 5000 | 280 [ 5000 | 210 | 5000 | ns
6 Pulse Width, Q Low PWqr | 450 {15500| 280 }15700| 220 [15700 | ns
7 Delay Time, E to Q Rise tAVS [ 200 | 250 { 130 | 166 | 80 [ 126 | ns
9 Address Hold Time™ (See Note 4) tap [0 -] 20 -]2] - [ns
10 BA, BS, R/W, and Address Valid Time to0,Q Rise tAQ 50 — 25 - 15 - ns
17 Read Data Setup Time tDSR 80 - 60 - 40 - ns
18 | Read Data Hold Time™ WHR | 10 | - JWO ] -0}~ Ins
20 Data Delay Time from Q 1DDQ - {200 — | 40| — | 110 | ns
21 Write Data Hold Time " tpHW | 30 - 30 - 30 - ns
29 Usable Access Time (See Note 3) tACC | 695 — | 440 — [330] — ns
" R ot 6 o 8 g e | s [am |~ [wo |~ [wo] - [
Crystal Oscillator Start Time (Figures 6 and 7) tRC - 100 - 100 — | 100 ms
Processor Control Rise and Fall Time (Figures 6 and 8) PCr tPCf| — 100 ] — 100 )] — 100 | ns

* Address and data hold times are periodically tested rather than 100% tested.

NOTES:
1. Voltage levels shown are V| <0.4 V, V=24 V, unless otherwise specified.
2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified.
3. Usable accesg time is computed by: 1-4-7 max +10-17.
4. Hold time { ) for BA and BS is not specified.
5. Maximum teyc during MRDY or DMA/BREQ is 16 ps.
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FIGURE 2 — MC6309 EXPANDED BLOCK DIAGRAM

T D0-D7

AO-A15
* *
//16 s
‘> PC
< u
- S
Y
< X
~—of
bp cc
A
Y
ALU

Ve
<«—Vgg
y A
Instruction
Register
A
————— RESET
J r—— NMI
Interrupt « FIRQ
Control  fe——TRQ
A
DMA/BREQ

R/W
\ [——)
Bus fe——HALT
Control | 3.BA

AL _5ps
XTAL
le——EXTAL
Timing
l«—— MRDY

*
Internal Three-State Control

FIGURE 3 — BUS TIMING TEST LOAD

5.0V

“Mmpeiso S AL = 22K

or Equiv.
Test Point

MMD7000
or Equiv.

C = 30 pF for BA, BS
130 pF for DO-D7, E, Q
90 oF for AG-A15, R/W

R = 11.7 k@ for DO-D7

24 kQ for BA, BS

16.5 k@ for AO-A15, E, Q, R/W
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PROGRAMMING MODEL
As shown in Figure 4, the MCB809 adds three registers to
the set available in the MC6800. The added registers include
a direct page register, the user stack pointer, and a second
index register.

ACCUMULATORS (A, B, D)

The A and B registers are general purpose accumulators
which are used for arithmetic calculations and manipulation
of data.

Certain instructions concatenate the A and B registers to
form a single 16-bit accumuiator. This is referred to as the D
register, and is formed with the A register as the most signifi-
cant byte.

DIRECT PAGE REGISTER (DP)

The direct page register of the MC6809 serves to enhance
the direct addressing mode. The content of this register ap-
pears at the higher address outputs (A8-A15) during direct
addressing instruction execution. This allows the direct
mode to be used at any place in memory, under program
control. To ensure M6800 compatibility, all bits of this
register are cleared during processor reset.
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FIGURE 4 — PROGRAMMING MODEL OF THE MICROPROCESSING UNIT

X — Index Register

Y — Index Register

U — User Stack Pointer

Pointer Registers

S — Hardware Stack Pointer

PC Program Counter
A 1 8 Accumulators
D
7 0
I DP 1 Direct Page Register
7 0
E[F|H|[I|IN]Z]V]|C| CC— Condition Code Register

INDEX REGISTERS (X, Y)

The index registers are used in indexed mode of address-
ing. The 16-bit address in this register takes part in the
calculation of effective addresses. This address may be used
to point to data directly or may be modified by an optional
constant or register offset. During some indexed modes, the
contents of the index register are incremented or decrement-
ed to point to the next item of tabular type data. All four
pointer registers (X, Y, U, S} may be used as index registers.

STACK POINTER (U,S)

The hardware stack pointer (S) is used automatically by
the processor during subroutine calls and interrupts. The
stack pointers of the MCB8809 point to the top of the stack, in
contrast to the MCB800 stack pointer, which pointed to the
next free location on the stack. The user stack pointer (U) is
controlled exclusively by the programmer. This allows
arguments to be passed to and from subroutines with ease.
Both stack pointers have the same indexed mode addressing
capabilities as the X and Y registers, but also support Push
and Pull instructions. This allows the MC6809 to be used effi-
ciently as a stack processor, greatly enhancing its ability to
support higher level languages and modular programming.

PROGRAM COUNTER

The program counter is used by the processor to point to
the address of the next instruction to be executed by the pro-
cessor. Relative addressing is provided allowing the program
counter to be used like an index register in some situations.

CONDITION CODE REGISTER

The condition code register defines the state of the pro-
cessor at any given time. See Figure 5.
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FIGURE 5 — CONDITION CODE REGISTER FORMAT

e[F[n] N[ 2]v]<]

— Carry

Overflow

‘———— Zero
Negative
IRQ Mask
Half Carry
FIRQ Mask
Entire Flag

CONDITION CODE REGISTER
DESCRIPTION
BIT 0(C)

Bit O is the carry flag, and is usually the carry from the
binary ALU. C is also used to represent a 'borrow’ from
subtract-like instructions (CMP, NEG, SUB, SBC) and is the
complement of the carry from the binary ALU.

BIT 1 (V)

Bit 1 is the overflow flag, and is set to a one by an opera-
tion which causes a signed twos complement arithmetic
overflow. This overflow is detected in an operation in which
the carry from the MSB in the ALU does not match the carry
from the MSB-1.

BIT 2 (2)
Bit 2 is the zero flag, and is set to a one if the result of the
previous operation was identically zero.
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BIT 3 (N)

Bit 3 is the negative flag, which contains exactly the value
of the MSB of the result of the preceding operation. Thus, a
negative twos-complement result will leave N set to a one.

BIT 4 (1)

Bit 4 is the IRQ mask bit. The processor will not recognize
interrupts from the TRQ line if this bit is set to a one. NMI,
FIRQ, IRQ, RESET, and SWI all set | to a one. SWI2 and
SWI3 do not affect I.

BIT 5 (H)

Bit b is the half-carry bit, and is used to indicate a carry
from bit 3 in the ALU as a result of an 8-bit addition only
(ADC or ADD). This bit is used by the DAA instruction to
perform a BCD decimal add adjust operation. The state of
this flag is undefined in all subtract-like instructidhs.

BIT 6 (F)
Bit 6 is the FIRQ mask bit. The processor will not

recognize interrupts from the FIRQ line if this bit is a one.
NMI, FIRQ, SWI, and RESET all set F to a one. IRQ, SWI2,

and SWI3 do not affect F.

BIT 7 (E)

Bit 7 is the entire flag, and when set to a one indicates that
the complete machine state (all the registers) was stacked,
as opposed to the subset state (PC and CC). The E bit of the
stacked CC is used on a return from interrupt (RTI) to deter-
mine the extent of the unstacking. Therefore, the current E
left in the condition code register represents past action.

PIN DESCRIPTIONS

POWER (Vss, Vee)
Two pins are used to supply power to the part: Vgg is
ground or 0 volts, while Vcgis +5.0V +5%.

ADDRESS BUS (A0-A15)

Sixteen pins are used to output address information from
the MPU onto the address bus. When the processor does
not require the bus for a data transfer, it will output address
FFFF16, R/W = 1, and BS = 0; thisis a “dummy access’’ or
VMA cycle. Addresses are valid on the rising edge of Q. All
address bus drivers are made high impedance when output
bus available (BA) is high. Each pin will drive one Schottky
TTL load or four LSTTL loads, and 90 pF.

DATA BUS (D0-D7)

These eight pins provide communication with the system
bidirectional data bus. Each pin will drive one Schottky TTL
load or four LSTTL loads, and 130 pF.
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READ/WRITE (R/W)

This signal indicates the direction of data transfer on the
data bus. A low indicates that the MPU is writing data onto
the data bus. R/W is made high impedance when BA is
high. R/W is valid on the rising edge of Q.

RESET

A low level on this Schmitt-trigger input for greater than
one bus cycle will reset the MPU, as shown in Figure 6. The
reset vectors are fetched from locations FFFE16 and FFFF16
(Table 1) when interrupt acknowledge is true, (BA®BS=1).
During initial power on, the RESET line should be held low
until the clock oscillator is fully operational. See Figure 7.

Because the MC68G9 RESET pin has a Schmitt-trigger in-
put with a threshold voltage higher than that of standard
peripherals, a simple R/C network may be used to reset the
entire system. This higher threshold voltage ensures that all
peripherals are out of the reset state before the processor.

HALT

A low level on this input pin will cause the MPU to stop
running at the end of the present instruction and remain
halted indefinitely without loss of data. When halted, the BA
output is driven high indicating the buses are high im-
pedance. BS is also high which indicates the processor is in
the halt or bus grant state. While halted, the MPU will not
respond to external real-time requests (FIRQ, TRQ) although
DMA/BREQ will always be accepted, and NMT or RESET will
be latched for later response. During the hait state, Q and E
continue to run normally. If the MPU is not running (RESET,
DMA/BREQ), a halted state {(BA®BS = 1) can be achieved by
pulling HALT low while RESET s still low. If DMA/BREQ
and HALT are both pulled low, the processor will reach the
last cycle of the instruction (by reverse cycle stealing) where
the machine will the become halted. See Figure 8.

BUS AVAILABLE, BUS STATUS (BA, BS)

The bus available output is an indication of an internal
control signal which makes the MOS buses of the MPU high
impedance. This signal does not imply that the bus will be
available for more than one cycle. When BA goes low, a
dead cycle will elapse before the MPU acquires the bus.

The bus status output signal, when decoded with BA,
represents the MPU state (valid with leading edge of Q).

MPU State MPU State Definition
BA BS

0 0 Normal (Running)

0 1 Interrupt or Reset Acknowledge
1 0 Sync Acknowledge

1 1 Halt or Bus Grant Acknowledge
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FIGURE 6 — RESET TIMING

vVee AVce min. n+l n+2 n+3 n+4 n+5 n+6 n+7 n+8 m+1 m+2 m+3 m+4 m+5 m+6 m+7 m+8 m+9 m+10
P Pt I P — PP —

>
T VIHR
A,

tPCr

New PC+1

Address DD(
Bus m g5 See Note 3

FFFE FFFE FFFE FFFE FFFE FFFF FFFF New PC

FFFF FFFF New PC

RN New e e G e e - N — ~C
Hi Byte VMA Hi Byte VMA
Data
Bus ’ : New PC First New PC First
BA _\‘mﬁ\\\\\& Low Byte Instruction ‘ Lo Byte Instruction

GEANNANANANANNNNY

NOTES: 1. Parts with date codes prefixed by 7F or 5A will come out of RESET one cycle sooner than shown.
2. Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted.
3. FFFE appears on the bus during RESET low time. Following the active transition of the RESET line, three more FFFE cycles will appear followed
by the vector fetch.

S
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FIGURE 7 — CRYSTAL CONNECTIONS AND OSCILLATOR START UP

D).
vee %‘ vee mn. &€
E LT

(€S

RESET

b) VIHR
0 Vi
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NOTE: Waveform measurements for all inputs and outputs are specified at logic high 2.0 V and logic low 0.8 V unless otherwise specified

MC8809
Y1 Cin C 38 Y1 39
8 MHz 18 pF 18 pF D
6 MHz 20 pF 20 pF
4 MHz 24 pF 24 pF

Cout

1B
)

38 Nominal Crystal Parameters
.| | 39
L 3.58 MHz 4.00 MHz 6.0 MHz 8.0 MHz
Rs 60 Q 50Q 30-50 @ 20-40 Q@
L1 co 3.5 pF 6.5 pF 4-6 pF 4.6 pF
- c1 Rs 39 C1 0.015 pF 0.025 pF 0.01-0.02 pF 0.01-0.02 pF
/ Q >40k >30k >20k >20k
{CT All parameters are 10%

NOTE: These are representative AT-cut crystal parameters only. Crystals of other
types of cut may also be used.

Typical PC Board Layout
for Crystal Area
I(‘ 20 mm max. 4)‘
WLy patisy;
A
/7

C] [crystald fcL K/

i0p : T

Other Signals
Not Wired in
a8 This Area.

39
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FIGURE 8 — HALT AND SINGLE INSTRUCTION
EXECUTION FOR SYSTEM DEBUG

2nd To Last
Last Cycle
Cycle Of of
Current Current  Dead

Dead Inst Instruction Dead

Inst. Inst Cycle Halted Cycle 1Eetch Execute; Cycle | Halted

tPCs tPCS
pCt tPCr pCt
HALT » ViL /I ViH
T > Tetpes
Bus ’
Fetch _Execute
v X XX
<
BA / o \ /
£ ¢
=32

BS /

Data

~___ 7/

XX X )—%—

Bus

Instruction
Opcode

NOTE: Waveform measurements for all inputs and outputs are specified at logic high 2.0 V and logic low 0.8 V unless otherwise specified.

INTERRUPT ACKNOWLEDGE is indicated during both
cycles of a hardware-vector-fetch (RESET, NMI, FIRQ, TRQ,
SWI, SWI2, SWI3). This signal, plus decoding of the lower
four address lines, can provide the user with an indication of
which interrupt level is being serviced and allow vectoring by
device. See Table 1.

SYNC ACKNOWLEDGE is indicated while the MPU is
waiting for external synchronization on an interrupt line.

HALT/BUS GRANT is true when the MC6809 is in a halt
or bus grant condition.

TABLE 1 — MEMORY MAP FOR INTERRUPT VECTORS

Memory Map For
Vector Locations Interrupt Vector
Description

MS LS
FFFE FFFF RESET
FFFC FFFD NMI
FFFA FFFB SWi
FFF8 FFF9 iRQ
FFF6 FFF7 FIRQ
FFF4 FFF5 SwWi2
FFF2 FFF3 SWI3
FFFO FFF1 Reserved

NON MASKABLE INTERRUPT (NMI) *
A negative transition on this input requests that a non-
maskable interrupt sequence be generated. A non-maskable

interrupt cannot be inhibited by the program, and also has a
higher priority than FIRQ, TRQ, or software interrupts. Dur-
ing recognition of an NMI, the entire machine state is saved
on the hardware stack. After reset, an NMi will not be recog-
nized untit the first program load of the hardware stack
pointer (S}. The pulse width of NMI low must be at least one
E cycle. If the NMi input does not meet the minimum set up
with respect to Q, the interrupt will not be recognized until
the next cycle. See Figure 9.

FAST-INTERRUPT REQUEST (FIRQ)*

A low level on this input pin will initiate a fast interrupt se-
quence, provided its mask bit (F) in the CC is clear. This se-
quence has priority over the standard interrupt reguest
(IRQ), and is fast in the sense that it stacks only the contents
of the condition code register and the program counter. The
interrupt service routine should clear the source of the inter-
rupt before doing an RTI. See Figure 10.

INTERRUPT REQUEST (IRQ)*

A low level input on this pin will initiate an interrupt re-
quest sequence provided the mask bit (1) in the CC is clear.
Since TRQ stacks the entire machine state it provides a
slower response to interrupts than FIRQ. TRQ also has a
lower priority than FIRQ. Again, the interrupt service routine
should clear the source of the interrupt before doing an RTI.
See Figure 9.

*NMI, FIRQ, and TRQ requests are sampled on the faliing edge of Q. One cycle is required for synchronization before these interrupts are recog-
nized. The pending interrupt(s) will not be serviced until completion of the current instruction unless a SYNC or CWAI condition is present. If IRQ
and FIRQ do not remain low until completion of the current instruction they may not be recognized. However, NM\ is latched and need only re-
main low for one cycle. No interrupts are recognized or latched between the falling edge of RESET and the rising edge of BS indicating

RESET acknowledge.
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FIGURE 9 — IRQ AND NMI INTERRUPT TIMING

Last cycle

of Current Instruction

Instruction Fetch

je—»l Interrupt Stacking and Vector Fetch Sequence >la—>|
fm=2|m=1} m |m+1|m+2|m+3|m+4|m+5|m+6|m+7| m+8|m+9|m+10|m+11|m+12|m+13[m+14|m+15|m+16]m+17|m+18] n | n+1 |

S I [ s [ s e [ e I A I
ST VO I U e e Y e Y A I I Y O B O R B
Address I

X__X
FEFD FFFF New New

ae XX X O C X X 0 X X C X X X X X X XXX
PC  PC FFFF SP—1 SP-2 SP-3 SP—-4 SP-5 SP-6 SP—7 SP-8 SP-9SP—10SP—11SP—12 FFFF  FEEC
wes (NMD) (NMI) PC PC+1
TRQor - (ﬁJEESRO) FEF9
VT (IRQ)
paa XX X X X X X X XXX XX ) G S SR G S |

VMA PCL PCH USL USH YL IYH XL IXH DP ACCB ACCA CCR VMA New New VMA

PCH PCL
RIw X XY \ /
8a X\
es DT\ S

3l [ e e A s o Yy I o IO

NOTE: Waveform measurements for all inputs and outputs are specified at logic high=2.0 V and logic low= 0.8 V unless otherwise specified.
*
E clock shown for reference only.
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FIGURE 10 — FIRQ INTERRUPT TIMING

Last Cycle
of Current Instruction
Instruction Interrupt Stacking and Vector Fetch Sequence Fetch
ol Il
= Ll € >
| m-2 | m-1 | m | m+1 | m+2 | m+3 | m+4 | m+5 | m+6 l m+7 | m+8 | m+9 | n+1 I n+

SN I U T U
S I ) I B v
g GED Gl Gl G D G G |

PC PC FFFF SP—1  SP—2  SP-3  SFFFF  SFFF6  SFFF7  SFFFF  New PC New PC+1

tPCs

FIRQ

Data:)C:X:(—‘X_X—X_—X)(XJ()(X_“X_X__

VMA  New PCH New PCL  VMA

v X ) \ _/

D G G\ T\

NOTE: Waveform measurements for all inputs and outputs are specified at logic high=2.0 V and logic low=0.8 V unless otherwise specified.
*E clock shown for reference only.
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XTAL, EXTAL

These inputs are used to connect the on-chip oscillator to
an external parallel-resonant crystal. Alternately, the pin
EXTAL may be used as a TTL level input for external timing
by grounding XTAL. The crystal or external frequency is four
times the bus frequency. See Figure 7. Proper RF layout
techniques should be observed in the layout of printed circuit
boards.

E, Q

E is similar to the MC8800 bus timing signal phase 2; Qis a
quadrature clock signal which leads E. Q has no parrallel on
the MCB800. Addresses from the MPU will be valid with the
leading edge of Q. Data is latched on the falling edge of E.
Timing for E and Q is shown in Figure 11.

MRDY*

This input control signal allows stretching of E and Q to
extend data-access time. E and Q operate normally while
MRDY is high. When MRDY is low, E and Q may be stretch-
ed in integral multiples of quarter (%) bus cycles, thus allow-
ing interface to slow memories, as shown in Figure 12(a).
During non-valid memory access (VMA cycles), MRDY has
no effect on stretching E and Q; this inhibits slowing the pro-
cessor during “‘don’t care”’ bus accesses. MRDY may also be
used to stretch clocks (for stow memory) when bus control
has been transferred to an external device (through the use
of HALT and DMA/BREQ).

NOTE

Four of the early production mask sets {G7F, TbA,
P6F, T6M) require synchronization of the MRDY input
with the 4f clock. The synchronization necessitates an
external oscillator as shown in Figure 12(b). The
negative transition of the MRDY signal, normally
derived from the chip select decoding, must meet the
tpcs timing. With these four mask sets, MRDY's
positive transition must occur with the rising edge of
4f.

In addition, on these same mask sets, MRDY will
not stretch the E and Q signals if the machine is ex-
ecuting either a TFR or EXG instruction during the
HALT high-to-low transition. If the MPU executes a
CWAI instruction, the machine pushes the internal

registers onto the stack and then awaits an interrupt.
During this waiting period, it is possible to place the
MPU into a halt mode to three-state the machine, but
MRDY will not stretch the clocks.

The mask set for a particular part may be determined by
examining the markings on top of the part. Below the part
number is a string of characters. The first two characters are
the last two characters of the mask set code. If there are only
four digits the part is the G7F mask set. The last four digits,
the date code, show when the part was manufactured.
These four digits represent year and week. For example a

ceramic part marked:

MCB800L
5A8012

_

is a TBA mask set made the twelfth week of 1980.

DMA/BREQ”

The DMA7BREQ input provides a method of suspending
execution and acquiring the MPU bus for another use, as
shown in Figure 13. Typical uses include DMA and dynamic
memory refresh.

A low level on this pin will stop instruction execution at the
end of the current cycle unless pre-empted by self-refresh.
The MPU will acknowledge DMA/BREQ by setting BA and
BS to a one. The requesting device will now have up to 15
bus cycles before the MPU retrieves the bus for self-refresh.
Self-refresh requires one bus cycle with a leading and trailing
dead cycle. See Figure 14. The self-refresh counter is only
cleared if DMA/BREQ is inactive for two or more MPU
cycles.

Typically, the DMA controller will request to use the bus
by asserting DMA/BREQ pin low on the leading edge of E.
When the MPU replies by setting BA and BS to a one, that
cycle will be a dead cycle used to transfer bus mastership to
the DMA controller.

False memory accesses may be prevented during any dead
cycles by developing a system DMAVMA signal which is
LOW in any cycle when BA has changed.

FIGURE 11 — E/Q RELATIONSHIP

Start of Cycle
|
|

|
E N osv

End of Cycle (Latch Data)

_/

|
|e—tavs

| Address Valid

NOTE: Waveform measurements for all inputs and outputs are specified at logic high 2.0 V and logic low 0.8 V unless otherwise specified.

* The on-board clock generator furnishes E and Q to both the system and the MPU. When MRDY is pulled low, both the system clocks and the
internal MPU clocks are stretched. Assertion of DMA/BREQ input stops the internal MPU clocks while allowing the external system clocks to
RUN li.e., release the bus to a DMA controller). The internal MPU clocks resume operation after DMA/BREQ is released or after 16 bus cycles
{14 DMA, two dead), whichever occurs first. While DMA/BREQ is asserted it is sometimes necessary to pull MRDY low to allow DMA

to/ from slow memory/ peripherals. As both MRDY and DMA/BREQ control the internal MPU clocks, care must be exercised not to violate
the maximum teyc specification for MRDY or DMA/BREQ. (Maximum tgyc during MRDY or DMA/BREQ is 16 ps.)
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When BA goes low (either as a result of DMA/BREQ =
HIGH or MPU self-refresh), the DMA device should be taken
off the bus Another dead cycle will elapse before the MPU
accesses memory to allow transfer of bus mastership
without contention.

MPU OPERATION

During normal operation, the MPU fetches an instruction
from memory and then executes the requested function.

FIGURE 12 — MRDY TIMING AN
{a) Timing

-/
TN\

This sequence begins after RESET and is repeated indefinite-
ly unless altered by a special instruction or hardware occur-
rence. Software instructions that alter normal MPU opera-
tion are: SWI, SWI2, SWI3, CWAI, RT, and SYNC. An in-
terrupt, HALT, or DMA/BREQ can also alter the normal ex-
ecution of instructions. Figure 16 illustrates the flowchart for
the MC6809.

D SYNCHRONIZATION

{ b ]
N (¢ \ /
| W -
| X
D) /
CC

le——>— tpCS

MRDY

AN

(b) Synchronization

4.0 MHz 5 6
Oscillator
XTAC130 74LS04
EXTAL|38 ¢
Part of l
MCB80%  mppy|36 MRDY Stretch a CLR <
y | MRDY
A -
7474 Synchronization
[p)
+5 PR
Active Low X J
Chip Select P
for Slow 14
Memory or Values
Peripheral f a2 R/Ci Chosen
74121 c as Req'd
pic; 10
I
5| =1
_{ B a
By
MRDY Stretch
Stretch = 0.7 RC
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FIGURE 13 — TYPICAL DMA TIMING (<14 CYCLES)

- Dead MPU

Yy

————— MPYU ——»{&¢———— Dead J: DMA

f /TN

/N S S S

e \\\\") i
B

[€—tpCg l€—1PCS
|

BA, BS _41‘ taQ \
—
-
D

N
ADDR /
(MPY)

ADDR /
{DMAC) \

FIGURE 14 — AUTO-REFRESH DMA TIMING (> 14 CYCLES)
(REVERSE CYCLE STEALING)

IDead!< 14 DMA Cycles ;!DeadlMPUlDeadL—DMA——»

|
SvATERES M ]
| |
|
|

oruw_w_nmu—uwpﬁip-d;uw

BA, BS |/

oVAVEA® __V/ '\I' 72 U 20 S
|

* DMAVMA is a signal which is developed externally, but is a system requirement for DMA. Refer to Application Note AN-820

NOTE: Waveform measurements for all inputs and outputs are specified at logic high 2.0 V and logic low 0.8 V unless otherwise specified.
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FIGURE 15 — FLOWCHART FOR MC6808 INSTRUCTIONS

Save BA, BS

RESET
Sequence

Stack PC, U, Y,
X, DP, B, A, CC

Cir NMI Logic

Resume,
Processing
For 1 E Cycle

(Vector) —»-PC
NMmi | FFFC
swi_| FFra
R | Frr8
FiRa_| FFF6
swi2 | FFF4 [—1] [—=1] [—1]
swi3 | FFF2 I
0—>85

Bus State BA | BS
Running

interrupt or Reset Acknowledge
Sync Acknowledge
Halt or Bus Grant Acknowledge

=l-lojo
—|o|=]o

Note: Asserting RESET wilf result in entering the reset sequence from any point in the flowchart.
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ADDRESSING MODES

The basic instructions of any computer are greatly enhanc-
ed by the presence of powerful addressing modes. The
MCB809 has the most complete set of addressing modes
available on any microcomputer today. For example, the
MC6809 has 59 basic instructions; however, it recognizes
1464 different variations of instructions and addressing
modes. The addressing modes support modern program-
ming techniques. The following addressing modes are avail-
able on the MC8809:

Inherent (includes accumulator)

Immediate

Extended

Extended Indirect

Direct

Register

Indexed

Zero-Offset
Constant Offset
Accumulator Offset
Auto Increment/ Decrement
Indexed Indirect
Relative
Short/Long Relative Branching
Program Counter Relative Addressing

INHERENT (INCLUDES ACCUMULATOR)

In this addressing mode, the opcode of the instruction
contains all the address information necessary. Examples of
inherent addressing are: ABX, DAA, SWI, ASRA, and
CLRB.

IMMEDIATE ADDRESSING

In immediate addressing, the effective address of the data
is the location immediately following the opcode li.e., the
data to be used in the instruction immediately following the
opcode of the instruction). The MC6809 uses both 8- and
16-bit immediate values depending on the size of argument
specified by the opcode. Examples of instructions with im-
mediate addressing are:

LDA #$20
LDX #$F000
LDY #CAT
NOTE

# signifies Immediate addressing; $ signifies hexa-

decimal value.

EXTENDED ADDRESSING

In extended addressing, the contents of the two bytes im-
mediately following the opcode fully specify the 16-bit effec-
tive address used by the instruction. Note that the address
generated by an extended instruction defines an absolute
address and is not position independent. Examples of ex-
tended addressing include:

LDA CAT
STX MOUSE
LDD -~ $2000
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EXTENDED INDIRECT — As in the special case of indexed
addressing (discussed below), one level of indirection may
be added to extended addressing. In extended indirect, the
two bytes following the postbyte of an indexed instruction
contain the address of the data.

LDA [CAT]
LDX [$FFFE]
STU [DOG)

DIRECT ADDRESSING

Direct addressing is similar to extended addressing except
that only one byte of address follows the opcode. This byte
specifies the lower eight bits of the address to be used. The
upper eight bits of the address are supplied by the direct
page register. Since only one byte of address is required in
direct addressing, this mode requires less memory and
executes faster than extended addressing. Of course, only
256 locations (oné page) can be accessed without redefining
the contents of the DP register. Since the DP register is set
to $00 on reset, direct addressing on the MC6809.is compati-
ble with direct addressing on the M6800. Indirection is not
allowed in direct addressing. Some examples of direct
addressing are:

LDA $30

SETDP $10 {assembler directive)
LDB $1030

LDD < CAT

) NOTE
< is an assembler directive which forces direct
addressing.

REGISTER ADDRESSING

Some opcodes are followed by a byte that defines a
register or set of registers to be used by the instruction. This
is called a postbyte. Some examples of register addressing
are:

TFR X, Y Transfers X into Y

EXG A B Exchanges A with B

PSHS A, B, X,Y PushY, X, Band Aonto S
PULU X, Y,D Pull D, X, and Y from U

INDEXED ADDRESSING

In all indexed addressing, one of the pointer registers {X,
Y, U, S, and sometimes PC) is used in a calculation of the ef-
fective address of the operand to be used by the instruction.
Five basic types of indexing are available and are discussed
below. The postbyte of an indexed instruction specifies the
basic type and variation of the addressing mode as well as
the pointer register to be used. Figure 16 lists the legal for-
mats for the postbyte. Table 2 gives the assembler form and
the number of cycles and bytes added to the basic values for
indexed addressing for each variation.
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FIGURE 16 — INDEXED ADDRESSING POSTBYTE

ZERO-OFFSET INDEXED — In this mode, the selected

REGISTER BIT ASSIGNMENTS pointer register contains the effective address of the data to
Postbyte Register Bit Indexed be used by the ir\struction, This is the fastest indexing mode.
TS TETaT 3 T2 770 Addressing Examples are:
Mode LDD  0O,X
Ol R[R|[d]|] d|[d]d]| d]|EA= R+ 5BitOffset LDA S
1/ R|RjO]J]O]O]O]O R+
1fRIR]iJO]Jo]o} R+ + CONSTANT OFFSET INDEXED — In this mode, a twos-
1T RIRTOo]Jolol1]o -R complement offset and the contents of one of the pointer
T RrRIRrR] 1 lolol1]l —_R registers are added to form the effective address of the
1TRIRI iTlol1lolo EA — R +0 Offset operand. T'he pointer register’s initial content is unchanged
T R|R[i]0]1]0]1][EA=,R+ ACCB Offset by the addition. ,
TTRIRT T 0171110 EA= R+ ACCA Offset Three sizes of ofisets are available:
i R|IR| ] 1] 0]0] 0] EA=_,R +8Bit Offset g E;I :‘ 128“:021?)27)
1 R| R i 1 [V ¢} 1] EA = ,R +16 Bit Offset 5
1 Rl R i 1 0 1 1 EA = ,R +D Offset 16 bit (~32768 1o + 32_767) L. X
T x % TT 710 0 EA= PC 38810t The twos complemgm 5-bit offsgt is |_ncluded in the post-
- : - byte and, therefore, is most efficient in use of bytes and
1 X X i 1 1 0 1 | EA = ,PC + 16 Bit Offset 3 A K .
- cycles. The twos complement 8-bit offset is contained in a
i ALR = L I EA = [,Address] single byte following the postbyte. The twos complement
| Addressing Mode Field 16-bit offset is in the two bytes following the postbyte. In
most cases the programmer need not be concerned with the
Indirect Field size of this offset since the assembler will select the optimal
(Sign bit when by = 0) size automatically.
Examples of constant-offset indexing are:
o ) LDA 23,X
.\sgns(t)gr F1e>|<d: RR LDX -2,8
x = Don't Care 01 ; Y LDY 300,X
d = Offset Bit 0=U LDU  CATY
P = 0=Not Indirect; 1M1 =8
1= Indirect
TABLE 2 — INDEXED ADDRESSING MODE
Non Indirect Indirect
Type Forms Assembler Postbyte +|+ Assembler Postbyte + 1+
Form Opcode ~| # Form Opcode ~| ¥
Constant Offset From R No Offset R 1RR0O0100 0j0 [,R] 1RR10100 3(0
(2s Complement Offsets) 5-Bit Offset n, R ORRnnnnn 110 defaults to 8-bit
8-Bit Offset n, R TRR01000 1{1 [n, R 1RR11000 411
16-Bit Offset n, R 1RR01001 412 [n, R} 1RR11001 712
Accumulator Offset From R A Register Offset A R 1RR00110 110 A, R] 1RR10110 4]0
(2s Complement Offsets) B Register Offset B, R 1RR00101 | 1]0 (8, Al 1RR10101 | 4]0
D Register Offset D, R 1RR01011 410 {D, Rl 1RR11011 710
Auto Increment/Decrement R Increment By 1 R+ 1RR00000 2{0 not allowed
Increment By 2 R+ + 1RR0000T [ 3]0 [ LR++1 T 1RRI0001 [ 6]0
Decrement By 1 ,—R 1RR00010 210 not allowed
Decrement By 2 ,——R 1RR00011 3|0 [,——R] 1RR10011 6|0
Constant Offset From PC 8-Bit Offset n, PCR 1xx01100 111 {n, PCRI] 1xx11100 411
(2s Complement Offsets) 16-Bit Offset n, PCR 1x01101_| 512 [ In, PCRI 1xx11101_[ 872
Extended Indirect 16-Bit Address - — —| = {n] 10011111 512
R=X,Y, U, orS RR:
x = Don't Care 00=X
01=Y
10=U
11=S

+ . . . . .
:and P indicate the number of additional cycles and bytes for the particular variation.
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ACCUMULATOR-OFFSET INDEXED — This mode is
similar to constant offset indexed except that the twos-
complement value in one of the accumulators (A, B, or D)
and the contents of one of the pointer registers are added to
form the effective address of the operand. The contents of
both the accumulator and the pointer register are unchanged
by the addition. The postbyte specifies which accumulator
to use as an offset and no additional bytes are required. The
advantage of an accumulator offset is that the value of the
offset can be calculated by a program at run-time.

Some examples are:

LDA B.Y
LDX DY
LEAX B,X

AUTO INCREMENT/DECREMENT INDEXED — In the
auto increment addressing mode, the pointer register con-
tains the address of the operand. Then, after the pointer
register is used it is incremented by one or two. This address-
ing mode is useful in stepping through tables, moving data,
or for the creation of software stacks. In auto decrement, the
pointer register is decremented prior to use as the address of
the data. The use of auto decrement is similar to that of auto
increment; but the tables, etc., are scanned from the high to
low addresses. The size of the increment/ decrement can be
either one or two to allow for tables of either 8- or 16-bit data
to be accessed and is selectable by the programmer. The
pre-decrement, post-increment nature of these modes
allows them to be used to create additional software stacks
that behave identically to the U and S stacks.

Some examples of the auto increment/decrement ad-
dressing modes are:

LDA X+
STD N+ +
LDB =Y
LDX ,— =S

Care should be taken in performing operations on 16-bit
pointer registers (X, Y, U, S) where the same register is used
to calculate the effective address.

Consider the following instruction:

STX 0,X+ + (X initialized to 0)
The desired result is to store zero in locations $0000 and
$0001 then increment X to point to $0002. In reality, the
following occurs:

O—temp calculate the EA; temp is a holding register
X+2-+X perform auto increment
X—(temp) do store operation

INDEXED INDIRECT — All of the indexing modes, with
the exception of auto increment/decrement by one or a
+4-bit offset, may have an additional level of indirection
specified. In indirect addressing, the effective address is con-
tained at the location specified by the contents of the index
register plus any offset. In the example below, the A ac-
cumulator is loaded indirectly using an effective address
calculated from the index register and an offset.
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Before Execution
A=XX (don’t care)

X =$F000
$0100 LDA [$10,X] EA is now $F010
$F010 $F1 $F150 is now the
$FO11 $50 new EA
$F150 $AA

After Execution
A=$AA Actual Data Loaded
X=$F000
All modes of indexed indirect are included except those
which are meaningless (e.g., auto increment/decrement by
one indirect). Some examples of indexed indirect are:

LDA  [X]
LDD [10,S]
LDA [B,Y]
LDD . [ X+ +]

RELATIVE ADDRESSING

The byte(s) following the branch opcode is (are) treated as
a signed offset which may be added to the program counter.
If the branch condition is true, then the calculated address
(PC + signed offset) is loaded into the program counter.
Program execution continues at the new location as in-
dicated by the PC; short (one byte offset) and long (two
bytes offset) relative addressing modes are available. All of
memory can be reached in long relative addressing as an ef-
fective address is interpreted moduio 216. Some examples of
relative addressing are:

BEQ CAT (short)
BGT DOG (short)
CAT LBEQ RAT (long)
DOG LBGT RABBIT  (long)
L]
L]
L]
RAT NOP
RABBIT  NOP

PROGRAM COUNTER RELATIVE — The PC can be used
as the pointer register with 8- or 16-bit signed offsets. As in
relative addressing, the offset is added to the current PC to
create the effective address. The effective address is then
used as the address of the operand or data. Program counter
relative addressing is used for writing position independent
programs. Tables related to a particular routine will maintain

the same relationship after the routine is moved, if
referenced relative to the program counter. Examples are:
LDA CAT, PCR
LEAX  TABLE, PCR

Since program counter relative is a type of indexing, an
additional level of indirection is available.
LDA [CAT, PCRI
LDU [DOG, PCRI]



MC6809

INSTRUCTION SET

The instruction set of the MCB809E is similar to that of the
MC6800 and is upward compatible at the source code level.
The number of opcodes has been reduced from 72 to 569, but
because of the expanded architecture and additional ad-
dressing modes, the number of available opcodes (with dif-
ferent addressing modes) has risen from 197 to 1464.

Some of the new instructions are described in detail
below.

PSHU/PSHS

The push instructions have the capability of pushing onto
either the hardware stack (S) or user stack (U) any single
register or set of registers with a single instruction.

PULU/PULS

The pull instructions have the same capability of the push
instruction, in reverse order. The byte immediately following
the push or pull opcode determines which register or
registers are to be pushed or pulled. The actual push/ pull se-
quence is fixed; each bit defines a unique register to push or
pull, as shown below.

Push/Pull Postbyte Stacking Order

| I | | l I l | Pull Order
|
| L ccn ce
A A
L s B
L DPR bP
% X Hi
Y X LO_
S/u Y Hi
pC Y Lo
U/S Hi
U/S Lo
PC Hi
PC Lo
Push Order
Increasing
Memory

TFR/EXG

Within the MCB809E, any register may be transferred to or
exchanged with another of like size, i.e., 8 bit to 8 bit or 16
bit to 16 bit. Bits 4-7 of postbye define the source register,
while bits 0-3 represent the destination register. These are
denoted as follows:

Transfer/Exchange Postbyte

Source Destination
Rbarhad AP

Register Field

0000=D (A:B} 1000=A
0001=X 1001=8
0010=Y 1010=CCR
0011=U 1011=DPR
0100=S5
0101=PC
NOTE
All other combinations are undefined and INVALID.
LEAX/LEAY/LEAU/LEAS

The LEA (load effective address) works by calculating the
effective address used in an indexed instruction and stores
that address value, rather than the data at that address, in a
pointer register. This makes all the features of the internal
addressing hardware available to the programmer. Some of
the implications of this instruction are illustrated in Table 3.

The LEA instruction also allows the user to access data
and tables in a position independent manner. For example:

LEAX  MSG1, PCR
LBSR  PDATA (print message routine)
.
.
MSG1 FCC '"MESSAGE’

This sample program prints: 'MESSAGE'. By writing
MSG1, PCR, the assembler computes the distance between
the present address and MSG1. This result is placed as a
constant into the LEAX instruction which will be indexed
from the PC value at the time of execution. No matter where
the code is located when it is executed, the computed offset
from the PC will put the absolute address of MSG1 into the X
pointer register. This code is totally position independent.

The LEA instructions are very powerful and use an internal
holding register (temp). Care must be exercised when using
the LEA instructions with the auto increment and auto
decrement addressing modes due to the sequence of internal
operations. The LEA internal sequence is outlined as follows:

LEAa ,b+ (any of the 16-bit pointer registers X, Y,
U, or S may be substituted for a and b)

1. b—temp (calculate the EA)

2. b+1—b (modify b, postincrement)

3. temp—a (load a)

LEAa ,-b

1. b—1—temp {calculate EA with predecrement)

2. b—1—b (modify b, predecrement)

3. temp—a (load a)

TABLE 3 — LEA EXAMPLES

Instruction Operation Comment
LEAX 10, X} X+ 10 — X Adds 5-Bit Constant 10 to X
LEAX 500, X | X + 500 — X Adds 16-Bit Constant 500 to X
LEAY A Y| Y+ A —Y Adds 8-Bit A Accumulator to Y
LEAY D,Y|Y+D —Y Adds 16-Bit D Accumulator to Y
LEAU-10,U | U-10 — U Substracts 10 from U
LEAS -10,S | S-10 —S Used to Reserve Area on Stack
LEAS 10,S | S+10 —S Used to ‘Clean Up' Stack
LEAX 5,S | S+5 -—+=X Transfers As Well As Adds
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Auto increment-by-two and auto decrement-by-two instruc-
tions work similarly. Note that LEAX ,X+ does not change
X; however, LEAX, — X does decrement; LEAX 1, X should
be used to increment X by one.

MUL

Multiplies the unsigned binary numbers in the A and B ac-
cumulator and places the unsigned result into the 16-bit D
accumulator. The unsigned multiply also allows multiple-
precision muitiplications.

LONG AND SHORT RELATIVE BRANCHES

The MCB809 has the capability of program counter relative
branching throughout the entire memory map. In this mode,
if the branch is to be taken, the 8- or 16-bit signed offset is
added to the value of the program counter to be used as the
effective address. This allows the program to branch
anywhere in the 64K memory map. Position-independent
code can be easily generated through the use of relative
branching. Both short (8-bit) and long (16-bit) branches are
available.

SYNC

After encountering a sync instruction, the MPU enters a
sync state, stops processing instructions, and waits for an
interrupt. If the pending interrupt is non-maskable (NMi) or
maskable (FTRQ, IRQ) with its mask bit (F or |) clear, the pro-
cessor will clear the sync state and perform the normal inter-
rupt stacking and service routine. Since FTIRQ and IRQ are
not edge-triggered, a low level with a minimum duration of
three bus cycles is required to assure that the interrupt will
be taken. If the pending interrupt is maskable (FIRQ, RQ)
with its mask bit (F or 1} set, the processor will clear the sync
state and continue processing by executing the next in-line
instruction. Figure 18 depicts sync timing.

SOFTWARE INTERRUPTS

A software interrupt is an instruction which will cause an
interrupt and its associated vector fetch. These software in-
terrupts are useful in operating system calls, software
debugging, trace operations, memory mapping, and soft-
ware development systems. Three levels of SWI are available
on the MC6809, and are prioritized in the following order:
SWI, SWI2, SWI3.

16-BIT OPERATION

The MC6809 has the capability of processing 16-bit data.
These instructions include loads, stores, compares, adds,
subtracts, transfers, exchanges, pushes, and pulls.

CYCLE-BY-CYCLE OPERATION

The address bus cycle-by-cycle performance chart (Figure
18) illustrates the memory-access sequence corresponding
to each possible instruction and addressing mode in the
MC6809. Each instruction begins with an opcode fetch.
While that opcode is being internally decoded, the next pro-
gram byte is always fetched. {(Most instructions will use the
next byte, so this technique considerably speeds through-
put.) Next, the operation of each opcode will follow the
flowchart. VMA is an indication of FFFF1g on the address
bus, R/W=1 and BS=0. The following examples illustrate
the use of the chart.
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Example 1: LBSR (Branch Taken)
Before Execution SP= FO00

L]
$8000 LBSR CAT

$A000 CAT

CYCLE-BY-CYCLE FLOW

Cycle # | Address | Data |R/W|Description

1 8000 17 1 |Opcode Fetch

2 8001 20 1 |Offset High Byte

3 8002 00 1 |Offset Low Byte

4 FFFF * 1 |VMA Cycle

5 FFFF * 1 |VMA Cycle

6 A000 * 1 |Computed Branch Address

7 FFFF * 1 |VMA Cycle

8 EFFF 80 0 |Stack High Order Byte of
Return Address

9 EFFE 03 0 (Stack Low Order Byte of
Return Address

Example 2: DEC (Extended)
$8000 DEC $A000

$AB000 $80

CYCLE-BY-CYCLE FLOW

Cycle # | Address| Data |R/W|Description
1 8000 7A 1 |Opcode Fetch
2 8001 A0 1 |Operand Address, High Byte
3 8002 00 1 |Operand Address, Low Byte
4 FFFF | * 1 |VMA Cycle
5 A000 80 1 |Read the Data
6 CFFFF | * 1 |VMA Cycle
7 A000 7F 0 .|Store the Decremented Data

*The data bus has the data at that particular address.

INSTRUCTION SET TABLES

The instructions of the MC6809 have been broken down
into five different categories. They are as follows:

8-bit operation (Table 4)

16-bit operation (Table 5)

Index register/stack pointer instructions (Table 6)

Relative branches (long or short) (Table 7)

Miscellaneous instructions (Table 8)

Hexadecimal values for the instructions are given in

Table 9.

PROGRAMMING AID

Figure 19 contains a compilation of data that will assist in
programming the MC6808.
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FIGURE 17 — SYNC TIMING

Last

Cycle Of  Sync Last Cycle

Previous Opcode of Sync  Instruct
Instruction,  Fetch |

\ Inst. Fetch = Execute \ 33 Sync Acknowledge | ony
! el

XXX Xy 2 XXX

Address
See Note 1

ome XXX XD %2 (XXX

See Note 2

)
Ol

B
=
j

=
£

—»’ k- tPCS
NOTES:

1. if the associated mask bit is set when the interrupt is requested, this cycle will be an instruction fetch from address location PC + 1. However, if the in-
terrupt is accepted (NMI_or an_unmasked FIRQ or TRQ) interrupt processing continues with this cycle as m on Figures 9 and 10 {Interrupt Timing}
If mask bits are clear, IRQ and FIRQ must be held low for three cycles to guarantee interrupt to be taken, although only one cycle is necessary to bring

2.
the processor out of SYNC.
3. Waveform measurements for all inputs and outputs are specified at logic high 2.0 V and logic low 0.8 V unless otherwise specified.
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FIGURE 18 — CYCLE-BY-CYCLE PERFORMANCE (Sheet 1 of 5)

Opcode Fetch
NNNN

Opcode=
10 or 117

Opcode, 2nd Byte
NNNN + 1

2nd Byte=
10 or 112

Relative Addi

Mode r @

BCC, BCS, BEQ, BGE, BGT, BHI,

B8HS, BLE, BLD, BLS, BLT, BMI,

BNE, BPL, BRA, 8RN,

BSR, BVC, BVS Offset
NNNN + 1

NNNN +2(3)

FFFF

NOTES!
1. Each state shows:

Data Bus Offset High
Address Bus NNNN +1(2)

Address NNNN is location of opcode.

N

Take

3. If opcode is a two byte opcode subsequent Branch?

addresses are in parenthesis (—) y
Don't Care

4. Two-byte opcodes are highiighted. No

Sub. Dest. Addr

_Don‘l Care
FFFF

Return Addr Low

Return Addr. High
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FIGURE 18 — CYCLE-BY-CYCLE PERFORMANCE {Sheet 2 of 5)

Inherent Addressing Mode

NNNN + 1

Don't Care

NNNN+ 1

Don't Care

ASLA/B
ASRA/B
CLRA/B
COMA/B

TSTA/8

Don't Care

MuUL squ RTH SYNC CWAll —
[TComicae | [ oonicae ] [ omicee ] [ oontcae | [ Tccmesc ] o Condrion
| IECIOEEEN B TR A T | [ e | TR | st it
' Stack
T
[ oonicae | [ oovicae ] [ cen ] [ oonicare ] v
[ Fr 1 e ] [Csee ] — [z || [ pontcere |
1 [ |

FFFF

Don’t Care

PC High

Yes

1 Stack )}

[ ARegister |

|
]

[ sex ]

[ oonicare |

[ User stack Low]

[ sax |

[ 8Regisier |

|
T

—y

Don't Care

FFFF

FFFF

[ user Stack High |

Stack |
]

Y Register Low

¥ Register High

Stack

X Register Low

X Register High

Direct Page
Register

Direct Page
Register

Stack

X Register High

X ﬁegls!&l Low

Y Register High

Stack

[User stack Hign |

Condition
Code Register

User Stack Low

PC High

Stack

[ Pcrow ]

FFFF

Interrupt
Vector Kigh

FREX

i

interrupt
Vector Low

FFFX+1

Don’t Care

Don't Care

Interrupt
Present?

Interrupt
Present?

Tnierropt

- Vector High
PC High
FFFX

Interrupt
User Stack Low Vector Low

[ swe FFFX+1
[GserStack Fign] | £ Don't Care

Sack |

F

]
[ |

L

Y Register Low

Y Register High

—x Register Low

X Register High

Direct Page
Register

Stack
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FIGURE 18 — CYCLE-BY-CYCLE PERFORMANCE {Sheet 3 of 5)

immediate Addressing Mode

TFRL

PULY
PULS

EXGI

Post Byte
NNNN+ 1

Post Byte
NNNN+ 1

Post Byte
NNNN+1

¥

Don't Care

[ ooricae |

PSHU
PSHS

NNNN + 1

Don't Care

FEFF

Don't Care

FEFF

Don't Care

FFFF Condition
Code Register

T

FRFF

Y Register Low

U/S Stack
Pointer High

Don't Care
FREF X Register High FFFE
Don't Care Don't Care Dor't Care Don't Care
FFFF 'Tegl!-eTm FEFE
Stack ¥

Don't Care

Direct Page.
Register

Stack

PC High

Stack

Pointer Low

U/S Stack
Pointer Low

Stack

U/S Stack J
]

Direct Page
Register

U7'S Stack
Pointer High

PC High

Stack

[ stk |

Stack

Condition
Y Register Low Code Register
[ secx |} Stack

Y Register High

All tasteuctions.
xcept
PSHU.
PSHS,
PULS.
TFR,
and
EXG

Direct
Addressing
Mode

NNNA - 1020

Erterdes
Lddressing
*ode

fgaress g

z
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FIGURE 18 — CYCLE-BY-CYCLE PERFORMANCE (Sheet 4 of 5)

5

Indexed Addressing Mode

NNNN + (2t

0 Ofiset
From R

NNNN +2(31

5 Bt Offset BBt Offset 76 5it Offset A7B Offset © Offset Tnc/Dec e/ Dec PCx 16-Bit Extended PCx8BI
From R From R From R From R From R Rby 1 Rby2 Offset Ingirect Offset
Don't Care Oftset Offset High [Toonicare ] Don't Care [[oonicare b [Toontcere ] rZ)"set High | | Address High Offset

| NNNN + 2(3) | NNNN + 2(3) I | NNNN + 2(3) | NNNN -+ 2(3)

NNNN + 213}

[ oovicae | [ oontcae | [Totsetion | [Toontcae | [Toontcae |

| RN N RN I I TREEl |

| Don't Care | I Don't Care | Offset Low I

_NNNN +2(3)

Address Low

NNNN +2(3)

Don't Care

|

I FEFF

NNNN + 3{4)

NNNN + 4(5}

FFFF

|| NNNN+314)I| FFFF | i |

NNNN +3(4)

Don’t Care

NNNN + 4(5)

FFFF

Don't Care
FFFE

Don't Care

NNNN +4(6)

FFFF

Don’t Care

NNNN + 3(4)

NNNN + 4(5)

L |

Indirect?

No

Indirect High
XXXX

Indirect Low
XXXX 41

Don't Care
FFFF

Constant Offset from R
No Offset
8-Bit Offset
16-Bit Offset

Accumuiator Offset from R
A Register Offset
B Register Offset
D Register Offset

Auto increment/ Decrement R
Tncrement by 2
Decrement by 2

Constant Otiset from PC
8-8it Offset
16-bit Offset

Extended Indirect
16-8it Address

XXXX

index Register
Index Register + Offset Byte

Index Register + Offset High Byte Offset Low Byte

Index Register + A Register
Index Register + B Register
Index Register + D Register

index Register "
Index Register —2

Program Counter + Offset Byte
Program Counter + Offset High Byte: Offset Low Byte

Address High Byte: Addres Low Byte

" The index register 1s incremented following the indexed access
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Effective Address i

FIGURE 18 — CYCLE-BY-CYCLE PERFORMANCE (Sheet 5 of 5)

ANDCC, P ADCA/B, STA/B ASL, ASR. TST TSR (EAS.
ORCC (Al Except ADDA/B, (Al Except CLR, COM, {AIl Except (Al Except | LEAV.
iimmediate | Immediate) ANDA/B, Immediate) DEC, INC, Immediate] immediate) | LEAX
Only BITA/B, LSL, LSR, LEAY
CMPA/B, immediatel NEG, ROL, lindexed Only!
EDRA/B, ADR (AIl SomiCare
LDA/B, Except
ORA/B, Immediate) Sub. Address
SBCA/B,
SUBA/B
Register High Register High Data Data [ oataHign ] [ Don't Care | [ Don'tCare |
write)_|'
NNNN=1 e €A €A [T en | [ e | [ Free |
EA
Register Low,
EA+1
EA EA
Effective Address (EA)
Constant Offset from R
No Offset Index Register
5-Bit Offset Index Register
8-Bit Offset Index Register + Post Byte
16-Bit Offset Index Register + Post Byte High: Post Byte Low
Accumulator Offset from R
A Register Offset Index Register + A Register
8 Register Offset Index Register + B Register
D Register Offset Index Register + O Register
Auto Increment/ Decrement R .
Increment by 1 Index Register,
Increment by 2 Index Register
Decrement by 1 Index Register — 1
Decrement by 2 Index Register - 2
Constant Offset from PC
8-Bit Offset Program Counter + Offset Byte
16-it Offset Program Counter + Offset High Byte. Otfset Low Bute
Direct Direct Page Register: Address Low
Extended Address High: Address Low
Immediate NNNN+ 1

* The index register is incremented following the indexed access
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TABLE 4 — 8-BIT ACCUMULATOR AND MEMORY INSTRUCTIONS
Mnemonic(s) Operation
ADCA, ADCB Add memory to accumulator with carry
ADDA, ADDB Add memory to accumulator
ANDA, ANDB And memory with accumulator

ASL, ASLA, ASLB

Arithmetic shift of accumulator or memory left

ASR, ASRA, ASRB

Arithmetic shift of accumulator or memory right

BITA, BITB Bit test memory with accumulator
CLR, CLRA, CLRB Clear accumulator or memory location
CMPA, CMPB Compare memory from accumulator

COM, COMA, COMB

Complement accumulator or memory location

DAA

Decimal adjust A accumulator

DEC, DECA, DECB

Decrement accumulator or memory location

EORA, EORB Exclusive or memory with accumulator

EXG R1, R2 Exchange R1 with R2 (R1, R2 = A, B, CC, DP)
INC, INCA, INCB Increment accumulator or memory location
LDA, LDB Load accumulator from memory

LSL, LSLA, LSLB

Logical shift left accumulator or memory location

LSR, LSRA, LSRB

Logical shift right accumulator or memory location

MUL Unsigned multiply (A x B — D)
NEG, NEGA, NEGB Negate accumulator or memory
ORA, ORB Or memory with accumuiator

ROL, ROLA, ROLB

Rotate accumulator or memory left

ROR, RORA, RORB

Rotate accumulator or memory right

SBCA, SBCB Subtract memory from accumulator with borrow
STA, STB Store accumulator to memory

SUBA, SUBB Subtract memory from accumulator

TST, TSTA, TSTB Test accumulator or memory location

TFR R1, R2 Transfer R1to R2 (R1, R2 = A, B, CC, DP)

NOTE: A, B, CC, or DP may be pushed to (pulled from) stack with either PSHS, PSHU
(PULS, PULV) instructions.

TABLE 5 — 16-BIT ACCUMULATOR AND MEMORY INSTRUCTIONS

Mnemonic(s) Operation
ADDD Add memory to D accumulator
CMPD Compare memory from D accumulator
EXG D, R Exchange D with X, Y, S, U, or PC
LDD Load D accumulator from memory
SEX Sign Extend B accumulator into A accumulator
STD Store D accumulator to memory
SUBD Subtract memory from D accumulator
TFR D, R Transfer D to X, Y, S, U, or PC
TFR R, D Transfer X, Y, S, U, or PC to D

NOTE: D may be pushed (pulled) to stack with either PSHS, PSHU (PULS,

PULU) instructions.
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TABLE 6 — INDEX REGISTER/STACK POINTER INSTRUCTIONS

Instruction Description
1 CMPS, CMPU Compare memory from stack pointer
CMPX, CMPY Compare memory from index register
EXG R1, R2 Exchange D, X, Y, X, U, or PCwith D, X Y, S, U, or PC
LEAS, LEAU Load effective address into stack pointer
LEAX, LEAY Load effective address into index register
LDS, LDU Load stack pointer from memory
LDX, LDY Load index register from memory
PSHS Push A, B, CC, DP, D, X, Y, U, or PC onto hardware stack
PSHU Push A, B, CC, DP, D, X, Y, S, or PC onto user stack
PULS Pult A, B, CC, DP, D, X, Y, U, or PC from hardware stack
PULU Pull A, B, CC, DP, D, X, Y, S, or PC from hardware stack
STS, STU Store stack pointer to memory
STX, STY Store index register to memory
TFR R1, R2 Transfer D, X, ¥, S, UorPCto D, X, Y, S, U, or PC
ABX Add B accumulator to X (unsigned)
TABLE 7 — BRANCH INSTRUCTIONS
Instruction [ Description
SIMPLE BRANCHES
BEQ, LBEQ Branch if equal
BNE, LBNE Branch if not equal
BMI, LBM! 8ranch if minus
BPL, LBPL Branch if plus
BCS, LBCS Branch if carry set.
BCC, LBCC Branch if carry clear
BVS, LBVS Branch if overflow set
BVC, LBVC Branch if overflow clear
SIGNED BRANCHES
BGT, LBGT Branch if greater (signed)
BVS, LBVS Branch if invalid 2s complement result
BGE, LBGE Branch if greater than or equal (signed)
BEQ, LBEQ Branch if equal
BNE, LBNE Branch if not equal
BLE, LBLE Branch if less than or equal (signed)
BVC, LBVC Branch if valid 2s complement resuit
BLT, LBLT Branch if less than (signed)
UNSIGNED BRANCHES
BHI, LBHI Branch if higher (unsigned}
BCC, LBCC Branch if higher or same {unsigned)
BHS, LBHS Branch if higher or same (unsigned)
BEQ, LBEQ Branch if equal
BNE, LBNE Branch if not equal
BLS, LBLS Branch if lower or same (unsigned)
‘BCS, LBCS Branch if lower (unsigned)
BLO, LBLO Branch if lower (unsigned)
OTHER BRANCHES
BSR, LBSR~ Branch to subroutine
BRA, LBRA Branch always
BRN, LBRN Branch never
TABLE 8 — MISCELLANEOUS INSTRUCTIONS
Instruction Description
ANDCC AND condition code register
CWAI AND condition code register, then wait for interrupt
NOP No operation
ORCC OR condition code register
JMP Jump
JSR Jump to subroutine
RTI Return from interrupt
RTS Return from subroutine

SWI, SWi2, SWi3

Software interrupt (absolute indirect)

SYNC

Synchronize with interrupt line
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TABLE 9 — HEXADECIMAL VALUES OF MACHINE CODES

OP | Mnem Mode | ~ # OP | Mnem Mode |~ # OP | Mnem Mode | ~ #
00 NEG Direct | 6 2 30 LEAX Indexed | 4+ | 2+ 60 NEG indexed |6+ | 2+
o1 | * 31 | LEAY 4+ 2+ ] 61 | * h

02 * 32 LEAS 4+ |2+ 62 | *

03 CoM 6 2 33 LEAU Indexed |4+ | 2+ 63 COM 6+ | 2+
04 LSR 6 2 34 PSHS Immed [5+ |2 64 LSR 6+ | 2+
05 * 35 PULS Immed |5+ |2 65 »

06 ROR 6 2 36 PSHU Immed |5+ |2 66 ROR 6+ | 2+
07 ASR 6 2 37 PULU Immed {6+ |2 67 ASR 6+ | 2+
08 ASL, LSL 6 2 38 | * - 68 ASL, LSL 6+ | 2+
09 ROL 6 2 39 RTS Inherent | & 1 69 ROL 6+ | 2+
0A DEC [ 2 3A ABX 3 1 6A DEC 6+ 2+
0B | * 3B | RTI 6/15] 1 6B | *

oc INC 6 2 3C CWAI 2202 6C INC 6+ 2+
0D | TST 6 2 30 MUL Inherent| 11 1 6D | TST 6+ | 2+
0E | JMP 3 2 3E * - 6E JMP JV 3+ | 2+
0F CLR Direct | 6 2 3F | SwWiI Inherent| 19 1 6F CLR indexed |6+ | 2+
10 Page 2 - — 40 NEGA Inherent ( 2 1 70 NEG Extended} 7 3
11 | Page3 - -1 - 4 | 7| x A

12 NOP Inherent | 2 1 42 * 72 *

13 SYNC Inherent| =4 | 1 43 COMA 2 1 73 CcoM 7 3
14 * 44 LSRA 2 1 74 LSR 7 3
15 * 45 * 7% | *

16 LBRA Relative | 5 3 46 RORA 2 1 76 ROR 7 3
17 LBSR Relative | 9 3 47 ASRA 2 1 77 ASR 7 3
18 * 48 ASLA, LSLA 2 1 78 ASL, LSL 7 3
19 DAA inherent | 2 1 43 ROLA 2 1 79 ROL 7 3
1A | ORCC Immed | 3 2 4A | DECA 2 1 7A | DEC 7 3
18 [ * N 48 | * 7B | *

1C ANDCC Immed | 3 2 4Cc INCA 2 1 7C INC 7 3
1D | SEX Inherent | 2 1 4D | TSTA 2 1 70 | TST 7 3
1€ EXG Immed | 8 2 4E * Y 7E JMP 7 4 3
1F TFR Immed | 6 2 4F CLRA Inherent| 2 1 7F CLR Extended| 7 3
20 BRA Relative | 3 2 50 NEGB Inherent | 2 1 80 SUBA Immed |2 2
21 BRN \ 3 2 51 * 81 CMPA 2 2
22 BHI 1 3 2 52 | * 82 SBCA 2 2
23 BLS 3 2 53 COMB 2 1 83 SUBD 4 3
24 BHS, BCC 3 2 54 LSRB 2 1 84 ANDA 2 2
25 BLO, BCS 3 2 55 | * 85 BITA 2 2
26 BNE 3 2 56 RORB 2 1 86 LDA 2 2
27 BEQ 3 2 57 ASRB 2 1 87 *

28 BVC 3 2 58 ASLB, LSLB 2 1 88 EORA 2 2
29 BVS 3 2 59 ROLB 2 1 89 ADCA 2 2
2A BPL 3 2 5A DECB 2 1 8A ORA 2 2
28 BMI 3 2 68 | * 8B | ADDA 2 2
2C | BGE 3 2 5C | INCB 2 1 8C [ CMPX immed |4 3
20 | BLT 3 2 5D | TSTB 2 1 8D | BSR Relative |7 2
2E 8GT 3 2 SE * \ 8E LDX immed |3 3
2F BLE Relative | 3 2 5F CLRB Inherent| 2 1 8F *

LEGEND:

~Number of MPU cycles (less possible push pull or indexed-mode cycles)
# Number of program bytes
* Denotes unused opcode
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TABLE 9 — HEXADECIMAL VALUES OF MACHINE CODES (CONTINUED)

OP  Mnem Mode | ~ | # 0P | Mnem Mode |~ ] # Jop [Mnem [ Mode [~ [#
9  SUBA Direct |4 2 co | suss Immed |2 2
91 CMPA A s |2 c1 | cmps 2 | 2 Page 2 and 3 Machine
92 SBCA 4 2 c2 | SBCB 2 2 Codes
93  SUBD 6 2 c3 | ADDD 4 3
9  ANDA 4 2 c4 | ANDB 2 2 1021 | LBRN Relative |5 4
9%  BITA 4 2 cs5 | BITB Immed |2 2 1022 | LBHI A |5 4
9% LDA 4 2 c6 | LDB Immed {2 2 1023 | LBLS 5(6) | 4
97  STA 4 2 c7 | * A 1024 | LBHS, LBCC 5(6) | 4
98  EORA 4 2 c8 | Eors 2 2 1025 | LBCS, LBLO 5(6) | 4
99  ADCA 4 2 C9 | ADCB 2 2 1026 | LBNE 5(6) | 4
9A  ORA 4 2 cA | ORB 2 2 1027 | LBEQ 56) | 4
98  ADDA 4 2 cB | AbDB 2 2 1028 { LBVC 5(6) | 4
9C  CMPX 6 2 cc| woo 3 3 1029 | LBVS 5(6) | 4
9D  JSR 7 2 co| * 102A | LBPL 5(6) | 4
9 LDX y (5 2 CE | LDU immed 3 | 3 102B | LBMI 5(6) [ 4
9F  STX Direct |5 2 CF | » 102C { LBGE 56) | 4
A0 SUBA Indexed |4+ | 2+ DO | SuBB D"fc‘ 4l 2 :ggg tgéTT \L gig: 4
Al CMPA A |4+ | 2+ B; g’g‘é’g j g 102F | LBLE Relative | 5(6) | 4
A2 SBCA 4+ | 2+ 03 | ADDD 6 3 103F | SWI2 Inherent |20 | 2
A3 SUBD 6+ | 2+ 1083 [ CMPD Immed |5 4
A4 ANDA 4+ | 2+ D4 | ANDB 1 2 | 108c|cmpy 5 |4
A5 BITA 4+ | 2+ D5 | BiT8 412 1 q0ee | Loy [

06 LDB 4 2 mmed |4 4
A6 LDA 4+ | 2+ 1083 | CMPD Direct |7 3
A7 STA 4+ | 2+ D7 | STB 41 2 1 osc|cmey 7 |3
A8  EORA 4+ | 2+ D8 | EORB 12 | 100 | LDy 6 |3
A9 ADCA 4+ | 2+ [D)i égga : ; 100F | STY Direct [6 | 3
AA  ORA 4+ | 2+ o8 | ADDB 4 5 10A3 | CMPD Indexed |7+ | 3+
AB  ADDA 4+ | 2+ oc | Lbb 5 2 10AC{ CMPY 7+ ] 3+
AC  CMPX 6+ | 2+ ‘o5 | s1o 5 3 10AE | LDY 6+ | 3+
AD JSR 7+ | 2+ bE DU Y 5 2 10AF|STY indexed |6+ | 3+
AE  LDX v s+ 2+ , 1083 | cmMPD Extended|8 | 4
AF STX Indexed |5+ | 2+ DF | STU Direct 15 | 2 ] yo8c|cmpy 8 |a

E0 | suBsB Indexed {4+ 2+ | 108E [LDY 7 4
BO SUBA Extended| 5 3 E1 | cmPB A |4+ 2+ | 108F|sTY Extended {7 4
B1  CMPA 5 3 E2 | sBCB 4+ 2+ | 10CE|LDS Immed |4 4
B2 SBCA 5 3 E3 | ADDD 6+ 2+ | 10DE|LDS Direct |6 3
B3 sSusD 7 3 E4 | ANDB 4+| 2+ | 10DF|STS Direct |6 3
B4 ANDA 5 3 E5 | BITB 4+ 2+ F 10EE [LDS Indexed |6+ | 3+
B5  BITA 5 3 £6 | LDB 4+ 2+ | 10€F [STS Indexed |6+ | 3+
B6 LDA 6 3 g7 | sTB 4+ 2+ | 10FE {LDS Extended|7 4
B7 STA 5 3 E8 | EORB 4+ 2+ | 10FF |STS Extended|7 4
B8 EORA 5 3 E9 ADCB 4+ 2+ | 113F |SWI3 Inherent | 20 2
B9  ADCA 5 3 EA | ORB 4+ 2+ | 1183 |cmPU Immed |5 4
BA ORA 5 3 EB | ADDB 4+ 2+ ] 118c|cmps Immed |5 4
BB  ADDA 5 3 EC | LDD 5+ 2+ | 1193 |[cMPU Direct |7 3
BC CMPX 7 3 eD | sTD 5+ 2+ [ 119C | CMPS Direct |7 3
BD JSR 8 3 EE LDU JV 5+ 2+ } 11A3|CMPU Indexed |7+ | 3+
BE LDX 6 3 EF | STU Indexed |5+ 2+ § 11ac|cmps Indexed |7+ | 3+
BF  8TX Extended| 6 3 0 | suss Extendedl 5 3 1183 | CMPU Extended |8 4

i1 | omes A s 3 11BC|CMPS Extended|8 4

F2 | sBcB 5 3

F3 | AbbD 7 3

F4 | ANDB 5 3

F5 | BITB 5 3

F6 | LDB 5 3

F7 | sTB 51 3
NOTE: All unused opcodes are both undefined F8 EORB 5 3

and illegal Fo ADCB 5 8

FA | ORB v |5 3

FB ADDB Extended| 5 3

FC LDD Extended| 6 3

FD [ sTD 61 3

FE [ LDU 6 3

FF | STU Extended| 6 3
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FIGURE 19 — PROGRAMMING AID

Addressing Modes
Immediate Direc Indexed Extended Inherent §|3/2|1]0
Instruction| Forms [Op | ~| #[ Op |~ #] Op] ~] #1Op| ~T #Op] ~] * Description HIN}lZ[V|C
ABX 3A{ 3| 1{B+ X=X (Unsigned) ofolele]e
ADC ADCA (89 |2 2[99 [a| 2| agfa+|2+[Ba[ 5] 3 A+M+C—A BB
ADCB Co |2 2) D[4 2] E9Qj4+|2+]F9] 5| 3 B+M+C—~B A RARARAR
ADD ADDA 88| 2| 2|9B |4 2| ABl4+|2+|BB| 5| 3 A+M—=A A RARERAR
ADDB cB |2 2| DB |4 2| EB|4+| 2+ | FB| B | 3 B+M—-B et
ADDD C314 3({ D36 2| E3|{6+]2+) F3] 7 3 D+M:M+1-D HRIRIRAR
AND ANDA |84 |21 2| 64 |4 | 2| Aa|4+|2+|Ba] 5] 3 AAM=A DBRER
ANDB |ca|2| 2| Da|a| 2| ealas+|2+|Fa| 5] 3 BAM—=B oftlt|ofe
ANDCC [1C | 3 2 CC A IMM—~CC 7
ASL ASLA 48| 2 1 A < lt|t]1lt
ASLB 884 2 1 B} 0 ARRRE R R
ASL 08 | 6 2) 686+t 2+ 78] 7 3 Mg bz bo RN R RN
ASR ASRA 47 2] 1 A — BIRDEE
ASRB 57| 2 1 B} 8lt]tyelt
ASR 07 |6 | 2| 67({6+{2+]77| 7| 3 M E[]Im 0 Dc 8lt|t]ef1
BIT BITA 85 | 2] 2| 95 |a] 2] as|as+][2+]|B5] 5] 3 Bit Test A (M A A) el1]t]o]e
BITB c5 |2 2| 0514 2| E5{4+[2+} FB| 5 3 Bit Test B (M A Bi * it [1{0fe
CLR CLRA aF| 2] 1]o-A «[0[1]0j0
CLRB 5F] 2| 1|o-B ejof1]|0]0
CLR OF |6 | 2| 6F |6+|2+| 7F| 7| 3 0-M elo]1{o]o
CMP CMPA 81 {2 21 9114 2| A1|4+[(2+|B1} B 3 Compare M from A gl
CcMPB Cl2| 2| D142 E1|4+(2+(F1 {5 |3 Compare M from B 8ltitfft
CMPD 0|56 4 10|73} 10(7+{3+]10]| 8] 4 Compare M:M + 1 from D el ]ttt
83 93 A3 B3
CMPS M5 4f 1|7 31 1M |7+[3+] 11| 8 4 Compare M:M + 1 from S M RERAREE
8C 9C AC BC
CMPU 1M ]5 41 v |7 3| M }7+]3+[ 11 [ 8 4 Compare M:M + 1 from U el
83 93 A3 83
CMPX 8C | 4 3[9C |6 2| AC|{6+|2+|BC| 7 3 Compare M:M + 1 from X el |ttt
CMPY 105 4) 10 |7 31 10]7+]3+)10] 8| 4 Compare M:M + 1 from Y ertit|t]t
8C 9C AC BC
COM COMA 43 2| 1]A-A eltft]o]n
COMB 53| 2 1 E—-B eltltloOf
COM 03 |6 | 2| 63[6+|2+] 73] 7] 3 M—M oft|tjolt
CWAI 3C [z20 2 CC A IMM~CC Wait for Interrupt 7
DAA 19 2] 1[Decimal Adjust A eftjtiof!
DEC DECA WAl 2| 1|A-T-A el
DECB Al 2| 1{B-1-8 elvitfi]e
DEC OA |6 | 2|6Al6+]2+]7A| 7| 3 M=1-M eltfi]u]e
EOR EORA 88 |2 2| 98 |4]| 2| AB[4+]2+|B8| 5| 3 AV¥M-A eftjt]{0O]e
EORB C81 2| 2| D8 |4 2| E8l4+{2+[FB| 5] 3 8%+ M-8 *lt[1[O]"
EXG RI,R2 [1e[8] 2 R1—R2Z ) efeje]efe
INC INCA ac| 2| V|A+1=A o]t
INCB 5¢| 2| 1|B+1-8B eftitftfe
INC OC 6 | 2| 6C|6+[2+{7C| 7] 3 M+1-M eltftit]e
IMP of [ 3] 2] ee[3+[2+[7eE( 4| 3 EAS-PC ofofefe]e
JSR 9D |7 ] 2{AD|7+|2+|BD| 8| 3 Jump to Subroutine ejo|eje
LD LDA 86 | 2| 2| 96 |4 | 2] A6|4+|2+|B6| 5| 3 M—A e[t]1]ofe
LDB c6|2| 2,06 |4| 2] E6|a+|2+|F6| 5| 3 M—B elt]t|ofe
LDD cc|3| 3| pc|5| 2| €Ec|5+|[2+|FC| 6] 3 M:M +1-D eft[t|o]e
LDS 10(4( 4710 (6| 3] 10[6+/3+[10{7](4 MM+1=3 eftitiofe
CE DE EE FE
LDU ce|3| 3| DE|5| 2| ee|s5+|2+|FE| 6] 3 MM+ 1-U eli|t|o]e
LOX 8E | 3| 3{ 9 |56 | 2| AE|[b+[2+|BE| 6| 3 MM+ 1=X e[t[1{0Ofe
LDY 0|4 411016 31 1W0{6+]3+} 10| 7 4 MM+ 1Y . 1|0fe
8E 9E AE BE
LEA LEAS 32[4a+] 2+ EA3-S ofef[ofe]e
LEAU 3l4a+] 2+ EA3-—U olefo]ele
LEAX 0| 4+| 2+ EAS~X ofeli]e]e
LEAY 3i|4a+| 2+ EA3-Y ele|t]efe
LEGEND: M Complement of M 1 Test and set if true, cleared otherwise
OP  Operation Code (Hexadecimal) —  Transfer Into ®  Not Affected
~  Number of MPU Cycles H  Half-carry (from bit 3) CC Condition Code Register
#  Number of Program Bytes N Negative (sign bit) : Concatenation
+  Arithmetic Plus Z  Zero result V  Logical or
- Arithmetic Minus V  Overflow, 2's complement A Logical and
e Multiply C  Carry from ALU %  Logical Exclusive or
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FIGURE 19 — PROGRAMMING AID (CONTINUED)

Addressing Modes
Immediate Direct Indexed1 Extended Inherent 5§|3]2]1]0
Instruction| Forms pl ~ [ #] Op] ~| #} Op| ~] #[ Op| ~] #Op{ ~ [ # Description H[N][Z[V[C
LSt LSLA 48| 2| 1 A o — RN IRERE
LSLB 58| 2| 1 B; O fefsfe]sfn
LSL 08| 6| 2| 68|6+| 2+| 78] 7| 3 M'T b ) el
LSR LSRA a2 A efofi]e]t
) 2| 0] s~ |«]ofi|+]:
LSR 04| 6| 2| 6al6+|2+f 74| 7| 3 b7 bop ¢ |ejo]r]e]t
MUL 3D} 11| 1 |AxB—D (Unsigned; oloft|e]9
NEG NEGA 40 2 1]A+1=-A 8ttt
NEGB 50| 2| 1|B+1-B gl fr]et
NEG 00| 6] 2| 60|6+2+] 70 7] 3 M+1=M AR IRERE
NOP 12 2 1 [No Operation oo oo e
OR ORA sal 2 [ 2] 9a] 4| 2| Aala+] 2+] BA] 5] 3 AV M=A ef1ft|o]e
ORB cal 2 | 2| oAl 4| 2| EAla+| 24| FA| 5| 3 BV M-=B eli[t|0]e
ORCC iA{ 3|2 CCV IMM=CC 7
PSH pSHS | 34[5+4] 2 Push Registers on S Stack elefotole
PSHU 36 |5+4] 2 Push Registers on U Stack sjejo]e e
PUL PULS 35]5+4 2 Pull Registers from S Stack o efe]e]e
PULU 37|5+4| 2 Pull Registers from U Stack oo fofele
ROL ROLA gl 2[1]A DEBBE
ROLB g9l 2|1 B}m et 1]t
ROL 09| 6] 2| 69|6+|2+| 79| 7] 3 Mo T b0 o
ROR RORA 4! 2| 1] A efi ]!
ROR 06| 6| 2| 66|6+|2+| 76| 7| 3 c by bo AERINERE
RTI 3B [6/19] 1 |Return From Interrupt 7
RTS 397 5 1 |Return from Subroutine oo (o je e
SBC SBCA 82| 2 | 2] 92| 4| 2| A2]d+|2+| B2| 6| 3 A-M-C—A slo[it]i]e
SBCB c2f 2 {2| D2 4| 2| €E2{4+|2+| F2| 5| 3 B-M-C—B CIERERERE
SEX 10| 2 | 1 [Sign Extend B into A o1t {110 ]|e
ST STA 97 4| 2| A7|a+| 2+| B7| 5] 3 A=M ey ftjo]e
STB D7| 4| 2| E7|4+|2+| F7| 5| 3 B—=M . eft]1]o]e
STD DD| 6| 2| ED|6+|2+| FD| 6| 3 DM M+1 eltfi]o]e
STS 10]6] 3[10[e+/3+]10] 7] 4 S—MM+1 et lilo]e
DF EF FF
STU DF| 5| 2| EF |6+| 2+| FF| 6| 3 U-MM=+1 el1]t]o
STX 9F | 5| 2| AF|B+|2+| BF| 6| 3 X=M:M+1 o1 {t]o]e
STY 06| 3]0 1017 4 Y=MM+1 efrf1]o]e
oF AF|6+| 34| BF
sus SUBA 80| 2 [2]|9 | 4| 2|A0|4+[2+|BO|5B] 3 A-M=A HERIRINERE
suBs cof 2 |2|oo|4a|2|c€cofa+]|2+|[FO| 5] 3 B-M-B AT IRERE
suBD |83]| 4 [3|93|6 | 2]|A3]6+|2+|B3| 7| 3 [D-M:M+1=D ot gt (1]t
SWI swi® 3F [ 19| 1 [Software Interrupt 1 oo fole]e
swi2b 10 | 20 | 2 [Software Interrupt 2 olefole e
3F
Swigb 11| 20 | 1 |Software Interrupt 3 oo oo e
3F
SYNC 13 | =4] 1 [Synchronize to Interrupt o o [o e ]e
TFR R1,R2 [1F| 6 [2 R1—R2Z ofofele]s
TST TSTA D] 2] 1 [TestA o[t ] ]oe
TSTB 50 2 | 1 |TestB ot ]t ]oe
TST oo|6|2]6D|6+|2+|7D| 7] 3 Test M o |t |t |ofe
NOTES:
1. This column gives a base cycle and byte count. To obtain total count, add the values obtained from the INDEXED ADDRESSING MODE table,
Table 2.

2. R1 and R2 may be any pair of 8 bit or any pair of 16 bit registers.
The 8 bit registers are: A, B, CC, DP
The 16 bit registers are: X, Y, U, S, D, PC
EA is the effective address.
The PSH and PUL instructions require 5 cycles plus 1 cycle for each byte pushed or pulled.
5(6) means: 5 cycles if branch not taken, 6 cycles if taken (Branch instructions).
SWI! sets | and F bits. SWI2 and SWI3 do not affect | and F.
Conditions Codes set as a direct result of the instruction.
Vaue of half-carry flag is undefined.
Special Case — Carry set if b7 is SET.

©OoNOO S
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FIGURE 19 — PROGRAMMING AID (CONTINUED}
Branch Instructions

Addressing Addressing
Mode Mode
Felalive_‘ 5]312[1]0 Relative | 312)110
Instruction| Forms | OP| ~5| # Description H|N|Z|V|C Instruction| Forms [OP{ ~5| # D ipti HINIZ|V|C
BCC BCC 24| 3 | 2 (Branch C=0 elejefeo]e BLS BLS 23| 3 | 2 |Branch Lower e|o|e|efe
LBCC 10 |56} 4 |Long Branch s|ejefele or Same
24 C=0 LBLS 10 ]56)! 4 |Long Branch Lower |e[efe e e
BCS BCS 2| 3 | 2 [Branch C=1 ofefe 3 or Same
LBCS 10 {56} 4 [Long Branch o|efof[o]fe BLT BLT 20| 3 | 2 |Branch<Zero s|eje|efe
25 C=1 LBLT 10 | 5i6)| 4 [Long Branch<Zero |e|e|e|e |
BEQ BEQ 27| 3 | 2 {Branchz=1 s|efofo]e 20
LBEQ 10 |56} 4 [Long Branch o(efefoie BMI BMI 2B( 3 [ 2 [Branch Minus elojofele
27 z=1 LBMI 10 |5(6}| 4 |Long Branch Minus |e (e fe] e |e
BGE BGE 2C| 3 | 2 |BranchzZero efofefe]" 28
LBGE 10|5(6)| 4 [Long Branchz=Zero | e |e|e]| el BNE BNE 26| 3 | 2 |Branchz=0 ole|ofe]e
2C LBNE 10 | 5(6)| 4 |Long Branch of(ofe]efe
BGT BGT 2E{ 3 | 2 |Branch>Zero efofe]ofe 2 Z=0
LBGT 10 |5(6}| 4 [Long Branch>Zero |s|e| e ol e BPL BPL 2A1 3 | 2 |Branch Plus ejejele
2€ LBPL 10 {5(6)| 4 {Long Branch Plus elojefefe
BHI BHI 22| 3| 2 [Branch Higher ol ele]o]e 2A
LBH! 10 [ 5(6)| 4 [Long Branch Higher | e { e e} el e BRA BRA 20| 3 | 2 |Branch Always sjleleleje
22 LBRA 16 5 { 3 [Long Branch Always (e |e|e s |e
BHS BHS 24| 3 | 2 |Branch Higher e|oio|s e BRN 8RN 21| 3 | 2 |Branch Never ele|o]efe
or Same LBRN 10| 5 | 4 [LongBranch Never |e|e (o] ]e
LBHS 10 | 5(6}| 4 |Long Branch Higher | e | || el e 21
24 or Same BSR BSR 80| 7 | 2 [Branch to Subroutine|s | e[ ]e [e
BLE BLE 2F| 3 | 2 [Branch=Zero ejofofefe LBSR 17| 9 { 3 [Long Branch 1o e(efefo e
LBLE 10 [5(6){ 4 |Long Branch=Zero [ e |e|e| el e Subroutine
2F BVC BvC 28] 3 | 2 |Branch V=0 TeleTe T
BLO BLO 26 3 | 2 {Branch lower ofejolele LBvC 10 |5(6)} 4 iLong Branch s|e|ofefe
LBLO 10 |5(6)| 4 iLong Branch Lower | | e e/ el e 28 V=0
5 BVS BVS %[ 3 | 2 [Branch v=1 Telel* "
LBVS 10 |5(6) | 4 |Long Branch slejofefe
29 V=1
SIMPLE BRANCHES SIMPLE CONDITIONAL BRANCHES (Notes 1-4)
oP ~ # Test True OoP False oP
BRA 20 3 2 N=1 BMI 28 BPL 2A
LBRA 16 5 3 Z=1 BEQ 27 BNE 26
BRN 21 3 2 V=1 8vs 29 BVC 28
LBRN 1021 5 4 C=1 BCS 25 BCC 24
BSR 8D 7 2
LBSR 17 9 3
UNSIGNED CONDITIONAL BRANCHES (Notes 1-4) SIGNED CONDITIONAL BRANCHES (Notes 1-4)
Test True opP False opP Test True OoP False oP
>m BH! 22 BLS 23 r>m BGT 2E BLE 2F
rzm BHS 24 BLO 25 rzm BGE 2C BLT 20
r=m BEQ 27 BNE 26 r=m BEQ 27 BNE 26
rsm BLS 23 BHI 22 rsm BLE 2F BGT 2E
r<m BLO 25 BHS 24 r<m BLT 20 BGE 2C
NOTES:

1. All conditional branches. have both short and long variations.

2. All short branches are two bytes and require three cycles.

3. All conditional long branches are formed by prefixing the short branch opcode with $10 and using a 16-bit destination offset.
4. All conditional long branches require four bytes and six cycles if the branch is taken or five cycles if the branch is not taken.

ORDERING INFORMATION

Package Order Package ’ Order
Type Frequency | Temperature Range Number Type Frequency | Temperature Range Number
Ceramic 1.0 MHz 0°C to 70°C MC6808L Cerdip 1.0 MHz 0°C to 70°C MC6809S
L Suffix 1.0 MHz —40°C t0 85°C MCB809CL S Suffix 1.0 MHz —40°C to 85°C MC6809CS
1.5 MHz 0°C to 70 °C MC68A09L 1.5 MHz 0°C to 70°C MCB8A09S
1.5 MHz —40°C to 85°C MC68A09CL 1.5 MHz —40°C to 85°C MCB68A09CS
2.0 MHz 0°C to 70 °C MC68B0IL 2.0 MHz 0°C to 70°C MC68B09S
2.0 MHz —40°C to0 85°C MC68BOSCL 2.0 MHz —40°C to 85°C MC68B0SCS
Plastic 1.0 MHz 0°C to 70°C MC6809P
P Suffix 1.0 MHz —40°C to 85°C MC6809CP
1.5 MHz 0°C to 70°C MC68AGSP
1.5 MHz —40°C 10 85°C MC68A0SCP
2.0 MHz 0°C to 70°C MC68B0O9P
2.0 MHz —40°C to 85°C MC68B0ICP
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MC6809E

8-BIT MICROPROCESSING UNIT

The MCB809E is a revolutionary high performance 8-bit microprocessor
which supports modern programming techniques such as position independ-
ence, reentrancy, and modular programming.

This third-generation addition to the M6800 Family has major architectural
improvements which include additional registers, instructions, and addressing
modes.

The basic instructions of any computer are greatly enhanced by the
presence of powerful addressing modes. The MCB809E has the most com-
plete set of addressing modes available on any 8-bit microprocessor today.

The MCB809E has hardware and software features which make it an ideal
processor for higher level language execution or standard controller applica-
tions. External clock inputs are provided to allow synchronization with
peripherals, systems, or other MPUs.

MC6800 COMPATIBLE
® Hardware — Interfaces with All MB800 Peripherals
® Software — Upward Source Code Compatible Instruction Set and

Addressing Modes
ARCHITECTURAL FEATURES
® Two 16-Bit Index Registers
® Two 16-Bit Indexable Stack Pointers
® Two 8-Bit Accumulators can be Concatenated to Form One 16-Bit
Accumulator
@ Direct Page Register Allows Direct Addressing Throughout Memory
HARDWARE FEATURES
® External Clock Inputs, E and Q, Allow Synchronization
TSC Input Controls Internal Bus Buffers
LIC Indicates Opcode Fetch
AVMA Allows Efficient Use of Common Resources in a Multiprocessor
System
® BUSY is a Status Line for Multiprocessing
® Fast Interrupt Reguest Input Stacks Only Condition Code Register and
Program Counter
Interrupt Acknowledge Output Allows Vectoring By Devices
Sync Acknowledge Output Allows for Synchronization to External Event
Single Bus-Cycle RESET
Single 5-Volt Supply Operation
NMI Inhibited After RESET Until After First Load of Stack Pointer
Early Address Valid Allows Use With Slower Memories
Early Write Data for Dynamic Memories
SOFTWARE FEATURES
® 10 Addressing Modes
* M6800 Upward Compatible Addressing Modes
* Direct Addressing Anywhere in Memory Map
* Long Relative Branches
* Program Counter Relative
*
L]

True Indirect Addressing
Expanded Indexed Addressing
0-, 5, 8-, or 16-Bit Constant Offsets
8- or 16-Bit Accumulator Offsets
Auto-Increment/Decrement by 1 or 2
Improved Stack Manipulation
1484 Instruction with Unique Addressing Modes
8 x 8 Unsigned Multiply
16-Bit Arithmetic
Transfer/Exchange All Registers
Push/Pull Any Registers or Any Set of Registers
Load Effective Address

(HIGH-DENSITY N-CHANNEL, SILICON-GATE)

8-BIT
MICROPROCESSING
UNIT

L SUFFIX
CERAMIC PACKAGE
CASE 715

P SUFFIX
PLASTIC PACKAGE
CASE 711

S SUFFIX
CERDIP PACKAGE
CASE 734

PIN ASSIGNMENT

vssl]' @ A\ 40fJHALT
Nmif 2 3sfITsc
TRaGQ3 38[ILIC
FIRGQ 4 37 ARESET
BsSQs 3BIAVMA
BA[le 35[0
veel? e
Aofle 33[ABUSY
N1 El 2pr