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MOTOROLA’S
MICROCONTROLLER AND MICROPROCESSOR
FAMILIES

Motorola manufactures the industry’s most complete selection of solid-state microcontroller units
(MCU) and microprocessor (MPU), providing the performance and design flexibility needed by
the design engineer.

Motorola’s family concept has been extremely popular in the MCU industry. This family concept
was pioneered with the introduction of the M6800 Family 1974. Four families have evolved from
the M6800 Family to fulfill expanding customer requirements. These families are the M68HC11,
M6801, M6805, and the M6804. Figure 1-1 illustrates the family evolution.

Numerous peripheral devices have been developed and are available to support the MCUs and
MPUs.

M68HC11/M6801/M6805/M6804 FAMILIES

The M68HC11 Family offers high performance in a single-chip MCU with Electronic Eraseable
Programmable Read Only Memory (EEPROM), a 16-bit timer, a Serial Communication Interface
(SCI), a Serial Peripheral Interface (SPI), and an 8-bit Analog-to-Digital (A/D) converter. The M6801
Family includes high performance in a single chip with Eraseable Programmable Read Only
Memory (EPROM) and SCI. The rapidly expanding M6805 Family is available in a variety of memory
and package sizes with various special Input/Output (I/O) functions. The M6805 is available in
High-Density N-Channel Metal Oxide Silicon (HMOS), Complementary Metal Oxide Silicon (CMOS),
and High-Density Complementary Metal Oxide Silicon (HCMOS). The M6804 Family now provides
the 8-bit processing capabilities that compete in the 4-bit price arena. A One Time Programmable
Read Only Memory (OTPROM) is also available in the M68HC11, M6804, and M6805 Families.

Technology

Motorola’s first MCUs and MPUs were produced in HMOS which offered a low cost single-chip
solution in high production volumes. CMOS was then introduced which offered very low power
consumption and a wide power supply tolerance at performance levels similar to HMOS. The
introduction of HCMOS offered the best of both worlds, with high-density and low power con-
sumption. Tables 1-1 and 1-2 list Motorola’s MCUs, MPUs, and peripheral product line by tech-
nology.

ROM Size

The mask ROM capacities of the present single-chip MCUs range from a low of 512 bytes in the
M6804 Family to a high of 8K in the M68HC11 Family. Refer to Table 1-3 through 1-7 to determine
what ROM is offered in the MCU product line. In selecting ROM size, the ROM usage efficiency
of the instruction set should be considered, along with the application to be programmed.
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Table 1-1. MCU/MPU Technology Listing

HMOS/NMOS HCMOS CMOS

MC6800 MC68705P3 MC68HC04.2 MCB8HSC05C4 MC146805E2
MC6801 MC68705P5 MC68HC04J3 MCB8HSC05C8 MC146805F2
MC6801U4 MC6805R2 MC68HC04P4 MC68HC705B5 MC146805G2
MC68701 MC6805R3 MC68HC704P4 MC68HC705C8
MC68701U4 MC68705R3 MCB8HCO05A6 MC68HC805C4
MC6802 MC68705R5 MC68HC05B4 MC68HC11A0
MC6803 MC6805S2 MC68HC0586 MCB8HC11A1
MC6803U4 MC6805S3 MC68HC805B6 MC68HC11A8
MC6804J1 MC68705S3 MC68HC05C2 MC68HC11D3
MC6804J2 MC6805U2 MC68HC05C3 MCB8HC11E1
MC6804P2 MC6805U3 MC68HC05C4 MCB8HC11E9
MC68704P2 MC68705U3 MC68HC05C8 MC68HC11F1
MC6805P2 MC68705U5 MC68HCO05C9 MC68HC711A8
MC6805P6 MC6809/9E MC68HCO5L6 MC68HC711D3

MC68HC05M4 MC68HC711E9

MC68HCO5P1 MC68HC811E2

MC68HCLO5C4

MC68HCLO5C8

Table 1-2. Peripheral Technology Listing
HMOS/NMOS HCMOS CMOS

MC6810 MC6821 MC68HC24 MC68HC34 MC146818
MC6840 MC6844 MC68HC99 MC146818A
MC6845 MC6850 MC146823
MC6852 MC6854
MC6898 MC68488
MC2672 MC2674

Non-Mask ROM Versions

EEPROM, EPROM, OTPROM, and/or non-ROM versions are offered in practically all single-chip
MCUs. These versions serve for limited to high volume applications, prototype debugging, and
field trials. EEPROM and OTPROM versions are available in the M6805 and M68HC11 Families.
EPROM versions are available in the M6805 and M6801 Families. Refer to Table 1-3 through 1-7
to determine what is offered in the MCU product line.

RAM Size

On-chip Random Access Memory (RAM) sizes range from 30 bytes in the M6804 Family to 512
bytes in M68HC11 Family. The M6805 has versions of 64, 104, 112, and 176 bytes. Architectures
such as the M68HC11, M6801, and M6805 Families, which permit multi-level subroutines plus
ROM and RAM data tables, allow trade-off ROM and RAM utilization. ROM usage can be minimized
with subroutines and look-up tables, while RAM usage can be optimizes with ROM tables and
fewer subroutines.

Digital Input/Output

Single-chip MCUs are available in 52-pin quad packages as well as the smaller (and lower cost)
20-pin packages. Five to fourteen pins serve power and control functions permitting up to 12 /0
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pins in a 20-pin package and up to 38 I/O pins in the 48/52 pin verions. All of the MCUs offer
essentially any mix of inputs and outputs. Higher output drive current is available in the M6805
Family.

Expansion Bus

The non-ROM versions include a bus to access off-chip program memory and additional I/O. The
M6801 Family also includes a three bus structure for off-chip expansion. The three bus structure
permits the number of bus pins to be optimized for the amount of address space needed off-chip.
The M68HC11 Family can operate in an expanded mode and address up to 64K bytes of external
memory.

Interrupts

When an application program must synchronize with two or more external events, interrupt
hardware in some form is usually necessary. The M68HC11, M6801, and M6805 Families include
fully automatic interrupts (registers are saved) with programmable vectors for both an external
and internal timer.

Timers

Timers are the most frequently used on-chip functions. Timers may generate interrupts to a
program at a periodic rate, measure external events, and generate measured output waveforms.
The M68HC11, M6801, and M68HCO5 devices include a 16-bit timer that may be used to perform
three of the preceeding functions simultaneously. The M6805 and M6804 timers consist of a
programmable 8-bit counter and selectable 7-bit prescaler.

Special Functions

Various members of the MCU Families include additional I/O functions. For example, the M68HC11,
M6801, and some of the M6805 Family include a SCI. The SCI is used for long-range communi-
cations, as in data transfer from an MCU to a terminal or modem. The M68HC11 Family and some
of the M6805 Family also contain a SPI. The SPl is used primarily for serial communication between
chips on the same printed circuit board. Selected members of the M68HC11 and M6805 Family
include multi-channel A/D converters. The MC6805R/S versions contain four analog input channels,
and the M68HC11 MCUs features up to eight analog input channels.

DEVELOPMENT SUPPORT

The M68HC11, M6801, and M6804, and M6805 Families are fully supported by a series of eco-
nomical evaluation modules (EVM). A more powerful development system is also available in the
HDS-300. The support products are covered in more detail in Chapter 5 Evaluation Modules.

SINGLE-CHIP SELECTOR GUIDES

Tables 1-3 through 1-7 list the different features available for devices within a family. The tables
provide information as to RAM, ROM, EPROM, timer, etc. Table 1-8 lists the OTPROM devices
available.
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Table 1-3. M6801 Family Selector Guide

2 ©»
&/ & &/8&) /e
o > N & S
& i c / K3
S & . AV AN S
DEVICE & & ® ) S/ /) &/ /&
6801 HMOS 40 128 2048 — 29 16 64K Yes P,S
68701 HMOS 40 128 — 2048 29 16 64K Yes S
6803 HMOS 40 128 — — 13 16 64K Yes P,S
6801U4 HMOS 40 192 4096 — 29 16 64K Yes P,S
68701U4 HMOS 40 192 — 4096 29 16 64K Yes S
6803U4 HMOS 40 192 — — 13 16 64K Yes P
Definitions:
P = Plastic
S = Cerdip

1/0 = Input/Output
SCI = Serial Communication Interface
RAM = Random Access Memory
ROM = Read Only Memory
EPROM = Eraseable Programmable ROM

Table 1-4. M6804 Family Selector Guide

N &
N N
& &/ &€/ & &/ &
& £ S &/ S
IS &/ @& S s/ &
3 @ S S o & &
& S/ S & o/ &/ &
DEVICE R < < < < N ~ <
6804P2 HMOS 28 30 1016 — 20 8 P.FN
68704P2 HMOS 28 30 — 1020 20 8 S
6804J1 HMOS 20 30 512 — 12 8 P
6804J2 HMOS 20 30 1000 — 12 8 P
68HC04P4 HCMOS 28 172 3700 — 20 8 P
68HC04J2 HCMOS 20 30 1000 — 12 8 P
68HC04J3 HCMOS 20 122 1672 — 12 8 P
68HC704P4 | HCMOS 28 172 — 3700 20 8 S
Definitions:
P = Plastic
S = Cerdip

FN = Plastic Leaded Chip Carrier
/0 = Input/Output
RAM = Random Access Memory
ROM = Read Only Memory
EPROM = Eraseable Programmable ROM
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Table 1-5. M6805 Family Selector Guide

A
$ . &
& & S
S & g
3 & /e & 9
DEVICE & < g/~/&/ &
6805P2 HMOS 28 8 — — | P.S,FN
6805P6 HMOS 28 8 — — | P,SFN
68705P3 HMOS 28 8 — — S
68705P5 HMOS 28 8 — — S
6805R2 HMOS | 40/44 8 Yes — | P,S,FN
6805R3 HMOS | 40/44 8 Yes — P.S,FN
68705R3 HMOS 40 8 Yes — S
68705R5 HMOS 40 8 Yes —_ S
680552 HMOS 28 8 Yes | Yes | P,S,FN
6805S3 HMOS 28 8 Yes | Yes | P,S,FN
68705S3 HMOS 28 8 Yes | Yes S
6805U2 HMOS | 40/44 8 — — P,S,FN
6805U3 HMOS | 40/44 8 — — | PSFN
68705U3 HMOS 40 8 — — S
68705U5 HMOS 40 8 - —_ S
Definitions:
P = Plastic
S = Cerdip

FN = Plastic Leaded Chip Carrier
1/0 = Input/Output
RAM = Random Access Memory
ROM = Read Only Memory
EEPROM = Eraseable Programmable ROM
SPI = Serial Peripheral Interface
A/D = Analog/Digital Converter

MOTOROLA MICROPROCESSOR DATA
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Table 1-6.

M6805 HCMOS/CMOS Family Selector Guide

S 2
& >/0/& &
9 L&/ &) &/ L2 A
oS X A N S )
F /o /)& S/ 8 &
O e N N
DEVICE & S/)8/8/8&/& S/ &/ 8/ L/ &
68HC05A6 HCMOS | 40/44 | 176 | 4160 — 2056 32 16 Yes Yes —_ P.FN
68HCO5B4 HCMOS | 48/52 | 176 | 4160 — — 32 16 — Yes Yes P,FN
68HC05B6 HCMOS | 40/52 | 176 5952 — 256 32 16 — Yes Yes P,FN
68HC05C2 HCMOS 40 176 2096 — — 32 16 — — — P
68HCO05C3 HCMOS 40 176 2096 — — 32 16 Yes Yes — P
68HC05C4 HCMOS | 40/44 176 4160 — — 32 16 Yes Yes —_ P,FN
68HC0O5C8 HCMOS | 40/44 | 176 7700 — — 32 16 Yes Yes —_ P,FN
68HCO5L6 HCMOS 68 176 6208 — — 32 16 Yes —_ —_ FN
68HC0O5M4 HCMOS 52 128 4K — — 32 8/16 — — Yes FN
68HCLO5C4 HCMOS | 40/44 176 4160 — —_— 32 16 Yes Yes — P,FN
68HCLO5C8 HCMOS | 40/44 | 176 8K —_ — 32 16 Yes Yes — P.FN
68HSC05C4 HCMOS | 40/44 | 176 | 4160 — —_ 32 16 Yes Yes — P,FN
68HSC05C8 HCMOS | 40/44 | 176 8K — —_ 32 16 Yes Yes — P,FN
68HC705C8 HCMOS | 40/44 | 304 — — —_ 32 16 Yes Yes — P.FN
68HC805B6 HCMOS | 48/52 | 176 — 8K 6208 32 16 — Yes —_ P,FN
68HC805C4 HCMOS | 40/44 | 176 — —_ 4160 32 16 Yes Yes —_ P,FN
146805E2 CMOS 40 112 0 - — 16 8 — — — P,S,FN
146805F2 CMOS 28 64 1089 — —_ 20 8 — — — P,S,FN
146805G2 CMOS 40 112 2106 — —_ 32 8 — — — P,S,FN
Definitions:
P = Plastic
S = Cerdip

FN = Plastic Leaded Chip Carrier
1/0 = Input/Output

A/D = Analog/Digital Converter

SCl = Serial Communications Interface

SPI

RAM =

Serial Peripheral Interface
Random Access Memory

ROM = Read Only Memory
EPROM = Eraseable Programmable ROM

EEPROM = Electrical Eraseable ROM
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Table 1-7. M68HC11 Family Selector Guide

& )
N N N & N
& S/ &/ & AN ©
S S/E/s /& s
N /& /S &/ S N
§/&/8/8/8)o/E/6/s /s /s /&
DEVICE K T/ &/ & & $ L/ & < 2 S I
68HC11A0 | HCMOS | 4852 | 256 | — | — | 38 | 16 | 64K | Yes | Yes | Yes | PFN
68HC11A1T | HCMOS [ 4852 | 256 | — | 512 | 38 | 16 | 64K | Yes | Yes | Yes | P.FN
68HC11A8 | HCMOS | 48/52 | 256 | 8192 | 512 | 38 | 16 | 64K | Yes | Yes | Yes | P,FN
68HC11D3 | HCMOS | 40/44 | 192 [ 4096 | — | 30 | 16 | 64K | No | Yes | Yes | PFN

68HC11E1 HCMOS 52 512 0 512 38 16 64K Yes Yes Yes FN
68HC11E9 HCMOS 52 512 12K 512 38 16 64K Yes Yes Yes FN
68HC11F1 HCMOS — — — — — — — — — — —
68HC811E2 | HCMOS | 48/52 | 256 — 2K 38 16 64K Yes Yes Yes | P,FN

Definitions:
P = Plastic

FN = Plastic Leaded Chip Carrier
/0 = Input/Output
A/D = Analog/Digital Converter
SCI = Serial Communication Interface
SPI = Serial Peripheral Interface

RAM = Random Access Memory

ROM = Read Only Memory

EPROM = Eraseable Programmable ROM
EEPROM = Electrical Eraseable ROM

Table 1-8. One-Time Programmable ROM (OTPROM) Devices

Device OTPROM RAM Vo Tin]er A/D, SCI cop Pin
(Bytes) | (Bytes) Bit SPI Watchdog Package
68HC704P4 3740 124 20 8 — — 28-DIP,DW*
68HC705B5* 6208 176 24 16 A/D, SCI Yes 52-FN,48-DIP
68HC705C4*1 4160 176 24 16 SCI, SPI Yes 44-FN,40-DIP
68HC705C8 7616 304 24 16 SCI, SPI Yes 44-FN,40-DIP
68705R3 3776 112 24 8 AD —_ 40-P
68HC711D3* 4096 192 24 16 SCI, SPI Yes 44-FN,40-DIP
68HC711A8* 8192 256 38 16 A/D, SCI, SPI Yes 52-FN
68HC711E9* 12K 512 38 16 A/D, SCI, SPI Yes 48-DIP,52-FN
NOTES:
1. Use MC68HC705C8 for window emulation.
2. Definitions:

FN = Plastic Quad (PLCC)

DW = Small Outline (Wide-Body SOIC)
DIP = Dual-In-Line Package

RAM = Random Access Memory
1/0 = Input/Output

A/D = Analog/Digital
SCI = Serial Communications Interface
SPI = Serial Peripheral Interface

COP = Computer Operating Properly

3. *Available in 1989.
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MICROPROCESSOR PRODUCTS GROUP
RELIABILITY AND QUALITY ASSURANCE
1987 ANNUAL RELIABILITY REPORT
SUMMARY

INTRODUCTION

The Motorola MOS Microprocessor Reliability and Quality Monitor (R&QA) 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. The following report summarizes the reliability and quality data for 1987.

The reliability monitor tests are conducted on sample groups pulled on a quarterly basis from
major categories of products representing a matrix of processing and packaging technologies.
Product mix, sample availability and equipment capacity may cause the specific sample groups
pulled for a given quarter to vary from quarter to quarter. 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. In addition at the end of each year a complete summary of the 4 quarters
is reported.

The quality results that are reported are the electrical and visual/mechanical (Average Outgoing
Quality (AOQ), given in parts per million defective) for the Microprocessor Group. This data
represents the summary of results from the QC gate operation performed on every lot during
1987. Electrical AOQ represents any AC, DC, or functional failure at any temperature (each lot
may be typically gated at hot, room or cold temperatures). Visual/mechanical AOQ represents
failures such as bent leads, incorrect marking, marking permanency problems, and cracked pack-
ages. The AOQ reported is the product the process average (ratio of defective devices to largest
sample size) and the lot acceptance rate.

QUALITY AND RELIABILITY SYSTEM

A complete Reliability and Quality Assurance (R&QA) system is in place to monitor and control
the performance of Motorola’s MOS Microprocessor Components. Incoming Quality Control in-
spects 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 implantation, polysilicon deposition, metal-
lization, passivation, and other process operations. Final visual, class probe, and capacitance-
voltage plots complete the wafer area inspection. Environmental monitors are also performed for
air cleanliness, water quality, temperature, 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
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gates. 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 inspection
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. An R&QA 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 R&QA Engineering organization is also responsible for performing qualifications of new
designs and process changes prior to introduction. In addition, R&QA Engineering establishes
and maintains 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
analyses; a Surface Analysis Laboratory whose equipment includes a Scanning Electron Micro-
scope (SEM) and a Scanning Auger Microprobe (SAM); and a Product Analysis Laboratory for
detailed analyses of failure modes and mechanisms for Microprocessor devices.

PACKAGING SYSTEM

Motorola Microprocessor devices are produced in plastic, CERDIP, PGA, and sidebraze packages.
The ceramic package types are hermetically sealed to protect the integrated circuit from environ-
mental 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 therefore be expected from these devices in typical environments.

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 addition, plastic packages have the advantage of low
cost and physical strength.

Encapsulated integrated circuits incorporate the simpliest 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 in plastic may be ther-
mocompression or thermosonic, but the wire is always gold. 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 compound 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.

In comparing plastic to ceramic packages, there are two characteristics to be considered: moisture
resistance and thermal characteristics. Microprocessor plastic products perform very well on

MOTOROLA MICROPROCESSOR DATA
2-2



moisture resistance related tests. This is due to advances in molding compounds, the characteristic
low voltages and the 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 lead-
frames, and this results in lower junction temperatures, and subsequent improvements in electrical
characteristics and reliability performance.

Many users of integrated circuits continue to have requirements or preferences for hermetically
sealed ceramic packages. These requirements are usually based on applications in a highly humid
environment, increased temperature range or high power dissipation. Motorola produces two
different types of ceramic packaged devices: CERDIP and sidebraze.

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 gold 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 bond-
ing and gold thermocompression bonding are used in this package.

The cerdip package is composed of two ceramic piece parts: the base and the cap. Sandwiched
between these two layers is a leadframe composed of Alloy 42 imbeded in a sealing glass. the
leadframe requires a forming operation similar to a plastic dip. The die is mounted in this package
using a eutectic bond while the wire bonds are aluminum (ultrasonic). A tin plate is applied to
the exterior leads of the package.

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 ultra-
sonic aluminum wire bonding, and have tin plating on the exterior leads. The thermal 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
effect 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. Extensive testing of 24, 28, and 40 lead CERDIP
and sidebraze devices has indicated no significant differences in reliability.

RELIABILITY TEST

The following paragraphs describe the various reliability test included in Motorola’s Reliability
and Quality Assurance Program.

High Temperature Operating Life Test

High temperature operating life (HTOL) 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 the bias level at the maximum data sheet specification limit of 5.5 volts. All
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devices used in the HTOL test are sampled directly after final electrical test with no prior burn-in
or other special screening. Testing is performed with dynamic signals applied to the device for
a minimum test duration of 1008 hours.

Device equivalent hours assume the Arrhenius relationship using an activation energy of 0.7 eV
to extrapolate from the device junction temperature at 125°C (ambient) to the junction temperature
at 70°C (ambient). Failure rates given in Failure in Time (FIT) are derived using the Chi-Square
distribution to a 90% confidence limit. A FIT is one failure per billion device hours of 0.0001%/
1000 hours.

Tables 2-1 through 2-3 show the results for the high temperature operating life test for packaging;
plastic, plastic leaded chip carrier (PLCC), and ceramic. Each of these tables also lists the different
technology used in the test. Table 2-4 lists the grand totals of Table 2-1 through 2-3 by technology
and packaging. Figure 2-1 shows a trend chart of the high temperature operating life by technology,
and Figure 2-2 is a trend chart of the total of the high temperature operating life test.

Table 2-1. High Temperature Operating Life Test

PLASTIC

STRESS VOLTAGE: 5.5 Volts

TEMPERATURE: 125°C

LONGEST STRESS: 1008 Hours

Device Test 125°C 70°C Equiv. . FITS2
Type Devices Device Hrs. Device Hrs.1 Failures 0.7 eV
NMOS DIP
MC3870 45 45,400 6.49x 105 1 5970
MC6800 135 136,000 1.42x 108 0 . 1606
MC6802 378 380,000 5.41x108 0 421
MCM6810 45 45,400 4.13x10% 0 5521
MC6840 135 136,000 1.37 x 108 0 1664
MC6844 45 45,400 5.00x 105 0 4561
MC6845 45 45,400 4,09x10° 0 5575
MC6846 45 45,400 4,57 x 108 0 4990
MC6850 135 136,000 1.63x 108 0 1399
MC6852 45 45,400 7.22x105 0 3158
MC6854 45 45,400 3.87x 108 0 5892
MC68661 135 136,000 1.32x 106 0 1727
MC68652 45 45,400 3.90x 105 0 5847
MC68901 45 45,400 8.10x 105 0 2815
CUSTOM A 945 951,000 2.11x107 2 252
CUSTOM B 525 530,000 7.54x 108 0 302
CUSTOM C 1834 1,820,000 3.76 x 107 1 103
TOTAL 4627 4,633,600 8.21x107 4 97
CMOS DIP
MC146805E2 45 43,000 1.08x 108 0 2111
MC146805F2 225 224,000 5.71x108 1 679
MC146805G2 89 74,200 1.88x 106 0 1213
MC146818 45 45,400 1.17 x 108 0 1949
MC146818A 90 90,800 2.34x 106 0 974
MC146823 340 342,000 8.82x 108 0 259
TOTAL 834 819,400 2.10x 107 1 185

1) Activation energy used in equivalent device hour calculation is 0.7 ev)
2) 90% confidence.
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Table 2-1. High Temperature Operating Life Test
PLASTIC (Continued)

STRESS VOLTAGE: 5.5 Volts
TEMPERATURE: 125°C
LONGEST STRESS: 1008 Hours

Device Test 125°C 70°C Equiv. . FITS2
Type Devices Device Hrs. Device Hrs.' Failures 0.7 eV
HMOS DIP
MC2674 45 45,000 6.30x 105 0 3619
MC2681 90 90,800 1.26x 108 0 1824
MC6801 135 136,000 1.42x 108 0 1606
MC6801U4 412 364,000 5.09 x 108 0 448
MC6803U4 45 43,400 5.95x 105 0 3832
MC6804J2 167 163,000 3.16x108 0 722
MC6804P2 90 88,800 1.82x 108 0 1253
MC6805P2 180 182,000 2.67x108 0 854
MC6805P4 43 41,700 6.13x105 1 6321
MC6805R2 45 41,200 4.36x10° 0 5320
MC6805R3 180 182,000 1.92x 108 0 1188
MC6805S2 45 45,400 7.20 x 10° 0 3167
MC6805S3 45 43,900 6.99% 105 1 5543
MC6805T2 135 122,000 1.79% 108 1 2165
MC6809 90 90,800 1.37x 108 1 2828
MC6809E 135 136,000 2.06x 108 0 1107
MC68000 504 468,000 7.28x108 0 313
MC68008 45 45,400 5.38 X 10° 0 4238
MC68010 45 45,400 6.50 x 10° 0 3508
MC68230 45 45,400 8.90% 105 0 2562
MC68681 43 41,000 6.50 x 105 0 3508
TOTAL 2669 2,567,200 3.78x 107 4 211
HCMOS DIP
MC68HC05C4 410 389,000 9.94x 108 1 390
MC68HC05C8 89 89,800 2.29x 108 0 996
XC68HC000 134 134,000 3.20% 108 1 1211
TOTAL 633 612,800 1.55x 107 2 343
PLASTIC DIP 8763 8,633,200 1.56 x 108 1 106

1) Activation energy used in equivalent device hour calculation is 0.7 ev)
2) 90% confidence.
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STRESS VOLTAGE: 5.5 Volts

Table 2-2. High Temperature Operating Life Test

TEMPERATURE: 125°C
LONGEST STRESS: 1008 Hours

PLCC

Device Test 125°C 70°C Equiv. . FITS2
Type Devices Device Hrs. Device Hrs.! Failures 0.7 eV
HMOS PLCC
MC6805R2 89 81,900 8.34x 105 0 2734
MC6805R3 450 430,000 4.38x 108 0 512
CUSTOM D 280 279,000 5.14x 108 0 444
CUSTOM E 1189 1,200,000 2.20x107 0 104
TOTAL 2008 1,990,900 3.24x107 0 70
HCMOS PLCC
MC68HC11 2155 2,160,000 5.66x 107 14 356
CUSTOM E 416 417,000 7.56x 108 1 513
CUSTOM G 1358 1,360,000 2.46 <107 2 216
TOTAL 3929 3,937,000 8.87x 107 17 266
CMOS PLCC
MC146805F2 45 45,400 1.17 x 108 0 1949
MC146805G2 90 89,000 2.26x 106 0 1009
MC146818 45 45,400 1.17x 108 0 1949
MC146818A 89 88,900 2.26x 108 0 1009
TOTAL 269 268,700 6.83x 106 0 334
PLCC 6206 6,196,600 1.28x 108 17 184
1) Activation energy used in equivalent device hour calculation is 0.7 eV.
2) 90% confidence.
Table 2-3. High Temperature Operating Life Test
CERAMIC
STRESS VOLTAGE: 5.5 Volts
TEMPERATURE: 125°C
LONGEST STRESS: 1008 Hours
Device Test 125°C 70°C Equiv. . FITS2
Type Devices Device Hrs. Device Hrs." Failures 0.7 eV
NMOS
MC6821L 44 44,300 6.02x 105 0 3788
MC6821S 45 45,400 6.18x 10% 0 3690
MC6844S 135 136,000 1.96 x 106 0 1163
MC6850 90 90,800 1.39x 106 0 1640
MC6850S 45 45,400 6.95x 105 0 3281
MC6852S 45 44,000 7.96x 105 0 2865
TOTAL 404 405,900 6.06 x 106 0 376
HCMOS
MC68020R 542 541,000 9.59x 106 2 554
MC68605R 77 77,000 1.80x 108 0 1267
MC68824R 135 136,000 3.00x 108 0 760
MC68851R 144 145,000 3.19x108 1 1215
MC68882R 604 597,000 1.40 X 10; 2 379
E 4.
TOTAL 230 230,000 5.30x 10 0 30
1732 1,726,000 3.69x107 5 251

1) Activation energy used in equivalent device hour calculation is 0.7 eV.

2) 90% confidence.
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Table 2-3. High Temperature Operating Life Test
CERAMIC (Continued)

STRESS VOLTAGE: 5.5 Volts
TEMPERATURE: 125°C
LONGEST STRESS: 1008 Hours

Device Test 125°C 70°C Equiv. . FITS2
Type Devices Device Hrs. Device Hrs.! Failures 0.7 eV
CMOSs
MC1468705F2 45 34,400 8.57 x 109 0 2661
MC1468705F2S 90 908,000 2.28x10° 0 1000
TOTAL 135 942,000 3.14x 108 0 726 .
HMOS
MC6803L 45 45,400 6.40 X 10° 0 3563
MC6809EL 45 45,400 7.07 x 10° 0 3225
MC6809ES 45 45,400 6.25x 10° 0 3648
MC6809S 90 90,800 1.25x 106 1 3100
MC68701S 45 45,400 4.74x10° 0 4811
MC68701U4L 45 45,400 6.22x 10° 0 3666
XC68704P2S 300 301,000 6.62 x 106 1 585
MC68705P3 45 45,400 7.00x 10° 0 3258
MC68705S3 45 45,400 4.78 x10° 0 4770
MC68000L 170 171,000 2.53% 108 0 901
MC68000R 248 245,000 3.93x108 0 580
MC68010L 94 94,000 1.52x 108 0 1500
MC68010R 45 45,400 7.30% 105 0 3124
MC68230L 90 90,800 1.74x 108 1 2227
TOTAL 1352 1,355,800 2.28x107 3 293
CERAMIC 3623 4,433,700 6.89 x 107 8 189
1) Activation energy used in equivalent device hour calculation is 0.7 eV.
2) 90% confidence.
Table 2-4. High Temperature Operating Life Test
TECHNOLOGY and PACKAGING
STRESS VOLTAGE: 5.5 Volts
TEMPERATURE: 125°C
LONGEST STRESS: 1008 Hours
Device Test 125°C 70°C Equiv. o FITS2
Type Devices Device Hrs. Device Hrs. Failures 0.7 eV
NMOS 5,031 5,039,500 8.82x 107 4 91
HMOS 6,029 5,913,900 9.30x 107 7 127
CMOS 1,238 2,030,100 3.10x 107 1 125
HCMOS 6,294 6,275,000 1.41x 108 24 224
DIP ( 8763) (8,633,000 ) 1.56x 108 1" 106
PLCC (6,206 ) (6,196,600 ) 1.28x108 17 184
PLASTIC ([14,969]) ([14,829,800]) 2.84x108 28 127
CERAMIC [ 3,623] [ 4,433,700] 6.89x 108 8 189
GRAND TOTAL 18,592 19,259,300 3.53x 108 36 117

1) Activation energy used in equivalent device hour calculation is 0.7 eV.
2) 90% confidence.
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Figure 2-1. High Temperature Operating Life Trend Chart
(By Technology)
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Figure 2-2. High Temperature Operating Life Trend Chart
(Total)

Temperature Humidity Bias Test

Temperature humidity bias (THB) 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 reistance of plastic
encapsulated circuits. A nominal voltage 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
to JEDEC Standard 22, Method A101. Most groups are tested to 1008 hours with some groups
extended beyond to look for longer term effects.

Table 2-5 shows the results of the temperature humidity bias test. Table 2-6 lists the grand total
of the devices tested in Table 2-5. Figure 2-3 shows the trend chart for the temperature humidity
bias test.
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Table 2-5. Temperature Humidity Bias Test

TEMPERATURE: 85°C
HUMIDITY: 85%
LONGEST STRESS: 1008 Hours

Device T — Failures Per Sample —
evi e
e 168 Hrs 504 Hrs 1008 Hrs % Failures
NMOS DIP
MC6800 0/68 0/68 0/68 0.00
MC6802 0/34 1/34 0/33 2.94
MC6840 0/68 0/68 0/68 0.00
MC6845 0/34 0/34 0/34 0.00
MC6850 0/34 0/34 0/34 0.00
MC6852 0/34 0/34 0/34 0.00
TOTAL 0/272 1272 0/271 0.37
HMOS DIP
MC6801 0/68 0/67 0/66 0.00
MC6802 0/34 0/34 0/34 0.00
MC6803U4 0/34 0/34 0/34 0.00
MC6804J2 0/222 0/222 0/222 0.00
MC6805P2 0/34 0/34 0/34 0.00
MC6805P4 0/34 2/34 0/32 5.88
MC6805P3 0/68 0/67 0/67 0.00
MC6805T2 0/68 0/65 0/65 0.00
MC6809 0/34 0/34 0/34 0.00
MC6809E 0/102 0/102 0/102 0.00
MC68000 0/136 0/134 0/134 0.00
MC68008 0/94 0/94 1/93 1.08
MC68010 . 0/34 0/34 0/29 0.00
TOTAL 0/962 2/955 1/946 0.32
HMOS PLCC
MC68000 0/45 0.45 0/45 0.00
MC68705R3 0/254 0.254 0/254 0.00
TOTAL 0/299 0/299 0/299 0.00
CMOS DIP
MC146804E2 0/68 0/68 0/68 0.00
MC146805F2 0/34 0/34 0/34 0.00
MC146805G2 0/68 0/68 0/68 0.00
MC146818A 0/34 0/34 0/34 0.00
MC146823 0/34 0/34 0/34 0.00
TOTAL 0/238 0/238 0/238 0.00
HCMOS DIP
MC68HC05C4 0/102 0/102 0/102 0.00
TOTAL 0/102 0/102 0/102 0.00
HCMOS PLCC
XCB68HC11A8 0/231 0/231 0/231 0.00
MC68HC11 0/615 0/615 0/615 0.00
MC68HC000 0/135 0/135 0/135 0.00
MC68605 0/231 1/231 0/230 0.43
TOTAL 0/1212 11212 0/1211 0.083
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Table 2-6. Temperature Humidity Bias Test

TEMPERATURE: 85°C
HUMIDITY: 85%

LONGEST STRESS: 1008 Hours

GRAND TOTAL

Device T — Failures Per Sample —
evice Type 168 Hrs 504 Hrs 1008 Hrs % Failures
NMOS 0/272 1/272 0/272 0.37
HMOS 0/1261 2/1254 1/1245 0.24
HCMOS 0/1314 11314 0/1313 0.08
CMOS 0/238 0/238 0/238 0.00
DIP 0/1574 3/1567 1/1558 0.26
PLCC 0/1511 11511 0/1510 0.07
GRAND TOTAL 0/3085 4/3078 1/3068 0.163
1
0.9
0.8
0.7
CUM% 0.6
FAILURE 0.5
RATE 0. 4 S—— >
oa \
0.2 78
0.1
0 + 4
YR 1985 YR 1986 YR 1987
YEAR

Figure 2-3. Temperature Humidity Bias Trend Chart

Autoclave Test

Autoclave, like THB, 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.

Table 2-7 lists the results of the autoclave test. Table 2-8 lists the grand total of the devices tested

in Table 2-7. Figure 2-4 shows the trend chart for the autoclave test.
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Table 2-7. Autoclave Test

TEMPERATURE: 121°C
PRESSURE: 15 psig
LONGEST STRESS: 144 Hours

Device Ty — Failures Per Sample —
ev ype 48 Hrs 96 Hrs 144 Hrs % Failures
NMOS DIP .
MC6800 0/44 0/44 0/44 0.00
MC6802 0/22 0/22 0/22 0.00
MC6840 0/44 0/44 0/44 0.00
MC6845 0/22 0/22 0/22 0.00
MC6846 0/22 . 0/22 0/22 0.00
MC6850 0/65 0/65 0/65 0.00
MC6852 0/22 0/22 0/22 0.00
MC6854 0/44 0/44 0/44 0.00
MC68661 0/22 0/22 0/22 0.00
MC68901 0/22 0/22 0/22 0.00
CUSTOM A 0/330 0/327 0/326 0.00
CUSTOM B 0/462 0/462 0/462 0.00
CUSTOM C 0/847 2/846 0/843 . 0.24
TOTAL 0/1968 2/1964 0/1960 0.10
HCMOS DIP
MC68HC21 0/22 0/22 0/22 0.00
MC68HC05C4 0114 0/114 0/114 0.00
TOTAL 0/136 0/136 0/136 0.00
CMOS DIP
MC146805F2 0/65 0/65 0/65 0.00
MC146805G2 0/44 0/44 0/44 0.00
MC146818 0/192 0/192 0/192 0.00
MC146818A 0/394 0/394 0/394 0.00
MC146805E2 0/22 0/22 0/22 0.00
MC146805F2 0/43 0/43 0/43 0.00
MC146805G2 0/66 0/66 0/66 0.00
MC146823 0/534 0/534 0/534 0.00
MC1468705F2 0/34 0/34 0/34 0.00
TOTAL 0/1394 0/1394 0/1394 0.00
HMOS DIP
MC2674 0/22 0/22 0/22 0.00
MC6801 0/297 0/297 0/297 0.00
MC6801U4 777 0/776 1/776 0.13
MC6802 0/22 0/22 0/22 0.00
MC6803U4 0/44 0/44 0/44 0.00
MC6804.J2 0/354 0/354 0/354 0.00
MC6804P2 0/66 0/66 0/66 0.00
MC6805P2 0/44 1/44 0/43 2.32
MC6805R2 0/34 0/34 0/34 0.00
MC6805R3 0/98 0/98 0/98 0.00
MC6805S2 0/44 0/44 0/44 0.00
MC6805S3 0/22 0/22 0/22 0.00
MC6805T2 0/66 0/66 0/66 0.00
MC6809 0/44 0/43 0/43 0.00
MC6809E 0/44 0/44 0/44 0.00
MC68000 0/110 0/110 0/110 0.00
MC68008 0/22 0/22 0/22 0.00
MC68010 0/22 0/22 0/22 0.00
MC68230 0/22 0/22 0/22 0.00
MC68661 0/44 0/44 0/44 0.00
MC68681 0/65 0/64 0/64 0.00
TOTAL 1/2263 1/2260 1/2259 0.13
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Table 2-7. Autoclave Test (Continued)

TEMPERATURE: 121°C
PRESSURE: 15 psig
LONGEST STRESS: 144 Hours

. — Failures Per Sample —
Device Type "
48 Hrs 96 Hrs 144 Hrs % Failures
HMOS PLCC
MC6805R2 0/170 0/170 0/170 0.00
MC68705R3 0/255 0/255 0/255 0.00
CUSTOM D 0/434 0/433 0/432 0.00
CUSTOM E 1/693 0/692 0/691 0.14
TOTAL 1/1552 0/1550 0/1548 0.06
HCMOS PLCC
MC68HC11 1/1150 0/1148 2/1146 0.26
MC68HC11A8 0/320 0/320 0/320 0.00
MC68HC000 0/135 0/135 0/135 0.00
MC68605 0/45 0/45 0/44 0.00
CUSTOM E 1/363 1/361 0/359 0.55
CUSTOM G 0/770 0/770 0/770 0.00
TOTAL 2/2783 1/2779 2/2775 0.18
CMOS PLCC
MC146805F2 0/102 0/102 0/102 0.00
MC146805G2 0/68 0/68 0/68 0.00
MC146818 0/102 0/101 0/101 0.00
MC146818A 0/33 0/33 0/33 0.00
TOTAL 0/305 0/304 0/304 0.00

Table 2-8. Autoclave Test
GRAND TOTAL

TEMPERATURE: 121°C
PRESSURE: 15 psig
LONGEST STRESS: 144 Hours

R — Failures Per Sample —
Device Type -
48 Hrs 96 Hrs 144 Hrs % Failures
NMOS 0/1968 2/1963 0/1959 0.10
HMOS 2/3815 1/3810 1/3807 0.10
HCMOS 2/2919 1/2915 2/2909 0.17
CMOS 0/1699 0/1698 0/1698 0.00
DIP 1/5761 3/5753 1/5748 0.09
PLCC 3/4640 1/4633 2/4625 0.13
GRAND TOTAL 4/10401 4/10386 3/10373 0.106
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Figure 2-4. Autoclave Trend Chart

Temperature Cycle Test

Temperature cycle testing accelerates the effects of thermal expansion mismatch among the
different components within a specific packaging system. During temperature cycle testing, de-
vices are inserted into a cycling system and held at the cold (—65°C) dwell temperature for at
least ten minutes. Following this cold dwell, the devices are heated to the hot (+105°C) dwell
where they remain 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), constitutes one cycle. Test duration is for 1000
cycles with some tests extended to look for longer term effects.

Table 2-9 lists the test results of the temperature cycle test testing at a temperature range of a
—65°C to 150°C. Table 2-10 lists the grand total of the devices tested in Table 2-9. Table 2-11 lists
the test results of the temperature cycle test testing at a temperature range of a —50°C to 150°C.
Table 2-12 lists the grand total of the devices and results of Table 2-11. Figure 2-5 shows the trend
chart for the temperature cycle test.
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Table 2-9. Temperature Cycle Test

TEMPERATURE: —-65°C to +150°C
STRESS METHOD: Air to Air
LONGEST STRESS: 1000 Cycles

R — Failures Per Sample —
Device Type "
100 cyc 500 cyc 1K cyc % Failures
NMOS DIP
MC3870 0/38 0/38 0/38 0.00
MC6800 0/114 0/114 0/114 0.00
MCM6810 0/38 0/37 0/37 0.00
MC6840 0114 0/114 0/114 0.00
MC6844 0/38 0/38 0/38 0.00
MC6845 0/38 0/38 1/38 2.63
MC6846 0/38 0/38 0/38 0.00
MC6850 0114 0/114 1114 0.88
MC6852 0/76 0/76 0/76 0.00
MC6854 0/38 0/38 0/38 0.00
MC68661 0/38 0/38 0/38 0.00
CUSTOM A 0/307 0/307 0/307 0.00
CUSTOM B 0/115 0/115 0/115 0.00
CUSTOM C 0/1306 0/1306 3/1306 0.23
TOTAL 0/2412 0/2411 5/2411 0.21
NMOS CERAMIC
MC6821S 0/38 0/38 0/38 0.00
MC6821L 0/38 0/38 0/38 0.00
MC6844S 0/114 0/114 0114 0.00
MC6850 0/114 0114 0114 0.00
TOTAL 0/304 0/304 0/304 0.00
HMOS PLCC
MC6805R2 0/152 3/152 4/149 4.61
MC6805R3 0/38 0/38 0/38 0.00
CUSTOM E 0/153 1153 0/152 0.65
TOTAL 0/343 4/343 4/339 2.36
HMOS DIP
MC2674 0/37 0/37 0/37 0.00
MC6801 0/546 1/546 2/542 0.55
MC6801U4 0/668 0/653 0/638 0.00
MC6802 0/38 0/38 0/38 0.00
MC6803U4 0/114 0/114 0/114 0.00
MC6804J2 0/76 0/76 0/76 0.00
MC6804P2 0/114 0114 0/114 0.00
MC6805P2 0/76 0/76 0/75 0.00
MC6805P4 0/38 0/38 0/38 0.00
MC6805P6 1/432 2/429 0/427 0.69
MC6805S52 1/38 0/37 0/37 2.63
MC6805R2 0/38 0/38 0/38 0.00
MC6805R3 0/152 0/152 3/152 1.97
MC6805S2 0/38 0/38 0/38 0.00
MC6805S3 0/37 0/37 0/37 0.00
MC6805T2 /114 0114 0/114 0.00
MC6809E 1114 0/113 0/113 0.88
MC6809 0/76 0/76 0/76 0.00
TOTAL 3/2746 3/2726 5/2704 0.40
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Table 2-9. Temperature Cycle Test (Continued)

TEMPERATURE: -65°C to +150°C
STRESS METHOD: Air to Air '
LONGEST STRESS: 1000 Cycles

Device T — Failures Per Sample —
evice Type 100 cyc 500 cyc 1K cyc % Failures
HMOS CERAMIC
MC6801L 0/38 0/38 0/38 0.00
MC6809EL 0/38 0/38 0/38 0.00
MC6809ES 0/38 0/38 3/38 7.89
MC6809S 0/76 0/76 2/76 2.63
MC68120L 0/76 0/76 0/76 0.00
MC68701 0/38 0/38 0/38 0.00
MC68701U4L 0/38 0/37 0/37 0.00
MC68705P3 0/38 0/38 1/38 2.63
MC68705S3S 0/38 0/38 0/38 0.00
MC68000L 0/113 0/112 0/112 0.00
MC68000R 0/38 0/38 0/37 0.00
MC68010R 0/38 0/38 0/38 0.00
MC68230L 0/38 0/38 0/38 0.00
MC68451L 0/36 0/36 0/36 0.00
MC68901L 0/38 0/38 0/38 0.00
TOTAL 0/719 0/717 6/716 0.84
HCMOS PLCC
MC68HC11 1/538 0/537 2/535 0.56
MC68881 0/78 0/78 0/78 0.00
XC68882 1/135 0134 0/134 0.74
CUSTOM E 0/253 4/252 5/246 3.56
CUSTOM G 0/1153 | 1/1153 2/1150 0.26
TOTAL 2/2157 5/2154 9/2143 0.74
HCMOS DIP
MC68HC05C4 0/223 0/223 0/223 0.00
MC68HC05C8 0/338 0/338 3/338 0.89
MC68HC21 0/109 0/109 0/109 0.00
TOTAL 0/670 0/670 3/670 0.45
HCMOS CERAMIC
MC68020R 0/77 0/77 0/77 0.00
MC68605R 0/231 0/231 0/231 0.00
MC68824R 0/231 0/231 1/230 0.43
MC68851R 0/77 0/77 0/77 0.00
MC68881R 0/74 0/74 0/74 0.00
MC68704P2 0/135 0/135 0/135 0.00
TOTAL 0/825 0/825 1/824 0.12
CMOS PLCC
MC146805F2 0/76 0/76 0/76 0.00
MC146805G2 0/114 0/114 0/113 0.00
MC146818 0/38 0/38 0/38 0.00
MC146818A 0/76 0/76 0/76 0.00
TOTAL 0/304 0/304 0/303 0.00
CMOS DIP
MC146805E2 0/38 0/38 0/38 0.00
MC146805F2 0/190 0/189 0/189 0.00
MC146805G2 0/152 0/152 0/152 0.00
MC146818 0/38 0/38 0/38 0.00
MC146818A 0/76 0/76 0/76 0.00
MC146823 0/76 0/76 0/76 0.00
MC1468705F2 0/38 0/38 0/38 0.00
TOTAL 0/608 0/607 0/607 0.00
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Table 2-10. Temperature Cycle Test
GRAND TOTAL

TEMPERATURE: -65°C to +150°C
STRESS METHOD: Air to Air
LONGEST STRESS: 1000 Cycles

A — Failures Per Sample —
Device Type -
100 cyc 500 cyc 1K cyc % Failures
NMOS 0/2716 0/2715 5/2715 0.18
HMOS 3/3808 7/3786 15/3759 0.67
CMOSs 0/912 0/911 0/910 0.00
HCMOS 2/3652 5/3649 10/3637 0.47
PLCC 2/2804 9/2801 13/2785 0.86
DIP 3/6436 3/6414 10/6392 0.25
PLASTIC 5/9240 12/9215 23/9177 0.44
CERMAIC 0/1848 0/1846 7/1844 0.38
GRAND TOTAL 5/11088 12/11061 30/11021 0.43

Table 2-11. Temperature Cycle Test

TEMPERATURE: —50°C to +150°C
STRESS METHOD: Air to Air
LONGEST STRESS: 1000 Cycles

A — Failures Per Sample —
Device Type "
100 cyc 500 cyc 1K cyc % Failures
NMOS DIP
MC68661 0/114 0/114 0/114 0.00
MC68901 0/38 0/38 0/38 0.00
TOTAL 0/152 0/152 0/152 0.00
HMOS DIP
MC6801 0/231 0/231 0/231 0.00
MC6801U4 0/77 0/77 0/77 0.00
MC68000 0/114 0114 0/107 0.00
MC68008 0/38 0/38 1/38 2.63
MC68230 0/38 0/38 1/38 2.63
MC68681 0/112 0111 0111 0.00
TOTAL 0/610 0/609 2/602 0.33
HMOS PLCC
MC68HC11 0/384 0/384 0/384 0.00
MC68705R3 0/107 0/107 0/107 0.00
CUSTOM G 0/737 1/737 0/736 0.14
CUSTOM E 0/154 0/154 0/154 0.00
TOTAL 0/1382 1/1382 0/1381 0.07
HMOS PLCC
MC68HC11A8 0/80 0/80 0/80 0.00
MC68881 1/76 0/75 0/75 1.32
CUSTOM E 2/198 2/195 1191 2.53
CUSTOM G 0/308 0/308 0/308 0.00
TOTAL 3/662 2/658 1/654 0.92
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Table 2-12. Temperature Cycle Test
GRAND TOTAL

TEMPERATURE: —50°C to +150°C
STRESS METHOD: Air to Air
LONGEST STRESS: 1000 Cycles

Device T — Failures Per Sample —
Vi
evice Type 100 cyc 500 cyc 1K cyc % Failures
NMOS 0/152 0/152 0/152 0.00
HMOS 0/1992 1/1991 2/1983 0.15
HCMOS 3/662 2/658 1/654 0.92
PLCC 3/2044 3/2040 1/2035 0.34
DIP 0/762 0/761 2/754 0.27
GRAND TOTAL 3/2806 3/2801 3/2789 0.32
1
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Figure 2-5. Temperature Cycle Trend Chart

Thermal Shock Test

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 system. How-
ever, 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. Devices are placed in a flourocarbon 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 flourocarbon 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.

Table 2-13 lists the results of the thermal shock test and Table 2-14 lists the grand total of Table
2-13. Figure 2-6 shows the trend chart for the thermal chart for the thermal shock test.
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Table 2-13. Thermal Shock Test

TEMPERATURE: —65°C to +150°C
STRESS METHOD: Liquid to Liquid
LONGEST STRESS: 1000 Cycles

R — Failures Per Sample —
Device Type "
100 cyc 500 cyc 1K cyc % Failures
NMOS DIP
MC2674 0/34 0/34 0/34 0.00
MC3870 0/135 2/135 0/133 1.48
MC6800 0/34 0/34 0/34 0.00
MC6802 0/34 0134 0/34 0.00
MCM6810 0/34 0/34 0/34 0.00
MC6846 0/34 0/34 0/29 0.00
MC6850 0/68 0/68 0/67 0.00
MC68488 0/34 0/34 0/34 0.00
MC68661 0/68 0/68 1/68 1.47
TOTAL 0/475 2/474 1/467 0.64
HMOS DIP
MC6801 0/432 0/431 0/431 0.00
MC6803U4 0/68 0/68 0/68 0.00
MC6804J2 0/343 0/343 0/343 0.00
MC6804P2 0/34 0/34 0/34 0.00
MC6805P2 0/68 0/68 0/68 0.00
MC6805P4 0/34 0/34 0/34 0.00
MC6805P6 0/432 4/432 0/428 0.93
MC6805R3 0/34 0/34 0/34 0.00
MC6805S2 0/68 0/68 0/68 0.00
MC6805S3 0/34 0/34 2/32 5.88
MC6805T2 0/34 0/34 0/34 0.00
MC68661 0/34 0/34 0/33 0.00
MC68681 0/102 0/102 0/95 0.00
MC68901 0/33 0/34 0/33 0.00
TOTAL 0/1750 4/1750 2/1735 0.34
HMOS CERAMIC
MC6801L 0/38 0/38 0/37 0.00
MC6850 0/38 0/38 0/37 0.00
MC68000L 0/38 0/36 0/36 0.00
MC68010R 0/38 0/38 0/38 0.00
MC68451L 0/38 0/38 0/36 0.00
TOTAL 0/190 0/188 0/184 0.00
HCMOS DIP
XC68HCO1 0/34 0/34 0/34 0.00
MC68HC05C8 0/68 0/68 0/68 0.00
TOTAL 0/102 0/102 0/102 0.00
HMOS PLCC
MC68HC11 0/615 2/614 0/612 0.33
HCMOS CERAMIC
MC68020R 0/462 0/461 1/459 0.22
MC68881R 0/205 0/205 0/199 0.00
TOTAL 0/667 0/666 1/658 0.15
CMOS DIP
MC146805G2 0/34 0/34 0/31 0.00
MC146805F2 0/68 0/68 0/68 0.00
MC146818 0/34 0/34 0/33 0.00
MC146823 0/34 0/34 0/34 0.00
TOTAL 0/170 0/170 0/166 0.00
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Table 2-14. Thermal Shock Test
GRAND TOTAL

TEMPERATURE: —-65°C to +150°C
STRESS METHOD: Liquid to Liquid
LONGEST STRESS: 1000 Cycles

; — Failures Pér Sample —
Device Type "

. 100 cyc 500 cyc 1K cyc % Failures
NMOS 0/475 2/474 1/467 0.64
HMOS 0/1941 4/1938 2/1919 0.31
CMOS 0/170 0/170 0/166 0.00
HCMOS 0/769 0/768 1/760 0.13
PLCC 0/615 2/614 0/612 0.33
DIP 0/3355 6/3350 4/3312 0.30
PLASTIC 0/3113 8/3110 3/3082 0.35
CERAMIC 0/857 0/854 1/842 0.12
GRAND TOTAL 0/3970 8/3964 4/3924 0.30
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Figure 2-6. Thermal Shock Trend Chart

Data Retention Test

Data retention testing or high temperature storage is performed to measure the stability of the
programmed EPROM and EEPROM devices during storage at elevated temperatures with no
electrical stress applied. The devices are stored at an ambient of 150°C. An acceleration of charge
loss from the storage cell is the expected result. All groups are typically tested to 1008 hours.

Table 2-15 lists the results and the grand total of the data retention test. Figure 2-7 shows the
trend chart for the data retention bake test.
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Table 2-15. Data Retention Test

TEMPERATURE: 150°C
LONGEST STRESS: 1008 Hours

. — Failures Per Sample —
Device Type -
168 Hrs. 504 Hrs. 1008 Hrs. % Failures
HMOS CERAMIC
MC1468705F2 0/78 0/78 0/78 0.00
MC68701U4 0/44 0/44 0/44 0.00
MC68705R3 0/45 0/45 0/45 0.00
MC68704P2 0/442 0/442 0/442 0.00
MC68701 0/45 0/45 0/45 0.00
TOTAL 0/654 0/654 0/654 0.00
HMOS DIP
MC68000 0/100 0/100 0/100 0.00
HMOS PLCC
MC68705R3 1/2044 0/2043 1/2043 0.10
HCMOS PLCC
XC68HC11A8* 1/385 0/381 0/377 0.26
MC68HC11A8* 2/1668 2/1667 2/1665 0.36
TOTAL 3/2053 2/2048 2/2042 0.34
HMOS 1/2798 0/2797 1/2797 0.07
HCMOS 3/2053 2/2048 2/2042 0.3
45
GRAND TOTAL 4/4851 2/4845 3/4839 0.19
*These EEPROM units were prestressed through 10K write/erase cycles.
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Figure 2-7. Data Retention Bake Trend Chart

EEPROM Write/Erase Cycling Test

The write/erase endurance test measures EEPROM cell operation over an expected life time. All
cells are alternately cycled for 10,000 cycles between an erased state “1” and a write state 0"
at the device high temperature specification of 85°C. The most common failure mode is failure
to write a 0" within the 10 msec specification limit.
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Table 2-16 lists the results and grand total of the EEPROM write/erase cycling test. Table 2-17 lists
the average outgoing quality from year 1979 through 1987.

Table 2-16. EEPROM Write/Erase Cycling Test

VOLTAGE: 5.5 Volts
TEMPERATURE: 85°C
LONGEST STRESS: 10K Cycles

. — Failures Per Sample —
Device Type "
1K cyc 2K cyc 5K cyc 8K cyc 10K cyc Failure

HCMOS PLCC

XC68HC11A8 1/288 1/287 3/286 0/283 1/283 2.10

(Mask: 1B96D)

XC68HC11A8 3/642 2/633 2/629 2/627 0/625 1.42

(Mask: 2B96D)

MC68HC11A8 1/314 1/313 0/312 0/312 0/312 0.64

(Mask: 2B96D)

MC68HC11A8 3/1289 0/1286 0/1286 1/1286 11285 0.39

(Mask: 7B96D)

TOTAL 8/2533 4/2519 5/2513 3/2508 2/2505 0.87
Write/Erase Cycling Failure Rate Calculation
. Test 85°C 70°C Equiv. . % 1K cyc
Device Type Device Device Hrs. Device cyc’ Failures 0.53 eV2

HCMOS PLCC

MC68HC11A8 1244 12,440,000 2.58 % 107 17 0.090

(Mask: 1 & 2B96D)

MC68HC11A8 1289 12,900,000 2.67 x 107 5 0.035

(Mask: 7B96D (Current Mask))
GRAND TOTAL 2533 25,340,000 5.24x107 22 0.056

1) Activation energy used in equivalent device cycle calculation is 0.53 eV.
2) 90% confidence.

Table 2-17. Average Outgoing Quality

Goal Electrical Visual/Mech.

Time Frame (PPM) AOQ (PPM) AOQ (PPM)
Actual Actual
Year 1979 3000 (~)4000 (~)4500
Year 1980 2500 (~)2000 (~)2500
Year 1981 1500 1725 1920
Year 1982 900 717 1103
Year 1983 425 383 380
Year 1984 200 419 403
Year 1985 80 272 137
Year 1986 50 29 509
Year 1987 50 232 190

o o o
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RESULTS AND CONCLUSION

The 1987 Microprocessor Reliability results indicate that the major product lines have excellent
overall reliability performance. The reliability performance of our products is evaluated through
extensive stress/testing which includes life test, temperature cycle, thermal shock, THB, autoclave,
and data retention bake. This year’s results indicate there are many areas where significant gains
were made in reliability performance as compared to the 1986 results.

The overall High Temperature Operating Life test result for the year was excellent with a failure
rate of 117 FITs compared to the 1986 yearly total of 264 FITs (based on 0.7 eV). Failure rate
improvements were seen in all of the key process technologies during the year. The life test failure
rate for NMOS was 91 FITs which is a 55% improvement compared to the previous yearly results.
The HMOS failure rate improved to a 127 FIT level as compared to the 467 FIT level this technology
achieved in 1986. The HCMOS failure rate was 224 FITs which is a 16% improvement in the 1986
figure. The 5 micron CMOS technology achieved a failure rate of 125 FITs which is excellent and
a significant improvement over 1986.

The environmental results for 1987 indicate that our products lines are capable of meeting rigid
environmental extremes with very low failure rates. The actual stress results for the various
thermal cycling and moisture tests are detailed below.

The temperature cycle results for 1987 improved to an overall 0.43% cumulative failure rate
through 1000 cycles. This is a 51% gain over the 1986 figures. Thermal shock results for this
period also improved substantially to a 0.30% level. These figures are excellent.

Both temperature humidity bias and autoclave produced improved failure rate performance during
1987. Temperature humidity bias achieved a 0.16% cumulative failure rate through 1008 hours.
The autoclave test for this time frame resulted in a 0.11% figure which is a 56% improvement
over 1986.

Data retention bake, which is used to evaluate the ability of the MCU EPROM and EEPROM devices
to store charge over an extended period of time, has a cumulative percent fallout of 0.19%. This
figure has improved 42% during 1987 as compared to the previous years results.

Write/erase cycling, which was begun this year to measure the MCU EEPROM arrays operational
endurance over an expected life time, resulted in an overall failure rate of 0.056%/1K cycles at
70°C. The most recent material evaluated in the 4th quarter of 1987 achieved a 0.035%/1K cycles
failure rate.

Average Outgoing Quality levels for both electrical and visual/mechanical performance improved
for 1987. The yearly figures are 232 ppm for electrical and 190 ppm for visual/mechanical.

In summary, the Motorola Microprocessor Product Group’s products are achieving very high
levels of reliability and quality performance. Improvements in many key areas have been made
during the course of the year, and as a group our goal will be to continually upgrade the Reliability
and Quality of our products.

For more information, contact Microprocessor Reliability Engineering at 512/440-2530 or write to:

Microprocessor Reliability Engineering
Motorola Inc.

6501 William Cannon Drive West
Austin, Texas 78735-8598
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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 quantitatively correlatable to system operation. Life test failure rates are expressed
as failures per unittime and are calculated using established principles or 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 2-8).

CLASSICAL FAILURE RATE CURVE

FAILURE REGION 1 REGION 2 REGION 3
RATE
N\
NN
NN
—>
TIME

Figure 2-8. Device Failure Rate as a Function of Time

The following three regions are represented in the curve:
1. Infant Mortality — a region of high bur 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 micorprocessors 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. Ff you
are interested in projecting from the sample to the population 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 middle 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. R&QA Engineering has determined that the following general formula,
which utilizes values from a Chi-Square table, can be used to calculate failure rates for semicon-
ductors:

r=x2ecdd (1)

2t
where:
N =Failure Rate
x2  =Chi-Square Function
_ 100 — Confidence Level
¢ 100
d.f. =Degrees of Freedom=2r+2
r = Number of Rejects
t = Device Hours

To calculate the failure rate, first determine the level of confidence you require and calculate
degrees of freedom. Select the Chi-Square value for a Chi-Square distribution table with the
appropriate degrees of freedom and confidence level. 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 oder 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( ((‘)/k) * (i_u (2)
Tr Tt
where:
Fa = Acceleration Factor
¢ =Activation Energy, eV
k  =Boltzman’s Constant, 8.62x 10~ 5eV/K
Tr =Junction Temperature, K at the Rated
Ambient of 70°C
Tt =Junction Temperature, K at the Life Test
Ambient of 125°C

Motorola uses 70°C for the system temperature (To) to more closely approximate the actual
temperature of the device during system operation and to supply a degree of conservatism to
the failure rate calculation.

Motorola uses an activation energy value of 0.7 electron volt. A 0.7 eV was selected as an average
value because a variety of different failure mechanisms exist for microprocessor and other VLSI
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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 repre-
sentative of actual conditions. These temperatures are calculated as follows:

TJ=TA+PD6JA , (3)

where:
TJ =Junction Temperature, °C
TA = Ambient Temperature, °C
PpD = Average Power Dissipation, Watts
0JA = Thermal Resistance — Junction to Ambient,
°C Per Watt

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
equivalent 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 tem-
perature for t in the equation.

Equation (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 - R&QA Engineering
expresses failure rates for Microprocessors. One other way of expressing failure rates is Failures
In Time (FITs) which refers to failed units per 102 device hours (1 FIT=xx 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 nonrepairable item such as a semiconductor and is expressed
as the reciprocal of the failure rate:

1
MTTF=— (4)
A
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Data Sheets g

Volume | and |l

This chapter (found in both Volume | and Volume Il) contains the data sheets
for the Microprocessors, Microcontrollers, and Peripheral devices. For information
on packaging, refer to Chapter 4. Ordering forms are located in Chapter 6.

|
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Advance Information

Programmable Video Timing Controller
(PVTC)

The MC2672 programmable video timing controller (PVTC) is a programmable device designed
for use in CRT terminals and displays systems that employ raster scan techniques. The PVTC gener-
ates the vertical and horizontai timing signals necessary for the display of interlaced or non-inter-
laced data on a CRT monitor. It provides consecutive addressing 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 PVTC. Applications include CRT terminals, word-process-
ing systems, small business computers, and home computers.

® 4 MHz Character Rate
® Up to 256 Characters Per Row
1 to 16 Raster Lines Per Character Row
Up to 128 Character Rows Per Frame 3
Programmable Horizontal and Vertical Sync Generators
Interlaced or Non-Interlaced Operation
Up to 16K RAM Addressing for Multiple Page Operation
Automatic Wraparound of RAM
Addressable, Incrementable, and Readable Cursor
Programmable Cursor Size, Position, and Blink
Split Screen and Horizontal Scroll Capability
Light Pen Register
Selectable Buffer Interfce Modes
Dynamic RAM Refresh
Completely TTL Compatible
Single +5-Volt Power Supply
Power-On Reset Circuit

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

Interface Control - CTRL1

>
I Display
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Read/Write Registers Logic CTRL3
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Timi i B
Clock 'm”;?‘fha'” VSYNC/CSYNC
[IAEALZATALLIS
Buffer Decode Logic
K BLANK
Timing | EEEE———
ABSOLUTE MAXIMUM RATINGS
Rating Symbol Value Unit This device contains circuitry to pro-
tect the inputs against damage due to
Supply Volt \ -0.3t0 +7.0 \ .
qu\// otage Vc_c 0315370 v high static voltages or electric fields;
Input .oltage n —Jot s . however, it is advised that normal pre-
Operating Temperature Range TA 01070 C cautions be taken to avoid application
Storage Temperature Range Tstg —565 to +150 °C of any voltage higher than maximum-

rated voltages to this high-impedance
circuit. For proper operation it is rec-
THERMAL CHARACTERISTICS ommended that Vi, and Vgt be con-
strained to the range GND<(Vj, or

Characteristic Symbol Value Rating Vout)<Vce. Reliability of operation is
Thermal Resistance 0JA 50 °C/W enhanced if unused inputs are tied to
Plastic Package an appropriate logic voltage level (e.g.,

either GND or Vcc).
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POWER CONSIDERATIONS
The average chip-junction temperature, TJ, in °C can be obtained from:
Ty=TA+(PD*6JA) (1)
where:
TA = Ambient Temperature, °C
0JA = Package Thermal Resistance,
Junction-to-Ambient, °C/W
PD = PINT+PPORT
PINT = IccxVcc, 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=+(Ty+273°C) (2)
Solving equations (1) and (2) for K gives:

K=Ppe+(Ta+273°C) +64A°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 Tj can be obtained by solving equations
(1) and (2) iteratively for any value of Tp

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

Parameter Symbol Min Max Unit
Input Low Voltage ViL -03 0.8 \
Input High Voltage ViH 20 Vee \
Output Low Voltage (I gad =2.4 mA) VoL — 0.4 Vv
Output High Voltage (Except INTR Output) I gad = — 200 pA VOH 2.4 - v
Input Leakage Current Vin=0 to Vcc lin -10 10 pA
Hi-Z (Offstate) Input Current Vin=0.4 t0 2.4 V ITs| -10 10 pA
INTR Open-Drain Output Leakage Current Voq=2.4 VcC ILOH — 10 uA
Internal Power Dissipation PINT - 800 mwW

NOTE: 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 04 Vto 2.4 V.
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AC ELECTRICAL CHARACTERISTICS — BUS TIMING (Tp=0°to 70°C, Vcc=5.0V +5%, See Note 1)

MC2672B3 MC2672B4
Parameter Symbol Min Max Min Max Unit
AO-A2 Setup Time to W, R Low tAS 30 - 30 - ns
A0-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 20 | — 250 — ns
Data Valid after R Low | .top - 200 — 200 ns
Data Bus Floating after R High tDF - 100 — 100 ns
Data Setup Time to W High DS 150 - 150 - ns
Data Hold Time from W High tDH 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 ase, 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.
3. 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 0.4 Vto 2.4 V.

3

BUS TIMING DIAGRAM

S G—

—>{tas € —H tAH ‘1—
—>Itcs € —» tCH [*
| E———— Ry ———
R
1 -
[ €——tDD— (< 'oF >I
DO-D7 (Read) Float XNotValid Valid X Float
o\
[ tD g
0S5 | tDH
DO-D7 (Write) Valid
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AC ELECTRICAL CHARACTERISTICS — CHARACTER CLOCK TIMING (Tp=0°C to 70°C, Vcc=5.0 V +5%, See Note 1)

'MC2672B3 M2672B4
Parameter Symbol Min Max Min Max Unit
CCLK Period teep 370 - 250 — ns
CCLK High Time tcCH 125 N 100 — ns
CCLK Low Time teoL 125 — 100 — ns
Output Delay Time from CCLK Edge tcep
DADDO-DADD13, BCE, WDB, RDB, MBC 40 175 40 150 ns
BLANK, HSYNC, VSYNC/CSYNC, CURSOR, BEXT, BREQ, BACK ! 40 225 40 200
NOTES:

1. BCE, WDB, and RDB delays track each other within 10 nanoseconds. Also, these output delays will tend to follow the direction

(minimum/maximum) of DADD0-DADD13 delays.
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 0.4 V to 2.4 V.

CHARACTER CLOCK TIMING DIAGRAM

[ €e———tcCpP———»]
€ tCCH—

=/ “J

tccp e
Outputs
(See Note 1)
tceo
Outputs
DB, 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 (Tp=0°C to 70°C, Vcc=5.0 V. +5%)

) MC2672B3 MC2672B4

Parameter Symbol Min Max Min Max Unit
READY/RDFLG Low from W HIGH tRDL - tccp+30 — tccp+30f ns
[BACK High from PBREG Low . wAk |~ | 2% | - | 20 | ns
BEXT High from PBREQ High - tBXT — 225 — 200 ns
Light Pen Strobe Setup Time to CCLK Low tLPS 120 = 120 - ns
Light Pen Strobe Hold Time from CCLK Low . tLPH -10 — -10 — ns
TNTR Low from CCLK Low YRL — 225 — 200 ns
TNTR High-from W, R High YRH - 600 — 600 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 referened to falling and rising edges of CE.
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 0.4V to 2.4 V.
OTHER TIMING DIAGRAMS
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OTHER TIMING DIAGRAMS (Continued)
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COMPOSITE SYNC TIMING DIAGRAM

Even Field
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NOTES:
1

A —>—H Period

Vertical Blanking Interval >

Horizontal Blanking Interval

. In non-interlaced operation the even field is repeated continuously, and the odd field is not.

2. Interlaced operation the even field alternates with the odd field.

3. 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 0.4V to 2.4 V.

SIGNAL DESCRIPTION

The input and dutput signals for the PVTC are described in
the following paragraphs.

Vcc AND GND

Power is supplied to the PVTC using these two pins. VcC
is the +5 volts +5% power input and GND is the ground
connection.

ADDRESS LINES (A0-A2)

These lines are used to select PVTC internal registers for
read/write operations and for commands.

DATA BUS (D0-D7)

These lines comprise the 8-bit bidirectional three-state
data bus. Bit 0 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-
puts when the chip enable input is low. When the chip
enable input is high the data bus is in the high-impedance
state.

READ STROBE (R)

This pin is an active low input. A low on this pin while chip
enable is low causes the contents of the register selected by
AO-A2 to be placed on the data bus. The read cycle begins
on the falling edge of R.

WRITE STROBE (W)

This pin is an active low input. A low on this pin while chip
enable is also low causes the contents of the data bus to be
transferred to the register selected by AO-A2. The transfer
occurs on the rising edge of W.

CHIP ENABLE (CE)

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,
the PVTC is effectively isolated from the data bus and DO
through D7 are placed in the high-impedance state.

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.

HORIZONTAL SYNC (HSYNC)

This pin is an active high output which provides video
horizontal sync pulses. The timing parameters are program-
mable.

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.
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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.

DISPLAY ADDRESS (DADDO0-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 (DADD8/LNZ) — Asserted before the first
scan line in each character row.

LIGHT PEN LINE (DADDS/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.

ODD 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 controlled 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 0. | Interrupt Register Initialization Registers*

o1 o 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) iof 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

Figure 1 illustrates the block diagram of a typical display
terminal that uses an MC2672, character ROM, a keyboard in-
terface, and an attribute controller. 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. The buffer is typically a RAM wich 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

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 shift register or a small
RAM) that is updated in real time to contain the appropriate
display data.

The user program bits 0 and 1 of IR0 to select the mode best
suited for the system environment. The CNTRLT-CNTRL3 out-
puts perform different functions for each mode and are named
accordingly in the description of each mode given in the fol-
lowing 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 dptionai 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.

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.

CPU checks RDFLG status 1o 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.

3.

4.

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

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

2. CPU loads data to be written to display memory into Timing for the "“write from cursor-to-pointer” operation is
the interface latch. shown in Figure 5. The BLANK output is asserted auto-
3. CPU writes beginning address of memory block into matically and remains gsserted until the vertical retrace mte'r«
. . val following completion of the command. The memory is
cursor address register and ending address of block ) . .
X X X filed at a rate of one location per two character times, plus a
into pointer address register.
) . . small amount of overhead.
4. CPU issues "write from cursor-to-pointer’” com-
mand.
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 DIAGRAM

(Command Received During Active Display Window)
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FIGURE 4 — READ/WRITE AT CURSOR/POINTER COMMAND TIMING DIAGRAM
(Command Received While Display is Blanked)
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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
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FIGURE 7 — TRANSPARENT-BUFFER MODE TIMING
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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
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FIGURE 9 — SHARED AND TRANSPARENT MODE TIMING

(a) During Vertical Blank or after ‘display off’ command
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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
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BLANK
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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
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FIGURE 11 — ROW-BUFFER MODE TIMING

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

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 (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 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-Intertaced Interlaced Sync Select Buffer-Mode Select
0000=1 Line 0000 = Undefined 0=VSYNC |00=Iindependent
0001=2 Lines 0001=5 Lines 1=CSYNC }|01=Transparent
0010=3 Lines 0010=7 Lines 10= Shared
. 11=Row
.
1110=15 Lines 1110=31 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
IR1 Interlace
Enable Equalizing Constant
0= Non- 0000000=1 CCLK
Interlace | 0000001 =2 CCLK Calculated from:
1=Interlace . EC=0.5 (HaocT+ HFp+ HSYNC+Hgp) —2(HSYNC)
L]
L]
1111110=127 CCLK
1111111=128 CCLK
7 6 5 4 3 2 1
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
IR3 Vertical Front Porch Vertical Back Porch
000=4 Scan Lines 00000=4 Scan Lines
001=8 Scan Lines 00001=6 Scan Lines
* - L]
L] L
110=28 Scan Lines 11110=64 Scan Lines
111=32 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 interlace mode with odd total character rows per screen the last character row will be the programmed scan lines per

character row minus one.

IRS

4 3

Active Characters Per Row

00000010=2 Characters
00000011=4 Characters

L]

L]
11111110= 255 Characters
11111111=256 Characters

MOTOROLA MICROPROCESSOR DATA

3-18




MC2672

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
L] L]
L] L]
1110= Scan Line 14 1110= Scan Line 14
1111 = Scan Line 15 1111=Scan Line 15
7 6 5 4 3 2 1
IR7 Double
Cursor Height
Light Pen Line Blink Char. Underline Position
00= Scan Line 3 0=No 0=No 0000= Scan Line O
01=Scan Line 5 1=Yes 1=Yes 0001 = Scan Line 1
10t Scan Line 7 .
11t Scan Line 9 .
1110= Scan Line 14
1111 = Scan Line 15
7 6 5 4 3 2 1
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" =4,095
7 6 5 4 3 2 1
IR9 Display Buffer Last Address Display Buffer First Address MSBs
0000= 1,023
0001=2,047
° See IR8
.
1110=15,359
1111=16,383
7 6 5 4 3 2 1
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 technigue. As scanning occurs, the scan
line'count is output on the LAO-LA3 and LI 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 (IRO0[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-LAS 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 fieids, thus minimizing
character variations due to different loading of the CRT
anode supply between fields.

FIGURE 13 — INTERLACED DISPLAY MODES
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EQUALIZING CONSTANT (IR1[6:0]) — 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:

Ec=~HACT+ HFP+2HSYNC+ Hep 2HSYNC)

- The definition of the individual parameters is illustrated in
Figure 14. The minimum value of HFp is two character
clocks.

Note that when using the attributes controller 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 pulse 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 75% 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(7:0]) — 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 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
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LIGHT PEN LINE POSITION (IR7[7:6]) — 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[6]) — 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 aliows 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
attributes by the attributes controller. The timing signal is mul-
tiplexed onto the DADD10/UL output during the falling edge
of BLANK.

DISPLAY BUFFER FIRST ADDRESS (IR9[3:0] 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[6:0]) — 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

Changeanytime 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 [5:0)

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 (IRB) 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

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), (IR8[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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(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.

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 INTR 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/SR[4]) — 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/SRI3]) — 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 scieen-stait regisiers is ioaded 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 until the prior command is
completed.

LIGHT PEN (I/SR[0]) — 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
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TABLE 3 — PVTC COMMAND FORMATS

D7 | 06 [ 05 [ p4 [ o3 [ b2 | b1 [ Do [Hex ] Command
Instantaneous Commands
0 0 0 0 0 0 0 0 Master Reset
0 0 0 1 \% \% \% \Y 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 0* Cursor Off
0 0 1 1 d d d 1* 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
B 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 A9 | Increment Cursor Address
1 0 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 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

* 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-D0. Allowable
values are 0 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 buffer 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.
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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.

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, al! 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.

MECHANICAL DATA

ORDERING INFORMATION (T =0°C to 70°C)

Package Type Frequency Order Number
Plastic 2.7 MHz MC2672B3P
P Suffix 4.0 MHz MC2672B4P
PIN ASSIGNMENTS
RO N\ 400vVee
CEQ2 39f1A2
w.0s3 38[1A1
CTRL1 4 37A0
cTrL2 05 36[LPS
CcTRL3[6 35[JINTR
CURSOR 7 34[IDADDO
polls 33[1DADD1
D19 32[IDADD2
p20 10 31[ADADD3/ LI
D3l 1 30[DADD4/LAO
paf] 12 29fIDADDS/ LA
Dsf] 13 28[IDADD6/ LA2
pel] 14 27[IDADD7/LA3
p70 15 26 [IDADD8/LNZ
ccikf 16 251DADDY/LPL
BLANK [ 17 24 IDADD10/UL
ey BEYRK
HsYNCI] 19 221040012/
GND 20 21 [ADADD13/LL
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Advance /nformat/on
Advanced Video Display Controller (AVDC)

The MC2674 advanced video display controller (AVDC) is a programmable 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 addressing to a user specified display buffer mem-
ory 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 program-
ming the control registers in the AVDC.

A minimum CRT terminal system configuration consists of an AVDC, a keyboard controller, an
asynchronous communications interface adapter, character ROM, and an attributes controller. Other
necessary parts of the system are a single-chip microcomputer such as the MC6809, display buffer
RAM, and a small amount of TTL for miscellaneous address decoding, interface, and control. Sys-
tem 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
o 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

This document contains information on a new prodfmt. Specifications and information herein are subject to change without notice.
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ABSOLUTE MAXIMUM RATINGS : This device contains circuitry to pro-
Rating Symbol Value Unit Lgctr‘the ir.lputsI against dalmage (zu:edto

igh static voltages or electric fields;

Supply Voltage - Vee ~0310 +70 v however, it is advised that normal pre-
Input Voltage Vin ~03t0o+70 | Vv cautions be taken to avoid application
Operating Temperature Range TA : 0t 70 °Cc of any voltage higher than maximum-
Storage Temperature Range Tstg -56 to + 150 °C rated voltages to this high-impedance

circuit. For proper operation it is rec-
ommended that Vi and Vgt be con-
strained to the range GND=(Vj, or
Vout)sVcc. Reliability of operation is
THERMAL CHARACTERISTICS enhanced if unused inputs are tied to
an appropriate logic voltage level (e.g.,

Characteristic Symbol Value Rating either GND or Vg

Thermal Resistance . 0JA °C/W

Plastic Package 50

POWER CONSIDERATIONS
The average chip-junciion temperature, T, in °C can be obtained from:
Ty=Ta+(Pp*bgp) (1)
where: o

TA = Ambient Temperature, °C

0JA = Package Thermal Resistance, Junction-to-Ambient, °C/W

Pp =PINT+PPORT )

PINT  =lccx Ve, Watts — Chip Internal Power

PpoRrT = Port Power Dissipation, Watts — User Determined

For most applications PporT<PjNT 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 PpoRrT is neglected) is:

PD=K+(TJ+273°C) (2)

Solving equations (1) and (2) for K gives:
K=Pp* (Tp+273°C)+ 8 A°PD? (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 P and T can be obtained by solving equations
(1) and (2) iteratively for any value of Tp

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

Parameter Symbol Min Max Unit
Input Low Voltage ViL -0.3 0.8 \
Input High Voltage VIH 20 vVee \
Output Low Voltage (I =2.4 mA) VoL — 0.4 \
Output High Voltage (Except INTR Output) (Igq= — 200 pA) VOH 24 - \
Input Leakage Current (Vin=0 to Vcc) lin -10 10 pA
Hi-Z (Off-State) Leakage Current (Vcc=5.25V, Vin=0.4t02.4 V) ITs) -10 10 pA
INTR Open-Drain Output Leakage Current (Vo=0 to V¢c) oD - 10 A
Internal Power Dissipation (Measured at To=0°C) PINT - 800 mwW

|
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AC ELECTRICAL CHARACTERISTICS — BUS TIMING (Tao=0°C to 70°C, Vcc=5 V+5%)

2.7 MHz 4.0 MHz
Parameter Symbol Min Max Min Max Unit

A0-A2 Setup Time to W, R Low tAS 30 - 30 — ns
A0-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 250 200 — ns
Data Valid after R Low DD - 200 - 200 ns
Data Bus Floating after R High tDF - 100 - 100 ns
Data Setup Time to W High DS 150 - 150 - ns
Data Hold Time from W High iDH 1 - 5 — ns
High Time from CE to CE tce

Consecutive Commands tcep - tceep - ns

Other Accesses 300 - 300 — ns

AO-A2 —_—><L
——| taAs

CE \
] tcs
R \

BUS TIMING DIAGRAM

[ e——— RW———

—>» tC

€——1DD——>

DO-D7
(Read)

Float

x Not Valid X

Valid X Float

sl

N\

tDg—>
DS, '<-—IDH

DO0-D7
(Write)

X

=
mi
B
3|

_/

NOTES:

1. Any two must be high for tcc.

te—1CcC

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 0.4 V to 2.4 V.
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AC ELECTRICAL CHARACTERISTICS — CHARACTER CLOCK (CCLK) TIMING (Tp=0°C to 70°C, Vcc=5 V+5%)

2.7 MHz 4.0 MHz

. " Parameter : Symbol Min Max Min Max Unit

CCLK Period tccp 370 10000 250 10000 ns

CCLK High Time ) tCCH 125 - 100 — ns

CCLK Low Time o S teeL 125 - 100 - ns
Output Delay Time from CCLK Edge )

DADDO-13, MBC tceDn 40 175 40 150 ns

BLﬂK_, H_SLNC,_\/SY&CSYNC, CURSOR, BEXT, BREQ, tceo? | 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. ; i ' .

CCLK TIMING DIAGRAM

l€«————1[CCP—— ]
€—tCCH—

=_ /TN oA

cCD1 |a—tccL—m
1CCD2 ~e——]

Outputs
(Note 1)
Outputs WDB, '
RDB, BCE
NOTES:
1

. DADDO0-DADD13, BLANK, HSYNC, CSYNC/VSYNC, CURSOR, BEXT, BREQ, BCE, MBC, BACK.
2. BCE changes state on both CCLK edges.
3. 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 0.4 V to 2.4 V. :

tcep2

AC ELECTRICAL CHARACTERISTICS - OTHER TIMING (TA=0°C to 70°C, Vcc=5V *5%)

2.7 MHz 4.0 MHz
Parameter Symbol Min Max Min Max Unit
READY/RDFLG low from W High* tRDL — tCCP+30 — tCCP+30 ns
BACK High from PBREQ Low tBAK — 225 — 200 ns
BEXT High from PBREQ High tBXT — 225 — 200 ns
INTR Low from CCLK Low tIRL — 225 — 200 ns
INTR High from W, R High* tRH — 600 — 600 ns
ACLL from HSYNC tAC 3XtCep — 3XtCCP — ns

*Timing is illustrated and specified referenced to W and R inputs. Device may also be operated withCE as the “strobing”” input. In
this case, all timing specifications apply referenced to falling and rising edges of CE.
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OTHER TIMING DIAGRAMS (Sheet 2 of 2)

e VAW

BLANK v Vertical
Blanking
Interval
HSYNC / 1st HSYNC
i \ of VBLANK
v
VBLANK Status Bit /
EYRL

CCIK —/—\
tccp2—

Horizontal
BLANK Blanking L

Interval
tcCD1—3 [ tcept

Multiplexed
DADDO-DADD13 X Signals Valid

Address of
1st Character
of Row

Line Zero and Split
Screen Status Bits

TR
INTR

NOTE: 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 0.4 Vto 2.4 V.
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OTHER TIMING DIAGRAMS.(Sheet 2 of 2)

S 1 I I I
| A\
BLANK
a3 »1- VEp=n Scan Lines
Normal VSYNC (ACLL=1) N
N
— €« 1IAC
ACLL
N
N
Delayed VSYNC
l€——————VFp=n+3 Scan Lines ———————»

—

W for a Delayed Command

[€—— RDL

READY or RDFLG Status Bits

gre

[ 1BXT

BACK /

W or R Which Resets Interrupt _—\__-/

<«—>»— URH

o

NOTE: 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 0.4 V to 2.4 V.
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AC ELECTRICAL CHARACTERISTICS — ROW TABLE INPUT TIMING (Tp=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 tpSRT | 100 ~ 60 - ns
Data Hold Time from CCLK Low tDHRT 60 — 60 — ns

ROW TABLE FETCH I/0 TIMING DIAGRAM

Latch DO-D7 Into  Latch DO-D7 Into
SSR1 Lower SSR1 Upper

= B | LI
BLANK__/

MBC

tccD1 —3

tccn2 —>| —

CURSOR \
tcep1— }1—

DADD SSR2 Address SSR2 Address+ 1 X

IDSRT — — k—tDSRT

(—‘DHRT~>| »(—tDHRT—bi
Row Start >< Row Start ><
bo-b7 ﬁdress Lower Address Upper

NOTE: 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 0.4 V to 2.4 V.

Even Field COMPOSITE SYNC TIMING DIAGRAM
Last Displayed
Scan of

First Displayed Scan
Previous Field [«&———Vertical Front Porch Vertical SYNC Pulse; Vertical Back Porch of Even Field
\ / Horizontal
CSYNC I SYNC

Pulses
I N i \

\
BLANK

Vertical Blanking Interval b{
0dd Field
. First Displayed
Last D'SS‘C’?:%‘: Vertical Front Porch— % H Vertical SYNC Pulse Vertical Back Porch %H Soomof,
Even Field '/2 Odd Field

come [ I n ‘Lﬂ_
"I_I

2 Horizontal SYNC —)l H Period
BLANK | l | I I |
}1 Vertical Blanking Interval
NC:T:E: :non—imerlaced operation the even field is repeated continuously. Honzontal Blanking Interval

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
pulses. 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.

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 low after the programmed vertical front
porch interval, the vertical front porch will be lengthened by
increments of horizontal scan line times until 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)

Inindependent 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/LAO-LA3) — These
outputs provide the number of the current scan line count
for each character row.

FIRST LINE (DADD8/FL) — This output is asserted dur-
ing the blanking interval just prior to the first scan line of
each character row.

DOUBLE WIDTH (DADDS/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/LAOQ 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.

Vcce 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 include 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 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 that uses an MC2674, character ROM, a keyboard in-
terface, and an attribute controller. 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 bufferis typically a RAM which holds the
data for a single or multiple 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 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.

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 operational sequence for a write operation is:
1. CPU checks RDFLG status bit to assure that any de-
layed commands have been completed.
. 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.

N

o1

address to perform requested operation. Data is copied
from the interface latch into the memory.

. AVDC generates control signals and outputs specified

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.

. AVDC generates control signals and outputs block ad-
dresses to copy data from the interface latch into the
specaied block of memory.

6. AVDC sets RDFLG status to indicate that the block

write is completed.

(&2

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. |f 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 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
. 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. 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 0.4 V to 2.4 V.
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FIGURE 4 — READ/WRITE AT CURSOR/POINTER COMMAND TIMING
(Command Received While Display Is Blanked)
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NOTE: 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 0.4V to 2.4 V.

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.

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 table 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 6 — AVDC SHARED OR TRANSPARENT BUFFER MODES
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FIGURE 7 — TRANSPARENT BUFFER MODE TIMING

o pm——————— e - —————-
pere !V, \ /___J(Z)
\J N
A
BACK / N @ X
N
A
‘..___.__.._\r_._.__ —_————
BEX N (3.4) . / -
" \ T
N- - _J\'_ —_—n
BLANK { ) \ \
Horizontal Blanking Interval o ——
A
DADD L:Z‘df;s':’ System Addresw:‘;)—( XAVDC CTRL Signalsx - dcr:;’ w AVDC CTRL Signals,
N
NOTES:

1.

2
3.
4

row.

o

PBREQ must be asserted prior to the rising edge of BLANK in order for sequence to begin during that blanking period.

. If PBREQ is negated after the next to last CCLK of the horizontal blanking interval, the next scan line will also be blanked.
Accesses during vertical blank or “display off’ are granted only at the beginning of the horizontal front porch.

. If row table addressing is enabled, CPU access is delayed by two character clocks prior to the first scan line of each character

. 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 0.4 Vto 24 V.
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" FIGURE 8 —~ SHARED BUFFER MODE TIMING
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outputs. Input levels are 0.4 V to 2.4 V.
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a) During Vertical Blank or after 'display off’ command in shared
mode only. See Figure 7 for transparent timing

the other modes, but circuitry must be added to route the
data from the display memory to the data bus inputs of the
AVDC. Additionally, 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 should 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.

1. If PBREQ is negated aﬁer the next to last CCLK of the horizontal blanking interval, the next scan line will also be blanked.
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

FIGURE 9 — SHARED AND TRANSPARENT MODE TIMING
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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-
mally require no modification except for certain special visual
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FIGURE 10 — ROW BUFFER MODE CONFIGURATION
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1. If row table addressing is enabled, BREQ will 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. 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 0.4 V to 2.4 V.
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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 mem-
ory address of the base character (upper left corner of
screen), the cursor position, and the split screen ad-
dresses associated with the scrolling area or an alter-
nate memory. These may require modification during
operation.

After initial loading of the two register groups, the
AVDC is ready to control the monitor screen. Prior to
executing the AVDC commands which turn on the dis-
play cursor, the user should load the display memory
with the first data to be displayed. During operation,
the AVDC will sequentially address the display memory
within the limits programmed into its registers. The
memory outputs character codes to the system char-
acter and graphics generation logic, where they are con-
verted to the serial video stream necessary to display
the data on the CRT. The user effects changes to the
CRT. The user effects changes to the display by modi-
fying the contents of the display memory, the AVDC
display control and command registers, and the initial-
ization registers, if required. Interrupts and status con-

ditions generated by the AVDC supply the “handshaking”
information 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 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 contin-
ues to point to IR14 for further accesses. Upon a power-
on or a master reset command, the internal pointer 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 con-
figuration, display format, cursor shape, and monitor
timing. Register formats are shown in Figure 15.

FIGURE 15 — INITIALIZATION REGISTER FORMATS (Sheet 1 of 4)

7 6 5 4 3 2 1 0
IRO 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
4 ° 11=Row
. . Buffer
1110=15 Lines 1110=30 Lines
1111=16 Lines 1111 = Undefined
7 6 5 4 3 2 1 0
IR1 Interlace Equalizing Constant
Enable 0000000=1 TCLK
0000001 =2 CCLK
0=Non- . Calculated from:
Interlace . EC=0.5 (HaocT+HfFp+HsyYNC+HBP) —2(HsYNC)
T=Inter- | 1111110=127 CCLK
lace 1111111=128 TCLK
7 6 5 4 3 2 1 0
IR2 Row
Table Horizontal Sync Width Horizontal Back Porch
0= Off 0000=2 CCLK 000=Not Allowed
1=0n 0001=4 CCLK 001=3 CCLK

.
L]
1110=30 CCLK
1111=32 CCLK

.
110=23 CCLK
111=27 CCLK
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FIGURE 15 — INITIALIZATION REGISTER FORMATS (Sheet 2 of 4)

7 6 5

4 3 2 1

Vertical Front Porch

Vertical Back Porch

000=4 Scan Lines
001=8 Scan Lines

.
.

110=28 Scan Lines

111=232 Scan Lines

00000=4 Scan Lines
00001=6 Scan Lines

11110=64 Scan Lines

11111=66 Scan Lines

7 6 5 4 3 2 1
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]
L]
11111110= 255 Characters
11111111= 266 Characters
7 6 5 4 3 2 1

First Line of Cursor

Last Line of Cursor

0000 = Scan Line 0
0001 = Scan Line 1
L]

.
1110= Scan Line 14
1111=Scan Line 15

0000= Scan Line 0
0001 = Scan Line 1
.

.
1110= Scan Line 14
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 O
01=Scan Line 1 1=0n 1=1/64 0001 = Scan Line 1

10= Scan Line 5
11=Scan Line 7

L]

L]
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]
Ll
H'FFE’ = 4,004
H'FFF =4,095
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= 15,369
1111=16,383
7 6 5 4 3 2 1 0
IR10 Display Pointer Address Lower
See IR11
7 6 5 4 3 2 1 0
IR11 LZ Down LZ Up Display Pointer Address Upper
0=0ff 0= Off H’0000' =0
1=0n 1=0n H'0001" =1
.
L]
H'3FFF = 16,383
7 6 5 4 3 2 1 0
IR12 Scroll Start Split Register 1
0= Off 0000000 = Row 1
1=0n 0000001 = Row 2

1111111=Row 128
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FIGURE 15 — INITIALIZATION REGISTER FORMATS (Sheet 4 of 4)

7 5 4 3 2 1 0
IR13 Scroll End Split Register 2
0= Off 0000000 = Row 1
1=0n 0000001 = Row 2
.
.
1111111 = Row 128
7 5 4 3 2 1 0
IR14 Double 1 Double 2 Lines to Scroll
00= Normal 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 111=16

DOUBLE HEIGHT/WIDTH ENABLE (IR0[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 IR14([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[6:4)] 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 IR1{7]). This field
defines the number of scan lines used to compose a char-
acter row for each technigue. As scanning occurs, the scan
line count is output on the LAO-LA3 and ODD pins.

VSYNC/CSYNC (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-
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 LAQO-LA2
lines, one per scan line for each field.

EQUALIZING CONSTANT (IR1[6:0]) — 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:

_ Bact+Hep+HsyNC+Hsp
2

EC 2 (HsyNC!

The definition of the individual parameters is illustrated in Fig-
ure 17.

Note that when using the attributes controller it will delay
the blank pulse three CCLKs 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 the next 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 CCLK
periods.
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FIGURE 16 — INTERLACED DISPLAY MODES

0dd ——>]
< | —>
< — ] —

Line Address
To Character Generator

~ o -0dd

18 Scan
Lines/Row

9 Scan
Lines/Row

r

O N O D W N 2O 0N OB W N > O
o O N OO 0O b~ W N

0 N o oW N

Non-Interlaced
IR0O=1000; Total Lines/Row=9

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]) — This field spec-
ifies the number of scan line periods between the rising
edges of BLANK and VSYNC during the vertical retrace
interval. The vertical front porch is extended in incre-
ments of scan lines if the ACLL input is low at the end
of the programmed value.

VERTICAL BACK PORCH (IR3[4:0]) — This field de-
termines 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 1/64 or 1/128 of the vertical field
rate. The timing signal has a duty cycle of 50% and is
multiplexed onto the DADD1/BLINK output at the falling
edge of each BLANK.

Line Address
To Character Generator

- 12 —>
-« 3

|

Line Address
To Character Generator

Odd

-0
-0

1-00000
3-0
—oeee

5-0

7-00000
9

oe

10 Scan
Lines/Row

1-00o000
e

3-0
—o0e

5-0

7-00000

fee)

Interlaced SYNC
IR0O=1000; Total Lines/Row=16

3=0
— Qe
5=-0
—

AN O ® O b N O ©®oe A NO ® o &N o Even

(>

Interlaced SYNC and Video
IR0O=0100; Total Lines/Row=10

CHARACTER ROWS PER SCREEN (IR4[6:0]) — This
field defines the number of character rows to be dis-
played. The value multiplied by the scan lines per char-
acte 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 dis-
played on each row of the CRT screen. The sum of this
value, the horizontal front porch, the horizontal sync
width, and the horizontl back porch is the horizontal
scan period in CCLKs.

FIRST AND LAST SCAN LINE OF CURSOR (IR6[7:4],
IR6[3:0]) — These two field specify the height and po-
sition 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

Character Row

le———— —_—
(IR5)
HBLANK
—>| Iq—— Front Porch (IR1) Back Porch (IR2) —ﬁ |<—
HSYNC | I
— 3 HSYNC (IR2)
f——Character Rows/ Screen (IR4)
—»{ |« Scan Lines Per Row (IRO)
VBLANK
—»{ |« Front Porch (1R3) Back Porch (IR3)—] ke
VSYNC 1 I
—»| |e—vsynciry)
Equalizing
Lines/ Row Constant
pr——
HSYNC  HBACK VFRONT  VBACK VSYNC
Width Porch Porch Porch Width
e — b — e, o——— p—

Character Rows/ Screen

e [TTTTTTT]

Characters per Row

e——
m[TTTTTTT]

VERTICAL SYNC PULSE WIDTH (IR7(7:6]) — This field
specifies the width of the VSYNC pulse in scan line 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[3:0]) — This field defines which
scan line of the character row will be used for the underline
attribute by the attributes controller. The timing signal is mul-
tiplexed onto the DADD10/UL output during the falling edge
of BLANK.

DISPLAY BUFFER FIRST ADDRESS (IR9[3:01), IR8[7:0]
AND DISPLAY BUFFER LAST ADDRESS (IR9[7:4]) —
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 will
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

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 scrolling 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]1) — This bit is asserted when
soft scroll is to take place. The scrolling area begins at the
row specified in split register 1 (IR12(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 automatically
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 IRO[7]=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[6:0]1). 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 (IR5), 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[6:01). 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)

7 6 5 4

3 2 1 0

Command Code

See COMMANDS for Command Codes

Command Registers (Write Only)

7 6 5 4

3 2 1 0

Upper Register

DADD15 DADD14

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 [6:0]
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 IRO[7]1=1, the values written into bits 7 and 6 of screen start 1 upper will also be written into
IR14[7:6] to control the double width and double height attributes of the display as follows:

1 [ 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 SPL1
0= Off 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 7
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

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
IR0[7]=0, these two bits act as memory page select bits
which may be used to extend the display memory addressing

point to the first table entry during each vertical retrace inter-

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

0
<+ Display Buffer Start
Bottom of Screen —
Screen Start—
N\ Monitor
~— Display Buffer End Display
16K
Memory
(a) Display Memory Wraparound
0
<+— Display Buffer Start
<+— Bottom of Screen
Screen Start 1 —
Split Screen —
Screen Start2— Q
\\\ Monitor
« Display Buffer End Display
16K

Memory

(b) Display Memory Split Screen With Wraparound

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

(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 ipterrupt
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 Split 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/SRI5]) — 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/SRI3]) — Set to one at the beginning of the
first scan line (line O) 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 I D6 I D5 I D4 ! D3 I D2 I D1 l Do I Hex 1 Command
f c dq
0 0 0 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 1* Enable Graphics
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 0* Cursor Off
0 0 1 1 d d d 1* 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 where N=1
A L S R S Interrupt Bit
B 4 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 0 1 A9 |Increment Cursor Address
1 0 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 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 IRO.

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-DO. 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 thraugh 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.

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:

Bit 0 — Split2
Bit 1 — Ready
Bit2 — Split 1

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 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
during the next blanking interval until the command is
completed.

ORDERING INFORMATION (Ve =5 V£5%, Ta=0°C to 70°C)

Package Type Frequency Order Number
Plastic 2.7 MHz MC2674B3P
P Suffix 4.0 MHz MC2674B4P

MOTOROLA MICROPROCESSOR DATA

3-59




MC2674

PIN ASSIGNMENT

rRlre A 00 vee
CE Q2 301 A2
w Qs 38{1 A1
CTRL1 Q4 37f A0
cTrL2 5 36 ACLL
CTRL3 [6 3501 INTR
CURSOR 7 34[1 DADDO/LG
oo ffs w1 DADD14
o1 s 21 37882/
D2 fJ10 31[1 DADD3/LR
D3 g1 30 [1 DADD4/LAO
D4 [J12 291 DADDS/LA1
ps 13 281 DADD6/LA2
D6 [J14 271 DADD7/LA3
o7 Ovs 26 [1 DADDS/FL
CCLK Q6 25 [1 DADD9/DW
BLANK [J17 24 [1 DADD10/UL
VSN tee 251 200
HSYNC [J19 201 8/38'317-/
GND [J20 211 DADD13/LL
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TECHNICAL DATA

8-Bit Microprocessing Unit (MIPU)

The MC6800 is a monolithic 8-bit microprocessor forming the central control function for Motorola's
M6800 Family. Compatible with TTL, the MC6800, as with all M6800 system parts, requires only one
+5.0-volt power supply and no external TTL devices for bus interface.

The MC6800 is capable of addressing 64K 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.

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

8-Bit Parallel Processing

Bidirectional Data Bus

16-Bit Address Bus — 64K Bytes of Addressing
72 Instructions — Variable Length

Seven Addressing Modes — Direct, Relative, Inmediate, Indexed, Extended, Implied, and
Accumulator

Variable Length Stack

Vectored Restart

Maskable Interrupt Vector

Separate Nonmaskable 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
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MAXIMUM RATINGS

Rating Symbol Value Unit

Supply Voltage Vee -0.3to +7.0 Vv
Input Voltage Vin -0.3to +7.0 \
Operating Temperature Range TA TLto TH °C

MC6800, MC68A00, MC68B00, -0to 70

MC6800C, MC68A00C —-40to +85
Storage Temperature Range Tstg —-55to +150 °C

THERMAL RESISTANCE
Rating Symbol Value Unit
Plastic Package 0JA 100 °CW
Cerdip Package 60
POWER CONSIDERATIONS
The average chip-junction temperature, Ty, in °C can be obtained from:
TJ=TA+(PD*6JA) (1)
where:
TA = Ambient Temperature, °C
0JA = 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<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) (2)
Solving equations (1) and (2) for K gives:

K=Pp«(Ta+273°C) + 0 A"PD? (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 Tao

DC ELECTRICAL CHARACTERISTICS (Vcc=5.0 Vde, +5%, Vgs=0, TA=T to TH unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Input High Voltage Logic VIH Vgs+2.0| - Vee v
¢1,62| ViHc | Vcc-06 - Vcc+0.3
Input Low Voltage Logic ViL Vgg—-03| — |Vss+08 v
91,62 V|LC Vgs—0.3 - Vss+0.4
Input Leakage Current
(Vin=01056.25V, Vcc=Max) Logic lin - 1.0 25 rA
(Vin=01t05.25V, Vcc=0V t0 5.25 V) @1, 92 - - 100
Hi-Z Input Leakage Current DO-D7 | — 2.0 10 A
(Vin=0.4102.4V, Vcc = Max) AO-A5,R/W| ' - - 100 M
Output High Voltage
(Ioad= —205 A, Ve = Min) _Do-D7| Vgs+24| — - v
(ILoad= — 145 sA, VCC = Min) AO-A15,R/W,VMA | ‘OH lvgs+24| - -
(I oad= — 100 A, VcC = Min) BA Vss+24| - -
utput Low Voltage (I gad=1.6 mA, Vcc=Min) VoL — — |vss+04] V
Internal Power Dissipation (Measured at To=Ty) PINT - 0.5 1.0 W
Capacitance
(Vin=0, TA=25°C, f=1.0 MH2) $1 - 25 35
2| Cin - %5 70 pF
DO-D7 - 10 1256
Logic Inputs — 6.5 10
AO-A15, R/W,VMA |  Cout - - 12 pF
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CLOCK TIMING (Vcc=5.0V, +5%, V§s=0, To=T to TH unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Frequency of Operation MC6800 0.1 - 1.0
MC68A00 f 0.1 - 1.5 MHz
MC68B00 0.1 - 2.0
Cycle Time (Figure 1) MC6800 1.000° - 10
MC68A00 teye 0.666 - 10 kS
MC68B00 0.500 — 10
Clock Pulse Width @1, $2 — MC6800 400 - 9500
(Measured at Vcc—0.6 V) 1,2 — MCEBA00 | PWgH 230 - 9500 ns
@1, $2 — MC68B00 180 - 9500
Total ¢1and ¢2 Up Time MC6800 900 - -
MCBBA0O | tyq 600 ns
MC68B00 440 — -
Rise and Fall Time (Measured between Vgg+0.4 and Vcc—0.6) tr tf - - 100 ns
Delay Time or Clock Separation (Figure 1)
(Measured at Voy =Vss+0.6 V@tr=tf=< 100 ns) td 0 . 9100 ns
(Measured at Voy=Vss+ 1.0 V@t,=tf=<35 ns) 0 - 9100

FIGURE 1 — CLOCK TIMING WAVEFORM

tgr —

@1

tg —]

ViHC
2
¢ Vov
ViLc

NOTES:

o |

N

PWgH ——= l——tw

1. Voltage levels shown are V| <0.4, V4=2.4 V, unless otherwise specified.

2. Measurement points shown are 0.8 V and 2.0 V, uniess otherwise noted.

READ/WRITE TIMING (Reference Figures 2 through 6, 8, 9, 11, 12 and 13)

Characteristic Symbol MC8800 M Mcesso0 Unit
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Address Delay
C=90 pF tAD - - |20 | - - | 180 | - — | 180 | ns
C=30 pF — — | 250 | — — | 165 | — - | 13
Peripheral Read Access Time
tace = tyt~ (tAD + 1DSR! R el M N Kl MR N el I M
Data Setup Time (Read) tDSR 100 | — - 60 — — 40 — — ns
Input Data Hold Time H 10 - - 10 - - 10 - - ns
Output Data Hold Time tH 10 25 — 10 25 - 10 25 - ns
Address Hold Time (Address, R/W, VMA) tAH 30 50 - 30 50 - 30 50 - 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 | — - 140 | — - 10 | - -
Processor Control Rise and Fall Time tPCr. tPCf - - 100 | — - 100 | — - 100
Bus Available Delay tBA - - | 280 | — — | 165 | — - |1 13% ns
Hi-Z Enable tTSE 0 - 40 0 - 40 0 - 40
Hi-Z Delay tTsD - - 1270 | — - 1270 | - - |20
Data Bus Enable Down Time During ¢1 Up Time tDBE 180 | — - 120 | — - 75 - -
Data Bus Enable Rise and Fall Times tDBEr tDBEf | — - 25 - - 25 - - 25
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FIGURE 2 — READ DATA FROM MEMORY OR PERIPHERALS

Start of Cycle
I/
1 VIHC \ /
viLe, ViLe
[t i
V
02 ‘\ / IHC
| —
tAD
- N
™. tAH
Address
From MPU \\\\ .
[=—— tAD —=
VMA .
= [=tH
tAD ta tDSR—=
Data
From Memory Data Valid [\ S>—
P

or Peripherals

\\\\\\‘ Data Not Valid

Z

FIGURE 3 — WRITE IN MEMORY OR PERIPHERALS

o~ Start of Cycle

teve
# ViHC \ /
—T Ve ViLe
— f—t,
$2 \ / \
le—tAD — o]
R/W {
\
= {\‘%
— ] tAH
Address =
From MPU \
D AD
—_——— ——]
VMA
J—
f——tAD ——t
fa——tDBE ———» tEH _I
|
DBE \
-
le— tDBEf. — [~—tDBEr "
— f—
Dats
From MPU @ Data Valid
[e—tDDW —

\\\\\\\“ Data Not Valid

NOTES:

1. Voltage levels shown are V| 0.4, Vi{= 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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FIGURE 4 — TYPICAL DATA BUS OUTPUT DELAY
versus CAPACITIVE LOADING (Tppw)

FIGURE 6 — TYPICAL READ/WRITE, VMA, AND ADDRESS
OUTPUT DELAY versus CAPACITIVE LOADING (TAp)

DELAY TIME (ns)

T T T Al e{]o v u T T
600 IQH =-205 uA max @ 2.4 V IoH =-145 yA max @ 24 V
gL =1.6mAmax@04V ':/0L='|5.%n‘}Amlx@ﬂ.‘V
L Vee=5.0V I Vee = 5.1
S0 F e 800 "y, < 5%
400 2 400
w
2 VMA
300 o T 300 ]
< — Address, R/W
a 1
200 200
g
/
100 = 100
CL includes stray capacitance o Cy includes stray capacitance
0 0 100 200 300 400 500 600 0 100 200 300 400 500 600

CL, LOAD CAPACITANCE (pF)

CL, LOAD CAPACITANCE (pF)

FIGURE 6 — BUS TIMING TEST LOADS

Vce
R =22 kQ
TEST CONDITIONS
Test Point MMDG?SO _The dynamic test load for the Data Bus is
or Equiv. 130 pF and one standard TTL load as shown.
The Address, R/W, and VMA outputs are tested
c R MMD 7000 under two conditions to allow optimum opera-
tion in both buffered and unbuffered systems.
or Equiv.

C =130 pF for DO-D7, E
=90 pF for A0-A15, R/W, and VMA

R

(Except taop2)

= 30 pF for AD-A15, R/W, and VMA

(tap2 only)
=30 pF for BA

=11.7 k2 for DO-D7

= 16.5 k§2 for AO-A15, R/W, and VMA

=24 kQ2 for BA

The resistor (R) is chosen to insure specified
load currents during Vop 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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Clock, ¢1

Clock, ¢2

RESET

Non-Maskable Interrupt
HALT

Interrupt Request
Three-State Control
Data Bus Enable

Bus Available

Valid Memory Address

Read/Write, R/W

Vec=Pin8
Vgs=Pins 1, 21

MC6800

FIGURE 7 — EXPANDED BLOCK DIAGRAM

A6 A14 A3 A12 A1l A0 A9

A A A B

A8

A7

A6 A5 A4

A A A O

A3 A2 A1l A0

Output Output
Buffers Buffers
-—.
—
— Program Program
— Counter H Counter |
—®1 Instruction
. Decode Stack Stack
and Pointer Pointer |
» Control
| Index Index
- Regi H Register |
-
p— Accumulator
I -
Instruction Accumulator
Register B
Condition
Code
Register
[1
Data
Buffer ALY
p7 D6 D5 D4 D3 D2 D1 DO
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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.

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 V|HC and the low level is specified at V|_C.
The aiiowabie ciock 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 TSC in 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 timeis 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 TSCis 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

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 level 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 tpcs. 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 9.
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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 1 _non-
maskable (NMI) which is an edge sensitive input. IRQ is
maskable by the interrupt mask in the condition code register
while NMT 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 IRQ 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 NMl interrupt 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 k8 external resistor to V¢ should be used for wire-
OR and optimum control of interrupts.

MEMORY MAP FOR INTERRUPT VECTORS

Vector Descrinti
MS LS i
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-impedance state.
VMA and BA are forced low when TSC="1" to prevent
false reads or writes on any device enabled by VMA. Ht 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

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 tTgp (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 NMI or IRQ interrupt occurs, it will 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 tpcs 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

ITEMP—+1

I

Next Inst

MOTOROLA MICROPROCESSOR DATA

7

ITMP — |

Stack
PC, X, A, B, CC

0—BA l__‘)

1— I TMP|
1=
Condition Code Register
Vector — PC CLoTeTiIn]z]v]e]
NMI FFCA
Sl i ‘ITEMP’ 1-Bit
IRQ 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 I-Bit one
clock time. Setting the I-Bit, however, is not delayed.

3. See Tables 6-11 for details of Instruction Execution.
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FIGURE 13 — HALT AND SINGLE INSTRUCTION EXECUTION FOR SYSTEM DEBUG
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Note: Midrange waveform indicates
high impedance state.

MPU REGISTERS

The MPU has three 16-bit registers and three 8-bit
registers available for use by the programmer (Figure 14).

Program Counter — The program counter is a two byte
(16 bits) register that points to the current program address.

Stack Pointer — The stack ponter 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 loca-
tion (address) that is convenient. in those applications that
require storage of information in the stack when power is
lost, the stack must be nonvolatile.

Index Register — The index register is a two byte register
that is used to store data or a sixteen bit memory address for
the Indexed mode of memory addressing.

Accumulators — The MPU contains two 8-bit ac-
cumulators that are used to hold operands and results from
an arithmetic logic unit (ALU).

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
Code Register are used as testable conditions for the condi-
tional branch instructions. Bit 4 is the interrupt mask bit (I).
The unused bits of the Condition Code Register (b6 and b7)
are ones.

FIGURE 14 — PROGRAMMING MODEL OF
THE MICROPROCESSING UNIT

~
o

ACCA Accumulator A

~
o

Accumulator B
15 0
) X Index Register
15 o]
[ PC Program Counter
15 [o]
[ SP I Stack Pointer

7 o

Condition Code
1|1|H| I[N} Z|V|C Register

Carry (From Bit 7)

=

Ovarflow

Zero

Negative

Interrupt

|

Half Carry (From Bit 3)
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MPU INSTRUCTION SET

The MCB6800 instructions are described in detail in the
M6800 Programming Manual. This Section will provide a
brief introduction and discuss their use in developing
MC6800 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 result 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) I/0 instructions for transferring data
between the microprocessor and peripheral devices.

In many instances, the MC6800 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 I/O
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

0o - 40  NEG A 80 SUB A MM
01 NOP 41 M 81 CMmP A IMM
02 - 42 82 SBC A IMM
03 - 43  COM A 83 -

04 44 LSR A 84  AND A IMM
05 - 45 85 BIT A IMM
06 TAP 46 ROR A 86  LDA A IMM
07 TPA 47  ASR A 87  *

08  INX 48  ASL A 88 EOR A IMM
09  DEX 49 ROL A 89  ADC A MM
0A CLV 4A  DEC A 8A  ORA A IMM
0B SEV 48 88  ADD A IMM
oCc CLC 4C INC A 8C  CPX A IMM
0D SEC 4D TST A 8D  BSR REL
0E Cu 4E " 8E  LDS IMM
OF  SEI 4F  CLR A 8F  *

10 SBA 50 NEG 8 90 suB A DIR
11 CBA 51 N 91 CMP A DIR
2 52 92  sBC A DIR
13 - 53 COM B 93

14 54 LSRR B 94  AND A DIR
15 55 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 59  ROL B 99  ADC A DIR
1A 5A  DEC B 9A  ORA A DIR
1B ABA 58 98  ADD A DIR
1c - 5C INC B 9C  CPX DIR
- 5D TST B 9D

1E 5E 9E LDS DIR
1F 5F  CLR B 9F  STS DIR
20 BRA REL | 60 NEG IND [A0  SUB A IND
21 * 61 . Al CMP A IND
22 BHI REL | 62 N 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 {A6  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 { A9 ADC A IND
2A  BPL REL| 6A DEC IND [AA  ORA A IND
28 BMI REL |68 * 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  LDS IND
2F  BLE REL| 6F CLR IND | AF STS IND
30 TSX 70 NEG EXT|BO suB A EXT
31 NS 7 N B1  CMP A EXT
32  PUL A 72 B2 SBC A EXT
33  PUL B 73 COM EXT|B3 *

34 DES 74 LSR EXT|B4  AND A EXT
35 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
33 RTS 79 ROL EXT|B9 ADC A EXT
3A - 7A  DEC EXT|BA ORA A EXT
38 RTI 7B BB ADD A EXT
3c - 7C INC EXT|BC CPX EXT
3o - 70 TST EXT|BD JSR EXT
3E WAl 7E  JMP EXT|BE LDS EXT
3F swi 7F CLR EXT|BF STS EXT

suB B MM

CMP B IMM

SBC 8 IMM

AND B IMM

BIT B IMM

'_'DA B IMM Notes: 1. Addressing Modes:

EOR B IMM A = Accumulator A

ADC B IMM B = Accumulator B

ORA B IMM REL = Relative

ADD B IMM IND = Indexed

. IMM = Immediate
DIR = Direct

LDX MM

sus B DIR ) 1 e

v 8 DIR 2. Unassigned code indicated by .

SBC B DIR

AND B DIR

BIT B DIR

LDA B DIR

STA B DIR

EOR B DIR

ADC B DIR

ORA B DIR

ADD B DIR

LDX DIR

STX DIR

SuB 8 IND

CMP B IND

sBC 8 IND

AND B IND

BIT B IND

LDA B IND

STA B IND

EOR B IND

ADC B IND

ORA B IND

ADD B IND

LDX IND

STX IND

SuB B EXT

CMP B EXT

SBC B EXT

AND B EXT

BIT 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 (Al register labels s[af3f2]|1]0

OPERATIONS oF ~ =|op ~ =|op ~ =|oP ~ =|OP ~ = refer to contents) Hil[NjZ|V|C

Add ADDA | 8B 2|98 2| A8 2088 4 '3 A+M A tlefrfrfr]s

ADDB ¢ 2 2|08 3 2|¢€B 2|f8 4 3 B+M -8 tleftftft]t

Add Acmitrs ABA 18 2 1 A+B A tlefrjrfr|t

Add with Carry ADCA 8 2 29 3 2({A9 5 2[BY 4 3 A+M+C -A HOHHEHE

ADC8 €9 2 2|09 3 2|E3 5 2|F9 4 3 B+M+C -8 tleft|t)t|t

And ANDA | 84 2 294 3 2[A4 5 2(B4 4 3 AM A ele|t|i|R|e

ANDB [ C4 2 2|D4 3 2/E4 5 2|F4 4 3 B M-8 e|oft|t|R]e

Bit Test BITA 8 2 2|9 3 2(A5 5 2)85 4 3 A M ele1|t[R]®

BITB €5 2 2|05 3 2[€ 5 2[F5 4 3 B M e|ei|1[R|®

Clear CLR 6F 7 2|7F 6 3 0 -M ®(®|R[S|R[R

CLRA 4F 2 1|00 -A ole|rls|R|R

CLRB 5F 2 1]00 -8 elelR|SIRIR

Compare CMPA 81 2 2|91 3 2[At 5 2|BI 4 3 A M elo|rftt|t

cMPB 1 2 2|01 3 2/E1 5 2|F 4 3 8- M eleftit]tft

Compare Acmitrs cBA M2 1A B DRHHEE

Complement, 1's com 63 7 2|73 6 3 mom elelttIR[S

COMA 3 2 1 |K-A oie|tit|Rls

coms 53 2 188 ele|tt|R[s

Complement, 2's NEG 60 7 2[7 6 3 00 MM olel1] D@

(Negate) NEGA 40 2 1[00-A-A o|e|1|t|D@

NEGB 50 2 1|00 8B ole|t1O@

Decimal Adjust, A DAA 19 2 1 | Converts Binary Add. of BCD Characters |®|e[1|t]1|@®
into BCD Format

Decrement DEC 6A 7 2/7A 6 3 M1 M elo|t|t|ale

DECA A2 1 [ A-1A ele|tit|a]e

DECB SA 2 1|B-1°8 ele|t[t|a]e

Exclusive OR EORA | 88 2 2|98 3 2|A8 5 2[BB 4 3 A®M - A eleit|t|nle

EORB 8 2 2|08 3 2[E8 5 2|F8 4 3 BOM 8 ole|tit|R|e

Increment INC 6C 7 2|7C 6 3 M+1 oM oot t|®fe

INCA 4 2 1| A+ A eje|t[1[®fe

INCB 5C 2 1 [B+1-8B NOIHN G

Load Acmltr LDAA | 8 2 2[9 3 2(A6 5 2[BS 4 3 M A elet|tln|e

LDAB | c6 2 2|D6 3 2|E6 5 2|F6 4 3 M B oleltlt|R]|®

Or, Inclusive ORAA [8A 2 2/9A 3 2[AA 5 2(BA 4 3 A+M -A eleli|t|R]®

ORAB [ CA 2 2|DA 3 2|EA 5 2|FA 4 3 B+M-B elet[t|Rle

Push Data PSHA 36 4 1| A--Mgp,SP-1-SP olejefe]|e|e

PSHB 37 4 1| B -MgpSP-1 -SP olejoieiele

Pull Data PULA 32 4 1| SPel -SP,Mgp -A ejelojoiole

PULB 33 4 1] SP+1-SP Mgp B oleleje|efe

Rotate Left ROL 69 7 2|79 6 3 [ elelt @

ROLA 49 1 A} ':-( - :] ele ! 13

ROLB 59 18 c b7 > b0 DRBHGH

Rotate Right ROR 66 7 2|7 6 3 ] ele|1lti®!

RORA % 2 1A - ole|ti1|® 1

RORB 56 2 1|8 C b7 T b0 ole|t|1E) !

Shift Left, Arithmetic ASL 68 7 278 6 3 M — DOHHGH

ASLA 48 2 1| A 0 - OLOIID=-o0 ole 1 1

ASLB 82 1|8 c b7 b0 oleltiti®)t

Shift Right, Arithmetic ASR 6/ 1 2|7 6 3 [} - DO HHGH

ASRA 471 2 1 A} Qm -0 ole t 1

ASRB 57 2 1|8 b7 b0 c oo t t

Shift Right, Logic LSR 64 7 2|78 6 3 M - oo ? 1

LSRA 4 2 1| A 0~O01I1D — O eloR|t ?

LSR8 56 2 1|8 b7 LU DRLIHGHE

Store Acmitr. STAA 97 4 2|A7 6 2|87 5 3 A-M olet|t{R]e

STAB 07 4 2|E7 6 2[F1 5 3 8 M ele(t|t|R|e

Subtract SUBA 80 2 2|9 3 2|A0 5 2|B0 4 3 A-M-A oleft|t]1]1

NILT] 0 2 2|D0 3 2[E0 5 2[F0 4 3 B M-8 ole|t(t]1]1

Subtract Acmltrs. SBA W2 1| A-B-A ole|tlt]|t]t

Subtr. with Carry SBCA 82 2 2|92 3 A2 5 2(B2 4 3 A-M-C-A eleltit|t]t

SBCB 2 2 2{02 3 €2 5 2|F2 4 3 B-M-C-8 DOHEEE

Transfer Acmlitrs TAB % 2 1|A-8 ele|[tit|R|®

TBA 17 2 1|8 -A ole 1R|®

Test, Zero or Minus TST 60 7 2|70 6 3 M- 00 ele|1i1|R|R

TSTA w2 1A 00 ele|tit|R|R

TSTB 50 2 1/8-00 olo|1|t]|R|R

H z|vic

Contents of memory tocation pointed to be Stack Pointer;

LEGEND:
0P Operation Code (Hexadecimal);
~  Number of MPU Cycles;
# Number of Program Bytes;
+ Arithmetic Plus;
- Arithmetic Minus;
Boolean AND;
Msp
+ Boolean Inclusive OR;
®  Boolean Exclusive OR;
M Complement of M;
= Transfer Into;
0 Bit = Zero;
00  Byte = Zero;
Note — addressing mode i

CONDITION CODE SYMBOLS:

eovDmo<cNZ— T

Half-carry from bit 3;

Interrupt mask

Negative (sign bit)

Zero (byte)

Overfiow, 2's complement

Carry from bit 7

Reset Always

Set Always

Test and set if true, cleared otherwise
Not Affected

are included in the column for IMPLIED addressing

CONDITION CODE REGISTER NOTES:
(Bit set if test is true and cleared otherwise)

o

(BitV)  Test: Result = 100000007
(Bit C)  Test: Result = 000000007
(Bit C)  Test: Decimal value of most significant BCD
Character greater than nine?
(Not cleared if previously set.)
(Bit V)  Test: Operand = 10000000 prior to execution?
(Bit V)  Test: Operand = 01111111 prior to execution?
(Bit V)

MOTOROLA MICROPROCESSOR DATA
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PROGRAM CONTROL OPERATIONS

Program Control operation can be subdivided into two
categories: (1) Index Register/ Stack Pointer instructions; (2)
Jump and Branch operations.

Index Register/Stack Pointer Operations

The instructions for direct operation on the MPU’s Index
Register and Stack Pointer are summarized in Table 3.
Decrement (DEX, DES), increment (INX, INS), load (LDX,
LDS), and store (STX, STS) instructions are provided for
both. The Compare instruction, CPX, can be used to com-
pare the Index Register to a 16-bit value and update the Con-
dition Code Register accordingly.

The TSX instruction causes the Index Register to be load-
ed with the address of the last data byte put onto the
"'stack.” The TXS instruction loads the Stack Pointer with a
value equal to one less than the current contents of the Index
Register. This causes the next byte to be pulled from the
stack’”” to come from the location indicated by the Index
Register. The utility of these two instructions can be clarified
by describing the “stack’ concept relative to the M6800
system.

The “stack’’ can be thought of as a sequential list of data
stored in the MPU's read/write memory. The Stack Pointer
contains a 16-bit memory address that is used to access the
list from one end on a last-in-first-out (LIFO) basis in contrast
to the random access mode used by the MPU'’s other ad-
dressing modes.

The MC6800 instruction set and interrupt structure allow
extensive use of the stack concept for efficient handling of
data movement, subroutines and interrupts. The instructions
can be used to establish one or more ‘’stacks’’ anywhere in
read/write memory. Stack length is limited only by the
amount of memory that is made available.

Operation of the Stack Pointer with the Push and Pull in-
structions is illustrated in Figures 15 and 16. The Push in-
struction (PSHA) causes the contents of the indicated ac-
cumulator (A in this example) to be stored in memory at the
location indicated by the Stack Pointer. The Stack Pointer is
automatically decremented by one following the storage
operation and is “’pointing”’ to the next empty stack location.
The Pull instruction (PULA or PULB) causes the last byte
stacked to be loaded into the appropriate accumulator. The

Stack Pointer is automatically incremented by one just prior
to the data transfer so that it will point to the last byte stack-
ed rather than the next empty location. Note that the PULL
instruction does not “‘remove’ the data from memory; in the
example, 1A is still in location (m+ 1) following execution of
PULA. A subsequent PUSH instruction would overwrite that
location with the new “‘pushed’” data.

Execution of the Branch to Subroutine (BSR) and Jump to
Subroutine (JSR) instructions cause a return address to be
saved on the stack as shown in Figures 18 through 20. The
stack is decremented after each byte of the return address is
pushed onto the stack. For both of these instructions, the
return address is the memory location following the bytes of
code that correspond to the BSR and JSR instruction. The
code required for BSR or JSR may be either two or three
bytes, depending on whether the JSR is in the indexed (two
bytes) or the extended (three bytes) addressing mode.
Before it is stacked, the Program Counter is automatically in-
cremented the correct number of times to be pointing at the
location of the next instruction. The Return from Subroutine
Instruction, RTS, causes the return address to be retrieved
and loaded into the Program Counter as shown in Figure 21.

There are several operations that cause the status of the
MPU to be saved on the stack. The Software Interrupt (SWI)
and Wait for_Interrupt (WAI) instructions as well as the
maskable (IRQ) and non-maskable (NMI) hardware inter-
rupts all cause the MPU's internal registers (except for the
Stack Pointer itself) to be stacked as shown in Figure 23.
MPU status is restored by the Return from Interrupt, RTI, as
shown in Figure 22.

Jump and Branch Operation

The Jump and Branch instructions are summarized in
Table 4. These instructions are used to control the transfer or
operation from one point to another in the control program.

The No Operation instruction, NOP, while included here,
is a jJump operation in a very limited sense. Its only effect is to
increment the Program Counter by one. It is useful during
program development as a ‘‘stand-in”’ for some other in-
struction that is to be determined during debug. It is also us-
ed for equalizing the execution time through alternate paths
in a control program.

TABLE 3 — INDEX REGISTER AND STACK POINTER INSTRUCTIONS

COND. CODE REG.

IMMED DIRECT INDEX EXTND IMPLIED 5(4{3]2]1]|0
POINTER OPERATIONS MNEMONIC | OP | ~ [ = OP|~| #|0P]~| £ 0P|~ |={0P|~]| % | BOOLEAN/ARITHMETIC OPERATION H|I|N|Z|V|C
Compare Index Reg CPX 8C (3 3|9c|4j2|AC|6 | 22|BC|5 |3 XH-M X -(M+1) oot kD|e
Decrement Index Reg DEX 094 |1 X-1-X eleeollioe
Decrement Stack Pntr DES 3414 SP~1-8P oleofoole
Increment Index Reg INX 084l X+1->X ejoje|lio]e
Increment Stack Pntr INS 3114 |11 SP+1-SP o|ojojo 0o
Load Index Reg LOX CE|3| 3[DE(4 | 2|EE|6|2|FE|5 |3 M= XH, (M+1) =X ole[®|t|R|e®
Load Stack Pntr LDS 8E {3 3(9e| 4] 2|AEI6 | 2|BE|S |3 M—SPy, (M +1) >8P olol®D|!|R|e
Store Index Reg STX DF| 5| 2|EF|7 | 2|FF|6 |3 XH=M X —=>(M+1) oo R|e®
Store Stack Pntr STS 9F| 5| 2|AF |7 | 2{BF| 6|3 SPH =M, SPL~(M+1) o0 @ I|R|e®
Indx Reg — Stack Pntr TXS /a1 X -1-8P ojeoe|ojo|e
Stack Pntr — Indx Reg TSX 04|11 SP+1-X P EINIEIE]

@ {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?

8

(Bit N) Test: Result less than zero? (Bit 15 = 1)
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FIGURE 15 — STACK OPERATION, PUSH INSTRUCTION
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FIGURE 16 — STACK OPERATION, PULL INSTRUCTION
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TABLE 4 — JUMP AND BRANCH INSTRUCTIONS

COND. CODE REG.

RELATIVE INDEX EXTND IMPLIED 5/4(3/2]1]0
OPERATIONS MNEMONIC | OP |~ | #|OP|~ | #|OP|~ | #|OP|~ | # BRANCH TEST H{I|NjZ|V]C
Branch Always BRA 2|42 None oo |00 0|0
Branch If Carry Clear BCC 24 (4|2 c=0 e(loe|o|eo|o0le
Branch If Carry Set BCS 25|14 |2 c=1 DEIEIEIEEK]
Branch If = Zero BEQ 27714 |2 Z=1 e/l o|o| o oo
Branch If > Zero BGE 2|42 N®V=0 IR
Branch If > Zero BGT 26| 4|2 Z+(N®V)=0 LERC AR R N
Branch If Higher BHI 2(47(2 C+Z=0 o|o/o|o oo
Branch If < Zero BLE 2F1 4|2 Z+IN®V)=1 o[ e/e 0|0 o
Branch If Lower Or Same BLS 23|42 C+Z=1 oo eo|e|0o e
Branch If < Zero BLT 0|42 N®V=1 oo 0|00 |0
Branch If Minus BMI 8|42 N=1 o/l o |o|0o|o|e
Branch If Not Equal Zero BNE 26| 4|2 Z=0 ol o o/ 0|00
Branch If Overflow Clear BVC 2842 v=0 e/ e|o/ 0|00
Branch If Overflow Set BVS 29|42 v=1 o/ o/o 0|00
Branch If Plus BPL 2A1 412 N=0 o/ o|o| 0|00
Branch To Subroutine BSR 80| 8 |2 e/ o|o|/0o o0
Jump JMP 6E| 4| 2|76 3|3 _See Special Operations o|o o000
Jump To Subroutine JSR AD| 8| 2|BD| 9|3 oo o 0|00
No Operation NOP 012 |1 Advances Prog. Cntr. Only ol o o000
Return From Interrupt RTI B0 1 @
Return From Subroutine RTS 35 |1 ol o|ojo0lole
Software Interrupt Swi F 121 See Special Operations LR R REC R BN ]
Wait for Interrupt* WAI 3E|9 |1 L3 @ ol ojle|e

WA puts Address Bus, R/W, and Data Bus in the three-state mode while VMA is held low.

@ (am

Load Condition Code Register from Stack. (See Special Operations)

@ (Bit 1) Setwhen interrupt occurs. |f previously set, a Non-Maskable interrupt

is required to exit the wait state.

Execution of the Jump Instruction, JMP, and Branch
Always, BRA, affects program flow as shown in Figure 17.
When the MPU encounters the Jump (Indexed) instruction,
it adds the offset to the value in the Index Register and uses
the result as the address of the next instruction to be ex-
ecuted. In the extended addressing mode, the address of the
next instruction to be executed is fetched from the two loca-
tions immediately following the JMP instruction. The Branch
Always (BRA) instruction is similar to the JMP (extended) in-
struction except that the relative addressing mode applies
and the branch is limited to the range within — 125 or + 127
bytes of the branch instruction itself. The opcode for the
BRA instruction requires one less byte than JMP (extended)
but takes one more cycle to execute.

The effect on program flow for the Jump to Subroutine
(JSR) and Branch to Subroutine (BSR) is shown in Figures
18 through 20. Note that the Program Counter is properly in-
cremented to be pointing at the correct return address
before it is stacked. Operation of the Branch to Subroutine
and Jump to Subroutine (extended) instruction is similar ex-
cept for the range. The BSR instruction requires less opcode
than JSR (2 bytes versus 3 bytes) and also executes one cy-

cle faster than JSR. The Return from Subroutine, RTS, is
used as the end of a subroutine to return to the main pro-
gram as indicated in Figure 21.

The effect of executing the Software Interrupt, SWI, and
the Wait for Interrupt, WAI, and their relationship to the
hardware interrupts is shown in Figure 22. SWI causes the
MPU contents to be stacked and then fetches the starting
address of the interrupt routine from the memory locations
that respond to the addresses FFFA and FFFB. Note that as
in the case of the subroutine instructions, the Program
Counter is incremented to point at the correct return address
before being stacked. The Return from Interrupt instruction,
RTI, (Figure 22) is used at the end of an interrupt routine to
restore control to the main program. The SWI instruction is
useful for inserting break points in the control program, that
is, it can be used to stop operation and put the MPU
registers in memory where they can be examined. The WAl
instruction is used to decrease the time required to service a
hardware interrupt; it stacks the MPU contents and then
waits for the interrupt to occur, effectively removing the
stacking time from a hardware interrupt sequence.

FIGURE 17 — PROGRAM FLOW FOR JUMP AND BRANCH INSTRUCTIONS

PC  Main Program
n 6E=JMP
K = Offset
noxo {4 "+ - EXTND
H
(a) Jump
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n+1
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Main Program Main Program
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7E=JM n 2¢=BRA
KK = Next Address|
n+1 K = Offset*
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H

*K=Signed 7-bit value
(b) Branch
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FIGURE 18 — PROGRAM FLOW FOR BSR
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FIGURE 19 — PROGRAM FLOW FOR JSR (EXTENDED)
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FIGURE 20 — PROGRAM FLOW FOR JSR (INDEXED)
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FIGURE 21 — PROGRAM FLOW FOR RTS
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FIGURE 23 — PROGRAM FLOW FOR INTERRUPTS

Wait For Hardware Interrupt or
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FIGURE 24 — CONDITIONAL BRANCH INSTRUCTIONS

BMI : N=1; BEQ : Z=1;
BPL : N=¢ ; BNE : Z=9¢ ;
BVC : V=¢ ; BCC : C=¢ ;
BVS : v=1; BCS : c=1
BHI : C+Z=¢ ; BLT : N®V=1 ;
BLS : C+2=1 ; BGE : N®&V=¢ ;
BLE : Z+(N®V)=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 accumulator 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. BHl 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 result 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-SEI.

MOTOROLA MICROPROCESSOR DATA

3-81




MC6800

FIGURE 26 — CONDITION CODE REGISTER BIT DEFINITION

bg bg bz by by bg

[ [z ve]

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 SE! instruction;
cleared by CL| 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 (by) 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 5 — CONDITION CODE REGISTER INSTRUCTIONS
COND. CODE REG.
IMPLIED 5/4|3|2(1]0
OPERATIONS MNEMONIC |OP | ~ | = |BOOLEANOPERATION| H| | [N |Z |V | C
Clear Carry cLC oc|21|1 0-¢ e{e|e |0 |eR
Clear Interrupt Mask cLl 0E|2 |1 0-1 ®  Rjoe o) e
Clear Overflow cLv 0A[2 |1 0=V e/ e|leloiR|e
Set Carry SEC |21 1-C ele|eje|els
Set Interrupt Mask SEI OF | 2 |1 1-1 o|S|e|efel e
Set Overflow SEV |21 1>V elelololsie
Acmitr A~ CCR TAP 062 (1 A~ CCR
CCR - Acmitr A TPA 0721 CCR—A ejejeje|e]|e
R = Reset
S = Set

® = Not affected

(D (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 rep-
resent either data or an instruction to be executed, de-
pending on where it is encountered in the control program.
The M6800 has 72 unique instructions; however, it rec-
ognizes and takes action on 197 of the 256 possibilities
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 address-
ing 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 ad-
dressing the MPU’s internal registers and all of the ex-
ternal memory locations.

Selection of the desired addressing mode is made by
the user as the source statements are written. Translation

into appropriate opcode then depends on the method
used. If m