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CUSTOMER SUPPORT

CUSTOMER SUPPORT

Customer Support is Intel’s complete support service that provides Intel customers with Customer
Training, Software Support and Hardware Support.

After a customer purchases any system hardware or software product, service and support become
major factors in determining whether that product will continue to meet a customer’s expectations.
Such support requires an international support organization and a breadth of programs to meet a
variety of customer needs. Intel’s extensive customer support includes factory repair services as well as
worldwide field service offices providing hardware repair services, software support services and
customer training classes.

HARDWARE SUPPORT .

Hardware Support Services provides maintenance on Intel supported products at board and system
level. Both field and factory services are offered. Services include several types of field maintenance
agreements, installation and warranty services, hourly contracted services (factory return for repair) and
specially negotiated support agreements for system integrators and large volume end-users having
unique service requirements. For more information contact your local Intel Sales Office.

SOFTWARE SUPPORT

Software Support Service provides maintenance on software packages via software support contracts
which include subscription services, information phone support, and updates. Consulting services can
be arranged for on-site assistance at the customer’s location for both short-term and long-term needs.
For complex products such as NDS 11 or IZICE, orientation/installation packages are available
through membership in Insite User’s Library, where customer-submitted programs are catalogued and
made available for a minimum fee to members. For more information contact your local Intel Sales
Office. ‘

CUSTOMER TRAINING

Customer Training provides workshops at customer sites (by agreement) and on a regularly scheduled
basis at Intel’s facilities. Intel offers a breadth of workshops on microprocessors, operating systems and
programming languages, etc. For more information on these classes contact the Training Center nearest
you.

TRAINING CENTER LOCATIONS

To obtain a complete catalog of our workshops, call the nearest Training Center in your area.

Boston (617) 692-1000 London (0793) 696-000
Chicago (312) 310-5700 Munich (089) 5389-1
San Francisco (415) 940-7800 Paris (01) 687-22-21
Washington, D.C. (301) 474-2878 Stockholm (468) 734-01-00
Israel (972) 349-491-099 ~ Milan 39-2-82-44-071
Tokyo b 03437-6611 Benelux (Rotterdam) (10) 21-23-77
Osaka (Call Tokyo) 03-437-6611 Copenhagen (1) 198-033

Toronto, Canada (416) 675-2105 Hong Kong 5-215311-7
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OVERVIEW

INTRODUCTION

Intel microprocessors and peripherals provide a complete
solution in increasingly complex application environ-
ments. Quite often, a single peripheral device will replace
anywhere from 20 to 100 TTL devices (and the associated
design time that goes with them).

Built-in functions and standard Intel microprocessor/
peripheral interface deliver very real time and perfor-
mance advantages to the designer of microprocessor-
based systems.

REDUCED TIME TO MARKET

When you can purchase an off-the-shelf solution that
replaces a number of discrete devices, you're also replac-
ing all the design, testing, and debug time that goes with
them.

INCREASED RELIABILITY

At Intel, the rate of failure for devices is carefully tracked.
Highest reliability is a tangible goal that translates to
higher reliability for your product, reduced downtime,
and reduced repair costs. And as more and more
functions are intergrated on a single VLSI device, the
resulting system requires less power, produces less heat,
and requires fewer mechanical connections—again re-
sulting in greater system reliability.

LOWER PRODUCTION COST

By minimizing design time, increasing reliability, and

replacing numerous parts, microprocessor and peripheral
solutions can contribute dramatically to lower product
costs.

HIGHER SYSTEM PERFORMANCE

Intel microprocessors and peripherals provide the highest
system performance for the demands of today’s (and
tomorrow’s) microprocessor-based applications. For exam-
ple, the 80386 32 bit offers the highest performance for
multitasking, multiuser systems. Intel’s peripheral pro-
ducts have been designed with the future in mind. They
support all of Intel’s 8, 16 and 32 bit processors.

HOW TO USE THE GUIDE

The following application guide illustrates the range of
microprocessors and peripherals that can be used for the
applictions in the vertical column of the left. The
peripherals are grouped by the 1/ O function they control.
CRT datacommunication, universal (user programmable),
mass storage dynamic RAM controllers, and CPU/bus
support.

An “X” in a horizontal application row indicates a
potential peripheral or CPU, depending upon the features
desired. For example, a conversational terminal could
use either of the three display controllers, depending
upon features like the number of characters per row or
font capability. A “Y” indicates a likely candidate, for
example, the 8272A Floppy Disk Controller in a small
business computer.

The Intel microprocessor and peripherals family provides
a broad range of time-saving, high performance solutions.

SYSTEM SUPPORT
TIMER/COUNTERS
PARALLEL PORT

BUS SUPPORT
DMA CONTROL.

INTERRUPT CONTROL
CLOCKS
BUS CONTROL

SYSTEM PERIPHERALS

RAM MEMORY
64K RAM CONTROL
256K RAM CONTROL
ERROR CORRECTION

MICROPROCESSORS

LOCAL DATA
COMMUNICATION

ETHERNET,

GLOBAL DATA
COMMUNICATION

ASYC, BISYNC
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8202A
DYNAMIC RAM CONTROLLER

m Provides All Signals Necessary to Con-
trol 2117, or 2118 Dynamic Memories

m Directly Addresses and Drives Up to 64K
Bytes Without External Drivers

m Provides Address Multiplexing and
Strobes

m Provides a Refresh Timer and a Refresh
Counter

m Refresh Cycles May be Internally or Exter-
nally Requested

m Provides Transparent Refresh Capability

m Fully Compatible with Intel® 8080A,
8085A,iAPX 88, and iAPX 86 Family Micro-
processors

= Decodes CPU Status for Advanced Read
Capability with the 8202A-1 or 8202A-3

m Provides System Acknowledge and Trans-
fer Acknowledge Signals

m Internal Clock Capability with the 8202A-1
or 8202A-3

The Intel® 8202A is a Dynamic Ram System Controller designed to provide all signals necessary to use 2117 or
2118 Dynamic RAMs in microcomputer systems. The 8202A provides multiplexed addresses and address
strobes, as well as refresh/access arbitration. The 8202A-1 or 8202A-3 support an internal crystal oscillator.

AHg-AHg )
COLUMN
ADDRESS
LU e— —_—
AHg [:1 1 40 [ vee
Aohte ang [ 2 39 [ ams
) aHz [ 3 38 [] AHg
Mux Ay s 37 [J(x1)eLk
ADDAESS ano (s 36 [](xo) oP2
a0 s 3s[Jnc.
8o L . RSO outo [} 7 34 [ 7] REFRQ/ALE
REFRESH B1/0Pq L~ FAS: ALy E 8 33 []Fes
— ouT 9 3: RD/s1
COUNTER s 1 = 2 g—/s
ALz 10 goo2a 31 WR
——— RAS3 _

s ——— | e oo, O 11 30 [ sAeR
WA SYNC o A [ 12 29 [ 7] XACK
e - — Cas ooty [ 13 28 [ ] WE

TIMING | W aLg e 27 RS
ARBITER - -
outs [ 1s 26 [] RASa
| I | . sacx As []1e 25 [] 81/0Py
REFRQ/ALE LATCH SYNC - — outs []17 24 8o
as [ 18 23 [] RAS2
outs []19 22 [ masy
GND [] 20 21 [] Ao

REFRESH

TIMER OSCILLATOR

_— (xo)op2

(xq) ek

Figure 1. 8202A Block Diagram

Figure 2. Pin Configuration
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Table 1. Pin Descriptions

Pin Pin
Symbol |No. | Type | Name and Function Symbol | No. | Type | Name and Function
ALg 6 |1 Address Low: CPU address in- RASp 21 |0 Row Address Strobe: Used to
ALq 8 |1 puts used to generate memory’ RAS4 22 (o latch the Row Address into the
ALg 10 |1 row address. RAS, 23 |0 bank of dynamic RAMs, select-
ALz 12 |1 RAS3 26 |0 ed by the 8202A Bank Select
AlLg4 14 |1 pins (Bg, B1/0OP4).
ALg 16 |1 K
Alg/ 18 1 XACK 29 |O Transfer Acknowledge: This
output is a strobe indicating val-
id data during a read cycle or
AHg 5 | Address High: CPU address in- data written during a write cycle.
AH{ 4 | puts used to generate memory XACK can be used to latch valid
AH2 3 | column address. data from the RAM array.
AHg 2 SACK |30 |O System Acknowledge: This
2:4 ;9 : output indicates the beginning of
5 a memory access cycle. It can
AHg %8 | be used as an advanced trans-
BO 24 |1 Bank Select Inputs: Used to fer acknowledge to eliminate
B1/OPy |25 |1 gate the appropriate RASq- wait states. (Note: If a memory
RAS3 output for a memory cy- access request is made during a
cle. B1/OP option used to se- refresh cycle, SACK ig delayed
lect the Advanced Read Mode. until XACK in the memory ac-
— 3 cess cycle).
PCS 33 |I Protected Chip Select: Used to -
enable the memory read and (Xp)OP2 (36 (1/0 Oscillator Inputs: These inputs
‘| write inputs. Once a cycle is (Xq9)CLK |37 |I/O are designed for a quartz crystal
started, it will not abort even if to control the frequency of the
PCS goes inactive before cycle oscillator. If Xo/OP2 is connect-
completion. ed to a 1KQ resistor pulled to
— N +12V then X1/CLK becomes a
WR 31 | Memory Write Request. TTL input for an external clock.
RD/SH1 32 || Memory Read Request: S1 N.C. 35 Reserved for future use.
function used in Advanced Read
mode selected by OP ¢ (pin 25). Vce 40 Power Supply:+5V.
REFRQ/ |34 [I External Refresh Request: ALE GND 20 Ground.
ALE function used in Advanced Read NOTE: Crystal mode for the 8202A-1 or 8202A-3 only.
mode, selected by OP { (pin 25).
OUTg 7 |o Output of the Multiplexer:
OUT; 9 [} These outputs are designed to
OUTo 11 |O drive the addresses of the Dynamic L~ WE
OuT3 13 |0 RAM array. (Note that the OUT;.4 o5
OUT4 15 |O pins do not require inverters or .
Ws 17 10 drivers for proper operation.) [ RASo
OUTg 19 |0 : 8202A1 | FaS;
= 5% i 82:’:‘:-3 | ——— RAS2
— - = |—— RAS3
WE 28 O Write Enable: Drives the Write -
’ Enable inputs of the Dynamic Cs < 10pF [— XACK
RAM array. FUNDAMENTAL XTAL .~ SACK
CAS 27 |O Column Address Strobe: This
output is used to latch the Col-
umn Address into the Dynamic

RAM array.

Figure 3. Crystal Operation for the 8202A-1
and the 8202A-3
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Functional Description v

The 8202A provides-a complete dynamic RAM controller
for microprocessor systems as well as expansion memory
boards. All of the necessary control signals are pro-
vided for 2117 and 2118 dynamic RAMs.

All 8202A timing is generated from a single reference
clock. This clock is provided via an external oscillator or
an on chip crystal oscillator. All output signal transitions
are synchronous with respect to this clock reference, ex-
cept for the CPU handshake signals SACK and XACK
(trailing edge).

CPU memory requests normally use the RD and WR in-
puts. The advanced READ mode allows ALE and S1 to be
used in place of the RD input.

Failsafe refresh is provided via an internal refresh timer
which generates internal refresh requests. Refresh re-
quests can also be generated via the REFRQ input.

An on-chip synchronizer/arbiter prevents memory and re-
fresh requests from affecting a cycie in progress. The
READ, WRITE, and external REFRESH requests may be
asynchronous to the 8202A clock; on-chip logic will syn-
chronize the requests, and the arbiter will decide if the re-
quests should be delayed, pending completion of a cycle in
progress.

Option Selection

The 8202A has two strapping options. When OP;'is se-
lected (16K mode only), pin 32 changes from a RD input to
an S1 input, and pin 34 changes from a REFREQ input to
an ALE input. See “Refresh Cycles” and “Read Cycles”
for more detail. OP1 is selected by tying pin 25 to
+12V through a 5.1K ohm resistor on the 8202A-1 or
8202A-3 only.

When OP2 is selected, by connecting pin 36 to +12V
through a 1K ohm resistor, pin 37 changes from a crystal
input (X1) to the CLK input for an external TTL clock.

Refresh Timer

The refresh timer is used to monitor the time since the last
refresh cycle occurred. When the appropriate amount of
time has elapsed, the refresh timer will request a
refresh cycle. External refresh requests will reset the
refresh timer.

Refresh Counter
The refresh counter is used to sequentially refresh all of

the memory’s rows. The 8-bit counter is incremented after
every refresh cycle.

Address Multiplexer

The address multiplexer takes the address inputs and the
refresh counter outputs, and gates them onto the address
outputs at the appropriate time. The address outputs, in
conjunction with the RAS and CAS outputs, determine the
address used by the dynamic RAMSs for read, write, and
refresh cycles. During the first part of a read or write cy-
cle, ALg-ALg are gated to OUTp-OUTg, then AHp-AHg
are gated to the address outputs.

During a refresh cycle, the refresh counter is gated onto
the address outputs. All refresh cycles are RAS-only re-
fresh (CAS inactive, RAS active).

To minimize buffer delay, the information on the address
outputs is inverted from that on the address inputs.

OUTp-OUTg do not need inverters or buffers unless addi-
tional drive is required.

Synchronizer/Arbiter

The 8202A has three inputs, REFRQ/ALE (pin 34), RD
(pin 32) and WR (pin 31). The RD and WR inputs allow an
external CPU to request a memory read or write cycle,
respectively. The REFRQ/ALE allows refresh requests to
be requested external to the 8202A.

All three of these inputs may be asynchronous with re-
spect to the 8202A's clock. The arbiter will resolve con-
flicts between refresh and memory requests, for both
pending cycles and cycles in progress. Read and write re-
quests will be given priority over refresh requests.

System Operation
The 8202A is always in one of the following states:

a) IDLE

b) TEST Cycle

c) REFRESH Cycle
d) READ Cycle

e) WRITE Cvcle

The 8202A is normally in the IDLE state. Whenever one of
the other cycles is requested, the 8202A will leave the
IDLE state to perform the desired cycle. If no other cycles
are pending, the 8202A will return to the IDLE state.

Description Pin # Normal Function Option Function
B1/0OP1 25 Bank (RAS) Select Advanced-Read Mode (see text)
Xo/OP2 36 Crystal Oscillator (8202A-1 or 8202A-3) External Oscillator )

rigure 4. 8202A Option Selection
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Test Cycle

The TEST Cycle is used to check operation of several
8202A internal functions. TEST cycles are requested
by activating the RD and WR inputs, independent of
PCS. The TEST Cycle will reset the refresh address
counter. It will perform a WRITE Cycle if PCS is low.
The TEST Cycle should not be used in normal system
operation, since it would affect the dynamlc RAM
refresh.

Refresh Cycles
The 8202A has two ways of providing dynamic RAM re-
fresh:

1) Internal (failsafe) refresh
2) External (hidden) refresh

Both types of 8202A refresh cycles activate all of the RAS
outputs, while CAS, WE, SACK, and XACK remain inac-
tive.

Internal refresh is generated by the on-chip refresh timer.
The timer uses the 8202A clock to ensure that refresh of
all rows of the dynamic RAM occurs every 2 milliseconds.
If REFRQ is inactive, the refresh timer will request a re-
fresh cycle every 10-16 microseconds. '

External refresh is requested via the REFRQ input (pin 34).

External refresh control is not available when the Ad-’

vanced-Read mode is selected. External refresh requests
are latched, then synchronized to the 8202A clock.

The arbiter will allow the refresh request to start a refresh
cycle only if the 8202A is not in the middle of a cycle.

Simultaneous memory request and external refresh re-
quest will result in the memory request being honored first.
This 8202A characteristic can be used to “hide” refresh
cycles during system operation. A circuit similar to
Figure 5 can be used to decode the CPU'’s instruction
fetch status to generate an external refresh request. The
refresh request is latched while the 8202A performs the
instruction fetch; the refresh cycle will start immediately
after the memory cycle is completed, even if the RD input
has not gone inactive. If the CPU’s instruction decode time
is long enough, the 8202A can complete the refresh cycle
before the next memory request is generated.

Certain system configurations require complete external
refresh requests. If external refresh is requested faster
than the minimum internal refresh timer (trgF), then, in ef-
fect, all refresh cycles will be caused by the external re-
fresh request, and the internal refresh timer will never
generate a refresh request

s
0 REFRQ

8085A

S1 8202A

SACK or
CAS

Figure 5. Hidden Refresh

Read Cycles
The 8202A can accept two different types of memory .
Read requests:

1) Normal Read, via the RD input
2) Advanced Read, using the S1 and ALE inputs

The user can select the desired Read request configura-
tion via the B1/0P 1 hardware strapping option on pin 25.

Normal Read Advanced Read
Pin 26 B1 input +12 Volt Option
Pin 32 RD input S1 input
Pin 34 REFRQ input ALE input
# RAM banks 4 (RAS 0.3) 2 (RAS 2.3)
Ext. Refresh Req.| Yes No

Figure 6. 8202A Read Options

Normal Reads are requested by activating the RD input,
and keeping it active until the 8202A responds with an
XACK pulse. The RD input can go inactive as soon as the
command hold time (tcHs) is met.

Advanced Read cycles are requested by pulsing ALE
while S1 is active; if S1 is inactive (low) ALE is ignored.
Advanced Read timing is similiar to Normal Read timing,
except the falling edge of ALE is used as the cycle start
reference.

If a Read cycle is requested while a refresh cycle is in
progress, then the 8202A will set the internal delayed-
SACK latch. When the Read cycle is eventually started,
the 8202A will delay the active SACK transition until XACK
goes active, as shown in the AC timing diagrams. This de-
lay was designed to compensate for the CPU's READY
setup and hold times. The delayed—SACK latch is cleared
after every READ cycle. .

Based on system requirements, either SACK or XACK can
be used to generate the CPU READY signal. XACK will

205215-001
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normally be used; if the CPU can tolerate an advanced
READY, then SACK can be used, but only if the CPU can
tolerate the amount of advance provided by SACK. If
SACK arrives too early to provide the appropriate number
of WAIT states, then either XACK or a delayed form of
SACK should be used.

Write Cycles

Write cycles are similiar to Normal Read cycles, except
for the WE output. WE is held inactive for Read cycles, but
goes active for Write cycles. All 8202A Write cycles are
“early-write” cycles; WE goes active before CAS goes ac-
tive by an amount of time sufficient to keep the dynamic
RAM output buffers turned off.

General System Considerations

All memory requests (Normal Reads, Advanced Reads,
Writes) are qualified by the PCS input. PCS should be sta-
ble, either active or inactive, prior to the leading edge of
RD, WR, or ALE. Systems which use battery backup
should pullup PCS to prevent erroneous memory requests,
and should also pullup WR to keep the 8202A out of its
test mode.

In order to minimize propagation delay, the 8202A uses an
inverting address multiplexer without latches. The system
must provide adequate address setup and hold times to
guarantee RAS and CAS setup and hold times for the
RAM. The 8202A tap AC parameter should be used for
this system calculation.

The BO-B1 inputs are similiar to the address inputs in that
they are not latched. BO and B1 should not be changed
during a memory cycle, since they directly control which
RAS output is activated.

The 8202A uses a two-stage synchronizer for the memory
request inputs (RD, WR, ALE), and a separate two stage
synchronizer for the external refresh input (REFRQ). As
with any synchronizer, there is always a finite probability
of metastable states inducing system errors. The 8202A
synchronizer was designed to have a system error rate
less than 1 memory cycle every three years based on the
full operating range of the 8202A.

A microprocessor system is concerned with the time data
is valid after RD goes low. See Figure 7. In order to calcu-
late memory read access times, the dynamic RAM’s A.C.
specifications must be examined, especially the RAS-ac-
cess time (tRAC) and the CAS-access time (tCAC). Most
configurations will be CAS-access limited; i.e., the data
from the RAM will be stable tcec max (8202A) + tCAC
(RAM) after a memory read cycle is started. Be sure to
add any delays (due to buffers, data latches, etc.) to cal-
culate the overall read access time.

Since the 8202A normally performs “early-write” cycles,
the data must be stable at the RAM data inputs by the time
CAS goes active, including the RAM’s data setup time. If
the system does not normally guarantee sufficient write
data setup, you must either delay the WR input signal or
delay the 8202A WE output.

Delaying the WR input will delay all 8202A timing, including
the READY handshake signals, SACK and XACK, which
may increase the number of WAIT states generated by the
CPU.

If the WE output is externally delayed beyond the CAS ac-
tive transition, then the RAM will use the falling edge of WE
to strobe the write data into the RAM. This WE transition
should not occur too late during the CAS active transition,
or else the WE to CAS requirements of the RAM will not be
met.

Figure 7. Read Access Time
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Figure 8. Typical 8088 System
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ABSOLUTE MAXIMUM RATINGS®

............ 0°C to 70°C
—65°C to +150°C

Ambient Temperature Under Bias
Storage Temperature
Voltage On any Pin
With Respectto Ground ................ —0.5V to +7v4
Power Dissipation .................. .. .. ... 1.6 Watts

*NOTE: Stresses above those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the de-
vice at these or any other conditions above those indicated in
the operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for ex-
tended periods may affect device reliability.

D.C. CHARACTERISTICS T, =0°C to 70°C; Vg = 5.0V = 10%, Vg = 5.0V = 5% for 8202A-3, GND = 0OV

Symbol Parameter Min Max Units Test Conditions
\'Zo} Input Clamp Voltage -1.0 \" Ic=-5mA
Icc Power Supply Current 270 mA
IF Forward Input Current

CLK —2.0 mA VE = 0.45V

All Other Inputs3 -320 pA VE = 0.45V
IR Reverse Input Current3 40 uA VR = Vg (Note 1)
VoL Output Low Voltage

SACK, XACK 0.45 v loL =5 mA

All Other Outputs 0.45 \ loL = 3 mA
VoH Output High Voltage ViL = 0.65V

SACK, XACK 2.4 V. IoH = =1 mA

All Other Outputs 2.6 v IoH = —1mA
viL Input Low Voltage 0.8 v Veg = 5.0V (Note 2)
ViH1 Input High Voltage 2.0 \ Vce = 5.0V
ViH2 Option Voltage \ (Note 4)

F=1MHz
CIN Input Capacitance 30 pF VBIAS = 2.5V, Voo = 5V
Ta = 25°C
NOTES:

1. Iz = 200uA for pin 37 (CLK) for external clock mode.
2. For test mode RD & WR must be held at GND.
3. Except for pin 36.

4. 8202A-1 and 8202A-3 supports both OP, and OP,. 8202A only supports OP,.

+12 Voit
*10%

381 opy

8202A

OP1

Resistor

6-7
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A.C. CHARACTERISTICS

TA = 0°C 10 70°C, Vg = 5V * 10%, Vo = 5V + 5% for 8202A-3

Measurements made with respect to RASg-RASg3, CAS, WE, OUTQ-OUTG are at 2.4V and 0.8V. All
other pins are measured at 1.5V. All times are in nsec.

Symbol Parameter Min Max Notes
tp Clock Period 40 54
tPH External Clock High Time 20
tPL External Clock Low Time—above (>) 20 mHz 17
tpL External Clock Low Time—below (<) 20 mHz 20

tRG Memory Cycle Time - 10tp — 30 12tp 45
tREF Refresh Time (128 cycles— 16K mode) 264tp 288tp
tRp RAS Precharge Time 4tp — 30
tRSH RAS Hold After CAS 5tp — 30 3
tASR Address Setup to RAS tp — 30 3
tRAH " Address Hold From RAS tp — 10 3
tASC Address Setup to CAS tp — 30 3
tCAH Address Hold from CAS 5tp —~ 20 3
tCAS ‘CAS Pulse Width Stp — 10
twcs WE Setup to CAS tp — 40
tweH WE Hold After CAS 5tp — 35 8
tRs - RD, WR, ALE, REFRQ delay from RAS Stp
tMRP RD, WR setup to RAS 0 5
tRMS REFRQ setup to RD, WR 2tp
tRMP REFRQ setup to RAS 2tp 5
tpcs PCS Setup to RD, WR, ALE 20
tAL S1 Setup to ALE 15
tLA S1 Hold from ALE 30
tCR RD, WR, ALE to RAS Delay tp + 30 2tp + 70
tcc RD, WR, ALE to CAS Delay 3tp + 25 4tp + 85
tsc CMD Setup to Clock 15 1
tMRS RD, WR setup to REFRQ 5
tcA RD, WR, ALE to SACK Delay 2tp + 47 2,9
tox CAS to XACK Delay 5tp — 25 5tp + 20
tcs CAS to SACK Delay 5tp — 25 5tp + 40 2,10
tACK XACK to CAS Setup - 10
txw XACK Pulse Width tp— 25 7
toK SACK, XACK turn-off Delay 35
tKCH CMD Inactive Hold after SACK, XACK 10
L REFRQ Pulse Width 20
tCHS ‘CMD Hold Time 30 11
tRFR REFRQ to RAS Delay 4tp + 100
tww WR to WE Delay 50
tAD CPU Address Delay 0 40

6-8 205215-001
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WAVEFORMS
Normal Read or Write Cycle
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WAVEFO_RMS (cont’d)
Memory Compatibility Timing
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WAVEFORMS (cont’d)

Read or Write Followed

By External Refresh
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WAVEFORMS (cont’d)
Clock And System Timing

PCS
|t tpC § > | S C ~ 2~ |
RD, WR, ALE / )
RAS \_}\
CAS

Table 2 8202A Output Test

Loading.
Test Load
Pin
SACK, XACK CL = 30 pF
OUTp-OUTg CL = 160 pF
ASp-RAS3 CL = 60 pF
WE CL = 224 pF
CAS CL = 320 pF
NOTES:

a s

o

. tgc is a reference point only. ALE, RD, WR, and REFRQ inputs do

not have to be externally synchronized to 8202A clock.

. If trs min and tyyrs min are met then, tca, tcr. and tcc are

valid, otherwise tcg is valid.

- tASR: tRAH: tASC: tCAH. and trsH depend upon BO-B1 and CPU

address r ing stable throughout the memory cycle. The ad-
dress inputs are not latched by the 8202A.

. For back-to-back refresh cycles, tg max = 13tp
. tRc max is valid only if trpp min is met (READ, WRITE followed

by REFRESH) or tyjgp min is met (REFRESH followed by READ,
WRITE).

- 1RFR is valid only if tgg min and trpmg min are met.
. txw min applies when RD, WR has already gone high. Otherwise

XACK follows RD, WR.

. WE goes high according to twcH or tww, whichever occurs

first.

A.C. TESTING LOAD CIRCUIT

DEVICE
UNDER
TEST

E

Cy INCLUDES JIG CAPACITANCE

6-12

. tca applies only when in normal SACK mode.
. tcs applies only when in delayed SACK mode.
11.

tcHs must be met only to ensure a SACK active pulse when in
delayed SACK mode. XACK will always be activated for at
least txw (tp—25 nS). Violating tcHs min does not otherwise
affect device operation.

205215-001
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' The typical rising and falling characteristic curves for the Timing Parameters. Using this design tool in conjunction
OUT, RAS, CAS and WE output buffers can be used to with the timing waveforms, the designer can determine
determine the effects of capacitive loading on the A.C. typical timing shifts based on system capacitive load.

A.C. CHARACTERISTICS FOR DIFFERENT CAPACITIVE LOADS

— 1 |
o
gu NO LOAD sa/;/A / /nf 560 f
3 / =
il
o]
. wowom) o \ BN N S n
| A —
e ]

NOTE: MEASUREMENT CONDITIONS:
Use the Test Load as the base capacitance for estimating timing Tp = 25°C Pins not measured are loaded with the
shifts for system critical timing parameters. Vee = +5V Test Load capacitance.

tp =50 ns

6-13 205215-001
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Example: Find the effect on tcg and tgg using 64 2. From the waveform diagrams, we determine that

2118 Dynamic RAMs configured in 4 banks. the falling edge timing is needed for tcg and tcc.

1. Determine the typical RAS and CAS capacitance: Next find the curve that best approximates the
Ffom the data sheet RAS = 4 pF and CAS = 4 pF test load; i.e., 68 pF for RAS and 33 pF for CAS.

. RAS load = 64 pF + board capacitance. 3. If we use 72 pF for RAS loading, then the tcg
CAS load = 256 pF + board capacitance. (max.) spec should be increased by about 1 ns.
Assume 2 pF/in (trace length) for board Similarly if we use 288 pF for CAS, then tcc (min.)
capacitance. and (max.) should decrease about 1 ns.

6-14 205215-001
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64K DYNAMIC RAM CONTROLLER

= Provides All Signals Necessary to
Control 64K (2164) and 16K (2117, 2118)
Dynamic Memories

m Directly Addresses and Drives Up to 64
Devices Without External Drivers

m Provides Address Multiplexing and
Strobes

m Provides a Refresh Timer and a Refresh
Counter

m Provides Refresh/Access Arbitration

m Internal Clock Capability with the 8203-1
and the 8203-3

= Fully Compatible with Intel® 8080A,
8085A, iAPX 88, and iAPX 86 Family Micro-
processors :

m Decodes CPU Status for Advanced Read
Capability in 16K mode with the 8203-1and
the 8203-3.

m Provides System Acknowledge and Trans-
fer Acknowledge Signals

m Refresh Cycles May be Internally or Exter-
nally Requested (For Transparent Refresh)

B Internal Series Damping' Resistors on All
RAM Outputs

The Intel® 8203 is a Dynamic Ram System Controller designed to provide all signals necessary to use 2164, 2118
or 2117 Dynamic RAMs in microcomputer systems. The 8203 provides multiplexed addresses and address
strobes, refresh logic, refresh/access arbitration. Refresh cycles can be started internally or externally. The

8203-1and the 8203-3 support an internal crystal oscillator and Advanced Read Capability. The 8203-3isa+5% Vgg

part.

AHo-AH7

|

—
ALo-AL7
—_—

REFRESH
COUNTER

RD/S1
WA — ]
P —ee

COLUMN
ADORESS

Mux

ROW
ADDRESS

SYNG

mMux > OUTo-0UTy

81/0P¢

REFRQ/ALE

REFRESH
TIMER

LATCH SYNC
——

ARBITER

-----------

THaNG
GENERATOR

Figure 1. 8203 Block Diagram
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)
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Figure 2. Pin Configuration
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ABSOLUTE MAXIMUM RATINGS®

Ambient Temperature Under Bias
Storage Temperature
Voltage On any Pin
With Respect to Ground
Power Dissipation

................ —65°C to +150°C
—0.5V to +7v4
1.6 Watts

0°Cto 70°C

*NOTE: Stresses above those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the de-
vice at these or any other conditions above those indicated in
the operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for ex-
tended periods may affect device reliability.

D.C. CHARACTERISTICS T4 =0°C 10 70°C; VoG = 5.0V + 10% (5.0V + 5% for 8203-3); GND = OV

Symbol Parameter Min Max Units Test Conditions
e Input Clamp Voltage -1.0 \% Ic=—5mA
Icc Power Supply Current 290 mA
IF Forward Input Current
CLK, 64K/ 16K Mode select -2.0 mA VE = 0.45V
All Other Inputs3 -320 kA VE = 0.45V
IR Reverse Input Current3 40 kA VR =Vcei Note 1,5
VoL Output Low Voltage
) SACK, XACK 0.45 v loL = 5 mA
All Other Outputs 0.45 Vv loL = 3mA
VOH Output High Voltage ViL = 0.65 V
. SACK, XACK 2.4 v IoH = —1mA
| All Other Outputs . 2.6 \J loH=-1mA
VIL Input Low Voitage 0.8 \% - Vgc = 5.0V (Note 2)
VIH1 Input High Voltage 2.0 vVce \ Vce = 5.0V
ViH2 Option Voltage Vece \ (Note 4)
F = 1MHz
CIN Input Capacitance 30 pF VBIAS = 2.5V, Vg = 5V
Ta =25°C
NOTES: .

1. IR = 200 pA for pin 37 (CLK).
2. For test mode RD & WR must be held at GND.
3. Except for pin 36 in XTAL mode.

4. 8203-1 and 8203-3 supports both OP1and OP2, 8203 only supports OP2.

5.1KQ

VW

+12 Volt 25

*10%

OP¢

8203

1K
AAA
VW

36

oP,

Resistor +5%

5. lg= i50uA for pin 35 (Mode Select 16K/64K)

6-16
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Table 1. Pin Descriptions

Pin : Pin
Symbol |No. | Type | Name and Function Symbol | No. | Type | Name and Function
ALg 6 |l Address Low: CPU address in- RASp 21 |0 Row Address Strobe: Used to
AL 8 | puts used to generate memory RAS 22 |0 latch the Row Address into the
ALp 10 |1 row address. RASo/ 23 |0 bank of dynamic RAMs, select-
ALz 12 |1 OuTy ed by the 8203 Bank Select pins
AL4 14 |1 RAS3/Bg |26 [1/0  [(Bg, B1/OP4). In 64K mode,
ALs 16 || only RASg and RAS are avail-
AlLg 18 |1 able; pin 23 operates as OUT7
_ K and pin 26 operates as the Bg
AHg 5 1 Address High: CPU address in- bank select input.
AH{ 4 | puts used to generate memory
AHo 3 | column address. XACK 29 |0 Transfer Acknowledge: This
AH3 2 | output is a strobe indicating val-
AHy4 1 | id data during a read cycle or
AHs 39 |1 data written during a write cycle.
AHg 38 |1 XACK can be used to latch valid
data from the RAM array.
Bo/AL7 24 |1 Bank Select Inputs: Used to [E— .
B1/0Pq¢/ |25 |[I gate the appropriate RAS output SACK 30 |10 System .Acknowledg.e: _Th's
AH7 for a memory cycle. B1/OP{ op- output indicates the beginning of
tionusedto select the Advanced a memory access cycle. It can
Read Mode. (Not available in be used as an advanced trans-
64K mode.) See Figure 5. fer acknowledge to eliminate
When in 64K RAM Mode, pins 24 wait states. (the: ita merpory
and 25 operate as the AL7 and accessrequestis maqe during a
AH7 address inputs. refresh cycle, SACK is delayed
until XACK in the memory ac-
PCS 33 |1 Protected Chip Select: Used to cess cycle).
en.ablf_- the memory read an'd Xg/OP2 |36 [1/0 Oscillator Inputs: These inputs
write m;?uts.. Once a cycle ',s' X1/CLK 37 |10 are designed for a quartz crystal
started, it will not abort even if
PCS goes inactive before cycle to c.ontrol the frequel?cy of the
X oscillator. If Xg/OP2 is shorted
completion. to pin 40 (Vcg) or if Xg/OP2 is
WR 31 |1 Memory Write Request. connected to +12V through a
p— 1KQ resistor then X1/CLK be-
D/S1 32 |l Men'..ory Regd Request: S1 comes a TTL input for an exter-
function used in Advanceq Read nal clock. (Note: Crystal mode
mode selected by OP (pin 25). for the 8203-1 and the 8203-3
REFRQ/ |34 |1 External Refresh Request: ALE only).
ALE function used in Advanced Read 16K/64K |35 |1 Mode Select: This input selects
mode, selected by OP 1 (pin 25). 16K mode (2117, 2118) or 64K
OUTo 7 o Output of the Multiplexer: mode (216‘.‘)‘ Pins 23-26
0ouT4 9 0o These outputs are designed to change functlo'n based on the
OUT» 11 |0 drive the addresses of the Dy- mode of operation.
0OUT3 13 |0 namic RAM array. (Note that the Vece 40 Power Supply: +5V.
OUT,4 15 [0 OUTg.7 pins do not require in-
OUTs 17 |0 verters or drivers for proper op- GND 20 Ground.
OUTg 19 |0 eration.)
WE 28 |0 Write Enable: Drives the Write Functional Desc"pt'on
Enable inputs of the Dynamic The 8203 provides a complete dynamic RAM control-
RAM array. ler for microprocessor systems as well as expansion
TAS 27 |o Column Address Strobe: This memory boards. All of the necessary control signals

output is used to latch the Col-
umn Address into the Dynamic
RAM array.

are provided for 2164, 2118 and 2117 dynamic RAMs.

The 8203 has two modes, one for 16K dynamic RAMs
and one for 64Ks, controlled by pin 35.
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8203-1
or
8203-3

———
——

Cs < 10pF

FUNDAMENTAL XTAL }——— SACK

Figure 3. Crystal Operation for the 8203-1 and
8203-3

All 8203 timing is generated from a single reference clock.
This clock is provided via an external oscillator or an on-
chip crystal oscillator. All output signal transitions are syn-
chronous with respect to this clock reference, except for
the trailing edges of the CPU handshake signals SACK and
XACK.

CPU memory requests normally use the RD and WR in-
puts. The Advanced-R_ead mode allows ALE and S1 to be
used in place of the RD input.

Failsafe refresh is provided via an internal timer which gen-
erates refresh requests. Refresh requests can also be
generated via the REFRQ input.

An on-chip synchronizer / arbiter prevents memory and re-
fresh requests from affecting a cycle in progress. The
READ, WRITE, and external REFRESH requests may be
asynchronous to the 8203 clock; on-chip logic will syn-
chronize the requests, and the arbiter will decide if the re-
quests should be delayed, pending completion of a cycle in
progress. -

16K /64K Option Selection

Pin 35 is a strap input that controls the two 8203 modes.
Figure 4 shows the four pins that are multiplexed. In 16K
mode (pin 35 tied to VC( or left open), the 8203 has two
Bank Select inputs to select one of four RAS outputs. In
this mode, the 8203 is exactly compatible with the Intel
8202A Dynamic RAM Controller. In 64K mode (pin 35 tied
to GND), there is only one Bank Select input (pin 26) to
select the two RAS outputs. More than two banks of 64K
dynamic RAM's can be used with external logic.

Other Option Selections

The 8203 has two strapping options. When OP; is selected
(16K mode only), pin 32 changes from aRD input to an S1
input, and pin 34 changes from a REFRQ input to an ALE
input. See “Refresh Cycles” and “Read Cycles” for more
detail. OP, is selected by tying pin 25 to +12V through a 5.1K
ohm resistor on the 8203-1 or 8203-3 only.

When OP3 is selected, the internal oscillator is disabled
and pin 37 changes from a crystal input (X1) to a CLK
input for an external TTL clock. OP2 is selected by short-
ing pin 36 (Xg/OP2) directly to pin 40 (Vcc). No current
limiting resistor should be used. OP2 may also be selected
by tying pin 36 to + 12V through a 1K resistor.

Refresh Timer

The refresh timer is used to monitor the time since the last
refresh cycle occurred. When the appropriate amount of
time has elapsed, the refresh timer will request a refresh
cycle. External refresh requests will reset the refresh
timer.

Refresh Counter

The refresh counter is used to sequentially refresh all of
the memory’s rows. The 8-bit counter is incremented after
every refresh cycle.

Pin # 16K Function 64K Function

23 RAS, Address Output (OUT7)
24 Bank Select (Bg) Address Input (AL7)
25 Bank Select (B1) Address Input (AH7)
26 RAS3 Bank Select (Bg)

Figure 4. 16K/64K Mode Selection

Inputs Outputs
B1 Bg RASg9 RAS1 RAS2 RAS3
0 0 0 1 1 1
16K 0 1 1 0 1 1
Mode 1 0 1 1 [o] 1
1 1 1 1 1 0 -
64K — 0 0 1 — —
Mode - 1 1 0 - _

Figure 5. Bank Selection

Description Pin # Normal Function Option Function
B1/0P1 (16K only)/AH7 25 Bank (RAS) Select . Advanced-Read Mode (8203-1, -3)
Xo/OP2 36 Crystal Oscillator (8203-1 and 8203-3) External Oscillator

Figure 6. 8203 Option Selection
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Address Multiplexer

The address multiplexer takes the address inputs and the
refresh counter outputs, and gates them onto the address
outputs at the appropriate time. The address outputs, in
conjunction with the RAS and CAS outputs, determine the
address used by the dynamic RAMs for read, write, and
refresh cycles. During the first part of a read or write cy-
cle, ALg-AL7 are gated to OUTg-OUT7, then AHg-AH7
are gated to the address outputs.

During a refresh cycle, the refresh counter is gated onto
the address outputs. All refresh cycles are RAS-only re-
fresh (CAS inactive, RAS active).

To minimize buffer delay, the information on the address
outputs is inverted from that on the address inputs.

OUTp-OUT7 do not need inverters or buffers unless addi-
tional drive is required.

Synchronizer/Arbiter

The 8203 has three inputs, REFRQ/ALE (pin 34), RD (pin
32) and WR (pin 31). The RD and WR inputs allow an ex-
ternal CPU to request a memory read or write cycle, re-
spectively. The REFRQ/ALE input allows refresh requests
to be requested external to the 8203.

All three of these inputs may be asynchronous with re-
spect to the 8203's clock. The arbiter will resolve conflicts
between refresh and memory requests, for both pending
cycles and cycles in progress. Read and write requests
will be given priority over refresh requests.

System Operation _
The 8203 is always in one of the following states:

a) IDLE

b) TEST Cycle

c) REFRESH Cycle
d) READ Cycle

e) WRITE Cycle

The 8203 is normally in the IDLE state. Whenever one of
the other cycles is requested, the 8203 will leave the IDLE
state to perform the desired cycle. If no other cycles are
pending, the 8203 will return to the IDLE state.

Test Cycle

The TEST Cycle is used to check operation of several
82083 internal functions. TEST cycles are requested by ac-
tivating the PCS, RD and WR inputs. The TEST Cycle will
reset the refresh address counter and perform a WRITE
Cycle. The TEST Cycle should not be used in normal sys-
tem operation, since it would affect the dynamic RAM re-
fresh.

6-19

Refresh Cycles
The 8203 has two ways of providing dynamic RAM
refresh:

1) Internal (failsafe) refresh
2) External (hidden) refresh

Both types of 8203 refresh cycles activate all of the RAS
outputs, while CAS, WE, SACK, and XACK remain
inactive.

Internal refresh is generated by the on-chip refresh timer.
The timer uses the 8203 clock to ensure that refresh of all
rows of the dynamic RAM occurs every 2 milliseconds
(128 cycles) or every 4 milliseconds (256 cycles). If
REFRQ is inactive, the refresh timer will request a refresh
cycle every 10-16 microseconds.

External refresh is requested via the REFRQ input (pin 34).
External refresh control is not available when the Ad-
vanced-Read mode is selected. External refresh requests
are latched, then synchronized to the 8203 clock.

The arbiter will allow the refresh request to start a refresh
cycle only if the 8203 is not in the middle of a cycle.

When the 8203 is in the idle state a simultaneous memory
request and external refresh request will result in the mem-
ory request being honored first. This 8203 characteristic
can be used to “hide” refresh cycles during system oper-
ation. A circuit similar to Figure 7 can be used to decode
the CPU’s instruction fetch status to generate an external
refresh request. The refresh request is latched while the
8203 performs the instruction fetch; the refresh cycle will
start immediately after the memory cycle is completed,
even if the RD input has not gone inactive. If the CPU's
instruction decode time is long enough, the 8203 can com-
plete the refresh cycle before the next memory request is
generated.

If the 8203 is not in the idle state then a simultaneous mem-
ory request and an external refresh request may result in
the refresh request being honored first.

REFRQ
8085A

51 8203

SACK or
CAS .

Figure 7. Hidden Refresh
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Certain system configurations require complete external
refresh requests. If external refresh is requested faster
than the minimum internal refresh timer (tRgF), then, in ef-
fect, all refresh cycles will be caused by the external re-
fresh request, and the internal refresh timer will never
generate a refresh request.

Read Cycles
The 8203 can accept two different types of memory Read
requests:

1) Normal Read, via the RD input
2) Advanced Read, using the S1 and ALE inputs (16K
mode only)

The user can select the desired Read request configura-
tion via the B1/0OP1 hardware strapping option on pin 25.

Normal Read Advanced Read
Pin 25 B1 input OP4 (+12V)
Pin 32 RD input S1 input
Pin 34 ) REFRQ input ALE input
# RAM banks 4 (RAS o-3) 2 (RAS 2.3)
Ext. Refresh Yes No

Figure 8. 8203 Read Options

Normal Reads are requested by activating the RD input,
and keeping it active until the 8203 responds with an
XACK pulse. The RD input can go inactive as soon as the
command hold time (tcHs) is met.

Advanced Read cycles are requested by pulsing ALE
while S1is active; if S1 is inactive (low) ALE is ignored.
Advanced Read timing is similiar to Normal Read timing,
except the falling edge of ALE is used as the cycle start
reference.

If a Read cycle is requested while a refresh cycle is in
progress, then the 8203 will set the internal delayed-
SACK latch. When the Read cycle is eventually started,
the 8203 will delay the active SACK transition until XACK
goes active, as shown in the AC timing diagrams. This de-
lay was designed to compensate for the CPU’'s READY
setup and hold times. The delayed-SACK latch is cleared
after every READ cycle.

Based on system requirements, either SACK or XACK can
be used to generate the CPU READY signal. XACK will
normally be used; if the CPU can tolerate an advanced
READY, then SACK can be used, but only if the CPU can
tolerate the amount of advance provided by SACK. If
SACK arrives too early to provide the appropriate number
of WAIT states, then either XACK or a delayed form of
SACK should be used.
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Write Cycles

Write cycles are similiar to Normal Read cycles, except
for the WE output. WE is held inactive for Read cycles, but
goes active for Write cycles. All 8203 Write cycles are
“early-write” cycles; WE goes active before CAS goes ac-
tive by an amount of time sufficient to keep the dynamic
RAM output buffers turned off.

General System Considerations _

All memory requests (Normal Reads, Advanced Reads,
Writes) are qualified by the PCS input. PCS should be sta-
ble, either active or inactive, prior to the leading edge of
RD, WR, or ALE. Systems which use battery backup
should pullup PCS to prevent erroneous memory requests.

In order to minimize propagation delay, the 8203 uses an
inverting address multiplexer without latches. The system
must provide adequate address setup and hold times to
guarantee RAS and CAS setup and hold times for the
RAM. The tAp AC parameter should be used for this sys-
tem calculation. )

The Bo-B 1 inputs are similiar to the address inputs in that
they are not latched. Bg and B{ should not be changed
during a memory cycle, since they directly control which
RAS output is activated.

The 8203 uses a two-stage synchronizer for the memory
request inputs (RD, WR, ALE), and a separate two stage
synchronizer for the external refresh input (REFRQ). As
with any synchronizer, there is always a finite probability
of metastable states inducing system errors. The 8203
synchronizer was designed to have a system error rate
less than 1 memory cycle every three years based on the
full operating range of the 8203.

A microprocessor system is concerned when the data is
valid after RD goes low. See Figure 9. In order to calculate
memory read access times, the dynamic RAM’s A.C.
specifications must be examined, especially the RAS-ac-
cess time (tRAC) and the CAS-access time (tcAC). Most
configurations will be CAS-access limited; i.e., the data
from the RAM will be stable tee,max (8203) + tCAC
(RAM) after a memory read cycle is started. Be sure to
add any delays (due to buffers, data latches, etc.) to cal-
culate the overall read access time.

Since the 8203 normally performs “early-write” cycles,
the data must be stable at the RAM data inputs by the time
CAS goes active, including the RAM's data setup time. If
the system does not normally guarantee sufficient write
data setup, you must either delay the WR input signal or
delay the 8203 WE output.

Delaying the WR input will delay all 8203 timing, including
the READY handshake signals, SACK and XACK, which
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Figure 9. Read Access Time

may increase.the number of WAIT states generated by the
CPU.

If the WE output is externally delayed beyond the CAS ac-
tive transition, then the RAM will use the falling edge of WE
to strobe the write data into the RAM. This WE transition
should not occur too late during the CAS active transition,
or else the WE to CAS requirements of the RAM will not be
met.

The RASp-3, CAS, OUT(-7, and WE outputs contain on-
chip series damping resistors (typically 2092) to minimize
overshoot.

Some dynamic RAMs require more than 2.4V V|H. Noise
immunity may be improved for these RAMs by adding pull-
up resistors to the 8203’s outputs. Intel RAMs do not re-
quire pull-up resistors.
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Figure 10. Typical 8088 System
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MULTIBUS®™
YPE
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T I GAL
| L PRl
| XACK 16 1 ’,
| DATA A
] raten | K
| L
| —
8287
' XCEIVER
I [
Ll
| WR
' 4
XACK J XACK
1

Figure 11. 8086/256K Byte System
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A.C. CHARACTERISTICS

T = 0°Cto 70°C; Voo = 5V £ 10% (56.0V =+ 5% for 8203-3); GND = 0V
J C

Measurements made with respect to RASg-RASg3, CAS, WE, OUTg-OUTg are at 2.4V and 0.8V. All
other pins are measured at 1.5V. All times are in nsec.

Symbol Parameter Min Max Notes
tp Clock Period 40 54

tPH External Clock High Time 20

tPL External Clock Low Time—above (>) 20 mHz 17

tpL External Clock Low Time—below (<) 20 mHz 20

tRC Memory Cycle Time 10tp — 30 12tp 4,5
tREF Refresh Time (128 cycles) 264tp 288tp

tRP RAS Precharge Time 4tp — 30

tRSH RAS Hold After CAS 5tp — 30 3
tASR Address Setup to RAS tp — 30 3
tRAH Address Hold From RAS tp — 10 3
tASC Address Setup to CAS tp — 30 3
tCAH Address Hold from CAS 5tp — 20 3
tCAS CAS Pulse Width 5tp — 10

twes WE Setup to CAS tp — 40

tWCH WE Hold After CAS 5tp — 35 8
tRs RD, WR, ALE, REFRQ delay from RAS 5tp 2,6
tMRP RD, WR setup to RAS 0

tRMS REFRQ setup to RD, WR 2tp

tRMP REFRQ setup to RAS 2tp

tpcs PCS Setup to RD, WR, ALE 20

tAL S1 Setup to ALE 15

LA S1Hold from ALE 30

tCR RD, WR, ALE to RAS Delay tp + 30 2tp + 70 2
tcc RD, WR, ALE to CAS Delay 3tp + 25 4tp + 85 2
tsc CMD Setup to Clock 15 1
tMRS RD, WR setup to REFRQ 5 2
tCA RD, WR, ALE to SACK Delay 2tp + 47 2,9
tox CAS to XACK Delay 5tp — 25 5tp + 20

tcs CAS to SACK Delay 5tp — 25 5tp + 40 2,10
tACK XACK to CAS Setup 10

tXw XACK Pulse Width tp — 25 7
tcK SACK, XACK turn-off Delay 35

tkCH CMD Inactive Hold after SACK, XACK 10

tLL REFRQ Pulse Width 20

tCHS CMD Hold Time 30 11
tRER REFRQ to RAS Delay 4tp + 100

tww WR to WE Delay 50

tAD CPU Address Delay 0 40
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WAVEFORMS
Normal Read or Write Cycle

RS

s\ i

XACK

tkCH —-.{

Advanced Read Mode

taL

RS

. <-$m-4§8k
tCR

/

MAX 1
Cas <——————§ﬁ-—-——4ﬂg
- tcc -
MAX
XACK
SACK

[e—tca—>
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WAVEFORMS (cont’d)
Memory Compatibility Timing

Bo-B1
ALo-ALg,
AHp-AHg
tAD t
MAX T |«— iR —!
RAS /
tRSH
tcas
CAS /
[e—tASR —{
h'
OUT-0UTe COLUMN
Write Cycle Timing
WR S\ 4
RAS < MIN
¢
< MAX ™
WE
Z
tweH
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WAVEFORMS (cont’d)
Read or Write Followed By External Refresh

REFRQ

‘ﬁ'ﬁ _—-\\ S /

. |e—— MRS —>|t— L

RS

tRMP trp
tcR

MAX

RAS ;

tRC

[
i
ol

MAX

External Refresh Followed By Read or Write

3
]

RS

|« tRMS I tMRP

REFRQ 7

\

| ———— L

RFR trRp

|
i

(o
>
ol
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WAVEFORMS (cont’d)
Clock And System Timing

RD, WR, ALE

CLK

| tPH ~>

— tpL—|

tpcs: tsc—>

r

3|
o

N\

L — |

[e]
o

Ta

ble 2. 8203 Output Loading.
All specifications are
for the Test Load un-
less otherwise noted.

Pin Test Load

SACK, XACK CL = 30 pF

OUT,-0UTg CL = 160 pF

RASo-RAS3 CL = 60 pF

WE CL = 224 pF

TAS CL = 320 pF

NOTES:
1. tgc is a reference point only. ALE, RD, WR, and REFRQ inputs do

N

w

(S0 Y

not have to be externally synchronized to 8203 clock.

. IftRs min and tyyRrg min are met then tca, tCR, and tgg are valid,

otherwise tcg is valid.

. tASR. tRAH: tASC: tCAH, and trsH depend upon BO-B1 and CPU

address remaining stable throughout the memory cycle. The ad-
dress inputs are not latched by the 8203.

. For back-to-back refresh cycles, trg max = 13tp
. trc max is valid only if trpp min is met (READ, WRITE followed

by REFRESH) or tpyrp min is met (REFRESH followed by READ,
WRITE).

- tRFR is valid only if trg min and tgymg min are met.
. txw min applies when RD, WR has already gone high. Otherwise

XACK follows RD, WR.

. WE goes high according to twcH or tww, whichever occurs

first.
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A.C. TESTING LOAD CIRCUIT
-

DEVICE
UNDER
TEST

CL

o

NOTE: C. includes jig capacitance

9. tca applies only when in normal SACK mode.de.

10. tcs applies only when in delayed SACK mode.

11. tcHs must be be met only to ensure a SACK active pulse
when in delayed SACK mode. XACK will always be activated
for at least txw (tp—25 nS). Violating tcys min does not
otherwise affect device operation.
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The typical rising and falling characteristic curves for the Timing Parameters. Using this design tool in conjunction

OUT, RAS, CAS and WE output buffers can be used to with the timing waveforms, the designer can determine
determine the effects of capacitive loading on the A.C. typical timing shifts based on system capacitive load.

A.C. CHARACTERISTICS FOR DIFFERENT CAPACITIVE LOADS

50 CAPACITANCE: pF
S B e = ——————
| m——— _/
13 NO LOAD GB/ ko 2 33/ /w./ 580 %
24 ' /] / // /
| g=z=
0. /
0.0
TIME l'_‘ “‘—’{
CAPACITANCE: pF
5.0
NO LOAD 68 X ;so\zzo \30 \\Q‘%
[X] \ ‘ AN = -
o < m—:—
TIME “"’ "‘—’|
NOTE: o MEASUREMENT CONDITIONS:
Use the Test Load as the base capacitance for estimating timing TA = 25°C Pins not measured are loaded with
shifts for system critical timing parameters. Vog = +5V the Test Load capacitance
tp = 50 ns v
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Example: Find the effect on tcR and tcc using 32 2164 2. From the waveform diagrams, we determine that the
Dynamic RAMs configured in 2 banks. falling edge timing is needed for tcR and tcc. Next find

the curve that best approximates the test load; i.e.,
1. Determine the typical RAS and CAS capacitance: 68 pF for RAS and 330 pF for CAS.

From the data sheet RAS = 5 pF and CAS = 5 pF.

.". RAS load = 80 pF + board capacitance. 3. If we use 88 pF for RAS loading, then tcR (min.) spec
CAS load = 160 pF + board capacitance. should be increased by about 1 ns, and tcr (max.)
Assume 2 pF/in (trace length) for board capaci- spec should be increased by about 2 ns. Similarly if we
tance and for this example 4 inches for RAS and use 176 pF for CAS, then tcc (min.) should decrease
8 inches for CAS. by 3 ns and tcc (max.) should decrease by about 7 ns.
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ERROR DETECTION

m Detects All Single Bit, Double Bit and
Most Multiple Bit Errors

m Corrects All Single Bit Errors
m 3 Selections |8206-1 | 8206 |8206-2

Detection ' 35ns I 42ns 57ns
Correction 55ns 67ns 74ns

W 8206-2 Timing Supports Single 8206
8MHz iAPX 186, 188, 86, 88 and 8207-8
Systems

B Syndrome Outputs for Error Logging

PRELIMINARY

8206 | |
AND CORRECTION UNIT

B Separate Input and Output Busses—No
Timing Strobes Required

m Expandable to Handle 80 Bit Memories

m Supports Read With and Without
Correction, Writes, Partial (Byte)
Writes, and Read-Modify-Writes

& HMOS lil Technology for Low Power
= 68 Pin Leadless JEDEC Package
B 68 Pin Grid Array Package

The HMOS 8206 Error Detection and Correction Unit is a high-speed device that provides error detection and
correction for memory systems (static and dynamic) requiring high reliability and performance. Each 8206
handles 8 or 16 data bits and up to 8 check bits. 8206's can be cascaded to provide correction and detection for
up to 80 bits of data. Other 8206 features include the ability to handle byte writes, memory initialization, and

error Iogging.

V4
16
DATA IN
Dloss LATCH PoS,
READ 041
PARTIAL PARITY —7 ERROR
s18 —————4 | GENERATOR
’ CE
cBusv1,, ) CHESEET 3
8 L N2 ‘ AV
l«—<cReT
SYo/cBo/PPCo; {7 1 pammiaLpary ¥ 'Caten Z> EANDR z> CORRECTION <:>°°""°'ws
. GENERATOR L
8
PPI/POS/NSL 7 )
t 11 1 :
. 4
POSy,, 8 | 2 NSLg,
NSLg, Y
= WRITE ‘ 16
[ PARTIAL PARITY K™ a
GENERATOR |
POS,, ﬁ 2
GND  «5V
1 . i P
SEDCU RIW Vss  Vec WZ  BMg,

Figure 1. 8206 Block Diagram
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.
/
6
ors T YA _
READ
PARTIAL PARITY K~ ERROR
st8——H] —_»|  GENERATOR
CHECK BIT .
CBlo.5 ::> LATCH 8
8 l 2. ‘ AV _
CRCT
SYNDROME
s CHECK BIT/ 8 DECODER b 16
SYNDROME/ N a 7 e a
SVOICBOM()i PARTIALPARITY [ 4 CatcH ERAROR CORRECTION ooMPlane
GENERATOR DETECTION
ﬁa 1
WRITE 16
PARTIAL PARITY  K* 7
GENERATOR [V
GND 45V
RIW Vss  Vec WZ  BM,,

Figure 2. 8206-2 Block Diagram

Table 1. 8206 Pin Description

Symbol Pin No. | Type Name and Function

Dlp.15 1, 68-61, | Data In: These inputs accept a 16 bit data word from RAM for error detection
59-53 and/or correction.

CBI/SYlg 5 | Check Bits In/Syndrome In: In a single 8206 system, or in the master in a multi-
CBI/SYl4 6 | 8206 system, these inputs accept the check bits (5 to 8) from the RAM. in a
CBI/SYIp 7 | single 8206 16 bit system, CBlg.5 are used. In slave 8206’s these inputs accept
CBI/SYI3 8 | the syndrome from the master.
CBI/SYly 9 -
CBI/SYIs5 10 1
CBI/SYlg 1 |
CBI/SYly 12 |
DO/WDIlg 51 1/0 Data Out/Write Data In: In a read cycle, data accepted by Dlg_15 appears at
DO/WDI4¢ 50 110 these outputs corrected if CRCT is low, or uncorrected if CRCT is high. The BM
DO/WDIo 49 1/0 | inputs-must be high to enable the output buffers during the read cycle. In a
DO/WDI3 48 1/0 | write cycle, datato be written into the RAM is accepted by these inputs for com-
DO/WDl4 47 I/0 | puting the write check bits. In a partial-write cycle, the byte not to be modified
DO/WDlI5 46 I/0 | appears at either DOg.7 if BM is high, or DOg.15 if BMy is high, for writing to
DO/WDIg 45 1/0 | the RAM. When WZ is active, it causes the 8206 to output all zeros at DOg_15,
DO/WDIly 44 1/0 | with the proper write check bits on CBO.
DO/WDIg 42 110
DO/WDIg 4 110
DO/WDl4g 40 110
DO/WDl44 39 1/0
DO/WDl42 38 1/0 |
DO/WDl43 37 1/0
DO/WDl44 36 110
DO/WDlq5 35 1/0
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Table 1. 8206 Pin Description (Continued)

Symbol Pin No. | Type Name and Function

SYO/CBO/PPOg 23 (o} Syndrome Out/Check Bits Out/Partial Parity Out: In a single 8206 system, or

SYO/CBO/PPO4 24 (o] in the master in a multi-8206 system, the syndrome appears at these outputs

SYO/CBO/PPO2, 25 [0} during a read. During a write, the write check bits appear. In slave 8206's the

SYO/CBO/PPO3 27 [0} partial parity bits used by the master appear at these outputs. The syndrome is

SYO/CBO/PPO4 28 (o] latched (during read-modify-writes) by R/W going low.

- —SYO/CBO/PPOg—|——29- e} o T

SYO/CBO/PPOg 30 (e}

SYO/CBO/PPO7 31 (¢}

PPly/POSg 13 | Partial Parity In/Position: In the master in a multi-8206 system, these inputs

PPI4/POS4 14 | accept partial parity bits 0 and 1 from the slaves. In a slave 8206 these inputs in-
form it of its position within the system (1 to 4). Not used in a single 8206
system.

PPI3/NSLg 15 | Partial Parity In/Number of Slaves: In the master in a multi-8206 system, these

PPI3/NSL4 16 -1 inputs accept partial parity bits 2 and 3 from the slaves. In a multi-8206 system
these inputs are used in slave number 1 to tell it the total number of slaves in the
system (1 to 4). Not used in other slaves or in a single 8206 system.

PPl4/CE 17 1/0 | Partial Parity In/Correctable Error: In the master in a multi-8206 system this’
pin accepts partial parity bit 4. In slave number 1 only, or in a single 8206
system, this pin outputs the correctable error flag. CE is latched by R/W going
low. Not used in other slaves.

PPIg 18 | Partial Parity In: In the master in a multi-8206 system these pins accept partial

PPlg 19 | parity bits 5 to 7. The number of partial parity bits equals the number of check

PPiy 20 | bits. Not used in single 8206 systems or in slaves.

ERROR 22 [0} Error: This pin outputs the error flag in a single 8206 system or in the master of
a multi-8206 system. It is latched by R/W going low. Not used in slaves.

CRCT 52 | Correct: When low this pin causes data correction during a read or read-

. modify-write cycle. When high, it causes error correction to be disabled,
although error checking is still enabled.

STB 2 | Strobe: STB is an input control used to strobe data at the DI inputs and check-
bits at the CBI/SYI inputs. The signal is active high to admit the inputs. The
signals are latched by the high-to-low transition of STB.

BMp 33 ] Byte Marks: When high, the Data Out pins are enabled for a read cycle. When

BMy 32 | low, the Data Out buffers are tristated for a write cycle. BMg controls DOg.7,
while BMy controls DOg.1s. In partial (byte) writes, the byte mark input is low
for the new byte to be written.

RW 21 | - | Read/Write: When high this pin causes the 8206 to perform detection and
correction (if CRCT is low). When low, it causes the 8206 to generate check bits.
On the high-to-low transition the syndrome is latched lnternally for read-
.modify-write cycles.

WZ 34 | Write Zero: When low this input overrides the BMg_ and R/W inputs to cause
the 8206 to output all zeros at DOg.15 with the corresponding check bits at
CBOyg.7. Used for memory initialization.

M/S 4 | Master/Slave: Input tells the 8206 whether it is a master (high) or a slave (low).

SEDCU 3 | Single EDC Unit: Input tells the master whether it is operating as a single 8206
(low) or as the master in a multi-8206 system (high). Not used in slaves.

Vee 60 | Power Supply: +5V

Vss 26 | Logic Ground

Vss 43 | Output Driver Ground
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Table 2. 8206-2 Pin Description Differences over the 8206.

Symbol Pin Type Name and Function

CBlg-5 5-10 | Check Bits In: In an 8206-2 system, these inputs accept the check bits (5
to 6) from the RAM.

SYO/CBOg 23 0 Syndrome Out/Check Bits Out: In an 8206-2 system, the syndrome

SYO/CBO4 24 [0} appears at these outputs during a read. During a write, the write check

SYO/CBO3 25 (o} bits appear. The syndrome is latched (during read-modify-writes) by R/W

SYO/CBO3 27 o going low.

SYO/CBO4 28 (0]

SYO/CBOs 29 (o)

CE 17 (o} Correctable Error: In an 8206-2 system, this pin outputs the correctable
error flag. CE is latched by R/W going low.

WZ 34 | Write Zero: When low this input overrides the BMg; and R/W inputs to
cause the 8206-2 to output all zeros at DOg_y5 with the corresponding check
 bits at CBOyg_s, Used for memory initialization.

Strap High 4 | Must be tied High.

Strap Low 3 | Must be tied Low.

N.C. 11-16 [ Note: These pins have internal pull-up resistors but if possible should be

18-20 tied high or low.
N.C. 30, 31 0 Note: These are no connect pins and should be left open.

FUNCTIONAL DESCRIPTION

The 8206 Error Detection and Correction Unit
provides greater memory system reliability through
its ability to detect and correct memory errors. ltisa
single chip device that can detect and correct all
single bit errors and detect all double bit and some
higher multiple bit errors. Some other odd multiple
bit errors (e.g., 5 bits in error) are interpreted as
single bit errors, and the CE flag is raised. While
some even multiple biterrors (e.g., 4 bitsin error)are
interpreted as no error, most are detected as double
bit errors. This error handling is a function of the
number of check bits used by the 8206 (see Figure 2)
and the specific Hamming code used. Errors in
check bits are not distinguished from errors in a
word. ‘

For more information on error correction codes, see
Intel Application Notes AP-46 and AP-73.

Asingle 8206 or 8206-2 handles 8 or 16 bits of data, and
up to 5 8206’s can be cascaded in order to handle data
paths of 80 bits. For a single 8206 8 bit system, the
Dlg_y5, DO/WDlIg_15 and BM1 inputs are grounded. See
the Multi-Chip systems section for information on
24-80 bit systems.

The 8206 has a “flow through' architecture. It sup-
ports two kinds of error correction architecture: 1)
Flow-through, or correct-always; and 2) Parallel, or
check-only. There are two separate 16-pin busses,

DATA WORD BITS CHECK BITS

8
16
24
32
40
48
56
64
72
80

@ 0 W ® ® N N O o O

Figure 3. Number of Check Bits Used by 8206

one to accept data from the RAM (DI) and the other
to deliver corrected data to the system bus (BO/
WDI). The logic is entirely combinatorial during a
read cycle. Thisis in contrast to an architecture with
only one bus, with bidirectional bus drivers that
must first read the data and then be turned around to
output the corrected data. The latter architecture
typically requires additional hardware (latches
and/or transceivers) and may be slower in a system
due to timing skews of control signals.
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READ CYCLE

With the R/W pin high, data is received from the RAM
outputs.into the DI pins where it is optionally latched
by the STB signal. Check bits are generated from the
data bits and compared to the check bits read from
the RAM into the CBI pins. If an error is detected the
ERROR flag is activated and the correctable error
flag (CE) is used to inform the system whether the
error was correctable or not. With the BM inputs
high, the word appears corrected at the DO pins if
the error was correctable, or unmodified if the error
was uncorrectable. '

If more than one 8206 is being used, then the check
bits are read by the master. The slaves generate a
partial parity output (PPO) and pass it to the master.
The master 8206 then generates and returns the
syndrome to the slaves (SYO) for correction of the
data.

The 8206 may alternatively be used in a *“‘check-
only” mode with the CRCT pin left high. With the
correction facility turned off, the propagatibn delay
from memory outputs to 8206 outputs is signifi-
cantly shortened. In this mode the 8206 issues an
ERROR flag to the CPU, which can then perform one
of several options: lengthen the current cycle for
correction, restart the instruction, perform a diag-
nostic routine, etc.

A syndrome word, five to eight bits in length and
containing all necessary information about the exis-
tence and location of an error, is made available to
the system at the SYOq_; pins. Error logging may be
accomplished by latching the syndrome and the
memory address of the word in error.

WRITE CYCLE

For a full write, in which an entire word is written to
memory, the data is written directly to the RAM,
bypassing the 8206. The same data enters the 8206
through the WDI pins where check bits are gener-
ated. The Byte Mark inputs must be low to tristate
the DO drivers. The check bits, 5 to 8 in number, are
then written to the RAM through the CBO pins for
storage along with the data word. In a multi-chip
system, the master writes the check bits using par-
tial parity information from the slaves.

In a partial write, part of the data word is overwritten,
and part is retained in memory. This is accomplished
by performing a read-modify-write cycle. The com-
plete old word is read into the 8206 and corrected,

with the syndrome internally latched by R/W going
low. Only that part of the word not to be modified is
output onto the DO pins, as controlled by the Byte
Mark inputs. That portion of the word to be overwrit-
ten is supplied by the system bus. The 8206 then
calculates check bits for the new word, using the
byte from the previous read and the new byte from
the system bus, and writes them to the memory.

READ-MODIFY-WRITE CYCLES

Upon detection of an error the 8206 may be used to
correct the bit in error in memory. This reduces the
probability of getting multiple-bit errors in sub-
sequent read cycles. This correction is handled by
executing read-modify-write cycles.

The read-modify-write cycle is controlled by the R/W
input. After (during) the read cycle, the system
dynamic RAM controller or CPU examines the 8206
ERROR and CE outputs to determine if a correctable
error occurred. If it did, the dynamic RAM controller
or CPU forces R/W low, telling the 8206 to latch the
generated syndrome and drive the corrected check
bits onto the CBO outputs. The corrected data is
available on the DO pins. The DRAM controller then
writes the corrected data and corresponding check
bits into memory.

The 8206 may be used to perform read-modify-
writes in one or two RAM cycles. If it is done in two
cycles, the 8206 latches are used to hold the data
and check bits from the read cycle to be used in the
following write cycle. The Intel 8207 Advanced
Dynamic RAM controller allows read-modify-write
cycles in one memory cycle. See the System
Environment section.

INITIALIZATION

A memory system operating with ECC requires some
form of initialization at system power-up in order to
set valid data and check bit information in memory.
The 8206 supports memory initialization by the write
zero function. By activating the WZ pin, the 8206 will
write a data pattern of zeros and the associated
check bits in the current write cycle. By thus writing
to all memory at power-up, a controller can set
memory to valid data and check bits. Massive mem-
ory failure, as signified by both data and check bits
all ones or zeros, will be detected as an uncorrecta-
ble error.
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MULTI-CHIP SYSTEMS

A single 8206 handles 8 or 16 bits of dataand 5 or 6
check bits, respectively. Up to 5 8206's can be cas-
caded for 80 bit memories with 8 check bits.

When cascaded, one 8206 operates as a master, and
all others as slaves. As an example, during a read
cycle in a 32 bit system with one master and one
slave, the slave calculates parity on its portion of the
word—"partial parity’’—and presents it to the mas-
ter through the PPO pins. The master combines the
partial parity from the slave with the parity it calcu-
lated from its own portion of the word to generate

the syndrome. The syndrome is then returned by the
master to the slave for error correction. In systems
with more than one slave the above description con-
tinues to apply, except that the partial parity outputs
of the slaves must be XOR'd externally. Figure 4
shows the necessary external logic for multi-chip
systems. Write and read-modify-write cycles are car-
ried out analogously. See the System Operation'sec-
tion for multi-chip wiring diagrams.

There are several pins used to define whether the
8206 will operate as a master or a slave. Tables 3 and
4 illustrate how these pins are tied.

3a. 48 BIT SYSTEM

MASTER

PPI

SLAVE 1 SLAVE 2

PPO

PPO

—C =

3b. 64 BIT SYSTEM

MASTER SLAVE 1 SLAVE 2 SLAVE 3

PP PPO PPO PFO

(1
(1
q \
w
3c. 80 BIT SYSTEM

MASTER SLAVE 1 SLAVE 2 SLAVE 3 SLAVE 4

PPI PPO PPO PPO

Figure 4. External Logic For Mult-Chip Systems
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Table 3. Master/Slave Pin Assignments
Pin No. Pin Name Master Slave 1 Slave 2 Slave 3 Slave 4
4 M/S +5V Gnd Gnd - Gnd Gnd
3 SEDCU +5V +5V +5V +5V +5V
13 PPIo/POSg PPI Gnd +5V Gnd +5V
14 PPI1/POS4 PPI Gnd Gnd +5V +5V
15 PPI2/NSLg PPI * +5V +5V +5V
16 PPI3/NSL4 PPI . * +5V +5V +5V
*See Table 3.
NOTE:

Pins 13, 14, 15, 16 have internal pull-up resistors and may be left as N.C. where specified as connecting to +5V.

Table 4. NSL Pin Assignments for Siave 1

The timing specifications for multi-chip systems
must be calculated to take account of the external
XOR gating in 3, 4, and 5-chip systems. Let tXOR be
the delay for a single external TTL XOR gate. Then
the following equations show how to calculate the
relevant timing parameters for 2-chip (n=0), 3-chip
(n=1), 4-chip (n=2), and 5-chip (n=2) systems:

Data-in to corrected data-out (read cycle) =
TDVSV + TPVSV + TSVQV + ntXOR

Data-in to error flag (read cycle) =
TDVSV + TPVEV + ntXOR

Data-in to correctable error flag (read cycle) =
TDVSV + TPVSV + TSVCV + ntXOR

Write data to check-bits valid (full write cycle) =
TQvVQV + TPVSV + ntXOR

Data-in to check-bits valid (read-mod-write cycle) =
TDVSV + TPVSV + TSVQV + TQvVQV + TPVSV +
2ntXOR

Data-in to check-bits valid (non-correcting read-
modify-write cycle) = . ‘
TDVQU + TQVQV + TPVSV + ntXOR

HAMMING CODE

The 8206 uses a modified Hamming code which was
optimized for multi-chip EDCU systems. The code is
such that partial parity is computed by all 8206's in

Number of Slaves :
Pin 1 2 3 4
PPI5/NSLg Gnd +5V Gnd +5V
PPI3/NSL4 Gnd Gnd +5V +5V

6-36

parallel. No 8206 requires more time for propagation
through logic levels than any other one, and hence
no one device becomes a bottleneck in the parity
operation. However, one or two levels of external
TTL XOR gates are required in systems with three to
five chips. The code appears in Table 5. The check
bits are derived from the table by XORing or XNOR-
ing together the bits indicated by ‘X's in each row
corresponding to a check bit. For example, check bit
0 in the MASTER for data word 1000110101101011
will be “0.” It should be noted that the 8206 will
detect the gross-error condition of all lows or all
highs.

Error correction is accomplished by identifying the
bad bit and inverting it. Table 5 can also be used as
an error syndrome table by replacing the ‘X's with
‘1’s. Each column then represents a different syn-
drome word, and by locating the column corre-
sponding to a particular syndrome the bit to be cor-
rected may be identified. If the syndrome cannot be
located then the error cannot be corrected. For
example, if the syndrome word is 00110111, the bit
to be corrected is bit 5 in the slave one data word (bit
21).

The syndrome decoding is also summarized in Tables 6
and 7 which can be used for error logging. By finding
the appropriate syndrome word (starting with bit zero,
the least significant bit), the result is either: 1) no error;
2) an identified (correctable) single bit error; 3) a
double bit error; or 4) a multi-bit uncorrectable error.

205220-007
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Table 5. Modified Hamming Code Check Bit Generation

Check bits are generated by XOR’ing (except for the CBO and CB1 data bits, which are XNOR’ed in the Master) the data
bits in the rows corresponding to the check bits. Note there are 6 check bits in a 16-bit system 7 in a32-bit system, and
8 in 48-or-more-bit systems.

BYTE NUMBER

0

1 2 3
OPERATION OPERATION
BITNUMBER |01 234567(01234567 01234567|01234567
CBO= {x X - X - X X =|X = = X - X = = XNOR S X X X - X X -]- X X - - X - - XOR
CB1l=]x - X - - X - X|- X - XX - X - XNOR X X X - - X - X|X X - - - - - x XOR
CHECK |CB2= |- x x - X - X X|]- = X = X - - X XOR S X X X - X X X|- - X X - - - - XOR
CB3=|x x X X X - - =|X XX - - - = = XOR X X - - X - X X|x - - x X - - - XOR
BITS CB4=|- - - x XXX X|- - - - -XXX XOR X X = = X X X X|~ - - - X - x - XOR
CBS= |- - - - - - - -|x X XXX XX X XOR S - - X X X X X[- - - - - xxXx XOR
CB6= |- - - - - - - |- - - - - - - - XOR S - - - 