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intel

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

= 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

= 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 muitiplexed addresses and address
strobes, as well as refresh/access arbitration. The 8202A-1 or 8202A-3 support an internal crystal oscillator.
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Figure 1. 8202A Block Diagram

Figure 2. Pin Configuration
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8202A

Table 1. Pin Descriptions

RAM array.

Pin . Pin | -
Symbol | No. | Type | Name and Function Symbol | No. | Type | Name and Function
ALg 6 |1 | Address Low: CPU address in- RASg 21 10 Row Address Strobe: Used to
AL{ 8 | puts used to generate memory RAS, 22 |0 latch the Row Address into the
Alo 10 |1 row address. RAS, 23 |0 bank of dynamic RAMSs, select-
AL3 12 11 RAS3 26 {0 ed by the 8202A Bank Select
1 ALy 14 i pins (B, B1/OP).
:::2/ :g : XACR 29 |o Tra Acknowledge: This
output is a strobe indicating val-
id data during a read cycle or
AHgp 5 I Address High: CPU address in- data written during a write cycle.
AH4 4 | puts used to generate memory XACK can be used to latch valid
AH2 3 | column address. data from the RAM array.
AHg 2 |l SACK 30 |o System Acknowledge: This
AHq 1 ! output indicates the beginning of
AHg 39 I a memory access cycle. It can
AHg 8 | be used as an advanced trans-
80 24 | Bank Select Inputs: Used to fer acknowledge to eliminate
B(/OPy (25 || gate the appropriate RASq- wait states. (Note: If a memory
RAS3 output for a memory cy- access request is made during a
cle. B1/OP4 option used to se- refresh cycle, SACK is delayed
lect the Advanced Read Mode. untit XACK in the memory ac:
p—— cess cycle).
PCS 33 |t Protected Chip Select: Used to
enable the memory read and (Xp)OP2 |36 (1/O Oscillator Inputs: These inputs
write inputs. Once a cycle is (X4 CLK |37 (1O are designed for a quartz crystal
started, it will not abort even if to control the frequency of the
PTS goes inactive before cycle oscillator. If Xo/OP2 is connect-
completion. ed to a 1KQ resistor pulled to
p— +12V then X1/CLK becomes a
WR 31 | Memory Write Request. , TTL input for an external clock.
RD/S1 32 |1 Memory Read Request: Si1 N.C. 35 Reserved for future use.
function used in Advanced Read
mode selected by OP ¢ (pin 25). vee 40 Power Supply:+5V.
REFRQ/ (34 | 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).
OUTy 7 ) Output of the Multiplexer:
OuT4 9 |0 | These outputs are designed to
OUT, 11 |0 drive the addresses of the Dynamic L —— W
OUT; i3 [0 RAM array. (Note that the OUT,.6 -
UTy 15 |0 pins do not require inverters or
OUTs 17 {0 drivers for proper operation.) — AASo
OUTg 19 |0 820241  |——» ARGy
52002'A—3 ——» RAS2
— == |———» RAS3
WE 28 |O Write Enable: Drives the Write -
Enable inputs of the Dynamic Cs < 10pF —> XACK
RAM array. FUNDAMENTAL XTAL . SATK
CAS 27 {0 Column Address Strobe: This
output is used to latch the Col-
umn Address into the Dynamic

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

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 signais 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 aiso 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 8202A clock; on-chip logic wilt 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. OP4 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 (X 1) 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 RAMs for read, write, and
refresh cycles. During the first part of-a read or write cy-
cle, ALo~ALg are gated to OUTg-OUTg, then AHo~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.

OUTo-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 Cycle

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/OP1 25 Bank (RAS) Select Advanced-Read Mode (see text)
Xo/OP2 36 Crystal Oscillator (8202A-1 or 8202A-3) External Oscillator

Figure 4. 8202A Option Selection

5-3
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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 dynamic 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 r_eﬂ_'esh 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 BD 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.

5-4

82024

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 B1/0P1 hardware strapping option on pin 25.

Normal Read | Advanced Read
‘Pin 25 B1 input +12 Volt Option
Pin 32 RD input S1 input
Pin 34 REFRQ input ALE input-
# RAM banks 4 (RAS o-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 puise. The RD input can go inactive as soon as the
command hold time (tcHg) 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 dan
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 taAp 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.

55

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 toe 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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2118

DYNAMIC RAM ARRAY
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Figure 8. Typical 8088 System

205215-001




intel

ABSOLUTE MAXIMUM RATINGS’

Ambient Temperature Under Bias ............ 0°C to 70°C
Storage Temperature ................ —65°C to +150°C
Voltage On any Pin

“With RespecttoGround .. ......... .... ~0.5V to +7v4
Power Dissipation ............................ 1.5 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 Ta = 0°C to 70°C; Vog = 5.0V = 10%, Vog = 5.0V + 5% for 8202A-3, GND = OV

Symbol Parameter Min Max Units Test Conditions
V¢ 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 wA VE = 0.45V
IR Reverse Input Current3 40 uA VR = V¢ (Note 1)
voL Output Low Voltage

SACK, XACK . 0.45 v loL = 5mA

Ali Other Outputs 0.45 \ loL =3 mA
VOH Output High Voltage Vi = 0.65V

SACK, XACK 2.4 v Io0H = —~1mA

All Other Outputs 2.6 \ 10H = —1 mA
ViL Input Low Voltage 0.8 v ' | voc = 5.0V (Note 2)
ViH1 Input High Voltage 2.0 \ Vge = 5.0V
ViH2 Option Voltage \ (Note 4).

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

1 1z = 200pA for pin 37 (CLK) for external clock mede.
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 volt JK 36 | op,
+10% h
8202A
51K
VWA~ 25 { opq
Resistor T +5%

5-7
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A.C. CHARACTERISTICS .

Ta = 0°C to 70°C, Ve = 5V + 10%, Voe = 5V = 5% for 8202A-3

Measurements made with respect to RASy-RAS3, CAS, WE,OUT-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—befow (<) 20 mHz 20

tRC Memory Cycle Time 10tp — 30 12tp 4,5
| tREF Refresh Time (128 cycles— 16K mode) 264tp 288tp

tRP RAS Precharge Time 4tp — 30

tRSH RAS Hold After CAS Stp — 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 Puise Width 5tp — 10

twes WE Setup to CAS tp ~ 40

twcH WE Hold After CAS Stp — 35 8

tRs RD, WR, ALE, REFRQ delay from RAS 5tp

tMRP RD, WR setup to RAS 0 5

taRMS REFRQ setup to RD, WR 2tp

tRMP REFRQ setup to RAS 2tp 5

PGS PCS Setup o AD, 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 2

tce RD, WR, ALE to CAS Delay 3tp + 25 4tp + 85 2

tsc CMD Setup to Clock 15

MRS RD, WR setup to REFRQ 5

tca RD, WR, ALE to SACK Delay 2tp + 47 2,9

tox TAS to XACK Delay 5tp ~ 25 Stp + 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 ' 36

tKCH CMD Inactive Hold after SACK, XACK 10

L REFRQ Pulse Width 20

tCHS CMD Hold Time - 30 1"

tRER REFRQ to RAS Delay ! 4tp + 100 8

tww WR to WE Delay 0 50 8

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

tRs
ﬁs \ 7 -— m I
~— i
:.CA(; tKCH —»
. XACK 4
<—4cn—*1

SACK *

Advanced Read Mode

S1 N
e A ————t -t A

ALE

RAS

CAS

XACK

SACK

——tcA—|
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7
'WAVEFORMS (cont’d)
Memory Compatibility Timing
Bo-B1
ALp-ALg, VALID ADDRESS
AHo-AHg
] — iR —
mAS \ . '
: -
tRSH | . '
tcas
[e—tASR—>{ |=—tRAH tasc tcAH
) r —
OUTo-0UTe X ROW COLUMN K
K 7
Write Cycle Timing
. N\ /]
s ~— R /
5 — ==l e
" /
Z
[-— twcsi twCH
N

tce
MAX
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WAVEFORMS (cont’d)

Read or Write Followed By External Refresh

REFRQ

RD, WR \

|t MRS ~—t et | e

ol

tRp ——>|

[
>
ol

| 1cn
tas Jer
&S \
I
tcc
MIN
, . ‘
tcc
MAX

External Refresh Followed By Read or Write

3
5l

- tRMS tMRP
REFRQ 7
. e W
«— tRS tRFR tRP
s N
/
CAS \
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WAVEFORMS (cont’d) ’
Clock And System Timing

| tpC § ———— | t§ C — >~

|

2|
>
o

L |

|

O
>
i

Table 2 8202A Output Test

Loading.

Test Load
Pin -
SACK, XACK Cp =30 pF
BOUT-OUTs CL = 160 pF
RASo-AAS3 CL = 60 pF
WE CL = 224 pF
CAg CL = 320 pF

NOTES:

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

not have to be externally synchronized to 8202A clock.

. If trg min and tprs min are met then, tca, tor, and tcg are
valid, otherwise tgg is valid. ‘

. tASR. tRAH: 1ASC: tCAH, and tRgH depend upon BO-B1 and CPU
address r ining stable throughout the memory cycle. The ad-
dress inputs are not latched by the 8202A.

. For back-to-back refresh cycles, tnc max = 13tp

. 1RC max is valid only if trpp min is met (READ, WRITE followed
by REFRESH) or tiygp min is met (REFRESH followed by READ,
WRITE).

. {RFR is valid only if trg min and tgmg min are met.

7.ty min applies when RD, WR has already gone high. Otherwise

XACK follows RD, WR.

[

«w

[ 3

<

A.C. TESTING LOAD CIRCUIT

DEVICE
UNDER

TEST —_L c
-

C INCLUDES JIG CAPACITANCE

9. tca applies only when in normal SACK mode.

10. tcg applies only when in delayed SACK mode.

11. tous 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 tcys min does not otherwise
affect device operation.

8. WE goes high according to tycy of tww. whichever occurs

first.
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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

NO LOAD

NO LOAD \ 120 150 220 330 440 56/

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

‘ tp =50 ns

5-13 205215-001
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Example: Find the effect on tcg and tgc 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
From the data sheet RAS = 4 pF and CAS = 4 pF. testload; i.e., 68 pF for RAS and 330 pF for CAS.

. RAS load = 64 pF + board capacitance. . 3. If we use 72 pF for RAS loading, then the icp
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 tge (min.)
capacitance. . and (max.) should decrease about 1 ns.
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8203
64K DYNAMIC RAM CONTROLLER

m 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

= Provides a Refresh Timer and a Refresh
Counter

m Provides Refresh/Access Arbitration

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

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

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

= Provides System Aéknowledge and Trans-
fer Acknowledge Signals

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

8 Iinternal 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 8203-3is a +5% Vg

part.
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— wux ﬁ 00T
N ! a3 [ 2 39 [] ans
—_——
[ P a2 [ a 38 : AHg
any [ 37 [ x1/ck
S .
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Jrovi ao [Je 35 [] 1ex/8aK
BUT, 7 34 [7] REFRQ/ALE
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A []e s3[]pcs
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Figure 1. 8203 Block Diagram Figure 2. Pin Configuration.
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Table 1. Pin Descriptiongs

5-16

Pin Pin
Symbol | No. | Type | Name and Function Symbol | No. | Type | Name and Function
ALg 6 |1 ‘Address Low: CPU address in- RASg 21 |0 Row Address Strobe: Used to
ALy 8 | puts used to generate memory i‘TK§1 22 |O latch the Row Address into the
AL2 10 |1 row address. RASy/ 23 |0 bank of dynamic RAMs, select-
AlLg 12 |1 OuT; ed by the 8203 Bank Select pins
| ALg 14 |1 RAS3/Bg |26 |1/0 [(Bp. B{/OP1). In. 64K mode,
ALg 16 I only RASq and RAS are avail-
AlLg 18 |1 able; pin 23 operates as OUT7
AHg 5 |1 Address High: CPU address in- ;::kp;llzeiﬁ:m'es as the Bo
put.
AH4 4 | puts used to generate memory :
AHo 3 |1 column address. XACK 29 {0 Transfer Acknowledge: This
AHg 2 ] output is a strobe indicating val-
AHg 1 1 id data during a read cycle or
AHg 39 |1 data written during a write cycle.
AHg 38 |1 XACK can be used to latch vaiid
; data from the RAM array.
Bo/AL7 (24 |I Bank Select Inputs: Used to —— X
B1/OPqy/ |25 I gate the appropriate RAS output SACK 30 |0 Systefn ,A°k"°'”|°d9'°: ,Th's
AHgz for a memory cycle. B1/OP y op- output indicates the beginning of
tion usedto select the Advanced a memory access cycle. It can
Redd 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. (Note: If a memory
and 26 operate as the ALy and | access request is maqe during a
AH7 address inputs. refresh cycle, SACK is delayed
et until XACK in the memory ac-
PCS 33 |1 Protected Chip Select: Used to cess cycle).
en.ablg the memory read an.d ’ Xo/OP2 |36 (1/O Oscillator Inputs: These inputs
wtn:te :'p:' ts.." On::eba :ycle 'i Xq/CLK 137 |1O are designed for a quartz crystal
_'ss_gge ! Ym n.o a t: evepll to control the frequency of the
goes inactive before cycle oscillator. If Xo/OP2 is shorted
completion. to pin 40 (VGE) o if Xo/OPg is
WR 31 |t Memory Write Request. connected to +12V through a
— - 1K resistor then X{/CLK be-
D/S1 32 |1 Men'fory Rez.ad Request: St comes a TTL input for an exter-
function used in Advancec! Read nal clock. (Note: Crystal mode
mode selected by OP 1 (pin 25). for the 8203-1 and the 8203-3
REFRQ/ (34 |1 External Refresh Request: ALE onty).
ALE function used in Advanced Read 16K/8aK |35 I, Mode Select: This input selects
mode, selected by OP ¢ (pin 25). 16K mode (2117, 2118) or 64K
0OuTg 7 o} Output of the Multiplexer: mode (2169' Pins 23-26
OuT4 9 o} These outputs are designed to change functuo'n based on the
OuT, 11 |0 drive the addresses of the Dy- mode of operation.
OUT3 13 |0 namic RAM array. (Note that the vVee 40 Power Supply: +5V.
OUT4 15 |0 OUTg.7 pins do not require in-
OUTs 17 |O verters or drivers for proper op- GND 20 Ground.
OuTg ~-{19 |0 eration.) Y s
WE 28 |0 Write Enable: Drives the Write Functional Description )
Endble inputs of the Dynamic The 8203 provides a complete dynamic RAM control-
RAM array. ler for microprocessor systems as well as expansion
TAS 27 lo Column Address Strobe: This memory' boards. All of the necessary contrgl signals
output is used to latch the Col- are provided for 2164, 2118 and 2117 dynamic RAMs.
umn Address into the Dynamic X A
RAM array. 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
—— RAS2
= ——» RAS3
Cs < 10pF Xack
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 yse 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 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 i
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 VGG 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. OP4 is selected by tying pin 25to +12V through a 51K
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. OP3 is selected by short-
ing pin 36 (Xg/OP2) directly to pin 40 (Vcg). No current
limiting resistor should be used. OP2 may also be selected
by tying pin 36 to + 12V through a 1KQ 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 RASo Address Output (OUT7),
24 Bank Select (Bg) Address Input (AL7)’
25 Bank Select (B1) Address Input (AH7)
26 RAS3 Bank Select (Bp)

Figure 4. 16K/64K Mode Selection

Inputs Outputs

B1 |Bo RASo RAS4 RAS> RAS3

0 o] (o] 1 1 1
16K 0 1 1 0 1 1
Mode 1 0 1 1 0 1

1 1 1 1 1 o]
64K — 0 (o] 1 — —
Mode —_ 1 1 o] — —_

Figure 5. Bank Selection

Option Function

Description Pin # Normal Function
B1/0P1 (16K only)/AHy 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 OUTp~OUT7, then AHg~AH7
are gated to the address outputs.

During a refresh Eycle. the refresh éounter 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.

OUTo-0UT7 do not need mverters 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 recue:s, 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
8203 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 shouid not be used in normal sys-
tem operation, since it would affect the dynamlc RAM re-
fresh.

5-18

Refresh Cycles
The 8203 has two ways of provndmg 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

s 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 B1/0P 1 hardware strapping option on pin 25.

Normal Read | Advanced Read
Pin 256 B1 input OP4 (+12V)
Pin 32 RD input S1 input
Pin 34 REFRQ input ALE input
# RAM banks 4 (RAS g-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 ST 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 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.

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 hoid 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 Bp-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 ({CAC). 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 RASq-3, CAS, OUTg-7, and WE outputs contain on-
chip series damping resistors (typically 202) to minimize
overshoot.

Some dynamic RAMs require more than 2.4V V). 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.

\

2118
DYNAMIC RAM ARRAY

Ag-15 ALo-6 OUT0-6 A Ao-6
AHO-6 BANK 0
8203 _ . DouT|
8088 (16K MODE) WE [O- = WE_
ADo-7 CcAs - =1 CAS J 1
| | RAS
RD fo- o ro/s,  Raso [P DiN DOUT
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- —»| RAS
DINDOUT
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BANK 2 N\
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_ Dout
b |—a] WE
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DiN DouT
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— OIN uT
WE o DN Ddour 20UT
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RAS Dour | 20UT
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DATA
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i
Figure 10. Typical 8088 System
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MULTIBUS®
TYPE
SYSTEM
I Taus |
8284A s28s }—FEAD | wmpc |___READ |
N aus WRITE |  MWTC WRITE U
) So-52 CTRLR | | BHE XCEIVER |- D—-“
RDY ALE | | —
| [ D
8086 [ BRE | LOW BYTE WIGH BYTE
. % BHEN WRITE WRITE
e - Lolro  wefp—
8283 1210 "“1"1 ADI!GI 17728 Sa08 —qWR RAS;
ADQ-AD15 LATCH :>| X MEMORY
OTHER ADRF AD19
Orwen A16-A19 ] | | (]
INPUTS BHE = | 8203
I [ 2164
— ] | cas aoeK
Aookors Bo-15 : : 8287 ™ Son
=T N ADDR
ol || = o ey, LIL-.| E—
XCEIVER DATA Ri-A16 XACK o 5 Do ot
= £
16
— . L P
XACK 16 4
DATA
DATA A
Do-15 1 caven § K

8287
XCEIVER

i b

Figure 11, 8086/256K Byte System
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ABSOLUTE MAXIMUM RATINGS®

Ambient Temperature UnderBias .. ... U 0°C to 70°C
Storage Temperature ................ —65°C to +150°C
Voltage On any Pin

With Respectto Ground ... ............ —0.5V to +7v4
Power Dissipation ............................ 1.6 Watts

Y

" D.C. CHARACTERISTICS Ta = 0°C to 70°C; Vgg = 5.0V +

. *NOTE: Stresses above those listed under “Absolute Maxi-

mum Ratings” may cause permanen!f 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.

10% (5.0V + 5% for 8203-3); GND = 0V

Symbol Parameter Min Max Units Test Conditions
Vo Input Clamp Voltage =10 \ Ic=~56 mA
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 ' pA VE = 0.45V
IR 'Reverse Input Current3 40, pA VR = Vcc; Note 1
VoL Output Low Voltage . ‘ '
SACK, XACK 0.45 v loL = 6 mA
All Other Qutputs 0.45 \ loL = 3mA
VOH Output High Voltage ViL=0.65V
SACK, XACK 2.4 v IoH = —1 mA
All Other Outputs 2.8 \ IoH = —1mA
VIL Input Low Voltage 0.8 \ Ve = 5.0V (Note 2)
VIH1 Input High Voltage 2.0 ' veo \ Voo = 6.0V
ViH2 Option Voltage Ve \ (Note 4)
o o ) F=1MHz
CiN Input Capacitance 30 pF VBIAS = 2.6V, Vo = 8V
Ta = 25°C
NOTES:

1. Iy = 200 pA for pm 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 OP1 and OP2, 8203 only supports OP2. ' Ar

+12 Volt 5.1Kg 25
+10% M OP1
8203
1K 36
M- oPy
Resistor T 5%

5-22
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A.C. CHARACTERISTICS

Ty =0°Cto70°C; Voo = 6V + 10% (5.0V + 5% for 8203-3); GND = OV

Measurements made with respect to RASg-RAS3, CAS, WE, OUT-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

tweH 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 S1 Hold from ALE 30

tCR RD, WR, ALE to RAS Delay tp + 30 2tp + 70

teo RD, WR, ALE to CAS Delay 3tp + 25 4tp + 85

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 Stp — 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

{CHS CMD Hold Time 30 1
tRFR REFRQ to RAS Delay 4tp + 100 6
tww WR to WE Delay 50

tAD CPU Address Delay 0 40

5-23
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WAVEFORMS
Normal Read or Write'Cycle

]
5l

RS

RAS \ /

~— i

tcc
h—.ﬁu—%

Cas
.
Wk
XACK
f'm—»'
SACK

—+]

Advanced Read Mode

tcR
SR
tCR

MAX

|e—tcA—>]

- tec R ’ ]
tce tack
MAX B
XACK
«— tCX
‘
SACK
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WAVEFORMS (cont’d)

Memory Compatibility Timing

tcc

MAX

Bo-B1 .
ALo-ALg, VALID ADDRESS
AHo-AHg
t t
M — ~— MR —]
RAS \
-
tRSH
tcas
|
CAS z
[e—tasR—> [etRAH le—tasc tCAH
4 p!
OUTo-0UTe ROW COLUMN J
K
. 1
Write Cycle Timing \
WR S\ /
J— t ’
RAS ~—Min ( /—
‘_mx ™ W
WE / tww A—j?l
MIN
Z
< twes—] tWCH
CAS
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WAVEFORMS (cont’d)

Read or Write Followed By Extet"nal Refresh

REFRQ

RD, WR S

/

/ L

MP

e L ]
1
MAX ﬂ
I

® tRP
tRs tcn
4
w ] 7
tRC
tcc
MAX
External Refresh Followed By Read or Write
RD, WR VP
— tRMS tMRP
|
REFRQ . 7
Cfe——u
ms wER | wp
RAS

526
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WAVEFORMS (cont’d)
Clock And System Timing

tp ———»|
|[<—tPH —>|
CLK
| tpL—|

PCS

tpcs ———>| tsCc—|
RD, WR, ALE

s N\

CAS

Table 2. 8203 Output Loading.

All specifications are
for the Test Load un-
less otherwise noted.

Pin i Test Load

SACK, XACK | CL = 30 pF

OUT(-0UTg CL = 160 pF

RASo-RAS3 CL = 60 pF

WE Cp = 224 pF

TAS CL = 320 pF

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

N

w

oS

]

not have to be externally synchronized to 8203 clock.

. Iftgg min and yrg min are met then tca, top. and tog are valid,

otherwise tcg is valid.

. tASR. tRAH: tASC. tCAH, and trgH 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, trc max = 13tp
. tRC max is valid only if trpgp min is met (READ, WRITE followed

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

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

XACK follows RD, WR.

. WE goes high according to twCH o tww, whichever occurs

first. -

5-27

A.C. TESTING LOAD CIRCUIT

DEVICE
UNDER
TEST

CL

o

NOTE: C_ includes jig capacitance

. tca applies only when in normal SACK mode. de.
10.
11.

tcs applies only when in delayed SACK mode.

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 tyw (tp—25 nS). Violating tcys min does not
otherwise affect device operation.
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The typical rising and !glﬁng characteristic curves for the
OUT, RAS, CAS and WE output buffers can be used to
determine the effects of capacitive loading on the A.C.

Timing Parameters. Using this design tool in conjunction
with the timing waveforms, the designer can determine
typical timing shifts based on system capacitive load.

A.C. CHARACTERISTICS FOR DIFFERENT CAPACITIVE LOADS

5.0

CAPACITANCE: pF

NO LOAD 5%

24

E
220

W

440

A\

r——

e ——

s

1
/
—

e e

/
|

\

OUTPUT (V)

[ 2 ]

NN

A

WA

0.0

T

H

B—

AN

E ) \ \V\ :
AN

0.0

\
—

—

—]

I

W74

TIME

—

NOTE:

Use the Jest Load as the base capacitance for estimating timing

shifts for system critical timing parameters.
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MEASUREMENT CONDITIONS:

TA = 26°C
Vee = +5V
tp = 50 ns

Pins

not measured are loaded with

the Test Load capacitance
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Example: Find the effect on tcR and tCg using 32 2164
Dynamic RAMs configured in 2 banks.

1. Determine the typical RAS and CAS capacitance:
From the data sheet RAS = § pF and CAS = 5 pF.
.". RAS load = 80 pF + board capacitance:
CAS load = 160 pF + board capacitance.
Assume 2 pF/in (trace length) for board capaci-
tance and for this example 4 inches for RAS and
8 inches for CAS.

5-29

2. From the waveform diagrams, we determine that the
falling edge timing is needed for tCR and tcc. Next find
the curve that best approximates the test load; i.e.,
68 pF for RAS and 330 pF for CAS.

3. If we use 88 pF for RAS loading, then tCR (min.) spec
should be increased by about 1 ns, and tcR (max.)
spec should be increased by about 2 ns. Similarly if we
use 176 pF for CAS, then tcc (min.) should decrease
by 3 ns and tcc (max.) should decrease by about 7 ns.
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\ . 8206/8206-2
ERROR DETECTION AND CORRECTION UNIT

¥

s Detects and Corrects All Single Bit s Separate Input and Output
Errors Busses—No Timing Strobes Required
s Detects All Double Bit and Most = Expandable to Handle 80 Bit Memories
: Multiple Bit Errors = Supports Reads With and Without
® 52 ns Maximum for Detection; 67 ns Correction, Writes, Partial (Byte)
Maximum for Correction (16 Bit ‘ Writes, and Read-Modify-Writes
System) ) )

= HMOS Technology for Low Power
= 68 Pin Leadless JEDEC Package
s Single +5V Supply

» Syndrome Outputs for Error Logging
s 8206-2 Timing Optimized for single 8206
8MHz iAPX 186, 188, 86 88 and 8207-2

Systems

" 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 logging.

. "6
READ POSy.4 o
PARTIAL PARITY K i::\' 7 ERROR
sT8 —»|  GENERATOR

. CE
cm/svu,_,:) ONEGERT 3
» o
8 I Z l AV4
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R SYNDROME
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. GENERATOR DETECTION '
PPI/POS/NSL 7 ) '

) t 11 /

POS,., . 8 | 2 NSLo,y

NSl

_ WRITE 416
w5 PARTIAL PARITY  K* 7
GENERATOR N 4
POS,, ﬁ 2
GND  +5V
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Figure 1. 8206 Block Diagram
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Figure 2. 8206-2 Block Diagram
Table 1. 8206 Pin Description
Symbol Pin No. | Type Name and Function
Dlg.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/SYlp 5 1 Check Bits In/Syndrome In: In a single 8206 system, or in the master in a multi-
CBI/SYl4 6 1 8206 system, these inputs accept the check bits (5 to 8) from the RAM. In a
CBI/SYly 7 | single 8206 16 bit system, CBlg.g are used. in slave 8206’s these inputs accept
CBY/SYl3 8 | the syndrome from the master.

CBI/SYl4 9 |

CBI/SY!s 10 |

CBI/SYlg 11 |

CBI/SYly 12 !

DO/WDlg 51 /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/WDIp 49 /0 | inputs:must be high to enable the output buffers during the read cycle. in a
DO/WDi3 48 110 | write cycle, datato be written into the RAM is accepted by these inputs for com-
DO/WDiy4 47 I/0 | puting the write check bits. In a partial-write cycle, the byte not to be modified
DO/WDig 46 I/0 | appears at either DOg.7 if BMg is high, or DOg_q5 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.1s,
DO/WDIy 44 /0 | with the proper write check bits on CBO.

DO/WDlg 42 1/0

DO/WDIg 41 110

DO/WDl49 40 /O

DO/WDl44 39 /0

DO/WDl42 38 110

DO/WDI43 37 /0

DO/WDl44 36 110

DO/WDlyg 35 /O

5-31 205220-005
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Table 1. 8206 Pin Description (Continued)

Symbol

Pin No. | Type . Name and Function

SYO/CBO/PPOg 23 [0} 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/PPO, 25 [o} during a read. During a write, the write check bits appear. In slave 8206's the

SYQ/CBO/PPO3 27 [o] partial parity bits used by the master appear at these outputs. The syndrome is

SYO/CBO/PPO,4 28 (o] latched (during read-modify-writes) by R/W going low.

SYO/CBO/PPO5 29 e}

SYOQ/CBO/PPOg 30 (o)

SYO/CBO/PPO; 31 (o}

PPlo/POSy 13 [ Partial Parity In/Position: In the master in a multi-8206 system, these inputs

PP14/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. .

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

PPig/NSL, 16 | 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.

PPI4/CE 17 /O | 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.

PPls 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

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

ERROR 22 o Error: This pin outputs the error flag in a single 8206 system or in the master of
a muiti-8B206 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 I 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.

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

BM, 32 1 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 iow
for the new byte to be written.

RW 21 1 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 internally for read-
modify-write cycles. )

WZ 34 1 Write Zero: When low this input overrides the BMg.4 and R/W inputs to cause
the 8206 to output all zeros at DOg.15 with the corresponding check bits at
CBOp.7. Used for memory initialization.

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

SEDCU 3 | Single EDC Unit: Input telis the master whether it is operating as a single 8206
(low) or as the master in a multi-B206 system (high). Not used in slaves,

Vee 60 1 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 i Check Bits In: In an 8206-2 system, these inputs accept the check bits (5
to 6) from the RAM

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

SYO/CBO+¢ 24 O | appears at these outputs during a read. During a write, the write check

SYO/CBO2 25 (0] bits appear The syndrome is latched (during read-modify-writes) by R/W

SYO/CBO3 27 (e} going low

SYO/CBO4 28 o}

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.

WwZ 34 | Write Zero: When low this input overrides the BMg and R/W Inputs to
cause the 8206-2 to output all zeros at DOy.¢5 with the corresponding check
- bits at CBOg.5 Used for memory initialization. l

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 (o} 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. Itis a
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.

A single 8206 or 8206~2 handies 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 15, DO/WDIg_q5 and BM; inputs aré 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 O W ® NN O,

5-33

Figure 3. Number of Check Bits Used by 8206

one to accept data from the RAM (Dl) and the other
to deliver corrected data to the system bus (DO/
WDI). The logic is entirely combinatorial during a
read cycle. This is 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 siower in a system
due to timing skews of control signals.

205220-005
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READ CYCLE

With the R/W pin high, data is received from the RAM
outputs into the Dl 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 propagation 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 performone
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 SYOy_7 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 fo 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
calculatés 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 muitiple-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 RW
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. :

205220-005
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MULTI-CHIP SYSTEMS

'A single 8206 handles 8 or 16 bits of data and 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 SLAVE 1 SLAVE 2
PPl PPO .. PPO
(] ] 8 8
—C
3b 84 BIT SYSTEM
MASTER SLAVE 1 SLAVE 2 SLAVE 3
PPI PPO PPO PPO
s
s
\
Ay
\
N
Ay
3¢..80 BIT SYSTEM
MASTER SLAVE 1 SLAVE 2 SLAVE 3 SLAVE 4
PRI PPO PPO PPO PPO
8 ]
3
ﬂ \ ¥ s
a t
\

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 MS +5v Gnd Gnd Gnd Gnd
3 SEDCU +5V ' +5V +5V +5V +5V
13 PPIg/POSg. PPI Gnd +5V Gnd . +5V
14 R PPI11/PQS4 PPI . Gnd Gnd +5V +5V
15 PPIy/NSLg PP W +5V +5V . 4BV
16 PPl3/NSL4 - PPl * +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 Slave 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 éycle) =
TDVSV + TPVSV + TSVCV + ntXOR

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

Data-in to check-bits valid (read-mod-write cycie) =
TDVSV + TPVSV + TSVQV + TQVQV + 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
PPio/NSLg Gnd +5V Gnd +5V
PPI3/NSL4 Gnd Gnd +5V ; +5V

parallel. No 8206 r@quires—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.
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Table §. Modified Hamming Code Check Bit Generation

Check bits are generated by XOR’ing (except for the CB0 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 a 32-bit system, and
8 in 48-or-more-bit systems.

BYTE NUMBER 0 1 2 3
OPERATION - OPERATION
BITNUMBER |0 1234567|012345¢637 01234567(01234567
CBO={xX X - X - X X -[X = - X = %X - - XNOR S X X X - X X -]- xx - - x - - XOR
CBl=j{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 X X X - X X X|- - xx - - - - XOR
CB3={x x x xx - - -|Xx XX - - - - - XOR X X = ~ X - X X|X - - x x - - - XOR
BITS CB4=1{- - - xx xx x|-- - - - X X X XOR X X = = X X X x|- - « - x - x - XOR
CBS5= |- - - - - « - - X X X X X X X X XOR S e e X X X X X} - - e - X X X XOR
CB6=|- - - - -~ - - -f- - -« - - - - b (o N N e X X X X X X X X XOR
CB7= |- - =« =« « -« = |- « = -« - - - XOR | |- -« - - - - ]e - -0 XOR
0000000O0C|001T 11111 11112222(22222233
DATABITS 191 2345678901234 67890123{45678901
16 BIT OR MASTER J SLAVE #1
BYTE NUMBER 4 5 6 7 8 9 OPERATION
BITNUMBER ([0 1234567|01234567(01234567|01234567/01234567/012345¢67
CBO=fx X - X = X X =|X = = X = X = ~[X = X = xX - =[x« xx -« x-}- XXX~ XX f«xXX= X+ - XOR
CBi=|x - X = = X - X[- X = XX = X -] XX =7 - X X[xxx -+ - %x-§- XXX - XX X|- - XX = = - = XOR
CHECK CB2=]- x x - X = X X[~ = X = X = = X| - XXX « XX =[x x - - %x - -{x - - X - XX -f{-%XX--X-X XOR
CB3=|x x x x X - - =[x xx - - - - - X = X = = XX =[x x -« xx - -] xxxx - xfxx-x- - XOR
BITS CB4= |- - - x x xx x|[- - - - - X X x| - - - xx x x x[-- - - - X X Xj- X X - - - X X[X X X - - = X - XOR
CB5=|x X X X X X X Xf- =~ - = « = = =]« « = = - - - - X X X X X X X X{X - X XXX - X|- <« - X - - -Xx XOR
CB6=|x X X X X X X X|- « = = « = - - X X X X X X X X[- - - - -« - - X X ~ = X X X X}- - - - x - x - XOR
CB7= |- - - - -~ - - - X X X X X X X[« « - - - - - - X X X X X X X X[|- ~ - - - - - - X X X X X X X X XOR
DATA BITS 333333233}|4 444444(44555555|5555¢6¢628626/666¢6¢6¢67 77777777
456 89|01 234567|89012345/6789012345678901234567829
SLAVE #2 | | SLAVE #3 | ‘ SLAVE #4 J

€-9028/9028
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Table 6. 8206 Syndrome Decoding

g

o0 1 0 1 0 1 0 1 0 1 o0 1 0 1 0 1
Syndrome 10 0 1 1 o 0 1 1 0o .0 1 1 0 0 1 1
Bits 20 6 o 0 1 1 1 1 0 0 o0 0 1 1 1 1
7 6 5 4!30 0 0 06 o0 0 o 0 1 1 1 1 1 1 1 1
0 0 0 0 N CBOCBI D CB2 D D 18 ¢B8 D D 0 D 1 2 D
6 0 0 1| cB4 b D 5 D 6 7 D D 3 16 D 4 D D 17
0 0 1 o0 c8s D D 11 D 19 12 D D 8 9 D 10 D D &7
0 0 1 1 D 13 14 D 15 D D 21 20 D D 66 D 22 23 D
0 1 0 0] cB6E D D 25 D 26 49 D D 48 24 D 27 D D 50
0 1 0 1 D 52 5 D 5 D D 70 28 D D 65 D 53 54 D
0 1. 1 o0 D 20 3 D 64 D D 69 68 D D 3 D 33 3 D
0 1 1 1 30 D D 3 D 3 3 D D 3 71 D 3 D D U
1 0 0 0] cBZ D D 43 D 77 4 D D 40 4 D 42 D D U
1.0 o0 1 D 45 46 D 47 D D 74 72 D D U D 73 U D
1 0 1 0 D 's9 75 O 79 D D 58 60 D D 56 D U 57 D
1 0 1 1 68 D D 62 D U U D D U U D 8 D D U
1 1 0 0 D U U D U D D U 76 D D U D U U D
1 1 0 1 7 D D U P U U D D U U D U D D U
1 1 1 0 U D b U D U U D D U U D U D D U
i1 11 D U U P U D D U U D P U D U U D
N = No Error
X 2 Erorin Data Bit X - SYSTEM ENVIRONMENT
D = Double Bit Error
U = Uncorrectable Multi-Bit Error The 8206 interface to a typical 32 bit memory system
is illustrated in Figure 5. For larger systems, the
partial parity bits from slaves two to four must be
DATA MEMORY CHECK BITS DATA MEMORY
OE 16 BITS 78ITS 16 BITS
——‘ ) DI DO . DI DO Dt DO
N j r . 4 p-
28T X Neroooro
N
R -
N
N 7 > , N
DO/WDI DI SYO/CBO CBlos SYls DO/WDI DI
) — POS,
——e—>| CRCT PPI; —| cmer POS,
°°"JRS§ - wz e208 cBl, j? | W2 o208 NSLo
~ sTB MASTER > / SLAVE NSL,
] RW w3 :j—ow (—> RW L]
5 SEDCU PPI5; N
BM, BM, SEDCU 3—0+5v
BYTE —31 BM, ERFGR BM, ce sYi,
MARKS
ERROR
SIGNALS *

Figure 5. 32-Bit 8206 System interface .
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XOR’ed externally, which calls for one level of XOR
gating for three 8206’s and two levels for four or five
8206's.

The 8206 is designed for direct connection to the Intel
8207 Advanced Dynamic RAM Controller. The 8207
has the ability to perform dual port memory control,
and Figure 6 illustrates a highly integrated dual port

RAM implementation using the 8206 and 8207. The
8206/8207 combination permits such features as au-
tomatic scrubbing (correcting errors in memory dur-
ing refresh), extending RAS and CAS timings for
Read-Modify-Writes in single memory cycles, and
automatic memory initialization upon reset. To-
gether these two chips provide a complete dual-
port, error-corrected dynamic RAM subsystem.

AckB AckB
ADDR DYNAMIC
RAM
c RAS v 32 BITS +
CAS 7 CHECK BITS
WE WE
CMD/PEB CMD/PEB = cBI_DO/CBO)
8207 4
MUx  ADRC i
ADDR B
CLK >—] CLK PSEN :
cE
ERROR L
DBM |—
MUX ADDR W
CMO/PEA ACKA . PSEL A

ADDR A )

ACKA «——

5v—] sT8 PPI PPO STB}— +5V

V'
ERROR SYO/ DI/CBI CE SYI DI
RIW cBo RIW

8206 8206
5—0 CRCT MASTER go CRCT SLAVE

wz O q wz
BM DO/WD! BM . DO/WDI

g o [l

iR

BYTE
MARK

DECODER

]
| ] M
1

Wrw_l

PORT A PORT B

Figure 6. Dual Port RAM Subsystem with 8206/8207 (32-bit bus)
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Table 7. 8206-2 Syndrome Decoding . The 8206-2 handles 8 or 16 bits of data. For 8 bit
8206-2 systems, , D Dlg. d BMy in-
Syndrome|0 0 1 0 1 0 1 0 1 putse aresygsr:lT:d;ze Dlg-15, DO/WDIg.15 and BM in
Bits |1 o o0 1 1 0 0 1 1 :
543|2 0 0 0 0 1 111 The 8206-2 is designed for direct connection to the
.0 0 O N CBOCBI D CB2 D D D Intel 8207-2 Advanced Dynamic RAM Controller. The
© 8207-2 has the ability to perform dual port memory
D D D 1 2 D ! X R R
9 - 0 1 ces 0 control, and Figure 7 illustrates a highly integrated
0o 10 ¢4 b D 5 D 6 7 D iAPX 186 RAM implementation using the 8206-2 and
0 1 1 D 3 D D 4 D DD 8207-2. The 8206-2/8207-2 combination permits such
. features as automatic scrubbing (correcting errors in
D 12 D
1 00 c8s D D U > memory during refresh), extending RAS and CAS tim-
1.0 1t D 8 9 D 10 D D Di ingsfor Read-Modify-Writes in single memory cycles,
1 1 0 D 13 14 D 15 D D D and automatic memory initialization upon reset.
Together these two chips provide a complete dual-port,
LR D D b b bDbbbD error-corrected dynamic RAM subsystems.
N = No Error
CBX = Error in Check Bit X
X = Error in Data Bit X
D = Double Bit Error’
>
\WE DI DO WE DI DO
l /\ ][
CLK AACKA AO,.5 RAS 3| ‘
ARDY CLK CASosp
] PCTLA ERROR
:__10 DA  go072 R‘:
sz.._
DEM —t
ERROR Dly.15 SYO/ CBlo.s
74L8138 cE CBOo.5 EReT
RW 52082 STBp— +5V
w2 BM; BM;  DO/WDIo.s
A0
BHE
ok )
8287 / ]
- 718

Figure 7. IAPX 186 RAM Correct Alwéys Subsystem with the 8206-2 and the 8207-2
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MEMORY BOARD TESTING

The 8206 lends itself to straightforward memory
board testing with a minimum of hardware over-
head. The following is a description of four common
test modes and their implementation.

Mode 0—Read and write with error correction.
Implementation: This mode is the normal
8206 operating mode.

Mode 1—Read and write data with error correction
disabled to allow test of data memory.
Implementation: This mode is performed
with CRCT deactivated.

Mode 2—Read and write check bits with error cor-
rection disabled to allow test of check bits
memory.

Implementation: Any pattern may be writ-
ten into the check bits memory by judi-

5-41

ciously choosing the proper data word to
generr:ntel the desired check bits, through
the use of the 8206 Hamming code. To
read out the check bits it is fifst necessary
to fill the data memory with all zeros,
which may be done by activating WZ and
incrementing memory addresses with WE
to the check bits memory held inactive,
and then performing ordinary reads. The
check bits will then appear directly at the
SYO outputs, with bits CB0 and CB1
inverted.

Mode 3—Write data, without altering or writing

check bits, to allow the storage of bit
combinations to cause error correction
and detection.
Implementation: This mode is im-
plemented by writing the desired word to
memory with WE to the check bits array
held inactive.
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TOP
89 ULJLILJULIULILH_I[_ILH_JL_]LL_gl
. CRCT
E Dis[™
[
]
O]
O
O Dly
(. Vee
O] Dig[—
[ .
[
: v
]
O
O
o, L
PIN NO. 1 MARK PINNO.1 & Ei5 5 L Lle 18
MARK g g‘_: § £ g
BOTTOM
8 g 8 g
| 120 1
T
CRCT
%’ Dl
-
B
-
5 . DIy
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; Dig
18 ) Dl
COO0000N00N00000m .
PIN NO. 1 MARK PIN NO. 1
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NOTE:
The 8206 and 8206-2 is packaged in a 68 pin JEDEC TYPE A hermetic chip carrier

Figure 8. 8206 and 8206-2 Pinout Diagram
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias ......... 0°C to 70°C
Storage Temperature ............... —65°C to +150°C
Voltage On Any Pin

With Respect to Ground ............ -0.5V to +7V
Power Dissipation .......................... 1.5 Watts

*NOTE: Stfesses above those listed under “‘Absolute
Maximum Ratings' may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum

rating conditions for extended periods may affect device
reliability.

D.C. CHARACTERISTICS (14 = 0°C to 70°C, V¢ = 5.0V = 10%, Vgg= GND) -

Symbol Parameter Min. Max. " Unit Test Canditions
lcc Power Supply Current
—Single 8206, 8206-2 or 270 mA
Slave #1
-—Master in Multi-Chip 230 mA
or Slaves #2, 3, 4
i Input Low Voltage ~0.5 0.8 Y
Vin' Input High Voltage 20 Vee+ v
0.5V
Output Low Voltag’e
VoL —DO 0.45 v loL =8mA
—All Others 045 \ oL =2.0mA>
Outpl;t High Voltage
VoH —DO, CBO 26 \ loH = —2mA
—All Other Outputs 24 \ loH = —0.4mA
I/O Leakage Current
o —PPI4/CE + 20 nA 045V =<V,jo < V.CC
—DO/WDlg.15 +10 pA
Input Leakage Current 5
I —PPlg.3, 5.7, CBlg.7, SEDCU =20 nA 0V =ViN =Vcc
- All Other Input Only Pins +10 nA

NOTES:

1. SEDCU (pin 3) and M/S (pin 4) are device strapping options and should be tied to Ve orGND. Vi min=V¢¢ —0.5Vand V;_max = 0.5V.
¢
2. PPlg.7 (pins 13-20) and CBlg.7 (pins 11, 12) have internal pull-up resistors and if left unconnected will be pulled to Vg

A.C. TESTING INPUT, OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

24
2.0 2.0 {
> TEST POINTS <
i 08 0.8

045

AC TESTING_INPUTS ARE DRIVEN AT 24V FORA LOGIC 1 AND 045V FOR
ALOGIC 0 TIMING MEASUREMENTS ARE MADE AT 20V FOR A LOGIC 1
AND 08V FOR A LOGIC 0

DEVICE l R
UNDER
TEST
C

..____.__Jl

Cy INCLUDES JIG CAPACITANCE
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. A.C. CHARACTERISTICS (Ta = 0°C'to 70°C, Voo = +5V = 10%, Vgs = OV, Ry = 220, C| = 50 pF;

all times are in nsec.)

8206 8206-2

Symbol Parameter Min. | Max. | Min. | Max. | Notes
TRHEV ERROR Valid from R/W¢ 25 40
TRHCV CE Valid from R/WY (Single 8206) 44 49
TRHQV - Corrected Data Valid from R/W} 54 66 1
TRVSV SYO/CBO/PPO Valid from R/W 42 46 1
TDVEV ERROR Valid from Data/Check Bits In 52 57
TOVCV CE Valid from Data/Check Bits In 70 76
TDVQV Corrected Data Valid from Data/Check Bits in 67 74
TOVSV SYOQ/PPO Valid from Data/Check Bits In 55 65
TBHQV. Gorrected Data Access Time 37 37
TDXQX Hold Time from Data/check Bits In 0 1
TBLQZ Corrected Data Float Delay 28 0 28 1
TSHIV STB High to Data/Check Bits In Valid 30 30 2
TIVSL Data/Check Bits In to STB| Set-up 5 5
TSLIX Data/Check Bits In from STB| Hold 25 25
TPVEV ‘ERROR Valid from Partial Parity In 30 3
TPVQV Corrected Data (Master) from Partial Parity In 61 1,3
TPVSV Syndrome/Check Bits Out from Partial Parity In 43 ‘1:3
TSVQV Corrected Data (Stave) Valid from Syndrome 51 3
TSVCV CE Valid from Syndrome (Slave number 1) 48 3
TQVQV Check Bits/Partial Parity Out from Write Data In 64 69 1
TRHSX Check Bits/Partial Parity Out from R/W, WZ Hold 0 0 1
TRLSX Syndrome Out from R/W Hold 0 0
TAXQX Hold Time from Write Data In 0 0 1
TSVRL $yndrome Out to RW| Set-up 17 3
TDVRL Data/Check Bits In to R/W Set-up 39 ] 1
TDVQU Uncorrected Data Out from Data in 32 38
TTVQV Corrected Data Out from CRCT| 30 33
TWLAL | WZ| to Zero Out 30 34
TWHQX Zero Out from WZ} Hold 0 0

NOTES:

1. A.C. Test Levels for CBO and DO are 2.4V and 0.8V.
2. TgHiv is required to guarantee output delay timings: Tpvev, Tovev. Tovav, Tovsy. TsHiv + TivsL guarantees a min STB puise

width of 35 ns (45 ns for the 8206-8).
3. Not required for 8/16 bit systems
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WAVEFORMS
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WAVEFORMS (Continued)
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WAVEFORMS (Continued)
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WAVEFORMS (Continued)
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WAVEFORMS (Continued)
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8207 /
DUAL-PORT DYNAMIC RAM CONTROLLER

» Provides All Signals Necessary to = jAPX 286 8207-16 2.5-8 MHz

. Control 16K (2118), 64K (2164A) and (CFS=1) 820712 2.5-6 MHz
256K Dynamic RAMs iAPX 86186  8207-8 2-8 MHz

= Directly Addresses and Drives up to 2 (CFS=0) 8207-6 2-6 MHz
Megabytes without External Drivers

= Supports Single and Dual-Port ‘= Provides Signals to Directly Control the
Configurations 8206 Error Detection and Correction Unit

= Automatic RAM Initialization in All ‘
Modes . = Supports Synchronous or

= Four Programmable Refresh Modes Asynchfonous Operation on Either Port

» Transparent Memory Scrubbing in = +5 Volt Only HMOSII Technology for
ECC Mode ) High Performance and Low Power

The Intel 8207 Advanced Dynamic RAM Controller (ADRC) is a high-performance, systems-oriented, Dynamic
RAM controller that is designed to easily interface 16K, 64K and 256K Dynamic RAMs to Intel and other
microprocessor systems. A dual-port interface allows two different busses to independently access memory. When
configured with an 8206 Error Detection and Correction Unit the 8207 supplies the necessary logic for designing
large error-corrected memory arrays. This combination provides automatic memory initialization and transparent
memory error scrubbing. / .

. ERROR
Lock FWR L CcE
RDA —»|
PORTA | SERVICE GRANT LEN

pova =1 INTER: [ XACKA/ACKA

PEA —»| FACE > XACKB/ACKB

[-> AACKB/RW
oureur [ ESte
RT A REQUEST

RDB —» = Q > MUX/PCLK

WRB | PORTB > PSEL
PCTLB | INTER- PORT B REQUEST >~ PSEN

PeB | FACE — - e

REFRESH REQUEST \TOR!
bmm
RFRQ —»| INTER- CONFIGU- .
FACE RATION CONFIGURATION BUS CAS,.3
DECODER [ m
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Figure 1. 8207 Block Diagram
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Table 1. Pin description_

Pin

Type

Name and Function

ADDRESS LATCH ENABLE: In two-port configurations, when Port A is running with iAPX 286 Status
interface mode, this output replaces the ALE signal from the system bus controller of port A and
generates an address latch enable signal which provides optimum setup and hold timing for the 8207,
This signal is used in Fast Cycle operation only. )

TRANSFER ACKNOWLEDGE PORTA/ACKNOWLEDGE PORTA: In non-ECC mode, this pin is
XACKA and inidcates that data on the bus is valid during a read cycle or that data may be removed
from the bus during a write cycle for Port A. XACKA is a Multibus-compatible signal. in ECC mode,
this pin is ACKA which can be configured, depending on the programming of the X program bit,
as an XACK or AACK strobe. The SA programming bit determines whether the AACK will be an
early EAACKA or a late LAACKA interface signal.

XACKE/
ACKB

TRANSFER ACKNOWLEDGE PORT B/ACKNOWLEDGE POHT B: in non-ECC mode, this pin
is XACKB and indicates that data on the bus is valid during a read cycle or that data may be re-
moved-from the bus during a write cycle for Port B. XACKB is a Multibus-compatible signal. in ECC
mode, this pin is ACKB which can be configured, depending on the programming of the X program
bit, as an XACK or AACK strobe. The SB programming bit determines whether the will be
an early EAACKB or a late LAACKE interface signal.

EI§

ADVANCED ACKNOWLEDGE PORT A/WRITE ZERO: In non-ECC mods, this pin is AACKA
and indicates that the processor may continue processing and that data will be available when re-
quired. This signal is optimized for the system by programming the SA program bit for synchronous
or asynchronous operation. in ECC made, after a RESET, this signal wiil cause the 8208 to force
the data to all zeros and generate the appropriate check bits.

ADVANCED ACKNOWLEDGE PORT B/READ/WRITE: in non-ECC mode, this pin is AACKB and
indicates that the processor may continue processing and that data will be available when required.
This signal is optimized for the system by programming the SB program bit for synchronous or asyn-
chronous operation. in ECC mode, this signal causes the 8206 EDCU to latch the syndrome and
error flags and generate check bits.

DISABLE BYTE MARKS: This is an ECC control output signal indicating that a read or refresh cy-
cle is occurring. This output forces the byte address decoding logic to enable all 8206 data output
buffers. in ECC mode, this output is also asserted during memory initialization and the 8-cycie dynamic
RAM wake-up exercise. In non-ECC systems this signal indicates that either a read, refresh or 8-cycle
warm-up is in progress.

ERROR STROBE: in ECC mode, this strobe is activated when an error is detected and allows a
negative-edge triggered flip-flop to latch the status of the 8206 EDCU CE for systems with error
logging capabilities. ESTB will not be issued during refresh cycles.

LOCK: This input instructs the 8207 to lock out the port not being serviced at the time LOCK was
issued. -

DRIVER POWER: +5 Volits. Supplies V¢ for the output drivers.
LOGIC POWER: +5 Volts. Supplies V¢ for the internal logic circuits.

CE

CORRECTABLE ERROR: This is an ECC input from the 8206 EDCU which instructs the 8207 whether
a detected error is correctable or not. A high input indicates a correctable esror. A low input inhibits
the 8207 from activating WE to write the data back into RAM. This should be connected to the CE
output of the 8206.

ERROR

Lk

ERROR: This is an ECC input from the 8206 EDCU.and instructs the 8207 that an error was detected,
This pin should be connected to the ERROR output of the 8206.

MUX/
PCLK

12

MULTIPLEXER CONTROL/PROGRAMMING CLOCK: Immediately after a RESET this pin is used
to clock serial programming data into the PDI pin. In nomal two-port operation, this pin is used
to-select memory addresses from the appropriate port. When this signal is high, port A is selected
and when it is low, port B-is selected. This signal may change state before the completion of a RAM
cycle, but the RAM address hold time is satisfied.

PSEL

13

PORT SELECT: This signal is used to select the appropriate port for data transfer. When this signal
is high port A is selected and when it is low port B is selected.

PSEN

14

PORT SELECT ENABLE: This sig\nal used in conjlinction with PSEL provides contention-free port
exchange on the data bus. When PSEN is low, port selection is allowed to change state.

WE

15

WRITE ENABLE: This signal provides the dynamic RAM array the write enable input for a write
operation.
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Table 1. Pin Description (Continued)

Symbol Pin Type Name and Function

FWR 16 | |FULL WRITE: This is an ECC input signal that instructs the 8207, in an ECC configura-
tion, whether the present write cycle is normal RAM write (full write) or a RAM partial
write (read-modify-write) cycle. )

RESET 17 | | RESET: This signal causes all internal counters and state flip-flops to be reset and upon
release of RESET, data appearing at the PDI pin is clocked in by the PCLK output. The
states of the PDI, PCTLA, PCTLE and RFRQ pins are sampled by RESET going inactive
and are used to program the 8207. An 8-cycle dynamic RAM warm-up is performed after
clocking PDI bits into the 8207.

CASD 18 O |COLUMN ADDRESS STROBE: These outputs are used by the dynamic RAM array to

CAS1 19 O }latch the column address, present on the AO0-8 pins. These outputs are selected by

CAS2 20 O |[the BSO and BS1 as programmed by program bits RBO and RB1. These outputs drive

AS3 21 O |the dynamic RAM array directly and need no external drivers.
RASD 22 O [ROW ADDRESS STROBE: These outputs are used by the dynamic RAM array to latch
AASY 23 O |the row address, present on the AOO-8 pins. These outputs are selected by the BSO
S2 24 O land BS1 as programmed by program bits RBO and RB1. These outputs drive the
25 O |dynamic RAM array directly and need no external drivers.
Vss 26 | |DRIVER GROUND: Provides a ground for the output drivers.
60 I | LOGIC GROUND: Provides a ground for the remainder of the device.

AOO 35 O | ADDRESS OUTPUTS: These outputs are designed to provide the row and column

AO1 34 O [addresses of the selected port to the dynamic RAM array. These outputs drive the

AQ2 33 O |dynamic RAM array directly and need no external drivers.

AO3 32 o}

AO4 31 o

AOS 30 (o]

AO6 29 (o]

AO7 28 (o]

AO8 27 (o]

BSO 36 | |BANK SELECT: These inputs are used to select one of four banks of the dynamic

BS1 37 | |RAM array as defined by the program bits RBO and RB1.

ALO 38 | |ADDRESS LOW: These lower-order address inputs are used to generate the row

ALt 39 1 address for the internal address multiplexer.

Al2 40 |

AL3 4 |

AL4 42 I

ALS 44 |

AL6 45 1

AL7 46 I

AL8 47 |

AHO 48 I | ADDRESS HIGH: These higher-order address inputs are used to generate the

AH1 49 | jcolumn address for the internal address multiplexer.

AH2 50 |

AH3 51 I

AH4 52 I

AH5 53 |

AH6 54 |

AH7 55 I

AH8 56 |

PDI 57 I {PROGRAM DATA INPUT: This input programs the various user-selectable options in the '
8207. The PCLK pin shifts programming data into the PDI input from optional external-
shift registers. This pin may be strapped high or low to a default ECC (PDI =Logic “I"’)
or non-ECC (PDI = Logic ‘‘O”’) mode configuration.

58 | | REFRESH REQUEST: This input is sampled on the falling edge of RESET. If it is high

RFRQ

at RESET, then the 8207 is programmed for internal refresh request or external refresh
request with failsafe protection. If it is low at RESET, then the 8207 is programmed for
external refresh without failsafe protection or burst refresh. Once programmed the RFRQ
pin accepts signals to start an external refresh with failsafe protection or external refresh
without failsafe protection or a burst refresh.
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Table 1. Pin Description (Continued)

Pin

Type

- Name and Function

59

CLOCK: This input provides the basic timing for sequencing the internal logic.

61

READ FOR PORT B: This pin is the read memory request command input for port B.
This input also directly accepts the 51 status line from intel processors.

62

. | WRITE FOR PORT B: This pin is the write memory request command input for port B.

This input also directly accepts the §' 0 status line from Intel processors.

63

PORT ENABLE FOR PORT B: This pin serves to enable a RAM cycle request for port
B. It is generally decoded from the port address.

PORT CONTROL FOR PORT B: This pin is sampled on the falling edge of RESET. it
configures port B to accept command inputs or processor status inputs. If low after
RESET, the 8207 is programmed to accept command or iAPX 286 status inputs or
Multibus commands. If high after RESET, the 8207 is programmed to accept status
inputs from iAPX 86 or iAPX 186 processors. The 52 status line should be connected
to this input if programmed to accept iAPX 86 or iAPX 186 status inputs. When
programmed to accept commands or iAPX 286 status, it should be tied low or it may:
be used as a Multibus-compatible inhibit signal. .

65

READ FOR PORT A: This pin is the read memory request command input for port A.
This input also directly accepts the ST status line from intel processors.

66

WRITE FOR PORT A: This pin is the write memory request command input for port A.
This input also directly accepts the 50 status line from intel processors.

67

PORT ENABLE FOR PORT A: This pin serves to enable a RAM cycle request for port
A. It is generally decoded from the port address.

PCTLA

68

PORT CONTROL FOR PORT A: This pin is sampled on the falling edge of RESET. It
configures port A to accept command inputs or processor status inputs. If low after
RESET, the 8207 is programmed to accept command or iAPX 286 status inputs or
Muitibus commands. If high after RESET, the 8207 is programmed to accept status
inputs from iAPX 86 or iAPX 186-processors. The S2 status line should be connected
to this input if programmed to accept iAPX 86 or iAPX 186 status inputs. When
programmed to accept commands or iAPX 286 status, it should be tied low or it may

be connected to INHIBIT when operating with Multibus.

GENERAL DESCRIPTION

The Intel 8207 Advanced Dynamic RAM Controlier
(ADRC) is a microcomputer peripheral device which
provides the necessary signals to address, refresh
and directly drive 16K, 84K and 256K dynamic RAMs.
This controller also provides the necessary arbitra-
tion circuitry to support dual-port access of the
dynamic RAM array.

The ADRC supports several microprocessor interface
options including synchronous and asynchronous con-
nection to iAPX 86, iAPX 88, iAPX 186 iAPX 188, iAPX
286 and Muitibus.

This device may be used with the 8206 Error Detec-
tion and Correction Unit (EDCU). When used with the
8206, the 8207 is programmed in the Error Checking
and Carrection (ECC) mode. In this mode, the 8207

‘provides all the necessary control signals for the-

8206 to perform memory initialization and transpar-
ent error scrubbing during refresh.

FUNCTIONAL DESCRIPTION
Processor Interface

The 8207 has control circuitry for two ports each
capable of supporting one of several possible bus
structures. The ports are independently configur-
able allowing the dynamic RAM to serve as an inter-
face between two different bus structures.

.

Each port of the 8207 may be programmed to run
synchronous or asynchronous to the processor clock.
(See Synchronous/Asynchronous Mode) The 8207
has been optimized to run synchronously with intel’s
iAPX 86, iIAPX 88, iAPX 186, iAPX 188 and iAPX 286.
When the 8207 is programmed to run in asynchronous

- mode, the 8207 inserts the necessary synchronization

+ circuitry for the RD, WR, PE, and PCTL inputs.
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The 8207 achieves high performance (i.e. no wait
states) by decoding the status lines directly from the
iAPX 86, iIAPX 88, iAPX 186, iAPX 188 and iAPX 286
processors. The 8207 can aiso be programmed to
receive read or write Multibus commands or commands
from a bus controller. (See Status/Command Mode)

The 8207 may be programmed to accept the clock of

the iAPX 86, 88, 186, 188, or 286. The 8207 adjusts
its internal timing to allow for the different clock
frequencies of these microprocessors. (See
Microprocessor Clock Frequency Option)

Figure 2 shows the different processor interfaces to
the 8207 using the synchronous or asynchronous
mode and status or command interface.

CLK _ —CLK
§0 WR
8086/ ST RD
80186 &2 PCTL
PE
ADDR/DATA 8207

ADDRESS
DECODE

%‘r-j

AACK
PR CLK
WR
74574
[eock] o207
s
v PR RD
CLK
£
8066/ 741574
so1gs ST b PE
S2h4—
ADDR./DATA
+— 1 CcLK
e o
T 3—_; CONTROLLER
ALE
STB

ADDRESS
\/[_:‘> LATCH

Slow-Cycle Synchronous-Status Interface

Slow-Cycle Asynchronous-Status Interface

CLK
v y
CLK §p S0 MWTC WR CLK
si i MRDC RD
e 52 s2 :2‘;8 ﬁbpcn.
8207
ADDR/DATA

STB
LATCH

ADDRESS
DECODE

lcu.ocx| CLOCK

CLK & 5o CLK | WR CLK
, §1 S1 8288 RD

8086/ 5 5 0 6-wcn.

8207

ADDR PE

ADDRESS
L__——_—J__‘> LATCH) DECODE

Slow-Cycle Synchronous-Command Interface

Slow-Cycle Asynchronoué-Comman& Interface

Figure 2A. Slow-c'ycle (CFS=0) Port Interfaces Supported by the 8207
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intgl -

STB

LATCH

NOTE: K
ADDRESS LATCH NOT REQUIRED IN SINGLE-PORT MODE.

Fast-Cycle Synchronous-Status Interface

ADDRESS |
DECODE ||ATCH

SYNCHRONOUS 80286

Fast-Cycle Synchronous-Command Interface

CLOCKiIN

NOTE:
ADDRESS LATCH NOT REQUIRED IN SINGLE-PORT MODE.

Fast-Cycle Asynchronous-Status Interface

[orooK] e [erocx] |

*MULTI-BUS OPTION

Fast%ycle Asynchronous-Conimand Interface

Figure 25. Fast-cycle (CFS=1) Port Interfaces Supported by-the 8207

Single-Port Operation

The use of an address latch with the iAPX 286 status
interface is not needed since the 8207 can internally

latch the addresses with an internal signal similar in

behavior to the LEN output. This operation is active only
in single-port applications when the processor is inter-
faced to port A.

Dual-Port Operation

, The 8207 provides for two-port operation. Two inde- _

pendent processors may access memory controlled
by the 8207. The 8207 arbitrates between each of the
processor requests and directs data to or from the
appropriate port. Selection is done on a priority con-
cept that reassigns priorities based upon past his-
tory. Processor requests are internally queued.

Figure 3 shows a duai-port configuration with two
iAPX 86 systems interfacing to dynamic RAM. One of
- the processor systems is interfaced synchronously
using the status interface and the other is interfaced
asynchronously also using the status interface.

Dynamic RAM Interface

The 8207 is capable of addressing 16K, 64K and 256K
dynamic RAMs. Figure 4 shows the connection of the
processor address bus to the 8207 using the different
RAMs. The 8207 directly supports the 2118 RAM
family or any RAM with similar timing requirements
and responses including the Intel 21§4A RAM.

The 8207 divides memory into as many as four banks,
each bank having its own Row (RAS) and Column
(CAS) Address Strobe pair. This organization permits
RAM cycle interleaving and permits error scrubbing
during ECC refresh cycles. RAM cycle interleaving
overlaps the start of the next RAM cycle with the RAM
Precharge period of the previous cycle. Hiding the
precharge period of one RAM cycle behind the data
access period of the next RAM cycle optimizes memory
bandwidth and is effective as long as successive RAM
cycles occur in alternate banks.

Successive data access to the same bank will causé
the 8207 to wait for the precharge time of the previous
RAM cycle.
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Figure 3. 8086/80186 Dual Port System
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f
(NOTE 1)—»] AH8 (NOTE 1)—>{ AHB
- (NOTE 1)—»{ AH7
"2"‘2":—‘—1 > AHo-ans A11-A18:> AHO-AH7 A10-A16‘_IJ> AHO-AHE
8207 (NOTE 1)—»| AL8 8207 (NOTE 1)—] AL8 8207
(NOTE 1)—»] AL?
A3-A11 >| ALo-ALS | A3-A1D:l'> ALO-AL? A&A9i> ALO-ALG
A1, A2 BSO, BS1 A1,A2 | BSO, BS1 A1, A2 """ BSO, BS?
256K RAM INTERFACE 64K RAM INTERFACE 16K RAM INTERFACE
NOTES: ‘
(1) Unassigned address input pins should be strapped high or low.
(2 A0 along with BHE are used to select a byte within a processor word.
(3) Low order address bits are used as bank select inputs so that consecutive memory access requests
are to alternate banks allowing bank interleaving of memory cycles.

Figure 4. Processor Address Interface to the 8207 Using 16K, 64K, and 256K RAMS

If not all RAM banks are occupied, the 8207 reassigns
the RAS and CAS strobes to allow using wider data
words without increasing the loading on the RAS and
CAS drivers. Table 2 shows the bank selection
decoding and the word expansion, including RAS and
CAS assignments. For exampie, if only two RAM banks
are occupied, then two RAS and two CAS strobes are
activated per bank. Program bits RB1 and RBO are not
used to check the bank select inputs BS1 and BSO. The
system design must protect from accesses to “illegal”’,
non-existent banks of memory, by deactivating the
PEA, PEB inputs when addressing an illegal bank.

The 8207 can interface to fast (e.g., 2118-10) or siow
(e.g., 2118-15) RAMs. The 8207 adjusts and optimizes
internal timings for either the fast or siow RAMs as
programmed. (See RAM Speed Option).

Memory Initialization

After programming, the 8207 performs eight RAM
“warm-up”’ cycles to prepare the dynamic RAM for
proper device operation. During ‘‘warm-up’ some
RAM parameters, such as tRAH, tASC, may not be
met. This causes no harm to the dynamic RAM ar-
ray. If configured for operation with error correction,
the 8207 and 8206 EDCU will proceed to initialize
all of memory (memory is written with zeros with
corresponding check bits).
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Table 2.
Bank Selection Decoding and
Word Expansion

Program | Bank
Bits Input -
RB1/RB0 BS1|BS@#| RAS/CAS Pair Allocation
0 0 0 0 RASg.3, CASp.3 to Bank 0
0l 00 [ 1 |\ Megal
0 0 1 0 Negal
0 0 1 1 Wegal
0| 1|0o]o RASg,1, CASg,1 to Bank 0
0 1 0 1 RAS» 3, CASp 3 to Bank 1
ol 1 ]1]o flegal
0 1 1 1 tilegal
1]o0]0o}fo RASg, CASg to Bank 0
11001 RASy, CAS to Bank 1
1] 0| 1| 0| RASy CAS, to Bank2
1011 fliegal
1{1]0]o0 RASg, CASp to Bank 0
1 1 0 1 RAS¢, CASy to Bank 1
1(1]1]o0 RASz, CAS; to Bank 2
1 1 1 1 RAS3, CAS3 to Bank 3
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Because the time to initialize memory is fairly long,
the 8207 may be programmed to skip initialization in
ECC mode. The time required to initialize all of
memory is dependent on the clock cycle time to the
8207 and can be calculated by the following
equation:

eq.1 Tint = (223) TCLCL
if To o = 125 ns then TyniT = 1 sec.

8206 ECC Interface

For operation. with Error Checking and Correction
(ECC), the 8207 adjusts its internal timing and
changes some pin functions to optimize perfor-
mance and provide a clean dual-port memory inter-
face between the 8206 EDCU and memory. The 8207
directly supports a master-only (16-bit word plus 6
check bits) system. Under extended operation and
reduced clock frequency, the 8207 will support any
ECC master-slave configuration up to 80 data bits,
which is the maximum set by the 8206 EDCU. (See
Extend Option)

Correctable errors detected during memory read
cycles are corrected immediately and then written
back into memory.

In a synchronous bus environment, ECC system per-
formance has been optimized to enhance processor
throughput, while in an asynchronous bus environ-
ment (the Multibus), ECC performance has been op-
timized to get valid data onto the bus as quickly as
possible. Performance optimization, processor
throughput or quick data access may be selected via
the Transfer Acknowledge Option.

The main difference between the two ECC im-
plementations is that, when optimized for processor
throughput, RAM data is always corrected and an
advanced transfer acknowledge is issued at a point
when, by knowing the processor characteristics,
data is guaranteed to be valid by the time the proces-
sor needs it.

When optimized for quick data access, (valid for Mul-
tibus) the 8206 is configured in the uncorrecting
mode where the delay associated with error correc-
tion circuitry is transparent, and a transfer acknowl-
edge is issued as soon as valid data is known to exist.
If the ERROR flag is activated, then the transfer ac-

- knowledge is delayed until after the 8207 has instruc-
ted the 8206 to correct the data and the corrected
data becomes available on the bus. Figure 5 il-
lustrates a dual-port ECC system.

Figure 6 illustrates the interface required to drive the
CRCT pin of the 8208, in the case that one port (PORT
A) receives an advanced acknowledge (not Multibus-
compatible), while the other port (PORT B) receives
XACK (which is Multibus-compatible).

Error Scrubbing

The 8207/8206 performs error correction during
refresh cycles (error scrubbing). Since the 8207 must
refresh RAM, performing error scrubbing during
refresh aliows it to be accomplished without addi-
tional performance penalties.

Upon detection of a correctable error during refresh,
the RAM refresh cycle is lengthened slightly to per-
mit the 8206 to correct the error and for the corrected
word to be rewritten into memory. Uncorrectable er-
rors detected during scrubbing are ignored.

Refresh

The 8207 provides an internal refresh interval coun-
ter and a refresh address counter to allow the 8207 to
refresh memory. The 8207 will refresh 128 rows every
2 milliseconds or 256 rows every 4 milliseconds,
which allows all RAM refresh options to be sup-
ported. In addition, there exists the ability to refresh
256 row address locations every 2 milliseconds via
the Refresh Period programming option. .

The 8207 may be programmed for any of four different
refresh options: Internal refresh only, External refresh
with failsafe protection, External refresh without failsafe
protection, Burst Refresh mode, or no refresh. (See
Refresh Options)

It is possible to decrease the refresh time interval by
10%, 20% or 30%. This option allows the 8207 to
compensate for reduced clock frequencies. Note
that an additional 5% interval shortening is built-in in
all refresh interval options to compensate for clock
variations and non-immediate response to the inter-
nally generated refresh request. (See Refresh Period
Options)

External Refresh Requests after RESET

External refresh requests are not recognized by the
8207 until after it is finished programming and pre-
paring memory for access. Memory preparation in-
cludes 8 RAM cycles to prepare and ensure proper
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Figure 5. Two-Port ECC implementation Using the 8207 and the 8206
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8207 8206
PSEL '
CRCT
R/W

) Figure 6. Interface to 8206 CRCT Input When Port
A Receives AACK and Port B Receives
XACK

dynamic RAM operation, and memory initialization if
error correction is used. Many dynamic RAMs re-
quire this warm-up period for proper operation. The
time it takes for the 8207 to recognize a request is
shown below.

eq.2 Non-ECC Systems: Trgsp = Tpﬁoe +
Terep

eq. 3 where: Tprog = (66) (T ) Which is
programming time

eq’. 4 Tprep = (8) (32) (T CLCL) which is
the RAM warm-up time

if Touc = 125 ns then Tpeop = 41 us

- eq.5 ECC Systems: Tresp = Tprog + Tprep +
TinT

if TCLCL = 125 ns then TRESP = 1 sec

RESET

RESET is an asynchronous input, the falling edge of
which is used by the 8207 to directly sample to logic
levels of the PCTLA, PCTLB, RFRQ, and PDI inputs.
The internally synchronized falling edge of RESET is
used to begin programming operations (shifting in the
contents of the external shift register into the PDI input).

Until programming is complete the 8207 registers
but does not respond to command or status inputs. A
simple means of preventing commands or status
from occurring during this period is to differentiate
the system reset pulse to obtain a smaller reset pulse
for the 8207. The total time of the reset pulse and the
8207 programming time must be less than the time
before the first command in systems that alter the
default port synchronization programming bits
(default is Port A synchronous, Port B asynchro-
nous). Differentiated reset is unnecessary when the
default port synchronization programming is used.
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The differentiated reset pulse would be shorter than
the system reset pulse by at least the programming

_period required by the 8207. The differentiated reset

pulse first resets the 8207, and system reset would
reset the rest of the system. While the rest of the
system. is still in reset, the 8207 completes its pro-
gramming. Figure 7 illustrates a gircuit to ac-
complish this task.

Within four clocks after RESET goes active, all the 8207
outputs will go high, except for PSEN, WE, and AO0-2,
which will go low.

OPERATIONAL DESCRIPTION

Programming the 8207

The 8207 is programmed after reset. On the falling
edge of RESET, the logic states of several input pins
are latched internally. The falling edge of RESET
actually performs the latching, which means that the
logic levels on these inputs must be stable prior to
that time. The inputs whose logic levels are latched at
the end of reset are the PCTLA, PCTLB, REFRQ, and
PDI pins. Figure 8 shows the necessary timing for
programming the 8207.

SYSTEM
REseT |

8207 |
RESET |

t; PROGRAMMING TIME OF 8207

8207
SYSTEM ’) D ) i E; | }—| RESET
RESET

DIFFERENTIATED RESET

NOTES:

(1)Required only when the port synchroniza-
tion options (SA & SB) are altered from
their initial default values. .

(@Vee must be stable before system reset
is activated when using this circuit.

Figure 7. 8207 Differentiated Reset Circuit
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guaranteed to be recogmzed

TCLPC — MUX/PCLK delay.

TPGVCL — Minimum PDI valid time prior to reset going low.

TLOAD — Asynchronous load data propagatlon delay.

! —»@q— »@4— \
. Y
RESET _ K
PCLK______/ ‘ -
Tioap > le— (@ —»
PDI X ] PDO L X PD1 X PD2
NOTES:

TRTVCL — Reset is an asynchronous input, if reset occurs before T1, then it is

Figure 8. Timing Illustratlng External Shift Register Requirements for Programming the 8207

Status/Corhmand Mode

The two processor ports of the 8207 are configuréd
by the states of the PCTLA and PCTLB pins. Which
interface is selected depends on the state of the
individual port's PCTL pin at the end-of reset. If PCTL
is high at the end of the reset, the 8086 Status inter-
face is selected; if it is low, then the Command inter-
. face is selected.

The status lines of the 80286 are similar in code and
timing to the Multibus command lines, while the status
code and timing of the 8076 and 8088 are identical to
those of the 80186 and 80188 (ignoring the differences
in clock duty cycle). Thus there exists two interface con-
figurations, one for the 80286 status or Multibus
memory commands, which is called the Command in-
terface, and one for 8086, 8088, 80186 or 80188 status,
called the 8086 Status interface. The Command inter-
face can also directly interface to the command lines
of the bus controllers for the 8086, 8088, 80186 and
the 80286.

The 8086 Status interface allows direct decoding of
the status of the iAPX 86, iAPX 88, iAPX 186 and the
iAPX 188. Table 3 shows how the status lines are
decoded. While in the Command mode the iAPX 286
status can be directly decoded. Microprocessor
bus controlier read or write commands or Multibus
commands can also be directed to the 8207 when in
Command mode.

Refresh Options

Immediately after system reset, the state of the
REFRQ input pin is examined. If REFRQ is high, the
8207 provides the user with the choice between self-
réfresh or user-generated refresh with failsafe pro-
tection. Failsafe protection guarantees that iif the

" Table 3A. Status Coding of 8086, 80186 and 80286

Status Code Function
82 | 8§ S0 8086/80186 80286
0 | 0 | 0 [INTERRUPT _ |INTERRUPT,
0| o | 1 |lOREAD /O READ
0| 1 0 |VOWRITE I/O WRITE
0 | 1 | 1 |HALT IDLE
1 0 0 [INSTRUCTION
FETCH HALT
0 1 |MEMORY READ |MEMORY READ
1 1 MEMORY WRITE | MEMORY WRITE
9 1 1 |IDLE IDLE
‘ Table 3B. 8207 Response
8207 .
Command Function
8086/80186 80286 Status or
Y R Status Command
PCTL | RD| WR Intertface Interface
0 0] 0 IGNORE IGNORE
o o] 1 IGNORE READ
0 110 'IGNORE WRITE
0 1 1 IGNORE IGNORE "
1' 0| o READ IGNORE
1 0| 1 READ INHIBIT
1 1] 0 WRITE INHIBIT
1 1] 1 IGNORE IGNORE

*lllegal with CFS=0
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user does not come back with another refresh re-
quest before the internal refresh interval counter
times out, a refresh request will be automatically
generated. If the REFRQ pin is low immediately after
a reset, then the user has the choice of a single
external refresh cycle without failsafe, burst refresh
or no refresh.

Internal Refresh Only

For the 8207 to generate internal refresh requests, it
is necessary only to strap the REFRQ input pin high.

External Refresh with Failsafe

To allow user-generated refresh requests with fail-
safe protection, it is necessary to hold the REFRQ
input high until after reset. Thereatter, a low-to-high
transition on this input causes a refresh request to be
generated and the internal refresh interval counter
to be reset. A high-to-low transition has no effect on
the 8207. A refresh request is not recognized until a
previous request has been serviced.

External Refresh without Failsafe

To generate single external refresh requests without
failsafe protection, it is necessary to hold REFRQ low
until after reset. Thereafter, bringing REFRQ high for
one clock period causes a refresh request to be
generated. A refresh request is not recognized untila
previous request has been serviced.

Burst Refresh

Burst refresh is implemented through the same pro-
cedure as a single external refresh without failsafe (i.e.,
REFRQ is kept low until after reset). Thereafter, bring-
ing REFRQ high for at least two clock periods causes
a burst of up to 128 row address locations to be
refreshed.

In ECC-odnﬁgured systems, 128 iocations are scrubbed.
Any refresh request is not recognized until a previous
request has been serviced (i.e., burst completed).

No Refresh

It is necessary to hold REFRQ low until after reset.
This is the same as programming External Refresh
without Failsafe. No refresh is accomplished by
‘keeping REFRQ low.

Option Program Data Word

The program data word consists of 16 program data
bits, PDO—PD15. If the first program data bit PDO is
set to logic 1, the 8207 is configured to support ECC.
If it is logic O, the 8207 is configured to support a non-
ECC system. The remaining bits, PD1—PD15, may
then be programmed to optimize a selected configura-
tion. Figures 9 and 10 show the Program words for non-
ECC and ECC operation.

Using an External Shift Register

The 8207 may be configured to use an external shift
register with asynchronous load capability such as a
741.8165. The reset pulse serves to parallel load the
shift register and the 8207 supplies the clocking sig-
nal to shift the data in. Figure 11 shows a sample
circuit diagram of an external shift register circuit.

Serial data is shifted into the 8207 via the PDI pin (57),
and clock is provided by the MUX/PCLK pin (12), which
generates a total of 16.clock pulses. After program-
ming is complete, data appearing at the input of the
PDI pin is ignored. MUX/PCLK is a dual-function pin.
During programming, it serves to clock the external shift
register, and after programming is completed, it reverts
to a MUX control pin. As the pin changes state to select
different port addresses, it continues to clock the shift
register. This does not present a problem because data
at the.PDI pin is ignored after programming. Figure 8
illustrates the timing requirements of the shift register
circuitry.

ECC Mode (ECC Program Bit)

The state of PDI (Program Data In) pin at reset deter-
mines whether the system is an ECC or non-ECC
configuration. It is used internally by the 8207 to
begin configuring timing circuits, even before pro-
gramming is completely finished. The 8207 then
begins programming the rest of the options.

Default Programming Options

After reset, the 8207 serially shifts in a program data
word via the PDI pin. This pin may be strapped either
high or low, or connected to an external shift register.
Strapping PDI high causes the 8207 to default to a
particular system configuration with error correc-

" tion, and strapping it low causes the 8207 to defauit

to a particular system configuration without error
correction. Table 4 shows the default configurations.
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D15 - .. PD8 PD7 PDO
I [} l 0 |TM1|F§RIFEIEXT|TS|CI0Icnlﬁﬁﬂmlﬁlﬁ@l sal sil oJ

PROGRAM
DATA BIT NAME POLARITY/FUNCTION
PDO ECC ECC=0 FOR NON-ECC MODE
P01 SA SA=0 ' PORT A IS SYNCHRONOUS
) SA=1 PORTA IS ASYNCHRONOUS
PD2 SB . $B=0 PORT B IS ASYNCHRONOUS
) SB=1__ PORT B IS SYNCHRONOUS
PD3 CFs CFS=0 FAST-CYCLE iAPX 286 MODE
CFS=1 SLOW-CYCLE iAPX 86 MODE
PD4 RFS RFS=0 FAST RAM
RFS=1 SLOW RAM
PD5 RBD RAM BANK OCCUPANCY
PD6 RB1 SEE TABLE 2
PD7 cn COUNT INTERVAL BIT 1; SEE TABLE 6
PD8 clo COUNT INTERVAL BIT 0; SEE TABLE 6
PD9 PLS PLS=0 LONG REFRESH PERIOD
( PLS=1 SHORT REFRESH PERIOD
PD10 EXT \  EXT=0 NOT EXTENDED
EXT=1_ EXTENDED
PD11 FFs FFS=0 FAST CPU FREQUENCY
FFS=1_SLOW CPU FREQUENOY
PD12 PPR PPR=0 MOST RECENTLY USED PORT
PRIORITY
PPR=1 PORT A PREFERRED
PRIORITY
PD13 T™1 TM1=0 TEST MODE 1 OFF
TM1=1_TEST MODE 1 ENABLED
PD14 0 - RESERVED MUST BE ZERO
PD15 0 RESERVED MUST BE ZERO

Figure 9. Non-ECC Mode Program Data Word

PD15 : 8 Pl P
Imilﬁmlnsolwnlﬂslﬁlm.slﬁdlc_nlxa[ﬂlRFslcrslﬁISAl 1 |

PROGRAM |-
DATA BIT NAME _POLARITY/FUNCTION
PDO ECC . ECC=1_ECC MODE
PD1 SA SA=0" PORTA ASYNCHRONOUS
SA=1 PORTA SYNCHRONOUS
PD2 SB SB=0 .PORT B SYNCHRONOUS .
SB=1__ PORT B ASYNCHRONOUS
PO3 CFS CFS=0 SLOW-CYCLE iAPX 86 MODE
CFS=1 FAST-CYCLE iAPX 286 MODE
PD4 RFS RFS=0 SLOW RAM
RFS=1_FAST RAM
PD5 XA XA=0 rg&w&commﬂam
XA=1 ADVANCED ACKA NOT
MULTIBUS-COMPATIBLE
PD6 X8 XB=0 ADVANCED ACKB NOT
MULTIBUS COMPATIBLE
XB=1 MULTIBUS-COMPATIBLE '
ACKB
PO7 en COUNT INTERVAL BIT 1; SEE TABLE 6
PD8 tio COUNT INTERVAL BIT 0; SEE TABLE 6
PD9 PLS PLS=0 SHORT REFRESH PERIOD
PLS=1_LONG REFRESH PERIOD
PD10 EXT EXT=0 ' MASTER AND SLAVE EDCU
EXT=1_ MASTER EDCU ONLY
PO FFS FFS=0 SLOW CPU FREQUENCY
. FFS=1_FAST CPU FREQUENCY
PD12 PPR PPR=0 PORTA PREFERRED
PRIORITY
PPR=1 MOST RECENTLY USED PORT
: PRIORITY
PD13 RBO RAM BANK OCCUPANCY
PD14 RB81 - SEETABLE 2
PD15 ™2 TM2=0 TEST MODE 2 ENABLED
TM2=1 TEST MODE 2 OFF

Figure 10. ECC Mode Program Data Word
' 5-64 .



intel

PRELIMINARY

SYSTEM \
RESET /- RESET
PCLK
TOAD  CLK K
PL SO SHIFT REG. DA%, POI
DATA IN
ISR
S §
JUMPER OPTIONS
=

Figure 11. External Shift Register Interface

Table 4A.
Defauit Non-ECC Programming, PDI Pin (57)
Tied to Ground.

Port A is Synchronous (EAACKA and XACKA)

Port B is Asynchronous (LAACKB and XACKB)

Fast-cycle Processor Interface (iIAPX 286)

Fast RAM

Refresh Interval uses 236 clocks

128 Row refresh in 2 ms; 256 Row refresh in 4 ms

Fast Processor Clock Frequency (16 MHz)

“Most Recently Used” Priority Scheme

4 RAM banks occupied

Table 48B.
Default ECC Programming, PDI Pin (57)
Tied to V.

Port A is Synchronous

Port B is Asynchronous

Fast-cycle Processor Interface (iIAPX 286)

Fast RAM

Port A has EAACKA strobe (non-multibus)

If further system flexibility is needed, one or two

external shift registers can be used to tailor the 8207
to its operating environment.

Synchronous/Asynchronous Mode
(SA and SB Program Bits)

Each port of the 8207 may be independently config-
ured to accept synchronous or asynchronous port
commands (RD, WR, PCTL) and Port Enable (PE) via
the program bits SA and SB. The state of the SA and
SB programming bits determine whether their asso-
ciated ports are synchronous or asynchronous.

While a port may be configured with either the Status
or Command interface in the synchronous mode,
certain restrictions exist in the asynchronous mode. An
asynchronous Command interface using the control
lines of the Multibus is supported, and an asynchronous
8086 interface using the control lines of the 8086 is
supported, with the use of TTL gates as illustrated in
Figure 2. In the 8086 case, the TTL gates are needed
to guarantee that status does not appear at the 8207’s
inputs too much before address, so that a cycle would
start before address was valid. '

Microprocessor Clock Frequency Option
(CFS and FFS Program Bits)

The 8207 can be programmed to interface with slow-
cycle microprocessors like the 8086, 8088, 80188 and
80186 or fast-cycle microprocessors like the 80286. The
CFS bit configures the microprocessor interface to
accept slow or fast cycle signals from either micro-
processor group.

The FFS bit is used to select the speed of the micro-
processor clock. Table § shows the various micro-
processor clock frequency options that can be
programmed.

Table 5.
Microprocessor Clock Frequency Options -

Port B has XACKB strobe (multibus) Program Bits Processor Clock
Refresh interval uses 236 clocks CFS FFS Frequency
128 Row refresh ir\ 2 ms; 256 Row refresh in 4vms 0 0 Bs'fft)!(eaﬁ ,88 8 MHz
Master EDCU only (16-bit system) 0 1 IAPX 86, 8 MHz
Fast Processor Clock Frequency (16 MHz) 88, 186, 188

“Most Recently Used” Priority Scheme 1 0 iAPX 286 12MHz

4 RAM banks occupied 1 1 iAPX 286 16 MHz
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The external clock frequency must be programmed
so that the failsafe refresh repetition circuitry can
adjust its internal timing accordingly to produce a
refresh request as programmed.

RAM Speed Option (RFS Program Bit)

The RAM Speed programming option determines
whether RAM timing will be optimized for a fast or
slow RAM. Whether a RAM is fast or slow is mea-
sured relative to the 2118-10 (Fast) or the 2118-15
(Slow) RAM specifications. .

Refresh Period Options -
(Cl0, Cl1, and PLS Program Bits)

The 8207 refreshes with either 128 rows every 2 mil-
liseconds or 256 rows every 4 milliseconds. This
translates to one refresh cycle being executed ap-
proximately once every 15.6 microseconds. This rate
can be changed to 256 rows every 2 milliseconds or a
refresh approximately once every 7.8 microseconds
via the Period Long/Short, program bit PLS, pro-
gramming option. The 7.8 microsecond refresh re-
quest rate is intended for those RAMs, 64K and
above, which may require a faster refresh rate.

In addition to PLS program option, two other pro-
gramming bits for refresh exist: Count Interval 0 (CI0)
and Count Interval 1 (Cl1). These two programming
bits allow the rate at which refresh requests are
generated to be increased in order to permit refresh
requests to be generated close to the same 15.6 or
7.8 microsecond period when the 8207 is operating

at reduced frequencies. The interval between re-
freshes is decreased by 0%, 10%, 20%, or 30% as a
function of how the count interval bits are program-
med. A 5% guardband is built-in to allow for any
clock frequency variations. Table 6 shows the refresh
period options available.

" The numbers tabuiated under Count Interval represent

the number of clock periods between internal refresh
requests. The percentages in parentheses represent
the decrease in the interval between refresh requests.
Note that all intervals have a built-in 5% (approximate-
ly) safety factor to compensate for minor clock frequen-
cy deviations and non-nmmedlate response to internal
refresh requests.

Extend Option (EXT Program Bit)

The Extend option lengthens the memory cycle to
allow longer access time which may be required by
the system. Extend alters the RAM timing to compen-
sate for increased loading on the Row and Column
Address Strobes, and in the multiplexed Address
Out lines.

Port Priority Option and Arbltration
(PPR Program Bit)

The 8207 has to internally arbitrate among three
ports: Port A, Port B and Port C—the refresh port.
Port C is an internal port dedicated to servicing
refresh requests, whether they are generated inter-
nally by the refresh inverval counter, or externally by
the user. Two arbitration approaches are available via

Table 6. Refresh Count Interval Table

Count Interval
Cit, Ci0
(8207 Clock Periods) °
Ref.

Period 00 0 10 11 R
(8) CFS PLS FFS (0%) (10%) (20%) (30%)
156 1 1 1 236 212 188 164
7.8 1 0 1 118 106 94 82
156 1 1 0 148 132 116 100
7.8 1 0 0 74 66 58 50
156 0 7 - 1 118 106 94 . 82
7.8 0 0 1 59 53 47 41
15.6 0 1 0 74, 66 58 50
78 0 0 0 37 33 29 25
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the Port Priority programming option, program bit
PPR. PPR determines whether the most recently
used port will remain selected (PPR = 1) or whether
Port A will be favored or preferred over Port B
(PPR = 0).

A port is selected if the arbiter has given the selected
port direct access to the timing generators. The
front-end logic, which includes the arbiter, is de-
signed to operate in parallel with the selected port.
Thus arequest on the selected port is serviced imme-
diately. In contrast, an unselected port only has ac-
cess to the timing generators thrc\‘ugh the front-end
logic. Before a RAM cycle can start for an unselected
port, that port must first become selected (i.e., the
MUX output now gates that port’s address into the
8207 in the case of Port A of B). Also, in order to allow
its address to stabilize, a newly selected port's first
RAM cycle is started by the front-end logic. There-
fore, the selected port has direct access to the timing
generators. What all this means is that arequeston a
selected port is started immediately, while a request
on an unselected port is started two to three clock
periods after the request, assuming that the other

two ports are idle. Under normal operating condi-
tions, this arbitration time is hidden behind the RAM
cycle of the selected port so that as soon as the
present cycle is over a new cycle is started. Table 7
lists the arbitration rules for both options.

Port LOCK Function

The LOCK function provides each port with the
ability to obtain uninterrupted access to a critical
region of memory and, thereby, to guarantee that the
opposite port cannot “sneak in” and read from or
write to the critical region prematurely.

Only one LOCK pin is present and is multiplexed
between the two ports as follows: when MUX is high,
the 8207 treats the LOCK input as originating at
PORT A, while when MUX is low, the 8207 treats
LOCK as originating at PORT B. When the 8207
recognizes a LOCK, the MUX output will remain
pointed to the locking port until LOCK is deactivated.
Refresh is not affected by LOCK and can occur dur-
ing a locked memory cycle. )

Table 7. The Arbitration Rules for the Most Recently Used Port Priority and for
Port A Priority Options Are As follows:

1. if only one port requests service, then that port—if not already selected—becomes selected.

(Most Recently Used Port Priority Option)

2a. When no service requests are pending, the last selected processor port (Port A or B) will remain selected.

Option) .

2b. When no service requests are pendmg, Port A is selected whether it requests service or not. (Port A Priority

During reset initialization only Port C, the refresh port, is selected.

If no processor requests are pending after reset initialization, Port A will be selected.

5a. If Ports A and B simultaneously(”) request service while Port C is being serviced, then the next port to be
selected is the one which was not selected prior to servicing Port C. (Most'Recently Used Port Priority
Option)

5b. If Ports A and B simultaneously(*) request service while Port C is selected, then the next port to be selected
is Port A.(Port A Priority Option)

6. If a port simultaneously requests service with the currently selected port, service is granted to the selected
port.

The MUX output remains in its last state whenever Port C is selected.

if Port C and either Port A or Port B (or both) simultaneously request service, then service is granted to the
requester whose port is already selected. If the selected port is not requesting service, then service is
granted to Port C.

If during the servicing of one port, the other port requests service before or simultaneously with the refresh
port, the refresh port is selected. A new port is not selected before the presently selected port is
deactivated.

10.

Activating LOCK will mask off service requests from Port B if the MUX cutput is high, or from Port A if the
MUX output is low.

* By “simultaneous” it is meant that two or more requests are valid at the clock edge at which the internal arbiter
samples them.
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