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intel

8202A
DYNAMIC RAM CONTROLLER

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

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

m Provides Address Multiplexing and
Strobes

m Provides a Refresh Timer and a Refresh
Counter

m Refresh Cycles May be Internally or Exter-
nally Requested

m Provides Transparent Refresh Capability

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

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

m Provides System Acknowledge and Trans-
fer Acknowledge Signals

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

The Intel® 8202A is a Dynamic Ram System Controller designed to provide all signals necessary to use 2117 or
2118 Dynamic RAMs in microcomputer systems. The 8202A provides multiplexed addresses and address
strobes, as well as refresh/access arbitration. The 8202A-1 or 8202A-3 support an internal crystal oscillator.
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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- RASp 21 |10 Row Address Strobe: Used to
AL 4 8 | puts used to generate memory RAS 22 |O latch the Row Address into the
Alo 10 |1 row address. RAS, 23 |0 bank of dynamic RAMs, select-
AL3 12 |1 RAS3 26 |0 ed by the 8202A Bank Select
ALy 14 |1 pins (B, B1/OP1).
2::2/ :g : XACK 29 |o Tra Acknowledge: This
output is a strobe indicating val-
id data during a read cycle or
AHg 5 | Address High: CPU address in- data written during a write cycle.
AH4 4 | puts used to generate memory XACK can be used to latch valid
AHp 3 | column address. data from the RAM array.
AHg 2 |l SACK 30 |0 System Acknowledge: This
AHq 1 ! output indicates the beginning of
AHg 39 1 a memory access cycle. It can
AHg 38 | be used as an advanced trans-
BO 24 |1 Bank Select Inputs: Used to fer acknowledge to eliminate
B/OPy |25 |I 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. until XACK in the memory ac:
p— cess cycle).
PCS 33 |1 Protected Chip Select: Used to
enable the memory read and (Xp)OP2 |36 |[1/0 Oscillator Inputs: These inputs
write inputs. Once a cycle is (Xq) CLK |37 |I/0 are designed for a quartz crystal
started, it will not abort even if to control the frequency of the
PCS goes inactive before cycle oscillator. If Xo/ OP2 is connect-
completion. ed to a 1KQ resistor pulled to
— +12V then X1/CLK becomes a
WR 31 | Memory Write Request. , TTL input for an external clock.
RD/S1 32 || Memory Read Request: St N.C. 35 Reserved for future use.
function used in Advanced Read
mode selected by OP { (pin 25). vVece 40 Power Supply:+5V.
REFRQ/ |34 |I External Refresh Request: ALE GND 20 Ground.
ALE function used in Advanced Read NOTE: Crystal mode for the 8202A-1 or 8202A-3 only.
mode, selected by OP { (pin 25).
OUTy 7 ) Output of the Multiplexer:
OuT4 9 |0 | These outputs are designed to
0OUT, 11 |0 drive the addresses of the Dynamic L —— W
OUT3 13 {0 RAM array. (Note that the OUT,s -—
UT4 15 |O pins do not require inverters or
OUTs 17 |0 drivers for proper operation.) — RASo
OUTg 19 |0 8202A1 | mASy
C20°2’A—8 | RAS2
J— = |———» RAS3
WE 28 |O Write Enable: Drives the Write -
Enable inputs of the Dynamic Cs < 10pF —> XACK
RAM array. FUNDAMENTAL XTAL L~ SACK
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 signals SACK and XACK
(trailing edge).

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

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

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

Option Selection

The 8202A has two strapping options. When OP; is se-
lected (16K mode only), pin 32 changes from a RD input to
an S1 input, and pin 34 changes from a REFREQ input to
an ALE input. See “Refresh Cycles” and “Read Cycles”
for more detail. 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 RAMSs for read, write, and
refresh cycles. During the first part of-a read or write cy-
cle, ALg~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
B1/0P1 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 RD input
has not gone inactive. If the CPU’s instruction decode time
is long enough, the 8202A can complete the refresh cycle
before the next memory request is generated.

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

5-4
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SACK or
CAsS

Figure 5. Hidden Refresh
Read Cycles ‘
The 8202A can accept two different types of memory
Read requests:

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

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

Normal Read | Advanced Read
'Pin 25 B1 input +12 Volt Option
Pin 32 RD input S1 input
Pin 34 REFRQ input ALE input-
# RAM banks 4 (RAS 0.3) 2 (RAS 2.3)
Ext. Refresh Req.| Yes No

Figure 6. 8202A Read Options

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

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

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

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

5-5

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 tcc 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, inciuding
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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ABSOLUTE MAXIMUM RATINGS’

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

With Respectto Ground .. ......... .... —0.5V to +7Vv4
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; Vg = 5.0V * 10%, Ve = 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 uA VE = 0.45V
IR Reverse Input Current3 40 uA VR =Vcc (Note 1)
VoL Output Low Voltage

SACK, XACK . 0.45 Vv loL = 5 mA

All Other Outputs 0.45 Vv loL = 3mA
VOH Output High Voltage VjL = 0.65V

SACK, XACK 2.4 v IoH = —1 mA

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

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

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

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

+12 Voit JE 3¢ { op,
10% VWA
8202A
5.1K
AV 25 J opq
Resistor T +5%
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A.C. CHARACTERISTICS .

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

Measurements made with respect to RASp-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— 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 Pulse Width 5tp — 10

twcs WE Setup to CAS tp — 40

twcH WE Hold After CAS 5tp — 35 8

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

tMRP RD, WR setup to RAS 0 5

tRMS REFRQ setup to RD, WR 2tp

tRMP REFRQ setup to RAS 2tp 5

tpcs PCS Setup 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

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

tsc CMD Setup to Clock 15

tMRS 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 i

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 "

tRER REFRQ to RAS Delay | 4tp + 100 6

tww WR to WE Delay 0 50 8

tAD CPU Address Delay \ 40

.205215-001
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WAVEFORMS ' ;
Normal Read or Write Cycle k

tRs
—
s «—:ﬁzﬁg
e tKCH —>]
B /
<—4CA—*1

SACK \

Advanced Read Mode

o

AL ——> et A |

/X s

tRS

SACK

-——tcA—>|
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'WAVEFORMS (cont’d)
Memory Compatibility Timing
Bo-B1
ALo-ALs, ' VALID ADDRESS
AHo-AHg
] ~— R —
RAS \k . : /
tRSH I )
tcas |
CAS /
|e—taSR—»{ |etRAH tasc tCAH
. : s —\
OUTo-0UTe X ROW COLUMN K
K ) 7

Write Cycle Timing

WR 5\ F ’

s R /

tCR

N\,

< MAX ™ — | tww  [e—
. / Vi
Z
[<—twCs: twcH

_ tec \ /
CAS .

. o i

tcc

T MAX

5-10
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WAVEFORMS (cont’d)
Read or Write Followed By External Refresh

3
3l

e MRS > e f | |

REFRQ 7
tRS R
RAS ;
. —
cas
, - MIN — N\
tcc

MAX

tRMP tRp ——|

External Refresh Followed By Read or Write

5
B
{
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WAVEFORMS (cont’d) /
Clock And System Timing

|
o

| tpC§ ———— | t§ C —>|

RD, WR, ALE
7S \)\
CAS

Table 2 8202A Output Test

Loading.

Test Load
Pin -
SACK, XACK CpL = 30 pF
OUTo-OUTe CL = 160 pF
RAS(-RAS3 CL = 60 pF
WE CL = 224 pF
CTAS 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 tpyrg min are met then, tca, tcr, and tcg are
valid, otherwise tgg is valid. ‘

. tASR. tRAH: tASC: tCAH. and trsH depend upon BO-B1 and CPU
address r ing stable throughout the memory cycle. The ad-
dress inputs are not latched by the 8202A.

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

. tRc max is valid only if typp min is met (READ, WRITE followed
by REFRESH) or tpygp min is met (REFRESH followed by READ,
WRITE).

. tRFR is valid only if trg min and tgpg min are met.

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

XACK follows RD, WR.

N

w

o

o

A.C. TESTING LOAD CIRCUIT

DEVICE
UNDER
TEST

1CL
E

Cy INCLUDES JIG CAPACITANCE

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

first.

5-12

. tca applies only when in normal SACK mode.
. tcs applies only when in delayed SACK mode.
1.

tcHs must be met only to ensure a SACK active pulse when in
delayed SACK mode. XACK will always be activated for at
least txw (tp—25 nS). Violating tcys min does not otherwise
affect device operation.
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The typical rising and falling characteristic curves for the Timing Parameters. Using this design tool in conjunction
OUT, RAS, CAS and WE output buffers can be used to with the timing waveforms, the designer can determine
determine the effects of capacitive loading on the A.C. typical timing shifts based on system capacitive load.

A.C. CHARACTERISTICS FOR DIFFERENT CAPACITIVE LOADS

NO LOAD

NO LOAD \ 120 150 220 330 44 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 cnitical timing parameters. Vce = +5V Test Load capacitance.

‘ tp =50 ns
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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. test load; 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 tcg
CAS load = 256 pF + board capacitance. (max.) spec should be increased by about 1 ns.
Assume 2 pF/in (trace length) for board Similarly if we use 288 pF for CAS, then tcc (min.)
capacitance. . and (max.) should decrease about 1 ns.
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8203
64K DYNAMIC RAM CONTROLLER

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

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

m Provides Address Multiplexing and
Strobes

m Provides a Refresh Timer and a Refresh
Counter

m Provides Refresh/Access Arbitration

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

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

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

m Provides System Aéknowledge and Trans-
fer Acknowledge Signals

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

® Internal Series Damping Resistors on All
RAM Outputs

The Intel® 8203 is a Dynamic Ram System Controller designed to provide all signals necessary to use 2164,2118
or 2117 Dynamic RAMs in microcomputer systems. The 8203 provides multiplexed addresses and address
strobes, refresh logic, refresh/access arbitration. Refresh cycles can be started internally or externally. The
8203-1and the 8203-3 support an internal crystal oscillator and Advanced Read Capability. The 8203-3isa+5% Vg
part.

namm
AHo-AH7
I COLUMN
ADORESS
I wx [N wmeoery
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ALo-AL7
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WR SYNC
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—
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Figure 1. 8203 Block Diagram Figure 2. Pin Configuration.
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Table 1. Pin Dmriptioqs

Pin Pin
Symbol |No. | Type | Name and Function Symbol |No. | Type | Name and Function
ALg 6 |1 ‘Address Low: CPU address in- RASo 21 |0 Row Address Strobe: Used to
AL 8 | puts used to generate'memory m1 22 |0 latch the Row Address into the
AL2 10 |1 row address. RASy/ 23 (O bank of dynamic RAMs, select-
ALz 12 |1 ouTy ed by the 8203 Bank Select pins
ALgq 14 |1 RAS3/Bg |26 [1/0 |(Bg,.B1/OP1{). In. 64K mode,
ALsg 16 |1 only RASg and RAS are avail-
ALg 18 |1 able; pin 23 operates as OUT7
3 and pin 26 operates as the Bg
AHg 5 I Address High: CPU address in- bank select input.
AH{ 4 I puts used to generate memory -
AHo 3 ] column address. XACK 29 |O Transfer Acknowledge: This
AHgz 2 ] output is a strobe indicating val-
AHg 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 valid
data from the RAM array.
Bo/AL7 (24 |I Bank Select Inputs: Used to — R
B{/OP1/ |25 |I gate the appropriate RAS output SACK 30 |0 System 'Acknowlodg_e: This
AH7 for a memory cycle. B1/OP 1 op- output indicates the beginning of
tion used to select the Advanced a memory access cycle. It can
Read Mode. (Not available in be used as an advanced trans-
64K mode.) See Figure 5. fer acknowledge to eliminate
When in 64K RAM Mode, pins 24 wait states. (Note: If a memory
and 25 operate as the AL7 and | access request is mac:'le during a
AH7_address inputs. refresh cycle, SACK is delayed
s until XACK in the memory ac-
PCS 33 |I Protected Chip Select: Used to cess cycle).
enfabh.a the memory read an.d Xp/OP2 |36 {1/0 Oscillator Inputs: These inputs
write '"‘?“'s: Once a cycle |'s X1/CLK 37 |1/0 are designed for a quartz crystal
_s_ta_rted, it ?”'" n.ot abort even if to control the frequency of the
PCS goes inactive before cycle oscillator. If Xg/OP3 is shorted
completion. to pin 40 (VGC) or if Xo/OP3 is
WR 31 |1 Memory Write Request. connected to +12V through a
— X 1KQ resistor then X{/CLK be-
D/S1 32 |I Menfory Re?d Request: S1 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 only).
ALE function used in Advanced Read 16K/64K |35 |1, Mode Select: This input selects
mode, selected by OP { (pin 25). 16K mode (2117, 2118) or 64K
OUTg 7 e} Output of the Multiplexer: mode (2166)' Pins 23-26
OuT4 9 |O These outputs are designed to change function based on the
OUT, 11 |0 drive the addresses of the Dy- mode of operation.
OUT3 13 |0 namic RAM array. (Note that the Vce 40 Power Supply: +5V.
OUT4 15 |0 OUT(.7 pins do not require ‘in-
OUTs 17 |O verters or drivers for proper op- BND 20 Ground.
OuTg ~-119 |O eration.) A
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 |o 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 \ .
RAM array. The 8203 has two modes, one for 16K dynamic RAMs

5-16

and one for 64Ks, controlled by pin 35.
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8203-1
or
8203-3

——
E—

’
—— RAS4
E—
—
————-»

Cs < 10pF
FUNDAMENTAL XTAL

[—= SACK

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

All 8203 timing is generated from a single reference clock.
This clock is provided via an external oscillator or an on-
chip crystal oscillator. All output signal transitions are syn-

_ chronous with respect to this clock reference, except for
the trailing edges of the CPU handshake signals SACK and
XACK. :

CPU memory requests normally use the RD and WR in-
puts. The Advanced-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

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 VG or left open), the 8203 has two
Bank Select inputs to select one of four RAS outputs. In
this mode, the 8203 is exactly compatible with the Intel
8202A Dynamic RAM Controller. In 64K mode (pin 35 tied
to GND), there is only one Bank Select input (pin 26) to
select the two RAS outputs. More than two banks of 64K
dynamic RAM’s can be used with external logic.

Other Option Selections

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

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

Refresh Timer

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

Refresh Counter

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

Pin # | 16K Function 64K Function

23 RAS) Address Output (OUT?7)
24 Bank Select (Bg) Address Input (AL7)"
25 Bank Select (B1) Address Input (AH7)
26 RAS3 Bank Select (Bg)

Figure 4. 16K/64K Mode Selection

Inputs Outputs
Bq Bo RASg RAS{ RAS2 RAS3

(] 0 [¢] 1 1 1
16K (o] 1 1 0 1 1
Mode 1 o] 1 1 o] 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)/AH7 25 Bank (RAS) Select Advanced-Read Mode (8203-1, -3)
Xo/OP2 36 Crystal Oscillator (8203-1 and 8203-3) External Oscillator

Figure 6. 8203 Option Selection
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Address Multiplexer

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

$1 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 o-3) 2 (RAS 2.3)
Ext. Refresh Yes No

Figure 8. 8203 Read Options

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

Advanced Read cycles are requested by pulsing ALE
while 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 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 hold times to
guarantee RAS and CAS setup and hold times for the

. RAM. The tAp AC parameter should be used for this sys-

tem calculation.

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

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

A microprocessor system is concerned when the data is
valid after RD goes low. See Figure 9. In order to calculate
memory read access times, the dynamic RAM’s A.C.
specifications must be examined, especially the RAS-ac-
cess time (tRAC) and the CAS-access time (tCAC). Most
configurations will be CAS-access limited; i.e., the data
from the RAM will be stable tce,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

5-19 21044-003
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I
:<—'RAC———-:

[}
RAS !
I
| tcac |
l———y

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 trangsition
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 RASg-3, CAS, OUTo-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 ———
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Figure 10. Typical 8088 System
5-20 21044-003

.



8203

MULTIBUS®
YPE
SYSTEM
| us |
8284A 0288 READ MRDC READ
WRITE MwTC WRITE
:> o5 eus ! L — 8286 [
052 /| cTRir | | BHE XCEIVER
T D
8086 BHE LOW BYTE HIGH BYTE
. r: T’I BHEN WRITE WRITE
|_20__| aoRo Lofro  we o
a283 A1-A19, | apRy aD1g L A17-A19 8205 Lo wr
ADo-AD15 LATCH :>| RASK MEMORY
Quien A1g-A19 - | ADRE AD19 | pCS :>
BHE =
INPUTS | | 8203 2164
| | ! 256K
cas BYTES
ADo-AD15 | I A0DR
Do-15 8287 IN ADDR
o | =N ! %o e | —
XCEIVER DATA Ay-Ate XACK g5 DO o
e I | 3 >
| | — oy L 16
| | XACK 16 1 g
| ! DATA DATA A
| | Do-15 1 raten | K,
| I |
| |
| |
. | |
| |
| |
« | 8287
| | )| xcewer
: | & I
|
| | e
A XACK ! XACK XACK
N 1 q
|
Figure 11, 8086/256K Byte System
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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 Respectto Ground ... ............ —0.5V to +7v4
Power Dissipation .................... e 1.6 Watts

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

" D.C. CHARACTERISTICS Ta = 0°C to 70°C; VGG = 5.0V % 10% (5.0V + 5% for 8203-3); GND = OV

Symbol Parameter Min Max Units Test Conditions
\'/e] Input Clamp Voltage -1.0 \ Ic=—-5mA
Icc Power Supply Current 290 mA
I 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 uA VR = V¢ Note 1
VoL Output Low Voltage . ‘
SACK, XACK 0.45 v loL =5 mA
All Other Outputs 0.45 ) loL=3mA
VOoH Output High Voltage ViL=065V
SACK, XACK 2.4 v IoH = —1 mA
All Other Outputs 2.6 \ IoH = —1mA
ViL Input Low Voltage 0.8 \ Ve = 5.0V (Note 2)
ViH1 Input High Voltage 2.0 Vce \ Vge = 5.0V
ViH2 Option Voltage Vee \ (Note 4)
. A F =1MHz
CIN Input Capacitance 30 pF VBIAS = 2.5V, Vcg =5V
TA = 25°C
NOTES:

1. IR = 200 pA for pin 37 (CLK).

2. For test mode RD & WR must be held at GND.
3. Except for pin 36 in XTAL mode.

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

+12 Voit -

+10%

5.1KQ 25
AA oy
1 38
MW OP,
Resistor £5%
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A.C. CHARACTERISTICS

Ty =0°Cto 70°C; Vgg = 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

tLA S1 Hold from ALE 30

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

tce 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 5tp — 25 5tp + 40 2,10
tACK XACK to CAS Setup 10

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

tKGH CMD Inactive Hold after SACK, XACK 10

L REFRQ Pulse Width 20

tCHS 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

21044-003




intel

8203

WAVEFORMS
Normal Read or Write Cycle

RD, WR
tRs
|
1
‘_uﬁ'}( .
s ‘—'ﬁﬁﬁ
tce
MAX
XACK
<-lcn—v'
s Xl\
Advanced Read Mode
S1 zz
taL tLa

tRs

Cas [— :ﬁﬁ ———%
tce tack
MAX .
XACK
SACK

|e—tcA—>]

tcK
|| tKCH—>
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WAVEFORMS (cont’d)
Memory Compatibility Timing

OUTp-OUTe

Bo-B1
ALg-ALg,
AHo-AHg

VALID ADDRESS

D)
i

tAD

= MIN —™]

tRSH

tcas

’Q—(ASR—D

re— tRAH —»

le—tASC

x COLUMN

Write Cycle Timing

w )

P—ﬁi’i (

- tcR >
MAX

[ =

< twes—|

tWCH

tcc

tcc

N

MAX
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WAVEFORMS (cont’d) )
Read or Write Followed By E?(ternal Refresh

REFRQ

RD, WR S

\

<t MRS | ] ] i

tRMP

{
tRs i
4
RAS ;

1

tcc

MiN
tcc

’

F3
>
x!

External Refresh Followed By Read or Write

RS

. ‘ .

e tRMS *

|

tMRP

| ———

526
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WAVEFORMS (cont’d)
Clock And System Timing

—t-lpcs————b Qsc—-b
RD, WR, ALE

< tPH —»|

o tpL—>|

2|
[z

N\

L —|

(v

AS

Table 2. 8203 Output Loading.

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

Pin ] Test Load

SACK, XACK | CL = 30 pF

OUT(-0UTg CL = 160 pF

RASp-RAS3 CL = 60 pF

WE CL = 224 pF

TAS CL = 320 pF

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

N

w

(S

[}

not have to be externally synchronized to 8203 clock.

. Iftrg min and tiyrg min are met then tc A, tcR. and tcg are valid,

otherwise tcg is valid.

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

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

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

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

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

XACK follows RD, WR.

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

first. -

5-27

A.C. TESTING LOAD CIRCUIT

DEVICE
UNDER
TEST

CL

.

NOTE: Ci 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 txw (tp—25 nS). Violating tcys min does not
otherwise affect device operation.
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The typical rising and falling characteristic curves for the
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

CAPACITANCE: pF

W

220

NO LOAD e/
24

—
[ ]

\

5

L

|

NN
AN

W

B—

CAPACITANCE: pF

\ AN

/7

N

RN

NO LOAD 68 120 \220

-OUTPUT (V)

v/

3

-
3

~

Q‘\

727

0.0

. [ —
P ——

TIME

B

NOTE:
Use the Test Load as the base capacitance for estimating timing
shifts for system critical timing parameters.

5-28

MEASUREMENT CONDITIONS:
Pins not measured are loaded with
the Test Load capacitance

TA = 256°C
Vce = +5V
tp = 50 ns
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N

Example: Find the effect on tcR and tcC 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 tcG (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 = 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
= Single +5V Supply

s Syndrome Outputs for Error Logging

a 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.

/
. 76
DI DATA IN
o-15 LATCH oS
READ 0-1 JEE—
PARTIAL PARITY 7 ERROR
srs————-———{ ——»] GENERATOR )
CHECK BIT | ° . CE
cavswn,,::) et s
1k y 45 ’ i AV
. le——(CRCT
SY0/CBO/PPO, Cj:: PARTIAL PARITY , L4 CaTcH ERNOR Z> CORRECTION K= 0omois s
GENERATOR OETECHION .
8 .
PPI/POS/NSL 7 )

4 f t ’ 4
POS,,, . (O T 2 NS,
NSLy |

16

N
N

. . WRITE
M5 PARTIAL PARITY
GENERATOR

POS,, ﬁ 2

GND  +5V
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Figure 2. 8206-2 Block Diagram
Table 1. 8206 Pin Description
Symbol Pin No. | Type Name and Function
Dlp.15 1, 68-61, 1 Data In: These inputs accept a 16 bit data word from RAM for error detection
59-53 and/or correction.

- CBI/SYlg 5 | Check Bits In/Syndrome In: In a single 8206 system, or in the master in a multi-
CBI/SYl4 6 [ 8206 system, these inputs accept the check bits (5 to 8) from the RAM. In a
CBI/SYly 7 I single 8206 16 bit system, CBlg.5 are used. In slave 8206’s these inputs accept
CBI/SYl3 8 | the syndrome from the master.

CBI/SYly 9 |

CBI/SYls 10 1

CBI/SYlg 11 |

CBI/SYly 12 1

DO/WDlg 51 1/0 | Data Out/Write Data In: In a read cycle, data accepted by Dlg.15 appears’at
DO/WDI4 50 110 these outputs corrected if CRCT is low, or uncorrected if CRCT is high. The BM
DO/WDIp 49 /0 | inputs-must be high to enable the output buffers during the read cycle. Iin a
DO/WDl3 48 1/0 | write cycle, datato be written into the RAM is accepted by these inputs for com-
DO/WDi4 47 /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._5 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 1/0 | with the proper write check bits on CBO.

DO/WDig 42 1/0

DO/WDIg 41 1/0

DO/WDl4o 40 110

DO/WDI44 39 /0

DO/WDl42 38 1/0

DO/WDl43 37 1/0

DO/WDl44 36 110

DO/WDl4g 35 1/0
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Table 1. 8206 Pin Description (Continued)

Symbol Pin No. | Type ) Name and Function

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

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

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

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

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

SYO/CBO/PPO5 29 [0}

SYO/CBO/PPOg 30 o

SYO/CBO/PPO; 31 (o}

PPig/POSyo 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. .

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

PPI3/NSL4 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.

PPI5 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

PPl 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 multi-8206 system. It is latched by R/W going low. Not used in slaves.

CRCT 52 | Correct: When low this pin causes data correction during a read or read-
modify-write cycle. When high, it causes error correction to be disabled,
although error checking is still enabled.

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

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

BM4 32 | low, the Data Out buffers are tristated for a write cycle. BMg controls DOg_7,
while BMy controls DOg_15. In partial (byte) writes, the byte mark input is low
for the new byte to be written.

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

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

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

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

Vee 60 1l 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 [¢] bits appear The syndrome is latched (during read-modify-writes) by R/W

SYO/CBO3 27 (o} going low

SYO/CBO4 28 [0}

SYO/CBOs 29 (o}

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

wZ 34 | Write Zero: When low this input overrides the BMg4 and R/W Inputs to
cause the 8206-2 to output all zeros at DOg.¢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 muiltiple
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 handles 8 or 16 bits of data, and
up to 5 8206’s can be cascaded in order to handle data
paths of 80 bits. For a single 8206 8 bit system, the
Dlg_15, DO/WDlIg_45 and BM; inputs are grounded. See
the Multi-Chip systems section for information on
24-80 bit systems.

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

DATA WORD BITS CHECK BITS

8
16
24

" 32
40
48
56
64
72
80

@ W ® W ® N N O o O

5-33

Figure 3. Number of Check Bits Used by 8206

one to accept data from the RAM (DI) and the other
to deliver corrected data to the system bus (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 slower in a system
due to timing skews of control signals.
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READ CYCLE

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

If more than one 8206 is being used, then the check

bits are read by the master. The slaves generate a
partial parity output (PPO) and pass it to the master.
The master 8206 then generates and returns the
syndrome to the slaves (SYO) for correction of the
data.

The 8206 may alternatively be used in a “‘check-
only” mode with the CRCT pin left high. With the
correction facility turned off, the 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 perform one
of several options: lengthen the current cycle for
correction, restart the instruction, perform a diag-
nostic routine, etc.

A syndrome word, five to eight bits in length and
containing all necessary information about the exis-
tence and location of an error, is made available to
the system at the 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
calculates check bits for the new word, using the
byte from the previous read and the new byte from
the system bus, and writes them to the memory.

READ-MODIFY-WRITE CYCLES\

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

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

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

INITIALIZATION

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

A single 8206 handles 8 or 16 bits of 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

PPI

SLAVE 1

PO -

SLAVE 2

PPO

3b 64 BIT SYSTEM

—< =

MASTER SLAVE1

SLAVE 3

PPO

@

N

\
3c.-80 BIT SYSTEM

MASTER SLAVE 1

PPI PPO

SLAVE 2

SLAVE 3 SLAVE 4

PO PO

(|

¢

XOR
—

Cnf=

Figure 4. External Logic For Mult-Chip Systems
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Table 3. Master/Slave Pin Assignments
Pin No. Pin Name Master Slave 1  Slave 2 Slave 3 Slave 4

4 M/S +5V Gnd Gnd Gnd Gnd
3 SEDCU +5V ' +5V +5V +5V +5V
13 PPIo/POSg. PPI Gnd +5V Gnd . +5V
14 . PP11/PQS4 PPI ) Gnd Gnd +5V +5V
15 PPI3/NSLg PPI L +5V +5V . 45V
16 PPI3/NSL4 - PPI * +5V +5V +5V
*See Table 3.
NOTE:

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

Table 4. NSL Pin Assignments for 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 cycle) =
TDVSV + TPVSV + TSVQV + TQvVQV + TPVSV +
2ntXOR

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

HAMMING CODE

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

Number of Slaves
Pin 1 2 3 4
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 5. 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 |01234567|012345¢637 01234567/01234567
CBO= {X X - X - X X -|X = = X - X - - XNOR S X X X - X X -]- XX - - X - - XOR
CBt=|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 x x - - -|X X X - - - - - XOR X X - = X - X X|X - - x X - - - XOR
BITS CB4= |- - - xx X Xx X|- - - - - X X X XOR X X = = X X X X|- - = - x - x - XOR
CB5= |- - - - - - - - X X X X X X X X XOR S s e X X X X X|- o= - - - X X X XOR
CB6= |- - - - - - - -f- - - - - - - - XOR | | - - - - - - - X X X X X X X X XOR
CB7= |- - = =« =« -« = |« « = « -« - - - XOR | | - - - - - - - e - - 4oL XOR
0o0o000O0OOOO0OT1TT1T1T 111 11112222{22222233
DATABITS |91 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= [x X = X = X X =X = = X = X = =[X = X = XX = =[x = x X=X |- XXX~ XX-=-[-XX=- - X~ - XOR
CB1=|x - X - = X - X[= X = X X = X =|= XX =7 = X XXX X = = = X =/- XXX = XXX|- XX - = - = XOR
CHECK CB2= |- x x - X = X X|- = X = X = = X| - XXX = XX ==X X =~ - X - =|x - - %X -XX-|-XX-=--X - X XOR
CB3=|x x X X X - - -/x x x - - - - - X = X = = XX =[X X = = XX - -f-xxXXx - - x/|XxX - ~X-=- - - XOR
BITS CB4=|- - - x x x x xX|- - - - - X X X| - - - XX X X X|- - - - - X X X{- X X - - = X X|X X X - - - X - XOR
CB5=|x X X X X X X X|- - - = = = = =] - = = = - - - - X X X X X X X X|X - XX XX - X{- - - X - - - X 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 33333333}|4 4 44444/44555555|5555¢6¢6¢626|666¢6¢6¢6 7 77777777
4 56 89|01 234567|89012345|/6789012345678901/234567829
SLAVE #2 | | SLAVE #3 | ‘ SLAVE #4 J

€-9028/9028
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Table 6. 8206 Syndrome Decoding

g

o0 1 o0 1 0 1 0 1 0 1 o0 1 o0 1 0 1
Syndrome 10 0 1 1 o o0 1 1 o .0 1 1 o 0 1 1
Bits 20 o0 o o t 1 1 1 0 0 0 o0 1 1 1 1
7 6 5 4/30 0 0 0 0 0 o0 0 1 1 1 1 1 1 1 1
0 0 0 O N CBOCBI D CB2 D D 18 CB8 D D 0 D 1 2 D
0 0 0 1| cBa D D 5 D 6 7 D D 3 16 D 4 D D 17
0 0 1 o0| cB5 D D 11 D 19 12 D D 8 9 D 10 D D 67
6 0 1 1 D 13 14 D 15 D D 21 20 D D 68 D 22 23 D
0 1 0 0] cBE D D 25 D 26 49 D D 48 24 D 27 D D 50
0 1 0 1 D 52 55 D 51 D D 70 28 D D 65 D 53 54 D
0 1 1 o0 D 20 31 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] cB7 D D 43 D 77 4 D D 40 4 D 42 D D U
1 0 0 1 D 45 46 D 47 D D 74 72 D D U D 73 U D
1 [ 1 0 D 59 75 D 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 6 D D U
1 1 0 0 D U U D U D D U 7 D D U D U U D
1 1 0 1 78 D D U P U U P 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
11 1 1 D U U D U DD U U D D 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 7BITS 16 BITS _
. DI DO | DI DO DI DO
N j r . P4 P-
32BIT X Nb—mo—m—m——
W)
R
N
N N\ 7 N
DO/WDI DI SYO/CBO CBlgs SYlg DO/WDI DI
) — POS,
——e—>| CRCT PPI, —| cmeT POS,
°°"J32§ ~ wz e208 cBl, j? Wz s208 NSL,
~ sTB MASTER > T8 7 SLAVE NSL,
-] RW [ :j—ow (—> RIW M3
5 SEDCU PPls; .
BM, BN, SEDCU S}—Qwv
BYTE —>1 BM, ERFOR BM, e sy,
MARKS
ERROR
SIGNALS N

Figure 5. 32-Bit 8206 System Interface .

5-38

205220-005



ntel

8206/8206-2

PRELIMINARY

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 Acke
ADDR DYNAMIC
RAM
c RAS v 32 BITS +
CAS 7 CHECK BITS
WE WE
CMD/PEB CMO/PEB = CBI_DO/CBO)
8207 4
MUX  ADRC i
ADDR B
CLK >—»] CLK PSEN l
cE
ERROR L
DBM |—
[ ADDR W
CMD/PEA ACKA . PSEL S

ADDR A )

ACKA €——

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

5v—] sT8 PPI PPO STB}— +5V

8206 8206
5—0 CRCT MASTER go CRCT SLAVE

wz p o wz
BM__ DO/WD! BM . DO/WDI
]
N .
BYTE . D ©
MARK
DECODER T
ER
\
|
- " | OE
+— XCVR
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
Syndromel0 0 1 0 1 0 1 0 1 8206-2 systems, the Dlg.15, DO/WDIg.15 and BMy in-
Y Bits 10 0 1 1 0 0 1 1 puts are grounded.
5432 0 0 0 0 1 111 The 8206-2 is designed for direct connection to the
0 00 N CB0OCB1 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 X .
0 - 0 1 CB3 0 control, and Figure 7 illustrates a highly integrated
0 1 0 cB4 b D 5 D 6 7 D iAPX 186 RAM implementation using the 8206-2 and
o 1 1 D 3 D D 4 D D D 8207-2. The 8206-2/8207-2 combination permits such
. features as automatic scrubbing (correcting errors in
11 D D 12 D
100 CBS D D > memory during refresh), extending RAS and CAS tim-
1t o0 1 D 8 © D 10 D D Dj ings for 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,
L D D b bbobbpbebd error-corrected dynamic RAM subsystems.
N = No Error
CBX = Error in Check Bit X
X = Error in Data Bit X
D = Double Bit Error
OTHER ACK ::> DATA > éﬁscx BIT
INPUTS + MEMORY MEMORY
16 BITS 6 BITS
\WE DI DO WE DI DO
A/\ ] [
CLK AACKA AO.5 RAS, 5
ARDY CLK CASoa
2 T |
:_; % 8207-2 “ﬂ .
PEA wzZ
80186 i AHo.s Alo.s DBM
ALE ERROR Dig.15 CSB¥JOI CBlo.s
= 74LS138 CE o-5. CRET
STB O RW 8206-2 stel-Y +sv
_om S T SR oower
DT/R__DEN
A0
BHE
T oe
L
8287 7 |
- 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 first 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 CB0O 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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[ ERROR
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NOTE:
The 8206 and 8206-2 is packaged in a 68 pin JEDEC TYPE A hermetic chip carrier

PIN NO. 1 MARK

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 (Ta = 0°C to 70°C, Vg = 5.0V + 10%, Vgg= GND) *

Symbol Parameter Min. Max. " Unit Test Caonditions
lcc Power Supply Current
—Single 8206, 8206-2 or 270 mA
Slave #1
—Master in Multi-Chip 230 mA
or Slaves #2, 3, 4
v Input Low Voltage -05 0.8
Vin'! Input High Voltage 2,0 Veo+
0.5V
Output Low VoItagé
VoL —DO 0.45 \") loL =8mA
—All Others 0.45 \ loL =2.0mA>
Outpl;t High Voltage
VoH —DO, CBO 2.6 \ loH = —2mA
—All Other Outputs 24 Vv loH = —0.4mA
1/O Leakage Current
ILo —PPI4/CE + 20 nA 045V <V,/p < V.CC
—DO/WDlg.15 *+10 pA
Input Leakage Current 5
Iy —PPlgy_3, 5.7, CBlg.7, SEDCU + 20 nA 0V <V|N <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 Vg or GND. Vi min=V¢c —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 Vo

A.C. TESTING INPUT, OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

24
20 2.0 (
:> TEST POINTS <
) 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 R
UNDER

TEST
ICl

Cy INCLUDES JIG CAPACITANCE
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_ A.C. CHARACTERISTICS (Tp = 0°C'to 70°C, Vg = +5V = 10%, Vss = OV, R = 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
TDVCV CE Valid from Data/Check Bits In 70 76
TDVQV Corrected Data Valid from Data/Check Bits In 67 74
TDVSV SYO/PPO Valid from Data/Check Bits In 55 65
TBHQV. CGorrected 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
TSvav Corrected Data (Slave) 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
TQXQX Hold Time from Write Data In 0 0 1
TSVRL $yndrome Out to R/W| Set-up 17 3
TDVRL Data/Check Bits In to R/W Set-up 39 4 1
TDVQU Uncorrected Data Out from Data In 32 38
TTVQV Corrected Data Out from CRCT|, 30 33
TWLQL WZ| to Zero Out 30 34
TWHQX Zero Out from WZ1 Hold 0 0

NOTES:

1. A.C. Test Levels for CBO and DO are 2.4V and 0.8V.

2. TsHyv is required to guarantee output delay timings: Tpvev, Tovev. Tovav, Tovsv- TsHiv + TivsL guarantees a min STB pulse
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)

FULL WRITE
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READ MODIFY WRITE
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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=t1) 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. / .

\
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Figure 1. 8207 Block Diagram

Intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit
Patent Licenses are Implied. Information Contained Herein Supercedes Previously Published Specifications On These Devices From Intel.
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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.

XACKB/
ACKB

TRANSFER ACKNOWLEDGE PORT B/ACKNOWLEDGE PORT 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 LAACKB interface signal.

EI§

ADVANCED ACKNOWLEDGE PORT A/WRITE ZERO: In non-ECC mode, 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 will cause the 8206 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-cycle 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 Volts. 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 error. 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

1"

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 normal 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, PCTLB 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

CASH1 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
RAST 23 O |the row address, present on the AOO-8 pins. These outputs are selected by the BSO
S2 24 O |and 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 | |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

AO2 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 (e]

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

AL1 39 | address for the internal address multiplexer.

AL2 40 |

AL3 41 |

AL4 42 |

ALS 44 |

AL6 45 |

AL7 46 [

AL8 47 |

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

AH1 49 | |column address for the internal address muitiplexer.

AH2 50 |

AH3 51 |

AH4 52 |

AH5 53 |

AH6 54 |

AH7 55 |

AH8 56 1

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 S1 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 §' Q 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 PORTA: This pin is the write memory request command input for port A.
This input also directly accepts the S0 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 Controller
(ADRC) is a microcomputer peripheral device which
provides the necessary signals to address, refresh
and directly drive 16K, 64K 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, iIAPX
286 and Multibus.

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 also 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.

| CLOCK l

CLK _ CLK
so WR
8ose/ ST RD
80186 &2 PCTL
ADDR/DATA 6207

ADDRESS
DECODE

g AACK
PR
WR LK
741574
|cwcx|
: 8207
I-
v PR ®D
CLK _l
]
8066/ 74L874
80186 b PE

)
24—
ADDR./DATA|

1 lCLK

Lol 50 8288

s BUS

§2 CONTROLLER
ALE

—3

STB

raren

Slow-Cycle Synchronous-Status Interface

Slow-Cycle Asynchronous-Status Interface

CcLK
CLK sp §0 MwTC WR CLK
sose S1—2IS1 JEROC—=RD

52 2 PCTL
80186 A
ALE 8207
ADDR/DATA

ADDRESS
DECODE

lcu.ocxl CLOCK
CLK §p 50 CLK :_:[w CLK
, §1 S1 82 RD
8086/ 53 5z 3288 e

8207

ADDR PE

ADDRESS
s_::‘> 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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- ]
ADDR 8207
B

ADDRESS|
DECODE . |-ATCH

NOTE: K
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Fast-Cycle Synchronous-Status Interface

cr. S0 5o CLK WR CLK |
51 S1_ 82288 RD
io

M/ M0 PCTL
80286 ALE ? 8207
ADDR PE
STB
ADDRESS
ot
SYNCHRONOUS 80286

Fast-Cycle Synchronous-Command Interface

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

Fast-Cycle Asynchronous-Status Interface

[coox] e [crocx]

*MULTI-BUS OPTION

Fast:Cycle Asynchronous-bonimand Interface

Figure 2§. 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 dual-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 2164A 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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(NOTE 1)—»| AH8 (NOTE 1)—»] AH8
_ (NOTE 1)—»{ AH7
A12~A2°:> AHO-AH8 A11-A18 ] AHO-AHT A1o-A1s:> AHO-AHE
8207 (NOTE 1)—»| ALS 8207 NOTE1) ALS 8207
(NOTE 1)—»{ AL7
A3-A11 > ALO-ALS | Aa-mo:l'} ALO-AL7 A3—A9:> ALO-ALE
A1, A2 BSO, BS1 A1,A2 > BSO, BS1 A1,A2 "> BSO, BS1
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 example, 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 BS0. 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 slow
(e.g., 2118-15) RAMs. The 8207 adjusts and optimizes
internal timings for either the fast or slow 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
olo oo RASq.3, CASq.3 to Bank 0
0 0 0 1 |\ Hegal
olol1]o lllegal
0 0 1 1 llegal
0 1 0 0 RASp,1, CASp,1 to Bank 0
0| 1]o0] 1 RASj,3, CASp 3 to Bank 1
0 1 1 0 lilegal
0 1 1 1 lllegal
1]o0]o0}o0 RASg, CASg to Bank 0
1 0 0 1 RAS{, CAS4 to Bank 1
1] 0] 1| 0| RASy CAS; toBank2
10|11 Illegal
111]0]o0 RASg, CASg to Bank 0
1 1 0 1 RAS4, CASy to Bank 1
11 1]1]o0 RASz, CAS; to Bank 2
11 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 = () Torar
if T o = 125 ns then TynjT =~ 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 8206, 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 allows 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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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 To o = 125 ns then Tpegp = 41 us

- eq.5 ECC Systems: Tresp = Tprog + TPReP +
TiniT

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 circuit 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

-

DIFFERENTIATED RESET

NOTES:

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

(@)Vgc 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 PD] valid time prior to reset going low.

TLOAD — Asynchronous load data propagatlon delay.

@4— —»@4—
ReseT_ £ X ' :
pok_| ___/ ) -
Tioap>' | ®
PDI X . PDO . X PD1 X PD2
NOTES:

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

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

StatusIColhmand 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 controller 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 | §1 S0 8086/80186 80286
0 | 0 | 0 [INTERRUPT  |INTERRUPT,
0| o | 1 |HOREAD /O READ
0 | 1 0 |I/O WRITE I/0O WRITE
0 | 1 | 1 |HALT IDLE
1 0 0 [INSTRUCTION
FETCH HALT
0 1 |MEMORY READ |MEMORY READ
1 1 MEMORY WRITE |MEMORY WRITE
1 1 1 |IDLE IDLE
| Table 3B. 8207 Response
8207 .
Command Function
8086/80186 |80286 Status or
Y Status Command
PCTL | RD| WR Interface Interface
0 0] o0 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. Thereafter, 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 until a
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 locations 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
741.5165. 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 default

to a particular system configuration without error
correction. Table 4 shows the default configurations.

210463-004




PRELIMINARY

PD15

PD8 PD7 PDO

I 0 I 0 |TM1]FFHI?§IEXTIF§|CI0Icnlﬁﬁ‘—[ﬁﬁ[nmlml sal SAl 0 l

PROGRAM
DATA BIT NAME POLARITY/FUNCTION
PDO ECC ECC=0 FOR NON-ECC MODE
PD1 SA SA=0 ' PORT A IS SYNCHRONOUS
) SA=1 PORTA IS ASYNCHRONOUS
PD2 SB SB=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 RBO RAM BANK OCCUPANCY
PD6 RB1 SEE TABLE 2
PD7 o 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 PORTA PREFERRED
PRIO
PD13 ™1 TM1=0 resr MODE 10FF
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

[mi[n’mlmlwn FFSlEXTl PLSlClOl CI1J XB [ XA lRFSICFSl SB I SA ] 1 |

PROGRAM
DATA BIT NAME POLARITY/FUNCTION
PDO ECC ECC=1_ECC MODE
PD1 SA SA=0" PORT A ASYNCHRONOUS
SA=1 PORTA SYNCHRONOUS
PD2 SB SB=0 .PORT B SYNCHRONOUS .
SB=1__ PORT B ASYNCHRONOUS
PD3 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
PDS XA XA=0 rgﬂsuscommﬂam
XA=1 ADVANCED ACKA NOT
MULTIBUS-COMPATIBLE
PD6 X8 XB=0 ADVANCED ACKB NOT
MULTIBUS COMPATIBLE
XB=1 MULTIBUS-COMPATIBLE '
ACKB
PD7 cn COUNT INTERVAL BIT 1; SEE TABLE 6
PD8 cio 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
PD11 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 occupmcv
PD14 RB1 SEE TABLE 2
PD15 ™2 TM2=0 TEST MODE 2 ENABLED
TM2=1 TEST MODE 2 OFF

Figure 10. ECC Mode Program Data Word
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Figure 11. External Shift Register Interface

Table 4A.
Default 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 4B.
Default ECC Programming, PDI Pin (57)
Tied to Vcc.

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 w%th 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 5 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 BB'AR(GB? ,88 6 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
(Clo, CH, 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 tabulated 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-immediate 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 Arbitration
(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
Ci1, Cio
(8207 Clock Periods) -
Ref.
Period 00 01 10 1 N
(1S) CFS PLS FFS (0%) (10%) (20%) (30%)
15.6 1 1 1 236 212 188 164
7.8 1 0 1 118 106 94 82
15.6 1 1 0 148 132 116 100
7.8 1 0 0 74 66 58 50
15.6 0 1 1 118 106 94 82
7.8 0 0 1 59 53 47 41
15.6 0 1 0 74 66 58 50
7.8 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 thrcv‘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 or 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 a request on 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 Ais 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 output 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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Dual-Port Considerations

For both ports to be operated' synchronously, several
conditions must be met. The processors must be the
same type (Fast or Slow Cycle) as defined by Table 8
and they must have synchronized clocks. Also when
processor types are mixed, even though the clocks
may be in phase, one frequency may be twice that of
the other. So to run both ports synchronous using
the status interface, the processors must have
related timings (both phase and frequency). If these
conditions cannot be met, then one port must run
synchronous and the other asynchronous. .

Figure 3 illustrates an example of dual-port operation
using the processors in the slow cycle group. Note the

.. use of cross-coupled NAND gates at the MUX output
for minimizing contention between the two latches, and
the use of flip flops on the status lines of the asyn-
chronous processor for delaying the status and thereby
guaranteeing RAS will not be issued, even in the worst
case, until address is valid.

Processor Timing

In order to run without wait states, AACK must be
used and connected to the SRDY input of the ap-
propriate bus controller. AACK is issued relative to a
point within the RAM cycle and has no fixed relation-
ship to the processor’s request.The timing is such,
however, that the processor will run without wait states,
barring refresh cycles, bank precharge, and RAM
accesses from the other port. In non-ECC fast cycle,
tast RAM, non-extended configurations (80286), AACK
is issued on the next falling edge of the clock after the

edge that issues RAS. In non-ECC, slow cycle, non-
extended, or extended with fast RAM cycle configura-
tions (8086, 80188, 80186), AACK is issued on the
same clock cycle that issues RAS. Figure 14 illustrates
the timing relationship between AACK, the RAM cycle,
and the processor cycle for several different situations.

Port Enable (PE) setup time requirements depend on
whether the associated port is configured for syn-
chronous or asynchronous fast or slow cycle opera-
tion. In a synchronous fast cycle configuration, PE is
required to be setup to the same clock edge as the
status or commands. If PE is true (low), a RAM
cycle is started; if not, the cycle is aborted. The
memory cycle will only begin when both valid sig-
nals (PE and RD or WR) are recognized at a
particular clock edge. In asynchronous operation,
PE is required to be setup to the same clock edge
as the internally synchronized status or commands.
Externally, this allows the internal synchronization
delay to be added to the status (or command)-to-PE
delay time, thus allowing for more external decode
time that is available in synchronous operation.
The minimum synchronization delay is the additional
amount that PE must be held valid. If PE is not held
valid for the maximum synchronization delay time, it
is possible that PE will go invalid prior to the status or
command being synchronized. In such a case the 8207
aborts the cycle. If a memory cycle intended for the
8207 is aborted, then no acknowledge (AACK or XACK)
is issued and the processor locks up in endless wait
states. Figure 15 illustrates the status (command)
timing requirements for synchronous and asyn-
chronous systems. Figures 16 and 17 show a more
detailed hook-up of the 8207 to the 8086 and the 80286,
respectively.
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Figure 14. iAPX 286/8207 Synchronous-Status Timing Programmed in non-ECC Mode, CO

Configuration (Read Cycle)
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(A) PE SET-UP AND HOLD TIME REQUIREMENTS FOR FAST CYCLE,
SYNCHRONOUS OPERATION (80286 CMD/STATUS)

8207 CLK | | I | I

COMMANDISTWE . \

ASYNCHRONOUS OPERATION

(B) PE TIMING REQUIREMENTS FOR FAST OR SLOW CYCLE

Figure 15.

Memory Acknowledge
(AACK, XACK)

In system configurations without error correction,
two memory acknowledge signals per port are sup-
plied by the 8207. They are the Advanced Acknowl-
_edge strobe (AACK) and the Transfer Acknowledge
strobe (XACK). The CFS programming bit deter-
mines for which processor AACKA and AACKB are
optimized, either 80286 (CFS = 1) or 8086/186 (CFS
= 0), while the SA and SB programming bits optimize
AACK for synchronous operation (“early” AACK) or
asynchronous operation (“late” AACK). :

Both the early and late AACK strobes are three
clocks long for CFS = 1 and two clocks long for CFS
= 0. The XACK strobe is asserted when data is valid
(for reads) or when data may be removed (for writes)
and meets the Multibus requirements. XACK is

removed asynchronously by the command going in-
active. Since in asynchronous operation the 8207
removes read data before late AACK or XACK is
recognized by the CPU, the user must provide for
data latching in the system until the CPU reads the
data. In synchronous operation, data latching is un-
necessary since the 8207 will not remove data until
the CPU has read it. '

In ECC-based systems there is one memory acknow-
ledge (XACK or AACK) per port and a programming
bit associated with each acknowledge. If the X pro-
gramming bit is active, the strobe is configured as
XACK, while if the bit is inactive, the strobe is
configured as AACK. As in non-ECC, the SA and SB
programming bits determine whether the AACK
strobe is early or late (EAACK or LAACK).

Data will always be valid a fixed time after the occur-
rence of the advanced acknowledge. Table 9 sum-
marizes the various transfer acknowledge options.
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NOTE:
*These components are not necessary when using the 80186. These functions are
provided directly by the 80186.

Figure 16. 8086/80186, 8207 Single Port Non-ECC Synchronous Systems
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Note: While the 8207 does not need the input addresses latched, A0, BHE
must come from the latched address bus.

Figure 17. 80286 Hook-up to 8207 Non-ECC Synchronous System-Single Port.
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Table 8. Processor Interface/Acknowledge Summary
SYNC/ASYNC
CYCLE PROCESSOR REQUEST TYPE INTERFACE ACKNOWLEDGE TYPE
80286 STATUS SYNC EAACK
80286 STATUS ASYNC LAACK
FAST 80286 COMMAND SYNC EAACK
g;g';ﬁ 80286 COMMAND ASYNC LAACK
8086/80186 STATUS ASYNC LAACK
8086/80186 COMMAND ASYNC LAACK
MULTIBUS COMMAND ASYNC XACK
8086/80186 STATUS SYNC EAACK
SLOW 8086/80186 STATUS ASYNC LAACK
CYCLE 8086/80186 COMMAND SYNC EAACK
CFS=0 8086/80186 COMMAND ASYNC LAACK
MULTIBUS COMMAND ASYNC XACK
Table 9. Memory Acknowledge Option Summary
Synchronous Asynchronous XACK
AACK Optimized AACK Optimized for Multibus Compatible
Fast Cycle for Local 80286 Remote 80286
AACK Optimized AACK Optimized for Multibus Compatible
Slow Cycle for Local 8086/186 Remote 8086/186
Test Modes

Two special test modes exist in the 8207 to facilitate
testing. Test Mode 1 (non-ECC mode) splits the
refresh address counter into two separate counters
and Test Mode 2 (ECC mode) presets the refresh
address counter to a value slightiy less than rollover.

Test Mode 1 splits the address counter into two, and
increments both counters simultaneously with each
refresh address update. By generating external
refresh requests, ‘the tester is able to check for
proper operation of both counters. Once proper indi-
vidual counter operation has been established, the
8207 must be returned to normal mode and a second
test performed to check that the carry from the first
counter increments the second counter. The outputs
of the counters are presented-on the address out bus
with the same timing as the row and column ad-
dresses of a normal scrubbing operation. During
Test Mode 1, memory initialization is inhibited, since
the 8207, by definition, is in non-ECC mode.

Test Mode 2 sets the internal refresh counter to a
value slightly less than rollover. During functional
testing other than that covered in Test Mode 1, the

8207 will normally be set in Test Mode 2. Test Mode 2
eliminates memory initialization in ECC mode. This
allows quick examination of the circuitry which
brings the 8207 out of memory initialization and into
normal operation.

General System Considerations

The RAS(.3 CASq.3, AOg.g, output buffers were
designed to directly drive the heavy capacitive loads
associated with dynamic RAM arrays. To keep the RAM
driver outputs from ringing excessively in the system
environmentand causing noise in other output pinsitis
necessary to match the output impedance of the RAM
output buffers with the RAM array by using series
resistors and to add series resistors to other control
outputs for noise reduction if necessary. Each applica-
tion may have different impedance characteristics and
may require different series resistance values. The
series resistance values should be determined for each
application. In non-ECC systems unused ECC input
pins should be tied high or low to improve noise
immunity.

The 8207 is packaged in a 68-pin, leadless JEDEC type
A hermetic chip carrier.
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TOP ' BOTTOM

ONNONANNANNANAAAANE]

4 AACKA/WZ
AACKB/R/

6 DBM

7 ESTB

8 LOCK

9 vce

10 CE

11 ERROR

12 MUX/PCLK

13 PSEL

14 PSEN

15 WE
16 FWR
17 RESET

- . -

NOTE:
8207 is packaged in a 68 pin JEDEC Type A hermetic leadless chip carrier.

Figure 19. 8207 Pinout Diagram
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A.C. CHARACTERISTICS
(TAo=0°C to 70°C; Voo = +5V+5%, VggOV)
Measurements made with respect to RASq.3, CAS(.3, AOgg, are a +2.4V and 0.8V. All other pins are
measured at 2.0V and 0.8V. All times are nsec unless otherwise indicated. Testing done with specified

test load.
CLOCK AND PROGRAMMING
820716, -8 « 820712, -6
(FFS=1) (FFS=0)

Ref. | Symbol Parameter Min. Max. Min. Max. Units | Notes
— | tF Clock Fall Time 10 10 ns 3
- [tR Clock Rise Time 10 10 ns- 3
1 TCLCL Clock Period 8207-16 62.5 200 ns 1

820712 83.3 200 ns 1
8207-8 125 500 ns 2
8207-6 167 500 ns 2
2 |TCL Clock Low Time 8207-16 15 180 ns 1
8207-12 . 20 180 ns 1
8207-8 | TCLCL/212 ns 2
8207-6 ‘ TCLCL/2:12 ns 2
3 |TCH Clock High Time 8207-16 20 180 ns 1
820712 25 180 ns 1
8207-8 | TCLCL/3-3 ns 2
8207-6 TCLCL/3-3 ns 2
4 | TRTVCL Reset to CLK! Setup 40 55 ns 4
5 TRTH Reset Pulse Width 4 TCLCL 4TCLCL ns
6 | TPGVRTL | PCTL, PDI, RFRQ to RESET¢
. | Setup 125 167 ns 5
7 | TRTLPGX [ PCTL, RFRQ to RESET{ Hold 10 10 ns
8 | TCLPC PCLK from CLK! Delay 45 55 ns
9 | TPDVCL PDin to CLK!{ Setup 60 85 ns
10 | TCLPDX PDin to CLK/{ Hold 40 55 ns 6
é
-
~ -
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ABSOLUTE MAXIMUM RATINGS
Ambient Temperature

NOTICE: Stressabove those listed under “Absolute

UnderBias ................... —0°Cto+70°C Maximum Ratings” may cause permanent damage
Storage Temperature .......... —65°C to +150°C to the device. This is a stress rating only and
Voltage On Any Pin With . functional operation of the device at these or any

Respectto Ground .............. —.5Vto+7V other conditions above those indicated in the
Power Dissipation..................... 2.5 Watts operational sections of this specification is not

implied. Exposure to absolute maximum rating
conditions for extended periods may affect device
reliability.
D.C. CHARACTERISTICS '
T,o=0°C to 70°C; Vo =5.0V +5%; Vgg =GND
Symbol Parameter Min. Max. Units Comments
Vi Input Law Voltage —0.5 +0.8 \
Vin Input High Voltage 20 . Vec + 0.5 \
Vo Output Low Voltage 0.45 v Note 1
Vor Output High Voltage 24 v Note 1
RAM Output
A Low Voltage 0.45 \ Note 1
RAM Output
Viro High Voltage :?.6 \' ] Note 1
lec Supply Current 455 mA To=0°C
u Input Leakage Current +10 uA OV <=Vin= Vec
Clock Input _
VoL Low Voltage 05 +0.6 v
Clock Input
Ve High Voltage 3.8 Vec + 0.5 \'
Cin Input Capacitance 20 pF fc=1MHz
NOTE 1:

lop =5 MA. and lon = -0.2 mA (Typically lo. =110 mA and lon = -0.88 mA)

WE : o, =8 mA
A.C. Testing Load Circuit

A.C. Testing input, Output Waveform

Rgras

m s RAS,

ASp s, Reas

CAS°_3‘
8207 w2 | Rao .

AOM __.WI) I -—

Other Outputs _MIO = Cras
RL j: -~ CAO

Rgas = 399 o= Cprag = 150 pF
Reas = 392 Ccas = 150 pF
Ry =229 Cao = 380 pF
RL = 39Q CL = 100 pF

2.4

20 2.4

0.8 0.8

0.45
- A.C. Testing inputs (except. clock) are driven at
2.4V for a logic ““1”” and 0.45V for a logic ‘0"
(clock is driven at 4.0V and 0.45V for logic ‘1"
. and “‘0” respectively). Timing measurements are
] made at 2.0V, 2.4V for logic ““1”” and 0.8 V for logic
g
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A.C. CHARACTERISTICS (Continued)

RAM WARM-UP AND INITIALIZATION
['64 [ToiwzL | Wz from CLK Delay [ 40 55 | ns | 7 |

SYNCHRONOUS P PORT INTERFACE

|
i
!

11 |TPEVCL | PE to CLK¢ Setup 30 40 2
12 | TKVCL RD, WR, PE, PCTL to CLK# Setup 20 25 ns 1
13 | TCLKX RD, WR, PE, PCTL to CLK¢ Hold 0 0 ns

14 | TKVCH RD, WR, PCTL to CLK? Setup 20 30 ns 2

ASYNCHRONOUS nP PORT INTERFACE

15 | TRWVCL | RD, WR to CLK4 Setup 20 30 ns | 8,9

16 | TRWL RD, WR Pulse Width 2TCLCL +30 2TCLCL+40 " ns |

17 | TRWLPEV | PE from RD, WR! Delay ~ CFS=1 TCLCL-20 TCLCL-30 ns 1 "
CFS=0 TCLCL-30 TCLCL-40 ns 2

18 | TRWLPEX | PEto RD, WR} Hold 2TCLCL+30 2TCLCL+40 ns

19 | TRWLPTV | PCTL from RD, WR! Delay TCLCL-30 TCLCL-40 ns 2 :

20 | TRWLPTX | PCTL to RD, WR¢ Hold 2TCLCL+30 2TCLCL+40, ns 2 |

21 | TRWLPTV | PCTL from RD, WR¢ Delay 2TCLCL-20 2TCLCL-30 ns 1 :

22 | TRWLPTX | PCTL to RD, WR¢ Hold 3TCLCL+30 3TCLCL+40 ns 1
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A.C. CHARACTERISTICS (Continued)
RAM INTERFACE .
8207-16, -8 820712, -6
(FFS=1) (FFS=0)
Ref. Symbol Parameter Min. Max. Min. Max. Units Notes
23 | TAVCL AL, AH, BS to CLK! Setup > 35+tASR 45+tASR ns 10
24 | TCLAX AL, AH, BS to CLK¢ Hold 0 0 ns
25 | TCLLN LEN from CLK! Delay 35 45 ns
26 | TCLRsL RAS! from CLK{ Delay 35 45 ns
27 | TRCD RAS to CAS Delay CFS=1| TCLCL:25 TCLCL-30 ns 1,14
CFS=0 | TCLCL/2-25 TCLCL/2-30 ns 11, 14
CFS=0 75 70 ns 12, 14
28 | TCLRSH | RASt from CLKI Delay 50 60 ns
29 | TRAH CFS=1 | TCLCL/210 TCLCL/215 ns | 1,13,15
CFS=0 | TCLCL/4-10 TCLCL/415 ns 11,15
CFS=0 40 35 ns 12,15
30 | TASR Row A0 to CAS Hold\, 10, 18
31 | TAsC Column A0 to CAS! Setup CFS=1 0 5 ns | 13,19,20
CFS=0 5 5 ns | 13,19,20
32 | TCAH Column A0 to CAS Hold (See DRAM Interface Tables) . 21
33 | TCLCSL CAS! from CLK¢ Delay TCLCU4 TCLCL1.8 TCLCL4 | TCLCLA.8 | ns 1
+30 +53 " 430 +72 ns 12
34 | TCLCSL CAS! from CLK¢ Delay 35 40 ns 1
35 | TCLCSH CASt from CLK# Delay 50 60 ns
36 | TCLW WE from CLK/{ Delay 35 45 ns
37 | TCLTKL XACK! from CLK# Delay 35 45 ns
38 | TRWLTKH | XACKt from RDY, WRt Delay 50 55 ns
39 | TCLAKL | AACKI from CLK¢ Delay 35 45 ns
40 | TCLAKH | AACK? from CLK! Delay 50 1 60 ns
41 | TCLDL DBM from CLK{ Delay 35 45 ns
ECC INTERFACE
42 | TWRLFV | FWR from WR} Delay CFS=1 2TCLCL-40 2TCLCL:50 ns 1,22
‘ CFS=0 TCLCL+ TCLCL+ ns 2,22
TCL-40 TCL-65
43 | TFVCL FWR to CLK! Setup 40 50 ‘ns 23
44 | TCLFX FWR to CLK! Hold 0 0 ns 24
45 | TEVCL ERROR to CLK# Setup 20 25 ns 25, 26
46 | TCLEX ERROR to CLKi Hold 0 0 ns
47 | TCLRL RIW from CLK! Delay 40 45 ns
48 | TCLRH RIW from CLK¢ Delay 50 60 ns
49 | TCEVCL CE to CLK¢ Setup 20 25 ns 25, 27
50 | TCLCEX CE to CLK! Hold 0 0 ns
51 | TCLES ESTB from CLK! Delay 35 45 | ns
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A.C. CHARACTERISTICS (Continued)
PORT SWITCHING AND LOCK

8207-16, -8 820712, -6
(FFS=1) (FFS=0)
Ref. | Symbol Parameter Min. Max. Min. Max. Units | Notes
52 | TCLMV MUX from CLK/{ Delay . 45 55 ns
53 | TCLPNV PSEN from CLK! Delay TCL 60 TCL 60 ns 28
TCL TCL+35 TCL TCL+35 ns 29
54 | TCLPSV PSEL from CLK¢ 35 45 ns
55 | TLKVCL LOCK to CLKI! Setup 30 40 ns 30, 31
56 | TCLLKX LOCK to CLK! Hold 10 10 ns 30, 31
57 | TRWLLKV [ LOCK from RD{, WR! Delay 2TCLCL-30 2TCLCL-40 ns 31,32
58 [ TRWHLKX | LOCK to RDt, WRt Hold 3TCLCL+30 3TCLCL +40 ns 31, 32
REFRESH REQUEST ‘
59 TRFVCL RFRQ to CLK! Setup 20 25 4 ns
60 TCLRFX RFRQ to CLK¢ Hold 10 10 ns
61 TFRFH Failsafe RFRQ Pulse Width TCLCL+30 TCLCL+40 ns 33
62 TRFXCL Single RFRQ Inactive to CLK{
Setup 20 30 ns 34
63 TBRFH Burst RFRQ Pulse Width 2TCLCL+30 2TCLCL +40 ns 33
NOTES:
1. if when prog; d in the Fast Cycle processor mode (iAPX 286 mode)
2 when prog| in the Slow Cycle processor mode (IAPX 186 mode)
3 tRandtF are referenced from the 3 5V and 1 0V levels
4 RESET 1s internally synchronized to CLK Hence a set-up time is req onlyto g its gl at a particular clock edge
5 The first programming bit (PDO) is also sampled by RESET going low
6 TCLPDX 1s guaranteed if programming data is shifted using PCLK
7 W2Z s issued only in ECC mode
8 TRWVCL s not required for an asynchronous command except to guarantee its recognition at a particular clock edge
9 Valid when programmed in either Fast or Slow Cycle mode

10 tASR s a user specified parameter and its value should be added accordingly to TAVCL

11 When programmed in Slow Cycle mode and 125 ns < TCLCL < 200 ns

12 When programmed in Slow Cycle mode and 200 ns < TCLCL

13 Specification for Test Load conditions

14 tRCD (actual) = tRCD (specification) +0 06 (ACgag) - 006 (ACag) where AC = C (test load) - C (actual) in pF (These are first order approximations )
15 tRAH (actual) = tRAH (specification) + 0 06 (A(ﬁ! AS) - 0 022 (Ag AQ Where AC = C (test load) - C (actual) in pF (These are first order approximations )

18 tASR (actual) = tASR (specification) +0 06 (ACpq) - 0 025 (ACRag) Where AC = C (test load) - C (actual) in pF (These are first order approximations )
19 tASC (actual) = tASC (specification) +0 06 (ACpq) - 0 025 (ACpg) where AC = C (tes( load) - C (actual) in pF (These are first order approximations )

20 tASC 1s a function of clock frequency and thus varies with ges In freq value Is sp:
21 See 8207 DRAM Interface Tables 14 - 18
22 TWRLFV s defined for both and asy FWR In sy in which FWR 1s decoded directly from the address inputs to the 8207 TCLFV is

automatically guaranteed by TCLAV
23 TFVCL 1s defined for synchronous FWR .
24 TCLFV s defined for both synchronous and asy FWR In sy in which FWR 1s decoded directly from the address inputs to the 8207
TCLFV Is automatically guaranteed by TCLAV
25 ERROR and CE are set-up to CLK} in fast cycle mode and CLKt in slow cycle mode
26 ERROR is set-up to the same edge as R/W Is referenced to, iIn RMW cycles
27 CE 1s set-up to the same edge as WE s referenced to in RMW cydes
28 Specification when TCL < 25 ns
29 Specification when TCL > 25 ns
30
31

Synchronous operation only Must arrive by the second clock falling edge after the clock edge which recognizes the command in order to be effective
LOCK must be held active for the entire period the opposite port must be locked out One clock after the release of LOCK the opposite port will be able to obtain
access to memory
32 Asynchronous mode only In this mode a synchronizer stage is used internally in the 8207 to synchronize up LOCK TRWLLKV and TRWHLKX are only
required for guaranteeing that LOCK will be recognized for the requesting port, but these parameters are not required for correct 8207 operation
33 TFRFH and TBRFH pertain to asynchronous operation only
34 Single RFRQ cannot by supplied asynchronously
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intel’  s207 PRELIMINARY

WAVEFORMS
Clock and Programming Timings
@ W ‘ . ‘
1
CLK o WMWM
RESET —/F———5)—5r ] .
PCTL Py §
REFRQ T ey
PDI 3 P00 )E PD1 3(:
MUXPCLK 7 -

RAM Warm-up and Memory Initialization Cycles

RESET————t\ =\
we__/ @\_
WW_/ PROGRAMMING ' ‘1 LAST RW
{ RESET |} FIRST RAM WARM-UP CYCLE INITIALIZATION CYCLE i .
NOTES: : : ' :

1. When in non-ECC mode or in ECC mode with the TM2 programming bit on, there are no initialization cycles,
when in ECC mode with TM2 off, the dummy cycles are followed by initialization cycles.

2. The present example assumes a RAS four clocks long.
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WAVEFORMS (Continued)
Synchronous Port Interface

COMMAND MODE/
FAST cvgt_s
AD, WR,

COMMAND MODE/
FAST CYCLE
PCTL (INHIBIT)

COMMAND MODE/
FAST CYCLE
INTERNAL INHIBIT

(73

LOW CYCLE

3
£

j— )
SLOW CYCLE @
PE

SLOW CYCLE '

PCTL

7

INTERNAL

CYCLE REQUEST 7

NOTE:

h®1

NJ

Actual transitions are programmable. Refer to Tables 12 and 13.

4
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WAVEFORMS (Continued)
Asynchronous Port Interface

CLK ; LﬂLf\_/_\__
FAST/SLOW CYCLE .
RD, W —5 l

®

®

FAST/SLOW CYCLE
PE

®

..__.I
SLOW CYCLE
PCTL

L

FAST CYCLE —
PCTL (INHIBIT)

®

FAST CYCLE -
INTERNAL INHIBIT 7
L

INTERNAL Ve
CYCLE REQUEST 7
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WAVEFORMS (Continued)
RAM Interfac¢ Timing
ECC and Noh-ECC Mode

CLOCK 0

TERVAR SVAR WA VAL WAL S WA NS

COMMAND __ \ / / / 4

INTERNAL \

CYCLE REQUEST e/
ALg - ALg ~@- '@'l

AHg - AHg
BS - BS; :X

___@i Y

L ® ®—]

RAS

, %
AOp - AOg X |
: \

®

CAS

Al L

WE 7f

. r—@l ~—‘j
XACK
AACK F‘J

L FLE

NOTE:
Actual transitions are programmable. Refer to Tables 12 and 13.
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WAVEFORMS (Continued)
Port Switching and Lock Timing

COMMAND

ax /Y

N

PORT A

COMMAND

PORT B -\

PSEN

MUX ——-—';‘
PORT A PORT B j

@I

/-

PSEL

LocK

PORT A

PORT A

®

@]

—
| W
.

FAST CYCLE

L

INTERNAL LOCK
DISABLE

NOTE:

Transients during MUX switching.

Refresh Request Timing

CLK

REQUEST

SINGLE REFRESH
REQUEST

FAILSAFE REFRESH

N\

BURST REFRESH
REQUEST
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WAVEFORMS (Continued)

ECC Interface Timing
CLOCK 0
ak—/ T XV X/ N
COMMAND
{WR) y
INTERNAL
CYCLEREQUEST | 7 @ *—
@@
FAST CYCLE
R ). VALID
o ®
ey
s‘%%w CYCLE D, VALID
1
-45)- @~ —
ERROR ) VALID C
AW 40 —1 48—
AN 4
XACK
N
)
CE X VALD X
ESTB :
A\ /
39 "
WE N

NOTE:

1. This parameter is set-up to the falling edge of clock, as shown, for fast cycle configurations. It is set-up to the
rising edge of clock if in slow cycle configurations. Table 13A shows which clock and clock edge these
signals are set-up in the R/W L column.

2. CE is set-up to the same edge as WE is referenced to in RMW cycles.
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CONFIGURATION TIMING CHARTS

The timing charts that follow are based on 8 basic
system configurations where the 8207 operates.

Tables 10 and 11 give a description of non-ECC and

Table 10. Non-ECC System Configurations
Non-ECC Mode: PD0=0

ECC system configurations based on the 8207’s
PDO, PD3, PD4, PD10 and PD11 programming bits.

. Timing Conf. CFS(PD3) RFS(PD4) EXT(PD10)" FFS(PD11)
Co iAPX286(0) FAST RAM(0) NOT EXT(0) 10 MHZ(1)
Co IAPX286(0) - FAST RAM(0) EXT(1) 10 MHZ(1)
Co iAPX286(0) SLOW RAM(1) NOT EXT(0) 10 MHZ(1)
Co iAPX286(0) SLOW RAM(1) EXT(1) 10 MHZ(1)
Co 1APX286(0) FAST RAM(0) NOT EXT(0) 16 MHZ(0)
C iAPX286(0) SLOW RAM(1) NOT EXT(0) 16 MHZ(0)
Cs iAPX286(0) FAST RAM(0) EXT(1) 16 MHZ(0)
Cz iAPX286(0) SLOW RAM(1) EXT(1) 16 MHZ(0)
‘ Cs iAPX186(1) FAST RAM(0) NOT EXT(0) 8 MHZ(0)
Cs iAPX186(1) SLOW RAM(1) NOT EXT(0) 8 MHZ(0)
Cs iAPX186(1) FAST RAM(0) EXT(1) 8 MHZ(0)
Cs iAPX186({) FAST RAM(0) NOT EXT(0) 5 MHZ(1)
Cs iAPX186(1) FAST RAM(0) EXT(1) 5 MHZ(1)
Cs iAPX186(1) SLOW RAM(1) NOT EXT(0) 5 MHZ(1)
Ca IAPX186(1) SLOW RAM(1) EXT(1) 5 MHZ(1)
Ca iAPX186(1) SLOW RAM(1) EXT(1) 8 MHZ(0)
ECC Mode: PD 051 Table 11. ECC System Configurations
Timing Contf. CFS(PD3) RFS(PD4) EXT(PD10) FFS(PD11)
Co IAPX286(1) SLOW RAM(0) M/S EDCU(0) 10 MHZ(0)
Co iIAPX286(1) SLOW RAM(0) M EDCU(1) 10 MHZ(0)
Co 1APX286(1) . FAST RAM(1) M/S EDCU(0) 10 MHZ(0)
Co 1APX286(1) FAST RAM(1) M EDCU(1) 10 MHZ(0)
Co 1APX286(1) FAST RAM(1) M EDCU(1) 16 MHZ(1)
Cs iAPX286(1) SLOW RAM(0) M EDCU(1) 16 MHZ(1)
Ce iAPX286(1) FAST RAM(1) M/S EDCU(0) 16 MHZ(1)
Cs " IAPX286(1) SLOW RAM(0) M/S EDCU(0) 16 MHZ(1)
Ca iAPX186(0) SLOW RAM(0) M/S EDCU(0) 5 MHZ(0)
Ca iAPX186(0) FAST RAM(1) M/S EDCU(0) 5 MHZ(0)
Ca iAPX186(0) SLOW RAM(0) M EDCU(1) 8 MHZ(1)
Ca iAPX186(0) FAST RAM(1) M EDCU(1) 8 MHZ(1)
Cs iAPX186(0) SLOW RAM(0) M/S EDCU(0) 8 MHZ(1)
Cs iAPX186(0) FAST RAM(1) M/S EDCU(0) 8 MHZ(1)
Cs iAPX186(0) SLOW RAM(0) M EDCU(1) 5 MHZ(0)
Cs 1APX186(0) FAST RAM(1) M EDCU(1) 5 MHZ(0)
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Using the Timing Charts

The notation used to indicate which clock edge
triggers an output transition is “nt” or “ni”, where
“n” is the number of clock periods that have passed
since clock 0, the reference clock, and “t” refers to
rising edge and “| to falling edge. A clock period is
defined as the interval from a clock falling edge to
the following falling edge. Clock edges are defined
as shown below.

te——N—>ie—nN+1—>

(n—1){ nt ni (nt1)t (n+1)!

The clock edges which trigger transitions on each
8207 output are tabulated in Table 12 for non-ECC
mode, and Table 13 for ECC mode. “H” refers to the

high-going transition, and “L” to low-going transi-
tion; “V” refers to valid, and “V” to non-valid.

Clock 0 is defined as the clock in which the 8207
begins a memory cycle, either as a result of a port
request which has just arrived, or of a port request
which was stored previously but could not be
serviced at the time of its arrival because the 8207
was performing another memory cycle. Clock 0 may
be identified externally by the leading edge of RAS.
which is always triggered on Ol.

Notes for interpreting the timing charts.

1. PSEL - valid is given as the latest time it can
occur. It is entirely possible for PSEL to become
valid before the time given. In a refresh cycle,
PSEL can switch as defined in the chart, but it
has no bearing on the refresh cycle itself, but
only on a subsequent cycle for one of the
external ports.

2. LEN - low is given as the latest time it can occur.
LEN s only activated by port A configured in Fast

5-87

Cycle iAPX286 mode, and thus it is not activated
by a refresh cycle, although it may be activated
by port A during a refresh cycle.

. ADDRESS - col; is the time column address

becomes valid.

. In non-ECC mode the CAS, EAACK, LAACK and

XACK outputs are not issued during refresh.

. In ECC mode there are really seven types of

cycles: Read without error, read with error, full
write, partial write without error, partial write with
error, refresh without error, and refresh with er-
ror. These cycles may be derived from the timing
chart as follows:

A. Read without error: Use row marked ‘RD, RF'.

B. Read with error: Use row marked ‘RMW’,
except for EAACK and LAACK, which should
be taken from ‘RD, RF'. If the error is uncor-
rectable, WE will not be issued.

. C. Full write: Use row marked ‘WR’.

D. Partial write without error: Use row marked
‘RMW’, except that DBM and ESTB will not be
issued.

E. Partial write with error: Use row marked
‘RMW', except that DBM will not be issued. If
the error is uncorrectable, WE will not be
issued.

F. Refresh without error: Use row marked ‘RD,
RF’, except that ESTB, EAACK, LAACK, and
XACK will not be issued.

G. Refresh with error: Use row marked ‘RMW’
except that EAACK, LAACK, ESTB, and
XACK will not be issued. If the error is
uncorrectable WE will not be issued.

. XACK - high is reset asynchronously by command

going inactive and not by a clock edge.

. MUX - valid is given as the latest time it can occur.
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Table 12 A. Timing Chart — Non-ECC Mode

PSEN

PSEL

' LEN

RAS

CAS

WE

CYCLE

H L

v

v

Flo

L

'H

L

H

RD, RF

0V | 3¢

0l

4

0!

2i

]

3¢

1L

4

WR

ol | 4

o'

5!

o

2!

oy

5!

14

5!

2i

RD, RF

0} | 5¢

]

61

1

0!

24

0l

4

1

WR

ol | 4

ol

5!

0!

2i

ol

5¢

1

5¢

2i

5¢

RD, RF

oV | 5i |

o'

6!

0d

(]

24

0l

A

1k

6!

WR

ol | 4l
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5!

0!

2i

o'

5¢

1

5y

2i

5!

RD, RF

0l | 24
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34

0}

[

2y

oV

3!

[

3!

WR

ob | 3V

0l

4

(3

2l

(o

4{

0!

4

2t

44

RD, RF

oy | 3¢
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4

(3

4!

(3
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0d

4

)]

4
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0b | 3y
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4

o'

2i
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4

oY
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2t
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Table 12 B. Timing Chart — Non-ECC Modé

COL ADDR

EAACK

LAACK'

XA

(2]
A

MUX

CYCLE

v

)

L

H

L

H

RD, RF

0l

2i

1

4

2i

5{

2!

WR

ol

2}

L

44

1L

4

2}

RD, RF

0!

3!

2}

5¢

2}

5¢

2y

WR

']

3¢

1

44

1

4

2}

RD, RF

0}

3t

2i

5¢

3

64

2!

WR

0l

34

1

4

14

44

2l

RD, RF

ol

2i

(4

2¢

1]

3V

2y
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0J

2l

0}

2l

1t
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0l
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1

34
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24
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Table 13 A. Timing Chart — ECC Mode
PSEN | PSEL | DBM | LEN RAS CAS R/W WE

C,ICYCLElH|L|V|V|L|H|L|H|L|H|L|H|L|H|H]|L
RD,RF| OV |54 |01 |6l |0 |6l |0 |{20]0 |4 |1]el

Co| WR |0l |5v|0] 6l o |20 fo |6t |1]el 1|6l |3i] 6l
RMW |0 |8V |oi|9ofoi|ai|o |20 o [1]|o [a]o]e]a
RD,RF|OV |5V [0l |6 |0 |6L| O |20]01 |4 |1]|el

Ci| WR [0l [5 [0 6l o |20 {0 |6l (1|6l |1 |6l 3] 6l
RMW [0V [ 84 [0l |9 {09 |0 |20 |0 |9 |1 |9 |4 |9 ]|6l]ol
RD,RF|OV |6 [Oi | 7i |0l |7i |0 |20 |0 |56l |1 |7

C2| WR |0l |6 |0]| T (oI T o Y T R I T I VO A O VO I
RMW |0V [104] 0t [110] o [110] o8 |20 [ or |11 | 1 {110 |50 [110] 81 [ 114
RD,RF|0O¢ |6V [0l | 7i O |7i | o |20 ]on |51 |1 |7

Cs| WR |0V |6y |0 T oj2a o |nju|lnfulnlaln
RMW |0V [104| O [ 110] OF |[110] 00 |20 | OF 110 | 14 {110 |58 [114] 81 | 111
RD,RF [0V |3V |0l |4 |0 |4 |on |2 [or |3 |0OF] 4

Cs| WR |0V |4 |oO] 5l ol |21 |0l |5 [0 |51 [11]5]|31]85
RMW |04 |64 [Oi | 7i | o |7i o f20 for |78 Joi |70 |3t |78 |57
RD,RF |0V |34 |0t |4 |0 |4 |0 |2 [oF |3 |OH| &

Cs| WR |0l |4 |o0i|sl ol |20 |0 |5 |0 |5l |11 |5 ]3| 5l
RMW OV 6} | O] 78] 00 |70 ] OF |2 |OF[70 0L |70 |3 70|58 |TH
RD,RF |0} |34 [0l |4 |0 [a |0 |20 |0r |3 |OF]| 4

Cé| WR |0V |3 |o|al ob |2t | o |4 o4l |1t a2 |4
RMW |0 |44 |0l |5 |0l |5 [0 |2 [or |5 |oi|5 |2t |5 |3t]5sl
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8207 — DRAM Interface Parameter Equations
Several DRAM parameters, but not all, are a direct

WRITE CYCLE
tRC: guaranteed by tRWC.

function of 8207 timings, and the equations for tRAS:  guaranteed by tRRW.

these parameters are given in the following tables. tCAS: guaranteed by tCRW.

The following is a list of those DRAM parameters tWCS: WE always activated. after CAS is acti-

which have NOT been included in the following vated, except in memory initialization,

tables, with an explanation for their exclusion. hence tWCS is always negative (this is
important for RMW only) except in mem-

READ, WRITE, READ-MODIFY-WRITE & ory initialization; in memory initialization

REFRESH CYCLES tWCS s positive and has several clocks of

tRAC:  response parameter. margin.

tCAC: response parameter. tDS: system-dependent parameter.

tREF:  See “Refresh Period Options” tDH: system-dependent parameter.

tCRP:  must be met only if CAS-only cycles, tDHR:  system-dependent parameter.

which do not occur with 8207, exist.
tRAH:  See “A.C. Characteristics”
tRCD: See “A.C. Characteristics”
tASC: See “A.C. Characteristics”
tASR: See “A.C. Characteristics”
tOFF: response parameter.

READ & REFRESH CYCLES

READ-MODIFY-WRITE CYCLE

tRWD: don't care in 8207 write cycles, but tabu-
lated for 8207 RMW cycles.
tCWD: don't care in 8207 write cycles, but tabu-

lated for 8207 RMW cycles.

tRCH:  WE always goes active after CAS goes
active, hence tRCH is guaranteed by
tCPN.
Table 14. Non-ECC Mode - RD, RF Cycles
Fast Cycle Configurations Slow Cycle Configurations )
Parameter Co C4 C: Cs Cs Notes
tRP 3TCLCL—T26 | 4TCLCL—T26 | 4TCLCL—T26 | 2TCLCL—T26 | 2TCLCL—-T26 1
tCPN 3TCLCL—T35 | 3TCLCL—T35 | 3TCLCL—T35 [2.5TCLCL—T35{25TCLCL—T35[ 1
tRSH 2TCLCL—T34 | 3TCLCL—T34 | 3TCLCL—T34 | 3TCLCL—T34 | 4TCLCL-T34 1
tCSH 4TCLCL—T26 | 6TCLCL—T26 | 6TCLCL—T26 | 3TCLCL—T26 | 4TCLCL—-T26 1,
tCAH TCLCL—T34 | 2TCLCL—T34 | 2TCLCL—T34 | 2TCLCL—T34 | 2TCLCL—T34 1
tAR 2TCLCL—T26 | 3TCLCL—T26 | 3TCLCL—T26 | 2TCLCL—T26 | 2TCLCL—T26 1
tT 3/30 3/30 3/30 3/30 3/30 ‘2
tRC 6TCLCL 8TCLCL 8TCLCL 5TCLCL 6TCLCL 1
tRAS 3TCLCL—T26 | 4TCLCL—T26 | 4TCLCL—T26 | 3TCLCL—T26 | 4TCLCL—T26 1
tCAS 3TCLCL—T34 | 5TCLCL—T34 | 5TCLCL—T34 | 3TCLCL—T34 | 4TCLCL—T34 1
tRCS 2TCLCL—TCL | 2TCLCL-TCL | 2TCLCL-TCL [1.5TcLCL-TeUtsToLeL-Tel 1
—T36—TBUF | —T36—TBUF |- —T36—TBUF | —T36—TBUF | —T36—TBUF
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Table 15. Non-ECC Mode - WR Cycle

Fast Cycle Configurations Slow Cycle Configurations
Parameter Co c (o Cs Cs Notes
tRP 3TCLCL—T26 | 3STCLCL—T26 | 3TCLCL—T26 | 2TCLCL—T26 | 2TCLCL—T26 1
tCPN 4TCLCL—T35 | 4TCLCL—T35| 4TCLCL—T35 |25TCLCL—T35{2.5TCLCL—-T35| 1
tRSH 4TCLCL—T34 | 4TCLCL—T34 | 4TCLCL—T34 | 4TCLCL—T34 | 4TCLCL—T34 1
tCSH 5TCLCL—T26 | 5TCLCL—T26 | 5TCLCL—T26 | 4TCLCL—T26 | 4TCLCL—T26 1
tCAH TCLCL—T34 | 2TCLCL—T34| 2TCLCL—T34 | 2TCLCL—T34 | 2TCLCL—T34 1
tAR 2TCLCL—T26 | 3TCLCL—T26 | 3TCLCL—T26 | 2TCLCL—T26 | 2TCLCL—T26 1
tT 3/30 3/30 3/30 3/30 3/30 2
tRWC 8TCLCL 8TCLCL 8TCLCL 6TCLCL 6TCLCL 1
tRRW 5TCLCL—T26 | 5TCLCL—T26| 5TCLCL—T26| 4TCLCL—T26 | 4TCLCL—T26 1
tCRW 4TCLCL—T34 | 4TCLCL—T34| 4TCLCL—T34| 4TCLCL—T34 | 4TCLCL—T34 1
tWCH 3TCLCL+TCL | 3TCLCL+TCL| 3TCLCL+TCL| 3TCLCL+TCL | 3TCLCL+TCL | 1,3
—T34 ~T34 ~T34 —T34 -3¢ |
tWCR 4TCLCL+TCL | 4TCLCL+TCL| 4TCLCL+TCL| 3TCLCL+TCL | 3TCLCL+TCL 1,3
—T26 —-T26 —T26 —T26 -T26
tWP 2TCLCL+TCL | 2TCLCL+TCL| 2TCLCL+TCL| 2TCLCL—T36 | 2TCLCL—T36 1
—T36—TBUF | —T36—TBUF | —T36—TBUF —TBUF —TBUF
tRWL 3TCLCL-T36 | 3TCLCL—T36 | 3TCLCL—T36 | 3TCLCL—TCL | 3TCLCL—TCL |+ 1
—~TBUF ~TBUF —~TBUF —T36—TBUF | —T36—TBUF
tCwWL 3TCLCL—T36 | 3TCLCL—T36| 3TCLCL—T36| 3TCLCL—TCL | 3TCLCL—TCL | 1
—TBUF —TBUF —TBUF —T36—TBUF | —T36—TBUF
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Table 16 A. ECC Mode — RD, RF Cycles

Parameter

Fast Cycle Mode

Co

Cy

C:

Cs

Notes

tRP

4TCLCL—T26

4TCLCL—-T26

4TCLCL—T26

4TCLCL—T26

tCPN

3TCLCL—T35

3TCLCL—-T35

3TCLCL—-T35

3TCLCL—T35

tRSH

3TCLCL—T34

3TCLCL—T34

4TCLCL-T34

4TCLCL—T34

tCSH

6TCLCL—T26

6TCLCL—T26

7TCLCL—T26

7TCLCL—T26

tCAH

TCLCL—T34

2TCLCL—-T34

2TCLCL—T34

2TCLCL—T34

tAR

2TCLCL—-T26

3TCLCL—T26

3TCLCL—-T26

3TCLCL—-T26

tT

3/30

3/30

3/30

3/30

tRC

8TCLCL

8TCLCL

9TCLCL

9TCLCL

tRAS

4TCLCL-T26

4TCLCL—T26

S5TCLCL—T26

5TCLCL—T26

tCAS

5TCLCL—T34

5TCLCL—T34

6TCLCL—T34

6TCLCL—T34

tRCS

TCLCL—T36
—TBUF

TCLCL-T36
—TBUF

TCLCL-T36
—~TBUF

TCLCL-T36
—TBUF

ASlalalalp|a]lala|a]a

Table 16 B. ECC Mode — RD, RF Cycles

Parameter

Slow Cycle Mode

Cs

Cs

Ce

Notes

tRP

2TCLCL—-T26

2TCLCL—T26

2TCLCL—T26

tCPN

1.5TCLCL—-T35

15TCLCL-T35

1.5TCLCL-T35

tRSH

3TCLCL—T34

3TCLCL—T34

3TCLCL—T34

tCSH

4TCLCL—T26

4TCLCL—-T26

4TCLCL-T26

tCAH

2TCLCL—T34

2TCLCL—T34

2TCLCL—T34

tAR

2TCLCL-T26

2TCLCL-T26

2TCLCL—-T26

tT

3/30

3/30

3/30

tRC

5TCLCL

STCLCL

5TCLCL

tRAS

3TCLCL—T26

3TCLCL—T26

3TCLCL—T26

tCAS

4TCLCL—T34

4TCLCL—T34

4TCLCL—T34

tRCS

0.5TCLCL—T36
—TBUF

0.5TCLCL—T36
—TBUF

0.5TCLCL—T36

—TBUF

Al ]lalafplaja|a]al-a

5-93

210463-004




ntel 8207 PRELIMINARY
Table 17 A. ECC Mode — WR Cycle '
Fast Cycle Mode

Parameters Co Cy C: Cs Notes
tRP 3TCLCL—T26 | 3TCLCL—T26 | 3TCLCL—T26 | 3TCLCL-T26| 1
tCPN 4TCLCL—T35 | 4TCLCL—T35 | 4TCLCL—T35 | 4TCLCL-T35| 1
tRSH 5TCLCL—T34 | 5TCLCL—T34 | 6TCLCL—T34 | 6TCLCL—T34 | 1
tCSH 6TCLCL—T26 | 6TCLCL—T26 | 7TCLCL—T26 | 7TCLCL-T26 | 1
tCAH TCLCL—T34 | 2TCLCL—T34 | 2TCLCL—T34 | 2TCLCL—T34 | 1
tAR 2TCLCL—T26 | 3TCLCL—T26 | 3TCLCL—T26 | 3TCLCL—T26 | "1
tT 3/30 3/30 3/30 3/30 2
k tRWC 9TCLCL 9TCLCL 10TCLCL 10TCLCL 1
tRRW 6TCLCL—T26 | 6TCLCL—T26 | 7TCLCL—T26 | 7TCLCL-T26 | 1
tCRW 5TCLCL—T34 | 5TCLCL—T34 | 6TCLCL—T34 | 6TCLCL—T34 [ 1
tWCH 5TCLCL—T34 | 5TCLCL—T34 | 6TCLCL—T34 | 6TCLCL—T34 | 1,4
tWCR 6TCLCL—T26 | 6TCLCL—T26 | 7TCLCL—T26 | 7TCLCL—T26 | 1,4
twP 3TCLCL—T36 | 3TCLCL—T36 | 3TCLCL—T36 | 3TCLCL—T36 | 1

—TBUF —TBUF —TBUF —TBUF
tRWL 3TCLCL—T36 | 3TCLCL—T36 | 3TCLCL—T36 | 3TCLCL—T36 | 1

—TBUF —TBUF —TBUF —TBUF
tCWL 3TCLCL—T36 | 3TCLCL—T36 | 3TCLCL—T36 | 3TCLCL—T36 | 1

' —TBUF —TBUF —TBUF —TBUF
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Table 17 B. ECC Mode — WR Cycle
Slow Cycle Mode
Parameters Cs4 Cs Cs Notes
tRP 2TCLCL—T26 | 2TCLCL—T26 | 2TCLCL—T26 1
tCPN 2.5TCLCL—T35{2.5TCLCL—T35{2.5TCLCL—T35 1
tRSH 5TCLCL—T34 | 5TCLCL—T34 | 4TCLCL—T34 1
tCSH 5TCLCL—T26 | 5TCLCL—T26 | 4TCLCL—T26 1
tCAH 2TCLCL—T34 | 2TCLCL—T34 | 2TCLCL—T34 1
tAR 2TCLCL—T26 | 2TCLCL—T26 | 2TCLCL—T26 1
tT 3/30 3/30 3/30 2
tRWC 7TCLCL 7TCLCL 6TCLCL 1
tRRW 5TCLCL—T26 | 5TCLCL—T26 | 4TCLCL—T26 1
tCRW 5TCLCL—T34 | 5TCLCL—T34 | 4TCLCL—T34 1
tWCH 5TCLCL—T34 | 5TCLCL—T34 | 4TCLCL-T34 | 1,4
tWCR 5TCLCL—T26 | 5TCLCL—T26 | 4TCLCL-T26 | 1,4
tWP 3TCLCL—TCL | 3TCLCL—TCL | 3TCLCL-TCL| 1
—T36—TBUF | —T36—TBUF | —T36—TBUF
tRWL 3TCLCL—TCL | 3TCLCL—TCL | 3TCLCL—TCL{ 1
—~T36—TBUF | —T36—TBUF | —T36—TBUF
tCWL 3TCLCL—TCL | 3TCLCL—TCL | 3TCLCL—TCL| 1
—T36—TBUF | —T36—TBUF | —T36—TBUF
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Table 18 A. ECC Mode — RMW
Fast Cycle Mode
Parameters Co Ci , C: Cs Notes
tRP 3TCLCL—T26 | 3TCLCL—T26 | 3TCLCL—T26 | 3TCLCL—T26| 1
t{CPN | 4TCLCL—T35 | 4TCLCL—T35 | 4TCLCL—T35 | 4TCLCL—T35| 1
tRSH | 8TCLCL—T34 | 8TCLCL—T34 | 10TCLCL—T34| 10TCLCL—T34| 1
{CSH | 9TCLCL—T26 | 9TCLCL—T26 | 11TCLCL—T26| 11TCLCL—T26| 1
tCAH TCLCL—T34 | 2TCLCL—T34 | 2TCLCL—T34 | 2TCLCL—T34| 1
tAR 2TCLCL—T26 | 3TCLCL—T26 | 3TCLCL—T26 | 3TCLCL—T26| 1
tT 3/30 3/30 3/30 3/30 2
tRWC 12TCLCL 12TCLCL 14TCLCL 1aTcLCL | 1
tRRW | 9TCLCL—T26 | 9TCLCL—T26 | 11TCLCL—T26| 11TCLCL—T26| 1
tCRW | 8TCLCL—T34 | 8TCLCL—T34 | 10TCLCL—T34| 10TCLCL—T34 1
tRCS TCLCL-T36 | TCLCL—T36 | TCLCL-T36 | TCLCL—T36 | 1
~TBUF | —TBUF —TBUF —TBUF
tRWD | 6TCLCL—T26 | 6TCLCL—T26 | 8TCLCL—T26 | 8TCLCL—T26| 1
tCWD | 5TCLCL—T34 | 5TCLCL—T34 | 7TCLCL—T34 | 7TCLCL—T34| 1
twP 3TCLCL—T36 | 3TCLCL—T36 | 3TCLCL—T36 | 3TCLCL—T36| 1
~TBUF —TBUF ~TBUF —TBUF
tRWL | 3TCLCL—T36 | 3TCLCL—T36 | 3TCLCL—T36 | 3TCLCL—T36| 1
—TBUF —TBUF —TBUF . —TBUF
tCWL | 3TCLCL-T36 | 3TCLCL—T36 | 3TCLCL-T36 | 3TCLCL-T36| 1
. —TBUF ~TBUF ~TBUF —TBUF
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Table 18 B. ECC Mode — RMW
L Slow Cycle Mode
Parameters i Cs Cs Ce Notes
tRP 2TCLCL—T26 | 2TCLCL—T26 | 2TCLCL—T26 1
tCPN 2.5TCLCL—T35|2.5TCLCL—T35/2.5TCLCL—T35 1
tRSH 7TCLCL—T34 | 7TCLCL—T34 | 5TCLCL—T34 1
tCSH 7TCLCL—T26 | 7TCLCL—T26 | 5TCLCL—T26 1
tCAH 2TCLCL—T34 | 2TCLCL—T34 | 2TCLCL—T34 1
tAR 2TCLCL—;I'26 2TCLCL—T26 | 2TCLCL—T26 1
tT 3/30 3/30 3/30 2
tRWC 9TCLCL 9TCLCL 7TCLCL 1
tRRW 7TCLCL—T26 | 7TCLCL—T26 | 5TCLCL—T26 1
tCRW 7TCLCL—T34 | 7TCLCL—T34 | 5TCLCL—T34 1
tRCS 0.5TCLCL—T36{0.5TCLCL—T36/0.5TCLCL—T36/ 1
—TBUF —TBUF —TBUF
tRWD 4TCLCL+TCL| 4TCLCL+TCL | 2TCLCL+TCL 1
—T26 —T26 —T26
tCWD 4TCLCL+TCL| 4TCLCL+TCL | 2TCLCL+TCL 1
—T34 —T34 —T34
twP 3TCLCL—TCL| 3TCLCL~TCL | 3TCLCL—-TCL 1
—T36—TBUF | —T36—TBUF | —T36—TBUF
tRWL 3TCLCL—TCL| 3TCLCL—TCL | 3TCLCL—-TCL 1
—T36—TBUF | —T36—TBUF | —T36—TBUF
tCWL 3TCLCL—TCL | 3TCLCL—TCL | 3TCLCL—-TCL 1
—T36—TBUF | —T36—TBUF | —T36—TBUF
NOTES:
1. Minimum

2. Value on right is maximum; value on left is minimum.

3. Applies to the eight warm-up cycles during initialization only.

4. Applies to the eight warm-up cycles and to the memory initilization
cycles during initialization only.

5. TP = TCLCL
T26 = TCLRSL
T34 = TCLCSL
T35 = TCLCSH
T36 = TCLW
TBUF = TTL Buffer delay
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8208
DYNAMIC RAM CONTROLLER

B 0 Wait State, 8 MHz iAPX 186/188, IAPX B Directly Addresses and Drives up to

286 and IAPX 86/88 Interface 1 Megabyte without External Drivers
B Provides all Signals necessary to B Four Programmable Refresh Modes

Control 64K (2164A) and 256K

Dynamic RAMs B . +5 Volt Only HMOSII Technology for

ngh Performance and Low Power
B Supports Synchronous or

Asynchronous
Microprocessor Interfaces

B ' Automatic RAM Warm-up

The Intel 8208 Dynamic RAM Controller is a high performance, systems oriented, Dynamic RAM controller
that is desngned to easily interface 64K and 256K Dynamic RAMSs to Intel and other microcomputer systems.
The 8208 is designed to easily interface to the iAPX 186, iAPX 188, iAPX 86, and the iAPX 88 by strapping
the programming pin to logic 0.

v;lg = cru 1 V 48 P Vee
e 2 47 P ALS
3 46 b AL6
= 45 B AL7
ds 44 P AL8
de 43 P AHO
(= 4 42 b AH1
ds 41 P AH2
arno o] PEERESH do 40 P AH3
Face d 10 39 P AH4
9% e SPAS
O
ZA'NON
POt aos o 13 5298 36'F ves
A06 ] 14 35 [ AH7
“ [ pr—— A07 d 15 34 [ AHB
— A08 ] 16 33 b PDI
RESET Vss (0 17 32 b RFRQ
RASI d 18 31 ) CLK
RASD d 19 30 b RD
CAST d 20 20 p WR
PN — CASO d 21 28 p PE
Vss (0 22 127 b PCTL
O — RESET d 23 26 ) AACKIXACK
os Vee 24 25 b WE/PCLK

Figure 1. Block Diagram and Pinout Diagram

Intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel
Product. No Other Circuit Patent Licenses are Implied. Information Contained Herein Supercedes Prevnously Published
Specifications On These Devices From Intel. January, 1985

©INTEL CORPORATION, 1983. 5-98 ORDER NUMBER 230734-002
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Table 1. Pin Description

Symbol Pin [Type Name and Function

ALO 5 | | ADDRESS LOW: These lower order address inputs are used to generate the row address

AL1 4 | | for the internal address multiplexer.

AL2 3 |

AL3 2 |

AL4 1 |

ALS 47 |

AL6 46 |

AL7 45 |

AL8 44 [

BS 6 | | BANK SELECT: This input is used to select one of the two banks of the dynamic RAM

‘ "array as defined by the program-bit RB.

AOO 7 O | ADDRESS OUTPUTS: These outputs are designed to provide the row and column

AO1 8 O | addresses, of either the CPU or the refresh counter, to the dynamic RAM array. These

AQ2 9 O | outputs drive the dynamic RAM array directly and need no external drivers. However,

AO3 10 O | they typically need series resistors to match impedances.

AO4 1 (o]

AO5 13 o '

AO6 14 o

AO7 15 [0}

AO8 16 o

VSss 12 | | GROUND

17 | | GROUND
22 | | GROUND
36 | | GROUND

RASO 19 O | ROW ADDRESS STROBE: These outputs are used by the dynamic RAM array to latch

RAS1 18 O | the row address, present on the AO0-8 pins. These outputs are selected by the BS pin
as programmed by program-bit RB. These outputs drive the dynamic RAM array directly
and need no external drivers.

8%29 21 O | COLUMN ADDRESS STROBE: These outputs are used by the dynamic RAM array to

1 20 O | latch the column address, present on the AOO-8 pins. These outputs are selected by the
BS pin as programmed by program-bit RB. These outputs drive the dynamic RAM array
directly and need no external drivers.

RESET 23 | | RESET: This active high signal causes all internal counters 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, PCTL and RFRQ pins are sampled by RESET going inactive and are used
to program the 8208. An 8 cycle dynamic RAM warm-up is performed after clocking PDI
bits into the 8208.

WE/ 25 O |WRITE ENABLE/PROGRAMMING CLOCK: Immediately after a RESET this

PCLK pin becomes PCLK and is used to clock serial programming data into the PDI pin. After
the 8208 is programmed this active high signal provides the dynamic RAM array the write
enable input for a write operation.

vcec 24 | | POWER: +5 Volts.

48 I | POWER: +5 Volts.

AACK/ 26 O | ADVANCE ACKNOWLED NSFER ACKNOWLEDGE: When the X programming bit

XACK is set to logic 0 this pin is AACK and indicates that the processor may continue process-
ing and that data will be available when required. This signal is optimized for the system |,
by programming the S program-bit for synchronous or asynchronous operation. The S
programming bit determines whether this strobe will be early or late. If another dynamic
RAM cycle is in progress at the time of the new request, the is delayed. When the
X programming bit is set to logic 1 this pin is and indicates that data on the bus
is vq!_ig%uring aread cgcle or that data may be removed from the bus during a write cy-
ce. XACK is a MULTIBUS compatible signal. i

PCTL 27 I | PORT CONTROL: This pin is sampled on the falling edge of RESET. It configures the
8208 to accept command inputs or processor status inputs. If PCTL is low after RESET
the 8208 is programmed to accept bus command inputs. If PCTL is high after RESET
the 8208 is programmed to accept status inputs from iAPX 86 or iAPX 186 type 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 bus commands it should be tied
low or it may be connected to INHIBIT when operating with MULTIBUS.

PE 28 I, | PORT ENABLE: This pin serves to enable a RAM cycle request. It is generally decoded

from the address bus.

5-99 230734-002
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Table 1. Pin Description (Continued)

Symbol Pin |Type Name and Function
WR 29 | | WRITE: T%pin is the write memory request command input. This input also directly ac-
. cepts the SO status line from Intel processors.
‘RD 30 I | READ: This pin is the read memory request command input. This input also directly ac-
, | cepts the S1 status line from Intel processors.

CLK 31 | | CLOCK: This input provides the basic timing for sequencing the internal logic

RFRQ 32 | | REFRESH REQUEST: This input is sampled on the falling edge of RESET. if RFRQ is
high at RESET then the 8208 is programmed for internal-refresh request or
request with failsafe protection. If RFRQ is low at RESET then the 8208 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.

PDI 33 | | PROGRAM DATA INPUT: This input is sam'Prl'ed P%y RESET going low. It programs the
various user selectable options in the 8208. The PCLK pin shifts programming data into
the PDI input from an external shift register. This pin may be strapped low to a default
iAPX 186 (PDI=Low) mode configuration.

AHO 43 | | ADDRESS HIGH: These higher order address inputs are used to generate the column

AH1 42 | | address for the internal address multiplexer.

AH2 41 |

AH3 40 |

AH4 39 1

AH5 38 1

AH6 37 |

AH7 35 |

AH8 34 |

5-100 ‘ ' 230734-002
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GENERAL DESCRIPTION

The Intel 8208 Dynamic RAM Controller is a
‘microcomputer peripheral device which provides the
necessary signals to address, refresh and directly
drive 64K and 256K dynamic RAMs.

The 8208 supports several microprocessor interface
options including synchronous and asynchronous
operations for iAPX 86, iAPX 186, iAPX 188 and
MULTIBUS.

FUNCTIONAL DESCRIPTION

Processor Interface

The 8208 has control circuitry capable of supporting
one of several possible bus structures. The 8208 may
be programmed to run synchronous or asynchronous
to the processor clock. (See Synchronous/Asyn-
chronous Mode) The 8208 has been optimized to run
synchronously with Intel’s iAPX 86, iAPX 88, iAPX

186 and iAPX 188. When the 8208 is programmed
to run in asynchronous mode, the 8208 inserts the
necessary synchronization circuitry for the RD, WR,
PE, and PCTL inputs.

The 8208 achieves high performance (i.e. no wait
states) by decoding the status lines directly from the
iAPX 86, iAPX 88, iAPX 186 and the iAPX 188. The
8208 can also be programmed to receive read or write
MULTIBUS commands or commands from a bus con-
troller. (See Status/Command Mode)

The 8208 may be programmed to accept the clock
of the iAPX 86, iAPX 88, iAPX 186 or 188. The 8208
adjusts its internal timing to allow for different clock
frequencies of these microprocessors. (See
Microprocessor Clock Frequency Option)

Figure 2 shows the different processor interfaces to
the 8208 using the synchronous or asynchronous
mode and status or command interface.

CLK —CLK
50 WR
8oss/ S1 RD g208
80186 52 PCTL

PE
ADDR/DATA ‘
ADDRESS
DECODE [

Synchronous-Status Interface

cLocK
CLK
ClK 5o §6 MwTC WR CLK
808/ 3 §1 MAOC—=|RD
80186 52 (] 82?15 ﬁw PCTL
8208
ADDR/DATA PE

50
| _‘L> ADDRESS
DECODE [, >|LATCH

. Synchronous-Command Interface

T

PR

74874

5
PR "5

TaLsT4

= m

Lef 50 8288

5 8US

5 CONTROLLER
ALE

Asynchronous-Status Interface

lCLOCK I

ADDRE: b b
ss
DECODE | ~|-ATCH

Asynchronous-Command Interface

Figure 2. Interfaces Supported by the 8208.
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Dynamic RAM Interface

The 8208 is capable of addressing 64K and 256K
dynamic RAMs. Figure 3 shows the connection of the
processor address bus to the 8208 using the different
RAMs. The 8208 directly supports the 2164A RAM
family or any RAM with similar timing requirements
and responses.

(NOTE 1)'
—»JAH8 )
A11-A19 A10-A17
AHO-AHS AHO-AH7
8208 (NOTE 1){ 8208
—>»]ALS
A2-A10 A2-A9
>{ ALO-ALS {ALO-AL7
A1, A1,
— |1 — |1
256K RAM 64K RAM

. INTERFACE 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 bit is used as a bank select

input so that consecutive memory access requests

are to alternate banks allowing bank interleaving

of memory cycles.

Figure 3. Processor Address Interface to the ‘

8208 Using 64K, and 256K, RAMS

The 8208 divides memory into two banks, each bank
having its own Row (RAS) and Column (CAS)
Address Strobe pair. This organization permits RAM
cycle interleaving. 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 suc-
cessive RAM cycles occur in the alternate banks.

Successive data access to the same bank cause the
8208 to wait for the precharge time of the previous
RAM cycle. But when the 8208 is programmed in an

_iAPX 186 synchronous configuration consecutive read
cycles to the same bank does not result in additional
wait states (i.e. 0 wait state reads result).

5-102
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If not all RAM banks are occupied, the 8208 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 horizontal word expansion, in-
cluding and CAS assignments. For example, if
only one RAM bank is occupied, then the two RAS
and CAS strobes are activated with the same timing.

Table 2. Bank Selection Decoding
and Word Expansion

Program | Bank
Bit Input 8208
RB BS RAS/CAS Pair Allocation
0 0 |RAS, |, CAS ,toBank0
0 1 lllegal - ‘
1 ] RAS,,, CAS) to Bank 0
1 1 RAS,, (WS1 to Bank 1

Program bit RB is not used to check the bank select
input BS. The system design must protect from
accesses to ‘“‘illegal’’, non-existent banks of memory
by deactivating the PE input when addressing an
“illegal’’, non-existent bank of memory.

The 8208 adjusts and optimizes internal timings for
either the fast or slow RAMs as programmed. (See
RAM Speed Option)

Memory Initialization

After programming, the 8208 performs eight RAM
‘“‘wake-up’’ cycles to prepare the dynamic RAM for
proper device operation (during ‘‘warm-up” some
RAM interface parameters may not be met, this
should cause no harm to the dynamic RAM array).

Refresh

The 8208 provides an internal refresh interval counter,
and a refresh address counter to allow the 8208 to
refresh memory. The 8208 will refresh 128 rows every
2 milliseconds or 256 rows every 4 milliseconds,
which allows all RAM refresh options to be supported.
In addition, there exists the ability to refresh 256 row
address locations every 2 milliseconds via the Refresh
Period programming option.

The 8208 may be programmed for any of five different
refresh options: Internal refresh only, External refresh
with failsafe protection, External refresh without
failsafe protection, Burst Refresh modes, or no
refresh. (See Refresh Options)

230734-002
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It is possible to decrease the refresh time interval by
10% 20% or 30%. This option allows the 8208 to com-
pensate 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 internally generated
refresh request. (See Refresh Period Options)

External Refresh Requests after RESET

External refresh requests are not recognized by the
8208 until after it is finished programming and prepar-
ing memory for access. Memory preparation includes
8 RAM cycles to prepare and ensure proper dynamic
RAM operation. The time it takes for the 8208 to
recognize a request is shown below.

eq. 8208 System Response: TRESP = PROG + TPREP
where: TPROG = (40) (TCLCL) which is programming

time
TPREP = (8) (32) (TCLCL) which is the RAM
warm-up time
if TCLCL = 125 ns then TRESP = 37 us

Reset

RESET is an asynchronous input, the falling edge of
which is used by the 8208 to directly sample the logic
levels of the PCTL, 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, if needed, into
the PDI input). )

Differentiated reset is unnecessary when the default
synchronization programming is used. (5=0)

Until programming is complete the 8208 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 8208. The total time of the 8208 reset pulse and
the 8208 programming time must be less than the
time before the first command the CPU issues in
systems that alter the default port synchronization
programming bit (default is synchronous interface).

The differentiated reset pulse would be shorter than
the system reset pulse by at least the programming
period required by the 8208. The differentiated reset
pulse first resets the 8208, and system reset would
reset the rest of the system. While the rest of the
system is still in reset, the 8208 completes its
programming. Figure 4 iliustrates a circuit to ac-
complish this task.

REser [

t PROGRAMMING TIME OF 8208

D Do
»

DIFFERENTIATED RESET

NOTES:

1. Required only when the port synchronization op-
tion(s) is altered from its initial default value.

2. Ve must be stable before system reset is ac-
tivated when using this circuit.

Figure 4. 8208 Differentiated Reset Circuit

Within four clocks after RESET goes active, all the
8208 outputs will go high, except for AO0-2, which
will go low.

OPERATIONAL DESCRIPTION
Programming the 8208

The 8208 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 PCTL, REFRQ, and PDI
pins. -

Status/Command Mode

The processor port of the 8208 is configured by the
states of the PCTL pin. Which interface is selected
depends on the state of the PCTL pin at the end of
reset. If PCTL is high at the end of reset, the 80186
Status interface is selected; if it is low, then the
MULTIBUS or Command interface is selected.

There exist two interface configurations, one for
MULTIBUS memory commands, which is called the
Command interface, and one for 8086, 8088, 80186
or 80188 status, called the 80186 Status interface.

" The Command interface also directly interfaces to the

command lines of the bus controllers for the 8086,
8088.
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The 80186 Status interface allows direct décoding of
the status lines for the iAPX 86, iAPX 88, iAPX 186
and the iIAPX 188. Table 3 shows how the status lines
are decoded. Microprocessor bus controller read or
write commands or MULTIBUS commands can also
be directet to the 8208 when in Command mode.

Table 3. 8208 Response

8208 Command Function
8086/80186 | Multibus or
Status Command
PCTL| RD | WR Interface Interface
0 0 0 IGNORE IGNORE
0 | 0 | 1 | IGNORE READ
0 1 0 |,IGNORE WRITE
0 1 1 IGNORE IGNORE
1 0 0 READ IGNORE
1 0 1 READ INHIBIT
1 1 0 WRITE INHIBIT
1] 1 1 IGNORE IGNORE

Refresh Options

Immediately after system reset, the state of the
REFRQ input pin is examined. If REFRQ is high, the
8208 provides the user with the choice between self-
refresh and user-generated refresh with failsafe
protection. Failsafe protection guarantees that if the
user does not come back with another refresh request
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 8208 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 failsafe
protection, it is necessary to hold the REFRQ input
high until after reset. Thereafter, a low-to-high transi-

_ tion 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 8208. A refresh request is not recognized until
a previous request has been serviced.
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External Refresh without Failsafe

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

Burst Refresh

Burst refresh is implemented  through the same
procedure as a single external refresh without failsafe
(i.e., REFRQ is kept low until after reset). Thereafter,
bnngmg REFRQ high for at least two clock periods
will cause a burst of up to 128 row address locations
to be refreshed. Any refresh request is not recogniz-
ed until a previous request has been serviced (i.e.
burst is 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 Prograni Data Word

The program data word consists of 9 program data
bits, PDO-PD8. If the first program data bit, PDO is
set to logic 0, the 8208 is configured to support iAPX
186, 188, 86, or 88 systems. The remaining bits,
PD1-PD8, may then be programmed to optimize a
selected system configuration. A default of all zeros
in the remaining program bits optimizes the 8208
timing for 8 MHz Intel CPUs using 150 nS (or faster)
dynamic RAMs with no performance penalty. Figure
5 shows the various options that can be programmed
into the 8208.

"Using an External Shift Register

The 8208 may be programmed by using an‘external
shift register with asynchronous load capability such
as a 74LS165. The reset pulse serves to parallel load
the shift register and the 8208 supplies the clocking
signal (PCLK) to shift the data into the PDI program-
ming pin. Figure 6 shows a sample circuit diagram
of an external shift.register circuit.

Serial data is shifted into the 8208 via the PDI pin (33),
and clock is provided by the WE/PCLK pin (23), which
generates a total of 9 clock pulses After program-
ming is complete data appearing at the input of the

. PDI pin is ignored. WE/PCLK is a dual function pin.
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During programming, it serves to clock the external
shift register, and after programming is completed,
it reverts to the write enable RAM control output pin.
As the pin changes state to provide the write enable
signal to the dynamic RAM array, it continues to clock
the shift register. This does not present a problem

because data atthe PDI pin is ignored after program-

ming. Figure 7 illustrates the timing requurements of
the shift register.

PD8 PD7 PDO

X |FFS|PLS|CiO |CTT |RB|RFS(5]| o

[/

PROGRAM

Default Programming Options

After reset, the 8208 serially shifts in a program data
word via the PDI pin. This pin may be strapped low,
or connected to an external shift register. Strapping
PDI low causes the 8208 to default to the iAPX 186
system configuration. Table 4 shows the character-
istics of the default configuration. If further system
flexibility is needed, one external shift register, like
a 74LS165, can be used to tailor the 8208 to its
operating environment. Figure 8 illustrates an iAPX
186 and 8208 system.

Table 4. Programming, PDI Pin Tied to Ground.

§ = 1 ASYNCHRONOUS

DATA BIT | NAME | POLARITY/FUNCTION .
Synchronous 80186 interface

PDO CFS | MUST BE ZERO

PD1 g S = 0 SYNCHRONOUS

2 RAM banks occupied

PD2 RFS | AFS = 0 FAST RAM
AFS = 1 SLOW RAM

PD3 RB RAM BANK OCCUPANCY

SEE TABLE 2
PD4 cn COUNT INTERVAL BIT 1; SEE TABLE 6
PD5 CI0 | COUNT INTERVAL BIT 0; SEE TABLE 6
PD6 PLS | PLS = 0 LONG REFRESH PERIOD

PLS = 1 SHORT REFRESH PERIOD
PD7 FFS | FFS = 0 FAST CPU FREQUENCY

FFS = 1 SLOW CPU FREQUENCY
PD8 X X = 0 AACK

X = 1 XACK

Fast processor clock frequency (8 MHz)

Fast RAM (Note 1)

Refresh iriterval uses 118 clocks

128 row refresh in 2 ms; 256 row refresh
in4 ms

Advanced ACK strobe

NOTE:

1. For iAPX 186 systems either slow or fast (150 or 100 ns)
RAMS are ok to use.

TCLPC  — MUX/PCLK delay.

RESET_J
WE/ — —>I 4—
PCLK__—/
Toap>! te— ()
ol X DO X PD1 X PD2 X_
NOTES:

TRTVCL — Reset is an asynchronous input, if reset occurs before TRTVCL, then it is guaranteed to be recognized.
TPGVCL — Minimum PDI valid time prior to reset gomg low.

TLOAD — Asynchronous load data propagation delay.

Figure 6. Timing lllustrating External Shift Register Requirements for Programming the 8208.
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+5V

8208

8208
RESET

H
SHID 7415165 o, PDI WE/PCLK

RESET

Figure 7. External Shift Register Interface

OTHER
AACK
SIGNALS
| - |
RAS 01
TV L MEMORY MEMORY
) 'E REFRG casor A zesars | 2164A15
A8 8208 (UPPER) (LOWER)
WR A000 -
;;c'n :JDE. WE DI/O
—1°E ano P5aL07 !
oF st T4LS74
LATCH
8283 A AT . b4
AACK 3
74LS74
BHE
L
AACK =i —D_

DATA BUS

Figure 8. 8208 Interface to an 80186

N
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ssynchronouslAsynchronous Mode
(S program bit)

The 8208 may be independently configured tu accept
synchronous or asynchronous commands (RD, WR,
PCTL) and Port Enable (PE) via the S program bit.
The state of the S programming bit determines
whether the interface is synchronous or
asynchronous.

While the 8208 may be configured with either the
80186 Status or Command (MULTIBUS) 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-80186 Status inter-
face using the status lines of the 80186 is supported,
with the use of TTL gates as illustrated in Figure 2.
In the 80186 case, the TTL gates are needed to
guarantee that status does not appear at the 8208’s
inputs too much before address, so that a cycle would
start before address was valid.

Microprocessor Clock Cycle Option
(CFS and FFS program bits

The 8208 is programmed to interface with micro-
processors with “slow cycle” timing like the 8086,
8088, 80186, and 80188 cycle timing. The CFS bit
configures the microprocessor interface to accept
signals from this microprocessor group. The CFS
programming bit must be programmed to logic 0.

The FFS option is used to select the speed of the
microprocessor clock. Table 5 shows the various
microprocessor clock frequency options that can be
- programmed. 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.

Table 5. Microprocessor Clock
Frequency Options.

Program Bits
9 Processor Clock
CFS FFS Frequency
0 0 iAPX 86,88,186 6 MHz

0 1 iAPX 86, 88,186 8 MHz

‘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 measured
relative to the 2118-10 (Fast) or the 2118-15 (Slow)
RAM specifications.

Refresh Period Options
(ClI0 ClI1 and PLS program bits)

The 8208 refreshes with either 128 rows every 2
milliseconds or the 256 rows every 4 milliseconds.
This translates to one refresh cycle being executed
approximately once every 15.6 microseconds. This
rate can be changed to 256 rows every 2 milliseconds
or a refresh approximately once every 7.8 micro-
seconds via the Period Long/Short, program bit PLS,
programming option.

The Count Interval 0 (CI0) and Count Interval 1 (Cl1)
programming options allow the rate at which refresh
requests are generated to be increased in order to
permit refresh requests to be generated close to the
15.6 or 7.8 microsecond period when the 8208 is
operating at reduced frequencies. The interval bet-
ween refreshes is decreased by 0%, 10%, 20%, or
30% as a function of how the count interval bits are
programmed. A 5% guardband is built-in to allow for
any clock frequency variations. Table 6 shows the
refresh period options available.

Table 6. Refresh Count Interval Table

Count Interval CI1, CI0 (8208 Clock Periods)
Ref.

Period 00 01 10 1
(uS) CFS PLS FFS (0%) (10%) (20%) (30%)
15.6 0 1 1 118 106 94 82

7.8 0 0 1 59 53 47 41
15.6 0 1 0 74 66 58 50
7.8 0 0 37 33 29 . 25

5-107 230734-002




intel

8208

PRELIMINARY

The numbers tabulated under Count Interval repre-
sent 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%
(approximately) safety factor to compensate for minor
clock frequency deviations and non-immediate
response to internal refresh requests.

Processor Timing

In order to run without wait states, AACK must be
used and connected to the SRDY input of the
appropriate bus controller. AACK is issued relative
to a point within the RAM cycle and has no fixed rela-
tionship to the processor’s request. The timing is
such, however, that the processor will run without wait
states, barring refresh cycles, and bank precharge.
In slow cycle, fast RAM configurations (8086, 80186),

is issued on the same same clock cycle that
issues RAS.

Port Enable (FE) set-up time requirements depend
on whether the 8208 is configured for synchronous

or asynchronous, fast or slow cycle operation. In a.

synchronous fast cycle configuration, PE is required
to be set-up to the same clock edge as the com-
mands. If PE is true (low), a RAM cycle is started; if
not, the cycle is aborted.

In asynchronous operation, PE is required to be set-
up to the same clock edge as the internally syn-
chronized status or commands. Externally, this allows
the internal synchronization delay to be added to the
status (or command) -to-PE delay time, thus allow-
ing for more external decode time than is available
in synchronous operation.

The minimun;ynchronization delay is the additional
amount that PE must be held valid. If PE is not held
valid for the maximum synchronization delay time, it
is possible that PE will go invalid prior to the status
or command being synchronized. In such a case the
8208 aborts the cycle. If a memory cycle intended for
the 8208 is aborted, then no acknowledge (AACK or
XACK) is issued and the processor locks up in endless
wait states. '

Memory Acknowledge (AACK, XACK)

Two type of memory acknowledge signals are sup-
plied by the 8208. They are the Advanced
Acknowledge strobe (AACK) and the Transfer
Acknowledge strobe (XACK). The S programming bit
optimizes for synchronous operation (‘‘early”
AACK) or asynchronous operation (“late” AACK).
Both the early and late AACK strobes are two clocks
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long. The XACK strobe is asserted when data is valid
(for reads) or when data may be removed (for writes)
and meets the MULTIBUS requirements. XACK is
removed asynchronously by the command going
inactive.

Since in a asynchronous operation the 8208 removes
read data before late AACK or is recognized
by the CPU, the user must provide for data latching
in the system until the CPU reads the data. In syn-
chronous operation data latching is unnecessary,
since the 8208 will not remove data until the CPU has
read it.

If the X programming bit is high, the strobe is con-
figured as XACK, while if the bit is low, the strobe is
configured as AACK.

Data will always be valid a fixed time after the
occurrence of the advanced acknowledge. Thus, the
advanced acknowledge may also serve as a RAM
cycle timing indicator.

General System Considerations

The RAS0,1, CAS0,1 and AO0-8 output buffers are

" designed to directly drive the heavy capacitive loads

associated with dynamic RAM arrays. To keep the
RAM driver outputs from ringing excessively in the
system environment it is necessary to match the
output impedance with the RAM array by using series
resistors. Each application may have different im-
pedance characteristics and may require different
series resistance values. The series resistance values
should be determined for each application.

Using the Timing Charts

The notation used to indicate which clock edge
triggers an output transition is ‘‘nt’’ or ’ni"’, where
“n” is the number of clock periods that have passed
since clock 0, the reference clock, and ‘4" refers to
rising edge and ‘¥’ to falling edge. A clock period
is defined as the interval from a clock falling edge to
the follwoing falling edge. Clock edges are defined
as shown below.

—— N — »le—N+1—»

’

(—1)i nt ni (nENDt (n+1)
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The clock edges which trigger transitions on each
8208 output are tabulated in Table 7. ““H"”’ refers to
. the high-going transition, and “‘L”’ to low-going tran-
sition; “‘V refers to valid, and “‘V”’ to non valid.
Clock 0 is defined as the clock in which the 8208
begins a memory cycle, either as a result of a port
request which has just arrived, or of a port request
which was stored previously but could not be
serviced at the time of its arrival because the 8208
was performing another memory cycle. Clock 0

is identified externally by the leading edge of RAS,
which is always triggered on 0.

NOTES FOR INTERPRETING THE TIMING CHARTS:

1. COLUMN ADDRESS is the time column address
becomes valid.

2. The CAS, EAACK, LAACK and XACK outputs are not
issued during refresh.

3. XACK - high is reset asynchronously by command go-
ing inactive and not be a clock edge.

Table 7. Timing Chart.

—_ COLUMN —
RAS ADDRESS CAS WE EAACK LAACK XACK
CYCLE L H \ v L H H L L H L H L H
RD,RF| ov | 20 | o0 | 20 | Ob | 8 [ — | — | OV | 20| 14 | 3 | 20 | RD
WR (o 4 ol 3! 1 4} 0! 4! o' 2l 1t 3t 2l | WR
8208-DRAM Interface Parameter Equations Table 8. RD, RF & WR Cycles
Several DRAM parameters, but not all, are a direct Parameter Rd, RF Cycles Notes
function of 8208 timings, and the equations for these tRP 2TCLCLT22 1
parameters are given in the following tables. The tCPN 2.5TCLCL-T30 1
following is a list of those DRAM parameters which tRSH 3TCLCL—-T29 1
have NOT been included in the following tables, with tCSH 3TCLCL—T22 1
an explanation for their exclusion. 1CAH - 2TCLCL—T29 1
READ. WRITE tAR 2TCLCL-T22 1
2 tT 3/30 2
REFRESH CYCLES 1RC TG 3
tRAC: response parameter. tRAS 2TCLCL-T22 1
tCAC: response parameter. tCAS 3TCLCL-T29. 1
tREF: See “‘Refresh Period Options’’. tRCS 1.5TCLCL—TCL—T31—TBUF 1
P ehioh do not aseut wth 3505, srise. oK ELEr ] :
ur wi , exist. — —_—
tRAH: See “‘A.C. Characteristics” Par:::‘er 2‘T?Lgll_,il‘:;2 No:es
tRCD: See ‘“‘A.C. Characteristics”
tASC: See “A.C. Characteristics” tCPN 2.5TCLCL—T30 !
tASR: See “‘A.C. Characteristics” tRSH STCLCL-T29 1
tOFF: response parameter. tCSH 4TCLCL-T22 1
tCAH 2TCLCL-T29 1
WRITE CYCLE tAR ~3TOLCL—T22 1
tDS:  system-dependent parameter. tT 3/30 2
tDH:  system-dependent parameter. tRC 6TCLCL 1
tDHR: system-dependent parameter. tRAS 4TCLCL—T22 1
 NOTES: 1CAS 3TCLCL-T29 1
1. Minimum. tWCH 3TCLCL—T29 1,3
2. Value on right is maximum; value on left is minimum. tWCR 4TCLCL-T22 1,3
3. Applies to the eight warm-up cycles during initialization tWP 4TCLCL—T31—TBUF 1
only. tRWL 4TCLCL—T31—TBUF 1
4 ggﬂgtgg:_- Ig?f;fg"_-\?v?_l“ 1CWL 4TCLCL—T31—TBUF 1
TBUF=TTL buffer delay tWes TOLCL—T31-TBUF
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ABSOLUTE MAXIMUM RATINGS
Ambient Temperature

UnderBias ................... 0°Cto +70°C
Storage Temperature .......... —65°C to +150°C
Voltage On Any Pin With

Respectto Ground.............. —=5Vto+7V
Power Dissipation..................... 1.55 Watts

NOTICE: Stress above those listed under “Absolute

Maximum Ratings” may cause permanent damage

to the device. This is a stress rating only and
functional operation of the device 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 extended periods may affect device
reliability.

D.C. CHARACTERISTICS (T, =0°C to +70°C, Voo = 5.0V +10%, Vgg =GND)

Symbol Parameter Min. Max. Units Comments
Vie Input Low Voltage —0.5 +08 Vv
ViH Input High Voltage 20 Vec+ 05 Vv
VoL Output Low Voltage 0.45 ’ Y Note 1
Von Output‘High Voltage 24 \Y Note 1
- RAM Output
VroL Low Voltage 0.45 Vv Note 1
RAM Output
VroH High Voltage 26 \ Note 1
" e Supply Current 280 mA
I Input Leakage Current +10 HA OV=Vn< Ve
Clock Input _
Voo Low Voltage . 0.5 +0.6 "
Clock Input
Ven High Voltage 3.8 Vec + 0.5 \
Cin Input Capacitance 20 pF fc=1MHz
NOTES:

1. lo. =8 mA and lon = -0.2 mA (typically lo. = 10'mA and |o|-o = -0.25mA)

A.C. Testing Load Circuit

A.C. Testing Input, Output Wéveform

Rras
-Fio" Rcas I
CASo1 MN—IO Cras
8208 5 ' [ L
0-8 Ru vV Y | -
Other Outputs :E Cess
j_: Cno
T
RRAS =39Q - CRAS = 150 pF
RCAS =39Q , CCAs = 150 pF
RAO =220 CAO = 200 pF
RL =33Q CL,= 50 pF

4.0V, 2.4V 20 2.4

045 0.8 0.8

A.C. Testing inputs (except clock) are driven at
2.4V for a logic “1”” and 0.45V for a logic ‘0"’
(clock is driven at 4.0V and 0.45V for logic ‘1"
and ‘0" respectively). Timing measurements are
made at 2.0V, 2.4V for logic ‘1" and 0.8 V for loglc
“0!1
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A.C. CHARACTISTICS (To,=0°Cto +70°C, Voc= +5V £10%, Vgs=GND)

Measurements made with respect to RASO, 1, CASQ, 1, AG0-8 are at 2.4V and 0.8 V. All other pins are
measured at 2.0V and 0.8V. All times in nsec unless otherwise indicated. AC testing done with specified
test load.

CLOCK AND PROGRAMMING
8208 (FFS=1) 82086 (FFS=0)
Ref. Symbol Parameter Min. Max. Min. Max. Units | Notes
— | tF Clock Rise Time 10 15 ns
— | tF Clock Fall Time 10 15 ns
1 | TCLCL Clock Period 125 500 167 500 ns
2 [TCL Clock Low Time TCLCL/2-12 TCLCL/2-12 ns
3 | TCH Clock High Time TCLCL/3+2 TCLCLI3+2 ns
4 | TRTVCL Reset to CLK! Setup 40 65 ns 1
5 | TRTH Reset Pulse Width 4 TCLCL 4 TCLCL ns
6 [ TPGVRTL | PCTL PDI, RFRQ TCLCL TCLCL ns 2
to RESET! Setup
7 | TRTLPGX | PCTL, RFRQ 10 10 ns
to RESET! Hold
TCLPC PCLK from CLK/{ Delay 45 65 ns
TPDVCL | PDI to CLK¢ Setup 60 100 ns
10 | TCLPDX | PDI to CLK¢ Hold 40 65 ns 3
SYNCHRONOUS P INTERFACE
11 | TKVCH | RD, WR, PCTL 20 30 ns
' TO CLKt Setup
12 | TCLKX RD, WR, PE, PCTL 0 0 ns
to CLKV Hold
13 | TPEVCL | PE to CLK! Setup 30 50 ns
ASYNCHRONOUS P INTERFACE
14 | TRWVCL | RD, WR to CLK! Setup 20 30 ns
15 | TRWL RD, WR Pulse Width 2TCLCL +30 2TCLCL +50 ns
16 | TRWLPEV | PE from RD, WR! Delay TCLCL-30 TCLCL-50 ns
17 | TRWLPEX | PE to RD, WR' Hold 2TCLCL + 30 2TCLCL +50 ns
18 | TRWLPT | PCTL from RD, WR! Delay TCLCL-30 TCLCL-50 ns
19 | TRWLPTX | PCTL to RD, WR¢ Hold 2TCLCL +30 2TCLCL +50 ns
RAM INTERFACE
20 | TAVCL AL, AH, BS to CLK' Setup 45 +1ASR 55 +tASR ns 4
21 | TCLAX AL, AH, BS to CLK} Hold 0 0 ns
22 | TCLRSL | RAS! from CLK} Delay 35 55 ns
23 | tRCD RAS to CAS Delay TCLCL2-25 TCLCL/2-40 ns 57,8
75 60 ns 6,7,8
24 | TCLRSH | RASt from CLK! Delay . 50 70 ns
25 | tASR Row AO to RAS! Setup 4,10
26 | tRAH Row AO to RAS! Hold TCLCL/4-10 TCLCL/4-15 ns 57,9
‘ 40 35 ns 6,7,9
27 | tASC Column AO to CAS! TCLCL/4~26 5 5,7, 11,12
Setup 5 5 ns 16,7,11,12
28 [ 1CAH Column AO to CAS Hold (See DRAM Interface Tables) | 18
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A.C. CHARACTERISTICS (Continued)
RAM Interface _(Continued)

8208 8208-6

Ref. Sylhbol Parameter Min. Max. Min. Max. Units | Notes

29 | TCLCSL | CAS! from CLK¢ Delay TCLCL/4+30 | TCLCL/1.8+53 |[TCLCL/4+30 | TCLCL/1.8+78 | ns

30 [ TCLCSH | CASt from CLK} Delay. 50 70 ns

31 | TCLWH WEH? from CLK¢ Delay TCLCL/4+30 | TCLCL/1.84+53 |TCLCL/4+30 | TCLCL/1.8+78 | ns

32 | TCLWL WE! from CLK{ Delay ' 35 55 ns

33 | TCLTKL | XACK¢ from CLK{ Delay 35 55 ns

34 | TRWLTKH | XACK? from RDt, WR! Delay 50 60 ns

35 | TCLAKL | AACK‘ from CLK{ Delay 35 55 ns

36 | TCLAKH [ AACK? from CLK! Delay 50 70 ns

REFRESH REQUEST

37 | TRFVCL | RFRQ to CLK¢ Setup 20 30 ns

38 [ TCLREX | RFRQ to CLK! Hold 10 10 ns

39 | TFRFH Failsafe RFRQ Pulse Width TCLCL +30 TCLCL+50 ns 14
40 | TRFXCL | Single RFRQ inactive 20 30 ns 15

to CLK{ Setup :
41 | TBRFH Burst RFRQ Pulse Width 2TCLCL +30 2TCLCL +50 ns 14
NOTES:

1. RESET is internally synchronized to CLK. Hence a set-up time is
required only to guarantee its recognition at a particular clock edge.

. The first programming bit (PDO) is also sampled by RESET going low.

. TCLPDX is guaranteed if programming data is shifted using PCLK.

. tASR is a user specified parameter and its value should be added
accordingly to TAVCL.

. 125 ns < TCLCL < 200 ns.

. 200 ns < TCLCL.

. Specification for Test Load Conditions.

. tRCD (actual) = tRCD (specification)+0.06 (ACg,g)—0.06 (Cgas)
where AC =C (test load)—-C (actual) in pF.

. tRAH (actual) = tRAH (specification)+0.06 (ACgag)—0.022 (ACx0)
where AC = C (test load)—-C (actual) in pF.

. tASR (actual) = tASR (specification)+0.06 (AC ) —0.025 (ACg,s)
where AC =C (test load)-C (actual) in pF.

. tASC (actual) = tASC (specification)+0.06 (ACso)—0.025 (AC¢,s)
where AC = C (test load)—C (actual) in pF.

. tASC is a function of clock frequency and thus varies with changes in

frequency. A minimum value is specified.

. See 8208 DRAM Interface Tables,

. TFRFH and TBRFH pertain to asynchronous operation only.

. Single RFRQ cannot be supplied asynchronously.

© O~NOO, HWN
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WAVEFORMS
Clock and Programming Timings

PCTL PB4
REFRQ ey ® @
{
PDI PDO X PD1 X

RAM Warm-up Cycles

ak—/ N\ S /NN

RESET—'}.\
RAs:_/ ’ 1 ! l(—’f——\ —
WE 7 \
' . PROGRAMMING . LAST RAM WARM-UP
| RESET i FIRST RAM WARM-UP CYCLE |
NOTE:

The present example assumes a RAS four clocks long.
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CHAPTER 1
INTRODUCTION

This guide is a supplement to the 8207 Data Sheet! and is intended as a design aid and not a stand-
alone description of the 8207. The reader should already have read and have a copy of the 8207 Data
Sheet, 8206 Error Detection and Correction Unit Data Sheet (EDCU), a microprocessor Data Sheet,
or a Multibus bus specification for interfacing to the 8207, and a dynamic RAM Data Sheet<.

The Intel 8207 Advanced Dynamic RAM Controller is a high performance, highly integrated device
designed to interface 16k, 64k, and 256k dynamic RAMS to Intel microprocessors. The 8207, with
the 8206, provides complete control for memory initialization, error correction, and automatic error
scrubbing.

The 8207 has several speed selected versions. The -16 and -12 parts are for clock speeds up to I6MHz and 12

MHz in “fast cycle” configurations, and up to 8 MHzand 6 MHz in “slow cycle” configurations. The -8 and -6
parts can only be used in slow cycle configurations and as a result have some relaxed A.C. timings.

NOTE:

(1) The most current Data Sheet‘ is dated July, 1984
(2) All RAM cycle timings and references are based on Intel’s 2164 A Dynamic RAMs, APR 82
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| CHAPTER 2
PROGRAMMING THE 8207

The many configurations of bus structures, RAM speeds, and system requirements that the 8207
supports require the 8207 to be programmable. The 8207 will modify its outputs to provide the best
performance possible. The 8207 must be told what type of interface the memory commands will
arrive on, what type of RAM (speed, refresh rate) is being used, the clock rate, and others.

The 8207 uses two means to be informed of the user’s requirements. It reads in a 16 bit serial program

word and examines the logic states on several input pins. The pins that are sampled for a logic level
give the user options on the types of refresh and memory command input timing.

Input Pin Options

The three input pins that configure part of the 8207 are: PCTLA, PCTLB, and REFRQ. Let’s
examine the options in refresh types the REFRQ pin provides.

Refresh types:
The 8207 gives the user a choice of the following refresh types.

1) Internal Refresh: All refresh cycles are generated internally — based on an internal
programmable time.

2) External Refresh with Failsafe: If the external logic does not generate a refresh cycle within
the programmed period, the 8207 will.

3) External Refresh - No Failsafe or No Refresh; All refresh cycles are generated at times
by the user. This is for systems that cannot tolerate the random delay imposed by refresh
(.e. graphlcs memory).

4) Burst Refresh: The 8207 generates up to 128 consecutive refresh cycles and must:-be requested
by external logic. Memory requests will be performed when the burst is completed.

The 8207 examines the state of the REFRQ pin when RESET goes inactive. This timing is shown in
the ““Clock and Programming Timings’’ waveforms in the Data Sheet.
A

If REFRQ is sampled active by the falling edge of RESET, the 8207’s internal timer is enabled. The
timer’s period is determined by the CIO, CI1, and PLS bits in the program word. External refresh
cycles are generated by a low to high transition on the REFRQ input. This transition, besides generating
a refresh cycle, also resets the internal timer to zero. Simply tie REFRQ to Vcc if internal refresh
is required.

If REFRQ is seen low at the falling edge of RESET, the internal timer is deactivated. All refresh cycles
must either be done by external logic or by accessing all RAM (internal) rows within a 2 ms period.

Once the no failsafe option is programmed, the 8207 will generate a burst of up to 128 refresh cycles
when the REFRQ input goes from low to high and sampled high for two consecutive clock edges.
These cycles are internally counted and the 8207 stops when the refresh address counter reaches the
value XX11111115 (X = don’t care; see Refresh Counter section). If prior to the burst request the
counter is at XX1111110, then only 2 refresh cycles would be generated.
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For a single refresh cycle to be generated via external logic, the REFRQ input will have to go from
low to high and then sample high by a falling 8207 clock edge. Since external refresh requests typically
arrive asynchronously with respect to the 8207’s clock, this requires the REFRQ to be synchronized
to the 8207 clock when programmed in the failsafe mode. This is to ensure that the request is seen
for one clock - no more, no less. If no external synchronization is performed, then the 8207 could
do random burst cycles.

Processor Interface Options:

The PCTLA, PCTLB input pins will program the 8207 to accept either the standard demultiplexed
RD and WR inputs, or to directly decode the status outputs of Intel’s iAPX86, 88 family of
microprocessors. The state definitions of the status lines and their timings, relative to the processor
clock, differ for the 8086 family and the iAPX286 processor. Table 1 illustrates how the 8207
interprets these inputs after the PCTL pins are programmed.

If PCTL is seen high, as RESET goes inactive, and 8086 status interface is enabled. The commands
arriving at the 8207 are sampled by a rising clock edge. When PCTL is low, the 80286 status and
Multibus command interface is selected. These commands are sampled by the 8207 by a falling clock
edge.

More information on interfacing to processors is contained in the Microprocessor Interface section.

Table 1. Status Coding of 8086, 80186 and 8207 Response

80286
8207 .
Command Function
Status Code Function
== == = | == 8oae Command
S2 | S1 ]| SO 8086/80186 80286 PCTL | RD | WR Status Interface
0 0 0 Interrupt Interrupt Interface
0 | 0 | 1 | VO Read /0 Read 0 | 0] 0 |lgnore Ignore
0] 1 |0 [vowrie /0 Write 0 1 0 f 1 | lgnore Read
0 1 ] Halt idie 0 1 0 Ignore Write
T | 0 | 0 | Instruction Halt 0 [ 1 ] 1 | lgnore Ignore
Fetch 1 0 0 Read Ignore
1 0 1 Memory Read | Memory Read 1 0 1 Read Inhibit
1 1 0 | Memory Write | Memory Write 1 1 0 | Write Inhibit
1] 1 1 Idle " Idle 1 1 1 Ignore Ignore

Prqgramming Word

The 8207 requires more information to operate in a wide variety of systems: The 8207 alters its
timings and pin functions to operate with the 8206 ECC chip. The programming options allow the
designer to use asynchronous or synchronous buses, various clock rates, various speeds and types of
RAM, and others. This is detailed in Table 2.

This data is supplied to the 8207 over the PDI input pin. There are two methods of supplying this
data. One is to strap the PDI pin high or low with the subsequent restrictions on your system. Table
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3 shows the required system confxguratlon Note that your only option when strapping thls pin high
or low is error correctlon or not. . RNEIN .

If any other conflguratxons are requlred then the programmmg data w111 have to be supphed by one

or two 74LS165 type shift registers. Note that the sense of the bits in the program word change
between ECC and non-ECC configurations. .

Table 2a.
Non-ECC Mode Program Data Word

PD15 PDS PD7 PDO

[ o | o [T™1]|PPR | FFS | exT | PLS | cio | ci1 [ RB1 [RBO[RFS [cFs|sB [sA | o |
‘Program .
Data Bit Name Polarity/Function
_'PDO ECC | ECC=0__ Fornon-ECC mode
PD1 SA SA=0 Port A is synchronous
. SA =1 Port A is asynchronous
PD2 SB SB=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 E_B—_O RAM bank occupancy
PD6 RB1 See Table 4
PD7 CH Count interval bit 1: see Table 6 in 8207 data sheet
PD8 Clo Count interval bit 0: see Table 6 in 8207 data sheet
PD9 PCS PCS =0  Long refresh period
PCS =1 . Short refresh period
PD10 EXT |  EXT=0 ' Notextended
) . EXT =1 Extended
PD11 ' FFS FFS=0  Fast CPU frequency - ;
: ‘ FFS=1 . Slow CPU frequency
.PD12 PPR PPR=0  Most recently used port priority
: PPR=1  Port A preferred priority
PD13 ™1 ™1 =0 Test mode 1 off
g ‘ i TM1 =1 Test mode 1 enabled
PD14 0o Reserved must be zero
PD15 0 : Reserved must be zero
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Table 2b.
ECC Mode Program Data Word
PD15 PD8 PD7 PDO
{72z | RrB1 |RBo |PPR | FFs |ExT [PLs | Tio | CiT | xB | XA [RFs|cFs|[SB | sa | 1 |
Program
Data Bit Name Polarity/Function
PDO ECC ECC = ECC mode
, . PD1 SA SA=0 Port A is asynchronous (late AACK)
SA = Port A is synchronous (early AACK)
PD2 SB SB=0 Port B is synchronous (early AACK)
SB =1 Port B is asynchronous (late AACK)
PD3 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 Multibus-compatible XACKA
XA =1 AACKA not multibus-compatible
PD6 XB XB=0 AACKB not multibus-compatible
XB =1 Multibus-compatible XACKB
PD7 Ch Count interval bit 1: see Table 6 in 8207 data sheet
PD8 Clo Count interval bit 0: see Table 6 in 8207 data sheet
PD9 PLS PLS =0 Short refresh period
’ PLS = Long refresh period
PD10 EXT EXT =0 Master and slave EDCU
EXT EXT = Master EDCU only
PD11 FFS FFS =10 Slow CPU frequency
) FFS = Fast CPU frequency
PD12 PPR PPR =0 Port A preferred priority
: PPR = Most recently used port priority
PD13 RBO RAM bank occupancy
PD14 RB1 See Table 4
PD15 T™2 T™M2 =0 Test mode 2 enabled
™2 =1 Test mode 2 off

Table 3. 8207 Default Programming

Port A is Synchronous—has early AACK

Port B is Asychronous—has late AACK

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
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Reset

If Port A is changed to an asynchronous interface (via the SA bit), then one of two precautions must
be taken. Either a differentiated reset must be provided, or else software must not access the 8207
controller RAM for a short period. The 8207 is either adding or deleting internal synchronizing
circuits. If a’command is received during this changing, the 8207 may not perform properly. This
is required only if Port A is changed to asynchronous, or if Port B is changed to synchronous.

Several of the bits in the program word determine a particular configuration of the 8207 (reference
Tables 10, 11 and the 8207 Data Sheet). The bits are: CFS, CLOCK fast or slow; RFS, RAM access
time fast or slow (fast refers to 100 ns - slow is everything greater); and EXT, for memory data word
- widths .greater than 16 (22) bits. Generally speaking, CO is the fastest configuration at clock
frequencies up to 16 MHz, both in the ECC or non-ECC charts. ‘C3’ is the fastest for 8§ MHz clocks
in non-ECC mode, and ‘C4’ is the fastest configuration when using ECC.

Take, for example, a 16 MHz 8207 clock with no error correction, a 16 bit word, and 150 ns (slow) dynamic
RAMs. Table 10, in the 8207 data sheet, is used to arrive at the configuration “C1.” The Timing chart Table 12
in the 8207 Data Sheet is then used to determine which clock edge to reference all timings from. The
Waveforms diagrams then are used to determine the delay from the clock edge.
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CHAPTER 3
RAM INTERFACE

The 8207 takes the memory addresses from the microprocessor bus and multiplexes them into row
and column addresses as required by dynamic RAMs. The only hardware requirement when inter-
facing the 8207 to dynamic RAM are series resistors on all the RAM outputs of the 8207, and proper
layout of the traces (see Intel’s RAM Data Sheets or the Memory Design Handbook). This section
mainly details the effects and requirements of input signals to the 8207 on the RAM array.

The 8207 contains an internal address counter used for refresh and error scrubbing (when using the
8206 EDCU) cycles. The 8207 has 18 address inputs (AILO-AIL8 and AIH0-AIHS8) which are multiplexed
to form 9 address outputs (A00-A08). There are also 2 bank select (BSO, BS1) inputs for up to 4 banks
of RAM. The Bank Select inputs are decoded internally to generate RAS and CATS outputs.

Refresh Interval

The 8207 supports four different refresh techniques as described in the Refresh Options section. In
addition, the rate at which refresh cycles are performed is programmable. This is necessary because
the refresh period is generated from the CLK input, which may vary over a wide range of frequencies.
Programming the Cycle Fast/Slow (CFS) and Frequency Fast/Slow (FFS) bits automatically reprograms
the refresh timer to generate the correct refresh interval for a clock frequency of 16, 10, 8, or S MHz
(CFS, FFS = 11, 10, 01, and 00, respectively). For clock frequencies between those, Count Interval
(CI1, CIO) programming bits allow ‘‘fine tuning’’ of the refresh interval. Refresh will always be done
often enough to satisfy the RAM’s requirements without doing refresh more often than needed and
wasting memory bandwidth for all clock frequencies.

Refresh Counter

The internal refresh address counter of the 8207 contains 20 bits as organized in Figure 1.

19 18 | 17 16 15 14.13 12 11 10 9 | 8 7 6 5 4 3 2 1 0
Bank , Col addr Row addr

Figure 1. 8207 Refresh Address Counter

In non-ECC mode, the refresh address counter does not count beyond bit 8. For standard RAMs,
this will refresh 128 rows every 2 ms or 256 rows every 4 ms.

In ECC mode, the 8207 automatically checks the RAM for errors during refresh. This requires it to
access each of the possible 24V words of memory. The 8207 does not delete any of these bits when
used with( 16k and 64k dynamic RAMs. Each column would be scrubbed 4 times with 16k RAMs,
and twice with 64 RAMs. This will have no detrimental effect on reliability. Banks of RAM that are
not occupied, as indicated to the 8207 by the RBO, RB1 programming bits, will not be scrubbed.

Bank Selects BS0O, BS1; RBO, RB1

The 8207 is designed to drive up to 88 RAMs in various configurations. The 8207 takes 2 inputs, BSO,
BS1, and decodes them based on 2 programming bits, RBO, RB1, to generate the required RAS/CAS
strobes. Additionally, the 8207 will always recognize (not programmable) whether an access is made
to the same RAM bank or to a different bank. The 8207 will interleave the accesses resulting in
improved performance. ‘
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RAS and CAS Reallocation

The 8207’s address lines are designed to drive up to 88 RAMs directly (through impedance matching
resistors). The 4 RAS and CAS outputs drive up to 22 RAMs per bank (16 data plus 6 check bits
with the 8206). Under these conditions, the 8207 will meet all RAM timing requirements. See
Figure 2 for an example.

RASO - r
CAS0 — sems 8 BITS 6 ECC BITS*
RAST > ,
CASi [ 8 BITS : ,8BITS 6 ECC BITS"
8207
AO0-8
RAS2 : -
| CAS2 r - 8 BITS : '8 BITS 6 ECC BITS"
> BS0
> 8st
RAS3 [——
CASS ‘ 8 BITS : 8 BITS 6 ECC BITS"

*ECC OPTIONAL

Figure 2. 8207 4 RAM Bank Configuration

The 8207 can accommodate other. configurations like a 32 bit error corrected memory system. Each
bank would have 39 RAMs (32 + 7 check bits) with the total number of RAMs equal to 78. This is
within the address drivers capability, but the 39 RAMs per bank exceeds the RAS and CAS drivers
limits. The loading of the RAS/CAS drivers should not exceed 22 RAM:s per bank, otherwise critical
row, column address setup, and hold times would be violated.

In order to prevent these critical timings being violated, the 8207 will re-allocate the RAS and CAS
drivers based on the RBO, RB1 programming bits (see Table 4) If the RBO, RBI1 bits are programmed
for 2 banks, the 8207 will operate RASO and RASI as a pair along with m and RAS3, CASO and
CASI1, and CAS2 and CAS3. Now the address drivers would be loaded by 78 RAM:s and the RAS/CAS
drivers by 20 RAMs. This relative loading is almost identical to the first case of four banks of
22 RAMs each. Drive reallocation allows a wide range of memory configurations to be used and still
maintain optimal memory timings. Figure 3 shows a 32 bit non-error corrected configuration.

These programming bits do not help to qualify RAM cycles. Their purpose is to reallocate RAS/CAS
drivers. For example, if thére is one bank of RAM and the bank select inputs (BSO, BS1) select any
other bank and no provision is made to deselect the 8207 (via PE), the 8207 will do a RAM cycle
and issue an acknowledge. This happens irregardless of the RBO, RB1 programmed value. See the
Optional RAM Bank’s section to provide for this.
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Table 4. RAM Bank Selection Decoding
and Word Expansion

Program
Bits
RB1 RBO

Bank
Input

B1 BO

RASICAS Pair Allocation

o

o

RASQ.3, CASQ.3 to Bank 0 |

lllegal Bank Input

lilegal Bank Input

lilegal Bank Input

TASp, 1, CAS 1 to Bank 0
RAS3 3, CASp 3 to Bank 1

lllegal Bank Input

lllegal Bank Input

RASp, CASq to Bank 0

RAS4, CAS; to Bank 1

RAS», CAS» to Bank 2

lllegal Bank Input

RAS4, CAS4 to Bank 1

RASg, CASp to Bank 0

RAS,, CAS; to Bank 2

mlalalaljalalalalolololojolololo

alalalalololololalala]l=]lololo

w|lol=w]lol=|lol=lol=]lolalola]lo]l-=

RASg3, CAS3 to Bank 3

16 BITS

[AA

16 BITS

BSO
BS1

16 BITS

Lk

16 BITS

ol

8207

Figure 3. 8207 2 RAM Bank Configuration
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An additional function of the RB0, RB1 bits, besides RAS/CAS allocation, is to inform the 8207
of how many banks are physically present. The 8207 will, during the refresh cycle, read data from
a location and check to see that data and check bits are correct. If there is an error, the 8207 lengthens
the refresh cycle and writes the corrected data back into RAM. Scrubbing the entire memory greatly
reduces the chance of an uncorrectable error occurring. See the Refresh section for more detail on
scrubbbing.

Refresh Cycles

The 8207 performs RAS only refresh cycles in non-ECC systems. It outputs all 8207 control signals
except for CAS and acknowledges. The real delay in a system due to refresh would be a fraction of
that valuel. The length of the refresh cycle is always 2tRP + tRAS, and varies based upon the
programmed 8207 configuration.

In error-corrected systems, the refresh cycle is actually a read cycle. The 8207 outputs a row address,
then all RAS outputs go active. Next, a column address is output and then CAS. The CAS output
is based upon the RBO, RB1 allocation bits. Figure 4a shows the general timing for a four bank system,
and Figure 4b shows a two bank system.

<HOW X COLUMN X ROW { < ROW XCOLUMM ROW

RAS0-3 \ ‘ RAS0-3 \
CASO \ CAS0,1 \

4 BANKS / 2 BANKS

Figure 4. Refresh Cycles for Error Corrected Systems

(1) Measurements have shown a delay of 2-4% on program execution time compared to programs
running without refresh.
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The 8207 sends the read out word through the 8206 EDCU to check for any errors. If no errors, the
refresh cycle ends. If an error is discovered, the 8207 lengthens the cycle. An error is determined if
the ERROR output of the 8206 is seen active at the same edge that the 8207 issues the R/W output.
The cycle is then lengthened to a RMW cycle. If the error was correctable, the corrected data is writ-
ten back to the location it was read from. But, if the data is uncorrectable, the cycle is still lengthened
to a RMW, but no write pulse is issued. To aid in stabilizing the RAM output data and the Error
flag, pullup resistors of 10k ohms on the data out lines are recommended.

Scrubbing removes soft errors that may accumulate until a double-bit error occurs, which would halt
the system. Hard single-bit failures will not stop the system, but could slow it down. This is because
read and refresh cycles lengthen to correct the data.

For large RAM arrays some form of error logging or diagnostics should be considered.

Interleaving

The term ‘‘interleaving’’ is often used to refer to overlapping the cycle times of multiple banks (or
boards or systems) of RAMs. This has the advantage of using relatively slow cycle time banks to achieve
a faster perceived cycle time at the processing unit. The drawbacks of interleaving are more logic to
handle the necessary control and, for maximum performance, the program should execute sequen-
tially through the addresses.

Dynamic RAM cycles consist of 2 parts — the RAS active time (tRAS in Dynamic RAM Data Sheets)
and precharge time (tRP). The sum of these two times are roughly equal to the cycle time of the RAM.
The 8207 determines how long these two periods are, based on the configuration the user picked (via
the programming bits). Bank interleaving, as used by the 8207, is slightly different than the previous
definition. The 8207 will overlap the precharge time of one bank with the access time of another bank.
In either case, the advantage is the effective cycle time is reduced without having to use faster RAMs.

For interleaving to take place there must be more than 1 bank of RAM connected to the 8207.
Interleaving is not practical with 3 banks of RAM because 3 is not a power of 2 (the 2 bank inputs
BS0, BS1). So, interleaving works only for 2 or 4 banks of RAM. Note that it is easy enough to use
three banks of RAM where the bank select inputs are connected to the highest-order address line.
For instance, if three banks of 2164s are used in an 8086 system, and located at address OH, bank
selects BSO and BS1 would be connected to microprocessor addresses A17 and A18, respectively. Banks
0-2 would be accessed in the address ranges OH - FFFFH, 10000H - 1FFFFH, and 20000H - 2FFFFH,
respectively. In this case, consecutive addresses are almost always in the same bank and very little
interleaving can take place.

Figure 5 shows the effects on the performance of the processor with and without interleaving. In both
examples, consecutive accesses to the same bank will add 1 wait state to the second access, but no
wait states to consecutive accesses to different banks. Irregardless of the 8207 configuration, there
will always be a minimum 1 wait state added without interleaving. Therefore, interleaving is very highly
recommended! . ' -

Interleaving is accomplished by connecting the 8207’s BS0, BS1 inputs to the microprocessor’s low
order word address lines. Each consecutive address is then located in a different bank of RAM. About
90% of memory accesses are sequential, so interleaving will occur about 90% of the time in a single
port system.

In a dual port system, the advantages of interleaving are a function of the number of banks of memory.
Since the memory accesses of the two ports are presumably independent, and both ports are continuously
accessing memory, the 8207 arbiter will tend to interleave accesses from each port (i.e., Port A, Port
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. v N .
: fat—— tRP .
RASO \ / oS q | ¥
RAST L /

" CONFIGURATION C3—NO ECC (EAD)

Figure 5. Processor Performance With and Without Interleaving

B, Port A, Port B, ...). If there are two banks of RAM interleaving will occur 50% of the time and,
if there are four banks of RAM, interleaving will take place 75% of the time'. To the extent that
a single port generates a majority of memory cycles, interleaving efficiency will approach 90% as
described in the previous paragraph. ,

(1) Don’t get confused here. The paragraph is talking about interleaving memory requests from
both ports, and their probability of accessing one of the other banks of RAM where tRP
has been satisfied. The 8207 will leave the RAM precharge time out if consecutive accesses go
to different banks. The 8207 RAM timing logic does not care which port requests aRAM cycle
requests a RAM cycle.

Optional RAM Banks o

Many users allow various RAM array sizes for customer options and future growth. Some care must
be taken during the design to allow for this. Three items should be considered to permit optional RAM
banks.

The f1rst item is the 1€ total RAM size. The 8207 starts a memory cycle based only upon a valid status
or command and PE active. So some logic will be required to deselect the.8207 (via PE) when the
addressed location does not exist within the current memory size. A 7485 type magnitude comparator
works well.

The second item to consider is the. BSO, BSI inputs. With yone barrh of RAM these i‘npu’ts are tied
to ground. Four banks of RAM require two address inputs. So, if the design ever needs four banks
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of RAM, then the BSO, BS1 inputs must be connected to address lines. Selecting a non-existant RAM
bank is illegal. Figure 6 shows a non-interleaved method.

a9 > BS1
ag [ >— BSO
A
+5 ASB PE
lﬁs
8207
7485

Figure 6. Non-Interleaved 8207 Selection Circuit

With designs using interleaving, the least significant word address lines are connected to the BSO, BS1
inputs. With two banks of RAM, Al from the Intel processor is connected to BS0. A2 is connected
to BS1, but not allow