
8202A 
DYNAMIC RAM CONTROLLER 

• Provides All Signals Necessary to. Control 
2104A, 2117, or 2118 Dynamic Memories 

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

• Provides Address Multiplexing and 
Strobes 

• Provides a Refresh Timer and a Refresh 
Counter 

• Refresh Cycles May be Internally or Exter-
nally Requested 

• Provides Transparent Refresh Capability 

• Fully Compatible with Intel I!> 8080A, 
8085A, iAPX 88, and iAPX 86 Family Micro-
processors 

• Decodes CPU Status for Advanced Read 
Capability 

• Provides System Acknowledge and Trans-
fer Acknowledge Signals 

• Internal Clock Capability with the 8202A·1 

The Intel@ 8202A is a DynamiC Ram System Controller designed to provide all signals necessary to use 2104A, 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 supports an internal crystal oscillator. 
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Figure 1. 8202A Block Diagram 
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Pin 
Symbol No. Type 

ALo s I 
ALl 8 I 
AL2 10 I 
AL3 12 I 
AL4 14 I 
AL5 lS I 
ALS/OP3 18 I 

AHO 5 I 
AHl 4 I 
AH2 3 I 
AH3 2 I 
AH4 1 I 
AH5 39 I 
AHS 38 I 

BO 24 I 
Bl /OP l 25 I 

PCS 33 I 

WR 31 I 

RDISI 32 I 

REFRQI 34 I 
ALE 

OUTO 7 0 
OUTl 9 0 
OUT2 11 0 
OUT3 13 0 
OUT4 15 0 
OUT5 17 0 
OUTS 19 0 

WE 28 0 

CAS 27 0 

8202A 

Table 1. Pin Descriptions 

Name and Function 

Address Low: CPU'address in-
puts used to generate memory 
row address. 
ALS IOP3 used to select 4K 
RAM mode. 

Address High: CPU address in-
puts used to generate memory 
column address. 

Bank Select Inputs: Used to 
gate the appropriate RASO-
RAS3 output for a memory cy-
cle. Bl IOPl option used to se-
lect the Advanced Read Mode. 

Protected Chip Select: Used to 
enable the memory read and 
write inputs. Once a cycle is 
started, it will not abort even if 
PCS goes inactive before cycle 
completion. 

Memory Write Request. 

Memory Read Request: SI 
function used in Advanced Read 
mode selected by OPl (pin 25). 

External Refresh Request: ALE 
function used in Advanced Read 
mode, selected by OP 1 (pin 25). 

Output of the Multiplexer: 
These outputs are designed to 
drive the addresses of the Dy-
namic RAM array. For 4K RAM 
operation, OUTS is designed to 
drive the 2104A CS input. (Note 
that the OUTO-S pins do not re-
quire inverters or drivers for 
proper operation. 

Write Enable: Drives the Write 
Enable inputs of the Dynamic 
RAM array. 

Column Address Strobe: This 
output is used to latch the Col-

I·umn Address into the Dynamic 
RAM array. 
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Pin 
Symbol No. Type Name and Function 

RASO 21 0 Row Address Strobe: Used to 
RASI 22 0 latch the Row Address into the 
RAS2 23 0 bank of dynamic RAMs, select-
RAS3 2S 0 ed by the 8202A Bank Select 

pins (BO, Bl lOP 1). 

XACK 29 0 Transfer Acknowledge: This 
output is a strobe indicating val-
id data during a read cycle or 
data written during a write cycle. 
XACK can be used to latch valid 
data from the RAM array. 

SACK 30 0 System Acknowledge: This 
output indicates the beginning of 
a memory access cycle. It can 
be used as an advanced trans-
fer acknowledge to eliminate 
wait states. (Note: If a memory 
access request is .made during a 
refresh cycle, SACK is delayed 
until XACK in the memory ac-
cess cycle). 

(XO) OP2 3S 1/0 Oscillator Inputs: These inputs 
(XI) CLK 37 1/0 are designed for a quartz crystal 

to control the frequency of the 
oscillator. If Xo IOP2 is connect-
ed to a 1 Kg resistor pulled to 
+12V then XI ICLK becomes a 
TIL input for an external clock. 

N.C. 35 Reserved for future use. 

VCC 40 Power Supply:+5V. 

GND 20 Ground. 

NOTE: Crystal mode for the 8202A-l only. 
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Figure 3. Crystal Operation for the 8202A·1 
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Functional Description . Refresh Counter 
The 8202A provides a complete dynamic RAM controller 
for microprocessor systems as well as memory 
boards. All of. the necessarY control.signals are provided 
for 2104A, 2117, and 2118 dynamic RAM's. 

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 synchronQus with respect to this clock reference, ex-
cept for the CPU handshake signals SACK and XACK 
(trailing edge). . 

CPU memory. normally use the RD and WR in-
puts. The advanced READ mode allows ALE and S 1 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 I 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 three strapping options. When OP 1 is se-
lected (16K mode only), pin 32 changes from a RD input to 
an S 1 input, and pin 34 changes from a REFREQ input to 
an ALE input. See "Refresh Cycles' and "Read Cycles" 
for more detail. OP1 is selected by tying pin 25 to +12V 
though a 5.1K ohm resistor. 

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

OP3 is selected by connecting Pin 18 to + 12V through a 
5.1K ohm resistor. ,The 8202A will change its internal re-
fresh timer from 12s-row refresh (2118, 2117) to S4-row 
refresh (2104A). 

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 tim-
er. 

Description Pin # Normal Function 
Bl/0Pl 25 Bank (RAS) Select 

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

Address Multiplexer 
The address multiplexer takes the address inputs and the 
refresh counter outputs, and gates them onto the address 
outputs at the appropriate time. The address outputs, in 
COnjunction with the RAS and CAS outputs, determine the 
address used by the dynamic RAMs for read, write, and 
refresh cycles. During the first part of a read or write cy-
cle, ALa-AL6 are gated to OUTO-OUTs, then AHO-AHS 
are gated to the address outputs. 

During a refresh cycle, the refresh counter is gated onto 
the address outputs. All refresh cycles are RA8-0nly re-
fresh (CAS inactive, RAS active). 

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

OUT o-OUT S 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 I 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. 

Option Function 
Advanced·Read Mode 

XO/OP2 36 Crystal Oscillator (8202A·l) External Oscillator 

AL6/0P3 18 Address Input 64·ROW Refresh 

Figure 4. 8202A Option Selection 
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Test Cycle 
The TEST Cycle is used to check operation of several 
8202A internal functions. TEST cycles are requested by 
activating the RD and WR inputs, independent of PCS. The 
TEST Cycle will reset the refresh address counter and per-
form a WRITE Cycle. The TEST Cycle should not be used 
in normal system operation, since it would affect the dy-
namic RAM refresh. 

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

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

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

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

External refresh is requested via the REFRQ input (pin 34). 
External refresh co.ntrol 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 even if the Rq 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 (tREF), then,: in ef-
fect, all refresh cycles will be caused by the external re-
fresh request, and the internal reftesh timer wil! never 
generate a refresh request. 

___ REFRO 

8085A
S1 

8202A 

SACK or 
CAS 

Figure 5. Hidden Refre.sh 

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

1) Normel Read, via the RD input 
2) Advanced Read, using the S 1 and ALE inputs 

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

Normal Read Advanced Read 
Pin 25 81 input +12 Y?lt Option 
Pin 32 RD input Slinput 
Pin 34 REFRQ input ALE Ynput 
# RAM banks 4 (RAS 0-3) 2.(RAS 2-3) 
Ext. Refresh Yes No 

Figure 6_ 8202A Read Optlo!'s 

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 as soon as the 
command hold time (tCHS> is met. 

Advanced Read cycles .are requesteq by pulsing ALE 
while. S t is active; if. S 1 is inactive (IQw) ALE is ignored. 
Advanced Read timing is similiar to Normal Read timing, 
except the falling edge of ALE is the cycle start 
reference. 

If a Read cycle is requested while a refresh cycle is in 
progress, then the 8202A will set· the internat delllyjKl-
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 timin9 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 
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normally be used; if tlie 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 numper. 
of WAIT states, then either XACK .ora 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 cycles. All 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 .off... .... . 

General System Considerations 
All memory requests (Normal Reads, Advanced Reads, 
Writes) are qualified by the F>cs 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 pulluppCS to pre"ent erroneOus' memory requests, 
and should aiso pullup WR to keep the 8202A out of its 
test nlqctl:!. . .. , .,' 

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

The BO-B 1 inputs are similiar to the' address inputs in that 
they are not latched. BOand B1;shOllld not be changed 
dur'ing a memory cycle, since they directly control which 
RAS output is activated. 

The 8202A uses a two-stage synchtonizer for the memory 
request inputs (RD, WR, ALE), and a separate two stage 
synchroniter for the exterilal··refteshinput (REPRO)',' As 
withaily synchronizei', 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 ri1emorycycle every three years based on the 
full operating range of the 8202A 

":;. 
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A microprocessor system is concerned with the tiine data 
is valid after RD goes low. See Figure.7. In order to calcu-
late memory read access tmes, the dynamic' flAM's A.C: 
specifications must be'examined, 'especially the RA8-ac-
cess time (tRAC) and the CAS.access time (tCAC). Most 
configurations will be CA&:access limited; I.e., the data 
from fhe RAM will· be stabletcc,m'ax (8202A) +tCAC 
(RAM) after a memory read cycle is started. Be sure to 
add any delays (due to buffers, data latches, etc.) to cal-
culate the overall read access time. ' 

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

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

If the WE outpUHs externally delayed beyond the C,4;S 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. 

I 
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Figure 7. Read Access Time 
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ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias ............ O·C to 70·C 
Storage Temperature ................ -65·C to + 150'C 
Voltage On any Pin 

With Respect to Ground ................ -0.5V to +7V4 
Power Dissipation ................ · ............ 1.5 Watts 

'NOTE: $trflsSfiS abovfI thosfI listfld undflr "Absolutfl Maxi-
mum Ratings" may causfl pflrmanflnt damagfl to the device. 
This Is a stress only and functional operation of the de-
vice at these or any othflr conditions above thosfl indicated in 
the operational sections of this specification ;s no, impiifld. 
Exposure to absolutfl maximum rating conditions for flX-
tflnded pflr/ods may affflct device rfl/iabllity. . 

D.C. CHARACTERISTICS TA '" o·c to 70·C· VCC = 50V ± 10%' GND = OV , 
Symbol Parameter 
Vc Input Clamp Voltage 

ICC Power Supply Current 

IF Forwsrd Input Current 
ClK 
All Other Inputs3 

IR Reverse Input Current3 

Val Output low Voltage 
SACK,XACK 
All Other Outputs 

VOH Output High Voltage 
SACK,XACK 
All Other Outputs 

Vil Input low Voltage 

VIHI Input High Voltage 

VIH2 Option Voltage 

CIN Input Capacitance 

NOTES: 
1.IR=200 mA'torpln 37 (elK) for external clock mode. 
2. For test mode RD & WR must be held at GND. 
3. Except tor pin 36. 
4. 

+12 Yon 1 K 
±10% 

5.1 K 

5.1 K 

Min 

2.4 
2.S 

2.0 

36 OPz 

S20lA 

25 OPI 

18 OP3 

Resistor ± 5% 
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Max Unite Teet Conditio". 
-1.0 V IC =.,..5 mA 

,,, 

270 mA :: 

-2.0 mA VF = 0.45V 
-320 p.A VF = 0.45V 

40 p.A VR = Vee (Note 1) 

0.45 V IOL=5mA 
0.45 V IOl=3mA 

Vil 0;= 0.S5V 
V IOH = -1 rnA 
V IOH= -1 mA 

0.8 V VCC = 5.0V (Note 2) 
V VCC = 5.0V 
V (Note 4) 

F=IMHz 
30 pF VBIAS = 2.5V, VCC = 5V 

TA'" 25·C 

AFNOI838A 
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A.C. CHARACTERISTICS 
TA = o·c to 70·C, VCC = 5V ± 10% 

Measurements made with respect to RASO-RAS3, CAS, WE,OUTO-OUT6 are at 2.4V and 0.8V. All 
other pins are measured at 1.5V. All times are in nsec. 

Symbol Parameter Min Max 
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 

tREF Refresh Time (64 cycles-4K mode) 548tp 576tp 

tREF Refresh Time (128 cycles-16K mode) 264tp 288tp 

tRP RAS Precharge Time 4tp - 30 

tRSH RAS Hold After CAS 5tp - 30 

tASR Address Setup to RAS tp - 30 

tRAH Address Hold From RAS tp - 10 

tASC Address Setup to CAS tp - 30 

tCAH Address Hold from CAS 5tp - 20 

tCAS CAS Pulse Width 5tp - 10 

twcs WE Setup to CAS tp - 40 

tWCH WE Hold After CAS 5tp - 35 

tRS RD, WR, ALE, REFRQ delay from RAS Stp 

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 S 1 Setup to ALE 15 

tLA S 1 Hold from ALE 30 

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

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

tsc CMD Setup to Clock 15 

tMRS RD, WR setup to REFRQ 5 

tCA RD, WR, ALE to SACK Delay 2tp + 47 

tcx CAS to XACK Delay 5tp - 25 5tp + 20 

tcs CAS to SACK Delay 5tp - 25 5tp + 40 

tACK XACK to CAS Setup 10 

txw XACK Pulse Width tp - 25 

tCK SACK, XACK turn·off Delay 35 

tKCH CMD Inactive Hold after SACK, XACK 10 

tLL REFRQ Pulse Width 20 

tCHS CMD Hold Time 30 

tRFR REFRQ to RAS Delay 4tp + 100 

tww WR to WE Delay 0 50 

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

Fffi,WR 

Advanced Read Mode 

ALE 

8202A 

. tcc 
-MAX 

...-tCA--""-
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WAVEFORMS (cont'd) 
Memory Compatibility Timing 

8202A 

________________ V_A_LlD_A_OO __ RE_S_S __________________ ____________________________ _ 

-4---- -----. 

\ 
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r\ V 
I--'ASR- f-IRAH- j+-IASC_ _ICAH_ 
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Write Cycle Timing 
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.1 
......- .. IN 
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. ICC 
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WAVEFORMS (cont'd) 
Read or Write Followed By External Refresh 

iii'i,WR 

REFRQ 

1----- tAMP ------1 . .-- tRP--" 

1------- IRC ------.. 1 

-----1\ 
I_--__ 

External Refresh Followed By Read or Write 

RD, \Vii 

REFRQ 
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WAVEFORMS (cont'd) 
Clock And System Timing 

CLK 

RD, WR, ALE 

Table 2 8202A Output Test 
Loading. 

Test Load 
Pin 
SACK.XACK CL = 30 pF 
OUTo-OUTe CL = 1eo pF 
RASo-RAS3 CL = eo pF 
WE CL = 224 pF 
CAS CL = 320 pF 

NOTES: 
I. tsc is a reference point only. ALE. RD. WR. and REFRQ inputs do 

not have to be externally synchronized to 8202A clock. 
2. If tRS min and tMRS min are met tCA. tCR. and tcc are 

valid. otherwise ICS is valid. 
3. tASR. IRAH. IASC. tCAH. and IRSH depend upon 80-81 and CPU 

address,.remainin,9 slable Ihroughoul the memory cycle. The, ad-
dress inpuls are not latched by Ihe 8202A. 

4. For back-Io-back refresh cycles. IRC max = 13tp 
5. IRC max is valid only if IRMP min is met (READ. WRITE followed 

by REFRESH) or IMRP min is mel (REFRESH followed by READ. 
WRITE). 

6. IRFR is valid only if IRS min and IRMS min are met. 
7. txw min applies when RD. WR has already gone high. Otherwise 

XACK follows RD. WR. ' 
8. WE goes high according to tWCHor tWW. whichever occurs 

first. 
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The typical rising and falling characteristic curves 
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 tim-
ingshifts based on system capacitive load. . 

A.C. CHARACTERISTICS FOR DIFFERENT CAPACITIVE LOADS 

Ur-__ .... -. ............ +-........ -. ............ ,-.... ............ ,-........ -, ............ .-........ 

.. __ __ -+ ____ -+ ____ -+ ____ -+ ____ 
O.OL-........ ............ t-........ ............ ........ ............ ........ ............ ........ ........ 

TIME 

5.0 r-........ """T ............ +-........ -. ............ ,-........ -. ............ -,-........ -, ............ .-........ 

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

TA = 25°C 
VCC= +5V 
tp=50ns 

Pins not under test are loaded with Test Load 
capacitance. 
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Example: Find the effect on tCR and tcc using 64 
2118 Dynamic RAMs configured in 4 banks. 
1. Determine the typical RAS and CAS capacitance: 

Fromthe data sheet RAS = 4 pF and CAS = 4 pF. 
:. RAS load = 64 pF + board capacitance. 

CAS load = 256 pF + board capacitance. 
Assume 2 pF/in (trace length) for board 
capacitance. 

1·82 

2. From the waveform diagrams, we determine that 
the fallinQ. 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 72 pF for RAS loading, then the tcR 
(max.) spec should be increased by about 1 ns. 
Similarly if we use 288 pF for CAS, then tcc (min.) 
and (max.) should decrease about 1 ns. 


