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8203
64K DYNAMIC RAM CONTROLLER

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

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

m Provides Address Muitiplexing and
Strobes

= Provides a Refresh Timer and a Refresh
Counter

» Provides Refresh/Access Arbitration

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

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

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

m Provides System Acknowledge and Trans-
fer Acknowledge Signals

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

& |ntermal 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

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

AMg-ANF
COLNN
— SR ' d ~ «p-
AHg 1 'cC
x ¥ o~
! w3 2 30 [Dans
PP —— w2 [ 38 ane
wy e a7 [Jxvax
- a0 s 38 [ x0/0P2
P ap [s 35 [ 7] 1ex /80K
- 3o & 7 34 [ ] revRa/aLE
o . A (s n]rs
. —
o] ven m.‘ & e 2z [Jwbrs1
axn az]w g0 I
m;; ........... o, 11 30 [ ] sae%
s e AL []12 20 [ 3 WATK
S e .w BTy [J1a 2 [ WE
AnmiTEn A ] Ed mEe
X aive [] s 20 [ ] #a33 mo)
nermO/ AL LaveH e e as []1e . 25 81/0ey (AHp)
] outs (] v 2¢[J8g A7)
e, [] 18 23] R&S; (0T
oivs (] v 22 [ ] A%y
—— OSCLLATOR ao [ 20 21 [7] RRSo
beeeeeed X070P2 .
»/ax
Figure 1. 8203 Block Diagram Figure 2. Pin Configuration
Intel C4 No R for the Use of Any Circuitry Other Than Circuitry Embodied in an Intet Product. No Other Circuit Patent Licenses are implied.

©INTEL. CORPORATION, 1882 JULY 1982

ORDER NUMBER: 21044-002

3-259



8203

Table 1. Pin Descriptions

Pin Pin
Symbol | No. | Type | Name and Function Symbol |No. | Type | Name and Function
Alg 8 |l Address Low: CPU address in- RASg 21 {0 Row Address Strobe: Used to
ALq 8 |1 puts used to generate memory RAS 22 |0 latch the Row Address into the
AL2 10 1 row address. RASy/ 23 |0 bank of dynamic RAMS, select-
ALz 12 |1 OuT; ed by the 8203 Bank Select pins
ALy 14 |1 RAS3/Bg |26 |1/0 | (Bg, B1/OP1). In 84K mode,
AlLs 18 |1 only RASq and RAS are avail-
Alg 18 |1 able; pin 23 operates as OUTy
- and pin 26 operates as the Bg
AHg 5 I Address High: CPU address in- bank select-input.
AH4 4 I puts used to generate memory -
AHo 3 |1 column address. XACK 29 |O Transfer Acknowledge: This
AHg 2 | ' output is a strobe indicating val-
AHg4 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 |1 Bank Select Inputs: Used to e — R
8y/0P¢/ |25 |y pate the appropriate RAS output SACK % |0 System Acknowledge: This
AH7 for a memory cycle. B1/OP{ op- output |nd|ca§es 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. (the: If a mer'nory
and 25 operate as the ALy and access request is ma(lie duringa
AH7 address inputs. refresh cycle, SACK is delayed
until XACK in the memory ac-
PCS 33 |1 Protected Chip Select: Used to cess cycle).
e“_abl‘? the memory read an.d Xg/OPp |36 |1/0 Oscillator Inputs: These inputs
write mc.vuts: Once a cycle '_s X4/CLK |37 |1/O are designed for a quartz crystal
started, it will not abort even if
PCS goes inactive before cycle to c_ontrol the frequer.\cy of the
X oscillator. If Xg/OPg2 is shorted
complstion. to pin 40 (V¢ ) or if Xg/OP2 is
WR 31 |1 Memory Write Request. connected to +12V through a
pu— 1KQ resistor then X1/CLK be-
RD/S1 32 |! Memory Read Request: S1 comes a TTL input for an exter-
function used in Advanced. Read nal clock. (Note: Crystal mode
mode selected by Oy (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/8aK |35 |\ 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 (216?)’ Pins 23-26
OuT 9 o) These outputs are designed to change function based on the
OuT, 11 |0 drive the addresses of the Dy- mode of operation.
0uT3 13 |o namic RAM array. (Note that the Voo 40 Power Supply: +5V.
OuTy 15 (o OUTgp.7 pins do not require in-
OUTs 17 |0 verters or drivers for proper op- GND 20 Ground.
OuTg 19 |0 eration.)
WE 28 |0 Write Enable: Drives the Write Functional Description
Enable inputs of the Dynamic The 8203 provides a complete dynamic RAM control-
RAM array. ler for microprocessor systems as well as expansion
CAs 27 |o Column Address Strobe: This memory. boards. All of the necessary contrpl signals
output is used ta 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
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and one for-64Ks, controlled by pin 35.
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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 alows ALE and S1 to be
used in place of the FD input.

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

8203

Other Option Selections
——  xo — W TheB203hast'weestmppingoptions.WhenO_P1iase-
} —_— lected (18K mode only), pin 32 changes from a RD input to
esk —— an S1 input, and pin 34 changes from a REFRQ input to an
! £5% - — W% ALE input. See “Refresh Cycles” and "Read Cycles" for
— GH 82031 % more detail. OP is selected by tying pin 25 to +12V
soou3 T 82083 through a 5.1K ohm resistor on the 8203-1 or 8203-3

= :s%g 4 |— AAS2 only.
= —o A3

Cs < 10pF [ W When OP2 is selected, the internal oscillator is disabled
FUNDAMENTAL XTAL L . e and pin 37 changes from a crystal input (X{) to a CLK
input for an external TTL clock. OP2 is selected by short-

ing pin 36 (Xg/OP32) directly to pin 40 (VCC). No current
limiting resistor should be used. OP2 may also be selected
by tying pin 36 to +12V through a 1K resistor.

Refresh Timer

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

Refresh Counter

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

An on-chip synchronizer / arbiter prevents memory and re- Pin # | 16K Function 64K Function
fresh requests from affecting & cycle in progress. The 23 RAS, Address Output (OUT7)
READ, WRITE, and external REFRESH requests may be 24 Bank Select (Bo) Address Input (AL7)
asynchronous to the 8203 clock; on-chip logic will syn- 25 Bank Select (B1) Address Input (AH7)
chronize the requests, and the arbiter will decide if the re- 26 RAS3 Bank Select (Bg)
quests should be delayed, pending compietion of a cycle in Figure 4. 16K /64K Mode Selection
progress.
16K /64K Option Selection
Pin 35 is a strap input that controis the two 8203 modes. Inputs Outputs
Figure 4 shows the four pina that are multiplexed. In 18K B1 [Bo | RASo RASy AAS,; RAS3
mode (pin 35 tied to VG or left open), the 8203 has two o} o] 0 1 1 1
Bank Select inputs to select one of four RAS outputs. In 18K ) 1 1 0 1 1
this mode, the 8203 is exactly compatible with the Intel Mode | 1 0 1 1 0 1
8202A Dynamic RAM Controller. In 64K mode (pin 35 tied 1 1 1 1 1 0
to GND), there is only one Bank Select input (pin 26) to 84K — s} 0 1 — —
select the two RAS outputs. More than two banks of 84K Mode | — 1 1 0 - —
dynamic RAM's can be used with external logic. Figure 5. Bank Selection

Dascription Pin # Normal Function Option Function

B1/OP1(16Konly)/AH7 | 25 Bank (RAS) Select Advanced-Read Mode (82031, -3)

X/ OP2 36 Crystal Oscillator (8203-1 and 8203-3) External Osciliator

Figure 8. 8203 Option Selection
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Address Muttiplexer

The address multiplexer takes the address inputs and the
refresh counter dutputs, 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 OUTo-OUT7, then AHg—-AH7
are gated to the address outputs.

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

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

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

Synchronizer/Arbiter

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

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

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

a) IDLE

b) TEST Cycle

c) REFRESH Cycle
d) READ Cycie

@) 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 wil
reset the refresh address counter and perform a WRITE
Cycle. The TEST Cycle should not be used in normal sys-
temn operation, since it would affect the dynamic RAM re-
fresh.
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Refresh Cycles
The 8203 has two ways of providing dynamic RAM
refresh:

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

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

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

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

The arbiter will allow the refresh requeét 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.

¥ 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.

So REFRO
B085A
$1 8203
ALK o
CAS
Figure 7. Hidden Refresh
AFN-02144B
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Certein system configurations require compiete external
refresh requests. If external refresh is requested faster
than the minimum internal refresh timer (tREF), then, in ef-
fect, alt refresh cycles wit be causel! by the externat re-
fresh request, and the internal refresh- timer wll! ‘never
generate a refresh request L

Read Cycies » s
The €203 can accept two different types of memory Read
reque»sts

1) Normal Read, via the ﬁﬁ inptit - :
2) Advanced Read, using the S1 and ALE inpats (18K
mode only)

The user can seloct the desired Read request oonﬁqura-
tion via the B1/0F 1 hardware strapping option on'pin’ 25

Normal Read Advanced Read
Pin 25 B1 lnput OPq (+12V)
Pin 32 RD input St input -
Pin 34 REFRQ input ALE input
# FIAM banks 4 (RAS g.3) 2 (RAS 2.3)
Ext. Refresh Yes No -

Figure 8. 8203 Read Options

Normal Reads are requested by activating the RD input,
and keeping it active until the 8203 responds with an

XACK pulse. The RD input can go inactive as soon asthe
command hoid-time (tCHS) is met

Advanced Read‘cycles are requested By pulsfng ALE

while S1'is active; if S1 is inactive (low) ALE is ignored.

Advénced 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 i8in
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 cornperisate for the CPU's READY
setup and hold times. The delayed-SACK iatch i§ cleated
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.

3263

Write Cycles

Wnte 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. Al 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

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 puliup PCS to prevent erroneous memory requests.

In order to minimize propégétion 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 taop AC parameter should be used for this sys-
tem calculation

The BQ'B1 inputs are similiar to the address mputs in that
they are not latched. Bg and B4 shouid not be changed

. during a memory cycle, smde 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 extemal 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
vaiid 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 (1CAC). Most
configurations will be CAS-access limited; i.e., the data
from the RAM will be stable tcc,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, inciuding 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

AFN-021448
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may increase the number of WAIT states generated by the

it 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
shouid 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, OUTp-7, and WE outputs contain on-
chip series damping resistors (typically 20() to minimize
overshoot. )

Some dynamic RAMs require more than 2.4V V). Noise
immunity may be improved for these RAMs by adding pull-
up resigtors to the 8203’s outputs. Intel RAMs do not re-
quire pull-up resistors.

ADo-7

T

ALo-s BT

80-1

2208
16K MOOE) WE

no/Sy  RASo
wn

—
DATA BUS
1

DATA
LATCH ™

2118

DYNAMIC HAM ARRAY e —
r—-:
Ao-8
BANK O
O
Dout;
WE
2 -
ho-8
AN 1 :
om .
3 Doyt
Cas
RaS
Dyt Dour
Ao-&
BANK 2
Dnum
WE
[y
RAS
D Dour
Mv
BANK 3
D
wE P W Bout
o8 Ow D“oon II"‘m:tu'r Sour
B oour], _Dour

Figure 10. Typicsl 8088 System
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ABSOLUTE MAXIMUM RATINGS®

Ambient Temperature Under Bias ......... ... 0°C to 70°C
Storage Temperature ................ —-85°C to +150°C
Voitage On any Pin

With RespecttoGround . ... ............ —0.5V to +7v4
Power Digsipation ............................ 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 14 = 0°C to 70°C; Vg = 5.0V + 10% (5.0 + 5% for 8203-3); GND = OV

Symbol Paramefer Min Max Units Test Conditions
o} input Clamp Voltage -1.0 v lc=-5mA
Icc Power Supply Current 290 mA
IF - Forward input Current

CLK, 84K/ 18K Mode select -2.0 mA VE = 0.45V

All Other Inputs® —~320 HA VE = 0.45V
Ir Reverse Input Current3 40 uA VR = Vcci Note 1
VoL Output Low Voitage

SACK, XACK 0.45 v 0L =5 mA

All Other Outputs 0.45 v loL = 3mA
VoH Output High Voltage ViL =085V

SACK, XACK 2.4 v o4 = —1mA

All Other Outputs 2.6 v IoH = —1mA
ViL Input Low Voltage 0.8 \ Vce = 5.0V (Note 2)
ViHi input High Voltage 2.0 Veo Vv Ve = 5.0v
ViH2. Option Voltage Vece v (Note 4)

F = 1MHz
CIN Input Capacitance 30 pF VBIAS = 2.5V, Vg = 8§V
TA = 25°C
NOTES:

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

4. 82031 and 8203-3 supports both OP1 and OP2, 8203 only supports OP2.

+12 Volt 5. 1K Cd [P
+10% VW 1
8203
w 3
AV —{ o,
Resiator T +5%

3-268
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A.C. CHARACTERISTICS

Ty = 0°Cto 70°C; Voe = 5V * 10% (5.0V + 6% for 8203-3); GND = OV

Measurements made with respect to RASg-RAS3, CAS, WE, DUT-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 Externat 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 Refrash Time (128 cycles) 264tp 288tp
trp RAS Precharge Time 4tp — 30
trSH RAS Hold Atter 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
tGAH Addrass Hold from CAS Stp — 20 3
tCAS CAS Pulse Width 5tp — 10
twes WE Setup to CAS tp — 40
twCH WE Hold After CAS 5tp — 35 8
s RD, WR, ALE, REFRQ delay from RAS 5tp 2,6
tMRP RD, WR setup to RAS 0 &
tHMS REFRQ setup to RD, WR 2tp
| thMP REFRQ setup to RAS 2tp 5
tpcs PCS Setup to RD, WR, ALE 20
AL S1 Setup to ALE 15
tiA $1 Hold from ALE 30
toR RD, WR, ALE to RAS Delay tp + 30 2p + 70 2
tco RD, WR, ALE to CAS Dslay 3tp + 25 4tp + 85 2
tsc CMD Setup to Clock 15 1
| tuRS RD, WR setup to REFRQ 5 2
toA RD, WR, ALE to SACK Delay 2tp + 47 2,9
tx CAS to XACK Delay 5tp — 25 5tp + 20
1cs CAS to SACK Delay Stp — 25 5tp + 40 2,10
taCK XACK to CAS Setup 10
tXw XACK Puise Width tp — 25 7
toK SACK, XACK turn-off Delay 35
t<CH CMD Inactive Hold atter SACK, XACK 10
tL REFRQ Pulse Width 20
tCHS CMD Hold Time 30 1
tRFR REFRQ to RAS Delay 4tp + 100
tWw WR to WE Delay 50
tAD CPU Address Delay 40
3-267 AEN-02144B
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WAVEFORMS
Normal Read or Write Cycle

L— o
[ Ak — tack - WCH —»
1CHS = /_
SACK
fe— tCX
W ]

Advanced Read Mode

5 7! | .NF
e / 7 5\_

ws / ;‘ﬁ*’ﬁ /

SACK
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Inter 8203

WAVEFORMS (cont’d)
Read or Write Followed By External Refresh
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WAVEFORMS (cont’d)
Clock And System Timing
p —n
P |
ax
L
[
WPCS: QL ]
RD, WA, ALE /
s N\
CAS
‘Table 2. 8203 Output Loading. A.C. TESTING LOAD CIRCUIT

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

Pin

Test Load

SACK, XACK
OUTo-00Ts.
RASo-RASs
We

CAS

CL = 30 pF
CL = 160 pF
CL = 60 pF
CL = 224 pF
CL = 320 pF

NOTES:

1

2.

3.

. 1gc is & referance paint only. ALE, RD, WR, and REFRQ inputs do

not have to be externally synchronized to B203 clock.
if trg min and hyyrg min are met then tc A, tCR. and tcc are valid,
otherwise tcg is valid. -

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 tgpp min is met (READ, WRITE followed

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

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

XACK follows RD, WR.

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

firat.

3-270

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

.

NOTE: C includes jig capacitance

. tca applies only when in normal SACK mode.de.
. tcs applies only when in delayed SACK mode.
. tcxs must be be met only to ensure a SACK active puise

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.

AFN-021448
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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
deterriine the effects of capacmve foading on the A.C. typical timing shifts based on system capacitive load.

A.C. CHARACTERISTICS FOR DIFFERENT CAPACITIVE LOADS

80

CAPACITANCE: p#

/
Eiu NO LOAD s/ 1o A // :—? & 60
| zZz=
/
=
0.0 - ,‘_‘”._.l
\
IBIANSSS
\
NO LOAD - Xm\m \aao XE\‘\
o8 y AN AN = i ,
- :M——
' .nuz I"“"'"{
NOTE: ) o MEASUREMENT CONDITIONS:
anits for aystem criioaltming parameters, | e Ta=28°C Ping not measured are loaded with
vVee = +5v the Test Load capacitance
tp = 50ns
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Example: Find the effect on tCR and tCC using 32 2164 2. From the waveform diagrams, we determine that the

Dynamic RAMs configured in 2 banks. falling edge timing is needed for tCR and tCG. Next find
the curve that best approximates the test load; i.e.,
1. Determine the typical RAS and CAS capacitance: 68 pF for RAS and 330 pF for CAS.
Fromthedata sheet RAS = 5 pF and CAS = § pF. : .
. RAS load = 80 pF + board capacitance. 3. If we use 88 pF for RAS loading, then tcR (min.) spec
CAS load = 160 pF + board capacitance. should be increased by about 1 ns, and tcR (max.)
Assume 2 pF/in (trace length) for board capaci- spec should be increased by about 2 ns. Similarly if we
tance and for this example 4 inches for RAS and use 176 pF for CAS, then tcc (min.) should decrease
B inches for CAS. by 3 ns and tcc (max.) should decrease by about 7 ns.
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WAVEFORMS (cont’d)
Memory Compatibility Timing
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