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* Organization...4194 304 x 1 DJ PACKAGET SD PACKAGEt
Single 5-V Power Supply (+10% Tolerance) (TOP VIEW) (TOP VIEW)

¢ Performance Ranges: P_E 1 2 Vss A9{ |1 2[]cAs
ACCESS ACCESS ACCESS  READ w2 s[]Q ads +0v
TIME TIME TIME ORWRITE RAS[]s 24| ] CAS D{s o] WSS
(tRAC) (tcac) (taa) CYCLE NC[]a 23 INC RAS[]7 s} A0
MAX)  (MAX) (MAX)  (MIN) A10[]s 22[ ] A9 [\[o] BE) w0 ne
TMS44100/P-60 60 ns 15 ns 30 ns 110ns Aol 11 12[] A1
TMS44100/P-70 70ns  18ns  35ns  130ns ao]e 18] 7 As A2[]13 A
TMS44100/P-80 80ns  20ns  40ns 150 ns A1 10 17 A7 Vecd 1s :;E Ad
* CTAS-Before-RAS Refresh A2[Qn 1s[JAs 23 % :; 18[] As
®* Long Refresh Period . . . A3[]12 15 J A5 20(] A8
- 1024-Cycle Refresh in 16 ms (Max) Vecll1s _ 14]1A4
— 128 ms for Low Power, Self-Refresh + +
Version (TMS44100P) PGA PACKAGE Das PACKAGE
¢ 3-State Unlatched Output
* Low Power Dissipation o[ 26 Ivss  Vvss[]1 26 ]D
® Texas Instruments EPIC™ CMOS Process —RAV;E ; :i % _gA S TAS AgE z :’ _;_]]—\F’szs
All Inputs/Outputs and Clocks are TTL ne] 4 23 NG NC[] s 23] NC
Compatible At0[s 22[ ] A9 As(]s 22[ ] A10
¢ High-Reliability Plastic 300-Mil 20/26-Lead
Surface Mount (SOJ) Package, 20-Pin Ao s 18] A8 As[1s 18] A0
Zig-Zag In-line (Zip) Package, 20/26-Lead A1 10 17 % A7 A7E 10 17 5] Al
Thin Small Outline (TSOP) Package, and A2l 161 A6 As ] 167 A2
Reverse Thin Small Outline Package A3 112 15[ 1A A5 12 1511 A3
® Operating Free-Alr Temperature Range Vee 13 14] ] A4 Ad[]1a 14]] Vee
0°C to 70°C
1 The packages shown are for pinout reference only.
description
The TMS44100 series are high-speed PIN NOMENCLATURE
4 194 304-bit dynamic random-access memo- é\%—smo 2"?"’55 Inputs Strob.
ries, organized as 4 194 304 words of one bit 5 D:t:T:'Address trobe
each. They employ state-of-the-art EPIC™ NG No Gonnection
(Enhanced Performance Implanted CMOS) tech- Q Data Out
nology for high performance, reliability, and low RAS Row-Address Strobe
power at a low cost. W Write Enable
The TMS44100P series are high-speed, low Vee 5-V Supply
power, self-refresh 4 194 304-bit dynamic ran- vss Ground

dom-access memories organized as
4 194 304-words of one bit each.

These devices feature maximum RAS access times of 60 ns, 70 ns, and 80 ns. Maximum power consumption
is as low as 385 mW operating and 6 mwW standby.

Allinputs and outputs, including clocks, are compatible with Series 74 TTL. All addresses and data-in lines are
latched on-chip to simplify system design. Data out is uniatched to allow greater system flexibility.

EPIC is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA Information s curreni s of publication date. Copyright © 1992, Texas Instruments Incorporated

Products conform 1o specifications per the terms of Texas instruments -
standard warranty. 9 doss not y include T /
testing of all parameters, I EXAS
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(continued)

The TMS44100 and TMS44100P are offered in a 300-mil 20/26-lead plastic surface mount S0OJ package (DJ
suffix), a 20-pin zig-zag in-line package (SD suffix), a 20/26-lead plastic smail outline package (DGA suffix), and
a 20/26-lead plastic small outline package reverse form (DGB suffix). All packages are characterized for
operation from 0°C to 70°C.

operation

enhanced page mode

Enhanced page-mode operation allows faster memory access by keeping the same row address while selecting
random column addresses. The time for row-address setup and hold and address multiplex is thus eliminated.
The maximum number of columns that may be accessed is determined by the maximum RAS low time and the
CAS page cycle time used.

Unlike conventional page-mode DRAMSs, the column-address buffers in this device are activated on the falling
edge of RAS. The buffers act as transparent or flow-through latches while TAS is high. The falling edge of CAS
latches the column addresses. This feature allows the TMS44100 to operate at a higher data bandwidth than
conventional page-mode parts, since data retrieval begins as soon as the column address is valid rather than
when CAS transitions low. This performance improvement is referred to as enhanced page mode. Valid column
address may be presented immediately after row address hold time has been satisfied, usually well in advance
of the falling edge of CAS. In this case, data is obtained after tcac max (access time from CAS low), if taa max
(access time from column address) has been satisfied. In the event that column addresses for the next cycle
are valid at the time CAS goes high, access time for the next cycle is determined by the later occurrence of toac

or tcpa (access time from rising edge of CAS).
address (A0 through A10)

Twenty two address bits are required to decode 1 of 4 194 304 storage cell locations. Eleven row-address bits
are set up on inputs A0 through A10 and latched onto the chip by the row-address strobe (BAS). The eleven
column-address bits are set up on pins AQ through A10 and latched onto the chip by the column-address strobe
(CAS). All addresses must be stable on or before the falling edges of RAS and CAS. RAS is similar to a chip

enable in that it activates the sense amplifiers as well as the row decoder. CASis used as a chip select activating
the output buffer, as well as latching the address bits into the column-address buffer.

write enable (W)

The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects the
read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard TTL
circuits without a pull-up resistor. The data input is disabled when the read mode is selected. When W goes low
prior to CAS (early write), data out will remain in the high-impedance state for the entire cycle, permitting
common 1/O operation.

data in (D)

Data is written during a write or read-write cycle. Depending on the mode of operation, the falling edge of CAS
or W strobes data into the on-chip data latch. in an early write cycle, Wis brought low prior to CAS and the data
is strobed in by CAS with setup and hold times referenced to this signal. In a delayed-write or read-write cycle,
TAS will already be low, thus the data will be strobed in by W with setup and hold times referenced to this signal.

data out (Q)

The three-state output buffer provides direct TTL compatibility (no pullup resistor required) with a fanout of two
Series 74 TTL loads. Data out is the same polarity as datain. The outputis inthe high-impedance (floating) state
until CAS is brought iow. In aread cycle the output becomes valid after the access time interval toac that begins

TEXAS *i?
INSTRUMENTS
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with the negative transition of CAS as long as tRag @nd taa are satisfied. The output becomes valid after the
access time has elapsed and remains valid while CAS is low; CAS going high returns it to a high-impedance
state. In a delayed-write or read-write cycle, the output will follow the sequence for the read cycle.

refresh

A refresh operation must be performed at Ieast once every sixteen milliseconds to retain data. This can be
achieved by strobing each of the 1024 rows (A0-A9). A normal read or write cycle will refresh all bits in each
row that is selected. A RAS-only operation can be used by holding CAS at the high (inactive) level, thus
conserving power as the output buffer remains in the high-impedance state. Externally generated addresses
must be used for a RAS-only refresh. Hidden refresh may be performed while maintaining valid data at the output
pin. This is accomplished by holding CAS at V;__ after a read operation and cycling RAS after a specified
precharge period, similar to a RAS-only refresh cycle. The external address is ignored during the hidden refresh
cycles.

CAS-before-RAS refresh

CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS [see parameter tcgR] and holding it
low after RAS falls [see parameter toHR). For successive CAS-before-RAS refresh cycles, CAS can remain low
while cycling RAS. The external address is ignored and the refresh address is generated internally.

A low-power battery-backup refresh mode that requires less than 500 pA refresh current is available on the
TMS44100P. Data integrity is maintained using CAS-before-RAS refresh with a period of 125 ms while holding
RAS low for less than 1 us. To minimize current consumption, all input levels need to be at CMOS levels
(ViL=0.2V, Vg2 Ve —-0.2V).

power-up

To achieve proper device operation, aninitial pause of 200 s followed by a minimum of eightinitialization cycles
is required after full Vo level is achieved. These eight initialization cycles need to include at least one refresh
(RAS-only or CAS-before-RAS) cycle.

test mode

An industry standard Design For Test (DFT) mode is incorporated in the TMS44100. A CAS-before-RAS cycle
with W low (WCBR) cycle is used to enter test mode. In the test mode, data is written into and read from eight
sections of the array in parallel. Data is compared upon reading and if all bits are equal, the data out pin will go
high. If any one bit is different, the data out pin will go low. Any combination of read, write, read-write, or
page-mode can be used in the test mode. The test mode function reduces test times by enabling the 4 meg
DRAM to be tested as if it were a 512K DRAM, where row address 10, column address 10, and also column
address 0 are not used. A RAS-only or CBR refresh cycle is used to exit the DFT mode.

self refresh (TMS44100P)

The self-refresh mode is entered by dropping CAS low prior to RAS going low. Then CAS and RAS are both
held low for a minimum of 100 ps. The chip is then refreshed by an on-board oscillator. No external address is
required since the CBR counter is used to keep track of the address. To exit the self-refresh mode, both RAS
and CAS are brought high to satisfy tcHs- Upon exiting the self-refresh mode, a burst refresh (refresh a full set
of row addresses) must be executed before continuing with normal operation. This will ensure the DRAM is fully
refreshed.

Texas {’?
INSTRUMENTS
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logic symbolt

RAM 3096K x 1
A0~ 30112100
“
A2
A3
Aa ——1; ,
A5 e A Z78a303
A6 —
a7 7
e
A9
alo —=—— 1 a1p21/21010 J
[> €30 [ROW]
G33 [REFRESH ROW]
fAS —> 34 [PWR DWN]
> €31 [coL]
24 G34
CAS & > 33C32
w f—i 33,310 33 EN 25
D ——] A, 32D AV ———a

t This symbol is in accordance with ANSI/AEEE Std 91-1984 and IEC Publication §17-12.
The pin numbers shown are for the 20/26 pin SOJ package.

functional block diagram

RAS CAS w

Y v v

l Timing and Control I

¥ .
o 5 18
A1 Y Column Decode
*l Column 7 Sense Amplifiers
i Bl o 128K Array 128K Array
. R v Data
Al0 - 128K Array 128K Array 16 in 4
° <
. w . 1o Reg. [¢+ D
. . Buffers
16< . D . L 16 10f16 4
Selection o | Data
| Row 19 M > ou [ ©
*| Address 7 : > Reg.
o| Buifers f d 3 1 I
L e
128K Array 128K Array
1 H_j T
Texas WP
EXAS
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)?t

Voltage range on any pin (see NOtB 1) . ... oottt e —-1Vto7V
Voltage range N VoG oot e -1Vto7V
Short Circuit QUIPUL CUITENE .. ... .o e e e e e e e, 50 mA
Power dissipation . ... ... ... 1w
Operating free-air temperature range ..............c..iuiiinen e e 0°C to 70°C
Storage temperature range ............ooiuieitit ot - 55°C to 150°C

t Stresses beyond 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 beyond those indicated in the “recommended operating conditions” section of
this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltage values in this data sheet are with respect to vss.

recommended operating conditions

MIN NOM MAX | UNIT
Vce  Supply voltage 45 5 55 v
ViH High-level input voltage 24 6.5 \4
ViL Low-level input voltage (see Note 2) -1 0.8 \"
Ta Operating free-air temperature 0 70 °C

NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic
voltage levels only.

TExXAS {?
INSTRUMENTS
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise

noted)
TEST TMS44100-60 TMS44100-70 TMS44100-80
TMS44100P-60 TMS44100P-70 TMS44100P-80
PARAMETER CONDITIONS UNIT
MIN MAX MIN MAX MIN MAX
VoH High-level output voltage | IoH =—5 mA 24 2.4 24 \Y
VoL Low-ievel output voltage | lo| = 4.2 mA 0.4 0.4 0.4 v
Vi=0t065V,Vec =55V,
] Input current (leakage) All other pins = 0 V to Veg =10 =10 =10 pA
Vo =0toVce,
lo Output current (leakage) VGG = 5.5V, GAS high =10 +10 +10 uA
logyt  head orwrite oycle Minimum cycle, Vo = 5.5 V 105 %0 80 | ma

current (see Note 3)

After 1 memory cycle,
RAS and CAS high, 2 2 2 mA
ViH =24V (TTL)

After 1 memory
cycle, RAS and
CAS high,
VIH=Vce-02V | 44100P 500 500 500 | pA
{CMOS)
Minimum cycle, Vcc =55V,
RAS cycling,

CAS high (RAS-only),

RAS low after CAS low (CBR)

[feloy) Standby current '44100 1 1 1 mA

Average refresh current
lccs (RAS-only or CBR)
' (see Note 3)

105 90 80 mA

Average page current tpc = minimum, Vg =55V,
lccal  qee Note 4) RAS low, CAS cyeling %0 80 70 | mA
CAS <0.2V,RAS < 0.2V,
tt | ] )
lecs Self-refresh current measured after trags min 500 500 500 pA
Iccyt  Standby current RAS = ViH, CAS = VIL, 5 5 5 mA

Data out = Enabled

tRC = 125 ms, 1ms,
Battery backup operating \?CCC —02Vs< \Z‘:Ss 2_5 V.

current (equivalent
refresh time is 256 ms) | 0¥ = VIL 502V, 500 500 500 pA
Wand OE = V|y,

CBR onl
4 Address and Data stable

iccio¥

t Measured with outputs open.

* For TMS44100P only.

NOTES: 3. Measured with a maximum of one address change while RAS = Vj| .
4. Measured with a maximum of one address change while CAS = V|H.

TEXAS *ﬂ‘
INSTRUMENTS
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capacitance over recommended ran

f = 1 MHz (see Note 5)

ges of supply voltage and operating free-air temperature,

PARAMETER MIN TYP MAX | UNIT
Ci(a) Input capacitance, address inputs 5 pF
Ci(p) Input capacitance, data input 5 pF
Ci(RC) Input capacitancae, strobe inputs 7 pF
Ciw) Input capacitance, writs-enable input 7 pF
Co Output capacitance 7 pF
NOTE §: Vg equalto 5V = 0.5V and the bias on pins under test is 0 V.

switching characteristics over recommended ranges of supply voltage and operating free-air

temperature
TMS44100-60 TMS44100-70 TMS44100-80
PARAMETER TMS44100P-60 | TMS44100P-70 | TMS44100P-80 | yNiT
MIN MAX MIN MAX MIN MAX
taa Access time from column-address 30 35 40 ns
tCAC Access time from CAS low 15 18 20 ns
fcPA  Access time from column precharge 35 40 45 ns
tRAC  Access time from RAS low 60 70 80 ns
tcrz CAStooutputinlowZ 0 ns
topF  Output disable time after CAS high (see Note 6) 0 15 18 20 ns
NOTE 6: toFF is specified when the output is no longer driven,
TEXAS “i’
INSTRUMENTS
4-11
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timing requirements over recommended ranges of supply voltage and operating free-air

temperature

TMS44100-60 TMS44100-70 TMS44100-80

TMS44100P-60 | TMS44100P-70 | TMS44100P-80 | yUNIT

MIN MAX | MIN MAX | MIN MAX
tRCc Random read or write cycle (see Note 7) 110 130 150 ns
trRwe  Read-write cycle time 130 153 175 ns
tpc Page-mode read or write cycle time (see Note 8) 40 45 50 ns
tpPRWC Page-mode read-write cycle time 60 68 75 ns
tRAgsP  Page-mode pulse duration, RAS low (see Note 9) 60 100 000 70 100 000 80 100000 ns
tRAS Non-page-mode pulse duration, RAS low (see Note 9) 60 10 000 70 10 000 80 10 000 ns
tcAS Pulse duration, CAS low (see Note 10) 15 10 000 18 10 000 20 10 000 ns
top Pulse duration, CAS high 10 10 10 ns
tRpP Pulse duration, BAS high (precharge) 40 50 60 ns
twp Write pulse duration 15 15 15 ns
tasC Column-address setup time before CAS low 0 0 0 ns
tasR Row-address setup time before RAS low 0 0 0 ns
tos Data setup time (see Note 11) 0 0 0 ns
trcs Read setup time before CAS low 0 0 0 ns
towl  W-low setup time before CAS high 15 18 20 ns
tRWL W-low setup time before RAS high 15 18 20 ns
twes W-low setup time before CAS low (Early write operation only) 0 1} 0 ns
twsRr  W-high setup time (CAS-before-RAS refresh only) 10 10 10 ns
twTs  W-low setup time (test mode only) 10 10 10 ns
tcAH Column-address hold time after CAS low 10 15 15 ns
tDHR Data hold time after RAS low (see Note 13) 50 55 60 ns
toH Data hold time {see Note 11} 10 15 185 ns
taR Column-address hold time after RAS low (see Note 13) 50 55 60 ns
tRAH Row-address hold time after RAS low 10 10 10 ns
tRCH Read hold time after CAS high (see Note 12) 0 0 0 ns
tRRH Read hold time after RAS high (see Note 12) c 0 0 ns
tWCH Write hold time after CAS low (Early write operation only) 15 18 15 ns
twoRr  Write hold time after RAS low (see Note 13) 50 55 60 ns
twHR  W-high hold time (CAS-before-RAS refresh only) 10 10 10 ns
tWTH  W-low hold time (test mode only) 10 10 10 ns
N a0 as o s
tcrp  Delay time, CAS high to RAS low 0 0 0 ns
icsH  Delay time, RAS low to CAS high 60 70 80 ns

Continued next page.
NOTES: 7. Allcycle times assume tT =5 ns.
8. To assure tpc min, tagc should be greater than or equal to 5 ns.
9. In aread-write cycle, tRwD and trw{ must be observed.
10. In a read-write cycle, tcwp and tow must be observed.
11. Referenced to the later of CAS or W in write operations.
12. Either tgRH or tRGH must be satisfied for a read cycle.
13. The minimum value is measured when tRcp is set to tRCp min as a reference.

TExas “?
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (concluded)

TMS44100-60 TMS44100-70 TMS44100-80
TMS44100P-60 | TMS44100P-70 | TMS44100P-80 | uNIT
MiIN MAX | MIN MAX | MIN MAX

(CSR (GAS betore-ARS refesh ooty 10 10 10 re
oo e T e s » 2 .
tRAD Delay time, RAS low to column-address {see Note 14) 15 30 15 35 15 40 ns
tRAL Delay time, column-address to RAS high 30 35 40 ns
tCAL Delay time, column address to CAS high 30 35 40 ns
tReD E;:f’;ﬁ?; SAS low to CAS low 20 as| 20 52| 20 60| ns
tRPc  Delay time, RAS high to CAS low (CER only) 0 0 0 ns
tRsH  Delay time, CAS low to RAS high 15 18 20 ns
oo e RS o o o 2 a w0 -
tcps CAS precharge before self-refresh 0 0 0 ns
trps  RAS precharge after self-refresh 110 130 150 ns
tRASS Self-refresh entry from RAS low 100 100 100 ms
tcHs  CAS low hold time after RAS high (self-refresh) -50 -50 -50 ns
tTAA Access time from address (test mode) 35 40 45 ns
tTCPA  Access time from column precharge (test mode) 40 45 50 ns
tTRAC  Access time from RAS (test mode) 65 75 8s ns
tREF Refrash time interval 44100 18 16 16 o

'44100P 128 128 128 ms
T Transition time 2 50 2 50 2 50 ns

NOTE 14: The maximum value is specified only to assure access time.

PARAMETER MEASUREMENT INFORMATION

131V Vee=5V
RL=2189 . R1=8280
Output Under Test Output Under Test ——4
Cy_ =100 pF I CL=100pF =< R2=295(]
(a) Load Circuit (b) Alternate Load Circuit

Figure 1. Load Circuits for Timing Parameters

TEXAS {'P
INSTRUMENTS

POST OFFICE BOX 1443 * HOUSTON, TEXAS 77001 4-13

Powered by | Cniner.comEl ectronic-Library Service CopyRi ght 2003



cE D WA 389b1725 0079938 31c EMTIIS
TMS44100, TMS44100P

4 194 304-BIT TEX
DYNAMIC RANDOM-ACCESS MEMORY AS INSTR (ASIC/MEMORY)

SMHS410F-SEPTEMBER 1989—REVISED DECEMBER 1992

PARAMETER MEASUREMENT INFORMATION

- tRC i
e tras P VIH
RAS Nﬁ v/ AN
| | ! I ViL
l e tcsH > | :‘_ trp "_’l
: r—tncn——’l | Hil—lr—'cnp—ﬂ
l¢——— trsH — >
e —— teas R
L |
| | T VIH
CAS : 'I i\l 1/: 1 : ;[\
ViL
| >t trap | ! | H—',—J———tcp —>
[ ! H tasc [ |
[P tasr ‘ [
| | H——f—r— tRAL ——L‘Lﬁ| il
tRAH — e lh———Hl—tcAL———H |
| | 1 v
H
wonio X roe KX coumn IZREERIGLLIILD
trcs _‘I"—_’J —! tRRH
| | AR Il 1 'H_ "
| :! —» 4 tcaH r——ﬂ—tacu “
w mg(re | : | gg(n are
| | ViL
| le— tcac —»
| I j¢——— toFF ————»
| tAA -—-—H
L \
Q | HI-Z T @{ Valid > v
| | | |
i tcLZ 46— |
) trAC >

NOTE A: Output may go from three-state 1o an invalid data state prior to the specified access time.

Figure 2. Read Cycle Timing
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PARAMETER MEASUREMENT INFORMATION

lL" tRe ='|
| i= tRAS “le |
VIH
HAS |'\_| L/ I
| l— N J/IL T\_ ViL
N _HI M trep ——¥ Ao : ‘AP [
l L 'CISH foas —ﬁ [ ‘CRP
[ i i
j— [ I ViH
CAS L N M [ [\
1 H Kl:sc ' —]—J 4— tCAH I ! it
RAH _ fe————tcp———»]
[t tasR L — AL ’ R F
l J ! NN N N/ NINININININININININININS le
woar0 X _row (XX comn YRR BRI
Tl In—'—‘— tew, —————»
}‘— tRAD | !
| ViH
_ VV’V v.vvvvvv’v’v \\ .
w ’0’0’0’0’0’0\ e
I
| T
HI— tpg —» :
|
Sl R R RRRRRRRRRRRS o
| j
g tDHR >
VoOH
Q HI-Z
VoL
Figure 3. Early Write Cycle Timing
TEXAS ‘l‘
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PARAMETER MEASUREMENT INFORMATION

« tRe %;
: {% tRAS >i |
Vi
RAS |\_| I/ AN "
ty —>: he— . je——tgp ———»! ViL
j————tRcD ———»[& _ WSH———¥ '
] | [ tcas P tcRp ——»
| tesH Mo
— T T ViH
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Figure 4. Write Cycle Timing
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NOTE A: Output may go from three-state to an invalid data state prior to the specified access time.
Figure 5. Read-Write Cycle Timing
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NOTES: A. Output may go from three-state to an invalid data state prior to the specified access time.
B. Access time is tcpa or taa dependent.

Figure 6. Enhanced Page-Mode Read Cycle Timing
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NOTES: A. Referenced to CAS or W, whichever occurs last.

B. Aread cycle or a read-write cycle can be intermixed with write cycle as long as read and read-write timing specifications are not
violated.

Figure 7. Enhanced Page-Mode Write Cycle Timing

TExas {'f
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001 4-19

Powered by | Cniner.comEl ectronic-Library Service CopyRi ght 2003



TMS44100, TMS44100P GeE D W 89b1725 0079944 Ll1bL EETIIS

4194 304-BIT
DYNAMIC RANDOM-ACCESS MEMORY TEXAS INSTR (ASIC/HEMORY)

SMHS410F-SEPTEMBER 1989—REVISED DECEMBER 1992

PARAMETER MEASUREMENT INFORMATION

RP —»{  |¢—
I‘= tRASP =|; I v
iH
. | I Vit
| : H———-lpnwc—’: IH—{——H—tcnp
| e tcsH b le—>—tcp !
| :‘—tRCD l |4 [ H—‘tRSH_LH
{ | | le—tcas —»] | N | |
- T : | | | | VIH
cAS } : | | | : viL
| | Il
| H—D‘—tnAD | | | byl
—»l  l+tasr  letagc ol | | bl
' 1y le— tman |l tcan —» | Pl
e e e 1
. \VAVAvAvAvAvAvAvAvaAvavAVAVAvAvAvall'S
Ao-A1o§>€ “°‘">@<L Column }@( Column ’:’:’:’:’::’0’0’0’ N
T | T T Vit
| l¢— tcwp |
| s —sl| | | - tow ¥ | |
|| e tawp ¥ I j&— trwr —Hpl
fe——+ trwp ——» !“_twpﬁ I | |
I L | ! | v
_ IH
| | | ViL
I —J—Hﬁjl— tps |
|

V,
(XXX v.v TAPARY v’v.v H
° QLI

GRRKBRr Y Gate XXX
|

tcac M
: « . A’:— : toLz—» :1— H— torF —>{
e tRA | > [ tcPa —T— |
ciz—» { | | ;

(see Note A) 5O\ Valid (see Note A) T VoH
° LK o ) &K

NOTES: A. Output may go from three-state to an invalid data state prior to the specified access time.
B. A read or write cycle can be intermixed with read-write cycles as long as the read and write timing specifications are not violated.

Figure 8. Enhanced Page-Mode Read-Write Cycle Timing
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Figure 9. RAS-Only Refresh Timing
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Figure 10. Automatic (CAS-before-RAS) Refresh Cycle Timing
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Figure 11. Hidden Refresh Cycle (Read)
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Figure 14. Test Mode Entry Cycle
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