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This data sheet is applicable to all

TMS44800/Ps symbolized with Revision“B" 0z AND::: ;:;,KAGES?
and subsequent revisions as described on
page 22. Vec (10 28]] vgg
Organization ... 524288 x 8 DQo (J2 27{] pa7z
Single 5-V Power Supply (+10% Tolerance) pQ1 [J3  26[] DQs
Performance Ranges: Da2 [{4 25[] DQ5
ACCESS ACCESS ACCESS READ Da3 [Js  24] DQ4
TIME TIME TIME OR WRITE DQ4 [Js  23]] CAS
(RAC) (IcAC) (tam) CYCLE W7 22[]JOE
(MAX) (MAX) (MAX) (MIN) RAS []J8 21[] NC
'44800/P-60 60 ns 15ns 30 ns 110 ns A9 ]9  20[] A8
'44800/P-70 70ns 20ns 35ns 130 ns A0 [Ji0  19]] A7
'44800/P-80 80ns 20ns 40ns 150 ns A1 [Qn  18[] A6
'44800/P-10 100 ns 25 ns 45 ns 180 ns A2 [(J12  17[] A5
Enhanced Page Mode Operation With A3 [{13 18[] A4
CAS-Before-RAS Refresh Vee (14 1s[] Vss
Long Refresh Pericd . . . )
1024-Cycle Refresh in 16 ms (Max) t The package shown is for pinout reference only.

128 ms for Low Power With Self-Refresh

Version (TMS44800P)
PIN NOMENCLATURE
¢ 3-State Unlatched Output
* Low Power Dissipation %_SAQ ngJ:\s:leufss Stob
™ - re robe

® Texas Instruments EPIC™ CMOS Process DQO_DQ7 Data In/Data Out

¢ All Inputs/Outputs and Clocks are TTL NC No Internal Connection
Compatible [ Output Enable

* High-Reliability Plastic 28-Lead %AS \‘jv°:’"“E"d’;~°'s Strobe
400-Mil-Wide Surface Mount (SOJ) v s_cgu “al °
Package, and 28-Lead Thin Small Outline Vgg oo BY
Package (TSOP)

¢ Operating Free-Air Temperature Range
0°C to 70°C

® Low-Power With Self-Refresh Version

description

The TMS44800 series are high-speed 4 194 304-bit dynamic random-access memories, organized as 524 288
words of eight bits each.

The TMS44800P series are high-speed, low-power with self-refresh, 4 194 304-bit dynamic random-access
memories, organized as 524 288 words of eight bits each.

They employ state-of-the-art EPIC™ (Enhanced Performance Implanted CMOS) technology for high
performance, reliability, and low power at a low cost. :

These devices feature maximum RAS access times of 60 ns, 70 ns, 80 ns, and 100 ns. Maximum power
dissipation is as low as 495 mW operating and 11 mW standby on 100-ns devices.

Ali inputs 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 unlatched to allow greater system flexibility.

EPIC is a trademark of Texas Instruments Incorporated.
PRODUCTION DATA informstion ls current ss of publication date. Copyright © 1992, Texas Instruments Incorporated
Products conform to specifications per the terms of Texas Instruments i
standard warranty. doss not Include T
teating of al paramaters. I EXAS
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The TMS44800 and TMS44800P series are offered in a 400-mil 28-lead plastic surface mount SOJ package
(DZ suffix) and a 28-lead plastic surface mount TSOP package (DGC suffix). These 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
CTAS page cycle time used. With minimum CAS page cycle time, all 512 columns specified by column addresses
AO through A8 can be accessed without intervening RAS cycles.

Unlike conventional page-mode DRAMs, 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 CAS is high. The falling edge of CAS
latches the column addresses. This feature allows the TMS44800 and TMS44800P 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 tooc 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 tcac or topa (access time from rising edge of CAS).

address (A0O-A9)

Nineteen address bits are required to decode 1 of 524 288 storage cell locations. Ten row-address bits are set
up on inputs A0 through A8 and latched onto the chip by the row-address strobe (RAS). The nine
column-address bits are set up on pins A0 through A8 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. CAS is 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 pullup 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 a write
operation independent of the state of OE. This permits early write operation to be completed with OE grounded.

data in/out (DQ0-DQ7)

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 data in. The outputis in the high-impedance (floating) state
until CAS and OE are brought low. in a read cycle the output becomes valid after all access times are satisfied.
The output remains valid white CAS and OE are low. CAS or OE going high returns it to a high-impedance state.

output enable (OE)

OE controls the impedance of the output buffers. When OE is high, the buffers will remain in the high-impedance
state. Bringing OE low during a normal cycle will activate the output buffers putting them in the low-impedance
state. Itis necessary for both RAS and CAS to be brought low for the output buffers to go into the low-impedance
state. They will remain in the low-impedance state until either OE or CAS is brought high.
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refresh

A refresh operation must be performed at least once every 16 ms (128 ms for TMS44800P) to retain data. This
can be achieved by strobing each of the1024 rows (A0-AZ). 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

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.

CAS-before-RAS refresh

CAS-before-RAS (CBR) refresh is utilized by bringing CAS low earlier than RAS (see parameter tcsg) and
holding it low after RAS falls (see parameter tcyR). 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 300 pA refresh current is available on the
TMS44800P. Data integrity is maintained using CAS-before-RAS refresh with a period of 125 us holding RAS
low for less than 1 us. To minimize current consumption, all input levels must be at CMOS levels ViLs 0.2V,
VIH2Vcc—-0.2V).

self refresh (TMS44800P)

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 isthen 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.

power up

To achieve proper device operation, an initial pause of 200 us followed by a minimum of eight RAS cycles is
required after power-up to the full Vgg level.
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logic symbolt

RAM 512K < 8
A01% _ 1oopg21p0 )
oL
Az 12
. :j— > A szazer
as 18
a7 19
A822 ____ 10p17/2108
a9 io0pis
—=>5> c20[rOW]
G23/[REFRESH ROW]
Ras & 24[PWR DWN]
—=P> c21[coL)
G24
CAs 23 &

> 23C22

w7
w jza,zm 24,25EN

oF 22

G25
2 | -

DQo —E A,22D azze—
Vv 26
Da1 3 ¢ p
pazd ¢ p|
DQ3 3 —g—p—]
paa 2t g p |
DQs ZL‘—’—
DQs 26 ¢ p
pa7 27 4 p |

1 This symbol is in accordance with ANSI/IEEE Std 91-1984 and [EC Publication 617-12.
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functional block diagram

+s cis ?

[ Timing and Control ]

4= 5|

¥ |
[
A0 8 . 16
Al —Ly Column Decode 1
*] Column Sense Amplifiers
o] Address
.| Butfers 128K Array 128K Array vy
A8 128K Array 128K Array 16 DIata 8
: 3 : Ret
. Q . 16 1/0 g.
186 < . g . S 16 Buffers Data ] 8
* Qut
o Row 10 % — o
Address / < 9.
e| Buffers /
| I—
128K Array 128K Array DQO-DQ7
A9

]

4

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range onany pin (see Note 1) ... ... .. . . ittt -1Vto7V
Supply vOItage range ON VoG v vttt et e e e e -1Vto7V
Short circuit OUIPUL CUITENT . ... e et e e e e 50 mA
PoWer dissipation ... ... ... e e 1W
Operating free-air temperature range ...............uiueiiinit e 0°C to 70°C
Storage temperature range . ... ...oiin it e —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 Vgs.

recommended operating conditions

MIN NOM MAX{ UNIT
Vcc  Supply voltage 45 5 5.5 v
VIH High-level input voltage 2.4 6.5 \%
VIL Low-level input voltage (see Note 2) -1 0.8 v
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.

Power ed by
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TEXAS INSTR (ASIC/MEMORY)

electrical characteristics over full ranges of recommended operating conditions (unless otherwise
noted)

'44800-60 '44800-70 '44800-80 '44800-10
PARAMETER TEST CONDITIONS '44800P-60 ’44800P-70 '44800P-80 '44800P-10 UNIT

MIN MAX MIN  MAX MIN  MAX MIN  MAX

High-level output

VoH - voltage loH=—-5mA 2.4 2.4 2.4 2.4 \
v Low-leveloutput || _ 4 5 ma 0.4 0.4 0.4 04| v
oL voltage oL =4 ' ) ' ’

Input current Vec =56V, Vi=01t065V, . .

f (leakage} All other pins =0to V¢cC =10 =10 10 107 uA
Output current Vecc =55V, Vg =0toVge,

lo (leakage) TAS high +10 =10 =10 =10 pA
Read or write .

icc1t  cycle current Ve = 5.5 V, Minimum cycle 120 110 100 90| mA

{see Note 3)

ViH =24V (TTL),

After 1 memory cycle, 2 2 2 2| mA
RAS and CAS high
Icc2 Standby current Vi =Vog-02V 144800 1 1 1 1| ma

(CMOS), After 1
memory cycle, RAS
and CAS high

Average refresh Ve = 5.5 V., Minimum cycle,
current (RAS-only | RAS cycling, CAS high

'44800P 200 200 200 200 ) pA

I = — 120 110 100 90 A
cc3 or CBR) (RAS-only); RAS low "
(see Note 3) after CAS low (CBR)
Average page v .
cC =5.5V, tpc = minimum,
Iccat  current RAS low, CAS cycling 120 110 100 90| mA
(see Note 4)
Battery backup tRC = 125 us, tRAS < 1 ps,
operating current |V -02V< V<65V,
lccst (equivalent refresh [0V sVy s0.2V, 300 300 300 300 pA
time is 128 ms), W and OE = V|,
CBR only Address and Data stable
Self refresh CAS <02V, RAS <02V,
IcceT* current Measured after tragg minimum 200 200 200 200 | uwA
T Measured with outputs open.
¥ For TMS44800P only.

NOTES: 3. Measured with a maximum of one address change while RAS = V|| .
4. Measured with a maximum of one address change while CAS = V.
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capacitance over recommended ranges of supply voltage and operating free-

f =1 MHz (see Note 5)

air temperature,

PARAMETER MIN TYP MAX | UNIT
Ci(A) Input capacitance, address inputs 5 pF
Ci(0E) Input capacitancs, output enable 7 pF
Ci(rc) Input capacitance, strobe inputs 7 pF
Ci(W) Input capacitance, write-enable input 7 pF
Co Output capacitance 7 pF
NOTE 5: Vcc equalto 5V = 0.5 V and the bias on pins under test is O V.

switching characteristics over recommended ranges

of supply voltage and operating free-air

temperature
'44800-60 '44800-70 ’44800-80 ’44800-10
PARAMETER '44800P-60 '44800P-70 '44800P-80 '44800P-10 UNIT
MIN  MAX MIN  MAX MIN  MAX MIN  MAX
tAA Access time from column-address 30 35 40 45 ns
tcAC  Access time from CAS low 15 20 20 25| ns
tCPA  Access time from column precharge 35 40 45 50 ns
tRAC  Access time from RAS low 60 70 80 100 ns
tOEA Access time from OE low 15 20 20 25 ns
tcLz CAS to output in low Z 0 0 0 0 ns
toFF  Output disable time after TAS high (see Note 6) 0 15 0 20 o] 20 0 25 ns
toEz Output disable time after OE high (see Note 6) 0 15 0 20 o 20 0 25 ns
NOTE &: tOFF and 1OEZ are specified when the output is no longer driven.
TEXAS ‘k?
INSTRUMENTS
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timing requirements over recommended ranges of supply voltage and operating free-air

temperature
’44800-60 '44800-70 ’44800-80 '44800-10
'44800P-60 ’44800P-70 '44800P-80 '44800P-10 UNIT
MIN MAX MIN MAX MIN MAX MIN MAX
trc Random read or write cycle {see Note 7) 110 130 150 180 ns
tRwWC Read-modify-write cycle time 155 185 205 245 ns
Page-mode read or write cycle time
tpc (se% Note 8) 4 40 45 50 55 ns
tprwC Page-mode read-modify-write cycle time 85 S0 105 120 ns

t Page-mode pulse duration, RAS low
RASP (see Note 9)

4 Non-page-mode pulse duration, RAS low
RAS (see Note 9)

60 100 000 70 100 000 80 100000 100 100 000 ns

60 10000 70 10000 80 10000 100 10 000 ns

t{cAs  Pulse duration, CAS low (see Note 10) 15 10000 20 10000 20 10000 25 10 000 ns
tcp Pulse duration, CAS high 10 10 10 10 ns
trpP Pulse duration, RAS high (precharge) 40 50 60 70 ns
twp Write pulse duration 15 15 15 20 ns
taAsc Column-address setup time before CAS low 0 0 0 0 ns
tASR Row-address setup time before RAS low 0 0 o] Q ns
DS Data setup time (see Note 11) 0 0 ¢] 0 ns
trRCs Read setup time before CAS low o] o] 0 0 ns
tcwL W low setup time before CAS high 15 20 20 25 ns
tRWL W iow setup time before RAS high 15 20 20 25 ns

W low setup time before CAS low (Early
WCS write operation only)

Continued next page.
NOTES: 7. Allcycletimes assume tT = 5 ns.
8. To assure tpc min, tasc should be greater than or equal to tcp.
9. Inaread-modify-write cycle, tryyp and tryy| must be observed. Depending on the user’s transition times, this may require additional
RAS low time (tRAS)-
10. Inaread-modify-write cycle, towp and tcwi must be observed. Depending on the user's transition times, this may require additional
CAS low time (tCAS)-
11. Referenced to the later of CAS or W in write operations.
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (continued)

’44800-60 ’44800-70 '44800-80 *44800-10
’44800P-60 | "44800P-70 | '44800P-80 | '44800P-10 UNIT
MIN MAX | MIN MAX | MIN MAX | MIN MAX
{CAH Column-address hold time after CAS low 10 15 15 20 ns
tDHR Data hold time after RAS low (see Note 12} 30 35 35 45 ns
tDH Data hold time (see Note 11) 10 15 15 20 ns
Column-address hold time after RAS low
tAR {see Note 12) 30 35 35 45 ns
1RAH Row-address hold time after RAS low 10 10 10 15 ns
tRCH Read hold time after CAS high (see Note 13) 0 0 ns
tRRH Read hold time after RAS high {see Note 13) 0 0 ] 0 ns
Write hold time after CAS low
WCH {Early write operation only) 10 15 15 20 ns
tWCR  Write hold time after RAS low (see Note 12) 30 35 35 45 ns
Delay time, column address to W low
tawD (Read-modify-write operation only) 55 65 70 80 ns
Delay time, RAS low to CAS high
'CHR (CAS-before-RAS refresh only) 15 5 20 20 ns
{CRP Delay time, CAS high to RAS low 0 0 0 0 ns
{CSH Delay time, RAS low to CAS high 60 70 80 100 ns
Delay time, CAS low to RAS low
ICSR (CAS-before-RAS refresh only) 10 10 10 10 ns
Delay time, CAS low to W low
tcwo (Read-modify-write operation oniy) 40 50 50 80 ns
togq  OE command hold time 15 20 20 25 ns
toep  OE to data delay 15 20 20 25 ns
tRoH  RAS hold time referenced to OE 10 10 10 10 ns
Delay time, RAS low to column-address
tRAD (see Note 14) 15 30 15 35 15 40 20 50 ns
tRAL Delay time, column-address to RAS high 30 35 40 45 ns
1CAL Delay time, column address to CAS high 30 35 40 45 ns
tRCD Delay time, RAS low to CAS low (see Note 14) 20 45 20 50 20 60 25 75 ns
1RPC Delay time, RAS high to CAS low 0 0 0 0 ns
tRSH Delay time, CAS low to RAS high 15 20 20 25 ns
Delay time, RAS low to W low
RWD (Read-modify-write operation only) 85 100 110 135 ns
NOTES: 11. Referenced to the fater of CAS or W in write operations.

12. The minimum value is measured when trcp is set to trgp min as a reference.

13. Either tRRH or TRCH must be satisfied for a read cycle.
14. The maximum value is specified only to assure access time.

TExas ‘Q'P
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (concluded)

’44800-60 ’44800-70 ’44800-80 '44800-10
'44800P-60 ’44800P-70 ’44800P-80 ’44800P-10 UNIT
MIN MAX | MIN MAX | MIN MAX | MIN MAX
tcpr  CAS precharge before self refresh 0 0 0 0 ns
tRAs  RAS precharge after self refresh 110 130 150 180 ns
tRASS Self refresh entry from RAS low 100 100 100 100 us
tcHs  CAS low hold time after RAS high - 50 - 50 - 50 - 50 ns
trer  Refresh time interval (TMS44800 only) 16 16 16 16 ms
tREF Refresh time interval, Low power (TMS44800P only) 128 128 128 128 ms
T Transition time 2 50 2 50 2 50 2 50 ns

PARAMETER MEASUREMENT INFORMATION

131V Vee=5V
RL=218Q Ry =828Q
Qutput U Te
Output Under Test utput Under Test
Ry =295 Q
CL =100 pF
CL =100 pF I L P T
(a) Load Circuit (b) Alternate Load Circuit

Figure 1. Load Circuits for Timing Parameters
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PARAMETER MEASUREMENT INFORMATION
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Figure 2. Read Cycle Timing
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PARAMETER MEASUREMENT INFORMATION

iL= tRC >
|
| re tRAS > |
| |
RAS [\_l J/f N
| M—————tgp ——— ¥
L > l¢——— tRsH —————»! [
——tReo P
I L RCD by tcas ——— r{—tcnp————ﬂ
| e SH »
T ! T
cas P Mqtasm N I/ N\
L] tasc—e—» T el . »
| [ le } tCAL L g l‘l cP -
| e | 1yl
- t >
traH —»  le— | RAL P
X |

‘V’V NN/ \/ V'V \WAVAVAV AW, """V’
QR peritcars KK

e U
- trap T tow o
I “ t— tRWL - >
< B twch 'i
| ! e wen—
N—-—-*L twes |
w AXR‘/l&‘;S ’ | RN oamrans RXKEXRKE?
| > ]
ﬁ— tos ——
s R
!
[ tDHR

58 Ban's Care

Dont Gare XX XLLLLLLLLLLLLLLLL
Figure 3. Early Write Cycle Timing
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NOTE A: Referenced to the later of CAS or W in write operations.

Figure 4. Write Cycle Timing
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NOTE A: Output may go from a high-impedance state to an invalid data state prior to the specified access time.

Figure 5. Read-Modify-Write Cycle Timing
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NOTES: A. Output may go from a high-impedance state to an invalid data state prior to the specified access time.
B. Access time is tCpA or taa dependent.

C. A write cycle or read-modify-write cycle can be mixed with the read cycles as long as the write and read-modify-write timing
specifications are not violated.

Figure 6. Enhanced Page-Mode Read Cycle Timing
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NOTES: A. Referenced to CAS or W, whichever occurs fast.
B. Aread cycle or a read-modify-write cycle can be intermixed with the write cycles as long as the read and read-modify-write timing

specifications are not violated.
Figure 7. Enhanced Page-Mode Write Cycle Timing
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NOTES: A. OQutput may go from a high-impedance state to an invalid data state prior to the specified access time.

B. A read or write cycle can be intermixed with read-modify-write cycles as long as the read and write timing specifications are not

violated.

Figure 8. Enhanced Page-Mode Read-Modify-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
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Figure 12. Self Refresh Timing
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