1,048,576 WORD x4 BIT DYNAMIC RAM PRELIMINARY

DESCRIPTION

The TCE14400APL/AJL/ASJL/IAZL is the new generation dynamic RAM organized 1,048,576 words by
4 bits. The TC514400APL/AJI/ASIJL/AZL utilizes TOSHIBA's CMOS Silicon gate process technology as
well as advanced circuit techniques to provide wide operating margins, both internally and to the
system user. Multiplexed address inputs permit the TC514400APL/AJL/ASJI/AZL to be packaged in a
standard 20 pin plastic DIP, 26/20 pin plastic SOJ (300/350mil) and 20 pin plastic ZIP. The package
size provides high system bit densities and is compatible with widely available automated testing and
insertion equipment. System oriented features include single power supply of 5V 110% tolerance, direct
interfacing capability with high performance logic families such as Schottky TTL.

FEATURES
e 1,048,576 word by 4 bit organizaticn o Low Power
¢ TFast access time and cycle time 550mW MAX. Operating
(TC514400APL/AJL/ASJIL/AZL - 70)
TCS‘MP-%A,P_LS‘%J,T}%WAZL 468mW MAX. Operating
- (TC514400APL/AJL/ASJL/AZL — 80)
taac  RAS Access Time 70ns 80ns 100ns 413mW MAX. Operating
tax  Column Address 3508 20ms Soms (TC514400APL/AJL/ASJL/AZL — 10)
Access Time 1.1lmW MAX. Standby
teac_ CAS Access Time 20ns 20ns 25ns | e Outputs unlatched at cycle end allows two-
tac  Cycle Time 130ns 150ns 180ns dimensional chip selection
Toc _ Fast Page Mode . s " ® Read-Modify-Write, CAS before RAS refresh,
Cycle Time 5ns Ons ns RAS-only refresh, Hidden refresh, and Fast

] Page Mode and Test Mode capability
e Single power supply of 5V£10% ¢ All inputs and outputs TTL compatible
with a built-in Vap generator 1024 refresh cycles/128ms
¢ Package TC514400AFL : DIP20-P-300C

PIN NAMES TC514400AJL : SOJ26-P-350
TC514400ASJL: SOJ26-P-300A
AQ~A9| Address inputs OF Qutput Enable TC514400AZL : ZIP20-P-400A
RAS |Row Address Strobe 11O1~1/04 | Data Input/Qutput
TAS {Column Address Strobe | Ve [Power(+5V) BLOCK DIAGRAM
WRITE | Read/Write Input V¢s  EGround vo1  uoz Vo3 v§u
Vee Vss 0 4
PIN_CONNECTION (TOP VIEW) T 9 [ [Pam gyt J-out
BUFFERS BUFFERS

Plastic DIP Plastic 50! Plastic ZiP WRITE

4

NO.2 CLOCK
Y] TEO— Generaton
a4

3 vo . COLUMN COLUMN

VOl  apor ADORESS J.QJ> DECODER

WHITE A1O> [_BUFFERS (10} | SENSE

b s L AMP

A9 A10+ REFRESH VO GATE
1 A3 O] CONTROLLER

Al mMO= ‘ T
] A3 ASO= REFRESH
g A5 O COUNTER (10) -

Ad A O] w
z "o - nai MEMORY
A AEC™ ADDRESS 1 § S| 102a|.  anmay

A8 A9 O BUFFERS (10) | 102410244

B30 NO,1 CLOCK
GENENATOR SUBSTRATE BIAS
GENERATOR
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ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNITS NOTES
Input Voltage Vin -1~7 v 1
Output Voltage Vour -1~7 v 1
Power Supply Voltage Vee -1~7 v 1
Operating Temperature Torr 0~70 °C 1
Storage Temperature Tsrg -55~150 °C 1
Soldering Temperature - Time TsoLDER 260-10 °C-sec |
Power Dissipation Po 700 mw 1
Short Circuit Qutput Current lour 50 mA 1

RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°%)

symsoL | PARAMETER MIN. TYP. MAX, UNIT NOTES
Vee Supply Voltage 45 5.0 5.5 v C2
ViH Input High Voltage 24 - 6.5 v 2
Vi Input Low Voltage ' -1.0 - 0.8 v 2
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DC ELECTRICAL CHARACTERISTICS (Ve =5V 2 10%, Ta=0~70%)

SYMBOL PARAMETER MIN. MAX. | UNITS | NOTES

OPERATING CURRENT L1C514000APLAJUASIUAZL-TO| = 100 34

lecy Average Power Supply Operating Current [TCS 14400 APL/AJL/ASJUAZL-80) - 85 mA
(RAS, TAS, Address Cycling: tac = tre MIN) Tes1as0onPuAIAsILAILI0] | - 75 5
STANDBY CURRENT '

Iccz Power Supply Standby Current - 2 mA
RAS =TAS=Vy)
RAS ONLY REFRESH CURRENT TCS18400APUAJVASIUAZL IO = 100

lec3 | Average Power Supply Current, TAS Only Mode |1C518800APUAIUASIUAZL-B - 85 mA 35
(RAS Cycling, TAS = Vju: tag=tae MIN.) CS14400APUAIUASILAZLAD = 75
FAST PAGE MODE CURRENT TCS14400APUAIUASIUAZL-TO =~ 70 34
Average Power Supply Current, Fast Page Mode [TC514400APLIAJUASILUAZLEO - 60 mA

leca | (RAT = vy, TAS, Address Cycling: tec=tec MIN)  [1cs14a00aruasasiuazig - 55 _ 5
STANDBY CURRENT

lees Power Supply Standby Current - 200 pA
(RAS =TAT = V¢c-0.2V) :
TAT BEFORE RAS REFRESH CURRENT TCS14400APLAJUASIVAZILTY  ~ 100

lccs | Average Power Supply Current, TAS Before RAS |vcsi4s00arumiasivazi-ag = 85 mA 3,5
Mode (RAS, TAS Cyding: tac= tag MIN.) TC518800APUAIVASIVAZLAY = 75

Battery Back Up Current

Average Power Supply Current, Battery Back Up Mode
ey | {TAS =TAS Before HAS Cycling or 0.2V, OF = Ve~ 0.2V, WRITE = Vo - - 400 PA 3,6
0.2V, AD~9=Vec- 0.2V or 0.2V, VO1~4=Vcc=-0.2V,
0.2V or OPEN: tpc= 125ps, taag=300ns ~1ips)

Battery 8ack Up Current

Average Power Supply Current, Battery Back Up Mode
1 ldecr (TAS = TAT Before RAS Cycling or 0.2V, OE=Vec-0.2v, WRITE= Ve~ - 300 pA 3,6
“' % 0.2V, A0~9 = Vce - 0.2V or 0.2V, VO 1~a4= Vec = 0.2V,

0.2V or OPEN : tpe = 12545, taas = tras MIN. ~300ns)

INPUT LEAKAGE CURRENT
Il Input Leakage Current, any input . =10 10 pA
(OV S Viy S 6.5V, All Other Pins Not Under Test=0V)

QUTPUT LEAKAGE CURRENT

[ -
O W 1 (Doyr is disabled, OVS VoyurS 5.5V) 0| 10 A

OUTPUT LEVEL

v -
. o Output “H* Level Voltage (lgyr = = SmA) 24 v

QUTPUT LEVEL

Vo -
L | Output “L* Level Voltage {loyr = 4.2mA) 0.4 v

A-379


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

TC514400APL/AJL/ASJL/AZL—70, TC514400APL/AJL/ASJL/AZL—80
TC514400APL/AJL/ASJL/AZL-10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Vcc =5V 10%, Ta=0~70%) (Notes 7, 8, 9)

TC514400APY . TC5144004PY TC514400APL,
SYMBOL PARAMETER AJUASIVAZL-70 | AIVASIUAZL-80 | AJUASIUAZL-10 uNIiT | NOTES
MIN. MAX, MIN. MAX, MIN. MAX,
tre Random Read or Write Cycle Time 130 - 150 - 180 - ns
tRMW Read-Modify-Write Cycle Time 185 - 205 - 245 - ns
tpc Fast Page Mode Cycle Time 45 - 50 - 60 - ns
| toraw Z;sjeP%g;eMode Read-Madify-Write . 100 _ 105 - 125 _ ns
trac Access Time from RAS - 70| - 8] - 100 ns “:'615
teac Access Time from CTAS - 20| - 20| - 25| ns [ 10,15
tan Access Time from Column Address - 35| - w0 - 50| ns | 10,16
tepa Access Time from TAS Precharge - 40| - 45| - SS| ns 10
teLz TAT to output in Low-Z ] - 0 - 0 - ns 10
torr Output Buffer Turn-off Delay 0 20 0 20 0 20| ns 1
ty Transitian Time {Rise and Fall) 3 50 3 L] 3 S0| ns 9
tap RA3 Precharge Time S0 - 60 - 70 - ns
taas RAS Pulse Width 70 10,000 80 10,000 100 10,000 | ns
trasp RAS Pulse Width (Fast Page Mode) 70 200,000 80 200,000 100 200,000 ns
tasu RAS Hold Time 20 - 20 - 25 - ns
tace Eft};c;l:e’f:nn; :)rom TAS Precharge o - 45 _ 55 _ ns
tesH TAS Hold Time 70 - 80 - 100 - ns
teas CAT Pulse Width 20 10,000 20 10,000 25 10,000 | ns
tacp RAS to TAT Delay Time 20 50 20 60 25 75| ns 15
thao HAY to Column Address Delay Time 15 35 15 40 20 S0| ns 16
tere TAS to HAS Precharge Time 5 - 5 - 5 - ns
tep T&S Precharge Time 10 - 10 - 10 - ns
Y| tasa Row Address Set-Up Time 0 - 0 - 0 - ns
tRaH Row Address Hold Time 10 - 10 - 15 - ns
tasc Column Address Set-Up Time ] - 0 - 0 - ns
tean Column Address Hold Time 15 - 15 - 20 - ns
trat Column Address to RAS Lead Time s - 40 - S0 - ns
tres Read Command Set-Up Time [+] - 0 - -1 ns
tReH Read Command Hold Time i} - 0 - [ -] ns 12
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIO_NS .
(Continued)

TC514400APL TC514400APL TC514400APU

SYMBOL PARAMETER AJUASIUAZL-T0 | AJL/ASIUAZL-B0 | AJUASIUAZL-10 UNITS| NOTES

MIN. MAX. MIN. MAX. MIN. MAX.

L

Read Command Hold Time referenced

tRRH to BAZ 0 - 0 - 0 - ns 12
tweH Write Command Hold Time 15 - 15 - 20 - ns
twp Write Cornmand Pulse Width 15 - 15 - 20 - ns
tawl Write Command to RAS Lead Time 20 - 20 - 25 - ns
tewL Wwrite Command to TAS Lead Time 20 - 20 - 25 - ns
tos Data Set-Up Time 0 - o - 0 - ns 13
tou Data Hold Time 15 - 15 - 20 - ng 13
trer Refresh Period - 128 -1 128 - 1281 ms
twes Write Command Set-UP Time 0 - 0 - 0 - ns 14
tewo TAS to WRITE Delay Time 50 - 50 - 60 - ns 14
thwp RAS to WRITE Delay Time 100 - 110 - 135 - ns 14
tawp Column Address to WRITE Delay Time 65 - 70 - a5 - ns 14
tcPwD TAT Precharge to WHRITE Delay Time 70 - 75 - 90 - ns 14

TAS Set-Up Time

t 5 - 5 - 5 -
R (TAS before RAS Cycle) n
« TAS Hold Time s s 20 ns
HA (CAS before RAS Cycle)
trec RAS to (AT Precharge Time 0 - 0 - 0 - ns
TAS Precharge Time (TAS before RAS 20 0 50 ns
terr Counter Test Cycle}
tROH RAS Hold Time referenced to OF 10 - 10 - 20 - ns
toea BE Access Time - 0| - 20 - 25| ns
toeo OF to Data Delay 20 - 20 - 25 - ns
Qutput buffer turn off Delay Time
e | toez 0 20 0 20 0 20| ms 10
from OF
toem UE Command Hold Time 20 - 20 - 25 - ns

Write Commamd Set-Up Time

t 1 - 1 - -
WIS {Test Mode Ir} 0 0 10 ns

Write Commamd Held Time

t 1 - - -
WK (Test Mode in} 0 10 10 ns

WRITE to RAS Precharge Time

t 1 - - -

wee (TAS before RAS Cycle) 0 10 10 ns
. WRITE to RA3 Hold Time 1 10

weH | (TAS before RAS Cycle) - - o - ns
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE

TEST MODE
TC514400APU ~ TCS14400APY TC514400APL/
SYMBOL PARAMETER AJUASIUVAZL-TO AJUASIUAZL-BO | AJUASILJAZL-50 UNITS| NOTES
MIN, MAX. MIN, MAX, MIN. MAX.
tre Random Read or Write Cycle Time 135 - 155 = 185 - ns
trmw Read-Modify-Write Cycle Time 190 - 210 - 250 - ns
tpc Fast Page Mode Cycle Time 50 - 55 - 65 - ns
- Z;i:eP:?r:eMode Read-Modify-Write 190 - 210 _ 250 _ ns
tRaC Access Time from RAS - 75| - 85| - 105| ns ":'615
tCAC Access Time from CTAS - 25 - 25| - 30! ns | 9,05
tan Access Time from Column Address - 40 - 45 - 55| ns 9,i6
tepa Access Time from CTAS Precharge -~ 40| - so| -~ 607 ns 10
tras RAS Pulse Width 75 10,000 85 10,000 105 10,000 | ns
trasp RAS Pulse Width (Fast Page Mode) 75 100,000 85 200,060 105 200,000 | ns
tRsH KAS Hold Time 25 - 25 - 30 - ns
s CAS Hold Time 75 - 85 - 105 - ns
tarep TAS Precharge 1o RAS Hold Time 45 - 55 - 65 - ns
tcas TAT Pulse Width 25 10,000 25 10,000 30(. 10,000| ns
taaL Column Addres: to RAS Lead Time 49 - 45 - 55 - ns
tewo TAS to WRITE Delay Time 55 - 55 - 65 - ns 14
tawo RAT to WRITE Delay Time 105 - 1§ - 140 - ns 14
tawp Column Address to WRITE Delay Time 70 - 75 - 90 - ns 14
tepwo TAS Precharge to WHITE Delay Time. 75 - 80 - 95 - ns 14
toea OF Access Time from - 251 - 25 - 30| ns
toe DE Command Hold Time 25 - 25 - 30 - ns
v
CAPACITANCE (Vec=5V+ 10%, f=1MHz, Ta=0~70%)

SYMBOL PARAMETER MIN, MAX, UNIT

Chy Input Capacitance (A0~A9) - 5 pF

Ci2 Input Capacitance (RAS, TAS, WRITE, OF) - 7 pF

Co input/Output Capacitance {fO1~1/04) - 7 pF
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NOTES:

1, Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent
damage to the device.

All voltages are referenced to Vss.

Icer Ycea, Ieca, Iocs, Icc7 depend on cycle rate.

Icci, Iccs depend on output loading. Specified values are obtained with the output open.
Column address can be changed once or less while RAS=V|L and CAS=Vy.

S

tras(max.)=1ps is only applied to refresh of battery-back up. tras(max.)=10us is applied to
functional operating.

7. An initial pause of 200ps is required after power-up followed by 8 RAS only refresh cycles before
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8
TAS before RAS refresh cycles instead of 8 RAS only refresh cycles are required.

8. AC measurements assume tT=5ns,

9. Vg (min.) and ViL (max) are reference levels for measuring timing of input signals. Also,
transition times are measured between Vi and VL.

10. Measured with a load equivalent to 2 TTL loads and 100pF.

11. torF (max.) and togz (max.) define the time at which the output achieves the open circuit condition
and are not referenced to output voltage levels.

12. Either tpcH or trRrH must be satisfied for a read cycle.

13. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading
edge in Read-Modify-Write cycles.

14. twcs, tRWD, tcwD, tAwD and tcpwp are not restriclive operating parameters. They are included
in the data sheet as electrical characteristics only. If twcsZtwes (min.), the cycle is an early
write cycle and the data out pin will remain open circuit (high impedance) through the entire cycle;

If tawpZtrwpD (min.), tcwp=tcwp (min), tawpZtawp (min) and tcpwp=tcPwp (min.) (Fast
Page Mode), the cycle is a Read-Modify-Write cycle and the data out will contain data read from
the selected cell: If neither of the above sets of conditions is satisfied, the condition of the data
aut (at access time)is indeterminate.

* 15. Operation within the tggp (max.) limit insures that tRac (max.) can be met.
tpep (max.) is specified as a reference point only: If trcp is greater than the specified trep (max.)
limit, then access time is controlled by tgcac.
16. Operation within the tpap(max.}limit insures that tRac (max.)can be met.

trAD (max.) is specified as a reference point only: If traD is greater than the specified trap (max.)
limit, then access time is controlled by taa.
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READ CYCLE

T I e N
wis J_, N ‘u =
o B O e A
o v e
2 =
" e i %L e
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WRITE CYCLE (EARLY WRITE)

tre -
- tras | trp >
Vi —= >
RS N /" \
Vi — -
tosu ..
tcap aco trsu tcre
Vi ——
s ; \\ D /
ViL — tRAH =
- o
task tasc AN
Viy 3 ’s
A9 v oW
iL - *
trap
| tow
wes

tawl

-+ Lot §

g, .

LR ton

A N
DATA-IN  [—
3 _4

% : "H" or "L*
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WRITE CYCLE (OE CONTROLLED WRITE)

| tBP.

TR
thas
Vin - s
Vi — x

== T N ‘“; lavaa
g= g

tos ton
Viy —
1101
TA-IN
Vo4 v, ——: : mi:“ W

% : "H® or "L

A-386


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

TC514400APL/AJL/ASJL/AZL—-70, TC514400APL/AJL/ASJL/AZL—80
TC514400APL/AJL/ASJL/AZL-10

READ-MODIFY-WRITE CYCLE

tamwy

ms \ A , 7)“4: N\
a1 e \
o DN o YO o D
L
e ma
we [ ] [
s ::z:: ﬁ%{bﬂ:xoui oaTAN W
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FAST PAGE MODE READ CYCLE

t
trase RP
Vi — Y
"R N - /
vy — X p4
teg tasH
>l | e
fg_'*; - taco N tcp _ tRl:CP

Vg — — tas ; 7\.}_&«.5_,_ AR P Y .
o N T 7
ViL T/ tgay  —— I \ 2
i tesu ta thaL T
_ tase Tasc tcan tasc) i oM Tasg | |Tear e
Vi —2 N -
AO~AZ %{ ROW 5@( coLt % coL2 %{ COLN .
V“_ -— ﬂ" -
tacs tren| tacs 'i % ' Ltaeu
Vin 4
WRITE 7 / % R %
Vo
- taa - LYV taa
_ lepa i i
v toea ot lpa,
H— g
ViL — X X
tRaC m teac ItO“ teac oFF

) toag toez | tquz ™) Toez ez 102
K01 Vou ozl - '
— o
~I/04 Doyr 1 Doyr 2 Dour N >.__
VoL — @{ A

: “H" or "L*
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FAST PAGE MODE WRITE CYCLE

trASP tre
Vig = ! | —
&S N /N
Vi, — - 7
tec
tere TRCD tcp tasH tcre
-l o et
~ 1eas i teas tcas l
Vi — *
3 \ A N
Vii =/ taay = =
tesw taaL
t >
. tns.vr . tasc, tean tasch toan tasc] [tea
Viy Z s N- o+
Ao~A 72X row coL. coL2 COLN
T T e ]
trap Towl tom
twes !wcu T twgs twa gwy,
_ twe we twes | hrC
Vin twe, |
AT
Vi — :
Vin
DE
Vi,

tog tou tos | 1DH
o1 ViH )
B am) am s
L O | o 1

: "H" or "L"
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE

trage tap

N R
thep . tep - [ tre
v ti;u:w tcas : a tcas
Wo— 3 <
m\/”_ — tRAD \\r —Z & V S ca ,!/
taan _ lean tray
tagR Tas, ta tasc - | Rasg
s0~a9 " :}t@wg@a coL1 oz Y000 coun W
Tacs 'q_t‘ﬁmp—-_'
WHTE Vi __,% F
Vi
oE Vig —
o= - trac
1ot~ Vyonw —
V04 g — "
iz

*1 Doyr! *2 Doyr2 *3 DourN

:"H% or "L”
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RAS ONLY REFRESH CYCLE

e S | B
=" </
me @@

Noto: WRITE, OE ="H" or “L" V). k" or “L"

CAS BEFORE RAS REFRESH CYCLE

tRC
tre h trp
> tras —
Vig — 3 \
viL ““‘_/ * \—

- BEG,

e Y
e =@ @@

VOI~ Vou—""""""\
OPEN
L

Note: OL, AO~A9="H" or “L"
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HIDDEN REFRESH CYCLE (READ)

N =
S \i T

o e R
o " T : y///////////////////////////////////
o \: b
e

% : "H" or "L”
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HIDDEN REEFRESH CYCLE (WRITE)

tre

tre
-+ tRas R, ' <—t5’—>
RAS
Vi — 3 J‘ A J‘ 3
RAS VIL \-k ’ \-k nr \_
t .

LI«

revai==\il y
AAAAA "B

- e’
o "

o

TN e N

: "H" or "L"
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CAS BEFORE HAS REFRESH COUNTER TEST CYCLE

A-394
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WRITE, CAS BEFORE RAS REFRESH CYCLE

o N e
== 1 la
e Wy @

% : "H® or "L

Note: OF, A0~AS: “H" or “L"
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TEST MODE

The TC514400APL/AJI/ASJL/AZL is the RAM organized 1,048,576 words by 4 bits, it is internally
organized 524,288 words by B bits. In “Test Mode”, data are written into 8 sectors in parallel and

retrieved the same way. Aoc is not used. If, upon reading, two bits on one IO pin are equal(all “1"s or
“0"s), the 'O pin indicates a“1”.

If they were not equal, the I/O pin would indicate & “0". Fig.l -shows the block diagram of
TC514400APL/AJL/ASJL/AZL. In “Test Mode”, the 1IMX4 DRAM can be tested as if it were a 512K X4
DRAM. ’

“WRITE, CAS Before RAS Refresh Cycle puts the device into “Test Mode”. And “CAS Before RAS
Refresh Cycle” or “RAS Only Refresh Cycle” puts it back into “Normal Mode”. In the Test Mode,
“WRITE, CAS Before RAS Refresh Cycle” Performs the refresh operation with the internal refresh
address counter. The “Test Mode” function reduces test times(1/2 in case of N test pattern).
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TC514400APL/AJL/ASJL/AZL-70, TC514400APL/AJL/ASJL/AZL—80
TC514400APL/AJL/ASJL/AZL-10

BLOCK DIAGRAM IN THE TEST MODE
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