1,048,576 WORD 4 BIT DYHAMIC RAWM PRELIMINARY

DESCRIPTION

The TC514400AP/AJ/AST/AZ s the rew generation dynamic RAM organized 1,048,576 words by 4
bits. The TCH14400AP/AJ/ASI/AZ utilizes TOSHIBA's CMOS Silicon gate process technology as well
as advanced circuit techniques to previde wide operating margins, both internally and to the system
user. Multiplexed address inputs permit the TC514400AP/AJ/ASJI/AZ 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 5VE10% tolerance, direct
interfacing capability with high performance logic families such as Schottky TTL.

FEATURES
e 1,048,576 word by 4 bit organization * Low Power .
8 Fast access time and cycle time 550mW MAX. Operating
(TC514400AP/AJ/ASI/AZ -T70)
e 3%?55@1_"1‘50"“ 468mW MAX. Operating
(TC514400AP/AJ/ASI/AZ - 80)
taac  RAS Access Time 70ns 80ns 100ns 413mW MAX. Operating
taa  Column Address (TC514400AP/AJ/ASJ/AZ - 10)
Access Time o | S )30 5.5mW MAX. Standby
tcac  CAS Access Time 20ns 20ns 25ns | & Qutputs unlatched at cycle end allows two-
1 Cycle Time 130ns 150ns 180ns dimensional chip selection
1:2 Fasi Page Mode ® Read-Modify-Write, TAS before KAS refresh,
Cycle Time 453 50ns 60ns RAS-only refresh, Hidden refresh, Fast Page
i Mode and Test Mode capability
* Single power supply of 5V 10% e All inputs and outputs TTL compatible

with a built-in Vpg generator

1024 refresh cycle/16ms
e Package  TC514400AP : DIP20-P-300C

PIN NAMES TC514400AJ : SOJ26-P-350
TC514400A8J : SOJZ26-P-300A
AD~A9| Address Inputs [o]4 QOutput Enable TC514400AZ : 2IP20-P-400A
RAY |Row Address Strobe 110 1~1/04 ] Data input/Output
CAS |Column Address Strehe |  Vee  [Power (+5V) BLOCK DIAGRAM
WRITE | Read/Write input Vs Ground

o1 ¥o2 103 Vo4

PIN CONNECTION (TOP VIEW)

Vee Vis
Plastic CIP Plasti¢ $0J Plastic ZIP ? DATA IN DATA OUT o
BUFFERS BUFFERS
1 Y eed WHITE T Ta
2 IISE 3::| L2:: [
3 T M o NO.2 CLOCK [omr
s vorb3 & Jvo GENERATOR
p W:": i 3| WATE I
7 =2 10| A9 COLUMN COLUMN
8 Aol F3 A0 O+ ADDRESS 1u> DECODER
9 arlin HHA Al o] BUFFERS (10)
1 EZs 114] A3 A0 4 SENSE AMP
Vee 13! == REFRESH VO GATE
PSR b A3 O CONTROLLER |
b HB)ae A4 O ] - 1024 -3
H22 ol ae A$ G REFRESH
asc| |[ COUNTER (10) -
::t ROW ] a7 MEMORY
ADDRESS T30 S| 1024 ARRAY
A9 O BUFFERS (10) wt | gl 1024 % 1024 x 4
o
oo NO.1 CLOCK

GENERATQR SUBSTRATE BIAS
GENERATOR
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TC514400AP/AJ/ASJ/AZ-T70, TC514400AP/AJ/ASJ/AZ—80

TC514400AP/AJ/ASJ/AZ-10

ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNITS NOTES
Input Voltage Vin -1~7 v 1
Qutput Voltage Vour - 1~7 A 1
Power 5upply Voltage Vee -1~7 v 1
Operating Temperature Toer 0~70 °C 1
Storage Temperature Tstg ~55~150 °C 1
Soldering Temperature : Time TsoLoer 26010 *C - sec 1
Power Dissipation Po 700 mw 1
Short Gircuit Output Current lout 50 mA i
RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°)
SYMBOL PARAMETER MIN. TYP, MAX, UNIT NOTES
Vee Supply Voltage 4.5 5.0 5.5 \) 2
Vi Input High Voltage 2.4 - 6.5 v 2
Vi Input Low Voltage ~-1.0 - 0.8 v 2
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TC514400AP/AJ/ASJ/AZ—T70, TC514400AP/AJ/ASJ/AZ—80
TC514400AP/AJ/ASJ/AZ—10

DC ELECTRICAL CHARACTERISTICS (Vcc=5V+10%, Ta=0~70%)

SYMBOL PARAMETER MIN. MAX. | UNITS | NOTES

OPERATING CURRENT TCS 14R00AP/ANASIAZ-TO - 100 3 4

leca Average Power Supply Operating Current TC514400AP/ANASYAZ-BO - 85 mA
(RAS, TAT, Address Cycling: tre = tae MIN.) TCS14800AP/ALASVAZ-10 - 75 5
STANDBY CURRENT

leea Power Supply Standby Current - 2 mA
(RAS = TAS = V)
RAS ONLY REFRESH CURRENT TCS18400APIANASIAZ.T0 | - 100 -

lees Average Power Supply Current, KAS Only Mode | Tc514400aPmxAsIAZ-80 | ~ 85 mA 3,5
(RAS Cyding, TAS=Vj: tac = tac MIN.) TCS1400APIAVASIAZA0 | = 75
FAST PAGE MODE CURRENT TCS14A00APAANASIAZTD | = 70 34
Average Power Supply Current, Fast Page Mode | TC514400APIAJASNAZ-80 - 60 mA

lccs | (RS = vy, TAS, Address Cycling: toc=tpc MIN.) | rcstasoompimmasiaz1o | 55 5
STANDBY CURRENT

Ices Power Supply Standby Current - 1 mA
(RAS = TAS = Ve - 0.2V)
CAT BEFORE RAS REFRESH CURRENT TCS14400APIAVASIAZT0 | = 100

lcce | Average Power Supply Current, TAS Before RAS | Tes14ao0apianmsiazso | - 85 mA 35
Maode (RAS, TAS Cycling: tac =tac MIN.) TCS14400APIAVASAZ-10 - 75
INPUT LEAKAGE CURRENT

LW Input Leakage Current, any input -10 10 PA
[OVS Viy S 6.5V, all Other Pins Not Under Test=0V)

| OUTPUT LEAKAGE CURRENT 10 10

O W | (Dgyr is disabled, OVS Vours 5.5v) BA
OUTPUT LEVEL

Vou wiiw 2.4 - v

: Output “H" Level Voltage {loyr = ~5mA)

OUTPUT LEVEL

Vau e w - 0.4 v
Output "L” Level Voltage (lgyr =4.2mA}
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TC514400AP/AJ/ASJ/AZ-T70, TC514400AP/AJ/ASJ/AZ—80
TC514400AP/AJ/ASJ/AZ-10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

{(Vcc =5V * 10%, Ta=0~70°) (Notes 6, 7, 8)

TC514400AP/ 'TC514400AF/ TC514400AP/
SYMBOL PARAMETER ANASIAZ-70 "AJASNAZ-80 AJ/ASIAZ-10 UNIT | NOTES
MIN, MAX, MIN. MAX, MIN. MAX,
tre Random Read or Write Cycle Time 130 - 150 -1 180 - ns
tamw Read-Modify-Write Cycle Time 185 - 208 - 245 - ns
tpc Fast Page Mode Cycle Time 45 - 50 - 60 - ns
toRmw E;sctleP;ign:eMode Read-Modify-Write 100 _ 108 _ 128 - ns
tRac Access Time from FAS - 0| - 80| - 100] ns 9;;4
teac Access Time from TAS - 20| - 0] - 25| ns | 9,14
taa Access Time from Column Address - 35 - 40 - 50| ns 9,15
tepa Access Time from CTAS Precharger - 40 - 45 - 55| ns 9
tez TAT 1o output in Low-2 0 - 0 - 0 - ns 9
torr Output Buffer Turn-off Delay 0 20 0 20 0 20| ns 10
tr Transition Time (Rise and Fall) 3 50 3 50 3 50| ns 8
trp RAS Precharge Time S0 - 60 - 70 - ns
tras RAS Pulse Width 70 10,000 80 10,000 100 10,000 | ns
RASP TAT Pulse Width (Fast Page Mode) 70 200,000 80 200,000 100 200,000 | ns
RsH RA3 Hold Time 20 - 20 - 25 - ns
tonc Ef:::;l:gm: :)rom TAS Precharge 4 _ 45 _ 55 _ ns
1esH TAS Hold Time 70 - 80 - 100 - ns
tcas CAS Pulse Width 20 10,000 20 10,000 25 10,000 ] ns
Rep RAS to €AY Delay Time 20 50 20 60 25 75| ns 14
trap RAS to Column Address Delay Time 15 35 15 40 20 50| ns 15
tcrp TAT to AT Precharge Time 5 - 5 - 10 - ns
tcp TAT Precharge Time 10 - 10 - 10 - ns
. tase Row Address Set-Up Time 0 - 0 - 0 - ns
tran Row Address Hold Time 10 - 10 - 5 - ns
tasc Column Address Set-Up Time 0 - 0 - ] - ns
tcan Column Address Hold Time 15 - 15 - 20 - ns
tRAL Column Address to RAS Lead Time 35 - 40 - 50 - ns
tacs Read Command Set-Up Time 0 - 0 - [+] -] ns
theH Read Command Hold Time 0 - [ ~ 0 -] ns 11
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TC514400AP/AJ/ASJ/AZ-70, TC514400AP/AJ/ASJ/AZ-80
TC514400AP/AJ/ASJ/AZ-10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Continued)

TC514400A7/ . TCS14400AP/ TC514400AP/
SYMBOL PARAMETER AJAS)/AZ-T0 AJIASI/AZ-80 ANASHAZ-10 UNITS| NOTES
MIN. MAX, MIN. MAX, MIN. MAX.
Yo Read Command Hold Time referenced o _ 0 - " o _ s "
to RAS
twek Write Command Hold Time 15 - 15 - 20 - ns
twe Write Command Pulse Width 15 - 15 - 20 - ns
trwL Write Command to RAS Lead Time 20 - 20 - 25 - ns
towr, Write Command to TAS Lead Time 20 - 20 - 25 - ns
tos Data Set-Up Time 0 - ] - 0 - ns 12
toH Data Hold Time 15 - 15 - 20 - ns 12
trer Refresh Period - 16 - 16 - 16] ms
twes Write Command Set-UP Time 0 - 0 - 0 - ns 13
tewp CAS to WRITE Delay Time 50 - 50 - 60 - ns 13
tawp TAS to WRITE Delay Time 100 - 110 - 135 - ns 13
tawo Column Address 10 WHRITE Delay Time 65 - 70 - 85 - ns 13
topwn TAS Precharge 1o WRITE Delay Time 70 - 75 - 90 - ns 13
tesa TAS Set-Up Time s - s _ s - e
(CAS before RAS Cycle)
toum TAS Hold Time 5 _ " - 20 _ ns
(TAS before RAS Cycle)
trec RAS to TAT Precharge Time 0 - 0 - 0 - ns
TAS Precharge Time efore
il Counter Testg Cycle) s e 40 - a0 - se - n
tROH A3 Hold Time referenced to OF 10 - 10 - 20 - ns
toea OF Access Time - 20| - 20 - 25| ns
toen OF to Data Delay 20 - 20 - 25 - ns
toez ?utput buffer turn off Delay Time 0 20 0 20 0 20| ns 10
rom OF
toen OF Command Hold Time 20 - 20 - 25 - ns
twrs Write Commamd Set-Up Time 10 - 10 _ 10 _ ns
(Test Mode In)
twrn Write Commamd Hold Time 0 _ " _ 10 _ ns
{Test Mode In)
twap WRITE 1o RAS Precharge Time 0 - 10 _ 0 . ns
(TAT before RAS Cycle)
o WRITE to RAS Hold Time 10 - 10 . 0 _ s
(TAT before TAS Cycle)
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TC514400AP/AJ/ASJ/AZ-70, TC514400AP/AJ/ASJ/AZ—80
TC514400AP/AJ/ASJ/AZ-10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE

TEST MODE
TCS514400AP/ - TC514400AP/ TC514400AP/
SYMBOL PARAMETER AJIASIIAZ-70 AJASHAZ-80 AJIASIAZ-10 UNITS| NOTES
MIN. MAX, MIN, MAX. MIN. MAX.
tae Random Read or Write Cycle Time 135 - 155 - 185 - ns
trmw Read-Modify-Write Cycle Time 190 - 210 - 250 - ns
tac Fast Page Mode Cycle Time 50 - 55 - 65 - ns
toraw Fas.t Page Mode Cycle Read-Modify- 105 _ 10 - 130 _ ns
Write Time
tRAC Access Time from RAS - 75 - 85 - 105 | ns 9'11:'
teac Access Time from TAS - 25 ~ 25 - 30{ ns | 9,14
tan Access Time from Column Address - 40 - a5 - S5{ ns 9,15
tepa Access Time from TAS Precharge - a3 - 50 - 601 ns 9
tras RA3Z Puise Width 75 10,000 85 10,000 105 10,000 ns
trasSP RAZ Pulse Width (Fast Page Mode) 75{ 200,000 85| 200,000 105 200,000 ([ ns
trsH RAS Hold Time 25 - 25 - 30 - ns
tesn TAS Held Time 75 - 85 - 105 - ns
truce CAS Precharge to RAS Hold Time 45 - 50 - 60 - ns
tcas CAS Pulse Width 25 10,000 25 10,000 30 10,000 ns
traL Column Address to RAS Lead Time 40 - 45 - 55 - ns
towo TAS to WRITE Delay Time 55 55 - 65 - ns 13
trwp RAS ta WRITE Delay Time 105 - 115 - 140 - ns 13
tawp Column Address to WRITE Delay Time 70 - 75 - 90 - ns 13
tepwo TAS Precharge to WRITE Defay Time 75 - 80 - 95 - ns 13
104 OF Access Time - 25 - 25 - 30| ns
toeH OF Command Hold Time 25 - 25 - 30 - ns
CAPACITANCE (Ve =5V £ 10%, f=1MHz, Ta =0~70%)

SYMBOL PARAMETER MIN, MAX, UNIT

Ciy input Capacitance {A0~A9) - 5 pF

Cz Input Capacitance {RA3, TAS, WRITE, OF) - 7 pF

Co Input/Output Capacitance (10 1~1/04) - 7 pF
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TC514400AP/AJ/ASJ/AZ—70, TC514400AP/AJ/ASJ/AZ-80
TC514400AP/AJ/ASJ/AZ-10

NOTES:

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

All voltages are referenced to Vss.

Ice1, Iccs, Iccs, Iccs depend on cycle rate.

Ice1, Iccs depend on output loading, Specified values are obtained with the output open.
Column address can be changed once or less while RAS=V), and CKSﬁvxx-x.

C IR S S

An initial pause of 200us 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
CAS before RAS refresh cycles instead of 8 HAY only refresh cycles are required.

7. AC measurements assume ty=25ns.

8. Viy {min.) and Vp, (max.) are reference levels for measuring timing of input signals. Also,
transition times are measured between Viy and V..

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

10. toFr (max.) and topz (max.)define the time at which the output achieves the open circuit condition
and are not referenced to output voltage levels,

11. Either tRcH or tRRH must be satisfied for a read cycle.

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

13. twcs, tRwD, tcwp, tAwD and tcpwp are not restrictive operating parameters., They are included
in the data sheet as electrical characteristics only. If twes® twes{min.), the cycle is an early
write cycle and the data out pin will remain open circuit (high impedance) through the entire cycle;

If tRwpZ=trwp (min.), tcwptcwp (min}, tawpZtawp (min.) and tcpwptcpwp (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
out (at access time) is indeterminate,

14. Operation within the tgop (max.) limit insures that tpac (max.) can be met.

tRep (max.}is specified as a reference point only: If trep is greater than the specified tpcp (max)
v limit, then access time is controlled by tcac.

15. Operation within the trAp (max.) limit insures that tpac (max.)can be met.

traD (max.}is specified as a reference point only: If tRap is greater than the specified tgap (max.)
limit, then access time is controlled by taa.
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TC514400AP/AJ/ASJ/AZ—-70, TC514400AP/AJ/ASJ/AZ—-80

TC514400AP/AJ/ASJ/AZ-10

READ CYCLE
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TC514400AP/AJ/ASJ/AZ—70, TC514400AP/AJ/ASJ/AZ—80
TC514400AP/AJ/ASJ/AZ-10

WRITE CYCLE (EARLY WRITE)
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TC514400AP/AJ/ASJ/AZ—70, TC514400AP/AJ/ASJ/AZ-80
TC514400AP/AJ/ASJ/AZ—10

WRITE CYCLE (OE CONTROLLED WRITE)
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TC514400AP/AJ/ASJ/AZ-70, TC514400AP/AJ/ASJ/AZ—80
TC514400AP/AJ/ASJ/AZ—-10

READ-MODIFY-WRITE CYCLE
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TC514400AP/AJ/ASJ/AZ—-70, TC514400AP/AJ/ASJ/AZ—80
TC514400AP/AJ/ASJ/AZ-10

FAST PAGE MODE READ CYCLE
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TC514400AP/AJ/ASJ/AZ—-70, TC514400AP/AJ/ASJ/AZ—80
TC514400AP/AJ/ASJ/AZ-10

FAST PAGE MODE WRITE CYCLE
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TC514400AP/AJ/ASJ/AZ—-70, TC514400AP/AJ/ASJ/AZ—80

TC514400AP/AJ/ASJ/AZ-10

FAST PAGE MODE READ-MODIFY-WRITE CYCLE
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TC514400AP/AJ/ASJ/AZ—70, TC514400AP/AJ/ASJ/AZ—80
TC514400AP/AJ/ASJ/AZ-10

RAS ONLY REFRESH CYCLE

e N
w ] Y
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Note: WRITE, OE = "H" or "L" % : "H* or "L
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Note: OF, AO~A9=“H”" or “L*
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TC514400AP/AJ/ASJ/AZ-70, TC514400AP/AJ/ASJ/AZ—80
TC514400AP/AJ/ASJ/AZ—10

HIDDEN REFRESH CYCLE (READ
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TC514400AP/AJ/ASJ/AZ—T70, TC514400AP/AJ/ASJ/AZ-80
TC514400AP/AJ/ASJ/AZ-10

HIDDEN REEFRESH CYCLE (WRITE
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TC514400AP/AJ/ASJ/AZ—70, TC514400AP/AJ/ASJ/AZ—80

TC514400AP/AJ/ASJ/AZ-10

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE
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TC514400AP/AJ/ASJ/AZ—-70, TC514400AP/AJ/ASJ/AZ—80
TC514400AP/AJ/ASJ/AZ—10

WHITE, CTAS BEFORE RAS REFRESH CYCLE

0 \— Yo
== N o

o ;;3w[ N

Note: OF, A0~A9="H" or “L° % : *H” or "L"
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TC514400AP/AJ/ASJ/AZ-T70, TC514400AP/AJ/ASJ/AZ—80
TC514400AP/AJ/ASJ/AZ-10

TEST MODE

The TC514400AP/AJ/ASJ/AZ is the RAM organized 1,048,576 words by 4 bits, it is internally
organized 524,288 words by 8 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 I/O pin are equal (all “1"s or
“0”s), the /O pin indicates a“1",

If they were not equal, the VO pin would indicate a “0". Fig.l ‘shows the block diagram of
TC514400AP/AJ/ASJ/AZ, In “Test Mode", the IMX4 DRAM can be tested as if it were a 512K %4
DRAM.

“WRITE, CAS Before RAS Refresh Cycle puts the device into “Test Mode”. And “CAS Before KAS
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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TC514400AP/AJ/ASJ/AZ-70, TC514400AP/AJ/ASJ/AZ—80
TC514400AP/AJ/ASJ/AZ-10

BLOCK DIAGRAM IN THE TEST MODE
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