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DESCRIPTION - %§§40

The TC51100T) /AJ/AZ is the new generation dynamic RAM organized 1,048,576 words by
1 bit. TC51T001AP/AJ/AZ utilizes TOSHIBA's CMOS Silicon gate process techmology as
well as adsggeed circuit techniques to provide wide operating margins, both internally
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and to e/gystem user, Multiplexed address inputs permit the TC511001AP/AJ/AZ to be
packa n a standard 18 pin plastic DIP, 26/20 pin plastic SOJ and 20/19 pin plastic
ZIP. 4 package size provides high system bit densities and is compatible with widely
av, i§§b1e automated testing and insertion equipment. System oriented features include
/sg\gle power supply of 5V+107 tolerance, direct interfacing capability with high perform-
~\ance logic families such as Schottky TTL. The special feature of TC511001AP/AJ/AZ is
~\ nibble mode, allowing the user to serially access 4 bits of data at a high data rate.

FEATURES

+ 1,048,576 word by 1 bit organization

« Fast access time and cycle time
[TC311001A/23/4%-70, -85/~ 13
CRAC TFRAS Access Time | 70ns [ 80ns[100ns

Column Address
CAA pccess Time 35ns | 40ns| 50ns

tCAC CAS Access Time | 20ns | 20ns| 25ns
tpe  Cycle Time 130ns | 150ns|180ns

Nibble Mode
ENCAC Access Time 20ns | 20ms | 20ms

Nibble Mode
tNe Cycle Time
+ Single power supply cf 5Vz107% with a

¢« Low Power:
440mly MAX.
385mW HMHAX.

Operating(TC511001AP/AT/AZ~70)

Operating(TC511001AP/AJ/AZ~80)
330mW MAY. Operating(TC511001AP/AJ/AZ-10)
5.5mW HAX. Standby

» Output unlatched at cycle end allows two-
dimensional chip selection

+ Common I/0 capability using "EARLY WRITE"
operation

+ Read-Modify~Write, CAS before RAS refresh,
RAS-only refresh, Hidden refresh, Kibble
Mode and Test Mode capability

40ns | 40ns| 40ns | + All inputs and output TTL compatible

+ 512 refresh cycles/8ms

built-in V » Package Plastic DIP: TC511001AP
uilt-in VBB generator Plastic SOJ: TCS511001AJ
PIN COMNECTION (TOP VIEW) Plastic ZIP: TC511001AZ

Plastic DIP Plastic SOJ Plastlc ZIP
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A0VvA9 [Address Inputs

CAS  {Column Address Strobe
Dix [Data In

DOUT IData Out

RAS |Row Address Strobe
WRITE |Read/Write Input

VCC  [Power (+5V)

VSS  [Ground

TF Test Funétion

N.C. [No Comnecrtrion
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TOSHIBA {LOGIC/MEMORYZ} L4E D MWW H097244 00L&70L Y -
TC511001AP/AJ/AZ-T0, TC511001AP/AJ/AZ-80
TC511001AP/AJ/AZ-10 ‘
ABSOLUTE MAXINMUM RATINGS
ITEM SYMBOL RATING UNITS NOTES
Input Voltage ViN -1v7 \Y 1
Test Mode Input Voltage VIN(TF) -1v10.5 v 1
Output Voltage VOuT ~-1v7 v 1
Powver Supply Voltage Ve =17 \4 1
Overating Temperature ToOPR ov70 °C 1
Storage Temperature TSTG -551150 °C 1
Soldering Temperature.Time TSOLDER 26010 °C.sec 1
Power Dissipation Pp 600 m\ 1
Short Circuit Output Current Loyt 50 mA 1
RECOMMENDED DC OPERATING CONDITIONS (Ta=0v70°C)
SYMBOL PARAMETER MIN. TYP. MAX. UNIT |KOTES
Vee Supply Voltage 4.5 5.0 5.5 v | 2
Vig ‘Input High Voltage 2.4 - 6.5 v 2
VIL Input Low Voltage -1.0 - 0.8 v 2
VIH(TF) Test Enable Input High Voltage | Vccts.5 - 10.5 v 2
VIL(TF)Y Test Disable Input Low Voltage -1.0 - Vee+l. 0 v 2
DC ELECTRICAL CHARACTERISTICS (Vee=5%10%7 Ta=0n70°C)
SYMBOL PARA(IELEK [arv.yax.Junitsivotes
OPERATING CURRENT TC5110014R/81/8E70 | — 80
iccy Angagg_zower Supply Operating Current TC511001AR/AT/A2-80| -~ 70 mA 3,4
(RAS, CAS, Address Cycling: tRc=trc MIN.) [TC5110C14P/27/22-10| - 60
STANDBY CURRENT
Iccy |Power Supply Standby Current - 2| mA 3
(RAS=CAS=VIH)
RAS ONLY REFRESH CURRENT TC51100 ;-v4~/u_- - 80
Icc3 | Average Power Supply Current, RAS Only Mode|TC311501s - 70 mA 3
(RAS Cycling, CAS=Vig: tRC“tRc MIN.) 2C51100145/45/22-10] - 60
NIBBLE MODE CURRENT TC§1100142/47/42-70] ~ 60
Iccs | Average Power Supply Current, Nibble Mode |TC31100142/25/2Z-80| - 50 | mA | 3,4
(RAS=Vyp. CAS Cycling: tnc=tNg MIN.) PTC51100148/43/42-10] - 40
STANDBY CURRENT
Iccs |Pover Supply Standby Current - 1| mA
(RAS=CAS=Vr-0.2V)
C&S BEFORE RAS REFRESH CURRENT TCE11 - 80
Icce | Average Power Supply Current, CAS Before PCE1L - 70 mA 3
RAS Mode (R&S, TAS Cyeling: tpe=tre MIX.) [¢csii001sp/a5/2z-10] - 60
INPUT LEAKAGE CURRENT (any input except TF)
I1(y)| Input Leakage Current, any input (OVEVIyns6.5Vv, -10 10 HA
All Other Pins Not Under Test=0V)
I INPUT LEAKAGE CURRENT (only TF)
ITF(L) (OVSVIx(TF)SVccH0.5V, All Other Pins Mot Under Test=0V) =10} 10| wa
QUTPUT LEAKAGE CURRENT
To(r) (DoyT is disabled, 0V£Vours£+5.5V) -0 | 10 A
ITF TEST FU&_‘CTI'ON INPUT CI_.'»F%RENT _ 1 mA
(Veots . SVEVTN(TF)S10.5V)
, TP EV
Vo 8thgz ka"Eievel Voltage (IguT=-5mA) 2.4 B v
OUTPUT LEVEL
VoL OuZput "L" Level Voltage (IQuT=4.2mA) - | 0.4 v
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TC511001AP/AJ/AZ-70, TCS1 IOOIAP/AJIAZ -80 /\\

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Vee=5v:107%, Ta=0 ~ 70°C) (Notes 5, 6,_7)
TC511001AP/ | TC511001AP/[ TC511001AP/
SYMBOL PARAMETER AJ/AZ-70 AJ/AZ-80 | AJ/AZ-10 hnrt ivotES
MIN. | MAX. | MIN. | MAX, [ MIN. | MAX.

tre Random Read or Write Cycle Time 130 - 150 - 180 - ns

Lkiwc |Read-Write Cycle Time 155 - 175 - 210 - ns

ENC  INibble Mode Cycle Time 40 - 40 - 40 - ns

EXRufw [Nibble Mode Read-Write Cycle Time 65 - 65 - 65 - ns

tRAC |Access Time from Ra% - 70 | - 80 - | 100 |ns | 813
tcac jAccess Time from CAS - 20 - 20 - 25 |ns | 8,13
Caa Access Time from Column Address - 35 - 40 - 50 ns §,14
CNCcAC [Nibble Mode Access Time - 20 - 20 - 20 ns 8
tcrz [CAS to Output in Low-Z - - 0 - ns 8
COFF |Output Buffer Turn-Off Delay o | 20 20 0] 20 |ns |9
tr Transition Time (Rise and Fzll) 50 50 3 50 ns 7
trp  |RAS Precharge Time 50 - 60 - 70 - ns

tras |RAS Pulse Width 70 10,000 80 10,000/ 100 [10,000 ns

trsH .|RAS Hold Time 20 - 20 - 25 - ns

tcsH |CES Hold Time 70 - 80 - 100 - ns

tcas |CAS Pulse Width 20 10,0000 20 10,000/ 25 |X10,00Q; ns )
CRCD |RAS to TAS Delavy Time 20 50 20 60 25 75 |ns | 13
trap |RAS to Column Address Delay Time 15 35 15 40 20 50 |ns | 14
LCRP |CAS to RAS Precharge Time 5 - - 5 - ns

ECPN |CAS Precharge Time 10 - 10 - 10 - ns

tASR [Row Address Set-Up Time 0 - 0 - 0 - ns

ERAH |Row Address Hold Time 10 - 10 - 15 - ns

LASC |Column Address Set-Up Time 0 - 0 - 0 - ns

CCAH |Column Address Hold Time 15 | - 15 | - 20 | -~ s

o e e s |- e |- [ =] |
tRAlL [Column Address to RAS Lead Time 35 - 40 - 50 - ns

LRCS |Read Command Set-lUp Time 0 - 0 - 0 - ns
ron_fegs, Sommnd Reld Tine o |- o[- [ o] Joe]w
T I DEERERE
twcy Mricte Command Hold Time 15 - 15 - 20 ns
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TG511001AP/AJ/AZ-70, TC511001AP/AJ/AZ-80
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS {Continued)
TC511001AP/ | TC511001AP/} TC511001AP/
SYMBOL PARAMETER AJ/AZ=70 AJ/AZ-80 | AJ/AZ-10 Lirorrg IvorEs
MIN. | MAX, | MIN. MAX. | MIN, | MAX.
typ Write Command Pulse Width 15 - 15 - 20 - as
tRWL |[Write Command to RAS Lead Time 20 - 20 - 25 - ns
CCWL |Write Command to CAS Lead Time 20 - 20 - 25 - ns
DS |pata-In Set-Up Time 0 - 0 - 0 - ns 11
tpy |Data-In Hold Time 15 - 15 - 20 - ns 11
t Data-In Hold Time c _ _ _
DHR reference to RAS 35 60 » ne
tREF |Refresh Period - 8 - 8 - 8 ms
twcs [Write Command Set-Up Time 0 - 0 - 0 - ns 12
Lewp [CAS to WRITE Delay Time 20 - 20 - 25 - ns 12
LRWD |RAS to WRITE Delay Time 70 - 80 - |100 - ns 12
W
CAWD ggigwnTﬁggress to WRITE 35 - 40 - 50 - ns 12
CcsR |CAS Set-Up Time (CAS before RAS) 10 - 10 - 10 - ns
tCHR |CAS Hold Time (CAS before RAS) 30 - 30 - 30 - ns
tRPC |RAS Precharge to CAS Active Time 0 - 0 - 0 - ns
CAS Precharge Time 4 _ 4 _ _
ECPT |(CAS before RAS Counter Test) 0 0 >0 ns
ENCAS [Nibble Mode Pulse Width 20 - 20 - 20 - |ns
tNcp WNibble tlode CAS Precharge Time 10 - 10 - 10 - ns
LNRSH [Nibble iode RAS Hold Time 20 | - 20 - 20 - ns
Nibble Mode CAS to WRITE Delay _ _ _
th'CWD Time 20 20 20 ns
Nibble Mode WRITE Command to
ENRWL [RES Lead Time 20 ” 20 - 20 " ns
Nibble Mode WRITE Command to
“NCWL |CAS Lead Time 20 - 20 - 20 - ns
Test Mode Enable Set-Up Time _ _ _
ETES |referenced to RAS 0 0 0 ns
Test Mode Enable Hold Time
t — - 0 - .0 - s
TEHR referenced to RAS 0 N
.. |Test Mode Enable Hold Time - - -
ETEHC referenced to CAS 0 0 0 ns
CAPACITANCE (Vee=5V£107%Z, f=1'Mz, Ta=0"70°C)
SYMBOL PARAMETER MIN. MAX. UNIT
Cri1_ |Input Capacitance (A0VA9, Diy) - 5 pF
C12 Input Capacitance (RAS, CAS, WRITE, TF) - 7 pF
Co lOutput Capacitance (DouT) - 7 pf
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TC511001AP/AJ/AZ-10, TGS1 IUUI AP/AJ/AZ-80 T-46-23-15
TC51 IﬂOIAP/AJ/AZ -10

NOTES:

1.

10.

11.

12.

13.

14.

Stresses greater than those listed under "Absolute Maximum Ratings' may cause
permanent damage to the device.

All voltages are referenced to Vgg.
Iccl, Icc3, Iccs, Icce depend on cycle rate.,

Iccls Iccs depend on output loading. Specified values are obtained with the
output open.

An initial pause of 200us is required after power-up followed by any 8 RAS
cycles before proper device operation is achieved. 1In case of using intermal
refresh counter, 2 minimum of 8 CAS Before RAS initialization cycles instead
of 8 RAS cycles are required,

AC measurements assume tr=5ns.

Vig(min.) and Vip(max.) are refernce levels for measuring timing of input
signals, Also, transition times are measured between VIH and VIL.

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

torr(max.) defines the time at which the output achieves the open circuit
condition and is not referenced to output voltage levels.

Either tpgg or tpru must be satisfied for a read cycle.

These parameters are referenced to CAS leading edge in early write cycles and
to WRITE leading edge in read~write cycles.

tycs, tRWD, tewp and tawp are not restrictive operating parameters. They are
included in the data sheet as electrical characteristics only. If tycs 2 twes
(min.), the cycle is an early write cycle and the data out pin will remain

open circuit (high impedance) throughout the entire cyclej f tRwD 2 tryp(min.),
tewp 2 tewp(min.) and tApD-.tAhD(mln ), the cycle is a read-write cycle and the
data out will contain data read from the selected cell: f neither of the above
sets of conditions is satisfied, the condition of the data out (at access time)
is indeterminate.

Operation within the tRCD(max.) limit insures that tpac(max.) can be met.
trep(max.) is specified as a reference point only: If tpcp is greater than-
the specified tgep(max.) limit, then access time is controlled by tcac.

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

trap(max.) is specified as a reference point only: If tpap is greater thanm
the specified tpyp(max.) limit, then access time is controlled by tas-

— A51 —



READ CYCLE

RAS

Ql
o0l

AO~A9

TIMING WAVEFORMS

TOSHIBA {LOGIC/MEMORYZ}

L4E D

| 1097244 0014710 b -
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TG511001AP/AJ/AZ-70, TC511001 AP/ AJIAZ -80
TC511001AP/AJ/AZ-10

tre
v trAS ]
vii: “AR jf URP k
ScsH

toRP | TRCD tRsH “GRP
vig— - \\ tcas / / "
ViL— SRAD TRAL

tASR CrAH __[[%sc | tcaH

/) W ) R
Vg, — ADDRESS ADDRESS

tRog |, LRCH
-

G35

NOTE:

WRITE z?:':/xééxixé%xéé{f — toac tan t ?/QZ{ZZ

Doyt 32':‘: OPEN 4 mvum DATA

WRITE CYCLE (EARLY WRITE) tro
T N [ —
I.“::nz tRGD - tRoH I...ES.BL_

o TE map NN\ ——/
I/ W) ) bR //////////////////@(
= ﬂj/{///////////////////////////////

o T X

m : "H' or IlLll

'TF" pin should be connected to Vip(TF) level or openm, if

"Test Mode" is not used,

— A52 —
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READ-WRITE CYCLE

AQ~A9

WRITE

Dour

Diy

TOSHIBA {LOGIC/MEMORY}

I4E D

- quq?éua ‘0018711 & mm
TG511001AP/AJ/AZ-T0, TGSIIOGIAPIAJIAZBO

TC511001AP/AJ/AZ-10
S 4:‘_\_
:;z:CRP tR:D \\ __tcaASs —/_-/ CRP
= TN NN e NG
| ey NI
Z;j:/Z/////////////////////////////@ﬁw X,
: "H" or "L"

NOTE:

— A-53 —

"TF" pin should be connected to Vyp(TF) level or open, if
"Test Mode'" is not used.
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TC511001AP/AJ/AZ-70, TGS11001AP/AJ/AZ- 80
~ TG511001AP/AJ/AZ-10

NIBBLE MODE READ CYCLE

Q)
€0

AQ~A9

Dou1

WRITE

tRAS t
Vg — " T
— N 1 K
tosH
tcrp tRCD t0ag] tye SNRSH
Vig — ~ < -
von— — A PN | Y \_1/
TASR tacn, L1 EcAH |SNe | Fucag
ven —JIIIASE AL S88 I il
0AC SNCAD  topp
traC LZ) |t
oo - T — D) — G ALI
trogy | Egggf_ tres TRoH FREE

e LTI N2 UL

NIBBLE MODE WRITE CYCLE (EARLY WRITE)

RAS

Ql
[7n

AQ~A9

DIy

Doyt

TRAS tRp
[ (N
Vi —

tcRP). | L. RCD Tca Ty ! tNRS
Vig— | e
LRAD
Vi — t X - V )
taSR | asey | ScaH | FNCP

IR LY,

twcs tweH Wes WCH CNEWL
o TN Vi N
vVi,— 3 / /
twp
| TowL l

Vi A VaLID ALID VALID VALID
ViL— DATA ATA | DATA DATA
.Ena.._.!.l..".m tpg IpH

OPEN

VoL — '= e g wpe

NOTE: "TF" pin should be connected to Vyp(TF) level or open.

Vor—

— A54 —
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NIBBLE MODE READ-WRITE CYCLE

AQ~A9

DIy

Doyt

W 3097246 0013713 1 =
TC511001AP/AJ/AZ-70, TC511001AP/AJ/ AZ-BU

tRag *RP
T N N
Vin—
tesu
Scrp tRCD A 31 TNRSH
Vig — tcag
Vi — LraH \
tasR tase Toan | Sncas
K/ R 2 I AZQV?ZZ%%QZQ%&%ZV&C&ZQZ%&V
VIp — ADD ADD /
trap | FOWD w_:_.l —
T
Sawp p=EED typ |G twp SNRWL
—_ L/ \I N W
Vin —
tps tDH hd:L:) It
Vi —7 ALT VALID VALI VALID 7
v DATA ATA DATA., DATA /4
IL
Coac
T
AA TOFF | ENCAG
TRAC
Vo — ALID ALID LID | VALID > X
DATA DATA DATA DATA
VoL, — N ;
—eLZ Mo
/ .
m : "H op AL
NOTE:
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"TF" pin should be connected to VIL(TF) level or open.
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RAS ONLY REFRESH CYCLE

AO~A8

Dogr

CAS BEFORE RAS

VIH —
ViL—

Vig—
Vi, —

Vig —
Vin —

Vog —

VoL —~

L4E D

H q0572448 0014714 3 A

— e

tRAS _i! i
lQBR.‘._- YRPC
7 N
Row asmsess WO/ LITTTTON,

LN

QPEN

NOTE: WRITE="H" or "L", A9="H" or "L"

REFRESH CYCLE

=— V1H

g

|

Dout

: g or '"LY

T

LR
tRP
—_ tRAS
VI
Vip— = REC
T
CEN togy tour
Vi —
Vi, —
toPF
S
OH }-——-——-—-——-—- OPEN
Ao ) A P —

NOTE: WRITE="H" or "L", AQ~ A9="H" or "L"

: uﬂn or "L

"TF" pin should be connected to Vi (TF) level or open, if
"Test Mode" is mot used.
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TG511001AP/AJ/AZ-70, TCS51 IOOIAP/AJ/AZ -80
TG511001AP/AJ/AZ-10

RAS

CAS

AQO~A9

READ CYCLE

Dout

READ-WRITE CYCLE

-

Doyt

WRITE

= 2 77D

AS BEFORE RAS REFRESH COUNTER TEST CYCLE

vee —LLTTTTTTTTTTTT R S

Vo I G
e —
I,

taa

v 3~ 7T . NI

twes 1]

‘wCH

T,

D I
- —/l///////////////////@ R Y,
Vor — tros tt‘;! _t_ﬂ:__l

S/ /I

N T

o 7 :////////////////////////////////S

e w11

YH" or "L“

NOTE: "TF" pin should be comnected to VIL(TF) level or open, if
"Test Mode" is not used.
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TC511001AP/AJ/AZ-10, TC511001AP/AJ/AZ-80

TG511001AP/AJ/AZ-10

HIDDEN REFRESH CYCLE (READ)

tre

tRe

e VIH o

RAS Vin X

tRSH

crp_|
GAS Vin —j

Vin

TASR

_—
lr L—M*’“ z

(EE

T-46-23-15

TCAH

o 1= DN
ey Vi 7 T N,
Dour ‘;Zi : JE@Q VALID DATA —j
HIDDEN REFRESH CYCLE (WRITE)

e I | o R

o :i: : toHR /
b . S U,
w1 =N T

viy, ——

Dogr Vor —

i

Vor, —

OPEN

m . "H" or "L"
NOTE: "TF" pin should be connected to Vi (TF) level or open, if
"Test Mode" is not used.
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EPPLICATION INFORMATION
ADDRESSING

The 20 address bits required to decode 1 of the 1,048,576 cell locations within
the TC511001AP/AJ/AZ are multiplexed onto the 10 address inputs and latched into the
on-chip address latches by externally applying two negative going TTL-level clocks.

The first clock, the Row Address Strobe (RAS), latches the 10 row address bits
into the chip. The second clock, the Column Address Strobe (CAS), subsequently
latches the 10 column address bits into the chip. Each of these signals, RAS, and
CAS, triggers a sequence of events which are controlled by different delayed internal
clocks.

The two clock chains are linked together logically in such a way that the ad-
dress multiplexing operation is done outside of the critical path timing sequence
for read data access. The later events in the CAS clock sequence are inhibited unti
the occurrence of a delayed signal derived from the RAS clock chain., This “gated
CAS" feature allows the CAS clock to be externally activated as soon as the Row Ad-
dress Hold Time specification (tpay) has been satisfied and the address inputs have

been changed from Row address to Column address information.

DATA INPUT/OUTPUT

Data to be written into a selected cell is latched into an on-chip register by
a combination of WRITE and CAS while RAS is active. The later of the signals (WRITE
or CAS) to make its negative transition is the strobe for the Data In (Dryn) register.
This permits several options in the write cycle timing. In a write cycle, if the
WRITE input is brought low (active) prior to T&S, the DIy is strobed by CAS and the
set-up and hold times are referenced to TiS. If the input data is not available at
CAS time or if it is desired that the cyvcle be a read-write cycle, the WRITE signal
will be delayed until after TAS has made its negative transitiom. In this "delayed
write cycle'" the data input set-up and hold times are referenced to the negétive
edge of WRITE rather than CAS. (To illustrate this feature, DIy is referenced to
WRITE in the timing diagrams depicting the read-write and nibble mode write cycles
while the "early write" cycle diagram shows Dix referenced to CAS).

Data is retrieved from the memory in z read cycle by maintaining WRITE in the
inactive or high state throughout the portion of the memory cycle in which CAS is
active (low). Data read from the selected cell will be avilable at the output

within the specified access time.

— A-59 —
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DATA OUTPUT COMTROL
The normal condition of the Data Output (Doyp) of the TC511001AP/AJ/AZ is the

high impedance (open circuit) state. This is to say, anytime CAS is at a high level,
the DouT pin will be floating. The only time the output will turn on and contain
either a logic 0 or logic 1 is at access time during a read cycle. Doyt will remain

valid from access time until CAS is taken back to the inactive (high level) condition.

NIBBLE HMODE

Nibble mode operation allows faster successive data operation on 4 bits. The
first of 4 bits is accessed in the usual manner with read data coming out at tgac
time. By keeping R&S low, CAS can be cycled up and then down, to read or write the
next three pages at high data rate (faster than tgacg)- Row and column addresses need
only be supplied for the first access of the cycles. From then on, the fzlling edge
of CAS will activate the mext bit, After four bits have been accessed, the mext bit

will be the same as the first bit accessed (wrap-around method).

(0, 0) —(0, 1) (1, 0) (1,
[ ]

Address A9 determines the starting point of the circular 4 bits nibble. Row A9 and

column A9 provide the two binary bits needed to select one of four bits.
From them on, successive bits come out in a binary fashiom; 00 + 01 > 10 + 11 with
A9 row being the least significant address.

A nibble cycle can be a read, write, or delayed write cycle. Any conbinations
of reads and writes or late writes will be allowed. In additionm, the circular wrap-
around will continue for as long as RAS is kept low.

RAS OHLY REFRESH

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle
at each of the 512 row address (AO~n AS) within each 8 millisecond time interval.
Although any normal memory cycle will perform the refresh operation, this function

is most easily accomplished with "RaS-only" cycles.

— A60 —
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CAS BEFORE RAS REFRESH

CAS before RAS refreshing availalbe on the TC511001AP/AJ/AZ offers an alternate
refresh method. If CAS is held on low for the specified period (tcgr) before RAS
goes to low, on chip refresh control clock generators and the refresh address counter
are enabled, and an internzl refresh operation takes place. After the refresh op-
eration is performed, the refresh address counter is automatically incremented in

preparation for the next CAS before RAS refresh operation.

HIDDEN REFRESH

An optional feature of the TC511001AP/AJ/AZ is that refresh cycles may be per-
formed while maintaining valid data at the output pin. This referred to as Hidden
Refresh. Hidden Refresh is performed by holding CAS at Vir and taking RAS high and
after a specified precharge period (tgp), executing a CAS before RAS refresh cycle.

(see Figure below)

MEMORY CYCLE REFRISH CYCLE REFRESH CYCLE

i
|
|

Doyt

—C —

This feature allows 2 refresh cycle to be "hidden'" among data cycles without

affecting the data avilabilicy.
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TAS BEFORE RAS REFRESH COUNTER TEST

The internal refresh operation of TC511001AP/AJ/AZ can be tested by CAS BEFORE
RAS REFRESH COUNTER TEST. This cycle performs READ/WRITE operation taking the inter-
nal counter address azs row address and the input address as column address.

The test is performed after a minimum of 8 TAS before RAS cycles as initializa-

tion cycles. The test procedure is as follows

(:) Write "0" into all the memory cells at normal write mode,

(:) Select one certain column address and read "0" out and write "1" in each cell
by performing CAS BEFORE RAS REFRESH COUNTER TEST (READ-WRITE CYCLE).
Repeat this operation 512 times.

(:) Check "1" out of 512 bits at normal read mode, which was written at (:).

(:) Using the same column as (:), read "1" out and write "O0" in each cell performing
CAS BEFORE RAS REFRESH COUNTER TEST.
Repeat this operation 512 times.

(:) Check "0" out of 512 bits at normal read mode, which was written at (:).

(:) Perform the above (:) to (:} the complement data.
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TEST MODE

The TC511001AP/AJ/AZ is the RAM organized 1,048,576 words by 1 bit, it is inter-
nally organized 262,144 words by & bits. In "Test Mode", data are written into
a number of sectors (4 sectors) in parallel and retrieved the same way. If, upon
reading, all bits are equal (all "H" or "L"), the data output pin indicates a same
data as all bits., 1In this case, the data output pin indicates am expected data for
good parts, the data output pin indicates a complementary data for bad parts. And
alsa, if any of the bits differed, the data output pin would indicate a high im-
pedance state for bad parts. Fig.l shows the block diagram of TCS11001AP/AJ/AZ in~
cluding its truth table when "Test Mode" is used.
In test mode, IMDRAM can be tested as if it were 256K DRAM by the following method.

Block Diagram in Test Mode

An, Am
———a
———0
A - MAL
An, Am 256K - NOR ?
BLOCK |—
x -
TF
An,Am —_ B ENCh
< An,Am 256K
BLOGK |—
=z B An,Am
e
Din 1 _ D
|~ Z.An c — NOERMAL —{Pout
1 256K ———Q
— BLOCK |
5 . S
TF
. D ENch
An,Am 256K
BLOCK foro— [
D

TF Pin=Super Voltage; Test Mode
TF Pin=VL(TF) level or Hi-Z; Normal

Truth Table in Test Mode Function

A B ¢ D Doyt

0 0Jo0]o 0

1 1111 1
Otherwise Hi-2

Fig. 1
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"Test Mode" function is performed on any of the timing cycles except Nibble
mode when "TF" pin is held on "super voltage (Voot4.5V (Vee=5V10%), max. voltage=
10.5V)" for the specified period (tygg, trgyr and trpyc; see Fig. 2).

The address input of A9 is ignored in the "Test Mode".

On the other hand, normal operation requires the "TF" pin be connected to
VIL(TF) level, or left unconnected on the printed wiring board.

The "Test Mode" function reduces test times (1/4; in case of using N test pattern).

Vig— B
viL —

B 9097248 00L8722 2 =

*_ - . = o

A AT
-46-23-15 '

Vig —
Vi —
ETES [(Ons)
VIH(TF) — -
VIL(TF) —
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QUTLINE DRAWINGS

*» Plastic DIP Unit in mnm

18 17 16 15 14 13 12 1% pt
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| 228MAZ. ] 7625025
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3l 2
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254+0.25 144015 2 E
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Note: Each lead pitch is 2.54mm.
All leads are located within 0.25mm of their true longitudinal position
with respect to No.,l and No.l8 leads.

All dimensions are in millimeters.
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Unit in mm

Q. 9TYP:

17.02 ~17.27
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INDEX DOT &

12~4.6
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ooooo |
1 23 45

Q.56 ~0.81

i i AP

ik R A R B 23
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Each lead pitch is 1.27mm.

All dimensions are in millimeters.
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¢ Plastic ZIP

Note:

Unit in mm

3.0MA
263MAX

-t

INDEX DOT

10,16 MAX
8.5:ka2

|

N-II
N\ Y
4

<
30M1

+Q.07

®25_a00s

0.5+Q1 1.27TYPR,
1 1.7 TYP

2.54TYP

Each lead pitch is 1.27mm.

All dimensions are in millimeters.
Toshiba does not assume any responsibility for use of any circuitry
described; no circuit patent licenses are implied, and Toshiba reserves

the right, at any time without notice, to change said circuitry.
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