TENTATIVE DATA
1,048,576 WORD x 1 BIT DYNAMIC RANM

DESCRIPTION

The TC511000AP/AJ/AZ is the new generation dynamic RADM organized 1,048,576 words by 1 bit.
The TC511000AP/AJ/AZ utilizes TOSHIBA’s CMOS Silicon gate process technology as well as advanced
circuit technigues to provide wide operating margins, both internally and to the system user.
Multiplexed address inputs permit the TC511000AP/AJ/AZ to be packaged in a standard 18 pin plastic
DIP, 26/20 pin plastic SOJ and 20/19 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 5Vt 10% tolerance, direct interfacing capability with
hign performunce logic families such as Schottky TTL.

FEATURES
e 1,048,578 waord by lbit organization Low Power
e Fast access time and cycle time 440mW MAX. Operating
. TC511000APIALAZ - 70/80/10 3 (TC511000AP/AJIAZ ~170)

— 385mW MAX. Operating
teac RAS Access ime | 70ns 80ns 100ns (TC511000AP/AJ/AZ — BO)
laa Coiumn Adaress 3I5n¢ 40ns SOns 330mW MAX. Operating

Access ime (TC511000AP/AJ/AZ - 10)
tcac CAS Access Time 20ns 20ns 25ns 5.5mW MAX. Standby
tac  Cycle Time | 130ns 150ns 180ns | ® Output unlatched at cycle end allows two-
loc Fast Page Moade | P s <5 dimensional chip selection

Cucle Time ns 5ns "*| & Common IO capability using “EARLY

* Single power supply of 5V *10% WRITE" operation

wit}% a%uilt-in \pgé generator ‘ ¢ Read-Modify-Write, CAS before RAS refresh,
RAS.only refresh, Hidden refresh, Fast Page
Mode and Test Mode capability

PIN NAMES e All inputs and output TTL compatible
AC~AY| Aoaress !nputs WRITE | Reac/Write input ® 512 refresh cycles/8ms

RAS |Row Address Strobe Ve |Power (+5V) * Package $ggiigggﬁ§ SDgI]éssg?i(())%c

Oui {Data in vss |Ground TC511000AZ : ZIP20-P-400
Dnu- | Data Out I TF [Test Funcuon

CAS |Column Aadress Strabe | N.C. |No Connection

PIN CONNECTION

P astic DIP Plasti¢c 50! Plastic ZP
,i‘;d.‘ 180 s _Q.\.‘g‘ 26 Pvgg asp ] 2 | CAS
R 0Dou WATER:  200acr ooy 2 2

RAS{3  160CAS RAS(3 24 JCAS “OUTE:z T4 v
TFQd  23N.C D [
TEda 1sDas veds 2209 NEE3 6 | WAITE
a0fs  1afaB RAS[7 0 E=1
atfls  130A7 a0s  180as  wncfos 4T
a2(7 12[]A6 Arfte 170a7 B ==
A3[ls 11JAS Az{]11 16[AB AL =1 Ay
v 100aa A3fj1z 15fAs a2[130 =i
JecQ13 14fas FZz N4l A3
Vee S RET
EX2 16| Ad
As[17) I==6=
o Laas
% 30) as
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TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80
TC511000AP/AJ/AZ-10

BLOCK DIAGRAM

WRITE
CAS :_LB | DATA IN <O Din
NO.2 CLOCK iB_UFFER—
GENERATOR | pataour -0 Dour
TF Ol 4 BUFFER
C
COLUMN
o o] TV A0RESS T prconén
Al O REFRESH J SENSE AMP.
A2 O+ CONTROLLER |~ 110 GATING
A3 O Y -=- 2048 --
=
A5 O COUNTER (9)
A O 9L E i MEMORY
A7 O+ 88 512 ARRAY
AB O ~ :OD\!’DVRESS } E E
a3 o= T burrer(s) |
}
fxs o] O CLOCK | o [0 v
MAXIMUM RATINGS
CHARACTERISTIC SYMBOL RATING UNIT NOTE
Input Voltage Vin -1~7 v 1
Test function input Voltage Vin (TR -1~105 v 1
Output Voltage Vour ~1~7 v 1
Power Supply Voltage Vee -1~7 ) 1
Operating Temperature Torr 0~70 *C 1
Storage Temperature Tste -55~150 °C 1
Soldering Temperature - Time Tsoioer 260-10 °C-sec 1
Power Dissipation Po 600 mw 1
Short Circuit Output Current lour 50 mA 1
RECOMMENDED DC OPERATING CONDITIONS (Ta=0~70°C)
SYMBOL CHARACTERISTIC MIN. TYp. MAX, UNIT NOTE
Vee Supply Voitage 4.5 5.0 5.5 \ 2
Vin Input High Voltage 2.4 - 6.5 v 2
Vi Input Low Voltage -1.0 - 0.8 v 2
Vi (rey Test Enable Input High Voltage Vee+4.5 - 10.5 v 2
Vi (1ey Test Disable input Low Voltage -1.0 - Vee+ 1.0 v 2
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TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80
TC511000AP/AJ/AZ-10

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

SYMBOL CHARACTERISTIC MIN. | MAX. | UNIT | NOTE
OPERATING CURRENT TCS11D00AP/AJAZ-70 - 80

leer Average Power Supply Operating Current TCS11000AP/ANAZ-80 - 70 mA | 3,45
(RAS, TAS, Address Cycling: tre =tac MIN. ) TCS11000AP/ANAZ-10 - 60

STANDBY CURRENT

lcc2 Power Supply Standby Current - 2 mA
(RAS = TAS = Vi)
RAS ONLY REFRESH CURRENT TC511000AP/ANAZ-70 - 80

lces Average Power Supply Current, RAS Only Mode TCS11000AP/ANAZ-BO - 70 mA 35
(RAS Cycling, TAS = Vju: tre = tag MIN. ) TCS110004P/4 JAZ-10 - 60
FAST PAGE MODE CURRENT TCs11000aP/ALAZI0 | - 60

lcca Average Power Supply Current, Fast Page Mode TCS11000AP/ANAZ-80 - 50 mA 3,45
(RAS = v, TAS, Address Cycling: tec = tpe MIN. ) YC511000AP/ANAZ-10 - 40

STANDBY CURRENT

lecs Power Supply Standby Current - 1 mA
(RAS=CAS = Vee=0.2V)
TAS BEFORE RAS REFRESH CURRENT TC511000APIANAZI0 | - 80

Iccs Average Power Supply Current, CAS Before RAS TC511000APIALIAZ-80 - 70 mA 3
Mode (RAS, TAS Cycling: tec = 1ge MIN. ) TCS11000AMALAZ 10 | - 60

INPUT LEAKAGE CURRENT (any input except TF}
(R} Input Leakage Current, any input -10 10 BA
{OVEVyS 6.5V, All Other Pins Not Under Test = 0V)

INPUT LEAKAGE CURRENT (only TF}

| -0 | w
TFE | (0vS Vi (7r) S Ve + 0.5V, All Other Pins Not Under Test = V) wA

OUTPUT LEAKAGE CURRENT

{ -10 | 10
O | Doyt is disabled, OV S Vgur £ 5.5V) wA

TEST FUNCTION INPUT CURRENT
bre - 1 mA
(Vee +4.5VE Vi (1ry 5 10.5V)

OUTPUT LEVEL
Von - 24 - v
Output “H" Level Voltage (ioyr = ~ SmA)

TPUT LEVEL
Vou QUTPUT LEVE - 0.4 v
Output "L" Level Voltage {loyr =4.2mA)
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TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80
TC511000AP/AJ/AZ-10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Vce =5V £ 10%, Ta=0~70°)(Notes 6, 7, 8)

TC511000AP/ TC511000AP/ TC511000AP/

sYMBOL CHARACTERISTIC ANAZ70 AVAZ-80 AVAZI0  |ymiT| NOTE

MIN. MAX. MIN. MAX. MIN. MAXT
tac Random Read or Write Cycle Time 130 - 150 - 180 - ns
tRMw Read-Modify-Write Cycle Time 155 - 175 - 210 - ns
toc Fast Page Mode Cycle Time 40 - 45 - SS - ns
N z;g.eP:?;eMode Read-Modify-Write 65 _ 70 - 85 - ns
trac Access Time from RAS - 70 - BO| - 100| ns | 9,14
teac Access Time from CAS - 20| - 201 - 25| ns | 9,14
taa Access Time from Column Address - 35 - 40 - 50| ns | 9,15
tepa Access Time from CTAS Precharge - 35 - 40 - SG| ns | 9
tez TAS to Output in Low-Z [} - 0 - 0 - ns |9
tose Output Buffer Turn-off Deiay 0 20 0 20 0 20| ns | 10
tr Transition Time (Rise and Fall) 3 50 3 50 3 SO ns | 8
tap RAS Precharge Time 50 - 60 - 70 - ns
tras RAS Pulse Widt‘h 70 10,000 80 10,000 100 10,000 ns
trasp RAS Pulse Width (Fast Page Mode) 70 100.000 80 100,000 100 100,000 | ns
tagie RAS Hold Time | - e [ - ns
tance ?QEIPLZISET&Z:;W CAS Precharge 5| - af - so] - ns
tesH TAS Hold Time 70 - 80 - 100 - ns
tcas CAS Pulse Width 20 10,000 20 10,000 25 10,000 ns
taco RAS to CAS Delay Time 20 50 20 60 25 75| ns | 14
taap RAS to Column Address Delay Time 15 35 15 40 20 50| ns | 15
tenp CAS to RAS Precharge Time 5 - 5 - s - ns
tep TAS Precharge Time 10 - 10 - 10 - ns
tasr Row Address Set-Up Time 0 - 0 - 0 - ns
than Row Address Hold Time 10 - 10 - 15 - ns
tasce Column Address Set-Up Time 0 - 0 - 0 - ns
tcak Column Address Hold Time 15 - 15 - 20 - ns
tan :Z:Igl%n Address Hold Time referenced 55 _ 60 _ 75 ~ s
tRaL Column Address to RAS Lead Time 35 - 40 - 50 - ns
tacs Read Command Set-Up Time 0 - 0 - 0 - ns
tacH Read Command Hoid Time 4] - 0 - 0 - ns "
o r:a’%ommand Hold Time referenced o _ 0 _ 0 _ ns |11
twew Write Command Hold Time 15 - 15 - 20 - ns
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TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80
TC511000AP/AJ/AZ-10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
{Continued)

TC511000AP/ TCS11000AP/ TCS11000AP/

SYMBOL CHARACTERISTIC ANAZTO ANAZ:80 AJAZ-10 UNIT| NOTE

MIN. MAX. MIN. MAX. MIN. MAX,

Write Command Hold Time referenced

twer to TS S5 - 60 - 75 - ns
twp Write Command Pulse Width 15 - 15 - ‘ 20 - ns
tawe Wwrite Command to RAS Lead Time 20 - 20 - 25 - ns
tewt Write Command to TAS. Lead Time 20 - 20 - 25 - ng
tos Data Set-Up Time 0 - 0 - 0 - ns | 12
tok Data Hoid Time 15 - 15 - 20 - ns 12
toHR Data Hold Time referenced to RAS 55 - 60 - 75 - ng
tage Refresh Period - 8 - 8 - 8| ms
twes Write Command Set-UP Time 0 - 0 - "] - ng |13
tewo TAS to WRITE Delay Time 20 - 20 - 25 - ns | 13
tawo RA3 1o WRITE Delay Time 70 - 80 - 100 - ns | 13
tawp Coiumn Address to WRITE Delay Time 35 - 40 - 50 - ns |13
tepwd TAS Precharge to WRITE Delay Time 35 - 40 - 50 - ns |13
1 tesn TAS Set-Up Time s . s - s _ ns

(CAS before RAS Cycle)

CAS Hold Time
tenn (TAS before NAS Cycle) R il B o - n
trpc RAS to TAS Precharge Time 0 - 0 - 0 - "
oo TAS Precharge Time (TAS before RAS " _ “© . 0 - ns

Counter Test Cycle)

' Test Mode Enabie Set-Up Time o 0 0
- - - n
TES referenced to KAS ?

Test Mode Enable Hold Time

trenm :
Ex referenced to RAS

. Test Mode Enable Hold Time 0 0 0
TEWC referenced to TAS B "

CAPACITANCE (V¢ =5V £ 10%, f = IMHz, Ta = 0~70°C)

SYMBOL CHARACTERISTIC MIN. MAX, UNIT
Cn Input Capacitance {A0~A9, D) - 5

C Input Capacitance (RAS, TAS, WRITE, TF) - 7 pF
Co Qutput Capacitance (Doyr) - 7
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TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80
TC511000AP/AJ/AZ-10

NOTES:

1.

2 S

10.

11,
12.

13.

14,

Stresses greater than those listed under “Maximum Ratings” may cause permanent damage to the
device. ‘ o '

All voltages are referenced to Vsg.

Iccl, I(::cg, Iccy, Iccs depend on cyele rate.

Icci, Iccy depend on output loading. Specified values are obtained with the output open.
Column address can be changed once or less While RAS=V) band CAS=Viy.

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

AC measurements assume tT=>5ns.

ViH (min.) and Vjg, (max.) are reference levels for measuring timing of input signals.  Also,
transition times are measured between Viy and ViL.

Measured with a load equiv'alent to 2 TTL loads and 100pF.

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

Either tRcH or tRrH 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-modify-write cycles.

twes. tRwp, tcwD, tawp and tCcpwp are not restrictive operating parameters. They are included
in the data sheet as electrical characteristics only. If twcsZtwcs (min.), the cycle is an early
write cycle and data out pin will remain open circuit (high impedance) throughout the entire cyele;
If tgwp = trwp (min.), tcwp= tcwp (min.), tAwD= tawp (min.) and tcpwp2 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 out(at

access time) is indeterminate.

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

. Operation within the tRap (max.)limit insures that tRAC (max.) can be met.

tRAD (max.) is specified as a reference point only: If tRap is greater than the specified trap (max.)
limit, then access time is controlled by taa.
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TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80
TC511000AP/AJ/AZ-10

TIMING WAVEFORMS
READ CYCLE

tac
o [
e . 1
RA :
LC N R85 / \
LT i ]
t tesn N
CET. trco tRsH SRE
Vin — N teas Fd
=3 -/
ViL — . . -
AT
leap Laay |
tase tRaH | tasc teak

o " TR KO K

rgH

WRITE ::: :7////7///////////////////////‘ tea //
Oour ZZ: : I OPEN {///// DATA-OUT ‘

: “H" or “L”

NOTE: “TF" pin should be connected to Vy (TF)level or open, if “Test Mode” is not used.
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TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80

TC511000AP/AJ/AZ-10

WRITE CYCLE (EARLY WRITE)

I tre
=D N F
= T L N
WRT 7 ' ‘f’p ,,//7// Z//Z_‘// Z// W// o,
| | ton |
{ 1R

A v or v

NOTE: “TF” pin should be connected to Vi (TF) level or open, if “Test Mode” is not used.
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TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80
TC511000AP/AJ/AZ-10

READ-MODIFY-WRITE CYCLE

- ::: N — : i \_
w N A
tase Tar, tascl | tean ‘ S v
| o —
| ta < %t
o e e

: “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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TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80
TC511000AP/AJ/AZ-10

FAST PAGE MODE READ CYCLE

g

A0~A9

WRI

Dour

tap
Vi —= % trase P \_
e r\! Lesm tec rsH /
teae trep tcas tep tep tRce
- VI e N
traL
tasry tRAM :::c tcan tasc lc_n: {Lsc. tean
: coL : coL2 ; COL.N %7///////////// %
1:'::20 taeH tres tack ”. !ncls tRcH -
v:: —%//////////// ‘ teac | teac @ | teac %
’ ‘RAtCAA ".:C:A I ‘:AP:
J— & L . )\ y N
:::__ % Dour “! 3@{ Dour 2’_>— 1% Dour N*_>——
tez |_tore tz | tosr toz

I tore
]

: “H” or “L”

NOTE: “TF" pin sheuld be connected to V|, (TF)level or open, if “Test Mode" is not used.
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TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80
TC511000AP/AJ/AZ-10

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

trp
= IR N
tpc TRsH
teap | . tacp teas tep <
T S
o N N N
tasRy | TRAH) . !::CR tcan tasc Lc:: EE‘. ‘M;AH
AQ~A9 Y }@{ coL.1 ’: coL.2 @@g: COL.N }%/////////////%
::vAc: twes wek twes twen
Vi 0 vai tweH Twp twe
tos oW 1os Ton _tgs’ e toux ‘
! lonR
Dour :Z:: OPEN

: “H* or "L”

NOTE: “TF” pin should be connected to Vi (TF) level or open, if “Test Mode" is not used.

A-47



TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80
TC511000AP/AJ/AZ-10

FAST PAGE MODE READ-MODIFY-WRITE CYCLE

tep
- ViH =" Y tRasP d
5 / \_
Vi —
tesm termw trsH
teap tRCD tep tcp )
o Vi e —/'—1\ tcas /-/"_-‘ tcas
S N — N
Vi — = = X
lAS(VS team
J n -
7 77
£G~A9 coL @ coL2 N X7 ///// %
Y /! i /4
tewp tewo,
Rawo tepwo tepwo| ™|, flowe
tRes Fawo tawp tawt
. towy
WRITE e L/ \.-. \
trRwD WP twp twe
oH
tos tom 105 tos ok
Dy %////é
Vou— N 7 V 9 X
[ % Dour 1 4% dour 2 D=7 bour N
out VoL — " our ¥ / out % \ Pou >_
ors | tore | torr
| I |
BA: v or
NOTE: “TF” pin should be connceted to Vi (TF) level or open, if “Test Mode” is not used.
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TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80
TC511000AP/AJ/AZ-10

RAS ONLY REFRESH CYCLE

w 0”0 N VN
] .‘i’, ‘ trpc
Vin — 2 Sa: = s i Z

: "H" or "L*

NOTE: WRITE= "H" or “L" A9="H" or “L"
“TF” pin should be connected o V), (TF) level or open, if “Test Mode” is not used.

CAS BEFORE RAS REFRESH CYCLE

= 02w, N / \_
= T SN TV

% D "H" or "L*

NOTE: WRITE= “H" or "L” A9="H" or “L"
“TF" pin should be connected to Vi (TF) level or open, if “Test Mode” is not used.

A-49



TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80
TC511000AP/AJ/AZ-10

HIDDEN REFRESH CYCLE (READ

T e e
= 7L N
tasp :!a,m ] ‘_slc tean
| tRCs tagi
N : DATA - OUT ﬁ—

: “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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TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80
TC511000AP/AJ/AZ-10

HIDDEN REFRESH CYCLE (WRITE

g

irp

tgur

tawL

twen

Dour b OPEN
: “H” or "L”

NOTE: “TF” pin should be connected to Vy, (TF)level or open, if “Test Mode" is not used.
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TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80
TC511000AP/AJ/AZ-10

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

w "N\ A
Dowl :ZL: OPEN A //7/ -: DATA-OUT :}_
e |gam
0o :O : OPEN {///: DATA-OUT F
s il
o3 I ! Lox : “H® or "L”

ote: “TF" pin should be connected to V| (TF) level or open, il “Test Mode” is not us
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TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80
TC511000AP/AJ/AZ-10

TEST MODE

The TC511000AP/AJ/AZ is the RAM organized 1,048,576 words by 1 bit, it is internally organized
262,144 words by 4 bits. In “Test Mode", data is 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. In this case, the data output pin indicates an expected
data for good parts, the data output pin indicates a complementary data for bad parts. And also, if
any of the bits differed, the data output pin would indicate a high impedance state for bad parts. Fig.
1 shows the block diagram of TC511000AP/AJ/AZ including 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
S
A —
An, Am o NORMAL °
256K
_BLOCK ——0
o
*
——an & e B | [hen
| ~| Block
An, Am
Diy - ] — Dour
| &R, Am —o
°_/—I__, PPN o NORMAL
L BLOCK —°
— -
= TF\O_L{
An, &M [ rsex 1> e
BLOCK | |
5

TF Pin=Super voltage; Test Mode

TF Pin= VvV, (TF} level or High-2; Normal

Truth Tuble in Test Mode Function

A 8 C D Dour
0 0 0 0 0
1 1 1 1 1
Otherwise Hi=2Z
Fig. 1
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TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80
TC511000AP/AJ/AZ-10

“Test Mode” function is performed on any of the timing cycles including Fast Page Mode when “TF”
pin is held on “super voltage (Vcc+4.5V (Voo=5V10%), max. voltage=10.5V)” for the specified
period (tTES, tTEHR and tTEHC; 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),

Vipy e

= w— N /
SR \ /]

11Es | (ons) ! LTEHR (Ons)
Vi (Thy ™

TF
Ve -

Fig. 2 Test Mode Cycle

LTENC {Ons)
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