




































































































































































































































































































































































TC511001BP/BJ/BZ/BFT-60

r (0,0) (0,1) (‘.o)—>(t.t)—J‘

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 then on, Successive bits come out in a binary fashion; 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 Iabe
writes will be allowed. In addition, the circular wrap-around will continue for as long as RAS is kept low.

RAS ONLY REFRESH

Refresh of the dynamic cell matrix is accomplished by perfonmng a memory cycle at each of the 512 row
address (AO~A8) within each 8 millisecond time interval,
Although any normal memory cycle will perform the refresh operahon, this funchon is most easily
accomplished with “RAS-only” cycles.

TAS BEFORE RAS REFRESH

CAS before RAS refreshing available on the TC511001BP/BJ/BZ/BFT offers an alternate refresh method. If
TAS is held on low for the specified period (tcsr) before RAS goes to low, on chip refresh control clock
generators and the refresh address counter are enabled, and an internal refresh operation takes place. After
the refresh operation 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 TC$11001BP/BJ/BZ/BFT is that refresh ¢ycles may be performed while
maintaining valid data at the output pin. This referred to as Hidden Refresh. Hidden Refresh is performed by
holding CAS at Vi1, and taking RAS high and after a specified precharge period (tgp), executing a CAS before
RAS refresh cycle. (see Figure below)

MEMORY CYCLE REFRESH CYCLE REFRESH CYCLE

TAT —_—\ ‘ 4 j
-—ng — )

This feature allows a refresh cyclevto be “hidden" among data cycles without affecting the data avilability.
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TC511001BP/BJ/BZ/BFT-60

TAS BEFORE RAS REFRESH COUNTER TEST
The internal refresh operation of TC511001BP/BJ/BZ/BFT can be tested by CTAS BEFORE RAS REFRESH
COUNTER TEST, This cycle performs READ/WRITE operation taking the internal counter address as row
address and the input address as column address.
The test is performed after a minimum of 8 CAS before RAT cycles as initialization 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 TAS
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 writtenat® .
@® Using the same column as @, read “1” out and write “0” 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 writtenat@® .
® Perform the above @ to ® to the complement data.
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TEST MODE

The TC511001BP/BJ/BZ/BFT 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 TC511001BP/BJ/BZ/BFT 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
 ——)
O
7o) NORMAL o
—0
-
TF
[hen
An, Am

——————° Dour
c ——0 ]
_—L_. —5 NORMAL
——O0
< -
TF
&n, Am D I:rch
ik Rl 1
o]

TF Pin= Super voltage; Test Mode
TF Pin=V,_ (TF) level or High-Z; Normal

Truth Table in Test Mode Function

A 8 C ] Dour
0 0 0 0 ]
1 1 1 1 1
Otherwise Ri-2
Fig. 1
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TC511001BP/BJ/BZ/BFT-60

“Test Mode” function is performed on any of the timing cycles except Nibble Mode when “TF” pin is
held on “super voltage (Voc+4.5V (Voe=5V110%), 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 Vi (TF) level, or left
unconnected on the pnnted wiring board. .

The “Test Mode” function reduces test tunes(l/4 in case of usmg N test pattern)

.Vm - e U
: Vi — ’ -
Vi = \ /
Vi —=
I tres | ons) ) ArenR (Ons)
Vis = A N
Vivan ™+ . . -

Fig. 2 Test Mode Cycle

LIEWC (Ons)
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TENTATIVE DATA
1,048,576 WORD x 1 BIT DYNAMIC RAM

DESCRIPTION

The TC511001AP/AJ/AZ is the new generation dynamic RAM organized 1,048,576 words by 1 bit.
The TC511001AP/AJ/AZ 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 TC511001AP/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 5V£10% tolerance, direct interfacing capability with
high performance 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
e 1,048,576 word by 1bit organization ® Low Power
e Fast access time and cycle time 440mW MAX. Operating
TC511001AP/AJ/AZ - 70/ - 80/ - 10 (TC511001AP/AJ/AZ —70)
— 385mW MAX. Operating
trac  RAS Access Time 70ns 80ns 100ns (TC511001AP/AJ/AZ —80)
taa  Column Address 330mW MAX. Operating
" 35 40 501
Access Time o m ™ (TC511001AP/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-
tncac  Nibole Mode 20 20 20 dimensional chip selection
Access Time ns ns ™| o Common VO capability using “EARLY
tne  Nibbie Mode WRITE" operation
Cucle Time 40ns 40ns 4ns) o Read-Modify-Write, CAS before RAS refresh,
e Single power supply of 5V+10% RAS-only refresh, Hidden refresh, Nibble
with a built-in Vg generator Modg and Test Mode capability .
e All mputshand output TTL compatible
® 512 refresh cycles/8ms
PIN NAMES e Package TC511001AP : DIP18-P-300C
AO~A9|Address Inputs WRITE | Read/Write Input TC511001AJ : SOJ26-P-300
CAS {Column Address Strobe | Vcc | Power(+5V) TC511001AZ : ZIP20-P-400
Dy {Data In Vss | Ground
Doyr {Data Out TF |Test Function
RAS {Row Address Strobe N.C. [No Connection
PIN CONNECTION (TOP VIEW)
Plastic DIP Plastic SOJ Plastic 2IP
2]
@ vss
6 | WRITE
e
fz] a1
0] a3
6] A4
aJae
20| A8
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TC511001AP/AJ/AZ-70, TC511001AP/AJ/AZ-80
TC511001AP/AJ/AZ-10

BLOCK DIAGRAM

Vee

i
N

DTN

qur

Vss
DATA IN DATA OUT
BUFFER BUFFER
A [} T

A9C, AR
NO.2 CLOCK 3 1
GENERATOR NIBBLE
i
T O ! SELECTOR
’ l
o COLUMN o column 4
Al 10? ADDRESS
o Sl e i)
A2 0 : REFRESH = YO GATEING
A3 0> |__CONTROLLER |~
AL O~ REFRESH 2048
A5 O . COUNTER (9)
A O =
ROW P~ MEMORY
A7 O~ ADDRESS 88 s12|  ARRaY
AB O BUFFER (10) e
o
NO.1 CLOCK
GENERATOR SUBSTRATE BIAS
GENERATOR
MAXIMUM RATINGS
CHARACTERISTIC SYMBOL RATING - UNIT NOTE
input Voltage Vin -1~7 v 1
Test Mode Input Voltage ‘ Vin (TR -1~10.5 \ 1
Output Voltage Vour -1=~7 v 1
Power Supply Volitage Vee -1=~7 \J 1
Operating Temperature Torr 0~70 °c 1
Storage Temperature TstG «55~150 °C 1
Soldering Temperature - Time TsoLper 260-10 °C-sec 1
Power Dissipation Pp. 600 mw 1
Short Circuit Output Current lout S0 mA 1
RECOMMENDED DC OPERATING CONDITIONS (Ta=0~70°C)
SYMBOL ‘CHARACTERISTIC MIN. TYP. MAX. UNIT NOTE
Vee Supply Voltage 4.5 5.0 5.5 2
Viy Input High Voltage 24 - 6.5 v 2
Vi input Low Voltage -1.0 - 0.8 \ 2
Vin(Te) Test Enable Input High Voltage Vec+4.5 - 10.5 \) 2
Vi e Test Disable Input Low Voltage -1.0 - Vee+ 1.0 \ 2
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TC511001AP/AJ/AZ-70, TC511001AP/AJ/AZ-80
TC511001AP/AJ/AZ-10

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

SYmMBOL CHARACTERISTIC MIN. MAX. UNIT NOTE

OPERATING CURRENT TCS11001AP/ANAZ-T0 - 80

lect Average Power Supply Operating Current TC511001AP/AJAZ-80 - 70 mA 3,45
(RAS, TAS, Address Cycling: tac=trc MIN. ) TCS11001AP/ANAZ-10 |  — 60
STANDBY CURRENT

lec2 Power Supply Standby Current - 2 mA
(RAS = CAS = Vi)
RAS ONLY REFRESH CURRENT TCS11001AP/AJ/AZ-70 - 80

lecs Average Power Supply Current, RAS Only Mode TCS11001AP/AIIAZ-80 - 70 mA 3,5
(RAS Cycling, CAS = Viu: tre = tac MIN. ) TCS11001AP/ANAZ-10 - 60
NIBBLE MODE CURRENT TCS511001AP/ANAZ-70 - 40

lcca Average Power Supply Current, Nibble Mode TC511001AP/AJ/AZ-80 - 40 mA 3,4,5
(RAS =V, TAS, Cycling: tnc=tne MIN. ) TCS11001AP/AVAZ-10 | = 40

STANDBY CURRENT
lees Power Supply Standby Current - 1 mA
(RAS = TAS = V¢c - 0.2V)

TAS BEFORE RAS REFRESH CURRENT TCS11001AP/ANAZ-70 | = 80
lecs Average Power Supply Current, CAS Before RAS TC511001 AP/AJAZ-80 - 70 mA 3
Made (RAS, TAS Cycling: tac=tac MIN. ) YC511001AP/AVAZ-10 - 60

INPUT LEAKAGE CURRENT (any input except TF)
hew Input Leakage Current, any input - 10 10 PA
(OVS VinS6.5V, All Other Pins Not Under Test=0V)

INPUT LEAKAGE CURRENT (only TF)

. -10 10
(OVE VN (1F) SV + 0.5V, All Other Pins Not Under Test = 0V) A

lire (1)

OUTPUT LEAKAGE CURRENT

! | -
O | (Doyr is disabled, OVS Vour S 5.5V) 10110 A

TEST FUNCTION INPUT ‘CURRENT
143 - 1 mA
(Vec+4.5VE Vi (rpy S10.5V) .

v QUTPUT LEVEL 24 v
OH Output “H” Level Voltage (loyr= = SmA) : -

OUTPUT LEVEL
Vou . - 0.4 v
Output “L” Level Voltage (igyr = 4.2mA)
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TC511001AP/AJ/AZ-10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

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

TCS51001AP/ TCS1001AP/ TC5100iAP/
SYMBOL CHARACTERISTIC AIAZ-70 AlIAZ-80 ANAZ-10 UNIT| NOTE
MIN. MAX. MIN. MAX. MIN. MAX.

tre Random Read or Write Cycle Time 130 - 150 - 180 - ns
trRMw Read-Modify-Write Cycle Time 155 - 175 - 210 - ns
tne Nibble Mode Cycle Time 40 - 40 - 40 - ns
N .r;liirl‘)‘lzle Mode Read-Modify-Write Cycle 65 N 65 _ 65 _ | s ‘
trRaC Access Time from RAS - 70| - 80| - 100 ns | 9,14
teac Access Time from CAS - 20| - 20| - 25| ns | 9,14
taa Access Time from Column Address - 35 - 40 - 50| ns | 9,15
theac Nibble Mode Access Time - 20| - 20| - 20{ ns |9
taz TAS to Output in Low-2 0 - 0 - 0 - ns |9
tore Output Buffer Turn-off Delay 0 20 0 20 0 20| ns | 10
tr Transition Time (Rise and Fall) 3 50 3 50 3 S0| ns | 8
trp RAS Precharge Time 50 - 60 - 70 - ns
trAS RAZ Pulse Width 70 10,000 80 10,000 100 10,000 ns
tRSH RAS Hold Time 20 - 20 - 25 - ns
tesH CAS Hold Time 70 - 80 - 100 - ns
tcas TAS Pulse Width 20 10,000 20 10,000 25 10,000} ns
trco RAS to CAS Delay Time 20 50 20 60 25 75| ns | 14
tRAD RAS to Column Address Delay Time 15 35 15 40 20 S0 ns | 15
tere TAS to RAS Precharge Time 5 - 5 - 5 - ns
tep CAS Precharge Time 10 - 10 - 10 - ns
tasr 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 - 0 - ns
tcaH Column Address Hold Time 15 - 15 - 20 - ns
taa tc:lgsf\ Address Hold Time referenced 55 _ 60 _ 75 _ ns
traL Column Address to RAS Lead Time 35 - 40 - 50 - ns
tres Read Command Set-Up Time 0 - 0 - ] - ns
tack Read Command Hold Time referenced o ~ 0 _ 0 _ s | 11

to CAS

Read Command Hold Time referenced
tRRH to RAS 0 - 0 - 0 - ns | 11
twen Write Command Hold Time 15 - 15 - 20 - ns
twe Write Command Hold Time referenced 55 . 60 - 75| _ ns

to RAS
twe Write Command Pulse Width 15 - 15 - 20 - ns
tRwWL Write Command to RAS Lead Time 20 - 20 - 25 - ng
tewt Write Command to TAS Lead Time 20 - 201 - 25 - ns

A-96




TC511001AP/AJ/AZ-70, TC511001AP/AJ/AZ-80
TC511001AP/AJ/AZ-10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Continued)

TCS51001AP/ TC51001AP/ TC51001AP/
SYMBOL CHARACTERISTIC ANAZ 70 ANIAZ-80 AVAZ-10 UNIT| NOTE
) MIN. MAX. MIN. MAX. MIN, MAX.
tos Data-in Set-Up Time 0 - 0 - 0 - ns 12
toH Data-In Hoid Time 15 - 15 - 20 - ns 12
1OKR Data-in Hold Time referenced to RAS 55 - 60| - 75 - ns
tRer Refresh Period - 8 - 8 - 8| ms
twes Write Command Set-UP Time 0 - 0 - 0 - ns |13
tewo TAS to WRITE Delay Time 20 - 20 - 25 - ns | 13
trRwD RAS to WRITE Delay Time 70 - 80 - 100 - ns {13
“tawd Column Address to WRITE Delay Time 35 - 40 - 50 - ns | 13
CAS Set-Up Time
1SR (GRS belo:)e ”AS ) 5 - 5 - 5 - ns
TAS Hold Time
tCHR (TAS vefore RES ) 15 - 15 - 20 - ns
trec RAS Precharge to TAS Active Time 0 - 0 - -0 - ns
teor ﬁ:nz:c:;rtg: Time (CAS before RAS 2 - 2 _ 50 _ ns
tncas | Nibbie Mode Pulse Width 20 - 20 - 20 - ns
tnep Nibble Mode TAS Precharge Time 10 - 10 - 10 - ns
RS Nibble Mode RAS Hold Time 20 - 20| - 20 - ns
tnewo .N'ibbie Mode TAS to WRITE Delay 20 _ 2 - 2 _ ns
Time .
_— Nibble'Mode WRITE Command to RAS 2 _ 20 _ 2'0 _ ns
Lead Time
towt Nibble.Mode WRITE Command to TAS 2 - 2 _ ; 20 _ ns
Lead Time .
tres Test Mode Enable Set-Up Time 0 _ o - 0 _ ns
referenced to RAS
tren Test Mode Ena_bl_e Hold Time o - 0 _ o _ ns
referenced to RAS
trenc Test Mode Enable Hold Time 0 _ 0 _ 0 _ ns
referenced to CA&S
CAPACITANCE (Vcc =5V £ 10%, f = 1MHz, Ta=0~70°C)
SYMBOL CHARACTERISTIC MIN. MAX. ‘ UNIT
Ch Input Capacitance (AO~A9, Dy) - S
[ Input Capacitance (RAS, TAS, WRITE, TF) - 7 pF
Co Output Capacitance (Doyr) - 7
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NOTES:

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

2. All voltages are referenced to Vss.

3. Iccr, Iccs, Iccs, Iccs depend on cycle rate.

4. Icct, Iccs depend on output loading., Specified values are obtained with the output open.

5. Column address can be changed once or less While RAS=Vyy, and CAS=Vy.

6. 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 RAS cycles are required.

7. AC measurements assume tT=5ns.

8. ViH (min.) and V]L (max.) are reference levels for measuring timing of input signals.  Also,
transition times are measured between Vi and ViL.

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

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

11. Either tpcy or trRrH must be satisfied for a read cycle.

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

13. twcs, trRwD, tcwDp, and tAwp are not restrictive operating parameters. They are included in the
data sheet as electrical characteristics only. If twcs= twes (min.), the cycle is an early write cycle
and data out pin will remain open circuit (high impedance) throughout the entire cycle; If
tRWD= tRwD (min.), tcwp=tewp (min.), and tAwDp=Ztawp (min.), 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 tRcp (max.) limit insures that trac (max.) can be met.
trcp (max.) is specified as a reference point only: If tRcD is greater than the specified trcp (max.)
limit, then access time is controlled by tcac.

15. Operation within the tRap (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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TIMING WAVEFORMS

T %
=t N —/
AO~AZ ::: :%{ iaow i}@( COLUMN : /////////
e " j///////f_/////////" — .
‘taAc ‘E"L’l torr |
Dour :Z:: OPEN DATA - OUT ::}——-—

: “H" or “L*

Note: “TF” pin should be connected to Vi (tr)level or open, if “Test Mode” is not used.
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TC511001AP/AJ/AZ-70, TC511001AP/AJ/AZ-80

TC511001AP/AJ/AZ-10

WRITE CYCLE (EARLY WRITE)

\

T e/
o tcgt_. 2R [ ‘{&H ' IJ&»
o V::— \\-‘ cas / /
‘Ao.,Ag ::: :%X ROW ‘ COLUMN b ////l//é//////////

twes
| |

|
“ 'ZW////I//////// %

WRITE twp
trwy

twer :
osy ton

Vow—

|

\\:i»: :%%;/////////;?////////7//% DATA- IN
I 1oHR
f

OPEN

o |
e
X777

Dour
Vor—

: “H" or “L”

Note: “TF" pin should be connected to ViL (Tr)level or open, if “Test Mode” is not used.
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TC511001AP/AJ/AZ-10

READ-MODIFY-WRITE CYCLE

trmw
w TR -
Vg tcﬁT‘ treD t — tawL ‘:—‘5-"2—»
oS Vit = e/ }S\-‘ - / /
trap = trat, A
e towp

WRITE :'H B

trCs

l/.l

to
03 ton

lcag

torr

VX

 ——
DATA-OUT

: “H” or “L"

Note: *“TF” pin should be connected to Vi, (Tr)level or open, if “Test Mode” is not used.
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NIBBLE MODE READ CYCLE

RAS Vi
Vi

Vin
[:X9 Vi

A0~A9 v:f

Vou
Dour v,

W v ]

tras tre
— ]
\ tar
t
% TRep oo
— Z" traD. &
tran g_shc_ Bewom
/Z//% ROW ﬁ@g . _ 2
taac  {bdwitorz | T
DATA DATA DATA DATA
— opeN @g DATA B—L{ OATA H )...( >___
taa tRRH
tres | tacw | 1, oy | tacs

NIBBLE MODE WRITE CYCLE(EARLY WRITE)

tras

trp

7%

/

RAS 3"" R tar
* ACSH
‘L'i"' [« trco T
CAS xm A 1zAD &
it tran ftasq| ]
lasgy 1) — 1 lca
Vi 7
no-as W 77X row

ot @W/? ) (W/H////

CH ////

%N

O vy

Vou
Pour v

"Note: “TF” pin should be connecf

Tos

o o

OPEN

e /L

ER7.E65 )@( A

__

ted to Vi, (Tr) level or open.
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TC511001AP/AJ/AZ-70, TC511001AP/AJ/AZ-80
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NIBBLE MODE READ - MODIFY - WRITE

tras trp
v S =
i -
" tere R L] — INRMW TR
o8 Vi, - tran | ¢ S
Tasa) | <24 Tasc tean tnee | [tncas
a~ns TN ow WX o MO 2277 7
towp fetran o QO] LSCWLET 40y Newt how %
T = AN = AV W/
s, 1

o I e YO O X

taa| llcacl tore thcac '
— 1 L
Vou RaC DATA DATA DATA DATA
D
OUT oy e -0uY -OUT -0uT -OUT
ot teuz !

Note: “TF" pin should be connected to VL (rF)level or open.

A-103
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RAS ONLY REFRESH CYCLE

s TN 1 N
Itcm» tRPC

o | | \

S e ) - or v

“I'F" pin should be connected to Vi (r)level or open, if “Test Mode” is not used.

CAS BEFORE RAS REFRESH CYCLE

tre

) N\

..

Vin — tras
RAS N
Vi, = RPC X
tcp 1 lcsr .
oV — Julm— CHR
? Vi '—__../ i 2
torr
Vo = —_—&(
Dour Voo — ¥
Note: WRITE= “H" or “L", A9="H" or "L"

OPEN

% : "HY or "L*

“I'T” pin should be connected to Vg, (rr)level or open, if “Test Mode” is not used.
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TC511001AP/AJ/AZ-70, TC511001AP/AJ/AZ-80
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T N Ny
SN AT N
tasz tran B t;Asfc tean
s 7N |W o
o T |
o — — i
Dour V:: - : DATA - OUT *}————

: "H" or “L”

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

A-105



TC511001AP/AJ/AZ-70, TC511001AP/AJ/AZ-80
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HIDDEN REFRESH CYCLE (WRITE

D Nt e

=7} M
tasr :: ‘_A,slc IR;AH -

e '_‘////7//% 0

% : "H" or “L”

Note: “T'F” pin should be connected to Vi, (Tr,level or open, if “Test Mode” is not used.

A-106
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

e B2 J
Viy —= tras ;
RAS tRsH
Vi — - . o
fas
tesr 1, |
Vin — R HE tcas Vi
-~

Ne  ©—=».
Bout :Z*L‘: OPEN t tc‘:/// i DATA-OUT '(:‘b———
w7 R

o "I e ,

READ-MODIFY-WRITE CYCLE tcrz . l
— X
OPEN g DATA - OUT
Pout o — *

T
o " T v

o P o

. tos ton ¢ -
! I D % P H" or ¥
Note: “TF” pin should be connected to Vi, (7 level or open, if “Test Mode” is not used.

l/
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TC511001AP/AJ/AZ-70, TC511001AP/AJ/AZ-80
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APPLICATION 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 address multiplexing operation is
done outside of the eritical path timing sequence for read data access. The later events in the CAS clock
sequence are inhibited until the occurrence of a delayed signal derived from the RAS clock chain. The “gated
TAS” feature allows the CAS clock to be externally activated as soon as the Row Address Hold Time
specification (tRAH) 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 (D]N) register. This permits several options in the write cycle timing. In a write cycle,
if the WRITE input is brought low (active) prior to CAS, the DIN is strobed by CAS and the set-up and hold
times are referenced to CAS. If the input data is not available at CAS time or if it is desired that the cycle be a
read-modify-write cycle, the WRITE signal will be delayed until after CAS has made its negative transition.
In this “delayed write cycle”the data input set-up and hold times are referenced to the negative edge of WRITE
rather than CAS. (To illustrate this feature, Dy is referenced to WRITE in the timing diagrams depicting the
read-modify-write and nibble mode write cycles while the “early write"cycle diagram shows DN referenced to
CAS). )

Data is retrieved from the memory in a 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 available at the output within the specified access time.

DATA OUTPUT CONTROL .

The normal condition of the Data Output (Dour) of the TC511001AP/AJ/AZ is the high impedance (open
circuit) state. Thisisto say, anytime CASis at a high level, the Doyr 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 MODE

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 toac time. By keeping RAS low, CAS can be cycled up and then
down, to read or write the next three pages at high data rate (faster than tcac). Row and column addresses
need only be supplied for the first access of the cycles. From then on, the falling edge of CAS will activate the
next bit. After four bits have been accessed, the next bit will be the same as the first bit accessed (wrap-
around method) .
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[“_'(0,0)"‘—'(0,1) (1,0) (1,1) J }

Address A9 determines the starting point of the circular 4 bits nibbie. Row A9 and column A9 provide the two |
binary bits needed to select one of four bits.
From then on, successive bits come out in a binary fashion; 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 addition, the circular wrap-around will continue for as long as RAS is kept low.

RAS ONLY REFRESH
Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 512 row
address (AO~AS8) 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.

CAS BEFORE RAS REFRESH

CAS before RAS refreshing available on the TC511001AP/AJ/AZ offers an alternate refresh method. IfCAS
is held on low for the specified period (tcsRr) before RAS goes to low, on chip refresh control clock generators
and the refresh address counter are enabled, and an internal refresh operation takes place. After the refresh
operation 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 performed while maintaining
valid data at the output pin. This referred to as Hidden Refresh. Hidden Refresh is performed by holding CAS
at Vi1, and taking RAS high and after a specified precharge period (trp), executing a CAS before RAS refresh
cycle. (see Figure below)

MEMORY CYCLE REFRESH CYCLE REFRESH CYCLE

o e e W
=T\ _

— OPlEN _‘< /\

This feature allows a refresh cycle to be “hidden” among data cycles without affecting the data avilability.

0
w

Dour
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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 internal counter address as row
address and the input address as column address. }
The test is performed after a minimum of 8 CTAS before RAS cycles as initialization 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 writtenat ® .
® Using the same column as @, read “1” out and write “0” 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 & 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 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 TC511001AP/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
(——————0
A ©
An, Am 256K 0 NORMAL fe)
BLOCK |— —c
A -
TF
~ — B Nch
- An, Am 256K | ;
) - J BLOCK
An, Am
An ) AE
An, Am L
L | aLock —°
b C i,
TF
AR, Am ﬁ“‘“

D
256K
BLOCK
)

TF Pin=Super voltage; Test Mode
TF Pin=V, (TF) level or High-Z; Normal

Truth Table in Test Mode Function

A B C 0 Dout
0 0 0 0 0
1 1 1 i 1
Otherwise Hi-2
Fig. 1
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“Test Mode" function is performed on any of the timing cycles excéept Nibble Mode when “TF” pin is
held on “super voltage (Voo +4.5V (Voo =5V 110%), 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 Vi (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).

Vi ___—""—A\ . 7
RAS
Vi = /
Vig =
(V1 \ /
Vip — - LTEHC (Ons)
765 | (0ns) LTEHR (Ons)
Vinan ™ d
TF —-—
ViLre

Fig. 2 Test Mode Cycle
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1,048,576 WORD X 1 BIT DYNAMIC RAM PRELIMINARY

DESCRIPTION

The TC511002BP/BJ/BZ/BFT is the new generation dynamic RAM organized 1,048,576 words by 1
bit. The TC511002BP/BJ/BZ/BFT 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 TC511002BP/BJ/BZ/BFT to be packaged in a standard 18 pin
plastic DIP, 26/20 pin plastic SOJ, 20/19 pin plastic ZIP, 24/20 pin plastic TSOP. 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+10% tolerance,
direct interfacing capability with high performance logic families such as Schottky TTL.

FEATURES
e 1,048,576 word by 1bit organization o Low Power
® Fast access time and cycle time 495mW MAX. Operating
TC5110028P/BBUBFT - 60 5.5mW MAX. Standby
- e Qutput unlatched at cycle end allows two-
trac RAS Access Time 60ns dimensional chip selection
taa Column Address 30ns ¢ Common VO capabilit,

Access Time ¢ Read-Modify-Write, gg before RAS refresh,
teac C5 Access Time 20ns RAS-only refresh, Hidden refresh, Static
tre  Cycle Time 110ns Column Mode and Test Mode capability
¢ Static Column e All inputs and output TTL compatible

Mode Cycle Time 35ns . ngkrefresh 'I%'cles/&;; p DIP16.P-300C
¢ Single power supply of 5V£10% ¢ FPackage 51100 : 18-P-300

witkgx a llamilt-in 523 generator TC511002BJ  : S0J26-P-300
TC511002BZ : ZIP20-P-400

TC511002BFT : TSOP24-P-0616

PIN CONNECTION

Plastic DIP Plastic SOJ Plastic ZIP PIN NAMES
13 e -
s s A9 F::' 3 < A0~AJ [Address Inputs
<3 %‘" F=3 4 Jvss RAS _|Row Address Strobe
o e {6 | WRITE D Data In
RAS[Z3 =5 =
neo 8 |TF Dour D_ata Out
Ao '1:1:- TS |Chip Select Input
a2 :‘:;: El:; Al WRITE |Read/Write Input
v :1.}:' 03] A3 Ve |Power (+5V)
sl 015] A4 Vss | Ground
AS(17! ~= T
arhias U:B: A6 TF__ |Test Function
o= 120}A8 N.C._{No Connection
%2 1 | PlasticTSOP 24| A8
2 23| A7
Oour| 3 | fO 221 A6
NC | 4|3 211 AS
Vss| S |4 B120]| A4
N.C. g 12 Vee
Dy 16| A
WRITE | 10 15| A2
RAS |11 14 Al
TF|12 13] A0
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TC511002BP/BJ/BZ/BFT-60

| BLOCK DIAGRAM

WRITE
o
[<1 :.___5: DATA IN <0 Dy
- 5 BUFFER
NO.2 CLOCK
GENERATOR l 1 oata our Dour
TF Ok 3 , BUFFER
L : l '
COLUMN
IO )| ADDRESS 10 COLUMN
A0 O MLL| BUFFERS (10) J — . DECODER
Al O
SENSE AMP.
a2 o R x| 0 cATng
A3 O == 2048 -
A4 O» REFRESH |
A5 O= COUNTER (9)
(-3
[l
A6 O 3 al i MEMORY
A7 O 0 9 s ARRAY
A8 O > ROW ss ‘wl o}
ADDR| ol
A9 °-:.f> BUFFERS (10)
[}
‘ SUBSTRATE BIAS Vee
NO.2 CLOCK | —J
50—~ eonkravon GENERATOR |0 Vs
ABSOLUTE MAXIMUM RATINGS
ITEM ' SYMBOL RATING UNITS NOTES
Input Voltage Vin -1~7 v 1
Test Function Input Voltage Vin(TR) -1~10.5 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 Ts16 - 55~150 °C 1
Soldering Temperature - Time TSOLDER - 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 PARAMETER MiN. TYP. MAX. UNIT NOTES
Vee Supply Voltage 4.5 S.0 5.5 \ 2
Vi Input High Voltage 24 - 6.5 2
ViL Input Low Voltage . -1.0 - 0.8 v 2
Viu (1F) Test Enable Input High Voltage Ve +4.5 - 10.5 v 2
ViL(re) Test Disable Input Low Voltage -10 Vee+ 1.0 \Y 2

A-114




TC511002BP/BJ/BZ/BFT-60

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

SYMBOL PARAMETER MIN, MAX. | UNITS | NOTES
OPERATING CURRENT ) TC5110028P/BY ) 3,4
leer Average Power Supply Operating Current - 90 mA
. BZ/BFT-60 5
(RAS, T3, Address Cycling: tac = tae MIN.)
STANDBY CURRENT
lcca Power Supply Standby Current - 2 mA
(RAS =TT =Vyy)
RATZ ONLY REFRESH CURRENT TCS11002BP/8Y
lecs Average Power Supply Current, RAS Only Mode - 90 mA 3,5
" BZ/BFT-60
(RAT Cyciing, TS = Viy: tre=tac MIN.)
STATIC COLUMN MODE CURRENT ' TC5110028P/8Y
lcca Average Power Supply Current, Static Column - 70 mA 3,4
. BZ/BFT-60
Mode (RAS = TS = vy, Address Cycling: tsc = tsc MIN.)

STANDBY CURRENT
lces Power Supply Standby Current - 1 mA
(RAS =TS8 = Ve - 0.2V)

TS BEFORE RAS REFRESH CURRENT TC5110028RIB
lccs | Average Power Supply Current, T3 Before RAS BBFT-60 - 90 mA 3
Mode (RAS, TS Cycling: tac=tac MIN.) .

INPUT LEAKAGE CURRENT {any input except TF)
hw Input Leakage Current, any input - 10 10 RA
(OVS Vi S 6.5V, All Other Pins Not Under Test = 0V)

INPUT LEAKAGE CURRENT (only TF)

!
TP ] (OVS Viy 7y S Ve + 0.5V, All Other Pins Not Under Test=0V)

-10 | 10 pA

) OUTPUT LEAKAGE CURRENT 10 10
OWU ) (Doyr is disabled, OVS VourS +5.5V) WA

| TEST FUNCTION INPUT CURRENT . A
T (Vec+4.5VSvyy () S10.5V) -

v OUTPUT LEVEL 24 v
" | Output "H* Level Voltage (loyr = - SmA) : -

QUTPUT LEVEL
Vou . - 0.4 v
Qutput “L° Level Voltage (loyr=4.2mA)
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

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

TC5110028P/8J/BZ/BFT-60
SYMBOL PARAMETER - UNIT | NOTES
MIN. MAX.
tac Random Read or Write Cycle Time 110 - ns
tamw Read-Modify-Write Cycle Time 135 - ns
ts¢ Static Column Mode Cycle Time 35 - ns
tsRMwW Static Column Mode Read-Modify -Write Cycle Time 60 - ns
tRaC Access Time from RAS - 60 ns 19,14
teac Access Time from T3 - 20 ns 19,14
taa Access Time from Column Address - 30 ns | 9,15
taLw Access Time from Last Write - 55 ns | 9,16
tewz T3 to Output in Low-Z 0 - ns |9
toFF Output Buffer Turn-Off Delay [ 20 ns |10
tAOH‘ Output Data Hold Time from Column Address H - ns
tow Output Data Enable Time from WRITE - 20 ns
twoH Output Data Hold Time from WRITE 0 - ns
tr Transition Time (Rise and Fall) 3 50 ns |8
tap RAS Precharge Time 40 - ns
tRas RAS Pulse Width 60 10,000 ns
trasc RAS Pulse Width (Static Column Mode) 60 100,000 ns
tasH €S to RAS Hold Time 20 - ns
tesk RAS to T3 Hold Time 60 - ns
tes 3 Pulse Width 20 . 10,000 ns
tesc 3 Puise Width (Static Column Mode) 20 100,000 ns
taco RAS 1o T3 Delay Time 20 40 ns | 14
traD RAS to Column Address Delay Time 15 30 ns | 15
terp T3 to RAS Precharge Time 5 - ns
tep T3 Precharge Time 10 - ns
tasr Row Address Set-Up Time 0 - ns
traH Row Addrass Hold Time 10 - ns
tasc Column Address Set-Up Time 0 - ns
teaH Column Address Hold Time 15 - ns
tawn Column Address Hold Time referenced to RAS (WRITE so _ ns
CYCLE)
Column Address Hold Time referenced to RAS (READ
tar CYCLE) 70 - ns
traL Column Address to RAS Lead Time 30 - ns
tan Column Address Hold Time referenced to RAS Rise H - ng 17
tewt Write Command to T3 Lead Time 20 - ns
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Continued)

TC5110028P/B1/8Z/BFT-60
SYMBOL PARAMETER UNITS| NOTES
MIN. MAX.
WWAD Last Write to Column Address Delay Time 20 25 ns 16
tAHLW Last Write to Column Address Hold Time 55 - ns
tres Read Command Set-up Time referenced to C3 0 - ns
tRCH Read Command Hold Time referenced to T3 0 - ns "
tRRH Read Command Hold Time referenced to RAS 0 - ns 1"
twen Write Command Hold Time 10 - ns
twer Write Command Hold Time referenced to RAS as - ns
twe Write Command Puise Width 10 - ns
twi Write Command Inactive Time 10 - ns
tawL Write Command to RAS Lead Time 20 - ns
tos Data-in Set-Up Time ' [ - ns 12
toR Data-In Hold Time 15 - ns 12
toHR Data-In Hold Time referenced to RAS 50 - ns
tRer Refresh Period - 8 ms
twes Write Command Set-UP Time 0 - ns ‘ 13
tewo T3 to WRITE Delay Time 20 - ns 13
tRwo RAS to WRITE Delay Time 60 - ns 13
tawo Column Address to WRITE Delay Time 30 - ns 13
tesr T3 Set-Up Time (TS before RAS) 5 - ns
tenn T3 Hold Time (T3 before RAS) 15 - ns
A RAS Precharge to T3 Active Time 0 - ns
tepr TS Precharge Time (T3 before RAS Counter Test) 30 - ns
tres Test Mode Enable Set-Up Time referenced to RAS Ob - ns
tTERR Test Mode Enable Hold Time referenced to RAS 1] - ns
tremc Test Mode Enable Hold Time referenced to TS 0 - ns
CAPACITANCE (VCC =5V + 10%, f = IMHz, Ta=0~70°C)
SYMBOL PARAMETER MIN, MAX, UNIT
Ch Input Capacitance (AQ~A9, D) - H
Ca Input Capacitance (RAS, T35, WRITE, TF) - 7 pf
Co Output Capacitance (Doyr) - 7
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NOTES:

1.

?}U‘:‘lul\?

10.

11,
12.

13.

14.
15.
16.

17.

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

All voltages are referenced to Vgs.

Icel, Icca, Iccs, Icce depend on cycle rate.

Icct, Icc4 depend on output loading. Specified values are obtained with the output open.

Column address can be changed once or less Whilg RAS=VyL.

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

AC measurements assume tT=5ns.

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

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

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

Either trcy or trrH must be satisfied for a read cycle.

These parameters are referenced to CS leading edge in early write cycles and to WRITE leading
edge in read-modify-write cycles.

twcs, tRWD, tcwp, and tawp are not restrictive operating parameters. They are included in the
data sheet as electrical characteristics only. If twcss twes (min.), the cycle is an early write cycle
and data out pin will remain open circuit (high impedance) throughout the entire cycle; If
tRWD= tRwp (min.), tcwp=tcwp (min.), and tawp=tawp (min.), 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 trep (min.) limit insures that tgac (max.) can be met.

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

Operation within the trap (max.) limit insures that tRac (max.}can be met.
tRAD (mazx.) is specified as a reference point only: If tRap is greater than the specified trap (max.)
limit, then access time is controlled exclusively by taa.

Operation within the tpwap(max.) limit insures that tapw(max.) can be met.
tLwaD(max.) is specified as a reference point only: If tywap is greater than the specified
tLwaD(max.) limit, then access time is controlled exclusively by taa.

tAH is the condition tolatch column address when RAS has risen up.
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TIMING WAVEFORMS

READ CYCLE
tre

tap

mvﬁf—-“ ﬁ___l___ = 't'"‘i \...___
:::‘ _ ROW ﬁ%{ _cotumw »W////

tcrp | fp——BAD ] WD 4 R tagn { & R
w Y — ts Y,
Vg — £ {treH

1o tRCS | tRRH]

v —
e v YT »
W~
tRAC tan tore

V, —
Dour " : OPEN DATA - OUT k————
oL T t 1

WRITE CYCLE (EARLY WRITE

tre

=Wk N
. ::: :JM RAD = tasc - w ‘;ﬂk terp J
o W ' o N

: “H® or “L*

Note: “TF” pin should be connected to Vi (rr)level or open, if “Test Mode” is not used.
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READ - MODIFY . WRITE CYCLE

t |
— . ~ ,;b
m L] & RAS — (‘KM \_—

- tasp| [ o BT
AO~A9 V::‘ :%F‘LJ a?w E@ cowmr:mL
g

3
<< << << << <
5
el
> - P
=]
2 B
|

Note: “TF” pin should be connec ted to VL (rr)level or open, if “Test Mode” is not used.
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STATIC COLUMN MODE READ CYCLE

P — ¢
w3 =
| S
tas t tsc s trat 1ty
Vi — < - E ] .
A0~A9 V'“ %{ ROW coL. 1 'X coL 2 )g COL. N
W — | L i
‘ T Ro—— 7S G T
Vi — X y 3
= o L P
" | —taco tesn 2 RCS.
vV, —
ware e | o [
[ t L
taac AA ~> A0l torr lteag | Lok
V, — ] c ~
Oour v:: _ Dour 1 Dour2 ) DourN
b ]t
ol ke

|

Note: “TF" pin should be connected to Vi, (1F)level or open, il “Test Mode” is not used.

A-121

: “H" or “L"




TC511002BP/BJ/BZ/BFT-60

STATI

C COLUMN MODE WRITE CYCLE (EARLY WRITE

AO0~A9

Oin

Dour

ViH
Vi

viL

Vi
Vi

Vin
Vi

Vin
Vi

Vou
Vou

tre
tRASC N
/ \
task tra C tean H tral
I
t,
I_‘_RAD AWR rsc cp | + im'. tep P RP
- =
treD &L._JI ‘Emhl \'
twes 5 H-twes L tRwi =
N\ te 4 PRLY.
tour___ ] oo
1 t ton

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE)

RAS

AQ~A9

O

Dour

Vin
Vi

Vin
ViL

Vin
Vie

Viu
Vi

trp

ren’

’x tRasc
tasr| | | tray tean
ROW oL 1 % coL. 2 COL N
TRA tawr YasC 'SB‘L""
trep N f
twes twi "‘;C = SCT T Mtﬂm
\ tw, twp \ /
toHR k- - N \
Tt t toe ] | Ltom
|

: "H" or “L*

Note: “TF” pin should be connected to Vi (rr)level or open, if "Test Mode” is not used.
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STATIC COLUMN MODE READ - MODIFY - WRITE CYCLE

T :m — trASC ;:‘”:-L
T tasn| tra tean| | toag Mm_..-

AO~AZ :'" — 7 ROW oL 1 m
8 V::‘ : tres | "t . "{
| tawo | fawg | t, et ]
e oy T L

trep ‘D‘g"
o g ////////////////////// //////// N

Cacje—v] HROMMWONEEp fe—tan—s
tuc, _‘AA_I.:__._., [:,_t " | tow |

Von — g i
Dour " I Dour! Doyt N

Vo, — t

STATIC COLUMN MODE READ/WRITE MIXED CYCLE

s M
1

CcOoL. 2

aA0~Ag M
1

< < < < < < <
Flgl |
8iL71
2
S
1
2
5 £| 8
§_
P4

o
< << <=
~ I -~ I
P
51 O
Bl =

I

<
~
B
2
£

Note: “TF" pin should be connected to Vi, (tr)level or open, if “Test Mode" is not used.
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RAS ONLY REFRESH CYCLE

s N——"——] N
Vi e !‘“1’ ’Fu:
sw______/ N/
e = @@

% : “HY or "L*
Note: WRITE= “H” or “L", A9= “H"or“L"

CS BEFORE RAS REFRESH CYCLE

tras

we, |\ /

tcur ;

: “H® or "L°
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HIDDEN REFRESH CYCLE (READ

tre tre

ViH ===y tras R trag |
s Vip —— \—t - ;/ \-L - j
tpe

I‘fﬂ treo tonr | P
ViH — \ tasH . O,
@ N
ViL e .
- RAD ray
tar
lasn tRAH Ak

s " Ao N

3
[ ] [
e, IW
: Vie tAa —<as,]

| trac t:i,‘fl

o | g )
DATA - OUT
Bour v — tew N

: “H" or "L*
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DEN REFRESH CYCLE (WRITE

tac
e, BALL
==
thsh_ I ) teur .__'C"L_}_

/

" /////////////////////////////////////////////////

t y =

7//4 : "H" or “L*
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CAS BEFORE FAS REFRESH COUNTER TEST CYCLE

Vi — s ? ‘
. ::l':fz\ =y k

g ‘o G
= R, T

o T || L[

ot 7 e

e o L

o ”“ ‘“”1
Y= Ew

AAAAA | ,

TCAC | taoH l 1

Vou—— . A K
Dour DATA-OUT o

Vo, — tags | teu v . r .

tawy

Vin tawp | t

we W \
. om twon

| B v o1

Note: “TF” pin should be connected to Vi (rr)level or open, if “Test Mode” is not used.
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TEST MODE

The TC511002BP/BJ/BZ/BFT 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 TC511002BF/BJ/BZ/BFT 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

N—Y
—-1

An, Am

——C
256K

An, Am

R —
™)

BLOCK
’ <

D
256K
BLOCK

[»)

TF Pin = Super voltage; Test Mode
TF Pin =V (1s) level or Hi-Z; Normal

Truth Table in Test Mode Function

A 8 C o] Oour
0 0 0 0 0
1 1 1 1 1
Otherwise Hi-2
Fig. 1
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TC511002BP/BJ/BZ/BFT-60

“Test Mode” function is performed on any of the timing cycles including Static Column Mode when
“TF" pin is held on “super voltage (Vcc+4.5V (Vee=5V £10%), 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 Vii, (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).

Vi e /

w N
s \ /

|lres {ons) | LTEHR (Ony)
Vinen ™ A N
Vi = -

Fig. 2 Test Mode Cycle

LrENC (0ns) |
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TENTATIVE DATA
1,048,576 WORD x 1 BIT DYNAMIC RAM

DESCRIPTION

The TC511002AP/AJ/AZ is the new generation dynamic RAM organized 1,048,576 words by 1 bit.
The TC511002AP/AJ/AZ 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 TC511002AP/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 5V+10% tolerance, direct interfacing capability with
high performance logic families such as Schottky TTL.

FEATURES
e 1,048,576 word by 1bit organization ¢ Low Power
o TFast access time and cycle time 440mW MAX. Operating
TC5T1002AP/AIAZ - 707 - 807~ 10 (TC511002AP/AJ/AZ—1T0)
— Co110020P/A) 385mW MAX. Operating
trac RAS Access Time 70ns 80ns 100ns (TC511002AP/AJ/AZ —80)
taa Column Address 330mW MAX. Operating
. 40 50
Access Time 3508 o o © (TC511002AP/AJ/AZ—10)
teac €S Access Time 20ns 20ns 25ns 5.5mW MAX. Standby
tac Cycle Time 130ns 150ns 180ns | ® Output unlatched at cycle end allows two-
tsc Static Column R dimensional chip selection
~ Mode Cycle Time 40ns Sns 55ns | o Common IO capabili(tjys
® Singl ly of 5V+10% ¢ Read-Modify-Write, before RAS refresh,
?;:;E Z i‘fﬁﬁ:u{'}‘;g geanator ° RAS-only refresh, Hidden refresh, Static
Column Mode and Test Mode capability
. ¢ All inputs and output TTL compatible
PIN NAMES _ ® 512 refresh cycles/8ms
A0~A9| Address Inputs WRITE | Read/Write Input ® Package $ggi igggﬁlj : gg}lzil;f;%%(?
RAS |Row Address Strobe Vee |Power (+5V) TC511002A7 ZIP20-P-400
D {Data In Vss | Ground R
Doyt {Data Out TF |Test Function
‘TS | Chip Select Input N.C. |No Connection

PIN_CONNECTION (TOP VIEW)

Plastic DiP Plastic SOJ Plastic z2IP

t -
WAl e o
i T b
aols i 6, | WRITE
A1l6 E= @ 1TF
= 5
veello i A
[} I..‘:: A3
71 oA
:1'3:. :;1-8: Ab
7 0] A8
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' TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80
TC511002AP/AJ/AZ-10

BLOCK DIAGRAM

“WRITE
Tao o

DATA IN «O Dy
BUFFER
NO.2 CLOCK
GENERATOR 1™ I___." DATA OUT =0 Dour
TF o1 A ' BUFFER
b N
b ] coLumn |
T ADDRESS Y cowmn
A0 O L1 BUFFERS (10) J | %]  DECODER
Al O
SENSE AMP,
A2 O CONTROLLER I 1/0 GATING
A3 o Y --- 2048 -
A4 O REFRESH .
AS O] COUNTER (9)
: —
pe i L zg| ! MEMORY
A7 O] 29| 52 ARRAY
A8 O —> ROW {“ ol
ADDRESS - N Bl
A9 °’—_J-‘> BUFFERS (10)

)

NO.2 CLOCK

RASO—* GEnERATOR

SUBSTRATE BIAS (<O Vcc

MAXIMUM RATINGS

GENERATOR __|=0O v

CHARACTERISTIC SYMBOL RATING UNIT NOTE

Input Voitage Vin -1=~7 Vv 1

Test Function Input Voltage Vin (Te) -1~10.5 \ 1

Output Voltage Vour -1=~7 \" 1

Power Supply Voltage Vce -1~7 \'; 1

Operating Temperature Torr 0~70 *C 1

Storage Temperature Ts16 =55~150 °C 1

Soldering Temperature * Time TsOLDER 26010 °C-sec 1

Power Dissipation Po 600 mwW 1

Short Circuit Output Current lout 50 mA 1

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

SYMBOL CHARACTERISTIC MIN. TYP. MAX, UNIT NOTE
Vce Supply Voltage 4.5 5.0 5.5 2
Vin input High Voltage 24 - 6.5 v 2
Vi Input Low Voltage -1.0 - 0.8 v 2
Viu (1) Test Enable Input High Voltage Vec+4.5 - 10.5 v 2
ViLrey Test Disable Input Low Voltage -1.0 Vee+ 1.0 v 2
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80

TC511002AP/AJ/AZ-10

DC ELECTRICAL CHARACTERISTICS (VCC=5V*10%, Ta=0~70°)

SYMBOL CHARACTERISTIC MIN. MAX. UNIT NOTE
OPERATING CURRENT TC511002AP/AJIA2-70 - 80
lca Average Power Supply Operating Current TC511002AP/AJ/AZ-80 - 70 mA | 3,45
(RAS, TS, Address Cycling: tpc =tac MIN.) TCS11002AP/AJ/AZ-10 - 60
STANDBY CURRENT
leca Power Supply Standby Current - 2 mA
(RAS=T3=Vin)
RAS ONLY REFRESH CURRENT TCS110024P/ANAZ70 | - 80
lcca Average Power Supply Current, RAS Only Mode TC511002AP/A)/AZ-80 - 70 mA 35
(RAS Cycling, TS =Viu: trc=tre MIN.) TCS11002APIANAZ10 | = 60
STATIC COLUMN MODE CURRENT TC511002AP/AJIAZ-70 - 60
lcca Average Power Supply Current, Static Column TC511002AP/AJ/AZ-80 - 50 mA 3,4
Mode (RAS=T5=V,, Address Cycling: tsc=tsc MIN.) | vcs11002apasaz-10 - 40
STANDBY CURRENT
lees Power Supply Standby Current - 1 mA
(RAS =TS8 =Vcc-0.2V)
CS BEFORE RAS REFRESH CURRENT TC511002AP/AJAZ-70 - 80
Iccs Average Power Supply Current, CS Before RAS TCS11002APIANAZ-80 - 70 mA 3
Mode (RAS, TS Cycling: trc = tac MIN.) TCS11002AP/ANAZ-10 - 60
INPUT LEAKAGE CURRENT (any input except TF)
hw Input Leakage Current, any input -10 10 pA
(OVS V|4 S 6.5V, All Other. Pins Not Under Test =0V)
) INPUT LEAKAGE CURRENT (only TF)
hTe) . ~-10 10 A
) (OV= Vin (tr) SVcc + 0.5V, All Other Pins Not Under Test = 0V)
; OUTPUT LEAKAGE CURRENT 10 10
O | (Doyr is disabled, OVS VourS +5.5V) BA
) TEST FUNCTION INPUT CURRENT 1 A
T | (Ve +4.5VS Vi py S 10.5V) - m
v OUTPUT LEVEL 24 v
. oH Output “H” Level Voltage (lgyr = - SmA) : -
v QUTPUT LEVEL 0.4 v
ot Output “L” Level Voltage (loyr = 4.2mA) - :

A-133




TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80
TC511002AP/AJ/AZ-10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

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

TC511002AP/ TC511002AP/ TC511002AP/
SYMBOL CHARACTERISTIC ANIAZT0 AliAz-80 AIAZ0  lywir| NoTE
MIN. MAX. MIN. MAX. MIN. MAX.
the Random Read or \Write Cycle Time 130 - 150 - 180 - ns
trvw Read-Modify-Write Cycle Time 155 - 175 - 210 - ns
tsc Static Column Mode Cycle Time 40 - 45| - 55 - ns
temaw \Slca:.tt»: g(y:lc:)em% "l\‘/leode Read-Modify- 70 _ 80 _ 100 _ ns
trac Access Time from RAS - 70| - 80| - 100| ns ] 9,14
teac Access Time from T5 - 20 - 20| - 25| ns | 9,14
taa Access Time from Column Address - 35 - 40 - 50| ns | 9,15
talw Access Time from Last Write - 65 - 75 - 95| ns | 9,16
taz TS to Output in Low-Z 0 - 0 - 0 - ns |9
torF Output Buffer Turn-Off Delay 0 20 0 20 0 20| ns | 10
taom Output Data Hold Time from Column s _ s _ s _ ns
Address
tow Output Data Enable Time from WRITE - 20 - 20 - 25| ns
twoH Output Data Hold Time from WRITE 0 - 0 - 0 - ns
tr Transition Time (Rise and Fall) 3 50 3 50 3 50| ns 8
trp RAS Precharge Time 50 - 60 - 70 - ns
tras RAS Pulse Width 70 10,000 80 10,000 100 10,000| ns
trasc RAS Pulse Widih (Static Column Mode) 70 100,000 80 100,000 100 100,000 ns
trsH T3 to RAS Hold Time 20 - 20 - 25 - ns
tesH RAS to TS Hold Time 70 - 80 - 100 - ns
tcs TS Pulse Width 20 10,000 20° 10,000 25 10,000 | ns
tese TS Pulse Width (Static Column Mode) 20 100,000 20 100,000 25 100,000 | ns
trep RAS to €5 Delay Time 20 50 20 60 25 75| ns | 14
trAD RAS to Column Address Delay Time 15 35 15 40 20 so| ns | 15
tcre TS to RAS Precharge Time 5 - S - 5 - ns
tep TS Precharge Time 10 - 10 - 10 - ns
tasr 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 - 0 - ns
tcan | Column Address Hold Time 5] - 15| - 20| - ns
tawa Column Address Hold Time referenced 55 - 60 - 75 _ s
to RAS (WRITE CYCLE)
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80
TC511002AP/AJ/AZ-10 |

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Continued)
TCS11002AP/ TC511002AP/ TC511002AP/
SYMBOL CHARACTERISTIC ANIAZ-TO ANAZ-80 AVAZI0 | yniT | NOTE
MIN. MAX. MIN. MAX. MIN. MAX.
Column Address Hold Time referenced i
tar to RAS (READ SYCLE) 8o - o - ns| o - ns
tRaL Column Address to RAS Lead Time 35 - 40 - 50 - ns
Column Address Hold Time referenced
t 5 - S - 10 - ns |17
AH to RAS Rise
towt Write Command to C5 Lead Time 20 - 20 - 25 - ns
tast Write to Col Address Dela
twap | CorYvrme to Lolumn Address Delay 20 30| 20 35| 25 as| ns | 16
Time
t Write to  Col Add Hold
taniw Lés rite 1o Column ress 65 = 75 _ 95 _ ns
Time
Read Command Set-up Time
t 0 - 0 - 0 - ns
RCS referenced to C5
. Read Command Hold Time referenced 0 0 0 s |
- - - n:
RCH o T
Read d Hold Ti f d
taan __Somman old Time reference o ._ 0 _ 0 - ns |11
to RAS
tweH Write Command Hold Time 15 - 15 - 20 - ns 13
Write Command Hold Time referenced
1 55 - 0 - 7 - ns
WeR to RAS 6 5
twe Write Command Pulse Width 15 - 15 - 20 - ns
twi Write Command Inactive Time 10 - 10 - 10 - ns
tRwi Write Command to RAS Lead Time 20 - 20 - 25 - ns
tos Data-In Set-Up Time 0 - 0 - 0 - ns | 12
toH Data-in Hold Time 15 - 15 - 20 - ns 12
toHR Data-In Hold Time referenced to RAS 55 - 60 - 75 - ns
trer Refresh Period - 8 - 8 - 8| ms
twces Write Command Set-UP Time 0 - 0 - 0 - ns | 13
tewp T3 to WRITE Delay Time 20 - 20 - 25 - ns | 13
tawp RAS to WRITE Delay Time 70 - 80 - 100 - ns | 13
tawp Column Address to WRITE Delay Time 35 - 40 - 50 - ns 13
tesr T3 Set-Up Time (T3 before RA3) s - 5 - S - ns
tcHR TS Hold Time (TS before RAS) 15 - 15 - 20 - ns
tapc RAS Precharge to T35 Active Time 0 - 0 - 0 - ns
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80

TC511002AP/AJ/AZ-10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Continued)
TC511002AP/ TC511002AP/ TC511002AP/
SYMBOL CHARACTERISTIC AJIAZ10 ANIAZ-80 ANIAZ-10 uNIT| NOTE
‘ MIN. MAX. MIN. MAX. ~MIN. MAX.
T3 Precharge Time ‘
40 - 4 - -
teet (TS before RAS Counter Test) 0 50 ns
¢ Test Mode Enable Set-Up Time 0 0 0 ns
TES referenced to RAS
¢ Test Mode Enable Hold Time 0 0 0 ns
TEHR referenced to RAS .
. Test Mode Enable Hold Time 0 0 0 "
TEHC referenced to TS *
CAPACITANCE (VCC =5V *10%, f = 1MHz, Ta=0~70°C)
SYMBOL CHARACTERISTIC MIN. MAX. UNIT
[T Input Capacitance (A0~A9, D) - 5
[« Input Capacitance (RAS, TS, WRITE, TF) - 7 pF
Co Output Capacitance (Doyr) s 7
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80
TC511002AP/AJ/AZ-10

NOTES:

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

All voltages are referenced to Vss.

Iccr, Iccs, Iccs, Icce depend on cycle rate.

Icc1, Iccs depend on output loading. Specified values are obtained with the output open.
Column address can be changed once or less While RAS=Vjp.

I A

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

7. AC measurements assume tT=5ns.

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

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

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

11. Either trcH or tRrH must be satisfied for a read cycle.

12. These parameters are referenced to CS leading edge in early write cycles and to WRITE leading
edge in read-modify-write.

13. twes, tRwD, tcwp, and tAwp are not restrictive operating parameters. They are included in the
data sheet as electrical characteristics only. If twcs= twes (min.), the cycle is an early write cycle
and data out pin will remain open circuit (high impedance) throughout the entire cycle; If
tRWD= tRwD (min.), tcwp= tcwp (min.), and tAwD=tawp (min.), 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 trep (min.) limit insures that tRac (max.) can be met.
trCD (max.) is specified as a reference point only: If trep is greater than the specified trep (max.)
limit, then access time is controlled by tcac.

15. Operation within the trap (max.) limit insures that tRac (max.) can be met.
trRAD (max.) is specified as a reference point only: If tRaD is greater than the specified tRaD (max.)
limit, then access time is controlled exclusively by taa.

16. Operation within the tpwap(max.) limit insures that taALw(max.) can be met.
tLwaDp(max.) is specified as a reference point only: If tuwap is greater than the specified
tLwap(max.) limit, then access time is controlled exclusively by taa.

17. taq is the condition tolatch column address when RAS has risen up.
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80
TC511002AP/AJ/AZ-10

TIMING WAVEFORMS

"READ CYCLE

tre
tre
RAS z:: : & - Z tesH | \-—
lasr tran tRAL L tan |
ot ZBE e WD o e
tere | e TRAD trep ol t I t "
s Z § — /|tac
B ‘ [ tres : ' rrH
WRITE z:: :7////// teac W
trac tan = - :-t-o—”-»
Dour ‘\jz:« - OPEN ,Lu_@ DATA-OUT —

WRITE CYCLE (EARLY WRITE)

Wl T ) — — Z‘: __
R w ¥ m 2 B

ke u==/
o i =T /R o

: “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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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80
TC511002AP/AJ/AZ-10

READ - MODIFY - WRITE CYCLE

tRvw

trp
RAS Vin —-_——-_3& tras ?;

T | T T [y v,
:::‘ :%ﬂks—.jmw @@g cowrs/u\:ML
= w7 ) Sy

w " ~ T | . = W
| [etos | LR [1 | i
O z:’: _ c DATA-IN tw‘

Vou =—— |
Dour " % DATA-OUT
Vo — ! r :
—

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

N
;
o
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80
TC511002AP/AJ/AZ-10

STATIC COLUMN MODE READ CYCLE

AD~A9

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

A-140

tre

Vi — trasc Z —
Vii — taga, M&L - e tsc Tsc TRAL ! tan
:": :% rRow 72X cou1 oz X coL. N W
" L«tm\o——t;;» tcp rsH ] " terp ]
- tres ) — ' e tRRH
ViL — tocn — t, | o 1

! 1
Vi — 7 ,
“ “T | | —= —

trac 1a0H torr A
:z: _ - ~& X Pour 1] Dour2 [ DourN e
ol laz taz ’

% : "H" or "L*



TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80
TC511002AP/AJ/AZ-10

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE)

trp
m = 7}
tasr tRAH tean tcam tRAL
e €3 o o o
taap! AR tasc L L tCP‘ tRsH | CRP
= Vm — _ Y X| 7 NS
T tF!":vtcs \:—-{é‘mﬂ (\-tm:s | 2w | cvg:wu_-
WRITE z::‘ _ o \Jr twp% %0m /
. _ tos ] tor tos toH .
o . U000k > YK = YK o X%
Dout zz: : OPEN
STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE)
"AS Vin ———_—3& trasc |
Vi — - — [_SEA_H. "‘Z \_—-—
ross o TN vow XN o XK 2 YO > X%
Taan— AWR YAiC }ﬁ’ﬂ—"lp
= :m : . ,-"\ [
w thchs e lm'sc s—-——lch *Tm"ltnw.l.,
WRITE z:‘: _ o L | ltwe Lf—ﬁ N _twe ]? \ /
Dour ://2: - OPEN

% : "H" or "L

Note: “TF” pin should be connected to V| (TF)level or open, if “Test Mode” is not used.
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80
TC511002AP/AJ/AZ-10

STATIC COLUMN MODE READ - MODIFY - WRITE CYCLE

AO~A9

WRITE

Din

Dour

Viy
Vi

Viy
Vi

Vin
Viu

Vin
Vi

Vin

ViL

Vou
Vou

— i trasc /
- Sasal | | than team [T —T—
- I =om xS
trap tsavw L teee )

- N [tewo LLwaD
— tres | ®

trRwD i —e &#&4...312]._—__4
— t :
277/ | |. T 2] \ /]

| trep lon

77

trac !

Dint

taz

Z,

tan chct: taoHtwoN—z]
tawd
vd

Dour!

STATIC COLUMN MODE READ/WRITE MIXED CYCLE

AO~A9

- g
E
3
i

Din

Dour

Vin
Vie

Vin
Vi

Vin
Vie

fetaar 1oy I to
¥ Dour N

\ task l I—-—lRAD* thHI

X row @ﬂ “cot. 1 W// //% coL. 2 WW
Tasc ~LAWR~—> tcp L4 tean
: treo \ e ,ILF&:E
twer taHLw ' tawop,

——~ a N- h
- ¢. - M / tiwap ‘ tos \ - f

! tos }fou : [ tou
"X X777 > X

- | 1DHR _._‘ tAAk—-——( A "L tas tlwon |
- BT oo
-ALW

Note: “TF” pin should be connected to Vi, (tr)level or open, if “Test Mode” is not used.
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80
TC511002AP/AJ/AZ-10

!

RAS ONLY REFRESH CYCLE

1 trp

Vig —— tras
ks Ve — \‘ \__
tegp, o <t
- - -
Vip ——

tasy| tRAH

AO~AB ::: :%///////// Row ////////Wm

: "H" or "L"
Note: WRITE = “H" or “L" , A9= “H"or"“L"

CS BEFORE RAS REFRESH CYCLE

sr” N @

Von— Y

OPEN

Dour }
Voo A

: “H" or "L"

Note: WRITE = “H"” or “L”, A0~A9= “H"or “L"
“TF” pin should be connected to Vi, (Tr,level or open, if “Test Mode” is not used.
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80
TC511002AP/AJ/AZ-10

HIDDEN REFRESH CYCLE (READ

rp ' trp

Vin 1, tas !
RAS RAS
- N N
V||_ b\ 3 A -~
tcre treD tenr tcre
Y 1, e ]
H L RSH
V| A

|

|
|

o X O G S
S

. : "H" or "L"

-
3
L
N

N\
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80
TC511002AP/AJ/AZ-10

HIDDEN REFRESH CYCLE (WRITE

trc A
JRe trp
R \ RS, |
4 X .
RP
tRSH tcHR

/

I —

e

% : “H" or "L”
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80
TC511002AP/AJ/AZ-10

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

trp
Vi = _ tras - f
m v N RSH -
w " . -
¢
tepr CRP
tesr teur |- )
Vig — \ tes /
© Vi — g x P A

tan

o X Y

READ CYCLE

AA
leag
VoH — A a-\
D DATA-OUT %
ooooo — \ P4
taz
1

tcan

g

i LLE
B e

_: DATAIN D

READ-MODIFY-WRITE } I

AD~A9 ::: .-_7/////////////////////!////%‘ COLUMN

taa tore |
1¢ taoH ™t

AL v [
Vox— < N~
Dour DATA-OUT }——-————.—-—
VoL — tres B d
tewp towt |
|
t

.

""""

1
D \ twe |
oy

DATA-IN ,_

Note: “TF” pin should be connected to Vi (rr)level or open, if "Test Mode” is not used.
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80
TC511002AP/AJ/AZ-10

TEST MODE !

The TC511002AP/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 TC511002AP/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
e O
A
An, Am | 256K O NORMAL ) i
BLOCK |- ——o°
A - -
TF
- — B8 - E Nch
- An, Am | 256K —J
L~ T BLOCK |-
B An, Am
Din —————0 Dour
An, Am 0
_‘(—_“]_—» 256K ¢ Yo} NORMAL
LT | BLock ——
[« -
TF
[ D Nch
An, Am [ 256K
BLOCK oo |
D

TF Pin=Super voltage; Test Mode
TF Pin=V,_ (tr) level or Hi-Z; Normal

Truth Table in Test Mode Function

A B C D Dour
0 0 0 0 0
1 1 1 1 1
Otherwise Hi-2
Fig. 1
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80
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“Test: Mode” function is performed on any of the timing cycles including Static Column Mode when
“TF” pin is held on “super voltage (Vcc+4.5V (Voe=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 Vi (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).

Vm — \' B /
RAS N\
ViL —
Vi — \ ‘-
(<4 /
Ve — LTEHC (Ons)
7Es | (Ons) TTEHR {Ons)
Vim(re) ™
TF
ViLas ™ -

Fig. 2 Test Mode Cycle
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262,144 WORD x4 BIT DYNAMIC RAM PRELIMINARY

DESCRIPTION

The TC514256BP/BJ/BZ/BFT is the new generation dynamic RAM organized 262,144 words by 4 bits.
The TC514256BP/BJ/BZ/BFT 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 TC514256BP/BJ/BZ/BFT to be packaged in a standard 20 pin
plastic DIP, 26/20 pin plastic SOJ, 20/19 pin plastic ZIP, 24/20 pin plastic TSOP. 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£10% tolerance direct
interfacing capability with high performance logic families such as Schottky TTL.

FEATURES
® 262,144 word by 4 bit organization ¢ Low Power
¢ Fast access time and cycle time 495mW MAX. Operating
TC514756BP/B/BL/BFT = 60 5.5mW MAX. Standby
- e Qutputs unlatched at cycle end allows two-
trac RAS Access Time 60ns dimensional chip selection
taa  Column Address 30ns ® Read-Modify-Write, CAS before RAS refresh,
Access Time RAS-only refresh, Hidden refresh, and Fast
tcacCAS Access Time 20ns Page Mode Capability
tac  Cycle Time 110ns e All inputs and outputs TTL Compatible
tpc  Fast Page Mode o e 512 refresh cycles/8ms
Cycle Time 40ns ® Package TC514256BP : DIP20-P-300B
¢ Single power supply of 5V+10% TC514256BJ : S0J26-P-300
with a built-in Vg generator TC514256BZ : ZIP20-P-400

TC514256BFT : TSOP24-P-0616

PIN CONNECTION

PIN NAMES

Plastic DIP Plastic SOJ Plastic ZIP AQ~AB |Address Inputs

RAS |Row Address Strobe
s TAS |Column Address Strobe
Vo1 WRITE |Read/Write Input
WRITE OF  |Output Enable
/01~1/04] Data Input/Output

10O LIRSS 1N

rara-ars

Al Vee |Power (+5V)
A3 Vss _|Ground

Ad (13 roun

A6 N.C. [No Connection

1
2
3
4
5
6
7
8
9
0

3 Plastic T SOP 24| A8
Vo3| 3 231 A7
HE HE
Vss| 8 ||| ™
vo1l 8
yo2| 9 }; Ve

19 15| a2
NG |12 }g A““)
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TC514256BP/BJ/BZ/BFT-60

BLOCK DIAGRAM

T

Vee Vss

=

[e]

01 vo2 103 o4
[+

P

i

S

DATA IN
BUFFER

DATA OUT

BUFFER

i 4

0 OF

O NO.2 CLOCK |agem
@S GENERATOR
[}
COLUMN COLUMN
AQ O ADDRESS V? DECODER
FFER :
A1O> SurFeR ) SENSE AMP 4
A20+ REFRESH | VO GATE
TR 6
A3 0+ CON *OLLER 512 -4
AdO> REFRESH x4
aso= [ COUNTER (3) P
A6 O~ ROW g 5" | memony
A7O> ADDRESS TS Q| s12|  ARmay
AB O BUFFER (9) w i 512x512x4
NO.1 CLOCK '
RASO—>| GENERATOR SUBSTRATE BIAS
GENERATOR
ABSOLUTE MAXIMUM RATINGS
ITEM SYMBOL RATING UNITS NOTES
Input Volitage 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 1
Power Dissipation Po 600 mwW 1
Short Circuit Output Current loutr S0 mA 1
RECOMMENDED DC OPERATING CONDITIONS (Ta =0~70%)
SYmMsoL PARAMETER MIN. TYP. MAX. UNIT NOTES
Vee Supply Voltage 4.5 5.0 5.5 v 2
Vi Input High Voltage 24 - 6.5 v 2
Vi Input Low Voltage -1.0 - 0.8 v 2
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TC514256BP/BJ/BZ/BFT-60

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

SYMBOL PARAMETER MIN. | MAX. | UNITS | NOTES

:PEMT":G C”":Em; e ¢ TC5142568P/BY % N
t - m
lecr verage Power Supply t:.)pera ing Curren BZBFT-60 5
(RAS, TAS, Address Cycling: tac=trc MIN.)
STANDBY CURRENT
lcca Power Supply Standby Current - 2 mA
(W= UG: Vm)
RAS ONLY REFRESH CURRENT TCS142568P/BI
lecs Average Power Supply Current, RAS Only Mode BBFT-60 - 90 mA 3,5
(RAS Cycling, TAS = Viu: tac = tac MIN.) )
FAST PAGE MODE CURRENT TC5142568P/BY 3,4
Icca Average Power Supply Current, Fast Page Mode - 60 mA
. BZ/BFT-60 5
(RAS = V), CAS, Address Cycling: tpc=tpc MIN.)

STANDBY CURRENT
Iees Power Supply Standby Current - 1 mA
(RAS = TAS = V¢ ~0.2V)

CAS BEFORE RAS REFRESH CURRENT 1C5142568P/BY
Iecs Average Power Supply Current, TAS Before RAS BLBFY-60 - 90 mA 3
Mode (RAS, TAS Cycling: tac = tpe MIN.) )

INPUT LEAKAGE CURRENT
hw input Leakage Current, any input =10 10 pA
(OVSVyS 6.5V, All Other Pins Not Under Test= 0V)

QUTPUT LEAKAGE CURRENT
low . -10 10 pA
(Dour is disabled, OVS Voyrs 5.5V)

QUTPUT LEVEL
VQN - 24 - \'
Output "H” Level Voltage (loyr = - SmA)

OUTPUT LEVEL
VoL . - 0.4 v
Output “L" Level! Voltage (loyr = 4.2mA)
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TC514256BP/BJ/BZ/BFT-60

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Vcc=5V+10%, Ta=0~70°) (Notes 6, 7, 8)

. TC514256B8P/BJ/BUBFT-60
SYMBOL PARAMETER UNIT | NOTES
. MIN. MAX,

trac Random Read or Write Cycle Time 110 - ns
tRMW Read-Modify-Write Cycle Time 165 - ns
tec Fast Page Mode Cycle Time 40 - ns
torMw Fast Page Mode Read-Modify-Write Cycle Time 95 - ns
tRAC Access Time from RAS - 60 ns | 9,14
teac Access Time from TAS - 20 ns | 9,14
taa Access Time from Column Address - .30 ns 19,15
tepa Access Time from TAS Precharge - 35 ns |9
taz TAS 1o output in Low-Z 0 - ns |9
tors Output Buffer Turn-off Delay 0 20 ns | 10
tr Transition Time (Rise and Fall) 3 50 ns |8
trp RAS Frecharge Time 40 - ns
tRAS RAS Pulse Width 60 10,000 ns
tRasP RAT Pulse Width (Fast Page Mode) 60 100,000 ns
tRsH RAS Hold Time 20 - ns
truce RAS Hold Time From TAS Precharge (Fast Page Mode) 35 - ns
tesH TAS Hold Time 60 - ns

. tcas CAS Pulse Width 20 10,000 ns
treD RAS to TAS Delay Time 20 40 ns | 14
taaD RAS to Column Address Delay Time 15 30 ns | 1§
tere TAS to RAS Precharge Time 5 - 1 ns
tep TAS Precharge Time & 10 - ns
tasr Row Address Set-Up Time 0 - ns
than Row Address Hold Time 10 - ns
tasc Column Address Set-Up Time 0 - ns
tean Column Address Hold Time 15 ’ - ns
tar Column Address Hold Time referenced to RAS 50 - ns
traL Column Address to RAS Lead Time 30 - ns
tres Read Command Set-Up Time 0 - ns
{ReH Read Command Hold Time 0 . - ns | 11
LRRH Read Command Hold Time referenced to RAS 0 - ns | 11
tweH Write Command Hold Time 10 - ns
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TC514256BP/BJ/BZ/BFT-60

ELECTRICAL CHARACTGERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Continued) i

TC514256BP/8J/BZ/BFT-60
SYMBOL PARAMETER UNITS| NOTES
MIN. MAX.
twer Write Command Hold Time referenced to RAS 45 - ns
twp Write Command Pulse Width 10 - ns
tawi Write Command to RAS Lead Time 20 - ns
Tewt Write Command to TAS Lead Time 20 - ns
tos Data Set-Up Time 0 - ns | 12
ton Data Hold Time 15 - ns | 12
tour Data Hold Time referenced to RAS 50 - ns
LR Refresh Period - 8 ms
twes Write Command Set-UP Time 0 - ns | 13
tewp CAS to WRITE Delay Time 50 - ns | 13
tawo RAS to WRITE Delay Time 90 - ns |13
tawp Column Address to WRITE Delay Time 60 - ns |13
terwo TA3 Precharge to WRITE Delay Time 65 - ns |13
tesn TAS Set-Up Time s - ns
(CAT before RAS Cycle)
TAS Hold Time
tonm (TAS before FAS Cycle) 15 - ns
tapc RAS to TAT Precharge Time 0 - ns
o m Precharge Time (CAS before RAS Counter Test 0 - ns
Cycle)
trow RAS Hold Time referenced to OF 10 ‘ - ns
toea OF Access Time » - 20 ns
toep OF to Data Delay 20 - ns
toez Output‘buﬂer turn off Delay Time from OF 0 20 ns
oEH OF Command Hold Time 20 - ns
CAPACITANCE (Vcc =5V £ 10%, f=1MHz, Ta=0~70%)
SYMBOL PARAMETER MIN, MAX. U’Nl'f
Ch Input Capacitance (A0~AB8) - s pF
Ci2 Input Capacitance (RAS, TAS, WRITE, OF) - 7 pF
Co Input/Output Capacitance (1/01~1/04) - 7 pF
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TC514256BP/BJ/BZ/BFT-60

NOTES:

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

2. All voltages are referenced to Vss.

3. Iccn Iccs, Iccs, Iccs depend on cycle rate.

4. Icci, Iccs depend on output loading. Specified values are obtained with the output open.

5. Column address can be changed once or less while RAS=V];, and CAS=V}x.

6. An initial pause of 200ps 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 TAS before RAS
initialization cycles instead of 8 RAS cycles are required.

7. AC measurements assume tr=5ns.

8. ViH (min.) and Vi, (max.) are reference levels for measuring timing of mput signals.  Also,
transition times are measured between Vi and VjL.

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

10. torr (max.) and togz (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 CAS leading edge in early write cycles and to WRITE leading
edge in Read-Modify-Write cycles.

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

If thwp2trwp (min.), tcwp=tlcwp (min), tAwDZtAwp (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
out(at access time)is indeterminate.

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

15. 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 tprap (max.)
limit, then access time is controlled by taa.
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TC514256BP/BJ/BZ/BFT-60

T e
= Zf s R m / /
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VoH—— v %}
1/01~1/04 OPEN DATA-OUT }—
VoL — . X

7//4 : "H" or "L*
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TC514256BP/BJ/BZ/BFT-60

WRITE CYCLE (EARLY WRITE)
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TC514256BP/BJ/BZ/BFT-60

WRITE CYCLE (OE CONTROLLED WRITE)
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TC514256BP/BJ/BZ/BFT-60

READ-MODIFY-WRITE CYCLE
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TC514256BP/BJ/BZ/BFT-60

FAST PAGE MODE READ CYCLE
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‘TC514256BP/BJ/BZ/BFT-60

FAST PAGE MODE WRITE CYCLE
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TC514256BP/BJ/BZ/BFT-60

FAST PAGE MODE READ-MODIFY-WRITE CYCLE
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TC514256BP/BJ/BZ/BFT-60

RAS ONLY REFRESH CYCLE
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RAS \
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Vi — 7 A -
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= T ‘e

: “H" or “L*

Note: WRITE, OE=“H" or “L"

CAS BEFORE RAS REFRESH CYCLE

Il rpy VIR R A
= N e—

: “H® or “L*
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TC514256BP/BJ/BZ/BFT-60

HIDDEN REFRESH CYCLE (READ)
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TC514256BP/BJ/BZ/BFT-60

HIDDEN REFRESH CYCLE (WRITE
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TC514256BP/BJ/BZ/BFT-60

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE
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262,144 WORD x4 BIT DYNAMIC RAM

DESCRIPTION

PRELIMINARY

The TC514256BPL/BJL/BZL/BFTL is the new generation dynamic RAM organized 262,144 words by
4 bits. The TC514256BPL/BJI/BZL/BFTL 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 TC514256BPL/BJL/BZL/BFTL to be packaged in a standard 20
pin plastic DIP, 26/20 pin plastic SOJ, 20/19 pin plastic ZIP, 24/20 pin plastic TSOP. 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 10% tolerance direct
interfacing capability with high performance logic families such as Schottky TTL.

FEATURES

¢ 262,144 word by 4 bit organization
e Fast access time and cycle time

TC5142568PL/BIU/BZL/BFTL - 60

Cycle Time

trac RAS Access Time 60ns
taa Column Address

Access Time 30ns
tcac CAS Access Time 20ns
tre  Cycle Time 110ns
1, Fast P Mo
PC age Mode 40ns

® Single power supply of 5V10%
with a built-in Vgp generator

PIN CONNECTION

Plastic DiP
o1

g
4 o =
>>zznﬂﬂs
Moo omoor

w N
CWVWRNOUV BWN

<
[a)
n

ﬂ

DI < =g

< o= <
AEARS 5938
NooWYE nbawNn -

Plastic SOJ

Plastic TSOP

o

& Low Power
495mW MAX. Operating
1.1mW MAX. Standby
o Outputs unlatched at cycle end allows two-
dimensional chip selection
¢ Read-Modify-Write, CAS before RAS refresh,
RAS-only refresh, Hidden refresh, and Fast
Page Mode Capability
¢ All inputs and outputs TTL Compatible
® 512 refresh cycles/64ms
¢ Package  TC514256BPL : DIP20-P-300B
TC514256BJL : S0J26-P-300
TC514256BZL : ZIP20-P-400
TC514256BFTL: TSOP24-P-0616
Plastic ZIP PIN NAMES
r3y zag AD~AB | Address Inputs
E% Vo4 RAS |Row Address Strobe
L8] voi TAS | Column Address Strobe
L8] WRITE WRITE |Read/Write Input
il a1 OF |Output Enable
E‘L :3 /01~1/04| Data InputOutput
{fﬁ A4 Vee  |Power(+5V)
:‘; A6 Vss {Ground
20} A8 N.C. |No Connection

24| A8
23 A7
22| A6
21} AS
20 A4
174 Vcc
161 A3

15 A2

141 Al

13| AD
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TC514256BPL/BJL/BZL/BFTL-60

BLOCK DIAGRAM

S
~N
03
w
03
»

B A O
Vfc_vis {4}_,———'—@

DATA IN DATA OUT |« TF
BUFFER BUFFER
WRITEo—— ), L3 Y I 3} R4
TASO—| NO.2 CLOCK [
GENERATOR
i
AQ O ADDRESS ] > DECODER
BUFFER(9
A10> L] J SENSE AMP 4
A3 O+ CONTROLLER p—
A4 0> REFRESH x4
A5 O+ COUNTER (9) - »
AG O Row 3 |y MEMORY
A70~] Avoress [T NS S| s12 [ Armay
A8 O BUFFER (9) Wil 512x512x4
NO.1 CLOCK )
RASO—>| (GengRATOR SUBSTRATE BIAS
GENERATOR
ABSOLUTE MAXIMUM RATINGS
ITEM 'SYMBOL RATING UNITS NOTES
tnput Voltage - Vin -1~7 v 1
Output Voltage Vout —1=~7 v 1
Power Supply Voltage Vee ) -1~7 ) 1
Operating Temperature Torr 0~70 C 1
Storage Temperature Tsre - ~55~150 ‘c 1
Soldering Temperature - Time TSOLDER 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%)

SYMBOL PARAMETER MIN. TYP. MAX, uNIT NOTES
Vee Supply Voltage © 45 5.0 5.5 v 2
Vin Input High Voltage C24 - 6.5 v 2
Vi Input Low Voltage =10 - 0.8 v 2
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TENTATIVE DATA
262,144 WORD x4 BIT DYNAMIC RAM

DESCRIPTION

The TC514256AP/AJ/AZ is the new generation dynamic RAM organized 262,144 words by 4 bits.
The TC514256AP/AJ/AZ 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 TC514256AP/AJ/AZ to be packaged in a standard 20 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 5V+10% tolerance, direct interfacing capability with
high performance logic families such as Schottky TTL.

FEATURES

® 262,144 word by 4 bit organization ® Low Power
® Fast access time and cyele time 440mW MAX. Operating
TCSTa756APIAIIAL - 707 B0/ = 10 285 Wﬁ?%ﬁ?ﬁ?";ﬂ“-"m
- m . Operatin,
70ns 80ns 100ns (TC514256 AP/AJ/AZ —80)
35 40 50 330mW MAX. Operating
o o m (TC514256AP/AJ/AZ —10)
20ns 20ns 25ns 5.5mW MAX. Standby
tge  Cycle Time 130ns 150ns 180ns | ® Outputs unlatched at cycle end allows two-
thc  Fast Page e dimensional chip selection
Cycle time l 40ns 45ns 5505 | ¢ Read-Modify-Write, CAS before RAS refresh,
e Single power supply of 5V 10% gaAgge‘ol\r'}Io}:iereg:asg"ligidden refresh, and Fast
ith a built-in Vg t c i
wi uilt-in Vip generator e All inputs and outputs TTL compatible
® 512 refresh cycles/8ms ’
PIN NAMES e Package TC514256AP : DIP20-P-300E
AO~AB8| Address Inputs 1101~1/04 | Data Input/Output TC514256Ad S0J26-P-300
RAS [Row Address Strobe Vee Power ( + 5V) TC514256AZ ZIP20-P-400
CAS | Column Address Strobe Vss  |Ground
WRITE | Read/Write Input N.C.  |No Connection
OF |Output Enable
"PIN_CONNECTION {TOP VIEW)
Plastic DIP Plastic SOJ Plastic ZIP
OEL. oiems
1103 _}:_j F:: /04
lx;; .7::: % | won
i :i 8 | WRITE
A0 :1;13 n2l At
AZpI3 g:_ 121: A3
VeePSs nEtag
AS :1.]-‘: ‘: 1:8: AL
AT 9 ~:2:o: A8
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TAEAANEQAD 1P ON TACENA N
1C524259BJ/BZ-8C, 7TC524259BJ/BZ-10
HIDDEN REFRESH CYCLE
tRe
PRI tra PRI
t
Vi =3 oy )r—n
RAS vy f\ % \r \
RCD. tRsH o toHR teen
eV B y R
sy \\ L / \.
tra0 trRAL !
| Gy G o |

‘ Vik AL ROW 3 COLUMN
AO~AB 7 RESS ,D@{C ADDRESS

T

toea tort |
A toez

tan |
K #
Y \T" VALID DATA-OUT >____.___

W1/101 Vou
~W4/104 Vo  —

t"H" or “L”
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TC524259BJ4/BZ-80, TC524259BJ/BZ-10

LOAD MASK REGISTER CYCLE

tac
tras j—RE__
e ViR T ]
sy N\, / N
terp tesh
> trep tRsH ! — |
t
- Vi — _\\ < / j
AS vy o r ‘
t,
ASR [ | tran
Vin 7 ROW N7
A0~A8 ' 77N ADDRESS .
e tEWL
twsr trw «tBWL
- ‘l‘ e
WBIWE _/%-/ K///, 7 . W
. Lwer >
THS twen tOElp
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