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 TCE11002BE/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 5V110% tolerance,
direct interfacing capability with high performance logic families such as Schottky TTL.

FEATURES
e 1,048,576 word by 1bit organization ® Low Power
e Fast access time and cycle time 495mW MAX. Operating
TC511D028P/B/BLUBHT - 60 5.5mW MAX. Standby
- e Output unlatched at cycle end allows two-
taac RAS Access Time 60ns dimensional chip selection
taa Column Address 30ns e Common VO capabilit
Access Time e Read-Modify-Write, CYS before RAS refresh,
tcac €5 Access Time 20ns RAS-only refresh, Hidden refresh, Static
tpe  Cycle Time 110ns Column Mode and Test Mode capability
fsc  Static Column e All inputs and output TTL compatible
Mode Cycle Time 35ns ¢ 512 refresh cycles/8ms
s Single power supply of 5V 10% e Package TC511002BP : DIP18-P-300C
with a built-in VpB generator TC511002BJ  : SOJ26-P-300
TC511002B2Z : ZIP20-P-400

TC511002BFT : TSOP24-P-0616
PIN CONNECTION

Plastic DIP Plastic 50) Plastic ZIP PIN NAMES

WﬁTDTLE ; T A0~AY |Address Inputs
rAs(3 Vss RAS |Row Address Strobe
TF(4 1WRITE Dy [Data in
:? 2 : TF Dour |Data Out
A7 TS |Chip Select input
A3lls FIFN WRITE |Read/Write Input
Veclig 3| A3 Ve  |Power (+5V)
: A4 Vss | Ground
: AB TF  |Test Function
0] A8 N.C. |No Connection

Ag] 1 Plastic TSOP 24 A8
5|2 231 A7
e |i e | A
V| S 4 Ezo Al
NC |8 1; Vee
Dy |9 16) A
w“gﬁgi‘fi 10 151 A2
11 | Al

TF |12 13| A0
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TC511002BP/BJ/BZ/BFT-60

BLOCK DIAGRAM

WRITE
ts::ﬁ)

——————
| DATA IN Din
| BUFFER
NO.2 CLOCK
GENERATOR == I >{ oara our Dour
o [} BUFFER
—
COLUMN l
—0" | ADDRESS T COLUMN
A0 O ML L BUFFERS (10) e | wiy __DECODER
Al O= REFRESH SENSE AMP.
A2 O CONTROLLER |-« YO GATING
A3 O ' --- 2048 -
A4 O REFRESH
A5 O COUNTER (9)
o
[}
A O 3 al i MEMORY
A7 O 29ls ARRAY
A8 O | T ROW wi |}
ADDRESS [ ] S
A9 O BUFFERS (10)
[}
SUBSTRATE BIAS Vee
NO.2 CLOCK
RS O] GENERATOR GENERATOR Vsg
ABSOLUTE MAXIMUM RATINGS
iTEM SYMBOL RATING UNITS NOTES
Input Voltage Vin -1~7 v 1
Test Function Input Voltage Vin(rr - 1~10.5 v 1
Qutput Voltage Vour -1~7 v 1
Powaer Supply Voltage Vee -1~7 v 1
Cperating Temperature Toer 0~70 (% 1
Storage Temperature Ts16 - 55~150 *C 1
Soldering Temperature - Time TsOLDER 260- 30 *C-sec 1
Power Dissipation Pp 800 mw 1
Short Circuit Output Current lour S0 mA 1
RECOMMENDED DC OPERATING CONDITIONS (Ta =0~70°C)
SYMBOL PARAMETER MiN. TYP. MAX, UNIT NOTES
Vee Supply Voitage 45 5.0 5.5 v 2
Vin fnput High Voltage 24 - 6.5 v 2
VL Input Low Voitage -1.0 - 08 v 2
Vi (1) Test Enable Input High Voltage Vee+ 45 - 10.5 v 2
Vit Test Disable Input Low Voltage -1.0 Vees 1O v 2
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TC511002BP/BJ/BZ/BFT-60

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

SYM8OL PARAMETER MIN, MAX. | UNITS | NOTES
OPERATING CURRENT TC511002BPIBY 3,4
lees Average Power Supply Operating Current BZ/BFT-60 - 90 mA
(AT, T3, Address Cycling: tac = tac MIN.) 5

STANDBY CURRENT

leez Power Supply Standby Current - 2 mA
(RAS =TS = Vi)
RAT ONLY REFRESH CURRENT TCS110028P78Y

lees Average Power Supply Current, RAS Only Mode BZ/BFT-60 - 90 mA 3,5

(RAS Cyciing, T3 =Vik: tac=tac MIN)

STATIC COLUMN MODE CURRENT . 1C5110028P/BY
Icca Average Power Supply Current, Static Column - 70 mA 3,4

; BUBFT-60
Mode (RAS = T3 = Vi, Address Cycling: tsc = tsc MIN.)

STANDBY CURRENT
Ices Power Supply Standby Current - 1 mA
(KA = 8= Vee=0.2V)

3 BEFORE RAS REFRESH CURRENT TC5110028P/8)
lce | Average Power Supply Current, T3 Before RAS BLBFT-60 - 30 mA 3
Mode (RAS, T8 Cycling: tac = tae MIN) .

INPUT LEAKAGE CURRENT {any input except TF)
hy Input Leakage Current, any input -10 10 pA
(OVS V4 $6.5V, All Other Pins Not Under Test = 0V)

INPUT LEAKAGE CURRENT {only TF)

I -1 10

TEW | (VS Viy ey S Ve + 0.5V, All Other Pins Not Under Test= 0V) ° A

| OUTPUT LEAKAGE CURRENT w | 1

oW [ (Doyr is disabled, OVS VourS +5.5V) A
| TEST FUNCTION INPUT CURRENT . R

- m

T ] (Vee+ 4.5VSViy ap S10.5V)

v OUTPUT LEVEL 14 v
O | Output “H” Level Voltage (lpyr = ~ SmA) : -

OQUTPUT LEVEL
Vol - 0.4 v

Qutput “L° Level Voltage {loyr = 4.2mA)
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TC511002BP/BJ/BZ/BFT-60

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

TCS110028P/BX/BL/BFT-60
SYMBOL PARAMETER UNIT [ NOTES
MIN, MAX.
tc Random Read or Write Cycle Time 110 - ns
tamw Read-Modify-Write Cycle Time 135 - ns
ts¢ Static Column Mode Cycle Time 35 - ns
tsamw Static Column Mode Read-Modify -Write Cycle Time 60 - ns
taac Access Time from RAS - 60 ns | 9,14
teac Access Time from C5 - 20 as {914
tan Access Time from Column Address - 30 ns | 9,15
tarw Access Time from Last Write - 55 ns | 9,16
ez T3 to Output in Low-2 0 - ns [9
torF Output Buffer Turn-Off Delay 0 20 ns 10
taoH Output Data Hold Time from Column Address 5 - ns
tow Output Data Enable Time from WRITE - 20 ns
twoH Output Data Hold Time from WRITE o- - ns
tr Transition Time (Rise and Fall) 3 H] ns |8
trp RAS Precharge Time 40 - ns
tRas RAS Pulse Width 60 10,000 ns
trasC RAT Pulse Width (Static Column Mode) 60 100,000 ns
tRsH T8 to RATS Hold Time 20 - ns
1csk RAS to €5 Hold Time 60 - ns
tcs S Pulse Width 20 10,000 ns
tese TS Pulse Width (Static Column Mode) 20 100,000 ns
taco RA3 to T3 Delay Time 20 40 ns |14
traD RAS to Column Address Delay Time 15 30 ns |15
teap TS to RAS Precharge Time s - ns
tep T3 Precharge Time 10 - ns
task Row Address Set-Up Time 0 - ns
tRan Row Address Hold Time 10 - ns
tasc Column Address Set-Up Time 0 - ns
tean Column Address Hold Time 15 - ns
tawa Column Address Hold Time referenced to RAS (WRITE so . s
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 - ns 17
towt Write Command to T35 Lead Time 20 - ns
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TC511002BP/BJ/BZ/BFT-60

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Continued)

TC5110028P/8/8UBFT-60
SYMBOL PARAMETER UNITSE NOTES
MIN. MAX,
LWaD Last Write to Column Address Delay Time 20 25 ns 16
taHLW Last Write to Column Address Hold Time S5 - ns
trCs Read Command Set-up Time referenced to a 0 - ns
tack Read Command Hold Time referenced to TS 0 - ns 1
tran Read Command Hold Time referenced to RAS Y - ns 1"
tweH Write Command Hold Time 10 - ns
tweR Write Command Hald Time referenced to RAS 45 - ns
twe Write Command Pulse Width 10 - ns
twi Write Command Inactive Time 10 - ns
tRwi Write Command to RAS Lead Time 20 - ns
tos Data-In Set-Up Time Q - ns 12
ton Data-In Hold Time 15 - ns 12
towR Data-In Hold Time referenced to RAS 50 - ns
tRerF Refresh Period - 8 ms
twes Write Command Set-UP Time 0 - ns 7 13
towo % 1o WRITE Delay Time 20 - ns 13
tawo RAS to WRITE Delay Time 60 - ns 13
tawo Column Address to WRITE Delay Time 30 - ns 13
tesa T3 Set-Up Time (C3 before RAS) 1 - ns
temR T3 Hold Time (T3 before RAZ) 15 - ns
tree RAS Precharge to T3 Active Time 0 - ns
et T3 Precharge Time (T3 before RAS Counter Test) 30 - ns
tres Test Mode Enable Set-Up Time referenced to RAS 0 - ns
trenR Test Mode Enable Hold Time referenced to RAS 0 - ns
trgmc Test Mode Enable Hold Time referenced to T 0 - ns
CAPACITANCE (VCC =5V + 10%, f = IMHz, Ta=0~70°C)
SYMBOL PARAMETER MIN MAX. UNIT
Cn Input Capacitance (A0~A9, Dy} - H
Ca Input Capacitance (RA3, TS5, WRITE, TF) - 7 pf
Co Output Capacitance (Doyr) - 7
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TC511002BP/BJ/BZ/BFT-60

NOTES:

1.

LA O

10.

11.
12.

13.

14,

15.

186.

17.

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

All voltages are referenced to Vgss.

Icc1. Icca, Iccs, Icce depend on cycle rate.

Icc1, Icca depend on output loading. Specified values are obtained with the output open.

Column address can be changed once or less While RAS =V

An initial pause of 200ps is required after power-up followed by any 8 KAS 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 {T=5ns.

ViH (min.) and Vi (max.) are reference levels for measvring timing of input signals. Also,
transition times are measured between Viyg.and ViL.

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

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

Either trcy or trry 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.

twes, tRWD, tcwD, and taAwp are not restrictive operating parameters. They are included in the
data sheet as electrical characteristics only. If twgos twes (min.), the cycle is an early write cycle
and data out pin will remain open circuit (high impedance) throughout the entire cycle; If
tRwD2 tRwD (min.), tcwD= tcwp (min.), and tawDp=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 trac (max.) can be met.
trep {max.) is specified as a reference point only: If trcp 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 (ma::.) is specified as a reference point only: If tRaDp 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.
tiwap(max.) is specified as a reference point only: If tywap is greater than the specified
tywap(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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TC511002BP/BJ/BZ/BFT-60

TIMING WAVEFORMS

READ CYCLE

tre

l - Z tosw . \—-—
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taac tas > £F
OPEN vm—% DATA - OUT
A

WRITE CYCLE (EARLY WRITE)

w2 ——— A
o bt T o D] = L
oy — =

i =

= — a

: "H® or "L

Nate: “TF" pin should be connected to VL (tr;level or open, if “Test Mode” is not used.
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TC511002BP/BJ/BZ/BFT-60

READ - MODIFY - WRITE CYCLE

t,
tRAS ; ;
ta

w o N T
‘EAAL e
el SR ST
T ::r : j - - ijucs — WD—:G — I %_
WRITE :: I SH'
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TC511002BP/BJ/BZ/BFT-60

STATI L MOQODE Y
tre
Vi -— 1rasc 4
o / N
Vip, —
t, 4 tsc tsc thaL 1 tak
AO~A9 UM T ROW | [ cou 1 coL. 2 ) oL N
n — - 2 ] A
E '“_’ _tap | —a e t‘:I!L—--'
= Vi — . c tosc ! K tesc .7 tram
v, R —BCS
. o o | e
WHRITE Xm - LIV tan
- taa 1 topr_ L
o tRAC
Vox — 3
Cour " Dom"% Dour2 E OourN 5———
Voo — ‘oz
X

: “K* or “L*

Note: “TF” pin should be connected to Vi crr level or open, if “Test Mode” is not used.
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TC511002BP/BJ/BZ/BFT-60

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE)

RAS

AQ~A9

<1

WRITE

Din

Dour

tap

w ] - z \
task tran tean | H trat
:::' :%:Row ﬁ%ﬂ cou. 1 %cmz . 'COLN
trap tasc 21l Itasc tp tasy |et—CRE
Vi — - 4 \
Vi - tgl(xcs &__t-/l JM'I ‘\ Ef . q—.
" W =i =/
Vi —= ‘?k&'\— s Y Z

STATIC_COLUMN MODE WRITE CYCLE (EARLY WRITE

RAS

AD~AZ

Diy

Dour

tar

N -
w :%ﬂ Row:m . cot; :c % coL 2 )%( coL W
= = N 7

s oy BT o] ety
wZ o Yo Now SN/
“ — T YO o YO o YT

Note: “TF” pin should be connected to VL (T level or open, if “Test Mode” is not used.
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TC511002BP/BJ/BZ/BFT-60

STATIC COLUMN MODE READ - MODIFY - WRITE CYCLE

s T R —— =4

woss V2 ZP o YN o W N

e as0 . e j£
o _m?tl“i AW tawp | be—otomt |

wTE v :W’ i T—&{;—/—_—

o v T Y

t
Cpa—s] HOHUOHES—3] |e—tan—s
tuc! lAA.EA_.. I vt = >l tow |
Dour " { Oour! - Dour N
oL terz

STATIC COLUMN MODE READ/WRITE MIXED CYCLE

<

AQ~A9

< < €< << < < < < < <
g9 Fx /% 3 Fx )

Note: “TF” pin should be connected to Vi (rr)level or open, if “Test Mode” is not used.
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TC511002BP/BJ/BZ/BFT-60

RAS ONLY REFRESH CYCLE

- i e ~
Su /S N/

ws " T o
B - 2. v or "L~

w T A - \ = A

T N T

% : "H” or "L*

~A9="1{"or “L"
“TF” pin should be connected to Vg, (7r) level or open, il “Test Mode™ is not used.
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TC511002BP/BJ/BZ/BFT-60

HIDDEN REFRESH CYCLE (READ
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TC511002BP/BJ/BZ/BFT-60

HIDDEN REFRESH CYCLE
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% 1 "H® or "L*

level or open, if “Test Mode™ is not used.
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TC511002BP/BJ/BZ/BFT-60

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

AAAAA

taa

Cac tors
DATA -OUT l>
tax
1

tean

= =

OPEN

lnva.

twes

e !D 2
| ‘H__ﬂ ///////////////////////////////
AAAAA w R e~ X

o -~ s A
e e

e @@ R

VA "W o

Note: “TF” pin should be connected to Vi (1r)level or open, if “Test Mode™ is not used.
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TC511002BP/BJ/BZ/BFT-60

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 parailel 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. Flg
1 shows the block diagram of TC511002BP/BJ/BZ/BFT including its truth table when “Test Mode”
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 ® T
A - "'°
o NORMAL °
-
TF
B Nch
N 256K ] E
< BLOCK
(0
An, Am 0
"_/ 256K —Q\O—I__ONORMAL
BLOCK —
-
T

Nch
An, Am 255 X .
BLOCK

TF Pin = Super voltage; Test Mode
TF Pin =V ¢15) level or Hi-Z; Normal

Truth Table in Test Mode Function

A 8 [ o} Oour
0 0 0 0 0
1 1 t 1 1
Otherwise Hi-Z
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 (Vec+4.5V (Voo =5V £10%), max, voltage=10.5V)" for the specified
period (tTES, *TEHR 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).

moe N /|

Vo, —
Vi —
[41 \ j
Vn — LTEHC (Dns)
llm (Ons) LTEHR (Ons)
Vinee ™ A N
Vi~ -

Fig. 2 Test Mode Cycle
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