TOSHIBA

TC511632FL/FT1-70/85/10

PRELIMINARY
SILICON GATE CMOS

32,768 WORD x 16 BIT CMOS PSEUDO STATIC RAM

Description

The TC511632FL/FTL is a 512K bt high speed CMOS pseudo static RAM organized as 32,768 words by 16 bits. The
TC511632FL/FTL utilizes a one transistor dynamic memory cell with CMOS peripheral circuitry to provide high capacity, high
speed and low power storage. Tre TC511632FL/FTL operates from a single 5V power supply. Refreshing is supported by a
refresh (RFSH) input which enattlet; two types of refreshing - auto refresh and self refresh. The TC511632FL/FTL features a static
RAM-like interface with a write cyc e in which the input data is written into the memory cell at the rising edge of WE thus simplifying
the microprocessor interface.

The TC511632FL/FTL is avail:ible in a 40-pin small outline plastic flat package and a 44-pin cutline (40 actual pins) plastic thin
small outline package (forward typa).

Features Pin Connection (Top View)
R s % 16 bi
. O'rganlzanon‘ 32,768 words x 16 bits eno 7 by ono d e 2ab v
* Single 5V power supply a9 d2 19 putie A9 2 a3
. AB 43 38 P TWE A8 43 42 TWE
* Fast access time a7 da 317P A0 a7 da 41h8 asg
A6 S 6P A Ag 5 ‘;OEAH
asde 5P Aa12 a5 g6 9P a2
TC511632FL/FTL ads HSINE radS S ENE
A3Igs 3138 A4 Alds 378 Al14
-10 -85 -10 a2ds 2P UOF A2d9 36D OOF
A1 Q10 31 P LQE/RFSH AY [« 1] 35D LOE /RFSH
tcea CE Access Time 70ns 85ns 100ns a0 d 1 19bCE 1 34
— /01 d 12 9P 1/016 12 33 .
toea OE Access Time 30ns 35ns 40ns 17024913 8P 1/O1s A0 413 31pCe
HO}EM 27B17c14 170144 glJIﬁOIG
tgre Cycle Time 115ns 135ns 160ns 1104 9415 6Pz 1/oz2dhs opi/o1s
R Lycle ] /OS5 g 16 SP1ro2 /03 16 29PR 1,014
Power Dissipation 440mwW 385mw 330mwW | 1706 4 17 24P /01 /04 417 281 /013
, ] 1107 4 18 23pi/010 1/05d18 27811012
Self Refresh Current 100pA 1108 19 2P 1709 1106 919 6P i/on
GND O 20 21DVDD 107 20 258 1700
- o . L /08 421 280 1,09
* Auto refresh is supported by ar internal refresh address GND g 22 23D v

counter FTL
e Self refresh is supported by an internal timer
¢ Inputs and outputs TTL compatible
¢ Refresh: 256 refresh cycles/4ms
e Package
- TC511632FL: SOP40-P-525
- TC511632FTL: TSOP44-P-420B

Pin Names
A0 ~A14 | Address Inputs
UWE Upper Byte Write Enable Input
WE Lower Byte Write Enable Input
UGE Upper Byte Output Enable Input

TOE/RESH Lower Byte Output Enable Input
Refresh Input

CE Chip Enable Input
/01 ~ /016 | Data Inputs/Qutputs

Vbp Power

GND Ground
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TC511632FL/FTL-70/85/14)

Static RAM

Block Diagram
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Operating Mode

] - PN = | o | TOF | e | oroe
; MODE \\\\;‘\ CE UOE RFSH UWE ! LWE | AO~A14 |1/09~16 | 1/01~8
TImel
Standby H . . o . Hz HZ
Read (Word) L L L H H v DOUT DOUT
Read (Upper Byte) L L H H ; H v* Dout HZ
Read (Lower Byte) L H L H | H v* HZ Dour
Read (HZ) L H H H H v* HZ HZ
Write (Word) L . . L L v* Din D
Write (Upper Byte) L . L H v* Din .
Write (Lower Byte) L H H L V* * Din
Don't Use L * L L H * - -
Don't Use L L - H L * _ _
CE only Refresh - H H H v* HZ HZ
Auto/Self Refresh iy T : h : HZ HZ
. i

H = High level input (V)
L = Low levelinput (V)
= Vi oV

V' = At the faling edge of CE. )l -ddress inputs are latched. At all other times, the address inputs are “*".

HZ = High impedance

Maximum Ratings

SYMBOL ITEM RATING UNIT NOTES
Vin Input Voltage o E -1.0-~7.0 \
Vour | Output Voltage -1.0-7.0 \Y
Voo _Fgwer Supply letage -1.0-~7.0 \4
Topr »67perating Tempe}.iture o 0~70 “C 1
Tsrrg : Storage Temperatire j -55 ~ 150 ‘c
TsoLper | Soldering Temperature » Time 260+ 10 °C *sec
Pp 1 Power Dnssipat'iz;r; 600 mw
lour | Shon Cirouit Oupt Curent | 50| mA
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Static RAM TC511632FL/FTL-70/85/10

DC Recommended Operating Conditions

SYMBOL PARAMETER MIN. | TYP. MAX. UNIT | NOTES
Vpp | Power Supply Voltage 45 5.0 55 \
Viy Input High Voltage 2.4 - Vpp + 1.0 v 2
ViL Input Low Voltage -0.5 - 0.8 \'

DC Characteristics (Ta = 0 ~ 70°C, Vpp = 5V+10%)
SYMBOL PARAMETER MIN. TYP. MAX. | UNIT | NOTES
70ns version - 60 80

Operating Current (Avarage)

looo CE, Address cycling: tyc = tc min. 85ns version - 50 70 mA 3.4
100ns version - 40 60
Standby Current _ _ 1 mA

lbost | oE = Vi, All other pins = Vi or Vy

I Standby Current _ _ 100
DOS2 | TF = Vgp - 0.2V, All other pins = Vpp - 0.2V or 0.2V KA

Self Refresh Current {Average)

'ooF1 | BE = v, LOE/RFSH = Vi All other pins = Vjy o V. - - T mA
0 ie_lf Refresh Current (Average) _ 50 100
DDF2 | TE = Vpp - 0.2V, LOE/RFSH = 0.2V, All other pins = Vg - 0.2V or 0.2V KA
| Input Leakage Curren: B _ +10
1) | OV < Vi < Vpp, All other inputs not under test = OV * KA
Output Leakage Current
o) | Output Disabted (CE -=: Vjyy or LOE/RFSH =V or IWE = Vy,) - - +10 pA
ov< VOUT < VDD UOE = VIH UWE = V||_
Output High Level
Vo |1 =-1maA 24 - - v
Qutput Low Level
Vou loL = 2.1mA - - 0.4 v
Capacitance* (Vpp = 5V, Ta = 25°C, f = 1MHz)
SYMBOL PARAMETER MIN. MAX. UNIT
Ch Input Capacitance (AC ~ A14) - 5
Ciz | Input Capacitance (CE, LOE/RFSH, UOE, LWE, UWE) - 7 pF
Cio Input/Output Capacitance -

“This parameter s periodically samgile: and is not 100% tested.
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TC511632FL/FTL-70/85/10

Static RAM

AC Characteristics (Ta = € ~ 70°C, Vpp = 5V+£10%) (Notes: 5, 6, 7, 8, 13)

D-22

-10 -85 -10
SYmsoL PARAMETER UNIT | NOTES
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
tre Handom Read, Writz Cycle Time 115 - 135 - 160 -
tamw | Flead Modify Write t,ycle Time 175 - 180 - 220 -
tce CE Pulse Width 70 10,000 85 10,000 { 100 | 10,000
tp CE Precharge Time 35 - 40 - 50 -
tcea | CE Access Time - 70 - 85 - 100
toea | OE Access Time - 30 - 35 - 40
tcrz | CE to Outputin Lov. -2 20 - 20 - 20 -
torz | OE to Output in Low -Z 0 - 0 - 0 -
twiz | Output Active fror Eind of Write 0 - 0 - 0 -
tcuz | Chip Disable to Qutaut in High-Z 0 25 0 25 0 30 9
torz | OE Enable to Ocipud in High-Z 0 25 0 25 0 30 9
twiz | Write Enable ta Cutput in High-Z 0 25 0 25 0 30 9
tosc | OE Setup Time Refirenced to CE 10 - 10 - 10 - 9
tonc | LOE Hold Time Refirenced to CE 0 toe 0 tee 0 toe 9
tuonc | UOE Hold Time Refzrenced to CE 0 - 0 - 0 - 9
twep | From UOE Disable ‘o LWE Enable 0 - 0 - 0 - 9
tywep | From LOE Dlsab|e 1> OWE Enable 0 - 0 - 0 - 9
tres | Read Command ‘>e«up ) Time 0 - 0 - 0 - ne
trcH | Read Command Hc d Time 0 - 0 - 0 -
twp | Write Pulse wigt~ 25 - 25 - 25 -
twoy - Write Gommand Ho d Time 40 - 40 - 40 -
towr | Write Command ta t,E Lead Time 25 - 25 - 25 -
thsw | Data Setup Time * on AW 20 - 20 - 20 - 10
tosc | Data Setup Time rrom CE 20 - 20 - 20 - 10
toHw Data Hoid Time fromi RW 0 - - 0 - 10
touc_| Data Hold Time from CE T 0 - - - 10
tagc ! Address Setup Tlme 0 - - - 1"
tanc | Address Hold Time 20 - 20 - 20 - 1
tec | Auto Refresh Gycle Time 115 - 135 - 160 -
tarp | AFSH Delay Ttme from CE 35 - 40 - 50 -
teap | AFSH Pulse Widt U\uto Refre‘;h) 80 8,000 80 8,000 80 8,000 12
tep RFSH Precharge Tire 30 - 30 - 30 - 12
tras | AFSH Pulse Width | 5eif Refresh) 8,000 - 8,000 - 8,000 - 12
trrs | CE Delay Time 1rom RFSH (Self Refresh) 115 - 135 - 160 - 12
tREF Refresh Period ( )56 Pycles AQ ~ A7) - 4 - 4 - 4 ms
Transmon Tlme (Fis: and Fait) 3 50 3 50 3 50 ns
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Static RAM TC511632FL/FTL-70/85/10

Notes:
1) Stress greater than those Iisted under “Maximum Ratings” may cause permanent damage to the device.

2) All voltages are referenced to GND.

3) Ippo depends on the cycle time.

4) Ippp depends on the output loading. Specified values are obtained with the outputs open

5) An initial pause of 100us with high CEis required after power-up before proper device operation is achieved.
6) AC measurements assume ty = 5ns.

7) Timing reference levels

L
Input Levels PVH=26Y eyt 2.6V Tav
Vi = 0.6V 0.6V 0.8y
Input Reference | av sis D Vi =24V T
v, =08y  OUTPUT L-08y
Output Reference L-vels DV =2V INPUT REFERENCE  OUTPUT REFERENCE
Vo = 0.8V LEVEL LEVEL

8) Measured with a load equ valent to 1 TTL load and 100pF.

9) topz, oz, twhz define the time at which the output achieves the open circuit condition and is not referenced to output
voltage leveis.

10) For write cycles, the input data is latched at the eartier of WE or CE rising edge. Therefore, the input data must be vahd
during the setup time ity o Ipge) and hold time oy OF thne)-

11) All address inputs are latcned at the faling edge of CE. Therefore, all the address inputs must be valid during tag: and tarc-
12) The two refresh operatior s, auto refresh and self refresh, are defined by the RFSH pulse width under the condition CE -

Auto refresh : RFSH pulse width < teap (max.)
Self refresh : RFSH pulse width > tpag (min.)

The timing parameter tr,g must be met for proper device operation under the following conditions:
 after self refresh
o f RFSH = “L." after power-up

13) CE only refresh or autc r-+frest must begin within 15.6us after self refreshing ends.
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TC511632FL/FTL-70/85/10

Static RAM

Timing Waveforms

Read Cycle
tRe >
Lt >
) e N
[ Vin = r\‘ w ‘-\
ViL — L
tasc I i e tAHC =|
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AD~ Al4
& s
tacs | » o t’cH
RE — < >
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Vi —___/
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L= ./
ToE VM~ ] |
Vig — 3
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Vie — N /
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Static RAM TC511632FL/FTL-70/85/10

Write Cycle 1 (OE Fixed High}

i N . IV
m-ney R s M
1050 e " 4 tyomC
wE A NI
lost e PILTN
Y i | : N
tag - < :cwv:u. > ‘_’l&
et F [\ X
. L | e
WE oy, ﬂ‘ l
YO1~16 :,:L B g{ DATA-IN :E; : EE
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TC511632FL/FTL-70/85/10 Static RAM

Upper Byte Write Cycle 2 (OE Clocked)

tac o
Vi = \. < teg TQ:LL—;;‘!_
& ViL —f &-u ,Z \

tasc _ tAHC

A0~ Al4 ‘\:::' WL ADDRESS ///////////////// / //////,/

A

-

- Vik = 7 Y
v Vit — / \
O 1 o tone |,
Vin ~ ¥ -
LOE/RFSH Vi — /| N
. twen N
wes |||  tom | tRew
Vi = — b r =
owE | / L twe
w - \ o »)
tacs trReH
i AR
— Vi —
PWE v - ] tonw \
toHw
L losw > .
h DHC
tosc ‘
VIH - 7% ‘
Ny O {  DATA-W E >
twhz |
09~16 M
l_ tag lowz twiz | |20 PRI
out Vou— Hy y 2 . b M 7 AT
VoL — N s,
VO1~8: D= "H" or “L" :"HT or "L”
Doyt = OPEN
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Static RAM TC511632FL/FTL-70/85/10

Lower Byte Write Cycle 3 (OE Clocked)

tac | v >
Vig — N -« e > '?;v e
4 Vi —_/ \-h 11—7 \
tasc N tanc .,
Vin b 4
A0~ A4 Vi I ADODRESS D
tosc tuomc
—_— e ~
Vig ~ X
UOE v, _ / N
_ tome N
Vi = T
t H V:L — / \
tes | trcH
Vi — 4 X
TWE y, _ A N
twen N
tes | N towl i N .| tReH
WE Vin — 4 twe ( tosc 3
W ViL - Z 3¢ > \
toHw
« tosw o > R
tosc . OHC
Vi — % } \L
DATA-IN
Vii — X A
twrz I
Vo1~8 aliel touz
taz lowz [e——> teng
>l . il - t LZ g L
our Von— Hy NI 77777777 R I e N
VoL — 7 T4 Nz 4/
1
VO9~16 : Diy = "H" or "L” 7777 L
Doyt = OFEN
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TC511632FL/FTL-70/85/10 Static RAM

Read Modify Write Cycle

« tamw N
- tce o | tp >
Vig — -
T w__/ N /N
tasc taHC
v
AO~ AT4 /Z/m ADDRESS IW/ / //////////%/ ///// Z/%
wE e N A
:‘LOHS
TR, N il
B tewl N tRCH
tres N N
Vih — 7 ¢ i
UWE Vit — / r \r B‘ \
. . tewl - tRew
RCS "
vy = —— |  twe o L
We Vi — W— \r z R
tosw | | [toww I
1psC L ] towe
N :/’::‘ = DATA - IN
{_' - . tcea . twhiz
¥O1~16 —0ta ., tonz - twiz temz

lowz| . <
Vou— Hr D £ Hz A Hz
DATA - QUT %
OuT yg - N 0%
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Static RAM TC511632FL/FTL.-70/85/10

Upper Byte Read Modify Write Cycle

. trmw
ce R tp
rad Vig ~ \ 2,_\—
ViL — b ¥

tasc tamc

-~ T~ 77

(=2

Vi — r
UGE Vi — \-t /
tLokc
Vin rd
TOI/ﬁFSHVIL \ /
tuweo
[ CWL L ) tRew
tacs | T SN
+—> WP
Vi — > ! VZ
UWE , _ / N p
L] ‘trew
tacs N
Vig = F
WE
Vip —
tosw | louw
lpsc il toMe
s |
N H DATA - IN Di
r ViL — tcea twH )
< o >
1/09~1/016 o Q%8 touz twiz tenz
l__ Von— Hz DATA - OUT i W Dy’
OUT yo - < oz, ‘é/

Vin —

N S tcea

1101~1/08 — 08 tomz

touz + >
‘ Vou— Hz Hz
DATA - OUT
OUT yo = M /

701~8: O = "H" or "L”

: "H” or "L”

PRELIMINARY TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. D-29



TC511632FL/FTL-70/85/10

Static RAM

Lower Byte Read Modify Write Cycle

. trmw R
B tce N tp
Vin — 3 y
c Vi —__/ \—k /,—\_
tasc tanc
v i p
_ Vin — h 7
TOE ' _ N /
tLoHC
Vig ~ X +
e VA N /
) tRCH
tRcs -
Vin — yd
UWE , _ / \.—
tweo
> towt tReH
tacs g >
B e twe
Vih — h Y A ‘ \
WE o _ | N
N Vin —
‘__‘ ViL — tcea
1101~ 18 ) —loea [
l_ touz R <oz
Von— [ab4 " Hz
DATA - OUT
OUT yo, oz /
tosw . A‘DHW I
t{osc‘ > |‘ N toHC
v ‘
N V‘H DATA - IN § }——
l—‘ wo— tcea twhz
-« > —]
- | —088
1109~i/016 toLz L toHz twiz tcHz
L Vor— Hz N Hz W‘ﬁ
‘ DATA - OUT
OUT yo oz, / ov

I1O9~16 . Dy = "H" or "L*
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Static RAM TC511632FL/FTL-70/85/10

CE Only Refresh

‘ trC
< —

<

Vik — b "
E v - \ V]
3

tasc taHC

v 32 T

“osc _tuouc
e < >

ToE VW~ K
VlL —

—— | -
OEARSH Vin —
Vi -
tres _trew
OWE, TWE YW~ i N
Vi —
¥O1~1/1016 x;’“_ OPEN
C—

NOTE : A8~ A14 = “H" or "L” 270 : “H” or "L"

Auto Refresh

Vig —
[si3 V
wo— /
tRep | tec N tec tLonc
[t tep teap i traP tep
) » - » | o | — !
= L
TOB/RFSH Yw N N } \
Vip — *
Vo —
11Q1~08 ' OH
Vo, — OPEN

NOTE : UGE, UWE, TWE, A0~ A14 = "H" or "L”

Self Refresh
{
. Vin— )i
E v e
tLoHC
lerp |
tep L Teas al t
——
[Ro17 I Fi R
VIL - 10
7
Vou —
¥O1~y0O16 OPEN
VoL —

NOTE : UOE, GWE, TWE, A0~ A14 = “H” or “L°
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