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® Page-Mode Operation for Faster Access
® Common /0 Capability with “Early Write”

® Low-Power Dissipation

® Dual 18-Pin 300-Mil (7.62 mm) Package

s . TMS 4132 JDL
LSI ) 32,768-BIT DYNAMIC RANDOM-ACCESS MEMORY
NOVEMBER 1978
S’
® 32,768 X 1 Organization
® 10% Tolerance on All Supplies 18-PIN SIDEBRAZE
® Allinputs Including Clocks TTL-Compatible °”“L("T':;',;'§,EE;¢;”‘AGE
¢ Unlatched Three-State Fully TTL-Compatible ves 1 0 18 vgg
Output i
o 2 ] 17 CAS1*
® 3 Performance Ranges: P 16 CASze
ACCESS  ACCESS  READ  READ, ws
TIME TIME OR MODIFY- RAS1* 4 | 15 a
ROW COLUMN  WRITE WRITE RAS2* 5 I 14 A6
ADDRESS ADDRESS CYCLE CYCLE A0 § 13 A3
(MAX) {MAX) {MIN) (MIN) AZ 7 12 As
TMS 4132-15 150 ns 100 ns 375ns 375ns
TMS 4132-20 200 ns 135ns  375ns  375ns A1 8 f 11 a5
TMS 4132-25 250 ns 165ns 410ns 515ns Vop ¢ | B 10 vee

ZAOR00

* Module 1: RAS1 and TAS1 apply, Pins

Feature 5 and 16 are No-Connects

Module 2: RAS2 and CAS2 apply, Pins
4 and 17 are No-Connects.

Time

— Operating ... 380 mW (typ)
—Standby... 18 mW (typ)

¢ 1-T Cell Design, N-Channel Silicon-Gate

Technology

{ANGULAR VIEW)-
Configuration

O ﬂ J:{f PIN NOMENCLATURE

AD-A6 Address Inpuls W WriteEnable
€AS1 Column adaress strobe, Module 1 VBg  5-Vpower supply

qgb #es
CAS2 Cotumn address strobe, Module 2 VCC  +5-V power supply

004307 g
&30 7 T3

AAS1  Row address strobe, Module 1
RAS2 Row address strabe, Module 2

description

The TMS 4132 consists of two TMS 4116 16,384 bit high speed MOS dynamic random access memories,
each in its own package. The two packages are permanently connected, pin for pin, one on top of the
other. The lower TMS 4116 is referred to as Module 1, the upper TMS 4116 as Module 2. The result is a
18-pin memory device organized as 32,768 words of one bit each with essentially the same characterstics
of the TMS 4116, NMOS single-transistor cell dynamic RAM.

Allinputs and outputs are compatible with Seriesﬂ TTL circuits including clocks: Row Address Strobes,
RAS1 and RAS2, and Column Address Strobes, CAS1 and CAS2. All address lines (AQ through A6) and

data-in (D) are tatched on-chip to simplify system design. Data-out (Q) is unlatched to allow greater
system flexibility.

PRELEMINARY DATA SHEET:
Supplementary data will be
published at s later date.
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TMS 4132 JDL
32,768-BIT DYNAMIC RANDOM-ACCESS MEMORY
. S —
Typical power dissipation, for both modules, at any given time is less than 380 milliwatts active, 20 refre.
milliwatts standby (VC( is not required during standby operation). To retain the data (both modules)
only the standby power of 18 milliwatts is required which includes the power consumed to refresh the A ref
contents of the memory.
outp
The TMS 4132 JDL is offered in a stacked 18-pin dual-in-line sidebraze package and is guaranteed for :z?;j
operation from 0°C to 70°C. Packages are designed for insertion in mounting-hole rows on 300-mil rema
{7.62 mm) centers.
Pagi
operation
P Paga
strol
address (A0 through A6) sequ
Fourteen address bits are required to decode 1 of the 16,384 storage cell locations on each modute. To ?;__Ar%
address a storage location on module 1 seven row address bits are set up on pins A0 through AB and
latched onto the chip by row-address-strobe 1 (RAS1). Then the seven column address bits are set up on
the same pins and are latched onto the chip by column-address-strobe 1 (CAS1). Ta address a storage pow
location on module 2 the same procedure is followed, however addresses are now strobed in using v
row-address-strobe 2{RAS2) and column address strobe 2 (CAS2). When RAS1 and CAS1 are being used : BB
{i.e. Module 1 selected), RAS2 and CAS2 should be high (and vice-versa of Module 2 is selected}. All dast.‘
addresses must be stable on or before the falling edges of RAS 1 (or RAS2) and CAS1 {or CAS2). Each RAS ue
is similar to a chip enable in that it activates the sense amplifiers as well as the row decoder of the mur?
module. Each CAS is used as a chip selgiactivati__lg the column decoder and the input and output peri
buffers of the module. The device whose RAS and CAS are high are putinto a standby mode.
write enable (W) .
For either module, the read or write mode is selected through the write enable (W) input. A logic highon
the Winput selects the read mode and a logic low selects the write mode. The write enable terminal can
be driven from standard TTL circuits without 3 pull-up resistor. The data input is disabled when the read
mode is selected. When W goes low prior to CAS data-out will remain in the high-impedance state for the
entire cycle permitting common /O operation.
data-in (D)
For either moduie, data is written during a write or read-modify write cycle. The latter falling edge of CAS
or W strobes data into the on-chip data Ia_tgh. This latch can be driven from standard TTL circuits without
a pull-up resistor. In an early write cycle W is brough low prior to CAS and the data is strobed in by CAS
with setup and hold times referenced to this signal. In a delayed write or read-modify write cycle, CAS
will already be low, thus the data will be strobed in by W with setup and hold times referenced to this 1
signal. ‘
data-out (Q) '
For either module a three state output buffer provides direct TTL compatibility {(no pull-up resistor .
required) with a fan-out of two Series 74 TTL loads. Data-out is the same polarity as data-in. The output is
in the high-impedance (floating) state until CAS is brought low. In a read cycle the output goes active
after the enable time interval ta(C) that begins with the negative transition of CAS as long as ta(R) is
satisfied. The output becomes valid after the access time has elapsed and remains valid while CAS is :
low; CAS going high returns it to a high-impedance state. In an early write cycle, the output is always in :
the high-impedance state. In a delayed write or read-modify-write cycle, the output will follow the i
sequence for the read cycle. !
70 TEXAsS INSTRUMENTS
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TMS 4132 JDL
32,768-BIT DYNAMIC RANDOM-ACCESS MEMORY

refresh

A refresh operation must be performed at least every two milliseconds on both modules. Since the
output buffer is in the high impedance state unless CAS1 {or CASZ) is applied, a RAS only refresh
sequence avoids any output during refresh. Both RAS 1 and RAS2 should strobe each of the 128 row
addresses on each module simultaneously in order to refresh each bit in each row. CAS1 and CAS2 can
remain high {inactive) for the refresh sequence to conserve power.

page mode

Page mode operation allows effectively faster memory access by keeping the same row address and
strobing successive column addresses onto the chip. Thus, the time required to setup and strobe
sequential row addresses on the same e page is eliminated. To extend beyond all column locations on a
single TMS 4132, the row address and AAS10rRAS2is applied to multiple 16K or 32K RAMs and CAS1 or
CAS2 is decoded to select the proper RAM.

power-up

VBB must be applied to the device either before or at the same time as the other supplies and removed
last. Failure to observe this precaution will cause dissipation in excess of the absolute maximum ratings
due to internal forward bias conditions. This also applies to system use, where failure of the Vgg supply
must immediately shut down the other supplies. After power up, eight memory cycles must be
performed to achieve proper device operation.
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otherwise noted. Throughout the remainder of this data sheet, valtage values are with respect to Vgs.

*Stresses beyond those listed under *‘Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and
functionel operation of the device at these or any othar conditions beyond those indicated in the ""Recommended Operating Conditions*”
section of this specification is not implied. Expaosure 1o absolute-maximum-rated conditions for extended periods may affect devica reliability.

recommended operating conditions

. Fr ey
ta e
32,768-BIT DYNAMIC RANDOM-ACCESS MEMORY —
functional block diagram : ical cf
——— electrical ¢
RAS1t —o
(Module 1 CAS1t — TIMING & CONTROL noted)
RIW  —
° VoH
VoL
Ag ROW ROW . I
Ag, {%) MEMORY ARRAY
* Agq N ADDRESS DECODE
A3z : DATA
A BUFFERS N 1
2 DUMMY CELLS REG 0
A’ -
Ag =1 (7) (%) 1 OF 64 COLUMN DECODE L I
~ ol BB1
SENSE BUFFER & T Icci*
- 10F 2 D
AmP 128 SENSE — REFRESH 1O SELECTION Qur D1
!
CONTROL L d :BB'“;
COLUMN (%1 1 OF 64 COLUMN DECODE ] = ;
] IDD2 ;
ADDRESS DUMMY CELLS 883 !
e l
BUFFERS Row . [[oex] i
L o 1bD3
{%) MEMORY ARRAY
n F— | oecooe 'BB4
- Iccar
pD4
Ag-A *Vee is applied
== o . **Qutput loading
tRAAS2 and CAS2 if Module 2 is selected. TBD indicates pa
. . . . . » .
absolute maximum ratings over operating free-air temperature range {(unless otherwise noted) capacitance
. f=1MHz
Voltage on any pin (see Note 1) Lo . . . . . . . .. . . . ... -05t020vVv
Voltage on Ve, Vpp supplieswithrespecttoVgs . . . . . . . . . . . . . . . .. -1t015V
Short circuit output current Co . 50 mA Ci(A)
Power dissipation P e B Ci(D}
Operating free-air temperature range D ¢ M X (-3 L0 M Ci(RC)
Storage temperature range . e . . . . . . . . . . —B5°Cto150°C Ciw)
C,
NOTE 1: Under absolute maximum ratings, voltage values are with respect to the most-nagative supply voltage, Vgg (substrate), unless o

PARAMETER MIN NOM MAX {UNIT
Supply voltage, Vgg —-45 -5 55| Vv
Supply voltage, Voo 4.5 ] 55| Vv
Supply voltage, Vpp 108 12 132 V
Supply voltage, Vgg 4] \4

tAli typical vatu

switching
temperatus

Accl

BalC) ool

Acci
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TMS 4132 JDL 3
32 768-BIT DYNAMIC RANDOM-ACCESS MEMORY |
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: electrical characteristics over full ranges of recommended operating conditions {unless otherwise
L3

s bR -

noted)
PARAMETERS TEST CONDITIONS WMiN__ TYPT__MAX JUNIT
: : Voo High-level output voltage © loH = —~5mA (one module selected) 24 V'
: VoL Low-level output voitage loL = 4.2 mA {one module selected) 04 V
: Vi=0Vio7V, ‘
iy Inputcurrent(leakage) All other pins = 0V exceptVgg = -5V -20 20| WA E
: {both modules selected) !
iy ‘i Vo=0t055V. ;
REG i o QOutput current (leakage) CAS1and CAS2 high ~20 20 | pA i
I- ' {bath modules selected) §
. 881 Average operating current 110 300 | pA !
BUFFEA & lcca* during read or write Minimum cycte time (one module selected) : 4| mA
10F 2 (;‘J.?
) SELECTION ipD1 cycle 30 IBD | mA 26BN
IBB2 After 1 memory cycle 20 200 | A ‘
Icc2 Standby current &AS1 and CAS1, RAS2 and TAS2 high ~20 20 | pA _
1DD2 (both modules deselected) 15 B0 | MA 2, WA ;
g3 Minimum cycle time 200 400 | #A ,
Icc3 Average refresh current RAS1 and RAS2 cycling, ~20 20 | KA ! !
1oD3 CAS1and CAS2 high {both modules selected) 40 54 | mA 3
igB4 Minimum cycle time 60 300 1 uA
lcca* Average page-mode current FAS1 or RAS2 low, CAS1 or CAS2 cycling a**
IDD4 {one module selected) 205 285 mA E
*Veelis applied only to the output buffer, seicc depends on output loading.
*+Qutput loading two standard TTL loads.
R TBD indicates parameter is To Be Determined.
ted) * . . . l
- capacitance over recommended supply voitage range and operating free-air temperature range, |
oswaoy | = 1Mhe i
11015V | PARAMETER TYPT _MAX | UNIT H
50 mA ; CilA} Input capacitance, address inputs 8 10| pF i E
R ' | Cilp) Tnput capacitance, data input 8 101 pF ! ‘
. 0°Cto 70°C ‘ Ci(RC) Input capacitance, strobe inputs 16 20| pF ! E
—65°C to 150°C ) ; Cijw) Input capacitance, write enable input 16 20 pF i
. Vag (substrate), unless § Co QOutput capacitance 10 14] pF {
s is & stress rating only and : +Al typical values are at Ta=25°C and nominal supply voltages.
)ed Operating Conditions'’
ay affect device reliability.
switching characteristics over recommended supply voltage range and operating free-air
temperature range
N NOM MAX |UNIT X ALT. TMS 4132-15 | TMS 4132-20| TMS 4132-25
.5 -5 -55]| V : i PARAMETER TEST CONDITIONS symBoL | MiN  MAXIMIN _MAX MIN _ MAX UNIT
.5 5 58| V Access time from CL = 100 pF, .
8 12 132| Vv fa(C) column address strobe | Load = 2 Series 74 TTL gates ICAC 100 135 165§ ns
0 v : . t = MAX, i
7 ; taiR Access fime from cRLLSLmo pF TRAC 150 200 250 | ns |
7 7 v alA) row address strobe Load = 2 Series 74 TTL ; ¥
gates
v 0 08l v _ _ Ci = 100 pF,
5T e tpxzZ Output disable time Load = 2 Series 74 TTL gates tOFF 0 40 0 50 0 60| ns E
0 70| °c ; '
l !
TEXAS INSTRUMENTS 73
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) T POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

AP




—

J“l

74

TMS 4132 JDL
32,768-BIT DYNAMIC RANDOM-ACCESS MEMORY

timing requirements over recommended

supply voltage range and operating free-air temperature

range
ALT. TMS 4132-15 | TMS 4132-20] TMS 4132-25
PARAMETER UNIT
SYMBOL MIN MAX | MIN MAX | MIN _MAX
te(P) Page mode cycle time tpC 170 225 275 ns
teird) Read cycle time tRC 375 375 410 ns
te(W) Write cycle time wC 375 375 410 ns
te{ RW) Read, madify-write cycle time tRWC 375 375 515 ns
Fuisa width, column address strobe high
twlCH) (precharge time) tcp 80 80 100 ns
twiCL) Pulse width, column address strobe low tCAS 1700 10,000 135 10,000 165 16,000} ns
Pulse width, row address strobe high
twiRH) {precharge time) AP 100 120 150 s
tw(RL) Pulse width, row address strobe tow tRAS 150 10,000{ 200 10,000| 250 10,000| ns
twiW) Write pulse width WP 45 55 75 ns
T Transition timas (rise and fail) for RAS and CAS T 3 35 3 50 3 50| ns
tsu(AC) Column address setup time ) tASC -10 -10 -10 ns
tsulAR) Row address setup tima tASR Q 0 0 ns
tsu(D) Data setup time ps 0 [¢] 0 ns
teulrd) Read command setup time tRCS o] 0 0 ns
teu{WCH) Write command setup time before CAS high oW 60 80 100 ns
teu(WRH) Write cammand setup time before RAS high TRWL 60 80 100 ns
thiACL)  Calumn address hold time after CAS low tCAH 45 55 75 ns
th(AR) Row address hold time tRAH 20 pi-] 35 ns
th{aRL)  Column address hold time after RAS low tAR 95 120 160 ns
th(CRL]  CAS hold time after AAS low teSH 150 200 250 ns
th(DCL)}  Data hoid time after CAS low tDH 45 55 75 ns
th{DRL)  Data haid time after RAS low 1OHA 95 120 160 ns
th{iDWL) Data hold tima atter W low : tDH 45 55 75 ns
third) Read command hold time tRCH 0 o] Q ns
thiwclL)  Write command hold time after CAS low TWCH 45 55 75 ns
thiwRL)  Write command hold tima after FAS low WCR 95 120 160 ns
Delay time, column address strobe high to
fCHAL row address strobe 'CRP -0 -20 -2 ™
Delay time, column address strobe low 1o
(CLAH row address strobe high tASH 100 135 165 m
Delay time, column address strobe low to W low
fCLWL (read, modify-write cycle only) cwo 70 i %5 "
tREF Refresh period TREF 2 2 2l ms
Delay tima, row address strobe low to column
tRLCL address strobe low {maximum value specified tRCD 20 §01 25 65 35 86 ns
only to guarantee access tima) '
Delay time, row address strobe low to W low
TRLWL (read, modify-write cycle oniy} TRWD 120 160 200 ns
Delay time, W low to column address strobe
wiLeL low {early write cyclel WS _20- -2 -2 n

TexAS INSTRUMENTS
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 4132-20

TMS 4132-25

I MAX

MIN  MAX

UNIT

275

ns

410

ns

410

ns

>
>
3
)

518

ns

)

100

ns

10,000

165 10,000

ns

]

ns

10,000

250 10,000

ns

ns

3 50

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns
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TMS 4132 JDL

32,768-BIT DYNAMIC RANDOM-ACCESS MEMORY

read cycle timing

3

te(rd)

r

—_— v
RAS* H

/

Vi

t !
w{RL) '
ﬁ___

£
be———tcLRH———> fe—tw(rH)

'RLCL’-—>:"— twicL) —>| je—rcpL—=

l

ViH

ORI §

| CAS*

g ______'ff. _

N A

ViL
= My tsulan) Ll [ twicH——=)

| fe——tn{ARL}—>] }
. th{AR) —~| I | |
i Py ™ e tatac) |

N

[1 |
b le—st thiacw) |

tsu(rd) -k->= : [N third)
|

! Vin $A? (7 = AT K
: ADDRESSES ) HONX coLumn DONT CARE
| o XK men XX XX ERRe K

*¥ module 1is selected these are RAS1 and CAS1, RAS2 and CAS2 remain high.
# module 2 is seiected these are RAS2 and CAS2, RAS1 and CAS1 remain high.
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TMS 4132 JDL
32,768-BIT DYNAMIC RANDOM-ACCESS MEMORY
“
early write cycle timing write cycle tin
1 o
I- teiw) i
. | | I
| tw(RL} ~: I |
St I
RAS* _
vViL . | | RAS
t -
|t : tCLRH : == twiRH) |
| FetRicL— re—tcHRL—>1
I 'l"_—"r‘""c““"—_’l :I
_ ViH e twicL)—> i
| —_
CAS* | | .
viL l l B’ ”Z: k cas
taulaR) >t | — [+ tsulAC) P ke twiCHI -
! h—lthmnu——ﬂ i : :
|
, thlAR)-i«—q N | r—-q— thiACL) b
ADDRESSES " ROW 5@ COLUMN DON'T CARE AD z
S A | DRESSE
twicL l*l— !
| ;-—-—l—tm(wcm——l
| H—-—.——!su(wnm———l
p<——}——tmwm.)——————>1
g | th(weL) o #
W ] WAV,
o RO | SRR
| <~ : : twiw) '
l Fe— T thiowL)—>
| F—th(ocL—=
r———tmonu — o
T L0 I VSR
—{—tsu(D)
VoH Q
a H1-Z
VoL
i modute 1 s selected these are RAS1 and CAS1, RAS2 snd CAS2 remain high. *if module 1is 9
H module 2 is selocted these are RAS2 and CAS2, RAS1 and CAS1 remain high. Wmodule2is
76 TEXAS INSTRUMENTS
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TMS 4132 JDL
32,768-BIT DYNAMIC RANDOM-ACCESS MEMORY

write cycle timing

s et s smamtimtm—— 3

twiAL)

- Vin

£
F
1

—— 1

| -l .
T —— - f
| r—'m.CL—Ibl -IJ-—'cmzL——l i
[ ) I f
ViH ! | I t LL | H
—_ wi(CL) H
AS* | :
¢ viL | |l ‘|°—Z|rl— 1 ‘
t-.mm-}-—-: —~} I"“N(AC) | M twicHi——| {
F 'MARL)——»{ | | f
""M‘"L‘ﬁ I"—’HMACL) | :l i
Vin XX XX AKX
ADDRESSES v ROW coLUMN DON‘T CARE
i
| P e tsuweHi—s] |
| | L"—‘w(WRH)———!H
Ii-——th(wm.)-h-—f l
Vi Tiwet) AR
ViL I 1 bl | B i
. | i | twiw) i
| | F-thiDWL)->{ ! !
| '-—l—tmocu——( |
[ tH(DRL) T — ] §
o X XX XXX XXX i
S K x 2(_ DONT CARES >_( g % VALID oxrm DON" TCARE
Y YX. X Y ¥ ¥
‘I’i "" tsu(D)
s W ke l
Vou
Q 'NOT vALID
VoL

*if module 1 is selected these are RAS1 and CAS1, RAS2 and CAS2 remain high.
¥ module 2 is selected thess are RAS2 and CAS2, RAS 1 and CAS1 remain high.
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TMS 4132 JDL
32,768-BIT DYNAMIC RANDOM-ACCESS MEMORY

read-write/read-modify-write cycle timing

RAS*

CAS*

ADDRESSES

L
| i t(RW)
ViH —-ﬁ* tw(RL) —:‘?r—-ﬁ\_
w % N
| : fe- CLRH *: - tw(RH) >
l f—tRLCL ‘I‘ tw(CL) —] Pl'—‘CHRL_.l |
- N /N
| .
viL | | 1 || ||
p——g LR l tw(CH)— ™
h(ARL) I 7 | lh——'
| "——"’L‘h(ARl ‘—"l‘h(ACL) ' l
v F-twu\m H-tm(Ac) | ||
H
‘V.\V COLUMN ’V”“‘ DONTCAR
touird H P—tu(wcm——i I
sl ' l-———tm(wnm
I } thiwRAL)
| | i-————th(wcu——————"] |
| ' |4—!<:LV«IL—-—’l | ]
ViH X o S : l“_‘w(W) ""
DON‘T CARE | IS Qor ;c\?\r\ﬁ{s
Vit ! ] T
o~ tRLWL | |
th{DRL) —{
|
I( 'mocu—r—:———*' :
- tautol b
vV, 4
H I ANEATEA) T X KK X
WW o ST
) 4 X 1 X X ¥ X
ViL T ‘ l x
! i h-m(owu"i Iﬂrxzﬂ
( |
v
o { HI-Z ll {  vauooara }__—-
v N
oL | | r
I fe—— tatC)———> :
™~ ta(R) 1

*if moduie 1is selectad thm are RAS1 and CAS1,AAS2 and CAS2 remain high.
# module 2 is selected these are AAS2 and CAS2, AAS1 and CAS1 remain high.
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TMS 4132 JDL

32,768-BIT DYNAMIC RANDOM-ACCESS MEMORY

page-mode read cycle timing

O uEwWe! LSYD) PUT LSYY TSV PUS ZSVY S 8301 PRISSSS 3 Z HINPOL |
"YBIY eSS ZSYY) PUS ZSYY “LSVD PUR LSVH SIE 93043 POIDEISS 8 | SINPOW 3,

HOA
. 0A
re— | r|L I
By | | wﬂ.__ | N
| (01— | e—tom—l | pe—rto1m —oy
| I | “ I )
34vI _ _ _ | _
vfbrzoo | ! | LN
/ H I
IJ_..:_.._T .....RJ_LT.. — ] pe— (P " | e ey
|
|

.v..i—irl

.u<.i.1.T| _.v_r.:.s.-.

i Anilll.v_ _
.._os....T:J_ Iv“ IES...
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Hip

T
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RAS -only refresh timing
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CAS1 & CAS2
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32,768-BIT DYNAMIC RANDOM-ACCESS MEMORY

page-mode write cycle timing

TMS 4132 JDL

4By URUWIe LSYD PUR LSYY ‘ZSYD PUR ZSYY 818 03013 PE109I9S §| Z SiNPOW ji
"YBIY VIBWS ZSYD PR ZSVH ‘L SVD PUS LSV 918 95041 POIDSIOS 81 | SNPOWI s

fe——any ——

{(100)4% ) i

|
oay, | 1010014 ) I

WA

() 34V 1.NO ; a
A
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