TMS4164

65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

MAY 1985 —~REYISED NOVEMBER 1985

This Data Sheet Is Applicable to Ali

TMS4164s Symbolized with Code A"

as Described on Page 4-57.
65,536 X 1 Organization

® Single 5-V Supply {10% Tolsrance)

® JEDEC Standardized Pinout in Dual-in-Line

Package
® Performance Ranges:
ACCESS  ACCESS

TIME TIME
ROW COLUMN
ADDRESS ADDRESS
IMAX) {MAX)]
‘4164-12 120 ns FO ns
‘4164-15 150 ns 85 ns

‘4164-20 200 ns 135 ns

READ
OR
WRITE
CYCLE
[MINY
230 ns
260 ns
330 ns

READ-

MODIFY-

WRITE
CYCLE
{MIN)

255 ns
290 nz
345 ns

® Upward Pin Compatible with TMS4116

{16K Dynamic RAM)

® First Military Version of 64K DRAM

® Alzo Available with MIL-STD-883B
Procassing and L{IO°C to 70°C), E{—40°C
to 85°C), ${—55°C to 100°C}, or
M|—55°C to 125°C) Temperatura Ranges

® Operations of the TMS4164 Can Be

Controlled by TI's TMS4500A and/or
THCT4501 Dynamic RAM Controllers

® Long Refresh Period . . . 4 ms

® Low Refresh Ovaerhead Time . .

1.8% of Total Refresh Period

. As Low As

® Ail Inputs, Outputs, Clocks Fully TTL

Compatible
3-State Unlatched Output

Common /0 Capability with Early Write

Feature

Page-Mode Oparation for Faster Access

® Low Powaer Dissipation

— Operating . . . 136 mW (Typ)
— Standby . . . 17.5 mW (Typ]

® SMOS {Scaled-MOS} N-Channel Technology
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Dynamic RAMs I

PIN NOMENCLATURE

AD-AT
CAS
D

NC

G

RAS
Voo
Vsg

W

Addrass Inputs
Column-Address Strobe
Data In

Mo Connection

Data Gut

Row-Addrass Strobe
5-V Supply

Ground

Write Enable

The TMS4164 is a high-speed, §5,536-bit, dynamic random-access memory, organized as 65,536 words
of one bit gach. It employs state-of-the-art SMOS (scaled MOS) N-channel double-level palysilicon gate
technalogy for very high pesrformance combined with low cost and improved reliabitity.

PRODUCTION DATA decummats ceatsin information
clmmudp-llmﬁnhtn Products canfarm
par the torms of Toxss M“

“1'-15 processing et
uelﬂlrﬂr tewting of 8l paramsters.

POST OFFICE BOX 1443 & HOUSTOM,

TEXAS ‘9

INSTRUMENTS

TEXAS From

Copyright © 1985, Texas (nstruments lncorporated

4-41



TMS4164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

The TMS54164 features RAS access times of 120 ns, 150 ns, and 200 ns maximum. Power dissipation
is 135 mW typical operating and 17.5 mW typical standby.

Refresh period is extendad to 4 milliseconds, and during this period each of the 266 rows must be strobed
with RAS in order 1o retain data. CAS can remain high during the refresh sequence to conserve power,

All inputs and cutputs, including clocks, are compatible with Series 74 TTL. All address lines and data
in are latched on chip to simplify system design. Data out is uniatched to aliow greater system flexibility.
Pin 1 has na internal connection to allow compatibility with other 64K RAMSs that use this pin for an additional
function.

The TMS4164 is offered in 16-pin dual-in-ine plastic (N suffix} and 18-lead piastic chip carrier (FP suffix)
packages. The dual-in-line plastic package is designed for insertion in mounting-hole rows on 7,62-mm
{300-mil) centers. The TMS4164 is guaranteed for operation from Q°C to 70°C.

SINVYY dweuiq

addrass {AQ through A7)

Sixteen address bits are required to decode 1 of 65,536 storage cell locations. Eight row-address bits are
set up on pins AD through A7 and latched onto the chip by the row-address strabe (RAS). Than the eight
column-address bits are set up on pins AQ through A7 and latched anto the chip by the column-address
strobe (CAS). All addressas must be stable on or before the falling edges of RAS and CAS. RAS is similar
to a chip enable in that it activates the sense amplifiers as well as the row decader. CAS is used as a
chip select activating the column decoder and the input and cutput buffers.

write enable (W)

The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard
TTL circuits without a pull-up resistor. The data input is disabled when the read mede 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}

Data is writtan during a write or read-modify-write cycle. Depending on the mode of operation, the falling
edge of CAS or W strobes data into the on- chip data iatch, This fatch can be driven frem standard TTL
circuits without a puli -up resistor. In an early write cycle, Wis brought low prior to CAS and the data
is strobed in by Ci/ 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 signal,

data out [Q)

The three-state output buffer provides direct TTL compatihility {no pull-up resistor required) with a fan
out of two Series 74 TTL loads. Data out is the sams 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 access time interval
taiC) 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, tha output will follow the sequence for the read cycle.

rafresh

A refresh operation must be performed at least ast every four milliseconds to ratain data. Since the ouput
buffar is in the high-impedance state unless CAS is applied, The RAS- -only refresh sequence avoids any
output during refresh, Strobing each of the 256 row addresses (AD through A7) with RAS causes all bits
in each row to be refreshed. CAS can remain high {inactive} for this refresh sequence to conserve power.
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TMS4164

65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

page mode

Page-mode oparation allows effectivaely faster memory access by keeping the same row address and strobing
random column addresses onto the chip. Thus, the time required to setup and strobe sequential row
addresses for the same page is eliminated. To extend beyond the 256 column locations on a single RAM,
the row address and RAS are applied to muitiple 84K RAMs. CAS is then decodad to select the proper RAM.

power up

Atter power up, the power supply must remain at its steady-state value for 1 ms. In addition, RAS must
remain high for 100 gs immediately prior to initialization. Initialization consists of performing eight RAS
cycles before proper device operation s achieved.

logic symbolT

AD
Al
A2
Al
Ad
AS
AS
A7

CAS

W
D

RAM 64K X 1
{81 20D8/21D0 ]
171
{6}
112) V]
an A e5.635
(10}
{13
8l 200162107 |
by C20{(ROW)
E G23/[REFRESH ROW|
12 24(PWR DWN)
b C211COL
E G24
(15) =
> 23C22
3 23,21D Z4EN
2 A.22D A

TThis symbol is in accordance with ANSIAEEE Std §1-1984 and IEC Publication 617-12.

Pin numbers shown are for the dual-in-line package.

{14}
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TMS4164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

functional block diagram

AT

A&
AL
Ad
A3

Al
AQ

SINVYYH JlweuAq l
4

FAS ws]
CAS —nd TIMING & CONTROL
[ ——
D
n:gc?[‘m (/2 MEMORY ARRAY)
RADW
ADDRESS DATA
BUFFERS L]
18] REG
4 11121 &4 OF 256 COLUMM CECODE
1 o
SENSE BUFFER & DATA
AMP 25080 SENSE - REFRESH 1OF A0 p—) OUT ——— g
CONTR. AMPS - SELECTION REG.
0|
112) 4 DF 256 COLUMN DECODE | _ o
COLUMN
ADDRESS ]
BUEFERS
1B} RO'W
DECODE] 11/2) MEMORY ARRAY
AO-A7

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T

Voltage on any pin except Vpp and data out {see Note 1) . . . . . . .. ... .. . .. . ... —1.5Vtc 10V
Voltage on VDD supply and data out with respect to Vg5 . . .. - . . ... .. .. ... ... —1VicEV
Short circuit output current . . . . . . e e e 50 mA
Power dissipation . . . . . . ... . i e e 1w
Oparating free-air temperature range . . . . .. . . .. oot e e D°C to 70°C
Storage temperature TaNg8 . . . . . . . .. o vttt e e e e —B5°C to 150°C

T Stresses beyond those listad undes “*Absolute Maximum Ratings’” may cause permanent damage t¢ the device. This is a stress rating
only and functional operaticn of the device at these or any other conditions beyand those indicated in the ' Recommended Operating
Conditions'” section of this specification is not implied. Exposure to absolute-maximum-sated conditions for extended periods may affect
device reliability,

NOTES: 1. Al voltaga values in this data sheet are with respact to Vgg.

2. Agditional information congcerning the handling of ESD sensitive devicas 1s available in a document entitled ““Guidelines for
Handling Electrostatic-Discharge-Sensitive (ESDS) Davices and Assemblies’™ in Section 12.
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TMS4164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

recommended operating conditions

MIN _ NCM MAX | UNIT |
Voo Supply voltage 4.5 5 5.5 v
vgs Supply voltage 1] v
Vit vVop = 45V 2.4 4.8 v
Vop = 55V 2.4 6
ViL Low-level input voliage (ses Notes 3 and 4) —0.6 0.8 v
Ta Operating free-gir temparature 4 70 °C

NOTES: 3. The algebraic convention, where the mora negative (less positive) limit is designated as minimum, is used in this data sheat
for logic voltage levels only.
4. Oue to input protection circuitry, the applied voltage may begin to clamp at — 0.6 V. Test conditions must comprehend this
occurrance. 3ee application report entitled "TMS34164A and TMS44 16 Input Protection Diode’” en page 8-5.

elactrical characteristics over full ranges of recommended operating conditions (unless otherwlize noted)
TEST TMS4184-12 TMS4184-15 [’
PARAMETER CONDITIONS MiN TYPT MAX [ MIN TYP' max UNT E
VoH High-tevel output voltage laH = —5 mA 2.4 2.4 vV !
VoL Low-level output voltage loL = 4.2 mA 04 0.4 v o
Iy Input current {leakagel V=0V w. 58V, Vpp=5V, +10 + 10 wh '2
All other pins = OV E
Vp = 0.4 10 5.5 V, -
ls} Cutput current (leakage) Vpp = 5V, 10 =10 A >
CAS high a
Average operating current tz = minimum cycle,
'bD1 * duringgreag or ws‘te cycla Acll outputs openy 40 48 35 43 mA
After 1 mamory cycle,
Ipp2d Standby current ®AS and CAS high, 3.5 5 3.5 5 | maA
All outputs opan
te = minimum cycle,
[oY3 % ki Average refresh current CAS high and RAS cycling, 28 40 25 37 mA
All outputs open
1P} = minimum eycle,
b4 Average page-mode current RAS low and CAS cyeling, 28 40 25 37 mA
All outputs open

+ Al typical values are at Ty = 25°C and nominal supply voltages,
*Additionat information on page 4-58.
§\1I’||_>- —~0.6V. See appiication report entitled “TMS4184A and TMS4416 Input Protection Diode’’ on page 9-5.
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TMS$4164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

eloctrical characteristics over full ranges of recommended operating conditions (unless otherwise noted)

PARAMETER TEST TMS4164-20 UNIT
CONDITIONS MIN_ TYP' mMaAx
VO High-lavel output voltage g = =5 mA 2.4 v
YoL Low-leval output voltage IpL = 4.2 mA 0.4 ki
Vi=0VisBV. V =5Y
Iy Input current lleaksage} A:I other pins = O V ob +10 pA
Vo =04t B85V,
o Output current (leakage] Voo =B V. =10 1.3
CAS high
Avarage operating current tz = minimum cycle
% 7 7
oo during read or write cycle All outputs open 2 3 mA

After 1 memory cycle,
Ippz§ Standby current RAS and CAS high, 3.5 5| ma
All cutputs open

1. = minimum cycle,
ipDa? Average refresh current CAS high and RAS cycling, 20 a2 ma,
All outputs open

te{py = minimum cycle,
looa Average page-mode currant RAS low and CAS cycling, 20 32 ma.
All outputs open

T Al typical values ars at T = 25°C and nominal supply voltages.
tAdditional information on page 4-58.
5\4""_:- —0.6V. See apphcation report entitled ' TMS4164A and TMS4416 Input Protection [liode' on page 9-5.

SINYY JlweuAQq I

capacitance over recommended supply voitage range and operating free-air temperature range,
f = 1 MHz '

PARAMETER TYPT  MAX | UNIT
Citad Input capacitence, address inputs 4 5 pF
Ciipy Input capacitance, data input 4 5 pF
CiiRC} tnput capacitance strobe inputs [ [:] pF
Citw) Input capacitance, write enable input ] 8 pF
Co Output capacitance [ ;] pF

t AH typical values are at T4 = 25°C and nominal supply voltages.

switching characteristics over recommendad supply voltage range and operating free-air
temperature range :

FARAMETER TEST CONDITIONS ALT. TMS4164-12 | TMS416415 UNIT
SYMBOL MIN MAX | MIN  MAX
P CL = 100 pF,
ime f A t 70 :13
TAIC Access time from CAS toad = 2 Series 74 TTL gates CAC ns
i — Cp = 100 pF, tg L = MAX,
taiR) Access tima from RAS L:sd - 2 Series 74 TTL gates tRAC 120 160 ns
) Output disabla time <y = 100 pF,
Ldia{CH) after CAS high Load = 2 Serigs 74 TTL gates 1OFF 0 40 0 40 ns

4-48 TEXAS %
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TMS4164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

switching characteristics over recommended supply voltage range and aperating free-air

temperature range

tdi —_
disiCHl orer TAS high

Load = 2 Series 74 TTL gates

PARAMETER TEST CONDITIONS ALT. TMS4184-20 UNIT
SYMBOL MIN MAX
_— ¢l = 100 pF,
t A time f CAS
aiC coess time from Load = 2 Saries 74 TTL gates fCAC 135 | ns
. JE— CL = 100 pF, 1oL = MAX,

taiR) Access time from RAS Load = 2 Saries 74 TTL gates TRAC 200 ns
Qutput dissble time CL = 100 pF.

tork ] 50 ns

Dynamic RAMs I

{!P
TEXAS
INSTRUMENTS
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TMS4164
65,536-BIT DYNMAMIC RANDOM-ACCESS MEMORY

timing requiremeants over recommended supply voltage range and operating free-air temperature range
{see Note 1)

SINYY d1weuAg l

ALT. TMS41684-12 TMS4164-16 UNIT
SYMBOL MIN MAX MIN MAX
te(P) Page-mode cycle time tpe 130 145 ns
tetrd} Read cycle timal tRC 230 260 ns
oW Write cycle tima e 230 260 ns
toirdW) Road-writa/read-modify-write cycle time IRWC 255 290 ns
twi{CH) Pulse duration, CAS high (precharge tima)® top 50 50 ns
tw{CL} Pulge duratian, CAS low ¥ tCAS 70 10.000 85 10,000 ns
tos{RH| Pulse duratian, RAS high {pracharge time} RP BO 100 ns
| twinly Pulse duration, RAS low1 tRAS 120 10,000 150 10,000 ns
| twiw) Write pulse duration twp 40 45 ns
ty Transition times {rise and fall) for and T 3 50 3 50 ns
tauiCA) Colurnn-address setup time TASC —5 ~5b ns
tau({RA} Row-address setup time tASR 0 0 ns
'_tsu(D) Data setup time ips ¢ 9] ns
tguird) Reed-command setup time taCsS Q [4] ns
Eu(wcm Write-command setup time befors CAS high 1CWL 50 50 ns
tguiWRH]  Write-command satup 1ime before RAS high TRWL 50 50 ns
thiCLCA)  Column-addrass hold time atter CAS low tcAH 40 46 ng
thiRA} Aow-address hold time tRAH 15 20 ns
| th{RLCA)  Column-address hold time atter RAS low tAR 85 a5 ns
th{CLD} Date hold time after CAS tow 1DHC 40 45 ns
th{RLD} Data hold time after RAS low tDHR BE o5 ns
th{WLD] Data hotd time after W low 1DHW 40 45 ns
_ thiCHrd)  Read-command hold time after CAG high tRCH o 0 na
th(RHrd)  Pead-command hold tima after RAS high tRAM 5 5 ng
thiCLW) Write-command hold time after CAS low TWCH 40 45 na
thRLW) Write-cornmand hold time after RAS low tWCR 885 g5 ns
tRLCH Delay tims, AAS low 1o CAS high 1CSH 120 150 ns
tCHAL Delay time, CAB high 1o RAS low 1CRP 0 0 ns
1CLRH Delay time, CAS low to RAS high tRSH 70 8s ne
Delay time, TAS low to W low
TCLWL Iread-modify-write cycle only) fCWD 40 60 s
RLCL Delay tnms: m Jow to CAS low lmaxumu_m ‘RCD 15 50 20 65 s
value specified only to guerantes access time}
Delay time, FBAS low to W low
tRLWL [read-madify-write cycle only] tRWD 110 120 i
Delay tima, W low to CAS
twicL low {aarly write cycla) TWeS —5 —S ns
tr Raefresh time interval tREF 4 4 ms

NOTE 1: Timing measurements are made at the 10% and 30% points of input and clock transitions. In addition, Yy max and V4 min
must bs meat at the 10% and 90% points.

t Al cycle times assume ty = 5 n3.

1 page mode anly.

5 In a read-modify-write cycle, 10 WL and tg,(WiCH) Must be sbserved. Depending on the user’s transition times, this may require additionat

low tima (tywcLy). This applies to pags-maode read-madify-write also.
1in a read-modify-write cycls, tpLwi and tg,/WRH) Must be obsarved. Dapending on the uger's trensition timeg, thig may require additionat
RAS low tima (tw(RLY)-

4.48 TEXAS {?
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TMS4164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

timing requiremants over recommended supply voltage rangs and operating free-air tempaerature range
{zee Note 1)

Dynamic RAMs H

ALT, TMS4184-20 UNIT
SYMBOL MIN MAX
te(m Page-mode cycle time tpc 225 ng
teirg) Read cycle time tRC 330 ns
to{wW} Wite cycle time W 330 ns
tolirdW) Aoad-writa/read-modify-write cycle time tRWC 345 ns
twiCH) Pulse duration, TAS high {precharge tima)? tcp a0 ns
twiCL) Pulse duration, CAS low® tCAS 135 10,000 ns
twiRH) Pulse duration, RAS high (precherge time} tap 120 ns
tw{RAL} Pulse duration, RAS low | RAS 200 10,000 ns
| Ty (Wi Write puilse duration hyp 55 ns
1y Tranaition times {rise and fall) for and tr 3 50 ng
guiCA) Column-address setup tirme tASC —5 ns
Tgu(RA) Row-address satup time tASR 0 ns
_;s_utm Data setup time tns Q ns
tsuird) Read-command setup time tRCS o] ns
tsu(WCH)  Write-command setup tims before &AS5 high tCWL B0 ns
tsu(WRH) _ Write-command setup tima befo:uiﬁ high tRWL B8O ns
thicLca)  Column-sddress hold tima sftar CAS low tCAH 55 ns
th{RA) Row-addrass hold time tRAH 25 ns
thiALcA)  Column-address hold time after RAS low AR 120 ns
thiCLD) Data hold time after CAS low OHC 55 ns
thiRLD} Data hold time after RAG low DHR 145 ns
I [WLDJ Date hold time after W low IDHW 55 ns
| nCHrd)  Fesd-command hald time after TAS high IRCH 4] ne
thiRHrd)  Head-command hotd time after RAS high tRAH 5 ns
thiC LW} Writa-command hold time after CAS low tWOeH b5 ns
th{ALWI Write-command hoid tima after RAS low WCR 145 ns
tALCH Dalay time. TAS low to Chi's-—high tcay 200 ns
tCHRL Dalay time, CAS high 1o FIAS tow tCRP 0 ng
ICLRH Dalay tima, CAS low to AAS high RSH 135 ns
LWL Delay time, CAS low to W low WD 65 e
raad-modify-write cycile only)
RLCL Deiay tims, HAS low to TAT low {maximum oD 25 65 ns
value specified _gnty 10 guarantes acosss time}
LWL Delay tima, RAS low to W low RWD 130 ns
{read-modify-write cycle only}
wieL Delay time, W low to TAS wes =5 ns
low {early write cycla)
tef Refresh time interval 1REF 4 ms

NOTE 1: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, V|| max and Viy min
must be met at the 10% and 90% points.

tan cycle times assume ty = 5 ns.

tPage mode only.

5In 3 read-modify-write cycle, tCLwL and g, (WiCH) must be observed. Depanding on the user’s transition times, this may require additional
low time {tyciy). This applies to page-mode read-modify-write algo.
Yin a resd-modify-write cycle, TRI.WL and tg,fwRH) Must be abaerved. Depending on the user’s transition times, this may require additicnal

FES low time (ty(RL))

TEXAS %
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TMS4164

65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

PARAMETER MEASUREMENT INFORMATION

read cycle timing

1.3V
Ry - 220D
OUTPUT
UNDER
TEST

I Cp = 100 pF

FIGURE 1. LOAD CIRCUIT

SYH dleuiqg !

i-l‘-r teird) %
L, twiAL} ~= |
| - Yiy
RAS
! ., 1 | Vi
— lo be——— toLAH ———e{ po— by iRH)—
| 1o et e—— oot fo——tchr —=]
o —— ey —————nd |}
| | __’2 !-_"' It —d v
H
TAT |
—| —taura) . I‘I_‘WICH‘_’l
| thirLCA) —| [
tira) ] le— 17 |
i : [
oy bl e tuca) v .
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-

w

] P

| be—e— thicrear ! : | hiRHre)
]

I _'.] l‘"_‘sulrd]

|._.|_l ThiCHrd}
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!
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|

i
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TMS4164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

early write cycle timing

Dynamic RAMs I

o te(w) -
i |
| bo tw(AL) - | |
TS h{ IZ‘ k Vi
, r _J ViL
% twiRH
- s
| I‘—'RLCL—.1 l'?—'crml.—q
|
e , tALCH %
b ticL) ——4 ViH
o T g ,
i ViL
toutRAre—| | ——! I teutcar ) e twicHi—»
I jo~——thiLCA} ——={ } :
thiRA) —ja—n] { }0-—-1—tmc|.cm
i | 1 1) v
- VL
twieL —e| h— b
| I---i—‘-——-t-u{wcm——————-l |
e ————tsutwrH) ———={
L“——r. ThiRL W] ——————e
t | 1 —thcow — v
W RRR=es ooy T N 4 OIS 4 4 01 H
S DON'T CARE XN | 1 o?&?of&fofofofo T CARE (XXAXR v
1L
[ ro-——l-—-—: t— twiw)
| [*——— thiwLo) ——d
| be— thicio) —+!
I-——phmmr——"‘"l
X errcrm AR IIRIIS e Vi
> QRADINT caRe JY RRERKAOONT CAREXIRKER
I
'—""'— tauiDy
VOoH
Q HI-Z
VoL

{ip
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TMS4164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

write cycle timing

e to(w) =]
| ]
| b tw(RL} -+ | |
AT I t ViH
| I | Vi
—.1 r—-— ¢ :__: CLAH - l‘- twiRH) —n
s - -
jo I _tricH o |
o) L bo—— 1 c)——o| o Vi
o t I | l ! Vi
a su{RA) H —ﬂ P'-tlu{CA] l rT_ L [CH—™
5 b fe—— thipcar— —] |—t,
g thiRA) -r-"| | lo—u thicrea I | I
4 AD-A7 ' L E QOO0 NEXT CYCLE ViH
o 00 . RE & viL
| l lo— taurworn —o| 11
| o tsuwRH——
I-————th(aLw! e | [
{ bo——tricLwn — '
w 1 VIH
= ViL
| 1 : 19— thiweo) -»{
| po— thicLD}
r.'_‘_'_‘_‘hlﬂl..n}
T T N ViM
UK X0 rk O )
O LR RON T CARE SOy
N vViL
_T! [ tyuiD) [
g — bo—— taimicr

J._.k, v
o HI-Z NOT VALID OH
l"_—1 VoL

T The enable time {tg,) for 8 write cycle is equal in duration to the access time from CAS {tgry) in a read cycle; but the active ievels at
the output are invalid.
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TMS4164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

read-modify-write cycle timing

r tC'[u.u L4 )]
[ t
g wiRL) ViH
A&3
{ viL
"l be—t I-——tcuu-l —-—-——.I k—twmm-l
| - I tRLCH Vin
CAS | kl
: ! I viL Em
P———— th{RLCA} -1—'————-—-1 <l
I (¢4 thina) |-—+tmt:|.cm I «
‘-.l I“.‘ fsuiCA) I 2
v ViH E
viL =3
(a]
Vin
ViL

008 000 ViH
A% DON'T CARE 4%
AR s § CARE XXX

vi

Vo
T VALID DATA }_— H
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65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

page-mode read cycle timing
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TMS4164

65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY
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-write cycle timing

65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

page-mode read-modi
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65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

RAS-only rafrash timing
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davice symbolization

This data sheet is applicable to all TI TMS4164 Dynamic RAMs with the code ""A" 1o the left of the date
code as shown below:
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TMS4164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

TYPICAL CHARACTERISTICS

TYPICAL SUPPLY CURRENT
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TMS4164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY
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