TMS4464
65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

NOVEMBER 1983 — REVISED JUNE 1987

65,536 x 4 Organization
Single 5-V Supply {10% Tolerance)
JEDEC Standardized Pinout

Pinout Identical to TMS4416 (16K x 4
Dynamic RAM)

@ Performance Ranges:

ACCESS ACCESS READ READ-
TIME TIME OR  MODIFY-
ROW COLUMN WRITE WRITE
ADDRESS ADDRESS CYCLE CYCLE
MAX MAX MIN MIN
TMS4464-10 100 ns 50ns 200ns 270 ns
TMS4464-12 120 ns 60 ns 220ns 295 ns
TMS4464-15 150 ns 75ns  260ns 345ns

Long Refresh Period . . . 4 ms (Max)}

Low Refresh Overhead Time . . . As Low As
1.3% of Total Refresh Period

On-Chip Substrate Bias Generator

All Inputs, Outputs, and Clocks Fully TTL
Compatible

3-State Unlatched Qutput

Early Write or G to Control Output Buffer
Impedance

Page-Mode Operation for Faster Access

Power Dissipation As Low As:
— Operating . . . 330 mW (Max)
— Standby . . . 256 mW (Max)
(for 150 ns devices)

RAS-Only Refresh Mode
CAS-Before-RAS Refresh Mode

Available with MIL-STD-883C, Class B
Processing and $ {—55°C to 110°C)
Temperature Ranges (SMJ4464)

description

N PACKAGE
{TOP VIEW)
6E1u8%VSS
DQ1 2 17 DQ4
00253 16[] CAS
w{s 15[]oa3
mEs 147 A0
as[]e  13[] A
as[d7 120 a2
A4EB 103 a3
vool]s 10[J A7
FM PACKAGE
{TOP VIEW)
- 754
o ¥8
7 11817
° CAS
pa3
AO
Al
A2

PIN NOMENCLATURE

AQ-A7 Address inputs

CAS Column-Address Strobe
DQ1-DQ4 Data In.Data Qut

G Output Enable

RAS Row-Address Strobe
VpbD 5-V Supply

Vss Ground

W Write Enable

H Dynamic RAMs

The TMS4464 is a high-speed, 262, 144-bit dynamic random-access memaory, organized as 65,536 words
of four bits each. It employs state-of-the-art SMOS (scaled MOS) N-channel double-level polysilicon/polycide

gate technology for very high performance combined with low cost and improved reliability.

This device features maximum RAS access times of 100 ns, 120 ns, or 150 ns. Power dissipation maximums
are 330 mW aperating and 25 mW standby for 150-ns devices.

New SMOS technology permits operation from a single 5-V supply, reducing system power supply and
decoupling requirements, and easing board fayout. IDpp peaks are 125 mA typical, and a — 1-V input voltage
undershoot can be tolerated, minimizing system noise considerations.

PRODUCTION DATA documents contain information
current as of publication dats. Products canform to
spe:iﬁc!tiun: per the tarms of Texas iastruments

TExAas
necessarily include ﬁ:ﬁ:ﬁ"zf all puumut:vn:.s ot IN STRU M E

*p

NTS

POST OFFICE BOX 1443 @ HOUSTQN. TEXAS 77001

Copyright © 1987 Texas Instruments incorporated

4-59



TMS4464
65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

H SINVH dlweuAQg

Allinputs and outputs, including clocks, are compatible with Series 74 TTL. All address and data-in lines
are latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility.

The TMS4464 is offered in 18-pin plastic dual-in-line and 18-lead plastic chip carrier packages. It is
guaranteed for operation from 0°C to 70°C. The dual-in-line package is designed for insertion in mounting-
hole rows on 7,62-mm {300-mil} centers.

operation

address {AQ through A7)

Sixteen address bits are required to decode 1 of 65,536 storage locations. Eight row-address bits are set
up on pins AO through A7 and latched onto the chip by the row-address strobe (RAS). Then the eight
column-address bits are set up on pins AO through A7 and latched onto the chip by the column-address
strobe (CAS). All addresses 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 decoder. CAS is used as a
chip select activating the column decoder and the input and output 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 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 (DQ1-DQ4)

Data is written 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 latches. These latches can be driven from standard
TTL circuits without a pull-up resistor. In an early write cycle, W is brought low prior to CAS and the data
is strobed in by C/ 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. In a delayed or read-modfy-write cycle, G must be high to bring the output buffers
to high impedance prior to impressing data on the 1/0 lines.

data out {DQ1-DQ4)

The 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 access time interval
ta({C) that begins with the negative transition of CAS as long as ta(R) and ta(G) are satisfied. The output
becomes valid after the access time has elapsed and remains valid while CAS and G are low. CAS or G
going high returns it to a high-impedance state. In a delayed-write or read-modify-write cycle, the output
must be put in the high-impedance state prior to applying data to the DQ input. This is accomplished by
bringing G high prior to applying data, thus satisfying tGHD-

output enable (G)

The G input controls the impedance of the output buffers. When G is high, the buffers will remain in the
high-impedance state. Bringing G low during a normal cycle will activate the output buffers putting them
in the low-impedance state. It is necessary for both RAS and CAS to be brought low for the output buffers
to go into the low-impedance state. Once in the low-impedance state they will remain in the low-impedance
state until G or CAS is brought high.
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TMS4464
65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

refresh

A refresh operation must be performed at least once every four milliseconds to retain data. This can be
achieved by strobing each of the 256 rows (A0-A7). A normal read or write cycle will refresh all bits in
each row that is selected. A RAS-only operation can be used by holding CAS at the high (inactive) level,
thus conserving power as the output buffer remains in the high-impedance state.

CAS-before-RAS refresh

The CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS (see parameter tcLRL) and
holding it low after RAS falls (see parameter tR{. CHR!. For successive CAS-before-RAS refresh cycles, CAS
can remain low while cycling RAS. The external address is ignored and the refresh address is generated
internaily.

hidden refresh

Hidden refresh may be performed while maintaining valid data at the output pin. This is accomplished by
holding CAS at V)| after a read operation and cycling RAS after a specified precharge period, similar to
a CAS-betore-RAS refresh cycle. The external address is also ignored during the hidden refresh cycles.
The data at the output pin remains valid up to the maximum CAS low pulse duration, tyw(CL)-

page mode

Page-mode operation allows effectively faster memaory access by keeping the same row address and strobing
random column addresses onto the chip. Thus, the time required to set up and strobe row addresses for
the same page is eliminated. The maximum number of columns that can be addressed is determined by
tw(RL). the maximum RAS low pulse duration.

power up

To achieve proper device operation, an initial pause of 200 ys is required after power up, followed by a
minimum of eight initialization cycles.

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)?

Voltage on any pin including Vpp supply (see Note 1) . . . ... ... ... ... ... .. .. .. ~-1Vto7V
Short Circuit OULIPUL CUITeNT . . . . . . e e 50 mA
Power dissipation . . . . .. ... e 1TW
Operating free-air temMpPerature. . . . . . . .. ... it e 0°C to 70°C
Storage temperature range . . ... ... .. -65°C to 150°C

tStresses beyond those listed under ‘’Absolute Maximum Ratings’' may cause permanent damage to the device. This is a stress rating

only

and functional operation of the device at these or any other conditions beyond those indicated in the '"Recommended Operating

Conditions’” section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect
device reliability.

NOTE

1: All voitage values in this data sheet are with respect to Vgg.

recommended operating conditions

MIN NOM MAX UNIT
VpDp Supply voltage 4.5 5 55 v
Vgg Supply voltage [¢] \Y
VIR High-level input voltage 2.4 Vpp+1 \
V|L Low-level input voltage {see Note 2} -1 0.8 \
Ta  Operating free-air temperature o] 70 °C
NQOTE 2: The algebraic convention, where the more negative (less pasitive} limit is designated as maximum, is used in this data sheet

for logic voltage levels only.

H Dynamic RAMs
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TMS4464

65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

logic symbol?

l SINVY diweuiqg

TThis symbol 1s in accordance with ANSIAEEE Std 91-1984 and |EC Publicaton 617-12.

na) RAM 64K X 4
A0 TR 2008/2100
FRRALIEN.

A2 12
a3 1t ] 0
as B A 85,535
as )
ag 18 |
a7 1% 120p1s2107
k- C20{ROW|
R G23/[REFRESH ROW|
RAS 24{PWR DWNI|
b C21[COL

—— 116) 624

cas & boascaz
— (4 —

w 23,21D | 24.25EN
AL N -y
R —
3 v 2 i

0Q2 ——a—a—

DO3L5)-———

17)
paa

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

functional block diagram

RAS

CAs G w

B B

TIMING AND CONTROL

2

| SEEEEEE——— ROW
Y
32K ARRAY DECODE 32K ARRA
ROW
ADDRESS 256 SENSE AMPS 256 SENSE AMPS
BUFFERS L
8 32K ARRAY ROW 32K ARRAY DATA
—— DECODE ot
o REG
COLUMN DECODE BUFFERS
AD
14 DATA
a1l
32K ARRAY ROw 32K ARRAY IN bQ1.pa4
A2 COLUMN DECODE REG
a3 ADDRESS
A BUFFERS 256 SENSE AMPS 256 SENSE AMPS
4q
AS & AOwW
32K ARRAY 32K ARRAY
A6 DECODE
A7
TEXAS b’
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TMS4464
65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

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

H Dynamic RAMs

- TEST TMS4464-1 TMS4464-12
PARAMETER 0 UNIT
CONDITIONS MiIN MAX MIN MAX
VoH  High-level output voltage loy = ~5mA 2.4 2.4 \Y
VoL Low-level output voltage lop = 42 mA 0.4 0.4 \4
Vi=0Vto6.5V,Vpp = 5V,
] Input current (leakage) ) . +10 +10 nA
All other pins = OV 10 6.5V
Vo =0Vto85V,V =5V,
1) Output current {leakage) __9_ A oD +10 10 zA
CAS high, All outputs open
Average operating current .
Ipo1 . X te = minimum cycle, All outputs cpen 70 65 mA
during read or write cycle
| Standb N After 1 memory cycle, DQ1-DQ4 held at 45 a5 A
an curren — s . . m
bo2 v > 0V, RAS and TAS high, All outputs open
tc = minimum cycle, RAS low, CAS high,
Ipp3  Average refresh current N v 9 58 53 mA
All outputs open
tetp) = minimum cycle, RAS low and
i Average page-mode current | 50 45 mA
DD4 rage pag CAS cycling, All outputs open
TMS4464-15
PARAMETER TEST CONDITIONS UNIT
MIN MAX
VoH  High-level output voltage oy = -5 mA 2.4 \
VoL  Low-level output voltage loL = 42 mA 0.4 \
Iy Input current (leakage) VI = 0V1065V, Vpp = 5V, All other pins = 0V to 8.5V +10 A
o Output current (leakage) Vo =0Vt 55V, Vpp = 5V, CAS high, All outputs open +10 A
A eratin ent
IDD1 verage operat g curr te = minimum cycle, All outputs open 60 mA
during read or write cycle
. Standb After 1 memory cycle, DQ1-0Q04 held at > 0 V, 45 A
ent . —— . m
bD2 andby curr RAS and CAS high, All outputs open
Ipp3  Average refresh current t; = minimum cycle, RAS low, CAS high, All outputs open 48 mA
tegp) = minimum cycle, RAS low, CAS cycling,
| Average page-mode current 40 mA
Db4 erage pag Y All outputs open

*i’
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TMS4464
65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

capacitance over recommended supply voitage range and operating free-air temperature range,

f=1MHz

g

TMS4464
= PARAMETER unIT
o MIN MAX
3_ CiAl Input capacitance, address inputs 5 pF
(1] CiRCy Input capacitance, strobe inputs 7 pF
x Ciw) Input capacitance, wnite enable input 7 pF
E Cio Output capacitance 7 pF
/]

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

_ ks
ALT. TMS4464-10 TMS4464-12

PARAMETER TEST CONDITIONS UNIT
SYMBOL| MIN MAX | MIN MAX
— 3 =
taiC)  Access time from CAS (LF;:Z:L:_ZN;::;:;‘% T;fg;:'s 1ICAC 50 60 ns
ta(R) Access time from RAS tLi:(;L: ZNS‘::(;SC;-ti T;I?Zai:s tRAC 100 120 ns
t t  Access time after G low CL = 100 pF, t 30 35 ns
alGr Load = 2 Series 74 TTL gates GAC
t Output drsable time after CAS migh| L = 100 PF: ¢ 0 30 o 30 | ns
aisiCH) P 9 Load = 2 Series 74 TTL gates OFF
tgisiG, Output disable ume after G high CL - 100 oF, tGOFF 0 30 0 30 ns
Load = 2 Series 74 TTL gates

ALT. TMS4464-15
PARAMETER TESTY CONDITIONS UNIT
SYMBOL| MIN MAX
S tgLCcL = MAX, Cp = 100 pF.
A 1 fi CAS t 75
falC) ceess ime from Load = 2 Series 74 TTL gates CAC ns
) J— tRLCL = MAX, C_ = 100 pF,
A t f RAS t 150 ns
taiR) ccess time from Load = 2 Series 74 TTL gates RAC
t A ti fter G | CL = 100 oF, t 40
ns
talG) ceess time after ow Load = 2 Series 74 TTL gates GAC
- CL - 100 pF,
i Qut disable ti fter CAS high t [¢] 30 s
tdis(CH) Duteut disable ime atter ' Load = 2 Series 74 TTL gates OFF "
Output disable ti tter G high CL = 100 pF. t 0 30 ns
tdis(G) utput disable ime after ‘9 Load = 2 Series 74 TTL gates GOFF

Hav‘_C) and t3(R; Must be satisfied to guarantee ty(G)-

{i’
TeExAs
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TMS4464
65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

timing requirements over recommended supply voitage range and operating free-air temperature range
(see Note 3)

I Dynamic RAMs

ALT. TMS4464-10 TMS54464-12 UNIT
SYMBOL| MIN MAX MIN MAX
te(P) Page-mode cycle time tpe 100 120 ns
tc(PM) Page-mode cycle time (read-modify-write cycle) tPCM 170 195 ns
te(rd) Read cycle time T tRC 200 220 ns
te{w) Write cycle time we 200 220 ns
telrdW) Read-write:read-madify-write cycle time tRWC 270 295 ns
tw(CH)P Pulse duration, CAS high (page mode) tCp 40 50 ns
tw(CH) Pulse duration, TAS high (non-page mode) 1CPN 25 25 ns
twiCL)  Pulse duration, CAS low? ICAS 50 10,000 60 10,000 ns
tw(RH)  Pulse duration, RAS high tRP 90 90 ns
twiRL} Pulse duration, RAS low$ 1RAS 100 10,000 120 10,000 ns
tw (W) Write pulse duration twp 30 30 ns
ty Transition times (nise and fall) for RAS and CAS tT 3 50 3 50 ns
tsu(CA}  Column-address setup time tASC 0 0 ns
tsu(RA}  Row-address setup time tASR 0 o] ns
tsu{D) Data setup time tps ¢} g ns
tgu(rd) Read-command setup time RCS 0 0 ns
tsu(WCL) Early write-command setup time before CAS low twCs 0 0 ns
tgu|WCH) Write-command setup time before CAS high tcwL 30 35 ns
tsulWRH) Write-command setup time before RAS high tRWL 30 35 ns
thiCLCA} Column-address hold time after CAS low tCAH 15 20 ns
thiRA) Row-address hold time tRAH 16 15 ns
th(RLCA) Column-address hold time after RAS low 1AR 65 80 ns
thicLDy  Data hold tme after CAS low 1DH 30 30 ns
th(RLD}  Data hoid time after RAS iow IDHR 80 90 ns
thiwiD) Data hold time after W low tDH 30 30 ns
th{CHrd; Read-command hold tme after CAS high tRCH 0 0 ns
th{RHrd) Read-command hold time after RAS high tRRH 10 10 ns
thicLw)  Write-command hold time after CAS low tWCH 30 30 ns
thiRLW) Wnite-command hold time after RAS low TWCR 80 20 ns

Continued next page.
NOTE 3: Tirming measurements are referenced to Vi MAX and V|4 MIN.
TAlt cycle times assume 1, = 5 ns.
¥In a read-modify-write cycle, tCLWL and tgywCH) Must be observed. Depending on the user’s transition times, this may require additional

CAS low tme (tywCL))-
81n a read-modify-write cycle, tRLW| and tsy(WRH) Must be observed. Depending on the user’s transition times, this may require additional
RAS low time (ty(RL)"

TeEXas %
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TMS4464
65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

timing requirements over recommended supply voltage range and operating free-air temperature range

o {continued) {see Note 3)
§ ALT. TMS4464-10 TMS4464-12
o SYMBOL| MIN MAX MIN MAX unIT
?’- tRLCHR Delay ume, RAS low to CAS high? 1CHR 20 25 ns
] tRLcH  Delay time, RAS low to CAS high 1CSH 100 120 ns
> tcHRL Delay time, CAS high to RAS low tCRP 0 0 ns
g tRHCL Delay time, RAS high to TAS low 9 tRPC o] o] ns
@ tcLrH  Delay time, CAS low to RAS high tRSH 50 60 ns
tcLwl Delay ume, CAS low to W low (read-modify-write cycle only)* | towp 85 95 ns
n tcirL  Delay time, CAS low to RAS low*® tCSR 10 10 ns
tALCL Delay time, RAS low to m low {maximum value specified e 95 50 25 60 ns
only to guarantee access time)
tRuwL Delay time, RAS low to W low {read-modify-write cycle oniy)# | tpwD 135 155 ns
tGHD Delay time, G high before data applied at DQ tGDD 30 30 ns
tef Refresh time nterval tREF a4 4 ms

NOTE 3: Timing measurements are referenced to Vi MAX and Vi MIN.
¢ CAS-before-RAS refresh option only.
# G must disable the output buffers prior to applying data to the device.

4-66 Texas %
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TMS4464
65.536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

timing requirements over recommended supply voltage range and operating free-air temperature range
(continued) (see note 3)

H Dynamic RAMs

ALT. TMS4464-15 UNIT
SYMBOL| MIN MAX
tetP) Page-mode cycle ume tpC 145 ns
tciPM) Page-mode cycle time {read-modify-write cycle) tpCM 230 ns
teird) Read cycle time | tRC 260 ns
toiw) Write cycle time We 260 ns
teirdw)  Read-write/read-modify-write cycle time 1RWC 345 ns
tw(CH)p Pulse duration, CAS high (page mode) tICcP 60 ns
tw(CH) Pulse duration, CAS high (non-page mode} tCPN 25 ns
tw(Cl) Pulse duration, CAS low? tCAS 75 10,000 ns
twiRH)  Pulse duration, RAS high 1RP 100 ns
twiRL)  Pulse duration, RAS low$ tRAS 150 10,000 ns
tw W) Write pulse duration twe 45 ns
%% Transition times (rise and fall) for RAS and CTAS T 3 50 ns
tsy|CA) Column-address setup time tASC 0 ns
tsu(RA} Row-address setup time tASR o] ns
tsuiD) Data setup time tps 0 ns
tsuied) Read-command setup tme tRCS 0 ns
tsuiwCL) Early write-command setup time before CAS low twCs [¢] ns
tsuiWCH) Wnte-command setup time before CAS high towl 45 ns
tsu(WRH; Write-command setup time before RAS high tRWL 45 ns
thiCLCA) Column-address hold time after CAS low tcAH 25 ns
thiRA) Row-address hold time RAH 15 ns
th(RLCA) Column-address hold time after RAS low AR 100 ns
thicLpy Data hold time after CAS low tDH 45 ns
thiRLD) Data hold time after RAS low tDHR 120 ns
thiwtD) Data hotd time after W low tDH 45 ns
thiCHrgj Read-command hold time after CTAS high tRCH 0 ns
th(RHrd) Read-command hold time after RAS high tRRH 10 ns
th{CLw) Write-command hold time after CAS low tWCH 45 ns
th{RLwW) Write-command hold time after RAS low tWCR 120 ns

Continued next page.

NOTE 3: Timing measurements are referenced to V| MAX and V| MIN.

TAll cycle times assume t; = 5 ns
In a read-modify -write cycle, tCLWL @nd ts,(WCH) must be observed. Depending on the user’s transition imes, this may require additional
CAS low time (ty,(CL)!-
51n a read-modify-write cycle, tr wi and ts,(WRH) Must be observed. Depending on the user’s transition times, this may require additional
RAS low time (ty Ry

{i’
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TMS4464
65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

timing requirements over recommended supply voltage range and operating free-air temperature range
{concluded) (see Note 3)

I SINVH 2lweuAq

ALT. TMS4464-15
UNIT
SYMBOL| MIN MAX
tRLCHR Delay time, RAS low to CAS hlgh1 tCHR 30 ns
tRLCH Delay time, RAS low to CAS high tCSH 150 ns
tcHRL Delay time, CAS high to RAS low tCRP 0 ns
tRHCL Delay time, RAS high to CAS low! tRPC 0 ns
tCLRH Defay time, CAS low to RAS high tRSH 75 ns
tcLwL  Delay time, CAS low to W low (read-modify-write cycle only} ¥ tcwD 110 ns
tcLRL  Delay time, CAS low to RAS low? ICSR 20 ns
Delay time, RAS low to CAS low Imaximum value specified
tRLCL tRCD 25 75 ns
only to guarantee access time)
tRLWL Delay time, RAS tow to W low (read-modity-write cycle only) # tRWD 185 ns
tgHp  Delay time, G high before data applied at DQ tGDD 30 ns
trf Refresh time interval IREF 4 ms

NOTE 3: Timing measurements are referenced to V; MAX and V|4 MIN.
§ CAS-before-BAS refresh option only.
# G must disable the output buffers prior to applying data to the device.

/]
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TMS4464

65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

read cycle timing

te(rd) ——————————————
! I
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_K‘LF f
' Dynamic RAMs
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TMS4464
65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

early write cycle timing
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TMS4464
65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

write cycle timing
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TMS4464

65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

read-write/read-modify-write cycle timing

I SINVH onrueuiq

g

D

<]

o

": to(rdW)

tw(RL)

tw(CL)

tRLCL

tRLCH

e e 3

| I

th{RLCA) —-I
| E: thira) | e—ed— thicLca)

—o| Jo- tsutra) |<L tsu(CA)

lo-‘su(WCH)-O‘ l

aad
1
ol
h ViH
1 | ViL

B tornL —of

__.= [ l.—fCLRH—ﬂ L.lwmm-l
|
|
|

"T

jo— tsuiwRH) —=f

gzz:gonrcmzxy |

[
}
|

tw(cm—-|

ViH

viL

|-— twiw)—ef ViH
DON’ T CARE
AN X

-! L- th(WLD) -*

TRLWL
| t, 1
ta(C} -ﬂl-— su(D}
PN [ [
oy il v - | — i Wy, VIHIVOH
TR e KX KRR B YR i wror SRR T "
‘alG)—r—-I I——-}— tGHD
I
l e Vi
u ViL

4-72

Texas
INSTRUMENTS

POST OFFICE BOX 1443

+

® HOUSTON TEXAS 77001



TMS4464

65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

page-mode read cycle timing
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page-mode write cycle t

65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

TMS4464
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TMS4464

65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

page-mode read-modify-write cycle timing
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TMS4464
65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

RAS-only refresh cycle timing
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65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

CAS-before-RAS refresh cycle timing
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