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ADVANCE TM4464LU8
INFORMATION 65,536 BY 8-BIT DYNAMIC RAM MODULE
OCTOBER 9185 — REVISED NOVEMBER 1985
® 65,5636 X 8 Organization U SINGLE-IN-LINE PACKAGE
® Single 5-V Supply (10% Tolerance) (TOP VIEW)
]
® 30-Pin Single-in-Line Package (SIP) O
[ ] :tlllz?s(;l‘;ivo c64K X 4 Dynamic RAMs in Vop (1) 8
astic Chip Carrier CAS (210
® Long Refresh Period . . . 4 ms (256 Cycles) pal (3"
A0 4
@ All Inputs, Outputs, Clocks Fully TTL Al :5: 3
Compatible o2
® 3-State Outputs A2 mp
Port R ] A3 (e
erformance Ranges: ves @p
ACCESS ACCESS  READ pa3 (103
TIME TIME OR A4 (1P
ROW COLUMN WRITE A5 (12201
ADDRESS ADDRESS  CYCLE pas (130
(MAXG {(MAX} {MIN)
TM4464LUB-12 120 ns 60ns  230ns A8 (1400
TM4464LUB-15 150 ns 75 ns 260 ns A7 (18]
° Dissipation: pas (160
Low Power Dissipation: ne 17Bb 3
OPERATING STANDBY NC (18)[] -]
{TYpP) (TYP) NC (190 ©
TM4464LUB-12 650 mwW 25 mwW oas (2001 §
TM4464LUB-15 5§50 mW 25 mW W 2nf
® Operating Free-Air Temperature . . . 0°C to vss (220 2
70°C pa7 (23 g
vss (2a10 o«
description pas (253 2
The TM4464LU8 is a 512K, dynamic random- Ne 2o E
. RAS (273
access memory module organized as 65,536 x 8 ne a1 c
bits in a 30-pin single-in-line package comprising ne 290 5'
two TMS4464FML, 65,536 x4 bit dynamic v 3o
RAM'’s in 22-lead plastic chip carriers mounted oD
on top of a substrate together with two 0.2 uF O
decoupling capacitors mounted beneath the chip
carriers. The onboard capacitors eliminate the
need for bypassing on the motherboard and offer
superior performance over equivalent leaded PIN NOMENCLATURE
capacitors due to reduced iead inductance. AO-A7 Address Inputs
" CAS Column-Address Strobe
operation DQ1-DA8 Data In/Data Out
address (AO through A7) NC No Connection
RAS Row-Address Strobe
Fourteen address bits are required to decode 1 v 50\;" s“pp'less tro
of 65,536 storage locations. Eight row-address VDD v
. . sS Ground
bits are set up on pins AO through A7 and W Write Enable
latched onto the chip by the row-address strobe
(RAS). Then the six column-address bits are set up on pins A1 through A6 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.
ADVANCE INFORMATIGN documents centain Copyright © 1985, Texas Instruments Incorporated
mloma(:;:lo :n new grnducts ';Ilmlho :::mﬂ::: %
Sata and pspmﬁuuons are subject to change lN STREG(I\AA%NTS 5-247



TM4464LU8
65,536 BY 8-BIT DYNAMIC RAM MODULE

S3|NPON INVH dlweuig H

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 legic low selects the write mode. The write-enable terminal can be driven from standard
TTL circuits without a pull-up resistor. The data inputs are disabled when the read mode is selected. The
common |/O feature of the TM4464LU8 dictates the use of early write cycles to prevent contention on
DQ. When W goes low prior to CAS, the data outputs will remain in the high-impedance state for the entire
cycle permitting common 1/O operation.

data in (DQ1-DQ8)

Data is written during a write cycle. The falling edge of CAS strobes data into the on-chip data latches.
These latches can be driven from standard TTL circuits without a pull-up resistor. In the early write cycle,
W is brought low prior to CAS and the data is strobed in by CAS with setup and hold times referenced to
this signal.

data out (DQ1-DQ8)

The three-state output buffer provides direct TTL compatibility {(no pull-up resistor required} with a fan
out of two Series 74 TTL loads for each output. Data out is the same polarity as data in. In a read cycle
the outputs go active after the access time interval ta(C) that begins with the negative transition of CAS
as long as ta(R} is satisfied. The outputs become 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 the early write cycle, the
outputs are always in the high-impedance state, a necessity due to the grounded output enable.

refresh

A refresh operation must be performed at least every four milliseconds to retain data. Since the output
buffers are in the high-impedance state unless CAS is applied, the RAS-only refresh seguence avoids any
output during refresh. Strobing each of the 256 row addresses (AQ 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.

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 for the same page is eliminated. To extend beyond the 64 column locations on a single module,
the row address and RAS are applied to multiple modules. CAS is then decoded to select the proper
module.

power up

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

single-in-line package and components

PC substrate: 0,79 mm (0.031 inch) minimum thickness
Bypass capacitors: Multilayer ceramic
Contact area for socketable devices: Nickel plate and solder plate on top of copper
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TM4464LUB
65,536 BY 8-BIT DYNAMIC RAM MODULE

logic symbolt functional biock diagram

RAM 64Kx8 AO 14)%
{5)
a0 1200812100 M
a8 A2 — ]
(7) 3 8)
A2 oy
8) A4
Azl 0 U2 Y
aq 10 a A2
—— 65,535 YT
as 12) Al
A6 114 a7 15!
{15) N RAM 64K x 4
A7 20D15/21D7 8.' AO-A7 {3)
—I=I> c20(ROW] 7As 22 ras D500
27 G23/[REFRESH ROW] cas 2 cas D92, 002
RAS ¢ 24{PWR DWNI w21 w DO3— ) 003
[~ c21(C0L) P DQ4 |———Da4
@ G24 VoD Vss
CAs & [~ 23c22 ] ]
= (21) — g |RAM Bak x4
w 23,21D 24,EN 7—|RA0-A7 o] 16 DaS 5
j — RAS (20)
@ CAS DQ2 |—=—pQé6
oa1 A.22D az26) w pa3j—123! pqy »
© v 26 G pas}1251 pag o
DQ2 "—(”—4-> =
DQ3 — ] VDD {1 VDD Vss 'g
bas l:a) .- vop 129! ] s
pas 18 o] Ve {2 . L
(20) SS 0.2 yF A4<0.2 uF
DQ6 — v vgg 1221 =
pa7 128 4o ves 28 <
pas 25 4y o
L2
TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and £
IEC Publication 617-12. [\ ]
c
>
Q
absolute maximum ratings over aperating free-air temperature range {unless otherwise noted)
Voltage range for any pin except Vpp and dataout (seeNote 1)............... -1.5Vto 10V
Voltage range for Vpp supply and data out with respecttoVgg. ................. -1Vto6V
Short CirCUit OUIPUL CUITBNT . . . . .. ..ttt e et et et ettt e e e enen e 50 mA
Power dissipation . . . . ... .. e e e e e e e 2w
Operating free-air temperature range. . . .. ........... i, 0°C to 70°C
Storage temperature range . . . . . . .. ..t it it e e ~65°C to 150°C
tStresses beyond those listed under “Absolute Maximum Ratings’’ may cause permanent damage ta the device. This is a stress rating
only and functional operation of the device at these or any other conditions bayond those indicated in the ‘“Recommanded Operating
Conditions’’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect
device reliability.
NOTES: 1. All voltage values in this data shest are with respect to Vgg.
2. Additional information concerning the handling of ESD sensitive devices is available in a document entitled *‘Guidelines for
Handling Electrostatic-Discharge-Sensitive (ESDS] Devices and Assemblies’’ in Section 12.
i
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TM4464LU8
65,536 BY B8-BIT DYNAMIC RAM MODULE

recommended operating conditions

MIN NOM MAX UNIT
Vpp Supply voltage 4.5 & 5.5 v
Vss Supply voltage Q \
v High-level input voltage vop = 45V 24 81 v
H 9 s o Vpp = 5.5V 24 5.8
ViL Low-level input voltage (see Note 3) -1 0 0.8 v
TA Operating free-air tamperature 4] 70 °C

NOTE 3: The algebraic cor_\vention, where the more negative {less positive) limit is designated as minimum, is used in this data sheet
for logic voltage levels only.

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

PARAMETER TEST CONDITIONS TM44841u8 12 IM346841U8-15 uNIT
MIN TYPT MAX | MIN TYPT mMAX
VOH High-level output voltage IoH = —2mA 2.4 2.4 \
VoL Low-level output voltage IgL = 4.2 mA 0.4 0.4 3
V=0Vt 58V,
1] Input current {leakage} Vpp =5V, +10 10 uA
All other pins = 0V
o Vg =04Vtob55YV,
< ig Qutput current (leakage) VbD = 5 V., TAS high +10 +10 »A
a 501 Ave.rage operating: current te = m.inimum cycle, 130 160 110 140 mA
3 during read or write cycle All outputs open
a' After 1 memary cycle,
= Ippz  Standby current RAS and CAS high, 5 10 5 10| mA
> All outputs open
g te = minimum cycle,
Ipp3 Average refresh current RAS cycling, TAS high, 100 120 90 110 mA
§ All outputs open
P} = minimum cycle,
g ipps verage page-mode ;%5) low, TAS cycling, 90 110 80 100 | ma
3 current All outputs open
TAll typical values are at Ta = 25°C and nominal supply voltages.
capacitance over recommended supply voltage range and operating free-air temperature range,
f =1MHz
PARAMETER MIN MAX | UNIT
Ci(A} Input capacitance, address inputs 14 pF
Ci(RC) input capacitance, strobe inputs 20 pF
Ci(W) input capacitance, write-enable input 20 pF
Cijo Input/output capacitance, data ports 10 pF
Co(vDD)  Decoupling capacitance 0.4 uF
i
EXAS b
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TM4464LU8
65,536 BY 8-BIT DYNAMIC RAM MODULE

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

range
ALT. TM4464LU8-12 | TM4484LUB-1
PARAMETER TEST CONDITIONS SYMBOL N TAX N MA: UNIT
taicy  Access time from CAS I?:a; iozog:r’ies 74 TTL gates tCAC 70 80 ns
tRLCL = MAX,
ta(R) Access time from RAS CL = 100 pF, tRAC 120 150 ns
Load = 2 Series 74 TTL gates
timing requirements over recommended supply voltage range and operating free-air temperature range
ALT. TM4464LUB-12 | TM4464LU8-15 ONIT
SYMBOL MIN MAX MIN MAX
tc(P) Page-mode cycle time tpC 120 140 ns
teird) Read cycle time ! tRC 230 260 ns
to(w) Write cycle time twe 230 260 ns
te(rdW) Read-write/read-modify-write cycle time tRWC 315 365 ns
tw(CH) Puise duration, TAS high {precharge time)¥ tcp 40 50 ns -
tw(CL) Puise duration, TAS low tCAS 70 10,000 80 10,000 ns ®
tw(RH) Pulse duration, RAS high {precharge time) tRp 80 100 ns 2
tw(RL) Pulse duration, RAS low tRAS 120 10,000 150 10,000 | ns .g
Ty (W) Write pulse duration TWp 30 40 ns o -
t Transition times (rise and fall) for RAS and TAS 1T 3 50 3 50 ns E
tsu{CA) Column-address setup time tASC 0 o ns E
tsu{RA) Row-address setup time tASR 0 [o] ns g
tsuiD) Data setup time tDS 5 5 ns [« o
tsuird) Read-command setup time tacs 0 o ns [&)
tsuiwCH) Write-command setup time befare CAS high tcwiL 50 60 ns .g
1su{WRH) Write-command setup time befare RAS high tRWL 50 60 ns g
th(CLCA)  Column-address hold time aftar TAS low tCAH 35 40 ns 5‘
th{RA} Row-address hold time tRAH 20 30 ns
th(RLCA)  Column-address hold time after RAS low tAR 85 110 ns
th(CLD) Data hold time after CAS low tpH 40 60 ns
th{RLD) Data hoid time after RAS low DHR 90 130 ns
th(RHrd) _ Read-command hold time after RAS high tRRH 10 10 ns
th(CHrd)  Read-command hold time after CAS high tACH 0 0 ns
th(CLW) Write-command hold time after CAS low twCH 40 60 ns
th(RLW) Write-command hold time after RAS low tWCR 90 130 ns
tRLEH Delay time, RAS low to TAS high tCSH 120 150 ns
tCHRL Delay time, TAS high to RAS low tCRP 0 0 ns
tCLRH Delay time, TAS low to RAS high 1RSH 70 80 ns
tRLCL :ﬁ:::l::r: ’v':|:§ ::c::eiiililo:; guarantee access time) tRCD 30 50 30 70 ne
tWLCL Deiay time, W low to TAS low (early write cycle) WCSs -5 -5 ns
tef Refresh time interval tREF 4 4 ms
TAll cycle times assume ty = 5 ns.
tPage mode only.
TEXAS 3 5-261
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TMA4464LU8
65,536 BY 8-BIT DYNAMIC RAM MODULE

read cycle timing

S

| o " J1
e twiRL} j Vi
RAS I | ! \—— viL
—f fo— lo—ttcmu——q bo—twiRH) —{
bo—thLcL—ol* '"c”—.' ]'—'CHRL_'I
I
!
]

tRLCH J l‘—- t

ViH

8
lH

I

sulRA) [ twiCH)——y

| IT-—— lmm.cm —-I i
l

thiRA)
-‘ | I‘—'cu(CA)
v
no-a7 XK row 'Qo corumn XXX )oonT care (X X "

viL
thiRHrd)
| be—et—thicrca 11

|
:'su(rd)+'.' | —i L thichra
" i A SNGRELON

|
| jo—1alC) |
I —.! fe——} tannicr

*———i VOH
DQ1-Da8 " Hi-Z -4 VALID OUTPUT "4

"—'———‘alﬂ)_‘l Yo

TeExas *9

INSTRUMENTS

PQOST OFFICE BOX 1443 @ HOUSTON. TEXAS 77001



TM4464LU8
65,536 BY 8-BIT DYNAMIC RAM MODULE

early write cycle timing
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65,536 BY 8-BIT DYNAMIC RAM MODULE
page-mode read cycle timing
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TM4464LU8

65,536 BY 8-BIT DYNAMIC RAM MODULE

page-mode write cycie timing
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TM44641U8 ’
65,536 BY 8-BIT DYNAMIC RAM MODULE

RAS-only refresh timing
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Ti single-in-line package nomenclature

™ 4464 _i.‘ _\i-l_ _% -15 i_
n MEMORY PINOUT BOARD WORD WIDTH SPEED TEMPERATURE
MODULE DEVICE CONFIGURATIO! DIMENSIONS OUTPUT RANGE

(88.9 x 16,5 mm) Max Access L 0°C to 70°C
(3.5 x 0.85 inches) -12120 ns
-15 150 ns
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