


























TMA4161EP5
65,536 BY 5-BIT MULTIPORT VIDEO RAM MODULE

electrical characteristics over full range of recommended operating conditions {unless otherwise noted)

TM4161EP5-16

TM4161EP5-20

PARAMETER TEST CONDITIONS UNIT
MIN TYPT MAX | MIN TYP! MAX
High-level output voltage
VOH  (pq1.pas, SOUT1-50UTS) 'on = -5 mA 24 24 v
Low-level output voltage
VoL pa1.pas, soutt.souts) | 'Ob = 42 ™A o4 04l v
. Vi=0Vto 58V,
Iy Input current (leakage) Vpp = 5 V. +10 +10 A
All other pins = 0 V
Qutput current {leakage) Vo =04Vt 55V,
'o (DQ1-DQ5, SOUT1-SOUTS) | Vpp = 5V £10 10| wA
teird) = mMinimum cycle time,
Average operating current TR/GE low after RAS falls,
pp1 during read or write cycle SCLK and SIN low, SOE high, 250 350 250 350 mA
No load on DQ1-DQ5
and SOUT1-SOUTS
After 1 RAS cycle,
“ RAS and CAS high,
Ipp2¥  Standby current SCLK and SIN low, SOE high, 80 100 80 100 | mA
(w) No load on DQ1-DQ5
] and SOUT1-SOUTS
(V] .1 = minimum cycle time,
§. "7 high, BAS cycling,
; Ipp3 Average refresh current :%;Kh::: :‘;\f‘é;v:igh, 210 275 185 250 mA
> No load on DQ1-DQ5
g and SOUT1-SOUTS
g tc(P) = minimum cycle time,
=] RAS low, TAS cycling,
g Ippa Average page-mode current ;2{?(2:’:;2‘7;3?2_;;:;9“ 225 275 200 250 mA
[ ~] No load on DQ1-DQ5
’ and SOUT1-SOUT5
RAS and TAS high,
IoDS Average shift register te(SCLK) = te(SCLK) min, 150 200 150 200 mA
current {includes Ipp2} No load on DQ1-DQ5
and SOUT1-SOUTS
te(rd) = minimum cycle time,
Worst case average . ) = minimum cycle time,
Ippg  DRAM and shift T L7 ow after HAS falls, 425 475 400 450 | mA
register current No load on DQ1-DQ5S
and SOUT 1-SOUTS

Al typical values are at TpA = 25°C and nominal supply voltages.
$see appropriate timing diagram.
SviL > -0.6V
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TM4161EP5
65,536 BY 5-BIT MULTIPORT VIDEO RAM MODULE

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

ALT. TM4161EP5-15 | TM4161EP5-20 UNIT
SYMBOL MiN MAX MiN MAX
te(p) Page-mode cycle time tpC 180 225 ns
to(rd) Read cycle timet tRC 240 315 ns
tow) Write cycle time twe 240 315 ns
TciTW) Transfer write cycle time# 240 315 ns
te(Trd) Transfer read cycle time 240 315 ns
to(scLk)  Serial-clock cycle time t1sce 45 50,000 50 50,000 ns
tw(CH) Pulse duration, CTAS high (precharge time)3 tcp 50 80 ns
tw(CL) Pulse duration, CAS low tCAS 100 10,000 135 10,000 ns
tw(RH) Pulse duration, T high {precharge time} tRP 80 105 ns
tw(RL) Puise duration, « * " low tRAS 150 10,000 200 10,000 ns
_tw(w) Wirite pulse duration twp 45 45 ns
twiCKL) Pulse duration, SCLK low 10 ) 10 ns
| tw(CKH) Pulse duration, SCLK high 12 12 ns
Ywi{QE) TR/QE pulse duration low time {read cycle) 40 40 ns
% ;;;,s'?';"g’"::: Sf'C'SLeKa"d fail tr 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
W setup time before RAS low 0 o
SulRW) it TR/GE low ne
tsu(D) Data setup time tps 0 0 ns
tsu(rd) Read-command setup time RCS 0 0 ns
¢ Early write-command setup time ¢ _s -5
SUWCL)  patore TAS low WeS ne
tsu(wCH)  Write-command setup time before CAS high tTCWL 40 60 ns
tsu(WRH) _ Write-command setup time befora RAS high tRWL 40 60 ns
tsu(TR) TR/GE setup time before RAS low 0 0 ns
tsu(s) Serial-data setup time before SCLK high 6 6 ns
thisl) Serial-data-in hold tima after SCLK high 3 3 ns
thicLca)  Column-address hold time after TAS low tCAH 45 55 ns
th(RA) Row-address hold time RAH 20 25 ns
th(RW) W hold time after RAS low with TR/GE low 20 20 ns
th(RLCA) _ Column-address hold time after RAS low tAR 95 120 ns
thicLp) _ Data hold time after CAS low tDH 60 80 ns
th(RLD) Data hold time after RAS low 1DHR 110 145 ns
thywip)  Data hold time after W low tDH 45 55 ns
th(CHrd) _ Read-command hold time after CAS high tRCH 0 0 ns

{Continued next page.)

NOTE 5: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, V|| max and V)H min
must be met at the 10% and 90% points.

TAll cycle times assume ty = 5 ns axcept te(SCLK) which assumes ty = 3 ns.

$Multiple transfer write cycles require separation by sither a 500-ns RAS-precharge interval or any other active RAS-cycle.

Spage-mode only.
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TM4161EP5
65,536 BY 5-BIT MULTIPORT VIDEO RAM MODULE

early write cycle timing
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TM4161EPS
65,536 BY 5-BIT MULTIPORT VIDEC RAM MODULE

RAS-only refresh timing
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TM4161EP5
65,536 BY 5-BIT MULTIPORT VIDEO RAM MODULE

shift register to memory timing

tw(RL) - {
T :k -I Vi
RAS [e— 'RLCL——D‘
| | Vi
I [ {RLCH o
L |1 | ViH
TAS1- I fe—— twict —|
CASS * _.‘( ViL
I L——-‘h(RLCAl l ] I
l |  thiCLCA) |
tsu(RA) ‘h(RA) |
| L—‘su(CA) |

om-mm '0'&'0'0'01 X w
lsu(m,_k_.l th(TR)

me OO\ ! MO(XX\”XXX)OOO v

‘su(RW)-r—’l | |t *

" QOO 5 5 WX)@WW

. ON T CARE
bas VERVEVAN
tCKAL jo—tRHSC—|
[ twickr | ‘w(cxu

o f \\\\\\\\\\\\\\\\\\\\ f
IO‘a(sowl L‘—'h(RSO)—.’ ‘a(RSO)—H ‘atsO)—-I-—'I
l

SOUT1- OLD SHIFT OLD SHIFT REGISTER SANE lt\le
SOUTS REG DATA DATA NOT VALID "

NOTES: 9. The shift register to memory cycle is used to transfer data from the shift registers to the memory array. Every one of the
256 locations in each shift register is written into the 256 columns of the selected row. Note that the data that was in the
shift registers may have resulted, either from a serial shift in or from a parallel load of the shift registers from one of the

)y array rows.
10 assumed low
11 SCLK may be high or low during tw(RL)-

<
b
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TM4161EPS
65,536 BY 5-BIT MULTIPORT VIDEO RAM MODULE

memory to shift register timing
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c

©

[
1CKRL F— RHSC -1
[* twickH)
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uT1 OLD SHIFT new row \ A Vo
souT1- NOT VALID
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I

—-’ '-— ta(RSO)

NOTES: 10. SOE assumed low.
11. SCLK may be high or low during tw(RL)-
12. The memary to shift register cycle is used to load the shift registers in parailel from the memory.array. Every one of the
256 locations in each shift register are written into from the 256 columns of the selected row. Note that the data that is
loaded into the shift registers may be either shifted out or written back into another row.

{i’
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TM4161EPS
65,536 BY 5-BIT MULTIPORT VIDEO RAM MODULE

serial data shift timing
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NOTES: 13. When loading data into the shift registers from the serial input in preparation for a shift register to memory transfer operation,

the serial clock must be clocked an even number of times.

14. While shifting data through the serial shift registers, the state of TR/QE is a don’t care as long as TR/GE is held high when RAS
goes low and tg(TR) and th(TR) timings are observed. This requirement avoids the initiation of a register-to-memory or memory-
to-register data transfer operation. The serial data transfer cycle is used to shift data in and/or out of the shift registers.
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TM4161EV4
65,536 BY 4-BIT MULTIPORT VIDEO RAM MODULE

RAS-only refresh timing
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TM4161EV4
65,536 BY 4-BIT MULTIPORT VIDEC RAM MODULE

memory to shift register timing

tw(RL) »
vl ] VIH
S K e tRLCL ———d f
l \ _| ViL

tRLCH
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|
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AS1- ¥ ; |t—tw(cu—~| ' ViH
Chsa | L_—.Z[ Vi
I ] Je—st-thicLca) I

tsu(RA)-In—-l L___.Lth(m\) L_ I |
|

| ViIH
TR/GE m DON'T CARE
FAVAAVAA VAN viL
tsu(RW)-r—-.' |. o} thiRW) |
TAWAWA ViK
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1
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NOTES: 10. SOE assumed low.
11. SCLK may be high or low during ty(RL)-
12. The memory to shift register cycie is used to load the shift registers in parailel from the memory array. Every one of the
256 locations in each shift register are written into from the 256 columns of the selected row. Note that the data that is
loaded into the shift registers may be either shifted out or written back into another row.
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TM4161EV4
65,536 BY 4-BIT MULTIPORT VIDEC RAM MODULE

serial data shift timing
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NOTES: 13. When loading data into the shift registers from the serial input in preparation for a shift register to memory transfer operation,
the serial clock must be clocked an even number of times. _
14. While shifting data through the serial registers, the state of TR/QE is a don‘t care as long as TR/QE is heid high when RAS

goes low and tg,(TR) and th(TR) timings are observed. This requirement avoids the initiation of a register-to-memory or memory-
to-register data transfer operation. The serial data transfer cycle is used to shift data in and/or out of the shift registers.
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TM4161GW4, TM4161GY4
65,536 BY 4-BIT DYNAMIC RAM MODULES

operation
The TM4161G_4 operates as four TMS4161’s connected as shown in the functional block diagram. Refer
to the TMS4161 data sheet for details of its operation. .

specifications
For TMS4161 electrical specifications, refer to the TMS4161 data sheet.

single-in-line package components
PC substrate: TM4164GY4 . .. 0,79 mm (0.031 inch) minimum thickness
TM4161GW4 . . . 1,35 mm (0.053 inch) maximum thickness
Bypass capacitors: Multilayer ceramic

Leads: Tin/lead solder coated over phosphor-bronze
Contact area for socketable devices: Nickel plate and solder plate on top of copper

s
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TM4161GW4, TM4161GY4
65,536 BY 4-BIT DYNAMIC RAM MODULES

TI single-in-line package nomenclature

™ 4161 G w 4 -15 L
m MEMORY PINOUT BOARD WORD WIDTH SPEED TEMPERATURE
MODULE DEVICE CONFIGURATION DIMENSIONS OUTPUT RANGE
' W PACKAGE Max Access L 0°Cto 70°C
(88,9 x 12,7 mm} -15 150 ns
{3.5 x 0.50 inches} —~20 200 ns
Y Package

(76.2 x 11,43 mm})
{3.0 x 0.45 inches)

{ip
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INSTRUMENTS

POST OFFICE BOX 1443 & HOUSTON, TEXAS 77001

5-50






TM4164EC4
65,536 BY 4-BIT DYNAMIC RAM MODULE

upward compatibility

Future 256K x 4 memory modules in single-in-line packages will have identical pin functions and spacing,
and will be directly upward compatible. Pin 1 of the TM4256EC4 (256K X 4 SIP) module will be memory
address A8.

operation

S3INPON NYH dlweuiq H

address (AO through A7)

Sixteen address bits are required to decode 1 of 65,536 storage cell locations on each of the four chips.
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 AQ 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 inputs are disabled when the read mode is selected. When
W goes low prior to CAS, the data-outs will remain in the high-impedance state for the entire cycle
permitting common /O operation.

data in (D1-D4)

Data is w* *i.«1 during a write or read-modify-write cycle. Depending on the mode of operation, the falling
edge of ( i or W strobes data into the on-chip data latch. This latch 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 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 (Q1-Q4)

The three-state output buffers provide direct TTL compatibility (no pull-up resistor required) with a fan
out of two Series 74 TTL loads for each o i* Data out is the same polarity as data in. The outputs
are in the high-impedance (floating) state unti ¢ .%% s brought low. 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(g) is satisfied.
The outputs become valid after the access time has elapsed and remains valid while CAS is low; CAS
going high returns them to a high-impedance state. In an early write cycle, the outputs are always in the
high-impedance state. in a delayed-write or read-modify-write cycle, the outputs will follow the sequence
for the read cycle.

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 uniess CAS is applied, the RAS-only refresh sequence avoids any
output during refresh. Strobing eech of the 256 row addresses (AO 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 module. 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
module, the row address and RAS are applied to multiple modules. CAS is then decoded to select the
proper module.

5-562
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TM4164ECA

65,536 BY 4-BIT DYNAMIC RAM MODULE

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

temperature range

ALT. TMA4164EC4-20
PARAMETER TEST CONDITIONS SYMEBOL MIN _ MAX UNIT
ta(C) Access time from CAS f(ln-ndz iofg:ries 74 TTL gates fCAC 138 "
ta(R) Access time from RAS" EZESL==222:;; 74 TTL gatas tRAC 200 ns
" - — 100 pF,
tdis(CH) g:::ugg;:: e E(I)-ad =102 Sp:ries 74 TTL gates tOFF 0 50 n

S9INPOAl INVY dlweuAqg u
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TM4164EC4
65,536 BY 4-BIT DYNAMIC RAM MODULE

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

S9|NPON INVH d1weuiq u

ALT. TM4164EC4-20 UNIT
SYMBOL MIN MAX
’_tgﬂ’) Page-mode cycle time tpC 206 ns
telrd) Read cycle time' tRC 326 ns
te(W) Wirite cycle time twe 326 ns
te(rdW) Read-write/read-modify-write cycle time tRWC 345 ns
tw{CH) Pulse duration, CAS high (precharge time)¥ tcp 80 ns
tw(CL) Puise duration, CAS low? tCAS 135 10,000 ns
tw(RH) Pulse duration, RAS high {precharge time) RP 120 ns
tw(RL) Pulse duration, RAS low RAS 200 10,000 { ns
tw(W) Write pulse duration twp 55 ns
tt Transition times {rise and fall) for RAS and TAS t1 3 50 ns
tsu(CA)} Column-address setup time tASC 0 ns
tsulRA) Row-address setup time TASR 0 ns
tsu(D) Data setup time tps 0 ns
b;,_j Read-command setup time tRCS 0 ns
tsu(WCH)  Write-command setup time before TAS high WL 60 ns
tgu(WRH) _ Write-command setup time before RAS high tRWL 60 ns
| th{CLCA) Column-address hold time after CAS low 1CAH 55 ns
th{RA} Row-address hold time - tRAH 30 ns
th{RLCA) _ Column-address hold time after RAS low AR 120 ns
th{CLD) Data hold time after CAS low tDHC 60 ns
th(RLD) Data hold time after RAS low tOHR 125 ns
th(wLp) _ Data hold time after W low IDHW 60 ns
th(CHrd) _ Read-command hold time after TAS high tRCH 0 ns
th{RHrd) Read-command hold time after RAS high tRRH 5 ns
th{CLW) Write-command hold time after CAS low YWCH 60 ns
th{RLW) Write-command hold time after RAS low tWCR 145 ns
tRLCH Delay time, RAS low to TAS high 1CSH 200 ns
tCHRL Delay time, TAS high to RAS jow tCRP 0 ns
tCLRH Delay time, TAS low to RAS high tRSH 135 ns
teLwWL Detay time?, 'CA_S low to W low towd 85 s
{read-modify-write cycle only)
Delay time, RAS low to CAS low
tRLCL {maximum value spacified only tRCD 35 65 ns
to guarantee access time)
LWL Delay timl?, m low to W low RWD 130 ns
{read-modify-write cycie only)
wieL Delay time, W low to CAS wes o ns
low (early write cycle)
trf Refresh time interval tREF 4 ms

NOTE 4: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, V) max and V|4 min
must be met at the 10% and 90% points.
TAll cycles times assume t; = 5 ns.
$Page mode only.
5In a read-modify-write cycle, tcLwL and tsu(WCH) must be observed. Depending on the user’s transition times, this may require additional
TAS low time (ty,(cL)). This applies to page mode read-modify-write also.
1 -1ad-modify-write cycle, tRLwL and tgy(WRH) Must be observed. Depending on the user’s transition times, this may require additional

ow time “W(R-'i))'
i
Trxas b
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TM4164EC4
65,536 BY 4-BIT DYNAMIC RAM MODULE

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

™ 4164 .i_ i_ ‘i_ ~ 15 L
MEMORY PINOUT BOARD WORD WIDTH SPEED TEMPERATURE
DEVICE CONFIGURATIONA DIMENSIONS OUTPUT RANGE
(65,9 x 11,4 mm) Max Access L 0°C fo 70°C
{2.2 x 0.45 inches) -12 120 ns
-15 150 ns
—-20 200 ns

566 TEXAS b
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TM4164EL9, TM4164FM9
65,536 BY 9-BIT DYNAMIC RAM MODULES

NO. — REVISED NOVEMBER 1985

TM4164EL9 . . . L SINGLE-IN-LINE PACKAGE!
TM4164FM9 . . . M SINGLE-IN-LINE PACKAGE

(TOP VIEW)

Vpp (1}
CAS (2
DQ1 (3}

A0 (4

® 65,536 X 9 Organization
® Single 5-V Supply {10% Tolerance)
® 30-Pin Single-in-Line Package (SIP)
® Utilizes Nine 64K Dynamic RAMs in Plastic
Chip Carrier
® Long Refresh Period . . . 4 ms (256 Cycles)
@ All inputs, Outputs, Clocks Fully TTL
Compatible
3-State Outputs
Performance Ranges:
ACCESS  ACCESS READ
TIME TIME OR
ROW COLUMN WRITE
ADDRESS ADDRESS  CYCLE
IMAX) IMAX) (MIN)
TM4164__9-12 120 ns 75 ns 230 ns
TM4164__9-15 150 ns 90 ns 260 ns
TM4164__9-20 200 ns 135 ns 326 ns
® Common CAS Control for Eight Common
Data-In and Data-Out Lines
® Separate CAS Control for One Separate Pair
of Data-in and Data-Out Lines
® Low Power Dissipation:
OPERATING STANDBY
(TYP) ITYP)
TM4164__9-12 1800 mW 157.5 mW
TM4164__9-15 1575 mW 167.6 mW
TM4164__9-20 1215 mW 157 5 mW
® Operating Free-Air Temperature . . . 0°C to
70°C
description

The TM4164__9 series are 576K, dynamic
random-access memory modules organized as
65,536 x 9 bits [bit nine (D9, Q9) is generally
used for parity and is controlled by CAS9] in
a 30-pin single-in-line package comprising nine
TMS4164FPL, 65,536 x 1 bit dynamic RAM’s in
18-lead plastic chip carriers mounted on top of
a substrate together with nine 0.1 uF 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 capacitors due to reduced lead inductance. Also, with 0.3 inch board
spacing the TM4164__8 has a density of ten devices per square inch (approximately 4X the density of
DIPs). With the elimination of bypass capacitors on the motherboard, reduced PC board size, and fewer

DQ6 (20}
W (21}
Vgg (22)
DQ7 (23)
NC (24)
DQ8 (25)
Q9 (26)
RAS (27)
CAS9 (28)
D9 (29)
Vpp {30)

TTM4164EL9 package is shown.

$Pin 17 of the 256K x 9 SIP will be memory address AB8.

PIN NOMENCLATURE
AQ-A7 Address Inputs
CAS, CAS9 Column-Address Strobes
DQ1-bas Data In/Data Out
D9 Data In
NC No Connection
Q9 Data Out
RAS Row-Address Strobe
Vvpb 5-V Supply
Vss Ground
w Write Enable

plated-through holes, a cost savings can be realized.
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TM4164ELS, TM4164FM9
65,536 BY 9-BIT DYNAMIC RAM MODULES

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

™ 4164 E/FT L 9 =15 L

T
MODULE

MEMORY
DEVICE

PINOUT
CONFIGURATION

BOARD
DIMENSIONS

WORD WIDTH
OUTPUT

TEMPERATURE
RANGE

L Package Max Access L 0°C fo 70°C
{76.2 x 16,5 mm) -12120 ns
. -15 150 ns
3.0x0.
{ x 0.65 inches) 20 200 ns

M Package
{88.9 x 15,24 mm)
{3.5 x 0.6 inches)

1t The E pinout configuration designator is used when specifying the L package; the F pinout configuration version designator is used when

specifying the M package.
'Ji
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TM4164EQ5
65,5636 BY 5-BIT DYNAMIC RAM MODULE

upward compatibility

Future 256K x 5 memory modules in single-in-line packages will have identical pin functions and spacing,
and will be directly upward compatible. Pin 1 of the TM4256EQ5 (256K x 5 SIP) module will be memory
address AB8.

operation

S3[NPOJAl INYYH OiweuAq H

address {AO through A7)

Sixteen address bits are required to decode 1 of 65,536 storage cell locations on each of the five chips.
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 inputs are disabled when the read mode is selected. When
W goes low prior to CAS, the data-outs will remain in the high-impedance state for the entire cycle
permitting common /O operation.

data in (D1-D5)

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 latch. This latch can be driven from standard
TTL circuits without a pull-up resistor. In an early-write cycle, Wis brought 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 signal.

data out (Q1-Q5)

The three-state output buffers provide 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. The outputs
are in the high-impedance (floating) state until CAS is brought low. In a read cycle the outputs go active after
the access time interval tg(C) that begins with the negative transition of CAS as long asM) is satisfied.
The outputs become valid after the access time has elapsed and remains valid while CAS is low; CAS
going high returns them to a high-impedance state. In the early write cycle, the outputs are always in
the high-impedance state. In a delayed-write or read-modify-write cycle, the outputs will follow the sequence
for the read cycle.

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 sequence avoids any
output during refresh. Strobing each of the 256 row addresses (AO 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 module. 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
module, the row address and RAS are applied to multipie modules. CAS is then decoded to select the
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TM4164EQ5
65,536 BY 5-BIT DYNAMIC RAM MODULE

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

Voltage range on any pin except Vpp and data out {see Note 1) ............. -15Vto 10V
Voltage range on Vpp supply and data out with respectto V§g . ............... -1Vtob6V
Short circuit output current for any output ... ........... P 50 mA
Power dissipation . ............ ... . . i, e e e e, AW
Operating free-air teMperature range .. ... ... ... ..eevuunurn e enirnnanans 0°C to 70°C
Storage temperature range . . ... ........ .o, ~65°C to 150°C

t Stresses 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 voltage values in this data sheet are with respect to Vgs.

recommended operating conditions

MIN NOM MAX | UNIT
Vpp Supply voltage 4.5 5 5.5 A\
Vgs  Supply voitage o] v
Vpp = 4.5V 2.4 4.8
VIH High-level input voltage \'
Vpp = 65V 2.4 6
Vit Low-level input voltage {see Notes 2 and 3) ' -0.6 0.8 \Y
TA Operating free-air temperature ] 70 °C

NOTES: 2. The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for iogic

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

3. Due to input protection circuitry, the applied voitage may begin to clamp at - 0.6 V. Test conditions should comprehend this

voltage levels only.

occurrence. See application report entitied "TMS4164A and TMS4416 Input Protection Diode'’ on page 8-5.

Dynamic RAM Modulies H

PARAMETER TEST TM4164EQ5-12 TM4164EQ5-15 UNIT
CONDITIONS MIN TYPt MAX | MIN TYPT mAX
VOH High-level output voltage IgH = -5 mA 2.4 2.4 \Y
VoL Low-leve! output voltage loL = 4.2mA 0.4 0.4 \
Iy Input current {leakage) Xlll ;t:e'vp::ssf :'VVDD =5V +10 +10 A
Vo =04Vt 55V,
lo Output current {leakage) Vnn =5V, +10 +10 rA
't aigh
15D1 Avt-erage operating current te = minimum cycle, 160 192 140 180 mA
during read or write cycle All outputs open
After 1 memory cycle,
Ipp2  Standby current RAS and TAS high, 14 20 14 20 | mA
All outputs open
te = minimum cycle,
Ipp3  Average refresh current CAS high and RAS cycling, 112 160 100 148 [ mA
All outputs open
te(P) = minimum cycle,
pD4 Average page-mode current| RAS low and CAS cycling, 112 160 100 148 mA
All outputs open

tAll typical values are at Ta = 25°C and nominal supply voltages.

{i,
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TM4164EQ5
65,536 BY 5-BIT DYNAMIC RAM MODULE

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

ALT. TM4164EQ5-12 | TM4164EQ5K-15R UNIT
SYMBOL MIN MAX MIN [
te(P) Page-mode cycle time tpC 130 160 ns
te(rd) Read cycle timel 1RC 230 260 ns
te(W) Write cycle time twC 230 260 ns
te{rdw) Read-write/read-modify-write cycle time tRWC 260 285 ns
tw(CH) __ Pulse duration, CAS high (precharge time)* cp 50 50 ns
tw(CL) Pulse duration, CAS low$ tCAS 75 10,000 90 10,000 | ns
tw{RH)_ Pulse duration, RAS high (precharge time) tRp 80 100 ns
tw(RL) Pulse duration, RAS low 1 tRAS 120 10,000 160 10,000 | ns
twiw) Write pulse duration twp 40 45 ns
ty Transition times (rise and fall) for RAS and CAS tT 5 50 5 50 ns
tsulCA) Column-address setup time tASC 0 0 ns
tsu{RA) Row-address setup time tASR 0 0 ns
tsu(D) Data setup time DS 0 ¢} ns
tsu(rd) Read-command setup time tRCS (o} o] ns
tsu(WCH) Write-command setup time before CAS high tCWL 50 50 ns
tsu{WRH) Write-command setup time before RAS high tRWL 50 50 ns
th(CLCA)  Column-address hold time after CAS low tCAH 40 45 ns
th{RA) Row-address hold time tRAH 20 26 ns
th(RLCA) _ Column-address hold time after RAS low tAR 90 100 ns
th{CLD) Data hold time after CAS low tDHC 45 50 ns
th{RLD} Data hold time after RAS low tDHR 90 100 ns
thywlLD)  Data hold time after W low IDHW 40 45 ns
th(CHrd)  Read-command hold time after CAS high 1RCH 0 0 ns
- thiRHrd) __ Read-command hold time after RAS high 1RRH 5 ns

thiCLw)  Write-command hold time after CAS low tWCH 45 50 ns
th(RLW)  Write-comr 1old time after RAS low tWCR 90 100 ns
1RLCH Delay time, ° low to CAS high tCSH 120 150 ns
tCHRL Delay time, CAS high to RAS low tCRP 0 0 ns
ICLRH Delay time, TAS low to RAS high tRSH 60 100 ns

Delay time, CAS low to W low
teLwi (ready-m::leify-write cycle ’onls) CwD 50 60 ne

Delay time, RAS low to CAS low
tRLCL {maximum value specified only tRCD 20 45 25 60 ns

to guarantee access time)

lay time, RAS low to W low

LWL I(:::alr:::;fyﬁt:e cy:e onl?{) fRWD 1o 120 ne
wiLeL Delay time, W low to CAS wes o o ns

low (early write cycle)
trf Refresh time interval tREF 4 4 ms

NOTE 4: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, V|| max and Vi min

must be met at the 10% and 90% points.
TAll cycles times assume ty = 5ns.
*pPage mode only.

81n a read-modify-write cycle, toLwi and tsu(WCH) Must be observed. Depending on the user’s transition times, this may require additional
CAS low time (tw(CL))- This applies to page mode read-modify-write also.
11n a read-modify-write cycle, tRLWL and tgy(WRH) Mmust be observed. Depending on the user’s transition times, this may require additional

RAS low time {ty(RL))-
—
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TM4164EQ5
65,636 BY 5-BIT DYNAMIC RAM MODULE

RAS-only refresh timing
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Dynamic RAM Modules n

Tl single-in-line package nomenclature

™ 4164 E Q 5 -15 L
m MEMORY PINQUT BOARD WORD WIDTH SPEED TEMPERATURE
MODULE DEVICE \CONFIGURATIONA DIMENSIONS OUTPUT RANGE
{68.6 x 11,4 mm]} Max Access L 0°C to 70°C
{2 7 x 0 45 inches) -12 120 ns
-15 150 ns
~20 200 ns
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TM4164FL8, TM4164FM8
65,536 BY 8-BIT DYNAMIC RAM MODULES

- . NCLon

985

TM4164FLB .

TM4164FM8 . .

Voo
CAS
DQ1
A0
A1
DQ2
A2
A3
Vss
DQ3
A4

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)
(13)
(14)

. . L SINGLF IN-LINE PACKAGET
. M SINGLE-IN-LINE PATEAGE

{TOP VIEW)

® 65,536 X 8 Organization
® Single 5-V Supply (10% Tolerance)
@ 30-Pin Single-in-Line Package (SIP)
® Utilizes Eight 64K Dynamic RAMs in Plastic
Chip Carrier
® Long Refresh Period . . . 4 ms (256 Cycles)
All inputs, Outputs, Clocks Fully TTL
Compatible
3-State Outputs
® Performance Ranges:
ACCESS ACCESS READ
TIME TIME OR
ROW COLUMN WRITE
ADDRESS ADDRESS CYCLE
{(MAX) {MAX) {MIN)
TM4164__8-12 120 ns 75 ns 230 ns
TM4164__8-15 150 ns 90 ns 260 ns
T™M4164__8-20 200 ns 135 ns 326 ns
® Common CAS Control for Eight Common
Data-In and Data-Out Lines
® Low Power Dissipation:
’ OPERATING STANDBY
(TYP) ITYP)
TM4164__8-12 1600 mwW 140 mW
TM4164__8-15 1400 mW 140 mwW
TM4164__8-20 1080 mwW 140 mW
® Operating Free-Air Temperature . . . 0°C to
70°C
description

The TM4164__8 series are 512K, dynamic
random-access memory modules organized as
65,636 x 8-bits in a 30-pin single-in-line
package comprising eight TMS4164FPL, 65,536
X 1-bit dynamic RAM’s in 18-lead plastic chip
carriers mounted on top of a substrate together
with eight 0.1 uF 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 capacitors due to reduced
lead inductance. Also, with 0.3 inch board

A7 (15)

TTM4164FL8 package is shown.
*Pin 17 of the 256K x 8 SIP is memory address A8.

PIN NOMENCLATURE
AOC-A7 Address Inputs
CAS Column-Address Strobe
DQ1-DQA8 Data In/Data Out
NC No Connection
RAS Row-Address Strobe
Vpp 5-V Supply
Vssg Ground
W Write Enabla

Dynamic RAM Modules H

spacing the TM4164..8 has a density of 8.5 devices per square inch (approximately 3.5X the density of
of DIPs}). With the elimination of bypass capacitors on the motherboard, reduced PC board size, and fewer
plated-through holes, a cost savings can be realized.

PRODUCTION DATA decuments cantain infarmatian
currant as af publicatien date. Praducts cenform to

spacifications per the terms ef Texas Instruments
standard warranty. Preductien precessing dees nat
nacessarily include tasting af all parametars.
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TM4164FL8, TM4164FM8
65,536 BY 8-BIT DYNAMIC RAM MODULES

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

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 nat implied. Exposure to ebsolute-maximum-rated conditions for extended periods may affect

Voltage range on any pin except Vpp and data out (see Note 1) ............. -1.5Vto 10V
Voltage range on VpD supply and data out with respecttoVgs . ............... -1Vtob6V
Short circuit output current for any output . .. ... . ... .. e e 50 mA
POWer diSSIDAtION . . . o it e e e e 8 W
Operating free-air temperature range . . ...... ... ...t 0°C to 70°C
Storage temperature range .. ... ... ... .icu it inn i —-65°C to 150°C

device reliability.

NOTE 1: All voltage values in this data sheet are with respect to Vgs.

recommended operating conditions

MIN _NOM MAX | UNIT |
Vpp  Supply voltage 4.5 5 5.5 v
Vss  Supply voltage 0 v
: . Vpp = 45V . 2.4 4.8
Vi  High-level input voltage v
Vpp = 5.5V 2.4 6
ViL Low-level input voltage (see Notes 2 and 3) -0.6 0.8 A
TA Operating free-air temperature o] 70 °Cc

NOTES: 2. The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic

voltage levels only.

3. Due to input pratection circuitry, the applied voltage may begin to clamp at — 0.6 V. Test conditions should comprehend this
occurrence. See application report entitled “TMS4164A and TMS4416 Input Protection Diode’’ on page 9-5.

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

TM4164__8-12 TM4164__8-15
PARAMETER TEST CONDITIONS UNIT
MIN_TYPT MAX | MIN _TYP! MAX
VOH High-leve! autput voltage | lgy = -5 mA 2.4 2.4 v
VoL Low-level output voltage | lgL = 4.2 mA 0.4 0.4 \
V|= 0Vt 5.8V, Vpp=5V,
] Input current (leakage) +10 +10 uA
All other pins = OV
Vp =04Vt 55V,
1o Output current (leakage) Vpp = 5V, +10 +10 A

TAS high

Average operating current | tg = minimum cycle,

lop1? . ) 320 384 280 360 | mA
during read or write cycle | All outputs open

After 1 memory cycle,
Ipp2? Standby current RAS and CAS high, 28 40 | 28 40 mA
All outputs open

tc = minimum cycls,
Ippat Average refresh current CAS high and RAS cycling, 224 320 200 296 mA
Al outputs open

tc(P) = minimum cycle,
+ Average page-mode e — |
lppa RAS iow and CAS cycling, 224 320 200 296 mA
: current

Al outputs open

- .

All typical values are at Tp = 25°C and nominal supply voltages.
IpD1-'DD4 are measured with M1-M8 in the same mode (i.e., operating, standby, refresh or page mode).

{ip
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TM4164FL8, TM4164FM8
65,536 BY 8-BIT DYNAMIC RAM MODULES

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

M 4164 F L 8 =1

o

L

T ¥ ¥ T ¥

TI EMORY PINOUT BOARD WORD WIDTH SPEED TEMPERATURE
MODULE DEVICE CONFIGURATIONA DIMENSIONS OUTPUT RANGE

L Package Max Access L 0°C to 70°C
(76,2 x 16,5 mm) -12 120 ns
{3.1 x 0.65 inches) ~-156 1560 ns

M Package —20 200 ns

(88.9 x 15,24 mm)
{3.6 x 0.60 inchas}
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TM4256EC4, TM4257ECA
262,144 BY 4-BIT DYNAMIC RAM MODULES

operation

sa|Npop VY dlweuiq H

address (AO through A8)

Eighteen address bits are required to decode 1 of 262, 144 storage celi locations on each of the four chips.
Nine row-address bits are set up on pins AO through A8 and latched onto the chip by the row-address
strobe (RAS). Then the nine column-address bits are set up on pins AO through A8 and latched onto_the
chip_by the column-address strobe. 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 inputs are disabled when the read mode is selected. When
W goes low prior to CAS, the data outs will remain in the high-impedance state for the entire cycle
permitting common /O operation.

data in (D1-D4}

Data is written during a write cycle. 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 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 (Q1-Q4)

The three-state output buffers provide 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. The outputs
are in the high-impedance (floating) state until CAS is brought low. 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 asM) 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.

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 sequence avoids any
output during refresh. Strobing each of the 256 row addresses (AO 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.

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 p.v.~ - ter tRLCHR). For successive CAS-before-RAS refresh cycles,
CAS can remain low while cycling -**. The external address is ignored and the refresh address is
generated internally.

hidden refresh

Hidden refresh may be performed while maintaining valid data at the output pin. This is accomplished by
hol.: . I_CAS at VL after a read operation and cycling RAS after a specified precharge period, similar to
a ' i3-only’’ refresh cycle. The external address is also ignored during the hidden refresh cycles.

page mode (TM4256EC4)

Page-mode operation allows effectively faster memory access by keeping the same row address and strobing
successive column addresses onto the module. Thus, the time required to setup and strobe sequential
row addresses for the same page is eliminated.

5-114
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TM4256EC4, TM4257EC4
262,144 BY 4-BIT DYNAMIC RAM MODULES

read-write/read-modify-write cycle timing

Dynamic RAM Modules H
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TM4257EC4
262,144 BY 4-BIT DYNAMIC RAM MODULE

nibble-mode read-modify-write-cycle timing
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TMA256EL9, TM4256GU9, TM4257EL9, TMA257GU9
.262,144 BY 9-BIT DYNAMIC RAM MODULES

nibble mode {TM4257 __9)

Nibble-mode operation allows high-speed serial read, write, or read-modify-write access of 1 to 4 bits of
data. The first bit is accessed in the normal manner with read data coming out at ta(C) time. The next
sequential nibble bits can be read or written by cycling CTAS while RAS remains low. The first bit is
determined by the row and column addresses, which need to be supplied only for the first access. Column
A8 and row A8 (CA8, RA8) provide the two binary bits for initial selection of the nibble addresses.
Thereafter, the falling edge of CAS will access the next bit of the circular 4-bit nibble in the following
sequence:

I——P(O,O) »(0,1) »(1,0) (1,1} 1

In nibble-mode, all normal memory operations (read, write, or ready-modify-write} may be performed in
any desired combination. ’

power up

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

single-in-line package and components

PC substrate: 0,79 mm (0.031 inch) minimum thickness

Bypass capacitors: Multilayer ceramic

Leads: Tin/lead solder coated over phosphor-bronze

Contact area for socketable devices: Nickel plate and solder plate on top of copper

5-140
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TMA4256EL9, TMA4256GU9, TM4257ELS, TM4257GU9
262,144 BY 9-BIT DYNAMIC RAM MODULES

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

Voltage range for any pin except Vpp and data out (see Note 1) ............. -1.5Vto 10V
Voltage range on Vpp supply and data out with respectto V§S .. .............. -1Vto7V
Short circuit output current for any outpuUt . . .. .. ... 50 mA
Power dissipation . ... ... . .. .. 9w
Operating free-air temperature range . ... ... ... ... ...t enneenneno. 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 operatton 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 voltage values in this data sheet are with respect to Vgs.

recommended operating conditions

MIN  NOM MAX UNIT
Vop Supply voltage 4.5 5 5.5 \
Vsg Supply voltage ] \
ViH High-level input voltage 2.4 6.5 \
ViL Low-level input voltage (see Note 2} -1 0.8 \
TA Operating free-air temperature - o] 70 °C

NOTE 2: The algebraic convention, 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)

S9INPOIN INVYH 2lweuAq !

TEST TM425___9-12 TM425___9-15
PARAMETER UNIT
CONDITIONS MIN TYPT MAX [ MIN TYPT mAX
VOH High-tevel output voltage IgH = —-BmA 2.4 Vop 2.4 Vpp \%
VoL Low-ievel output voltage ol = 4.2 mA 0 0.4 0 0.4 \4
Vi=0Vto65V, Vpp =5V,
t (leak +10 +10 A
i Input current (isakage) All other pins = 0 V w
Vg =04V1055V,
| (o] t (leak: +10 +10 A
0 utput current (leakage) Vpp = 5 V. TAS high [
- - ™
1op1 Av?rage operatmg current te = minimum cycle 585 702 495 612 mA
during read or write cycle All outputs open
After 1 memory cycle,
Ipp2*  Standby current RAS and CAS high, 23 41 23 41| mA
All outputs open
tc = minimum cycle,
1ppa¥  Average refresh current CAS high and RAS cycling, 405 540 360 477 | mA
All outputs open
te(p) = minimum cycie,
Ippa¥  Average page-mode current | RAS low and TAS cycling, 315 432 270 387 mA
All outputs open
. to(N) = minimum cycle,
A bbie-
ippst  * verage nibble-mode BAS low and TAS cycling, 288 396 243 351 | ma
current
All outputs open

t Al typical vaiues are at Ta = 25°C and nominal supply voltages.
t'DD1"DDS are measured with M1-M9 in the same mode li.e., operating, standby, refresh, page mode, nibbie mode}.
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TMA4256EL9, TM4256GU9, TMA257EL9, TM4257GU9
262,144 BY 9-BIT DYNAMIC RAM MODULES

RAS-only refresh timing
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TM4256EQ5, TM4257EQ5
262,144 BY 5-BIT DYNAMIC RAM MODULES

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

Voltage range for any pin except Vpp and data out (see Note 1)

Voltage range on Vpp supply and data out with respect to Vss .

Short circuit output current for any output

Power dissipation

Storage temperature range

Operating free-air temperature range

0°C to 70°C
-65°C to 150°C

tStresses beyond those listed under ‘“Absolute Maximum Ratings” may cause permanent damage to the device. This is & stress rating
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘’‘Recommended Dperating
Conditions’’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect

devi
NDTE

ce reliability.

1. All voltage values in this data sheet are with respect to Vgsg.

recommended operating conditions

MIN NOM MAX | UNIT
Vpp Supply voltage 4.5 5 5.5 \'4
Vss Supply voltage o \
ViH High-leve! input voltage 2.4 6.5 v
ViL Low-level input voltage (see Note 2) -1 0.8 Vv
Ta Dperating free-air temperature [*] 70 °C

NOTE 2: The algebraic convantion, where the more negative {less positive)} limit is designated as minimum, is used in this data sheet

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

for logic voltage levels only.

Dynamic RAM Modules H

EST TM4. Q5-1 T R
PARAMETER T M425_E 2 M425_EQ5-15 UNIT
CONDITIONS MIN TYPT MAX | MIN TYP! mMAX
VoH High-level output voltage loH = -5 mA 2.4 Vpp 2.4 Vop v
VoL Low-level output voltage loL = 4.2 mA 0 0.4 0 0.4 \Y
=0Vt65V, Vpp =6V,
i Input t (leakage| 10
| nput current {leakage} All other pins = 0 V +10 pA
Vp =04Vt 55V,
| Dutput current (leakage) +10 +1
o put current (leakage Vpp = 5V, TAS high Ol #A
Average rating current te = minimum cycle,
10D °12ge operating curr c v 326 390 275 340 | ma
during read or write cycle All outputs open
After 1 memory cycle,
ipp2  Standby current RAS and TAS high, 13 23 13 23| mA
All outputs open
tg = minimum cycle,
IDD3  Average refresh current TAS high and RAS cycling, 225 300 200 265 mA
All outputs open
te(pP) = minimum cycle,
Ipp4  Average page-mode current | RAS low and CTAS cycling, 175 240 150 215 mA
All outputs open
. te(N) = minimum cycle,
Average nibble-mode
loos cu”en‘i AS low and TAS cycling, 160 220 135 160 | mA
All outputs open
tAll typical values are at TA = 25°C and nominal supply voltages.
TeEXAS ‘U 5-161
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TM4256EQ5, TM4257EQ5

262,144 BY 5-BIT DYNAMIC RAM MODULES

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

PARAMETER TEST TM425_EQS5-20 UNIT
CONDITIONS MIN TYPT maAX

VoH High-level output voltage loH = -5 mA 2.4 VDD \

VoL Low-levei output voltage IoL = 42 mA 0 0.4 \
V)j=0V1t06.5V, Vpp =6V,

[} Input current (leakage) Al other pins = 0 V +10 pA

o Output current (leakage) Vo = 04V1to S5V, £10 | A
Vpp = 5 V, CAS high

| Averege operating current tc = minimum cycle, 225 290 mA

DD1 during read or write cycie All outputs open
After 1 memory cycle,

ipp2  Standby current RAS and CAS high, 13 23 mA
All outputs open
tc = minimum cycle,

IpD3 Average refresh current TAS high and RAS cyciing, 178 240 mA
All outputs open
te(p) = minimum cycle,

IbDa Average page-mode current RAS low and CAS cyciing, 126 175 mA
All outputs open

. », = minimum cycle,

DDS cAuv::\gte nibble-mode "%" ow and TAS cycling, 110 160 mA

All outputs open

tan typical values are at To = 25°C and nominal supply voitages.

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

so|npoy INVH dlweuiq !

f=1MHz
PARAMETER MIN  MAX UNIT

Ciia) Input capacitance, address inputs 35 pF
C;(D) Input capacitance, data inputs 35 pF
Ci(RAS) Input capacitance, RAS input 40 pF
Citw) input capacitance, W input 40 pF
Ci(cas) Input capacitance, TAS input 40 pF
CO(Q) Output capacitance, data outputs 10 pF
Co(VDD) Decoupling capacitance 0.6 nF

Mg
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TM4256EQ5, TM4257EQ5
262,144 BY 5-BIT DYNAMIC RAM MODULES

write cycle timing
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TMA4257EQ5
262,144 BY 5-BIT DYNAMIC RAM MODULE

nibble-mode read-modify-write-cycle timing
‘w(RH)—".‘

o ViH
RAS ‘l-\-l f\__ viL

2
\ L_ te{rdWN) —" |

|

I

tw(CHN)
twicL) ¥ I w(cawm I Vin
/'l'_\ /.

t |
CAS
—’I tsu(RA) |
| | |

‘— ‘h(HLCA) . |
h(CLCA)

‘h(m\l‘[“’| —-J |-tsu(cm |

ViH

ViL

VIH

viL

| ! |
t | .
L——-ia(m—_—.l—-or_ = — le-t5cn) —’LI}" tdis{CH)

Q1-as VALID VALID VALMALID }—
N

I ] 1 VoL

Dynamic RAM Modules H

xas W

INSTRUMENTS

POST OFFICE BOX 1443 & HOUSTON, TEXAS 77001

5-177



TM4256EQ5, TM4257EQS
262,144 BY 4-BIT DYNAMIC RAM MODULES

RAS-only refresh cycle timing
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TM4256FC1, TMA257FC1
1,048,576 BY 1-BIT DYNAMIC RAM MODULES

operation

sa|npoy WYY dtweuAg !

address (AO through A8)

Eighteen address bits are required to decode 1 of 262, 144 storage cell locations on each of the four chips.
Nine row-. %:ress bits are set up on pins AO through A8 and latched onto the chip by the row-address
strobes (R=* 1-RAS4). Then the nine column-address bits are set up on pins AO through A8 and latched
onto the chip by the column-address strobe. 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 1.1 up resistor. The data inputs are disabled when the read mode is selected. When
W goes low prior to LAo, the data outs will remain in the high-impedance state for the entire cycle
permitting common 1/O operation.

data in (D)

Data is written during a write cycle. 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 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 (Q)

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) is_-. i sfied.
The output becomes valid after the access time has elapsed and remains valid while CAS is low: ( -+t joing
high returns it to a high-impedance state. In the early write cycle, the output is always in the high-impedance
state.

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 sequence 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.
All four devices may be refreshed together by enabling RAS 1-RAS4 simultaneously.

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 tRLCHR)- 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 internally.

hidden refresh

Hidden refresh may be performed while maintaining valid data at the output pin. This is accomplished by
holding CAS at Vj|_ after a read operation and cycling RAS after a specified precharge period, similar to
a ""RAS-only’’ refresh cycle. The external address is also ignored during the hidden refresh cycles.
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TMA4256FC1, TM4257FC1
1,048,576 BY 1-BIT DYNAMIC RAM MODULES

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

sa|npoiNl INYYH dtweuAd !

ALT. TM425_FC1-12 | TM425_FC1-15
PARAMETE| TEST CONDIT] S ~ = UNIT
R 1oN SYMBOL MIN MAX MIN MAX
CL = 100 pF, <
t A ti fi CAS 1 60 75
alC) ceess time from Load = 2 Series 74 TTL gates CAC ns
. tRLCL = MAX,
t Access t f RAS t 120 150
2R} ass time from Load = 2 Series 74 TTL gates | A€ ns
tdis(CH Output disable time CL = 100 pF, o 10 10
t
SICH) tror TAS high Load = 2 Series 74 TTL gates OFF 0 ns
ALT. TM425_FC1-2
PARAMETER TEST CONDITIONS SYMZOL MINS_ MA)‘: UNIT
C| = 100 pF,
ta(C) Access time from CAS Lcl_ad _ 2 P . s 74 TTL gates tCAC 100 ns
. TRLCL = W
t A t RAS t 200
alR)  Access time from Load = 2 Series 74 TTL gates RAC ns
tdis(CH Qutput disable time CL = 100 pF, as
i 1 ]
is(CHI after CAS high Load = 2 Series 74 TTL gates OFF ne
i
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TM4256FC1, TM4257FC1
1,048,576 BY 1-BIT DYNAMIC RAM MODULES

PARAMETER MEASUREMENT INFORMATION

1.31V

RL = 220 Q
OUTPUT
UNDER
TEST

Cp = 100 pF

FIGURE 1. LOAD CIRCUIT

read cycle timing
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TM4256FC1, TM4257FC1
1,048,576 BY 1-BIT DYNAMIC RAM MODULES

write cycle timing

——

to(W) —
|
|

b twiRL) 4—‘] i

—45 I i?{r——.k
RAS1-RAS4
I"F— I

— S T——— e LU

l be—trLcL —= _ he—tchpL —»]
[ ! _tpicH —of | N
o ¥ 'i&'?_"""c”—jj‘
AS 'l\
1 £il |
‘SU(RA)H | — 1%~ tsu(ca) | [T‘_—‘WlCH)_"—’I
[ jo—— thipLca —= —of b1t

ti-(RA)-r-d | :4—-}- th(CLCA) | | |

A0-A8

| I b tsuwen—e| 1

I th({RLwi)‘_—tSU(WRH)_T‘
l‘Tth(CLW)—ﬂ )
o Ry,

I ! [‘—‘W(W)_";
l | *— thwLD) |
|

Tl T CAHL 1,

1
“T' 1o tsu(p)
1
fo-—ton' —=f “‘4" tdis(CH)

Q HI-Z NDT VALID

1The enable time (tgn} for a write cycle is equal in duration to the access time from TAS (ta(c)) in a read cycle; but the
the output are invalid.

ViH

ViH

ViL

ViH

ViL

ViH

viL

Dynamic RAM Modules I

VbH
VoL

active levels at

Trxas J@
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001

5-195






























ADVANCE TM4256FL8, TM4256GU8, TM4257FL8, TM4257GU8

INFORMATION 262,144 BY 8-BIT DYNAMIC RAM MODULES
OCTOBER 1985 — REVISED NOVEMBER 1985
® 262,144 X 8 Organization TM425_FL8 . . . L SINGLE-IN-LINE PACKAGE
. (TOP VIEW)
Single 5-V Supply (10% Tolerance)
30-Pin Single-in-Line Package (SIP) \ (1
—Pinned Module for Through-Hole Insertion [ (2)
({TM425_FL8) DQ1  (3) )
—Leadless Module for Use with Sockets A0 (4)
(TM425_GUS8) A1 (5)
- . . . DQ2 (6)
® Utilizes Eight 256K Dynamic RAMs in |
Plastic Chip Carrier Az (7
A3 (8)
® Long Refresh Period . . . 4 ms (256 Cycles) Vss (9)
N
All Inputs, Outputs, Clocks Fully TTL Dgi :1?;
ibl
Compatible A5 (12)
3-State Outputs DQ4 (13) L
. AB (14)
Performance Ranges: A7 (15)
ACCESS ACCESS READ DQ5 (16) K___
TIME TIME OR A8 (17)
ROW COLUMN WRITE NC (18)
ADDRESS ADDRESS CYCLE
(MAX) MAX) (MIN) NC (19)
TM425___8-12 120 ns 60 ns 230 ns DQ6 (20) K__
TM425___8-15 150 ns 75 ns 260 ns W (21
TM425___8-20 200 ns 100 ns 330 ns Vg (22)
® Common CAS Control for Eight Common DQ7 (23) | ‘
Data-In and Data-Out Lines NC (24)
DQ8 (25)
Low Power Dissipation NC (26)
. . RAG
Operating Free-Air Temperature . . . 0°C to RAS (27) N
70°C NC (28)
NC (29)
® Downward Compatible with 64K X 8 SIP Vpp (30)
(TM4164FL8, TM4164FM8)
description
The TM425___8 series are 2048K, dynamic
random-access memory modules organized as
262,144x 8 bits in a 30-pin single-in-line PIN NOMENCLATURE
package comprising eight TMS425_FML, TM425_FL8
262,144 x 1 bit dynamic RAM's in 18-lead AO-A8 Address Inputs
plastic chip carriers mounted on top of a TAS Column-Address Strobe
substrate together with decoupling capacitors pai-pas Data In/Data Out
mounted beneath the chip carriers. The onboard NC No Connection
capacitors eliminate the need for bypassing on RAS Row-Address Strobe
the moth.erboard and offer superior performance Vop 5.V Supply
over equivalent leaded capacitors due to reduced Vss Ground
lead inductance. Also, with 0.3 inch board W Write Enable
spacing the TM425___8 has a density of ten
devices per square inch {approximately 4X the
density of DIPs). With the elimination of bypass
capacitors on the motherboard, reduced PC
INFORMATININ  documants centain N Copyright © 1985, Texas Instruments incorporated
Pl g & Texas W
1
4 specifications are subject to change 5-205
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TM4256FL8, TM4256GU8, TMA4257FL8, TM4257GU8
262,144 BY 8-BIT DYNAMIC RAM MODULES

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 inputs are disabled when the read mode is selected. The
common 1/O feature of the TM42™ __8 dictates the use of early write cycles to prevent contention on
DQ. When W goes low prior to LAx, the data outs 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 buffers provide 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. The outputs
are in the high-impedance (floating) state until CAS is brought low. In a read + .+ 12 the outputs go active after
the access time interval ta(C) that begins with the negative transition of (~ aslong as ta(R) is satisfied.
The outputs become valid after the access time has elapsed and remains val|d 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 common 1/O feature of the TM425 8.

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 sequence avoids any
output during refresh. Strobing each of the 256 row addresses (AO 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.
CAS-before-RAS refresh

The C_AS—before—@resh is utilized by bringing CAS low earlier than RAS (see parameter tc| gL) and
holding it low after RAS falls (see parameter tRL.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 internally.

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 ""RAS-only’’ refresh cycle. The external address is also ignored during the hidden refresh cycles.

page-mode (TM4256__8)

Page-mode operation allows effectively faster memory access by keeping the same row address and strobing
successive column addresses onto the module. Thus, the time required to setup and strobe sequential
row addresses for the same page is eliminated.

{i’
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TM4256FL8, TMA256GUS, TMA257FL8, TM4257GUB
262,144 BY 8-BIT DYNAMIC RAM MODULES

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

Voltage range for any pin except Vpp and data out (see Note 1)
Voltage range on Vpp supply and data out with respect to Vgs
Short circuit output current for any output
Power dissipation
Operating free-air temperature range
Storage temperature range

................ 8 W
0°C to 70°C
-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 voltage vatues in this data sheet are with respect to Vgs.

recommended operating conditions

MIN NOM MAX UNIT
VoD Supply voltage 4.5 5 5.5 \
Vsg Supply voltage o] \'
ViH High-level input voltage 2.4 6.5 \
ViL Low-level input voltage (see Note 2} -1 0.8 \
TA Operating free-air tamperature o 70 °C

NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet
for logic voltage leveis only.

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

sa|npoN INVY O!LUEUAG H

TEST TM425___8-12 T™M42 8-15
PARAMETER — 5 UNIT
CONDITIONS MIN TYPT MAX [ MIN TYPT mMmaAX
VoH High-level output voitage loH = -5 mA 2.4 Vpb 2.4 Vpb \
VoL Low-level output voitage oL = 4.2 mA 0 0.4 0 0.4 \
Vi=0Vto85V, Vpp =5V,
| Input t (leak +10 +10 A
| nput current (leakage) All other pins = 0 V #
Vo =04Vtob55V,
1 Output t (leak +10 +10
0 utput current (leakage) Vpp = 5 V, TAS high #A
|DD1¢ Avc?rage operatinq current tg = minimum cycle, 520 624 440 544 mA
during read or write cycle All outputs open
After 1 memory cycle,
'DDZt Standby current RAS and TAS high, 20 36 20 36 mA
All outputs open
te = minimum cycle,
Ipp3*  Average refresh current TAS high and RAS cycling, 360 480 320 424 | mA
Ali outputs open
te{P) = minimum cycle,
|DD4¢ Average page-mode current | RAS low and TAS cycling, 280 384 240 344 mA
Ali outputs open
. to(N) = minimum cycle,
A bble-mod
Ipps* oo MRRemas RAS low and TAS cycling, 256 352 216 312 | ma
curren
All outputs open

tan typical values are at To = 25°C and nominal supply voltages.
*Ipp1-pp5 are measured with M1-M8 in the same mode fi.e., operating, standby, refresh, page mode, nibble mode).
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TM4256FL8, TM4256GU8, TM4257FL8, TM4257GUS
262,144 BY 8-BIT DYNAMIC RAM MODULES

RAS-only refresh timing
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ADVANCE
INFORMATION

TM4256GP8, TM4256GV8

262,144 BY 8-BIT DYNAMIC RAM MODULES

OCTOBER 1885 — REVISED NOVEMBER 1985

262,144 X 8 Organization
Single 5-V Supply (10% Tolerance)

30-Pin Single-in-Line Package (SIP)

—Pinned Module for Through-Hole
Insertion (TM4256GV8)

—Leadless Module for Use with
Sockets (TM4256GP8}

® Low Profile, Double-Side
Mount . . . 0.45"" Height

® Utilizes Eight 256K Dynamic RAMs in
Plastic Chip Carrier

Long Refresh Period . . . 4 ms (256 Cycles)

All inputs, Outputs, Clocks Fully TTL
Compatible

3-State Outputs
Performance of Unmounted RAMs:

ACCESS ACCESS READ READ-
TIME TIME OR  MODIFY-
ROW COLUMN WRITE WRITE-

ADDRESS ADDRESS CYCLE CYCLE

(MAX) (MAX} (MIN}  (MIN)
TMS4256-12 120 ns 60ns 230 ns 270 ns
TMS4256-15 150 ns 76 ns 260 ns 305ns

TMS4256-20 200 ns 100ns 330ns 370 ns

® Common CAS Control with Common
Data-In and Data-Out Lines

Low Power Dissipation

Operating Free-Air Temperature . . . 0°C to
70°C
® Upward Compatible with Planned
1 Meg DRAM Family (Height
and Length May Increase}

description

The TM4256G_8 series are 2048K, dynamic
random-access memory modules organized as
262,144 x 8 bits in a 30-pin single-in-line
package comprising eight TMS4256FML,
262,144 x 1 bit dynamic RAM’s in 18-lead
plastic chip carriers mounted on top of a
substrate together with eight 0.2 uF decoupling
capacitors. Each TMS4256FML is described in
the data sheet and is fully electrically tested

V SINGLE-IN-LINE PACKAGET
(TOP VIEW)

VoD
CAS
DQ1
AO
Al
DQ2
A2
A3
Vss
DQ3
A4
A5
Da4
A6
A7
Das
A8
NC
NC
DQ6
W
Vss
DQ7
PRD
DQ8
NC
RAS
NC
NC
\s]s}

1TM4256GV8 package is shown.

PIN NOMENCLATURE

AO-A8 Address Inputs

CAS Column-Address Strobe
Da1-Da8 Data In/Data Out

NC No Connection

PRD Presence Detect

RAS Row-Address Strobe
VDD 5-V Supply

Vss Ground

w Write Enable

Dynamic RAM Modules H

and processed according to TI's MIL-STD-883B (as amended for commercial applications) flows prior to
assembly. After assembly onto the SIP, a further set of electrical tests is performed. The module is rated
for operation from 0°C to 70°C.

AVyERCE INFORMATINK  documents contain
wier {~u t in the_sampling or
Eluptocucudn phase Jf dusuiupment. Charactaristic

ata and other specifications are subject to change
witheut netice.
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TM4256GP8, TM4256GV8
262,144 BY 8-BIT DYNAMIC RAM MODULES

operation

The TM4256G_8 operates as eight TMS4256s connected as shown in the functional block diagram. Refer
to the TMS4256 data sheet for details of its operation. The common I/O feature of the TM4256G_8 requires
the use of early-write cycles to prevent contention on D and Q.

presence detect

This feature allows for hardware presence detection of the memory module. The PRD pin for each module
in the system should be pulled high through a pull-up resistor, resulting in a logic one when no module
is present. When a module is present, PRD is a logic zero as this pin is connected to Vgs on the module.
PRD can only be used to detect a modules’ presence, not its functionality. In a system not requiring presence
detect, it is recommended that this pin be left as a no connect; this allows the use of either type of module
without adverse effects.

specifications

For TMS4256 electrical specifications, refer to the TMS4256 data sheet. The common 1/0 feature of the
TM4256G_8 dictates the use of early-write cycles to prevent contention on D and Q.
single-in-line package and components

PC substrate: 0,79 mm (0.031 inch) minimum thickness

Bypass capacitors: Multilayer ceramic

Leads: Tin/lead solder coated over phosphor- bronze

Contact area for socketable devices: Nickel plate and solder plate on top of copper

Tl single-in-line package nomenclature

™ 4256 G v 8 =15 L

T 1 b T

MEMORY BOARD
MODULE DEVICE

PINOUT
CONFIGURATION

WORD WIDTH
QUTPUT

TEMPERATURE
RANGE

DIMENSIONS

V Package Max Access L 0°C to 70°C
(78,7 x 11.4 mmyj -12 120 ns
(3.1 x 0.45 inchas) -15 150 ns

P Package —20 200 ns

(88,9 x 11,4 mmj
(3.5 x 0.45 inches)

xas
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TMA256HE4
524,288 BY 4-BIT DYNAMIC RAM MODULE

Each TMS4256FML is described in the TMS4256 data sheet and is fully electrically tested and processed
according to TI's MIL-STD-8838B (as amended for commercial applications) flows prior to assembly. After
assembly onto the substrate, a further set of electrical tests is performed.

operation
The TM4256HE4 operates as eight TMS4256s connected as shown in the functional block diagram. Refer
to the TMS4256 data sheet for details of its operation.

specifications
For TMS4256 electrical specifications, refer to the TMS4256 data sheet.

single-in-line package and components

PC substrate: 1,14 mm (0.045 inch} minimum thickness
Bypass capacitors: Multilayer ceramic
Leads: Tin/lead solder coated over phosphor-bronze

S3INPON INVYH 21weulig H
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TM4416KUB
16,384 BY 8-BIT DYNAMIC RAM MODULE

S9|NPO INVH dlweuiqg H

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 inputs are disabled when the read mode is selected. The
grounded output-enable (G) 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 /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 TAS
as long as ta(R) is satisfied. The outputs become valid after the access time has elapsed and remain 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. 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 sequence avoids any
output during refresh. Strobing each of the 256 row addresses (AO 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 * ... remain high for 100 us immediately prior to initialization. Initialization consists of performing
eight F - cycles before proper device operation is achieved.

single-in-line package and components

PC substrate: 0,79 mm (0.031 inch) minimum thickness
8ypass capacitor: Multilayer ceramic
Contact area for socketable devices: Nickel plate and solder plate on top of copper
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TMA4416KU8
16,384 BY 8-BIT DYNAMIC RAM MODULE

RAS-only refresh timing
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(88,9 x 16,5 mm) Max Access L 0°C fo 70°C
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TM4464LU8
65,536 BY 8-BIT DYNAMIC RAM MODULE
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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 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 |/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-DQS8)

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 9 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 (AO 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
modute.

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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TM4454LU8
65,536 BY 8-BIT DYNAMIC RAM MODULE

read cycle tirﬁing
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TM4464LU8
65,536 BY 8-BIT DYNAMIC RAM MODULE

RAS-only refresh timing
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