TMS44400
1,048,576-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

- OCTOBER 1989
’ ® Organization ... 1,048,576 x 4 DM PACKAGE !
(TOP VIEW)
* Single 5-V Power Supply (:10% Tolerance) pal 1 Y 2[Jvgg
* Performance Ranges: DQV%E 2 % % DQ4
ACCESS ACCESS ACCESS READ RAS [ f :; a %(:_g
TIME TIME TIME OR WRITE a9 [1s 22 [ OE
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TMS44400-10 100ns 25ns  50ns  180ns Ao w7[]A7
TMS44400-12 120ns  30ns 55ns  210ns A2 [} 16 ] A6
A3 [ 12 15| ] AS
¢ Enhanced Page Mode Operation for Faster Vee [ 13 14 ] A4
Memory Access
— Higher Data Bandwidth than SD PACKAGE '
Conventional Page-Mode Parts (TOP VIEW)
— Random Single-Bit Access Within a Row
with a Column Address
¢ CAS-Before-RAS Refresh
¢ Long Refresh Period. ..
1024-Cycle Refresh in 16 ms (Max)
® 3-State Unlatched Output
. ¢ Low Power Disslipation
* Texas Instruments EPIC™ CMOS Process 1 The packages shown are for pinout reference only.
* All Inputs/OUtpuls and Clocks are TTL PIN NOMENCLATURE
Compatible A0-A9 Address inputs
* High-Rellability Plastic 20/26-Lead Surface O e ooumAddress Strobe
Mount (SOJ) Package and 20-Pin Zig-Zag o€ Output Enable
In line (ZIP) Package :HTS' Row-Addsess Strobe
® Operating Free-Air Temperature Range c’cc :V\': ;5::'9
.o 0°C tO 70°C vss Gfound

description

The TMS44400 series are high-speed 4,194,304-bit dynamic random-access memories, organized as
1,048,576 words of four bits each. They employ state-of-the-art EPIC™ (Enhanced Process Implanted CMOS)
technology for high performance, reliability, and low power at a low cost.

These devices feature maximum RAS access times of 80 ns, 100 ns and 120 ns. Maximum power dissipation
is as low as 360 mW operating and 11 mW standby.

All inputs and outputs, inctuding clocks, are compatible with Series 74 TTL. All addresses and data-in lines are
latched on-chip to simplify system design. Data out is uniatched to allow greater system flexibility.

The TMS44400 is offered in a 350-mil 20/26-lead plastic surface mount SOJ package (DM) and a 20-pin zig-zag
. in-line package (SD suffix). Both packages are guaranteed for operation from 0°C to 70°C.

EPIC is a trademark of Texas Instruments Incorporated.

publication date. Products conform to specifications per the
terms of Texas Instruments standsrd warranty. Production

pr ing does not iy Include testing of all parameters. lN STRUMENTS
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operation

enhanced page mode

Ehanced page-mode operation allows faster memory access by keeping the same row address while selecting
random column addresses. The time for row-address setup and hold and address multiplex is thus eliminated.
The maximum number of columns that may be accessed is determined by the maximum RAS low time and the
CAS page cycle time used. With minimum CAS page cycletime, all 1024 columns specified by column addresses
A0 through A9 can be accessed without intervening RAS cycles.

Unlike conventional page-mode DRAMs, the column-address buffers in this device are activated on the falling
edge of RAS. The buffers act as transparent or flow-through latches while CAS is high. The falling edge of CAS
latches the column addresses. This feature allows the TMS44400 to operate at a higher data bandwidth than
conventional page-mode parts, since data retrieval begins as soon as column address is valid rather than when
CAS transitions low. This performance improvement is referred to as “"enhanced page mode.” Valid column
address may be presented immediately after row address hold time has been satisfied, usually well in advance
of the falling edge of CAS. In this case, data is obtained after tcaoc max (access time from CAS low), if taa max
(access time from column address) has been satisfied. In the event that column addresses for the next cycle are
valid at the time CAS goes high, access time for the next cycle is determined by the later occurrence of tcac
or tcpa (access time from rising edge of CAS).

address (A0 through A9)

Twenty address bits are required to decode 1 of 1,048,576 storage cell locations. Ten row-address bits are set
up on inputs A0 through A9 and latched onto the chip by the row-address strobe (RAS). The ten column-address
bits are set up on pins A0 through A9 and latched onto the chip by the column-address strobe (CAS). Al
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 output
buffer, as well as latching the address bits into the column-address buffer.

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 (early write), data out will remain in the high-impedance state for the entire cycle permitting a write
operation independent of the state of OE. This permits early write operation to be completed with OE grounded.

data in/out (DQ1-DQ4)

The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fanout of two
Series 74 TTL loads. Data out is the same polarity as datain. The output is in the high-impedance (floating) state
until CAS and OE are brought low. In a read cycle the output becomes valid after all access times are satisfied.
The output remains valid while CAS and OE are low. CAS or OE going high returns it to a high-impedance state.
This is accomplished by bringing OE high prior to applying data, thus satisfying togp.

-

j
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L T __
. output enable (OE)

OE controls the impedance of the output buffers. When OE is high, the buffers will remain in the high-impedance
state. Bringing OE low during a normal cycle will activate the output buffers putting them in the low-impedance
state. Itis 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 either OE or CAS is
brought high.

refresh

A refresh operation must be performed at least once every sixteen milliseconds to retain data. This can be
achieved by strobing each of the1024 rows (A0-AS). 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. Externally generated addresses must be used
for a RAS-only refresh. Hidden refresh may be performed while maintaining valid data at the output pin. This is
accomplished by holding CAS at Vy_after a read operation and cycling RAS after a specified precharge period,
similar to a RAS-only refresh cycle. The external address is ignored during the hidden refresh cycles.

CAS-before-RAS refresh

CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS [see parameter tcgRr] and holding it
low after RAS falls [see parameter toR). For successive CAS-before-RAS refresh cycles, CAS canremain low
while cycling RAS. The external address is ignored and the refresh address is generated internally.

power up

To achieve proper device operation, an initial pause of 200 pA followed by aminimum of eight initialization cycles

is required after full Vo level is achieved. These eight initialization cycles need to include at least one refresh
‘ (RAS-only or CAS-before-RAS) cycle.

test mode

A Design For Test (DFT) mode is incorporated in the TMS44400. A CAS-before-RAS with W low (WCBR) cycle
is used to enter test mode. In the test mode, data is written into and read from eight sections ofthe array in parallel.
All data is written into the array through DQ1. Data is compared upon reading and if all bits are equal, all DQ pins
will go high. If any one bit is different, all the DQ pins will go low. Any combination read, write, read-write, or
page-mode can be used in the test mode. The test mode function reduces test times by enabling the 1 meg x
4 DRAMto betested as ifitwere a 512K DRAM where column address 0 is not used. ARAS-only or CBRrefresh
cycle is used to exit the DFT mode.
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loglc symbolt
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i B
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A9 2 ——— 1 20p17/21D8-
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D> c21[coL]
G24
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> 23c22
—’—ﬁ 23,210 24,25EN

w

ﬁ 22 DN G2s r_
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0Q2 22—
DQ3
DQ4

! This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication §17-12, for the SOJ package.

functional block dlagram

RAS CAS w OE

S T N

[ TIMING AND CONTROL 1

I i
A0 Gf N 16
A1 L] COLUMN DECODE
*| coLumn 7 , SENSE AMPUIFIERS |}
*|&oerEns 128K ARRAY|  |128K ARRAY] .
[ ]
A9 ) 128K ARRAY| 8 126K ARRAY] 16 N |
. w . /o REG. 7/
. ° BUFFERS
° . 40F 16 4
. 169 e C e SELECTION DATA L/
ROW |,q c ourt |/
*| ADDRESS 7 ° 3 REG.
«| BUFFERS |~ ° 21+
e DQ1-DQ4
128K ARRAY|  [128K ARRAY
10, 7 ]
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L O
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)’

. Voltage range on any pin (SEe NOtE 1) ...ttt i, -1Vto7V
VoltagerangeonVgg .......i..... ettt eet ettt veeeee. =1ViO7V

Short circuit output current ....... et ieeneneanee G e et esesatasretatenecteareetneraacatnonann 50 mA
Powerdissipation .............cciiiiiiiiiiiiiinn.. T B

Operating free-air temperature range ...... ettt it ineee ittt et anees 0°C to 70°C

Storage temperature range .......... ettt it eiiiessesasisaaaaaanesss —55°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 voitage values in this data sheet are with respect to Vgg.

recommended operating conditions

MIN NOM MAX | UNIT
Vee  Supply voltage 45 5 5.5 \'
Viu  High-level input voltage 24 6.5 A
Vi Low-level input voltage (see Note 2) -1 0.8 v
Ta  Operating free-air temperature 0 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)
‘ TEST TMS44400-80 | TMS44400-10 | TMS44400-12
PARAMETER CONDITIONS MIN  MAX MIN  MAX MIN MAX | UNIT
Vou High-level output voltage low =~5mA 24 24 2.4 v
Voo Low-level output voltage log =4.2mA 0.4 0.4 0.4 v
l Input current (leakage) Vi=0V1t065V, V=55V, =10 =10 +10 HA
All other pins = 0 V to Ve
lo Output current (leakage) Vo =0VtoVce, =10 =10 =10 UA
Vec = 5.5V, CAS high
lccy  Read or write cycle current Minimum cycle, Ve =55V 85 75 65 mA
lccz  Standby current After 1 memory cycle, 2 2 2 mA
RAS and CAS high, V; = 2.4 V
lecca  Average refresh circuit Minimum cycle, Vee = 5.5V, 85 75 65 mA
RAS cycling, CAS high
lcca  Average page current tec = minimum, Vee = 5.5V, 50 40 35 mA
RAS low, CAS cycling
TEXAS s
INSTRUMENTS
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L e
capacitance over recommended supply voltage range and operating free-air temperature range,

= 1 MHz (see Note 3)

PARAMETER MIN  TYP MAX| UNIT
Cia Input capacitance, address inputs 5| pF
Cincy  Input capacitance, strobe inputs 7 pF
Ciwy  Input capacitance, write-enable input 71 poF
Co Output capacitance 7| pF

NOTE 3: V¢ equalto 5.0 V £ 0.5 V and the bias on pins under testis 0.0 V.

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

temperature range

TMS44400-80 | TMS44400-10 | TMS44400-12
PARAMETER MIN  MAX MIN MAX MIN MAX | UNIT
taa Access time from column-address 40 50 5§ ns
teac  Access time from CAS low 20 25 30 | ns
tepa Access time from column precharge 40 50 55 ns
taac  Access time from RAS low 80 100 120 | ns
toea  Access time from OE low 20 25 30 | ns
torr Output disable time after CAS high (see Note 4) 20 25 0 30 ns
toez  Output disable time after OE high (see Note 4) 20 25 30 | ns
NOTE 4: torr ang toez are specified when the output is no longer driven,
TEXAS *p
INSTRUMENTS
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TMS44400
1,048,576-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

L R
‘ timing requirements over recommended supply voltage range and operating free-air temperature
range
TMS44400-80 TMS44400-10 TMS44400-12
MIN MAX MIN MAX MIN MAX UNIT
tre Random read or write cycle (see Note 5) 150 180 210 ns
tawe Read-write cycle time 205 245 285 ns
tee Page-mode read or write cycie time (see Note 6) 50 60 (- ns
teawe Page-mode read-write cycle time 100 120 135 ns
trasp Page-mode pulse duration, RAS low (see Note 7) 80 100,000 100 100,000 120 100,000 ns
thas Non-page-mode pulse duration, RAS low (see Note 7) 80 10,000 100 10,000 120 10,000 ns
teas Puise duration, CAS low (see Note 8) 20 10,000 25 10,000 30 10,000 | ns
tep Pulse duration, CAS high 10 10 15 ns
trp Pulse duration, RAS high (precharge) 60. 70 80 ns
twp Write pulse duration 15 20 25 ns
tasc Column-address setup time before CAS low 0 0 0 ns
tash Row-address setup time before RAS low 0 0 0 ns
tos Data setup time (see Note 9) 0 0 0 ns
tacs Read setup time before CAS iow 0 ] ] ns
tewt W-low setup time before CAS high 20 25 30 ns
trwL W-low setup time before RAS high 20 25 30 ns
twes W-low setup time before CAS low 0 0 0 ns
‘ (Early write operation only)
twsh W-high setup time (CAS-before-RAS refresh only) 10 10 10 ns
twrs W-low setup time (test mode only) 10 10 10 ns
tean Column-address hold time after CAS low 15 20 20 ns
ton Data hold time (see Note 9) 15 20 25 ns
tran Row-address hold time after RAS low 10 15 15 ns
tack Read hold time after CAS high (see Note 10) 0 ] 0 ns
tRAN Read hold time after RAS high (see Note 10) 0 0 ] ns
twen Wirite hold time after CAS low 15 20 25 ns
(Early write operation only)
twHA W high hold time (CAS-before-RAS refresh only) 10 10 10 ns
twTr W low hold time (test mode only) 10 10 10 ns
tawp Delay time, column address to W low 70 85 95 ns
(Read-write operation only)

Continued next page.

NOTES: 5. Al cycle times assume ty = 5 ns.

To guarantee tpe Min, tagc should be greater than or equal to tep.
. In a read-write cycle, taup and tawy Must be observed.

. In a read-write cycle, towp and teyy must be observed.

. Referenced to the later of CAS or W in write operations.

. Either tgay Of tacy Must be satisfied for a read cycle.

cCwENO®

-
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TMS44400
1,048,576-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

range (concluded)

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

TMS44400-80 TMS44400-10 TMS44400-12
__ _ MIN MAX MIN MAX MIN MAX | UNIT

teHR Delay time, RAS low to CAS high 20 20 25 ns

(CAS-before-RAS refresh only)
teap Delay time, CAS high to RAS low 0 0 0 ns
tosm Delay time, RAS low to CAS high 80 100 120 ns
tesr Delay time, CAS low to RAS low 10 10 10 ns

(CAS-before-RAS refresh only)
tewd Delay time, CAS low to W low 50 60 70 ns

(Read-write operation only)
toen OE command hold time 20 25 30 ns
toep OE to data delay 20 25 30 ns
trom RAS hold time referenced to OE 20 25 30 ns
traD Delay time, RAS low to column-address (see Note 11) 15 40 20 50 20 65 ns
taaL Delay time, column-address to RAS high 40 50 55 ns
taco Delay time, RAS low to CAS low (see Note 11) 20 60 2s 75 25 90 ns
tape Delay time, RAS high to CAS low 0 0 (] ns
tasH Delay time, CAS low to RAS high 20 25 30 ns
tawp Delay time, RAS low to W low 110 135 160 ns

(Read-write operation only) .
traa Access time from address (test mode) 45 55 60 ns
trepa Access time from column precharge (test mode) 45 55 60 ns
traac Access time from RAS (test mode) 85 105 125 ns
terz CAS to output in low 2 0 ] ] ns
taer Refresh time interval 16 16 16 ms
tr Transition time 2 50 2 50 2 50 ns

NOTE 11: Maximum value specified only to guarantee access time.
PARAMETER MEASUREMENT INFORMATION
131V Vec=5V
RL=21BQ R1=8280
OUTPUT UNDER TEST —¢ OUTPUT UNDER TEST
CL=1NPF—T—- C, =100 pF R,=285Q
(a) LOAD CIRCIUT (b) ALTERNATE LOAD CIRCUIT
FIGURE 1. LOAD CIRCUITS FOR TIMING PARAMETERS
TExas s
INSTRUMENTS
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L ______________
. read cycle timing

P tac ;i
RAS N fras ™ Vin
N ) —
— fa— L | Vi
| ety —— Lol |
| [
I e — T | |
| | | teas —
T ht——— . V
TAS et faen N T & w
: | . : I rl | has o \{
[ taao | Pl
: | j——d tyec b
| — e thay b [
| I [ 1
! |} e L1, Lol |
! (! I | | DAL )

.V‘V.V‘V .V.V \ \/ \/ V. V V‘V.V.V‘V.V’ V|"
Ao-As @C v I}@{ coLumn_ XROKG BONTCARE KR

Tt e T v
I 'Rc‘ |‘ ' L— I -r-‘ F— 'RRH *
i — tean P~ tacu v
W RKRRRAKAEARKY | ! L KKK RRNARREREEK
| | n
TR PO rpu. e Jl o S —
. | | , ! '\ Vou
! |
001-D04 [ HkZ (SEE NOTE 12) m VALID DATA OUT Py
| torz —lt—— o | ] | Vou
e taac - |
| | e togz
\/\/ \/ VYNV VVVVYVYVVV VYV V t - VVVVVVVV IV \/ V
OE {XARKKS EERRRLR 000, OXK
it
NOTE 12: Output may go from three-state to an invalid data state prior to the specified access time.
TExas "9
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DYNAMIC RANDOM-ACCESS MEMORY

early write cycle timing

;'4 tac )i
|
| - taas = }
| [ Vi
RAS 1\_' J/r h\
! I tqp ———— vV,
ty —o fs— — thgy ——— o | "~
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s ":_ s ASC | ! ‘1 E— T v
! le | 18
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|
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| |
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[ O
. write cycle timing
;‘4 tac =J*]
|- taas -~ |
\'/
RAS | \'l J/r N "
t. —.1I h— 'ﬂ' l V"_
T f———tacp——— o task |
| 0 [ teas — ™ *— tepp ———l
| - %ﬁn = |, v
— t H
EAS I | I/ 1
CAS t K Lo N
——: H}— ASR ¢ o e - — | lﬁl tep -t Vi
: I RAL -
W A T s ,
’v \V v.v’v.%mw’v.v v’v VAW, \\' H
D e Bl ¢ Tt Al e 0 e e SV A WV A 0000 Vi
< taap —® e tewe >l | :
f———toy, —————

’V’V.v’v v’v‘v \/ : Y \/ .V.V.V.V‘V’V.'.V.‘\
’0’0’0’0’0’%%’0’0’0’0’0‘9

R BN e SRR Vi
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{ tou
| |
V’V‘V.V’V'V.V V \/ V—V \/ "'.V’V" ’v v’v‘v \N/\/ v’v.v.v’v’v : .V Y'Y Y V- \/ \/ V.V v‘v’v.v \ \/ V.V v("
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| e toen .
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read-write cycle timing

tawe
— X . ] Vin
RAS N as /]
N L N
| l<— ty i ‘d————l— trp
|| taco L [ H— tepp —l
- [ Hi teas T X Vin
CAS  —oy kel t4sq ‘i\‘lv h-r—l tep ———
: }4-—:- tran | 5 L P Vi
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| I re—>+tysc I : y
ao-as XX Row XX, coLmm RS BN SRRE R0 v
te— tacs ——— 'cm.""-‘| ! *
} b t ! tawo J | tawn
[ | | ! 1 pe—twp v
T B : '"
w i AWD N
| = wo ol Vi
| he— teac — !
} —— tag ———— i tog —=y el
| P ——— | = ton o
| D AT A = ’V‘V’V’V‘V'V .V \/ V.V \/ V- Y V’V‘V.V.V.v
JQ1-DQ4 | (SEE NOTE 12) @4‘ 7 XX ’OfOfOfOfOfA AAAAAANA .02’2020’
[ tha (I ViVor
¢ — trﬂ :
toga —te—— |
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L
NOTE 12: Output may go from three-state to an invalid data state prior to the specified access time.
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enhanced page-mode read cycle timing

.
]
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e — — r ]ty —>
e e ST
RS : : ! [+ tcas I ] | : | Viu
| |
| [ than — I | | ] Vie
=l ten Loy Lhm_’ﬂcm | e taaL |
] | 14 ] 11 J | Viu
AG-A9 | ROW K COLUMN m{ COLUMN m
T A\

|

t - - ¢, —y
| AA | RAH
i (SEE NOTE 13) }4—-?— tacy ——
t
|
|

I
j 1 ] }
— | | | |
7Y L+ po—ed | %4 N R
Ao | La | | VIL
: } [ : tera ™
f——teac —— (SEENOTE 13) | I
S e e o ——
- RAC |

| ]
torz Ha—n] s I | Vou

par-0a4 e T O e D X féf’“ v
I | Vo

: > -t ' togz —fo—— v
- \/\/ V.V’V.V.V V. : \/\/\/ v-v \/ V’V.V "V o
R BN G RN o m m v
i
NOTES: 12. Output may go from three-state to an invalid data state prior to the specified access time.
13. Access time is tcp, OF ty, dependent.
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enhanced page-mode write cycle timing

tap —:‘_’:
[ trase — Vv,
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P

e T
' v,
cAs ] s el 1/ N | m

| 'am: | | " | I
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| ] 1 |
ROW IXI COLUMN W
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DI -y
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RN 2
(SEE NOTE 14) I
o tos —— '41——' toy ———

-~ g —:*‘ (SEE NOTE 14)

VALID DATA IN

togn —e————

DQ1-DQ4 |

-_mf&m&f N

. \/
OOOXX VALID O'O'W'O ™
LK V> RQRPORERERK |
|

| togp —>|  te—

Vi
1
Vin
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T Vi

fe—t—tewo |

Vin

Vo

i

o s

NOTES: 14. Referenced to CAS or W, whichever occurs last.

15. A read cycle or a read-write cycle can be intermixed with write cycle as long as read and read-write timing specifications are not

violated.

|
1
- V,
’AAAAAAA‘A’A
Vi

TExas “w”
INSTRUMENTS
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TMS44400
1,048,576-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

 ————————— ]
‘ enhanced page-mode read-write cycle timing

D
>
(7]
£
g5

! le tesw ~ o t J
] i teawe - RSM |
|' I"—TI::— taco : - Thas tonr _’,'T—" v
i
CAS B ‘{\.I' feas "/ ' /1 "
—-1 L‘:— fAsn ' I : | : VIL
lt« , —™ [ tasc I | |
AD T | | | I
| | [ [ tean ™ v
oo X “°M COLUMN _ XXKIGBOAENK_ COLUMN XXXKXK BONTT ERHESADS v
! - than | [+ tow, —»! 1 *
| | [ tewo —*1 | | |
L_‘.'_u tA—..]w ! } N taw
] I e ! :4———!‘:— twe : v
W KLY {: } ! : LKLY : LORLLLLLRRK Vi
L I he—
: — |ber tacs I ,__...,_' t:c:‘_.} F_—:_ foex
[ e e e Y b !
| : VALID OUT
[

(SEE NOTE 12)

; ViV
A\ O O R/ vAUD T on
KT -
[ VAlel ouT ! I Lo
r——ﬂ— toep :
|

_ | OOOTIKR, Vim
oF m_—/ N/ LR

NOTES: 12. Output may go from three-state to an invalid state prior to the specified access time.
16. A read or write cycle can be intermixed with read-write cycles as long as the read and write timing specifications are not violated.

DQ1-0Q4

—
3
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TMS44400
1,048,576-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

RAS-only refresh timing T o
;l= tac =‘1|
| taas — |

I I I Vin

T TP TR TP ool _'{ }‘_" tapc o] v

o8 L RRRIRONTARE XXX | 1 X

' """"""""""' L—-n-tm V'L

B8 QR AR EAH X KRR IR

[

w XX Vi

DQ1-DQ4

XK

XXX XXX XXX XX XXX XXX XX XXX

"V’V"""’V‘V V’V’V.V’V’V’V’V’V’V"’V"’V"’V‘V \/ V’V’V \/ V- Y V.V‘V’V’V’V’V‘V’V V’V‘V \/ \/ V’V’V
O B SRR

LLLLLLLLLIXYLLLLLLLLLLLLK BN CARE X XXKILRRIRRRLRLILLLRLRRIALS

_ v’v.v v’v‘v’v.v‘v’v’v‘v’v.v’v’v.v.v.v v.v‘v‘v \/\/ r \/ "'."""""V’V’V’V.V’V.V.V’V".V’V
R RS S SR SRR ORI

XXXX XXX

Texas “9
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Vi
XX Vin
S Vi
VNV VVVV\V\V\/ v

KRRBEREE

AVAVAVAVAVAVAVAVAVA'
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TMS44400
1,048,576-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

. automatic (CAS-before-RAS) refresh cycle timing

o— tn -
e top — o © h
f E taas al
Viy
RAS | A\ |
! —-}r f Vi
—
tapc —* }‘1" =" : := tonr =i
V,
cAS —’\L R 174 "
} Vi
twsn ] l‘_-'— twHr v
_ XXX XXX KRRKKIKR, Vi
w W 0 e e e e e e e e e e e e v

A0-A9

;0;0;0;0;0;0;:;0;0;0;0;0;0 Q ;0;0.0;0'OzQ'O‘O;O;O;O;Q;O;WQ;O; & ;0;0;0;0'0;0'0'0'0;0;0;0;0;0'0'0'0;0;0;0'0'

000000 000 00 e e e e e e e e 000000000 00 e e e e e e e e %

l“l

.v’v’v.v‘v v’v’v.v’v‘v‘v‘v’v.v’v’v‘v.vOVQV.v.v’v.v’v.v’v v'v. \/\/\/ V Y \/ V’V’V.V.V’V.V’V.V.V V’V’V V’V’V.V’V \/ v’v \ \/ v’v.v vl“
X fo20fofofofofofofofofofofofofo20fofofofofofofofofofofofo.. R AAAK XXIKLLLLLLLLLLLLLRRRAAALALL

Vu
Vin
DQ1-DQ4 HI-Z
o | -
TeEXAS "5
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TMS44400
1,048,576-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

hidden refresh cycle (read)
[*+— REFRESH CYCLE —*1

[+— MEMORY CYCLE —™ r— REFRESH CYCLE —™{
| | |
| | | [e——>— tap f—— top I
| thas | b =T taas | |
| | Viu
= N4 N7 : :
! L
| | K | tenn +—e—st
= r—t — teas 1 - -l Vin
& L1 N\ | | | T
R . — = 4t I
| lean ',‘A;*F { | I | : : s
| |-| i | | |
FoT taay | I 1 [ bl
— et ::wrl ' '

{ Vv
X XXX XX XXTTR TXLLIXXTILIILL Vi
ac-a0 X, row ) SRR R O R X KRR Vi
| ey —1 < 1% | twua e twur ™, M tywe
:‘_-_r.._’} trcs | —.1 ™ twsa _-: T:— t“'?" IL—.= < tw§n L

Y R g e,

| re— teac |
"j—"‘ taa torr — :-—

5§ Von
DQ1-DQ4 M VALID DATA OUT v
Vv
2 | oL
torz o ke togz —  a—
fe—t toga ) Vin

*p

TeExas
INSTRUMENTS
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TMS44400
1,048,576-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

hidden refresh cycle (write)
. REFRESH CYCLE —w

I,-—— MEMORY CYCLE f*— REFRESH CYCLE —%~
I I
!

/

i }
l : : ! : tonn
T g T ™7 teas Vin
CAS E : ]\L ! .I l N v
Fe— tean | i 7T i
toan A 2] i N
.v.v'v.v.v v.v.v‘v’v’v’v’v’v.v.v’v \/\/\/ : \/\/ v.v V.v’v.v’v.v.v.v v.v.v’v \/\/ v’v.v’v’v \/ V"". vlﬂ
Ao-A9 mm’éofofofofofofofofofo!ofofofofofofmx&22foA XIS
tar
T
—- | tWP —{-: 46 VM
RN YR R KR R
tog —@—— | L_ n
| | twey %
r—k H

A AV AVAYAVAVAVAVAVAVAVAVAVAVAY, vm
¢ 0’0'0 9 0’0’0‘0‘0’:’0’0’0’0’

00000000000 e e e

V’V"‘V’V" '.V.' V.V"’V.V."V.V‘V.V‘V V‘V.V.V’V.V Vc \/ r N/ \/\/\/ 707" 707" V'V.V‘V V’V.V '.V’V‘V.V‘V‘V \/ V.'.V.V"".V’V
o I O o U T Rk

Texas “9
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TMS44400
1,048,576-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

test mode entry cycle

;'= tac =1;
ot s o
N | | M
w___/ |
V,
| re— togq — I v
tapc —> l‘r | teHn

)
twrs —o= —m = twm

I
_ v.v.v.v.v.v.v’v’v’v’v V‘\ | l v’v.v.v.v.v’v‘v’v.v‘v.v’v’v.v v.v.v.v’v’v v’v.v v’v v“‘
w 0.0.0.0’0.0.0.0.000.0.0.0.\“ 00.0‘0’0’0’0.0’0’0.0.0’0.0’0.0.0.0’0.0.0’0.0’0’

A0-A9

X KKK KKK XXX XX XXX XXX Vim
T O s L I T oo bl

—_— Y v’v V"‘V‘V’V’V‘V‘V‘V".V‘V’V‘V‘V‘V‘V".""V’V‘V’V.V’V V.V. N/ \/\/ V. -V \/ V.V.v’vOV’V‘V’V’V."V‘V’V’V‘V.V’V.V’V‘V.V’V’V’V’V‘V VIH
OF SRRRRIIHIHIAIAIALLLLLRRRLLLLL QM0202020202020202020202020!02020202020!020!02020202 .
iw
Vin
DQ1-DQ4 HI-Z
Vie
[ N
Texas "9
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- TMS44400
‘ 1,048,576-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

‘ MECHANICAL DATA

20-pin zig-zag plastic package (SD suffix)

2,90 (0.114)
2,70 (0.110)

\

J\_

L f
O —

1,30 (0.051) NOM
J[__ 0,610 (0.024) £ j
0,406 (0.016) 1,52 (0.059)

1,02 (0.040) — e— D
[ PIN1  BOTTOM VIEW

. 2,59 (0.012)
ey LEAD THIESS 2 008
o onn

PIN
oI 16 24 28
A 7,00 (0.276) 8,74 (0.344) MAX 6,09 (0.342) NOM
6,80 (0.268)
B 20,70 (0.815) 31,29 (1.232) MAX 36,07 (1.420) NOM
20,30 (0.799)
C (MAX) 8,26 (0.325) 10,16 (0.400) 10,16 (0.400)
D 2,79 (0.110) 2,64 (0.104) 2,64 (0.104)
2,29 (0.090) 2,44 (0.096) 2,44 (0.096)
E 3,30 (0.130) 3,25 (0.128) 3,25 (0.1268)
3,00 (0.120) 2,95 (0.116) 2.95 (0.116)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

! Plastic body dimensions do not include mold protrusion. Maximum mold protrusion is 0,125 (0.005).

Texas ‘!9
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TMS44400
1,048,576-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

L e R
20/26-lead plastic small outline surface mount package (DM suffix)

17,22 (0.679) }

17,07 (0.672)
imlinEnEnlnl mEninEalm
28 25 24 23 22 18 17 16 15 14 T —T
INDEX NOTCH
\.D 9,02 0.355,' 9,91 (0.390)
8,76 (0.345) 9,65 (0.380)
1 2 3 4 8 9 10 11 12 13 l l

2,85 (0.112) ooogogd oooOoOog
™ 2,69 (0.106) 1,27 (0.050)
1,02 (0.040) 0,81 (0.032)

0,20 (0.008) NOM
EXCLUDING FINISH 0,66 (0.026)
[ \ 7 ¢ 1 1,14 (0.045)

J @ m—f 0,89 (0.035)

il
] ]
Y SEATING | s }
% 1.02(0.040) PLANE _JL_o,m (0.020)
0,76 (0.030) 0,41 (0.016)

| 3,76 (0.148) 1,27 (0.050) TYP

3,25 (0.128)

8,26 (0.325)
7.87 (0.310)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
' Plastic body dimensions do not include mold protrusion. Maximum mold protrusion is 0,125 (0.005).

device symbolization

T -ss
— SPEED (~80, -10, -12)
:) TMS44400 DM
— PACKAGE CODE
WAPXXLL
T LOT TRACEABILITY CODE
MONTH CODE
ASSEMBLY SITE CODE
DIE REVISION CODE
WAFER FAB CODE
__
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