TMS44101
4 194 304-BIT
DYNAMIC RANDOM-ACCESS MEMORY

REV A — SMHS411 — JANUARY 1991

This Data Sheet is Applicable to All DM and DJ Packagest SD Packaget

TMS44101s Symbolized with Revision “B" (Top View) (Top View)
gz% iugsse_c;gint Revisions as Described ot © = Vs rofT7 s
g : w2 25f{]Q alds « [ Ves
* Organization . ..4 194 304 x 1 RAS []3 24 [ ] CAS s | dw
NC [ 4 23[INC RAS |17 s 0 ato
¢ Single 5-V Power Supply (+10% Tolerance) a0 (s 22[]A9 NC % S e
A0 L] 11
* Performance Ranges: ro s 1817 A8 Azl 13 :i E 2;
ACCESS ACCESS ACCESS  READ A1 [0 177 a7 vee [ 15 16 ] A4
TIME TIME TIME ORWRITE A2 (] 16| ] A6 As[J17 18 ] A6
(trac) (tcac) (taa) CYCLE A3 [J12 15| 1 A5 A7 [0 19 20 [ Age
(MAX)  (MAX) (MAX)  (MIN) Veo (113 14[JAs4

TMS44101-60 60 ns 15 ns 30 ns 110ns

TMS44101-70 70 ns 18 ns 35ns 130 ns tThe packages shown are for pinout reference only.

TMS44101-80  80ns 20ns  40ns 150 ns
TMS44101-10  100ns 25ns  45ns  180ns PIN NOMENCLATURE
AOD-A10 Address Inputs
* 4-Bit Nibble Mode Operation CAS Column-Address Strobe
— Four Sequential Single-Bit Access D Data In
Within a Row by Toggling CAS NC No Connection
Q Data Out
* CAS-Before-RAS Refresh RAS Row-Address Strobe
w Write Enable
* {ong Refresh Period . .. vee 5-V Supply
1024-Cycte Refresh in 16 ms (Max) Vss Ground

¢ 3-State Unlatched Output

Low Power Dissipation
Texas Instruments EPIC™ CMOS Process

All Inputs/Outputs and Clocks are TTL
Compatible

® High-Reliability Plastic 300-mil and 350-mil
20/26-Lead Surface Mount (SOJ) Packages
and a 20-Pin Zig-Zag In-line Package

¢ Operating Free-Air Temperature
Range ... 0°C to 70°C

description

The TMS44101 series are high-speed 4 194 304-bit dynamic random-access memories, organized as
4 194 304 words of one bit 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 60 ns, 70 ns, 80 ns, and 100 ns. Maximum power
dissipation is as low as 360 mW operating and 6 mW standby.

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

The TM844101 is offered in a 350-mit 20/26-lead plastic surface mount SOJ package (DM suffix), a 300-mil
20/26-lead plastic surface mount SOJ package (DJ suffix), and a 20-pin plastic ZIP package (SD suffix). All
packages are guaranteed for operation from 0°C to 70°C.

EPIC is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA documents contain information
current as of publication dale. Products conform to i
specifications per the terms of Texas Instruments T

standard warranty. Production processing does not lNS"rRUMENm

necessarily include testing of all parameters.
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operation

nibble mode

Nibble-mode operation allows high-speed read, write, or read-write access of 1 to 4 bits of data. The first bit is
accessed in the normal manner with read data coming out at tcac as long as tgac and taa are satisfied. The
next sequential bits can be read or written by cycling CAS 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. Row A10 and column A10
provide the two binary bits for initial selection, with row A10 being the least-significant address and column A10
being the most significant. Therefore, the falling edge of CAS will access the next bit of the circular 4-bit nibble
in the following sequence

|——>(00) — (01) — (10) —> (11)—>—I

Data written in a sequence of more than 4 consecutive cycles shall be capable of being read back without exiting
from the nibble mode. In a sequence of consecutive nibble-mode cycles the control of the high-impedance state
forthe data out (Q) pinis determined by each individual cycle. This facilitates fully mixed nibble-mode cycles (e.g.,
read/write/read-write, etc.)

address (A0 through A10)

Twenty address bits are required to decode 1 of 4 194 304 storage cell locations. Eleven row-address bits are
set up on inputs AO through A10 and latched onto the chip by the row-address strobe (RAS). The eleven
column-address bits are set up on pins A0 through A10 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 TAS. RAS is similar to a chip
enable in that it activates the sense amplifiers as well as the row decoder. CAS isused as a chip select activating

the output buffer, as well as latching the address bits into the column-address buffer.

write enable (W)

data

data

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, permittingcommon
I/O operation.

in (D)
Data is written during a write or read-write cycle. Depending on the mode of operation, the falling edge of CAS
or W strobes data into the on-chip data latch. 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-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.
out (Q)

The three-state output buffer provides direct TTL compatibility (no pullup resistor required) with a fanout 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 becomes valid after the access time interval toac that begins
with the negative transition of CAS as long as tgac and taa are satisfied. The output becomes valid after the
accesstime has elapsed and remains valid while CAS is low; CAS going high returnsiit to a high-impedance state.
in a delayed-write or read-write cycle; the output will follow the sequence for the read cycle.
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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-A9). A normal read or write cycte 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 ‘CSR] and holding it
low after RAS falls [see parameter topg]. 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.

power-up

To achieve proper device operation, an initial pause of 200 us followed by a minimum 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

An industry standard Design For Test (DFT) mode is incorporated in the TMS44101. A CAS-before-RAS cycle
with W low (WCBR) cycle is used to enter the test mode. In the test mode, data is written into and read from eight
sections of the array in parallel. Data is compared upon reading and if all bits are equal, the data out pin will go
high. If any one bitis different, the data out pin 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 4 meg DRAM to be
tested as if it were a 512K DRAM, where row address 10, column address 10, and also column address 0 are
not used. A RAS-only or CBR refresh cycle is used to exit the DFT mode.

bxas W
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logic symbolt

RAM 4096K x 1

A0 9 30D11/21D0
10
Al 11
A2
12
A3
14
A4
A5 15 A9
A6 16 4 194 303
A7 17
18
A8 22
A9 5
A10 31D21/21D10.
P> C30 [ROW]
3 G33 [REFRESH ROW]
RAS 34 [PWR DWN]
C31 [COL]
G34
— _24
CAS & P> 33C32
w —Clif 33,31D 34 EN 25
D——]A,32D AV Q
1 This symbol is in accordance with ANSV/IEEE Std 91-1984 and IEC Publication 617-12.
The pin numbers shown are for the 20/26 pin SOJ package.
functional block diagram
RAS CAS w
I Timing and Control l
‘ i
Ao 81 A 161
A1 _.—.,Z_V Column Decode
*| Column 3 Sense Amplifiers
* g%%:f: ‘/— 128K Array 128K Array
N R 6 Data
A10 128K Array o | 128K Array 1 . In
Reg.
: v : Buffers g
. . 10f16
. 16 2 16 Selection Data
Row 10 Out
*| Address / ¢ FAN Reg.
e| Buffers e 14T
v R
L e
128K Array 128K Array
1 10 bl T
'
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Voltage range onany pin (See NOte 1) . ... .. i i e -1Vto7V
Voltagerange on Voo (SEe NOte 1) ..o i i i e e e -tVto7V
Short circuit OUIPUE CUITENT . .. L. e e e 50 mA
PoWer diSSIpatioN . ... 1w
Operating free-air temperature range ...............ouur it 0°C to 70°C

Storage temperature range - 55°C to 150°C

1 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 refiability.

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

recommended operating conditions

MIN NOM MAX | UNIT
Vcc  Supply voltage 45 5 55 \
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 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 levels only.

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

noted)
TMS44101-60 | TMS44101-70 | TMS44101-80 | TMS44101-10
PARAMETER TEST CONDITIONS UNIT
MIN  MAX MIN MAX MIN  MAX MIN  MAX
VoH \’/‘;ﬁggz"e' output IOH = - 5 mA 2.4 24 24 24 v
voL Lo ;;’e' output loL = 4.2 mA 04 04 0.4 04| v
Input current Vi=0t06.5V, All other pins
Iy (lsakage)t -0VioVee + 10 +10 10 +10 A
o ;’e“;ﬁ:;:‘)’fem Vo = 010 Vee, CAS high £10 £10 £10 10| uA
Icet gi?:n?r(s\ggem?glg) Minimum cycle, Vog = 5.5 V 95 85 75 65| mA
After 1 memory cycle,
RAS and CAS high, 2 2 2 2
ViH=24V L
lccz  Standby current H ) mA
After 1 memory cycle,
RAS and CAS high, 1 1 1 1
VIH=Vcg-02V
Average refresh RAS 3AS cycling, CAS high
lcca  current (RAS-only or (RAS only), RAS low after 95 85 75 65 mA
CBR) (see Note 3)} | CAS low (CBR)
lecs :Jﬁ;%f nibble mode | ZA% jow, CAS cycling 70 60 50 40| mA
¥ Minimum cycle, Ve = 5.5 V.
NOTE 3: Measured with a maximum of one address change while RAS = V|
INSTRUMENTS
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capacitance over recommended ranges of supply voltage and operating free-alr temperature,
f = 1 MHz (see Note 4)

PARAMETER MIN  TYP MAX| UNIT
Cia) Input capacitance, address inputs 5 pF
Ci(D) Input capacitance, data input 5 pF
Ci(RC) input capacitance, strobe inputs 7 pF
Cipw) Input capacitance, write-enable input 7 pF
Co Output capacitance 7 pF
NOTE 4: Vg equalto 5V + 0.5 V and the bias on pins under test is 0 V.
switching characteristics over recommended ranges of supply voltage and operating free-air
temperature
TMS44101-60 | TMS44101-70 { TMS44101-80 | TMS44101-10
PARAMETER MIN  MAX| MIN MAX| MIN MAX| MmN max| UNIT
taA Access time from column-address 30 35 40 45 ns
IcAC  Access time from CAS fow 15 18 20 25| ns
tNCAG Access time from CAS low (nibble operation) 15 18 20 25 ns
tRAC  Access time from RAS low 60 70 80 100 ns
tcLz  CASto outputin low Z 0 0 0 ns
tOFF  Output disable time after CAS high (see Note 5) 0 15 0 18 20 0 25 ns
NOTE §: toFF is specified when the output is no longer driven
timing requirements over recommended ranges of supply voltage and operating free-air
temperature
TMS44101-60 | TMS44101-70 | TMS44101-80 | TMS44101-10
MIN_  MAX| MIN _ MAX| MIN _ MAX| MIN __ max| UNT
tRC Random read or write cycle (see Note 6) 110 130 150 180 ns
trRwC Read-write cycle time 130 153 175 210 ns
INC Nibble-mode read or write cycle time 35 38 40 45 ns
INRWC  Nibble-mode read-write cycle time 55 61 65 75 ns
tRAS Pulse duration, RAS low (see Note 7) 60 10 000 70 10 000 80 10000 | 100 10 000 ns
tcas Pulse duration, CAS low (see Note 8) 15 10 000 18 10 000 20 10 000 25 10 000 ns
tcp Pulse duration, CAS high 10 10 10 10 ns
tRP Putse duration, RAS high (precharge) 40 50 60 70 ns
twp Write pulse duration 15 15 15 20 ns
tasc Column-address setup time before CAS tow 0 0 0 0 ns
tASR Row-address setup time before RAS low 0 0 0 0 ns
tps Data setup time (see Note 9) 0 0 (4} 0 ns
tRCS Read setup time before CAS low 0 0 0 0 ns
towL W-low setup time before CAS high 15 18 20 25 ns
IRWL  W-low setup time before RAS high 15 18 20 25 ns
oS (tan e e G o : : : : o
SR :/;/"r:gs;: ;i:;)p time (CAS-before-RAS 10 10 10 10 ns
tWTs W-low setup time (test mode only) 10 10 10 10 ns
1CAH Column-address hold time after CAS low 10 15 15 20 ns
Continued next page.
NOTES: 6. Ali cycle times assume tT = 5 ns.
7. In aread-write cycle, tywp and tryyL must be observed.
8. In aread-write cycle, tCWD_aﬂd tcwL must be observed.
9. Referenced to the later of CAS or W in write operations.
i
TeExas *
INSTRUMENTS
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (concluded)

TMS44101-60 | TMS44101-70 | TMS44101-80 | TMS44101-10
MIN  MAX| MIN _ MAX| MIN  MAX| MIN _ max| YUNIT

tOHR Data hold time after RAS low 50 55 60 75 ns
tDH Data hold time (see Note 9) 10 15 15 20 ns
tAR Column-address hold time after RAS low 50 55 60 75 ns
tRAH Row-address hold time after RAS low 10 10 10 15 ns
tRCH l:kg)ad hold time after CAS high (see Note 0 0 0 0 ns
— :!g)ad hold time after RAS high (see Note 0 0 0 0 ns

Write hold time after CAS low “
tWeCH (Early write operation only) 15 15 15 20 ns
tWCR Write hold time after RAS low 50 55 60 75 ns
'WHR W-high hold time (CAS-before-RAS refresh 10 10 10 10 ns

only)
tWTH W-low hold time (test mode only) 10 10 10 10 ns

Delay time, column address to W-low
tawD (Read-write operation only) 30 35 40 45 ns

Delay time, RAS low to CAS high
1CHR (CAS-before-RAS refresh only) 1’ 15 20 20 ns
tCRP Delay time, CAS high to RAS low 0 o] 0 0 ns
tCsH Delay time, RAS low to CAS high 60 70 80 100 ns

Delay time, CAS low to RAS low
ICSR  (CAS.before-RAS refresh only) 10 10 10 10 ns

Delay time, CAS low to W-low
fcwp (Read-write operation only) 15 8 20 2 ns

Delay time, RAS low to column-address
tRAD (see Note 11) 15 30| 15 3| 15 40| 20 50| ns
tRAL Delay time, column-address to RAS high 30 35 40 45 ns
tCAL Delay time, column-address to CAS high 30 35 40 45 ns
tRCD l1)1e)lay time, RAS low to CAS low (see Note 20 45 20 52 20 60 25 75 ns
tRPC Delay time, RAS high to CAS low 0 ] ¢} 0 ns
tRSH Delay time, CAS low to RAS high 15 18 20 25 ns

Delay time, RAS low to W-low
tRWD (Read-write operation only) 60 70 80 100 ns
tTAA Access time from address (test mode) 35 40 45 50 ns
tTRAC  Access time from RAS (test mode) 65 75 85 105 ns
tREF Refresh time interval 16 16 16 16 ms
tT Transition time 2 50 2 50 2 50 2 50 ns

NOTES: 9. Referenced to the later of CAS or W in write operations.
10. Either tRRH or tRcH Must be satisfied for a read cycle.
11. The maximum value is specified only to guarantee access time
INSTRUMENTS
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PARAMETER MEASUREMENT INFORMATION

131V Veg =5V
é RL=218Q Ry =8280Q
Output Under Test ————¢ Output Under Test
cL=1oopF;-L—\' CL = 100 pF R2=295Q
(a) Load Circuit (b) Alternate Load Circuit

Figure 1. Load Circuits for Timing Parameters

read cycle timing

< )
|
— tras gl VIH
RAS 1 I/ \
| | |
| J

| | viL
e % | ]
[¢——trcp —» I' ——tcpp ——

(2]
7

|

|

I ViH
| N

| |

!
|
!
[
e
|
|
f ViL
} ¢—>ttpap | D e tcp —————py
- tagg & P tasc L
! i t | RAL R
l le—t
| F"‘“F'——‘—Ltcm. —-—N } }
ViH
e B X e XTI

| T viL
tRCS —f&—— —»i !
| | 44— tRRH
ﬂ——qlt —;J
| | AR ™ | ]
: 1 —» [-tcan > trey
T ; ViH
| | : AAAANA ViL
' —tcac —¥
| ’ ; {——— toFF ————
1t —————py
} : Valid ‘:\ VOH
a ’l HI-Z (see Note 12) ' : 4 v
| | ! | oL
| tcLz -4—— :
— tRAC »

NOTE 12: Output may go from three-state to an invalid data state prior to the specified access time.

j
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early write cycle timing

[ »l
r tRc >
| tRAS » !
[ | Vin
RS N / N\
| | ViL
tr— e tASH ————>
| |H—'RCD_’| "—_“RP"—‘"{
I ‘cas i H———‘CRP—H
| tCSH il
= | t m
CAS B N / | N
{ tasc M l |
t 1y Hisc ——tcaL ————» 1 | | vt
RAH ™ | ™ € tcaH | e tcp »
—» rertasr | Ly N
P ___1_1_,?“ >
ViH
t
so-at0 G50 K QLR Bt KKK "
| I T tewe >
| [ ——— tRWL >
/4 trap ¥l | e—4 —p
le- | [ WCH »)
¢ T 'wcnlr | >
twcsH | | v
w on't Care | | ont are
AAA | H il
T
| 1 twp —— >
e tos —¥ i
I |
id }@WWWWWW
D ! Valid Data | Don’t Care
AAAAAA v
T L
!
H——————'onn——ﬂ
VoH
Q HI-Z
VoL
INSTRUMENTS
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write cycle timing

- tRC ad
| - | {
|« tRAS L |
| I VIH
RAS N j/r N
e s
‘ |

8
T
v

tr —» thsH ———>)
t
: — RCD ——"‘—tCAS S l"-T—-tCRP_——”
|
!
|
|

|
ViH
YOO XXX
A0-A10 | Row | | Column | Don't Care
/\/\/\/\/\/}

v
| | : ﬂ—_tCWL—Dl i |T L
‘I‘—tRAD —» | WL
————twer | > |
| 'os ¥ et o
[ | VIH
i VAVAVAVAVAVAN I & i VAVAVAVAVAVAN viL
' e
I
| | | <ty ! !
[¢——— DHR+—F—— P |
[ | |
VIH
AAARAA, I ; VVVaV. V. Vi
tcLz —}4—»1 tOFF —»{ |[4—
| |
Vi X VOH
Q | Not Valid t
N ' VoL

j
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read-write cycle timing

ke tRWC »
[ |
l :4 RAS >JI l VIH
w N N
| ViL
—’: 7 e—tcpas ———» : > tgp
| &—1tgcp —¥ : tCRP —p! Vin
. T
T N ST
—»! - tasr L L | | ViL
! H—P?—'RArl L | ———1tcP ————»
: L ! ﬂﬂ——» tasc e :
'EAD | —>+tcaH
: I AR | L | v
N NN Y YYYYYYYYYYYYYYYY Y IH
soaro FIX_now DX coumn MERRTR LT oo SUIIAAD .
} e LL__,: —towL —» | | "
: s _N.Irff\_l:: { 14———| tRwL 1———->||
t
! | ——tawp —-—-ﬂl :‘_ e _’} |
+ | [ /avavavavavavavavavavavavavavavavavavavavavavav VIH
w W | i N AR ot Cae XX RS
! ol 1 ViL
I : le—tcwp — | I
e Lt ! I
< i RWD il |

TR % TR
[ I T T I T
| [ | —pi
| : le— torz —» OH  le—tore —»
: | | (see Note 12) | L Vou
Q ' HI-Z — @( valid Out D
| ; | ; Voi
| | e——tcac —™
| taa !
¢ traC >

NOTE 12: Output may go from three-state to an invalid data state prior to the specified access time.
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nibble-mode read cycle timing

tRAs g | i

:' |

: r—_tRCD_—’j :‘_’“'NC‘_-’: I!

! I‘“'Cﬁ“h’f lbtcp—n If‘——,'crap—ﬂ

i I
CAS : : A\ | |

: ‘ﬁ_'RA“_” | “‘—’LtCAH

L1 Vin
/\/\/\/\/\/\ v
T 1
|
| | )
_ T T T ViH
" QK (e vwo—sl | %4 |
| _ﬂ | | ViL
|
!

e tmae AT e torr >
O TR o (TR \_ von
V lld Valid
a tos oo 12 SN o RLED

VoL
NOTE 12: Output may go from three-state to an invalid data state prior to the specified access time.
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nibble-mode write cycle timing

F ViH
m N TN
v
: ,H——!csn ———HI L tNe _u—} tcRP —p *
@————tRcp ——» h g |
I i lﬂ—tCAS —>: | lu__ tRSH ‘1;_’]
T T | | ] t ViH
CAS || tash AN /: :\l / |
| : tasc —H | | re—tcp —b | : ViL
! e tan | | N | !
| e T T l
G M e s ::
ViH
D D I o L s
T f 1 T ViL
¢ tgap — ™ ———>—tcwL —> |
le—twer —+1—¥ | tewt |
: ||<"|—1—N“I . | twp }4— trwLe —
R | v
(see Note 13) : | i [ (see Note 13) ViL
———tps ——»f || .D,:DH >

(see Note 13)

| NN/ N/ \/ NN NINININININININI N Vi
ol vatgorte MEREX e XERERR

| |
lr‘__ tpg ————» {see Note 13) |
|
J

ViL
Vo
Q HI-Z
(see Note 14) VoL

NOTES: 13. Referenced to CAS or W, whichever occurs last.
14. The output may go to an invalid state if a late write is completed.
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nibble-mode read-write cycle timing

e tRAS » |
| [ VIiH
RAS N\ m
| ‘ | : viL
: ' Hi—ﬂ—l tcrp
| &————1tcsH ﬁ‘; l‘*—ﬂ—'cv N
| M——tgcp —M | M——tpgy —1>
le——tcas —»! | { ; b

0
>
1%
< =<
- S

4
ﬁi

|
|

\VAVAVAVAVAVAVAVAVAY AW AW, V
R Dertcare 0

|
A SAREPEL (5
WMA/}A ' alid ‘AAAAAAAI, Valid ”2‘

I S v
! tcac —¥ | |
! :‘“ 'A:_—_’{ toz - < toFF —D:
-—— |
thRa " | | |
( tclz—» & : | : v
see Note 12) OV’V’V’ Valid (see Note 12) 'vv’v. OH
; XD i T

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

Texas {'f

INSTRUMENTS

5-120 POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001



TMS44101
4 194 304-BIT
DYNAMIC RANDQEM-ACCESS MEMORY

V A — SMHS411 — JANUARY 1991

RAS-only refresh timing

ke trc »
| fe— trag —¥ !
| | I [ VlH
RAS N /) N
| { | viL
{CRP -4—b e tgp —»

|
|
VAYAY ViH

tASR -4—> H‘ tRAH ViL
| |
O i D e
> ViL
ViH
viL
TR ; 35 IR Vir
D QRRRLLRLLHLLRLLRLLLLLALLLLLLG Dot Care SX X RLLRLKLLLLLKLLRLL, "
VOH
Q
VoL

NOTE 16: A10is a don'’t care.

automatic (CAS-before-RAS) refresh cycle timing

< trc H‘
:l‘_—mp—’} ;,4 tRAS % :
RAS / N l/ o
: _,j | viL
trpc —P HF_tCSR : % tCHR ﬁ v
o e / '
ViL

'WSR h—ﬂ_ tWHR
- TTRRTXR Vi
W QKRS NGO |

VIH

A0-A10

TR TR RIS, TR IS
e e e e e e s e s e e e e e e e e e e

ViL
LXK XAXX XXX XXX VY XYY TTTDTDTTKK. VIH
o O O R O O o o "

VoH

VoL

j
Texas ‘Qf
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001 5-121



TMS44101
4 194 304-BIT
DYNAMIC RANDOM-ACCESS MEMORY

REV A — SMHS411 — JANUARY 1991

hidden refresh cycle (read)
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hidden refresh cycle (write)
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test mode entry cycle
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device symbolization

T -88

L —— 1 Speed (-60, -70, -80, -10)
D) TMS44101 OM

[— Package Code

WBPXXXLL
i — Lot Traceability Code

Month Code

Assembly Site Code

Die Revision Code

Wafer Fab Code
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