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SMJ44400
1048 576-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SGMS041B — JANUARY 1991 — REVISED JULY 1991

* MIL-STD-883C, Class B High Reliability JD and HR Packages
Processing (Top View)
* Military Temperature Range ... — 55°C to pat [ 2011 vgg
125°C pQ2 (]2 191] DQ4
w3 '81] DQ3
* Organization... 1048576 x 4 RAS []4 1711 CAS
A9 [ 5 6] BE
¢ Single 5-V Power Supply (x10% Tolerance) A0 [16 151 A8
A1 7 1411 A7
* Performance Ranges: A2 [18 13[7 ps
ACCESS ACCESS ACCESS READ A3 []9 12[7 As
TIME TIME TIME ORWRITE vee ] 10 1117 ag

(trac) (tcac) (taa) CYCLE
(MAX) (MAX) (MAX) (MIN)

SMJ44400-80 80 ns 20 ns 40 ns 150 ns
SMJ44400-10  100ns  25ns  50ns  180ns HM and CSOJ Packages
(Top View)
SMJ44400-12 120 ns 30 ns 55 ns 210 ns
. oat [+ Y 267 vgg
. P M Fast
Enhanced Page Mode Operation for Faster oaz 2 25 [ DQ4
Memory Access W s >4 11 pQ3
— Higher Data Bandwidth than FAS s - i cAS
Conventional Page-Mode Parts A9 s 22 [] O
— Random Single-Bit Access Within a Row
With a Column Address
A0 (o 18| A8
* CAS-Before-RAS Refresh At (o 7] A7
A2 (] 16 |1 A6
* Long Refresh Period . .. A3 []12 1511 A5
1024-Cycle Refresh in 16 ms (Max) Vee [ 13 14[] A4

¢ 3-State Unlatched Output

° I P Dissipati PIN NOMENCLATURE
w i
° ower Dissipation AO0-A9 Address Inputs
* Texas Instruments EPIC™ CMOS Process gg? oos SO'UTF‘/;«(idrgsst Strobe
- ata Iin/Data Ou
* All Inputs/Outputs and Clocks are TTL OE Output Enable
Compatible RAS Row-Address Strobe
W Write Enable
* Packaging Options: Voo 5-V Supply
— 400-mil 20/26-Leadless Ceramic SOLCC Vss Ground
(HM Suffix)

— 20-Pin, 400 mil Ceramic DIP (JD Suffix)
— 20-Pin, Ceramic Flatpack (HR Suffix)
— 20-Pin, Ceramic CSOJ

— Additional Package Options Planned

description

The SMJ44400 series are high-speed 4 194 304-bit dynamic random-access memories, organized as 1048 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 operation.

EPIC is a trademark of Texas Instruments Incorporated.

PROOUCTION DATA information is current as of publication Copyright © 1991, Texas Instruments Incorporated
date. Products conform to specifications per the terms of
Texss Instruments standard warranty. Production ’ ] X
pr " g does not ily include testing of all Em
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SMJ44400
1048 576-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SGMS041B — JANUARY 1991 — REVISED JULY 1991

The SMJ44400 features maximum row access time of 80 ns, 100 ns, and 120 ns. Maximum power dissipation
is as low as 360 mW operating and 22 mW standby.

Allinputs and outputs, including clocks, are compatible with Series 54 TTL. All addresses and data-in lines are
latched on-chip to simplify system design. Data out is unlatched to allow greater system fiexibility.

The SMJ44400 is offered in a 400-mil 20/26-leadless ceramic surface mount SOLCC package (HM suffix), a
20-pin ceramic dual-in-line package (JD suffix), a 20-pin ceramic flatpack (HR suffix}, and a 20-pin leaded
ceramic chip carrier (CSOJ). All packages are characterized for operation from — 55°C to 125°C.

operation
enhanced page mode

Enhanced 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 cycle time, all 1024 columns specified by column
addresses AO 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 SMJ44400 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 tcac 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 topa (access time from rising edge of CAS).

address (A0-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). 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 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 pullup 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 pullup resistor required) with a fanout of two
Series 54 TTL loads. Data out is the same polarity as data in. 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 toeD.
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SMJ44400
1048 576-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SGMS041B — JANUARY 1991 — REVISED JULY 1991

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 the 1024 rows (A0-A9). 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 aread 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 togr] and holding it
low after RAS falls [see parameter tcyR]. 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 SMJ44400. 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
of the 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 DRAM to be tested as if it were a 512K DRAM where column address 0 is not used.
A RAS-only or CBR refresh cycle is used to exit the DFT mode.
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1048 576-WORD BY 4-BIT
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logic symbolt

AQ
A1
A2
A3
A4
A5
A6
A7
A8
A9

o RAM 1024K x 4
20D10/21D0Y
10
11
12
14
15 —2
1048 575
16
17
18
5
———1 20D19/21D9~
> C20[Row]
4 G23/[Refresh Row]
24[Power Down]
P> C21[Column)
23 G24
&
Lf P> 23C22
3 23,21D 24,25EN
22
———BL.G.TS
1 r
DQ1 -——t A,22D A.226
2 V 26 ’
DQ2 —— 4>
24
DQ3 25—4*—
DQ4 —— 4>

T This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. The pinouts illustrated are for the HM package.
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absolute maximum ratings over operating temperature range (unless otherwise noted)t

Voltage range on any pin (see Note 1) ... ... ... -1Vto7V
VORAGE raNGe ON VGG - oo oot oot et e -1Vto7V
Short Gircuit OUIPUL CUITENE . ... e e e 50 mA
Power diSSIPatioN . ... ... 1W
Operating temperature ... .. ... o e — 55°C to 125°C
Storage temperature range ... ... —~ 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.

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

NOTE

recommended operating conditions

MIN NOM MAX UNIT
Vce  Supply voltage (see Note 1) 4.5 5 55 Vv
ViH High-level input voltage 2.4 6.5 \%
ViL Low-level! input voltage (see Note 2) -1 0.8 \
Ta Min Operating temperature - 55 °C
TC Max Operating case temperature 125 °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)
SMJ44400-80 | SMJ44400-10 | SMJ44400-12
PARAMETER TEST CONDITIONS UNIT
MIN MAX | MIN MAX MIN  MAX
VoH  High-level output voltage IoH =-5mA 2.4 2.4 2.4 \Y%
VoL  Low-level output voltage loL=4.2mA 0.4 0.4 0.4 \%
=0to 65V, Voc =55V,
ly Input current (leakage) All other pins = 0 V 10 VGG =10 10 10 uA
Vo =0to Ve,
A * 1 .
I'e) Output current (leakage) Vae = 5.5 V, CAS high 10 0 10 uA
Read or write cycle current L B

lcc (see Note 3) Minimum cycle, Voo =55V 85 80 70 mA

| Standby current After 1 memory cycle, 4 4 4 mA

cC2 Y RAS and CAS high, Vjy = 2.4 V

Minimum cycle, Vcc = 5.5V,
lccs f%%i,’efgf?;;)"em RAS cycling, CAS high (RAS only), 85 75 65| mA
v, RAS low, after CAS low (CBR)

: Average page current tpc = minimum, Voo = 5.5V, 4
lcca (see Note 4) RAS low, CAS cycling 50 0 35 mA

NOTES: 3. Measured with a maximum of one address change while RAS = V..

4. Measured with a maximum of one address change while CAS = V.
INSTRUMENTS
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SMJ44400
1048 576-WORD BY 4-BIT
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capacitance over recommended ran

(see Note 5)

ges of supply voltage and operating temperature, f = 1 MHz

PARAMETER MIN TYP MAX UNIT
Ci(a) Input capacitance, address inputs 7 pF
Ci(rc) Input capacitance, strobe inputs 10 pF
Ciw) Input capacitance, write-enable input 10 pF
Co Output capacitance 10 pF

NOTE 5: Vg equalto5V =0.5V and the bias on pins under test is 0 V. Capacitance is sampled only at initial design and after any major change.

switching characteristics over recommended ran

ges of supply voltage and operating free-air

temperature
SMJ44400-80 SMJ44400-10 SMJ44400-12
PARAMETER UNIT
MIN MAX | MIN MAX | MIN MAX
tAA Access time from column-address 40 45 55 ns
tcAC  Access time from CAS low 20 25 30 ns
tcpA  Access time from column precharge 45 50 55 ns
tRAC  Access time from RAS low 80 100 120 | ns
tOEA Access time from OE low 20 25 30 ns
topr  Output disable time after CAS high (see Note 6) 20 25 30 ns
togz Output disable time after OE high (see Note 6) 20 25 30 ns

NOTE 6: toFF and tpgz are specified when the output is no longer driven The outputs are disabled by bringing either OE or CAS high.

This Materi al
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SMJ44400
1048 576-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SGMS0418 — JANUARY 1991 — REVISED JULY 1991

timing requirements over recommended ranges of supply voltage and operating temperature

SMJ44400-80 SMJ44400-10 SMJ44400-12 UNIT
MIN MAX | MIN MAX | MIN MAX
trRc Random read or write cycle (see Note 7) 150 180 210 ns
tRWC Read-write cycle time 205 245 285 ns
tpC Page-mode read or write cycle time (see Note 8) 50 60 65 ns
tPRWC Page-mode read-write cycle time 105 120 135 ns
tRASP Page-mode pulse duration, RAS low (see Note 9) 80 100000 | 100 100000 | 120 100 000 ns
tRAS Non-page-mode pulse duration, RAS low (see Note 9) 80 10000 | 100 10000 | 120 10 000 ns
tCAS Pulse duration, CAS low (see Note 10) 20 10 000 25 10 000 30 10 000 ns
tcp 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 ns
tASR Row-address setup time before RAS low ns
tps Data setup time (see Note 11) ns
tRCS Read setup time before CAS low 0 ns
towL W-low setup time before CAS high 20 25 30 ns
tRWL W-low setup time before RAS high 20 25 30 ns
wes W-low setup time before CAS low 0 0 0 ns
(Early write operation only)
tWsR W-high setup time (CAS-before-RAS refresh only) 10 10 10 ns
— tCAH Column-address hold time after CAS low 15 20 20 ns
tDHR Data hold time after RAS low 60 75 90 ns
tDH Data hold time (see Note 11) 15 20 25 ns
tAR Column-address hold time after RAS low (see Note 10) 60 75 a0 ns
tRAH Row-address hold time after RAS low 10 15 15 ns
tRCH Read hold time after CAS high (see Note 12) 0 0 0 ns
tRRH Read hold time after RAS high (see Note 12) 0 0 0 ns
WCH  (Eary wrte oporation ony) 's 20 > s
WCR Write hold time after RAS low (see Note 10) 60 75 90 ns
tWHR W-high hold time (CAS-before-RAS refresh only) 10 10 10 ns
wp_ Do e o adaes o W lon 0 a0 o0 -
Continued next page.
NOTES: 7. All cycle times assume tT = 5 ns.
8. To guarantee tpc min, taogc should be greater than or equal to tcp.
9. In a read-write cycle, tgywp and trw( must be observed.
10. In a read-write cycle, tcwp and tgw| must be observed.
| 11. Referenced to the later of CAS or W in write operations.
‘ 12. Either tgrH or tRcH must be satisfied for a read cycle.
/
: TEXAS ns
INSTRUMENTS
POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001 7

This Material Copyrighted By Its Respective Manufacturer



SMJ44400
1048 576-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SGMS0418 — JANUARY 1991 — REVISED JULY 1991

timing requirements over recommended ranges of supply voltage and operating temperature
(continued)

SMJ44400-80 SMJ44400-10 SMJ44400-12

MIN MAX | MIN MAX | MIN max | UNIT
'CHR !(:g%\a—sy—ggs;eﬁ%o:f::s%a‘osn Ir;i)gh 20 20 25 ns
tCRP Delay time, CAS high to RAS low 0 0 0 ns
tCSH Delay time, RAS low to CAS high 80 100 120 ns
'CsR %’-ggg}ecfgi—sloifﬁsﬁfosm‘;)w 10 10 10 ns
oD e e 50 w0 0 .
tOEH OE command hold time 20 25 30 ns
tOED OE to data delay 20 25 30 ns
tROH RAS hold time referenced to OE 20 25 30 ns
tRAD Delay time, RAS low to column-address (see Note 13) 15 40 20 50 20 65 ns
tRAL Delay time, column-address to RAS high 40 50 55 ns
tCAL Delay time, column-address to CAS high 40 50 55 ns
tRCD Delay time, RAS low to CAS low (see Note 13) 20 60 25 75 25 90 ns
tRPC Delay time, RAS high to CAS low 0 0 0 ns
tRSH Delay time, CAS low to RAS high 20 25 30 ns
v et RS i W o s
tREF Refresh time interval 16 16 16 ms
tT Transition time (see Note 15)

NOTES: 13. Maximum value specified only to guarantee access time.
14. Valid data is presented at the outputs after all access times are satisfied but may go from three-state to an invalid data state prior to
the specified access times as the outputs are driven when CAS goes low.
15. Transition times (rise and fall) for RAS and CAS are to be a minimum of 3 ns and a maximum of 50 ns.

PARAMETER MEASUREMENT INFORMATION

1.31V Vee =5V
R =218 Q R;=828Q
Output Under Test — 9 Output Under Test
CL=100pF—T Cyp =100 pF R,=295Q
(a) Load Circuit (b) Alternate Load Circuit

Figure 1. Load Circuits for Timing Parameters

j
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read cycle timing

1 ' "
l\rﬁ tRAS - 7 "‘\ ViH
AS \ | i/ '
| \ ‘ ViL
VIH
vViL
\%
PAVAVAVAVAVAVAVAVAVAVAVAVAVA ViL

|

|
| ]
_ TS X | T | XYY ViH
W Don’t Care | | | Don’t Care
AAANAN ! | | : VA ViL
[¢——tcac — ¥
| j——— toFF —————»
—taAp ———P |

|
A VoH
HI-Z I Valid Data Out |
(see Note 14) 4

A1

DQ1-DQ4

| ! | VoL
| ' |

t >

RAC ] : - tOEZ

:4— toea —¥ | }
. VAN 'ROH VIH
AAAANLN, AAAN

ViL

NOTE 14: Valid data is presented at the outputs after all access times are satisfied but may go from three-state to an invalid data state prior to
the specified access times as the outputs are driven when CAS goes low.
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early write cycle timing
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! V
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j
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write cycle timing
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SMJ44400
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DYNAMIC RANDOM-ACCESS MEMORY
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read-write cycle timing

¢ trRwC >
P -~ VIH
RAS N tRas “ﬁ_\—
! [ | viL
— :4— tr | i¢——+ trp
| ——trcp — - tcrp —
T et tcas » | 7’ ViR
CAS M T tasm N M r . \
l¢——tcp ——»
| ;*—bf—l tRAH | e toan T Vi
| - tpaD _"4..__.’1__1. tasc | —p lq_f_ t1
| P l l
v’v. ’v’ | \V KKK K vv \VAVAV, v’v‘v’v.v’v. j tH
so-no LK Pow XS Cotumn IR T L "
| i |
——RCS — ¥ | towL —e—» i
I | | e tgwe
| [~ tRwWD » |
P ! 1 > e twe Vi
T T X |
W XS | | | t N A Gameare SRR
| ﬁ—f————— AWD 1 gl 20VaVaVaVaVa VAV AV NNV VoV sV a V) viL
| ; ¢————tcwp —— ¥ |
l
: —tap ——P>
| :
| 4
Da1-Da4 | (see Note 14) ;
b tRAC .
toEA —1&——M

NOTE 14: Valid data is presented at the outputs after all access times are satisfied but may go from three-state to an invalid data state prior to
the specified access times as the outputs are driven when CAS goes low.
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enhanced page-mode read cycle timing
thp —t€&—P
< tRASP > I ViH
AAS N /N
A um— R ! ViL
| trecp ——™ [ tpc —Ple——tcrp —¥
|1 1[4———— tesH +—————P | tcp W :"‘—"‘ tRSH | > v
— et T H
CAS i | | CAS : | | | |
| 4 RaH | | e . > | o Vi
—» et tASR le ’ " PrCAH | ¢ AL gL — Ly |
| | [ | |/ASC | | || |
VIH
AO0-A9 | Row IXI Column }@( Column on’t Care
T 1] { | e T ViL
H—‘ tAF -,—l—ﬁ | taa —T——H 4 tprry ™
IHT—— trRcs — TP | tRCH lld— (see Note 16) I“—:— tRCH ——"1 Vim
T T T T
W | %% L &
| f | ViL
k-—'RAo<——N f < tcPA >
| | 4——tcac —W (see Note 16) | |
| ——tap —P l¢—+— topr ——M
< tRAC >
‘ ] VOH
Valid Valid
DQ1-DQ4 (see Note 14) , Out _ I Mkl ; v
| oL
- : —’*' e toez ' torz |
— ¢— toEA —» ¢ ’
OE on't Care | |
AA

ViL

NOTES: 14. Valid data is presented at the outputs after all access times are satisfied but may go from three-state to an invalid data state prior to
the specified access times as the outputs are driven when CAS goes low.
16. Access time is topa or taa dependent.
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enhanced page-mode write cycle timing (see Note 18)
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| & tRaH B | | | | e tep | !
| —tar [ S ——tcaL — M ‘
| l— tcAH —p — N
[ tasr |1 AR 1 tRAL i

T XX ViH

| ! T | 1 T ViL
[¢—RAD —¥ e tewL — I (
{*"'—twcn m > tew |

twp
H—t —»
tDHR| | RWL
1 | ! XXX B( ViIH
Don t Care i ! 99\"'\,\,3\'? on’t Care
(see Note 17) | | l " toH l ViL

|
——tps ——»{ | |
| ﬁ——— tpy ——— ¥ «— tOEH .
H"——— tps —L‘H (see Note 17)

|
|
Valid ViH
DQ1-DQ4 ! Valid Data In | n ng
|

i
% t0OEH —O} toep —¥ —
— XY ViH
VAVAVAY
ViL

NOTES: 17. Referenced to CAS or W, whichever occurs last.
18. 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.
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SMJ44400
1048 576-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SGMS041B — JANUARY 1991 — REVISED JULY 1991

enhanced page-mode read-write cycle timing (see Note 19)

e e
RAS N tRASP =/_\ Y
| . I
< CSH > <
n u—tpnwc:‘—n = 'RSH > |
[L - tpcp P‘ : ‘4———>'—J—I top tcrP -ﬁ———Nl .
! H
CAS % | \ﬂ‘*tCAS__ﬂ | | / |
tRAD _||'_l‘—_:L_:.t : | : ViL
e | o
—» MTMSR ) @tcan P L] v
(XX XXX XX XD CXXXK VIH
sono B ow PR cotimn KUY XKL,
|
tRan ) . N | -— towL —» |
! | [ tcwp | | !
; W—T—WAWD'__’i H————LLJ e tawL —w
ﬁ“ﬁﬁTWRWDV‘ﬁ“*VT | | wp i
I N | I | v
T | IH
TR T\ TR
| IR : { o i ViL
|~ I« tRes I ! —>— toEH
! > tan | -tDH M ' |
N—tnAc,—ﬂl e H—{— DS | : Vvalid Out |
<« tcac I | | (see Note 14) I v
1 IH/VOH
DQ1-DQ4
: ViLVoL
|
|
|

NOTES: 14. Valid data is presented at the outputs after all access times are satisfied but may go from three-state to an invalid data state prior to
the specified access times as the outputs are driven when CAS goes low.
19. A read or write cycle can be intermixed with read-write cycles as long as the read and write timing specifications are not violated.
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SMJ44400
1048 576-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SGMS0418 — JANUARY 1991 — REVISED JULY 1991

RAS-only refresh timing

) e "
| [&—trag — |
| ! I ViH
RAS AN L/ |
tcrp ﬂ—ﬂ lﬂ— tgp — ™ ViL
{ _NI r_(s:re note 15) | 'RPC
S SN XN XXX KT T ViH
SRS QLRI PRIE KKLEKKLES | et thiam e v
'ASRj‘——N I *
z
a0-a9 QUXXAXXNNE bantt Cars AXXEON]  Row XK Bon't Eae (X Ro "
= X 0000020 9 TTXIXLRR ¥
VIH

<

XL OO K AKX X
LLLLLLLLLIRRRIILAIALKLLL °

CELCCCECEE TS
DQ1-DQ4 LRRRHKLLLLLLLLLLLLLLLLRRKKK

v

_ XXX XXX TTXXXXKK VH
o o o e oo o "

NOTE 15: Transition times (rise and fall) for RAS and CAS are to be a minimum of 3 ns and a maximum of 50 ns.
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SMJ44400
1048 576-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SGMS0418 — JANUARY 1991 — REVISED JULY 1991

automatic (CAS-before-RAS) refresh cycle timing

« trC "
:14___.tnp —-—»} f tRAS ﬁ i V
y N / "
tRPC -’: ?*"H_ foer _N' i< 'CHR g
w N " /
twsR _}‘——N L——H— tWHR :"-
] > 0’:’:.0....Q’Q:Q:Q:Q:Q:Q:O0’000000”":’:’:’:’:’:’:””’" V::

(XX XX XX X) K X) XXX XKASES, TR, Y H

o TTRRRTD R X TR TILTLILLLLK Vin
0 SRR A Sl SR RRILIRITIRIIIIR

VIH
DQ1-DQ4 HI-Z
_ ViL
|
|
§
1
|
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SMJ44400
1048 576-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SGMS041B — JANUARY 1991 — REVISED JULY 1991

hidden refresh cycle (read)

l4—— Refresh Cycle —p|

j¢—— Memory Cycle —» {¢—— Refresh Cycle ——»
| [ | [
[4—trp [ trp
| -tRas ¥ | _»} 4-tras ¥ | ﬂ |
RAS [ | | |
: | I | | viL
| | f tCHRJ'—ﬂ——‘H
|| l L tene Lt e v
_ |l i‘ [ 7 CAS| T P Vl H
CAS P | | || |
| e tam g m Tt 5 T (Y
| [ 'AR eltcan || || || !
P | )y, [ |l | |
| ™ H-tasc | | | |
tRaH TP | [ | | |
> Htagg | || || || 1
VIH

Ac-g 8 QR

K XXXXXXXXXXXXXX Vi

DQ1-DQ4

Valid Data Out }—
4 VoL

|
togz ¥
§ ViL

{
7

NOTE 14:  Valid data is presented at the outputs after all access times are satisfied but may go from three-state to an invalid data state prior to
the specified access times as the outputs are driven when CAS goes low.
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SMJ44400
1048 576-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SGMS041B — JANUARY 1991 — REVISED JULY 1991

hidden refresh cycle (write)

l¢—— Refresh Cycle ——p
[€&—— Memory Cycle —, [4¢—— Refresh Cycle ——»
J

| | |

: |- tRAS rﬂnp_’; |r<—fRAs+1| r_tRP_’} f
| |

|

— | | ViH
RAS |
ViL

tCHR —H——H

|

I

{ tcas »l VIH
| J/

1

i

|

|

|

-

ViL

g~

|
|
|
|
!
|
|
|
|
|
I
]

|

ViH

s sedorniedoleteto

(VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAL

ot Cate OGNS

ViL

twcs—1<J—>‘TRﬁT.‘ e twee
L wen ¥ | > wes
_ e twp > 4 ViH
BN Y R RS ek
T f| 1L
+tos ¥, - twen
| e tpH
—_ 4——tpyRr —

DQ1-DQ4 m valld Data ’020?0tofofofofofofofofofofofo020!0?0!020,

CECECCCEOS COAAS :
OF XX °°R}\W

7 ViL

VIH
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SMJ44400

1048 576-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SGMS041B — JANUARY 1991 — REVISED JULY 1991

MECHANICAL DATA

20-pin ceramic sidebrazed dual-in-line package (JD suffix)

l¢——-———— 25,908 (1.020) Max ———————]

e WD e SORID o S e BES e SIS o WS s WD v |

Index Mark —4»o

Max

1,778 (0.070)
Max

—»| 14— 1,651 (0.065)
Max

3,556 (0.140) —
Max

10,414 (0.410)

10,287 = 0,381

(0.405 = 0.015)

0,457 + 0,076
(0.018 = 0.003) |

il

—> .4— 2,540 (0.100)

< 22,860 = 0,254

(0.900 + 0.010)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

_v

Min

v

L 0,381
(0.015)
Min

Seating Plane —

3,175 (0.125)

T

—

0,279 = 0,076
(0.011 = 0.003)

20

TeExas ‘b

INSTRUMENTS

POST OFFICE BOX

1443 ® HOUSTON, TEXAS 77001

This Material Copyrighted By Its Respective Manufacturer




DYN

SMJ44400
1048 576-WORD BY 4-BIT
AMIC RANDOM-ACCESS MEMORY

SGMS041B — JANUARY 1991 — REVISED JULY 1991

MECHANICAL DATA

20-pin small-outline leadless ceramic chip carrier (HM suffix)

18,034 (0.710)

N &

17,526 (0.690)

/v

(1 of 2 Places)

/k
Index

|

10,338 (0.407)
9,982 (0.393)

) .

3,175 (0.125)
2,667 (0.105)

1,27 (0.050)

Typical

1,524 (0.060)
1,016 (0.040)

1,270 (0.050)
Ref

.

_J z

o e
% St
0,711 (0.028)

0,559 (0.022)

N

15,494 (0.610)

__ 0,203 (0.008) R
Typical

e 0,254 (0.010)
Ref

I
[ 1,805 (0.075)

Typical

14,986 (0.590)

ALL LINEAR DIMENSIONS ARE {N MILLIMETERS AND PARENTHETICALLY IN INCHES

X

| 2,337 (0.092)
1,727 (0.068)
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SMJ44400
1048 576-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SGMS041B — JANUARY 1991 — REVISED JULY 1991

MECHANICAL DATA

20-pin (HR suffix)

12,446 = 0,178
9,017 = 0,381 (0.490 = 0.007)
(0.355 + 0.015)
Typ
Pin 1
v ’ ‘

1,27 (0,050) [=

Typ 17,780 = 0,254
. (0.700 = 0.010)

0,457 + 0,076
(0.018 = 0.003)
B —
| 2,972 +0,407
{0.117 = 0.016)
2,286 + 0,254
(0.090 = 0.010)
0,762 = 0,127
i (0.030 + 0.005)
- = ! I - ) M ured at Ceramic)
T 0,179 = 0,076 T

(0.007 + 0.003)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
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