PRODUCTION DATA information is cument as of publication date.
Products conform to specifications per the terms of Texes Instruments

Organization ... 1048576 x 1
Processed to MIL-STD-883, Class B
Single 5-V Supply (10% Tolerance)

Performance Ranges:
ACCESS ACCESS ACCESS READ

TIME TIME TIME OR
a(R)  ta(C) ta(cA) WRITE
(trRac) (tcac) (taa) CYCLE

(MAX) (MAX) (MAX) (MIN)
'4C1024-80 80 ns 20 ns 40 ns 150 ns
'4C1024-10 100 ns 25ns 45 ns 190 ns
'4C1024-12 120 ns 30ns 55ns 220 ns
'4C1024-15 150 ns 40ns 70ns 260 ns

Enhanced Page Mode Operation for Faster

Memory Access
- Higher Data Bandwidth Than
Conventional Page Mode Parts

- Random Single-Bit Access Within a Row

With a Column Address
One of TI's CMOS Megabit Dynamic
Random-Access Memory (DRAM) Family
Including SMJ44C256 — 256K x 4
Enhanced Page Mode
CAS-Before-RAS (CBR) Refresh

Long Refresh Period
512-Cycle Refresh in 8 ms (Max)

3-State Unlatched Output
Low Power Dissipation

Fabricated Using the Texas Instruments
Enhanced Performance implanted CMOS
(EPIC™) Process

All Inputs/Outputs and Clocks Are
TTL-Compatible

Packaging Offered:

— 20/26-Pin J-Leaded Ceramic Surface
Mount Package (HJ Suffix)

— 18-Pin 300-Mil Ceramic Dual-In-Line
Package (JD Suffix)

— 20-Pin Ceramic Flatpack (HK Suffix)

-~ 20/26-Terminal Leadless Ceramic

Surface Mount Package (FQ/HL Suffixes)
— 20-Pin Ceramic Zig-Zag In-Line Package

(SV Suffix)

Operating Temperature Range
—55°C to 125°C
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Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

EPIC is a trademark of Texas Instruments Incorporated.

testing of all parameters.
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PIN NOMENCLATURE
A0—-A9 Address Inputs
CAS Column Address Strobe
D Data In
NC No Internal Connection
Q Data Out
RAS Row Address Strobe
TF Test Function
Vce 5-V Supply
Vgs Ground
W Write Enable

description

The SMJ4C1024 is a high-speed, 1048576-bit DRAM organized as 1048576 words of one bit each. It employs
EPIC™ technology for high performance, reliability, and low power at a low cost.

This device features maximum RAS access times of 80 ns, 100 ns, 120 ns, and 150 ns. Maximum power
dissipation is as low as 305 mW operating and 16.5 mW standby on 150-ns devices.

The EPIC™ technology permits operation from a single 5-V supply, reducing system power supply and
decoupling requirements and easing board layout. Ipp peaks are typlcally 140 mA and a —1 V input voltage
undershoot can be tolerated, minimizing system noise.

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 flexibility.

The SMJ4C1024 is offered in an 18-pin ceramic dual-in-line package (JD suffix), a 20/26-terminal leadless
ceramic carrier package (FQ/HL suffixes), a 20/26-pin J-leaded carrier package (HJ suffix), a 20-pin flatpack
(HK suffix), and a 20-pin ceramic zig-zag in-line package (SV suffix). They are characterized for operation from
—55°C to 125°C.

"5‘ TEXAS
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e

logic symbolt

A0
A1
A2
A3
A4
A5
A6
A7
A8
AS

20D10/21D0

20D19/21D9

§> €20 [ROW]
RAS —

RAM 1024K x 1

~

0
> Aioas 575

A

G23 [REFRESH ROW]
24 [PWR DWN]

> €21 [COL]
16 G24
CAS &

w
D

1

E> 23022

24EN

A, 22D

AV

T This symbol is in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12.
The pin numbers shown are for the 18-pin JD package.

i
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functional block diagram

RAS CAS w
Timing and Control
Row
Address
Buffers

(10) l

vvvvvllll; }vvwrvwhrvvv

256K Row 256K

Array | Decode| Array
:‘1] Sense Amplifiers N

, | Dataln

pa /o < Reg. —<4— D
At Column =\ Col Decod Buffers
A4 Address ) olumn Decode Lof 8
Py ° Buffers Selection || Data 1, o
AS ¢ (10) Out Reg.
i & * Sense Amplifiers
ﬁg —» 256K Row 256K

Array | Decode | Array

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 for address multiplexing is eliminated.
The maximum number of columns that can be accessed is determined by the maximum RAS low time and the
TAS page-cycle time used. With minimum CAS page-cycle time, 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 lets the SMJ4C1024 operate at a higher data bandwidth than
conventional page-mode parts, since data retrieval begins as soon as the column address is valid rather than
when CAS goes low. This performance improvement is referred to as enhanced page mode. A valid column
address can be presented immediately after the row-address hold time has been satisfied, usually well in
advance of the falling edge of CAS. In this case, data is obtained after ta(c) maximum (access time from CAS
low) if ta(ca) maximum (access time from column address) has been satisfied. If the column addresses for the
next page cycle are valid at the same time CAS goes high, access time for the next cycle is determined by the
later occurrence of ta(ca) OF ta(cp) (access time from rising edge of CAS).

address (A0-A9)

Twenty address bits are required to decode one of 1048576 storage celi locations. Ten row-address bits are
set up on inputs AO through A9 and latched onto the chip by RAS. The ten column-address bits are set up on
pins A0 through A9 and latched onto the chip by CAS. Alladdresses must be stable on or before the falling edges
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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 to activate the output buffer as well as to laich the address bits into the
column-address buffer.

write enable (W)

The read or write mode is selected through W. A logic high on the W input selects the read mode and a logic
low selects the write mode. The write-enable pin 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 remains in the high-impedance state for the entire cycle, permitting common input/output operation.

data in (D)

Data-in is written during a write or a read-modify-write cycle. Depending on the mode of operation, the falling
edge of CAS or W strobes data into the on-chip 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 a
read-modify-write cycle, CAS is already low, and the data is strobed in by W with setup and hold times
referenced to this signal.

data out (Q)

The 3-state output buffers provide direct TTL compatibility (no pullup resistor required) with a fanout of two
series 54 TTL loads. Data outis the same polarity as data in. The outputis in the high-impedance (floating) state
until (_)Eis brought low. In a read cycle, the output becomes valid after the access time ta(c)- The access time
fromCASlow (ta(c)) begins withthe negative transition of CAS as longast,gyand ta(ca)aresatisfied. The output
becomes valid after the access time has elapsed and remains valid while CAS is low; when CAS goes high, the

output returns to a high-impedance state. In a delayed-write or read-modify-write cycle, the output follows the
sequence for the read cycle.

refresh

A refresh operation must be performed at least once every 8 ms to retain data. This can be achieved by strobing
each of the 512 rows (AO—AS8). A normal read or write cycle refreshes all bits in each selected row. A RAS-only
operation can be used by holding CAS at the high (inactive) level, 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 can 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 Ws-only refresh
cycle.

CAS-before-RAS (CBR) refresh

CBR refresh is used by bringing CAS low earlier than RAS (see parameter tycRL)R) and holding it low after
RAS falls (parameter td(RLCH)R)- For successive CBR refresh cycles, CAS can remain low while cycling RAS.
The external address is ignored and the refresh address is generated internally. The external address is also
ignored during the hidden refresh cycles.

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 Ve level is achieved.

test function (TF) pin

During normal device operation, TF must be disconnected or biased at a voltage < V.

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

Voltage rangeonany pin(see Note 1) .......... ..o -1Vto7V
VORAGE raNGE ON VO G vttt vttt et e e -1Vto7V
Short-circuit output CuUrreNnt, Igg - -« ..o 50 mA
Power diSSIPAtION .. ... . it e 1W
Operating free-air temperature range, TA ... ..o —55°C to 125°C
Storage temperature range, Tgtg .-« - - oot - 65°C to 160°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: Ali voltage values are with respect to Vgg.

recommended operating conditions

MIN NOM MAX | UNIT
Vee  Supply voltage 45 5 55 \
VIH High-tevel input voltage 24 6.5 \
ViL Low-level input voltage (see Note 2) -1 08 \
Ta Minimum operating free-air temperature - 55 °C
Tc Maximum operating case temperature 125 °C

NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimurm, is used for logic-voltage levels only.
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electrical characteristics over recommended ranges of supply voltage and operating free-air

TEST '4C1024-80 '4C1024-10 '4C1024-12 '4C1024-15
PARAMETER UNIT
CONDITIONS MIN  MAX| MIN MAX| MIN MAX| MIN MAX
High-level
VOH output voltage | 'OH==5mA 2.4 24 2.4 2.4 %
Low-level
VoL output voltage loL=42mA 0.4 0.4 04 04 A
Inputcurrent |Voc =55V, V|=0Vto65V,
I (leakage) All other pins =0 V to Vo £10 £10 £10 +10 HA
Output _ B '
1o current é%g;isﬁsv, Vo=0Vwovee. £10 £10 +10 +10| pA
(leakage) 9
Read- or
lcce write-cycle Vcc =55V,  Minimum cycle 75 70 60 55| mA
current
After one memory cycle,
Icc2 f;";‘r"eﬁy RAS and CAS high, 3 3 3 3| ma
ViH=24V
g‘;fé:ge Vec =55V,  Minimum cycle,
RAS cycling,
Iccs (cg;rgn;my o | CAS high (RAS oniy), 70 65 55 50| mA
CBR) RAS low after CAS low (CBR)
Average page [VoCc =55V, tpc = minimum,
lcc4 current RAS low, CAS cycling 50 45 35 30 mA

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

f = 1 MHz (see Note 3)

HL/JD/FQ HJ HK sV
PARAMETER UNIT
MIN MAX| MIN MAX MIN  MAX| MIN MAX
Cita) Input capacitance, address inputs 6 7 8 9 pF
Ci(D) Input capacitance, data input 5 5 6 7 pF
Ci(rRc) !nput capacitance, strobe inputs 7 7 8 8 pF
Ci(w) Input capacitance, write-enable input 7 7 7 7 pF
Co Output capacitance 7 9 10 8 pF
NOTE 3: Capacitance is sampled only at initial design and after any major change. Samples are tested at 0 V and 25°C with a 1-MHz signal

applied to the pin under test. All other pins are open.

switching characteristics over recommended ranges of supply voltage and operating free-air

temperature (see Figure 1)

ALT. '4C1024-80 ’4C1024-10 '4C1024-12 '4C1024-15
PARAMETER UNIT
SYMBOL | MIN MAX| MIN MAX| MIN MAX| MIN WMAX
ta(C) Access time from CAS low tcac 20 25 30 40 ns
ta(CA) Access time from column address taA 40 45 55 70 ns
ta(R) Access time from RAS low tRAC 80 100 120 150 ns
ta(CP) Access time from column precharge tcpA 40 40 60 75 ns
Output disable time after CAS high
tdis(CH) (Se:Note 2 S tOFF 20 25 30 35| ns
NOTE 4: tdis(CH) is specified when the output is no longer driven. The output is disabled by bringing CAS high.
3 15
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (see Note 5)

ALT. ’4C1024-80 '4C1024-10 ’4C1024-12 ’4C1024-15

SYMBOL| MIN MAX MIN  MAX MIN  MAX MIN  MAX UNIT
to(rd) gﬁifg?eeé{ ead tRG 150 190 220 260 ns
to(w) Cycle time, write twe 150 190 220 260 ns
te(raw) gﬁ?vjirri?;‘read-modify-write tRWC 175 220 265 315 ns
o e | o [T | s | ow E
tePM) i‘gi:;?;y‘_’zﬂgmde PRWG 75 85 110 135 ns
tw(CH) Pulse duration, CAS high tep 10 10 15 25 ns
fw(CL) '(DS‘QZGN%‘:?;)" n, CAS low iCAS 20 10000| 25 10000| 30 10000| 40 10000| ns
tw(RH) '(;”rfceh:‘r’;t;m’ RAS high tRP 60 80 90 100 ns

Pulse duration, nonpage
tw(RL) mode, RAS low tRAS 80 10000 100 10000 120 10000 150 10000 ns
(see Note 9)

Pulse duration, page mode,

WRLP  RAS low (see Note 9) tRASP 80 100000 100 100000| 120 100000 | 150 100000 | ns
tw(WL) Pulse duration, write wp 15 15 20 25 ns
Setup time, column address
1su(CA)  pefore CAS low tASC 0 8 8 3 ns
Setup time, row address
1SU(RA)  before RAS low tASR 0 0 0 0 ns
Setup time, data
tsu(D) (see Note 10) DS 0 0 0 0 ns
Setup time, read before CAS
T tRCS 0 0 0 0 ns
Setup time, W low before
Su(WCL)  TAS low (see Note 11) twes 0 0 0 0 ns
Setup time, W low before
tsu(WCH) CAS high tcwL 20 25 30 40 ns
Setup time, W low before
tsu(WRH) mphi gh tRwL 20 25 30 40 ns
Hold time, column address
th(CA) after CAS low tcAH 15 20 20 25 ns
Hold time, row address after
th(RA) RAS low IRAM 12 15 15 20 ns
NOTES: 5. Timing measurements in this table are referenced to V||_max and V|4 min.
6. All cycle times assume t; = 5 ns.
7. To assure tg(p) min, tsy(CA) should be 2 tw(CH)-
8. Ina read-modify-write cycle, tg(GLWL) and tsu(wcH) must be observed.
9. In a read-modify-write cycle, tg(RLWL) and tsu(wRH) must be observed.
10. Referenced to the later of CAS or W in write operations
11. Early write operation only
— — ——
i
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (see Note 5) (continued)

ALT. '4C1024-80 ’4C1024-10 ’4C1024-12 ’4C1024-15 UNIT
SYMBOL | MIN MAX| MIN MAX| MIN MAX| MIN MAX

Hold time, column address after

'h(RLCA)  RAS low (see Note 12) AR 60 70 80 100 ns

th(D) Hold time, data (see Note 10) tpH 15 20 25 30 ns
Hold time, data after RAS low

th(RLD) (see Note 12) DHR 60 70 85 110 ns
Hold time, read after CAS high

th(CHrd) (see Note 13) ’ 'RCH 0 0 0 0 ns
Hold time, read after RAS high

tRHA) (oo Note 13, g tRRH 10 10 10 10 ns
Hold time, write after CAS low

th(CLW) (see Note 11) tWCH 15 20 25 30 ns
Hold time, write after RAS low

th(RLW) (see Note 12) twcR 60 70 85 100 ns

I4(RL.CH)  Delay time, RAS low to CAS high tcsH 80 100 120 150 ns

td(CHRAL)  Delay time, CAS high to RAS low tcRrRP 0 0 0 0 ns

Id(CLRH)  Delay time, CAS low to RAS high tRSH 20 25 30 40 ns
Delay time, CAS low to W low

‘d(CLWL) (see )I,\Jot e 14) - tcwD 20 25 40 50 ns
Delay time, RAS low to CAS low

td(HLCL) (see };\Iote 15) trcD 22 60 28 75 28 90 33 110 ns
Delay time, RAS low to column

WRLCA) a4 r;'s s (s66 Note 15) tRAD 17 40 20 55| 20 65| 25 80| ns
Delay time, column address to RAS

t(CARH) high y tRAL 40 45 55 70 ns
Delay time, column address to CAS

td(CACH) high y tcaL 40 45 55 70 ns
Delay time, RAS low to W low

WRLWL)  gee ’;\Iote A RWD 80 100 130 160 ns
Delay time, column address to W

d(CAWL) 1oy (see Note 14) tawp 40 45 65 80 ns
Delay time, RAS low to CAS high

WRLCHR  (geq ot 1 6 9 {CHR 20 25 25 30 ns
Delay time, CAS low to RAS low

W(CLRLR  (gee };\lote 16) tcsh 10 10 10 15 ns

td(RHCL)R Delay time, RAS high to CAS low (=1=T¢" 0 0 0 0 ns

tr Refresh time interval tREF 8 8 8 8 ms

t Transition time (see Note 17) — — — — — ns

NOTES: 5. Timing measurements in this table are referenced to V|L max and V|4 min.
10. Referenced to the later of CAS or W in write operations.
11.  Early-write operation only
12. The minimum value is measured when Id(RLCL) is set td(RLCL) Min as a reference.
13. Either th(RHrd) or th(CHrd) Must be satisfied for a read cycle.
14. Read-modify-write operation only
15. Maximum value specified only to assure access time.
16. CBR refresh only

17. Transition times (rise and fall) for RAS and CAS are to be minimum of 3 ns and a maximum of 50 ns.

2
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PARAMETER MEASUREMENT INFORMATION

131V

(see Note A)

v
$ loH/loL
RL=218Q
Output Under Test Output Under Test
]-: ]-: CL =80 pF

(see Note A)

(a) LOAD CIRCUIT (b) ALTERNATE LOAD CIRCUIT

NOTE A: C includes probe and fixture capacitance.

Figure 1. Load Circuits for Timing Parameters
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PARAMETER MEASUREMENT INFORMATION

:4 te(rd) #:
¢ tw(RL) —p
N J/f hN
I l |
1 —ﬂl -— :1— td(CLRH) —q H— tw(RH) —’:
I — td(RLCL) —W
| H—r—'— td(CHRL) ——H
: ——————t4nLCH) “’! : | i
B —tuc) —1 || |
T ]
CAS | j\L [ W \
td(RLCA) H | | |
th(RA) -Lu e "—H—L tsu(cA) iy tw(CH) s
| tycach) —» | | |
H—H—r tsu(nA) Hﬁl—r t4(CARH) %—l—ﬂ I
‘h(RLCA) |
VA4 V VA4 V
A0-A9 M Rowm Column W Don’t Care W
A A A A A l\
| t t
| & tsy(rd) 'H r—h_ hCA) l H— h(RHrd)
| I | I th(CHrd)
_ YAA AR AY f T | VVVVVY
w Don’t Care | | W Don’t Care W
W | : AAAANA
l |
l | M tae) M e thisicH) ———»
| M———taicA) ————» 's(CH) [
| ) X
i Valid
@ ; Hi-Z See Note A > £
e ta(R) —»

NOTE A: OQutput can go from the high-impedance state to an invalid-data state prior to the specified access time.

Figure 2. Read-Cycle Timing
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PARAMETER MEASUREMENT INFORMATION
- te(w) >
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Figure 3. Early-Write-Cycle Timing
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PARAMETER MEASUREMENT INFORMATION
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RAS | yr N
| |
1t— |“—— H———W(CLRH)*—’I | tw(RH) ﬂl
: —t4@Ley) ——H f‘——f—‘d(CHRL)—_H
|- t4(RLCH) —»
— tw(cL) » .
cas R *,\L yr | 1\
| | | | |
| | tsu(CA) ———p | | [ twich) ———W
th(RA) +—4—P F l t4(CARH) H

|
RA) H_*L_M(CACH)E" |
th(RLcn)—l—N |

Y Y V Y V Y
] AAA }\ /\ A
|
t4(RLCA) —N——h —» [ thca) l
H— tsu(weH) ———® | |
———— tsuwrr) ————»
Y VY V Y'Y ' Y Y V Y Y
AAAAA A i | AAAAA
th(RLV\II) ﬂl |
| | & tw(WL) —p l
| | j—tp) —F{ |
| tsup) —» 14— |
th(RLD) i
Y Y Y YYY Y Y V YYVY
AAANAAA AAAAANA
tdis(CH) —11~>=
Q Not Valid
\_ 4

Figure 4. Write-Cycle Timing
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SMJ4C1024
1048576-BIT DYNAMIC RANDOM-ACCESS MEMORY

SGMS023E - DECEMBER 1988 — REVISED MARCH 1996
A

PARAMETER MEASUREMENT INFORMATION

< te(rdW)
| tw(RL) +:
\ / \_
t —H - ¢ tw(CL) > ' "_‘W(RH)—H
! |ﬂ_ml(FxLCL)—Nl I {‘—:’—H(CHRL)—H
cAs N \L f | \-
td(nLCA)—J—H—H I | : I
f tw(CH) ]
I

1
| th(RLCA) — ] ! —’} !‘—1

YYVYVYYY
AO-A9 Row Column Don’t Care

T

| H-—r—td(CAWL)—N &— tsy(wcH) —» |

: | | [ —— su(wnn)—l——ﬂ
I
I

| | |
th(RA)j—H—H | >
— - tura) I‘ P fsulCA) l I

l |+ tocLwe) |

tsu(rd) —H——;—H | | twowy) —3 '

L . e ew |
_ YYYYYY | ! | YYVYVYVYY
| | | I AALAAAN

H———i tgRLWL) ———W | |

I I

| |

—N HJ— tsu(D)

vvvvvv YYYVYVYY
Don’t Care Valid In Don’t Care
AAAAAN AAAAAA

T
g ) H— tdis(CH) —D}

] [

! |

I |

| See Note A -‘
Hi-Z t 4 W Valid Out

| | F

!

¢ ta(C) P
—ta(ca)
ta(R)

A ———t———-

NOTE A: Output can go from the high-impedance state to an invalid-data state prior to the specified access time.

Figure 5. Read-Write-/Read-Modify-Write-Cycle Timing
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SMJ4C1024
1048576-BIT DYNAMIC RANDOM-ACCESS MEMORY

SGMS023E — DECEMBER 1988 - REVISED MARCH 1996

PARAMETER MEASUREMENT INFORMATION

tw(RH) —4—|
tw(RL)P g

B
.

|
—— td(RLCL) —— W .l

|
| ”I‘— t4(CHRL)
|
,I te(P)
'd(RLCH) "—H— tw(CH) | I
tw(CL) —14—»' | Id— ta(CLRH) —»!
I I

I I \ 5 /
I |
| e ) |
IG——-th(l'w'LCA)—'——P| |h——td(CACH)——F| :

tSU(RA) “—H— tsu(CA) I h—'—
—t—»
H_ th(RA) _" | | td(CARH) |

mn olumn ‘ on” are v"v

[ ! I I |

| | | | th(FlHrd) _N—'I
|

|

CAS

AO-A9

%‘;

I‘- td(RLCA) —ql |
'1—%—-— tsu(rd) —L—H

I SeeNoteC  {—— th(CHrd)

H———— ta(ccA) ——F+—p l

' } t t
| | | I ‘Qg
[ ta(c) ¥ ! I
ta(CP) ——1—“

|
I
|
|
[\ ta(CA) H (see Note C) |

o

z2—————1
—

2

=2

tldls(CH) —DI

2 WY m QRKEIK__
See Note A See Note A

Output can go from the high-impedance state to an invalid-data state prior to the specified access time.

Awrite cycle or a read-modify cycle can be mixed with the read cycles as long as the write and read- -modify-write timing specifications
are not violated.

Access time is ta(Cp) Or ta(CA) dependent.

NOTES:

w >

o

Figure 6. Enhanced-Page-Mode Read-Cycle Timing
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SMJ4C1024
1048576-BIT DYNAMIC RANDOM-ACCESS MEMORY

SGMS023E — DECEMEER 1988 — REVISED MARCH 1996
e

PARAMETER MEASUREMENT INFORMATION

tw(RH) —P| o

lH tw(RL)P D: I |
RAS N\ ﬂ_
l |
: lh———td(m.cu)4—’| I4——ta(cm|-|)—ﬂ |
t —H—H
| —— td(RLCL) —PIW(CL) te(P) I HH_ tacchpL) —
|| | H—————H— tw(CH) | |
cAS L '
I |
[ I
| | . tSU(CA) — 1 __” |
I — h(RLCﬁ) -—T————I—H (CACH)
| @ th(Ra) — | I ] le——tacarn —
—» et | i—»l thica) | (CARHD |
|~ tsyra) || , ! i | 1
o X X X e X
l AWAWAWAW AW AWAWA
tsu(w H)**' t
h— td(RLCA) —‘ "—L ? suwen) —’l i :
tw(WL)
h(RLW) | H— tsu(wrH) —
[
w " Don’t Care | |M é;;; Don't Care ;;;;
/\AA/\/\/\/\ | | AN AANAAN AANAAANANA
I : [ it— th(p) —W
| | [ | (see Note B) |
l j th(D) »!
|
[ th(RLD) »l
< tsu(D) > I
| (see Note B) | |
tsu(D) |
D % Valid Data In ,‘""‘\ Valld ".‘. DontCare ‘0’
Q Hi-Z

NOTES: A. A read cycle or a read-modify-write cycle can be intermixed with write cycles as long as read and read-modify-write timing
specifications are not violated.
B. Referenced to CAS or W, whichever occurs last.

Figure 7. Enhanced-Page-Mode Write-Cycle Timing
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SMJ4C1024
1048576-BIT DYNAMIC RANDOM-ACCESS MEMORY

SGMS023E - DECEMBER 1988 — REVISED MARCH 1996

PARAMETER MEASUREMENT INFORMATION

twrH) P -
— tw(RL)P —» ||
RAS N m_
) T
L e te(pm) %ﬂ | |
: Ihh td(RLCH) ) | i td(CLRH) — P ,
| 1&— tgrLcL) —IH w(CH) ; | | td(CHRL) II‘ >
! ; tw(cL) $: ' I '
S\ e\
| tsu(CA) —H——Pl : l }
: H——rth(nLCA) —L——H | } H
| HM(RLCA) : | | H
H— th(RA) ' ' —st | Pl
—» tsu(nA) M thica) | |1
| | | | l \]/I VAYAVAY4
X XX o XX o TR
|
i [
H
o I‘_M(CAWL):_” "‘—’T—‘W(WL) H—-tsu(wnu)—H
Nl td(RLWL) :
_7 [ AYAYAVAVAW
RRY | N \__fEER
I | X X X X X
o e | I
| | tsu(D) "' - | |
\/\ \/\/\/\/ m I/\/\/\/\/\/
Don’t Care Valid Valid Don’t Care m
| X X X X X X X X X X
| ﬁ*a(C) —» |
| H— taica) —p! | I - tgis(cH) +|
!4 ta(R)

M tycp) *H

|
See Note A Valid See Note A ‘
G Out

NOTES: A. Output can go from high-impedance state to an invalid-data state prior to the specified access time.

B. A read or a write cycle can be intermixed with read- -modify-write cycles as long as the read and write timing specifications are
not violated.

Figure 8. Enhanced-Page-Mode Read-Modify-Write-Cycle Timing

IR 38961725 008L501 823 WA QTEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 17
POST OFFICE BOX 1443  HOUSTON, TEXAS 77251-1443



SMJ4C1024
1048576-BIT DYNAMIC RANDOM-ACCESS MEMORY

SGMS023E — DECEMBER 1988 — REVISED MARCH 1996
—

PARAMETER MEASUREMENT INFORMATION

DR —

. « tw(RL) — P _
RAS ’E\L l/:F ’1;}

t h— +——ty ——H

t _’: ! td(RHCL)R — ™ :1— ) |
N ’ ’ \/\/r:’/\/\/r\/ . ’ T |
A5 RGN, RerreGare XK | | W N

|
tsu(RA) —r—ﬂ i td(CHRL)

R e SRR, e YRR 20
_ on’t Care ow on’t Care )
A0-A9 FAVAVAVAVAVAN ’A’A‘ O A’A’l’
— AYAVAVAVAVAYY
VAVAVAVAVAVAN
NNININININS
INININININ/N

Q Hi-Z

Figure 9. RAS-Only Refresh-Cycle Timing
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SMJ4C1024
1048576-BIT DYNAMIC RANDOM-ACCESS MEMORY

SGMS023E — DECEMBER 1988 -~ REVISED MARCH 1996

PARAMETER MEASUREMENT INFORMATION

|@———— Refresh Cycl —d
}j€&—— Memory Cycle —» elresh Lyele (@ Refresh Cycle —p)
| < tugrr) T R |

| |
| = tyrr) > | | "“—"—r| l WwRL) l

[
td(RLCH)R —W e—

|
|
| — ; twicy) >
Shs \ | | | f
|
|
|

<~

|

| |

| |

] | {4— th(cA) }

} I —’i Ih'f_f"su(CA) :

L

th(F*A)‘:"I f"rl L1 |
tsu(RA)—HIG—I N L ( {

_ .\ \ o ’ ’ ’ A\Y4 \/n\,/ \/\a/r \e/ bva

| || [ /
| —» M— th(RHrd
tsu(rd)"‘*l["! ’ (RHrd)

|
l (
| \/\g\rf,\/v:/e\/ XX XXX XXX KKK
} I W@W/e\ \/t\(/:f‘/\/\'®§§®j ’.”"‘ "‘.”’ .‘ ""
P |
) \YAVAVAVAVAVAV, 5 \
7 |
|

w

[ 1 )
| 1™ ety
| [—P—ty(ca) tdis(CH) —» |[@—
i taR) —P o |
vd Valid Data o }—
° X <

Figure 10. Hidden-Refresh-Cycle Timing
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SMJ4C1024
1048576-BIT DYNAMIC RANDOM-ACCESS MEMORY

SGMS023E - DECEMBER 1988 — REVISED MARCH 1996

PARAMETER MEASUREMENT INFORMATION

te(rd)

-

h— t, —N

| w(RH) | ?e tw(RL)
|

gl
|
f Nl |
RAS ‘ | j
|
|
t4(CLRL)R —J|4———>| I

—¥

"‘—’:_td(RHcL)n [ t(RLCHIR

—_— |
C—A§ | _’1“_tt y

AVAVAVAVAVAVAVY
AO-A9 Don’t Care
VAVAVAVAVAVAVAN

VVVVV
D Don’t Care
VAVAVAVAVAN

Q Hi-Z

Figure 11. Automatic-CBR-Refresh-Cycle Timing
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SMJ4C1024
1048576-BIT DYNAMIC RANDOM-ACCESS MEMORY

SGMS023E - DECEMBER 1988 — REVISED MARCH 1996

MECHANICAL DATA
HJ (R-CDCC-J20) J-LEADED CERAMIC CHIP CARRIER
0.685 (17,40)
0.665 (16,89)
L 0.608 (15,44) 0.048 (1,22)
I‘ 0.592 (15,04) " 0.028(0,71) 4 Places
20 11
~ N
0.338 (8,59)
0.322 (3,18)
§ | —  — d —J J — - J é
1 10
0.056 (1,42) 0102259 . 0010(0.25)
0.044 (1.12) 0.080 (2,03) 0.006 (0,15)
U | ¥ ___1
0.137 (3,48)
0.114 (2,90)

J

0.050 (1,27)

0.022 (0,56) _J L 0.308 (7,82)
0.012 (0,30) 0.264 (6,71)

0035 (089) _
0.025 (0,64) adius

-

4040144-2/8 10/94

NOTES: A. Alllinear dimensions are in inches (millimeters).

oow

B 48961725 0086505 u79 W

This drawing is subject to change without notice.
This package can be hermetically sealed with a metal lid.
The terminals will be gold plated.

"5’ TEXAS
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SMJ4C1024
1048576-BIT DYNAMIC RANDOM-ACCESS MEMORY

SGMS023E - DECEMBER 1988 — REVISED MARCH 1996
S— —

MECHANICAL DATA
HK (R-CDFP-F20) CERAMIC DUAL FLATPACK
0.035 (0,89)
0.025 (0,64)
_ 0.010(0,25) 0.095(2,41)
0.004 (0,10) 0.075 (1,91)
. —
L |
) 0.310 (7,87) J
Lid 0.290 (7,37)
0120 (3,05)
0.090 (2,29)
- 2
1
[ ]
. =
[ ]
| T— ]
—x
0.680 (17,27) l )
0.660 (16,76) I
0.021 (0,53)
— J 0.015 (0,38)
— _
[ ] ?
[ ]
10
A -
0.390 (9,91) \ 0.315 (8,00)
¢ 0.370 (9,40) 0.295 (7,49)
4040174/C 08/95

NOTES: A. Alllinear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

This package can be hermetically sealed with a metal lid.
The terminals are gold plated.

cow

i
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SMJ4C1024
1048576-BIT DYNAMIC RANDOM-ACCESS MEMORY

SGMS023E ~ DECEMBER 1988 — REVISED MARCH 1996

MECHANICAL DATA
FQ (R-CDCC-N20) LEADLESS CERAMIC CHIP CARRIER
4 - '
0.685 (17,40)
0.665 (16,89)
Lgﬁ) )
0.357 (9,07) —»  [¢— 0.030 (0,76) MIN
%33 (8,71)
0.092 (2,34)
> l“ 0.069 (1,75)

10 ( 11 0.028(0,71)
= : 0.022 (0,56) L3
1 3
- 0.008 (0,20) RAD TYP (7]
73 )

0.608 (15,44)
0.592 (15,04)

E ]
N -
- -
F 1 |

y Fm . 20 )

0.090 (2,29) TYP —I L 0.050 (1,27) TYP
4040143/B 10/94

NOTES: A. Alllinear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

This package can be hermetically sealed with a metal lid.
The terminals are gold plated.

Cow
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SMJ4C1024
1048576-BIT DYNAMIC RANDOM-ACCESS MEMORY

SGMS023E - DECEMBER 1988 — REVISED MARCH 1996
a— —

A R
MECHANICAL DATA
HL (R-CDCC-N20/26) LEADLESS CERAMIC CHIP CARRIER
( N ) A
0.685 (17,40)
0.665 (16,89)
> 7 A 4 —»{ 4— 0.030(0,76) MIN
lq— 0.357 (9,07) 0.080 (2,03)
0.343 (8,71) —™ 0.065 (1,65)
10 1 -
0.028 (0,71)
; 0.022 (0,56)
] F]
0.008 (0,20) RAD TYP 3
0.608 (15,44)
0.592 (15,04)
s | J_
.|
0.050 (1,27)
ooz =
” ]
. | =—
0.090 (2,29) TYP—‘Q——D —" L, 0.050 (1,27) TYP
4040145/B 4/95
NOTES: A. Alllinear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. This package can be hermetically sealed with a metal lid.
D. The terminals are gold plated.
M L R A
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SMJ4C1024
1048576-BIT DYNAMIC RANDOM-ACCESS MEMORY

SGMS023E ~ DECEMBER 1988 — REVISED MARCH 1996

MECHANICAL DATA
SV (R-CZIP-T**) CERAMIC ZIG-ZAG PACKAGE
20 PIN SHOWN
0.130 (3,30)
A —pl 219V WI,OY)
" 0.100 (2,54)
B
B - - B - - . - B B Seating Plane
0.200 (5,08)
0.125 (3,18) J
‘T 0.050 (1,27) |
e s
> 0.040 (1,02) 0.100(2,54) 0.115 (2,92)
1 19 0.085 (2,16)
T DIM PINS 20 24 28
< c bl
1.065 1.265 1.465
0.023 (0,58) A MAX (27,05) | (32,13) (37,21)
' 0.015 (0,38)
1.035 1.235 1.435
A MIN (26,29) | (31,37) | (36,45)
0.380 0.465 0.465
B MAX (9.65) | (11,81) | (11.81)
B MIN 0.355 0.440 0.440
2 4 |8 8 10 12 14 16 18 20 (8.02) | (11,18) | (11,18)
0.910 1.110 1.310
375 (9,53 M
0.070 (1,78) S & CMAX Y @311) | (28,19) | (33.27)
0.040 (1,02) C MIN 0.890 1.090 1.290
(22,61) | (27,69) | (32,77)
\
4040002/C 08/95
NOTES: A. Alllinear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
o ]
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SMJ4C1024
1048576-BIT DYNAMIC RANDOM-ACCESS MEMORY

SGMS023E - DECEMBER 1988 — REVISED MARCH 1996

MECHANICAL DATA
JD (R-CDIP-T**) CERAMIC SIDE-BRAZE DUAL-IN-LINE PACKAGE
20 PIN SHOWN
A PINS 16 18 20 24
DIM
20 11 A MAX 0.810 | 0910 1.010 1.100
e e L T (20,57) | (23,11)| (25,65) | (27,94)
0.290 (7,37)
TYP
o e J > JTLCJiJLJLJ l
1 10
0.065 (1,65)
0.045 (1, 14)
0.175(4,45) ‘ 0.320 (8,13)
‘,1 [¢— 0.075 (1,91) MAX 4 Places 0.140 (3.56) — 0200 7.37) —5
] 1 ]
—
Seating Plane
T\ 0.020 (0,51) MIN
. A I 1
N 0.100 2,5 l — 0.125(3,18) MIN 015 )
0.021 (0,53) 0.012 (0,30)
0.015(0,38) 0.008 (0,20)
4040086/C 08/95
NOTES: A. Alllinear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. This package can be hermetically sealed with a metal fid.
D. The terminals are gold plated.
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