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1,048,678 x 1 Organization
Single 5-V Supply (10% Tolerance)

Performance Ranges:

ACCESS ACCESS ACCESS READ
TIME TIME TIME OR
ta(R) falC)  taicA) WRITE
(trag! (tcac) (tcAA)l CYCLE
{(MAX) (MAX} (MAX) (MIN)
100ns 28 ns 46ns 190 ns

TMS4C102_-12 120ns 30 ns 65ns 220 ns

TMS4C102_-16 160ns 40 ns 70ns 260 ns

TMS4C1024 —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

TMSA4C1025—4-Bit Nibble Mode Operation
— Four Sequential Single Bit Access Within
a Row By Toggling CAS

TMS4C1027—Static Column Decode Mode

Operation

— Random Single-Bit Access Within a Row with
Only a Column Address Change

TMS4C102_-10

One of TI's CMOS Megabit DRAM Family Including:

TMS44C256—-256K x 4 Enhanced Page Mode
TMS44C257—266K x 4 Static Column Decode

TEXAS INSTR (ASIC/MEMORY)

CAS-Before-RAS Refresh
Long Refresh Periad . . .

8 ms (Max)

3-State Unlatched Qutput

Low Powaer Dissipation

Texas Instruments EPIC™ CMOS Process
AN Inputs/Outputs and Clocks Are TTL

Compatible

High-Reliability Plastic 18-Pin 300-Mil-Wide

DIP or 20/26-Lead Surface Mount (SOJ)
Packages

@ Operating Free-Alr Temperature 0°C to 70°C

® Operations of Tl's Megabit CMQS DRAMs
Can Be Controlled by TI’'s SN74ALS6301
and SN74ALS6302 Dynamic RAM
Controllers

EPIC i3 a trademark of Texas Instruments Incorporatead.

512-Cycle Refresh in

TMS4G1024, TMS4G1025, TMSA4G1027

1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

ESE D VMAY 1986—REVISED MAY 1988
NPACKAGE  7-4/g-23-/5
(TOP VIEW)

o1 Uisvgg
W2 170c
RAs[}2 16[JCAS
TEQ4 1s5JAs
Ao(]s 14[Jas
A1[Qs 13]A7
A2[Q7 120 A6
A3(]s 11[]As
Vec(e  1o]]as
DJ PACKAGE?
(YOP VIEW)
D{]® 26[]Vvss
Wz 2s50Ja
RAS[]3 24[]CAS
TF(J4 23[nC
NC[ds 22[]As

Ao[Qs 18[]As
A1(J10 17[JA7
A2(J11r 18[]A6
A3[]12 15[]AS
vee[ia 14f]A4

tThe packages shown here ere for pinout reference only.
The DJ package is actually 76% of the length of the N
packege,

PIN NOMENCLATURE
AO0-A9 Address Inputs
CAS Column-Address Strobe
D Data In
NC No Connection
e Data Out
RAS Row-Address Strobe
TF Test Function
w Write Enable
Vce 5-V Supply
Vss " Ground

PRODUCTION DATA decuments coxtain information
cumn u d publicnm date. Preducts conform te
Instrumants

a ndard wam
nscaasarlly Incl

o terms of Toxas
Pndm n precessing does not
teating of |II paramsters.

bas ¥
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| TMS4C1024, TMS4C1025, TMS4C1027

1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORIES T-46-23-15

TEXAS INSTR (ASIC/MEMORY) 25E D s -
description -,

The TMS4C1024, TMS4C1025, and TMS4C1027 are high-speed, 1 ,048,576-bit dynamic random-access
memories, organized as 1,048,576 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 100 ns, 120 ns and 150 ns. Maximum power
dissipation is as low as 330 mW operating and 16.5 mW standby on 120 ns devices.

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

All inputs 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 TMS4C102_ are offered in 18-pin plastic dual-in-line (N-suffix) and 20/26-lead plastic surface mount
S0J (DJ suffix) packages. These packages are guaranteed for operation from 0°C to 70°C.

HA SINVYH S1wBuAQ

operation |
enhanced page mode (TMS4C1024)

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 s high. The falling
edge of CAS latches the column addresses. This feature allows the TMS4C1024 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 hald time has been
satisfied, usually well in advance of the falling edge of CAS. In this case, data Is obtained after ta(C) max
{access time from CAS low), if ta({CA) max (access time from column address) has been satisfied. In the
event that column addresses for the next page cycle are valid at the time CAS goes high, access time
for the next cycle is determined by the later occurrence of ta(C) or ta({CP) (access tlme from rising edge
of CAS).

nibble mode (TMS4C1025)

Nibble-mode operation allows high-speed read, write, or read-write- modﬁy—wrlte accessof 1to 4 blts of
data. The first bit is accessed in the normal manner with read data coming out at ta(C) time as long as
ta(R) and taCA) 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 A9 and column A9 provide the two binary bits for initial selection, with row A9
being the least-significant address and column A9 being the most significant. Thereafter, the falling edge
of CAS will access the next bit of the circular 4-bit nibble in the following sequence.

(00) > (01) > (10)—>(11)
— B

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 for the data out {Q) pin is determined by each individual cycle. This facilitates fully mixed
nibble-mode cycles {e.g., read/write/read-modify-write/read etc.).

INSTRUMENTS
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1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

——e TEXAS INSTR (ASIC/MEMORY) 25E D T-46-23-15
statlc column decods mode (TMS4G1027) '

The static column decode mode of operation allows high-speed read, write, or read-modify-write by reducing
the number of required signal setup, hold, and transition timings. This is achieved by first addressing the
row and column in the normal manner, but after the first access, maintaining CAS low, Subsequently
changing the column address produces valid data at ta(CA). The first bitis accessed in the normal manner
with read coming out at ta(R) time. Similarly, write or read-modify-write cycle times can be achieved with-
appropriate toggling of W. The addresses are latched during the write operation, but at the completion
of the internal write operation the addresses are unlatched.

address (A0 through A9) (TMS4C1024, TMS4C1025)

Twenty address bits are required to decode 1 of 1,048,676 storage cell locations. Ten row-address bits
are set up on inputs AO through A9 and latched onto the chip by the row-address strobe (RAS). The
ten column-address bits are set up on pins AQ through A9 and latched anto 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.

address (AO through A9) (TMS4C1027)

Twenty address bits are required to decode 1 of 1,048,576 storage.cell locations. Ten row-address bits
are set up on inputs AO through A9 and latched onto the chip by the row-address strobe (RAS).
The ten column-addreﬁ bits are set up on pins AO through A9. Row addresses must be stable on or before
the falling edges of RAS. RAS is similar to a chip enable in_that it activates the sense amplifiers as well
as the row decoder. In a write cycle, the later of CAS or W latches the column address bits.

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 made. 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 common {/O operation.

Dynamic RAMs

data in (D) ' . ~

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

data out (Q)

The thres-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 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 ta(C) that begins with the negative transition of CAS as long as ta(R) and ta(CA) are satisfied,
The output becomes valid after the access time has elapsed and remains valid while CAS is low; CAS
going high returns it to a high-impedance state. In a delayed-write or read-modify-write cycle, the autput
will follow the sequence for the read cycle.

refresh

A refresh operation must be performed at least once every eight milliseconds to retain dafa. This can be
achieved by strobing each of the 512 rows (AQ-A8). 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,

EXAS {l’ 4-153
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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 V|_ after a read operation and cycling RAS
after a specified precharge period, similar to a RAS- -only refresh cycle.

CAS-bafore-RAS refresh

CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS 5 [see parameter td(CLRL)R] and
holding it low after RAS falls [see parameter td(RLCH)HI For succassive CAS-before-RAS 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 Vcc level is achieved.

test-function pin

During normal device operation the TF pin must either be disconnected or biased at a voltage less than
or equal to V¢C.

logic symboit

- RAM 1024K x 1_

AQ 20D10/2100

A1)

)

A2

Aai8)

Asfdl o

Asilll | A 1,048,575

asii2l

a7idl

4)
AB7E)
A9 20019/21D9
> C20{ROW)
@ G23/(REFRESH ROW]
WAS 24{PWR DWN|
- C21(COL
cAs18l s24 r
> 23C22
W—ﬁ‘z’ 33210 | 74EN
ol Ta220 av—{424

tThis symbo! is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.
The pin numbers shown are for the 18-pin duakin-line package.
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functional block diagram

A0
a1
A2
A3
A4
AB
A8
A7
A8
A9

L

ROW

T-46-23-15

TMS4C1024, TMS4C1025, TMS4C1027

1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

| TIMING AND conTRO

" -5

|

YYYY VY

#~1ADDRESS
»-1 BUFFERS
- 10
H | E
ARRAY| DECODE | ARRAY|
SENSE AMPLIFIERS
= COLUMN
ADDRESS
BUFFERS :> COLUMN DECODE_
{10)
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!\/V
DATA
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REG.
1o
BUFFERS
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SELECTION
DATA
ouT |
REG,

zsexl ROW 256K
ARRAY | DECODE | ARRAY

]
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absolute maximum ratings over operating free-air temperature rénge {unless otherwise noted)t

Voltage range on any pint « ... vonenn et r e R e A2 A"
Voltage range on VCC .. ... . - e e A 'A L WA
Short circuit output current . . .......... et e s e er e PP - 10 11
Powerdissipation . . ........ooiiiiiien RPN e e N 1w
Operating free-air temperature range . . . ......ovvunns e Ceere e «er...0°C to 70°C
Storage temperature range ..............-. RPN e .. —65°C to 1650°C

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

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

recommended operating conditions

MIN NOM MAX| UNIT
Vee Supply voltage 4.5 § 6.5 v
ViH High-level input voltage 2.4 6.6 \
Vi Low-level input voltage (see Note 2) -1 0.8 \4
TA .Operating free-air temperature [+] 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)

TMS4C1024-10| TMS4C1024-12 | TMS4C1024-15
TMS4C1026-10 | TMS4C1025-12 [ TMS4C1026-16
ARAMETER
P TEST CONDITIONS TMS4C1027-10 | TMS4C1027-12 | TMS4C1027-16 UNIT
MIN MAX | MWN MAX | MIN MAX
VoH High-level output voltage loH = -6 mA 24 2.4 24 v
VoL Low-level output voltage | loL = 4.2 mA 0.4 0.4 0.4 v
Vi=0V1085V.Vcec =65V, .
I Input current (leakage} All other pins = 0 V to Ve +10 +10 +10 HrA
=0 . Vee =556V, . .
lo  Output current {leakage) va'gg highv to Vee. Vee = 8.5 +10 +10 £10 »A
lcc1 Read or write cycle current) Minimum cycle, Vg = 556 V 70 60 65 mA
After 1 memory cycle,
lcc2 Standby current AT and CAS high, Vi = 2.4V 3 3 3| mA
Minlimum cycle, Vg = 6.5 V,
lcca Average refresh current AT oycling, TAS high 65 55 860 mA
Average page current te(p) = minimum, Vge = 6.6V,
'cC4 (rmsac1024) FAS low, TAS cydling 45 35 301 mA
Average nibble current tg(N) = minimum, Vge = 8.5 V, :
IcC5 1saci028) TAS low, TAS cycling for 4 cycles 48 40 301 mA
Averagie static column tolrdW)SC = minimum, -
Icce decode current Vee =68V, 45 36 30| mA
(TMS4C1027) TAS low. CAS cycling
™
66 TEXAS X3
INSTRUMENTS
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1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

TEXAS INSTR (ASIC/MEMORY) 25E D T-46-23-15

capacitance over recommended supply voltage range and operating free-air temperatul;e range, f = 1 MHz
(see Note 3)

M 4961725 0077035 ¢ M@ Tms4c1024, TMSAC1025, TMSAC1027
\
|
|

PARAMETER MIN MAX]| UNIT
j Ci{a) Input capacitance, address Inputs - ] . 8. pF
| Ciip) Input capacitance, data input .5 pF
Ci(rC) Input capacitance, strobe inputs 7 pF
Ciiw) Input capacitance, write-enable input 7 pF
Co Output capacitance h 7 pF

NOTE 3: Vcc equal to 5.0V + 0.5 V and the biag on pins under test is 0.0 V.

switching characteristics over recommended supply voltage range and operating free-air temperature
range (see Figure 1)

I Dynamic RAMs

.ALT. TMS4C102_-10 | TMS4AC102_-12 | TMS4C102_-16
PARAMETER SYMBOL| MIN  MAX | MIN _MAX | MN _MAX | '
talc)  Access time from TAS lowt tCAC 25 30 40| ns
| tajcA}) Access time from column-address ¥ tCAA . 46| .66 | 70 ns
tap)  Access time from RAS low! tRAC 100 120 150 | ns
ta(CP) ?rt;:;:sctir;;ﬁz\nly;:olumn precharge | teap 50 | - 60 | | 78 ne
ta(CIN  Access time from TAS low (TMS4C1026 only) INCAC 20 25 36 ns
tajwHQ) Access time from W high (TMS4C1027 only) TWRA 30 35 40| ns
| tajwLq) Access time from W low (TMS4C1027 only) tALW - 95 1186 120 ns
Statle column decode mode :
‘ th(CAQ) output hold time after tAOH 5 6 - B ns
| address change (TMS4C1027 only)
Static column decode mode .
thiwaq) output hold time after . . tWOH o] ¢} [+] ns
W low (TMS4C1027 only} -
| tdistcH) _Output disable time after TAS high' (see Note 41|  topp 0 28 0 30 (4] 35 ns

tParameters apply uniformly to TMS4C1024, TMS4C1025, TMS4C1027.
. NOTE 4: tg;s{cHj Is specified when the output s no longer driven.

PARAMETER MEASUREMENT INFORMATION

1.31v Vee =8V
- . Ry = 8280
R = 2180 ouTPUT
ouTPUT . UNDER
Urest TesT
¢ = 100 pF CL = 100 pF R2 = 2050
{a) LOAD CIRCUIT {b) ALTERNATE LOAD CIRCUIT

FIGURE 1. LOAD CIRCUITS FOR TIMING PARAMETERS

TExas {9 .
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25E D
timing requirements over recommended supply voltage range and operating free-alr temperature range

TEXAS INSTR (ASIC/MEMORY)

ALT. | TMS84C1024-10]| TMS4C1024-12 | TMS4C1024-16 oNIT
SYMBOL| MIN  MAX | MIN  MAX | MIN MAX |
[tlra) __Read cycle time (soe Note 6) tac. | 190 220 260 ne
| to(w) Wirite cycle time we 180 220 260 ns
tolrdw)  Read-write/read-modify-write cycle time trwe | 220 256 305 ns
| to(P) Page-mode read or write cycle time {see Note 7) tpC 65 [:1:] 80 ns_
to(PM) Page-mode read-modify-write cyclo time tPCM 85 100 125 na
twiCH)  Puise duration, TAS high tcp 10 16 26 ns
twicl)  Pulse duiation, CAS law (see Note 8) 1CAS 26 10,000] 30 10,000 40 10,000 ns
tw(RH) Pulse duration, RAS high (precharge) RP 80 ] 80 100 ns
twiAL) :‘:m:;)“’“ puise duration, FAS low tras | 100 10.000] 120 10,000| 160 10,000| ns
tw{RL]P _Page-mode pulse dusation, FAS low (sse Note 9) | taasp | 100 100,000f 120 100,000| 150 100,000 ns
twiwL) Write pulse duration Wp 16 20 25 ns
| tsu(cA} _Column-address setup time before TAS low tASC 0 0 0 ns
| tsu(RA)  Row-address sstup time bafore FAS low tASR 0 0 0 ns
| tsu(p) _ Data setup time (see Note 10) s 0 0 "0 ns
teufrd)  Read setup time before CAS low | tres 0 0 0 ns
[ tsutwet) Wow setup time before TAS low (sseNote 11) | twes | 0 0 0 ns
| tsupwoH) W-low setup time bafore TAS high toWL 26 30 40 ns
| tsu(WRH)_W-low setup time before FAS high tRwWL | 26 30 40 ns
| thicLCA) Column-address hoid time after TAS low tCAH 20 20 25 ns
thina)  Row-address hold time after RAS low tRAH 16 15 20 ns
th{RLCA) mm:df 2",”' hold time after RAS low tAR 70 8o 100 ns
| thiD) Data hold time (sce Note 10) H | 20 26 30 ns
| th(RLD)  Deta hold time after FAS low (see Note 12) tDHR 70 86 110 ns
th(CHrd) Read hold time after CAS high (sse Note 16} 1RCH 0 0 0 ns
| thiRHrdj Resd hold time after AAS high (sea Nate 16} tRRH 10 10 10 ns
thicLwy) Write hold time after CAS low (sea Note 11) tWCH 20 25 30 ns
th{RLW) Write hold time after RAS low (see Note 12) twer 70 85 100 ns
t4{RLCH) Delay time, RAS low to TAS high tosH | 100 120 160 ns
| tdicHRL) Delay time, CAS high to RAS low tCRP o 0 ) ns
| ta(cLRH) Delay time, CAS low to FAS high tRSH 26 30 40 ns
tdicLwi) Delay time, CAS low to W low {see Note 13) tCWD 26 30 40 ,
| tajpicL) Delay time, RAS low to TAS low (see Note 14) tRCD 26 80] 28 96| 30 115| ns
td(RLCA) Delay time, RAS low to column-address (see Note 14] tRAD 20 66 20 65| 26 80 ns
Continued next page,
NOTES: N
5. Timing measurements In this table are referenced to V| max 10. Referenced to the later of CAS or W (n write operations.

and V|4 min.
8. All cycle times assume ty = & ns.

7. To guarantee t(p} min, tgy(CA) should be greater than or

equal to tw(CH)-

8. In a read-modify-write cycle, tqicLwt) and tgu(WCH)
must be observed.

9. In aread-modify-write cycle, t4iRLWL) and teu(WRH)
must be observed.

12.

13.
14.
16,

. Early write operatio_n only.
The minimum value is measured when tg(RLCL) Is set to

td(RLCL) min as a reference.

Read-madify-write operation only.
Maximum value specified only to guarantee access time,
Either th{RHrd) of th(CHrd) must be satisfied for a read
cycle.

4-168
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TMS4C1024

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

{concluded) ) -]
ALT, | TMS4C1024-10 ms4é1024—12 TMS4C1024-15 UNIT E
SYMBOL | MIN MAX | M MAX | WiN MAX g
| tdicARH) Delay time, column-address to RAS high tRAL 45 56 70 ‘ns [1}
| tdICACH) Dalay time, column-address to CAS high toAL 45 56 70 ns &
’__tgLRLWL) Delay tima, RAS low to W low (see Note 13) tawp | 100 120 150 ns g
Delay time, column address to W low i ™
WICAWL (cee Note 13) tawp | 46 56 70 ns Q
td(RLCH)R Delay tima, RAS low to CAS high, (sse Note 18) | tcHR 25 26 30 ns
tdicLRLR Delay time, TAS low to RAS low, (see Note 16) tesSR 10 10 16 ns n
14{RHCL)R Delay time, RAS high to TAS low tRpC 0 0 0 ns -
[ Refresh time interval REF . 8 8 8] ms
te Transition time tr 3 50 3 60 3 60| ns
NOTES: 13. Read-modify-write operation only. '
16, CAS-before-RAS rafresh only.
l
i EXAS b 4-159
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TEXAS INSTR (ASIC/MEMORY) @25E D
timing requirements over recommended supply voltage range and operatlng free-air temperature range

E ALT. | TMS4C10256-10| TMS84C1025-12 | TMS4C1026-16 UNIT
g SYMBOL | ™ MAX | MN MAX | MIN  MAX
3 | tolrg) __ Read cycle tima {ses Note 6) 1RC 190 220 260 ns
o | to(w) Write cycle time twe 190 | 220 ] 260 ns
toirdw) Read-write/read-modify-write cycls time tRWC 220 266 . 305 ns
; | te(N) Nibble-mods read or write cycle time NG 40 60 70 ns
g toirdw)N  Nibble-mode read-medify-write cycle time INRMW 66 76 110 ns
7 tw(CH)  Pulse duration, TAS high tcp 10 15 26 ns
" twicl) Puise duration, TAS low {see Note 8) 1CAS 20 10,000 25 10,000f 36 10,000 ns
“ tw(RH)  Pulse duration, AS high [prechargs) tRp 80 90 100 ns
twiRL) T““N‘:‘:;":)""'m“w taas | 100 10000( 120 10000| 160 10,000| s
twiwL) Write pulse duration ] ] twp 16 20 25 ns
taulcA) _ Column-address setup time before TAS low tASC 0 0 0 ns
| tsu(RA) _Row-address setup time before RAS low tASR 0 0 o ng
tsu(D) __ Data setup time (sea Note 10) tns [ 0 0 ns
| tau(rd) _ Read setup time before TAS low tRCS 0 0 0 ns
tauiweL) W-low sotup time before TAS low (see Note 11) | twcs 0 0 0 ns
teu(wCH) W-ow setup tima before CAS high tcwL | 20 26 36 ns
| tauiwhH) W-low setup time before FAS high tRWL 20 ] 26 * 36 ns
| th(cLca) Columi-address hold time after TAS low toAH 20 20 25 ns
| th(rA)  Row-address hold time after RAS low tRAH 16 16 20 ns
thiRLCA) :i:::;:df:“ hald time aftr RS low AR 0 80 7 100 ne
| thiD) Data hold time {se¢ Note 10} tDH 20 26 35 ns
| th(ALD) _Data hold time after FIAS low (see Note 12) _ toHR | 70 ' 86 110  ns
thiCHrd) _Read hold time after CAS high tRCH 0 ) 0 0 ns
th{RHrd)_Read hold time after RAS high tRRH 10 0 - 10 na
thicLw) Write hold time after CAS low (see Nota 11) TWCH 20 26 ) 30 ns
R wen | 0| e 100 -
| td(RLCH) Delay time, RAS low to CAS high tesH | 100 120 160 - ns
| td(CHRL) Delay time, CAS high to RAS low tCRP 0 0 0 ns
| tdiCLRH) Delay time, TAS low to RAS high tasH 20 26 35 ns
| tdcLwi Detay time, TAS fow to W low (see Note 13) WD 20 26 35 ns
| taiRLcL) Delay time, FAS low to CAS low (see Note 14} trRep | 26 80| 28 96| 30 116 ns
\dIRLCA) :J::L :tr:a{f)ﬁ low to columni-address HAD 20 ss| 20 ?5 25 80 s
Continued next page.
NOTES:
6. Timing measurements in this table are referenced to Vji max 10. Referanced to the later of CAS or W in write operations.
and Vi min, 11. Early write operation only.
8. All cycle times assume ty = b ns. 12. The minimum value is measured when tg{RLCL) Is set to
8. In aread-modify-write cycle, t4icLWL) 8 tsu(WCH) td{RLCL) min as a reference.
must be observed. 13. Read-modify-write operation only.
9. In a read-madify-write cycle, td(RLWL) and tsu(WRH) 14. Maximum value specified only to guarantee access time.
must be observed.
0
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B 49L1725 0077039 T 1 7 TMS4C1025
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORY
timing requirements over recommended supply voitage range and operating free-air temperature range
{concluded) £
- ALT. TMS4C1026-10 | TMS4C1026-12 Ti\ns4c1025-1s UNIT
) SYMBOL | MIN MAX | MWN MAX | MIN MAX g
| td{CARH) Delay time, column-address to RAS high tRAL 45 , : 13 ] 70 ns Qo
| t4(CACH) Delay time, column-address to CAS high tCAL 45 65 70 ns £
tgiRLWL)_Delay time, FIAS low to W low (see Note 13) tRwp | 100 120 150 ns -]
Delay time, column address to W low ) >
WICAWL) (00 Note 13) tAwp | 46 55 70 ns Q
| tagricH)R Delay time, FIAS low to TAS high {ses Note 18) tCHR 25 26 30 n |
td(CLRLJR Delay time, TAS low to FAS low (sea Nate 16) tose 10 10 15 ns _
td4{RHCLIR Delay time, RAS high to TAS low tRPC 0 0 0 ns )
[ Refresh time interval tREF 8 8 8} ms
[ Transition time ] tr 3 50 3 50 3 60| ns
NOTES: 13. Read-modify-write operation only.
18. CAS-pefore-RAS refrash only.
{
i
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T T

TMSA4C1027 B 49L1725 0077040 & A
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMOHY T-46-23-15

TEXAS INSTR (ASIC/MEMORY) @25E D :
timing requirements over recommended supply voitage range and operating free-air temperature range

_ ALT, | TMS4C1027-10 'TMS4C1027-12 | TMS4C1027-16
SYMBOL | MIN MAX | MIN MAX | MIN  MAX
| toird) Read ¢ycle time (sea Note 6) tRC 190 220 260 | ns
| tciw) Write cycle time twe 190 220 260 ns
to(rdW) Read-write/read-modify-write cycle ime tRWC 220 266 308 ns
te(rd)SC Statlo column decode mode read cycle time tSCR 60 80 90 ns
Static column decode mode
LIWISC - e cycle time ’ tscw €0 g0 90 ne
Static column decode mode, .
telrdWISC raad-modify-write cycle time tscrow | 100 120 160 ns
twiCH) Pulse duration, CAS high top 10 16 25 ns
twiCL) Pulse duration, CAS low (see Note 8} tCAS 25 10,000 30 10,000 40 10,000 ns
tw{RH) Pulse duration, RAS high (precharge) tap 80 90 100 ns
Non-static column decode mode X
"WIRL  ise duration, FAS tow (see Note 9) tAs | 100 10,000| 120 10,000| 150 10,000 ns
Static column decode mode . s
tw(RLIP pulsa duration, AT low {see Note 9) tRASP 100 100,000| 120 100,000 160 100,000 ns
twiWL) Write pulse duration twp 16 20 25 7 ns
Static column decode mode
twiCA) colt i pulse duration tADP 45 56 7 70 ns
Static column dacode mode
'WIWH 3 high putse duration, inactive Wi 10 15 26 ns
R Column-address setup time before CAS, ¢ o 0
SUlCAl ] jow (see Note 10) ASC
tsu{CAR}  Column-address setup time before RAS tCAR 50 80 76 ns
tsy{RA)  Row-address setup time before RAS low tASR 0 0 0 ns
tsu(D) Data setup time tos 0 0 0 ns
tsu(rd) Read setup time before CTAS low tRCS 0 0 0 ns
taufwer)  W-low setup time bafore TAS low (see Note 111 | twes 0 0 0 ns
tsu(weH) _ W-low setup time before TAS high towL 25 30 40 ns
tsu{WRH) W-low setup time before FAS high ) tRWL 26 30 40 ns
Setup time, W high to CAS high for early write,
t5UIWHCH) 1o impedance tWH 0 o 9 ns
thiCA) Column-address hold time after CAS, Wlow
{see Note 10} tCAH 20 20 26 e
| thiRA) Row-address hold tima atter AAS low | tRaH 15 16 20 ns
Column-address hold time after RAS low
th(RLCA) {sae Note 18) tAR 100 120 180 e ns
Continued next page.
NOTES:
6. Timing measurements in this table are referenced to Vi max 11. Early write operation only.
and Viy min, 18. Either th(RHrd) OF th(CHrd) must be satisfied for a read cycle.
6. All cycle times assume ty = 5 ns,
8. In a read-modify-write cycle, tgicLwL) and tsy(WCH) must
be observed.
9. In aread-modify-write cycle, td(rRLWL) and tsu{WRH)
must be observed.
10. Referencad to the later of CAS or W In write operations.
T {l’
4-162 I EXAS
NSTRUMENTS

POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001



B 8951725 0077041 & W
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORY

TMS4C1027

TEXAS INSTR (ASIC/MEMORY) 25E D . 1-46-23-15
timing requirements over recommended supply voltage range and operating free-air temperature range
{concluded) ("]

ALT. | TMS4C1027-10{ TMS4C1027-12 | TMS4C1027-16 UNIT E
SYMBOL | MIN MAX | MiN MAX | MIN MAX é
thiD) Data hold time (sse Note 10) toH | 20 26 30 ns 1Y
thiRLD) _Data hold time after RAS low (ses Note 17) tDHR 70 86 110 ns E
thiCHrd) _ Read hold time after CAS high (sse Note 18) tCH 0 -0 0 ns g
thiRHrd)  Read hold time after RAS high (see Note 18) tRRH 10 10 10 ns FS
thicLw)  Write hold time after TAS low (see Note 11) tWCH 20 25 30 ns Q
| th(RLW)  Write hold time after RAS low (see Note 17) tWeR 70 86 100 ns
| th(RHCA) Column-address hold time after RAS high tAH 10 18 15 ns n
Static column decode mode second cofumn-
t
*h(WLCA2) address hold time after W low (ses Note 13) AHLW % 18 135 e
td{RLCH)  Delay time, RAS tow to TAS high icsH | 100 120 160 ns
td(CHAL)  Delay time, TAS high to RAS low tCRP 0 0 0 ns
td(CLRH) Delay tima, CAS low to HAS high tRSH 26 30 40 ns
t4icLwL)  Delay time, TAS tow to W low (see Note 13) tCWD 25 30 40 ns
td(RLCL) _ Delay time, FIAS low 1o TAS low (see Note 14) tRCD 26 so] 25 95] 30 116 ns
Delay time, RAS low to column address )
td{ALCA) {sae Note 14] tRAD 20 65 20 65 25 80 ns
| tajwica) Delay time, W low to column address tiwap | 26 60| 30 60| 36 70| ns
| td{CARH) Delay time, column-address to RAS high tRAL 45 66 70 ns N
|_td(CACH) Delay time, column-addreas to TAShigh” tcAL 45 56 70 ns
td(ALWL)__Delay time, RAS low to W low {sse Note 13) tawp | 100 120 160 ns
Static column decode mode ]
td(RLWL2) delay time, RAS low to second W low tRsW | 100 120 150 ne
Delay time, column address to W low
'd(CAWL) {see Note 13) tAWD 48 56 70 ns
Dalay time, W high to output transition
tdiwa) from high impedance to active tow 0 0 0 ns
td(RLCHIR Delay time, RAS low to CAS high, {see Note 18) | tcHR 25 25 30 ns
td(CLRLR Delay time, CAS low to HAS low {see Note 16) tCSR 10 10 15 ns
td(RHCLIR Delay time, RAS high to TAS low (ses Note 16) | tgrpg 0 0 4] ns
it Refresh tima interval tREF 8 8 8] ms
tt Trangition time tr 3 50 3 50 3 60 ns
NOTES:
10. Referenced to later of CAS or W In write operations. 16, CAS-hefore-RAS refresh only, . .
11. Early write operation only. 17. The minimum value is measured when tq(RLCA} s set to
13. Read-modify-write operation only. . td{RLCA) min as a reference.
14. Maximum value specified only to guarantee access time. 18. Either th{gDrd) OF th{CHrd) must be satisfied for a read cycle,
TExAs ‘Vi
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TMS4C1024, TMSac1025 ™8 8961725 0077042 T I
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

. TEXAS INSTR (ASIC/MEMORY) 25E D
read cycle timing T-46-23-15

teled)

o
|
twiRL) —f g VIH
o TN
= ViL

T

ft——— td{{ CLRH) ~——] -
t t
™ B tataLcl ——d B WIRHY
td{RLCH) e td|CHAL)———*=1
e——tw(CL)—] , Vin
o N 5
td(RLCA) 1 ’ viL
etsu(CA) =] ! —tw(CHj—{
thiRAle] e | t(CACH)————=
—e- I-'fs:J(RA) ’Id(CARhn
‘ thiRLCA)—- :
’ YXYY XX ' ViH
A0-A9 AOW COLUMN DON'Y CARE
v
t it
i . fee—thicLCA) F=—*F~th(RHrd) .
f-tautrdi—= s~ th{CHrd) e
H
w onoznzric: \Rzew .l W{,’W‘c’&’éé‘
I ViL

> oy T S W —
l——'n(CA)——-i - {

VoH
Q HI-Z ~ VALID - h

i VoL
ta(R) |

Texas "«.‘!
INSTRUMEN
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M 289kL1725 0077043 1 WH TMS461027
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORY

TEXAS INSTR (ASIC/MEMORY) 25E D

read cycle timing T-46-23-15
. ")
i- to(rd) §
twiRL) -t Vi o
7S Y =
x Vit g
¢ . be——tg(CLAH)—* tw(RH!
™ F——taicy———el : T 3
td{ALCH) I td(CHRL)— (o]
r—tw(cu—— Vi
th{RA)->] b= t4{CACH)
l‘l"lu(RA) td(CARH)
o thiRLCA)
AC-A9 ROW COLUMN
]
|!__ I
- teutrd)= th{CHrd}
nggou: T:ficjk:ngggg 1
]
| . pe—taici—j
fe———taicA————
a HI-Z L NOTE
\\ i9
[}
ta(R) i

NOTE 19: Output may go from high impedance to an invalid state prior to the specified access time.

% _4-1 65
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TMS4C1024, TMS4C1025 _
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

TEXAS INSTR (ASIC/MEMORY)

early write cycle timing

M 289bL1725 0077044 3 WA

T-46-23-15
25E D

= te(w) . 3
. twiRL} . - ViH
RAS \ ) fra———— tw{RH) ————= \ viL
-t . . et t{ CLAH) ————
f— t4(ALCL) ——] t, ‘
{RLCL) wicls d(CHAL) ===
- ta(RLCH) iy
= el tauipa) _ / tw(CH) viL
t{CACH) ——————tt
td(CARH) —
ot th(RA) aulCA)
th{RLCA)——} Vi
AG-A9 @( ROW COLUMN DON’T GARE
s y v
’d(RLC}\) hicLea) i
tau{WCH)—————|
iR — :
_ I‘_—_‘h i ch’_._( .v.v.v’v’v.v.v.v.v.v YAVAVAVAYAV VLY, v.v’v’v’v’v v.v.v.v.v le
Y DON'T CARE
w Qo SocE R DO T CAne R i
: twiwg)——=1 :
. —-—th(Dj——
o th{RLD ]

fest—m— g1 (D) ———f

VALID DATA

"

B A 4T AT AT AT ATAYAYAY AT AYAVAATAVAYAYAY A v Ay yavavavavavavavavavavavay Rl L]
E8 0’0’0’0’0’0’0’0’0’0’0’0’0’0’0’0’0’0’o’o’o’o’o

QAXXXXRRXXXXXAMNAAANANAXKKKXXXXXXXXX viL
VoH
HI-Z Vo
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B 89L1725 0077045 5 MR

, TMSA4C1027 |
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORY
TEXAS INSTR (ASIC/MEMORY) asg p . 1-46-23-15
early write cycle timing
0
2
. telw) E
- tw(RL) VIH o
RAS \ e tw(RH) \ Vi E
— [t et CLRH) ey 9
t [
dIRLCL] fwicy) ‘ td{CHRAL) n,,
td(RLCH) ——————= Vi
tdICACH) ————e]
td{CARH)
et thiRA) t3u(CA} NOTE 10 -
th(RLCA) | )
ViH
AD-A9 @( ROW >@< COLUMN DON'T CARE
' ' o po viL
N ==t tn(CA) NOTE 10
tdIRLCA) :
1 —teuwen) sufWHCH)
Th{ALW) — 2ulWRH)

w ESSEDON'T CARE

twiwL) |
ha— th(D) —o=1

: thiRLD)
pt———tg (D) —

VALID DATA

[ .___- ATAVATATATAVA A A ATAATATAYAVAVAVAVAVAYAYAYATAVAVAVAYLY. VH
tearony CLW LA ionT care SAAAAAAIAAS
wVAYAY AV AV A VAV AV AV AV AV AT AV A VAV A VA VAY AV A VAT AVAVAVATAVAV AV AVAV, V‘L

v

YAYAVAvAYAVAvAvAvAvivivavavavavivavivivivavivavavavavavavavavavaval Y]
(XXX XXX IX) A (X XA XX XXX XX
R OTNATTEROOEK

VoH
a HI-Z
Vo
NOTE 10: Referenced to the later of CAS or W in the write operations.
1
i
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TMS4C1024, TMSAC1025 W 8961725 0077046 7 WM
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORIES 1-26-23-15

TEXAS INSTR (ASIC/MEMORY) 25E

write cycle timing

(=)

<

-

s i_i . te(w) - :‘1' b
- | wIRL) - I 1 ViH
3 _— 7 .

‘ ' L
- —oel Lt b HICLAH) ] ety (RH— .
= ha——— ta(ALCL) =] be—t—td{CHRL)——1

t(RLCH) !
p———twicL) ——— : Vi
Em - e T N
: \
LET1]. IS S— tw(CH) - Il:
'h(Rﬁ)—-——! td{CARH)
== - tsulpa) 'd(CACH):
[ —thiRLcA) ———=
: v
. YVYVYVVY : H
AQ-AQ ROW | COLUMN | DON'T CARE
) i AAXAAAR Vi
1d{RLCA] i th(CLCA)* e bt W CH) et

tsu{WRH)

th{RLW) [a -
| j——th{D) —ei
tau(D) —ed If-'

th(RLD) —

'dll(CH)"i"—"‘

a - A\ NOT VALID J

Texas ‘W
INSTRUMENTS
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B 49L1725 0077047 9 W

write cycle timing

TMS4C1027
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORY
e5E D . T-46-23-15

TEXAS INSTR (ASIC/MEMORY)

- tow)—
| twiRL) ='i
RS i'\, ',2; \
—l bt [ td(CLRH) L
1 t i [——tw(RH}
| e tdtALey—d ety CHAL) ——
! t(RLCH) I
i Fe—"twicu f
Il NOTE10 IE%L ; AN
| [T S—— tw(CH}——=
th{RA)—Tmemsmf tdICARH
== bt tay(RA) td{CACH) =y
| ——taca—t—
YYYYYVV
020 0 wow SAON[corumn HEETRITIGNT v
AARARALR

td(RLCA)

i th(CA) =]
NOTE 10

W QR ok AR

foo—
et g 13 (W H) ]

tsu{WRH)

tau(D) —={

th{RLW) T
L':_‘h(D\r(w”_:l

thiRLD)

VALID DATA

NOT VAL

7N

D

NOTE 10: Refarenced to the later of TAS or W in the write operation.

ViH

ViL

ViH

viL

POST OFFICE BOX 1443. ® HOUSTON, TEXAS 77001

xas W
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TMS4C1024, TMS4C1025

M 289L1725 0077048 0 MmN

1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORIES T-46-23-15
TEXAS INSTR (ASIC/MEMORY) 2SE D
read-write/read-modify-write cycle timing
;[vl'r: twi{RL) ekt *i =li Vin
Ras { i I‘ i - \—— Vit
jog— f—tw ]

—-1! : td(RLCL) . e t'__td‘CH;:’H)_H‘ VIH
CAS i (=td(RLCA] >} ?xr [ : -‘E\—Vu.

| ! L tlsu(CA) tw(CH) -l

thiRA) |
—"i f=rtsu(RA)
L

I
HRLCA)+——

XYY " ViH
AO-A9 i Row COLUMN mer CARE
Y ). 9.9.9.0 Alx V"_

"l"l{‘ }

td(CAWL)—ed

bm—tsu{WCH)—*{

“"d(CLWL)"fi

|t
tARLWLI————] |
I ==t

AAAA

o 1
hiD) =i [

"—‘W(WL)—-}

e (WRE
tsulwan)

YYYYXY ; 0000009,
T B e R,

AALAAD

!""dls(CH)“'{

i
X

. VALID OUT

VoH
—

bt t4{C) =
pet————ta{CA)

taiR
ain

VoL
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M 49k1725 0077049 2 M

TMS4G1027 .
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORY

l Dynamic RAMs

TEXAS INSTR (ASIC/MEMORY) a5c p . 1-46-23-15
read-write/read-modify-write cycle timing
i" to(rdW) -]
| b twiRl '
H wiRL) Vin
RAS l.\ll i
— - L—'W(RH)—H v'L
t twi{CL
1 H
| [=tdiRLCA) ™ % { ViL
HhRA) et ' twiCHI -
=] f-tsu(RA) ! } thicA)
! { th(RLCA) -
2 1 h VIH
™ Y — Vi
[ o tsu(WCH) —{
r— td{CAWL) tsu(WRH)
tsulrd)-pa—i——nnf = taicLWL o tyy (WL} —=1
| . ViH
W ESDON'T GARE 89' 1 DON'T CARE
| ViL
'd(RLWIL; I
| —". "I"su(D)
YYYYYY ; ViH
) mg&nou'rcm
AAXARK viL
| |
thiD] —f !'*'dis(CH)"‘ :
F Vou
Q HI-Z ¢ VALID OUT }———-
v
p—— ta(C)—— ot
ta{CA)
talR}

xas WP

E
INSTRUMENTS
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TMS4C1024 W 89L1725 0077050 9 W
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORY T-46-23-15

TEXAS INSTR (ASIC/MEMORY) 25E D

enhanced page-mode read cycle timing

twirH) T v
RS _—\‘5’— twiRLIP - -l ik H
" |

3
o tdALCL) ———] = Y
S —— 1 T
; dIRLCL) . “——'d(CHRL)—"
4 td(RLCH) ! <Pt
-l
@ twiCL) }"‘w(CH) i {q——‘d(CLRH)—q v .
H
TAS \ \ v ; 5: I/
) ! T viL
~™ [*hiCLCA} [
th{RLCA} j—— td{CACH) ——==l )
; )
. taulRA) =t tauical ——
. b thim) = | : td{CARH) .
A0-A9®< ROW x COLUMN COLUMN DON'T CARE
ViL
- k¢
= t4{ALCA) —™ h{RHrd) ~f=——
. NOTE 21  |e——th(CHrd)—
| sulrd) - . ta(CA) -
- - ViH
v X %
F=—taic) = viL
: talCP)
NOTE 21
ta{CA) tdis(CH |
tafR) : jdsich—

. v
a /NOTEF VALID NOTE VALID }_ oH
\_22 : QUT > < 22 ouT Vo

NOTES: 20. A write cycleora read-modify-mirlte cycle can be mixed with the read cycles as long as the write and read-modify-write
timing specifications are not violated.
21. Access time Is ta(Cp) oF ta{CA) dopendent.
22, Output may go from three-state to an invalid data state prior to the specified access time.

EXAS *”
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B 59L1725 0077051 0 W TMS4C1024
' 1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORY

H Dynamic RAMs

T-46-23-1
TEXAS INSTR (ASIC/MEMORY) B25E D .
enhanced page-mode write cycla timing
tw(RH)— ~
tw(RLIP [ I v
H
RAS -\I |
I viL
td{RLCH) "'——'d(cLRH)'—’l }
twiCL) . P het——td{CHRL) ——{
td(RLCL . Ftwichl |
, D
- Vi
pe—=t~tau(CA} ! ) .
e thinLCA) - b ol tdcACH)
'-—-'h(RA)——i i ) { td{CARH) ————wm{
= tsu(RA} i =t th{CLCA) - |
1 ] Vin
AO-A9 ROW z- { COLUMN h { COLUMN
viL
‘ | h——l—d—‘uu(WCH) L._(
e—td(RLCA)~—=-] L - suwen :
| e th{RLW) [ B I-——-—O—tsu(wam
DON'T RE
w §§§§x° XkE%
| le—tp(D}—==t NOTE 24
! th(D) NOTE 24
th{RLD)
fe——su(D} ———s1r———NOTE 24
f———tau(D} +——NOTE 24
D M VALID DATA IN
VoH
a HI-Z
VoL

NOTES: 23. Aread cycle or a read-modify-write cycles can be Intermixed with write cycle as long as read and read-medify-write timing
spacifications are not viglated.
24. Referenced to TAS or W, whichever occurs last.
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TMS4C1024 B 89L1725 0077052 2 WM
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORY ,

TEXAS INSTR (ASIC/MEMORY) @

T-46-23-15

SE D

enhanced page-mode read-ﬁ\odify-write cycle timing

o
3 -
tw(RH) - .
%’ e twiRLIP -l
=, 1 { ViH
‘ (7] fAAS | ( |-\
| g te(PM) 1 Vit
; cf
2 tdIRLCH == tdiCLRH)—=t !
; F td(RLCL) : twiCH) ;— | fd(CHRL)—r—.l
: twicL) ! — Vi
I viL
tsu{CA) |
thIRLCA) =
td(ALCA) i
~ | th(RA) i
1 [ tutra] th(CLCA) l
" YVYYVYVY Vi
A0-A9 Yi ROW COLUMN COLUMN DON'T cAnEm
- XEXXXAX
T ViL
:—-tsu({:)_ ':(CAwb'-—'d(CLWL) -, : \
- tsuweHi T |
!——#——td(RL\NL) ) r-tsu!WRH)'i" v
- IH
w w ! { I DON'T CARE
: : ViL
r-—-r hiD!
‘su(D)-—l o)
TYYYYY 7Y VIH
D DON'T CARE W vaLD IXDON'T
ARAAA AA v
. i
pm————st=t5(C) -
ta(CA) et [ tdisiCH)
ta(R) ‘ fa(CP) | -
. v
a iz NOTE 22 VALID NOTE 22 VALID OH
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NOTES: 22. Qutput may go from three-state to an invalid data state prior to the specified accass time.
25, A read or write cycle can be intermixed with read-modify-write cycles as long as the read and write timing specifications
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nibble-moade read cycle timing T-46-23-15
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nibble-mode write cycle timing

tw(RH) Ca | po—

twiRL) - v
LT _ R
RAS \ i viL
= td{RLCL) ~—*i T = t4{CLRH) o
e td{RLCH) —{ 'c:m
t B ———— 'w(CH)
wick! 1 [ td(CHRL)
| r————— VIH

i SINVH dlweuiq
3

tsu{CA)—={

tdICACH) T
1 r=thicLCA) =1
j=——— th{RLCA)
= betumar 1|
' il ' Vin
A0-A9 row DL cowmn  DERRXXDON'T Care XXX .

- AVAVA' AAAAAAAAAAAAAAAAAAA IL
] 3
‘f(RLcA)

tsufwcH) ——=l TITTTTITIYS VIH
] O h )
w m | 0‘0'0 TEARER viL

T
I —sel = th{D)
b— thap) — a— t3u(D) v
0 VaAVAVAVAVAVLY, IH
'VV \' ’V \/ ‘ \/ \/ ."
o R vaow DN, vaow QBOTIAEXY
VoH
a HI-Z
Vo

{i’
4176 TeExas
INSTRUMENTS

POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001



M 4961725 0077055 &6 M TMS4C1025
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORY

ey  TEXAS INSTR (ASIC/MEMORY) 25E D . T-46-23-15

nibble-mode read-modify-write cycle timing

twiRH) —=i =

s
twiRL) ! v é
" tH
AS N ¥ v )
i iL E
fe——————t4(RLCH) ————=f " td{CLRH) ————l {
tdiALCL) | F——twicHi— | - td{CHAL) .l 3
iq——‘_‘—"c(rdW)N — = twiCH) -t v (]
oAS N twicy —=4 i /) ﬁ\_ W ,
| — - xm
= -tsu(RA) | .
td(RLCA} i
| —=f pebtgyica)
! k——th{RLCA} — "
th{RA)™™ = } F=thiCLCA)
ViH
a0-A9 X1 ROW COLUMN DON'T CARE
J_ ! i 1 ViL
l"——.-"su(rd) -——-—:—tw(wu F*——tsu(WRH) o)
: | td(CAWL)— i ’
t e ! -—t, ]
dicLwL) — hiD) fsulWCH) N
td(RLWL) — ] )
| ViH
w N Y \ SR
] [ viL
fsulD) ] f—
YA AR ! VATATAYAVAvAvLY T O AAAAAATA S ViH
- AAAAAAA A’A’A’AAAAAAAAA’A’ v"-
m‘a‘c“’—" ' —=l petgisicH)
a v
H N- OH
a M-z { A vatn \ ! .
= ¢ our ) { VALID OUT _‘?— VoL
——ta(c)—
i
TEXAS ‘V 4177
INSTRUMENTS

POST OFFICE 80X 1443 ® HOUSTON, TEXAS 77001



B 3961725 0077056 T MM

TMS4c1027
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORY T-46-23-15
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static column decode mode read timing with CAS cycling
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NOTE 19: Output may go from high impedance to an invalid data state prior to the specified access time.
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static column decode mode read cycle timing
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NOTE 19: Output may go from high Impedance to an Invalid data state prior to the specified access time.
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NOTE 19: Output may go from high impedance to an invalid data state prior to the specified access time.
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1.048,576-BIT DYNAMIC RANDOM-ACCESS MEMORY
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. SUPPORT LITERATURE AVAILABLE

The following literature is available from Texas Instruments for assistance in DRAM design. Please contact your
local Ti sales office to obtain a copy.

1 MEGABIT DRAM FAMILY DATA SHEETS

+  TMS44C266 — Specifications for the 1 Megabit DRAM organized 266K x 4 with enhanced page
mode access. (SMGS256)

| + TMSA44C267 — Specifications for the 1 Megablt DRAM organlzed 256K x 4 with static column
| decods. (SMGS257) .

Single-In-Line Package Memory Modules

«  TMO24GADS, TMO24EADS — Spacifications for the socketable 1 Megabit x 8 and 1 Megabit x 9
Single-In-line Package memory modules. (SMMS102C)

s TMO24HAC4 - Specifications for the leaded 1 Magabit x 4 Single-In-line Package memory module.
(SMMS104A)

DESIGN CONSIDERATIONS

*  Megabit DRAM Topology — The information in this report is useful in developing algorithms for cell
sensitivity tests on Ti's 1 Megabit DRAM configurations. (SMGA001)

TECHNICAL ARTICLE REPRINTS

» 1 Megabit Memories Demand New Design Choices — Discusses technical, technological, operational,
and packaging issues pertaining to Megabit DRAMs, (SMZY018) -

+  1-Megabit DRAMs Spark Tech Advances — Chip designers are proposing technological changes

promising to significantly alter the design and layout landscape of the next generation of memory
boards. (SMZY020})
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Designing and Manufacturing

Surface Mount Assemblies

T-90-20

Elizabeth Gunther, Charles Hutchins, and Paul Peterson

The competitive nature of the semiconductor industry has
driven vendors to minimize the size of electronic components,
so that more functions can be achieved in a given volume.
In addition, improved electrical performance, decreased mass,
and the potential for lower system cost are all by-products
of compacted packaging and circuitry which hold interest to
component manufacturers and users alike, -

Surface Mount Technology (SMT) offers an excellent
method of reducing component size. A typical memory ar-
ray can be reduced to 50 percent of its original PWB size
with single-sided mounting, and 25 to 30 percent with double-
sided mounting. Logic designs cannot achieve the same
dramatic reduction, but decreases up to 40 to 60 percent can
be achieved for single-sided and dduble-sided assemblies
respectively.

The key design and manufacturing process issues must
be understood in order to fully reap the benefits of Surface
Mount Technology. This article gives a general overview of
the key aspects of design, process, and manufacturing of sur-
face mounted assemblies, and offers surface mount as an op-
portunity to lower a system's cost without sacrificing
reliability.

Components

- Most surface mount components are at least one-third
the size of the comparable through-hole mounted device (Fig-
ure 1). The 68-pin chip carrier is approxmiately one square
inch, while the 64-pin DIP is approximately three square in-
ches, The 20-pin chip carrier is slightly larger than 0.1 square
inch, while the 20-pin DIP i3 0.3 square inch. Similarly, other
IC packages are reduced to approximately one-third the size
of comparable lead count packages. The passive components

Figure 1. Component Site Reduction

occupy approximately one-tenth the board area, and this is

why they have been used in most small consumer products *

built in the last couple of years.

There were many references in the recent past to prob-
lems with component availability, cost, and standardization.
This area of SMT has probably received more attention than
any other. Several recent magazine articles now state that
significantly more components (particularly actives) are now
available and that cost parity has been achieved on most of
them. The effort by various industry committces on stan-
dardization has also been effective. '

Thus, although more needs to be accomplished in these
areas, a designer can begin a project with confidence that
there will be no insurmountable barriers in this area. There
are several consultants and subcontract assembly companies
to assist in this effort. It is strongly recommended that all
new designs utilize some form of SMT, particularly when
space is an important consideration.

Process -

The process to manufacture a surface mount assembly
(SMA) is very simple. It consists of four basic steps, as shown
in Figure 2, First, the solder paste is screened on the PWB.
Then the component is placed on the board, with due care
to get it positioned correctly. Typical geometries require
placement accuracy of less than plus/minus 4 mils. Next the
solder is reflowed with either a vapor phase or infrared
system. Finally, the assembly is cleaned and is now ready
for test. This process, although simple in concept, relies ont
board and component planarity and solderability, These are
easily achievable with the chip carriers and memory modules
we will discuss later.

Texas Instruments has installed a Surface Mount
Technology Center at its plant in Houston, Texas, At this cen-
ter, we have a complete and flexible engineering line to assist .
our customers in converting to Surface Mount Technology.

The engineering line is equipped with a screen print-
er, pick and place system, vapor phase reflow, and clean-up
station that will easily handle PWBs up to 9" X 10*. Larger
boards up to 147 X 16" can be processed with some addi-
tional care. TI uses this engineering line to produce its pro-
totype and demo boards. It is also available to any of TI's
customers, free of charge, for use in building test or prototype
boards

characterized by the number of unacceptable solder joints
formed during the process, Unacceptable joints are defined
by their electrical and mechanical (strength and reliability)
characteristics. The major problem is open solder joints,
followed by bridging and misregistration.

9-3
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1, Applying solder paste evenly and in the
proper amount is extremely important.

Paste
Application

3. Reflow the entire assembly with tight
temperature control to evenly solder the
PWB and components together.

. 4, The final step I8 cleaning the assembly.

n Open circuits are detected at electrical test and are the

first defects detected after soldering. At Texas Instruments,
10 PPM or less is the desirable defect level. Several factors
that contribute to open solder joints were identified during
production start-up. Lead tip planarity of the J-leaded plastic
chip carriers is the most important factor in obtaining ac-
ceptable process yields. Lead position, lead finish, solder
paste composition, and PWB solderability affect process yield
as well,

Experiments in which lead tip planarity was s confined
to specific limits between 1 to 7 mils indicate that a 2 mil
planarity requirement prodiices acceptable results with the
process currently in use. Little gain in yield was noted at a
1 mil planarity requirement.

Another interesting result showed that silver in the proc-
ess, either as a lead finish or in the solder paste, improves
yields significantly, One explanation may have to do with the
dynamics of the solder during the reflow process as they are
affected by the different surface forces actmg in the silver
and non-silver process,

9-4
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2. Components should Immediately be plac-

ed on the PWB after the solder printing
process. Accuracy is Important.

-

Design

The design of the PWB, in addition to providing the
component interconnections, will provide the proper amount
and correct placement of solder paste for a strong fillet for-
mation, The wave soldering process, by comparison, provides
a semi-infinite amount of solder, whereas the SMT process
will provide only a predetermined amount. Thus, the com-
ponent connection pad must be correctly placed and be of
the proper size.

Further, consideration must be given for inspection,
testing, and rework. The density achievable can lead to severe
problems at these points if understanding and due care are
not exercised in the design. The project team should include
members from manufacturing, testing, QA, and purchasing,
in addition to the design engineers, from the start. The design
and processing of test boards is strongly recommended to pro-
vide experience and direction for the major project.
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A very practical set of design guidelines is given in Fig-
ure 3, These have been used on a number of SMT designs
and have given good results. With proper manufacturing
techniques as described later, a high yield can be achieved.
Component spacings should be approximately equal to the
height of the tallest component. This allows an angle of 45
degrees for visual inspection of test probes.

Figure 4 shows the standard footprint for all Small
Outline (SO) packages. The larger and more important fillet
of an SO package is on the inside of the gull-wing lead, The
solder pad, or land, should therefore be designed to extend

T-90-20

slightly under the body of the package in order to optimize
this fillet. From Table 1 we can see all packages have 50 mil
centers with 25 mil spacings between lands. This allows the
designer enough space to put traces between pads, and also
reduces the occurrence of solder bridging of adjacent lands,
Table 1 also summiarizes the suggested land lengths and
placement, depending on the terminal count of the SO. While
not an absolute solution, these land sizes offer a conservative
design solution that will meet most vendors’ specifications
and provide a mechanically and electrically sound solder
joint,

@ Geometries
« Trace Wiith/Space 8/8 MIL Min,, 10/10 MIL Typ.
« IC Lead Solder Pad Size 26 & BMIL x 70 = 10 MiL
¢ Via Hole Size 20 ML DIA
¢ Via Pad Size - 40 ML DIA
¢ Cap/Roslistor Pad Size W = MAX Dimensions of Component
L = 20 MiL Beyond Metalization
: 10 ML Inside Metalization
« Solder Mask 5 MIL Larger than IC/Component Pad
Round or Square Ends (Opt.)
* 0.0056 NOM ~] le-0.005 NOM
N —d ] l—
f Folt A
+| 1+ 0.070" = } '! r—
w i
W] . L
I |
_l L_J Ll
0.025*
—}  p=—0.026" .I= L =|.
0.050" —— 0.020 MIN~=} =
IC Lead Pad Passive Component Pad
Figure 3. PWB Design Guidelines
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Figure 4. Standard SOIC Footprint .
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Tuble 1. SOIC Footprint Dimensions

No. of A B z D E
Terminals
8 176 260 050 026 050

14 326 250 060 025 .060

16 376 .250 060 .026 .0GO

20 476 430 070 026 .050

24 576 430 070 .026 .050
INSTR (ASIC/MEMORY) @25E
Teat 4164A PLCC 4184 DiP Units
Life Test, 126°C 42 64  Fits*—60% UCL
85°C/85% RH 0.17 0.37  %/1000 Hours
Autoclave 0.17 0.96  %/240 Hours
T/C—86/150 0.52 1.44  %/1000 Cycles
TIC 0/126 0.0 0.0  %/2000 Cycles
*Darated to 55°C A g 0.6EV Activation Energy

Figure 5 Failure Rate Comparison
4164A PLCC VS DIP
" Manufacturing -
The SMT manufacturing areamusthavethefollomng
basic equipment:

® Solder Paste Printer

¢ Component Pick and Place Machine

® Solder Paste Reflow Machine

o"Clean-up System

® Inspection/Process Control Aids

¢ Electrical Test

The criteria for choosing the above is determined main-
ly by the size(s) and quantity of PWBs per month, the gross
number of components per PWB, and the number of different
components per PWB.

The size of the largest PWB is an important criterion
in the choice of all of the major items, The printer, pick and
place, reflow, and clean-up must all be able to handle it with
no difficulty or process nonuniformity, The number and size
of the various PWBs that may be produced will secondarily
be considered for ease of set up and changeover in the print-
er and pick and place. The pick and place machine(s) will

9-8

T-90-20

probably be the most expensive item in the list above and
therefore, should get the most attention. .

‘The gross number of components and PWBs will pro-
vide data for choosing the pick and place. Component per
hour placement speed should be checked in actual operation,
as the interrelationship may affect ultimate speed. The number
of different components per board will determine how many
feeders and what types of feeders will be required, This is
a very key issue, as well as the accuracy of placement.

" Reflow

The solder reflow is easily achieved with any of the
commercially available equipment, Subtle differences be-
tween vapor phase, either batch or in-line, and infrared are
overshadowed by the choice of solder paste and the
solderability/planarity issue. A batch vapor phase is extremely
flexible for different sizes of boards with different compo-
nent counts. The in-line vapor phase is a good choice for a
more automated processing line with standard or similar sized
boards, The infrared has the advantage of being less expen-
sive o operate, but requires more alteration to set up the time-
temperature profile for a different size PWB. This would be
a minimal problem onamanufactunnghnebuﬂdmg high

“volumes of the same board.

Clean-up

Themoapopularﬂuxforsmlsthemﬂdlyactlvated
rosin flux (RMA). This was developed in the days of vacuum
tube assembly when clean-up was next to impossible. It is
noncorrosive but provides sufficient fluxing action for good
quality components and PWBs. Thus it is the preferred choice
for SMAs with small spacings under most passives and.
SOICs, where complete cleaning is difficult. A mild solvent,
such as Freon TMS, is generally sufficient to achieve a good
visual cleanup, and there are several systems available that
provide hot vapor, spray, or ultrasonic de-fluxing,

Reliability

With the smaller surface mount packages, there is some
concern about component reliability, Texas Instruments ad-
dressed the overall DRAM reliability issue several years ago.
Through an extensive task force effort, the major problems
of the life test, humidity performance, and temperature cy-
cle were identified, The best solutions to these problems re-
quired several changes in the design and process of the silicon
chip. In doing so, the reliability of the DRAM chip became
independent of the package used, Thus, the 64K DRAM in
the plastic chip carrier package performs equivalently to the
same chip in a DIP as shown in Figure 5. Similar data is
available on most semiconductor ICs. .

An additional reliability concern originates in the sur~
face mount solder reflow process, which submits components
to higher reflow temperatures more suddenly than the wave-
soldering methods of DIP components, with oftentimes
repeated reflow cycles for rework and repair. -

The best method for resolving this issue involves com-
paring the temperature-time differential of the vapor phase
or infrared solder reflow process to the standard temperature
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cycling reliability tests to which surface mount components
are routinely submitted. Figures 6 and 7 show temperature
profiles of the vapor phase and infrared solder reflow pro-
cesses, In the vapor phase process, the maximum temperature
change with time is:
215°C — 25°C ~ 190°C

45 sec 45 sec

equaling approximately 4°C/sec. The infrared solder reflow
method submits the ICs to a similar, yet less severe
temperature over time change of 3°C/second. Comparing
these temperature profile ramp-ups to that which a surface
mount component undergoes in a temperature cycling
reliability test proves that there should be no concern aver
damage to the component during reflow. In the temp cycling
test, the surface mount components were submitted to 1000
cycles of sudden cycling from 150°C to —65°C within three
seconds. This represents a temperature-time differential of:

150°C—(—65°C) — 215°C - 70°C
3 3 sec sec

with less than 0.5 percent failures.

Time {seconds)
Figure 6. Typical Temperature Profile
for In-Line Vapor Phase Reflow
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Figure 7. Typical IR Reflow System Proflle
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Since the surface mounted components were able to
withstand a 70°C/second temperature change of 1000 cycles,
they should be able to withstand the less severe conditions
of a 4°C/second damage during reflow without reliability
degradation, T

Another concern in the solder reflow processing of sur-
face mount components is the dwell time in reflow
temperatures of 215°C or above, The dwell time for a small
PWB populated with surface mount devices is about 20
seconds. For a larger board of about 10" X12” up to 50
seconds is needed for reflow. A generalized component
degradation curve, relating accumulated time and
temperature, can be assumed to exist. The shape of the curve
for this discussion is assumed to be a decaying parabolic for
simplicity-and conservatism. There are two generally known
points of this curve. The flame retardant mold compound
(FRMC) of a plastic package starts to break down at 300°C
in two to three seconds. Also, the molding and curing of a
surface mount device is performed over several hours at
175°C. These two points are shown on the generalized curve
shown in Figure 8, with the “safe” region being the area under
the curve. Two points that fall within this region are the in-
dustry standard practice of solder dipping leads of several
types of ICs, and of the soldering plastic devices on the bot- -
tom with Type III surface mount assembly, each submerges
the component for three to four seconds in a solder wave.

g
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Surface mount assembly techniques provide a signifi-
cant advantage in cost, volume, and reliability over the cur-
rent “thru-hole” technology. These are well documented, and
the manufacturing equipment and related products are becom-
ing readily available to support new production lines. Also,
as experience grows, improved products and ideas are devel-
oped from the cooperative efforts of vendors and users in stan-
dardization organizations and in problem-solving sessions.
The broad selection of package types and product technologies
available now are sufficient to begin conversion of existing
electronic system products for size reduction or feature -
enhancement. Definitely, new products should be designed
with surface mount technology.
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