TMS44C256
262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMGS256C - - JUNE 1986 - REVISED NOVEMBER 1990

This data sheet is applicable to all
TMS44C256s symbolized with Revision “D”
and subsequent revisions as described

on page 5-21.

* 262 144 x 4 Organization
* Single 5-V Supply (10% Tolerance)

¢ Performance Ranges:
ACCESS ACCESS ACCESS READ
TIME TIME TIME OR
ta(n) ta(c) ta(CA) WRITE
(trRac) (tcac) (tcaa) CYCLE
MAX)  (MAX)  (MAX) (MIN)
TMS44C256-60 60 ns 15ns 30ns  110ns
TMS44C256-70 70 ns 18 ns 35ns  130ns
TMS44C256-80 80 ns 20 ns 40 ns 150 ns
TMS44C256-10 100 ns 25ns 45ns  180ns
TMS44C256-12 120 ns 30ns 55ns 220ns

* Enhanced Page Mode Operation with
CAS-Before-RAS Refresh

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

® 3-State Unlatched Output

¢ Low Power Dissipation

* Texas Instruments EPIC™ CMOS Process
® Ali Inputs and Clocks Are TTL Compatible

¢ High-Rellability Plastic 20-Pin 300-Mil-Wide
DIP, 20/26 J-Lead Surface Mount (SOJ)
('44C256-60 and '44C256-70 Available in
S0J Only), 20/26 J-Lead Thin Surface
Mount (ThinS0J), or 20-Pin Zig-Zag In-Line
(Z2IP) Packages

* Operation of TI's Megabit CMOS DRAMs
Can Be Controlled by TI's SN74ALS6301
and SN74ALS6302 Dynamic RAM
Controllers

* Operating Free-Air Temperature
...0°Cto70°C

description g

N Package SD Package
(Top Vicw) (Top View)
DQ1[1Lr20:Vss Gl.1 2 |cAas
pa2'l2 e[ DQsa  DQA3 3 il
Wila 18]1 DQ3 Vss115  s1]pal
mslls  wficas bazfl7  olw
TFls 6| G ] ST A
AD |8 15]i AB Aol s 12 |A
All]7 14{] A7 ver 14 1AL1AS
a2lls  13[ Ae f\g , 167fAe
A3 |9 12| A5 arlio 18 [R6
Voo 1o 11| A4 : 20| A8

DJ and DN Packages'

(Top View)
DQ1 . 10 ~ 26 VSS
pQ2i |2 25|_] DQ4
Wi ]ls 24| 1o0Q3
RAS |4 2a{ CAS
TF| |5 22| GE
Aol ]e 18] A8
A1 [ |10 17| A7
A2 _In 16] 1 A6
A3 |12 15| AS
Veo E 13 14 A4

1The packages shown here are for pinout reference only
The DJ package is actually 75% of the length of the N
package.

PIN NOMENCLATURE
AD-A8 Address Inputs
CAS Column-Address Strobe
DQ1-DQ4 Data In/Data Out
G Data-Output Enable
RAS Row-Address Strobe
TF Test Function
W Write Enable
Vee 5-V Supply
Vgs Ground

The TMS44C256 series are high-speed, 1 048 576-bit dynamic random access memories, organized as

262 144 words of four bits each. They employ state-of-the-art EPIC™ (Enhanced Process Implanted CMOS)
technology for high performance, reliability, and low power at low cost.

EPIC is a frademark of Texas Instruments Incoreorated

PRODUCTION DATA documants contaln Intormation current Copyright @ 1990, Texas Instruments incorporated
as of publication date. Products conform to specifications per ‘

the terms of Texas Instruments standard wasranty. Production EXAS

processing does not necessarily include testing of il

INSTRUMENTS

POST OFFICE BOX 1443 * HOUSTON, TEXAS 77001

5-1



TMS44C256
262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMGS256C - - JUNE 1986 - REVISED NOVEMBER 1990

description (continued)

These devices feature maximum RAS access times of 60 ns, 70 ns, 80 ns, 100 ns, and 120 ns. Maximum power
dissipation is as low as 305 mW operating and 11 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-Vinput voltage undershoot can
be tolerated, minimizing system noise considerations.

All inputs and outputs, including clocks, are compatible with Series 54/74 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 TMS44C256 is offered in a 20-pin dual-in-line (N suffix) package, a 20-pin zig-zag in-line (SD suffix) package,

a 20/26 J-lead plastic surface mount SOJ (DJ suffix), and a 20/26 J-lead thin plastic surface mount SOJ
(DN suffix). The TMS44C256-60 and TMS44C256-70 are available inthe 20/26 J-lead plastic surface mount SOJ

(DJ suffix) only. These packages are guaranteed for operation from 0°C to 70°C.

operation

enhanced page mode

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 muitiplex 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 512 columns specified by column addresses AO
through A8 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 TMS44C256 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 th(Ra) (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) max (access time from CAS low),
if taca) 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 tyc) or tacp) (access time from rising edge of CAS).

address (A0 through A8)

Eighteen address bits are required to decode 1 of 262 144 storage cell locations. Nine row-address bits are set
up on pins A0 through AB and latched onto the chip by the row-address strobe (RAS). Then nine column-address
bits are set up on pins AO through A8 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. CASisusedasa chip select activating the output
buffer, as well as latching the address bits into the column-address buffers.

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 the standard
TTL circuits without a pull-up resistor. The data input is disabled when the read mode is selected. When W goes
low prior to CAS (early write), data out will remain in the high-impedance state for the entire cycle, permitting a
write operation with G grounded.

5-2
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TMS44C256
262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMGS256C — JUNE 1986 — REVISED NOVEMBER 1990

data in (DQ1-DQ4)

Data is written during a write or read-modify-write cycle. Depending on the mode of operation, the falling edge
of CAS or W strobes data into the on-chip data latch. tn 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. In a delayed-write or read-modify-write cycle, G must be high to bring the output buffers
to high-impedance prior to impressing data on the 1/O lines.

data out (DQ1-DQ4)

The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fanout of two
Series 74 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance (floating) state
until CAS and G are brought low. In a read ad cycle the output becomes valid after the access time interval ty(c)
that begins with the negative transition of CAS as long as ta(R) @ndtacp) are satisfied. The output becomes valid
after the access time has elapsed and remains valid while CAS and G are low. CAS or G going high returns it
to a high-impedance state. This is accomplished by bringing G high prior to applying data, thus satistying td(GHD)-

output enable (G)

G controls the impedance of the output buffers. When G is high, the buffers will remain in the high-impedance
state. Bringing G low during a normal cycle will activate the output buffers putting them in the low-impedance
state. It is 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 GorCAS is
brought high.

refresh

Arefresh operation must be performed at least once every eight milliseconds to retain data. This can be achieved
by strobing each of the 512 rows (A0-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, thus conserving power
as the output buffer remains in the high-impedance state. Externally generated addresses must be used for a
RAS-only refresh. Hidden refresh may be performed while maintaining valid data at the output pin. This is
accomplished by holding CAS at Vy_after a read operation and cycling RAS atter a specified precharge period,
similar to a RAS-only refresh cycle.

CAS-before-RAS refresh

CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS [see parameter ty.cLRL)R] and holding
it low after RAS falls [see parameter tqr| cH)R]- 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.
The external address is also ignored during the hidden refresh option.

power-up

To achieve proper device operation, an initial pause of 200 us followed by a minimum of eight initialization cycles
is required after power-up to the full Vg level.

test function pin

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

*
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TMS44C256

262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMGS256C — JUNE 1986 - REVISED NOVEMBER 1990

logic symbolt
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t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.

Pin numbers shown are for the N package.
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functional block diagram

T

Timing and Control
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Voltagerange onanypin(seeNote 1) ... ... ... i -1Vto7V
Voltage range On VoG o e -1Vto7V
Short Circuit OUIPUL CUITEN L ... e e 50 mA
Power dissipation .. ... . 1w
Operating free-air temperature range . ... ...t e e 0°Cto 70°C
Storage temperature TaNGE .. ... .ttt e - 65°C to 150°C

1 Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a siress rating only, and

funct

ional 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 Vgg

recommended operating conditions

MIN NOM MAX | UNIT
Vgoe  Supply voltage 45 5 55 A
Vgs  Supply voltage 0 \
V4 High-level input voltage 24 6.5 \
ViL Low-level input voltage (see Note 2) -1 0.8 \
TA Operating free-air temperature o] 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.

*p
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TMS44C256
262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMGS256C -~ JUNE 1986 -~ REVISED NOVEMBER 1990

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

noted)
PARAMETER TEST CONDITIONS TMS44C256-60 | TMS44C256-70 UNIT
MIN  MAX MIN  MAX

VOH High-level output voltage | loH = - 5 MA 24 24 \

VoL Low-level output voltage [l = 4.2 mA 04 04 \

Iy Input current (leakage) VI=01058V,Voc =5V, Allotherpins = 0 Vto Voo +10 +10 HA

o Output current (leakage) | Vo = 0V to Voe, Veg = 5.6 V. CAS high +10 £10 | pA

Icc1  Read/write cycle current | to(rgwy) = Minimum, Vgg = 5.5V 95 80 mA

Iccz  Standby current After 1 memory cycle, RAS and CAS high, Vi = 2.4V 2 2 mA

1063 Raarin or GOy | o vy, RS towe aher GRS o (COR) % 80| maA

Icca Average page current te(P) = minimum, Voo =55V, RAS low, CAS cycling 70 60 mA

TEST TMS44C256-80 | TMS44C256-10 | TMS44C256-12
PARAMETER CONDITIONS MIN  MAX| MIN_ MAX| MIN  max| o

VoH  High-leve! output voltage IoH =~-5mMA 24 24 24 \

VoL Low-level output voltage oL =4.2mA 0.4 0.4 0.4 v

Iy Input current (leakage) X:';?]:: ;’"_8'5\{ \é(\:/(i:\;’cvc £10 + 10 £10 | uA

o Output current {leakage) Vo=0tVce, =10 + 10 + 10 HA
Vee = 5.6V, CAS high

lcc1 Read/write cycle current te(rgwy) = minimum, Ve = 5.5V 75 65 55 mA

Icc2 Standby current %%%r ;nrg%whfgﬁ,le\)m =24V 2 2 2 mA

) t = minimum, Vcc =565V

cca ferseretiestarut | RR8Ccing, CAS High (RAS-ony) 70 50 s ma
RAS low, after CAS low (CBR)

lcc4 Average page current lg(p) = minimurm, VVCC =85V, 50 45 35 mA
RAS low, CAS cycling

capacitance over recommended ranges of supply voltage and operating free-air temperature,
f = 1 MHz (see Note 3)

PARAMETER MIN  TYP MAX | UNIT
Cita) Input capacitance, address inputs 5 pF
Ci(Rc) Input capacitance, strobe inputs 5 pF
Ci(W) fnput capacitance, write-enable input 5 pF
Ci(G) input capacitance, output-enable input 5 pF
Co Output capacitance 7 pF

NOTE 3: Vgc equalto 5V £ 0.5V and the bias on pins under testis 0 V.

)i
EXAS
INSTRUMENTS
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TMS44C256
262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

~ REVISED NOVEMBER 1990

switching characteristics over recommended ranges

temperature (see Figure 1)

of supply voitage and operating free-air

PARAMETER ALT. TMS44C256-60 | TMS44C256-70 UNIT
SYMBOL MIN  MAX MIN  MAX
ta(C) Access time from CAS low tCAC 15 18| ns
ta(CA) Access time from column-address ICAA 30 35 ns
ta(R) Access time from RAS low tRAC 60 70| ns
ta(G) Access time from G low tGAC 15 18! ns
ta(CP) Access time from column precharge 1CAP 35 40 ns
tdicLz) CAS low to output in low Z tcLz 0 ns
tdis(CH) Output disable time after CAS high (see Note 4} toFF 15 o] 18 ns
1dis(G) Output disable time after G high (see Note 4) 1GOFF 0 15 0 18 ns
PARAMETER ALT. TMS44C256-80 | TMS44C256-10 | TMS44C256-12 UNIT
SYMBOL MIN  MAX MIN  MAX | MIN MAX
ta(C) Access time from CAS low tCAC 20 25 30| ns
ta(CA) Access time from column-address tCAA 40 45 55 ns
ta(R) Access time from RAS low tRAC 80 100 120 ns
ta(G) Access time from G low 1GAC 20 25 30| ns
ta(CP) Access time from column precharge tCAP 40 50 60 ns
t9(CLz) CAS low to output in low Z tcLz 0 0 ns
tdis(CH) Output disable time after CAS high (see Note 4) tOFF o] 20 [¢] 25 30 ns
tdis(G) Output disable time after G high (see Note 4) t{GOFF ] 20 s} 25 30 ns
NOTE 4: tgis(CH) and tdis(G) are specified when the output is no longer driven.
TEXAS
INSTRUMENTS
POST OFFICE BOX 1443 ®* HOUSTON, TEXAS 7700t 5-7



TMS44C256
262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY
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timing requirements over recommended ranges of suppiy voitage and operating free-air
temperature (continued)

PARAMETER SYI:‘L;'.OL TMS44C256-60 | TMS44C256-70 UNIT
MIN MAX | MIN MAX
te(rd) Read cycle time (see Note 6) 1RC 110 130 ns
lew) Write cycle time twe 110 130 ns
le(rdw) Read-write/read-modity-write cycle time tAWC 155 181 ns
tc(P) Page-mode read or write cycle time (see Note 7) {=Te] 40 45 ns
te(PM) Page-mode read-modify-write cycle time tPCM 85 96 ns
tw(CH) Pulse duration, CAS high tcp 10 10 ns
tw(CL} Pulse duration, CAS low (see Nole 8) tCAS 15 10000 18 10000 ns
Ww(RH) Pulse duration, RAS high {precharge) tRP a0 50 ns
w(RL) Non-page-mode pulse duration, RAS low (see Note 9) 'RAS 60 10000 70 10000 ns
tw(RL)P Page-mode pulse duration, RAS iow (see Note 9) IRASP 60 100000 70 100000 ns
tw(wL) Write pulse duration twe 15 15 ns
1Su(CA) Column-address setup time before CAS low tASC 0 0 ns
tsU(RA) Row-address setup time before RAS low tASR 0 0 ns
tsu(D) Data setup time before W low {(see Note 10) DS 0 o ns
tsu(rd) Read setup time before CAS low tRCS 0 0 ns
tsupwgl)  W-low setup time before CAS low (see Note 11) WwCs 0 0 ns
IsuwcH) W-low setup time before CAS high tcwL 15 18 ns
Isu(wRH) W-low setup time before RAS high tRwL 15 18 ns
th(CA) Column-address hold time after RAS low tCAH 10 15 ns
th(RA) Row-address hold time after RAS low tpAH 10 10 ns
th(RLCA) _ Column-address hold time after RAS low (see Note 12) 1AR 50 55 ns

Continued next page.

NOTES:

9

10

11,
12.

All cycle times assume ty = 5 ns.

additional CAS low time ltwicL)D-

5. Timing measurements in this table are reference W V) max and Vg min
6.

7. To guarantee t¢(p) min, tsy(CA) should be greater than or equal 10 tw(CH).
8. Inaread-modify-write cycle, tq(CLwL} and tsy (WCH) must be observed. (Depending on the user's Iransition times, this may require

In aread-modify-write cycle, tg(RLWL) and isu(wRH) Must be observed. (Depending on the user's iransition times, this may require

additional RAS low time {ty(RL)])-

Later of CAS or W in write cperations.
Early write operation only.

The minimum value is measured when tg(R_CL) is set 1o lg(RLCL) Min as a reference.

5-8
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (continued)

PARAMETER SYI:AL;'.OL TMS44C256-80 | TMS44C256-10 | TMS44C256-12 uNIT
MIN MAX | MIN MAX | MIN MAX
te(rd) Read cycle time (see Note 6) tRC 150 180 220 ns
te(w) Write cycle time twe 150 180 220 ns
te(rdw) Read-write/read-modify-write cycle time tRWGC 205 245 295 ns
te(P) Page-mode read or write cycle time (see Note 7) {=To} 50 55 65 ns
te(PM) Page-mode read-modify-write cycle time tPCM 100 120 135 ns
tw(CH) Pulse duration, CAS high tcp 10 10 15 ns
tw(CL) Pulse duration, CAS low (see Note 8) 1ICAS 20 10000 25 10000 30 10000 ns
tw(RH) Pulse duration, RAS high (precharge) trp 60 70 90 ns
tw(RL) :‘;’;‘ﬁﬁ:;‘“e pulse duration, RAS fow thAS 80 10000| 100 +t0000| 120 10000| ns
tw(RL)P Page-mode pulse duration, RAS low (see Note 9) | tRasp 80 100000 100 100000 120 100 000 ns
tw(WL) Write putse duration twp 15 15 20 ns
tsu(CA) __ Column-address setup time before CAS low tASG 0 0 o ns
tsu(RA) Row-address setup time before RAS low tASR 0 0 ¢} ns
tsu(D) Data setup time before W low (see Note 10) tpDs 0 0 0 ns
tsu(rd) Read setup time before CAS low tRCS 0 0 0 ns
tsuwCL)  W-low setup time before CAS low (see Note 11) twes 0 0 0 ns
tsu(wWCH)  W-low setup time before CAS high tCwL 20 25 30 ns
tsu(wRH) W-low setup time before RAS high tRWL 20 25 30 ns
th(CA) Column-address hold time after RAS low {CAH 15 20 20 ns
th(RA) Row-address hold time after RAS low tRAH 12 15 15 ns
Ih(RLGA) (C;c;l:mg;:d‘dzr;ess hold time after RAS low tAR 60 20 80 ns

Continued next page.

NOTES:

Timing measurements in this table are referenced to V) max and V|y min

. All cycle times assume ty = 5 ns.
- To guarantee te(py min, tsu(GA) should be greater than or equal to ty(CH).

- In a read-modify-write cycle, tq(CLWL) and ts, (WCH) Must be observed. (Depending on the user's transition times, this may require

additionat CAS low time ['w(CL)])-

In a read-modify-write cycle, lq(rLwL) and tsy (wRH) Must be observed. (Depending on the user's transition times, this may require

additional RAS low time tw(RL)])-
Later of CAS or W in write operatlons
Early write operation only

The minimum value is measured when g(RLCL) iS Set to td(FlLCL) min as a reference.

Texas
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (continued)

ALT. | TMS44C256-60 | TMS44C256-70
PARAMETER symsoL| MIN  max| min max | UNTT
thiD) Data hold time after CAS low (see Note 10) tpH 10 15 ns
th(RLD) Data hold time after RAS low (see Note 12) {DHR 50 55 ns
IhwLGL) G hold time after W low tGH 15 18 ns
th(CHrd) Read hold time after CAS high (see Note 13) 1RCH 0 0 ns
th(RHrd) Read hold time after RAS high (see Note 13) tRRH 0 0 ns
th(CLW) Write hold time after CAS low (see Note 11) tWCH 15 15 ns
th(ALW) Write hold time after RAS low {see Note 12) 'WCR 50 55 ns
td(RLCH) Delay time, RAS low to CAS high tcsH 60 70 ns
tq(cHRL)  Delay time, CAS high to RAS low tcrp 0 0 ns
d(CLRH)  Delay time, CAS low to RAS high IRSH 15 18 ns
'd(CcLwL)  Delay time, CAS low to W low {see Note 14) tcwD 40 46 ns
1d(RLCL) Delay time, RAS low to CAS low (see Note 15} tfACD 20 45 20 52 ns
td(RLCA)  Delay time, RAS low to column-address (see Note 15) tRAD 15 30 15 35 ns
td(CARH)  Delay time, column-address to RAS high tRAL 30 35 ns
td(CACH)  Delay time, column-address to CAS high tcaL 30 35 ns
td(RLwL)  Delay time, RAS low to W low (see Note 14) tRWD 85 98 ns
taqcawL)  Delay time, column-address to W low (see Note 14) tAWD 55 63 ns
1d(GHD) Delay time, G high before data at DQ tGDD 15 18 ns
'4(GLRH)  Delay time, G low to RAS high tGSR 10 10 ns
Y(ALCH)A Delay time, RAS low to CAS high (see Note 16} tCHR 15 15 ns
t4(CLRL)R _ Delay time, CAS low RAS low (see Note 16) tCSR 10 10 ns
td(RHCL)R Delay time, RAS high CAS low (see Note 16) tRPC 0 o ns
trf Refresh time interval 1REF 8 8| ms
1 Transition time T 3 50 3 50 ns

Continued next page.

NOTES: §. Timing measurements in this table are referenced to V| max and V|4 min.
10. Later of CAS or W in write operations.
1. Early write operation only.
12. The minimum value is measured when tq(RLCL) is set 10 lg(RLCL) Min as a reference.
13. Either th(RHrd) O th(CHrd) Must be satisfied for a read cycle
14. Read-modify-write operation only,
15. Maximum value specified only to guarantee access time
16. CAS-before-RAS refresh only

ixas W
INSTRUMENTS
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timing requirements over recommended ranges of supply voitage and operating free-air
temperature (concluded)

TMS44C256-80

TMS44C256-10

TMS44C256-12

T
PARAMETER svmBoL M wax| WIN ~ wax| wn— wax| UNIT
th(D) Data hold time after CAS low (see Note 10) tDH 15 20 25 ns
th(RLD) Data hold time after RAS low (see Note 12) tOHR 60 70 85 ns
thwLGL) G hold time after W fow tGH 20 25 30 ns
th(CHrd) Read hold time after CAS high (see Note 13) tRCH 0 Q 0 ns
th{RHrd) Read hold time after RAS high (see Note 13) tRRH ] 0 ns
th(CLW) Write hold time after CAS low (see Note 11) tWCH 15 20 25 ns
th(RLW) Write hold time after RAS low (see Note 12) tWCR 60 70 85 ns
1d(RLCH)  Delay time, RAS low to CAS high teSH 80 100 120 ns
td(CHRL)  Delay time, CAS high to RAS low torp 0 0 o] ns
1d(CLRH)  Delay time, CAS low to RAS high tRSH 20 25 30 ns
td(CLwr)  Delay time, CAS low to W low (see Note 14) tcwbD 50 60 70 ns
1d(RLCL) Delay time, RAS iow to CAS low (see Note 15) tRCD 22 60 25 75 25 90 ns
1RLCA) I(DSeelg);qlérlr;e; 5FI)AS low to column-address IRAD 17 40 20 55 20 65 ns
1g(CARH)  Delay time, column-address to RAS high tRAL 40 45 55 ns
td(CACH)  Delay time, column-address to CAS high icaL 40 45 55 ns
td(ALwL)  Delay time, RAS low to W low (see Note 14) tRWD 10 135 160 ns
td(cAWL) zil:m;!;e% :;Jlumn-address to W low {AWD 20 80 as ns
td({GHD) Delay time, G high before data at DQ tGDD 20 25 30 ns
td(GLRH)  Delay time, G law to RAS high tGSR 10 10 10 ns
I4(RLCH)R _Delay time, RAS low to CAS high {see Note 16) tCHR 20 25 25 ns
1g(CLRL)R _ Delay time, CAS low RAS low (see Note 16) 1CSR 10 10 10 ns
td(RHCL)R Delay time, RAS high CAS low (see Note 16) tRPC 0 0 0 ns
tef Refresh time interval {REF 8 8 8| ms
1 Transition time tr 3 50 3 50 3 50 ns
NOTES: 5. Timing measurements in this table are referenced to Vy_max and Vi min

10. Later of CAS or W in write operations

11. Early write operation only.

12. The minimum value is measured when tq(RLCL) is set to tgRLCL) Min as a reference

13. Either th(RHrd) OF th(CHrd) Must be satisfied for a read cycle

14. Read-modify-write operation only.

15, Maximum value specified only to guarantee access time

16. CAS-before-RAS refresh only.
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TMS44C256
262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMGS256C — JUNE 1986 --- REVISED NOVEMBER 1990

PARAMETER MEASUREMENT INFORMATION

1.31V Vee=5V
f .
Ry =218 Q Ry1=828Q
Output Under Test Output Under Test
C| =100 pF Ro =295Q
T Cp = 100 pF
(a) Load Clrcuit (b) Alternate Load Circult

Figure 1. Load Circuits for Timing Parameters

read cycle timing

Hi** e te(rd) »

< tw(RL) >

N S

2
[72]

‘ l¢—— tacLRH) —»

!
|
! ﬁ—« t4(RLCL) — — t
= td(CHAL) ——M
: e {gRLCH) — ¥ | | | ( )
—> 'Lﬁ twicL) —"‘ Py
cAs ' N v N\
ta(RLCA) ¢——»! : A J
> tsu(CA) | M tw(CH) —————»

'"(R“’ ﬁ s N—x'd(CACH) — ]
—» i tsu(RA) 4+ td(CARH) -——5—>‘ f

\4— th(RLCA) 4—L~N‘

; VIH
A0-AB @( Row >@< Cotumn Woomcmm
! | i T ViL
‘ | +" H th(cA) Y M= th(RHro)
l tsu(rd) “€———-% Hmuﬁ—b— th(CHrd)
: | : ViH
w Don't Care } “ : } WQ Don’t Care W
w | *—tac) ™ ‘ ie
: [« ‘a(CA) H ¢ ———— tdis(CH) ¥
; td(cLz) - \ | ‘ Vou
00%14. ; Lz (see Note 17)W Vaila )
A
: | T | VoL
e taR) Y | |
- ta(Gy W } M-» tdis(G)
‘47 td(GLRH) ——
o TR TN [T
ViL

NOTE 17: Output may go from high-impedance to an invalid data state prior to the specified access time.
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TMS44C256
262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMGS256C — JUNE 1986 — REVISED NOVEMBER 1990

early write cycle timing

- w .
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] | 1 iL
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1 lh— C {dRLCH) —— i ||

% + | ¢ tw(CL) » | ‘ : VI
CAS | : \ VAR AN

| | I | -y

[ ' tuca) ———p | ' - twicH) ———»
tsu(Ra) M HJ- L tgcach) 49

‘h(RA) —>| 4 ﬂ———‘; t4(CARH) ——,—q
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ViH
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|
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T !
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: | | & thcLw) —H
_ ——pk tguwel) s % ViH
T | ; 5 I Vit
| - tww) ———M™
M————— th(RLD) ¥
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DQ1- > ViH
viL
— ViH

ViL
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TMS44C256
262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMGS256C — JUNE 1986 — REVISED NOVEMBER 1990

late write cycle timing
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——— th(RLCA) T T | Mt twicH) ———»l
_HI tsu(ca) H¢——> | | | :
thray » 4— l&—F—tycach) ————¥
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|
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TMS44C256
262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMGS256C — JUNE 1986 — REVISED NOVEMBER 1930

read-write/read-modify-write cycle timing

ot te(ROW) »
N [ :4 tw(RL) > ' VIH
RAS ,\| i/ |
b T | viL
— « tw(CL) b | P —twRn)
{ l"—'d(RLCL)_‘N‘ ‘\ 47 ta(CHRL) ¥
: VIH
cAs B N A N
*l-hl 4 th(rA) : | | ‘ \’ : Yiv
tsu(RA)_"’ iﬂ—’ H—H—'su(CA) | ]“_\ tw(CH)
td(RLCA l |
e th(CA) g "T "

| i i |

|
!

\aYAAYAYAY Vi
o XX
t5u(WCH) +H 1

H—r— td(RLWL) ——47 H—n— 1su(WRH)

'4—»— tw(wL)

‘4—‘4— ta(CAWL) ———-Wh

on 't Care
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NT 'su(D)
: —N ;4— th(D)
\

|
|
: } H——td(CLWL)
' i 'a(C)—ﬂ—H
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| tdcLz) > 4 \
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DQ4 !
|

\VAVAVAVAVAVAVAV, Vi /V
{see Note 17) W DOBL::! m Dala | 0""’.‘.’.’.”” DOH‘Care ’.”’.”‘ tH/VOH

ViL/VoL

|— N—-ufls(e) H—»'h(WLGL)

e—taG)—» |

‘ [4——P} t4(GHD) ‘

|
_ |

NOTE 17

CANNANY ViH
Don’t Care
§§§§§§AAA)\AA}§§§§§ viL

Output may go from high-impedance to an invalid data state prior to the specified access time,
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TMS44C256
262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMGS256C — JUNE 1986 - - REVISED NOVEMBER 1990

enhanced page-mode read cycle timing
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ViL
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«— WRLCA) b | : 4—— th(CHrd) —¥
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I
|
|
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|
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twRH) —® -
% w(RL)P |
__ I | ViH
RAS N m__
| I \ ViL
1 ;4 td(RLCL) ——M :‘“———"C(P) —> : : 1
¢ 4RLCH) —+——¥! & td(CLRH) —W
} | :*fw(cu +: Ihi—’f*tw(CH) T‘"d(CHRL) -»
f ! t VIH
tAS P 4
|l | viL
I {
{
!

l\ El V4 ; El /
| |
|

|

|

r
4— tg(CACH) —W

— tsu(d) th(RHrd) J&———»

374 T

T

|
j |
T T
i |

|
|
[
| !
I tac) —1¢ > | 4 ta(cA) -»
i

—_——

|
L——— 1:n)_ taca) —»! (see Note 19 : sich
ta(cLz) —H¥ : (setea(t?o?e 19) ﬂ | y
—taig) ——» | - ta(G) \ VoL
tais(G) —» e | —— tais(G)

[
| | ViH
_ X
G Don’t Care | on't Care | M&m'l XW
AAAAAL AAAAAAL viL

NOTES: 17. Qutput may go from high-impedance 10 an invalid data state prior to the specified access time.
18 A write cycle or read-modify-write cycle can be mixed with the read cycles as long as the write and read-modify-write timing
specifications are not violated.
19. Access time is ta(CP) Of ta(CA) dependent.
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TMS44C256
262 144-WORD BY 4-BIT
DYNASMIC RANDOM-ACCESS MEMORY

MGS256C — JUNE 1986 — REVISED NOVEMBER 1990

enhanced page-mode write cycle timing
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| : tw(icy) —b: |‘<—r | : l“—'d(cwlm),—"1
o } 1 ! | : [ ' : : ViH
CAS [l | 1/ | | I
| ! | I viL
! Ly
L
]
|
|

| i s A N |

!
VIH
:: YYXYYY
AO-AB | Row 1 X! Column }m Column gon’l are;)é()yzi\
VAVAVAVAVAVA

T T T ViL
— t4(RLCA) — ™ |
el

I

|
| v
th(RLW) tsuwCH) —» 14— ;

]
|
l .
- tsyweH) —M le— touwRH) —
tw(wL) | (7 fsuWRH)

|
(N [ | VIH
_ A4 4
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NOTES:20. A read cycle or a read-modify-write cycle can be intermixed with the write cycles as long as the read and read-modify-write timing
specifications are not violated.
21. Referenced to CAS or W, whichever occurs last

/
Texas ‘b
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001 5-17



TMS44C256
262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMGS256C — JUNE 1986 — REVISED NOVEMBER 1890

enhanced page-mode read-modify-write cycle timing
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NOTES: 17. Output may go from high-impedance to an invalid data state prior to the specified access time,
22, Areadorwrite cycle can be intermixed with read-modify-write cycles as fong as the read and write timing specifications are not violated.
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SMGS256C — JUNE 1986 — REVISED NOVEMBER 1990

RAS-only refresh timing
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TMS44C256
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SMGS256C — JUNE 1986 — REVISED NOVEMBER 1990

hidden refresh cycle (enhanced page mode)
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automatic (CAS-before-RAS) refresh cycle timing
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