TMS44C256, TMS44C257
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORIES

JUNE 1986 — REVISED MAY 1988

262,144 x 4 Organization
Single 5-V Supply (10% Tolerance)
Performance Ranges:

ACCESS ACCESS ACCESS

TIME TIME TIME
ta(R) ta(C) ta(CA)
tgac)  fcact  icaa)
(MAX)  (MAX)  (MAX)

TMS44C25_-10 100 ns 25 ns 45 ns
TMS44C25_-12 120 ns 30 ns 55 ns
TMS44C25_-15 150 ns 40 ns 70 ns

® TMS44C256 — Enhanced Page Mode

READ
OR
WRITE
CYCLE
(MIN)
190 ns
220 ns
260 ns

Operation with CAS-Before-RAS Refresh

® TMSA44C257 -- Static Column Decode
Mode Operation with CAS-Before-RAS
Refresh

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

3-State Unlatched Output

Lower Power Dissipation

DIP or 20/26-Lead Surface Mount (SO
Package

Texas Instruments EPIC™ CMOS Process
All Inputs and Clocks Are TTL Compatible
High-Reliability Plastic 20-Pin 300-Mil-Wide

J)

® Operation of TI's Megabit CMOS DRAMs
Can Be Controlled by TI's SN74ALS6301

and SN74ALS6302 Dynamic RAM
Controllers

® Operating Free-Air Temperature . . .
0°C to 70°C

description

The TMS44C256 and TMS44C257 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 a low cost.
operation
enhanced page mode (TMS44C256)

N PACKAGE
{TOP VIEW)
pa11 Y20]vgg
pa2{}z 19[dpoa
wlls 18[Joas
RAS[Js 17[JCAS
TFds 1s[]G
A0[js 15[]A8
A1}z 14 ]A?
A2(}s 13 jAG
A3[}e 12{]AS5
veeio 11[JA4

DJ PACKAGE'

{TOP VIEW)
pa1[Joe 26[Jvgg
paz2f]2 2s5[]pas4

w3 24[Joas
RAS([]4+ 23[]CAS
TFQs 220G

Ao[Je 18[]as
Alfpho 17[]A7
AZEH 16[]A6

A3[]2 1s[Jas
vecQis 14(]a4

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

PIN NOMENCLATURE

AO-AB 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

Vss Ground

H Dynamic RAMs

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 mulitiplex is thus eliminated. The
maximum number of columns that may be accessed is determined by the maximum RAS low time and

EPIC is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA documents contain information
current a3 of publication date. Products conform to
specifications per the terms of Texas Instruments
standard wannntJ. Preduction pracessing does not
necessarily include testing of all parameters.
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TMS44C256, TMS44C257
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SINVY dlweuAqg

the CAS page-mode cycle time used. With minimum CAS page cycle time, all 512 columns specified by
column addresses AO through AB 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 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 time from rising edge
of CAS).

static column decode mode (TMS44C257)

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 maintain CAS low. Subsequently changing
the column address produces valid data at the tz(CA)- The first bit is accessed in the normal manner with
read data coming out at tz(C) 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 (AOQ through AB)

Eighteen address bits are required to decode 1 of 262,144 storage cell locations. Nine row-address bits
are set up on pins AO through A8 and latched onto the chip by the row-address strobe (RAS). Then nine
column-address bits are set up on pins AQ 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. The TMS44C256
CAS is used as a chip select activating the output buffer, as well as latching the address bits into the
column-address buffers. The TMS44C257 column addresses are latched only on write cycles with the
later of the CAS or W falling edge.

write enable (W)

The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard
TTL circuits without a 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. The TMS44C257 latches the column addresses on write
cycles with the later of CAS or W faliing edge.

data in (DQ1-DQ4)

Data is written during a write or read-modify-write cycle. Depending on the mode of f operation, the falling
edge of CTAS or W strobes data into the on-chip data latch. In an early write cycie, W is brought low prior
to CAS and the data is strobed in by C 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 or read-modify-write cycle, G must be high to bring
the output buffers to high impedance prior to impressing data on the /0O lines.
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TMS44C256, TMS44C257
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORIES

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 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 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 satisfying td(GHD}-

output enable (G)

G controls the impedance of the output buffers. When G is high, the butfers 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 G or CAS is brought high.

refresh

A refresh 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-A8B). 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 V|| after a read operation and cycling RAS
after 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 td(CLRL)R] and
holding it low after RAS falls [see parameter td(RLCH)RI- 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 V¢ level.

test function pin

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

Dynamic RAMs
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TMS44C256, TMS44C257

262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORIES

logic symbolt

SINVY dlweuAig

RAM 256K x 4

T

Ao:‘;—:- 2009/21D0 )
PP VA
Ay _(8)
Ag 19!
ag 1) L, 0
(12) 262.143
AS 31
ag13 |
a7 04
ag13 156p17/21p8
> C20{ROW|
@ G23/[REFRESH ROWI
RAS 24[PWR DWN|
> C21(COL|
G24
(7
CAS &  boa3c22
w3 23.21D ] 24,25EN
g8 g5
pa1 :]220 L
—1:: "6 A.226
12)
DO2 — S s’
a3 18
(19)

DQ4 ——=»

TThis symbol is in accardance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.
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TMS44C256, TMS44C257
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORIES

functional block diagram

I TIMING AND CONTROL I

L

ROW
ADDRESS
BUFFERS
19
]
256K | ROwW | 256K
ARRAY | DECODE | ARRAY \
a0 - SENSE AMPLIFIERS ]
. DATA a
Al IN *
A2 kgl REG
A3 -] coLumn o [
A4 ADDRESS[™™\{ Iy BUFFERS
A5 BUFFERS / COLUMN DECODE 40F8
A6 {9) - SELECTION [
DATA
A7 - ouT -
A8 ™ REG. 4
SENSE AMPLIFIERS ] ™~
256K ROwW 256K
ARRAY | DECODE |ARRAY '
DAt - DG4

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

H Dynamic RAMs

Voltage range on any pin {see Note 1). .. ... . ... ... . . . . .. . . . . .. -1Vto7V
Voltage range on VG . . - - o o oot OVto7V
Short circuit output current. . . . .. ... 50 mA
Power dissipation. . . . . .. . e e 1w
Operating free-air temperature range . . . . .. ... ...ttt 0°C to 70°C

Storage temperature range

-65°C to 150°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 thase 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 Vggs.
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TMS44C256, TMS44C257
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORIES

recommended operating conditions

MIN NOM MAX | UNIT
vce Supply voltage 4.5 5 55 v
Vgg Supply voitage o] \'
ViH High-ievel input voltage 2.4 6.5 v
ViL Low-level input voltage Isee Note 2} -1 0.8 v
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.

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

I SINVY o1weuiq

TEST TMS44C25_-10 | TMS44C25_-12 | TMS44C25 _-15
PARAMETER = = = UNIT
CONDITIONS MIN MAX MIN MAX MIN MAX
VOoH High-ievel output voltage IoH = —5SmA 2.4 2.4 2.4 v
VoL Low-level output voltage loL= 4.2mA 0.4 0.4 0.4 v
Vi=0Vto58Y,
\ =5V,
Iy Input current {leakage} cc . +10 +10 +10 pA
All other pins
=0VtoVcg
Vo = 0Vto Ve,
o Output current (leakage) Vee = 5.5 V. +10 +10 | +10 A
TAS high
leet Read/write toirdW) = Minimum, 70 60 55 mA
cycle current Vee = 8.5V
After 1 memory cycle,
lcc2 Standby current AAS and CAS high, 3 3 3 mA
VIH = 24V
to{rdw) = Minimum,
\ =55V,
Icc3 Average refresh current ﬁCAC eyaiing, 65 55 50 mA
CAS high
te(p) = Minimum,
\ =55V,
lcca Average page current C_F(R:AS low, 45 35 30 mA
CAS cycling
teirdW) = minimum,
Icce Average static column Vee = 55V, 45 35 10 mA
decode current RAS low,
CAS cycling
i
4-124 TEXAS b
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TMS44C256, TMS44C257
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORIES

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

f = 1 MHz (see Note 3) g
PARAMETER MIN MAX | UNIT <

Ciia) Input capacitance, address inputs 6 pF [+
Ci(HC) Input capacitance, strobe inputs 7 pF (4]
Ciiw) Input capacitance, write-enabie input 7 pF E
Co Output capacitance 7 pF <]

e

>

a

NOTE 3: V¢ equal to 5.0 V = 0.5 V and the bias on pins under test is 0.0 V.

switching characteristics over recommended supply voltage range and operating free-air temperature

range (see Figure 1)

ALT, TMS44C25_-10 | TMS44C25_-12 | TMS44C25_-15
PARAMETER — — = UNIT
SYMBOL MIN MAX MIN MAX MIN MAX
ta(C) Access time from CAS low tCAC 25 30 40 ns
1a(CA) Access time from column address 1CAA 45 55 70 ns
ta(R) Access time from RAS low tRAC 100 120 150 ns
ta(G) Access time from G low tGAC 25 30 40 ns
Access time from column precharge
t, 1 50 60 75 S
a(CPI {TMS44C256 only| CaP "
Access time from W high,
ta(WwHQ)  Static column decode mode tWRA 30 35 40 ns
(see Note 4) (TMS44C257 only)
Access time from W low,
ta(WLQ) Static column decode mode TALW 95 118 120 ns
(see Note 4) (TMS44C257 only)
Output disable time after CAS
tgi 1 0 25 0 30 0 35 s
dislCH)  high (see Note 51 OFF "
Qutput disable time after G
tgi k¢ 0 25 0 30 0 35 ns
distG) high (see Note 5) GOFF
NOTES: 4. Read-modify-write operation only.
5. tgis(CH) and tdis(G) are specified when the output is no longer driven.
Texas WP
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TMS44C256
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

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

o
< ALT. TMS44C256-10 | TMS44C256-12 | TMS44C256-15 UNIT
g SYMBOL MIN MAX MIN MAX MIN MAX
3 teird) Read cycle time Isee Note 7} tRC 190 220 260 ns
o to(W) Write cycle time twe 190 220 260 ns
Read-write/read-modify-write
§ COOW)  cyeie time tRWC 220 255 305 ns
< Page-mode read or write . 55 65 0
1
(7] ctP} cycle time {see Note 8) PC "
Page-mode read-modify-write
t 5 1 125
n - S - : - -
tw(CH) Pulse duration, CAS high tcp 10 16 25 ns
tw(CL) Pulse duration, TAS low {see Note 9) tCAS 25 10.000 30 10.000 40 10,000 ns
tw (RH) Pulse duration RAS high (precharge) tRP 80 90 100 ns
Non-page-mode pulse duration,
t — 1, 100 10,000 120 10,000 150 10,000
wRL)  BEF low (see Note 10) RS "
Page-mode pulse duration,
t t 100 100,000 120 100.000 150 100.000
w(RLP RAS low {see Note 10} RASP e
tw(WL) Write pulse duration wp 15 20 25 ns
Column-address setup time
t g g o]
'su(CA) vefore TAS low ASC ns
. Row-address setup time t o o o
ns
sulRA} before AAS low ASR
Data setup time before
— t 0 0 0 ns
tsuid) W low (see Note 11) DS
Read setup time before
tsulrd) TAS low TRCS 0 0 0 ns
W-low setup time before
t — t o] o] o ns
SUWCL) %5 low Isee Note 12} wes
W-low setup time before
tsu(WCH) TAS high tICWL 25 30 40 ns
W-low setup time before
tsu{WRH) RAS high TRWL 25 30 40 ns
Column-address hold time
t . t 20 20 25 ns
h(CA) after CAS low {see Note 11) CAH
Row-address hold time
t 15 15 20 ns
thiRA) after RAS low RAH

Continued next page.
NOTES: 6. Timing measurements are referenced to Vi max and V| min.

7.

9.

10.

11.

All cycle times assume ty = 5 ns.

8. tc|P) > tw(CH) Min + ty(CL) min + 2tr.
In a read-modify-write cycle, tq{CLWL) and g, \WCH) Must be observed. Depending on the user’s transition times. this may
require additional TAS low time [ty(CL)l-

In a read-modify-write cycle, tgiRLwL) and tgy (wWRH) Mmust be observed. Depending on the user’s transition times. this may
require additional RAS low time [ty (RL)!-
Later of CAS or W in write operations.

12. Early write operation only.
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_ TMS44C256
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

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

(continued) £
ALT. TMS44C256-10 | TMS44C256-12 | TMS44C256-15 UNIT g
SYMBOL MIN MAX MIN MAX MIN MAX o«
Column-address hold time e
t — 1 70 80 100 ns ‘=
hiRLCA)  ,ier RAS low (see Note 13) AR E
Data hold time after (]
1 20 25 30 ns o
th(D) CAS low (see Note 11) DH >
Data hoid time after . 70 85 110 ns Q
th(RLD) RAS low (see Note 13) OHR
. Read hold time after . 0 0 o ns
h(CHIdl 2T high (see Note 15) RCH
Read hold time after
e t 10 10 10 ns
hiRHId)  RES high (see Note 15) RRH
Write hold time after
T 20 25 30 ns
thiClw) CAS low (see Note 121 WCH
Write hold time after
j— t: 70 85 100 ns
thiIRLW) RAS low isee Note 13) WCR
Deiay time, RAS low ta
td{RLCH) TAS high tCsH 100 120 150 ns
Delay time, CAS high to
WICHALl  BAS 10w tCRP ° 0 ¢ ns
Delay time, CAS low to
td(CLRH} RAS high tRSH 25 30 40 ns
Delay time, CAS low to
t — 1 50 60 70 ns
d(CLWL) W low (see Note 4} cwo
Delay time, RAS low to
. t 25 75 25 90 30 110 ns
tdIRLCL) CAS low (see Note 14) RCD
Delay time, RAS low to
t 20 55 20 65 25 80 ns
fd(RLCA) column address (see Note 14) RAD
Delay time, column address
—— t 45 55 70 ns
d{CARH} to FAS high RAL
Delay time, column address
—— t 45 55 70 ns
'dICACH)  \; TAS high CAL
Delay time, RAS low to
— t 100 120 150 ns
'd(RLWL) W low {see Note 4) RWD
Delay time, column address
— t 45 55 70 ns
fd(CAWL) to W low (see Note 4) AWD
Delay time, G high before
1, t 25 30 40 ns
d(GHD) data at DQ GDD
Delay time, G low
_— t 20 25 35 ns
'IGLRH) 1, §AS high GSR
Continued next page.
NOTES: 4. Read-modify-write operation only.
11. Later of CAS or W in write operations.
12. Early write operation only.
13. The minimum value is measured when tg(RLCL) 'S s€t 10 tg(RLCL) Min as a reference.
14. Maximum value specified only to guarantee access time.
18. Either th(RHrd) ©f th(CHrd) Must be satisfied for a read cycle.
T {l’
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TMS44C256
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

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

{concluded)
ALT. TMS44C256-10 | TMS44C256-12 | TMS44C256-15 UNIT
SYMBOL MIN MAX MIN MAX MIN MAX
Delay time, RAS low to
t 25 25 30
RLCHIA  poxz high {see Note 16) CHR ns
Delay time, CAS low to
1, T 10 10 15
dICLALIR  BAZ tow (see Note 16) CSR ne
Delay time, RAS high to
1, t 0 o] o]
dBHCLIR 75 low (see Note 16) RPC s
trf Refresh time interval IREF 8 8 8 ms
ty Transition time ty 3 50 3 50 3 50 ns
NOTE 16: CAS-before-RAS refresh only.
i
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TMS44C257
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

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

ALT. TMS44C257-10 | TMS44C257-12 | TMS44C257-15 UNIT
SYMBOL MIN MAX MIN MAX MIN MAX
teird) Read cycle time (see Note 7) 1RC 190 220 260 ns
te(W) Write cycle time twC 190 220 260 ns
Read-write/read-modify-write
1 220 255 305
TelrdWh i time AWC ne
Static column decode mode
teird)SC ' tSCR 50 60 90 ns

read-only cycle time

Static column decode mode
1, t 50 60 90 ns
c{iWISC write-only cycle time csw

Static column decode mode

teirdW)SC . . tSCRDW 100 120 150 ns
read-modify-write cycle time
twiCH) Pulse duration, TAS high iCP 10 15 25 ns
twiCL) Pulse duration, CAS low {see Note 9) 1CAS 20 10,000 25 10,000 35 10,000 ns
tw (RH) Pulse duration, RAS high (precharge) tRP 80 90 100 ns
Non-static column decode mode
k¢ 100 10.000 120 10.000 150 10,000 ns
twiRL) pulse duration, RAS low (see Note 10} RAS
twELp e column decode mode tRASP 100 100000 | 120 100,000 | 150 100000 | ns

pulse duration, RAS low {see Note 10}
Tw(WL) Wirite pulse duration twe 15 20 25 ns
Static column decode mode

t 45 55 70 ns
tw(CA) column address puise duration ADP
Static column decode mode
t t 10 15 25 ns
WIWH) W high pulse duration wi
Column-address setup times
— 1, 0 o] o] ns
tsulCA) before TAS low or W low (see Note 11) ASC
Row address setup time
t 0 0 o] ns
Tsu(RA) before RAS low ASR
Data setup time before
o 1 o] 0 0 ns
tsu(D) W low (see Note 11} DS
Read setup time before
tsuird) TAS low tACS 0 0 o ns
W-low setup time before
t 1 o] (o] [¢] ns
SUWCL) %3 Jow (see Note 12} wes
W-low setup time before
tsu(WCH) TAS high tcwL 25 30 40 ns
W-high setup time before
t o \] 4] ns
SUWHCH) XX high (see Note 121 WHCH

Continued next page.
NOTES: 6. Timing measurements are referenced to V| max and V|4 min.
7. All cycle times assume t; = 5 ns.
9. In a read-modify-write cycle, t(CLWL} 3nd tgy,(WCH) Must be observed. Depending on the user’s transition times, this may
require additional CAS low time [ty (Cp)l-
10. In a read-modify-write cycle, tqiRiwL) and tg,(WRH) Must be observed. Depending on the user’s transition times, this may
require additional HAS low time [ty (RL)]-
11. Later of CAS or W in write operations.
12. Early write operation only.
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TMS44C257
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

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

{continued)
ALT. TMS44C257-10 | TMS44C257-12 | TMS44C257-15 UNIT
SYMBOL MIN MAX MIN MAX MIN MAX
W-low setup time before
tsu{WRH) FAS high TRWL 25 30 40 ns
. Read-command setup time ¢ 0 0 0
suBlrdl  petore RAS low WRP "
. Column-address setup time ¢ 50 80 75
sulCAR)  yoforg RAS high CAR ns
Column-address hoid time
t — t 20 20 25
h(CA) after CAS low, W low Isee Note 11} CAH "
. Row-address hold time ¢ 15 15 20
s
h(RA) after RAS low RAH "
Column-address hoid time
t t 100 120 150 ns
hiRLCA) after RAS low (see Note 17) AR
Data hold time after
t — t 20 25 30
hiD) CAS low {see Note 11} DH "
b Data hold time after ¢ 70 85 110
ns
h(RLD) RAS low (see Note 17) OHR
. Read hold time after ¢ 0 0 o
ns
hiCHrdl 735 high (see Note 15) RCH
Read hold time after
t t 10 10 10 ns
h(RHrd) g7y high (see Note 15} ARH
Write hold time after
thiCLW) TRE tow tWCH 20 25 30 ns
Write hold time after
t 70 85 100 ns
thRLWI  RES 1ow (see Note 17) WCR
Column-address hold time
t t, 10 15 15 ns
N(RHCA)  4f1er RAS high AH
Output hold time after
t 5 5 5 ns
th(CAQ) address change OH
Delay time, RAS low to
t4(RLCH) TAS high tCSH 100 120 150 ns
Delay time, CAS high ta
WICHRL)  BES low tCRP 0 0 o ns
Delay time, CAS low to
t(CLRHI  BES pgn tRSH 25 30 40 ns
Delay time, CAS low to
t — t 25 30 40 ns
CLWL) 10w (see Note 4) cwb

Continued next page.
NOTES: 4. Read-modify-write operation only.
11. Later of TAS or W in write operations.
15. Either th{RHrd) O th(CHrd) Must be satisfied for a read cycle.
17. The minimum value is measured when tq(RLCA) is set to tg(r| CA) Min as a reference
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TMS44C257
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORIES

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

{concluded) £
ALT. TMS44C257-10 | TMS44C257-12 | TMS44C257-15 UNIT b~ s
SYMBOL MIN MAX MIN MAX MIN MAX [«
¢ Delay time, RAS low to . 25 75 25 %0 30 110 [+
n —
dRLCL)  TAF low (see Note 14) , 'RCD s E
Delay time, RAS low to @
t t 20 55 20 65 25 80 s
diRLCA) column address (see Note 14) RAD ns >
. Delay time, column address . 45 55 70 ns o
dICARHI ¢ AAS high RAL
Delay time, column address
t t 45 55 70
Delay time, RAS low to
t — t 100 120 150
dRLWLY 7 1oy see Note 4) RWD ne
Delay time, column address
1, — t 45 55 70 ns
d(CAWL) to W low {see Note 4} AWD
Delay time, G high before
t t 25 30 40 ns
d(GHD) data at DQ GDD
Delay time, G low
t t 20 25 35
diGLRH} . RAS high GSR ns
Delay time, W high to output
tgiwa) transition from high impedance tow [ 0 0 ns
to active
Delay time, RAS low to
t 25 25 30 ns
'dIRLCHIR TAS high (see Note 16) CHR
Delay time, CAS low to
_— t 10 10 15 ns
td(CLRLIR RAS low (see Note 16) CSR
Delay time RAS high to
t 0 (¢} (¢} ns
'd(RHCLIR A3 low (see Note 16) RPC
tf Refresh time interval tREF 8 8 8 ms
tr Transition time tT 3 50 3 50 3 50 ns
NOTES: 4. Read-modify-write operation only.
14. Maximum value specified only to guarantee access time.
16. CAS-before-RAS refresh only.
PARAMETER MEASUREMENT INFORMATION
1.31v Vee =5V
RL = 218¢Q Ry =828 Q
OUTPUT QUTPUT
UNDER UNDER
TEST TEST
T CL = 100 pF CL = 100 pF Rz = 2950
(a} LOAD CIRCUIT {b) ALTERNATE LOAD CIRCUIT
FIGURE 1. LOAD CIRCUITS FOR TIMING PARAMETERS
T {l’
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TMS44C256
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

read cycle timing

;r telrd) Ai
bee- tw(AL} — Vi
RAS AY yf ?\
| | i viL
te-ad I:‘__ M WCtRH ™ la et gy ——d
| le—tqriclr —=i ! |
i tdIRLCHY F— ta(CHRL —=
41 r‘—tw(cu ——| | - Vin
CAS i £ T
CAS | | |
: ' o ! l | : | viL
| M———=tt4RLCA) | | i I"’-r[—‘me)_—-i
! tsulCA) 11 4
thiRA) =l b ,———'—tchcm———i |1 }
—-| "“su(RA) ] tdlCARH)—L-{
A0-A8
Vie
1 P—’r‘h(RHrd)
H th(CHrd)
_ ; T VIH
w | |
| L
-1
I 0T pedb——tgisicH————=
I b taicA) ———— | | Von
po1- [ . / NoTe F
t Hi-Z ¢ i VALID i
pas I 18 _X VoL
o talR) - I |
o — | !
i 1 :‘_-f_'dis[G)
[ tdlGLRH) ——= ! v
| H
5 N /
ViL

NOTE 18: Output may go from high impedance to an invalid data state prior to the specified access time.
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TMS44C257
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

read cycle timing

Dynamic RAMs

i—: telrd) “|
s t i
| | wiRL) Vin
RAS A\ / \
| viL
| e tgipLcL)———sf*—1d(CLRHI—"] [ tw(RH)
. _.{ - 'd(ALCH) {1t td(CHRL)
11 I r—lw(c”-—q | V|H
= e {
CAS  tginLCAl ; N\
[ t, - tw(CH)————{ ViL
tsu(RA);-I - tsu(CA} — TaICACH] R T
h(RA)- [ - H—Hd(CARH) |
| h(RLCA} —a Vin
AD-A8 @( ROW | I COLUMN )
v
I H 11—l b= thghea) *
-t (rd -d | |
g sulrdd™ | = th(CHrd)
’ ; 00 TXRXR VH
W N'T CARE | 1 OO DON'T CARE OOCOXXX)
W OERIAA | | SREKRRANATERKK |
1 [ tg(C) ——t | iL
! -— ta(CA) } ‘r--—'dizs(cm——-‘l
o VoH
pa1- ! -z __(NOTE i VALID |>—
pa4 . _18
ta(R) iaders i Voi
|
e— ta(q) ——f | il F*=1dis(G)
s \ td(GLRH)——{ /.- ViH
viL

NOTE 18: 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

early write cycle timing

|- teiw) -
| twiRL) { Viy
RAS | |/|
| t r= twiRH) Vi
—f t |
S e taicLrn) ——= |
[ tarLcL) ! bt ————— tdiCHRL) —————=
; { ! twiCL) i :
= td{RLCH)
cAS ] ' I X YW
A
tw(CH) -l viL

I l:—!——td(c;xcm—-;
L H td(CARH) t
feo——ei-t5uICA) |

‘h’lRLCAl——;—-‘ I v
VAVATAVAVAVAYAVAVAVATAYAV VaTAY, IH
AVAVAVAVAVAVAVAVAVA AVAVAVAVA

ViL
: | { 4
[==t-thic
fe————=ttgirLCA) 1CA) I ‘
t
ot — tsuWCH) —————= |
i

—*! P‘i"su(RA) .l\
|

i
th(RA ) —pes=emi

——d e ] —

|
[
[

} tsu{WRH)
T Th{RLW) ThiCLW) em } VIH
_ ) JP_ """"""""’v" VAV AV, VAV VAV, ""v""‘v’v"’v""
W KQPONT caRe Psuwetl RRRRLLRLL, oo T SARE X KILXRIKKR
| — tw (WL) ————ef
I e !
[= th{RLDI -]
be—— tgy(D} —= | Vil
2os TRRX QREEREEEREREGARR EARERRRXKRL .

ViH

2]}

\/ V.V’V.V’V."V.""V".V‘V.V’V.'.V‘V.'.V‘V’V‘V.V’V VvV Y \VAVAVAV, V."V’V.V.V‘V.V.'.V’V.V’V.V.V."V.V‘V.V".V’V".V‘V.V"
o o o A o A SN I

i
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TMS44C257
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

early write cycle timing

7
=
<

k teiwy —— o
twiRL) -{ Viy 0 -
AAS } a!/'l:——lwmm———-i \ Vit E
- b be—— tgicLamy — c
{ r'—' tqiLeL —= twlCLI l h—— td(CHRLI ——-: S.
‘, :r—— ‘dt(RLCH) 7 | : Vi
&as | 1§
CAS —.1 I"{"su(ﬂl\l N /1| tw({CH) A Vi n
[ o—+LtaicacH ———= ||
| : F*_f—tLlcT' ‘dlCARH)_———:_I'll
! oty
thiRA) : | uE
-;:’—‘h(RLCAIT—f—" i
A0-A8 w ROW | COLUMN DON'T CARE
Vi
L—"L‘d(RLCIA) }.‘F thica) F—:—ﬂ—}- 1gy{WHCH)
| e o sy s A
b T—hiRLW) — - - ! Vin
_ po—— ({CLW) 0’.‘.‘ v.v’v’v.v’v Vavivay. ' vavaAVaY. v.v.v.v.v.v‘v‘v v.v v
W LKDON T CARE tsuwe) AR BN ™ Care LXK "
T twiWL) —————=1
} e
f— thiRLD) -]
po— tsu(D) —* | Vi
pai- .
pa4 VALID DATA DON'T CARE “
oo VIH
_ v‘v’v’v’V’v’v’v.v’v’v.v."v.v’v."v’v.v.v’v’v‘v.v VVVY VVVV '.V"’V’V’V."v."'.V.V.v."V’V‘V‘V‘V""‘V’V"‘ . . .
5 R AR T At R KR XKRURRKIGIERL
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TMS44C256, TMS44C257
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORIES

write cycle timing

i teiw) —ﬂ‘l
| tw(RL) - :
| | ViH
RAS N /! I
| : | Vi
JR—
_JI Il._:, ‘ be—————— t4(CLRHI | r--—_lw(mn—"'ll
| [ Ud(RtcL) — bt tdicHRLI—
| p——————————t4(RLCH} -1 |
iLJ. - P tw(CL) ‘: ik
CAS ' "\r J 1\
i i I N e
! 15u(CA) —po——f | | tw(CHy———==¢
thiRA) | [ : td{CARH) t
—-: P tsuiRA)
ViH
A0-AB
X Vi

thica) =
NOTE 11

h
td(RLCA) -{-——-1

vvvvvvvvvvvvvvvvv

fre—
bee——— t5U(WCH) ——==l |
e

tsu{WRH)

RRRKTYY
JYOPRAOONT Care XXRXRXY

.......

k¢
LU L} R VR — |

—t
| tsuiD)—= !"— h(D}
e th(RLD)
VIH'VoH
VALID DATA
) ViL'Vor
be— ta1 GHD) ——==
~ VIH
g _/"
Vi
NOTE 11: Later of CAS or W in write operation.
i
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TMS44C256
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

read-write/read-modify-write cycle timing

| teirdW) vi
[ o twiRL! i | v
H
RAS IK.' 'Zn |\
I il [ Viu
|-t o twicl ) —————=t | P twiRH—
{ P—‘d(RLCL)—’% : =T tdcHRL——={ vin
— | —
TAS : | - '.\L o 1:\—
; M'diRLCA) i | ;| 0 viL
th(RA) —La—emi '-_"]I"su(CA) ; I tw(CHI————=]
~= '-I'lsumm ! 1 I I

e "RLCA)+——= I |

AD-A8

7 ’ T AW, o W
hica) ol b 1o WCH) =1 }

r=—TtdICAWL} —= {-*—lsu(wnm—-!
ot }-!mcn.wu—| bt LIt
| |

L
! |
|

w
| H viL
e airLWL) -] - th(D)
! [ I P tsuip) —=1
.................. aTASAAA S S S
pai. : VAUD OUT & F vauo v X XY0ON'T CARE()
Daa Y XX aaX X XXX X ' XaansaanX vy ivo,
| L e e—rrgigg |
| r=talCA)I=| I |
[ taiRl - f=— tdiaHO =
b 1a(G) —o= ViH
g \I 7
viL

Dynamic RAMs

*
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8
[

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

enhanced page-mode read cycle timing

tw(RH) =]

ViH
I \I | tw(RLIP ‘i/_\_
|

RAS 0 i
I IR i
. L
} : td{RLCL) -t . . b= taicHrL —=
{ Ir'— QWRLCH) T _"I [ <P I : :
| |
L ‘w(CL)T_’{ [ wiCHS = tacLRH — !
1 T VIH
11 i\ EI I/i < EI / I {
Lt | 1 [ ' I [ Vi
: L_ I [ ! [T ._{ I |1
U th(RLCA) -r—t"l ! [ [ dICACH™E [
b=t tsu(rA) Fe—et tsuical | } L | A
| i I L e b d(CARHIT i
i = tea =t || 1 = thica) [ | !
L VAVAVAVAVAVAY .v.vvvvvvvvvv’v ViH
AD-A8 | ROW |5<| COLUMN DON'T CARE X| COLUMN OOOC DON'T CARE OX0)
I [ _l AVAVAVAVAVAVA .‘."AAAAAAA‘A’A V||_
] | .
[ —] ] I | l I
o RLCAl ! | | : b= thicHrdi—
bt tgyy(re) —— | | I by
il | | l l ] {RHrd) i
_ T ! T 1 " T ViH
. . — T % l 2
{ : { : ;--'a(cm-—ll : ViL
NOTE 20
I | talC)r—ed [ |
| po— tatca) 1 e taich) —= "_—"'I tdis(CH}
lw ta(R) - NOTE 20 i 1 v
DQi- NOTE 18 NOTE 19 OH
paa | | VALID OUT |
| | VoL
i— ta(G) - '-—-'—I tdis(G)
| VIH
G \ /
Vi

NOTES: 18. Output may go from high impedance to an invalid data state pnor to the specified access time.
19. 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.
20. Access time is ta(CP) O ta(CcA) dependent.

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

enhanced page-mode write cycle timing

.|
— ey

= twiRHI[™
tw(RLIP | |
ViH

3

Dynamic RAMs

i
[ L [ f——
[ ~ RLCH) -l i td(cmm—“ !
[ tw(CL)—"‘——' Lo —
| o tetp) ——— td(CHAL
[ fe——gmLen | <P (- | '
I | = twiCHI—4 i i |
' + VIH
R | | 1
CAS = { ii §II I( I \ y e ' }
i ol I viL
{ I tsu(CAI=* h ! I 11 : }
1 r——tmmcm—l—"‘l h be—tgicacH — | ]
| = th(Rra) _"'I I ‘h(CA)T"—.{ |l‘_‘d(CARH)l_——-‘| |
.l - touira) 11 ! 1 || | |
1 ] H ] v
3{ H
AD-AB ] ROW le COLUMN m COLUMN
T | T T T viL
L’_td(RLCAl_—I ""J,"'SU(WCN_’! tsu(weH)—
1 bl tywi =
ViH
w )\ \
X A 5 3 £X XAna A 2 X Vi

|
th(D} -1
NOTE 22 |

DQ1-
DQa M VALID DATA IN

|
——: P td(GHD)

)

of

NOTES: 21. 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.
22. Referenced to CAS or W, whichever occurs last.
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i

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

enhanced page-mode read-modify-write cycle timing

twiRH) —={ P~
[ L
_ b twRLIP | ViH
AAS l\l m
: I . | Vi
| A i — ta(CLRH)———=] {
ARLCH) ————=1
{ — tg(RLCLI——> : I"'_"‘— tw(CH) tdICHRL) ""—‘—"I |
| c = twic 7Y | i v
| [ ! [ H
| I |
' t ! Vi
| h——— h(RLCAI = 4
th(RA} L I-— | l l‘_—:_tMCIA)
tsutRA) ] I_I — H—‘su(cm [
‘d(RLCA) - i ! ! .
H
AO-AB X“Wj@{ COLUMN | COLUMN .0.
1] - viL
|-—+— ‘d(CAWLI‘_—f_’t } {
| —
| L I"_‘d'CLWU _—I—-h ity ‘su(WCH)'—.t f— {
tsu(rd)~Fe—te | i "t tsuiWRH)
r—f——H- tIIRLWL) — I '
1 I | | ViH
Lo oD b i
I l |1t
| NOTE 18 I"T_‘a(CPlI—-'i NOTE 18
I 0.6.0.0:6.00.6:60
561 RN & vauo om)®¢ vavo w X L aur
I l—"i ‘-— ta(C) i
tdis(G) —ee—e={
: r-——'—ta(cm S
o ta(R) _.l ‘-———’f— td(GHD) [
v
& \ e-—- taig) —™ f‘ \__/ IH

NOTES: 18. Output may go from high impedance to an invalid data state prior to the specified access time.
23. Aread or a write cycle can be intermixed with read-modify-write cycles as long as the read and write cycle timing specifications
are not violated.
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TMS44C257

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

static column decode mode read timing with CAS cycling

SINVYH JiweuAq

‘3wl 9208 palyIoads ayl o} Joud 3leis elep PIleAUl ue 0) ddouepedull yBiy woyy ob Aew indinQ g1 310N

Np
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\ ino
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A
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in QRN mwmoo XREERRXX_ oo IXQ0EEK) oo
e (YOHE] ' T Tven
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I
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|

T‘lLIUTS- l'm |
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Hip "
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|
dr
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TMS44C256, TMS44C257
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORIES

static column decode mode read cycle timing

tw(RH) ——‘I
; twiRLIP ~{ I
1
th(RLCA) : i
RAS ] I
H . viL
—] |t
ll = td(RLCLI—==]
— v,
o | | IH
tAs ! \L / ‘—:.tmRHCA)
{ t v
I ""L! h(RA) | i : ToharSC - I I
_’iu“sujRA) | ™ 'su(CAR) v
o-a8 {XX| X °°"”| "
AO-A! ROW COLUMN X CARE "X) X,
T T L
r-—-J- t4(RLCA) | I‘—-‘w(CA)-" ‘thHrd)—J_ pame
ha——-t-tsy(RLrd) ! i | i v
DO H | H IH
w ’ X XK bt taicy ! I W
X & I r‘—-*-‘a(cm{ L
r-—‘a(n)———’ r-'——f-'h(cml
l
pal- - SN NOTE )" VALID XgDON’TM VALD ] ‘0...‘ vatp 7 VoH
DQ4 \ ouT CARE OUT XX CARE 00 ouT VoL
i
w
r—-‘a(G)"'! d'S(G'-:—_—'
VIH
G \ /
ViL

NOTE 18: Qutput may go from high impedance to an invalid data state prior to the specified access time.
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TMS44C257
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

static column decode mode early write cycle timing

lme)-r'-—":
twiRLIP : { |
H |
tYRLCH) - = ! Vin
AS T\l | V4l [
l : I ]' Vi
t
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. H
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——JI|-+'sumA| \ : . : 0
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X H
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262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

static column decode mode write cycle timing

TMS44C257
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Dynamic RAMs
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TMS44C257

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

SINVY SlweuAq
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static column decode mode read-modify-write cycle timing with CAS cycling
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262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

TMS44C257
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TMS44C256, TMS44C257
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORIES

RAS-only refresh timing
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TMS44C256

262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORIES

hidden refresh cycle (enhanced page mode)
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TMS44C257
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORIES

hidden refresh cycle (static column decode mode)
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TMS44C256, TMS44C257
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORIES

automatic (CAS-before-RAS) refresh cycle timing
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