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

JUNE 1986 — REVISED MAY 1988

® 262,144 x 4 Organization N PACKAGE
(TOP VIEW)
® Single 5-V Supply (10% Tolerance) O
pa1j1 “Y20]vss
@& Perf R :
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traC) tcac) (tcaA) CYCLE aofls 15 .J A8
(MAX)  (MAX}  (MAX)  (MIN)
TMS44C25_-10 100ns 25ns 45ns 190 ns Atl[}7s apA7
TMS44C25_-12 120ns  30ns  55ns 220ns . A2(]s 13[]A6
TMS44C25_-15 150ns 40ns  70ns 260 ns A3[]s 12[QA5
® TMS44C256 — Enhanced Page Mode Veelfio 11{]A4

H Dynamic RAMs

Operation with CAS-Before-RAS Refresh
DJ PACKAGE'

® TMS44C257 — Static Column Decode (TOP VIEW)
Mode Operation with CAS-Before-RAS
Refresh - pai1[Joe 26[]vgs
DQ2(]2 25 4
® Long Refresh Period . . . . —E oo
hin8 M _W([J3 24Qdpa3
512-Cycle Refresh in 8 ms (Max) RAS[]4 23[]Cas
® 3-State Unlatched Output TFOQs 22[JG
® Lower Power Dissipation
® Texas Instruments EPIC™ CMOS Process
o d Clocks Are TTL Compatibl ot Y
All Inputs an ocks Are ompatible Ao 17 :]A7
® High-Reliability Plastic 20-Pin 300-Mil-Wide A2 16 %Aa
DIP or 20/26-Lead Surface Mount (SOJ} A3[j12 1s[]AS
Package . vec1s 14[Jas
® Operation of TI's Megabit CMOS DRAMs t
, y The packages shown here are for pinout reference only.
Can Be Controlled by TI's S.N74AL36301 The DJ package is actually 75% of the length of the N
and SN74ALS6302 Dynamic RAM package.
Controllers
® Operating Free-Air Temperature . . .
0°C to 70°C PIN NOMENCLATURE
description AO-A8 Address Inputs
P CAS Column-Address Strobe
" The TMS44C256 and TMS44C257 series are DQ1-DQ4 Data In/Data Out
high-speed, 1,048,576-bit Dynamic Random- G Data-Output Enable
Access Memories organized as 262,144 words RAS Row-Address Strobe
of four bits each. They employ state-of-the-art TF Test Function
EPIC™ (Enhanced Process Implanted CMOS) - w Write Enable
technotogy for high performance, reliability, and Vee 6-V Supply
low power at a low cost. Vss Ground
operation

enhanced page mode (TMS44C256)

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

I SINVYH JlwBuAQg

the CAS page-mode 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 DRAMSs, the column-address buffers in this device are activated on the
falling edg_e_(_)f 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 com_l&tional 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
1a(C) Mmax (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).

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 ta(CA)- The first bit is accessed in the normal manner with
read data coming out at tg(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 uniatched.

address (A0 through A8)

Eighteen address bits are required to decode 1 of 262,144 storage cell locations. Nine ro_w—_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 AO through A8 and latched onto the chip by tﬂe_(_:ol_uﬂn—address
strobe (CAS). All addresses must be stable on or before the failing edges of RAS and CAS. RAS is similar
toa 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 falling edge.

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. 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. 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 1/O 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
{fioating) 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 output becomes valid after the access time has elapsed and remains valid while CAS and G are low.
CASorG 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 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 CTAS 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.

l Dynamic RAMs

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 (AO-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 m—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 m-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)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 fuil Vg 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.
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TMS44C256, TMS44C257
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORIES

logic symboit

RAM 256K x 4
20D9/21D0 1
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TThis symbol is in accordance 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

RAS CAS w g
A
{} ] TiMinG anD conTRoL |

ROW
ADDRESS
BUFFERS
(9
™

256K | ROW | 256K

ARRAY | DECODE _JARRAY N\~
20 SENSE AMPLIFIERS o

o DATA a
A IN +
A2 - —*1 RreG.
A3 »-{ COLUMN o 1o
A4 | ADDRESS :> | BUFFERS
COLUMN DECODE
A5 BUI:;)ERS 40F8
. - -—
A6 - SELECTION DATA
A7 ™ out |2
A8 hnd ] REG. 4
SENSE AMPLIFIERS i +
. 256K | ROW | 256K
ARRAY | DECODE |ARRAY ]
DQ1 - DO4

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)?

Voltage range on any pin (see Note 1)
Voltage range on VcC
Short circuit output current
Power dissipation’
Operating free-air temperature range
Storage temperature range

I Dynamic RAMs

1w
0°C to 70°C
—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 those indicated in the ‘’Recommended Operating
Conditions’’ section of this specification is not implied. Exposure to absolut i n-rated ditions for extended periods may affect

device reliability.
NOTE 1: All voltage values in this data sheet are with respect to Vgs.
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TMS44C256, TMS44C257
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORIES

recommended operating conditions

MIN NOM MAX | UNIT
vee Supply voitage . 4.5 5 5.5 v
Vss Supply voltage [o] A\
ViH High-level input voltage 2.4 6.5 v
ViL Low-level input voltage (see 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 SINVH dlweuiq

TEST TMS44C25_-10 | TMS44C25_-12 | TMS44C25_-15
PARAMETER = = = UNIT
CONDITIONS MIN MAX MIN MAX MIN MAX
VOH High-level output voltage lo4 = —5 mA 24 2.4 2.4 v
VoL Low-level output voltage loL= 4.2 mA 0.4 ) 04| - 0.4 \
Vi=0Vto58YV,
Vee =5V,
W Input current (leakage) Alfgmw e £10 +10 10| wA
=0V toVce
B Vo = 0V to Vce.
10 Output current (leakage) Vce = 5.5V, +10 +10 +10 A
CAS high
lect Read/write, te(rdw) = minimum, 70 60 55 mA
cycle current Vege = 5.8V
After 1 memory cycle,
lec2 Standby current RAS and TAS high, 3 3 3| mA
ViH = 24V
te(rgw) = minimum,
V =55V,
Icc3 Average refresh current ;KCS cycliig, 65 55 50 mA
CAS high
te(p) = minimum,
Vee = 5.8 V.
Icca Average page current RAS low 45 35 30 mA
CTAS cycling
terdw) = minimum,
Average static column Vee = 5.5V,
| 45 3 30
cce decode current RAS low, 5 mA
TAS cycling
4124 TeExAs ‘!’
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TMS44C256, TMS44C257
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORIES

capacitance over recommended supp\y voltage range and operating free-air temperature range,
f = 1 MHz (see Note 3)

PARAMETER MIN MAX | UNIT
Ci{A) Input capacitance, address inputs 6 pF
Ci(RC) * Input capacitance, strobe inputs 7 pF
Cijw) _ Input capacitance, write-enable input 7 pF
Co Output capacitance 7 pF

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 voitage range and operating free-air temperature

range (see Figure 1)

I Dynamic RAMs

PARAMETER ALT. TMS44C25_-10 | TMS44C25_-12 | TMS44C25_-15 UNIT
SYMBOL MIN MAX MIN MAX MIN MAX
ta(C) Access time from CAS low tCAC 25 30 40 ns
ta(CA) Access time from column address tCAA 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
ta(CP) {TMS44C256 only) fCAP 50 60 78] e
Access time from W high,
ta(WHQ) 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 95 115 120 ns
{see Note 4) (TMS44C257 only)
Output disable time after CAS
tis(CH)  Lioh (see Note 5) tOFF o 25 o 30 o 35 [ ns
Output disable time after G
tdis(G) high (see Note 5) 'GOFF 0 25 0 30 0 35| ns
NOTES: 4. Read-modify-write operation only.
5. tdis(CH) and tdig(G) are specified when the output is no longer driven.
I EXAS @ 4-125
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TMS44C256
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

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

~<° ) ALT. TMS44C256-10 | TMS44C266-12 | TMS44C256-15 UNIT
g SYMBOL MIN MAX MIN MAX MIN MAX
3 teird) Read cycle time (see Note 7) tRC 190 220 260 ns
-3 te(W) Write cycle time twe 190 220 260 ns
Read-write/read-modify-write
; te(rdW) cycle time tRWC 220 255 306 ns
< Page-mode read or write
t 55 65 80 S
[ te(P) cycle time (see Note 8} PC "
Page-mode read-modify-write
te(PM) cycle time tPCM 85 100 125 ns
tw(CH) Pulse duration, TAS high tcp 10 15 25 ns
1 twicL 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,
tw(RL} RAS low (see Note 10} tRAS 100 10,000 120 10,000 150 10,000 ns
-mod: Ise d ion,
twLp  gemode pulse durdion tRASP 100 100,000 | 120 100,000 | 150 100,000 | ns

RAS low (see Note 10)
tw(WL) Write pulse duration twp 15 20 25 ns
Column-address setup time

tsu(CA} before TAS low tAsC o 0 ° ns
i f
R iy - | o : R
tsu(rd) gf;g ::l:up time before tRCS o 0 [ ns
G e v wes | : R
taulWCH) ?i;w.setup time before oWl 25 20 0 ne
AS high
teu(WRH) gg:i::tup time before tRWL 25 30 20 e
thiRA) Row-address hold time tRAH 15 15 20 e

after RAS low

Continued next page.
NOTES: 6. Timing measurements are referenced to Vyi max and Vi min.
7. All cycle times assume ty = 5 ns.
8. te(P}) > tw(CH) Min + tw(CL) Min + 2ty. .
9. In a read-modify-write cycle, tg(CLWL} and tsu(WCH) must be observed. Depending on the user’s transition times, this may
require additional CAS low time [tw(CL)]- :
10. In a read-modify-write cycle, tg(RLWL) and tsu(WRH) must be observed. Depending on the user’s transition times, this may
require aﬂonal_m low time [tw(RL}]
11. Later of CAS or W in write operations.
12, Early write operation only.

Qi’
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TMS44C256

262,144-WORD BY 4-Bli' DYNAMIC RANDOM-ACCESS MEMORY

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

{continued)
ALT. TMS44C266-10 | TMS44C256-12 | TMS44C256-15 UNIT
SYMBOL MIN MAX MIN MAX MIN MAX
Column-address hold time
thRLCA)  trer RAS low (see Note 13) ‘AR 70 80 100 ne
Data hold time after
th(D) TAS low (see Note 11) bl 20 25 30 ns
Data hold time after
thiRLD) RAS low (see Note 13) 'DHR 70 85 110 s
Read hold time after
thiCHrd) g high (see Note 15) 'RCH 0 0 0 ns
Read hold time after
thiRHrd)  RAT pigh (see Note 15) *RRH 10 0 10 e
Write hold time after
thiCLw) CAS low (see Note 12) tWCH 20 2 30 ne
Write hold time after’
thiRLW) RAS low (see Note 13) WCR 70 85 100 ns
Delay time, RAS low to
tad(RLCH) TAS high tCSH 100 120 150 ns
Delay time, CAS high to
YWCHRL)  BAZ jow tCRP Y o 0 ns
Delay time, CAS low to .
td{CLRH} RAS high tRSH 25 30 40 ns
Delay time, CAS low to
td(cLwi) W low (see Note 4) fcwo 50 80 70 ns
Delay time, RAS low to
td(RLCL) TAS low (see Note 14) tRCD 25 75 25 90 30 110 ns
Delay time, RAS low to
t 20 55 20 65 80
td(RLCA) column address (see Note 14) RAD 25 ns
Delay time, column address
1| 45 55 70
td(CARH) to BAS high RAL ns
Delay time, column address
¢ 45 70
td(CACH) | FAT high CAL §5 ns
Delay time, RAS low to
— t 100 1
dRLWL) W low (see Note 4} RWD 20 150 ne
Delay time, column address
_— t 45 5 7
tdicAWL) to W low (see Note 4) AWD 5 0 ns
Delay time, G high before '
td(GHD) data at DQ tGDD 25 30 40 ns
Delay time, G low
t 20 25
WGLRH) | E high GSR 35 ns
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) is Set to td{RLCL) Min as a reference.
14. Maximum value specified only to guarantee access time.
15. Either th(RHrd) OF th(CHrd) Must be satisfied for a read cycle.
i
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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

E (concluded)

g ALT. TMS44C256-10 | TMS44C256-12 TMS44C256-15 UNIT

3 SYMBOL MIN MAX MIN MAX MIN MAX

o Delay time, RAS low to . 5 25 20

; tRLCHIR XS nhigh (see Note 16) CHR 2 ns
Delay time, CAS low to .

t, t 1 10 15 S
< dICLRLIR  FAT low (see Note 16) CSR 0 "
® . -

Delay time, RAS high to
o o o}

'W(RHCLIR  TKT low (see Note 16) 'RPC ne

tef Refresh time interval tREF 8 8 8 ms

| 4 Transition time tT 3 50 3 50 3 50 ns

NOTE 16: CAS-before-RAS refresh 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

ALT. TMS44C257-10 | TMS44C257-12 | TMS44C267-16

I Dynamic RAMs

tsu(WHCH)m high (see Note 12) TWHCH

UNIT
SYMBOL MIN MAX MIN MAX MIN MAX
te(rd) Read cycle time (see Note 7) tRC 190 220 260 ns
to(w) Write cycle time twe 190 220 260 ns
Read-write/read-modify-write
tefrdW) cycle time tRWC 220 255 ‘ 305 ns
Static column decode mode
t o . 60 90
el dISC g only cycle time SCR 5 ns
Static column decode mode
t t 50 . [
cW)SC write-only cycle time csw 60 90 s
Static column decode mode
teirdW)SC tSCRDW 100 120 150 ns
read-modify-write cycle time
tw(CH)}  Pulse duration, TAS high tcp 10 15 25 ns
twi(CL) Pulse duration, TAS low (see Note 9) 1CAS 20 10,000 25 10,000 35 10,000 ns
tw(RH) Pulse duration, RAS.-high (precharge} tRP 80 920 100 ns
Non-static column decode mode
100 10, 120 104 1 10,
twiRL) pulse duration, RAS low (see Note 10)| RAS 000 000 50 10,000 ne
. Static column decode mode
t 100 100 1 100,000 150 100,000
WIRLIP 1 1se duration, FAS low (see Note 10)| tRASP 00.000 20 00 ne
tw(WL) Write pulse duration twp 15 20 25 ns
Static column decode mode
t, 45 55 7
*WICA)  Ci1umn address pulse duration i 0 ns
Static column decode mode
t 10 1 25
WWHL high puise duration wi 5 ne
¢ Column-address setup times ¢ o ° ° ns
SUlCA)  patore TAS low or W low (see Note 11) ASC
Row address setup time
t
tsu(RA) before RAS low ASR 0 0 ° ns
Data setup time before
t o
tsu(D) W low (see Note 11) DS 0 0 ns
Read setup time before
tguird) TAS low tRCS o o 0 ns
W-low setup time before
t [+] o]
SUWCL) X 1ow (see Note 12) wCes 0 s
W-low setup time before
'suWCH) 75 high tewL 25 30 40 ns
W-high setup time before o ° o ns

Continued next page.
NOTES: 6. Timing measurements are referenced to V) max and Vi min.
7. All cycle times assume ty = 5 ns.

9. In a read-modify-write cycle, td(CLWL} 8nd tgy(WCH) must be observed. Depending on the user’s transition times, this may

require additional CAS low time [ty (CL)]-

10. In a read-modify-write cycle, td(RLWL) and t5,(WRH) Must be observed. Depending on the user’s transition times, this may

require additional RAS low time [ty (RL))-
11. Later of CAS or W in write operations.
12. Early write operation only.
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TMSA44C257 ‘
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY .

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

E {continued)
g ALT. TMS44C257-10 | TMS44C267-12 TMS44C257-15 uNIT
3 SYMBOL MIN MAX MIN MAX MIN MAX
= -
o - W-low setup time before ¢ 25 30 40 s
; tsu(WRH) RAS high RWL n
Read-command setup time
t [+] o]
< tsulRLrd)  petore RAS low WRP 0 : ne
(] Column-address setup time
t 50 6 75 n
'SulCAR}  pefore RAS high CAR 0 s
Column-address hold time
t 20 20 25 ns
“ thiCA) after CAS low, W iow (see Note 11} CAH
' Row-address hold time
¢ 15 15 20
thiRA) after RAS low RAH ns
Column-address hold time ‘
1 100 120 150
th(RLCA)  4tter RAS low (see Note 17) AR ns
Data hold time after )
. t 20 25 30
thiD) TAS low (see Note 11) DH ns
Data hold time after
70 85 1
th(RLD}) RAAS low (see Note 17) DHR o ns
¢ Read hold time after N ° o ° ns
h(CHrd)  &A3 high (see Note 15) RCH
Read hold time after
1 t 10 1 10
h(RHrd)  FAS high (see Note 15) RRH ° e
Write hold time after
th(CLW) TAS low tWCH 20 25 30 ns
Write hold time after
t 70 85 100
™hRLW}  RAS low (see Note 17) WCR ne
Column-address hold time
1 15
th(RHCA)  a1er RAS high tAH ° 18 ns
. Output hold time after . 5 5 5 ns
h(CAQ) address change OH
Detay time, RAS low to
td(RLCH) TAS high tCSH 100 120 150 ns
Delay time, CAS high to
W(CHRL)  RES low tCRP o o 0 ns
Delay time, CAS low to
tdICLRH)  BAS high tRSH 25 30 40 ns
Delay time, CAS low to N 25 30 40 s
YWICLWL) @ jow (see Note 4) i "

Continued next page.
NOTES: 4. Read-modify-write operation only.
11. Later of CAS 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 td(RLCA) is set t0 t4(RLCA) min as a reference.
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TMS44C257

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

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

(concluded) £
ALT. TMS44C257-10 | TMS44C257-12 | TMS44C257-15 UNIT é
~SYMBOL MIN MAX MIN MAX MIN MAX
Delay time, RAS low to (2]
' t 2 75 5 110 ]
'dRLCL)  ZAZ 1ow (see Note 14) RCD 5 2 90 30 ne £
Delay time, RAS low to ]
t 20 20 65 25 80 e
td{RLCA) column address (see Note 14) RAD 58 ns E
Delay time, column address
td(CARH) to FAS high tRAL 45 55 70 ns
Delay time, column address
HUCACH) to CAS high ca * ° s ” —
Delay time, RAS low to
td(RLWL) W low (see Note 4) tRWD 100 120 160 ns
Delay time, column address
_— t 4 7
td(CAWL) to W low (see Note 4) AWD 5 55 0 ns
Delay time, G high before
td(GHD) data at DQ tGDD 25 30 40 ns
Delay time, G low
YGLRH)  RAS high tGSR 20 25 35 ns
Delay time, W high to output
1, transition from high impedance tow o] o o ns
d(wQ)
to active
Delay time, RAS low to
1, 25
'd(RLCHIR  =R% high (see Note 16) CHR 28 30 ne
Delay time, CAS low to
1
'd(CLRLIR RAS low (see Note 16) fCSR 0 10 18 ns
Delay time RAS high to
1RHCLIR =25 jow (see Note 16) ‘RPC 0 0 0 ne
tof Refresh time interval tREF 8 8 8 ms
tp 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. TAS-before-RAS refresh only.
PARAMETER MEASUREMENT INFORMATION
1.31V vee =
RL = 2180 = 828 11
OUTPUT OUTPUT
UNDER UNDER
TEST TEST p
Tc..: 100 pF CL = 100 pF /-E S R2=2960
(a) LOAD CIRCUIT {b) ALTERNATE LOAD CIRCUIT
FIGURE 1. LOAD CIRCUITS FOR TIMING PARAMETERS
| TE: AS 4-131
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TMS44C256
262,144-WORD BY 4-BIT DYNA

MIC RANDOM-ACCESS MEMORY

read cycle timing

;r=* teird) ‘i
b tw(RL) 4: ViH
RAS h\, r "\
1 Vi
ty—emd b._ " taicthn) 1 ety —
| t4(RLCL) ——e=l
|+ td(RLCH) ——t t— tdiCHRLI——
H : twiCL) = : ViH
TAS i N Y N v
P4 [ T ______{ L
S [=—=+td(RLCA) | | i-r tw(CH)
Pl be——ettsuica) i
hiRAI=d b L taicach—=i | | !
—=i t=-tsuRA) t{CARH) "'i \
A A Vin
A0-A8
L NXXRXArRALALES / i
ot | :""Wmcm [ | F—=th{RHrd)
iy tsutrd ™ ft——e{ thiCHId) 75 Vin
= 1 ! B ’. .
W (X DON'T CARE ! 1 X
| ! ! XXX v
1 ! | [ i
| ! fo——1a3(C)"  jd——— tgis(CHI—
| g ta(CA) - 1 { Vou
I aeTe Y
oa1- ! HI-Z { Note T VALD |
paa I 18 _X ) VoL
[ ta(R) ! i
I.——ta((;)——-J :
1

NOTE 18: Output may go from high impedance to an invalid data state prior to the specified access time.

|
:——-——t—tdiste)

ViH

/S

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

read cycle timing

;: toird) ;.;
[ tw(RL) |
— ViH
RAS \I / \
viL
Q‘—‘d(RLCL)_—’"_t‘“CLR"r-_—,:‘ “""wlk"l_"
- Lo td(RLCH) r td{CHRL)
b= twicLi—= : Vi
CTAS  tgmLCA) q |\
L tw(CH)=————t{ Vi
tsu(RA) ™ = tsu(CA) taICACH) i ot PR wil
th(RA) !‘— td(CARH) . 1 (RHCA)
1 } th{RLCA)| ViR
AO-AB g Row}@{ COLUMN h
ViL
- —={  bo= th(RHrg)
Il-* tau(rd) == 1 th(CHrd)
YYYYY VIH
W ({DON'T CARI DON'T CARE
‘H—l.(c,—-l ViL
e————1t5(cA) —" ""—tdmcm———-g )
/~ NOTE VoH
pat- HI-Z (NOTE_ 7' VALID 1
pas4 RG] v
p—————————tg () ———————— i oL
po— taiG)——w! ~i F=tdis(G)
5 \L t4(GLRH)——{

/. ViH
Vi

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 .

E tciw)
g tw(RL) ViH
g- RAs I.——“w(RH)-——"‘ \ viL
- - ta(CLRH) — 1 S
g | P tdRicy e twicl——= iT
= | fo——————tgipLcH—————= ! | Vi
- o i H N
- tsulRA) T twiCH) -t viL
| | td(CACH) {
| | d(CARH) |
! | tsu(CA} |
th(RA} . 1 |
h(RLCA)——4 vin
‘ XX ITIITIITRR) '
AO-A8 @( ROwW | COLUMN ’éOf”h NTRE ¥ ?020’ :’0 e
! f
et ta(RLCA) thica) {
! p————— tsU(WCH) ——— o=t
! f——— '—‘“‘su(WRH)—————-{
! hRLW) Ol — o 2 VIH
w DON’'T CARE + tsuiweL) DON'T CARE
1 —tw(WL)
! b thip) =
r—— th(RLD) {
jo——  tgu(D) —= l Vin
pa1- VALID DATA N'T CARE
paa ViL
ViH
"VV'VYVVV‘VYVV'VVVVVV"V'VV'VVVV'VV'V .
— SOOOOTTOODDOOOKA XX XXX QOO XX X) 0. 0.0 .0.0.0’0’0‘0.0‘0.0’0’0.0 S
& KRR R R RO DON T CARE XRRRRKANKAK
Texas *P
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: : TMS44C257
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

early write cycle timing

I Dynamic RAMs

te(w)
tw(RL} - - VIH
RAs et —— viL
—) -ty L o
(CLRH)
f— tamLcL) —= twiCL) h——'d(cnku———-i
- =i
td(RLCH) L i
CAS ——1 ?‘l“su(RA) ‘w(CH)———-l \ Vi
{ I . [ td{CACH) —————= | |
e td(CARH)— 1
o ==t tsu(CA) [
RO tiaicar Ll
VIH
A0-A8 @( ROW COLUMN DON'T CARE
V|
T I8
— aica) [ hCA) :"}"'T tsu(WHCH)
b————— t5u(WCH) ————— =
! Iﬂ—‘h“a‘-’-v-)—s‘“su(WRH)-—l-! .
l-—r— T - V|
. \ o— th{CLW) Ov‘v.v‘v‘v.v.v‘v’v VavAvAv.VAvAv v V. 07000000 H
W oo cane R R S s
i —tw(WL) -
| b thp) =
[ th{RLD) -
[=—— tsuiD) ——} I -
pat- ‘
baa VALID DATA DON'T CARE “
5 R e R R KRR "
1.0.0.0.90.0.0.0.90.9.0.0.0.0.0.0.0.0.0.0.0.0.00.0.0.YVINIVNN00.0.0.0,0.0.00.0.0,00.0.0.0,0.0000.0.000.000 Vie
{/
EXAS b 4-135
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TMS44C256, TMS44C257
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORIES

write cycle timing

. teiw) 1
cl
| ; tw(RL} *"i .
|
ol |
_J| [ fe————— td(CLRH) l-—-'wmm—’a
| ™ t(RLCL) — fee——— td(CHRLI—4
| tGRLCH) - |
; [ ‘w(CL)—'_-I‘
CAS | N )
|
| tsu(CA)—p———ef | . | r— tw(CH——=
‘h(RA)‘- { - : td(CARH} t
‘—’1 = tsu(RA) !4 T 'd(CACH) ):
1
| b thmLCA——t— |
v "'
AO-A8
Q X

)
td(RLCA) —te——]

thica) = -l |
OTE 11 k——1'su(WCH) d 1
I tsu(WRH}

hRLWI| et (Wl ——=t
|_F— thp) —=i
tsu(D)=" e ]

th(RLD)

VALID DATA

bo—ta(GHD) ——=

............

_/

NOTE 11: Later of CTAS or W in write operation.

VIH

Vi

ViH

ViL

ViH/VOH

ViL/'Vou

ViH

Vi

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

read-write/read-modify-write cycle timing

[ telrdW) 1
—
| i'= twiRL) - |
RAS 1.\' ,Z' ' N\
| | [
e |..(‘ PSR, P, o R — | P tw(RH)— .
! r'—“d(RLCL)_—.'{ : I'-_—‘d(CHRU_—_——'
T
cAS 1 i ,,'f
|l tarLcAI= I !
| I [ ] !
th(RA) ke be—=Ttsu(CA) | tw(CH}————=
— suRa) | I i
; !'_'_"-"RLCA.’T—'! | |
AO-A8 i ROW }@{ COLUMN
. 3 AXXXXX X nangna KXXXXXX
thicA) ] b tou(WCH) —=i
T te(cAwL) —==i tsu(WRH) —=={

/]
1
w DON'T CARE : |
m i l

i

tsulrd)pea—t——ef {-» ta{CLWL)

r—twqwu—dl

‘d(RLW!.)

ViH/VoH

l Dynamic RAMs

oo TXRXXITYYTTTX TR — .
.................. viUVoL
| | —{ ety "—-"dis(G) |
] r=-ta(CA) ] !
p————1a(R) |=—taicHD)—==
——\:-——‘3(61—-! / ViH
[§
Vi
TEXAS "9
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TMS44C256
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

enhanced page-mode read cycle timing

O
~
= . tw(RH)—+=—]
o . ) ViH
g‘ HAS \l f— tw(RLIP i i
o } 1 | { viL
. 1
; : }‘ td(RLCL) . "—'d(cr.mu_‘l
= L td(RLCH) 1O <P } i
d
] 11 tw(CLﬂr‘—“{ twiCHI™| l‘-— td(CLRH)—— [ v
+— H
cas i \ \ L/ \ \ /! L
i [ . viL
] . ' n
I }‘ th(RLCA) - [~ tdicAcH ™ : l {
H'?"(RA) r_- fauica) ll"— ‘d(CARH)r—""I I |
I = thra) == | —- b thica) ! ] !
- VAVAV AV VAVAY. ‘v’v.vvvvvvvvv’v VIH
: o ¥ AANNAZA KRONNKIAXK .
-
e ¢, —d I | 1 |
d(RLCA) | | : [—— th(CHrd)—
|| tsurd) ™ ! { | I th{RHrd)
} t T ViH
- B T |
: { ;--t.(cm-—ll : Vi
| ta(C) et NOTE 20 | !
! t=— ta(CA) I e tatch —= =" tdisicH)
: ta(R) - NOTE 20 i H
pa1- NOTE 18 NOTE 19 VoH
o e o
\ | | VoL
bt g t-—-f' tdis(G)

TN o

NOTES: 18. Output may go from high impedance to an invalid data state prior 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(CA) dependent.
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TMS44C256
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

enhanced page-mode write cycle timing

== tw(RHI™
[ —, -d
b twiRL)P ] |
| 1 VIH
m N VANE
Vi
o td(RLCH)———— o ta(cLAm—— !
CRLCL~ twiCL) 7] I o te(P) —f—_ﬂb—.— taicHRL)
1, e | H
: ™ tw(CH) } | } Vin
o N N
x w
tsu(CAI—= b= ! L _—{ { :
th{RLCA) -l b=— t4(CACH)
[ L 1 |
=—thRA) 1 | hicA) 1 [ td(CARH) |
—! F*uma) ! i I 1
ViH
A0-A8 );: ROW »x: COLUMN m COLUMN %gg DON'T cmzigé
] T T T T Vi
L'_td(RLCA)'———l |—+‘su(WCHi—'J. lsu(wcﬂ’-—' L‘— }
‘ Vb by iy = = tsu(WRH) ~
thRLW) — ™1
W mpowr CARE Co
i |
]
il
[ NOTE 22
'r(m:D)
o tgyy (D) ———f }
NOTE 22 |
tsu(D) |
NOTE 22
par m VALID DATA IN
|
——: == tq(GHD)
VIH
(] f

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 TAS or W, whichever occurs last.

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

enhanced page-mode read-modify-write cycle timing

g
3 twiRH) —’1 r*
3 p— twiRL)P 4“—1 ViH
& R N ' |

| | viL
; . b teipmy) —— :-—— ‘d(CLRH)—-—"J =

he——————— td(RLCH) ———=
= — ¢, — e | et twich) taicHRL) —H——t
*® dRLCLI— " il ! |
: ™ twich) ™ 1 Vin

NN

"'i(HlLCA) +—

3

I s e

Vi

thiRA) = y
tsu(RA}—=t — |

T th(CA)

I
] tsu(CA)
1 Uy =t tsu(
tanLca) =—=t | |

|
|
|
|
{
i
|
ViH
T viL
|
|

——p ==

I td(CAWL) —-1
II (= Wy - L 'su(WCH)"" P
—ae] t,
tutrd)H=—{ | | wiwLl "+ tsu(WRH)
r—{————'- td(RLWL) 1 :

%

{
tgu(D)—o=t tei—

|
T | | ViH
| h 1 1 ]
: Vi
t
|

} | te—=tthD)
NOTE 18 —— ta(CcP}| —— == NOTE 18

'331‘ %X i VALID OUT | VALID IN

[ i = e I

| p——aed— t

{CA) !
b tom) — be———=+- t4(GHD) |
— oy —1 ViH

G : a(G) \_/

ViL

NOTES: 18. Output may go from high impedance to an invalid data state prior to the specified access time.
23. A read 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.

{i’
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TMS44C257

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

static column decode mode read timing with CAS cycling

SINVYY dlweuiq

A

m (018 —ant

fe—=t-(051p, _

‘awiy ss800e pslyroads ayy 0} Joud aels elep pijeAul ue o} souepadu ybiy woiy 0B Aew Inding :gL 310N

(WWHOIPy |
r.l..|L|. l Py

10
v0Q
HOp, 310N -100
_ | TLK'}IJ
| | (D)8 e i
A - (HOISP, Tla_e.uz,lllll_ ,
Hip %r % % (0% 4ol L
T|J| (PIHO Iy L © A vOHIP T
Pt (papH)Y, o (VO
- (VD)My;
> \/ \/\/ .4.1"“.‘.
i XXX XX wnmoo EEOARN oo gv-0v
1 ! CTivaig —of
L ,_Eo..a Tl|||lom.u._o,||“ (pryg)ns, ! |
M i “II ; ) | G::u-hl _ “
| (veins, Lad j  SVO
Hip | [

| _l||*|==:o§ “ owR |T|L_
|

b (HOIMy — | I — “l.:
1
|

|
[:

]
dTIm, -]

 —

1|JI=..5>3
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TMS44C256, TMS44C257
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORIES

static column decode mode read cycle timing

.g 'w(RHM—’Jl
o tw(RLIP =l| |
1
§. th(RLCA) 1 VIH
(1] RAS { |
g —.: ety Vi
2 ! td(RLCL)——=] . Vin
@ CAS I J«-thmucm
= ‘p—{-th(RA) | trirdiSC VIL
]
n — bl tsu(RA) l (= tsu(CAR) = v
X DO X H
AO-A8 Mow 1LX1 COLUMN CARE COLUMN | ozowo} COLUMN
: : X X v
T T L
r—L taiRLCA) ¢
(~—twiCA)—= th(RHrd) —==}
beaor———e=4- tsu(RLrd) ' r_ Vin
- XOODON'TX X X
w ‘0’0%0’0‘ bart-ta(cy . W
A Q 1 P——:— a(CA) viL
pe——— ta(R)——— | re—=dmicaa
pa4 18 4 our XocareXN  our XX care KXY vou
) |
tdis(G)-r-—-(

- 'a(GI"‘i
T V-

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

static column decode mode early write cycle timing

["]
'W(RH)_"_": E
tw{RL)P | é
|
fee—— td(RLCH) ———={ ViH ©
RAS i ,\ -
1 --: { ViL 7 E
t
1 th{RLCA) -l . ‘d(CI.RI-'l) - i -
_.*_ t4(RLCL) _ [=—tw(CH)—] { f=td(CHRLI== vin 5
1
pep—t, h
CAs bl (RA) wicL) toulCAI—=— | : =
e 1 viL
i """h(RA) ! . t tod
. t su{CAR)
! = | = tnca) - clWIsC i r_ { 4=l fethruca)
H
A0-A8 row IX| COLUMN | COLUMN ] | COLUMN
T LI ViL
I———IT‘d(RLCA) tsu(CA) -.-!l thica) i I-———'— ‘S_U(WCH)
— ot sutRLr) | I y 1 i) —= T tsu(WRH) .
| | - H
w ! I i i
| |
I l-n——‘—l vlL
——l [ t,u‘D) | 1 w(WL)
!"—"‘h(RLD ~—thiD)
oa1- ! FVaLD } ' VALD 3} VALD iz UM
Dpaa 1 IN AN IN IN
| | ViL
:"—-l—‘d(GHD)
_ i VIH
[} _/
ViL
i
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TMS44C257
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

static column decode mode write cycle timing

ViH
ViL
VIH
ViL
ViH
viL
VIH
ViL

(=]
-
-
[}
3
(1]
§ . z
2 1
® 3 E £
3 L 2S =
- 2
)
N [T
2 3
S| .1

f=— tsuican)
|

|
N COLUMN N cowmno{
i

twiwt)

|

thiCA)—1

tw(RLIP'

T
L
|

froee te(W)SC ——ei

‘y <
e
S .
2
21
H a
—_——— I 32 |- 35 IQ
ol o8 L a2
al o |8 a|lg =
z 5 g -t g~
c & 2 &
=
£ IO | P

‘su(Rl:vd)

1
|
|
|
i
="t td{GHD)

= t4(RLCL)

—

VIH
viL

B 53 1©
oo
) TeExas “?
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TMS44C257

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

SWVH d1weuiq
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1 1 {d)ey -l
E:w_s...lll_ |
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o _ I oI |
2 M PRI - — _
T OOO0OOOO00 NWN102 % NWN102 W@A Moy VA -ov
W IP.20.0.0.600%0% \ : _ : 8v-o
£ “ ‘ T<|_ ISIMP1)2y - ..15 | “ “
: | shanll
: . P (VO -
3 " {vuins r_
3
m Hip |\ .“q/[.l\- J/ “ ._l. S
:;ors—l_lln'_. m
k-
: ) (HEOIP, ! e 0w !
A
P (HOHIP, | sv
m Hip
[} i |
© diTdImy o) !
c )
m —«l.'. Tl
3
)
Q
2
-’
]
-
0

4-145

{i’
TEXAS
STRUMENTS

® HOUSTON. TEXAS 77001

POST OFFICE BOX 1443

I nc.

Copyrighted By Its Respective Manufacturer

Printed fromww. freetradezone.com a service of Partm ner,

This Materi al



iming

‘awin) $$800e palyoads ayl O3 Joud el BIEp PleAUl ue 03 dduepadull ybiy woyy o6 Aew ndinQ gL JLON

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

static column decode mode read-modify-write cycle t

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

RAS-only refresh tiining
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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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