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

SMGS2H6C  JUNE 1986  REVISED NOVEMBER 1990
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description

The TMS44C256 senes 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.
EP!C 15 a trademark of Texas Instruments Incorporated
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description {continued)

’ These deviees feature maximam BAS access imes of 60 ns. 70ns. 80 ns. 100 ns, and 120 ns Maximum power
dissipation is as low as 305 mw operating and 11 mW standby on 120 ns dewvices

The FPIC 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 lypical.anda  1-Viinput voltage undershoot can
be tolerated. minimizing system noise considerations

Allinputs 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 TMS44C2561s offeredina 20-pindual-in-line (N suffix) package. a 20-pin z1g-zagin-line (SDsuffix) package,
a 20/26 J-lead plastic surface mount SOJ (DJ suffix), and a 20/26 J-tead thin plastic surface mount SOJ
(DN suffix). The TMS44C256-60 and TMS44C256-70 are available in the 20/26 J-lead plastic surface mount SOJ
I {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 multiplex is thus eliminated. The
maximum number of columns that may be accessed is determined by the maximum RAS low time and the CAS
page cycle time used. With minimum CAS page cycle time, all 512 columns specified by column addresses AQ
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),
it 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 ty(c) or ta(cp) (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 AO through A8 and latched onto the chip by the row-address strobe (RAS). Then nine column-address

bits are set up on pins A0 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

thatit activates the sense amplifiers as well as the row decoder. CAS is used as a chip select activatingthe 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 Wgoes
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.
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TMS44C256
262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMGUINEG T JUNE 1986 REVISE D NOVEMBI.13 1990

data in (DQ1-DQ4)

Dala is writen during a wrile or read-modify-write cycle. Depending on the moda of aperation, 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 GAS and
the data 1s 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 fow, thus the data will be strobed in by W with setup and hold times
referenced tothis signal. Ina 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 cycle the output becomes valid after the access time interval ta(c)
that begins with the negative transition of CAS as long asty(g) and ta(ca) 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
toa high-impedance state. This s accomplished by bringing G high prior to applying data, thus satisfying ta(GHD)-
output enable (G)
G controls the impedance of the output buffers. When G is high, the buffers will remam in the high-impedance
state. Bringing G low during a normal cycle will activate the output buffers putting them in the low-impedance

state. Itis necessary for both RAS and TAS 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

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
m-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 after a specified precharge period,
similar to a RAS-only refresh cycle.

CAS-before-RAS refresh

CAS-before-RAS refreshis utilized by bringing CAS low earlier than RAS [see parameter tacLRL)R] and holding
it low after RAS falls [see parameter t4(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 full Ve 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 MEM
SMGS256C - JUNE 1986 REVISED NOVEMBER 1990
functional block diagram
RAS CAS W G
i by
i Timing and Contro)
LN _>'
>
Row
Address
Buffers !
©)
256K Row 256K
[ E Array | Decode Array
A0 Sense Amplifiers
A1 ——p |
A2 —4——] Data 4
A3 Column 4] ¢ In
a e ) Dia BN e
ff
:: ! g Column Decode | E:"of;s -
a7 —4-p— Selection Data s
A8 —-p— Out
-] Reg 4
Sense Amplifiers
256K Row 256K
§ Array DQ1-DQ4

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

Voltage range on any pin (see Note Do -1Vto7v
Voltage range on o 17 -1Vto7Vv
Short circuit output o e = 50 mA
Power dissipation ...... . 0 77" T 1w
Operating free-air temperature FNG8 e 0°Cto 70°C
Storage temperature B9 -65°C to 150°C

recommended operating conditions

MIN NOM MaX| uniT
Vee Supply voltage 4.5 5 55 \
VSs  Supply voltage 0 v
ViH  High-levet input voltage 24 6.5 \4
VIL  Low-level Nput voltage (see Note 2) v
Operating free-ar temperature °c

NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, 1s used in this data sheet for fogic
voltage levels only.
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TMS44C256
, 262 144-WORD BY 4-BIT
| DYNAMIC RANDOM-ACCESS MEMORY

SMGSs6¢ JUNT 198G REWVIST D NCY TR 0 1aao

’ electrical characteristics over tull ranges of recommended operating conditions (uniess otherwise

noted)
T TMS44C256-60 | TMS44C256-70
PARAMETER TEST CONDITIONS UNIT
MIN MAX MIN MAX
VOH  High level output voltage IoH - 5 mA 24 24 v
VoL Low leveloutput voltage [ I, - 4 2 mA 04 04 \
Iy Input curcent (leakage) VI-0t0S58V.Vee - 5V, Al other pins = 0 V o Vee 210 + 10 HA
10 Output current {leakage) |V - 0Via Ve Ve - 55 V, CAS high +10 110 | uA
Icc1  Readiwrte cycle current Ic{rgw) - MWimum Vec =55V 95 80 mA
' Icc2  Standby current After 1 memory cycle. RAS and CAS high, Vi = 2.4 V 2 2! mA
lcca Average refresh circunt lg(rdw) = Mimmum. Voe = 55V, RAS cycling, CAS high 90 80 mA
(RAS-only, or CBR) (RAS-only), RAS fow, afler CAS low (CBR)
l !cca  Average page current te(P) = mimum. Ve = 55V, RAS low, CAS cyciing 70 60 mA
TEST TMS44C256-80 | TMS44C256-10 TMS44C256-12
PARAMETER UNIT
CONDITIONS MIN  MAX| MIN MAX| MIN MAX
VoH  High-level output voltage IoH=-5mA 24 2.4 2.4 A
VoL Low-level output voitage oL =42mA 0.4 04 0.4 \
Vi=01058V, Ve =5V, . j
I nput curren (leakage) Al othier pins = 0V fo Vo + 10 + 10 =10 uA
Vo =0to Ve,
[le) Output current (leakage) VGG = 5.5 V, GAS high =10 + 10 =10 uA
Icc1  Read/write cycle current te(rdw) = minimum, Vo = 5.5V 75 65 55 mA
After 1 memory cycle,
Icc2  Standby current RAS and CAS high, Vi = 2.4 V 2 2 2| mA
_ te(rdw) = minimum, Voo =55V
lcca :‘%g%ﬁ l’e';fs(';’;gf““ RAS cycling, CAS high (FAS-only). 70 60 s0| mA
v RAS low, after CAS low (CBR)
te(p) = minimum, Voo = 5.5V,
lcca  Average page current RAS low, CAS cycling 50 45 35| mA
capacitance over recommended ranges of supply voltage and operating free-air temperature,
f = 1 MHz (see Note 3) :
PARAMETER ] MIN TYP MAX| UNIT N
i - Ca(A) Input capacitance, address inputs 5 pF j
Ci(RC) Input capacitance, strobe nputs 5 pF . %
Cijw)  Input capacitance, write-enable input 5] pF : 4
C.'(G) Input capacitance, output-enable nput 5 pF 3
Co Output capacitance 7| pF 1

i

NOTE 3: Voo equaito 5V £ 0.5 V and the bias on pins under test is 0 V.
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TMS44C256
262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY
SMGS256C  JUNE 1486 REVIST D NOVEMBER 1990
switching characteristics over recommended ranges of supply voltage and operating free-air
temperature (see Figure 1)
T - TMS44C256-7
PARAMETER SY,:ALgbL MMS‘::CZSI::: MMIN c SMA)(() uNIT
ta(c) Access time from CAS low tCAC .15 18| ns
la(CA) Access ime from column-address [CAA 30 35 ns
ta(R) Access time from RAS low IRAC 60 70] ns
13(G) Access time from G low 1GAC 15 18] ns
ta(CP) Access time from column precharge lcap 35 40 ns
tacLz) CAS low to output m low Z oLz 0 0 ns
lis(CH) Output disable tme after CAS high (see Note 4) tOFF (4] 15 0 18 ns
lgis(G)  Output disable time after G high (see Note 4) \GOFF 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 ICAA 40 45 55 ns
ta(R) Access time from RAS low RAC 80 100 120 ns
ta(G) Access time from G low tGAC 20 25 30| ns
ta(CP)  Access time from column precharge tcap 40 50 60 ns
YLy CAS low to output in low Z oLz 0 0 0 ns
UWis(CH) Output disable time after CAS high (see Note 4) OFE 0 20 0 25| o 30{ ns
dis(G)  Output disable time after G high (see Note 4) {GOFF 0 20 0 25 0 30 ns
NOTE 4: tdis(CH) and tdis(G) are specified when the output is no longer driven.
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TMS44C256
| 262 144-WORD BY 4-BIT
© DYNAMIC RANDO-ACCESS MEMORY
timing requirements over recommended ranges of supply voltage and operating tree-air
temperature (continued)
- -;a;n;;néren svl:nL(;bL TMS44C256-60 | TMS44C256-70 | ‘UN;_
MIN MAX MIN MAX
Tpdr Redo e i tsee Note 6 IRG 10 130 ns
IC(W)—‘ -—-\;Vr-lll 1‘\(( o tme we 110 130 ns
le(idwy i;f:F\:.ln:o tead madity wrte cycle time IRWC 155 181 ns
Tcp Page mode oad or wide cycle time (see Note 7) tpc 40 45 ns
lc(PM) Page moce read modity write cycle time tPCM 85 96 ns
' W(CH) Pulse duration CAS high icp 10 10 ns
WCL) Pulse duration. CAS 1ow (see Note 8) 1CAS 15 10000 18 10000 ns
I WwiRH) Puise duration. RAS high (precharge) tRP 40 50 ns
tw(RL) Non page mode puise duration, RAS low {see Note 9) RAS 60 10000 70 10000 ns
'W{RL)P Page-mode pulse duration, RAS low (see Note 9) tRASP 60 100 000 70 100000 ns
tw{wl) Write pulse duration twp 15 15 ns
tsu(CA) Column-address setup time before CAS low IASC 0 0 ns
suiRA) Row-address setup time before RAS low 1ASR 0 0 ns
tsu(D) Data setup time before W low (see Note 10} DS ] Q s
tsu(rd) Read setup ime before CAS low IRCS 0 0 ns
tsu{wCL)  W-low setup time before CAS fow (see Note 11) WGCS 0 0 ns
tsuWCH) W-low setup time before CAS high towi 15 18 ns
IsuWRH) W-low setup time before RAS high tARWL 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 tRAH 10 10 ns
th(RLCA) _ Column-address hold time after RAS low (see Note 12) AR 50 55 ns
Continued next page.
NOTES:

§. Timing measurements in this table are referenced to VjL_max and Vi min,

6. All cycle times assume t = 5 ns.

7. To guarantee te(P) min, tsu(CA) should be greater than or equal to tw(CH)- :

. . 8. Inaread-modify-write cycle, td(CLwi) and tsu(WCH) must be observed. (Depending on the user's transition times, this may require ;
. additional CAS low time w(cy))- E

.. - In a read-modify-write cycle, td(RLWL) and tsu(WRH) must be observed. (Depending on the user’s transition times, this may require
i additional RAS low time tw(rL)).

©

e .

10. Later of CAS or W in write operations, ;

. 11. Early write operation only. ;
12. The minimum value is measured when d(ALCL) is setto td4(RLCL) Min as a reference. {

:

g

*

' i

f
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TMS44C256
262 144-WORD BY 4-8BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMGS256C  JUNE 1986  REVISED NOVEMBER 1990

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

PARAMETER Syl:aL;.OL TMS44C256-80 | TMS44C256-10 | TMS44C256-1 2 UNIT
MIN MAX | MIN MAX | MIN MAX

le(rd) Read cycle ime (see Note 6) RC 150 180 220 ns
le(w) Wiite cycle ime we 150 . 180 220 ns
te(raw) Read-write/read-modify-write cycle time tRWC 205 245 295 ns
L(P) Page mode read or write cycle time (see Note 7) PC 50 55 65 ns
te(PM) Page-mode read-modify-wrie cycle time tPCM 100 120 135 ns
w(CH) Puise duration, CAS high cp 10 10 15 ns
tw(CL) Pulse duration, CAS low (see Note 8) ICAS 20 10000 25 10000 30 10000 ns
tw(AH) Pulse duration, RAS high {precharge) {Rp 60 70 90 ns
tw(RL) :‘;’;ﬂ?ﬁg“e pulse duration, RAS low IRAS 80 10000| 100 10000| 120 10000| ns
'Ww(RL)P _ Page-mode puise duration, RAS low (see Note 9) | tpagp 80 100000 100 100000| 120 100000 ns
tw(wL) Write pulse duration twp 15 15 20 ns
{su(CA) Column-address setup ime before CAS low 1ASC 0 0 0 ns
tsu(RA) Row-address setup time before RAS fow tASR 0 0 Q ns
tsu(D) Data setup time before W low (see Note 10) DS 0 0 0 ns
tsu(rd) Read setup time before CAS low tRCS 0 0 0 ]
lsu(wet) W-low setup time before CAS low (see Note 11) wes 0 ) 0 ns
tsu(WCH) W-low setup time before CAS high CwL 20 25 30 ns
tsuWRH) W-low setup time before RAS high tRWL 20 25 30 ns
th(CA) Column-address hold time after RAS low 1CAH 15 20 20~ ns
th(RA) Row-address hoid time after RAS low tRAH 12 15 15 ns
th(RLCA) (Cs::rng;:d‘(g)ess hoid time after RAS low %R 60 70 0 ns

Continued next page.

NOTES: 5. Timing measurements in this table are referenced to Vj_ max and Vi min.

. To guarantee te(p) min, tsu(CA) should be greater than or equal to tw(CH)-
. Ina read-modify-write cycle, td(CLwu) and tsu(WCH) must be observed. {Depending on the user’s transition times, this may require
additional CAS low time ['w(CL)])- -
- - Inaread-modity-write cycle, td(RLWL) and ‘su(WRH) must be observed. (Depending on the user's transition times, this may require
4 additional RAS low time w(rL)).
. 10. Later of CAS or W in write operations.
! 11. Early write operation only.
12. The minimum value is measured when d(RLCL) is setto td(RLCL) min as a reference.

5

6. All cycle times assume tt=5ns.
7.

8

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

S HA0 JUNE 1986 REVISE D NOVE MY R 1agg

liming requirements over recommended ranges of supply voliage and operating free-alr
| temperature (continued)
-

- -
ALT, | TMS44C256-60 | TMS44C236-70
PARAMETER SYMBOL| MIN  MAX|[ MIN max] UNIT
th(D) Data hotd time after CAS low (see Noie 10) DH 10 ) 15 ns 1
— — 3 T
| In(RLD) Ea!a hold time ahgr RAS low (see Nole 12) {DHR 50 55 ns
'h(wLGL) G hold time after W low {GH 15 i8 ns |
th(CHrd) Read hold time after CAS tugh (see Note 13) 'RCH 0 0 PYa
—_— ‘\__&
th(RHrg) Read holc time after RAS high (see Note 13) RRH 0 0 ns
thcLw) Wiite hotd ime after CAS iow (see Note 11) 'WCH 15 T PP
S——— = N)\*
th RLW) Write hold time after RAS fow (see Note 12) twCR 50 55 ns_—
'4(RLCH)  Delay ume, RAS low to CAS high tcsH 60 70 ns |
'd(CHRL)  Delay time, CAS high to RAS low tCRP 1] 0 ns 1
I 14 CLRH)  Defay ume, CAS low to RAS fugh {RSH 15 18 ns |
l4(CLwr)  Delay time, CAS low to W low (see Note 14) tCWD 40 46 e ]
Y(RLCL) Delay time, RAS low to CAS low (see Note 15) tRCD 20 135 20 52| ns |
YW(RLCA})  Delay time, RAS low 1o column-address (see Note 15) tRAD 15 30 15 35| ns ]
4(CARH)  Delay time, column-address to RAS high 1RAL 30 35 ns |
d(CACH)  Delay time, column-address to CAS high 1ICAL 0 . 15 ns
ld(RLwL)  Delay time, RAS low to W low (see Note 14) tRWD 85 98 ns |
4(CAawt)  Delay time, c_olumn-address to W low (see Note 14) tawp 55 63 ns |
d(GHD) Delay time, E high before data at DQ {GDD 15 18 ns ]
14(GLRH)  Delay time, G low to RAS high 1GSR 10 10 s
W(RLCH)R Delay time, RAS low to CAS high (see Note 16) 1CHR 15 15 ns |
H(CLRYR Delay time, CAS low RAS low (see Note 16) tCSR 10 10 ns
d(RHCL)R Delay time, RAS high CAS lew (see Note 16) tRPC [] 0 ns
it Refresh time interval tREF 8 8| ms
it Transition time T 3 50 3 50| ns
Continued next page.
NOTES: 5. Timing measurements in this table are referenced to ViL max and V|4 min.
10. Later of CAS or W in write operations.
1. Early write operation only. T
K 12. The minimum value is measured when td(RLCL) is setto d(RLCL) Tin as a reference.
: 13. Either th(RHrd) or th(CHrd) must be satisfied for a read cycle.
i 14, Read:modify-write operation only. B
oo 15. Maximum value specified only to guarantee access time. ' : :
Wy e 16. CAS-before-RAS refresh only. b

A YA 4 e e
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TMS44C256
262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY
SMGS256C - JUNE 1986 - - REVISED NOVEMBER 1950
timing requirements over recommended ranges of supply voltage and operating free-air
temperature (concluded)
ALT. TMS44C256-80 | TMS44C256-10 TMS44C256-12
PARAMETER SYMBOL | MIN  MAX| MIN  MAX| MIN _ MAx| UNIT
th(D) Data hold time after CAS low (see Note 10) DH 15 20 25 ns
th(ALD) Data hold ime after RAS low {see Note 12) DHR 60 70 85 ns
thwLGl) G hold time after W low GH 20 25 30 ns
Ih(CHrd) __Read hold time after CAS high (see Note 13) RCH 0 0 0 ns
h(RHrd) Read hold time after RAS high (see Note 13) RAH 0 0 0 ns
h(CLwW) Write hold tme after CAS low (see Note 1) WCH 15 20 25 ns
th(RLW) Write hold time after RAS low (see Note 12) 'WCR 60 70 85 ns
'd(RLCH)  Delay time, RAS low to CAS high {CSH 80 100 120 ns
Id(CHRL)  Delay time, CAS high to RAS low ICRP 0 0 0 ns
4(CLRH) __ Delay tme, CAS fow to RAS high tRSH 20 25 30 ns
'd(CLwL) _Delay time, CAS low to W low (see Note 14) tCWD 50 60 70 ns
'd(RLCL) _ Delay time, RAS low to CAS low (see Note 15) tRCD 22 60| 25 75 25 90| ns
Delay time, RAS tow to column-address
d(RLCA) (see Note 15) tRAD 17 40 20 55 20 65 ns
'd(CARH)  Delay time, column-address to RAS high IRAL - 40 45 55 ns
td(CACH)  Delay time, column-address to CAS high {CAL 40 45 55 ns
'd(RLwt) _ Delay time, RAS low to W low (see Note 14) tRWD 110 135 160 ns
Delay time, column-address to W low
YCAWL)  (seq Note 14) tAwD 70 80 95 ns
td(GHD) Delay time, G high before data at DQ tGbD 20 25 30 ns
d(GLRH) Delay time, G low to RAS high tGSR 10 10 10 ns
td(RLCH)R Delay time, RAS low to CAS high {see Note 16) tCHR 20 25 25 . ns
d4(CLRL)R _ Delay time, CAS low RAS low (see Note 16) {CSR 10 10 10 ns
d(RHCL)R Delay time, RAS high CAS low (see Note 16) tfapc 0 0 0 ns
tef Refresh time intervat tREF 8 8 8) ms
[} Transition time tr - 3 50 3 50 3 50| ns
: NOTES: 5. Timing measurements in this table are referenced to Vil max and Vi min.
N 10. Later of CAS or W in write operations. : '
5 1. Early write operation only. *
M 12. The minimum value is measured when W(RLCL) is setto '4(RLCL) Min as a reference.
§ . 13. Either th(RHrd) of th(CHrg) must be satisfied for a read cycle.
2 14. Read-modify-write operation only. '
3 15. Maximum value specified only to guarantee access time.
4 16. CAS-before-RAS refresh only.
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TMS44C256
262 144-WORD BY 4-BIT
‘ DYNAMIC RANDOM-ACCESS MEMORY

SMGS256C — JUNE 1986 - AEVISED NOVEMBER 1990

PARAMETER MEASUREMENT INFORMATION
I 1.1V Vee=5V
' RL=218Q Ry=828Q
Output Under Test Output Under Test
Cp =100 pF Ry =295Q
T Cy = 100 pF
(a) Load Circuit (b) Alternate Load Circuit

Figure 1. Load Circuits for Timing Parameters

read cycle timing

i‘: te(rd) =i
e 1 »
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—— ta(CLRH) —ﬂl :4— tw(RH) —>=

|
I — ty@Lcy — —
| t(RLCH) —————— 'K _f‘l ]l — td(CHRL)

—
SR ;——'w(CL) —
Pl A
' i —— tq(cacH) ||
- tsu(RA) ————— ty(carn .
l —— ihRLCA) -‘—-1——51 || :
]

| l ' v
Y‘\\. ’V’ """"‘V‘V \VAVAVAVAW AW v V"‘V""‘ . .H
soss GO Row RRX  comn ORI Bont cwre TIRXIRY .
I
|

Vi
l .
| 5 e | =™ = thRHr)

le—1—»

H

o
&
< <
= =

.o

}‘su(rd) - : ' L—». th(CHra)
7 - Vin
W / i ] ] | OO0 . OO0
N W | o> || QLK Bontine GERRXX vie
- b & tK(ca)
. | tacLz) € : K—:—— tdis(CH) ———b:
00 ! (see Note 17) VoH
o D04 T HiZ m Valid }_'—v
et ' | 1 i oL
: < ta(R) » [ | ;
M— tag) —» : r—ﬂ- tdis(G) i

| le— WH(GLRH) —————™ I

_ | ViH
{ G Don't Care | A/ g g g g Don't Care g 8 g
ADNNNA ANALAD

Vi
NOTE 17.  Output may go from tugh-impedance 10 an invalid data state prior o the specified access time.
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TMS44C256
262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMGS2Y6( JUINE 1986 REVISED NOVEMBER 1990
early write cycle timing
:4 - tc(w) oo "‘—_“—_’:
| l"- T - (R e e *: | Vin
AAS ™\ i/ |
| I ! Vie
i |
4 ‘H‘ g—- 4 ———~ tqCLRH) —— - -b - hyRH) -—b:
i
| IH—~ ld(RLCL) — M—— t4(CHRL) —
“ | ——— aALCH ——
L ,“ wicly ———» 1| Vit
o T N\ 2 ™
] [ i1 { Vi
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tsu(Ra) -» HJ,* f

|
th(RA) & 1 tycann) B e
| —"rﬂ—— —t Do

th(RLCA) T
] ! | L1 v Viy
A0-A8 M Column | Don’t CareW
VAVAVAVAVAN
I T 11 Vi
W(RLCA) —————py 1 - thea i :
i

"‘H— tsuWCH) ——————
F—ﬁ.‘ tSUWRH) ———————p
0 thiRLW) —»
] | M thicLw) —»

M- tgywey ! \AYAAVAvAVAY, ViH

/\/\/\/}/\/\ l ‘I ! ; ANANANN, viL

! M twwL) ———
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TMS44C256
262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMGS256C - - JUNE 19686 REVISTD NOVEMBER 1990

late write cycle timing

o — tew) e
| 1 -~ tw(RL) > ' ViH
I} | ! . | Vit
—> - Y M t4(CLRH) ———, M tw(RH) '1
: :‘-—‘d(BLCL)—"—T‘, l—— tg(CHRL) —W
e - (RLCH) L B
L F—'w(cu—b‘l [l Vi
cAs K N Vi , N
: : R il | Vi
| ——th@Lca) 1—,—)! i —— tw(CH) ————»
| | tsuca) +e—>nf | | P
th(ra) »  4—  |———t— tF(CACH) _ |
tsu(Ra) ™ 1 W(CARH) _

f
L I VAV AV AV AV AV AV AV AVAVAVAVAVAVAVAVAVAY, ViH
rose X _ror X e IR R
!
' |

viL
th(ca) ™ :<~ | |
——-t CH) ——»} |
t4(RLCA) Ji———ﬂ‘ K_*’“‘(t"svu (W)RH) —_—
| < vavavul ]
W QR ;?XA‘A%E uono‘ XXX, Bon' Eare GANIKKKE
|
I tsu(D) P E—tww)
| ! o) —
e th(RLD) f >
th(RLW) —_— Ly
M .
vavavav; - Y AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAvAVAVAvaAvav.ul A L RA (0] 1]
pat- YXIXTITITITIIN (RTRXRIIIRIRY, TRRRIRIXKD
bas QKKeDEnEws RN b Data | ’ofo!ofofofofofofofofofofofofofofofofofofof Vi Vo
| ¢ >
M~ t4(GHD) - ! fnewLey - v
s Q% RIS L QOCEEREREKKK v v
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TMS44C256
262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

57256C  JUNE 1986 REVISED NOVEMBER 1890

read-write/read-modify-write cycle timing

-t 1c(RDW) e
L ' e w(RL) T ' ViH
RAS I\ 1/ |
7 " | ViL
—» ey (e E R —— | M tyany
]’ — t4(RLCL) ‘b: ll "4—1 4(CHRL) —
+ t Vi
“ oas I ﬁ':\L / | ﬁ1\~
~:-Hl M~ thira) ! | ! I viL
i |
tsu(RA) —b: et ] — -ty ca) |‘< | w(CH) ——»
M td(RLCA, ! !
| | e .h(c A —» ey
L Vin
A0-A8 0’0\ 0‘0’0 I Column Wt Carew
! viL
, tsu(wcH) —H—n !
‘d(RLWL) — H":-—'SU(WRH)
o T —_
| '] su(rd? | ; '(—H-. tw(wy)
— 1 | { Vi
W W | i | Wutmm
: e | taicawy —— ! )\AA)\A iL
| l' l1~—'e|(CLw1.) —
\ | ta©) H —» I‘T tsu(D)
: [ taca) —N : ": M- i)
’ e K— ' ViH/VoH
m— X N R TRESS
| (see Note 17) ut AAA ViL/ VoL
- ta(R) \q
le—tag) - - '7'3(6) N—N—ih(wu;u
a
_ l H—td(suo) : .
) ViH
_ | ’v "’ vvvvvvvv’.’.'v
s N\ D .
¢ AOA")(\A')'\G)\ / ?.0‘ 30’0‘0’0 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  JUNF 1986  REVISED NOVEMBER 1990

enhanced page-mode read cycle timing

tw(RH) — ¥ je—
|H~ twRLIP *: | | Vir
RS N f—\_
! ] I ! | ViL
: ﬂ tdRLCL) —W :1-—~‘c(9)"‘——’! | : :
— t b [M— td(CLRH) —™
| d{(RLCH) (CLRH) ,
N :ﬂw(cL)*'I > twicn) FL—‘d(cuﬂp‘”
; f T ViH
CAS ; | |\ El 1 /1 ; Eq /| ; i
P I | | i ViL
Pl | i | - P
- tsy(RA) —» Mtsyca) : P I
44— th(Ri.CA) ! M—tgcacH) —» | I
I ﬁ—th(RA)—b‘l Tﬁl —>{ IH—-'h(CA) }<~——ld(CARH)-t——-N |
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TR G e D st
ANALAAA K XXX A XAAAAXLXO viL

T T ;
o a o —
{ ] { { | th(RHrd) Vin
_ T I I l '
BT e o S
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| I ta(c) i tacay » | viL
| ' — ta(ca) —j | H(_seearsote)w) : I 5
¢ a(R) t > —— tacp) ——M > tgis(cH)
WcLz) —e» (see Note 19 | ! ‘v
N OH
VoL
——— ta(q) ——> | - ta(G) M '
{ tdis(G) — b I —} tyig(G)

i N
Don't Care on't Care on't Care :
A’AAAAAAAAAA’A’\A\- Val AL Vi

NOTES: 17. Output may go from high-impedance to 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 4-8BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMGS256C  JUNIT 1986  RI VISED NOVEMBER 1990

enhanced page-mode write cycle timing
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|
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i
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I
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_y 7 Vi
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1

viL

NOTES:20. Aread cycleora 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,
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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-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. ) 3
i 22. Aread orwrite cyclecan beintermixed with read-modify-write cycles as long as the read and write timing specifications are notviolated. E
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TMS44C256
262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMGS256C  JUNE 1986 - REVISED NOVEMBER 1990

RAS-only refresh timing
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TMS44C256
262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY

SMGS256C  JUNE 1986 - REVISED NOVEMBER 1990

hidden refresh cycle (enhanced page mode)
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TMS44C256

262 144-WORD BY 4-BIT
DYNAMIC RANDOM-ACCESS MEMORY
SMGS5256C - JUNL. 1986 RLVISLO NOVE MBE R 1990
I automatic (CAS-before-RAS) refresh cycle timing
- - te(rd) - »
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) | ! ViH
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! ' Py ViL
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device symbolization

n S8

TMS44C256N

. Package Code ——]

i ' N = OIP - FE D P OoXX LL
! \ . DJ =S0J f- [ [_ F
3 SD = ZIP

. DN = ThinSOQJ

Wafer Fab Code
' Die Reviglon Code
Assembly Site Code
Month Code
Lot Traceability Code
Speed (-60, -70, -80, -10, -12)
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