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TMS4C1024, TMS4C1025, TMS4C1027
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

description

SINVY StweuAg

The TMS4C1024, TMS4C1025, and TMS4C1027 are high-speed, 1,048,576-bit dynamic random-access
memories, organized as 1,048,576 words of one bit each. They employ state-of-the-art EPIC™ (Enhanced
Process Implanted CMOS) technology for high performance, reliability, and low power at a low cost.

These devices feature maximum RAS access times of 100 ns, 120 ns and 150 ns. Maximum power
dissipation is as low as 330 mW operating and 16.5 mW standby on 120 ns devices.

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

Allinputs and outputs, including clocks, are compatible with Series 74 TTL. All addresses and data-in lines
are latched on-chip to simplify system design. Data out is unlatched to allow greater system flexibility.

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

operation

enhanced page mode (TMS4C1024)

Enhanced page-mode operation allows faster memory access by keeping the same row address while
selecting random column addresses. The time for row-address setup and hold and address multiplex is
thus eliminated. The maximum number of columns that may be accessed is determined by the maximum
RAS low time and the CAS page cycle time used. With minimum CAS page cycle time, all 1024 columns
specified by column addresses AO through A9 can be accessed without intervening RAS cycles.

Unlike conventional page-mode DRAMs, the column-address buffers in this device are activated on the
falling edge of RAS. The buffers act as transparent or flow-through latches while CAS is high. The falling
edge of CAS latches the column addresses. This feature allows the TMS4C1024 to operate at a higher
data bandwidth than conventional page-mode parts, since data retrieval begins as soon as column address
is valid rather than when CAS transitions low. This performance improvement is referred to as ‘‘enhanced
page mode.’’ Valid column address may be presented immediately after row address 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).

nibble mode (TMS4C1025)

Nibble-mode operation allows high-speed read, write, or read-write-modify-write access of 1 to 4 bits of
data. The first bit is accessed in the normal manner with read data coming out at ta(C) time as long as
ta(R) and ta{CA) are satisfied. The next sequential bits can be read or written by cycling CAS while RAS
remains low. The first bit is determined by the row and column addresses, which need to be supplied only
for the first access. Row A9 and column A9 provide the two binary bits for initial selection, with row A9
being the least-significant address and column A3 being the most significant. Thereafter, the falling edge
of CAS will access the next bit of the circular 4-bit nibble in the following sequence.

[—"(00)*101)—>(10)->(11)—j

Data written in a sequence of more than 4 consecutive cycles shall be capable of being read back without
exiting from the nibble mode. In a sequence of consecutive nibble-mode cycies the control of the high-
impedance state for the data out (Q) pin is determined by each individuat cycle. This facilitates fully mixed
nibble-mode cycles (e.g., read/write/read-modify-write/read etc.).
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TMS4C1024, TMS4C1025, TMS4C1027
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

static column decode mode (TMS4C1027)}

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

address (AQ through A9) (TMS4C1024, TMS4C1025)

Twenty address bits are required to decode 1 of 1,048,576 storage cell locations. Ten row-address bits
are set up on inputs AO through A9 and latched onto the chip by the row-address strobe (RAS). The
ten column-address bits are set up on pins AO through A9 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. CAS is used as a
chip select activating the output buffer, as well as latching the address bits into the column-address buffer.

address (AQ through A9} (TMS4C1027)

Twenty address bits are required to decode 1 of 1,048,576 storage cell locations. Ten row-address bits
are set up on inputs AO through A9 and latched onto the chip by the row-address strobe (RAS).
The ten column-address bits are set up on pins A0 through A9. Row addresses must be stable on or before
the falling edges of RAS. RAS is similar to a chip enable in that it activates the sense amplifiers as well
as the row decoder. In a write cycle, the later of CAS or W latches the column address bits.

write enable (W)

The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects
the read mode and a logic low selects the write 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 common /O operation.

data in (D)

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.

data out {Q)

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

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 (AQO-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,
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TMS4C1024, TMS4C1025, TMSAC1027
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

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 cycles.

power up

To achieve proper device operation, an initial pause of 200 us followed by a minimum of eight initialization
cycles is required after full V¢ level is achieved.

test-function pin

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

logic symbolt

- RAM 1024K x 1
A0 20D10/2100
A1_t6)
A2 t1)
(8)
A3
{10l
A% ) A2
AS 1,048,575
e i2)
Ap.13)
ag018)
{185)
A9 20019/2109
- C20(ROW|
@ G23/[REFRESH ROW|
RAS 24[PWR DWN)
> c21(COL)
tas18 sz z
> 23022
wi 23.21D 23€EN
p! A.22D A7—1"¢q

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.

The pin numbers shown are for the 18-pin dual-in-line package.
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TMS4C1024, TMS4C1025, TMS4C1027
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

functional block diagram

A0
A1l
A2
A3
A4
A5
A6
A7
A8
A9

Ff TIMING AND CONTROL |

RAS c;‘s 7

+

ROW
ADDRESS
BUFFERS
110) 1
_—— 256K | ROW | 256K
ARRAY | DECODE | ARRAY N/
SENSE AMPLIFIERS
DATA
s N |—0p
REG.
COLUMN Vo
ADDRESS :> BUFFERS
LUMN DECODE
BUFFERS cotum 10F8
i SELECTION
DATA
ouT | g
REG.
SENSE AMPLIFIERS

256K ROW 256K
ARRAY | DECODE | ARRAY
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TMS4C1024, TMS4C1025, TMS4C1027
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

abso

TStres
only,
Cond

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

Voltage range on any Pin . . . ... .. e -1Vto7V
Voltage range on VG - - - o o ittt e e -1Vto7V
Short circuit QUtPUL CUMTENt . . . . . . ... e 50 mA
Power dissipation . . . .. . ... e e 1w
Operating free-air temperature range . . . .. .. .. ...ttt ittt et e e 0°C to 70°C

Storage temperature range -656°C to 150°C

ses beyond those listed under **Absolute Maximum Ratings”” may cause permanent damage to the device. This is a stress rating
and functional operation of the device at these or any other conditions beyond those indicated in the ‘’‘Recommended Operating
itions’’ 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 Vgs.

recommended operating conditions

MIN NOM MAX| UNIT
Vee Supply voltage 4.5 5 5.5 v
V|4 High-level input voltage 2.4 6.5 \"
ViL Low-level input voltage (see Note 2) -1 0.8 \%
Ta  Operating free-air temperature [¢] 70 °C
NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet

for logic voltage levels only.

electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted)
TMS4C1024-10 | TMS4C1024-12 | TMS4C1024-16
TMS4C1025-10 | TMS4C1025-12 | TMS4C1025-15
PARAMETER TEST CON NS TMS4C1027-10 | TMS4C1027-12 | TMS4C1027-156 UNIT
MIN MAX | MIN MAX | MIN MAX
VoH High-level output voltage | gy = -5 mA 2.4 2.4 2.4 \
VoL Low-level output voitage | igL = 4.2 mA 0.4 0.4 0.4 v
Il Input current {leakage) Vi=0Vio 88V Vee = 55V, £10 +10 £10 | A
! put current fleakag All other pins = 0 V t0 Voo
Vo =0VtoVge Ve = 65V,
t leak: AE +10 10 10
lo Output current {leakage) A3 high + ES nA
Icc1 Read or write cycle current| Minimum cycle, Vo = 6.5 V 70 60 55 mA
| After 1 memory cycle, 3 3 3 mA
CC2 Standby current RAS and TAS high, Vi = 24V
Minimum cycle, Vcg = 5.5V,
50 A
icc3 Average refresh current RAS cycling, TAS high 65 55 m,
Average page current te(P) = minimum, Vee = 5.5V,
45 35 30 mA
IcC4 (rmsacioza) AAS low, TAS cycling
Average nibble current te(N) = minimum, Ve = 6.5V,
45 40 30 A
ICC5 (rmsac1025) RAS low, TAS cycling for 4 cycles m
Average static column te{rdW)SC = minimum,
lcce decode current Vee = 5.5V, 45 35 30 mA
{TMS4C1027) RAS low, CAS cycling
TEXAS {i’
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TMS4C1024, TMS4C1025, TMS4C1027
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

capacitance over recommended supply voltage range and operating free-air temperaturerange, f = 1 MHz

(see Note 3) »
PARAMETER MIN MAX| UNIT E

Ci{A} Input capacitance, address inputs 6 pF é
Ciip) Input capacitance, data input 5 pF Ty
Ci(RC) Input capacitance, strobe inputs 7 pF 'E
Cijw) Input capacitance, write-enable input 7 pF ©
Co Output capacitance 7| oF g
(a]

NOTE 3: Vg 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, TMS4C102_-10 | TMS4C102_-12 [ TMS4C102_-15
PARAMETER SYMBOL | MIN MAX | MIN MAX | MIN MAX UNIT
ta(C) Access time from TAS low? 1CAC 25 30 40 ns
ta(CA} Access time from column-address ' ICAA 45 56 70 ns
ta(R) Access time from RAS low ' tRAC 100 120 160 ns
taicP) G&;:;s:ct;rg: :rz:;v::olumn precharge tcAP 50 50 75 ns
ta(C)N  Access time from CAS low (TMS4C1025 only} tNCAC 20 28 35 ns
ta(WHQ) Access time from W high (TMS4C 1027 only) TWRA 30 35 40 ns
| tawLQ) Access time from W low (TMS4C1027 only} tALW 95 115 120 ns
Static column decode mode
th(CAQ) output hold time after tAOH 5 5 5 ns
address change (TMS4C1027 only}
Static column decode mode
th(wqQ) output hold time after tWOH 0 o} o ns
W low (TMS4C1027 only)
tdis(CH) Output disable time after TAS high (see Note 4)T OFF 0 25 o] 30 o] 35 ns

tpParameters apply uniformly to TMS4C1024, TMS4C1025, TMS4C1027.
NOTE 4: t4i5(CH) is specified when the output is no longer driven.

PARAMETER MEASUREMENT INFORMATION

131V Vee =5V
- Ry - 8280
R = 2180 OUTPUT
OUTPUT UNDER
resT TesT
TCL- 100 pF CL = 100 pF Rz = 29501
{a) LOAD CIRCUIT (b} ALTERNATE LOAD CIRCUIT

FIGURE 1. LOAD CIRCUITS FOR TIMING PARAMETERS
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TMS4C1024
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORY

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

<U ALT. TMS4C1024-10 | TMS4C1024-12 | TMS4C1024-15 UNIT
g SYMBOL | MIN MAX | MIN MAX | MIN MAX
3 teird) Read cycle time {see Note 6} tRC 190 220 260 ns
-y to(w) Write cycle time we 190 220 260 ns
to(rdw) Read-write/read-modify-write cycle time tRWC 220 255 305 ns
g to(P) Page-mode read or write cycle time (see Note 7) tpC 55 65 80 ns
g te(PM) Page-mode read-modify-write cycle time tPCM 85 100 125 ns
7] twiCH) Pulse duration, TAS high tcP 10 15 25 ns
twiCl) Pulse duration, CAS low (see Note 8) tCAS 25 10,000 30 10,000 40 10,000 ns
“ twiRH)  Pulse duration, RAS high (precharge) tRP 80 90 100 ns
twiRL) l::';i‘::’;"de pulse duration, RAS low taas | 100 10,000| 120 10,000| 150 10,000 ns
twiRL)P Page-mode pulse duration, RAS low (see Note 9) TRASP 100 100,000 120 100,000| 150 100,000 ns
twiwl) Write pulse duration twp 186 20 25 ns
tsy(CA) Column-address setup time before CAS low tASC 0 o] 4] ns
tsy{RA] Row-address setup time before RAS low tASR 0 0 0 ns
tsu(D} Data setup time (see Note 10) tps 0 0 4] ns
tsujrd)  Read setup time before CAS low tRCS o] [o] 0 ns
tsu(WCL) W-low setup time before CAS low (see Note 11} tWCs 4] 0 o] ns
tsutWCH) W-low setup time before CAS high tCWL 25 30 40 ns
tsu{WRH) W-low setup time before RAS high tRWL 25 30 40 ns
th{CLCA) Column-address hold time after CAS low 1CAH 20 20 25 ns
th{RA} Row-address hold time after RAS low tRAH 15 15 20 ns
th(RLCA] fis:l:::;:dldzr;ess hold time after RAS low taR 70 80 100 ns
th(D} Data hold time (see Note 10) tDH 20 25 30 ns
th(ALD) Data hold time after RAS low (see Note 12) tDHR 70 85 110 ns
th(CHrd) Read hold time after CAS high (see Note 15) tRCH 0 0 0 ns
th{RHrd) Read hold time after RAS high {see Note 15} tRRH 10 10 10 ns
thicLw) Write hold time after CAS low (see Note 11} tWCH 20 25 30 ns
th{RLW) Write hold time after RAS low (see Note 12) tWCR 70 85 100 ns
tg(RLCH) Delay time, AAS low to CAS high tCSH 100 120 160 ns
t4(CHRL) Delay time, TAS high to AAS low tCRP 0 (] 0 ns
tg(CLRH) Delay time, TAS low to RAS high tRSH 25 30 40 ns
tg(cLwi Delay time, CAS low to W low (see Note 13} 1CWD 25 30 40 ns
tg(rLCL) Delay time, RAS low to CAS low (see Note 14) tRCD 25 8o| 25 95| 30 16| ns
td(RLCA)} Delay time, RAS low to column-address (see Note 14] tRAD 20 55 20 65 25 80 ns

Continued next page.
NOTES:
Timing measurements in this table are referenced to V||_max

5.

6.
7. To guarantee tg(p) min, tgy(CA) should be greater than or

and V| min.
All cycle times assume ty = 5 ns.

equal to ty(CH)-

. In a read-modify-write cycle, tg(CLWL) and tsy(WCH)

must be observed.

. In a read-modify-write cycle, tg(RLWL) and tsy(WRH)

must be observed.

. Referenced to the later of CAS or Win write operations.
. Early write operation only.
. The minimum value is measured when tg(RLCL) is set to

td(RLCL} Min as a reference.

. Read-modify-write operation only.
. Maximum value specified only to guarantee access time.
. Either th(RHrd) Of th{CHrd) Must be satisfied for a read

cycle.
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TMS4C1024
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORY

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

{concluded) [}
ALT. TMS4C1024-10 | TMS4C1024-12 | TMS4C1024-15 UNIT E
SYMBOL | MIN MAX | MIN MAX | MIN MAX [
tg{CARH) Delay time, column-address to RAS high tRAL 45 55 70 ns [1]
14{CACH) Delay time, column-address to TAS high tCAL 45 55 70 ns £
tgiRLWL) Delay time, RAS low to W low (see Note 13) tRWD 100 120 160 ns g
Delay time, column address to W low >
t 45 55 70
WCAWL) (00 Note 13) AWD ns o
t4(RLCH)R Delay time, RAS low to TAS high, lsee Note 16) 1CHR 25 25 30 ns
14{CLRLIR Delay time, TAS low to RAS low, (see Note 16) tCSR 10 10 15 ns n
td(RHCLIR Delay time, RAS high to CAS low tRPC 0 0 0 ns
trf Refresh time interval tREF 8 8 8 ms
e Transition time tr 3 50 3 50 3 50 ns
NOTES: 13. Read-modify-write operation only.
16. CAS-before-RAS refresh only.
T {l’
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TMS4C1025
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORY

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

H SINVYY J1weuiq

ALT. | TMS4C1026-10 | TMS4C1025-12 | TMS4C1025-15 uNIT
SYMBOL | MIN MAX | MIN MAX | MIN MAX

teird) Read cycle time (see Note 6} tRC 190 220 260 ns
te{w) Wirite cycle time twe 190 220 260 ns
te(rdw) Read-write/read-modify-write cycle time tRWC 220 265 305 ns
tc(N) Nibble-mode read or write cycle time tNC 40 50 70 ns
to(rdw)N Nibble-mode read-modify-write cycle time INRMW 65 75 110 ns
twiCH) Pulse duration, CAS high tcp 10 15 25 ns
tw(CL) Pulse duration, CAS low (see Note 8) tCAS 20 10,000 25 10,000 35 10,000 ns
tw{RH)  Pulse duration, RAS high (precharge} tRp 80 90 100 ns
twiRL) ::":"Ni‘:;a;;’"’ RAS low tras | 100 10,000| 120 10,000| 150 10,000| ns
tw(wL) Write pulse duration tWP 15 20 25 ns
tsuiCA) Column-address setup time before TAS low tASC o o 0 ns
tsu{RA] Row-address setup time before RAS low tASR 0 0 0 ns
tsu(D) Data setup time (see Note 10} DS 0 0 0 ns
tsu(rd)  Read setup time before CAS low tRCS 0 [¢] o] ns
tgu(weL) W-low setup time before CAS low {see Note 11) twes 0 [ 0 ns
tsu(WCH) W-low setup time before CAS high tCWL 20 25 35 ns
tsu(WRH) W-low setup time before HAS high tRWL 20 25 35 ns
th(CLCA} Column-address hold time after CAS low tCAH 20 20 25 ns
th(RA) Row-address hold time after RAS low tRAH 15 15 20 ns
thALCA) ::;I:::;:d“dzr)ess hold time after RAS low AR 70 80 100 s
th(D) Data hold time {see Note 10} tDH 20 25 35 ns
th(ALD) Data hold time after RAS low {see Note 12) tDHR 70 85 110 ns
th(CHrd) Read hold time after CAS high tRCH 0 0 0 ns
th(RHrd) Read hold time after RAS high tRRH 10 10 10 ns
th(CLW) Write hold time after CAS fow (see Note 11) tWCH 20 25 30 ns
e e wen | o L E
t4(RLCH) Delay time, RAS low to CAS high tCSH 100 120 150 ns
tg(cHAL Delay time, TAS high to RAS low tCRP 0 0 0 ns
tg(CLRH) Delay time, TAS low to RAS high tASH 20 25 35 ns
tgicLwyy Delay time, TAS low to W low (see Note 13) tCWD 20 25 35 ns
tgRLCL) Delay time, AAS low to CAS low (see Note 14) tRCD 25 80| 25 95| 30 115] ns
tRLCA] z?:LEZi,:AS low to column-address tRAD 20 55 20 65 25 80 ns

Continued next page.

NOTES:
6. Timing measurements in this table are referenced to V| max 10. Referenced to the later of TAS or W in write operations.

and V|y min. 11. Early write operation only.
6. All cycle times assume ty = 5 ns. 12. The minimum value is measured when tq(RLCL) is set to
8. In a read-modify-write cycle, td(CLWL) and tsu{WCH) td(RLCL) Min as a reference.
must be observed. 13. Read-modify-write operation only.

9. In a read-modify-write cycle, t4(RLWL) and tsu(WRH) 14. Maximum value specified only to guarantee access time.

must be observed.
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TMS4C1025
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORY

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

(concluded) 0
ALT. | TMS4C1025-10 | TMS4C1025-12 | TMS4C1025-15 UNIT E
SYMBOL | MIN MAX MIN MAX | MIN MAX
td(CARH) Delay time, column-address to RAS high tRAL 45 55 70 ns o
td{CACH) Delay time, column-address to TAS high tCAL 45 55 70 ns E
td(RLWL) Delay time, RAS low to W low {see Note 13) tRWD 100 120 150 ns g
Delay time, column address to W low >
WCAWL) (oo nie 13) ) tawp | 45 55 70 ns (a]
tJ(RLCHIR Delay time, RAS low to CAS high (see Note 16) tCHR 25 25 30 ns
td(CLRL)R Delay time, TAS low to RAS low {see Note 16) tCSR 10 10 15 ns n
td{RHCL)R Delay time, RAS high to TAS low tRPC o] 0 ¢} ns
tf Refresh time interval tREF 8 8 8 ms
ty Transition time tT 3 50 3 50 3 50 ns
NOTES: 13. Read-modify-write operation only.
16. CAS-before-RAS refresh only.
s
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SINVH 21weuiq

TMS4C1027
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORY

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

ALT. TMS4C1027-10 | TMS4C1027-12 | TMS4C1027-15

SYMBOL | MIN MAX | MIN MAX | MIN MAX UNIT
tc(rd) Read cycle time (see Note 6) tRC 190 220 260 ns
to(W) Write cycle time twC 190 220 260 ns
to(rdW) Read-write/read-modify-write cycle time tRWC 220 255 305 ns
tc(rd)SC Static column decode mode read cycle time tSCR 50 60 90 ns
t Static column decode mode 50 60 %0 ns

c(W)SC write cycle time tscw
¢ Static column decode mode,

clrdWISC read-medify-write cycle time tscROw | 100 120 10 ns
t(CH) Pulse duration, TAS high tcp 10 15 25 ns
tw(CL) Pulse duration, CAS low {see Note 8) tCAS 25 10,000 30 10,000 40 10,000 ns
tw(RH) Pulse duration, RAS high {precharge} tRP 80 90 100 ns
twiRL) :;::::':::::g;g‘:xd;;ﬁ:m o tras | 100 10000| 120 10.000| 150 10,000 ns
twpup e column decode mode trasp | 100 100,000| 120 100,000| 150 100,000| ns

pulse duration, RAS low {see Note 9}
tw{WL) Write pulse duration twp 16 20 25 ns
Static column decode mode

t t, 45 55 70 ns
wiCA) column-address pulse duration ADP
Static column decode mode
t — t 10 15 25 ns
WIWH) W high pulse duration, inactive Wi
Column-address setup time before CTAS, . o o 0 ns
SulCA Wiow {see Note 10} ASC
tsy(CAR) Column-address setup time before RAS tCAR 50 60 75 ns
tsu{RA} Row-address setup time before RAS low tASR o [+] (¢} ns
tsu(D) Data setup time tps 4] [¢] o ns
tsuird) Read setup time before CAS low tRCS 0 0 0 ns
tsu(WCL) W-low setup time before CAS low {see Note 11} | twcs 0 0 0 ns
tsu(WCH) W-low setup time before CAS high tCWL 25 30 40 ns
tsu(WRH) W-low setup time before RAS high TRWL 25 30 40 ns
Setup time, W high to CAS high for early write,
t 0 4] o] ns
su(WHCH high impedance tWH
th(CA) Column-address hold time after CAS, W low tCAH 20 20 25 ns
(see Note 10)
th(RA) Row-address hold time after RAS low tRAH 15 18 20 ns
Column-address hold time after RAS low
t t 100 120 150 ns
hiRLCA) {see Note 18) AR
Continued next page.
NOTES:
5. Timing measurements in this table are referenced to V| max 11. Early write operation only.
and V| min. 18. Either th(RHrd) % th(CHrd) Mmust be satisfied for a read cycle.

6. All cycle times assume ty = 5 ns.
8. In a read-modify-write cycle, tq(cLwiL) and tsy(wCH) Mmust
be observed.
9. In a read-modify-write cycle, ty(rLwWL) and tsu(WRH)
must be observed.
10. Referenced to the later of CAS or W in write operations.

{i’
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TMS4C1027
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORY

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

Dynamic RAMs

(concluded)
ALT. | TMS4C1027-10| TMS4C1027-12 | TMS4C1027-15 UNIT
SYMBOL | MIN MAX | MIN MAX | MIN MAX
th(D) Data hold time (see Note 10) tDH 20 25 30 ns
th(RLD) Data hold time after AAS low (see Note 17} tDHR 70 85 110 ns
th(CHrd)  Read hold time after CAS high (see Note 18] tRCH 0 0 0 ns
th(RHrd)  Read hold time after RAS high (see Note 18) tRAH 10 10 10 ns
thiCLw)  Write hold time after CAS low (see Note 11} tWCH 20 2§ 30 ns
thiRLW) Write hold time after RAS low (see Note 17} tWCR 70 85 100 ns
| th{RHCA}  Column-address hold time after RAS high TAH 10 15 15 ns
thiwLCA2) Static column-decode m_ode secand column- tAHLW 95 118 135 ns
address hold time after W low (see Note 13)
td(RLCH)  Delay time, RAS low to CAS high tCSH 100 120 150 ns
td(CHRL)  Delay time, TAS high to RAS low tCRP 0 0 0 ns
td(CLRH)  Delay time, TAS low to RAS high tRSH 25 30 40 ns
tgicLwL)  Delay time, TAS low to W low (see Note 13) tCWD 25 30 40 ns
tyRLCL)  Delay time, RAS low to CAS low (see Note 14) tRCD 25 80| 25 95| 30 15| ns
{(ALCA) Delay time, RAS low to column address tRAD 20 55 20 65 25 80 s
{see Note 14)
td(WLCA) Delay time, W low to column address tLWAD 25 50 30 60 35 70 ns
td(CARH) Delay time, column-address to RAS high tRAL 45 55 70 ns
td(CACH) Delay time, column-address to CAS high tCAL 45 55 70 ns
td(RLWL)  Delay time, RAS low to W low (see Note 13) tRWD 100 120 150 ns
Static column decode mode
td(RLWL2) delay time, RAS low 10 second W low TRSW 100 120 180 ne
tHCAWL) ::::I:L:::e{ ;:)olumn address to W low tAWD 45 55 70 ns
tawal Delay Timel, W high to outptft transition tow o 0 o ns
from high impedance to active
1d(RLCH)R Delay time, RAS low to CAS high, (see Note 16) tCHR 25 25 30 ns
t4(CLRLR Delay time, CAS iow to FAS low (see Note 16) tCSA 10 10 15 ns
td{RHCL)R Delay time, RAS high to CAS low (see Note 16} tRPC 0 0 0 ns
trf Refresh time interval tREF 8 8 8 ms
1t Transition time T 3 50 3 50 3 50 ns
NOTES:

10. Referenced to later of CAS or W in write operations.
11. Early write operation only.
13. Read-modify-write operation only.

14. Maximum value specified only to guarantee access time.

16. TAS-before-RAS refresh only.
17. The minimum value is measured when tg(RLCA) is set to

td{RLCA) min as a reference.
18. Either th(RDrd) ©F th(CHrd) must be satisfied for a read cycle.

{i’
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TMS4C1024, TMS4C1025
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

read cycle timing

o telrd) -]

POST OFFICE BOX 1443 ® HOUSTON. TEXAS 77001
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1,.048,576-BIT

TMS4C1027

DYNAMIC RANDOM-ACCESS MEMORY

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

Dynamic RAMs
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TMS4C1024, TMS4C1025
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

early write cycle timing
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TMS4C1027
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORY

early write cycle timing
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NOTE 10: Referenced to the later of CTAS or W in the write operations.

Dynamic RAMs
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TMS4C1024, TMS4C1025
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

write cycle timing
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TMS4C1027
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORY

write cycle timing
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NOTE 10: Reterenced to the later of CAS or W in the write operation.

Dynamic RAMs
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TMS4C1024, TMS4C1025
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

read-write/read-modify-write cycle timing
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TMS4C1027
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORY

read-write/read-modify-write cycle timing
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Dynamic RAMs
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3

TMS4C1024

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

enhanced page-mode read cycle timing
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NOTES: 20. A wirite cycle or a read-modify-write cycle can be mixed with the read cycles as iong as the write and read-modify-write

21.
22.

timing specifications are not violated.
Access time is ta(CP) O ta(CA) dependent.

Qutput may go from three-state to an invalid data state prior to the specified access time.
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TMS4C1024
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORY

enhanced page-mode write cycle timing
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Dynamic RAMs
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NOTES: 23. A read cycle or a read-modify-write cycles can be intermixed with write cycle as long as read and read-modify-write timing

specifications are not violated.
24. Referenced to CAS or W, whichever occurs last.
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TMS4C1024
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORY

enhanced page-mode read-modify-write cycle timing
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22. Output may go from three-state to an invalid data state prior to the specified access time.
25. A read or write cycle can be intermixed with read-madify-write cycles as long as the read and write timing specifications
are not violated.
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TMS4C1025
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORY

nibble-mode read cycle timing
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Dynamic RAMs
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0

TMS4C1025
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORY

nibble-mode write cycle timing
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TMS4C1025
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORY

nibble-mode read-modify-write cycle timing
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TMS4C1027

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

static column decode mode read timing with CAS cycling
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NOTE 19: Output may go from high impedance to an invalid data state prior to the specified access time.
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TMS4C1027
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORY

static column decode mode read cycle timing
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TMS4C1027
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORY

static column decode mode early write cycle timing
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TMS4C1027
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORY

static column decode mode write cycle timing
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SINVH dS1weuig

TMS4C1027
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORY

static column decode mode read-modify-write cycle timing

with CAS cycling
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TMS4C1027
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORY

static column decode mode with read-modify-write cycle timing
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TMS4C1024, TMS4C1025, TMS4C1027
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

RAS only refresh timing
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TMS4C1024, TMS4C1025, TMS4C1027
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

hidden refresh cycle
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TMS4C1024, TMS4C1025, TMS4C1027
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

automatic (CAS-before-RAS) refresh timing
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TMSA4C1024, TMS4C1025, TMS4C1027
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORIES

SUPPORT LITERATURE AVAILABLE

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

1 MEGABIT DRAM FAMILY DATA SHEETS

. TMS44C256 — Specifications for the 1 Megabit DRAM organized 256K x 4 with enhanced page
mode access. (SMGS256)

. TMS44C257 — Specifications for the 1 Megabit DRAM organized 256K x 4 with static column
decode. {(SMGS257)

Single-in-Line Package Memory Modules

. TMO024GADS8, TMO24EADS — Specifications for the socketable 1 Megabit x 8 and 1 Megabit x 9
Single-In-line Package memory modules. (SMMS102C)

. TMO24HACA4 — Specifications for the leaded 1 Megabit x 4 Single-In-line Package memory module.
(SMMS104A)

DESIGN CONSIDERATIONS

. Megabit DRAM Topology — The information in this report is useful in developing algorithms for cell
sensitivity tests on TI's 1 Megabit DRAM configurations. (SMGAO0OQ1)

TECHNICAL ARTICLE REPRINTS

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

. 1-Megabit DRAMs Spark Tech Advances — Chip designers are proposing technological changes
promising to significantly alter the design and layout landscape of the next generation of memory
boards. (SMZY020}
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