0 0 TMS4027)L0 O O

goobgoopcBOOO0O0OO02a000000

MO0sS TMS 4027 JL, NL

LSI 4096-BIT DYNAMIC RANDOM-ACCESS MEMORY
M
y 4096 X 1 Organization 16-PIN CERAMIC
» Industry Standard 16-Pin 300-Mil Package M ot
Configuration
» 10% Tolerance on All Supplies veg 1] 6 Vg
» All Inputs Including Clocks TTL Compatible 0 z2{—Juw &s
s Three-State Fully TTL-Compatible Qutput w 3 ] 14 oDATAOUT
tatched and Valid Into Next Cycle - _
Ras e 13 &
» 3 Performance Ranges:
ACCESS ACCESS READ READ, AQ 5 [ ] 12 A3
TIME TIME OR MDDIF\"- Az 8 | )11 e
ROW COLUMN  WRITE  WRITE
ADDRESS ADDRESS CYCLE  CYCLE a1 7 | J 10 as
MAX) mMax) {MIN} IMIN)

s 8 v
™S 402715 150 ns 100 s 320 330 s Voo [ h ¥ Vee
™S 4027-20 200 ns 135 ns 375 ns 420 ns
T™S 4027-25 250 ns 165 ns 37508 480 s PIN NAMES

v Page-Mode Operation for Faster Access Time el atla Address Inputs
. . TAS Column address strobe
¢ Low-Power Dissipation o Dot
. ata input
- (S)peratmg 460 mW (max) DATA QUT Data output
- Standby 27 mW {max) AAS Row address strobe
o 1-T Cell Design, N-Channel Silicon-Gate 5 Chip select
Technology w Write enable
Vag —5 V power supply
cription vee +5 V power supply
Voo +12 \V power supply
The TMS 4027 JL, NL series is compased of mono- Vg DV ground

lithic high-speed dynamic 4096-bit MOS randaom-
access memoeries, arganized as 4096 one-bit words,
employing single-transistor storage cells and N-
channel silicon-gate technology.

All inputs and outputs are compatible with Series 74 TTL circuits including clocks: Row Address Strobe (RAS) or (R}
and Column Address Strobe (CAS} or {T). AH address lines (AQ through AS) and data-in {D} are latched on chip 1o
simplify system design. Data out is latched and available until the negative edge of CAS in the next memory cycle
returns the output to the high-impedance state. -

Typical power dissipation is less than 300 milliwatts active and 14 milliwatts during standby (VG is not required
during standby operation). To retain data, only 20 milliwatts average power is required which includes the power
consumed to refresh the contents of the memary.

The TMS 4027 JL, NL series is offered in a 16-pin duakin-line package and is guaranteed for operation from 0°C to
70°C. Packages are designed for insertion in mounting-hole rows on 300-mi! centers.

eration

address (AD through AS)

Tweive address bits are required to decode 1 of 4096 storage celt locations. Six row-address bits are set up on pins AQ
thigugh A5 and latched onto the chip by the row-address strobe {RAS). Then the six column-address bits are set up on
e —————

"Wrm “rancwrlte cycls” s sometimes usad as an siternative title 1o “read-modify-writs cycle®.
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TMS 4027 JL, NL
4096-B1T DYNAMIC RANDOM-ACCESS MEMORY

pins AQ through A5 and latched onto the chip by the column-address strobe (CAS). RAS activates the sense amplifien
as well as the row decoder, and CAS activates the column decoder and the input and output buffers.

chip salect ()

When the chip select (3) input is high, the column decode and the input and output buffers are disabled. However, the
row decode is unaffected by chip select so that row addresses are latched and refresh can continue to take place.

writa enable ()

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 circus
without a pull-up resistor. The data input is disabled when the read mode is selected. When W goes low prior 1o 0AS
{early write), data-out will contain the data written into the selected cell.

date-in {D)

Data is written during a write or read modify-write cycle. The latter falling edge of CAS or W strobes data into the
on-chip data latch. This latch can be driven from standard TTL circuits without & pull-up resistor. In an early wrie
cycle W is brought low priar 1o CAS and the data is strobed in by TAS with setup and hold times referenced to ths
signal. In a delayed write or read-modify write cycle, CAS wilt already be low, thus the data will be strobed in by %
with setup and hold times referenced to this signal.

data-out

The three-state output buffer provides direct TTL compatibility {no pull-up resistor required) with a fan-out of we
Series 74 TTL loads, Data-out is the same polarity as data-in. The output goes into the high-impedance state after the
negative transition of CAS. The output becomes valid after the access time has elapsed, and it remains valid into the
next memary cycle before CAS goinglow returns it to a high-impedance state.

rafresh

A refresh operation must be performed at teast every two milliseconds to retain data. Since the output buffer is in the
high-impedance state unless CAS is applied, the RAS only refresh sequence avoids any output during refresh. Strobirg
each of the 64 row addresses {AQ through A5} with BAS causes all bits in each row to be refreshed. TAS remains high
{inactive) for this refresh sequence, thus conserving power.

page made .
Page mode operation allows effectively faster memory access by keeping the same row address and strobing SuCCESSive
column addresses onto the chip. Thus, the time required to setup and strobe the row addresses is eliminated. To extend
beyond the B4 column locations on a single RAM, apply the row address and RAS to multiple 4K RAMs, then decode
chip select to select the proper RAM. (A RAM need not be selected during the first page mode cycles to have the row
address latched on chip.)

power up

Vgg must be applied to the device either before or at the same time as the other supplies and removed last. Failuref
observe this precaution will cause dissipation in excess of the absolute maximum ratings due to internal forward bie
conditions. This also applied to system use where failure of the Vgg supply must immediately shut down the oth¥
supplies. After power up, eight memary cycles must be performed to achieve proper device operation.
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TMS 4027 JL, NL

4096-BIT DYNAMIC RANDOM-ACCESS MEMORY

v

Vi

tiyl

—
ctional biock diagram
THAU A I - Tt B vy 3 rae
’ s 7 W § |HAS |CAS| ouTPuT MODE
| H H| L i Hi-Z Not selected
L H| L L Hi-Z No write will occur
CHIP H
o sterer x X| L H Hi-Z RAS only cycis
E BUFFER X X H | L Hi-Z CAS only cytle
LBafore |\ | | L |1ny i
- put data Early write
CASL
L Aftor . Yrite or resd/
. iy L L L Valid data
i ROW | _ MULTWLEX | ADDRESS i
3 ™ ciocks It : CLOCKS * BUFFERS CASL write cycle
1 ! r ! . H LiL | L | Damownt Roed
i I o
¥ P i i H = High; L = Low; X = Don't Care; Hi-Z = High impedance.
- COLGMN i DECODE
i - _T - e} i— 4 ; ook - BECODER
!
-+ L]
i b
: WRITH ' SENEE SENSE AMBS
-t ™ aeks : - aue - AND
CLOCKS ME MORY
T -+——— . VDo
t
Data H
- N —_—— ——— - — -~ VDD
BUFFt R
; '
‘ 1
L oureur DATA DATA vee
- R . P T —* ot
CLDCKS BAUFFER

olute maximum ratings over operatmg frea-air temperature range ( unless otherwise noted)*

Supply voltage, Vo {see Mote 1) . . oL .. . . —03tc20V
Voltage on VpD. VCC, relative to Vsg .. . —10tol5V
Supply voltage, VDD (see Note 1) -03t020V
Supply voltage, Vg5 (see Nate 1) —-0.3t0 20V
All input voltages {see Note 1) . 03020V
Output voltage {operating, with respec! to Vss) . =210V
Operating free-air temperature range 0°C to 70°C

: d -]
Storage temperature range -55"Cto 150°C
€ 1: Under sbsolute meximum ratings, voltage vaiues sre with respect to the most-negative supply voltage, Vpg (subttratel, unless
otherwite noted. Throughout the remainder of this data sheat, voltage values are with respect 1 Vgg.

wtes beyond those listad under "Absolute Maximum Ratings’” may cause permanent damage 10 tha device. This is & stresa rating only and
xtional operation of the device at thesa or any pther conditions bevond those indicated in the "Ascommanded Operating Conditiora”
tion of this specification is not implisd. Exposure to absolute-maximurmn-rated conditions for extended periods may affect device reliability.

commended operating conditions )
PARAMETER MIN NOM MAX |UNIT

upply voltage, Vgepg —45 -5 —-5.5 v
upply voltage, Ve 4.5 5 55| ¥
upply voltage, vpo 108 12 13.2 v
upply voliage, Vgg o} v
ighdevel input voliage, sxcapt TAS, CAS, snd WRITE, VIH 22 38 Ti v
ligh-evel input vottage, RAS, CAS, and WRITE, Vy4(R} 24 35 v
ow-level input valtage, V| -1 0 08 v
efresh time, Erafresh 2 ms
perating free-air temperature, T p 0 W) C ]
———
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TMS 4027 JL NL

4096-BIT DYNAMIC RANDGM-ACCESS MEMORY

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

PARAMETERS TEST CONDITIONS MIN  TYPY max |umir
Vad High-level output voltage o4 = —5maA 24 v
VoL Low-level output voliage loL = 3.2mA, C =50 pF a4 v
" Input current {leakage) :III ;tuh::' :;:so:’ﬂ'v axcapt Vgg = -5V e LA
o Dutput current (leakage) Vo=t 10V, RAS and CAS high, 10 | ua
Output disebled, after 1 memory cycle
i8R (av) Average operating current Minimum cycle time 90 150 ph
IcCiavi® | during read or write
IpDMav) | cvcle Minimurm cycle time 5 k- ma
Stanghy qurrent, .
op RAS, CAS, and C high Chip deselected 0.85 z A
aftar 1 mamory cycle
RAS, CAS high, C5 tow 2 a
Average refresh current,
IpDiav} | RAS cyeling, Minimum cycle time 15 25 ma
EAS high
Standby current,
I:1:) m m’ TE high o0 150 l HA

*V e is applied only to the ocutput buffer, so | o depends an output loading.

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

PARAMETER TYP! MAX |uNIT
Cita) input capaciiance, address inputs 4 5 pf
Citpy Input capacitance, data input 4 5 pF
Ci{RC) Input capacitance, strobe inputs 8 10 pF
Cilw) Input capacitance, write enable input g8 10 pF
Co Output capscitance E) 7 pF

TAll typlicet values are at Ta~ 25°C and nominal supgly voltages.

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

PARAMETER TEST CONDITIONS 15 |TMS 402720 2728w
MIN MAX | MIN MAX | MIN MAX
Access time fro C =50pF,
talCy ees fime Tom t ° 100 135 185 | ™
column address strobe tr(cy and (R} = S ns,
. Access time from tRL.CL = MAX, 150 200 %0 |
o(R} row address strobe Load = 2 Series 74 TTL gates
tpyZ Output valid time Cp =50pF, 10 10 10 s
tpxZ Output disable time Load - 2 Series 74 TTL gates 0 40 1] 50 0 60 | ns
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TMS 4027 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORY

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

PARAMETER TMS 4027-15 | TMS 4027-20] TMS 4027-26 uNIT
MIN MAK | MIN WMAX | MIN MAX
4 Read cycle time 320 375 375 ns
N Write cycle time 320 375 375 ns
WL Read. modify-write cycle time 330 420 M0 ns
Pulse width, column address strobe high
CHI (precharge time) 60 8o 1o s
cLi Pulse width, column address strobe iow 100 135 165 ns
Pulse width, row address strobe high
AH) , 100 120 120 ns
{precharge time}
ALl Puise width, row address strobe low 150 10,000 | 200 10,000 250 10000 N3
Wi Write pulse width 45 95 75 ns
Transition times (rise and fabl) for RAS and TAS 3 a5 k] 50 3 50| ns
AC)  Column address setup time —10 -10 -10 ns
AR) Row address setup time a [+} 0 ns
) Data setup time a 1] ) ns
) Chip seiect setup time —10 -10 —10 ns
(rd) Read command setup time 1} 0 0 ns
\WCH) Write command setup time before CAS high 50 70 85 ns
WRH) Write command setup time before RAS high S0 70 88 ns
ack) Column address hold time after CAS tow 45 55 7% ns
AR) Row address hold tims 20 i 35 ns
ARL)  Column address hold time after RAS low 95 120 160 ns
pct)  Data hold time aiter CAS low 45 55 75 ns
nRL)  Data hold time after RAS low 95 120 160 ns.
nwi}  Data hold time after W low 45 55 75 ns
d) Read command hald time a ] [4] ns
scL)  Chip select hold time afier CTAS low 45 55 75 ns
5RL)  Chip select hold time after RAS low 95 120 160 ns
NCL) Write command hold time atter CAS low 45 55 75 ns
AL Delay time, column address strobe high 1o a o o s
row address strobe low
A Delay time, column ?ddress strobe low 1o 100 135 165 ns
' row address strobe high
Wi Delay time, cnlur.nn address strobe low to W low &0 80 % ns
{read, modify-write cycle only}
13 Refresh period 2 2 2| ms
Delay time, row address strobe low to column
CL  2ddress strobe low [maximum value specified 20 50 25 65 35 B5| ns
only to guarantee access timel
- Delay time, row a-ddfess strobe fow 1o W low 1a 145 178 ns
{read, modify-write cycle only)
L Delay 1ime, W low to column address sirobe 0 o o ns
iow (early write cycle)

E: AN tirming is measursd from ViR(A) of Vi rmisimom and V) meximum; V gy minimum snd Vo meximum.
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TMS 4027 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORY

read cycle timing
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TMS 4027 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORY

aarly write cycle timing
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TMS 4027 JL, NL
4096-B1T DYNAMIC RANDOM-ACCESS MEMORY

read-writa/read-modify-write cycle timing
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TMS 4027 JL, NL

4096-BIT DYNAMIC RANDOM-ACCESS MEMORY

page mode write cycle timing
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TMS 4027 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORY

page mode read cycle timing
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TMS 4027 JL, NL

4096-BIT DYNAMIC RANDOM-ACCESS MEMORY

i

AS only refresh timing
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Vil(R) ' f‘—‘wlﬂu——"‘: . !
E ViL N’ ! L—
{ [ po—— byl AH——]
| 1
| | 1
_— Iy '
— HI{R T XK K I -
5 " OON'T CARE | XXX ponT case (XX X
f
lt }-—mnm—ﬂl
I‘-— Tl AR f
J
MLV, v VaVa¥. WV V.V, VoV, VAVAVAVLV. ¥,
ORESSES L (XOONT EameX ) ' Row QROXXXXX, BT care XX XXX
VIH(R)
= VaVAVAYAVAVAY, \WaVAVAYAV, WAV AV AV AV AV A AW VAV VA VA VAV W Vo Ve Y.
RITE ENABLE, V\:’ N .""‘ ‘03‘0‘0!0:QQO[Q}W:’A&’A’}};’I’;’.‘JA A’A’:‘A: A
\TA OUT VoH DATA OUT REMAINS UNCHANGED FROM PREVIOUS CYCLE
VoL

iming diagram conventions

TIMING DIAGRAM INPUT
SYMBOL FORCING FUNCTIONS

Must be steady high or low

High-to-tow changes
permitted
—M— Low-to-high changes
permitied

{Does not apply)

MEANING

QUTPUT
RESPONSE FUNCTIONS

Wilt be steady high or low

Will be changing from high
to low sometime during
designated intarval

Will be changing from low
to high sometime during
designated nterval

State unknown or changing

Center 1ine is high-impedanca
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