MO0sS TMS 4027 JL. NL

LSI 4096-BIT DYNAMIC RANDOM-ACCESS MEMORY
p—
» 4096 X 1 Organization 16-PIN CERAMIC
 Industry Standard 16-Pin 300-Mil Package A s vt AGE
Configuration
» 10% Tolerance on All Supplies Ves 1| 8 vgg
» All Inputs Including Clocks TTL Compatible D 2 E,——--—w] 1B CAS
s Three-State Fully TTL-Compatible Qutput W 3 ] I 14 DATAOUT
tatched and Valid Into Next Cycle . -
CYCR| )13 §
» 3 Performance Ranges:
ACCESS  ACCESS READ READ, a0 5 ] 12 a3
TIME TIME OR MDDIF\:- Az e ) 11 ae
ROW COLUMN  WRITE  WRITE
ADDRESS ADDRESS CYCLE CYCLE Al 7 [ J 10 as
tMaX) {MAX] {MIN} IMIN)
Y/ ] 9 v
TMS 4027-15 150 ms 100 ns 320 ns 330 ns oo [ h cc
TMS 4027-20 200 ns 135 ns 375 ns 420 ns
TMS 402726 250 ns 165 ns 375 ns 480 s PIN NAMES
¢ Page-Mode Operation for Faster Access Time AD-AS Address Inputs
.. . TAS Column address strobe
* Low-Power Dissipation o Dot Tnoat
- Operatin 460 mW (max) 22 e
S per 8 DATA OUT Dats output
- Standby 27 mW {max) RAS Row address strobe
e 1-T Cell Dasign, N-Channel Silicon-Gate g Chip select
Technology w Write enable
Vgp —5 V powaer supply
cription Voo +5 V power supply
Vop +12 \f power supply
The TMS 4027 JL, NL series is compased of mono- Vgg DV ground

lithic high-speed dynamic 4096-bit MOS random-
access memories, organized 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). AN 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
returmns 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 memory.

The TMS 4027 JL, NL series is offered in a 16-pin dual-in-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})

Twelve address bits are required to decode 1 of 4096 storage celt locations. Six row-address bits are set up on pins A0
thiough A5 and latched onto the chip by the row-address strobe {RAS). Then the six column-address bits are set up on

—_—
" term “raach-write cycla” is sometimes used & an slternative tite 1o “reed-modify-writs cycle®.
———
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TMS 4027 JL, NL
4096-B1T DYNAMIC RANDOM-ACCESS MEMORY

pins AQ through AS 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 (5}

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.

write enable (T

The read or write mode is selected through the write enable (W) input. A logic high on the W input selects the reat
mode and a logic low selects the write mode. The write enable terminal can be driven from standard TTL circurs
without a pull-up resistor. The data input is disabled when the read mode is selected. When W goes low prior to TAS
{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 fatch can be driven from standard TTL circuits without 2 pull-up resistor. In an early wnwe
cycle W is brought low priar to CAS and the data is strobed in by CAS 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 twe
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. Strotnrg
each of the 64 row addresses (A0 through A5} with FAS causes all bits in each row to be refreshed. CAS remains g
{inactive} for this refresh sequence, thus conserving power.

page maode .
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 extent
beyond the 64 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 remaved last. Farlurete
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 othe
supplies. After power up, eight memaory cycles must be performed to achieve proper device operation.
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TMS 4027 JL, NL

4096-BIT DYNAMIC RANDOM-ACCESS MEMORY

——
ctional block diagram
ﬂTHﬂUA5 T T T —— o~ c | Baelrae
7 W 5 [RAS|CAS| OuTPUT MODE
1 H H| L L Hi-Z Not sslscted
L H| L E Hi-Z No write will oocur
CHIP §-,
o stoter x X| L H Hi-Z RAS only cycis
E BUFFER X X1 H L Hi-Z CAS only eytls
. LBafore | | | | | [ inputdeta Ewmrly write
CASL
L After . Write or rasd/
o ROW | U THLER | ADDRESS — L|L L | Valid dats |
R ™ ciocks - M crocxs *1 BurEens CASL write cycle
: | r | . H LiL | L | Dstmownt Rsad
i | o
Y : i i H = High; L = Low; X = Don't Care; Hi-Z = High impadance.
R COLUMN i
i T B P i ) 4 ] ‘Z‘f&aﬂf b~ BECODER
| T
‘ -+ Vo8
i 1
: wRITH FENSE SENSE AMPS
- M Llacks ~ Amp -1 AMD
CLOCKS MEMOR Y
T B ——— 1
' $
Data !
+ - N _——- —— —4 - VDD
BUFFt R *
'
1
ourePgY DATA ] vee
L. -— —_— e ———————{ LATCH nuT gata
CLDCKS AUFFER out

olute maximum ratings over operating free-air temperature range ( unless otherwise noted)*
Supply voltage, Vi {see Note 1) . ..
\oltage on VDD, V(. relative to Vsg
Supply voltage, VDD (see Note 1)
Supply vottage, Vgg (see Note 1)
All input voltages {see Note 1) ..
Output voltage {operating, with respect to Vss)
Operating free-air temperature range
Storage temperature range

E 1: Under absolute maximum ratings, voltage veluss are with respect to tha most-negative supply voltage, Vgg (substrate}, unless
otherwise noted. Throughout the remainder ot this data sheet, voltage valust are with respect 10 Vgs.

wtes beyond those listed under "Absolute Maximum Ratings’ may cause permanent darmage 10 the device. Thiz is » stress rating only and

xtional operation of the device at thess or any pther conditions beyond those indicated in the "Recommanded Operating Conditiors”

ton of this specification is not implied. Exposure 10 absolute-maximum-rated conditions for extanded periods may aftect device reliability.

commended operating conditions

. . . —03tb20V
.. . —1Dto15V
03w 20V
-03w20V
0320V

. =210V
0°C 10 70°C
—55°C 10 150°C

PARAMETER MIN NOM MAX |UNIT

upply voltage, Vg —-45 -5 -55 v
upply voltage, Voo 45 5 55| V¥
upply voliage, Vo 108 12 132 v
upply voltage, Vg 0 A4
ighdeval input voltage, except TAS, TAS, ang WRITE, V Yy 22 35 7| v
ligh-level input vottage, RAS, CAS, and WRITE. Vy(R) 24 35 7l v
ow-tevel input valtage, Vi -1 0 08| VvV
efrash time, trafresh 2] ms
perating free-air temperature. Ty 0 m| c
———

TEXAS ]NST RUMENTS

CORPORATE Y
POST OFFICE BOK 3012 « DALLAS, TEXAS 73222

67

VL

el [

i

Ml

[FRN)

el



TMS 4027 JL, NL

4096-BIT DYNAMIC RANDOM-ACCESS MEMORY

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

PARAMETERS TEST CONDITIONS MIN TYPY MaX UNIT
VaH High-level output voltage o = —5mA 24 v
VoL Low~level cutput voliage lgL = 3.2mA, C =50pF a4 v
Vi=0Vwi0V,
| t {leak 1
! Input current {leakage) All other pins = 0 V axcept Vgg = -5 V ¢ uA
o Output current (leakage) Vp=-@ “? 10V, RAS and CAS high, 10 A
Qutput disabled, after 1 memory cycla
iBR(av) Average operating current Minimum cycle time 90 150 pA
1GClav) " | during read or write
IpDiav) | cvcle Minimum cycle time 25 5 mA
i 0.8
op fIAS, CAS, and CB high Chip desslected .85 2 A
aftar 1 memory cycle
RAS, TAS high, T35 tow 2 4
Average refresh current,
ipD{av} | RAS cyeling, Minimum cycle time 15 26 | mA
CAS high
Standby current,
L] AT, TAS, TF high g0 150 | pA

*Vcc is applied only to the cutput buffer, so | cc depends on output loading.

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

PARAMETER TYPt MAX |uNIT
Cita) input capacitance, address inputs 4 5 pF
Citpy Input capacitance, data input 4 5 pF
Ci{RrC) Input capacitance, strobe inputs 8 10 pF
Cilw Input capacitance, write enable input 8 10 pF
Co Output capacitance 5 7 [ pF

TAll typicet values ars at Ta= 25°C and nominal supply voltages.

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

PARAMETER TEST CONDITIONS 15 20 22 ot
MIN MAX | MIN MAX | MIN MAX
Access time from € =50pF,
talC L-e 100 126 e | .
column address strobe tr(cy and (R} = S ns,
A bi fr 1 = MAX,
talR) coets time from ALCL = V7 150 200 750 | ns
row address strobe Load = 2 Series 74 TTL gates
tpyz Dutput vahid time Cp =50 pF, 10 10 10 Lid
pxZ Qutput disable tima Load - 2 Series 74 TTL gates 4} 40 1] 80 0 60 | m
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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 4G27-15 | TMS 4027-20] TMS 4027-26 UNIT
MIN MAK | MIN MAX | MIN MAX
4 Read cycle time 320 375 375 ns
N Write cycle time 320 375 375 ns
I} Read, modify-write cycle tirne 330 420 80 ns
Pulse width, column address strobe high
CHi {precharge time) 60 80 1o e
cL} Pulse width, column address strobe iow 100 135 165 ns
Pulse width, row address strobe high
AH) {precharge time) 100 120 120 ns
ALl Puise width, row address strobe low 150 10,000 | 200 v0,000| 290 10.000] n3
w) Write pulse width 45 55 75 ns
Transition times {rise and fall) for RAS and TAS k| a5 k} 50 k} 50| ns
(AC}  Column address setup time —10 -10 -10 ns
AR) Row address setup time a Q 4] ns
] Data setup time o] 0 ) ns
) Chip seiect setup tima —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 50 70 85 ns
acl) Column address hold time after CAS fow 45 55 75 ns
AR) Row address hold tims 20 il 35 ns
aAL)  Column address hold time after RAS low 95 120 160 ns
pot)  Data hiold time atter CAS low 45 55 75 ns
DRL] Data hald time aiter RAS low 95 120 160 ns
owL}  Data hold time after W low 45 55 Fi ns
d) Read command hald time a 0 0 ns
scL)  Chip select hold time afier CAS low 45 55 75 [
5L} Chip select hold time after RAS low 95 120 180 ns
NCL) Write command hold time atter CAS low 45 85 75 ns
Deday time, column address sirobe high 10
RL row address strobe low 0 0 ° "
AH Delay time, column ?ddress strobe low 1o 100 135 165 s
row address strobe high
Wi Delay time, culur.nn address strobe low to W low 80 80 20 ns
{read, madify-write cycle only)
13 Refresh period 2 2 2| ms
Defay time, row address strobe low to column
CL  2ddress strobe low {maximum value specified 20 50 25 65 5 85| ns
only to guarantee access timel
Delay time, row address strobe tow to W low
WL {raad, modify-write cycle only} 1o 145 73 ”
Delay time, W low to column address strobe
CL ) 0 0 0 ns
iow {early write cycle)

E: AN timing is massured from ViR(A) or V4 minimum and ¥} maximum; ¥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-BIT DYNAMIC RANDOM-ACCESS MEMORY

read-write/read-modify-write cycle timing
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TMS 4027 JL, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMODRY

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

]l—

|

ViHiR)

=

ViL

|
I
XXX X oonr eane (XXK)

—_— e — a— —

: VineR) SonT CARE
ViL |
L r-tm.m*-:
Ibt..umﬂ |
]
[ Rv.v A VAV VAV, V. VAVAV.VAV. V.
PORESSES - ’AMA.A’ ' Row L0040 AWA.A’A‘A’A A
VIHIR) xR KR AR v, : VAVAVAVAV AV VAVAVAVaVAVAVaAVAVAVAY,
RITE ENABLE, \'\:’ N OA.:"’A’I’A’A’I‘!‘X’I’I‘A’I:’:.A‘:.A’A "I’I.‘.I’A.A.A :’:.A I A
\TA OUT VoH DATA OUT REMAINS UNCHANGED FROM PREVIDUS CYCLE
VoL

iming diagram conventions

MEANING
TIMING DIAGRAM INPUT QUTPUT
SYMBOL FORCING FUNCTIDNS RESPONSE FUNCTIONS
Must be steady high or low Will be steady high or low
o Will be changing from high
L mmew Mmesen

dasignatad intarval

. Will be changing from low
aw-to-high changes
_M— L to-high chan 10 high sometime during
permitied
desgnated interval

m Dan't Care State unknown cr changing
M {Does not apply) Center {1ne 15 high-impedance
off-siate

—
HTED I iy A

‘mnol guwme any responsibulity Por any Gircusls shown

"*pifsent that they ore lree Iram patent nlningement TEXAS IN STRUM ENTS
‘ INCORPORATED

SMENTS RESERVES THE RIGHT 10 MAKE CHANGES AY ANY TIME POBT OFFICE BOX 5012 + DALLAS, TEXKAS 73122

* INMROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE
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