MOS TMS 4027 JL, NL
LS) 4096-BIT DYNAMIC RANDOM-ACCESS MEMORY

g
» 4096 X 1 Organization 16-PIN CERAMIC
» Industry Standard 16-Pin 300-Mil Package A rawn (ACE
Configuration
» 10% Tolerance on Al Supplies Ves 1 1 Vsg
» All Inputs Including Clocks TTL Compatible o zl——J 1 T
» Three-State Fully TTL-Compatible Output w3 14 DATAOUT
tatched and Valid Into Next Cycle . _
RAS @ 13 §
» 3 Performance Ranges:
ACCESS  ACCESS AEAD READ, A0 5 L
TIME TIME OR Moom:- Az 8 " oA
ROW  COLUMN  WRITE  WRITE
ADDRESS ADDRESS CYCLE CYCLE Al 7 10 As
MaX) (MAX) {MIN} IMIN) Voo & » vee
TMS 402716 150 ns 100 ns 320 ns 330 ns
TMS 4027.20 200 ns 13508 375 ns 420 ns
TMS 402726 250 ns 165 ns 376 ns 480 os PIN NAMES
* Page-Mode Operation for Faster Access Time AD-A5 Address Inputs
. . TAS Column address strobe
¢ Low-Power Dissipation o Data inoat
- Operatin 460 mW (max) 22 Tey
sper 9 DATA OUT __ Dato output
- Standby 27 mW (max) AAS Row address strobe
¢ 1-T Cell Design, N-Channel Silicon-Gate 5 Chip select
Tachnology ] Write enable
Vas —5 V power supply
cription Ve +5 V power supply
Vpp +12 V power supply
The TMS 4027 Ji, NL series is compased of mono- Vss 0V 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 (C). All address lines (AQ through AS5) and data-in (D} are latched on chip to
simplify system design. Data out is latched and available until the negative edge of CAS in the next memory cycle
retums 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 duat-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-mil centers.

eration

address (A0 through AS)

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

M tarm “reac-write cycle” is used as an ive title to “read- dify-write cycle®.

——
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TMS 4027 JL, NL
4096-B!IT 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 acti 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 (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 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 fatch. This latch can be driven from standard TTL circuits without 2 pull-up resistor. In an early wnte
cycle W is brought low priar to CAS and the data is strobed in by TAS with setup and hold times referenced to ths
signat. 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 threestate output butfer 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 going low returns it to a high-impedance state.

refresh

A refresh operation must be performed at least every two milliseconds 1o 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. Strobing
each of the 64 row addresses {AQ through AB) with FIAS causes all bits in each row 1o be refreshed. CAS remains high
{inactive) for this refresh sequence, thus conserving power,

page mode B

Page mode operation allows effectively faster memary access by keeping the same row address and strobing successin
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 RAM:s, then decode
chip select to select the proper RAM. (A RAM need not be selected during the first page mode cycles to have the rox
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. Failure ¢
abserve this precaution will cause dissipation in excess of the absolute maximum ratings due to internal forward bis
conditions. This also applied to system use where failure of the Vgg supply must immediately shut down the othe
supplies. After power up, eight memory cycles must be performed to achieve proper device operation.
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TMS 4027 Ji, NL
4096-BIT DYNAMIC RANDOM-ACCESS MEMORY

m—

ctional block diagram

L —— — AT
] L] § [RAS[CAS| ourPut MODE
H HiL | Hi-Z Not selected
L Hiu i Hi-Z No write will occur
_ x x[v|w Hi-Z RAS onty cycie
X X| H L Hi-Z CAS only cyele
L Before
- pltuddig L & L Input data Early write
1 CASL
L After . Write or resd/
L] L | L | vaiddste
. ROWw - MULTWPLEX ADDN(S& i
'{ crocks } - :‘ rotKs 1»# +— w,,m CASL write cycie
T r : H t{iL | L |Dsmout Reed

|
i - H = High; L = Low; X = Don't Care; Hi-Z = High impedance.
i s F L

SENSE SENSE AMPS
af - aND:
cLocks MEMORY
Data ;

——— 4 -« Voo

- Voo

N
BUFFIR

oureyt
catem
£LOCKS

olute maximum ratings over operatmg free-air temperature range (unless otherwise noted)‘

Supply voltage, VoG {see Note 1) . . . —03tw20V
Voltage on Vpp, VCC. relativetoVss . . . . . . . . . . . . . . . .. .. .. —10tl5V
Supply voltage, VDD (see Note 1) ... ... ... . . ... =03w20V
Supply vottage, Vs {see Note 1) e .. . . . . . . . -03w20V
All input voltages {see Note 1) . L. . ... ... .. ... —03w20V
Output voltage (operating, with respect to Vss) e A G R [ AT
Operating free-air temperature range ... . . . . . . . . . ... ..... 0cCti0C
Storage temperature range ... ... . . -55°Cto150°C

[E 1. Under absolute meximum ratings, voltage vatu with respect to the most-negative supply voltage, Vgg (substrate), unless

nated. Throughout the inder of this data sheat, voitage values are with respact 10 Vgs.
%tes beyond those listed under "Absolute Maximum Ratings’ may cause permanent damage 10 thl device. This is o stress rnmy only lnd
xtional operstion of the dewice at thesa or any Dther conditions bevond those indi in the - o

tion of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect dwlc. reliability.
commended operating conditions

PARAMETER MIN NOM  MAX |UNIT!

upply voltage, Vgg -45 -5 -55| v
upply vottage. Vo 45 5 55| Vv
ueply voltage, Y 108 12 132] v
upply voliage, Vgg 0 v
lighdevel input voltage, except RAS, TAS, snd WRITE, V| 22 35 7] v
ligh-level input vottage, RAS, CAS. and WRTTE, Vi(R) 24 35 v
ow-tevel input voltage, V|| -t 0 08} v
efresh time, trefresh 2] ms
erating free-air temperature. T 4 0 M| °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_ TYPt max |umit
VoH High-level output vol tage 1Ios =—-5mA 24 v
VoL Low level cutput voltage 1oL = 3.2 mA, CL=50pF G4 | v
V=0V 10V,
1 Input i {lsak: 10
! neut current {leskage) All other pins = 0 V except Vgg = -5 V A
1o Output current (leakage} Vo=0 o 10V, AAS and CAS high, 10 Py
‘Output dissbled, after 1 memory cycle
18B(av} Average operating current Minimum cycle time 90 150 pA
IcClavi® | during read or write
TOD(aw) | cvele Minimurm cycle time 25 35 | mA
i 0.8
ob RAS, TAS, and TS high Chip deselected .85 z |
aftar 1 memory cycle
RAS, TAS high, T3 low 2 a
Average refresh current,
IDD{av) | RAS cyeling, Minimum cycle time 15 26 |ma
CAS high
Standby current,
'sB AAS, CAS, TS high 90 150 | pA

v is applied only to the output buffer, so | depeands on output loading.
cC ccC

p over ded 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 § | pF
Ci{RC) Input capacitance, strobe inputs 8 10 | pf
Citw) Input capacitance, write enable input 8 10 | pf
Co Output capacitance 5 7] pF
TAll typicet vaiues are at T4 = 25°C and nominal supgly voltages. -
switching ch istics over r ded supply voltage range and operating free-air temperature range
PARAMETER TEST CONDITIONS TMS 4027.15 | TMS 4027.20| TMS 402728, ¢
MIN  MAX [ MIN  MaXx | MIN Max

Access time fros C =50pF,
talc) ees 1ime from L =508 100 135 e | ™

column address strobe ty(Cy and (R} = B ns,

i = MAX

WiR) Access time from RL.CL AX. 150 200 250 | m

row address strobe Load = 2 Series 74 TTL gates
tpyz Dutput valid time Cp =50 pF, 10 10 10 u
pxz Output disable time Load = 2 Series 74 TTL gates 0 w0 ! o so | o 60 [
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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

TMS 4027-15 | TMS 4027-20] TMS 4027-26
PARAMETER UNIT
MIN MAX | MIN MAX | MIN MAX
& Read cycle time 320 375 375 ns
N Write cycle time 320 375 375 ns
Wl Read, modify-write cycle time 330 420 480 ns
Puise width, column address strobe high a0 110
ns
cH {precharge time) 60
cL Pulse width, column address strobe iow 100 135 165 ns
Pulse width, row address strobe high
AH) f 100 120 120 ns
{precharge time}
AL Pulse width, row address strobe low 150 10,000 | 200 10,000 250 10.000{ ns
™ Write pulse width 45 55 75 ns
Transition times (rise and fall) for RAS and CAS 3 35 50 3 50{ ns
AC)  Column address setup time 10 -10 —10 ns
(AR)  Row address setup time L] o o ns
D) Data setup time ] [{] [} ns
S) Chip select setup time —10 -10 -10 ns
(rd) Read command setup time 1] 0 [] ns
(WCH) Write command setup time befare CAS high 50 70 85 ns
(WRH) Write command setup time before RAS high 50 70 85 ns
AGL] _ Column address hold time after CAS fow 45 55 75 ns
AR] Row address hold time 20 25 35 ns
ARL)  Column address hold time after RAS low 95 120 160 ns.
hcL)  Data hold time after CAS low 45 56 75 s
DRL) Data hold time after RAS low 95 120 160 ns
pwi}  Data hold time after W tow 45 55 75 ns
) Head command hold time a 0 0 ns
scL)  Chip select hold time afier CAS tow 45 55 75 n
SRL}  Chip select hold time after RAS fow 95 120 160 ns
WCL) Write command hold time atter CAS low 45 55 75 ns
Delay time, column address strobe high to
RL Qa 0 o ns
row address strobe low
Delay time, col dd: be | 1
AH elay time, column EI ress s1rol aw to 100 135 165 ns
row address strobe high
Delay time, column address strobe law to W low
WL v X 80 80 90 ns
{read, modify-write cycle only)
Refresh period 2 2 2| ms
Detay time, row address strobe tow 1o column
cL address strobe low {maximum value specified 20 50 b 65 35 85| ns
only to guarantee access timel
Delay time, row address strobe low 10 W low
WL . 10 145 175 ns
{read, modify-write cycle only}
Delay time, W low to col. ddress strobe
o elay time, v low to column address str o o o ns
fow learly write cycle)
E: Al timing is measured from Vycq) of Vi mi and VL iVoH and Vo
a——
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TMS 4027 JL, NL
4096-BIT DYNAMIC RANDGM-ACCESS MEMORY

read cycle timing

RAS

ADDRESSES
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1
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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
4096-81T DYNAMIC RANDOM-ACCESS MEMORY

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

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

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

pe——

AS only refresh timing
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VoH OATA OUT REMAINS UNCHANGED FROM PREVIOUS CYCLE

ATA OUT
VoL

iming diagram conventions

MEANING
TIMING DIAGRAM INPUT QUTPUT
SYMBOL FORCING FUNCTIDNS RESPONSE FUNCTIONS
Must be steady high or low Wilt be steady high or low
i Will be changing from high
High-to-tow changes )
“_ permitted to low sometime during

designated interval
. Will be changing from low
W Low-to-high changes {0 high sometime during
permitted
designated interval

XXX Don't Core State unknown or changing
M (Does not apply) Center 1ine 15 high-impedanca
off-state

_—
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