MOSs TMS 4116 JL
LS| 16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY

OCTOBER 1977
® 16,384 X 1 Organization
: 16.PIN CERAMIC
® 10% Tolerance on All Supplies DUAL IN-LINE PACKAGE
: : T
e All Inputs Including Clocks TTL-Compatible ToPVIEW)
® Unlatched Three-State Fully TTL-Compatible veg 1 6 Vss
Output
e 3 Performance Ranges: o 2 L C
ACCESS  ACCESS READ READ, W 3 14 aq
TIME TIME OR MODIFY- L |
ROW COLUMN  WRITE  WRITE! RAS 4 q 13 A6
ADDRESS ADDRESS CYCLE CYCLE h
(MAX) IMAX) MIN) Min) M5 12 a3
TMS 411615 150 ns 100 ns 75 ns 375 ns a2z el |] v G
TMS 4116-20 200 ns 135 ns 375 ns 375 ns
TMS 411625 250 ns 165 ns 410 ns 515 ns a1 7 h_—'] 10 AS
* Page-Mode Operation for Faster Access Time Voo 8 1 B _] 9 vee
¢ Common 1/Q Capability with “Early Write”
Feature
* Low-Power Dissipation L el e
— Operating 462 mW (max) PIN NOMENCLATURE
s Standb\r 20 mW (max) AD-AE  Address lnputs 1] Write Enable
¥ s CAS Column address strobe Vag —5-V power supply
e 1-T Cell Design, N-Channel Silicon-Gate ) o
Technol o] Data nput Vee +5-V power supply
echnology aQ Data output Vpp +12-V power supply
® 16-Pin 300-Mil Package Configuration FAS Row address strabe Vss 0V ground
description

The TMS 4116 JL series is composed of monolithic high-speed dynamic 16,384-bit MOS random-access memories
15 organized as 16,384 one-bit words, and employs single-transistor storage cells and N-channe! 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 €I All address lines {AD through AB) and datain (D) are latched on chip to
simplify system design. Data out (Q) is unlatched to allow greater system flexitulity

Typical power dissipation is less than 350 milliwatts active and 6 milliwatts during standby (Ve is not required during
standby operation). To retain data, only 10 milliwatts average power is required which includes the power consumed to
refresh the contents of the memory.

The TMS 4116 JL 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-mil centers.

operation

address (AD through AB)

Fourteen address bits are required to decode 1 of 16.384 storage cell locations. Seven row-address bits are set up on
pins AO through AB and latched onto the chip by the row-address strobe (RAS). Then the seven column-address bits are
set up on pins AD through AB 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 column decoder and the input and
output buffers.

" The term “read write cycle” is sometimes used as an alternative title 10 “read modify write cycie®.
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TMS 4116 JL
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY

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,
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. The !atter falling edge of CAS or W strobes data into the
on-chip data latch. This latch can be driven from standard TTL circuits without a pull-up resistor. In an early write
cycle W is brought low prior to €AS 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 fan-out of two
Series 74 TTL loads. Data-out is the same polarity as data-in. The output is in the high i (floating) state until
CAS is brought low. In a read cycle the output goes active after the enable time interval ty(C) that begins with the
negative transition of CAS as long as ta(R) is 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 an early write cycle, the output
is always in the 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 every two milliseconds to retain data. Since the output buffer is in the
high impedance state unless CAS is applied, the AAS only refresh sequence avoids any output during refresh. Strobing
each of the 128 row addresses (AQ through AG) with FAS causes all bits in each row to be refreshed. CAS remains high
{inactive) for this refresh sequence, thus conserving power.

page mode

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 128 column locations on a single RAM, the row address and RAS is applied to multiple 16K RAMs CAS is
decoded to select the proper RAM,

power up

Vgg must be applied to the device either before or at the same time as the other supplies and removed last. Failure to
observe this precaution will cause dissipation in excess of the absolute maximum ratings due to internal forward bias
conditions. This also applies to system use, where failure of the Vgg supply must immediately shut down the other
supplies. After power up, eight memory cycles must be performed to achieve proper device operation.
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TMS 4116 JL

16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY

functional block diagram
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)*

Voltage on any pin (see Note 1)

Voltage on V. VD supplies with respect to V

Short circuit output current
Power dissipation PG 8w

Operating free-air temperature range

Storage temperature range

-05tc 20V
-1r0 15V

(A 50 mA
W TR, T
. 0°Cw70°C
—65°C to 150°C

NOTE 1: Under sheolute maximum ratings, voltage values are with respect to the most negative supply voltage, Vap (substrate), unless
otherwise noted. Throughout the remainder of this data sheet voltage values are with respect to Vgs.

*Stresses beyond those listed under “Absolute Maxirmuam Ratings’ may Cause permanent damage 1o the davice. This is & strass rating only anc

tunctional operation of the device at these

or any other conditions bey those i

fed Operating Conditions”

section of this specification is not implied Exposure 13 absolute-maximum-rated conditions for extended periods may affect device reliability

recommended operating conditions

PARAMETER T } [ MIN_ Nom_ max [CNiT ]
Supply voitage. Vg ) 45 -8+ -55 v__]
Supply voltage, Vo 45 5 65 v
Supply voltage, Vpp W 108 12 132 3___1
Supply voltage, Vﬁ_ I i Q v ]
) - All inputs axcept AAS, CAS, WRITE 24 7 1
High-level input voltage, V) ] FlA_S CAS, WE_ ; - T __Lp-_"__j
Low-level input voltage, Vi -1 0 0.8 J '
[Fefresh T i S i T B T _2__".;?__1
mperature, T -~ 0 £
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TMS 4116 JL

16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY

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

*Vge s spplied only 10 the output bufter, 30 |ce depends on output loading
** Output loading two standard TT L loads

PARAMETERS = TEST CONDITIONS MIN _ TYPT max |uniT
Vo High-level output voltage oK 5 mA 24 k'3
Vou Low-level output voltage oL * 42 mA 0.4 v
| V- 0VweTV,
I Input current llsakage] 10 10 uh
All other pins = 0 V except Vgg * -5V
1o Output current (leakage) ;%-::5.5 ¥ 10 10 | pA
g1 Average Operating current I 50 200 | uA
ecr* during read or write Minimum cycle tima 4% ma
o1 cycle 27 36 | mA
lge? Alter 1 memory cycle 10 100 A
Icc2 Standby current AAS and CAS -10 10 uA
lpp2 high S 05 15 | mA
'E;__ Tl " Minimum cycle time 50 200 | uA
}Eﬂg_ Average refresh current AAS cycling, -10 10 wh
Ippa ] cASnhigh 20 27 | mA
IBBa Riatim st Minimum cycle time - 50 200 | uA
lcca® RAS low, 40
ope| e CAS cycling . 20 27 | ma

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

PA R&N‘E?ER

R . — . TYPT MaAX |unIT
[Cita)___Input capacitance. addvess inputs o e a5 |pr |
Ciip) Input capacitance, data input . 4 5 pF
CiRC) Input capacitance, strobe inputs o o B 8 10 pF
[Citwy__-InsutEspmtitance; weite Wbl input = = S| I P T
(o Cuteor capscitancs: S ———— 5 T L pF

VAN typical values are at T4« 25°C and nominal supply voltages

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

_-' =N, — ALT. 411615 | TMS 411 a1

PARAMETER _ TEST c_nunmons_ | svmsou :: ”:x e ;;:’ TI::: ":z: uNIT
<100 pF

talc) :c‘t.:n‘;::::mbl ?.:au =°g:ul;vi 74 TTL gates ‘cAc 1 i ] -

talf) (st i ::RLLF:D:J::X‘ 'RAC 150 200 250 | ns
10 ackirass Hrobe Load - 2 Series 74 TTL gates

pxz  Output disable time f';”w:::m T 1OFF o «|o |0 efm
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: TMS 4116 JL
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY

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

ALT. TMS 4116-15 | TMS 4116-20 | TMS 4116-25 =
FARAMEIES SYMBOL MIN MAX |MIN MAX | MIN MAX SR
te(P) Page mode cycle time pC 170 225 275 s
telrd) Read cycle time tRC 376 376 410 ns
te(W) Write cycle time We 375 376 410 ns
| te(AW) Read, modify-write cycle time TRWE 375 375 515 ns
Yol CHl :’:'h.;:::h;::i;n mn address strobe high i 0 a0 100 s
twiCL) Pulse width, column address strobe low tCAS 100 10,000 | 135 10,000| 165 10,000| ns
twiRH) ::::r ::h":: e ke tRp 100 120 150 ns
twiRL) Pulse width, row address strobe low TRAS 160 10,000 | 200 10,000 250 10,000| ns
twiw) Write pulse width we 45 55 75 ns
[33 Transition times (rise and fall) for FAS and CAS 17 3 3B/| 3 50 3 50| ns
'sulAC) Column address setup time tASC -10 -10 -10 ns
-!_,_uug} Row address setup time tASR 0 0 0 ns
t5u(D) Data setup time 1ps 0 0 0 ns
Lsu(rd) Read command setup time tACS o 0 1] ns
tgy(WCH) Write command setup time before CAS high 1CWL 60 80 100 ns
tsu(WRH) Write command setup time before RAS high TRWL 60 80 100 ns
thiacL) Column address hold time after CAS low 1CAH 45 56 75 ns
| th{AR) Row address hold time TRAH 20 2% 35 ns
|th(ARL) _Column address hold time after FAS low tAR 96 120 160 ns
[ thicAL) CAS hold time after RAS low 1CSH 160 200 250 ns
thipcL)  Data hold time after CAS low tDH 46 65 75 ns
|th{DRL) _ Data hold time after RAS low IDHR 96 120 160 ns
thipwL) Data hold time after W low [ 46 55 75 ns
| third) Read command hold time tRCH 0 0 0 ns
 th(wCL) _ Write command hold time after CAS low tWCH 45 56 75 ns
thiwRL)  Write command hold time after FAS low WCR 95 120 160 ns
— :.‘:::v“:rrr:‘::::.n address strobe high to - S0 cing o0 i
i ::::av time, ::J:n.nh:;‘drul strobe low o o 100 i . =
Delay time, column address strobe low 10 W low
LWL (oad, modify-write cycieonly) iown u o b "
tREF Refreth period 1REF 2 2 2| ms
Delay time, row address strobe low to column
TRALCL address strobe low (maximum value specified TRCD 20 60| 26 65 a5 B85 ns
only to guarantee access timel
Delay time, row address strobe low to W low
'RLWL {read, modify-write cycle only} 'RWD 140 189 20 b
Delay time, W low to column address strobe
wict low |early write cyclel wes = T i n
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TMS 4116 JL
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY

read cycle timing
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TMS 4116 JL
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY

early write cycle timing
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TMS 4116 JL

16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY

write cycle timing
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TMS 4116 JL
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY

read-write/read-modify-write cycle timing
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TMS 4116 JL

16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY

page-mode write cycle timing
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TMS 4116 JL

16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY

page-mode read cycle timing

"r...__ _.r|Lm

lzxa, | Il zxarl

| et _"T|G_-..I|..._
_
_

T
el (Pajgy (RS .T.__TT.
|

!

| _uS..:LlTl [ .uSi_+Jr.l G!iJL_.I. ! fr.,_xﬂi.
I _ _ _ b _ P
_ _ | I | ettt |
_ :uS..J.TL u ol _ _ :uquT,J _ IL_ IEE.:
| I |
| | | (| Mp
I
oy —e e (101 o 1 oA
= =.|u”.& _ |t u.:_l“ _
1
" [ 1l
L |
|1
I

_.I|||ﬁ..¢u_._.=| "1

Tp

Hip

s3ss3adaav

Texas |{!:~:I“S_T RUMENTS

S TEKAS 78222

(Y MOHATED
FICE BOX 5012 + DALLAS

POST OF



TMS 4116 JL
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY

RAS -only refresh timing
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timing diagram conventions

MEANING
TIMING DIAGRAM INPUT OUTPUT
SYMBOL FORCING FUNCTIONS RESPONSE FUNCTIONS
Must be steady high or low Will be steady high or low
i Will be changing from high
m “T“::::* chario 10 low sometime during
el designated interval
oy Will be changing from low
_W_ ::\'r'“:::ﬂh shungse to high sometime during

designated interval

m Don‘t Care State unknown or changing
M (Does not applyl Center line is high-impedance
off-state
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TMS 4116 JL
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY

CYCLE RATE (& TIME) VS TEMPERATURE CYCLE RATE (& TIME) vs MAX SUPPLY
CURRENT. Ipp3
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TEXAS INSTRUMENTS

08270 - VILLENEUVE LOUBET
BF.S
Tel 183 00101

31500 - TOULOUSE
LiAutan

100 Alide de Barcelons
Te (61121 3032

W2350 - LE PLESSIS ROBINSON
La Boursididre

Bd A AN 186

Tel. (1) 830 23 43

38240 - MEYLAN
1, Av. de s Chartreuse
Tal. (76) 90 45 74

89002 - LYON
31, Quai Rambaud
Tel (78) 37 35 85

83500 - LA SEYNE SUR MER
Cuartier Gavet
Tol. (54 B4 88 11

35000 - RENNES
9, Place de Bretagne
Tel. (99) 79 54 81

BELGIE - BELGIQUE

Marcurs Cantre

Fus de la Fuse/ Raketstrant 100
(Paralidle Av. Lacpold 111}

1130 - Brussel/Bruxelies

Tel. 120 720 80 00



