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TMS4416, SMJ4416
16,384-WORD BY 4-BIT DYNAMIC RAM

AUGUST 1980 — REVISED JANUARY 1984

16,384 X 4 Organization TMS4416 . . . NL PACKAGE

SMJ4416 . . . JD PACKAGE

® Single +5-V Supply (10% Tolerance) (TOP VIEW)
Performance Ranges: G v Uhs] vss
ACCESS ACCESS READ  READ- gg; Eg :; 7 ETQ;
TIME TIME OR  MODIFY- WO+ 150 o0
ROW  COLUMN WRITE WRITE W
ADDRESS ADDRESS CYCLE CYCLE RAS E Z :‘;5’ A0
(MAX)  (MAX)  (MIN)  (MIN) 22 g 120 .
'‘4416-12 120 ns 70 ns 230 ns 320 ns Ad E 8 1 :] A3
'‘4416-15 150 ns 80 ns 260 ns 330 ns
'4416-20 200ns  120ns  330ns 440 ns Voo L1210l A7

Available Temperature Ranges*:

TMS4416 . . . FPL PACKAGE

SMJ4416 . . . FG PACKAGE

- §...-556°Cto 100°C (TOP VIEW) (TOP VIEW)
- E... —040°C to°85°C 5 2%y 5 2%
— L...0° to 70°C alo 38 Quw Y8
Long Refresh Period . . . 4 milliseconds T‘Z\"ﬁ‘ﬁr o
) : DQ2 d CAS tas &
Low Refresh Overhead Time . . . As Low W 16 ggz D% i :2E ggz Q2
As 1.7% of Total R Peri —_— — >
1.7% of Total Refresh Period AAS A0 =35 A5 100 a0 P
® All Inputs, Outputs, Clocks Fully TTL A6 A1l A6 []6 130 A1 o
Compatible A5 A2 As [17 12|; A2 g
3-State Unlatched Outputs B4y &
Early Write or G to Control Output Buffer P ;8 22 ‘-;-;
Impedance -
. PIN NOMENCLATURE Iy
Page-Mode Operation for Faster Access AO-AT Address Inputs g
Low Power Dissipation CAS Column Address Strobe o
~ Operating . . . 200 mW (TYP) DQ1-DQ4 Data In/Data Out s
— Standby ... 17.5 mW (TYP) G Output Enable -
RAS R Add Strob
® New SMOS (Scaled-MOS) N-Channel v o g Strabe S
Technology pD >V Supply
Vgs Ground : E
w Wirite Enable [~ 4
description o
The ‘4416 is a high-speed, 65,536-bit, dynamic, random-access memory, organized as 16,384 words of 4 bits each. L
It employs state-of-the-art SMOS (scaled MOS) N-channel double-level polysilicon gate technology for very high per- g
formance combined with low cost and improved reliability. c
— >
The ‘4416 features RAS access times to 120 ns maximum. Power dissipation is 200 mW typical operating, 17.5 mW Q)

typical standby.

New SMOS technology permits operation from a single + 5-V supply, reducing system power supply and decoupling
requirements, and easing board layout. Ipp peaks have been reduced to 60 mA typical, and a — 1-V input voltage
undershoot can be tolerated, minimizing system noise considerations. Input clamp diodes are used to ease system design.

Refresh period is extended to 4 milliseconds, and during this period each of the 256 rows must be strobed with RAS
in order to retain data. CAS can remain high during the refresh sequence to conserve power.

Allinputs and outputs, including clocks, are compatible with Series 54/74 TTL. All address lines and data-in are latch-
ed on chip to simplify system design. Data-out is unlatched to allow greater system flexibility.

M temperature range {—~55°C to 125°C) to be available in future.

PRODUCT PREVIEW Copyright © 1984 by Texas Instruments Incorporated
This document contains information on a product under
development. Texas Instruments reserves the right to
change or discontinue this product without notice.

Texas .
INSTRUMENTS 485

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



TMS4416, SMJ4416
16,384-WORD BY 4-BIT DYNAMIC RAM

The TMS4416 is offered in 18-pin plastic dual-in line and 18-pin plastic chip carrier packages. It is guaranteed for
operation from 0°C to 70°C. The SMJ4416 is offered in 18-pin ceramic side-braze dual-in-line and 18-pin ceramic
chip carrier packages. It is available in —55°C to 100°C and —40°C to 85 °C temperature ranges. Dual-in-line packages
are designed for insertion in mounting-hole rows on 300-mil (7,62 mm) centers.

operation

saoinag Hoddng Atowsapy pue |AVYH olweuAq !

address (AO through A7)

Fourteen address bits are required to decode 1 of 16,384 storage locations. Eight row-address bits are set up on pins
AO through A7 and latched onto the chip by the row-address strobe (RAS). Then the six column-address bits are set
up on pins A1 through A6 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.

write enable (W)

The read or write mode is selected through the write enable (W) input. A logic high on,theWinput 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 Wgoes low prior to CAS,
data-out will remain in the high-impedance state allowing a write cycle with G grounded.

data-in (DQ1 through DQ4)

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 latches. These latches can be driven from standard TTL circuits without
a pull-up resistor. In an early-write cycle, Wis brought low prior to CAS and the data is strobed in by CAS with setup
and hold times referrenced 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. In delayed or read-modify-write,
G must be high to bring the output buffers to high impedance prior to impressing data on the 1/0 lines.

data-out (DQ1 through DQ4)

The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan-out of two
Series 54/74 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 goes active after the access time interval ta(C) that begins with
the negative transition of CAS as long as ta(R) and ta(E) are satisified. The output becomes valid after the access
time has elapsed and remains valid while CAS and G are low. CAS or §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 must be put in the high impedance state prior to applying data to the DQ input. This is ac-
complished by bringing G high prior to applying data, thus satisfying tGHD-

output enable (G}

The G controls the impedance of the output buffers. When Gis high, the buffers will remain in the high impedance
state. Bringing G low during a normal cycle will activate the output buffers putting them in the low impedance state.
It is necessary for both RAS and CAS to be brought low for the output buffers to go into the low impedance state.
Once in the low impedance state, they will reamin in the low impedance state until G or CAS is brought high.

refresh

A refresh operation must be performed at least every four milliseconds to retain data. Since the output buffer is in
the high-impedance state unless CAS is applied, the m-only refresh sequence avoids any output during refresh.
Strobing each of the 256 row addresses (AO through A7) with RAS causes all bits in each row to be refreshed. CAS
can remain high (inactive) for this refresh sequence to conserve power.
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TMS4416, SMJ4416
16,384-WORD BY 4-BIT DYNAMIC RAM

page mode

Page mode operation allows effectively faster memory access by keeping the same row address and strobing suc-
cessive column addresses onto the chip. Thus, the time required to setup and strobe sequential row addresses for
the same page is eliminated. To extend beyond the 64 column locations on a single RAM, the row address and RAS
are applied to multiple 16K x4 RAMs. CAS is then decoded to select the proper RAM,

power-up

After power-up, the power supply must remain at its steady-state value for 1 ms. In addition, the RAS input must
remain high for 100 us immediately prior to initialization. Initialization consists of performing eight RAS cycles before
proper device operation is achieved.

logic symbolT

. RAM 16K x4
Ao-%%—--l 20D6
A1—=1 120D7/21D0
g 02)
A3 (11) 0
Ast8) A1 3
A 638
6)
A6 20D12/21D5
A7 19 1o6p13
C20[ROWI
(5) 3] G23/IREFRESH ROW]
RAS 24{PWR DWN]
c21icoLl
G24
s 118)
& Loaca
((':': 33,210 ] 24.25EN
G—G2s d
2 :
A,
pat 1] V22260 Az26 +
DQZL———
pa3 ——<——-‘:3’
D04 M o s

tThis symbol is in accordance with IEEE Std 91/ANS| Y32.14 and recent decisions by IEEE and IEC. See explanation on page 10-1.
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TMS4416, SMJ4416
16,384-WORD BY 4-BIT DYNAMIC RAM

functional block diagram

A DQ

RAS ]
CAS ——p—t TIMING & CONTROL
[r—
AQ ————eeeeeesaa et
Al
(1/2) MEMORY ARRAY
a2 ROW
- ROW DECODE
A3 ADDRESS (4
" BUFFERS DATA IN fat—
®) DUMMY CELLS REG. _
AS 3
A6 (1/2) 4 OF 256 COLUMN DECODE * j
i (4)
SENSE 256 SENSE REFRESH (4 DATA
AMP AMPS 110 t-— ouT
FER
CONTR BUFFERS g
—_— (1/2) 4 OF 256 COLUMN DECODE
-COLUMN
. ADDRESS DUMMY CELLS
BUFFERS L
®)
ROW
DECODE (1/2) MEMORY ARRAY
\ A1.AB

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) !

g Moddng Astowapy pue |NYYH dlweuAq

Voltage on any pin except Vpp and data out (see Note 1) ................ ciieiiiee.. —1BVIIO10V
Voltage on Vpp supply and data out with respecttoVgg ....... .. Ce .... —1Vtoé6V
Short circuit output current . . .. ...... e e e ciiiiee.... BOMA
Power dissipation .. ... ... .. i i et TW
Operating free-air temperature range: TMS’ . ... . ... .. ... ...ttt rennen..... 0°Cto70°C
Operating case temperature range: SMJ’ — S VeISION . . . . ...t it it i e it e e —-565°C to 100°C
~ E version . .. ...... =40°C to 85°C
Storage temperature range . . .. .. ..c..treen e ...... —65°Cto 150°C
[y}
<.
0 1 Stresses beyond those listed under *“Absolute Maximum Ratings’” may cause permanent damage to the device. This is a stress rating only and functional
[v] operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating Conditions’’ section of this specification
(] is not implied. E to absol d ated conditions for extended periods may affect device reliability.
NOTE 1: All voitage values in this data sheet are with respect to Vgg.
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TMS4416

16,384-WORD BY 4-BIT DYNAMIC RAM

recommended operating conditions

TMS4416
PARAMETER MIN  NOM  MAX UNIT
Supply voltage, Vpp 4.5 5 5.5 \
Supply voltage, Vgg 0 v
A ) Vpp = 45V 2.4 4.8
High-level input voltage, VY Vop = 55V > o \"
Low-level input voltage, V| (see Note 2) VIK 0.8 \
Operating free-air temperature, TA 0 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)

-TMS4416-12
PARAMETER TEST CONDITIONS UNIT
COND MIN TYPT MAX
v Input cl It I = -15mA, 12| v
nput clamp voltage -1
K P P 9 see Figure 1 7
VoH High-level output voltage loH = -2 mA 2.4 \ 8
VoL Low-level output voltage loL = 4.2 mA 0.4 \ 'S
Vi=0Vt58YV, )
] Input current (leakage) Vpp =5V, +10 [ pA o
All ‘'other pins = OV g
Vo =04Vto55V,
! Output current (leakage —_— +10 A Q
0 P (leakage) VpD = 5 V, CAS high # o
Average operating current - 3
| = | 4 A
DD1 during read or write cycle Atte = minimum cycle 5 m »
Ipp2¥  Standby current Aiter 1 memory cycle, 3.5 5| mA z
DD2 v RAS and CAS high : g
te = minimum cycle, o
-IppD3 Average refresh current RAS cycling, 46 [ mA E
CAS high
te(p) —gminimum cycle -E
c(P) = .
A -modk —_
IoD4 c::::ie page-mode RAS low, 46 | mA ©
CAS cycling E
<
Al typical values are at Tp = 25°C and nominal supply voltages. m
V) =-0.6 V on all inputs. 2
.
c
>
(a]
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TMS4416
16,384-WORD BY 4-BIT DYNAMIC RAM

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

TMS4416-15

TMS4416-20

PARAMETER TEST CONDITIONS T T UNIT
MIN TYPT MAX | MIN TYPT MAX
I} = =15 mA,
ViK Input clamp voltage ! . m -1.2 -1.2 A"
see Figure 1
VOH High-level output voltage IoH = -2 mA 2.4 24 \
VoL Low-level output voltage oL = 4.2 mA 0.4 0.4 \
Vi=0Vto58YV,
I Input current (leakage) Vpp =5V, +10 +10 | A
All other pins = O V
Vo =04Vto565V,
[} - Output t {leak —_— +10 10 A
o utput current {leakage} Vpp = 5 V, CAS high + n
Average operating current L
| Att, = I 40 48 5 42 A
bD1 during read or write cycle ttc = minimum cycle 3 m
Ipp2®  Standby current After 1 memory cycle, 3.5 5 3.5 5| ma
curren O— —— . . m
DD2 v RAS and CAS high
te = minimum cycle, .
IbD3 Average refresh current RAS cycling, 25 40 21 34 mA
CAS high
tc(p) = minimum cycle,
A -mod =
1504 verage page-mode RAS low, 25 40 21 34| mA
current —= .
CAS cycling
Al typical values are at Tp = 25°C and nominal supply voltages.
V)L = -0.6 V on all inputs. :
capacitance over recommended supply voltage range and operating free-air temperature range, f=1 MHz
TMS4416
PARAMETER UNIT
TYPT  MAX
Cita) Input capacitance, address inputs 5 7 pF
Ci(RC) Input capacitance, strobe inputs 8 10 pF
Citw) Input capacitance, write enable input 8 10 pF
Cijo Input/output capacitance, data ports 8 10 pF

éao!Aaq uoddng Asowsy pue |AIYYH dlweuAq !

tAn typical values are at Tp =25°C and nominal supply voltages.

4-90

Texas
INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265




TMS4416
16,384-WORD BY 4-BIT DYNAMIC RAM

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

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

ALT. TMS4416-12
PARAMETER TEST CONDITIONS UNIT
SYMBOL MIN  MAX
. _— CL = 100 pF,
ta(C) Access time from CAS tCAC 70 ns
Load = 2 Series 74 TTL gates
tRLCL = MAX,
ta(R} Access time from RAS C_ = 100 pF tRAC 120 ns
Load = 2 Series 74 TTL gates
t Access time after G lo CL = 100 pF, 30
C after w ns
alG) © Load = 2 Series 74 TTL gates
t Output disable time after CAS high CL =100 pF. t 0 30
it Il 1
dis(CH) utpu et er 9 Load = 2 Series 74 TTL gates OFF ns
Output disable time CL = 100 pF,
t4i — 0 3
dis(G) after G high Load = 2 Series 74 TTL gates 0 ns
o
ALT. TMS4416-156 | TMS4416-20 I3
PARAMETER T DI —
EST CONDITIONS SYMBOL | MIN MAX MIN  MAX UNIT >
. - CL = 100 pF, (Y
ta(C) Access time from CAS tCAC 80 120 (=]
Load = 2 Series 74 TTL gates " -
tRLCL = MAX, H
ta(R) Access time from RAS CL = 100 pF tRAC 150 200 ns Q
Load = 2 Series 74 TTL gates g‘
) — CL = 100 pF, [72]
t, Access time after G low 40 5
alG) ee fme atter Load = 2 Series 74 TTL gates 0 ne >
. L — CL = 100 pF, |
tgi Output disable time after CAS high t ) 4 o
dis(CH) lutput cisable time atter 'S Load = 2 Series 74 TTL gates OFF 30 0 0 ns E
Output disable time CL = 100 pF, .4}
tdi. -
dislG)  after G high Load = 2 Series 74 TTL gates o 30 0 40| s =
e
c
(4
<
o
2
© -
c .
>
(a]
I Texas 4-91
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TMS4416
16,384-WORD BY 4-BIT DYNAMIC RAM

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

PARAMETER S:M":'OL L":': 441;';)2( UNIT
tc(P) Page mode cycle time : tpC 120 ns
te(rd) Read cycle time* tRC 230 ns
te(W) Write cycle time . twC 230 : ns
te(rdW) Read-write/read-modify-write cycle time tRWC 320 ns
tw(CH) Pulse width, CAS high (precharge time}** tcp 40 ns
tw(CL) Pulse width, CAS low T 1CAS 70 10,000 | ns

| tw(RH) Pulse width RAS high (precharge time) tRP 80 ns
tw(RL) Pulse width, RAS low? ) tRAS 120 10,000 ns
tw(W) Write pulse width twP 30 - ns
tt Transition times (rise and fall) for RAS and CAS tT 3 50 ns
tsu(CA) Column address setup time tAsC 0 ns
tsu{RA) Row address setup time tASR [o] ns
tsu(D) Data setup time tpDs 0 ns
tsulrd) Read command setup time tRCS 0 ns
w ] tsu(WCH) Write command setup time before CAS high tCWL 50 ns
§ tsu(WRH) __ Write command setup time before RAS high tRWL 50 ns
o th{CLCA) Column address hold time after CAS low tCAH 35 ns
3 th(RA) Row address hold time tRAH 156 ns
a' th(RLCA)} Column address hold time after RAS low tAR 85 ns
o th(CLD) Data hold time after CAS low tpH 40 ns
> th(RLD) Data hold time after RAS low tDHR 100 ns
2 th{WLD} Data hold time after W low tDH 30 ns
o th{RHrd) Read command hold time after RAS high tRRH 10 ns
g. th(CHrd) Read command hold time after CAS high tRCH [*] ns
th{CLW) Write command hold time after CAS low tWCH 40 ns
§ th{RLW) " Write command hold time after RAS low tWCR 100 ns
g tRLCH Delay time, RAS low to CAS high tcsH 150 ns
) 1CHRL Delay time, TAS high to RAS low tCRP 0 ns
< tCLRH Delay time, CAS low to RAS high tRSH 80 ns
n . Delay time, CAS low to W low . 120 ns
c CLwL (read, modify-write-cycle only)*** Cwb
T Delay time, RAS low to CAS low
1 (o} 50
g RLCL {maximum value specified only to guarantee access time) tRCD 2 ns
- Delay time, RAS low to W low
- ,
t, t 170
(w] RLWL (read, modify-write-cycle only)*** RWD . ns
o twLCL Delay time, W low to CAS low (early write cycle) tWCs -5 ns
. g. tGHD Delay time, G high before data applied at DQ 30 ns
o trf Refresh time interval tREF 41 ms
(]

*. Note: All cycle times assume t;=5 ns.

** Page mode only.

***Necessary to insure G has disabled the output buffers prior to applying data to the device.

1in a read-modify-write cycle, tcp wy and 15u(WCH) must be observed. Depending on the user's transition times, this may require additional CAS low time tw(CL)
#In a read-modify-write cycle, tRLWL @nd tg,(WRH) Must be observed. Depending on the user’s transition tlmes this may require additional RAS low time tw(RL)
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TMS4416
16,384 WORD BY 4-BIT DYNAMIC RAM

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

Dynamic RAM and Memory Support Devices i

PARAMETER ALT. TMS4416-15 TMS4416-20 UNIT
SYMBOL MIN  MAX MIN  MAX

tc(P) Page mode cycle time tpc 140 210 ns
te(rd) Read cycle time* tRC 260 330 ns
(W) Write cycle time twe 260 330 ns
te{rdw) Read-write/read-modify-write cycle time tRWC 360 440 ns
tw(CH) Pulse width, CAS high (precharge time) " " tcp 50 80 ns
twi(CL) Pulse width, CAS low tCAS 80 10,000 120 10,000 ns
tw(RH) Pulse width RAS high (precharge time) tRP 100 120 ns
twiRL) Pulse width, RAS low? tRAS 150 10,000 | 200 10.000 | ns
tw(W) Write pulse width twp 40 50 ns
ty Transition times (rise and fall) for RAS and CAS tT 3 50 3 50 ns
tsu(CA) Column address setup time tASC 0 0 ns
tsu(RA) Row address setup time tASR 0 0 ns
tsu(D) Data setup time DS 0 4] ns
tsulrd) Read command setup time tRCS 0 [¢] ns
tsu(WCH) Write command setup time before CAS high 1CWL 60 80 ns
tsu{WRH) Write command setup time before RAS high tRWL 60 80 ns
th(CLCA) Column address hold time after CAS low tCAH 40 50 ns
th({RA) Row address hold time tRAH 20 25 ns
th(RLCA) Column address hold time after RAS low tAR 110 130 ns
th{CLD) Data hold time after CAS low tDH 60 80 ns
th{RLD) Data hold time after RAS low tDHR 130 160 ns
th{WLD) Data hold time after W low tDH 40 50 ns
th{RHrd) Read command hold time after RAS high tRRH 10 10 ns
th(CHrd) Read command hold time after CAS high tRCH o] o] ns
th(CLW) Write command hold time after CAS low tWCH 60 80 ns
th(RLW) Write command hold time after RAS low TWCR 130 160 ns
tRLCH Delay time,RAS low to CAS high tCSH 150 200 ns
tCHRL Delay time, CAS high to RAS low tCRP . 0 o ns
tCLRH Delay time, CAS low to RAS high tRSH 80 120 ns

Delay time, CAS low to W low
feLwL (read, modify-write-cycle only) *** tcwo 120 180 ns
tRLCL DelaY time, RAS low to CAS low ‘ tRCD 20 70 25 80 ns

{maximum value specified only to guarantee access time)

Delay time, RAS low to W low
‘RLWL (read, modify-write-cycle only) *** 'RWD 190 230 ns
tWLCL Delay time, W low to CAS low (early write cycle) tWCS -5 -5 ns
tGHD Delay time, G high before data applied at DQ 30 40 ns
trf Refresh time interval tREF 4 4 ms

. Note: All cycle times assume ty = 5 ns.

** Page mode only.
**+ Necessary to insure G has disabled the output buffers prior to applying data to the device.
T In a read-modify-write cycle, tcy w and tsu(WCH) must be observed. Depending on the user’s transition times, this may require additional

CAS low time tw(cL)-

In a read-modify-write cycle, tg_w_ and tsu(WRH) Must be observed. Depending on the user’s transition times, this may require additional

RAS low time tw(RL)-
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SMJ4416
16,384-WORD BY 4-BIT DYNAMIC RAM

recommended operating conditions

SMJ4416
PARAMETER S VERSION E VERSION UNIT
MIN NOM -~ MAX | MIN NOM MAX
Supply voltage, Vpp 4.5 5 5.5 4.5 5 5.5 \4
Supply voltage, Vgg 0 0 \
High-level input voltage, V|H xgg z :g x ;: g: 2: ;: \
Low-level input voltage, V|i (see Note 2) VK 0.8 ViK 0.8 v
Operating case temperature, T¢ -565 100 | -40 85 °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)

d Moddng Aiowsy pue |NYY dlweuAg

S3JINd

SMJ4416-12
PARAMETER TEST CONDITIONS MIN_ TYPT MAX UNIT
I = -15mA,
VIK Input clamp voltage slee FigureT -1.2 v
VOH High-level output voltage IoH = =2 mA 2.4 \
VoL Low-level output voltage loL = 4.2 mA 0.4 \
' V| =0Vto58YV,
] Input current (leakage) Vpp =5V, +10 A
) All other pins = O V
Vo =04Vtob5V,
lo Output current (leakage) Vo 5V -COA_Shigh +10 A
DD = . .
Average operating current -
1 = | 54 A
DD1 during read or write cycle Atte = minimum cycle m
After 1 memory cycle,
'DDZ* Standby current RAS and CAS ::igl:l 3.5 5| mA
te = minimum cycle,
Ipp3 Average refresh current RAS cycling, 46 mA
CAS high
te(P) = minimum cycle,
Average page-mode —_
IDD4 cu"eni pag RAS low, 46 | ma
CAS cycling
T All typical values are at Tc = 25°C and nominal supply voltages.
*V"_ = —0.6 V on all inputs.
494 _Texas
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SMJ4416

16,384-WORD BY 4-BIT DYNAMIC RAM

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

SMJ4416-15 SMJ4416-20
PARAMETER TEST CONDITIONS T UNIT
MIN TYPT MAX [ MIN TYPT mMaAX
VIK Input clamp voltage = 715 mA, -12 | ~-1.2 \
see Figure 1
VOH High-level output voltage IoH = -2 mA 2.4 2.4 \
VoL Low-level output voltage loL = 4.2 mA 0.4 0.4 \
Vi=0Vtob58YV,
Iy Input current (leakage) Vpp =5V, +10 +10 A
Ali other pins = OV
Vg =04Vto55V,
IQ Output current (leakage) VIZO)D = 5V, CAS high +10 +10 »A
Average operating current -
I Attg = I 40 48 35 42 A
DD1 during read or write cycle c = minimum cycle m
After 1 memory cycle,
Ipp2¥  Standb ent — 3.5 5 3.5 5| mA
bp2 andby eurr RAS and CAS high
tc = minimum cycle,
Ipp3 Average refresh current RAS cycling, 25 40 21 34| mA
CAS high
te(p) = minimum cycle,
Average page-mode —
IDD4 g¢ pag RAS low, 25 40 21 34| mA
current —_ g Y .
CAS cycling

tan typical values are at Tc = 25°C and nominal supply voltages.
V)L = -0.6 V on all inputs.

capacitance over recdmmended supply voltage range and operating case temperature range, f=1 MHz

Dynamic RAM and Memory Support Devices i

PARAMETER SMJ4416 UNIT
TYPT _max
Cita) Input capacitance, address inputs 5 7| oF
Ci(RC) Input capacitance, strobe inputs 8 10 pF
Citw) Input capacitance, write enable input 8 10 | pF
Cilo Input/output capacitance, data ports 8 10 pF
TAll typical values are at T¢ =25°C and nominal supply voltages.
4-95
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SMJ4416
16,384-WORD BY 4-BIT DYNAMIC RAM

switching characteristics over recommended supply voltage range and operating case temperature range

PARAMETER TEST CONDITIONS ALT. SMJ4416-12 UNIT
. SYMBOL MIN MAX
t, Access time from CAS €L = 100pF, tCA 7
1
alC) Load = 2 Series 74 TTL gates CAC O] s
tRLCL = MAX,
ta(R) Access time from RAS Cp = 100 pF tRAC 120 ns
Load = 2 Series 74 TTL gates
_ CL = 100 pF,
i 30 ns
talG)  Access time after G low Load = 2 Series 74 TTL gates
i Output disable time after CAS high €L = 100 pF, t 0 30| ns
tdis(CH]  Output disable time after 9 Load = 2 Series 74 TTL gates OFF
Output disable time CL = 100 pF,
; —_ o] 30
dis(G)  stter G high Load = 2 Series 74 TTL gates ns
ALT. SMJ4416-15 | SMJ4416-20
PARAMETER TEST CONDITIONS UNIT
SYMBOL | MIN MAX | MIN MAX
. — CL = 100 pF,
ta(C) Access time from CAS tcAC 80 120
a(C) Load = 2 Series 74 TTL gates ns
tRLCL = MAX,
ta(R) Access time from RAS CL = 100 pF tRAC 150 200 ns
Load = 2 Series 74 TTL gates
) - CL = 100 pF,
A f
ta(G) ccess time after G low Load = 2 Series 74 TTL gates 40 50 ns
. ) — CL = 100 pF,
tdi Output disable t fter CAS high t 0 30 (o] 40
dis(CH) Dutput cisable time aiter '9 Load = 2 Series 74 TTL gates OFF ns
. Output disable time CL = 100 pF,
'disG)  after G high Load = 2 Series 74 TTL gates o 30 0 40 ns

sao1naq Moddng Asoway pue AVY OlweuAq !
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SMJ4416
16,384-WORD BY 4-BIT DYNAMIC RAM

timing requirements over recommended supply voltage range and operating case temperature range

PARAMETER ALT. SMIA41612 | it
SYMBOL MIN MAX
te(P) Page mode cycle time tpC 120 ns
| tc(rd) Read cycle time* tRC 230 ns
te(W) Write cycle time twe 230 ns .
te(rdW) Read-write/read-modify-write cycle time tRWC 320 ns
tw(CH) Pulse width, CAS high (precharge time)** tcp 40 ns
tw({CL) Pulse width, CAS low tCAS 70 10,000 [ ns
tw(RH) Pulse width RAS high (precharge time) tRP 80 ns
tw(RL) Pulse width, RAS low? . tRAS 120 10,000 | ns
| twiw) Write pulse width twp 30 ns
4 Transition times {rise and fall) for RAS and CAS i1 3 50 ns
| tsu(CA) Column address setup time tASC 0 ns
tsu(RA) Row address setup time tASR 0 ns
tsu(D) Data setup time tpsS 0 ns
| tsulrd) Read command setup time — tRCS 0 ns
tsu(WCH) Write command setup time before CAS high tcwL 50 . ns
tsu(WRH) Write command setup time before RAS high tRWL 50 ns
th(CLCA) Column address hold time after CAS low tCAH 35 ns
th(RA) Row address hold time tRAH 15 ns
th(RLCA) Column address hold time after RAS low tAR 85 ns
th(CLD) Data hold time after CAS low 1DH 40 ns
th(RLD) Data hold time after RAS low tDHR 100 ns
th(WLD) Data hold time after W low tDH 30 ns
th(RHrd) Read command hold time after RAS high tRRH 10 ns
th(CHrd) Read command hold time after CAS high tRCH 0 ns
th(CLW) Write command hold time after CAS low tWCH 40 ns
| th(RLW) Write command hold time after RAS low TWCR 100 ns
tRLCH Delay time, RAS low to CAS high tCSH 150 ns
tCHRL Delay time, CAS high to RAS low tCRP 0 ns
tCLRH Delay time, CAS low to RAS high tRSH 80 ns
teLwL Delay time, ‘CAS low to W low WD 120 ns
{read, modify-write-cycle only)}***
Delay time, RAS low to CAS low
tRLCL {maximum value specified only to guarantee access time) fRCD 20 50 ns
LWL Delay time, RAS low to W low RWD 170 ns
({read, modify-write-cycle only)***
twLCL Delay time, W low to CAS low (early write cycle) twes -5 ns
tGHD Delay time, G high before data applied at DQ 30 ns
trf Refresh time interval tREF 4 ms

* Note: All cycle times assume t;=5 ns.
** Page mode only.
***Necessary to insure G has disabled the output buffers prior to applying data to the device.

Tin a read-modify-write cycle, tcLwL and tgy(weH) must be observed. Depending on the user’s transition times, this may require additional CAS low time tw(cL)
#In a read-modify-write cycle, tRLWL and tg,(WRH) Must be observed. Depending on the user’s transition times, this may require additional RAS low time ty,(RL)-

Dynamic RAM andMemor'y Support Devices i
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SMJ4416
16,384-WORD BY 4-BIT DYNAMIC RAM

timing requirements over recommended supply voltage range and operating case temperature range

ALT. SMJ4416-15 SMJ4416-20
PARAMETER UNIT
SYMBOL MIN  MAX MIN  MAX

te(P) Page mode cycle time tpC 140 210 ns
telrd) Read cycle time* tRC 260 330 ns
tc(W) Write cycle time twe 260 330 ns
teirdW) Read-write/read-modify-write cycle time tRWC 360 440 ns
tw(CH) Pulse width, CAS high (precharge time)" " tcp 50 80 ns
twi(CL) Pulse width, CAS low tCAS 80 10,000 120 10,000 ns
tw(RH) Pulse width RAS high (precharge time) tRP 100 120 ns
twiRL) Pulse width, RAS low? tRAS 150 10,000 | 200 10,000 | ns
twiW) Write pulse width twp 40 50 ns
tt Transition times (rise and fall) for RAS and CAS tT 3 50 3 50 ns
tsu(CA) Column address setup time tASC o o] ns
tsu(RA) Row address setup time tASR 0 0 ns
tsu(D) Data setup time tps 0 4] ns
tsulrd) Read command setup time tRCS 0 0 ns
tsu{(WCH) Write command setup time before CAS high tCWL 60 80 ns
tsu(WRH) Write command setup time before RAS high tRWL 60 80 ns
th(CLCA) Column address hold time after CAS low tCAH 40 50 ns
th(RA} Row address hold time tRAH 20 25 ns
th(RLCA) Column address hold time after RAS low tAR 110 130 ns
th(CLD) Data hold time after CAS low tDH 60 80 ns
th(RLD) Data hold time after RAS low tDHR 130 -] 160 ns
th(WLD) Data hold time after W low tDH 40 50 ns
th(RHrd} Read command hold time after RAS high tRRH 10 10 ns
th{CHrd) Read command hold time after CAS high tRCH 0] 0 ns
th(CLW) Write command hold time after CAS low tWCH 60 80 ns
th(RLW) Write command hold time after RAS low tWCR 130 160 ns
tRLCH Delay time,RAS low to CAS high tCSH 150 200 ns
tCHRL Delay time, CAS high to RAS low tCRP (o] o] ns
tCLRH Delay time, CAS low to RAS high tRSH 80 120 ns

Delay time, CAS low to W low
feLwL / (read, modify-write-cycle only) e fcwo 120 150 ns

Delay time, RAS low to CAS low
'RLCL {(maximum value specified only to guarantee access time) ‘RCD 20 70 25 80 ne

Delay time, RAS low to W low
tRLWL (read, modify-write-cycle only) """ 'RWD 190 230 ns
tWLCL Delay time, W low to CAS low (early write cycle) tWCS -5 -5 ns
tGHD Delay time, G high before data applied at DQ - 30 40 ns
tf Refresh time interval tREF a 4 ms

s89I1nag Moddng Alows|) pue |NVYH dlweuAq !

- Note: All cycle times assume ty = 5 ns.

** Page mode only.

*** Necessary to insure G has disabled the output buffers prior to applying data to the device.

t In a read-modify-write cycle, tcLwL and tgy(weH) Must be observed. Depending on the user’s transition times, this may require additional
CAS low time ty(cL)-

¥ .IE read-modify-write cycle, tg yw_ and Tsu(WRH) must be observed. Depending on the user’s transition times, this may require additional
RAS low time ty(RL)-

) TEXAs ’
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TMS4416, SMJ4416
16,384-WORD BY 4-BIT DYNAMIC RAM

read cycle timing

RAS
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AO- A7

|

DQ

ol

PARAMETER MEASUREMENT INFORMATION
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| OUTPUT(S)
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I REMAINING
INPUTS

S

NOTE: Each input is tested separately.

FIGURE 1 — INPUT CLAMP VOLTAGE TEST CIRCUIT
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Dynamic RAM and Memory Support Devices
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TMS4416, SMJ4416

16,384-WORD BY 4-BIT DYNAMIC RAM

early write cycle timing
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TMS4416, SMJ4416
16,384-WORD BY 4-BIT DYNAMIC RAM

write cycle timing

X
%

A0 -A7

=2l

DQ

o]

i-ﬁ Te(w) ‘{
I |
tw(RL) {
[+ i |
ViL | T l
—’: Ll‘:‘t fe— —_— ol p—tw(nm—-l
tRLCL k—tCHRL—q
| L tRLCH »] “
1
Vin ) | twicL) .l 0 |
i 1 -\. g N

|
—.l IQ—- tu(CA) ' IT——tw(CH)——-'l

| f— th(m_c;.\)——l — J—
nirade—e] | |e—ef=tnicLca) | ]

; \’A’A’AA’ 00

ViL
| I je—tsutwcHi—} |
l I l‘——tsu(WRH)'_—’l
r 'h(Rva
tn(CLW)—-l
ViH
VVVV \/
X AT e XXX
| : | — ‘
| |¢- th(WLD) -
lo— th(cLD) —}
I-—— th(RLD)-—*'

ViH

ViH 7—
ViL

Dynamic RAM and Memory Support Devices

TeExas
INSTRUMENTS

POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265

4-101



s@21neg Hoddng Alowa) pue |NVYH dnueuig !

4-102

TMS4416, SMJ4416 ‘
16,384-WORD BY 4-BIT DYNAMIC RAM

read-write/read-modify-write cycle timing
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TMS4416, SMJ4416
16,384-WORD BY 4-BIT DYNAMIC RAM

-~ - - = -

RAS-only refresh timing
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Texas Instruments reserves the right to make changes at any time in order to improve design and to supply the best product possible.
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MECHANICAL DATA

ceramic packages — cerdip/300 mil cerpak (J suffix)

BMAX ———————
N
B o N 1 e O e O e o o Y o i {

[

|

| N [ N N G N [ N S NS N N ot

1,143 (0.045) MAX
{See Note b)

¢

)
5,08 (0.200)
MAX

S

A
0,381 (0.015) MIN
.

SEATING PLANE
105° f
90°

¢
—F 5170128
—olla— 0279 0076 ' MIN
(0,011 + 0.003)

1,78 {0.070) PIN SPACING
0,457 + 0,076 MAX 2,54 (0.100)
{0.018 + 0.003) NOM
PINS R
o 16 18 20 2
8,265 | 8,255 | 8,255 | 8255
AlMAX) 10.325) |(0.325) | (0:325) |(0.325)
19,56 | 22.86 | 24,38 | 32,00
BIMAX) {0.770) | (0.900} | (0.960) | (1.260)
7,645 | 7,645 | 7,645 | 7.645
CIMAX) (0.301) {(0.301) | (0.:301) |(0.301)

* Dimensions A, B, and C are applicabl‘e for both 16-pin cerdip
and cerpak.

NOTES: a. All dimensions are shown in millimeters and parentheticalty
in inches. Millimeter dimensions govern.
b. Cerpak only.
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MECHANICAL DATA

ceramic packages — 600 mil cerpak (J suffix)

| B MAX
N
C MAX
€ € )
A__. 12,7
MAX -1 (0.500)
nNom_|
- 0,381 (0.015) MIN = ] |- 5,588 (0.220) MAX
T } | 1 , X
o 15° ——— SEATING PLANE - —_—
00"+ 15 T “ll 3,175 (0.125) MIN
0,279 + 0,076 |l 0,457 + 0,076 ~ |- — 0,838 (0.033) NOM
{0.011 £ 0.003) {0.018 £ 0.003) ' 1,778 (0.070) MAX
PIN SPACING
2,54 (0.100) NOM
PINS
o 24 28
\ 15,88 15,88
A (MAX) (0.625) | (0.625)
32,77 37,85
B (MAX) (1.290) | (1.490)
15,24 15,24
C (MAX) (0.600) | (0.600)
2
@
o
: \
o
S,
o
=
O
o
~5
o
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MECHANICAL DATA

plastic packages (N suffix)

EITHER
OR BOTH
INDEX MARKS

0,508 (0.020) MIN]

B MAX

N

A rir

)

j|

/A

CMAX

| GNINE | SN SN (NN [ (NN A N f N S |

1

- 5,08 (0.200) MAX

SEATING PLANE—f——
—D MIN
0.279 £ 0,076 ~{t— 0,457 £ 0,076 —~{ |- -~ }+— 0,838 (0.033) NOM
(0.011 £ 0.003) (0.018 £0.003) PIN SPACING 1,778 (0.070) MAX
2,54 (0.100) NOM
PINS
DIM. 16 18 .20 22 24 28 40
A (MAX) 8,255 8,255 8,255 10,80 15,88 15,88 15,49
(0.325) | (0.325) | (0.325) | (0.425) | (0.625) | (0.625) | (0.61)
B (MAX) 22,1 23,37 27,18 28,45 32,26 36,58 53,1
(0.870) | (0.920) | (1.070) | (1.120) | (1.270) | (1.440) | (2.090)
C (MAX) 6,858 6,858 6,858 9.017 13,97 13,97 13,97
(0.270) | (0.270) | (0.270) | (0.355) | (0.550) | {0.550} | (0.550)
D (MIN) 3,175 3,175 3,175 | . 3,175 2,921 2,921 3,175
(0.125) | (0.125) | {(0.125) | (0.125) | (0.115) | {0.115) | (0.125)
1]
-
1]
a
®
92
c
(1]
L
[2]
[-}]
=
84
TExas 1.5
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MECHANICAL DATA

ceramic chip carrier package (FG suffix)

7,49 (0.295)
7,24 (0.285) o
6,86 (0.270)

< 6,60 (0.260)
11_10__9 8

)( )

0.410)
0.400)

10,92 (0.430)
10,67 (0.420)

|
{1,40) 0.055 ’
{0,99) 0.039
0,76 (0.030)
0,56 (0.022)

—¥
I

2,29 (0.090)
1,88 (0.074)

IR

0,76 {0.030) . 1,85 (0.073)
l"' "‘ I‘_o,ss (0.022) _J 1,55 (0.061)

H Mechanical Data
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MECHANICAL DATA

plastic chip carrier package (FP suffix)

8,31 (0.327)
8,05 (0.317)
: 7,34 (0.289)
- ~7,13(0.281)
a0
3 T 10 9 8 \
[ 12 7 j
11,86 {0.467)
11,61 (0.457) 0,686 (O 027)
T 3 . 6 ] 0,660 (0.026)
14 INDEX CORNER 5 ]
10,90 (0.429)
10,69 (0.421)
U 45 INDEX DOT .
E L 3
—SEATING PLANE
)]
L 17 18 Q 2
= == | 351(0.138)
3,40 (0.134)
2,29 (0.090)_|
TYP | 1,12 (0.044)
0,737 (0.029) MAX
0,635 (0.025)
1,27 (0.050) .
TP 0,762 (0.030)
TYP
[o]
8
F 1559 (0.0625)
g 1,49 (0.0585) 0,432 (0.017)
2. — TYP
[1]
o
- . L/
v)
[
=3
o
18¢
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