MOS ' TMS4416, SMJ4416
LSI 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)
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. ' Do
ACCESS ACCESS READ  READ- D02 E; :; 1 004
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3-State Unlatched Outputs SHA8n G201 %
o 38%9 3859 3
® Early Write or G to Control Output Buffer £ < o<« a
Impedance -
' PIN NOMENGCLATURE =
Page-Mode Operation for Faster Access AO-AT Address Inputs | ch
Low Powaer Dissipation : CAS Column Address Strobe o
— Operating . . . 200 mW (TYP) DQ1-DO4 Data In/Data Out >
~ Standby . .. 17.5 mW (TYP) _ G Cutput Enable -
RAS Row Address Strob
® New SMOS {Scalad-MOS) N-Channel Voo Y SU;ZT; troae 5
T,echm“on Vgg Ground - E
W Write Enable <
description 0@
The ‘4418 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
formansce combined with low cost and improved reliability. -
J— . >
The ‘4416 features RAS access times to 120 ns maximum. Power dissipation is 200 mW typical operating, 17.5 mW Q)

typical standby.

New SMQS technolegy 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 veltage
undershoot can be tolerated, minimizing system noise considerations. Input clamp diodes are used to ease system design.

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

All inputs 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 uniatched to allow greater system flexibility.

h Y temperature rangsa [— B5%C to 1289C) ta be avsitable in future.
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TMS4416, SMJ4416 :
16,384-WORD BY 4-BIT DYNAMIC RAM ‘

The TMS4416 is offered in 18-pin plastic duak-in line and 18-pin plastic chip carrier packages. It is guaranteed for
opetration from 0°C te 70°C. The SMJ4416 is offered in 18-pin ceramic side-braze dual-in-line and 18-pin ceramic
chip cairier packages. It is available in —85°C to 100°C and — 40°C to BS °C temperature ranges. Dual-in-line packages
ara designed for insertion in mounting-hole rows on 300-mil (7,82 mm) centers.

operation

address (AQ 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 sensa amplifiers
as well as the row decoder. CAS is used as a chip select activating the column decader and the input and output buffers.

write enabie (W)

~ The read or write mode is selected through the write snable (W} iﬁput. A logic high on theWinput selects the read

made and a logic low selects the write mode. The write enable terminal can ba 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 alfowing a write cycle with G grounded.

data-in {DQ1 through DQA4}

Data is written during a write or read-modify write cycle. Depending on the mode of aperation, 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 cycie,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-maodify-write,
G must be high to bring the output buffars to high impedance prior to impressing data on the /O lines.

data-out (DQ1 through DO4)

The three-state output buffer providses 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 cutput is in the high-impedance (floating) state

until CAS is brought low. In a read cycle the cutput goes active after the access time interval tz(c) that begins with .

the negative transition of CAS as long as t5(R) and tyyE) are satisified. The output becomes valid after the access
time has elapsed and remains valid while TAS and G are low. CAS or G going high returns it ta & 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. Singe 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 258 row addresses (AQ 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 modé

Page mode operation allows effectively faster memary access by keeping thie 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 multipie 16K x 4 RAMs. CAS is then decoded to select the proper RAM.

power-up

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

logic symbolT

.14 sone RAM 16K x4
a3 1o0p7/2100 8
g 12 0
A3 n 0 =

(a) A Lo
Ad 16383 Q
AS {7)

(6) =
A= 20012/21D5 S
a7 10} 20013 - o

> C20[ROW] g.

- G23/[REFRESH ROW) 5]

RAS 34[PWR DWN]) S

C21(C0L) S

- G24 =

CAS & [H)
b 23022

W 4 24, 25EN =

™ 23,210 | 24,25€ -

TG 525 c

og1 -2 j\zzm — . @

N I 7 26 AZ26 + =

DQET—-— <
DQS%-‘—#—-- .
DCl4-':-l]—-1—-—- 9
9
c
-
]

T This symbo! is I aceordance with' (EEE S1d 91/ANSI 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

RAS =it
(-:A__S — TIMING & CONTROL
W —
AO - -
Al -
ROW {112) MEMORY ARRAY
Az 1 aow —#*—{ pecooe
A3 *—| ADDRESS 14]
Al »| BUFFERS | DATA IN [—=
{B} DUMMY CELLS REG. —
A5 - _ G
AG - (1/21 4 OF 256 GOLUMN DEGDDE | } f .
a7 - - (4}
SENSE - - 4 4
4 AM? 258 SEI:SMEPEEFFIESH =it :— Vo | . 1. DDAUTr - na
CONTR - - BUFFERS REG.
o — {142} 4 OF 266 COLUMN DECODE |
- SSEE:SNS DUMMY CELLS
g BUFFERS o]
3 (1]
=. ROW
e | CECODE 11/2} MEMORY ARRAY
>
o Al-AB
-
R
g absolute maximum ratings over operating free-air temperature range {unless otherwise noted)’
o Voltage on any pin except Vpp and datacut (seeNote 1) . ... ... ... ... . .o . —1.5Vto10V
Q Voltage on VDD supply and data out with respect to Vss ....... I R R T... “1Vto6V
v Shart circuit output current . e e e e e e E e e e e e e e 50 mA
c Power dissipation . . ............ ... i iari.n. ST T T W
% Operating free-air temperature range: TMS” ... .......... .. ... e e e e 0°C 1o 70°C
o Operating case tempefature range: SMJ" — Swversion ... ..... ... ... ... i, —-55°C to 100G°C
- e =L -1 —40°C to 85°C
| Storage temperature Fange . . . . .. ot o v v vt it ne e e e e e -65°C to 150°C
&d
< .
n' 1 Stresses hayond thoese listed under **Absolute Maximum Ratings” may cause permanent darmage to the device. This Is a stress rating only and functional
[4] aparation of tha device at these or any other conditions beyand those Indicated in the **Recommended Operating Conditions” section of this specification
L] is not implied. Exposure to absoiute-maximum-rated conditions for extended pericds may affect device refiability.
NOTE 1: Ail voltage values in this data shast are with respsct to Vgg.
. .
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TMS4416

16,384-WORD BY 4-BIT DYNAMIC RAM

[ R R
recommended operating eonditions
TMS4416
PARAMETER UNIT
MIN NOM MAX
Supply volttage, Vop 4.5 5 5.5 )
Supply woltage, Vg5 0 vV
Vpp = 4.5V 2.4 4.8
High-igvel input voltage, V v
g ) <] a IH VDD = B.BV 2.4 5.B
Low-level input voltage, V| Ises Note 2i VIK 0.8 v
Operating free-air temperature, TA O 0 °C

NOTE 2: Tha algebraic convention, where the more negative (less positive) fimitis designated as rminimum, is us

ad in this data sheot for logic voltage levels only.

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

TMS4416-12
PARAMETER TEST CONDITIONS UMNAT
N MIN ¢ TYPT  MaX
. I = —15 mA,
Vik input clamp voltage ! ) s -1.2 A4
gee Figure 1 0
VaH High-level output voltage o = —2 mA 2.4 v 8
VoL Law-ievel output voitege gL = 4.2 mA 0.4 v 'S
. V=0Vt 58V, ]
il Input current {leakage) Vvpp =5V, +10 wh (]
All other pins = OV -
Vo = 0.4V 1055V, o
| Qutput current {leakage, — +10 A w3l
0 P (leakage) VpD = 5 V, EAS high # oy
Average operating current o .
ibb1 i . At tg = minimum cycle 54 | mA (7]
during read or write cycle -
After 1 1] cle,
Ippzt Standby cutrent Alter 1 memary &y 3.5 5 | mA '6
RAS and CAS high E
t, = minimum cycle, &
lpp3 Average refresh current AAS cycling, 48 | mA E
CAS high
tef gminimum cycle -g
- P = .
Average page-mod il
ipD4 verngte hage-mode RAS low, 46 mA o
ourre TAS oyching s
Taui typical values are at Ta = 25°C and nominal supply \mltalges. o
tyi =2 -0.6 V on all inputs. o
o
c
-~
O
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TMS4418
16,384-WORD BY 4-BIT DYNAMIC RAM

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

PARAMETER TEST CONDITIONS TMS441615 TM34416-20 UNIT
MIN TYP! MAX | MIN TYPT MAX
Iy = —15mA,
V| Input clamp voltage -1.2 -1.2
IK P P S seg Figure '
VoH High-level output voltage lgp = -2 mA 2.4 _ 2.4 A"
VoL Low-level output voltage loLr = 4.2 mA 0.4 0.4 v
V] =0ViwbEBY,
1 Input current {leakage} vpo = SV, +10 £10 | anA
All other pins = O V
Vo - 04Vt 55V,
o Qutput current (leakage) 0 il . + 10 L£10 | wA
. Vppo = 5 V., CAS high :
Avarage operating current .
! At t, = minimum cycle 40 48 35 42 | mA
DD1 during read or write cycle fo Y
[ + Standb " After 1 memory cycle, 35 5 35 5 ma
DDz SNELY curren RAS and CAS high ’ ’
t, = minimum cycle,
'pDz Awverage refrash current RAS cycling, 25 . 40 21 34| mA
CAS high
te(P) = minimum cycle,
Average page-mode —_
nD4 de pad RAS low, 25 40 21 34 | ma
current s )
CAS cycling
Tan typical values are at Ty = 25C and nominal supply voltages.
vy = - 0.8 V on all inputs.
capacitance over recommended supply voltage range and operating free-air temperature range, f=1 MHz
TMS4416
PARAMETER UNIT
. L TYPT max
Cita) Input capacitance, address inputs B 7 pF
Citrey Input capacitance, strobe inputs ~ 8 10 pF
Citwn Input capacitance, write enable input 8 10 |. pF
Cito Input/output capacitance, data ports 8 10 pF

g voddng Alowaiy pue \YYH olweuiq BES

" SIJIAD

Tan typical vaiues are at Ty =25°C and nominal supply voltuges.

'4-90
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| TMS8416
16,384-WORD BY 4-BIT DYNAMIC RAM

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

PARAMETER TEST CONDITIONS ALT. TMS4416-12 UNIT
- SYMBOL MIN  MAX
] —_— CL = 100 pF,
taiC) Access time from CAS tCAC 70 ns
Load = 2 Series 74 TTL gates )
IRLCL = MAX,
taiRi Access time from RAS C_L = 100 pF tRAC 120 ns
Load = 2 Series 74 TTL gates
¢ Access time after G | Ci = 1090 pF. 30 | ns
Y
alG) coess Ums 3 ow load = 2 Series 74 TTL gates -
i o isable time after CAS high CL = 100 pF, 4 o 30l
Tdis(CH) utput disable time after '9 toad = 2 Series 74 TTL gates OFF i
t disable ti = 100 pF,
sl Outpu_ !sa e time CL p - 0 10 ns
after G high Load = 2 Series 74 TTL gates
o
ALT. TMS4416-15 | TMS4416-20 3
PARAMETER TEST CONDITIONS UnNIT -
SYMBOL | MIN MAX MIN ¢ MAX =
. . CL = 100 pF, o
ta|C) Access time from CAS L e icac 80 120 | ns (]
taad = 2 Series 74 TTL gates . -
R tRLCL = MAX, s
taiR} Access time from RAS C| = 100 pF tRAC 150 200 ns o
Load = 2 Series 74 TTL gates g‘
— CL = 100 pF, )
t A ime after G | 40 50 ns
alG) coess 1 ori oW Load = 2 Series 74 TTL gates . .,
. — lcy = 100 pF, ]
i Output disable ti fter CAS high t { 30 o] 40 ns
Uis(CH) Output disable time after 9" | Load = 2 Series 74 TTL gates OFF - =
Output disabla time CL = 100 pF, @
: pid 4
'dislG)  atter G high Load = 2 Series 74 TTL gates o 30 0 04 ms =
)
o
1+
g
s =4
=2
5]
=
-
(]}
m M __
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TMS4416
16,384-WORD BY 4-BIT DYNAMIC RAM

I . -

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

. ALT. TMS4416-12
PARAMETER UNIT
. SYMBOL MIN MAX
(P Page mode cycle time tp 120 ns
tolrd) - Read cycle time* i tRC 230 ns
TeiW) Write cycle time wWwoe 230 ns
otrdw) Read-write/read-modify-write cycle time ) tRWC 320 ns
twiCH) Pulse width, CAS high {precharge time|** tcp 40 ns
twiCL) Pulse width, CAS low tCAS 7G 10,000 ns
twiRH) Pulse width RAS high (precharge time) tRP 80 ns
twiRL} Pulse width, RAS tow? tRAS 120 10,000 ns .
(VW) Write pulse width twp 30 ns
it Transition times {rise and fall} for RAS and CAS . tT 3 50 ns
tsu{CA) Column address setup time ‘tase 0 ns
tsu{RA) Row address setup time tASR 0 ns
4 ts(D) Data setup time ) tng 0 ns
tsuird} Read command setup time tRCS 0 ns
w) tsutWCH) Write command setup time before CAS high i towL 50 ng
‘g 1su{WRH) Write command setup time bafore RAS high tRWL 50 ns
s th{CLCA} Column addrees hold time after CAS low C tCAH a5 ns
3 thiRA] Row address hold time tRAH 15 ns
a- 1 Column address hold time after RAS low t 85 ns
h{RLCA;} AR
- ThiCLD) Data hold time after CAS low DK 40, ns
> h{RLD} Data hotd time after RAS low tDHR 100 ns
g th{WLD} Data hald time after W low toH aoc ns
o th{RHrd) Read command hold time after RAS high - tRRH 10 ns
g- thiCHrd} Read command heald time after CAS high tACH o] ns
. thicLW Write command hold time after CAS low ' t 40 ns
| ] WEH
g th{RLW) Write command hold time after RAS low YAICR 100 ns
rao taLCH Delay time, RAT Jow to TAZE high tesH 180 ns
O tCHRL Delay time, TAS high tc BAS jow tCRP o ns
=1 t Delay time, CAS low to RAS high 1 BC ns
- CLRH RSH
o ¢ i Dalay time, CAS low to W iow 4 120
ns
c CLWL {read, modify-write-cycle only)}*** CwWD
U . —yy-y w3
S tRLCL Dela\{ time, RAS low to CAS low . tReD 20 | 50 ns
o {maximum value specified only ta guarantee access time) .
_- t- Delay time, FAS law to W low . 170
} ns
(w)] RLWL {read, madify-write-cycle only}*** RWD .
7] tWLCL Delay time, W low to CAS low (early write eycle) twes -5 ns
g- tGHD Delay time, G high before data applied at DQ 20 ns
3 tef Refresh time interval i tREF 4 ms
m g

*  Nete: All cycle times assume t; =3 ns.

** Page made only.

* ¥ *hNaraccary to insure G has-disabled the output buffers priar to applying data to the dewice. _

tin a read-modify-write cycle, totw and teypweiy must be observed. Depending on the user's transition times, this may require additional CAS low time twicy).
Hn a read-modity-write cycle, trLwL and toyiwrig) must be ahserved. Depending on the user's transition times, this may require additionat AAS low time tyRL)-

) TeEXAS
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: TMS4416
16,384-WORD BY 4-BIT DYNAMIC RAM

Oelay time, CAS jow to W low

——
thming requirements over recommended supply voltage range and operating free-air temperature range
PARAMETER . ALT, TM54416-15 TMS4416-20 UNIT
SYMBOL MIN MAX MIN MAX
1Py Page mode cycle time tpr 140 210 ns e
Teird) Read cycle time* ) tRC 260 330 ns : |
teiw) Write cycle time ’ we 260 330 - ns 1
P TelrdWi Read-write/read-modify-write cycle time TRWC 360 440 ns |
twiCH) Pulse width, CAS high [precharge time)” ’ top 50 80 ns
twiCL} Pulse width, CAS lowT ICAS 80 10,000 20 10,000 ns
twiRH) Pulse width RAS high Iprecharge time) . tRp 100 120 ns
twifiL} Pulse width, RAS low?* ' RAS 150 10.000 | 200 10,000 ne
Y (Wi Write pulse width . tWwp 40 50 ns
ty Transition times {rise and fall} for RAS and CAS tT 3 5O 3 50 ns
t5u{CA) Column address setup time tASC 0 g ns
tsu{RA} Row address setup time LASR 0 0 ns
teulD) Data setup time 10S O 0 ns
tsulrd) Raad command setup time - tRCS 0 0 ns
LsuWCHI Write cammand setup time heforg CAS high cwi a0 80 ' ns )
tauiWRH) Write cammand setup time hefore RAS high TRWL 60 80 s 8 .
thiCLCA} Column address hold time after CAS low tCAH 40 BO ns 5
thiRA) Row address hold time tRAH 20 25 ns Q :
thiRLCA)  Column address hold time sfter RAS law tAR 110 130 ns Q
thiCLD) Data hold time after CAS low toH a:1e] 80 ns -t
th{RLD} Data hold time after RAS low 1DHR 130 160 - ns 8_
thiwiD) Dgta hold time after W low tDH 40 50 ns o
th{RHrd) Read command hold time after RAS high tRRH 10 10 ns =
th{CHrd) Read cammand hold time after CAS high tRCH 0 0 ns n
th{iCLW)} Write command hold time after CAS low TWEH 60 ao ns E
thIRLWY Write command hold time after RAS low . WCR 130 160 ns =
IRLCH Detay time,RAS low ta CAS high 1CsH 160 200 ns g
fCHAL Delay time, CAS high to RAS tow ICRP . 0 0 ns E
toLRH Delay time, CAS jow to RAS high tasy - 80 120 . ns .
=
o
=
!
o
2
g
o
-
(]

t P t 120 150 ns
CLWL {read, modify-write-cycle only} CwD
Delay time, RAS low to CAS low
IRLCL Y . . tRCD 20 70 25 a0 ns :
{maximum value specified only to guarantee accgss time! : :
Relay time, RAS low to W low ;
t e t 190 230 ns '
RLWL fread, modify-write-cycle only) RWD _ - i}
WLCL Delay time, W low to CAS low {early write cycle) "WCS - B ] -5 ns ._I
tSHD Delay time, G high befora data applied at DO o . 40 ns '
-
| trf Refresh tima interval tREF 4 : 4 ms |

* Nate: All cycle timeg assume ty = 5 ns.

**  Page moda only.

+x+ Nagessary to insure G has disabled the output buffers prior ta applying data 1o the device.

t Ina read-madify-write cycle, to gy 2nd tg,(ywGH) Mmust be observed. Depending on the user’s transition times, this may require additional
CAS low time tW(CL)- :

i l_“_§ read-modify-write cycle, TR yyL 9nd teu [WRH) Must be chserved. Depending on the user's transition timaes, this may require addirienal
RAS low time T,(RLY-
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SMJ4416 . _
16,384-WORD BY 4-BIT DYNAMIC RAM

recommended operating conditions

SMJ4416
PARAMETER § VERSION E VERSION UNIT

MIN  NOM MAX MIN NOM MAX
Supply voltage, Vpp 4.5 B &5 | 4.5 5§ 55{ V¥
Supply voltage, Vgs 0 O v

i . Vpp = 45V 2.4 4.8 2.4 4.8
High-level input voltage, V| Vop <~ 5BV T5d T8 CW 58 v
Low-level input voltage, V|| (see Mote 2} Vik .8 Vik 0.8 v
Operating case ternperature, T - 55 100 | 40 as °c

MNQTE 2: The algebraic cenventicn, where the mare negative {less positive} limit is designated as minimum, is uged in this data sheat far logic voltage levels only.

electrical characteristics over full ranges of recommended operating conditions {unless etherwise noted}

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

4 SMJ4416-12
TEST CONDITIONS - URNIT
PARAMETER MIN _ TYPT  MAX
I = =15 mA, .
I -~1.2 \
_ E ViK Input clamp voltage eo0 Figure 1
g VoH High-level output valtage loH = —2 mA 2.4 v
3 VoL Low-level output voltage IoL = 4.2 mA 0.4 v
a- Vl =OV1.0 SBV,
- Iy Input current (leakagel Vpp =6V, +10 | wA
S All other ping = D V
g Vo =84V10558Y,
—_— =10 A
Y o Output current {leakage} Vpp = 5 V, CAS high [
g- D1 Ave.rage operatlng current At tg = minimum cycle 54 | ma
during read ar write cycle
g After 1 mempory cycle,
4 — J— 3.5 5 mA
o __1[)02 Standby current RAS and CAS high
g 1. = minimum cycle,
- Ippa Average refresh current RAS cycling, 48 mA
< EAB high
g’ te{p) = minimum cycle,
Average page-mode P d
=] ippa ¢ RAS low, 46 | mA
'g gurren CAS cycling
ﬁ
e
U tan typical values are at Tg = 25°C and nominal supply veltages.
@ vy = -0.6 V an all inputs,
<
0
(1]
w0
- 5
. 4.94 l EXAS
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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 SM.J4416-20
PARAMETER TEST CONDITIONS UNIT
Min  TYPT  mAX MIN TYP? MAX
: I = —15 mA
I tel 1t ' -1.2 ~-12 v
Vik nput clamp voltage see Figure 1 \
VOoH High-level autput voltage InH = —2 mA 2.4 . v
VoL Low-leve! output valtage oL = 4.2 mA 0.4 - 0.4 v
V=0V 58V,
i Input current {lzakage} Vpo = 5 V. 10 +10 | pA
All other pins = 0V
Vp = 04Vt 55V,
I Gutput t (leak _— +10 A
fo} utput current (leakage) Vpp = 5 V, CAS high =10 5
H t .
IoD1T Av?rage aperd mE_' curren At t; = minimum cycle 40 48 35 42 | mA
during read or write cycle
After 1 memory cycle,
Ippz¥  Standb t —  —— 35 5 3.5 5 ma
bb2 andiy carren RAS end TAS high
tg = minimum cycle,
Ippz Average refresh current RAS cycling, 25 40 _21 34 mA
CAS high
tg(p} = minimum cydle,
A - —
Ippa verage pege-mode RAS low, 25 40 21 a4 | ma
current = -
CAS cycling

tan typical values are at Tg = 26°C and nominal supply voltages.
Fv)L = —0.6 V on all inputs.

capacitance over recommended supply voltage range and operating case temperature range, f=1 MHz
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SMJ4416
PARAMETER UNIT
TYPT  MAX
Cita) Input capacitance, address inputs 5 7 pF
CitRCY Input capacitance, strobe inputs 8 10 pF
Citw) Input capacitance, write enable input g 10 pF
Cito Input/output capacitence, data ports a8 10 | pF
Tall typical values are at T =25°C and nominal supply vahages.
i ———————
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SMJ4416
16,384-WORD BY 4-BIT DYNAMIC RAM

—

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

PARAMETER TEST CONDITIONS ALT. 5M.J4416-12 UNIT
SYMBOL MIN  MAX
£ Access time from CAS CL = 100 oF. tcA | I
ccess time from cC 70
alC) Load = 2 Series 74 TTL gates ¢ ns
tRLCL = MAX,
ta(R) Access time from RAS Cp = 100 pF tRAC 120 ] ns
ipad = 2 Series 74 TTL gates
. = C_ = 100 pF,
t G 30
ta(Gy Access time after G low Load = 2 Series 74 TTL gates ns
_— CL = 100 pF,
i i i ft i . t o 3
tdisiCH)  Qutput disable time after CAS high Load = 2 Series 74 TTL gates OFF Q ns
Cutput disable ti CL = 100 pF,
T L - 100 5% 0o 30| m
after G high Load = 2 Series 74 TTL gates
4
ALT. | SMJ4416-15 | SMJad16-20|
PARAMETER TEST CONDITIONS ) UNIT
w SYMBOL | MIN MAX MIN  MAX
~ _ =
3 taiC} Access time fram CAS CL = 100 oF, AL B0 120 ns
o Load = 2 Serles 74 TTL gates
3, tRLCL = MAX,
2] ta{R) Access time from RAS CL = 100 pF tRAC 160 200 ¢ ns
x Load = 2 Series 74 TTL gates
P . — GL = 100 pF,
g talG} Access time after G low . 40 BO-| ns
load = 2 Series 74 TTL gates
o ) ] — T = 100 pF,
tai Cutput disable time after CAS high t 0 30 o) 40 5
g_ dis{CH) Bdtp o . Load = 2 Sgries 74 TTL gates OFF n
Qutput disable time CL = 100 pF,
% WisiGl  afrer G high toad = 2 Series 74 TTL gates o 20 0 40 s
(=]
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wn
c
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)
&
S — — — ——
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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. SMIATIBIZ | it
) SYMBOL MIN MAX
(P} Page mode cycle time tpe 120 ns
teird) Read cycle time* tRC 230 ns
te W) Write cycle time HWe 230 ns
teireW) Read-wrtitefraad-modify-write cycie time tRWC 320 - ns
twWiCH) Pulse width, CAS high (precharge time)* * top 40 ns
wiCL) Pulse width, CAS low 1CAS 70 10,000 | ns
twikH) Pulse width RAS high Iprecharge time) IRp 80 ns
wiRL) Pulse width, RAS low* RAS 120 10,000 | ns
Ty (W] Write pulse width twe 30 ns
1 Transition times {rige and fall) for RAS and CAS 1T 3 50 ns
| tsuiCA) Column address setup time TASC 0 ns
15 {RA Row address setup time tASR o ns
M) Data setup time 1ns 0 ns
| tgulrd] Read command setup time tRCS 0 ns
Tsu(WCH) Write command setup time before CAS high owL 50 ns
eu(WRH) . Write command setup time before RAS high tRWL | s0 ns
thiCLCA] Column_address hold time after CTAS taw tCAH 35 ns
thiRAl Row address hold time RaH 15 ns
thiRLCA) Calumn address hold time after RAS low tAR 85 ns
thiCLD) Data hold time after CAS low tDH 4G ns
th(RLD) Data hold time after RAS low IDHA 100 ns
thiwLD) Datz hold time after W low ] iDH 30 ns
thiRHrd) Read earmmand hold time after RAS high tRRH 10 ns
th{CHrd} Read command hold time after CAS high tACH 0 ns
iCLW) Write command hold time after CAS low HWCH 40 ns
h{RLW) Write command held time after RAS law HAICR 100 ns
tRLCH Delay time, RAS low to CAS high " tesH 150 ns
tCHRL Delay time, CAS high to RAS low tGRP o ns
tCLRH Delay time. CAS low to RAS high tRSH 80 ns.
- Defay time, CAS low to W low WD 120 as
{read, madify-write-cycle onlyl***
fBLCL Deia\,‘! time, RAS low to CAS low . tRCD 20 50 ns
{maximum value specified oniy to guarantee access time)
LWL Delay time, RAS low to W law WD 170 ns
{read, modify-write-cycla onlyl* ** -
WLCL Delay time, W low to TAS low {sarly write cycie) . BACS -5 ns
tGHD .Delay time, G high before data applied at DQ 30 ns
Y Refresh time interval tREF 4] ms

*  Note: All cyele times assume ty— & ns.
** Page mode only. :
+++Necessary to insure G hes disabled the autput buffers prior to applying data to the device.

Tin a read-modify-write cycle, to . and te, (wiH) Must be obsarved. Dapending on the user’s transition times, this may require additional CAS low time twicl -
tin a read-madify-write cycle, trpwi and TaulwiRH) Must be observed, Depending on the user's transition times, this may requirc additional RAS low time 1y RL)-
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SMJ4416
16,384-WORD BY 4-BIT DYNAMIC RAM

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

ALT. SMJ4416-15 5MJ4416-20
PARAMETER UNIT
SYMBOL MIN  MAX MIN  MAX
te (P} Page made cycle time tpe 140 210 ns
teird) Read cycle time* . tRC 2640 ) 330 ns
o) Write cycle time tWe 260 334 ns
Te{rdW) Read-writefread-modify-write cycle time tRWC 360 440 ns
tw{CH} Pulse width, CAS high (precharge time)" top 50 80 ns
tuw{CL) Pulse width, CAS low! tcas * BO 10,000 120 70,000 ns
Tw{RH! Pulse width RAS high {precharge time} RP 100 120 ns
AL} Pulse width, RAS low? TRAS 150 10,000 [ 200.10,000 | ns
Tt W) Write pulse width twp 40 50 ns
ty Transition times (rise and faill for RAS and CAS tT 3 50 3 50 ns
tsu{CAl Column address setup time tASC o o ; ns
tsu(RA) Row address setup time tASRH o 0 ns
4 tsuiD} Data setup time ipg 0 o) ns
tsu(rd) Read command setup time tRCS o] 0 ns
(w) ts0{WEH) Write command satup time before CAS high ICwL 60 80 ns
-l TsuiWRH) Write command setup time before RAS high tRWL &80 8D ns
E} ThICLCA) Column address hold time after CAS low tCAH 40 50 ns
3 thiRA} Row address hold time tRAH 20 25 ns
& thIRLCA) Column address hold time after RAS low tAR 110 130 ns
thiclD) Data hold tima after CAS low tDH 80 80 ns
§ thiALD} Data hold time after RAS low E IDHR 130 160 ns
g ThivwiLD) Data hold time after W low _ toH 40 50 ‘ ns
th{RHrd} Read command heold time after RAS high tRRH 10 10 ns
g hiCHrd] Read command hold time after CAS high tRCH 0 0 ns.
=X hi{CLW} Write command hold time after CAS low TWEH &80 BQ ns
g ThiRLW! Write command hold time after RAS low tWoR 130 160 . ns
[} tRLCH Delay time,BAS low to CAS high tCSH 150 200 ns
5 ICHARL Delay time, CAS high to RAS low tcre a Q ns
3 ICLRH Delay time, CAS low to RAS high IRSH 80 120 ns
Delay time, CAS low to W low
o | e fread, modify-write-cycle only) ™™ fCWD 120 150 "
g LeL Dela\f time, RAS low ta CAS low . . 20 70 25 80 ns
'8 Imaximum value 5pet:|fleion'|y to guarantee access timel
= Delay time, RAS low to W low
-~ RLWL {read, modify-writs-cycle anlyl ~ ‘RWD 199 230 n
E BLCL Delay time, W law 1o CAS low (early write cycle) wWwCsS -5 -5 ns
s_ tGOHD Delay time, G high before data apphied at DQ 30 40 ns
8 trf Rafresh time intarval tREF 4 . 4 ms |
)
. Note: All cycie times assumna 1ty = B ns,
++  Page mode only. _ )
*e2 Macessaly to insure G has disabled the autput buffers prior 10 applying data to the device. )
r Ina read-modify-write cycle, topwi and 15, weH] mMust be observed. Depanding an the user’s rransition times, this mey require additional
CAS low time tywigLy-
¥ Ina read-modify-write cycle, trw #nd TeuwRH) Must ba obsarvad, Depuending on the user’s transition times, this may reguire additional
RAS tow time Ty (py)-
I% ———
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TMS4416, SMJ4416
16.384-WORD BY 4-BIT DYNAMIC RAM

PARAMETER MEASUREMENT INFORMATION f
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NOTE: Each inr.;ut is tested sgparately. : . ]

FIGURE 1 — INPUT CLAMP VOLTAGE TEST CIRCUIT

read cycle timing

[ telrd) »

_ | J—————w(RL o ! o
. VIH _& {
RAS
| ViL | } |
._._.I |..__ ty lc——-~t<:LHH----—-{ ln-—tw{HHl—-l
| le—tRLCL—el ™ e [T eHRL—
(i

| N e
o-nr XK m e OO TIXX

{ | lq—u{-—thtcmm :‘.i r- iRl
:tsu(rd)+-o| : -] U— th{CHrd)

VIHCAAKXK
TR R0

L

1 | |

po—inci—] | -[

i |-——-|-— tdis(CH!
Vou ) — |

Do Hi-Z VALID QUTPUT :
vYoL b StrhaAli 2 I

Ta(R} .l B :
ta(GI—1~.—-.|-1 tdis(G3)
VIH | '
I

Vil

tRLCH o lf lt

t He

_ ViH : I .f‘;
CAS v I 1 _ ! I I i
' —F| lr]— tsu(RA} I i‘—J—tW{CH}-——-—-—ﬁl

W I

1 L—thtmcm—ol [ 1

| ‘

=}
Dynamic RAM and Memory Support Devices.

K 3

n/ g

EXAS .
INSTRUMENTS 4-29

PCOST OFFICE BOX 225012 & DALLAS, TEXAS 75265




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

early write cycle timing
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TMS4418, SMJ4416
16,384-WORD BY 4-BIT DYNAMIC RAM

EXAS
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write cycle timing
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TMS44186, 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

page-mode read cycle timing
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16,384-WORD BY 4-BIT DYNAMIC RAM

TMS84416, SMJ4416
page-mode write cycle timing
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TMS4416, SMJ4416

16,384-WORD BY 4-BIT DYNAMIC RAM

page mode read-modify-write timing
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TMS4418, SMJ4416 - |
16,384-WORD BY 4-BIT DYNAMIC RAM -

RAS-only refresh timing
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Texas Instruments reserves the right tc make changes at any time in order 10 improve desigr and to supply the best product possible.
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