MOS - TMS4416, SMJ4416
LSl 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 [t Uis[] vss
ACCESS ACCESS READ  READ- gg; E; . 5] pas
TIME TIME OR  MODIFY- w e CAS
ROW  COLUMN WRITE WRITE %; de :5% bas
ADDRESS ADDRESS CYCLE CYCLE e e 1‘; 5 AC
(MAX)  {MAX)  (MIN)  (MIN) a7 128 "
‘4416-12 120 ns 70 ns 230 ns 320 ns aa s 1100
'4416-15 150 ns 80ns  260ns 330 ns v o 10f] A3
'4416-20 200 ns 120ns 330 ns 440 ns DD A7
® Available Temperature Ranges*: - TMS4416 . . . FPL PACKAGE . SMJ4416 . .. FG PACKAGE
- 8...-55°Cto 100°C (TOP VIEW) (TOP VIEW)
- E... —040°C to°85°c = Q3 5 83
- L...0° to 70°C o 28 Sw Ly
Long Refresh Period . . . 4 milliseconds : '7'2-':-57'7' "
- =5 =z @
. DO2
Low Refresh Overhead Time . . . As Low > :gE chs o2 gi :gE oe g
As 1.7% of Total Refresh Period —] ) — 2
% e RAS 14a0  7AS [Os 1a0a0 @
® All Inputs, Outputs, Clocks Fully TTL A8 130a1 Asfle 1wha O
Compatible AS A2 A5 {17 120 A2 ‘g
3-State Unlatched Outputs NI %
- <
Early Write or G to Control Output Buffer < § 2 C?)
Impedance -
X . PIN NOMENCLATURE e
Page-Mode Operation for Faster Access AC-A7 Address Inputs g
Low Power Dissipation : CAS Column Address Strobe @
— Operating . . . 200 mW (TYP) DQ1-DQ4 Data In/Data Qut s
- Standby . . . 17.5 mW (TYP) . G_ Output Enable -
RAS Row Address Strob
® New SMOS (Scaled-MOS) N-Channel v o e Strobe &
Technology oo 5V Supply
. Vss Ground 2
W Write Enable <
description ) e
The '4416 is a high-speed, 65,536-bit, dynamic, random-access memory, organized as 16,384 words of 4 bits each. 2
It employs state-of-the-art SMOS (scaled MOS) N-channel doubie-level poiysilicon gate technology for very high per- g
formance combined with low cost and improved reliability. fd
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 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 fines and data-in are latch-
ed on chip to simpiify 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 [nstruments Incorporated

This document contains information on a product under
development. Texas Instruments reserves the right to
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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-ine packages
are designed for insertion in mounting-hole rows on 300-mil (7,62 mm) centers.

operation
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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 Chlp 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 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 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/O 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 TAS and G are low. CAS or G 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 ﬁATS_—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 RAMSs. 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
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TThis éymbol is in accordance with' |[EEE Std. 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

AQ
Al

A2
A3
A4
AS
AB
A7

AAS ——
CAS ——] TIMING & CONTROL
W — ]
ROW {1/2) MEMORY ARRAY
ROW DECODE
ADDRESS 4)
BUFFERS DATA IN
8 DUMMY CELLS REG. _
G ]
(1/2) 4 OF 256 COLUMN DECODE ,
—a—
SENSE ) 14) 4
256 SENSE REFRESH DATA °
AMP AMPS 110 e ouT e DQ
CONTR BUFFERS REG.
— (1/2) 4 OF 256 COLUMN DECODE
g
COLUMN
ADDRESS DUMMY CELLS
BUFFERS Lo -
(6)
ROW
DECODE (1/2) MEMORY ARRAY
=
A1-AB

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)t

Voltage on any pin except Vpp and dataout {see Note 1) ........................... -1.5Vto10V
Voltage on Vpp supply and data out with respect to Vgg -1Vtob6V
Short circuit output current . . . ... .. L 50 mA
Power dissipation . ... ...t e e e e e e e 1w
Operating free-air temperature range: TMS' . . . ... ... . . . . i i i aen 0°C to 70°C
Operating case temperature range: SMJ’ — Swversion . ........ ... ... i, —-55°C to 100°C
— E version . —40°C to 85°C
Storage temperature range . .. ... .. ... .. O —-65°C to 150°C
@
< - : ,
O 1 Stresses beyond those listed under ‘*Absolute Maximum Ratings’* may cause permanent damage to the device. This is a stress rating only and functional
[+ operation of the device at these or any other conditions beyond those indil in the ‘'R ded Operating Conditions” section of this specification
“w is not implied. E: to absol il ted ditions for extended periods may affect device reliability.
NOTE 1: All voltage values in this data sheet are with respect to Vgg.
4-88 i Texas
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TMS4416
16,384-WORD BY 4-BIT DYNAMIC RAM

recommended operating conditions

TMS4416
PARAMETER UNIT
MIN NOM MAX
Supply voitage, Vpp 4.5 5 5.5 \"
Supply voltage, Vgg 0 v
A =45V 2.4 4.8
High-level input voltage, V|4 DD A"
Vpp = 6.5V 2.4 5.8
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
MIN_ TYPT  MAX
Ij = —15 mA,
ViK input clamp voltage 1 . m -1.2
see Figure 1 N
VoH High-level output voltage Ioy = —2 MA 2.4 \ 8
VoL Low-level output voitage loL = 4.2 mA 0.4 \ 'S
) Vi=0Vto58Y, V]
1] Input current {leakage} Vpp =5V, +10 rA o
All other pins = 0V wd
Vo = 04 V1055V, o
io Output current {leakage) 0 o= R +10 | pA Q
Vpp = 5V, CAS high a
A i t 3
IDD1 ve'rage operatln? ourren At tg = minimum cycle 54 mA (/5]
during read or write cycle -
After 1 memory cycle, . 8
Ipp2¥  Standby current —_ 3.5 5| mA
bp2 ¥ RAS and CAS high <E>
te = minimum cycle, o
IpD3 Average refresh current RAS cygcling, 46 | mA E
CAS high
te(P —gminimum cycle -g
A -mode tolp) = '
1DD4 Ve'igte page-moce RAS low, 46 | ma ©
curre TAS cycling S
<
Al typical Valuss are at Ta = 25°C and nominal supply voltages. o
v =~0.6 V on all inputs. o
[}
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 UNIT
MIN TYPT - MAX | mMIN TYP MAX
Ij = —15 mA,
ViK Input clamp voltage i . =12 -1.2 v
see Figure 1
VOH High-level output voltage log = -2 mA 2.4 ) 2.4 \4
VoL Low-level output voltage loL = 4.2mA 0.4 0.4 \'4
Vi =0Vt 58V,
[ Input current (leakage} Vpp = 5V, +10 £10 | pA
All other pins = 0 V
Vo =04Vto55V,
1 Output t (leak — +10 +10 |- pA
0 utput current (lea .age) Vpo = 5 V, CAS high 1
Average operating current L ’
| Atte = cle 40 48 35 42 | mA
DD1 during read or write cycle ¢ = minimum cy .
After 1 memory cycle,
Ipp2¥  Standby current P 3.5 5 3.5 5| mA
DD2 Y RAS and CAS high
te = minimum cycle,
Ipp3 Average refresh current RAS cycling, 25 . 40 21 34 | mA
CAS high
te(p) = minimum cycle,
A -mod —_
IDD4 c::’:gte page-moce RAS low, 25 40 21 34| ma
" CAS cycling

iVlL = ~0.6 V on all inputs.

Tal typical values are at TpA = 25°C and nominal supply voltages.

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

TMS4416
PARAMETER TPl MAX UNIT
Ciia) Input capacitance, address inputs 5 7 pF
Ci(RC) Input capacitance, strobe inputs B 8 10 pF
Ciiw) Input capacitance, write enable input . 8 16 |. pF
Ci/o Input/output capacitance, data ports 8 10 pF

d uoddng Alowsiy pue NVH diweulAq IFN
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TAl typical values are at T4 =25°C and nominal supply voltages.
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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

PARAMETER TEST CONDITIONS ALT. TMS4416-12 UNIT
. SYMBOL MIN  MAX
— CL = 100 pF,
ta(C) Access time from CAS L P tCAC 70 ns
Load = 2 Series 74 TTL gates
tRLCL = MAX,
ta(R) Access time from RAS CL = 100 pF tRAC 120 ns
Load = 2 Series 74 TTL gates
- Cp =100 pF,
1, A ti fter G | 30 ns
alG) coess time after & low Load = 2 Series 74 TTL gates -
. . RS CL = 100 pF, .
tdis(CH)  Output disable time after CAS high Load = 2 Series 74 TTL gates tOFF o 30 ns
Output disable ti C. = 100 pF,
ey O detletme > 105, 0o w0
after G high Load = 2 Series 74 TTL gates
@
ALT. TMS4416-15 | TMS4416-20 o
PARAMETER TEST CONDITIONS UNIT o
SYMBOL | MIN MAX MIN MAX >
— CL = 100 pF, 4
ta(C) Access time from CAS L P tcAC 80 120 | ns ()
Load = 2 Series 74 TTL gates -
trLCL = MAX, s
ta(R} Access time from RAS Cp = 100 pF tRAC 150 200 ns Q
Load = 2 Series 74 TTL gates g‘
= CL = 100 pF,
ta(G) Access time after G low L cop 5 40 50 ns v
Load = 2 Series 74 TTL gates . >
1 Output disable time after CAS high | & — 100 PP 1 0 30| 0 40| ns S
i utpu e tim i
dis(CH) P d Load = 2 Series 74 TTL gates OFF - E
Output disable time CL = 100 pF, [}
: - 41
tdistG)  after G high Load = 2 Series 74 TTL gates o 3 ° o 2
~ ©
c
©
<
s
2
3]
c
>
()
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TMS4416
16,384-WORD BY 4-BIT DYNAMIC RAM
timing requirernents over recommended supply voltage range and operating free-air temperature range
. ALT. TMS4416-12
= PARAMETER SYMBOL MIN MAX UNIT
te(P) Page mode cycle time tpc 120 ns
teofrd) - 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, TAS high (precharge time)** tcp 40 ns
tw(CL) Puise width, CAS low T tCAS 70 10,000 ] ns
twi(RH] Pulse width BAS high (precharge time) trp 80 ns
tw(RL) Pulse width, RAS low? tRAS 120 10,000 | ns
twi(W) Write pulse width twp 30 ns
it Transition times {rise and fall) for RAS and CAS N tT 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 ’ tDs [¢] ns
tsu(rd) Read command setup time tRCS 0 ns
o tsu{WCH) Write command setup time before CAS high tcwlL 50 ns
< tsu(WRH) Write command setup time before RAS high tRWL 50 ns
a th(CLCA) Column address hold time after CAS low tCAH 35 ns
3 th(RA) Row address hold time tRAH 15 ns
o th{RLCA) Column address hold time after RAS low tAR 85 ns
o th(CLD) Data hold time after CAS low tDH 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
) th{RHrd) Read command hold time after RAS high tRRH 10 ns
=3 th{CHrd) Read command hold time after CAS high tRCH 0 ns
g ,Q. th{CLW) Write command hold time after CAS low ) tWCH 40 ns
i g th(RLW) Write command hold time after RAS low tWCR 100 ns
: @ tRLCH Delay time, RAS low to CAS high tCSH 150 ns
‘ g tCHRL Delay time, Ehigh to_R-T_g Jow tCRP 0 ns
g .2 tCLRH Delay time, ﬁ low to E‘\S high tRSH 80 ns
n foLWL Delay time, CAS low to W low WD 120 né
[ {read, modify-write-cycie only}***
g tRLCL DeIaY time, RAS low to TAS low . tRCD 20 50l ns
o {maximum value specified only to guarantee access time) N
ol t- Delay time, RAS low to W low . 176 ns
o RLWL (read, modify_—write~cycle only)*** RWD .
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 4 ms
o -

*  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.

tina read-madify-write cycle, topwi and tgy(wCH) must be observed. Depending on the user’s transition times, this may require additional CAS low time twicL)-
*In a read-modify-write cycle, trLwL and tgy(WRH) Must be observed. Depending on the user’s transition times, 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

PARAMETER _ _ALT, TMS4416-15 TMS4416-20 UNIT
SYMBOL MIN  MAX MIN  MAX

te(P) Page mode cycle time tpC 140 210 ns
teird) Read cycle time* tRC 260 330 ns
to{W) Write cycle time twe 260 330 ns
Te(rdW) Read-write/read-modify-write cycle time tRWC 360 440 ns
tw{CH) Puise width, CAS high (precharge time) ™~ tcp b0 80 ns
twi{CL) Pulse width, CAS lowT 1CAS 80 10,000 120 10,000 ns
tw(RH) Pulse width RAS high (precharge time) tRP 100 120 ns
twAL) Pulse width, RAS low# i RAS 150 10,000 | 200 10,000 | ns
 twi(W) Write pulse width . twp 40 50 ns
1t 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 tDs o] 0 ns
tsuird) 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 - 860 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 0 ns
tCLRH Delay time, CAS low to RAS high tRSH - 80 120 ns
CLWL Delay time, CAS 6w to W Iow”* towD 120 150 ns

{read, modify-write-cycle only}
fALCL Delay time, RAS low to CAS low . 20 70 25 80 e

{maximum value specified only to guarantee access time) -

Delay time, RAS low to W low
TRLWL {read, modify-write-cycle only) "™ " 'RWD 180 _ . 230 ne
tWLCL Delay time, W low to CAS low {early write cycle) tWwCs -5 ! -5 ns
tGHD Delay time, G high before data applied at DQ 30 - 40 ns
trf Refresh time interval IREF 4 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.

* 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 tyy(C|)-

I In a read-modify-write cycle, tgwL and teu(WRH

RAS low time ty(RL)-

) must be observed. Depending on the user’s transition times, this may require additional
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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 4] \
High-level input voltage, Vi zgg ; ;2 :// - 2: :2 zj gg \%
Low-level input voltage, V| {see Note 2} ViIK 0.8 VIK 0.8 \Z
Operating case temperature, T¢ —-58 100 -40 85 °C

NOTE 2: The algebraic convention, where the mare 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}

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

SMJ4416-12
PARAMETER TEST CONDITIONS - UNIT
MIN _TYPT  mMAX
I} = -16 mA
O \Y Input clamp voltage ' ! -1.2 v
4 IK put clamp 9 see Figure 1
E) VoH High-level output voltage IoH = —2mA 2.4 \
3 VoL Low-level output voltage loL = 4.2 mA 0.4 \
o V=0Vt 58V,
] i Input current (leakage) Vpp = 5 V. +10 | pA
> All other pins = 0 V
Vo =04V 1055V,
f o Output current (leakage) VgD -5V, (?Khigh +10 BA
3 Average operating current -
i At to = minimum cycl 54 mA
o il during read or write cycle ¢ vee
3 After 1 memory cycle,
Ipp2*  Standby current i 3.5 5| mA
© | D2 Y curren RAS and TAS high
§ tc = minimum cycle,
- Ipp Average refresh current RAS cycling, 46 | mA
< 3 =T
CAS high
w t, = minim |
c A mod c(P) = minimum cycle,
- ibD4 Ve'a":e page-mode RAS low, 46| mA
g urren CAS cycling
-
-~
U tan typical values are at Tc = 25°C and nominal supply voltages.
[+ ‘V"_ = -0.6 V on all inputs,
<
Q
1]
L
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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 UNIT
min TYPt max | MmN TYPT  MAX
| = —15 mA,
Input clam, it -1.2 -1.2

ViK neu p votage see Figure 1 N

VoH High-level output voltage loH = —2 mA - 2.4 2.4 \4

VoL Low-level output voltage log = 4.2 mA 0.4 0.4 \
V=0Vt 58V,

] Input current (leakage) Vpp = 5V, +10 +10 A
All other pins = 0V
Vo =04Vtob5Y,

I QOutput leak: _— +10 +10 A

[s) utput current {leakage) Vpp = 5 V, CAS high 2

A 1] t
IbD1 veirage opera m!,; curren At tg = minimum cycle 40 48 35 42 | mA
during read or write cycle i
After 1 memory cycle,

Ipp2¥  Standby current e 3.5 5 3.5 5] mA

D2 neby e RAS and CAS high
tc = minimum cycle,

IpD3 Average refresh current RAS cycling; 25 40 21 34| mA 72}
TAS high ~ it
te(p) = minimum cycle, ;

A age-mod _—

IDD4 Veragte page-mode RAS low, 25 40 21 34| mA 8

ourren CAS cycling
t
=]
tan typical values are at T¢c = 25°C and nominal supply voltages. o
tviL = —0.6 V on all inputs. g'
(72)
. i >
capacitance over recommended supply voltage range and operating case temperature range, f=1 MHz 5
PARAMETER SMJ4416 UNIT -1
TYPT _MAX s

Cita) Input capacitance, address inputs i 5 7 pF

CitRC) input capacitance, strobe inputs ) 8 10 pF -g

Ciiw) Input capacitance, write enabie input 8 10 pF ©

Cito Input/output capacitance, data ports 8 10 pF E

g

talt typical values are at T¢ =25°C and nominal supply voltages. E
- L

©

c

>

o
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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
¢ Access time from CAS €L = 100 8%, ¢
ccess time from AC 70
alCl Load = 2 Series 74 TTL gates C s
. tRLCL = MAX,
ta(R) Access time from RAS ‘CL = 100 pF tRAC 120 ns
Load = 2 Series 74 TTL gates
— cp = 100 pF,
t A i fter G | 30 n
alGl coess time atter = Tow Load = 2 Series 74 TTL gates s
_— CL = 100 pF,
i i i igh o] 30
tdis(CH) Output disable time after CAS higl Load = 2 Series 74 TTL gates TOFF ns
Output disable ti CL = 100 pF,
tais(G) u pu_ l.sabe ime L P . 0 30 s
after G high Load = 2 Series 74 TTL gates

4
| ALT. SMJ4416-15 | SMJ4416-20 '
PARAMETER TEST CONDITIONS UNIT
o] SYMBOL | MIN MAX MIN  MAX
< J— CL = 100 oF
3 ta{C) Access time from CAS ! 1CAC 80 120
[+V] Load = 2 Series 74 TTL gates ns
3, ) tRLCL = MAX,
o ta(R) Access time from RAS CL = 100 pF tRAC 150 200 ns
§ Load = 2 Series 74 TTL gates
N - CL = 100 pF,

t Access ti fter G | 40 50
g alG} coss time atter & faw Load = 2 Series 74 TTL gates 0 ns
Y] . . —_— Cp = 100 pF,

tgi Qutput disable time after CAS high t o] 30 o] 40
g_ dis{CH) Putp ! ! e 9 Load = 2 Series 74 TTL gates OFF ne

- Qutput disable time CL = 100 pF, o 30 o 40
% dis(G}  after G high Load = 2 Series 74 TTL gates ns
Q
= -
~<
[72]
=
T
T
=
-
-+
O
(4]
<
[2]
[$]
(7]
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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. SMIAEA2 | iy
SYMBOL MIN MAX
te(P) Page mode cycle time tpC 120 ns
| telrd) 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 T tCAS 70 10,000 [ ns
tw(RH) Putse width RAS high (precharge time) tRP 80 ns
twiRL) Pulse width, RAS low? tRAS 120 10,000 | ns
tw{W) Write pulse width twp 30 ns
t Transition times {rise and fall) for RAS and CAS i 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 DS 0 ns
| fsulrd) 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 tDH 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
foLwL Delay time, TAS low to W low WD ' 120 ns

(read, modify-write-cycle only)***
fRLCL DelaY time, RAS fow to CAS low ) tRCD 20 50 ns

{maximum value specified only to guarantee access time)
LWL Delay time, RAS low to W low WD 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 41 ms

*  Note: All cycle times assume ;=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, to wi and tsu(WCH) must be observed. Depending on the user’s transition times, this may require additional CAS low time twi(CL)-
tn a read-modify-write cycle, tRLWL and tgy,(WRH) mMust be observed, Depending on the user’s transition times, this may require additional RAS low time twiRL)
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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

POST GFFICE BOX 225012 ® DA‘LLAS, TEXAS 75265

. SMJ4416- -
PARAMETER ALT 6-15 SMJ4416-20 UNIT
SYMBOL MIN  MAX MIN  MAX
te(P) Page mode cycle time tpC 140 210 ns
toird) Read cycle time* tRC 260 330 ns
te{W) Write cycle time twce 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
twiCL) Pulse width, CAS low ! 1CAS *. 80 10,000 120 10,000 ns
tw(RH) Pulse width RAS high (precharge time) tRP 100 120 ns
twi(RL} Pulse width, RAS low? tRAS 160 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 o] 0 ns
4 KN Data setup time tps 0 0 ns
tsuird) Read command setup time tRCS 0 o] ns
o 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
g th{CLCA) Column address hold time after CAS low tCAH 40 50 ns
3 th(RA) Row address hold time tRAH 20 25 ns
s 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
g th{WLD) Data 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 command hold time after CAS high tRCH 0 0 ns
Q th{CLW) Write command hold time after CAS low tWCH 60 80" ns
g th(RLW) Write comma_nd hold time after RAS low tWCR 130 160 . ns
[} tRLCH Delay time,RAS low to CAS high tCSH 150 200 ns
3 TCHRL | Delay time, CAS high to RAS low tCRP 0 ¢} ns
3 tCLARH Delay time, CAS low to R_AS high tRSH 80 120 ns
Delay time, CAS low to W low
t, . t, 120 150 ns
g) CLwL {read, modify-write-cycle only)} CwD
Delay time, RAS low to CAS |
T |t eay time ow to LAS low _ theD 20 70 | 25 80 | ns
'g {maximum value specified only to guarantee access time}
Delay time, AAS low to W low
=
t xn t 180 230 ns
- RLWL {read, modify-write-cycle only} RWD
(? 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
8 trf Refresh time interval tREF 4 4 ms
7]
. Note: All cycle times assume ty = § ns,
** Page mode only. .
*** Necessary to insure G has disabled the output buffers prior to applying data to the device.
T ILa read-modify-write cycle, tcLwi and tgy(wCH) Must be observed. Depending on the user’s transition times, this may require additional
CAS low time tyy(CL)-
fina read-modify-write cycle, tgLywL and tgy{wRH) Must be observed. Depending on the user’s transition times, this may require additional
RAS low time ty,(R()-
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TMS4416, SMJ4416
16,384-WORD BY 4-BIT DYNAMIC RAM

PARAMETER MEASUREMENT INFORMATION
i Vee
s | — ) 1
|
REMAINING ] | . OUTPUT(S) |
INPUTS OPEN

OPEN | =

p—
. ‘ = |

NOTE: Each input is tested separately.

FIGURE 1 — INPUT CLAMP VOLTAGE TEST CIRCUIT

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

early write cycle timing

e te(w) {
| I
[ }4 tw{RL) )! | |
RAS VlH_—_ﬂ H
ViL |¥ ll |
e o tCLRH *: fe—twiRH)~y
| l‘—tRLCL—-' la~—1CHR L~
| e tRLCH
-
GAS  VIH L — _,&!: tw(CL) g L 1\_
Vip l . 1 ll _!
1

I
tsu(RA)--'Q—.' I —.‘ tsu{CA) le twiCH)
( o
be—— th(RrLCAI—s] l

|
thiRA)—je—s] | ! |~—+th(CLCA) : I
VIH
no-a7  XXXKR, row AR corumn XXXXMEANT AGa XX X)
. . 'fWLCL—""I I '
l ! tsu (WCH) N

.

oL |
I e 'tL(RLV\:tSU(WRh’
" L] 1
| F P—fh(CLW)——-|
— VM {1 YWY, VAVAY,
RO AKX
! ‘}Q%‘W(W)——.l
| fa——— th(WLD) ——ei
| 1 Ic—th(CLD)——l
. N o
o {h(RLD) |

ViH
\A A \V\\/
oo XXCRVTRIGIXRT vauo et XXOOEET cAgeXXXX

—’"‘—‘su(D)

ViIH

KXXXXXXXXXX XX XOET o KR XXX XX XXX XX

Vie

saoinag Hoddng Asowsy pue Wy onueuiqg BN

. Texas
4-100 INSTRUMENTS

POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265




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

write cycle timing
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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

page-mode read 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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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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