ADVANCE TM4416KU8

Dynamic RAM Modules H

INFORMATION 16,384 BY 8-BIT DYNAMIC RAM MODULE
SEPTEMBER 1985 — REVISED NOVEMBER 1985
® 16,384 X 8 Organization U SINGLE-IN-LINE PACKAGE
TOP VIEW)
® Single 5-V Supply (10% Tolerance) { :
® 30-Pin Single-in-Line Package (SIP} O
@ Utilizes Two 16K X 4 Dynamic RAMs in vop (W
Plastic Chip Carrier tas b
® Long Refresh Period . . . 4 ms (256 Cycles) pat (30
A0 (4
® Al Inputs, Outputs, Clocks Fully TTL Al :5;%
Compatible paz ef
3-State Outputs A2 (np
A3 {8
® Performance Ranges: Vss :9:%
ACCESS ACCESS  READ pa3 (100
TIME TIME OR A4 (11
ROW COLUMN WRITE A5 {12) "_‘]
ADDRESS ADDRESS  CYCLE
(MAX) (MAX) (MIN} pa4 (13
TM4416KUB-12 120 ns 70ns 230 ns A6 {14)[]
TM441BKU8-15 150 ns 80ns  260ns A7 (151
DQ5 (16
® Low Power Dissipation: NC :17::}
OPERATING STANDBY NC (13)%
(TYP) (TYP} NC (1943
TM4416KU8-12 400 mW 30 mw Daé (203
TM4416KU8-15 350 mW 30 mW W 2npb
® Operating Free-Air Temperature . . . 0°C to vss (22}p3
70°C pa7 (233
vss (2a1]
description pas (25
: . NC (26D
The TM4416KU8 is a 128K, dynamic random- mAS 270
access memory module organized as 16,384 x 8 NC (28]
bits in a 30-pin single-in-line package comprising NC 2010
two TMS4416FPL, 16,384 x 4 bit dynamic voo 130y
RAM'’s in 18-lead plastic chip carriers mounted
on top of a substrate together with two 0.2 xF O
decoupling capacitors mounted beneath the chip
carriers. The onboard capacitors eliminate the
need for bypassing on the motherboard and offer
superior performance over eguivalent leaded
capacitors due to reduced lead inductance. PIN NOMENCLATURE
. AO-A7 Address Inputs
operation CAS Column-Address Strobe
address (AO through A7) DQ1-DQ8 Data In/Data Out
N . NC No Connection
Fourteen address bits are required to decode 1 RAS Row-Address Strobe
of 16,384 storage locations. Eight row-address VDD 5-V Supply
bits are set up on pins AO through A7 and Vss Ground
latched onto the chip by the row-address strobe W Write Enable
(RAS). Then the six column-address bits are set
up on pins A1 through A6 and latched onto the
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16,384 BY 8-BIT DYNAMIC RAM MODULE
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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 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 inputs are disabled when the read mode is selected. The
grounded output-enable (G) dictates the use of early write cycles to prevent contention on DQ. When W
goes low prior to CAS, the data outputs will remain in the high-impedance state for the entire cycle permitting
common /O operation.

data in (DQ1-DQ8)

Data is written during a write cycle. The falling edge of CAS strobes data into the on-chip data latches.
These latches can be driven from standard TTL circuits without a pull-up resistor. In the early write cycle,
W is brought low prior to CAS and the data is strobed in by CAS with setup and hold times referenced to
this signal.

data out (DQ1-DQ8)

The three-state output buffer provides direct TTL compatibility {no pull-up resistor required) with a fan
out of two Series 74 TTL loads for each output. Data out is the same polarity as data in. In a read cycle
the outputs go active after the access time interval t3(C) that begins with the negative transition of CAS
as long as ta(R) is satisfied. The outputs become valid after the access time has elapsed and remain valid
while CAS is low; CAS going high returns it to a high-impedance state. In the early write cycle, the outputs
are always in the high-impedance state. In the early write cycle, the outputs are always in the high-
impedance state, a necessity due to the grounded output enable.

refresh

A refresh operation must be performed at least every four milliseconds to retain data. Since the output
buffers are in the high-impedance state unless CAS is applied, the RAS-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.

page mode

" Page-mode operation allows effectively faster memory access by keeping the same row address and strobing

successive column addresses onto the chip. Thus, the time required to setup and strobe sequential row
addresses for the same page is eliminated. To extend beyond the 64 column locations on a single module,
the row address and RAS are applied to multiple modules. CAS is then decoded to select the proper
module.

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.

single-in-line package and components

PC substrate: 0,79 mm {0.031 inch} minimum thickness
Bypass capacitor: Multilayer ceramic
Contact area for socketable devices: Nickel plate and solder plate on top of copper
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TM4416KU8
16,384 BY 8-BIT DYNAMIC RAM MODULE

logic symbolt functional block diagram

RAM 16K x 8 a0 l8
@
a0 2006 Al (3’*
A1l ‘3; 20D7/21D0 a2d®
az! A3 313-'1——-—\
A3 “1”1 A0 Aad
A4 ‘12’ 16,383 12
As :14: a8 (1;3
15)
A6 20D12/21D5 a7t
-
a7 s 20013 6 ::MA;GK x 4
—E={> c20{ROW] —_en w2247 bar | @0,
27 G23/[REFRESH ROW] RAS o) S Da2 | 18) 0o
AAS | 24[PWR DWN] CA\T?/ 21 o 0a3}—19 pas
—=1> c211icoL} b paal——13) pag
CAS 2 == & VpD Vss
[~ 23c22 T
21 —
w2l 23,210 73.EN 8, ::2716'( x4 ;
*—] l~ f ) pa1 -8 pas
- RAS o] @O oo
pa1 A,22D CAS (23)
Az26 4+ pa3}—<d pay
o v 26 w paa}25) pog o
DQ2 W’ G -5
DQa3 W (1) VDD Vss =)
DQ4 1> DD 130} T <
pas 16 oy Vpp s
i9) 1 L
pas %4,_ zss 22) 0.2 uF AN0.2 4F s
pa7 53 4y ss
a8 25 4, ves 241 g
1This symbol is in accordance with ANSI/IEEE Std 91-1984 and .2
IEC Publication 617-12. E
©
c
>
(]

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

Voltage range for any pin except VDD and data out (see Note 1}............... -1.5Vto 10V
Voltage range for Vpp supply and data out with respectto VgS. . .. .............. -1Vto6V
Short Circuit OUPUL CUMTBNT. . . . . L. Lttt it it e e e i 50 mA
Power dissipation. . . .. .. ... e 2 W
Operating free-air temperature range. . . . . ... ..ottt 0°C to 70°C

Storage temperature range

"t 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 indicated in the ‘’Recommended Operating
Canditions’’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect

device reliability.
NOTES: 1. All voltage values in this data sheet are with respect to Vgs.

2. Additional information concerning the handling of ESD sensitive devices is available in a document entitled *’Guidelines for

Handling Electrostatic-Discharge-Sensitive (ESDS) Devices and Assemblies™ in Section 12.

{i’
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 TM4416KU8
16,384 BY B-BIT DYNAMIC RAM MODULE

recommended operating conditions

MIN NOM MAX | UNIT
VpD Supply voltage 4.5 5 5.5 A
Vss Supply voltage o v
. . Vpp = 45V 2.4 4.8
ViH High-level input voltage Vpp = 5.5V 24 58 \Y
VIL Low-level input voitage (see Notes 3 and 4) -0.6 4] 0.8 \4
TA Operating free-air temperature 0 70 °C

NOTES: 3. 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.
4. Due to input protection circuitry, the apptied voitage may begin to clamp at ~0.6 V. Test conditions must comprehend this
occurrence. See Application Report entitled ““'TMS4164A and TMS4416 Input Diode Protection” on page 9-5.

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

S9INPON INVYH dlweuAq !
5

PARAMETER TEST CONDITIONS TMa416kU8 12 TMa416KU8 15 UNIT
MIN TYPT MAX | MIN TYPT MAX
VoH High-level output voltage IoH = —2mA 2.4 2.4 v
Low-level output voltage loL = 4.2 mA 0.4 0.4 \
Vi=0Vto58V,
L} Input current (leakage) Vpp =6V, +10 +10 uA
All other pins = OV
%) Output current {leakage) Vo =04 Vio 8.5V, £10 £10 | pA
i Vpp = 5 V. TAS high
Average operating current te = minimum cycle,
‘oDt during read or write cycle :II outputs open 108 96 mA
After 1 memory cycle,
Ippz  Standby current RAS and CAS high, 10 10| mA
Al outputs open
tc = minimum cycle,
Ipp3  Average refresh current RAS cycling, TAS high, 92 80 | mA
All outputs open
te(p) = minimum cycle,
\pDa Average page-made 1%5’) low, CAS cycling, 92 80 mA
current
Al outputs open

tAll typical values are at Tpo = 25°C and nominal supply voltages.

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

PARAMETER MAX | UNIT
Ci(A) Input capacitance, address inputs 14 pF
Ci(RC) Input capacitance, strobe inputs 20 pF
Cijw) Input capacitance, write-enable input 20 pF
Cijo Input/output capacitance, data ports 10 pF

Xip
Texas
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TM4416KU8
16,384 BY 8-BIT DYNAMIC RAM MODULE

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

range
ALT. TM4416KU8-12 | TM4416KU8-15
PARAMETER TEST CONDITIONS SYMBOL T MAX N MAX UNIT
taic)  Access time from TAS f:a; :O;Sp:r’ies 74 TTL gates tCAC 70 80 ns
fRLCL = MAX,
ta(R) Access time from RAS Cp = 100 pF, tRAC 120 150 ns
Load = 2 Series 74 TTL gates
timing requirements over recommended supply voltage range and operating free-air temperature range
ALT. TM4416KUB-12 | TM4416KU8-15 UNIT
SYMBOL MIN  MAX MIN  MAX
te(p) Page-mode cycle time tpC 120 140 ns
te(rd) Read cycle time' tRC 230 260 ns
te(W) Write cycle time twC 230 260 ns
te(rdW) Read-write/read-modify-write cycle time tRWC 315 365 ns
T (CH) Pulse duration, TAS high (precharge time}* tcp 40 50 ns -
tw(CL) Pulse duration, TAS low tCAS 70 10,000 [ 80 10,000 ns »
tw(RH} Pulse duration, RAS high (precharge time) tRP 80 100 ns K
tw(RL) Pulse duration, RAS low tRAS 120 10,000 150 10,000 ns %
Ty (W) Write pulse duration twp 30 40 ns [=]
tt Transition times {rise and fall) for RAS and TAS T 3 50 3 50 ns =
tsu(CA) Column-address setup time 1ASC 0 0 ns =
tsu{RA) Row-address setup time tASR 0 0 ns <
tsu{D) Data setup time tps 5 5 ns o
tgu{rd) Read-command setup time tRCS 0 0 ns o
tsu(WCH) Write-command setup time before TAS high tCWL 50 60 ns E
tsu(WRH}  Write-command setup time before RAS high tRWL 50 60 ns g
thicLcA) _ Column-address hold time after TAS low tCAH 35 40 ns 5"
th{RA) Row-address hold time tRAH 20 30 ns
th{RLCA)  Column-address hold time after RAS low tAR 85 110 ns
th{CLD) Data hold time after CAS low tDH 40 80 ns
th{RLD) Data hold time after RAS low tDHR 90 130 ns
thiRHrd) Read-command hold time after RAS high tRRH 10 10 ns
th{CHrd) Read-command hold time after TAS high tRCH 0 0 ns
th{CLW) Write-command hold time after TAS low tWCH 40 60 ns
thiRLw}  Write-command hold time after RAS low tWCR 90 130 ns
tRLCH Delay time, RAS low to TAS high tCsH 120 150 ns
tCHRL Delay time, CAS high to RAS low tCRP 0 ] ns
tCLRH Delay time, CAS low to RAS high tRSH 70 80 ns
i AS low
'RLCL f::lx:;\::’vch Is::c::ieg only to guarantee access time) ‘RCD % %0 28 70 ne
tWLCL Delay time, W tow to CAS low (early write cycle) twes -5 -5 ns
tef Refresh time interval tREF 4 4 ms
TAll cycle times assume t; = 5 ns.
+Page mode only.
TEXAS % 5-241
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TM4416KU8
16,384 8Y 8-BIT DYNAMIC RAM MODULE

read cycle timing
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TM4416KUB

16,384 BY 8-BIT DYNAMIC RAM MODULE

early write cycle timing
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16,384 BY 8-BIT DYNAMIC RAM MODULE
page-mode read cycle timing
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TM4416KU8

16,384 BY 8-BIT DYNAMIC RAM MODULE

page-mode write cycle timing
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TM4416KU8
16,384 BY 8-BIT DYNAMIC RAM MODULE

RAS-only refresh timing
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Tl single-in-line package namenclature
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MEMORY PINOUT BOARD WORD WIDTH TEMPERATURE
MODULE DEVICE CONFIGURATIO! DIMENSIONS
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OUTPUT RANGE

(88,9 x 16,5 mm) Max Access L 0°C fo 70°C
(3.5 x 0.65 inches] -12 120 ns
-15 150 ns

*p
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