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ATTENTION

These devices contain circuits to protect the inputs and outputs against damage
due to high static voltages or electrostatic fields; however, it is advised that
precautions be taken to avoid application of any voltage higher than maximum-

- rated voitages to these high-impedance circuits.

Unused inputs must always be connected to an appropriate logic voltage level,
preferably either supply voltage or ground.

Additional information concerning the handling of ESD sensitive devices is
provided in Section 12 in a document entitled “’Guidelines for Handling
Electrostatic-Discharge-Sensitive (ESDS) Devices and Assemblies.”’
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SMJ4161
65,536-BIT MULTIPORT VIDEO RAM

description

The SMJ4161 is a high-speed, dual-access 65,536-bit dynamic random-access memory. The random-
access port makes the memory look like it is organized as 65,536 words of one bit each like the SMJ4164.
The sequential access port is interfaced to an internal 256-bit dynamic shift register organized as four
cascaded 64-bit shift registers which makes the memory look like it is organized as up to 256 words of
up to 256 bits each which are accessed serially. One, two, three, or four 64-bit shift registers can be
sequentially read out after a transfer cycle depending on a two-bit code applied to the two most significant
column address inputs. The SMJ4161 employs state-of-the-art SMOS (Scaled-MOS) N-channel double-
level polysilicon gate technology for very high performance combined with low cost and improved reliability.

The SMJ4161 features full asynchronous dual access capability except when transferring data between
the shift register and the memory array.

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.
Note that the transfer of a row of data from the memory array to the shift register also refreshes that row.

All inputs and outputs, including clocks, are compatible with Series 54 TTL. All address lines and data
in are latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility.

The SMJ4161 is offered in a 20-pin ceramic dual-in-line package. It is guaranteed for operation from
Ta = -55°C to Tc = 100°C. The dual-in-line package is designed for insertion in mounting-hole rows
on 7,62-mm {(300-mil) centers.

random access address space to sequential address space mapping

The SMJ4161 is designed with each row divided into four, 64-column sections {see functional block
diagram}. The first column section to be shifted out is selected by the two most significant column address
bits. If the two bits represent binary 00, then one to four registers can be shifted out in order. If the two
bits represent binary 01, then only 1 to 3 (the most significant) registers can be shifted out in order. If
the two bits represent binary 10, then one to two of the most significant registers can be shifted out in
order. Finally, if the two bits represent 11 only the most significant register can be shifted out. All registers
are shifted out with the least significant bit (bit O} first and the most significant bit (bit 63} last. Note that
if the two column address bits equal 00 during the last register transfer cycle (TR/QE at logic level *'0"’
as RAS falls) a total fo 256 bits can be sequentially read out.
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SMJ4161
65,536-BIT MULTIPORT VIDEO RAM

shift register to memory timing
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SMJ4164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

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.

All inputs and outputs, inciuding clocks, are compatible with Series 54/74 TTL. All address lines and data
in are latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility.
Pin 1 has no internal connection to allow compatibility with other 64K RAMs that use this pin for an additional
function.

The SMJ4164 is offered in a 16-pin dual-in-line ceramic sidebraze package (JD suffix) and in a leadless
ceramic chip carrier package {FG suffix}. The JD package is designed for insertion in mounting-hole rows
on 7,62-mm (300-mil} centers whereas the FG package is intended for surface mounting on solder lands
on 1,27-mm {0.050-inch} centers. The FG package is a three-layer, 18-pad, rectangular ceramic chip carrier
with dimensions of 7,37 x 10,8 x 1,65 mm (0.290 x 0.425 x 0.0865 inches).

operation
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address {AO through A7)

Sixteen address bits are required to decode 1 of 65,536 storage cell 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
eight column-a-}-1-3s bits are set up on pins AQ through A7 and latched onto the chip by the column-
address strobe -1. ~35). 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 for the entire cycle permitting
common /0 operation.

data in (D)

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 latch, This latch 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 bym with setup and hold times referenced to this signal. In a  delayed write or read-modify-
write cycle, CAS will already be low, thus the data will be strobed in by W with setup and hold times
referenced to this signal.

data out (Q)

The three-state output buffer provides direct TTL compatibility (no pull-up resistor required} with a fan
out of two Series 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) |s_s_at|sf1ed The output
becomes valid after the access time has elapsed and remains valid while CAS is low; CAS going high returns
it to a high-impedance state. in an early write cycle, the output is always in the high-impedance state.
In a delayed-write or read-modify-write cycle, the output will follow the sequence for the read cycle.

refresh

A refresh operation must be performed at least every four milliseconds to retain data. Since 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 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
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SMJ4164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

functional block diagram
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absolute maximum ratings over operating temperature range {unless otherwise noted)

Voltage on any pin except Vpp and dataout (see Note 1)................... -15Vto 10V
Voltage on Vpp supply and data out withrespectto V§S...................... -1Vtob6V
Short CIrCUIt OULPUL CUITBNE . . . . . . ottt it it et i et e e e e ee e e 50 mA
Power disSiPation. . . . . .. .. e e e 1W
Minimum operating free-air temperature: S version. . .. ......... .. . ... e -565°C
Eversion.............. ... —40°C

Lversion. ..... ... e 0°C

Operating case temperature: S version 110°C
E version 85°C

L version 70°C

Storage temperature range. . . . . . . oo vt vttt e e e e —-65°C to 150°C

tStresses 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
Conditions’’ 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.
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SMJ4164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

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

PARAMETER TEST $MJ4164-20 UNIT
CONDITIONS MIN TYPT MAX
VOH High-level output voltage Io4 = -5 mA 2.4 A
VoL Low-level output voltage oL = 42mA 0.4 \
Vi=0Vto 58V,
h Input current {leakage) Vpp = 5.5V, +10 »A
All other pins = 0V
Vo =04Vtob55V,
o Output current (leakage) Vpp = 5V, +10 »A
CAS high
|DD1* Ave'rage operating. current te = minimum cycle 27 37 mA
during read or write cycle All outputs opan
After 1 memory cycle,
Ipp2®  Standby current RAS and TAS high, 3.5 5| mA
All outputs open
te = minimum cycle,
ippat  Average refresh current TAS high and RAS cycling, 20 32 mA
All outputs open
te(P) = minimum cycle,
Ipp4  Average page-mode current RAS low and TAS cycling, 20 32| mA
g All outputs open
= tan typical values are at Tc = 25°C and nominal supply voltages.
s” *Additional information on page 8-46.
:<‘ 8vjL > —0.6 V. See Application Report entitled “TMS4164A and TMS4416 Input Diode Protection’’ on page 9-5.
o
° capacitance over recommended supply voltage range and recommended temperature range, f = 1 MHz ¥
% PARAMETER SMJa164 UNIT
e TYPE MAX
L Ciia) Input capacitance, address inputs 4 7 pF
&LD) Input capacitance, data input 4 7 pF
n Ci(RC) Input capacitance strobe inputs 8 10 pF
Citw) input capacitance, write enable input 8 10 pF
Co_ QOutput capacitanca 5 8 pF

tThese parameters are guaranteed but not tested.
$All typical values are at Tc = 25°C and nominal supply voitages.
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SMJ4164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

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

H Military Products
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PARAMETER TEST CONDITIONS SVAI:ZOL s::l"’:“ 6;:: s::"":“e;:: UNIT
ta(C) Access time from TAS sCeLe T:i:::ep? tcaC 70 85| ns
1a(R) Access time from RAS ::eLe ;i::r::’ TRLCL = MAX, tRAC 120 150 ns

ALT. SMJ4164-20
PARAMETER TEST CONDITIONS SYMBOL MIN_ MBX UNIT
ta(C) Access time from CAS Scel; :igi(:ep:’ tCAC 135 ns
ta(R) Access time from RAS sCeLe :E:Ls::' tRLCL = MAX, tRAC 200 ns
tdis(CH) Sf‘:::"g;_';::’;i e :eLe T:igau?ep:’ tOFF o 50 ns
s
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SMJ4164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

early write cycle timing
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SMJ4256
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORY

timing requirements over recommended supply voitage range and operating temperature range

ALT. SMJ4256-15 SMJ4256-20 uNIT
SYMBOL MIN MAX MIN  MAX

te(P} Page-mode cycle time (read or wiite cycle) tpC 145 190 ns
1c(PM) Page-mode cycle time (read-modify-write cycle) tPCM 205 250 ns
te(rd) Read cycle time® tRC 260 330 ns
_te(w) Wiite cycle time twc 260 330 ns
telrdW) Read-write/read-modify-write cycle time 1RWC 315 390 ns
tw(CH)P __ Pulse duration, CAS high (page mode) tcp 60 80 ns
_tw(CH) Pulse duration, CAS high (non-page mode) tCPN 60 80 ns
tw(CL) Pulse duration, CAS low# tCAS 80 10,000 100 10,000 ns
tw(RH)P _ Pulse duration, RAS high (page mode) 1RP 120 120 ns
tw{RH) ‘P_ulse duration, RAS high (non-page mode) tRPN 100 120 ns
twiRL) Pulse duration, RAS low$ tRAS 150 10,000 200 10,000 | ns
tw (W) Wirite pulse duration twp 45 55 ns
tsu(CA) Column-address setup time tASC 0 0 ns
| tsu(RA) Row-address setup time tASR 5 5 ns
tsu(D) Data setup time tps 3 3 ns
tsuird) Read-command setup time tRCS 5 5 ns

¢ Early write-command setup time ¢ o o n
SUWCL  potore TAS low wes i
tsu(WCH)  Write-command setup time before CAS high toWL 45 65 ns
r—_tsu(WRH) Write-command setup time before RAS high tRWL 45 65 ns
ECLCA) Column-address hold time after CAS low ICAH 30 45 ns
th(RA} Row-address hold time tRAH 20 25 ns
th{RLCA) Column-address hold time after RAS low tAR 100 145 ns
ri(_c'-m Data hold time after CAS low tDH 50 55 ns
| th(RLD) Data hold time after RAS low IDHR 120 155 ns
| thwip)  Data hold time after W low tDH 45 55 ns
| thiCHrd)  Read-command hold time after TAS high tRCH 0 0 ns
th{RHid) Read-command hold time after RAS high tRRH 10 15 ns
_thiclw) Writa-command hold time after CAS low tWCH 50 65 ns
th{RLW)  Write-command hold time after RAS low tWCR 120 155 ns

Continued next page.
NOTES: 3. Timing measurements are referenced to Vi max and V|4 min.

4. System transition times (rise and fall) for RAS and CAS are to be a minimum of 3 ns and a maximum of 50 ns.
TAll cycle times assume 1y = 5 ns.
*In a read-modify-write cycle, 1L wL and tsy(WCH) must be observed. Depending on the user’s transition times, this may require additional
TAS low time ty(cL)). This applies to page-mode read-modify-write also.
§in a read-modify-write cycle, 1RLWL 8nd tgu(WRH) must be observed. Depending on the user’s transition times, this may require additional
RAS low time {ty(RL)).
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SMJ4256
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORY

write cycle timing
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tThe enable time (tgn) for a write cycle is equal in duration to the access time from CAS {tg(c)) in a read cycle; but the active levels at
the output are invalid.
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SMJ4256
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORY

RAS-only refresh cycle timing
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tThis timing is guaranteed but not tested.
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SMJ4416
16,384-WORD BY 4-BIT DYNAMIC RAM

" 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 latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility.

The SMJ4416 is offered in 18-pin 300-mil ceramic side-braze dual-in-line and 18-pad ceramic chip-carrier
packages. It is available in —55°C to 100°C, —40°C to 85°C, and 0°C to 70°C temperature ranges.
Dual-in-line packages are designed for insertion in mounting-hole rows on 7,62 mm (300-mil) 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 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 input is disabled when the read mode is selected. When
V_'V 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 TAS 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, W is brought low prior to CAS and the data
is strobed in by C/ TAS with setup and hold times referenced to this signal. In a delayed-write or read-modify-
write cycle, CAS will already be low, thus the data will be strobed in by W with setup and hold times
referenced to this signal. 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 satisfied. The output becomes valid after the access time has elapsed and remains valid while CAS
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 accomplished by
bringing G high prior to applying data, thus satisfying tGHD.

output enable (G)

The G controls the impedance of the output buffers. When G is 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 remain in the low-impedance
state until G or CAS is brought high.
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SMJ4416
16,384-WORD BY 4-BIT DYNAMIC RAM

functional block diagram

RAS —
<T_s —_— TIMING & CONTROL
W it
AOQ
Al ROW (1721 MEMORY ARRAY
2
A ROW DECODE
A3 ADDRESS 141
A4 BUFFERS DATA IN
A5 8 ot REG. 3
AB {1/2) 4 OF 268 COLUMN DECODE } *
A7 {4)
SE;SPE 256 SENSE REFRESH :?c]» [, | oaTa 4 oa
AMPS ouT 4
CONTR BUFFERS REG.
.___J (1/2) 4 OF 256 COLUMN DECOOE
W CELLS
2 — ]
. ROW
g DECODE (1/2) MEMORY ARRAY
=
[
-
< A1-AB
v
-
(=]
Q.
5
Py absolute maximum ratings over operating temperature range (unless otherwise noted)’
Voltage on any pin except Vpp and dataout (see Note 1) .................... -1.5Vto10V
n Voitage on Vpp supply and data out withrespectto VSS . .. . ...... ... ..., -1Vtob6V
Short circuit QUEPUL CUFFENT . . . . .. . e e e
Power dissipation . . .. ... .. . e e e e e e
Minimum operating free-air temperature: S version
E version -
Lwversion ......... 0, ......0°C
Operating case temperature: Sversion . .................. e e e e e 100°C
Ewversion ................. e e e e 85°C
LoVBISION . . e e e e e e 70°C
Storage temperature FANGE . . . .. o vttt o it e e e e e -65°C to 150°C

1t 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
Conditions’’ 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 Vss.
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SMJ4416
16,384-WORD BY 4-BIT DYNAMIC RAM

recommended operating conditions

S VERSION E VERSION L VERSION
MIN NOM MAX [ MIN NOM MAX | MIN NOM MAX unIT

VbpD Supply voltage 4.5 5 5.5 4.5 5 5.5 4.5 5 5.5
Vss Supply voitage [} 4] o]
ViH High-level input voltage Vop = 4.5V| 24 48| 24 48| 24 4.8 Y

Vpp = 5.5V| 24 58 | 2.4 58 | 2.4 5.8
ViL Low-level input voltage VIK 0.8 | Vi 0.8 VIK 0.8 \
Ta Operating free-air temperature —-55 —-40 0 °C
Tc Operating case temperature 100 85 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 voitage leveis only.

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

H Military Products

SMJ4416-12
PARAMETER TEST CONDITIONS UNIT
MIN  TYPY  max
lj = =15 mA,
Input ci oitage -1.2 \'
ViK nput clamp v 9 see Figure 1
VoH High-level output voitage IoH = -2 mA 2.4
VoL Low-levet output voltage loL = 4.2 mA 0.4
Vi=0Vto 68V,
] Input current (leakage) Vpp = 5V, +10 pA
All other pins = OV
i Output current (leakage) Vo = 0.4Vio 55V, +10 #A
en
o P 9 Vpp = 5 V, TAS high
Average operating current -
ipp1? Atte = ! 54 A
DD1 during read or write cycle ¢ = minimum cycle m
; t Standby current After 1 memory cycle, a5 5 A
. m
0D2 {see Note 3) RAS and TAS high
tc = minimum cycle,
'DDSi Average refresh current RAS cycling, 46 mA
CAS high
t = mini le,
+ Average page-mode c(P) = minimum cycle
Ibp4 RAS low, 46 mA
current o .
CAS cycling s

tAll typical values are at Tc = 25°C and nominai supply voitages.

$ipp1-IDD4 are measured with open outputs.

NOTE 3: V| = —0.6 V on all inputs.

+p
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SMJ4416
16,384-WORD BY 4-BIT DYNAMIC RAM

write cycle timing
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