TMS4161
65,536-BIT MULTIPORT VIDEO RAM

JULY 1983 ~REVISED NOVEMBER 1985

Dual Accessibility — One Port Sequential
Access, One Port Random Access

Four Cascaded 64-Bit Serial Shift Registers
for Sequential Access Applications

Designed for Both Video and Non-Video
Applications

Fast Serial Port . . . Can Be Configured for
Video Data Rates in Excess of 150 MHz

TRI/QE as Output Enable Aliows Direct
Connection of D, Q and Address Lines to
Simplify System Design

Random Access Port Looks Exactly Like a
TMS4164

Separate Serial In and Serial Out to Allow
Simultaneous Shift In and Out

65,536 x 1 Organization

Supported by TI's TMS34061 Video System
Controller (VSC)

Maximum Access Time from RAS Less
Than 150 ns

Minimum Cycle Time (Read or Write)} Less
Than 240 ns
Long Refresh Period . . . 4 ms

Low Refresh Overhead Time . . . As Low As
1.7% of Total Refresh Period

All Inputs, Outputs, Clocks Fully TTL
Compatible

3-State Unlatched Outputs for Both Random
and Serial Access

Common 1/O Capability with ‘‘Early Write"”
Feature

Page-Mode Operation for Faster Access

Low Power Dissipation (TMS4161-15)
—Operating . . . 250 mW (Typical)
—Standby . . . 80 mW (Typical)

New SMOS (Scaled-MOS) N-Channel
Technology

SOE Simplifies Muitiplexing of Serial Data
Streams

Available with MIL-STD-883B Processing
and L(0°C to 70°C), E{(—40°C to 85°C), or
S$(-55°C to 100°C) Temperature Ranges
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PIN NOMENCLATURE

AQ-A7 Address Inputs SIN Serial Data In
CAS  Column-Address Strobe SOE Serial Qutput Enable
D Random-Access SOUT Serial Data Out
Data In TR/QE Register Transfer:
NC No Connection Q Output Enable
Q Random-Access Vpp 5V Supply
Data Out Vgg  Ground
RAS  Row-Address Strobe w Write Enable
SCLK  Serial Data Clock

Dynamic RAMs I

PRODUCTION DATA documents contain information
current as of publicatian date. Products conform to
spacifications per the terms of Taxas Instruments
standard Production pr ing does not
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TMS4161
65,536-BIT MULTIPORT VIDEO RAM

description

SINVYH 21weuAq

The TMS4161 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 TMS4164.
The sequential access port is interfaced to an internal 258-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 84-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 TMS4161 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 TMS4161 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 74 TTL, All address lines and data
in are tatched on chip to simplify system design. Data out is unlatched to allow greater system flexibility.

The TMS4161 is offered in 20-pin plastic dual-in-line and 22-pin plastic chip carrier packages. It is guaranteed
for operation from 0°C to 70°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 TMS4161 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 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 of 256 bits can be sequentially read out.
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TMS4161
65,536-BIT MULTIPORT VIDEO RAM

functional block diagram

Dynamic RAMs H

RAS
CAS TIMING & CONTROL
W re
[
DUMMY CELLS
A0 RAQ
Al 1112)
a2 10F 256 DATA
a3 ROW | mow 11,2) MEMORY ARRAY ™
ad A RA7 DECODE REG
BUFFERS
as
A6 11/2) 4 OF 256 COLUMN DECODE
A7
s::;e 256 SENSE - 10Fa
AMPLIFIERS I
o] g:l'l CONTROL SELECTOR
] cAZ (1/2) 4 OF 256 COLUMN DECODE
COLUMN
A *1 a2
BUFFERS 1 OF 258 (1:2) MEMORY ARRAY
. CAS ROW
. CA7 DECODE
L—»
DUMMY CELLS
b r cao
CcA1
TR:QE > = S
I—i TRANSFER CONTROL I
SN . <

SCLK REGISTER | REGISTER | REGISTER REG!STER__J
[11] 01 10 1

I COLUMN 192
hj
10F 4 SOUT
T SELECTOR

CA7}

CAB

§OE

random-access operation
TR/QE
The TR/QE pin has two functions. First, it selects either register transfer or random-access operation as
RAS falls, and second, if this is a random-access operation, it functions as an output enable after CAS falls.

To use the TMS4161 in the random-access mods, TR/QE must be high as RAS falis. Holding TR/QE high
as RAS falls keeps the 256 elements of the shift registers disconnected from the corresponding 256 bit
lines of the memory array. If data is to be shifted, the shift registers must be disconnected from the bit
lines. Holding TR/QE low as RAS falls enables the 256 switches that connect the shift registers to the
bit lines and indicates that a transfer will occur between the shift registers and one of the memory rows.

During random-access operation, once CAS has been pulled low, TR/QE controls when the data will appear
at the Q output {if this is a read cycle). Whenever TR/QE is held high during random-access operation,
the Q output will be in the high-impedance state. This feature removes the possibility of an overlap between
data on the address lines and data appearing on the Q output making it possible to connect the address
lines to the Q and D lines (Use of this organization prohibits the use of the early write cycie.).
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TMS4161
65,536-BIT MULTIPORT VIDEO RAM

SINVYH onueuAQg

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 AQ through A7 and latched onto the chip by the row-address strobe (RAS}. Then the eight
column-address bits are set up on pins AO through A7 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
I_TL 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 inthe high-impedance state for the entire cycle permitting
common |I/O operation.

data in (D)

Data is written during a write or read-modify-write cycle. 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, W is brought low prior to CAS and the data is strobed in by CAS with setup and
hold times referenced to this signal. in a8 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 74 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance
(floating) state as long as CAS or TR/QE is held high. Data will not appear on the output until after both
CAS and TR/QE have been brought low. In a read cycle, the guaranteed maximum output enable access
time is valid only if tCQE is greater than tcQg MAX, and tR{ ¢ is greater than tgLCcL MAX. Likewise,
ta(C) MAX is valid only if tRLCL is greater than tgi.CLL MAX. Once the output is valid, it will remain valid
while CAS and TR/QE are both low; CAS or TR/QE going high will return the output to a high-impedance
state. In an early write cycle, the output is always in a high-impedance state. In a delayed write or ready-
modify-write cycle, the output will follow the sequence for the read cycle. In a register transfer cycle,
the output will always be in a high-impedance state.

refresh

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

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 256 column locations on a single RAM,
the row address and RAS are applied to multiple 64K RAMs. CAS is then decoded to select the proper RAM.

power up

After power up, the power supply must remain at its steady-state value for 1 ms. In addition, RAS must
remain high for 100 ps immediately prior to initialization. Initialization consists of performing eight RAS
cycles before proper device operation is achieved.
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TMS4161
65,536-BIT MULTIPORT VIDEO RAM

saquential-access operation

TR/QE
Memory transfer operations involving parallel use of the shift register are first indicated by bringing TR/QE
low before RAS falls low. This enables the switches connecting the 256 elements of the shift register

to the 256 bit lines of the memory array. The W line determines whether the data will be transferred from
or to the shift registers.

write enable (W)

In the sequential access mode, W determines whether a transfer will occur from the shift registers to the
memory array, or from the memory array to the shift registers. To transfer from the shift registers to the
memory array, W is held low as RAS falls, and, to transfer from the memory array to the shift registers,
W is held high as RAS falls. Thus, reads and writes are always with respect to the memory array. The
write setup and hold times are referenced to the falling edge of RAS for this mode of operation.

row address (AQ through A7)

Eight address bits are required to select one of the 256 possible rows involved in the transfer of data to
or from the shift registers. AO-A7, W, and TR/QE are latched on the falling edge of RAS.

register column address (A7, A6)

To select one of the four shift registers (transfer from memory to register only), the appropriate 2-bit column
address (A7, AB) must be valid when CAS falls. However, the CAS and register address signals
need not be suppliea every transfer cycle, only when it is desired to change or select a new register.

SCLK

Data is shifted in and out on the rising edge of SCLK. This makes it possible to view the shift registers
as though it were made of 256 rising edge D flip-flops connected D to Q. The TMS4161 is designed to
work with a wide range duty cycle clock to simplify system design. Note that data will appear at the SOUT
pin not only on the rising edge of SCLK but also after an access time of t3(RgQ) from RAS high during
a parallel load of the shift registers.

SIN and SOUT

Data is shifted in through the SIN pin and is shifted out through the SOUT pin. The TMS4161 is designed
such that it requires 3 ns hold time on SIN as SCLK rises. SOUT is guaranteed not to change for at least
8 ns after SLCK rises. These features make it possible to easily connect TMS4161s together, to allow
SOUT to be connected to SIN, and to give external circuitry a full SLCK cycle time to allow manipulation
of the serial data. When loading data into the shift register from the serial input in preparation for a shift
register to memory transfer operation, the serial clock must be clocked an even number of times. To
guarantee proper serial clock sequence after power up, a transfer cycle must be initiated before a serial
data stream is applied at SIN.

SOE

The serial output enable pin controls the impedance of the serial output, allowing multiplexing of more
than one bank of TMS4161 memories into the same external video circuitry. When SOE is at a logic low
level, SOUT will be enabled and the proper data read out. When SOE is at a logic high level, SOUT will
be disabled and be in the high-impedance state.

Dynamic RAMs H
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TMS4161
65,536-BIT MULTIPORT VIDEO RAM

refresh

The shift registers are also dynamic storage elements. The data held in the registers will be lost unless
SCLK goes high to shift the data one bit position, a transfer write operation is invoked, or the data is reloaded
from the memory array. See specifications for maximum register data retention times. important: If the
shift register has remained idle for a time period which exceeds the maximum SCLK high or SCLK iow
time, the dynamic clock circuits will also lose charge. Under these conditions, the shift register clocks
must be re-enabled by performing any transfer cycle before data can be shifted into or out of the shift
register.

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

SINVY 21weuliqg

Voltage range on any pin except Vpp and data out {see Note 1). ... ... ... ... .. -1.5Vto 10V
Voltage range on Vpp suppiy and data out with respectto Vgs. .. .. ............. -1Vt bV
Short Circuit OULPUL CUTTeNt . . . . . . . . . e 50 mA
Power dissipation . . . . .. . ... 1w
Operating free-air temperature range . . . . . .. .. ... ot 0°C to 70°C

Storage temperature range. . . . ... .. .. ... -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.
NOTE 1: All voltage values in this data sheet are with respect to Vgg.
recommended operating conditions
MIN NOM MAX | UNIT
VbD Supply voitage 4.5 5 5.5 v
Vss Supply voltage [} v
ViH High-level input voltage 2.4 Vpp.03}| V
ViL Low-level input voltage (see Notes 2 and 3} —-0.6 0.8 \
Ta Qperating free-air temperature 4] 70 °C
NOTES: 2. The algebraic convention, where the more negative (less positivel limit is designated as minimum, is used in this data sheet
for logic voitage levels only.
. Due to input protection circuitry, the applied voltage may begin to clamp at —0.6 V; test conditions must comprehend this
accurrence.
. See application report entitled “TMS4164A and TMS4416 Input Protection Diade’' on page 9-5.
4-22
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TMS4161
65,536-BIT MULTIPORT VIDEO RAM

alectrical characteristics over full range of recommended operating conditions {unless otherwise noted)

Dynamic RAMs H

TMS4161-15 TMS4161-20
PARAMETER TEST CONDITIONS MIN TYPT MAX | MIN TYPT MAX UNIT
High-level output
VoH valtage (Q. SOUT) o4 = —5mA 2.4 2.4 )
vo,  owevel output loL = 4.2 mA 04 oa| v
voltage (Q, SOUT)
Vi=0Vto58YV,
i Input current (leakagel Vpp =5V, +10 +10 rA
All other pins = 0 V
‘o Output current {leakage) Vo =04Vic55V, £10 +10 WA
(Q, SOQUT} Vpop =5V
tc(rd) = mMinimum cycle time,
Average operating current TR/GE low aftor RRS fals,*
ipD1 . . SCLK and SIN fow, 50 70 50 70 mA
during read or write cycle —
SOE high,
No load on Q and SOUT
After 1 RAS cycle,
RAS and CAS high,
ipp2®  Standoby current SCLK and SIN low, 16 20 16 20 ma
SOE high,
No load on Q and SOUT
tc{rd) = mMinimum cycle time,
CAS high, RAS cycling,
SCLK and SIN low,
lpp3 Average refresh current SOE high, 42 55 37 50 mA
TR/QE high,
No load on Q and SOUT
te(p) = minimum cycle time,
RAS low, CAS cycling,
IDD4 Average page-mode current ;EIL?(E;::;I:?;::QS falls, 45 55 40 50 mA
SOE high,
No load on Q and SOUT
Average shift register RAS and CAS high,
IbDS R No load on Q and SOUT, 30 40 30 40 mA
current lincludes Ipp2) '
te(SCLK) = te(SCLK) Min
o coe e | 09 = T
ipD6 DR{\M and shift TR/QE low after RAS falis, 85 95 80 80 mA
register current No load on Q and SOUT

NOTE 5: Additional information on Ipp1 — Ippe on page 4-40.

T All typical values are at T = 25°C and nominal supply voltages.
¥See appropriate timing diagram.

SviL > —-0.6 V.
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TMS4161
65,536-BIT MULTIPORT VIDEO RAM

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

PARAMETER TYP'  max | uNIT
CilA) Input capacitance, address inputs 4 5
Ciip) Input capacitance, data input 4 5
Ci{RC) Input capacitance, strobe inputs 8 10
Cipwy Input capacitance, write enable input 8 10
CilcK) Input capacitance, serial clock 8 10
Ci(sl) Input capacitance, serial in 4 5 pF
Ci{SOE)} Input capacitance, serial output enable 4 5
Ci(TR) Input capacitance, register transfer input 4 5
CoiQ) Output capacitance, random-access data 5 7
CoisouUT) Output capacitance, serial out 5 7

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

switching characteristics over recommended su

pply voltage range and operating free-air temperature

range {see Figure 1)
ALT. TMS4161-15 | TMS4161-20
PARAMETER TEST CONDITIONS t NIT
SYMBOL MIN MAX | MIN MAX v
ta(C) Access time from TAS CL = 100 pF tCAC 100 135
X Access time of Q from €1 = 100 pF 40 50
a(QE) TR/OE low L= p
! == RLCL = MAX,
1, A t f RAS 1) 150
alR) ccess time from CL = 100 pE RAC 5 200
. SOUT access time from ¢ = 30 pF 65 85
a(RSO) RAS high L= P
Access time from SOE
t3(SOE) C, = 30 pF 20 25 ns
als fow to SOUT
ta{SO} Access time from SCLK C_ = 30 pF 45 50
Q output disable time
" $ =
t — CL = 100 pF t, 40 40
dis(CH) from CAS high L P! OFF
Q output disable time
. t -
t —_ Cp = 100 pF 30 40
disQE)” ¢ o TRIGE high L P
Serial output disable time
. ¥ =
t — CL = 30pF 20 25
dis{SOE)™  ¢rom SOE high L P
t Figure 1 shows the load circuit.
¥ The maximum values for dis(CH)- tdis(QE). and tdis(SOE) define the time at which the output achieves the open circuit condition and
are not referenced to Vg or Vg .
T {l’
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TMS4161
65,536-BIT MULTIPORT VIDEO RAM

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

Dynamic RAMs H

ALT. TMS4161-15 TMS4161-20 UNIT
SYMBOL MIN MAX MIN MAX

te(P) Page-mode cycle time tpC 160 225 ns
te(rd) Read cycle timef tRC 240 315 ns
te(W) Write cycle time twe 240 315 ns
te(TW) Transfer write cycle time? 240 315 ns
te{Trd) Transfer read cycle time 240 315 ns
telrdW) Read-write/read-modify-write cycle time tRWC 265 330 ns
teiSCLK)  Serial-clock cycle time tsce 45 50,000 50 50,000 ns
tw{CH) Pulse duration, CAS high (precharge time$ icp 50 80 ns
twiCL) Pulse duration, CAS low1 tCAS 100 10,000 135 10,000 ns
twiRH) Pulse duration, RAS high (precharge time) tRp 80 105 ns
twiRL) Pulse duration, RAS low# tRAS 150 10,000 200 10,000 ns
Ly (W) Write pulse duration twp 45 45 ns
twi(CKL) Pulse duration, SCLK low 10 10 ns
tw(CKH) Pulse duration, SCLK high 12 12 ns
tw(QE) TR/QE pulse duration low time (read cycle) 40 40 ns

Transiti { ri nd fall
y m"""s'é"’ﬁn'“:f ; M : 1 3 50 3 50 | s
tsu(CA} Column-address setup time tasC [*] o] ns
tsu(RA) Row-address setup time tASR o] o] ns
tsuEW) W' setup time before RAS low o o ns

with TR/GE low
tsu(D) Data setup time tps 0 0 ns
tsufrd) Read-command setup time tRCS 0 0 ns

Early write-command setup time
fSUWEL)  potore TAS low wes -° -8 ns
tsu(WCH) Write-command setup time before CAS high towL 40 60 ns
tsu{wRH)  Write-command setup time before RAS high tRWL 40 60 ns
tsu(TR) TR/QE setup time before RAS low 0 0 ns
tsuiSl) Serial-data setup time before SCLK high 6 6 ns
th{sSl) Serial-data-in hold time after SCLK high 3 3 ns
thicLCA) Column-address hold time after TAS low tCAH 45 55 ns
th(RA) Row-address hold time tRAH 20 25 ns
th{RW) W hoid time after RAS low with TR/QE low 20 20 ns
thiRLCA;  Column-address hold time after RAS low tAR 95 120 ns
thiCLD) Data hold time after CAS low tpH 60 80 ns
thiRLD) Data hold time after RAS low tDHR 110 145 ns
thiwip)  Data hold time after W low IDH 45 55 ns
thiCHrd)  Read-command hold time after CAS high tRCH o] o] ns

1Continued next page.}
NOTE 6: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, V|| max and V4 min
must be met at the 10% and 90% points.

FAll cycle times assume t; = 5 ns except to(SCLK) which assumes t; = 3 ns.

EMultiple transfer write cycles require separation by either a 500 ns RAS-precharge interval or any other active RAS-cycle.
§Page-mode only.

Yin a read-modify-write cycle, tcLwlL @nd tgy(WCH) Mmust be observed. Depending on the user’s transition times, this may require additional
TAS low time {tycL))- This applies to page-mode read-modify-write also.

*In a read-modify-write cycle, tai wi and tsy(WRH} Must be observed. Depending on the user's transition times, this may require additional

RAS low time (ty(RL))-
i
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TMS4161
65,536-BIT MULTIPORT VIDEC RAM

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

SINVYH 2lweuiq !

{concluded)
ALT. TMS4161-15 TMS4161-20 UNIT
SYMBOL MIN MAX MIN MAX
th{RHrd) Read-command hold time after RAS high tRRH 5 5 ns
th(CLW) Write-command hold time after CAS low tWCH 60 80 ns
th(RLW)  Write-command hold time after RAS low tWCR 110 145 ns
thRSO! ﬁS;isal-dma-n-:vut hold time after 30 30 ns
low with TR/GE low
th(S0) Serial-data-out hold time after SCLK high 8 8 ns
th(TR) TR/QE hold time after RAS low (transfer) 20 20 ns
tRLCH Delay time, RAS low to CAS high tesH 150 200 ns
tCHRL Delay time, CAS high to RAS low ICRP 0 0 ns
1CLAEH Delay time, CAS low to QF high 100 135 ns
tCLRH Delay time, CAS low to RAS high tRSH 100 135 ns
reLwL Delay tim?, m low to W low Wb 65 75 ns
{read-modify-write cycle only}
Delay time, CAS low to QF low
tCQE {maximum value specified only 60 85 ns
to guarantee ta|QF) access time)
tRHSC Delay time, RAS high to SCLK high 80 50,000 80 50,000 ns
tRLCL Delay time., RAS low to CAS low (maximu-m tReD 25 50 30 65 ns
value specified only to guarantee access time)
TRLWL Delay time.‘ Fi_AS low to W low WD 135 150 ns
{read-modify-write cycle only)
— Delay time,.SCE high before 10 50,000 10 50,000 ns
AAS low with TR/QE low!
tri{MA) Refresh time interval, memory array tREF1 4 4 ms
trf(SR) Refresh time interval, shift register tREF2 50,000 50,000 ns

NOTE 6: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, V|| max and V| min
must be met at the 10% and 90% points.
IscLk may be high or low during ty(RL). but there can not be any positive edge transitions on SCLK for a minimum of 10 ns prior to
RAS going low with TR/QE low (i.e.. before a transfer cycle).
*See ‘'refrash’’ on page 4-22.

PARAMETER MEASUREMENT INFORMATION

131v

R = 217 Q
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UNDER TEST
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FIGURE 1. LOAD CIRCUIT
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TMS4161
65,536-BIT MULTIPORT VIDEO RAM

road cycle timing
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TMS4161
65,536-BIT MULTIPORT VIDEO RAM

early write cycle timing
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TMS4161
65,536-BIT MULTIPORT VIDEO RAM

write cycle timing
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TMS4161
65,536-BIT MULTIPORT VIDEO RAM

read-write/read-modify-write cycle timing
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TMS4161

65,536-BIT MULTIPORT VIDEO RAM

page-mode read cycle timing
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65,536-BIT MULTIPORT VIDEO RAM
page-mode write cycle ti

TMS4161
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TMS4161

65,536-BIT MULTIPORT VIDEO RAM

page-mode read-modify-write cycle timing
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TMS4161
65,536-BIT MULTIPORT VIDEO RAM

RAS-only refresh timing
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TMS4161

65,536-BIT MULTIPORT VIDEO RAM

shift register to memory timing
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NOTES: 11. The shift register to memary cycle is used to transfer data from the shift register to the memory array. Every one of the
256 locations in the shift register is written into the 256 columns of the selected row. Note that the data that was in the
shift register may have resulted, either from a serial shift in or from a parallel load of the shift register from one of the memory
array rows.

12. 30E assumed low.
13. SCLK may be high or low during ty(RL})-
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TMS4161
65,536-BIT MULTIPORT VIDEO RAM

memory to shift register timing
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into the shift register may be either shifted out or written back into another row.
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TMS4161
65,536-BIT MULTIPORT VIDED RAM

w
sarial data shift timing
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to-register data transfer operation. The serial data transfer cycle is used to shift data in and/or out of the shift register.
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65,536-BIT MULTIPORT VIDEO RAM
shift register to memory multiple timing
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TMS4161

65,5636-BIT MULTIPORT VIDED RAM

memory to shift register to memory multiple timing
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TMS4161
65,536-BIT MULTIPORT VIDEO RAM
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