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65,536-BIT MULTIPORT MERIORY
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Dual Accessability — One Port Sequen-

tial Access, One Port Random Access

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

Shift Register Loaded Once Every 64, 128,
182, or 256 Shift Cycles as Desired by
User

Fast Serial Port . . . 25 MHz Shift Rate

TR/QE as Output Enable Allows Direct Con-
nection of D, G and Address Lines to
Simplify System Design

Random ficcess Port Looks Exactly Like a
TMS4164

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

65,536 x 1 Organization

Maximum Access Time from RAS Less
Than 150 ns

Minimum Cycle Time (Read or Write) Less
Than 260 ns

Long Refresh Period . . . 4 Milliseconds

! ow Refresh Overhead Time . .. As Low As
1.6% of Total Refresh Period

All Inputs, Cutputs, Clocks Fully TTL
Compatible

3-State Untatched Outputs for Both Random
and Serial Access

Common /O Capability with “'Early Write”’
Feature

Page-Mode Operation for Faster Access
Low Power Dissipation

~ Operating . . . 200 mW {Typical)
— Standby . . . 35 mW {Typical)

New SMOS {Scaled-MOS) N-Channel
Technolcgy

SOE Simplifies Multiplexing of Video Data
Streams

description

TMS4161 . . . NL PACKAGE
{TOP VIEW)
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PIN NOMENCLATURE

AQ-A7
CAS

RAS
SCLK
SIN
SOE
soUT
TR/GE

VDD
Vs

Address knputs

Column Address Strobe
Random Access Data-In
Random Access Data-Out
Row Address Strobe
Serial Data Clock

Serial Data-in

Serial OQuiput Enable
Serial Data-Cut

Register Transfer/Q Output Enable
Write Enable

+5-V Supply

Ground

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 TMS4 164, The sequential access
port is interfaced to an internal 256-bit dynamic shift register organized as four B4-bit shift registers which makes
tha memory lonk like it is organized as up to 266 words of up to 256 bits each which are accessed serially. One,

Thia documenl contama mtprmation on a product under
davelopment. Taxas Instrements resarves the Aght
chenge or discontimue this product withaut notica.

PRODUCY PREVIEW

TExas
INSTRUMENTS

Copyright *1983 by Texas instruments {ncorporated

POST OFFICE BOX 225012 ¢ DALLAS TEXAS 75265



1AS4161
65,536-BIT MULTIPGRT MEMORY

1wo, three, or four 64-bit shiit registers can be sequentially read out 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 dou-
ble tevel polysilicon gate tgchnology 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 latched
on chip 1o simplify system design. Deaia-out is unlatched to allow greater system flexibifity.

The TMS4161 is offered in a 20-pin dual-in-line-plastic package and is guaranteed for operation from 0°C to 70°C.
Packages are designed for insertion in mounting-hole rows on 300-mil {7.62 mm) centers.

random access address space to sequential address space mapping

The TMS4161 is designed with each row divided into four, 64-column sections. The first column section o be shifted
cut 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. H 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 oniy the most significant register can be shifted out. All registers
are shifted out with the least significant bit (bit 0) 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 equal to 0} a total of 256 bits can be se-

quentially read out.
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65,536-BIT MULTIPORT RIEMORY

functiona! block dizgram

AR — 256 COLUMNS N
.
f {4 GROUPS OF 64 COLUMNS} |
° " l |
jcot g CoL
0 255
ROW b
o
2586
ROWS MEMORY ARRAY
ROW
255 65.535
256 COLUMNS
| < SHIFT REGISTERS j
SN
REG I REG [ REG I REG
00 o1 10 11
coL  } CoL  § coL |} {1:812 ggé
SCLK - 0 64 2 128
SIN o
Y -4 s 3
64 BITS
128 BITS _ 10F4
"} REGISTER
192 BITS | DEcODER
256 BITS _
} !
A
A7
SDE

random access operation

TR/QE

souUT

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 mode, TR/QE must be high as RAS falls. Halding TR/QE high disconnects
the 256 elements of the shift registers 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 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.

Once CAS has been pulled low, TR/QE controls when the data will appear at the G output {if this is a read cycle}.
Whenever TR/QE is held high, the Q output will be in the high-impedance state. This feature removes the possibility
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65,535-BIT MULTIPORT MEMORY

" of an overiap berween data on the address lines and data appeering on the O output making it possible 1o connect

the address lines to the Q and D lines (Use of this organization prohibits the use of the early write cycle.}.

address {AQ through A7)

Sixteen address bits are reguired to decode 1 of 85,536 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 esght column-address bits
are set up on pins AQ through A7 and latched onto the C.hlp by the column-address strobe (CAS). All addresses must
be stable on or before the falling edges of RAS and CAS. RAS is simitar to a chip enable in that it activates the sense
amplifiers as well as the row decoder. CAS is used as 2 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 seiected. When W goes low prior to CAS,
data-out will remain in the high-impedance state for the entire cycle permitting common /G 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 puli-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 S|gnal
In a delaved write or read-modify-write cycle, CAS will already be fow, 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
tcaE MAX, and trLCL is greater than tgLcL MAX. Likewise, ta(C) | MAX is valid only if FIRLCL IS is greater than tRLCL
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-impeadance state. In an early write cycle, the output is always in a high- impedance state.
In a delayed write or read-modify-write cycle, the output will follow the sequence for the read cycle. In a register
transfer cycle, the output will always be in & high-impedance state.

refresh

A refresh operation must be perfermed at least every four milliseconds to retain data. Since the output buffer is in
high-impedance state unless CAS is applied, the RAS only refresh sequence avoids any output during refresh. Strob-
ing each of the 256 row addresses {AQ through A7)} with RAS causes all bits in each row to be refreshed. CAS can
remain high (inactive) for this refresh sequence to conserve pawer, Note that the shift registers are also dynamic storage
elements and that the data held in the registers will be lost unless SCLK goes high to shift the data one bit position
or else the data is reloaded from the memory array. See specifications for maximum register data retention times.

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 256 column locations on a single RAM, the row address and RAS
are applied to multiple 64K RAMs. CAS is then decoded 1o select the proper RAM,
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THIS4161
65,536-BIT MULTIPGRT MEMORY

sequential access operation
TR/QE
Memory eperations involving parallel use of the shift register are first indicated by bringing TR/QE low before RAS

falis low. This enables the switches connecting the 256 eiements 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 shifi 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 wriies 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 requsred 1o select one of the 2586 possible rows involved in the transfer of data to or from the
shift registers. The AQ-A7, W, and the TR/QE line are latched on the falling edge of RAS.

register column address (A7, AG)

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 supplied every
cycle, only when it is desired to change or select a new register.

5CLK

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 t3JRgQ) 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 O 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 evcle time to aliow manipulation of the serial data. Te guarantee proper serial
clock sequence after power up, a transfer cycle must be initiated before serial data is applied at SIN.

SOE
The serial output enabie pin controls the impedance of the serial output alfowing multiplexing of more than one bank

of TMS4161 memories into the same external video circuitry. When SOE is at 2 low logic level, SOUT will be enabled
and the proper daia read out. When SOE is at a high logic level, SOUT will be disabled and be in the high-impedance state.

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

Voltage on any pin except Vpp and data out (see Note 1) ... ... . oot ~1.5Vto10V
Voliage on Vpp supply and data out withrespectto Vgg .. .. ... . . oo -TVto6V
Short CirCUit OUIPUL CUIFBNT L L . L L L L ittt it e it et i it st a e i e e nns 50 mA
Power diSS DAt O . . . L e e e e e e s 1T W
Operating free-air teMperature 1ange . .. . oot i it i et o e e 0°C to 70°C
Storage tEMPEerature FAMGE . . v vt vt vt e a e e e e e e e e e e e e e e -85°C to 150°C

1 Stress bayond those Listed under " Absalute Maximum Ratings'” may Cause permanent demage to the device. This is a stress ranng only and functional
operation of the device at these or any othor conditions beyond those indicated in the “‘Recommended Operating Conditions’’ section of this specification
is not implied. Exposure ta absolute-mavimum-rated conditions for extended periods may affect device reliabilnty,

NOTE 3: Al voltage values i this data shuet are with respect to Vgs.
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154161
65,536-BIT MULTIPORT MEMORY

recommendsd operating conditions

PARAMETER MIN NOM MAX  JUNIT
Supply veoliage, Vpp 4.5 5 5.5 vV
Supply voltage, Vgg 0 v
High-level input voltage, Vi 2.4 Vpp+0.3] V
Low-ievel input voltage, V| {see Note 2) -1 0.8 \J
Opersting iree-air temperature, Ta 0 70 °C

NQTE 2 The atgebraic convention, where the more negative {less positivel limit is designated as minimum, is used in this data sheet for logic voliage fevels only.

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

TEST TMS4161-15 TMS4161-20
CONDITIONS MIN  TYPT  MAX MIN TYPT MAX

UMNIT

PARAMETER

High-leve! output
VaH

voltage (G, SOUT)

Low-leve! sutput

v il = 4.2 mA 0.4
Ol \ohage (Q, SOUT} oL "

ipH = -5 mA 2.4 2.4 \

Vi =0Vto 5.8V,
I Input current (leakaget Vpp = B V. +10 +10 A
Alt othar pins = GV

Vo = 0.4V1wbbY,

Vpp = bV

tefrg) = minimum cycle time,

fe} Qutput current {leakage)

Average operating current TR/QE low after RAS falls, ¥ 33 43 97 37| ma

during read or write cycie SCLK and SIN low,

SOE high

After T — RAS cycle,

RAS and CAS high,

Ipp28  Standby currem SCLK low,

SiN fow,

SOE high

Tleirg) = minimum cycle time,

CAS high,

SCLK low,

SIN low,

SOE high,

TR/QE high

lgipy = minimum cycle time,

RAS low.

CAS cycling,

TR/DE low after RAS falls, ¥

SCLK and SiN low,

SOE high

RAS high,

i Average shilt reqister FAS high. 14 25 14 25 mA
current (nchnies ippat

IpD1

ipD3 Average refresh current 25 37 20 32 mA

IpD4 Average page-mode current 25 37 16 28 mA

IDD5

le{SCLKY = 100 ns

NOTE: Ipp1 thit ipnn cese 0o foad on O and SOUT, Aduuenst imformation on these parameters on last page.

T Al typica! values are o1 1 kA 25°C ana nonmunai supply voliages

! 5ae appopnate tming disgram

§ . 7 .
; Vi » ~06V i
Y See pOWET vEISUs CyGie {ime duialing curve on last page. -
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capacitance over recoml ied supply voltege and oporsting frees ol tumporature rongo, i i

 pARAMETER B ~iTvel max luwit
Citaj Input capacitance, addross inputs 4 ] nf
Citps Input capacitance, data input 4 5 13
CiiRcy Irput capacitance, strobe inputs 8 10 pF
Citwy Input capacitance, write enable input 8 10 pF
Ciciy input capacitance, scrial clock 8 10 pF
Cisn Input capacitance, serial in 4 & pF
CiisoE; Input capacitance, serial culput enable 4 5 nF
Ci{TR} Input capacitance, register transier input 4 5 oF
Coin Output capacitance, random-access data 5 7 of
CoisouTy Output capacitance, serial out 5 7 pF

I Al typical valuvs are at Tp = 25°C and nomunsl wupply voitages.

switching characteristics over recommended supply voltage range and operating free-air temperature range
{see figure 1)

ALT. TMS4161-15 | TMS4161-20
PARAMETER TEST CONDITIONS UNIT
SYMBOL MIiN  MAX MIN  MAX
121} Access time from CAS CL = 100 pF tCAC 100 135
. Access time of Q from Ci = 100 pF 40 40
a(QE) TR/CE low L= p
. —_— tgLcL = MAX,
1 Access time from RAS t 180 200
a(R) ¢y = 100 pF RAC
SOUT access time from
1a(R50) RAS high CL = 50 pF 60 60
. Access ume from SOE O = 50 pF 20 25
alS0E) low to SQUT L= P ns
ta({SO) Access time from SCLK CL = 50 pF 30 30
- R Q ouiput disable time 20 25
distCHI™ ¢ v TAS high 'OFF
- N Q output disable time 20 25
dis{QE from TR.OE high
- N Serial output disable time 20 25
distSOEN 4\ SOE high

¥ The maximum values for distCHI- tdisiQE). and taisisor) define the time at which the output achieves the open circuit condition and are not referenced

te Vg or VL.
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tirnin e Tetiiements gver fecommended supply valtages Tamys: and opurating free-gir temperature range
P — ——

ALT. TMIS4161.20
PARARETER

MiN MAX

SYMBOL N MAX
lejraw) Read-wmelread-modify-wrize cycle time m m
'c(SCLK) _ Serial clock cycie Time m 40 50,000 40 50,000 | ne
twi(CH; ¢ 8 ns

Pulse width, CAS high {orecharge time; 7 tcp
twiCLy Pulse width, CAS Jovw “ 100 10,000 | 135 10,000 | g

Pulse width, RAS high {precharge time)
150 10,000 200 10,000 “

Pulse width, RAS lowl tRAS
Write puisc width “‘_
tw(CKL_ Pulse widthy SCIK Tow I T S i
wiCkH) _Puise widih, SLER Tk ; T R TRy
wiQE) TRAQE pulse width low ume “
Transition timag [rise and *al}; ns

1 _

! RAS, CAS, and sCLk

Isy({CA) Colurmn aderess Selup time “

su(RA) Row address setup time “
oy .

Setup time before BA low

t —
SURWL with TR/GE jow

tsup) Data setup time

Isuird} Read commana Setup time

Eatly write Command setup time
fsuwe before CAS tow
Isu{WCH; Write Command setup time before CAS high
]
tsu(SI) Serjal data Setup time before SCLK high n
tSu{TR; TR/QE setup time before low | 0 ““
thicLea;  Column address hold time afer CAS tow mmm“
_m Row adross hoid ims — e
bt W i v tier A o TRGE o] —
%ﬂ_ﬂ
h{CLD} Data hoid time atter CAS jow IDH 60 80 m
ThiRLD) Data hold time after RAS Iow | IDHR I 110 mn
thiWLD) Data hold time after W igw | 1pH ““
m—-u—m
th{RHrd} Read commang hold time after RAG high %““
thicLw) CAS -_m-m

UNIT

5

i
I

.

Write commang hold time after CAS low

ThRLW) Write commang hold time after RATS low
Serial data out hold time after

I —_— _— e ns

{continued next page)

NOTE: Timing measurements are made at the 109 and 80% points of input and clock transitions, In addition, Vi), max and V|4 min must be met at the 109

and 80% points.

All cycle times ASSUME t7 = & oo

Page-mege onily,

Ina fead-modify-write cycle, teLwi and tsufWCH) must be observeg. Depending on the user’s transition times,

UmMe {00 ). This 3pplies 16 puge-moge fead-medify-write a5,

f Ina feaa-modily-write cyels, TR and fsUAVWAH MUst be obrerved, De
BT tt,my gl

[T T
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timing requirements over recommended supply voltage range and operafing free-alr temperature range

ALT. THMI54161-15 TMS4161-20
PARAMETER UNIT
SYmBOL MIN MAY WIEN MIAX
clPy Page-mode cycle time tpe 160 225 ns
tefrd) Read cycle time ! tRC 235 310 ns
oW Write cycle time wWwe 235 310 ns
tolrd W) Read-write/read-modify-write cycle time tRWC 260 325 ns
eisCcLk)  Seral clock cycle time tsco 40 50,000 40 50.000 ns
tw(CH} Pulse width, CAS high (precharge time}* icp 50 B8O ns
1w(CL) Pulse width, CAS low> 1CAS 100 10,000 135 10,000 | ns
twiRH) Pulse width, RAS high (precharge time) 1Rp 75 100 ns
twiRL) Pulse widih, RAS lowl IRAS 150 10,000 200 10,000 | ns
Ty (W) Write pulse width twp 45 45 ns
L (CKL) Puise width, SCLK low i0 10 ns
T [ CKH) Pulse width, SLCK high HE 10 ns
TwlQE} TR/QE pulse width low time 40 40 ns
Transition times (sise and fall]
ty ——— e tT 3 50 3 50 ns
RAS, CAS, and SCLK
tsu{CA} Column address setup time tASC 0 Q ns
tsu(RA) Row address seiup time TASR 8] 0] ns
W setup time before RAS low 0
tsu(RW} with TR/TE low © ne
tsufD) Catz setup time ing 0 e ns
tsulrd) Read command setup time tRCS 0 o ns
. Early wriicommand satup time : _s 5 ns
sulWCL) before CAS low WCs
tgufWCH)  Write command seiup time before CAS high ICWL 60 80 ns
tsyrwRHY  Write command setup time before RAS high TRWL 60 80 ns
tsu(Sh Serial data setup time before SCLK high 10 10 ns
tsulTR) TR/UE setup time before RAS low ) 0 ns
thCLCA]  Column address hold time after CAS low AR 45 55 ns
thiRA) Row address hold time tRAH 20 25 ns
Th{RW! W hold time after RAS fow with TR/QE iow 20 20 ns
th(RLCA)  Column address hold tme after RAS fow AR a5 140 ns
th{CLOY Data hold ume after CAS low DY 60 80 ns
th{RLD} Data hold time after RAS low IDHR 110 145 ns
th{wLD) Data hold time after W {fow tDH 45 55 ns
hiCHrd! Read comrand hold time after CAS high IRCH 0 ns
thiRHrd} Read command hold rime after RAS high 1RRH 5 5 ns
hicLwy  Write command hold time after CAS low tWeH 50 80 ns
th{RLW) Write command hold time atier RAS low WCR 110 145 ns
Serial data out hold time after
th(RSO) =7E T 30 30 ns
RAS low with TR/GE low
hish Serial data in hold time after SCLK high 0 0 ns

{continued next page)

NOTE: Trming measurements are made at the 109 and 90% porits of imput and clock transitrons. In addivon, Vi max and Vi min must be met at the 10%
and 80% points,
All cycle times assume 17 = b ps

Paze-mode only.
In & reag-modify-write cyele. 1o yeL 8nd Lo (W) must be cbserved, Depending on the user’s transition times, this may require additional CAS low

[ T

ume (tyycpyl. This applies to page-mode read modify-write aiso.
In a read-modify-write cyole, Ig L 9nd Lo, WRH) Must be observed. Depending on the user's transition times, this may require additional RAS low

tme {tagLyh-

-
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TMS4161
65,536-BIT MULTIPORT MEMORY

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

PARAMETER ALT. TMS4161-15 TMS4161-20 UNIT
SYMBOL MiIN MAX MIN MAX
thisO} Serial data out hold time after SCLK high 8 8 ns
thiTR) TR/QE hold time after RAS low 20 20 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
tCLOEH Delay time, CAS low to QE high 100 135 ns
tCLRH Delay time, CAS low to RAS high tRSH 100 1356 ns
toLwWL Delay time, CAS low to W low WD 60 65 ns
{read-modify-write cycle only}
Delay time, CAS low to QE low
tCQE {maximum value specified only 60 95 ns
to guarantee ta(QF) access time)
tRHSC Delay time, RAS high to SCLK high 50 50,000 50 50,000 ns
YRLCL Delay tlme,. f{AS low to CAS low {maximum tRCD 20 50 25 65 ns
value specified only to guarantee ta(R)}
Delay time, BAS low to W low
TRLWL {read-modify-write cycle only) RWD 110 130 ne
tCKRL ;;gﬁ:ﬁ:iicélg_glﬁm 10 50,000 10 50,000 | ns
tef Refresh time interval tREF 4 41 ms

NOTE: Timing measurements are made at the 10% and 90% points of input and clock transitions. tn addition, V|| max and Vjpq min must be met at the 10%

and 90% points.
1 SCLK be high or low during tug)-

PARAMETER MEASUREMENT INFORMATION

V=131V
R = 217 @
OUTPUT
UNDER TEST
ICL

FIGURE 1 — LOAD CIRCUIT
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TMS4161
65,536-BIT MULTIPORT MEMORY

read cycle timing
le tefrdd)

i: twi(RL) :If

l
—-l pe—tt le——tcLRH ———t| b twirtH)
r—tRLCL——-i-—-tw[c”—-l I-——tcnm.-——q
l j* tRLCH —uf |

| —

||
- Vi |
i ViL ——-I Il-:—tsu(RA) II\L J{
e QR R s XTTRXRRX

,h{;jl_'jr o 4J |
N \l\\lr I{“‘/_ [/ N A\

- VIH I
TR/QE f /-i
ViL |
t (d)—-| I‘I—- I-—-i—‘l Hrd)
! SULF | ! ! h[C r

.__7|-.. -

RAS

ViL

twiCH}

ViH
@ KOO L ROCKKKKXXKKK
Vi i I._tccfE_..I II
I R I "—tdis(QE}—-I
ta(QE} et |
: L———‘atC}—" [ 'disiCH] ————-l
1 ]
VOH
a v ; —{ VALID __-:}
oL ) .
fe ta(R) 4.—']
!
\.
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ThiS4161

65,536-BIT MULTIPORT MEMORY

early write cycle timing

i= te(w) J-*
e twi{RL} »
VIH ['
aAE IK'| yﬁ K
Vi
— o tCLRH tw(nH)-——-
[+ tRLCL —sfe———twiCL) -——-I l-_._— tcam____.l
l [= IRLCH I
I I [ I‘Ttt
— Vi - L -
o N g
ViL i !
i
11 | [-———-tw(cm——-——-{
th(RLCA) ———] | i
11 I
i-—tsu:cm i I :
VIiH u
AQ-A7 COLUMN
viL ! |
[ | | le———e—thicLca |
—} [+ tsulTR) LTr—tsu[WCH)—‘——“’i |
thiTR) ‘_"'—-I l'——-——'—"su(WRHll——--——.1
t I [ I |
ViH |
tsu(W(.‘.L)—.l [4—
le {h(RLW)
VM : | | J——thicLw
W DON'T CARE 11 4/ DON'T CARE
Vv
I I l...!...!._tw(w)____.]
| [-Q—-‘h(WLDl-—F
| je——thicLo)—
fe th{RLD) "’l
VIH L |
D DON'T CARE g; VALID DATA X DON'T CARE
viL
— je—1tsuD) '
VoH
a HI-Z
VoL
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TMS4161
65,536-BIT MULTIPORT MEMORY

write cycle timing '

te(w) -

X |
Viy je twiRL} g ;
viL ! { !

1 |
ViH tw(CL) *{ '
CAS ﬁ |
viL ——~—| tsulRA) } I |

tCLRH ;Jl be—tw(RH) ——
| !
tRLCH —={ le——tcHRL——s]

N __.|' e
) ft—e

i tCLQEH
L

| —'! I‘—i:tsu(CA} J [ ll I

th{RA}

VIH

COLUMN

T b tsu(TR) [e——thicLca) [
o th(TR) : I-—tw(cuza (111 )
TRIGE " \\\ ;\\ \\"_ : :;ﬁ / / / \_ (

2|

a

l._.__'tsucwcm___.{
! =l

I-———-T—tsu(wnm
th(RLW) - > I I
th(CLW) ——-I
v |
2] A A A i AAAA
DON T CARE l D\C}NV {:,AQE
VIL M
l ; twiiwy) " l l
| I [ Nn———-th(WLD)"i I
r——————th(CLD}-——"l
le i th(RLD} - ; !
VIH
AAANAA
MDON T CARE VALID DATA DON T CARE
tSU(D}"—‘.’ | P tI:IIS{QE}

tcor;—-[-—-I-— talQE) td.sccn)

ten r
- NOT VALID
* }

Vou

VoL

° The enable time {ten! for a write cycle is equal in duration to the access time from TAS {ta[cy) in a read cycle; but the active levels at the output are invalid.
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TViS4161
65,536-BIT MULTIPORT MEMORY

read-write/read-modify-write cycle timing
i-‘ toirdW) vl
ViH le twiRL) {
RAS ’kl
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ey -— le tCLRH
| b trLcL —l
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|
ViH I l
BT | N — XX XK
Vi i | ! JAWAVAYI
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' IO
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Vi N NN / N/NINS
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|
I
e tcos—-—l $
YoH : i g— VALID }——
3

Voo
e 15[ () et
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65,536-BIT MULTIPORT MEMORY

page-mode read cycle timing

TMS4161
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_ ILT.EUE.& _ Eo.:ﬁlLTl _ EQ:.&ILTI 'LT.EE:&

_
| | worom el (V2104 | b— (VO THIY |
_ “ “ i “ I « _ _ (V21214 —t—oe! _ vﬂlzz_f
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THiIS4161

65,536-BIT MULTIPORT MEMORY

page-mode write cycle timing
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FVID4 1D 1
65,536-BIT MULTIPGRT MEMORY

page-mode read-modify-write cycle timing
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THiS4161
65,536-BIT MULTIPORT MEMORY

RAS only refresh timing

‘,:— tc{RD} b |
— VM ]-———twmu——————o-l L
RAS t I J Ik
ViL
Iq—‘w(RHl-—-—DI

Vi FWAWA
CAS <><XX><> ON'T CARE DON'T CAn£><>(

tsu(Fh!\l thiRA)

. <><><//\]\i><><><>CXt ;§6<><>CX>/\/\/\/><><><§
AO-AT7 DON'T CARE ow DON'T CARE
viL \/\/

tsu(TR) —4-——} }-——-——ﬂ-tmn}

ViH FAWAY
TR/QE Z><><><D\0N'T CARE
FAVAVAN

ViL

Vi FAVAVAN
S e TR R KRR KIKRKK,
ViL N NN

Z|

Vi

VoH

VoL
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" THiS4161
65,536-BIT MULTIPORT MEMORY

shift register to memory timing {
Vi J twiRL) 1}
RS \-_tRLCL._——.l
ViL | |
I e tRLCH »|
Vi
i " ! I ilj—twlcu—'y

i L—-—‘h(HLCA)—»—-——n—u
|- thiCLCA) I
fsumm_|-_-| l-——.|—thmm |

ts|.|(CA)

ViH \ 7R
AQ-AT COLUMN DON'T CAR
VL NSNS \
tsu(TR)‘!‘—4 th(TR}
Vil
e T 11 RXKKXXX KRR XRZ
viL / /
tsulRW
* ) -———-I——thmw: 1
oo L} m<><><><><><w~w’><><><><><><>< (f
I JRAVAVAN
L. NS N [\

ViH f |

Q HI-Z
t
ViL ‘CKRL RHSC—|
[+ wwekn l-———-l— tWCKL

o ARLRRARARRANRAR D e
fe-tatsorey e thimso)—] tamso,+_.| ta{sol—lt-!

! I

VOH 1 ] i L
H EGISTER SAME AS
SOUT OLD SHIFT OLD SHIFT R oLD | SHIET
REG DATA DATA NOT VALID REG DATA

VoL

2|

NOTES: 1. The shift register to memory cycle is used to transfer data from the shift register to the memory array. Every one of the 256 [ocations 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. ‘

2. SOE assumed low, ’

3. SCLK may be high or low during tw(Rt)- k
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. TMS4161
65,5636-BIT MULTIPORT MEMORY

! memory to shift register timing
fe—— o t wd
VIH y wiRL) 'I i
. x:——u—tmm.—- [
RAS
ViL l
e tRLCH
I T

O
>
o

VIH | l i&:—tw(cu——-lf

ViL
l L——-—th(RLCA)-—[——U
l | ] fe——erth(cLCA)

tsumm_|._.| | | thm Al
tsu{CA}

FAWAY l\
AD-A7 COLUMN DON T CAFIE
JAAAY4

ts“”m tthm

~—“‘“m %XXX)OOC il X X XXX XX,
TR/QE DON'T CARE
ViL YAV AV /

tsU(RW)ﬁ -—+th[RW)

AV 4
i Y Y AWAWA
go g e
VIL | I WAYAYS
) |
o one X OOOOOXXXXXXS
DON'T CARE
FAWA VY /

VoH I [ 1
o HI-Z
t
Vo ~————°‘——I~tCKRL I'" R“Sc"l
I‘-tWCKH
WCKL

-/ ALARARRARARANY i

ta(sm——-t }t—- thmsm—-[
VO L [}
sout H OLD SHIFT NOT VALID NEW ROW
REG DATA DATA

VoL {
—-I ic—tamsm

NOTES: 1. The memosy to shift register cycle is used to load the shift register in parallel from the memory array. Every one of the 256 locations in the
shift register re written into from the 256 columns of the selected row. Note that the data that is loaded into the shift register may be either
/ - shifted out or written back into another row,
2. SOE assumed low.
3. SCLK may be high or low during tyRt)-
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IVis41b]
65,536-BIT MULTIPORT MEMORY

serial data transfer timing {

tc(SCLK)
r

twiCKH:———l |
twicKLl—e] | o tu(CKL) ——]

W T

I‘-—tsu{sn——[ | ]‘*—tsu(SI)'—‘—ﬂ |
— o this o fe— thisn

" RN PR, HEXXRR

ta(S01—a—wq [ je—ef—taiso)
thisoyfe—e] th(sm

ViH | L J
SQUT ———( BITN BIT N+1 N4+2 }—
viL

»

I-——'— ta({SOE) td:s(SOE)
—_ VH I
SOE
ViL !

|
e
ml

NOTE: While shifting data throuqh the serial shift register, the state of TR/QE is a don't care aslong as TR/QE is held high when RAS goes low and tsu(TR}
and 1 7R) timings are observad. This requirement avoids the initiation of a register-to-memory or memory-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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Pvis4iol

65,536-BIT MULTIPORT MEMORY

iming

.

shift register to memory multiple t
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Tvis4ibl

-

65,536-BIT MULTIPORT MEMORY

memory to shift register to memory multiple timing
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TNIS4161
65,636-BIT MULTIPORT MEMORY

Ipp+$ V5. CYCLE TIME
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Texas Instruments resarves the right to make changes at any time in order to improve design and to supply the best product possible.
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