char usemenul,cOs

set_port(’p’;0,0); /% inti port control */
set_port (’t’,0,0); /% set seconed port. to read all %/
do

{{

menu (&usemenul) s

switch (usemenut)

i

vvvvv

.......

(]

ST TITTOm .
L I
i

=
0
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}
ﬁhile(usemenul 1= ’87%);
clrserOs

set_port (’d’,0,0);
printf (" THANK YOU ....")s
delay (300) s
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Dafé{ Conversion Clrcults

Product Preview :

CMOS High-Speed 8-Bit
Flash A/D Converter

Features:

Pin compatible with 41051/CA3308
CMOS/SOS low power

Flash (Parallel) conversion tachnique

15 MSPS conversion rate at § V (CA3318C)
20 MSPS conversion rate at 5 V (CA3318)
1 LSE ditferantial linearity

1.5 LSB integral linearity

Single 4 to 6.5 V supply

8 latched bit outputs plus overflow

May be stacked for higher rasolution
May be paralleled for double speed

The RCA CA3318and CA3318C are pin compatible retrofits
for the 41051/CA3308, but with the output data changing
1/2 clock cycle later. They have features similar to the
CA3300 (File No. 1318), such as the control inputs and
outputs necessary to allow stacking or paralleling for
higher resolution or doubled speed. Separate analog and
digital ground pins are available to allow analog to digital
isolation. The reference resistor string is available at both +,

CA3318, CA3318C.

Applications:

Especially suited for high-speed conversion applications
where low power is also important

TV video digitizing (industrial/security)

Ultrasound signature analysis

Transient signal analysis

General-purpose hybrid ADC's

Optical character recagnition

Radar pulse analysis

Mation signature analysis

and-ends, and atthe 1/4, 1/2, and 3/4 points, thus allowing
the tailoring of non-linear transfer functions. In addition,
the + reference (positive full sca'e) may be used above the
analog + supply.

The CA3318 and CA3318C are available in a 24-lead dual-
in-line plastic package (E suftix) and in a 24-lead dual-in-
line ceramic package (D suffix).

~5701GI TAL
\PZ # ‘t’l ¢| s ‘bl P2 P \OC,"’JJ SUPPLY
ANALOG = QuTAUT -SraTeE
$0R " Bvan l ALGISTOR onvsas
. COUNT
Vln.“““ RS 256 - ) {9]overFLow
172 R Y 0 QoH—0 a H'r,
+REF vy {cas w235 L :
Rz 1 | | ! slLaTcH LATCH | s
! ‘L ! s | 2t | i c mr 3(Ms8)
1
] 1 N{(:n&
m{ COUNT | ENCODER 7
93
ata o oo o—'—«l Sanar o kb >{Tar
374 REF [23] {cas e193 | i
’ ! bslarcH | bslLatch |
| | ar s
] [l I
| ! COUNT |
=301 _1___0 oL a 129
12 ReF [Zah Agei29 i ! 8T 3
|
! P+ LATCH | $=#fLATCH H
1 I
1 ] 8T 4
! i COUNT |
1 Llo  oH—o o[22
1
174 REF .—A : : c.\s 0::5 : | AT 3
. )
| LATCH ATCH !
i : : E r* LVL C {
— | <oyt | i H |
o ék | | | o o
S R a20 } ; o al—+—o Q |
" /72 R ., I
RE Ca3" COMPARATOR o1 LJearcn LATCH BIT 1(LS3)
250K 1 1
W
;
cLOCK $1AUTO BALANCE)

ANALQG

anouw AGN

# CASCADED AUTOQ BALANCE (Ca8)

$2 (SAMPLE UNKNOWN)

e
—<] eez

920H-33593 olelTaL

vss

Block diagram of the CA3318 and CA3318C.
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Product Préview

CMOS High-Speed 6-Bit
Flash A/D Converter

Features:

Impréved pin-for-pin retrofits for CA3300
CMOS/SOS low power

Flash (Parallel) conversion technique

15 MSPS conversion rate at 5§ V

1/4 LSB accuracy

Single 3 to 6 V supply

6 latched-bit outputs plus overflow

May be stacked (0r higher resolution
May be parallel for double speed

The CA3306 family members are pin-for-pin retrofits
for the CA3300 (File 1316), but offering improved
speed and linearity. All functions of the CA3300 are
carried over: the ability to stack devices for higher
resolution, parallel devices for doubled speed, and the
availability of a built-in zener reference. Accurate
digitizing at video speeds is now possible with only a

VoD

Data Converslon Clrculls

CA3306, CA3306A, CA3306C

single 5 voltsupply (8 volts required for CA3300), and a
tighter linearity is guaranteed at a lower reference (full
scale) range.

The CA3306-series devices are supplied in 18-lead
dual-in-line plastic packages (E suffix) and in 18-lead
dual-in-line ceramic packages (D suffix).
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ST e e ’ N PACKAGE
65,636 X 4 Organization (TOF VIEW)

o. Single, 5-V' Supply (10% Tolerance) 5[:1 el vss
oaif]2 17[Joas
dardized Pinout ba4
JEQEC Stan paz(J3  16[] CAs
@ Pinout Identical to TMS4416 (16K X 4° wE 4 15 :] pa3
© Dynamic RAM) RAS[]s 14[] a0
i R : as(]e  13[] as
e Performance Ranges: ASC 7 lZ] 42
; ACCESS ACCESS READ READ- asJa 11[Jas A
- - TIME  TIME  OR MODIFY- voo[]8  10[] a7 )
ROW  COLUMN WRITE WRITE
ADDRESS ADDRESS CYCLE CYCLE FM PACKAGE
(MAX)  (MAX)  (MIN)  (MIN) (TOP VIEW) -
TMS4464-12  120ns  60ns 230ns 310 ns ke it ?_,
TMS4464-15 150 ns 75ns 260 ns 345ns g e [ Ke] s
TMS4464-20  200ns 100 ns 330ms, 435ns = ‘zg__
2. 1922 21
Long Refresh Period . . . 4 ms (Max) paz fs e 20(] &A%
Low Refresh Overhead Time . . . As Low As w4 19(] pa3
1.3% of Total Refresh Period RAZ as 18[] A0
; NC [J6 170 ne
On-Chip Substrate Bias Gensrator ne fy 160 Ne
@ Al Inputs, Outputs, and Clocks Fully TTL A8 g 15[ A1
Compatible As ]9 14: A2
; 10111213
®. 3-State Unlatched Output a0oan
5y L T anr~ m
® Early Write or G to Control Output Buffer e Qi
Impedance
PIN NOMENCLATURE
® Page-Mode Operation for Faster Access AO-A7 Address Inputs
® Power Dissipation As Low As: 47 Column-Address Strobe
e Operuting ... 275 mW {Typ) DQ1-DQ4 Data In/Data Out ; 1§
= Standby ... 12.5 mW (Typ) R Quipiit Enable
e NC No Coninection
RAS-Only Refresh Mode RAS Row-Address Strobe
® CAS-Before-RAS Refresh Mods Voo N
Vss Ground
W Write Enable
description

The TMS4464 is a high-speed, 262, 144-bit dynamic random-access memory, organized as 65,536 words
of four bits each. It employs state-of-the-art SMOS (scaled MOS) N-channel double-level polysilicon/polycide
gate technology for Vvery high performance combined with low cost and improved reliability.

This device features maximum RAS access times of 120 ns, 150 ns, or 200 ns. Typical power dissipation
s as low as 275 mw operating and 12.5 mW standby.

New SMOs technology permits operation from a single 5-V supply, reducing system power supply and
decoupling requirements, and easing board layout. Ipp peaks are 125 mA typical, and a —1-V input voltage
:. undershoot can be tolerated, minimizing system noise considerations.

Allinputs and outputs, including clocks, are compatible with Series 74 TTL. All address and data-in lines
are latched on chip to simplify system design. Data out s unlatched to allow greater system flexibility.

PhsisacT)p DATA documents contain Information 2 Copyright O 1935 Toxas Instruments Inccrporated
Serreag - '!'p;'i‘lﬁm(- ta. r[ruduml conform s T Q’
o 3 of Tuxaz Instruments EXAS
; andurt '.I"".?.' Productioa yr:-ccuir?q does net cais
; ."",‘ : Y incl testing of oll parametors. INS’TRUMEN—FS

POST OFFICE BOX 1443 o HOUSTON, TEXAS 77001
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TMS4464.
65.536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

ppmmm—EEE

CAS-before-RAS refresh

The CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS (see parameter tCLRL) and
and holding it low after RAS falls (see parameter-tRLCHRI. For successive CAS-before-RAS refresh cycles,
CAS can remain low while cycling RAS. The external address is ignored and the refresh address is generated
internally. “ :

page‘mode

page-mode operation allows effectively faster memory access by keeping the same row address and strobing
random column addresses onto the chip. Thus, the time required to setup and strobe sequential row
addresses for the same page is eliminated. The maximum number of columns that can be addressed is
determined by tw(RL), the maximum RAS low pulse duration.

power up

To achieve proper device operation, an initial pause of 200 us is required after power up followed by a
minimum of eight initialization cycles.

logic symbolT

RAM 64K X 4
A0 —————12008/21D0

(%]
=
<
o
1O

1

@

<

>
(@]

a3 11 [ o
Ag —ita - X3 65,535

20015/2107

' - C20(ROW)
AN Eczanﬂeraesu ROW|
RAS 24[PWR DWNI
- c21(COL] &
G24 S
s e [E <

b~23C22
B gy ——
w i 23,210 |24.2SEN
_—e?5
(2) 2|
DQ1 A.220 s
s V 28 ;
DQ2 'ﬁ's*—"
pa3 -2l

.

T o
;:“ symbol is in accordsnce with ANSI/IEEE Std 91-1984 and IEC Publication 817-12.
"umpevs shown are for the dual-in-line package.

i
TeEXAS b 4-119
INSTRUMENTS
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TMS4464
65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

functional block diagram

i S

TIMING AND CONTROL

J

ROW
32k ARRAY | Ll 32K ARRAY
ROW
ADORESS 256 SENSE AMPS 256 SENSE AMPS
BUFFERS L
§or 32K ARRAY il 32K ARRAY L—{ OATA
—— DECODE ——  our
S
~ 10 F—— ReG
w) ] " COLUMN DECODE BUFFERS
~< & 4 —~—{ Dara
g 3, 32K AKRAY P 32K ARRAY ::j N 0Q1-004
A2 COLUMN DECODE [~ s
a A3 ADDRESS
o i BUFFERS 256 SENSE AMPS 256 SENSE AMPS
131
& = 3 E 32K ARRAY il 32K ARRAY
> A g DECODE
S w
%] -
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
Voltage on any pin including Vpp supply (see Note 1)............ Y ~ S o SN -1Vt 7V
Short circuit output current . 50- mA
Power dissipation .. .. .. ... A" ..
Operating free-air temperaturerange ... .ot .. dcadhina ol oo ool L 0°C to 70°C
Storage'temperature raQg@e. .\ s s faf o v e -e bW ST LS RF - - N §F {8 -65°C to 150°C
T Stresses beyond those listed under *‘Absolute Maximum 'Raxings" 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 thosa indicated in the “‘Recommended Operating
Conditions '’ section of this specification Is not implied. Exposure to sbsolute-maximum-rated conditions for extended periods may affect
device reliability.
NOTE 1: All voltage values in this data sheet are with respect to Vgs.
recommended operating conditions
MIN NOM MAX UNIT
' Vpp Supply voltage 4.5 5 5.5 \YJ
- Vgg Supply voltage 0 Vv
ViH High-level input voltage 2 Vppti| v |
viL Low-level input voltage (see Note 2) -1 . 08 %
TA Operating free-air temperature 0 70 °C
NOTE 2: The nlgebraic convention, where the mare negative (less positive) limit is designated as maximum, is used in this dota sheet
for logic voltage levels only.
i
4-120 5
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TMS4464
. 65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

P

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

PARAMETER TEST CONDITIONS ALkl UNIT
S MIN  TYPT MAX
VOH High-level output voltage loH = -5 mA 2.4 v
VoL Low-level output voltage loL = 4.2 mA 0.4 \
I Input current (leakage) Z:I :t:ervp‘i:se.-—s (\)/'VVt?:DG.Z \5/ v =10 vy
Vo =0Vt 55V,
10 Output current (leakage) Vpp = 5 V. CAS high, £10 WA
All outputs open
b Ave.u.\ge -operaling current tg = minimum cycle, 6.5 80 oy
during read or write cycle All outputs open
Atter 1 memory cycle,
IDD2 Standby current ;;;'Srz%r;l;:i;: o 2.5 5 mA
All outputs open g
t¢ = minimum cycle, -
1003 Average refresh current RAS low, TAS high, 50 60 mA é
All outputs open P
te(p) = minimum cycle, E
Ippa Average page-mode current RAS low, CAS cycling, 45 85 mA T
All outputs open [l
>
o
PARAMETER TEST CONDITIONS i Sl L KRt 3 5 UNIT
MIN_ TYPT MAX | MIN TYPl MmaX
VoH High-level output voltage lgH = -5 mA 2.4 284 & \%
VoL Low-level output voliage loL = 4.2 mA 0.4 0.4 \4
Vi =a0Vi085V,V =5V,
] Input curient (Iaa}age) Alll ot B SIIETY 2:06.5 v +10 10 pA e
Vo = 0Vto55V,
lo Output current (leakage) Vpop = 5V, CAS high +10 10 A
All outputs open 1
1001 :w?waga opelanng current tc = minimum cycle 55 20 50 60 e 1
. uring read or write cycle All outpuls open
Atfter 1 memory cycle,
: I 0Q1-DQ4 held at > 0 V, { 5
lob2 Standby current FAS and CAS high. 2.5 ) 2.5 5 mA
All outputs open
te = minimum cycls,
loo3 Average refresh current RAS low, TAS high, 45 " ] 40 50 mA
All outputs open !
te(p) = minimum cycle,
004 Average page-mode current | RAS low, CAS cycling, 40 £0 30 40 mA
All gutputs open :

| !
A typical values are at Ta = 25°C and nominal supply voltages.

TeExas ‘Q"

INSTRUMENTS
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TMS4464
65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

—
capacitance over recommended supply voltage range and oparating free-air temperature ranga, .-
f =1MHz e
f
TMS4464
PARAMETER ;
TYPT max | ONT
Ci(a) Input capacitsnce, address inputs 4 7 pF
Ci(Rc) ~ Input capacitance strobe inputs 8 10 pF‘
Ciwy Input capacitance, write enable input 8 10 pF
Cilo Output capacitance 8 10 pF
TAl typical values are at To = 25 °C and nominal supply voltages.
switching characteristics over recommended supply voltage range and operating free-air
tempearature range ’
PARAMETER ) TEST CONDITIONS Y Lol UNIT
! SYMBOL MIN  MAX :
W] =W RLCL = MAX, C|_ = 100 pF,
t Ac time from CAS t 60
§ 'a(C) £oa2 “H Losd = 2 Series 74 TTL gates CAaC 0
jo}] N . tRLCL = MAX, C = 100 pF,
3 ta(R) Access time from RAS Load = 2 Serics, 74 TTL gates tRAC 120 ns
(9} 1 " Access time aher CL = 100 pF, : - i
=] alG) G low Loed = 2 Series 74 TTL gates GAC g
> y Output disable time CL = 100 pF, ¢ 30
i t n
= dislCHI 7 b r AR high Load = 2 Series 74 TTL gates OFFi >
v Output disable time ) CL = 100 pF, - ¢ 5 30
tdis(G) after G high Load = 2 Series 74 TTL gates GOFF
“30, Ty | Sy N RESE SR . v 3,
- switching characteristics over recommended supply voltage range and operating free-air
temperature range
PARAMETER TEST CONDITIONS Sl TG o L J| TiM03 104:20 1 Ui
SYMBOL MIN  MAX [ MIN MAX
v 1ALCL > MAX, C| = 100 pF,
t Access trom CAS [t 75 100
a(C) ceess Imoniopy Load = 2 Series 74 TTL gates CAC a8
. =— tRLCL = MAX, C| = 100 pF,
ta(R) Access time from RAS Load = 2 Series 74 TTL gates tRAC 150 200 ns
Access time atter CL = 100 pF, :
ta(G)? . t 45 55 ns
a(G) G low Load = 2 Series 74 TTL gates GAC
¢ Output disable time CL = 100 pF,
i b t 0 30 0 35 s
tdis(CH) after CAS high Load = 2 Series 74 TTL gates OFF o
" Output disable time CL = 100 pF,
; ik g 0 30 0 35 ns
1dis(G) after G high Load = 2 Series 74 TTL gates 'GOFF B J

*1g(C) and ta(R) must be satisfied to guarantee ty(G)-

e .
4-122 TeExas J-;
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TMS4454
: 65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

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

ALT. TMS4464-12 UNIT
SYMBOL MIN MAX
_—‘;, Page-mode cycle time pC o208 8 ns
te(PM) Page-mode cycle time (read-modify-write cycle) tPCM 200 BESHERE! ol 1| 5]
te(rd) " Read cycle time! tRC 230 STk
te(w) Write cycle time we 230 ns
te(rdW) Read-write/read-modify-write cycle time tRWC 310 ns’
I twiCHIP Pulse duration, CAS high (page mode) 1cp 50 ns
tw(CH) Pulse duration, CAS high {non-page mode) ICPN 50 ns
tw(CL) Pulse duration, CAS low + ICAS 60 10,000 ns
tw(RH) Pulse duration, RAS high tRP 100 ns
twiRL) Pulse duration, RAS low S tRAS 3 120 10,000 ns
T (W) Write pulse duration we 40 ns
ty Transition times (rise and fall) for RAS and CAS tT 3 50 ns
tsu(CA) Column-address setup time tASC 0 ns ]
tsu(RA) Row-addrass setup time tASR 0 ns =
tsu(D) Data setup time oS 0 ns ¥ é
tsulrd) Read-command setup time 1RCS 0 ns 0
Early-write command setup i o
tsu(wel) time before CAS low wes g & £
tsu(WCH) Write-command setup time before CAS high tcwL 40 ns g
tsulWRH) Write-command setup time before RAS high TRWL . 40 as >
th(CLCA) Column-address hold time atter CAS low tCAH 20 ‘ns a
th(RA) Row-address hold time tRAH 15 ns
th{RLCA) Column-address hold time after RAS low AR 80 ns
th(CLD) Data hold time atter CAS low 1DH 35 ns
th(RLD) Data hold time after RAS low OHA 95 ns
th(WLD) Data hold time after W low 1DH 35 ns
th(CHrd) Read-command hold time atter CAS high tRCH. ] ns
th(RHrd) Read-command hold time efter RAS high tRRH 10 ns
th(CLW) Write-command hold time after CAS low WCH “|En8s ns
h(RLW) Wiite-command hold time after RAS low tWCR 95 Jusns
Continued next page.
TAll cycle times assume 1, = 5 ns.
_In 8 read-modity-write cycle, tcLwLand tsy(wCH) must be observed. Depending on the user’s transition times, this may require additional

CAS low time [ty (cy))-

Ina read-modify-write cycle, TRLWL @nd tgy(wRH) Mmust be observed. Depending on the user’s transition times, this may require additiona;
RAS low time (tw(RL))

i
EXAS ‘U
INSTRUMENTS
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TMS4464 :
165,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY i

B
hn

timing requirements over recommended supply voltage range and operating free-air tem:erature range

{CAS-before-RAS refresh option only.
# G must disable the output buffers prior to applying data to the device

(continued)
- ALT. TMS4464-12 UNI?
= SYMBOL MIN MAX
. tRLCHR Delay time, RAS low 1o CAS high! {CHR 25 ns
{RLCH Delay time, RAS low to CAS high 1GSH 120 ns
{CHAL Delay time, CAS high to RAS low ICRP 0 ns
tRHCL Delay time, RAS high to CAS low | tpwep 0 ns
1CLAH Delay time, CAS low to RAS high IRSH 60 ns
el Delay time, CAS low to W low S o5 s
{read-modily-write cycle only)¥
tCLAL Delay time, CAS low to RAS low 1CSR 25 ns
Delay time, RAS low to CAS low
tRLCL {meximum value specified only tHCD 25 50 ns
to guarantee access time) 1
Delay time, RAS low to W low
E TRLWL {read-modity-write cycle only) ¥ IRWD 195 : 2%
3 Delay time, G high before !
3 'GHD data applied at DQ . ‘600 20 = 03
a' trf Refresh time interval IREF 4! ms
g i
=

‘{i;
P TeExAas
INSTRUMENTS
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. TMS4464
' 65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMCRY

Iupaspas

timing requirements over recommended supply voltage range and operating free-air temperature range. -;
(continued)

L3 ALT. TMS44684-15 TMS4464-20 UNIT
E SYMBOL MIN  MAX MIN _ MAX
to(P) Page-mode cycle time tpC 145 190 e ng
te(PM) Page-mode cycle time (read-modify-write cycle) teCM 230 LT 295 ! “ns
" terre) Read cycle time taC 260 330 ns |
te(W) Write cycle time twWC 260 A 330 3 ns
[ tetow) Read-write/read-modify-write cycle time TRWC 345 435 - " ns
tw(CHIP Pulse duration, CAS high (page mode) t(cp 60 80 ans
tw(CH) Pulse duration, CAS high (non-page mode) tCPN 60 B0 g ns
twiCL) Pulse duration, CAS low? tCAS 75 10,000 100 10,000 | ns
tw(RH) Pulse duration, RAS high tRP 100 120 ns
tywi(AL) Pulse duration, RAS low3 1RAS 150 10,000 200 10,000 ns
tw (W) Write pulse duration TWP 45 55 ns_ |
te Transition times (rise and fall) for RAS and CAS T 3 50 3 50 ne e w
tsu(CA) Column-address setup time tASC 0 3 W ns | =
t5u(RA) Row-address setup time tASR 0 0 ns. f é
tsu(D) Data setup time DS 0 3 0 | 5
tsulrd) Read-command setup time IRCS 0 0 ns =
Early-write command setup = 1 g
tsulwCll time before CAS low 'WCs ¥ £ o
tsu(WCH) Write-command setup time before CAS high tewL 45 60 i ns 5
tsu(WRH) Write-command setup time before RAS high TRWL 45 60 | ns
th(CLCA) Column-address hold time after CAS low \CAH 25 45 |
th(RA) Row-address hold time tRAH 15 20 s ns !
th{RLCA) Column-address hold time after RAS low tAR 100 145 | ns
thiCLD) Data hold time after CAS low A tDH 45 55 > |
th(RLD) Data hold time after RAS low. 1DHR 120 155 ns
th(WLD) Data hold time atter W low 1OH 45 £k ns
th(CHrd) Read-command hold time atter CAS high tRCH 0 ] 0 ns
th(RHrd) Read-command hold time after RAS high tRRH 10 . 15 ns
thiCLw) Write-command hold time after CAS low tWCH 45 55 ns
thiRLW) Write-command hold time after RAS low tWCR 120 155 ns

Continued next page.

TAl cycle times assume ty = 5 ns.,

In _In a read-modity-write cycle, ‘CLWL*‘“d tsy(WCH) Must be observed. Depending on the user’s transition times, 1hns may lequlrc cdditional
?AS low, time (‘w(CL))

In a read-modify-write cycle, tRLwL 8nd tgy(WRH) Must be observed. Depending on the user’s transition times, this may require additiona'
RAS low time (tw(RL))-

EXAS‘{‘J

lNSTRUMENTS
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TMS4464
65,636-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMOHY

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

1CAS betore-HAS reliesh option only.
#G must disable the output bulfers prior 10 applying data to the device.

( concluded)
ALT. TMS4464-15 TMS4-464-20
SymeoL MIN  MAX | Mg MAX
tRLCHR Delay time, RAS low to CAS highl ICHR 30 35
tRLCH Delay time, RAS low to CAS high tCSH 150 200 ns 5
tCHRL Delay time, CAS high to RAS low ICRP 0 0 ns | :
tRHCL Delay time, FAS high to CAS low | tRCP 0 g ns | °
tCLRH Delay time, CAS low to RAS high tRSH 75 100 ‘ns
— —r————
Delay time, CAS low to W low :
t 1 110 140
CLwWL {read-modify-write cycle only) ¥ e o
tCLAL Delay time, CAS low to RAS low ICSR 30 35 ns
Delay time, RAS low to CAS low ;
TRLCL (maximum value specified only tRCD 25 75 30 100 ne
) to guarantee access time) 4
< a Delay time, RAS low to W low : i 230 =
g i RLWL (read-modify-write cycle only)® AWD %
il |
3 Delay time, G high before {
. t t 30 a5 s
= o data applied at DQ Gpe = 3
oo, Ut Refresh time interval REF 4 4 ms
>
%]

4-126 Texas ‘tv)
INSTRUMENTS
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TNSA464
65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMCRY

i §
read cycle timing

i_ telrd) %
|

| :- tw(RL)

po— et —] l-—‘w(RH!—-i
_“: ;,,___xma__.}'-—-'w(cu-—ﬂ r—‘CHRL-——‘-‘l
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65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMOTDY

page-mode read cycle timing
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65,536-WORD BY 4-BIT DYNAMIC RAKDOM-ACCESS MEMORY

page-mode write cycle timing
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65,536-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

page-mode read-modify-write cycle timing
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£5,536-WORD BY 4- BIT DYNAMIC RANDOM-ACCESS MEMORY

RAS-only refresh cycle timing
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