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Description

The devices listed below are fast-page dynamic RAMs
organized as 2M. words by 8 bits and designed to
operate from a single power supply. Optional features
are power supply voltage (+5 V or +3.3 V), a new
refresh mode called “self-refresh,” and the number of
cycles in a refresh period.

uPD Power

Seif-Refresh Refresh Cycles
4216800 +5V — 4096 in 64 ms
800L +33V —
42516800 +5V° v 40896 in 256 ms
800L +33V v
4217800 +5V — 2048 in 32 ms
800L +33V —
42517800 +5V v 2048 in 256 ms
800L +33V v

Note: Letters L and S denote 3.3-volt and self-refresh devices,
respectively.

Advanced polycide technology using stacked capaci-
tors minimizes silicon area and provides high storage
cell capacity, high performance, and high reliability. A
single-transistor dynamic storage cell and CMOS cir-
cuitry throughout ensure minimum power dissipation
while an on-chip circuit internally generates the nega-
tive voltage substrate bias—automatically and trans-
parently.

Thethree-state IfO pins are controlled by CAS indepen-
dent of RAS. After a valid read or read- -modify-write
cycle, data is held on the outputs by maintaining CAS
low. Data outputs return to high impedance when CAS
goes high. Fast-page read and write cycles can be
executed by cycling CAS.

Refreshing may be accomplished by a CAS before RAS
refresh cycle (CBR) that internally generates the re-
fresh addresses.

For the 4216/42516, RAS only refresh cycles and normal
read or write cycles on the 4096 address combinations
of Ag - Aqq will refresh ali memory locations. Bits Ag - Ayq
are used for row and refresh addresses, Ag-Ag for
column addresses.

Forthe 421742517, RAS only refresh cycles and normal
read or write cycles on the 2048 address combinations
of Ag - Aqg will refresh all memory locations. Bits Ag - Aqp
are used for row and refresh addresses, Ag-Ag for
column addresses.

80188
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The self-refresh mode is entered by holding RAS and
CAS low for longer than 100 us during a CBR cycle.
Detection of this fong RAS time starts an internal
oscillator that maintains data integrity without exter-
nal clocking. The slow refresh reduces the data hold
current to less than 200 uA (+5 V) or 80 uA (+3.3 V).
Self-refresh mode is used with microprocessors that
have a “sleep mode” for low-power applications such
as notebook PCs. -

Battery backup current lcce is defined as the current
consumption when the device is in standby mode (RAS

= Vgg ~ 0.2 V) and very-slow (extended) CBR cycles

are being performed.

Features

. 2,097,152 by 8-bit organization .

Single power supply: +5-volt or +3.3 volt
Fast-page option

Low-power gperation

CAS before RAS refreshing

Self-refresh option (slow internal automatic refresh)
On-chip substrate bias generator
TTL-compatible inputs and outputs
Nonlatched three-state outputs

Low input capacitance

Multiplexed row and column addresses

28-pin 400-mil SOJ and TSOP plastic packages

DDDD{UUDUDDDD




GLE D EN by27525 0033983 914 EENECE
HPD421x800/L, 42S1x800/L NIE' C

N E C ELECTRONICS INC

Pin COangurations
28-Pin Plastic SOJ 28-Pin Plastic TS OP (Normal Pinouts)
nPD4216/42S18, 4217/42517 nPD4216/42518, 4217/42317
vec O 1 283 GND vec1o N\ 23p3GND
voi 2 271 vog o1 g2 27 [ ¥og
vop [ 3 26 [1 Vo7 voa ]2 26 1 vo7
Vo3 4 250 vog vog 4 25 3 vog
voa s 24 0 vog ] . o405 243!25_
WEs 23[1CAS WE]s 23 [ CAS
RSO 7 22|31 O RASO7 _qp 22PCE
*Aa1 08 210 A *Aqq 08 210 Ay
Ao 9 201 Ag Ao o 20D Ag
A ] 10 191 A7 A 10 190 A7
A1 18 [ Ag aMOQn 18 [1 Ag
Ay ] 12 17 Ag Ap[] 12 170 A
Ag] 13 1804 AgC] 13 18 A
vee O 14 15{1 GND vec O 14 015 [ GND
* Pin 8 Is NC for 4217/42517
*Pin 8 I8 NC for 4217/42817 Suffix —7JD In the package Klentifle
BIFM-6342A denotes normal pinout sequenca.
BIFM-B8444A
Pin Identification
Name Function : ) 0 .
Ag-Aqy Address inputs 28-Pin Plastic TSOP (Reverse Pinouis)
VO - /Og Data Inputs and outputs uPD4216/42518, 4217/42517
CAS Column address strobe GND [} 1 O °28[Pvee
5 Vog[] 2 27 1 Vo4
O abl
i utput enable w0, a 26 1 vos
RAS Row address strobe vog s 2 Pvog
WE Write enable Yos s F) g Vo4
cAs[s 231 WE
GND Ground =d7 o o
Vce +8-volt or +3.3-volt power supply Ayl - 21 [0 Aqq*
NC Neo connection Agl]s 200 A
Az 10 190 Ag
Ag] 11 18 [0 Aq
A5} 12 170 A2
Aq ] 138 161 A
aodi O sPhvee
* Pin 21 ks NC for 4217/42517
Suffix =7KD In the package Ideniifier
d plnout see
BIFM-B446A
|
|
|
2
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Block Diagram
RAS™>1  RAS clock TAS Clock
Generator Generator ___
WE Clock
s Generator
CAS Before RAS WE T
' Sonere
Intornal Refresh rator
Clock O > Datarin
|— Buffer
¢ VO1
Data VO Bus
Refresh Agdrass |_ VOg
Countar
Data-out
- Cokumn Decoder Butter
Sense Ampiifler T
il 3
AgAtg —114 >
§ g Memory Armay
A1y —> §
Nots: 4218/42816: Ag-Aqy
4217/42817: Ag-A1p
#ICL-8083%0
Truth Table
Function RAS CAS WE OE 1/04 - 1/Og
Standby H X X X High-Z
Refresh cycle L H X X High-Z
Byte read cycle L L H L Data output
L H H L High-Z
Byte write cycle L L L H Data input
L H L H —
— L L H H High-Z

X = don' care.
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Ordering Information, sPD4216800 (+ 5-volt power; 4096 refresh cycles)

RAS Access Fast-Page Battery Backup
Part Number Time (max) Cycle (max) Current (max) Package
uPD4216800LE-50 850 ns 35ns ' 350 pA 28-pin plastic SOJ
LE-60 60 ns 40.ns -
LE-70 70 ns 45 ns
LE-80 80 ns - S0ns ]
pPD4216800G5-50 50 ns 35ns . 350 uA 28-pin plastic TSOP (normal pinouts)
G5-60 - 60 ns " 40ns
G5-70 co o 70 ns 45 ns
" G5-80 ... 80ns 50 ns
pPD4216800GEM-50 - S50ns | 35 ns 350 pA 28-pin plastic TSOP (reverse pinouts)
G5SM-60 .- - 60ns ~ 40ns '
G5M-70 .. 70ns . 45 ns
G5M-80 80 ns 80 ns

Ordering Information, uPD4216800L (+ 3.3-volt power; 4096 refresh cycles)

RAS Access Fast-Page Battery Backup .
Part Number Time (max) Cycle (max) Current (max) Package
pPD4216800LLE-ABO 60 ns - 40 ns 140 pA . 28-pin plastic SOJ
LE-A70 70 ns 45 ns
LE-AB0 80 ns 50 ns
pPD4216800LG5-A60 60 ns 40 ns 140 A 28-pin plastic TSOP (normal pinouts)
G5-A70 70 ns 45 ns
G5-A80 80 ns 50 ns
HPD4216800LG5M-A60 60 ns 40 ns 140 pA 28-pin plastic TSOP (reverse pinouts)
"~ G5M-A70 70 ns ' 45ns '

G5M-A80 80 ns " S0ns

4
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Ordering Information, uPD42S16800 (4 5-volt power; 4096 refresh cycles; self-refresh mode)

RAS Access Fast-Page Battery Backup
Part Number Time (max) Cycle (max) Current (max) Package
pPDA42S16800LE-50 50 ns 35 ns 350 uA 28-pin plastic SOJ
LE-60 €0 ns 40 ns
LE-70 70 ns 45 ns
LE-80 80 ns 50 ns
pPD42516800G5-50 . 50 ns 35 ns 350 uA 28-pin plastic TSOP (normal pinouts)
G5-60 60 ns 40 ns
@570 70 ns 45ns
G5-80 80 ns 50 ns
uRD42S16800GS5M-50 50 ns 35 ns : 350 uA 28-pin plastic TSOP (reverse pinouts)
G5M-60 60 ns 40 ns
G5M-70 70 ns 45 ns
G5M-80 80 ns 50 ns

Ordering information, pPD42S16800L (+ 3.3-volt power; 4096 refresh cycles; self-refresh mode)

RAS Access Fast-Page Battery Backup :
Part Number Time (max) Cycle (max) Current (max) Package
1PD42S16800LLE-A60 60 ns 40 ns 140 uA 28-pin plastic SOJ
LE-A70 70 ns 45 ns
LE-A80 80 ns 50 ns
PD42816800LGS5-A60 ' 60 ns 40 ns 140 uA 28-pin plastic TSOP (normal pinouts)
G5-A70 70 ns 45 ns
G5-A80 80 ns 50 ns
HPD42516800L.G5M-A60 60 ns 40 ns 140 uA 28-pin plastic TSOP {reverse pinouts)
G5M-AT0 70 ns 45 ns
G5M-A80 80 ns 50 ns
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Ordering Information, uPD4217800 (+ 5-volt power; 2048 refresh cycles)

RAS Access Fast-Page Battery Backup
Part Number Time (max) Cycle (max) Current (max) Package
pPD4217800LE-50 50 ns 35 ns 300 pA 28-pin plastic SOJ
LE-80 60 ns 40 ns
LE-70 70 ns 45 ns
LE-80 80 ns 50 ns
pPD4217800G5-50 80 ns 35 ns 300 pA 28-pin plastic TSOP (normal pinouts)
G5-60 60 ns 40 ns
G5-70 70 ns 45 ns
G5-80 80 ns 50 ns
pPD4217800G5M-50 50 ns 35 ns 300 pA 28-pin plastic TSOP (reverse pinouts)
G5M-60 60 ns 40 ns
G5M-70 70 ns 45 ns
G5M-80 80 ns 50 ns

Ordering Information, uPD4217800L (+ 3.3-volt power; 2048 refresh cycles)

RAS Access Fast-Page Battery Backup
Part Number Time (max) Cycle (max) Current (max) Package
uPD4217800LLE-A60 60 ns 40 ns 120 pA 28-pin plastic SOJ
LE-A70 70 ns 45 ns
LE-A80 80 ns 50 ns
uPD4217800LG5-A60 60 ns 40 ns 120 pA 28-pin plastic TSOP {normal pinouts)
G5-A70 70 ns 45 ns
GS5-A80 80 ns 50 ns
HPD4217800LG5M-A60 60 ns 40 ns 120 pA 28-pin plastic TSOP (reverse pinouts)
G5M-A70 70 ns 45 ns
G5M-ABD 80 ns 60 ns

6
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Ordering Information, uPD42S17800 (+ 5-volt power; 2048 refresh cycles; self-refresh mode)

RAS Access Fast-Page Battery Backup
Part Number Time (max) Cycle (max) Current (max) Package
pPD42517800LE-50 50 ns 35ns 300 A 28-pin plastic SOJ
LE-60 €0 ns 40 ns
LE-70 70 ns 45 ns
LE-80 80 ns 50 ns
pPD42317800G5-50 50 ns 35 ns 300 pA 28-pin plastic TSOP (normal pinouts)
G5-60 60 ns 40 ns
G5-70 70 ns 45 ns
G5-80 80 ns 60 ns
1PD42S17800G5M-50 50 ns 35 ns 300 pA 28-pin plastic TSOP (reverse pinouts)
G5M-60 60 ns 40 ns
GBM-70 70 ns 45 ns
G5M-80 80 ns 50 ns

Ordering Information, sPD42S17800L (+ 3.3-volt power; 2048 refresh cycles; seli-refresh mode)

RAS Access Fast-Page Battery Backup
Part Number Time (max) Cycle (max) Current (max) Package
pPD42S17800LLE-AG0 60 ns 40 ns 120 pA 28-pin plastic SOJ
LE-A70 70 ns 45 ns
LE-ABD 80 ns 50 ns
pPD42S17800LG5-A60 60 ns 40 ns 120 A 28-pin plastic TSOP (nprrnal pinouts)
G5-A70 70 ns 45 ns
G5-A80 80 ns 50 ns
HPD42517800LGSM-A60 60 ns 40 ns 120 pA 28-pin plastic TSOP (reverse pinouts)
GBM-A70 70 ns 45 ns
G5M-AB0 80 ns 50 ns
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Absolute Maximum Ratings Capacitance
Voltage on any pin relative to GND Ta = 25°C; f = 1 MHz

5-volt devices ~10to +7.0V Parameter Symbol Max Unit Pins Under Tost:

3:3-volt devices ~0Sto+ 46V Input capacitance  Cjy 5 pF  Addresses
Operating temperature, Topp 0 to +70°C Ce 7 oF CAS, WE, O, FAS
Storage temperature, TgTg -55to +125°C Inputoutput Co 7 pF 1104 - 0g
Short-circuit output current, log 50 mA capacitance
Power dissipation, Pp 1.0wW
Exposure to Absolute Maximum Ratings for extended periods may
affect device reliability; exceeding the ratings could cause perma-
nent damage. The device should be operated within the limits
specified under DC and AC Characteristics.
Recommended Operating Conditions

5-Volt Devices 3.3-Volt Devices

Parameter Symbol Min Typ Max Min Typ Max o Unlt
Input voltage, high Vi 24 Vee + 1.0 2.0 ~ Veg + 03 A
input voltege, low viL -1.0 08 -03 ‘ .08 a2
Supply voltage Vee 45 5.0 55 3.0 33 3.6 v
Ambient temperature Ta 1] 70 0 70 *C
Self-Refresh Current; 42S1x Devices
Ta= 0to +70°C; Voo = +5V £10% or +3.3V *0.3V
Symbol ’ 5-Volt Devices 3.3-Volt Devices Conditions
lecr 200 uA max 80 A max YO pins: V| 2 Voo -02V; Vs 02V or

open. Other input pins: V) = Voo -0.2V; V"_
< 0.2V oropen; taag = 100 us

DC Characteristics; 5-Volt Devices
Ta= 0to +70°C; Vgg = +50V +10%

Parameter Symbol Min Typ Max Unit Test Conditions
Standby current loca 20 mA RAS = CAS = V) (min); lo = OmA
400 HA RAS = CAS = Voo~ 02V;lp = OmA
Input leakage current iy -10 10 MA ViN = 0V to Vgg; all other pins not under test = 0V
Output leakage current o -10 10 HA DoyT disabled; Voyr = 0V to Veg
Output voltage, low VoL 04 v lop = 42mA
Output voltage, high VoH 24 Y loy = -5mA
8
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DC Characteristics; 3.3-Volt Devices
Ta= 010 +70°C; Voo = +3.3V 203V

Parameter Symbo! - Min “Typ Max Unit - Test Conditions

Standby current lcoz 20 mA RAS = CAS 2 Vjy (min); Io = OmA

) 400  pA RAS = CAS = Vgg-02V; g = OmA )
Input leakage current hw -10 10 HA ViN = 0 V1o Vg all other pins not under test = 0V
Qutput leakage current lowy -10 10 HA Doy disabled; Voyr = 0V to Ve
QOutput voltage, low VoL 04 v lop = 20mA
Output voltage, high Vou 24 v log = ~20 mA

DC Current Requirements; 5-Volt Devices

Parameter Symbol  -50 60  -70  -80 . Unit  TestConditions

Operating current lect .
4216/42516 100 90 80 70 mA  RAS, TAS cycling; tge = tge (min); lo = 0 mA
4217/42517 ] 120 110 100 90 mA

Refresh current (RAS only  loca

refresh)
4216/42816 100 90 80 70 mA RAS cycling; CAS = Vi (min); tRc‘= thre
4217/42817 ~ 120 110 100 90 mA  (Minkilo=0mA

Operating current (Fast- Iccs ’

page mode) '
4216/42816 80 - 70 60 50 mA CAS cycling; RAS < V| (mex); tpg = tpg (min);
4217/42817 80 70 60 50 mA l0=0mA

Refresh current (CAS Iccs

before RAS refresh)
4216/42516 100 90 80 70 mA  RAS oysling; tgg = tgc (Min); o = O MA
421742817 120 110 100 20 mA

Battery backup current Icce Standby: RAS = Vg -0.2V;

(Standby with CAS RAS, CAS: 0V = V) =02V,

before RAS refresh) Vee =02V 5 Vi < Vy (max);

thas = 300 ns thas < 1 pus WE, OE: Vjy; Address: don't care; Output: open

42516 350 500 HA CAS before RAS refresh: 4096 cycles, 256 ms
42817 300 400 uA CAS before RAS refresh: 2048 cycles, 256 ms
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DC Current Requirements; 3.3-Volt Devices

Parameter Symbol -AB0 -A70 -A80 . Unit Test Conditions

Operating current lcct
4216/42516 80 70 60 mA RAS, TAS oycling; tre = tpe (min); lo = 0 mA
4217/42817 100 S0 80 mA

Refresh current (RAS only lcca

refresh)
4216/42518 80 70 60 mA RAS cycling; CAS = Vi (min); tre = trc (min);
4217/42817 100 90 80 ma  lo=O0mA

Operating current (Fast- lcca

page mode)
4216/42516 60 50 40 © mA CAS cyeling; RAS < Vy (max); tpg = tpg (min);
421742517 60 50 0 ma 0= 0mA

Refresh current (CAS lccs

before RAS refresh)
4216/42816 80 70 60 mA RAS cycling; tpe = tgg (min); lo = 0 mA
4217/42817 100 90 80 mA

Battery backup current lcecs Standby: RAS = Voo ~02V;

(Standby with CAS RAS, CAS: 0V < V) =02V,

before RAS refresh) : Vee-02V s Vi < Vi (max);

tfras < 300 ns tras s 1ps WE, OE: Viy; Address: don't care; OQutput: open

42516 140 140 HA CAS before RAS refresh: 4096 cycles, 256 ms
42817 120 120 uA CAS before RAS refresh: 2048 cycles, 256 ms

10
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AC Characteristics
Ta = 0to +76°C; Vg = +5.0V £10% (-50, -60, -70, -80) or +3.3 V £0.3 V (-AB0, -A70, -AB0)

-50 -60, -A60 <70, -A70 -80, -A80
Parameter Symbol Min Max Min Max Min Max Min Max Unit  Test Conditions
Access time from column  taa 25 30 35 40 ns (Notes 7, 8)
address
Access time from CAS tacp 30 35 40 45 ns  (Note 7)
precharge (rising edge)
Column address setup tasc 0 0 0 ] ns
time
Row address setup time tasr 0 0 0 0 ns
Column address to WE tawp 45 53 60 65 ns  (Note 15)
delay time
Access time from CAS teac 13 15 18 20 ns (Notes 7, 8)
(falling edge)
Column address hold tcaH 13 15 15 15 ns
time
CAS pulse width teas 13 10,000 15 10000 18 10,000 20 10,000 ns
CAS hold time for CAS tcHR 10 10 10 10 ns
before RAS refresh cycle
CAS hold time (CBR self-  tcpus ~50 -50 -50 -50 ns  (Note 16)
refresh mode)
CAS to output in low-Z toLz 0 ] 0 0 ns (Note 7)
Fast-page CAS precharge {cp 8 10 10 10 ns
time
CAS precharge time tepN 8 10 10 10 ns
Fast-page CAS precharge  tcpwD 85 60 65 70 ns  (Note 14)
to WE delay time
CAS to RAS precharge tcrp 5 5 5 5 ns (Note 10}
time
CAS hold time tosH 50 60 70 80 ns
CAS setup time for CAS tcsh 5 5 5 5 ns
before RAS refresh cycle
CAS to WE delay tewp 33 38 43 45 ns  {Note 15)
Write command tewl 13 15 15 15 ns
referenced to CAS lead
time
Data-in hold time tpH 10 10 15 15 ns (Nots 13)
Data-in setup time tps 0 0 0 o ns {Note 13)
Access time from OF togA 13 15 18 20 ns  (Notes 3,4,7,8)
OE data delay time toeD 10 13 15 15 ns
OE command hold time toEH o} 0 0 0 ns
OE to RAS inactive setup  togs 0 0 0 0 ns
time
Qutput turnoff delay from  topz 0 10 0 13 0 15 0 15 ns (Note 9)
OE

1
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AC Characteristics (cont)
. -50 -60, -A60 -70, -A70 -80, -A80 ;

Parameter Symbol Min Max Min Max Mn Max Min Max  Unit Test Conditions
Output disable from CAS  tggfr 4] 10 0 13 0 15 . 0 15 .ns  (Note 9)
high .
OE to output in low-Z toLz 0 0 0 0 .ns . (Note?)
Fast-page read or write tpe 35 40 45 50 ns (Note 6)
cycle tims
Fast-page read-modify- tprwo 80 85 20 100 ns (Note 6)
write cycle time with
extended data output
Access time from RAS trac 50 60 70 80 ns {Notes 7, 8)
RAS to column address tRAD 13 25 15 30 15 35 17 40 ns  (Note 8)
delay time
Row address hold time tRAH 8 10 10 12 ns
Column address lead traL 25 30 35 40 ns
time referenced to RAS
(rising edge)
RAS pulse width thAs 50 10000 60 10000 70 10,000 80 10,000 ns
Fast-page RAS pulse trasp 50 125000 60 125000 70 125000 80 125000 ns
width
RAS pulse width (CBR trass 100 100 100 100 ps  (Note 16)
self-refresh mode)
Random read or write trc 90 110 130 150 ns  (Note 6)
cycle time
RAS to CAS delay time treDd 18 32 20 45 20 50 25 60 ns  (Note 8
Read command hoid time  tpey 0 0 [¢] (4] ns  (Note 11)
referenced to CAS
Read command setup trcs 0 0 o] 0 ns
time
Refresh period tREF

4216 64 64 64 64 ms

4217 32 . 32 32 32 ms

42516 256 256 256 256 ms

42817 256 256 256 256 ms
RAS hold time referenced  tgycp 30 35 40 45 ns
to CAS precharge
RAS precharge time tap 30 40 50 60 ns
RAS precharge CAS hold  tgpg 5 6 5 5 ns
time .
RAS precharge time tRPs 90 110 130 150 ns  (Note 16)
(CBR self-refresh mode)
Read command hold time  tgry 0 0 0 0 ns  (Note 11)
referenced to RAS
RAS hold time trsH 13 15 18 20 ns
Read-modify-write cycle tawe 140 160 180 200 ns  (Note 6)
time
RAS to WE delay tRwD 70 83 95 105 ns  (Note 15)
12
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eight refresh cycles (RAS only or CBR) before proper device
operation is achieved.

(&)

=

lec, locas Icca and Iges depend on output loading and cycle
rates. Specified values are obtained with the output open. Icca
is measured assuming that all column address inputs are held at
either a high level or a low level during RAS-only refresh cycles.
Iccs is measured assuming that all column address inputs are
switched only once during each fast-page cycle.

4 Ac measureménts assume t1 = Sns.

® Vi (min) and VL (max) are reference levels for measuring the
timing of input signals. Transition times are measured between
V|4 and V).

8) The minimum specifications are used only to indicate the cycle
time at which proper operation over the full temperature range
(Ta=0 to +70 °C) Is assured.

(7) Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF.
8) Htrep s thop (max) and tRap < trap (Mmax), access time is
defined by tpac (mex).

lf tgep 2 trep (Max), access time is defined by tgac (max).
fthap = tRaD (Mmax), access time is defined by taa (max).
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AC Characteristics (cont)

-50 -60, -A60 -70, -A70 ~80, -A80 )
Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions
Write command tRwi 18 20 20 20 ns
referenced to RAS lead
time
Rise and fall transition tr 3 50 3 3 50 3 50 ns
time .
Write command hold twcH 8 10 10 15 ns {Note 12)
time -
Write command setup twes 0 [ 0 1] ns  (Note 14)
time . .
Write command pulse twp 8 10 10 15 ns (Note 12)
width
Notes:
(1) All voitages are referenced to GND, (9 tofrF (max) and topz (max) define the time at which the outputs
(2) Aninitial pause of 100 us is required after power-up, followed by become open-cirouit and are not referenced to Vi or Vo

(10) The tcpp requirement should be applicable for RAS/CAS cycles

preceded by any cycle.
(11) Either tppy or tpcy must be satisfied for a read cycle.

(12) Parameter typ Is applicable for a late write cycle. For early write
cycles, tywcy must be met.

(13) These parameters are referenced to the leading edge of CAS in
~ early write cycles and to the leadlng edge of WE in late write or
read-modify-write cycles.

(14) Htwcs = tweos (min), the cycle is an early write cycle and the
data [/O pins will remain open-circuit throughout the entire cycle.

(15 ¥ tewp = tewp (min), tawp = tawp (Min), and tawp = tawp
(min), then the cycle is a read-write cycle and the data I/O pins
will contain data read from the selected cells. f neither of the
above conditions is met, the conditicn of the data IO pins (at
access time and until CAS returns to V|4j) Is Indeterminate.

(16) Parameter is applicable only to self-refresh versions.

(17) With burst CBR, RAS only, or external RAS/CAS, all addresses
must be refreshed before entering self-refresh mode and after
exiting.

13
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Timing Waveforms
Read Cycle

tre >

:ncs_>' < <~ tRCH—>1 '
= T N
= \ \ /
— T taa > «—toez—> ‘
InpuOutput ————————— High Impocance L ;W VR Data-cut :;.EEM

14
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Timing Waveforms (cont)

Early-Write Cycle
tRC >
tRAS

[ — 3 3
PAS N 7 \
toRP—>| i‘ tRAgH tAp——>]

tcsH >

le————tRCD toas >

4 p'
& ]\ ! L/ \_

tasR-»| |«——tRAD tRAL: ‘! [€———tCPN—>
tRAH (<> tASC > |« < tcAH
X p
Addrass Row ) Column

et WCH—————>]

tWCs > |«

7 Iy " Y,

|
T

toH

Datain

Input/Output

[1] OE = don't care.
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Timing Waveforms {cont)

Late-Write Cycle

S ' | ’S: Y,
% ’///////////////////////L A LLLLLLL LI
woucupar SRR, Xﬁi‘ Dan
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Timing Waveforms (cont)

Read-Write/Read-Modify-Write Cycle

tawe
P tpac
L T— o p
RAS
SL 72 \_
i tRSH tRP—>|
tCsH >
[€—tCAP—> tRCD > tcas
— 4 Y \ : / '
Cas \
_/ X Z : \_
l€~-tASR->| l«—tRAD tRAL > —tCPN—>]

oA

- l I tRWD <—!cw1:—>|

‘!tncs - teWD————> [«—tRWL—>]

e tyyp —>=|

= L1111 | N i
& \ ) /[: AL

,(-» toea OED le—tpH—>
re-tcac—> toEz > tpg
High Impedance | F vatd ]
Input/Output ‘ ‘ | Dam-out Data-in
">| tOLZ
torz 4—»‘

y .
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Timing Waveforms (cont)

Fast-Page Read Cycle
tRasP
S | 4 y
RAS Xt ] / \_
|<——tRHCP———-——>
tCsH tpC »| l«—tRgH——> [<—tRp~—>
tcnP'<—> le—tRoD—>}€e——tcas—> <—tmg——:lz :jL topN—>)
— Y Y\ ‘g y Y
CAS
\! 7N N \
tASR [e—>{ | tASC —»f [« 1CP [—> [€-tCAH>| tcp [ tCAH>
tRaM <—'CAH->| tasc | < tase | e
/ s y
Address Row Column Column Column
K X V,
| TN
<tRAD>] | |‘— tRCS —>| I*l— tRCS tRAH
tRAL:

‘Incs—>' < tncu—»‘J» tROH —> | ‘ tRCH : >

tAA —>] <t AP [——t ACP——>]
EtOEA> <—10ES

AT LN
l(v—tc;Ac—> tolle(z_l(—: 'dtoa» tclsz |tosA toEZ

Rl
A
|

tRAG to <—t1CAC—> tOFF;(—-> et <«—> 1OFF
High Impodance N 3 | N b UL A % ot E—'?h@
InputOutput { X Vel Data-out { X Valid Data-out { alid Data-o
—
toLz L—> foz (<> toLz
oLz je—> tciz toLz pe—>
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Timing Waveforms (cont)

Fast-Page Early-Write Cycle

trASP

twes > e twes > e twes > <—
He—tweH—> e~ tWCH—> [e—twWCH—>
twp > twp—> twp

tDs<—>| I(-tDH. tos<—>l L—tou—-) tps
1 1 1

Note:
[1] OE =don't care.

BIVL-H081B
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Timing Waveforms (cont)

Fasit-Page Late-Write Cycle

] N / \
tCSH: tPC »| l——tRgH—> le——1tRP
t t
tCRP'<-> Lt REp——>e——teAs—>] }li e toas—>] <S5 toas F,CPL,\L
— Y —
@ ] \\
' X 7 &: JZ S( 7

tRAD |-

tRAL-
<—tcm-|->l .

tAsR tRAH
\
S S 1 A 1 M

]
£
&
2]
g
-5
o
iy ¢A

e I——‘ fe— 'w’:(r::l o <——twcu'(—_->4tcWL t!ncs :—‘r::vl.v-:l»
‘ twp [€—> —>I < tRCS ’(_’ tWCHT ;
= /1] _/ N_ /111,
= [ BN

< tDH

 Input/Output
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Timing Waveforms (cont)
Fast-Page Read-Write/Read-Modify-Write Cycle

< tRasP
S \
RAS \ 7
[€—————tPAWC—————>| AP
tcnp|<-> le——tacD tcas tep> [e———tcas————> tOPN—>
— 3 4 3
oAs \
\ , N 7 \

l€tRA
tASR <> < tean—>] < tRAL >
|trw-| > tasc ) ) tagc le—toaH—>]

< Itgvv[);)I towL <—->|
I >l tcs: towL > tRCS < v
e tOWD—— ‘IWP' ’(_' [e——towp > [€—> typ
7 \ y
w=////1/// N/ / NS A
[ tAWD > < tawp————>
[€&———tAA—>] le——tan —>
tOEH <—>’ <—tAcpi———> <->' 10EH
= N TR ] R
]
toED (—)I e>topal —> [ tos
tOEA > —» (€ tpg toeD
tcac <t D tCAC > - > tDH )
tnput/Output High Impedance Data- WM pagan -High impedance F\F pata. B BT 1o, ]}m—
ot 1 Rt AV
> le&-to z e torLz
torz > Ltogz torz > [« toez
tRAC
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Timing Waveforms (cont)

Hidden Refresh Cycle
e Momory Cycle ————>|<— CAS Before RAS Cycle —€«——— CAS Before RAS Cycle ——>|
e tge tRe >l tRc
lfe——tRAS———— > tRAS [e————1;
mAS \ N \
RAS X 4
le-tagH-> j<1RP-> tRp> f[e——tcHR——> tRP->
tcRP l«—tRCD—>1€ tcaAS | e—topN—>
_— Y \
= ///f \ ! \
tASC
tRaH > 1CAH
tasR ’4—4 €tRAD RAL

r(—tnlcs»l twHR I<——>
= I ALY

[ tOES-—>

gl
S
_A
e
~.

1OEA —> tOFF
le—toac—> «—> oz
le—toLz
y Hoh
InpuyOutput Hop lnpedance i Valid Data-out J}M
le—~toLz
[ tAA —
- tRaC >
B83VB-87858
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Timing Waveforms (cont)

=\ -

__7 il s;SP:c; : : : : ; ; : \\
l<-tAsn—> < tRan—>

S, ST MO ONA

=\ ) | o —

_\Ftcsn—» e-tcHR-> tape < > Rr—»’ 'K—tcnp
CAS / lW

twsn—>| I<-'wun—>

" ZZ/F ALLLLEITTETEEERR
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Timing Waveforms (cont)

CBR Self-Refresh Cycle
tRASS | RAPS >
¥ { 3
RAS \
_/ N Z A . -
l€— trpg —>| v
tcpu—»gljtcsn Jl;tcl-ns
CAS \ . , ‘ :
27
tOFF
T} e
) B3YL-6600B
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