NEG

NEC Electronics Inc.

uPD424170A/L, 42S4170A/L

262,144 x 16-Bit
Dynamic CMOS RAM
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Description

The puPD424170A/L and uPD42S4170A/L are fast-page
dynamic RAMs organized as 262,144 words by 16 bits
and designed to operate from a single power supply.

Optional features are power supply voltage (+5 V or
+3.3 V) and a new refresh mode called “self-refresh.”

UPD Options
424170A +5V
424170L +33V

4254170A +5V; self-refresh mode
4254170L +3.3 V; self-refresh mode

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
negative-voltage substrate bias—automatically and
transparently.

Word writing (I/O4 - 1/0+¢), upper byte writing (I/Og -
1/04g), and lower byte writing (/04 - 1/Og) are all possi-
ble using UWE and LWE. If UWE or LWE goes low during
an early write cycle, all data outputs remain in high
impedance. Either going low causes a byte write cycle,
while bringing both low at the same time results in a
word write cycle. UWE and LWE cannot be staggered
within the same write cycle.

Refreshing may be accomplished by a CAS before RAS
refresh cycle (CBR) that internally generates the re-
fresh address. RAS-only refresh cycles will also refresh
all memory locations.

The self-refresh mode is entered by holding RAS low for
longer than 100 us during a CBR cycle, Detection of this
long RAS time starts an internal oscillator that main-
tains data integrity without external clocking. The slow
refresh reduces the data hold current to less than 200
microamperes. Self-refresh mode is used with micro-
processors that have a “sleep mode” for low-power
applications such as notebook PCs.

Features

O 262,144 by 16-bit organization
Single power supply (+5-volt or +3.3-volt)
Self-refresh option (slow internal automatic refresh)
Fast-page option
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packaging

Pin Configurations

Byte write control with UWE and LWE
Low power dissipation
CAS before RAS refreshing
On-chip substrate bias generator
TTL-compatible inputs and outputs
Nonlatched, three-state outputs
Low input capacitance
Multiplexed row and column addresses
1024 refresh cycles every 16 ms
40-pin SOJ, 40-pin ZIP, and 44/40-pin TSOP plastic

40-Pin Plastic SOJ
WPD424170A, 4254170A/L
vec Ol sopenp
voq [ 2 39 [ vo1g
vox ] 8 38 V045
o3[ 4 57 |3 v014
vos O s 86 [ VO3
Vee & 35 [ GND
vos 1 7 34 [ Vo2
vog 8 a3 [ Vo1
vo7 049 32 [1 010
vog ] 10 31 1 vOg
NC [T 11 30 [ NC
iWE [} 12 2911 NC
UWE [} 13 2g[1 CAS
RAS [] 14 2z oE
Ag ] 15 26 {1 Ag
Ag 18 20 A7
Aq Q17 24 Ag
Az 18 23 As
Az 19 221 Ag
Yoo O 20 211 6nD
BIYL-BE04A
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Pin Configurations (cont)

40-Pin Plastic ZIP 44/40-Pin Plastic TSOP (Reverse Pinouts )

UPDA24170A/L, 4284170A1L uPDA24170A/L, 4254170A1L
1 o 2 GND [ 1 @) 044:|Vcc
=2 VOq0 vo4g O 2 a3 1 vo,
|4 YOz vos 8 a2 10,
» : zg:g VOy4 [ 4 41 110,
“Fol 10 anp vo43 05 40 0 vo,
| 12 vO4 agno Os ssvee
2| 14 103 Vo 7 381 vOg
1 16 Vo ¥oq1 08 37 vog
| 18 vog Vo9 8 36 1 vo,
3| 20 vog vog O 10 as 1 vog
37|22 e »
x| 24 RAS - TKF
|28 Ao NG []13 a2 [1NC
o :Ca NG ] 14 a1 [1TWE
i Afc CAS [ 1s 80 |1 UWE
F=) a4 ag OE O} 18 29 [ RAS
37|26 ag_ ag 17 281 Ag
37| 36 cas Ay 18 zzAg
2] 40 NG Ag 19 261 A4
SIYL-BE0BA As 20 250 Ap
AgO21 24[JAg
ez O asfvee
44/40-Pin Plastic TSOP {(Normal Pinouts) Sufx~7KF In the package kdentliar
deriotes reverse pinout sequence.
uPD424170A/L, 4284170A/L BIYL-SG07A
vecJ1o ~ 4 GnD
vo, 42 430 v04g Pin Identification
Vo043 421 V015 Name Function
oz 4 411 VOqa
voss 40 [1 v045 Ag - Ag Address inputs
veo O e 8 [J GND CAS Column address strobe
vog ] 7 a8 H voq2 -
vog 8 37 [0 voyq E1 1/Q4g Data inputs and outputs
ro;s 38 1 V049 OE Output enable
vog [ 10 35 [ vog RAS Row address strobe
- NF UWE and LWE Byte write enable
NC L} 12 323 NC GND Ground
WEC] 14 a1 g Ne v
faskig = cc + 5-volt or + 3.3-voit power supply
UWEL] 15 30 [ CAS .
AAS ] 16 291 OF NC No connection
Ag] 17 28 Ag
Agll1e 270 A7
A1 2611 Ag
A 20 253 Ag
Az 227 Ay
veeH 22 0 23[0 GND
Suffix =7JF In the package identiler
denotes normal pinout sequence.
83YL-9608A
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Block Diagram

PAS™>1  Ras clock >  casClo
> Ganerator Genarator » .
— WE Clock
s _ _ bzvvz i Ganerator
CAS Before RAS i ¢
Internal Refresh g_e rato 4
nf — enarator
Clock Ok = | Datadn
Buftar
l’ < Vo4
Data VO Bus >
Refrosh Address i ¥O1g
Counter Cotumn Decoder [ | Data-out
Buffer
Sense Amplifisr A
Ag 5 N
A2 . [ g ]
Ag » -§ e g
Ag o 8 E Q Metnoty Array
As » | = 2 S
Ag o
Ay o
Ag *
Ag—>]
B3YL-7747B
Truth Table
Function RAS IWE UWE CAS OE /Oy - 1/0g /05 - 1iO4g
Standby ViH X X X X High-Z High-Z
Refresh cycle ViL X ViH X High-Z High-2
Byte write oycle Vi CVIL ViH ViL Vi Data input High-Z
V“_ VlH V|L V||_ V|H ngh-Z Data input
Word read cycle Vi Vi4 Viy Vi Vi Data cutput Pata cutput
Word write cycle ViL ViL ViL ViL Vi Data input Data input
ViL ViL ViL VIH ViH High-Z High-Z

X = don't care.
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NEC

Ordering information, uPD424170A (+ 5-volt power)

RAS Access Fast-Pa'ge Cycle CAS Access

Part Number Time (max) Time (max) Time (max) Package

HPD424170ALE-60 €0 ns 40 ns 20 ns 40-pin plastic SOJ
LE-70 70 ns 45 ns
LE-80 80 ns 50 ns

HPD424170AV-60 €0 ns 40 ns 20 ns 40-pin plastic ZIP
V-70 70 ns 45 ns
vV-80 80 ns 50 ns

MPD424170AG5-60 B0 ns 40 ns 20 ns 44/40-pin plastic TSOP
G570 70 ns 45 ns {normal pinouts)
G5-80 80 ns 50 ns

HPD424170AG5M-60 60 ns 40 ns 20 ns 44/40-pin plastic TSOP
G5M-70 70 ns 45 ne {reverse pinouts)
G5M-80 80 ns 50 ns

Ordering Information, uPD424170L (+ 3.3-volt power)

RAS Access Fast-Page Cycle CAS Access

Part Number Time (max) Time (max) Time (max) Package

HPD424170LLE-A60 60 ns 40 ns 20 ns 40-pin plastic SOJ
LE-A70 70ns 45 ns
LE-AB0 80 ns 50 ns

pPD424170LV-A60 60 ns 40 ns 20 ns 40-pin plastic ZIP
‘V-AT0 7O ns 45 ns
V-A80 80 ns - 50 ns

pPD424170LG5-AB0 60 ns 40 ns 20 ns 44/40-pin plastic TSOP
G5-A70 70 ns 45 ns (normal pinouts)
G5-A80 80 ns 50 ns

1uPD424170LG5M-AG0 60 ns 40 ns 20 ns 44/40-pln plastic TSOP
Q5M-A70 70 ns 45 ns (reverse pinouts)
G5M-A80 80 ns 50 ns
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Ordering Information, uPD42S4170A (+ 5-volt power; self-refresh mode)

RAS Access Fast-Page Cycle CAS Access Selt-Refresh :
Part Number Time (max) - Time {max) Time (max) Current (max) Package
HPD42S4170ALE-60 60 ns 40 ns 20 ns 300 pA 40-pin plastic SOJ
LE-70 70 ns 45 ns ' '
LE-80 80 ns S0 ns )
uPD4254170AV-60 60 ns 40 ns 20 ns 300 A 40-pin plastic ZIP
v-70 70 ns 45 ns
V-80 80 ns 50 ns ]
LPD4254170AGS5-60 60 ns 40 ns  20ns 300 pA ~ 44/40-pin plastic TSOP
G5-70 70 ns 45 ne (nermal pinouts)
G5-80 80 ns 50 ns
uPD4254170AG5M-60 60 ns 40 ns 20 ns 300 nA 44/40-pin plastic TSOP
G5M-70 70 ns 45 ns {reverse pinouts)
G5M-80 80 ns 50 ns

Ordering Information, uPD42S4170L (+ 3.3-volt power; self-refresh mode)

RAS Access - Fast-Page Cycle CAS Access Self-Refresh

Part Number Time (max) Time {max) Time (max) Current (max) Package

1PD42S4170LLE-AG0 60 ns 40 ns 20 ns 100 A 40-pin plastic SOJ
LE-A70 70 ns 45 ns ’
LE-ABO 80 ns 50 ns . ) 7

uPD4284170LV-AB0 60 ns 40 ns 20 ns 100 A 40-pin plastic ZIP

- V-A70 70 ns 45 ns ' ' - “

V-ABO 80 ns ' 50 ns _

pPDA4A2S4170LG5-A60 60 ns 40 ns 20 ns 100 pA 44/40-pin plastic TSOP
G5-A70 70 ns 45 ns {normal pinouts}
G5-AB0 80 ns 50 ns

pPD4254170L GEM-AB0 60 ns 40 ns 20 ns 100 pA 44,’40-p1h plastic TSOP
G5M-A70 70ns 45ns | (reverse pinouts)

G5M-AS0 8ns 50 ns

|72
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Absolute Maximum Ratings
Voltage on any pin relative to GND

Capacitance
Ta = 25°C; f= 1 MHz

+5-volt devices -10to +7.0V Parameter Symbol Max Unit  Pins Under Test
+3.3-volt devices 0510 +46V Input capacitance  Cy 5 pF Addresses
Operating temperature, Topp 0to +70°C Co 7 oF [E' OWE,
Storage temperature, Tgrg -85 to +125°C ' OE, RAS
Short-circuit output current, lgg Inputfoutput Co 7 pF 04 - /O
+5-volt devices 50 mA capacitance
+3.3-volt devices 20 mA
Power dissipation, Pg _ 10w
Exposure to Absclute 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 Characteristica.
Recommended Operating Conditions
+ 5-Volt Devices + 3.3-Volt Devices
Parameter Symbol Min Typ Max Min Typ Max Unit
Input voltage, high VIH 24 Veg + 1.0 20 Voo +03 v
Input veltage, low Vi -1.0 0.8 -0.5 08 v
Supply voltage Vee 45 5.0 55 3.0 3.3 3.6 v
Ambient temperature Ta 0 +70 0 +70 ' °C
Seif-Refresh Current
Ta = 0to +70°C; Voo = +5V £10% (4284170A) or +3.3 V 20.3V (4254170L)
Symbol 4254170A 42S84170L Conditions
loc7 300 pA max 100 pA max VO pins: Vi 2 Voo —02V; V)L < 0.2V or open.

Other input pins: Vjy 2 Vg -02V; V) = 0.2V
or open, trag = 100 s

DC Characteristics; +5-Volt Devices
Ta = 0to +70°C;Vgg = +5.0V +10%

Parameter Symbol Min Typ Max Unit Test Conditions
Standby current lceo 20 mA RAS = CAS = Vi (min); 1o = OmA
300 uA RAS = CAS 2 Voc-02Vilp = OmA
Input leakage current hw -10 10 HA ViN = OV to Vg all other pins not undertest = 0V
Qutput leakage current loqy -0 10 HA Doyt disabled; Vout = 0V to Ve
Output voltage, low VoL 0.4 v loL = 42mA
Output voltage, high Vou 2.4 v loH = -5 mA
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DC Characteristics; + 3.3-Voit Devices
Ta = 010 +70°C; Voo = +3.3V 0.3V

Parameter Symbol Min Typ Max Unit Test Conditions
Standby current lcaa 500 UA RAS = CAS = V|y (min); lo = OmA
100 LA RAS = CAS = Voo - 02V, lp = OmA

Input leakage current Iy -5 5 UA Vin = 0V to Vg; all other pins not under test = 0V
Output leakage current log -5 5 HA Doyt disabled; Voyr = 0V to Voo
Output voltage, low VoL 0.4 v loL =20 mA
Output voltage, high Vou 2.4 loH = =2.0mA
AC Characteristics
Ta = O0to +70°C; Voo = +50V 210% or +3.3V 203 V

_ -60 -70 -80
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions
Operating current, leet (+5) 110 100 90 mA RAS, CAS cyeling; tge =
average lecy (+3.3) 100 %0 0 tpe min (Note )
Operating current, lees (+5) 110 100 90 mA RAS eycling; CAS 2 Vy
RAS-only refresh min; tgc = trg min
cycle, average Ices (+3.3) 100 90 & {Note 5)
Operating current, locs (+5) 90 80 70 mA RAS =< V|.;: CAS eycling;
fast-page cycle, tpe = tpe min
average lcca (+3.3) 20 80 70 {Note 5)
Operating current, locs (+5) 110 100 90 mA RAS cycling; CAS < V|,
CAS before RAS max; tpe = tgre min
refresh cycle, lees (+3.3) 100 0 80 (Note 5)
average
Access time from taa 30 35 40 ns (Notes 3, 4, 7, 8)
column address
Access time from tacp 35 40 45 ns (Notes 3, 4, 7, 8)
CAS precharge
{rising edge}
Column address tasc 0 0 0 ns
setup time
fow address setup tasR 0 0 0 ns
time
Column address to tawD 50 55 70 ns (Note 14)
WE delay time
Access time from tcac 20 20 20 ns (Notes 3, 4, 7, 8)
CAS (falling edge)
Column address tcaH 15 15 15 ns
hold time
CAS pulse width tcas 20 10,000 20 10,000 20 10,000 ns
CAS hold time for toHs 15 15 15 ns (Note 15)
CAS before RAS
refreshing
CAS hold time toHs -35 ~40 -50 ns For 4284170A/L only

{CER self-refrosh
mode)
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AC Characteristics (cont)

-60 =70 ~-80
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions
CAS to output in tcrz 0 0 0 ns (Notes 4, 7)
low-Z
Fast-page CAS tep 10 10 10 ns
precharge time
CAS precharge ‘tcpN 10 10 T 10 ns
time
Fastpage CAS tepwD 56 60 75 ' . ns (Ncte 14)
precharge to WE
delay time
CAS to RAS tene 10 10 10 ns (Note 10)
precharge time
CAS holdtime  tosH 60 70 80 ns
CAS setup time for tesr 5 S 5 ns (Note 15)
CAS befors RAS
refresh cycle
CAS to WE delay towp 40 40 50 ns (Note 14)
Write command  tewL 15 15 15 ns
referenced to CAS
lead time
Data-in hold time tpH 15 15 15 ns (Notes 13, 16)
Data-in setup time tps 0 0 i ns (Notes 13, 16)
Masked write hold tucH 0 o] 0 ns
time referenced to ‘
CAS
Masked write tucs 0 0 0 ns
sotup time
referenced to CAS
Masked write hold tMRH 0 0 0 ns
time referenced to
RAS
Access time from tora 20 20 20 ns {Notes 3, 4,7, 8)
OE
OE data delay time toep 15 15 15 ns
OE command hold toeH ] 0 0 ns
time
OE to RAS inactive toes 0 o 0 ns
setup time
Output turnoft toEzZ 0 15 (¥ 15 0 15 ns {Note 9)
delay frem OE
Output disable toFE 0 15 4] 15 0 - 20 ns (Note 9)
from CAS high
OE to output in torz 0 o ] ns (Notes 5, 7)
low-2
Fast-page read or tpc 40 45 50 ns {Note €)
write cycle time
Fast-page read- tprwe 85 . 90 100 ns (Note €)

modify-write cycle
time with exended
data output
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AC Characteristics (cont)

~60 =70 -80
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions
Access time from taac 60 70 80 ns (Notes 3, 4, 7, 8)
RAS
RAS to column tRAD 15 30 15 85 15 40 ns (Note 8)
address delay time
Row address hold tRAH 10 10 10 ns
time
Column address tRAL 30 35 40 ns
lead time )
referenced to RAS
{rising edge)
RAS pulse width tras &80 10,000 70 10,000 80 10,000 hs
Fast-page RAS trasp 60 125,000 70 125,000 80 125,000 ns
pulse width
RAS pulse width tgass 100 100 100 us For 4284170A/L
(CBR seif-refresh
mede)
Random read or tre 120 130 150 ns {Nocte 6)
write cycle time
RAS to CAS dela trco 20 40 20 50 20 60 ns {Note &)
time :
Read command tRCH 0 o o] ns (Note 11)
hold time
referenced to CAS
Read command trcs 0 0 0 ne
setup time
Refresh period tper 16 16 16 ms Addresses Ag - Ag
RAS hold time taHep 35 40 45 ns
referenced to CAS
precharge
RAS precharge the 50 50 60 ns
time
RAS precharge tppc 0 0 0 ns
CAS hold time
RAS precharge taps 120 130 150 ns For 42S4170A/L
time (CBR self-
refresh mode)
Read command tRRH 0 0 0 ns (Note 11)
hold time
referenced to RAS
RAS hold time tRSH 20 20 25 ns
Read-modify-write trwe 165 175 200 ns (Note 6)
cycle time
RAS to WE delay tawd 80 90 105 ns (Note 14}
Write command trwL 20 20 20 ns
referenced to RAS
lead time
Rise and fall times tr 3 50 3 50 3 50 ns (Note 4)
Write command twcH 15 15 156 ns (Note 12)

hold time
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AC Characteristics (cont)

-60 -70 -80
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions
Write command twos 0 0 0 ns {Note 14)
setup time
Write command twp 15 15 15 ns (Note 12)
pulse width
Notes:
(1} All voltages ate referenced to GND. {10) The topp requirement should be applicable for RAS/CAS cycles
(2) Aninitial pause of 100 us is required after power-up, followed by preceded by any cycle.
any eight RAS cycles, before proper device operation is (11) Either tgpy or tpeH Must be satisfied for a read cycle.
achieved. (12) Parameter typ is applicable for a delayed write cycle such as a
(3) Ac measurements assume tT = 5ns. read-writefread-modify-write cycle. For early write cycles, both
(® V4 (min) and Vy_ (max) are reference levels for measuring the twes and twey must be met.
timing of input signals. Transition times are measured between (13) These parameters are referenced to the falling edge of CAS for
Vi and VL. early write cycles and to the falling edge of UWE and LWE for
8 lcct: locs locs. and logs depend on output loading and cycle delayed write or read-modify-write cycles.
rates. Specified values are obtained with the output open. Icca (14) twes, thwo: towns topwp and tawp are restrictive operating
is measured assuming that all column address inputs are held at parameters in read-write/read-modify-write cycles only. If twcg
either a high level or a low level during RAS-only refresh cycles. = twes (min), the cycle is an early write cycle and the data /O
lccg is measured assuming that all column address inputs are pins will remain open-circuit throughout the entire cycle. f towp
switched only once during each fast-page cycle. = towp (min), tawp = trwp (Min), and tawp = tawp (Min), then
P _ the cycle is a read-write ¢cycle and the data /O pins will contain
{6) The minimum specifications are used only to indicate the cycle .
time at which proper operation over the full temperature range data. r.ead from the select.e-d cells. If neither f’f the above
(Ty = O to +70°C) is assured conditions is met, the condition of the data IfO pins (at access
o LA d = 2TTL (1 mA iA) oad £ For 3.8.vol time and until CAS returns to Vy) is indeterminate.
oad = -1 mA, +4 mA) loads and 100 pF. For 3.3-volt v L. v . —
devices, Vop = 2.0V and Vg = 0.8 V (ac reference levels). (15) Holding CAS low prior to RAS going negative will nnltlﬁte.a CAS
! g hefore RAS refresh cycle {tggr and toyr must be satisfied).
8 t = { =t ax), ti is N .
® RCD Rep (max) and tpap RAD (max), access time | (16) The first WE faliing edge is used as a reference for the setup and

&)

10

defined by tpac (max).
fthep = trep (Max), access time Is defined by toac (max).
f thap = tRAD (Max), access time is defined by a5 (max).

tops (max) and torz (max) define the time at which the outputs
become open-circuit and are not referenced to Vg or Vg .

hold requirements of ipg and tpy (late write cycle).
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Timing Waveforms
Word Read Cycle

the
tRras
— X \
RAS N / \
tcrp—> L3 tRASH | e—— tRP—>]
- }CSH I
23 trcD 1 1CAS > €—tCRP—
Y \ / 4
\__\ L/
tRAL: >

= _/
/)( e <> s> < <—'0AH—>|
sass ///K__oon_ K(//R oo W/////////////////l//X

tmﬁ |
we /1T | N\

le—tRCH—

tRocs —>|
e LTI N

<——tOEs——>

ee—tOEA—>

T

wl
e
S~

1cac : (=1 O FF >
- tAA > re—10Ez —>
tRAC >
_ 1’ \
InpUYOutput OPEN Data Output 7}——————-
5 toz 3o

BINL-77968
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Timing Waveforms (cont)

Wonrd Early-Write Cycle
tRAS
s \ / i
tcRP—> - tRSH > [e—tRp—>
‘7 ;——tncn o o tcas ; <—toRP—>
=_/ NN L/
1ASR-> [€—tRAD—>1€ tRAL:

e (/1R Mﬁ il VI

wes > fe

w [T

,//////l//////////////////

.|
-

twes o e

= Ty, "
—
A, S Y/

Nofe:
[1] OF = don* care.

BIYL-77408
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Timing Waveforms (cont)
Byte Early-Write Cycle

S N / .
‘f‘cnp* . |L< — tRSH - > k—t:m——?)
= _/ 1\\ L/
s 7//[ i 1 S Y 4

towl

twes —«——> <> tWCH

o TN, | T,

= T ///////j(mL | M

- s ’/////////////////////l///I/////////////////////////////////////A

S P
SN S YA
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Timing Waveforms (cont)
Word Late-Write Cycle

7
torp> < tRsH > fe——tRP—>
< tesH > tcap>
- treD « IcAs——— >
A\ /7
A\ ,
R tRAD—>1= 4 >

- 7/»1: = XX

.....

e O, 7777777777777

«—tpg—>| | towl

A
b A

:__wW///////////////////////f

<10

7 LT

lt—1DG

Vgl

Nl

= ///////////////L

— == XL,
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Timing Waveforms (cont)

Byte Late-Write Cycle

- X
S N

X
; \
tRSH > tRP-—]

tcsH > - tCcRP >

ldcnp-h

trcD

g

L

CAS ]‘
tASR> |
tRAH (€ IASC—> >  [&—>
/L. XL,
Addroes Row Column

LY

- TRWL

we /1111 T

el
A

"

il

e 7////////////////*/L

<~ TMCH
l<— RN —>
<10

Ny

= /11,
4.1 ) T
10ED > t084>| !< 1oH >
o101 ) %E — %Q///////////////{n/_,m
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Timing Waveforms (cont)

Word Read-Modily-Write Cycle

RAS

Address

T

toRp-> [« tacD —— e
Y
CAS
K

’)LQ///////////////// I

tASR—> ,
tRAH —> tasc tcAH
/X |
Row Ul
=~

f/////////////////{
. |

///////////////////

OE

OPEN
Input/Ouiput
OPEN

A

N

<—towL —>
> |«— tRWL >
E—tWP —

L1111

N

lc—1-CyyL —
> (€—— tAWL ——»]
l——tWp —>»

LI

o }V////////////A

83VL-77638
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Timing Waveforms (cont)
Byte Read-Modify-Write Cycle

X . X
AAS \_ 72 \

- tesH >J| '

<-—1RCD € tRSH

j < tcas > ] —1cRP—>|
p 4
= ) I’

7K ﬂ@z — w*$<////////////////////////////////////

I >
” | i 'FWVU ( tRWL ‘

w= I :l////////({c/H//////
wos— 1 ” et

S G 7

< —
oF | 7‘

“—CA_—’

Lo’
[l
1

k el

{ : ‘:T?/H/////////////////////,

laa <—10ED U:-im-l
& l@//////////////,

VOg-V01g fe—1c.7 OFZ
OPEN i Doyt

B3YL-7764B
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Timing Waveforms (cont)

Fast-Page Read Cycle
- tRASP > €tRp
X A X
RAS &‘_ 7Z \
< tpg > €——tRSH
tcp tchp
<—1tRCD | »—tCAS—>| [€—tlop—>] (<—tCAS E—tCAS— -
s \ i N ‘ N / 7
] K y.
[t G
et RAD> ; 3 tRAL—>
tRAH L€ aa
tASR tasc | | _tasc_| | teaH tasc [ | tcau

3
g
g
=
:
N
N
=
g
3
g
3
\
=N
N
§

tRos - > tRAH
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Timing Waveforms (cont)

Word Fast-Page Write Cycle
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Timing Waveforms (cont)

Byte Fast-Page Write Cycle
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Timing Waveforms (cont)
Word Fasi-Page Read-Modify-Write Cycle
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Timing Waveforms (cont)

Byte Fast-Page Read-Modify-Write Cycle :
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Timing Waveforms (cont)
Hidden Refresh Cycle (Read Cycle)
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Timing Waveforms (cont)
Byte Hidden-Refresh Cycle (Wrile)
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Timing Waveforms (cont)
RAS-Only Refresh Cycle
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Timing Waveforms (cont)
CBR SeifRefresh Cycle

>3 trRags—————————>| |« tRPS

N r
RAS /
A L 7
r2i
tRPC —>|

L4

High Impadanca

24

g

26



