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Description

The uPD424900A/L and uPD42S4900A/L are fast-page
dynamic RAMs organized as 524,288 words by 9 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

424900A +5V

424900L +33V

4254900A +5 V; self-refresh mode
42S84900L +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.

The three-state /O 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 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 524,288 by 9-bit organization

Single power supply (+5-volt or +3.3volt)
Self-refresh option (slow internal automatic refresh)
Fast-page option

Low power dissipation

CAS before RAS refreshing
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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

28-pin SOJ, 28-pin ZIP, and 28-pin TSOP plastic

packaging

Pin Configurations

28-Pin Plastic SOJ
WPDA24BO0AML, 4254900A/L
Voo 41 281 GND
voi{g2 27 vog
Vo203 26 3 vog
vog [ 4 253 vo7
voa 5 241 vog
vos [ 8 23 cas
wel]7 20 0E
RASL[]8 21ANG
Ag[]e 203 As
Ag ] 10 193 Ay
a1 18 Ag
A2[]12 170 As
Az[]13 16 A4
Veol] 14 15 {1 GND
SIFM-B0E0A
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Pin Configurations (cont)
28-Pin Plastic ZIP 28-Pin Plastic TSOP (Reverse Pinouts )

uPD424m0ﬁL. 4254900A7L rPD424900A/L, 4254900A/L
e T
o 1F1), =s GND [ 1 O °2:pP Vec
vog 3 2 o, vog O 2 277 voy
Vog 6 8 Vop ' vog ]38 26 [1 V0o
3207 s Veo vo; O] 4 25 [0 Vo3
1 10 V02 vog 05 24 0 voy
vo2 [+ 12 vou cas ge 2 11 Vog
25 14 WE ’ OE Q7 —7kp 220 WE
18 Ag NC O 8 21 0 RAS
18 Ay Ag o 200 Ay
2 A3 A7 [ 10 1970 Ay
22 GND Ag O 1 180 A
:AS As 012 17 A
._ a7 A O3 160 Ag
2 28 NC enodue O 4shvee
" Suffix =7KD In the package identifier
¢ pinout seq
B3FM-BB63A
28-Pin Plastic TSOP (Normal Pinouts) . .
Pin Identification
uPD424B00ATL, 423480041 Name ' Function
vee1e NS 28[0 GND -
vo; 02 270 vog Ag - Ag Address inputs
voz [] 8 281 vog 1fO4 - ¥Og Data inputs and outputs
voz 4 25 1 107 CAS Column address strobe
voa Os 241 VOg —
vos [ 8 23 |1 CAS OE Qutput enable
WEQ7 .y 22p0CE RAS Row address strobe
HAA: E : :; g :: WE Write enable
Ag [ 10 191 A7 GND Ground
A n 18 [ Ag v +5-volt 1
o d 2 7h A ce vol pov.lel' supply
a1 1810 Aq NC No connection
Voo O 14 015 [1 GND
Suffix =7JD In the package identifler
denotes nommal pinout sequence.
BIFM-EO62A
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Ordering Information, pPD424900A (+ 5-volt power)

RAS Access Fast-Page Cycle CAS Access

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

uPDA424900ALE-60 60 ns 40 ns 20 ns 28-pin plastic SOJ
LE-70 70 ns 45 ns
LE-80 80 ns 50 ns

HPD424900AV-60 60 ns 40 ns 20 ns 28-pin plastic ZIP
V-70 70 ns 45 ns
V-80 80 ns 50 ns

HPD424900AG5-60 60 ns 40 ns 20 ns 28-pin plastic TSOP
G5.70 70 ne 45 ns (normal pinouts)
GS-80 80 ns 50 ns

HPD424900AGEM-60 60 ns 40 ns 20 ns 28-pin plastic TSOP
G5M-70 70 ns 45 ns (reverse pinouts)
G5M-80 80 ns 50 ns

Ordering Information, pPD424900L (+ 3.3-volt power)

RAS Access Fast-Page Cycle : CAS Access

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

pPD424900LLE-A60 60 ns 40 ns 20 ns 28-pin plastic SOJ
LE-A70 70 ns 45 ns
LE-A80 80 ns 80 ns

pPD424900LV-AB0 60 ns 40 ns 20 ns 28-pin plastie ZIP
V-A70 70 ns 45 ns
V-ABO 80 ns 50 ns

MPD424900LG5-A60 60 ns 40 ns 20 ns 28-pin plastic TSOP
G5-AT0 70 ns 45 ns {normal pinouts)
G5-A80 80 ns 50 ns

uPDA424900LGEM-AB0 60 ns 40 ns 20 ns 28-pin plastic TSOP
G5M-A70 70 ns 45ns (reverse pinouts)
G5M-A80 80 ns 50 ns
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Ordering Information, sPD42S4900A (+ 5-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

HPD42S4900ALE-60 60 ns 40 ns 20 ns 300 A 28-pin plastic SOJ
LE-70 70 ns 45 ns
LE-80 80 ns 50 ns

HPD4254900AV-60 60 ns 40 ns 20 ns 300 A 28-pin plastic ZIP
V-70 70 ns 45 ns
V-80 80 ns 50 ns

HPD42S4900AGS-60 60 ns 40 ns 20 ns 300 pA 28-pin plastic TSOP
6570 70 ns 45 ns (normal pinouts)
G5-80 80 ns 50 ns

pPD42S4900AGE5M-60 60 ns 40 ns 20 ns 300 pA 28-pin plastic TSOP
GSM70 70 ns 45 ns (reverse pinouts)
G5M-80 80 ns 50 ns

Ordering Information, uPD42S4900L (+ 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

PD4254900LLE-A60 60 ns 40 ns 20 ns 100 A 28-pin plastic SOJ
LE-A70 70 ns 45 ns
LE-A80 80 ns 50 ns

pPD42S4900LV-A60 60 ns 40 ns 20 ns 100 A 28-pin plastic ZIP
V-A70 70 ns 45 ns
V-A80 80 ns 50 ns

HPD42S4900LG5-A60 60 ns 40 ns 20 ns 100 LA 28-pin plastic TSOP
G5-A70 70 ns 45ns (normal pinouts)
G5-A80 80 ns 50 ns

uPD42S4900L.G5M-AG0 60 ns 40 ns 20 ns 100 pA 28-pin plastic TSOP
GEM-A70 70 ns 45 ns (reverse pinouts)
G5M-A80 80 ns 50 ns
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Block Diagram
RAS 7iAS Clock CAS Clock
Generator Generator —
I—" WE Clock
cAs 4 _ — WE Generator
CAS Before RAS l
OE Clock
Intemnal Refresh OE Generator
Clock Datadn
l I_ Buffer
[[e7]
Data VO Bus
L VOg
Col Data-out
umn Decoder Bt
Sense Amplifier T
Ay o -
Ay o 5 E
Ag ¢
Ay * §' E Memory Array
Ag ¢ = g
Ag *
Ay *
Ag ¢
Ag-—r]
B M-70008
Truth Table
Function RAS ©T©AS WE ©OF 104 - 1/Og
Standby H X X X " High-Z
Refresh cycle L H X X High-Z
Read cycle L L H L Data output
Write cycle L L L H Data input
L L H H

High-Z

X = dont care.
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Absolute Maximum Ratings Capacitance
Ta = 25°C;f = 1 MHz

Voltage on any pin relative to GND

S-volt devices -1.0to +7.0V Parameter Symbol Max  Unit  Pins Under Test

33-volt devices 0Sto+46V Input capacitance  Cj 5 pF  Addresses
Operating temperature, Topr 0to +70°C Co 7 oF E—_‘@ WE,
Storage temperature, TgTg -55 to +125°C OE, RAS
Short-circult output current, log Input/output Co 7 pF I/O4 - fOg

5-volt devices 50 mA capacitance

3.3-volt devices 20 mA
Power dissipation, Pp 1.0W

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 Unit
Input voltage, high ViH 24 Voo + 1.0 2.0 Voo +0.3 v
Input voltage, low viL -1.0 0.8 -0.5 0.8 v
Supply voltage Voo 4.5 5.0 5.5 3.0 3.3 3.6 v
Ambient temperature Ta 0 +70 ] +70 °C

Self-Refresh Current
Ta = 0to +70°C; Vgg = +5V :10% (4254900A) or +3.3 V *0.3 V (4254900L)

Symbol 42S4900A 4254900L Conditions

lec7 300 uA max 100 uA max /O pins: Vg = Vge-0.2V; V) < 0.2V or open.
Other input pins: V| = Vog-02V; Vy s 0.2V
or open. tgas 2 100 us :

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

Parameter Symbol Min Typ Max Unit Test Conditions
Standby current lgoz 20 mA RAS = CAS 2 Vi (min); lo = OmA
300 HA RAS = TAS = Vg -02V;lp = OmA
Input leakage current W -10 10 HA Vin = 0V to Vi all other pins not under test= 0V
Output leakage current lowy -10 10 HA Doyr disabled; VoyT = 0V toVge
Output voltage, low VoL 04 v loL = 42mA
Qutput voltage, high VoH 24 A lo= ~-65mA
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DC Characteristics; 3.3-Volt Devices
Ta = 010 +70°C; Vgg = +3.3V 203V
Parameter Symbol Min Typ Max Unit Test Conditions
Standby current Icoz 500 HA RAS = CAS = Vjy (min); Io = OmA

100 pA RAS = CAS = Vgg—~02V;lp= 0mA
input leakage current i -5 5 HA ViN = 0V to Vg all other pins not under test = 0V
Output ieakage current low -5 5 HA Doyt disabled; Voyy = 0V to Voo
Output voltage, low VoL 0.4 v lop =20 mA
Output veltage, high VoH 2.4 v loy = ~2.0 mA
AC Characteristics
Ta = 0to +70°C
HPD424900A, 42S4900A: Voo = +5.0V £10%
HPD424900L, 4284900L: Voo = +3.3V =03V
-60 -70 -80
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions
Operating current, lecy (+5) 120 110 100 mA RAS, CAS eycling; tpg =
average loot (+3.3) 110 100 20 tre min (Note 5)
Operating current, lcca (+5) 120 110 100 mA RAS cycling; CAS = Viy
RAS-only refresh min; tge = tgg min
eycle, average lcca (+3.9) 110 100 80 (Note 5)
Operating current, lccq (+5) 100 0 80 mA RAS < V) CAS cycling;
fast-page cycle, tpc = tpg min
average leca (+3:3) 100 90 80 {Note 5)
Operating current, legs (+5) 120 110 100 mA RAS cycling; CAS = V.
CAS before RAS max; tgc = trc min
refresh cycle, lecs (+39) 110 100 0 (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 (¢} ns
setup time
Row address setup tasr 0 4] 0 ns
time
Column address to tawp 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 tcHn 15 15 15 ns {Note 15)
CAS before RAS
refreshing
7
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AC Characteristics (cont)

-60 =70 -80
Parameter Symbot Min Max Min Max Min Max Unit Test Conditions
CAS hold time tcHs ~-35 -40 -50 ns For 4284900A/L. only
(CBR self-refresh
mode)
CAS to output in toLz 0 o] 0 ns (Notes 4, 7)
low-Z
Fast-page CAS tep 10 10 10 ns
precharge time
CAS precharge tepn 10 10 10 ns
time
Fast-page CAS _ tcpwD 55 | 60 75 ns {Noto 14)
pracharge to WE
dolay time )
CAS to RAS terp 10 10 10 ns (Note 10)
precharge time
CAS hold time tosH 60 70 80 ns
CAS setup time for. tcsh 5 5 5 ns (Note 15)
CAS before RAS
refresh cycle
CAS to WE delay tewn 40 40 50 ns {Note 14)
Write command towL 15 15 15 ns
referenced to CAS
lead time
Data-in hold time tpH 15 15 15 ns (Note 13)
Data-In setup time tps 0 0 1] ns (Note 13)
Access time from toEa 20 20 20 ns (Notes 3, 4, 7, 8)
OE
GE data delay time  togp 15 15 15 ns
OE command hold toeH 0 0 0 ne
time
OE to RAS Inactive togs 0 0 ] ns
setup time
Output turnoff toEz 0 15 0 L 15 o] 15 ns (Note 9)
delay from OE
Output disable toFF ] 15 0 15 [s} 20 ns (Note 9)
from CAS high
GE to output in toLz 0 0 0 ns (Notes 5, 7)
low-Z
Fast-page read or tpc 40 45 50 ns (Note 6)
write cycle time
Fast-page read- tpRWC 85 90 100 ns {Note 6)
modify-write cycle
time with exended
data output )
Access time from thac 60 70 80 ns (Notes 3, 4,7, 8)

RAS
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AC Characteristics (cont)

-60 -70 -80
Parameter Symbol Min Max Min Max Min Max Unit Test Conditlons
RAS to column tpaD 15 30 15 35 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 ns

Fast-page RAS thASP 60 125,000 70 125,000 80 125,000 ns

pulse width

RAS pulse width trass 100 100 100 Hs For 4284900A/L
(CBR self-refresh

mode)

Random read or tRe 120 130 150 ns (Note 6)
write cycle time

RAS to CAS delay tRco 20 40 20 50 20 60 ns {(Note 8)
time

Read command treH o) ] 0 ns (Note 11)
hold time

referenced to CAS

Read command tacs 0 0 0 ns

setup time

Refresh peried tper 16 16 16 ms Addresses Ag - Ag
RAS hoid time tRHGP 35 40 45 ns

referenced to CAS

precharge

RAS precharge trp 50 50 60 ns

time

RAS precharge trrc o 0 0 ns

CAS hold time

RAS precharge taps 120 130 150 ns For 4284900A/L.
time (CBR self-

refresh mode)

Read command tRRH 0 0 0 ns (Note 11)
hold time

referenced to RAS

RAS hold time tasH 20 20 25 ns
Read-modify-write thwe 165 175 200 ns (Note 6)
cycle time

RAS to WE delay tawp 80 90 105 ns (Note 14)
Write command tawL 20 20 20 ns

referenced to RAS

lead time

Rise and fall times ty 3 50 3 50 3 S0 ns (Note 4)
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AC Characteristics (cont)

-60 -80
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions
Write command tweH 15 15 15 ns {Note 12)
hold time
Write command twecs [o] [o] 0 ns (Note 14)
setup time
Write command twp 15 15 15 ns {Note 12)
pulse width
Notes:

(1) Allvoltages are referenced to GND. (9 torr (max) and topz (max) define the time at which the outputs

(2) Aninitial pause of 100 ps is required after power-up, followed by become open-circuit and are not referenced to Yoi or Vol
any eight RAS cycles, before proper device operation is (10) The tcpp requirement should be applicable for RAS/CAS cycles
achieved. preceded by any cycle.

(3) Ac measurements assume tT = 5ns. (11) Either tpgy or tgey must be satisfied for a read cycle.

4) ViH (min) and Vj_ (max) are reference levels for measuring the (12) Paramseter typ is applicable for a delayed write cycle such as a
timing of input signals. Transition times are measured between read-write/read-modify-write cycle. For early write cycles, both
Vi4 and V). twcs and tywcy must be met.

8) icet loca: loca, and Igcs depend on output loading and cycle (13) These parameters are referenced to the falling edge of CAS for
rates. Specified values are obtained with the output open. Icca early write cycles and to the falling edge of WE for delayed write
is measured assuming that all column address inputs are held at or read-modify-write cycles.
either a high level or a low level during RAS-only refresh cycles. (14) t iy :

. R wes tRwDr towb topwp and tawp are restrictive operating
'CQ“ Ihs Lneaelsured as:urping thT_‘t :":m“m" ac:dress inputs are parameters in read-write/read-modify-write cycles only. If tweg
switched only once during each fast-page cycle. 2 twgs (min), the cycle is an early write cycle and the data I/O

(6) The minimum specifications are used only to indicate the cycle pins will remain open-circuit throughout the entire cycle. if towp
time at which proper operation over the full temperature range 2 towp (min), trwp = tawp (Min), and tawp = tawp (Min), then
(Ta = Oto +70°C) is assured. the cycle is a read-write cycle and the data /O pins will contain

data read from the selected cells. If neither of the above
Load = 2 TTL (-1 mA, +4 mA} loads and 100 pF. For 3.3-volt :
@ d::ices Veou = (20 V and vm )=ooassva pr. For asve conditions is met, the condition of the data I/O pins (at access
" YOH = = oL= me time and until CAS returns to V) is indeterminate.
(8 Wigcp < tgep (Max) and tgap < tRap (Max), access time is

10

defined by tgac (mex).
fipep 2 tgop (Max), access time is defined by toag (Max).
ftraDp = trap (max), access time is defined by ta A (Max).

(15)

Holding CAS low prior to RAS going negative will initiate a CAS
before RAS refresh cycle (tcgp and toyp must be satisfied).
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Timing Waveforms

Read Cycle

tASR—>| l€«—tRAD—> tRAL- > | e t GPN —— ]
tRAH <> tASC—» <> toaH
N Y p
Address Row Column
7 N ¥,
L te—— R —
tRCS < tRGH—>
—/ )
WE .

Yy

toes
le——toEA—

tcAC |[<—tOFF—>
< tAA toEz—>

High Impedance |

InputOutput

s X High Impedance
m Valid Data-out j-tHah Impedance

K n

[<toLz->
toLz—>

—

1
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Timing Waveforms (cont)
Early-Write Cycle

Y

toRp—» tAsH > e—— P ——>
- tcsH
t,

tWCSs > [

[1] OE = don't care.

12
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Timing Waveforms (cont)

7S —_\( :Z L !\___
‘(—RCRP-—) _ i< — tRSH R tRP——>"
- ? \ i N
R AT v A A DA D
w1111 X N
& /1111111111111 ALY
s N

13
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Timing Waveforms (cont)
Read-Write/Read-Modify-Write Cycle

tRSH thp

!(—tcnp—» tReD < toas

= _f Y L/

tRAL. > je—tCPN—

le—tASR -3 [e—tRAD —>»

4
Address m Row

A

tASC - <~
e tRAH: 31 tCAH

|| l tRWD > <——-lCWL—>|

(—|‘>|"RCS et CWD——————> [—tRL—>

=TT /1l
N\ LN

T

High Impedance

Input/Output

14
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Timing Waveforms (cont)

Fast-Page Read Cycle
tRASP >
— T
RAS
A 7
r————tmcp——->
< tosH > le————tpc tRSH le—tpp
tcRP'(—) le——tRoD—>€——tcas——> le——tcas——> e—tur:l] toPN—>]
— X 4 b 4 N y X
CAS
\X q N 7 N \
tasm tASC -] | tcp le-tCAH tOP le—>| [<tcal

L
v

tRaH le-tCAH->] tASC | - tase ! e
Address @i Row ! Column ; Column Column
K
| L—)
< tRAD > L— tacs -->||<|—tncs tRRH
< tRAL-

"ncs e tRCH —> tRCH —> h— tRCH ; >
— 4 3
= I \__
I«——‘-W\—> L—tM—>
: I
tM—J |e——tACP—> [——tACP——>]
[<toEA re——toES

]
7

> toFF |<———-> le—tcac—> toFFl<—> le-tcac> > LtOFF

ExiliEri=niE
|

tRA
High impedance ’ 2 4 5( 7 ¢ 3 ¥, ¢ 3 impe
InputOutput { X Velid Data-out { X vaid Data-out P 4 X Vel Dataout 7E"—“&'—“’P
oo 7
> torz <> 1017 <> torz
tcrz tciz > torz >

83FM-70008

15
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Timing Waveforms (cont)

Fast-Page Early-Write Cycle
tRASP >
AR \
RAS ! ‘ ;
r——tnﬂcp—>
< tosH . tpg le—tRgH ——> tRy
: tcan(—> le——tRCD——»1e—toAs——>] <CP> le———tCAS——] cr, (_-tms—_?)zt—tcm_—)
. Y ‘_— \ X
A ;N N \

twes > e twes | fe— twes > [<—

Nole:_
{1) OE = don' care.
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Timing Waveforms (cont)

Fast-Page Late-Write Cycle

e tcgH—————> | ¢—m——tpe ——————>| [€——RSH—>{ |&—tRP—>

‘ t t
'CRP|(-> j&—tRCD——>1€——1CAS——> o e——tcas— <5 le——tcas > tePN
—_ 3 ‘— — :
w=w f A f N ;N
X _7 K 7 K y,

tRAD 'r » tAsc tasc . tRAL-
GA|
tASR 1RAH ‘ tCAH i '/Tsc -] [€-tCAH >
—
Address Row Column “m Column
K : >§

tacs '(——»l tewl L r——»’tcw._ l <—tnw|_->l

e tWeH—>] e—tweH tRos  [e—towi—>

- s ] [Tl
= 7T N/ ;! F L/ } 7/

e e
S/ N

_[Ds

- tps ~»

[€tDH>

| Data-in

Input/Output

................
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Timing Waveforms (cont)

Fast-Page Read-Write/Read-Modify-Write Cycle

trasP

tASR M

tosﬂl (—»’ tacP > <—>| toEH

— 4 \
o X LANMMNRRN
|
'oeo<—>' <~ tps
toEA ~> [<tos
tcac ’ > [<tDH > toH
. I —Y A Y Y —
InputiOutput High Imp - Datan Datan [—tiiripedonco
k_out 4 A K 7
oz
toLz > [ topz toez
€ tRAC

83FM-72108
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Timing Waveforms (cont)

Hidden Refresh Cycle

Input/Output

l&———— Memory Cycls ————>}<— CAS Before RAS Cycle —>»{«——— CAS Before RAS Cycla ———>]
tRC tre tRC >
e tRAS———— ] tras e——1
i \ N
le-tRg > tRp tAP-> [Me——tCHR—> tRp >
toas > tGPN—>]

[~ tOES—

/SN

ALY

toFF
toez

Valki Data-out
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Timing Waveforms (cont)

RAS-Only Refresh Cycle

’(—tgsn—> e-tRAH>

Noles:
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