 EEmAE: EEE%&% Wi -

N FRfEFEEE
Superjunction MOSFET
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HR
1. SCHE
2. B

Q1R AKEIEE

2.1.1E, SRR

2.1.2 MOSFET dv/dt 58
2. 28

2.2. 12515
23575454 (DC parameter)
2ANSHFE (AC parameter)
2.5 BB Fer e 1 AR — AR B 4
2.6Z2 21 F[X Safe Operating Area
2. 7R 7SH A N,

3. AR5

3.177 MYk

3.21% = fh R BRI Ay DCDC %5 #ad 4 TR SE
4.NFH

4. 1N FRXERE

4,288 &

4.2.1 RS

4.2.2 LLIC 1B ¥y (RER)

42 31F a4 (REDY)

4247 IRE MR (REE)

A3TNREN . BESITE Wi-FilEHSHEE
4.4 73 FAH. 38 BB A IR 5 &7 PR AORE FF 6 H (5]

A ST A BEE - KFHAERFH KPHAER 2SR
4.6 FRFE FTBERIKE

4.7 FIEFIOEBREEMNER

5.1 MOSFET BYE fE12 =,

SAFAREE (UISER)

5.2 EOS #{[& (BT T8 E=id B R midE SOA)
5.3 ESD &=

6. 7] £ MM 25 R
yRun s

8. #TE5/128--DFN 8X8
9. 8&(ER

EIEBAN 7 Ay 4E S RN

http://cn.icemostech.com
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15EE:
AR Fii IR H 5% IceMOS Technology 5 B2k 25 MOSFET F= 5 8, BIFESEFMHME
WHNABRE. ANBIRREESSRREES = RER TN IEIT,

2.EBREFH
QLI ABEE
ICE20N170 743 (Tj=25°C)
Maximum ratings , at T=25°C, unless otherwise specified

Parameter Symbol Condition Value Unit
. . T.=25°C 20

Continuous drain current /D Tz=100°C 11 A

Pulsed drain current Ip, puise | T.=25°C 62 A

Avalanche Energy, single pulse E as Ib=10A 520 mJ

Eas=1/2*L*I"2(VsrDSS/(VerRDSS-Vbss))

Vps=480V, [,=5A,

MOSFET dv/dt ruggedness dv/dt 72125°C 50.0 V/ns
Avalanche current, repetitive | AR limited by Tjmax 10 A
Gate source voltage VGS Static =20 \
AC (f~1Hz), +30
Power dissipation Piot T.=25°C 236 w
Operating and storage temperature Ti’ Tstcl -55 to +150 °C
Mounting torque 2 M 3 & 3.5 screws 60 Ncm

a When mounted on 1inch square 20z copper clad FR-4

2.1.1E,,FHEEIR

EAS ZEAREEE MOSFET XMTIT AT B (L) FEMNRNBERMAENEE, EERHEN
TR

E=L*di/dt

MK, FEEBNELFESRR () HRE—ENBREE, ABTEX I =RE)
BB ENRieE, XM uis Wik GEMEa8BRAX) , BIENKRHISEAEE
AZHEE, NMEREENEEME,

e 13
% Vg —— o
- Vds 10 ILJ
o o I — ) VDS
= T
S|z RG VDD
% e VGS o Fe—
l‘ ‘:Li = ov _I_I_ O =i

AXHABTHEENLER, BARTEH. ERRPANEREREERE—IT
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2.1.2 MOSFET dv/dt 8/E

SJIVIOSFET YA npn WIRBAEEWNE 4 From. FERETRS, HEERE dv/dt TR, BR

SRAHE R CHEBEE R, HTEASEBHE~EBE, %Enpnﬂﬂ*&ﬁﬁﬁg S HY M AR B
HE%\%% 9‘JF# f)ﬁ’_jF_EE,/JIL }\Aﬁﬁ%%’[ MOSFET :.FJ\O

Source
Drain
C
oW —° Gate o——l NPN
N- R
&
Source
Fig.33 4 npn RIS Fig. A5 3 ER B
LeCroy
e N ] I I ) vos1 F IF:
ELIN T F 10 | |
Nt = ———]
by ! ; '
e \Ta e Tl ! MOS2
S A =
S - \\ f - Fig.6 FAEEIRG] HEFIRIE MOS2, &
] “‘x f& RIS, AIRERFRIE MOS1, 2 MOS2

ﬁ;ﬁ\'ﬁgﬁq’, 1ZEE,IJIL/)lLlj. MOSZEE/}IL/}ILI_

MOS2 Bf, MOS1 xR EMNBESHS

o MOS1 YA EBELH, BrERE
Fig.5 Trr waveform at Reverse recovery WERE, BARBREFOES Frr. B
A EILE Th/Ta o] PUE AR IRE F58. 154K TIN5 FToR.

AXMHABRMBEENSEH, BAATEM. ERRANETEFRSERE—RT
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2.2
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Parameter

Symbol Conditions

Values

Unit
Min | Typ | Max

Thermal characteristics

Thermal resistance, junction-

case 3 Rinic

0.53
°C/

Thermal resistance, junction-

ambient 2 leaded

Rinia

62

Soldering temperature, wave
soldering only allowed at leads

1.6mm (0.063in.) from
casefor10s

Tsold

260 °C

TA Outside air temperature

RthJA Ptot

TJ Junction temperature

RthJC

TC Case tem perature
Fig.7

221886
(52 JSTD020/JSTD-020 H9 SR T %)

=*I*Rmax*Tc=(TJ-Tc)/RthJC
=(150-25)/0.53
235.8491

FRESHEX AR T E TR FE R PTOT, PTOT J4R#E RthiC ITE

Method Solder Duration time Times
Temperature
Flow/ Reflow 260°C MAX 10 sec MAX 2 times
Soldering iron 380°C MAX 3 sec MAX 1 time
Temp &
260°C | TP wereremseemmeremssmemmeem oo oo
3°C/sec
temp. rising
716 1S 6°C/sec
temp.drop
7 e
10 O S «
Pre heat :60~120 sec —‘
60-150sec
8min Max from T25°C to TP
25°C A » .

Fig.8;7 o175 & il é‘zﬂﬁuo
AXHABTNEEXAREH, AR

La

B, EERPBANES

Time

EREAEERRE—T
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2355845 14% (DC characteristics) (Tj=25°C) § :Temperature dependent

Parameter Symbol

Conditions Value unit

Min | Typ | Max

Electrical characteristics , at T=25°C, unless otherwise specified

Static characteristics

Drain-source breakdown
voltage §
Relationship with P and N V(BR)DSS Ves=0V, Ib=250uA 600 | 650 -
Charge balance , R,gON Vv
Gate threshold voltage §
Affect switching VGS(th) Vbs=Vas, b=250pA 2.1 3 3.9
performance
Vps=600V, Vis=0V, ) 0.1 1
Zero gate voltage drain T=25°C ' A
current § IDSS Vos=600V, Vs=0V, ool - H
T=150°C
Gate source leakage _+ _ i )
current lass Ves=x20V, Vps=0V 100 nA
Drain-source VG3=100V’ lb=10A, - 0.17]0.199
on-state resistance Rpbs 1=25C 0
§ Important parameter (on) Ves=10V, b=10A, 0.49 i
for on-state power loss T=150°C ) ’
Gate resistance R f=1 MHZ, open drain - 3.8 - Q

Source

Rn+ RcH Ra LIRIFET | p

Res | Gate | | ‘ RdsON is total summary of
: Below Resistance :

Rcs: Source contact Resistance

Rp

Rcp

Fig. 9 ON EBBEAIH R ER 72

RN+: Source N+ Resistance

RcH: Channel Resistance

RD: Drift Resistance(Main resistance)
RIFET: JFET Resistance

RA: Accumulation Resistance

RsuB: Substrate resistance

RcD: Drain Contact Resistance

AXHABTWHEENRER, BARTEH. ERRPNEREFRSERE—I
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L Gate Threshold Voltage
Transfer Characteristics vs. Junction Temperature
40 1.3
{ o
35 > 12
I S i SN
30 _ ; " ~ Ip = 250pA
< I ~ 2% 10
= 25 7/ @ N
] £ g 09 \\
5 20 =5
(3] 22 o8
5 15 T S~ N
s T,=125C — 07
a J z
|n 10 | \ | 55°C § \
= 25°C ~ / - > 06
5 / / 0.5
0 434 0.4
0 1 2 3 4 5 6 7 8 9 10 -50 -25 0 25 50 75 100 125 150
Vs - Gate-to-Source (V) T, - Junction Temperature (°C)
Fig 10 Vgs-lps Characteristic Fig.11 Vaes(th) Vs T,Junction temperature.
B VGS(th) B ER = ERIRER. BN
N 3
E_I— HE /I%.Jgﬁjgf' o
Drain-Source On State Resistance Drain-Source On-State Resistance
vs. Junction Temperature vs. Drain Current
3.0 0.40
3 / = ]
£ 25 / g o035
o 3 1
0 ~ 2 0.30 ]
£3 20 Vas = 10V b ]
o N Ipb = 10A 2 025 ]
TS /! o ] Vgs = 10V el
&HE 15 [ ] GS
°5 v o 020 ]
oZ S
' 1.0 » 0.15 4
5 5 ]
7 — © 0101
o 0.5 ’g‘ 1
@ 0.05 1
0.0 © oo |
-50 -25 0 25 50 75 100 125 150 0 2 4 6 8 10 12 14 16 18 20
T, - Junction Temperature (°C) Io- Drain Current (A)
Fig.12 Roson) Vs T, Junction temperature. Fig.13 15 = Rpgion)

AXHABTWHEENRER, BARTEH. ERRPNMEREFRSERE—I
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- Drain Current (A)

Io

Ver)pss - Drain-to-Source Voltage

(Normallzed)

lceMOS

Technology

Output Characteristics

=10 thru 6V

8 V4 Vgs=5V

0 2 4 6 8 10
Vps - Drain-to-Source Voltage (V)

Fig.14: Vpe-l,
IR BB ER S % VGS (th) Xk,
/Fﬁ*&%/ﬁ E/] /JILEj]ER;;%:_F/Fﬁ*& %}:Tl o

Drain to Source Breakdown Voltage

(12 vs. Junction Temperature

1.10
1.08
1.06
1.04
1.02
1.00
0.98 /

/
0.96 //

0.94
0.92
0.90

Ip = 2mA

50 25 0 25 50 75 100 125 150

T, - Junction Temperature (°C)

Fig.16 V(gg)pss Vs T, Junction temperature.
7 25°C BY, V(BR)DSS 5 VDSS fyJ3—1ktt
RA1, HEBEERENEMEX

Idss[A]

1.0B-03 7 S T T A *f

http://cn.icemostech.com

VDSS vs IDSS V/(BR)DSS

o Rt Y S e S et

GOE08 |

4OE04 | f

2.0E-04 b

0.0E+00 i i i i i l ; i

Rps(on) - ON State Resistance (Q)

0O 100 200 300 400 500 600 700 800
VDSS Drain-Source Voltage [V]

Fig.15: Vpes-lpss

LR ER & =0V B, 7EIRARFREAR Z [E)5EH0
BE, SEREERAWERS, REEMEE
AV EBD 4§55 B & (V(BR)DSS)

Drain-Source On-State Resistance
vs. Gate-to-Source Voltage

0.60 1

0.55
0.50 |

0.45

0.40 1 Ip = 10A

0.35

0.30 |

0.25
0.20 |

0.15 1
2 3 4 5 6 7 8 9 10

Vgs - Gate-to-Source Voltage (V)

Fig.17 Vgs- Rpson

B TR 7T ID=10A BNFRERY VGS BB EF4E
K9 RDS(ON) 1&,

AXMABRMBEENSEH, BARTEM. EREPANEREREERE—R
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2.4 (AC characteristics) (Tj=25°C) § :temperature dependability

Parameter Symbol Condition Value Unit

Min | Typ | Max

Dynamic characteristics

Input capacitance Ciss Vps=25 V - 2064 -

Output capacitance Coss ‘f/=G1ST\/(I)HVz Vps=100 V - 87 - pF
Reverse transfer capacitance Cirss Vps=25 V - 18 -
Transconductance Oss Vbs>2*Ib*Rps, Ib=10A - 17 - S
Turn-on delay time ta(on) - 23.2 -

R|Se t|me tr VD3=380V, VG3=1 OV, _ 1 1 8 _
. Ib=10A, Rz=4Q ns
Turn-off delay time td(off) (External) - 92.5 -
Fall time b - 89 | -
Capacitance
Source
100000
ate
Cqgs [|iCgd

10000 - 7#’
Lé Cds F
8 1000
S
6 COSS
8 100 N— N
]

(8]
] L —,——— =
O o
1 ﬁ
0 50 100 150 200
Vps - Drain-to-Source Voltage (V)
; + S ER 2
Fig. 18 C,.,,CyyerCroc VS Vs Figl9. SIMOSFET ZHHNBER

Crss=Cgd  Coss=Cds+Cgd
N b -

r = .a R
Capacitance ! I
Between Gate and Drain !

Gate @

F i - I
Capacitance Capacitance
between Gate betn:-'EEn
and Source _ | Drainand

Source

- e w DOUrCE

Ciss=Cgd+Cgs
Fig20. T ESHEB R EREEE & Ciss,Coss,Crss
AXHABTNEEXNSEH, AALRTEN. ERGRANERFASERE—T
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Fig21. Id 10A BY ICE20N170 BT X K.

GWINSTEK

Vgs(5V/div) [

f

[T prrisnssanim s rsspprarymnic

Vds(200V/div)

Id(10A/div)

a4ay
34ay
£~588Y

GWINSTEK

N
0@ 14.7ns
26.6ns

(
All.8ns

Apr 20821 |

() I 16:22: 47 |

[(F] <2Hz )
= 18U ][ 1@@ns (@ 244.8ns | @ f 1.96V |

e [ 13 Apr 2821 |
lﬂ‘ | 16:25:26 |

@ <)
@) = 18U ][ 1@ns (@ 7.18@ns |[ § F 1.96V |

=] [13 Apr 2821 )
(m) I 15:32:33)‘

http://cn.icemostech.com

Td tr Td Tf Condition

(on) (ns) (off) (ns)

(ns) (ns)
23.0 115 82.2 5.5/VDS=380V VGS=10V ID=20A Rg=4ohm (external)
23.2 11.8 92.5 3.9|VDS=380V VGS=10V ID=10A Rg=4ohm (external)

FEERAHER A 20A S 10A K, MEHIdEREBHEZER.
] 20A 5 10AFF X FTHE . BRASE A 380kHz, f =Stk ok 50%
o (EXFER T RNEAZEER)

GWINSTEK

GWINSTEK

N
O 0 468ns
© & 464ns

A3.88ns

A320V

Tf=3.88ns

AXMABRMBEENSEH, BARITEM. EREH

e [ 13 Apr 2021 |
(1) | 718720014

@ <<z )

@) = 19V |[_ 25ns (@ 487.8ns | @ 4 L1.96VU nc"‘

—1 [13 Apr 2821 |
(1) [ 16:29:46 |

RERASERE—RT
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2.5 AR BB Er A M AR AR E
(T=25°C)  § :temperature dependent

Parameter Symbol Conditions Value Unit

Min | Typ | Max

Gate charge characteristics

Gate to source charge Qys - 8 -

Gate to drain charge Q i 19 i

Affect to switching characteristic od nC
Gate charge total

Affect to drive loss by Gate Q, VDS=‘\1;3O\_/% (1)[1720A, - 59 -

voltage as=

Gate plateau voltage Vplateau - 4.2 - \Y
Reverse Diode (Body diode between source and Drain)

Continuous forward current as

source current Is Vis=0V i i 20 A

This is Body diode Forward
current as Max.

Diode forward voltage §
Voltage when forward current | Vsp Ves=0V, ls=IF - 0.9 1.2 \
flow in body diode.
Reverse recovery time §

Time to disappear reverse b - 358 - ns
recovery current.

Reverse recovery charge Vrr=480V, ls=I,

Charge to disappear reverse G die/ld=100 A/uS - 6.8 - puC

recovery current

Peak reverse recovery current |y, - 431 - A

Source-Drain Diode Forward Voltage

I - Source Current (A)

100
Source
p y
ya4 Body Diode
/ ate
Y4 :
D
P
o T,=125C / /TJ=25°C
y 4 y 4
y 4 /A
A GO—l
J
/ { . N-
/]
l —_— P
| [ ] B
0.0 0.2 0.4 0.6 0.8 1.0 1.2

Vgp - Source-to-Drain Voltage (V)

Fig.22 Vq, vs | as IF of Body Diode

AXHABTWHEENRER, BARTEH. ERRPNMEREFRSERE—I
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Vps = 480V

Ip = 20A

S

[}]

(=)}

8

)

>

Q

o

=

[e]

@

£ Vth—

Q

T

O

[

>
Vs 4
VoN

lceMOS
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Gate Charge

10 :
9 . Mirror term / Fig.23 Gate Charge
. 4—’ / Qgs=Qg-Qgd
|agst  Qgd / Qgs2 Qgs=Qgs1+Qgs2
% it S E—h 4 >
L Iy % RGN EE RS, MHREBE EF
NEED / MOSFET 38, 7ERRHEAE, HHRFEIR.
S / | WkFmEk z B~ A B e, Wk B E
< —L » | Qg MR EERIR x B aEd . Qg @ik, #Hf

[/ G TRIRFNIRFEL /)1 o
" FOM: Figure Of Merit 2 % MOSFET f94
0 T T T 4ab 41—

10 20 30 40 50 60 FETRIT.

Qg - Total Gate Charge (nC)

FOM=RDS (on) xQg (Q.nC)FOM /4T

o

ID

» t

2.6 IR 1E[X safe Operating Area (SOA)

Maximum Rated Forward Biased Safe
Operating Area

Fig.24 2 212 {FX 13,
FZ SN 7E Idmax,RDS(ON) STREIN{EA.
FEEA0 BVDSS

AXMABRMBEENSEH, BARITEM. ERH

100 e

© Ros(on Limited = N

Id max Ves=10V Z U N Nl

. 10L bl N \.“\ {10;}18}
< E T =25°C, = ~ = =
= E Single , 100us O
] B L4 NN
g 1 bl \\\ ‘1m‘s U
c / 10ms 1
© .l I ]
a 7| - - - Limit by Roston) BC —
-0 01 == ~ ' "Limit by Package

1 —Limit by Thermal

or [ LTI T T T 1] .
0.1 1 10 100 1000
Vps - Drain-to-Source Voltage (V) VDSS MAX

ZEE TR E=25°C. i SOASEREIEEIN TR
& Tc S mge/N. 2G5 Fkp=10usec,
Tc=75degC M {HE SOA

Derating Rate D= (150 —Tc) /125*100

For the point, 16A*600V = 9600W,
D=0.6 Pd(75) = P(25)xD
=9600 x 0.6
= 5580W
Eitb, ®|ZolsEr 10 FP (Te=75 1%
SOA H R,

&) B

===

REREERE—TT
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27875 e N

Transient Thermal Response,
Junction-to-Case

100 T L { { { ]
0.50 ‘
[ [ [ ]
E e
= 0.20 - s
£ | || P>
= i !
S 0.10 —
o 0.10 -
§ 0.05 Sl
| L ,
.tg !
7] _ /
— 0.02
8 — = can il / Notes
o /! .3
= 7~ Pom
E A §
o 0.01 — % —
ﬁ t2 —‘I 4
— y 4 1. Duty Cycle, D = —2
_5 Single Pulse
[7]
c
o
[
T 0.00
1.0E-06 1.0E-05 1.0E-04 1.0E-03 1.0E-02 1.0E-01 1.0E+00

t - Time (seconds)

Fig.25 BEASFALE r (t)-pulse width time

t1=Pulse Width=PW

t2=Total Time

Duty= t1/t2

FHE RBEFS ATch, BSZE 24, T2 r(t) BB, ATch=P*r(t)

% 1 BohBaE t1 PW=10ms, D=0.2 (5%Ftk=20452%Lk=20)
BETE %0 Y INFE=60W i?

MEHTTINEY, D=0.2 Bf 10ms;27E r(t)=0.6 . Rthjc=0.69 R K E/FLAY
ATch=P*r(t)=60x0.6x0.69=24.84°C

] 2 %A Tc=85°C, IHE=40W, BkHHTE]=10ms, & fkih
Tj HEERZ 7Y
Tc=85degC,Rthjc=0.69degC/W, P=40W,Duty=0, r(t)=0.5
ATch=P*r(t)=40x0.5x0.69=13.8°C
Tj=Tc+P*r(t)=85+(40x0.5x0.69) =98.8°C

5 3 %&14: Tc=85°C, #F=2kHz, = tb=20%.

Peak Power=50W, Tj E’J BERZ 7
Tc=85degC,Rthjc=0.69degC/W,P=50W,Duty=0.2,f=2kHz
r(t)=0.24 Pulse width=Duty*1/f=0.2/2000=1E-4sec

Tj=Tc+P*r(t)=85+(50x0.24x0.69) =93.28°C

AXMABRMBEENSEH, BARTEM. EREPNEREREERE—R
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3. MmR7l
3.1 Ak
BVDSS ID RDSON Qg FOM IAR Package -pbiree
Min. Max. Max. Typ. Q- (A) TO=T0220*
(V) (A) (Q) (nC) nC) FP=Full Pak*
GEN Product Avalanche vl\;zTchj)zzg*
L-DFN88 LKDFNS6
B=T0263
T=TOLL
Current C=Wafer*
ICE47N60 600 47 0.068 189 12.85 20 w,C
ICE60N130 600 25 0.15 84 12.60 11.5 |ToFPwW.CB
ICE22N60 600 22 0.16 84 13.44 11 TO,BW, T
ICE20N170 600 20 0.199 59 11.74 10 TO,FP,W,C;B,T
ICE20N60 600 20 0.19 59 11.21 10 TO,FPW,B,C,T
ICE19N60 600 19 0.22 59 12.98 9.5 L8x8
1 ICE15N73 730 15 0.35 75 26.25 1.5 TOFPW T
ICES15N60 600 15 0.24 52 12.48 9.5 TO,FP,L8x8,B,T
ICE13N60 600 13 0.27 48 12.96 9 TO,FP,L8x8,B,T
ICE11N70 700 11 0.25 84 21.00 5 TO,FP,W,B,C,T
ICELIONG60 600 10 0.33 43 14.19 5 TO,FP,W,B,L8x8,T
ICES10N60 600 10 0.36 40 14.40 7 D
ICESN60 600 8 0.52 32 1664 | 6 |t
ICE32S60 600 32 0.078 47 3.67 10 TO,FPW,CT
ICE25S565 650 25 0.133 34 4.52 8 TOFP,W,CB, T
2 ICE24S65 650 24 0.141 34 4.79 8 L8x8
ICE15S60 600 15 0.175 30 5.25 5 TOFP,W,CB T
ICE14S65 650 14 0.195 24 4.68 5 TOFPW,.CB,T
ICE8S65 650 7.8 0.4 11.5 4.60 2.7 TO,FP,W,B,C,D,LK56,T

3.24%7= i BRI 73 Y DCDC 3o ai H T RSEH

Output Power Range of DCDC Converter by Type

:
' 1

Full bridge : ICE32S60, ICE47NGO,
' *) ICES4T65., ICE117T60
i

‘} ICE117T60; ICES4TES is undei’developmen :

' i
LLC resonant \ - .
Half bridge I ICESDNT30. ICE25S65 I
: i : i H :
SR '
| , :
; :
. : :
) :
Fly back -I ICE15S60, ICE20MN170
.
o

'
B i | 55 s i L i i 4 I i | H i i 1
100 200 300 400 S00 GO0 700 200 900 1000 1100 1200 1300 1400 1500 1600 1700

Output power [W]

BHINERANRE, BEREFHIEARRE. SHFNERTEEE 1700w, FILIEIRIEINRSEE L
FEENTm. B, XHL 100W KA, BARMERAERA 20A A9 ICE20N170 & A
,,,ij 15A E’] ICE15S60,

AXMHABNBEELSEH, BARTEM. ERHANRTERASERE—IT
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4.1 A
411 FAFERE *: B REAN AR AR B

Output Circuit
Power (W) L 5 -
# | Application AC-DC DC-DC DC-AC | ICEMOS
. LLC .
Min | Max | Half Wave | Full Wavel| Full Wave2| Flyback Forward k Full Bridge | Inverter PART #
Half Bridge
al SMPS Power } 500 * * ICE25S65
Factor Correction ICEGON130
a2 |LLcHalf Bridge | 1000 * (e
ICE32S560
Low Power SMPS ICE15S60
b |Quasi- Resonant 100 * ICE20N60
Flyback ICE22N60W
High Power SMPS ICE47N60
*
€ |ucHalf-Brigge | 00 [ 1300 ICE32560
ATX Power ICE47N60
d 200 1600 * * * * * *
Supplies ICE32S60
el [LeD TV (1401nch) | 5K * * (EMARGLS
ICEA7N60
2 |LED Lighting 20 | so0 * * * * * etz
ICEGON130
Data Center
500k-1k ICE117T60
* *
f .I:CI/DC (S‘evers & node R
g |Fast Chargers 3k 400k * * ChEiTE
ICE47N60
h pC ICE15S60
h argers 36 90 * * * ICEION60
Adapters
ICE1I9N60L
i TV Pf)we-r 2 410 * * * * ICE25S65
Application ICE6GON130
ICE117Ti
i |ues 500 | 10k * * * * CE117T60
ICE47N60
k [Solar Inverters 300 6k * * * * LAl
ICEA7N60
I |HiDstreettights [ 22 | s00 * * * LI
ICEGON130
m |Gaming Consoles 100 200 * * * R
ICE1I9N60L
n |LED Signage 10 250 * * * (RO
ICE20N170
-Bi e ICE117Ti
o |FEIE 600 | 40k * * X CaTGs
Mobility ICE4A7N60
ICELON6OFP
p |Printers 10 1500 * * * * * * * ICE20N60FP
ICE47N60
q1 W_hlte Goods 200 300 * * * * ICEGON130
Fridge ICE20N170
ICE117T60
q2 | Washing Machine 800 1500 * * * *
ICEA7N60
r1 | Audio Amp 200xn | 5kxn * * * LS AL
ICE4A7N60
r2 |Projector 300 | 2k * * * * e 3AL
ICE8S65FP
sl |Car audio 10 xn |100xn * * (A
ICE32560
ICE1
s2 |Navigation 10 20 * (@0
ICEI9N60L
ICE117T60
u |3D printer 180 1500 * * * * * * *
ICEA7N60
v Smart Phone 20 20 * * * ICE15S60
Adaptors ICE20N170
w Industrial Power 320 1300 * * * ICE117T60
Supply ICE47N60
x |Tablet/Laptop 200 | 1500 * * * e
ICE20N170
ICE117Ti
Y |Micro Inverters 200 1500 * * * @ &
ICE47N60

AXHABTWEENRERH, BARTEHM. ERRPNMERERASERE—I
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4.2 EBEY
4.2.1&2¥#HE (RER)

Example of Server Management

ICE32S60, ICE47N60, ICE117T60 x 4

Sl
L1

Rt ST
" {E”_ 1+ X I
| rlﬁ}

Error amplifier =
Control Control ¢

{5 4 14 ICE47N60 B% ICE32560
4.2.2 LLC IR e s (RER)

LLC Resonant Half Bridge Converter

_| ICEGON130, ICE25565
X2

[y Pt

| 3

J] [os3u0) 3jen

O)
| |
11

O—avor O

{59 2 14 ICE6ON130 =% ICE25565

AXHABTWNEENRER, BARTEH. ERRPNMEREFRSERE—I
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423 TERZEHE (FER)

Forward converter
>| . W—Q—

L L

I l 4| ICE20N170, ICE6ON130

(O)— avon

5/ 1 4 ICE20N170 3% ICE6ON130
ZARAGUIRESERNINER, SkRENZRSELE, SEIIIMNRENIERZLE, B4
BEERK. BB EBRIEMARE MBI RE

4.24 RFAEHESZ (RBER)

Flyback converter

7
' T

(O—avol )

_I_L _| ICE15S60, ICE20N170

£/ T 2 {4 ICE155S60 F ICE20N170

HTSUK B EILEM R RER, RETRRARMNERS. B ERRNFRE M E
HELRE .

AXHABTWHEENRER, BARTEH. ERRPNMEREFRSERE—I
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4.3 Feature Application: Telecom&Comupting
Wifi FREHE3EEIR

X HEERHFOR ¢ ICE8SE5FP (8A. 650V, TO220FP) #1 ICE1IN70FP(11A. 700VTO220FP)

LTE ESHRzs X FR "4G ESHzs", 2SR EANMERE Bz, T —MaLiBsd Wi-Fi, LUK
M=k USB EEANRFIRMB TS A RMIEENNES KR, SUAKEEF (LONG-
GENERATION) KHBEH : 4G EUAKHIER (AGLTE) # LTE-Advanced L&A 4R E S,
ek PCHRRIRE L& IAG Az, Bk PCl £& B A Bz, &2k PCl XIREAT B
BEMEHRITESELIEER, XLBABATIEXNE (M2M) FER (IoT) B85, ¥WEH
(IoT) BIEWIE, FHMNIFFEZWE, XERNECAMEAMHNI (FDD) s XI (TDD) 12
W T @EERR, 5-100 08, FMEEMTSEAN 1.4-20 Jiik, BHEREADEMNZWAZH
B (MIMO) ThEERIZEIZ I8 8 FRIES THEEMERE | ERZ@mAZEE (MIMO) , TITHERR
HE A=A 300 Mbps, #EREME (102#) .

BRHZRIRIT AREERRPESAFXARSE, S8A9THE MOSFET 284, LURITHAISEME SR
22, ICE1IN70FP (% 1 {88AR) #1 ICE8SE5FP (55 2 A AR) #2 LTEWI-Fi BRERZ2H9MN A,

LTEWi-Fi BREASREFITARE : BT ROF, EF A G T ICESS65FP, UEARTZSE XN FAIF R,
THRERT ICE8S65FPA "SUPPLIER-1 "RERIIEBELLER, LIRS ICES8S65FP & "SUPPLIER-
1 "B EAIMREIHIT L RASERR L RNIR S R, 45162 ICESS65FP RS M & BN, SIEEFF
AHIET Wi-Fi BRI ATITER R, BN~ REsEEt AT H Wi-Fi BB,

AC90V AC100V AC230V AC264V
CH. No. REF.No.| SUPPLIER Tc AT |Tc(50°C)| Tc AT |Tc(50°C)| Tc AT |Te(50°C)| Tc AT |Tc(50°C)

Ql SUPPLIER-1 68.55 38.70 88.70 65.50 36.15 86.15 65.20 36.80 86.80 66.80 38.50 88.50

7 Q1 ICE8S65FP 64.30 | 34.95 84.95 62.60 | 33.50 | 83.50 60.70 | 32.80 | 82.80 | 63.10 | 34.55 84.55

A - - -3.75 - - -2.65 - - -4.00 - - -3.95

Q21 SUPPLIER-1 59.45 29.60 79.60 57.75 28.40 78.40 65.40 37.00 87.00 68.25 39.95 89.95

14 Q21 ICE8S65FP 56.20 26.85 76.85 55.00 | 25.90 75.90 60.30 | 32.40 | 82.40 | 64.30 | 35.75 85.75

A - - -2.75 - - -2.50 - - -4.60 - - -4.20

Power SUPPLIER-1 59.6 - - 58.5 - 57.6 - 57.8 -

Consumption ICEMOS 59.1 - - 58.4 - - 57.5 - - 57.7
(w) A -0.50 - - -0.10 - - -0.10 - - -0.10

Power Module Load Conditions: 5V/4A and 54V/0.55A

Temperature Requirement: < 142°C @ 1.75W l_"__
J— Fs ot ;i
c4 F
R4 RE L]
Bz )i
= o1 n
flv—
i, T ICESSsSER
3 |

= Two MOSFETs used for LTE Router AC-DC
= ACin90-100V
= Two lines DC out for DC 5V and 54V POE

18
Applications Guide Rev.7a 15APR2025
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4.4 THEENMA: HAHE=%
B A IR &) K7 A FNRE T 2K #R [a]

BN HIAAMERESHUER - ERXZNRINEBNRAREN - BEHEREBR
1R "ERE, ERBIMILEMUL - AR EXLEHIHEKRME N AR LIEREERHN
NEFXFAFEEE - MHEBRAEINZR MOSFET B REXLEZKWSEAHBRTTE -

HTRREALA, TEFABRFETNISZZRESTHEUR - NREINERZE
BORSTITRNIIRGRE - £—ENAP - B R 2o - wERERAE Mo
b, FEBRART FERESHARZRIX—BITNRBAR -

ERALIZEHI N HHEEERIMPRERARN - BIRERFOVBNZ-EIENBEIMR - FE
Rk 55 R HIROES B N M BEDRBE RS M R 30R  OR T - X O DB RS T H Se AR SEH -
AEER FBENEGNAPEEBRRINGYZ — - BEREERZRROERBRE - D=
NETAREAEM - AEBHE=EIIMRE -

ZHINEWE T AP EIRITR - NEIE
ek - DUERIEHERE - UEssBmiE
o BTHFMEERELNEHBRAME

BRELOE (B ) EPUERRMES
7. BREOHAFZHSNRARBEHN
AT ZREFTRERHNER - LIES KO8

=
Motor HiLo

DC power S1
supply ®

19

LTFNER —REAT RERERSH - EEFRROS ENHRMERE - k27N - BIEE
SEFEBONsEINT D - NMZETINIINRGFE - XERESEFNRINEE D - F£EH
IMOBITHN - R —RENITNIENEBRIEOEBEERFEHAERREIREITA (1K trrr
farr) ,

BB R FI R FFRINZRTE 4 kHz 2 20 kHz 28] - B E R AL SERRAENT 2 a0 1%

T, EMFEXTZ=RRAR  TBZBESHRT - ERZBEHREKEE - SN AEPE
RRELNNEEMA - BEB AR EBRINMIENE - DEESNRIFLE -

AXHABTWHEENRER, BARTEH. ERRPNMEREFRSERE—I
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4.5 THRLRR
- KBHRER. i APHBE M T AR

HAMPFE TR AN AR N - BIAINIIIRFTRIZES] - #0INE I LIZ R Insl X
o, TAEHIE LR BRI BRI - BiEMTABUR T e E KM A B x -
B imta it S AL - RlnthINEWRIIRARMARBERD - RILARRIE - AT

. BIREHPRERRARNREEVDTAHENAHNERMEE - AL - SXUFR
UHBLE - BRIt ZBREREEFEANBERBENESNIELFEE - XEZEKE
WERNIRGREE - M - XRE 7 HINEWREINZIT - B4 MOSFET 2R X—(0)
ARBETT R - BRERTRERDS (58 ) BAUEHBEN O STREAEHEESE -
MOSFET BJIREFF X R E B LR BEEBRERAEMNRIREBRFAINEBNE
prin ey G

HABFFE L RAINRIUTBER MR - BIFRINIIIRFTRIZES - 3HFINEW ] LUZ SR iim s XY

im, MR LLE B IR ARRIIBER - WinPLRNERTAZERZEPH NI

ERFx, AL, BMVWERAERIBMAATRBR - BREAXR—FBE - wEHMAINE

i, BERERT—FHNATER - BEFTEPERE - E4F - MOSFET th 2 XTIAFNEH
HEERAE - MEBREINZE MOSFET EFLFRIRDS (538 ) 4AE - IR E R -
XN FHRVEER LR -

BTROTIERBZENER (DC) R (
e ) gj;H;zE(Ej] .wwms  1YPIGAL SOLAR PANEL SYSTEM
ESBEN 250 {KZE 600 (K, EREBEY SOLAR PANEL

BLRPRPLIRERMIRE - BR m I INVERTER
BEMARREN T EERIER—EHE N nm -
AR STHIN - MBBMIRSIEE ( i B =—"
IGBT) BLIHERHBLE MOSFET, 4iXLEERF ne B o
UASR R H ARSI SUE AT - EIREE i Hiy = |
SRERS - NMFFERE - mim L Jy S
i

d H L AC APPLIANCES
o

BATTERY

i
= i

z'g Y{q—_ W gﬁn ﬁ =3 Eﬁzﬁ 2 %ﬁ ’ Solar Inverter System Illustration (Source: Herholdt’s Group (Pty) Ltd.)
20 mRBmEL. EREERNEEERSERE R
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TR TAHEBRITNRSEE

Photovoltaic panels DC/DC DC/AC AC Grid
C | a N O 2 level inverter N f

ICE54T60FDW &

_ VRN /)

™ . L.
Communication
to user

xtF DCDC, BEEMHENTERE; T DCAC,
=% DCAC RTTIE

BVDSS ID RDSON Qg FOM IAR Package “pofree
Min. Max. Max. Typ. (Q- (A) TO=T0220*
(V) (A) (Q) (nC) nC) FP=Full Pak*
W=T0247*
GEN Product Avalanche D=T0252
L-DFN88 ,LK=DFN56
B=T0263
T=TOLL
Current C=Wafer*

AXHABTWHEENSER, BABTEH. ERRANERERASERE—
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4.6 HIEHF
R

BIRERETBHIE SMERZSF[TIR. BEAR (40 CAN FIPLC) FMFABEINIE (453
b 1000Vx400A=400kW . 950Vx250A=237.5kW. 410Vx330A=135kW) . tIEEHEBHEMmS.
FEF kW 1 7kw FFHKE, TERTRERSE, E BT ARSMR. 3 TENEERE
EHEHE 12-13 /NI AR HEE, M7 TERMNUEE 6 /N8, IIF 50 FE (125 &25E) Rk
BRFEEN, FA 80% HWEENE 20 94 E 1/0\if, RIEMNEHRE, BhFERSEMN,
HAEMEEETENRBIT 100 FEMNBRERBIF/FTRERH,

ERINAZWBIRETENTRF, FEHFEK 15 TEE 30 TRANFTEERS, MiHd 100
FERIESHINER, TABRIIEEFF LR GEN3 /=& ICE117T60 # BVDSS 4 600V, XH
TO247 3%, TTHTF 15~30kW &%, WF 100kW BEEZBB NS, EESHN HK
Rds(on) #1 Pd(W),

GEN

Product

BVDSS
Min.
(V)

ID

Max.

(A)

RDSON
Max.
Q)

Qg
Typ.
(nC)

FOM
Q-
nC)

IAR
(A)

Avalanche

Current

Package pofree

TO=T0220*
FP=Full Pak*
W=T0247*
D=T0252
L-DFN88 LK=DFN56
B=T0263
T=TOLL
C=Wafer*

22

IceMOS R LIRS EIATER A ek fysH & - INEEER] LB dHakat Ry EE SRR - K52 (1
TerFH e R — (A

AXHABTWHEENRER, BARTEH. ERRPNMEREFRSERE—I
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4.7  BHRP
B IR E IR ER
DC to DC IBC Synchronous
ICP PFC Down Conversion Intermediate ectification
ICE47TN60W  |CE20N60 ICEGON130/25565 Bus Converter __Foint of Load

niPOL
lceMOS NEW DOMAIN

99% 99%  100%  99% | 99%
Efficiency
AC/DC and Power Factor Correction lceMOS DOMAIN

THESE ICEMOS 600V SUPERJUNCTION MOSFETS COVER THE 3 POWER
MANAGEMENT STAGES OF THE AC TO DC POWER CONVERSION SYSTEM IN
DATA CENTERS.

* ICEA7N60W: “In-Rush” Current Protection (ICP)

+ ICE20N170: Power Factor Correction (PFC) :ﬁgggg’:ﬁs
* ICE6ON130: DC to DC Down Converter

Device Specifications For Power Management In Data Center Servers

Stage DC/DC
Id (MAX) 47A 20A 25A
V(BR)DSS (MIN) 600V 600V 600V
RDS(on) (TYP) 0.06Q 0.17Q 0.14Q
Qg (TYP) 189nC 59nC 72nC

lceMOS GEN-1 845 MOSFET iR B— M EtaE. AJ5E. & SRR AR, EBATEHEH.O
BB RN PEIR T A S,

SN ERRREE (EAS) TEBE - IceMOS GEN-1 B3 #5811 AT IR EHYIHZR MOSFET,

estH @AM - ICE47N60W N B 2s R ELE A MM A B ERIR T M S ERN RS OGNt 2
— ZaE R AT R R R ST LUK AC-DC. DC-DC 1 DC-AC EEER,

AXMABRMBEENSEH, BARTEM. EREPANEREREERE—R
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5. JJ3K MOSFET FUEEIR R o

FEFMUT 3 FEZER

5.1 FAFRRN (VIS KRN) FERMTES, s {Fi8#i@id EAS K88 1 BV /57 T 2 Fra R,
FIaNFE L A EBERF . VG(th) HULFRIR SERERFNREISFEEL, Lty FARS
THYEIERE Tj 07 1502C 3 AT,

5.2EO0S #f% (BH SOATEBHBENERNBRIN ) HFHFRZIHONNEHHEZRET
ESEEIR, MBERB. EREAIHANTT, SESHEHFRIR, EXMERAT, Sh&RES
EINEEBER, HthuUsgEEt. =Mslflint (Mk-KR-FER) Te=ER. RN~
mE 1B II K B 1EC61000-4-5 JRIA A A 28 AY 2 25 1000V B EIRIBAIARUNIR, 4R B kAl
B IEE BE R MER.

5.3 ESD #fE (FRFEEALEE) IR#E MIL-STD-1686 #rf, F{1AY SIMOSFET F#EE AR I KMA T
. A{K#EZR Class3 (4000-15999V)  #|8EEI-E Class M5 > +-800V

FRENER ST RESIMRE N EBRIRE SRR, MR RRARER B R B RS
[B), FEAIEFFEINER, WRRE IMQ EZHH REP 8 BB iEE.

—_— VDD

VDSS vs IDSS
T | 1.08-03 T "l”’T"T’”l””l””lﬁﬁrﬁl
Wiring Thick may reduce Inductance so | i g g g g i '
Keeplower dvdt spike. o L I 0E-04 -2
E} ¥ Put Resistor E 6.08-04 ”777177Hiﬂﬂiﬂ”1””3””3” ”ﬂ:
Rg g Lo e
-

LargerRg can Or Zener diods 4.0E-04 7”3””? ”37 73””3””37” SOQd
save dildt change - m N P
1E} j Apply CR Snubber 2.0E-04 1 "7 Idss Leakage |

Between D-3
rml—— 0.0E+00 - - - - - . ; ]
—_— 0 100 200 300 400 500 600 700 800
— VDSS Drain-Source Voltage [V]
Fig.26 BH IL AR E TR Fig.27 B5 1k ESD X Fig.28 E M FEHE R
AYHETE fEHY¥E e B

AXHABTHEENRER, BARTEH. ERRPNMEREFRSERE -1
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6. 7] FEMEMING R

http://cn.icemostech.com

Items | Test Description(Abbr.) Test method. Stress Condition Result
1000 cycles,

1 Temperature Cycle(TCT) JESD22-A104 A Tj -55 to 150°C PASS

. Mil-Std. 750 . .

2 High Temp storage(HTS) Method 1032 500 hrs, Tj = 150°C PASS

3 Steady State Gate Bias Mil-Std. 750 1000 hrs, VGS = +24V PASS
positive (HTGB) Method 1042-B Tj=150°C

A Steady State Gate Bias Mil-Std. 750 1000 hrs, VGS = -24V PASS
negative (HTGB) Method 1042-B Tj=150°C

5 Steady State Reverse bias Mil-Std. 750 1000 hrs, VDS = 80% BVDSS PASS
(HTRB) Method 1042-A Tj=150°C

6 High Temp Hugh Humidity Mil-Std. 750 1000 hrs, VDS = 480V PASS

Reverse Bias (H3TRB) Method 1042-A Tj=85C, RH = 85%
7 Pressure Cooker Test Method 121C 100% RH, 205Kpa,96 PASS
(PCT) JESD22-A102 hours
Highly Accelerated stress ) 130°C 85% RH, 230Kpa, 96
8 test (HAST) JESD?22-A110D hours PASS
9 Resistance to Solder Heat JESD22- 265°C 10-12secss PASS
Test (RSH) B106(PTH) 3 cycles
10 Solderability JESD22-B102E 260°C 10 secs PASS

7. Device Marking Format

AXMHRBNAE B EH,

YY =R RER AL
WW=T{EE

* A D

XXXXXX =472 1D

ICEXX X XX =ICEMOS =S4 #R
X=N: GEN1,S : GEN2, T:GEN3

AR TEHM. ERRBMERERSERE—R
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8. E T

- DFN 8X8

DFN 8x8 Leadless Package

EEI=

RS@ERE

e I M A% B8 757
SIEEERES

= dv/dt 5 1

AR (13 ETHE)
F5 4% 3,000 14
IRMRAEY, MSL-1

Applications:
4 Servers
4+ UPS

a
R ISR

e e

ERE It

4 Adapters
4 Renewable Energy

Gate
Pin 1

4 HID Lighting

o

Sense

http://cn.icemostech.com

Drain
Pin 5

1 = Gate

5 = Drain

Power

Source Source

Pin2 Pin3-4

2 = Sense Source
3 -4 = Power Source

Bottom view

4 3 2 1
DFN8x8

) ] o] il B &

000000020900000000d00 5 vh0's o Baps o 0R0E 000
@ Pinl position

[ Pinl position
00O

B -
- B - :
l414 4
4
| 5! o
i
| |
-t
o, |
i
| 1
| [2]ezale]
A
| ExposEDPAD Al
— W 9
/ h
e
m | B
F
. + D2
i L1
4
3
| L
ey am
see
RA‘ e \.\'u.’
VIEW M-M b i

[SYMBOL  MIN

0.00
010
098
700
790
710

2.00DB8C

010
005

o3

NOTES

1.0 DIMINSIONING & TOLERANCEING CONTIRM TO ASME Y14 Sh-1994

2.0 ATTL DIMENSIONS ARF TN MITTIMETERS. ANGIES ARF IN
DEGREES

3.0 DIMENSION b APPLTES TO METALTIZED TERMINAT. AND 15
MEASURED BETWEEN 0.9 ANI |, 1mmm FROM TERMINAL 1118

4.0 DIMENSIONS DO NOT INCLUDE BURRS OR MOLD FLASH.
3.0 COPLANARITY APPLIES TO THE EXPOSED HEAT SLUG AS WELL AS
THE TERMINAJ

6.0 RADIUS ON TCRMINAL IS OPTIONAL.

ZIKSC#V\]%!ZW%EESI‘SZE#)’T AR

A E%wﬁﬁﬂ%ﬂ%mfﬂ ShE&RE—T
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tion

10220 B

Lead Free

IPAK
TO 2 5 1 Lead Free

|2PAK

Zeeyy,
(o1
Te:/,,,o /of
D;/V ‘?*6’9’

T0220FP (0
Fu” Pak Lead Free

TO 2 6 2 Lead Free

http://cn.icemostech.com

10247 @

Lead Free

D2PAK DPAK
T0263-2L T0252
(MSL3) (MSL3)

DFN8x8 DFN5x6 TOLL

(MSL3) (MSL3) (MSL3)

Leadless Package Shipping Information Leaded Package Shipping Information
Package Type Packing MO0Q Package Type Packing MOQ
DFN 5x6 Tape & Reel 3,000 pcs TO-220 Tubes 50pcs
DFN 8x8 Tape & Reel 3,000 pcs TO-220 Fullpak Tubes 50pcs
TOLL 8 Tape & Reel 2,000 cps TO-247 Tubes 30pcs

TO-263 (D2pak) | Tape & Reel 800pcs

Package:

| RoHS Directive (EU)2015/863

L Lead Free( Pb free ) product.(except some of surface mount)

| Halogen Free
L Eco-Friendly Mold Compound

AR " "B X AEIINRIR & EBAE M
AXHABTWNEENSER, BARTEM. ERREPANMETE

HALOGEN
FREE y"

ASAERE—R
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~ $21E S) MOSFET Rt Ey3E 5

LSRR /B 60CREI0NR MR 0
'EJ

2 . RIREREN: BEFHSTE BE3IE

T0220. TO220FP 1 T0247 H9E EBUREFR A MSL1, DPAK. D2PAK
. DFN8x8 #1 DFN5x6 4 MSL3,

AFRER MR, ALY IENEENREXESN, BATRRE
RS TR, FRUBERAXLEFRM THFN.

5. AByiEEREE (ESD) EALMIHER, 1K~ M RAEMRFEEET,
RIEREN, BREE. k&, TIEaFHEM,

6 . FAHY mFT & RoHS F1 REACH #r/E.  FATAME IRk B R
XHH ¥R

Contact:
lceMOS Sales: sales@icemostech.com

ERGH: AXMFETNEEURXMLGBHE. BXRFAME, HSRRMNMELNEER, AXETEAN> AN XE, %Z‘%ﬁ
Jﬁﬂ] BEAQARANMEBPRANRATUEE. THENE, BREE. M. REFANEARREENERAAQARDNRE. EENER

K&Fﬁﬁﬂﬂﬂlﬂﬂﬁﬂ’]f‘ﬁﬁfiﬁﬁﬁTi‘]T SUAXFAF. TRk, MRS R MR RIE. lceMOSTﬂTIEFﬁE‘ZWﬁﬁZ&EFﬁﬁHH*E’]FEHﬁLﬁﬁE’]E’cﬁ
ﬁlﬁﬁ’ﬂmﬂ&ﬁim IceMOS Technology B8 &8 A K7 F 1t BA o Ff 5 BT (RIEA BT AE, BRI ARIERIBEME =77 AR =M E AT . BOEFE
BHRBBRMNG” RREN~RTHYE, B REENRRARNRERRAKEER, FaRTRSREEAFARETA, Bt RIHENEIEE
fIThRe, MUEESKERRAT#HTEIE, FRAREH#TRERT.
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