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® Integrated Reactor
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® Improve Efficiency ® Easy to Control & Layout
@® |[solation Current Sensing ® Reducing EMI Noise

® CT Output Never allowed to open
® Full flux reset avoids magnetic saturation

CCM Interleave PFC for Large Power Application
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ﬁmﬁﬂﬂﬁﬂi}j Hems (& ) 5.2 3.4 3.3 2.0 3.0 2.0
Coercivity
1A% 18 5 FRE(1 OkHz) o -
Relative loss factor at 1 0kHz el Al 075 1.4 1.3 1.9 08

b & =
mﬁ‘#ﬁmﬁﬁm“ﬁﬁﬁ Olpr %105 -05~20 -05~20 -05~20 -05~20 -05~20 -0.5~20
Relative temperature factor

_ 1) —B
* 2 l) il B Te (=C) 130min. 130min. 11 5min. 145min.
Curie temperature
}ﬁ:}n‘,:-z_ _ p { -m) 0.8min. 0.3min. 0. 2min. 0. 1min. 0.02min. 0.02min.
Resistivity
EE d (kg/m3) 4.9x103 4.95x103 4.95x102 5.0x102 5.0x=102 5.0x103

Density




TR BRI RANSE )

=t
=

=)

HSEMEEVE (SuikEIE. PKIEE)

Wi- BB
Permeability vs. Frequency(Typical) | k&

100000 —

at 23°

= /@Awo‘ MA120 MA100

S fefeea-s /.-..---------__‘ /

S S— CIEET

£ 10000 — |

o N N

o = e ~

= - | =

< —\@E@"MAD?D‘ MAO85 >

10005 100

Frequency f(kHz)




TR BRI RANSE )

BESEMIELEE (BuskEE. FkESR)

Bms-2E4F4
5 0 . Iz

Saturation flux density vs. Temperature(Typical) | $kFK

500 |

H=1200A/m
. 450
= =
£ ™
EA0E> -
m O
>
@ 350
@D
o
3 300 MAO55 —
< ~ MAQ70
2 550 MAO085
=
5 MA100
R200 > = MA120—
MA150
150
0 20 > 40 60 80 100 120

Temperature(°C)



FRBIRETHRITIRAIE)

=t
=

Li- 3
Permeability vs. Temperature(Typical)
24000
20000 aden ,l’f
2 oo D N\
3 r MA120 7T A
£ 12000 B e -
3 7 MA1 - ft‘. /!
= MAOBS .--""_'__.-"" 'E,
= 8000 o~ == = :
= > MADTO - i :
—
MAD5S5 HE
4000 A
I‘ M1
AL
0 i |

=40 =20 0 20 40 &0 B8O
Temperaturel('C)

mu@ 140 160

SHSFEMEERTE (FuskEE. WAKIESR)

MAQSS B E 25 1) < 2450 ﬁﬁw

MAQS5 Static magnetization curves(Typical)
500

23°C
400
"_,..u-l""
E 300 /":/ _
E Vd q_100°C
& g O P S )
= /,%
£ 200 L%
=
L
5
(T

o B
S,
g
::;:;:“\
-

o0 /f,{/ | |

=Ty 0 20 40 &0 20 100 120
Magnetic field H{A/m)




TR BRI RANSE )

SUSEMEEME (BukElk. MKkER)

[ VE—F 2 ALLEREDLE] e b JE | 3

Comparison of impedance relative permeablility

10°
— 140C
N —1007TC
.:'1 é‘ T7A Ay I;FI(FT'SM}GJMQ — 6000
g 3 FINEMET® (FT-3M) y, 20C
Ao a — 0T
E %_ 10* \\\\ =N ——20C
§ % e T STV 5 — 40{:
w B \\nn-zw‘ 1514 kDU,
| 8 Mn-Znferrite p,
U § 140°C N\
:‘1 2 103 \ 100C
E 60°C
0C
—-20C
- — —407C
100 10] 10° 10° 10*

[E%% (kHz)



FRBIRMITHRR TR ARG

S TR ARE

1 Bt EARER

Fhigk. BOBEE. MRANGEE. AR, TEREXREREE

2 BWITHRERES

[# it
BHEFE. #EIBF. #mFE. S, MBS iR
(£l

BHifRse. B, I, miaiig. B
. FERSR. BERH

[Tf4]
mft. HPE. . SRASN. L% B



FRBIRMITHRR TR ARG

WMot E AR IE
& K. BHERE. BMENEE. AR TEREXNLRERER
/,—--» © \ /4—--\ ,—--»\
1 © ?
+ ! :
QV i P! ' D3
= Q- v S @
\_ == \_ P,
ZBEIREER ERERUSERNER WHBESIEE R
i*N=H-le=Un V=N - i—f:NA ‘;f ©1= @2 @2
@ EX ¢=B-A. B=u-:*H=ueuH
WLIRE B E &

B
W:3H B le:“ﬁuq. le:(p - VA N ﬁl‘ﬂg{

Ni= Y Hl =Hl +Hl, +H5 =® R, + PR, + DR,
k=1



FRBIRMITHRR TR ARG

WIgITE AR
o B WETE. WOHEE. LB TERENREFED

L& E B E X
Un=i-N Lz”T"’:NZ-l/gz:NZ-
T it BX 1 e v
— ll’— — .
Un=¢ - tpa, =0 % ¢ =i N/R
/r“’ ) T EE
08 ] > d d vl N1
l ' T V=N1-2% v2=nN2 -2 — = —
V ~ UV R dt dt v2 N2
1 Ip Y2 LN
o . i1 N2
N1 St N2 N1-i1+N2-i2=¢ -R=0 ==
\_ - ) i2 N1




FRBIRMITHRR TR ARG

BRI AT
& W%, HMBEE. MERNEE. TER[REXREREE
LR R AL
lkp  Rix Lks RSt ELER EMISHTEd  BHsnidah
LK LK
Lm Tx - TxJ7 Tx B W, TXJ7

4L

H Cp:

Cp :)1

11
LA T
YT

. ‘. ‘.
— K
4 ;

== )

r_
m_'

=

=

<
-

LA T




FRBIRMITHRR TR ARG

A AR RN
¢ HIXHHEXTES
[#ik] BHEFIE. ®WEIEF. iRk, SR, WBSMRE

&) %o #3 REPERTH 4 2

B
Fezidual B r
B Flux Density il il
) pok, BE{E. BiEME (EHEEFEL . R P =) L

: +t : i - " X i B H
P F ‘HV H RERA, WRUh ] AR I R i | Saturaticn ! Slope=yums:

‘ - Ee, H¥Ed (HaBTBA|) . | Flux Densiry | i Max. Permeabiliny

H REEE, ATEGE. Gl UREHDEEE  Se------s “y : y
7 L. e - .rlr
{ He; ;'r 4

T, k.

REEFEE, BERAEE. HMERREEN A Worual =
B Magnstization

Slope=ia;
Incramenial Permeabilivg

1 -
, B | Coereive i A gl - Slope=ui
R AR W HeR (>103Am), BB, K, MAE LR { P Lk Tl empyabilicy
—H H
h: -
Eli

Curve
. Mfinor Loop
SRR BWMR, , H/ BAESEIERE, WED.
-H, H FFMA R, H-BrHHoHeHe,
* B2 4BABE. W) Z#ER . = Bui: Max, Flox Density
H : o ot
‘ filtf HMagamp) R .
[ ]
u'll "lal uA )/ BSI Bm ’ Br )/ Hc



TR BRI RANSE )

A AR RN
¢ HBRHHERETS
[#ik] BHEFIE. ®WEIEF. ik, SR, WBSMRE

MW
B 10 =+
S LA 3co4
HREl
Ha
ngipped U, 50—2300 (No gap)
Wy =2300
—t :\_\__h T 1T
without air gap 0* ——— I L
=000 SN e
] | LY i |
— R WER VAN |
L p,=500 |
‘ \ YT 1]
Vel TR I
Ha=200 l': ‘ ‘ | \ | |
11]2 ! II T -\I
=100 Bkt
0 —i*—i-_—F'L'l-T—— '\ll
| | [ ||
2, 9ap | we  THTIS ST \
s - | '"'
” - ]' l | Il \
10 J L |
10 i0?



FRBIRMITHRR TR ARG

WMot E AR IE

¢ BERHNEERTS
[#e] BHYFIE. HAIEFN. MiRFE. PR, WBSRmIE
EHHRIEE S IRIEE

Y Y L g YT T

R N " BARY
o o ngi‘g K = Ln - Rumo
N O L I L,+Lg R,+R.,

ad Iy & ——=Letln =11
SN W iy Rt R Rm
_r'tw'w_,_ _rlz/'v'\_o
Lg g i R R —LK+L //LK
B B T R A = g
HN1=N2 N




FRBIRMITHRR TR ARG

BT BRI R
¢ FEHRHFHEXHRS

[#k] BHEFIE. ®WEIEF. ®#iRiE. SR, WABSHMRE

L1: LKl + Lm e
maE R
L2: LKZ + nZLm L
m

LK2 kl = Ty
I'S1: LKl + Lm// ( ? ) Ll
Lso= Lz + (Lgs//Ly) - m? n%L

k2 = =

LF= L1 + Lz + (1 + nZ)L

m

L= L, + Ly— (14 n2)L

m

(EERIIE. N1£N2 NEHE



FRBIRMITHRR TR ARG

WIgITE AR
* UTHHERES
(48]

BHitfRFe. B, mEM. miamiE. Bt
it FERSR. BERH

BLIRHE % Py ~f1+0  0<x<1
RITIRRE " p(B)~B2+Y  g<y<d

<‘DPCOTQ

Eddwetarre ot

RERE ==

LF: FRIRAL
HF: JRRdiae. ARRAE. 168 A



TR BRI RANSE )

iBEEH ve. IR (Typ.)
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Temperature rise of hot spot AT(C)
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I 1
Ty}
|| L] |2 we
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EE
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, . % 1 2 3 a
lm——— - o ————— - ! Total loss Pmi(w)
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grxHFiEititsE (3kwAc/DCcRIR)

PFCe . X ER. Bk B, WEDCR A KT L4

Interleave PFC- 2 Boost L
Vinac-min | Vinac-nom | Vinac-max fswl nPFC PF
176 Vac 220 Vac 264 Vac 110KHz 98.0% 0.995
DCBUS DC/DC
Vbus-min | Vbus-nom | Vbus-max fsw2 Dmax | nDCDC
350 Vdc 418 Vdc 423 Vdc 110KHz 0.85 99.0%
DC/DC- Resonant L, T, Output L
Vo-min Vo-nom Vo-max vd lo-nom | lo-max
420V 545V 58.0V 0.2V 50.0A | 60.0A
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gttt (3kw Ac/DCHIR)

EX 3% T30

EUERSTEX: 1U, TESRZTEENR: 65mm*36m*33m

«— 32+32+1 —

23.5-0

~ . ’
~ -
~_l -
~ td
~ -
~ -
~-a . -

26.0+0.5

54.5V/50A

JRiB R Ne+Np
gl No/Ng

214.35+£0.25

32.0+0.5

35.1+0.6

33-1=32 25-3=22
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wrHiEititE (3kw Ac/DCRF) EXJ: % 800
S Vbus_min - Dmax _ - E:m N
= AP =y max+vd s
—Vin_zmin -Ton_max :”
= = v ot
Np AB - Ae 1391 =
PC95-PQ3532 (35) Winding Window
Ve Ae AL Width Height
17300 196 7320 10.4 22
Rt Tmax Ta-max AT — |Pmax-PQ35
15K/W 110°C 55°C 55K 3.67W
—  Pcore — Pcv — AB — Np
50% 1.83W 106 KW/m3 0.248T 13.91
real Np ~ Np < Ns < n
15T 15.3 6T <54 5.1

AREEH vs. SHESE (Typ.)

PQ3535
PR SK/W
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grHiititE (3kw Ac/DCHR)

Width 8 |

21

Height

real.Height

19.29 Cu-thick single-Cu n (p)

10%

NP

0.67

8.83 A

3.4 A/mm2

NP

0.67

0.4
04
0.5
04
0.5
0.4
0.5
0.4
0.5
0.4
0.5
04
0.5
0.4
0.5
04
0.5
04
0.5
04
0.5
0.4
0.5
04
0.5
04
04

0.2

0.25

2

2

%A Bkt

{———)
| —

S

-

Insulation film

246

26

Y

< 8mm

0.025

0.22

) vz]
B2

6T
15T
6T

Vin_ min
— 3 Ton max

= 0.230T
Np - Ae

real. AB =

1.813W

Pcv =99 KW/m3?® real Pcore=1.71W

Pcoit= PocrtPacr

strap length Irms

strap area |:> DCR E> Ppcr

Pcu(100°C)
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wxHiEiit®E (3kw AC/DCHLR) 3 %R Bkt
real. Pcore = 1.71W '[ ]‘ A
( ] 0.4mm

strap length lims \ Y
strap area DCR P 3 3 N

Pcu(100°C) |:> |:> DCR mm
D en — JP =0.229mm 100 7R

P /('ﬂﬂoﬂrf sw2) . / / S

P B
/[ /a2

Q=Layer Thickness/D,,,

Qp = 0.20/0.229 = 0.87

Q. = 0.25/0.229 = 1.09 o
o

P
' /1.
Racp =1.24 Rpcp / // T

- O /D
A . ,/ /////
Peoirp = 0.40 * (1+1.24) =0.89 % - /
Reoils = 0.61 * (1+1.60) =1.60 1

25 5 1 2 4 10

Q=Layer Thickness/ Dpen

\

%5 2
N
N

/

L&)

Protal = Peore +Pcon = 1.71+2.49 = 4.2W Figure. 3-5 Eddy Current Losses -- Ryo/Rpc
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#xFEITTRE (3kw Ac/DCHR) EX 3% P
PTotaI — PCORE +PC0|L — 1.71 +2.49 — 4.2W

I)CORE =41% I)total
I)COIL =59% I:)total

AT=42%X15=63K B#R&%
RHASHBE:  Pcore/Prota= 40%, 60%

RE Results

Pcore/ProtaL Np Ns Pcore Pcon ProtaL AT
40% 18T | 0.15x8 2P 7T 0.20x8 2P 230 W 203 W 433 W 65K
50% 15T 0.20x8 2P 6T 0.25x8 2P 1.71 W 249 W 420W 63 K
60% 12T | 0.20x8 3P 5T 0.23x8 3P 1.02 W 2.82W 3.84W 58 K
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&t E (3Kw AC/DCHIR) B e ok Rk
p PC95PQ32/30Z-12

Al,=50AX25% = —— ,
""""" HH: ARIRHEEH FfmA — .
|, = 50A = — 233
545VDC@418VBUS — - % N
Temp: 100°C RN ey R
MNlzo%=56339xAL—1.0191 22.040.5 21.330.3
AL=222. 58K|‘Q —0.8109 N140%=4967 1 :AL—G_gaag 30.35+0.25
Algpp D nom/max ToN nomamax Lo lo-rms lo-max Inductance Rating
12.5A 69.6% 3.16 uS 6.4 uH 50.1A 66.3 A 6.5uH|70 A
8>
Ve Ae Acw davg Rt N - real-N AL
=
12000 161 149.6 20.5 18.7 - 88T 9T 80 nH
PSS EESS Y K/ o >
B rax AB Pcv { Pcore i DCR_100°C Pcoil AT Lg
1
0.314T 56 mT 11 KW/m3 | 0.13 W ; 1.0 mQ 252 W 50 K 3.5mm
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gttt E (3kw AC/DCHIR) kB ok WA

L, = Vomax =VA) TOffTommax/ PC95PQ32/302-12
28— Temp: 100°C
Io_rms — \/Io_nom2 + AISP _ P2/12 N|20°.-'o=56339XAL-1 .lgl‘- o1
o101 NI40%=49671xAL—0.9869
56339 Lo~ 1
N=( I )1+2:(=1.015) AL=222 58x|g—0.6108
L...... .
. . Al cp_
_ N-I, rating AL AB = Bmax - sP-P )
s Ae Iy rating - 1.'PQ3230
Algpp D nonymax TON nom-max Lo lo-rms lo-max Inductance Rating E |ff}fl\, BH"I 87K/W
125A 69.6% 3.16 uS 6.4 uH 50.1 A 663A | { G65UH|70A ) 3p' //
Ve Ae Acw davg Rt N real-N AL E; | //
12000 161 149.6 20.5 18.7 88T 97T 80 nH e //
Bumax AB Pcv Pcore DCR_100°C Pcoil AT g 0 2 E
0.314T 56mT | 11KW/m3 | 013w 1.0mQ 252 W 50 K 3.5mm ortless F
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wxHFiEititE (3kw Ac/DCHIR) IR @ R
BIREERBRERHTE ﬂ
MOS Cossét & (infineon  |PWB0R099C7
SingE Rk } EIRREL 600V CoolMOS™ C7 Power Transistor
R E SR (15120% T %) Eoss@400V  4.95 pd

— us nom\ 2., A
IP_F.W=IP2-A Im=1 1.25A Prnos = Eoss fsw ( 400 ) 2=12W

20% A F TS IREXES
PL_resonant= 2 M e i F W‘2 ’ fsw =0.84 W ( @ 3UH)

[

Wk !

MOS CossHH AR BEREE< -, HYFVAsHI£20%H98BE, BHIEEE: 3uH 2%
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v FT i i'h'fﬁ (3KwW AC/DCHLIR) LT AN
ISR ARBRRKIZIT 3uH, 7Arms, 35Ap-p 150%i3# PC95PQ20/20Z-12
23708 L —1.0232 1 NI20%=23708xAL-1-0232
= ( resonant )1-2-1.0232 AL=103.22xIg—0.7272
1,,150%
=9.6T — 10T

Pioss = Pcore + Pcoy =0.09 + 0.22 = 0.31W

AT=11K
Ae Ve Acw Rt Ires.P-P fsw IP-rms
62 2790 65.8 35KW | 232A | 110KHz 7A | L1
Lresonent I_pp_max N real N AL gap AB/2 - — 3|3
3uH 35A 96T 10T 30 nH/N2 55 mm 0056 T Q& — &=
real Acw/T | Cu-Ae Length/T DCR Pcoil Pcv Pcore | | .|
461 mm2 | 230 mm2 | 45.6 mm 45 mQ 022W | 33KW/m3| 0.09W - 123’:2; -
AT 11K

205204
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B HiEititE (3kwAC/DC) CCM Interleave PFC v, &

. i
l Ll ° = .
AC IL1¥l2 D<0.5 lac =Ltz
A
xI
_______ ! A=A +1,)
/ \‘\/ 4
¥
\\ ). y
[ x| o L1
or | T),—pr! DT |

) |
) (v_ pp_ Vo= Vin. (3 . D) T) 35 g FE B B L T AR T

= 2V, -V
[=] 38 _ aVip — Vo - -
D>0.5 L
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Al  2=7"2D-1T
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grxiEitit® (3kwAc/pe)

o FRFEMHRIERF N

CCM Interleave PFC ¥, &

JFES o = o
e REBA I Bl: y<15%
> + =1
e ERBIFXRIIIRFE
Vinac-nom | Vbus-nom fswl
220 Vac 418 Vdc 110KHz
Vo-nom lo-nom n ¥y = ; =
54,5V 50.0 A 97% L & (peat )
CCM Interleave PFC Tools
Discription Variable Names Vin min. Vin nom Vin max
Input rms Voltage V_in_rms 176 V 200V 220V 240V 264V
Output Voltage Vout 418V 418V 418V 418V 418V
Output max Power Pout(max) 2725 W 2725 W 2725 W 2725 W, 2725 W,
PFC Efficiency n 95.4% 96.1% 97.0% 97.8% 98.8%
Reactor Induct L1,L2(assume) 180 uH 180 uH 180 uH 180 uH 180 uH
Fixed Frequency Frequency 110 KHz 110 KHz 110 KHz 110 KHz 110 KHz
Input Sine PK Current I_in_ac_pk 230A 20.0A 181 A 164 A 148 A
Duty at Sine PK Duty_sin_pk 40.5% 32.3% 25.6% 18.8% 10.7%
Max Current at sine PK of L1 Imax(L1,L2)_sin_pk 14.0A 123 A 11.0 A 9.8A 84 A
RMS current of each reactor Irms(L1,L2) 82A 72A 6.5 A 59 A 53 A
Input current ripple (I_L1+_L2) Al(in)_pk 1.63 241 2.64 248 1.77
Boost Inductor Ripple/AC Current(pk-pk) Y 71% 12.0% 14.6% 15.1% 12.0%
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® it E (3Kw AC/DC) CCM Interleave PFC %, %

250

200

150

100

50

L1. L2 180uH @11A, 6.5A.rms

Y<15% O
L (Typ.) 180pH  11A
DCR (Typ.) 22mQ 25C
Appearance (mm°®Max) | 53 x35.5x 33
L-l Characteristics
=y e ——
-2
T DC Bias I [A]

10

15

P

!

SOMA

53Max —
i
-
T
10 %
1 kel
, L]
i 1]
£
uw
o 2.aMAx
oL
AT 20, £
I o
[5a]
fun] ! 0
By | 1 =
i o 2
af D WY AR @ W N L i
o | =
AT s | al 2
i -3
@ I a 8
J ' i
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