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Abstract

In the application of electric cars, due to the space constraints and the need for fast
charging, high efficiency and high power density has been increasingly important in
terms of on-board charger. In recent years, multilevel topology based on Cascaded H-
bridge(CHB) has shown great advantages in terms of power density and efficiency.
However, the structure of multiple floating outputs will potentially introduce serious
common mode(CM) noise through the space parasitic capacitance and the inter-winding
capacitance of the latter DC/DC converter. Subsequently, the CM filter severely limits
the entire system’s power density. In order to solve this problem and reduce the volume
of the CM filter, it is necessary to understand the principle of CM noise and reduce it.
For this reason, the following work are carried out in this paper.

First of all, in view of the CM noise in CHB, the reasons for its occurrence are
analyzed and the system modeling is also carried out. Through equivalent of noise
sources, and with the help of the superposition theorem and the reciprocity theorem, the
complex CM noise network is successfully simplified to an elementary RLC series
circuit. Based on this simplified equivalent CM analysis model, a spectrum analysis
method for predicting CM noise in CHB is proposed. Finally, based on this proposed
model, the CM noise spectrum is tested and verified, and a control strategy that can
effectively reduce the CM noise is proposed, although this control modulation can only
be applied to the two-cell system.

Then, for the multi-cell CHB circuit, CM noise modeling is furtherly carried out in
the article. By utilizing the symmetry characteristic of the noise source’s response
magnitude, a mirror-bridge phase-shift modulation (MBPSM) is proposed. This method
can make the response on LISN generated by the noise sources cancel each other,
thereby greatly reducing the CM noise of the circuit. In order to further optimize the
phase shift scheme, this paper also analyzes the influence of the phase-shift
configuration on the ESR loss of the bus capacitor, and obtains the optimal phase-shift
angle configuration scheme. In addition, because the noise cancellation strategy
proposed in this paper is affected by the balance of the impedance network, the
influence of the impedance deviation in the system on the cancellation effect is analyzed.
Finally, a six-cell CHB PFC was designed for experimental verification and the
experimental results validates the effectiveness of the proposed modulation scheme.

Keywords: Cascaded H-bridge, common mode noise, modulation, cancellation
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BETEIPRARE . X TN A24F 2 TH KB CHB 25, A8 B X



WL R 2B 4 A 18 5 F1F %%

BT ERA—HE M, FARAWKERME L TR EHNHIH K. Hib sz
THER S R, KBWFTEREHEE TR ELH,
13. AXETERARAX

AXGABHETHETEERAENME AL BEE, 44 RB AN £ 8
o B gy R B, AR T BLE M AR E IR TR T, AR
B %, T RAWRE RS L, FRET REBREWERRERS
BARER e, RXMEER AW T

E—ENLTERARN L RS, FEE T EAERET N ETEME
BEK. £F CHB M4 F WS T I LR G HRE, i ABER/ S
RHER, ZHARGWEHEFTE. B LM EFRMWENT R %M EMI it
R THWER, BEF T AXERANKEEFA.

HoEEEMTT CHB ER A IS &b 5 SRR F A,
FANT BB FERE T AWRE, MERT AR HFTER, BT T EAH
HEMEH A, ETEWREFTHEEEAEE R AR E 28 RLC BH %,
HABE|T TR B R RS AN AR RS T RAER, PR
B A A A ] S Y AR BT AT T BB T SR BAE. A T
FE AL GRS R 1 s B R E RO B, AP E AT
BB TTHY CHB R4, FHIR T — A A 28 47 38 o 5 167 J50 3 ol otk ) g
F Xt H I E B AT T ZRBIE.

B ZEAE TR BT N BT CHB #9648 43 o 3 9 47 148,
MR B 2o B RO AL AN AR, TR T — R B R ER S
VR I s R F AN R NI A R AT B R, R
7 LISN F% b 7=ty 3E el 5 oty i B AR S, M TT I 05 I SE 4802 25 i E 0
Bhh, HTRAFARTRERRERKD, BERARABEEHEE, 4T
IR AR AR, LUl R N R A, RS R A 5
A IRA Y R R AT T AT, Besh, ST BT T B R JEL T U B A e 2 L A
TIC B2 X G 2 o 75 40 80 0 0 . 1 AT S A R L A O
Sl 4 S AR B IR R AT T BE

EWELLE T AXHAR TN, FARMMAR T AHTT RE.
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2. CHB L # & g = B 5447

2.1. CHB R#&#AZWIERERME

4 2-1 FrR A N, % 708 CHB-PFC £ 4t o 4 N\ N 8 1 0 8 Br o A\ s,
WA N AERR Y #L, BRIEH DC/DC, FREEI RN ERFL,
WA 2-1 frr. T @EIT, FELA “Fo” HENWERS X, CHB F4#f
B XA SAERE “F” i d & LR~ A TkE, XEETRE 5
ST 5% DC/DC & #a28 o G AE W 5 £ W 5 fF S 55

| Dc/bc

J=F | E g L Iz,

5} [ o] =4
-L-Cel

DC/DC

£

p2

| Dpc/pc a
88
6L

&l 2-1 CHB PFC % %t & A DL B e, F Bk 2 o & B
2.1.1. FAEEEMHNT
BERFLLNESWMALEEFNTAERR TR =3
a) THBEEHEEC,
HTEEMEE, EANERETHERSGRGHEZ B HFET EHE, B
@2JWQM=L2, N.). A5 BB Layout DL R = |6 % B & >,
T -5 £ WA AL AL pF 2lJL+ pF Z [,
b) 5% DC-DC # B %C,,
EERGE DCX F, ZEZEFREGZZ O FEFEEE, LEREFEA
FEXEZNT 6. ATENGREGHEEE, BEEDCX L#H#FFEAF
BRES, XL FEBLEEREA, TRRANKE pF £4. wE 22 fir
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AFTHERESFRAT B AW T EE,

B 22 FEEXEEFHERNEATER
¢) FMmAEY BE

Mo, BT DC/DC Rk o/ AT, £EF2TH DC/DC &
HTfE. HTHEDC/DC Rik#EFEMEERE, BEER A AREHZEHKE
—AFS Y BEE (FEAEBH) £% DC/DC ¥ A EERE, LY BE
AN — 5 nF B3 E

HTRATHEMENF ANENLFABTHRE, WN, 2 TH CHB %
WP 2N, MR, kX el PR A SR U PR BT A A
HMEgE, & LISN M4 LBAE—R, SRRAAMEHEREw N B4,
BN EAT S, YBRTHEFEZ B EEEEANERER, [l
AR,
212 EARFEERBHEHEAAET

HAM CHB AT —MERE THIEE e, AREEWE 23 £
MPTR. —MNEAETHEAN AR B HART, EARMN G H 2T &
BRI RAENER; WA ERFL. EF el ErERTA, BB DC-DC
THBEANREER. WRATEEFHIMEWT XM £ dvidt, T
dv/dt st & SR E = A IRk, %4 S1 P, S2 AWk, TR ARFFEO
Z BB ESE T Vpes % S1 XBrT S2 FFilet, TR AMFTEOZAWEES
F0. A, TEAE5YEOWEETUE N ERWEER, #TFER, F
B, TEBAWEOZEMNEETUER v, . B 2-3 FC, Hr i EREF LA
M E A, Cp K52 DC-DC R &+ REl a8 %, C, h#1% DC/DC F£ A%
FOMmE Y A, XEAFAEAHMERE CHB B ERT LS A0, F
W= HHBAR, EREXANC. B, TUR—MERETHEEERE
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BEAE 2-3 My Zsme kMg, aEWAIME T fOrT A B LM,

oA A
DC/DC .
Jg, Ssy | v. (D)Cs=C,, +C,+C,
1 1| 8B | 1= Ry
S, [ P2 (%A
oé i - J? ﬂ'—éps - '
B
T ¢ B TS

Ca
Bl 2-3 HE AR 3T ph S A e B A

*F LISN B % # 4, &1 T & EMI A% 0K 5% B i (150kHz-30MHz), LISN
50 H B L R 4 AT ALY FF B, 0. 1pF s [ 24 /N, FT ALY 4
B, MW ZE RS THEA/NT U EHREE, F LISN 7 DL T R A
BRE50Q =, N, #TH CHB £ BB o SR EE N A =5 M4 &
BRfE B o F L EE - CHB R G iy AR s B an ] 2-4 7o, BB, 472 % 2| CHB
M EEE R,

Ll

250 > 2N AN S R

L2
Fl 2-4 N, %70t CHB 74 £ 8% K%

BT ASGENAETAR, BN ETES AN SR EHE, HlEAN R
GIA2N AN HEEE R 2N, M IANFER T Av,, BF i RTETHF T, jRT
aftE S b E. (ERE 2-4 PSR BINNBMAREE, 2THE,
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B BATHR BHAT — L EROR S B H AT
213, ETEmEENEBLAT

HTHE 24 FESLNEFRE, £ LISN LFE =4 E#EgE, FHitEEA
W AR A, E#a T LISN P4 Leyg s RNy EE, EREEMTE, &
Al DL g AT B — AR B JRE LISN W% LBy 2, B = v Jr sEAT KA,
ERE AT, X EEEER IR

=1L @-1)
001 - Cg2 — ... = CG’N(

Bl 2 SR M 7 1~ Boost B A/NEE, AXTHMEALT, FHFEEEC,
WEME. REEMTE, YL 8 FRERFAENE, TURRPNE T —
Mo, AR R ERA AR RS, WEAE 24 FovEEgE R, UK H
DAWE, —RESGRREBHENEE R, B v, Bloy,; F -2 H58R
HEMENEER, Mo, Moy, BESNE —REER, M, 46, REE
mERE, HAFEREBWE 2-5 FiR.

B 2-5 & T &mEE M v,, HEFHEE
Bl 2-5 & 8 5 300H 2

{ C] ZZCG

C, = (N.—2)Cq 2-2)

H Moy, USSR B — A, YN, — 2+ 28, BT RAFTTH,
vs, 7 LISN F= £ dE v 5, N, —2=2, W BT, v, 17 LISN =4
g R, BT EE — Ko A R A A T DL B0 AR L AR A A

MTE_KRFR, mTHERREERE, FEEYEBANTE. N,
A, EEBEEREEWE 2-6()fT . BAETE—ABAREA, B LI#ET
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A EEEEMNEER W UBE . B 2-6(0)FT, Cy A EImeg &I e s, HE
A 0. BT = KR F REYF R LRy — AR

L L] Cl =0 CG

nt -4+

L2 Via _I
250 N.Co 250
= = = Co=N.Cq =
(a) (b)
K26 XZTEMEZEN v, FEEHEE. QEAEZLEE, b)FT—HEXK
B B

Eh, RNTUREFARE RN G —HEFREE, wE 2-7 Frr, Z#
BER BN — AR EN, RF o, L TEMATE (LT, i AETHFT, j A
HE a BB DN THNEFR, RERERBFOMC,WEAR 2-1 F7d.

L1 01=N10(:

Bl 2-7 Gi— Wy R EERER

R 271 XA C N Cy HIE

C Cs
Vig 0 N.Cq
Vi, Vaa 1C, (N, —1)Cg
Vapy Vg 20, (N.—2)Cq
VN — 1)t UnNa (N.—1)C;q 1C¢
Uy N.Cq 0

b, CoNE 27 FUTEAA LANERES, EEMERTRKE M,
Co ARMFMTHE TANEREE, REN LB TRRBA, XEHN RS F LB
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EAETHAN,, HHC,FC,ZHHAN,Cq o
214. XTHE BN EE LT

ANF R E 27 FH G- R RToN, REL S E, B ABERE
WL I 5 P R SO P AR B LU R AL TR e R R K B A LR R R 4 X B
TERA R E B JEIR A X5 R A . B 2-7 P BB o, E25Q B
F= A B BV R L% T 2-8 vy, A LA P I B LR R G o

Bl 2-8 AT HZ B FRIHER
REZERERERAE, L LHERFET

L, o
ZLI_L1+L2ZC (-)
C, X B L% T
i = =i 2-4
01_01+Cgc (_)
Ho, g, A IR, £ — RLC BB S B B e AL, 3 R (2-5)
di, | .,
'U,L]:(LlHLz)% +Zc 25+Uc
(2-5)
. dv,
’Lc:NCCG dfl;

ic 5% F R GLE X, U5 R4 B A B (A4 LISN H4. Boost F#.
W B, DRE AR AR DR E RS ANE £, Hk, REQ)S
(2-4)7 12

L G
L1+L2 C]"‘Cz

oy = < >i0 = kyjic (2-6)

e, bk, WERFREREBNINKER X, TRNEERNE, TF. H
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B Xk, BT R B, B

(2-7)

kij:i< L2 Cl >

Li+L, C,+0C,

HE 2-4 FrEERERNRMET A, Y EEXAN a 8 (%) B, 2-7)F
WMEBIE; S EENN b AE (EHE) B, Q-7)FRERA. £Q-1)H =
T, kym AN

1 N, ) 08)

k”‘:i(§_ N, + N,

kB e X8k 2 T 4 R4 LISN W4 b = il A Xt A /b SN, =0,
N,=N.®#%N,=N., N,=08F, |k;| &AM 0.5, Jatug= & LISN k7=
HE B O NN TB LR K o 2 Ny = N, B, "% 7 JR U R 72 LISN _E 7= A4 o 5 o il
FHBRATT AL p kAR E 2-4 FH92N, ¢ 7 R4 LISN boywm iz, &5 B4 At
A v B e B SR AR B[ 42 B AN RSBy LISN Mmoo i, B L SZPr A kA 2-9
250 By LISN % 4 &, [ b oy 75 vl i
0.5L,

N(;CG

[| 250

(E E) chb Un_ b

Bl 2-9 BN, ¥ 0 CHB F 4% & g A

22, RFEHUE B A %

RAEEUHERER, KA U EERERE, Al, TEFET
HHEANRERNTE . i T A4 2 T8 #0818 15 ) e R IR R B L
BEATIRS, EHKE = ARKATHR, FERMENRIAEL.

NTEMEHEEv, (), DRFRATREAEME, v.@)=V,, LEHK
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INF BB AR, v, (1) =0, EBEHKH W E 2-10(2) o, S E 2-10(b) A7
o

Vi ()

- -® Sideband harmonics
—=@ Baseband harmonics |

Yeo! |
R e o
Vo R
[ | 190101
o111 1@ |||||'
2f, 3/

K 2-10 (a)SPWM B % 7 (b) SPWM #7 i
WA E S e R 28 B e P R AT IE R A, [ AR R BT T
REETFRRERL R RS, DEEFARMERANLFRE, L1EEPAET
W & 3k A Ae(2-9) B R,

{CM - ;—iJﬂ (m%M) sin[(m +n) %] (29)

Pmn = mb. +nb,
He m BAAMENRHKEA,2,..), n BAFEHERIFTLE, #-ocoF|
+oo B EL ., J,(x) W WERRH, M A EAFE, #HE

(2-10)

HF o, FV,, 47 KR E S RKNIEE. 0. £t =0 EHEN KA
AR, N TRESHENERKEER T E, . BEEREFTHEX, AN 0 3
Qm—m/N,), A H /N, . 6,7t=0 V8% B4 4 A4 6.

T ENE SRR R, (O T s, RRAEBEANEER, LR K
ATHEE, v, =0, SEHBFEDTHEER, v,=V,. HILZEX

vy (t) =Vpe— v (t) (2-11)
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W'y (@) VI Z BN 5 2 AR, HiEmE T LA KXQH#ATIHTE. X
FR-1)F v, (1) 5y OFE—NERFTUR—NERL &, B =FNRXRA
WREANMIE, RAREMEEEET, F2N, MREREME ERIELLZ BB
B EAAR L HAT B Ak, ERIAKXW(2-12)F7 .

_ E ~I2T P i
Sm,n - kij . Cm,n,i,j ce 927 ' (2-12)
i=1,...N,

B, S, RNERE A mE, + nf, &, 2N, AN EER FFEH A REFBE S,
ATFRIAE, f, HEFINE), Chniy H 0y (@) EINE K mf, + nf, LEEEAN,
Brmom,ig A Uy () FEIRE Ky mf, + nf, LEAE AL, F o LISN & [ b oy e % o A7 89 40
W DA 29 FHES EHATUHE, ERAQ2-13).

25

an:Smn
' ' 25 + ZLlf:m]@+nﬁ‘+ Zle:mﬁ+7Lﬁ,

(2-13)

._H_

. - 1 (2-14)
cl f=mf+nf, j2w(mf +nf) - N.Con

{ZLl emiing = g2 (mf,+nf) - 0.5L,

2.3. WH T CHB A% = 4 R W& R e A1 5T
AT BAEVL E AT IE A, B X AR E R T CHB BB #H AT AT 5
. WET CHB B#EwE 2-11 firx, EEEHEBWE 2-12 Fir.

S1ﬂ 313_1 DC/DC 1
................. . T Eg VO ”RL
Cusn oL | Sk [ i T
v (%) Lo e ||
g 'I' n = a

5211 ng

15082 Ca2

Bl 2-11 7 2 7 CHB = % )5 # [
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2502

Bl 2-12 7 ¥ 0 CHB A% 3 s %

HERMTEHE—XEFR, WAEEREBHENEFER, O, Mo, B
Q-8) T LIt E A Rk, =0, Hibv, fo,, /£ LISN _E 7= A f v 5 v
BLA 0o EAFURE, 4 RE7-FH X RQ-15)8, X FEE RINEREE A
Z Hri# Bt (the Wheatstone Bridge), @& 2-13 Fior. H AL T BT F 5 % = R
¥ 2 LISN R [ b 7= A v 7 o i

JwL, = jwkL,
11 (2-15)
jwC  jwC,

@ 2-13 V1p %U’Uza %%ﬁ%%&k%ﬁg\

NTE_REFR, NGEREEMAENEE R (Bov, Moy ), ETHK
REHA 0.5, FHMEXFMEFFHA LISN W& L= Am i, 50956 7%
AR BB AT R AR R, BRI RBEYwE 2-14 .
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Bl 2-14 2T 30K A8 0 AR 1 15 R R
EZRERFAF, THERERE USRI AR ERATH XME. Bt
LW BB f, R IRy, Fvy, BB M E K AE LISN b= & H 8 7 E g A
E . RFEQ-1)ET LT E L EERE L, AT RIESATHWEHE, SR
WY HERE, LR FRAWERESH K 2-2 Firox, & HER = 6 2 890
B 2-15 Fror.

# 2-2 7% 70 CHB A 2 %%

ZH B
Ly, L, 30uH
Con, Coss ATOpF
Ve, Vbes 30V
Vin,rms 25V
TFRAIZ 60kHz

21



AL AR B+ 5 ik XX % 2% CHB K #eis st = 2 5 447

EMmalyzer
% EMCIS EA2000 [ Hes

EMI Test Receiver
ROHDE&SCHWARZ
ESPC

LISN
EMCIS LN2-16 |

Bl 2-15 FEAEeE = Rk &

AT Ry EAEgE g wmE 2-16 frr. ¥, BHLN LISN
MR, EeLAFTME. §T LISN WESERILTHEREFESNEEE
— f% b, FFT(Fast Fourier Transform)#- 47 % £ A, # MM iE & % b FFT 4 R K
JUA dB Bl JUA dB 2 [, (B2, FLLNRE SIS aERE, EHiHHER
EAMGE, AT HEERASNOERE. F—FE, REME (G5MHz) @
HEHREFELHEMTESHTI RN, OF B P EFENTARRUR LT
BHIFAERRERH, ERABXFATITR,

120 - .
= i =
: Il N‘Nn
580 " 'l WWWr
% “ ‘ Hl’" N
g60 .\\\\
40 | ——— R P e s SRR 7 AT |
| — BRI ) AR S TR A |
2 ——— EN55022B [
150k M 10M 30M
M (Hz)

Bl 2-16 T 3K A5 A0 AR P 4 ) 5w oy S0 v 5 IR 5 TR0 7

HERERKE, XERFRIE TAVE, BT ERABIEK S RIH H*
g, SRAGERRRAE . Hit, FEITREFH T ERBRR T H
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g = 7 AL

2.3.1. KIHEH RS

AT RANFEAERE, FTULE T 7B Rk, T E L A 2-12 F
FELAL R SEBN, bhgm m] DUKE fm 3E A5 o R B0 36 K Boost B R 3 A B B R, (BT
BERBM T XM B NER, FERARNAEEE LR TR, 307 R
/NE% DC-DC # 8% £ B, EXAEESEH DC-DC & # & 0 & £ &%t
A x, EEEVEAD.

HOR, WLUNFEAEREBIRL R BN, BB AR Tk, IRk
PR S BRI T ¥ 0 CHB £ E BB, vy, () Fvy, (£) 1
RIS AR F B ky T E, HXE R AL F0 B2 A BT 5 516 4 1 5T 8 7
LISN W& b=k ke, EmRa @ o XS M, EHRIFMMER
TRTHEERFNN R ECE, A REBRGNRERA, F—FH,
vy, () F1 vy, (8) BT AR 47, X 5L BY B R Bk, 47 0, B I E AT 89 Bl A7 A2
W R BB M 1E T4 72 LISN W45 £ = i dhping 35

RAE R B IR AR, Bt ay = S A AL An B2 AR LLE AT & AT IR
WIT R ENME, H7= AR FEERE N ETTE T RN (150kHz~30MHz) ¥
B, EhT4FeHEEEE M, T Bl AFEM A2 #7872 7& LISN % £~
SRR, R DI AT @ A S, LLSEI AC-DC & 4 25 9 34 & [F U5
IE, setpyEsl K ng@Esl B m mE 2-17 fim.
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A
"H: —_— U (t)
% )
1 O)
| it
4 Vg (t)
| It
2 V1 (1)
tr
4 Vo (t)
Lt
A V2p (t)
Ly

Kl 2-17 4% P %50 CHB # G ry £ 0% & 40 4 5 s

Bl 2-17 8% — AT, BE i Lo, () AR, #E8E L. () I €8 %
Lo ()27 A Bl AFEA A2 BB E . # ZATEI B EAT M5 A A vy, (2s)
U1y (8) « 2 () Fvg, (0) B9 . W N BELJE 9 IEF BBE, Al i & B2 L&
BERE, v EAVe, va(ts)EH 05 WANBENAF A, Bl #iE LEM
A2 TEERE, vi,@)EHO, vy@)EHNV,o F—FE, v, (t) Frv,, (t) N2
Tami, BEXREEMT UEAACHEZIT RME., @ THAXA R
TR & 78 LISN k7= Aw i, FRAZER 7%, Be U 2EK
AR E AN EE RS,
2.3.2. SZRBAFE

AT BAL F RO, #ATT LRI, mBSHEK 22 fir. £XhH, B
TMS320F28069 Ji fE 4=l 8, =477 £ R9E R EwE 2-18 frox. THE @ty
O\ B JE B IE 62 B #I T sk HEAT IE 74 B IR o 8 AT A S e R R O\ L R
BATRAFE, RAREIESRRT, WHHEFEY. AR RAREY 5 AR HEY
S RIHAT IR, U BT KA. F5, wH 2-18 Fror, AT REEUF
KAME, e oA A5 T B OB R YA AR 180°
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+
g Si1, S
0—»-
Vin ,\/ N 812, Sx
Modulator >+ MMLLLL
lp; —> S
S13
"1 Jdimnnn
+ e s
Phase-shift A
180° > = s
22

Al 2-18 Btk By 4% ) 5K AR 1]
Bl 2-19 H AR EH . B8 SuthBHES, BB E,, BAEER,
PLBC AL A0 B2 Z Bl Y B E BB o vgpe . BB EMREWMARE, JLFHLET
B REH, 4099,

1.000GSarks

H' 8.000M8) Sy s Irrrorrrrrrrrrrramras D T (£ 8 75ema

T}

S | g

14 o
-
-

- i A : ;
B ;
[ 3
B - 200A @) @ - s00v - 0860

B 2-19 BT CHB L3 x4 ¥

B 219 % 94T 6 R TF A 220 iR, TUEE, o F RAAARH
VPN T T Y TNOUS E R SRS E LY
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H( 5000us) S —— D (11000000005 ) T (£ @ 759mA
ﬁ w
S1i4
B
WW
B
Vin,
B
D
Vai1B2
1 -s00v E) @F =500V E) (3 =2004H8) 4 =s00vE *<3+ 09:50

Bl 2-20 7 #0 CHB <450 W # &I K

AT Bl AE R W SRR R SRS, A O iR AT T R IR,
R WA 221 fiom. B S BEHE N EMEEG Reg gy FERE L, LER
PR B 35 A R g FE AR B T . B R IR R e, T DUE AR AR AR
HB (SIMHz) T/ 20dB LL L, X B T 45 %) K s x4 T 2E A8 0% 7 40 ) 0 A a0t o

WAt B UWEER, AFHME (>IMHz) E WA HEL 2, X2 H
TEEAE, EE £ 5B (Hin s & #5182 2% 8 % (Equivalent Parallel
Capacitance, EPC). & ¥ 0y £ B R&%E), FHE 2-12 P ENEHN T FH-FH,

IE{E (dBuV)
120 : A
100 |
80 [ ||
60

] ———-1.¢qﬁﬁﬂ§%%¢E@%%ﬁMﬁ&@m%7
40 — 2. DSCH i R AR AT

—— 3. EN55022B
sk TTM 1M 3oM
AW (Hz)

B 2-21 W70 CHB 24 £ = iR 4 &
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AT EEE RN R REER L 2-3 froa. @ T 00R — ot
BZBAT %, AN T RRp B e R Ee R, KRERHNRET
EERITRBAARADT —F. 75, B TERITARMERAR, FI AT %8B
ROER— . ERATIERRBAT HERE, IR R 5 IARUE BAE 0 1E
MABTR. BATEALERTHERFLRTENG S, 4EH DC/DC
HTERERANSRSRABIRESEET RAFLA S RONEMR EEA K
HER TR, REQEAZEER, EE2REEMRT HEIRE SRR, ATE
Tk 2 St ey B AR R AR

K 2-3 RILHYEH R G LG RIS A B AR R X

OB AR A A ] R e PR HE B 45 ) 5 k-
It = 14 1 0.5
B R AR A 1 2
HE ok E PiS 2

2.4, KE/NGE

AEERNNT ET CHB 40 % B F M, 2477 5% DC-DC B % 4 &
BHIRIE, HFELTNIWRARHNEEE YR, T RENER AL HBEE
%, BUSAMN. B, REFF &0 EE T G E B R G085 g B AT
BEEN, RAKAREEFREEEM N TERN RLC BEEE, REH
Ty R B L, B R B ot o R 0 % o = IR AT IR 447, %4 7 2 T CHB
WL BT R R AR A R S e B R AT AT T TN S LR IRAE, H T MR R
JCCHB R4+ £ R FRAWNFAM, RERET —RdEs R, A1d
B EALT AR WA, U TR R HATF RS E, AEREKT &
G E B R IR . 8 SRR, B IR ] R e AR AR B A A T
R BT E RS S8 T T 20dB LA L
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3. 7N B0 CHB F AR = M Ko 5 U8 B & S Fik it

S ERHNER RS S ERE T CHB 2R PR MATH g 5, ER
BHEHFERTLETCHB £%. XEHTLETRAWEEE BB EN
G4, BAMARE R FAEE Y BE N T EAMEN, T F iR E B
PR A, ESE AR WE kT EE AT IR, REN FRHHRATHE
40 1A o
31. CHB AL nH&L#

EHET CHB 8 AC/DC R#EF, RAURMZ LT EEFNT M. —FHH,
RGH R EME L THRNE -7 AMER, Z— T EETHAE 2T
THEHSEREAR. AT HEFRFE NN, BB R0, a0 it
TT VAT 2l 3-1 TR A A Bl 8 T #xd B B9 e, R AR AU £ e B (R AR, 3o
qemA AR EBENRZf, WLIEE, CHB 2R AZMERELEN
BoNE TR RRSL, EEELA, FREEBUTELWERE GaN Bz % &
w i E R A 100V, HEiEE T <#uH CHB 2 G £ 4.

0.5% 122 a5 P 45 FG PR 1 Q
14

e T P B =@ FLJEK = ] 55 5t bmE s

@é
66

XAL£51

2 4 6 8 10

%‘fnﬁ NC?“&
K 3-1 CHB % % %ttt
3.2. NH#JCCHB R &R & 447
WEWENTELERE, RAESERKBHN CHB 5% % 7 0L & |5

A, M —FeyRAe RS RER TR ETHERENH, £ %8y CHB 83t
7 R AR ARk . L, ARFEHAEA S B T CHB A5 H) PFC & Sty 3t 4%
R B DLR SRR R 4 ] SRR AT AT
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MTNETTH CHB 24, EIXEFH BB W 32 ZMFR, #id F—F8
BT ETUERAE 3-2 A Moy RLC B FREHE, P4 12 185 R,
BoQ-8) T LA E AR R Hk,, FAEE 32 A H oy d. TLUEE, 4
N, % TN, B, ky;=0, BI85 R4 LISN M #& b=k LEEwE, 0T EF v,

.
>
>

Fv40 YN, =N,, Ny=0FN,=N,N, =08, |k;| H®mAME1/2, Bl iZEF]
7 LISN W% b amytErgm gk, WTEF W, Mo, . FTUUEER, TEEH

7 R AR YR AR/ e MR, BRAEE AN AR Kk EAE AT
P S R AR 4 AT B RAE , BT TSRO O R B R A Y R R U,

R TS R0 R B B R R R A Y SRR A

Ll kl](zzo,.ﬁ,]:a,b)
—

0.5,

O | /2
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t—o0 1/3
-1/6 = 6C;
=0 1/6
)0

50 ] 250

2502 —0 1/6
-1/6
—01/3
~1/3

01 /2
y

Al 3-2 7<# T CHB H ¥ 5 b 2548 5 a0 B B

FIAREE 3-2 HEMEEHEREE, %4629, 2-12)52-13), T UA
B 7 T kA R E G . D R AR AR T R A B, W HH R O
ot Rt th, R wE 3-3 Fror. B& AT EME &, B4 yi#E T LISN
MEME. NRFMEOERE, TUFREEE ST HERERMEMF, IEHT
HEEHEA WA R, A TREME G5MHz) W EEEEHE, LRES
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HEMTFESHAL, OERETEANTEERRUREMT AN T EREFT
B, EARXFRT TR,

ifiti(@Buv)

120

80 P w

40 |

— 1 BT R R AR A ) R R s ST A

s 2. R TR A A A ) SRR 7 o A
~— 3. EN55022B

100k 1M 10M  HiZ(Hz)
& 3-3 7E 5T CHB R = I 5 it 5 4 R A

FUUEE, RAFGSHBEEEANEREER R, Hitggsmin KT
RAFE EN55022B, AWFERANEERES, FHREARIEXE KETE,
3.3. EBHEFE S B A EE = K%

HE 32 FHEEEREE T H, HTB/NRGHEEEE, KA1 UEL
ETHmERAEREEERERN AR . EZRHENET CZLRD], i dE Ko7
SRR AGNERE, MB/NEEHNFTAELEZH, FHib4 <%0 CHB #y 3t
M B B AL, A SUAT 8 M UE R v B VR Y R B R R

A, RNEFEGEPNMEF AN ERZ A EEEE, Do, A6, £
o E 3-4 AMProR, HAE LISN W4 by g & e i o & 3-4 4 By
TNe MREEVRHY _E SRS A T RIS A LISN W4 E 7 £ A/NES, 7 184 R B 3 e
K, ERREIEEARE Sk, OANERE X, —F @, |k;|HA, RFEF
AR N R TRE A A, RZME/N, F—FE, Yk, HIER, 5 RN AR
FTREBRAELISN EFAEREGMR EEF; Yk, 7 AeT, ®ERN A
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BRI A LISN L= £ fm BB IE & 7. B 3-4 Frox ey &= X
Wk, AIE, DG _E TS An T & 95 4 A 2 B IE 1 A0 6 1] R o

V1a
|2
L
0= t
kla UV1a iCMloi ¢ loMm1a
R
PR
v \
v
0 t

Bl 3-4 vy, S0 S R0 B T H v 7 v BT B O LA R

LGB B EREER R, &0 2R DR R 2 ] SO 24T
W, BRAAAE R RE AT, T ETLE#EMET/N, . B, FM0%
WA TR, LB RE EF RN EREER KT, F%F
RH LA TRREREETE B Z, AT -F2 LISN W% £/ 48 T g =
Bo ATH—FHH, B 3-5%% T REFvia. va Usar v LEMAIE LISN
P 2 b By B PR BV RL Y o B — AT R B ve LR IR H K v, KT, B ZATEE
EATRWAREE RSB, &/5—1TR%EFA LISN W% £ e imvE b
TR EFEMw (e EFm U emEB# TR, FREEMEGH XL,
A A w10 A0y, B3 BT B VLR BB TG , A I B E S vs, AP v, B AT
JBL B L LI

i t ZE 3-5 P LLR L, £ LISN W% b oy oM e v = v b OE R 47,
BAMEFHREERERN LA R CHB B9A7E 6 5 1 b 2 im LR 2 2 4
BEHANHEFEEBAER - Z], BREEEEHE IR E £ LISN Ly
o B A AR AL, R DURUEE R AR o (R R R AL £ LISN
P £ EAFRESNRAEREE, X LI, &4 % RE LISN L#ywm i
RNGRHREA K, BANAE 32 $8k, . BTk, A/ANEI LT
WHR R, Elt, RBFNER—TRERNE, S7 —MRFENERS S
HP A R /N S B R B R R
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Ash, BT eMETFEATENIT REEMR, FHibREiEAEAHEE AR
PR Ry AT Fu i R B — AR R R, B e T kB R 2 F —
HR N, B EA/NMMIE, REAREERE, WL EHH AR R E 0 E
B o

Ula

Vayp

Vs,

(Y

Bl 3-5 BAR s Foms R R EY K LISN b oy 7 v BT &
PL7S# 75 CHB R G F B, Mo AP, BT ETHHR Lk, ke 24 0.5,
Eie, wARE R ELAMTRIAENE R, HE LISN L/ £ 8% F e E
HH W 3-6 Fiow, B, Mog £ F— K v, B, B THEFREBEMER,
V1o Mg, B RAE B — B2 X 2 B AN, FE A LISN £ 7 & By 7 v N 6E 4 7H
B FHE, BT 0, Mo, WA AEIA -1/3, Loy, Mos, £ F — A3
T Vs, BB fR, B 7 A2 B R P o 7 A BE AR ARA
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Sosese

vla —
| |
Vap | e
L | H
v5a S -—ole o
= r =] r -1
| ¥ ; y ! |
Yes | 4 r--‘1 r--'1
| | |

&l 3-6 FEME F P AR F % Z REY K LISN £ & 98 ok & B

T FRE i, RENBFHAEH —PEREFMENEE, X THE
v, A, A EZ A, (EFj=N,+1—1i, Ha,ye [a,bl,z+y) EHME KD
THmEY (Wk,=k,), BT HFZEEANTEWNE, BUERHE 4
MR Liv, fu, A E— AN EFHATEGE, WE

v, (£) = Vpo— v, (t) (3-1)

B ] A SRR S R e B

kizvi (t) + kjyvjy (t) =k [viz‘ (t) + Voo — Vi (t)] =k Vbe (3-2)

H(3-2)F 41, v, (1) Frv, () EEEEREE FHEREFFERECEELRRD,
W _#HZ Ao HE LISN W4 F et Emmwmn, i T, v, AT FOEE
it #r, HWRINTETERNTT AN 2 AHAE, EFO& L LHgEEA7E = X
J A w5 & (Original Bridge, OB), #t % T /0 & X A1 09 22 5 11 B & XA 5L @A &
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(Mirror Bridge, MB),

LRGETHN, AMBEE, FONHAMLTETN /2PN, /2+12 00 B,
BT 1E| 2 TTN. /2 FTENE S N EMATE, £TN, 2+ 122N, Z 88
BrA K R EANE . OBx 5§ MBx —— iz (x 4 1 2IN,), A E—A
HH . B 3-7(a) 47~ %0 CHB Loy £ A& 5 RGN E I E 7 £,

BRJETHN, AT, FOREMT ET(N+1)/2 89 AMHE 214,
FE T 1 2| #TT(N, —1)/2 ¥ TR AME L 4 F R, 2TV, +3)/2 3
BTN, TR ANE A A RENE, £T(N, +1)/2 F BA LN E CR EER
. B 3-7(b)y L ¥ 7T CHB R Sty A8 E 5 R G E W E 7 XK.

BT EEME 5L ERAE XA B A8 A, A E ey AT E 2 8 R A
R BER, UEIEGHERIT RMER BB LR, B, @TA
T ER R AR, AT ER e ARG R S B R
(Mirror-Bridge Phase-Shift Modulation, MBPSM).

FTE1
OB.1
OB.2
L5
OB.3 L,
OB.4
FIT3

OB.5
OB.6

L,

Q) gk

th
I

(a) (b)
K 3-7(a) B2 T CHB 24+ £ EREGMHENRERER (LR
TAED; (b) FHETCHB AL FEMMERERAENRETER (LALE
7T A D
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34. HMUAWELSN

BT AR PR 1R SRR TT RAE, B R B R A AT RN
BB AR, B A/ T 5 3 8 2 48 A £ MBPSM. 9 B9 28 % A48 R ) K eE . E AR
X IR 4 # MBPSM %8+, N, ¥ 08 CHB R4 84 N, N ERHFE N, AN 5%
W&, EmAEmGEGE LA E— A0k, Fib, X TAEN, #2718 CHB 24
BN AN EE, USSR ENAECLATUAGIHNREESGFHER—
N

27 . 27 (N, —1)2m
{O, NC,...,Z' K,,T} (3—3)

ERBETASY, AWM ER 6 ~, B, AN ZA
i m/3(i=0,1,2,..5). AEEERTHATENMME, TEEWE 3-8 Fr,
F-AERET AT RENEMCA, F—AFAHE L L AX 6 Mk E
FE—A, HETHEE,

21 n
3 3
V3
\‘ 3
T < » 0
4in 5
3 3

&l 3-8 7<% 70 CHB A St #l 3K 548 A = 2 B
T ] B 4 46 5o 0 R AR ILAE 0 0B A TR B SR S AR AR A A
"X
6; = [0 — 02| (3-4)
Heb, 9% i N ETHAEREWRBACE, 0, 0% | MNETHARFE
(a Hr &) BNECHAEAL A, 0, N F i NETHARE (b 8 BV A
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Ht, 7T MBPSM ¥ <% 7T CHB 24 F, §HBET UACHFHEE—

Ao

{7r 27 37 4w 571'} (3-5)

MEWHAERD, YETHAMEENELETFWALENR, EThHE®
REA D ELE, FRETEANELEZESR ik, T ANEEWNAE KL
B, HAEHEFAEAESR FRSHEMASHAR, XER—NAHETHTE
Mo, wE 39 Fram. AT MU, BalAefAFEN — A ERE
Lo HTXEEHAMBERNEN L2, HBERBEREATRAN, HitH
TEAER, EFXEARAERRERAAE R, 2R EER A, AR
BRA Lrpear» AWM HERHERRSRARRBEIER,, KRR EK S HR
NE S EAX I, FERELEE LW ESR #Hift.

N
~

) 7:O (57t
=D

gl

!

L
Sty
L
——
3
=
+

A

1

i (1) VDC[

Jél-; T

Kl 3-9 CHB £ A& # 18 % &2 &

|2

N

_lg'l_'l

B K ESR fiE R A — A THEAH AR H X
Pyon = %/T (io (t) — I10aa) 2 -ESR - dt (3-6)
HEBT e M EH. XdETio() A AR, FLETEEHRERIT T

A

+oo
G0 (t) = Ipoua + 0, 100810 (Wi00m: T + Po) + Z %0,k 1,510 (k27fit + ¢r) (3-7)
=1
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FHib, REAHFEZEENRXABRL EETECESTE L, — ¥4 4 100Hz &4,
—HAONFTFAMERALBELE. BT ARME RS ERMIIER, HF4E
B9 ESR £ kLA N

. 2 +oo . 2

] s ]

Pysp= = 1;0}1 ESRi00m: + Z Ogﬁ ESRy (3-8)
k=1

jo R EREINE N f BT ENTEE, ESR, W R B EAMEN f H# &
ErE g, A 3-10 fros v LB ERMMEH X R, FLEE, ESR A/NE
EEHE (10kHz~500kHz) = [8] &£ AT 01 A

Q
0.03
——ESR@20°
0.025 | ——ESR@105°| |
002 NCC KZNARFIE B S
15mQ
0.015 @300kHz
13mQ
. 12mQ@10kHz @50';1”2
0.01
8.8mQ
0.005 | @100kHz
0 I
10* 10° Hz
B 3-10 #F % 20 ESR W47 = 4 At oh 2
AT EAE AT, RAVEZE ESR hy— A&, B
ESR ()| = 10n:- 500k == ESR, (3-9)

B e FT DL (3-8) b 5] 4

400 - 2

. 2 Z
Prgp =~ fo.1008: IEOHZ ESR 0. + ESR, Z Ost
=1

(3-10)

H 9 100Hz 84 B 4 2 B T 8 4 8 5 F BRI i i A\ B9 100Hz 79 3h 8 fik 5 DA
FTHEERME N ET AW, EANGMASEURFEZBEEN AN X, 5T
KEFIRE T A, MARMERALBE L, ENAPN GG KEE <, BT4E
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Tt Ed R, R4 1S B ESR BAE i/ E B A AT o (¢) BYSE 2 DL AT
HEMMESNKF, ERHEKCL, firth =i oA

io(t,6) =4 (t) +iy(2) (3-11)

He, () iy () 2 Al RIREAES, Fu S, THEEH L. 4 S1 REA, 4, (t) =i,
Vao(t) =Vpe; RZ, (1) =0,v40(t) =0; % S2 T, (1) =-i,
Vpo (t) =Vpo, RZ, i(t) =0,up0(t) =0, BTHHEHEF AT T A BT
B O Z[F R 0 (B) IR LLRCT A B B3 B O 2 8] B LR vgo () BT,

Hib A T FEITERE, 7 LUK () Friy (8) F o8 A (3-12)F7(3-13).

) v t) .
zl(t)Z%i)zL

(3-12)

i () = “;/O—DS) (=i1) (3-13)

XEAENETFAREEGEENETFREBHER, BB EEMEHEES, B
lid

vpo (1) =Vpe — a0 (t - %) (3-14)

HFfAFRME, HE-1HRAG-13)T R

5 6
Voo —violt—geg) . _woltoag)
( i) = 1 i ( )

VDC VDC

i (t) =

AT (3-15) F B9 & AR AR o B8 B vt o R, FE A LR B ot o R Y B S AR 2
(3-16)

—-7 [”AO ) . z'L}ejéff —Flawle "

Ve

(3-16)

F ity (O) 8 & FAE B E 50 (O M E, A TEAM EMEESf/f . B, ()

B T A LA 30 () i, () VI B A R TR, AW By k@ £5E
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WO IR, ERwWE 3-11,

L 78 5 A RFFT

2t (X T

1.5}

Uk .

fs 2fs 3f 4f, bifs 61,
S (Hz)

Bl 3-11 R4 17 B 46 Rt Ha (8) ik

I Mt B 4 L O B9 0 A0 - B A B B P AR A (3-17)

|Flio(®)]|= |F[i(t) +i(@) ]| = [F[a ()] + F[i () ]|
ot

zkman+9maﬂe

B et 7T DA ot R AT R (B A

|Io(f)|: \/Il(f)2+Il(f)2+211(f)11(f)003<5£>

=\/2I1(f)2[1+cos(6£>}

(3-17)

(3-18)

TREMEES NG EMERTR . B 3-12 P EEELNTTAMES = [0

B RO B fdh &, LBt

IL(H)]=/2L(f) *[1+ cos (8)]

(3-19)

Hit, 6= Qk+Dm(ke N)&, &&BL>(lj=; 40, BIEEMEHE, 4
§=2km(ke N) B, A REINEL(F)|,—, BEA KA. L6 ELENFKAI AR
=2 EM LMoLk, WUEER, 6= Qk+1Dn/2 (ke N)&, HK
FERIMERIN I 7 AME . EAENIM G b BR VWA ET A, BG-10)7
%1, ESR Hi# 5 1 F M LWy E-F 7 fo g x, Bt &b F 7, HFwE 3-12
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F TR .
1 ESRTIFE (JH—4b)
0.8+
0.6
~ o _
7
041 O~ %
N 7
\ /
/
- \ P / -
0.2‘ \\ \\ /7 \ 7 // T
\ N4 N ’
\ ’ A Vs
0 h —l ’ > -~ 7 ~ e
0 0.57 T 1.57 2m

AR - - BHELNSR - - BHEANSE
K 3-12 — 14 HE X ESR A5 X #

o B 3-127] %0, 4 BTN A E B9 AR A 6 BT B B IR, B 4 R 80 £ ESR
B m/N . B AT E T B A AR ZE R R LA E A A
MM E&EAT. TN ETWASL, FENINAERTERTREAE, FHik
S EBEHEN

27

) N (i=1,2,..,N,—1) (3-20)

Bl RN, A&, ATiL6RTaELr, NWHi=N,/2. Wi, =7,
W RNA A, WHRi=W.—-1/2 H & i={.+1)/2 , &
6= (N, £1)/N*r. smEls e FAENWE 3-13 fror,. RF L RAFETHAE
#our, ZREeEHL (Al B, Hadd=n; L2 THNTHE, &%
Bire g (ZARFID) ®#F, BHEHFEsS= (N.+£1)/N*r.
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27
N.+1
VA
— A
d & @ @ ® ®
_A----- A----
- ‘A -----
AT N,.—1
w2k N,
AT ANRATORE
. —— BHHFITSHE
2 4 6 8 10

N,
Bl 3-13 St o it i ik
i, S TARXEREANETCHB R+, efdé=nr. TENHELALE
Wk 3-1 fior.

#® 3-1 /NHIT CHB ARG LR E

Olm 96b elba 06u 92(1’ 051) 021)? 05(1 93(17 04b 0317 ) 04(1
0 ™ /3 47/3 2m/3 5m/3
3.5. %%%ﬁ

3.5.01. FEAERE IR

KT BAEL A, #ET —46 2kW B <20 CHB %48 PFC 3%, HZ
gree 5 B B 3-14 BT or o 52 5 M B9 7 A Boost FL & (& i 7 8 Coilceraft #9 XAL1010,
R A10uH . K T HE#E% DC/DC M5 £ w2, #FT 6 F 470pF &%,
HLEE T AR E H 60kHz , HE M 220V, ENETHEHE N 60V, HALFH
KBTHER 3295 H, TRhEHEX 33 F4H,
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Iez | .
T v,
J% | Con
LISN art
IS AR <7 3 .
Vi .l.c L Ve N TUv,
. : e I Cer
11 11 R
1] 08  :
? _______ ' J%[Jﬁ} +
Flv,
ﬁ} ﬁ} Coo
A 3-14 52 B K
&k 32 RETLHE S
Jof iy
TER AR 24*¥EPC2032
Boost F/# 2*XAL1010-10pH
‘i A P O 2 6*¥ISOW 7840
EiemE 12*LMG1205
LIRS ACS723
DSP TMS320F28069
FPGA AL3S10NGSS
& 33 5
ZH HfE
F K 20uH
BN\ FERRE LA 1uF
BT R LR 6*1.8mF
IER/RS 22 A /IPup: N 6*470pF
TFIRA 60kHz
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=N A 60V*6
HE IR 2kW @ 220V AC

WEEAMHT, RAACREAG R, Ble xR HwE 3-15 fir. &
ENMNBEEY, ZEINEHEE Ev,., BEVRNBRERi,, GEEH
R TE M, . BT BRI RS EHE A B AR E o 1, EITF A
FRMA2V,, HIHE e R, 2F AT, B L6V, £4V,. +2V,
AR O B-F,

110,080 2 10084 3 2000/ 200/ B20.08 0.000%/ Fik

-

Vg 200V/div

Vac 200V7div lg 10A/div

' \
P . By
o) ! Fi; 10A/div

iy

Bl 3-15 % T MBPSM #y7< ¥ 0 CHB # 4t % 2 < 52 5

WAL LISN JUE R b T 4 T 1% Gt 8B AL AR By AR 14 15 ) S8 A AU 4R Y
BRI R R E, SRWHE 3-16 fior. K, REW& XA RESEN
HAR A AR R SRR B PR T, AT o 2 0 R R A T R AT R P A AR R R A R R
B E R E . TULEE, TR AREE R FEE TR T 4 40dB,
TR KRN T AR G oy EMLIRE 28R
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r[JE{E‘(dBuV) )

140

120"

1007

80

60 T N
TR A R L P

40 —— TR B L
- EN55022B

10k 100k 1M 10M  30M
PZR (Hz)

Bl 3-16 % St 3k B A AR By B AR 14 15 | SR8 5 4% W B 5 (B X0 AR AR M 4 4 SR e
By AR R X T

3.5.2. FEEREERIT

HTHESBNFEL, RANEFRETHRAETARMEEE RS, MK
BTAAE (FEETSHTHNN, ERFERITEERESE, X EREMHER
TR AT IR B BT, FROEEREBEA B AR IR E, &
BB E A E 3-17 fras, HEEw R EsyE \HiAE o 7 A4 40dB/dec F1 80dB/dec.

LCM Lean Leass
O \AANJ o O\UAANJ T\AANS

O
- CrizprCy2 Cyspx Cyy

CYI:EE- Cy 1-3 3

(a) (b)

H 3-17 REEREE. (a—FIEEHE, b)FRIRKESE

WAEE 3-16 By LR F NIRE R, BB REEE, 57 AT E B IR M &
ME LR, £RWwHE 3-18 Frr. X TERMEF, — R LCIEEEM K LC K
WRERIEEATE A A 7.5kHz v 47.5kHz., T AT AR 448 MBPSM % 8,
BT R E N AERRK, —% LCIRKBEWEITMERFE 65.2kHz, T =&
LC JE M B H BN E 2 5 5 107.4kHz, @ TRHFHEF FEAARE T EHIE
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WA EATME, TR D T BT % B9 FE AR R 2 R

A (dB
g0 JE{(dBuV)
60 -
40 |
20t
7.5k _
0r {
A A | = nummams
65.2k 107.4k == &gy

10k 100k IM  Mi#(Hz)
B 3-18 15 Gk #4010 BAR P 45 ) SR e 5 4% WY WY 0 A B AR e 4 R R e
Fy A v B 1 N\ BUAE AT

B BRATA Tt Jo o 15 ] SR s IR 2 R R SR B . RABLIE Dl dm
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