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Abstract

Single phase grid-tied inverter is widely used in renewable energy systems, such as
photovoltaic power generation system, photovoltaic enegy storage system and electric vehicle bi-
directional charging system, and high efficiency and high power density are two important targets
for the inverter. In order to achieve high efficiency, researchers have done a lot of work from four
aspects, including soft switching technique, converter topology, control technique and power
transistor optimization. This paper has done research on low-and-medium power single phase
grid-tied inverters with power rangeing from several hundred watts to several kilowatts, in order
to further inprove efficiency from aspects of control technique and converter topology.

As for microinverters used in photovoltaic systems, the weighted efficiency is mainly
focused, which means the efficiency from light load to heavy load should both be optimized. The
conventional control methods for microinverters are simple and fixed, and can’t optimize the
efficiency under different load conditions. Therefore, this paper proposes a variable frequency
control method based on off-time control for a single phase full-bridge grid-tied inverter operating
in discontinuous conducton mode, including fixed off-time control method and varied off-time
control method. According to the proposed control method, the off-time of the freewheeling
switch is adjusted automatically with the instantaneous power, so that the switching frequency
and the switching losses are optimized under different loads and the weighted efficiency is
improved. This paper gives a complete and detailed parameter design process for the proposed
control method, and expetimental results are obtained for verification.

Discontinious conduction mode can adjust switching frequency and swithicng losses
effectively, but the peak inductor current is large, so it is only suitable for low-power applications.
In comparison, the boundary conduction mode can reduce the peak inductor current and is suitable
for higher power levels. Besides that, the boundary conduction mode can realize soft switching
without adding auxiliary circuits and improve the efficiency, so it receives people’s attention and
research. However, the single phase full-bridge grid-tied inverter operating in boundary
conduction mode has high switching frequency and large switching losses in light load condition,
so the light load efficiency is low and the weighted efficiency is impacted. In order to solve this
problem, this paper proposes a single phase T-type grid-tied inverter operating in boundary
conduction mode with corresponding control method. The circuit combines soft switching
technique and multi-level technique, which features zero-voltage turn-on, low equivalent
switching frequency, low switching loss and simple topology and control. As a result, the

efficiency of the inverter can be improved. This paper emphasizes on some issues of the proposed
v
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circuit, including the correction of the reverse inductor current boundary, the configuration of the
ePWM module of the T-type leg and the voltage balancing of the DC bus capacitors.

The proposed single phase T-type grid-tied inverter can improve light and half load efficiency,
while the control method based on boundary conduction mode still has some problems that would
impact the output current quality and the whole circuit optimization. In order to further improve
the circuit performance, this paper proposes a trapezoid wave control method. It can be used in
the transition mode of the T-type inverter to decrease the ultra high switching frequency, narrow
the switching frequency range and optimize the circuit design. Furthermore, it can be used in the
whole line cycle to cancel the mode transitions, so that the T-type inverter can work in a uniform
operation mode. As a result, the waveform quality of the output current is optimized.

Keywords: single phase grid-tied inverter, weighted efficiency, light load efficiency, efficiency
optimization, switching loss, boundary conduction mode, zero voltage turn-on, T-type inverter,

multi-level, trapezoidal wave
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A PWM f | 77 % 7ok &, T % 62 R B 3k 1 7l (Discrete Pulse Modulation, DPM),
182 & 4 Hr o R A R R 1

AR A IR KA R A B A 1L.8(b) TR, BB TR A% IR B R
14 % (Active Clamp Resonant DC-Link Inverter, ACRDCL) U4, & J ff sk 4 4k K A
HER A EHEATR BN, CNTHERES RDCL #E B AN, WRERFLLE—
BAEWR, RRYERF LG ERRAETEFEEESELHBE o m B, M
T P AR 2 AT B B SR R A o e AT T B R B R o R R, I M A A T T A DA
TP 1R AL

BRRABMSWHLRLBREELR, 2WRAANERT L —EEREK, MAERRER
RBNERFRESHHGERA L AWK, FTERERE, RAELRFKX LT Xk
WBTE A B Ei B B = A R, W ER S LB ERRIE, REFTEERTETHIT X
A, Hl, BWREAEERT ERTRNARREANFAAN A, —FEEBRREAW
BERFLAEETEIERERE, EXMNBEN A SEAEF XN —H, Z—F@, ¥
Bh e B ) 1 W AR AN ET 2 T B R R B A B AT X B ERE 2, XA R R B AT
R PWM A & 77 R A0 T DA . 2 T AT AL, BEWIR ARG T S R
B3, M BEEIER S, LE[IS)-[16]MLE AR, B 1.8c)-ORFHT L#
JUA A g s, B 18\ A 18I F R E e ERAEKE, WA BT
HERMEREL, £EEHNFRAELE, B 1.8 E 1.8 % Ik = & & 5k
EFAEEE, EWAEHTERRNEN, 4EENBIRAESMG.

L -
¥ H L ¥ L [ L} + H Ul
Ove Tl 5| Ow * laF| 2| Ow T
i
(a) (b) (©



WL R (i % &b

o & | ey | | | oS
BT

(d) (e) ()
Bl 1.8 ELum M3 ok B K By LA 22 A e B

11
1
S
I
i
()
S
<
]
S

C_- Vdc

B. B RPIT <

BARRPIT AW RETEWE 1.9 Fox, Bk “B7, 2EEXHEN TR (PWM
pole). BIFRHIT RN R F L EH AT T HRFEE, CH IR A £ E T E B+
Mo WEBIEEERINETFEN T R, NEEIHCRESRE, FHHEIT R T oL
HAM KR ER, B ARE T R REFXT LHEERFRAA T, ATidlE
ik e

o o B B
s |@-FLT s |@-FET
(

»

OB QS
J'E'E © J'E'E ®

(a) (b)

19 BRI FANEETER., QFEFEIE, b)FE RMTE,

Ak, B 19 TEEHENTE - REER LEZTE RN ITRERIAE,
WREEAEIT X, R NOEHERG, XFLEREERBEFR RN FELTETE,
FhoE—_REAREKE, LEFERAELSRA. WRENE T S B R, ALKk
MeMNOELEEQFEO®., TE —MEFHERS L2 LEHE B ZH, X e
DWEZFeR(EEFEE)WFENLTRITE, MEMHBEEFWERFLIEHRE LEF,
FENTRBEARBRAN, B 1IOHERTEEHENLLEETEXMETE —RELZERW
KWL, SHFBLRBERN. WREFRET X, R NOEERO, BHFLEREKX
HURAIE L TR XM, AT HRAELBRA WRAHBEE S5, BiRe NOEEQF2IOG.
TEERMAER S Ao MBS MG R, X FET UAETERNEL TR,
MEHE R FNERBEANEHIATEN R ELER. TR TRLREL AW,

9
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NERBRBRYGH T HEF B 2B, ATERENTF R Rt TRR(EETRE)
GREZE:

BARRPTIT R U Pk, — k2T W EFH#H (zero voltage transition, ZVT), — 3%
£ Z i, (zero current transition, ZCT)., T JE# ik £ EZLIME L EWEBEF
W, T T R BT R T R B P ERRY EoF r A E R dv/dt SRR D KRBT AR, BT R EH
BUBRESTRFAKR, RTHRANNERL, Wt xEXA L F&4 (3% MOSFET)
B3 6. XER[21]-[22] T E R BB AT F AR . TR R e ULANE £ E
B R R T 5 KB, B e KB AR ANERL, bt xE XA D F &4 UGBT)
H7e. BTHRERRNEE, AETHARA, TRRAE T UAKBD KB BMAE. T
[23]4F % w5 Y BE A 1F 20 BN AR .

Ay
1

.(b)
J
O H
J

B 110 3R 3T R By LA 2 A B
SCER[15]M R B IR KT < R it ir, B 1.10 A8 T mIBERK I <oy — L g Al
B %, B 1.10)P4, B 1.10(b)"7, B 1.10(c)>EF ZVT £ &, #Bhe B A m & 53 4%

10
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WE & AR E, BBERE RN XE W A R IR B B, B AW
R R ER, ANTEZHAEFENEREFA, H 1100 E 1.10(e)*" B T ZCT &
A, ZCT )R 2 AT boost B # A LLEIS, Lpt R 23 T F ey x iy, Al
b, 2918 B T FevES ik, FlESEIT T eI EA KW, [26]RAHKE ZCT AE T
AR (F1.10d), ERENETHEXETERNHET X, HROBHHEENE
RE, RQIEET HEES, EMEEREIBERFE- AT AT —RE (BH
1.10(e)). E 1.10(HBPYE T ZVZCT KA, 7 DU B s T i E T el 4 # .

C. mBEMB R %

OB IR AT KA B O IR T e —f, EE T EEKX LR, £
AR, XERMEF K, SWARKFXTE, AEMEREF AT
FEE B R, MEFA X ERAHE L TER B R AZ B RRZAT XE
MEREXFERTE, B 111 4 H 7 AEMERIF AN REREM—ANTH AN
MR BT LTI AP, #AEF AT TRREEFEER, AFOKE,
@A LR, MELEENTEATEFERS, AT ENEF EFEHK, FLE
IRFEEFE, EHEERNERERLSMTEINTEER F, XFLRE RN £
FERASEME L TENRE AL AWK, B WIRE - Fi o 20 E T E iR 3
HIRE, WA AEFEEFEEMH95]. BTN, AEMBREF AN T ELE
By e BB T LT E, BRTHEREKES PWM TEER, FEZhE ek
REGNT X AA RS THEATEELE R M,

A
©) JI': V}T@
wQ
J'E'E(;

B 111 SERM RS A RE TR E

FBRMBRATAAXF T EERNTERELSFAE R EFEEA 2,
WEWHEERE R FEER . [95]% E A BCM (boundary conduction mode), [42]#F £ %
CRM (critical conduction mode), [43]#7E % TCM (triangular conduction mode), ¥4 %4 Fr
T, TEEEEMN, HEREBRERATRIAZTEEZF —E KA. XM TEERAF L

11
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.
\\\\\

(D ERmE XS TAERRESFEEA . T 400V WERF L, £ EXHEEE
HgefE fl IGBT, M EefE A o= MOSFET. H N IGBT WHEAHRKE —HE, M=
MOSFET 86 —H &R mk ZRZ, TEENEFEIT X T, AT IGBT 07T X & E &
8, LHEERER, FAFHERA, TEZAGHML, HEXFETGHEA. BRlEFSE
W T RB/ANEEHR T ERER-ME R MR & £ &I EE g a2 (8 JE BT
o LRI EBAE), #52E MOSFET ¥ LA AME 2 &, FFXEERA, FRXBTAER
N, AEIRAREET TR

(2 EHEHEBREEREFENT X EAYPMTEET, FroleREmERA,
WL SR BT E R T, BRI EROA, REFRELEA, B AEX
EEWERNGT A, —HEJLFREJLTRZE,

Q) BREFFEAEXBTEMIEAR. SETETFEZEXTH, FXMAE
EFEANTHAMA S —ER M, FEME ARKBNTABRE, A0EEFEREIT XK
HEA, BRAERK. BEL AREEANEERL (RERREREHRMA) &—
MEERA,

1B R BT K e E DC-DC R 3% % 8 s 5L |, B /5 4 PFC (power factor
correction) ¥ % A & #y i FIBUS, g R E T gA % A R AT CRM B9 PFC B8R
JTRTERNEFR, A HERAATE R # A T A w B4R XM EEE LG THZE 2
HRA, KRG /NT TRELERER, HEEREE LG Ra/NEE B IEE 6.6kW B8
IR F 78 w2 Kolar #3% 9 FI PA 723X 77 T 8 B8 R & B 3 R BHS), [46] % CRM
iy K B AE PFC & #4080t K . [47]004 CRM X # TAEAE K 52 78 ¥4 PFC +, BT &%
HREEERA - XE, FRAERDN, BHEUAERE.

MHFTUERE, ARMBRATXEZELATILERNHMELERE, FLHXT o HNA
K. —RERBFLEA IR B R BN, F— KRR LM A R HOHOL 5p
RAFEE AR, FHLLC B, ERATHEE, FHLHEM.

122 Z#EHF

EHRWFANERERAANIRI, CERBRE, HEFEURLERERF TEH
AR, BREREEEEENEIEN, TUEXLTEHRFHRA. ¥ LW
THBRINAEEEAAAKR, F—RERIA A ERBOLRET S, EEMANZ

12
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HAER R E A, EERM ERARERARE,; F_REXALETHA, TEZE
BWEFERMRE, TENXHESFHHTHLR,

SR ERBAFERELRER BB ERA A, ElEa ERERIEHHE.
EXFE, FRENFACERET AV G, #1F T A ERNE LA XBR[48]-
[SIMMHATT S ZMARNER. B 112487 JLFxEREERTEI.

¥,
s s i JEI} s3 s JEI} s3

| | i S5
O " o e

S6

szjﬁ J%M - s2 |k J%M =
N : . :

= %‘51 i Slj":‘ JEI} >3 Sljﬂ JEl}sz
C_) Ve Vy C_)VdCSBJ'_ DlthD'E . v

- y W » 1
s6 s2] |mEss 7 1
= E'} C& s5 | % s6
Lo ' :
(©) (d)

B 112 #| AR e ey SR A dm 4, (a)HS 444, (b)HERIC 44, (c) Ingeteam /A
R HHEA, (DH6 £,

B 1.12(a)# #7 % HS 445, B SMA /a8 £ 2005 4% 1 7 & & & FI[52]. EEH R EH

% b — AT RE, FT DUAE B R SR B EHE T BRI S A RN B B, AT YT T 2R AR

HREE . S1 (S3) THiahfe, S54184 (S2) EFEMahfe. EFAEAm, S1 %, S3

Fn82 %%k, S5 41 S4 FFiEEr, HITRE S5. S1 f1S4 L R p e, S5 S4 KA, =

MILE S1 F1 S3 B9 R I — M e R AR UF EIEE, S3 %, S1 1S4 %k, S541S2

Fri B, HIREA S5, S3 fu S2 4 E R L, S5 S2 XUWTHT, HLRE S3 1 S1 BRI
ZRE G R ER

&l 1.12(b)# # & HERIC 444, B Sunways /A 5] 7£ 2006 4% W 3 & 15 £ F|[53]. 7EAHF
13
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ST AN 5 Am — A B T K, FT DA o RR S e B E DT B S A R M e, AT
W A R B B B . S5 (S6) TfzhfE, S1 (S2) #1284 (S3) EF &M TIE. IE¥ A AT,
S2. S3 f#S6 % x, S5, S1 A0 S4 FHAE, HIME S] A1 S4 L EArE, S A S4
KUTEE, HIRILE S5 1 S6 B R R E e m R S, fF AR, S1. S4 1S5 % X, S6
Wl , S2 fn S3 R AT, HLULILA S2 A1 S3 R, S2 f1 S3 AUWTHT, ELILILE S6 fn
S5 By R It = W8 4o B R B UL o

&l 1.12(c)# %5 # t Ingeteam 7\ 5] 42 1 3 9 1% % F[54]-[55]. EH M E A& FHFF %
& (S5 Fu S6) T LAfE v AR SR U B9 B U7 BT B RN G 2SR M B B, AT 4 T AR LR e
E1#. S1 (S2) Fu S4 (S3) ITH#I1E, S5 S6 ElFEMaifE. E+ R, SI fr S4 %
W, S248 83 %k, % S540S6 FHEE, EITIMZA S5. S1. S4 A0 S6 A THE, %S5
A1 S6 <HTEF, EIURIE S4 A S2 By R IF Z R E A S1 A S3 By R I R E 4 s RS
2 BB, S2 Fu S3 #iE, S1fuS4® K, 4 S5F1S6 FEE, HITMEA S5. S3. S2 A0
S6 % MR SR HL, % S5 41 S6 KUWTHT, EIRMZA S3 A0 S1 YR I — W E BE S2 Fr S4 I K
FME. AAMELSEIM, AR TH S5 5186 L2 H4&+F &H.

B 1.12(d)# Ak 4 H6 %545, £ XHR[56]F # e tH. S4 (S3) THzifE, S1 (S2) #1S6
(S5) ElF &M, EFJER, S4 HiE, S3. S2. S5 % %k, S1 4786 T, HIFH
£ S1. S4 f1 86 L R, S1 1 S6 XWraf, HIME S4 f1 D1 4 B RER; A
Bt, S3 %, S4. S1 A1S6 %K, S2f1 S5 RMEAT, HILREA S2. S3 /1S5 LA,
S2 F1 S5 KWTH:, LTI S3 f1 D2 4 HL RS,

FoRENERINAERRA LTI EAARGE LT BENREDETE, —E U
K, 2RFER ZNATHEES S, ZEBRANRTEEG G NEFSREMTES
BAHUR dvidt ERF ., HEER, ZHEFHRAGTHEEHTHREFEL, £ E
BRORBEFNEFEFR, ERELWLTEREBM, ERELNETE, TURE
ERITRAE, BANBRER, RUKE, FHEK, FAFMIVRAAT LB FHANLK
BEHBETEAWE A, GEET FHE AR, XBS8-61M A ZmMARHER, T
T — S AR R A S M £ PR A AT I

Bl 1.13 o3 IR g At 4 oF S A £ B F 454 (neutral point clamp, NPC),
B G HAE o B ey AL DU A B B RS R P P AL R B A A SR R &
ERR S, FELHAENA ) EERE — AR BE 4 ERE R,

B 1.13(a) B R 1E — M & o 441 A 45 4 (diode NPC, DNPC), # A Nabae % A 7£ 1981
14
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FR MO, R B R L B TR REHNEN, HP S1 A S3 EANTE, S2F1 S4 A
T, Bl—BENHELEFERAERANE FIE, 4 S1 A0 S2 FF#ar, M+ s B2
4% % S2M S3FFREE, MBS SEHMIEFLT &, wREFRREHE, DI f1S2
T, WREFRMANE, D2 f1 S3 Bl Y S3 A1 S4 FFiEET, M E T EHEED R
%

B 1.13(b) AR EH TR F B AL B 4 (active NPC,ANPC) [, 2% — i & & & #Hfr
AEME LR bk, FHAMERRTXE. BRI ERERWRA, TUEHESS
MoFEGNLFEREHL, FATREBZNARTURSEEZANRES . X [64]E
ANPC #y & a8 £, # SI. S4. S5, S6 A KT EMALN LS M THMT1E, H S2 4 S3 £
FRFF A4 SiC MOSFET B T1F, ERFIAANFELTLZAT REHHE,

@LB@&%%T@#%(Tmmﬁ%Tmm>W,bzk — X1 TR
ERERBLATAEELE R, WA T AHEEN, EIMAXEAZ —FHNERT LR
JE, WxT TARLEN, ETEAXABMARFLEE, FERONAEAT —FHERTX
Wk, B TAEEREEARKES A, N, FTHFEM T EMCEN, BREHEZH
SWMEFANDEEMS, MATTREN,, aRAARE - &4, DX PRSI
Fhe

(b) (c)
B 113 # R A LB FEN., @ZRE T AHLELEN, b)FRT LA LA
()T & 44,
Bl 1.14() B 7 4 B3 H A £ BT 4644, o H.Baker % A fE 1975 FR B, v 2w 4
M BT HME TR A, SN Hd— ML Hme Rt e, £ HARSH & L
BtVie. 0y Vae, MEBMEBEETHHE HMMEWER. TR EE, ERRETHTHF

15
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HBtRy, AN SR FEMBUIFREAENHL _REM WERA, 5 THEHR
H#it, BTV 5. CHBRREARES MBI ERRRMAE,

B 1.14(b) 4 E © 35 e A £ 8P 464 (flying capacitor, FC), & & T.A. Meynard #1
H. Foch £ 1992 £# W1, EXRUME F R EERRINERFA T R, MARLEE
B BRSEIATE R R K S1 A S4 BANTAE, S2 M S3 EANTME, Nif# &
HEAE . &SI fn S2 P A, AME A EE|ERL; &SI A S3 T, H#F S2
fo sS4 FriEa, ME T ARHCIERFAT RRE; 4 S3 sS4 TR, HE T RHE
BRI ML, WERARNSM T R R EMEL, AETHE-RE, EEERATH
s, BREANTMARMAER 2L EFEMEARE, MTERERGFaE. T HEEK,
ERA, B CERAREMELRF P EARD, AMAF R, solaredge /& £ A
A EEUR T RIRIRLA, SEIT R EE R A ) 5 E,

i A 1
] . ]

B 1
d]&t} =E

(@ (b)

B 114 TR B TR, @B H ST, (b)) EREE ST aH.

LR B SR TN TRIRT Z6F, TULRNESH T, ATHE ST R
Wt s 2 E BT A, o R B, TSR e T R A
BB ERENRTERS S S EEE, BN S A THATERAZ AT, lib, XL L
AR T LU A 45 A0SO A £ 00T S8 A 2 OO T o 47 A i T A
SIS I 115 ., SR AR LIS@FR, REA— S E TR,
] B BB B A A, B T S B A A, T Y B
GHED, BEETHAED, EANESRE FNERS AN AT, F2E BT
B4 S T o A M T 115(0) T (6 A 5 TR o M
B35 KA B R A S L RRS RA E HAE 115(0)

gt

T

gt
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Frow, ERA—AN 2B FREm L —AREFIREERE, CF el FHE 211
B, ERERNEHEED, SMEPEE, EAAE P TR AT EERUTREN, wE
LI5(d)FT~, ##A&E—A DC/DC % e FHE, BHE—A THEmAT, # e pe
JE et Ak E W8Sk, EAENT WA EER TE,

R
—s
-
1
+——O—°—rc
—F=S
S
of
R
| Unfolder _
-

@ (b) © (d)
B 115 44 5 S FRRE LR B SR . @I EH, bAREH, ©RBATEH,
()58 A T A7 e 47 2

1.2.3 #H#FEA

B T B R R AT A o B B AT AR B T B
BB B R, RS AR A BB R T S £ B
., EREHREETAIR (THHERBIAR) THEEREETHN, Wi &t
ShoE A £ A, R R AR R £ B, A AT R R
RE AL B ER RS TR, S 2 fREE N RS E T 76, Ak
MR R R — TR, SR A BRI R R, BB % T R B
TRTEAMENRM, TR FE TRT 5o A TREWRE, FFOLE A — 2
b, BREMEE S B E AR B R, B — W TR R AR R R

SHAEHWERERA T RAEREETE TR THRETR S, £AE AT
W3 B 5 T A R A b, R T R A o K A0 0 3 R TR B T
(M, R T TR TS A SRR BB A W AR T E R A S
REH TN NS, REERE BB R TUEARE, AEEATEERL
0 80 1R 8 R B R

4 4% 561 DO/DC A5 PEC K #E # B4 Bl (Lt i, = B2 5 1t A sh 574,
A 0 B AR T R, TR A B R, B 116 % T B 4 X B ET
BE, SASAH AR RF AR B R, REEH R AL, EREES
RT I THEBR: OYRHAERARN, FENEERARBAE, Lo E R
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ERE; QYUBRERRI —ERER, THEHNGUEEMAX, WEFXFHEELR
PTG IR A, BT DR R AR @Y B A o R — KB R K
AFE, FARAEERERMBAE, BETHLEEE; ORE— M BT H 5N 55§
B (burst mode), MEAFMNIAFE. ¥ DC/DC Kk BRI, FHARETFHEHE, H
WAEFIAR A 2, AEREFHAERT Uk E TEEX ., 3 PFC Rk & KK, FHHE
T THratah =, Bril P4 oh 1 a7 % 8 PFC R B & X — w20 S0 . A E
1.16 F A LLER|, BNEAER EW THIHET, PFC & % & W BF Bt o 5 42 4 T B #1177
AReNFEREEFERE, NRAWEEEBRE, TUAARRELH T NBEHEE
RENBRN IR, HhBEEE 4 aE# A% PFC ZHEEXE —HAWARRIL, X
B, AT EEANEE XA ZIAREN A, PFC RHEBEFNTHEAHNFERE
H BRI R R ALK £ A TAEEABY,
A
PSS ©)

>
7/ /7 // // _
7 fg\\:£Z§k§i IEES
/7 /7 /7
/7 7/ 7/
7/ 7/ 7
/7 /7 /7

d /7 /7 7/
i ./~ DCDCHLE
fif ] < 4 NI 2
iz 7 [ZURprIES
4 4 4 4

PFCH %11 I i T 2%
Kl 1.16 DC/DC #2 PFC % # % 1 % X 4~ & H

A

i

=

= )

|1 mshRE

= | e e BRI TR,

g BB SRR B \\\\\\¥

| 8

AT o AT
| bcwm ! BCM (DCM) ! DCM |

B 117 A4 TR 2 A 1 25 0 & B4R AR OB 1 oy TR AR =
SEAEREERBT LA THREL S, AEARER U AT MEE, — £
FHHRGEE, F— N EREREEE, ETENFHART, R@ETUXATHE

18



WL R (i % &b

W TR, TAAT K — 42 P ah R, Rk ¥ TH R A i U DUR 98 B2 it o 2
TURATFENER LS AR BB AR T EEXTULE: ERERFEEX
(BCM) Ao itz @R (DCMD. E 1.17 4 1 T A TH B £ A B & Bk o) E 0 &
WHET BN EEFRAURAE NN THEER, YEEERARN, FERFELEEHRE,
BB 2 B SN E BCM (DCM) E R T LIRS (R B M4, MAKE; LB RN,
FFRMAFRSARAER £ EHAE, WA EE DCM K T DR I IR BN, (R

A A
> >
18| DCM DCM DCM
DCM BCM DCM 3 G
A 2% DCM i
NN 1% DCM DCM DCM o
DCM BCM DCM i o DCM P
DCM B 1% DCM ik
€ (b)

El 1.18 AR IE Wk Bt 3h 215 B i £ 4 X 35 4 K g

ET LERETBRENSI, AMIBET —RFIFR AR XHR[82]-[88]4 1t £ &
BB RHE R BR YT ZEAWES K, whE 118 T, YA TERN, R&EBEE
FATHAAFARF T EER ., BEAREEEER, BemE A, fEt%F BCM
EX, AR EL T AR, B EN, KA DCM # X . & 73 EE, BCM
BB X EZHEN . SHENERE, THEEATEE DCM #R . XH[89]-[90]4 1 F
B BRI R R BRI T 2R R R, wE LI8Db) TR, R BMLETIEE
DCM # R, SBH R TRAER, RARBITEXEES, dBHARETRAIME
i, KA 2B TEREERT, X1 E R R MH K, REEEXA BCM #X . @t
[92]-[94]14T % A B X H BRI R B E R B R T E L i A kb, #RL T4
2.

BRT RBERH, EeMERBEFAMNECERT ZEKX B4 H . XRR[99]-[103]4F %
AT WX (dualzone) 4| %Km:, W 1.19 Fror, B ELT AN, BRIHEN, F
KRG, HETHABROCE Y U RERTAAEA XTI (1 X); BhaFEE

19
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B, BRE IR A, RREES, WHEB/ANERSUK T UERFERE (TX), 3 RRRE
B, I X BT & bl ok, & SR AR, T1 X AT o Ho Pl % /N, AT B 00 a3
W JE, XER[104]4 X &A% & 58 T Bl <& E = mpy LM DCM TAEE K, JFRIME
B RO RN E RN, AREIT X HEA L AT EAHRE,

A

HLRC LU

11X 11X X
B 1.19 HIX 845 il o5 us
1.2.4 & HHMA

NEFSRBURBNEFEHRENZ T, BN EEATE T HENEE,
WA ELEERBEHRGNR UGS EERAREENRE, BN IR TR E LT
KBEHEEUBRMH Y EREES, FEETENRR, EGHERTETMMA, AR
HMABMK, ETVNAFRETRANKS . ATMEMAROT LR AREEIRIR, BE
MG E BN ERTYRE, CAEEHEETERBRAMINE R, FZEH AR
R BRI, EXNEET, RAFATRETEERECRANEEGERATEE
TR ERT M. EFAR, S TUBRMERGEFAAEREIRENEEFEHDE
BT ZTRNGRAR . — T ERENTEFEMGEHRFEATR, BETXEE. Bk
P S NOSHINL - 7 — 7 & 4 5F 45 47 & 48 il 2 DC/DC. AC/DC LA F DC/AC S & #:4+,
EIRRGBEFENEZRAIHE, ETVR, BUENIE -_RECEERETETHL
B, R E B ER S BRF YN B2, ATEREMHRE B TFREANRE,
RARNEXLSRBEGLRENATH, WERGREERENT N7 &,

o E B R F — AN KE T AR R A SIS, iR R AR, BREAEE
BWsh 2B HHEREEN—ANTFREREH, NTREELNEHHLS, ABEL 8RBk
F. BETHIE W R A %42 Si IGBT ## SiC MOSFET #9414, w K 1.20 (a)fr~. Si
IGBT #2 SiC MOSFET #y4F R & 4, Si IGBT Wyt A2 ARA THWRLSERK, i@
AN, RAMK; RERTREER, FXFHEA, MR THESERS, FEREA.
SiC MOSFET R3f 4 R, Tk 2&T x®EE M, JFRBAEA, N T E S EER,
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FEMAEN; ERARRTHESERS, REMLA, RARF. ATLLSIIGBT EiE 4
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F— 5 BT tixed o M Ls BIWAE thved opfLso R Q-T)HAE R 7] LIFE TR,

2
toff grms

L, (2-21)

WA F LB EERIERFEEX T ITETFEN RQDIEH, e o 5 H
FH AR Py RIEW, TIRQ-2DIEE, taed op 71 Ls BTHAE thvea o/ Ls 0. 550 HFH & P,
BRAE B o ARAE 5 =71 P B9 K BT B (] R RO, M thied o Ls T 2B SEE W WA — A E
B, BELA M- FANERTER SNRANEFHIANE Po e, XHFEAR
WA B AU KT A TR R S @R . B R EIK(2-22), EF Popreser
e thixed opfLs FTXT DLV I ) F K N F, Po max =X BHI AT EFHAE,

t, V2
fixed _off . _grms =p > P (2—22)

I-S 2 " o_ preset 0_max

MK Q-22) T LLE B, F theed o Ls BRBIEILT, B EERKME Verms AR, AT AL
IR R AR R Poprese BN, TFRBTEZ R, M5 AT 618 TR e 75 AR
Ro FHIe, FREENEETREFE - NEANEE, NiZEBERKEETREEHET
Al WENL. 7—7E, BREERET. BB S B mEFHFLLPHAERFEER,
BB tixed opfLs EEH —EHHERFARESL THERRMESFEER., RE\EIHT X, &AM
B VLR B tived o/ Ls ITTEH A, W TR,

t.
N | (2-23)

L _Vz "To_max " 'margin * 'margin
S grms_min

;EJ\: tF Vgrms_min %EEM %Eﬁﬁﬁﬁﬁ%%d\{ﬁ, Po_max %%Ki@ﬂj?i@lﬁﬁ, hmargin %%@%
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B H o Verms min P Po_max T EV N 8 F B EH, hmargin T G R o hmargin R K
N CBER D, BEATHERGELTHENERESRFEER; lnagn WRAK, BHES
THEERENERNESFEER, AREREELA, EERBERK. B—1EE
M ELHREE TERRNEREER, AREREREENL AKX EF—RHE,
MAQ-10)TT LLE B, Y thvea op F7 L DA FE B LU AE B 25 2 MU AE, 4 58718 oL R ERLIFL B U4
@, W 2.14 o,

- ipk(6) Ipk(6)
070\ A kA S S i
() ! trixed_off /Ls :
) Ve (9) 5 A% 5
[P\ e o\ i(6)
NI . "
tfixed_off tixed off

Bl 2.14 thixed o 7 Ls VAR BT FCAELIF) 25 20 A~ & 00 R R WL UL Y U4 B L 45
BB R thxed o M Ls B B WIE . T A MK (2-12)7F 2 A B B X LA LA W,
tived o T Ls B0 % IT RIMBBI AR /N o thved o 1 Ly A, TFRAE QM IEMK, HERRAKX
KRN EEE o thved op ™ L W/, TERARRMZ 428, TAMAL MR v, ERE
TR EFF, AR RIET RAE N S ERIE (2-12) £ theea op 7 Ls, 0E 2.15
BT 7R o

e

T IR IR SR AR

Bl 2.15 ARYE it #e B K TT KA H KT thined ot 77 Ls
B. s5(6,P,)HI B E A 2 c B H
B tived o B Ls R )G, RBRETUTEER KB ARK. AEFEHRIK (2-13)
F T mO) R E A AE RETEEER ., KB m@) R L EHINFEWT, Hal b, c
EASEFEHAE, B216 2N TERE.
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(o) :{ 1 s(0,P,)>c (2-24)
1+c-s(6,P) s(6,R)<c
s(9,P))=(aP, +b)sind, a>0,b>0 (2-25)
A

B | A . B |

»
»

m()

A
ST 42 |
= |
R |
i+ |
AU T2 |
0 7‘r¢9>

B] 2.16 ¢ 5 W B 18] 4% 4 s R & ]
FE—FHES e, CRRT BB AR, RIEE 2.16 750, £8 K EL
FTRIIT, RETR AR KET mAME, FRARBKET RAME, o ITEEEARE, JL
FAE, FrUTFRAEREA G KB A ERE, ©THT,

=0 : | ® : | = . = fzero-cross > 20kHz (2_26)
B ton + tfixed _off m(g) |‘9:0 tfixed _off m(e) |9:0 tfixed _off (1 + C)

EF frerocross I F RACTE RIME, 02N THEHNBEFETTRIAE . X feero-
cross NEARBREG T AFTNFEFHITRME LR, AR ERE & LIREE Lk
BT R

F BT s(0,P) BRI, W 2.17 TR b KT 5(6,P,) & B B/ ME(P,~0),
a RET s(6,P)IEER L

f
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>
0 7T 6

B 2.17 s(0,P,) T8 B ) # &

THE b, MEWMXAER, HTHREGHERARR, RGN ZEFLE 20
R (E 2.1200)), b HZANT co R bET 0, # X BABZHNEE XWTE A ERLE,
2 M FAMERM, EERTEEEAWAAAE, ZIRAAF, b TUREIRER
HH A ¢ B9 0%-50%Z 4]

bHEZEREHE ac FERE—MEEZHNIER Po gecic CNTHBEIE), 5
TEZ TN E BB s(OP)BENFE T ERREE e, BT UREE a, WTHF,
8P, e +b=C (2-27)

Po_specific &~ NFHI RN T &, Y LT FHAENT Pospecipc B, BE—H Tk
TARETEEER, BREARRAL; YETFHIEKRT Pospecinc BT, HEE— 4B F]
TEAEL AT A B K, — #0468 TIEE € AWt B X, EREEsELE LT
KARAER F B AL 2 A BB AR

Bl 218 4l T A S X EAFRT (300W) K F TR Py specinic B T 13 | 89 TF %57
ol & e R LTS E B 4, H o B L E 400V, B B JE 220 Vrms, B 170pH,
Bl & KWL 8] thved o A1 Ts, ¢ FT 5, bFT 1o B2 1 B Y Po_specinc 5 I B I F BT By
. n/2 AE R KW a1 XS BN, o KB B DB AR AR P T X k. A B R W U U4
AT ULE S|, /4 M e e RIS E R, AR T RN, B& 3 &Y Popecic
TNTHBSREHWEL ., EREREECLHADRRK, ELEARERE, &2 £
BRAEWRIT, #R v4 Ln s R E RIS EE B o2 RWRAEME, AFTERHNE
i, FEHRIFRE R . BTAESRRRIT S, FESZFHRE I XN E th & F R
L U B, 2 SR VA Po_specifico
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100
ez [ \
3 80 \ /
= 2 7 /X\ /\\ \
= 60 W)%\ i
5 40 ~ ™~
x N
R 20 —— Hhzkl —— fiZk3 Po_specific=182W
—— miZk2 Po_specific=230W
0 —— Hi2k1 Po specific=286W
I I
0 wl4 zl2 3r/4 T

° AR
S

/ 3 \

— BH253 Po_specific=182Y

—— HH#%2 Po_specific=230V [

—— ph#%1 Po_specific=286Y
I

(8]

SN
|

[EN )
"'l-..._‘-‘

FELJEK LI B L 2% (A)

o

I
0 rl4 zl?2 3rl4 V1

Bl 2.18 Po_specific Y 1 UK TF 2 S 3 A vt R HL UL 4 (B 60 46 1Y ROV
26 ALK ELRER

K] 2.19 300W H A8 2 A4 W 3 A 25 52 56 F AL

ARFEHET —/ 300W By B AH 247 W 1 A 25 ok B0 BT 4% W A R 7 vk, w219 BT
o B220 2 E X BBANENRETURBREBREN . BB OB RXH 25T
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WSEHL A K, EE IR ELE] fo0 A8 K BT BT[] 10y #87E DSP =61 it BR 204 B .
HRERASRNERTESRE, UAS BRI T B L EREWAESR, YRRk
ERETHAMEREY, RRVEINSZRENEK -REF L ERIAT, HXWITHELAK
Pl wmT,

Y

a‘z%@[zﬂT | | B R
%@EzﬂT ] X

FE Tty SRS T, B SRR

Bl 2.20 2 #1255 & AT E By IR 3l 5 5 DUK s R B U oK

iy (6)= %), i, (6) + J 02 (e)+2ig(e)vg(g)(v\b/“_Vg(e))t““"-"fm(g) (2-28)
s s s s

T@ (2-30)

o (0) =g _a -M(6) (2-31)

WA 2.5 TS RN, X B4 03 ny A kW R 15 ) R s 1 A B0 R R .

DD #EFEL B RAEEFHDE Ponare EEE Py yax =300W,

2) BT tved o 7 Ly HIHAE tixed of/ Lso Po max=300W, B[ B8 & R AE B T /ME Vs £ 4
176Vrms (220Vrms B 80%), # 8 58 hoargin=20 WA K(2-23)1%F 2 tved of/ Ls=0. 04

3) B E thived o 71 Ls EARHIME R € 1 R 8 DL SR W B 18] T 1 AE 3 3 R B SRR T KR
£ H 60kHz, MWHE 6=n/2, m@)=1, RIEXQ2-20)KEH L=1T0uH, tiea of=170%0. 04~
Tuso

4 PR EH co thwed o =Tus, B EETE E LB FIETT EAINE fioro cross 18 4 24kHz, R
R (2-26)F 2| c=5.

5) HEEH a i bo bEA 1 (c 1 20%), Pogpecific £ 5 230W (Py max H1 75%), HRAER
(2-27)4% 2| a=0.0175.
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F 217 ET BN LESE., B 22102 ENEHNET s(0,P,)dh & K &EHE,
HEEERE N EELAU R R E2210)ZREFE SN ETF A ME WA TEEE2.21(c)
RAETEHET B topor BB B 2.21(d)E 77T B 30 R T o, & e i I 18,4 8 o
2A.

K21 ZRHFNNKBSEK

2¥ "= A
HR#4&®ek Vbus 400V
2T EL P R JE Vgrms 220V
WA E Po max 300W
7 ) e, R Ly 170pH
U LR Cq 2uF
RIE==RR L, 200pH
@ /'—i 9% %F( ETJ» ]EJ lfixed off 7HS
a a 0.0175
b b 1
c c 5
ERME R C3M0065090]
T h & & C2M0080120D
8 — 300W
— 250W
— 200W
6 —— —— 150 [
_ c=5 //C»——x:\\\ —— 100V |]
o 50W
<, /E;:;ﬁ——ﬁ;::t\
@ 300% /_ \\\
2 A [T
0 50w
0 xl4 Tl?2 3z/4 T
(@
100
—— 300V
— 250W
< 80 a A———— 200W [
= / >\./< \ —— Toon
< o / \_|—— 100W ||
- / AN 50W
20 SOV
0
0 rl4 wl2 3rl4 T
(b)
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B 221 ZBENSH B L. ()s(OP,), (b)TF FME, (c)FHEE, (d)EEERas.
WAE F R S5, KEEET —A 300W By B4 A4 3 W 3 & B AR BT %
T B I8 455 R SR -, % 0 B R T T S R B A X T 9 R T 1R R K 4 R R AR REAL B R A H B
A 222 REMANHANERBEUE R ARE T AR ESBEX THER S
REFTHEB A ERET . H T ARURNAEN, BEFXMESLY 60kHz, 5
REMLDAAE S5 o B ] 4 o SR s TAE R R n2 R TF XIS, XEFAEH 7 EEH

— 300W
— 250W
— 200W
— 150W
— 100W

S50W

]

N

——
N

o A —— 4 ——
[i] 7 S W It [8)
0 rl4 l2 3rl4 Vi
(c)
ﬁx\\
— 300W
50W — 25H0W
— 200W
— 150W
— 100W
50W
0 rl4 7l2 3z /4 V1
(d)

BB B A R RS R AR, AR HY LB O R T AR B

Vg(100V/div)

1‘ TELEDYNE LECROY|
‘ Everywhersyoulook

N

oy

¥

[
f‘

3 i
LI
1] 11

,ﬂ.\‘
A

'

4
4
4

1
[l

!
!
i
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iL(5AVdiv), | \ . ]
AV \/ W \/ \/
Bt 7] (10ms/div)

(a)



MIAFELFAEX BoF BIRMESEAER T AT RWTE B IS F o 2 A I M R
Vg(100V/div) e
/’\\ /f"\ f/\ "\\ ,/'\
{ i { J — i ¥
[ [ Jﬁv | ifa ‘b,k .;J !
] | ] | . t / { / ‘
af | et [ o | D |
N |~ ] ] | fW¢
RN LI \ f i ] ‘ |
g(5A/div) | - — N
[ Vo] | v Vo
v v Vo v Vo
\ -/ / /
\/ \/ J \/ \/_
b4 =g N
i) ] (10ms/div)
(b)

&1 2.22 B A2 A P A 28 DL R T R AT 3R T4 AE ey i S0 3 38 AR X T 9 3 20 A R B
W A0t W BRI Y o (a) 1 R B Y, (b)fr i HF W R T

ﬂ\‘ TELEDYNE LECROY|
Everywhereyoulook™
A :f\
iy FEE
I |1

i

T

!yv

Vg (100V/div)

A A A

-\ N i\ A
i 7 t i |
] \ : |

i1

1l

\

\/
fJ 1] (10ms/div)
(@)
//di & TELEDYNE LECROY
f\vg(lom ﬁ’l"}!) R R s
f \ / \ / \% / \a [
| ! :! 1 ¥ & |
[\ [ [ i [
R [ / \ R JL,,, \
T P Pl ’
i bA“ “ | )‘A i / a »‘f | {
Iv) | / ] 1
L O W
b } I ! i
ViRV LVIEmAViENLY]
i 1) (10ms/div
(b)

B12.23 EAaiFMEREUL KW A EH RS TECERNTSSEEATHEL Y

R R BYA0 fir  F PL BRI Y o ()3 R BRI Y, (b)Hr I BRI Y .
Bl 2.23 5= $AH @I P 1A 25 DA SR BT B[4 42 ) SR TR s i 4 2 AR T Y

T A e, R B U IR Y e R P LR Y o A 2.23(a) By 3 A B RK B T B L 4% T LUE B
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A TAARR . W AR H L R K BT [ AR X, < BT B[] (66w ) R JR B T P T K
TERMEAAE T, R REE2BFLERA. FREDRE S Z R KT EERX,
RETHE] 4 Tus, FERMEAANRE, ARG T @R mEE, USRS 5,

"“ TELEDYNE LECROY
Everywhereyoulook™

Vgs(200V/div)
AW

LATTE R R R N

| T |
it N /N
/
Vg(100V/div) I (5A/div < >
toff =29us
i (8] (10ps/div)

wwwwwwwwwwwwww

N OO AL\ \/,.(100\/,/{““\/\
Vgs(200V/div) Vo )

T T T e T
S SR g

b
IL(5A/aIV) Eoﬁ :JLGLL;
i 1] (10us/div)
(b)
Vg(100V/diy) - T
Vgs(200V/div)
D PR L SR VO R AN P (1
I 9t
i (5A/div) t of: i
I 1] (10ps/div)
(©)

F 2.24 $AE2M W E R E TEERT AWTE[F 56 KeE T ET . (a)l=29s, (b)
to=16us, () tof=Tuso
K 2.24 & B AR A F W 1A 2 T 18 A8 4 5K W7 Bt 8] 35 51 SR s T %4 b2 T [B] v LAY i
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A T 2 TR B[] 15 ] B B AR A OF W B

A vas W o KT IB] o 1 7 15 ) SR WG o B K S A5 B 70 A THR B BT B R 7
Bl225 REMAMAMER B EEN B ERHBERNISHEE, 2 HEEF, X

W7 B 8] fop b 0 He T R AG A R R E R, A W EE R T B 1 o0 AN

WMEREFEETERE, AEEEMEENR L 2RERE . TUFE, FMHERW

e B 3R JE A2 TR Y

— - - TELEDYNE LECROY
VG(AOOVIGiY) T R
. it “W:W% \‘“-:5;:%7";"75""‘%% ;
’ ﬁfa\ﬂ*‘“’ i B 'ﬁ»‘«w’mﬁ it
i TR RN OSSSRS SSemeputn ronss W _— o Eligo -
alu, =l
- i |
IL(5A/div) | |
= it et I _/.\/\-""1'-’“-“"-
g f :_ __________
I5(5A/div
o ) i} [] (Lms/div)
(a)
| Vg(100V/div) papts i
I (5A/div [
al ; i 1?"‘-‘ !"‘.\ .i_ﬁ VANSVANAY; .':-51 ! '-“:"‘ :1-’ VAW YA AY 11‘\‘”}"" !'w“'ul” ar “"4“
,, g(5A/div) T T — —
Bsf 5] (50us/div)
(b)

K225 BAEAMIMEL BAEEFEERNEERNGSLE. QBEEL, (b)FH
KRB

B 226 &K & AWrA A £ 4 ek 52N DCM ERBUE L. WX E XA
YOKOGAWA i 31 Z 4 A4 WT500, ar N b o R B B de i), #ik 7T AR MEWNE . &
HESREBAEE EF, FRPAFROMAAR, B HF SRR E RS,
& HER/N, TFRAEE LIHE P AT & AR

N EBHHEAR, RPN UIRE

BT, B AR oK W B 45 ] R B R AT

R, HiEANERRA,
KR BN ERENTE W TR,

1= B0, * Thoos T Qoows * a0 T Qa00s * MTa006 T oo * Msowe + Brsos s + Bugoee * Thoows  (2-32)
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HP g MERE, o2 TR ETHRE, a2 TR HNETHRERH. TUFE,
RERERTFAAETHRENWACFE, REZEHNUHTEARERUT AR, IRNE
REN G L Hov R B BB [8] 974 K o CER[127]3F 8 T B 20 % (BEuro Efficiency) ##
#mN#E % (CEC Efficiency), C AR F B E R 4 71 2 AR A8 18 15 o 3% 5] fm M 9 6 BOR
NAAEIR . XE[127)E L Em ERET FERE, AZXAFEREHNE R LRI HH
MR ERE, k2.2 A, RIEER 2.2 FTULE S, R 2 KW B E] 22 6 5 A E 3
E # 98.16%, KA I DCM B E M FE H 97.8%. BTN, AT HHY & & H g o]
DA RBEAERBNNEGE,

100

{—=— EAIDCMAE =
99 —e— AR WA [R) 4 oRms -

98

97

B (%)

96

95

94 -

0 ' 510 ' l(l)O ' léO ' 260 ' 2%0 ' 360 ' 350
ThE (W)

Bl 2.26 & % Wr et 8] = ] K w5 2 A DCM A R £ ik

®22 WEREHH

SIES 10% | 20% | 30% | 50% | 75% | 100% N

WE A H 005 | 006 | 0.12 | 025 | 037 | 0.15

A MR A E AR | 95.9% | 97.2% | 97.7% | 98.3% | 98.5% | 98.6% | 98.16%
7 H DCM B 3 % 93.9% | 96% | 97% | 98% | 98.4% | 98.6% | 97.8%

2.7 RFE/NE

MEREZNEARFWEXBHREEH. AT RENERE, AFHEMHH4F
F W A A FE T — AT Y A T R R T AR T AR S B A oK T B (A 4 ) S 3R AR R SRR
] LR AR B B o B9 R AL B B MR R B TT KR, TR AT B SR T B T K A
AR EMENRET. AFWHRERMEARA
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D RESHT EAMAE L PEE S TEERREF 7 EARX T8 RBTH E A1, BIAE
E-ERWEE-FHGET, ERBFEFNTHAEAH AR KW £ — A2 E, Hit
FEGHE-FHAEREL. XAHEE Boost PFC F 8y Fr @ bt 8] 2 W B, 2
& 5 T 42 A SR e AR A

2) AERFEHLE SA BRI AT EEX TR AB A FASFAE, 5T EERRTE TR
T B R K W B A 45 o e, 0 1 R AR AE 3 R B AR B — A B R B ok T
[, ATWIRE T HRE BT KRR, BKT AT X HAE.

3) ER AWM EHE A L, AFEH#—PRET R AU =6 5, REGHHFE
WA, SERTHUEESCHTEE, MTAATT R E . AFFEITIS T & KRBT A 44
B R U DA BAE R B S E BT R AR, A SERR BB ROT R BT B RE.

AT AR B R R BT B[] 45 R SR R T A L B R R B R UL T, I S R eyl

TRBAFBNE, NIRRT ENARERE, AFLFmpAnE, Limig i

H—RWpEREMERE, AERANHSEXERNRTELT E4.
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FoF AREFREEATHEATHAANERS

315|%

HE, v e 5 3 4% X (BCM, Boundary Conduction Mode ) £ /- T H, i # 42 % 3 4 X, (CCM,
Continuous Conduction Mode ) £# &, it 7 £ % # # 5, (DCM, Discontinuous Conduction Mode)
Z M — M TSR RIELERNTIERE, ¥ LIS % CRM # = (Critical Conduction
Mode) [*IF1 TCM # = (Triangular Conduction Mode) [+,

CCM X THEAFF XORA, FRFAHEA, BRREBREASEN, WRELSHF
BRAWNFE 6. ARl RS EEXN R HEERTULAFXRENT B ERT BRI
W, N EET AR, RAME, ERE CCM XA, BRlERFBEREAHRD
ETHERERNEELR, BEHNERL I SSERECELR, FheREF FREEXE

A F/NEW NG E . DCM R BB R B IRAUH A R R R AW, FTEANIE
ERthenEfFREAER—F, RHREERRWEEE 2 F DCM # X K R F T
KPR, AXEF - FER N THELREDCM EX TH SR EHHng, YHFRHE
BOAR R, BRIERFEER RN EFLE,

ML I R A R B BRSO R M R, BT 2 R I E PN R DC/DC R B
PFC R #BURERZF, REFRENELES T B FO9N A £ Xw[82]-[103]F, #
RAFKFERERFEAEANAET RAE LB HERE L, REIITXNORRRF
TRENNE. AMERERSEEXF AR E. SXAERERFEEXR, X
MEREFNTHARATEZ A, FREFAAEERRRK, BRI XMEEEANE
#A, BEERUERS, BHEAERMK. AMIEZRIFF#EHEEFLERIERS
BAEX THREUFRANE A, — R4 R R S804 T 5 Bl 41 A 77 A 7 1
TEER, BEohFE ANRERF ERIERSEERX, FIF LG XN R BEaE 2N
Wy BT K Bl DCM 3, FIF LM &, AR RNEES X &2 T (E£ DCM &
Ko 7 —FRA M AL FOO dBIe TEEERIER FEEX, B hE AW
B 15 3k /N WL U S0 I R P MK B U U L T B AR o BB T N B BB TE S K LU SU R R
RIFARAE, S#MERT XL, LEWXAM &, AR LAREFREFHER LTI
A TEER, REAAWED LI RAER A TEE. EFARBBRIRHR, TF
ER WP TS, RFERABEHEXNT ., o B2 HIRA], AEFAEFERFA
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IR,

HilE RS EEKXNIT XM EAEER X, 2ARFFERE. BRAKEULM
AeAE R Ry R, NRBRTE AR, AMNEREZ T REWN, BRE AL
BRATIHAMEREE. #THERvRREEEF. o Eek Lowe EEEdpiinE
#lr R H, MERIMIER T AWERE, KAEERTUF L&A, ATREETF X
I A e R A i L AR B BB LT, e e A R RY b JE RN, e R R A A R,
TERIME AR F Mo, a0 R BEH R MK R L ry e 5, 307 LR TF R R AT K 4 .
BRX BB, AFEEREF FEEXNERM L, XA L 8- FHAKME KA 2R L
B E, ERRAEWERLTREIT AME, HORE,

AFEAARTHEEXSFRAEFFEEWRAXEE, AR T ERAER T
WX EEAZ B FEANTATYE, ABLIHE L LB FEMMBE LY TR S 8 F
MR A RS BB ARZEFE AT T A0 T 2 5 P34 8 7 e i 7 AR X
THTEREULRE T RRE A, i3 THERZHHRARTT 2. RERELEH T H
BLEYSER 4 R

32 X BAEERIEFFEEX TR XREE

B3l 2 TEARRERFERA T EMLHHFMELE, RARSHENX, — M
BeEmaite, —MVE Loz, £ in 2 EEERREYE, i T REBEEREE, BiF
AREEREE  FXFEERIEFFEEXTWIITRREETHL) AWE, AR T,

RS T

s1| @ s3 | EI}

s2| ﬁ s4 | ﬁ

Bl 3.1 TiEAERRIERTEEXTH LML E
AR E - RYPITRRENRRIEFFEEXTHRA CRM EX, EEEHEL R
MR BT M AW LC Rz ENPIT X, B 3.2 BIANE £ — ATk AN LI B
HoREE, S1EEXE, S2EZRE, WITAWEFZELA SIWETRE (REELK) I
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F-F ARERSEEXTHWEE TAFNER S

W, ARk, £1 MMEERLSI AEErE (F320), F2 A NEE£HET S2 K
“HESR (F320b), B3 MNMEEEREREMRITEFAWN LCHKFE (H 3.2(c).

S1

(_ Vbus

S2

+
Vis1

K32CRM XA KN EETEE. Q7HE, (b)ER, (o)Fk.

A .
=
%
e
s ~ t
A b
Vis1 E W
i Vbus
N B t
Vis2 E
E VbUS RN S AU P S (P A
L Vs I J | .
i P t
g T L s1 s1
= ton ton -
t

K 3.3 CRM *%Kﬁkﬂ:%%%%ﬁﬁ;o (a) Vg<Vbus/2a (b) Vg>Vbus/2o

(a)

(b)
A R
1=
=
#
i
! o
AE ! E
Vds1 E Vg I i
i Vbus _________
Al FHEAE D
E Viss| % 'i' ?"""-v -----
| Vg | i1
: v E E ‘,”"
-@ H S1 s1
= ton ton

(b)

B33 & T —MTXBAMBRBEN DT RKELES 3 A E. YedeEiEd
S2 Wy — W B S B A, S1 An S2 AL T AWPIRA, & e A b T & By b L A
7 —ALC %k E %,
LT vae LIERE I X BB SR 7, BRI T OB F T veo H T L3 S1 T,
FET var o7 B B/ MEH BHE T S1. & 3.3) & ve<Vour2 BITEIL, JBF vasr B93R 7 T

RULEIE, Fril R ge

50

e B e A B R R v YRR T T e 9k 7 (B 3.2(c)) o M R A

j\‘%@)%ﬂ:ﬁo @ 33(b)7?€ Vg>Vbus/2 E‘]&?%s J,H:HTJ— Vdsl ﬂuﬁ%ﬂg,



WL R (i F-F ARERSEEXTHWEE TAFNER S

FrUAgE 4% s2 I v JR I 8 o X 2k TR AR 98 1 4 v R B 2 48 2 B v [ 45 B SR Al e R v,

T
KRE _RPFXRENERIERFEEXATHY TCM X, CREHEL B
REREE G WK B RN TT X, B34 RBAHEE N XEAHRNLAP&
WAEHE, SLEZE, 2RERE, WAAWEHAELH SI WEBEFAE, BRLEE
D (e O=AME. EE NIRRT, TEMEZRELATH, BETRFEREX, B35
LT —AMTXAMXBEN. BERK, F1 I MHBEEET S LERERARE (F
3.4(a)). F2/NMBERIT S2 WyHEIE ML (B 3.4(b). F 3 AW B2 R ERER
BEEE vy BB TR A E (F34(c). 54 M MWEES2 KM, #AK, WERH
R ETENRE R A TKE, ETENERBHENTSEEN, RERHERAS AL
AXRERGK, REMEEHHER LB ZAERIEREE (EH34dD. #54
MEREYEE (S MBBEAWETTAERIAREZE, KABRFHBREEE K
“HRE, WEAEY A EERM U EERTFAEE, v FT OV (B 34(c). F 6 M0
BEEEFE, REERME - RETHRIAE (F3.4(0), EHAFNT I X EH
BAF T . XK TR F BN AR R B 5 R By R e B U A R A T

&

K34TCM X F BB rEE., EETE, (b)EHEER, OXExE, (d)EY

WKk, ERETER_MERMER, OB EEHERBLR.
51



WL R (i F-F ARERSEEXTHWEE TAFNER S

/N
1=
=
%
=
B A— | —— A
! : I L
Vst E
Vbus
FHRIHE
i 1
“ ! :
Vis2 E :
E Vbus
E A4 =
i t
5 T L s1 s1
= 1:on 1:on -
t
= S2
= toff g
t

A 3.5 TCM 48 A BT % 19 % 8 5 7Y

X B ER s RSB RPOT X R EE A E . CRM EX W HIT
KAV P B R v 1 N BRIR, FlRE R e A T &M e A2 B8 LC ik, MiE
REERNGIFE, B THBR v, WHRRETMEERA, 5IRNBRIATEHEIAZTEE
TR, AR E I e ELARITE, HRHEITFAHER2TH M. TCM EABHIT X E
b A7 e, R B R R A O B VR R X b T B B R A AT Ak L, R R LR
A, RAUBEERMEEANET E2 BRI ERRE, NTZAEZENEREFE, H
Mo W E e EITEf W E v TR. AFEME N ERTE R ERIER S @R RA
TCM # K.

33 EREFFEEARA S B FEAR TR

Bile i B EX BRI ULART X, EEFER T AMENHR L. RHRENT X
PHRERERTTAFRETAAENRM, Rl FFEEXLIAT R R, KW HREE
KU, B ERNIT R AN G E KB R, ERMEZRDN. E2ailEFFHEEX
THHEXZEREEM T, LEAERKEITRIAE L AE LI TFRIME LI 23 fm K B 5
e, ATREBTT R RO R ER A, U, ARBEREREFFEEXEFHPERT

52



WL R (i F-F ARERSEEXTHWEE TAFNER S

B TF AR R AR R

R lE T BEXNTRAREG AN EEEVHER. B 3.6 2P REAHERE
BB ERT . NG-1)2 B FEH— N ERNRDFEH LK, Tt Ty e RRKE
VI RAE, TUFE, BREEE L, BRERMELUIPERREEE v X = F
FRETIFRAE ., SmsisEme RREHZN, — M RAHNORDERALT,
BBt BN R L ETE (RO BB TRKIFRAH (B), AWK RME, ZHEFE
KR % F AT EAD K o

Von 'Ton = Ip—p ) Ls :Voff 'Toff (3-1)

e 4

'y
_"_
'y
A4

: 1
A Ton ' Toff
! |

4

il 4

Voff

A

Bl 3.6 — /N 5% JB| 1y e R e G U e e, R L R Y
BRRA R ARG AN ERBTERRAE L EMANERE, XER(TET
ANEE BRI, XE[O8] AT T X T Rml R @R o 7T B R AW
A R R 7 3, o AR RO e R R e AR M R R T 3.7 R R R MR AR 7 A R B
AAMERES AT, ETEEAITR, XERFFX. B 3.8 BXAERERF F X
R EE, —MPEEMTE (S1/S2), — A& TH T (S3/84),

Y 3

Vbus C_

(b)
& 3.7 R RE A XA T EE. (ERdE, b)SREE.

53



WL R (i F-F ARERSEEXTHWEE TAFNER S

S1 S3

1 + V- o+ -

Vbus C_) ) (9)
9

s2] s4 |

(b)
Bl 3.8 #EEE 7AW mEE. @FEedE, OZREE,

A X FIA R 7 X, o LR B — AT K B A 3 A e R L By R A B R Y
w39 fiom. TUEE, ErehE, WMHRFAZA TR LEERERFN, Fit
R LT AR A — A SRR B, SRR R R e A R R B R R L S AR T
MEAR, HHERERTEMERER, BENMTRAMEE. MUV AZXE, 25RH
B, FMAREXNRY ZEEN. XRERF “R” EX, HlEwn “B7 READ,
Fir AR I Sk 3= T K B B A

A
I

i 4

Vi

Vbus 'Vg (0)

A 4
A

i 4

Vius+V,(6) g A

.L [ b
Bl 3.9 BUAR 198 R 5 3 A% 0 9 R T 1 AR el K b e U B R Y

A1 3.10 % 1 T T TCM # A By 24 1 48 25 K A 38 7 A0 R ) 7 T 4% 2 B I X%

WAREE, AT CRM R, TCM X &8 K H 8, ALl & e E i &

RETF AR ES 2 E, RMiaEsE. NEFTLUER, XRERFGTXMERT

B, BT LA SRR R R BT ERME AR AR BA RSB

54




WL R (i F-F ARERSEEXTHWEE TAFNER S

B TIRERF, ERE L ART RN, AT AAERMA2 AR LI, BERARTHHRRK,
REREH, LEMEEREHEELRE.

400 I

----- TR
— — AL
N '\ ’
T 300 B ',
X \ /
hvril AN /
i,“:if 200 N —
EX \\ e
B 100 RS —=

0
0 zl4 l2 3rl4 T

A 3.10 £ T TCM # X 0y 2 1 2 2548 RN 5 AR R F T 09T KA E b 2o K B
SR s, BRARKERER FEEXNIT AR, SAERER EHERE, #
FHRWERMAMR R HHTE RN, THEREZIHAN R ERBEREL LR EME, E
EAUER 28 Pk = E MR EZmmELTER L, B 311 &8 T e
KA Z PR IRERE, FXRREWER v T LEXG-2)R/E. wREWETHE,
Van 10 vpn REEE p A n ZFI B, BR LW EREZMR S, WREZLEFIHE, vad
von B LA B A AL B, BRI Ve Ve(O)F ven, ZEIR BT van< vg(0)+ vin BT,
RHERLWERR 2 LERK, TRAHEAR MK,

Van =V, +V, () +V,, (3-2)
O L
+ p
o + v, — + - o
a L b o
Vi —\ 2228 f\/\ S
s — % &7 -
Van Vg(g) Vbn
~ n| — -
O ®

B 3.11 X B XA £ o T o BB
AXEF—EH R FTOCEN LB FHAMLT R, LEFLMNE LWL B FHE EH
FIF LR, Wl 3.12 Frow. XA L i FARE St et & o AT F DL A Vw2 YR
fi, AHe LHTUAERREFFEARXE, SR EEE=AFT. 17 E
ENEBZCNEE. WANTEENTEL AN REM, RARREW. F-A7HE
EEBNFESL. A _HREEN T RTE Y Ry Lo, RRMERET M EH
P, MEOAAE SN RAAENE T REMLA Vw2 B, BRAREFAANHFEM, LT

55



WL R (i F-F ARERSEEXTHWEE TAFNER S

B REMY Vi B# 0 B, BRARE—ANHEEM. F I HTEHEAR SN E,
WM EEM RSOGO ERELRGREEN—F, AISER B EEREMRB Y
BB, FUMAEEN ETE (SUSHAZ 2B ERFLEE, 71874512 %E (S2/83)
AZ—tWERFAEE, ALz T, FEMFEENEANERD, FRFARRK,
EhlmEE, HhAFEXHE OMHTEEN.

—O +—oO

|
i

(d)

B 312 WA LB LR FMEEN. @-REHMEN, O)F AFERHMES, (Y
W A, ()T B4,

34BMETHFNEREAE TCM EX T TERE

TP !
c1 == Imast JoAss i) i)
L L
w ot [ B
—/ b QT
S2 S3 . . ¢
c2 =/ J»;Fsm Jt}se
o—" !

K 3.13 S48 T & W% #

B 313 B2 T AAMNELBZWTEE, ERF TCM EX T, T BEHFE
(S1/82/S3/S4) & = 1E %l i IE 52 4 4 Wi, 70 8P AR (S5/S6) T4 5 1E 477 4 v B IE
T, XIPEMTHAERENAEN. EF —RWE, WRE T EME FH S2 5 S3
KW, TERESBRAAFETHE, Bt EXM L B PR EHL, TARETUE7E
AL T R A = W CE 2 (A, T R B S AR BB, [ N L A e IE 7

56



WL R (i F-F ARERSEEXTHWEE TAFNER S

Pl TAE A XM, il BARLEF B AP R GA BB TERE. § T o7&,
XEBEERAFLREZE N, BEE Cl A C2 AL R, B e EEFENERE.

P EFER, THFENSe HE, SS%K, TEAREFEIHIEEX, wHE
3.14 firs, AT

R 1

R E 3.14@) TR, EA ve0)/NT Vius/2 HEIL . JBT S3 %, S1 %%, S2 7/
S4 BmMEANTAE, S2 FEET AR, S4B ERER. SHEFHEML, BRAE
HL B B R _E TR B8 v A Vius ve)E BT Vius/2-ve(6), HILE R EFAREL N, FFk
HrK o MBI 3 B[] A0 BT R 40 T BTOR

_L (i, (0) +1,(0))
T Vs /2-v,(0)

LG, @+i,0)
off — Vg (0)

(3-3)

(3-4)

B2 GEEESR

X 2 W 31400 TR, A ve(0) B Vius/2 BIE M. JLET S2 F1 S3 % %, S1 f7 S4
BMEANTAE, S1 Jr# et R e, S4 FFREAERSR, X 2 EFEFEX, FUE
HYFF XA 5 1 | 70 o P AR B B Y — #F . B 9 T 38 B[] o X BT B 18] e T AR

ECCTORNC) 55)
bus V (0)
I CROEING) 56)
AC)

K 3

R 3 WE 314 TR, EA ve@) KT Veus/2 HEIL. JLBT S2 i, S4 % %, S1 M
S3EmMEANTME, S1 FFi# et R pm, S3 M@ RS, HHAE-FHEMNL, AL
TRE LR E R FE v A ve@) R T vg(6)- Vius/2, MBI T A XL, X EAHRK.
e B g T 3 B[] o 5K W JB] 4 TS TS o

_ Ls(ipk (6) +1,(9))
on V (0)

bus

L1, (0)+i,(9)
MV, (0) Vi /2

bus

(3-7)

(3-8)

57



WL R (i F-F ARERSEEXTHWEE TAFNER S

o_. ] | - 1
+ P i E : ) |
clL—=— s1 |
- R B <oy
| ton : Lort Ib(ﬁ)
v -
LTVMQJM@I |
‘ Vg(e)‘ t

+0
(@)
I
L=
I
[
3T
L
%)
[
-
————>
-
=
S
/::>
—~+VY

Vs O & ey ton Lot ip(6)
1 [oe-w]]
S2 S3
Cr — Jl— s4 @ Vg(@) Vbus Vg((9) ‘ >
- n ‘ Vg(e) t
[o, *
(b)
(e,
+ ﬂ_ ! I ka(e)
Cc1 J',:}Sl . ! -
LtV i e %
Vs O ——— Y Y Y | ton Lot ir(0)
s2 's3 + VLT Viss - Vg(6) I
Cc2 S4 @_Vg(g) bus g >
- n—|_ ‘ Vg(0) - Vasl2] |
(o, . °
(c)

EI314T A EEENEFAN =M THEELX. @QEX 1, OERX2, (X 3,

FERHNE, ELRZATAEEXS, X2 B A LEEX, ERFALA T,
TAREASTEEER 1 ER 3, AXZHUERER 2 £/ TCM THEERF X.
YTAFEIEETCM EX BN E ERA AR LEEn—Fm, TEEX14LE
R 3HLKES T, FyMhamEd & EamERDN, aRERAE0RN, SHF
AMEAK, BB LEEF T, EX2EFEFEX, mEBR EWEERS A, Hit
Lo E T ARG L EN R A XRER SR, AREETUES T,

W LR 3 ISR, RATTUGR AW EFENAREN TEE, wHE 3.15 A
To NTEMEWHE E ST UER, TAFEAER | R 3 H TELE -8 TH
A, EEX 2 MBEAYFEFEX, B FEX T wERR EHEELR/ADN, BEibdRE

58



WL R (i F-F ARERSEEXTHWEE TAFNER S

RAFERER, FRAFL2MZBER, FRFE2BD. B3162HT —AMTHAHA
AT RENBAETHEY . G-I EATEAR M AREIFERASEREX. £F
W 4e R TR, SRR T o IR LR IR B 5 A R B Rk RO K

___________ Van(6)

e[| IIHEHHHTHL i

M1 M2 M3 M2 M1

Bl 3.15 T &3 30 25 A THUE 2 A B K 5 Y ok R A

Vg(6) ! R
M1iM2i M3 M2} ML L

st | IO (I i,
s || I 00 O e
s3 [ [T | | jmm ¢
sa ([T [T e 6
0

S5 | >
S6 I >
0

316 TREEREE - NTHAHAFT AT X EHNRA T HT

RE LB AT, B3.17 %47 £ T TCM R W2 & &40 T Al & i IF XM
Exth, CAHXABREERNTHETR, HW—AGHARE I — N THAE . E3.17(a) &
AT BT RMEdL, H3170)R TAHSFERFEHAES | HESX 3T XHE
W4, F317(c)2 TRAETEFEFAER 1. 2. SWFARERL, HAWEE 5K T:
HR L EE A 400V, = FEJE A 220Vims, 347 #E R 120uH, K EHERE A-1A. 3t
& 3.17()F E 3.17(b) T LAEE|, T B =@ FLEMT UL ZFEET XME, LERERRY
BB R T ARG R AER 1 AR 3, L Pl E B0 8 4 B — i,

59



WL R (i F-F ARERSEEXTHWEE TAFNER S

FTARIEREE 0. XEMBN 2B, AmAEeRENEEZ/), FRERE
RAFERDN, FRAREK. BREEWEX 2 FEALEREW LT, mAEX 2 (EH
HEBRRE, TATAEL2FREE 0, E2BEX 2 ZFEFEX, AT AME2 LK.

EABANTBEREEN D EMERFL T A8 ENE SRR ER, wE 3.18 fir. B
39 R XM T RS X BN RER, NWINE T REERD va o ULE HH

S A % S A
300 —or 300 — 200
B0 200W —y =20 —
S A N = A N |2 o
5 180 /ﬁ /_\\ s 1801 200w —
%E 120 \/ ;‘%2 120 Y\ /\
= A | = A | —T—] /A
[ wsoow [T—c— \ 1500W = ‘—M \
0O zl4 7l2 3zl4 T 0O zl4 7l2 3rl4 V4
0 14
(@) (b)
300 T
N 240 - ‘3835
< ~ 10004 )
st 190 200W T o P
ﬁ 120 dEN A
R NN —
aniie————id
0 zl4 zl2 3rl4 V4
14
(©

B 3.17 £FT TCM AW A E R BT RFRBNITRMERN ., (2HERE,
LT AFRERARAEA 1 FEX 3, T AFREFETKAHEA 1. 2. 3,

Al 3.18 AR YE B P o, A0 B U AR P A R R B BB R TR K

60



WL R (i F-F ARERSEEXTHWEE TAFNER S

400V

400V

200V 200V +
ov ov

-200V - -200V -

-400V - -400V -

0 0.01 0.02 0.03 0.04 0 0.01 0.02 0.03 0.04
i 1] (s) i1 s)
(@) (b)

E3.190 AN A BT BS L ENFLRY. @QAFEEE, T AFLE,
3.5 %4 T AW B LA k&

3.5.1 TCM #£ =X, 84 5,37 3% ] J i 15 IE

L LG, 0+ - :
E "=V 12w () /2y, ok i1 vy r DIA E
' i i b A :
bl = S0 O o mpsts . :
: Vbus _Vg (t) :

K 3.20 %k F AR A 77 X I TCM H# =,
AENTEANETERABRIERFBEEANE M TETR TCM R, Bl#EL
R Te] B S IR T K o A R R B F LR A 7 AR S TCM 4 K, 4 [ 3.20 AR .
R EMEAERE F (ACST30) #HATHAXSF, XFEFENEERFSEE DSP EEH#
W B EN, ENHRBN OB L AEN DA HEERRUR HERL R, LiEHK
MEMHESEIORM R M ERERALE LR E—NEHEMAES, B ERESH
B—ANFFXAH, —NFRABFEHEERTE, TEWFENE 1, £ DSP E@EITH

REl, xEXNEHRE LAMTE, SRETRLE B RERE LR @ ERAF, A~
61



WL R (i F-F ARERSEEXTHWEE TAFNER S

BTG RAE T ULRETH T K B

R R R, dAERHRERMER S LNETH T oA ERFLE,
MTARG R ET R FITE ., HlFE— N ER LA/, wRG-DFTRe Lamn 2 K
LR BT LR B B /NEL,  tdead A FLIXEY ], Chransisor = H1 R E i H L, Ve R i
ZEreveE. B8, RERRLFR/MEWERGRE A EF@EER AL, a5
B, M EEAAEURE LR E T XK.

IB 'tdead =C VC (3'9)

BRI TEY FEDRSEEORETER A, L2 keRERKPIEL, I
ST B 3212 BT B ASRN B R E XM M K W R vis s
RS W B A e R LY 18, iy & DSP R BOR B R [ BIRE, ip & BB TAE SRR
RO B AR o 2 v R LR IR B BR B R e B R B, DSP B H R MR B E R EF,
SRE IR AW E T BT e o MTT MR AR E T % B S & B IE KW /7 7 JE A
ta, E AR SRR E SEFR R B 2080 R e B R B R 2 AR A, ] 3.21(a) P EY R A TR, X
IR MR ENER -8, E2ENXREX 0 TR,

Vis-1 (D)

S

Iy (8) =y, () =14 - (3-10)

EEfReEE S, HREWAMER ZE R, FAEXTUEE, SRNBE#EL
AR EH RS, BRAELST—H, REERts AT ENE, wE 3.21(b)H
o BTRMEEEFNTHAHNEEZEME, SEERHEL R LR ELER
fedy, HEMERe R e Rt FEA2ATRAEE T E L.

A A
I I

___________________________

|

1

[

o

[ o1

|

—>

E

1

1

1

1

1

1

1

1

1

i

IN

N

TN

1 N

1
TP

]

1

If—"‘

TS A AN R IESLAT \:\:\g
\
i w e
— v — f
td td
(a) (b)

Bl 3.21 o 2 & K WAL AR W BRI B R B o B

62



WL R (i F-F AREFSEEXNTHWERETEFNEL S

WELBAT, REERZTHEBRE, 2GR ERER T RS ERHRTTHE,
BRWREERE i R ARME, BAGETHRBTRET ER, DU K W 5 B2 8,
REF R, WwEH 322 fir. £46RG-10%F, XTANMELE, ZRNBMEET
MR LB ERRENEE v, URESTAM, F SRR W R SR
MTTARERS, FETENIAEER, ZRNEMES Ta & EeEEEX | fr2 B
ETFHWEE vy, EHERIHET ve-Vi2, BREHWEERTEESET NN, FHIEZRW
R e mt AT 2 B

4A

2A

0A

i

2A ‘ o 2A ‘
0 0.005 0.01 0 0.005 0.01
I TE] (s) ENO)
@ (b)

Bl 3.22 3 FF KWL AT K [ B 25 1 R R R B B Y

HEEAMERIFEHR MEREAB RGBT RATEEH. F—, S
AR E BB ST, KO R A AT B R R Y I (L A, X230 T I Y R T
B pFREBEALEFRUNFTRT, wREXARBERN, B RERAERA,
ERENABTER TR EEREE2EAR, BRERNEEAURFERE2L—FE
e B, TAFAZEK e RERE I B ERL, X288 P e R ey gy R
. ARRNFEERR meRemn e URfFESs, FEF2RAT “07 HERE. AT
KRB XABOR, ¥ ULKRE DSP B @ AR L B8 By 0 AT RO R e IR . K (3-10)H
TEBR A T UG B R B BRI ME ()W R B R, wKXG-1D)FTR. EIRR B RIRE int)
RATEERME, o 58 W KB LR 10 7] DLE I S S0 L IR RIAR 2, S B
YRR vy P LB R AR A S e B2, mltst e Lt B DSP EE R
MR A, AT affEREMm T AR Bk, DSP B R M ERBT A i) &
KA A K (3-12)F R (3-13) frm . 17 e 8 P X AME E o R e ik 2B, 7 UL
REGERNERERKY, WH3.23 Fix.

63



WL R (i F-F AREFSEEXNTHWERETEFNEL S

Ls— t
ibp(t) = ib(t)_td 'V Lf( ) (3-11)
O =i, —t, SR (3-12)
L,
i —tt-ﬁvg,ms sint), HEEtIAI2
()= (3-13)

Vbus )’ *ﬁ :—EE3

.t .
Iy _Li' (\/Evgrms 'Sln(t) - 2

4A
2A
0A
2A % -2A %
0 0.005 0.01 0 0.005 0.01
i [A] (s) INF[A] (s)
(a) (b)
Kl 3.23 & IF Ja i R 1 B B B R (5 B
3.52 T EAMEH ePWM B &
— >
a3
_ ] HAMWM > 3
2
HAPWM -[>'
s2 HL S2
c2 HAMNPWM
| > >
O

BI324T BHE =F THEEXTHITRE THEH

T BAME A THEIANE = THERKX, DIEFA NG, S THERXTHITX
EIEE A 3.24 Brr. X 1B, S2F0 S4@mMAEA TE; X 2 B, S1 5S4 &5
EANTAR; A3 M, SIMS3HMEA T B THMH TEEXTRENTEEETH,
LEABRXTRARBEEFELE TAREARAAXEREFRE T A EE, KL
EHE R EREREY LAY, PHAEERAE. ATRE - EEH PWM EIRE
Xk, TREFRET R ZH, RFEZRETER PWM HEAE 3 o DL m v oy 4%

64



WL R (i F-F ARERSEEXTHWEE TAFNER S

AT, AT RN KA 3 i LR K Y R

EHEWIEFE, TAFER PWM ELE X HE 3.25 fror. S1 A1 S3 XA —x L 4h
# ePWM 5, S2 f1 S4 KA — LA HY ePWM 55, H4 PWM BT B ERERF.
LHHEBETOR, SIMS2ARER. YHHKESETHRME AN, S1 ER, S2HKRFE
o HHHBFTHRMEBA, SIRFERR, S2EM. WREBEZATRETHRME
A, TN S1 0S4 2FBIFE, &k EREFLAEE.

S1fFePWM 1% 42

S21FePW M 1% 28

1T =0 1T & #=A 1T #% % =B
S1 g BI% EIK
S2 g EE EK

)

i

&l 3.25 T A4 i ePWM L B 7 45

WEE 32 WELEEE, REAERMEMRMEA B, ST UETENE T FE=
TR FRET—f, XELENEFAAFARALT.

Al 3.26(a)2 T BAE TEAER 1, ELKEASETO0, WKMEB ML EEFHEA
B, S1 % x, S3 %, S2 fu S4 pAlMEAETERERE. TANE T SETBMmEL
o E A R R

Kl 3.26(b)= T M- E THEEER 2, IEIREA M BAFEN N EE-FHEN,
EIT R BB TT4e B, S1 v S2 Bl AT, e m it eunit S1. it A B F THRE A A
B B, S1 1 S2 [ Bf KX Wr, S3 fr S4 FlBT T, MATER B4t S4. WANEKRF, S1
1S4 ZHHEAFENER, TERE S TR L arEikz.

Bl 3.26(c)& T BME TEAEER 3, MEHHKKEASTEESHEN]E, LWRMEBF
THAEHE (LR EFEEATRELME). S2 %A, S4 %%, SIFS3pAlENEER

65



WL R (i F-F ARERSEEXTHWEE TAFNER S

SmE. TANE T REFL T R i & i@k,

| 1
S o
= ; P |
w = —_ S1
A
| o hEE4S
S1 —/ T
s2 s3
S2 T *
o |
Van
I
o
I - p |
T _— s1
—
s Il o4— a 1l
geed —
# S2 S3
gy —_— J S4
/ N\ 0
B S A - - o

(@)

EPWM
(&
>
oe)
L=
I
| I—
17T,
‘

S1 —
S2 S3
s2 T >
on |
Van _
T
O
i ; |
T p— S1

£ Il o¢4— a1
L —

# S2 S3

iy —_ J S4

__-/___________________\__I_'_B oM

(b)

66



WL R (i

F-F ARERSEEXTHWEE TAFNER S

EPWM
Mg &
>
o
L=
I
| I—
TFT,
L

o

S1 ==
S2 S3

S2 T >

o |
Van -
1

o
I ; |
T p— S1

LR
I
8|
2]

sS4

ZTTNE W

(©)

E326TAMBEE-MITEEXTH PWMEESEE RER., QER 1, bR 2,

()R 3,

REXMEEFX, REFEEZRETEAGLREA MBI T EFEBs#HNTE
MIEHR, THRGHEX TR, UE 327 H#], DSP ErEFLEEFH F4HLERE A
B WA, RAETHENETEEER ], WREAFTO0, RREBFTEEFHEMRE,
LFELREEAVHN, ERARANTFHFEHURE A B KELHWE, SHRE
AFMEREBMESE, #HETEEFERE, EXLHBRELET I X EAHTHBE T 28K

oo HHHWLBREB KRS,

THAME 2B HNER 2, HITN, BAT AN ERHF

IR THEEX, E2FREH PWM REFFEARE, AFEREURERTUREL T
AR B 3.28 ¥ TH A A By Rt Ry, BFase T BERNE T #

WH K.

1 12
‘ B RE
i | i WA i |
A=0, B=Tonl A=B=Ton2 A=B=Ton2

K327 T BHFEER T #or & E

67



WL R (i F-F ARERSEEXTHWEE TAFNER S

T T

2 T
o WL H/ iyl

/ :

KL
VA A 5/
AAARARIN AR RN

Bl 3.28 AN T 47 2 HA iy o K WL A BB Y

3.5.3 FLUREFL A JE F] A

BMTAANERRR =B TEN, ERATLAER MEAEHK, BRFEEEHER
A, XERMNEMSN T A E = MEX T HL A0 BT EL UK T ESL
W, e A R L. B329% T — M XEAHANEREREREL, N+
AUERERBMERA NN BN RN ETE Qa1 Oy, EEFTEFXLETER S
WA B A AR R AT SR, B 330 T W IEFRER T AR EE=
MEATHELAEEARRERL. FEEEWE, AR IR I FLERFAEREEER
REGHE, MERBREXN LRI I EHFLRE LA T E, A AL SERENHEE
RTASFE. FLEE LNEEE—NTXEAHA AR E 3, AL EReEE
BRI XBAMTHERRETERREE. AUWRNTX ERE G LB A TR ES EREE
EREAT T, BEEEMEZGAE AW EHREEERTEETHRERE, HBRE
AN FL B AN MBS, IREEFLAEANETER T EmEM AL, ZMEXT
WL B A T BRI T, AR e RARFA E R 3.1 F,

R 1

HMRTENE, C2HERSMERERE, BHEAEESRK, REBRWEFREE
AT, ERFEL% Cl TH. BAClL A C2MBETMERMENEMMEAR, AT CI
WMABREF T C2HHEEE. F—FHH, RELAREXAERIE, FLFREMTE, Cl
MAHELS C2HHEENRRETERERATNWETE Qo HILFTLUEE, Cl HHE
fRERE QJ2, C2 o RMRE-0.2, BRERNE, FLEAE BT EE RN,
Bt C1 Fn C2 #9 B 77 BARAL 4 0.

X 2

68



WL R (i F-F ARERSEEXTHWEE TAFNER S

HMARAENE, ClIC2 —RkeEsmEREdE, REAAWEFREEELE, 7
LAy IhEt B s ER IR HEaE 8, BAT S, El Cl fn C2 MM EA A 0. AE
BXRE, Cl nC2 REBREE—FEMb e, vE—FxE—FKE, ATl
FHAREMEEYE. ERERNE, BLEL5HREEEHITH, FFfClLAC2H
w5 BARAL 4 0,

R 3

HAARENE, WEEEPFEX 2 Ra & —4#, Bl Cl 7 C2 W F R R
K0, BRSERNE, WHNEXVEEX 1 WAENE—#, AEARERERNETE
A Op, HM Cl B8R RAE Op2, C2 B8 M7 RALE-Op/20

A

&1 3.29 —/MJF 5% J& 7 1A B 2 A me X B U U Y

Cli — —

Cl=— ] cl1=— ]
O e @ @
cl1== Cl= ?L

()
Q <
||
I
T3T,
;j
)
o Y
N
||
I
)
Q J
—
]
1

1 J
(@) (b) | ©
K330 EMEFERTAFREE-ZMEX THHFLEETKEEFEL. @QEFER 1, bER
2, ()R 3,
k31 ZHEX THLBEERKBENL
R 1 K 2 K3

RN | SR | RERE | ZRNE | R | SZRhE
Cl 0.2 0 0 0 0 Ov/2
C2 -04/2 0 0 0 0 -Op/2

69




WL R (i F-F ARERSEEXTHWEE TAFNER S

WAE L EH A, BE331 7T B MEFARRERPHELEEHEHH L (K
BAFHL). EEX | HEXEMEFHHE, Cl THE, C2 HH. EEX 2 B IFH
HE, Cl 8 C2 A RAM. EHER 3 HEZRMBEZ WA E, Cl FAARE, C2HFRAME.
WL B R R AR, X BB,

B 332%HT7 Cl A C2 A THEAHNEELMNES ., B WIEF AR Cl 24
T BT, C2 RAENWHA RS, BN AFARMRFAER, C1 FEAEs, C2
T B AT

4 Qo
I UL i b R
Qa L "
7 \\\
// \\\
/, \ >
M1 M2 M3 M2 M1 t

B 3.31 R IE 2 ] v R R U 0 P BF 2 R 23 T B

A

iE*%

S

SBHLT THAE FL A

THAE HLAiy BT

Kl 3.32 C1 Ao C2 & —/ T & B 9 o e AR AL 1Y #5 3

WL SE IR TARRT IE 47 % B B 2 12 X AE, ATUUR T g B 3L — s 5 R A e Ay
H%, NEEHENETLLHNER, NTSREETHE. EEATHERA 2T HE
B IE® THE, HEEHEES. 3334 THEESNTER, B FHEELAN
WA SRR E ClL A C2 B T, NHEM A ES 4, EXAFET CL
MEBwfr, C2OMBEREN, RLAAHTClELAENT, C2HEEH., HhHY ClHAEER
T C2 My JER, RikEHEMEiNT R ARER, E/ C2ELMEA®EM, ClE
ZHFE R, 4 Cl WEERT C2 W R, MiZILIEFE M ERA T fF AR,
EHECIELRBEBEA, C2ELHABRN,

70



WL R (i F-F ARERSEEXTHWEE TAFNER S

i LR A
S I Ve1 < Ve,

S CLBEEEH R

Vci1> Ve, / t
C175 2 5 L2V FE i fof
C2RE T L B A

] 3.33 i 3T 1f By LU 4R A 2 I SR 12
HAEER 22 AXHECL A C2 R E, KEFERM M RER, wE 3.34 frox. —4
EEEMT, AFRRAEANREERES, OREERFLABEREERTHWEEME.
A EBEER, AFTHEANBRECHATHRA, ATEAHE. REFEHERES
SRR HE TN TR ton, REXAHEFRE, B335 5T HENFEEY, —
FHEFLEEEREELEE, 7@ Cl M C2 & EEHH,

\ 4

4 ik FIRTE &
C1T TP HUEIER >

C2 | |7 B wmmzn

V) , _

380 M : : '

360/

D00 A VL o AP NNNNNEBOCOBNNRDECEO
/A AN MJ,fﬁffwfffu«»f*"‘“”ﬂxf“”qW PO ”

1907 anquva”:' : : : : :

ISO_HPE/&.”..”..”..”..” e

170 / VCZ‘ i ; i , i i i :

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 ()

&l 3.35 3 E 4= B9 05 B

71



WL R (i F-F ARERSEEXTHWEE TAFNER S

3.6 T & o % 8% B AL AT

O
+ P
= JEl}Sl JE}SS p—

+0
o
I
ey
wn
=
TF

|_}35

I S e L
- Jﬁ}54 JE}se - Jﬁ}54 E}se
- n - n
(o ® O *
(@) (b)

K336 Fftmiinds. @QefEts, OTHEEE,

AR IET TCM AW ARt Z B TR X BNFAEBTEMINLIEK, A
A TARASTFRERE OGRS, B336 EFSF T BT RS T EWEEEL. &
LA 6% 2 5] 1 IPW65R048CFDA A AT Af A, iy @ L3/, Pl TEEE &
hE, RNXER T XREH T RFAIT XL,

REREKRESUTE, BYFEEME2# N, REZLHERWARMENT, E
337 2 TCM Z AR M T EE, A RENITEwXG-14)r. 2346 7 LR 2 = A K
WH B R Z R A G-15) T

A

FLEK FEL

VAN RN

to ty t

Kl 337 EREBER TCM = A B & E

e Lyl gy o gy ]
Lm_T[ﬁ('B+gt)m+L('B+“ tZ_ti(ttl))olt} (3-14)

|mE=JG'@_BJBJA+K) (3-15)
3

FRVFERNTENFTERGEREE, G THEEREZREFE, FURFEHFE LM

46, MIEEE W L E] IPW65R048CFDA ) PSpice # A, #4485 )\ 2|47 A2

72




WL R (i F-F ARERSEEXTHWEE TAFNER S

P+ iSImPE 4 2 09 ¥ fior L8, 7T DUAR Bl 3 28 R BT B A B9 W R OV A R B, an ] 3.38
Frow, st DR B R B R & 7 £ KRBT AR . B 3.39 & m it is Bl By — 4 AL ey K i
Bt &, A HEWLA T LR B K (3-16).

Vds

I - e —

0 20 40 60 80 100 120 140 160 180 ns

&1 3.38 17 FLHMF 15 B B 3 3 8 X Wi W A5 Y B R RO A R U LY

200

180
/

160 o

_ 140} .
3 120 /
- /

SEURIRE
\
\
N\

20p e—e—*"*

0 5 10 15 20 25 20
SUFERTE (A)
&1 3.39 Bt A 145 2By — 4 $2 A B MOSFET % Wr 4 4% o 4

W, =0.2228-12 —1.3345- | +24.344 (3-106)

ETAKG-15RGE-16)T UG EZEWFEFAF XBARTIHE, FRRECE

B A T T A . R(3-17) R (3-18)& 4 3.36() T 2 if X & X

W@ ARAE R AW R AT E . RG-19FXE-2002 4 E 3.36(b)FTr T AL BhEE

S AR A KW AT, HE DDy Al 2R | MEX 3 PR s, B
340 & T A o & e R Y R B E o

PFBc:ond = i J.Oﬂ Ir'2ms . Rdson : 2d9 (3_17)
T

PFBSW = l : J.:Wsw : fswd 0 (3_18)
T

73



AL A it F-F BARERFAEA TR TRAANEL R
Tcond /2 I Irms dson (2 +D )d0+ S I rms dson -2d0
1 Y (3-19)
+m Irzms dson (2 +1-D )d0
Tsw — L ’ %Wsw : fswdg_'_L 'J.HZWSW : fswd9+i. " sw ' fSWdH (3-20)
zl2 J0 wl2 Ja wl2 Yo
15 T . 15 . ; 15 . |
S 10- 1 2100 { 210 -
w Pegcond w Preong u
=y 1% 5KPre i
Prow e
et iiaiaialalnieliaiel Salisisiaiuiininis T |
00 :II.. 15 00 15

0.5 1
R (kW)
@)

05
i (kW)

(b)

0.5 1
E (kW)
©)

Bl 341 shEEHAAdL (BRE 180uH). ()2 & & EFAMIT XML, 0T
i R BH TR RBFE, QefEXTEMTALERRL BT,

05
BvsES (kW)

@
B 3.42 REHAEWE (BRI 1200H). (4AH T ENSFERAEAIT 274, O)T

AR BWFRGAAT RBHE, et XEMTALERRLBHETH.

05
R (kW)

(b)

74

05 1 15
hE (kW)
(c)



WL R (i F-F ARERSEEXTHWEE TAFNER S

15 15
210' .“IPFBSW B 210- B
-\ﬁﬂﬁ/ PFBcond }3‘% X PTcond
Bst <o 5 Prsw .
0O 0.5 1 15 00 0.5 1 15 0O OI.5 ZIL 15
iF (kW) iF (kW) iF (kW)
(@) (b) (©

A 3.43 hEEHAEWL BRI 60uH), (&HHEE BN FEREMIT 2HHE, 0T A
FEBRNGRFHEOTF XL, OFELTERT AT EL AW,
RELEBALK, TUREANELT R THE R BN X EH A&, B 55

T: HRFLEEN 400V, =K EEHN 220Vims, K HERE A-1A. 3% B & 5 E

180puH ., 120pH 7 60puH, ATWEZIE 341, E3.42 i 343 Wh R ERMAWELE., B

AR SR AREZNEEN TR, BRSEN, BT RAEHT. N LB

2% LLE LA iR

D A RANMERELR TAHERE, BREFXFAREETENY), ERFSERAL L
TEHY ME AR, FRFEZHE I, FXBARBHRD, BET XBAELEF

E—ANREWAF XRAABRAERH LR BERAT, ERETRMERKT,
Bl BT X AT AL A

2) ERBEWFRAEMA, ERIBRUTXMERMBERBEA, ERIEERNEX
FETHNERLT, BREEEURT, XGAHETER Mk, WM T RS LXET
UEHERFBRNIT XMERMGE, FRAFERETEEGNAEER,

3D EEMAERETERNERLT, TASTENFXFHENTLAHELE, TFEHRE
ATeHELER, H3METHERTRSANETENEESEBFANLE, XEY
MERRFHEE, TUFR, YHREAR, XMV EZRHETRE. 4T AEY
THWT AR FATRERAS A, REERERE. NEFHERAGHLT
DEE, BEN TASTENRFHER. BEAERME, RERESHILER R
K, TEH R BN AN ER BNFHEM RN, EEYARAT —ERER, TA
FEBRNRFHRLE LIRS LE,

) EERTE BB L R, ERERNENERFIR, BEEFXAELARA
T, HWEFATHERNERLT, HEETHNSFEFERFELL, MAXBAEST

75



WL R (i F-F ARERSEEXTHWEE TAFNER S

RAEFIIER, BB, JTFRMERE, FRVAELKX,

5 WEEWIT A FABEMFERAH LA PMRICA, EXERMN, FEITX
mEME, TIMRICARES, HATAMARELRAET SWHERK, AT TR
TR EETRR R A URAL.

1.3 T T
I:)Tcond
I:)FBcond
1.25F _
1.2 ' :

0 0.5 1 15
h#E (kW)

FI3M4THERZEE-MEX BN EE AL LA
FEERITT, JEREMETBRNWERFEF AL K. FATERE I NI EY,
AURKSESE, ANIAFE XS TEEETNIRER. ATFELE D HRET
KRR LERA, B T 253 8 09 AR R 7] DUBRAN AN o e, SR RVE/ Ny 2
TR UBNERER, REDEREE, B2 TafEXETNEFRAE 2 KIEE .
WRATRERZEREEMELE, URRKIT RMENTT XAHE, ARENEEZNE
i, RE—MREAE.

3.7 LRI SR RER

AFEET N IkW B9 28 T B WA SRR L THEREXfEfl k. B 345
EEMETAEFME R SNERER, KFEe T N ERZNS AR, EXER XA LR
HLREER, REHMERA . ERFEARENEEMA LT ENEEEZR RS
W EREA, FHEREASE A REEEURERREFER AL EEN TR
B, SZRENANTEEHFENET I, BB LHRNENEERES, UHTHERA
WrAn s, W BRAEEAEA 1, TRELHp ERHENGE . AT EEHT RS LTSN
MEWRT, RIOFER L TCM EXN 2L X BEAX . T BFEHLEH
Ba, REXETHRAANSNEE (S2H183) stabREZ MM, B TRHERZE A
A 3420 25 B SE B FT LAZE ] — AR AL B Sk R #EAT RT B

76



WL R (i F-F ARERSEEXTHWEE TAFNER S

[,

| S —————
| |
| |
| |
RS2 =Y R R Tonit& mErEEs ||
DA || Bk D B gAY B I LA | !
: :
| o N !
1 [ !

Al 3.45 #48 T AP & Bz dlE R

K346 REMTAFNER BB K ZYE, #IEHDE32HT. BAELEY
FRA, T RERA TO247 %, FERFA S EEEENHEE RERFEH A,
B RERETE R LR RERE DSP Bk Z 0 K M R T RHAATHIE, KX
A Z AL,

WH BRI R T, kAT R MR Lo L BB W XMERNGE, Bk
RLZARYE T BT ARE R T Lo HH BT XA F MK, FATE AR BB R AKHF %
MEMABTTAFINHMERE, XERFRRARXAEREAL 25kHz £ 4, wHEE
1000W #E AL BT 75 B 0y B RYRE A7 120uH. 8 TR # R IR H B2 Coo Co M L — MR T —
A LC VB B B RV TR T AN E W RS o T Lo R IS T, Co 5 2 VB I8 P B
EIE, CoMhiA, BIEMEMMK, REMREBIT. B Co KA i 54K & 8 A
kB, ARFAR SO ER, B rait A, XG2DRELI 2 EH & 8 HF
FHE Coo EF Prarea T 1000W, wg% T 21*50rad/s, Vems & T 220V, 1% T 3%, ®
WHH Co% T 2uF, AHRH, Lot Co L REYE LI E K4 £ 10kHz, L 1 Co #0845,
% J5 8 WM B R Lo 39 % v, 8% A 8 A0 WL A R B A L e R R, BN AR S
EREARARKEE, ITH)EREAMMER, XHEEMR T, FIFMEREER
T A EAE T, ATEE SRR AR C k. RE|BEEHRITER, AWM
MR LI A9 RUE K AL 10 (ERBEFRAET), 2 ERIFWIEBEBR,

e 3x 245 2 P 2 R AE A 200pH.
77



WL R (i

F-F ARERSEEXTHWEE TAFNER S

Kl 3.46 HAH T 2 3 M if A 25 o e B s 4f
*k32 LW HH

K i @
= Vbus 400Vdc
e Ve 220Vrms
BUE Th & Prated 1000W
e LR L 120uH
IR K EL C, 2uF
PR ) e, R Lg 200pH
JR_ 18] B ip 2A
VIES \ IPW65R048CFDA
TR \ ACS730KLCTR-20AB-T

DSP \ TMS320F28035

(3-21)

Bl 347 % T AR S TRHE RSN EREY, AEETEREREY i, &
WAE S THNE S R EZRT v NEREBREFRE, KAMERLFCE
RETAMz, EEEAEXBRRER/D, SRERAERA, HRE XML KR
MEREELRTE, DR ERREA MR —FEL, MENAE THELERE. X
TTRELSE, ETRANEXTHEEXAFEEHMEA G R m R FREFEL,
FEEFEELTAL, FRAEQMEERMK, UERBLELE T, FHilts XS0 T
R An THAE 28 c i, ERAEREY L2FEE - “AX7. NHME + i d
WM ZE NI UEET RS R RS B P, EEEER 2 #E YR E 2T

78



WL R (i F-F ARERSEEXTHWEE TAFNER S

WA, 2PN, —FEATUBRRETER EeE, KTRETXME. 7—7E
AR R B R L A7, R R K BT IRAE . X 7 AR BT (R A AR Y T
KA, HUKE

4 2019/05/31 1520:19

Vap(500V/div)

||_(5A/dIV) ||_(5A/dIV)
(a) (b)
B 347 AMEZREMTRE TR E T R B ERVAEREREL . ()2 fE T E,

(b)T A ¥ 2
Kl 348 BAMH T B T AS T BENERERE K EEREH. T AT EFH

AEFANTHBAMAF ARV, BT R A3 2 S it vE .
w‘m @ 2019/06/21 1621:04 % ZbMS/I zg‘mmaf 20 A

Normal Edge CH3 £ 0.40 A
25MS/: futo

Mein 1 1.5 M Sms/div

Sms/div

i (10A/div) i (10A/div)

(a)
Bl 3.48 A& SHY R BB A EEIREY . @efFELE, 0T BERE,
K349 ETARSZBE=ANTHEEXTHHETHEY . EFE TEERT R EEIRL
REZI T EMPOITE, AEX 1 EX3, TARETANRTEERFERGLEERN
=, Elmad R e X e E BN, BRERARLER, JTRMEMIT XA ME
e EX2H THREF R R EFTERFLEE, N PAES T B EREER
K, TERFMEMTFAGALR G R 2 FEHLERR, 7R W o F 81 0f &
R ERAEK | AR 3 Tk IEE TR E AL

79



WL R (i F-F ARERSEEXTHWEE TAFNER S

YOKOGAVA 4 2019/06/31 16:12:36 Normal Edge CH3 £ 380 ¥ ‘m’ 2019/06/31 161257 :&!ME\ Edge CH3 £ 380 V
1 ZOMS; urto

ToomT TR Tow/d Vab(¢-00V/ jI\Q ToomT TR Tow/ v

Va5(200V/div) R l
e o O A A O

I (5A/div)
1. (5A/div)

I NP U AVAVAVAVAVAVAVAS

YOKOGANA 4 2019/06/31 16:13:21 :klmﬁ\ Edge CH3 £ 380 ¥

Vap(200V7diV) = T
| \ | | |
1L (B5A/div)
o / \/\/
N

(©)
F3TRSZRE =N TEEXTHHET R . @EKX 1, EK2, (X 3,
B350 2 T RERBANLEHEE T REBRLARKHRNE T RHY . T REH
W E R R AT R KA, A T A E AT R T 2k, B e
N AT SR, NIRRTV T U B F ARG R . IR R £,
HRERTHES, FiLaPmi BneEyRE.
L i MR, ERecsE gEEee o o, fmonse

5 700 Vom0 5.00 Ao | 200 Vowdon o 5.00 Awdn |
Ames/dive

Ams/div

va;j_ZOOV/div)ﬂ_u_ﬂ N7
. ARV TR

) I|_(5A/d|v) 0 R W U S T O S

IH

(@) (b)

&1 3.50 T & 1 4 25 % 37 B0 B T < % 48 L I X 7 e 9 400 B Y
A 3.51 BRAARFEFEDE PWM RRANEE 7 AR LAK K74, & 3.50 18

80



WL R (i F-F ARERSEEXTHWEE TAFNER S

o, BRI RE WG, BRERRFESE, THFETHRIEFE AT XE &KW
WREET ARG, T DU A B IR

YOROGAWA 4 2019/05/31 16:14:21 MNormal Edge CH3 £ 380 V YOKOGAWA 4 2019/05/31 16:1527 Motmal Edge CHI 5380 ¥
stdbped 1 126MS/s futo Stabped 1 126MS/s futo

F 200 Vom0 3> 5.00 Aagydin F 200 Vamwdtm__Fi> 5,00 Asgdn
Ams/div

ms/div

LMW e P Vab(TZ%JOV/diw“ﬁw F]_’zu_‘ijl'
i G A 1 iueAvdiv) T
(@ (b)

B 351 T &S FHBRXAG— ePWM B E B K 77 389 40 % 5 H
352 R TASZRmANETBENREN L, ARRERFAZFNAXMEALR
RAMZFERA, HEHRFEFREERFHENZER S, BUBEEZRFIA, YHEKE
B, AAMESERENEER S, AMERBENFTXINERS, TASTEA NS &F
GBI XMEERLRE, FAUFXHELD, BB ETT, wREE T BRI —F
BN, FERBEEFAN, TRERENEARRCENAL, FROBRERALLE
.

995
99 99 99 99
99.0 - 989 —* A ; A 989 989
988 —589 939 939 989
—~ —58.8
X g 98.7
— 985+ 8.6
B L,
B 4
X
98.0 +
97.8 —o— 2/{-TCM=/iK
—A— TE: TCM_% Nivd
975

100 200 300 400 500 600 700 800 900 1000 1100
&R (W)

B 3.52 T AU 4 88 fn A 18 B EI B R AT 1

81



WL R (i F-F ARERSEEXTHWEE TAFNER S

3.8 RE/NE

AFHEREFFEEXL A AL TAFNE LS, ARIETREFHNAET

ER 2w FEARERITRMET XHHE, AR URE. AFHHALELTERE:

Iy

2)

3

AFWRT HAEFFEEXNTHRITXEE, Fo00T EEHFE, FefEX
BAEFMREF TR T RMEHATT AL, FHOELE, EEXERTTHERL
T, ZRRRERERFEBEXNTT MR, LA REL R EOER. £TH, &
FHRT LR PREARRER TREEXFAANT M. &/LFE LS e FRE
¥, TAREEZEARES S, EAGREMSD, TRARMK, EXWHEEE, Bl KE
FAEM T AW E L BHTHA,

AFWESMNMT TEERREFFEEXTHER T AANELEHN THERE, RIE
B EEMERFAT REENAR, TAFESH 3 ATHERER, LFEKX 1 E
A3 AZBFEKX, TUAMBRIARME, EX 2 28X 1 R 3 Z [ EE
X, BTHEFEX, EUMAEME Rl ERFLAT ReERER 1 R 3
THIEE TNFEM, REN&HFER SN T REXSZNTRMEHTT L, X
KA, EE TR RMEENELT, THE X ZAAHADWEARR, A ERRAAE
T E A,

AFFHETRT EMT RHFMELBELRTEFHN=AFA. T FAZLRE
FREREANERERREHEE. RREFRXART mENN T, TENFEN
[l DSP Bt B RE, S EMASa B AL, dTHEEFERGLEN, K
MERERAAERE, AFEBLAMZRAERAFEARGERTER. F =4 F A
ETHMES PWM ERIRE, TRHERSAF N THAMNGFAE = THEEKX, &
FRUHT - MHoENPWMEELE, EEATRHAFERL T XENRE, RE
£ ePWM % 25 B W £ 7 Bl B9 BB AL 7 DA A TR, SE3L TR X B m ¥ 77
FE-AFATERGREENHE. EoMT UaE, EFEFE Cl RERA, C2
HAERR, B AEE ClLEARR, C2HEARF, BEAHIATHEHR, WRCl &
EwT C2 ek, MZikE+FANEREAS/DNT AFANERES, EC2ELMER
o R Cl BEM|T C2 BER, MiZiLEFAWNEREAATAFENERiEs,
" Cl ZMERM. FFUERRA AR EMmAp—ArEE3, HE k> EBRE

A

82



WL R (i F-F ARERSEEXTHWEE TAFNER S

4 AFXNTREEXZMARET BN RECNRARTT R EQN, FHHOERE, X
PRELMAT GO FIRE, TAE X SR T AMEXBUERMARRAHA L,
L BN RAERRAM, ERABROTRAAELMEE2 LERA, L T A
RBHETRABUTL) LE, BEBREFALKRE. SEAGHURREAEE
BB, T AL 3 E A ARSI R FAE R BOE, TR R i B R

83



WL R (i FWE dEils R FEEXTEAM T A F #8955 K ek o 81

FUE EREFFEEXTEMN T B WL B RNt

4155

P ENFTEAERFEEXTEETAFANE T ENEARATHERE, #FH8iTHT
—HXBNBE AT, FHELI LR T AN RENRA . AL TEREMAFE—
WEH, §—, EFNIHMAYEN, TASFTEXAATHEER, STHETETFA
HEER (A 2) B, LFEEEMRFEX, mAEZTER EHEERA, HRIT XM
ERE. IHERT WAL WFAHE (BALEEXNEARE), EREFAAEEL
WHEAASF ToEENRIT. £, TRAXZEENRE TEEX TR BT HE AR
RA—HE, A EREERETTETEHSHT—BREEHE SRR TEEX ToH
IR AL, RS @A W AR BATS E A e RO R B, X
PR T R A A A, X BA R AMEFERET, KLY HR TS
RE R RE,

ot FEWEM, AZREANERT TAREERRERSEEXTHIHETR, &
AHTAFNET BNEFREHTT . H4E AN, AZETTARERET =
BAWERTERERHEY, URELTEEXGFHET TCM ZAK, XHHBTRK
EATHABAFAREHNENEE. 488 AR, AER ZBAWERT B R BT
BN FIEENTHBASMA, AN TRSTRER T A FIHEEX, B4 T EX TR
Y i LR Y R B A A B

42ET TARERN=-BAERPH T HFRE

300

— 200
- — 400y -~
7 \ 1 \
5 240 TN | Toow TN
< ! \ 1000w / \
—~ 180 T 1500W ‘ T
3 [ |
= N %8
2 W7 \ éy
) \ (]
60 \,g_f\ -
1500W i ;Esi

0

B 41T RHERBZHTERERTT RAERRE

84



WL R (i FWE dEils R FEEXTEAM T A F #8955 K ek o 81

W EH, TRASRS TEATERR (B 2) K, RLaWEFEKX, LI
KAERE, wEAL R, BEE/T A S BT R (F AL EE A A LR
), BERaT AT RMBHRAMKE, AT B Ry B e B,

AN T BEXSWATEEARE T — M THEFX, EREREVTHEELE
TCM ZAH, MEZBRIEHT K, ATARERERT LEEX L FHIT MR, E4
THANTHAMNIT AMENENTE, XEUELAARR, FRAETHEREWT,

| 1 111
s % B e}
2 = P ‘
& _‘:‘ A p— J S1
i
S1
S2 7 |
n p— S1
[o;
Van - a
1 1 op— 571
o |
} p | S2 S3J|_§
pum— | sS4
. H
T — s1 0
> (e
= __— I o hE
B / =
3@ S2 S3
iy - S4
I
N wl
T T2

Bl 4.2 e R ek A e i TR R B R & A
El 42 REREFRFAERFHANTHRETER, PWMERRE TS5 -8
M —H., FERANE, HA2 IrtaRERENATETREX LHBRKY, BAE
TREREEFMAARETH, FTUARX UUER Y B RIS R X B E Y, AUX S TCM #
KT HI = A
ME 42 FUEE, R EREREVE—NTXAHAL> A ZAES, LERE
AfBEOAMITTXAHZE, EWREB ATHRE A, YA XARTEHENELS T,
et S1 A7 S2 BB, FTEERMAERT SI, TERE T KB FTHERFLEA,
LB BETHRMEARFENELS I, WA S1 %W, S3 77, Bif#EiL S2 /1S3 L
G, TARET A THRFAT AB M. YT HESTHRME B B #NELS I,
BBt S2 X WT, S4 i, W@ S4A LR, TANE T SENETE, YEeREFTTHRE
BT B A R A R T — AT R R A

85



WL R (i FWE dEils R FEEXTEAM T A F #8955 K ek o 81

EATARES SE— N XABNEELE T =8, FUACEFEGBENEES
TERFAT RWERL. 52 TRS X ZHEEARH B TCM Z A MALL, REFE
HEEHY K S TRS . BARERANENEERAERFAF ALk, WELL R
R ERILEN, FTLLERTDEES T ERERARRIE, wRe e EEfT &4
FREM, BRRERZEE N, wREMEEETHEEAT LR, RREREZEERK, ¥
MIRSI, FFRAMaBK, AT UBRKTRAE,

ME 42 wLIEE, HRERHNEFTHRERAT F-FREH cPWM B E 7 K.
HHER, F_FRUNW PWMBEFXATERE T RS X F =M EAN = AR TIEF
X, a7 EH-E X B HEERYBER. Hil, Tt T RS X E THEEF L%
X, PWMHWEAREZR— T AW, B FERLNNNELREAMB, LERFTH
HRBZNEREENTREBHBERT . A7 —PMAEXE, T RFE AR EAEAA
T TCM = AR E AR — i, EF RN F—FER U =MELRN TCM = A&
R flan, SHWREAFTO0, AEREES I AL U, BT E B £ AH
Al AWREAMBRES, RREES IELS L EHPEEM A EREX 2; 4
WEEB % TAME, RREESTFES L, EHPELBAYEAER 3, FHILEH
WREXNERE G — T ZMEAN TCM ZAEER, £ T BFENEAERFE RS,
kz

FL SR FEL U
-~
I~

N

\

T T, Ts

'I"

Bl 4.3 —ANJF R B A B9 vE B Y B R LR Y
WHDEUHAT EHDRE TERRX, AT EEHVRRIFRENERTHME, ¥
ERFEH TR A H A X TCM = A K 5@ Bt B R IF1HE, B 5 TCM
ZRBREEEZFHENTE, X FHERAREGKE T BRI TE
B AR A AR, BA—MTTRAHAZBENFERA B @ E, 5B R R EE
BEEFAHEEARENRR. A3 2 NITTRAMAEHRY B REREY, £+ =
&@%ﬁﬁym%%ﬁ¥%ﬁdh\bﬁh%gﬁﬁﬁ,wﬁMM%ﬁoHﬁ%@%ﬁﬁ



WL R (i FWE dEils R FEEXTEAM T A F #8955 K ek o 81

BN RAMNE S TEREARMRERAT, FUFE—NLREME, w@-2)Fr, FHit
ZERERA LA LR ENEEE, A B s EE R T SR (e S R A
MK, ATHASERBENITE, FEHFEW—INRELE, ERNMEEEZA—1E
HE. AXREWYREMHRS T LRFE-DREELE m, wX@-3)FfT. ZHFR
BT —NMEEE, Tow T RERE WA R .

_Vbus—vg(éi)’k :V /2—vg(6?),k :vg(ﬁ)

bus

k, = L, 2 T 3 L, (4-1)
T -k +T,-k, +T,-k,=0 (4-2)
T,=m-T, (4-3)

AR B 4.3 7] UAH i Y B P AR B — M E R (4-4), £6R3E-1). R@E-2)F R
(4-3), [E 5B Mathcad ##F, | LLEFE| T IR £ K, R@E-5FT. X2 - MNEENE
R, ERMNAEE Vews. MHEE vy, BEERLURK GHEFTAR BHAEZHNELT, R
% Tofn Ty o9 A8 m, Bh¥] DUARIE B P 2 B 46 A L, 75 B A8 B2 0y 5 38 B 18] 77, 2 1 AR 48
HE m EH oo RA)E BNAREMHEE TR BT EAE— M, FETETL
BE T, BN, MESFAEFNREXAMLEER, TN TEHASEFEHN W ITER
AEERE XL,

ﬂ%@m—gmu{?ﬁw[a—npxhJkJQNLqu“maa—n—nyumwﬁ«fu—gnm
=1, -(T+T,+T,)
(4-4)
_ (4m+8)-L,-(1,, +13)
bo(mP+Am+4)-V,, - (2m° +4m+4)-v,
REWENSNTUFY, EEBPVEER T, REREREANE DA T HHE
m. EHEMTHEEAT, RESE m, JAME T, F T34 BBRNARTHRE. T
T T m 2 BB B R, ERTEE, —FEm FRBEAN,
M% = BB & AN, MFMRTAE, W 44@FF. 5— 7 E S e EER
THRGAT SRR, $-RERFHTE, Kitm FERAAA, BNE-EaR%
RETERESRTREERL R L, ERVEIFTE, wE 440)F0 . BILFES m
BE—NERABRERTVENES T, BISE —BRERTHE, A THENEETEL
FBBALANEE, WE 440FRU-OFT. RU-6% 5@ DWE3)TiE— 5153

(4-5)

87



WL R (i FUFE Rl FFEMEXTEAH TR SRS EH R hL

K@), ZRAEm EREXEX, HERAGEAENEEGTHERG AT REE. LB
BERTERFA T neEH, F _BEAELITRA, KHEREm T FE LR, WX
mBEEER, F—BERFTERALRAD, BRPDEAPR2BL =M. EATFY
TEHEE, mB—IEE, T—FTFmafkhA—IMEE.

ks

FELJRK LU

B | AN
# | L\
= | b\

yY > 7Y
/ \‘7 IB t \ 4 IB t
PR
T, T, Ts
@
5
ok
5
/ i
T T, T,
(c)
4.4 o5 T HAE m X EHE B . (@Qm A/, (b)m KA, (c)m BEZE +,
Tk <Ti-kg (4-6)
m Vbus _Vg (0) (4_7)

) [\/bus /2_Vg (0)|

abc

Bl 4.5 T B34 88 3 R A X R Y06 T 5 B B L 7Y

88



WL R (i FUFE Rl FFEMEXTEAH TR SRS EH R hL

30 (A)

30 (A)

(b)

©
K 4.6 ERBHAHET R, (a)alX, (bb X, (c)c X,

WIBRE W AT, R A TS5 EREFLEEN 400V, & F &N 220Vrms,
R R 120pH, RO G A-1A, AT DR R T A o A g 8 AR AR F B AT Y
WRER AR, wE4S iR, BRKTHEREELY, ERERTMENEEETE
=l — L, 46 BERTVENBETEY, MRE 45 FralX, b XA
cX, R EENEERTHELTREE, $STHATABEURGTHLA Y A0 E,
47 = T HF R ZLEEKXKA TCM = A UL FOEH TV B TT XA E A, ] UEE,
A KR BT T AR R XM E R R B, MR BT m WEUE, m A
K, BB RBAL, EF mBEN 2.

300 — 200y 300 —— 2007
— 400y — 400Y
—~ 240 — 700y e < 20 — 700
T I 1000w 1 < N 1000W y
% 180 550w < 1500% = % 180150 < 1500 7
L_J'Eé ™ Lt -hQ\, M, A
K 120 VAN £ iR 120 \\ 7 £\
T AN e w72 N T
60 g \ 60 — ]
1500W 1500W
09 714 z12 374 T 0% zia zI2 314 p
0 0
@ (b)

Bl 4.7 FRMEMS L, (L FEHEXKFA TCM Z A, (b)LEEXKFAEBL K.,

89



WL R (i FWE dEils R FEEXTEAM T A F #8955 K ek o 81

4.3 T B A &4 TH AR WK EH BN TERE

E—TREWERT R TEEX, R KERTAMENEHMEE, ELTHELE
EXNTHEAMNMARE=ATHEEX BB ETE TEEX THSENETEARXET
Fley, FREEZFEBNER., REFEE, THITEEXTHSER A THEAXFTEH
MBS AR E B RE T BR. EXREA T, BESEN TR
PG IR R H A, Mosh, BT HaWH R BRITT AMEHRE, K2 amE by
g, RNALTRERSEENTHAMNTURAE - THEREX, REET Z-F
EMERR R, XTFEEXT®, HAER, WHER2EMCRER, BlERT
B, BRAVE AT E ) TR A EEANTHEHN, B ARG KT LLE &
ENRMEERT. FTMATHERFL T REEX ZMEFRL,

WHECAERT, EFRERYEVRERE T F T8 E me m ] LIk = B 8
AT RN S ], NTREEVO R, £L—FF, HEAESR, mE
ARME AT, EHPENFAECENTHARAN, mBARESFERLTFE, B
WATRET m EAXENES R, AR T.

FA48 e 7T TRS T HAFNTHMAMN LN HA WA L. HF c RR2ENEE
ETHRBLAT AR ENER A, MNERVHENE _BERMAENT, AW a &
b B, ERMTVENE _BERMENE, RN dAEe &, BHBVENE _EK®E
TR E K o

P
= A
— Jt

st
Vs O .._E'E_g?_‘.a_rvww_‘ 2
—/

g
>
«

v

OF--=—=======4--
DoF--——-——————

1
1
1
1
1
1
1
1
1
1

c

Bl 4.8 T A3 A g5 78 A TH R A v JUA- 2 2 g i JA]

Bl 49 = ATREH m W ERSTEE, TUFE, m WREdGL 2 A WE, F—
B A mMhEMeEERdT e NTEUEEK, F_BBAEAE-)AT. GEFEE
BTERGFAT KR, BRPRONE BRI TR, LHX@-8)ES — B
TREESE —BREANEABERF —AERZWHE L kAT 0M 1 ZE, KHFT

90



WL R (i FWE wEils R FEEXTEA T A5 F# L B4 Rk w1k

FARE BRI 2 TREEZUEZTRUBRIARMERA T L. TR FHE2TE ]
RICE, MW B — % 72 W BUE b 2%

d

]
]
]
]
]
oa b ¢

e T
49 EATHBELN m 89 BE KR 5B
Vius =Yy () 0<k<1 (4-8)

m=k — 3~
PQUS/Z__Vg(H)

FLEK FELR
FLEK FELR
HLIE LA

o~

—

/
b

R

/

HLIEK FELA

HL IR FEL A

(d) ©)
F 410 RE\Em MBEREFNERERELTEEH, (@a &, (b)b &, (c)c &, (dd
&, (e)e Ao

Al 4.10 ZARIE m FEE K EAF R /LA B A BB f LB R B, £ a &,
mAE, WHERYHNE —BEmsk, ERVHEAN =AM, wE410@H . 5
TObR, mE&WHA, ERPENE —BEREIFLUEMNRZEHE A, wH 4.100)F7
To ¢ BAEAHITE, MEHENEEETERFAT EEE, ERPVENE —EERAM

91



WL R (i FWE wEils R FEEXTEA T A5 F# L B4 Rk w1k

EAE, wE 410 T, HTZE—®K, FZBERRABTE. 27 dx, mHAES—
BB Ed & b, TS B mpT Sl ks A, wkE 4.10(d)fir. 2T e &, m &Y
BEHNE Z Bl s, m BEEABE/AD, BB E BRI AT & 8 ] A8 RN,
T 28 % 56 — LR PR B MR B R M R, W 4.10(e) T

S i |
= ®, | |
1 | +TS |
BL1O A |
L\ 7 /M\‘\ !
1 HE TS o i
1 I I -~
I I I I i
1 1 I I 1
iS1 | i S3
N
] ] ]
i1 S2 | S4

s?' s3
= s4

o | ol 1 o L
Bl 4. 11 m BUE A A5 B W i JE 3T 5 5 I 3T o e B L K 4
BHE—RAE, £EA9 TR m XAREITHBRES LR, ERVEHNERIRS
4, EREMEESEEHASHABRERAENER, wE 4 11 frr, ZEN
o MeEL T EWR m WBETENTTEEK, BIXAEAARARREET
B e ELEAMAHERFHERN, R m TERK, ERVEOE —BERES
BT RAER, XAFIRFRENR WK EmERmE. BEki, B4 11 FEEAHNE
REWRBEREREN . 4 S ARNEE, Ruemd@d Sl AANEFER, ¥ AOHF,
L S1 KWTH, BIRANYEEHXNSE 2 &, AMFRNERFHESTHHE 2.
BRFEAFREFASLKXEE, S1 AW Z 5 S3 T4 w2 i, B k7R eHEiiT Sl
MR —RE, XREERTS LN ERERET, wF AQF~. YR EEREE
DG, 2% & REKE, FrABRRERATRIEME. YR EKELERE, BRAERTHBR
A B (GEI S3AERZRE), wH RO R, BB 2K, S3 I, BRAER
SEm I, TUES, BT —BRERNAEURXAFEE, EXT K

o
Lo
—
o
=
S)
|_'C5
-

S1

o
’
@)
%Jj§

Il
|
~
|
|
wn
~

92



WL R (i FWE wEils R FEEXTEA T A5 F# L B4 Rk w1k

MEARE, ANTTSHeMeELT Mo d wm AL, SRERATRERNFH
B EHAZANRE, mE — BB ER SRR T AN ET T g NT T 463 A r i &,
BRi#t %6 7 R K E R E AL, XARIETY m B E St . BN 2B — T8
BUHT TCM Z A, TFRAE LT L.

10
8
6
m
4 . N
0
0 zl4 7l2 3z/4 V1
1
K 4.12 m SR E9 BUE h 4
300 — o0 300 — oo0v
sl 200W — 400¥ sto —— 400¥
= SN — 700¥ - = —— 700¥
T X N 1000¥ // \ I ) 1000¥ '
_’:i 180 m \l_w /\\ iﬁ_ 180 200W \\ 1500 '/
jﬁ? 120 \ / e = 120 K/\ /-\
60 : _h._\:_____ﬁ/ T 60 - /—\ ———\
0 [ 1500W 1500W tg 3§
0 Zl4 712 3z/4 e %9 714 712 37/4 7
0 0
(@) (b)
30 —— 200w 300 —— 200w
—— 400w —— 400%
7 240 —— T00¥ 5 240 —— 700%
T 1000% < ZTO% 1000% N\
5 50w TN 1500V 7 5 180 1500¥
E‘? 120 V\ \\\ ’// /\ i 120 %\\\ //ﬁ‘“\- /"\\// /\\
= AN LA = N Y2
60 N T N 60 T N~
L~ ~ ] ~V
1500W 1500W
%9 Z/4 zI2 3714 z 05 Z/a Z12 374 p
0 0
©) (d)

K413 S RBELMFTEEXTHITAAEE L. @M EXEXA TCM Z A #,
(O)T B# R ERXHTCM ZfAH, T AR FRLERARAEHTE, (T RELEAL
% IR o

WAE Lk m BE R, RAKABESHT: ERELEER 400V, BFEE
# 220Vrms, #4 # R 120pH, R EERK A-1A, m B HE & B 4.12 . F
413 REBXBELMFTHEEX T AMAE 4, BESHEF I

93



WL R (i FUFE Rl FFEMEXTEAH TR SRS EH R hL

K4.13@)2 2 MEEERXA TCM ZA RN XME L, vHFAAELAEEE
WA, FTUAEAR R F 4 & K E

H413b)ZRE-FRHW TAESTERXA TCM Z AW BT <M Ed L. ER 1 kg
A3 TeHETERLEZNRERARE, AMLEERKE AR ETFEX, HiLIF M
REANRY T EME., XM TEFRXE BT =B FIHRI LI T EM, FTUT IR EESR
ME, BHEFELMH TEEXNTE, FUNGEERRARESA T H. 7—FHE, #X2
B AMEMBRE, FEREARFAAENTAEBMARA, SEBENEMLESH RS

HA4BOAAZEE _FREN T AT RS EEARFA LSBT R ME WL,
JEREF R A TCM = AW o] I RAER 2 B < %E, WM ESE BRI AMENET A
o HE. EETME 4130b)— ¥, FESMH THEEXNTH, BB HERTG2ZE 0,

HADBORATHREN T AL T B2 BRXAEBHENTFAMENE, ©F/LA
ME., #—, HhkTaMaEL s, TASTELBXAEBBENKLABRTNETFL, E
REEMBEETTERL, AENFAMERZEAN, AHYRHERFERALRT TCM
AW, BRI ETEAEANER. BEaNEEATUR m BEHT K, BHTHHTRE
B ETFHER LR, £, HHTE4.1300)FE 4.13(c), T A # % B LB X F BB K
BBT 2N TEEXNT R, BREY m2EST NN, BHP RS REL b2
SR, XAEER M G T AR B IR R 'R,

K 4.14 & m X F ZPRBUE th & B THRIE B Ry s R B mfF B o, B 4.15 & L4
Rt a] & LT ERF . EHBHEEREREECE EEFES TCM = A HHE
REFEECETRET, E2ERFHER M, BHRAETAE LA AR |8 & Ly
W5 R BT AT AL — B .

6.01 (A)

oo HUE
4.5
4.0+
3.5+
3.0
2.5
Z.OAI_I
1.5
1.0-
0.5
0.0

-0.5+
-1.01

0 1
&l 4.14 m K Jf] 52 IR BUAE 2% i 89 07 B

94

6 7 8 9 10(ms)



WL R (i FUFE Rl FFEMEXTEAH TR SRS EH R hL

6.0, (A) 6.0 (A)
5.5 ¥ 5.5 3
3 MR 3 L
45 4.5
40 4.0
35 35
3.0 3.0
25 25
2.0 2.0
1.5 1.5
1.0 1.0
05 0.5
0.0 0.0
0.5 0.5
-1.0 -1.0
0 5 10 15 20 25 (us) 0 2 4 6 8 10 12 (us)
(a) (b)
6.0, (A) 6.0; (A)
5.3 S 5.5 IS "
50 FH /B L 50 FAL R L
4.5 4.5
4.0 4.0
35 35
3.04 3.0
25 25
2.0+ 2.0
13 L5
1.0 1.0
0.5 0.5
0.0 0.0
0.5 0.5
-1.0 -1.0
0 4 8 12 16 20  (us) 0 4 8 12 16 20 24 (us)

RS ERL AL

0 5 10 15 20 25 (us)

(e)
K 4.15m XA LB EH &N ERTEATHF. (@a &, (bb A, (c)c &, (d)d &,
(e)e &,

4.4 ZHER

AEEFZBEANEN LR TR N RSB RERATT LR, ENSHUL LR
FUHEE =FHEh

Bl 416 Z2AETARAFANERBZELEEARAERTEHLREN. B 4.16()%E
ToegenfiHemEy, o THEEXRAERT K, BREREES XA TCM
SRR, ERERTFHERFENL, il R AT & X 2%, H 4.16(b)
ZHE 416D T BAME T m o EA0 LB R ERAE TR, AWk, B 4160b)Z T
By R BEEATHER 1 THATHLY, BREHRAE TCM ZA#; E4.16(c)= L EHE
A E ol W BT BN &P SRR B TR, A B R LR A AL R
HIE; Hal6( R T EEX BB e EETHRFLT S B EERTHBNETEY, It

95



WL R (i FUFE Rl FFEMEXTEAH TR SRS EH R hL

HE_BERERMEAT; H4l6eETEEXERMEEEm THERFL T A8 EME
BT B TR, MRt i R R A R O S B 406(DE TR SR FELEATHEEA 3T
TR, BRERAETCM ZAK. EHEEX, BEHPEE2BESEREASE 1 &
7 38 B B B L m B — AR R 2.

0 2019/05/31 162423 1 mds Ed@(}GIOMA w’ 2019.'05/53! 16:36:39 % idf:l}ﬁ?_m‘.‘
iIL(SA/dlv) ‘ ‘
' ' 1 i
4 Vap(200V/div)
_ o Y e N o (N
B \ .«\' \ /,\* Y i, (5A/div)
fr ,/\/’\/\/\/\/\
\.-«/ Ig(2A/div) \\4/ \\ :
(a) (b)

YOKOGAWA 4  2019/05/31 16:3722 Normal Edge CH3 £ 230 v YOKOGAWA 4 2019/05/31 16:37:41 Narmal Edgo CH3 3+ 230 ¥
Stébped b 5 Auto Stébped b 5 Auto

Vap(200V/div Vab(200V/div)
= L] AR ey it
11 ] J Jo U
i, (5A/div) iL(5A/div)
(c) (d)

YOKOGAWA 4 2019/05/31 163813 Normal Edge CH3 £ 230 V YOKOGAWA 4 2019/05/31 16:38:30 Normal Edge CH3 T 230 ¥
_Stabped [ 125MES/ Suto _Stabped [ T - i = 125MES/ Auto

= Main|:[1.75 M 1ms/diy

Vab(200V7diy e i Vap(200V/div)
i | J l)—L . I
|

(®) ()
Bl 4.16 #A48 T & Pl 3f A 85 A X R F M B B SRR Y o (a) 3 A0 o RS R A i
HRHEY, OERTEER1WATEY, (OBMEERTERTLT A EERERTY
BRI, (d) W RS T B A R R MR A T Y, (o) PR R
BTHERFLT R ERERDEWETEY, OFRTHEEX3HETE.

96




WL R (i FUFE Rl FFEMEXTEAH TR SRS EH R hL

2019/06/03 14:41:15 " ;';!é\all m&:ﬁ{i Fo04 A Q 2019/06/03 15:06:26 Normal ma;m Y
Mo 3 1.5 W Sms/div
&I L(5A/div) ‘
| :
| Vap(200V/div) Foml+ RS 10us/dv
f N N
Il | 1 J | I
I o
\\/ \/ / \‘\ iL(5A/div)
n, - W T
I4(2A/div) N e ~/
(@) (b)
m’ 2019!06/1“’3 150701 ml ml}ﬁ!w& v w’ NIW“EI‘OG 15:07:48

D 700 Vo i 500 Ay
Man = 1,25 M

. Vab(_OJV/dlv) s wivL | Van(200V7div) MJ - ww{
. [L .
N e T e 8 e B 1 e bt =] ]
I (5A/div) i (5A/div)
W/ /\\/ v/\/ \/ \/ \/ N \ \/_
() (d)
w. 2019!06/1“3 150815 wl ml}ﬁ!w& v w’ 2019!06.’1'13 15:08:38 ml mw;w v

700 Vagodrn [ 500 Ay
| Main

D 200 Vg3 i 500 Asge i
Main

L_\{ab(:.OOV/le) Foomi + BE E TOus/dy Vv (g_%)OV/dIV) Foomi = 5 E T0ws/d

©) ("
M4 17T R 5 SR ARERHEALBET . ()8FSREFTEEETEY, (b)
R AT A m AT O BT RT, () BFEERT EAE AT &8 EERY
B, (d) P ELT E B R BT R, (R BE
BT B R R R T B 2 Y, ()5 s B U B o o
¥ o

417 REA T AR EEER A AR T RN ER R, B 4. 17)EEE SR
B A AR . TUED, R ARERM SR EREHFRE TCM = £ %

97



WL R (i FUFE Rl FFEMEXTEAH TR SRS EH R hL

WERERELALTE, ERGEERE—FN, H4170)ZE 4. 17(H)Z T B4 F +
EREMERERNETREY, ERVEE 2 BFRNEAME | BSEEENLE m X
R 412 fronmysdlseg, R, ERMEELEAMET, m A0, EHPEELN
TCM Z A ¥, E— M XA Z AT AR EF SR B FZERE, 0 4. 17(b) BT R
A& BB RS, m #TATRE A, TCM Z AR E AR K, E—MFXREA#ZA T EHE
FEREZAETZEEE, wE 4. 17c)-E 4. 17D~ 5E4.16 X0, REEMEES
ERFBETFREENANRE, BHVENE —BERMAETURE, TR#H . YoM
W EBRET B BN R, m RN, AR R HOE AR E B R AT & R, B R BT TR
Bl R meE R R, wE 4 110,

Q 2019/06/21 16:21:04 Normal EdnGl]IOZO
25Ms/s.

Normal Edge CH3 £0.40 A
4 futo

25MS /¢
ihn 15N ‘ Main 3 1.5 M Sms/dv

I (10A/div) i (10A/div)

_‘
e

Ig(5A/div)

g(5A/d iv) \

(@)

YOKOGAWA @ 2019/06/21 16:43:18 Normal Edge CH3 £0.40 A
q 25MS/s. futo

Normal Edge CH3 £0.40 A
25MS/: fato

‘ Main 1 1.25 M Sms/div ‘ Main 2 1.25 M Sms/div

I (10A/div)

i (10A/div)

14(5A/div) Ig(5A/div)

(© (d)

K418 2 # T ES TAE T RN T B RETAMEEREL (1kW). (2fE %
BRFTCM =/, (b)T A#FBRKA TCM = A H, (c)T A4 234 JFH X R A
Fw, (T AL EXFALRERL K.

F418 22 fE T 5 T Al 4 2 091 7 o &Y B A iy | LU 0 2 (Tk W) . B 4.18(a)
RAMERZRA TCM ZAK, THEXAREE, HHERAVRERT, EEBRIT

98



WL R (i FWE wEils R FEEXTEA T A5 F# L B4 Rk w1k

KA, HERMK. H4180)E THEXZXH TCM Z A, FNTHAEAHNE =1
THEER. H418c)2 T AHE R S EEXXAESRTH. E 4.180b)FE 4.18(c)H 4
EFRNTHEABAEE LA THEER, TUER TSRS H B REY R EE R, B
418 ETRS R BZRA2RERTH, BAEX T, FHithEsREmtE,

KAV RAMS T BT RS T BAETEHTEEX TG THD H, 2F# T EX
FATCM Z A%, THREXKHE, WbEREFRERT. TAETELBXA TCM =
RAEARELEERRFERTE, BAGFES N TEEXNTHR, B8Ry R E48
SFZE R, wRERELGAEFF AR LR B A FENEHSHET—5E, X5
MNIEEXERNZHEER TRERERALRERVHIH T EX 7, FiHd
LK Y g R B

k41 AMEREM T REREALFTEEX TN THD &

400W | 500W | 600W | 700W | 800W | 900W | 1000W
AH-TCM = A ¥ 45% | 3.0% | 25% | 2.5% | 2.5% | 23% | 3.0%
T #-TCM = A ¥ 45% | 2.8% | 32% | 3.6% | 4.0% | 4.8% | 52%
TA-FEEKXESEBE | 25% | 3.1% | 3.6% | 42% | 53% | 6.1% | 6.5%
T A -ARERTK 25% | 2.0% | 2.4% | 3.1% | 3.5% | 3.8% | 42%

99.5

LXK JI—3
99.0 | X fffl---A??>ﬁrr—m\\\ﬁ
X m] m] =
Q/A D/

R (% )
(o]
(0]
()]
x
O N
\D
\D\

d
98.0 - - A- TELTCM=(8K
- e TELS SRR
d —o— TEL-2f2EBFIR
—o— 2F-TCM=AiK

975 1 1 1 1 1 1 1
100 200 300 400 500 600 7700 800 900 1000 1100

R (W)
Bl 4.19 2HfrE R M T AR EENFETHEEXTIHE
B4 192 MEt RSN TS T ZETE TERXTHRE. EREMFREEIL
T, eMEXBFNREALRT TRERBNRE. BAREITT R FREELRREFT SHK

99




WL R (i FUFE Rl FFEMEXTEAH TR SRS EH R hL

PlRA, MAMER BT RMEAT LA RE, TURERRK. AT, TRER
BHESEROE LK, FRFRRAD, FURERE. A REHEKRE, TRELHF
WA GRE T R FZNTAMERZAHEK, FRFAEE LSBT EN AR,
BB T AR BNEN G AT RARERMCAAL, U T RERZRERLHEL
B EEL, NE4 19T UES, THERSE =M THEFX THRELRER, T
A R BZEEK 1B 3 XA TCM = AR, TERXKAERPIE, EFFRAEE=
fETEER FRRMER, FFUERRELEREN. THHELERA B MBI X
mERE, TUBREREEZRKN,

SaLHH N, B 42040 T #XS4 LA TEA X TR HoRER AP
MERMEL, FH6THEETCM EX TH ML E, FHH TEEXEE, FRER
FEREEH, EXEAATAAREMLERA, FRMERS, TUREERKY. &
CERUMTALETCM EX T T RERE, FRMEKT T RMEMIT LB, Fi
TR THERE, B2 THFESH TEEXNTH, ARERRAREREZ. AFRENT
FEEMRPVEERN TRERE, FNRB T XH 7 ENET. —FENAELE S 8T8
I RBERER, HRERREMARS, 7~ FHEEBRDEEXEA LB TEEX
THREENTHEAHA, BET £ MR Bl 2R W R, B DU d) iR
& 77 LA BRI

I o4 LA LS VES
A
B
C

A: EMIEAR 28 TAEAETCMAE I
B: THAUWAR 38 T/EETCMAL R
C: THUWAR 2% TAELEHERS PR 2

Bl 420 3% B4 JLA TR R T ot et bR &
4.5 RFENG

AFAEF-ERENEMTRANE RS EATERENEM L, St —FPHRT T
R A B R - AR T B TAE 7 3, 4t T Ao A 88 R T R 3 o 77 A2 o o] R 42
THMNBRT R, RENFRAELERA
1) REHN THERENTEEAEET 2N _BAWERYEREREY . AT

100



WL R (i FUFE Rl FFEMEXTEAH TR SRS EH R hL

2)

TCM = A, EBHPME UK T BeEX B EEXWI XME, 4/ ENTHA
AT R AR AT E, A ToeEmRit. BV EFERAN TR AN E & E,
AT HAER, KRERET —AEBENLREM, WWEERDEART A FHE 5
e E, FEARARLEFETHSENENTEAXZEARMEBN, FATHE
BT EH FHITH

AERFREN=ZBRERVEEHAEENTHEAHAN, ATETRERZLE R
— M TSR, #%7 RARX R g mRE RN, Wl RREYRER
Dbt YEBY TP B B F WGl m 2 FmER YRR, BlAFESHT
—MAXT m B ERYE, — T EHARERVEEETE, - FAEAREREEST K
Y P TR AR o

101



WL R (i $LE ZU5REZ

SLE REHRE

510 TR

EHGFHER SERRAERG ., REER T UK ENATF I TR T FH R
TBAT ZOMF . REERBNHETERRE SRR, L7 UREERES, B
INERBER, RERBBNNREE, TR SNAERM—EUREFAT AT
FHELRE ALHNFIAREGREEMANER B EREARATT AR, 2T
LT B 01 37 B 58 Ak R -

(1) AXHM TEERRFEFEEX THEMLAANELSRE T — o
TR BT B[4 4 ) B A TR | SR o AR LT R Ge B RO R SR, R R e ] UR B A
BRI R, B ERE B R | 3 R BT AR, AW
Fl S TEIT R, RN ERNE. AXEARE T RIS -5 @A X T 02 < BT A
B R, BI85 AT R B KR B R By KT, AT IR BRTT R R, &
TRIT R A, A Al b, ASCot— SR 0 T sy iy e AR X T 89 2 K BT B 14 45 | S
ARAE Bk B o 2 B9 R AR R KRBT RS R, TR IT RANE, RATF RAE. A0 K H i A
BRI R RE, NI RMERT A EER. #ZER RS, AT RS
BT

(2) AXBEHT IEEEREFFBEXTWEME T BAANELR. ZRBAAT
ERXZRITRBEATZ B FRAME ST, Bl R EEX T ULA G R EHT
BEHTTE, THERBERA LB FEM, B TSR BRMET mAEL KB R LHE
f&, ATFEMRT FFRMBMIT R B4 ASCFEITW I MR T 2B 7 AW — L R,
Ym B, R LU R L RS B AL T BLARE ePWM BCE I AL A R B A A A E A &
XREN TRS T BERGRE LR TafERE, AP INARERBLTAETEE. &
MU R B REERBET Hran 8.

(3) AXEFEREWEME T RANERSZWEM L, RANEET THRELERIE
FREEXATHW TN, MAT TRESXSFAN - REH, RHT E6EE. F—&
AT TR ERET 238 = B0 ERT R RBE Y, A XA IR EARR
B TCM = A LUE 4 B A THAH AT R AR E B, A8 TRENRIT. £
KBTI 1 B AR T R R AR A TR Z N, AT T B3 A B TR A2 — A T

102



WL R (i $LE ZU5REZ

R, #4877 ZEAWTE, A ToERREPBRMA RACHN T A& 58 38k
B BEERGE—T TCM ZARW = ER TR, TUENFAHERR®RL, A TR
HARBRET HE, EEAE, BB RBEAER T

AXWE - MARRREETRANSFEEAD, EATIERAOBRBEL S, A
U ES T ET TR e B, BT B R R AR T DRI # R
BHERRR, AXWEANPE = RARAREZETRHREFFEEAD, HHEHT
EAGRNLTRANER S FARTRE L R FE W, AXTEUN TR+
Mt S aLAmRENTNETE LHEHERNET

S2ARBMIERE

AXRENTERRERSFEEXTHENR T BHANELXELEL T RFXEAM
ZHFEAN, BHRENRERMEET FTNEBRMRG R, AXOH—FRET BT
HHEEMRA, ElEm L, RRMA - LI EEFENHAR, LT EHE:

(DR S HEREFRNRARLAELETAFNEZ R XEAANTEFEL K,
F—RFHHEHEA, REEREIENAN; F-RERDENTA, EFANTHAE
WA EREANBEINERNEMER TN, FRENEEARENTRELMH, T
EIH L PUORIL T, R BT A M BB 2B 4 X A/ Tm & — A4,
HETAS T BHENEWRMETEER, BREN—NARE L

(2) AR5 R R TOM = A1 K S vE B T 0 i T Y 5 3 25 B 5 AR R e Ut 171 28 . EMT [A]
AUBREEFREEZFTRFED, FARFAR LR TR,

(3) MEMTEINEEBENEAHEAN | BT HERBHATHE . AXRAR
TohREKA 1 WER, YHEEAHTH 186, THETCM ZARTEARTEHLE
IE g le A, FEH*— TR,

(DELMEFERBZRATERM L, t—FRRWAEA T AR E A ELHFF
CHELAKE T BREELEZ A AR ANIAE, RS HRE S,

(5) ERTERRMN, KEMETANNE B ET A, AT AR B R R
DR EHRBGRR, REDEEE. EXNIEFEMERAREL R A, Koot
REHERERBELNZHSOE, EEHERITEFEE S X,

(6) BAXHHEREMAEERBEF, B ERAAHRME, BrAAR AR
HWEAERBRAG TG ENE AR FER TEREE.

103



WL R (i 53 Lk

[1].
2.

(3].

[4].

[5].
[6].
[7].
(8].
[9].

[10].
[11].
[12].
[13].
[14].

[15].
[16].
[17].

[18].
[19].
[20].

[21].

[22].

[23].

e =P

ok, HER. RMROER I WA B RO 3 R =5 [M]. AL Tk 4 k4, 2011,

Renewables 2018 Global Status Report, Highlights 2018, renewable energy policy network for the 21
century[R].REN21. http://www.ren21.net/status-of-renewables/global-status-report/

4. BRAEBEZXRTHE ApHRLBEBETAE) Wil %5 EEJE[2013]13815[J].
A FH&E, 2013.

W, REKR, BME, etal XRBHELTERALEMHARD]. RESEALETEHK,
2014(10):67-71.

3, ARR, TKAE. BREEF SRR ENE LR ALERI] #A #, 2010(3):12-14.

EAF. BHREV2GHE AR L T BHNH A RZ[D]. % REIL A%, 2013.

Ba R BHRESER(V2G) N L e AH%[D]. A A¥, 2012.

TS, £ TV2GH AW R EAC-DCHE # % B 5 X #H A5 [D]. #iL A, 2014,

Yilmaz M, Krein P T. Review of Battery Charger Topologies, Charging Power Levels, and Infrastructure
for Plug-In Electric and Hybrid Vehicles[J]. IEEE Transactions on Power Electronics, 2013, 28(5):2151-
2169.

Lu X, Wang P, Niyato D, et al. Wireless Charging Technologies: Fundamentals, Standards, and Network
Applications[J]. IEEE Communications Surveys & Tutorials, 2015, 18(2):1413-1452.

Ahmad A, Alam M S, Chabaan R. A Comprehensive Review of Wireless Charging Technologies for
Electric Vehicles[J]. IEEE Transactions on Transportation Electrification, 2018, 4(1):38-63.

Divan D M. The resonant DC link converter-a new concept in static power conversion[J]. IEEE
Transactions on Industry Applications, 1989, 25(2): 317-325.

Venkataramanan G, Divan D M, Jahns T M. Discrete pulse modulation strategies for high-frequency
inverter systems[J]. IEEE Transactions on Power Electronics, 1993, 8(3):279-287.

Divan D M, Skibinski G. Zero-switching-loss inverters for high-power applications[J]. IEEE
Transactions on industry applications, 1989, 25(4): 634-643.

M TR, TR BT K Z A8 O W 1 R 8 B9 4R ALt 77 iR B [D].#T K 5, 2016.
ARE. HREE LA RS AM]. B F Tk i R4t 2006.

He J, Mohan N, Wold B. Zero-voltage-switching PWM inverter for high-frequency DC-AC power
conversion[J]. IEEE Transactions on Industry Applications, 1993, 29(5):0-968.

Mandrek, Chrzan. Quasi-Resonant DC-Link Inverter With a Reduced Number of Active Elements[J].
IEEE Transactions on Industrial Electronics, 2007, 54(4):2088-2094.

Kim J G, Choi K S, Lee SW, et al. Parallel Resonant DC-link Soft Switching Inverter based on Delta-
Modulation Method[C]. Power Electronics Conference. IEEE, 2010.

ChenY, XuD, XiJ, etal. A ZVS grid-connected full-bridge inverter with a novel ZVS SPWM scheme[J].
IEEE Transactions on Power Electronics, 2015, 31(5): 3626-3638.

Beltrame R C, Zientarski J R R, Martins M L D S, et al. Simplified Zero-Voltage-Transition Circuits
Applied to Bidirectional Poles: Concept and Synthesis Methodology[J]. IEEE Transactions on Power
Electronics, 2011, 26(6):1765-1176.

Russi J L, Martins M L S, Schuch L, et al. Synthesis Methodology for Multipole ZVT Converters[J].
IEEE Transactions on Industrial Electronics, 2007, 54(3):1783-1795.

Li Y, Lee F C. A Generalized Zero-Current-Transition Concept to Simplify Multilevel ZCT
Converters[J]. IEEE Transactions on Industry Applications, 2006, 42(5):1310-1320.

104



WL R (i 53 Lk

[24].
[25].

[26].

[27].
[28].

[29].

[30].

[31].

[32].
[33].
[34].
[35].
[36].

[37].

[38].

[39].

[40].

[41].

[42].

[43].

[44].

De Doncker R W, Lyons J P. The auxiliary resonant commutated pole converter[C]. Conference Record
of the 1990 IEEE Industry Applications Society Annual Meeting. IEEE, 1990: 1228-1235.

Yuan X, Barbi I. Analysis, designing, and experimentation of a transformer-assisted PWM zero-voltage
switching pole inverter[J]. IEEE Transactions on Power Electronics, 2000, 15(1):72-82.

Li Y, Lee F C, Boroyevich D. A three-phase soft-transition inverter with a novel control strategy for
zero-current and near zero-voltage switching[J]. IEEE Transactions on Power Electronics, 2001,
16(5):710-723.

Li, Yuxin P. A Simplified Three-Phase Zero-Current-Transition Inverter with Three Auxiliary
Switches[J]. Power Electronics IEEE Transactions on, 2003, 18(3):802-813.

Lee M K, Lee D Y, Hyun D S. Novel Zero-Current-Transition PWM DC/DC Converters[J].
TRANSACTIONS-KOREAN INSTITUTE OF ELECTRICAL ENGINEERS B, 2001, 50(2): 79-85.

Mao H, Lee F C, Zhou X, et al. Improved zero-current transition converters for high power
applications[C]. Industry Applications Conference, 1996. Thirty-First IAS Annual Meeting, IAS '96.
Conference Record of the 1996 IEEE. IEEE, 1996.

Stein C M D O, Grundling H A, Pinheiro H, et al. Zero-Current and Zero-Voltage Soft-Transition
Commutation Cell for PWM Inverters[J]. IEEE Transactions on Power Electronics, 2004, 19(2):396-
403.

Li Y, Zheng J. A low-cost adaptive multi-mode digital control solution maximizing AC/DC power
supply efficiency[C]. 2010 Twenty-Fifth Annual IEEE Applied Power Electronics Conference and
Exposition (APEC). IEEE, 2010: 349-354.

https://www.onsemi.cn/PowerSolutions/document/HBD853-D.PDF
https://www.onsemi.com/pub/Collateral NCP1207A-D.PDF
https://www.onsemi.com/pub/Collateral/ NCP1605-D.PDF
https://www.onsemi.com/pub/Collateral/ NCP1611-D.PDF

Liu Z, Huang X, Mu M, et al. Design and evaluation of GaN-based dual-phase interleaved MHz critical
mode PFC converter[C]. Energy Conversion Congress & Exposition. IEEE, 2014.

Liu Z, Li B, Lee F C, et al. High-efficiency high-density critical mode rectifier/inverter for WBG-device-
based on-board charger[J]. IEEE Transactions on Industrial Electronics, 2017, 64(11): 9114-9123.

Li B, Lee F C, Li Q, et al. Bi-directional on-board charger architecture and control for achieving ultra-
high efficiency with wide battery voltage range[C]. 2017 IEEE Applied Power Electronics Conference
and Exposition (APEC). IEEE, 2017: 3688-3694.

Yang Y, Liu Z, Lee F C, etal. Multi-phase coupled and integrated inductors for critical conduction mode
totem-pole PFC converter[C]. 2017 IEEE Applied Power Electronics Conference and Exposition
(APEC). IEEE, 2017: 1804-1809.

Huang Z, Liu Z, Lee F C, et al. Critical-Mode-Based Soft-Switching Modulation for High-Frequency
Three-Phase Bidirectional AC-DC Converters[J]. IEEE Transactions on Power Electronics, 2018, 34(4):
3888-3898.

Huang Z, Liu Z, Lee F C, et al. Critical-mode-based soft-switching modulation for three-phase
rectifiers[C]. 2018 IEEE Applied Power Electronics Conference and Exposition (APEC). IEEE, 2018:
16-23.

Liu Z, Li B, Lee F C, et al. Design of CRM AC/DC converter for very high-frequency high-density
WBG-based 6.6kW bidirectional on-board battery charger[C]. 2016 IEEE Energy Conversion Congress
and Exposition (ECCE). IEEE, 2016.

Biela J, Hassler D, Minib&ek J, et al. Optimal design of a 5kwW/dm3 / 98.3% efficient TCM resonant
transition single-phase PFC rectifier[C]. Power Electronics Conference. 2010.

Marxgut C, Biela J, Kolar J W. Interleaved triangular current mode (TCM) resonant transition, single
phase PFC rectifier with high efficiency and high power density[C]. The 2010 International Power

105



WL R (i 53 Lk

[45].

[46].
[47].
[48].

[49].

[50].
[51].
[52].
[53].

[54].
[55].

[56].

[57].
[58].
[59].
[60].

[61].

[62].

[63].

[64].

[65].
[66].

Electronics Conference-ECCE ASIA-. IEEE, 2010: 1725-1732.

Marxgut C, Krismer F, Bortis D, et al. Ultraflat Interleaved Triangular Current Mode (TCM) Single-
Phase PFC Rectifier[J]. IEEE Transactions on Power Electronics, 2014, 29(2):873-882.

MEx. EBAETHPFCE R &4 % [D]. #TL A%, 2014.
FERE. AR R & R E A R E SR E & 5T [D]. #iL A%, 2016.

Freddy T K S, Rahim N A, Hew W P, et al. Comparison and analysis of single-phase transformerless
grid-connected PV inverters[J]. IEEE Transactions on Power Electronics, 2013, 29(10): 5358-53609.

Li W, Gu Y, Luo H, et al. Topology review and derivation methodology of single-phase transformerless
photovoltaic inverters for leakage current suppression[J]. IEEE Transactions on Industrial Electronics,
2015, 62(7): 4537-4551.

Barater D, Lorenzani E, Concari C, et al. Recent advances in single-phase transformerless photovoltaic
inverters[J]. IET Renewable Power Generation, 2016, 10(2): 260-273.

Zhou L, Gao F, Xu T. A family of neutral-point-clamped circuits of single-phase PV inverters:
Generalized principle and implementation[J]. IEEE Transactions on Power Electronics, 2016, 32(6):
4307-4319.

Victor, M. et al., US Patent Application, Publication Number US 2005/0286281 A1, 29 December 2005.

Schmidt H, Siedle C, Ketterer J. DC/AC converter to convert direct electric voltage into alternating
voltage or into alternating current: U.S. Patent 7,046,534[P]. 2006-5-16.

Gonzalez, S. R. etal. International Patent Application, Publication Number W02008015298, 2 July 2007.

Gonzd&ez R, Lopez J, Sanchis P, et al. Transformerless inverter for single-phase photovoltaic systems[J].
IEEE Transactions on Power Electronics, 2007, 22(2): 693-697.

Yu W, Lai J S J, Qian H, et al. High-efficiency MOSFET inverter with H6-type configuration for
photovoltaic nonisolated AC-module applications[J]. IEEE Transactions on Power Electronics, 2010,
26(4): 1253-1260.

Schweizer M, Kolar J W. Design and implementation of a highly efficient three-level T-type converter
for low-voltage applications[J]. IEEE Transactions on Power Electronics, 2012, 28(2): 899-907.

Rodriguez J, Franquelo L G, Kouro S, et al. Multilevel converters: An enabling technology for high-
power applications[J]. Proceedings of the IEEE, 2009, 97(11): 1786-1817.

Kouro S, Malinowski M, Gopakumar K, et al. Recent advances and industrial applications of multilevel
converters[J]. IEEE Transactions on industrial electronics, 2010, 57(8): 2553-2580.

Gupta K K, Ranjan A, Bhatnagar P, et al. Multilevel inverter topologies with reduced device count: A
review[J]. IEEE transactions on Power Electronics, 2015, 31(1): 135-151.

El-Hosainy A, Hamed H A, Azazi H Z, et al. A review of multilevel inverter topologies, control
techniques, and applications[C]. 2017 Nineteenth International Middle East Power Systems Conference
(MEPCON). IEEE, 2017: 1265-1275.

Nabae A, Takahashi I, Akagi H. A new neutral-point-clamped PWM inverter[J]. IEEE Transactions on
industry applications, 1981 (5): 518-523.

Bruckner T, Bernet S, Guldner H. The active NPC converter and its loss-balancing control[J]. IEEE
Transactions on Industrial Electronics, 2005, 52(3): 855-868.

Guan Q X, Li C, Zhang Y, et al. An Extremely High Efficient Three-Level Active Neutral-Point-
Clamped Converter Comprising SiC and Si Hybrid Power Stages[J]. IEEE Transactions on Power
Electronics, 2017, 33(10): 8341-8352.

R. H. Baker, L. H. Bannister. Electric Power Converter. U. S. Patent, 3867643.Feb. 1975.
Meynard T A, Foch H. Multi-level choppers for high voltage applications[J]. EPE journal, 1992, 2(1):
45-50.

106



WL R (i 53 Lk

[67].
[68].

[69].

[70].

[71].
[72].
[73].
[74].
[75].
[76].
[77].

[78].

[79].

[80].

[81].

[82].

[83].

[84].

[85].

[86].

Yoscovich I, Glovinsky T, Sella G, et al. Multi-level inverter with flying capacitor topology: U.S. Patent
9,318,974[P]. 2016-4-19.

Gonz&ez R, Gub® E, Ldez J, et al. Transformerless single-phase multilevel-based photovoltaic
inverter[J]. IEEE Transactions on Industrial Electronics, 2008, 55(7): 2694-2702.

Wang Y, Shi W W, Xie N, et al. Diode-free T-type three-level neutral-point-clamped inverter for low-
voltage renewable energy system[J]. IEEE Transactions on Industrial Electronics, 2014, 61(11): 6168-
6174.

Stala R. Application of balancing circuit for DC-link voltages balance in a single-phase diode-clamped
inverter with two three-level legs[J]. IEEE Transactions on Industrial Electronics, 2010, 58(9): 4185-
4195.

Husev O, Roncero-Clemente C, Romero-Cadaval E, et al. Single phase three-level neutral-point-
clamped quasi-Z-source inverter[J]. IET Power Electronics, 2014, 8(1): 1-10.

Park S J, Kang F S, Lee M H, et al. A new single-phase five-level PWM inverter employing a deadbeat
control scheme[J]. IEEE Transactions on power electronics, 2003, 18(3): 831-843.

Ceglia G, Guzman V, Sanchez C, et al. A new simplified multilevel inverter topology for DC-AC
conversion[J]. IEEE transactions on power electronics, 2006, 21(5): 1311-1319.

Selvaraj J, Rahim N A. Multilevel inverter for grid-connected PV system employing digital Pl
controller[J]. IEEE transactions on industrial electronics, 2008, 56(1): 149-158.

Rahim N A, Selvaraj J. Multistring five-level inverter with novel PWM control scheme for PV
application[J]. IEEE transactions on industrial electronics, 2009, 57(6): 2111-2123.

Zhu W, Zhou K, Cheng M, et al. PWM modulated three-level single-phase grid-connected PV
inverter[C]. 2011 International Conference on Electrical Machines and Systems. IEEE, 2011: 1-3.

Zhang Y, Sun L. An efficient control strategy for a five-level inverter comprising flying-capacitor
asymmetric H-bridge[J]. IEEE Transactions on Industrial Electronics, 2010, 58(9): 4000-40009.

Valderrama G E, Guzman G V, Pool-Maz(n E |, et al. A single-phase asymmetrical T-type five-level
transformerless PV inverter[J]. IEEE Journal of Emerging and Selected Topics in Power Electronics,
2017, 6(1): 140-150.

Kim J S, Kwon J M, Kwon B H. High-efficiency two-stage three-level grid-connected photovoltaic
inverter[J]. IEEE Transactions on Industrial Electronics, 2017, 65(3): 2368-2377.

Salodkar P, Sandeep N, Kulkarni P S, et al. A comparison of seven-level inverter topologies for
multilevel dc-ac power conversion[C]. 2014 IEEE International Conference on Power Electronics,
Drives and Energy Systems (PEDES). IEEE, 2014: 1-6.

Sandeep N, Salodkar P, Kulkarni P S. A new simplified multilevel inverter topology for grid-connected
application[C]. 2014 IEEE Students' Conference on Electrical, Electronics and Computer Science. IEEE,
2014: 1-5.

JiY H,Jung DY, Kim J H, et al. Dual mode switching strategy of flyback inverter for photovoltaic AC
modules[C]. The 2010 International Power Electronics Conference-ECCE ASIA-. IEEE, 2010:; 2924-
2929.

Zhang Z, Chen M, Chen W, et al. Design and Analysis of the synchronization control method for
BCM/DCM current-mode flyback micro-inverter[C]. 2013 Twenty-Eighth Annual IEEE Applied Power
Electronics Conference and Exposition (APEC). IEEE, 2013: 68-75.

Zhang Z, Chen M, Chen W, et al. Analysis and implementation of phase synchronization control
strategies for BCM interleaved flyback microinverters[J]. IEEE Transactions on Power Electronics, 2014,
29(11): 5921-5932.

Christidis G C, Nanakos A C, Tatakis E C. Optimum design of a flyback PV microinverter under hybrid
DCM/BCM operation[C]. 2016 18th European Conference on Power Electronics and Applications
(EPE'16 ECCE Europe). IEEE, 2016: 1-10.

Christidis G C, Nanakos A C, Tatakis E C. Hybrid discontinuous/boundary conduction mode of flyback
107



WL R (i 53 Lk

[87].

[88].

[89].

[90].

[91].

[92].

[93].

[94].

[95].

[96].

[97].
[98].
[99].

[100].

[101].

[102].
[103].
[104].

[105].

[106].

microinverter for AC—PV modules[J]. IEEE Transactions on Power Electronics, 2015, 31(6): 4195-4205.

Rezaei M A, Lee K J, Huang A Q. A high-efficiency flyback micro-inverter with a new adaptive snubber
for photovoltaic applications[J]. IEEE Transactions on Power Electronics, 2015, 31(1): 318-327.

Ansari S A, Skandari A, Milimonfared J, et al. A new control method for an interleaved flyback inverter
to achieve high efficiency and low output current THD[C]. 2018 9th Annual Power Electronics, Drives
Systems and Technologies Conference (PEDSTC). IEEE, 2018: 89-94.

Zhang Z, He X F, Ren X, et al. Multi-mode control for photovoltaic grid-connected interleaved flyback
micro-inverters to achieve high efficiency in wide load range[C]. 2012 IEEE Energy Conversion
Congress and Exposition (ECCE). IEEE, 2012: 2433-2438.

Zhang Z, He X F, Liu Y F. An optimal control method for photovoltaic grid-tied-interleaved flyback
microinverters to achieve high efficiency in wide load range[J]. IEEE Transactions on Power Electronics,
2013, 28(11): 5074-5087.

Gao M, Chen M, Zhang C, et al. Analysis and implementation of an improved flyback inverter for
photovoltaic AC module applications[J]. IEEE transactions on Power Electronics, 2013, 29(7): 3428-
3444,

Lodh T, Pragallapati N, Agarwal V. Novel control scheme for an interleaved flyback converter based
solar PV microinverter to achieve high efficiency[J]. IEEE Transactions on Industry Applications, 2018,
54(4): 3473-3482.

. EHRACR I PR G WA A A o) AL 4 A i | e A L [D). WD A5, 2014

Lodh T, Pragallapati N, Agarwal V. An improved control scheme for interleaved flyback converter based
micro-inverter to achieve high efficiency[C]. 2016 IEEE 1st International Conference on Power
Electronics, Intelligent Control and Energy Systems (ICPEICES). IEEE, 2016: 1-6.

Zhang Q, Hu H, Zhang D, et al. A controlled-type ZVS technique without auxiliary components for the
low power DC/AC inverter[J]. IEEE Transactions on Power Electronics, 2012, 28(7): 3287-3296.

Amirahmadi A, Hu H, Grishina A, et al. Hybrid ZVS BCM current controlled three-phase
microinverter[J]. IEEE Transactions on Power Electronics, 2013, 29(4): 2124-2134.

Wik BBOLRIF WA S5 K [D]. B AUEAA A, 2015.
R B REESEEBHUERAFRID]. &R EAAAF, 2016.

Amirahmadi A, Chen L, Somani U, et al. High efficiency dual-mode current modulation method for low-
power DC/AC inverters[J]. IEEE Transactions on Power Electronics, 2013, 29(6): 2638-2642.

Amirahmadi A, Somani U, Chen L, et al. Variable boundary dual mode current modulation scheme for
three-phase micro-inverter[C]. 2014 IEEE Applied Power Electronics Conference and Exposition-APEC
2014. IEEE, 2014: 650-654.

Tayebi S M, Kutkut N, Batarseh I. Analysis and optimization of BCM peak current mode control
techniques for microinverters[C]. 2017 IEEE Applied Power Electronics Conference and Exposition
(APEC). IEEE, 2017: 2644-2651.

Tayebi S M, Batarseh I. Analysis and optimization of variable-frequency peak current mode control
techniques for microinverters [J]. IEEE Trans. Power Electron., 2017.

Xu N, Zhang D. A Novel Hybrid ZCS ZVS Current Control Method for Micro-Inverters[C]. 2018 IEEE
27th International Symposium on Industrial Electronics (ISIE). IEEE, 2018: 319-323.

Levron Y, Erickson R W. High weighted efficiency in single-phase solar inverters by a variable-
frequency peak current controller[J]. IEEE Transactions on Power Electronics, 2015, 31(1): 248-257.

Jordan J, Esteve V, Sanchis-Kilders E, et al. A comparative performance study of a 1200 V Si and SiC
MOSFET intrinsic diode on an induction heating inverter[J]. IEEE Transactions on Power Electronics,
2013, 29(5): 2550-2562.

Jahdi S, Alatise O, Bonyadi R, et al. An analysis of the switching performance and robustness of power
MOSFETSs body diodes: A technology evaluation[J]. IEEE Transactions on Power Electronics, 2014,

108



WL R (i 53 Lk

[107].

[108].
[109].
[110].
[111].

[112].
[113].

[114].

[115].
[116].

[117].

[118].
[119].
[120].
[121].
[122].

[123].

[124].
[125].

[126].

[127].

30(5): 2383-2394.

Wang Z, Zhang J, Wu X, et al. Evaluation of reverse recovery characteristic of silicon carbide metal—
oxide—semiconductor field-effect transistor intrinsic diode[J]. IET Power Electronics, 2016, 9(5): 969-
976.

She X, Huang A Q, Lucia O, et al. Review of silicon carbide power devices and their applications[J].
IEEE Transactions on Industrial Electronics, 2017, 64(10): 8193-8205.

Huang X, Li Q, Liu Z, et al. Analytical loss model of high voltage GaN HEMT in cascode
configuration[J]. IEEE Transactions on Power Electronics, 2013, 29(5): 2208-2219.

Huang X, Liu Z, Li Q, et al. Evaluation and application of 600 V GaN HEMT in cascode structure[J].
IEEE Transactions on Power Electronics, 2013, 29(5): 2453-2461.

Huang X, Du W, Lee F C, et al. Avoiding Si MOSFET avalanche and achieving zero-voltage switching
for cascode GaN devices[J]. IEEE Transactions on Power Electronics, 2015, 31(1): 593-600.

KA. EEOCRER RGWAMNE S R E 4N A R[D]. ALK E A, 2015.
Xu F, Guo B, Tolbert L M, et al. An all-SiC three-phase buck rectifier for high-efficiency data center
power supplies[J]. IEEE Transactions on Industry Applications, 2013, 49(6): 2662-2673.

Hayashi Y. Power density design of SiC and GaN DC-DC converters for 380 V DC distribution system
based on series-parallel circuit topology[C]. 2013 Twenty-Eighth Annual IEEE Applied Power
Electronics Conference and Exposition (APEC). IEEE, 2013: 1601-1606.

Ranstad P, Nee H P, Linner J, et al. An experimental evaluation of SiC switches in soft-switching
converters[J]. IEEE Transactions on Power Electronics, 2013, 29(5): 2527-2538.

Stalter O, Burger B, Lehrmann S. Silicon Carbide (SiC) D-MOS for grid-feeding solar-inverters[C].
2007 European Conference on Power Electronics and Applications. IEEE, 2007: 1-10.

Wang G, Wang F, Magai G, et al. Performance comparison of 1200V 100A SiC MOSFET and 1200V
100A silicon IGBT[C]. 2013 IEEE Energy Conversion Congress and Exposition. IEEE, 2013: 3230-
3234,

Safari S, Castellazzi A, Wheeler P. Experimental and analytical performance evaluation of SiC power
devices in the matrix converter[J]. IEEE Transactions on Power Electronics, 2013, 29(5): 2584-2596.

Lai J S, Yu W, Sun P, et al. A hybrid-switch-based soft-switching inverter for ultrahigh-efficiency
traction motor drives[J]. IEEE Transactions on Industry Applications, 2013, 50(3): 1966-1973.

Rahimo M, Canales F, Minamisawa R A, et al. Characterization of a silicon IGBT and silicon carbide
MOSFET cross-switch hybrid[J]. IEEE Transactions on Power Electronics, 2015, 30(9): 4638-4642.

He J, Katebi R, Weise N. A current-dependent switching strategy for Si/SiC hybrid switch-based power
converters[J]. IEEE Transactions on Industrial Electronics, 2017, 64(10): 8344-8352.

Reichl J, Lai J S, Hefner A, et al. Design optimization of hybrid-switch soft-switching inverters using
multiscale electrothermal simulation[J]. IEEE Transactions on Power Electronics, 2016, 32(1): 503-514.

Deshpande A, Luo F. Practical Design Considerations for a Si IGBT+ SiC MOSFET Hybrid Switch:
Parasitic Interconnect Influences, Cost, and Current Ratio Optimization[J]. IEEE Transactions on Power
Electronics, 2018, 34(1): 724-737.

Wang J, Li Z, Jiang X, et al. Gate control optimization of Si/SiC hybrid switch for junction temperature
balance and power loss reduction[J]. IEEE Transactions on Power Electronics, 2018, 34(2): 1744-1754.

Wang Y, Chen M, Yan C, et al. Efficiency Improvement of Grid Inverters With Hybrid Devices[J]. IEEE
Transactions on Power Electronics, 2018, 34(8): 7558-7572.

Kim J W, Choi S M, Kim K T. Variable on-time control of the critical conduction mode boost power
factor correction converter to improve zero-crossing distortion[C]. 2005 International Conference on
Power Electronics and Drives Systems. IEEE, 2005, 2: 1542-1546.

I, IFE, B, FOCRIFMER S T EREFN 7 AN A EZIRHA, 2014 (3): 56-59.

109



WL R (i

[128]. https://iwww.wolfspeed.com/power/tools-and-support

110



T AR F 8 XX Bt 2 A B 1) R R XX

[1]

[2]

[3]

[4]

R AR E K R AR X

Z. Zhang, J. Zhang and S. Shao, "A Variable Oft-Time Control Method for a Single-Phase
DCM Microinverter," in IEEE Transactions on Power Electronics, vol. 33, no. 8, pp. 7229-

7239, Aug. 2018. (SCI, % —1k#)
Z. Zhang, J. Zhang, S. Shao and J. Zhang, "A High-Efficiency Single-Phase T-Type BCM
Microinverter," in IEEE Transactions on Power Electronics, vol. 34, no. 1, pp. 984-995,

Jan. 2019. (SCI, % —1E#)

Z. Zhang, J. Zhang and X. Wu, "A single phase T-type inverter operating in boundary
conduction mode," 2016 IEEE Energy Conversion Congress and Exposition (ECCE),
Milwaukee, WI, 2016, pp. 1-6. (EI, % —1E#)

Zhen Zhang, Junming Zhang, Shuai Shao, Xinke Wu and Kuang Sheng, "A novel fixed
off-time control method for single-phase micro-inverter without sensing inductor current,"
2017 IEEE 3rd International Future Energy Electronics Conference and ECCE Asia
(IFEEC 2017 - ECCE Asia), Kaohsiung, 2017, pp. 1886-1891. (EI, % —1E%)

111




 
 
    
   HistoryItem_V1
   InsertBlanks
        
     位置： 当前页之后
     页数： 5
     页面大小： 8.268 x 11.693 inches / 210.0 x 297.0 mm
      

        
     Blanks
     Always
     5
     1
            
       D:20200605084407
       841.8898
       a4
       Blank
       595.2756
          

     1
     Tall
     722
     251
    
     1
            
       CurrentAVDoc
          

     Custom
     AfterCur
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0
     Quite Imposing Plus 3
     1
      

   1
  

 HistoryList_V1
 qi2base





