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H E

JE N I L AEAL 4 (Inductive power transfer, IPT) $i A fy T H AR B A% fig
ke Rl TEVFZH/NIIRFAF R T 2 N, W ANRET %4, JHRET
7o, HLES AFIE AN &S . TR RS BA Simfe S Q. m R m
BE SRS, DRI RUR S 2R BBl 0 R 48 CL 43R5 TIRANBF T, H RTH LI R0 5
FORE H AR [FIAMaE R R OR 5l BB N A — A M 3R ) 1) 77 K
XFIREN T AT L RGDRENEZANT RS, IWTITEIRFE 2 2B R G0 = I 2
PREEMRH T, FR AR T SRR L ARAIRAAE L R 8 (1D 7EAR
S By P B R SR AR 0L T, B B IR R R, RGBS BUR: (2D
FEXT LI 78 F I, 75 R S A% 1 P B A ) SR S B A P IR e ) D038
PRI A SCIETT 1 PA R LA

(1) $2H T —FE QI SR 5 5 A FRAME P28 R BXUR S 5420 (2 tran-
smitters-1 receiver, 2TX-1RX) IPT R4, MWid0 RGHEAT T, 53] 7 HTIER
UL R, S5 RN, 1% R G A R 7 A 43 i R LS B A HH LR AT
B . ATIAE SRR RIS, S N B R R B AL, AT SEIRT RS R IR DR s

(2) IKEEDA FIRRRLR B 450, MG T 1% 2TX-1IRX R4, 7T —MEAR
7 i o7 B 32 #3650 48 P T PR R 8 1) 83 1R 7 0

(3) XM ZRGMERGHAT THW T, ERERFHE N T/ERSHAR
SRIARIYE . E i e g R, X RG] LMK FL B S R0, RAR S B
HH AR AT AL 2R e 4

N T AEES AT IERTE, % T DDQ (double D-Quadrature) FIfiFHE 2k /]
PEEEMNEE 80V, e RHH IR 140W SLK T 6, 5 T X RS IER TS
LR ORI P RIOIR LI BIE . DA A AE SR BB RS 5 00 T, a0 2 o) R S 2 P 1 A
TRFE R G = RO T AL, ATt R G I 31k 3] 89.65%.
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Abstract

Abstract

Inductive power transfer (IPT) technology has been widely used in many small
and medium power scenarios due to its non-contact energy transfer characteristics, such
as implantable medical equipment, consumer electronics, robotics and drones. Due to
the benefits of high misalignment tolerance and high power transfer capability of dual-
transmitter systems. Therefore, dual-transmitter systems have been intensively studied.
The common dual-transmitter system usually adopts the parallel bridges under the same
compensation networks, or the hybrid compensations under an inverter bridge. These
topologies can decompose the system into several subsystems. Thereby, theoretical
analysis is simple while the system maintains high misalignment tolerance. However,
these topologies still have the following problems: (1) without auxiliary circuits or con-
trol strategies, the system is easily damaged when the load is short; (2) complex circuits
and control strategies are necessary for charging of battery to realize the switching of
constant current and constant voltage output. Therefore, the following works are carried
out in this paper:

(1) A dual-transmitting IPT system under the cascade bridge and unsymmetrical
compensation networks is proposed. By analyzing the system, the working conditions
and output characteristics are obtained. The results show that the system can realize
constant current and constant voltage output respectively in different load ranges. When

the load is short, the input voltage is clamped to realize the natural protection;

(2) Based on the existing decoupling coil structure, a dual-transmitter and single-
receiver system is constructed. A method to maintain high efficiency is proposed by
turning on the transmitters at different position;

(3) Theoretical analysis of the dual system is carried out, and the results show that
the characteristics of the two systems are very similar. When charging for a battery, de-
pending on the circuit parameter design, the system can realize switching from constant
current to constant voltage naturally.

In order to verify the correctness of the theoretical analysis, an experimental plat-
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form with an input voltage of 80V and a maximum output power of 140W is built based
on the decoupled coil of DDQ (double D-Quadrature). The normal mode and protec-
tion mode are matched with analysis. The system can maintain a high efficiency by
controlling the operation of transmitters when misalignment. The peak efficiency of

the proposed system reaches 89.65%.

In general, this paper analyzes the proposed dual-transmitter single-receiver sys-
tem. Unlike the traditional dual-transmitter systems that focus on improving misalign-
ment tolerance and power transfer capability, this system can naturally achieve protec-

tion and constant current to constant voltage switching.

Key Words: Inductive power transfer, cascade bridge, multiple coupling coils, decou-

pled coils, compensation network
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F1E 45

1.1 IPT $ AR BT

T L AEfLHr (Wireless Power Transfer, WPT) 7 RAE N 2678 i 7E 3 k6 iy
S BERAE T, TR IEAEZ BB 2 K A 7. M EE T &7
T, &R TR AR RS, A B S—J5E, BTAE
RLEE b, R FTHRERCH B R, B ey et . T A
A B IE) Y, TG 2At B 32 20 v GOV sU F BEA% 1 (Inductive Power Transfer,
IPT). HZEHE N BEML % (Capacitive Power Transfer, CPT). 5 Jo 2k M BE AL 4
(Acoustic Power Transfer, APT). f#lJ§; HEEAE %I (Microwave Power Transfer, MPT)
G AL S (Optical Power Transfer, OPT ). o HH 2T HLRE R JEEL (1) IPT &R
Gt HATHOR T Ny lisl, R Z My sAa3 17T ZNA, afEE AN XEST )
#% (Schormans %%, 2018; Yi %%, 2019), 4 %% H 1 (S. Hui Z%, 2005; Jang %%, 2003),
AR EHLER A (Choi £, 2016; Zhang %5, 2019) 2%,

1.2 IPT HRARMERMAZR T

o
| — | [ | [ B = +
1 Y Y Y LYY Y _ﬁh_
= & (] i i 45 e B |7,
in _"_ —"— -
DC/DC  iArse  TX b RX #M¥  #ifize  DC/DC

B 1.1 1TX-IRX TRABRRS

Figure 1.1 1TX-1RX wireless power transfer system

— AN SR AR S BRI (ITX-1RX) IPT R WA 11w, RS, %
N L VAL I T 30 B A A D e IS I H, IR O A P B LA 4, HR 2k
Bl 5 R SR B 2 R R A 1R IR &, i tM 4%, i S g 4o B
HLJG R4S . 78 AR AT BRI vT LI BRI AT I 1) DC/DC A et &
G EEAFE AN MG AMERBUKIKSI . HET, £ IPT R4
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F S AT 7875 1) 2 B FER XX =N BL e 28 Gt 0 42 1) S

1.2.1 #MmEFt

TECAER LIRS, IPT REGEHHMEHR BT OIS T REM KR, O
AFER T NG SR B eSSBS, #E (Corti 5, 2019; S. Y. R.
Hui 4%, 2014) ", 1E&EXS i VIR A8 @ IT 1 W58, MAE (Deng 4%, 2016; Y. Wang
&, 2022; Zhou 5§, 2018) 1, R MISL T HIM & d1EIE 5 H AR 78 AU R A B
RIGRLHE 77. T EESIPT R H SLBUE @ IR0%,  (Arteaga 4, 2018; Leibl
&, 2018; Pinuela %%, 2013; Zulauf %5, 2020) 4% S R 48 P IR & 2582 T AN
it 78 IPT BRI F I Fe rp, g% 1 4m S 22 4 ) B — AN 28 R L2
FIEERER, 7£ (Mei 5%, 2022; Park 5%, 2018; Song 4%, 2018) HJEIT 1 X% & £
R T TR 5 3 ) R PRI 0 DR T 8 — SRR B R P 1) R B, 7E (Hurley
&, 2015; Lopez-Alcolea %%, 2020; Luo %5, 2018; Raju 2%, 2014) £ H T AR
2 BT RAGREG 2R S AL

1.2.2 #MEH

N T SEBLY AR, — AN IPT RS2 — AN R GT LR EA— A 32
W2 Pl o 4 70) FH S A Pl R AL 2k B R 5 SR AR e I, dn SRR 4 P B i e
IR b, LB RS SEINR, a6 Slo stk REfRE. £ ks
ML ARG, I BT R W28 7T DU BRS8NI . fe T R PR 3
[0 255 045 0 5 202 ] 7P i A BB A2 RS (S) BUOFIRAMEZ FELR (P I X SR A
R 320 B 5 2 BB R T AN [R) R RS IR 28 ) i 7 DU b e A R 32 L, 0 Tl o 5
(S-S). H I (S-P). Jfe (P-S) MIFFEIE (P-P). 1K 1.2 (a)s (b). (o). (d) Fr
ANGT A VA FRRMEE L ER AR A, i SR AN R A2 4%, TPT R 4G8R] PASEI
563 XM (Load-Independent Output, LI) FIZE AL/ T/E (Zero Phase
Angle Operation, ZPA) . £1X X PUFf#ME BB & BT T KRERIA ST, £ (Sohn
8, 2015) H6F DY Feb I AR LR AE S N TR 20 O E s PR AR LRI, s LRk
R KT R S RO R DT AT 7. 7E (Beh %%, 2013; Fu
45,2014, 2018) i HI 2 2R FIF R DI A R SEEL & AR HAw, LEtnfE it
BNASBHUVT B A B LA OB R o (H2, B0t B B EE BRI, DU LA Ak
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12 HL B AR L[R]3 /2 R 2P BT EOR . AHLLIT S, S8 SR A AME I 2%, il
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PETE 22 1 E B DL R LA A e R (He 25, 2019; Qu %%, 2019, 2017), HHAH
T4 v R B IR R T
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Figure 1.2 Topologies of compemsation networks

1.2.3 IREHEEE

FE— ITX-IRX IPT RGi, A AN0AR a5 5 e Ubo ] i B i 2 52 e 5
G D) ZAL AN R SR R I OCR R 22 o DAL, 1% IPT R Ge b SR 3) f s 1 15 1t 7]
FER—ANEEWHT T M. N T E IPT REME, (S. Chen 55, 2020) HiE H
T M RS RS g, BT RHPTUL G R B, G P 00 AR A8 AN R
A CARRLAS, SEIAEAS R T BB AR IE 1 . [RIRE, SHX5 XU IPT R4t
1E (Kalra %%, 2020; Nguyen %%, 2015a; Zhao %%, 2016) il IL Xt 2R 4t 19K 5l H 2% 3t
fritfeseit, el 7 &R . #8 (Tebianian 5%, 2020) H1, fE&4H T 4E
el SR A AR 28 SE LR B R T 9% (Zero Voltage Switching, ZVS) 1% 11 5404
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A, WEEARIARGT, ERBBRELINA SN B2 s, Hit
1E (Aldhaher 5§, 2014, 2018; Dou 5§, 2021; M. Liu %%, 2016; S. Liu &%, 2017) #, #f
FEAN XS B RIS AR FI R IK BN ) IPT RGEEAT TIRARIBT T X —A
IPT RGUR UL, SRR & 45 A1 0K A L m] DLSEIL B v AR, (E A A
SR EITEOL Y, AUKEESHOTH A REORIE R el AT A2 € 1%t JF OR35F
B B RCR . I, b BRI SRS AT AT RE D R Gealy K AR my R AR Fan &k
R

1.2.4 #E#HIFE

SFF N TPT RGO, 728 P p ot ted SR, 2 B 2 1] A & e
SR, LI RGBT RRE . RMERZ MG N, WAZETEARE S
SEANHE. LR PE RS AL E K e RA IR G R, —BRGEN, REHh
MBCFERZ RGN . A T IRERGEMSRUE N TR &AGaEmL, — M
WL TR) 7 58 3 3 - TR 1 4 1) SR S A 1) 2R e ) D

M PR B T T DLSE IR LR R R AR A B S, BDRR G AR, B Bk
BN, RGN ORFFRSE 0 tH DR MBS KRR . — ek, — DM RGEMESIH
PRONTE GRS &AL, RS04 D3 Aa e SRR R s AR AR . H BT EH
LIRS 75 E A DU LR

(1) HBEE

7E (Fu 2%, 2015; H. Li 2%, 2015; Zhong 2%, 2015) $2H 5k, #E3B:USR
St RS B — > P42 2842 ] DC/DC AL 46 4% B n] 425 B 10 15
LU S H U AR RS R AR S N ELR R R R B R A S, B iR S
DC/DC AR (1 5 2 U BT AR S O AH M, SERPTHR N D%, B 2 IE S
N Fdg /N, I I 3B fin H D 26 N BB . X R il o7 e s
RGHM AN A T ZEIEAE, R TR I RS, JF H a6 BIE U0
K.

(2) H s )ik

7 (Diekhans %, 2015) Al (Huang %, 2018; Nguyen %%, 2015b) v, @id 4%
REHM BB DC/DC AR 428 1) o 23 L ol i AR 25 slOB R B MRS AR A, SEE X
H AR R ) o a7 ) A ik 2 P A2 WA 20 P ) L U B A AP R 4 ) i
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| AR R yEmEE |
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[ | B B B T v
Vﬁn} J —— —— 2~§ ﬁn} R ||V,
[™E- -
| n VY | [
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(b) HLIR FE IR
o
Ll ] I m
VE:M} J — — 2~§ E:m} RV,
L—u— - -
DCDC s TX iz RX #h2  %jitss  DC/DC
ThE AR |,
#
(c) ZRBURTIIE

B 1.3 1TX-1RX R HIHE R

Figure 1.3 Efficiency optimization control block diagram of 1TX-1RX

HUEOAZE AN EUE, SR eI RCR IR B o IR i U7 ik i 0 2 i e
P, HRFERELM AL HAUEE, FUXRFE BB AR ER, B
AN LA 2 8] 5 ZE AR 15 B

(3) A2 AT 12

£ (Gati 5, 2017) ", SIS AR G5 55 5 AR AR PR SR 4ai H 2
VRS BT RGBSR DA AR G e 2, D s o £ FR Ve Y
AR B G ERAT DLSEBLN BRI . 7E (Zheng 55, 2015) F1 (Q. Chen £, 2009)
AR A AR AR ) (0 5 RS B T B e R O e, (BRI AR R
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NREGEIN T EIHIE, fF (Jang %%, 2003) 1 (Budhia %, 2011) H, #2845
WITIEAME T RGN AERTCT), RIS 22 DC/DC A4 s S 30k 4 i Th 24 1)
W AFRIMAN ARSI T REVBFEMBA, FN RS FERE R
€ (Pantic £, 2011; C S. Wang 25, 2004). R, XN #1516 BOAR e N7 B
1) 191 A% 25 (R SR B 45 5 B AT 58 ot Ha i T 23 42 i A0k BRI AL, (H U B s
RILE, GFRIRAE T EAA IR, AR R g RE I T .

1.3 ZAHELERGHMARIIK
1.3.1 #BEI/JLIT

T ARG R RS, AR AL E LU, RIS AR E U
I, JE I VA P EA s ] 54 1) S 0030 A 2 R A 00 B It s PR 42 S 5, B
ML AE AR GE NN BT L R AT DA S0 e Th AR g R ], R ORI
LSRR « (HR— BV AR LUK, RGN D3RR G 52 21 ™ 5 5 L
A T EAEN, RPN DU TC IR I T P IR 1 Btk e AN R . X R T
R i 24 P A2 Wi 2 Pl oA 0 S ol PR AR 5 A8 A DR PRI 008 5 T DAd s 22 2k B 0 T
XSGR, RIH KRS R B 3% 1 X 35

HRZ LRGSR RS R AN e AL, ERWME 1.4PR, 24
Pl 2 [A) (122 R G 9 R GE e R S A AR, JF B2 2R Gt SR 46 IR I R RS A
Gy VR, RIHROR SR BB TXL AN TX2 Z 08 M, ., 2026 P8 RX1 AT RX2 2
[T M,y s TX1 AT RX2 Z I My PAK TX2 FI RX1 ZIEIH M,y
NRFNLEX G . BT 2 LB SR RYE, DL XX RS A
HRFPEII SR o ILAE 1) 20 2 P 2 8 K 20 SR PR R S 2 Pl iz i 2 Pl )R 5 45
gitt), MEIXLRGH, AMUAT LR E R A BXE, =7 RF M WAL,
17 H. 22> S 24 Pl 8 22 >z Wi e Pl 2 1) 1) 58 SRt mT AR B, AT 7 4 3R
Gy M A

I (61 A1) AR P L FE AR, 23 N TR AN D T o SEBRfARE ) 32 07 1%
Fe MR FEARS T 9 2k B B S DX I DUAH ELHR R 5 o FEIX I LT, PNl v DA SK:
AR . & 1.5(a) BN (Zaheer £, 2012) $2H A — R 8 454 (Bipolar Pad,
BP) fi#RZk M, 85 B E ISR AR A7 B, XA~ 2 P e A AH ST )
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Figure 1.4 Cross coupling between multiple coils

MEIE, RO —AN R &L, 55— NIt DU A= R ) 5 17l O R S AR
TRV, TSI PR A2 Bl 2 [F] ) s . JFAE (Zaheer 5%, 2015) #1 (Lin 5%, 2015) H
XX BB P 25 R BEAT T TR 5T

Wik 1.5(b) Frn A (Budhia 2§, 2011) $2 H X D 1EAZ (double D- Quadrature,
DDQ) MUFHALEME . JLHRZ MR D LE B NLLIE 1, TERMIMSRE T AR, B
LA B REIE T AR R . B X D SRR TR A X, AT AN AR
R, XSS A L X R T A R 2 Ak RR O AL E R, BT
2R 1 AR )R R (B AE LRI, AT SEII T HOANZR I8 2 A . X —4R
Pl 45 F47E (Budhia %5, 2013) #¢FRMH VR4 (Electric Vehicles , EVs) 7t H
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Figure 2.5 Input resistance of 2TX-1RX wireless power transfer system
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Figure 2.6 Typical waveform of 2TX-1RX under protection mode when resistance load
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Figure 2.8 The topology of 2TX-1RX system under voltage source load
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Figure 2.10 Waveform of 2TX-1RX umder voltage source load when V, =V,
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Figure 2.12 The output characteristic of 2TX-1RX when load is voltage source

TSN T IR A AR, RGAA S AMER) TXT LA, fliRrit oy 5 7o
R EY A, AT RASEIUN A IS PR SR TR A . 2 4 A I A I 5 s B
RS, RGP RS E TX1 M TX2 FAVE R, AR TR, (H2
T A PR G B R R I, AT S AR TXT W] LU ST Dh R ke, P DA
XIRA T I AR Geka HH DR BTN o 2 R K T S R, f A A
ALfE LCC #MR) TX2 b, i T R Guka i ARr R IR ], JEi2o0t it IS R 1k S 8t AT
T fh, ERXIREN, RGBAHRMER . FX =B RaSndES, R
g 1) 4 LR ER — AN IRES B tE R A Y, BUEE AR fa AR B R T R
BTN, B = AR B H .

30



2 5 XURSHRRICTCZ R i R SR SN S

24 KEING

FEARZ, JEon TR 2TX-1RX KI5 AR H) IPT R4, #HATEAD R
A FL L A7 AT A L T YR D T PR P b A B DLk AT . ARYE R ST
IRZSTT REAT 2L 2 A S £ Pl FA) L R 455 [ AR IR 28 498 1 a4 70 4T DASEE
Bl AL, TS ARG IRENE 5 AL IC R . AR HEA E, B0 R4
IIMTATED, RGN TARIRZS 2 B AR AL I o BEXT O B PR A L, X
Hhmiketk, ThRDM, RGERBPICHET THESMULE . B D3 T A HESR
BNEEE, X R IE I R ST TR R b, JER R GAE A LA
SMPIERET T 0 Hr

31



BT DM IR ES) 5 AE R PR M P 2% (R UK SUCIG 2R T RE A i R 4t

38 NEHBBRTLBEAARENEA 5

3.1 5|5

RS, ARSCHR A 2TX-1RX Z 5043 AIAE Ha B 67 R el R YR 12 67
B AR AT 7047 BT RGAE B 58 R RR IRV 23 BURR P, BIAE
FUEAE /N Tl A BN 5 BTG R AR A R T I R a5
TooRME B, JF HAE GO 0 I R B Sh R DhRE, FEX — B el —
ANRGHERER A DDQ Z5M9M R4, xR R Mgt — B At %8
LRGP IR Z FIMEET, 4 ERIE RS TIEERIRES T8, =
TAFE BB AL PR R G ] REAEAE IR A XG0 R G PR R (1 52 e LR
523 ZVS LAtk — P R

32 et

F AR ARG, AN TR ke B RGN TR, #
Gar R T2 LRGN TE LTS L R G N E B, 2 R R & A8
CASh e 7 L X3, SEEILAE IR P Y B R IR A IS O T, R GETHIR ORFFAEE (1
FEHARFE. Ak, WG AR ISR ] LR B RS IR

(a) KETEHE (b) B L2 8

B 3.1 2TX-1RX #E& Rkt

Figure 3.1 2TX-1RX coupler setup

N T B AR B T 2TX-1RX R St i 5 R AR 5, —4> DDQ 454
IR B 2SR SR 5 o BRSO GAIE,  anbd 3R N A 2 SEbR %, AT f

32



3 RURSHRRICC & AL R AN 5t

2 P8 52K 0.1mmx250 ) Litz ke . Horbk g2k TX1 H—14R Litz ZGeil,
AW 5 AN K 1Semy %8 21em (1) D BIZR R, WIMUMZEREI A 6 W, H&%
[ AH 52 LA S IR A S 2 Bl TX2 s RS £k B8] TX2 AR 48 RX A K
15cm. % 2lem. [ECR 9 () D BUZLE . Z0d 78 S00kHz A5 % 2% Bl 2 AT
&, RRLENEBMESHN: Ly =31.50H, L,, =27.2pH. L, =27.2uH.

L B BEAE

Ax (cm)
(b) A R LR B A B H2R AL
B32 # xRS L E RX K2R

Figure 3.2 The inductance when moving RX coil along x

W T 3.1 HR I S 2 B R i 2R P 4% R AN ] 3.2(a) BT AL BRI, 24 TX2
PEIAE TX1 MIE EJ7eF, PN RT 26 R TX1 Rl TX2 SEOLAFRE . 200 Seprill &,
ML RX TE x FIKEES), WHOAE Ax = Ocm fmfs )i 247 &
Ax =7.5cm I, TR TXT XU Zi b RX K EIERE M, KUFERE TX2 X
Ul 2k bl RX 1 HIAE M, LR ARG 2 Bl 2 TR] R A8 SRS G R RX #3NIRAR
A 3.20) fion. ATLVEH, fEROMER, B M, =0, BB RX Mk
SHERIE TX AR, BEE FAMRES, o Z IR R A B, TRk R R

33



BT JRIAR UK ) 5 R M I 25 P UK SLUSUTG 26 FL e A% B R 5t

STECIE TX2 MR EIZ M. Beoh, AR R AR 24 R, R M, = 0.
H1T DDQ Z5#4 HFIA T, #E & 4 AUFE x BT ) BT BUE K PUmB e, 18 y HiOf
AEA R BRIIX R g 7 LA x By ) R AR L. FTBAE Y, 1
x B DT AL PE I e RS B A T, S A A 2k Bl L
AL 2 HU SRR, B —ANBEE MASIZHTIE K, 5 — N, T fRILE
TERARRERNRE

(a) B ALE Ax = Ocm WKIBSZ AT (b) WBALE Ax = 3.5em B KRGS 746

K 3.3 BB RX W x 7 RB3I K9 m

Figure 3.3 The magnetic field when moving RX coil along x

W 3. 3[R N R 2R Bl E MAXWELL w3715 B 45 3, B 3.3(a) %
W2k Bl RX TEMRFEALE Ax = Ocm I IRES 73 A, BUIS, RS2 PE TX1 A2k
RX fift#l, (HR 2218 TX2 FEzI 26 Bl RX HIRE & 5 [ 3.3(b) A AR
2R 18 RX fEAmFE 1 B Ax = 3.5cm B IREY 0 A6, BERS R 528 [ TX1 A TX2 HJH1
P RX ARG, (EPA K SR BT IR ORI AR RS .

K31 RESH

Table 3.1 Ststem parameters

¥ HE % BE M AE

L, 315pH r, 030Q C,; 3.21nF
L., 272pH r,, 025Q C,, 5.19nF
L, 7.7uH r, 0.08Q C, 13.16nF

L. 272pH r., 024Q C,  3.720F

rx rx

EEXTE 3T 2R, 3R 3145 77 500kHz IS HE, G Ih Lk Xt
R EHBAE Lyyys Lyos Loy ZRBEISERCRELHLFH (Equivalent Series Resistances,

34



053 E WURST R R R SR N 5 B

ESRS) 73 rivpr Fiar Pror PASCRME R HUK L, ANSERCRIBCHLRE rp (R

AR FHAMEHEZE C s Cnr C, C, HIHES

3.3 REEFM

AR —EmR RS THAKEL T, B2 R ErBFedtir ot
1o EIX—H0 N T 3 RGERERE, 75 20 4 Pl 1S5 250 B HL B % FEAE Y
BEAT 704, I HLAEIX —ANE0 70 R 45 i (8 1) DDQ 3 A 45 40 7l o 1) 284 484 55 1)

P o B ISR L R L SRR IR S, R GEM B T RER] LS O

V1 = ja)MIIrx + rthItxl
Vy=joL i+
y 0= ja)MZIrx + rtXZItXZ + ja)LZIZ

Vrec = —-LxR

rec

L Vrec = ja)Ml Itxl + ja)MZItXZ + Irxrrx

RONT AR 2T, ARG A B AT LR AT DAS 20

( rtxlrtXZ(Rrec+rrx)+w2 <M22rtxl+M12rtx2+thMl M2) \/EVm
1= a+(R,oe 47y )b b/
2 272
W M2(M2r,—a)L,M1)+(R,ec+rrx)(r,r,x2+a) Lt> \/EV,«,,
Va=J a+(R, o +7,)b z
< rec T rx
2
v Riec (COMl rate LMy )\ hy.
rec=J a+(Roe+r )b r
[ —— M r oo LM,y \/2V,,
L TX a+(Rpe+r )b T

A

2202 2202
a=w"M;(ry +r)+ 0" Mr,,

2712
b=w Lt +rlx2(rtx1+rt)

DRIk 2 49 1) B A\ T 5 A A HH D5 R] DUHE 320 :

rtx2(Rrec +rrx)+w2M22 2V,3,
a+(R,po+1 )b 72

2
2
rec (lertx2+w LtM2> 21/31

P, =P + P, =Re{Vy - L} +Re{V,-L}} =

R
P, = Re{vrec ) (_Irx)*} =

(a+(Rye+rr)b) 2
RAEWFAHET N
2
n= P _ R,.cC
P, (r,xz(Rrec+rrx)+a)2M22) (a+(Ryee+7,)b)

...(3.1)

.. (3.2)

.. (3.3)

.. (34)

.. (3.5)

35



FET DRIRA SN 5 X PR A M I 45 B XU BLUSCTC 2k L e A% i 3R 4t

X c=wMr,, + a)thMzo
A=A ITX-1RX L TE AR GEIRML, Rk TR &M f s i sk . Jiid
KM dnld R, = 0 AT LLRAF R G S 7808

(rrxrtxz + w2M22) (a + r,xb)
Rrec,opt = b
tx2

... (3.6)

TERCR OB, A RAMERBRIR A ik, Toit2 MNIhZIE R EN
FRE, PRHIXA 2TX-1IRX 47w L R G AR ORHF 1A 1TX-1RX R G [ (1 FF
P, AR KRR RE A B A S AR . X T 1TX-1RX RS2 A
ARHT AR HAEX A R G

ARSCRHRH ) 2TX-1RX B2k 78 fi R G Ae 05 78 70 FL F A B 3. 1800 5 2%
PR, TERIT A AR, W AR I8 TX1 ReAMETEIL A B, S
(R 22 P8 TX2 ISR A 1) 8, DDQ # & 28 X AR B4 TE 2 /i 1 AR b L4
FRWT . WEBANRGEWBEMEE, U IEEEVNT, TX1 &AL TAE,
RIS, 5 MR, CAUEN TXI MINK BESE N R G ALRA 1
SRR I RE, XA IHAEF B R ST TX1 A 3s RX R & 4 7T LAseBl, Bp
BRELE O E Ax = 0cm REUH T2 K BRI ThAE .

fERX (3.5, WA TX1 KBS HEN 0, B M, =0, ry =0, BIKH
TX1, NATIF TX2 TAE, RGHEEHN—A LCC-S BIAMER 1ITX-1IRX #55, K
N TX2 248, M RRIRR KRR TX2 REMRE, 3 HHLRERN:

R,,.c?

rec“(

Mo ...(37D

T ia(Rege + ) + 02 M2) (dg + (Rygq + 1, b0
RHF ay = 0’ M3r,, by= L} + 71,91, 5 ¢y =w*L,M,.

¥ TX1 A1 TX2 [FE TAER RN 2TX RS0 AT EIRH 4y, TX1 F1 TX2 [F] i
TARBIZIE () A TX2 TARRIRCER () HAREARE G BE A EA R WP 3.4/
NTIERGRVT AT, # RS R 28 DL EOE IR o i e, TEAR RIS H 1)
GG T A A R IEE SR AT R, X R Bt S 8 T DL AR &
FIEIRFL I RCE . B 1y, TR 2TX RGRCE, Bl n BN, 5, TR
HA TX2 TAFRIRE, B gy 05 2L

1ER 3.4, MmBBECR, EITEmMBAELERT 45em B, ny KT 000 T
FEARFEALE /N T 4.5cm I, 5,0 KT 1,00 BRIEAT DB FE ] TX ) TFE AN SCHT,

36



053 E WURST R R R SR N 5 B

26 7 TX2 : 2TX

b |
92 i
I
£ 88 :
o ] l
I
= 84 |
. |
I

80 T T T T : T T T 1

0 2 4 6 8

Ax (cm)

Bl 3.4 2TX I TX2 7E45 E H B A 3503 L4 il 28
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Figure 4.4 1TX-2RX when load is voltage source
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Figure 5.4 Output characteristics under different load resistance
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