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Amplitude-modulation tuned bidirectional simultaneous power
and signal transmission
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Abstract: To address issues such as structural complexity, low transmission rates, and power-signal crosstalk in
bidirectional power and signal synchronous transmission systems for inductive wireless power transfer, a novel
bidirectional power-signal synchronous transmission method based on amplitude modulation and tuning is proposed.
In this paper, the forward signal is amplitude-modulated by changing the phase shift angle of the inverter phase-
shifted full-bridge control to achieve forward signal transmission. The reverse signal is tuned-modulated by changing
the secondary resonant capacitance to achieve reverse signal transmission. This results in the current at both ends of
the coil carrying signal characteristics. A current transformer is then used to feed the current signal with signal
characteristics into the demodulation circuit to restore the signal. First, theoretical analysis of the circuit structure is
conducted. Then, simulations are performed using Matlab/Simulink to verify the theoretical analysis. Finally, a
120 W experimental platform is constructed based on the simulation results. Experimental results demonstrate that
at a power 120 W, the load voltage fluctuation is less than 3% , and the impact of power transmission on signal
transmission is minimal. The system achieves half-duplex communication with a forward rate of 4 kbps and a reverse
rate of 20 kbps at a bit error rate of 0. 1% . Both experimental and simulation results confirm that this method
effectively achieves bidirectional power and signal synchronous transmission in inductive wireless power transfer
systems, offering high transmission rates and low bit error rates, which provide valuable guidance for wireless power
transfer system design.

Keywords : wireless power transfer( WPT) ; bidirectional signal transmission; phase-shifted full-bridge; capacitive
modulation ; demodulation circuit
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Fig.4 Equivalent circuit diagram of reverse signal transmission

Xt 4 AR 2 K K A T A ] A 7 R

ﬂn .
I 0

jwCy

R, +joL, +L

—joM R, +R, +joL, +L

joC
(8)
i (8) FIAR K o B HLIL 1, K
. U,(R, +R, +1Lon)
I, = 1 (9)

R,(R, +R. + %ij) + M

A, g=C/C.,(qg=1),

H1z0(9) AT LAE B ¢ BRIBER, A2k Bl Y
HLiE 1, WHEZ A BTN, s % C, BME, K 5%
2L Vel 1) F, A I {25 52 300 A ) 82 B ) 52 ), AT 2l 53
AL EE A PIAIIRZS 1) 2 ¢ = 1 I 1, WR{EAEREUD,
ARG TIRRAS ;2) 2 ¢ > 1 I, 1, R{EAXTE R,
RGN TARBIRARAS . X WRIIRZS T S S it Hi, U W
EY 22 i 15 R G RRE MM I B R 5407 517,
PRI ok U 46 i BEOIRAS W] DUE R FE 5407 5
“pr



5 8 1]

gk, A PR IR TR R LA

REE 515 [t - 83 -

2 GBIty ENAR

2.1 ESAH

BEZE AL AR A AR L, 3R S L R AN S B, &R
i) TAEFRE IR RS 45 kHz, 5K 3(c)—%K, i
1 AR A £ oA IO 396 A LR (14 o 2 B, 0 R
AR R A M, B0 0E T 2R TR A &M it 4T ASK
P AT A

/(20 ps-div")
Bs5 pEEHBEE
Fig.5 Inverter output voltage
1 Z, 7, o R RIFAAL LA f Al T 26
DKt i AR A i R an i 6 B, f B ge B
SR, RBOR R AT 3% , X R o
0 ~27.6°, I DSP A PRI [FI AR AL PWM 3%
PEAT ASK A5 S, o 1 PRk 3R A4 [ I f R AR
e AR 1 ) R R i o F R B, TERLE Y o YE L
WRIRIE 6, SEEURE AR 11 0°F1 27. 6°,

40 ;
o 100
pl
Poul+
o
& o
U =
—~ . Q\ -
S 20 3 50 £
(e}
(o]
[e]
O
o
o
. . . . . . .%oy
0 20 40 60 80 100 120 140 160 180
al(®)

Ee6 HEMNESHECXRE
Fig.6 Voltage, power and phase diagram

H 2 (9) AT, A o5 A 2 WA s 1) 1 B LA O IR
R A L 2 AR AN AR I D S i 18 SN, FL I 1
HEEAEA, T X —FHE, 75 R R L2 C,
IR —AS €, B PGS AMER A ¢ g
FRMFF SRR R IE IS . T RIIERE
W R R 22 3 LR, PR TT 56 K 12 18 46 XL ]
SE g A SCR A MOSFOT 5 4 85 40 401

ALAEE S % Sz EREEE R A T, DR 7

E7 3 SHREBBEFFLLEN
Fig.7 Common-source auti-series switch configuration

HRAE 13 B B 1) A% A5 5 R 1 1R« O
R R G HAWSEOAR KA, L5 <07 B, #2564
P KB CWERAS W E S Mm% C,
UGy R G i B AL TR RS, HLIRU I T iR FRL AT T
AR MR ELAR /DN 5 10T 24 A% i < 17 s, 4 il 4 42 DK I 56 K
BB N RS HE S AMERLES € JFICE HL K Y
i, EETZ R 48 A TR RRAS  Ho s i i i
HLIE 1, BIRAEAR R . PRI JF 26 K ZEAR R Y T 564k
AN IR 1 AR EAS ], AT SE B0 Fi
“1T R
2.2 55

it ] B A e LB 97 28K TR ART IO | B 8 A TR
RGIE DB | H Fs A o0 R PR S5 L B AG Y
DL 8, B, W H I B R AR B 1A A M TR
TER FL S S A B s i rh i A BH S R
R LA M U F TR A, 2 e (] 1) JIOK i o
RS BJE , A 0 45 A D H AR I v A A
SIRE A AR, PEHGE 24 A s B) 5 RC G H 2L
ZoaIGE RIS , U LA A S IR U S B L RS
SHRENHEIEE U, 17 B K RAR R IE 5L
JEAR 5 e 0 1 05 0, 43 i R s B B AR 5 <07 AN
“17SRJE AT BN 09 7 I R R AT A TR DR IR S A
PRI B 2.7V RISFN A D, , M A
(0T I R R M 2.7 V., 98 0 AR I 1 8
TR AECSET A REEAL 2.7 VB, SR AR
FEaE T H I R R R R 2.7 v, AT SE
BEORAE

o FIARCR

1ﬁ@%ﬁ& RS

B8 fEiErEEE

Fig.8 Demodulation circuit diagram



.84 . [ S N S

VAN S

557 %

3 fFERIE
g T U L T B A A XL S R AL S

J7 B W AT AT 1, 75 MATLAB/SIMULINK H & 14
B 1(b) I RS RS R 18 i 7 AR | X2t
RIVEAT05 BRI, BT A BB R ESEULE 1,

®1 HESH

Tab.1 Simulation parameters

e HfH e i¢IEd
IR U/V 24 TAE5IERI% /kHz 45
LIBNFL R, R/Q 0.1 WA HEE C,/uF 10
RATEIE AL,/ uH 124 AR, /Q 8
e A L/ pH 124 R,/Q 10
WEIRALZ C, .C./nF 10 R, \Ry/Q 100
{FEAMEREE €, /nF 5 R,/ kQ 2
IEWEHLZE Cy/ pF 10 Rs Rs/Q 500
UEBBA €, (Cy/ oF 100 R; \Rg Ry R,/ kQ 10

B9 (a) (b) 235 A {5 I 1) 4% i ik A4 5 S
i) £ g I S 2 T A PR BT, v 181 9 R LR B8
55 I i P a2 1) 2% i £ 288 Pl s 40 7 T )
A A R R B s AR 3% .

30
25F
>
IS 20+
15+
10 -
t/ms
(a) 155 1E A& mT 471 25 B R 3 3
301
/\ . U,.=26.0V
25F
> U,.=256V
5 20F
15
10 . . \ . ! )
0 1 2 3 4 5 6
t/ms

(b) 155 R LA S8 i S 3h
B9 HiEEEREREE
Fig.9 Load voltage simulation waveform

5 1E [] 1 i Pk >R FAR Bl 151 6 e B RS AH £
PEAT ASK SR, 7E RS HH A O 0° Y A% day i) K080
0, HRARSM N 27. 6o fkm i X o 1, 1E 1%
T A AR AR RS AR A, OIS R AR R (L, E
SR AR AR AR, {55 S 1] % i e i D7

WA T IME 5 A M F 25 1 B A 3 G, 2 T
WAF 5 AR HL P 0 B A s B B i R 0, XS 07 AR 5
Sk e FL T B ISP A2 i B SN E A 1 TR I A i e el A
MR AR RN S5 M i 300 P % ) SR FEL O 114 S
B TEAR 5 1F ) A% i A0 S 1) A i el e o, 0 2 o
L ) i R 38 RT3 R 9 A i A8 T ke B WA i 1
559,

A% R G OE In) AR 1) 43 A AR A
“1010101010” B {5 HIEJE UWLIEN 10, B 10 (a) A1F
5 XE ) A i B BT A i R A A R e ol A v R
2R AEWAE 5 SCH S AH A A 0 i 1Y) D 3
FrAafF. B10(b) | (c) A1E 5 IE M &5 FfE 5 I
[ A2 0 (14) gt ) P B D TR IR, U s RAEE B A (S
S REAE B LI 2R 0 e P B IR A8 ) PR TR U
SRy 28 AL 28 G RT3 I HL S Y R RS R | i
FEBIE R BE T A Y 5 e (R4 A i Rl 4, B
Bzt R S TEE R U T SR U, U,h
223k i He P v B 1Y) PR B BRIV 1 R I 815
Fo E10(d) . (e) 200 A5 5 1E 10 4% iy B A5 5
I fe i 5 2 3% BB 5 5 5 1 0 10 R I B 1R
5, HE 10 AT RIS E AR R R T S
RIEOUFES B T AR A A s HoAh e 42— 3, Bk
Z ARG G S R B4 RS FIe T B B
PR —2L,

F2 LA M TELFE SRS, RGile
RN R 80. 4% . M ARG AR 1045 5 & itk
A LSRG B R 77. 6% 5 TE R 105 T 1%
FPRAET , RGAE THEIEHRIRAS AL RS8R AR N
fIKE] 78. 6% , XELLERRH] ARG S 1E 4R A XS
RYGATRCF BA — W,



£ M 1S

Jo, 45 - VIR TRIE SR O] BE 5055 ) A0 AL -85

100

2 50 >

D0 <)
-50

100
50
0
-50

345 6 7 8 9101112

23456 728 9101112

t/ms t/ms

— N NN

U

P
Lt —pw
S
l

signal
L%l
|
|
|
|
|
-
|
|
|
I
—
U/v
(=)}
S
Vv
S
S

3 45 6 7 8 910 1112

23456 78 9101112

t/ms t/ms

0y
W

uv

t/ms

(d) IERERES SHAES

5% 6 5 8 9101112

(b) 155 IE & HfA R 3% B

33 456 78 9101112
t/ms

(o) 155 R A& F i R B I

t/ms

4 -- U,
sign
3 — U,
> 2 RS
B 0| oy A

0 I AN ¥ TN R AR A N £ §
1 p SR fEEE S
3 4 5 6 7 8 9 1011
t/ms

(o) RFAKIXE S SMARGES

E10 RefehiESHAEREE

Fig. 10 System signal transmission simulation waveforms

Nty T RE i S AR W) AL a5 A AEAN )
PR RAS TR X R Gk R A i R A, A
SCHAT TR AL AE mAE S AR RN S e 45 AR
B 3 AIRASRI 0T I, SRR 2,
x2 FRAFESHEHIIERSEERIRIMAHELSRESE
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