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[Abstract]

This paper has designed a current mode class D power amplifier to increase the transmission efficiency of a 6.78 MHz wireless power
transfer (WPT) transmitter and to ensure stable characteristics even when the transmitting and receiving coil intervals change. By
reducing the loss due to the parasitic capacitor component of the transistor, which limits the theoretical efficiency of the linear amplifier,
this research has improved the efficiency of the power amplifier. The circuit design simulator was used to design the high efficiency
amplifier, and the power output and efficiency characteristics according to the load impedance change have been simulated and verified.
In the simulation, 42.1 dBm output and 95% efficiency was designed at DC bias 30 V. The power amplifier was fabricated and showed
91% efficiency at the output of 42.1 dBm (16 W). The transmitting and receiving coils were fabricated for wireless power transfer of the
drone, and the maximum power added efficiency was 88% and the output power was 42.1 dBm + 1.7 dB according to the load change

causing from the coil intervals.
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Fig. 1. Voltage mode class D power amplifier circuit.
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Fig. 3. A schematic diagram of the 16 watt CMCD power
amplifier.



8t JoRI27) 50 Ohmed 735~ PAE 95%, &3 409 42.1
dBm¢l 7] S125 7o R F8) d¥H g 0~100 Ohme.
= WA 9o AlEEold daks 29 79 A Ak,

30 Ohm™-E] 90%°]°d2] & T&& frshaL =] W
8}7F £1.5.dB o 91 25 & 5 AUt

PAE(%)
(wgp)*q

0 2 4 6 8 10 12 14 16 18 20
Pi, (dBm)

8 4. sl w2 PAE, Pout AlE2o|M
Fig. 4. PAE and Pout simulation according to input power

100 2.0
80 1.6
~ 60 F12
S F 2
= 40 fos
20 i'.‘.““: .u.'ﬂ‘A“"-l et }0.4
0 0.0

0 50 100 150 200 250 300
time(nsec)
O3 5. FET1 Eajel dfnt MRrel oid AlZaold
Fig. 5. Simulated waveform of FET1 drain voltage
and current.

90—|
80—| o
F =
ol o
()
70— =]
= E
. e
60—| C
50— £ 34
1 C
40 T ‘ T ‘ T ‘ T | T | T ‘ T ‘ T ‘ T | T 30
o 10 20 30 40 50 60 70 80 90 100
Rload

a8 6. 2= YuHA #slof mE MHEIIEE ¥ ENA
Fig. 6. Power added efficiency and output power due to
load impedance change.

FoF uEA #slof e 6.78MHz MF2= D2 M

1
0
I
N
Am
0x
:lol__l

>

A2 6.78 MHz 16 Wi ZFEE Class D 18 T37]9]
ARSI/ 8 o] AAIEISITE 7132 FR4E A28 o
PCB H el W72 94538 F-3ste] 1&g o Qg
A 548 =k 9, 4 @9 choke JIEE= &9 Al #
S a2sle] dlglol E s = Alketar 22t FAES 640,
23000t} dE e EdAE M= 0.1-200 MHzOA 50 Ohm2]
EA Aud2E 2k Z ] RF power 250 mW, DC current 30
mAS ZH=s 111 ERAYHE ALESIIT] EEde] EWAY
Hol| ALS-5 = HEko| E Foi= FAHE 125, inductor factor A
=75 nH (Lturn?) 2 7}t 0.4 mme] oubdl 54 02 9o
8 ®l, 9ol 6.5 o2 {iH])= ¢F 1:0.8 1 &= A=l
[7]. HEEs| 22 ¥E QJIYE = 0.6 mme] U Ao
5 mme] %ol 14 §1 0.7 oo} 51U S A 2k} 3Tt

A2 ARFEE Class D 18 T%7]9 948 dg up2
PAE®} =9 e S43kS 11 9ol AlAsIGlch 944 HE 16
dBm ©]7ol| A= 90%0]4+2] PAES Ho|w 25.8 dBS] AE o]
57141.8dBm (15 W) 9] &2 58 YR

S
el
=]

g

O8 7. MEE 16 W MR 2= D METEY|
Fig. 7. Implemented 16 watt CMCD power amplifier.

44

| R ek A et B SN Sl
v e |- 42

- 40

60 ~ | 28

- 36

PAE (%)
(wgphinod

=7

—v—PAE
—e—Pout|[ 3

20 4

; 30

Pin (dBm)

T8 8. ™ol w2 PAE, Pout Xt
Fig. 8. PAE and Pout measurement according to input
power.

www.koni.or.kr



J. Adv. Navig. Technol. 23(2): 166-171, Apr. 2019

4-2 S4M T 7k Bis}0]] M2 UT[HA EH
AAE AEFETE FAAEAEA H8A1717] $18te]
2oFe] 4l ZUS 60x80 mm’ ] WA TS
2
=

1 ol 282 529 7+ 20 mm HAel|A
AN S11E UEY B47|5 o]&3le] 433k
F2l ZY ] FAlo] oY xF O 25 mm, yF2.2 30 mm
W Qjoll A Walet w10 dB B.u} 2H ghS 2h= AL Fe1E
th SA4E F7A 7Y 114 Rislel o] s Kol dujrla ¥l
3}k k2560 Ohm ©]t},

9ot o] §-3l AU WSk 2tns AYTE
FAL AAz AL 4 LS FA L} 20 mm o7l
N x, yFHO 2 o] v HHHH A/ EES A

AT} 42.1 dBBmS 7] 0% +1.7 dB o] o] 4 e

PAE:= 1 88% = #1511tk

a3 9. MZEE 60x80 mm? &4l 2 =4l Y
Fig. 9. Manufactured 60x80 mm? transmit and receive
coils.

- . . . T T T T 50
80 4
- 45
60 | = E
~ e 5
g 40 D
2 Acl
g a0 ;
a
- - | . . PAE(simulation) | | ¢
ol g P AE (measure)
————— Pout(simulation)
== Pout(measure)
5 | | ! ! ! T T T 30

20 25 30 35 40 45 50 55 60 65
Rload (Ohm)

33 10. Rload #sjo w2 PAE,
Fig. 10. PAE, load variation with output power.

59 M

https://doi.org/10.12673/jant.2019.23.2.166

E 1. &5 2 20 mmZHHolMe] xF Wl mE S11
Table 1. S11 according to x-axis variation with 20mm
separation of Tx and Rx caoils.

x(mm)| 0 4 8 12 16 20 24 28

S11(dB)| -14 | -16.5 | -17.8 | -19 |-16.8 | -15 | -11.8 | -7.2

E 2. 54 2 20 mmZHHolMe] y= W2l mE S11
Table 2. S11 according to y-axis variation with 20mm
separation of Tx and Rx caoils.

y(mm)| 0 5 | 10 | 15 | 20 | 25 | 30 | 35

S11(dB)| -14 | -165 | -19 -17 -14 -11 9.7 | -6.2
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