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Stability analysis of flying-capacitor linear amplifier
with frequency characteristic of gate driver and power devises
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In this paper, the stability of the flying-capacitor linear amplifier for a wireless power transfer system is

analyzed by a small-signal equivalent circuit. A wideband width controller for FCLA is needed to output the high-

frequency voltage used in wireless power transfer systems. FCLA output voltage is controlled by the analog gate

voltage. For this reason, the controller consists of operational amplifiers. Due to this, it is necessary to analyze

the stability of FCLA including the operational amplifier. The stable gain is analyzed by the small-signal

equivalent circuit. Then, the operation of 4-series FCLA with unfolder is demonstrated by simulation. In the

addition, the harmonics of the output current are analyzed. As a result, it is seen that the harmonic components

are reduced by 40 dB or more than the fundamental component.
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Fig. 1. FCAL for WPT system.
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Fig. 2. Operation region of n-MOSFET.
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Fig. 3. Block diagram of output voltage controller.
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Fig. 4. State selection by comparing with phase-shifted carrier for 4-series
FCLA.
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W

%

ICHES Z L TART U T2 E B LW RE/REL Y,
ﬁf%é L a2 L,

AxX

s

4, VIal—ia iR

I10’V—x7¢m7@%@@¢ﬁ%%?? X 10 1%
AEEEL S — Y —AHEEE, $FI L7 MOSFET
@dﬁ%%ﬁ@%kM%ﬂﬁ@ﬁmm%Tw_i@%n%
nNvial—rarlicfRchsd, Y—A7+r0 V0K
LEMAAE THD A MEMEE T 2720, BOMEITEREL
DMLy DA T A% A T- 85kHz DIEREHE TH 5, K 10 K
D, METNLEBICHELWHNE F%%%nfwé e
MR TED, £, AILEEZH T HTDICATITHT—
Y —2EEL, BBIEZELWI OB LIIME
BEMEIEAZ Y THD I ERLND, 2 DDET TN
TH— b Y —RAEEPENTE R > TN DB, T4 SPICE
ETVIZEB N TEE I TV 2D MOSFET O IERRIEIEZ /IME
BRI CITEE L TWE Z ENFEKRTH D,
B 11 lZv 22—y a>r%17H FCLA DEEHEAZ R~
T, VR =2 b— g VIR X B 2 B L 4 H
BIFCLA & L, Aff & LTI A#kt L TV 5, MOSFET @



Ky=1
with ideal op-amp

-100+ K= 1

with non-ideal op-amp

Phase (deg)

S N R

Frequency (kHz)

(a) Open-loop characteristic

EDD-21-050
SPC-21-140

20,

K, =10
0
o
l:z -20r Kp=1
.é_g a0 with ideal op-amp
-60r Ky=1
with non-ideal op-amp —
-80 : :
0 K, = 100 i
@ \ Ky=1
o with ideal op-amp
~ -180r
i) T K, = 10
s Ky=1
o _360- with non-ideal op-amp
-54 . . .
10 10° 10* 10° 10°

Frequency (kHz)

(b) Close-loop characteristic

Fig. 9. Bode diagram of small signal equivalent circuit for FLCA.
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FCLA output voltage and output vol tage command
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Fig. 13. Harmonics analyze of output current.
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