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Abstract—Varators are often used in PLL (phase locked loop) 

circuits for dynamic frequency control. However, the voltage and 

current ratings of varactors are too low to be used in most power 

electronic circuits. This paper proposes a transistor controlled 

variable capacitor (TCVC), which functions similar to varactors in 

that its equivalent capacitance can be controlled by a DC voltage. 

However, the TCVC can handle high voltages and currents so that 

it can be used in DC-AC power converters of Wireless Power 

Transfer (WPT) systems such as an autonomous push pull 

resonant converter to adjust its ZVS (zero voltage switching) 

frequency so that the operating frequency of the system can be 

stabilized to simplify the circuit and EMI filter design particularly 

for WPT systems with multiple power pickups, while maintaining 

soft-switching operation of the converter against magnetic 

coupling and load variations. The relationship between the 

equivalent capacitance of the TCVC and the DC control voltage is 

developed by theoretical analysis and verified by experimental 

results. A prototype circuit is built with a PLL controller to 

demonstrate that the soft-switching condition of the converter is 

maintained when the operating frequency is locked in at 1.65MHz 

under load and magnetic coupling variations. 

 
Index Terms—Frequency control, Inductive power transfer, 

Variable capacitor, Wireless power transfer.  

 

I. INTRODUCTION 

YNAMIC frequency adjustment is often needed for both 

low power radio systems and power electronic circuits. 

For example, it is of great importance to be able to adjust 

the operating frequency of wireless power transfer (WPT) 

systems dynamically so that soft-switching and resonant 

operation can be achieved for maximum power transfer and 

efficiency [1]-[5]. Traditionally, this is realized through 

switching mode capacitors [6]-[12] or inductors [13]-[20]. 

PWM signals instead of a DC voltage are used for their control, 

and the active switches in them may need gate drivers and a 

separate voltage source, which makes the circuit complex and 

sometimes inconvenient, for example when used at the 

secondary side of an IPT (inductive power transfer) system 

where an auxiliary power supply is not readily available. 

Furthermore, at high frequencies it is difficult for switch mode 
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circuits to be accurately soft-switched due to practical detection 

delays, component accuracies, etc. 

On the other hand, varactors are widely used for frequency 

control in radio engineering [21]-[24]. However, the voltage 

and current ratings of varactors are too low to be applied in 

power electronics circuits. This paper proposes a Transistor 

Controlled Variable Capacitor (TCVC) for dynamic frequency 

control of IPT systems. The equivalent capacitance of the 

TCVC can be controlled simply with a DC voltage similar to 

varactors so that the ZVS frequency of the system can be 

adjusted smoothly and therefore to reach very high (MHz) 

levels with low EMI (Electromagnetic Interference). As no 

active switching is involved in the TCVC, no switch mode gate 

drivers are needed, which makes the overall structure of the 

TCVC simpler. Besides, the TCVC can be used flexibly in 

different places of resonant circuits for parallel and series 

tuning, which is often required in wireless power transfer 

systems. With the availability of the TCVC, the mature PLL 

technology can be employed directly to lock the operating 

frequency of DC-AC converters such as the autonomous push 

pull converter which becomes a voltage controlled oscillator 

(VCO) when the TCVC is applied to its resonant tank. The 

basic operating principle of the TCVC is explained in section II. 

Section III presents the theoretical modelling of the TCVC by 

establishing the relationships of the equivalent capacitance of 

the TCVC and the ZVS frequency of the converter against the 

DC control voltage. Practical experimental results about the 

open-loop relationship between the ZVS frequency of the 

converter and the control voltage, and the closed-loop (with the 

PLL controller added) waveforms of the circuit are provided in 

section IV. Finally conclusion is drawn in section V.  

II. THE PROPOSED METHOD AND BASIC OPERATING PRINCIPLE 

To take advantage of the ZVS frequency changing with the 

variation of its resonant capacitor, an autonomous push pull 

converter as shown in Fig. 1 is used as an example to show how 

the TCVC works and explain its basic operating principle. It can 

be seen from Fig. 1 that the normal fixed value resonant 

capacitor of the autonomous push pull converter is replaced by 

the TCVC consisting of Cup, Cdw, Dc, Qc and Rb as shown in the 

dashed box titled “TCVC”. The equivalent capacitance of the 

TCVC can be controlled by the voltage Vc because Vc influences 

the conduction period of the diode Dc by controlling the base 

and collector currents ib and ic of the transistor Qc. The higher 

Vc is, the larger ib and ic, and the larger ic is, the higher the 

A DC-voltage Controlled Variable Capacitor for 

Stabilizing the ZVS Frequency of a Resonant 

Converter for Wireless Power Transfer 

Jianlong Tian, Student IEEE Member, Aiguo Patrick Hu, Senior IEEE Member 

D 



TPEL-Reg-2016-01-0039.R2 2 

voltage on the anode of the diode Dc and the longer Dc 

conducts. When the diode Dc conducts, the equivalent 

capacitance of the TCVC is the capacitance of Cdw. When the 

diode is off, the equivalent capacitance of the TCVC is 

approximately the capacitance of Cup and Cdw in series. As Cdw 

is bigger than Cup and Cdw in series, the longer the diode 

conducts, the larger the average equivalent capacitance of the 

TCVC is. By controlling the conduction period of the diode Dc, 

the voltage Vc controls the average equivalent capacitance of 

the TCVC and finally the ZVS frequency of the autonomous 

push pull converter.  

 
Fig. 1. The proposed TCVC in wireless power transfer system including autonomous push pull converter, pick-up circuit, and the PLL controller. 

The parallel tuning full-bridge regulation pick-up circuit and 

the PLL controller are shown in Fig. 1 as well. The four dashed 

blocks ①, ②, ③ and ④ constitute the PLL controller, which 

generates the control voltage Vc automatically according to the 

difference between the ZVS frequency of the converter 

COMP_IN and a reference frequency SIG_IN. The ZVS 

frequency follows the reference frequency through the 

adjustment of the equivalent capacitance Ce. The function of 

the circuit block ① is to obtain the ZVS frequency of the 

converter through the resonant voltage vab. Ua is a differential 

comparator. vab are fed into Ua via the four resistors R1~R4 

which function as voltage dividers. The output of 

Ua-COMP_IN is fed into the phase detector ② where 

COMP_IN is compared with the reference frequency SIG_IN. 

The output of the phase detector goes through the low pass filter 

③ and becomes a DC voltage changing between 0~5V 

according to the difference between COMP_IN and SIG_IN. 

The function of the circuit block ④ is to amplify the 0~5V DC 

voltage from the low pass filter to generate the control voltage 

Vc. The whole control loop is implemented with analogue 

circuits without employing any digital sampling, 

microcontroller, etc. so that the operation is very fast and can 

run at very high frequencies.  

III. THEORETICAL MODELLING 

Based on the fact that the voltage of the resonant tank (vab) of 

the autonomous push pull converter is approximately a sine 

wave, the autonomous push pull converter shown in Fig.1 is 

simplified as the one shown in Fig.2 (a), which includes only 

the sinusoidal source vs and the TCVC, where ic represents the 

collector current of Qc. Fig.2 (b) shows the situation when the 

TCVC is replaced by its equivalent capacitance Ce. 

 
Fig. 2. The simplified circuit for theoretical analysis and derivation of 
approximate equivalent capacitance of the TCVC. 

Fig. 3 shows the typical wave forms of the circuit in steady 

state including the voltage source-vs, the voltage across the 

capacitor Cup and the diode Dc -vCup, the current flowing 

through the diode Dc - iD and the current of the capacitor Cup- 

iCup. It can be seen from Fig. 3 that the voltage across the diode 

(vCup) is zero at both of the moments when the diode is turned 

on and off, which means that the diode is zero voltage switched. 

The current of the diode iD reduces to zero gradually before the 

diode turns off, so the diode reverse recovering is less an issue. 

This helps the passive diode to operate at a fully soft switched 

condition, making the TCVC suitable for high frequency 

operation. 
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Fig. 3. Typical wave forms of the TCVC: vs, vCup, iD and iCup. 

As the equivalent capacitance Ce of the TCVC plays a central 

role for the proposed method, the major task of the theoretical 

analysis is to find the relationship between Ce and the control 

voltage Vc, which is achieved in three steps. Firstly the 

relationship between the diode conduction period Tcon and Vc is 

to be found. Secondly it is to find the relationship between Ce 

and Tcon. Finally the relationship between Ce and Vc can be 

derived based on the above two relationships.  

A. The relationship between Tcon and Vc  

Before the relationship between Tcon and Vc is derived, two 

exact moments, i.e. the moment the diode starts to conduct “ton” 

and the moment the diode stops to conduct ‘toff” need to be 

determined first. Then Tcon can be calculated with (1): 

𝑇con = 𝑡off − 𝑡on (1) 

Fig. 4 shows the equivalent circuit of Fig. 2 (a) when the 

diode is conducting, got by removing Cup, Dc and ic, as an ideal 

conducting diode amounts to a short-circuit. “is” in Fig. 4 

represents the current flowing through the conducting diode Dc. 

Dc is regarded as stopping to conduct when is drops to zero. 

 

Fig. 4. The equivalent circuit when the diode is conducting. 

As is drops to zero when the voltage vs reaches its maximum 

at π/2, the moment the diode stops to conduct toff can be express 

by (2). 

𝑡off =
π

2𝜔
 (2) 

Fig. 5 shows the equivalent circuit of Fig. 2 (a) when the 

diode is not conducting, regarded as open and removed from 

the circuit. The diode is regarded as starting to conduct when 

the voltage vCup becomes zero.  

 

Fig. 5. The equivalent circuit when the diode is not conducting and the 

transistor is modelled as a current source. 

Assume 𝑣𝑠 = 𝐴𝑠𝑠𝑖𝑛𝜔𝑡, the equation governing vCup is : 

𝑑𝑣𝐶𝑢𝑝

𝑑𝑡
=

𝜔𝐴𝑠𝐶𝑑𝑤𝑐𝑜𝑠𝜔𝑡 + 𝑖c

𝐶𝑢𝑝+𝐶𝑑𝑤

 (3) 

The solution of (3) is:  

𝑣𝐶𝑢𝑝 =
𝐴𝑠𝐶𝑑𝑤

𝐶𝑢𝑝+𝐶𝑑𝑤

𝑠𝑖𝑛𝜔𝑡 +
𝑖𝑐

𝐶𝑢𝑝+𝐶𝑑𝑤

𝑡 + 𝐾 (4) 

To determine the integral constant K in (4), substitute the 

initial condition (t= -3π/2ω and vCup =0 as shown in Fig. 3) into 

(4), gives: 

𝐾 =

3𝜋
2𝜔

𝐼𝐶−𝐴𝑠𝐶𝑑𝑤

𝐶𝑢𝑝+𝐶𝑑𝑤

 (5) 

Equation (4) expresses vCup during the period the diode is 

off. The moment the diode starts to conduct 𝑡𝑜𝑛 is when vCup 

becomes zero as expressed by (6): 

𝐴𝑠𝐶𝑑𝑤

𝐶𝑢𝑝+𝐶𝑑𝑤

𝑠𝑖𝑛𝜔𝑡𝑜𝑛 +
𝑖𝑐

𝐶𝑢𝑝+𝐶𝑑𝑤

𝑡𝑜𝑛 + 𝐾 = 0 (6) 

There is no accurate analytical solution for (6). However, 

using Taylor’s series and ignoring the high order terms gives: 

𝑠𝑖𝑛𝜔𝑡𝑜𝑛 = 𝜔𝑡𝑜𝑛 . Substitute it into (6), an approximate 

analytical solution of ton can be obtained as:  

𝑡𝑜𝑛 ≈ −
𝐾(𝐶𝑢𝑝+𝐶𝑑𝑤)

𝜔𝐴𝑠𝐶𝑑𝑤 + 𝑖𝑐

 (7) 

Substitute (2) and (7) into (1) gives the relationship between 

Tcon and ic.  

𝑇𝑐𝑜𝑛 ≈
𝜋

2𝜔
+

𝐾(𝐶𝑢𝑝+𝐶𝑑𝑤)

𝜔𝐴𝑠𝐶𝑑𝑤 + 𝑖𝑐

 (8) 

Assuming the amplification of the transistor Qc is β, the 

relationship between ic and Vc can be expressed by (9): 

𝐼𝐶 = 𝛽 ∙
𝑉𝑐 − 0.7

𝑅𝑏

 (9) 

Substituting (5) and (9) into (8) gives the relationship 

between Tcon and Vc.   
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𝑇𝑐𝑜𝑛 ≈
𝜋

2𝜔
+

3𝜋
2𝜔

𝛽 −
𝑅𝑏𝐴𝑠𝐶𝑑𝑤

𝑉𝑐 − 0.7

𝛽 + 𝜔
𝑅𝑏𝐴𝑠𝐶𝑑𝑤

𝑉𝑐 − 0.7

 (10) 

Fig. 6 shows the theoretical relationship between Tcon and Vc 

got from (10) using parameters of the components shown in 

Table 1 of section IV, from which it can be seen that a higher Vc 

leads to a longer diode conduction period as explained in 

section II. When Vc goes to infinite, (10) becomes “ 𝑇con ≈
2π

𝜔
 

”, which means that 𝑇con cannot go beyond the period of the 

oscillation of the circuit 
2π

𝜔
 in theory. 

 

Fig. 6. Theoretical relationship between the diode conduction period Tcon and 

the control voltage Vc. 

B. The relationship between Ce and Tcon  

The relationship between Ce and Tcon is derived based on the 

circuit shown in Fig. 2, and the idea that the AVECD (absolute 

value of the electric charge and discharge) of the TCVC equals 

that of its equivalent capacitance Ce during one cycle of the 

sinusoidal source vs. The AVECD of a capacitor C during the 

period from t1 to t2 when the voltage across the capacitor is “v” 

can be calculated by (11): 

|∆𝑄| = ∫ |𝑖(𝑡)| ∙ 𝑑𝑡
𝑡2

𝑡1

= ∫ 𝐶 ∙ |𝑣′| ∙ 𝑑𝑡
𝑡2

𝑡1

 (11) 

where 𝑖(𝑡)  is the current flowing through the capacitor 

during the period. As the value of 𝑣′  is positive when “v” 

increases and negative when “v” decreases, |∆𝑄| is derived by 

calculating its values during the periods that “v” increases and 

decreases, respectively, and adding the results together by 

taking the negative value of “ ∆𝑄 ” into consideration during 

the period when “v” decreases. (11) is used to calculate the 

various AVECD below. The reason to use the AVECD instead 

of the real value of electric charge and discharge is that the total 

real value of electric charge and discharge during one cycle of 

the sinusoidal source vs is zero. 

The equivalent capacitance Ce is calculated in three steps. 

Firstly, the AVECD of the TCVC -  
|∆𝑄TCVC|  is calculated. Secondly, the AVECD of the 

equivalent capacitance Ce-|∆𝑄Ce| is calculated. Finally, Ce is 

derived by equating |∆𝑄TCVC| and |∆𝑄Ce|. 
|∆𝑄TCVC| needs to be calculated in two periods-when the 

diode is on and off represented by |∆𝑄Don|  and |∆𝑄Doff| , 

respectively, while the calculation of |∆𝑄Doff| is divided into 

two parts as well, i.e. the AVECD by the sinusoidal source vs 

and the AVECD by the current source ic represented by |∆𝑄𝑣𝑠| 

and |∆𝑄𝑖𝑐|, respectively. As a result, |∆𝑄TCVC| includes three 

parts-|∆𝑄Don|, |∆𝑄𝑣𝑠| and |∆𝑄𝑖𝑐| as calculated below: 

|∆𝑄𝐷𝑜𝑛| = ∫ 𝐶𝑜𝑛(𝐴𝑠𝑠𝑖𝑛𝜔𝑡)‘𝑑(𝜔𝑡)

𝜋
2

𝜔𝑡𝑜𝑛

= 𝐶𝑜𝑛𝐴𝑠(1 − 𝑠𝑖𝑛𝜔𝑡𝑜𝑛) 

(12) 

As can be seen from Fig. 3, the “on” period of the diode is 

from 𝜔𝑡𝑜𝑛 to 
𝜋

2
 when 𝑣s increases. 

|∆𝑄𝑣𝑠| = − ∫ 𝐶𝑜𝑓𝑓 ∙ (𝐴𝑠𝑠𝑖𝑛𝜔𝑡)‘𝑑(𝜔𝑡)
−

𝜋
2

−
3𝜋
2

+ ∫ 𝐶𝑜𝑓𝑓 ∙ (𝐴𝑠𝑠𝑖𝑛𝜔𝑡)‘𝑑(𝜔𝑡)
𝜔𝑡𝑜𝑛

−
𝜋
2

= 𝐶𝑜𝑓𝑓𝐴𝑠(3 + 𝑠𝑖𝑛𝜔𝑡𝑜𝑛) 

(13) 

As can be seen from Fig. 3, the “off” period of the diode is 

from −
3𝜋

2
 to 𝜔𝑡𝑜𝑛 , which is divided into two periods “from 

−
3𝜋

2
 to −

𝜋

2
, and −

𝜋

2
 to 𝜔𝑡𝑜𝑛 ”, when 𝑣s  decreases and 

increases, respectively. 

|∆𝑄𝑖𝑐| = 𝑖𝑐 ∙ ∆𝑡 = 𝑖𝑐

𝜔𝑡𝑜𝑛 +
3𝜋
2

𝜔
 

(14) 

where ∆𝑡 is the period during which the diode is off, i.e. from 

−
3𝜋

2
 to 𝜔𝑡𝑜𝑛, which should be in the form of the absolute time 

instead of radians.  

|∆𝑄TCVC| is calculated by summing up (12), (13) and (14): 

|∆𝑄𝑇𝐶𝑉𝐶| = |∆𝑄𝐷𝑜𝑛| + |∆𝑄𝑣𝑠| + |∆𝑄𝑖𝑐|
= 𝐴𝑠[3𝐶off + 𝐶𝑜𝑛

+ (𝐶off − 𝐶𝑜𝑛)𝑠𝑖𝑛𝜔𝑡𝑜𝑛]

+ 𝑖𝑐 (𝑡𝑜𝑛 +
3𝜋

2𝜔
) 

(15) 

The 𝐶𝑜𝑛  and 𝐶off  in (12), (13), (14) and (15) means the 

instant capacitance of the TCVC during the period the diode is 

on and off, respectively as expressed by (16) and (17). 

𝐶𝑜𝑛 = 𝐶𝑑𝑤 (16) 

 𝐶off =
𝐶𝑢𝑝𝐶𝑑𝑤

𝐶𝑢𝑝 + 𝐶𝑑𝑤

 (17) 

The AVECD of the equivalent capacitance Ce during one 

cycle of the sinusoidal voltage source vs can be calculated by 

(18): 

0.197

0.202

0.207

0.212

0.217

0.222

0 10 20 30

T
co

n
 (

u
s)

 

Vc (V) 

Tcon vs. Vc 
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|∆𝑄𝐶𝑒| = − ∫ 𝐶𝑒(𝐴𝑠𝑠𝑖𝑛𝜔𝑡)‘𝑑(𝜔𝑡)
−

𝜋
2

−
3𝜋
2

+ ∫ 𝐶𝑒(𝐴𝑠𝑠𝑖𝑛𝜔𝑡)‘𝑑(𝜔𝑡) = 4𝐶𝑒𝐴𝑠

𝜋
2

−
𝜋
2

 

(18) 

The calculation of |∆𝑄Ce| is divided into two periods “from 

−
3𝜋

2
 to −

𝜋

2
, and −

𝜋

2
  to 

𝜋

2
” because it can be seen from Fig. 3 

that 𝑣s  decrease and increase during these two periods, 

respectively so that 𝑣s
′  is negative and positive accordingly 

which provides convenience for the calculation of the absolute 

value.  

By equating (15) and (18), the equivalent capacitance Ce of 

the TCVC can finally be derived as: 

𝐶𝑒 =
3𝐶off + 𝐶𝑜𝑛 + (𝐶off − 𝐶𝑜𝑛)𝑠𝑖𝑛𝜔𝑡𝑜𝑛

4
+

𝑡𝑜𝑛 +
3𝜋
2𝜔

4𝐴𝑠
∙ 𝑖𝑐 (19) 

As “toff” is a fixed value 
π

2𝜔
, only “ton” appears in (19).  

 

Fig. 7. Theoretical relationship between the equivalent capacitance Ce and 

the diode conduction period Tcon. 

By calculating Tcon with (10) and Ce with (19), the 

relationship between Ce and Tcon can be obtained as shown in 

Fig. 7 using parameters of the components shown in Table 1 of 

section IV, from which it can be seen that the longer the diode 

conducts, the larger the equivalent capacitance of the TCVC is 

as explained in section II. 

C. The relationship between Ce and Vc 

Substitute (9) into (19) gives the relationship between Ce and 

Vc: 

𝐶𝑒 =
3𝐶off + 𝐶𝑜𝑛 + (𝐶off − 𝐶𝑜𝑛)𝑠𝑖𝑛𝜔𝑡𝑜𝑛

4

+
𝛽 (𝑡𝑜𝑛 +

3𝜋
2𝜔

)

4𝐴𝑠𝑅𝑏

∙ (𝑉𝑐 − 0.7) 

(20) 

where: ton is expressed by (7). As the relationships of Tcon and 

Vc, and Ce and Tcon as shown in Fig. 6 and Fig. 7 are 

proportionate, it can be deduced that Ce is proportional to Vc as 

well, which is in consistent with the theoretical and 

experimental results shown in Fig. 9 of section IV that the 

operating frequency f decreases with the control voltage Vc. 

D. The relationship between f and Vc 

Strictly speaking, what the voltage Vc controls is the ZVS 

frequency of the autonomous push pull converter. However, 

when the circuit quality factor Q is high, the ZVS frequency is 

close to the undamped natural oscillation frequency as 

expressed by (21) [24]. 

𝑓 =
1

2𝜋√𝐿𝐶
 (21) 

Substituting (20) into (21) gives the relationship between the 

approximate ZVS frequency of the converter and the control 

voltage Vc as expressed by (22):  

𝑓 =
1

2𝜋√𝐿 [
3𝐶off + 𝐶𝑜𝑛 + (𝐶off − 𝐶𝑜𝑛)𝑠𝑖𝑛𝜔𝑡𝑜𝑛

4
+

𝛽 (𝑡𝑜𝑛 +
3𝜋
2𝜔

)

4𝐴𝑠𝑅𝑏
∙ (𝑉𝑐 − 0.7)]

 

(22) 

IV. EXPERIMENTAL RESULTS 

Fig. 8 shows the experimental setup (the same circuit as 

shown in Fig. 1). 

 

Fig. 8. The experimental setup. 

 

 As can be seen, it includes the push pull converter, the 

TCVC, the primary and secondary side coils LP and LS, the 

pick-up circuit and the PLL controller. Such a configuration 

may be suitable for low power contactless battery charging 

applications with very small physical separation between the 

primary and secondary coils. 

Table 1 and 2 show the components and parameters of the 

primary and secondary side circuits, and the parameters of the 

coils, respectively.  

Fig. 9 shows the open-loop (without the PLL controller) 

experimental and theoretical relationships between the 

operating frequency of the converter and the control voltage Vc 

together under two different situations when there is 

(Rload=100Ω) and there is no load, from which it can be seen 
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that the theoretical and experimental results agree with each 

quite well, and the operating frequency is negatively related to 

the control voltage Vc as explained in section II and III. 

Table 1 Parameters and components of the primary and secondary side 

circuits. 

VDC (V) 
L1, L2 

(mH) 
C1, C2 (nF) D1, D2 S1, S2 

12 1 5.5 BYV26C IRF3205 

Cup (nF) Cdw (nF) Dc Qc Rb (kΩ) 

1 50 C3D02060F KSE13003 12 

k CS (nF) DS1~DS4 Cf (uF) Rload (Ω) 

0.62 4 PMEG10020AELRX 10 100 

Table 2 Parameters of the primary and secondary side coils LP and LS. 

No 

iron 
cores 

Value 

(uH) 

Number 

of turns 

Diameter 

of the coil 
(mm) 

Diameter 

of the litz 
wire (mm) 

Distance 

between 

LP and LS 
(mm) 

LP 1.06 7 36.5 2.2 2.8 

LS 1.35 8 40 2.2 2.8 

 

 

Fig. 9. Experimental and theoretical relationship between the operating 

frequency of the converter and the control voltage. 

 

Fig. 10. Experimental relationships of the output power Pout (W) and efficiency 

ŋ (%) vs. the control voltage Vc. 

Fig. 10 shows the open-loop experimental relationships of 

the output power Pout and efficiency ŋ (%) against the control 

voltage Vc, from which it can be seen that the output power and 

efficiency reach maximum of 10.8W and 74.7%, respectively 

with the control voltage Vc is around 10V, when the operating 

frequency of the converter is about 1.65MHz (refer to Fig. 9). 

The efficiency ŋ (%) is calculated as the ratio of the output 

power (Vout
2
/Rload) to the input power (VDC*iDC), where VDC and 

iDC are the voltage and current of the DC voltage source, 

respectively.  

Fig. 11 shows the closed-loop waveforms (with the PLL 

controller added) of the voltage va at the point “a” of the 

resonant tank (channel 1), the signal COMP_IN after the 

comparator Ua (channel 2), the reference frequency SIG_IN 

(channel 3) and the output voltage of the PLL controller Vc 

(channel 4) when the reference frequency is set at 1.65MHz.  

 

Fig. 11. Experimental waveforms of va, COMP_IN, SIG_IN and Vc when the 

reference frequency is set at 1.65MHz. 

It can be seen from Fig. 11 that the frequencies of all the first 

three channels va, COMP_IN and SIG_IN are 1.65MHz, which 

means that the operating frequency of the converter is locked in 

at 1.65MHz by the PLL controller through adjusting the 

equivalent capacitance of the TCVC with the control voltage Vc, 

when the output power and voltage reach their maximum of 

10.8 W and 32.87 V, respectively with the load resistance Rload 

is 100Ω and the coupling coefficient k is 0.62. In the 

experiment, the operating frequency can remain to be locked at 

1.65MHz with the load resistance and the coupling coefficient k 

changing between 50Ω to 250Ω, and 0.62 to 0.53, respectively.  

V. CONCLUSION 

A transistor controlled variable capacitor (TCVC) was 

introduced in the paper for dynamic frequency control of 

resonant converters for wireless power transfer. The proposed 

method does not involve active switching and the ZVS 

frequency of the converter can be adjusted by a stable DC 

voltage so that the overall EMI can be reduced compared to 

traditional switch mode capacitors, and it can be potentially 

used for high frequency operation. A PLL controller is 

designed in combination with the TCVC for dynamic frequency 

control of the autonomous push pull converter. The operating 

frequency is locked in at the resonant value of 1.65MHz when 

the power transferred reaches its maximum of 10.8W in the 

experiment. The frequency can be maintained at 1.65MHz 
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under the load resistance and coupling coefficient k variations 

between 50Ω to 250Ω, and 0.62 to 0.53, respectively. The 

characteristics of the TCVC demonstrated from this 

fundamental research show that the proposed method can be 

widely used in many applications such as dynamic frequency 

control of resonant converters, circuit tuning/detuning for 

soft-switched operation, reactive power control, and the output 

voltage regulation of wireless power transfer systems. 
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