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This study analyzes and evaluates four transmission characteristics of the capacitive power transfer (CPT) with resonance 
coupling. A constant voltage source is used under all conditions. The target compensation topologies for the investigation are series-
series (SS), series-parallel (SP), parallel-series (PS) and parallel-parallel (PP) topologies. The analysis results under the unified 
conditions describe the five transmission characteristics: (a) the equivalent maximum efficiency in four topologies, (b) the squared 
lower output power of the coupling coefficient of PS and PP topologies compared with those of SS and SP topologies, (c) the 
squared lower optimal loads of the coupling coefficient of SS and PS topologies compared with those of SP and PP topologies, (d) 
the constant unit power factor (CUPF) characteristics from the source in four topologies, (e) the constant current (CC) 
characteristics in SS and PP topologies, and the constant voltage (CV) characteristics in SP and PS topologies at the load variation 
around the optimal load. From these evaluations, both SS and SP topologies, which are superior in terms of the output power, are 
recommended when using the voltage source. Finally, the powering experiment in SS and SP topologies shows the effectiveness of 
these evaluations. 
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1. Introduction
Wireless power transfer (WPT) has attached world-wide

attention as a method to solve the problems of cable charging such 
as abrasion and disconnection(1)-(6).WPT methods are classified 
into two major fields: inductive power transfer (IPT) via 
alternating magnetic field and capacitive power transfer (CPT) via 
alternating electric field. IPT couplers consist of a pair of coils, 
but the litz wire reducing the high frequency resistance and ferrite 
core maintaining the strong coupling between the couplers are 
additionally employed. These are prone to make the expensive and 
heavy system. Conversely, CPT enables lower-cost and lighter-
weight implementation because couplers consist of metal plates 
only. Also, because of the transmission with the electric field, CPT 
can avoid the eddy current on the foreign metal object between 
couplers and excludes the lowering efficiency and risk of 
temperature rise. Furthermore, the flexibility of coupler shape is 
also its noteworthy advantage. Utilizing these advantages, CPT is 
applied to various charging applications for the soccer robot(7), LED 
driver(8), biomedical implant(9), synchronous machines(10) and 
electric vehicle(11). 

On the other hand, the difficulty of the high-power transmission 
in CPT is known due to the extremely small capacitance between 
couplers(12). However, recent study which employ the double sided 
LCLC-compensated topology(13) succeeded in high efficiency of 
90 % and high power of 2.4 kW transmission at long distance of 
150 mm. Therefore, the industrial applications of CPT independent 
on distance is expected. Also, the simple compensation topologies 
with less number of elements of two has been widely analyzed(14)-

(18). About series-series (SS) topology as one of them, the values of 
transmission efficiency, output power and the optimal load which 

achieves the maximum efficiency are shown (17). In addition, it is 
described that the properly designed compensation inductors 
provide the load-independent constant unit power factor (CUPF) 
from the source and constant current (CC) characteristics. About SS 
and series-parallel (SP) topologies, the equivalent target values of 
their transmission efficiency and output power, and the lower 
optimal load of SS topology compared with that of SP topology 
are explained when primary and secondary sides input reactance are 
zero(16). About SS and parallel-parallel (PP) topologies, the 
equivalent target values of their transmission efficiency are 
explained(18). Although, it is still difficult to select the appropriate 
topology because the circuit analysis and understanding of the 
transmission characteristics are not enough than IPT where it is 
discussed under unified compensation condition(19). The reasons are 
as follows: (i) unexamined parallel-series (PS) topology, (ii) 
insufficient evaluation of the transmission characteristics in SP and 
PP topologies because CC and constant voltage characteristics (CV) 
are not discussed(16), (18). (iii) Non-uniform compensation inductor 
design for each article. For example, the resonances in reference 
(16) are designed so that the input reactance of the secondary as well 
as the primary side is zero, while in reference  (17) and (18), the
resonances are simply made to resonate at the plate capacitance C
and resonant coil L. These compensation methods are different from
the gyrators and ideal transformer methods in this paper. (iv)
ignoring the loss resistances for the evaluation of the output power,
CUPF, CC and CV characteristics.

Therefore, this paper fairly compares four topologies by 
evaluating the transmission characteristics under the unified 
inductor design and the optimal load. Here, the inductors for all 
topologies are designed based on constituting the gyrator and ideal 
transformer networks to be expected for the CUPF, and CC or CV 
characteristics. In IPT, it is said that the analysis by these networks 
can describe transmission characteristics of each topology 
graphically(20). Furthermore, this paper evaluates five important 
transmission characteristics: (a) transmission efficiency, (b) output 
power, (c) optimal load, (d) CUPF characteristics, (e) CC and CV 
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characteristics. Based on these evaluations, the criterion for the 
selection of the compensation topology for each application are 
presented. Finally, the powering experiment in SS and SP 
topologies shows the effectiveness these evaluations. 

2. CPT with resonance coupling

2.1. CPT coupler
Typical CPT couplers consist of four metal plates Plate1–Plate4 

horizontally arranged such as Fig. 1. Plate1, 2 are on the primary 
side with the power supply, Plate3, 4 are on the secondary side 
with the load. The circuit diagram based on capacitances between 
each plate 𝐶ଵଶ െ 𝐶ଷସ  is described in Fig. 2(a). Also, this is 
converted into the π type circuit diagram in Fig. 2(b)(22). The self-
capacitances 𝐶ଵ, 𝐶ଶ and mutual capacitance 𝐶௠ are expressed 
as follows: 

𝐶ଵ ൌ 𝐶ଵଶ ൅
ሺ஼భయା஼భరሻሺ஼మయା஼మరሻ
஼భయା஼భరା஼మయା஼మర

  (1)

𝐶ଶ ൌ 𝐶ଷସ ൅
ሺ஼భయା஼భరሻሺ஼మయା஼మరሻ
஼భయା஼భరା஼మయା஼మర

 (2) 

𝐶௠ ൌ ஼మర஼భయି஼భర஼మయ
஼భయା஼భరା஼మయା஼మర

(3) 

𝑘 ൌ ஼೘
ඥ஼భ஼మ

(4) 

where 𝑘  is defined as a coupling coefficient representing the 
strength of coupling between the primary and secondary sides. 

2.2. Compensation topology 
In WPT, the high-efficiency and high-power transmission 

needs compensation by the external elements. The element design 
in this paper focuses on two of the compensation inductors 
conditions and optimal load conditions to maximize the 
transmission efficiency. 

Fig. 1. Typical structure of CPT couplers 

(a) Structure circuit (b) π-type circuit
Fig. 2. Equivalent circuit diagram of CPT couplers 

Fig. 3. Circuit diagram of CPT with resonance coupling 

The examined compensation topologies are SS, SP, PS and PP 
topologies described in Fig. 3. There are named based on how the 
inductors are connected on each side, series (S) or parallel (P). 
Here, L1, L2 are the inductances and 𝑅ଵ, 𝑅ଶ are the equivalent 
series resistances (ESR) of the compensation inductors. The 
quality factors of the inductors are defined as follows. 

𝑄ଵ ൌ
ఠ௅భ
ோభ

,𝑄ଶ ൌ
ఠ௅మ
ோమ

  (5) 

𝑉ଵሶ  , 𝑉ଶሶ   are the input and output voltages, 𝐼ଵሶ  , 𝐼ଶሶ   are the input 
and output currents. 𝑅௅  is load resistance and 𝑓 ,  𝜔  are the 
operating frequency and angular frequency. 

3. Compensation inductor design (R1 = R2 = 0)
This section derives the compensation inductor conditions

under 𝑅ଵ ൌ 𝑅ଶ ൌ 0. The design method based on the gyrator and 
ideal transformer networks is employed to obtain CUPF, and CC or 
CV characteristics. 

3.1. Gyrator and ideal transformer characteristics 

The gyrator is a circuit network satisfying 𝐴ሶ ൌ  𝐷ሶ ൌ 0  in the 
circuit equation of eq. (6)(20),(21). Also, the cascade connection of 
even number of gyrators satisfy 𝐵ሶ ൌ  𝐶ሶ ൌ 0. 

ቈ𝑉ଵ
ሶ
𝐼ଵሶ
቉ ൌ ൤𝐴ሶ 𝐵ሶ

𝐶ሶ 𝐷ሶ
൨ ቈ𝑉ଶ

ሶ
𝐼ଶሶ
቉  (6) 

When there is no loss resistance in the circuit, the condition 
of 𝐴ሶ ൌ  𝐷ሶ ൌ 0 provides the CUPF characteristics as shown in 
eq.(8) where 𝑍௜௡  is represented as real number and the CC 
characteristics as shown in eq.(10) where |𝐼ଶ|ሶ  is independent on 
𝑅௅. These are collectively named as gyrator characteristics. 

Also, the condition of 𝐵ሶ ൌ  𝐶ሶ ൌ 0  provides the CUPF 
characteristics as shown in eq.(12) where 𝑍௜௡ is represented as 
real number and the CV characteristics as shown in eq.(13) where 
|𝑉ଶሶ |  is independent on 𝑅௅ . These are collectively named as ideal 
transformer characteristics. 
𝐴 ሶ ൌ  𝐷ሶ ൌ 0: Gyrator characteristics 

ቈ𝑉ଵ
ሶ
𝐼ଵሶ
቉ ൌ  ൤

0 േ𝑗𝑍଴ଵ
േ𝑗/𝑍଴ଵ 0 ൨ ቈ𝑉ଶ

ሶ
𝐼ଶሶ
቉ (7)

𝑍௜௡ ൌ  𝑉ଵሶ 𝐼ଵሶ⁄  ൌ 𝑍଴ଵଶ 𝑅௅ ሺcos 𝜃௜௡ ൌ 1ሻ (8)
|𝑉ଶሶ | ൌ  𝑅௅/𝑍଴ଵ|𝑉ଵሶ |      (9) 
|𝐼ଶ|ሶ ൌ  1 𝑍଴ଵ⁄  |𝑉ଵሶ |     (10) 
𝐵ሶ  ൌ  𝐶ሶ ൌ 0: Ideal transformer characteristics 

ቈ𝑉ଵ
ሶ
𝐼ଵሶ
቉ ൌ  ൤േ𝑍଴ଶ 0

0 േ1/𝑍଴ଶ
൨ ቈ𝑉ଶ

ሶ
𝐼ଶሶ
቉    (11) 

𝑍௜௡ ൌ  𝑉ଵሶ 𝐼ଵሶ⁄  ൌ 𝑍଴ଶଶ 𝑅௅ ሺcos 𝜃௜௡ ൌ 1ሻ (12) 
|𝑉ଶሶ | ൌ  1/𝑍଴ଶ|𝑉ଵሶ |      (13) 
|𝐼ଶ|ሶ ൌ  1 𝑍଴ଶ𝑅௅⁄  |𝑉ଵሶ |    (14) 

In subsequent analysis, the compensation inductor 
conditions satisfying 𝐴ሶ ൌ  𝐷ሶ ൌ 0  or 𝐵ሶ ൌ  𝐶ሶ ൌ 0  are derived. 
For the simple analysis, the following parameters are employed. 

ቐ
𝛼 ൌ 1 െ 𝜔ଶ𝐿ଵ𝐶ଵሺ1 െ 𝑘ଶሻ
𝛽 ൌ 1 െ 𝜔ଶ𝐿ଶ𝐶ଶሺ1 െ 𝑘ଶሻ

𝛾 ൌ 1 ൅𝜔ସ𝐿ଵ𝐿ଶ𝐶ଵ𝐶ଶሺ1 െ 𝑘ଶሻ െ 𝜔ଶሺ𝐿ଵ𝐶ଵ ൅ 𝐿ଶ𝐶ଶሻ
 (15) 

3.2. Design procedure 

The F parameters 𝐴ሶ െ 𝐷ሶ   of the circuit equation in SS 
topology are expressed as Table 1. Table 2 is under compensation 
condition.
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Plate2 Plate4



Table 1  F parameter, compensation inductor conditions and gyrator and ideal transformer characteristics in each topology. 
SS topology SP topology PS topology PP topology 

𝐴ሶ 𝛼𝐶ଶ 𝐶௠⁄  െ𝛾 𝜔ଶ𝐿ଶ𝐶௠⁄  𝐶ଶ 𝐶௠⁄  െሺ1 െ𝜔ଶ𝐿ଶ𝐶ଶሻ 𝜔ଶ𝐿ଶ𝐶௠⁄  

𝐵ሶ  𝛾 𝑗𝜔𝐶௠⁄  ሺ1 െ𝜔ଶ𝐿ଵ𝐶ଵሻ/𝑗𝜔𝐶௠ ሺ1 െ𝜔ଶ𝐿ଶ𝐶ଶሻ/𝑗𝜔𝐶௠ 1/𝑗𝜔𝐶௠ 

𝐶ሶ  𝑗𝜔𝐶௠ሺ1 െ 𝑘ଶሻ/𝑘ଶ 𝛽𝐶ଵ/𝑗𝜔𝐿ଶ𝐶௠ 𝛼𝐶ଶ/𝑗𝜔𝐿ଵ𝐶௠ െ𝛾/𝑗𝜔ଷ𝐿ଵ𝐿ଶ𝐶௠ 

𝐷ሶ 𝛽𝐶ଵ/𝐶௠ 𝐶ଵ/𝐶௠ െ𝛾/𝜔ଶ𝐿ଵ𝐶௠ െሺ1 െ𝜔ଶ𝐿ଵ𝐶ଵሻ 𝜔ଶ𝐿ଵ𝐶௠⁄  

𝐿ଵ 1/𝜔ଶ𝐶ଵሺ1 െ 𝑘ଶሻ 1/𝜔ଶ𝐶ଵ 1/𝜔ଶ𝐶ଵሺ1 െ 𝑘ଶሻ 1/𝜔ଶ𝐶ଵ 

𝐿ଶ 1/𝜔ଶ𝐶ଶሺ1െ 𝑘ଶሻ 1/𝜔ଶ𝐶ଶሺ1 െ 𝑘ଶሻ 1/𝜔ଶ𝐶ଶ 1/𝜔ଶ𝐶ଶ 

𝑍௜௡ 𝑘ସ/𝜔ଶ𝐶௠ଶ 𝑅௅ሺ1 െ 𝑘ଶሻଶ 𝐶௠ଶ 𝑅௅/𝐶ଵଶ 𝐶ଶଶ𝑅௅/𝐶௠ଶ 𝜔ଶ𝐶௠ଶ /𝑅௅ 

|𝑉ଶሶ | 𝜔𝐶௠𝑅௅ሺ1 െ 𝑘ଶሻ/𝑘ଶ|𝑉ଵሶ | 𝐶ଵ/𝐶௠|𝑉ଵሶ | 𝐶௠/𝐶ଶ|𝑉ଵሶ | 𝜔𝐶௠𝑅௅|𝑉ଵሶ | 

|𝐼ଶሶ | 𝜔𝐶௠ሺ1 െ 𝑘ଶሻ/𝑘ଶ|𝑉ଵሶ | 𝐶ଵ/𝐶௠𝑅௅|𝑉ଵሶ | 𝐶௠/𝐶ଶ𝑅௅|𝑉ଵሶ | 𝜔𝐶௠|𝑉ଵሶ | 

Characteristics Gyrator Ideal Transformer Ideal Transformer Gyrator

Table 2  F parameter under compensation condition. 
SS topology SP topology PS topology PP topology 

𝐴ሶ 0 𝐶௠ 𝐶ଵ⁄  𝐶ଶ 𝐶௠⁄  0 

𝐵ሶ  െ𝑘ଶ 𝑗𝜔𝐶௠⁄ ሺ1 െ 𝑘ଶሻ 0 0 1 𝑗𝜔𝐶௠⁄  

𝐶ሶ 𝑗𝜔𝐶௠ሺ1 െ 𝑘ଶሻ 𝑘ଶ⁄  0 0 െ𝑗𝜔𝐶௠ 

𝐷ሶ 0 𝐶ଵ 𝐶௠⁄  𝐶௠ 𝐶ଶ⁄  0 

Characteristics Gyrator Ideal Transformer Ideal Transformer Gyrator

ቐ
𝐴ሶ ൌ ஼మ

஼೘
𝛼, 𝐵ሶ ൌ ఊ

௝ఠ஼೘

𝐶ሶ ൌ ௝ఠ஼೘ሺଵି௞మሻ
௞మ

, 𝐷ሶ ൌ ஼భ
஼೘
𝛽

(16)

In SS topology, it is possible to satisfy only 𝐴ሶ ൌ  𝐷ሶ ൌ 0  by 
appropriate design of compensation inductors as follows. 
𝐿ଵ ൌ

ଵ
ఠమ஼భሺଵି௞మሻ

, 𝐿ଶ ൌ
ଵ

ఠమ஼మሺଵି௞మሻ
(17)

The input impedances at this condition are shown in eq. (18). 
Also, the output voltage |𝑉ଶሶ | and output current |𝐼ଶሶ | are shown in 
eqs. (19), (20). 
𝑍௜௡ ൌ

௞ర

ఠమ஼೘మ ோಽሺଵି௞మሻమ
  ሺcos 𝜃௜௡ ൌ 1ሻ (18) 

ห𝑉ଶሶ ห ൌ
ఠ஼೘ோಽሺଵି௞మሻ

௞మ
ห𝑉ଵሶ ห   (19) 

ห𝐼ଶሶ ห ൌ
ఠ஼೘ሺଵି௞మሻ

௞మ
ห𝑉ଵሶ ห    (20) 

Independent on 𝑅௅ ,  𝑍௜௡  is real and |𝐼ଶሶ |  is constant. 
Hence, it is shown that SS topology gains gyrator characteristics 
with the compensation inductor condition. Other topologies are 
also analyzed in the same procedure, and the results are listed in 
Table 1. They are understood that the SS, PP topologies satisfy 
𝐴ሶ ൌ  𝐷ሶ ൌ 0 and obtain the gyrator characteristics, and the SP, PP 
topologies satisfy 𝐵ሶ ൌ  𝐶ሶ ൌ 0  and obtain the ideal transformer 
characteristics. Comparing only the compensation inductor 
conditions, PP topology with 𝐿ଵ and 𝐿ଶ independent on k has 
a little advantage. This is because the resonance deviation unlikely 
occurs even in dynamic systems where k  varies depending on 
the target position. 

4. Circuit analysis and evaluation (R1 ≠ R2 ≠ 0)
The transmission characteristics are evaluated, and topologies 

are compared by deriving the formulas of the transmission 
efficiency, output power, optimal load, input impedance, output 
current and output voltage. The details of the circuit analysis of 
only SS topology are shown, and formulas of other topologies are 
summarized in tables. For simple formulas, k in eq. (4), quality 
factors in eq. (5) and following parameters are employed. 

⎩
⎪⎪
⎨

⎪⎪
⎧𝑄ଵఋ ൌ

ଵାொభమ

ொభ
,𝑄ଶఋ ൌ

ଵାொమమ

ொమ
, 𝛿௞ ൌ

௞మ

ଵି௞మ

𝐴௞ ൌ 𝑅ଶ𝑄ଶ ൅ 𝑘ଶ𝑅௅𝑄ଵ
𝐴ఋೖ ൌ 𝑅ଶ𝑄ଶ ൅ 𝛿௞𝑅௅𝑄ଵ

𝐴௞ொభഃ ൌ 𝑅ଶ𝑄ଶ ൅ 𝑘ଶ𝑅௅𝑄ଵఋ
𝐵 ൌ 𝑅௅ ൅ 𝑅ଶ𝑄ଶଶ

(21)

4.1. Transmission efficiency and optimal load 
In SS topology, the transmission efficiency η applied 

compensation inductor conditions is derived by division of the active 
input and output power as follows. 
𝜂 ൌ ௞మோమோಽொభொమ

ሺோమାோಽሻሺோమାோಽା௞మோమொభொమሻ
(22)

Also, the optimal load in eq.(24) is obtained by applying the 
differential equation of eq.(23) to eq.(22). 

డఎ
డோಽ

ൌ 0 (23)

𝑅௢௣௧ ൌ 𝑅ଶඥ1 ൅ 𝑘ଶ𝑄ଵ𝑄ଶ (24)
For clear comprehension of the transmission characteristics based 
on formulas, the number of parameters is tried to reduce. By 
approximation about the Q  factor in eq. (25), the transmission 
efficiency and the optimal load are simplified as eqs. (26) and (27). 
Since most compensation inductor possesses hundreds of Q  factor, 
this approximation is appropriate. 
𝑄 ൌ 𝑄ଵ ൌ 𝑄ଶ, 𝑄ଶ ≫ 1 (25)
𝜂 ≃  ௞మோమோಽொమ

ሺோమାோಽሻሺோమାோಽା௞మோమொమሻ
(26)

𝑅௢௣௧  ≃  𝑅ଶඥ1 ൅ 𝑘ଶ𝑄ଶ (27)
By eqs. (26) and (27), 𝜂௠௔௫  of the maximum transmission 
efficiency satisfying the compensation inductor and the optimal 
load conditions is obtained as follows. 
𝜂௠௔௫ ≃

௞మொమ

ቀଵାඥଵା௞మொమቁ
మ (28)

Other topologies are also analyzed in the same procedure, and 
the results are listed in Table 3 and Table 4. In Table 3, each 
similarity of the transmission efficiency in SS, PS topologies and 
in SP, PP topologies indicates that it is roughly determined by 
connection type of the secondary side inductor. 



Table 3 Formulas of transmission efficiency in each topology 
𝜂 ሺ𝑄ଵ  ്  𝑄ଶሻ 𝜂 ሺ𝑄 ൌ 𝑄ଵ ൌ 𝑄ଶ,𝑄ଶ  ≫ 1ሻ 𝜂௠௔௫ 

SS topology 
𝑘ଶ𝑅ଶ𝑅௅𝑄ଵ𝑄ଶ

ሺ𝑅ଶ ൅ 𝑅௅ሻሺ𝑅ଶ ൅ 𝑅௅ ൅ 𝑘ଶ𝑅ଶ𝑄ଵ𝑄ଶሻ
𝑘ଶ𝑅ଶ𝑅௅𝑄ଶ

ሺ𝑅ଶ ൅ 𝑅௅ሻሺ𝑅ଶ ൅ 𝑅௅ ൅ 𝑘ଶ𝑅ଶ𝑄ଶሻ

𝑘ଶ𝑄ଶ

ቀ1 ൅ඥ1 ൅ 𝑘ଶ𝑄ଶቁ
ଶ

SP topology 
𝛿௞𝑅ଶ𝑅௅𝑄ଵ𝑄ଶଶ𝑄ଶఋ

𝐴ఋೖ𝑅ଶ𝑄ଶ ൅ 𝐵ሺ𝐴ఋ௞𝑄ଶ ൅ 𝑅௅ሻ
𝛿௞𝑅ଶ𝑅௅𝑄ସ

ሺ𝑅௅ ൅ 𝑅ଶ𝑄ଶሻሺ𝑅௅ ൅ 𝑅ଶ𝑄ଶ ൅ 𝛿௞𝑅௅𝑄ଶሻ

𝛿௞𝑄ଶ

൫1 ൅ඥ1 ൅ 𝛿௞𝑄ଶ൯
ଶ

PS topology 
𝛿௞𝑅ଶ𝑅௅𝑄ଵఋ𝑄ଶ

ሺ𝑅ଶ ൅ 𝑅௅ሻሺ𝑅ଶ ൅ 𝑅௅ ൅ 𝛿௞𝑅ଶ𝑄ଵఋ𝑄ଶሻ
𝛿௞𝑅ଶ𝑅௅𝑄ଶ

ሺ𝑅ଶ ൅ 𝑅௅ሻሺ𝑅ଶ ൅ 𝑅௅ ൅ 𝛿௞𝑅ଶ𝑄ଶሻ

𝛿௞𝑄ଶ

൫1 ൅ඥ1 ൅ 𝛿௞𝑄ଶ൯
ଶ

PP topology 
𝑘ଶ𝑅ଶ𝑅௅𝑄ଵఋ𝑄ଶଶ𝑄ଶఋ

𝐴௞ொభഃ𝑅ଶ𝑄ଶ ൅ 𝐵ሺ𝐴௞ொభഃ𝑄ଶ ൅ 𝑅௅ሻ
𝑘ଶ𝑅ଶ𝑅௅𝑄ସ

ሺ𝑅௅ ൅ 𝑅ଶ𝑄ଶሻሺ𝑅௅ ൅ 𝑅ଶ𝑄ଶ ൅ 𝑘ଶ𝑅௅𝑄ଶሻ

𝑘ଶ𝑄ଶ

ቀ1 ൅ඥ1 ൅ 𝑘ଶ𝑄ଶቁ
ଶ

Table 4 Formulas of optimal load in each topology 
𝑅௅௢௣௧ 

ሺ𝑄ଵ  ്  𝑄ଶሻ 
𝑅௅௢௣௧ 

ሺ𝑄 ൌ 𝑄ଵ ൌ 𝑄ଶ,𝑄ଶ  ≫ 1ሻ 

SS topology 𝑅ଶඥ1൅ 𝑘ଶ𝑄ଵ𝑄ଶ 𝑅ଶඥ1 ൅ 𝑘ଶ𝑄ଶ 

SP topology 
𝑅ଶ𝑄ଶඥ𝑄ଶ𝑄ଶఋ
ඥ1 ൅ 𝛿௞𝑄ଶ

𝑅ଶ𝑄ଶ

ඥ1 ൅ 𝛿௞𝑄ଶ

PS topology 𝑅ଶඥ1 ൅ 𝛿௞𝑄ଵఋ𝑄ଶ 𝑅ଶඥ1 ൅ 𝛿௞𝑄ଶ 

PP topology 
𝑅ଶ𝑄ଶඥ𝑄ଶ𝑄ଶఋ
ඥ1 ൅ 𝑘ଶ𝑄ଶ

𝑅ଶ𝑄ଶ

ඥ1 ൅ 𝑘ଶ𝑄ଶ

𝜂௠௔௫  in all topologies closely resembles except for the 
difference between 𝑘ଶ  and 𝛿௞ . Considering 𝛿௞  ≃ 𝑘ଶ  when the 
coupling coefficient is small, four compensation topologies achieve 
the same values of the maximum efficiency as follows. 

𝜂௠௔௫௔௟௟ ൌ ௞మொమ

ቀଵାඥଵା௞మொమቁ
మ (29) 

Based on this formula, the transition of the maximum efficiency 
with 𝑘, Q variation is calculated as shown in Fig. 4(a). The 
maximum efficiency increases with higher k, Q is understood. 

In Table 4, each similarity of the optimal load in SS, PS 
topologies and in SP, PP topologies is confirmed, although it 
is clear from the similarity of the transmission efficiency. 
Assuming 𝛿௞  ≃ 𝑘ଶ for detailed evaluation, each optimal load in 
SS, PS topologies and in SP, PP topologies provides the same 
formulas as follows and shown in Fig 4(b) and (c). 
𝑅௅௢௣௧
ௌௌ,௉ௌ ൌ 𝑅ଶඥ1 ൅ 𝑘ଶ𝑄ଶ (30)

𝑅௅௢௣௧
ௌ௉,௉௉ ൌ ோమொమ

ඥଵା௞మொమ
(31)

(a) 𝜂௠௔௫௔௟௟

(b) 𝑅௅௢௣௧
ௌௌ,௉ௌ (c) 𝑅௅௢௣௧

ௌ௉,௉௉

Fig. 4. Calculation results of efficiency and RLopt with k and Q 
variation based on approximated formulas 

Based on these formulas, the transitions of the optimal load 
with k, Q variation are calculated as shown in Fig. 4(b), Fig. 4(c). 
Here, 𝑅ଶ ൌ 1 Ω is considered. The optimal loads in SS and PS 
topologies increase with higher k, Q. Conversely, those in SP and 
PP topologies increase with lower k and higher Q. Furthermore, 
those in SP and PP topologies are considerably larger than those 
in SS and PS topologies. This difference is also confirmed from 
following proportional equation about the optimal load of each 
topology. 
𝑅௅௢௣௧
ௌௌ,௉ௌ ∶ 𝑅௅௢௣௧

ௌ௉,௉௉ ൌ 1 ൅ 𝑘ଶ𝑄ଶ ∶ 𝑄ଶ  ≃ 𝑘ଶ ∶ 1  (32) 

Considering 𝑘ଶ𝑄ଶ  ≫ 1  for high-efficiency transmission, the 
optimal load in SS, PS topologies are about 𝑘ଶ times more 
than SP, PP topologies. This difference makes it possible to 
select the topology according to the load specification of the 
application. 

4.2. Output power 

In SS topology, the active output power 𝑃௢௨௧  applied 
compensation inductor condition is derived as eq.(33). By 
approximation about the Q factor in eq.(25), the output power is 
simplified as eq.(34). By eqs.(27) and (34), 𝑃௢௨௧,ఎ೘ೌೣ   of the 
output power satisfying the compensation inductor and the optimal 
load conditions is obtained as eq.(35). 

𝑃௢௨௧  ൌ ௞మோమோಽொభொమ
ோభሺோమାோಽା௞మோమொభொమሻ

ห𝑉ଵሶ ห
ଶ    (33) 

𝑃௢௨௧  ≃ ௞మோమோಽொమ

ோభሺோమାோಽା௞మோమொమሻమ
ห𝑉ଵሶ ห

ଶ    (34) 

𝑃௢௨௧,ఎ೘ೌೣ ≃  ఎ೘ೌೣ

ோభඥଵା௞మொమ
ห𝑉ଵሶ ห

ଶ (35)

Other topologies are also analyzed in the same procedure, and the 
results are listed in Table 5. 𝑃௢௨௧,ఎ೘ೌೣ  depend on 𝜂௠௔௫, |𝑉ଵሶ | and 
𝑍௜௡,ఎ೘ೌೣ  listed in Table 6. Also, 𝑃௢௨௧,ఎ೘ೌೣ  in SS, SP topologies and 
in PS, PP topologies closely resemble. Assuming 𝛿௞  ≃ 𝑘ଶ  for 
detailed evaluation, each output power in SS, SP topologies and in 
PS, PP topologies provides the same formulas as follows. 

𝑃௢௨௧,ఎ೘ೌೣ
ௌௌ,ௌ௉ ൌ ఎ೘ೌೣ

ோభඥଵା௞మொమ
ห𝑉ଵሶ ห

ଶ    (36) 

𝑃௢௨௧,ఎ೘ೌೣ
௉ௌ,௉௉ ൌ ఎ೘ೌೣ ඥଵା௞మொమ

ோభொమ
ห𝑉ଵሶ ห

ଶ   (37) 

Based on these formulas, the transitions of the output power 
with k, Q variation are calculated as shown in Fig. 5(a), Fig.5(b). 
Here, |V̇1 | = 100 V and R1 = 1 � are considered. The output
power in SS and SP topologies increase with lower k, Q. Conversely, 
those in PS and PP topologies increase with higher k and lower Q. 
Furthermore, the range of high-power transmission in PS and PP 
topologies are considerably narrower than those in SS and SP 
topologies. This difference is also confirmed from following 
proportional equation about the output power of each topology. 

𝑃௢௨௧,ఎ೘ೌೣ
ௌௌ,ௌ௉ ∶ 𝑃௢௨௧,ఎ೘ೌೣ

௉ௌ,௉௉ ൌ  𝑄ଶ ∶ 1 ൅ 𝑘ଶ𝑄ଶ  ≃ 1 ∶ 𝑘ଶ (38)



Considering 𝑘ଶ𝑄ଶ  ≫ 1  for high-efficiency transmission, the 
output power of PS, PP topologies are about 𝑘ଶ times more than 
SS, SP topologies for the same maximum efficiency. Therefore, SS 
and SP topologies are superior to PS and PP topologies. But SS and 
SP topologies require the couplers design with appropriate k to 
consider the trade-off between the transmission efficiency and 
output power. 

(a) 𝑃௢௨௧,ఎ೘ೌೣ
ௌௌ,ௌ௉ (b) 𝑃௢௨௧,ఎ೘ೌೣ

௉ௌ,௉௉

Fig. 5. Calculation results of power with k and Q variation 
based on approximated formulas 

4.3. Input impedance 

In SS topology, the input impedance 𝑍௜௡  applied 
compensation inductor condition is derived as eq.(39). By 
approximation about the Q factor in eq.(25), the input impedance 
is simplified as eq.(40). By eqs.(27) and (40), 𝑍௜௡,ఎ೘ೌೣ  of the 
input impedance satisfying the compensation inductor and the 
optimal load conditions is obtained as eq.(41). 

𝑍௜௡ ൌ
ோభሺோమାோಽା௞మோమொభொమሻ

ோమାோಽ
(39) 

𝑍௜௡  ≃ ோభሺோమାோಽା௞మோమொమሻ
ோమାோಽ

(40) 

𝑍௜௡,ఎ೘ೌೣ ൌ 𝑅ଵඥ1 ൅ 𝑘ଶ𝑄ଶ    (41) 

Other topologies are also analyzed in the same procedure, and 
the results are listed in Table 6. The input impedances in SP, PS, 
PP topologies indicate a complex number, and the complete CUPF 
characteristics cannot be obtained. But, large Q factor 
approximates them to real number and CUPF characteristics is 
achieved. 

Table 5 Formulas of output power in each topology 
𝑃௢௣௧ ሺ𝑄ଵ  ്  𝑄ଶሻ 𝑃௢௣௧ ሺ𝑄 ൌ 𝑄ଵ ൌ 𝑄ଶ,𝑄ଶ  ≫ 1ሻ 𝑃௢௨௧,ఎ೘ೌೣ 

SS topology 
𝑘ଶ𝑅ଶ𝑅௅𝑄ଵ𝑄ଶ

𝑅ଵሺ𝑅ଶ ൅ 𝑅௅ ൅ 𝑘ଶ𝑅ଶ𝑄ଵ𝑄ଶሻଶ
|𝑉ଵ|ଶሶ

𝑘ଶ𝑅ଶ𝑅௅𝑄ଶ

𝑅ଵሺ𝑅ଶ ൅ 𝑅௅ ൅ 𝑘ଶ𝑅ଶ𝑄ଶሻଶ
|𝑉ଵ|ଶሶ  

𝜂௠௔௫

𝑅ଵඥ1 ൅ 𝑘ଶ𝑄ଶ
|𝑉ଵ|ଶሶ

SP topology 
𝛿௞𝑅ଶ𝑅௅𝑄ଵ𝑄ଶଶ𝑄ଶఋ

𝑅ଵሼ𝐴ఋೖ
ଶ ൅ ൫𝐴ఋೖ𝑄ଶ ൅ 𝑅௅൯

ଶሽ
|𝑉ଵ|ଶሶ  𝛿௞𝑅ଶ𝑅௅𝑄ସ

𝑅ଵሺ𝑅௅ ൅ 𝑅ଶ𝑄ଶ ൅ 𝛿௞𝑅௅𝑄ଶሻଶ
|𝑉ଵ|ଶሶ  

𝜂௠௔௫

𝑅ଵඥ1 ൅ 𝛿௞𝑄ଶ
|𝑉ଵ|ଶሶ  

PS topology 
𝛿௞𝑄ଶ𝑅ଶ𝑅௅

𝑅ଵ𝑄ଵሺ𝑅ଶ ൅ 𝑅௅ሻଶ
|𝑉ଵ|ሶ ଶ 

𝛿௞𝑅ଶ𝑅௅
𝑅ଵሺ𝑅ଶ ൅ 𝑅௅ሻଶ

|𝑉ଵ|ଶሶ 𝜂௠௔௫ඥ1 ൅ 𝛿௞𝑄ଶ

𝑅ଵ𝑄ଶ
|𝑉ଵ|ଶሶ  

PP topology 
𝑘ଶ𝑅ଶ𝑅௅𝑄ଶଶ𝑄ଶఋ

𝑅ଵ𝑄ଵሺ𝐵ଶ ൅ 𝑅ଶଶ𝑄ଶଶሻ
|𝑉ଵ|ሶ ଶ 

𝑘ଶ𝑅ଶ𝑅௅𝑄ଶ

𝑅ଵሺ𝑅௅ ൅ 𝑅ଶ𝑄ଶሻଶ
|𝑉ଵ|ሶ ଶ 𝜂௠௔௫ඥ1 ൅ 𝑘ଶ𝑄ଶ

𝑅ଵ𝑄ଶ
|𝑉ଵ|ଶሶ  

Table 6 Formula of input impedance in each topology 
𝑍௜௡ ሺ𝑄ଵ  ്  𝑄ଶሻ 𝑍௜௡ ሺ𝑄 ൌ 𝑄ଵ ൌ 𝑄ଶ,  𝑄ଶ  ≫ 1ሻ 𝑍௜௡,ఎ೘ೌೣ  

SS topology 
𝑅ଵሺ𝑅ଶ ൅ 𝑅௅ ൅ 𝑘ଶ𝑅ଶ𝑄ଵ𝑄ଶሻ

𝑅ଶ ൅ 𝑅௅
𝑅ଵሺ𝑅ଶ ൅ 𝑅௅ ൅ 𝑘ଶ𝑅ଶ𝑄ଶሻ

𝑅ଶ ൅ 𝑅௅
𝑅ଵඥ1 ൅ 𝑘ଶ𝑄ଶ 

SP topology 
𝑅ଵሼ𝐴ఋೖ ൅ 𝑗ሺ𝐴ఋೖ𝑄ଶ ൅ 𝑅௅ሻሽ

𝑅ଶ𝑄ଶ ൅ 𝑗𝐵  
𝑅ଵሺ𝑅௅ ൅ 𝑅ଶ𝑄ଶ ൅ 𝛿௞𝑅௅𝑄ଶሻ

𝑅௅ ൅ 𝑅ଶ𝑄ଶ
𝑅ଵඥ1 ൅ 𝛿௞𝑄ଶ 

PS topology 
𝑅ଵ𝑄ଵሺ𝑅ଶ ൅ 𝑅௅ሻሺ1൅ 𝑗𝑄ଵሻ

𝛿௞𝑅ଶ𝑄ଶ ൅ 𝑗ሺ𝑅ଶ ൅ 𝑅௅ ൅ 𝛿௞𝑅ଶ𝑄ଵ𝑄ଶሻ
𝑅ଵ𝑄ଶሺ𝑅ଶ ൅ 𝑅௅ሻ

𝑅ଶ ൅ 𝑅௅ ൅ 𝛿௞𝑅ଶ𝑄ଶ
𝑅ଵ𝑄ଶ

ඥ1 ൅ 𝛿௞𝑄ଶ

PP topology 
െ𝑗𝑅ଵ𝑄ଵሺ𝑅ଶ𝑄ଶ ൅ 𝑗𝐵ሻሺ1൅ 𝑗𝑄ଵሻ

𝐴௞ ൅ 𝑘ଶ𝑅௅𝑄ଶ ൅ 𝑗ሼ𝐴௞𝑄ଶ ൅ 𝑅௅ሺ1 െ 𝑘ଶሻሽ
𝑅ଵ𝑄ଶሺ𝑅௅ ൅ 𝑅ଶ𝑄ଶሻ

𝑅௅ ൅ 𝑅ଶ𝑄ଶ ൅ 𝑘ଶ𝑅௅𝑄ଶ
𝑅ଵ𝑄ଶ

ඥ1 ൅ 𝑘ଶ𝑄ଶ

Table 7 Formula of input current and voltage in each topology 
|𝐼ଶሶ | ห𝐼ଶሶ ห௠௔௫

 CC range 

SS topology 
𝑘ඥ𝑅ଶ𝑄ଵ𝑄ଶ

ඥ𝑅ଵሺ𝑅ଶ ൅ 𝑅௅ ൅ 𝑘ଶ𝑅ଶ𝑄ଵ𝑄ଶሻ
|𝑉ଵሶ | 

𝑘ඥ𝑄ଵ𝑄ଶ
ඥ𝑅ଵ𝑅ଶሺ1 ൅ 𝑘ଶ𝑄ଵ𝑄ଶሻ

|𝑉ଵሶ | 𝑅௅  ≪ 𝑅ଶሺ1 ൅ 𝑘ଶ𝑄ଵ𝑄ଶሻ 

PP topology 𝑘𝑄ଶඥ𝑅ଶ𝑄ଶఋ
𝑅ଵ𝑄ଵሺ𝐵ଶ ൅ 𝑅ଶଶ𝑄ଶଶሻ

|𝑉ଵሶ | 
𝑘

ඥ𝑅ଵ𝑅ଶ𝑄ଵ𝑄ଶ
|𝑉ଵሶ | 𝑅௅  ≪ 𝑅ଶ𝑄ଶඥ𝑄ଶ𝑄ଶఋ 

|𝑉ଶሶ | ห𝑉ଶሶ ห௠௔௫
 CV range 

SP topology 
𝑅௅𝑄ଶඥ𝛿௞𝑅ଶ𝑄ଵ𝑄ଶఋ

ට𝑅ଵሼ𝐴ఋೖ
ଶ ൅ ൫𝐴ఋೖ𝑄ଶ ൅ 𝑅௅൯

ଶሽ
|𝑉ଵሶ | 𝑄ଶඥ𝛿௞𝑅ଶ𝑄ଵ𝑄ଶఋ

ඥ𝑅ଵሺ1 ൅ 𝛿௞𝑄ଵ𝑄ଶ ൅ 𝛿௞ଶ𝑄ଵଶሻ
|𝑉ଵሶ | 

𝑅ଶ𝑄ଶඥ𝑄ଶ𝑄ଶఋ
ඥ𝛿௞ଶ𝑄ଵଶ ൅ ሺ1 ൅ 𝛿௞𝑄ଵ𝑄ଶሻଶ

 ≪ 𝑅௅

PS topology 
𝑅௅ඥ𝛿௞𝑅ଶ𝑄ଶ

ඥ𝑅ଵ𝑄ଵሺ𝑅ଶ ൅ 𝑅௅ሻ
|𝑉ଵሶ | ඨ

𝛿௞𝑅ଶ𝑄ଶ
𝑅ଵ𝑄ଵ

|𝑉ଵሶ | 𝑅ଶ  ≪ 𝑅௅ 



4.4. Output current and voltage 
This section provides the analysis procedures of output current 

and voltage for CC and CV characteristics. 
CC characteristics: In SS topology, the output current ห𝐼ଶሶ ห applied 
compensation inductor condition is derived as follows. 

௞ඥோమொభொమ
ඥோభሺோಽାோమା௞మோమொభொమሻ

|𝑉ଵ|ሶ (42)

Unlike previous analysis, complete CC characteristics cannot 
be obtained since |𝐼ଶሶ | are functions of RL. But it is obtained with 
maximum current value ห𝐼ଶሶ ห௠௔௫  when 𝑅௅ ൌ 0  as in eq. 
(43). Here, this paper defines the load range with the small 
attenuation of output current up to 1 / 2  times the maximum 
value as the following CC range. 

|𝐼ଶ|ሶ ௠௔௫ ൌ
௞ඥொభொమ

ඥோభோమሺଵା௞మொభொమሻ
|𝑉ଵ|ሶ   (43) 

CC range ∶  𝑅௅  ≪ 𝑅ଶሺ1 ൅ 𝑘ଶ𝑄ଵ𝑄ଶሻ (44)
If 𝑅௅௢௣௧  as the design value satisfies the above range 

sufficiently, CC characteristics can be achieved. 
CV characteristics: In SP topology, the output voltage |𝑉ଶሶ | applied 
compensation inductor condition is derived as follows. 

ห𝑉ଶሶ ห ൌ
ோಽொమඥఋೖோమொభொమഃ

ටோభሼ஺ഃೖ
మ ାቀ஺ഃೖொమାோಽቁ

మ
ሽ

|𝑉ଵ|ሶ   (45) 

Unlike previous analysis, complete CV characteristics cannot 
be obtained since |𝑉ଶሶ | are functions of RL . But, it is obtained 
with maximum voltage value ห𝑉ଶሶ ห௠௔௫  when 𝑅௅ ൌ  ∞  as in
eq.(46). Here, this paper defines the load range with the small 
attenuation of output voltage up to 1 / 2  times the maximum value 
as the following CV range. 

ห𝑉ଶሶ ห௠௔௫ ≃
ொమඥఋೖோమொభொమഃ

ටோభ൫ଵାఋೖொభொమାఋೖ
మொభమ൯

|𝑉ଵሶ |  (46) 

CV range ∶ ோమொమඥொమொమഃ

ටఋೖ
మொభమାሺଵାఋೖொభொమሻమ

 ≪ 𝑅௅ (47)

If 𝑅௅௢௣௧  as the design value satisfies the above conditions 
sufficiently, CV characteristics can be achieved. 
Other topologies are also analyzed in the same procedure, and the 
results are listed in Table 7. The output current or voltage of all 
topologies depend on 𝑅௅ , but SS and PP topologies obtain CC 
characteristics by satisfying CC ranges. Conversely, SP and PS 
topologies obtain CV characteristics by satisfying CV ranges. 
Including CUPF characteristic, the gyrator characteristic is 
obtained in SS, PP topologies, and the ideal transformer 
characteristics is obtained in SP, PS topologies. 

5. Experiment Verification
The effectiveness of the design conditions and evaluation of 

the transmission characteristics are verified by the circuit 
calculation and powering experiment. Also, this paper deals with 
only SS and SP topologies where relatively high power is expected. 
The calculation conditions are the same as the experimental 
conditions described below. 

The experimental equipment shown in Fig. 6 consists of the 
four copper plates for CPT couplers, compensation inductors, 
compensation capacitors, pure resistive loads, and an AC constant 
voltage source. The copper plates are arranged horizontally as Fig. 
1 with the size and configuration listed in Table 8. The plate depth 
is t [mm]. The AC constant voltage source is composed of a 
function generator (Tektronix AFG3022) and bipolar amplifier (NF 
HSA4014). Also, the parameters of each element are measured by 
the impedance analyzer and listed in Table 9. According to a March 
15, 2016 revised ministerial ordinance within Japan, the frequencies 
for consumer products as the 400 kHz band, have been added as type 
designations for the CPT. Therefore, 400 kHz is selected here. In 
this experiment, the self-capacitances of the CPT couplers are very 

small. This requires the inductors with the larger inductances to 
resonate at the low frequency of 400 kHz, resulting in the significant 
decrease in output power. Thus, the external capacitors with 𝐶௘௫ଵ , 
𝐶௘௫ଶ are connected in parallel to the CPT couplers to compensate 
for the self-capacitances of the system as follows. 
𝐶ଵ,ଶ ൌ 𝐶௜௡ଵ,ଶ ൅ 𝐶௘௫ଵ,ଶ      (48) 

The input and output voltages 𝑉ଵሶ  , 𝑉ଶሶ  , currents 𝐼ଵሶ  , 𝐼ଶሶ   are 
measured by the oscilloscope, differential probes and current probes. 
The active input and output powers 𝑃௜௡ , 𝑃௢௨௧  are gained by 
averaging product of the instantaneous voltages and currents using 
math function of oscilloscope. Also, input power factor is measured 
by the impedance analyzer. 

Fig. 6. Experimental equipment of CPT system 

Table 8 Plate size and configuration parameters 
𝑙ଵ ሾ𝑚𝑚ሿ 𝑙ଶ ሾ𝑚𝑚ሿ 𝑡 ሾ𝑚𝑚ሿ 𝑤 ሾ𝑚𝑚ሿ 𝑔 ሾ𝑚𝑚ሿ 

250 600 0.4 70 7

Table 9 Experimental conditions 
SS topology SP topology 

𝐶௜௡ଵ 𝐶௜௡ଶ⁄  ሾpFሿ 100.7 / 99.8 

𝐶௘௫ଵ 𝐶௘௫ଶ⁄  ሾpFሿ 777.9 / 777.1 

𝐶ଵ 𝐶ଶ ሾpFሿ⁄  878.6 / 876.8 

𝐶௠ ሾpFሿ 88.6 

𝑘 ሾെሿ 0.1 

𝑓 ሾkHzሿ 400 

𝑉ଵ ሾVሿ 10 

𝐿ଵ 𝐿ଶ⁄  ሾμHሿ 182.0 / 182.4 179.8 / 182.4 

𝑅ଵ 𝑅ଶ⁄  ሾΩሿ 1.5 / 1.5 1.7 / 1.5 

𝑄ଵ 𝑄ଶ⁄  ሾെሿ 307.7 / 312.5 267.9 / 312.5 

The calculation and experimental results of the load 
characteristics of 𝜂, 𝑃௢௨௧, cos𝜃௜௡, |𝐼ଶሶ | in SS topology and |𝑉ଶሶ | 
in SP topologies are shown in Fig. 7. About the η, |𝐼ଶሶ | and |𝑉ଶሶ |, 
the experimental results match the calculation results. Fig. 7(a) 
shows that the maximum efficiency is achieved at the optimal 
load in both topologies. Fig. 7(d) shows that SS topology 
possesses CC characteristics and SP topology possesses CV 
characteristics at the load variation around the optimal load. 
Conversely, the results of 𝑃௢௨௧  and cos 𝜃௜௡  are slightly 
difference. Even the calculation results of the input power factor 
do not achieve cos𝜃௜௡ ൌ 1 . This is because the parasitic 
capacitances of the differential probes at the measurement which 
cannot be ignored cause the resonance deviation. 

In addition, the designed optimal loads and transmission 
characteristics with those 𝜂௠௔௫, 𝑃௢௨௧,ఎ೘ೌೣ , cos𝜃௜௡,ఎ೘ೌೣ  are 
summarized in Table 10. Unlike the results of the load 
characteristics, the experimental results matches the calculation 
results in not only 𝜂௠௔௫ but also 𝑃௢௨௧,ఎ೘ೌೣ  and cos𝜃௜௡,ఎ೘ೌೣ . 
This implies the robustness to the parameter error at the optimal 
load in transmission characteristics. Table 10 shows the optimal 
load in SP topology is about 109 times the SS topology, which is 
roughly 1/𝑘ଶ  times. Also, SS and SP topologies gain the 



equivalent maximum efficiency and output power at that time, and 
unit power factor of source. Therefore, excluding the error due to 
the resonance shift, the effectiveness of the design conditions and 
evaluation of the transmission characteristics are verified. 

(a) Transmission efficiency (b) Output power

(c) Input power factor  (d) Output current and voltage 
Fig. 7. Calculation and experimental results of transmission 
characteristics with load variation 

Table 10 Calculation and experimental result 
SS topology SP topology 

cal. exp. cal. exp. 
𝑅௅௢௣௧ ሾΩሿ 45.4 4956
𝜂௠௔௫  ሾ%ሿ 92.3 95.5 93.3 92.5

𝑃௢௨௧,ఎ೘ೌೣ  ሾWሿ 1.96 1.94 1.88 1.94
cos𝜃௜௡,ఎ೘ೌೣ  ሾെሿ 1.0 1.0 1.0 1.0

6. Conclusion
This paper analyzed and evaluated the transmission

characteristics in the four of SS, SP, PS and PP topologies applied 
the compensation inductors and the optimal load conditions based 
on the gyrator and ideal transformer design. The voltage source 
is used uniformly. Under the unified design conditions, four 
topologies can obtain the same transmission efficiency and the CUPF 
characteristics of source. However, there are the differences which 
the output power of PS, PP topologies is about 𝑘2 times smaller 
than that in SS, SP topologies, and the optimal load in SS and PS 
topologies is about 𝑘ଶ  times smaller than that in SP and PP 
topologies. Also, SS and PP topologies showed CC characteristics, 
and SP and PS topologies showed CV characteristics. Furthermore, 
in only SS and SP topologies with high power, the effectiveness of 
the design method and transmission characteristics evaluation is 
verified by the powering experiment. From the above evaluations, 
either SS or SP topologies which are superior in terms of the output 
power should be selected according to relationship between the 
optimal load value, CC or CV characteristics and specification of 
the applications when power source is voltage source. The future 
work is to achieve the high-efficiency and high-power transmission 
at the long distance in CPT in SS and SP topologies. 
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