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An Analysis of Voltage Multiplier Circuits for Smart Phone
RF Wireless Charging

Myung Sik Son"’

wDepartment of Electronic Engineering, Sunchon National University

ABSTRACT

A 5.8-GHz 1W wireless power transmission system was used for charging a smart phone. The voltage of one RF
power receiver with antenna was not enough for charging. Several power receivers for charging a smart phone was
connected serially. The voltage of several RF power receivers are highly enough for charging a smart phone within
50cm. However, the lack of current from small capacitances of RF-DC converters is not suitable for charging smart
phone. It means very long charging time. In this paper, the voltage multiplier circuits for RF-DC converters were
analyzed to increase the current and voltage at the same time to reduce the charging time in smartphone RF wireless
charging. Through the analysis of multiplier circuits, the 7-stage parallel multiplier circuit with voltage-doubler units
are suitable for charging the smartphone, which supplies 5V and 700mA at 3V@5.8GHz.

Key Words : Microwave, Wireless power transmission system, Wireless charging, Smart phone
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Fig. 1. 5 RF power receivers connected serially for charging
a smart phone.

Table 1. Voltage by distance and Receiver count

aks! Receiver Count

2 2.6 3.9 6.6 8.6 9.3
5 2.1 3.7 5.8 7.4 9

10 1.7 3.5 5.1 7 8.3
15 1.7 3.2 4.9 6.3 7.3
20 1.5 3 3.9 5.6 8.3
25 1.2 2.5 3.5 5.5 6.6
30 1.1 2.1 3.2 5.1 5.7
35 0.6 1 2.5 4.1 4.5
40 0.9 1.4 1.9 3.5 39
45 0.6 1.3 1.8 29 3.6
50 0.4 1.2 1.4 2.6 3.2
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Table 2. Spice parameters for HSMS-2860 Schottky diode

Parameter Units Value
By v 7.0
[ pF 0.18
Ec ev 0.69
lgy A 1E-5

Is A 5E-8
N 1.08
Rq 0 6.0
Pg (V) v 0.65
Pr (XTI) 2
M 0.5

rt

FAE 9Jet g Al A 5 =7
2 7ol Fasith AnEE A AFE o7
& 2 =R At tlE E(voltage doubler) 2 A
7] B|=E Pspice AlEEolE[4]S o3l EASHL

BAo] FARESAY 2 1S Fol7] 913 RE
DC gk 5128 b ABelol AHEOIN W 24

Sl A Aj2& REDCHSY] 3122 Alotatlct.
TAHE 2A17]0] ALSE HSMS2860 £E7] A t}
o|QEE ARG KO HEY FRE EAsH] floto
3 20] 2.9l HSMS-2860 £E7| #1 tho] 9= o] wlaju]
H[5]5 AME-5}] Pspice 3= AlEd|o| A& =3s3iTh

22 M9l CiE3 82 B HE 24

7] AFE AR £A17]3]19] RFDC #H3l7| 3|2&=
U9 SRS A ol v RS St
Fig 2] @45} 2514 45 312, G)ilst A & 3
2 Ol A% kel Sj2 g Asdol s 1 43
& BT

AEHOIE Anhg vl BA3 HE, 4 3 A
] 4300pF, SSGHZE 7912 1) Table 334 2ol Wit ek
EEes A et e AN ARE M
At Beld 45 Bzl vlsh REDC Hek S|z A
RS o 4 Uk w3 sk Ak TSt st A
o chele] AmjaE F1 SEE vlist] M Fig 3
o411l ufol o] sk gk viHel Hzol FA &%

7} vt gt wgee] wls) AnAE $4 540l 9
ot AL o 4= Qlith AUFEE RF B A=A A&
7] gl w9l 712 Aot Aujy] F=E dut Aot o2

o Blze JAshr) olA 718 w9l sl AU
W2 B4 slofstel Mg AR Aol ula
ARy B A3e AnleE 08 FARY 24

z3%
719 REDC 93k 3|26 T4 4 & Aol



o5t Aot

4 31

Aul 7] 3=

s

Vi
VOFF =0
VAMPL = 3\@

FREQ = 5.8GHz
AC=

f 52 t
; {4
4800pF
2
VOFF = 0V V o c4
VAMPL = 3\ '\) T1 4800pF
FREQ = 5.8GHz
AC=
~o
(b) Half-wave voltage doubler
VOFE=0
VAMPL = 3 9
FREQ = 5.5GHz
AC= m
—K}—

(c) Full-wave voltage doubler

Fig. 2. Pspice simulation circuits of (a) full-wave bridge
rectifier, (b) half-wave voltage doubler, and (c) full-
wave voltage doubler.

Table 3. Simulation results of full-wave bridge rectifier,
half-wave and full-wave voltage doubler

Full-wave Half-wave Half-wave
Bridge Doubler Doubler

Voltage 2.5V 5.4V 5.5V
Current 95mA 122.5mA 122.5mA
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Fig. 4. Parallel connection of full-wave voltage doubler.

Table 4. Simulation result of parallel connecting full wave

voltage doubler
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Fig. 5. Simulation circuit of serial and opposite-polarity
connecting full wave voltage doubler.

Table 5. Simulation result of serial and opposite-polarity

serial connecting full wave voltage doubler
ne Ak Az g S48 Ak Az
T g3 2 g3 2
A 10.5V 22V
A 120.5mA 120.5mA

Table 6. Simulation results of serial and parallel connections
of 7-stage voltage multiplier

7-stage voltage
multiplier Serial

37.5V
130mA

7-stage voltage
multiplier Parallel

5.38V
700mA

Voltage

Current

o

o s o e
it S e—— 1t S — L it
E 380007 4 00pF 48000 38009 480007
o1 324 52 T s Pm:m
A D —D— —D>— —D— ——1 —D— —D>H—
Lo e i e e i
380007 a800pF 48000 80007 g

(b) 7-stage voltage multiplier Parallel

Fig. 6. Suggested circuit of 7-stage parallel connecting full
wave voltage doubler circuits for Smart Phone
Wireless Charging.
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