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Abstract  This summary presents a fully-integrated wireless 
charger to achieve high efficiency with low cost and volume. The 
charger realizes power rectification, voltage regulation and CC-
CV charging in one power stage only. A bootstrapping technique 
is also designed for on-chip integration of the bootstrap capacitors. 
A chip prototype was fabricated in a standard 0.35μm CMOS 
process with a die area of 8mm2. The charger achieves peak 
efficiency of 92.3% and 91.4% when the charging currents are 1A 
and 1.5A, respectively. 

I. Introduction 
Wireless charging provides a convenient and reliable way to 

charge batteries of electronic devices. High-efficiency low-
cost wireless power receivers with regulated output voltages 
are designed recently [1], [2]. However, it still needs an extra 
battery charger to implement standard CC (constant current) 
and CV (constant voltage) charging profiles [3]. Fig. 1 shows 
a conventional wireless charger with three power processing 
stages (power rectification, voltage regulation and CC-CV 
charging) [2], [3], and an improved two-stage scheme that 
integrates power rectification and voltage regulation into one 
stage [1] to improve efficiency and reduce cost. Wireless 
chargers using one power stage only are presented in [4]–[6]. 
A resonant current-mode approach is proposed in [4] to charge 
the battery from the resonant tank directly without rectification 
and regulation, and the maximum available current from the 
rectifier is used to charge the battery in [5] [6]. However, CC-
CV charging cannot be implemented in these chargers. In this 
summary [8], a fully integrated single-stage wireless charger 
with CC-CV charging is presented. Power rectification, 
voltage regulation and CC-CV charging are achieved in a 
single power stage to improve the efficiency and to reduce the 
cost and volume of the charger. 

II. Proposed Single-Stage Wireless Charger 
Fig. 2 shows the block diagram of the charger [8] that 

consists of a CC-CV charging controller and a fully-integrated 
power stage. The power stage with 4 NMOS on-chip switches 
(MLS1,2 and MHS1,2) can be configured into 1X mode, ½X mode 
and 0X mode as introduced in [1]. The charger has CC mode 
and CV mode, and the charging mode is determined by 
comparing the feedback voltage Vfb with the reference voltage 
Vref using a hysteresis comparator CMPH. When the battery 
voltage Vbat<4.2V, the charger works in the CC mode. The 
charging current Ich is regulated to a pre-defined value by the 
CC loop, and Vbat is charged up gradually. When Vbat reaches 
4.2V the charger is switched to the CV mode, and the CV loop 
takes over the control to regulate Vbat at 4.2V until charging is 
completed (Ich=0). Both the CC loop and the CV loop use the 
3-mode operation to achieve regulation [1], and they are 
designed to share the same PWM controller and Vref for smooth 
transition from the CC mode to the CV mode. 

Fig. 3 shows the schematic and working principle of the 
current sensing and estimation circuit. When the power stage 

works in 1X mode, ½X mode and 0X mode, the output current 
is equal to 2Iac½, Iac½ and 0, respectively. Ich is then given by 
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where DPWM is the duty ratio of the PWM controller. Hence, Ich 
can be estimated by using DPWM and sensing Iac½. As shown in 
Fig. 3, Iac1 is first sensed by scaling down the current flowing 
through MLS1 and further be averaged by a low pass filter. Then, 
SMode and DPWM are used to control switches S1,2 to estimate Ich. 
Therefore, no sensing resistor is added to degrade the 
efficiency. To further improve the sensing accuracy, the off-
delay compensation technique [7] is used to eliminate the 
reverse current of Iac1.  

In this design, NMOS transistors are employed to 
implement the high-side power transistors Mhs1,2 to reduce 
conduction loss, and an on-chip bootstrapping technique is 
further designed to reduce the sizes of the bootstrapping 
capacitors (Cboot1,2) for on-chip integration. As shown in Fig. 4, 
Cboot1,2 are pre-charged to 5V alternately by a single-input-
dual-output voltage doubler and then left to be discharged to 
3V before and after turning on Mhs1,2. The voltage doubler has 
16 phases, and adaptive phase control is introduced to 
determine the number of active phases based on the voltage 
level of Vbat to prevent Cboot1,2 from being over-charged. 

III. Measurement Results 
The charger was fabricated in a 0.35 μm CMOS process. Fig. 

5 shows the chip micrograph with a die area of 8 mm2. Fig. 6 
shows the testing setup. Fig. 7 shows the measured waveforms 
of Vac1,2 and VCboot1,2 (=Vboot1,2–Vac1,2) when Vbat is 2.8V and 
4V, respectively. Ich is regulated by switching the power stage 
between 1X mode and ½X mode. Fig. 7 also demonstrates the 
effectiveness of the on-chip bootstrapping technique, it can be 
observed that Cboot1,2 are charged to 5V alternately to properly 
turn on Mhs1,2. As shown in Fig. 8, thanks to the single-stage 
topology with all-NMOS power transistors, the peak efficiency 
of the charger reaches 92.3% and 91.4% when Ich is 1A and 
1.5A, respectively. Moreover, the efficiency of the charger is 
higher than 88.1% and 86.5% in the entire CC mode, 
respectively.  

The measured waveforms of Ich, Vbat and Vac1,2 during a 
completed charging process are shown in Fig. 9. It takes around 
10ms for the charger to charge 2x4.7mF capacitors from 2.8V 
to 4.2V with 1A Ich. CC-CV charging profile is successfully 
implemented with a smooth transition from CC mode to CV 
mode. The performance comparison with state-of-the-art 
wireless chargers is given in Table I. The presented charger is 
the only work that achieves power rectification, voltage 
regulation and CC-CV charging in a single power stage. 
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