
 

 

 

 

Institute of Electronics 

National Yang Ming Chiao Tung University  

Doctoral Dissertation 

 

 

 

The Design of CMOS High Efficiency Wireless Power 

Management Subsystems and Their Applications on the Design of 

Cochlear Implant Microsystem 

 

     (Wang , Sung-Hao) 

 (Wu, Chung-Yu) 

 (Ker, Ming-Dou) 

 

O  
July 2021 



 

The Design of CMOS High Efficiency Wireless Power 

Management Subsystems and Their Applications on the Design of 

Cochlear Implant Microsystem 
 

                Student Wang , Sung-Hao  
          Advisor Dr. Wu, Chung-Yu
                   Dr. Ker, Ming-Dou

 

 

 

 

 

 

A Dissertation 
Submitted to Institute of Electronics 

College of Electrical and Computer Engineering 
National Yang Ming Chiao Tung University 
in Partial Fulfillment of the Requirements 

for the Doctor of Philosophy 
in 

Electronics Engineering 
 

 

 

July 2021 
Hsinchu, Taiwan 

O  



- i - 

 

 

 

:            : /  

  

 

 

 

: 

 

 

3.3 V 4.2 V

90.9%

 211 13.56 MHz



- ii - 

 

The Design of CMOS High Efficiency Wireless Power Management 
Subsystems and Their Applications on the Design of Cochlear Implant 
Microsystem 

 

Student: Sung-Hao Wang      Advisor: Dr. Chung-Yu Wu / Dr. Ming-Dou Ker

 

Institute of Electronics 
National Yang Ming Chiao-Tung University 

 
ABSTRACT 

 
Keywords: cochlear implant, implantable medical device, wireless power and 

bilateral data telemetry, in vivo animal test. 

 

Implantable medical devices (IMDs) are widely used in human body to perform 

various functions of prostheses, monitoring, and modulation. Recently, rechargeable 

Lithium-ion (Li-ion) batteries have been used in IMDs with battery because of safety 

requirement, rechargeability in long-term implantation. In this thesis, new concepts have 

been applied to the two fabricated ICs. In the first work, a high-efficiency CMOS wireless 

battery charging system with battery voltage tracking and global power control through 

the proposed pulsed load-shift keying (PLSK) backward data telemetry technique is 

designed. The power transmitted from the adaptively controlled power transmitter 

(ACPT) for battery charging is automatically adjusted with the battery voltage tracking 

through the PLSK backward data telemetry. Therefore, the generated rectifier output 

voltage is only slightly larger than battery voltage and tracks with battery voltage during 

the charging time of linear battery charger. Experimental result shows that the average 

receiver efficiency with battery voltage tracking from 3.3 V to 4.2 V and global power 

control is 90.9% which is 14.9% higher than that without these techniques. In the second 

work, an improved design of implantable SoC with monopolar biphasic constant current 

stimulation (CCS), double-electrode multiple stimulation, and the evoked compound 

action potential (ECAP) acquisition is proposed for the BGCI microsystem. The 

implanted SoC is powered wirelessly and the stimulation patterns are sent from the 

external unit. The improved BGCI microsystem enables ECAP and electrode-tissue 

impedance acquisition. The acquired ECAP signal and impedance data can provide 

additional help to estimate the effectiveness of stimulation during clinical diagnosis. In 

vivo animal tests on guinea pigs have shown that the Wave III of electrically evoked 

auditory brainstem (EABR) response is successfully evoked by the stimulation of the 

improved BGCI microsystem. 


