ERAC LR E P o
TR KA
7 3

Institute of Electronics
National Yang Ming Chiao Tung University
Master Thesis

ARHEARNBRIZEASGE S R 13.56F ¥ 4%
HREEGEBEHES 2 %

The Design of 13.56-MHz Power and Bilateral Data
Telemetry Circuits for Implantable Neuro-

Modulation System-on-Chips (SoCs)

AL HiggE (I-Ting Ma)
5 H#3% : 48 (Prof. Ming-Dou Ker)

FERA———%= 7
March 2022



RAAEAXFERELAGER R 13.56 B ¥ 4
HhERE BB A ER 2R3
The Design of 13.56-MHz Power and Bilateral Data
Telemetry Circuits for Implantable Neuro-

Modulation System-on-Chips (SoCs)

R AERBE Student: I-Ting Ma

I HHIE  FTHEHIE  Advisor: Prof. Ming-Dou Ker

B B A X E AR
BT RAT
Mt w X

A Thesis
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 Degree of
Master of Science
in

Electronics Engineering

March 2022
Hsinchu, Taiwan, Republic of China

T2 RBE ——#% = A



ARBAXHERZELASGE SR 13.56 8 E#ki
oh & AR ) BB T 2 w3

RRE BB 1BEHIR  ATAE IR
B 3L BA X 3l K2
EFH R

HE

M P MARXBRAFMBLZGBALLESERLE  RABAKX T
HAABESR  EERHENREEREB - M5B RETR - AXHKA S
#%E 0.18um CMOS T ## % —H & f o) FhoE S BBEENL % L P ES THK
X A R R 9 %A 5 SRR E 9 A BB TR R T - IR
HXAREBLBRYEBRREB AL T XA Ly ) F BB F HEE NI R
Booh & F R AL 48 IR X, A A AT FORHME B T I E H b
ERAREN N RAETOERABNEMEETE BB E -~ HERE S
Fo PSRR » P48 T Bk X, & #4245 % R T2 09 BER - 4 115.2Kbps sy #edfik £ F
BB o Bk A A REEAS AR 12.3mW 85 454 E BER ot 3.2x107% -
ik R B AE 3R & 7T 32 S00Kbps o — it a4 A7 3R 55 L A LS AR FEIRAR A 55 89
th#t 0 f£ 211Kbps &9 # 35k & F BER 12 9.3x107 34| S A 15 AR th3h %
KON BB 0 4bit 2 4042 35 Ctr3:0]4% 4] -

B—AAR SR RERT IX 2RERE A SR G ER T
CHARA EME 0.18um CMOS Hiikstfo it - lEE NI &R HFF RH

R R AL B AR A S A% BARAR B 7T LAE A WUAE SR o £ 115.2Kbps &) #d ik &



TR s SR 0 A E st R 8.7mW a2 A4 LEF BER & 3.2x107 - Mk K
B ARk R 7T 3 600Kbps -

sgs  MARKE - WEAZ LS HRAL QB BT - —kH et
%~ Bk K & Ssess - Ak Ea e

ii



The Design of 13.56-MHz Power and Bilateral Data
Telemetry Circuits for Implantable Neuro-

Modulation System-on-Chips (SoCs)
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Abstract

In recent years, implantable medical devices are widely used in the treatment of
difficult-to-treat diseases. Because implanted devices are implanted in the human body,
near-field coils are adapted to transfer power and data in wireless. In this paper, wireless
power and bilateral data telemetry system integrated with BPSK forward telemetry
circuit, PLSK backward telemetry circuit and power control circuit has been designed
and fabricated in TSMC 0.18um CMOS technology. PLSK modulation scheme brings
out better power efficiency than the conventional LSK modulation scheme. As power
requirements of internal chip increase, PLSK data transmission can be demodulated
normally. Due to improving the unit gain bandwidth, phase margin, close loop gain and
PSRR of the envelope detector, the bit error rate of PLSK is decreased. During data
transmission, PLSK causes 12.3mW power loss. The BER has been measured and the
value is smaller than 3.2x10°® under the data rate of 115.2Kbps. BPSK demodulator is
modified as envelope-based structure to decrease the power consumption of the

demodulator. The BER has been measured and the value is 9.3x1077 under the data rate
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of 211Kbps. The power control circuit can output fifteen different power level which
is controlled by 4-bit control signal Ctr[3:0].

Another proposed design is the PPSK modulator integrated with a 1X full-wave
rectifier. It has been designed and fabricated in TSMC 0.18um CMOS technology. As
power requirements of internal chip increase, PPSK data transmission can be
demodulated correctly. During data transmission, PPSK causes 8.7mW power loss. The
BER is 3.2x107 under the data rate of 115.2Kbps and the maximum data rate is
600Kbps.

Keywords : Implantable device, Neuro-modulation system, Power and bilateral data
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