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Abstract of Thesis

This dissertation addresses low-voltage and low-complexity design and implementation of fully integrated
all-digital phase-locked loop (ADPLL) for biomedical radio frequency (RF) transceivers. It is organized into five
chapters. The summary of each chapter is as follows:

In Chapter 1, the background for this work and fundamentals of PLLs and the medical implant communication
service (MICS) band are described.

In Chapter 2, a phase noise reduction technique for low-voltage oscillator design is demonstrated. Phase noise
is a key parameter for the design of RF transceivers and depends on many factors. In addition, the current biasing
technique affects the phase noise. In this study, MOS current source and resistive biasing were considered as
current biasing techniques. The current biasing technique, which has less noise contribution, was analyzed for
low-voltage oscillators in terms of phase noise, and it was confirmed that top resistive biasing has good
compatibility between phase noise and low-voltage operation. In addition, an LC oscillator with resistive biasing
is presented to verify the implementation feasibility.

In Chapter 3, a low-voltage design of a delta-sigma digitally controlled oscillator (DCO) for biomedical
applications is demonstrated. The analog type of frequency tuning by voltage control has a limitation because of
voltage scaling and linearity. Therefore, the digital approach is more suitable for low-voltage operation because of
its robustness and programmability. In this study, an 11-bit DCO controlled by digital logic blocks was designed.
This architecture has fully digital control and a fractional tuning range using the delta-sigma modulator. In
addition, dynamic element matching was used to reduce the capacitor mismatch. In the DCO core design, for
low-voltage operation, the gw/Ip methodology was used for optimizing the MOS size. For current biasing, top
resistive biasing was applied for low voltage and low phase noise. The DCO was fabricated in a 130-nm CMOS
process for a 0.7-V supply voltage. The fabricated chip was evaluated via a field-programmable gate array
(FPGA)-based test bench. This DCO exhibited a good phase noise performance and a wide frequency tuning range
with precise resolution. Through chip evaluation, it has been demonstrated that the fabricated DCO satisfies the
MICS band requirements and exhibits good performance compared with related works.

In Chapter 4, a low-complexity ADPLL for biomedical RF transceivers is demonstrated. In this study, a
time-to-digital converter-less controller-based architecture was employed for a low-complexity ADPLL. In
addition, to improve the phase acquisition performance, a phase selection scheme was applied that provided
pre-settled operation of the phase of the ADPLL output signals. Through phase domain model analysis, it was
confirmed that this architecture performs the PLL functionality, and its functionality was validated through the
behavior model simulations. ADPLL circuits were implemented with a focus on low-voltage operation and high
performance. Digital circuits were synthesized and implemented by using the standard cell library. This ADPLL
was fabricated in a 130-nm CMOS process for a 0.7-V supply voltage. In this study, the FPGA-based test bench
was used to evaluate the chip performance. This ADPLL exhibited a fast settling time and good phase noise
performance. In addition, it has precise channel selection based on the precise frequency resolution from the
delta-sigma DCO. Through chip evaluation, it has been demonstrated that the fabricated ADPLL satisfies all
MICS band requirements and shows better performance compared with related works. In addition, it is
compatible with the various CMOS processes and supply voltages, and thus can be utilized in various fields that
require high-performance, fully integrated RF transceivers with a low-voltage and advanced CMOS process.

Finally, in Chapter 5, the achievements obtained in this study were summarized and this dissertation was

concluded.
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AFwCIE, EFRAEEHAEICHV 5712 medical implant communication service (MICS)# RF 7 v — DK
BIHETEL, IR E B L. TOBEEHKFO 1 > THHLT V& VHIBEN AR FEWIEE (ADPLL) OR%F & [0 # 525
WET2H0THY, R5ETHERINA TV S,

H1ETIE, AREOE R, BEY, KO KiaSCOMRNE ., ACARRIMIER (PLL) & MICS #F D REAEIZ SV TIR AT
W5,

%2 T TIX, PLL OREREFR D 1 2 Th 2 BIEHIEFEER VCO OIKEIRELEE T O ARSI TEIZB LTl
TWb, BT EOAMEORE, RORRIRIEICER LT, by 7SS T AFEICELY NMOS Cross—Couple 7
BRI L CEIENE T2 2 & T, MFEEZMET 2045 TR< BIRREOIKT LT 2 2 L &2RKES I 2 L—v

WX VAR L TWD, ZOEAMIE, # 3 EDT VX VKIS (DC0) DFEFHI bISH IN TV D BEHETH
Al

%5 3T T, MICS # ADPLL @720 DCO DRIFEFEH & Z OFHifE R oW Tk T 5, Feedforward 3 KA -
B FAT Iy LA b =y F 7O ZANT, DT 16 HOFEDT VX VI LY MICS #T
VB SR = — = 0 VR EBT BRI ENT 2R TvWa, 130 nm CMOS 7' 2 2% AV T DCO 3 fEL., &
JREEE 0.7 VIZIWT 397 MHz Z& HULNT 7. 6% O FEIRFE W HOrT A HEPH & v 5 MICS 5 (402~405MH 2 ) IZ+ 2 5xbiETE 5
BT 2 — = 7R EB L TWA721 Tl 18 klz &V ) BEREEE bk L T b, (ifiiiE bt 72y NE
Wk 200kHz T 115 dBe/Hz &\ 5 ML HEH LTV D. DCO OTHEEINL 740 wW TH DA, T ¥ X VIR
DIKEFRETCIC LD EMBEE/MENKRELSFEL TR Y, WEEBEMKBIZBT D DCO OFLENHFEIZ RSN TN D

#5 4 BT, MICS # ADPLL D7= @ DEIFEEH & £ OFHERE R IOV THRNTWD, fEkoD ADPLL THWS L
Time-to-digital iR A E 5 Z & 7a < | HMHEIR 4 LR 2 Z & T, ADPLL 2R L TV D, S6IC, RY 7 =—X -+
7 4 B ENAIEIERE CRAE L SE SO, T U VRIS 5 2 Lok b, EEhHBkEE ATEE
T2, 130 nm CMOS 7'm & R % FVyCERE L7z ADPLL Z 3l L7245 5. MICS H7IC 43 %fia C & 2 A E DE B 0%
AHEFER LIZIET TR, 7% v MEWME 200kHz T 114 dBe/Hz & W ) IRAARMES HIEER L TW A, & Y > 7
80 us &\ EEMNARFRIH L AEER TE T 5, BIREME 0.7 VIZBW T ADPLL OWEE 1T 840 uW TH S A3, DCO
FERICT V Z VEIEOFIG 20T 2 &, IRERETLAMERHEEE LIS RWICHF ST 5 2 ERHARICRIN TN
5,

SETIH, AL ZBELTCHEONIEREEE LD, Btk Tn5,




PAED X ST, A ADPLL 12 & 2 PLL OREREE( L RFE DA BE LT, 1) KEREESEE LC
PRI DIRALARHEE L DT O D b THEHL A T AL, 2) Feedforward A - ZZ53R#F & DEMIC K D/NEEET L A
WZ K BT U F VHEI SRS E W T o — = Z &I L7z DCO, 3) ADPLL (2351 % s AlBRE & T RE & 3 5 Hil i
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