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This dissertation presents a summary of the results of the study on behavior-level modeling, top-down design
approach and FPGA implementation of a controller-based All-Digital Phase-Locked Loop (ADPLL) during
research at Integrated Quantum Devices Area in Division of Electrical, Electronic and Information Engineering,
Graduate School of Engineering, Osaka University. In this study through the top-down design approach,
insights into essential system characteristics by mathematical and analytical modeling of the PLLs are
described. From the behavior-level modeling, the design flow and implementation of the controller-based ADPLL
on the FPGA are presented. This dissertation is organized into five chapters. The summary of each chapter is
as follows:

In Chapter 1, the background and motivation behind the study are described. It covers the fundamentals of
PLL which is one of the basic building blocks of modern electronic systems.

In Chapter 2, the design procedure of a controller-based ADPLL architecture with a phase selection mechanism
is described. Comprehensive z-domain and its linearly approximated s-domain models of the controller-based
ADPLL are presented. By using the standard two-pole control system transfer function, the essential
characteristics of the system are verified. The closed-loop operation of the ADPLL eliminates the phase and
frequency errors for step phase and frequency changes in the input. A behavior-level simulation based on Verilog
and Verilog-A models in 130-nm CMOS technology with a supply voltage of 0.7 V is performed to validate the
modeling using Cadence AMS simulator. The step response of the system through behavior-level simulation and
from analytical z- and s-domain models show close agreement.

In Chapter 3, the design and implementation of the controller-based ADPLL on FPGA are demonstrated. A
fully-synthesizable AY modulator-based digitally-controlled ring-oscillator (ring-DCO) design in Verilog is
presented. This architecture has fully digital control and fractional tuning range using the AX modulator. The
ring-DCO does not contain library-specific cells and can be synthesized independent of the standard cell library,
thus making the design portable and reducing the time required to fit for different semiconductor processes
considerably. Implemented ring-DCO has a wide tuning range and high-frequency resolution. Through a real-
time FPGA emulation setup in LabVIEW environment, the functionality of the ADPLL is verified. This
technique is useful to verify some parameters of ADPLL featuring discrete-time operation and quantization
errors.

In Chapter 4, the design considerations for a high-speed, low-power and large division ratios of a programmable
frequency divider are described. In this study, a novel high-speed, low-power pulse-swallow frequency divider
with a retiming scheme is demonstrated. With the proposed retiming scheme, the division ratio offset is
eliminated and critical path delay is reduced enabling high-speed operation. The proposed divider designed and
fabricated on 130-nm CMOS technology achieved low-power consumption among previously reported dividers
in GHz operations.

Finally, in Chapter 5, the study and results of behavior-level modeling and top-down approach design of the

controller-based ADPLL are summarized, and this dissertation is concluded.




A7
WU EREOMBEOES K ONHE Y E

K A4 ( Sai Chandra Teja Radhapuram )

(%) K 4
* & HEZR AR e
Al A o o
Al A o VAN i)
AOCEAMYE | A & o & B
Al A o Al etk
Bl 2 =% Jl  HEH
Bl 2 o Rl s
Bl 2 =% T IEZ
MXBEORREDER

AT, EEEBNE COMoS EREKICE L1274 ¥ VA RE R (ADPLL) O st shm L2 B L, 20k
BDOENAET « LRV~ EFFT Y ITRO 7 - FUUVRHICEATAHLOTHY ., 25ETHERINLTWVWS,

BLETI, AMAOER. HE, R, FRRXOMRANE. (AEFEBIEE (PLL) OEBEZOWVTRR TN S,

2 ETIX, #E3KD ADPLL THWSI = Time-to-Digital BHMBEMHE 5 Z L 2K, HAEKZTRL, RV 7=—
R e 74 NVF LAFARHER CRAELESMETOP, 74 VX AHIMHERBIRT 52 LIk Y, mE B 7T
BE& § 5 Controller-based ADPLLIZRAL T, z IR OMBL L7z s R TOEANAS ET « LNV - EFAERL,
ZOEPMEERRTNDE, ZOEFTNVOFEEZ, Verilog T Verilog-A VW I 2 L— g L H#EE (130nm CMOS
Tae R EHE) EORBICIVHRLTWS, ZI T, T4 VX NHIEZERE (DCO) Tk, ¥4Iy - xRV
b=y FUr Tl 3RA-ZEFABOM ZHNEZ LT, 4 By hOBEEa— L 7TEy ho/Mgaz— Rk 3EA
BWEOREEER LTS, ZOETAEAVEET LY, HiEEbo&, BREE. BMERE KT L RVWEEXE,
ROHN—7BROEFIREBCOMMEEZE, AEEREZOREZHRL TS, ZOEMHIE, ADPLL OB T A —
ZERETHEDOEEENTH B,

% 3FE TlX. Controller-based ADPLL ® Field Programmable Gate Array (FPGA) ~DZEIEIC LBz Izl —T gV
ZOWTIRRRTWS, HEIMSRTFIREZR DSM #8875 4 X LVHIE Y > /%IR35 % VT, FPGA(National Instruments
8 myRI0 _Hic##H, S T3 Xilinx Zyng-7010) 1T 90~170 Mz DRIFFFEHETELRE 7 vy M=o — T
100 kHz D5y fRAEZR EB L TV 5, BIRFABRFBEEIT, SVR « T2 MER FPGA LITEETLHZ L TEHLTWD,
National Instruments #t LabVIEW Z i\ T, ADPLL & L COEERBESEHEL )V TALZ L ATHHETELI LS
FIELTWD, Zhid, BERRHEIE, BT {LRRZERF T 5 ADPLL ORT A — X REORYUMEE Y TV XA LA TH
RTEDHRATHEREMNTH S, BB, ZOETHAVWEERBEMIETT « P VEIKRTHY . FRH LSI ~O@EA b
BHTHD, £ T, ADPLL DRFZIRIA LICHERBRFELZREL TV S,

$F{AETIE, PLL R ADPLL THWO NS T 0/ I v I A AROEmE\L, EEBEENLICET 5 —FIEEZRELT
W5, ERBEICBIT T ¥ INVEROLEDICE, BE, TE,PORERDALSLETHY ., Zhic X v REiREWE
BOBREEBZHIH LTS, BEEEEZL2ATEEDOY XA IV TEBPBRICRESNTVEN, ZOHFETITE
FERVWSAERA 7 E Y R Modular Control (EEDRXBIENSFEEL o TW5, AETIE, ZOMEYBIRTX
BEHOY A4 I TEZRELTWVWSD, 32/33 Dual-Modulus Prescaler %V 7z Pulse Swallow #RRICIRRFIE
ZEA L., 130nm CMOS e R CRELZERES I 2L —ya L, Gz —F DEEANES T B IEHEES
NEWEZHERR L TV D,




HEEETIE, AMXEZBELCELNEBREZE LD, Rz ITV3,

PLED X H i, AT ADPLL OFBFHBERZLEZ BN E LT, 1) FEARATA—FREDTZDDOENAET « LYL -
EBFY S, 2) BEERERWEIE, BFLRRELZH TS ADPLL DTG A—FREDRYUMEEZ Y TVF A LTHRETE S
FPGA =X 2 b—va L ZDOD My T « FU U REEDRFIEHER, 3) 44 7€y FR Modular Control
FEDORERBIHEZ OB TE 3 ORMERTRREL. VIal—va URERICE V2 DRERFIFOGHEZHD
ML TWB, ZhbDIFERER VAR TR ADPLL Hifffix, ke RBEFEB~OISAEZAEEL, =7
=7 AEEXEDRBIZHFEFTIHHLDOTH D,

o TABUIM LRI L LTMESH D LD LB B,




