Near-Field Wireless Power and Data
Transmission for Large-Scale Integrated
Circuits

September 2012

A thesis submitted in partial fulfilment of the requirements for the degree of
Doctor of Philosophy in Engineering

Keio University

o g =
7 o
< &5

Ty, 1858 &
S Grapio®

Keio University

Graduate School of Science and Technology
School of Integrated Design Engineering

Radecki, Andrzej



Japanese Abstract

BIRIAECHITBEDNTT O TV D, fIRIFETEEFEREI DRMIEARBEOTLD, #
BRF Y ITERBBMEITDIERIINETEDEMN SR, ULAL. DI/N=FIXREEVWTRILD
Fw FISRILDEHZRVWTHRET 3 C EIFHWM T FRILRARISIEIOTUSD, HBLIE XEUN
—RICHBVTEHERERRE ULNSERT —YEEET D EFBELRIFHERANEN, C
SUREBERENS. FFEMY T /N\—FTIPEEMATYND—ROEBERLEIN. FvIERBIEHE
IBREMADBEDEZTE D> TUND, LN L. F v TORENEEF. EFEZENHEENLSICEME
FEITDDOCTIREL . AENDEREERZBHEITZINT. SVEEMEPEVBETSRRHESND,
BC. TP F RV EFVIICERITDZICERKHSNZIDT. @V QEDITILPKEL
ERFvIRVIERVDCENRTETF. REDEETFLDYYITIERERSTLITBILEDRE
RHd. TCTAMETIE. BAEEICLDERBEBBREME AV TKARERBRICSRENE
BESHECHIEITDEHRICBETSERIMNX B OBEREMNERELTULD,
BL1EIFHRTHD. BERVEICRATINTITOMEEFEEMS L. AMEOEMEEERE R
RTW3o

F2ETIE. MAKEAICEAIZERCYZ AL —YavEiliEEEL. UBOETHWSFEICD
WCEHEELTULS,

BIETIE. FEMOI/N—FTIAOREICHELERENERELTVD, Fy T LCERDITIL
EEIIL. BTV EEHEROMEEREICHET ST, BEICAVSNBREREEPLLT
I7ILDOQEZEEHDEREFIC. Yy FILEMHIL CERMEESHTUVD, e BERIL—T
EAVTCERAPAIZIEREREIRZEL MAEDHEEREL TL D, 0.18um CMOS FKii CHIEL T
Fw F(F 150MHz DF+ U TPZRWVWT. Y FIVEHE 65mV TENERZEFE 240mW/mm* Z3RE L
TW3,

FAETE. FFEMATUND—REEREL T, HBLBEERBFICTOSBROMEETSEERT I
MERELTCUVSD, BVICHBICRESNCEZS I ERAVTHKREBERBEETDCLICLD. B
VWDEENRRME ) T L TFr EILEND, BlC. BHBERODIFLEEILICH LT Tr—RA
wORIET S EERELTUSD, 65nm CMOS THMAELZF v TE. BENGEEHE 10%ET—
SERIXEE 6Gb/s EER L TULB,

BS5ETIE. BREED /1 XOFTaRET—SBECKNELIOVY - T—Sb&ET>0—5
—F—S9FBIAXERELTVD, RRICEBESNLZ3IDOOTILVEANT., BROMEE —
TOARECHEZIE. BEAMICIECTTIIINT—IERRIBZIALERELTCLSD,
FEOEIHEBTHD. SETHONZHREREL. SEOBREERRTUS,



English Abstract

This study focuses on improving performance and functionality of near-field wireless power and
data transmission links. Such links, when applied to large-scale integrated circuits, offer a
practical way of overcoming integration, performance and reliability limitations. Applications
include 3D integrated circuits, wafer-level testing, and non-contact memory cards. In addition to
improving performance, near-field wireless power and data transmission enables new
applications benefiting from the lack of electrical contacts.

Combining power and data transmission on the single integrated circuit exacerbates technical
challenges typical to the design of wireless power or data transmission systems. The data
transmission link has to be less susceptible to Electro-Magnetic Interference (EMI), while the
power transmission link must operate at higher transmit power and higher power transfer
efficiency, and produce lower EMI. This dissertation relaxes these design constraints, and
provides quantitative results showing the extent of possible performance improvements.

Chapter 1 introduces the topic of the near-field wireless power and data transmission, and
presents objectives and contributions of this study.

Chapter 2 presents theoretical analysis of near-field inductive coupling links, with focus on
modeling physical links, and their design trade-offs.

Chapter 3 describes a system transmitting power directly to the surface of a semiconductor
device, designed for use in non-contact wafer-level testing. Employing this system can eliminate
mechanical probes, increase testing speed, improve yield, and enable testing wafers with
inaccessible test pads. The system achieves maximum power transfer density of 6 W/25 mm?,
which is approximately 10 times higher than in other reported solutions.

Chapter 4 presents a compact simultaneous power and data transmission link for use in a non-
contact memory card. Inductor coils are arranged in a clover-shaped structure, which cancels
magnetic interference and enables simultaneous power and data transmission. This capability is
then applied to constructing a closed-loop transmit power control system, which improves
power transfer efficiency at Ryoap = 2 kQ from 0.2 % to 5.2 %.

Chapter 5 presents a rotary data encoding scheme, which is subsequently used in the design of
two data transmission links. An optimized data transmission link, using rotary logic gates,
achieves a maximum data transmission rate of 30 Gbit/s verified in simulation.

Chapter 6 summarizes and concludes this dissertation.
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