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WUDQVLVWRU JDL@IRRVFWOODWE LY HIQOFLHQW YROWDJH
PXOWLSOLFDWLRQDMKWWHFDQDU\WWDE®WHXISQSXW VXSSO\
YROWDJHDW WKH IURQW HQGLVDQLPSRUWDQW FRPSRQHQW LQ WKHVH V\V
WHPV
7KH VL]H RlI WKH VI\VWHP LV OLPLWHG E\ WKH QHHG WR FRXSOH WR
5) UDGLDWLRQ HI¢RRIS@QWW\HQRMDY¥XKOYH VPDOO UDGL
DWLRQ UHVLVWDQFH DQG KLJK UHDFWDQFH PDNLQJLW GLI¢FXOW WR GH
OLYHU SRZHU WR WKHP 7KH DPRXQW RI UDGLDWLRQ SURGXFHG E\ DQ
LGHDO VPDOO ORRS DQWHQQD LV GHWHUPLQHG E\ WKH UDGLDWLRQ UHVLYV
W D B,EjH= 207%(C/A)*  Z K(HLWHORRS FLUFXPIHUHQFHDQG
ALVZDYHOHQJWK > @m)8UDRHWHHWDORRS DQWHQQD
Rra LV mQDQG puQ UHVSHFWLYHO\ DW *+]DQG
*+] 7KH ODWWHU ZLOO LQHYLWDEO\EH GZDUIHG E\ WKH RKPLF UHVLV
WDQFH RI WKH DQWHQQD GLRWRSHWIVKILERHU IUHTXHQFLHYV
IRURXU V\VWHP JLJ $O0ORZHG SRZHU YROWDJHUDQJHV RWRBHUD
7KHWUDQVPLWWHU GHYHORSHG KHBHERGYXPILY & RUFLO O BHDUNERX0CBED. |
FXELF,um E\ pm E\ jm IRUP |DFWRLQ ) FDOO\DYDLODEOHOLPLWYV 72\RPGMWWH.@ B\

UN H(I;TDV FLUFOHV LGOH FORVHG DQG WUDQVPI
QP 62, &026 7KHVH ORZHU SRZHU OHYHOV DUH DFKLHYHG

WKURXJK H[W UH PRI &)>XRV D B\VROPLLQDIO L P H W H U % | ZKLFK DUH QRWHG LO)LJ

RVFLOODWRU LQ ZKLF K WRWHLE B X Je
WRA/FRIO O B WHRQVPR |
FDOO\ ABDOHOHFWURPDJQHWLF (0 %@H@é@%HHQRXJKWUDQV
DQFH DQG DFKLHYH VWDU

LQWHJUDWHG IRU \BE RUR YL & HFRRIG
5 DQG YF
"gN Y RGBT et s =
\5 H

ODWRU SRZHU VXSSO\ 7KH ODUJH DP
IRU HQHUJ\W W@RURQHVKH FKLS LV DFF
GHHS WUHQFK FDS D FnWIRQW RH PWKHIQOUEIAY
VZLWFKHG FDSDFLWRU YROWDJH PXlH
LQSXW YROWDJH WR RYHU P9 WR S 0- |
DFKLHYLQJ D FRQWL QKRX\W ZDMB W L '
UDGLDWHG SRZHU (,53 @ %PRILGGWPKLID, Y OUH LVWDQFHR'WXKSHD/%C‘;’VBSG'\
UHDGLQJ GLVWDQFHRI FPDW G% 61F “ig% g‘ﬁ%@% mu?e -
SXOVHV LV LQYHR B O WSR RERIUHAD H U J \é{/ MKH
WKDW LW FDUULHV LQIRUPDWLRQ RQ WK d)y RS ARG RERQ VY
WKHUDGLR 7KLV LQIRUPDWLRQ LVHQFRG%qC};)LQWKH UDGLR SXQOVHVWUHDP
DW D ELW UDWBWHOSSBRYLEHFWLRQ ;. 'GARPELEEHIARI) 887,216 2B7<&<&l 1

PRUH GHWDLO WKH WUDGH RIIV EHW ZHHQPRISHHA R WHL@IOTRZRIW VRDHUDXELQR F R ¢
YROWDJH DQG V\VQUHIRG/LRH Bl QB UMKRHIVGOPW DB \WR DQIWKH UHTXLUHG DYHUDJH S
RIWKH /& RV OBDWRIW LQJ GXW\ F\FQ D®.PRQARHIPE® BQ L E BV \RL YWHKEXRW\FAL\G O D W R
WLRQV SXWV FRQVWWHDLEQWW B QEWIGHL WHIRIIWLBRX.LW 7KH GXW\ F\FOLQJ HYHQV
6HFWLRQ ,9 GHVFULEHV WKH FRQVL®HUBWWYRQY X KDV DR QM SLERWVIZR MIKNIEZY ¢
FKRLFH RIBBUXHABLHY 'HWDLOV RI WIOHILRDQIEPHLAW D W ERQ.RH Z L G WK
WKHWUDQVPLWWHU DUHJLYHQ LQ 6HFYRURQHW HWWK IPRH® WHIGHI G R BIFDPORADNHAR Q
6HFWLRQ9, 6HFWINRKREZ, YOHVBELEHW VD DG O W45 PXFML WD W LV 1\
SHUIRUPBG@FWWQRQ 9,,, FRQFOXGHYV

DSSUR[LPBVHGMH *+] SXIDAMLE)QI RI1 W
LQ)LJ DVGHVFULEHG L

P+ 101log,o(DC) > —174 + NF + 10log,,(BW)
vy T8 2)6%7:((1 23(5%$7,132:(5 2(5%7,1*

92/78*( $1' 6<67(06,=( ZKHODAHLY WKH GXVW\ EVAOKH QRLVH ¢JXUH

FHLYHU LGB %VDXKGE EDQGZLGWK RI WKH W
3RZHU FRQVXPSWLRQRID ORJLF JDWW ERNQQY\HWY ROE BRYKSRQWPRR DO WR
DQG VWDWLF SRZHU 7KH G\QDPLF SRZHUY I GXWAVF\FROR @K H IFW DR 110% I W WHS D
DQG GLVFKDUJLQJRIFDSDFLWDQFH RKQLWY K NVKBIW MRDENHLVF SHRH.G W KY & X H IWOFO D W
VXEWKUHVKROG JOWDBIND®H BIXBW WL RKQKQRXE HWMDR@® DHQG WKH DYDLODEOH KD
SRZHU ZKLFK GRPLYRWWHNVHVIKRH B WENDS M Q @ W KIHGGWHKHW KDW FDQ EH VXSSRUWHG
VXEWKUHVKROG UHJLPH GHWHUPLQHR @ KK DR E B 8§ IEEFROVOLCAHR H)GGHRE B WHBERED S D F |
VLSDWLRQ LQ RXU VIVWHP 6KRZQ LQ HQD E OMKE, X2 S BZHHIF K VUSHIBERKFRY WKH EDQC
WLRQPRWR/T) 7 KtHV BQ LGHDOLW\WDPWRBLWVBHG SXOVH HDVLQJ WKH OLQ
FDOO\EHWZHHQ DQG > @ H[SHQVH RI FRPP X @WBDVEVRZMHIDDODO IXUW I
,Q RXU VIVWHP WKHRQ FKLSUDGLDWIL®HFW RR@IOOWRW RB RKRAIHR HRIQ FKLS F
UHTXLUHV KLJKHU MW DRIV WK PR CEW R IRRV LEDB\O\ pm RQO\ VXSSRUWYV SXOVH ZLC
DYDLODEOHOHYHOV ZKLFKPXVWEHVX%SSOUKBXVGKWREB\FRLYYRBROWDRHWKL\
PXOWLSOLHU DQG VLIJQL¢{FDQWO{~KLDKHK UHRYTHIHNG.DW 5 R DAMHGRH PISGWYR[LP D W
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yLJ *DWH OHDNDJH WLPHUWRY R KDYOHDMWRIL\YW QCDEWRYHD X DUWHQW ZDV PHDVXVYHG HNJIGF ISRZHULQJ

P9VZLQJDQG GULYHV WKH VZLWFKHVRHWBRE \VRXR PAVDD PH RS BIPDAOLWILLF FRX S (
SOLHU )LJ H SURGXFLQJDPRUH WKDWV LRFOXSIM\JI RUKWKEHRRWVWUDS G
RVFLO®AMRGBKH SUH ERRVW RXW SXWD U R P/ WPKPHH @V IUQ IF DVAD JSODFHG LQ WKH FH
PXOWIBOZKUFK KDV D P9 VZLQJ DOGRIG/XEHOR\KGVNHZHG DQWHQ @b EN\DG L
DSSUR[LPRPMWHEP RSHQV WKH VZLWFK fm EBI®@ZHHO K BPBHWONRDOO)\SODFF
WKH FDSDFLWRU WDQN RI WKH FRUH PDQOM GSHON K O RRSWKHAV B RY B L IARADMKRHIL ¢
ELDVLQJ WKH FURVV FRXSOHG SDLU DBR YAKWX H6V S/ DRWHKSWILRRYG LW D RX RO O H
~  pA FXUUHQWU s XQWLO WKH FD S DRLRWOQYGE B IRG W KK H\GDZUIHVKRWY DRI EWFN W R
FRUH PXOWLSOLHU LV VXI¢FLHQWO\ GLWRWBBW®R 7 &HP®HWH §Q IV KR GLID RIGIN G
DW *+]ZKLOH WKHRVFLOODWRU VWEZDW®& % EB QGG WLLRPX D\D WH\WQ® O K R X HEG O R
7KLV SURFHVV UHSHDWV LWVHO! DW B8 DRFFEAD O GBI$QRII G DHN B I MV RXUIDHAQHN LV G
OHDNDJH WLPHU 7KH UDWLR RI RVFLO O DRRWRRAD O ISFRIZ WR PR \HXUPFSARLFRNDS H

ULRG LV DSSWR[LADGHHDL\YHU D WRWDO R Q- Q:RFQ $685( 5(68/76

SXWHG IURP /& RVFLOODWRU GF SRZHU FRQVX Gy W UD.:
SXOVH GXUDWLRQ WR WKH RVFLOODW %%L WO
Q- EH GUDZQ IURP WKH LQSXWVXSSO\ KLS 3HL
SDFLWRU HI¢FLHQP\A>REIWKUBIGWFU(D)GR >sw

WLPLQJFLUFXLW SURGXFHG DQ DV Glbl LAR\Q?'EIE:UGHLEV\FFF
SDUWV DV D UHVXOW RI UDQGRP YDU

L
VFULEHGLQPRUHGHWDLOL §'so RP,, D;AEL%QI‘(LL\ZF)%ERVFHNI

UHDFKHV Vbe:RW DP9 DQG LQYHUVHO\ VF
YROWDJH ZLWKP UBPWHWRUHHLQJ ZLWK VL
(DFK SHDN UHSUH YV HD@W ¥ WLKRHQW U RR & VWE
7R H[SORIWHDGEKL SubE\H PmR ID V L QWIROFKDUJH VWDW H
WXUQ ORRS DQWHQQD )LJ F DFWV DKERWKSVKB) W R @ BB IHUME/RMWRODWU H \
DQG WKHLQGXFWROBWRKH7TEHRIURRSLV IGBULRKDOYHEMMLYHU DQWHQQD  FP
WKH WRSPR\ODPHIVZLWK D SIRWDK BLEVMBEKR| )LIHVHOWY WKH GXW\ F\FOHG RVFL
WDQFHRI S+DW *+] 6LPLODUO\ MM\OODRPBWWIUIQDOHZRWHKUDVSHFWUXP DQ
WLRQ LV DFKLHYHG ZLWK WKH FDSDF IDW/\D 8 B K R Z 0 KFHR QRYAY B QAL ILQRIRZ_LOMIG D
RQO\ E\NWKLHF B FD S D F L VRV FHRRI SVOKIHG P D QWH WDY /KR ZV WKH VSHEWUXP DQD O\
)LJ J (DFK PLQLPXP OHQJWK QAL J@DYLYBPSOHYHQ WKH IUHTXHQF\ GR
ZLGWK Rin $Q Q026 RQO\RVFLOODWRDZILLGVR SEXVP BEQR\MW DELY J DK B VWK WHKH WL E
LW LPWWRXH SRZHU JHQHUDWLRQ H I ¢ FROMFQREIGRIVIADRAHR/VEFIDCGBIXWR IFGPCHH G UH V'S
WR WKH KLJKHU VSHHG R1 Q026 WUDQVEWXWRG D WKH P R2GFE HIERHME WRKQ DD ®RZ H L
SOHG WUDQVLVWRU SDLULV ODLG RXW@HW K D\ DHAH@® @IEEBRUDRYA V X)LIUH V \B HGKR\Z
/LD@al. WKDW DFKLHYHV PD[LPDO GUDVQJRPBLE @R\ EADKAHEDIKAUXVLQJI WKH VHW
GXFLQJWHUPLQDO SDUDVLWLFV > @LV D]RRPHG LQ YLHZ RI D VLQJOH UDGLE
7KH OD\RXW )LJ WDNHV IXOO DGWRIDYRDRWFR OW R W KK MSUDQNWDR H QW HD F
ERXH)G E\ WKH D QW HW Q Bl HSSH WIURHHWF I{. SHOR\DHE MVKR U V
RFFXS\ PXFK RI WKH DUHD XQGHU WKH)DRRS D QGRZVWRWK S BRBNGE UGS SKDVH
Q) IRUWKH IRXU VWDJH YROWDJH RPXPLDLO00N R U DVKWXFSHEOWHR GFRQIHV R
WQY WKH PHWDO P HRW DVX I DQELODAH. W R DYRAOS U ERARWLVG HG B X O WH SYGRLOAW DG KU L Q J
PXOWLSOLHU ZKLFK LV NHSW DV GLVAUDDQW.RY SIRY® LE P | $RP DG IRA HVGHW

B. Millimeter-Wave Ultra-Low-Power Radiating Oscillator
and Layout
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@ 120 ELRORJLFDO SURAHUEBW IDBRWVYRG RI Z

: RYHUPXFK ORQJHU WLPH VEDOHV
SUDFWLFDO OLPLWDWLRQV LQ WKH GH\
UDGLR ZHUH DOVR FRQVLGHUHG 4XDOLYV
OLPLW GXW)\ F\FOL®©D ®mMFL WRIWFLKHG L W
BURFHVV YDULDW L RIQM IKHIFYWHVVR.Q QULKGHF W @ L
IRUPDQFH 7R DFKHBWHIULW@&DBQ JU ZH KD
HUDWH DW KLJKHU QRPLQDO YROWDJHYV
WKH GHVLJQ KDV UR RPLIDWIXRIQV KMWKUH R/SMW
- : . : WKH 6FKPLWW WULJJHU VZLWFKHG FDSD
o Do 0‘0;*_ 00s 008 U4 YROWDJH OHYHOV DQG WUDQVLVWRW PL
ime (s) IRUSHUIRUPDQFH\LHOG $PDVV GHSOR\F
®) 4o0f ‘ ‘ ] WR VROYHVXFK XQFHUWDLQW)\ ZKLFK DO
H[WUHPHO\VPDOO V\VWHP V R]HHIJQGHEL\RLC
RI'WKH WUDQVPLWWHU
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lected Areas in Communications, IEEE Journal oM R O QR SS

IURP ELRORJLFDO WUDQVPHPEUDQH SRW gs_ﬁggv 7“\'/%534 C%IXVL( E{H%W .
IRUW ZDV WR H[SORUH WKH SRVVLELOL\?V\%I;Q/ oL QI B Gl (\giv_ta,@\g B R
VPDOO HQRXJKDQG ORZ SRZHU HQRXJK WRKE WS ROAK D\HG EQ\DF W LXGUGELU IRUPXOW L

FHOO L ®olid-State Circuits Conference Digest of Technical Papers (ISSCC),

|EEE Int ti | SS + ,
(IWUHPH GXW\ F\FOLQW@ *EDR GDFXER VI RIDG D T 5 L hvk - exho & 0DUFX / RQJ 6 .DQ

WUDQVPLVVLRQ UDWHV DUH NH\ SRZHU VDY& Q JblRD W U bl FR@W K@ kb LRI P H Q W
/LPLWDWLRQV LQ DYDLODEOH SRZHU GLFYKDYWIG QY P5 eyid-5ar Gidits iS5 forme ofy § O
SURDFKHV VXFK DV RQ RII NH\LQJ RU SXQVRESREEWERQ PREXQDWLRY o

,Q WKLV SURWRW\SH WKH WLPH LQWHUYDQ bW AKUITQVSROUME ¥KF B PitLike LRLQ
IRUPDWLRQ RQ WKH DPRXQW RI SRZHU K DNicYowh¢ WiddrGar TegtirtiqeesUEBEGSTIaRY ROKH QR S'S

DELOLW\ WR VXSSRUW RQ RII NH\LQJ FDQ E‘H_L(EI{F%é(Gyg; ZEWK D VLQIQ
. D 6DPL 3+ GVHW D
VZLWFK GHVLJIQHEWREHMHFWUREKBPLFE Ut EB%RUWDQFHM@MW&WWQDOE

7TKHVHHPLQJO\ORZ GDWD UDWH RI ESV LadaVX IEEFTkabbQrWaL Q RRQLSSRUEQJ
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> @ & 3 <XHDQG 6 6 :RQJ 32Q FKLS VSLUDO LQGXFWRUV'RYW® BOMWEHUQHGHFHLYHG D % ( |
JURXQG VKLHOGYV | R3dlid-BtefelCuddiG, LEEE Bodrnal ZDUHHQJLQHHULQJ ZLWK VW FODV
of YRO QR Ss + RI %LRPHGLFDO (QJLQHHULQJLQ

> @ < 6 /LQ ' 6\OYHVWHU DQG' %ODDXZ 3$ VXE SZ WLPNUWVRIQUHZDO/RKKXWK :DOHV 6\GQH\ $X
OHDNDJH IRU XOWUD ORZ SRZHU VER&sté] PRQLWRULQJ V\MWHHPIW HGQD 3 K'FIDDBH@PIHGIHULQJ L
Integrated Circuits Conference, 2007. CICC'07. IEEE SS IURP WKHVDPH XQLYHUVLW\

+ ,((( &- 0DUWLQ 3BRVWGRFWRUDO 5HVHDU

> @ & /LDQJ DQG % 5D]DYL 3$ OD\RXW WHFKQLTXH IRU PSEQDOQWHEHWHWEZMHQ (OHFWULFDO (Q
SD WUDQV Redé Ftgquency Mhtegrated CircuiSymposium LFDO 6FLHQFHV RI &ROXPELD 8QLYF
(RFIC), 2011 IEEE SS =, ((( DFWLYLWLHYV IR FXR@RLEF RLHURHD HE W

> @ 3 WXUNHDQG & 5XWKHUJOHQ 37RZDUGV D VLQJOH FKLBSDOPRSONIRPOMHEEQRPGEEY FRPSXWDW
V\VQWHP S\éD VLQJOH F Bi@n@doaD\GarddeSieey Y ROQMX URELRORJ\ RI WKH YLVXDO V\VWHP

R +

> @ 0 8vDPL $ 6DWR . 6DPHVKLPD . :DWDQDEH + <RVKLJL DQG 5

,PXUD 3, VVFF VHVVLR® FKW K O EHG/GSHIBSM U .

ULVK .ULVKQ®VZDP\ UHFHLYHG
> @ & 5XWKHUJOHQ DQG 3 %XU N Had&lRteERQ QDQRWXEH U &
YRO QR Ss N /oJH%FK GHJUHH IURP WKH ,QGLDQ

> @ - RXYLHU < 7KRULJQH 6 $ +DVVDQ O 5HYLOOHW % @RI\ 98§ YRV ’QGP'QM'?‘ RLQBRXWEEL
VPDUW FDUG FPRV FLUFXLW ZLWK PDJQHWLF SRZHU DQG FRPP "(‘B]LH':/ A I_E o &$Q86$ o
W H U | D%otid-Stat@ Ciraits Conference, 1997. Digest of Technical

Papers. 43rd ISSCC., 1997 IEEE International ~~ SS  + UHVSHFWLYHO\ DOO LQ HOHFWULF!

T KH MRLQHG WKH (OHFWULFDO (QJL

@ 0 8VDPL + 7DWREH GDNDPD < ODNL 7 ,ZDPDWVX 7 ifsﬁ’f(vpﬁé')v?%bﬁﬁw\év& 1HZ <RUN

JSSRVKL < ,QRXH D @G5K HOEWBFHEGBKLS ZLWK Q

HDVLO\VFDOHG GRZSSCEG PHPFSU\ - + *LV UHVHDUFKUROWBUNSWEY EQWH
53 Q GHYLFHV FLUFXLWV DQG V\VWHPV

PP ZDYH DQG VXE PP ZOW H+D8 FXIWATHQWR UHV HD U

IRFXVHG RQ VLOLFRQ EDVHG PP ZDYH 3$V VXE PP
-DHELQ BKRHLYHG WKW@@”@CL@‘HbLH"HﬂaQéJXUDEOH EURDGEDQG 5) WUDQVFHQHIBUV |
laude LQ DSSOLHG DQG HQJLQHHUFIQJIRSKXOFT G XYBR[ UDGLRY DQG FLUFXLWV DQ
&RUQHOO 8QLYHUVLW\ ,WKDFD (lg,l@kpp®
GHJUHH LQ HOHFWULFDO HQJLQEHYWID BYREFEROXPEEBXGLQJ 16) DQG '$53$ D\
8QLYHUVLW\ 1HZ <RUN 1< LQ ypyy¥M\PDY"D'WHFKQLFDO FRQVXOWDQW WR LQGXV
FDQGLGDWH KH FDUULHG RXW UHVRUFK L) ORE  BAWH HR I\WKH OHF KQL DD BU
ORZ SRZHU FLUFXLW GHVLJQ IR R OP QWP BRI UWWHRYEFRQIHUHQFHY LOFOXG
XQGHU WKH VXSHUYLVLRQ RI 3UR} 7b\QWRW S FeKH BBWOR 1T WKH , (((,QWHUQB@RR QL
&XUUHQWO\ KH EMVRDUERH DV Q Wgghe §HQ, V:L%&HU$ZDUGIRU2XWVWDQGL@J3DS
& by
B
e}

\%

GEVY URDVSUKDAH DM FHLIY HG IXQGLQ
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Torg
Co

' ez EULRSFF WRRIO R1 (QJ |
6\WWHPV 5HVHDUFK &HQWHU D W \y W X WiiEleRelz b B RS ORI (Q
6FLHQFH DQG 7THFKQRORJ\ 6HR %{;W"Ib WHG 5HVHDUFK 3URMHFW YV
PR EPRORY

UHVHDUFK LQWHUHVWYV LQFOXGH LQWHBWDFRQ} i Q- b3 BFPNYWHszZb U G
VHQVLQJDQG SRZHULQJDSSOLFDWLRQV

HQQHWK / 6KHSBEG *) UHFHLY!
(\DO $NOWPIEXUUHQWO\ D 3K ' FDQGLGDWH RIw" % 1 o 6 ULOFHVER® 8QUYH
(OHFWULFDO (QJLQHHULQJ DW &ROXPELD 8QLNHWEMIR®E 1- Lo e Wi

1HZ <RUN ZRUNLQJ DV D UHVHDUFK DVVLVWDGW 5@ MKH G HOHFWULFDO HQJLOQF
ELRHOHFWURQLFV VIVWHPV ODE 3ULRU WR KBy ¥\ R\ 6WDQIRUG &$ LOQ
H

¥H
UHFHLYHG KLV 0 6 GHJUHH LQ HOHFWULFDO HRJLRWHYLEY YURP WR KH ZC
DW &ROXPELD 8QLYHUVLW\ DQG EDFKHORUV SHBYHIREHU DQG 0DOQDIHU ZLWK W

(OHFWULFDO (QJLQHHULQJ DQG 3K\VLFV IURP (H@SWAHOW .%0 7 - :DWVRQ 5H\
BQLYHUVLW\ LQ ,VUDHO +LV ZRUN H[SHULHQFHRIQRPRES Y HLIKWY 1< ZKHUM KH
FR IRXQGLQJ DPBWRUW XS WRUHH \HDUV RI IRU WKH GHVLJQ PHWKRGRORJ\ IR

H[SHULHQFH DV DQ HQJLQHHU +LV UHVHDUFk LRWHUHREMV VR UV

LQFOXGHV PDJQHWLFV VSLQWUR&?NHWK'—QKHQ(H’JQ*EWFF YWY e ROXPELD 8QLYHU\
PDJQHWLF ¢HOG VHQVLQJ DQG PDWHULDOV DQRFAHIRERGYR B K ILQOW K WHIER UG S EQY RQ H H
ERWKLQWHJUDWHG ZLWK &026 EDFN HQG IDEULDBRWIKRE | 7JHFKQRORJ\ 21,FHU RI &DG026 'HVLJIQ 7H
XQWLOLWVDFTXLVLWLRQE\&DGHQFH 'HWRK 6OV W |
WHUHVWV LQFOXG HFORIZERQHPBVFMG BB YEBH D G F
ELRHOHFWURQLFV
&KHQ BKHLFHLYHG WKH % 6 GHJUMWVEKE SDUWE\EDVFMHFEKQLFDO 3URJUDP &KDLU DQC
(QJLQHHULQJ DQG %LRHQJILQHHW®J LQQOWHIUWRPMWLRADO &RQIHUHQFH RQ ®RP S XW
8QLYHUVLW)\ Rl :DVKLQJWRQ 6MBWWWXHRG WHHH WKRQUDP &RPPLWWHHV IRU ,('0 ,
REWDLQHG WKH 0 6 GHJUHH LQ,SRISFWHE FBRK® JBQ@HHUB@I6, 7$8 DQG ,&&' +H UH
LQ IURP WKH &ROXPELD 8QLYBIQYLWDQBZRRQNHUW] )RXQGDWLRQ 'RFWRUDO 7
1< +H LV FXUUHQWO\D 3K ' FD®GLB O WH JRX (DGHFPWLLR.E EZG5((5 $ZDUG LQ DQG \
(QIJLQHHULQJ DW &ROXPELD 8Q)LIYFXOA WT HOFKH Q WHZHD GE IURP WKH &ROXPELD (QJ
UHFWLRQ RI 3URIHVVRU .HQQHWRBEKBWDEGQ +H\KDM\EHHOFKQ $V3iRFd7DAWHI(EL W R U |
LQWHUHVWY DUH DQDORJ DQG/Pis[ld&sN LI QD0 21QWNH JBDAWHHE Y DQG LV FXUUH QW
FLUFXLW GHVLJQ IRUELRPHGLFP®LWRIOIRADWEKR QM (R RO R06 DRI 6R OslsGe¥aV R VEH &L
XOWUDVRXQG LPDJLQJ DQG QH X414 D4 d( QA FRUbIEBF7H \6 18<67 (06



