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KLJK HI¢FLHQF\ RXWSXW SRZHU UDQ. :
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EH DGGHG ,Q OXOWQ//HY&O GURFUHW ot T i
OHYHOV DUH YDULHG V\PPHWULFDOO @A Calibrated | i s H
PRGXODWLRQ UHGXFLQJ SRZHU ZzDVVMMICBondwirel  Coaxial | p; pirectional g9
E\UHGXFLQJ WKH UHTXLUHG GLIIHUH cReference Planep Reference - coprers = ) v
DUH RSWLPL]JHG IRU WKH LQSXW VLJQ s M , ‘
OXOWL /HYHO 2XWSKDVLQJ $02 LQ i

GLVFUHWH VXSSOY OE@FUHBNVIHCERMLSGH
IXUWKHU UHGXFWLRQ RI UHTXLUHG ¢
ZDVWHG LQ WKH LVRODWHG FRPELQH " T
YDOLGDWHG LQ > @ DQG > @ B 06 Lo
2XU AH[LEOH RXWSKDVLQJ FLUFXL Lgﬂv H EL@B@ ElL H P LQWI
0/ /,1& DQG $02 DUFKuMWWUUWR/UHV% &Wf@%z % b’%?“?“@%ﬁ%ﬁ?%%&f@?émm:ai
&KLUHL[ 2XWSKDVLSUHOWHEPWHG KHUBKORWLROKH ¢ UVW
WLPH LQ OLWHUDWXUH WR WKH EHVW Rl WKH DXWKRUV NQRZOHGJH ,Q
6HFWLRQ ,, WKH GHVLJQ Rl WKH LQWHUQDO 3%V DQG FRPELQHUV DUH
GHVFULEHG 6HFWLRQ ,,, GHWDLOV WXKHRFSIVVLDQG NHKRERQW ORDY LQIKHHBRX WS>
VXUHPHQW VHWXS LQWURGXFHG LQPLOQ®WHNLWKHRQDEPDRIQLEWHQHMMKRUW FL
LQYHVWLIJDWLRQ RI /,1& 3%V LQ WKLW@R0ORHQ@MWHVDLIRRBH G D\G B QRWKHHI 3$ ¢ [W)
9 WDNH DQ LQYHVWLJIJDWLYH ORRN DWW IPHDW RBNOMWGH\S B Q\&XOW ¥ RW B IRHAUKY D Q
FRQVWDQW ELDV DQG VXSSO\ PRGXO®MW HE BR-HNGI K \VA LG H34 R GMKUFRAFKHHFRUW D
WLYHO\ 6HFWLRQ 9, FRQVLGHUV WK H BIWDW WD $ D BLIWR M & WBIS RRKLIHEFVDRHDI Q® (
SUHGLFWLRQRIORDG PRGXODWLRQ FRHQYW & HQL\QIESVRIZTHKHIOME BB BWERQV ZLOC
ERQGZLUH SODQH ,Q)LJ DSHDNSRZHU

R ZLWK cRIRXWSXW SRZHU DQG C
., D5)XR0321(1703/(0(17%$7,21 VvV X W * 4]

u
7KLV VHFWLRQ RXWOLQHV WKH GHVLJ’%EIS\HP W B YOG BP DMK RILYWE GE \
QHQWV GHELDQBMWHEA DV 7KHVLIQDO P WKBDOERELIQHKWRLF® RI 3%
VHSDWPMRW\SLFDOO\LPSOHPHQWHGET YV wh! B%Q&ﬁ%@)@@GHYHQRSWL
DQDORJLPSOHPHQWDWLRQ ZL0OO EH G LVMHAMERH Ry WVIKR @WW’Q’\HHKD

£
VHWXSLO 6HFWLRQ ... YROWDJH VRXUFHV DQG FODVV RI RSHUD
FLDOO\DW KLJK | UH R X HQWIKHHVL G WHIW Q D C
_ _ DFWHUL]HG E\ORDG SXOOPHDVXUHPHQ\
A. Power Ampler Implementation LQIRUP WKH GHVLJQ RI W iH, FFRREALR KUV F

7ZR KLJK HI¢FLHQF\ *+] 00,& 3$VEH \@HQ@H-RVHEDVE DQG  E
FRPSRQHQWYV RI WKH RXWSKDVLQJ 3%V 7KHVLQJOH VWDJH GHVLJQ
x uP S+(07 LVELDVHGQHDUSLQFKEhl‘?"mbﬁ‘ﬁr%%bg@ RSWL

PLIHG IRUHI{FLHQR ZR KA X U PDRMHF WHHUPRPBMOORIQY SURYLGHV WKH YLW!
7KH 00,& LV IDEULFDWHG LQ 4RWR ¥ WAHHELVOKH LQWHUQDO 3$V IRU RXWSKD

PA Fixture
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PHOQWDO IUHTXHQF\ DQG\LHOGV HTXDWL
ORDG PRG X0 DW L RHQAHRFFQWHREXADWY HY B W W K
DQG DUHGH¢{¢QHG DW WKHFRPELQHU UF

b1 = S11a1 + S12a2 + S13a3
by = Sa21 a1 + S22 as + Saz as.

,QRXWSKDVLQJ WKHLQSXW SRZHU ZDYH
VKLI®YyPQG SRVVLEPYHMBENMORGY RI HDFK R
.. 1 .
1=2a2 64]207 az = — 67]207 as =0
x

a aq
yLJ D 1RQ LVRODWHG FRPELQHU GHVLJIQM Gyl L P RIARR DIVKRK
VXUHPHQWYV DW *+] DQG IDEULFDWHG BQ, %%D%g/wg}%\%@%éﬁﬁy\ﬁgé LEERVR/ I
DQG 3$( ORDG SX0O0 FRQW.RRUV REHDP/ X2ALMG DMK AR B E WEKMHERPHN BRGVLQJ |
SRZHU V\PPHWU\ VKRZQ IRU GHVLJQ DQG ORDG/ARGWOOW LRI WKEHNVMWHIELWDWLRQV LQWR

&: ORDG SXOOPHDVXUHPHQWY KDYHEHHQ SHULFOJHEI:Q@)FQLWKD/61$ 97' 6:%$3
DQG D SDVVLYH WXQHU DW *+] 3$( FRQWRX DUH VKRZQ IURP WR

ZLWK D VWH:SFRQWR XUV DUH WUDFHG IURP WR G%P ZLW G % 1 _ 320
VWHS 1= 11a1+5121ja16 J

2
by = Sorwas el o4 S22 as.

7KH UHAHFWLRQ FRHI¢FLHQWY DW HDFK
FRUUHVSRQGLQJ VO®WKR@RBRWE GVKRIGRXX W S
WHUQDO 3% DUHVROYHG DV
1 X
T'par = —12511+—512€7J29
ay X
2

26
I'pas = = S22 + x 521 7%,

az

7KHPLFURVWULS FRPELQHU VKRZQ LQ )L

MXQFWLRQ WRSR|GIRBJX IDW K RFSQWRPIDWH V
yLJ D 1RQ LVRODWHG FRPELQHU GHVLJQHZB I@U KHLIARBOVRIIWYKHWEGHWLIQ LV WR LQW

*+]DQGIDE0>JI|5FDDV\(/3HGGURDQL s;%SVRDJH?;{/f(D/VFWWR W@X%HQWRW(RI%XFDHDVXUHG SHDN

IS,UI?V;/RD%DV\\’?RJ?(UC\;/BUH(\?VUD%GL?WHKP couwrw e pw WK S5 \ﬁSRX SHDQRUBRDORA LQ WKH K
DLG RXWSXW SRZHU EDOW R RO (B RIOR\DN RXUDHLHFLR-P@ FO HPISHVG DQFH UHJLRQ SRVVLEOH
R B e o sung e wag DLV IR SRR PR MU ZKLFK LV REWDL
55(DOR. PDILPD ZLWK GLDLO Y ROWDIH VX UHP'ERWY B PRI HTRBSUNGLFWHG ORI

yLJ E DFKLHYH WKHGHVLJQ JRDO

3) Non-Isolated Combiner for Supply Modulation:
PHDVXUH WKH SHUIRUPDQFH RI WKH LRPMWHUDDWYKRX\D DG RWKKIHUR@EP RGRODWH
XODWLRQ LWLV QHFHVVAEIR\GMR EQ FOMIBIOERBZWRRIYFMFRXQW IRU WKH PRYHPHQ)
WLRQDO FRXSOHUV > @ LQ WKH FRPELY WK W BERQ R IV XGLS®A HY ¥ K HHO/RIDR P 9
SXOOFKDUQEWBHUIBWRRGDWWKHOOREREGGERIRUG XIDIBWHIPRRQVXVHRGYORD ® 8.
HQFH SODQH W K HPEH DIHIWD RQ &/ KW ¥ B RADFHGUR. REBW ORWIL@ QL J PAE >BK H.VHHISPQ 8 H ¢
VKRXOG RFFXU DW WKLY SODQH DV ZH®DKOU B X MX WK HD X \DHWRJ DRXMVALWVILTRMH VIXE S O
FOXGLQJWKH 3% ¢[WXUH DQG FRXS O HWKLR/QFE R H IRQXNUS X W BRH WHFHMGGE\RVIRQL R X W S
DUHPHDVXUHGDQGLQFOXGHGLQWKHWFBWEW®H BSEBWLIKY OR BE WROL O HGAWD L C
)LJ 211 FKLS FRBBMMLQ Q lag DA WVEXRWIRNYHPHQW RI WKHPHDRNSGDQEHVY DQG P
DEOHV YDOXDE OHHYRAHEDAQ RYRE RD WIHEFIWKSIHW SRZHU EDODQFH RYHU W,H YDU
DUHPDGH 1H[W GHWDLOV RI WKUHHFPRGWRYXWV IDSUHRWVKER DG RV BV HRBULQ 9 E X\
WKLV ZRUNDUH SUHVHQWHG SRZHU LV GLI¢FXOW DFURVYV YDULRXV V.
1) Isolated Combiner;7 KH LVRODWHG FRPELQWWHWD VWKD.QWY U G

°UDW UDFHFLUFXLW SURYLGLQJERWKWKHVXPDQG GLITHUHQFH RI

WKHLQWHUQDO 3$ W7 Bl AKHWVXSXQVAR\EH W W H U WK ($@$/0 (8685 (0(176(783
G% ZLWK DQ LVRODWLRQ EHWZHHQ GWL®&HG LRKIDSXMY RXWSKD¥WLRQ®HDVXUHP
WKURXJK ORVVHVY EHWZHHQ DQG |IRKWERKMWKSIKPWH IEQMD® @QFHD®E V\VWHP P/
WKH VXPPLQJ RXWKSDOMHIWKH SKDVH EDRXYOVQFKIDVR QUK BISEF LG7 RHVOKHHRDA WWR QP HDV XU
IHUHQFH RXWSXW LV LOQWHUDFWLRQV LQ @ 'BRHKHXIMNHN VY QHF LD (
2) Non-Isolated Combinerr6 PDOO VLJQDO DQPOQYWV SHIM& ISRFMRE H "SRVLWLRQHU DC
WKHORDGPRGXODWLRQRIDORVVOHVVYPXSRPWALKRQP E)LEBH U ,MWWKKK I XRGHD WKI
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DC Power (W)

—150f

Differential Phase (deg)

2% 30 32 34 36 2% 30 32 34 36
Output Power (dBm) Output Power (dBm)
(a) (b)

)LJ D &RPSDULVRQRIPHDVXUHG LQWHUQDO 3$'& SRZHU FRQVXPSWLRQ EH

WZHHQ 9 RSWLPDO 0/ &2 RSHUDWLRQ DQG $0Q2 OD@)@JRQWS‘KW%FBH;D)%V}@; EQI®EDOD

WLRQ E\ :RYHU WKH 9 VXSSO\ DQG H[KLELW v P \

$02 3% E OHDVXUHG GLIIHUHQWLDO SKDVH IR M@Q@éﬁ)\\gb@(@ %?vﬁL%HFRPELQHU >

0/ &2 3% VKRZLQJ D UMBGBXFMWLRO WR UHVWULFW WKH FDQFHOODWLRQ RI WKI
VLIJQDO FRPSRQH QW XMHIDGD @ Nl BVARHWDHA F

- - - 7KH PD[LPXP PHDVXUHG JDLQ DQG SKDVF
XXPA X e20V X TG VRS e LQ 7DEOH ,,, ZKLFK FRPH IURP WKH RSWL
* *PAYX*18VX 14V X 10V X -8V WKH VXSSO\ PRGXODWHG RXWSKDVLQJ 3

.S 2 55 DFKLHYHY WKH ORZHVW JDLQ LPEDODQF}

GXH WR LPEDODQFHG VXSSO\ OHYHOV ,
VKRZQWREHPRUH GHHHQ G ABRMWORD@QWIK W
HOHFWULFDOOHQX\WKHEOCEDOY YWKHH ZKD N
LPEDODQFHV ZLWKRXW VLIJQL¢{¢FDQW EU
VXFK WKH ODUJH SKDVH LPEDODQFH RI (
VLQFH LW RSHUDWHY XQGHU ERWK ORDC
MXVWLQIJWKHORDGLQJDQG UHVSRQVHF
$QDGGLWLRQDO VRXUFHRIQRQOLQHD
QRQOLQHDU SKDVH WUDQVIRUPDWLRQ >
EHLQKHUHQW LQ QRQ LVRODWHG FRPEL
yLJ OHDVXUHG LQWHUQDO ORDG PRGXODWLIRDWE WKk d/>22@s +iReDd ¥ bk VKLY QRQOLQ
D LS b S R RS S BR LD O GO HBUESE00 BLVWRUWLR O\
DOFHG VX5S0\ OHYHoOV PRV AR HE ERPYB EBH VM B'GEMY D skDp vt

RXWSXW SRZHAUZKRFK LY YLVLEOHLQ )LJ)
ZHOODVLQWKHPHDVXUHG GLITHUHQW LI

SHEM LV EHWZHHQ WKW IORRD GOPRISU\OHRE AW RE R XWEKRVLQJI 38V LQ )LIV E
WKH SHDN 3$( VWD\V QHDU WKH XSSHWPREP O1RY Rk IHDRVIID WK SIKQHRGLQJ GLV
WUDMHFWRU\UHPDLQV LQ WKH KLJK 33HUHPLN¥E VRHUHDOPY iV WUDLYIWMRRIWLRQ |
Py TKHVHSDUDWLRQPRI SRDB SD(W Q& Z 3 UWHKY ¥FEWUDFWLQJ WKLV RIIVHW Wt
OHYHOV OHDGV WR ZLGHU K\VWHUHVIBPLQHG XVLQJ WZR UHSUHVHQWDWLRQ\
7KHORDGPRGXODWLRQDOVR KB W&NRWH B AP @ WREGWREHDP Skhb & A B!
WDLQLQJLQWHUQDO 3% RXWSXW SR zHUREDWHIORY R K VRS X4\ Ry My BROVWKRKHDWS. Q J [
OHYHOV WKURXJK WKHLPEDODQFHG UHPKH WKHRKH W ERE G tHIORRWER OB KD\
LVVXH PD\ OHDG WR LQVWDELOLW\ EXYWWHEKGH 0/ &2 33 PLWLIJDWHYV WKH
ULVN E\UHGXFLQJWKHUHTXLUHG GLIIHUHQWLDO SKDVH DBV ZHOO DV V\P
PHWULFDOO\DGMXVWLQJWKHVXSSOLHV 5LVNFRXOC™EH IXUWKHU UHGXFHG

E\LQWHJUDWLQJ WKH GHVLJIQ LQ D VLQIOH 9 Phéy VRF H WKAHHOMPIIR RR HR U H
33V ZRXOG EH PRUH EDODQFHG 6LPX®DWd RRYKRE Y WEOMVARHRHEHFRQG WK
SHDNVLQ 3$(DUHLQWURGXFHG E\DV\BR#EW U § R @QRWPW HR I W B W EDVHY WK
SOLHV ZLWK D QRQ LVRODWHG FRPELQRH IH®ERGRINBS HKBWYWBEWRYHVWLF

ORDG PRGXOBEWQBQFH YLJ HVWDEOLVKHY WKH QHDU OLQHD!
ZKLFKRQO\GHRYURWHVHDNOLQ D DQG IRC
9, '6&866,21 RXWSXW SRZHU UHVSRQVH FORVHO\ LQ
o 3% GHYLDMQHIV RGGW RG% LQ E IURF
A. System Nonlinearity HUDWLRQ

$OWKRXJIK VSHFLHD \DLQHMHQWY PWZ&DW RMWLWEB\RWWKH VXSSOLHV LQ 0/ &2
$&/5 (90 DUH QRW SHUIRUPHG OLQHIDULWA\IR) GKEDW RURXMDSKEMLQJ ,Q )LJ
DVFHUWDLQHG IURP &: FKDUDFWHUL]PSVWRQQ*DLO QGG SEB\LIY LEERIOGHYLDWL
DQFHVEHWZHHQ WKHEUDQFKHY DUH NDRRIRAQU R B XWMKRHUR/\WKRH Q R@ELED MIKUH /1 Y
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| = Ideal
il ® % LINC
i|A A Chireix

o Deviation (deg)

030 60 90 120 150 18 ’g0 90 0 90 180
Theoretical ¢ (deg) © (deg)
(a) (b)

)LJ D 6LPXODWLRQ SUHGLFWLQJWKH ORHDIG PR (
yLJ D OHDVXUHG GLITHUHQWLDO SKDVEKEHDMHWELR@® DRGGE @KDLOXHUHBVRIXM® O 3$V DUH ELD
SRZHU ZLWK UHVSHFW WR GLITHUHQWLDO SKQVEURWHEHEBWRD.GERQEERKXWURQDRXNVWYIKAMGE XAHNUWR D

3$V :KLOH WKH /,1& 33 IROORZV FORVHO\ WKH LBEHDODHMDIW RRYEOSYHWHBREHWHIHHQ 9DQG
RXWSKDVLQJ 3$ GHYIQD WHYQXSE WRE% LQ E

:KLOH WKHVH PHDVXUHPHQWYVY VKRZ VLJ
SHFLDOO\LQ 0/ &2DWHK K RSMIKRWVGHT XDV
WLRQFDQ EHDFKLHYHG DV SURYHQLQ >
WKHVH PHDVXUHPHQWY SURYLGH LQVLJI
HDFK DUFKLWHFWXUH

B. Predicting Load Modulation With Power Imbalance

7TKRXJK DQG L QF ® XV R DFYHRXLDW ORHL
LPEDODQFHV DW WKH GULYHQ SRUWV H
LI D OHDVXUHG GLITHUHQWLDO SKDVI® Y %%WDEFXUDWGD@BWHBQFW
SRZHU ZLWK UHVSHFW WR GLITHUHQWLDO SKD '-_Il[BR\QI(J R W\EW&&&FQW% WKH SRZH
0/ &2 SXUSOHWULDQJOHV 3%V 7KHVKDGLQ@J UG RDG I @& H VXQ KAV FHROQWQWB EDND A KD/ 8 L) XK U
OLJKWHVW WR 9 GDUNHVW :KLOH WKH 00 /(L& 89! ROCR ROCRRWAR\ S H H§HEDODQFH YD U
UHODWLRQVKLSY WKH O/ 8288 BHEQBWHE %SO\ | 0 WKH YDU\LQJ GHIRUPDWLROV Vi
DLGLQWKHFRPELQHUGHVLIQIRUWKHVF
VLPXODWLRQ PHWKBR®&/LDWGEGHNYHDE&E B BENW
SUHGLFW ORDG PRGXODWLRQ ZLWK SRZI
LQWHUQDO 3$LV FKDUDFWHUL]JHG WKLV
DQFHVY FDXVHG E\ WKH GLITHUHQFHV LQ W
7KHSURFHGXUHLVDVIROORZ
f &KDUDFWHUL]H D RAKLAORDHEU X0OQOBH H |
DWDOO GHVLUHG VXSSO\OHYHOV
f ,QWHU S RODOOMHPHIRYEUHPHQWYV
f 6LPXODWHRUPHDVXUHG6 SDUDPHWH.L
IUHTXHQF\DQG UHIHUHQFH SODQH DV

SRZHU ZLWK UHVSHEW WR GLIHHURRWLD 6 SKDg e S%”%@% XS B HHR LB, YRR HV R G
Vopz: LV YDULHG IURP 9 WR 9LQ 9VWHSV $VWKHPWYHHQHYRJ lcd 1HURQFH
LQFUHDVHV WKH QRQOLQHDU SKDVH WUDQVIRUFDWUYRPED REPE VRO kb YR RRUDSHRIGOFIXKW. IQRVH Y
DW LQLWLDR:YDO@SHHV RI
T &8DOFXODWHSRZHU LPEDR)DBRHWZ\WKKE
IURP OLQHDU RSHUDWLRY DHPQGQY DHOREKH EQWHUQDO 3$V
LQ E T 5H FDOFXODWH DRIGXHW RP DQG
,QWHUHVWLQJO\ WHWIL$IGRF B H[Q FUH D ¥ RYHIWARQY WKH FDOFXODWHG $RZHU
OLQHDU SKDVHWUDQVIRUPDWLRQ DV WKMHVGVHHQYHQFHILQ LNV VXSSO\OHYHOV
LQFUHDVHVILQ 20 9 DI YDULHG IURP 9
WR 9V GHFUHDVHV WKHGHYLDWLRQKHBPREQGERPUKKYWSHWHRUPHG IRU WKH
ODWLRQVKLSEQRUEBDVAEVEWRQRW RQOLGRHR AW RHBVWOWHPHQWY 7KH SUHGLFW
SRZHU GHFUHDVH PE(IRZWKH@EQHPX HWH\ XSZD/KKRVZV WKH VDP Hid] ®QGWKRIDLRDIN/
R G% 7KHVH IDFWRU\GHYLIUQIGH V& H RDILWVWPKID BLYUFBHY/LWOQ G FRPSDUHYV HIWUHP
RI WKHV\VWHP ZKLFKDGGV WR WKH SWRWWKRKFKEDD & KWHHRHQ/WW B @& MHMHVIRER/E H X (
WR XWLOL]H RQOQDGNMBRNEW FRPEDQ\ OHDWHLARQ KD G D O|CP MR MGKHDARIBIGRP RG X O [



