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$EVWUDFW

$ IXWXUH HOHFWURQ�SRVLWURQ OLQHDU FROOLGHU ZLWK F�P� HQHUJ\

LQ WKH UDQJH RI ��� 7H9 LV XQGHUVWRRG WR UHTXLUH DQ

RSHUDWLQJ 5) IUHTXHQF\ LQ WKH UDQJH RI ������ *+]�

+LJKHU RSHUDWLQJ IUHTXHQF\ FDQ OHDG WR KLJKHU

DFFHOHUDWLRQ JUDGLHQW� ZLWK D FRUUHVSRQGLQJ VPDOOHU

DFFHOHUDWRU OHQJWK� 7KLV SDSHU GHVFULEHV D WHVW VWUXFWXUH

GHVLJQHG WR GHWHUPLQH WKH PD[LPXP DFKLHYDEOH

DFFHOHUDWLQJ JUDGLHQW IRU DQ RSHUDWLQJ IUHTXHQF\ RI ������

*+]� 7KH a��FP ORQJ WHVW VWUXFWXUH FRQVLVWV RI �� FHOOV

RSHUDWLQJ LQ WKH �S�� PRGH� ,W LV WR EH GULYHQ XVLQJ D

PDJQLFRQ DPSOLILHU >�@� GHVLJQHG DQG EHLQJ EXLOW E\

2PHJD�3� ZLWK D GHVLJQ SRZHU RI RYHU �� 0: LQ D � PVHF

SXOVH� 3UHOLPLQDU\ FDOFXODWLRQV LQGLFDWH WKDW WKLV VKRXOG

PDNH LW SRVVLEOH WR WHVW WKH VWUXFWXUH WR DFFHOHUDWLQJ

JUDGLHQWV RI RYHU ��� 09�P�

� ,1752'8&7,21

6WURQJ PRWLYDWLRQ IRU GHYHORSLQJ KLJK�IUHTXHQF\

DFFHOHUDWLQJ VWUXFWXUHV IROORZV IURP WKH VFDOLQJ RI

DFFHOHUDWLQJ JUDGLHQW ZLWK IUHTXHQF\� ZKLFK LV

DSSUR[LPDWHO\ OLQHDU >�@� 7KXV ,/&� ZKLFK LV WR RSHUDWH DW

������ *+]� LV WR DFKLHYH DQ XQORDGHG DFFHOHUDWLQJ

JUDGLHQW RI DERXW �� 0H9�P >�@� DSSUR[LPDWHO\ IRXU WLPHV

JUHDWHU WKDQ WKH ����� *+] 6/&� 6LPLODULO\� DW �� *+]

WKH DFFHOHUDWLRQ JUDGLHQW FRXOG H[FHHG ��� 0H9�P�

/DERUDWRU\ WHVWV ZRXOG DOORZ FRQILUPDWLRQ �RU QRW� RI WKH

ZLGHO\ DFFHSWHG VFDOLQJ ZLWK IUHTXHQF\ RI ILHOG HPLVVLRQ

DQG UI EUHDNGRZQ LQ KLJK�JUDGLHQW URRP�WHPSHUDWXUH OLQDF

VWUXFWXUHV >�@� 7HVWV KDV EHHQ SHUIRUPHG ZLWK

PLFURVHFRQG�OHQJWK SXOVHV DW 6� & DQG ;�EDQG� DQG DW ��

*+] DW UHODWLYHO\ ORZ SRZHU OHYHO ZLWK �� QVHF SXOVHV RQ

WKH &/,& VWUXFWXUH >�@� %XW H[WHQVLRQ XSZDUGV LQ SRZHU

DQG SXOVH OHQJWK DUH UHTXLUHG WR IXUWKHU WHVW WKH� VFDOLQJ
ODZV DW ������ *+] LQ D UHJLPH ZKHUH FRQYHQWLRQDO KLJK�

JUDGLHQW OLQDFV ZRXOG RSHUDWH� QDPHO\ ZLWK 5) VXUIDFH

HOHFWULF ILHOG JUDGLHQWV JUHDWHU WKDQ ��� *H9�P DQG SXOVH

ZLGWKV JUHDWHU WKDQ ��� QVHF� :LWK D �� 0: PDJQLFRQ

DPSOLILHU DW ������ *+] XQGHU GHYHORSPHQW E\ 2PHJD�3�

LV LW SRVVLEOH WR� FRQVLGHU VXFK KLJK�SRZHU WHVWV RI

DFFHOHUDWLQJ VWUXFWXUHV�

0DNLQJ XVH RI WKH IDYRUDEOH VFDOLQJ RI DFFHOHUDWLQJ

JUDGLHQW ZLWK IUHTXHQF\ DVVXPHV WKDW 5) VRXUFH DQG SXOVH

FRPSUHVVRU WHFKQRORJ\ ZLOO DGYDQFH VXIILFLHQWO\ VR DV WR

IXUQLVK RI WKH RUGHU RI ��� 0:�P RI UHTXLUHG 5) GULYH

SRZHU WR DFKLHYH ��� 0H9�P DFFHOHUDWLQJ JUDGLHQW >�@�

7R SXVK WKH VWUXFWXUH XS WR ��� 0H9�P� ZKLFK

FRUUHVSRQGV D VXUIDFH ILHOG RI a ��� 09�P HYHQ IRU WKH ��

FP ORQJ VWUXFWXUH GHVFULEHG EHORZ� ZRXOG UHTXLUH D SHDN

5) SRZHU OHYHO RI ��� 0:� 1R ������ *+] 5) VRXUFH

ZLWK WKLV SRZHU LV DYDLODEOH� 1RU DUH SRZHU HQKDQFHPHQW

VFKHPHV� VXFK DV UHVRQDQW ULQJV RU SXOVH FRPSUHVVRUV�

DYDLODEOH IRU WKLV IUHTXHQF\ DQG SRZHU OHYHO� 8QWLO VXFK

5) SRZHU HQKDQFHPHQW WHFKQRORJ\ EHFRPHV DYDLODEOH�

DQRWKHU DSSURDFK LV UHTXLUHG WR DFKLHYH WKH VXUIDFH

HOHFWULF ILHOG RI PRUH WKDQ ��� 09�P LQ D ������ *+]

VWUXFWXUH� 7KLV PHWKRG LV WR RSHUDWH D WUDYHOLQJ�ZDYH

VWUXFWXUH LQ D VWDQGLQJ�ZDYH PRGH� ZKLFK FDQ EH DUUDQJHG

E\ SODFLQJ DQ 5) VKRUW FLUFXLW DW WKH HQG RI WKH VWUXFWXUH

XQGHU WHVW� 8QGHU WKLV FRQGLWLRQ� DQDO\VLV RI WKH HQHUJ\

VSHFWUXP RI UHVXOWLQJ GDUN FXUUHQW LV D FRPPRQ GLDJQRVWLF

XVHG WR DVFHUWDLQ WKH DFFHOHUDWLRQ JUDGLHQW� .QRZOHGJH RI

WKH RYHUYROWDJH IDFWRU WKHQ DOORZV WKH PD[LPXP VXUIDFH

JUDGLHQW WR EH LQIHUUHG IURP WKH DFFHOHUDWLRQ JUDGLHQW�

� 7+( 7(67 6758&785(

3DUDPHWHUV RI WKH DFFHOHUDWLQJ VWUXFWXUH DUH WR EH FKRVHQ

VR DV WR DFKLHYH DQ DFFHOHUDWLQJ JUDGLHQW JUHDWHU WKDQ ���

0H9�P� DVVXPLQJ WKH QHFHVVDU\ 5) SHDN SRZHU WR EH

DYDLODEOH� $OWKRXJK WKH GHVLJQ YDOXH RI SHDN RXWSXW

SRZHU RI WKH 2PHJD�3 PDJQLFRQ LV �� 0: LQ D � PVHF

SXOVH >�@� D PRUH FRQVHUYDWLYH OHYHO RI �� 0: LV FKRVHQ

IRU WKH SURSRVHG SURMHFW�

7KH FXVWRPDU\ DFFHOHUDWLQJ VWUXFWXUH IRU OLQHDU FROOLGHUV LV

D �S �� VWUXFWXUH ZLWK D QRUPDOL]HG JURXS YHORFLW\ YJU�F LQ

WKH UDQJH ���� ± ���� $ VFKHPDWLF FURVVHFWLRQ RI WKH

VWUXFWXUH LV VKRZQ LQ WKH )LJ� �D� $V ZDV GLVFXVVHG LQ UHI�

�D� �E�

)LJ� �� $ VFKHPDWLF FURVV VHFWLRQ RI WKH �S�� VWUXFWXUH �D��

WKH GLVN HGJH JHRPHWU\ �E��

>�@� WKH PD[LPXP DFFHOHUDWLQJ JUDGLHQW ( LV GHWHUPLQHG

PDLQO\ E\ WKH PD[LPXP HOHFWULF ILHOG RQ WKH FDYLW\

VXUIDFH (P� 7KXV� WKH PD[LPXP DFFHOHUDWLQJ JUDGLHQW IRU

IL[HG VXUIDFH ILHOG LV DFKLHYHG� LI WKH RYHUYROWDJH IDFWRU
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NP (P�( LV PLQLPL]HG� 7R PLQLPL]H NP� D GLVN HGJH

JHRPHWU\ ZDV VXJJHVWHG >�@ KDYLQJ DQ HOOLSWLFDO VKDSH� DV

VKRZQ LQ )LJ� �E� 1XPHULFDO VLPXODWLRQV VKRZ� ZLWKLQ WKH

UDQJH RI JURXS YHORFLW\ ���� d YJU�F d ���� DQG IRU WKH

FDYLW\ ZDOO WKLFNQHVV W LQ WKH UDQJH RI �����O WR ����O� D

UHGXFWLRQ LQ NP LQ WKH UDQJH RI �� WR ���� +HUH O LV WKH

IUHH�VSDFH ZDYHOHQJWK DW WKH GHVLJQ IUHTXHQF\� 7KH QH[W

LPSRUWDQW LVVXH LV WKH FKRLFH RI VWUXFWXUH OHQJWK�

HTXLYDOHQW WR D FKRLFH RI WKH QXPEHU RI FHOOV� WR

LQYHVWLJDWH HIIHFWV ZKLFK PD\ QRW DSSHDU LQ D VLQJOH FHOO�

1DWXUDOO\� WKH PD[LPXP QXPEHU RI FHOOV LV OLPLWHG E\ WKH

DYDLODEOH SHDN 5) SRZHU� )RU WKH GLVFXVVLRQ WKDW IROORZV�

D VWUXFWXUH KDYLQJ �� FHOOV ZDV FKRVHQ� 7DEOH , OLVWV

UHVXOWV IRU VRPH SDUDPHWHUV RI D SUHOLPLQDU\ GHVLJQ

RSWLPL]DWLRQ IRU WKLV VWUXFWXUH�

7DEOH ,� 3UHOLPLQDU\ SDUDPHWHUV IRU KLJK�JUDGLHQW ��

*+] DFFHOHUDWRU VWUXFWXUH�

2SHUDWLQJ IUHTXHQF\

2SHUDWLQJ PRGH

1XPEHU RI FHOOV

6WUXFWXUH OHQJWK

*URXS YHORFLW\

'LDPHWHU RI FHOO

'LDPHWHU RI DSHUWXUH

:DOO WKLFNQHVV W

(FFHQWULFLW\ W��K

2YHUYROWDJH IDFWRU NP
6KXQW LPSHGDQFH

4XDOLW\ IDFWRU

������ *+]
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7KH ZDOO WKLFNQHVV YDOXH W WKDW ZDV FKRVHQ WDNHV LQWR

DFFRXQW PHFKDQLFDO VWUHQJWK DQG WKH QHHG IRU UDGLDO

FRROLQJ� 7KH VKDSH RI WKH GLVF HGJH LV FKRVHQ WR PLQLPL]H

NP >�@� 1RWH WKDW NP IRU D URXQG VKDSH GLVN HGJH LV ����

L�H� ��� ODUJHU WKDQ WKDW IRXQG LQ WKH SUHOLPLQDU\

RSWLPL]DWLRQ RI WKLV VWUXFWXUH�

7KH SURSRVHG VWUXFWXUH DQG D FRUUHVSRQGLQJ ILHOG PDS LQ D

VWDQGLQJ ZDYH PRGH DUH VKRZQ LQ )LJ� �� 7KH GLDPHWHU RI

WKH HQG FHOO LV UHGXFHG WR ���� PP� DV FRPSDUHG WR ����

PP IRU WKH LQWHUPHGLDWH FHOOV LQ RUGHU WR FRPSHQVDWH

HIIHFW RI D EHDP WXQQHO� 7KH GLVSHUVLRQ FXUYH IRU WKLV

VWUXFWXUH LV VKRZQ LQ )LJ� �� 7KHVH UHVXOWV ZHUH IRXQG

XVLQJ FDOFXODWLRQV ZLWK WKH FRGH 6/$16 >�@� $ �� 0:

SHDN SRZHU PDJQLFRQ ZLOO DOORZ WR WHVW WKLV VWUXFWXUH XS WR

)LJ� �� 'LVSHUVLRQ FXUYH IRU WKH VWUXFWXUH VKRZQ LQ )LJ� ��

maximum surface field of about 700 MV/m.  It should be
emphasized that, in the case of standing-wave structures,
the overvoltage factor km is almost twice as high than for
the traveling-wave case; in the present instance, km = 3.85.

� 7+( ,1387 &283/(56

,QSXW FRXSOHUV FRQVWLWXWH DQRWKHU LPSRUWDQW LVVXH� 7KH

DSSURDFK ZKLFK LV WDNHQ IRU WKH ������ *+] VWUXFWXUH IRU

1/& >�@� DQG IRU WKH �� *+] VWUXFWXUH IRU &/,& >�@� LV WR

XVH WZR V\PPHWULF LQSXW FRXSOHUV� ,W KDV EHHQ VKRZQ

UHFHQWO\ >�@ WKDW TXDGUXSRODU ILHOG DV\PPHWULHV�

LQWURGXFHG E\ LQSXW LULVHV KDYLQJ DQ D]LPXWKDO YDULDWLRQ�

ZLOO HQKDQFH WKH VXUIDFH HOHFWULF ILHOG LQ WKH LQSXW FHOO�

7KLV HQKDQFHPHQW IDFWRU LQ VRPH FDVHV PD\ H[FHHG ����

7R DYRLG WKLV SUREOHP� D VR FDOOHG �UDFHWUDFN� JHRPHWU\

IRU WKH LQSXW FDYLW\ ZDV LQWURGXFHG >�@� 5DFHWUDFN

JHRPHWU\ DOORZV RQH WR V\PPHWUL]H WKH ILHOGV� LW KDV EHHQ

VKRZQ WR ZRUN ZHOO DW ���� *+] DQG �� *+]� %XW DW

������ *+]� DGGLWLRQDO SUREOHPV DULVH GXH WR WKH

H[WUHPHO\ KLJK JUDGLHQWV DQG PLFURZDYH SRZHU OHYHOV LQ

WKH VPDOO VL]H LQSXW ZDYHJXLGHV� 7R IHHG WKH ������ *+]

VWUXFWXUH GHVFULEHG KHUH� IRXU V\PPHWULF LQSXW FRXSOHUV

ZLOO EH XVHG� 7KLV DSSURDFK SURYLGHV WKH IROORZLQJ

EHQHILWV�

x DQ LQFUHDVH LQ WKH RUGHU RI SHUWXUEDWLRQ DV\PPHWU\

IURP TXDGUXSROH WR RFWXSROH� ZLWK D FRQFRPLWDQW

GHFUHDVH LQ WKH ILHOG HQKDQFHPHQW IDFWRU WR EHORZ

���

x D IDFWRU�RI�WZR GHFUHDVH LQ SRZHU IORZ WKURXJK HDFK

LQSXW ZDYHJXLGH� DQG

)LJ� �� )LHOG PDS RI �S�� VWDQGLQJ ZDYH PRGH LQ WKH ���FHOO VWUXFWXUH�
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x D VWUDLJKWIRUZDUG FRQQHFWLRQ EHWZHHQ WKH PDJQLFRQ

>�@ DQG WKH DFFHOHUDWRU VWUXFWXUH LQSXW FRXSOHU� VLQFH

WKH PDJQLFRQ KDV IRXU :5��� RXWSXW ZDYHJXLGHV�

WKXV DYRLGLQJ QHHG IRU D FRPSOH[ SRZHU GLYLGHU IRU

LQSXW SRZHU GLVWULEXWLRQ�

$ ILHOG PDS RI WKH LQSXW FHOO ZLWK IRXU :5��� ZDYHJXLGHV

LV VKRZQ LQ )LJ� �� ��' VLPXODWLRQV ZHUH FDUULHG RXW IRU

WKH FDVH RI SHUIHFW PDWFKLQJ� XVLQJ &/$16 FRGH >�@�

:LGWK RI WKH FRXSOLQJ LULVHV FRUUHVSRQGV WR WKH FDVH RI

VWDQGLQJ�ZDYH RSHUDWLRQ RI WKH VWUXFWXUH� =RRPHG SLFWXUH

RI WKLV ILHOG PDS LV VKRZQ LQ WKH )LJ� �� 2QH FDQ VHH WKDW

QHDU WKH VWUXFWXUH D[LV PDJQHWLF IRUFH OLQHV DUH SUDFWLFDOO\

FLUFXODU� LQGLFDWLQJ WKDW RQO\ D VPDOO ILHOG HQKDQFHPHQW

IDFWRU LV SUHVHQW�

)LJ� �� )LHOG PDS LQ WKH WUDQVYHUVH FURVV VHFWLRQ RI WKH

LQSXW FHOO�

)LJ� �� =RRPHG ILHOG PDS� VKRZLQJ JRRG D[LDO V\PPHWU\

LQ WKH FHQWHU RI WKH LQSXW FHOO�

� &21&/86,216

&RQWLQXHG SURJUHVV LQ KLJK HQHUJ\ SK\VLFV GHPDQGV D QHZ

JHQHUDWLRQ RI OLQHDU FROOLGHU� ZKLFK LQ WXUQ UHTXLUHV

RSHUDWLRQ DW IUHTXHQFLHV KLJKHU WKDQ ���� *+]� WKH

IUHTXHQF\ FKRVHQ IRU 1/&� $W �� *+]� LW LV H[SHFWHG WKDW

DQ DFFHOHUDWLRQ JUDGLHQW DSSUR[LPDWHO\ WKUHH WLPHV WKDW DW

���� *+] FDQ EH UHDOL]HG� +LJK�SRZHU WHVWV RQ FDQGLGDWH

VWUXFWXUH DUH QHFHVVDU\ WR FRQILUP WKLV K\SRWKHVLV� 7KHVH

WHVWV RQ WULDO DFFHOHUDWRU VWUXFWXUH DW �� *+] ZLOO EH

SRVVLEOH VLQFH D �� 0:� �� *+] PDJQLFRQ LV EHLQJ EXLOW

E\ 2PHJD�3� ,QF� ,Q SDUWLFXODU� WKH WHVWV RI WKLV DFFHOHUDWRU

VWUXFWXUH PD\ DOORZ D VXUIDFH JUDGLHQW RI ��� 09�P�

ZKLFK FRUUHVSRQGV WR DQ DFFHOHUDWLQJ JUDGLHQW RI PRUH WKDW

��� 0H9�P IRU D WUDYHOOLQJ�ZDYH DFFHOHUDWLQJ VWUXFWXUH�

� $&.12:/('*0(176

7KLV UHVHDUFK ZDV VXSSRUWHG E\ WKH 86 'HSDUWPHQW RI

(QHUJ\� 'LYLVLRQ RI +LJK (QHUJ\ 3K\VLFV� 7KH DXWKRUV

ZRXOG OLNH WR WKDQN 'U� -� /� +LUVKILHOG IRU FDUHIXO UHDGLQJ

RI WKH PDQXVFULSW�

5()(5(1&(6

>�@ 2� $� 1H]KHYHQNR� 9� 3� <DNRYOHY� $� .� *DQJXO\� -� /�

+LUVKILHOG� �+LJK 3RZHU 3XOVHG 0DJQLFRQ DW �� *+] �� 5)¶��

:RUNVKRS� 3DMDUR 'XQHV� &$� 2FWREHU ���� ���� �WR EH

SXEOLVKHG�

>�@ 3� %� :LOVRQ� �6FDOLQJ /LQHDU &ROOLGHUV WR � 7H9 DQG

$ERYH�� 6/$&�38%������ $SULO� �����

>�@ 7� 2� 5DXEHQKHLPHU� . <RNR\D� �3URSRVHG ,/&

3DUDPHWHUV�� 6/$& 1RWH ���������

>�@ -� :� :DQJ� *� $� /RHZ� �)LHOG (PLVVLRQ DQG 5)

%UHDNGRZQ LQ +LJK�*UDGLHQW ± 5RRP�7HPSHUDWXUH 6WUXFWXUHV��

6/$&�38%������ 2FWREHU ����

>�@ +� +� %UDXQ� .� $XOHQEDFKHU� 5� %RVDUW� )� &DXWDUG� 5�

&RUVLQL� -� 3� 'HODKD\H� -� &� *RGRW� 6� +XWFKLQV� ,� .DPEHU�

-�+�%� 0DGVHQ� /� 5LQROIL� *� 5RVVDW� 6� 6FKUHLEHUJ� *�

6XEHUOXFT� /� 7KRUQGDKO� ,� :LOVRQ� :� :XHQVFK� �5HVXOWV

)URP WKH &/,& 7HVW )DFLOLW\�� 3URF� ���� (XURSHDQ 3DUWLFOH

$FFHO� &RQI�� � SS� ������

>�@ 2� 1H]KHYHQNR� '� 0\DNLVKHY� 9� 7DUQHWVN\� 9� <DNRYOHY�

�7: $FFHOHUDWLQJ 6WUXFWXUHV ZLWK 0LQLPDO (OHFWULF )LHOG��

3URF� ���� 3DUWLFOH $FFHOHUDWRU &RQIHUHQFH DQG ,QWHUQDWLRQDO

&RQIHUHQFH RQ +LJK (QHUJ\ $FFHOHUDWRUV� 'DOODV� �����

SS������ �����

>�@ '� 0\DNLVKHY� 9� <DNRYOHY� �7KH 1HZ 3RVVLELOLWLHV RI

6XSHU/$16 &RGH�� 3URF� RI ���� 3DUWLFOH $FFHOHUDWRU

&RQIHUHQFH DQG ,QWHUQDWLRQDO &RQIHUHQFH RQ +LJK (QHUJ\

$FFHOHUDWRUV� 'DOODV� ����� SS�����������

>�@ .�$� 7RPVRQ HW DO� �'HVLJQ DQG 6LPXODWLRQ RI $FFHOHUDWLQJ

6WUXFWXUHV IRU )XWXUH /LQHDU &ROOLGHUV�� LQ 3DUWLFOH $FFHOHUDWRUV�

����� YRO���� SS� �������

>�@ -� +DLPVRQ� %� 0HFNOHQEXUJ DQG (�/� :ULJKW� �$ 5DFHWUDFN

*HRPHWU\ WR $YRLG 8QGHVLUDEOH $]LPXWKDO 9DULDWLRQV RI WKH

(OHFWULF )LHOG *UDGLHQW LQ +LJK 3RZHU &RXSOLQJ &DYLWLHV IRU 7:

6WUXFWXUHV�� 3URF� RI �WK $$& :RUNVKRS� /DNH 7DKRH� 2FWREHU

����� SS� ��������
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