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+--,FDGRH V1D1 0 +---, XSV/ Wrxorxvh

A bstract �Akh xvh ri kljk rughu ghulydwlyhv lv ds0

solhg wr rewdlq sdudphwul}hg vroxwlrqv lq whupv ri

iuhtxhqf| dqg vkdsh iru wkh dqdo|vlv ri plfurzdyh

vwuxfwxuhv xvlqj 6G hgjh �qlwh hohphqwv1 Wkhvh vr0

oxwlrqv duh ghulyhg iurp wkh ghulydwlyhv zlwk uhvshfw wr

wkh iuhtxhqf| dqg2ru jhrphwulf sdudphwhuv ri vlqjoh

iuhtxhqf| dqg2ru jhrphwulf �qlwh hohphqw vroxwlrqv1

Wkhvh whfkqltxhv doorzv wkh eurdg iuhtxhqf| edqg h{0

wudsrodwlrq dv zhoo dv wkh vkdsh rswlpl}dwlrq1

Y� YA|iNa�W|�NA

Hohfwurpdjqhwlf vlpxodwlrqv fdq qrz eh gluhfwo|

xvhg wr dqdo|}h plfurzdyh vwuxfwxuhv vxfk dv

zdyhjxlgh glvfrqwlqxlwlhv/ sodqdu flufxlwv/ �owhuv/ ehdp

iruplqj qhwzrunv/ dqwhqqd ihhg qhwzrunv1 Krzhyhu/

pdq| frpsxwdwlrqv kdyh wr eh shuiruphg wr jhw vrox0

wlrqv lq wkh zkroh iuhtxhqf| edqg zkhq xvlqj kduprqlf

vlpxodwruv/ dqg vshfldoo| zkhq rswlpl}dwlrq lv ixuwkhu

qhhghg lq whupv ri fhuwdlq fulwlfdo vwuxfwxuh vkdsh sd0

udphwhuv1 Vrph whfkqltxhv vxfk dv wkh Dv|pswrwlf0

Zdyh0H{sdqvlrq +DZH,^4` ru Prgho0Edvhg Sdudphwhu

Hvwlpdwlrq +PESH,^5` kdyh ehhq sursrvhg wr h{wuds0

rodwh wkh iuhtxhqf| uhvsrqvh ri d vwuxfwxuh iurp lq0

irupdwlrq frpsxwhg dw rqh ru vhyhudo srlqwv1 Iru wkh

jhrphwu| rswlpl}dwlrq/ wkh Vsdfh Pdsslqj +VP, whfk0

qltxh ^6` fdq eh mxgjhg dv dq lqwhuhvwlqj zd| wr h�0

flhqwo| frqvlghu uhshdwhg jhrphwu| fkdqjlqj frq�jx0

udwlrqv1

Lq wklv sdshu/ kljk rughu ghulydwlyhv whfkqltxhv duh

xvhg wr jhqhudwh iuhtxhqf| dqg jhrphwu| sdudphwul}hg

vroxwlrqv ri plfurzdyh vwuxfwxuh sureohpv edvhg rq

6G hgjh �qlwh hohphqwv whfkqltxhv1 Ghulydwlyhv zlwk

uhvshfw wr wkhvh sdudphwhuv duh wkhq fdofxodwhg iurp

�qlwh hohphqw vroxwlrqv ^7`1 Wkh sursrvhg phwkrg lv

yhu| vlplodu wr PESH zkhq frqvlghulqj rqo| d iuh0

txhqf| sdudphwhu1 Exw rxu dssurdfk h{whqgv wr lq0

foxgh d zkroh vhw ri sdudphwhuv lqfoxglqj jhrphwulf

rqhv1 Wr rxu nqrzohgjh/ wkh h{wudsrodwlrq ri vroxwlrqv

iru jhrphwulf sdudphwhuv kdv qrw hyhu ehhq suhvhqwhg1

Wkh edvlf sulqflsohv duh jlyhq1 Wkuhh h{dpsohv duh

surylghg wr ghprqvwudwh wkh h�flhqf| ri wkh phwkrg1

YY� C�jNi+

D1 Hgjh �qlwh hohphqw irupxodwlrq

Wkh 6G �qlwh hohphqw phwkrg lv edvhg rq wkh xvh ri

hgjh hohphqwv1 Wkh irupxodwlrq lv uhfdoohg eulh�| iru

wkh suhvhqwdwlrq ri wkh sdudphwul}dwlrq phwkrg dv lw

kdv douhdg| ehhq suhvhqwhg hovhzkhuh ^7`1 D plfurzdyh

vwuxfwxuh fdq eh prghohg dv dq lqkrprjhqhrxv grpdlq

erxqghg e| zdoov dqg sruwv/ Sl> l @ 4==Q> gh�qlqj dq

Q0sruw1 Wkh yduldwlrqdo irup iru wkh hohfwulf �hog +4,=

]
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4
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urwH= urwH3

� n5%uH=H
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CY

+K� q,=H3 +4,

lv glvfuhwl}hg zlwk hgjh hohphqwv edvlv ixqfwlrqv jly0
lqj Q olqhdu v|vwhpv wr eh vroyhg +5,=

Jhl @ Ml> l @ 4==Q= +5,

Wkh yhfwru hl frqwdlqv wkh ghjuhhv ri iuhhgrp +flu0
fxodwlrqv ri wkh hohfwulf �hog dorqj wkh hgjhv, uhodwhg
wr wkh h{flwdwlrq yhfwru Ml1 Wkh V0sdudphwhuv duh wkhq
rewdlqhg iurp wkhvh lqghshqghqw vroxwlrqv1 Wkh whupv
ri wkh V pdwul{ duh jlyhq e| +6,=

Vlm @ m$�rMl
w

hm � �lm= +6,

E1 Sdudphwul}dwlrq phwkrg

Ohw*v vwdwh vrph gh�qlwlrqv rq wkh sdudphwul}dwlrq
sureohp =

� wkh yhfwru s ri wkh sdudphwhuv = vkdsh dqg2ru iuh0
txhqf|

� wkh vroxwlrq pdwul{ H @ ^h4> ===> hQ `

� wkh h{flwdwlrq pdwul{ M @ ^M4> ===> MQ `

� wkh vroxwlrq H lv jlyhq e| wkh vroxwlrq ri wkh olqhdu
v|vwhp =

J+s,H+s, @ M+s, +7,

0 - 7 8 0 3 - 4 6 0 3 - 6 / 9 7 / $ 5 . 0 0  ( c )  I E E E



Wkh dlp ri wklv phwkrg ^8` lv wr exlog d Wd|oru h{0
sdqvlrq ru d Sdgh dssur{lpdwlrq ri wkh vroxwlrq/ e|
frpsxwlqj kljk rughu ghulydwlyhv ri H+s,1 Wdnlqj wkh
ghulydwlyh ri +7, vxevhtxhqwo|/ wkhvh txdqwlwlhv duh frp0
sxwhg e| vroylqj olqhdu v|vwhpv =

J+s,H3+s, @ M 3+s,�J3+s,H+s,

J+s,=H+p,+s, @ M+p,+s,�

p[

l@4

Fl

p
J+l,H+p�l,+s, +8,

Doo wkh ghulydwlyhv Hp+s, duh frpsxwhg xvlqj wkh
vdph idfwrul}hg pdwul{ J+s,1 Frpsduhg wr d vwdqgdug
dqdo|vlv zklfk qhhgv idfwrul}lqj dqg vroylqj d qhz olq0
hdu v|vwhp dw hdfk iuhtxhqf| dqg jhrphwulf frq�jxud0
wlrq/ wkh ryhufrvw gxh wr wkh frpsxwdwlrq ri ghulydwlyhv
lv orz1
Krzhyhu/ wkh Wd|oru h{sdqvlrq fdq phhw vrph vlq0

jxodu srlqwv/ zklfk uhgxfhv lwv udglxv ri frqyhujhqfh1
Wkh vlqjxodu srlqwv duh h{sodlqhg e| wkh suhvhqfh ri
fxw0r� iuhtxhqflhv ri wkh zdyhjxlgh dqg frpsoh{ uhvr0
qdqfhv ri wkh vwuxfwxuh1 Wkhuhiruh/ wr frsh zlwk wkhvh
srohv/ zh xvh Sdgh dssur{lpdwlrq/ zklfk lv d udwlrqdo
ixqfwlrq ri wzr sro|qrpldov =

S +s,

T+s,
+9,
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D1 Plwhuhg ehqg

L

9.5 mm

45°
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D �uvw fdvh vwxg| frqfhuqv dq H0sodqh plwhuhg ehqg
vkrzq lq Ilj141 Wkh V0sdudphwhuv duh frpsxwhg iru
d iuhtxhqf| i @ 45=8JK} dqg d ohqjwk O @ :=7pp1
Wkhq wkh sdudphwul}hg vroxwlrq zlwk uhvshfw wr iuh0
txhqf| i dqg ohqjwk O lv rewdlqhg1 Ilj15 vkrzv wkh
uhwxuq orvv dv d ixqfwlrq ri erwk i dqg O1 Wkh zkroh
iuhtxhqf| edqg ri lqwhuhvw lv rewdlqhg iru ydulrxv ydo0
xhv ri wkh sdudphwhu O1 Iru h{dpsoh/ Ilj16 jlyhv wkh
uhwxuq orvv h{wudfwhg iurp wkh vxuidfh vroxwlrq vkrzq

lq Ilj15 iru wkuhh ydoxhv ri O1 Lq wkh vdph �jxuh duh
dovr sorwwhg uhvxowv jlyhq e| d gluhfw fdofxodwlrq iru
O @ :=7pp1Wkh frpsdulvrq vkrzv wkh h{fhoohqw djuhh0
phqw ehwzhhq wkh h{wudsrodwhg vroxwlrq dqg wkh gluhfw
rqhv1 Iru d jlyhq iuhtxhqf|/ wkh rswlpdo ri uhwxuq orvv
fdq eh gluhfwo| ghwhuplqhg e| frqvlghulqj lwv yduldwlrq
dv d ixqfwlrq ri wkh ohqjwk O +Ilj17,1 Wkh rswlpdo
ohqjwk O dw wklv iuhtxhqf| lv derxw :=8pp1 Lq Ilj17/
wkh gluhfw I1H1 vroxwlrqv duh dovr sorwwhg iru frpsdu0
lvrqv1
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L (7.0-7.8 mm)

Frequency (10-15 GHz)

6�}� 2� +i|�h? *Ltt Lu |�i 4�|ihi_ Mi?_ �iht�t |�i uhi^�i?U) @?_

|�i *i?}|� w

10.0 10.8 11.7 12.5 13.3 14.2 15.0

Frequency (GHz)

-48.5

-44.1

-39.8

-35.5

-31.1

-26.8

-22.4

M
o

d
u

lu
s(

 d
B

)

L : 7 mm
L : 7.4 mm
L : 7.8 mm
Direct calculations
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Parametrized solution
Direct solutions
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E1 Vwxe �owhu

H3H2H1

Port 2Port 1

6�}� D� 5|�M �*|ih

Dv glvfxvvhg suhylrxvo|/ d Wd|oru vhulhv h{sdqvlrq
pd| eh lqvx�flhqw wr h{wudsrodwh ryhu wkh zkroh iuh0
txhqf| edqg1 Rq wkh frqwudu|/ Sdgh h{sdqvlrq lv deoh
wr fdwfk wkh srohv ri wkh V0sdudphwhuv jlylqj d eurdg
edqg sdudphwul}dwlrq1 Wklv lv sduwlfxoduo| srlqwhg rxw
zlwk vwuxfwxuhv olnh �owhuv zklfk h{klelw pruh frp0
soh{ uhvsrqvhv1 D vwxe �owhu lv khuh frqvlghuhg +Ilj18,1
Ilj19 vkrzv wkh uhwxuq orvv ri wkh vwxe �owhu ryhu wkh
zkroh iuhtxhqf| edqg rewdlqhg iurp wkh I1H1 vroxwlrq
fdofxodwhg dw d vlqjoh iuhtxhqf| i @ 45JK}1 Iru wklv

9.4 10.2 11.1 11.9 12.8 13.7 14.5

Frequency (GHz)
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Parametrized solution
Direct solutions
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h{dpsoh/ zh xvh d Sdgh dssur{lpdwlrq/ zlwk rughuv 44
iru S +s, dqg < iru T+s,1 Yhu| jrrg djuhhphqw/ ohvv
wkdq 4(/ lv dfklhyhg ehwzhhq wkh sdudphwul}hg vrox0
wlrq dqg d iuhtxhqf| vzhsw vroxwlrq1 Iru wklv h{dpsoh/
FSX wlphv duh =

� Iru wkh vwdqgdug dqdo|vlv = 456 vhfrqgv shu iuh0
txhqf|

� Iru wkh sdudphwulf dqdo|vlv + rughu 53, = 6;6 vhf0
rqgv

F1 Ruwkrprgh Wudqvgxfhu
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distangle

6�}� H� BiL4i|h�U T@h@4i|iht uLh |�i tiT|�4 Et)44i|h�U T@h|
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Wkh ghvljq ri dq ruwkrprgh wudqvgxfhu olnh wkh rqh
vkrzq lq Ilj1: lv frqvlghuhg1 Wkh prvw fulwlfdo uhtxluh0
phqw lq wklv vwuxfwxuh lv wkdw wkh uhwxuq orvv V55 iru wkh
krul}rqwdo srodul}dwlrq pxvw eh ehwwhu wkdq 53gE ryhu
d odujh iuhtxhqf| edqg +73( edqgzlgwk,1 Wklv ydoxh
ghshqgv rq wkh vhswxp vkdsh1 Wkh jhrphwulf sdudph0
whuv ri wkh vhswxp duh vkrzq lq Ilj1;1Wkh uhwxuq orvv
dv d ixqfwlrq ri wkh jhrphwu| sdudphwhuv lv wkhq fdo0
fxodwhg jlylqj d jhrphwu| sdudphwul}hg vroxwlrq1 Wkh
rswlpdo ydoxhv ri wkh jhrphwulf sdudphwhu lv rewdlqhg
e| h{sorulqj wkh sdudphwul}hg vroxwlrq1 Ilj1< vkrzv
dq h{dpsoh ri wkh V55 vxuidfh dv d ixqfwlrq ri wkh jhr0
phwulf sdudphwhuv dw d iuhtxhqf| i @ 4:=8JK}= Wkh
iuhtxhqf| uhvsrqvh qhdu dq rswlpdo vroxwlrq lv vkrzq
lq Ilj143 xvlqj d Sdgh h{sdqvlrq ri rughu 44 dqg <1
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S22       Frequency=17.5  GHz

angle : 135-147 mm

dist : 0.3 - 1 mm
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D 6G plfurzdyh vwuxfwxuh fdq eh fkdudfwhul}hg lq
whupv ri iuhtxhqf| dqg jhrphwu| vkdsh sdudphwhuv e|
h{wudsrodwlqj iurp wkh vroxwlrqv dw vlqjoh iuhtxhqf|
dqg jhrphwu| vroxwlrqv1 Wkh phwkrg dyrlgv wkh forvho|
vdpsolqj ri wkh sdudphwulf vsdfh erwk lq iuhtxhqf| dqg
jhrphwu| frq�jxudwlrq dqg wkxv uhgxfhv vljql�fdqwo|
wkh frpsxwdwlrq wlphv1 Lw frxog dovr hqdeoh wkh hdv|
ghulydwlrq ri dqdo|wlfdo prghov iurp wkh sdudphwul}hg
�qlwh hohphqw vroxwlrqv1 Wkh 6G hgjh hohphqw phwkrg
hqkdqfhg zlwk kljk rughu ghulydwlyhv sdyhv wkh zd| wr
vkdsh rswlpl}dwlrq lq d eurdg iuhtxhqf| edqg1
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