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This invention provides a complementary-conducting-strip (CCS) coupled line. The CCS coupled line
includes a substrate, m layers of mesh ground planes interlacing with m-1 first inter-media-dielectric layer
(s) toform a stack structure on the substrate, a second inter-media-dielectric layer being on the stack structure,
and n metal lines being on the second inter-media-dielectric layer and coupling with each other. Wherein,

the m-1 first inter-media-dielectric layer(s) has(have) a plurality of vias to connect matching mesh ground

. > . .
planes, therein, m =2 and m is a nature number, nZ2 and n is a nature number as well.
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® - . sixmume:

This invention provides a complementary-conducting-strip (CCS)
coupled line. The CCS coupled line includes a substrate, m layers of mesh
ground planes interlacing with m-1 first inter-media-dielectric layer(s) to
form a stack structure on the substrate, a second inter-media-dielectric
layer being on the stack structure, and n metal lines being on the second
inter-media-dielectric layer and coupling with each other. Wherein, the
m-1 first inter-media-dielectric layer(s) has(have) a plurality of vias to
connect matching mesh ground planes, therein, m > 2 and m is a nature

number, n > 2 and n is a nature number as well.
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g% % (thin-film microstrip ; A Ff§4% TFMS) 4 B AT & /E 2
HERAAERE LM A EH (monolithic microwave integrated
circuit ; SAF f§#% MMIC) Z4§#4 (transmission line ; TL) &g
— o &> & TFMS £ MMIC P44 3% 3 ik K 16 % 48 - 35 (backward-wave
coupler) B¥ » i A48 484 TFMS £ 1848 82 474 (even- and odd-mode )
A EmRELRABE > BRFBERSHARFAORGEBEZLLE
$5 Gt (directivity) 89 2R E& £ -

$H - aNEBAELHXNSAFEEH (complementary metal oxide
semiconductor; CMOS )&4 & #2 45 FR 4] 7 i 4484 TFMS(edge-coupled
TFMS) R&y43E3E8E (spacing) > Bt R E1E4F:5 44846 TEMS &4
448 (tightcoupling) /£ 1/4 ¥k & (A,) H&kE2 3.0dB- M
% 4h—#8 H 40z I T 484 (broadside-couple ) 4458k 4K TR 48 ¥4 A A K
HAFARE > Eibig b E— B AR AN ER (inter-metal-dielectric ;
IMD) #4%7 (Si) SA4tsg (GaAs) Aig (substrate) L > 4pEEE K
B RARRR LB -

AENLiEza % AFARB-—HIAALERER
( complementary-conducting-strip coupled line ) » ¥ 2t 8 402 12 Sf £ 1%
Bt REBRMZIHE  BAT 2 ERB T ORBAIMA EH
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B4BE-— F - -FZARZ=ZBE  EEGIMNAREAZ
— BTG 100 Z X BEHRERE HABEFRRWK(A-AEB-B’)
Z3 @EHTER - HLBRE B > —H4R 110 (substrate) » o B 57 —
BARTP(R#MBABAL) 2K mBEHBELBRM ~M~ ...~ My
(mesh ground plane) » £ ¥ 2 453 R m-1 B E— /&R IMD;,
IMD;; ~ ... ~ IMDgy.1ym (inter-media-dielectric ; IMD) 3 4% &3 » 75 Bp
WELRBRMAMZUMGAEFE —NEEIMD,: @BELAR MR
M; (h@&H)ZMBEFE—NER MDy; ...; RREEB LK E Mn
(REH))EM ZHEHEAE—NER MDgm’ bR —34EE
HI20AARIOZE HYm>2EmAEARE KERHT  m
BHEBALBREM M- ... - M55 5—42BREA—FTHEZE
B (R (slot)) > %BEEAHWELAER BATREZEHRZ
Kohvthd —@8B Rt WA Z - —F =/ ER IMDr i e
# 120 Z Eonffke B Li~Lo~ ...~ Ly 48 Z 5 4 48 6 (edge-coupled )
HARAE-NER MDDzt E¥n>2EnABHKHK S8 ...»
S, RlEHEAT nEELBARL L. L ZBEE MAEFIRE
(spacing) #4518 dpp ~dps (RABH) ~ ...~ deay (RBEH) &
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EARBRZS —RUESEKBLFTHRGAZIMRE 2452B% L AL
B2 AL % (SRR LELAR -~ RIRIE d;
FHEBMZEEG) SIESEHIHNEALBARLELZKA AL
WHEXRG T RAnELBRE =2 B HEAELHRALS > EF
AR AFRAZEHF » Bk En>28  nfkLBLKNFTURAM
P72 LAMKRAIEFIT2H XML d4%me ib PREAR
+ Wy k@B R+ SRANAEZIRNE > BART G ZIIH/ETS
RGTRANKEAFTHAAE TR ZH/EHAX -

HLBELAR HRARBEAIBE—BMAETHA 700 Z 1S4
BB — AR 70 GEF—EARTP2Z RS- —EBLBREM,
HEE—@WBRT W ANZFHELZERAMANEIRTIOZE - —F
—NERIMD, > N EELBR M Z L onkeBRL L. Ly
{448 & b F 484 (broadside-couple) BN E —NER IMD,; = Lt » &£
i BHiL; L . LazM#&45 3 En1l BE=NER IMD, X454
B AP n>2En B8RS S .. Sy Ao AHEHEAT K
BB L "L~ "L 2BEE -FE ATHRHATZIHEBELBRTT
URSBEH wBE— B A-F=ZBEFAH~ MkFrHHRE
WHEBRELTRARTMEBHE R UABEL - ALERANE
SREBLBRMINEREB/AE —NER  AEFRLBREK
BReERBGBEUHMINERBSHNBENERURE=ZNTER UMNE
WE %2 S -

B4BELBEH EAAGHZI-RELAKLTHRSZIEEHR
FER - —42BRGBASRTFLAL T2 2 24 UREHELRER
Hvia APHFLBL T2 A T24 AZHALAFER (CMOS) &
HyHiEARE2Z2AEHG RS2 MAAGEHELERET via
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KoL TZHABEBRETES > REFAFTRT IS REME
Fbl AR Fip > 2AGGBIEELBCARELLTHRERE
B PEBRERZSIRWELBRZIEHR  RERALT - — &
#zAX L RBOBGOLS — AR o m RBELAR  LE X%
AR m-1 BE-NERIERE BRI BEENILERZ
EoAFibm] BE-NEREEAHMBMELARERILNERRHEER
Bz hmBEREBLEBR HFfm22EmAaAH; —E=-NER
FAL P BEHBZE  URYREBGR  EE 2GR R Y1 E
BENTRIGBBEAMNUE-NERZ L by BEARE SRS
BEVaentkbBRuBELESEES A Py22'n22Hy " nAH
R v haffxity REBGR 2 n theBRGMELTHE -
mAH—BREIHXLBRBERMGLES — Bk —@BELAR » #hix
WERZE —E-NER > AN LEELBRZIL AR Y R
LRKB REXMGAOMNREY-IBE N ERXSEBRAAMNILE —
NER2ZLE Ly REBKRGIINED L n kL BARBELELE
S HEPy>22'n22By-nABRE EVaifzityB&BRE
ZnEeRARGBELLETHES -

HELRENARFABRE  REGNARTFAMLZTHOIL
MBR+T (W) BE > $EZH4BHR2ZHRT (S) &KE (d) &
HY 288 85 mmi(Zo 8 Zo) BRI R4 B R~ (W)
Bl > $EFREELBRZIEH (m) B AEZBEE TSN
P (Zoe B Zoo) 2B BT EE - HAALLBRANR » WTHRE

10



1394507

105 -
V&,

I \
PR a@%(#omﬁﬁ‘

PR EZBBARMIFZEHRGERURARLT AT ZIHAZERE
HAER  BFAUREAFTATHRAZIETR - UEWBAE BT
Z 5 #edr] 400 52 500 AR MA  ABMEFT A 400 (f£n =2) #HHE
BAEATHBL 00 GRS ENBRATZELBEERE (SHEE 1
B8 4 RHBALBRE) U3 WARBE&EEs LB Rt
(meandered) %z —# (two-dimensional ) 7|44 » £ b /N ex st %
iz E R -

A BRBRAMREZIEBGES  #oARIERERIN
960.0 pm (#4k ) 2B %2 BEEA20um A ®HEMA 37 mQ/sq (&
BB/ BFHER) 2BRZITE (S) 455 % 2.0 um ~ 4.0 um 52 8.0
pm; 2B %2z %5E (d) %5512 um-~20 ym £ 4.0 pm ; 498 4
BRZBEANSS yum BA&GEMA 79 mQ/sq; 848 R+ (W) %%
H1%295um$ Opm; LHZ ENERINEFHA 405 BRZINE
A 119 RREAIREE A 482.6 um B ¥ 8 & (conductivity) & 11.0
S/m (H\FIH/ K ) B> EHZHBRAGEUAD EIL=_ 4L T
R A (Ansoft HFSS) Aulliifit » MR Z BT R ATNER
EEANA-NBBRHETHZER—

EENABY > Tk Wpy=295um 6F - BEAFZEN S @
JE k& Wy=0pm 8§ > EEBAFZEHN - BEEARIR (Ze) £ Wy
¥ (WEBLBEFPHEZERER) ¥ B BERTHREA
fabt (Zoo) Bz tgE KR BUTRHBESHKLZES%E (coupling
coefficient)c £ EAB B ¥ > FRM4=LXWELBARZRH (m) B 455>
HEEmEzEN  mESKAAEELERZRH (m) & 1 85 HEHAH
BzER Bk TEGPXEELBRZEE (m) BPTHEEH
HABIMARNE (Zo B Zoo) °
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$4BTH2zA— BEEALBGZRTE (S) 4% (d)- 4
BR~F (W) B2 BR 2R (m) P HEEHEAFTHLE 4

1

oo

o]
P QPN S
A 8 ,(7%)&_

e,

~

# (Q-factor) skt RV E ARGV BHRARFEFERAFETRZ

#R S d | W | 488 Zoe Zoo | SWF. | SWF, | Q. | Qo
o) | @) | @y | ERE | @ | @

ccs | 20 | 12 1205 M, | 139.82 | 2468 | 1.83 | 2.36 | 7.08 | 3.05

® Tl 40| 12295 M | 10961 | 2079 | 1.80 | 2.34 | 7.00 | 335

W0 | g0 | 12 | 295 | ™y | 8443 | 2038 | 1.67 | 221 | 586 | 4.00

20 | 20 | 295 | M | 133.85|31.77 | 1.83 | 221 | 7.01 | 3.93

4.0 2.0 | 29.5 M; 114.16 | 29.70 1.76 2.14 | 6.88 | 4.67

80 | 20 [ 205 | M | 8472 | 2623 | 1.64 | 2.04 | 585 | 5.40

20 | 40 | 205 | M | 12704 | 4588 | 1.80 | 2.04 | 670 | 5.46

40 | 40 | 205 | M | 10793 | 41.08 | 1.73 | 1.97 | 6.59 | 6.58

80 | 40 | 205 | M | 7825 | 3400 | 1.62 | 1.87 | 5.60 | 7.31

20 | 12 | 295 | Mi~My | 115.44 | 23.05 | 2.04 | 239 | 9.62 | 2.94

® 40 | 12 | 295 | Mi~My | 9629 | 2249 | 2.00 | 2.32 | 104 | 3.51

80 | 12 1295 | M~Ms | 66.62 | 19.63 | 1.91 | 2.25 | 9.40 | 4.01

2.0 2.0 | 295 | M;~M, | 118.82 | 32.64 | 2.00 2.21 9.62 | 3.95

4.0 20 | 295 | M~My | 95.94 29.34 1.98 2.16 103 | 4.71

80 | 2.0 | 295 | MM, | 65.16 | 2437 | 1.90 | 2.11 | 932 | 539

20 | 40 | 29.5 | M~My | 10495 | 4325 | 2.02 | 2.09 | 932 | 543

40 | 40 | 295 | M~Ms | 9138 | 4061 | 1.95 | 2.02 | 100 | 6.73

80 | 40 | 295 | Mi~M, | 62.13 | 32.06 | 1.86 | 1.96 | 9.08 | 7.70

20 | 12 | 295 | Mi~Ms | 11479 | 2553 | 2.16 | 2.36 | 9.83 | 3.08

40 | 12 | 295 | Mi~Ms | 8871 | 2250 | 2.16 | 234 | 106 | 3.51

7
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80 | 1.2 | 295 | M~Ms | 59.65 | 19.94 | 2.14 | 2.29 | 951 | 4.19

20 | 2.0 | 295 | M~Ms | 110.08 | 32.76 | 2.16 | 2.23 | 9.82 | 3.97

40 | 2.0 | 295 | M;~Ms | 87.83 | 2929 | 2.16 | 2.20 | 10.6 | 4.75

8

80 | 2.0 | 295 | Mi~Ms | 59.09 | 24.37 | 2.11 2.17 | 9.71 | 5.54

2.0 | 4.0 | 295 M1~M5 100.44 | 4438 | 2.15 2.12 ] 9.55 | 5.41

40 | 40 | 295 [ M;~Ms | 79.84 | 3791 | 2.15 | 2.10 | 103 | 6.60

4

80 | 40 | 295 | Mi~Ms | 54.03 | 30.24 | 2.10 | 2.07 | 9.19 | 7.63

. CCS 2.0 1.2 0 M, 117.64 | 24.81 | 1.77 | 2.35 | 9.22 | 3.06

T 4.0 | 1.2 0 M, 88.60 19.7 1.72 | 235 | 103 | 3.32

(Wi=0) 8.0 1.2 0 M, 64.24 | 18.18 | 1.59 | 2.23 | 104 | 3.88

20 | 2.0 0 M, 112,73 | 31.94 | 1.76 | 220 | 9.21 | 3.93

4.0 | 2.0 0 M; 88.34 | 27.07 | 1.71 2.16 | 104 | 4.53

80 | 2.0 0 M, 64.36 | 2437 | 1.58 [ 2.03 | 10.7 [ 549

20 | 4.0 0 M, 104.87 | 4577 | 1.74 | 2.04 | 8.90 | 5.45

4.0 | 4.0 0 M; 83.47 | 38.15 | 1.69 1.98 | 10.2 | 6.51

80 | 4.0 0 M, 60.36 | 30.86 | 1.55 1.87 | 104 | 7.53
® k- EHXLBRO%zBOR > £RAHAEARS (P)

(##7) % 30.0 ym 8% - 42 Ka 48 (Ka-band) ArRIFBERFTHZ K

148 (Q-factor)

3t A Al

 RE oA AR AZEMERET R AR ELIES

4B s ¥ie (meandered) Z —# (two-dimensional) [ %] #8775 &
Z 3-dB ¥ %484 % (directional coupler )£ - #7 R - 47 #§ 4% 8 (marchand
balun) ZEXFAFER » FHALLERFANHRL AL LES

13
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& U far, z.

o1
S Al (L(#) ik ﬂ‘?’r

|t 3-dB Ao SAFEF TR R BLATRERLBB/ER
ZERES 14 85Kk (A, HRFER > ERARELLBH/ELSR
seh AKX c AEANABF A-B-C-D#%HYL3-dBFHafss Bz
—~FR=> s EEABBEY  E-F-GHhoixPFHER
FHBH®RBLE— B B8 HEXTRaHASH A 1200
pm X 240.0 um $1 240.0 pm x 240.0 pm H 3X 0.18 pm 1P6M CMOS #
#rER ET3-dB e b BB REKA9%600um- AT A= >
A =Z4m% B 3-dB FaBbBARRURENASEES XX 3-dB ¥

® CEYS ET RS S ES T LU TELER S S
Z FERTFHBRSE LR -
WEHH | THHE | ke | BEFKX | R+ | FOM
(GHz) | (dB) (mm’)

SiGe 52.5-67.5 4.5 Lange 0.019 1.13

GaAs 30.0-90.0 3.5 Tandem 0.227 9.63

‘ GaAs 20.0-30.0 5.0 Broadside 0.040 0.98
GaAs 18.0-22.0 3.8 Broadside 0.640 12.7

GaAs 12.0-32.0 4.1 Broadside 1.027 20.1

GaAs 10.0-17.5 4.2 Broadside 1.080 143

CMOS 25.0-35.0 3.4 Broadside 0.040 1.18

Lange
CMOS 14.2-36.9 4.4 Edge-coupled | 0.029 0.66
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