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A study on a highly miniaturized and low impedance
Wilkinson power divider employing Periodically
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Nomenclatures

Capacitance

Current

Electric Conduction Current Density Vector
Inductance

Resistance

Voltage

Admittance

Impedance

Characteristic Impedance
Phase Constant
Permittivity

Permittivity of Vacuum
Equivalent Permittivity
Wavelength

Frequency

Angular velocity



MMIC :

HIC

SoC

PPGM :

DBS

DMB

LMDS :

RFID

UWB

PBG

DGS

Abbreviations

Monolithic Microwave Integrated Circuit

Hybrid Integrated Circuit

System On Chip

Periodically Perforated Ground Metal

Direct Broadcasting Satellite

Digital Multimedia Broadcasting

Local Multipoint Distribution System

Radio Frequency Identification

Ultra-Wide Band

Photonic Band-Gap

Defected Ground Structure



ABSTRACT

A study on a highly miniaturized and low impedance
Wilkinson power divider employing Periodically
Perforated Ground Metal on MMIC

RF components dealing with high frequency signals are most important
in wireless communication system and the performance of the system
depends on them. In order to realize highly miniaturized and fully integrated
MMICs, the development of miniaturized on-chip passive components is
indispensable. The development of miniaturized on-chip passive components
with low port impedances will especially greatly reduce the size of MMICs
by removing bulky impedance transformation circuits between the passive
components and low-impedance FETSs;, generally, the input and output
impedances of the FETs are much lower than 50 & in the RF frequency.
Therefore, impedance transformation circuits should be employed for
impedance matching between 50 & - based passive components and
low-impedance FETs [1-5]. However, in case of fabricating low impedance
line using the conventional microstrip with ground metal on the backside of
GaAs substrate, the width of the line becomes very large. For instance,
when making 15 & line on the GaAs substrate with 100 ym height, the
width of the line reaches 800 ym.

In this work, using PPGM structure with single-sided via holes, we
developed a low-impedance and highly miniaturized Wilkinson power divider
on MMIC. Also, using the microstrip line with PPGM, highly miniaturized
passive components were fabricated on GaAs MMIC. The novel microstrip

line structure exhibited much lower characteristic impedance and shorter



guided-wavelength than conventional one. Using the novel microstrip line
with PPGM, various passive components such as transmission line and stub
were fabricated, and their RF characteristics were investigated. For a
comparison, we also investigated the characteristics of the Thin Film
structure whose perfect ground is located at the place of PPGM (In other
words, perfect ground is located at the interface between the SiIN film and
GaAs substrate). The novel microstrip line employing PPGM can be
applicable to a development of highly miniaturized and low impedance
passive circuits, which will integrate bulky passive components such as
hybrid coupler/divider and A/4 bias line on MMICs.

Finally, highly miniaturized and low impedance on-chip Wilkinson power
divider employing PPGM structure with single-sided via holes was
fabricated on GaAs MMIC. Its size was 0.117 mmz, which was 6 % of the
conventional one. Equal power division characteristics were observed from
the power divider. The power divider showed insertion loss values lower

than 5.5 dB and isolations values higher than 7.5 dB from 4.5 to 6.0 GHz.
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Mag(S,,) = Mag(S;,) 2.1.1)

Phase(S,,) = Phase(S,,) (21.2)

Mag(S,;) =0 (2.1.3)
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Fig. 2.6 Conventional microstrip line structure
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direction, (c) A cross-sectional view according to Y-Y direction
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Fig. 3.1 PPGM microstrip line structure

- 16 -



Line Via hole Port

Y. £
_ PPGM Line
2% 32 & gl Aol AzE PPGM T2 slolazsey M=
Fig. 3.2 A photograph of the PPGM microstrip line structure

T3 29 33 & HE ZW) o] 20 yum 2 Fg 9] wlolmazAEY HEg
a9 31 o Eo A= PPGM 7% & o] &3 HA29 §FAFAE(T) < 5 um,
10 pym, 20 ym, Thin Film FH2 H33te Zzte] o3& vjmgE iz o
. 2® 33 oAet o] PPGM 2 Al&ste A%, 33L& FH9 wleolaz
2~EY A=29 213 % 2 Eo=E A& FUT F Utk & EW, FHF
60 GHz A PPGM T+&% 2% #FZFA\) & 037 mm (PPGM, T= 5 um) ©|
3, FHe welaE 2EYHARZY A FHFNML 174 mm (M2 (W) 20
um) °]th,

12

o i\ : : V-
! \Conventlonal microstrip line

a8
—=— VWavelsngth (mm), T=5um
—=— Wavelsngth (mm), T=10um

—=— Wavelsngth (mm), T=20um

—=e— Wavelsngth (mm), T=ccum
——— Cornventicnal MST, W=20 um

Wavelength (mm) .

[} 10 20 30 40 50 B0 7O 80
Freg (GHz)

19 33 PPGM 729 Az2¢ 299 rlo|maz2 2EY AR FAH
Fig. 3.3 The wavelength of conventional microstrip line and PPGM structure
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3-1-2 PPGM A= 339 §IFAHE(T) A4

I¥ 34 € PPGM A 29 @1 T2 EoFd. - S Zo] H=29

S£HAE T & ¥8319S 9 (T= 5 ym, 10 ym, 20 ym, Thin Film) PPGM
Az oo &R &4 s & 28 35 = PPGM A=9 &
FAE T 9 ¥gd O Fasd 2 34E BoFe 1ot 34 &%
HET75 ~ 20 um 2 #3&E S T 7 AZSFE 3o 72230 19

F714 Eo] gle A%, £ Thin Film ¢ €FHAE T 7+ 5 ~ 20 ym &

L

g "ol s o] ff At ol F7IFE7F okyd, kA slow-wave 7}
EA8HA %7 WE ot

1% 34 PPGM A 29 9=

Fig. 3.4 A microstrip line structure employing PPGM
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2.5

<\ —o=Wavalength (mm), T=2um

\\ —a—"Navclength (mm), T=10um

a\ —— Wavelenagth (mm), T=20um
LT

——Wavelength (mm

M

0 10 20 30 10 R0 60 o 80
Freq (GHz)

-
o

=COUm

Wavelength {(mm)

=
L

a9 35 §FAE T Wsld tig Foed 2 34H
Fig. 3.5 The dependency of wavelength on T

3-1-3 PPGM A =29 HA=&4

E 312 &£FHE T 7 5 um, A& 29 05 mm ! PPGM M=z tjs
Fohsd E Hd2E4E BAEH. 047W & & & ukek Zo] 20 GHz °]st
A ¢ -1 dB o &4& Hoh Wb PPGM A2E 20 GHz el 49
AEEAER AHEE7deE 2 FE7 95E #9985 Sith

® 31 EFHEE T 75 um, A2 Zo] 05 mm <1 PPGM A& g
Fued 8 42ed

Freq (GHz) £4 (dB/0.5 mm)
10 -0.397
20 -1.353
30 -2.494
40 -3.078
50 -7.324
60 -6.084
70 -14.23
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3-1-4 PPGM A 29 RF 54 di & SiN F7 9 &A

2 ddME= PPGM A=Z9 SIN (A8 EUolEYoE) & {FHAY FAZ
100 ~ 700 nm 7}A ¢} ®&te] W& PPGM A 29 Igusgie d=2&4, o
£ e FrE T3 P AT SIN FAZ Z2AGnAY, o) 94
60 GHz W99 RF 54 £4& H7lstdth 28 36 & SN FAE 100 ~
700 nm 2 HEHAES W FIo 2 SAUIE 2 ok 2" A
Zo] SIN FAZF AZAFE Aol AAE A& & F dvh 222 60 GHz o
9L o2 2W 27 37 # Zo] FFUY 60 GHz ¥ W) SIN FA ¥}
o g Mzed EAL B M2 Zol7l 05 mm ¢ PPGM A Zd o3
SiN %77} 100 nm ¢ A% A2 &4& 60 GHz oA ¢k -49 dB A
Zoluh. SIN F77F 400 ~ 600 nm HHNA Fo3FHS 60 GHz € 1 A=
Edo] H2rh 5y, o] A4S HA2E4de o -105 ~ -150 dB otk o] 23
ZHE SIN 77} 400 - 600 nm & w7t b EXo] & A& FAY F

Ut
Wavelength (mm)
Ah5
4 (l%. =5 —— Wanselength (mm), Si=100nm
95 ¥ 4 \“t\ 1 Wansalenath imm), SiN=200nm
' N —— Warselength (), Si=300nm
3 i \\\ —se— Wansalength (), Si=400nm
E . ) == Warsalenath (nm), =i=500nm
E 258 U‘ O Wanalenath (mm), Si=600nm
- o . . —— Wasalength imm), SiN=700nm
=
1.5
1
0.5
0 *
L8] 10 20 30 A s G0 {0
Freg (GHz)

¥ 3.6 SIN FHA (100 ~ 700 nm) ®&te] st Fa5d F 3wz
Fig. 3.6 The dependency of wavelength on SiN thickness
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60CGHz_Loss (dB)
X0 0 .
|.|.|||- = g &5 i
A0 = 15 10
—m ~2 = SiN 100nm: T —_— T
W~ s L Mzaa 493308
4 1= . s SiN 400 ~ 600nm:
N | 8o PPy ME2LA 1.5 dBOISI
T |3 ~
O] -7 | +—60GHz Loss (B | |
- -
(Te) ¢ ¥ -8 3683
-9
0 100 200 300 400 500 600 700 800
SiN &= (nm)

23 37 60 GHz 1€ 9] SIN 574 (100 ~ 700 nm) ®H3lof] st H=2&2
Fig. 3.7 The dependency of insertion loss on SiN thickness (60 GHz)

60GHz Wavelength{mm)
H |t
M E /.rﬂ.'-i? SiM 400 ~ &00NM:
T ~ 0.4 M=OEE 0.% =~ 0, 7fmm
O] =l 0.3 { ::-ﬁ:ﬁﬁ b}
= = s | —— Wavelenath{mm) |
o 0.2 B 5N 100nm:
oo b MAEUEE O 32mm
1) . . 5 !
0 100 200 300 400 500 GO0 TO0 BOD
SiN S #|{nm)

a9 38 60 GHz tHg 9] SiN F74(100 ~ 700 nm) H3tel] st XA =2a-3
Fig. 3.8 The dependency of wavelength on SiN thickness (60 GHz)
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T3 18 38 & FH4g49 60 GHz € ®We SIN 774 R g3 A=z

A4S HoFEoh a2gd go] AR Zol7l 05 mm ¢ PPGM A= ojs,
SIN #4417} 100 nm %1 2% A=Ze 332 60 GHz tigeA 032 mm °]&
SIN A7} 400 ~ 600 nm FHolA Fa+dY 60 GHz ¢ o A=23%e
05 ~ 0.7 mm °]t}

ﬁo

ur 60GHz 90° & Loss (dB/deg+90°)

# 0 T T T

=)]

O =0 35

= -0.4

B — g [ [

T . e ——G0GHz 90° & Loss (dB/deg+007)

0 E -1 \.:\_ — =T

G = K / SiN 400 ~ 600nm:

" - Al (.35 ~ (.54 dB / 0.25M -
X - \/

.d. _ -1 07

P SiN 100nm:

= o5 2=Al:0.89dB /.0.254

. ] 100 200 300 400 500 Goo 7nn goo
5 SiN =3 {nm)

]

4=

¥ 39 60 GHz 90° M4 Zole] PPGM A= st A2&4d B4
Fig. 3.9 The dependency of insertion loss on SiN thickness (60 GHz, \/4)

¥ 3-2 60 GHz WA e =g ulolzzA2EY HA=Z9 PPGM A=
A28 v

ZH e vlo]AZ2EYH A= PPGM A =
SiN 400 nm 0.59 mm
1.74 mm SiN 500 nm 0.66 mm
SiN 600 nm 0.71 mm
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A7) Az 9Jstd, SiN 7 100 nm ¢ A2 SIN F7 400 ~ 600
nm "o Ad2Ede] o AL RE & & Yt 2y o M2EH F
< 05 mm 9 TYF Zole] PPGM A= 3] A3 &Hdolmz B F
ge 248 AXtEr] AdiAe FZAA nHd EAZHE At er o
Z, SIN A7 FAGAE £4L& #ashy, 3o Zoxez 23 29X
< FETE sojvs &4E& o o 2222 74 FA i M4 2
oo & &AL nHIFT 28 39 & M4 Zol9] PPGM d=Eo] dig A

I o] SiN F74 100 nm 91 F$ 60 GHz H Y
oA £4& -089 dB/0.25 A =Y. SIN FAZF 400 ~ 600 nm ¢l A
E£4L 035 ~ 054 dB/0.25 A otk wEkd HFe] EAA mHFE £40
M= SIN FA7F 400 ~ 600 nm 9 Z$-7F 100 nm 1 H$ BT} &40
of dubrtgFoz Eo BT, 18]a SIN 42 400 ~ 600 nm HHA=Z F7HA
AR ZTHY9 w22 2EY MR H&) #Fo] RaFEAE )Y A=
o] R E FPFAT & E 60 GHz WA Zae] mlo|mE s
EY X2 PPGM A 2e ARG vla s Yepdrh. & 3-2 A 2E RF
Zo] SiN %77} 400 nm ~ 600 nm ¢ PPGM A =29 7% PPGM °] §l&
ZHe] mlo]ZR2EY HE Hu 330l 339 ~ 408 % & tF o=t

A7) 2FEZEE SIN F7 400 ~ 600 nm ¢l PPGM A2 H-$7} 7H3
A& HolH, PPGM ©] Y& T wola22ER A2 Bt X o]
33.9 408 % 2 WF SoET. WA ZHAZF SR SIN F7 400 ~ 600
nm ¢! PPGM HZ¢ F¢7F 7B o &elth, g3 SIN F7 400 ~ 600
nm o EE4AS nFEY] HA MAYH2E AFste RF 548 2@
2% 310 € SiN F74 100 nm AEZe] 047 mm, €FAHE T= 5 ym ¢
open stub & #olo}3} 2 go]x Alzlolt)

iy

f‘l‘)

o
T

!
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047 mm

e RELLE IR LR TV ER T
- AR "EETE

B LE
LI

a¥ 310 PPGM 7% & o] &3 /A=
Fig. 3.10 A photograph of the open stub employing PPGM

m3
Fre 32 . 00GEH=

dB(S(1, 1)y—6.782

i
freqg=52_00GH=
dBIS1.15="11.534

I

o ©

S-Parameter 5(1.1) dB

S-Parameter 5{1.1)
Freq. (1 —-70 GHz)

¥ 311 SIN 57 100 nm ¢ PPGM 7I¥A=2e RF 54 2=
Fig.3.11 Performance of the open stub employing PPGM (SiN 100 nm)
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29 311 € SiN %7 100 nm ¢l 7i¥d =29 RF B4 g Zojtt. 193 72
o] SIN 7 100 nm B, MLAZRY FHAEA wfFo] 60 GHzolA AL

249 AFgo] BM5EE ¢ 5 AT 2, SIN £/ 100 im A$ FNEA

3.1
RF S4& vedth 29449 Zo] SiN F7 400 ~ 600 nm 1 F¢ &
5740l glew oAl MY dre E4S Elv. &, SIN 100 nme 3%+
047 mm Z°]¢ open stub & AAEF oY, 400 ~ 600 nme F$= 02
mm ¢ open stub® AASHT ZFASE SIN FA 400 ~ 600 nm <l
PPGM 7MBA=e] 34, oldAA NTA=Sg FARE S4& Holv, mEhA
AEE MELAEA A8,

— D__- _‘-_-__""_—m!—"—"1 f//f;;’f—ﬁ“:\m ™
ooa m1 //
B freq=43.50GHz / \
B 4B(S(1.1))=-0:626 /| SParameter S(L1) |
£ y | Freq.(1-70 GHz) |
E B I ’II
E _]U_- x .f;
R AL LA LA LA A L) LA

b i} i 0 Eli 50 i il k ;\\ ’f/

freq, GHz -

23 312 SIN F74 400 ~ 600 nm ¢! PPGM 7f¥A=e RF 54 =
Fig. 3.12 Performance of the open stub employing PPGM
(SiN 400 ~ 600 nm)
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3-1-5 PPGM A = 9] Ground Condition &|&A4

2% 313 & GND 7/iFo] mWE& PPGM A=Z 729 2 ol Apzlolt}

2% 314 & PPGM A2 Fx9 A2¢E49 GND e dig 9&4S
BHAFE agzolty, 2o et o] PPGM AR A2EAHLE GND AH

ZF3] Wi, Hlo) F iU BEFE S4Ho] S ET. 48 4, 05
pm A2 i3] v} & AFIE 4] 4 WE &40 -32 dB (40 GHz), H] o
Z A7 18 4 wWE &4 -76 dB (40 GHz)olt}h. wetA PPGM A &9 &
AE Eol7] HdiAE 7t B £ Hlo] £& o4&t GNDE 7 3)3jok
sk, 2y vle) & g9 St AFAFA MMIC Azt doiMe =74
2 Aol glof dAZE dTh

L
el
X

—_— AN

20

1H

a9 313 ¥ & AFE g3t AAE PPGM A=
Fig. 3.13 A photograph of the dependency of PPGM on ground condition
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-”‘ — ‘?“La _'Jll-'-:fh

T '\
- \ B g

-10— Via 1l

'1r?'||||.||||||l|||||| T
0 10 20 a0 40 g0

S—Parameter S(2.1) dB
s

freq, GHz

19 314 PPGM A 29 Az &A Usk GND 7S g&4

Fig. 3.14 The dependency of insertion loss on ground condition

3-1-6 PPGM %9 ulo|A2 2EY A =Zd U3 RF 54

L 33 2&a7

PPGM<E AH&3te B9, 324E THe mlo]lZ22 2EY M2 213 % =
£ &t d& 9, 60 GHz 14 FFN)< 037 mm (60 GHz, T=5 ym)°]
3, T rlolmzz2EY MA2E AN 174 mm (60 GHz, 42 Z(W)
20 pym)o]th.

(2 AzEd

Az 4ol 05 mm £FFE(T)e] 5 um & PPGM A 2o gk £4&
60 GHzollA ¢F -6 dB o] X%t 20 GHz o|stolA = ¢F -1 dB o]z, SiN F4Z
S7HA71E 3 AE2EaFd e JoAAY 42 2EEZ SIN 9 FAE 400
~ 600 nm 2 2A AZFhd PPGM AZE MMIC A9 HATEAEZN ALE
o] 7}&38tH, on-chip 3ol &o]stt},
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(3) PPGM A 2&4 3 Blof & 7R Alel9] #7

PPGM A =&4ES GND AEjol 4338 widsty, Hlo & A7t $&<
£2o] ZolEY, dE &9, 05 mm AZ e vlo] & AEr 4 4 o
© &40]-32 dB (40 GHz)el L, Hlo] & 77 1 7F d wWe &40 -7
dB (40 GHz)olth. metA PPGM A =z9 &4& £0l7] Hade 7tsd B2
T "o} & o] &3ty GND & Z3hsfoF sttt Iy MMIC 49 on-chip
st T W 27 AY AV e BE olE mHste dA St o

cn:“é-ﬁm

o
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3.2 PPGM =g o|] Hd=9 RF 54 #7}

PPGM A =29 AEZ&EHL GND Fol ZA dFE &on Hlof &9 7
F7F A2 S 2A FFS T mEpA Hlo] 2 AMEEHA ¥e =
ZHoly FeEje M2E HA A#ste RF §4& z#sdd. 249 315 &
Zo]l 05 mm, €FAE(T) 5 um ¢ ZEZF ol Feje PPGM A 2e & ¢ o]
¥ Apxloltt,

Y

500 pum | -

a9 315 ZEFH oY FESY PPGM AZ (L= 0.5 mm, T= 5 ym)

Fig. 3.15 A photograph of the coplanar employing PPGM
3-2-1 I==Foly Fe 9 PPGM A=29 #% AZxad

£ dise zzgoly P PPGM TEE AMS3E B 5
olZR 2EY ME HAFL Hwde PPGM A2 #HF &4 & 2,
stk 29 316 & T mlolaR22EY MR (MR F W £ 20 yim)s 2
g 315 d B A& ZzZe oy FEH e PPGM 72 °|&

T #%< G ym, 10 ym, 20 ym, 714 Zo°] §l& Thin Film) ¥33to 7+
7o) sgg Al azZoltt. THd A o] ZE#HolY FH Y PPGM
TZE AHEStE 2SS, 3L T volZ2R22EY HE29 166 % E =9

Mo d
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A
2
i
!

H, F35 60 GHzolA ZZd oy e
0289 mm (£34% T © 5 um)ola, <
34N = 174 mm (A2 F W & 20 ym) °]th

r

=
W
tt
>
lul
j1ne?
e
il
1o,
o
P~
|

10 >§
—— Wavelength (mm), T=5um
1 Wavelength (rnrn), T=10um
—— Wavelength (rnrn), T=20um

8
—¢ Wavelength (rmrn), T==a
—— Conventional M3T, W=20 um

Wavelength (mm)
E-3 [++]

&80

Freq (GHz)

a9 316 Z=H oy FEe] PPGM M2 Fa9 vlolma22EFY
SEDREE
Fig. 3.16 The wavelength of conventional microstrip line and coplanar

employing PPGM

3-2-2 I=xFol FH PPGM A2 Az&E4

a¥ 317 (a) & ZEZHY P9 PPGM FZE o/ &% &£FHE T=5
um, Z°] 05 mm AEolx, I9 318 (b) & Ho] & 4 /4E A&3 PPGM
TZ9 E£FAE T=5um, Z2°] 05 mm?l vwlo]Z2AEY A 29 AR ot

a¥ 318 & ZEdoly el PPGM AR Hlo] & 4 HE ALLT
PPGM TZ9] wo]ZAZAEY H=E9 HEZEAE Hlwg agzojth
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(b)

O 317 (a) ZZF oY FEY PPGM A=
(b) Hlo] & 47§E A}&3 PPGM 729 mlo]|Z22EYHY A=
Fig. 3.17 A photograph of the (a) coplanar waveguide employing PPGM, (b)

microstrip line structure employing PPGM

[\ PRGM (222 [8ed)

5 pm)

PPGM muJ EIE ),}ga

R 1
t t

-

W
Pl
(=]

0 10 20 30 40 50 60 70
freq, GHz

Loss (dB/0.5 mm) (T
1 0 i 1 ‘.I-.“l 11 1

a3 318 ZE ol Feje] PPGM A &9} Hlo] & 470E Al&3 PPGM
Tz vlo|azaEy Ao Aed
Fig. 3.18 The insertion loss of the coplanar waveguide and microstrip line

structure employing PPGM
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ZZHY Fee PPGM A=Z7F vlo] & 4 /ME ALEE mlo]AZ2EY §
Eje] PPGM A2rRtt H& H=2E4 548 Eoh & 3-3 & £3FA8E T=
5umel ZZHY FHS PPGM A =29 vl & 4 /fE AMES mfo]aZEZ2E
d Jeo PPGM AZo] W3 Fusoid M2EdE 2oFEth § 3-3 oA
B uke} Zo] PPGM ZZd ol FEQ Z-¢ 60 GHz oA &4o] -52 dB

1 Hle] & 4 /fE AHE3 PPGM mlo|Z22EY i A9 60 GHz oA
&£4do] 61 dB & HoF1}

o]

% 33 ZZgoll] Fele PPGM A=t vlo]222EY Feje PPGM
Aze Faegd H2482(dB/05 mm) B

Freq (GHz) PPGM (Z=Z# ) dB | PPGM(7l°]AE22EH) dB
10 -0.382 -0.397
20 -0.81 -1.353
30 -1.235 -2.494
40 =2 -3.078
50 -3.048 -7.324
60 -5.211 -6.084
70 =7.744 -14.23
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33 718 &o°] §l+= Thin Film ¥ 8¢ PPGM A=

PPGM FZo| ts], 5714 &¢] ¢l Thin Film &g 73
7131 F&7F oy, mEtA F71HQ T
gt PPGM TFZ¢t+= o8& 545 7HAH, o83 EXE
3= 93 MMIC Al $&3tmx gk 1¥
Thin Film #&¢] PPGM A 29 g xo|t},

$ 0 o4

Perfect ground plane Line
SiN (100nm)

Via-hole GaAs

£=100 pm

Backside GND metal

Inserted perfect ground plane Line

\ ,

23 3.19 713 £o] ¢l& Thin Film =< PPGM A =Z9 WHE

Fig. 3.19 Thin film microstrip line structure employing PPGM

3-3-1 713 &o] ¢+ Thin Film € <¢9 PPGM A =9 RF EA

JEol AYSS &4 AR
PR AAED £40] FrRTh T
2ot F714 Fo

ZE 7MA = £FAHE T 3ol #3%

=
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Hd&ol F7H87] W&otk Z= Thin
Ql3] 60 GHz oA A2z AL&E
Thin Film & PPGM A =29 &=
, I% 321 & FH wlo]AZAE
20 ym)¢t F714 ZFeo] gl Thin
3 Aolth, 1Y 321 oM o] F7

i
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-
Ju
Jo
bo

ol &FAHEC] 7
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m
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i
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AE T #stel oz A
H AZ(HE Zo] 05
Film ¥ &2l PPGM A 29
2 Zo] gl Thin Film FEd B¢, FFL T vlo]ZZ2EY M2
324 % 2 EojEr} dF 49, 60 GHz ol F71% &o°] ¢l& Thin Fim ¥
B¢l PPGM A 29 ZA$ & N £ 0564 mm o1, FHY nlolm22 2EY

z
3
o
i
i
=

)
o3
o
R
El

A=zel 4 N £ 1.74 mm °|th

T
FMmeC
\A(\\i‘

Loss (dBf0.5mm)
|
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_20 Y
—e— Loss (dB/0.5mm), T=5um -
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Fig. 3.20 The insertion loss of the thin film and microstrip line structure

employing PPGM
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\ - Wavelength immy), T=coum

\ —=— Corventional M=2T, W=20 um

> \'\“\L

o 10 20 30 40 50 &0 70 80
Freq (GHz)

Wavelength (mm)
E.Y o

321 TS wo]ZRZAEY HAE(HRE Zo] 05mm, 4= F W 20um)
F714 Z°] ¢+ Thin Film e PPGM A= 1% vl
Fig. 3.21 The wavelength of the thin film and

conventional microstrip line structure
3-3-2 714 %] ¢+ Thin Film JF =H <9 PPGM A= H7}

(1) 714 Zo] ¢l Thin Film el PPGM XA =z29 A%, w3 Z9
nol]ARXEY MRS 324 % 2 Fol=H. dE £9, 60 GHz A4 PPGM
o B HF N £ 0564 mm o1, FHY wolZR2EYH HAEE T A
= 1.74 mm °|t}.

(2) AEEHF PPGMY §FAH TS BAS EF4E0] AdFE &4 Az

o = EFAE TV FHEFE &
Aoz L£HFHE T7F5um A F
1}, 715 Fo] ¢l Thin Film H&al
oltt. ol &FAHEC] AEAFE FE FHE %‘7}5}7] gEolth. A= F
718 Zo] gl Thin Film FH< PPGM A=Z& & £4= 3] 60 GHz
N FFAEAZ AETE F gloy, 10 GHz o8l e A8y oz Al§o]
7}5 3T

J
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Al 4 F MMICE =4%/AY9 2 single-sided via
hole *+%¢] Wilkinson power divider A% 2 H7}

B EidAe A7 @3 MEY RF 54 H7F 2942 By =2 AH§
FE 7HAE F714 JAAFEY d2FEE o839 MMIC & single-sided
via hole TZ%¢ Wilkinson power divider & A&stdt. E35 PPGM
single-sided via hole %<+ Wilkinson power divider & Z7]& XA 333}
71 93 &9 2¥ 41 (a) ¢ (b)T Wikinson power divider &
double-sided via hole 7%} single-sided via hole +Z = A|2+3gk Zpzheo] +
Z5 HolM 2 28S Roen 293 I9 41 (o © 2¥ 41 (@ & )
o Y-Yo @¢¥ Fx2E vedt 29 41 (a) ~ (o) oA EE vieh Zo] A
29 GaAs 71#e HATEH Alold FII2 F714 & JHAE FAAESEH
& ”?J'c‘s}de.ﬂﬂ] F714 FAF£ T2 via hole & A GaAs 71F9] HX
oo dZAE HAYS I FAZETa 2ol AtoldE SN B
Fastdoh 29 41 (o) oA & 5 e " Zo] FAFET A=
Fo oA, THY mlelZEZ2EY gl FERAA EAEtE &% Ca
HAwE&YgT A2 Alole &3 Cb 7F F7H1H o2 &A%, A=<
Atole] &&Fo] S7IEFE EAUIE X Zo o MERF Ag = FF
S F O 2 Zo=(L/O)¥ 2 Ag=I/LC) ] 7] HEelth &
PPGM TZ¢ 7|9 mlolZ22 2EHSHSIY A4t #49 Zo]g 2
. X 41 94 PPGM Fx9 A=2E 54 d¥dx 13 @ A= £ 20
m, 121 TS 235 mm ©|iL, BFH 7|E9 mlo|AE AEY HEY 5
o2 13 @ A2 F 640 g, L 185 mm o|th. AFAHS=Z o]H
E5EH MMIC AoA FFL2RES 2433 Ad9d2sE 488 + iU
w3 PPGM FZo|A olAHe Lz s YFsE 2L 49 via hole &
282 g aEy old BL 9 via hole €2 54232 MMIC F+4
Rl 27 AAA 2 FAE XA Eoh mEpA B =8ddAE 29 41 ()
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Z42¥s oz MMICY &&3th
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0.12 mm

0.19 mm

0.12 mm

0.19 mm

Backside GND metal

(c)

2% 4.1 (a) double-sided via hole T%¢] Wilkinson power divider, (b)
single-sided via hole T3¢ Wilkinson power divider, (c) Y-Y¢ @@ +%
Fig. 4.1 (a) Double-sided via hole Wilkinson power divider, (b) single-sided

via hole Wilkinson power divider, (c) A cross-sectional view according

to Y-Y direction
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¥ 4.1 PPGM F%9 7|29 vlo|az2A2EY Az AAd 739 Ao

AR Ew SRS
Conventional
Onvention 640 um 185 mm
microstrip line
PPGM structure 20 pum 2.35 mm

¥ 42 PPGM %5 7HAl= ¥ 41 (a) ~ (b) ¢ double-sided
via hole¥} single-sided via hole F+Z9] insertion loss B oF T} T of A ¢}
ol F F&Z& 25 GHz 714 2 Aol HolA| ¥Feth wWEA 2 =FdAs
single-sided via hole 722 PPGM A 2% ©|&€3l9 K band 35 g 1
3o Fa thgeade] MMIC €828 9% Wilkinson power divider &

A &8k G o

0
9 s k
i . , . o
- -0~ single-sided va hole |
.‘:l 1|:| . . \1.
%{ — = dovble-sidedviahole | ~
15 T

3 10 13 20 23 30
Freq, GHz

2% 4.2 Double-sided via hole¥ Single-sided via hole 7% ¢] Insertion loss
Fig. 4.2 The insertion loss of the double-sided

via hole structure and single-sided via hole structure
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2 dolg Ao A& single-sided via hole T+%¢ Wilkinson power
divider ¢ A}3& =8 43 # Z. AZH single-sided via hole &
Wilkinson power divider ¢ A4 =7 28 43 o Rolx HA Jdgo)H
o] 24%¥ AYIYWX on-chip Wikinson power divider £ F2&Fd4 5
GHz, 54 4@ 13 Q o9, MMIC 49 A" Z7]|E 011 mm” 2 71&
o mlo]lZRAEY HME(1.82 mmd) 2 AXFIUL w9 6 % Aot} 1
43 oA HE = Zo] RF 54 &AL fs F 7FA FE9 on-—chip
Wilkinson power divider & A Z3a . & & doly oA RF 54 =3
< 2-Port AT 7}S3ERE olE HslX WA power division & ZF7A3}7]
Al 19 43 ¢ 2% 293 Zo] Port 1 & Port 2 dl& HEE 2L Port
32 XE JdAd2E Hudeold ¥ Tth 28 3 isolation characteristics &
ZAst7] 98] 2™ 439 €F3 Zo] Port 2 # Port 3 e HE=E €
Port 1 & ZE 922 Huldeoldg F2 HA AZ3ATh. o] ZHE
=37 =AdolE S ADS Tool oA AR EA JAH2E A3l
ZA8tA .

Y 43 & 9oly Ao A ZE on-chip Wilkinson power divider

Fig. 4.3 A photograph of the on-chip Wilkinson power divider
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28 44 (a) & (b) & AFE on-chip Wilkinson power divider ¢ RF
E4L8 RAFEH. I1¥ 44 A Zeo] Power division (Siz and Si3) I
Isolation characteristics = Z+Z} T2F a5+ 45 ~ 6.0 GHz o4 ZZ 55 dB,
75 dB Y& EAETh

I:l T T T
m
E _5 H\-’_’-\-ﬁn-—:-ﬁ\-
=
é
—  -10 =21
= = =31
(=
-1%
4 4.5 5 55 &
Freq. (&H=)
(a)
0 T | T
p m|
% s 3
5 e’ - o o o
&
- -10
-15
4 4.5 5 2.5 &
Freq (GHZ)
(b)

29 4.4 Wilkinson power divider ¢ (a) Power division,
(b) Isolation characteristics
Fig. 44 The performance (a) Power division (Si2 and Si3) and

(b) Isolation characteristics of Wilkinson power divider
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o714 RF EA4S £ ¢ MA3s HHOZ isolation AL via hole &
sgo2x MHAE 4 glal Power division 3 AE2EA AL o
3t A3 2 EH SIN E°]& 400 ~ 600 nm & AASHE 7HskA 7 MMIC &
Aol AgI 2AE3E on-chip 35 93] single-sided via hole +ZZ A7
Al 23k o

Z2dHozr B =fdAde F714 & /M HAFEY Hd2FxE
|3t GaAs MMIC 7ol 248 AJI @2 on-chip single-sided via hole
T+Z9 Wilkinson power divider & A &3 ch o714 334 PPGM 425
AbgdlE S FHe nlolmzz2eY AR 213 % 2 A4 £33 A"
2428 AY9d2 on-chip singlesided via hole T%¢ Wilkinson power
divider & T#&F%F 5 GHz, 54 9992 13 Q, 27] 011 mm® & 719
mlolZ22 ~EY (182 mm)LE AXHIUE wa 6 % =78, power
division (Siz and Si3) ¥ isolation characteristics (Sz3) & A& 45 ~ 6.0
GHz A 747 55 dB, 7.5 dB 945 2o FH
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AS5E 4

B =TS Az Fo5 &0l EAR ¥E, 18, FAFR
o3t AdEde F7F 5o EAAEC EASA &' MMIC Atd Ags o
33 A2E AASI, ol tldt RF 54 F7F 2 o]& o] 43 MMIC €& =
23 AYdIP2A On-chip FHFA Fx9 Wilkinson power divider & 7|
AZste] RF 54 B7istd v 22 ZES 4tk

(1) vlelZ222E9 Fe)o PPGM A ZE Algsts 3, 34L& FH9 v}
o2 2EY MZ9 213 % E HFHo] =
EW, 60 GHz o] A mlolZzz2~eY dHe PPGM A2 £JAHE
T 7} 5 pym, A2 Zo] 05 mm ¢ A$ A= 34 X & 037 mm ©]

Zg9 vlojlz2 2EH ME ME 34 N = 1.74 mm °|th

(2) £FHE T 7} 5 um, "] 22EY FEHe PPGM MZ9 HE&A
< 60 GHzolA ¢F -6 dB ©]3L 20 GHz ©lslolA = -1 dB °]3ftolt}. uf
24 A SIN F7 100 nm ¢ 72 7HAE PPGM A2+ 20 GHz
olgtoll A= HAFAZH ALLo] 7h53dt 60 GHz thg oA Y B4
BN AREEldE & &4 dE9 FE7F dd SIN FAE F7HAIE
34 ZFEEHE HolAu E4E Fol7] A= SIN FAE 400 ~
600 nm = st Zeo] HIFAAEA AP AF SIN FA o
g &4 979 trade-off AZFE FHAH9 SIN %ol Z2A & =
a27F Ak

ﬂ

(3) = eld FEe PPGM HEE A&t 4%, 32 Y9 whol=2
2 2EY A=29 166 % = o€ dE 49, 60 GHz oA 33 A
£ 0289 mm °liL, FHY vlolA22EY Ad=29 HF AE 174 mm ©]
o 283 Az &4 2=y FHe PPGM HZ¢ 4% 60 GHz
oAlM ¢ -52 dB °]i, H{E AlEste molARXEYH FH S PPGM
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1 2 Zxgoly FH < PPGM A =7}
HAE ALE3lE vlo|Z2AER FHO PPGM AZEY HL& Az&A
ENS BAY, A AEdEA wio ZAFAAEA AMES HdEF o=

o] o} A ok Ft}.

oﬁ%

(4) PPGM AE2E AM&ste 4% FFL FYY vwlolaz22EH A=
9 213 % B £¢ F I, o|2HEH F7H £& T HAEET A
2 FZE o839 GaAs MMIC 4o =43 AHYFHP2 on-chip
single-sided via hole T+%¢ Wilkinson power divider & A &3t3th =
3t A)ZE on-chip single-sided via hole F+&%¢] Wilkinson power
divider ¢ Z7]& 011 mm® 2 7]&9) slojaz ~EY 4=2(1.82 mm’)
E Azrd e dvls) oF 10 % AEE F4HIA, RF §4& &%
Fu¢ 5 GHz, B4 49d2 13 Q o]5, power division (Si2 and Sis)
# isolation characteristics (Sz3) & S8 %S 45 ~ 6.0 GHzolA #Z
55 dB, 7.5 dB ©|t},

¥ 5.1 PPGM +%¢ Wilkinson power divider

=2 = W 37 » |Wilkinson power divider =71
Conventio:]iz::emicrostrip 640 pm 185 mm 182 me
PPGM structure 20 um 2.35 mm 0.11 mm?
Power division 55 dB (45~6.0 GHz)
Isolation characteristics 7.5 dB (45~6.0 GHz)

- 43 -



l:l

47 AHEERE FF2AY

Az Faag &Aoo Hi, T

B

oﬂL

A9

3,
o]

£

HA3 on-chip & 93] <
T AUEHY FUF 59 £4
Aol A& MMIC A &o| A F3gk 970 e gy A2E A A
% 81 RF 54§ ®7tste o] & & MMIC & %24% AYIPL on-chip
GHH A FZ9 Wilkinson power divider & 723l th. o] 2% RF 9%
71 Aol A9 SoC 3t 8 MMIC 7ol #54xk¢e dto]BZ= 5& on-chip
state HHoE B2 79E & Ao JiddEd

&
N

1o,
o

°2‘~
o
H
it
ot

%

- 44 -



[1] K. Matsunaga, I. Miura and N. Iwata, "A CW 4-W Ka-Band Power Amplifier
Utilizing MMIC Multichip Technology”, IEEE J. Solid State Circuits, vol.35,
no.9, pp.1293-1297, 2000.

[2] I Bahl, P. Bhartla, Microwave Solid State Circuit Design, John Wiley & Sons,
Inc. Chapter 10, 1988.

[3] Y. Itoh, M. Nii, N. Takeuchi, Y. Tsukahara and H. Kurebayashi, "MMIC/Super-
MIC/MIC-Combined C- to Ku-Band 2W Balanced Amplifier Multi-ChipModule”,
IEICE Trans. Electron. vol.ESO-C, no.6, pp.757-762, 1997.

[4] D. R. Webster, G. Ataei and D. G. Haigh, ”"Low-Distortion MMIC Power
Amplifier Using a New Form of Derivative Superposition”, IEEE Trans.
Microwave Theory Tech. vol.49, no.2, pp.328-332, 2001.

[5] Young Yun, Kyung-Sik Lee, Chung-Ryul Kim, Ki-Man Kim, and Ji-Won Jung,
"Basic RF Characteristics of the Microstrip Line Employing Periodically
Perforated Ground Metal and Its Application to Highly Miniaturized On-Chip
Passive Components on GaAs MMIC” IEEE Transactions On Microwave
Theory and Technique, Vol.54, pp.3805-3817 October, 2006.

[6] Young Yun, etal. "A Fully-integrated broadband amplifier MMIC employing a
novel chip size package”, IEEE Trans. MTT. Vol.30, pp.2930-2937, 2002.

[7] T. Satoh, T. Shimura, S. Ichikawa, A. B. Berutto, C. Poledrelli, Y. Furukawa, Y.
Hasegawa, S. Kuroda, and J. Fukaya, "A Compact PA MMIC Module for
K-Band High-Speed Wireless Systems”, IEEE MTT-S Int. Microwave Symp.
Dig. pp.1333-1336. 2000.

- 45 -



[8] Young Yun, "A Novel Microstrip Line Structure Employing a Periodically
Perforated Ground Metal and Its Application to Highly Miniaturized and Low
Impedance Passive Components Fabricated on GaAs MMIC”, IEEE
Transactions On Microwave Theory and Technique, Vol53, No.6, pp.
1951-1959, June, 2005.

[9] T. Hirota, and M. Masahiro, “K-band frequency up-converters using reduced-
size couplers and dividers,” 1991 GaAs IC Symposium Digest, pp.53-56, 1991.

[10] +9 A, “RF 553 AAE % HAA" 533 &AL, Chapter [1-3], [2],
[5], 2005.

[11] D. M. Pozar, "Microwave Engineering”, Reading, MA: Addison-Wesley, 1990.

- 46 -



z
e
i
i

A g=A AA=E

[1] Chung-Ryul Kim and Young Yun, ”A highly miniaturized and low
impedance on-chip Wilkinson power divider employing PPGM on
MMIC”, Microwave and Optical Technology Letters, Vol49, Issue.2, pp.
491-493, 18, Dec, 2006.

[2] Young Yun, Kyung-Sik Lee, Chung-Ryul Kim, Ki-Man Kim, and
Ji-Won  Jung, "Basic RF Characteristics of the Microstrip Line
Employing Periodically Perforated Ground Metal and Its Application to Highly
Miniaturized On—-Chip Passive Components on GaAs MMIC”, IEEE Transactions
On Microwave Theory and Technique, Vol.54, pp.3805-3817, October, 2006.

oA =3 TEELT

[3] Chung-Ryul Kim and Young Yun, "“Highly Miniaturized and Low
impedance On Chip Wilkinson Power Divider Employing Periodically
Perforated Ground Metal on MMIC,” Proceeding of Progress In
Electromagnetics Research Symposium, Tokyo, Japan pp.157-161, 2006.

[4] Young Yun, Kyung-Sik Lee and Chung-Ryul Kim, ”"A highly
miniaturized broadband on-chip impedance transformer employing PPGM
on GaAs MMIC”, Proceeding of Progress In Electromagnetics Research
Symposium, Tokyo, Japan, pp.152-156, 2006.

- 47 -



[5] Y. Yun, and Chung-Ryul Kim, "Highly Miniaturized On-Chip RF
Components empaloying PPGM with single-sided via holes for application to
GaAs MMIC,” Proceeding of Asia Pacific Microwave Conference, Tokyo, Japan
Vol.2 pp. 1329-1332, 2006.

[6] Young Yun, Kyung-Sik Lee and Chung-Ryul Kim, "A highly
miniaturized  on-chip impedance transformer employing PPGM  for
application to GaAs MMIC,” Proceeding of Mediterranean Microwave
Symposium, Genova, Italy, pp.149-152, 2006.

23U, & 9, "PPGM A &9 RF 54 g gAT=x9 54 1% 3
AR 227 FFLAL MMICHS] 87, 20068 = Axtd} 33 S
3 =F3 Voll6, No.l, pp.69-73. 11¥ 2006. (4 A3 tHsta)

(8] olF&e, &g, AFE, o]34, & 4, IFZ, "n¥ UITEAFHZE °|&F &=¥
27, 2006 = A ok FESGeZRI =83 Volls,
-28, 114 2006. (¢ 7 3 thsta)

:

e AFEur] 7
.25

[O9] =Ergule, o] 53, AEFE, o FA, HAAE, & 94, "24 GHz RFIC/MMICE 433
H 55F 900 9 279 HAY, 20063 % ARt &3 2L I =EF
Vol.16, No.l, pp.45-49, 114 2006. (<9 A3 dtn)

[10] ol 4°, ol&, Bgul, AFE, & o, "LO FEANZ AAE AT 27o]E <l
HHE Z¥% RFIC/MMICE 418 AClE =Ae sie”, 2006d= Ax5 53
Z3oteLEs =27 Voll6, Nol, pp.271-274, 118 2006. (4 F &g )

[11] AFYE, &9, "8l IT 2A99 88 93 MMICE %43 AdIdx

on—chip €71<& ABEw Y] A" 200680% §Frtd dAojg 33 378+
3] =&3, pp.213-214. 114 2006. (F4h)

- 48 -



[121 #HE<E, °1F4, &9, 99, olF3d, “PPGME o] &3 %4A¥ <+
RFIC/MMICel| ¢] 44" 20068 %= &4 vlojlZz2y 42 Agddddts &
=ER, #2945 #19%, pp.d93-496, 5¥€ 2006, (&2 }=FF )

[13] ol&&, =3, AFE, 134, &9, 18 HFZTAZE ol&d £F €7
AHE7] AL, 2006 EA rrolZ2d H dddgdT 3 T
3, H29% H19%, pp497-500, 5€ 2006. (&< =3 hetu)

[14] o134, o5&, &g, AFE, &9, “TH GYHZE o] &3 =2 R
PBG cell2 74" 43 Band-Stop Filterd] 7", 20068 % & ] ulolZ = 3
Ao AFGATFE stedgs =83, F29% F155, ppo01-504, 5€ 2006, (£ 3

=FTHE)

s

[15] HZE, &9, 0734, o142, &FH, o|53, "RFIC/MMIC & %43 d7<&
AHEW Y A" IT SoC Conference 2005, £24, pp.603-606, 11¥ 2005. (A

[16] olA4, &, AFE, &%, =HAH, T4 HA & HAZ2FXE 7
Ae AFTHE RFIC/MMICE M4 d¥ds HE7|e] AHA" IT SoC
Conference 2005, #2%4, pp.599-602, 11€¥ 2005. (A& COEX)

[17] o] &%, g, &9, o134, AF5E, "Adydx &% d71& AHFEwr|yg A
Al”, IT SoC Conference 2005, %24, pp.595-598, 11€ 2003. (A& COEX)

[18] o5&, HF<E, g8, o34, &9, "dAdEa Alz2d &8 AF %24
¥ RF 529 AL, 200095 vkl XY sy 33 £7|ghets =&
F, pp.63-64, 114 2005. (<)

[19] B%E, &9, “‘RFIC/MMICE 2238 A9ds 9714 A= 297 A" 2005
e 34 melzEs 2 ANAndT SELEs =RY, ABVE LR
p.161-164, 9€¥ 2005. (Z& )

kel

- 49 -



A4

3 A7 <

RFIC/MMIC& %4

é—l.

& 4

HEdE, &9, “E IT &A1 ¢

[20]

ki3
of

R ISR

3 =F3, pp.339, 6¥ 2005. (73

- 50 -



MMIC

O
=
=

2

2007



	제 1 장 서론
	1.1 연구 배경 및 목적
	1.2 연구 내용

	제 2 장 마이크로파 수동 기능회로 이론
	2.1 윌킨슨 전력분배기
	2.2 MMIC 용 마이크로파 수동 기능회로
	2.2.1 집중소자를 이용한 MMIC 용 마이크로파 수동 기능회로
	2.2.2 단파장 선로를 이용한 MMIC 용 마이크로파 수동 기능회로


	제 3 장 단파장 전송선로 제작 및 RF특성 평가
	3.1 PPGM 구조의 마이크로스트립 선로의 RF 특성 평가
	3.1.1 PPGM 선로의 파장 축소 효과
	3.1.2 PPGM 선로 파장의 용량성분(T) 의존성
	3.1.3 PPGM 선로의 선로손실
	3.1.4 PPGM 선로의 RF특성에 대한 SiN 두께 의존성
	3.1.5 PPGM 선로의 Ground Condition 의존성
	3.1.6 PPGM 구조의 마이크로스트립 선로에 대한 RF 특성

	3.2 PPGM 코프레이너 선로의 RF 특성 평가
	3.2.1 코프레이너 형태의 PPGM 선로의 파장 감축효과
	3.2.2 코프레이너 형태의 PPGM 선로의 선로손실

	3.3 주기적 홀이 없는 Thin Film 형태의 PPGM 선로
	3.3.1 주기적 홀이 없는 Thin Film 형태의 PPGM 선로의 RF 특성
	3.3.2 주기적 홀이 없는 Thin Film 형태의 PPGM 선로 평가


	제 4 장 MMIC용 초소형/저임피던스 single-sided via hole 구조의 Wilkinson Power divider 제작 및 평가
	제 5 장 결론
	참고문헌

