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Abstract

In this thesis, the microstrip circulator including a ferrite
resonator which is consisted of a circular disk and two
annuli disks is designed. To analyze the electromagnetic
field in it, the Maxwell’s equation and the Helmholtz’s
equation are applied and a RGF(Recursive Green Function) is
constructed. The electromagnetic field distribution of the
boundary of the microstrip circulator and the scattering
parameter are found by the RGF. Using these results, the
microstrip circulator is designed. The radius( ) of circul-
ator is determined and divided into three equal partitions.
The disks of the ferrite resonator are filled with different
materials and bias magnetic field feeds greater than a field

( H,) saturated of ferrite materials. The port width(y) is

determined to be matched with the input impedance of the
microstrip circulator. The microstirp circulator for WLL
(Wireless Local Loop) bandwidth is designed.

The microstrip circulator designed in this thesis has
characteristics that return loss is 14.3 dB, isolation loss 13.4
dB and insertion loss 0.36 dB within the operating
bandwidth from 3.3 GHz to 3.4 GHz and the bandwidth to be

1 dB maximum insertion loss is 500 MHz.
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Fig. 1 A radially inhomogeneous circulator showing the

inner disk and annuli. (a) Top view (b) Side view
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A4 (4)

]

E.o(r.$)= [  Gir. 6 R $ ) H, (R, §)d# (72)

A(72)ellA A(TDHAY HE S § A4 =2 £d3hd

Nz,
E.o(r.¢)= 3 Gitlr, 6 R, $)H (R, 6,) 2, (73)

of fth. = 1, (R, ¢)E AZdlE W sl JelH F5AY A
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X}
L
3
al
=
3
r
M
)
£
o

Ak WA [, (R, ¢)E AT)AA o &
A(72)9] AEAS § AR APSAD AL - 29 @A 4% 2
99 dgoz FE ok,

Npy ot 2 ¢,/2

f[dgée X ot [ ) Nag (74)

—04,/2
A7IM Ni,E - EF DA 5F vebiE NG, E - EY D Abeld] B9
48 itk A(THE 4% F & QaAlz Edsttd 237 o g 24
Ao Ak, AAe] B & N, E hewh 2ok,
NTrp:Ng“rp-l_NCTrp (75)
A(74)E A8 d&39] HAA (73)el FH&3td o5 2t
ot 2 ¢,/2
+ 2H¢C(R ?) f Gillr. R, ¢ )doy
NiL o NG, e NG =17 NG, =001AY F& N —0% NG,>1% &
UE A™gich. A(76a)oA4 A HA §2 ¢ - 2 dAt GG A oz F
o

A - =Y 23} Alole] & Qe Wizt Zeloh AAHoE T g o

E,  (r,¢)= ZG (7, R, ¢ VH, (R, )0, (76b)
7} g}, ulebA] F£AE 28 F459 TIHL
©  CE(y) -
_ Luo\7)
i (r, R, $,)= 27r I - Le’ 77
olt}. &37]1A
v JL
bt 26,12 '
_ ‘ ! —jng’ »_QL . A¢v —ing,
IZ—f o © Ydg' = . sm(n 9 )e (79)
olc}.
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2. Fozt & v&3ae] AL s

A3 taFd N HAE T FANA A(67)S 2 Az g wWPoz
g taas] AAA (2D ol &ste] upAT & iAo A 2e 5 9
t}.

7 y=a, y(recur) C¥(R) + b, y(recur) CE(R) (80)

AP B o= 2AFe) AAFEL vehdth. H(80)e AT e et
o] A3},
—w _ TN (81)

YnN= _¢h
7n,N

A7IA, p = z, ¢°|Z q = e, he|t}.
21(80)¢F (81)ell A=l A& wvix|ut 3 tlxIdA FH el dge] AAE
T3 A(76a)¢}t (76b)ell F-g31d o}33 2}

N,
E. (R, &)= 3 Ginn(R. R, $)H(R, $,)5,

(82)
+NﬁE§%N<R G R, $IH R, $,)0 0,
o171
Gih (R &R $) =5 3 yifve " (83)
CHin(RGR$) =5 3 yiTie™ (84)
ol
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3. 3xk=} 3=l HF Abzh P

AZFd oS A3 Y3 o - =9 dx} Jd3 5 gddoz o] Ak
o 929 bl 3 &AE AR AL N, = NG, =3 oItk
(82)F th3t o] & & Stk

3~
E.NR &)= 2 G i n(R 6R.6) Hy (R, 6,) 2 ¢, (85)
714
(R 4R, ¢y~ Clnn(R R G ) -2 (86)
i Gin(R, GR, ¢,); &
oltt. whxAet & tixze] ez WA EA (85)% 2 4 FHA (86)

A Ag,7F SRS

C(¢d)=Ciin(R &R, )10, (87)
AR - FEsh 0 g, 8 Bol T 4tk AGBD AshE sz AAe
AAA (85)e] HYshA tlS3} 2ol =},

E. (R, ¢)=7GC (¢, $H,+ G (¢, $)Hy+ G ( ¢, $)H, (88)
A7|A olAdRt 4o BAsA " L= LD, pE YA qYn
olol&alold wxtE sttt A(88)dIA Zze] HRE  AALEo=

=a,bcE EANSL, FAALE ¢=¢,2 Tt E¥ g, = H,(R ¢,)E

q q
o & Fdoltt. Zzte] o - 29 date] Al W A(88)S Hg3tzm 39
7t AAL AAN E, (R, ¢) 2 Fdsha
E=TC (4,0 )H,+ G (h, d)Hy+ G (¢, p)H, (89a)
=G ($.6)H,+ G (. 0)H,+ G (¢, $)H, (89b)
ES=GC (¢, ¢)H,+ G (b, ¢)H,+ G (b, ¢ )H, (89¢)

7t Ak, 8 D=} bl oto]&Ho]Ad A} et ¢AE] AR el AEF A
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X
4z
oi
o
i
ind
48
p

)
o

fou
2
a8
2
l-o{l
L
e
2
flo
i
J
N
A
o,
_o‘h
i
Ao
oo
lo
r o)
By
(1
b
tfo

& o
E i FES (90a)
H'yimy# H (90b)
Eouy = E (91a)
H' oy = H (91b)
E oy = E (92a)
Hy oy = Hy (92b)

A7H AR FASS AZdoleel o - 29 walsh W5 A=e] AAGe el

c(out)

A71H $EE AdoledlA o - FHHE v e vepuct. 223 A
FAZ} AZdolE ¢ - 28 dxtelA ¢ - FHEHE AT F At PP
thest 2t

Eg = (]- + Sll )Eaz(in) (94a)
Hy= (1= S1)H'y(iny (94b)
Eb
_ = z(oun) (95)
521 Eaz(in)
E°
— st (96)
531 Edz(in)

Abehsi ol gk A1(91)~(96)< thA] At

¢
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Ez ng—i—S ZH (97&1)

]-_Sll
b
z (97b)
(1_'_511)& (970)
b
flz =_Zb (98a)
b
% —_ 7 (98b)

7b 12 wl o] & A(94a), (97a)el] dHYsH 4

z( in)

ELZZ:1+SH (99)

=1 (100)

E!=2—-ZH, (101)
o] "r}. 2(98)7 (101)< A(89)e Y3tz HAA EE &Asd H =4 3
A7t oAk, (89 G (4, ¢,)E G,= E7NT
2—Z,H, =G,H,+G,H,+G,H,
—ZyHy = Gy, H,+ GyH,+ Gy H, (102)
—ZH, =G H,+G,H,+G.H,
2 (102)F A 2
(Gut+Z)H,+GyH,+ G, H, =2
GpH,+ (Gt Z)Hy+ Gy H, =0 (103)
Gely+ Gy + (Gt Z)H, =0
o] =t} 21(103)¢ H H=q & & F3id
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2 Gab Gac

H, Zﬁ 0 (Gut+Z,) Gy (104a)
’ 0 Gcb (GCC+ZC
= 2 [(Gu+ Z) (Gt Z) = GuGo)
»
(Gaa+Za) 2 GdC
Hy =2 Guw 0 Gu (104b)
’ Gca 0 (Gcc+Zc)
= %[Gba (Gcc+ Zc) - GbCGCd]
p
(Gaa+Za) Gab 2
Ho=2-1 Gu  (Gu+2)0 (104c)
b Gca Gcb 0
:%[GbaGcb_(be—i_Zb)Gca]
7} gtk oj7lelN g2A p,E thes} 2t
( Gaa + Za) Gab Gac
D,= Ga (Gwt+Zs) G (105)
Gba Gcb (Gcc+Zc)

Wetd H 928 ol gdtel gnade 78 4 9z, 4(10D¢ o3 E d==
78 & 9k AOD~(100)2 ol F3te] 4% FBe Fohd vhes 2k,

Su=1-2H (106a)
521:E12):_Zbe (106b)
Sy = ES=—7.H, (106¢)

Spe 48 BAklAL] aAS, 5, & U BAH 2Y wRk2 ozt A
I 542 vehiE AEAGel 5, S 4 DAlA olelEHlold Hxpz
W AEAGol, 223 BE oulz 5, & Wt

4, 5, AN 4, 5, S ololEdold E42 2,
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V. AZdoly dA 5 »7
1. Ageele 34

£8 3PS AP 48T 23, 33AY AL 3He o - 2HURE
= = 749 AZdelHg st gDt

=
Hzzel wre] 39 ¥ wW 2 ERA E88 ¥, 9 = Bosma £ 3

)
A)
rO

(o]

vz WA o @ el @ Hade] vl & A 2
A ARHT G2 § gaast Yo A2 B2 F AL gaat 8 gaae
A$7 ", ABDeIA shte] # txLel hsto]

- _ Y,
1=
7 nl
Yn1= @,  (recur) Cn .ot b, 1 (recur) Cn Lo

Y 1= a,  (recur) Cf,”l, o +:b,. 1 (recur) Cf,bLO

FEa
CnOO Cnll

MOL ‘CMOOCWII

a,  (recur) = = -
! D, ‘ Civr G
Ctr Gt
‘ Ct Cro.o
M clle , ct

b, 1 (recur) = & = Ll =l 0 (107)
! D, ‘ Cov1 Cnl[
Cnllcnll

o] |3 Aq7|dA 7|59 E£HLS b3 2},
Ch o= T ko1 71)

Cnl 0o=Y, (keffﬂ’l)
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Ha  __ , _nxy
Cn,al,O_ Cl[keff, W (keff,lﬁ)_ 7 ]n(keff,lﬁ)

Hb , _nxy
Cii0= Cl[keff,l Y, (ke 171) — i Y, (ke 71)

Cho. 0= T ko0 70)
Cn =Y (keff 1 7’0)

Cn L,I— ]n(keff,l %)

Cl. 0= Co[keff o (kg 079) — f (Regro 70)

Hb , _nx;
Coa1= Cl[keff,l Y, (ke 17y) — 17, Y, (keg 1 7)

Ha , _nxy
Cn,al,l_ Cl[keff,ljn (keff,ﬂ’o) - 2170 ]n(keff,l 7’0)

i (108)
wﬂoﬂeff,m

°=l7]/\‘] M=ry=7, keff,lzkeff,():keff’ Ci=Cy=¢C = T«Hi‘%"_—f’_ X:kefjﬂ’% ‘?']
AEd dgsa y,=0 ° ek =F ), & Wronskian®] 21& Z§3c},
W), Y, 00} =10 Y, (0= Y, (), () =2

My & 00] obd A5o]m2 olRe Fal thee] AL olZo] W 4 gtk

7n’1: ijO/leff ]n(x) (109)
et ]n,(x)_ﬂ#f]n(x)

- - w - -
Bosmadl 4& o5 gJulde 7,0 g olgsd 2 et 2
eff

=

- : Ju(x)
Yn1= 12, 8 (110)

o]A& Bosma=w9 Z3} —Lzﬂa)r A x)5kc}



2. AZdelg 2A

(1) AZdely w3 24

E =F2 Bosma =FoA AAZ WHE o] &3l AASY). WA wle]a
Z22EY AZdoleE AA &A e ANFHolEE AAS} AA vya2=a

FEAA el W A Fohse

x
:ﬁ# 111
R 27V ep ( )

oIk, 1A x, & HAA 7, (0L g o) aeleh e selels A

go] 7hAE sigtelE wiR e Fxbg 4 o FH WA S Al 2 o]

22 Fohgol W@ vxa #AE 2

<
K
o
A3
pol
Z
X
o
o
o
v
S
N
2o
:log

flo

AR FAE 4, T FI18H A E oA ARdsE

_ X1 1/1 _ X1 1/1 Hi
271'\/ M offE 271'\/75 Hi+47TMS

(112)

7} #r}.
ufo| 22 2E ] A FHolgE ZHA(fringing) LEE 1283l XZEHe
FZoA AAE vtAd 7.5% A= ZA DA}

(2) slletelE =2 ZA

Aol EE MO - Fe,0,8 £xpAe2 349 23d 728 7Y, 85d4
(Ni, Mg, Mn )l wet 2 HAo] ZA"AL. & o] Yide|d YA dglo|E
g R IEF Y4£d Yttriumeo] F23F 942 YIG(Yttrium Iron
Garnet)< dlglo]lEgt 2& AH FX2EF ZE garnetold, &
seto] Bt FALs7| ufFell weo] AHg-Hcth. slElo]E wiH e AAL HHF AF
golel & AAlst=dl 713 Fo38lt). setolE AAeA ¥ Aoz RF A

A 3 spinel
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(113)

. AZdlolE s F2 Foset o
slztolE7}

T

—
T

SR LML EL T

AH g 7|2 ulo]o] A5 5 A== o] o}
3t zt3le] Ho o] & bs
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s F2olw),

AwM,

100 Oe®] zkolr}.

SEN IS
AN 1,
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ulg, Az §ol4,

T
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} Apglo g
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ul o) Adstn, Ao 4z, s

T

—

wats Agol 2o}

NZdlole el A A}
Ngdold 2

£ (housing) &3
9 FAE= #E3] Zol(skin depth)e ThA uj
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2 F2 = AZdelHe T4
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(1) 2 sietol=Q Ao 54

Table 12 Design #13 #29] =& stetv]gl el A7tE ulojo] X zHAQ] Al
718 Yetd Folrh. AE 22 dlgle]E w2 S Design #13 #2¢] &3}
a2 A7 mlelojE zHAIE thEA AA P}, AstR uwlolojXe] A7)z} 2wt
2E dgto|E FA7)9 T o] ulHAAl =o] wAo] WA Hrh. Design
#10 AF 4 - 28 2 olol&dold At FL 6 mm, Y&3 HAEL 7.4 mm
o2 Design #2¢% ZAfel< @=te] Fo] 6 mm, H&E3 w73 7.5 mmeltt.
715 ulololx Al7]7} Frbshd ol A3 Fxb& gro] Z&stxm wbAo] Ftst
fck. o] Frkx] AAA ] g S4L v o 2k stetu|E st B7] o Fel
AR wlwstr|g o}, Wb e Av|eh dxte] FS IARAZFE w ulololE A7)
7t 7] @A =& e E Wikthd FAFIeE AAEHIYD Foge e ozl
t}.

rolt

Table 1. Ferrite specification and the bias H,, field
Design #1 Design #2
app[Oe] 2995 3280
47M, (G) 870 870
AH(Oe) 186 186
g, 15.4 15.4

&
o

Design #1

Design #1

- - Design #2 - - Design #2

&
o

Return loss [dB]
Isolation loss [dB]
&
)

N
o
T

N
&

L L L
20 22 24 26 28
Frequency [GHz]

N
o

. . .
22 24 26 28
Frequency [GHz]

(a) (b)
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200 -
150

Design #1
- - - - Design #2

100

50 -

Design #1
---- Design #2

Insertion loss [dB]
Input impedance [ Q]

26 AN -50 - Imag[Z]

L L L -100 £ L L L
20 22 24 2.6 28 20 22 24 26 28
Frequency [GHZ] Frequency [GHz]

(¢) (d)

Fig. 2 Scattering parameter and input impedance calculated

by RGF according to Table 1. (a) return loss (b) isola-

tion loss (¢) insertion loss (d) input impedance

Fig. 264 24 Design #19] AE ZAz £54L& etz F AL Design
#29] AxrE Azt 548 Jehd Fojrh. Fig. 29 A=tsd E4S Bd Arid
nloje]22] A|7]7F 2995 OecllA 3280 OeZE 5713 ull mlo]a2X2E
olEl9] FAFIy+= 20 MHzAE A=, 23 o] wlo &4 FAFg}
FE J1Fo2 v e W 0.3 dBAE F715t9cl. Fig. 3(d)elA ulolojx
ZHAZE ZAAE 4 dIdie HsteE AFRedA 20 AE Ao]st wi}.
Table 2+ Design #3%} #4°|A 2183 dletolE wid FH3 QA7}ek ulo]
o]x AAE Yeld Folt}, Design #3373} #494+= Design #13 #29} 22
HAS A Estx dlEtolE A S ol E ez WAt Design #3U A¥
Y- EY ¢ ofol&Ho]d @ F2 6.5 mm, Hl&Z ¥HEE 7.5 mmo|x

Design #4% 7 $-ddl= 9=}e] ZFo] 5 mm, &3 ¥ 7.8 mmeolr}.

Table 2. Ferrite specification and the bias H,  field
Design #3 Design #4
H,,(Oe] 2760 3100
AxM (G 800 800
AH(Oe) 48 48
g, 14.6 14.6
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-4 -6.5

5 -7.0
, Design #3
BN Design #3 4 _ TSP . - - Design #4
5 Kan AN ---- Design #4 5._3_ EXI
2 : ]
s < 85F
c S
5 =
&> é 9.0
95
- -10.0
L L L . . .
2.0 22 24 26 28 20 22 24 26 2.8
Frequency [GHz] Frequency [GHz]
(a) (b)
-1.2 250
200 - -
_. 150 el
= S <
e T T
2 g 100 Lt Real [Z]
8 22t Desi 8 -
= , esign #3 8 50k
. o H
g 24+ S/ ---- Design #4 £ Design #3
@ p = - - Design #4 <
@ 26 5 0 ,
£ 2s E- ‘/i\
= -50 Imag[Z]
30F Poe-e.. —7 -
32 . . . -100 . . .
20 22 24 26 28 20 22 24 26 28
Frequency [GHz] Frequency [GHz]
(e) (d)

Fig. 3 Scattering parameter and input impedance calculated
by RGF according to Table 2. (a) return loss (b) isola-

tion loss (c¢) insertion loss (d) input impedance

Fig. 32 Table 29} Zo] w23} ulojo]x 2tAI7E AAHYS ol Uehte Az
9 g g duldx EAS Jeld a#Zo|t}. Fig. 394 Alekside] &
ES B A7H A Aol wet FRAFIeE 100 MHz 3= 23S
AQleEAe (.14 dB AE 24ddct. WISEL 2sls =Ae A7 2718
i |

Y Judze] AFRE 0.14002 ZAsc. A=k FFA= 100
3
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(2) sletol= wigo] 2702 o] Foj7l Ae] 54

Table 3& sizto]E Hladsl 98 vladsh & A & TlaIZ o] Fold 7
Sl Ztzte] slgtole WAFAT A7HA wlolol T vhehd Folut,

Table 3. Ferrite specification and the bias H,, field
Design #5 | Design #6 | Design #7
H,,(0e) 3280 3280 3280
47M, ® n=0 870 870 870
(G) @ n=1 800 1000 1200
AH © n=0 186 186 186
(Oe) @ n=1 48 48 48
e, @O n=0 15.4 15.4 15.4
® n=1 14.6 14.7 14.8
3
4l 60F
Design #5 F~eo Design #5
ST ---- Design #6 65 - -~ - Design #6
@ 6F -~ Design #7 ) _7.07\'\. - Design #7
8 2 7s5p
E 8r S
g of S o]
10k - -8.5 -
M . ) . 90t : ‘ ‘
20 22 24 26 28 20 22 24 26 28
Frequency [GHz] Frequency [GHz]
(a) (b)
oS 200 |
_ or 5 T N
%'1-5’ g 100 Real[Z] _/./";'\’\:;“";" 5
2 Design #5 £ Design #5
g 25 -~ - Design #6 3 O --o-Desin#s 1 Imag(Z]
- a0 - Design #7 - L - Design #7/./.’ e
T -
%0 22 24 26 28 20 22 24 26 28
Frequency [GHz] Frequency [GHz]
(e) (d)

Fig. 4 Scattering parameter and input impedance calculated
by RGF according to Table 3. (a) return loss (b) isola-

tion loss (c¢) insertion loss (d) input impedance
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Design #5¢ #63 #7¢] 93 vj2as 59 dAo|Edd e AHIY3 nlo)
A22EY AZHolee ¥AL 7.6 mm, ¥ &Y 9= 2 5 mm, A7}
dHlolo] X zHAl= 3280 OeZ AASIPT). Fig. 4dA= 93 239 dgole
MAS 7|EFe2 g ta3e] wASAd uwE W3lsE e & 4 9t} Fis.
4(a)e] WAIEA JH=ZE B FAFISLE 3 fiae Esixists o] 7tz
800 G, 1000 G, 1200 G¥ wi Ztzte] Wsll 2.47 GHz, 2.4 GHz , 2.32
GHzZ Jelgrt. E3A13l%71 F713te) wel g2RFak¢E 700 MHz 4 813
H9eh. 283 WAL Wl 27 10.49 dB, 10.94 dB, 10.78 dBE 1
el dkAlER L EspAlEtEC wlHEHA] ASS & & Ik AW wAELS

15| o} 3 tx3e] T3rsles 2F 2
o EA4< vehd g =olr}

—

X
©

Yxae] E3xtstert St wel FAFFE SHEEd R ofol&dold &4
< F7Hit}. Fig. 4(c) AYEE 545 Jeld aedi=olo. A7 A el
FRAFao) QX 2z 2.5 GHz, 2.43 GHz, 2.37 GHzZ JeElyr}. o]
Azt AL AN vehd ZAztel Aol J5S B ErE. EsixistEe] uie
A9l €& 1.46 dB, 1.22 dB, 0.67 dBE uehdtt. 183 Eaxstsst
2t HgZL 743, Fig. 4(d)= Table. 32 A& o3 Axks
o] Ao} 3o Td=ol. 3 fXae Esixisiert F13t
of wtel 4 dIldEze] Aeske] dIdist 204 FU1stct. Design #5090

fr

l

(3) slzto]& wi™o] 3/HZ o]FoiR FH¢2 54

Table 4. & siztel= wige] 30 Agel 2z A4 wds uloloj2g
vehdl Eolth. mlelaziEY AZdelHE UY tadst T Y @ traz
FAHYE. 714 AZdelHs] ¥4 271E 7.6 mm, 4 - £Y DAY FE 5
mmelth. Design #83 #9¢14 98 vizzst ¥ A & ¥xas Ll
Stz 3 A @ H2ag T2 A3 Aeelth 24 Haa we AFdel
Hel WA 2718 F53 35% shanh.
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Table 4. Ferrite specification and the

bias H,, field

Design #8 Design #9
H,,(0e) 3280 3280
® n=0 870 870
47M,(G) @ n=1 550 1000
@ n=2 1200 1200
® n=0 186 186
o @n=1 48 48
© ® n=2 48 48
® n=0 15.4 15.4
g, @ n=1 14.3 14.7
@ n=2 14.8 14.8
5 : oor Design #8
6} N ---- Design #9
— Design #8 = 7O
g 7 ---- Design #9 %
“ “ Frequei:y [GHz] “ * “ Frequei:y [GHZ] * “
(a) (b)
% e ;§_ or ---- Design #38 Imag(Z]
- 30 £ sl Design #9
B “ Freque::y [GHz] * * “ Frequei:y [GHz] * “
(c) (d)

Fig. 5 Scattering parameter and input impedance calculated

by RGF according to Table 4. (a) return loss (b) isola-

tion loss (¢) insertion loss (d) input impedance
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Fig. 5% Table 49l 239 e Ed= Ad A2z 4y dadas
ehdl Zemolth. A WAl @ tirze] Esxstwel met TAFIRSE  2.47
GHz, 2.35 GHz olt}t. o] A=tz FAFI47 shabeln oS FAd &
Q8 xzst shte] § taaz o]l mlo|AZ2EY AFdoEe] H$ol
Yeht S47 ARt 223 shte] # taaw AN A¢RG F

=

@ t2ag olgstde W S4L o Al WA £4 S4¢ Asn

[Ne]
[oN
S
fu
L
o
XL
K
=
18
I
o
N
a
i)
2
¥
o
of
2
N
X
4~ o
]
i3
oX,
gl_t’
rLr
ri
A
[~

o8
L)
i)
%
fars
I
rlr
i
L
2
e
o
>
N
Lo
bl
%
)
ot
1-n
A
ol}l
A
%
2
=
AL
s
L
X

Table 5t dlEle|E FA7|7} 98 d&Is) F 7)9] & f&2IZ o|FoH S
W w2 Az} wpolojXel A HF S vebd Fo|rh. Table 44 2A
H9d WAz fAkste. Design #1038 #1194 vl 22 3 WA 3 tx
29| WML Y oz FAXI T F WA 3 trae] WAL dE oz
ARAZh, AZFdFolee uAL 7.6 mm, ©2Fe] =& 5 mmeol3 <l7}E ujo]o]
£ 2= 3280 Oe ©Jt}.

Table 5. Ferrite specification and the bias H,, field

Design #10 Design #11

m[Oe] 3280 3280

@® n=0 870 870

47M (G] @ n=1 1600 1600
® n=2 550 800

@® n=0 186 186

AHOel] @ n=1 66 66
® n=2 48 48

® n=0 15.4 15.4

&, @ n=1 15.1 15.1
® n=2 14.3 14.6
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Design #10
- - Design #11

Design #10
- - Design #11

Return loss [dB]
Isolation loss [dB]
©o
(&)

L L L . . .
2.0 22 24 26 28 20 22 24 26 28
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. . . 100 . . .
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Frequency [GHz] Frequency [GHz]
(e) (d)

Fig. 6 Scattering parameter and input impedance calculated
by RGF according to Table 5. (a) return loss (b) isola-

tion loss (c¢) insertion loss (d) input impedance

Fig. 62 Table 59 Design #103} #1129 ZAXE EdE AxtE Atz
48 dodE 545 vehd T =Zolr}. Fig. 6(a) A &2 vehd
HZolxn F HA selo|E mHd wE FAFI4E 2.3 GHz, 2.24 GHzel
8} £4& 11.5 dB, 11.9 dBZ vkttt o 2z Table 4% wiete

i)

H
‘..

LI
r
)
Ach
L)

vl B dsiste Pejzt vkl 2z 3y d e Abg
g g txze] E3AE3LEsE 1200 GolA 1600 G2 F7HEAS wl A FHelA
E4o] MAHASE ¢ & Uk Fig. 6(b)E olol&dold &4 vehd 13

Zo|t}. Table 52 Design #103 #11 €22 ZTAFI4E 2.49 GHz,
2.39 GHz = ©] wje] &4 9.42 dB, 9.86 dBYrt. Fig. 6(c)E AY €
Ag vehd gz FAFIS4E 27 2.34 GHz, 2.28 GHzZE Jelgs 2
AFstpe A el 4 £42 0.93 dB, 0.81 dB gt}. Fig. 6(d)= Table 5
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Table 6¢14+< Table 5914 ZAAHY WFE
239 wid= uhpa yite] 3 ox3g wldE WstE Fo| el o7]A ut
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ol AER ANFHolEY AL 7.6 mm, ¢ =¥ 2xle] =& 5 mmeo|t}.

Table 6. Ferrite specification and the bias H,, field

Design #12 Design #13

app[Oe] 3280 3280

® n=0 870 870

At (G) @ n=1 800 1200

® n=2 1600 1600

@® n=0 186 186

AH(0e] @ n=1 48 48
® n=2 66 66

® n=0 15.4 15.4

&, ® n=1 14.6 14.8
® n=2 15.1 15.1

Design #12
- - Design #13

Return loss [dB]
Isolation loss [dB]

Design #12
--- Design #13

L L L -12.0 L L L
2.0 22 24 26 28 20 22 24 26 28

Frequency [GHz] Frequency [GHz]

(a) (b)
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(e) (d)
Fig. 7 Scattering parameter and input impedance calculated
by RGF according to Table 6. (a) return loss (b) isola-

tion loss (¢) insertion loss (d) input impedance

Fig. 7(a) ¥EAS Yepd IeZo|n. FAFIsE 2.31 GHz, 2.2
GHzZ Jelgs FAFIpelAe] ubxl=d e 12.57 dB, 13.48 dB%ict.
ti3e] E3ristert Srlsbd FAFIeE shEER 542 o AAd=d.
Fig. 7T(b)< ole]&dold £4& vehles Zeli=Zolct. WF 3 tj&39 3}
zsl=e wiel FAFIFEE 7 2.35 GHz, 2.25 GHzE Jelys F3 S5
iAol &4 10.21 dB, 11.58 dBE uJeElytt}. Fig. 7(c)T A4S U
ehll= ZellZolch. o] At FAFIE 2.36 GHz, 2.22 GHzE Jebs
3 FAFIFAA Y AL 0.69 dB, 0.49 dBE YElyttl. 47]4 Design
#1292} el AFHRUYY Design #11S wlzshd 3 gyx2ars Uiel 98}
A2 ulg o]zl AA Abeolct, FAFIFE Design #127F Design #11E«)
70 MHz A= ©] =t}. 283 Design #1294 ¥kxl &4L2 0.67 dB, °}o]
Edold £4& 2.71 dB 7 F71 3, AY 4L 0.12 dB #F&Hr}.
Halsld 2o £ FAFILE 2.36 dB, 2.25 dBolx, FAFIFAY ¢
Halglgdxe] AFRE 2990 21700]tt. o7]H Design #1138 Design
+ 330A % Design #127} =rt}.
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Agstn &% @ viaas] Wde] THAHES 37 AA 54 Fskarh,

Table 7. Ferrite specification and the bias H,, field

Design #14 | Design #15 | Design #16
A, (Oe] 3280 3280 3280
@® n=0 870 870 870
A7M (G) | @ n=1 400 400 400
@ n=2 1600 1850 1950
® n=0 186 186 186
AH(Oe) | @ n=1 45 45 45
® n=2 84 15 20
® n=0 15.4 15.4 15.4
g, @ n=1 14.1 14.1 14.1
@ n=2 15.1 14.8 15.0
4r Design #14
---- Design #15
_ '6: --=--Design #16 =
“ :14: | E ::: Design #14
N~ « . ---- Design #15
oL L L | 14t ) T ) === 'De‘sign #16
20 22 e ue::y o 26 2.8 20 22 Freque::y e 26 28
(a) (b)
%;Z’ g 100 Reallz] .- RN
R —— | It
£ 30 --—- Design #16 g ——Design#16 * 7
as -50 - P Imag[Z]
20 22 Freque::y o 26 2.8 20 22 Frequei.zy o 26 28
(e) (d)

Fig. 8 Scattering parameter and input impedance calculated
by RGF according to Table 7. (a) return loss (b) isola-

tion loss (¢) insertion loss (d) input impedance
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Table 72 93 vzl U & dxze wides AN AedA o 3

taze] wide] EABIEE 20006 G712 FIHAA EAS FAT ¢ U=

Z wSod uj@ EAe QstE ulololA AE JUehd FAFo|t}. Fig. 8

Table 79 A& g3t A A=tlids) A9 dodx A4S Jeld 2
3

#=Zolr}t. Fig. 8olA AAHL Design #149 AAE Az EAL HAAL
Design #1592 Axkg Az EAL €4 HAL Design #1629 Axd ZAz

4% Jehd. & 3z EiAsiEsl FolEel wiel Jehde SAL
Table 1~62] Azte} FU3A velstel. Fig. 8(a)e A &AL veld o
HZolx WAl £ Jebd FAFsEE 2 2.45 GHz, 2.39 GHz,
2.33 GHzolx o] uwje] ukAl&A zte 9.27 dB, 12.07 dB, 15.3 dBgit}.
Fig. 8(b)¥€ olol&dlo]ld &£4& vehdl 2 Zoln TfZ oA Fdd FAF
st 2.45 GHz, 2.39 GHz, 2.34 GHzol=x, o] wje] £437]& 9.27 dB,
12.07 dB, 13.7 dBtt. Fig. 8(c)e AU £4& vehd T Zo|r}t. of7]A
vehd FAFs4E 2z 2.42 GHz, 2.37 GHz, 2.33 GHzolx o] we] &
2 0.83 dB, 0.44 dB, 0.3 dB¥t}. Fig. 8(d)elH ddLadz) F
FI4E 2.46 GHz, 2.41 GHz, 2.36 GHzolx ¢=Hdzdre ASFHE=
Ztzt 2389, 2349, 2299%tt. RE ZE F¥F uw Design #1694 713
4ol £& AnE AUtk Wi nlojejzAHA L] Al7lE 3280 (Oelolx 5|
glo]E @& G_1003, G_400, TTZ1950 AH&3tgct. zHzte] siglo]lE wj
A EAL Table 8¢ Yeldr}t. Trans-TechAlollA A|zt=lo] Fufst= ot
o|E wldg o]gsle] HHQ nlo|aR2ER u|FY dEto|lE FAI Y HARE
At WAL 7.6 mm, Y - Y A T 5 mm, YR wlojolx AAE

3280 Oedirt. ZF vl&3 9] ubA L AFdHolH 9 RS #3535 35 £33t

(]

2

Table 8. Ferrite specification

n=0(G-1003) n=1(G-400) n=2(TTZ1950)
AxM (G 870 400 1950
A H (Oe) 186 45 20
€, 15.4 14.1 15.0

olul = g WA WAl £4E 14.3 dBR, A4Y €42 0.36 dB, °}o]
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