5.6

RF =11

BT

W COMSOL



RF #& R & /v
© 19982018 COMSOL JfAL i A

25F cn.comsol.com/patents {13 E L] 7,519,518, 7,596,474, 7,623,991, 8,457,932, 8,954,302,
9,098,106+ 9,146,652 9,323,503, 9,372,673 1 9,454,625 {47, M.

RSN FNA S TR FIFEFPARHE  (COMSOL ARV R H18)  (cn.comsol.com/comsol-license-agreement) 2
fit, HAXRe R RR VR T B3 S5 ka7 i P sl s o

COMSOL. COMSOL ##%. COMSOL Multiphysics. COMSOL Desktop. COMSOL Server 1 LiveLink >4
COMSOL AB [yEM FARE R bR . B HAR R AR 5 A H % B BT & W, COMSOL AB e H T Aw Al
FERANE IR BAR AT # A, IR AR BEIEISCRE . MR RR T AR S

cn.comsol.com/trademarks

iiA: COMSOL 5.5

BARGEERE

WEUTA “BERIANT” TUH cn.comsol.com/contact, LAFEA —MR M) Bk RFAR S RFEE
R R M AL A 515, 8t a] CLUG ) 4 BRES 6 /0 S AL T en.comsol.com/
contact/offices, FREUEE Z bt REE.,

WFHPRBARSCHE, 15 COMSOL Access TUIH cn.comsol.com/support/case, {17
AL IE R KR . HoAhH B

o HARSFFH: en.comsol.com/support

o FEEER#: cn.comsol.com/product-download

o PEEEH: cn.comsol.com/support/updates

+ COMSOL f#%: cn.comsol.com/blogs

« FF#1Z: cn.comsol.com/community

+ ¥&3: cn.comsol.com/events

+ COMSOL ALz cn.comsol.com/video

o BIRZFAIRE: cn.comsol.com/support/knowledgebase

RS CMO021004


http://cn.comsol.com/contact/
http://cn.comsol.com/contact/offices/
http://cn.comsol.com/contact/offices/
http://cn.comsol.com/support/case/
http://cn.comsol.com/support/
http://cn.comsol.com/product-download/
http://cn.comsol.com/support/updates/
http://cn.comsol.com/blogs/
http://cn.comsol.com/community/
http://cn.comsol.com/events/
http://cn.comsol.com/video/
http://cn.comsol.com/support/knowledgebase/
cn.comsol.com/patents/
http://cn.comsol.com/comsol-license-agreement/
http://cn.comsol.com/trademarks/

15 5
REBEHIN ..o 6
RF BB 3E0 . oo 11
BT [ 4E FE AR SR AL R e R 13
PHRERG]: AP R = DA I BH TR, . . . .. 15
117 P 15
BHATUCHD ..o 16
BEALE SL 16
AR 17
BHETLMR o 18



4|



i

Al 1

o

TREITAVRHIE N 0T ARG A “RE AEER” SRERME. T AT vt i B o ey e
RGP AL RRAIL RN o A BIIXSA B, AT DA™ I RE S A R i ™
dh, JFSEBUAT 2 AT TRE ik, P AT DU (5 FOR PR L AERf I T —
BOHRE T BRI A AR S R IhR . SRS RBAILE,

D7 FALRER B PAt AN T JE 7208 1L S 96 B4 I B (1 SEAR 384T B T ARk

Ao AL, EIRREH THRER T A8 SR L bR A B0 B fa R i TAR A

R B Ak 5 = o s 8] P ) PRI A LRI, DA RAR SR 2 T L (1 TG U
MA RS ER TR . PR @A I T 2 5 i F 718 / T AR — ek 4],

(7 i 445 A5 FH 2 R A o (10 4% 3 2038 P IR AR 56 2 o 80T LB R T0E LI
YD (SRR B (RF) B0 ks a2 Thfe, 3 i i X 2e 1)
BEREET LRI AR F SR Al . RF SR BEH TS g, AR RS 2y
A B4 L 32 A PR T S SR BT e

FEMHEZLS, RF SO AR R L w i B AN A, IS HI6
AL FEAFATBEAT KA . AERMRIXLETTRENS, WA IR Tk A BB A
I o UL TT %, [RS8 & 1 O A5 20 AR g 75 R 42 AT TR BE AR g8 14
Jeib L X SLRN AR . S SHL. DA KRR lE X4 Kk
woRe SR LLR SRR Oy B e ORI BT RIA S, siBLRR LA R Rl
R EAF R IR AEAE

DI TARRAER R T, Al MU LB € SO IEFEMEL, EiE
I RF 0 € SO FRAFRIIG %A € ATBRITIAES . bR ey Ll
AL S R . FT A XD IR 7E COMSOL Desktop HHHAAT o R4 620 1@
HAEHBOABCE ABSE M, B SRR N E 19 RF 42 AT I .

“RF MEER” [ S0 B il B AR HE R iR 1 3 T AN A A R R 4 11 K
HFHERIE. P EE K&, BRAARSIE . MR IR HU
ANFE IR WU T 204 SPPA e TRE P AR SR A T e I DL T
IHIEMIBA A RF £ 1 3L AERIRY

AT B AR B ERIENTT, FEM T ERE TAE . AN T “RE B

MR B, A — AN R B O R, s — AR B
4T ER TR



RF L[]

RF 2 TR0 i U FH o 1) FEL 3 AR R AT . I 3 R A A
(RS AT BB R IR K 2 — e . BRI, BT AR TR S &
+ 10 MHz [ G AR BONAR RN B4

RF /i 5 RS- BUR TR 481 AR S A S 19 S S8 & 1 BoR A BiH e H 259

oL AT . FETE TE o B PRSI IO L EBEN, 885 1328 i
(KL AR, 25 il XSk P R T R

freq(45)=5.1 GHz tIf@: Electric field, z component (V/m)

0.03
0.02
0.01

—

Kl 1: A H SWAFPHIEG 5 REFEOVFETH) “=9H ZHF” App.

6|



SRR A Rl S ZHCRkERRR, WiE 2 Prs.

oF ——=

5k

i T |
1N / N/

{ ,
\E s"‘l b /

-251

\ |
301 | \
f | ]

-351

S &4 (dB)

40
a5t
.50
-55+
60}
651

_70}+

4 42 44 48 43 5 52
4 (GHz)

K2: S 28 (A HZE) BEHFRIE NG

S SRR Bt it — T N SR PERE TR AR . BN TIETT LA/EDY Touchstone SCAIF 3
, #E-DPHTRGMH.

K3 ORI 4k E “RF BB 9ZBIEE, BoR 7 NSk ior B B2
IR R R S B s R i S B BT e



0.14

0.12

0.1

0.06

0.04

0.02

BI3: AT MEAEF NI KGR R RE,  T] BN S i Jed i e T o P
07 AR HTETST (SAR) ” App o

SAR  C(HEHRH) [ERFE SR B E N RIE NS, il (7 1T IR T8
Hofs %A -

HIE: logl0(dSAR)

}r‘___::_/ 15
<= e
‘.‘g=2—3‘=lb *
— — 3
iy‘;_t?’“”"”-*f———f.,,_,,_w_q_w ) -~ M35

B 4: AL i A HERACF (SAR) HIXTE R G -

8|



“RF BB SRR T — 4@ B SR SRR E AR, EUFR IR IR BN I AL R B S 2y
Bro 185 BoR THHERITH R A B T

AR IEE=1.4444 (2) FE: Bz 58 (Vim) SHEE B 2 58 (Am)
20k ‘ ‘ ' ‘ ‘ ‘ ‘ ‘ 1 x107
2764
2473
151 1 21.82 6
18.91
10f = 4 18

2 S 13.1
10.19
7.28 2
4,37
1.46
-1.45
-4.36
-7.26 -2
-10.17
-13.08
-15.99
-15F - -18.9
21.81 6
20l | 24,72
27.62

Hm

“10F

—éo —1‘5 —io 5 5 5 fo 15 2‘0 Hm
g 5 :A%EE’E/TT TEHE A G [ 5 BRI TR R EBVENT BRIt
Z lpp -
ARAE B =4k, ALK A NIRRTz . B 6 2 FIHRN
5 B — AN A A TR A O R

alpha(9)=36 deg EIFHE (Vim) AT (FEELE) RETE (BR) B4 (BR) Rt m =-1 ()
EEiER, m = 1 (@38) #5E m = -1 (F8) #5Et m = 1 &g8)

=107 [
mlO x10*
1) 7 1 8
101 1
- 7

6

=~

| [ — N\

o
I

-15 -10 -5 5 10 15 x107 m

Kl 6: MEXTS H]TE A LG FEFEOIFER] “HHZ T2 IEM " App.

| 9



L AT LAFE 4Rt FRBE R AT et (BOR) 1 o 18] 7 o Rl 15 FiL B Al
52 R 2 PR S AR

freq(53)=1.5 GHz Z=m: #iFphi &8 (A/m)

m

e 05
0.5F
0.4
0.4
03
0.3
0.2+ E 0.2
0.1r 01
oF
0
0.1
0.1
-0.2F
sl | 0.2
0.4t E 0.3
051 0.4
0.6
0.5

-0‘4 -OI.2 (5 012 Ojll Oj6 018 ii. m
K7 st E R HER LG T AT R B . 2o T G197 07 70 4. K F I
lfﬁ‘ﬁ;//f/% »” Appa

“RF Bt ” 2t %M T AR FIEIFSHER, #l, . Bk
B (SS30D . S SH LS H N Touchstone SCAFA% .

A R AL RE R S T K A 45 A . AT SRBEAL AL EAE
B T EAR O EA . 0 3 T B PR AR LR B 4 [ R S DG BE BS A A I AR A
HIgER:, AR TIHT el A e, INMFRHERE K KRG,

10 |



RF LY 37 $% 1

“RF Big” W)8idns: N T2 5 i 5518 / T —Lee ], [R5 648 A
BIAMIRR ., TRz, XY e d i RE 8 D808 J LA RS 512,
FFAN T FELL AR X N W] 6 25 A I A 4645

RF % 7€ ST 2 RHE. B NRFAEARROR HEA T R 1 — NIk A, 7T R
PERCR I LTSS S, B, 300 30 GEFI T =Hedlft) .

BRI R AR - gz EE
- R BBE, ®
4 @ T coaxial_waveguide_coupling.mph
4 (D 2EEY =2 Wave Equation, Electric 1 =
e - R
4 W 4B Component 1 iz | e
= EW
A, JUEl: Geometry 1 [on o) ; ;
A oo - =
5= Bk Air 5l L
T v itk Dielectric &b
== #7#k Copper
4 k) EEREIE , 4Tk Electromagnetic Waves, Frequency Domain
Tl FEEISTE | BE: Wave Equation, Electric 1 . =
T =S Perfect Electric Conductor 1 Bl
5B DI Initial Values 1 v o
w [E{RE: Impedance Boundary Condition 1 SrEEsE
=B port 1 FZE: Study 1, 8T Frequency Domain -

= i=00: Port 2
A FItE: Mesh 1 VX iETXE) - ‘(2(5’77); o
e EEE Sudyl eI
B =252

[ i< *
I AREEE
v EB{TEE
FEATE IR,

TERT RS -
1ERTEEEL
¢ [ =am =

58: {{%@ﬁﬁ; @» Hg (fﬁé‘iyﬁ‘ﬁ%» a‘vg (E) /ﬁ] ﬂZ//Z‘L ” E—i’ﬂ (E)D ({ﬁ"
P27 iy TP “Hes) TR, 17 TR s T Fe g . s g
A KELL T2, FAHI K ALAERE T Dielectric 77*/.# LTHRINT I 5 2 TR 7

S
N o

11



B 8 A “RF BEH” RGP “ R T e BREIR TIlE “Wahly
P2, HL17 RRER A CBIRIT AR WO CWRE” WH. “WEhiR, M
17 75 KR 2R LR R SR N 3 P L AT i R T R v

SRAh,  “WEhITRE, M1 RFAEYT UL T CVBERE R “BPRLT KR AL DA R
RSP BLJE P, RS A R - A5 ep g P SCRB A BT ROARDR S HL 2
ti Dielectric #BE IR VERT G2 Fr BB B s K, iR, “ PR S
17 A DA TRIAE ¥ 5 2NN S S 3 57 2 A R AR A A3

Koo T “BRES” hERBEER ) “HH” (RF) #:H.

4 g5
BT g )
S EERGE , ATEER (ewte)

L-;J;T FEREE |, 4T (emw)
K9: “HE” U] G (RF) WP 7%

SRR S H T AU BT S A RF #2101 (). BB “Riomi” #
H, Ao “ALfh > s 30T HIES WA T2 A1 4R R 7T 0 1) 3
Y 4R . DN IX 28 RF 45 13T 1) ZEARA

R, Sk

R, PR B (i) ORI AU s T R . IR AT DL M
T 2k AR R B LIS 75 . %45 0 R 2 T O G A A
[F) A JoRRN 28 K o PR A R AT R ASE . L B 37 A0 W) P T SR A 45 ) 1) 1 i e
A7 BVRFALAEL 1P AL, SO T W 3 B A A 2 (X A S . o P e P37 2
RA — L d RN 3G B A . DR AR AR . R SHIEHE
AR A5 o

R, I A

CHURG, IR I BT () A PRI AR R W 0 T SR A L S A 3 14
P —Br o T RE T RE . B e AN 2 e s - LBE D o JHRE
AT DGR AR R L i B, B 210 SR ey . %k D B E A TN
LA AE L RS o A (A ST A, TR N7 ) 4 P Pk o PO A5 1 5

R, BEAS

CHURGRG WEST B (i) F ORI I s R . IR AT DL A
T LRI I A B BN 3755 . 1235 0 3 BN R BRI
HIfE O, X A AE AN R AN S5 4 P AR Sk AT S, Bildn, AR 1520
FERARZ LS T o ST N7 045 L R K o PR A% B AN AR R DG 220 o v 1 e ™
A

12|



el sk

AR O (5 SRBIHE R AT LIS R S L DO TR
R — YRR A R AR R R AL, SCRF— 4. 4R =4, B8 “4HEM
RN IR BT FURAY . S T T B — R BR T AR SN 11 .
TR N7 B4 BH BT UL BT 0 1R A0 R 25 R B

(CELIERS

ORI B () B TR PR BEORAE S AR R DORE
AEARSS o TIE SCAAH ELAT A AT LUK R A HRE H Zh BN AOT RE R .. Y
BT — MR SRR RBEAEE, LA I e (a0 .

HHL

CHUER” BRI (32) ATLAEBEE RF 8200 HL o () 48 A P FR AT P I A8 B T DL &%
BT, FEN A BI AT IR o RN AL AR A e AT R 25 L 2
L

T T 55 ] JE R I8 FE 7 g W) 7 1 72 11 75
T ZR%1H COMSOL Multiphysics JE A VF AT UESE AL 9337452 1 DL RS € T AR
s .

YD mE e |emer [TRom
I ACDC
o = oir i R B B M3
N
pren
x| FREH
L = |— ey
G —dERh RS - R
TR B, - s

113



AR

WD wis i |smer |wmmss
A
T, U emw | - | ESERSRA: R
Y. —UEEy | SROMHT: AHESIR
R Wb, B, A, M
DT N 4R — 4t
R
o L T R P
o, YRR
B, WS e emw |z = @R B A,
. —OEM M. R FFT
pap
fetst d S - R B
g

VAR P R TR U 2 B R, T UL Sh RN 7 SR B B 0

14 |




PR AR EAR =S VA 45 1R BT UG e

a7

PR IT A5 A — R AR 5 2 b L85 AF . R BUTReE: 3w 1 BN AR5 2
B 3, fH¥m I 3 NSRRI B O 1, AR 2, LIRS, A
ATH A AT 85 X AR R B B B oo i, i, FIORORE A s AN fie e
BRPLHRL. IR AN A5 . RIS AR ZIE IR BT A B 1, A
TR AT CIBHA BIR A, R HIARAT Dh R A A AU 2 . PMT 25 IE 3 7
B RAEM, X R R SRR M 2 B . RBRERETER R, SR
B 37 TN i S P 568 /NSRS 5 RIS 10 b o AN B8 IRy =AM e
LA 120° [l R sfe —id, Mg 17— A= DTS, JREER I A B
AN MREMAE

¥t 1 3

i 1

BRGURE B T 5 H IR B . (5B Eh UM KBRS0, SRR
X5 T HEAT R

115



Ve o

TEG T S # R BB e — AN E R RS 21 LEME T S5
FNFHBVCAD . BHATVC A 2 R 29> N DR 75 B 2 S A 4
BRAEAARAE 1 R DA B S M ] Rl AT TR B 2 o AR BORE X X e S0l 1 AH B
iR, DIRKRR IR D it . R4 E shit SR T S 3R AT 35 10 s i A
FERRMEH S (SSHO .

TER AR RS, FRATIESE 3 GHz 1E AMFRAIIR . ZIAT 8 THE 3 GHz A4 1)
AR R R, RIS E 2 2.8-3.2 GHz. A1 B2 E
WEUF TAE, RIS 6.67 cm x 3.33 cm AT SREE R, LUK TE,, JEM1H
BURSR BN 2.25 GHzo PRI B R TE, Al TE, B0 E SR N
4.5GHz, *E T HEMZEME,

HHEX
Hoh—AMET G T TE, o BN e AL E, A% TE, o A& .
AT 5 REdE AT s K R R B

V x (“;lv X E)fkg(arfﬁ()E =0
Hr, o RN R REKE, o RAME, o TR IEKE, ¢ Fon
HENHEER, o FRMHNSN BEHORE, & R H BT B EXDMRE
BRI, ARATAL B R RN T BRI BB A S AE A i BN 5
RIREGIANEA  hT SRS ) VAT S R R B SR, B
SR B REE, AR, FAVERME SRS TiseE LT —dEE =
%%Mﬂ%ﬁﬁ,#B%E%AﬁﬂoT*%Wﬁ@@ﬁ%%tﬁ%%ﬁ,ﬁ
"BZ%.

16 |



A IR

A RBRAHIE BRI R R, 155 SR 1 MBS Tk 2. TR
B A I B B Hy W% 1 S R 989 2, DRULS| 2 ik — T A
SR/ 5 00T AL (P T IX S B IF B S BE R 40 T 1EIE 2
O VB BR AP 1) 5 1 Sl 3 PSS LR A A8 )

pojk 0
[M] = |5k pn O
0 0 pg
Hrp
K= MYy

o= pe(l+x)

AL A5 EE o (ME—JoE ATl DA RIA AT 2.

_ u)omm(u)% —0)2)+m00)mc02 o’ ] occo(om((o% +m2(1 +0c2))

XX

-J
2 2
(0} —?(1+0?)) +40) o (03 ~?(1+0%)) +40} o d

. 20)00)mc020c i mmm(m% —0)2(1 +(x2))
xy 2 2
((1)(2) —0)2(1+0L2)) +4c0%) o o ((n(z) —0)2(1+a2)) +4w% o o

/\I:'j
0y = KoYH,
Oy = l"'O’Y"Ms
_ HovAH
20

XM py RREH BB FE: o RRWEAIAIE; o RoRIHNE #
% Hy AR TSN RR (RS o, REREE M, BRI
LT RE SRR sy Ron BT HUERELL . X T EHEREE (0 =0), o=
oo B HEF2AE R T R EABERAM (o= 0) H, IR N RN IR T
PREH T o S5 IEIRMHIT R R I 2612k 58 AH AISC, Wil B s — ARk
A1 MRS N

M,=5.41-10* A/m, g,= 14.5

117



BRARFEMIEYI A 2-10%, H AH=3.18-10° A/m, HUEZ % ik 2 A
. SR E N Hy=7.9610° A/m. TR E 2% ik 2, %A
1.759-10'! C/kg.

ZZ X
1. R.E. Collin, Foundations for Microwave Engineering, 2nd ed., IEEE Press/
Wiley-Interscience, 2000.

2. D.M. Pozar, Microwave Engineering, 3rd ed., John Wiley & Sons Inc, 2004.

BRI 7

XSS DA E U I 5| IR A B =0 DI SR i = v A . 25—
SRR 3 GHz BIARFRBUR BT JLA R E AT RS EE . SR, PUTHIR T
Hh, WEZAELL 3 GHz N ORI 9 400 MHz IN MRS I TERe RN . T2 )5,
THEFSHEAEEA S SHIE R Touchstone A .
VE: XEEERE UL 3T Windows F 7 i, {HEFSE AT Linux M Mac 48,
B E AN .
1 Wi £ A COMSOL BFr LB s AT H E, ]
DL AT B S ROIEHT K COMSOL B, Tkl SFEE
i “sHEA” FREAToIE. X TAEEE, #Bdy “Bin
57 ¥
% COMSOL CTFF, B3 “BAHES”, WM “X s=ms
fE7 SesrpiERE OmEr [, WERd MR e B
“RERN S 25 RIESERE SRR LN R, Rk ;@J
BT DA s e B A s (R 4R ==
2 7 “ERHSEgE” mORBg ‘=247 @
3AE SRR BRIT CSUIC, AR A LB, R L
ST TR Sl
o, RRTDLERE RGN, B L, R a1l

18|



4 ﬁﬂ:‘_{ “ﬁ)‘[l:?‘i” e o
5 BRI <M A, e B oy
6 Hili “SER” -

EREN - ZHEMEER

PR Ul S H vk S . MRS RE 5@ 1 O AN LT -S40, 1
SNFHIT S AR ZED S HPTULHS . XSS HR T ENE, FT9muten
JIRCIYfz:s=%

TEARTIH, RATSTAWANSEIF N ZAN—H T, RNEHIT 2 LA
eSS, RN L7 A — R iR . 3038, e L N— a8 L.
SRR B TR LB E S, WU — 1 prid . R EESZ N, HFE
BA M T IR S B .

178 “FhH7 TEEPRg “S87 p (BUHE “BRTFRSR” B, LR
t “RREN G IR “BHE P

VE: £ Linux f1 Mac b, “FhiH” T EFEFE Desktop TTHE T ) — 44552
Gl

2 fE Y CWE” mHRERET, MALTIRE:

iyl
IRIE
28
v B
L3

EfR =R & b=
sc_chamfer |3 3 Geometry scale factor
sc_ferrite  |0.518 0.518 Geometry scale factor
PortName |1 1 Port name

FEESTA I E AR RS Y I ] LS| 42 R AR & . 7 (e I, 1K L8 5E ST
CAFMEAE AN SCA A, RATTAT DA E R Fe R AR o AN SO AR IE
B SR
ORISR AL BARYE 22 H AR Al fan, 4niR 22 R fe it
I, B ERZELLT ¢ \Program
Files\COMSOL\COMSOL54\Multiphysics\applications\.

1 fE “Epf” THERRDG “BR” - JFikf “e2RER” -

119



2 R PR “WE” WH. £ BE” ERRE NI = .
“ZE” A \RF Module\Ferrimagnetic Devices, X0 344
lossy _circulator_3d_parameters.txt. L= S AFHK.

iyl

ZiE

=
i EE1 =
v EE

L]

EfR =R Elnd b=

epsD 8.854187817e-12[F/m] |F/m Permittivity of free space =
mul Ae-T*pi[H/m] Him Permeability of free space

w 2*pi*freq 1/s Angular frequency

gamma 1.759e11[C/kg] C/kg Gyromagnetic ratio

HO (100*1e3/(4*pi)[A/m] | A/m Applied magnetic bias field | E
wi mul*gamma*H0 1/s Larmor frequency

Ms 680e-4[Wh/m*2]/muld |A/m Saturation magnetization

wm mul*gamma*Ms 1/s Larmor frequency at satur... | |
dH (40*1e3/(4*pi))[A/m] Afm Line width

JLfT

fE “ARENL” —1h, BOCRASHEHOSANL R, PRSI, ZE5%2)
W 2B AT 48, VERCAE LT 7 20— o
RNHTERE]L, FRATAT LA “REIE” WO NS5 BEM UMM
()P E AR
17 “FEhiA" THERRE “GN7E s “200E” [ -
2 fE “EEIE” WOR R “RF B > W&, RJEXE lossy
circulator 3d geom ¥ IHITH
BT L= RO A& SRR B Untitled .mpho
RSN UG, SR L sc_chamfer fll sc_ferrite HIMEFEFHE
TR, DL S AN E R T

20 |



7 #

IR, TEARA PRI R E . T35 KRR = S N B

BHEAL. R SRR A BB AARIRPIRE, U0 I ] 76 PR A A Y v B 1

NAMBI RS o AR I EEAE 9 58 58 SRR, ERAR TR R}

1 fE “FBRET TR RE TR o

2 ERPEI T “AEMEL 30N, AR A RS CINImEIAE 17
W -

AR "

+ FEEkAl » + EmEEEE

I & ErEERRETE

bl =

4 3 RS
== Air
25 Acrylic pla B
# Alumina | IR ) me 1

== Aluminum
+ EmEEEE

= Aluminum

3 U CUSIRRL” iy DORHIZE M

R, P

BREEAAE G SR By R R i N R B4 11, O 51 IR 42 e X -
SHAT B AT E X R A E .

W) Fe, 2

1 fE “PpEy” THEG, Bdr “507 @ Rk “pEhifE, B .

WY “UBHTIRE, B27 T RSUSINE] CBRTT RS he WA AN
‘D’ RIRIZT RNERIATT R

2 N T IR M EEIMT RO N L, AT R TR “4
MESE G 1541 = -

121



3 PR I 2,

4 g EREER , S (e
B ERAR.E1
i =EESE
o= aE 1
I= EaE, B2

e USRI T 0 280, B RIE SN, BlinAg ], "L
B AR BIRRSFUN ORGSR AR [y, JRE R SUARKEP
MNEE XFTAF, £ “RiMERE” @A 2. ARE “BIE” @Hhik
FIUTSEARE 215 R, B2 COMSOL Multiphysics Reference Manual »

4 R CWHOTRE, w27 CWETE |
O, @k “sfif” £ =

BAIHEE

- CHRRER SR <A

AL e :
C M FIRAESE CTIPESLT . X mwpmem s,

BESCAHEHHI N eps_r_po ¢ [FEPEY .

- & BRI CFRPEN . B eprp .

BESCAKEHHI N eps_r_b. ey .
EN RS (B )

e | mREX -

eps_r_b 1

EHEEE =

22|



SRR BT R Mo BIEREE
RIFESL RIEHAE R

‘Iﬁ » FORE:

6 1F u R, BNEEPRIRE .
7 ELLE] “AETHGL” A, M oBIEH RS

W AP EX”, HIREEE 0. e [ AEREN =
- o = =
= murzx murzy murzz
o [ EFEX - T =
0 S/m
EmEE -

FEROR, AT BB AR e 1

Il 1 Il 2 flg [T 3
178 “YFiyy” TEFF, #Bd GO0 w HFEFE U7 o
2 GRS AR 1.
3EEF] U7 CWE” B N SR R “im 2RE B
R VivE = S P A
4 M« R AR bk B 19
“9:':”0 D
5 18 “Y¥isy” TESH, B 90
R R “H7 . DN
A U T X

113 j#lﬁ D 2 » . ‘ -
N 7 » |
- R IR 18, |

SN RO FIRPER GE LR
%’70

6 I —A “HO7 . AT

“ﬁﬂu%l:‘ 3”:

T SKUT SIRT)

SO CHRIRI BUFRERE ST

123



T RAS” P RUF SRS T EIARST

4 g EREER , S (e
= ERTAR . B
i =EESE
= E 1
I= EsiE . B2
w1
o w2
=l 3

™ #%

WA T LA B 305 LT X 55 MBI A R AR ta] LS| A% . JEHE,
WA T ZEAEAT R ARSI, X AU, W EATRIGR L . RIS/
FALE, BRER PR ART K, LA SGE N RO AT R k. A

BE,  FRATAT IOy ARRNEE E SRR RN . ARIEZR S, BRATRT LU H oK e
KA, R (EREIRT) 1 1/5 BUE/NE.

H 1 VYT 7R P75 1 v
L7 PR TRESRgRG <gdg OF
AR £ o = wprevs B oSuE
2 AR A UK RS 17 4 s b =
JRERE RN A -
3 EEE RN R CWE” 'WH. N
“CUMTSAR IR AL LTSk SR | & _
B gl . wm [ -
4 DUREE B 1. XRMFPRWE |[an| z -
U = Un [
5 “HIAUN Rk <] &
1540
6 fE “HITA/NSH Rrhikh iR PR
RETER/N" IENE . 1ESCAME _
A 1.5e-2, i
ERmE -
D WEN | EA
C=]
¥ BRI
By
1.5e-2 m

24 |



A2

1 figsdy B iU EERRE 17 4 JFEFE RN AL A RN
RN FHH .,

2 E] RN CWE” B N CTUSEARIERE” R U SR
FIRPERE .

3 GERE Y7 2. XRBREARRER,

4 1 “HITR/NT Rl e $ .

51 “HITRKANSHE ikt “RREBITRNT BIEE. ECARER A
4.5e-3,

6 15 “KA M WE” @Ok, R “SWHE @ -

CRIRATE AR PR SR SRR B TR AR .

4 A R 1
Q o
4 [ SEmEARE 1
alxna
alxhz

w51

e — BRIV ARAR, ARG AgE R, DUEE e B B i

1 fE CBRFR AT hIRIF BT 17 WA SRIEEd PR 1. BEET .

2 BEE| UK O CWE” WL CTRREREY BN IR SURMER,
i\ 3e9.

31F “BEBIFRER” b, GRS CHE 17 o HFIER CUMET =

125



S

1 17
B2 Um I EoR T . BT IR ERRCR RS, BikE “EE” TH
iy PR3] XY PR =y $24.

WL F IR ] DL S B TR R A A B, DA PO BT AR LS B 1
SRR AR SRR A B .

0.02

freq(l)=3 GHz £4Jm: BIHE (V/im)
-01 0 0.1

%10°

0.1

-0.1

X - e

BT (0 TR SO B 2 HORBOR RS bR U% TFIRURAE .
B, MBS COPIE T BT SRR, o e R AL R BB
W, IR, (e D RACRRANG S B Ak, A LIAERE
AR AR

DAE SR TRES, el BT of JRERE < RRARELT 2.

26 |



2 HeR| “RAERE ) CWE” BH. £ RIE ERE EA, Rl
“EHIERIEAT o

2B

TREEEE

C EFEE

o= SETER 1 =
TEEMR varl

- =ET =hv %~
F=E

emw.511dB

FEeESAn

1 -
O sk

3 MR R R, SUE > im0 >SS 34, dB>S S, dB, 11 HE

(emw.S11dB)” . WURCHAEALIR, WHE “FREX” SCAHES A
emw.S11dB.

w51

B TS 78 LA CS AR T 10 58 R SRR RO I LI B 7o BRI “ g™

ZH M7
IO A R I S B 4, AN St 72 34T R
1 78 “BFFL” THEEFRE “SHMER” 22,
2 BER| “HEMLAMT M CRE” . £ OCUTREE” B “SELIKRT
KN, il U 4.
37 “SBEART TR IERE sc_ferrite (JURTHBIFET ).
4 1E “BIHRRE” R SRR K7, B e | . /£ T8
Bl & AE
- fE “HRER” SURMET I 0.5,
- fE “BK” CRHEHEIN 0.003.
- 1 IR SURHEF I 0,53,

i

127



E: BEE “SHEUEFIER” P range(0.5,0.003,0.53).

1RiE
sfLEE
= 48 C =R

e SHE =
v Fmgs
gEEm. | EEEs -

" BHER sHEF= E2 et
sc_ferrite (Geometry scale factor) ¥ || range(0.5,0.003,0.53)

5 i “FB7, T
6 EAIE] ORMEHIL £, fE IR B
7 FUTikR CRBURER” Hik wme B o)
HE
“@ [ap:vRd M e o = .
7 M HERAETRRRR” 513 g S
“WFEXE*/I\”O wHE | TR M
8 16 “BiS” THRRHE <5 @ e
= HARESFISH: | GEIESN -
FEUPEEE
R RS REE— -
[ S R
ST ks
2R

IRE— LA 2

5 R R EL vs. WIS ENERE 2 Bk BIRE . RFEIECIE T L1
—E 2, (B2 S S8 vs. F . EHAX T JUT S K, E4k
LI LT #RAE .

178 “BERITFRZR” M “R7 WA, BT R B TR

2 R CEBURER 27 B

3ME “RE& w@h, GERd R Pk MR = .

vE: BRABOLE, “F#HE” & OALT COMSOL Desktop )4 N . &t n] LLE
“EpE THERRTG ARV R XK B TR .

28 |



4 fE KK WHhRTE KK =

1650 ! ' ) ) ‘ ]
17k il
-17.5F 1
-18F 1
-18.5F 1
_10F 4
-19.5F 1
-20F 1
-20.5F 1
21 1

S11, 2FERIRET 1

-21.5F b
22k 4
-22.51 1
23k i
-23.51 1
24+ 4

-245 7\ 1 1 L L I \7

0.5 0.505 0.51 0.515 0.52 0.525
sc_ferrite

S KR, WHIFEFE/MEN 0518, HREZSEE, RIEHIN—A8F
7, PAAE R — ANl A

EREX - ZH

178 “Fha” TEESRE “S57 p .
2 7 “BE” BOR “SE7 B, fE sc ferrite {TXT MY “FRIAR” FI i
A 0.518.

I8
IRIE
v B
L3

EfR =R & b=
sc_chamfer |3 3 Geometry scale factor
sc_ferrite  |0.518 0.518 Geometry scale factor

129



W51

S 177
178 “RRIJFREE” [ “WFFR 17 AN, Bdr “SHhai”
2 HF “SEERT M “wB” WH. 7B FFARRE” A
HiFrh, #%# sc_chamfer ( JUTHLHIET ).
3fE “WRRE” M “SEA” KT, il SO | . £ 38
[ GHEHE
- fE R SURETHEI 2.8,
- fE PR CARHEFHIN 0,04,
- 1E “AFIE” SCARHEHEIN 3.2,
H: B “SEESIR” P range(2.8,0.04,3.2) .
4 Bili “BH7.
576 “BiR” TR Sg “HH7 = oifE BRI R g AR
17 ~do, SRJE 4% F8.

=
i

‘SRR

IS

R

HE— LA 2

B S R E vs. PRI ERE 2 B IR B SR BB . EA SR T L2
e, THREEIE T BRAE.

1 fE “BIRTRRART b, BeR) AR @ WRUFIESE C RBUREER 27 .
2 fE RN B, AR PR FDREREE MRS = .

30|



31E R WU RS RE =

-17.5F
-181
-18.5F
-1
-18.51
-201
-20.5F
-21p

-21.5F

S11, TR 1

=221

-22.5F

23tk

-23.5F

24}

245 ——

2.8 2.85 29 2.95 3 3.05 31 315 3.2
sc_chamfer

S ZHIKEH, WHIRTHER/IMEL N 3.0, REHHTSHE, REHM—
BIFFEOR AT AR M

BT

1 fE “EFRT TR RDG UMt .
2 fE “TBATILY rsCrpaERE AU (i .
3 My U .

AINEAEE
+ EhEs
F
4~ FHAETE
=t et
B nrEstsr
U=
[ smsEs
b ESIEE
o SR

4 FREd AT~y DISCHIZE H .

131



P (emw)

FEIZANHT B, ATRT AR TS (5 M3 o #6870 I PR A B SR 42 1) 22 80l ) g
Ho ZERAE AT LU ZHUE R e o AR RE D — o FR TS 72 28 10 S
SHGERERS, SHATCLHOR AR SR AEAT R . AMUntt, I&F — MU RS
EflE, S HZIEE S SR,

1A “FEpR" TR, Bl “HRBB, SR L

Pi B A fipa]
[ 1] L
AA ﬁ a= T8 - ..E calivelink~ | "jz‘ ﬁﬂ \
FiE | . wEm- £2 OO | FEEER . S IR

2 BRI CHIRGYE, WU B “WE” mH. £ “un DM E” A, &
CHOE I R RIEHE.

A BRAAELF PortName £ HEENINE] “im M - mOEELE

ST SCAKEY, HELAFEHANERSEA  owssoss

R TS HE . EEBEER

PortName

EREN - 2%

1 £ “Fhm" TAEPRE “S87 .
2 “WHE” BT, BRI CSET R
- £ “&W” FIHHI PortName
- fE “RIEAT FIHHIAA

w5t 2

1 AE “BIRTFRSR” B BRI 2” WRCR, By COPER 1. BT .

b W B fcompl)
b JiE 1
4 b JiEE 2
Mjfgl:ﬁﬂ
b RESES

2 FeE] USSR WH. fE CPIIIRE” P SR ] 1%
Hl.

32|



3N CEXHIET FIRFIEE R
- 1B CHRIET SCARMEFHIAN 2.8e9.
- 1B “AFIE” SCARHEFHIN 3.269.
- TE “HE” SCARHEFREA 21,
4 il “BH,
578 “DFR” THEPRRE “H5H7 = 8ad “BFR 27 o Hi% FS.

R

B S R B vs. IR RIRET 2 HANC R BER M b, IR Al . 12
BRIGHIIET, A TR . RATHER L,
1 “BRRIERER 1) “SR7 W, #adr “Hg (emw) 17 (@ -

4 B &=
HE el

B =8

B EF (emw)
"o EFEEE 2
o —HEEERR 3
B EH (emw) 1
~¥ 5 &5 (emw)

2 HeR| =4 ) “wE” W A HdET R “SHUE (freq)”
B, L 3.

133



3 R L e R BT OB XY CFIALE” fH (k.

0.02

freq(11)=3 GHz ZME: BIHE (Vim)
-0.1 0 0.1

=107

01

01

¥

I—»x

FEFCIERT, KRB R T .

P (emw)

&fh, BITRBEBEINE SSH vs. MIRKILE. 2] “S SH (emw)” LEIHK
“R17 2Bl REBBRITE AR S 4. M RN ER emw. S11dB.
emw.S21dB fll emw.S31dB.

1 AE “BIRTFRER” b, RIT “S B8 (emw)” T, RJEHRE R,
2 fE “eR I CRE” @, EME] “y MR A ERK PR
- BB24T. BRI MR =
- 34T B MRRT =
- BB AAT. Bl MR =

34 |



3 4E “S 4 (emw)” LALPRE “LH]” on

|—s11
— 821
4t — 531 |

S12F S

14t

S £ (dB)

-161

-18r-

-20F

-22r

24t

-26r

2.8 2.85 29 2.95 3.05 3.1 3.15 3.2

3
SRER (GHzZ)

X A AV AR M

HEE (emw)

BIHAT A, REFE— om0, K 5ERM S 506 P 7 28—k
PR — N VAT VB X R AR 2% PR BE 2 5 A5 & U BT 75 (048R4
TE “RF BEE” dr, X —i RO SAT oG 34 . RN B, B8 m] DLIE K
S 2405 i~ Touchstone LA RARAFIC T, VAEAMB RS H THEPEH . &
B Touchstone SCA4: K FK

1 fE “EBRT THEAH, By “mpips, W L.

135



2 KRR CHEEP, AU CWE” WO £ PR E” M
“Touchstone LA 7 SCAKMEH, #iiN\: lossy_circulator_3d.s3p.

v imOEEEE
BiRElaE
HiESHER
PortName
Touchstone {FSH:
lossy_circulator_3d.s3p BB,
SHmET. (B )
IE(ER (MA) h
MEXHFE:
= -
Touchstone S{E&EIEH:
Zyef  50[ohm] 0

e BRAERER bR HAIEEE T HA SO AR, 5 Touchstone SR £ R
15| COMSOL Multiphysics 15 3 H 5% .

w51

PATFRAL FY 8 — T FORBEAT o 348 . A8 T SO AT UBH RS — R B ik
ATRAE, BN T DRFFESE RO B[R], OB X BN IR SRR . T H 2T (1
A REAE RSP R S ZHUERE, I AUE St i B

ZH A FIH
B P TR BT 003 1 . 1 T DA R DR O B, 9
FEF 1 W HOH A Z) 3 — KRS — N .

|fE CRRIFRE B B WA, Rl L

“HHMA” 222 AT
2 BBE SRR I CWE” B0, & hoELE
“BRARBE” B0 “SHATHR FIRE, dix 2 ruxs

PortName,

36|



34 “BRUEFIFT PN USRI 1 2 3.

di
sLEE
= 48 C =R

R SHEE

(T

v F=mRE

mEEm. | SRS -]

" smen sHENS sHEm
| PortMame (Port name) | 123

4 M\ ORMERR L A “AEALETRIREE R SR, G

v REREEH

WE=
SEE: | B emw) |

et | == -
v 2R
Bt | Accumulated Probe 18 1 -] &)
V] EFERTE R
B RESFSIER | GRLESN -
=
TAERESE | 28 -

58 <P LRSS I =

R

“é;&ﬂz” R

TR SERUE, 18] DLTE SCARYm 3R 25 TP RS Y Touchstone M. S SR PR AT LA

BIRTERKE T

1 fE “HRTFRER” 1 8RR WRT, Aty URAET IRk “am

SEFF @)

| 37



2 BB eREEET K CWRE” mH. AN BT R “BdlEE” SR

L g AT SEAE 1T

Poaic v
TREEITE

=iE -

e 2EEEtE L =
v EHE

RS B 1/84008E 1 (sol3) ~| |3

SFEE (PortName): | 58 -

SEEE (freq): S =

=5 AR -

376 “FRikA” BWA B, Bl B RA”
v o MCREHIERE CHRER, AU > i > S
Z4¥1, dB>S %, dB(emw.SdB)”.

4 B 9T = A, S SEUEREE S BORTE
COMSOL Desktop £5 N “Fig” HHOH . 5L
H, BWATLE “EhEE TR BT “H
07, SRIGHEPE “ERk” UITIFZE D 5.

HE HE BE =E4
] % | v I ER = B8~

freq (GHz) S ##7 . dB (1)

3.0000 -24.629 -0.66843 -28.436
-28.416 -24.608 -0.66844
-0.66841 -28.408 -24.623

AY
4

v F=ER
EETEE: emw.SdB
B

1 -
[ 57

S B4, dB

E: AZFEEE R AR PR, X R BB R R B A MR AE . RS =4
TR, ENNENAEBRAF R WHEW ERUL, 4N R T 1%

A, B, XRYIFAE B OR %

38|



& X

e — D RAUESE, JPRILAER RS & JATH ZE N %2 B — IR R
R, R, BRI UATTRAN — Le R E T H A R . B B BONERIA

E’J:é’%ﬁ@%%l‘ﬂ*ﬂﬂ%o

1R R TR ORI =R -t

2 1 “%X” THPE RS “HE”
3 FR|] UK B “RE” WH

4 15 P e, Bl DUEER SR HiHg 7 RIEHE.

8B

e

e WE 3 |
- m

[E-2==ts

[ EFNEEE
[ Emhsmssk
[ Eitte

[C] MtEER
ETEAE
[WE=i=

g R

1 7E “RBIFFRAR” [ “4557 WA, i “H
Y (emw) 2” @ »

2 R “=4grEH” O “WE” WH. N “2F
WE” K BT pRbgE U3,

3 iy “Z)” em 1%L

TR, MBRZ Ul g AN .

1 £ “BATF RS WO R “Hmi (emw)2”
T, et 22U 17 a IR M
Br” [ (Bid%sds: B Delete 58 .

2 ﬁﬂj“ “7\%,’ R

:z;— =

32 el

@ =t

W ELF emw)

v BREEER 2

v —HEEEEA 3

B EE1F (emw) 1

o 5 4 (emw)

& ETEREE (emw)
B E1F (emw) 2
2§ BHT (emw) 1
&Y ETEREE (emw) 1
& SH

e

4 B sz
I
I
I
I
I
I
I
I
I
|
I
I

3 I emw)2” e B T TARPREE U

139



4 4E “Prm” iy CRE” @wHh, EALE CPIEdE T A, REMN P
FIFRPIESE “xy VI FE COPFIEET SCARKETRRIA 1.

v FESE
FEER: | BE -
& XY FE -
EwsE | FER -
FES: (1

FEVITH AN 5 s i IE EE AR TE

1 At “Uih 17 ) JRaEE AR =5.

2 BB BT By “WE” WH. £ RIEXT BRE LM, Bl CBHRE
B g o ASEEHUESE R, SUR > B> Y
(emw.Ex,emw.Ey,emw.Ez)” .

3 4E “RIBAT A, wkh “HER” SIEHE.

128

317

ol 231

s %1 =
v AR R
X g

emw.Ex Vim
Y oE:

emw.Ey Vim
IgE:

emw.Ez Vim

R ¥ B

KR BRI k o AR RT O B LA A DR K AR AR o) (7 BV T AT Il 7E
DIV 7 A S I AR 2K
178 “BRT RS h, GRS “HI (emw)2” T JFIEEE “AELY

4 @ E1F (erw) 2
4 W a1

= 1

& ek

2 BB CAREERT R CWE” WH. Bl “BHRRET e

40 |



3 MNGRERAERE CHREN, SIS > B> Wi (emw.Hx,emw.Hy,emw.Hz)” .
4 £ “RiBA” w2, dkrh iR BikkE.
5 &R “HERAE” R

- T X MHE AT B R SUARKE, e

i\ 30 EUEE | S8 -
Y MRS B A SOAKER, s w
i 30, v fEs
ST CZ M, W cEsonE e e -
BIRHIERE CAART . = 30

S AE CZHRRA B CsEET SOME ST .
H, HIN 0.1/3. '

a0 0.1/3 m |Q|

6 M “HEOMFER” 21 “HEk K

FlFRHUERE XET . N CEIET PR TR CERET .
BAE, BATTAT LA B Ak o R e 4358 — Ao 1A T A A L i s
K.
178 “BATF RS s “Hig (emw)2” (-
2 fE “ZHEZEAET O CWE” wOd, N CHdR” B “S3UE

(PortName)” %1|3RHik$E 2,
3 By “Lel)” e 1%L

PortName(2)=2 freq(1)=3 GHz I B&FHE (V/m) &k BiF

| 41



TR 2 B A R s 1]

1 fE “BATFRER” 1 “42R7 TR, Bl “HY (emw)2” @

2 By RATR RIS — AT D o £ ORI CRE” WO
“EURT R, Bl YN EET mHwE” .

BT R AR . AUREABELILE] U7, WEENE U EA R

WAk AF

JLIT F7 5l

EARE X - ZHABE—Td, AICHAMEKSE, REHITELAE
TEARUT 7 HES . SIS, Er L sc_chamfer 1 sc_ferrite [M1E
FEPISAT AT, A S PN R X2 s B E UL AT DL
FAZE A lossy circulator 3d geom  (ELFE U — T HF SN A A Y JLAAT AR
A,

Uy AR C N R G i B = e 0 ol I o T i A o < B % = T T A =
XA A U R A e = 4 JLAAT .

vE: BB RET A AL ) SR R - ZHVE R IRED IR, R
=GR

HSEE CMTE I —E, ARG B X NS PR, Bl R i /& i = A
=

W1
178 “IUa” THRAARRS “TEFm” <.
2 1 AR 17 AT, AR OPmmJuLeT A HRER R L.
3 FE] R M CWE” WH. AR RN
- R TR SCARHEFHIN 0.2-0.1/(3*sqrt(3) ).
- 1E “HEE” SCARHEHHIN 0.2/3.
4 EALR] “HLE” R
- TE xw SCAHEHHIAN -0.2.
- TE yw SCAHEFHIAN -0.1/3.
5 iy “WEIEEXNR” m iZH.

42 |



Kl

1 fsgsdr P A, JR AR eIk BT E.

2 BN R rl, AR RARRES R

“WR @R, BFER0 Ly, 0 B8
HAR et BiEE R, ;?;;mgv
AN A, WIXR 1l SUnE i
CEH” CRE” W CRMANR” s |1
. B “HEEENR” B % v @A
%ﬂ" BAE:
e | rl
AE
B v BEEAvE
e TS A B <V A - R DIR (7 o
25, ATLME “BORUJFARE” B “JU 1
> AR 1> PR T, il w12
R 27 A BE] LR R B e 2
B @, Rkt “CBoRJURRE” 2
IEHE
4 A N1 -
< B THFEL (o B
b A FEAM =
b wE 2 e WE 2
- WE
¥ EFAEREE
[ EmnsmEeEs
V] Siffite
=

JEFE 1

1A OPIJLAT A, PN AR SRk e .

I =fBigE

P

m |kl
m |kl

2 BLEFEN B copyl (RLTXZR 1l T, TRERAREHEE “EE” @0,
BTl BJr, EHEACHA M. S rl B N ant, R RE
BN HIRIE (copyl), AR5 Hli

3 FR| CTREET B “WE” WH. fE BRI R e SCARHET i

A 120,

| 43



4 By “MBEEXNR” w 12, WNERT CEET TR C4iiE e
AR/ 5 (] o BEm B LA B R G R Ffrass

B
Qe el - *EecsN SeEN ~EENE> a8
A . \ ! ! .

Hiy 2

1 AR LA A JREEE AR > B E.

2 UEFEX Gorl, BHABMB “ZH)” “WE” FOM “MAXNR” HIES.
3 R “HEIRENS” w &

JEF 2

1 Afeads P A kR AR > R 4.

2 fIRFERT R copy2.

vE: REE “ER” w@IOHRERAT] copy2, RILAERTE CEREHET THEEL, R
e “ENT = R CEBRAIR” . fE CEBAIER” b, A
copy2 JFiERE “UNINBNER”, LUKBHEME] AT v,

EEFEE s BiE =4
+ - ® == | IEE
[ ST - 1}
e wEnEng - H 2mE
EE: 1 [ =
rl (soif)
rotl (Soff) M
copy2 (S2iF, FE5E) BANIE:
i) copy2 E:E -
B ®

44 |



3B “BEFET M CWE” W, I C“TEREMAIET AR ek SUARHET H
A -120.

4 M “HEEENR” B 4, RERE B TEETR “Y4iEE
PR/ (]

SR ) LA BT L0 R s o

B
RaReEH Lv sEecsN S@EN ~EEE> o
| | L L | 1 I | .

BTIR, BXEANEEHN—ITR.

JFEE |

178 “TARVH 17 T8N, ARpd “SFruUm” B JRREE “AmREE >
" I

2 AGEFEXT S rl. rotl Al rot2, FHHEBME] “FHFE” “HE” WO “@A
KR FlRF,

3T “HBIEEXNS” w . B, —ANZN unil BT SAE R 5E K.

PR, RO R RIS AR . RIS B, WM AU #i S

. B, QIE—AZMIERERZIXEE, SR)EM—A B IE 2248 0 15 Ak

LELHN ZEIA.

/A 1

1 A ORI A HEEE B/ O

27 ‘BT R CWE” BOR, EME] CRNRTEART KL, RIGE “ER
TAKEFHIN 0.2/ (3*sqrt(3)) -

3 R “HWEIEENSR” m %4

| 45



L3

1 A P U A JRksE R > JH e “EH 37 WAanm
FF i,

2 AUEREXT S unil o

612:614» dzlv '.C‘-ZIZ-N F_'élﬁrxﬁl \\\EDIEBI
ZEE ]
1 fASEsE P UT” A FFik \ N
AR > 2 o l
2 GER R e, HBHEmE <= E nEneus v B 2SR
%v «_&E» EDE,(J «g%gﬂnﬂgxﬂ‘ =1 L%
K7 FFd., s
3R CRE” BN £ CERERN RS
SR FIRAEM, B CEEREE” =
f2401, ‘ B -
A fE “FRREET THAESRAT <a = oo
7 ey HEI “ARIIR .
5 E “BRESIFRT b1, At copy3 !
FREFFE “OSMBLERE”, PO R
B CBERERIXTR” HIEG, copy?
6 thift “HRIEENR m 1l -

46 |



VRS ) JLART T B0 B

B
ea@eld - scEecsN ®S@EN ~EEE> a8
L L L L L L L L L

IAE, BBl r) =M hEEE 180 B, FHEH & M — N4 b 48 i sl Ak 1)

AT HPTC R IR MR A o A 55— N2 B 4 O B A SR 58 SCRR SRR .

JEHE 3

178 “RBIFRAR” 1 “TAEFm 1”7 F, Apds “CFrjua” v g
A > e .

2 fEFEST & difl.

3 BRI “BeFET M W E” WH. 1 “TEREMAET R MR SUARNET
A 180,

4 M “MEIEENR” B %4l

L4

1 AgRS CPmIUE” A RS AR > B E.

2 GRS H rot3,

BEES B AT 28 — AN 7808 T FH PTG AL .
Al 1

2 BB CqE B BT WH. £ HGIRTT R CRT SCARKE,
BN sc_chamfer OXREAEA)aE X - ZHAAE —FHLBEPRAR—4
ZH0 .

3 fUERFEXT G copy4o
4 i “WEIEENR” = E4H.

| 47



HLE 2

1 AR “PREJLA A JFEEE “AREEME > JFER 5.

2 AIEFEXS G unil Fl scal. SEATDIARIE TR EATH “EFEHIR" RIEFEXT S
3 RER| IR R “WE” B, £ CIRE” B, I LIERE “PREENER
WF” HIikkE.

4 B “HEiRENg” v %

LR ) LA B TR R0 R B

2hA
Qaael - sEecsN S@EE ~EEES aE

<

BRSOk SRR X I FH 45

48 |



it 2
AR CBRIERES b, it F
[IPAR GO ik = ' ()

o'
T gEmEre v @ 2w

2 (LB HR 4 rot3.
3 RE] 4N B CWE” ER. %
SHCIET R0 T SokfER, S

X
Tif

i
gt

e EER2 =

N sc_ferrite. aml ?E *
4 iy “HEIEENR” = %4 & & N

o AE RS 1) LA AR T oz A Rl = 4 S A I @

PLE 8% J LT . e
Fr 1 @ | ERREE -
1 E%%T—E “I{’EEFE 1” % %iﬁﬁ BT scferrite

CRRTEL

2 BEE] R CWE” EI. 7E C“BIMMBER” JEIUT T, 1ERBCERR
1 “PEES (m)” FIHHIN 0.1/3.

3R CWEBEENR w B, RS CERT TR A
SPN AR T

JEIR I & 1

1 fE “BRTTRE” T Ry “TERIRE R (fin)” .

2P BRI M CWE” B, Rl CAiiE @ .

| 49



CRRTF AR U T AR RSN TR ERAT .

« AN\l
4 5 THEFE1L (wpl)

4 A =ELE
iy )
B 85 1 (copyl)
5 BEEE 1 (rotl)
[ 851 2 (copy)
5 BEEE 2 (rot2)
HE1 fund)
©E1 ey
B 88 3 (copyd)
Ch 241 @)
&) BEEE 3 frot3d)
B 58 4 (copyd)
IZ| L1 (scal)
HE 2 (wni2)
R 2 (scal)

b by i0E 2

L s 1 fextl)

TREAE ()

weJa — BRI H AR E R U, IRl B B S AR R A T & 1
ZORMITB N SR A AR I INAORLBUE U BRI RHAE IS E S AT, (BT
SREBHATEAE, PUNIRCRKIZ — 22 M BLE TR R B B B R 2 B, SR
DGR . BRI LT R0 R B .

VIR RBREIAR S ST T OIRURT Y, BUAERTLARIE] LT 35,
BEERES) TR R

50 |



	简介
	RF 模块的应用

	RF 模块物理场接口
	基于空间维度和研究类型的物理场接口指南

	教程示例：有损铁氧体三端口环形器的阻抗匹配
	简介
	阻抗匹配
	模型定义
	有损铁氧体材料模型
	参考文献
	模型向导
	全局定义 - 参数和变量
	几何
	材料
	电磁波，频域
	网格
	研究 1
	结果
	定义 - 探针
	研究 1
	结果
	全局定义 - 参数
	研究 1
	结果
	模型向导
	电磁波 (emw)
	全局定义 - 参数
	研究 2
	结果
	电磁波 (emw)
	电磁波 (emw)
	研究 1
	结果
	定义
	结果
	几何序列




