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IoT (Internet of Things) D#EEIZIEV, B FHEAROEERIL, ZHREL, LR
CHED SN B ik, HEREIO BRI BV D 2 4 ittt R E EEE 2
EMC|(electromagnetic compatibility) aXaI 2VEZETH 5. AL EMC &iHicik, /A
MR D 72 D12 ) 4 ZDARE R B = R LRI EE S W MERE TR & 2 A KA,
DIIEIRRAT ITIEPRBETDH 5.

—fRANc, HERED e L, &t BE, HEREFHEOIRICEITE NS, BT
ZRERS 280 212 EMC BBz E i USRI EZ FE2HERMGo N LTS,
%%@%%Kﬁmf%%ﬁi%%ﬁﬁé:zmiof%tm@w/4x#%$?57 Ak
DD %7 HFHE EMC iBRINEITIL 5. BRI ORERICER , 1 XHfEZ 82
TLESHE, HEMHoPRhET I LR VAR S Z L e R DIRFHEa X + &
PRI X PAERT 5. LehioT, KelEbED o BRI Z Z & L 7z EMC &G R
Ihb.

KW TlE, EMCRIEDS> B0 2D, 7V ¥ MEREROENE /77 v > FERICBT
B ATVARIER &, R DR 72 2 BIE O CRAE T 2 F— PSR LT, [
Wt & 3 ROCEREFANT OBLARNT 2 I U 72 EREaTili AR R 1R R LTz, #iEWE, T4 7~
LYYy E—F (DM) KT AHETH D, BEX, DMIZHATIEYE—F (CM)
m%%?%%@%%%.&m&ﬁ%ﬁit@k,%ME%%?w®ﬁ&%ﬁ5M%ﬁ%é

3RITHEE T H 2 EREIFLGFT L 13 R 2 72 3 KITE MR OF A D BB 72 5.

EMC FHc BT 2 HERETHNCIL T 5 72912, FIFH X 2 BT 7033 0] B P G
PR Z 2728, BRIESDENPRFHMEICHENT WS, L L, BTEEO 7Y >~ MMA
FAR (PCB) ICEAR XN IC DELXIEE ZInZ 5 DM ORI X — 1%, MREEMEEICEFES

ZBRMNTRA=ZRIC DAL v F U ICHENDIEH A AkICED, FiteBh
FET 2 L3R o720. 2 A XD 0I12 7 4 X7 4 VERBHWSEIEH, FHET 55
KU T X=X OB TIHEDHHINRBE SN B WGEDH L. 207D, B/ 4 X
DILER =R L Z T L L TOREHPEETDH 5.

3 RIS E 7T OVIHEME R S IR 3 2 B/ A e REIICEHicE 3. 207k
», DM & CM O % &0 7 HFEILWER, A AFHMiCx 5. —7F, FEMEEOEM
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RREEICHER T 2B 4 R, /A ZDIRERE ST H D R H O S D
SR L N2 ) A RIRERX D =R LY 7 4 LRI K BIH] R B = X L 7KL W,
X HIT, FHFEFEE T MR THERMIZ 2202 5.

AESLZ 6 B TR SN S. £F, 2ETIE, BFHRBORGNTB T 2 O £
T X BFHEAEZREL TV S. FHEHEET L TET /ML TES I THRE R
3 RE LT 2 2 TRIEDOBITPRETDO LR T XDMEERZ Z e 3 TE 5. 7,
DM DRIRET & 2 AT EARFHRICR LT, 3 KICHRIED D DB 2 FATFHUS KT L T Z i
[EF&E TN TRBT 2 5EZ R LTz HATERROMNKTH 2, FHADHERL TW51E
RKeFT 2RI 7 4 V& (LRF) Z HWRRGHIHRIL TS Z e Z#/nL7z. £LT, LRF
% AL U 72 BB EAR D & O R EERGUR % M5 5 728, [BIFEEAR D EARG D> & DU &
LRF 28T 24— 7> A X THEED 5 DG & W S T ERBIC SR L7z ET LD
KL7. RiZ, DM TR CM b EDMETH 2 E— FEFUSH L TiE, ZhETIK
FHERREESETARRELTB D, RSO FHEE LR TERILDIEEHWE— RO#
I2& > TDM & CM 258 LEHES 5.

3ETIE, BB L iHiiiAEZ d L IC LRF Z2EBERE L TH A H L AR OHiIERIC Y —
IPETRNE WS FAT, EATERIRZ MM 2 LRF ORER&RET 21To /2. fbR
Y LT, HRFAEEICER LI mES Y E— & v A %% 2 dB MUINTTHIT = 7.

4 FETIX, LRF % 5EE L 2RI ER D & O BB 2 5l L7z, K263 2R
W7 4 VR0, [FIEEEAR O AT EARIRINGIR I B 2 4 — 7> R X Tl & DARE
BRI NS, LRF 2 FEET 2 Z T, FEEMBHOIGHITE2 Z 2030 h -
Jo. 2L T, BMEBERGBET N EZROCTHEN Uizt — 7> A2 THED 5 OGN, [
FEFHAR D HAR I 2> & DI LR THRAMELLER T 6.5 dB/NE <, W#HE DRIEMIC X 51
b 2.1 dB, YEMEED S OMSHEITRATZ 2E L HBAL /2.

5HETIE, THETHEEANEESET VI AOE— NEF L 3TTET V2 FIRIC
Wz T olzh, F—DIa L —XIZBWTHEEITT 4 7 7L v v LE— R %,
3XOTEMSEN T E— FERVFHES %2 5z~ L. FHECIEMIRO ANSYS
Electronics Desktop (Z2&fi X 41T\ % Dynamic Link Analysis % F\W TR & 3 KT
BRGSO R 2 I L7z, FHEERAEEE T UCE T 2 [T & 3 RoTERR
FEAT DR 2RI L, MBI vy arv 4 Ia=F 1 2FHfiL. R LT, 3
TOCBHEFINTDOAFER LB L, 5 5DFHHICBNTS, /4 XABKERFEPETS3
AdBBINT—H L. LEkdoT, 3RTEMMENICTHE N TNTHOE— FEHZID
WD P TE B0, E— FEFUTER T 2 EMC % 3 XITESENT & 48D TFF
ffig 3 Z & DATREICTZ o 7z,
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6 ETIE, KIITOVWTELHTWVWS. EMCRIED > 5020, FTEHRIHRE £—
RN U CEMRIES T 7 V2 (B UERERITE 21T o 7. A& TLEE 7 VERRE, 32X
TCHIEAS D D B 2 AT EHEE 2 AR IS & LA 72918 3 T B SfRAT % A A
L, st a2 bOHIBERK - 7. —F, BETE, DM BN, CMiZ 3 T o
SR 2 R UEREZFTHE L, T X TRENTH -7 3 XTHE L HE D E— FEH:
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Abstract

With the advancement of IoT (Internet of Things), electronic devices are becoming
higher frequency, multi-functional and smaller. As the electromagnetic environment
around the devices deteriorates, electromagnetic compatibility (EMC) design is important
to improve the noise immunity of devices. Efficient EMC design requires performance pre-
diction based on elucidation of the noise transmission mechanism and an optimal design
method for noise suppression components for noise resistance evaluation.

Generally, the product development process is carried out in the order of design, proto-
typing, and performance evaluation. Even if an EMC test is conducted on each component
that makes up an electronic device and the results are below the regulatory values, there
is a possibility that new electromagnetic noise will be generated by connecting the com-
ponents during the development of the electronic device, so it is necessary to conduct an
EMC test again. If electromagnetic noise exceeds regulation values after manufacturing
an electronic device, the design must be redone, extending the development period and
increasing time and financial costs. Therefore, EMC design that takes the electromagnetic
environment into consideration from the design stage is required.

In this paper, we use circuit analysis and three-dimensional electromagnetic fields to
deal with two of the EMC problems: parallel plate resonance between the power sup-
ply/ground layers of printed circuit boards and mode conversion that occurs at connec-
tions between lines with different imbalance factors. We proposed a performance evalu-
ation method using co-analysis of circuit analysis and three-dimensional electromagnetic
fields. The former is a problem related to differential mode (DM), and the latter is a prob-
lem related to common mode (CM) in addition to DM. In order to evaluate performance
of devices, it is necessary to create an equivalent circuit model, but since the actual device
has a three-dimensional structure and is different from the design, it is also necessary to
use three-dimensional electromagnetic field analysis.

To help predict performance in EMC design, the circuit model can handle AC circuit

theory, making it suitable for analytical evaluation of electrical signals. However, the DM
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circuit pattern that is wired on the printed circuit board (PCB) of electronic equipment
and transmits the electrical signals of the IC may not operate as designed due to electri-
cal parameters parasitic to the line structure and electromagnetic noise included in the
switching of the IC. Noise filters are used to suppress noise, but the desired suppression ef-
fect may not be obtained due to the influence of parasitic electrical parameters. Therefore,
it is important to design after analyzing the transmission mechanism of electromagnetic
noise.

A 3D electromagnetic field model can comprehensively evaluate electromagnetic noise
caused by complex structures. Therefore, it is possible to evaluate electromagnetic noise
that is close to reality, including both DM and CM. On the other hand, it is difficult
to analyze the noise transmission mechanism and the suppression mechanism by filters
because the electromagnetic noise caused by the complex structure of the actual structure
has a complicated noise transmission path and it is difficult to decompose the structure
based on the transmission path. It takes more calculation time.

This paper consists of six chapters. First, in Chapter 2, we propose an evaluation
method using equivalent circuit models in the design of electronic devices. By simplifying
the target system by modeling it with an equivalent circuit model, it is possible to improve
the ease of characteristic analysis and design. We showed a method for expressing parallel
plate resonance, which is a DM problem, using an equivalent circuit model for a three-
dimensionally expanded parallel plate. We showed that this method can be useful in
designing a lossy resonator filter (LRF) that we have proposed as a countermeasure against
parallel plate resonance. In order to evaluate unnecessary electromagnetic radiation from
the circuit board on which the LRF is mounted, we also proposed a model that decomposes
the radiation factors: radiation from the edge of the circuit board and radiation from the
open stub structure that makes up the LRF. Next, for mode conversion, which is a problem
involving not only DM but also CM, we have previously proposed a imbalance difference
model, and we can evaluate and solve mode coversion by mode decomposition using the
current division factor, which represents the imbalance difference.

In Chapter 3, based on the proposed evaluation method, we optimally designed an LRF
that suppresses parallel plate resonance under the condition that no peaks occur around
the frequency of interest even when multiple LRFs are implemented. As a result, we were
able to predict the transfer impedance at the resonance frequency with an error of less

than 2 dB.
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In Chapter 4, we evaluated unnecessary electromagnetic radiation from the circuit board
on which LRF was mounted. An LRF is concerned about unnecessary radiation from the
open stub structure when suppressing parallel plate resonance of a circuit board, but it
was found that unnecessary electromagnetic radiation can be suppressed by implementing
LRF. The radiation from the open stub structure analyzed using the radiation factor
decomposition model is 6.5 dB smaller in maximum value than the radiation from the
edge of the circuit board, and the increase due to the linear sum of the two is also 2.1 dB.
The radiation increase from the structure of LRF was found to be negligible.

In Chapter 5, we will discuss how, until now, imbalance differrnce models could not
handle bidirectional mode conversion and 3D models at the same time. Then we showed
how to do this in the same simulator, differential mode were handled in circuit analysis
and common mode were handled in 3D electromagnetic field analysis. For the evalua-
tion, we used co-analysis of circuit analysis and three-dimensional electromagnetic field
analysis, Dynamic Link Analysis, which is included in the commercially available ANSYS
Electronics Desktop. Radiated emissions and immunity were evaluated using co-analysis
of circuit analysis and three-dimensional electromagnetic field analysis in the imbalance
difference model. As a result, only the 3D electromagnetic field analysis results were
compared with results of co-analysis, and both evaluations agreed within 3 dB at high
noise frequencies. Therefore, since bidirectional mode conversion can be handled in 3D
electromagnetic field analysis, it has become possible to evaluate EMC problems caused
by mode conversion in conjunction with 3D electromagnetic field analysis.

Chapter 6 summarizes this paper. We created equivalent circuit models for two of
the EMC problems, parallel plate resonance and mode conversion, and evaluated their
performance. In the former, when creating the model, three-dimensional electromagnetic
field analysis was used to express the three-dimensionally expanded parallel plate structure
with the circuit characteristics, thereby reducing calculation costs. On the other hand,
in the latter case, the performance was evaluated using co-analysis of circuit analysis
for DM and three-dimensional analysis for CM, and we achieved simultaneous analysis
of the three-dimensional structure and mutual mode conversion, which had not been
achieved until now. For both problems, we were able to evaluate the performance from the
design stage by utilizing the strengths of equivalent circuit models and three-dimensional

electromagnetic field analysis with the goal of EMC design.
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F1E [FL®HIC

1.1 &=

IoT (Internet of Things) FifATIX, X FIFRTIANA AR E N, TN ANDOHE
BOR— PR cEiiasn, E£ERE (10) T IhT =253 Mtho IC IEFEXh 3.
T4 77Ty E—FR (DM) THET2HATD, FHEO R 2 ki 2 i
%Ik bE— RERIE, DMy sERXh CEENMCE EN2 a5y E—F (CM)

WCHEPEENIET [1]. LaL, ABeEAE L CMIZ DM KB I h 2729, @EWE

DHL, BEEEDRER 725, 4 2 2a=T7 4 OFHii / 4 R BITONEH, KT
NERUIICM /4 AR E— FEMEKTH 5 Z e B—BINCHI SN TWE T2, BHE
WKIEENRW, Lo T, CMERPDMETLICED XD R ER 52 202 HET 5
B D 5.

IoT DRIV, BFHEEROREERL, 2L, N EHED 52720, K
JEA D EREIRSEE D BALICHE SR D A Xt % 18] E X8 % EMC(electromagnetic com-
patibility) REIBEETH 5. RN EMC ZFNE, /A4 XMEFHlio =912 7 4 X
DIRIERX B = 2 LRI EE D W ERET I & 7 A X INHIER & O el 72 35 T /5 IR D3R EE T
H5.

—fkANz, "W SutRiE, &EF, BE, MERERHlONRICEITI NS, B
ZREACS 2 HEREh T 212 EMC itz 2 L BTHIEZ FEISFERIG o LT, &
HEERDBHFIC B\ TERMFE L2 #ei 3 2 2 8IS K o THITICERL/ A XHD3FE S 2 AlHENE
D3 % 7O E EMC BN T2 5. BFEEROBIERICER 4 X HHIEZ B2
TLESHE, REMDOPDET I e ROFARPREIMMUS Z e R DRHa X &
IR PR T S, Lo, ixatBhih o ERIREE 2% 8 L 72 EMC &G 2K
N5,

AFHX T, EMCRIED S 502D, 7V ¥ MEEEROENE/ 77w >~ FE-ICET
5 ATIEARAR , PHTEE O R 2 R ORI CHRA T 5 — FEHITH LT, [HlpsfE
Wt & 3 ROTEREFIRNT O RN % FIFH U 7 MEREREM S R 2R R L. AiEIE, T4 7 7
LYYy E—F (DM) BT 2METH D, BEIZ, DMIZMATIEYE—F (CM)



5 EMC-‘- EEEMIE MEt Ty
EEIZIYI Y
= Eﬁl\g;, Bt A2a=F4«
{EEAZI2 =T«
WEROTFS

1.1 EEmE LD %

WHETAMETH 5. MERERHIEIT S 72912, FMiEEE 7L DIERZT S DEHH %
23, 3XTTHEIETH 2 FHIIRET L 13 R 2720 3XOTEMFRTOFH S LB 725,

EMC #EHc B 2 HRETRNCRAL T 2 72012, FIH X 2 [T 7 OUE T BB
PIRZ B 728, BRSO IHEICHNT WS, LarL, BEFEERO 7Y o~ FEE
FAMR (PCB) ICERENIC DBEREE X % DM DA R — 1%, fREEEEIcHFET
BEIKMINTA—=RRIC DAL v F Y TICEENDIEW/ A XWX, &tEBD
FEST 3 LIFR oWV, A XIHIDT=DI2 ) 4 X7 4 VEZDBHWLNED, F4ET 28
KU T X=X OB TIHEDIHINRBE LN WGEEDH L. 207, B/ 4 X
DIGERX D =X L Z N LT ECORGIHNEETH 5.

3 KICEMETE TIOIEME LGS ISR $ 2 B A RSN TE 2. 207
», DM & CM DOl % &0 7RI WER, A Gl Tx 5. —7F, FEMEEOEM
MBI T 2B 4 Rk, /A ZDIRERESEMETH D BRI H O D
DIEPEHEL K ) A RMEEX DXL T 4 VR X BMHIX B =X LEFRHEL L, X5
12, MR T AR TEIFERENZ K 2200 5.

X 1.1, BREEEODEERLTWS, EEYE (EMI) &, BTHEISEES 2 B8
WCHRET A2 AERBRIROMEORRICTH LUEREL G252 THD, MoOtEiROEE
PFRIZOLHZRHETH 5. RNz, EREZME (EMS) &, oI OEFIC XD A
L7 RBER BRI O ENZITRT WY I 0 ERTIEETH D, B 4 AR
T2 TRZMEDRL 7 4 XMt H S 5HZ 5. EMI & EMSIE, R & AzE%
DEW A XBHD, Mz IvyaryeE8rIvyay, A Ia=7 4 nES
Ta=T 4 I, TS 4D0DEH A ROV TAHEANE Y 72 5. REOHKS
NoFHIE, BRFPEL BEDN, BEOBEBTFHRADLOFRE L) 4 XOEIBRNTERT



BrEZ LIEFEREENTERVWHEETD 2 [2).

1.2 Enig
1.2.1 TIR/GND BREOERERK /1 XM&E

AT, BIFE L GND B FATERMGE TH 5 2 & WTERT 2 FATEREIRICOW
Tk, BIFERIORHEZ M3 2 Fik e L TOFEMEBIEE TNV ORBEMIZONWTIHENS.
BTG THMA SN2 PCB OBHFREHOBINIMERTH 2725, SiHOMELDTDIZ
B2 OBREM 2 AT 2. K 1.21%, BEMREPOERE/MZRL TV,
FIEINLIC/LSID R A v F > ZIER L mERERPERER IR S &, JEH
D HFRDIERGIK DR AR TH RS E, AT PRI EE TR O E KT & AT
FIOWS N D Z FFOBSAIEE L, T OBRIUE 2 KIThANEM L, Eiml © o) &
ATRELERDINLD.

GND layer

/ Power layer
b

X 1.2 FEX:DFERZEUHEFOERE L GND &

SEAT ARG O JE B CL1E, BIFEROA Y =X ABRRELBL, mxT, &
%L;b?*éhél%w# DO—HIIBH = AV F = D 7Y > b ERINTIEG &
% [3]. FETERLOFATEREE T, HIREREBIIEROHMEDILDEXIC X > TR E
%M.ELM&1V@ ECHEEOBFHERZMIRS B2 2D 2.4 GHz IZBT 51T
FARFEIROEESHEZRLTWVWS. K 1.3 TlE, HRE—F fio DR 2.4 GHz 1BV
T, EEEPRBREL TV 2005, 20X 5 ICEFEBIEEREIFRE LRI,
TEAER DI DAL B ICIERGEE 2 & ORAKEISIFET 5 &, BEAY VRICIDLEL
TERMEROMTICR D, BEMEOHIICEN L. ek, WLEE MR ER Y
HWTEEZITS 720, ARKIES LWEEESOELDOIRIEISHN LT/ A XDIRIEH K
XD T, ZEFBICBIZESL-WVEBRESS /A 2ICHb ATLEY, B5



Voltage [dBUV]

- 80

70

. 60

b= 45 mm

1.3 RO ERERIC BT 2 PATFRERI O & 01 O —f)

DYID I L 227D TH 3. ERICHEE TR R EERROERBRSHW SN
% 7o HIEIED & HIRE PR BN T 2 DIFES TIER.

WEMELHERT 272012 4 ANREMTRENRD 5. /7 4 ANREGZFEET
e I RIZHIRE T X 208, MR K > TEOBEERN K D2dinh 6721 U,
SERASE D R FAUTRHE R /2§ 2 e 3T &3, KM, @R REHLTLES &
SR a2 OBEIMCEN 2. Ledo T, AJRERIR D D7 WRR TRAZIER o Hifilsh
RfEons ZeRkDoNE. 20D, BAFFHMEFEET MK S 2 A HRER
2 X B EOHEE 21T S.

1.2.2 BREROFHELREFICEZE—FRZEH

X 1.41%, EEREOEEE— FE2RLTWS. DM & CM1Z, M7 EAS 2B R =R L,
ZARSRIRIC B ZAME T © SRR EE, ERICBlSh 2E L, BEREEEL, £E
MeRET 2L, FETELEEB RV DM & CM OERT 2K LTERINS.
D% D, HEE, EEMIE, BEVIEE#ELROWHYBRESICHEL TERZS LN TE
% . RIERRES SR ORRES TR & BB E I BEREKUE 21 TEM (tranverse electromagnetic)
E—FTH27%D, THINZERLE— RIS TEME—-RFTH 3.

X 1.51%, 3ERRDEERBTEL 2 E— FERERLTWS. FUEOWHEMAE R
BT H D FHELEEDREPERINDI Y, T4 77 Yy LE— BTy
E—FANOZEH, ZLTC, IEVE—FNPLT 47 7L YT v LE— RANDEH L WS
= FEWDET 5. E— FEFIZ K o TREHRICITER L TO0 IR WERIR O IE R R E8E
EHELRZD, B 4 e R DMOKBEANOEMYIEFR L R OB RS, 20Dk,
E—-FEHZ2ER L LTHETTA2ZePNEETH D, FKAK, W 4,5 TaxrrXT
L BE— FEFITOWT, /A ZARERENC & 2 IR0 R O BRI £ — REHD
SR EITo> TN,



iz g ER o a
R 1 EE B ay
BCi& -
: : :i; gf,@ﬁi ;521 g;.g & Differential mode(DM)
RS
[E148
&y & / ==> /8
ol -y
éystem ground(éf:(i%ﬁ‘) <=
BRITETIL Common mode(CM)
JARXDDFE(E—R D)

1.4 (ZEHEEDIREE—F
ha | hb
( Signal line (}—:( Signal line )
Differential mode

Return line O

Return line (

(

IN ear

System ground [ Mode conversion

Common mode

15 3EYRRDIRERRE TAEL 5 E— FEHR

DM ¥ CM Z# 5 g o fEfithic k> Tol 2 2 X b EMC o %, €— RO
FHEEZE L CUUETE 2 FEEREEET L (IBD) B7L (1] DHER XNz [6]. P
BRIz 2R R S LS L, B RICESCE— FRIC LD DM & CM
WG [7]. BIOIBDETATHZIEVE—R7 T F (CMA) TV [1,8-14]
E3RTTHEZ RN TE, CMIZS AT L4277 v K (GND) 2 6HEN 24T E S 5
7o, CMOAIERZETTWS. XERRBEHOFEEIRTH 5 CM IR & Z DK
EREL, CMEREZHET L2 TES. TOETATE, CMH»5DMADE—FR



EHDENDARETH B, LA L, DM D5 CMADE— FEUIEH X h, FEDRE
IRRHNTH 5.

A4 I 2=7 4 MEIHIET X 2 E— FEMEIE [1,8,9,14] 1%, > X7 4 GNDIZEW
BICHART 22 HNE LZAIOIBD €TV TH 5. CM 25 DM ADE — R,
NG UADERR D74V OBERTHETLZ DM 2S5 CMADE— FE#RBEETE S/
B, 43a=7 4 MEORKEHNRETH 2. Lo L, T—ZILVEMERZ 25
TlE, MER% 1 RITOEIEE T I L Lidtelzd, HHE7Z 3 Roihnhd Z IEfECE 7L
FTRZEMTERDPoT. LEdoT, CMA EFARE— FEMEKIZIZ—E—HERD
D, MEITE2MNRUTIRALDH 3.

CM DIRAUIT R T L DG L ERRIC X > TR E 2. L L, MR 3oTHEEE 1 X
TCEMERCET T2 Z L IZREETH 2. 2D, 3TTHEDET LEHWTHER
W3 2REDNDS. EARS [15] &, EEZ B L 7SN LT 3 XoTERSET &
(0] B& AT DTSR 2 M L, 3 RoThEE & XWTAE— FAEHZ i L7z, 3 ROTERESY
AT IXE 1238 Poynting for Microwave % W TITWY, [BIRRAENTIZE S E B L 720851
¥f L T Cadence AWR Microwave Office Z I\ THTo 72, EMKIZIH - CTIARRNCHECRR L 7=
ETMEI AT L GND 2 EDTAERT LD, ERZFEIICGND & AZEE 38
KD IBD EFABEHATE S, 127201, 2200 I 2L — X CHKEH 2175 121%, £—
RZEMMEIEE . 3 ZTd CM Fffi€t 7LD CM BRICHFER T2 46EHNH D, IBD ETLD
RIERERE — XY 2 1 DI KGRI R RE TS 5 72, WITTAE— REMOREE 2 e % 7-
DX, FHEERD BT 2ETRVBRLEFEZITOMLELDH D, RIFMZET 5.

Nandyala 51 &> T [16], BE L >V D L7 BIFRE AR EY) TR WEH %,
CST STUDIO SUITE D> X 2 L— X ZH L GEEET 2175 2 THEL TV 5 [17).
Kim & [18] &, 3 RITEHSENTE T L & OEENTIZ K o TARAN—HEMfRE 7= 57 4
FFa—2r%#AL, ANSYS HFSS [19] ZfH L zRIB#EfTIC Lo TXaryrFrie Y
AV F U DOFEHTOWTHE D AR, BERICHEE XN TW M EFEFEDORTICHE S
Z, FHRFECEEBN 21T o720, T— RO T-oTE5 T, 3TOTBERFENT D
AT EIIIRED R o7z, DF D, RIGFHEZSHE L ET, 77— 2 Z < O/
EHNEBLUBRWET NV TH o7, BRI, KEDT —XAE LB Y 32 KR

TRALD.



1.3 ERXIBRK

AFIX 6 BRI THER IS, K1.61%, @XERICET) 2 ELHIOM DO FREZ R L
T3,

3, 2ETIE, BFHERORENTBT 2FEMEIFEE T M X 2FHEATEZIEREL TW
5. FHERET LV CTETMETE S Z & TR E 2222 80T 2 2 & TR T
RRETD LR T XM EREXZ N TES. 5, DM ORRETH 2 AT FARFER IR
LT, 3XITMRIEA D DB 2 AT AR L CHEMEIEE T NV TRIT 2 TiEE R L.
SEATEARFARD IR TH %, FADPRRBEL TV RIELEE T2 IR 7 4 L& (LRF) %
WG T3 Z e B/R L7z, £ LT, LRF %252 L 2MEIER D S OB B
i % B S 2 72, [BIESEAR D FAR 2 & DT ¢ LRF 28T 24— 7> 22 7
TED B DR 2 WS R BERBIC R L2 ET LB IERE L. RS, DMZII TR CM
HEDHMETHZE— FEFUTH LT, ZAETIRFHEEABEETAEZRELTE
D, RO VHE 2R T BRI DREHWEZE— FOMRIC X > TDM & CM 278 LFE
i3 5.

3ETIE, BB LULFHEEE D 2 I LRF 2 EBEEE L THEH LZBREBORIKIC Y —
IPETCROE WS FET, AT ERIEIRZ I 2 LRF O aait 217 - 7.

4 FETIE, LRF %R U 2RIEENRD & ONEBRBU 25 Uz, HEEE T 2R
WA T 4 &, EBEERO AT EAREAIRIIHIR IS BT 2 4 — T XA & TG D & O
BRSPS I 20, LRF 2E%E 32 22 ©, NEEMIET DG TE 202N 3.
ZL T, BEERDEET A ERNTA =T ¥ 2R THEED & O % TS 5.

5ETIE, TNETHEEHERESGET MINARODE— FEH L 3 XI0E 7V % [
WARZ T rolzl, F—DY I 2L —XIIBWTCHEHENITT 4 77 L ¥ LE—F
%, 3STTLBHEFNTCaE v E— FEOFHES 2 %2 . FHlicIEHiikd ANSYS
Electronics Desktop (Z2&fi X 41 CW % Dynamic Link Analysis % F\W TR #EHT & 3 Kot
BRGSO RN 2 FIH 5 2. FHEAEESE TS 2 EEENT & 3 RTERR
fRfr BT E R L, BT I v ar 4 I a=7 4 ZiHiiL7-.

6 FETIX, AR THiET L7z EMCED S 5D 2D, FATEMRIER e £ — FEFUSK
U CEEAMliEl 3£ 7L 2R U 72 PEREREE O TR DWW T F e O TV .



1=
IZLoHIZ, /A XRE, EMCE%E

U

28
EffiE Al DRE
2.280 — 2.5E0
o — TITUDEEE P —
ZR— EIBETIL LN E TEEFEAETI
3= 4%

ZR—rRIRETILERLV:
BREETHEIRBET(ILALRE)IC

T OEBEFREICL:
BAERSBETIVERL:

5E
ERBTEAWV - TEEREBSETIVIC
KBDE—REBRDOEH

&%/ 4 RIGHNH 2 HEE TEEWRSEE
6F
EX)

1.6

SRR B 2 BESLET DM 0 B R




F28 BFHESOFMERETILZHL
f=EMC &5t

KRBT, 9, EMCZREICOWTEHAZITS. X2, ZHHEKE 7L % F 7 21
JEDORERITS. FEEEEE 7 IR — + OFMRIFEE 7L, BHERIEET L L
FREFEEEFMOWTHINT 5. 2 LT, FITHIHRIFOTETS oKk EH
T BRI 7 4 VX (LRF) IZDWTIRN 3.

2.1 EMC&5T

AT ALADHFEIZBEWT, K21ICRT LB VETADZHVLNS. BETFHEADOH
FIZBWTIE, &M AT LD7 A MERETERZHW EMC A3 1THb 5.
22DA X =Y TRINZBEHRBERTIE, BT I v a V2FHS 2 HEEBRPK 2.3
DA RX=ITRENS BCIEBRARTIE, BEA I2=7 1 2iHidT 2. ZhooilEo
RHIEZ @B X 25 E MR 2 HAT 2 e D TETICRETOEMA SR DELICRD, B
FORFEM D 2 VBN a2 MRS TLESMEE 5. 5T, 79 v A LB
FHEVoHESHFEET L E LTEZLNED, [HRIOEZ Tk < BB, &
KRR DR S N BIRDESFEIC X D EW ) A AHRET 2720, Ko —HD5E
T/ A RFHT 5720 TEA TS THY RAZTH 5.

EMC ORI Z $ 2 5 X TEHER Z 21X, HHEEOFH O DEFE2 & EMC 1%
HEREZRB L C#&i T 2 EMC#&FTH 2. EMC T, B2 S HERKE 7L 3 K
TR 2 AT OIEREZ RS 2 & T, BLEk o EMC ERERFEM CRIED 22 v & S
FEDDDRVEETH 5.

2.2 ZAR— b OFEMERR

AHEITIE, ZKR— b OFEMEIHEIC X 2ET AT OWTHAZITS.
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ACCEPTANCE
TESTING

CONCEPT  [7mmmmmm oo oo oo o s oo

———————————————————— ITEM TESTING

FABRICATION

ITEM DESIGN

> TIME

X 21 RXTALEFEDOVETL

X 2.2 WEEABRRD A X —PK

B 2.4 3EMER S NFEERZRLTE D, £RTF2EE/GND BficEiR AT
5. ZOEFEEICEIT 2 FATEREROETABIBETDH 5. 22T, K2.40FEE
W%Eﬁp WKZHRLETFAEZER L T L

FEEMIE, l25frém%éf®ﬂm£ SNEZR— b LIEo &R, K 2.6
TRSINZEEIMIC A TE 5. BFOERZEMEETET Y 7T 5 e K2.7I1TR
END LRI RX=RITE B2 K- P OFEMEFEE T VLTRSS [20-23]. FEERMII,
ANA V=RV R 7 DEMBTFTRHETES. INODETAEERT 22 TRI24
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Injection Measurement

PCBI 2paircable  PCB2

System ground

X 2.3 BCIFEERDA X—IK

Power layer

X 2.4 BREHSEEE X 7 FEEAR

DEEMUZ, M 2.8 TRIFMFEESINTERICBITZ Z 7 X —-RITLBZKR—- T+ DF
ffi[ElF&E T L TRIHAT 22D TX 3.

FEMR D MHREZ K 2.8 TRl L 7z FRICHHNEZ FEAUIFRE D 1372 < 7 4 R E
TH 20, HtilEZBR 58, /A4 R Z & 5125 USGIHEZ NE 2055
H5.

SCHR [24] T, BHIRE— FICEH L THIRE— FOERWEBED HIEFIC f, & LT
RIT % &, FHEIEE OO 2 X 2.9 D X 5 AR T2 AW EiibE cRET
XZZERENTVS. ZOHEMEEEF IR E T 3REIEE TS v E—R 2% FE
BHT® 5.

COMBEATIC X 2EMEKEHVE Y, R—1i, jEOBENEA Y E—&X 28X
OR— 1 i ODEFEN R A Y =XV REIRATEZ BN, Z 87 X —=ZDEERTFICE-T

RIITE 2 [24].
< NN, 1
Zi=> AR (2.1)

n=1
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Output  #l #)
#n ,

@ !

Power layer

Inp

X 2.5 2 TOHMIEENMEZ R — & L7HEEDHM

(ﬁ- IC1 IC2 |RF Circuit
i Z?J >

Z, Z, Z Z

Qﬁ

X 2.6 SEEEELG,

R R2.1D)IZBWVWT, i #j DEEERLEA Y —X VR, i =) OLEIEHEEHA Y E—X
YRERT. HIRE-F 2R L TWAUHERSINLRZTFOT FI X R

Y, = jwCy + 1/jwL, + 1/R, (2.2)

THY, Fy TRV RO, =Co=cS/d, 4 ¥R XY X L,=1/w?C,, EIEZ R,=Qon/wnCh,
ZL T, QX Qo, = 1/(tand + r,, /dppw) & L TEHEAELTED, tand [ FEFEH AN D
BIROFEEE, r, IRRES, depw ZFERDESTHS. N, BLIN,, OREXZ
HREZHROBE RO TH Y, MMEZEAYELHED S 5.

INHDNT R —=RFEARBUCER L TREZIToTWa 7%, ZolEKIEnHEHD
HARME D EEL £, OB HIRE— FORZ TV E LFEANCRITEZ L L WO REERL
TED, XHk[24] TlX, 7 X—XDHEHIZOVWTHidREhTWb. BEIFREBOMEES
DXy YRR RO, nFEHOHIRE— FORABBICES X5 IEE—FIIB
240X R RARRET . QEDMECHE T X —20ErbEHTE, Z0OfE
POHEFOEZRD S, N, BEUEN,; 1%, KA THEETE S [24].

NG NG
Nui= o /W G, Ny = /W nls)ls, (2.3)

R (2.3)ITBWT, W, WX Port i, j ZNZIUTBT HHKIE, ¢, ZEHREE, s, s;
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[ 9 Lol oo ]

I out
Input port 1y do Output port

VIL 785 A—4 J

I O

X 2.7 785 X—2ITE 2% K- b OFEEEE TV

ot fet

Input port  fin . da Output port
% VII R REERD ]V
s ZINSGIA—A I

Snmer 84 b

2.8 EEMEXNLEHRIZBITSZ 285 A —XI2E 3% 8 — F OE{HEKEF L

\& Port i, j ZRZRUCBIT 2R LOMETHS. LHrL, KX TEs;, s; 08
DEIHEZLNEDDoTVRWED, BIRE LT N, BEXUN,; 1%, BT I 2
L—RTHEOLNE T 78O IL I TIRET 5.

R Q21 25, BHFEECKIZBEREHOA V¥ —X Y 2AREDZE(LEIRZ 2 Z 2T
XBL2RoT. BRERD, RO Z AT X—-RIZXB2RB B, FEERICEEEA
EEDIR 2 TN HIFEIRMIEEIC K - TRILE NS Z & T, Port p IZEMEEE L 725E0(M
R EBRIIR Z B TEL-0TH 5.

3ETIX, Port piZ/ 4 AXREBMMNFEE X NG E, Z LT, YO &5 RHENE
SNDZDPHEET BN FIEZHAT 5.

2.3 EREEI3HIERFET1ILAE

ERBICBIT BHIEXNRE L THRAD N ETIHRRE L CTELELEE T 2 HiReE
7 4 V& (LRF) IZDOWTHAT 5. LRF X, $&X—Y%2EHRL, hBroEBEETHWS
AT ENGRIGIFETH % [25]. Fv 7R FEHVIEA LR, BEKICEBI) 54t
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RIMFIRBIAGFCTE 2. ke8RS, FyTRTFEHAVD L, FMiEHIA VX7 X2V R
(Equivalent Series Inductance: ESL) DfZI2 X D, SEKTIIHWS Z LN TDH 2
NETH5.

210 TRT K51, 14RERIRZAMAT 24— 70 X2 712 GHz i THEEA 25
T57 254 MEZEM LMETLRF ZEBLTED [25-27], LREFDA Y E¥—=&X ¥
AL 78 2 HARFEBIK [ & Z DHIRDOPTIBL A PE TR HIF T E 2R FT
H5. K210k, HEFEER e, TEID dppw DiSEAROEIFERICHRE XNz LRF 2R
LTBY, =T 2AXNE, AZTEw, AXTEIL FERDEX dy,., THEIN,
7x274 MEREZtTHS. LRFEIL 72N L TEERB (X —icERI L Tn5. ik
RPORZIRFDOANT RIRX VA% Zg T 5L, BREMCER SN EFMBZFT
RIZeMNTEB 27). FBATHLE 27 ICBWTLRF ICANA Y E— XY ZERA TR X
N2 eIRINTNS.

. ZOstub
e == Lvia . 2.4
Zet I Evia tanh{(a + jB)I} 24)
~  Zossaptanh (al) + j{wLyia — Zostuncot (51)} (2.5)

2T, Zoswn, @ BREEFNETNA—T U RAZXTOREAS V¥ —& VR, BEE, (it
FEBTHY, L lZE7DA VX2 ZATHD, T ERHMENC X o> T % 21E

o
Port 1O Port 2
o— —O
Port p o
ot

X 2.9 [EEFEFZHWE3RE— b OSMER
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TH5.

X 2.11 13 LRF OFiEA Y ¥—&X > A TH Y, 2.4 GHz THEIRFMEA V¥ —Z VX%
BFLTEBY, ZOMOHIBMTRERMHETHZ. ZHICED, FEDREBETDAIHRHR
25 ZEDHRETH S [28]. M2.12 T/RT a v 7 I X2 Tl&, %100 MHz X
TR TIANHIRNRSE SN 523, CHz B CIIHIRNIRESE S 2 sz, Kz, 3
R 7 EBFELTED, KK A ZXDPECTORWVERKT A XPELSZET2X
WENFELS 5.

iz, LRF OFREIZOWTEIHZITS. LRFIC X > TR XK / A4 IR Z15 2 72
HIZ, COREDEIDKEXIEZFHEORETH 000> TRV WS HEND % [22].
X 2.131%, LRF OIEEKDE NI X BEES V=X Y RZBT 3 MEHEIRDA X —D%
RLTWS. BEHRD, LREICKZMEPENTORVWEADILES Y E—K VR Zr %
RLTED, RS LRF 2FZE XN TV AEAERLTWS. R U TQEHIRE R
B fros = [ TROBMEIELF SN S X512, HIRFEPE f, £ 4 V=X 2K L3
HAREIEL fres DB LTV RHEEREL TV, BRIV VWEEIER 2.13(a) IR
T & T, HIREBEL S, KB THHIENZ R 2 —F7, ZORIBRDRERET 4 XD
BT, REATEHNRT ) A XBKREL R LMEL RS 26, BEIRKZVWEGEI
X 2.13(b) WRT & 512, HIREEE £, .[CB W TGRS D72 25—, ¥ilzk
JAZDHWIMIE TR RS, LidoT, #hiFELL 7 4 XMHEIRES 2 -0 DiEED
KEZDFME, HIREBEL free DRIRD BT 7 4 AOWEIMHBA T2 <, HARE AL
fres CHRODMFIEIBONEZLTH .

Copper (L1~L3)  /=13.1 mm
35 um =

Open stub (L1)

GND plate (L2)

Power plate (LL3)

B 2.10 HEE2HT HIREF T 1 L& (LRF)
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o
(e}

24

(o)
=)
)

Magnitude (dBQ)
[\ -
CR-

X 2.11

40.3 mm
Decap X 16
(0.1 uF, 1 nH)
65.7] l£mx |
mmji: o = i
1

RF
circuit Y

1 2
Frequency (GHz)

LRF oA v —&X > R

/ 0 Simulation \
I without decodpling ca;pacitor
— with decoupling capagitor 1
~10} i
g 1\ BRE I+
:—‘_20 __: . .
:{ﬂ" | /
_ | A | A
Frequency (GHz) 4

X 2.12 a>F oy EEEL BEoMHRR
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= = Reference |2 = = Reference |2
— |2 — |2

>/

(a) HRDVNZ WS (b) HEERIRENGE

o SN - I ¢ _:\/o
213 LRF OEERDBE NI L BEZEAL =X 2 2281 2 HHIEhERD 4 X
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2.4 FT7FOFEE%EAL-ZMHD] R

ST I v a vy ERHiis 2B, SiihTEdE XKD & OGBS AT 3
52 L TAHMiAFIRECH 5. LA L, B EIHHEZEI TW25E, #2707
F0 5 DEBHES OMEEYID 312 Z 2 3LV, ek s, BENE, 7 4 XFxmE
g x 7 7T FERE VWS HERTRIATZ 22, 1207 7 FHICEHT %, fho
7T FERBEMICED RN TLE S b EROBSFHECEDPEL 272D TH S, KX
TlE, TMEEINLEREER2» S0 E 7 > 7T FBREDRET 5720127 7F Y DE
HrHW2 Z e TEBIOF G 2R T 5.

X 2.14 1%, BBO AT ARG $ % LRF 225R128F % LRF oW, LRF
ERERCN L TT 7F o e EA LR T L TH 5. EIRERD S DA
DG & FHETS 28812, 7> 7 FBRTH 3 AT ERGEIR 3 2 BIERE R O F i€ 7
L LTRELU TURHAREZI DR, £, LRF 2000 7 2BRET 2D
DIT, ET7DAYE IR A% &8 LRF OFMi4 Y E—K VR Zypen TRBETSH. 2O
L%, LRFe b7 cHEREINLEREZL Y ZeRET2RbDIC, 77F MY

FAWTHELNLSHIRERE Vopen &4 Y E—X VR Zypen D522 FMBELIRE, 7 DA
YRIRYRA Lyiat, Ly EE7-GND BREIDF v RO RV R Oy, ZIRBELTWS. 22
T, E7% GND BOHI RO ITWVETHAEEEZ, Lia, Lo &, K214 1RT

BIR/GND @ & 4 — 72X 7 /GND BREIOKR X TZERZENT T KT, ©T7 DAL
BB 2 BETE Vpen DIRIE L fiMHE KD 5. LRF 225 OBHFET MBI 24—
VAR, TOXICLTELNLFMELRZIRFEE LTH5Z TV
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Via2

35 um L i
GND T
0.235 mm Vial
Power
LRFDErE X
Lvial Lvia2

¥ 214 77 >OEEZEH L7BEOER/GND &R OFMmEE-E 7V
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2.5 FHEARBSETI

FEEAEEETND 1 DTH 5 E— NEMEREET VL, 2 A AREICHEKST 5720
IS BHRSIRIETHERIC BUT 2 B — RO [30] & W TESE — NI B O SR ©
[A] CAREHEE R C R i 2 W52 5 5 . B TIXERSTT 2 & OBERT R TH +odt
BRI WY, SMEDERD 255G RE DR T 2 IR 20 5. $2,
BUEFTREIZE— FEMR EDRE T2 A D= XL DREHIZIEZEDIZ V. 22T, BED
FEWENT 2T = 2 EREFENT & X 5 = X L DIREIARER DT = 2 [ EIXFERICIT S
Ik o THRIEREI D AIRES L B AT WS,

Fxl, FHEDRR BRI ER I NMEICBVT, BERELSBICHEISE-F
DR E>TT 47 7Ly v L E— R aEryE— FICOREL, BEORNERTEL S
EMC M@ Z DR 2 FEEAEEET LV EREL TV [1,8,9,14,29]. T HIFE—
REFUC X > THELZIEVE— PG E. RV E— FER I 2 THIFRETH 5.

X 2.15 1%, fRERREOMER E F v 8> X OBEBREZRL TW5A. MO 2 5 E
fbL7EBRETRhZHWS e, IFRORXTEIETZ % [8,29].

o
Cig + COog
ZIT, Cyt CyldZ oy FERBERNDIFIHEERTDH 5.

LA OWHRGED AR TH 2 & L, B 151 T & 5 IRERE O BIRAL ) R %
NFN D, hy, 2BL. EHRINTEEOBIRELDE h,, h, OEBEL 55, %@fﬁ
SLCEMETRDZE Ah(=hy, — h,) DEL, E— NEHUIBERAL T RO T % 2 DIFEA
THELS. 20D, heZDHFITBI2T4 771 Yy LE— FEEV;ZHWT
REINBTF4 77L YTy AnbAEIADE— FEMEZEKT 2 2E 2 E— FHRE
ARV 233 € ¥ E— FEHEFRICETNCHA IR S, 51T, h & ZD0HEFITBIT %3
VE—REMRILEZHOWTREINZAEYDPHT 4 77 LV ¥ ILADE— REHZEIK
T5574 77 L% VE— RHRIERARL. D3T 4 7 7 L ¥ v )L — FEA[EIEE 5]
WWHAZNS. ZOXIILTETY YIS/ E— FEHEBET VWS Z 8T
IEVE— FRFICERT23EE— FERL 2RDZZ BT3B,

X 2.16 1%, &g DT — FEMEEREERL T0E. EERICEL 2B L BFO
RIEFRIEHEERD X 5 TEM E— FTH 5 i ITE 28HICB VT, ko FhE LR

TEMICTEREZH N TEBTL L EEBEREE— 0T 22212k, 3E R EERITT 4
77 L YT ¥ VE—RFEIEVE- FOBRERBICTITITREINS [15,30]. X 2.1813,
AEVE-RT VT FETAMRBITZE—- FEBEZRLTWS. X2.16 DE— FEfE

h= (2.6)
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BICBI 274 77 LYYy )LE— REMEFRICBWTT 4 7 7 L ¥ ¥ v )LE— RHRHE
DHEL . aEVE— FEMEES 3 ITET L ER>TVWDS, AEYE—RT7 VT FET
LTI 2 DODERE 1 DOERYE LTI/, 7Y T FITL XY MHY T 2 EKBOWE
BERBRT 2. LEMNoT, 1 XD IE Y E— FEMEKE F L TIEERRTERWETRE
THREMRETNEWNS Ze N TES. LrL, HEMHAH L aEYE— N2 T 4
77 LYY X E— RADE— FEBRZHMALIFHRE R 5. FHEAREGET MBI
% E— FZORINIBRANAERE . EEREEEFEZH VWS, 7477123y L
£ — FEMOE DT — REFRAEMS (T— FEHR) KBV TEHIL2T s 771> oy
NVE— REE Vg KBRELDEDOZE AL EZ#HI-EEHETCaE Y E— N7 YT FETLE
R XE 3. KAC, T4 77 LYY vLE— FEMEIRORIE, 2F2E— FEME
BOE— FEFSCHHIL -2 v E— FEH I ICERLEDEROZE AL ZENT 2 HOE
METH 5.

BITHIEE LR ERGIEERFEZ AV 28 TE— NEICHS T 2 2 HUS O R
ZITHZeDTES. HEFET 25— FERAD 5 b — A DS OERELTERDZE Ah
Z0ICTDIE THETIITERVWINTEEET .

#1

Clg(-%CmIZ

1 42
T G,
Ground

2.15 MRS & ¥ v o8> X DRIR

£ — FEMER-E 7L, FHFEERE T L TR TE 2R TR SN Tni—7, E—
REFNC X > TRAET G ) A XZ2iHiis 2121%, aEYE—RF7 YT FETUICK
5l 21T o TW5 [1,8,9,14]. X 2.17 DM O R kRSB S e T v
N L CPEERBEASE TV EEA US4 X EFHiS 2356 3 T BRS RT3 E
MTH3. BEHEEIIBOTT 4 77 LYYy LE— FET I Db aE vy E— FIGTDTT
DI HBEEZ HDTED, aEVE— NREIFHETE S, M218TREINDAEY
E—FR7 YT FETFTARFEHLIMGLTWS. L2L, ZOFMETE, 4770y
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Differential mode

[ I
I h _ _Mode conversion _ hy |
I : I Ida Idb I I
I Zga | —> I Zan |
| 0 |
I | v | I
| ! dT@lﬁMc N !
| — ] |

_____ .
:_Common modle _I[ :
| I AhV4 | |
T I U
| | \_{ T | |
| | Ve I Vcb| |
| |
| |

X 2.16 E— FEMEEETL

LE— FBIZERNIZNVE WO EETHREF L T0WE720, T4 77L YT YLE—FRD
IFEVE— FADE— FEBOAERER LI-ETNLTH), aEVE—FK0LT4 771
VIR NE— FADEHUIHAL TED, 4 I2=7 4 HBEIIHTRE LTWRL.

L7edioT, AT, T4 7 7L YT ¥YLE—FRSIEVE— RADE— REH
P TRE, IEVE—RDRLT A7 7L YT Y LE— FADOLEHY EDHEDE— R
ZH BRI HEEREESET AV ZER LR 21T 5.

50 Q
7/ +
50 Q j7// Vi

Far

Ground

217 TFHIED RS 5 GRS R S N E T

IR ETOWE [31,32) Tld, MEHYAERIC X % E— FZH%Z DM [EE e CM [H#
TYIalb—Yary L TWied, ERIZE, LKEZRSHDZDIZIE CM Bt 7
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X218 aEYE—FT7YTFETN

VTR L SRTLBRAMNET A EZHEH L TITORDEND 5. L7z > T, 3RILEM
Bt b g HASDE MY I 2L —> a VOEETH .

X12.1912CM / A4 XF I, A4 I 2 =7 4 M RYNCTEA L5 E1C 3 RITERS
oA TEH LT X —=&%R7. BHIELEICIE DM EE Vpu & CM &EE Vou 23FE
RrcBillxh, BERS DM & CM e FEFICERIIENh S, 20720, BHlXNWEEH»H
FMEE X 7255 1B EXN R C SN0, EDORTX—2RMEOELRFRKETH
ZHEHAL LTI RV, 207D, BEICHT 27 4 — RNy 75 TES, MRHAET
H5.

X12.201%, IBD "4 7V v F ETALDGHOMEEZRLTVWS., ZOETIVTHAIS
BT X —XIZDM & CM X3 53728, CM ORENHEG S 2 7 4 OREEICIE
K5 % D75, DM OREHNE LS 27 4 DOEFRICER S 2 D22 BEF HHTE, BHZ
74— FKNw IR 5N5. 3SHITHBHNATE Z728, CM FMflFEIFEE 7L TIXIEMICE
HTERVHEEICOMNIETESE2 XY bbHB. LIdoT, ADIBD NA TV v R
EFLTE, FEtEFErOEHICL 2 —F 2. BEhs, B 27 20REKIZT T
ERENTVW2IESTTH Y, BERIERNCERL 72 3 RorEMSH 2 AMH T 5 Z & T,
CM FHliFH D 3 KOTEMST T 2R T 2 e BB Z IR 206 TH 5.

26 Fo

AT, £7, EMCEHNIOWTHMZITo 7. AT AMFECBTI L VETLE
KL, EMCHREZ AT OBRRED S BB L TRGHT 20 ED D5 Z e 2R L. B
DRFC BV TIIFEMOBE & D AT HAERHTIS 2 L TERD 2HL T2 e TE, B
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Observed voltage

Full-wave
analysis 3D model Vou, Ve
Observed current
Iy , Loy

CM noise source I

X 2.19 3 RITEBS AT D A D73 Hr DHEE

DM analysis Equivalent DM parameter
DM circuit Vom Loum
| 4
AhV, ARl
CM analysis 3DCM CM parameter
model Veu Lem

CM noise source I

X 2.20 IBD A 7'V v F EFILO5H O

FIZBU B FERBRMN O 2 + OHIRICEA 2. K, FliEE-E 7L E W75l 5
FEOREZITS. BEFEEOREHCE T 2FMEBKE T M X 2FHMI A EZIRRE LTV 5.
FMEBET NV TET UL TE S Z 2 TRR L K2 REMBIRET 2 2 & TRE DT
FFOLSTXOREERZ Z e TES. 3, DM OMETH 2 AT IR LT,
3HICHIBRIED D D & 2 AT UK U CHEHEIESE 7LV TRHT 2 HiEER LTz, FAT
IR DON IR TH 5, MADPIREL TCWBIEREE T IR 7 1+ L& (LRF) 2 H
WEREHTIR I TB 2 e 2R L=, 2L C, LRF %% L 7=\ 5 O RNE BRI
B2 RIS 2 72, BIESEAROFMH 2 & DGt e LRF 285 2 4 — 7> 2 X 7HE
D5 DG & W S B BERBIC AR L7 ET VIR L. RS, DM TR CM b
BUMETH 2 E— FEFUSH L TIE, ZNFETIHHEAESETLERELTED,
FREE DT % £ T EBIREL DR 2 HWE— PRI X > TDM & CM 25t L EFili 3
5. BRI, FATFEREIRIGIOFETH 282 E T 2 IR 7 4 L& (LRF) 12D
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BIE ZR— FOFMEBIRETILZAEL
flERzEI3HIRSRE T ILAE
(LRF) IC& % / 1 Gl

ARETI, GBMERIC X 282t LIHEZ RED 272912, BFEEM 41 X0
FULB LN, EEEEL-BOBFRBEMICEIT 24 v ¥—& ¥ 2Rt o Z iz onTik
N3, [FERTIC K 2EMEAEE T VIcES %, BEFBRIAD ) 4 XIEOIRZ FHWEE
LU, o & FATERIRADHEICOWTHEN T 5. MAT, /A4 XWX 3
J A ZMHIEHEERITORNEENT 2. BRI, ABEDF D EARNS.

3.1 EKZzEIHIHIRSEFE T4 IILRICHTBIEROREHRET

AEITE, MHIEOHEFIHCOWTHHAT 5. 207D, H—0 /7 A4 0 HRE %
FKIELGE, COXSCEFBREOA VY E—X VA ET DO ERT.

J A R E S OMHIROHEE X, HIRFEBUSEH L TTS. RER6, HEHKD
J 4 XMEIZBNT, HfEZEI TREREL R UNEKT 2 080D 5 DIFHRE R
EhoTHsb. #HEFIHL ITOEDTHS.

1. Port pAD J A4 X RFHFERDILEAS Y —X VR 25 BT 5.

2. HIRFEBHENCEB L, Zi|~y, DEBEITS.

SZﬂ#hKﬂT%Zﬂ#h®ﬁ®%ﬂ@%Wé.

i?,lzguxﬁ4/t—ﬁyxzﬁﬁ%ﬁéMt%szwiz%ianﬁéi%
3 [22].

(fﬁMMﬁl)<§f%Mﬁ 1)

Z* _ i nQan n 1 B n—1 Yn ](JJCO n—1 Yn ](JJCO (3 1)

' n=1 Yn jWOO 7 N Z ’
in ]WCO

27
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KD, ZRFTRXA=RORBFENERLTVWDE e HMRAEARETHD, K310
L3512, Port pllANA Y =KV R Zog DEMBTTRINB J 4 TRl X
N7 MBI T L TRHINS.

TICHARSEIL f, CEH T2, M3.12BWT, nBHOHIREBLAD A > ¥ —&
YRFETH/PSERZRL, 260 IRMABKIZMA IS [33,34]. ¥k s, [HE
KWK BEMERED A > ¥ — & > ZADHYRE— R OFFEPECCZEN & 72 2 [ Z Fifd
WLTETMEEINTWEDTHS. TOEICEZD X311, HIRERKf, 1
BWTK32 L EHMTH 2. K320 K512 n&EHOIREIFKELAOHIREIEE D 4 > v —
XY ADERTE S v, ZOHARMEFICIIEMNZIZE RV DERERBE N LT

DREIR N RD. OFD, ‘ﬁ%ﬁfibéﬁu§Mn%E® 4R [H] 3% D BBV 7
WKWEoTRES., BERDF v RO X RITBIFBEMEICOWTHRBRICEMRTE 3.

Lk#of,'&ld,I&3®i9k%%@xéptﬁﬁéé.ktL,RMpki%
WE R 5729, Port 1, Port 213t 35. 2512, nHFHOHEIRMIFEZ 1 XM, Port
p DN—TEgZ 2 XA § 2 L, BRELNAROMGRIOK 33 EM34DK51Tk5. L
TeioT, K34 DREEERES &, HIRAPBEL f, MLDEEZES Y ¥ — X R Zi |y, 1EX

o '}

Port 1 Ny Port 2
o— —O

Port p

Zln

3.1 Port plIZANA V=RV R Z g OFEMBEFLEMINLERIZTFEZH VS
— b OEAO] %
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o)
Port 1 N =T 1Ko AN, Port 2
L, JC.S R
A —O
Port p /% ; :
]%o . Nl2
12 <1
I

Zln
% 12| K1
|

3.2 IR £, 1<EEH LRB L 72X 3.1 O Zfi[a]#
Pocgt 1 Por(g 2

an ) 1 7 ] ..an
L JCSR,

._.

X 3.3 HARFEEEL £, 12FEH U7z Port p ISR SRS X 72355 O ZHfh[H] 7%

DEHITHKB.
NnQan

Y, + N2/ Zi
K (3.2) 1%, X (3.1) 2HIREFBICEB L TGEBT 2 2 e THEHTE 2. HIRFEPEL /£,
WEH LGS, A4 Y =&Y R X 2 TR O ENL, HIREFEIC Zog /N2
DPAHIERR I NTD D LTI TCE R 22005
%Lf;Zﬂ#nuﬁ?éza#h@ﬁ®%ﬂ@%mé:tf,m%%Ad#ﬁﬁﬁﬁ

Zp| g, = (3.2)
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Port 1 Port 2

N ' | Zi“/N'fp = 'S
1 LSCl <R,

3.4 2XRMMDANA Y E—R YR Zg % 1 XD HAREFEANRE U 7= 1 O Tl [2] 55

FACEBLER (21) ER G2 PORD XS ITEES.

ZE s N,oN,, Y,
4 = Tlr=ra| _ Mo (3.3)
ZT|f:fn Yn + an/Zin NnQan
o (3.4)
| Ya+ N2/ 2 ‘

J A AP RE R R E L 72356 OMlEE (3.4) THEERIREL 12 5.

Rz, BED 7 A FEE 2 HRE LG a Il oW THEEFIEZ R, mED /7 4 Xxf
R ERET 2 Z e 2 E LEHETTS.

%9, BROMMNERET 256, 28D OREFEND S5 L IHERTILELD 5.
12oHIE, FUMEBIZEFLTHRETIHETHS. ZOFIETIE, K351 T LI,
FUABICREBET S5 56 190D Port I mEAD /7 4 A AHEERR X N5 Z &
I272%. L7doT, Port pIlZFEEINT ) 4 AWEHHOEHA Y =K AEb D
ANAVE—R VR Zg D1 /mEDEE RS, DFED, BH—DANA VE—KX VR Zyg
DREEZL X B bDEER L2 22k 2720, ZOHIRICBT 2 HIEOHEE 1A
HICRLIEH—D 7 4 ZWEEHMIC K 2HEFIHEF T TH 5.

20HIE, BENAIEICHREST 2 HETHS. ZOHIETIE, MHEDORED D 2175
7= DI K DOEMEIFRICEB T 5 Port DAL ITHENDH L. K361 T LI, &t
IRIEBEIC BN TN L 72 Port Z WAL T 5 Z L TABITIBIET 2 2 e TE S [24].
KTk, AN V=R YR Zg D7 4 IR m @RI THE., ok =
@ Port 1, 2[DEES Y ¥ —X Y R% 7}, LERL, HIREBEL f, 1B H L CHflE
ZHlEEZERT 5.

BHHOERICB VTS, B—DEE e FRL X 5 WCHIRERE f, 2BV TnHFHOHE
RIEBELIAD A Y =R AN TH/NSLKRZEEZ ST, 1 XKUDOHERFEFEA m
D Port TN ZNTHETE 2. KAUTBY 2 HIRFEPE £, WEH LIGES Y E—X
YRFRD LS B.
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Dl g, = (3.5
| Y, + ! pflj\/?
Zn —
H&H&7nﬁ®RmKEM%ME%&?M@/4?%%%%@%E%EK£H%@
ﬁﬁﬁ%@@klﬁ%Vﬁ—ﬁyxﬁﬁﬁéﬁﬁfifA@M@ﬁ%%@%mﬁﬂ%ﬁé
i=p

N3 ZLIcR2DT, MHROEH A, 13, X (34) FREMATRO L S 1HS.

Ya
Ay = (3.6)

1 p—m+1

)@+ZHE:N§
i=p

Dbk X3z, HREREBICERT 2 22T, BFREMICEE QRGO EER A
RFEHCTHNITE, BROGETHHHREORBEL YN TE2EZI 6N 5.

R, FERMIZANEIEIESMGF SN S LRF DA N4 Y =RV 2044 2EMT 5. Joib
DD, HEREL A XWHEIREG 2 72D DELDOKE X DM, HIRFERE fres = fa
DHIRDEELT 7 4 DM T 72K, HAREBEL fros THROWHEDGFONZ Z &
Th2s. Zhux, RNEB2WKILRFOANA v =&Y 22RALEE, K (3.2) OfrHE
DHARFAPIL fros = [u LIMCE =2 2ROV E VI EHDPERD B N TE 3.

SMARDEHNZL, SR [35]) 2B Z I L TRDFIETITo 7.

1. B2 W LRFDANA Y =KV R Zg BIRAT 5.

2. K [35] TRENTVWAFEHZMHT 572012, =
Dot ITBITZ1IREZFTOO—F VERZITS.

%xaﬁfz@ftbﬁeﬁ)
0

3. AN =2 e o0 WS ERED D, Zg ZIRA LR (3.2) DR ROMIT D
230 & 72 B IR DN 1 OTH 5.

772, e ld, LRF OFEMUFAERTHS. ZOFHEITH->T, BEH LA

1 \/2NZ 2 Ln Zostub | Lvia  Zostunksl
~ —tanh™! (_;;. max o b, 4 2o P (3.7)

Ol=pu=sn = 7 Zosout sl C, ' 6xC,

Th5.



32

‘o)
Port 1 Na K. é < 1L, Jw, Port 2
I L JCR,

X 3.5 12D Port I mED . 4 XXPRES DA X 172355 O S0 #%

SR (3.7 ) BEBOMMFR DL ATIRT & 5. HRFABE f, TBWTER— b
p—m+1

DEBAERIDOEEMOLTH 2 Z NEDPMHEEND L WVS L hs. TDRD,
BROGE @MW@%@f%ﬂ@iok#ﬁf%é

p—m—+1
AR
1 i— 21 L, Zosty Lo  Zostunksl
—tanh™* B - max [\/ ost b,\/ + Ostub ‘

a|f:fres:fn >~ l Z[)Stub kﬂl Cn 67TCn

oM %E, EH L LRF ofifil&oU@EA L, MHlEOHEEZITS.
AETIX, IHIEOHEEICEZITS.
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Port p+m-1

X 3.6 mED Port 1T/ A4 ZXRERID Z 12 Nkt X 72355 O S [B] #%
Port 1 Port 2
'}

(o,
an ) | Zm/Nriz Zin/an(p+m-l) — '35 an
1 L Cn er
) P!

X 3.7 2XKEDANA V=K VR Zg % 1 XD IHIRENFEANFAE U 72 1% O ZE i [ 3%

3.2 BRZRDHFMEREETIILZHAWVEEIRADLRF R&E
IC &k BHHIEHEE

AT, 3TUTERSY I 2 L — X2 AW TEMEIEE T L0241 e MHIEHEE D
DB LSOV THGEEZ1TS. 3, B LAEES v E—X 20Xz
OWE 2 BIFEEM 2 A XIFHOFHEL UTHAIRR L T0 2K H T 2 IR 7 4
L& (Lossy resonator filter: LRF) Z X SUCHIHIRHEE D 7= D18 L -2 @H 5 5.
Z LT, Wi-Fi & ¥ OMGEE CHHA XN 3 24CH IZB W THATEHRGEHRDAE U 72 B R
JERE D E 7V % WG EHEE 2 AT WMGEEZ 1T 5.

SHLEWN Y I 2L — X CHALZFHMEE TV E/RT. 2.4 CHz W CHIEDAET 2 3
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# 3.1 BwHEBEED T X—X

Item Symbol Value
Board vertical length (mm) a 62
Board horizontal length (mm) b 45
Copper bulk thickness (pm) T 35
Dielectric thickness (mm) dppw 0.2
Dielectric loss tand 0.02
Effective dielectric constant Er 4.3

J& D VAT PGS 2 iGT Lz, K38 IR ZRLTED, H1E (L) Zaryrry
PEEBXIN/2D LRF DA =TSV AR T34 70X M) v T4 U0RHBEME,
F2E (L2), B3E (L) xthehrovry rErEFEETHS. X39135HE2HE, F3
DK —2RLTED, ¥4 XX 62.2 mm x 45 mm, SHFEE T =35 um, AEERE
dppw =02 mm TH 3. ZLT, MWRBRVWEESNIEIERE 32 2fEIHL, &
J5JE DIRDIERFR I 2 K 5 20D %EEL L7z, K3.9(b) &, ERED oy BIER%E
MRLTED, PRI, 4 PR LTT 4 DXV ICH, A NHEO B A SRS
FETHEHIN2 SAKEAIEPEEI N TS L, ZRLFNPort 1, Port 2 &3 5.

3.101%, Port 1225 1 mA OERDPTND & LGEDOEEDHZRLTVWS. &
JEDSENN E R0 E TEIK D FE I FEAR IR FAMR DRI AIE LTE D, Port 3, Port 7% Port 8
WSETERDIEIAIE L, Port 5 IZELEIDHET, Port 4% Port 6 IZETHHIDEH HTH
BRWEIZHREINTNS.

Ferrite film
m—

Open stub (L1)
. 0.5 mm
Via
Ground plane(L2)
0.2 mm
Power plane(L3)

3.8 WX
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y Unit in mm
y

62.2

[ ]
:(42,59.2)
472 .Port 5:(3,44.2)

Noise source|(1 mA)

62.2
Port 1: (31.1,]22.5) \x

Port 7: (42, 31.1)

Port 4: (14.2, 3) Observation point

11.2 Port 3; (39, 3$>rt 2: (42, 3)
\! oo
45 mm Ol 112 45 X
(a) GND & (L2) (b) B (L3) HBmHFEENE

¥ 3.9 FHIEMROEIRE & AR FREALE

Port 6

Voltage [dBuV]

LI

d Port 7
l 60
Port 2 l 40

X 3.10 1 mA OFERT Port 1 ZHHRZB5ED 2.4 GHz 2B 3 EE5A

Port 4

X (21D ZHVWTHEBE LREIRA Y =XV R Z, OftfE & %2 K 3.11(a), (c)
2, [RIEA Y E—X VR Z,, OfpHEE fiHZX 3.11(b), (d) iIZhZduns. FECfE
M5 2 HIRMEBEDEE N, & L, Npe=1~5 HEZ(L B THEL TV 5. SCHR [24] 1IZ0E-
TR 32 FHEROMEELAAMRFEL OB L2ETH 2. K33 IRTEEHAWTSHEE
¥ TOHIRE — FTHRE LZFMEFED T X=X ZRL TV, BEIRA Y E—& VR
OFEFE, HIREFEEHLTHOE (A & Hic— L7z FRS, fi=2.4 GHz HETIE,
2.37~2.47 GHz T—HLTW53. La»L, HCHROFAKETIEZ—HLTwiRn. Z
&, N5 220 THS. K3.11(a), (c) ITBWVWT, N, OBEHEL LGS, B
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Full wave sim.
Circuit sim.

Full wave sim.
Circuit sim.

Nie=5 T Nie=3 T Ne=1 —— N,=5 — Ne=3
N, =4 Nie=2 N, =4 Nie =

rc
30 i : 122 166 2. 19 : 2i4- 3.01 30 1.22 %.66

— Ni=1

2.19 24
.

12| (dBQ)
1Z,2] (dBQ)
o

1 2
Frequency (GHz)
iEA Y E— XV R 7, OHERHE

1
Frequency (GHz)
(a) BREISA Y E—X VR Z, OFERE (b)

180 ' 122 166 219 24 301 180 122 166 219 24
[ P P ' 135} L P .

~ 90F e

bt b
g 4sf ]
2 O ]
N 450 \ ]
N ! AN ]
AU p— S

: : b -135F L

_ \ [ L ] \ ] \ y
18%.Ol 1 2 3 18% 01 1 2 3

Frequency (GHz) Frequency (GHz)

(c) BEISNA Y E—&Y R Z, DN (d) fREA YE—X VR Z, DLitE

B 3.11 HIREFEROHEZZEZTKX 2.1) poEHEINE L Y E—X VAL 3RTTEMS >
Tal—Yariot#

CHIRDFEFBDOMEIERA S 2 2 L —XDOMHEIIH L T T2 MHEAZRLTED, N
DOBEHEPT 2 HEHIRBIEBICBWTHBE LS BT rE16N 5. Wk [?] T
X, BRESA =X RDOFEEE T ABOBELLHEa X bodRn T ) XL
MRENTVD. —h, [REA Y E—F Y 2BV, HEE— FORBEEE HEHRD
L BITHEEL LS —R L. LiA->T, X (2.1) ZEBREMOA ¥ —&X > 2Rt
ERBTEZ2Z2e056, X (21) ZHOTEEHMOZE LT TX 5.

X (2.1) ZHWE Z 2T, @ﬁEW@4/t—&/x®%ﬁmomfﬁﬁi¥%mmk
fRT S RIRE L Te o T 728D, BREZEREBOMEICOWTER 2 L. R (21) I2BWT, &t
ﬁ%—F@ﬂﬁﬁhK%Hé%/E-&/X@ﬁ%éu]Wﬁ%ﬁk%(ﬁﬁbfm
DG BH. BERS, TRIXRVAY, WHHENATWS C,, L%, HREFEEE
BOEIOEDIHERAL, R, IZZDOREABEBOREESIREPOLRE>TL 5720, fiiE
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% 3.2 EROEECHERHED S FEH L 7(E

n f, (GHz) C, (pF) L, (nH) R, ()
1 1.22 502 0.034 9
2 1.66 " 0.018 7
3 2.19 " 0.011 5
4 2.4 " 0.009 5
) 3.01 " 0.006 4

7 3.3 ENED Port SHEIWCBT ZREES N BT HARDOE RO
n Ny Nw Ny Ny N N Nyzo Nos
1 003 —-134 14 —-13 08 16 0.04 1.36
2 02 -137 -14 07 15 -12 -13 04
3 024 1.72 15 —-16 16 =20 01 064
4
5

-1.25 15 =156 1.1 0.2 03 -—-18 1.7
0.4 -19 =20 15 -15 =22 11 19

PEBRBLTHEHF LR VWATHS. LBoT, EEBOEIZKRS X5 BAEE, —&kY
CERENRA B — X Y ZDEDKRE VA, THIZ, Port plZBIF 2 N2 | BRENI L
HFLweEzohD., —F, R— MEIDEES ¥ =X Y ZADMHIE N, N,; DRKEX %
LWZ s, HRE— FICBI 2 EERKOENICE S 52D R— W DIFET 2581, &
EA V=R RIMEL 2 A R KB THOEERDE O RONRL R 0h 5.

% LT, LRF OfIfRIRO BAED DICB L THRER1TS. RED b OMGRE, 3, LRF
BRELGAD |25 2 3XOTBHEAY I 2 —2 X (3.2) 0BEHERS BT 2k
PRI 5. ZLT, Wﬁbt%Tw#“@fBﬂ%ﬁtLth® J 4 XDHMDH
HEIHENEDRETDH 5 D)2 RS

%&4@,ﬁﬁ%f@mﬁéMW@N?X—&@@%%LT%D,H&mm,@%b
727 274 MROMBIART X =X DOREREFRMEZRLTWS. ZOKKD, LRF D AA
=X ZOMHEE A2 K 3.13 13RS, Wi-Fi 72 & OfEHLEE THH 405 AR
2.4 GHz THIHIRIRGE 65N 5 XS IZEREF L TE D, 24 GHz HE T/ R Y =X
A THBHN, BREALTVWE7024CGHZ IZBWTH 1 QOEPUEEZRLTWS. Zh
DADOREFEETRERA VE—R VAL ROTWE DD 5.

LRF % Port 8 ICKB L 7HED | 25| & 3 RILEMM S I 21— &2 K (3.2) OFE MK
REHBE L7, K314 BV T3RLBHAS I 21— X B2 D 2L 07770324
GHz IZBWT1dBEET—KT 2 2o, HIRERE 2.4 GHz (HEDOATEHL TW
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LRRTRRBTELZ 200 h 5. LRF FHIREE f, = 2.4 GHz (EDATIEHZ E
526, NEB2)PHEHTEZ 29 h o7z, TIT, LRFOASA Y E—X > R
X (2.5) BEHA L. ZOREDT X —RIX, Ly, =0.267 nH, Zogw, =70 Q & L, REE
BOUIHIRFEBEL 2.4 GHz AHEICB VT o fagacr, = 9.6 (Np./m) TH D, ks = 47.6 x 107°
(rad./m-Hz) TH 5. ZHdlE, Mk [27) TREINTWVWS LRF OERITHEH I N-ER
K2 SEIC Lz, ZORR» S, LRF I X 28Hmicids (3.2) BEHTE 2 Z 2235
Mmooz,

iz, &K (3.7) Bl LIzRD, /4 ZOEMOEE L IIFHES EORETH 2D
MEMERT 5. BIFLRLEZ 24 GHz KBWTHIHIFIERSG 505 LRF D85 X — & 1F,
Lyia =0.267 nH, Zogun, =70 Q, kg = 47.6 x 107 (degree/m-Hz) TH 5. MR (3.7) 12
INHDHEEZRALIBREZRD I T4 alj—sicn, = 2.5 (Np./m) &R0z, ZOfED
SR RIThERTDIC, £35DL 5Tk, DEEZLXETHIHEDHEE Z1T- 7.

31513, #3.5DE5IC aljmsucn, DEEZE(LX TR (3.2) ZAVTEN LRE
A V=RV R ZETHD. 2L T, K3.1512BWT 2.4 GHz 1B BHEE X2 0| &
¢ 2.AGHz B2 DJEEENC BT 2 7 4 ADEMOFEEZRLTWS. &A4X (3.7) ZHW
TREELBEROEZEZ S /4 XDOEMBELN, BEHLLEZHWSZETI115
dB OHMIFHIENIR SN2 Z e Do h o 7.

&ERIZ, BHROGEOMHED RS D 2175, K3.61F, 2.4 GHz IZHBWTHIHIRIR
DIFHNS LRF DT X —ZDEE £ 32 DEESAER (3.8 ) KRALELNZELD
By ZDMED SHEINZ2IHEEZRLTWVWS. K316 TRLTWAIRES Y E—&K >
R Zy o0&, R (3.2) EBOHETHR LK (3.5) ZHWTHEE L.

M D 2.4 GHz B 2l &N &, BEERT I e TMHIEEIEMT 5 222500 5.

# 34 FHEFERICEEINSF— T VAR TDART X —X

Item Symbol Value
Stub width (mm) w 0.1
Stub length (mm) l 13.1
Ferrite thin film (um) t 1
Dielectric thickness (mm) dstub 0.5
Dielectric loss tand 0.02

Effective dielectric constant Er 4.3
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3000————————————— 2 e A ——
22000} kS
> O
Z £ 1
E Q
A | i

0 — 1 0 ) [ [ L

02 4 6 8 10 T 2 4 6 8 10
Frequency (GHz) Frequency (GHz)
() WAREH (b) FEEH
80 | ' | ' 20 T T T T
60} 1 . [
> | A
= ke
g 40 o
ST Es
£ 20 =
5 | &
[a W 0 2
205 2 3 % 1T 2 3
Frequency (GHz) Frequency (GHz)
(c) HERER (d) mEEHER

X312 YIal—yaYiffHLE7 274 MEOZERT X —X

L2L, LRF D20k, 320D EXHANS &, Port 6B L TH S0 2 &EIX
FEAERV. ZAUX, £3.2Dn =4 OHELRIE DB ZROMEIMED L% Port Z 21T
Lb#s3 % &, Port 61X, fthod Port8, 712N 1/6 f5DKEXTHD, HEFELHED
MHIRICHFG LRWEDTHS. Thbh, EHERELLGEOWHIRICHFS T 2D,
fill Port D% ZHRDMEIHE & LR TR ENVRRNREOMETH 5. ZOMBEICHET S
Z ¢ T, LRF IIMfEIREzHETCE 2 2 EZX 6N 3. MAT, WHERICHFS LEWEGS
i, FHRXZHLT LOICHRETUL, ERBEEIINL TS Y E—K U 2A2Z(LEEE 2
YATEE.

X 3171, ayFrInE®EIN 24 GHz THIRT 25HEXRTH 5. LRF LD
P FEEINTOTHHEEDAIRETH 5 Z L DY OfERE ZDETLERHWTIT-
2. AT U, 1QOEPL 1 uF OF v 80 & InH DA VR I X EYERE X T
W32 LTW53.
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24

80 . T . 180 T T
— ! 135}
2 eof E - ~ 90F
) ~ o
o | E =2 Hr
ERSH LT o OF
W ! £F
g 20 : T -90p
- ! -135F
! [ ]
% 1 2 3 1805 1 2 3
Frequency (GHz) Frequency (GHz)
(a) i (b) Rk
X 3.13 LRFDANA Y E =K VR Zog
w/o LRF
Reference (Full wave sim.)
with LRF at Port 8
Full wave sim.
— Eqn.
30 d qnn d T d T T T T 180_ ' i ' T ' T ' T
- : ' 1351 : : -
a 20 :\n 90-_ ]
9 45F
210 S r
- T *Q
= g
< -
10 | | 135} E |
20 219 o6 -180 20 P R —
2 2.2 2.4 2.6 2.8 3 2 22 24 2.6 2.8 3
Frequency (GHz) Frequency (GHz)
(a) 1BEA V=&Y R 7 O (b) fREA V=X R Z1 ONIf

X 3.14 3XICEMEAS I 21 —X X (3.2) D Z: DL

2 3.71%, LRF #2512 X % 2.4 GHz IZB1) % 3 RoTERLTHENT & BIREfET O HIfIE O
B2 RLTWa. EORIZLRE % 1 4 HZz 2 NFHEE L RO BRI & #E X o
FlIROETH D, BHRHFAENIBEFREMOBESHrOHEH L., Y0EAED 1dB LY
NTHIHBEZHETE 25, RELLR— FOHAEDLEDLS, MIkED I
T AR ECHERE LRGITESZ 2 BR L .

DlED e, EEFFTRIN SRR ZH WS Z 8T, LRF OMflzhiER RO ZES D
DTELIEERMRTE. BB TREING Z 7 X=X TR R TETY
Bhrollz®, BERTFTRINZEMEBEIENTH S Z 30 -o72. LRFIX, it
IENE SN B EOMNBEICEBGERE T % £ 5 I1ICRETHUE, LRFIZIMHRIR2HETE,
MHIRICHFE LR WSS, &ARXEM2T ko c&E TR, EFREBRICHL TS v
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# 3.5 2.4 GHz IZBWTHEE L 7=l &

Sl ason, (Np./m) | UBIE (dB) | /1 XEMOEE
6.0 6.9 L
3.0 10.4 L
2.5 11.5 L
1.0 17.5 Hbh
w/o LRF w/o LRF
Reference (Full wave sim.) Reference (Full wave sim.)
with LRF with LRF
024 11, (Neper/m) by Eqn. 0.4 G, (Neper/m) by Eqn.
6.0 3.0 — 6.0 3.0

—25 1.0 —25 1.0

(O8]

o
—_
e}
o

—_ [}
) (=)
T
1
A~ O
W O
T T
1

275 (deg.)
=

|Z51| (dBQ)

10 | ]
L 135F ‘ ]
20 1 N | N 1 N 1 N -180 1 1 s 1 L :
2 2.2 24 2.6 2.8 3 2 22 24 2.6 238 3
Frequency (GHz) Frequency (GHz)
(a) #fRHE (b) fitH

315 K32 ZHWTAMNLALRES Y E—X VR Z;

V=X A2t EE5 2 eidfn. LdioT, RimX THET L zEEFTRI N D
SFAMmENES 2 DT, FHRETR D & THIHIRIER AR T & THEO BRI E LR w & 5
BREZ AT 200 & 2 EIRER . A X OMHIROHENTE 2 Z o,

3.3

AETIX, BKETIC & 2EMERZ WS 2 ¢ TRERSABFRERNTIICED XS
:%2%#&&’9“0)73)%1‘)?@ X570, FRETARLTITHHIEZEDHENTEZ S ZERL

. ARETIE, SR X 2B R LIHI R 2 RAES 272012, HREFICK 25
M@%%Mmt BIRER A RDETIMUEB XU, SRR L BRoEFER—EICE T 54
Y E—X Y ZARED IO W TN,

%7, FREFTERINZHEMEBIC X 2T ULICOWTHIAL, HIREFRECEH
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# 3.6 2.4 GHz IZBWTEHMAKX (3.8 ) ZHWTHE LN 2IBLOME L HEE L 740 &

LRF O | LRF Ofi& alf=pcm, (Np./m) | fIFIE (dB) | / 1 XBMOEHE
1 Port 8 2.5 11.2 L
2 Port 8 and 7 3.6 13.7 L
3 Port 8, 7 and 6 3.6 13.7 %L
4 Port 8, 7, 6 and 4 4.0 14.4 A
w/o LRF w/o LRF
Reference (Full wave sim.) Reference (Full wave sim.)
with LRF with LRF
a , (Neper/m) by Eqn. o , (Neper/m) by E
e S LRE 3.6, 3 LRFs b2 R Dy | RFs
—3.6, 3 LRFs 4.0,4 LRFs —3.6,3 LRFs 4.0, 4 LRFs
30 T T T T T T T T T 180 T T T T T T T T
20l | - 135 P &, ]
NN T -
10} — S 4sf ]
% [ 5 of
«= OF | 1 N 45k
N 10' 1 N _90:/ ]
i i | -135F
0b— v i - IS )) I Y —— a
2 2. . . . 3 2 2.2 2.4 2.6 2.8 3
Frequency (GHz) Frequency (GHz)
(a)  HsHE (b) Dz

X316 (3.5) ZHWTHEHLZEES Y E—X YR Zr

T52eT, BREMICERINLHMHBOLEZMRBETFZHOTHETTEZ2EZI 6N
528 %RLIE. RIS, AN Y E—& 2 22 X 3 AT EHGHEAN DR E L, HIREIFIC
N2 Zi AUFNERE S Z T2 D LTI TE 2 Z e 2R L.

ZL T, BROGETHHIRAPEICER T 2 2T, ElEEMICEEINLE MmO
BrRBERTEHOTHENTE, IHEORBEL D TEL I ZRLE.

RIRIZ, 3XOTEA Y I 2 L — X2 AV CEMER T 7102241 1 EOHEE D
72 DIEH U2 O W THEE R (T - 7-.
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X 3.17 ayFrUnEEINT 2.4 GHz THIRT 2 3 5R

7% 3.7 2.4 GHz 2B % 3 RoTEMS AT & 0] fAT o I & o Hhig

Ports Full-wave (dB) | Circuit (dB) | Difference (dB)
Port 1 6.8 7.2 0.4
Port 1 and 2 12.2 12.4 0.2
Port 1, 2 and 5 13.1 13.0 0.1
Port 1,, 2, 5 and 7 13.7 13.7 0







F45F LRFIC & 5 FTFREIRINGIES
DA EBERDEET L ZRAWVIR
EE A CRE i

LRF %% U 2 [AEEEAMR D & O N BB 27 Ml L7z, BR2E T 2 RGBT 4
N &, BIEFHEEAR O PAT EARGERIHIRC 3B 2 4 — 7> 2 & TREE 0 & D AR A3
M2, LRF 25335 22T, FEERBUHIMHTE 208%H~5. 2L T,
B ER D RE T A2 FWT A — 7 v 2 X TRETE D & DI & 3 3.

4.1 LRF I & 3 FATFREHRINGI BT O AN Z BRI ST

%3, LRF EHEIC L 2MHEDOHIME WS ERITOWTHHNS 120I1C LRF 2EEIh
T2 HAR D & DS RICDOWT, EIRDEMN & LRF BREX N8N, BB nt—F
VAR TDIEDIRME LIS 5 [37]. K 4.11%, LRF 2% L =R mEt & EiFER o
FNCOWTHET 2FHlIRTH D, MDFEEINRTORWENRE Y 72 2 IERER, LRF
MO ODEREINTZERBIODA TV AR TDAEN 6 OFEELEINI-FHIRTH 5.

X 4.2 1%, Input port IZiRAVAT 1 mA OEM TR N7-EIFRERNIZBIT 5 2.4GHz
DERDGERLTWS. BEFE X — IR 4.1 OEFICHISELTED, MR ER
WCBWTHIN 2D, 3052 Z &h b FTEREIRDFEEL TWE 220905, —
J5, LRF £7213 A & 72 FE L 2R RICBWTIE, BRBEDOKRELREOKRE XHEG
BHEMRE D BN HTERBERDTH N TN E Z e 3902 5.

7 x4 MEOHEIZ X B FATERIR Y 7 2 b FEMRD & OB O IH] 2 FHE L,
BRIBFAL DN R EFAM L 7=, K 4.2 1%, AJ1Port 225 1 mA OERPIRNIZHED 2.4
GHz TOEFREANRNOERGMZRT.

CZOKNZBWT, 7, K42)1Z 74 122 LOERHERT. RICAESN2 &
S, BBIEOMBEEIIEIBHFREOA LIHCMEL TVE LR, Port 1, 2, BXO
6 XEEEDOHICH D, BRANAROHEIROFEZZIT 2 [REMD D 5. MERIZ, Port 3
Y A40F —FHRIZH o770, Port 537> F/ —FIZd/ —FiCb oz, ZOBD

45
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6 stubs

X 4.1 st e BIFEER OMHNIC DWW T DOFHiR.
dBuV/m
40
535
30
#1

20

22 dBuV/m .15
10

l 5

0

4.2  Input port IZiRALAT 1 mA OB THMR S - EBIFERICBIT 5 24GHz DE
SLoAh.

Max.: 37 dBuV/m
#6

21 dBuV/m

BROBAMIZ 37 ABuV/m TH 5.

iz, K 4.2(b) ITHERIIREE 7 4 L 2% 6 DD Port $XTIIRKE L HEDERDM
2T, K42() WWRLE 7 4 VE R LOYE L HIRL T, HIRFOE R Mo EIRE
RO >TED L. BROBRKEIZZ7 4 VLZRLOEAELID S 16 dB Kb %
L7.

BRI, K420c) X724 PEFRHLEWA =TV ZART T4 VE% 6 DD Port
«Tk@bﬁﬁt%é@ BT TRT. ZOHBED, NXTEROGE IR THIRRFD

Ao ERESETRBEINTED, EROFEKAMEIX22dBuV/mTH 3. ZOFER
@,ﬁ—7/X&7%@ﬁ?6;ZkiD,Aﬁﬂﬁﬁfﬁ%#ﬁ<f%$ TR %
I cx 2z ®2RT.

X14.3 1%, BERLUZWBENITT 2 7 4 L ZDOHERFANB =D, xyz BIEERTT Oy
N XN Z =R T. RICR LN E K512, HEODZVWHIREE 7 4 VX —F721%
F—T7 AR TDOHFBEIZED, 2.4 GHz TOEBRDEI 12dBEBP L. 2Dk,
X & — 3B L [ A Z 7R U .

iz, MOREFET D FRDMEAINE SN2 0HNRz. K4.41F, IFIEREPBIC
D128 T A MKR= 2O ENOREZRLTWS. BEENE, BROZ W



~ 48 dBpV{m ~ 49dBuV/m

-
=
M -4
=
3
= -5
o
a¥
2 -5
8
S -6
a2 Six lossy resonator filters
. Six open stubs | ]
6 27935 24 3506 28 3
Frequency (GHz)

X 4.4 FA © OIS D A RRE

RER T ANZR— A —T> AR XD, 24 GHz TH 12 dB ZIFBEL . 72751,
=5y FEARBOWEIOREETIE, 7254 MeloA—TFY RX 7R FEHTSZ
LI Ko THETEIDHEM U=, 722 21X, 2.54 GHz TlE, 7= 74 MEER LOKG
BIE, X7R—FDHFED 2.4 GHz OIHE I LD D 2 dB LKL B o/, LLEE
T8, 774 FPRERALBRWGEDBETESNE, 2.54 GHz THEAMIRIE 7 + 1 & —
EHEFALZGEOBSEN LD S 10dB HINL. £z, 2.47~2.5 GHz OHEERLE(S HIHH
TEERLARWIESENDEMNT 2R G507,

AT BIIEMO K ZFANRS 72912, 2.54CGHz 1B 2B ADMHEX 4.5 17, K
45@) ITRIRNT7R— FDOGE LT 2 &, 6 DDIERIIRE 7 1+ 1 X2 X 2 HRFED
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25 dBpV/m 24 dBuV/m 32 dBuV/m

X 4.5 Input port IZIRAVAT 1 mA OBER TR X N7 EIRERICEBIF 5 2.54CGHz DFE
S

dBuV/m

58 dBuV/m 45

7 50 dBuV/m

X 4.6 xyz FEFZE LD 2.54GHz DBEHT X — > DLLER.

BROMIFFEERETIEERI L TH o7/, 7720, K8 IWRTZ7=I74 FDRWA—
T YRR TDEE, HIRFREO BT MAOMEIEN 7 MR i U CEFE 2R THEMmL 2.
BEROFKMETIH 7T AB KEL oz,

RRIZ, BERILRWHENIN T 2 7 4 V2 OB ZIHET 27912, K4.6 12 2.54 GHz
TORPNRE =V %2RT. 7254 P2fEHETIIA-—T VAR T2HRET LI LITX
D, BROMEEIR7R—FDOHEID B 10dB #INL7. ZHEERDIHOBRTD
[FEREDIE 72 5 7.

7274 MEROEEIZ»»D 6T, TR PCB 2256 0EK LWt oM
FlERE T2k, BEIRE 7 4 L Z -0 D/NSRIBROFEERFHN L -4 —
TV ARTEIFEIE T 4 VR UTHBREL T2, 7V 7 LTHHEREL, BERET
WIS AATREED D D, X —4 v bEE 2.4 GHz SV DREEE TR/ 4 D&
RHIEEZT. 74 VRN BIEROMRERGET 572012, FITEREOBR 2L
RS ENDRE L. HIREARB24CHz DA —F Y 2AX T E2HVWE Z 2Lk, 7=
74 MEOFHICEED 5T, 2.4GHz THIRT 2 VATl & DRSS E S 217 12 dB I
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H52ZeMTER 72720, 254 GHz TlE, 7= 74 MEDRWF -T2 2K 7 TIX
ETE NP 10 dB ML 722, 7254 MNEDH 24 -T2 X T TIEE LML %
Motz TOXSIT, LRF X, T ERIERZS T TR, hofEzsl gz e R
<, &—=7v FEABEBSHEOANEEHN b IHITZ 2 Z e HBHL . Lo L, LRF B
o OFHEITETE ST, FATEROERNGD & DB & A — 7 > A X THEED & DR
HoMm#EZEZATED, LRF BIED BB DI AT AR D EMmd & DS L D K=
DRt H2%. 2% b, &L L TWELRF 25 DMENIEHTE 2 Z L 2RI T X
TRV, LedioT, REITIE, MEERDEET LV ZHWVS Z & THRHEERZEID 7
T, AT DO EM D & DS & — 7> 2 X THEE D B DR B & W EHS 5.

4.2 MBHEREETIL

B 4.71%, K410 620D LRF BNEEINIFMEERTDH D, 4 X3RRI NATVS.
AT AR AR 12 351 2 [8]p8 Fotfy D Hetfibifi 22 & DS & F — 7> 2 2 THEE D & O
TG & WS U BRI SR L 72TV [38] 12D\ T, M4.8 AW THAT 5. [HIEgHE
WD I & DG & F — 7> 22 THEIE D & DFES &\ S B BRI R L7z 2D
DETNEEZEZD. TOLE, 02 DO0MHFERDEET LD SO OFIEANE, X
4.8(a) DICDFHEIEM D> B DG & —F LTz 572w, [BIFEEAR o i & D
BHE, K 4.8(b) DERDPHDBHETNMICEIDRT I EHNTES. ZDOL X, LRF &%
D DDOE 7 ERETZRDODIZ, ¥T7DA V&7 &2 A% E&T LRF O%fiif > v —
RYR Ty BRBT 5. —J, A=Y AXTHEED L DBENZ, K4.8(c) DA —T
ARTPOEDBEETMCEIDERT. ZOr %, LRF 7 CHERIN-ERELZ L7
TrBRETZROYIC, BRTETTF Y OEREANTRONZBMERL Vpen &1 ¥
e R YR Zopen D OIRDEMEEIRE, T DA VXTI RYR Lyar, Lz £ E7-GND
JERID X v RS XV R Cyip ZRIBT 5. K4.91, LRF#6 I LTT 7 F > O EH % #H
LG ED Vipen & Zopen PRIEERLTWS. K4.9(a) TlX, LRF#6 ZBHMRZEL,
ZOREIZBT B BEBERE Vopen DIRIBEMMHZ KD 5. T HIT, Zopen 1F, / A XETR
PRELGEORICMNBIZBITIZAL VY —X 2V RATHS. FEHELZLRF —2—21Z%
LCT 7 F OB ZRBICEHAL, IXTOEEMNBOHKETL 4 v —& 2 2%
D5, K48(c) DA—=T VAR TPODMHFETMIBIF 24T AX 72, TDX
S L TR LN MEFEFEZREE L TE5R2 T3
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Open stub L.,
0.5 mm
CVia
i GND %
! | A

X 4.7 LRF %523 U 7= dHffizEA

4.3 HIAMOMEE

FIT4.101%, 2.4 GHzIZBIT % LRF &2 53 L -FHlEAMR (K 4.8(a)) & Bt & DK
HETL (M 4.8(b)) DEJR/GND BEDOER MO ZRL T\, W& DB
XX —HLTED, LRF OFlif Y —K VR Z s "NODBXZINEYTH S Z e H
MERTE /. I, 3RITHEREDE A O ZHuh e U7 3 m OERE b o iU % FL s
RIS 5. FFRHMEEMNKICE I 2 LRF OAMIC X % MU EFRE O e K 4.1 1R
§. I & D LRF B3I XD B E D R MELEE T 12.7 AB I T E 7= 2 & 23052 5.
FeDNTRI 4121, BEHBERDEET VD0 OMFERBRELZRLTWVWS. K4.12(a) 135
W 6 DEFET L, K4.120) 34— T AR TR LDRGFETFTNDFETHD, &K
fHiZZz 24459 dBuV/m, 39.4 dBuV/mTH3. Th o DMETERDOEME KD 2
Y, MEROBH AR =32 ZTIFEET 525, K5.9(0) D LRF %525 U -3k 0
SO K —8,L, BFEE 40 dBuV/m L EICBI 2 HmAHZEIZ 1.1 dBTH - 7.
Ih&h, BREREBICORL 2N PNOMSETVOZY SR TE 2. Lizh-o
T, A—=TVRAXTDHEH S DI, BIFEENROENRGGE D © DN LR THRAMELLE
T6.5dB/NX K, MEDEHTHEMT 2D1E2.1dBTHH/NXWVWEFZ 5. LRF FEEEIC
K B AEERAUR OIS T = 22 L A L 7.

LRF 1T & 2 FATFAREIRIFHIRF ICB O TA— T >V 2 2 THEED & DS B E DREE %
D200 EHFNZ /0, 77 F Y OEEEZHEAL, BHERBICHRLIZETIVE v
THARMBIRF OS2 MM L 72, #ERe LT, A—F v 22 7/ o o, [HiEgHE
WX DFEH I 2> & DG LR TR AMELLEE T 6.5 dB /N <, WiFORIEINC X 2D
2.1 dB, ME%MEiED & DGHEIZIA T = 22 L A L /2.
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X TR .
#6
(b) EITFRMNSDMETETIL

(a) LRFEEETFIL

(c) LRFONLD ST ET L

X 4.8 HBETER ) iR

4.4 F&

ARFETIE, LRF 2535 L [ ENR D & ONEBRMUN 27 M L 7. BE2FT 54t
PRAR 7 4 V20, [BIEEEAR O AT PAGERINHIR 2 B 2 4 — 7> A X THEE D & DA
ERSPEERINED, LRF 25335 2 T, FEEMBGDIHITE 2 223905
7o, Z LT, BSERDRE TN ERHCTIEN Lzt — 7 > 22 THEED & ORGHE, [\l
BE AR D FHAR I 2> © D BEHT LR TRAMELEL T 6.5 dB/NX K, W& OFEANC & 53
b 2.1 dB, 4SS O OMGHEIIMA T = 212E L A L /2.
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wwwwww

#4
REPAE—F R

4.9 LRF#6 1203577+ OEHOEH (a) REEDFRE (b) 4 Y =XV X
DFEE

403530252015105 O

dBpV/m

4.10 2.4 GHz 2B % &EJH/GND @D BRI



65 60 55 50 45 40 35 30

Max.: 60.7 dBuV/m

411 2.4GHz 2B} 2 7HflizER D> & D IR 5L D HL#g

65 60 55 50 45 40 35 30

o L i
S X Priseg) A

Max.: 45.9 dBuV/m Max.: 39.4 dBuV/m

412 TRATER D RE T V0 & DG LR

23






E5E [OIRERNT E 3RITTEHRSTFETDE
Rz AW EFBEARESET
VIS K B E— FEBROBENR

P EAREET X, MO FEEE 2R T BRI REHWAEE— FoRIZE-T
TA477L YY) E—REAEVE—-NIHHTEZ 20T, MEONEBRETEL 2E—
RE#UZ X 2 EMCRIEZE DS Ze BN TE 3. HHEFNEEETLVD—DOTHSIE
VE—RT7VTFETME, TAT77 LYY NLE—RDRLAEVE— RAD—HFHD
— REEDE DR Z, 3HICHEDFH 7 > 7 F 15D aE Y E— R ERD S5
HOD, AEVE—FPLT4 77 LYY ¥ LE— RADE— NEHIIM/NCHEETE 2
ZEDHHRETH S, —F, T— FEMEKE T IVINTRDOE— FEERRZ 2551 K0T
[FEEETNTH D720, EHEZ 3 TITHHE DN R ETH - 72, KL T, 3K
TCRERS AT & [ AT O AT 2 R § 2 2 & T, HEERESET X > THE
DE— FEfL L 3XTTHEE DN HDFRIRFICI DR Z 5 Z & ZRT.

5.1 [CIERFEMT & 3 RITERLST BT OER R D S 1%

A T, THRD ANSYS Electronics Desktop  (AEDT) OF¥RET & % Dynamic Link
Analysis [19] ZHIH LT ANSYS HFSS IZ & % 3 KIuEMS M & ANSYS Circuit 12 X %
[EIF&fET 2 [l —2 I 2 L — X AEDT CTEMENTS 2 2 & THRAOREZ R L= [39]. %
DFER, THETITICMEICH L THA I 2 =7 1 MEZED EMC MEZNRE L
FHE2MTZ B 2, 2612, MEONEBIIHED E— FEMT 2 0BG H 257,
INTNOHFENEOBRE»ZRIZ B TELREDN[DH S Z L 2RT.

PEEAEESETNVE, IR CTEEEN 21T Lo, BRERS, 10T
TH2%E— FEFEMEFEET I —DODEEES I 2L —X ETRHEPIEHLTLED. 2L
T, BEVE-F7 YT FETNRIRTCOEMSEIENTE 2 xH, HEIaL—X&
Y3IRTEMAY I 21 —Re Vo200 RRES I 2L —RICKBBNMPNETH -
2. ZTD7D, E— FREBORELZER T, BRI 2LV —XTHELET4 77

35
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Unit iIn mm
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Full-wave simulation
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Normal-mode circuit model
Zo=100 Q Zo =100 Q Zo=100 Q

X 5.10 FEEAREEETIL
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g2 Z &AA[REIC TR o 7z,
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