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It is found from the study that the near-end section of HGA, which necessary in the recording head
performance testing processes has the highest crosstalk than the other sections. Besides, the crosstalk
reduction techniques by adding stainless steel in the reference planes and filling in magnetic composites in a
spacing between write and read pairs with the result that the novel structure of HGA is given. From the
comparison between the new and traditional HGAs in terms of crosstalk, we found that the new HGA can
suppress the crosstalk up to 54.4 dB in the current operation frequency and the transmission coefficient of
both HGAs are same. In addition, a structure with percentages of groove depths (%d) = 75 % provides the
best performance of EMI reduction. It can reduce the induced voltage up to 12.5 dB. However, a the traces

suspension assembly interconnector (TSAI) of 18 micrometer filling thickness (t, = 18 micrometer) is
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integral technique, FIT)

2.1 Wuguaseaanlasw

2.1.1 arulsznavuasarsanan asu

Voice coil motor

\ Spindle motor

Preamplifier chip /
Head stack assembly \ Magnetic disk

Recording head
Printed circuit board

assembly
AN 2.1 waeedulsenavaaaasanan asu [1]

dudsznoundnsasmnsadadlasWludagiuiinsmuiasane gouaadlumnd 2.1 &
Usznauluae

- WHUTUANUNWEN  (magnetic disk) ﬂsznaulﬂﬁm%ugm'ﬁ'ﬁwmmnuﬁm’%aaummaa
(stainless) ‘f?uLLﬁLMﬁﬂﬁ’lM%ULﬁUﬁE]QGLLG:: Fuipdaviusesiadiuduaaslusnd 2.2 nawy
UUdn (carbon overcoat) Sluduradaufusasdadiunyunanasiianunumuiaiiouwss

(diamond like carbon, DLC) dasniuzuwsitwandwsuiativdays Usznauludmanudasdnvarsgu
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- uk9935 W FhUsEnaY (printed circuit board assembly, PCBA) faue1933dtannsadingi
hwihiimuaumsnuranzasansadan lasw aziinasedviuiu-didyanadayadainnmeausn
asadanlasw TeaUndiudn PCBA azaguinumuvanainsadarnlosn dwaasluamwi 2.3
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a @ o o . o g o o 3 o o { &
- Fwevenadeanse (preamplifier chip) ¥WNAUUAIU (driver) WaLdiau wazynvinndu
Y o ' o {o ' @ Vo = =] @
M2eNs Ty IMEIUNAY (read back) NIBUBUFUYIMTBNdNNUHUTUTINWIWEN Taadizens
o 1 1 i ] A o w o { & o Y 1
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. . { o { & o 2
- 298dApEdNaLea3 (voice coil motor, VCM) Aawatnasnivhminiiludimuanli HGA 74

I -] I~ 1 [l o P v C = ] < v v o % 1
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o @ o < i Vg
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UM (top magnet)Uay LWILHANAN (bottom magnet) HIUFAIIUMNT 2.4
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N a . o { ) = Y v o '
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v Ao < ] A ] < v 4 gw {1 Y a = o 4
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- LFNNUDALDFENUD (head gimbal assembly, HGA) ¥Nuthisu-sNdyaadsunss
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Recording head

HGA interconnect ]
Suspension ——

MU 2.5 udesarulsznaures HGA

- 1IAFULAALBALTNUD (head stack assembly, HSA) UsznaulUals HGA Nnecaenuiiiu
71 lududan (E-Block) H4uaAIlUNIWH 2.6 991U HGA JUNUTIUIUYBIHUTUNNLILUED
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FUADUNUTUNNUWIWED 1 WHU
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UUNN Ua air bearing surface (ABS) sauaaslumni 2.7 Tuadiawidsuvhinannmslivaaiaiuseu
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WUUTBIUULUY GMR (giant magnetoresistance) toxluadin R/W pads il3dwiuidondamslnin
fuaeuas HGA uazdugaine ABS vhuthiilumshediusasiiufinuuwsiuiufiouimdn deluud
avfurasiufinfaziimasanuuu slider fuansssuluufumanlulinulumiadadlasudozu

wannnituiinlutagtiugnusudsslidvszanimwlumshavannisdiulasmsiiiaanuanse
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=l . 2 [ 1 v U = S v L= 1 < . L]
Tumstia-va (protrusion) LWBUSUILELYNIEWINMITUNNAULKUTUANUNLASN (fly height) WatUUTN
Usstanilhananniagpliofiiasuazinaasdonnas (heater) sanaglucvliliaiinslannaiauun
@ A A |a o a X o o Yo o v v¥ < v . '
Taguiiall Usinaswaaiagiawiiazuenaavh liniuiindhlndzuiiudaya (recording layer) Tuusiy

o 8 Y X W P
‘U‘Ll'VIﬂLLNLWaﬂlﬂN’]ﬂ”ﬂuﬂQLLﬁ(ﬂQiuﬂ’]W“ﬂ 2.8

= v 4

AN 2.7 uaenaulsenauvianuasdlataas [4]

MND 2.8 LFMIENHUENSEIULBIIVUND [5]

2.1.2  dumaumshawgasasananlasi
Funaumshaundnuasansanadlasuiieail
~ Jumaumsilioy (3uan PCBA ﬁwwﬁwﬁ%uﬁcycgwmﬁagamnmﬂuanduﬁmmsLﬁﬂu
RHR NniuweRs§uane PCBA aquﬁwﬁ"quazé?tgmwmﬂagaﬁﬁmmsﬁuﬁnlﬂéTWT’mmaeTigignm
iedudsulihmaiuiindeyaasuuusiunuwivgn shuas HGA
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- JUMBUMTAIU (3NN PCBA %’ué’fmmmifaNamfmmuaﬂdwéfamﬁém%’agamﬂ

o o Y]

v
o @

Mansananladn NNUULKIIRTTYQIM PCBA azdeddsldesmsiumaenedyana twalisu

]
v o

1 k4
mmsudyanadayeniagunLHIULNEN Fyanafisuldnoukiunuulmaniizandy dyano

o

1 v
= o - o

SuNau Medwasdyanusundugnuaatlumwi 2.9 Mdyanaiazgnadelugidienadyyueiu

1 v
a8 HGA (iazensdganusiunaulasiuld nntudyanuainanazgnasdaluss uwaieas PCBA

o o

2 & ' & = ' v &, v o -
LWE]‘IJ'SSN'JBNE]IH‘UHG]E]NG]BI‘]J wumaum’smﬂuuasmsmuﬂayjammimmmLﬂuuwumwvlﬂmmww

2.10
M 2.9 Feuaual read back [2]

,r""": T writepair |r----——:

Write signal | | | |

— . . , X _|_'t
| 17 aporr [Tt
' | ' - ' | | —

wossgm | 1 | |NETWORK| | ! =

B B S < ! q—l
| Amp. ! | : k Reader !
L] L ___Readpar ___| b !
Preamplifier chip TSAI Recording head

NA 2.10 leazunsuaueaumMsNNuIIasanan lasu
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4 v J a a’l 4
2.2 Unagmeaiunsndrnluarsedanlasi
v A ¥ & a X A o ¢ a X v 1
GINNEINILAIN crosstalk HUFNIOLAAAUNEIY HGA tilaUngmsaliliiaduualazains
AsznuaENlsdavItuNn %ﬂﬂiuﬁuﬁazgﬂﬂéwﬂuﬁ’ﬁaﬁ UBNMNUNALNAISLAG crosstalk UUEIE HGA
snlUdaTadaaelaas a1 HGA NiNadamstia crosstalk angasgnnanludalideuny

2.2.1  nalnnstie crosstalk

Crosstalk stAasuldAdaiiiolussuumedaiy iimedithdauu 3 mesuld [6-7]
Vuie anenszau (active line) S18GITU (quiet line) WazaIBENE (reference line) FedmSusns HGA
Usznauldehe gaedieu ganesiu uazanadeds winlgduszuvamadafisdasdihsuumnnnii
3 8 GaY crosstalk 9eaNsaLAnIUTians HGA 16 dwSumsiia crosstalk Uuas HGA anansoLia
ToWluaaensdife Mmsunsntnuzasnneassulddnerssiu wazanasenulldeasdeu laaly
m’sﬁnmﬁuzqLﬁuLawwnitﬁmiLm'inihummwnﬁﬂulﬂgmq%dm dasmnanefmasesdyanusiu
ﬁ@iw‘i’wniwﬁwé’waﬁtytywmﬁﬂuﬁq 6.667x10° 1 [6] Bafieenanninniiiatiisuiuaunamaras

FuaNaudisuy AANUNSNTOaIUMSANTANNITAMSUNIAININNNITIN ISl

o o

I A0 Ly (1)

Write Trace

]
+ =N -
- K@ - 4 +O 40

L j 1) /
Read 7 dvy (1) - )
Read Trace At B t
I(f)=£-‘g-f7 V(!}ngf#

a v o o o '
mui 2.11 ugasloazunsumalnihaasmsgmurasdyanandiauludnaseu (6]

-:4' a ) ° o P
nngUd 2.11 uaaslaazunsunalnmstiamswiienihuasdyanalwihannaedau
lugaseauludalnih ToaGunndyanausiau V, uaznszud |, 203dadisutdui i iiomsaaiu
NIUNWI5INLADS mutual capacitance (Cjj) W8 mutual inductance (M;) mlvianssud I(t) LAZLTINY
X A ' v A . a s & =t a P 2 '
V() Budiansaruidud j laswsiwasng ¢; waz m; Wuwiniieasaanilaninganuenzaas
WINPT U NTNNINFINUUUTIABY SPICE l@aamni 2.12



Muil 2.12 wuuase SPICE magmuditiannmanilenihuasdyanamalnih

nnaedisuligiaaau [6]
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Aulsaeeds HGA ag1daNianSwanansiia crosstalk 1ﬁgﬂﬁ1LauaImﬂ Gao

wazAne [8] aduaaalumsen 2.1 mﬂwam'i‘nmai»NLﬁulﬁiwtﬁaunﬂé’aLLﬂiwmmﬂ HGA a2ud

ANSWaAAMSLAA crosstalk MIFUMNNNN 2.13

A5199 2.1 Mulszaslanadinetshsyasdshduanuninananstie crosstalk [8]

Parameter Symbol
Write-read spacing WS
Trace spacing TS
Trace thickness TT
Trace width T™W
Polyimide substrate thickness PT
Ground plane thickness GT
Ground plane windowing GW
Coverlayer thickness CT
Trace material conductivity ™
Polyimide dielectric constant PM
Stainless steel conductivity GM
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M 2.13 saudnswazasniudsuaalasedieans HGA aegheiadanstie crosstalk [8]

2.2.2  WANIENUNNABIVUNN
4 g

Crosstalk MAauuans HGA wuluawagliiiausedugiuae (ransient voltage) AU

Haeauluaaeinynmsadsunladuas (Hamumanu-dau) wazdslarears (Hatuiin) [6] a9

ﬂ’]Wﬁ' 2.14
u‘idﬁuﬁ"wﬂjgﬁ@htmm@fumﬂ LLsoﬁwﬁ"wmxﬁﬁ}Lmuoﬂmﬂmﬂ
S / ¢
"‘E; 0.1 jA\ ¥ /n\
2 V] VAD S A
< -0.1 v

Time (1 ns/div)
MU 2.14 LFMLTIAUTIVULNDIUUUF g U U AYTMSEsY [6]

NAMNR 2.14 mnmwaumﬁui?mmzﬁﬁm%uﬁ@‘hLmﬁqﬂmﬂamﬁ@hqua‘ﬁ'aﬂﬁl,ﬁﬂ
Electrical Over Stress (EOS) aiuvenuld (6] 31 EOS tulivhldtiuiinifnanudameiud udas
dawalimuiinifaenudomeudaiony seazdunaidadarmtuiinluszozen savhlvmdudin
mauRenwaala [6,9] annnUnngmsalimsaeUszqluih (Electrostatic Discharge, ESD) Al

mvunniaaNuLFeenun
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Crosstalk hansatiazuly HDD fdumisduuamuiiannars HGA 16 5y 9
FunanedaNuiMInNSuadayasenINmITUM BN -1 EUUAZUHINITA Y QI MVTBNH LTS

I ! k4 ! v
alawwas [10] Fewnevasnszuafitiadunnunngmsalunsniuidunisalainasuuiiageda 309
1

YDINSEUENLANIN crosstalk NENUVUENE HGA waziMuuUnnsINGY fauaadlumwi 2.15

25 - S . ———
d78 HGA LHasyIuunn

2.0 //
g 1.5 4 \/ A »
° /
E 104— N &

0.5 A

d18 HGA
0.0 . . .
0 100 200 300 400 500

Frequency (MHz)

; da X
MND 2.15 NSEUFNLANYUIIN crosstalk [10]

FaruNaRas crosstalk Milfa HDD 114aﬁmuﬁqﬁaf\gﬁuamﬁﬂa\iﬁﬂﬁdauﬂssﬂauﬁ'ﬁﬁﬁywm
HDD iinanuidemeduadadaiay uiluamansulng HDD diinswannedndaiauial
mmsmﬁagauasLﬁ'aiﬁaﬁﬂﬁafﬂm%wﬁtaﬁﬂimwmn%u daihdyanaluas HGA azdinsiuiu
mm’%uLﬁ'aLﬁuﬂisﬁwﬁmw‘lumsﬁwmwmﬁaﬁ'uﬁn‘lﬁzjq%u dama liszazriNseriaeiduan aue

a o X (4 C A= ] { & o v
azLduganuaNnY ﬂE]“lJ'iﬂ“U‘Zlu’]ﬂ‘ZlENW'JUUVIﬂGLUE]u’lﬂGl?]ZN‘llu’]ﬂﬁLaﬂaﬁ‘ﬂ’ﬂﬁﬁﬂ?’]ﬂl’)ﬂE]ﬂ'J’]NLaEI‘Vi’]EI

LN crosstalk anaaa limtufintinanudamedaaunirludagduniaanasrhlimsriau

Re

s iufinuuRewaatNaNndula
- o ° .:4 a ¢ o ¥ o a8 a PN 1 v
asnnasasmnaviananiitnasgnwmn laidssansawinngeaunnudnausn Tu
Co 4 d d v ° 3 { (4 v <
Tagtiudsimananniasasiiativagisfmuanazhassfiiiminzauiunumeduauuwiuan luih
v a9a o 2 , o d ¥ oo d
dmsuldia ez crosstalk MiAaTY 1y TUsunsn CST Microwave Studio” ta3asiadsstnnilizuun
flaw wazgnihanldadnunsnanalunuduianssunaie 9an dednzeinanmsitaseiilaain

Tusupsudmnaaansauaainaaanilumw 3 Nele sauaaslunwn 2.16
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Flex (M)

(V)

MWA 2.16 ULIAIHAMINADY crosstalk AldInTUsunsuaadluagiu
(n) @8 HGA aghadhe [11] wae (2) de HGA N1Flu HDD 234 [12]

= v v < [
2.3 ngufmsgaiumausisan i
v ] < a X 1 Ao v o v X
ﬂ’]ﬁ@ﬂ?UVI’NLLNLWaﬂl“l/\'ﬁ’]ﬂ’]ll’]‘jﬂLﬂﬂ"llul(;ﬂuigﬂﬂa’]ﬂﬂﬁ'ﬂuﬁ]’]u’)u‘ﬂaﬂﬂ’]ﬂ@nu'] 3 Lﬂ‘u‘lluvlﬂ
v v X 2 o ' = ¥ o o v ¢ s o ! 1%
Iﬂﬂlu‘lﬂﬁ]‘ﬂE]u‘ZlE]LSN"\T]ﬂ'VIf]H{]a’]ﬂaﬁﬂﬁmﬂ’]ﬂ(ﬂ')u’ﬁ]’]u’)u 2 89U mn‘zgmaummuﬂéﬁnaauﬂﬂzjmﬂﬂm
yasaanmsaealuslrasusauuaznszud tvatluiugpulumsdssaalldinsdlansdeiiuiu nel
v 2] = a 7 -1 ' 1 < v ] ' v
LU ‘ZN?\WNW'W’]NLWB?WTQlWﬁWIWNLWNﬂuN’] Lmumi@mumummaﬂl“l/\lﬁﬁzmwmﬂmml,l,mazLau
[13]



2.3.1. szuuaadInIHEIamIN 2 Ldu

X A
I(z,1) 0)
—_—
+
V(z,t) o & H
1(z,t
J@n o)
o
z
Y
Q)
XA
//—_-\ "—_—‘\\\
7 - — \
./ »” \ E, s
S // \ \ ”
~- -
S Sk TP iy IR
/ t
\ \ / !
\ \\ / ,’
\\ \\ '//
\\ —_——— -
o, & U
B
Y
()

PINN 2.17 wdne () ATLUFLIZUSIAU Wae (2) §N TEM dusudeathdaaidu

18

CA4 -g 4 =3 v 1 l:lnd'ld g o [3 v ‘U td‘
SL“HWZI‘ZIE]“Lﬁ]gﬂa’nﬂﬁﬂ’]ﬁlﬂ&l’l?lﬂﬁ?!ﬂﬂ&lﬂ’ﬁﬂ’]ﬂﬂﬁﬂim‘ﬂﬂﬂ’]ﬂﬂ’)u’ﬁﬂu?‘u 2 (du aauaaalunwi

2.17 (n) legawyd Maedennnsaniianaadnihiiuy 2 @ waz

1. §E@UIAIZFUINMIPUIUNY UBVUUN VLAY Z AaRAANNENTIY
2. adnhudaziduduaihuuusnysal (perfect conductor)

3.
4

FamMILA L UNNUNHINAAFNLFNNa BAANNENIFNY

. dwmsumnaniidansaumsinharasiluniiefiinsgads (lossy) Haunuaae

manaihlwih ﬂﬁ W il ud (nonzero conductivity)

. mnannsensavdemhiuasiiaded (homogeneous) Tunwaiuas 0, € uaz
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NNANMIUNNFIAF lUgUMIUSWUS (integral form)

§E-d|”:—ugt”ﬁ -ds
c (2.1 n)

J-ar J[3-ds e [[Eds

(2.12)

dums 2.1 (n) waz () L?Jum'sﬁwﬁqngwmﬂwiuﬂﬁuasﬂgﬂammmﬂi’muéwﬁu Taa J @a
ANNBUILUUPDINTEud Hniedly A/m” Usznauludenseuanisih J.=ok waznssaaIn

J, ( =J.+

Y CRERL Joy E e enudinasaunulvih Smiediy v/m war H #a anuduuas
FnNwiman Avieily A/m
auydldgnaudmanlwihilassadamnlihuazsnaudmannedluiadasnedu
AAMNUNINTENBUBIAAU (transverse electromagnetic, TEM) @4uaaa lumwi 2.17 () MnUUMS5
=Y =~ Vv k4 L d! Vv k4 L 1 W L%
fnsandantdulae (contour) ¢y dMTuanms 2.1 Fuduldeaanaraalussnudazng uazgn

1 £4 v t&l a = W e | = W o g’l = [~
RaRNMIINWUNITIULIYY (flat) 'J’NGI'JE]%%U'RU’]UGWI‘Z]TNLﬁutﬂﬂﬁ]ﬂu AUUFNMS 2.1 Wnanadu

C§(Exdx+ E,dy) = —u;jj% H, dxdy

Xy

=0 (2.2 n)
C§(dex+ Hydy)=jjsxyazdxdy+;jj% E, dxdy
= LWJszdxdy -

a iy = < < ' ' =
nnanydgunn sunnulanWihduwuu TEM duvineanuh Lifisnuwimanlwily
a v & & 2 o .34' T °
AANNMNULUILIY Z 091U 9 H, wag E, Tuauns 2.2 3adlu 0 uannnil lulinszuansihuaznssud
MIN52AN LUNANNMNUUILNY Z DUNUSALIUNTEUFNNUBEIE I
FmSuuseausErINaemnigady a9lddunuid@uniela 9 (independent of path) &11150

Henulalagmsta ontdume LU TLNUMNIIN

V(z,t)= —_[Et -l
0 (2.3)
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™ ()
MNN 2.18 udaINIsHeNN2d () WNOU 1ae (2) NIEUd SUSUNSAE AN 2 Ldu

UM 2.18 () uwdaeliiunmwmstienuuseauseninanhasaduiiaiuniaaing 5
o v & v v -~ o v o & o o ¢ X A v &
Funsadanlonadulae ¢, vde c Wademintuaianysal (perfect conductor) WHRILHAIUY
3 X a a v ¢ . . v & v v @ v a 4 . P
Wuutuuilanans (equipotential surfaces) paruLdulaenananansatlame (terminate) N30
' . . . ) a { v & '
¢4 (differential point) UueEMLLA mnauqmgmﬁm Taseadrasdnuduuwuy TEM dansanan
VY T s 1 < " 24' a cl‘d [~ k4 Vv d! ] vV v
Tah 1uumﬂﬂixnawmammmmanmumqwum‘nmaummLﬂuLauTﬂq (contour) 29NN
v & v é’ dgf a v v .&’ o 4 a o & < [ 4
Wumansdauduneil wariuidzaudulasiivhldmsianuussauluaguns 2.3 dullutenanwal
(unique)
o o o & = a o ~ o
Tuvhusudennu sums 2.2 (2) uuLﬂumsumwmn’smﬁmuﬂm‘lugﬂﬂ 2.18 (2) MsLaan
v Y A Y v g o & I Y a L o @
wWulastaluszuuanuane (transverse) Naausauaad11tuy WukalitianssuauuaIsn11I10g

gums

Y (2.4)

nszualuaums 2.4 Hilaueuididuandnualdocuiu Wesmnlidawnalwihluunun
7 (E, = 0) dhamaiiislifinssuamanssiondanssuamaihmsgsnuituinSauiigndansaudeduld
i

nszuafigniienulosaums 2.4 dfimamedmuunuuituissmednhdaiudhuuy
auysal (perfect conductor) Lﬁﬂﬁﬁﬂwsiaué'auawzlﬁaﬂwﬁv’q@ﬁmLé’iuTﬁQ (contour) dNMT 2.2 () LdNS
Thduth nssuagnaiianiu o daiunssuainihdamsle quuamedihidusasionahiuiy
ATEUFUUANEANINFUUUUARITANNATIA TN
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= X v = v o ¢ ¢ v o v W
fNVlauuLs']vlﬂwi’]uﬂQﬂ“ﬁlﬂN’]ﬂa\nLiq(ﬂuLLazﬂi:ﬂLLaQ’]ﬂﬂqﬂauﬂ’]‘juuﬂﬁﬁlﬂaaLLa’J slua’]ﬂ‘uﬂﬂlﬂ
%L%NLillﬂzjil}u(ﬂa‘umi‘m’dumimﬂﬁﬂuwf\]ﬁwmLtiﬁﬁuttazﬂizLLﬂmNﬁmNﬁﬁﬁﬂdﬂHﬁNﬁu

[ 7
o

E.(X Y,Z,t) a, 1 n E.(X,y, Z+Azt)

G

E,(x,y,2,t)=0
—‘>

®

NlTll

2
U/

W)

A
4

N
N
+
>
N

()

mui 2.19 uaandulasnlglumsainaumsusnuasgaanmsamadaluynaes

(N) FLUMNUUITY (e (2) STUIUANDIN
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a a a a ' o o Yy & e v oo &
MNNNN 2.19 (ﬂ) Wﬂjimjmjlﬂﬂ S Vla%ligw'l’maf]ﬂmju']aaﬁlau %QN“H’]WW%’)’]QL“JHLLUU
. a o a v g o ¢ ¢ a
Laﬂ—zﬂ (umform) Iu‘VIFWINGnNLLuiLmu z ﬂ?ﬂﬂiﬂiwuﬁaumim\lﬂ‘ﬁnaamﬁuﬂgﬂmW’ﬁﬁmﬂ IﬂﬂN

1Y
7

é | ¢ o 1 = [ &l a c’q’ o 4
n L1JuL’mLmaswuwmﬂ‘wmmﬂﬂuwummnmﬂuum%mu Xy "\]319]

n

S e T ¢ I T S,
[E-di+[E -dl +[E dl +[E, -dl =u—][[ H,-4,ds
dt - (2.5)
Fanaladn aUswusward 2 waz 4 Tudethefiozasannisi 2.5 vy o Faluldemw
suydguatlasadnanawimanWihuuy TEM wazuananniiwiasmingau (-) ludwniiazes
s 2.1 (n) duwell L‘fJustwsiwﬁﬂmqﬁgnLﬁanlumsﬂ%ﬁuﬁmmﬁu (line integral) ABNANIN

apanneasnimie Fuiluldauiameamungiasn (right-hand rule)

NAENNWLFNOUTENINFIEANN 2 NNFNMST 2.3 ety

V(z+Az,t) = —_[bb' E,(x,y,z+Az,t)-dl

(2.6 n)
a' — —
Viz,t)=—| E(XV,zt)-dl
(z.t)=-[ E(xy.z1) 5.6
FNMST 2.6 wnuadluanms 2.5 ﬁwmitﬁanaﬁmta:ﬁmgﬂlwﬁ azle
5V(Z, t)_ _Im_” H
0z dt A0 A7 (2.7

denilovasaums 2.7 duaansaxsaiumsiniieniwesgy (loop) sevinaaaitihng 2

16 Toginsanmwi 2.19 (2) waradaiienyuainseud Lo

(z,t)=§ H,-di e

gariuaNInileih Wi (inductance) dwisurienuen AZ Faulay

L=¥
| (2.9)

—yILHt-éndS
B |
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a ° ] ) v . . a P
u,mmmmummlﬂﬁmawuwmﬂmmﬂn (per-unit-length inductance, |) FNITUBINN
wihaale quessedih (iesaadnhuutuwengd) Tty

'

I—u% (2.10)
gt

ngumsteeuaslagunmsusnaasgaaumsaaaaiy

aV(z,t):_I al(z,t)
0z ot (2.11)

Tuéwﬁ'uvialﬂLﬂumsﬂénﬁqmﬂﬁmﬂaqaumsﬁaawmqmaumsmﬂéq (the second

. . . v .. . < ' '
transmission-line quation) ANFNNITANINADLUDNYDINTZUT (the continuity equation) ganan1ih

”nssttaqwﬁﬁiwaaaﬂmﬂﬁa'ﬂvﬂ,m 1 dnuhiudanmsaavesdszangnvevinaisindatumisuiunm”

azla

ﬁsj.dgz_%mpdv

(2.12)

a v P ¥ o 1
i 2.20 udasdulasildlumsadwanmsnaessasgaanmsaesluyunes

(n) FTUMNUUITY ez (2) STUIUANVIN

o A

< a @ o ] Y Y A a a S s PR <) AZ o
NN 2.20 (n) ANTanFamndegnvavumeNuiile > dszazity s

q

USnusanmsanuaailawwainssuamununileil azle
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- = d
[[. 3-d8+[[ J-dS=-—Q,,
R S dt (2.13)
' she e e Tyanedt mufiinteluduidufiuin

A da ] a X A
wuwmﬂmiumuwLﬂuwuwwummmwgmmumﬂ

oNUINTBNEEFINNUNUGIE So gatumarluaumsii 1.35 nanenilu
_U J-d§ =1(z+Az,t)-1(z,t)
% (2.14 n)
jj J.d8 :aﬁ Et-d$
% % (2.14 2)

Heniezessuns 1.35 amnsonaniuanuylihdaniianingnuen (per-unit-length

. v A & Py [ X a o 1 ° v
capacitance) 16 mﬂsz?mmwgﬂwavgumawummnanmmsammmmmﬂgﬂmtmé (Gauss) 1@
[~
Wy

Qe =t E .d§
ﬁs ' (2.15)

anaglihszuiaaanhamiudnanuenme AZ g

C — QenC
\Y (2.16)

wazanNyihdanilmbeanuenzgnunueis ¢ 1y
. C
C= I|m A_
Az—0 z
(2.17)
P v
Lmum‘luaumi‘w 1.37 5\)316]

- E.dl
a (2.18)

Twhusudennuaninh Wi (conductance) SenINaaaiIng 2 FudvsuanuANNEE

AZ gansatienuladiy
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(2.19)

nnauns 1.36 i ldgmslaanvasanailnideniianiieanuegnd (per unit-length

conductance ) Todu

a (2.20)

Az

UNUFNS 1.36 (n) 1.40 waz 1.42 a9lu 1.35 w5678 M 2 J92a9aNms wazyinns

Gonada A2 0 aslagumsdatugaevesgasnmssesaiy

ol(z,t) _ oV (2.t)-c oV (z,t)
0z ot (2.21)

2.3.2  sTuUUEIHEd N LdY
v Y T vV v T = 1 dd’d W o k4 ld! <) 2"

Tudenaunthlanandssumsanedensaindansaii 2 du daduiugrulums

degpalugmslaanzasgaanmsmediiisnadnhdiuaumnnnd 2 @unis ssuvaediniarsdin
. . . . a ] < <
waeLdu (multiconductor transmission lines; MTL) malaauyfigiulassadaunwimanluiniu
wuu TEM
| af v v o da I~ =) U I
ey aundlrsmaanhninsanduensyd inthaaznuduiendasananen
o 2 o o ' I & v o Y { v o
18 WardN1579022UUTINUULALAY BE1NLSAMUNIFIEAINILALAINAINNFBNTBUF BRI
. . I 3 a o
(surrounding medium) a1atluiaguiaunannnsgatds (lossless) Wiaiinnugads (lossy) Nlé
v o v o d g { . &

Taadaainusenn lossless Aadaaniniu perfect conductor Tuneue lossless medium UUAD
o ot o o L. <
mnaniimaNuh Wi (conductivity, @ ) (i 0

TumsWangaanms MTL uadedayanuaitun3ng (matrix notation) laafigUuuu
AnaAdINUNItlzagaaNm s 2 iy waasinnimasdanianiisanuen Indiazuan 29
nnfiwasiusiiudaadaimsgaiumasiman Wihsewingeanh awznanaaly

2.3.2.1  mslenwawaannsseds MTL Mnaumsunngdaslugluuuns
Uswus
fnsanszuvaedefidansdithuau n+1 @y deuaaclunnd 2.21
Falsznauludremadiinduiu n 1§y uasaad1indede (reference conductor) 1 t§uZagnazyiiu

Aedun o
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( I @
< O

Muil 2.21 M3TeN 289 contour MTUMILAINUBIFNMIUINYIGATNNT MTL

4

NnauMsuandiadmungrash e lusluvumsyinus

Lo d o
i = :_“EL oo (2.22)

a <~ A;I’ a 11' | J W o v a o ° v Ad' - a o g
WNAITUUIBNWUNI S NDYITWINTIYNIUIDWNNUISHIYAIUITUN | TumsyUswusaums

vV v k4
90U Ale

a' = - = T - T e I d 4, -a
[(E ol +[E, -di + [ E ol +['E, di =“aﬂsi H.-a,ds (2.23)

e E dsawinlwihiagluidamuene (szwu xy) was E dsaunlwihifidamalu

WUALAY z (MNULUIFIZBNEEAN) DNMITDNDUNINLTAUTEVINFIEAIN 2 Fuansamlaann

]
=< o

aums 1.26 walundumsmusedussrninaadmindun i nuaeaIieede Feiuannsealsnas

AUNSAlENaEs 2 LduY HUAB
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'

V,(z, t):—J.a E.(x,y,z,t)-dl (294

Vi(z +Az, t):—J‘bbr E(x y,z+Az,t)-dl (2.24 %)

FunaldhmsUsiusmauninassesnhazdiy o Saadnhnsyhmsiasandudih
wuvanysaluasilaseaeawnuuy TEM lunsasanudn msudwusauuuiizassadnihasla
W o eneanhidudnhuuulisuysal (imperfect conductor) Linsnniasdusznavsasaunulnih
TuiamadenAUAURAMIMNLUILIY 2

zim%'umﬂﬁaﬁwﬁl,ﬂué’aﬁmuulﬂaugim’ AANFIUMA BN IVIIEAINEN (per-unit-

[
=~

length conductor resistance, I) Fafvedu Q/m nsetienulana

[ -di = [ E,dz

=—1. Az 1.(z,t) (2.25 n)
_Jb E,-di :_L E,dz
=—1,Az ) 1, (2,t)
k=1 (225 ?l)

E =E,a dl = dz

;o i . -
i & TP 2 grulunaamuuun

=

ToglunaauuwugeadeaIduUULEY

E =-E a dl =—dza

@ o v v d\l v o ¥y oo a I
YNAYMIUNFUI N ! 277 e z NIBLUEN m‘lumamuuauw i Anstienuduuuu

ananwaldudennunsdianednh 2 @ Wasmnmsauydgulasassdnuuuu TEM azld

I (z.)=§, H, -dl
i (2.26)

P py I v v v & Ao vo X a @ o v A . 3
LD Ci L“lJ“LlLGUIﬂQLGUWUQVIGE]N‘SE]ULLBZEIQ'GLﬂaﬂ‘U'W‘LlN'J"ZlENﬁ']EI(ﬂ'Ju’]LauVI Il‘H'ﬁUL!’]‘UG](ﬂ"ZI'J’N

(transverse plane) AT LUNIND 2.22
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AN 2.22 uaaananaWanTuaiLtvanf SMSUMSLANNYDY inductance AANTNWUIBANINE

dnSunstluasanadithdaady NasINYDINSEULER IauuaasIuIU n+1 aalufiamen
wiuny z inthaanle q Wy o ddesngrusesmsnanfiinnszuaressaaiii n aeazlva
faUNI VU819 DY

UNUENMS 2.24 - 2.26 a9lUluaums 2.23 udrnseme Az maaars azle

V,(z+Az,1)-V,(z,t)

=—rnl-rnl,—-—(+r)l ——rl
AZ 0°1 0°2 (0 |)| 0 n
uii H’t'_’nds
Az dt (2.27)

Aaudazimsidanain Az — 0 luaums tmeasedanalddn sumsaananiany
adeadstuaumsnedensdineds 2 1du ulddahWdnduiiminimue Wekhuiia s, dennd
2.21 9QNTINUUULELEY (linear combination) diasmnnszuauuaadah

Ansanmudauenufiemamsiiisduamuiny Z sauaaddunmni 2.22 aszuguuseiiih
n ugniisnalufiame +2 muaums 2.5 s Fulde & goilnaludidmudand m dafundnd
wiwmdndfitAeduiiissnnnszuadiluavuaedni n aziifiememudnni maroguiy Toowdnd

WL¥ANNINNG (total magnetic flux, ¥ ) AWashunzaiuiy s, seninanednihsduazaedinh
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y A . a Yt a < ) a o ' ' v o a a X
LEUN | Qﬂ‘LAEI“lNiMN‘VIﬂVINGI”lNL?INuﬁﬁ m LNaﬂjswzﬂjsmjﬂQﬂa'}ja%ﬂjﬂimfnia\jLﬂﬂiuwﬂ‘ﬂ'“lﬂ']ilwuﬂu

MUY Z 9NN 2.22 aenunanduiindnnanneiweshuiuin S daansadaulugluas

aumslolu

T
v=ulim [ Hoao

=L+ A+ (2.28)

mmsaanasio AZ — 0 Tuaums 2.27 udrnhinunuaums 2.28 azla

oV (z,t
#:_ro |1(th)_ fo |2(21t)_"'_(ro +ri)|i(zat)_"'_ro |n(Z,t)
_|il allé:’t) +Ii2 IZ(aZt’t) +"'+Iii%”'+lin%
(2.29)

v v o ¢ . I &
leﬂﬂﬁ\lﬂ'ﬁ MTL ﬂNﬂ'ﬁLLﬁﬂlugﬂﬂmaﬂHquq matrix E]El’]\N’]'EIL“lJu

0 __ LY
—V(z,t)=-RI(z,1) Latl(z,t)

oz (2.30)

[V, (z,1) |

V(z,t)= Vi(.z,t)

—V”(Z’t)— (2.31 1)

[1,(z,1) ]

I(z,t)= Ii(é,t)

—I”(Z’t)— (2.31 %)

[

wazenuilenhluihaanilanihaanuemannaums 2.28 Weulugddaanwaimaamdngladu

¥ =LlI (2.32 1)
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’
saialaa

e ¥ dunnwasnifiady nx1 Ysenauludmeanandusitndnnaviue (total magnetic flux) Aanile

] l// =y u Cd ] < d‘ U ] o o d‘ - a! a U s o v ::4' -
MNEANNEN 7 AdWANFUNIMANTININEHINNITAIAUN | Zegnilenyszninanaanindui i uaz
#ee1919D9

Vi

Y=y,

LV (2.32 %)

o o o ' < ' = o
LINSNEANNHATL EI'JU'IVLWW'WIBﬁUQﬁH’JEIﬂ’J']NEITJ ﬂssnaﬂﬂ @28 ANNLKILEN ‘L!']l‘l/\l M99

Moaniivineganuem Iy wazenuwmiisihlwihnusswiasaaniiaibaanuem |l eail

L= |21 |22 IZn
In1 In2 Inn
(2.32 )

Turhuaadendu Mnaums 2.29 enumumusanimizaenuenamnsedaaluglam
Sngladu

(rl+ ro) I fo
R = fy (I’2 + ro) fo
Iy fo (rn +I’0)

(2.33)

Funaldhaumsmedsaumauandldanlusums 2.30 tu wilauduaumsusnyasgaaums

1 ol ‘U o v a a a a S o o v Ad' - W
adnsalaneani 2 wWuludwewuna (scalar) wNsaniIUa DUFYNIUITUN | G]\]Ll,ﬂﬂ\ﬂu;jﬂ

A

v @

o ' A da a ' o & A v S o & da
7 2.23 Togludruwsiiunirlaludruidununnihdasngnunuais e Turasndiusasiiuiio

A

a -d'l; v Y W o v S ' Aﬁ‘ < = dl' Ai! <~
“lJﬂVIN’Jﬂ’]u‘U’N‘ZIENﬂ’]EJGDu’IQﬂLL‘V]“L!G]'JEI 0 PNFUNITANNABDLUNYDNNICUANIDDNTDVUIAD FNNIT

[ L4
nHMsaYInHUIEy

ﬁj-ds*:—ﬁqem
: ot (2.34)
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’
a o

ANUEITLBUNUaaae

ﬁﬁj-dgzzh(z4-AzJ)—-h(zJ)
% (2.35)

J

'

PWURIUEIIUINYIaeiinszudag 2 Billa Ao NszuaN I
J, =¢(¢E, /o)

. =0E

LasnNITLLENI

adagiiaansauaaaitihiduiuy homogeneous UAZQNUAAIANHULIRNIE

(characterized) lagmanuinlnih 0 wazamenuevdulovasaunluiy (permittivity) € @4

!
N v

” @ s 1 A ' Y < = - . v 1w
ﬂmaﬂﬂmlﬂa’]uﬂ’]u'ﬁﬂﬂaﬂﬂﬂlﬂQﬂim'ﬂ?ﬂﬂ‘LﬂulLUUINLﬂua’]iLuaLﬂﬂ'J (mhomogeneous) Iﬂlfﬂuﬂu

( @

d Reference conductor d@

|

|

|
Z+Az

N— ——

Muil 2.23 uaaemstienawasiuidmiumslaanyesaunsfiaeasaayns MTL
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M 2.24 udaamsienudmsuldlumsm capacitance AaniantieaNNe

g jn o
I I |
! |
\ I 1

MND 2.25 U capacitance La¥ conductance AaniNihgaNNeME

Natheiiazasanms 2.25 Usenauludenseuamsinlufi@aneie (transverse conduction
current) F9l¥a5ErINNEIHAN
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J.J. jt-dgza” Et-dg (2.36)

= & Q [ a ° N ) T = 1 [ ' '
dnassdhmsumsiiennaninhlnihdaniloniheanued g; imhadu S/im szuinguas
Feinhndun i wazdud j Fudusasdivvesnseuamsin lvaseuineaaali 2 aluszuu

L4 1 L4 Uy 1 . o gj L4 a’l
2R ausI U T sEIeEe@1hNg 2 (9w 2.24 Usznau) ouu

O-AI!TOE-[-[ E dS - Il(V V)+ +g|| i “+gin(vi _Vn)
==0Vi(z2,1) =9,V (z,1) — - (2.37)
+zg|kv (Z t) =0 n(z t)
k=1

Tuvhusadennulszanvevialoguiin § (WuFNag MUTNPBENYBI@ 8 aINNg

] q

22Md (Gauss) la

Qenc =€ JJ;O Et

(2.38)

danudinulszadenimbaanuemaansafmulunatdzasanugliihdavianihaany
gnszinaaanhudasg oy

gi!ToE.UE ds—c,l(\/ -V)+--+cV, +-+c,(V,-V,) oo
2.39

__Cilvl(z1t) +zclkv (Z t) =Gy, n(z t)

NAVINMITNAUFIINToUFN LT UMW LA aanaaslumwi 2.25 n1sunuanms 2.35

FUMST 2.36 UATENMS 2.38 A9 lUFNMT 2.34 UAZINTAE AZ W 2 ﬂ'qq]glé]’

I.(z+ Az,t) + 1,(z,t) 1 = oz 1 = =
~ +GEJ.LOEt-dS——8—II E, -dsS (2.40)

o <~ aa k4
MmMsaanaNeg Az >0 wazunuluaums 2.37 uay 2.39 7\]8161

A, (zt)

P Vi(z,1) +g;,V,(2,) +"'_Z GV (z,t) +---+ 9V, (z2,1)
k=L

(2.41)

+§{Cilvl(z,t)+- ZC.kV (z,t)+--+C,V, (2, t)}
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auns 2.32 sansadeulugluasdyansalimaamingdlugduuudaladu
0 0
—I(z,t) =-GV(z,t) -C—V(z,1) (2.42)
0z ot

Wa Vo ouway | Qﬂﬁmaﬂmﬂammiﬁ 2.31 ATUENMINSEINN IMaseINgIea lussuu
@ Y a o ° LN = ' P a Py
aaungnunucamangdrasanmhinihdavimbeanuen G Fadumsiisnunnaumsi 2.41
vV
azla

Zglk —0p - —0y
k=1

G= —0Ox ZQZk R ¢ P
k=1

—On —On zgnk
L k=l (2.43)

nssuanﬁnssﬁﬁﬁ‘lwaswiwmﬂﬁaﬂﬂuﬁﬂisumﬁmmwgnLmuﬁamuw%nﬁwm ANyl

' 2] ' P - a Py v
faniarilgeNe C Fardumstenunngunsn 2.41 '\ISVLVI

[ n
zclk —Cp, 0 TGy
k=1

C= —Ca zczk o =G

k=1

—Cp —Chp chk
L k=t (2.44)

]
= (3 =

3 v P I o oo ] IS v a
ENLﬂ(ﬂlﬂTlﬂNﬂ'ﬁ'Vl 2.42 (WUWANININVNDUNUFNNITN 2 VaNaNNTEILEINITA 2 Lﬂulut‘lﬁ

]
.

o & ) ' 2 ' I
YNYUIN 5’171’1ﬂ']‘j‘j:i“l}]ﬂi:ﬁl'ﬂﬁ‘l/iNG]UUH’]EW]’JH’]L&HW | GIE]WHQW‘H’JEIF]’J'INEITJaTN’]ﬁﬂL%ﬂuvLé’Lﬂu Qi

oanumstienuyaz e C ani (dual) NUaNMs 2.32 WuAD

Q=CV (2.45 n)
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O

Q=|q (2.45 2)

On

v
Tos  Viiuldwmanauns 2.31 (n) Tuﬁwumtﬁmﬂuﬂumiﬁﬂmgagm (fundamental

definition) 284 G wude 1, =GV iia I, Wunszuamsihlufiddeuneszuingsdin

2.3.2.2 dadsluasanms MTL

NMS5U89 MTL f‘ﬂé’mﬁummsnagﬂlé’tﬂu

0 0

—V(z,t)=-RI(z,t)-L—1(z,t 2.46
pe (z,1) (z,1) p (z,1) (2.46 1)
0 0

—1I(z,t) =-GV(z,t)-C—V(z,1) (2.46 )
0z ot

= | Y S
asgunNg 2.27 mm'ﬁmwﬂu“lugﬂuuwalmLﬂu

o|V(zt| 10 R|o|V(zt) 0 L|a|V(zt) (2.47)
ozl (zt) | |G ofat| zt)| |C olét| I(zt) '
fnsannsdifianadniiuduhuuuaysel a:1d R =0 lusaziiiagdansau (surrounding
medium) {Wilaquuuunannmsgydes (o =0) azld G=0 Feneiuazidenindumedihuuy

< | & o o @ @ { v &
Unennmsgadalanaaiia Maadnhuaziagdansauiuiggiivnannenuguds asiulunsd
ligaaums MTL sansovh lnhetiu {u

V(zt 0 L V(zt
ovEy | oV (2.48)
oz| 1(z,t) C 0|ot] I(z,t)
Tusums 2.48 Fuflumsayiussudui 1 mansnideulugteasmseyiusaudui 2 16las

MMIDYWUSENNS 2.46 (N) LHBUAY Z wazyMIayWusanms 2.46 (2) tiguiu t nuuhnIste
stazlaaumsluslrasmsayusauaun 2

2 2
O V(1) = (RG)V(z.1) + (RC+ LG)%V(z,tH LC%V(z,t) (2.49 )

ot
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62
o2

I(z,t) = (GR)I(z,1) + (GL+CR)§I(z,t) +CL§—;I(z,t) (2.49 %)

Faaums 2.49 iluaumsanasdswuy MTL

[ Il < v, o w
2.4 BanNNITAANDUNINISNUIINNITIUNIUNIIUN Lﬁaﬂl‘i/\"i/\h"llaﬂﬂ'lilu'] GRTNTENT

a

= v < d'vl Y = 4 (4 1 v o
AMIFANINISNIUAIN ﬂ’]‘S‘SUﬂ’Ju‘Vl'NLLNLﬂaﬂlW‘W’] NELANMIANEILISWANUINUBDYINOBDLUBDY

1 '
7 a

Ao o kA ) YV a’l k4 J K 1&' T <
uumﬁwuﬂﬂﬁamqmwmwuulm W MSLE) GG]‘ LNBAANDUNINISNUYDNNITIUNIUNNUNLYD ﬂl“l/\l e

v =

mAnwlanunumamsdnmnisayiunuiTeail

v
v

LSuAUYNAINDa (Digital) Adguanudlalason 1 89 3 GHz wasszuudasslias
(Wireless) uaziaipaiiasasindamseanuuuluszduiasuasion (Millimeters wave) &1 70-10
GHz nnmafinaniinnasaiedyanmsuuniuaslaia (Harmonic noise) Tughuauddananvili
Wadamin1ssuniu (Interference) MAunaIiniiaae g mstlastumsuninszansaduluaaie
wnday wazmaihluldvans qeudedadliisaem waedhwiiniiun [14-15]

J. Y. Shin ua% J. H. Ohs [16] 1&'ﬁ1tauaﬂ'ﬁﬂgmitﬁmmWz?'ucaé}uLszm§ﬂ1W1T\h°lui’aqL1/\Ia§
199 Tasea$auuu hexagonal (Y- and Z-type) Wazbuy spinel (NiZn ferrite and NiZnCo ferrite)
Tosfisanddnuasanuduwusuae complex  permeability Audninaudunsian delduaasda
complex permeability ﬁuﬁmaﬁuﬂsxﬁwﬁmwmsg@%Uﬂﬁ'u"ﬁ!qﬁ'uﬁuﬁhuummﬁm matching dNNUAUT
Ltﬁl’jﬂﬂﬁﬁﬂﬂ1ﬁﬁwa’luﬁﬂLLa(ﬂQﬁQﬂ'ﬁ:ﬁa‘ﬂ%ﬂ1Wﬂ1i@ﬂ%ﬂﬂéu1uﬂ1u1uiﬂ’iL’JWVI,GQII uﬁimmwumaﬁaqﬁu
fluwnade 3.1 fdedwes dufluguassalumai U1 luoy

M. Matsumoto oz Y. Miyata [17] ldWanniaagaduiiiaaantifnmagaduidn spinel-
type ferrite w%auﬁmmummmwuﬂéf %\1Lﬂuﬂ%ﬂLL’iﬂaluﬂ’l'ia%’N’rj'ﬂQLLU‘U soft magnetic material Lﬁa
ﬁmﬂ%”lums@@%uﬂﬁ'um\imﬁﬂlvmw E’éqQﬂa%fwmﬂmgmﬂﬁﬁ‘[mqa%fwLmuaﬁmgm (amorphous) Wafl
Tgfuanansoviliien permeability ﬁgjﬁﬂiﬂﬂsqa%w,mu spinel-type ferrite [16] 84 3 Whdafianamn
3 NadLNnIaNINTaLIAA reflection loss guEN 30 dB

Lim, K.M. uazatue [18] ’?ﬂﬁ!ﬂ‘izﬂa‘u amorphous alloy-ferrite-epoxy Ié’gﬂﬁ’m’lﬁﬂ‘lﬂtﬁaﬁlﬁ
Tumagaduaduluululasnndsiidumstannldnnaanumnussiagiuaslasmanl#lden
wngan (optimized) Usinaasdaduzasiaaadysudwaildamunsolduafiansauiigaszuig
éfmhuﬂaﬁaqmz‘i’tygmﬁwummmwmﬁ'ﬁaﬂqmwm amorphous alloy~ferrite-epoxy iANE 2.0~
2.2 GHz udathslsionumnaanavnuasusiuiagilidsagluig 5 Tadwnsddiingeng

auﬂsxﬁqﬁmsﬁméTnnﬁﬁwLaua%%m{l%‘Taqu,u'mﬁmmmw 8515 (Ferromagnetic material) 1
ushgedu masumumeusiminliih Aieduuumshdyapa Nnauauiarasiaguaiminuuy
wlasTstiumumnsornliAamsgadaluwimin (Magnetic loss) iganirisquamdnildinauainly
@nans [14]-[18] u‘Juwaé"mﬁaqmmﬂﬁﬂwm:wmgmuLﬁzﬂ,uLl,a\imﬁnﬁl,ﬁmﬁ'uﬁ’aqusjm%LLUUW\Ia{[sifu
Hanwazhuslowuud (Resonance) “Z:;QL‘%EIﬂ’j'l Ferromagnetic resonance (FMR) [19-21]

Bmanadaumsliiaggedu masumumeusian Wi Tusnelulasan3u (Microstrip line)

3

U ldaemuni 2.26 79 T90QaZuazgnINUUENFYIMUZNMIIA Reflection loss WA
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Transmission loss 3230 laaldLA389 Vector Network Analyzer (VNA) GN4@20819015NATDUYDY

Yoshida wazaniz [19] ZFlahauamsldiaguaimanuuumasls Fe-Al-0 uaz Co-Zr-0 nldga

4 ] < Y o Py ° . . a 1

Fu masumumauaitnan i Tugluvueesdyanasuniumiienir (Conduction noise) Naguua
1 1 4

Tulasaasy devnmsnadaulasnsie Reflection loss @ Transmission loss mmaﬁiﬁuuuammms

4 1 v 1

Fuanagiumanwmsunsritula (Permeability) waziidragiuaseusnlumsliisggazuiizue

aNxnn 2 lulasiuns

MW 2.26 3511570 Reflection loss wae Transmission loss [19]

° an ] < Y Vs ] <
mathauaIsmsaauansznuan mssumunawsiwanluih Tegldigquimanuuuinasls
wu lddimswanmnedndaiiiaslagiihwinaiiefiaziindszdninwmsgadu mssuniums
1 I~ T I a k4 ] <
uitranvih ldhazdumsimsansannmsnszqulasanuuimanmeuan [22]
manalszaninumsgedu mesumumeuaiman i vusshdyanaluduiianu
P o P Ve o A o v = ad a
Nunzhuadnegefa mswaiiaihluldae mssumumeniwman i Tunsdliieann ms
' o B A a ' o ' < .
sumumansimanludy  Aineanmsuwsnszatezesnduultnan LW (Electromagnetic  wave
radiated)
Y o aa & ] <
H. Ono uazAmie [23] lawnauaisnisaans mssuniumewinan lWirarnwanis
Wwsnszay (Radiated EMI) (o MssumMuMauEan lWvhanmsmileniy (Conducted EMI) lu
#1uAIND 100 MHz 910 GHz lagaagaduiildgnadsnnasusznauwsiindn Fe-Si-Al/polymer
Fuduusuildunilassadeluszauunlu (Nano-structure film) waUsngImslENauiadeliuain
#15U52nBUUNLNAN Fe-Si-Al/polymer HUFINITOAANITSUMUN U tHEnIWNAIIANENS
1 ] < ~ o o ] L) a v
uwsnszny war mesumumawimanlwihannmswiisnhnaguuaasanhuuulalasaasyld
< o = 1 awv d\'Lw ° ao ] < Y
J. W. Lee uazauz [24] nilludnngaidasilahauaismsaamssuniumauimanlviain
' ] < Y ) ° 2 Y Y [ 13 o
HANISUNINIZAE Uaz n13sunIumusmanlWihainmsmileni alaadviaagatuedu
ustndnlW#aIna1sUsznau Fe-Si-Al/Ni-Zn lunisnadauqauani@nisgadu n135unIume
] < L) a a A 3 ]
udvranvih vusednhuuululasanid Tumsnagaulszdnsmunmsgagulunsd nssuniuma

utdnlihnnmsimiieni aziiasanfisandiuzaanasnuzasnduigydodanasnudunaig

u

aednh (P /P.) drunsdizas mssumumawitanlwihannuamsunsnszae azldszdnsaw
M3tleenuAdU (Shielding effectiveness, SE) [23], [25], [26] WuminasuansUsednianaaims
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o = P vdq v & o = 9
Qagu Mmasumumawiwman Wi wams@nunlaglimuimsgedu mssunumausmanlnih Tu
nsdifiRnsandyanasumunianvasiuauinssezlng (Far-field) WudinmsQagu mMssunaIumg
unmdn Wi azdivegiuauantAzesiggiilausi (Intrinsic property) 2aslaseadalaun anuhlnih
amuMsgNsuEaITaquALMan anunnzavidagedu Nuludaladidna3nueaiagiluiunas
(Background materials)

N§u38283 Sang Woo Kim [27] MdudnaiedramsAnwiiianisan MITUNIUNIG
unwmdn i vumednhlulasansd Tasfiarsanmstia mssunmumaudmanlnih fegludauly
wuusnnszezlnduasauinszezlng (Near-field and Far-field) logiiinguszaedfiazimsaiugy
AuaNURzasidgiiauieniangatu eiagnldfe winilduigguindnuuusay (Soft magnetic) %4

v
d5NMNE15UsENaU Fe— Al-Si alloy—polymer waﬁié’uuLLamﬁqﬂisawﬁmwmi@mw MITUNIUNN
udmanluih wuduediuanumnuiuzawiuildy (Film density) laadsz@nsawmsgadu ms
= 9 X PN ' Va2 g P2 P
sumumanimanlih azgelivaumsiiivanumnuinzesusuildn Faduraiiissananmsiiy
' Ve & g PN o < o - S
anumnuivzaaivisiudumsiianmhinihuazamumsgnriveasigguaiman Fadums
lEmaldsuudasnuanifzasiaqiiauitialianansoniuquiszandnisgadu n1ssunIume
unndnlwvh zadaqla
& Y = o 3 ] < 4 . a 3 o5
nnuudlaimsfinsiiaaanuuuidg witwdnuuuday (soft magnetic) ¥fiaee 9 loaiiing

{ o a a o ' o v ' P IV aw
Uszantiawanndsz@nsnmeasnsgadu mssunmunauimanlui  Ausdidaiiies nguide
Bostjan Drnovsek [28] 1(51'131Lauam’sﬂ%’uﬂqqﬂizﬁw%mwm’a@m%’u MIsuMUMaLNantni Tas
mslgmsUsulsquantfzaaliagiiown TaamsldsuauannueIuazaun I Ny eI gty
nax3A8wes Ki Hyeon Kim [29] lainauamsaiuwingadulagliismsaudniizaendy (Electric
Explosion Wire, EEW) #vanansaldadeudugazu mssunmumawiwmanlnih anarsUsznau Fe
uaz NiFe 1¢ ngu3v82as Koichi Kondo [30] latauadsnmstadau (Coat) urudldnuwsimanuuamniy
Feyanar Fahluuszgnelalanuieasenugge (Large-Scale Integration, LSI)

eUNGNTIBYBI M. Yamaguchi [31] 1&'ﬁ1tﬂuam’sﬁ1Ll,m'u?\la'uﬂaﬁaql,ujmgml,uudau (Soft
magnetic film) lUl#aa mssumumewiwmanlai faguusalalasaasiasclulasdy (On-chip

. . . v & a a (Ha < 1% ] o
microstrip line) 16 Feamavasanslulasaasvlululasiliifivnaidaninnuazasnsaanukugadu
mMysumumaimannih Tleanumnszau 0.15 lulasuas AN 1.91 Jadiuasuazanuning
0.86 fadLuns NgaAULaN Sho Muroga [32] tHudnaradnmsliauanifvasidggadu mssuniu

] < 2 LAY ] < ] v =®2 aa a a o

muwitan i FldTaquaimanuuumasls Felduanadaidnismuguiszansmwnsgatu ns

] < Y v A v 1Y < v .. . P 1
sunmumMauaiman Wi 2avisggeduiadeanniaguianuuuiasls 628 Demagnetizing field Minglu
Faquaimanuuumasls wamsdne Sung-Soo Kim [33] léiaualszdnimwmsgaduusiugadun
d59nniaq Fe, 0, Bwamsanmny laadalszdndnmwmsgadu mssumumewiwman i 2aq
Taqualmanuu Juagnuauiaanavnzasusiuilduuaimaniuvan wazdagiu Jing Qiu [24] 16
hiauaNaMINaLNiagaafunnaauuvinuuUseu FeCoNiB Hmafildlszdnsmumagatuiidan
PaniaguuagNUnaditiaunnu 0.09 Fazldagge Power loss U 0.87 finNudaue 3 GHz

= P v v & 1" aa ] <

NanamMsansNauar Lol HiuiIsmsaanansenuzes MssunumMeusiuan i
vuaahdyanalulasanid 3msigminausmnuuainsamnlalosmsliiaagedu mesuniums
unwmdn v Fasnniaguaimanuuudie g il lumedihlulasaasd wasmswaunhluly
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lusednhlulasaasuiiiansasmmzuuuin g Hvlldimsvanndszdninwmsgeguiiulaams
v o/ ] < = ] <& v u cl'd a a C%
aiaquinanaiialniaunsenilaisggadunivszansmwgannludayiv
LAl Va o Q' 4 4 1 [~ Y gj k4 1 1} ﬂ'
wimslEigmaiindigagu mssumumewimaniniy  wuaslduasgininala e
AnsandaimahinUszandldnuaia (Practical) Tazwwzlumahnlddvaealulasaaddvasin
o = ¢ a ¢ | aa o ' Y o my v & xS o v % P o
Juinusiwanluasadanlasn 35msaenantuieidesssde Jaunsududeulunisadin deasends
walulagougelumsmsUanudnWanua (Thin film deposition) HanOINNIABGLFA FIEFN
¥ a (ah v & o W v P ' ' o v . o w
Tassadnaglulasaniunlanugnirnamsldnuiissannlaiminsadaudila (Flexible) uasiidany
< L X A o U A g v a (Y o PR S ' v o oy
Wumsiiagudiduigeduiahliams lulasaasunuiinnaisiniliaeandasiuihninguas
msWanneanuuuBudIBIEsafaiasdaiizinaanatluanen aauinglszaeduasnuifeiife
MIpanuUULiaiazan MIsumumaimaninih vuaeanhuesntiuiinuiuén (Recording head)
¢ a P v v o o ” o Vg d'vlyg’a v 1t PN
Tussadadlasn Tagduwuvzatlaseadaenlthasntufinusimanilauuasdaliimsiiuves

UIN

Y
2.5 ¥annN13tUa9A MUY Finite Integration Technique (FIT)
Tquuﬁﬁ'ﬂﬁlmﬁﬂmﬂiudu‘%agﬂ CST Microwave Studio 11849 2010 1iu
L3 0aiion 81U 591809 crosstalk  MLARBUULEE HGA uTud8msduianBadiay (numerical
method) UU§IUBD Finite Integral Technique (FIT) Foiuluraiisuiumsnamdmdnmsduna
209 FIT Toglduvaiiowanniiiu 2 drudretude msusdiu (discretization) WUUIIHNFINNG LD

ﬂ’l'ﬁ“l/i’]NaLQaEI‘qﬂﬂNﬂ’]‘iLLNﬂﬁL’mﬂﬂugﬂﬂ%ﬂ (Maxwell’s grid equation, MGE)

2.5.1. nI5ULUNEIN (Discretization)

Dual grid

s/

M 2.27 ugasauasumsuitdruananiemsannalignie [35]

JUADUUINIUMSANNINY DI NUZAINITAIUIY (calculation domain) FIARDBIAILYAT
azggmbanfinsanlumsmunn asgnimuaduinauaaslunwi 2.27 msmuueaanweilagly
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v
o 13

uaaumsmvuadaulaGududuiumsdmuin %ﬁﬂzgnﬂéwﬂuuwﬁ' 3 NAUUDIVNWANISAIUIL
aenanazgnuingasdudin g (3and1 n3a (grid, G ) Tas n3a azUsenaudiesad (cell) ‘ﬁ'ﬁgﬂéw
Lﬂuﬁlm?{ﬂugnmﬂﬁ (cuboid) ‘[mﬂﬁagmtdammaqﬂ%mmgﬂmﬂﬁﬁ%gﬂL%fﬂmh Tvua (node) lums
ﬁwmmﬁv’uﬁﬁwaﬂwum%gmmmm (enumerated) $134
wnsanlianwamsdwineglussuuiidaan i, j waz k gauanslunni 2.28
Tagns 3 unuifwaualugie 1<i<l 1<7<J 50 1<k <K gyygreu ife 1, J was K @udunu
Hu LLamﬁqﬂ'maummmmmﬂmmmsﬁmamﬁmnﬁqmmmmu i, j waz Kk enuadrau seufiadluue

dwsunsa G mmsmsqvlé'ﬁmwms [36]

PG, jK)=n=i+(j-D- 1 +(K-D-1-J (2.50)

Wa P Aadunieiinad i, j, k aeslvuadiaui n Taad n agluzae o 89 N, 29 N, uands
Hnulnuenmuanieglusanwemsmnanmmsinsanasuaadluaunsi 2.51 vl UMW
1 A ¥ a o a v Jo ¢ A a ' P
hedy aundlviniangninsandsznavludeadiinim 1 waduaziivinasaune 1 miregnuar
o o v & .. v P .. 4 ga o~
ALFAI UMW 2.28 AIUUVDULINYDY i, jwaz k ag"’lu?jw 1092 (1 <i,j,k<2) vunea 11K uan

Wi 2 (1 waz 2) $UIU node NMIVNAMN AN

(2.51)

=92 X9X2

= 8 Tviua

AaUTHUA & FIUNUIANG Po(1, 1, 1) 22l n = 1+0+0+0 = 1 HUBNIEANINIY NHIwHLS
AV @ ) v o A o o v oaw A v &
NNAAINNADINUADUAUN 1 13D & FILUNUINNAN (1, 2, 2) azld n = 1+0+2+(2)(2) = 7 Uu
NNEANNT NEUANANAMINENABINUABUAUN 7 TNEIGUZBIINUANINNAZDINGA GNUFAIGININ

71 2.28
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P5(1>1>2) P7(1>2>2)

P6 (27172)

I
I
I
| Pg(2,2,2)
I
I
I

/lfl(lalal) P3(1>2>1)

s k

s

s .
7 J

P2(2>1>1) P4(2>2>1)

ANA 2.28 udaemeuzaslnuanstiwaaiznaiiy 1 ihaUsunes

]
a o

Tuguaaumsmun wiasn3a G asi N304

@

U (the dual grid, C) dauaaslunn
] D TSN - TR PPN VoA o a vea A

7 2.27 3n3a G Wunsanivsniasuasrauduifediunia G uadlisnnamiz s “udazya
Vi,

P(i, I’k)wm G agj“lu@‘iumﬁqﬁmiuauﬁﬁmmwaqﬂ%mm
P(, j,k)

1K) 904 G vEalumanduiu ud

830 289 G agludumisiuiyauininaszeslianags V(1K) 999 G Feudas

P, 1K) fusicumisagmaty V(1K) 959 G » Tasmgsuiiudasdasiinge G uas G iilesan
Tumsémnandeaiazdvsumsuadammesuainawinan i Wuinsrunudd swalwidy
Y a v [ v < < Y a @ g 4 o
wglviifeaunuiman wasawnwimanilumgliieawnlniy asaumsuandad Turhues
@ | o & a | o ~ { o ~ g a | =
Weniu duniinie G Wuwmaldineguuinie G wazauwninie G Wwwmqliiiesuud nse G

wuiu Fazgnadunelumdadaly

o a
2.5.2 ﬁNﬂ’]‘itLNﬂsﬁlqaa&IuEﬂﬂsﬂ
38M3ues FIT Hudanadaenuaidiiumsgananaladian (the discrete
topological operators) loud @58 (curl) laviaaud (divergence) WazlnstAaw (gradient) Lo
U o a o e . . Y o a a Py . .
MIOUUNIIBYWUD (the differential operators) mmtuumimwawa‘[aﬂwugm (basic topological

P 4 ) . v 5
operator) P“, R war W [37] By matrix 2 wau (two-banded matrices) Iﬂgﬂmmﬂ'ﬁzqnﬁﬂm

Usznaulumeaaangniduldle s mde -1, 0, 1 Tow
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-1 : for j =1
[P ]i=1+1 & for j=i+1
0 : otherwise (2.52)
-1 : for j =i
Rl =14+1 : for j=i+1
0 : otherwise
(2.53)
-1 : for j =i
[P =1q+1 ¢ for j =i+1-J
0 : otherwise
(2.54)

dwsuamingnawalad C waz C o dadiiunsiAsadaiae (discrete) Ngnfienuiinie
Uzuniiuazn3indmudau a9il [36]

0 -B, PR
C=|PR, 0 -P (2.55)
-P, PR, 0

Y o a a { a a d a g
{G’G } Wuwalidmdiiumsidsanniadgugivazindaaidy

mnﬁamﬁauwﬁmaq@:n‘%ﬂ
cC=C" (2.56)

g g J = a a PR
mﬂaumsammmﬂ‘luqmaumswamuﬂ?ﬁnaa (2.6) uaz (2.7 mmsnmaulmmaqmlmﬂu

(2.57)

b (2.58)

‘U J a 14 ‘U o a P T I = ‘i! I
gdiiumslanaaud S wasmdndunsden G aniandnlugeses -1, 0, 1 JAguvvuaz
AMENUAA

s=[p, P P, ] (2.59)

§=[~u P, ~W]=[—PUT ~P' —PVI] (2.60)
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—gT (2.61)

®
[

U 0 o
[

INIBNILB analytical uazAMFNURLE algebraic vhldaumsnaumihiliduasedmiunia
Usugiiuazniag [38-39] ety

CST =0,CS" =0 « curl grad -=0 (2.62)
SC =0, SC =0 <« diveurl -=0 (2.63)

v v ogw 1 ° ¢ (o u & v g n & 2 s ¢ Mo
MNONNFNNUBANINS DUIUNAUIZNDU ﬂﬁﬂuﬂgﬂu‘utﬂu @ NUIUNANAUIZNBU

g o n+N, . 7 o n+2N, o
v mwuﬂgﬂumﬂu t G2 wazIuIUDIApIAUsenay W mwuﬂgﬂumﬂu t @0

29AU52naUYD9AILUSH LN IUAT (unknown) 2BIANNNUILUUABINANTUNLWEN (magnetic flux

density) gnulaslviaglugunniaasifié (dimension) 1Uu 3N, =3(1-J-K)

a

USIAUNSA  (grid voltage) anfeNuMINULUIYBY (edge) BBINSAUAzUSINUNANT (flux

u

quantity) FagnlFlumeminusuuiuiluduainionizes tunds {G'G } AaUaANMNIUN 2.27
v - o N G

d§msun3augunil (primary grid)

e(i,jk) = [E-ds

L1k (2.64)
b(i,j,k) = [B-dA
Al1k) (2.65)

dmSun3ag (dual grid) G

h(, j,k) = jﬁ -ds
L3k (2.66)

HOSRS

[J-dA
AllTk) (2.67)
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v W PRPEN I aa . 2 2 o
‘[mﬂatyaﬂwm“[m (bow) tTumsunuiifzaslawu (domain) FudaedaUSInamMINIenIn

Py a v o a o od aIw a v ¢ A A o Vlald ’é B
‘VIQﬂ‘lJSW‘L!ﬁ FansUswusnzauvnsalay wasnIUIWUSUUNUNDY dransodaulaty wae
MO
¢ PR v a o P ' .
qﬂaumnmnmaaauugnu,ﬂaﬂwagiummwamumsmmﬂ‘nmgmsﬂmw Maxwell-Grid-
Equation (MGE) 290N 2.29 Wi slaanreasanms MGE mnngwaaﬂwsum‘fnénﬁ'ﬁw “a09)
a % Vg A VW o ] o v a & s
M3 euuwaaaduussudwdniavinnuusaedau iwienihsasudumealauy” [40] dums

< 3 o2 a a v
1%\ n‘ﬁnaamﬂngwmmsw 19] EIQQQﬂLL‘V]uquﬂ“ZIﬂQﬂiﬂ LLazgnLquiugﬂwaq LN'Vliﬂ‘Zﬂ,ﬂﬂﬁﬂ']W

MW 2.29 udasiamslaanasaunms MGE nsdlasdumsuangiagannnguashsied [35]

3 o A o v o P
LLazﬂNﬂ’]'ﬁLLNﬂ‘ﬁL?aaﬂlﬂaaaNﬂjiLﬂﬂuﬁluzﬂ MGE lﬂﬂﬂ(ﬂ’]'ﬁ’m'ﬂ 2.2
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M99 2.2 mswLﬂ%’ﬂuLﬁsmaum'il,mﬂszi‘naa"‘lugﬂLmuﬂﬂauaz MGE [35]

Traditional MGE
_ B . d
E.ds=— @-dA Ce——ab
oA A(’at
- s - d
H d§:J.(8—D+J dA Ch—d—d+J
ot t
O0A A
B-dA=0 Sbh=0
ov
D-d Sd=q

WiulaInadia FIT ﬁ'uL?Jumiu:u'qehuaumiLLun"z‘fnaa'gﬂLmumsﬁuﬁﬂ%'aiummﬁnsms

M Faoanansmsmunarziimsuiinineandudiudas 9nnuulUusunsNasFmIUIMEINLNIBEN

T luudaznsa GTQLLGiﬂ%mL%NLLiﬂIﬂﬁmﬁqn%qmﬁmiummuzmm’aﬁm’;mﬁmammumwﬁ 2.30

tﬂ' o < o v d"l k4 o = ke g’l g s
LNE]I“lJ'SLLﬂ'iN‘\T]aBQLGSQGNHSNLLE\') NALREN ﬂmmsammam'ﬁsﬂﬂmlummwmnamazmmwns

anudlagenumUuansunises (fourier)

Solver setup for
initial condition

Solver setup
for subgrids

Time step
calculation

A 4

Solver setup for
Matrices calculation

"2 —g"V2 L At ML EM;lbn +Jg]
bn+1 — bn _AtCen+1/2

A4

A

Excite signal source

MWD 2.30 wdnd flowchart M5AIUIYBLUSUATN CST Microwave Studio
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3.1 3amMyNuLNa@n¥IMara Electromagnetic Coupling

0%
oy [ v o

3.1.1 WINAEAIFINIZAUNIUNINTINUUE BT IO
a v a s o ' a o
Toagundudrminditaasmeluiazgnuaasluglessuseduuasnszud uinisnazia
v o1 ] v
Wndeasmaiiiguanuigs ¢ 1 GHz) agnuiudhuazuivsunuhlaan Jldimsdadu
MFUBINARBINTE MNALABSLEE (S-parameters) AUNT WITALADIUNAENINNITVBIAAU UUS
panly AAUANNTENY (incident wave) was AdUdLNaU (reflected wave) Iﬂ'&lWW’i’lﬁLma%LaﬂQﬂﬁle}j

@9l [1]

Vi
S; =20 log Ve

b /lvg=0 for k=] (3.1)

P A v s £ 'R ] s . o s . s A o & v o ¢

tia S, Ap dulsz@nEMIsiIUNNNDA | Tuganasa i wazwasnimaaiiu anaamalvaaignuamd
(matched load) mudieny Vi = 0 §w5U k # j ivhendy dB (103iua)

V.. o Y 0% Y s .

i P9 ABULTNAUFLYDUNIUNNDTH |

Vo oa 4 o d e .
i A0 ABULTNAUANNIENUNNDIN j

Write pair
Port 1 Port 2
—  E—

4-PORT

NETWORK |

Port 3 Port 4
Read pair

MW 3.1 UEINATENUIU 4 WasSaunuas HGA

]
@

Tlumsldnumniessieauu smhdyaraimasiansanazgnuaaduiasisiuiu 4

o

WB3M (4-port network) AIULEAILUMNA 3.1 TaeANasa (port) BANELAY 1 UAE 2 UWNUAILWUIAUENE
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wazUanganevaedaelisn uazwasanaNeweY 3 wag 4 unudmumiauametasUareaeaigassIy
MO
4 o ' ) o v oA e . o 4 o A
(adyaNMUNEIIY (signal source) 9RUBUENINDIANINELAY 1 YUIAMAIVBIATUUTIOUTN
HNOUNFUMNEINDIAVINELEY 1 HBUAUNAMABNAIULTIAUIBIF AN purasneitauinase
BEeY 1 @nsadeuunueg S TuusudeInuauamasrasndusaeunasihuludainase
WNELaY 2, 3 Waz 4NBUNUZINAMAITBIAFULNAUTBIFaNauraseilaunnasarinae 1
= Vv o L d’
§INTOTBUUNUME Sy Sa1 ez Sy auaIeU laei
o a £ o . ..
S Aa duUsednsmsaznaunau (reflection coefficient)
o a £ [BR] .. . .
Sy Po duiseansmsaeru (transmission coefficient)
o a £ { ..
Sa1 Ad duUsEENEMSUNINZNNNAUEE (near-end crosstalk coefficient, NEXT)
o a £ { ..
Su1 e duUsednamsunsnznunuamase (far-end crosstalk coefficient, FEXT)

v & N - 4 -
aanumsunsniniiieuuuganeauiy ansofinsanladan Sy uaz Sy Fvanedessau
yeuiavzasdyanaunsniunadundeduasuazdalarsareiisunumaszasdyanudunm

MNTAU

3.1.2 Taseaseansinda

mﬂL‘hé"mujtywmmﬂuﬂﬁﬁﬂm‘ﬁlﬁﬂumﬂﬁwﬁ'&ymwmﬁiﬂuaﬁmﬁanﬂm%ﬂmuﬁmmmﬂ"luﬂafgﬁ'u
TaglumsdnmilazEenh se HGA madananisenaulddismedithduu 6 u (anduluaie
§ 4 Fw) lowd aredaudrudy 2 du aeeIuIUIU 2 1§y SeFanad (heater) UazEENTIIG
(ground) WSudiayaiif (dimension) asae HGA lasuanuayanzianuien Finn malulad

(Uszwalng) $H1ne sauaaaluasei 3.1

®13191 3.1 {fuesans HGA uazvwininasmalniuesiag

Parameter Value Parameter Value
Write trace width (W) 30 um Stainless steel thickness 20 um
Read trace width (W) 30 um Conductivity of Cu 5.8x10" S/m
W-R spacing (S) 760 um Conductivity of Stainless steel ~ 1.1x10° S/m
Trace-trace spacing (D) 30 um Permittivity of Polyimide 3.5
Cu layer thickness 15 pm Length 50 mm

Polyimide thickness 10 pm
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Tasea5ere9de HGA lanumzaaraadenuanadiszianlulasaasy (microstrip) Usenau
ludhesuiagiiuau 3 du ldun Fuaedii uauiumelii wassuszuudeds zrinan

Noaued IWadlae (polyimide) Uay FUAULBFFAD (stainless steel) MUTIAU AIUFALUMNA 3.2

Read pair Write pair
Y .
Polyimide %ﬁi&é%{—%&%&%
fH1 | 1| | |H]

W
H

[ 1 [ 1 |
L
| /| Backing layer |
!";

MW 3.2 uaeNFUITONI 3 Furesany HGA

3.1.3 wuuaaslsngmsaiunsndinuuais HGA wuudui

Liiafiazs1ana crosstalk ftiaUUE HGA wuUaasanifoassns HGA ﬁqgna%fwﬁu‘[ﬂﬂ
mﬁ'ﬂiﬂmﬂimmi’mqamﬁ@ﬁ"ﬂﬂ 1% AutoCAD %3a Solid Work (flugu antiuvhmsaedi (import)
wuuasenanan NI lulusunsudass 3D full-wave simulation %ﬂﬁ%’amqmsﬁﬁw CST Microwave
Studio [2] lumsdnaimsivuadeuluGudy (initial conditions) Fasalail

3.1.3.1 Qaulyvauiye (Boundary condition)
° ] < [ 1 I~ v
nsassdaymarnauinwian Wi lasdaymiaenarndunisgaiunig
= d ' L. o ) o o v & A
wainan Inihzedinisunsnszae (radiation) esdyanannsmanillugidnas asludauluvauin
Py ° I L. & v P o o ~ o
A5NeMBUaLUY radiation boundary N 6 ﬂ’]uLWaﬂ’]wuﬂah/iiﬂiLLﬂiNﬂ’]u?mNﬂ’]Sﬂ’]u’Jmﬂ’]i
T ] < 14 v v Ao . a
LLWﬁﬂﬁgﬂ’]ﬂﬂaQﬂU’]NLLNLWaﬂlmel@aﬂjﬁgﬂmaq LasUaNAINUANINIIN (medlum) UILIUIDY 9
o o < . o H
wuuaasas HGA gnimuadly @Imea (air) asuaaslunini 3.3

i 3.3 waeaulurauire
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3.1.3.2 aanauviavaig (signal source)
Tumseasdnngmsaiunsntruainsainsan lansluaanansia [3-6] uas
(% a N = A 4 a L4 ¥ o a
21an3ANsANND [6-10] walumsdnwiliaudiungnssuaaslnngmsaiunsndinlusrianinsanud
asnnmaiengilusaninsnardnludesiansanguadu (waveform) 2asudazdyaIn Gy
1 v v
maanglusaninsanudiidumsiensiamziawasdyan iy asnudyaawaduuy
. = = v g @ v ) o A o v ¢ X v
Gaussian Jagnidanldiiudyanauvasine dddumaninsanud dyanuwaduszianiivsznauluds

’ ]

NN IANUDNNNNITHN ANNNFYYIMUBY 9 15U Fayaed sinusoid NHANNAYDITYANMLNENA LdEN

3.1.8.3 91U mesh

o o P v o aa ' '

U mesh Adpgnnue tiausuuuhassanidvesars HGA Tiiludiudas
lumsdmnaumuamazasgaaumsunndiiag laglumsdnmilldmnuadiuiu mesh Sududmiu
Msaulin 2x10° s FIuUUBUNTIUIUASVDY mesh NN HaLRae ladaNIAIIN accurate
NNND uaGeIanfunNMMLElumsauianuuay asuuienazandamlunsmyuad uiu mesh
AMENUA LUNIAIUIM adaptive mesh refinement 39gMNLEDN FeAMENTAAINENNMINNTIUIY
mesh 2ulumsamaudazsau Ltamﬂ%ﬂuLﬁﬂuwataaﬂmﬁsauﬂa@ﬁuLﬁﬂuﬁusaumiﬁwmmﬁauwﬁﬂ

a < ' [ ' @ v N Y (SRR o . .. A

ToamsAalunade fwadnainaniiaiiaaning) dauluvge (stopping condition) azdiaiinis
o S @ < ¢ % le o ' ° a P P v o
mwaluduaaanysel Zawawasildnmsduinlusavargaazgmhainitensvidsly el
mwlahenszuriumsmailgnuaadluguuaiany (flow chart) AW 3.4

Solver setup for _| Solver setup .| Time step
START initial condition 4 7| for subgrids "| calculation

A

———————————— Solver setup for
Matrices calculation

Increase
mesh cell number

Y

Excite signal source
eMU2 _ on U2 | A M;l[éM;lbn +Jg]
bn+l — bn _AtCenJrl/Z

Adaptive mesh refinement

AS"-AS"<0.027?

AN 3.4 ud@aa flowchart M5AMUINYBILUSKATN CST Microwave Studio

(il adaptive mesh refinement gﬂl,aaﬂ
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3.2  amM9yNuNafdnuIMaua9 Electromagnetic Interference
Femsanmmssumumausimdnlwfhuuaedni TSAT 2ae HGA Tuanuiddedl Usznaudae
nsé’iy’qaugmﬁgmﬁq‘[amaﬁﬂmﬁm EMI Zuuuangaih TSAI wazazduwansznulugmtuiinuaimanle
MIMNIURANTENUIN EMI aramsiansanudazdiuvulsunsudisagl CST Microwave Studio
msm’naaa‘uamgﬁgmﬁmmsﬁwmm‘[ﬂﬂaumimﬁmnmﬁLﬂswzﬁaumiamdq wazMIanNLUUEY

TSAT WBAAKANIENUNNMITUMUNN LLSJLVi'sﬂVlW‘W’]

3.2.1 auy@zIUNISIG EMI uuanganiiuas HGA

Magnhamnsalluasuduanaedany eeme wuldsnnulunsdives PCB (printed
circuit board) MUFiiansaz@uameameauuy loop [11] dyanmanunasiiiia EMI mdamely
wazmeuan HGA azwmienhlidadunszuavdauseduluihnfinansznuda MR head 1§ daiuaas
T lungud

ilafinsanmelusemsude tuaaumsisznau HGA AamsiUsznausudiuameiitnu
YU wazuausn (suspension arm) Tusumaudanaii ufinwiminidendatuiuaehdyan
arildandsadamslgsuranssnunn EMI dissnnaansadudsuduana EMI 1§ dasamnmsia

v o & a A v & a X
211028 EMI Uuaeath HGA uudadlfinadia uwazgaunsaliamisidnegs [11] aenulunuieil
AAAFDUMSLIN EMI logande MIadaiuuinaaaina lEfmuinuansznuann EMI 29N2uaauaail

3.2.1.1 mss1aa9 TSAI vulusunsudniagl CST Microwave Studio
dutiazhEuatunaumMsaiuuUaes TSA 289 HGA uuTusunss CST Microwave Studio
MNP 3.2 LEPIAITUABUIIMNAZBIMSENILULIIAY TSAT tilal#@n Assumumeutiudnludh
AL EAYDIUAL LA BUAD
1) Gudunnmsasauuulaseade TSAT #2elUsunsy Auto CAD 33msaamsihawene
sananase (1:1) uswhmsanasnuuuiugd 1 §6 wazvintugd 3 §6 udulug
UINanNa Standard ACIS Text (.SAT)
2) Usznaulaseadne TSAL wuy 3 HGUulUSUNTY CST Microwave Studio lagmsingy
Taseae 3 Hdvasdudiu FIUTBITF WU, Funuuuaz, Methduana i851990
Tusunsu Auto CAD EIUMNTBIN M5 (import)

3) msmvueaaENlameutianuazaaantamelWihyesidgmume 3.2
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Schematic diagram
of TSAI

Y

Duplicate by Auto
CAD

Model the TSAI on
CST program

MNH 3.2 uHURIUsEnaUMSESNLUUTIaaY TSAI vulusunsa CST Microwave Studio

o v < aa . P b4 X < (%
wuuaasmausindn iuuy 3 6 (3D electromagnetic model) ngnaauIsduUaImn
P P @ ' & & o o wa o & @ o <
N 3.3 IﬂﬂNﬂ')u‘lJigﬂE]U'Jﬂ(ﬁ!?lENLLG\EIS‘H‘HLU‘L!GNI]']W‘VI 3.4 LLa%ﬂmﬁNUGlﬂEN'JGG]‘LU‘L!GNVITS'N'V] 3.2 M

Iﬂ'ﬁﬁﬂ%’]ﬁmﬁﬁﬁwgﬂlﬁtﬂuLL“U‘UR‘haENLﬁaﬁﬂ‘lﬂﬂm’i’ivﬂ’mﬂﬂﬁm\i wanwihle

i 3.3 Tassadmuaasaeihdnana TSAT uulUsunsu CST Microwave Studio

M 3.4 Tassaumaaaneaasaehdyana TSAL usnudui 2
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m319N 3.2 Aaanifzandgdulsznauses HGA

Materials {-_‘_r o Electric conductivity Loss tangent
(S/m)
Cu - 1 5x10" -
Polyimide 3.5 1 - 0.003
Stainless steel - 1 1x10° -

3.2.1.2 msmvuamaimsirwiauulysunsy CST

wihmsmseuauulusunsa CST Microwave Studio druluaiuuaanselsiasosiia (Tool)

< e I = v < o & v o kA a{' & da |
Gl L'i"\]zﬂ Ltﬂluﬂﬁmﬂ']'iﬂﬂH']ﬂ']iiUﬂ'Ju'ﬂ'NLLN manlvxlmhuu%m E]Q‘Vl’lﬂ']'iﬂi?JE‘IﬂGﬂﬁLﬂ’iﬂﬂ NNy agmsﬂu

CST Microwave Studio Hul¥vINEaNAUMIAIUIN Msmvuamadbulusunsueivalrausoduln

wNdeasnazldudasnazas EMI Tunuideiiisuaaunuguasunusanlunwi 3.5

Tosudazaunauluunuiagy 3.5 Wueail

)
2)
3)

4)

5)

6)

7)

8)

start: SulFNulUsunsn csT Taedanld Project 289 CST Microwave Studio

From structure: Usenaulassaiwaethduanm TSAI murumaulushie 3.2.1.1

Set unit: ﬁmumwﬁmﬁaﬂﬂumsﬁwmmﬁ'mg Set units mﬂuﬁuwﬂmﬁ'%ﬁmgnﬁmum
1awn ¥ul82892U10 (Dimensions), iy nll (Temperature), WY 89A NG
(Frequency), ¥i8uad13a) (Time)

Define the background properties: ﬁmuﬂ@hqmauﬁﬁwmﬁugm (background) Wﬁ\i‘ﬁlm}}
Background properties mﬂumgﬁuéﬁﬁmQﬂﬂ"muﬂlé’fud ﬂﬁﬂﬂﬂﬁ%ﬂ@lﬁu%gﬂ (Material

type), dMwaNgay (&), anwdusule (%)) 'ﬂ:ﬂ,ﬂﬁqmmia'ﬁ'%ﬁmuﬂﬁwwaumm‘ﬁ'iwﬁag
é’aNSBUIﬂNﬂ%’N’E’ﬂQﬁLNE Surrounding space

Define the background properties: ﬁmuﬂﬁhqmauﬁﬁwmﬁugm (background) Wﬁ\i‘ﬁlmg
Background properties mﬂumgﬁv’uéqﬁﬁmQﬂﬁmuﬂlé’fu,fi ﬁﬁmwaﬁaqﬁuwﬁq (Material

type), dmMwangay (), anndusule (n 'imlﬂﬁqmmiaﬁ'%ﬁmuﬂﬁwwaummﬁiwﬁ'ag
ousaulasaaeiandiuy Surrounding space

Set frequency range: ﬁmumﬂwmm?ﬁumsﬁwmtu‘ﬁ'my} Frequency range malumgﬁ«?\'mﬁw
msﬁmuw&wmm?ﬁ%ué’u (Fmin), mm'ﬁ'qqqm (Fmax) ﬁlﬂumiﬁwmm

Specify boundary condition: ﬁmumﬁaulmamw (Boundary condition) ﬂ’lElsluLN‘l‘)l Specify
boundary condition 9 1uzNIauNLvan lWH12evvavraluudaziania ({Xmax,
Xmin},{Ymax,Ymin},{Zmax,Zmin}) azé’imQnﬁmumiﬁaamﬂé'mﬁuﬁué’ﬂwmzﬁﬁwmiﬁﬂm
Set input port: fvuadunalaglfauyuasdunaiainmue 3 sialiiden 1dun Waveguide
ports, Discrete ports, (8¢ Plane wave %ﬂuﬂitﬁmﬁumummﬁmﬁnhlﬁmumaﬁwﬁcycywm
TSAI Suwmﬁgﬂlﬁqwuﬁuﬁa Plane wave (11& CST Microwave Studio version 2010 684y

L@anfMvuaNLNY Solve)
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From
structure

v

| Set unit ‘

v

Define the background
properties

v

Set frequency
range

[ Specify boundary condition J

v

{ Set input port 1

v

[ Set mesh cells J

v

Simulation

2w 3.5 wnuisdlurueaumslgnulusunsy CST Microwave Studio

9) Set mesh cell: ﬁmumLquﬁaaﬂuﬂwsﬁﬂuamﬁLug Global mesh properties éq“ﬁ'ﬁaagnﬁwuﬂiu
Lugﬁlé'u,fi FUAUDUNY (Mesh cells), ANNRUILUUDINYG (Mesh density control) CRINILY
sednfluashaiislumsimvuamradlimanzan dasnnmsmvuaamsadlimanzany
HIHAADANNYNABIYDINAN TAIUIN wazszozilalumsduna sinludsenuionaiad

HAUNUMFIAIWI (Error code)
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10) Simulation: Léuﬁuﬁwmm‘[ﬂﬂ%tm‘g Transient solver &vdAiicaefuadeniinvas
uwaariia (Source type) AelunsdimssumumeudninlWihuuasihdyana TSAI #ila
wauméqﬁnﬁmﬁgnﬁmuﬂﬁa Plane wave

mnﬁﬂénmﬁtﬂuifumauﬁugmﬁm%’umﬂ%’mu CST Microwave Studio §1%5UMSANE EMI Ul

a8 TSAT 289 HGA fil#luniideil

3.2.1.3 msAnumane EMI luuaasdiuvad TSAT :nla59asNa5e

nnlaseadauas TSAT damwi 3.3 vuflulaseadeiannsawtiaananusuioudaiaan
90148 (bending) F9nmsanuad Guang-Hwa Shiue 4asAt [12] LAONDINANTENUYBIIANINID
Felidamsiia EMI 20 U55a9A2IM IAIIMUABEEIUD DY TSAI a1 Fiiudadnune 1100 way

NHANTINYRY EMI Tuuaazaiuzes TSAI

Mwil 3.6 lassasminnezasanehdmana TSAT fignuisailumsdnm EMI

umpuiiGudunnlunadilalusde 3.2.1.1 fvuamsuisdiupeslaseaia TSAT Jlu 3
FIUAIMND 3.6 MNUUATNM AU EMI lagl5aua oumuuauaaaudadlumni 3.7 ail
1) Set unit: MuuaunirsNazldlumsiruimy Set uits Melutumiianazdssgnimualaun
H . . < v a I~
i82992U10 (Dimensions) tJululATINAT (Mm), MY UV)N (Temperature) tWuaed
walded (Celsius), ¥i18289AND (Frequency) Wudnnzdsed (GHz), ¥u2829938) (Time)
I~ a o a:l'
Wunludnd (ns) muawi 3.7
2) Define the background properties: ﬂ"muwhQmauﬁawmﬁu,@mﬁmg Background properties
meluyiudindesgnimualaun sfiauesiagiunas (Material type), anmwansaw (&),
anmwdniiuld () Nuludsamnsefissivuamuauaiiniagdansaulasaaidggiuy
Surrounding space
3) Set frequency range: ﬁmuw&wmmﬁiumiﬁmamﬁmg Frequency range ma‘lumgﬁﬁmﬁmﬁ
MUUAZENANNDENGAY (Fmin), ANNAFIEe (Fmax) AlFlumsdiuin
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4) Set unit: ﬁmuﬂwﬂmﬁﬂﬂ%ﬁlumsﬁﬁmmﬁ'mg Set units ﬂwﬂiuﬁy’uwmﬂﬁ%ﬁaqgﬂﬁmumlﬁud
Wie2a9wa (Dimensions) tWulnlasiuns (um), wirewesaavgil (Temperature) (Huaeen
waLded (Celsius), wﬂwwaqmmﬁ' (Frequency) Wudnnzidsad (GHz), ¥u28299178) (Time)
Wi (ns) mmmwﬁ' 3.7

5) Define the background properties: ﬁmumc:'nQmauﬁ'@wmﬁugmﬁ'mg Background properties
mtfluLugﬁuéqﬁ'ﬁmgﬂﬁmuﬂlﬁuﬁ ﬁﬁmaﬁaqﬁuwﬁq (Material type), #@nIwangan (€),
amwinsuld (u) saulﬂﬁqmmiﬂ'ﬁ'%ﬁmuﬂ@hﬂauL°z|m‘ﬁ'iwﬁagjé'aman‘[ﬂiqa%ﬁﬁaqﬁmg
Surrounding space

6) Set frequency range: ﬁmumﬁwmmfﬂumsﬁmam‘ﬁlmy Frequency range malumgf‘jéfaw‘hmi
ﬁmumﬂaqmmﬁ'éuﬁu (Fmin), mm?{gﬂqm (Fmax) ﬁiﬁumsﬁwmm

7) Specify boundary condition: fmuadaulazauian (Boundary condition) ﬂﬁﬂluml‘}! Specify
boundary condition tJuMsuAFoIUENUEEED wazdm Uzl rasaualuudas
#@M9 ({Xmax, Xmin},{Ymax,Ymin},{Zmax,Zmin}) ldanadsstufusnueasfivhmsinem

8) Set input port: Mviuadunalaglfiayuasdunanty Plane wave Lﬂuﬁuwmﬁ'ganm (lu csT
Microwave Studio version 2010 é’aqlﬂlﬁaﬂﬁmuﬂﬁmg Solve)

9) Set mesh cells: n"mumLuméziaa‘“lunﬁﬁwmmﬁmg Global mesh properties éqﬁéfmgﬂﬁwumlumg
ﬁlﬁuﬂ' #OuLNY (Mesh cells), ANNAUILUULDUNY (Mesh density control) %atﬂuﬁﬁuﬂu
agsiislumsmmuamgadlivanzay ssnnmsmuuamaeadlfminzaunivazdinada
ANYNE DIVBINAN TAIU I wazszazilFlumsaunn vluiianuienaeiinguiudds
AU (Error code)

10) Define measurement tool: M3MuuUALAIasdalumsinmeiulshuanius EMI taiaeiianlaly
Ms3a@a lump network element tA3asiiagananiisninsalisaussdulnih waznszualuihiiie
NAFNANATENUUUEEENILE Feniieadil TanusaaadssfufumNImasnauNms
munausieulnihuazaumsnszualuihiiusasluund 2

]
@

11) Simulation: Bueumualeglsd tNY Transient solver Fedhaeun

v

UNAMNYUAAZUAYDILNEIR LT

)
(Source type) Falunsaimssumumeusiwmanlnihuusmethdayana TSAT silaussunasmiiiai

gﬂﬁmumﬁa Plane wave



TSAI model on
CST MWS

v

Define the background
properties

v

Set frequency

range

Specify boundary
condition

Setinput port

v

‘ Set mesh cell ‘

v

Define
measurement tool

Simulation

2N 3.7 whuiauduaaums EMI Tuudazaiueaslnsedsns TSAI

3.2.1.4 wanmaNazlasuanmseuins EMI luuaazadiuzay TSAI

1) UaNaNEMLMSLINLSZIUINYDY EMI aazdiunay TSAI

2) UEMIDIKNANISLAA EMI tuns@insunnssemdu WU endfire, sidefire, Way
broadside

3) suiignidanihinlddnmeanuuuiiiean EMI

59



plane)
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3.2.2 @NYAFIUNILIANANIENUYDY EMI uuenﬂg’iwmuﬁﬂwusxmumnum’ (ground

MSANLUUEIEAUIZBY HGA tNDaaNanssnUYad EMI Mihidualunudssil a&isluﬁaulﬂ

ﬂl‘ L = o‘d‘ = Vv v C‘l = 1 =

1) edawisdiwasniiaanmsinwslulassadiunacinansenuaemsiia EMI [12]

v 1 ]
AINUMIAMWIN MatiaransznuEes EMI titeazihlugmssanuuutiiean EMI azfinw
v dg ' o o

nnlasadniiduaeguuuaining 3.8

2) aagunuiigniasdinlumsdnmiudsgamesiu Nuneenuentuzasaniadan 2.5”
P2 <, ¢ a o a & o ' o & Av ¥
dasnniduasadadignuanudniuinnnd Wasnndundesmsldluvissnan
NNNNAIARATZUIN 1.8” uaz 3.5" [13] WAINU 3.14 2W1AANNEMEIBEINVD
#sadad 2.5” (1) whnu 35 Hadluns

3) @numsninassnmia EMI luaunaiiannga 299nalagianeamsannssnugesuny
meuanlunsaimsnszquiiumeans (endfire) [14] Z9NMNN 3.8 AANWNMNIANNTENY

ey (P) Aeymenanuuiunu z, 0 =90" wasynluwnszunu x-y, ¢ =90 loaw

anemsannlndh (E,) fneluwuizng (Transverse) szwinanaanhnidaaidu

M 3.8 1a39aianadih TSAL LUUGEIUNIRNNTZAUNNFUINAIEUBN
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4) iadiugumsld CST Microwave Studio Tumsaanuuulassadelud msduransaindu
TA39a59tdn (Conventional) 678 CST Microwave Studio 3xgnUeuLiBUAUNUNANS

o v 1 = d‘ e I = ke
ﬂﬁu’lm"\]’]ﬂﬂ']'ﬂ“lfﬂﬂ\lﬂ'ﬁ'ﬂ']ilﬂﬁiuﬂim‘ﬂm')ﬂa’]ﬁuﬂﬁigmLHEI (loss) oadgNM

ioy—dEo s iy 2 (3.1)
1(0)=d 5 (cos(;l) 1+ jsin(yL) ch
- E 7
= TO — —_ =L (3'2)
I(L)=d D{l cos(/L) — jsin(jL) Zc]
Togiiwael D flu
- s z.Z
D = cos(L)(Zs +Z,) + Jsin(L)(Z + =) (3:3)

C

nnaumsnszudlihumidenhildaansofmnamusdulnihlalosldnguederuie

V(0) = 1(0)Z, (3.4)
V(L)=1(L)Z, (3.5)
e 7=+ jol)(g + jar) (3.6)

Z. = [(r+ jol) (3.7)
(g + jax)

I & o a ' ' o o o & @ {
LLaﬁﬂNﬂTﬁm%ﬂ’]u')ﬁl‘!W’ﬁ’]NLﬂB%GIBWH'JEIF]T]N‘EITJEi’]“lﬂﬁ“Uﬂ’]El(ﬂ')u’] TSAI Lﬂuﬂﬁ(ﬂ’]i’]ﬁﬁ 3.3 ﬁE]

A15199 3.3 FUMIMIANNIAeIRanieAINEM (per-unit length parameter)

ANNIIUUAB BN UNYBIEE, r(Q/m) 2
wdéo

ANl e@avIgNUNYaIaNd, |(H /m)

aNuhdavaNunuesany, g(S/m)

ANNYdaMmheuNuesany, c(F/m)

=lzg|=|2 =I5
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P2 o v ) 1 A o ) = IR v
N W AANNUNINYNFIENIUN, S = sy O¢ ABDFNNUIYDNFIYANIU, He ﬂaﬂ’]i?ﬂ\lw’]ul(ﬂ,
ol
c/~c

=l P & a o a
& ﬂaﬂﬂWWﬂaN’ﬂWﬂlWﬁT Las h ﬂammwmwawulﬂamﬂmn

3.2.3 WNiwasnazldadursuanads EMI

wMNAwasnazldasurenamsan EMI :nmMsaanuuutiudsenaunile uwsaaumietinndais
#aeulna (Induced voltage at far-end terminal, V.. ), Usg@nSmwmsdesiudayanns (Transmission
coefficient, 7 ), BNNUAUFTLWI WY (Differential impedance, 7, ), MIGATUNTINUNINT Yy

UMY (Noise power absorption, P /P, ) td¢ Crosstalk (XT)

3.2.3.1 usvawnilgririvareareniulnauazsednsniwnistladnu (shielding

effectiveness)

ussaumiignhivaneangdiulng (v ) gnianfimsandudiudsiuaaszuinzes EMI
P2y o o o A a X o A a
dasnn v, Wuussaumilenihitieduannnouaduiissnnnmsannssnuzasdnulni iansan
NAMWN 3.15 pnduniaslsznavzasannnih E, UATFUINULNLVEN H, #nnsenuiudsaai
a ] o 08 ¥ a v g v g = E ' v o
aztiamsienimlvinenanduasauin i iuaswanduasaunulvian lununszriaaaliin
MW 3.9 uaz 3.10 Avasauyalaseadnarsduuiu TSAL fildaduamsiianszudlniuas
wseeu i
A o 1 o a @ Ly a o .
Walawwannsznu unasindoussauld ey) tiannuswadaulvdy (Electromotive
H { o ! el 1 i v X IQ 1 L o l:! I~
force) finiienilas mswdsuulaswandusimaniegluiunlasswinaeanh sululmung
299w 51ad (Faraday’s Law) Aatdiaiimsildsuudassasndndudmaniiisununaiasimliifonss
aulwih
uaamilianszualuih i(y) theannszuanisnszda (Displacement current) tnileniilay
madsuwlasanduassunulnvhseninaeainh FalulWamunnuesuonuwds (Ampare’s Law) @o
waimsuasuwlasnanduasann s ununaasi IR nssuanInszan
Y = lﬂ' £4 1 ld‘ k4
nnnsiasanlagneasidaaluuni 2 azldgumsazas uazwamarlugluasaunsild

mwnnusaulnihiaemednh v, fs

Vee :V(L):ZLI(L):ZLd% 1-cos(jL) — jsin(ﬂ.)% (3.8)
C
Toefiwael B 1Ju

ZS L
ZC

D =cos(AL)(Zs +Z,) + jsin(L)(Z, + ) (3.9)
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Lﬁ'a
7 =4(r+jol)(g + jox) (3.10)
Z; :1/7(r+j.wl) (3.11)
(9 + joc)
ﬂTW‘ﬁ' 3.9 ﬂavlﬂﬂ’ﬁl,ﬁﬂﬂﬁguﬂlwm’]LLaELLiQﬁuIWﬁ’]Q’]ﬂﬂjiﬂﬂﬂigﬂuﬂa\]aujNﬂ’]ﬂuaﬂ
’ NE ZAy ¢ (" ‘)A}" 1 FE
—— — € —
+ ~ +
|
Z, Ve TAy H 1(y)AY @D Vee H Z,

Mui 3.10 Wasauyadmsunalnmaiianszualihuazuseauluihnnmsannsznuzesany

Mausn
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1528150135097 U (Shielding effectiveness: SE) ADAINITINLABDINUIAIDUIAYBIT QI

d’q/ L Vv v 1 o Vv = v = 4! 1 v a
sumuntlasnulannmseanuuulaseadialug Msmuinazdeline1989 (Reference) FaA181984
a;' v = L4 d'vl v = Z Yo ca"l v v & a I v v a
walfSsununanldnnmsesnwuy Tumsdnwmildar v dldnnlassainaudaniudigds

waldwamsfminm v, nnlassadnneanuuulvi v MsfuIe SE Mlalaaldanns

VFE,ref FE ,new

Av [15]

SE = 20log| VFE (3.12)

FE ,new

3.2.3.2 UssansmwnsaNsuaa s (Transmission coefficient, T )

= o g wa 2 a a " o
AMUN 3.11 58UU 2 WBSWmﬁ?LﬂSW%WﬂiZaﬂﬁﬂ’]Wﬂ’]‘ia\?f'ﬂu 3113113}

Tassadefieanuuuazgniinsanquanddmsldnuaamguiasds (Transmission line
theory) %ﬁﬂszﬁwﬁmwmsdqmuﬁmiyﬂm (7) 116] AL DS AUTAIBINSADUFUBININAIND
209 TSAL 38madnnm ¢ lumiddeiashassmediiniiudnassuyesssmednihlunmd 3.11
MaenudUNe (Input) asgnilouussdulih v, dulvaamediuunasiiiio (Source), R, waivhns

L 1 L Yy k4 ld' ' ¥V L = A{ 1 ]
I usaeu IWihmeauaan (Output), Vv, fanasanlraameausan R, duUszdndmsauniu 7

MIsamNuleNNINMAD

fzzolong (3.13)

S
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3.2.3.3 msgaguwasIuMndyaasunIuluare (Noise power absorption, P /P, )

wwsﬂﬁLma%ﬁiﬂumﬁmswﬁmi@m%’uﬁmmﬁmiumﬂunitﬁ'ﬁ'é’iyimmsumummuamﬁaﬁw
(Conducted in-line noise) [17] MW 3.12 Aednwazasduanasumuiiwddfudyanafsenuly
Galilelre! %aﬁ'tytmmsumué’nwmzﬁ%ﬂﬁﬂgﬁmﬂuﬁ'ﬁymmﬁumumﬂuﬁﬂ (Harmonic noise) gy

1 v
ANNDAA (Stop band) (LFUFUAILUINT)
TogUssaadlumssanuuumeihdmans TSAT lunuidedl quanyusyesas Syl

4
mﬂmiaammmzﬁmﬁﬂma neazaudunINFNHEY

— — — = TSAlwithout EMI suppressed

AN .
——— TSAl with EMI suppressed
Insertion loss
—————————————————— ""'-...,\\
~
— \\
o0 ~
o S
2 AN
@) ~
2 AN
%]
©
c
oo
[¥a]
\ ' J i
signal Noise harmonics
Frequency (Hz)

[

MW 3.12 auantanmsgaudyanusumuluaeihdya [17]

NMWD 3.13 IFdmsumsitensinmsgagdudunasnunnduyamusuniy (Noise power
. -:1' af) v v 4 I~ v a Py < & o 3 v
absorption) lagfiguy@liduwasn 1 \Wududuwensl v Wunsdyanaussdyanusuniud luly
T . . o ° o |
aelulnuanasig (differential mode) uazMuUWash 2 msannadyanumuaantu v, S-

° 1% a o Py ' v e
parameters ﬂ’]N’]'ﬁﬂﬂ’]u’)mlﬂﬂ’]‘jwf\nimjuﬁﬁ@uvLV\IﬁTVImﬂﬂﬁzﬂ“l]luiﬂllﬂwaﬂ'l\i NNAOIUNWDIN 1

Ussnaudmeuseaulihidehuludeduwasn 2 v, sz ) B9 S-parameter &13150MUIUIIN

<~
JuNMIePa

Vreﬂected _ portl J (3 .1 4)

incident _ portl

Sy, =20 log(

I 821 |= 20 |Og Vtransmitted_portz (3]_ 5)

incident_ portl
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2 a sl v . [ o P
FINNLO DN LH N9 Insertion loss AIAINH 3.12 AB|S,, |

M 3.13 55U 2 wasndmSumsinzimsgedudyanasumulumesihdyan

wasmMsgatunasnundyanasumuluse, /P @uiwn [17]

I:)Iosslpin :1_(8121+8221) (3.16)

3.2.3.4 duuauzseinNae (Differential impedance, 7. )
BuNuaudserinaaci sunsomuimlaain Scattering parameter (4% 3.2.3.3 &4

aumsildaun duiuaudssninanednhzagninaualag W. Eisenstadt uas Y. Eo [18] g

_7? (l+811)2_8221 (3.17)

T (1_811)2 _8221

i Z_ delvaafiagumemeduwaiv 1 vie wein 2 fvlumsdnmilléiudnay 50 Taviuma

F990U
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3.2.3.5 Crosstalk (XT)

mﬂ‘[ﬂsqa%ﬁqmﬂ@:wmugmwaguuLLﬁuﬁaﬁwﬁqnwwﬁ 3.14 Fudiaufianadni 3 uaglu
29asiiiendu e sanlunsdndunadsdradului Vs) Maedninamiiia (Generator
conductor) LBUAUFINNEINEY (Reference conductor) Aaztinnszudlnihlnauazussaulnihiags

LY

ABMLla (Generator circuit) nszudlWvhlvawazussounihilazadnaunusiman Inihzaviienila

o Y

Lﬁmﬁtytywm%w:ﬁwaﬂizwn (Interact) AUNATAIHAIUNGITU (Receptor conductor) UINfHNI50]
Fanamid3anin Crosstalk (XT) [11] Beazdanarnliie ”tgtgwmiumu?}qvla\iLﬂu‘ﬁ'ﬁaqmﬂﬁtﬁm%uiu
PAERGALIE]

mswiienhrasanuuiwdnlwihnnsenamiiie asvh1dAeusIdY Crosstalk Bufivans
aaudazauzaasahaddu enlnanuuvasrsaulnd (V) (3andn Crosstalk dulng (Near-
end crosstalk: NEXT) wasoulnanuwnasanaaulwily (Sanin Crosstalk s1ulna (Far-end crosstalk:
FEXT) 2sannsofinsanldnalulaiuuina (Time domain) watlawuanyd (Frequency domain) 1

msanmdazinEuammzlulawuaNNITIMUIMNNENNTAD

NEXT =20|ogVNﬁ (3.18)
VS
NEXT =20|ogV\F/ﬁ (3.19)

S

MU 3.14 1995518610 TSAT NEIAIEH Crosstalk
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a o [ a a
3.2.4 amgmgmmsammamwuwm EMI meaﬂm'sgtyL?{ﬂimaqvlmmaﬂmn

a v [ = a o a A [ wa
wnAemsaaransznun EMI lagldvanmsgadeluladidnainie msUsulpauanid
malniheeslaseade TSAT Taamsan Effective dielectric constant, ¢, ., [19] 2891A398519 TSAI ud

ag}imﬂslﬁﬁauvlwﬂﬂﬁnﬁl,ﬂﬁ auuUalFaALENA3N

M 3.15 1asea3e TSAI Neanwuulasmsinzsasisuladidnnsn (Dielectric)

= a k4 & a s a @ a @ Y
msdnwnansznunnmsUsulassahwasulediana3nuas TSA Aumstiaussauluih
o P =t = ' v ¢ a . @ v A v

wilenh FazFaudisussninlaseaieuuuaads (Conventional) nulassasniisanuuulnailas
M3Lz389 (Groove) Buladianasn Mwi 3.15 lassadwiveua [u TSAT 2u10aM8EM@BG
() whiu 35 Fadwas saarhdauduruiaanuniie (w) iy 30 lulaswes szazssniney
@1h (s) whiu 30 lulasiwas anuvugesasanh (1) whiu 18 lulaswes anuviyessy
ladidnasn (h) whnu 10 luleswas

MIANHINANTTNUNNIWIOANINRUNYIM LI (d) RNsanianemsizz 09 (laidl
MITILRBN), 25%, 50%, T5%, 100% (1Z1£8BNNINNA) WNEUNULUBSEUANINNAYDIANNUNITY

1aBLENH3N Z9AUADUNINNG LU T U UAILHUEIN MWD 3.16
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P

Increase groove
depth (d): 0%,
25%. 50%,
75%, and 100%
[’y

Define Condition
from 3-7 from
topic (3.2.1)

v

‘ Set mesh cells J,i

hJ

Simulation

v

Error

Success ¢

Start new condition : Results Z

NN 3.16 LHURUADUMTAIUINY

- o o o
3.2.5 amgmgmmsamuamwuwm EMI Tﬂﬂﬁaﬂﬂ"ligﬂjuLﬁﬂiuiﬁﬁ]ttwtﬁﬂﬂ

wnAansaanansznuan EMI lagldnanmsgadeluiaquaimands Wumslaseads
TsAI lagldiaquaitmaniludigadu (Absorber) quﬁﬁmagimﬂéiﬁaulwﬁwmﬂ (Size) 2@9d18 TSAI
Lifimswdsuuias

msaauanasnuras EMI Toaliiaguimsniflusgaduiigniniauanousiy [20-21] flums
intudhgadulitumednhdmamlianumneaslassehaiudiniu Waihinssgndldsume
TSAI 204 HGA ety iilasmnunlismsesnuuuluifaytiutujeluimsaauazes
Fudu
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M 3.17 Aslassaiefiiaualunuideil ddauandrniniigniiauan [20-21] Aadd
v Q' Q‘ vV 1 v g’ = d‘ 1 1 L o d‘ vV 11 v a
gaguitinhldlulasiaiatuazgnidnluininsswinaeaniuazamnannuninildazliligaiu

ANTEAUANNHUZBIEIEAN

Mwii 3.17 Tasaadn TSAI Meanuuulaemaidia (Filled) Jaaualnanszninaad

Tanaadungnidaninlddnmde 'S'aQLszLw§ﬂ BSR-1 [22] #WNWTANNNAUENTANT
= % v < . < 2 o ] [ Y
gjmtaﬂmammmaﬂ (Property of magnetic loss) W’iﬂﬂmﬂuﬂ’]’i@ﬂ‘lf‘ljﬂautmL‘Viaﬂvl,‘W‘W”l [23]
4 p o g T I e P I

mwil 3.18 @ewnnfitnasnely (Intinsic) Nusasiauantinsgaduaduuaivanlvih
289 BSR-1 #laud Real-part permeability (u'), Imaginary-part permeability ("), @z Magnetic
loss tangent (tans,) HIWTNABINAIVAY (Dominate) AnaNTAMIQATUNUAD 1" [23] Bawuitaz
NANgegaUszanmanud 4 GHz duvmneiananuduszanm 4 GHz a9 BSR-1 ganau

. o 1 < P 2 o [ 1 A o o o A v
(Suppression) aauwaitwanlwihladfige Zenuddnainaniiduanudiumsdamslutagiuiniy
lunmsuszgndldass aeiuiag BSR-1 felaaantfumnzauiiazgnibanldlumsnmil

Mwi 3.18 mndwasmely (Intrinsic) 2893569 BSR-1
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¥

Increase filling
thickness (#y):
0,3.6,9 12,
15.and 18 um

r 9

Define Condition
from 3-7 from
topic (3.2.1)

v

Set mesh cells

v

Error

Success ¢

Start new condition i Results i

NN 3.19 LRURUADUMTAIUI

msAnmauaniamgatueduzeslasadng ashauanansasuulaammunineasy
Faqualmaniitin (Magnetic filling thickness, t ) Baghmsdnmesud t o, 3, 6, 9, 12, 15,

waz 18 lulastunszatuaaunivaalumsmunanduaaumufamunInns. 19
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4.1 a2\ Electromagnetic Coupling
S g I~ o o Q‘ a d v T o d‘\l v =
1uwawauL‘lJum'imLauaNam'imaaﬂﬂﬂLimnﬂmiwgjﬁmm‘[ﬂmﬂsu’nNamimaaw OF\REY
T ' & < & 1 oa P o a
anuhzatanss i Mnuuazluruasuresmsmaiuingauesans HGA Fulludiuniie crosstalk
g gagransindusdiunaiansaalsngmeaiunsninu LLasﬁwﬁqm%LﬂuﬂWiﬁﬁLauaﬁq
Tassadnuaeanaianansoanmstie crosstalk Uuas HGA

4.1.1 ®daUKANITNaaIVa9lUsUNIN CST Microwave Studio
4.1..11 WSauilaunanIsTaaNaIgnanIsIn
Tundailldumsthnamsin (measurement) crosstalk UMLEY PCB sntSautiisunu
HaM 591889 (simulation) 71lda1nlUsunsa CST Microwave Studio tiiatflunmsasiasavuiuiunams
$18097 ¢ Toiie (dimension) YRANYAUAINGIMNT 4.1 SadyanMiiaINegd 9 cm € 289 Arlon
. PRI ' o v o PRI 7 °
Di 880 HAndu 2.2 warAmenuih Wi (o) 2esaeiimesuasdiandy 5.8x10" S/m @i

dyanunlFlumsinzegnadananuey PCB NRNgmuyiaenane [1] gNUaasaannd 4.2

[l Aron Di 880
|:| Copper

5mm 2.5mm 2.5 mm 2.5 mm 5mm

e

0.035 mm

0.254 mm

0.035 mm

2N 4.1 UFNAIWANLINUFNN dimension NI adyaIUAHIN PCB



75

MW 4.2 uFNEeFYIUNETNINNINUEY PCB

@ @ o a o 2 ' .
TumsI9seav crosstalk NNAUUSIBFYI LAIDY Network Analyzer U Agilent
E5071A gnl#lumsin laawiasiaguilusznauldanasadinou 2 wase aaiu s, Jagnldia

crosstalk MAATUENIUENY coaxial LOEHMITIALATINMTIANILFA UMW 4.3

Network Analyzer
(Agilent ES071A) S
21

Freq. range : 300 kHz — 8.5 GHz

Port1 Port2

MWD 4.3 LFNMIILATANNTIA crosstalk NAAUUEI BT QI

dvSumsinead crosstalk elUswAIN CST Microwave Studio AINDHIN 300 kHz

- 8.5 GHz gniinsantivalvdanadasnudannevesasasiiada [2] dmsudyanadunnuazdaule
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' ° o ' o P =t = «'va
YBDULYN AN ﬂiuiﬂittﬂsumaaqgﬂmwuﬂmmm‘wnmﬂﬂuuwm 3 Anmatlsautnaunan laanms
o o d‘vl v g < Y 24 d' k4 o o g’l I
AMINNUNIN LOHATINNIFIN mulmmm‘[umm crosstalk wlmmnmmmLLazmnmsmaaquuumm

FDNARDINUAILFNI LUMND 4.4

MW 4.4 wamalIauLiiau crosstalk MANTUVUSETUAIUITRINHAMINADNUDZ

wamsAmUINNlUswAsN CST Microwave Studio

4.1.1.2 W59UAigunam siaaNmIgHanIsIaa

3|

o = = o W o v Y v ‘g‘l
UBNAINALYINISLUTEULNBUNANISINBINUKNANISIAUED tuidailtduns

=t o ° u'vl v . . 19 ° = o
wWisuiiisuransasanlaannlusunsy CST Microwave Studio AunanMsaszasnudnmniney
wih Zagniaualag Felix wasame [3] ToglumsAnmiiudumsiass crosstalk Niiauuaedyan
Usznmlulasgaduauaaslumwi 4.5 Fauinalasaisisgainangnuaosaien s 4.1

i 4.5 lassadnaelulasaasunlglumsinass crosstalk [3]
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M5191 4.1 WNTwasvaslasaseaelulasansy [3]

Parameter Value Specification
H 200 um Substrate height
&, 4.2 Dielectric constant of substrate
&, 4.1 Dielectric constant of coating layer
4 330 um Trace width
S NxwW Trace separation
T 50 pm Thickness of the conductor signal trace
T, 18 pm Thickness of the ground layer
H, 20 pm Thickness of the coating above trace
1 50 mm Coupling length of the lines

wamsa‘haaﬁlé’mnm’sﬁn‘mn'auwﬁmazﬁiﬁiumaﬁnmﬁgnLLam"lumwﬁ' 4.6
WUNSERU crosstalk MlGNNMINanwpIIdasinuanadnify tile S LANNINTY SEHU crosstalk
gnam‘;’waq uaziiiul@atheiaauin fiewd 20 GHz nsdin S (Hu 1W, 2W, 3W uas 4W 526U
crosstalk 289MINABIBNIFBTMNUsTINAL _5, -9, 13 uay -18 dB NG UBULF A UGININT
4.6 daiusanan g Tusunsy CST Microwave Studio fanuindedamansalfifiuedasiiolums
§1889 crosstalk fAtAnsUULEE HGA Msaulald
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d‘ (= = o H\LW
MNN 4.6 MsIsunaunanmsanassnlaan

() MSANWIVDY Felix azAae [3] Waz (2) MIANYI

4.1.2  MIMENINgaditia crosstalk gugauuars HGA

waInihmsasdeauiuiunansiassilaanllsunsu CST Microwave Studio
wuhHamshaesiilduiuiianuindedsainsethunldiane crosstalk  ALAaUuEY HGA 1@
1{l9991n dimension 289d8 HGA agfluss@u micron 1HEAY dimension wasanalulasaaduly
MsANYYeN Felix wazan [3] udasalsinuuda fauilazinseaniuuas HGA (fiaae crosstalk
AAnTuULEE MIMEININGARLAN crosstalk VUEE HGA fanudndlufiazdanseyhnau iissan
Tuanuduaioudions HGA Tildfdnvasiiiuduasiem udnduiisuheidudou sndaddy
seazesziansliaedi 1eusna@asurniy 1eusnaretnniy wiasefthiinslawe
swludsanunderasansdhmdasululuueusng dgeddumnd 4.7 dafutitenszmudng
e S?;qLﬂuu‘%ntu‘ﬁ'l,ﬁﬂﬂﬁumn%’wmﬁﬂ?yjugqﬁqw d18 HGA 399nuiNeanaNanyue3Usmn
memwuasans laswtaaantdy 4 d1u e dIUAUEI (near-end section, NS) @IUATY (straight
section, SS) duAALAY (bend section, BS) wararularaans (far-end section, FS) %ﬂﬁ\i 4 d?uﬁﬁﬂ’l‘j

[
~

Henuling
~ dhudums duduiusznavlugremeiithnisnsazdluune (pad) dmdumsnagau
AENUATNNG (mechanic) wasmalWih (electric) 289 HGA wazvitiuiin sauaaslumwi 4.8
- dhuass Judhuimednhmmueiidnsasasiuasiissasiessnivgmnedsuduganssiu

AN AILFAS LUAWN 4.9
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1 v I ] d‘ Y o o W 1 d' v ] v U = £ 1
- duealds WuduiaeanhiansusgUinnlawauasssasinssningnadsuiugas
ulieen eauaaalumnn 4.10 uaz
- dhwlasans Usznaulumesmaminnisneazuune l5andamalWiliinnuriuin

v 1]
UATHNUNEINSUIDISUINTUND AIUaadlUMNN 4.11

ANN 4.7 LFANEY HGA ‘ﬁ”liﬂuﬁa@ﬁu

MND 4.8 LFAEIUAUEIY (NS)



MUD 4.9 LFNIEIUAN (SS)

—_

#2227 ~~ N\

NG 4.10 wdAdIuAAlAY (BS)

s 2 d

80



81

MND 4.11 udasdiudareas (FS)

dmsuinamimsiasanlumsidaniautssswingiugasans (dau NS fiudau SS, dau SS
AuaIu BS wazdiu BS nuaiu FS) vy ANsaNNNABNNUAUFAMEN B (characteristic impedance,
Z) wavdutiu iFsuutacly Imﬂu%nmﬁgmﬁamﬂmmLLﬂqﬁy'uﬁwaﬁﬂﬁ Z yavshutiuasuuiag
Tunndanngalugameaatiaani s Q Fsdadlulszana 5% (dguiu 50 Q) Flumeimnsa
Mansazansula

5¥6U NEXT uaz FEXT lugneamnadldan (operating frequency) 10 MHz - 1 GHz fifindu
VLUSN 4 daupasane HGA gndassuasilIauisuny Fausaslunmd 4.12



MND 4.12 HaMINUIN crosstalk NAGTUUUUSIUGN ) N9 4 Frueds HGA
(1) NEXT uag (%) FEXT
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fiansan NEXT Mieduuuudnam 4 sruvasans HGA eaudaslumni 4.12 (n) Wyl NS
(Hududitio NEXT gqﬁqﬂiuﬁaa ~68.6 B9 -28.1 dB luam=di SS, BS uaz FS fiszeu NEXT luzs
~91.8 4 -77.2 dB, -92.8 51 -79.1 dB uay -98.3 @3 83.4 dB mudeu luraeidiusasans HGA
Piise@U FEXT Lﬁmﬁugﬁqﬂﬁhmﬁﬂudm NS Tuz19 -68.4 ©i4 -27.8 dB wasdmsu SS, BS way FS
(egulugae —91.9 89 —77.1 dB, -93.4 81 -79.4 dB WAy -95.7 B4 85.6 dB mMuE1eU deudasly
mwﬁ' 4.17 (1)

dwsudu NS Fadludruniiszau crosstalk Lﬁm%‘ugqﬁ'qﬂmmma%mﬂuwaﬁwm‘sxmvhq
seninganedsuuazganaaula ‘[mﬂﬁszmﬁwssmw@:mmﬁﬂuuas@:mﬂdmwmém NS fiszesilng
ﬁumﬂﬁqmﬁmﬁﬂuﬁuﬁnmﬁu NIUK VLAY crosstalk Lﬁmﬁuqq‘ﬁ'qm F9500AEDINUNBNITANEN
T4 [3] waNMNiisEEEINENFTINTAUNUGIE mutual capacitance (C, ) tumsudasdamsgaiuluigs
2990 VU] (capacitive coupling) wazeesauiAETaBeldannnmsaswwasllsunsy
CST Microwave Studio 6ausasluamsefi 4.2 Mnemswuusna NS Jm C., mnﬁqmﬂuwaslﬁ
crosstalk waadauﬁﬁssﬁuqqﬁ'qm uenNNiFIFaNalaNsE U crosstalk  HANNFNRUSTUSAEIU
C_/C, BuAmdpsfuusduignnileniduileanain crossalk [4] wozdiianuduiusivsedy
crosstalk G9ANT 4.12 Bndas SWSUUSUATEEU crosstalk ﬁﬁwmnﬁqmlﬂﬁw‘i’wﬁqmﬁa NS SS BS
woz FS awddu dwdusendiu L/L vuileriiasann lunndrusasans HGA ilaiiisudy

ganau C, /C, astudanau L /L, luiiifsninsossciumsiinsonld

M195191 4.2 WP self Wz mutual crosstalk YBINI 4 FIUYBIEY HGA 1AND 0.12 GHz

Section
Parameter
NS SS BS FS

c,, (uF) 0.47700 0.06110 0.00120 0.00923
L,, (uH) 0.0256 0.0461 0.1580 0.1030
c, (pF) 1.360 4.420 1.410 0.871
L, (uH) 1.290 0.398 1.240 2.580

c,./C, 351,917.40 13,826.99 7,892.50 10,604.38

L,/L, 1.99x10™° 1.16x10™" 1.27x10™" 4.01x10°"

=2 X v Y _ 11 [ 1] a o a < A=

famauilinlannuudrndivlovaswessns HGA Wudningaiia crosstalk geiganunda
' ) a wa - ° = & X @ ' o o <
du NS lumelfidan NS sasanafignihindnmluasitiazgnaasenisuiinsihlusznauiy
HDD Manysel aauulumdadaluaz@umsiarsan crosstalk Mfaduuuas HGA nsdifauuasna
aadIu NS

4.1.2.1 @8 HGA nadiiiiuas Wlidauduae

Tumafiduiudnadiu NS asgndaaaninme HGA faufiasgndauiniudiu
vhsw-lsuiaUsznaudly  HDD fauysel  udeswlsiouuinadu NS dufienainiuly
nszumMsnadaulssansnwaesiiiuiin fsans HGA awgnailingubauazuwauasdin NS azgn

T dugazandainiuiessmedau
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Tunszuumsnagausy Nagvangduadui crosstalk NANIAAAIUUUAE HGA 1o
Tutliadusedu crosstalk Uuas HGA nsdinduazlifidiu NS gmﬁaaqLLazLﬂ%ﬂULﬁﬂuﬁuﬁmaﬂﬂu

fﬂ‘W“?ll 4.13
-30 T T T T T T T LI | T T T T T T T T
NEXT: with NS
——— FEXT: with NS -~
-40 + . // \
—O— NEXT: without NS

—-O— FEXT: without NS

Crosstalk (dB)

0.01 0.1 1
Frequency (GHz)

ANT 4.13 520U crosstalk UUEE HGA nstiniuasliiaiu NS

DNMNA 4.13 waaaliHiuIINg NEXT waz FEXT 289878 HGA NlaIu NS et kL

oENTEAU crosstalk ganIINTaiwesay HGA Plufdu NS Useana 5 dB waz 16 dB inNd 1 GHz
o W & &g Yy & a a1 & ' A a P & ' P
mudrau naililulumadaiaadeaniingiu NS (Uudiuiiio crosstalk  gefigauaziludiuusniign
DN DA VLN LUATEUIUNSNATIU 989K L9 crosstalk 5INUBIEIE HGA 299n50INHaIU NS
swagisiissduiigaininadians HGA Ailafidiu NS Gatusedu crosstalk figeniifitieduuuas
I~ 4 a a v v n{'\lw ] L4 <~

HGA Tunszuumsnagauaauamg linamsnagaulszaninmwrasiduiinildanlaigndanse
gnudanaiiowara lvlawiduiindlifienmniedaiiiasanuanisneasdaunidanarnaanllyg

NN NDUILHIHNALTIADUSHN

4.1.2.2 HAYNMTIANTUOUDTTABNTUTZUIUDNNTIUA U

ynndanauniin lannuudrihdiu NS Wudrwingandl crosstalk tiadugenge

v
v @ ] P

GaUUEIU NS A571959Nan crosstalk ABUUTINDY 7 dIMFUIENITN2a0 crosstalk luaunauilde
ematdniagnzuszuusneds [5] seiagnidauuiuiagia@eny (homogeneous) AUFUIEUIU

SNBIUUNRD stainless steel ToaruszINUNBwDIdIU NS azgndntlu 0-100% wosNuNtDII1N6
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] ]
=~ @

UMl UAIWD 4.14 WALSEAU crosstalk NLAATUUUEIU NS 209818 HGA NSINNMISLHNIFANLOU

q

019 1gNaIuazuaa AN 4.15

MW 4.14 udaediu NS NgALENAE stainless steel N5EAU 0-100%

AN 4.15 UFANTEOU crosstalk NANTUUSIMEIU NS nsaiNENIFNEAU 0-100%

] ¥ 1
= =

MW 4.15 WU 526U crosstalk aacaImntlasidudmstaniagniiady g

HaT LA a0AE N UNENNINAED gagnadunelu [6] 1aeszau crosstalk wa9dIU NS NIENANMILHN
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@ 1

786 0% aglugdssann -68.6 69 -27.8 dB luaneinsdl 50% waz 100% e ludieuszinm
-71.1 4 -53.4 dB a2 -90.4 949 -72.3 dB MNEIAU

MW 4.16 556U crosstalk NAaULENs HGA Tagaiu NS Imadnigqiissau 0-100%

52@U NEXT uaz FEXT fiiauuans HGA nsdifidau NS fmadniaaiisziueinq
QUAAEININT 4.16 NNMWWUNI2GU crosstalk AU HGA nsdifidiu NS Imaidaiagi
526U 1009% aA6Na4 14 dB WAz 33 dB fiANuA 10 MHz dhuiu NEXT wos FEXT mudduiilaiiey
fuae HGA fidu NS fimsifiaianssdu 0% uanmniifsdunalddniisdy crossalk 23as HGA

HUBAGIIIMINTEOU crosstalk NAAAUNEIU NS

4.1.3 11990 crosstalk A8I5013 windowing

AMSUMSANTTABITBITNNFUTEUIUIN BN Ty MUY AIEAFINUITNMTNEN
° = J . . A oo A g aa a va dg v . .
aualas Jang [7] t98071019 windowing ‘maﬁmsuLﬂuaﬁmsﬁlummgumﬂﬁaﬂ insertion loss 2aN

]
= ]

aedyaIuauaaslunwi 4.17 ianasinnnessideavasduanadayaignaesiuszninituin

v o Wy ' o o ' v ) = {a X v &
u,azmwummu—l,ﬁﬂu LLG]GLHQ’I“L!ﬂﬂ“l?}’lﬂ\?ﬂa'l’ﬂﬂléfﬂa’nfN‘lJiﬁL(ﬂu?lEN crosstalk ﬁm@muuumﬂ MNUU

o
=

WWanaztn langAnssuues crosstalk NAnAuUUaIs HGA Niin51% windowing 1%snn2u Tuiideiia
NNSANINKAYBNNI LT windowing NGB crosstalk NAAUUEIE
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M 4.17 udas windowing Nignihanldlusne HGA

4.1.3.1 laNasNaeayaIuAUns windowing UTLUIVBNDN
¥ P = . . &Y Y o de
Taseddwane HGA flalumsdnwnazeesns windowing luzuszuruasdeniiae
2@ insertion loss 284 Jang [7] gninanldiivadnmiangfinssnes crosstalk aguandlunIni 4.18

Tag dimension 2avanauazmINTmasmalnihuasigggnuaadluae 4.3

1A
| ~ Window pitch -
| : | I‘ | | | | | §
: jth Write line 2
]| I |2
it i °
L , I 1 IReadIm? | |+ £
i =
! Window length
's
Cover-coat
V4
. I| —1 [ |I )
— \/ =
Polyimide Cu trace Stainless steel

NG 4.18 UFNMNATUVUUIEMNANYINMUULLI A-B 289618 HGA fNN35 windowing [7]
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M5199 4.3 LEMNAYaNEY Ltaxm'ﬁﬁmas‘mﬂﬂﬁhﬂaﬁaq [71

Parameter Value Parameter Value
Trace width 100 pm Conductivity of copper 5.8x10" S/m
Trace-to-trace spacing 25 um Conductivity of stainless steel 1.1x10° S/m

Dielectric constant of
Length 40 mm 3.08
polyimide
Thickness of copper/
based polyimide/ 15/10/20/5 pm

stainless steel/cover-coat

Tasea¥eas HGA fldlumsAnwuas Jang ulassadadiesie Ysenauludae
v 4 v v v v
ﬁulﬂﬂﬁ’m’m 4 % lounzu copper U based polyimide 7Y stainless steel LLa&HU cover-coat polyimide
[ L) ¥ oA a v J Yy o, o o
TogUsznaulidaamanih 2 @y Aa eediaudud j uazanesnudui i Gauaaelunnwi 4.18
d A = . . PP o
LWBVASANHINDYBINIT windowing luaes HGA Nii@a crosstalk Mvualy szazaad
. . ) o & o v A% Y a o o & %
window (window pitch, WP) #2100t 1 mm 9nNeGeiunguszuudNsenanIwi 4.18 (Uuwuali
fuges window Manwe 40 Fesluseidunil ) (WasiFuza9ns windowing (%windowing) gn
Henullusasdiusening mIne1I289 window (window length, WL) @8 WP [7] @atiutila WP fian
Wy 1 mm M5 WL gnidsuudasan 0 mm lUaudia 0.9 mm Wuninganndd %windowing gn
4 o . o
wasuulasnn 0% luss 90% muaau

4.1.3.2 mawlssuutauasiFudms windowing

BududIeMIRNITNSEGU  insertion loss 2evdedauanmddl s%windowing an
Waguulasn 0% - 90% caudaslumnil 4.19 PNMWWUNITLRY insertion loss ‘llENﬂ’l‘El‘ﬁlgﬂ
windowed 11180as (N1 0 dB INATU) MNTEAU %windowing Fedanndasiunamsanmiay
win [7] Tﬂamwwaﬂwﬁqnitﬁﬂmma'ﬁ'gn widowed 715260 909 insertion loss wasnegnUSulliia
%uathqLﬁuléiﬁ'ﬂLﬁﬂLﬂ%ﬂULﬁﬂuﬁ'ﬂmaﬁgn windowed fiszdu 09 (shedyanaund) fenudliou
upsens HGA TutlagtiudeRida 1 GHz dwiumedyanann@fissdunas insertion loss a8l -5.75 dB

Tupusiinsdiuasanaiign windowed 71556U 909 fisedunas insertion loss Bgf -
1.48 dB tumingANah insertion loss gnuuigslidaunindy 4.27 dB wesiuldhnguuasaed
gn windowed 1 dip Hadundumislszana 10 GHz ﬂnﬁumtﬁﬂmmﬂﬁ%ytywmﬁgn windowed 90%
A dip Auidumiadssana 20 GHz Sdenndasfuanudislauuudinfniufuamedilasiadady
WUV defected ground structure fanesnglily [8-11] uannnilfismnsadanaldani anuniemes
Fadnyanalumsadaring (transmission bandwidth) Wiafiaandn -3 dB bandwidth 11 gniinaanluain
Adumie 0.57 GHz lgashumis 5.1 GHz Humsneanah sedaanaduiuanselddedaann
Fayaszwhadiuma - deuesiiiufinfiuanuidgaduldnnduiionuigge 0.57 GHz W
5.1 GHz BesassumslFnuly HDD luswen [12]



Insertion loss (dB)

Crosstalk (dB)

N
o
T

w
o
T

40 .

-50

0.01 0.1

Frequency (GHz)

MW 4.19 UAA insertion loss 2BNANBFYAIMAYN windowed LU 0-90%

O I LOLELLLBLILAL I L LA ) T rrrrr

_70 [l L1 11l 1 L1 11l 1 L1 il

0.01 0.1 1 10 20
Frequency (GHz)

MW 4.20 LEAY crosstalk NAGTUVUEE "fyﬁywmﬁgﬂ windowed #152AU 0-909%
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MNP 4.20 LEAIEITEEU crosstalk  MLAnduUNE BTN Esuwlas
gowindowing TBUTUIUBNBWRIN BTN MTABURUANNE INMWNUTIFZEU crosstalk Lﬁugq‘*ﬁu
M %windowing MLy Fawamsaasiildiidaandastunamsnaasaly [5,13] Aeuanudnas
2BIANNEMNMIANITUN F26U crosstalk ﬂaqmﬂﬁ'gﬂ windowed M55fU 30% uaz 50% Huilszaui
ﬂﬁwﬂﬁqﬁ'umiﬁmﬂ‘ﬁ'gﬂ windowed 71356U 70% Fesedyanaunaiiistdu crosstalk ﬁgmiw
sadyanudnduszanm 5 dB FmSumsiiiadiueasszeu crosstalk e dunasuilasnannszunu
51@50*7;@ windowed vuiiduznelimsue (radiated) 2adnNwdwan nFhaannnanedaulugiae
s laiadi [6] u,eizi’m%'umﬂﬁ'iyiyﬂmﬁgﬂ windowed 5260 909 vulsualumenssiusnuiuie
320U crosstalk waqawﬂﬂicﬁﬁﬁssﬁuﬁe‘imhmﬂﬁ'tytyﬁmﬂﬂﬁ Uszanot 5.68 dB fiANE 400 MHz 34
mm55@ﬂéwaag'1uﬁaqﬂawu?{ﬁ°l%”lu§'umauwmaauﬂazﬁw%mwwmﬁaﬁuﬁﬂuasagﬂuﬁwmm?ﬂ%mu
WUl WHUBUTIMIANEIAWBITEAU crosstalk  TIAAUNE BTy aIMEINTaZIBanNITUUaNANS
‘vmaauﬁﬁﬂwamdauﬁmﬂ&ymwm%gnaﬂé?qaﬂu HDD Smﬁaqmmni"laagawam'ﬁwmaauﬁlﬁmﬁy’uﬁ

ANNNABRINNENTUAITINa Y [14]

60

Zc (Q)

“IO 1 1 1 [l

00 0.2 04 06 038 1.0
Time (ns)

NN 4.21 ddeN Z 2a9anadannign windowed N5eGU 0-90%

@

alassawasmedyanaanildsundall mniiwesmelWihidaaaivilsuas

o o U

Medyanagnaunaiunfe duiuaudauansyne (characteristic impedance, Z) WINALMDSAINGIIYN

o

Fnaa2833 time domain reflectometry (TDR) Tulusunsa CST Microwave Studio #4luzunauiiwad
JULUU Gaussian NfFenanduly 43.8 ps gnlddludyanadunn [15] /wi 4.21 udas Z, 299

aedyaufign windowed INT2AU 0-90% nMNFRnala I linges Z  tinzumw

v
a va v

%windowing [5,7] Tumauuidnuar Z fmmnzaniumslinuasatugniansananndduiuaubues
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Tnaa (loads) fignihandanulmemedyanaiunfamtuiinuasddumsiu-lsy Feiuduudazgu
= 4

289 HDD lagnanmsii3anaudintdumsuundduiiuausd (impedance matching) tNanantaaens

dxnauuazmstailion (distortion) 2adeya I [16].

4.1.3.3 mawlaguuaszezan window

nfcjuwaqmﬂﬁ'tytmmﬁﬁmsmgﬂuLngN WP gﬂﬁﬂwuﬁa %windowing gﬂﬁmuml"i‘ﬁ'
90% Uaz WP Qmﬂﬁ'ﬂuuﬂmmn 1 mm Tauds 8 mm dumneanariiuuees window lugussunu
5N§<mmmmé’fuwfiw gmﬂﬁﬂuuﬂmmﬂ 40 FaslUdis 5 FaamuAIGU 52U crosstalk ALANTUUY
sedyananinswdsuulas Wp QnLﬂ"%ﬂ‘uLﬁﬂuﬁumﬂé’tytyﬁmﬂnaﬁqLtaﬂﬂunwwﬁ 4.22 MNNN
Fifiuiseeu crosstalk HuanmaInNy WP ALiiadu finudent 300 MHz néjmmmﬂé'tyﬁmm'ﬁ'
9n windowed {580 crosstalk ganianeduauuuulnG Lwiatiwl'iﬁmmmﬂﬁ'tytywmﬁgﬂ windowed
526U 90% 7id WP (Tu 8 mm [s526U crosstalk shnieneduanmUnilugae 320 MHz - 6.5 GHz
UazIEAU crosstalk gnanasluannia 30.22 dB fienuiszana 1.04 GHz uananiimsfinnumumy
@932AU crosstalk Qﬂﬁﬂaaﬂlﬂaé‘ﬁ'mm?{ 6.5 GHz uaaslitiuhanedya aiiins windowing G

v L \ l&l L4 vV £4
Taseaasnanilannsasassumsiznuly HDD Tuaweald

0 T T rrrrry T T T rrrrr T T T T rrrry
—— Conventional
“A0F —— WP:1mm .
—————— WP:2mm :
— — —— WP:4mm '(
— =20 WP: 5 mm '
m | e
=
~B0F_________ |
5 |,-.
T I e e |||
» 40 H
° i
| = )
o I
-50 *]
60 | L
_70 i i P A | i I A | I I M A |
0.01 0.1 1 10 20

Frequency (GHz)

MW 4.22 UFANTEAU crosstalk 2BENENYN windowed NTEAU 90% Uay

Imsudgunlas WP 290 1-8 mm
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MW 4.23 UFANIEGU insertion loss 2BvENedyaNaniMsUasuLUas WP 2w
wuilugreanuden 526y insertion loss Laifianuuanes Lwiém%'umﬂﬁiyimmﬁgﬂ windowed igh
AN (> 200 MHz) 5v@uaq insertion loss gn¥nliiandias Snassdmiu Z sesmagndunauss
Qnuamiumwﬁ 4.24 WU Z, wWasuuwlaslugrauszanm 40-50 Q wazuananiigadl dip uaz
880 (peak) Linduiilnszes WP Qmﬁuﬁumnniw 4 mm lssnnlaseaizessuszunudedadla

galilasaunamMsluwuemasaaduam [7]

10 L) L) L) LI B | L) L) L) LENLERL NN | L) L) L) LI B |
0
m 0l
2 L
g R
2 '20 [~ ‘ i ,
E 0k ———— Conventional 1 '-J
v —— WP:1mm ol
e 1 == WP:2 mm i)
£ A0 — — —— WP:4mm b
— ==+ WP:5mm I
s0k 0 WP:8 mm i
_60 " 1 L2 a2l 2 " M A | 1 1 L2 1 aal
0.01 0.1 1 10 20
Frequency (GHz)

AW 4.23 UEANTEAU insertion loss 2BIENENYN windowed NTLAU 90% oy

~ -
AnMstUdsuLlss WP 910 1-8 mm
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70 T T T T

Z (Q)

Conventional

—— WP:1mm
—————— WP: 2 mm
— = —-— WP:4mm
10 | —— = WP: 5 mm 7]
................ WP: 8 mm

0 [ 1 [ 1
0 0.2 04 0.6 0.8 1.0

Time (ns)

MW 4.24 UaN Z, 2e9aneNgn windowed N52aU 90% waz dmMsidsuulas WP 290 1-8 mm

4.1.3.4 3Uuvun539 window iluli/le’

a I < . &
Tuanuduasaudfigyuuy (pattern) Aidululevaansne window Tuguszuy
v a o oA g o a 1 P . . <
anasdniunsanlunuudivdenatgvanaguuuy (e %windowing uay WP gniaailu 90% uas 1
o W < . { < a I
mm MN&eU Wuraligluuunse window Mtululd 4 sduuugniinsanlesgnszyly pattern
A, B, C uag D aqudaalumwi 4.25 laaf szazaanas (rest length) :NMS windowing N9 4

sUwuuantu 0.1 mm

MWD 4.25 EﬂLLU‘Uﬂ’liZ}’N window Mulula pattern A, B, C and D
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ANUUANANTENINFUUUUMNTIN window W 4 FULUUHAY FULUY A window §n
A v o Add v o o o & o o & X 2
MaNGundiheianedeelldidemiiamuanuemzssaedyan Zegduuu A dgnldlumsnm
1901 ULV B (3NAUUEAUTNEMEITEEINNENYBY 5582ANNEa 189 window %aausn jUuuy C i
AEAUTULUY A UiTUANANAUNTINNITINGDY window (3NAUNHIZNNDYBIAUTEUIUENBIIN
o v & v oo 1% 2 v v ) . [l
Genludadadheiiomuanuenussasdyain wazgUuuy D (Guaugszeziena1Nwes window 489

wsn wazllamealeseasNiyaorad window Ba9Usn

60 ! ! ! ! I ! ! ! ! I ! ! ! ! I ! ! ! !
98 I — PatternA f';. T
—————— Pattern B ;’/
56 — —— — PattemC { ]
PatternD ;/

Z.(Q)

Time (ns)

NN 4.26 U z 29NN NTNITIN window FUKUUEN A

oo

M 2z evEedyanadiinsne window udazgUuuugnaunauasSauLiiaunuy
ilasmnanuuansvaslasadnditusanuididaadumnd 4.26  Mnramsasewuh
sULuUM N window Lifinada z 60N19LAU crosstalk Waz insertion loss YasshedyaNaA AT
windowiny 4 gﬂu:uugﬂﬁmﬂmﬁutaﬂﬂumwﬁ 4.27 udr 4.28 @WHOU MANAMINAINUD L4
anuuanenele luwatiyas crosstalk Waz insertion loss 815U pattern A, C W8z D i3y pattern B 71
WAA9TERY crosstalk WA insertion loss ganhgUuuudulszanas 1 dB lushueanudigs Unngmsnii

wezuilihaulasdnistaransai ldnmdasaale



Crosstalk (dB)

Insertion Loss (dB)

Sr — PatternA /_,..,.,-
—————— Pattern B /

-10 — — —.— PatternC / 7]
——-—-  PatternD s

15 -

20 F -

25 | -

30 -

35 F -

_40 L 1 M I | 1 1 PR T T A A | 1 1 P B A A |

0.01 0.1 1 10 20

Frequency (GHz)

NI 4.27 WA crosstalk 2BNFEFYRNMNTNMTIN window FULUUEIN

L) HALl I
0 L .
_5 -
-10 F
-15 |
Pattern A
2+ - Pattern B
—— —— PattemC
—-——- PattemD
-25 |-
=30 . ) L ) L M T R S A |
0.01 0.1 1 10 20

Frequency (GHz)

ANA 4.28 WA insertion loss 2BNEE “tytywmﬁﬁmima window g‘lJLL‘U‘UGi’N 9
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nuamsNassineuansaagulad wwindowing HuaaaszaU crosstalk Tagszau
crosstalk ATLWNFATUMN %windowing TuanzLAENAUIZAY crosstalk aansoanaIatlalaamsiiiy WP
UBNMNHUFULUUMTINIFENYDY window NFUTEUIUMITHANLAENNTINUUULTNAULDLAUNAIE T8
1 1 J v
NN NVDY JeorALas 209 window FausALBINATUNSINUNG crosstalk WAz insertion loss
v o Y ad cgq’ Y =~ 2] . . k4 1 ] <
engauaiimatinansalfidumadannilalunisan crosstalk waz insertion loss 1o waaeelsfany
msnasinsandidaulamsuindduiivaudiveninidsadymmeduanuauysolvaedyao

(signal integrity)

1%
a =

ﬁqmauﬁmlﬁmmLLé’ﬁﬂﬂﬁLaﬁaqﬁ%uisumﬁNaeimsé’ummmsn%’mﬁmmuuu
a8 HGA aals TaeAsmseanaidludimsan crosstalk Taadilaildyhlvuunauasaneiiasudady
Fanananlumsidanmizmsan crosstalk Minsuuumsthdyanely HDD Afnufineludia u
wiada lyazihiausdansiisnsae crosstalk  IWussgndldiuans HGA ﬁiﬂuﬂwﬁu Liamen

wanzanlumsdaian lurussnus B i crosstalk Miauuazanda

4.1.4 mstﬁui’ﬁq%’uszmu5’1a§ﬁmmzamlumiam crosstalk UN&18 HGA

waannfinuians HGA Tutaqtudinisld windowing AFUSTNUEE wazns windowing
LT UENINTOFILANTEN crosstalk aald ﬁqﬁuiuﬁaﬁ'aﬁtﬂumsmssﬁum'il,awaﬁaq%’uszmué’wﬁq
Amanzanlumsan crosstalk MUSIMENS 20958 HGA 114 4 §u %as:ﬁumilﬁmsgmﬁumﬂ 0-
1009 woafiufinadu @iﬁsﬁ'ﬂﬂﬁtﬁﬁaqﬁmmsau o dautiu ueeay HGA wHNLABNUALIIN

ﬂssnammﬁm“ﬂumﬂ HGA ﬁaugsnﬁf

4.1.4.1 §eiusg
v v A oA Y a A A ' a & o
NNTAN 4.1.2.2 (HINUNTTZAUMIEN 100% BasNungaIdntuunali
o o A Vo I3 a wa @ ' ' ° a
NS 520U crosstalk 69 waaglsnamulumsufidusainsdiaenanlaisinsaihlyldnulaase
asnnmsiniagiszauasnanazlilanunihauna (contact) vinnuwaasuaaalunwi 4.29
(¥) aaugduuuMsSANIFqUUUEasa (slot) F9gnmittaus laamsiumstinian@nzusn

v 4 4 Y @ d'
WMNFNEFRUNA 1) aauaaalumni 4.29 (a)



MG 4.29 UFAIMNAIUEITBIEIU NS n5El (n) AuLdd () Laui'aq 100% Waz (M) LWUUdae
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NI 4.30 WA crosstalk BIEIU NS (1) NIANAMILANTHG 0-1009 BBINUNTINUAE

()nsAlUUF N

MW 4.30 UAANTEAU crosstalk NAATUUUEIU NS nIANTNITENTIG 0-100%
Ui Nueznsdiuuuaaan (slot) wudnsdiaasanuliiiauaaziszau crosstalk angauds 6eil

anudululgnasnhiniszgndlalunuaiald

4.1.4.2 duns

WNINEIU SS 2a9aNy HGA 1ilaynmsiiniagnzuszuIugngeaIn 0-100% e
WUNTNAWEAluMND 4.31 Was5eAU crosstalk NiZUgNIIABIAIUEAIlUMND 4.32 WuTITzaU
crosstalk aaeasmuszautlasidudmstinisguaznstivesdiu S Niinst@ia 100% 526U crosstalk
o A & P @ ~ a4 o =t = o o = <
gNgaNI NEXT waz FEXT ilatfisununsaiau 1 uastiliaynmsieuisunsal 100% funsal 0% 29
<A v a 1] d 04 ' ol a o v
dAalassauduzesadiu s NlFludagiu wuhnsdininsiiniag 100% §1uN508I880 crosstalk a9
lauszana 30 dB aaaazNANNTIiaITN



Sy

1o W PRIl £ R

NN 4.31 udasdIu ss NINANTIG 0-100%
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MWD 4.32 () NEXT Waz (¥) FEXT &I SS 2aNa8 HGA Lﬁataui'aq 0-100%

4.1.4.3 dunalad

dwSudiu BS 2aeans HGA wuhiuszunusedaesdiuiiazdunuusanuidy
(full plane) aniududifisnuazadrefea (fishbone) %ﬁﬁwmm'ﬁmﬁui’amﬁulﬁ Tutiasdu
AnsanaNNgNaInla (L) TagMsLNAMINENIN 0, 25, 50 UAZ 100% asEazinanea
ugaslumwi 4.33
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~ N
o / /o
/ o 7
( / / {
) / / \
/ / / )
/ / / / /
/ / / / /
/ / / / /
/ / i i
7 § s ¢
/ / / /
/ / / /
/ / / /
/ / / /
/ / J /
i P, o /
_— — %
el [
- — -

AN 4.33 udaIMILiNy L, 289d3U BS 200 0-100% 284585 Ninan
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MWD 4.34 (n) NEXT wae (2) FEXT 289831 BS 289a18 HGA LiaLiy L.,

N 0-100% VDI ELNNDD

WA 4.34 WAANTEOU crosstalk NAATUVUEIU BS DINNMINNANNENIVD
¥ v PRI § ] 4 @ s P2 =~ @ ] 2 o
Mavar wud L, Misdudinaliissau crosstalk andauiiaiisununsal 0% Fuluanuenves
meladswesdiu BS nldluas HGA lulaqiu laenlassadzussnudadeesdiu BS nsdif L,
\Uu 259 Hi9w0U crosstalk eiigaiiatiisufiunsdidy 1 asunsdigananignihaninsandalosns

< v v a o A A @ <
CANANUM NN NUM (WFB) N3eAU 0-100% YNWUNIN AauaaalunIng 4.35
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NN 4.35 UFAIMILAN W, 289671 BS 210 0-100% 289%a9INNLH1AD

NNMNN 4.36 UFANTLAU crosstalk 209U BS tlaimstdndaquiiatiia W, 310
0-100% YBNABITNIENINAN WUIITLAU crosstalk (HNGITUMNANNATNYINNUNNINNTU Uaz
NIRNATEAU crosstalk MNFAFD N3 W, 0% aauulassaiufitianzasgasaiu BS As laseadndiu
PP & = &
BS i L, tUu 25% uazdl W, 1lu 0%
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MWD 4.36 udas (n) NEXT waz (2) FEXT 289631 BS 71 L., 25% uaz
w,,, Wasuulasnn 0-100%
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4.1.4.4 Fuagarg
1 Vv ] < <A 1] Q u [l &’ a L zg d'
dudaen 4 druvesas HGA HunAadIu Fs dmsudiniimsdniagaslunui
1 td'gll £4 = C" L g’ a va k4 1] I3 k4 ﬂl = o < IN' k4 v
MeRFUsTINUENBINSEaU 1002 unlumelfiduaalaisansovilaliasnnianuintunazdaaiu
1 1 L4 = Y o 4 4 = a' dl' Y C% =3 vV YV 1 Y =3 1 < Q‘ g %
#0939 na BEVSUAAUSIUNIN slider LD LARITUNNEININANULHUTUNNUN A NNINEND UGS
1 v i v 1 v 1 1
waea UMW 4.37 muumsmmaqmmmmuléfgqqmﬁizm1J 999% ADINUNINWITU H9dIU FS NH
| A i v 1 1
MSENTIQNTUTINUINEINTLAUAN YDINUNINYNUTAIGINING 4.38 UALTEAU crosstalk VBIFIY
ES ﬁié’mnmﬁmaqgnuamﬁqmwﬁ 4.39

. o ' a o oA Y w @ Y Y 1w = Vg
AMNUN 4.37 LadanEuedIU FS ﬂgﬂﬂﬂlwaslwwjuuwﬂlﬂ'ﬂﬂauwuuumﬂLLNLWaﬂ [17]

AN 4.38 udaedIU FS NgnaniaanzuszuIudNdnn 0-99% yaanuiing
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MW 4.39 udas (0) NEXT waz (¥) FEXT U3nnd FS 2a9ae HGA (ilaiinian 0-99%

NNMNH 4.39 WUTITEAU crosstalk LNNGAZUMNANNINANTU UALTEAU crosstalk

MAAZUUUEIU FS 06 1aaaNszaumMstanidqiiiasnny Fa@uiinsalifinsidulanszau 99%

yasuiheanzusznuiedadunsdiniszau crosstalk 6ge
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4.1.4.5 550U crosstalk 2BNIIE HGA AN siiinIag lussauinazan
mnmamif\hamﬁmumtﬁulﬁhu,eiazdau%ﬁi::é'umnﬁui’aqﬁmmzauﬁm%’u
a & 1l v 24’ < ° ¥ & ¥ a d'd [ CI' ; q' &
Unamu ey lumdaiiasdumsilaseaieeessussuudndenissay crosstalk NFINFA28INI 4
1 1 4
vsnaanlsznausinnuiluas HGA nanysol #9lunilazenit a1e HGA ﬁiﬁiﬂﬂ'ﬁﬂ‘iuﬂ'gﬂ Tosg
ae HGA N1#lutlagitiu (conventional) uasana HGA ﬁiﬁ%ﬂﬂﬁﬂ%ﬂﬂ?ﬂ (modified) AUTAINININT
4.40

MR 4.40 ugasans HGA €)) ﬁlﬁuﬂwﬁ’u (conventional) way
) ﬁiﬁ%’umsﬂ%’uﬂqq (modified)
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MU 4.41 WAANTEAU crosstalk NAIUUUENY HGA NlFluagtiu (conventional) uaz
&8 HGA ﬁié’%umsﬂ%’uﬂ’gq (modified)

TuiiifAnsan@wne FEXT 1fufida crosstalk mAnzumsdaisuiindiasannisuiiniianuls
AaAnuEmEInnnTIT UL EEu Fanamsi3sutiiouseeu FEXT #e3ans HGA -conventional
Aud1e HGA-modified gnﬁhaamamamlumwﬁ 4.41 NnMWHULlE §18 HGA modified H5e0uU
crosstalk Gi’]ﬂ’j’lﬂ’lﬂ HGA conventional Glu‘zi’.]\iﬂ’\]’mtdl'ﬂg‘],”lﬁ LAESEAU crosstalk am‘iwmmﬂﬁ'egﬂ 31.96 dB

faNudUszanm 0.15 GHz

4.1.5 01590 crosstalk MEFI5UIENAULNLKEAD

nasnildguuusuTnuaNEsiaansoan crosstalk Mieasuldudiiy Tudailasihiaus
danafiamsan crosstalk anuuama Failudsmsmawindn dadludnniemaden Tasmaiiananse
ihanlszgndl#fuismaidniaaidusznudedeiild waiiuanuaansolumsan crosstalk T
Uszanammsnnduluan

‘[mﬂﬁﬂﬂuéﬁ%msaﬂ crosstalk ﬂ’m’l‘iﬂﬁ’lléﬁﬂﬂﬂ’lﬂﬁu guard traces %3819 via fence
serINsNFyanudacg [18] WsamsliszesinssninasnFugI NN 3 NEeIANNNIN
g (3-W rule) [19] F8msan i fIuiinsen crosstalk lud capacitive coupling Feanansnan
crosstalk asldualuszduniiauhtusndathagu m3tiinszaziesEINamhdyanunsEes 0.4
pm Tudlu 0.8 pm ANIe8e 0.8 um Tl 1.2 pm Uazainssds 1.2 um Tudu 1.6 pm %aizé’u
crosstalk voltage fitAeduiuanauily 105, 40 uaz 22.52 mv awdeu [20] iulginmsiia

522N 0.4 pm WY 0.8 pum WY crosstalk voltage 8NP 105 mv Iuzaeiiiaiinseazyinean
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0.8 pm iy 1.2 pm Falusieszaz 0.4 pm LAY WATEAUUTIOUDULTLBI3NN crosstalk
(crosstalk voltage) NAUAAMILNENLA 40 mV LINUY

a _aa 2] P aa A Y] Yy & S aa v

8n38msnilalunisan crosstalk  UanLMiinaInITNIsNNaNNINIT AU UNAD IDnTLY

= o @ & ac o 2] o o ' X

ansUsznauwmanlumsan crosstalk Tuanehdyanauduidmsiihaulazegnihiauaiiialivuini

k4

Tag Kayama wazane [21] 35msasnanililumsiivasusenavusivanaslutasinesewinaeih

dyanuudaziduuuLEy PCB Zedafunddsmsnuivaniiie 813150980 crosstalk Tuanadayanuid

SEALYNTEMINE ST YN N LNABANUIEAU micron L6 uAaNlsAMaIETNISN Kayama uazamue

Y o gj T o YV o L4 d’ o \ v d! l:!

[21] lavhauamuuladsmnsmhindszgnalinuambdyananmnanulussuulnuanadieled Fmils

lunuffass HGA Hlasnnmstinasusznauuimanaslugasinmndealunalvasusenay

u,aiméjn“luu%nmﬁaglﬁiawmwiw@:mwmﬁaﬁmm (FD99eWINGY W+ Laz W- ez 818 R+ waz R-)

25a%U (absorb) awnmwimannihiiuanilasuiuszuingaany 9 lidszansmwlumsdery

@ v

Fuanamnduasludaasmaudamunamshaseilaaeuaaddumni 4.42
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= v T 1%
MNUN 4.42 LFMANNLINTUINLLY manlﬂﬁh‘u E]\?Iﬂi\?ﬂi']\?ﬁ']ﬁl

(M Fludagiu was (2) Hgniiinansusznauudnandieddmafithiauslas Kayama uazaae [21]

NNNIND 4.42 wumQnﬂ’mﬁmﬁm’nmﬁwmaum Lﬁul(}l”j’muﬁﬂgﬂﬂiﬁﬁ’lLL‘VI‘Li\?‘i%‘VI'jWQ

@

A A a ] < = < '
Faduana (+) war (<) lunstNtGNaIsUSLNBULNUIANMINAIN 4.42 (2) AzTauIaLannI

y - ! e o £ 4 o g .
edyanaUndonunin 4.42 (n) weanuwila dudss@nsmsdeiuasmadyauniaeasgniiian

=~ @

= <
Wisuheuaauans lunwn 4.43
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{ @ s £ DR ] @ ' @ a @ P a
MW 4.4 3 uaesdndszansmsdurhuduanaszvinasduanauuulnduasasdyanuninmsidy

§15U5ENaULIUANMNATAYEY Kayama WALANME [21]

{ o a8 £ v o P a g
PNMW 4.43 wulandudszansmsdsndyanaeesasigninasyssnauulinandas
aad o & ] o ad a Vg
Fafigniaualay Kayama uasanis [21] Huugnheedyanauuuunadlaldiinansussnauudingn
1 < Y v & v v X o = a ] < o (% 3 o
asiulade asnuluideiiazih@usdsnsidnasusenauudvani iwanzsunuaedyaun
SEUUMSENF N UULUUTHNARAAN

4.1.5.1 gayaIuAUMSANEITUSENBUIINED
uee Tassaaasensdyanadldlumsanwniiusznauludrs 5u sainless steel
Fupolyimide Uz Funauns HaNumn@y 20 pm 10 pm waz 9 um MuEWURILEalUANG 4.44
() [22] Medhihmauasiiny 4 @uwiniy gnadsuwazdanesiu Fudazddrainnululuue
uashalumsaeshudanassuhaiiufinuesdasuisidey anuemsedlddnwmen 50 mm
ANUNINYNENEAINLARLLEUR2UIN 30 pm STazANYBUDNVBUIEWINEE (+) uaz (-) ‘llEN@:ﬁ']El
tu iy 30 pm szgsiesEningaedsunasgarsaulu 760 um %awumméﬁmagﬂﬁﬁnm
uddles [5] A1 O 204 stainless steel oz oW ey 1.1x10° S/m waz 5.8x10"° S/m
MNAU [7]
mnmmqﬁiwﬁuﬂszﬁwémsdqmuﬁmmuwmuzimﬂiwLauluﬂifﬁﬁﬁumsﬂiznaumjm5nmu
35M 5289 Kayama Wazatie [21] mﬂiuﬁmmnmsﬁﬁmiﬂi:ﬂauLm'm§ngnLauaij‘lu“&aq’iwizwdw
aaetiu 9 hldnslsnauwimingadusnuwiminliihivaniasusswigaeiu 9 Sedeual
Uszdndawmssaniudyaauueas ﬁqﬁy’ugﬂuuumstaumsﬂsznauu,aimﬁﬂ'ﬁ'ﬂmzmmzauﬁ’u
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maﬁ’mmwmﬁﬁwmﬂu‘[wmNa@hqgmauaﬁmamiumwﬁ 4.44 (%) FeRmamstinansUsznauwimgn
mww&aﬁwszwiw@amLﬁﬂuuaz@:mﬂdwu’luwm&ﬁﬁmiwﬁ'mﬁahﬂ\?\'ﬁmmauaﬁﬂsxﬂBULLﬁmﬁﬂ
u,aﬁﬁmsﬁ'gﬂﬁwLauaiuﬁﬁﬁﬂameLmﬂeiwmniﬁmsﬁgnﬁuauaim Kayama wazaae [21] dailums
Lﬁumsﬂsznauu,simﬁnmlﬂﬁ'@ﬂmdnnﬂﬁmﬁqLtamslumw*ﬁ' 4.44 ()

MW 4.44 uaasane HGA wuu () Und (1) imsiinansusznauudinanaisIsmsiheues was

() fimsdnasUsznauulivanmedimsithiaualay Kayama uazanie [21]

' <
4.5.2 @sdsznauudiman
<~ ] ey o a & [ v k4 = wa o T o 4
lumsidanansusznauaitwdniiazihan@uiy ssaenanazeasiqaanian il
FEA1N28NT T ULILINRTIUAANMTAAI9RST (short circuit) AU FegINsaRNTANLANNAIAIIN
i (o) wiaamenudmumulwiheesiag (p) lesil o arsiaziiardanng (< 107 S/m)
P o 4 P a PR o Ao v v o
(23] Tuauznan p @dsiidngennngg (> 10° Q/m) HasnNMINAAaINIFBIAIUTANNTNNUS Y
I~
Wy

p== (4.1)
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ﬁm%’mm%%’aﬁlmﬁaqﬁgﬂﬁwLauaTmﬂ Huang Waz@AMME [24] Vudassusenau
5YWIN antimony-doped tin oxide waz ferrite timfusagalumsdnmndsanudululglumsan
crosstalk F9snsRananien o Uszanm 3.2x10”° S/m %aﬁaiwﬁﬁhei’wmmmqmauﬂ'ﬁﬁtswéfmnﬁ
wumagmﬂwaqmiﬂizﬂanﬁma'nﬁwumLa?;ﬂagi‘ﬁ' 5 um %ﬁﬁﬂumLﬁnﬂiﬁzﬂzﬁmwiw@:mmﬁﬂu

v J o & Mo o [ val o Y o 3 Y o W =
u,a&@mﬂmu ﬂﬁuuiﬂ'ﬁﬂ'ﬁﬁﬂa‘U‘L!“NNﬂTINLﬂulﬂlﬂﬂﬁ]zuﬂ&ﬂi‘lfﬂﬂﬂ’]ﬂﬂmumu’]mﬂti']ﬂ’]aﬂﬂﬂ‘lﬂ’]

= v P v 1 & a v
NN 4.45 LLE‘WNﬂ’]ﬂj’]u‘ﬁ’]u‘ﬁulﬂﬂENGU’]NVLV\IW’]LLQZEIU’]NLLNL‘V]aﬂL‘UQ"Uau
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AN 4.46 LEAN dielectric WAz magnetic loss tangent

M anuzvzulavesauniizeau (The complex relative permittivity, & = & -

j€) waze annmvudnlavedauInuaiian (complex relative permeability, p = p’ - ju’’) ¥89

r

A5UsENaUWNMAAUUENIUANND 1 - 20 GHz gnﬁwmm’lﬂﬂlﬁ'uuuﬁwam Debye [25] aaudaalunmn

il 4.45 wuhenadsluduinnuaiens £ was p TAUssanm 5.99 waz 1.10 cuddu Fedu
f{hmusﬁwmwwﬂﬁl,ma'i'ﬁqamﬁﬁ@hmnﬂiwa'auﬁ‘hmu%ummwagjmn Tosamzaghedadn awy
Fulepzavauinlnih gné‘fﬂiwLﬂuﬁanmq‘ﬁ'ﬁmsgmLﬁﬂﬂNlWﬁlw%w (low loss medium) F4a0AAFDINY
AENURYaY unuaudaNgyFanausinan (dielectric loss tangent) sanaaslunnd 4.46 iulg
Tuurlinwes dielectric loss tangent fiaaini 0.1 adnashianafinnudenii 18 GHz iy
é"mwzhul,%q%'auﬂmaﬁﬂsxnauLLajm§nﬁﬁqgmmu (repersented) GREWAUUDI UNUAUGAINGYLFE
WNULYAN (magnetic loss tangent) %ﬂﬁuuﬂﬁmﬁqu%uﬁﬂwmmﬁﬂszmm 7-18 GHz wuazil peak
fighumisuszanas 13-14 GHz tuminsanarhaaautidmaudminliihussnsusznouwimindgn
@ananildsuulasludnenuiivhmsinsen é’qﬁy'umsﬂsxﬂaué'fqnainmmsagﬂ%’uammmm%
TrihldaRenudyszanm 13-14 GHz aalwslng (profile) Qmauﬁﬁﬂm magnetic loss tangent [26]

4.1.5.3 pamsiaa

1) w3 NTEAY crosstalk

SUFUUINSTRY crosstalk MO o Uamamﬁ%ampj'wmmﬂﬁtycywmmuﬂﬂﬁ
(conventional) u,azl,muﬁﬁmslﬁumsﬂsxnaumimﬁﬂﬁgnﬁuaua (proposed) sauaaslunnd 4.47

]
v o v

TumsiwlSsuisunusedyanauuuUndwuims NEXT wae FEXT 284056 proposed Asz@uienniy
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58l conventional agauladalurieanudnnie uazinuduszanm 14 GHz s¢au NEXT wag
FEXT gnanaunnfigauszana 32 dB uas 14 dB mNEIAU 290159089284 crosstalk HtUumaNIIN
o =] ' P ' Y ' o ' & P2
msgaguawnuaimanlwihangeadisunaunazunsnssnesandigazaiuloslunaiiasanan
dielectric loss tL@zmagnetic loss waqmsﬂisaauLm'L‘Vi'ﬁﬂﬁgﬂLﬁnawmiwizmw@:mﬂﬁ'qaaq [26,27]
uannUwuNlunsalil magnetic loss tangent WHFANKANTENUNLAUAT dielectric loss tangent @ NEXT
Wunalviuualiinzes NEXT 2aeanaiiimsiiuasusenauuiininaaiaandeny profile 289 magnetic
1 ] v
loss tangent Iaatawizaadslurlssana 7-18 GHz lusaziuualtingas FEXT aavaadanund
2 HBUNY UAGNAUANTN AU FEXT 299an8n 36l proposed §5:AUNGNNINENENIAE conventional
d" d’ =) o o C"I VvV d! vV .
NANASHUBUNDNITAINAINLO crosstalk parameter Fausznauluane self capacitance
(C,) mutual capacitance (C, ) self inductance (L ) 18 mutual inductance (L ) YNANSF YUY 2 an
feA10anuNNlUSUNTNTI89NAIND 1-20 GHz GIUaadlumsNd 4.4-4.14 NMITHNNUDN
parameter taitNEndanum p waz € laglunsdivasaneniimsidnasusznavuaivanaslugosing
v Vv v
seiinganediauuazdasauiiian o, < 1 waz &, < &€ AuFuTunalving self- uas mutual- 289
capacitance tl8% inductance 8AGIA vsanandnteniilan capacitive coupling LLe% inductive coupling

waﬁﬁyiywmmﬂ@:mmﬁﬂulﬂiﬁ@:mﬂdma@w‘hm [28]

'60 1 1 1
-80
)
2
=
& -100
7
7}
o
o
-120
—&— NEXT-conventional —a&— NEXT-proposed
—O— FEXT-conventional —@— FEXT-proposed
-140 : : :
1 5 10 15 20
Frequency (GHz)

MNT 4.47 520U crosstalk YaEeFuaNauUUUNHuazuUURIMSNETUSENRULILKED



M99 4.4 UEON crosstalk parameter 798D 1 GHz
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C, (F) C, (F) L, (H) L, (H) C./C, L,/L,
Conventional 4.80x10 " 1.65x10" 2.56x10 " 6.39x107° 3.44x107° 2.50x10°
Proposed 4.71x10"" | 8.43x107" 2.70x10"° 3.25x10"° 1.79x10°7° 1.20x10°
M99 4.5 WA crosstalk parameter N191ud 2 GHz
C. (F) c, (F) L, (H) L, (H) c,/C. L/L,
Conventional 9.99x10 " 6.15x10" 3.86x10 " 5.39x107° 6.16x10° 1.40x10°
Proposed 1.16x107* | 4.50x10™° |  3.63x107" 1.66x10™° 3.88x10° 4.57x10"
?13799 4.6 LWEAN crosstalk parameter 798D 4 GHz
C. (F) c, (F) L, (H) L, (H) c,/C. L/L,
Conventional 8.15x10 " 1.11x10™"° 1.49x107" 9.21x10° 1.36x10™" 6.18x10°
Proposed 9.54x10"° |  3.74x107"° 1.74x107" 5.18x107° 3.92x107° 2.98x10°
M19791 4.7 UFAY crosstalk parameter N1918D 6 GHz
C, (F) c, (F) L, (H) L, (H) C./C. L /L,
Conventional 7.22x10°"° 5.77x10" 5.70x107" 1.66x10™" 7.99x10°° 2.91x10°
Proposed 8.37x10"° | 2.41x107° | 4.76x107" 6.47x107° 2.88x10°° 1.36x10°
M19797 4.8 UEAN crosstalk parameter nND 8 GHz
C, (F) C, (F) L, (H) L, (H) C./C, L,/L,
Conventional 6.48x10"° 1.70x10""° 1.16x107" 1.05x10™" 2.62x10°° 9.05x10°
Proposed 7.45x10°"° 2.06x10"° 1.38x10" 1.64x10° 2.77x10"° 1.19x10°
M13797 4.9 UEAN crosstalk parameter #ANND 10 GHz
C, (F) C, (F) L, (H) L, (H) C./C, L,/L,
Conventional 5.98x10 " 5.76x10 " 2.24x107" 5.91x10° 9.63x10°° 2.64x10°
Proposed 6.65x10 " 1.20x107"° 1.74x10" 3.10x10"° 1.80x10° 1.78x10°
?13797 4.10 UEAN crosstalk parameter frud 12 GHz
C, (F) C, (F) L, (H) L, (H) C./C, L,/L,
Conventional 5.59x10 " 1.19x10"° 9.22x10 " 9.42x10™" 2.13x10™* 1.02x10°
Proposed 5.99x10 " 6.20x10™" 1.18x10" 7.82x10"° 1.04x10"° 6.63x10°
®13797 4.11 UaAN crosstalk parameter f9ud 14 GHz
C, (F) C, (F) L, (H) L, (H) C./C, L,/L,
Conventional 5.20x10°"° 1.54x10"° 1.14x107" 1.50x10™" 2.96x10™" 1.32x10’
Proposed 5.44x10"° 4.80x10°%° 8.15x10 " 9.96x10"° 8.82x10° 1.22x10"




M13799 4.12 UaeN crosstalk parameter N9Nd 16 GHz
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c () c, (F) L, (H) L, (H) c,/C. L/L.
Conventional 4.84x107"° 1.57x10 " 7.88x10 " 5.78x10™" 3.24x10™" 7.34x10’
Proposed 4.77x10"° | 3.87x107° | 9.31x10°" 6.09x10° | 8.11x10-6 6.54x10°
(mﬁN‘ﬁ' 4.13 LLdAN crosstalk parameter ﬁﬂ’)’mﬁl 18 GHz
D) c, (F) L, (H) L, (H) Cc,/C. L/L,
Conventional 4.40x107"° | 8.73x107" 6.39x10 " 7.96x10"° 1.98x10™" 1.25%10’
Proposed 3.81x10°" 1.77x107" | 4.40x107" 9.41x10™° 4.65x10"° 2.14x10°
(511‘51\1‘?; 4.14 LLdAY crosstalk parameter ‘ﬁlﬂ’ns\lﬁ 20 GHz
C, (F) Cc, (B L (H) L, (H) C /C, L /L,
Conventional | 3.92x10"° 1.49x10 " 7.33x10°" 1.32x10°° 3.80x10™" 1.80x10°
Proposed 3.15x10°"° 1.08x10"° 6.04x10" 5.07x107° 3.43x107° 8.39x10°

1 ° P o Y @ o o .
UannNu Naﬂﬂif\ﬂaﬂﬂﬂlé’ﬂﬁgﬂgl‘!ﬂ“l,‘lﬁ'lﬂﬂ&l NMILNAULWUEIUY (induced

voltage) Fagnnanlilu [29] watiiasnnlums@nmiiiianeyd crosstalk luaandnsanudaaniu

d1M3 induced voltage AINEIAN Lﬁﬂulwﬂlugﬂ?laq transfer function H(x,®) latTlu

SJeTdE el

H(x,0)=K, jxaoefjwTdf +K,|e —e Ll (4.2)

loe K, waz K, A9 backward waz forward crosstalk coefficients MNEIOU 0 Ad ANNDTINN T, Ad
{ o ' & '

szgznmnayanmunwsnsznalulaidussazna L waz L ApanaemnemenIngsdy coupled 289

g NNFNNTN 4.1 WAUYeY K, uaz K, 28lugUvedsndineed mutual inductance 6 self

inductance (L _/L ) 8% mutual capacitance ¢ self capacitance (c./C) @9l [3,4,30]

1(L. C
Ki=———| &——1 4.2
T oavl cC (42)
(18314
1(L. C
K,==| /40 4.3
T4l C (4.3)

e v Aeanahlumsunsnsenevesdaann
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10

10"

100 +

101 +

‘10—2 -

Transfer function of NEXT

; —£&— Coventional

10° / — - Proposed

10_4 1 1 1 1 1 1 1 1 1
2 4 6 8 10 12 14 16 18 20

Frequency (GHz)
108 .

1017 +

‘1015 -

1015 |+

‘10141 =

Transfer function of FEXT

/ —(O— Coventional

109 g — 13- Proposed )

1012 1 1 1 1 1 1 1 1 1
2 4 6 8 10 12 14 16 18 20

Frequency (GHz)

MWD 4.48 UFAN transfer function 284 () NEXT uaz (2) FEXT 2addadyansuuut@uuaziuun

= a v [~
IMsanasUsznauLNLYaN

PDAMNA 4.48 uad0d H(x,®) vasansdyanunidsd thiulaaggaaui

transfer function 9 NEXT wa¢ FEXT 2a9d18n56l proposed UUANIE8N5H conventional (Hunal
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320U crosstalk MANTUUUSIBNY NEXT waz FEXT 2a4ad18n58 proposed 9NIN&EIENTH conventional
Togluiil v sesanaduanamns 2 Felennmsanawalisunsudaasfimuseans 1.81 m/s

a r & ala 1w a X 1 [} o/
2) Nﬂﬂﬂﬂﬂ?itﬁﬂﬂ"ﬁ?fﬂiﬂﬂﬂuﬂt‘ViafWIJJﬂBﬂ&li’i&ﬂ”ﬁﬂ?’iﬂ\?ﬂﬂuﬂfyfy7m

M 4.49 uaasenudnsnwimanlwihasdaeduananinshoululwueunacs

PIENEFYANIMUUY (n) conventional ez () proposed



120

Reflection (dB)
Transmission (dB)

Conventional -25
........ Proposed
-30 1 1 L -30
1 5 10 15 20

Frequency (GHz)

{ v s £ v o
MG 4.50 udaedudszdnomsderiauuazmssdesuzasse UL U

(n) conventional @z () proposed

Wungnudinmsdeudygraiuiienudayeiiidaanuaunysaizes

Ty AnsanenudneaIsnnaLaaslunwi 4.49 ansodunaldiunezesgnaszaunuay
k4 Y ] [~ = T o k4 k4 v =

duasanulihussanaimanuinassninneduanuduy (+) wasdu (o) vasgaaidisuuas
8 D 4 & . v o -

Asgsunuiuinag liuaneanu FananldiaonndpiunauasdnUssans msasiauuazmsdaruza

v o - v v e & v o g -

dyanaasudaslunwi 4.50 dmsudulsz@ndsmsdsiauvasdyauasa sy und 2 wuini
4 H [ dd 2 X 3 ' [ o a £ 4

winlvaamasnnszaulszana -13 dB muanudiinaay udagalsimudulsz@nsnmsazvouzas
o A3 ' . I & )

d18n30l proposed  HIzAUNG@INIIEIBNTA conventional  LANUBY UBNAINUULIIAMINNULYS

. = Y i = . 2 < 4 ] 3 A a

(fluctuation) YNNI proposed NUBENINFIUNSTEU conventional Feaziiuloegndaaungiuanud

v 1 < o & =8 W { o a £ [ ] o H
gu ugatlsimnuasdyanani 2 denuadeadeniuaseil dudss@ndmsduihuzasdyanaancias
g2z o o ; P S
MAANNANANGITY uazdanaladnfanud 20 GHz  dwdszdndmaduriudyanawssaiansd
I ' . 4 g @ v a
proposed $5z@UMNINEIBNTAl conventional LN 2 dB FUUNANFIUINIENI80 crosstalk Laans Ly
g A v ' ' ' ' ' X o o
asUsznauwitmaniinasdasinssnindaedisuuazdaueuiisassumsldnunu HDD luswaald
ganudilFnulutagiuedn 1-2 GHz

4.1.6  MTNNALANITAN crosstalk NUFIY HGA ﬁ”lﬁ“luﬂa@ﬁ'u

NNISMTaN crosstalk Mihtgualundanauninilyiuledn 35080 crosstalk 1o
I~ v = v ] I~ aco w v o = % 1 v d! I
Wueded uasgnlsnaadsnmsasnarnhauslunsdivesseduanmedishe daduas

a0 g P a a9 v a v & v v A= &
anasedaindunsdiluganafidnnnas HGA ldnuase asuulumidsiifaudums
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auadamsdszandldi5n19aa crosstalk fuauawmaniunldtiuae HGA #lFly
ﬂa@ﬂ'u (HGA -conventional ) IG]EIL’%NRﬂﬂﬂ’l'SﬁWmeEI HGA -modified ﬁgﬂﬁuauaiu
e 4.4 dumsznauwimnasludasinsswingmedsuuasganesiu Tufii
(3N &8 HGA ﬁgﬂaammﬂmi (HGA-new) MuMNT 4.51 FHamMsawaesziv
crosstalk uazdNUszANSMsdernuFyanaweIss HGA-new anuSsuiigunuany HGA-

conventional AILFAN UMWY 4.52

MW 4.51 udas (n) e HGA wenil#lutaqiu uaz (v) se HGA fignaanuuulus
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= = ~ o a8 £ v
MWD 4.52 waaenmsidsaungu (n) crosstalk waz (2) dudszdndsnsaesiueasaes HGA

nlgludagiunuas HGA fignaanuuuln
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NN 4.52 () FaLauNay HGA-new H32AU crosstalk 6nInae
HGA-conventional aaaaz:anudldnuluda

q
@

TUUZEINITONA crosstalk dLADY 54.4 dB NANND
1 o a £ v
Uszanee 0.52 GHz drudnudszdnsnmsauniuay

yauYesas HGA-new unuliuandNainnstized
. ' o P v & v vy & Y a el
a8 HGA-conventional ilFlutaaiuenunini 4.52 (2) aeuudialasainguszuuddelniign
k4
iaualumsdnmnil nadstumaiinansusznauwsimanasiansdaainssningnedsuuazgans
1 Mlilears HGA Tuaffivse@nsawlun15aa crosstalk Lo tduaened wazlilinansnude

UszndSmwmsahuduanadnais

4.2 WadaN Electromagnetic Interference
dlamluidatinheuenannmsinmdalsznaudrs namsdnmmsiio EMI fithasuud
azaiupaNaa@h TSAL wansenunnaulawesasaadiil, MsdanwInstio EMI Uumﬂc&jwumﬁ
MNUUTEUIUNSIIUG (Ground plane), WaMsANEIBBNLUU TSAI taannansenuae EMI lag
“Wé'fﬂm'sgjﬁyLﬁﬂlui'aqlﬂﬁﬁﬂm%ﬂ, waridagamefa KamMsAnwaanuuy TSAI LBAAKANIZNULD

EMI Tagnanmsgaytdeluiaguaiian
4.2.1 M5AUIN EMI waasdIuuuaIa611 TSAI a9 HGA

nlaaieeesdsdnh TSAI 289 HGA Fulluaanmwi 4.53 Tassadnilgnuislagiinison
neNNtuFauniinInmMslaeee (Bending) 2avas Fagnudsaanily 3 diu lumsnw dui 1
Aaeduaeued TSAT d1uN 2 AensINaNYad TSAI wazdiun 3 Aemularars MseIuIe EMI 1y
v 1] P ] &’ o o k4 2] I YR o [ o o
usazaungnuieiiazihlaamsmnuald Lump network element Fatluddialumsiauseaululihi
Wannanuannssny Junudedmuds v, Taeil i Wuduiiauss j dugaihmsie

MU 4.53 MSULUNEIULINBINNMSANE EMI TUueasaiuuad TSAI



124

Muil 4.54 Megumsiaussaulnihdui 2 309 1 v,

Mwil 4.55 gunannsznuuulaseade TSAI lufia +x Tasawnluih (Electric field) agluuny y

UaTEINNLILYAD (Magnetic field) agluuny z
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Gaussian pulse

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

Time (ns)
4‘ L vV =
NNN 4.56 ﬁytyﬁmﬂ'isqutmmmzfmﬂu

M31% Lump network element J0aus90ulWvaesnmni 4.2 demsiauseauluihluudazdiu

v
o

Zainanne 3 dru lasudazaiuazyinsia 2 yede

i od @ o A @ a4 A
dUN 1 us90uan 1 Ao V), uazuseeugehn 2 Ae V,,

]
=

i ood @ a @ S A
dIUN 2: usUeN 1 Aa V,,, useauahn 2 da V,,,

b

=l

i ood @ @ a4 A
dIui 3: usNaugan 1 eV, , ussauqen 2 aa V,,

#4 Lump network element fignifandaszwinmedniniiaiaussduluihlasmvualuan 50 Tovu
HusuamBs (Matching)

m3fuI EMI udazdinaes TSAI svdesuy@giulunsdinmsiia EMI lunnaiiinnge i
fdalagiiamemannnssnuzessnumeuanitiumsnszquillangans (Endfire excitation) Aafie
NMIMIANNTENUBNEUIN (B) AaynannnuuIuny z, 0 =90" wazynluwiszunu x-y, ¢ =90
Tosiiiemssunalwih (€) Fialuunamg (Transverse) sewiheanedhnaady

AW 4.55 AalaseadNTSAI fiaglulisunsu CST Microwave Studio Tunsdiauuannssny
(Incident field) fAnAN9MSsLAABUR (Propagation) luuuIwny x, g lnihagluiiameuuizag
sz iaaedihdauny y 210 uhiu 1 Taav/wes swnswiwmineglufiauny 2 Femsdunail
dnsanlulawueessenudlugieennd 0-10 GHz Feswnuannssnudluduanavaduuuimdidou

(Gaussian pulse) laganuazzaumadeunadiulawunadusanni 4.56
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4.2.1.1 EMI ufazauuuargnaidl TSAI 289 HGA

MW 4.57 ﬁamamiﬁwmmmﬁuwifi'mﬂﬁftwiaz@ﬂluamazm‘ﬁhamﬁﬁﬂ?\'um
ANNTENUAUFIAN TSAT 1aS9a3Nmiiauass MNNanausLBIMIAINE Uz 0 quils 3 GHz
wmfmmﬂﬂaumé’uvlwﬁwﬁuviaz@ﬂﬁ'uﬁm‘ﬁ'tmfwhqﬁ'u%nﬂ?{ﬂuuﬂawmmm?{ agﬂ‘ﬁ'wmmmﬁuﬂq
%uﬂ%y'qmnﬂﬁwﬁ'unﬁl,ﬁﬂLs‘[‘ziuuu"zi'ﬂamn@mﬁy'u%agiﬁﬂizmm 3.2 GHz log V| ﬁ@hﬁgqqﬂﬂssmm
15 lulashavidadumennmsannssnuzasnauiiugaiia v,, agludumieiilndfuuvdsdiiondy

(Near-end) 3n7gn s99893nAa V,, uae v, FiaUszanm 10 lulashad wazdmsu v,,, v

229 317

wag v, ﬁy'uLfﬂu@m‘?ﬂﬁ’wamiﬁwmmﬁ'izﬁuﬁv‘imh 10 lulashavinaaaiiazae 0 4 10 GHz udatls
ﬁmmLﬁaﬁmsmwﬂﬁﬁmitﬂﬁﬂuLLﬂaq*ﬁ'ﬁgﬂLmu (Pattern) iiuou Lmﬁul‘vxlﬂwﬁ'am vV, wag v, i
finaaouaussmeanuafiuiuauLilasn ?ﬂﬁmmﬁﬂq%uﬁuﬁ 3 @m%a‘ﬁ% 3 @mﬁuﬁwﬁ'uﬂszmm 3
GHz #9l@un 3, 6, uaz 9 GHz

Voltage (uV)

Frequency (GHz)

N 4.57 ey lWihiviienihiudazaiuaee TSAI

nnwaaNy liwiuauapsgluuy (Pattern) MInauauatianNNdvasusiaulnihiudazdiu
289 TSAI FUVUHBD UL DINNNANNTUFaUYDILATIFIN TSAI [13] tilavanadrulawaludiun 1
L4

wazduN 3 2aNlaiNaINING 4.53 tanasBudunanssnunnaiuldwezaalaseaie nansngay

azgminausluidadaly
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4.2.1.2 wanifmumndauﬁfﬂ’(wawmmﬂm”aﬁv TSAI ¢1anm5tAn EMI

d' - 1% I v ' v v o dar o
HNN 4.58 ﬂa‘[ﬂiﬁaiquﬁﬂﬂwqNaﬂig'ﬂ‘uﬂ']ﬂa’]u‘[ﬂqcﬂaqa’]ﬂmqu’]wNmaaﬂﬂmzﬂ’]i

C" 4 Y d' o v d‘ o = Vv c" =)
aavauasmeaNndzassteulihmilen  Tassahefignihind@nwdsznaudie wvuil 1 @e
Tassadnareanhgunuuuulnd, wuud 2 Aslassadnaaanhgunuiisnlass 1 dw, wuun 3
Aalanaiwanaanhauinunidinlawe 2 i asuaaalumni 4.58 (a), 4.58 (b), waz 4.58 (c)

MNSAU

M 4.58 lanadnaedhazuu (a) wuudnd (Without Bend), (b) wuudishulas 1 dmw (1-
Bend), ae (¢) wuuidiulee 2 dmw (2-Bend)
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MU 4.59 TaNEIMAGA2INYANFIEAINN IFFANHNTENUNNNFLAND

10 ! I ! I ! I ! | ! I ! I ! I ! I ! I !
—— Without Bend
[ - - - 1-Bend
8F—--—--2-Bend . A

Frequency (GHz)

ANT 4.60 ws9eu W AT urLe Near-end 289 TSAI

msfnaussgulnihiiennmsannsenumesaunnlwihilFil 1958msidesusuiiasune
Blushde 3.2.3.1 aueuesaadihilddnem fvualdaaditim s wuu anuen () 35
lulaswuas duldee (1) 2.7 uazlns9aeMAg AN 4.59 Fmadnienumn (o
wnnu 18 Wulasiues anuaNwesasaith (w) wniu 30 lulasiuns, ANAINeYeeredIINseriNg
aeinh (s) whiu 30 lulases, anuvnsasiulndslud (1) whiv 10 lulaswes, wazanu
wumm%uatmmaa (b) whnu 20 lulasiuas
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10 — 71 + 1 ' 1 r 1 rr 1 r 1 r 1 T 1T r T 7
| — Without Bend ]
- - - 1-Bend I
8| \ .
—-—--2-Bend ‘

Frequency (GHz)

ANT 4.61 w9 U W AGILAYS Far-end 299 TSAT

MNP 4.60 AananauduImANNivIseulWhmil emedulng (Near-end) (Vi)
fumansznuanmsiidiulaerasasdani lugieanud 0 89 10 GHz Vi ﬂmnniﬂsqa%wﬁy’u
wWasuwasmuanudlagiimsunialuan (Fluctuation) 2asussdudaiunannmsiiaslauuudaa
Taseas athqlsﬁmmﬁaﬁmimgﬂLLUU (Pattern) M3ABUTUBY dwmiunsailaseadeinliddiulde
(Without Bend) m'suqulﬂmi?uﬁgﬂLLUUﬁLLﬁuaunimnﬂStﬁ ﬁqmmlﬁmngﬂﬁltﬁﬂaammau (Peak)
YNV, tufadian 2, 6, uaz 10 GHz Fudaztheiuanuivheiy 4 GHz feennlunsdiay

mwﬁ' 4.61 mamauaummqmmﬁ'wammé’ulﬂﬁhmﬁmﬁwmﬁnﬂné’ (far-end) (V) U
HansznuNnMsiaIulasazasseditn ludieaud o 89 10 GHz V.. ‘llEN‘V]ﬂIﬂ‘i\iﬂ%Nﬁgu
wasuulasnuanuilesimauniellinueswssduriudmduiunsdues v, dmdunsdilaseaded
fadulAgee 1 @1 (1-Bend) war Adr1ulawa 2 d3u (2-Bend) ﬁy’mﬁmf\gmﬂammau vaeqauazli
ugtuuuiiwivey udlunsdilassaiedilafidiulden (Without Bend) Vv, tiiadiuauanud
TugnBEuduaunssiiminnasgesaauraniissqaideiinnudhiu 5 GHz uasiiamsuniuia
ANNBLNINNT

NnRamMsauIa wuinslaseremetuiinadansiiaslauuuduadlaseadadadons
AsENURD Sn¥aiEMIABUFLBIIANNasaL s Ul wilenihanmsannsEnuretENLImMED

¥
a =

T snwaziieduil Wuglassadamsienzdnaiazlglumssanwuvdauiiuinguszaednanly
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¥

M5AnE AanuLNaNa I leransaanwLUy TSAT 181115080 EMI Loadgaiuszsansaw luanuideil
= = d' =Y v L o o v [~ 1 ﬂl k4
Jmandsamsiansananssnunnmslanezasaaaiilaamsrilasahaduamadeuu diald

Wannusudglassaisldenansoan EMI lauazanansarhainiszgndldnuane TSAL zesaniadanla
4.2.2 HaNMIANINILAA EMI Uuang@auIuiinnauuszuIunsIue (ground plane)

¥ v - k4 v o g; 1 1 a d! <
awmmsﬁimmswﬁ‘[mqawmmﬂmmuumNanszwumawqmniiums EMI ‘N%Lﬂuﬂtywﬂu
1 ! k4
MSANHILAZRBALUULNBAAMSAA EMI IHAUa 861 1iNaNzaakansenuaena lunuidaiiazyh

mshassaneanhdyanalddumegunuessaahdyanua iy (Read traces)

4.2.2.1 @18@uuIu TSAI aavnnagau
MW 4.62 Aa3UMAGA2INYaelATNEsINEIs TSAT MW 4.62 (a) Apduiuay
311 TSAIL YAnNAIH 6 (du Usenaudie @1ensud 1 du, anedyaneiu 2 @y, aednass

YN UMIVANANNGITEEETY (Flying height control) 1 (du, uasddedayanaudeu 2 tdu

(@)

(b)

MU 4.62 TANFTNMNAGALINYBITEY TSAI (a) M¥NG 6 L&Y, (b) AcNe8 U (Read traces)
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seduanmey Gamwi 4.62 (b) ﬁa@:mﬂﬁ'gmﬁanm‘lﬁ‘v‘hmsﬁnm Tassadeasgansaiy
Asaasuiizuea Ny (D) MNU 35 Haaluas (LNgUYNNUIUINANINEIYBIEE TSAI §1%5U
FsapafvINe 2.5") @:mﬂﬁaﬁmamm (Copper: Cu) UINANNNIN (W) (VAU 30 Tulasiuns
Farnessrieanedmthuhiu 30 Tulasuns snaeumnyasithnaweahiu 18 Tulasims 4u
lodiaasnduigqlnddlud (Polyimide) anwwwd (h) 10 lulasiuas LLax%v'uziquﬂummmaa
(Stainless steel) ANNWUWINNY 20 LulATINAT

4.2.2.2 HAMIANINUNAUVREINI gAY TSAI 9198991051881 (Read
Traces)
° A ° a2 v oA 1% v o
mathauaiiluramsdmuaEuauiiazgnldlsznaumssanuuuaednni Fnans
NN AULSNTUTAANNMINNNTTENUIBIFTNNMEUBNTALanTUSUNSH CST Microwave Studio LALHA
MInuilannaumsanaas wgnlIeunauiiatiiuanuinatasesnamsAIuIm 2935013

Munalaglusunsy CST Microwave Studio wagldanmsaneds

M 4.63 ussaulwihmilenhiivssaadiulog (v.)

Mnil 4.63 Aevwaussguliiiuiisnimnnsanszuneasauausimanluihaeusn
(V.) S‘?}qgﬂuamluwﬁm dBV (20log(V)) luga9a1ad 500 MHz-10 GHz wamsaialesld
Tusunsu CST Microwave Studio unugnatdunsWam wazwamsauiaiildanaumsasdaunuds
@ulseaues mamsiBsuiisunnmsdnanisadsaeuineesmiausy TasgEduduaud 500
4 800 MHz V,, fisdniuandwiudniios Fenahifuwssuilasnnamssmunamaiimasdanios
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]
=~ °

ANENIUALAI Loss tangent NONAUUALWNUFNMSEEE [31] tlaanudiiaautiund) 800 MHz

U

] v
= o @

PNAYDN V, LNNTUMINANIND UAZHANNMIMUINIIEBNIS V,, HAINnaLaeanuann nnuuzne
299V, imaaasnanudlssaing 4 GHz wsumsdnnalaggamsaess wasamnezes v, i
anasiianNdUszanm 6 GHz dmsunamsimualaslusunsy CST Microwave Studio Futlumasu
o a ¢ v o ¥ a ::4' -
asnnnmsiiaslyuuuguadlaseaing (Structural resonance) [32] ¥ lWtinAINABIAAARUN
edunnuamsmsilsauiisurasaadislumsdrnn atelsnan wansiautiisuiiaennud
800 MHz-4 GHz Wu 210284 V,, imilndidesnuzaaiamdsutiaenii 2 dBV auumsdiuin
V., 1739A7789 800 MHz-4 GHz azgninandndalumssanuuuaaaiiiuulysunsy CST

Microwave Studio
13 = Y a a
4.2.3 WN13aanttuy TSAI Iﬂil‘ﬁﬁﬂﬂ13§mtﬁﬂ1u']ﬁ@lﬂataﬂmﬁﬂ

4 w g a o a J o v Y =

mssanuuulegldnanmsguydaluzulodianedn muditiaualilumdes 3.2.3.2 Aamawz

Fuilediina3nyesasdii nngU 4.64 Fanwnnzasuladianasn (h) whiu 10 lulaswas
= o A
MIANINBNIENUIINTLELANNNINLBIMSETIE (d) TumMeanuuUaITTMsUasuauIanNNrINYBY
a < v S < o T

msnzlasdadumlasidud %d = 0% (Lifimsing), 25%, 50%, 75%, waz 100% (MN5LAILBBN
& N oo = aa X o ~ o a a
NIVNA) WNHeashazuansdananmsaanuuulasismsilfe wssaulniiuiledth Usednsamnms
1891 (Shielding effectiveness) Usz@nSmwmsarIuduanauasans TSAI MBNALaudsEINae

¢ (Differential impedance) Waz Crosstalk

Cu

>

ssssssssssss
isssssssssssnnEs

Polyimide |

Comne
¢
<

Stainless
steel

C— iy —e—3 — hh(*-

M 4.64 laa i lEdnwransznunnszazaNNdnsaamMsiztuladidnasn (d)



133

4.2.3.1 usseuwnilnhnnuanssmusssmalasuudaspnumnzeamsinzsulad
Wanasn
il 4.65 Aemnaussduliunilenth (v,) Adnnuld dudasiasifudan
ﬁnmaqmmm%y'ulmﬁLﬁnm%nﬁagiiwiNmﬂﬁaﬁw (%d) HANDUAUBINNANNAYDINNTEHLYBINTLAE
v, fimadisdumumaiinenad daiunlefifudanudnsasmansiy v, asdidaadasaaan
asenudfiuans Taefi %d = 25, 50, wow 75% aansnaanne V,, 16de 12.5 dB Tasfsedums
anasiilaidfmuhiunmue %ﬁL’ﬂuwaﬁul,ﬁmmmﬂﬁmﬂsﬁmuQumimﬁ'mﬁﬁ:iwmﬂﬁa Coupling
coefficient (k) [33] T ilndidseruannasuaaslumwi 4.66 Fasiuiiiszay 25 89 75
lulasiwastiuen k_ Senitlndidaetuann Tagiiendngauas k_azegil 50 lulasiasioganananuas

]
=~

M NNAARLALINUNTEBE %d = 25, 50, WAz 75% N 25-75% MW@ v, NlnatAesiu uas
1] 1 1 4 1 v
aziimndganszasianangasanunnmMaziuladianain uazil %d = 100% 2u10P83 V,, Ui
\ 4 1 14 v 1 v
mspduiiadumumaiiaiugasm k, manzduladidnasniagszninaeaninudumstuulas
v . . . v ] a o a 4 o aa <
@1 Effective dielectric constant ﬂaﬁiﬂiﬂﬂiﬂﬂ‘[ﬂﬂﬂ’liaﬂﬂﬂﬂE]Laﬂ(il‘jﬂf\]’lﬂ & =3.5 mtﬂuwm‘[waalm
I d! | \ a = £ Y d' a tg
iy g =1 2991ma Feazdmansznuaamstiamsgadewasnurasaunluihifoduly
o ) ) o & v &
Taseaaidnarn lusaau Wi vl et nmMsaNASENUBIFUINMEUDNUUINDY HIUUNITDANULU
g TSAL (aaaKansznuNN EMI medimawzuladianainiiagsesninaaanhiludnniaisi

gansoihanldnula

mMui 4.13 wssaulihwmilsnhiudazilasidudanadnzasmsinzyuladianainnagssninee

M (%d)
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5
-
_éﬁ 0.16
=
= 015
O
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d (um)

AW 4.66 Coupling coefficient (k) Audazilasdudanuansaamsnzduladanasn [33]

4.2.3.2 UszansnmwmsaNrudaanuansznuaaNm siUa suulava N ey
mamzauladisnnsn

{ v a £ DR o ¥ o a
MWD 4.67 ﬁBﬂuﬂizﬂ‘ﬂﬁfﬂiiﬂN']uﬂiyiy]’]m‘llﬂ\iﬂ’lﬁm’.]u’] NNFTUINIODUTUBDINN

1y
aa

\ = ' o s £ v & d o X \
ANNONTN 1.5 GHz o8 2 GHz wmmumauﬂssawﬁmsmmuuuaﬂaqLﬁammmwugwuuaﬂuma

[N}
o

anudnIELainuinsanasasduUszansmdiiiuduazanasudududuiunmsiinanud
é’ﬂwm:ﬁtﬁm%uﬁtﬂuNamﬂmsqmLﬁﬂﬁﬂé'wmﬁ'tytywmiuamﬁﬁtyﬁmmﬁmm?{qqé”ul,ﬁmmmﬂ
AmMaNUANIFayde (Lossy) ammualitulasedeihmsdngm Wafinsanvunevesdyanudissau
-3 dB dwiunstinliimansizuladiinesn (sd = 0%) wuhdnuszansmaderihudyanaiuen
8937 -3 dB finNud 1.615 GHz Wilavhmsufindadiiudmsine (%d) fManudfigulszanams
durhuanasani -3 dB %Lﬁmja%uﬁa #i ood Iy 25%, 50%, T5%, waz 100% MANNERH
Fulszansmsdernuanacand -3 dB ﬁul,ﬁugq%mﬂu 1.680, 1.835, 1.942, U8z 1.942 MNEIGU
msLiiNduaeANdd -3 dB ﬂaqﬁuﬂszﬁw'ﬁ(msdqmuwmﬁtytyﬂmﬁy’uwmﬂﬁq a8 TSAT i
aammummsadqqué”ty,ty,wmlw&wmm5ﬁ§qlﬁimﬂﬁﬁwé’maﬁtytywmlu’aﬂmﬁmiﬂ -3 dB e
8621 TSAT ananseldnulunauaud (Frequency bandwidth) ‘ﬁﬁj\i%ulﬂﬂﬂﬂ’lﬂﬁuLﬂﬂ%L%uﬁﬂ’li
wnztuladidnesn suhidimsmiheuetazdiodiinyszansmwlimednhdyana TSAT anseld
aluthuemuigetude
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i o s &£ r I = & a a & '
NINN 4.67 ﬂuﬂisﬂﬂﬁﬂ’liﬂﬁN']‘uﬁl,l,(ﬂa%l,ﬂE]{L"deu(ifﬂ"]'lﬁdaﬂ“ZIBQﬂ']'iL"ZﬂZ‘lfulﬂE]Lgﬂﬁliﬂﬂaél’izﬂ'ﬂﬁﬂ’lﬂ

1 (%d)

4.2.3.3 DNRUAUTTZINGEAIININHENTENUYNMTIUFUUUBNATINNUIYBNATS
inesuladidnnsn
P - o " a o 7 ' v o a ¢S &

MWH 4.68 Aanamsmuuaduiuaudssninaamihiueazilasigudananin
aaM3esuladidnnsn NANanaUFUBINIANND 11219 800 MHz §14 4 GHz MaNfiuaudsening
aeathiuanatmumsiiaaNd Felutie 800 MHz 64 1.6 GHz azanadtadesiatii daa
a ol S a X ' o = X v s S & & a o
dutiuaudnegaaziiozulurnenud 2.0 &9 2.4 GHz lesaziuagnuamlasigudmsnzguladian

a o PN < < I'd & a g a 3 Y 1 a o P a X A
a3n lasiimsiiaulasidudanumnaaamsnzsuladianasnasilimduiiuaudisgatindui
ANNDGNIU Ansanizunezasdniuaudiiuannmstiulasiiudanunumesmsignzauladidn

" a o

a3 wuhmsiiindadiFudanumnsasmsinzsulodiinasntuinavh i suiuaudsziee
ftuingy Tasawzlugneenud 800 MHz 84 1.6 GHz manfiuaudaziindusthadiuldie ud
ashalsfionuiilannudiiisduannnt 1.6 GHz edwudiuaudsrhemnadnhasgimiien 50 Taviu was
1M15UNIN (Fluctuation) agluzae 50 84 50.75 laviu nauaflausasliiiuiinmsasuula
wWasiBudanumnasmsimzsuladiinasnaunsefiazldfwunazasdufiuaudse wimadiii
Tug19au8 800 MHz 89 1.6 GHz ladeazfudszloniaansaanuuutileumBeduiuaudszing

Traanuanaaihlumslinuasa
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= a o 07 ' R s S @ = & a s a d '
NNNN 4.68 ElNWLLGlU‘H’is’JNmEIGI’leLLGlasl,‘lJE]'iL"Zi‘uGlﬂ’J”mamlmm‘iL‘mswulﬂE]LaﬂGl’iﬂ‘VlaglJ'iz“Vi’JN

ea21 (%d)

4.2.3.4 Crosstalk (XT)

AWT 4.69 @8 Crosstalk Aighulna (FEXT) fudaziadifudanumunaasmsiss
Fuladidne3n MnuanavaLawneaNNEluTIe 800 MHz 89 4 GHz 210289 FEXT Sutiiaiiuans
mstineNd aghalsiony sRansanuansenunnmsenzsulodidnasnazwui surauas FEXT
luzhe 800 MHz 84 2 GHz asilnatufuadifudanumnussmsinziuladiinesn Tag FEXT axdl
nneanaudaiiuediiudanumnuasmsinzsuladidnasn duumsinzsuladidnasni 1009
Tug9AnuE 800 MHz 4 1 GHz Maanaduas FEXT azagiuszana 1 dB udiilannudiiuannnd
1 GHz FEXT 9ziimsanatannnii 1.5 dB anwadilauaasliifiuiimsasnuuuans TSAT @2e58ms
wnzsuladidne3niuansaiiazaaunaues FEXT 1@ Tasmsinzsuladiinasndi 100% azliuams
90 FEXT fiafigadwiulasiadi TSAI fthiaue
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WA 4.69 FEXT Nnuansznuzadmslasundatanuvingasnsinzsuloddnnsn

o o o
4.2.4 janitaanuuu TSAI IﬂﬂﬁaﬂﬂWiQmslu']ﬁ@'tLNtﬁﬂﬂ

masanuuulaglivinmagandeluiaquaiminlumsinuiidie maduiuiaggeduiiiiuiag
WaiLdn (Magnetic material) adlufigainessnesnedah (Cu) Tﬂﬂﬁﬂamwumm%’ui’a%m% ()
duasliiuasdaslivuniunihanumnsasssdnide 18 lulaswasdeuaaslumwii 4.70
Tasaa1e TSAI fithiaguaasgnida (Filled) Buiag@aduiitasseninmednhaaaanadu madnm
HaNsENUNNTTBzANAMNZaN NI Fagadutiy Tumsaanuuuashimaasumnaanumnuesdy
180Qedu t =0 (lLifimséin), 3, 6, 9, 12, 15, war 18 lulasiuas (m‘s@uﬁy’wm) W dmasi

zudastanamseanuuulasisnsiiie useaulniiniienih UssdnsSariwnnsileesny (Shielding

v o

effectiveness) wazdszanSmwmsgazuduanMsuNMU

o o
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MW 4.70 Ta59a519 TSAI fﬂ%’ﬁﬂmwaﬂi:wumﬂmmﬁui’aqgm%’u BSR-1

4.2.4.1 useeuniieniuazszinsmmmstlaany (Shielding effectiveness: SE) 210
HanTsNUNMSUAEUUUAA NIy (1 )

AW 4.71 FenanauaLBINNANNEIN 0 B4 20 GHz BaswssulWihmilenh
(v,) Pdnnaldnnudszanuvmuesiaggatu (¢ ) msnausussmeanuiaes v, dwmunsd ¢
< 6 lulasims v,, asdiisdunuenudotenailudaenud o & 10 GHz Mty v, azludeqe
fifiehgeigafienuduandeiu Milmaiemgganas v, diflukannmaiasTawuudaaslasaads
Tﬂﬂmm?{mﬁ@hgqqm&u%uﬁum t uanaNtU HeMNMsLUaEum t deiinansznuden vV, fa vV,
asdienanasemumstiingas ¢ Rasanan e =0 (hifimsidaiaagadu) azlvan v, gegauinu
15.9 lulashay e 11.5 GHz, 7 «_ = 3 lulaswasasliien v, gegaudu 12.5 lulashar
anwf 11.0 GHz, 7 ¢ = 6 lulaswasaslien v, gegaudu 10.0 lulashas fienud 10.0 GHz,
wasii ¢ = 9 lulaswasaslian v, gsgauhdu 3.5 lulashad ienwd 9.5 GHz deldaiiiu ms
dinen ¢ > 12 lulaswns v, ldiredaitszana 1.5 lulashar Failudasiluaaaaraing
A 0 f4 20 GHz Msamaswes V,, mumaii ¢ vuflusesudasnnnaadnuasmagaydams
waitndn (magnetic loss properties) ?laﬁ'ﬂ@! BSR-1 ﬁﬂ’]‘i&jmvLaﬂﬂﬁﬂttﬁtwﬁﬂﬁu%uE]gl:fTUﬂ’liLﬂal'EluLL‘lJEN
@ (reflective loss: R) MnuamatUasuuilasd ¢ faansasnunndaysauantinmeuiminues
BSR-1 muimhiaualilusda 3.5 [54] Mwih 4.20 AaAnuFNNUsIznINMIgLFanNMIasiauy

NaU (R) AUSTAUANNWIILIMIQATU (¢ ) FawuhmsazdaunauzaspduiivhlUgiukugatuiiu-
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20

—without filling =~~~ © " T
— — t =3um
-« =t =6um
15 =-—t =9um
—-=-t =12um

- o E———

*
- — ——

0 2 4 6 8 10 12 14 16 18 20

Frequency (GHz)

Mui 4.71 unaulwihwiisnhiudasmsdsuwlasenamneesiuiagaedu ()

-0.05¢ .
—_—— '0.1 B =
m
Z

_0_15_& tm=3pm _t-
o vV t,=6um

X t,=9um I
_0_2_* t,=12 um |
+ t,=15um
0 t,=18 um
025 5 10 15 20
Frequency (GHz)

NN 4.72 MIgaydeanmaazyiou (Reflective loss)

anaLilatiNANNUUIZBNEIQaTU UuNINaTaIag BSR-1 sansagagduaauulwan llihlamniu
WaenuvYesty BSR-1 tiasnnzu Sullunarhlviuamsiiinszauanavinyesiigadu (¢ ) 39
1% v, fidhaeas aeuumssanuuuas TSAI LlaaanansznuaIN EMI ¢8tdna19agumaultvani
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Farieserninaeanhndudnuiisisianansothinldaanansenuanmsiia EMI vuaeiidaan
TSAI 1§

4.2.4.2 Uszansnwmsilavau (Shielding effectiveness)
NAMND 4.73 AaUszanSamwmsilasnuady (SE) #alluzaelasadda TSAI Nou
Fuiagaedu ¢ = 18 lulaswasasliigasinseuinmednh (Cu) @ SE Alddunannmsdiuia

Tuade 3.2.3.1  Tagldandndede ussaulwimiianiesensdilaiinisduisgaadu

Y 1 cl'VLQI T L Y d' ) dd‘ = L
(VFE , R ) wazldanlaannnseanwuulvife LLNﬂuVlWWWLMuEnuT’ZImﬂim‘YILmu’mﬂ
without filling a

oty 18 Wlaswas (Vg ., , _ . um )
m =

V . o
SE — 2010g FEWlthoutfllllng (4.4)

FEwith tm=18um

39 —

30

[J
N
T

—%
wn
T

‘."“"“ﬂ“m L L

10t

0 T LA B T T T T T T
0.1 1 10 20

Frequency (GHz)

M 4.73 Uszdnimwmsilasiuiie ¢ = 18 lulasiuns

PNHAMIANUIN KANBUFUBINIANNELUEIANNE 0 B9 600 MHz F1wae SE Huasid
Uszanas 11 dB Mntiufienadannni 600 MHz SE amﬁu‘ﬁuath‘smﬁ'munizﬁ’ﬂﬂ5whgqqmwhﬁ’u
30 dB fianud 12 GHz Mntufienuianni 12.5 GHz SE azaaatagenaiiaunssivasni
Uszanos 10 dB #And 19 GHz uazaasasndniiiaanudinnndy 19 GHz agalsfion dmiu

TSAI fisanuuulasmstdniaggaduiianuvu 18 lulaswasuy snsadlasnudyanasuniuan
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MsannsENUTN NN EN A Meauanlatiuni 10 dB ludanudasus 100 MHz 89 19 GHz
uazazlvilszandmwmstlasiudyanaldgengaunnu 30 dB 1a1ud 12 GHz

4.2.4.3 migaguwasnunnagyaasuniuluaedii

mstauadiuiiiliunanisirasslunsdinmsiiadyarnsuniuameluas
(Conduction in-line noise) Fdnwazdyanmsunimudyanasuniuasluiia (Harmonic noise)
fafivnaualuiige 3.2.3.3 mamiﬁﬁmmm%ﬁmiwv’i’mi@m%’uwé’wumné’mtywmsumuﬁ?u

o W [

gaNdusEnINmaNgyLFatuiany

Usznauaie Reflection loss, IS I, k@ Insertion loss, IS

117 21|’

]
a o [

BUNG (P, /P ), WagHafNIENIN P, /P dmsunsainliimsidnianaadununsainiiaisngadu
9 0SS mn loss m Y U

18 lulaswas (Ap, /P )

1) Reflection loss, IS 11> 8% Insertion loss, IS,/

|, waz Insertion loss, IS, | Z4l@a1nMs

NaOBUFUBINNANNDYBN Reflection loss, 1S,

dun luvhda 5.2.3.3 awil 4.74 Faenuduiussevinuanauauasneanuioas Is, | fu
waﬂiswumﬂmmﬁNmmwumm%ui'aqgﬂﬁu (®) ﬁ’]ﬂ’%’uiﬂ’iﬂﬁ%ﬂﬁﬁﬂ’i’lﬂﬂ’lﬂﬂ’]'iLaNa’ﬂQQﬂ‘i‘i’U
(Without BSR-1) 1S, | astfisdumuanudlugag 100 &4 600 MHz Mnduiedidanas Serinle is, |
fiunagandn -10 dB Ai429ANuA 400 MHz 89 1 GHz B lumnamsiiia Reflection loss i Laitilufl
aaamslumsldnuaaduyann a&hﬂsﬁmuLﬁ"aLﬁ'ummwmwm%ui'a%ﬂﬁu avdana1i 1s | il

29aaa lagdmiuiianumnuesiuisoaedu ¢, = 18 lulaswas IS | duaziiaeind -17.5 dB

AN 4.74 HOADUFUBINNANNDYBY Reflection loss (IS,,])
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0 —
10+ -
SRS Without BSR-1
---t =3um
/-\-20— m
% -- -t =6um
~ [ ===t =9um
T530F--t =12um
2] L e t =15um
—t =18 um
-40 |- "
-50 ——— ) — :
0.1 1 10 20

Frequency (GHz)

MW 4.75 NAABUFUBNTNNANINDYEN Insertion loss (IS,,1)

AW 4.75 AemudiussznianenauFuaINNANNAYRd IS, | AUNNTENUINMISLY
AnavNYaNEUTagaFy (¢ ) Hamsdwmwuh IS, | fnneanauiaanudiiudy adlsfouila
andniaagadudh llulassedsasdemavilsl 1s, | fdamnanatmuanuiiitu Ansanienad 20
GHz eiw%ummwuwaq%v'u’fa%m%u t, = 0 (Without BSR-1) #u1@84 IS, | {iAW¥ny -15 dB
nnudaiiinenumnsastuisgeadudy ¢ -3, 6,9, 12, 15, uar 18 lulasiuns asdenarinl
1s,,| aeauilu -20, -28, -35, -40, -43, uaz -45 dBaNEIGU NnFNYATIUMITaeiuFy v
sUNMUEI§Naiia (Harmonic noise) NE1UANNDGA (Stop band) #lashiaualusie 3.3.3 v
Taseada TSAI fdnduiaagaduiianaumn ¢ = 18 lulaswaslinemstiasfudyanusumusdue
ﬁﬂléfﬂszaw%mwgﬁqm Fennuamasnnadldiy msanasea IS, uag 1S, | MUMIANANNWL
sastiaagaduiu Wineduilaunnnuamsgaduiiiennmagadsluiaauimdnduiudadu
Tosassuamamnuasiiaaaadu (¢ ) dwusadlumwi 4.72

2) 9NFINTENINAMNGYFAUASINIUBUNG (P, /P, ) UDSHAGTNIENIN
P, /P dwsunsdifiliiimaaniaggadudunsdiiduisagady 18 lulasas
(4p,

gaNdiuszInMangadenumasanudune (P,

loss

oss/Pin)
/P.) [34] Aawniltaasignly
uaaeUszdnsnmmsgadudyanusunIuasuaiia (Harmonic noise) Alguausluide 3.2.3.3

MWN 4.76 ARHAABDUAUBININANNDYDY (P, /P,.) AUMstUdauudasanumnuessulangadu ¢

loss

dmsulaseadiunannmsaniangady (Without BSR-1) 02134310 100 MHz &9 600 MHz

p_ /P dewnulddaszang 0.15 1nuy P, /P, aziizinatfinduaiun)stinenudaunsznads
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0.95 1A7ND 20 GHz LWXZY KanssnuNMsinIaaaaduly TSAI wud éwes P /P, astiiady
MUMSANIEAUANNNUNTUITAAATY £ UBNIINUY I0ANNDTUMSITNNIUZEY P, /P, UBZ]0

ANNDN M GIEA UL ERUINRNNANNAMMNMINNIINGZET £, IMILANITAYATUTZAUAN NN

t, =18 lulaswasasili P /P, fienanniige Tag P /P, 9zi3uW2uiiaud 140 MHz uaziien

NNNFALINAY 1 18N 6 GHz

]
[

NN 4.76 doNFIUTERINMBINGYLFe

Y o W Y A

UMNAUDUNG (P,

loss

/Pin)
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MW 4.77 wadnszwin P /P nsdiliinsiduiaggeduneznsdiildniaggedu 18 lulasuas

o w

wazUssansmwmsgatudyanmsuniugns (Ap

loss

/P,) [34]

Wil 4.77 Aawadneszin P /P nsdiflfimsidiniaggeduiunsdiniinisgge
du t =18 lulaswas wwswﬁma%ﬁ’lﬁ'uamﬂisawﬁmwmsgm%’uﬁ'fyfywmsumuﬁl,ﬂwhqw% (net)
fnman P_/pP dwdunsdiilifimaduisagadu @ p_/P- Feazidunstiuiinnud 500 MHz
Wil P /P geg@uiiu 0.95 finnud 20 GHz wasdwiunsdinianisggatuiinnumun ¢ -

loss

loss

18 lulaswues é P /P, azi3unadufianadneniide 0.14 MHz uilvan p__/P, gegauiiu 1.0
< o = = A v o v Y oo & g < a a o
1awd 6 GHz wamstUFeuisui ldaudunviduiuaszaduduaadelszdninmmagadu

v - 5 . g odox L &
doyanmsunmugns (Ap, /P,) [35] astiud1 AP /P, WuiinumuandagNdaauaunsenads

loss

900 MHz azld Ap_ /P uihdu 0.325 anuu Ap,_ /P aziiéigediudnaunsznalufearannige

" < o o a4 & X ' 4 o A
WY 3.75 1ANND 2.4 GHz wastilannudiinduiiunil 2.4 GHz uu Ap_ /P, aziimfianas
agnlsfenumsaanuuu TSAI memsiinigggaguinanum ¢, = 18 lulaswasuuazlia P /P,
P 4 & 4 a8 a v o o ' a ' v o
ngegansaanalvivssdnsamnwmsgedudyanmsumunidudians (net) 3nnd1 0.325 ludieanud
900 MHz i 2 GHz
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OSAKLANG eral : PRACTICAL CROSSTALK REDUCTION TECHNIQUE
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Fig. 2. Coupled mechanisms excited by a plane wave on the traces.

v - |28 .

I L) L

Fig. 3. Generator and receptor traces with source and loads on a microstrip-
printed circuit board.

can be assumed to be a quasi-TEM. The electric field (E-field)
and magnetic field components of the incident wave induce volt-
ages along the TSAT longitudinal trace and transverse trace, as
presented in Fig, 2.

In Fig. 3, we see the equivalent circuits of the proposed model
for analyzing a crosstalk effect and a transmission character-
istic [3]. The percentages of groove depths of TSAI structure is
d = 0 (without groove), 25, 50, 75, and 100% (fully removed
dielectric), respectively. A voltage source Vs(f) consists of a
source internal resistance fig and is connected to a load [y, via
a generator trace. Two other terminals, represented by resistors
Ry g and Rpg, are also connected by a receptor/victim trace.
The crosstalk is expressed using voltage at the far-end terminal
as 20log |[Veexr/Vs . represented by FEXT. The transmis-
sion coefficients 7 on the generator conductor can be determined
using 7 = 20log |V /Vs [10]

For external EMI analysis of coupling mechanisms in Fig. 2,
it can be represented in terms of impressed sources e(y) and
i(3/), and the per-unit length equivalent circuit as shown i Fig. 4
which is developed from a 3-D model of equivalent circuit, pro-
posed by Sali [11]. It is assumed that TSAI has the near- and
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A 3-D model of conventional 'ISAI 1s validated lor its ac-
curacy using an analytical model suggested in [12]. TSAI is
exposed to the incident field of 10-GHz bandwidth Gaussian
pulse with amplitude of 1 V/m. To obtain maximum coupling,
the propagating field is oriented such that an E-field is parallel
to XZ-plane (# = %7, » = 90°; see Fig. 1).

Fig. 5 shows Vg in dB using commercial CST software as
compared to the transmission line (TML) model. For TSAl with
the length of 35 mm (2.5-inch drives) possessing a lossy poly-
imide dielectric as substrate, the traces from Fig. 3 indicate that
both methods produce rather similar results, deviate by <2 dB.
in the frequency range of 0.8 to 4 GHz. Hence, the subsequent
results are focused up to 4-GHz frequency. Beyond 4 GHz, the
TML model indicates a resonance whereby a small dip is de-
picted. It is suspected that the per-unit length and loss tangent
in TML are inaccurate at this GHz frequency.

A. Crosstalk Voltage and the Characteristic Impedance Due
to Groove Depths

The effect of edging the dielectric groove on the induced
voltage is under investigation. The variations in Vi g versus fre-
quency are depicted in Fig. 6 with various groove depths. An
over 12.5-dB decoupling in the entire frequency range with in-
creasing groove depth from 25% to 75% is observed and the
decoupling effects are about the same, This is possibly because
coupling coefficients k., of groove depths between 25%=75%.
are almost equally as presented by Engel [ 16]. However, Vi is
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Fig. 6. | = with various groove depths.

P IEYMEI Y |NEE )

Fig. 7. Characteristic impedance of the proposed model with various groove
depths.

increasing for 100% groove depth which is the undesirable char-
acteristic to the EMI suppression. When the groove becomes
deeper, more polyimide with high-dielectric constant (&, =
3.5) 1s removed and is replaced by air (s, = 1). Hence, the
lower effective ¢ 1s the result [13], [14]. The grooved model is
a practical approach to reduce the effects of external EMI field,
especially when the groove depth is in the 25% to 75% range.

The effects of additional groove depths versus frequency
to characteristic impedance Z¢ of the proposed structure are
shown in Fig. 7 [15]. In the 0.8- to 2-GHz range, the Z¢ in-
creases as the groove becomes deeper. However, Z¢ vanations
for 25%=75% groove depths have no effects on the crosstalk
voltage (Vig).

B. Crosstalk and Transmission Characteristics

The effects due to dielectric groove loss on the crosstalk and
transmission performance are investigated. As shown in Fig. 8,
FEXT voltage versus frequency is presented for the proposed
maodel with various percentages of groove depth. Voltage reduc-
tion at F'EXT in the entire frequency range decreases with in-
creasing groove depth. As the groove gets deeper. the effective
dielectric constant and mutual capacitance become lower. Also,
the Vi amplitude decreases [14]. The attenuation of crosstalk
depends upon the groove depth, with the largest attenuation oc-
curring when the dielectric between the traces 1s total removed
(100% groove). From these results, the novel model achieves
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Fig. 8. Crosstalk at far-end terminal with various groove depths.

Frequency (GHz)

Fig. 9. Zoom-in transmission coefficient with various groove depths.

the objective by reducing the crosstalk at the far-end terminal
where the read sensor is located.

Fig. 9 shows the 7 versus frequency for various groove
depths. It can be seen that for 75% groove depth, the 3-dB
bandwidth of 7 is broader by 20%, ie., from 1.615 to 1.942
GHz. A very small gain in bandwidth is achieved for greater
than 75% groove depth.

IV. CONCLUSION

A novel decoupling TSAI of length 35 mm. whereby the di-
electric substrate layer is removed from the TSAI traces to re-
duce the crosstalk as well as s weight is proposed. Using a
3-D CST program, the groove depth between 25%-75% pro-
vides more than 12.5-dB decoupling in the frequency range of
0.8 10 4 GHz. At 75% groove depth, an increase of transmission
bandwidth by 20% iz obtained. The trace Z¢ has little influ-
ence on the decoupling level for 25%—75% depths. Hence, addi-
tional groove depths can reduce crosstalk voltage and therefore
strengthening the immunity from external unwanted field cou-
pling at the reader sensor as well as offering weight reduction
and improve TSAI bandwidth.
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3D electromagnetic simulation tool, the scattering
parameters (S-parameters) are calculated and the
parameters are used to be the crosstalk indicator.

II. THE SUSPENSION ASSEMBLY
INTERCONNECTING TRACE
STRUCTURE

The 3D model of SAIT, commercially used in
the HDD industrial, and the cross section are
shown in Fig. 2. It is composed of 3 layers, i.e. the
insulator layer, conductor line layer, and backing
layer which included polyimide, copper, and
stainless steel. The 6 conductive traces consist of a
write pair, a read pair, and a heating circuit line
(H). The trace width (W), the distance of edge-to-
edge between traces (D), and the distance of edge-
to-edge between the read trace and the heater trace
(S), are 30.5, 30.5, and 535 pun, respectively. The
thicknesses of the stainless steel, polyimide, and
copper are 20, 10, and 18 pum, respectively. The
relative permittivity of polyimide is 3.2, while the
conductivity of stainless steel and copper are
1.1%10° S/m and 5.8x107 S/m, respectively [12].

process. For SS, the conductor lines on this section
are straight and the write and read pair spacing is
kept constant. Around BS, the conductor lines on
this section are bent and the write-read pair
spacing are varied. FS consists of the read pads,
the write pads, and the heating pads connected
with the pads on the recording head whereas the
spacing between the write-read pair is not
constant.

In the cases of a differential line pair, it is
characterized by the differential impedance (Z;g).
In the SAIT segmentation length, Z;; is selected
as the criteria to locate the section-to-section
demarcation. The Z is the calculating impedance
viewing from the left side of each section with a
50-€2 load at the other end. The segment length is
determined such that the change of Z;1s less than
only 3% hence, the terminal location between two
sections has no effect on the crosstalk levels of
each section as reported by Hentges [10].

III. THE CROSSTALK PHENOMENON
ON THE INTERCONNECT

The electromagnetic coupling mechanisms on
the SAIT are reported in [3]. It is the transport of
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L4, respectively [13].

The S-parameters are calculated and are
utilized as the indicator of energy coupled from
the write pair to the read pair due to the crosstalk
phenomenon. It has been reported that S-
parameters given in (3) give more accurate results
at high frequency than other parameters [14].

Vo
3"(.:.'8):2()103{ +] )
Vil )
E =0 for k= f
where Sy is the transmission coefficient from port
to port 7 and all remaining ports are terminated in
the matched load (V, = 0 for k # j). The F7is a

reflected voltage and J-is an incident voltage.

Generally, the coupling on the victim line (the
read line) is represented by two parameters, i.e. the
near-end crosstalk (NEXT) and the far-end
crosstalk (FEXT), which is the write-to-read signal
coupling observed at the near-end side and the far-
end head side of the read lines, respectively.
Figure 4 shows the 4-port network diagram.
Therefore, NEXT in terms of Sy is the ratio
between an incident voltage applied at port 1 to a
reflected voltage from port 3. Similarly, FEXT in

U .
[15], which is based on the finite integral
technique. The number of cuboids is about 10°
cells. The operating frequency in this study is
0.01-1.0 GHz, which is compatible with the test
procedure in industrial. The boundary condition is
set as the magnetic wall for all directions which is
recommended for the signal integrity problem

[15].

V. RESULTS AND DISCUSSIONS

A. The crosstalk on each SAIT section

The crosstalk levels of 4 portions of SAIT are
shown in Fig. 5. It is found that the crosstalk at NE
of BS is calculated to be -96 dB, in a frequency
range of 10-560 MHz. Also, a very low FEXT of -
124 dB is observed in a range of 10400 MHz. For
FS, the crosstalk trace indicates a sharp null of -
146 dB at the FE side and occurs around 550
MHz, It might be contributed from the FS acts like
the LC resonator of the defected ground structure
due to the aperture in the backing layer [16].
While at the NE side, it is almost constant at a
level of -99 dB. For BS at NE and FS at FE, it is
shown that the crosstalk is in an acceptable range.
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Table 1: The self~ and mutual- crosstalk
parameters of 4 sections at 0.12 GHz 0 T
Section
Parameter
NS SS BS FS S e e S |
Cos (0F) | 047700 | 006110 | 000120 | 000923 _ N\\l
o —a&— NEXT: conventional N§ —4&— FEXT: conventional NS
Lws (nH) | 00256 | 00461 01580 01030 S NEXT: S o NS m— FEXT: o o S
Coa (pF) 1360 4420 1410 0.871 g O —— NEXT: 100% filed NS —— FEXT: 100% filled NS .
g
L(puH 1.290 0.398 1240 2.580 g _
o(HH) C == ————f-————g-—g-—g—"8 o —F
Cos/Caa [351.91740] 13682699 | 789250 | 1060438 ’s 4
5 ) o = =
Lol | 199210°] 1.16%10 12710 | 4.01x10 g ===
(a)
-30 T
——— NEXT: with NS
4of ——— FEXT:withNs o~ d

—O— NEXT: without NS
—©O— FEXT: without NS

Crosstalk (dB)
o
3

T
———— O ===

€0 1

-a0 d

o1 1
Frequency (GHz)
Fig. 6. The crosstalk levels on SAIT in case with
and remove NS.

The crosstalk at the NE side of SS is increased
with the increasing of frequency and is calculated
to be -81.1 dB at 1 GHz, while the crosstalk at FE
side is observed as constant at -89.6 dB. For NS, it
processes the highest crosstalk of -64.3 dB at NE
and -63.9 dB at FE. This can be explained in terms
of the spacing between the write and read pair that
the narrowing space between the write and read
pair possess a stronger coupling and this is in
agreement with the result in [13].

This spacing can be represented by C,,; and
the corresponding parameters obtained from the
CST are shown in Table 1. NS has the largest C,;
and hence, the crosstalk levels are the highest. In
addition, it is observed that the crosstalk levels of
the portions are correlating to C,s/Cy ratio of the
induced voltage [17]. The L./, ratio is very
small in every section analyzed when compared
against the C,/Cyy ratio and hence L, /L, can be
neglected. The C,/C,; ratio correlates with the
crosstalk level depicted in Fig. 5. In summary, the
highest to the smallest crosstalk levels are NS, SS,
FS, and BS, respectively.

Crosstalk (dB)

Py 4
—— NEXT. SAIT with conventional N$ — -4 — NEXT: SAIT with conventional NS

—m— NEXT. SAIT with 50% filled NS — 41— NEXT. SAIT with 50% filled NS
—— NEXT: SAIT with 100% filled NS — #(— NEXT: SAIT with 108% filled NS

-110
0.01 01 1
Frequency (GHz)

Fig. 7. The crosstalk levels of (a) NS with filled
and conventional backing layer and (b) SAIT with
filled and conventional NS backing layer.

B. SAIT with and without the near-end section

In industrial practice, NS is removed from
SAIT before it is installed in the HDD. However,
NS is necessary during the recording head testing
processes. There are many test steps where the
write-to-read coupling level from the crosstalk can
be ascertained. The crosstalk levels with and
without NS are compared and are shown in Fig. 6.

From Fig. 6, NEXT and FEXT voltages with
NS are higher than SAIT with NS being removed
by about 5 dB and 16 dB at 1 GHz, respectively.
This is due to the fact that NS is the first section
connected to the source in the testing process. The
crosstalk levels are higher than SAIT without NS.
Hence, a strong crosstalk effect occurred on the
SAIT used in the testing process may cause
inaccurate test results or totally misinterpreting a
recording head performance before being installed
ina HDD.
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C. The effect of stainless steel filled backing
layer of the near-end section

Instead of analyzing using a conventional
windowed backing layer at NS, the percentage of
stainless steel of backing layer is also used. The
crosstalk of the filled percentage and conventional
backing layer is compared and is shown in Fig. 7a.
The crosstalk levels of the conventional NS are in
the range of -64 - -65 dB, while 50% filled and
100% filled are about -74 dB and -77 dB,
respectively. This is in agreement with the results
described in [10].

The crosstalk levels of the entire SAIT with
the filled and conventional backing layer of NS
with the conventional, 50% filled with stainless
steel, and 100% filled with stainless steel backing
layer are shown in Fig. 7b. It can be noticed that at
10 MHz, the NEXT and FEXT of the entire SAIT
with  100% filled with stainless steel are
suppressed 14 dB and 33 dB, respectively, when
compared with the conventional SAIT. In addition,
the crosstalk levels of SAIT decreased when the
crosstalk levels of NS are also low. Therefore, to
avoid the recording head degradation and to
improve the performance, the designer must
suppress the NS crosstalk.

VI. CONCLUSIONS
The methodology to identify the crosstalk
effect on the 6-trace SAIT is proposed. Since the
SAIT structure is complex and non-uniform, it is
divided into 4 sections according to the physical
shape and Z,; The crosstalk levels represented by
S-parameters obtained from the commercial
software of all sections are enumerated. It is
determined that the BS has the lowest crosstalk
levels whereas the NS has the highest crosstalk
levels. This strong coupling exists at the NS which
elevates the crosstalk level of the entire SAIT.
Consequently, the presence of the NS may lead to
the wrong test results and/or the interpretation of
recording head performance. Finally, in order to
minimize the crosstalk, the designer should put

effort to mitigate crosstalk at the NS.
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Several techniques have been used to suppress the crosstalk on high-speed and
high-density interconnects of the printed-circuit-board including the flex printed
circuit presented by reduction of capacitive coupling, such as adding guard traces
between lines [3], platting via fence between lines, or keeping spacing between
lines more than three times of trace width (3-W rule) [4]. The example methods
of crosstalk reduction are to increase spacing between two lines from 0.4 to 0.8
pum, 0.8 to 1.2 ym, and 1.2 to 1.6 pum, and, consequently, the voltages of differen-
tial crosstalk decrease to 105, 40, and 22.5 mV, respectively [5]. However, these
methods show only the reduction of electrical field and can be done on a certain
level. Hence, they are difficult to use with constrained space devices.

Recently, a magnetic technique has been proposed for crosstalk reduction in
high-density printed-circuit-boards with an ultimately narrow spacing by filling
up magnetic composites in a gap between the single signal lines, achieving the
desirable results in the crosstalk reduction [6]. However, the limitation is that it
has to be done with the single line system only. It cannot be applied to the paired
signal lines in differential mode system because a coupled field between paired
signal lines is absorbed by the magnetic composite filled up in a spacing between
paired signal lines due to absorption properties of material [7]-[9], resulting to the
signal transmission deterioration. Therefore, the filling up of magnetic composite
in the rest gaps should be avoided. A pair of signal lines in the differential mode

-~
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2 Simulation

2.1 Electromagnetic properties of a magnetic composite
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Figure 1. The electromagnetic properties of a magnetic composite material; (a) the
complex relative permittivity (. =2’ - je"') and permeability (. = ' - ju'"), and (b)
the dielectric (tan d4) and magnetic (tan d,,,) loss tangents.

A low electric conductivity of a magnetic material is typically chosen as a good
candidate for filling into the spacing between the pair of differential-signal-mode
lines to avoid the short circuit and reduce the crosstalk. A magnetic compos-
ite proposed by Huang [14], i.e., antimony-doped tin oxide and ferrite composite
is deliberately used in this work due to its suitable properties in electromagnetic
absorption and extremely low electric conductivity (3.2 x 10~> S/m). Since an
average 5-pum magnetic composite particle size is smaller than the spacing be-
tween the pair of differential-signal-mode lines, the material can be then possibly
implemented to use in interconnects of several electronic devices. The complex
relative permittivity (g, = &’ - j¢”) and complex relative permeability (p,. = p’ -
jp”") of the material on a range of 1 - 20 GHz are calculated and simulated using
the Debye model [15] as shown in Fig. 1(a). It is seen that the averages on the
real part of permittivity and permeability are 5.99 and 1.10, respectively. The real
parts of these two parameters are found to be greater than the imaginary parts,
especially the permittivity, and it may be recognized that this material has a good
electric conduction. This assumption is well agreed with the loss tangent of di-
electric property in Fig. 1(b) that it tends to be relatively constant at below 0.1
at the frequency lower than 18 GHz. Hence, the ratio of these two parts can be
represented in terms of the loss magnetic tangent with the increase atabout 7 - 18
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R- while the rest of spacing gap is not deposited. Therefore, this differs from the
approach by Kayama [6] in that all spacing gap is filled up.

2.3 The crosstalk voltage on the read pair

The induced voltage at any position on the read pair for analysing the crosstalk in
time domain has been reported in [19]. However, it can be expressed in term of
impedance for analyzing in frequency domain as follow

H(z,w) = Kj[jazwe™“TT] 4 Ky[e~9@TaT — g=3w2TatTat] (1

where K, and Ky are backward and forward crosstalk coefficients, respectively, w
is angular frequency, 7} is time for signal propagation on the pair with distance L,
and L is the physical length of the coupled region.

The expression in equation (1) is in terms of the ratio of mutual inductance
to self inductance (L,,/Ls) and mutual capacitance to self capacitance (C,,/C)
similar to prior works as [10], [12], and [20]

] Lm Cfm
B ( T (—) )
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Figure 4. The TSAI crosstalk characteristics of two structures.

read traces due to dielectric and magnetic losses of the magnetic composite mate-
rial filled up between both pairs [16], [22]. In addition, the magnetic loss tangent
dominantly affects on the NEXT, resulting to the tendency of proposed structure
is similar to the magnetic loss tangent profile, especially, in a range around 7-18
GHz. Meanwhile, the FEXT tendency of both structures are the same, but the
proposed structure posses the lower level of crosstalk than the conventional one.

Table 1. The self- and mutual- capacitance and inductance of the two structure at 20
GHz

Cs (F) Cm (F) L. (H) Lm (H) Cm /Cs L/ Ls
Conventional ~ 3.92x10~"  1.49x10~"  733x10=12  132x10™%  380x10~% 1.80x10"
Proposed 3A5x1071 1.08x107"  6.04x10712 507x107°  343x10™%  839x10°

In order to validate the results, the self- and mutual- capacitance and inductance
are determined at the frequency of 20 GHz and extracted from the simulation as
shown in Tab. 1. It is found that the parameters of the proposed structure are
lower than those of the conventional one. These parameters are generally related
to capacitance and inductance of orders of i.r¢ <1 and e.f¢ < &, and so, the ¢
condition results to the decrease of self- and mutual- capacitance and inductance
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Figure 7. Dependence of reflection and transmission coeflicients on frequency.
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ABSTRACT

As the areal density rapidly changes, the signal reflection increases. In order to avoid the
reflection between a magnetic recording head and a read/write driver on hard disk drive
interconnects (HDDIs), the windowing technique is used to keep low insertion loss and causes
the higher crosstalk between lines. In this work, the crosstalk on idealized HDDI with
windowing is investigated. The crosstalk represented by the scattering parameters is calculated
by using the full wave simulation software based on finite integral technique. From the results,
the improvement of insertion loss and transmission bandwidth (-3 dB bandwidth) can be found
when the window percentage is increased. For the 90% windowed structure, these are improved

as 4.27 dB at 1 GHz and 4.53 GHz comparing with the conventional structure, respectively.
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Besides, the crosstalk increases with the increasing of window percentage. However, it can be
suppressed up to 5.68 dB in a range of 0.24 - | GHz when the window percentage is 90%.
Furthermore, the 90% windowed structure with 8 mm window pitch possess the lowest
crosstalk about 30.22 dB in a range of 0.32 - 6.4 GHz. In addition, the placing position of
windows in a reference plane with a half of the rest length at both ends should be avoided

because it increases both crosstalk and insertion loss.

Keywords: Crosstalk reduction, Hard disk drive interconnect, Scattering parameters,

Windowing

1. INTRODUCTION

The hard disk drive interconnect, called trace suspension assembly interconnect
(TSAI), is used to transfer the data signals between a magnetic recording head and a
read/write (R/W) driver. As the data rate rapidly increases, a signal integrity issue plays an
important role. Consequently, an insertion loss of transmission lines should be kept low to
entirely maintain the detail of data signals transferred between the recording head and the
R/W driver [1].

Recently, a practical approach to reduce the insertion loss by removing a fixed
percentage of the reference plane, namely windowing, is presented by Jang [2]. The insertion
loss could be reduced with increasing a fixed percentage of windowing [2-5]. However, the
implementation of windowing with TSAI increases crosstalk between adjacent lines,
resulting to the higher crosstalk than the conventional TSAI [3,6]. It is well known that the
crosstalk phenomenon is an unintentionally coupled signal between signal lines. Several
works of crosstalk on hard disk drive interconnect have been reported in [4,5,7-11] and the
explanation of crosstalk mechanism on hard disk drive interconnect can be found in [7]. In

case of hard disk drives, the leakage of the signal power from the write lines into the read
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lines can cause electrical overstress (EOS) in the magnetic reader sensor [12]. As a result, the
malfunction and failure occur in the recording head and R/W driver operations [7,8]. Hence,
understanding of windowing in terms of crosstalk on the TSAI is necessitated.

In this work, the crosstalk effect on TSAI with rectangular apertures of windowing is
studied. The scattering parameters (S-parameters) are utilized as the crosstalk indicator and
calculated based on finite-integration technique (FIT) by using the 3D full-wave simulation
software. The dimensional of windowing is varied and the comparison with a conventional
TSAI is demonstrated. Finally, the optimal dimensional of windowing on crosstalk reduction

of TSAI is performed.

2. METHODOLOGY
2.1. The Hard Disk Drive Interconnect Structure with Windowing

The TSAI consists of four layers which are copper layer, based polyimide layer,
stainless steel layer, and cover-coat polyimide layer as shown in Figure 1 [2]. The TSAI
structure including two conductor lines with trace width of 100 pum, trace-to-trace spacing of
25 um, and length of 40 mm which has been used by Jang [2] is used in this study. The
thickness of copper, based polyimide, stainless steel, and cover-coat is 15, 10, 20, and 5 pm,
respectively. The conductivity of copper and stainless steel is 5.8%107 and 1.1x10° S/m,
respectively. A 1 mm window pitches are platted in the reference plane which is stainless
steel layer as shown in Fig. 1. This means that there are 40 apertures in the interconnect. The
window percentage is defined as the ratio of window length to window pitch [2]. Since, the
window pitch is fixed as 1 mm, the window length is varied from 0 to 0.9 mm. This means

that the window percentage is varied from 0% to 90%, respectively.
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2.2. The Scattering Parameters
The TSAI is defined as a 4-port network, as shown in Figure 2. The S-parameters are
used as the crosstalk indicator owing to its proper and accurate at high frequency [13]. The

parameters can be obtained and calculated by following equation:

V-
5,(dB)=20 log[V’+ J

i

V=0 for k=j (1

where §j; is the transmission coefficient from port j to port i and all remaining ports are
terminated in matching load (V; = 0 for k# j). V" and V' are a reflected voltage and an

incident voltage of lines, respectively.

The simulations were done by using the 3D full wave simulation of CST Microwave
Studio, which is based on FIT. The FIT discretizes an integral form of Maxwell’s equation in
the computational domain as described in [14]. The crosstalk is defined as the coupling of

signal from the i" write line to the j*

read line. In order to calculate the crosstalk in a
frequency range of 1 - 20 GHz, a Gaussian pulse with 40.7 ps of the full width at half-
maximum is fed into port 1 for broadband calculation. The initial mesh cell used in

simulation is 2x10° cells and the automatic adaptive mesh refinement is activated. The TSAI

is surrounded by air and the radiation is selected for the boundary condition in all directions.

3. RESULTS & DISCUSSIONS
3.1 The Window Percentage Variation

Firstly, the insertion loss is investigated and plotted in Figure 3. It is found that the
tendency of the insertion loss is improved with increasing of window percentage which is

consistent with the previous studies [2]. At the current operating frequency of TSATs which is
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1 GHz, the 0% windowed structure (conventional TSAI) has the insertion loss as -5.75 dB.
Meanwhile, the 90% windowed one has the insertion loss as -1.48 dB which is a 4.27 dB
improvement. For the TSAI with windowing, a dip occurs at around 10 GHz, except the 90%
windowed structure occurred at around 20 GHz according to resonance frequency of the
defected ground structure as described in [15-19]. Furthermore, the insertion loss in cases of
the TSAI with windowing is improved. Especially, the insertion loss is significantly
improved along the determined frequency range for the 90% windowed structure comparing
with the 0% structure. This can be noticed from the transmission bandwidth, also known as -
3 dB bandwidth, it is extended from 0.57 GHz to 5.1 GHz. As a result, the data signals could

be transferred between the R/W driver and the recording head in a higher frequency range

which facilitate the TSAI used in high speed hard disk drive in the future [20].

Figure 4 shows the crosstalk on the TSAI with percentage variation of window as a
function of frequency. It is observed that the crosstalk increases with increasing window
percentage. This is consistent with the results in [3,9]. Around mid-frequency range, the
crosstalk level of the 30% and 50% windowed structures is somewhat similar to the 70%
windowed structure and these have the higher crosstalk than the conventional TSAI around 5
dB. For the increment of crosstalk, it is believed that the windowed reference plane
contributing to the radiated fields from the write line can easily pass through the read line
[11]. In contrast, the 90% windowed structure shows a desirable result, it has a lower
crosstalk than the 0% windowed structure about 5.68 dB at 400 MHz which is the one in
frequency band of the HDD performance testing processes. Of course, the reducing of
crosstalk on the TSAI can improve the accuracy of test results and reduce a recording head
performance misinterpretation before being installed in a HDD as concerned in Ref [6] as

well.
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Since the interconnect structure is changed, the characteristic impedance (Z;) of the
lines is observed by using the time domain reflectometry in the CST simulation. A Gaussian
pulse with 43.8 ps rise time is applied [21]. Figure 5 shows the Z, of a signal line of the 0% to
90% windowed structures. It is observed that the tendency of Z. increases with increasing
window percentage [2,9]. In practice, the proper Z. of the line is determined from impedance
of terminated loads, i.e., the recording head and the R/W driver depending on each HDD
model. This is known as impedance matching to avoid reflection and distortion of signals [1].
3.2 The Window Pitch variation

A set of TSAI with window pitch variation is studied. The window percentage is fixed
as 90%, then the window pitch is varied from 1 to 8 mm resulting to the number of aperture
in a reference plane of line is varied from 40 to 5 slots, respectively. The crosstalk of the
windowed TSAI with window pitch variation is plotted and compared with the conventional
TSAI as shown in Figure 6. The figure indicates that the crosstalk levels decrease with
increasing window pitch. At below 300 MHz, the windowed structures have the crosstalk
level higher than that of the conventional one. However, the 90% windowed structure with 8
mm window pitch gives the lower crosstalk in a range of 320 MHZ - 6.5 GHz and suppresses
the crosstalk up to 30.22 dB at 1.04 GHz. In addition, an expansion of crosstalk immunity to
6.5 GHz means that this structure can be implemented to support TSAIs used in the future
HDD as well.

Figure 7 shows the insertion loss of the windowed TSAI with window pitch variation.
It is found that the insertion loss has no different at low frequency region. However, the
windowed structures show a great improvement of the insertion loss when the frequency
above 200 MHz. Again, the Z. of a line is observed and shown in Fig. 8. It is observed that
the Z. of the windowed structures is increased in a range about 40 - 50 Q. Furthermore, there

are dips and peaks which occur when the window pitch increased more than 4 mm. This is
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because of the geometry discontinuities along the interconnect length direction [2].
3.3 The Possible Positions of Windowing

In practice, there are many patterns to place the rectangular windows in a reference
plane of TSAI Since, the window percentage and window pitch of the four structures are set
as 90% and 1 mm, respectively. As a result, four possible window patterns are investigated,
denoted as pattern A, B, C and D, as shown in Figure 9. In addition, the remaining length
from windowing, called the rest length, in these cases are 0.1 mm.

Pattern A, it is the begun with the windows placed from left-hand side to the right-
hand side along the length of line. Note that this pattern is used with the TSAI for the above
results. Pattern B, this pattern is begun and ended with the half of the rest length of the first
window. Pattern C, this pattern is similar to the pattern A, but the placing of windows is
begun at the right-hand side of the reference plane rather than the left-hand side. Pattern D,
this pattern is begun with a half of the first window length and is ended with the rest of
window length.

The Z. of TSAI with each pattern is investigated and compared owing to the
difference structure of the reference plane as shown in Figure 10. From the result, it is found
that the pattern of placing windowing in a reference plane has no effect in Z.. The two last but
not least, the crosstalk and insertion loss, are also investigated as shown in Figure 11 and 12,
respectively. From the results, it is indicated that there is no difference in terms of the
crosstalk and insertion loss for the TSAI with pattern A, C and D. Except pattern B, it shows
the terrible results which are higher crosstalk and insertion loss than the others about 1 dB in
a high frequency range. This phenomenon is somewhat interesting which will be studied in

the next works.
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4. Conclusions

The crosstalk on the TSAI with windowing is investigated. From the results, it is found
that the crosstalk increases with increasing window percentage. For the 90% windowed
structure possesses a lower crosstalk than the conventional TSAI about 5.68 dB in a range of
0.24 - 1 GHz. Furthermore, the crosstalk can be suppressed by increasing window pitch. As
can be seen, the 90% windowed TSAIT structure with 8 mm window pitch is suppressed the
crosstalk up to 30.22 dB in a range of 0.32 - 6.4 GHz which supported the using of TSAI in
the future HDD. In addition, the beginning to place windows with the rest length should be
avoided because it increases both crosstalk and insertion loss. Finally, the implementation of
windowing technique on TSAI can be used as an alternative method to improve the crosstalk
immunity as well as the insertion loss. However, the impedance matching should be

considered to avoid the signal integrity problem.

Acknowledgement

The authors would like to thank Seagate Technology (Thailand) Co., Ltd. for facility
provision and Department of Telecommunication Engineering, King Mongkut's Institute of
Technology Ladkrabang (KMITL) for CST simulation software. This project is supported by
the Thailand Research Fund under the TRF Advanced Scholar Program, No. BRG5280019 and
the new researcher program No. MRG5580221. K. Prachumrasee is a PhD candidate granted by
the Graduate School, Khon Kaen University under the research fund for high potential student
to continue postgraduate study, No. 522T201.

References

1. K. B. Klaassen, J. T. Contreras, and J. V. Peppen, Read/write electronics front-end
systems for hard disk drives, IEEE Trans Magn 1 (2004), 263-268.

2. E. Jang, Three-dimensional electromagnetic analysis of hard disk drive suspension
interconnects with periodic apertures in reference plane, J Appl Phys 105 (2009),
07C128-07C128-3.



6.

10.

11.

12.

13.

14.

15.

16.

187

K. Carlson, Crosstalk in the rigid disk drive channel front-end, IEEE Trans Magn 40
(2004), 281-285.

K. Prachumrasee, A. Siritaratiwat, V. Ungvichian, R. Sivaratana, and A.
Kaewrawang, A methodology to identify crosstalk contributor from 6-line suspension
assembly interconnect of ultra-high capacity hard disk drives, J Appl Comput
Electromagn Soc 27 (2012), 22-27.

K. B. Klaassen, J. V. Peppen, and X. Xing, Write-to-read coupling, IEEE Trans Magn
38 (2002), 61-67.

Q. He, K. Lin, S. Sankar, H. Gong, R. Holmes, and D. Seagle, Write-to-read coupling
breakdown in HGA, IEEE Trans Magn 38 (2002), 2234-2236.

E. Jang and X. Zhang, Write-to-read coupling study of various interconnect types, J
Appl Phys 93 (2003), 6453-6455.

X. K. Gao, Q. H. Liu, and Z. J. Liu, Robust design of head interconnect for hard disk
drive, J Appl Phys 97 (2005), 10P102-10P 102-3.

J. Pro and M. Roen, Characteristic impedance and signal loss measurements of head-
to-preamplifier interconnects, IEEE Trans Magn 42 (2006), 261-265.

J. T. Contreras, Modeling of a disk drive’s front-end channel path, IEEE Trans Magn
42 (2006), 2600-2602.

R. Hentges, J. Pro, M. Roen, G. VanHecke, and G. Kimball, Exploring low loss
suspension interconnects for high data rates in hard disk drives, IEEE Trans Magn 44
(2008), 169-174.

S. Prakash, K. Pentek, and Y. Zhang, Reliability of PtMn-based spin valves, IEEE
Trans Magn 37 (2001), 1123-1131.

D. M. Pozar, Microwave Engineering, Wiley, USA, 2005.

T. Weiland, Time domain electromagnetic field computation with finite difference
methods, Int. J. Numer Model 9 (1996), 295-319.

C. S.Kim, J. S. Park, D. Ahn, and J. B. Lim, A novel 1-D periodic defected ground
structure for planar circuits, IEEE Microw Guid Wave Lett 4 (2000), 131-133.

D. Ahn, J. Park, C. Kim, J. Kim, Y. Qian, and T. Itoh, A design of the low-pass filter
using the novel microstrip defected ground structure, IEEE Trans Microw Theory Tech
49 (2001), 86-93.



188



189



190

s

Figure 1. (a) The top view of an idealized trace suspension assembly interconnect with windowing and
(b) the cross sectional view along A-B line.
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