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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]
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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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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
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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
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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)
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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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0.20
<° 019
=
L 018
2
’j:“
L 0.17
5
-
_éﬁ 0.16
=
= 015
O
014 o 1 " 1 ™ PO e
0.0 25.0 50.0 75.0 100.0

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,
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5.1.1 pazad Electromagnetic Coupling

5.1.1.1 M5A5I9d0UNaNMTTaadvadlUsunsy CST Microwave Studio

NAMIATFToUEUTUKEMTTBBINLanTUSUATH CST Microwave Studio $28K
Myiauazamsassnnmsdnmnaunihaansaaguladn wanisiassiildannlysunsn CST
Microwave Studio #A3UEadad 3501 1E UM 531889 crosstalk UUaEIE HGA NynmsARasan

v

1@

5.1.1.2 MIMUSIUINGATLAA crosstalk yuaedya s HGA

MINEINIngeuatany HGA Aanuiilluiacdaesnssynnsnaudunaumsaantuy

2y 1 a a ' o v
aELiean crosstalk MIMEIUINAENAUNNMIUUIEIUEE HGA lagardagusnnemeningadany
hdyanunuanaNiuuasdniiuaudnuantuzaatany v liaunsoutsas HGA aanlalu 4 du
1oun druduse drunse druaalae werdrulareas nnxamshHasswuhausuaadudiuingan
\fin crosstalk gaNge Famauaeiiianusagylunssuiumsmsnadaulszansaneasitudin 24
n3diiang HGA NilduauangsINDgaI89ziseau crosstalk §9nIINsaivesans HGA dlsifiduguans
1 v &l < o L4 =Y a LY LY =3 ld' k4 gf’ 1} k4 <~ =

ey memaiisaduauughlinammassudszanimmwaasituiindlamnniuligndaeniainmg
wlaKaianaIn BNNNUMILANITTAAIEIBBITNNTUIEUIUDNBWBIFIUAUFIY SINT05I8a0
crosstalk Mfiadufisiudumeuazans HGA Hduduaanvegaalimala

5.1.1.3 M380 crosstalk AIBIZNT windowing

msUszandldIEn1snt3andy windowing lusnedyamagndrauanainazdie
U5U1391399284 insertion loss WAIBIAIN30%I880 crosstalk avladneaalasnsiiinszezand window
4:! nu:a' v n{' -:4' = = [ 3 a < < dd'd
Fansdifiaans0an crosstalk lasnfigaiialdauiisunuasdyanauuulnd vunde nsdinims
windowing FU5£INUNDIN5EAU 90% laaiiszazaas window (U1 8 mm 1315090 crosstalk laxnn
Nga 30.22 dB lugranud 0.32-6.5 GHz Fsessumslanulu HDD luawaald uannnil suuuy
M5 window LAYMSISNAULILAUMEAIYTLHLNINDNYBITLHLAILNE DYDY window FDILSAAITNAL
wanasatilasanyh IWszauLeana insertion loss Ua crosstalk LNgAY udagelsimumsnlaseainag

4 =1 li' = = C4 L lﬂl =Y L4 k4 L

vensdyuinmsdsuudasluduiivaudauanyauzrasaanisiazgninsanlisanndaenu
a o o A g fa o ¢
duuausrasluaatinatdumsunnddnnuaus

5.1.1.4 MIANIFYTUTSIVBNENTILNNzan11uNI580 crosstalk ULaIE HGA

NAINNNYIMSUUNEIE HGA dandlu 4 dIUULazWUIING windowing #I8a0
crosstalk - 89l@l dudu quavas HGA Titwaagminidniggiguszuiuanduiiamlaseasian
MINZANNENNN50EIEAN crosstalk AL FINNHANITINABINUIIAETATIFINTUTLUIUBNDIUDIEIU
GUANELUUTAN SIUANNTMIENTIATITEAU 100% d1uaalanianneIzeInnawNay 25%
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u,a$fchuﬂamawﬂ“?;ﬁﬂﬁtaui'aqﬁszoﬁ"u 999% muiaualumsianiianinsatiean crosstalk avlagads
31.96 dB ludrenuilinuuaznagaulszansmwaasintufingesss HGA Tuiagiu

5.1.1.5 M358 crosstalk AIga15UTENDULILIEN

m’naumsﬂisnauLLﬁLﬂﬁﬂaqﬁ'qﬂaqiNizde@:mmﬁﬂuuaz@:amahmﬂumsﬁamﬁu
Uszansamwludlasiumsiie crosstalk UuEBEes HGA Inaddu huldnnuamssaasnuii seau
crosstalk MANTUUUENE HGA fidimsiinangUsznavusiivdnanmluiisanuining LLaxamaqmnﬁqﬂ
&9 32 dB ua 14dB §w3U NEXT uay FEXT #anuaUszanas 14 GHz Beiunieaenanaanndany
magnetic loss tangent 289815UsznaULNMENTINNILAY uaagelsRarnarani lnizes
ssUsznauulmEnihaAnasfiaziiadinn q tieileetumsanassennsasdaunezieess

5.1.1.6 M3IHNUNALANITAN crosstalk AUEIY HGA

20I5M580 crosstalk ﬁgﬂ‘l‘hLﬂuaiuﬂ']‘iﬁﬂH']ﬁQﬂﬂ']N’]ﬂ’iSEgﬂGﬂﬁfTUﬁWﬂ HGA 1%
ag}ﬂuﬂwﬁuﬁuﬁﬁa MsLANESUSENBULNLNED Ltasmstﬁui'aqﬁ%”’uismu5105\‘1 %qgnﬁﬂﬂiw Al
HGA lud Mauamsdaaswuiians HGA Iwitianansaanmsiia crosstalk l@anda 54.4 dB #
ANAUsTINM 0.52 GHz waznnmMssuiisudulseans msseuiuduanaess HGA SRR
ugealiiidiutn e HGA Tmifiuszansmmmssuhudyanauviausuas HGA s dunmngaih
melaseadnlvdzasas HGA ﬁlajLﬁmLtdlﬁﬁwaﬂiz‘wwiammmmsaslumidqvhué’mumuwmiwdw
Ttuiinuasisuiieu- ey wifiaunsaae crosstalk Mnasuuusldilvageilugieenuils
Nutaytiudnane

5.2.1 WaYad Electromagnetic Interference
MIBNUUULNBAAKANTENUIAMSTUNIUMUNLHEN LT (Electromagnetic interference:
EMI) dnsulaseaemeaithuuy (Traces Suspension Assembly Interconnector) TSAI LIAANUDS
uaawNUd (Head Gimbal Assembly: HGA) luaniadadlasi snunsorhlamemsesnuuulaslsd
(% =] (% a o a . . Y =] (% v <
wanmsgaydeluianladiana3n (Dielectric loss) wazmsaanuuulagldnanmsgadaluiaquaiman
(Magnetic loss)
° = v < ] <
ﬂ’ﬁ:\naﬂ\?ﬂ’]'ﬁﬂﬂﬂ’]ﬂ']‘j‘iUﬂ'Ju‘Yl’NLLNLWaﬂlWﬁ’]ﬁ]’]ﬂﬂ’]i@lﬂﬂiZ‘ﬂU"UaﬂﬂuTNLLNLWaﬂlWﬁ’]
o A ° ad a ) o o Py P ¢ o a
amauan ﬁ']WSUNE]uvL‘Zlﬂ']‘iﬁl'laENGLuﬂim'ﬂLﬂﬂﬂ’]'ﬁtﬂ‘uﬂ')u’]‘ﬂﬂ']ﬂ'ﬂq@]ﬂﬂ F0IUNIUAIFDNNIILNG EMI
Tuawaninnge Feirnalasiiamemsannsznuzesauiunisuanlunssinsnssquinlaieans

(Endfire) fiannmaannsznuzesawn (P) Aaynennnuuiuny z, 0 =90" wazynluwuissuny

x-y, $=90" Togifiemsauwlnih (E,) ffeluuunzn (Transverse) sswihesedthnasdy
Namsﬁmam%iﬁtﬁuiuﬁmLLiqﬁuIWmeﬁ'mﬁw%uLﬂulﬂmuauqagmmﬂngwaqmswme’f (Faraday’s
Law) u,azﬂgﬂmu,aml,ﬂ% (Ampere’s Law)

5.2.1.1 dauzevanamhiliananszny

duldswasmadihiaglumsdni TSAL ty dawansenudanIsnauduadma
ARG UM 21 lagvh inanngudauzeegiuuy (Pattern) MIABUFUBINNANINDIN
matiaslauuuduailaseade (Dimensional resonance) finaraanwd tiletlasiudymeanusudaui
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Tulasiues wazanuneseninaedihwnnu 30 lulaswns

Ms5aeelasea519 TSAI uulusunsy CST Microwave Studio §IHBSUAMUIUNISLAN
usaduluihmilenianmsannsenusesssuuwsimdn i Lﬁ'ammQﬂé\'awamamiﬁwmm Tu
MATilgvmsssutiisunad s lUsunsu CST Microwave Studio AUKAMIAILINAIN
duM9anady (Transmission line equations) FawamaFeuisutiuiianusaandasiy lusieanyd
800 MHz @4 4 GHz

5.2.2.2 MIPANUULMSINGIAIRDSAMEYEN EMI

msaanuuulasvanmsgadeluianladianadn (Dielectric loss) dvdunideiide
M3tz (Groove) %’ulﬂﬁtﬁﬂm%nﬁagjswiwmﬂﬁaﬁﬁLﬁaﬁwmiﬂ%'wh Effective dielectric constant 2894
Iﬂ'ﬁ\‘lﬂ%’]ﬂﬁtﬁﬂﬂ’]’iéjtﬂuLﬁﬂlu%‘ulﬂaﬁﬂﬁ%ﬂ MSANINANTENUYBITEAUMIANNNUIZBIN LT (d)
Hudnmlasmsi/asuulasmenumnuasmsin: TesdafluadiGudifisusurneanuwnassu
1@15Lﬁﬂm%ﬂﬁﬁagﬂuimqa%wtﬁuﬁa (h = 10 lalases) Femulasidudanumnaaimsens (%d) 7
Wmsanwn@e %d = 0 (liimsing), %d = 25%, %d = 50%, %d = 75%, Way %d = 100% (17
PENTINNG) ww'ﬂﬁma’i’ﬁgﬂ‘lﬁ'a%mﬂwamﬂﬁm EMI éhwmsunsaimseanuuulasnannsgaidaluiag

loddnasn laun usedulndhmiisrindarsars (v,), Uszdnsaiwnisdesy (Transmission

coefficient: T), MBNNLAUFTEWINNF 8621 (Differential impedance: Z, ), w8z Crosstalk nuaraae
ulna (FEXT)
& ad a o @ o o '
wansznunnmazguladianasnnuuseauliuilienhidmess (v,) wud
@ o o o N P~y & a
msaausiaulihmilznhiivsmeas TSAT snsavhlalasmsiinasizudanumnmsinzguled
1ane3n (%d) lulaseadn TSAI nnuwanmsgadeluiggladidnadn laseada TSAL fiwlasidud
ANNHINMINTULABLENATN (%d) AU 25%, 50%, WAy 75% UUAINITOANIUINYBN
ussauluihlavszaniniwgege lasaransoania 12.5 dB #aaad19aud 800 MHz &4 4 GHz ¢
msaanuuuas TSAT memsinztuladidnasniiagszuinasanhiuiudnismsnilenaansolian
NanIzNUAN EMI vuaehdgyana TSAI 1o
NANTENUAINAISLEIETULADLENASANUYSEENEAINNISFEIY (Transmission
coefficient: T) Wud MstiaUsz@nsawmsdriudyanaueesasdnin TSAI Uy dunserhlane

a P, & aAad a v & ad a &
matiasiudanumnmsenzguladidanain (%d) Tasadnignianzsuladilana3nnivae (%d =
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Al

100%) ﬁy’uhlﬁﬂszﬁwﬁmwmidqchu‘nm‘nqm Tosuaumsldaui -3 dB %Lﬁugq'ﬁulﬂﬁq 1.942 GHz
nndunsalineruladidnasn, %d = 0 agjﬁ' 1.615 GHz

HANSENUNNMSLNZEULABLENASA AU BN LAUFTE NI 861N (Differential
impedance: Z, ) Wu) madulasifudanumnuasmamnesuladidnainiuiinarilia duiiuaud
seeEefmTiindud s Us9ANNE 800 MHz 9 1.6 GHz ety msinesuladiinasadiudn
Samsiiennselslumsimuacuasniiwaudszuiaadinild Feezdlulsslanidmumsuanaa
dufiuaudszinaluannuaamitihlumsldnuass
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mstiuasifudanumnusimsinzsulodidnainiu sansean FEXT 1¢ ﬁm%'ﬂﬂsaa%wﬁ'gmms
uladiEnasnimviae (%d = 100%) Aolasead R liiuanMsanasuny FEXT ﬁﬁﬂisﬁwﬁmwgqgaﬁqm
Tasmsanasaas FEXT %agi*?i'ﬂssmm 1 dB lug19a1ud 800 MHz 89 1 GHz Uazazanasnnn
1.5 dB finnudannnin 1 GHz

m3ssanuuulagnanmsgaydaluiaauaitan (Magnetic loss) dmdunuaseiiagms
A8 MsLeu (filled) i'aqttﬂtwﬁﬂﬁﬁaqiwizwdNmﬂ(?hﬁwLﬁ'aLﬂuﬁagﬂ%’uca?;uawﬂﬂmauﬁ'amsgﬂujLﬁﬂ
Mauitnan (Magnetic loss) 'E'aqu,u'm§ﬂ'ﬁ'gnﬁmﬂﬁ'tﬂuﬁagm%ﬁa BSR-1 MSANMINENTENUYDY
sEdumMIANNMNaIMadNTuTaawimin (¢ ) Wu Annlaaiumanumnsasmsiinisggadu
Tasfmuafmnaenamnldpuanumnessssdniae 18 lulaswas saldun finnumn t =0

(Lisimsida), ¢ = 3 lulasweas, ¢ = 6 lulaswes, ¢ = 9 lulaswes, ¢ = 12 lulaswas, ¢ = 15

m

Tulaswwms, uaz ¢, = 18 lulaswes (Matdanivue) winfiwesignldaduananmsiia EMI
Usznauluédre ussaulwiimiisnihddarsars (v,), Uszdndawnisilasnuadu (Shielding
effectiveness: SE), Reflection loss (IS,,1), Insertion loss (IS,,1), ﬂi:ﬁw'ﬁmwnwagm%uﬁmmwmsunau
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u oo q 0SS loss

loss loss
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AU (Shielding effectiveness: SE) WU M3aanuuy TSAI lagmsianianaatuianuvu ¢ = 18
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v @
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Tunuadeilldhisuarnamsfnmndmdunsdimsgadudyanusumuiaglugluss
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v ¥
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Fig. 2. Coupled mechanisms excited by a plane wave on the traces.
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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.
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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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Crosstalk (dB)
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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.



