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{4 =2Touchstone (.sNp) {4

 FMIETISESHUATouchstone XA ER <

in GHz in dB and Reference
S param Phase angle impedance
| /
er of

! Total/numié;/ por = 4

! Totall numbér of fréquency points = 800

# GHZ S DB R 50

0.025 -36.59296 48.77486 -41.40676 79.91354 -0.08648679 -6.544144 -49.50045 -105.618
-41.39364 79.94686 -36.35592 51.52433 -49.4886 -105.5124 -0.09038406 -6.527076
-0.08421237 -6.537903 -49.44814 -105.644 -36.0317 49.60022 -41.37105 79.91856
-49.44393 -105.8186 -0.09834136 -6.542909 -41.36758 79.9318 -36.05645 48.98348

0.05 -32.22576 48.03161 -35.59394 74.15976 -0.1277169 -12.82876 -43.90183 -112.0995

-35.58736 74.16304 -32.12694 50.92389 -43.90926 -112.0764 -0.132402 -12.7985

-0.1242117 -12.82302 -43.89 -112.0248 -32.10987 50.3115 -35.56998 74.078

-43.88424 -112.0517 -0.1381616 -12.80199 -35.56758 74.06782 -31.94136 50.49276

-29.88861 42.02766 -32.19713 68.06704 -0.1589249 -19.05252 -40.67476 -118.8188

-32.19116 68.0941 -29.7086 45.41557 -40.63857 -118.837 -0.1635606 -19.01593

-0.1603356 -19.0376 -40.63557 -118.8543 -29.89064 47.63852 -32.16917 67.94677

-40.65711 -118.8021 -0.1737256 -19.02956 -32.16865 67.93389 -29.65444 46.15548

\
Frequency in GHz S11, S12, ..., S44 in dB and phase angle
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TARBEIRXR

cau-sal-i-ty

/kG 'zaladé/

noun
1. the relationship between cause and effect.[KEERFE
2. the principle that everything has a cause.

—JEREIRERRN

In other words:

Can not get something from nothing.
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AT ARZHBEBRNTREBSSHERXFRER

" REHT EERERNIERAI TESRAN, BIsERkE
IR BINER S RRZIDUTER S,

| A B C

_% f_ [%:F]
DUT —

s N — \—

Test coupons

mE, TZHEESWRA
RHFIE. .

______

m»  our”
_______ A+BC -

* http://www.edn.com/electronics-blogs/test-voices/4438677/Software-tool-fixes-some-causality-violations by Eric Bogatin
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http://www.edn.com/electronics-blogs/test-voices/4438677/Software-tool-fixes-some-causality-violations

NEMTAZRAMEBRN (ISD) LIERBM3EW

" ISD{ERMLZRES (C 2x thru”g8g" 1x open / 1x short”) {EASE, FEIZHENAITTER
SCRRBEHTITEERAN

" BfthaiAERERNAREEHITESRAN, MRNREG IEER AN REEEEAEAIET AT
, SEHRERRXRIER

. IS%%%&?#WH ERE{RRR T M RO FNSCiRE B 2 [BIR9REINZ L, MRS T ZERNTEEFHREE
Ih A

I1SD by AtaiTec (www.ataitec.com) — X
Sltools Plot Sparam Plot TDR Configuration Run Help

Version
2021.02

elect Touchstone File
(2x Thru)

¥ Plot DUT S-param M Differential only
W Active DUT
Ports to skip
O None @ Left @ Right

B Turn off impedance correction

Fixture + DUT:

Select Touchstone File Files created:

X — D:\AtaiTec_Examples\ISD_Examples\DK_DF_Extraction\
AISD_Examples\DK_DF_Extraction\Stripline in.s4p D:\AtaiTec_Examples\ISD_Examples\DK_DF_Extraction\

D:\AtaiTec_Examples\ISD_Examples\DK_DF_Extraction\
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T4AE"2x thru”

= "2x thru” &2 2x lead-ins5| \E% zklead-outss|H
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2x thru for lead-ins

FEXIFFFEEFE2 E " 2 thru”
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/

test board

|

lead-out trace

= -
N\

2x thru for lead-outs
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H4LE"1x open / 1x short”

" “1x open / 1x short” 2="2x thru” Ae] I ( N&EEE
=x, UL, FEF)XKHA.

= i
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lead-in trace test board lead-out trace
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1x open 1x short 1x open 1x short
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H4LE"1x open + 1x short”

= “1x open + 1x short” AILAZER 92X thru.

B\ i = =l
_ — :||> B B
= — T\ —
l(XPI?/IFZIe)n 1)((PSEQIO)rt Effective 2x thru

2X 2X open short open short

[ S]Zx . S11 S12 . E S11 T S11 S11 o S11
2X 2X open short open short

S12 S11 2 S11 - S11 S11 + S11

* C.C. Huang, "Fixture de-embedding using calibration structures with open and short terminations,"
US patent no. 9,797,977, 10/24/2017.5]LAESEIXNEF
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AT AISDEREEENERT?

TRL calibration board ISD test coupon
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<
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* TRL = Thru-Reflect-Line 15 ataltec



Bl : REEESRANI ISDSTRLEEE

" EPIF, Bl S EREISDAITRUEER RiEfz=aH1ERE
FER TR0 SR

To be de-embedded

SMA Mezzanine
connector
(DUT)

*Courtesy of Hirose Electric
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IGSSEEIRPITDR / TDTERTRLAYA ZHEIE
ERXFAI RS

12 T T T T 0.2 T T T T
N o : : : E E L |—18D
: rf": : : 045 - KL A R L b | —— TRL|
T e e e S | | | |
= 0.6 |nn ) o N ] = 01f---ee 4-{----Non-eausah-----4--------
s : : o : : :
= H : : : =
B | [Ras ST SR R "
? : E E
Ll R bbb Rl R bbby
PR 1 ' '
’ 1 1 1
g_l\_,:,‘] .................. e —ISD
N ; ——TRL
0.2 i
-1 0 1 2 3 4
Time (ns)
z : z
=3 ! =3
— : —
o ! o
LLI ' L
= ! L
-0.05 i
- 0 1 2 3 4
Time (ns) Time (ns)

Rise time = 40ps (20/80)
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Rise time = 40ps (20/80)
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ISD

N

2x thru and
fixture have
different

impedance.

Z (Ohm)

=5 AMEI?

B EEM, ISDALUEEEZRERARERYRE:
522 XThruBSEEHRIBE LAY

Total fixture (T11)
2x thru (T11)

—————————————————————————————————————————————————

TDF{' from

_________________________________________________

————————————————————————————————

Time (ns)

Total fixture (T33)
2% thru (T33)

——————————————————————————————————

___________________________________

————————————————————————————————

Time (ns)

B8/
v \9

e

Z (Ohm)

Z (Ohm)

o

75 T T T

PO

Total fixture (T11)

Remaoved by ISD

Time (ns)

75

7)) R ........ B

Total fiture (T33)
Removed by ISD

65

60

55

50

45

Time (ns)

20

Rise time = 40ps (20/80)
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Rise time = 40ps (20/80)
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Fixture

Mezzanine
connector
2x thru (DUT)

(12" total)
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_ _ 1 i R
m m 15 """"""" l "| 1' ]I I 1]
= = ||[H“ (kg
ﬁ A T R e TR “: 20 i i ll M '" 1 TIMENEY
2 2 il :
@ ‘ : 3 25t M A H Y
el|—Fixture+DUT [ U N o MO EEL
1 —— DUT after Tool A | 30 ‘ | —— Fixt+DUT
——DUTafterSD | : ssipc A { I | — DUT after Toal A |
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'200 5 10 15 20 '400 5 10 15 20
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;’?DEEEJDJEFH 2xthrufly.s2p3{E§EKERA R

" And the results are similar!
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Rise time = 40ps (20/80)
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ZIRA SIS IEC Wit A& 2l < M

= ISDHGH T IMRFIIRL (BEEMIETE)

ISD Tool A
Value Yalue
(Pass/Fail) (Pass/Fail) Spec
ILfit@2.5GHz 04 ILfit@2.5GHz -0.4 -0.6
ILfit@5.0 GHz 0.6 ILfit@5.0 GHz 0.6 -0.8
ILfit@10.06Hz 0.8 ILfit@10.0GHz -0.9 -1.0
IMR 7] @ IMR 437 40
IRL 232 IRL \l-20. .18
INEXT 41.5 IMEXT 415 -44
IFEXT 492 IFEXT -49.3 -44
5CD12/5CD21 -23 SCD12/5CD21 232
A = = i
INOTTTTTTITTITTTTT] s N i
Womy MNA" ! FAIL
- M """ 1 5 T ] ——
IL RL IL RL
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feed line feed line
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2515: IEEE P37O0RNGRENBAEM(ERE45EX8
2XThruZar \ 5 0EXIBIEE +

*EHRTREAYPCBRRHTEE (L
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_,-1 ............................................ )
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(DUT) B b ......... R RRIRIE
@ E 52 \/\ .. ...............
o =X )
Z:IEE%E{JRLZ:E'%DK / E A0 3 T IEJ &l Z. l | A A T
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25 L= Tool A ABJf : . — Toal A
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-4 . : 45 : ,
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Freguency (GHz) Time (ns)
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2x thru vs. XE[Hn

" ISD EsRAFEEA:
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. plane

T, A~ 2x thrufYpH!
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M m

U
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T m
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2 Bl6: PCB FELZH
ISD vs. eigenvalue (Delta-L)

" MIKEZA

A RER AR E SR ELHITR.

L

! | SHORT !
l B |

! I—LONG

LDUT = LLONG - LSHORT

De-embed

35
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FHIEHERRA R : AEBRMIBAFITRESSR

" RFSEARATLEREEHHIKIESSH
" (RIFEESANKE SR AENFIGNER
" [RiRDUTZES—HHEHZe

" (MERERERBEREE— LT

__Ta | Ts :l For uniform transmission line:
T =
—yl
: e’ ¥ 0 -1
| TDUT =P- ( )- P
 Ta Tour o Te 0 e’V
| 5 | Let TZ T

(a+d) 4/ { —d) 2+4bc
Tl :TA-TB |:>A
T, =Ty Tpyr-Tp

dal propagation
el " eigenvalue MO
|:> LTy =Ty Tpyr Ty constant
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[BRl: 27 (= 7" -5") EEFRSIHERRE
amhMxiE

0 : : : 1 , | UEEATFARR GG (TA
Y D SN U S .| g #IrB) BfE5465947 (TDUT)
| i i | AN eeeeeesyill | TESHED.

———————————————————————————————————————————————

SDD12

P

[45] [£%]

SDD12 (dB)
w
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- — Eigenvalue Ty 141 —Eigenvalue [T TS
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Frequency (GHz) Frequency (GHz)
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3205F--Y - oo 5 189 i — Eigenvalue
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2 3195 oo i g T
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w JTBEF-----r B R Rt T @ BE e L]
w ' ' 1 ' w ' ' '
£ 313p ....... R 4 £ I
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3T — 18D {Zref=69.37 ohm) |------------- - + ! : ! :
’ = = = 318.3 : ' ' '
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Freguency (GHz) Frequency (GHz)

ISDRYTCRIEER A BT LG HEENDKFIDF
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—#EEaJ¥ISDS

Run

Help

Split 2x Thru only
Extract DUT
Batch mode

Eigenvalue (Delta-L) method

Compare ISD with Eigenvalue

Renormalize and deskew DUT

SHIEEHT

-

Material Property Extraction (MPX)  One click
does it all

RIERHBTHRASS (TAMTB) .-
%DQ}E—%E?J%E (TDUT)

SDD12 (dB)

buT

AR T ey

'
\

—_ _1_5 ______ P

m

=

[ . CEE T TP R

i

[

W ol .

Division ---____ |
— Eigenvalue
— ISD (ref 100 ohm)

— ISD + Eigenvalue --{- _

| = 1SD (ref 89.37 ohm)

————————————————————————————————

.........................

__________

) ........
35 : Z
| : .
! i | i | i
_4 1 1 1 1 1 1 1 1
! 15 20 25 30 35 40
“ Frequency (GHz)
\
v
T T T
Eigenvalue

— ISD (ref 100 ohm)
— 15D + Eigenvalue
— ISD (ref §9.37 ohm)

______________________________

_________________________

____________________________________________________________

2 25 3

Frequency (GHz)
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TLLE, EBEES...

BiEdBiRLA

ISDEERAWHIEE

ESIRELISDESR
BT
(HamteE

RIERHBTRIRTAFITBIEREFN
.}E—Féﬁéﬂ% (TDUT)
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YIE X =L
PCBEZEAIIIRIE L

50011 (dB)

T S1 1> @ S22 : il -
/ \ Z Z 1 .
: ! - Zref=100 ohm |

< T,
Zref=89.37 ohm
30 35 40

— ) i i i :
0 5 10 15 20 25
Frequency (GHz)
Minimize:
102 T T T

o = [ S0 (FF +18(F ) J-w( £ Y

W) sin(AT,) sin(AT,) _
— . £
7T, 7T, <
8
[N}
* J. Balachandran, K. Cai, Y. Sun, R. Shi, G. Zhang, C.C. Huang and B. . oo ey
Sen, “Aristotle: A fully automated SI platform for PCB material | | Zref=89.37 ohm
characterization,” DesignCon 2017, 01/31-02/02/2017, Santa Clara, CA. 8 n U.i5 ; T
Time (ns)
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iNIEHIERS PRSI

" ERIEEEEIRFEERA

SHORT ! 2 De-skew 1 2 ideal

transmission

(with skew>0) 3 4 E 3 4 line

LONG 1 2 1 /]2
(with skew<0) 3 4 3 4

@ De-embedding De-embedding

Skew<0: Skew=0
HRESWTIRESWEBHERRER
i, DUTEYRRISEFE

DUT
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ISD ]kl BEN RinEiEH 1 TR A RISHILE

SHORT (deskewed)
580 530 f
W W
=2 =2
= 978 & 575}
a - '
s s
a a
= = :
& 570 & s70f
565 5651
0 5 10 15 20
Frequency (GHz)
LONG (deskewed)
T T T T
1390 : : 1390
@ 1370 w 1370
= 1360 & 1360
a a
o 1350F-% 1350
@ @ 1340}--------
= 1340 i_’j]’ : :
1330 1330¢---Deskew-—-------- Temmoesooee- Tesmoeooooe- 1
1320 1320 f--nnnmnmeee boemeneaens boeeeneaans boeeeees '
0 5 10 15 20 0 5 10 15 20
Frequency (GHz) Frequency (GHz) Frequency (GHz)
LONG=8"
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[5R2: ZCBTHEE, RENNESFRHEFIGEIE
wAE

DUT DuUT
0 : : : : : : :
: : ' ]| — Eigenvalue {with skew)
: . | = Eigenvalue (without skew) | .
R . i LT . | | = 1SD (without skew) :
_ 2 780}
= 5
. e C T R i LT o
5 S 775
[ wn
o Skew=-12.24ps =
. o
-6 | -| = Eigenvalue {with skew) Rk 770
— Eigenvalue (without skew)
. — lS.D (without sifew} 765
0 g 10 15 20
Frequency (GHz) Frequency (GHz)
ouT

FHHERR S E=E—E#AR
R (K129 GHz) EB—TbE

SDD12 (dB)

— Eigenvalue {with skew) ________
— Eigenvalue {without skew) '
— ISD (without skew) :
10 11 12 13 14 15
Freguency (GHz)

5.5
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B3 EXMERT,

AiZE, (BEAMTANR?

SDD12 (dB)

-15
0

SEE (Delta-L) f%3%%

10 20 30 40
Frequency (GHz)

SOD12 (dB)
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-10
0

| | — Eigenvalue
— 15D

10 20 30 40
Frequency (GHz)
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TDR of raw data reveals why...
2" structure was back-drilled but 5” was not

= Eigenvalue solution assumes 2” and 5” structures
have identical launches.

= [SD de-embeds 5" structure’s launch correctly.

114
112
110
108

= 108

S 104

= 102

™ 100

98
96
94

92

Raw dat
114
112
110
108
— 106
£
S 104
5 102
[
™ 100
98
96 |
ol Remaved by ISD from left ||
: i | = (Delayed) DUT after ISD
H H I 92 H H T T
1 2 3 4 1 0 1 2 3 4
Time (ns) Time (ns) Rise time (20/80) = 20 ps

ISD saves SSS and time for not spinning another board.
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617 : PEETERENDK, DFffEERE

" (Ed
FEXTF

1TDR / TDTHYE

L1

L2

Trace L1

TLECRER ANRIEZEWEAIRTEIL, RL, NEXT,
BT EKIEEDK, DF?FIII*H#L_J

)ﬁ}

Trace-only data
(L2-L1)

—=

measurement
De-embedding
Trace L2
ISD

measurement

Fit IL, RL,

DK, DF
NEXT, FEXT, —> ’ !
TDR, TDT roughness
T\L ADK
2D solver

X2D2

Automated extraction flow
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tedkmRE

R

DK1, DF1, DK2, DF2

R1, R2, R3, R4, R5 (k&)
EREEMEE

ground

DK2, DF2

ground
Model 1 Model 2 Model 3
ground I ground I
. & o ol T ) . ;. —
-r“. ' w ".’4.-“;'"'. : . W ; _
ground | ground I
Model 4 Model 5
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Dielectric Constant (ER)

3 (sDjordjevic-Sarkar) f&H
NIRE. <

e .

1
E=¢,+Ae-——-10

, Ag , m , m,

mz_m1

=¢ -(1-i-tan o)

10" 10° 10 107
Frequency (GHz)

q 10™ +i- f
Pl10™ 4. f

Loss Tangent (tanD)

107 10° 10° 10°
Frequency (GHz)

£, =335, A¢=0.15, m =10, m, =145
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R HEHEEREE

" ﬁx‘ﬂEﬁ

52 (HG. GoldfIK. HelmreichEDesignCon 2014 F.5%) (RERD

Opuk 1+ R

TE: q
Parameter Description Stapdard X x _%
‘Q{L root mean square DIN EN 15O 426?) Oy =Cpue - CDF(Y) =G '_LPDF("')CJH = Coun '_-Le au
R; arithmetic average DIN EN 1SO 4287, ANSI B 46.1
R core roughness depth DIN EN ISO 13565 _}rqu
R- average surface roughness DIN EN ISO 4287 ﬁ

Table 1: Statistical parameters to describe swrface roughness

" EEE KR

T

ity (S/m)

nductiv

Effective

Geff

21 - — V = L N PN
VB~ jouoB+= 2 x(VxB)=0 FEESTBRA

- (e
* SRS CRIPIIE

LEHEREEXIERBIL, RL,
NEXTFIFEXTHISZZI

Frequency (GHz)

Gy =58 x10" s/m
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BEMRESEERAHUrayizE

" Huray model

P

Lghzl_FE.SR. 1 2

I:)smooth 2 1+5(f)+1(5(f)j
a 2\ a

o(f)= / ! ; a=radius ; SR = surface ratio
7t uoc

" Curvefit®* Py qn / Psmooth t0 convert ow Ry to a, SR

Sigma=5.8e+07 S/m; Rg=0.3789 um; a=0.232727 um; SR=0.961939
1.8 v

FFFE__F F FFFFIE
Effective conductivity
Huray model
- 16
I}
(e}
E
]
& 14
ey
(@]
>
e
& 12
|t *””H//
1 == k H
o ot o o e Automated in ADK

Frequency (GHz)
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DK/DF/SR #zEY (from ADK)

Multiple
templates

Updated after
extraction

u Extract DK, DF and Roughness

Tools

O Trace only
@ Delta |

Stripline (Three layers) +

Length n inch

Cross section (in mil)

td2
tdd

td1 m
td3 m
tm m pitch EFRI&|

U 5504 ULl 5,799

Fixed

@ All

* Optimized

Touchstone File (Trace only)

Browse ...

DK & DF at 1 GHz

I 3.439 28 0.004123
vl 3.628 212 0.000664
W Fixed M1=REOE M2 g

Roughness (Rq)-——

N—
Top ground EEIUEEE um

Signal [JEFUEEIE] um
Bottom ground QUEAERF um
Sigma 5.8e7 S/m

B Fixed Rq

50

Extract DK, DF and Roughness

D:MPX_L7_T5 WS1_Z90_T1234.s4p_DUT.s4p

¥ Create new Touchstone file

Length 2

inch

Minimum Frequency “ GHz
Maximum Frequency “ GHz

Number of Points 801

O Linear @ Log

Reference Impedance “ Ohm
Simulate Only

B Auto de-skew

Different
roughness
for each
surface

ataitec



IL and RL[GH

Fitted model

S34 (ISD)

— S12(ISD)

— 512 (ISD)
— 534 (ISD)
— Fitted model

3_.

40

40

35

15

10

-35

Frequency (GHz)

GHz)

Frequency {

(1SD)

—— 333 (ISD)

Fitted model

—— 311 (8D)

— 533 (ISD)
— Fitted model

35 40

30

25 30 35 40

Frequency (GHz)

Frequency (GHz)

ataitec
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NEXT and FEXTILED
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=
@
=
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N
L
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=
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=
=4
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L
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@®©
—

— 523 (ISD)
— Fitted model

inhomogeneous

= (= (= = = = = =
= W = wy Ly = Ly =
S < - o
(as1bap) aseyd g
=
T T T T I =t
' ' ' ' M
\l.r}d
oo gl
.......................... 22 18
-+ m 2
— =
w0 IC
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_ _ _ 3
|||||||||||||||||||||||||||||||||||||||||||||||| o
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SRR I S SN SO SO w
.............. N
S
H =
= L =
o b = w <@
(ap) Lx34
S
P —
o
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©
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DDIL and DDRL[L{EQ

[] T T T ! T T T
) % . N U S SR Rt SR S i
_1 _____________________________________________________________ -
E 1R R L T e S et R -
Z
=
B b My .
-7 S . S S .
-3 po| ———8DD12 (ISD) [~*~ i g e .
— Fitted model
35 H H H ; ; ; ;
0 5 10 15 20 25 30 35 40
Frequency (GHz)
'2[] T T T : T T
— SDD11 (1SD) : : : :
-25 [{ —— sDD22 (1SD) |------- beooooe i T RREEt
— Fitted madel . , . ,
T ey S S R
Ty S R | R
o
Z
— 40
[T
]
=]
-45
S0HT-1-E
S5 T-EH L
60 i i H i i i
0 5 10 15 20 25 30 35 40

Frequency (GHz)

S Phase (degree)

S Phase (degree)

200 : N R R I

--] —— SDD12 (ISD) H
{ ——— Fitted model

=200 i i i i h T
0 5 10 15 20 25 30 35 40
Frequency (GHz)

200

150 ]

100

50

-] — SDD22 (ISD
| — Fitted model

5 10 15 20 25 30 35 40
Frequency (GHz)
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CCIL and CCRL[G#

— SCC12 (15D) {
— Fitted model

— SCC12(IsD) |~
— Fitted model

1
AEL--

3H

(=[:)alle}e]

40

15

10

Frequency (GHz)

Frequency (GHz)

T T T T T T
' ' e : oo s
' ' ' ' =
P - == |22 5
I o o Ak Mo o Ef
1 1 1 VTSN O
' ' - -— [ L )
! : —— oo
| L ' - ——e G |
i ' ——— r _ _ _
: : e : :
I e e e N e —s. — - - - - L -

(ISD)

— SCC22 (15D)
Fitted model

(ap) 120

25 30 35 40

Frequency (GHz)

25 30 35 40

Frequency (GHz)
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TDT and TDR[G{fig

%107 Vin=1 volt; Rise time (20/80) = 35 ps %107 Vin=1 volt; Rise time (20/80) = 35 ps
20 1 T ! ! T T ? T T ! T T
i : : L | T T3(SD) : : i | ——T14(sD)
3 ; ——T24(SD) S . P T 7| ——T230sD)
L [ —— Pited model 1 i LT Fited model Positive polarity
|—> implies K>K,
---------------------------------------- 4 =
=
=
>
Jin}
................................ - w
5 ; ; ; ; ; ; A ; ; : ; ; ;
0.5 0 0.5 1 15 2 25 3 0.5 0 0.5 1 15 2 25 3
Time (ns) Time (ns)

Rise time (20/80) = 35 ps

%3 ! ; ; T 2 ; ; ; ; . ;
j : : § | ——7cCi (150)
92 ....... . ........ 245 ........ ........ [ 2 EEEERE TR ZCCEE (lSD:] i
: : § Fitted madel
24 ....... A T -
E G b P TR E : : :
=2 Eoaggl L
] L]
a O e oy LA W0 194 :
: : 23_ .........................................
70011 (1SD) 5 : ; . _
gt Y B ] : : : : .
ZDD22(|5D) 225—J ........ ........ \‘ ........ ........
Fitted model : : :
T 2 L i 1 1 i L
s 0 08 1 15 2 25 3

as N ; | n n
05 0 05 1 15 2 25 3

Time (n=) Time (ns)
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Rise time (20/80) = 35 ps

48 T T T T T T
i : : — 711 {130}

733 (1S0)
Fitted model ||
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STMRBIRYELER

" RBUGAILECFEXT, &892 5e]LUREFILECRrAIL, RL, NEXT

, FEXTFITDR / TDT

nnnnn

ground I und I
/ ——
m= [\ [
I [ S
ground I ground I
Model 4 Model 5
B okt [ oke

DK2>DK1 because

of positive-polarity

>/ FEXT

Model DK1 DK2
1 3.510 -
2 2.444 4.294
3 3.413 3.623
4 3.863 3.360
5 3.115 3.975
At 10 GHz
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=AY DK1 1 DF1
&3

£ =3.27929

1 10™ +i- f
o = +A  _ . IO -
R2 middle Ag 0.144348 &= 8 ¢ m, —m, glo(loml +i-f j

=g, -(1-i-tan )

ground

pitch — R4 ml - 9.58619
== m2=15.4109

Bottom dielectric %10 Bottom dielectric

I I |
0 § 10 15 20 25 30 35 40
Frequency (GHz) Frequency (GHz)
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=AY DK2 #1 DF2
&3

ground goo - 3.46724

0.170196 cog tAs 1t jog, [0 HIT
Ag =0. © m, 10 10™ +i- f

1 | bk2, F2 ¢ & middle
== s
<«— pitch — R4 ml: 9'58715

arouns m2 =14.8352

Top dielectric %10 Top dielectric
3.645 T T T T

364
3.635
3.63

3.625

DK

3.62
3.615
361

3.605

36

0 5 10 15 20 25 30 35 40
Frequency (GHz) Frequency (GHz)

58 ataitec



IRENE S
EE 3

ground

= & =5.8x10" S/m
R R, = 0.324321um

R2 middle

ground

%10 Ietal
T T

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Effective Conductivity (S/m)
=
n

; i i i | ; i
0 5 10 15 20 25 30 35 40
Frequency (GHz)
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aJLAGRIKEFISRZR a] fahAVIRE.

—ISD

— Fitted model
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Summary

" ERERAT SIS, —EENRFIPCBi R E M
(DK, DF, #H#gE) I=ENEXEE,

. au%,m;eam&,ﬁeiwaﬁx EIRYFEST, NMEFRRIEER
ANBE=SERENRSE (DUT) SR =EIEHREIR.

" JRUEERA (ISD) WEEAARRE AR 7 ICSEBiInE
7, NMRE 7 EERNGEE, BERIRFE T B,
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