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Magnitude(S), [dB]
File name | Quality | Passivity | Reciprocity | Causality ;I o T ——
& beattystandard250hm 52P 9381 100 955 - F'\@R
r—e—.
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ocrosstalkstriptobroadsidecoup... 953 96.1 99 - 4
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£ GBX_Connector_ HFSS(1).s4p - 999 100 97.7 525 - - - - - - - - - - - -
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S(iw) = PVI ( ) .dw, PV =lim éo(j + I ] derivation
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Kramers, H.A., Nature, v 117, 1926 p. 775.. 2r {Slgn( )} { ( )}
Kronig, R. de L., J. Opt. Soc. Am. N12, 1926, p 547. F{sign(t)}:_i
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= Milton, G.W., Eyre, D.J. and Mantese, J.V, Finite Frequency Range
Kramers Kronig Relations: Bounds on the Dispersion, Phys. Rev. Lett.
79, 1997, p. 3062-3064

= Triverio, P. Grivet-Talocia S., Robust Causality Characterization via
Generalized Dispersion Relations, IEEE Trans. on Adv. Packaging, N 3,
2008, p. 579-593.
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E (t) = j [Et (r)-é(r)—bt (r)-B(z’)] -dr >0, VI (ZTRILF—ZFFHELLLY)
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a(t)=0, vi<t, = j[ )b (z)]-dr<0=b(t)=0, vt<t,
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P. Triverio S. Grivet-Talocia, M.S. Nakhla, F.G. Canavero, R. Achar, Stability, Causality, and Passivity
in Electrical Interconnect Models, IEEE Trans. on Advanced Packaging, vol. 30. 2007, N4, p. 795-808.
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DesignCon 2010MDIBIS7A+—Z L THIH T LELT=

O ZE)4 (Passivity) O fn B 54

PQM = max{&(Nmta, 3 pwnj,o}% PW, =0 if PM, <1.00001; otherwise PW, = “'n ‘0100001
09%LL E ThHARE PM._ = \/max [eigenvals(s*( f.)-S(f, ))]
0 A% (Reciprocity) M &n & 14 :
RQM = max [%[Ntotal —NZ; Ran,O}% RW =0if RM, <10°; otherwise RW_ = RM ”0._110_6
1
09% LIt Tih B = RM, = NS;‘Si.j(fn)—Sj.i(fn)

o RERM (Causality) D & B &5 i : BFFEtEY DT —2 N2 KD ] % H TEF
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BLy AJ 1~ =
Metric/Model Icon | @ - good @ - acceptable | ‘@ - inconclusive | & - bad
&4 Passivity [100, 99.9] (99.9, 99] (99, 80] (80, 0]
Al 4 Reciprocity [100, 99.9] (99.9, 99] (99, 80] (80, 0]
R 24 Causality [100, 80] (80, 50] (50,0 | -----
SZENE A[E FSES k3
Color code Passivity (PQM) Reciprocity (RQM) | Causality (CQM)
ELY | Green - good [99.9, 100] [99.9, 100] [80, 100]
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% Simbeor - [Touchstone Analyzer] - |EI |i|
Touchstone And\rzer| b x
& Refresh | 'E=| Tree-view ||j Table-view A.Connector_12t012 548p; B:GBx*_Connector_HFSS1.s4p;

Fassivity Measure, []

File name | Quality | Passivity | Reciprocity | Causality _;I | 05 I
B 54
\__,'3(:oupleddlffpa|rJ?4J76toJ7... - 959 993 o *‘MW\?[\‘/*\J
2)3coupleddiffpair74J76t0J8... - 96 99.2 o
2 beattystandard250hm.S2P - 100 95.5 L 127 e / Ip
2)beattystandarddlohm.S2P - 100 956 [ o ! A
| - 826 100 805 L’\%\m
2 Jcrosstalkstriptobroadsidec... - 964 992 o fﬁ
2 )crosstalkstriptobroadsidec... - 96.3 992 o 0951 W \J
2 Jcrosstalkstriptobroadsidec... - 96.1 993 o R
2 Jcrosstalkstriptobroadsidec... - 96.1 99 o
2 Jcrsstalkstriplinedpair 34P - 973 992 352 nat |

Jexample calibration. 32P - 99.2 995 o
it GBX_Connector_ HFSS1.s4p - 995 9N 96.2
& IConectszp - 994 | 526 734
&9 J104.494-J105495.54p - 99.3 100 977 088 U

J104.J94-197199.54 - 100 100 98 ' ; t ' i ; ' ' t t ' ' ;
@ S P 1] 125 25 375 5 625 Y5 BY5 10 11258 125 1375 16
D J20024-0211256in.54p - 994 100 943 13 Oct 2011, 15:43:28, Simberian Inc. Frequency, [GHz]
& J20024-J2125.54p - 994 100 943 —* A5 — RS
& J26.30-027031-3in.54p - 995 999 92.7 B == & |
D J26.30-127031.54p - 995 999 27  ~|
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b=S .a, Si,j :E — Si,j (Ia)) _ dij +Z : ij,n - ij.n _ .e—s-Tij DCb}b%Bﬂfff
a; 8 =0 K | e\ 10— Py, 1o— Py, DEEHMTEEIN

_SEE4E R K
s=im, d; —valuesateo, N;—numberof poles, - E A%

I.

ij,n

O (BERAHLELLE)/NILARE L., BT T, EHM T ELER

S.;(t)=0, t<T, N
5,5 (1) =dy5(t-T, )+Z|:rij,n -exp( Py (LT ))+ i -exp( Pin (LT ))J t=T

n=1

—residues, p; , — poles (real or complex), T; —optional delay

o ffﬁ Re(pij,n)<0

S ERME eigenvals| S(w)-S (@) | <1 Vo, from0tooo
0 ZEIME if g |S(@)5™(e)] SRS LB
O \] 4 if Sij(@)=5;(») ENHYET
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B A2 A7 o B 5T

0 BRHMESELETIOETIVIZEADCHSE R KETHDZH
BB BRSNS A—AIA L DR EIEIRDKX TRENFT
RMSE = I’T}&J\X{\/ﬁi‘su (n)— Sij (a)n)z}
O ZNIZKYTTDT—30 GREFE @A HEET
Q =100-max (1—- RMSE,0) %

B R
Model Icon/Quality Quality Metric RMSE
B @ - good [99, 100] [0, 0.01]
G| @- acceptable eoey | 0.01,0.1]
iﬁﬁf@“ 2) - inconclusive [50, 90) (0.1, 0.5]
B D e o EYE
+H 2] - uncertain [0,100], not passive or not reciprocal

EESEENERMFEEDAREESR
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i)
Touchstone Analfzer| g b =
= Refresh | CEe| Tree-view |.jTab4e—view AGEX_Connector_HFS5(1).sdp: B:GEX_Connector_HFEE.s4p;

tagnitude(3), [dE]
File name | Quality | Passivity | Reciprocity | Causality |;| F——F——o
UJUUUPIHUUIIIPHITJf"hJ-"DlUd-"... Jo0.2 J42.0 J0.0 -
a3coup|eddiﬁpairJ?-‘-l-J?StoJ?... 958 959 993 -
@ 3coupleddifipair)74J76to.3.. (1862 9 992 - 107
lobeatrystant:lart:lﬂSohm.SEF’ 981 100 955 - f/‘
lobeatrystant:lart:IErDohm.SEF’ 981 100 956 - 207
(D Connector_121012(1)s48p - 100 100 93 ﬁ/}fw
laConr1ector_12tc:12.s-1-8[;: 927 826 100 - \ ant /
acrosstalkstriptobroadsidec... 947 964 992 - \\K g
acrosstalkstriptobroadsidec... 948 96.3 992 -
acrosstalkstriptobroadsidec... 949 96.1 993 - -0t \;\ L . .
acrosstalkstriptobroadsidec... 353 96.1 99 - #ﬁ N E&% éh T:'?Tglj 7___'9:E-: T
acrsstalkstriplinedpair.S4P 963 973 992 - 50T — D
aexample calibration. S2P 975 992 995 - /% ) (re Sampl‘-’d)
£33 GBX_Connector_HFSS(1)s.. - 999 100 | 60k
ﬁGBX_Connector_HFSS.s-‘-l-p — — 2l . 0 2I5 5 ?IE 1ID 12I 5 1I5 1?; 5 2IEI Zé 5 2I5 2?; 5 3IEI
@ Conects2p SIS 2l ; 13 Det 2011, 15:51:25, Sirberian Inc. ' '  Frequency, [GHz]
la.J1D~-1-.J‘.3*-‘1~-.J1[!5.]‘:'!5.5-‘-1-[;: 926 998 100 - = ASmm[D1.01]; ASmm[D7.02] ——= ASmm[D1.C1]; ——= ASmm[D1.C2]:
0J1D4J94~—J97J99.s4p 958 100 100 _ —# B:Smm[D1.01], ——* B:Smm[D1.02] —* B:Smm[D1.C1], —* B:Smm[D1.C27;
@ 120024-J21425-6in.s4p 949 994 100 - - e | [+] | = | il
£ J20J24-J21J25 540 949 994 100 - hd

= X|® e s
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O Yuriy Shlepnev, Simberian Inc.

Tel: 206-409-2368 (KEH)
O SINTGA=ZADRBEIZDWNTELEMYF-LMERIETEEDTL
ToT—a3VERTTESOWW IR BNIEEL LIFET)

Y. Shlepnev, Quality Metrics for S-parameter Models, DesignCon 2010 IBIS Summit, Santa
Clara, February 4, 2010

= H. Barnes, Y. Shlepnev, J. Nadolny, T. Dagostino, S. McMorrow, Quality of High Frequency
Measurements: Practical Examples, Theoretical Foundations, and Successful Techniques that
Work Past the 40GHz Realm, DesignCon 2010, Santa Clara, February 1, 2010.

= E. Bogatin, B. Kirk, M. Jenkins, Y. Shlepnev, M. Steinberger, How to Avoid Butchering S-
Parameters, DesignCon 2011

= Y. Shlepnev, Reflections on S-parameter quality, DesignCon 2011 IBIS Summit, Santa Clara,
February 3, 2011
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