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« Causality and passivity fundamentals

« Enforcing passivity for sampled frequency data
« S-parameter rational function approximation

A new format of S-parameter rational function

¢« Summary
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S-parameter Mo

-
—_ S'parameter
IBIS Touchstone file
s (1) From measurement
(2) From EDA tool synthesis
Touchstone file description
#Hz S RI R 50
o :
11.000e+7 ;1.028e-4 -5.022e-4 3.666e-5 2.586e-4 9.998e-1 -2.709e-3 4.533e-5 -4.858e-5,
1 |:1.747e-5 2.512e-4 9.197e-5 -5.294e-4 -6.600e-5 -5.758e-5 9.998e-1 -2.660e-3:
— I > 19.998e-1 -2.710e-3 -4.670e-5 -4.861e-5 1.155e-4 -5.020e-4 3.726e-5 2.604e-4,
—— 1 O |:2.603e-5 -5.806e-5 9.998e-1 -2.659e-3 1.804e-5 2.493e-4 7.785e-5 -5.294e-4:
B 2 0Ee+7 111.268e-4 -1.096e-3 5.455e-5 4873e-4 9.997e-1 -5.339e-3 3.647e-5 -1.011e-4
= I |3735e 1 11 e-4 -1 13 -5.493e-5 -1. 077e-4 97e
- ||9 997e ﬁ e 49er
= ! |1962 -5 -1.0"1e-4 999/e-1 -5229e-d 3.722e-5 4.3 3e-4 9. 01e
o '3.08:%7 11.322e-4 -1.705e-3 6.496e-5 7.263e-4 9.996e-1 -7.954e-3 -1.425e-6 -1.547e-41
&7 16.417e-5 7.199e-4 1.198e-4 -1.751e-3 -1.140e-5 -1.558e-4 9.996e-1 -7.787e-3,
- : L I:9.996e-1 -7.953e-3 -9.924e-6 -1.548e-4 1.249e-4 -1.704e-3 6.277e-5 7.226e-4:
: 1:3.206e-6 -1.545e-4 9.996e-1 -7.785e-3 6.165e-5 7.242e-4 1.141e-4 -1.750e-3,
. | [ — oo o oo oo oo — o 1
1 1}
e !
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Impact of Non-C

* topology name: B82580_pcie_S5gts_rx
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Causality & Passiv
. Conditions

Causality Theorem

Theorem: An LTI system is causal if and only if all the elements #,(¢) of its impulse
response matrix i(r) are vanishing for <0, i.e.,

h(t)=0, t<O0.

Passivity Theorem

Theorem: An scattering matrix S(s) represents a passive linear system iff
1. S(s)=S"(s) where “*” is the complex conjugate operator
2. each element of S(s) is analytic in Re{s}>0
3. [[-S"(s)S(s)]=0. forall @ .

M
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Causality & Passi\
- Conditions

Theorem: If A(r) admits a Fourier transform, the following facts are equivalent.
1. h(t)=0, t<0.

2. H(jw) is the limit, as o — 0, of a function H(s) defined in Re{s} >0
and here analytic and of polynomial growth.

3. H(jw)=F{h(r)} satisfies Kramers-Kronig relations.

Theorem: If an LTI system is passive, then it is also causal.

T
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Passivity Condi ic

f—
-

S, (-w)=S,(w)| even function

odd function

S,(~0) = =5, ()

Passivity Condition 1:

Passivity Condition 2: S(») satisfies Kramers-Kronig relations.

S@=5@+8:@  [s@=—p[ 2 Do |s@) = pvf XD =
equivalent to
jg: Si(®) -IE; 5,(t) even function ‘TTHMT‘ >t =
; S, (w) 4|:-T— odd function wwwh* >t 5,(0) =sgn(?)s, (1)
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Passivity Conditio

Check the eigenvalue of Check the singular value of S
. S=Uxr"
I-SHS [[-§7S5]=0 UASY =5
Eigenxalue of [1-S1S] Si'ngular value of S

k} }
frequency

g 0 M frequency
s ®, ®, W, W,
w *I = = =
Leads to Passivity violation Leads to Passivity violation
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Enforcing Passivity for
- S-Parameter Raw Data

Currently the methodologies of enforcing passivity focused on Passivity Condition 3
only.

« Simple method (E.D. Campbell, IEEE ICCE 2010)

Enforcing Passivity

Singularleue of § raw data Assign singular value to 1!

} frequency

®; Oy
 Perturbation method (M.S. Nakhla, [IEEE MTT-S 2005) g
Singular value of S Enforcing Passivity =
A raw data Assign singular value by

optimization!

MBI

} frequency
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Enforcing Passiv
. Singular Value Re

085r

Simple Method

08
0

— Raw data

— Enforcing passivity '
i
|
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Frequency (GHz)

10

0.B5F

Perturbation Method

— Raw data
— Enforcing passivity
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Enforcing Pas

~ S-Parameter Rest

Simple Method

dB S

— Raw data
— Enforcing passivity
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Perturbation Method

i
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Rational Functi
_Approximation

Touchstone file description
#Hz S RI R 50

11.000e+7 1.028e-4 -5.022¢-4 3.666e-5 2.586e-4 9.998e-1 -2.709e-3 4.533e-5 -4.858e-5 |
I |:1.747e-5 2.512e-4 9.197e-5 -5.294e-4 -6.600e-5 -5.758e-5 9.998e-1 -2.660e-3 |
o 119.998e-1 -2.710e-3 -4.670e-5 -4.861e-5 1.155e-4 -5.020e-4 3.726e-5 2.604e-4 !
I 2,603¢-5 -5.806e-5 9.998e-1 -2.659¢-3 1.804e-5 2.493e-4 7.785e-5 -5.294e-4 |
IzoF=+7 I11.268e-4 -1.096e-3 5.455e-5 4.873e-4 9.997e-1 -5.339e-3 3.647e-5 -1.011e-4 !

3.735e 54,4.941e-4_1.116e-4 -1.132e3 -5.493e-5 -1.077e-4 9997e-1 -5.231e-3
| I, 997es ramgt LW dq f 99504
I I1,962¢ 51 s S 122 . £ C832¢.3,
l3ow=+7 '-1 322e-4 -1. 705e 3 6.4960-5 7.2630-4 9.9960-1 -7.954. 3 -1.425e-6 -1.547e-4!
I 's 417e-5 7.199e-4 1.198e-4 -1.751e-3 -1.140e-5 -1.558e-4 9.996e-1 -7.787e-3
I LI. I9996e1 -7.953e-3 -0.924e-6 -1.548e-4 1.249e-4 -1.704e-3 6.277e-5 7.226e-4'
: I13.206e-6 -1.545¢-4 9.996e-1 -7.785¢-3 6.165e-5 7.242e-4 1.141e-4 1.750e-3
|

S(f) 4 Rational Function Approximation

by Vector Fitting Algorithm

»
»

fmax

UHBHTTH T

S

frequency
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Rational Functim
Passivity Conditions

* If S(s) is a rational function, the passivity condition 1 is satisfied.

« If S(s) is a rational function of s, the passivity condition 3 implies the
analyticity of S(s) for Re{s} > 0.

Passivity Theorem for rational function

Theorem: A rational function of scattering matrix S(s) represents a passive linear
system iff

[1-S"(5)S(s)]>0. forall @ .

AT
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Perturbation Metho
Rational Function

M
R
Enforcing passivity: S+AS §=> - +’; +D
m=1 m
R +AR P, (A, +AA, )P,

12

Perturbation of eigenvalue ===

S+ p, S+p,

(by B. Gustavsen, 2010 IEEE Trans. on Advanced Packaging)

Target

» AS

o,+Ac; <1 fori=1l..n

12

0

Singular value of S Enforcing Passivity
A raw data Assign singular value by

perturbation of eigenvalue!
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— Raw data
— Enforcing passivity
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1.05
e
/
1
I
\
\
o
S
0]
- 09r
=
! 085
—_—
r— 08
=
=
—
—

|

dB s

-100}

S-parameter

— Raw data

— Enforcing passivity

1
05

1.5
Frequency (GHz)

1 i
2 25 3

PCEBG-TEC



Transient Respon
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'Rational Function Sta

Proposed Common

AT

S, =D, + jwE, +Z

=1

” M

+ 2,0

m=

Rec *

m

S+pr

m

S+pcm*

R Zo1 Zo2 Zo3 Zo4

! reference resistor of ports

Common pole

! Common pole definition

Real N ! Real pole definition
pr, pr, Dry ! Real pole data
Complex M ! Complex pole definition
Re(pc,)  Re(pc,) Re(pc,,) ! Complex pole real part data
Im(pc,) Im(pc,) Im(pc,,) ! Complex pole imagery part data
i ! Element definition, i is row and j is column
DC D, 1 DC element definition
E Eij ! E element definition
Real residue N I Real residue definition
er.Jl. Rr; . er.;v | Real residue data
Complex residue M ! Complex residue definition
Re(Rc.l.) Re(Rc;.) . Re(Rc;V) ! Complex residue real part data
Im(Rc ) Im(Rc") . Im(Rcijy) ! Complex residue imagery part data

FOXCONN
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Advantage of Ratior
_ Function Standard Fi

* Present S-parameter on full spectrum.
« Causality and passivity guarantee after enforcing passivity.

 Size reduction of S-parameter raw data.

No. of
Sampled No. of No. of Size of Size of Size
= Type data port pole-residue Touchstone file proposed file reducedto
-E- Via 2000 4 12 1.66M 6.88K 0.41%
; Connector 2000 12 78 9.21M 334.38K 3.63%
E Trace 2000 42 240 105.16M 1.35M 1.28%

FOXCONN
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 The traditional enforcing passivity for S-parameter raw date
are not sufficient to satisfy the passivity conditions.

» Using enforcing passivity rational function to fit S-parameter
raw data could be causality and passivity guarantee on =
full spectrum.

* The proposed rational function standard file has the
advantage in size reduction of S-parameter sampled
frequency data.

|
11 |
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Thank you for your attention.
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