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Requirement of Multi-port S-Parameters for
Crosstalk Analysis

Differential signals in this
circle Is the victim pair.

Other six pair differential
signals are aggressors.

GND pins between
differential pairs

mTouchstone V2.0 file can include more crosstalk information of > 4 port case
mln this case, we need 28-port S-parameters for crosstalk analysis
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Advantages of Touchstone V2.0

m No restriction exists on the number of data pairs on a line in Version
2.0 files.(Data format restrictions relaxed)

S5P S6P

fssss fssss <frequency value 1> <N1_1><N1 2> <N1 3> ........<N1_28>

s ss <N2_1> <N2_2><N2_3>.......<N2_28>

Ssss SSSS <N3_1> <N3_2><N3 3> .......<N3 28>

s 55§

$§$§S§8S 5$5S§5S ‘

s §S§ .

ssss $SSS <N28_1> <N28_2> <N28 3>..<N28 28>

s 55§

$SSS $SSS <frequency value 2> <N1_1><N1 2> =Nl 3> ........<N1_28>

s s <N2_1> <N2_2> <N2_3>.......<N2_28>

f... S$SSS <N3 1> <N3 2> <N3 3> ........<N3 28>
55§

Version 1.0 |f ... Version 2.0
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Advantages of Touchstone V2.0

m The [Matrix Format] keyword: “Full”, “Lower”, or “Upper”.

m SE, MM & GMM data

"4d " "
1 — — 1 — 3 14 — "ad
SE 3 MM g SE MM —
2 l'l.1 cl'l 2 4 "1 c!l 2c

s11 s12 =513 s14 =15 =16
s2B
s3b
546
alal
= alal

$11 812 813 S14
811 812 813 Sdd1,2 Sdc1,2 $d1,2:3 Sdd11 Sdd12 8dc11 Sdc12

$21 822 823 s24 ﬁsaam Sdd22 Sdc21 Sdc22
§21 8§22 S23 Scd1,2 Scc1,2 $Sc¢1,2:3

$31 832 333 s34 Scdi1  Scdi2 Sccii Scci2
S31 832 833 S3d1,2 $3c1.2 $33

S41 842 S43 S44 Scd21  Scd22 Scc21 Scc22
[ |
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What can an N-port (n24) VNA do ?

m VNAs with less than 4 ports are very common.

m Even 16 ports VNA can’t get whole information directly in this
sort of case.

m Some methods can be used for n-port (n24) S-parameters
conversion based on 4-port S-parameters.
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Modeling Methods for Complex S-Parameters

How do we get s4p file if we have a 2 ports VNA only?
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Modeling Methods for Complex S-Parameters

 This is a actual case
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Modeling Methods for Complex S-Parameters

——>|  MATLAB *)DLSZ&P-
— touchstone2.0 -

Using Matlab to abstract proper data
According to Touchstone V2.0 format St epz
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Modeling Methods for Complex S-Parameters

3 3000520

-—;ﬁgliiff =

| \ } '\ W

\ MMH(( M\ i

Error check Step3

Passivity & Causality
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Lab Correlation for S28P Parameters

m Based on victim differential signal measurements

Far end crosstalk measuer: Farend crosstalk measuer:

B} PRES7 code of 6.25Gbps S ::E'LSDM‘”‘ 500hm ended

!
L.: each SMA 50ohm ended L.‘ connect to Oscilloscope
to GND

MNear end crosstalk measuer: Nearend crosstalk measuer:

B} Pres7 code ot62560ps [ fﬂ'-‘é"r'fnm 50ohm ended
0

[’: connectto Oscilloscope [’: each SMA 50ohm ended
to GND

Saving every channel waveform and recalling them as a PWL source
In Hspice netlist

m Using S28P file to model whole channel
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Lab Correlation for S28P Parameters

Far end crosstalk in time-Domain

PR
Wil -1.'\.'| Bidig18.2m

simul3tion

Ll far_rj18m |

measiire

! _ | | Ltk bl || '.ll' .ll'l.ll
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Lab Correlation for S28P Parameters

« Far end crosstalk in frequency-Domain

Red: measure
Green: simulation

wpectrum [V]

Frequency [GHz)
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Lab Correlation for S28P Parameters

Near end crosstalk in time-Domain

BE 1} 100n 200m 300n 400n
L L L L L 1 L L 1 i 1 i i i i 1 i i i i !
wiw 3w O) dig 20, 2

simulation

winput) near] 25.6m

measure

| A TR TR
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Lab Correlation for S28P Parameters

« Near end crosstalk in frequency-Domain

Red: measure
Green: simulation

Specirum [V]
T

Frequency [GHz]
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Lab Correlation for S28P Parameters

m Contrast with measure data and result of FFT , this method is effective
for modeling of multi-port S parameters.

m FFT analysis shows the S28P file can include detail information of
frequency response very clearly.

m Matlab programming is useful to process individual cases . But the
way we coding is not a general way.
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Lab Correlation for S28P Parameters

m A proposition for complex S-parameters modeling
o Adding keywords to give information of S-parameters need to be combined

m Such as [Combine information] Ninp Noutp Tsn Sorder

e Ninp means (number of input S file port) for example : 4
o Noutp means (number of output S file port) for example : 28
e Tsn means (total S parameter Number) for example : 91

o Sorder means (input S file combination order) for example : 2 of 91

© ZTE Corporation. All rights reserved.




Conclusions

= Multi-port S-parameter is widely used for crosstalk analysis in high-speed
system design, Touchstone V2.0 provide favourable conditions to model
multi-port interconnect networks.

m Based on certain times 4-port S-parameter measurement we can get
SnP (n>4) file through programming process

m We expect a general S-parameter conversion method supported by EDA
software.

= We may give keywords to combine S4P files , and software can abstract
proper data from each S4P file in a general rules and orders.
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