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S-Parameter Quality Metrics — Quality is important /ANAIESU e crer

« Reciprocity

— Forward and reverse transmission are equal in both Magnitude and Phase

— VNA's have excellent Reciprocity because of the architecture

— More of an issue for TDR’s and scopes than VNA because of trigger jitter
« Passivity

— The channel must be passive and have loss

— Calibration, De-embedding and contact repeatability can effect passivity

— Verify with high quality low loss thru - airline (not cal thru!)

« Causality
— Al VNA’s have causality issues.
— Incomplete DC to Daylight data will cause S-Parameters to be non-causal.
— This shows up as output energy occurring before the input stimulus in the time
domain
— Verify with S-Parameter CCW rotation on a polar chart in the frequency domain or
look for energy in the time domain for t<0
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S-Parameter Metrics — Causality /INFIESU osen v

« Basic causality is always impacted by available finite bandwidth.

* Note the signal levels for t<0.
« Bandwidth & Window Choices Affect Causality and Resolution
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VNA BW (Frequency Span) effects causality
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S-Parameter Metrics — Passivity /INFIESU e

« Passivity problems occur when it appears a passive device has gain
* Receiver saturation issues can cause passivity issues during calibration or with the

measurement
« De-embedding is often the problem. Small errors can cause large simulation
errors.
« This is most prevalent in fixtures with high Insertion Loss and low Insertion Loss
DUT’s
E E De-embed : :
—| Fixture DUT Fixture |—— —_— —— DUT |+
.<—I—>.
Calibration Planes Effective New Measurement Planes

« Having a wide range of extraction methods for de-embedding can be an advantage
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<« Simberian

Electromagnetic Solutions

Analysis to Measurement
Correlation
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< Simberian

Introduction

« Design of PCB and packaging interconnects for data links
runging at bitrates 28-32 Gbps and beyond is a challenging
problem:

It reguires electromagnetic analysis over extremely broad frequency
bandwidth from DC to 40-50 GHz

No frequency-continuous dielectric models available from manufactures
No conductor roughness models available from manufacturers

Boards are not manufactured as designed — large variations and
manipulations by manufacturers

Making accurate measurements over this bandwidth is very difficult

- Is it possible to design interconnects and have acceptable
analysis to measurement correlation from DC up to 40-50
GHz systematically?
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Analysis correlates with measurements if... @ 2/72eran

Connection of MULTIPORTS |
Transmission lines (may be coupled) and
2F | Transitions | | Segments mostly localizable via-holes, connectors,

1) Quality of S-parameter

models is ensured cotoztens[poon e
2) Broadband material models ar | | e
identified or confirmed ot [raage v

3) Simulation of all elements in isolation
IS possible or coupling is accounted

4) Models are validated with measurements

4 elements of design success - see App Notes #2013_03, 2013_05, 2014_05 at
http://www.simberian.com/AppNotes.php
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< Simberian

(1) Quality of S-parameter models

« Multiports are usually described with S-parameter models

— Produced by circuit or electromagnetic simulators, VNAs and TDNAs in forms
of Touchstone or BB SPICE models

« Very often such models have issues and may be not suitable for
consistent frequency and time domain analyses
— Bandwidth deficiency and discreteness
— Model distortions leading to passivity, reciprocity and causality violations
« How to make sure that a model is suitable for analysis?
— Use formal quality metrics...

Quality estimation theory is covered in webinar #1 at
http://www.simberian.com/Webinars.php
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Good S-parameter Models of Interconnects @ simborian

« Must have sufficient bandwidth matching signal spectrum
« Must be appropriately sampled to resolve all resonances
« Must be passive (do not generate energy)
P = a -[U —S*S]-c_l >0 » eigenvalS[S* .S} <1 Continuously from DC to infinity!
« Must be reciprocal (linear reciprocal materials used in PCBs)
S, =8, or§=5
« Must be causal (have causal step or impulse response or satisfy

Kramers-Kronig relations) 5(o)

5 (1) S,(a)):%PV_]im-da)', 5,(@) ="

i,j —oo
Si,j (t) =0, 1< Tij /\ Continuously from DC to infinity!

i,j
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Preliminary Quality Metrics (0-100%) pe

First introduced at IBIS forum at DesignCon 2010

« Passivity Quality Measure:

100 R 0 . ' _
(N,(,ml - Z Pan,O}% PW, =0if PM,k6 <1.00001; otherwise PW,
=

PM, —1.00001
POM = max
0 {N T

0.1

total

PM, = \/max [eigenvals(S* (fn)~S(fn))}

 Reciprocity Quality Measure:
RM, -10"°

Nmml . —6. . _
ROM = max[;loo (Ntotal _ Z RWn],O}% RW =0if RM, <107; otherwise RW = 01
=1

total

Re

Im(S[i,j]), or polar plot

1
RM = FZ ‘Si,j (f,)- S, (f, )‘ Plot of Re(Si/j1) as function of
s iJ :

« (Causality Quality Measure:

Minimal ratio of clockwise rotation measure to total rotation I:>
measure in %

mostly|clockwise~a
centers | e

CELEBRATING 20 YEARS

DesignGon FiE

WHERETHE CHIP MEETS THE BOARD




< Simberian

Preliminary Quality Metrics

« Brackets for Passivity, Reciprocity and Causality quality metrics

Metric/Model Icon | (@ - pood @ - acceptable 2 - inconclusive | @ - bad

Passivity [100, 99.9] (99.9, 99] (99, 80] (80, 0]

Reciprocity [100, 99.9] (99.9, 99] (99, 80] (80, 0]

Causality [100, 80] (80, 50] (50, 0] —_ <= For numerical models
Color code Passivity (PQM) Reciprocity (RQM) | Causality (CQM)

Green _ good [99.9, 100] [99.9, 100] [80, 100]

| |
Yellow — inconclusive | [80, 99) [80, 99) [20, 50)
| |
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Example of preliminary quality evaluation in P
Simbeor Touchstone Analyzer

Touchstone Analyzer ‘ Aakiee
=] =l
= S-parameters measured for CMP-28 Channel

File name Quality Passivity Reciprocity Causality ~ . . .

C\Repository\Simbeor\CMP-28_Simbeor_Kit_Rev4\CMP-28_Rev#\Touchstone_Files\2ndcal_d.. MOdeI | ng Platform by W| |d Rlver TeCh n0|ogy
aCaLThrujp T4ns_pl_p2.s2p N 100 998 999 . .
QCEI_Thru_SpMﬂs_pS_pﬂrSZp - 100 996 99.9 (from CM P_28 Slmbeor Klt)
0 cmp28_mstrp_diff_Zinch_J38.J37J3433.54p 2 100 99.8 74
0cmpZB_mstrp_dlﬁ_Slnch_J45J45J42J4‘\ sd4p = 100 9938 731
0cmpZB_mstrp_difF_gnd_cutout_J59J60J55J55.34p N 100 99.8 89.7
0cmpZB_mstrp_dlﬁ_xTa\K_JS?J58J53J54 sd4p - 100 9938 556 . . .
0cmpZB_mstrp_difF_)na\i-c_JS?JS4J53.J72 s4p & 100 009 772 Touchstone Analyzer 4k x
0cmpZB_mstrp_dlﬁ_xTa\K_JS?JTIJ53J6'I sdp = 100 999 66.2 2] i j” a
0cmpZB_mstrp_difF_xta\k_.JS?.J?2.J53JS4 s4p - 100 999 6758 B
ocmpZB_mstrp_dnf_xta\k_JB4J?2J58.J54s4p 2 100 999 679 File name Quality Passivity Reciprocity Causality )
0 emp28_mstip_diff xtalk_J71J58.061J54 s4p = 100 999 669 C:\Repositony\Simbeor\CMP-28_Simbeor_Kit_Rev\CMP-28 Rev4\Touchstone_Files\1stcal_sin...
D cmp28_mstrp_diff xtalk_J71J72J61J64.54p 5 100 997 50 @ cmp28_gnd_voids_p1J74_p2J75.52p = 100 994 931
ocmpZB_mstrp_diff_x‘ta\k_.J?Z.JSS.JSﬂfJMs4p N 100 999 ot ocmengradualedfcup\anarfmJ?DﬁpZJSQ s2p S 100 995 844
9 cmp25_stipl_diff_2inch_J39J40J35J36.54p - 100 9938 773 @ emp2s_mstp_2in_p141_p2i2s2p ) L 2L B
@ cmp28_strpl_diff_Binch_147.J48J43.44 s4p = 100 999 783 D emp28_mstrp_Binch_p14_p2J3s2p - i HEE B

. . . . 0cmp287mstrpreanijohmpr.J257p2J2S s2p = 100 994 983

CA\Repository\Simbeor\CMP-28_Simbeor_Kit_Rev4\CMP-28_Rev4\Touchstone_Files\3rdcal_ ocmng_m stp_muliZ_p1J31_p2J32.52p R 100 993 985
0 Cal_Thru_3p74ns_p1_p2_vias.s2p = 100 994 99.9 9cmp23_m strp_p1J30_p2.29.52p i 100 998 986
aCaI—ThrLL3p74"‘57917927“357’97-529 - o0 992 999 0cmp287msteresnnamLmJ227p2J22 s2p = 100 99.7 994
(@ Cal_Thru_3p74ns_p3_p4_vias s2p R 00 995 100 &9 cmp23_mstrp_whiskers_p1J68_p2J67.52p = 100 993 94
acmpZBﬁmstrpfdiﬁL\/iast49.JSDJSTJ52.s4-p ] 100 99.8 878 0cmeB_strpI_Zin_EDnhm_pTJS_pZJE s2p = 100 99.1 823 L' D
0cmpZB_mstrp_wa_capacitive_pT.J‘IQ_pEJED s2p g 100 I 948 ocmp287slrpLZinfCapacilivefp1J1DﬁpZJDS\ s2p - 100 995 938 Ive e m O =
a cmp28_mstrp_via_inductive_p1J15_p2J16.52p a 100 996 96.6 @cmpZS_strpl_Zm_lnductlve_p‘\ J12_p2J11.s2p = 100 99.4 846 . .
(@ crp25_sirpl_via_backdiiled_p1J14_p2Ji3s2p - 100 994 a8 (@ cmp28_stpl_Sinch_p1J7_p206 52p - 00 987 7 Estimate qu al |ty
acmpZBﬁstrvaiafcapacit\vefp1J1Bﬁp2J17.92p = 100 997 95.8 0CmDzsﬁ"PLBEE“LZSUhmJWJ237P2J27 s2p = 100 99.4 955

@cmpZS_strpl_resonatcr_p‘lJ23_p2J24.92p - 100 994 98 P I Ot S— param ete rS
ocmeB_via_pathology_pTJEE_pZJSS s2p = 100 998 975 v
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Final model quality estimation with pe
the rational approximation

« Accuracy of discrete S-parameters approximation with
frequency-continuous macro-model, passive from DC to infinity

1 Y 2 N; *
RMSE = max| , |[— E S (n)=S.(w ‘ S, (iw)=|d,+3| —li—ptia || o
i’j N n=1 N ( ) Y n) " (l ) ! n=l la)— pij,n la)_ p;,n ‘

original tabulated data rational approximation
» Is used to estimate quality of the original data

Q =100-max (1— RMSE,0) %

I\éo_del I:m/Quahty ggalitgol]\demc E)MOSOEI] Rational mode! can be used for FD
£00 > 4 and TD analysis instead of the

- acceptable (0.0L,0.1] original data

> - inconclusive ©.1,05]

& - bad > 05

1?] - uncertain [0,100], not passive or not reciprocal
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Example of FINAL quality evaluation in Simbeor P
Touchstone Analyzer

Touchstone Analyzer | S-parameters measured for CMP-28 Channel

=5 2

FI|E! name Quality Passivity Reciprocity Causality MOde“ng Platform by WIId R|Ver TeCh nOIOgy
C\Repository\Simbeor\CMP-28_Simbeor_Kit_Rev4\CMP-28_Rev4\Touchstone_Files\2nd... (from CM P_28 Slmbeor Klt)

@cmpZB mstrp_diff_2inch_J38J37J34J33.s4p 995 100 998

@cmpZSﬁmslrpfdlﬁjﬂnch7J4SJ45J42J4-‘I.s‘J—p 996 100 998 -

@ cmp28_mstrp_diff_gnd_cutout_J59J60J55J56.54p ZalE 100 998 Touchstone Analyzer |

@ cmp28_mstrp_diff_xtalk_J57J58J53J54.s4p 995 100 998 2] =] =]

(2 cmp28_mstrp_diff_xtalk_J57J64J53.J72 s4p 996 100 999 —

() cmp28_mstrp_diff dalk_J57J71.53J61.54p 996 100 gogn | File name Qualily | Passivilty. | Reciprocity | Causaliy kg

@cmng_mS"p_diﬁ_mam_ljS?J72J53J54 sdp 996 100 999 C\Repository\Simbeor\CMP-28_Simbeor_Kit_Rev4\CMP-28_Rev4\Touchstone_Files\ 1stc...

() cmp28_mstip_diff xalk_J64.72J58.54.s4p 995 100 999 () cmp28_gnd _voids_p1J74_p2J75.52p 995 100 994 -

@ emp28_mstrp_diff_xtalk_J71J58J61.054 s4p 995 100 999 @ cmp28_graduated_coplanar_p1J70_p2J69.s2p 99.7 100 995 =

() cmp28_mstip_diff xalk_J71J72J61J64.s4p 995 100 997 8 cmp28_mstrp_2in_p1J1_p2J2.52p 995 100 9.7 2

({2 cmp28_mstrp_diff_xtalk_J7258J64.54 sdp 996 100 999 cmp28_mstrp_8inch_p1J4_p2.13.52p 997 o 998 E

() cmp28_stipl_diff 2inch_J39.40J35.36 s4p 995 100 995 (@) cmp28_mstrp_Beatly_250hm_p1J25_p2.26.52p 996 100 994 -

({2 cmp28_strpl_diff_6inch_J47.J48J43.44 sdp 993 100 999 () cmp2s_mstrp_mutiZ_p1J31_p2.J32.52p 996 o 993 -
C\Repositony\Simbeor\CMP-28.Simbeor Kit RevA\CMP-28_Revd\Touchstone|| @ SMP28_mstp_p1J30_p2J29.52p S 2 -

0CaI_Thru_3p?4ﬂs_pT_p2_was.32p %65 100 994 i,’_'acmpZB_mstrp_res.onator_p'IJ22_p2J22.52p 997 100 99.7 =

9 Cal Thru_3p74ns_p1_p2 vias_rptsZp %68 100 a9 &? cmp28_mstrp_whiskers_p1J68_p2J67.52p 995 100 998 -

0 Cal_Thru_3p74ns_p3_p4_vias s2p 97 100 995 9 cmpZB_strp\_an_SDOhm._p‘\ J6_p2J5.s2p 996 100 o9 B

(@ cmp28_mstrp_diff_vias_J49.50J51J52 s4p 989 | 100 998 Q cmp28_strpl 2in_Capacitve_p1.10_p2.039.52p S 25 i L | ve D emo

@ cmp28_mstip_via_capacitive_p1J19_p2J20.52p 996 100 992 @ cmpZB_strp\_Z?H_Inductlve_p'l J12_p2J11.s2p 995 100 994 = =

@ cmp28_mstrp_via_inductive_p1J15_p2J16.52p 983 100 996 “? cmp23_strpl 8inch_p1J7_p28.52p SItN i i . B u | I d R C M

@ cmp28_strpl_via_backdrilled_p1.14_p2.113.52p 977 | 100 994 9 CHp26_stip|_Besy 2oohm 28 p2/27.c2p N7 | 100 D4 i

9cmpZS_strpI_wa_capacwtlve_p'lJ‘\ 8_p2J17.s2p 934 100 99.7 QcmpZB_strp\_resonatcr_p‘lJ23_p2J24.52p S8 i o ) E H I 1

@cmpZB_wa_pathology_p'IJBS_pZJEB.sEp 996 100 998 = & Stl m ate q u a Ity

- ’ Compute TDR
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< Simberian

(2) Broadband material models

& Board Analyzer q4r %
e e ||y

« The largest part of interconnects are
transmission line segments

* Models for transmission lines are usually
constructed with a quasi-static or
electromagnetic field solvers

— Strip lines can be effectively analysed with quasi-static
field solvers

— Microstrip or CPW may require analysis with a full-wave
solver to account for the high-frequency dispersion

» Accuracy of transmission line models is mostly
defined by availability of broadband
dielectric and conductor roughness models
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< Simberian

PCB/Packaging material models

« Common dielectric models:
Wideband Debye (aka Djordjevic-Sarkar or Swensson-Dermer):

8(f) — 8,(00) + € ‘In 10:? + lf Ctonrt]intfj:)us—sgectrur.rr1]tmgdelr; F:rt]aqtuirres specification of DK and LT
(m2 —ml)-ln(IO) 10 f at one frequency point (2 parameters)
al Ag . I e .
Requires specification of value at infinity and poles/residues or DK
MU'tI p0|e Debye e(f)= g + Zl 1+ and LT at multiple frequency points (more than 2 parameters)
f
- Common conductor surface roughness models:
Modified Hammerstad (2 parameters): Huray snowball (1-ball, 2 parameters):

2 2 2
K,=1+ 2«arctan 1.4(éj (RF -1) K, =1+ N-az-r 1+é+ g .
4 o A, r 2-r

« Parameters for the models are not available and must be identified
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Material model identification with GMS-parameters & 2/7berian

(1) Measure scattering parameters for (3a) Guess material or conductor
two transmission line segments with roughness model and model
lengths L1 and L2 parameters
v v
(2) Compute reflection-less GMS- (3b) Compute reflection-less GMS- | ]
parameters of line difference L=|L2-L1| parameters of the line segment ' '
with length L |_
| |
v
parbmeters rom measuremorts and | | (40)Adust model parameters or | Applicable to dielectric and
model change the model conductor roughness models;
[ A

AMeasured. DifferenceStrip Filtered; B:Computed.§ inch.Simulation(1);
hlagnitudelS), [dB] Group Delay. [ns]

s the difference EE\;
smaller than a \ﬂ 111
C . 5 = =
Optimization loop — red line; ~threshold: 0 ”\a.\g\
Automated in Simbeor software; ol < e 11.08
[ |
Yes i TR l,
- -15 'Lﬁrltzﬁ____ = — =
{4c) Material or conductor £ = U = bS]
roughness model is found 20 > . |t095
See App Notes #2014_02 and 2014_03 for details on identification with GMS- A T . B . O
parameters at http.//www.simberian.com/AppNotes.php and 05 Apr 2013, 15:36:25, Simberian Inc. Frequency, [GHz]

webinar #2 at http://www.simberian.com/Webinars.php ElASmIln] (MT)In2M1) T = B:SmilnT(MTLIn2(MT = =
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Example of material model identification i Simberian

07 Resist - - H H H
g CMP-28 validation board designed by Wild River
Loi 0.6 Signal 0.5 oz . H H
74 BXEE s ms (oro Technology http://wildrivertech.com/
LO2 1.2 Plana 100
120 0.012 1/1 Core FR4OE  (+\- 1.0) = T z R
Loz 12 - Signal Lo i ol il S x _
100 3x3313 B-Stage  FRADE [+ 1.0) s ] ¥ AR ¥ e .
Lo4 12 Plane L0 @
21,0 0.021 1/1 Core FRADE  (+\-1.0)
LOS 1.2 Plane 1062
100 3x%x3313 B-Staga FR40E  (+\-1.0)
LOE 1.2 Signal 1062
120 0.012 1/1 Gore FR4DE  (+-1.0)
LO7 1.2 Plana 100
A4 2% 3313 B-Stage FR4DE  (+\-1.0)
LO8 0.6 Signal 0.5 0
1.4 Cu Pleting
07 Resist
From Isola FR408HR specifications
A. @ 100 MHz (HP4285A) 3.69
DK, Permittivity B. @ 1 GHz (HP42914) 3.66
(Laminate & prepreg as laminated) C. @ 2 GHz (Bereskin Stripling) 3.67
Tested at 56% resin D. @ 5 GHz (Bereskin Stripling) 3.66
E. @ 10 GHz (Bereskin Stripling) 3.65
A.@ 100 MHz (HP4285A) 0.0094
Df, Loss Tangent B. @ 1 GHz (HP4291A) 0.0117
(Laminate & prepreg as laminated) C. @ 2 GHz (Bereskin Stripling) 0.0120
Tested at 56% resin D. @ 5 GHz (Bereskin Stripline) 0.0127
E. @ 10 GHz (Bereskin Stripline) 0.0125

Use measured S-parameters for 2 strip (10.5 mil wide) and
micro-strip (13.5 mil wide) segments (2 and 8 inch long);
Confirm with differential segments;
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A:Measured.sl_Binch.Simulation{1); B:Model.sl_8inch.Simulation{1);

Models identified with strip line daa

Magnitude(S), [dB] Phase Delay, [ns]
0 & i i i i i 1105
; L e o
| a0 2. [mil]
T\L\\ I e 110375
ST ~ — e T
T \ 4 +1.025
0}l \%‘ Measured (stars)
i <€ \@\ |l\/| 10125
..\ GM Insertion Loss e odel (circles)
151 v — 1,
AN GM Phase Delay “«\
20 + e .F( ) B — > 10985 GM - Generalized Modal (reflection-less);
F* Bt LS /_C\:?' -
. A = A o e A A e A About 35 GHz useful bandwidth from the
16 Sep 2014, 131951, Simberian Inc. Frequency, [GHz] measured data due to mechanical differences;
———— ASm[In1(M1)LIn2(M1)] %= ———; ———0 B:Sm[In1(M1}In2(M1)] 0————;

GMS parameters computed from S-parameters measured for 2 and 8 inch strip line segments

(red and blue lines) and modeled for 6 inch strip line segment (brown and green lines):

FR408HR model: Wideband Debye, Dk=3.815 (3.66), LT=0.0117 @ 1 GHz;

Conductor roughness model: Modified Hammerstad, SR=0.4 um, RF=2; Models are usable up to 50 GHz!
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< Simberian

Models identified with micro-strip line

A:Measured.ms_6inch.Simulation{1); B:Model.ms_8inch_em.Simulation{1};
Magnitude(S), [dB] Phase Delay, [ns]

e

T 1.05

\“\\@\ ‘Measured (stars) i

10 +

* GM Insertion Loss \&\\h( Model (circles)
15 Yy A 0.95
204 5\\ GM Phase Delay NL_@‘\_ - GM - Generalized Modal (reflection-less);

T P == :%::::%;{:::t:::_zigt-_—::@:’“"_ \-—0.9

, , , , , , , , , : : About 35 GHz useful bandwidth from the

0 Y 19 15 = o 30 35 40 45 50 measured data due to mechanical differences;
15 Sep 2014, 1317:010, Simberian Inc. Frequency, [GHz]

—* ASm[In1{M1},In2{M1)] #*————; ——5 B:Sm[In1(M1},In2(M1}] 0————;

GMS parameters computed from S-parameters measured for 2 and 8 inch micro-strip line segments

(red and blue lines) and modeled for 6 inch micro-strip line segment (brown and green lines):

FR408HR model: Wideband Debye, Dk=3.815 (3.66), LT=0.0117 @ 1 GHz (same as for strip);

Taiyo solder mask model: Wideband Debye, Dk=3.85 (3.9), LT=0.02 @ 1 GHz;

Conductor roughness model: Modified Hammerstad, SR=0.4 um, RF=3.5; Models are usable up to 50 GHz!
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(3) Modeling discontinuities in isolation poimbouan

« Achannel is typically composed with transmission lines of different types and
transitions (vias, launches, connectors,...)

« The transitions may be reflective due to physical differences in cross-sections
of the connected lines
— The reflections cause additional losses and resonances and, thus, unwanted signal degradation
* The effect of the transitions can be accounted for with models built with a full-
wave 3D analysis

» If such analysis is possible in isolation from the rest of the board up to a target
frequency, the structure is called localizable

« Only localizable transitions must be used to design predictable
interconnects

See how to check the localization at App Notes #2013_03, 2013_05 at
http://www.simberian.com/AppNotes.php
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< Simberian

(4) Benchmarking or validation

« How to make sure that simulation works? — Build validation boards!

Controlled board manufacturing is the key for success
— Fiber type, resin content, copper roughness must be strictly specified or fixed!!!
— ldentify all manufacturing adjustments: stackup, etching compensation,...

» Include a set of structures to identify one material model at a time
— Solder mask, core and prepreg, resin and glass, roughness, plating,...
* Include a set of structures to identify accuracy for transmission lines
and typical discontinuities
— Use identified material models for all structures on the board consistently
— No tweaking - discrepancies should be investigated

« Use VNA measurements and compare both magnitude and phase (or
group delay) of all S-parameters and optionally TDR and eye diagram

See more at: Y. Shlepneyv, Sink or swim at 28 Gbps, The PCB Design Magazine, October 2014, p. 12-23.
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Validation platforms simplify process e

« CMP-28/32 Channel Modeling Platform
was developed by Wild River
Technology to promote systematic
approach to interconnect analysis to
measurement validation up to 40/50
GHz or up to 28/32 Gbps

— Contains 27 micro-strip and strip-line
interconnect structures equipped with 2.92
mm (CMP-28) and 2.4 mm (CMP-32)
connectors and can be used to validate signal
integrity simulators or measurement technique

Complete description of CMP-28/32 platforms with all results is available at
http://www.simberian.com/Presentations/CMP-28_Simbeor_Kit_Guide.pdf
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Demo of validation with Simbeor

1. Measure and ensure quality of S-parameters (done)

2. Get all stackup and geometry adjustments from
manufacturer or do cross-sectioning (done)

3. ldentify or confirm material models (done)

4. Load board design and do post-layout analysis with or
without connectors/launches
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Example of validation

AMeasured.cmp28_mstrp_8inch_p1J4_p2J3 MFP;
B:MS_SE_8in_J4_J3MS_SE_8in_J4_J3 Simulation(1);
Magnitude(S), [dB]

8-inch micro-strip line I™~__ N

segment with launches P~ JEnsmission L ﬂ
N
RS

and connectors CHION, g, s

v h
asured: lines with stars \

del: lines with circIeTs \(\
25 Sb 3‘5 4'[] 4‘5 5'[]
17 Sep 2014, 12:28:40, Simbetian Inc. Frequency, [GHz]
AS[1] AS[1.2] ASRAL AS[R2];
——9 B —= BS[12]
A:Measured.cmp28_mstrp_8inch_p1J4_p2J3.MFP;
B:MS_SE_8in_J4_J3.MS_SE_8in_J4_J3.Simulation(1);
7. [Ohm]
56.25 +
! TDR with-20-'bs rise time
55 FERWitH—= o po 1o HTHIC
53.75 +
=T Model (blue)
oqae ue
5105 + | /\\-A
. —
50 + = = — Eg
BAWEAE (7
T dth is reduced by 1 mil Meastred (red and
race wi IS requcea by 1 mi 875 1 Measured (red and prange)
475 1
0.é5 0:5 0.‘75 i 1 .é5 1 .‘5 1 .‘75 é 2.é5 2.‘5 2.‘75 é
17 Sep 2014, 09:32:23, Simberian Inc. Time, [ns]

A1) AZ[22); B:7[1,1];
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Electromagnetic Solutions

A:Measured.cmp28_mstrp_8inch_p1J4_p2J3.MFP;
B:MS_SE_8in_J4_J3MS_SE_8in_J4_J3 Simulation(1);

Phase Delay, [ns] Group Delay, [ns]

| | |
19+ = =
Me suredj lines with stars L1z
Model: lines with|circle:
187 Lo
- Group Delay L 15
L A
Lo
16+
13
15+ " At
: hase Delay 12
N
1 1
14 v F11
o 5 1 15 20 25 5 50
17 Sep 2014, 09:30:48, Simberian Inc. Frequeney, [GHz]
———+ AS[12] #————; —* AS[R] #————; ——5 B:S[12] 0————;

A:Measured.cmp28_mstrp_8inch_p1J4_p2J3.EYE; B:MS_SE_8in_J4_J3.MS_SE_8in_J4_J3.EYE;
v, V]

025 1

025 1

006 007
Timelnterval, [ns]

17 Sep 2014, 03 34:36, Simberian Inc

AV1.2];

B:v[1.2];




Simberian

Example of validation y 2lmpetan

A:Measured.cmp28_via_pathology_p1J65_p2J66.MFP; A:Measured.cmp28_via_pathology_p1J65_p2J66.MFP;
. . . B:MS_SE_Via_Pathology_J65_J66.MS_SE_Via_Pathology_J65_J66.Simulation(1); B:MS_SE_Via Pathology_J65_J66.MS_SE_Via_Pathology_J65_J66.Simulation{1);
M ICro_strI p Ilne Seg ment itude(3), [dB] Phase Delay, [ns] Group Delay, [ns]
ot . .
. e . . e Transmission 091 | s
Wlth 2 CapaC|t|Ve vias Wlth \/K"\W*m Measured: lines with stars
dl h ol o hoal LA AT A a Model: lines with [circles 1
connectors and launches 0ss |
Ak
R By . - - Group Delay P
; 075
201+ { H r 08 L Pamtamlne i o i al) -
AN ':
- 05
304 Reflection E “ —_— Phase Delay { >
\
s e b L A ;;:5&*-/ 025
Measured: lines with stars | b
A0 Model: lines with circles | ! ; ‘ I o7
0 5 10 15 20 25 30 3 w0 5 50 0 5 10 15 20 2 30 35 40 15 50
17 Sep 2014, 14:25:27, Simbeian o Frequency, [GHz] 17 Sep 2014, 1426:45, Simberian nc. Frequency, [GHz]
AS[1,1]; AS[1.2]; AS[2,1]; A:S[2.2]; —* AS[M2] #————; —— ASPRI| ¥=———; — B:5[12] o————;
ArMeasured.cmp28_via_pathology_p1J65_p2J66.MFP;
B:MS_SE_Via_Pathology_J65_J66.MS_SE_Via_Pathology_J65_J66.Simulation{1); A:Measured.cmp28_via_pathology_p1J65_p2J66 EYE;
Z, [Ohm] B;Ms_SE_Via_Pathulugy_Jeg_Je’e.Ms_sE_Via_PaEhulugy_Jes'_Jee.EvE;
1 2 o an
95 feasureda(red-and orange)
,,J‘ Model (blue)
L~
50 T M| =
45+ ‘ IV
40 + Vﬁ 3\}
35 T
, . ) i is
Both narrow and wider sections ~ [TDR with 20 ps rise time
widths are reduced by 1mil szg'ffmg 25 0315 0 0am o 0ws 1 s 1 o e, ns] 0 001 0.02 003 0.04 005 0.06 007
AIM AZ[2,2]; B:Z[1,1]; 17 Sep 2014, 14:293.19, Simberian Inc. Timelnterval, [ns]

AV2];

B:V[1.2];
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What if simulation does not match measurements? & Simberian

¢ Verify quality metrics of the measured S-parameters
¢ Discard and re-measure if quality is not acceptable

¢ Verify localization property of the link path (referencing and topology)
¢ Re-design non-localized elements
¢ Verify model ports if all elements are localized

¢ Validate or identify material models

¢ Control manufacturing or verify geometry (build or use validation
boards)
4 Cross-section t-lines and vias, do sensitivity analysis
¢ QOther things to check: model convergence, TDR spectrum, de-
embedding...
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Further resources Poetas b

* Yuriy Shlepnev, Simberian Inc., www.simberian.com
shlepnev@simberian.com Tel: 206-409-2368

« Webinars on decompositional analysis, S-parameters quality and
material identification http://www.simberian.com/Webinars.php

 Simberian web site and contacts www.simberian.com

A Demo-videos http://www.simberian.com/ScreenCasts.php

. App NOtes http:/www.simberian.com/AppNotes.php
» Technical papers htip:/kb.simberian.com/Publications.php

 Presentations nttp:/kb.simberian.com/Presentations.php
* Download Simbeor® from www.simberian.com and try for 15 days
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