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Simbeor 2011 overview

Material parameters identification with GMS-parameters
Example of dielectric identification for PLRD-1 board
Molex/Teraspeed Consulting Group board

Wild River Technology CMP-08 board

Roughness characterization (Isola’s board)

Nickel characterization (Teraspeed’s board)

Conclusion
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Simbeor can be used for

O PCB and packaging interconnects compliance
analysis with advanced 3D full-wave models
m Stackup planning and interconnect budget exploration
= Interconnect design verification

O ldentification of models for conductive and dielectric
materials (patent pending)

O Building broadband SPICE macro-models for
consistent analyses in frequency and time domains

O Automation of S-parameters quality assurance and
all macro-modeling tasks

Simberian 11/23/2011 © 2011 Simberian Inc.
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Simbeor is synthesis, full-wave analysis and
macro-modeling tool for interconnects

Simbeor enables geometry synthesis for controlled

impedance transmission lines and via-holes, has geometry
import and selection capabilities, and 3D geometry editor System-Level
> Broadband SPICE or | Simulator:
/ Simbeor Touchstone models ADS, Allegro
Geometry Solvers & Tools N HyperLynx+Eldo
STl ees SPICE W-element HSPICE, MSIM,
VAL ; g === RLGC(f) models Matlab, QCD...
Editing, S -
Processing L] Excel csv-files Z
T Simbeor produces SPICE RLGC(f) models for transmission
PCB or STVIL 2imel Tauaheisme lines, broadband SPICE or Touchstone S-parameter models
Zackagmg Model Files and time-domain responses for interconnect elements and for
eometry interconnect of a complete data link

Simbeor is the one-stop solution for interconnect budget exploration, design
verification with electromagnetic and linear analyses and macro-modeling tasks

: Simberian 11/23/2011 © 2011 Simberian Inc. 5
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Simbeor Is based on de-compositional
electromagnetic analysis of interconnects

Connectors and cable models can be included
as elements of interconnect

Attenuation and dispersion
in transmission lines

W-element models for t-line Tx

segments and periodic structures
defined with RLGC(f) p.u.l. tables
or equivalent S-parameter models

Reflection and radiation

4
m from via-holes and
discontinuities
)

Driver A4 o ..
Tx © Package [] T-Line |7 Diff Vias Decompos|t|0n
porto or L1 Segment — Model }
Connector
T M
| T-Line
Segment | | | |
S-parameter model, broad- Split Diff Receiver
: . g L L i — S -o
) — ' 11 Segment — —
response matrix of a Model  — Segment [ giseontinuity [ >0 Model || connector

complete channel S — IR

De-compositional analysis with 3D full-wave
S-parameter models i i
for via-hole transitions electromagnetic models is the fastest and the most
and discontinuities accurate way to characterize interconnects with 6-
100 Gb/s data rates and fast rise and fall time!

Simberian 11/23/2011 © 2011 Simberian Inc. 6
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Material parameters identification with GMS-parameters
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Simberian 11/23/2011 © 2011 Simberian Inc.

Electromagnetic Solutions




Material parameters identification with GMS-
parameters

O

O

Measure S-parameters of two test fixtures with different length of
line segments S1 and S2

Transform S1 and S2 to the T-matrices T1 and T2, diagonalize the
product of T1 and inversed T2 and compute GMS-parameters of the
line difference

Select material model and guess values of the model parameters

Compute GMS-parameters of the line difference segment by solving
Maxwell’'s equation for t-line cross-section (only propagation
constants are needed)

Adjust material parameters until computed GMS parameters fit
measured GMS-parameters with the computed

Procedure is implemented in Simbeor 2011

Simberian’s patent pending #13/7009,541

Simberian © 2011 Simberian Inc.
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Measure S-parameters of two test fixtures with line
segments (no SOLT calibration is required)

O S1 and T1 for line with length L1 | o

11]
1]

—#— Opt2.opt?_4013EF_SE_din_thru_S1_s2p.Simu [
Magnitude(s), [dEB]
Fok -
L1 S1->T1 pac
-25

1 | [suT1l| 2 .f

3
E
*

5 10 15 20 25 30 35 40 45 1]
15 Dec 2010, 11:47:52, Simberian Inc. Frequency, [GHz]

O S2 and T2 for line with length L2

—&— Opt2.optZ_4013EP_SE_Bin_thru_S1_sZp.Simulationl, 5[1.1]
—&— Opt2.opt2_4013EP_SE_Bin_thru_S1_s2p. Simulation1, 5[1.2]
Magnitude(S), [dB]

L2 82 —)TZ » %%%% oo™
— 25 99699699@99&9&‘
Thbe

1 [S2/T2] | 2

-37

-50

5 10 15 20 2h 30 35 40 45 50
15 Dec 2010, 11:48:28, Simberian nc. Frequency, [GHz]

T1 and T2 matrices are scattering T-parameters
(computed directly from S-parameters)

Simberian © 2011 Simberian Inc. 9
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Extract Generalized Modal T-parameters (GMT)

and then GMS-Parameters (1-conductor case)

Segment L1 T1=TA-TB
N o R 1 | oAl || el | 2
Segment L2 T2=TA.GMT -TB ﬁ
1 | 2] :2 1 | [TA] : [GMT] I [TB] :2

GMT is non-reflective modal T-matrix (normalized to
the unknown characteristic impedances of the modes)

T2.-T1'=TA-GMT -TA™

¥

GMT = eigenvals(T2-T1™)

For 1-conductor line we get:

GMT =[Tﬂ 0 } =)

) GMSm =[ 0 Tn}
0 T}
Just 1 complex function!

T, O

Easy to compute!

Simberian

Electromagnetic Solutions
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Extract Generalized Modal T-parameters (GMT)
and then GMS-Parameters (2-conductor case)

Segment L1 T1=TA-TB - o
1 | [ | 2 1 | [7Al : [TB] | 2
GL-L2-L
SegmentL2 T2=TA-GMT-TB ¢ —3
1 | oma | 2 1 | [TAl : [GMT] [TB] | 2

GMT is non-reflective modal T-matrix (normalized to
the unknown characteristic impedances of the modes)

For 2-conductor line we get:

T2.T1" =TA-GMT -TA™*

I T, 0 0 0] 0 0 T, O

. . 0 T, 0 O cMsm=0 0 0 T,

GMT =e|genvals(T2-T1‘ ) GMT = 8o = “|IT, 0 0 O
0 0 T O 1

0 0 0 T, L0 T 00

- Just 2 complex functions!

© 2011 Simberian Inc.
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ldentifying dielectrics by fitting GMS-
parameters (1-conductor case)

O Solve Maxwell’'s equations for 1-conductor line: o dL N
0 exp(—I"-dL
GMsc :[ r-dL 3 0 )
exp(-T"-dL) i Pl Tt e -
Magnitude(S), [dB] Group Delay. [ns]

|
T 0.575

1

T 0.5625

O Fit measured data: @ Only 1 complex function!

|l
|
i
_ 1055

_ 0 T11 o Z:j
G MSm - [Tll O } ar MM\K 05125

20 30 40 50
16 Dec 2010, 12:24:22, Simberian Inc. Frequency. [GHz]

O Measured GMS-parameters of the segment can be directly fitted with
the calculated GMS-parameters for material parameters identification

O Phase or group delay can be used to identify DK and insertion loss to
identify LT or conductor roughness!

Simberian © 2011 Simberian Inc.
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ldentifying dielectrics by fitting GMS-
parameters (2-conductor case)

O Solve Maxwell’'s equations for 2-conductor line: dL
0 0 exp(-T,-dL) 0
oMse = (_g L) : | xp (T -dL) :':tjmMz:sz::s%gf%:_fgzmaiks l‘fa,2:11:SEE{IEJLH}%:Iﬂz’éﬁé%} ey
0 ! exp(—F 'dL) 0 0 —s— MEEEEHEZD:HD:r;::x::s:mﬂ@ﬂgﬂﬂsm{mmz}]ﬂz%mﬁ —-
2

t agnitude(S). [dB] Group Delay, [ps]

13125
0o Fit measured data: @ Only 2 complex functions! - aotl|
— - 12875
0 0 T, O
T 1275
oMsm=|0 0 0 Ty
T11 0 0 0 0GB! 12625
0 T22 0 0 g8 26
- N 0 10 20 30 P 50
18 Mow 2010, 09:53:08, Simberian Inc. Frequency, [GHz]

O Measured GMS-parameters of the segment can be directly fitted with
the calculated GMS-parameters for material parameters identification

O Two functions can be used to identify 2 dielectrics!

Simberian © 2011 Simberian Inc.
Electromagnetic Solutions

13




The GMS-parameters technique is the
simplest possible

O Needs un-calibrated measurements for 2 t-lines with any
geometry of cross-section and transitions

= No extraction of propagation constants (Gamma) from measured
data (difficult, error-prone)

= No de-embedding of connectors and launches (difficult, error-
prone)
O Needs the simplest numerical model
= Requires computation of only propagation constants
= No 3D electromagnetic models of the transitions

O Minimal number of smooth complex functions to match

= One parameter for single and two parameters for differential

= All reflection and modal transformation parameters are exactly
Zeros

Simberian © 2011 Simberian Inc.

Electromagnetic Solutions 14




Outline

Example of dielectric identification for PLRD-1 board

O O OO0 OO O

Simberian 11/23/2011 © 2011 Simberian Inc.
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Dielectric identification on PLRD-1

!i‘imgfbm‘ﬂdentmm”” PLRD-1 validation board designed and

= (o] . . .

558 ﬂqatem T=20[°C], RF=2,... investigated by Teraspeed Consulting Group
& "Copper", RR=1, SR—D 5

® £]"FR4", Dk=4.2, LT=0.02, PLM=WD

-~ "SolderMask”, Dk=3.3, LT=0.02, PLM=WD ‘
-1 StacI{Up LU=[mil], NL=4, T=62.2[mil], SML=("SolderMask", 1.75[mil]
1| Signal: "Signall”, T=1.35, Ins="Vacuum"

2| Medium: T=8.9, Ins="FR4"

3| Plane: "Planel"”, Cond="Copper", T=1.35, Ins="FR4"
4| Medium: T=39, Ins="FR4"

5| Plane: "Plane2"”, Cond="Copper", T=1.35, Ins="FR4"
6| Medium: T=8.9, Ins="FR4"

7| Signal: "Signal2", T=1.35, Ins="Vacuum"

17 mil wide microstrip line,
S-parameters for 2 segments _—
(1.75 in and 3.5 in) |

Simberian 11/23/2011 © 2011 Simberian Inc.
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Outline

Molex/Teraspeed Consulting Group board

O O OO0 OO O

Simberian 11/23/2011 © 2011 Simberian Inc.
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Material identification board from
Molex/Teraspeed Consulting Group

O D. Dunham, J. Lee, S. McMorrow, Y. Shlepnev, 2.4mm Design/Optimization with 50
GHz Material Characterization, DesignCon2011 (also App Note #2011 01 at

www.simberian.com)
O 4000-13EP dielectric

6 test fixtures with 2, 4 and
6 inch strip line segments
in Layer 1 and Layer 4

Signal Layer 1

Signal Layer 4

Simberian © 2011 Simberian Inc.
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Pre-qualification of launches:
Launch 2, layer S1

Optz.opt2_4013EFP_SE_Zin_thru_S1.MFF. S[1.
—#— OptZ.optZ_4013EF_SE_Zin_thru_S1.MFF. 5[1.
Optz.opt2_4013EFP_SE_4in_thru_S1.MFF. 5

_ B [
e
—o— Opt?.opt?_4013EP_SE_4in_thru_S1.MFP, g
_ B [
_ B [

——— OptZ.optZ_4013EF_SE_Bin_thru_S1.MFF. 5[1.

TDR computed with rational macro-

1]
£]
1]
.2]
1]
Z]

——— OptZ.optZ_4013EF_SE_Bin_thru_S1.MFF, 5[1.

Megritude(s). [46] models (RMSE<0.005) and Gaussian
S step with 20 ps rise time
Mm% —— Opt2.2in S1.TDR Z[1.1]
el i, — — — Opt2.2in S1.TDR:, Z[2.2]
25 ] W Opt2.4!n S1.TOR, Z[1.1]
100% passive Q) ~== S ToR e
. % >99% reciprocal S — — — Opt2 Bin $1.TDR, 2[2.2]
“ ‘ No resonances \
M,
!IS 1ID 1|5 2ID 2I5 3ID 3l5 4ID 4l5 EID 5251
15 Dec 2010, 14:47:59, Simberian Inc. Frequency, [GHz]

-

—
—eEes

W/

2-inch fixture (red lines) has large

variation in the impedance .|
4 and 6 inch structures are within 1
Ohm - suitable for the identification 5l
15[Jec2D1D,E&?§2:11,Simbeﬁléi|nc. b . o o Time, [ns]
Simberian © 2011 Simberian Inc. 19
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Pre-qualification of launches:
Launch 2, layer S4

OptZ optZ_4013EFP_SE_Zin_thru_S4.MFF, 5
—#— Opt2 optz_4013EF_SE_2in_thru_S4MFF. S

Opt2.optZ_4013EF_SE_din_thru_S4.MFF. 3

—o— Opt2.optz_4013EP_SE_din_thru_S4MFF, S

—— Opt2.opt2_401 3EP_SE_Gin_thr_S4MFF, 5

TDR computed with rational macro-
Magritde@, B models (RMSE<0.005) and Gaussian
: sheed step with 20 ps rise time

[,
il
[,
[,
[,
[,

Opte.2in 34.TDR. Z[1.

[1.1]

— — — Opt2.2in S4.TDR, Z[2.2]
Opt2.4in S4.TDR, 2[1.1]

— — = Opt2.4in S4.TDR, Z[2.2]
Opt2.6in S4.TDR, Z[1.1]

[2.2]

— — = Opt26in 54.TOR, £

ol _ _ 2. [Ohrm]
1' >99% reciprocal
No resgnances Na
5I 1ID 1|5 2IIZI 2I5 3IIJ 3I5 4IEI 4I5 5IIJ | J
18 Dec 2010, 15:06:40, Simberian Ine. Frequency, [GHz]
. . . . - _/ f«.b;ﬁ:’:z;*_‘?:%::&'
6-inch fixture (green lines) is = —
. =]
guestionable (near launch) /-/
2 and 4 inch structures are within 57
1 Ohm - suitable for the Vf
identification op—t—r
0.25 0.3 0.35 04 0.45 IR 055 IR
15 Dec 2070, 15:0%:31, Simberian Inc. Time, [ns]
Simberian © 2011 Simberian Inc. 20
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GMS-parameters from 3 best pairs

Generalized Insertion Loss

—#—— MA000-13ER. 2 in stripline 4toB opt2 S57.Fitted, Smllnl (M1 LIn2[k71]]

—=—— M4000-13EP. 2 in stripling 406 opt2 S4.Fitted, SmlnT(M1].In2[k1]]

—+—— M4000-13EF. 4 in stripling 2toB opt2 S4.Fitted, Smlln1 M7 LIn2[k71]]
Magnitude(S). [dB]

Generalized Group Delay

NA000-13EP.2 in shiipline 4tob opt2 51 .Fited, Smllnl (M1 LIn2(M1] — % —
NA4000-13EP.2 in shipline 4tof optZ 54.Fitted, Smlln1(M1LIn2M1] — & —
N4000-13EP.4 in shipline 2tof optZ 54.Fitted, Smlln1[M11In2[M1] —* —

Group Delay, [ne]
i ri08

-. . . n | * . [ 3 !I'!
2 .'ln'CAhkf OT““fﬂ?ﬂn‘i? 'D(jh fixtu €S .4 | 4-inch from 2 and 6 inch [ .
PRI T TG 2 Aay TS To L e I fixtures, launch 2, layer S4 RS
25T % | v T07
3751 | e R e S i i bt 11 05
%%S& *
] i 0.6
£25T T0.55
TET -- 05
el % | 2-inch from 4 and 6 inch | oo
4-inch from 2 fixtures, launch 2, layers S1, S4 4 |
A0+ s X p ro4
fixtures, launch 2, layer S4 %&% I * 4
1.esy I ii‘-’if:"e_'-:fi. P SR e T 43 i - 1 0.3
28T : ke 703
0 & 10 15 20 25 30 3 40 43 500 A 10 15 20 25 an 5 40 45 i}

17 Dec 2010, 05:41:21, Simbenian Inc.

Frequency, [GHz] 17 Dec 2010, 05:41:54, Simberian Inc. Frequency, [GHz]

Already suitable for the identification, but can be further improved with post-processing

Simberian

) Electromagnetic Solutions
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Fitted GMS-parameters from 3 best pairs

Generalized Insertion Loss

——#— N4000-13EP 2 in stripline 4t opt? 51 Fitted, Srflnd (M1 LIn2[M1)]
——&— N4000-13EP-2 i stripline 4tof opt2 54 Fitted, Smflr [M1]1n20M1]]
—%—— N4000-13EP 4 in stripline 2to5 opt? 54 Fitted, Srflnd (M1 LInZ[M1]]

Generalized Group Delay

MA000-13EP. 2 in stripline dtob opt2 51 Fitted, Smflnd (M11In2[M1]] — % —
MN4000-13EF.2 in stripline 4tob opt2 54 Fitted, Smfln1[M1)In2[M1)] — & —
MA000-13EP 4 in stripline 2tob opt2 54 Fitted, Smflnd (M11In2[M1]] — % —

Group Delay, [ns]

Magritude(5), [dB]
)m 4 and 6 inch 4-inch from 2 and 6 inch 1%
1257 auneh-2,layers'S1, 54 fixtures, launch 2, layer S4
25l ik b T0.7
ol 'SS%X/X ¥ --'-::-_;; &W%WﬂﬁﬁﬂﬁHHHH)@(H)@(H)@(H)@(H)@O&XHH)@(HHH
i MM 106
£.251 %E)x( % Lo
757 2-inch from 4 and 6 inch fixtures,
sl x‘%& launch 2, layers S1, S4 .,
oIl 4-inch/from 2 and |6 inch
fixtures, launch 2, layer S4 RRRPRIRRRRRAARIRAIRARRE
11.25 x%%& : 0.3
6 5 1 ID 1 I5 2IIZ| 2I5 3ID 3I5 4IE| 4I5 EID EI 5 1 IEI 1 I5 2IIZ| 2;5 3IIZ| 3I5 4ID 4I5 EID

17 Dec 2010, 06:03:23, Simberian Ine. Frequency, [GHz]

17 Dec 2010, 06:02:55, Simberian Inc.

Frequency, [GHz]

Now data are suitable for precise characterization of materials!

Simberian

Electromagnetic Solutions
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Final match after adjustment of Dk/LT and
roughness parameters

—%—— MNA000-13EP.2 in shripline 2tod opt2 S4.Simulation], Smlln[M1]In2M1]] — % — —
—&—— MNA4000-13EP.2 in stripline 4to6 opt?2 54.5imulationT, Smlln1(M11In2M1)] — = — -
———— NA4000-13EF. 4 in stripline 2t06 opt2 S4.5imulationT, Smlled(M11In241)] — = — -
j— || 4000-13EP.2 in modeled trace Simulationd . Sm{lnd (1] 102[k 1)) —§—
e 1 4000-13EP 4 in modeled trace. Simulation], 5[1,2] se————
M agnitude(5], [dB] t agnitude(S]. [dB]

0 0
m “"“'W
2571 “M - 125
5 15
FET T-75
A0t T-10
2.=5 é ?fE 1=IZI 1 2=.5 ‘|=5 1 Fi‘.E 2=D 225. b 2=5 2?=. 5 SIIZI 32=.5 3=5 3?=.5 4=IZI 42=.5 4=5 4FI‘.5 =EI
20 Dec 2010, 173226, Simberian Inc. Frequency, [GHz]
Enquire Teraspeed for dielectric parameters or do it yourself!
Simberian 11/23/2011 © 2011 Simberian Inc. 23
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Outline

Wild River Technology CMP-08 board

O O OO0 OO O

Simberian 11/23/2011 © 2011 Simberian Inc.
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CMP-08 (designed with Simbeor

O Validation board with coupled microstrip o 3
and strip structures available from Wild ! A |
River Technology LLC

o J.Bell, S. McMorrow, M. Miller, A. P. Neves,
Y. Shlepnev, Unified Methodology of 3D-
EM/Channel Simulation/Robust Jitter
Decomposition, DesignCon2011 (also App
Note #2011 02 at www.simberian.com)

Y

Good correspondence up to 30 GHz
for almost all 38 test structures!

@
B DA\S-Parameters\thruStriplines\Simbeor_SL-3inch.s4p o lF@- ]S | & D S-ParametersithruStriplines\SPARQ_SL-3in.s4p [= @] =] ” = . T ) s :
— ——— e 3 inch Differential Stripline Comparison of Noiseless
. R Eye Diagrams, I1S| and DDj jitter figures.
vl & ‘ N
- 15| L LALE.
- -
2 fi 2 : .
2 IR RO TP £ il e, [
B VAL AL AT o {16 ST PO : T I
0Ky ! N iy ' | ¥
| K ] '
\\\\\\\\\\ 01 IM00eD1 1801201 MO0I001 240800 00 AN0.00  WOOZO0 W00 ﬂml Ty 00 1200000 1600000 0 24
Freq MHZ) Freq (MHZ)
sectea s P
BRI S0 0t 1 — 020 S0 0 A2 430 ) MO0 SR SO AL G | ) S G 1) 1 S0 3 R S O]
B D)\S-Parameters\thiuStriplines\Ansoft_SL-3inch.sdp [ T& 8] | & piS-Parameters\thruStiplines\WNA_SL-3inch.s4p
Anzoft_$L-dinch.sdp WHA_SL-Jinch.sdp
I | ) L 1 [ [
o 7
T AL i) =
- ‘ . o]
B N 2 = '
@ &l = "} AV A -
ek L N A
g T 1AL o
Al ! L 1
% * [ 1 | K
Bm  eem mem mw wam oem e Swa e wm e B wmw s G WS GeeE WS R S0 60
Freq (MHZ) Freq (HZ)
et pna eten
B T 0 a1 1 021 30 O 402 ) 0 530 001 —SHelT S | SO0 0T 010 T R 1 4T 0 L SO S TS0 5 S — Sl S

Simberian 11/23/2011 © 2011 Simberian Inc. 25
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Microstrip line structures

(1) — 3 in coupled line
(2) — 6 in coupled line
(3) — 11 in coupled line
(4)-(6) SE microstrip
lines

Top —red
Bottom - blue
GND - yellow

Identify solder mask
& prepreg

Simberian

Electromagnetic Solutions



Coupled microstrip line structures

O 3, 6 and 11 in fixtures with coupled microstrip line
sections — 3 pairs for identification:

TDR of all 3 fixtures and all ports computed from
measured S-parameters with rational macro-model
zorp (RMSE<0.03) and 20 ps Gaussian pulse

Measured S-parameters
(1-st row of S-matrix for all 3 fixtures)

55
Magnitude(s), [d8] | I Py ___,—:::
— Transmissions | Reflections : "‘”T{.-*_r&?:—:t}‘“”- T
BeEt— e
%\\: Y] - B 5 7 |Impedance variations
et fatt A ——— — i
' e
ST l’r o 4751
| A
ST il 'qwr ol
G251 J
NEXT&FEXT ‘
4251
751 ! {
Noise above 20-25 GHz '\' S N
& 10 15 20 25 30 3% 40 07 03 04 05 06 07 08 08 1 11 12 13 14
20 Dec 2010, 10:26:57, Simberian Inc. Frequency, [GHz] 20 Dec 2010, 15:20:58. Simberian Inc. Time, [ns]

Large variations of impedance profile may distort the GMS-parameters and
degrade the material identification accuracy over the whole frequency band

Simberian 27
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Matching generalized modal IL and GD
for coupled microstrip segments

Generalized modal insertion loss Generalized modal group delay
tagnitude(3), [dE] Group Delay, [ns]
3'in segme e

T1.375
1 1.25
1125
_‘ID |
seqr _ !
L S1In se¢
157 " Q | l | ||| 0.875
. ;| "* Ll
8 In segmen A R RN v i “'nmnly“.llr' Aol | Lo
201 |
10.625
Even modes — blue (meast segment
, green (computed); 105
_25 L
Od modes — red (measured) 178
brown |(computed);
ant T0.25

25 5 75 10 125 15 17k 20 22R 25 2¥R 5 10 15 20 2h 30
27 Dec 2010, 06:45:59, Simberian Inc. Frequency, [GHz] 27 Dec 2010, 06:43:04, Simberian ne. Frequency, [GHz]

Computed GMS-parameters match measured with solder mask DK=4.5,
LT=0.02 and prepreg DK=4.3, LT=0.025 at 1 GHz, WD model

Simberian 28
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Stri

Ine structures

(1) — 3 in coupled line
(2) — 6 in coupled line
(3) — 11 in coupled line
(4)-(6) — SE strip lines

S3 — pink
S4 - cyan
GND - yellow

Identify core using
prepreg data
identified with MSL

Simberian

Electromagnetic Solutions




Coupled strip-line structures

O 3, 6 and 11 in fixtures with coupled strip line sections — 3
pairs for identification:

Magnitude(3). [dE]
|

0T

25 T

B0+

-75

Measured S-parameters
(1-st row of S-matrix for all 3 fixtures)

eflec

XT&F

' Noise above 20-25

5

10 15

20 Dec 20010, 06:38:37, Simberian [n.

\ Simberian

L Electromagnetic Solutions

20

25

30 35 40
Frequency, [GHz]

TDR of all 3 fixtures and all ports computed from
measured S-parameters with rational macro-model

(RMSE<0.03) and 20 ps Gaussian pulse

Due to relatively large variations of impedance profile and the noise, the GMS-
parameters may be distorted and accuracy of the model degraded at all
frequencies

Z, [Ohem]
~ —— a1 S
.l Ir{wpedcmces Are |yt i L S
. . ~ 7 i A 0 b
within 2 Ohm - -
z. [Ohm) _
40 W [.'“_';
45 1 o % e
75 3 Al
a0t L S
g 7
35T _
[ 0.33 034 0.35
20 Dec 2010, 06:46:1E, Simberian Inc. Time, [ns]
0.25 nh& 075 1 1.25 15 175 2
20 Dec 2010, 06:43:38, Simberian Inc. Time, [ns]
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Matching generalized modal IL and GD
for coupled strip line segments

Generalized modal insertion loss Generalized modal group delay
Mggitude(S), [dE] ___ Group Delay, [ns]
| 8 in segment .
AP 1
| = I ih - rl” . | ‘ ‘ PR T 13?5
T
_‘ID |
segment e
el 5in segment | ‘ ‘ ‘ ‘ ‘ I
8 in segmer osonfliuny : PR 1111 | ||. |H ‘ | 1| A
Wil \“ I ‘
Even modes — blue (measurec 3 - b
.| _green (computed); In segmen Hh 1os25
Odd modes — red (measured) and ‘ | 1 ||
brown (computed); Y 1%
-30t ; ; ; ; ; ; ; ; ; ; " ¥ ; ; , h f
2.5 5 75 1 125 15 175 20 225 26 2¢5 0 30 5 10 15 ZD 25 30
27 Dec 2010, 10:19:35, Simberian Inc. Frequency. [GHz] 27 Dec 2010, 11:14:38, Simberian Inc. Frequency, [GHz]
Computed GMS-parameters match measured with core DK=4.45, LT=0.015
and prepreg DK=4.3, LT=0.025 at 1 GHz, WD model
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Outline

Roughness characterization (Isola’s board)

O O OO0 OO O
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Isola’s test board (designed with Simbeor)

8 layer stackup with two microstrip layers (Top and Bottom) and 2 strip-line layers (L3, and L6)
Microstrip Top - TWS copper foil, 1080 prepreg, no solder mask

Strip L3 - TWS copper foil, laminate 1080 core and prepreg

Strip L6 — LP3 copper foil, laminate 2116 core and prepreg

Microstrip Bottom — LP3 copper foil, laminate 2116 prepreg

O Oooao

Test structures — 4 and 8
inch line segment with
transitions to probe pads

CTRL BODE

o_WAvE
{MPEDANCE

Simberian 11/23/2011 © 2011 Isola 33
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Initial data from specifications

O Dk and LT or Df measured by Berezkin stripline method:

15680 STANDARD PREPREG OFFERING

Prepreg Designation Resin Content (%) Thickness (in.) Thickness (mm) Dk @ 2, 5 and 10 GHz Df @ 2, 5 and 10 GHz
106 80 0.0030 0.075 2.80 0.0028
1067 30 0.0038 0.095 2.80 0.0023 Dk +-0.05
1080 72 0.0040 0.100 3.00 0.0030
1086 72 0.0047 0.118 3.00 0.0030 Df +_00005
3313 60 0.0047 0.118 3.25 0.0032
2116 58 0.0058 0.145 3.30 0.0034

O Roughness parameters are measured with profilometer
TWS: Rg=2.6 um, RF=1.85 LP3: Rg=0.68 um, RF=1.3

= 82 - 333

= 7.0

_ 80 - 250

50 - 200

8- 40 - 150

- 30 - 1.00

- 20 - 050

- e - 000

= 0.0
- -0.50
- -1.0
- -1.00
- -20
- -1.50
- -30
- -2.00
= -40

- -2.50

--57 - -2.97
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TWS & 1S680-1080 — No Roughness

O Huge difference in insertion loss (IL) and in Group Delay both in
microstrip and strip-line configurations (GMS, 4-inch)

—#— tMeasured M5L Difference MSL Top Simulation, Smlint (M1LIn2(M1)] — %= — ——#— Measured Strip. Differerice Stip L3 Simulation], Sl (M1)In2M1)] — % —
) —&—— Computed. 4 inch MSL Top Simulationd, Sm{lnT(M1]In2[M1]] — = — ——&—— LComputed.4 inch Stip L3.Simulationd, Sm{ln1(M1LIn2[M1]] — & —
Magnitude(S), [dB] Group Delay, [ns] Magnitude(S), [dB] Group Delay, [ns]
g 0
| 105875 e T T S e e
. M el M 1080CORE o g |
| “\.' v v
.,|(. ,Dnﬁiq &\m\ T::I 104878 25 i:e ::G‘e@a 1080PPEG " oo T 0.675
2 [l m‘&TWS TR | N%S T P
!. 1 05625 I
31§ 5l 0.5
I 1055 i
_4 -* %
i 10,5375 751 % 10,625
5 o iy B
) a—_— LS Gk 10,525 :
sl ‘%‘ﬁf‘e‘i& ' % 106
- =] A0+ o )
bGCee Gec..eo@@)@{:@g:%e \'&@
PoPesqeacs ! , ! , , | 1405125 QS@eleeoe@I O 0S0E0S0S08000 CODOIONE BO O ED080E 3@%‘
5 10 15 20 5 30 35 41 45 50 R 10 15 e 25 0 5 40 45 ]
14.Jan 2011, 11:12:55, Simberian Inc. Frequency, [GHZ] 14.Jan 2011, 11:17:16, Simberian Inc. Frequency, [GHz]
Stars — measured and fitted, Circles - modeled
Simberian 11/23/2011 © 2011 Isola
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LP3 & IS680-2116 — No Roughness

O Huge difference in insertion loss (IL) and relatively small in Group
Delay both in microstrip and strip-line configurations (GMS, 4-inch)

—#—— Meazured Stip.Difference Stip LB.Simulation?, Sm{ln1[M1)In2[M1)] — % — —#— Measured MSL.Difference M5L Bottom. Simulationd, Sm[lnd (M1]In2[M1]] — % —
—=— Computed.4 inch Stip LE. Simulation], Sm{ln1[M11In2M1)] — &= — —=— Computed.4 inch M5L Bottom, Simulation], Sm{ln1[M11In2M1)] — &= —
Magnitude(S), [dE] Group Delay, [ns] Magnitude(S), [dE] Group Delay, [ns]
1] 1 0.68 1] —— T 0625
| ST T e R N SRS M
i 2116PPEG e | oer 1 1L 10,6125
. IL P [, | <
25711 <— 2L16CORE /5 B5 | ‘***_ '\ 1
g i . 21 06
¥ 1 0.6 i T
| Mﬁ*
I 5 ! 99@9%9@9% 1 05875
! a e
5 o
+ A oy ’@9999(% 110575
44 S
GD 0.64 1 GD *ﬁ% |-
s A W*%
ok A E i
%% S \ . _%MMML.L******* I . 058
@OSO:**H* R S A 1082 %%eceoeo&‘l@@eoea m% 0.5375
00060 i St e S SN SIS £ ' |

5 10 15 20 2
14 Jan 2011, 11:30:24, Simberian [ne.
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5 an el 40 5 50 5 10 15 20 25 3
Frequency, [GHz] 14 Jan 2011, 11:25:08, Simberian Inc.

Stars — measured and fitted, Circles - modeled

© 2011 lIsola
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TWS & 1S680-1080 — Roughness from
profilometer measurements

O Dielectric constants are adjusted 3 -> 3.15 for 1080 prepreg, 3-> 3.35 for 1080 core
O Roughness parameters from profilometer: Rg=2.6 um, RF=1.85 (25% for shiny)
O Insertion loss still does not match the measurements!

—#— Measured MSL Difference MSL Top Simulation?, Smllnd[M1LI02[M1]] — % —

h h . —#—— Meazured Stip. Difference Strip L3.Simulation, Smllnd[M1]In2M1]] — % —
& Computed 4 inch MSL Top. Simulation], Smilnl(M1]InzM1]] — - — —&— Computed.4inch Strip L3 Simulation], Smiln [M1LIn2(M1)] — &= —

Magnitude(S), [dB] Group Delay, [ns]  pagnitude(S), [dB] Group Delay, [ns]
o K 1059 107
41 S, 1080CORE .
Bl ”@ﬁx&t‘ 1058 WS et £

! ﬁ%%& o m TOP e 1080PPEG
2 -# L 1080PPEG | . 0 | = 10675

| % é ‘&‘W-cu\w.\hm s 0.57
3 i / \
T T 056

$ + 065
1 1055

™

j GD

ar S ’09699!
\ %3@@% 10625
5t %wge@e@e
e | L e L
5 M 15 20 2% 3 35 0 45 HD = 0 15 20 = a0 3 a1 45 &0

15.Jan 2011, 09:51:59, Simberian Inc. Frequency, [GHz] 5. 2011 03.5314. Simberian Inc. Frequency, [GHz]

Stars — measured and fitted, Circles - modeled
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TWS & I1S680-1080 — Adjusted roughness
parameters to fit the measurements (Simbeor)

O Dielectric constants are adjusted 3 -> 3.15 for 1080 prepreg, 3-> 3.35 for 1080 core
O Roughness parameters: Rq=0.35 um, RF=2.8 for all surfaces
O Both insertion loss and group delay now match well!

—#— Measured MSL Difference MSL Top Simulation?, Smllnd[k1)I02[M1])] — % — —#—— Meazured Stip. Difference Strip L3.Simulation?, Smllnd (M1 1L102(M1])] — % —
—&— Computed.d inch MSL Top Simulation?, Smlln1(M1]In2(M1])] — & — —&— Computed.d inch Strip L3, Simulation, Smllnd[M11In2M1] — e —
Magnitude(S), [dB] Group Delay, [ns] Magnitude(S), [dB] Group Delay, [ns]
1 of
- i TO7
[ IOBOCORE —
T S L 1 06875
| 1080pPEG T o
o - =T I | .575
L [1057 f
4l el 106625
1056 i
X 1L 1 1L\ el 1065
4 <7 1055 <
i b FhT T 06375
51 GD o 1054 GL L oo
% ..;‘ % Wiy
ol ( \ . . ot 1053 qpi- - \ e e —— L 0125
Wﬁ%%& 3”% WvawJTva e
6 15 20 2I5 SID 3I5 4ID 4I5 5ID D 5 1 IIZI 1 I5 2IIZI 2I5 3IIZI 3I5 4IIZI 4I5 5IIZI
15 Jan 2011, 14:20:28, Simberian he. Frequency, [GHz] 15.Jan 2011, 10:53.54, Simberian Inc. Frequency, [GH=z]
Stars — measured and fitted, Circles - modeled
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LP3 & 1S680-2116 — Adjusted roughness
parameters to fit the measurements

O Dielectric constants are adjusted 3.3 -> 3.36 for 2116 prepreg, 3.3 -> 3.25 for 2116 core
O Roughness parameters: Rq=0.11 um, RF=7 for all surfaces
O Acceptable match for insertion loss and group delay (not perfect for strip)

——*— Measured M3L Difference ML Bottom Simulation. Smlint(M1LIn2MT)] —*=— —#— Measured Stip. Difference Stiip LE. SimulationT, Sm{ln(M1In2(M1)] — %= —
_—e— Computed. 4 inch MSL Bottom Simulation?, Smlln1[M1]LIn2(M1] — & — ——&— Computed.4 inch Stip LG Simulation ], Smflrl(M1]1n2M1)] — &= —
Magnitude{S), [dEB] Group Delay, [ns] Magnitude(S), [dB] Group Delay, [ns]
0¥z
4 T 2116PPEG |LP3 15 _* = 0.68
| 108125 : .
2 : Ny 257, :
1a I
# a75] 0.6
Ea 105875 |
| sl 1065
P + 10578 4
3 1064
62575
1 05625 :
511 — & 1063
| A 75TA
R il i = e 1055 (l';.t
5t 5*;@% ' 1062
\J % [T0s3s BT #
. . . . . . . . | 1061
5 0 15 20 25 W I/ 40 45 HD 5 B N
15 Jan 2011, 10:47.07, Simbesian Inc. Frequency, [GHz] 15 .. 2011 10:43.29, Simberian Inc. Frequency, [GHz]
Stars — measured and fitted, Circles - modeled
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Singular surface roughness model

O Multiple spikes on the surface of conductor are up to 10 um for TWS copper
O Spikes increase capacitance of the surface due to singularity of electric field
O We are dealing with singular surfaces

ADriginalDk. g inch MEL Top Simulation; B:AdjustedDk 4 inch MSL Top. Simulation;
C:Spiky.d inch MSL Top.Simulation;

Group Delay, [ns]

a

L L g | A

- ' SN, R Original Dk=8.0, |spiky
s m = 0551 urfdce (red x-s)
ol K 1080PPEG T\‘vswm T : StHHacE(rebX=5)
Z: 054 % Ad ust ld Dk= 15 \
» (blue circles)
g D53 | \\\ w
e
(4] T ﬁ H*_-'-—F
052t ——
SN JR ey
)
7

I Oriainal Dk=3 (aree
051 Lrigine (greel

5 10 15 20 25 30 35 40 45 50
11 Apr 2011, 14:0%17, Simberian Inc. Frequency, [GH=z]

——# AT (M1 In2(M1)); —— B:Sra[Ind (M1 In2(M1]]:

— C:Sm[In1 (10 In2(M177;

A0 View Mode [press <E> ta Edit].

With appropriate spike size and distribution should work for
any strip size without Dk adjustment
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Outline

Nickel characterization (Teraspeed’s board)

O O OO0 OO O
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Plated nickel trace anomaly

O S-parameters of single-ended microstrip lines with ENIG finish with about
0.05 um of Au and about 6 um of Ni over the copper

S-parameters for three structures with 100 mm
microstrip line segments and for four structures with
150 mm segments are plotted

Magnitude(3), [dE]

X E ; 100 mm lines
_‘ID |

Anomaly in attenuation around = :
\ Reflection Lass

2.7 GHz — cannot be reproduced
with regular metal models ]

kMagnitude(3), [dB]

D L

-Rr Ant -
\ Insertion LOSS

N |

501 |

\ 5 10 15 20 25 a0 35 40
30 Dec 2010, 14:18:45, Simberian Inc. Frequency, [GHz]

151 e
i P E 75 10 125 All measurements are from
&c -4 imberian Ihe. Fi L [GH -
30 Dec 2010, 14:24:30, Simb | requency, [GHz] Teraspeed ConSUItlng Group
Simberian 11/23/2011 © 2011 Teraspeed Consulting Group LLC 42
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Plated nickel trace anomaly

O S-parameters of single-ended microstrip lines with ENIG finish with about
0.05 um of Au and about 6 um of Ni over the copper

Group delays for three structures with 100 mm
microstrip line segments and for four structures
with 150 mm segments are plotted

Group Delay, [ns]

117

Anomaly in group delay
around 2.7 GHz - not B

previously reported!

0t W, ydoil ) ..||ou.}
Cannot be reproduced 05l
with regular metal model y 1,100 mm lines |
06T 1 \V/
All measurements are from
Teraspeed Consulting Group 571 | | | | | | | | |
1 2 3 4 5 h 7 a g
30 Dec 2010, 14:46:09, Simberian Inc. Frequency, [GHz]
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GMS-parameters for nickel-plated trace

O S-parameters of reflective structures with 100 mm and 150 mm segments of
microstrip line can be converted into GMS-parameters of 50 mm segment

teasured. M5-5E1-D. Simulationd, 5[1.1]

Measured M5-SE1-D Sirulation]. S[1.2] — heasured. 50 mm SE MEL Generalized D to C.8imulation1, SmlinT{k13,In2(k1)] —

Measured MS-SE2-C. Simulation, S[1.1] Magnitude(S), [dEB] Group Delay, [ps]
) Measured MS-5E2-C SimulationT, 5[1.2] ot
Magnitude(S), [dB] No Reflection and 7600
of ) .
anomalies are still here!
25l 1500
- 20 \‘_____
0k 100-mm-line TN
- 1400
5T+ | ‘
e \\ 1300
m | T
FET 100
1100
0T > U
10
0 : 10 15 20 25 20 » 20 0 25 & 75 10 125 15 175 20 225 25 275
02 Jan 2011, 09:21:39, Simberian Inc. Frequency, [GHz] 02 Jan 2011, 14:04:09, Simberian Inc. Frequency, [GHz]

GMS-parameters are noisy at high frequencies due to non-identities of probes/launches and cross-
sections of two test structures (see more on sensitivity in app note #2010 _03, www.simberian.com)
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Plated nickel model identification

O Adjust Ni model parameters to match measured and computed GMS-parameters for
50 mm segment of microstrip line, strip width 69 um, thickness 12 um

ENIG finish with about 0.05 um of Au and about 6 um of Ni

over the copper

Cu AU
Y " Ni

Substrate dielectric DK=3.x and LT=0.01x at 1 GHz,

wideband Debye model

Landau-Lifshits model for Nickel: Mul=5.7, Muh=1.4,
f0=2.5, dc/f0=0.22, relative resistivity 3.75

— hdeazured.50 mm SE MEL Generalized D to C.8imulation, Smiin1 k13 In2{k13]
—+— Computed.50 mm SE MSL Sirmulation?, Smiln1 (1 In2(k417]

Magnitude{S), [dEB]
a

A

s

Measured| (blue)

Pl
S
AT "'%
0+ + 17 n %f\ » B l
computea (red) ""“*-Q"_"U | “
125 1
"- -4
a5t ‘U
AFET i
0 b 10 15 20 25 a0 il 40
10Jan 2011, 09:09:40, Simberian Inc. Frequency, [GH=z]
Simberian 11/23/2011
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— heazured.50 mm SE MEL Generalized D to C.Simulation1, Sm[ln1 (k13 In2{k13]
—+— Computed.50 mm SE MSL SirmulationT, Smiln1 {1 In2(k17]

Group Delay, [ps]

o I

Measured (blue) |

30041 \
501 '

7

Computed (red)

200+

1501 |

0 : 10 15 20 25 30 * a0
10.Jan 2011, 09:11:04, Simberian Inc. Frequency, [GHz]
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S-parameters of test structures

O Nickel: resistivity 6.46e-8 Ohm*meter, Landau-Lifshits Permeability Model:
Mul=5.7, Muh=1.4, f{0=2.5, dc/f0=0.22

Magnitude(S), [dB] Group Delay, [ns]
1sertion jtoss

11 1
i

NN

faYal L
/ UV T m

0T

D

11H

0ar

20+

f I
a0t %M %&"*% ) -*

L 071

: 150 mm | n:%f‘%% |
“ | o]

0 5 10 15 20 25 30 35 40 n 5 1'0 1'5 2'0 2'5 3'0 3'5 4'0
10 Jan 2011, 03:31:26, Simbesian Inc. Frequency, [GHz] 10.Jan 2011, 09:34:15, Simberiar Inc. Frequency, [GHz]

Measured — solid lines
Modeled — stars and circles
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5 Gbps signal in structure with 150 mm line

Measured Modeled
In-phase Signal In-phase Signal

[k} [ak}
=] ]
= =
. :
z 5
] ]
[ak} [k}
4 =
= =
= =
= =
= =
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12 Gbps signal in structure with 150 mm line

Measured Modeled

In-phase Signal In-phase Signal

Mormalized Amplitude
Mormalized Amplitude
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Conclusion

O Material parameters identification with GMS-
parameters is simple and accurate

O Any project must start from the dielectric and
roughness parameters identification

O The identification procedure is automated with
optimization in Simbeor 2012

O Measured S-parameters have to be pre-qualified
= Pass the quality metrics in Simbeor TA
= Have consistent impedance on TDR plots

é‘ Simberian  11/23/2011 © 2011 Simberian Inc. 49
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