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HyperLynx
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Simbeor: Easy-to-Use, Efficient and Cost-Effective...



Introduction

O Show step-by-step how to use S-parameters
models of discontinuities generated with
Simbeor in a system-level analysis

0 Use HyperLynx 7.7 with Eldo from Mentor
Graphics corporation for the system-level
analysis
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Problem statement

Compute transmission of 10 Gbps differential __ ... . o
signal through the following transition from 2 !
connectors to differential line

Connector 1 Connector 2

//// //
//// ////////
//

35 um
120 um
A

///

.

Differential Line Port J

s 2280 um

35 um
120 um
A

35 um
100 um
a0
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Solution steps

1. Decompose structure into three simple discontinuities
2. Create model for coaxial to microstrip line transition

3. Create model for single microstrip line to differential
microstrip transition

4. Create model for differential microstrip line transition
through two pads

5. Create HyperLynx schematics of the complete problem
with S-parameter models

6. Simulate transition of 10 Gbps signal through the
structure
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Step 1: Decompose structure into simple
discontinuities or components

Coax2MSL2 Coax2MSL2

/// / s|%ﬁ% %/ﬁ/-;
. . -

é DiffPass

| p
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Step 2: Create model of coaxial to microstrip

line transition with Simbeor

O Export StackUp structure from
HyperLynx to Simbeor project
Breakout (available only in HL 8.0
pre-alpha)

O Create solution BreakOutElements

. Solution: "SMABreakout”
= {88 Ereakout

O Add project Breakout

O Add additional layers on top of the
stackup to simulate the coaxial
connection

= Add layer filled with 0.5 mm of air
= Add layer of Signal type “SMAPIlane”

C

"

—

E'ﬁ, Makerials
=18 StackUp: LU=[m], NL=33, T=0.00275

—mm 1| Signal: "aMAFlane”
2| Mediom: T=0.0005, Ins="4ir"

- 3| Signal: "TOPY, T=5e-005, Ins="Dieleckric"

. 4| Medium: T=0.0001, Ins="Dielectric"

- 5| Plane: "L2-GM0D", Mat="Coppet", T=3.5e-005, Ins="Dielec
. & Medium: T=6,5e-005, Ins="Dielectric"

- 7| Plane: "L3-3W3_IPMIY, Mat="Coppet”, T=3,5e-005, Ins="]
. 8| Medium: T=0.00012, Ins="Dielectric"

- 9| Signal: "LAY4-x", T=3.5e-005, Ins="Dielectric"

. 10| Mediurm: T=0,00016, Ins="Dieleckic"

- 11| Signal: "LAYS-Y", T=3.5e-005, Ins="Dielectric"

. 12| Mediurm: T=0,00012, Ins="Dieleckric"

-l 13| Plane: "L&-33%-25IPMI", Mat="Coppet", T=3.5e-005, Ins:

[ 141 Medium: T=6.5e-005, Ins="Dielectric"
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Coaxial to microstrip line transition geometry

O Add circuit 31K10A to simulate breakout 32K10A-40ML5
o Define geometry object by object

O Define TLine Input (port 1) and component port 2 to simulate the
coaxial connection

Rosenberger’ Coaxial Input in
SMAPlane
32K10A-40ML5
[16.35 s 9.5
v 1.65
3.8 z =1-65
. T los
3 3 H rN-
T  al
& _ .
0.02°0%

Input to simulate connection to micro-strip
line (z-port at the edge of pad)
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Coaxial to microstrip line transition geometry
elements

@ solution: "BreakOutElements"

=-f8 Ereakout

-5 Materials

-4 Stacklp: LU=[m], ML=33, T=0,00275
-G 32K104

L——_IF CircuitData: LU=[mm]

$5F Mulkipart: 2 inputs, 2 ports
B LatticeBox

= Composite Object, #C=0, YC=0
= "PDM_Pads", ¥C=0, ¥C=0
48 Rectangle: "TOP", "Copper”, Xmin=-3.5, ¥min=-3.5, ¥max=-1.5, ¥max=-15
«* Rectangle: "TOPY, "Copper”, ¥min=1.5, ¥min=1.5, ¥max=3.5, Ymax=3.5
4B Rectangle: "TOP", "Coppes”, ¥rin=1.5, Ymin=-3.5, ¥max=3.5, Ymax=-1.5 “XE(
«* Rectangle: "TOP", "Coppet”, ¥min=-3.5, ¥min=1.5, ¥max=-1.5, ¥max=3.5 12 Sep 2007, 16:09:40, Simberian Inc.
= "PDM_ias", ¥C=0, ¥C=0
#-y "ial", ¥C=-1.1235, Y(=-2.5
w8y "WiaZ", ¥C=1,1235, ¥(=-2.5
- "Wiad", ¥C=1,1235, ¥C=2.5
H-E "Wiad", ¥C=-1,1235, YC=2.5
B "Connector", KC=0, ¥YC=0
% Rectangle: "sMAaPlane”, "Ideal", ¥min=-3.15, Ymin=-3.15, ¥max=3.15, ¥max=3.15
@ Cuboid: "TOP" ko "SMAPlane”, "Copper”, Xmin=-3.15, Ymin=-3.15, #max=-1.9, ¥max=-1.9
@ Cuboid: "TOP" ko "SMAPlane”, "Copper”, ¥min=1.9, Ymin=-3.15, ¥max=3.15, Ymax=-1.9
P Cubcid: "TOP" ko "SMAPlane”, "Copper”, ¥min=-3.15, Ymin=1.9, ¥max=-1.9, ¥max=3.15
: @ Cubcid: "TOP" ko "SMAPlane”, "Copper, ¥min=1.9, Ymin=1.9, ¥max=3.15, Ymax=3.15
b @ Cvlindroid: "TOP" to "SMAPlane", "Copper”, ¥C=0, ¥C=0, D=127

- TLines . .
= IE Inputs Coaxial Input with 4

i " " / -

B “irput L, 4 Ports ports in parallel: Port 1

E|. "Tnputz”, 1 part
------ 'f ZPort 2: Zsig="TOP", Zref="L2-GND", ¥C=-0.825, ¥iC=0, ¥5=0.01, ¥5=0.15 4—

Component Input with
1 z-port: Port 2
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Lattice box definition for coaxial to microstrip
transition

2xll - Cell size defined as 0.3 mm

Latticedisy |
Auto Lattice Parameters

Btz £

| Sidewall Modsl |
Latticedsizes

L

D

Cell Size: [0.3

 fom]—

v Auto Detect

£.15.B.15]

21x]

Auto Lattice Parameters I L atticed sz
W Auto Detect Latticedsisy | Bz 7 | Sidewall Model
Area Size: |'|2.3
W &t Detect Cell Size: [0.3 [mm] D
Area Origir: I-E‘-.15
¥ Auto Detect 5.15.-615]
Lattice iz automatically defined Mumber of Cells: |41 ¢, Simberian Inc.
Auto Lattice Parameters are us
Adjust lattice and zimulation are
have all stip edges az close to ¥ Auto Detect
Area Size: |12 [ All other
parameters set to
v auta Detect
auto-detect
Area Origin: I-E.15 [mim]
. Simberian 10/7/2008 © 2007 Simberian Inc. 9
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Simulation setup for the coaxial to microstrip

liIne transition

- CoaxToMaLz

ﬁ CircuitData: L=[mm]
I__—_lﬁ Sirnulationl

----- Parameters

[

Problem Meshing |.-’-'-.Igu::rithm| Del:uugl

----- = Cptions: Collapsed metal, Lossy, COx=1, CDY=1,...
=¥ FrequencySweeps: FU=[GHz]

— Equidistant: Skart=10, Stop=20, Count=20

]

|'_—'|@ Results
-- MulkiportParameters: S(Zo=50), ¥, Z
----- & Geometry3DView

Frablerm I Meshing | Algorithm | Debug |

21x]

V¥ Collapse Thick Metal Layers

Check to accelerate simulation of structures compozed of races
or strps with large width to thickness ratio.

[ Ignaore Lozzes In Metals And Dielectics
Check to accelerate preliminary analysis of lozsy structure.

™ Use Cument Yariables in Plane Layers

If checked - metal in plane layers iz mezhed instead of meshing
cut-outs in metal [may slovw down the simulation].

\ Simberian 10/7/2008

Electromagnetic Solutions

— Primary Cartesian Gid

— Lattice Cell Dividers:

5 |1| n.z.
' |1 [1.2..

Feduce the orginal lattice cell
zizes by values defined here.
The larger the divider the mare
accurate but zlower the
gimulation.

— [nid Caontral Parameters:

kin Cellz Per wavelength: |4 [45. .
b ax Cells Per W avelength: |5|:||:| [45. .

Type:

— Super Grid: ‘j

Edgelrid
Optimal Cellz Per W avelength: |2EI [45. .

— Dizcretization Along Z-teiz
¥ terge Medium Layers If Possible

© 2007 Simberian Inc.
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Coaxial to MSL transition simulation results

—#—— Breakout 32K104 Simulation?, 5(1.1] — = — —
—#—— Breakout 32K104 Simulation?, 5(1.2] — < — —
M agnitude(S], [dE] Angle(5]. [deq]
T | I ~¥1 100
; Large
The structure is A7 ref ec%on
oversized and not e[ 1511] 1o
matched to 50-Ohm f T oo
401 Toees
Overall the structure T%%% | a%ﬁ: “‘E’%f%m{" A
1 Gy !
behaves as low-pass o l b S Iy 4
. . : I“D—e . . : . .
filter 2E g 75 10 125 15 17.5 20
12 Sep 2007, 16:16:46, Simberian Ihc. Frequency, [GHz]
Output Results into Touchstone file
Breakout 32K10A_ Simulationl.s2p
\ Simberian 10/7/2008 © 2007 Simberian Inc. 11
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Step 3: Create model of single microstrip
line to differential microstrip transition

O Export stackup from HyperLynx ~

Into SingleToDiff Simbeor _

roject (or copy stackup from =z
p j ( py p D- ; kLlp LLI [m] ML= 33T |:||:u:|2252

the previous project) <\_____ s Sohon
-] 3|Mc| i T= |:||:n:n:|1 Tns="Di | t
0 Add small layer on top to e
increase accuracy of analysis

the solder mask with the
collapsed metal model

ék Simberian 10/7/2008 © 2007 Simberian Inc. 12
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Define geometry of single microstrip line to
differential microstrip transition

O Add circuit SingleToDiff
O Define two single t-lines with inputs
. . . . iy Reference plans shifted
o Define one differential line with inputs toward discontinuity
o Add two polygons to simulate two 45-degree (de-embedding)
segments

- SingleToDiff

L——_IF CircuitData: L=[mm]

-8 Multiport: 3 inputs, 4 parts
-l LatticeBox
E|. GEomeLry
EI@} Composite Object, ¥C=0, ¥Z=0,175

«* Palygon: "TORY, "Copper”, NY=6, XL=-0.425, ¥B=0, ¥R=-0.0
«* Palygon: "TORY, "Copper”, NY=6, ¥L=0.075, YB=0, xR=0.42!
[=]-g# TLines

EI. TLine ¥: Start "Inputl” ExP=-1.0%, RP=-0.425; End=-0.425
- Strip: Ackive +1, "TOP", "Coppet”, ¥C=0,275, W=0,15
EI. TLine ¥: Start=0,425; End "Input2" RP=0.425, ExP=1.05
- Strip: Ackive +1, "TOP", "Coppet”, ¥C=0,275, W=0,15
I':'I. TLine ¥ Skart "Input3" ExP=-0.59375, RP=0; End=0

- Strip: Ackive +1, "TOPY, "Coppet”, ¥C=-0.15, W=0,15

.l Strip: Active +2, "TOP", "Coppet”, ¥C=0.15, W=0.15

- [E Inputs
Inputs defined
automatically
Simberian 10/7/2008 © 2007 Simberian Inc. 13
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Simulation setting for single microstrip line to
differential microstrip transition

Refine automatically defined cell size
— divide it by 2 to increase accuracy

- SingleTaDiff
- CircuitData: LU=[rmm]
=38 Simulationi
= Par armeters
=2 Ortions: Collapsed metal, Lossy, CDX=2, COY=2,..,
ni Frequencyaweeps: FL=[GHz]
. sl Equidistant: Start=1, Stop=20, Count=40
- gl Equidistant: Start=0,01, Stop=1, Count=5
=39 Results

-- MultiportParameters: S(Zo=50), ¥, £

----- B Geometry3DView

Original cell size will be divided by

2 for the simulation
1.05, 0.94375]

Input2" port 2

1.05, -0.53375)

22

09 Sep 2007, 16:11:29, Simberian Inc.
2. Simberian 10/7/2008
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options 2|x|

Prablem Meshing |.-’-'-.Igu::rithm| Debugl

— Primary Cartesian Gnd

Reduce the original Iatticem\

— Lattice Cell Dividers:
zizez by values defined here.

E IE [1.2...
The larger the divider the mare

! I accurate but slower the
i ° [ simulatiun./

— Grid Control Parameters:

kin Cellz Per W avelength: |4 [45,...

b ax Cells Per W avelength: [s00 [45,...
— Super Gid:
Type: | EdoeGiid =]
Mlrbirnal Falls Bar bl svalanath 90 4R

Increase distance to top cover on
Problem page
| .-

Cover Digtance To Max Trace 'width B atio: |2EI [01...

|1zed to define pozition of the simulation box covers i necessan.

© 2007 Simberian Inc.

14



Simulation results for single microstrip line to

differential microstrip transition

—4— SingleT aliff. SingleT aDiff. Simulation?, 5[1,1] — —#%— —
—#— SingleT aliff. SingleT oDiff. Simulation?, 5[1,2] — —#%— —
—#—— SingleT oliff. SingleT oliff. Simulation?, 51,3] — &+ — —
——4#—— SingleT aliff. SingleT aDiff. Simulation?, 5[1.4] — —%— —
M agnitude(5). [dB] Anglel5), [deq]
25T T 7
Irput; S0 T a0
8T ; 1o
1001 1 T
-*T—»+H P o
12 Sep 2007, 16:21:56, Simberian [nc. | _)T | ,**H*!***HTFH**?*H*%
28 ] 7h 10 125 15 175 20
09 Sep 2007, 16:21:18, Simberian |ne. Frequency, [GHz]
Output Results into Touchstone file
SingleToDiff _SingleToDiff _Simulationl.s4p
| Simberian 10/7/2008 © 2007 Simberian Inc.
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Step 4: Create model of differential
microstrip line transition through two pads

O SingleToDiff Project can be %// |

used to simulate the ;,,

structure 1
D Create DIffPaSS CIrCUIt Differential inputs with phase
ref. plane shifted to the pads

O Define geometry elements edges

é
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Lattice Box setup for differential microstrip
line transition through two pads

Use 2 cells per strip width and 2|x|

increase default distance to Latticeduisy | fivis Z | Sidewall Moded

i i - Autto Lattice P et
sidewalls with the two auto-lattice uto Lattice Parameters | Latticetis
param eters Box Auta Fit:

tin Cells Per Width [Mrmir: |1 1.2.... [Mrirs=Mopt]

Optimal Cells Per Width (Napt}: [2 12, [Nmin<=N@

tax Cells Per "Width [Mmax]: IEd 1.2.... [Mmaxz=Maopt]

< Sidewall Margin Multipier: [3 0. >

Line Segment Length Multiplier: |4 1.2...

Auto Lattice Parameters are reguired only if simulation area andor cell
zize are hot defined [or Lattice Box iz not completely defined].

Automatically defined lattice does not guaranty accuracy. Uze simulation
optionz ta refine the simulation mesh to increaze the accuracy.

Al changes made here have effect anly at the geometry initialization stage.

Set Az Solution Default |

4

09 Sep 2007, 16:2312, Simberian hc. (] 4 I Cancel |

: Simberian 10/7/2008 © 2007 Simberian Inc. 17
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Simulation setting for differential microstrip
line transition through two pads

Problern  Meshing |.-’-'-.Igu::rithm| Del:uugl Froblem | Meshingl .-'-‘-.Igu:urithml Del:uugl

— Primary Cartesian Grid

v Caollapse Thick Metal Layers

— Lattize Cell Dividers:

Feduce the orginal lattice cell Check to accelerate zimulation of structures compozed of traces
o I 2. zizes by values defined here. or ships with large width to thickness ratio.
The larger the divider the mare
! I accurate but zlower the
oL 2 gimulation. [ Ignore Losses |n Metals And Dielectics

Check to accelerate preliminary analvziz of lazsy structure.

— [rnid Caontral Parameters:

Min Cell: Per ' avelength: |4 [4.5.. [T Use Curent Vaniables in Plane Layers
. I— If checked - metal in plane lavers is meshed instead of meshing
M BelB et aralrehs | E e cut-autz in metal [may slaw down the zsimulation).

[~ Super Girid: < Cowver Diztance To Max Trace 'Width R atio: IEEI 0. | B
Type: Edgelirid jJ IJzed to define pozition of the simulation box covers if neceszary.
Optimal Cellz Per W avelength: |2EI [45. .

— Dizcretization Along Z-teiz
¥ terge Medium Layers If Possible

bl ax \wavelength To Box Size Fatio; |1 0000

Defines the minimal frequency allovwed far the gsimulation [OC limit].

Set Az Solution Defaulk | Set Az Solution Default |

ok | cance | 0k | Cancel |

Simberian 10/7/2008 © 2007 Simberian Inc. 18
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Simulation results for differential microstrip
line transition through two pads

—F—— SingleTaliff. DiffFazs. Simulationd . 5[1.1] — % — —
—— SingleTaliff. DiffFazs. Simulationd, 5[1.2] — % — —
—#—— SingleToliff.DiffPasz. Simulation?, 5[1,3] — % — —
——#—— SingleTaliff. DiffFazs. Simulation], 5[1.4] — =% — —

kagnitude(5], [dE] Angle(5). [deq]
T 180
425+ ;
100
25—
T a0
ATE T
035ep 2007, 16:22:39, Simbtian Iﬂc. ¢ TO
.5|:| 4
+ 50
-B2h5 T
ft*“** T 100
ey, |
. AT %
Resonance is observed **T**H* ! 1 150

around 11.5 GHz

25 5 75 10 125 15 175 20
09 Sep 2007, 16:35:00, Simberian [hc. Frequency, [GHz]

Output Results into Touchstone file
SingleToDiff _DiffPass _Simulationl.s4p

\ Simberian 10/7/2008 © 2007 Simberian Inc.
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Step 5: Create HyperLynx schematics

Two segments of single  Small segment of

microstrip lines differential microstrip line
W% %
7
DesionFle BeakQifs ;
HperlynxlireSnvVz.7
TLE
J1
Fortl Fort? ; Ja Y, U
s J3 47.3 ohims ‘
. Breakout_32K10... aaE LY S?Eggfﬂ [ Fortl Forta ..1_l—1'—
> 0.344 cm ) v OFF: TEST! P44 rois Ford |l
OFF_TEST1_F Fort?  Fortd TL8 ,
-_,2 J2 7 p——— A SingleToDiff_Oiff | it .
10ghps_differentia... Fart?  Fort2 INGIE TOLNT_ain... iff_receter
Breakout_ 3210 57.3 ohme
47 .6 ohms 7.680 ps
17.847 ps 0.150 cm
344 cm DIFF_TEST1_|
F_TESTI N
Differential line
Two transitions from _ ) _ transition through
coaxial to microstrip Single microstrip to two pads__
IE— differential microstrip // N
.. /gz
transition & %
7
. Simberian 10/7/2008 © 2007 Simberian Inc. 20
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Step 6: Simulate transition of 10 Gbps signal
through the structure

Dedicn Ale: Beak s

Hyperbyx LineSmvJ7.7
TLS
Port! Port2 L 5 573 ohis M e
£ ohms 7 680 p= | 1

Breakout_32K10... 17 54T ps — v Fr W’Purﬁ Port3

0.344 cm i g DIFF, TEST! P Portz Portd 1 ¥]
" DIFF_TEST1 _P Fort? Portd s . T -

TL? SingleToDif_Dify..

SingleToDiff_Sin... dif f_receiver

Portt  Port2

Breakout_32K10...

10gbps _differentia...

o973 ohms

S' | t d b 17847 ps 7 ooope
|gna genera e y 0344 cm DiFF_TCErgT1 M
dff t I d . DIFF_TEST1 N
rrerential driverose oscore OSCILLOSCOPE
Design file: BRE AKOUT.FF3 Designer: Design ile: BREAKOUT.FFS Designer.
HyperLynx %7 .7 HyperLynx W7 .7
¥ Probe 2:U8.1 (at pin) X Probe 8:U6.1 (at pin)
' Probe 28:J1.Porti (at pin)

2000, 0 z000. 0| \ 7
1500.0 15000 //
1000 0| & Y\ /;

/ / SN NIVARNANEIVARN Y.
el \ L [

Strong filtering effecgt of

-
n o
o o
= =
o o
|
[
|
[
— |
—
n
o
o
o
,_fﬁ

o

o

(=]

<R

—

—
abe ) op

o

- afbe ) jop

-1500.0, -1500. 0|
the| large breakout ared

-Z000.0 -z000. 0|
-Z500.0, -z500. 0|

50.00 150.00 z50.00 350.00 450.00 0.00 100.00 z00.00 300.00 400. 00

Time {ps) Time (psh
Date: Wednesday Sep. 12, 2007 Time: 163553 Date: Wednesday Sep. 12, 2007 Time: 16:35:10
Show Latest Wavetrm = YES, ShowP resious Waneform = YES Showe Late st Waseform = YES
Simberian 10/7/2008 © 2007 Simberian Inc. 21
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Conclusion on the breakout design

O The large breakout area might be a problem for
10 Gbps signal — it filters out the high-frequency
harmonics

O Optimization of the breakout area or different
connection geometry Is required

O Differential microprobes have to be considered
as an alternative to the SMA connector

&\ Simberian  10/7/2008 © 2007 Simberian Inc. 22
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Conclusion

0 De-compositional analysis is the fast and
accurate way to estimate performance of a serial
data channel

O S-parameter models of discontinuities generated
with a 3D full-wave solver have to be used to
Increase accuracy of the system-level signal
Integrity analysis tools

é‘ Simberian  10/7/2008 © 2007 Simberian Inc. 23
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Solutions and contact

O Simbeor solution files and HyperLynx schematic
file are available for download at:

O Send questions and comments to
= General:
= Sales:
= Support:

0 Web site

ék Simberian 10/7/2008 © 2007 Simberian Inc. 24
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