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1. Issues of specific stackup simulation

B Design and simulation of PCB impedance & insertion loss for a specific
stackup is challenging
® Thereis 5%~10% impedance off between cross-section model and
measurement.
® High cost repeated trial runs for empirical DK extraction/material
characterization.

® Specific stackup design/simulation almost be considered as a secret

on PCB house.
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2. Basic of impedance / insertion loss

Key Factors: Dielectric thickness (H), Width (W), Copper thickness (T), Dielectric constant (DK).

Copper thickness

Impedance Trace Width / Space

Dielectric height (Stackup/PP, core)

Insertion -
Loss ‘

DK

Anaiia

Dissipation factor (DF)
Roughness of copper

Surface treatment (OSP, HASL, ENIG, etc)

— Others (Humidity, Temperature ) \V

The cross section parameters : H,W,T can be directly measured, but DK is an exception.
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3. Root Causes Analysis

Dielectric constant (Dk):

(1). FR4 is mixture dielectric with glass fiber(DK:4.0~6.5) and resin (DK:2.0 ~ 3.5). DK is inhomogeneous.

(2). Hard to define the DK of multiply PP combination after lamination pressed;

(3). Hard to directly measure the Dk after lamination due to the Dk has been changed;
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3. Root Causes Analysis

Impedance model: the nature of electromagnetic field.

The electromagnetic field density will be different if anyone parameter changed. So the electromagnetic
field density is not uniform.

W: 2mil, W: 5mil,
H:3.8mil H:3.8mil

W:11.4mil, W: 17mil,
H: 3.8mil H: 3.8mil

EFRALBBRARLE <BMRHEF>



3. Root Causes Analysis

Impedance model With FR4 Dielectric:

(1) Single-end: DK is sensitive effected by the fiber wave effect on Z axis.

EEFIHX [DKWEEN 4] Out Iaye r

- - - Microstrip
[ 1 YA - - Small width with lower DK

DK = 90%* resign+ 10%*fiber
K:2~4]
‘ ’ Big width with bigger DK
‘ SRR A@ DK = 30%*resign+ 70%*fiber

(2) Differential stripline: Resin filled DK is sensitive on X-Y axis

Inner layer single-end stripline

= e e g : — | *-:‘ﬁg:l:ﬁi
X-Y%H - e R e oo v | [DK T A5 6]

{
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3. Root Causes Analysis

Simulation software accuracy:

The most popular software is Polar SI8000/S19000, but there are some accuracy problems on resin filled
model.

Subshiate 1 Height H1 40440 1 Substrste 1 Height H1 40220
Substiae 1 Dielectic Bl [Z7000 | Substale 1 Disleckic B [T37000 .
Substste ZHeiht W [TaEE | Substake 2Heght M2 [T95i60 Resin DK Effect SISOLVER vs. SI9XXX
Substiate 2 Dielectiic €2 [“37000 | Substiate 2 Dielectic E2 [T37000 s
Lower Trace Width wi W """"""""""""""""""""""""""""""""""""""""""""""""""""""""" r
Lowe Trace Widh wi [“ios0 |
U"T'nwh w — Uppe Trace Widh W2 [TEmE | - 114
iace 1 B EEy |
! - — lustowsn o [ | —=SISOLVER I
S L7 | Trace Thickness OB | - m
e nzm | Sepastion Region Diskctic REr | 26600 . WX _ L 110
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr —+ 109
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107
CLRS a0 Subae 1 Height I e B R B T
Substiate 1 Dielectnc En 37000 Substiate 1 Dielectric E1 [ 37000 104
Subsirate 2 Height H2 [T3sie0 Substiate 2 Height M2 [F8BI80 | | oo -+ 103
Substrate 2 Dielectic E2 [T37000 Subshate 2 Dislectiic B 1| [ e = 02
Lower Trace Widh Wl [“ioa0 Lowes Trace Width Wl [Tiga P = ---- 101
Uow TmaVidh w2 [0 UppsTiaceVidh W2 [0 | | gm0 S — T
s1 7.769 Trace Separation s1 7.78%0 -
o = Trace Thickness n 1zo | | T [ gg
- . Sepasation Regon Diekectic REC [“32000 | | - . L
BIEEDK=2 : 101.89Q) [k o [0 #ifEDK=3.2 : 100.24Q | e
Noles . Dfeledece 2ot [ | M it e Dol lvpedence 268 0024 4 38 36 34 32 3 28 26 24 22 2

» Differential stripline: Allocating different resin DK for resin filled model, but the impedance
results almost the same. It disobeys the electromagnetic field theory.
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3. Root Causes Analysis

Back-calculated DK (Empirical DK)

Test boards DK analysis Summary

DK Simulation

Base Material PP Style
CITS25 | SIB00O0 | Datasheet -
Isola-FR408 | 1080 RC63% | 3.08 3.12 3.51 0.39
Isola-FR408 | 2116 RC53% | 3.12 3.13 3.73 0.6
Isola-1S415 | 1080 RC65% | 3.05 3.02 3.52 0.5
Isola-1S415 | 2116 RC55% | 3.06 3.08 3.72 0.64
TUC-TU862 | 1080RC67% | 3.4 3.43 4.1 0.67
TUC-TU862 | 2116 RC56% | 3.63 3.6 4.3 0.7
TUC-TU862 | 2116 RC60% | 3.8 3.81 4.3 0.49
EMC-EM370D | 1080 RC63% | 3.24 3.28 3.8 0.52
EMC-EM370D | 2116 RC52% | 3.47 3.44 4.1 0.66
EMC-EM370D | 7629 RC44% | 3.66 3.7 4.2 0.5
ITEQ-IT200LK | 1080 RC65% | 3.14 3.15 3.68 0.53
ITEQ-IT200LK | 2116 RC57% | 3.14 3.13 3.83 0.7
ITEQ-IT200LK | 7628 RC50% | 3.31 3.3 3.99 0.69

Base on the experiment:

(1) The experienced data shows big
variation between Back-calculated DK
and datasheet (range 0.2 ~ 1.5).

(2) The same stackup, different impedance
model got different empirical DK.

Conclusion:

The experiments data proved the real DK of
a specificimpedance model is variable.
Empirical DK can be used for debug, but can
not be used for design.
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3. Root Causes Analysis

Conclusion:
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4. Cost-effective Solution

“All factors, all tools” integrated simulation system:

Material Define

A

v

Stackup Design

A
|

v

Impedance Design

A
[

v

Trial Run

v

Validation

Design

=] Sample [=>»

Result

B Avoid to material characterization

B Avoid to repeat trial run
B Easy & fast simulation

Impedance

Process
Capability

Design =2 Result

B Specific Stackup design and simulation
B DK simulation
B Impedance and loss simulation
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4. Cost-effective Solution

“All factors, all tools” integrated simulation system:

Single Stripline

Differential
Stripline
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Information:

[iiA] 5657

+ 94, 7a] -Diff,
190, 15] -Diff,
L7/RefLE LS [Z: 94,74] -Diff,
LE/RefLd,LE [Z: 51,08] -Diff,
L5/RefL4,LE [Z! 96,29] -Diff
L7/RefLELS [Z: 91.08] -Diff
L7/RefLE L8 [Z: 96,29] -Diff,

Odd Mode Impedance: 45.073

4

Differential Even Mode Impedance: 48.217
Coated Delay_Odd Mode (ps/inch): 158.176
i Delay_Even Mode (psfinch): 158.668
Single Surface Unit:
SECEE @ mil ) um ) mm
- - i
Shenzhen SISOLVER Technologies Ltd Co.
[

Files Setup Report Register Help
- . » Material: Layer: Option:
Pr: Layer Cu_oz Cu% PP RC THK DK M_DK Space Min  Max BCoat
= i 10% ~
L1 050z 100% Layer  ThickTol [10% ]
............................ 1080 65% 3.09 385 401 291mil 251 331 039
050502 10% 35 393 393 35mi 315 385 [Tuse2 »] | 26 | @Backox © srownox
1067 71% 241 378 '
700 1085.63% 314 401 405 4.75mil 405 545 036 Customer PN DsgClass  Unit
35 393 i _ _ _
05060z 1036 393 35mil 315 385 [1 v] @mil Oum ©mm
““““““““““““““ 1067 71% 241 378 ;45 475mil 405 545 0.36
_______ 1086 63% 214 401 700 % : : :
& p5/050z 0% 3.5 393 393 35mil 315 385 Stackup Building:
\: . SiSolver Impedance Calculator - - e g

Stackup simulation

DK simulation Technology
Resin filled impedance
models
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4. Cost-effective Solution

(1) DK Simulation: Any Stackup DK simulation technology solves the Dk variable issue.

. . B Mixed dielectric DK simulation after pressed
Root Cause : DK Simulation . : . P
DK is Variable B Pure Resin DK simulation
B Dynamic DK simulation for Single-end models
R Layer Cu_Thk Cu% PP RC PP_th{ DK M_DK
L1 102 100%
1080 64% 3.22( 361
2116 57% 5.55\|] 3.76 3.79
1080 64% 3.22 N\ 3.61
50%
70%

1080 64% 322 | 361
2116 57% 5.55 ]| 3.76 3.75
1080 64% 3.22 | 361

L4 10z 100%

(2) Dedicated Impedance model: high accuracy multi-layer resin filled impedance models

B High accurate multilayer field solver
=>{ B Pure resin DK simulation
B Electromagnetic field density simulation for SE models

Root Cause Dedicated model

Model accuracy issue

——

mos.asvioziz.www rmos.asvioziz.www
——.,

| P— I

mos.asvioziz.awww mos.asvioziz.awww
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4. Cost-effective Solution

(3) Integrated manufacture process capability

Finish copper foil thickness
Etch Factor

Solder mask thickness
Resin flow compensation

[ sisolver Pracess Capability Setup: @
1 Solder Mask DK - | Process Option:
S/M Dk 4 @ Default
= Outer Layer Parameters (Mil) L .
© Outer Layer Parameters for 1/40z Base || s
Finish Cu thick: 1/40z Base 1.7 LY & Enhanced
Undercut: 1/40z Base 0.45
S/M C1: 1/40z Base 1.9
$/M C2: 1/40z Base 0.7
5/M C3: 1/40z Base 1.9
=] Outer Layer Parameters for 1/30z Base
Finish Cu thick: 1/30z Base 1.8
Undercut: 1/30z Base 0.5
S/M C1: 1/30z Base 2
S/M C2: 1/30z Base 0.75
5/M C3: 1/30z Base 2
=] Outer Layer Parameters for 1/20z Base
Finish Cu thick: 1/20z Base 2
Undercut: 1/20z Base 0.6 il ‘
|

(4) Fast Loss simulation technology

B Integrated Impedance /Effective DK simulation
B Auto-get stackup parameters
B Integrated 5 types different copper roughness

parameters.
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4. Cost-effective Solution

Simulation accuracy comparison:

€ Fab--F (TUC-TU768 , 10L)

Layer Measure Polar | Polar Off | SiSolver Sisolver Wijch H T

(Ohm) Off Cmnil) Cmil) (mil)
12 47+/-4.7 49.25 47.2 4.16% 48.4 1.71% 5.12 14.46 0.68
L7 63+/-6.3 64.08 6105 4.73% 62.88 1.87% 2.55 3.73 0.64
L5 98+/-9.8 06.74 a2 4.90% 096.81 0.07% 4.14 6.92 0.68
L3 83+/-83 &2.37 76.97 6.56% 82.81 0.53% 4.24 4.55 0.61
L3 95+/-9.5 97.63 89.35 8.48% 95.91 1.76% 3.77 441 0.68
L1 49+/-4.7 50.57 5191 2.65% 51.39 1.62% 12.32 7.16 1.93

@ Fab--H (Panasonic-M6NE, 14L)

Measure : .
Layer SiSolver SiSolver Off Polar Polar Off
(Ohm)
L3 88.85 87.9 0.95% 84.23 4.62%
L5 92.39 89.92 2.47% 87.2 5.19%
L9 92.42 90.28 2.14% 86.89 5.53%
LI 88.28 85.89 2.39% 81.85 6.43%
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Summary :

» High efficient

0 Accuracy improved by 2 to 5 times, help to meet 7%, 5% impedance
tolerance.

0 Void to material characterization; avoid to repeat trial run.

» Cost-effective
B High FPY and significantly reduce the scrap rate.
B Sample cost saving and lead time saving.

» Communication

® Let the design more transparent, build a bridge between layout and PCB

house.

SiSolver “All factors, all tools” integrated design system ; easy & fast to simulate
/assess any specific stackup!
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Q&A

Thank You'!
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