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1.Introduce of Unimicron
2.New high accuracy signal transmission 

line design flow  
3.The statistical analysis of  transmission 

line parameter variation for material 
property and physical layout structure.

4.Material Parameter Extraction.
5.Conclusion



Unimicron Technology Corp.

➢ Date Incorporated Jan. 25, 1990 

➢ Chairman T. J. Tseng

➢ Major Stockholder UMC

➢ Employees 
13,199 (Unimicron Group Taiwan)                   (2Q’18)

14,309 (Unimicron Group Overseas)    *Total 27,508

➢ Registered Capital NT$15.05 Billion

➢ Products
Printed Circuit Boards, 
Carrier, IC Burn-in & Testing
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Global Ranking

Oct. 2018

*Unimicron includes Subtron sales Source : Prismark, Q3 2018

HDI Carrier

Rank
2017 2018

Rank
2017 2018

Supplier Rev. Supplier Rev. Supplier Rev. Supplier Rev.

1 Unimicron 707 Compeq 898 1 Unimiron 880 Unimicron 970

2 Compeq 683 TTM 837 2 Ibiden 744 Ibiden 788

3 TTM 635 AT&S 794 3 Semco 721 SEMCO 653

4 AT&S 620 Unimicron 781 4 Nanya 603
Simmtech
(Inc.Eastern)

568

5 Meiko 319 Tripod 361 5 Kinsus 582 Shinko 562

6 KCC 280 Meiko 341 6 Shinko 580 Nan Ya PCB 544

7 Unitech 273 Unitech 319 7 Simmtech 440 Kinsus 535

8 Tripod 263 Zhen Ding 298 8 Daeduck 290 Daeduck Group 317

9 Zhen Ding 248 Korea Circuit 288 9 ASE Material 288 ASE Material 281

10 SEMCO 222 DAP 268 10 Kyocera 257 Kyocera 261



Layout & 
Design

Electrical 
Simulation

1. 3D modeling with FEM

2. Multi-conductor coupled  

RLGC

3. Packaging parameters 

4. S para & Smith Chart 

5.Power/Gnd integrity

6.Signal integrity

7. Spice/IBIS simulation

1.High speed PCB layout

2.Diff impedance design

3.LE/DC technology design

4.Digital signal integrity

5.SIP/SOP 3D package 

6.Layer-reduction for low-

cost

Mechatronics 
Integration

Mechanical_Therm
Simulation

1. Static/transient 

thermal simulation

2. Solder ball stress 

3. FVM/CFD technology

4. Packaging reliability

5.Cross and Mix-

dimensional coupling

1.Electrothermal current

2. Electro-optics R&D

3. SN Fatigue, response 

4. 3D circuits Antenna

5. MBD (Multi-body dyn)

6. Non-Liner NVH (Noise

Vibration, Harshness)

EDA 

CEO (President Webber)

Design/Simulation team specialties



EDA Team, certificates, ISO9001, Conference



The UMTC are provide high accurate PCB product for 5G,AIOT and AI application.
That's why the customer great emphasis on validation of material properties of dielectric 
constant and loss tangent frequency dependence.
For next generation high speed signal design, UMTC need to provide frequency dependence 
Dk/Df & Roughness value to the customer.

New high accuracy signal transmission line design flow  



PN Probe Frequency (GHz) Type Pitch (μm)

ACP40-A-GSG-150 Air Coplanar Probe 40 GSG 150

67-A-GSG-150

Infinity Probe

67 GSG 150

I110-A-GSG-100 110 GSG 100

⚫ The Specification of Probe Pin in Unimicron

Anritsu ME7838E 4-port VNA

The High frequency Double-side measurement system  

https://www.cascademicrotech.com/products/probes/rf-microwave/acp-probe/air-coplanar-probe


Why are obtaining accurate dielectric models so difficult?

• Manufacturers of dielectrics and PCBs provide measurements for 
dielectric constant and loss tangent typically at one frequency point 
or at 2-3 points in the best cases. No continuous causal models versus 
frequency are usually provided. For low-cost dielectrics the 
measurement frequency may be even not specified at all, which is 
unfortunate since such dielectrics can be still used for high-speed 
10Gb/s interconnects.  

• Methods based on TDR and static field solvers do not produce 
dispersive dielectric models and may be used only at frequencies 
below 1-3 GHz. 

• PCB dielectrics exhibit strong dependency on frequency with 
dielectric constant and loss tangent changing substantially over the 
frequency band of multi-gigabit signal spectrum. Only frequency-
continuous models can accurately describe such behavior. 

Ref: http://www.simberian.com/AppNotes/DesignCon2010_Paper2807.pdf



Glass weave model and physical property



The statistical analysis of  
transmission line parameter 
variation for material property and 
physical layout structure.



Electrical FEM 
model

Single-End transmission 
line 

Test Board

Single-End transmission line



(a) Top trace width
(b) Bottom trace width
(c) Cu thickness
(d) Trace space
(e) Upper dielectric thickness
(f) Lower dielectric thickness
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Monte Carlo Simulation for Insertion Loss on IT-150GS



-10 -5 0 5 10

-1.12

-1.10

-1.08

-1.06

-1.04

-1.02

-1.00

-0.98

 

 

d
B

(S
D

D
1

2
)

Variation (%) 

Df
Dk

H1&H2

T2
S
W

 

-10 -5 0 5 10
82

84

86

88

90

92

94

Df

Dk

H1&H2

T2 S

W

 

 

Z
d

if
f 
(O

h
m

)

Variation (%) 

Impedance V.S. Insertion Loss for W, T, H, Dk & Df

+ Slope: H1(0.21)≈H2(0.22)>S(0.10)>Df(0.01)

- Slope: W(-0.43)=Dk(-0.44)>T2(-0.11)

+ Slope: H1(0.002)=H2(0.002)>W(0.00072)
>S(0.00044)>T2(0.00031)

- Slope: Dk(-0.006)>Df(-0.005)

@10GHz @10GHz

Zdiff versus Variation percentage dB(SDD12)  versus Variation percentage 

The Sensitivity analysis 



The worst case of IL & Imp corner Variations
(Monte Carlo Method)

Area: Dk(68.34%)> H2(11.08%)> H1(9.86%)> W(7.66%)>S(1.20%)>Df(1.03%)>T2(0.83%)

Layer Stack Up
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Z_diff and insertion loss Scenario analysis 

Sensitivity and Scenario analysis table
Dk(10% ↑) Df(10% ↑) H1+H2 (10% ↑) H2(10% ↑) H1(10% ↑) W(10% ↑) S(10% ↑) T2(10% ↑)

Z_diff    ↓(5.5%) X (0.0%) ↑(5.2%) ↑(2.6%) ↑ (2.6%) ↓(5.1%) ↑(1.3%) ↓ (1.3%)

I.L. ↑(5.3%) ↑(5.0%) ↓(4.1%) ↓(2.0%) ↓(2.1%) ↓(0.9%) ↓(0.5%) ↓(0.3%)



The ranking of parameter for Z_diff and I.L. 

The ranking of parameter percentage for Z_diff and I.L. 

The ranking of parameter for Z_diff and I.L. 

Dk(10% ↑) Df(10% ↑)H2(10% ↑) H1(10% ↑) W(10% ↑) S(10% ↑)T2(10% ↑)

Z_diff    29.8% 0.0% 14.3% 14.3% 28.0% 6.8% 6.8%

I.L.  32.9% 31.2% 12.4% 12.9% 5.9% 2.9% 1.8%

Dk(10% ↑) Df(10% ↑)H2(10% ↑) H1(10% ↑) W(10% ↑) S(10% ↑)T2(10% ↑)

Z_diff    1 6 2 2 3 4 5

I.L.  1 2 3 3 4 5 6



Weighting Factor vs. insertion loss Plot (frequency trend)

Freq\IL_wet Dk Df H2 H1 W S T2 Ra

10 Ghz 41.3% 31.1% 10.2% 9.0% 2.4% 1.8% 1.2% 3.0%

28 Ghz 33.8% 38.9% 8.6% 7.8% 1.4% 1.9% 1.4% 6.2%

32 Ghz 35.4% 37.9% 7.6% 6.7% 3.2% 1.4% 1.4% 6.4%

56 Ghz 32.4% 41.2% 6.9% 6.2% 2.2% 1.4% 1.3% 8.2%

112 Ghz 31.6% 43.4% 6.1% 5.4% 2.7% 1.2% 1.3% 8.4%

Weighting Factor vs. insertion loss frequency table

Weighting Factor vs. insertion loss frequency plot



Material Parameter Extraction.



2-Line Test Coupon Structures for measuring the S-Parameters of the 
Length L of transmission line with the connector fixture removed. 

Concept of de-embedding method



The algorithm flow of Dk/Df extraction  

Measuring the S-parameters 
of two different lengths of 
traces on the test board by 

using the VNA.

Extract Dk value form group 
delay. 

To optimize electrical model 
to  get dielectric constant 
(Dk) ,loss tangent (Df) and  

surface roughness.

Extract phase deviation form 
two different lengths S-

parameter. 



The criteria of S-para, passivity, causality , convergency 
tolerance



Import short and long trace S-parameter data

Import short trace S-parameter data

Import long trace S-parameter data



Check short and long trace S-parameter data



De-embeded Method 

De-embeded long and short trace S-parameter data (1)

De-embeded long short trace S-parameter data (2)



Dk extraction result 



The Schematic of Circuit Simulation 

The Schematic of Circuit Simulation 



Df and Phase extraction result 



Drum Side

T

H2

Strip line roughness model (Single-End) 
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Dk and Df extraction result 

Extraction result Initial value



Frequency dependence of Dk & Dk Properties  

Dk v.s. Frequency Plot Df v.s. Frequency Plot



1. According to the structure of layer stack up and the dielectric material 

coefficient provided by the material supplier as the initial value, we have been 

able to give effective Dk, Df and surface roughness parameters from the return 

loss and insertion loss measurement by vector network analyzer.

2. The equivalent Dk/Df transmission line extraction algorithm is a solution 

developed by bilateral collaboration of UMTC and Keysight to meet the needs 

of low-loss materials and high-speed transmission lines for customers' 5G NR 

products.

3. The electrical model of the dielectric layer mixed glass fiber will be further 

studied in order to solve the problem of signal integrity skew of the 5G high-

speed transmission line of the PCB board.

Conclusion



Thank you 
for your 
attention!!!


