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Problem Definition

• There is no established relation between critical 
spring probe parameters and their influence on 
signal integrity. 

• There is no baseline reference and a starting • There is no baseline reference and a starting 
point for spring probe design which is an 
everyday need due to emerging new application 
requirements.
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Seven principles of interconnect 
design for optimized insertion loss

Eric Bogatin says:

1. Match characteristic impedance of socket to 50 Ohms

2. Keep the impedance constant through socket

3. Optimize (minimize) pad stack up capacitance

4. Keep socket short4. Keep socket short

5. Dielectric loss of socket not critical

6. Conductor loss of socket not critical

7. Contact resistance of socket not critical

Silicon Valley Test Conference 2010



Key input variables and 
output variable

• Input variable
– Spring pin length (1mm to 4mm)
– Spring pin diameter (0.25mm to 0.35mm)
– Ground pattern 

• C1 (G-S-G)
G

• C2   G-S-G

G

• Output variable
– Bandwidth (GHz) at -1dB Insertion loss
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Design of experiments

Study Type Factorial
Runs 8
Initial Design 2 Level Factorial
Blocks No Blocks
Center Points 0
Design Model 3FI
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Design of experiments

Standard 

Order

Run 

Order

Block Diameter 

(mm)

Length 

(mm)

Ground  

pattern

Bandwidth 

(GHz)

7 1 Block 1 0.25 4 C2

4 2 Block 1 0.35 4 C1

3 3 Block 1 0.25 4 C1

8 4 Block 1 0.35 4 C2

5 5 Block 1 0.25 1 C2

6 6 Block 1 0.35 1 C2

2 7 Block 1 0.35 1 C1

1 8 Block 1 0.25 1 C1
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Experimental results

Standard 

Order

Run 

Order

Block Diameter 

(mm)

Length 

(mm)

Ground  

pattern

Bandwidth 

(GHz)

7 1 Block 1 0.25 4 C2 14

4 2 Block 1 0.35 4 C1 5.6

3 3 Block 1 0.25 4 C1 13.9

8 4 Block 1 0.35 4 C2 4

5 5 Block 1 0.25 1 C2 31

6 6 Block 1 0.35 1 C2 14.8

2 7 Block 1 0.35 1 C1 19

1 8 Block 1 0.25 1 C1 33
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Analysis of results

Design-Expert® Software
Bandwidth

Shapiro-Wilk test
W-value = 0.981
p-value = 0.942
A: Diameter
B: Length
C: Ground
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Analysis of results
Pareto Chart
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Analysis of results

The Model F-value of 62.78 implies the model is significant.  There is only
a 0.03% chance that a "Model F-Value" this large could occur due to noise.

Values of "Prob > F" less than 0.0500 indicate model terms are significant.  
In this case A, B are significant model terms.  
Values greater than 0.1000 indicate the model terms are not significant.  
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Optimized insertion 
loss model

Bandwidth  = +65.85000 
-121.25000 * Diameter 
-5.02500 * Length-5.02500 * Length

Model valid within the following limits

Diameter: 0.25mm to 0.35mm
Length: 1mm to 4mm
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Analysis of results

Design-Expert® Software

Bandwidth

X1 = B: Length

Actual Factors
A: Diameter = 0.30
C: Ground = C1
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Analysis of results

Design-Expert® Software

Bandwidth

X1 = A: Diameter

Actual Factors
B: Length = 2.50
C: Ground = C1
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Optimization of results

To maximize Bandwidth: 
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Optimization of results
Design-Expert® Software

Bandwidth
Design Points
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Confirmation run to 
verify model
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Optimization of results

To maximize Bandwidth and Length: 
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Optimization of results
Design-Expert® Software

Bandwidth
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Confirmation run to 
verify model
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Conclusions
• Key input variables of spring probe and output variable 

are identified
• A set of experiments were designed using Design Expert 

Statistical Software
• Experiments were conducted and results were analyzed • Experiments were conducted and results were analyzed 

using Design Expert Statistical Software
• A statistical model was developed that relates spring 

probe parameters to optimized signal bandwidth.
• A confirmation experiment was performed to verify the 

validity of model.
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