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CPU LED display

Signal integrity is about the problems interconnects 

introduce and how to avoid them.

– Dr. Eric Bogatin

Graphic card Cable On board video processor

Interconnects
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Analyze the channel 

Find the root cause of 
degradation 

Explore design solutions 

1

2

3

The case of the failing virtual channel
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Eye diagram Mixed-mode S-parameters 

Time domain reflectometry Single pulse response
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PRBS at the transmitter Received PRBS at Receiver 
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Demo

Do It Yourself 

Discussion
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Workspace_name.7zad
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1. Unarchive workspace: 

Signal_Integrity_Analysis_Essentials_wrk.7zads

2. Investigate cell: 

a_Signal_Integrity_Analysis_Essentials

3. Push into (Shift+E) or right click: 

TB1_eye_diagram_analysis

4. Pop out of:

TB1_eye_diagram_analysis 

5. Simulate cell
– EOL
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Analyze the channel 

Find the root cause of 
degradation 

Explore design solutions 

1

2

3

The case of the failing virtual channel



17
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Port 2
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Transmission line

Port 1 Port 2
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Mixed-mode 

S-parameters
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diffoutV

commoutV
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Related to differential return loss.  11DDS

Related to differential insertion loss.21DDS

21CDS Mode-conversion: EM generation.

21DCS Mode-conversion: EM susceptibility.

11DDS Differential response at port 1, excited 

by Differential input at port 1.   
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3-inch microstrip differential pair 

3-inch stripline differential pair 

Differential Via structure
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Expectation 

SDD11 (dB)

Freq (GHz)

Expectation 

SDD21 (dB)

Freq (GHz)

? ?

Structure 
3-inch 

microstrip
Via

3-inch 

stripline

Estimated Loss 
(dB at Nyquist)

Impedance 

(Ohm)

A.B.S.: Anticipate Before Simulate
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14 mil14 mil 42 mil

Single-ended Microstrip Impedance 

Rule of Thumb: W/H = 2 → Z = 50 Ohm 

Because of solder mask, we expect: 

differential impedance <100 Ohm  
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8 mil8 mil 24 mil

Single-ended Stripline Impedance 

Rule of Thumb: 

0.8 < W/H < 1 → Z ~ 50 Ohm 

We expect: 

differential impedance ~100 Ohm  
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Structure 
3-inch 

microstrip
Via

3-inch 

stripline

Estimated Loss 
(dB at Nyquist)

Impedance 

(Ohm)
<100 ~100
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Structure 
3-inch 

microstrip
Via

3-inch 

stripline

Estimated Loss 
(dB at Nyquist)

Impedance 

(Ohm)
<100 ~100

Date Rate: 32 Gbps

Nyquist Frequency: 16 GHz

Estimated Loss: ~ 0.1 dB/in/GHz
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Structure 
3-inch 

microstrip
Via

3-inch 

stripline

Estimated Loss 
(dB at Nyquist)

5 dB 5 dB

Impedance 

(Ohm)
<100 ~100

Date Rate: 32 Gbps

Nyquist Frequency: 16 GHz

Estimated Loss: ~ 0.1 dB/in/GHz
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Structure 
3-inch 

microstrip
Via

3-inch 

stripline

Estimated Loss 
(dB at Nyquist)

5 dB small 5 dB

Impedance 

(Ohm)
<100 ? ~100

Date Rate: 32 Gbps

Nyquist Frequency: 16 GHz

Estimated Loss: ~ 0.1 dB/in/GHz
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Even Mode of Operation

+V

+V

+V

-V

• Each T-line has an Even Mode 

Impedance 

• Common signal sees the Common 

Impedance  

Odd Mode of Operation

• Each T-line has an Odd mode 

Impedance 

• Differential signal sees the Differential 

Impedance  
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Even Mode
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+V +V
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Common signal sees the   

Common Impedance
+V

+V

Even Mode 

Impedance 

Even Mode 

Impedance 

Common 

Impedance 

1

2
common evenZ Z=
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Odd Mode

+V

-V

+V -V

+V -V

1
odd

V
Z

C q
 
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Differential signal sees the  

Differential Impedance

+V

+V

Odd Mode 

Impedance 
Odd Mode 

Impedance 

Differential Impedance 

2diff oddZ Z=

-V

0

-V

0 V
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1. Open substrate window in folder: 

0. Virtual Channel/sub_virtual_ch

2. Use Controller Impedance Line Designer, open: 

ustrip_pc1.cild

3. In CILD, sweep ONLY spacing from 10 mil to 42 

mil: How do you expect the differential 

impedance to change? 
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4. In CILD, open: 

stripline_pc3.cild 

Simulate 1 inch of the structure. 

What’s the attenuation per inch?

5. With stripline_pc3.cild: 

change spacing to 12 mils, and optimize the 

width for 100 Ohm Zdiff. 

How do you expect the width to change?

– EOL

Change to 1 

inch
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Expectation 

Not what we expect!

SDD11 (dB)

Freq (GHz)

Expectation 

SDD21 (dB)

Freq (GHz)

Structure 
3-inch 

microstrip
Via

3-inch 

stripline

Estimated Loss 

(dB at Nyquist)
5 Small 5 

Impedance 

(Ohm)
<100 ? ~100

- 30 dB

-10 dB at 16 GHz
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Structure 
3-inch 

microstrip
Via

3-inch 

stripline

Estimated Loss 

(dB at Nyquist)
5 Small 5 

Transmission line only 

microstrip differential pair 

stripline differential pair 

Differential Via structure
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1. Open cell: 

a_Signal_Integrity_Analysis_Essentials

2. Push into (Shift+E) or right click: 

TB2_S_parameter_analysis

3. Pop out of:

TB2_S_parameter_analysis

4. Simulate

5. Investigate the Mixed-Mode S-parameters in 

data display
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6. Browse and change S-parameter file to: 

channel_with_tlines_only.s4p

7. Simulate

8. Investigate the data display (bottom tab)

find the equations for Mixed mode S-parameters

9. Browse and change S-parameter file back to: 

a_failing_channel.s4p

– EOL
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Port Assignment 

1 2

3 4

S21

S31

S11

1 2
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SDD21 Example

1 2

3 4

1 2

+

-

+

-

S21

-S23

S21-S23
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SDD21 Example

1 2

3 4

1 2

+

-

+

-

S41

-S43

S41-S43
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SDD21 Example

1 2

3 4

1 2

+

-

+

-
S41-S43

S21-S23
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SDD21 Example

1 2

3 4

1 2

+

-

+

-

SDD21 = 0.5*(S21+S43-S23-S41)
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Structure 
3-inch 

microstrip
Via

3-inch 

stripline

Estimated Loss 

(dB at Nyquist)
5 Small 5 

Transmission line only 

microstrip differential pair 

stripline differential pair 

Differential Via structure
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Data rate: 32 Gbps

Nyquist: 16 GHz

75 mil

~75 mil

Transmission line:
Voltages and currents vary 

in magnitude and phase 

over physical length.

Bandwidth: 5*16 = 80 GHz

Wavelength: 6 in/nsec/80 ~ 75 mil 
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2 1

1 2

Z Z

Z Z

−
 =

+

: Reflection Coefficient

Top View 

Z1 = 50

Z2



Z2 

(Ohm)
Z2 short Z2 < 50 Z2 = 50 Z2 >50 Z2 open

Γ -1 -1<Γ<0 0 0>Γ>1 1
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Top View

Transmission line stub

Open
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t

V

Top View
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t
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t

V

1 =

Len
4


=

Quarter-wave stub resonance 

At frequency where the physical length if the 

stub is a quarter of a wave length, it seems like 

nothing is being transmitted (virtual short).
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For FR4, expect fres = 20 GHz

4
4

len len


= → = 
4

res

v v
f

len
= =



in
6

nsec
v

1.5
(GHz)

(in)
resf

len
=

Len ~ 75 mil

Len ~ 75 mil
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1. Open substrate window in folder: 

0. Virtual Channel/sub_virtual_ch

2. Use Via Designer, go to File/open/: 

via_w_stub.viad

3. In Via Designer, measure the length of the stub:



56

4. Answer the following questions: 

What is the length of the Stub? 

What do you expect the resonance frequency 

to be? 

5. Look at the S-parameter results of the via: 

Is the Insertion loss of single ended S-

parameter the same as differential? Why and 

Why not? 
– EOL
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incidentV

reflectedV

Step 

Generator

Reflection 

Monitor

Component

Term.

• Capacitor 

• Inductor 
• Parallel  

• Series 
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incidentV
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Structure 
3-inch 

microstrip
Via

3-inch 

stripline

Round Trip Delay 

(nsec)
Small

Impedance 

(Ohm)
<100 ? ~100

Estimated Delay (FR4): 6 in/nsec

Open
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Structure 
3-inch 

microstrip
Via

3-inch 

stripline

Round Trip Delay 

(nsec)
1 Small 1

Impedance 

(Ohm)
<100 ? ~100

100 Ohm

100 Ohm <100 Ohm ~100 Ohm

0.5 nsec 1.5 nsec 1.6 nsec

?

2.6 nsec

Open

Estimated Delay (FR4): 6 in/nsec

Open



69

Parallel combination 

is about 50 Ohms.

Assume 100 Ohms

Assume 100 Ohms

Zdiffvia

Zstub

ZdiffStriplineFeed
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1. Open cell: 

a_Signal_Integrity_Analysis_Essentials

2. Push into (Shift+E) or right click: 

TB3_TDR_analysis

3. Pop out of:

TB3_TDR_analysis

4. Simulate

5. Investigate the TDR data display

– EOL
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The Root Cause:

The via stub is resonating at frequency 

close to Nyquist and degrading the 

frequency spectrum of the input signal. 
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Analyze the channel 

Find the root cause of 
degradation 

Explore design solutions 

1

2

3

The case of the failing virtual channel
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Expect eye to be more open.
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1. Browse and change S-parameter file to: 

channel_without_via_stubs.s4p

2. Simulate

3. Investigate the data display

4. Browse and change S-parameter file back to: 

a_failing_channel.s4p

– EOL
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+ Equalization
Decision Feedback

But… How many taps?
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Channel

• Rise Time

• Data rate (Unit Interval) 

Single pulse Single pulse response  
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Feedback 

Decision 

Algorithm

+
Symbol 

Detector 

Decision Feedback Equalization 

One Unit Interval (UI)

Cursor

Pre-cursor

Post-cursor

If I detect a “1”, 

emphasize the next “0”.
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If I detect a “1”, 

emphasize the next “0”.
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If I detect a “0”, 

emphasize the next “1”.
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+ Equalization
Decision Feedback
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1. Use interactive cursor in data display: 

a_Signal_Integrity_Analysis_Essentials.dds

2. based on the SPR

Specify number of taps you want for your DFE

3. Investigate the data display

4. Open and investigate the Schematic: 

b_Channel_Simulation_and_EQ

5. Simulate and watch the eye opens up. 

– EOL
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The case of the failing 

virtual channel
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The case of the failing virtual channel
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