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Outline 

 The challenge for SI Engineers 

 • High Speed Serial Design Flow 

 • S-parameter measurements – frequency 

considerations 

 • Eye Diagrams and low frequency measurement 

data issues 

 • Verifying simulation-measurement correspondence 

 • Setting emphasis levels 

 • Superposition vs. true mode stimulus for active 

device measurement 

 • Resources 

 • Questions 
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Background – challenge for SI Engineers 

 Compliance with higher data rate standards 

  Cost/performance trade-offs 

  Locating Defects 

  Measurement – simulation correlation 

  Dealing with test fixtures 

 Gaining confidence in models  

and 3D-EM Simulations 

 Getting accurate eye diagram simulations 
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Desired Result from VNA Measurements 

 Enhanced causality & reduction of DC extrapolation 

errors  

 Accurate models to accelerate design cycle 

 Accurate eye diagrams 

Poor S-parameter Data Actual performance Good S-parameter Data 
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Challenges for SI Engineers 

8B/10B 

Encoder 

Serializer 

Equalizer Driver 

Clock/PLL 

10B/8B 

Decoder 

De-

Serializer Equalizer Data 

Recovery 

CR/PLL 

Parallel 

Data 

Parallel 

Data 

Serial 

Data 

Jitter and Noise 

Channel Issues 
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Types of Channel 
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Typical High Speed Design Flow 
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If This Project Did Not Meet Objectives 
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Improved High Speed Design Flow 
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Transforms into the time domain 
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Channel Issues - Loss 
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Channel Issues - Loss 
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Channel Issues - Loss 
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Channel Effect 

Tx Rx 
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• Differential Transmission Characteristic of 27” backplane 

 

• High frequency Attenuation closes eye 
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Emphasis 

• Added to the Tx signal 

 

• Sharpens the edges 

 

• Adds more high frequency content to counteract high frequency 

attenuation of backplane 

 

• Aim is to have open eye at Rx 
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Using Emphasis 

Tx R

x 

How to set the right degree of emphasis? 

Simulated Using 

measured S-

parameter data 

Measured using 

Oscilloscope 

Input waveform 

with no 

emphasis 

Simulated Using 

measured S-

parameter data 

Measured using 

Oscilloscope 

Input waveform 

with emphasis 
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Setting Ideal Emphasis 

 Challenge:  Difficult to find the ideal emphasis 
settings from the many possibilities 

 
  

 Problem: Searching for ideal settings while 
verifying the output waveform 
 takes an extremely long time 
 hard to explain why those settings are ideal.  

 
 

 Solution: Use VNA-captured S-parameter data to 
apply inverse DUT characteristics to input 
waveform 
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Channel Issues - Structures 

Channel artifacts (vias, impedance changes, ground plane issues etc.) 
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Backplane Transmission Measurement 
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Channel Issues – Crosstalk 

Tx Rx 

Tx Rx 

Tx Rx 

FEXT 

NEXT 
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VNA Measurements 

 Importance of Max and Min Frequency for Time 

Domain 

 

 De-embedding 

 

 Superposition vs. True Balanced 
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Importance of Maximum Frequency Range 

Harmonic Content of 28 Gbps NRZ clock signal 

• Attenuating harmonics 

distorts signal 

 

 

 

 

 

 

• Ideally measure to 5th 

harmonic 
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Importance of Maximum Frequency Range 

Non-Causal Results 

• Lack of causality means 

output appears to occur 

prior to stimulus 

 

• Can cause unstable 

simulations 

 

• Higher frequency data 

improves causality 
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Time Domain Resolution 

• More bandwidth = better resolution 
 

• Frequency domain only tells you that 

you have problems 
 

• Hi-res time domain results can tell 

you where you have problems 
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Bandwidth and window choices affect causality and resolution 
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Importance of Low Frequency Range 

Eye pattern simulated from poor low 

frequency S-parameter data below 10 MHz 

Eye pattern simulated from good low 

frequency S-parameter data down to 70 kHz 

Eye pattern measured with an oscilloscope 
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Importance of Low Frequency Range 

• DC term estimated if start freq f1 

 

• DC term estimated from lower 

frequency S-parameter data down 

to f2 

f1

f2 FREQUENCY

DUT step response vs. extrapolation
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Importance of Low Frequency Range 

• VectorStar displays 
a flat 25 ohm 
section as expected 

 

• Measured Data 
range from  25.11 to 
25.28 ohms 

 

• Low noise on low 
frequency data give 
rock-steady results 
from sweep to 
sweep 

 

(Composite picture of multiple screen captures showing  measurements made on Beatty Standard) 
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Need for Low Frequency Data – 2 Reasons 
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VNA performance and DC Extrapolation 
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VNA performance and DC Extrapolation 
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Impact on step response 
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Stability at low frequency also critical 
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Eye diagrams – 10 Gbit 
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Low frequency data: uncertainties 
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Time domain result vs. low frequency uncertainties 
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VectorStar Architecture:  Two VNAs in One! 

< 2.5 GHz 

Low Band 

> 2.5 GHz 

High Band 

a2 a1 

b1 

b1 

a1 

b2 

a2 

b2 

MS4640B Block 

Diagram 

Bias 1 Bias 2 
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Unique Hybrid VNA Architecture 
 Two VNAs in parallel:  Almost the only way to get 6 decades of 

coverage (from kHz to GHz frequencies) 

 Each receiver technology (sampler or mixer) used in its best range 

 Each coupling technology (coupler or bridge) used in its best 

range 

 Both share a common IF path and fully synthesized source 
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De-embedding 

Method Standards 
complexity 

Fundamental 
accuracy 

Sensitivity to 
standards 

Media preferences 

Type A  

(adapter removal) 

High High 

  

High (refl.) Need good reflect and thru stds 

Type B  

(Bauer-Penfield) 

Medium High High (refl.) Only need reflect standards, not great for 

coupled lines 

Type C  

(inner-outer) 

High High Medium (refl.) More redundant than A so less sensitive but 

need good stds still 

Type D 

(2-port lines) 

Med 

  

Low for low-loss or 

mismatched fixtures 

Medium (line 

def’n.) 

Only need decent lines; match relegated to 

lower dependence; can handle coupled lines 

Type E 

(4 port inner-outer) 

High High Medium (refl.) Somewhat redundant (like C) but need decent 

standards.  Best for uncoupled multiport 

fixtures 

Type F 

(4-port uncoupled) 

Med 

  

Low for low-loss or 

mismatched fixtures 

Medium (line 

def’n.) 

Only need decent lines; match relegated to 

lower dependence; can handle coupled lines 

Type G 

(4-port coupled) 

Med 

  

Low for low-loss or 

mismatched fixtures 

Medium (line 

def’n.) 

Only need decent lines; match relegated to 

lower dependence; can handle coupled lines 

well 

Backplanes 

Best Accuracy 

Requires good 

repeatability 

Methods available within VectorStar 
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Superposition and True Mode Stimulus 

Port 1 Port 2 Port 3 Port 4 

Time-coherent in 

phase and amplitude 

Port 1 Port 2 Port 3 Port 4 

DUT DUT 
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Applicability of the two methods 
Device to be measured:  Superposition 

True Mode 

Stimulus 

Passive Balanced / Differential DUT 

Transmission Lines X X 

PCB X X 

Lumped Components X X 

Passive Filters X X 

Unshielded and Shielded Twisted Pair, Quad Cables X X 

Connectors / Interfaces X X 

Linear Active Balanced / Differential DUT 

Linear Amplifiers, Differential Amplifiers X X 

Linear Active Filters X X 

Input / Output Match ADC / DAC X X 

Non Linear Active Balanced / Differential DUT 

Devices in Compression / Saturation   X 

Log Amplifiers   X 
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Trade Offs 
Superposition True Mode Stimulus* 

Type of VNA Single source VNA Dual source required 

Method of obtaining Differential and Mixed 

Mode Parameters 

  

Calculated 

  

Measured directly 
  

Type of DUTs 

  

Passive and active linear 
Necessary only for non-linear 

Available Frequency Range 70 kHz to 110 GHz 70 kHz - 110 GHz  

  

Calibration Complexity 

  

Typical 4-port 
Typical 4-port plus calibration of 

dual sources 
  

Average Calibration Time 
T (Time depends on number of 

points, IF BW, skill of operator) 

  

Approx. 2T 

Calibration stability 

considerations 

Normal measurement 

calibration intervals 

Calibrate more frequently due to 

stability issues if VNA does 

not feature advanced 

correction algorithms 

Overall Solution Cost $ $$ 

• * Only recommended when device is non-linear 
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Correlation - Measurement and Simulation 

• Use Channel Modeling Platform 

• Use time domain equipment to measure Eye and compare 

with simulated Eye 
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Use of Channel Modeling Platform 
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Lower Risk, Improved 
Design Flow, Greater Confidence  
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CMP-28 Features- Capabilities 
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Simulation to Measurement in Minutes! 
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3D EM Challenge Structures –  2 Examples 
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Potential Simulation Issues –  
Add Measure + CMP Early in Design Process 
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CMP-28 Measurement Standard +VectorStar =  
Quality S-Parameter Measurements 
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DUT: Overlay S-parameter-based results with direct BERT  
measurements 
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Questions? 
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Thank You 


