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Interconnect ChallengesInterconnect Challenges

• More Pins
• Faster Speeds
• Dedicated

• Serial IO
• RapidIO
• HyperTransport
• DDR2
• FBDIMM
• FibreChannel
• Gigabit Ethernet
• SATA/SAS

Faster Devices Need Higher Bandwidth!
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Got Enough Bandwidth?Got Enough Bandwidth?

3.2GHz1.6Gbps
(1.0) 

& DDR2-800

Bandwidth 
RequiredMax Data RateStandard

6.25GHz3.125Gbps
10.4GHz5.2Gbps(3.0)

5.6GHz2.8Gbps(2.0)

2.132GHz1.066GbpsDDR2-533

• Bandwidth is Important
- Allows sufficient headroom for 3rd and 4th harmonics 
- Reduces path impact on jitter

4

Test Challenge!Test Challenge!

HOW FAST IS YOUR 
SOCKET?



20072007
Session 2

MArch 11 - 14, 2007

Paper #1

3

Socket Analysis And 
Characterization Methods

5

Old Way: Old Way: Opens & ShortsOpens & Shorts

• Test for Open and Short conditions on each pin
– Typical DC measurements of voltage and current

• Great for basic wiring and gross errors
• Will not detect Bandwidth or impedance problems

CONCLUSION:
Informative for gross errors, but won’t 

catch other more critical errors

6

Old Way: Old Way: Network AnalyzerNetwork Analyzer

• Measuring Link Bandwidth Requires:
– Network Analyzer for S21 parameters on each pin
– Shorted die for round trip bandwidth
– 500 measurements for 1000 pin device

SocketUnderTest
Shorted Die

CONCLUSION:
Great result, but impractical for most cases
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Oh...by the wayOh...by the way……

Measure BW 
at 3dB point

Works great on linear systems…but…

8

Look at the entire link modelLook at the entire link model……

Non-Linear Effects 
are more important 
than the 3dB point!

Conclusion:
Not so great on real-world systems!
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• Measure Eye Diagram
– Use high bandwidth repetitive sampling oscilloscope 

• Capture waveform contour to quantify relative 
transmission link performance

• Can identify good paths from bad paths
– Measure Each High Speed Signal 

• Pin counts over 500 pins
• Test Time per pin >>20 sec

Old Way: Old Way: OscilloscopeOscilloscope

10

Old Way: Old Way: OscilloscopeOscilloscope (cont.)(cont.)

Conclusion:
Great Voltage vs. Time comparison, 
but impractical for most applications
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• Measure line length of each pin
– Requires sampling oscilloscope and high bandwidth 

pulse generator
• Determine length of each trace, including socket
• Compare skew results to known good setup

• Measure each high speed signal

Old Way: Old Way: TDRTDR

Conclusion:
TDR can find opens and shorts, but not 
effective for high bandwidth applications

12

Old Way: Old Way: SoftwareSoftware
• Use bus protocol to predict pin failure by coding 

patterns and transmitting them onto the bus
• Can detect certain pin failures at speed
• In-system testing
• Drawbacks

– Code intensive/Proprietary software
– Some uncertainty determining a local or remote pin error
– Limited signal pin coverage 
– Lack of testing capabilities defined in the protocols (ie. 

DDR2, HyperTransport)
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Risks of Current MethodsRisks of Current Methods

Low pin coverageSoftware

Too time consumingTDR

Too time consumingOscilloscope

Too time consumingNetwork Analyzer

Not enough test 
coverage

Open/Short Socket 
Tester

Conclusion: Time to shift paradigms!

14

Paradigm ShiftParadigm Shift
• What is needed:

– Need to test as much as 500 pins for bandwidth
– Need to test beyond 800MHz Bandwidth
– Need to test reliability of socket in the development   

phase before production release

• Why?
– Sockets begin to lose bandwidth over time from 

repetitive insertions and environmental breakdown
– Lower bandwidth signal paths will reduce yield
– Remove guess work from determining a failed 

socket in production
– Reduce cost in socket development
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Paradigm Shift Paradigm Shift (cont.)(cont.)

• A Method for Measurement:
– Measure Eye Opening on each pin using parallel 

BERTscan technique
– Sweep Carrier Frequency to identify any 

reflection nodes or other filter functions.
– Perform measurement on all pins simultaneously

Result:
-Bandwidth estimation on over 1K pins in less than 10 min.
-Pass/Fail result correlates to real-world performance
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Background:  Background:  BERTscanBERTscan TheoryTheory

Center of Eye

DJ-Left DJ-Right

Deterministic Jitter (DJ) = 
DJL+DJR

•Measure Bit Error Rate (BER) 
at various delays from 
Center of Eye

•Plot BER as a function of delay 
from Center

•Extrapolate Gaussian Region to 
0.5 BER for Deterministic Jitter
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RealReal--World World BERTscanBERTscan DataData
PRBS 2^23 Pattern - 15” & 45” Traces 

(3.125Gbps Data Rate)
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BERTscanBERTscan Graph AnalysisGraph Analysis
• Socket-induced DJ can be simulated by 

increasing the trace length
• These data show correlation between 

decreased bandwidth and increased DJ
• Left and Right DJ are measured at the 

intersection with .5BER
• Data-Dependent Jitter (DDJ) is the only 

component of DJ present in our system
• Random and Periodic Jitter are held constant
• Marginal socket continuity will be visible as 

increased DJ outside the known good range
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ConclusionConclusion

• Deterministic Jitter measured through socket 
quantifies Bandwidth Effect on real data 
patterns at data rate of target application

• No interpolation is needed

• Please contact the authors for additional data 
that was not available at press time.
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