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Electrical Design

 Signal Integrity

 Power Integrity

 Emissions (EMC)

 Susceptibility (ESD)
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Motivation

Modern Computing is driven by
–Big Data and Analytics

With many data inputs

 Demanding sophisticated analytics

 Sent back to distributed users

More Data Bandwidth

Less Data Latency 

Higher integration of computing, networking and storage

 Electrical Design Challenges 
–Higher Bandwidth Density
–Co-design and Co-analysis across package components
–Disciplines are not independent (SI, PI, EMC, ESD)
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http://openpowerfoundation.org/technical/technical-resources/

http://openpowerfoundation.org/technical/technical-resources/
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50 Years of Mainframe – 1964 IBM S/360

Solid Logic Technology: Versatile, High-Performance Microelectronics Davis, E.M. ; Harding, W.E. ; Schwartz, R.S. ; Corning, J.J.
IBM Journal of Research and Development Volume: 8 , Issue: 2 Publication Year: 1964 , Page(s): 102 - 114

http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=5392211&queryText%3DSolid+Logic+Technology
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Davis, E.M..QT.&searchWithin=p_Author_Ids:38109396100&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Harding, W.E..QT.&searchWithin=p_Author_Ids:38099953900&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Schwartz, R.S..QT.&searchWithin=p_Author_Ids:38113858000&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Corning, J.J..QT.&searchWithin=p_Author_Ids:37318578200&newsearch=true
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=5288520
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=5392208
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Processor packaging
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POWER Die

POWER8: A 12-core server-class processor in 22nm SOI with 7.6Tb/s off-chip bandwidth 
Fluhr, E.J. ; et. al. Solid-State Circuits Conference Digest of Technical Papers (ISSCC), 2014 IEEE International 
Publication Year: 2014 , Page(s): 96 - 97 

http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=6757353&queryText%3DPOWER8
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Fluhr, E.J..QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6747109
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Scale-out

POWER8

POWER8
Memory

Memory

Memory

12 SFF Bays

PCIe G3 x8

PCIe G3 x16

PCIe G3 x16

PCIe G3 x8

Slim DVD

2xHMC
Serial
USB

6 SSD Slots

2X SAS
Ports

SAS Cntrl

http://www.ibm.com9
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Scale-up
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Data rates are increasing

 Today
– Proprietary – 12.4 GT/s

– PCIe Gen3 – 8 GT/s

– DDR3 – 2133 MT/s

– SAS – 6 GT/s

– Optics – 10 GT/s

 Soon
– PCIe Gen4 – 16 GT/s

– Proprietary 28 GT/s

– DDR – 3200 MT/s

– SAS – 12 GT/s

– Optics – 25 GT/s

 R&D
– ~50 GT/s

– PAM4 vs NRZ

– Tighter optics integration
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PCB Technology Choices
Same speed, different technology
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Impact of PCB loss –
Size of system, length of PCB trace

 Loss Allocation Comparison
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Reaching a bandwidth breakpoint at the socket level 
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Socket Pin Assignment

Signal Pins
–More pins = more bandwidth

Power Pins
–Lower voltage levels require 

more pins

Reference Pins
–Higher frequencies require 

better isolation between signal 

pins

IBM Confidential - Shared under NDA15
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Pin Density Increases Incrementally

 Over 20 years

–1.5 mm min pitch interstitial

– 50 mil (1.27 mm) square

–1 mm  square

–1 mm min pitch hexagonal

 Sockets are pin limited

 Crosstalk needs to be managed

1.5 
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1.27 
mm

1.0 
mm
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• The system under analysis is composed by two 

PCBs, two MCMs and three connectors

• To represent it adequately 52 models are needed: 

• 1. W-elements to model the TL portions

• 2. S-parameters (Touchstone) for the 3D parts (Vias 

and connectors).

• 3. Mpilog Precompensation Driver macromodel

• 4. Frequency step for touchstone: 50 MHz

• Total channel length ~ 70cm

How is integrated SI/PI analysis performed on a channel like this?
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IO switching

 Modeling SSN

– Current loops include the signal distribution

– Models need to be modified to include Driver,   Receiver and Transmission Lines

+

-
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SSN - Simulation methodology

GND 
Plane

VIO Plane

Background 
capacitance

IBIS Driver 
model or 
lumped 
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to BEOL 

including C4 
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 Input data from IO Ckt

– Location of current sinks 

– SSN Current signatures 

– Delta I currents (Power and Clock 

Gating)

– Capacitance on VIO domain

 On-chip power grid model

•L has more contribution to SSN 

when frequency is higher than 

3.2 Gb/s

•PKG, BRD, decaps 
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Grounding for ESD and EMC
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Susceptibility to external sources (ESD)

 Need understanding of and source – External

 Complex conduction path making quantifying noise difficult.

 Many different circuits making a large task of determining noise margins 

 Difficult to define a systematic test plan
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Moving towards system level analysis – Co-design and Co-analysis

Co-development and co-design 
–New technology brings new tools and methodologies 
where co-design is more naturally adopted
• e.g., 3D and TSVs

–Components with mature technology are more difficult to 
co-design
• Distributed teams with tool, methodology, and skill 

differences
• More sophisticated specifications and data sharing

SI/PI co-analysis is developing but challenging
• Migrating from budget-based methodology,
• Too many unknowns for one integrated tool
• Need for both new technology and mature technology
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Conclusion

Big Data and Analytics are driving the growth in high-

end computing processor usage

Signal interconnection is a big challenge

–Increasing Frequency

–More devices to interconnect

Resulting smaller timing windows makes power 

integrity and signal integrity more closely related.

–Increased training and awareness of engineers

 Proper power distribution design is needed for EMC 

and ESD robustness
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