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• Issues in LSI designs
• Issues in System-on-a-Chip
• New system level integration



T.Sakurai

Scaling Law
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Three major crises in VLSI designs

Power crisis

Interconnection crisis

Complexity crisis
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System-on-a-Chip (SoC)
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IP ; CPU, DSP, memories, analog, I/O, logic..
HW/FW/SW

• Re-use and sharing of design
• Design in higher abstraction
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Issues in System-on-a-Chip

• Un-distributed IP’s (i.e. CPU, DSP of a certain company)

• Low yield due to larger die size

• Huge initial investment for masks & development

• IP testability, upfront IP test cost

• Process-dependent memory IP’s 

• Difficulty in high precision analog IP’s due to noise

• Process incompatibility with non-Si materials and/or 

MEMS
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Technologies integrated on a chip
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New system level integration

• SoC : High-performance but issues remain

• Printed circuit board (PCB) : Low-performance

• New system level integration : Superconnect

- Connects separately built and tested chips not by the 

PCB but rather directly to construct high-performance 

yet low-cost electronic systems

- May use around 10 micron level design rules
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Superconnect technology
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M. Kimura,"Superconnect : 21st Century LSI Production 
and Design Method", Nikkei Microdevices, no.180, pp.62-79, 
June 2000.
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System-on-a-Chip

SoC vs. System-in-a-Package

Chip
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DRAM
• Smaller area
• Shorter interconnect
• Optimized process for 

each die (Analog, DRAM, 
MEMS…)

• Good electrical isolation
• Through-chip via

• Heat dissipation is an 
issue
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Superconnect example based on 
three-dimensional assembly

PURE LOGIC

Heat Sink

ANALOG

RF/ANALOG

DRAM

K.Ohsawa, H.Odaira, M.Ohsawa, S.Hirade, T.Iijima, S.G.Pierce, “3-D Assembly 
Interposer Technology for Next-Generation Integrated Systems,” ISSCC Digest of 
Tech. Papers, pp.272-273, Feb.2001.
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IC

Bus metal

Another superconnect example:
System-in-a-Cube

H.Goldstein, “Packages Go Vertical,” IEEE Spectrum, pp.46-51, Aug.2001.

Epoxy mold
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Issues in superconnect

• Special design tools for  placement & route for co-

design of LSI’s and assembly

• High-density reliable substrate and metallization 

technology

• Low-cost, available known good die

(reworkablility and module testing)
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System-in-Package
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Three major crises in VLSI designs

Power crisis

Interconnection crisis

Complexity crisis
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VDD, power and current trend
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International Technology Roadmap for Semiconductors 1999 update sponsored by the Semiconductor 
Industry Association in cooperation with European Electronic Component Association (EECA) , 
Electronic Industries Association of Japan (EIAJ), Korea Semiconductor Industry Association (KSIA), 
and Taiwan Semiconductor Industry Association (TSIA)
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Interconnect Cross-Section and Noise

Unscaled / anti-scaled
• Clock
• Long bus
• Power supply

Scaled interconnect
• Signal

1V 20W →→→→20A current
5% noise →→→→0.05V noise →→→→~0.02V / 20A→→→→~10µm thick Cu
Thick layer interconnect, area pad, package are co-designed.
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Three crises in VLSI designs

Power crisis

Interconnection crisis

Complexity crisis
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DSM interconnect design issues

Larger current
IR drop (static and dynamic)
Reliability (electro-migration)

Smaller geometry / Denser pattern
RC delay
Signal Integrity
Crosstalk noise
Delay fluctuation

Higher speed
Inductance
EMI
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RC delay increase is a headache

1996 2000 2004 2008 2012
10-12

10-11

10-10

10-9

10-8

Year

Clock period

Gate delay

1mm long line

100µm long line

50µm long line

D
el

ay
 (s

ec
)

Minimum cross-section lines

3mm long line



T.Sakurai

Buffered interconnect delay
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Power increases with buffer insertion 
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Superconnect may decrease RC delay 
without power increase
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Summary
• LSI technology should meet the challenge of 

three crises: Power, Interconnect and 
Complexity crises.

• SoC based on IP’s solves the complexity crisis 
but issues remain.

• As complement to SoC, new system level 
integration called superconnect is pursued. 

• Superconnect will help solve LSI design issues .
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Assembly & Packaging

“There is an increased awareness in the 
industry that assembly and packaging is 
becoming a differentiator in product 
development.”

Excerpt from “International Technology 
Roadmap for Semiconductors, ITRS’99 p.213”
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Retinal Prosthesis

Bio-medical application needs new 
assembly technology

Courtesy: Prof. Wentai Liu (North Carolina Univ.)
http://www.ece.ncsu.edu/erl/faculty/wtl_data/retina.html


