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SCALING BEYOND CMOS

C. Michael Garner, Ph.D
Program Manager of Emerging Materials Roadmap

Technology and Manufacturing Group
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Carbon Nanotubes
ÅHigh mobility, high current densities

ÅBallistic FET devices

Graphene Ribbons
ÅCreating bandgap in carbon based devices

ÅHigh performance FETs

ÅDimensional modulation devices

Bilayer Graphene
ÅStrong quantum interaction between layers

ÅLow loss coherent tunneling devices

Beyond Silicon:

CARBON BASED DEVICES



Drive University Research
Through Consortia Such as

Nanoelectronics Research Initiative  

Midwest Institute of
Nanoelectronics Discovery

Notre Dame
Illinois ðUC State

Perdue
Penn

UC Los Angeles
UC Berkeley
UC Irvine
UC Santa Barbara

Stanford
U Denver
Portland State
U Iowa

SUNY-Albany
Purdue
Caltech
Yale

GIT
RPI
MIT
UVA

Harvard
Columbia
NCSU

UT Austin
UT Dallas
U. Maryland

Rice
ASU
NCSU

Texas A&M
Notre Dame
Illinois UC

Columbia
Harvard
Purdue
UVA
Yale
UC Santa Barbara
Stanford
U. Mass

U. Arkansas
U. Oklahoma
Notre Dame
U. Nebraska/Lincoln
U. Maryland
Cornell
UT Austin
Caltech

35 Universities in 20 States





Brian Koch
Intern, Communications Technology Lab

Corporate Technology Group,
University of California, Santa Barbara

SILICON
PHOTONICS



Hybrid Silicon Laser
September 16, 2006

ñé with technology investors excited 
by news of a research breakthrough

in laser chips at Inteléò

2006 TODAY

Integrated
Grating Mirrors

August 21, 2008

ñé Intel makes next advancement in 
achieving tera-scale I/O goaléò

P

Progress in Silicon Photonics



Edge of the Laser Cavity  Grating ñMirrorò SEM of a Passive Gratings

Silicon Only 
Waveguide with 

Gratings

Quantum Wells

The DEVICE

Gratings

~150 um

~1000um



Next Step: Integrated SiP Transceiver

Integrated Modulators and Hybrid 
Lasers on Photonics chip

Modulators
at 40Gb/s

Hybrid Lasers with
Integrated Gratings

YESTERDAY TODAY TOMORROWP P


