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Deep Nanotechnology Space

Experimental transistors for future process generations
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The Lithography light source wave length and Print image
feature dimension

The lithography light source wave length and print image
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Lithography: phase shift, OPC
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Design for Low Power:
Power Leakage
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The Great Techonomics Shake-up
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The symmetric of crystal
» The band structure

» The effective carrier mass
» The carrier mobility



Band Structure of Holes
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NMOS Stressors
. Eher I

eSiC Stress Memory Technique t-ESL
Ang, et al, IEDM 2005 Horstmann, el al, IEDM 2005 Grudowski, et al, VSLI 20C
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Strain Engineering
NMOS stressors
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PMQOS stressors
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Strain Engineering

PMQOS stressors
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Intel 2002 8 Si 90nm CMOS
Si IC
2005 90nm Prescott Pentium 4 .
3.4GHz
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Strain Si + SiGe HBT BiCMOS
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Terahertz Electronics

Experimental Tri-Gate
Transistor

Silicon numa: Intel
* Improved version of TeraHertz transistor
— Better performance
— Scalable to smaller sizes (low leakage)
— Possible intercept towards end of decade?
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Implementation platforms that wnrk under very low SNR

are non-deterministic, unpredictable and unreliable..

GSR



Veloclty (100,000 m/s)

High Drift Velocity
and high mobility

!
100 200 300

Electric Field {kV/cm)

= 2,000 cm/V-s (300 K)
= 10,000 em=/V-s (10 K)

K. Gaska, ]. W, Yang,

AL UOsinsky, (). Chen M. Asit Khan,
A O, Orlov, G. L. Smider,

M. 5, Shur, Appl. Phys, Lett.,

12, No_ G, pp. 707-709, Feb. 1998
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Si CEVAYS SiC(4H) GaN
(eV) 1.11 1.43 3.2 3.4
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MV/cm)
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/ cm?
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WBG Compound Semiconductors

Focus Areas
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Substrates
& Wafers

“* Material Technology
» Bulk Crystal
~ Epitaxial Materials .

Epitaxial Materials

“* Device Technology
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GaN
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National Institute of Information and

Communication Technology (Japan)
ft,=163GHz, f_. =192GHz (L;=0.18pum)
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GaN/SiC

GaN

120

GaN
MOCVD-320

MOCVD-

SiC CVD
Epigress VPS08GFR
2 SiC




Layer structures of AlIGaN/GaN
Heterostructure

GaN
Buffer

SiC or Sapphire
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GalN OeEvil
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AlGaN/GaN HEMTSs

| AlGaN/GaN HEMT on S| 4H-SiC
L g=0.5um,Wg=100um,Lgd=1.5um,L.gs=0.5um
| Bias:Vd=10V,Vg=-1V,|d=58mA

f =49.83GHz

f=32.1GHz

[ Top:2V,Step:-1v
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AlLO, SEM, AFM

Fig.1. SEM Al,04(3.5 Fig.2. SEM Al,O,4/Si
nm) / AlGaN

i3

Fig.3. AFM AlGaN/GaN  Fig.4. AFM Al,04(3.5nm)

(Rms=0.278nm) /AlGaN (Rms=0.268nm)



GaN HEMT
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Enhancement Mode) HEMT

o E-mode HEMT (before RTA)
o E-mode HEMT (after RTA)
+ Conventional D-mode HEMT

E-mode HEMT (beforeRTA)
Curent gain of E-maode AlGaN/GaN HEMT 2 E-mode HEMT (afterRTA)
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