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Nanoelectronics: III-V CMOS1

Lecture 3: III-V CMOS 1
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Nanoelectronics: Scaled CMOS

Power-constrained scaling

Need for voltage reduction

With out loss of performance

Transistor evolution:

III-V technology

Manufacturing technology

established
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Nanoelectronics: III-V CMOS

Rationale for Using III-Vs

Mobility and Speed are Impressive

But not Good numbers

We should look at the 

injection velocity
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Nanoelectronics: III-V CMOS

Issues

The gate stack: Interface states, surface pinning, ALD

Self-aligned transistor design: Planar, TriGates, Nanowires

The p-type MOSFET: Technology boosters like strain

Co-integration of NMOS and PMOS transistors on Si:

Epitaxial techniques with buffer layers, Wafer bonding, Hetero-integration
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Nanoelectronics: III-V CMOS

The Perspective

But we need 

low off-currents 

as well!!!

Ioff fixed at 

100 nA/µm
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Nanoelectronics: III-V CMOS

The Perspective

First demonstration of:

III-V gate-last technology with 

replacement gate

Epitaxial regrowth of contacts

Self-aligned technology

Very good performance

Process flow important
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DC Characterization Lg=140 nm

Output characteristics Transfer characteristics

• Low access resistance enables high drive current

• Enhancement mode operation 

Ron=265 Wmm, max Id=1.3 mA/mm, max gm=1.2 mS/mm
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S-parameter Characterization

• Lg=55 nm, Wg=21.6 mm device characterized to 70 GHz

• Modeling accounts for impact ionization and border traps 

Egard et al IEEE EDL 2012
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S-parameter Characterization

Small-signal model includes effects related to impact ionization,

band-to-band tunneling and conduction via border traps

Johansson et al IEEE T-ED 2012

Cgd1=7.2fF

Cgd2=19 fF

gmint=3.0 mS/µm

Frequency dependent gm!

Border traps 9x1019 cm-3
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Nanoelectronics: III-V CMOS

MOS-HEMT

Much like a HEMT, but with an oxide!
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Nanoelectronics: III-V CMOS

DC and RF characteristics
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Nanoelectronics: III-V CMOS

Resistances
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Nanoelectronics: III-V CMOS

ALD critical for III-V MOS structures

Alternative cycles of metal and oxide

Has self cleaning effect

Reaction at interface detected by XPS
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Nanoelectronics: III-V CMOS

Correlation between XPS and CV
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Nanoelectronics: III-V CMOS

The Bad Guys


