
1
Nanoelectronics: Heterogeneous  Integration  II

Lecture 8: Heterogeneous  Integration  II
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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

The Bad Guys



SISC, San Diego, 2016, Wernersson

CV for InAs Nanowires:  Gen 1

J. Wu et al., IEEE  T-ED 2016

Vertical Nanowire Capacitors, Tgrowth 420 C

Doped bottom segment, Sputtered W

ALD  @ 250/100C EOT 1.5 nm

Low Parasitic Capacitance

Good CV Modulation



SISC, San Diego, 2016, Wernersson

Interpretation of the CV  Data

Data interpreted with a combined model 

with interface traps and border traps

Similar Nbt to planar InAs references

Lower Dit than planar InAs references



SISC, San Diego, 2016, Wernersson

Low Dit on InAs Nanowires: Gen 2

J. Wu et al., IEEE  T-ED 2015

Vertical Nanowire Capacitors

ALD  @ 250C EOT 1.7 nm

Low Parasitic Capacitance

Good CV Modulation



SISC, San Diego, 2016, Wernersson

Low Dit on InAs Nanowires

J. Wu et al., Nano Lett. 2016

Has an InAs nanowire less traps?

WZ crystal structure, larger Eg

WZ crystal structure, more stable facets

Nanowire geometry, less volume for 

minority generation

Low-Frequency CV Fitting

Low Dit (<1012 ev-1cm-2) around  Ec
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Nanoelectronics: Heterogeneous Integration 2

What if we  use a Ferroelectric Insulator?

Surface potential in the channel

Landau-Kahlatnikov relation:

Use:

Very different from dielectric capacitor!

Use a series  connection to stabilize 

the negative capacitance!
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Nanoelectronics: Heterogeneous Integration 2

What if we  use a Ferroelectric Insulator?

P=e0ceE=e0(er-1)E

Definition of polarization:

Dielectric material - linear

Ferroelectric material - loop

Calculation for BaTiO3:
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Nanoelectronics: Heterogeneous Integration 2

Can HfO2  be Ferroelectric?

HfO2 has several crystal structures

The  phases depend on processing

(ALD 300 C + spike anneal at 650 C)

O-phase are ferroelectric

For thin films about 60% is obtained

Other  mechanisms:

- Doped HfO2 (Si, Al, …)

- Hf0.5Zr0.5O2
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Nanoelectronics: Heterogeneous Integration 2

Can HfO2  be Ferroelectric?

Small grain sizes are

required 

Note the high 

permittivity

The films have a 

life time issue with 

degradation

Might be solved!
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Nanoelectronics: Heterogeneous Integration 2

Effects on Transistors

HZO  used in Si  SOI FETs

Hysteresis different for 

reference (left)  and NCFET

(right) verifying ferroelectric 

behaviuour
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Nanoelectronics: Heterogeneous Integration 2

Effects on Transistors

The reference has lower Dit

but the NC-FET has better 

characteristics!
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Nanoelectronics: Heterogeneous Integration 2

Effects on Transistors

The NC-FET has better:

On-characteristics (higher er) 

Off-state characteristics

(ferroelectric behaviuour)

Here not below 60mV/dec

Others have demonstrated


