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InAs/InGaSb

Heterostructure:

Surface passivation

Non-doped ohmic

contact formation

Provide strain to

enhance mobility



InAs: 3 nanoribbons

340 nm Lg

µ 1190 cm2/Vs

SS 84 mV/dec

InGaSb: 9 nanoribbons

200 nm Lg

µ 370 cm2/Vs

SS 156 mV/dec
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Electrical Characteristics
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Circuits
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GaSb:

Large hole mobility

Large density of

states in valence band

Low density of defects

close to valence band



Scaling of gate length

Important due to larger 

effective mass

Process dependence

(ohmic contacts)

Mobilities above 

200 cm2/Vs
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Electrical Characteristics



Comparably low density

of defect levels close

to valence band

High density of defect

levels close to 

conduction band

Process dependence
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Interface 

quality
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There are many

challenges:

Scaling of Ge EOT

III-Vs on Si

n- and p-type Integration
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Ge Technology
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InGaAs on Si
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Ge and InGaAs Integration
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Wafers may be reused 

up to 25 times
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Materials Quality

High material

quality



14
Nanoelectronics: III-V CMOS II

InGaAs MOSFETs

Very competitive

transistor data
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3D Monolithic Integration of InGaAs/Si CMOS Circuits

• Si FDSOI CMOS prepared by LETI until W-plugs

• 3D Monolithic integration of InGaAs FinFETs at IBM

• Proven no impact of InGaAs optimized process on Si FDSOI 

performance

V. Deshpande, et al., VLSI Technology, (2017) 3D Integration scheme 

demonstrated
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3D Monolithic Integration of InGaAs/Si CMOS 

Circuits

• Operational Si CMOS and InGaAs n-FETs demonstrated

• Design, fabrication and operation of 3D 6T-SRAM cells

• InGaAs RFFETs also fabricated on top layer  III-V RF + Si CMOS

V. Deshpande, et al., VLSI Technology, (2017)
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InAs-GaSb Nanowire Growth

- Au seeds of different diameter patterned on Si/InAs

wafers using EBL.

- InAs-GaSb nanowires grown using MOVPE. 

- Gibbs-Thomson effect

Vapor pressure of Sb in Au increases with dAu

and when equal to that of gas phase, material 

transport to NW is inhibited. 

- GaSb growth is suppressed for sufficiently small dAu.

γa : surface energy of Au seed

Ωa: molar volume of Au seed

α: utilization factor of TMSb

pTMSb: precursor pressure

x: Sb fraction in seed

p*
v: saturation vapor press
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InAs-GaSb Nanowire Growth

• Length of InAs and GaSb have opposite

dependence on dAu.

• Diameter of GaSb larger than InAs since

Sb enhances group III solubility in Au.

• Distance between two types of wires down 

to 200 nm.
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p- and n-MOSFET Layout

- Tuning dAu and pitch 

enables equal length of

InAs and InAs/GaSb NWs.

- Doping profiles enable

n.i.d. channel and good

contacts.
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Device and Circuit Fabrication

1. High-k dep

2. InAs mesa (a)

3. Organic bottom spacer

4. W gate deposition

5. Gate length definition

5. Gate patterning (b)

6. Organic top spacer

7. Via holes (c) 

8. Ni/Au drain deposition and patterning (d)
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MOSFET Characteristics

Sample A (1 nm doped GaSb shell):  

InAs Ion = 44 µA/µm (Vdd=0.5V), SS = 525 mV/dec

GaSb Ion = 7 µA/µm (Vdd=0.5V), SS = 300 mV/dec

Sample B (shell removed by digital etch):

InAs Ion = 0.1 µA/µm (Vdd=0.5V), SS = 180 mV/dec, Ion/Ioff = 103

GaSb Ion = 0.1 µA/µm (Vdd=0.5V), SS = 180 mV/dec, Ion/Ioff = 104
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Inverter

- Gain = 2 V/V (at Vdd = 0.5 V).

- Frequency response limited 

to 1 kHz due to parasitics.

- Can be improved by EBL 

patterned gate/drain 

electrodes and a self-

aligned gate process.
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NAND gate

-Two p-MOSFETs in parallell + two

n-MOSFETs in series.
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Why III-V Nanowires

Why III-V Nanowires?

• Advantageous transport → high transconduc. and Ion

• Wrap-gate geometry → low output conduc. and  DIBL

• Band gap engineering → increased breakdown, reduced Ioff

• Small nanowire footprint → reduced defect propagation probability
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Gate-Last Process

25

• Nanowire growth

• Drain contact formation

HSQ/W/TiN

RIE Metal  Etching

• SiO2 Spacer formation

• Digital  etching, HCl

• ALD High-k

Al2O3/HfO2 300/120°C

•W Gate formation

• Organic  spacer

• Device  completion

Core Diameter 35 nm
10 nm overgrowth
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Gate-Last Process

28

• Nanowire growth

• Drain contact formation

HSQ/W/TiN

RIE Metal  Etching

• SiO2 Spacer formation

• Digital  etching, HCl

• ALD High-k

Al2O3/HfO2 300/120°C

•W Gate formation

• Organic  spacer

• Device  completion

Diameter 28 nm
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• Nanowire growth

• Drain contact formation

HSQ/W/TiN

RIE Metal  Etching

• SiO2 Spacer formation

• Digital  etching, HCl

• ALD High-k

Al2O3/HfO2 300/120°C

•W Gate formation

• Organic  spacer

• Device  completion



DRC 2016

Gate-Last Process

30

• Nanowire growth

• Drain contact formation

HSQ/W/TiN

RIE Metal  Etching

• SiO2 Spacer formation

• Digital  etching, HCl

• ALD High-k

Al2O3/HfO2 300/120°C

•W Gate formation

• Organic  spacer

• Device  completion

M. Berg et al., IEDM 2015
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Gate-Last Process

Lg 190 nm, EOT 1.5 nm, Ø 28nm

Best digital metric:

Ion=140 µA/µm, SS= 90 mV/dec

RF metric:

gm=1.1 mS/µm, µ=1200 cm2/Vs

M. Berg et al., IEEE EDL 2016
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Trap Distribution

Use of gm-f method
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EOT 1.5 nm

M. Berg et al., IEEE EDL 2016
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Device Performance

Gate length 200 nm

Nanowire diameter 60 nm

10 nanowires in the array

Transconductance of 280 µS/µm at Vd=1V

SS 98 mV/dec.
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Device Performance

Gate length 200 nm

Nanowire diameter 90 nm

10 nanowires in the array

gm=1.42 mS/µm at Vd=0.5 V

SS 75 mV/dec.


