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Current Trends in Device Scaling
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- l1I/V MOSFETs are considered for integration in digital logic
- 11I/V MOSFETs may have advantages for RF-applications
Gate isolation
Single supply voltages
Reduced Power Consumption (quantification needed)
- Drive current is limited by the access resistance
- Scaling scenarios targets R, ... 0f 145-228 Qum at thel5 nm node

=> Need for regrown (MOCVD) source and drain contact layers.
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« Motivation

« MOSFET design criteria

e DCresults

* RF characterisation

« Wavelet Generators (mm-Wave Circuits)

e Summary
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MOSFET Design Criteria

Low on-resistance (Rgy)
High injection velocity =2 In,s;Gag, ,7AS

Avoid heterostructure access regions
—> Epitaxial regrowth

Minimize R, cqs => Self-alignment
=2 Thin S/D spacers
Scalable L, =2 Surface channel

High-Quality Dielectric = Gate-last process

High frequency compatibility
Trade-off between Rqy and Cg
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Gate metal - Pd/Au
Gate oxide - AIZOSIHfO2

Contact\ / Ti/lPd/Au

Contact layer In,.Ga, As n**
Channel - In .,Ga, , As

Back barrier - In, LAl ,;AsS

Substrate - (100) InP S.1.
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* L,=55 nm, W,=21.6 um device characterized to 70 GHz

* Modeling accounts for impact ionization and border traps

70~ - | | g
601 ., MSG/MAG 116
50l f =202GHz /|
S hz‘ Iy “f=2aaGHz /12
=40} ™ t 20
R ) P -
U 30 “ CZS-) 0.8
201 S
10{V,=1.0V,V =05V 2 %4
0 ::::.:‘:?;-------T--------T:::\%:{Z:0
1 10 100

Frequency [GHZ]
Egard et al IEEE EDL 2012

Lund University / Dept. of Electrical and Information Technology / December 3, 2012 - 8



—

" i NANO
S-parameter Characterization o eronice )
GROUP /\/
Small-signal model includes effects related to impact ionization,
band-to-band tunneling and conduction via border traps
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Co-integration of InP/InGaAs MOSFET
and RTD on Sl InP Substrate

Collector

Gate

——

Gate metal - Pd/Au
Gate oxide - ALO,/HfO,

DBH | Emitter Drain Source
\ / Contact\ \ / / Ti/Pd/Au

In_..Ga_ ,Asn* Contact layer | In,,,Ga,,,As n*

Io/W, (mA/mm)

0.53 0.47
Channel - In,..Ga, .As

Back barrier - Ino,szAlo‘aaAS

Substrate - (100) InP S.I.

Low R,,=199Qcm

High 1,,=2.0mA/um
Egard et al IEEE EDL 2012 High g,,=1.9mS/um

- 10

Lund University / Dept. of Electrical and Information Technology / December 3, 2012



—

" NANO
2nd Generation Wavelet Generator ELECTROMC’SN\

GROUP

The MOSFET is used to switch the oscillator current

The inductance is given by a coplanar waveguide (CPW) stub
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fo=70 GHz

t,=41 ps

PRF=15 Gpulses/s

P,,=7 dBm

Py=29 mW

E,=1.9 pJ/pulse

10-dBc bandwidth 20.5 GHz
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INAs/HfO2 nanowire capacitors
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XPS on InAs nanowires
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Nanowire capacitors behave like planar
InAs capacitors

Temperature and frequency dependence
Holes may play a role due to narrow gap
Less effective oxide reduction
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Nanowire Inverters
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