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Towards llI-V MOSFET

* Channel doping: » Strained-Si channel * Device geometries

|
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*S/D doping . *High-k dielectrics | * Channel materials
I I * High-k dielectrics and metal gates
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| | Isi strained Si| bulk Ge GaAs GaN InP InossGaoarAs  In

He 400 1,000 3,900 8,500 1,250 5,400
Hn 160 240 11,800 400 850 200
Eg (eV) 1.1 1.1 0.66 142 3.4 1.35 0.72 0.36
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Why HEMTs?

llI-V: Extraordinary electron transport properties and high injection velocities
HEMTs: Similar structure to MOSFETs except high-k dielectric layer
Excellent to Test Performances of |lI-V material without interface defects
Short Gate Length HEMTs are Introduced by del Alamo’s Group at MIT
Excellent to Test Simulation Models
(SS, DIBL, short channel effects, gate leakage current, scaling, ...)

— Predict performance of ultra-scaled devices
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Towards realistic contact modeling
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Contact-to-channel
region

Device Pie

Regular compact model features:

e Used Virtual Source and Drain.

e Fit I-V characteristic in a post-

]------

processing step with series resistances

(Rgp) from experimentalist or ITRS.
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Modeling Objective / Challenge

Objective:
» Guide experimental [lI-V HEMT device

design through realistic contact-to-
channel region simulation

Challenge:
« 2-D geometries with multiple materials o f
for hetero structure e — e LD D
'Sf‘:a”tt“m coaﬂn.emeglt o and region of interest D.H. Kim, J. D. A, del
- Effects - scattering, disorder, an \ N amo, rans. Elec.
\ \ Dev. 57, 1504 (2010)
curved shape . . \
\ InGaAs \
Approach: | t5m  InAAs N
« Quantum transport simulations in 6 nm NinPetchStopI ‘ N
realistic geometries 1 o Mosshloshs X
*Include electron-phonon scattering ; =" === =
« Parallel computing due to high . b s
computation cost ST E
o :
PURDUE 13 IMossAloashS i
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Contact resistance of InAs HEMT device

Question: Where is contact resistance from?

R Contact resistance between the channel

Contact Pad
pad

N+ Cap
InGaAs/InAlAsg

Ing 5,Alj 4gAS

and the contact pad.

Rcap
Y 1. Tunneling resistance from multiple
hetero-barriers in HEMT.
X

R 2. Current crowding in curved area may

barrier

cause some resistance.

3. Electron-Phonon scattering.
INg 53Gag 47AS :
4. Schottky barrier between contact pad

and n-doped cap layer.
5. Alloy disorder and surface roughness.

are taken into the account

Ing 53Gap 47AS
are being implemented

INg 50Alg 46AS
NCN

PURDUE R
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2D Simulations Setting

2-D hetero structures explicitly represented:
Effective masses extraction, band offset, electron
2D affinity, and other parameters

simulation
domain

Phonon scattering mechanism is included

Ing,Al,gAs —> This is essential in this work not only for

90nm

reasonable resistance value but also for making

simulations convergence

Ins,AlgAS
- - - Si-0-doping ~ -

Extract resistive characteristic from I-V:
Vps = 0.5~0.15V for experimental V5 = 0.5V

- Considered voltage drop from the channel and

ulelp jenuiA

Ins,Al,gAS

series resistances measured experimentally

%Sr)vcn j
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Simulation Approach

Source - Real-space non-equilibrium Green’s function

~— [z 9 (NEGF) formalism within effective mass
approximation

» Self-consistent Born approximation for phonon
self-energy functions’

[2]  Bulk phonon parameters based on deformation

- / potential theory?
[H+U] /\b

=] S NEMOS5 (NanoElectronic Modeling Tool)
o « Self-consistent NEGF-Poisson Solver for
transport calculation
» Parallel processing with more than 2000 cores

2D Poisson

Solver Vs

[1] S. Jin et al., JAP 99, 123719 (2006) - ,
PURDUE [2] M. Lundstrom, Fundamentals of carrier transport (Cambridge Univ. Press) %& @}
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2D simulation results: electron density spectrum

--- Conduction Band
--- Electron Density 0-doped Electron density spectrum
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Preliminary simulation results
» Electrons are well-thermalized at source/drain regions due to phonon interactions.

« Thick InAlAs barrier is the main element of resistance.
PURDUE S

UNIVERSITY
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InGaAs PHEMTs
0.6 tins=3 Nm
Rg= 0.4 Ohm-mm

InAs PHEMTs

(Qum)
[Ohm-mm]
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Close to experimental result |

Resistance (Q
S

0.2-\ tihs=4 NM
~ 240 Q-pm | Re=0.24 ohm-mm
0 . . . 0.0 . r . y . ; - T
0 005 01 015 02 0 100 280 —_— 300 400
Voltage (V) D.-H. Kim, J. D. A. del Alamo,

IEEE Trans. Elec. Dev. 57, 1504 (2010)

* Resistive characteristic (Series resistance vs. Applied bias)

- Close to experimental resistance = 270 Q-um, but still discrepancy

e Preliminary model
»  Working on non-parabolic effective-mass for improvement

» Schottky barrier and other scattering models (surface roughness / alloy disorder)

PURDUE are not yet included. S bet o
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Summary / Future work

=  QOur First Quantum Transport Model of Contacts in InAs HEMT
* Achievements:

- 2D L-shaped simulation, phonon scattering, resistive behavior
« Limitations:
- Current EM model over-predicts the Fermi Level
- Improve non-parabolic band structure effects
- Phonon scattering model not fully calibrated
- Improve calibration against experimental mobility models
» Experimental resistance and model are at the same order of magnitude

= The InAlAs barrier plays the main role in the series resistance

PURDUE R
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