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2. tŀǊŜƴǘǎΥ ŘƻƴΩǘ ƎƛǾŜ ƪƛŘǎ ғму ȅŜŀǊǎ ƻƭŘ ŎŀƳŜǊŀǎκǇƘƻƴŜǎκŎƻƳǇǳǘŜǊǎΣ 
it can only bite them in the ass
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1. MOS-HEMT Introduction
ÅBeyond 5G Application

ÅDesign Challenges

ÅProposed InAs/InPMOS-HEMT Design

2. ¢IȊ ¢ǊŀƴǎƛǎǘƻǊ άtƛŜŎŜǎέ
ÅFabrication Process

ÅHigh-k Quality

ÅModulation Doped Access Regions

ÅὪ τψπὋὌᾀMOS-HEMT demonstration

3. Template Assisted Selective Epitaxy (TASE) Introduction
ÅHeterogenous Integration & Heterojunction Turning

ÅDesign Challenges & Fabrication Process

4. TASE Examples
ÅHomo-epitaxy

ÅHetero-epitaxy

5. Conclusions
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Motivation ςBeyond 5G
ÅDemand for information/connectivity increasing explosively

ÅIndustry currently introducing 5G (28, 38, 57-71, 71-86 GHz)

ÅBeyond 5G requires 100-340 GHz communication systems

ÅWireless for End-User and Backhaul will require higher data rates 8

Reprinted with permission of Mark Rodwell
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Increase ▌□ȟ░and decrease ╡╢



How to Increase Ὣ ȟ? Look to Ballistic FET Theory
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Å Electron travels S ĄD without scattering, can derive IV from E(k)
Å High-k roughness/non-epitaxial interface, ὒ σπὲά

Å Independent of ὒĄ except short channel effects
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How to Increase Ὣ ȟ? Look to Ballistic FET Theory

Å Electron travels S ĄD without scattering, can derive IV from E(k)
Å High-k roughness/non-epitaxial interface, ὒ σπὲά

Å Independent of ὒĄ except short channel effects



Traditional FET Scaling Laws (Now Broken)
FET parameter change

gate length decrease 2:1

current density (mA/mm) increase  2:1

specific transconductance (mS/mm) increase 2:1

transport mass constant

2DEG  electron density increase  2:1

gate-channel capacitance density increase  2:1

dielectric equivalent thickness decrease 2:1

channel thickness decrease 2:1

channel state density increase  2:1

contact resistivities decrease 4:1

20



FET parameter change

gate length decrease 2:1

current density (mA/mm) increase  2:1

specific transconductance (mS/mm) increase 2:1

transport mass constant

2DEG  electron density increase  2:1

gate-channel capacitance density increase  2:1

dielectric equivalent thickness decrease 2:1

channel thickness decrease 2:1

channel state density increase  2:1

contact resistivities decrease 4:1

21

FET Scaling Laws (Now Broken)

ὅ
‐

ὸȾς

Ὁ

²ŀǾŜ ŦǳƴŎǘƛƻƴ Ƙŀǎ άǘƘƛŎƪƴŜǎǎέ

Oxide Channel Back Barrier



FET parameter change

gate length decrease 2:1

current density (mA/mm) increase  2:1

specific transconductance (mS/mm) increase 2:1

transport mass constant

2DEG  electron density increase  2:1

gate-channel capacitance density increase  2:1

dielectric equivalent thickness decrease 2:1

channel thickness decrease 2:1

channel state density increase  2:1

contact resistivities decrease 4:1

22

FET Scaling Laws (Now Broken)

Ὁ

Ὁ

Fermi Level moves to populate low DOS

ὅ
ᶻ

ü

Oxide Channel Back Barrier

ὅ
‐

ὸȾς

Ὁ

²ŀǾŜ ŦǳƴŎǘƛƻƴ Ƙŀǎ άǘƘƛŎƪƴŜǎǎέ

Oxide Channel Back Barrier



FET parameter change

gate length decrease 2:1

current density (mA/mm) increase  2:1

specific transconductance (mS/mm) increase 2:1

transport mass constant

2DEG  electron density increase  2:1

gate-channel capacitance density increase  2:1

dielectric equivalent thickness decrease 2:1

channel thickness decrease 2:1

channel state density increase  2:1

contact resistivities decrease 4:1

23

FET Scaling Laws (Now Broken)

Ὁ

Ὁ

Fermi Level moves to populate low DOS

Difficult to scale Ὣ as ὸ and ὒ near minimum + other ὅ contributors

Oxide Channel Back Barrier

ὅ
ᶻ

ü

ὅ
‐

ὸȾς

Ὁ

²ŀǾŜ ŦǳƴŎǘƛƻƴ Ƙŀǎ άǘƘƛŎƪƴŜǎǎέ

Oxide Channel Back Barrier



Difficult to scale Ὣ as ὸ and ὒ near minimum + other ὅ contributors

FET parameter change

gate length decrease 2:1
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Highly scaled MOSFETs have large ὅ due to packing density 

FET Scaling Laws (Now Broken)


