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Insulator Scaling in 111-V HEMTs

Motivation : - llI-V HEMT: Model system for future IlI-V logic FETs
- HEMT scaling: L, 4 2 o 4
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* Inverted HEMT design: reduced I



CB Profiles [eV]
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Concept of Inverted HEMT

<Normal HEMT >

Vertical depth [nm]

<|nverted HEMT >

Vertical depth [nm]

» Lower leakage current due to higher barrier under gate
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Trade-off of Inverted HEMT

CB Profile [eV]
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Ng o ~ 2.7 X 10'2/cm? for Normal HEMT Ng o ~ 3 X 10'%/cm?for Normal HEMT

* Problem: -low ngin access region
- large energy barrier under contact region



New Approach

New 0o
doping layer
® @ _
® : Access region @ : Contact region
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* High n in access region
« Low barrier in contact region
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Epitaxial Heterostructure
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N+ I 55Gay 35AS 5 nm
n+ Iy 53Ga, ,,AS 15 nm

N+ Ing 5,AlG 46AS 15 nm

InP 6 nm

INg5,Alg46AS 2 N

Ing5,Alg46AS 8 Nm

Ing 553Gy 4,7AS 2 Nm
Ing,Gay;As 8 nm
Ing 55Ga; 4,7AS 3 Nm

Ing 5,Al 46AS 5 NM

Ing 5,Alg 46AS

S. 1. InP

Si 6-doping

Ho Hat = 9,800 cm?/V-sec



Device Technology

1.

- 1:ins =4 nm, I—side
- Gate: Ti/Pt/Au
- L4 30 - 130 nm

=80 nm

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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|, [MA/pm]

Output & Transfer Char. : Lg = 30 nm
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Excellent |5
2> o/ lopr= 3.9 X 104 for Vg = 0.5V

shold Char. : Lg = 30 Nnm

10



fr & T4« Char. : L, =30 nm
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f-=500 GHz & f_,,=550 GHz
Highest f; & f ., reported on Inverted HEMTs
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Inverted vs. Normal HEMTs: |4
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Inverted HEMT: = ~100 X less |5 than normal HEMT
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Inverted vs. Normal HEMTs: 15/ 15 VS.
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Inverted HEMT:
= Excellent lo\/logr scalability down to L, = 30 nm
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Inverted vs. Normal HEMTS: g,,;;

—Q— Inverted HEMT : p_ . = 9,800 cm*/V-s
—&— Normal HEMT p___ =11,000 cm®/V-s
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Inverted HEMTS:
- Lower values of g,,: from reduced p and velocity

- Better g,,,; scalability down to 30 nm
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Inverted vs. Normal HEMTs: R,

R *

[ohm.mm]

S

<Using gate current injection technique>
0.40-

@ Inverted HEMT

0.36- B Normal HEMT

1Rs=0.27 ohm.mm Rsp =100 ohm/sq
0.32-
0.28 1
0.24 - Rsh =70 ohm/sq
0.90 | RS,:O'22.5 ohrln.mm | | |

0 40 80 120 160

Lg [nm]

Higher R, in inverted HEMT
Why? =» Lower ng in access region, higher R,
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Inverted vs. Normal HEMTs: fr and f_,
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Inverted HEMTSs:
= Lower f; & higher f__,

= Improved g.: possibly due to lower ngin access region
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Subthreshold Slope [mV/dec]

Benchmarking : SS & DIBL
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Excellent SCE of inverted HEMT
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Benchmarking : l5y VvS. || .ok
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Benchmarking : CV/1 vs. L,
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Inverted HEMT:
— Comparable Gate delay with L but at lower Vp,

< Ref. : Chau et al. (T-Nano 2005) >



Conclusions

Inverted InGaAs HEMT
— Scaling benefit:

* Reduced |, allows for further L scaling

— At 30 nm, inverted HEMTs exhibit excellent characteristics:

« DIBL <120 mV/V, S < 85 mV/dec and lo\/lgge ~ 4 x 10*
« f;>500GHzandf_ . > 550 GHz, CV/l ~ 1 psec

max

Inverted InGaAs HEMT: promising layer structure for future
high-K/llI-V MOSFET
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