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Possible Logic Technology Roadmap
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Motivation for InAs vs. InGaAs
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Layer structure with inverted Si 0-doping

High-K :
3 nm Al,O,

20 nm n+InGaAs
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Inverted Si 6-doping \
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2.0

1.5+

CB Profile [eV]

ot
n

0.0

AlLO, !

'no.s:cGaou‘AS
nP
|V InAs| ¥ | INoarAlo s3As

o
(=]

=H8S

A°6'E

Ng ch = 1.78 x 106.!¢:m2

Si
.'»-c}op;ng

/[

>
o

N
(=]

e
=]

10 20 30
Vertical Depth [nm]

40

Electron Density [x 10°/cm?]




Validation of epi quality in this work
 QMSA results from calibration structure
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U pan = 11,200 cm?/V-sec and ng , = 1 x 10*2/cm? at 300K

s,ch

Uy pan = 20,000 cm?/V-sec and ng o, = 1 x 10*4/cm? at 77K




Test Structure Design
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Unique features of this work:
* InAs channel for better transport

INGads/Inds

InP

* Inverted Si 6-doping for low excess R¢y and excellent electrostatic

control
e 3 nm Al,O,/2 nm InP gate stack to improve D,




InAs MOSFET Output Characteristics
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= Excellent |, saturation and pinch off behavior
" lpge = 0.68 A/mmat Vs =0.6Vatl, =100 nm




Roy Characteristic
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= Ry = 0.323 Ohm-mm with optimized gate recess process (L.
<5nm)
= Ry could be reduced with self-aligned architecture




INAs MOSFET Subthreshold Characteristics
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= 5§ =105mV/dec. at L, = 100 nm with D;; = 4 x 10'* /eV.cm?
= Excellent gate leakage =» A room for EOT scaling below 2 nm




V; roll-off
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= V;=0.2VatL, =100 nm: Enhancement-mode operation




InAs MOSFET g,,, Characteristic
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INAs MOSFET Microwave Characteristic

Calibration: LRRM, De-embedding: OPEN/SHORT
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- L,=100 nm: f; =245 GHz & f,, =355 GHz at V,s = 0.8 V
=>» These f; & f., are record values for any 1lI-V MOSFET




InNAs MOSFET promising for RF Applications
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- L, =200 nm: f; >200 GHz & f,,, = 300 GHz at V,s = 0.8 V
- Excellent performance for millimeter wave applications




I1I-V MOSFET Benchmarking
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- A record transconductance at Lg =100 nm for IlI-V MOSFET




I1I-V MOSFET Q Benchmarking
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Extraction methodology for v;,;

Vs

Vg T Vp

T | | Ib
R\

Rs Qi .o Ro
EC_I Vi
e
Kim, [IEDM 2009

- Ip: measured drain current

- Q; o' sheet-charge density

Qi_xo = -[Cgi dVgs;
with C; @ Vps = 10 mV
- C4 extracted from S-parameters
- Rg and R correction:
Vpsi = Vps = Ip X (Rs + Rp)
Vasi = Ves — Ip x Rs
- V1 roll-off correction

- DIBL correction




C,i - How to extract in small L, device

C, — intrinsic gate capacitance per unit area [fF/um?]
(from S-parameters at linear region, V5 = 10 mV)
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Q, ., - HOw to extract
Q, o =) C, d(Vgs,), where C; @ Vpg = 10 mV
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- Extracted intrinsic gate capacitance (C,) & charge (Q; ,,) In

channel with S-parameter




Benchmarking: Injection velocity (vj;)
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Benchmarking: Injection velocity (vj;)
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- InAs MOSFET shows 2 X higher v, than Si, even at Vo = 0.5V

- Consistent V,

nj

inj

depending on channel mobility




Conclusions

* InAs (rather than In,Ga, ,As) enables:
—Record g,, =1.73 mS/um at Vs = 0.5V
— No significant |5 penalty (S = 105 mV/dec)

— Excellent microwave characteristics
f; =245 GHz and f,,,, = 355 GHz at L; = 100 nm

— 2%V, Iimprovement vs. s-Si

e First rigorous v;,; benchmarking shows InAs
MOSFET competitive with best known HEMT

InAs MOSFET (0.5V) | InAsHEMT (0.5V) | Strained Si MOSFET (1V)

2.3x 107 cm/s 2.8x 107 cm/s 1x 107 cm/s




