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Injection Velocity in 111-V QW FETs

* Injection velocity: average velocity of electrons at virtual source
- sets | Which determines switching speed

* Recent measurements of v;,; in INAs HEMTs:

p, ~ 13,000 cm*/V-s
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Vini(INAS) > 2v;,(S1) at less than half Vi,

 Derived v, values consistent with purely ballistic transport



Role of channel thickness in QW-FE

scalability
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« Dramatic improvement in short-channel effects in thin-channel devices
« Concern: v;, degradation in thin-channel devices?



Extraction methodology for v,
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Qi o
- I5: measured drain current

- Qi xo' Sheet-charge density

Qixo= J.Cgi dVgs;
with C; @ Vpg = 10 mV
- C, extracted from S-parameters
- Rg and R, correction:
Vbsi = Vps — Ip X (Rg + Rp)
Vesi = Ves = Ip X Rg
- V; roll-off correction

- DIBL correction



Thin-channel InAs HEMTSs

Kim, IPRM 2010

InGaAs/InAlAs

«
11 nm In,Al, ,cAS Ly

In;,Ga;;As: 1 nm
InAs: 2 nm ty=5nm

In;,Ga;;As: 2 nm

Hp pan = 9,950 cm?/V-sec

Triple-step gate recess process
Gate metal stack: Ti/Pt/Au
L,=40~200 nm

Kim, IEDM 2008 " Loige =80 NM, fp = 3, 7

Reference:

e InAs HEMT with t, = 10 nm
Hp pan = 13,500 cm?/V-sec



I, [mA/pm]

-V Characteristics:
Lg =40 nmwith t...=3 nm
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e V;:=0.11V, S =65 mV/dec, DIBL =50 mV/V
* 0,=1.6 mS/um, Rg=275 Ohm-pum



C, extracted from S-parameters @ Vpg = 10 mV

Extraction of Q; ,,

Parasitic capacitance removed
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Vinj Of Ly=40 nm t;,;=3 nm InAs HEMTs
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VesiVr T 2 v,y initially T (because Q; ,, T)

- thenv, ! (device driven into linear regime)
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Vinj - Impact of channel thickness
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In thin-channel devices:
* Long L, v;,; decreases right along with p, (~23%)
« Short L, v, relatively unaffected

-> consistent with ballistic transport
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Conclusions

Thin-channel InAs HEMTs with t,=5 nm:

- Evidence of mobility degradation

- Small degradation in injection velocity for short L, FETS:
Vipj = 3.3 x 10" cm/s at L, = 40 nm

Great scaling potential of thin-channel FETs

Key guestion:

- Canv.

n D€ preserved if severe u degradation (~3000 cm?/V.s)?
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