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Tunnel Field-Effect Transistor (FET)

using Ill-V/Si Heterojunctions
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1.Introduction
Conventinal MOSFETs have theoretical limit in subthreshold slope(SS) characteristics resulted from carrier
diffusion (SS > 60mV/dec.). Our technology can realize steep-slope nanowire-based FET by controlling IlI-V/Si
heterojunctions without misfit dislocations, which can be achieved with nano-heteroepitaxial methods.

2. Device Structure, Performance of the Tunnel FET

Uit rroerisil TR 6 [ Vos=100V ;
A sio,on si (111) L. 10 r ‘{
110 mV/de,

IR LT Lol A
__-"l|r|'|||' S a1 ]

=m m = # = = Opening Formation 2 pamnwiw - 10° -
AN [EB lithography and etching] e __- d o T R g_
: I 109 |
=T} g i
=C - 10_10 H :
u Nanowire Growth m r ! 1
r.| | [MOVPE] —-rg 101 | ; :
InAs or GaAs or InGaAs | 1 e TFET i
g . — ; ! APL 98 (2011) 083114 |
TR EHEWI " are 1012 |!-_ ! Improved TFET
I dif 18 Ea Bemrer L Diameter: 30 nm
/ Y o 1013r--.. bk b b
e -0.5 0 0.5 1.0
Bk = Gate voltage, V; (V)
l1I-V/Si Heterojunctions Growth Process i ’

-The combination of a narrow band gap lll-V with Si is a good system for boosting up the ON-state current and

has high band-to-band tunneling efficiency.
-The subthreshold slope(SS) is far lower value than 60mV/dec.(theoretical limit value) of Si FET.

3. Synthesis of Nanowire by using Pulse Doping

With respect to the impurity density of undoped InAs nanowire, supply the p-type dopant of the 10'6cm-3
to compensate for the n-type dopant once for x seconds, to make the electrically neutral intrinsic layer.
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-The turn-on voltage can be adjusted by the supply time of dopant in pulse doping. P I v
-The leakage power in a standby state can be further reduced. InAs/Si Tunnel FET '

4. Application Examples

-Low voltage operation transistor
-Low power consumption LSI
-Sensing devices for loT
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