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The field effect transistor feature sizes have shrunk to the point, where ballistic (collisionless) 

mode of electron transport is becoming dominant. In the ballistic regime, the device physics is 

completely different. For example, the effective electron mobility becomes proportional to the 

device feature size. At THz and sub-THz frequencies, the ballistic transport affects devices even 

with relatively large (submicron scale) feature sizes. THz radiation excites the waves of the elec-

tron density (i.e. plasma waves) in transistor channels. These waves have characteristic frequen-

cies in the THz range even for devices with feature sizes exceeding a few hundred nanometers. 

Rectification of plasma waves can be used for detecting THz radiation and for imaging and in-

situ testing of transistor structures. Since propagation of plasma waves is strongly affected by the 

field distribution in the device channel, plasmonic devices exposed to THz radiation could re-

solve nanometer feature sizes. In ballistic devices, plasma waves become unstable and cause 

THz emission. Plasma wave electronics detectors and sources are tunable by applied bias voltage 

and can be modulated at frequencies up to hundreds of gigahertz. Using synchronized THz tran-

sistor arrays instead of single devices is predicted to improve performance of plasmonic THz 

electronic detectors and sources by several orders of magnitude. 

 

0.0 0.2 0.4 0.6 0.8
10

-10

10
-9

10
-8

10
-7

50 60 70 80 90
10

-18

10
-16

10
-14

10
-12

10
-10

L
g
=120nm

200nm 300nm

N
E

P
, W

/H
z

0.
5

Gate voltage V
g
, V

S
pe

ct
ra

l d
en

si
ty

, V
2
/H

z

Frequency f, Hz

 

 

0.2 0.5 1 2 5 10

5000

Length (micron)

M
o
b

ili
ty

 (
c
m

2
/V

-s
)

300 K

200.1

10000

50000

100000
77 KGaAs

 
0 100 200 300 400 500

0

100

200

300

400

500

I
d
 = 5mA, V

gs
=-0.4 V 

 

X (m)

Y
 (

m

)

 

Sub THz detection by Si CMOS 
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