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 Over the past few decades, electronics and photonics have been gradually approaching 
the terahertz (THz) regime (optoelectronics) as electronics become faster and photonics utilize 
lower frequencies for telecommunications and thermal imaging.  Because the energy of THz 
radiation is too low for normal photonic detection but has a frequency too high for normal 
electronic detection, there is a lack of practical THz detectors.  The sample in this study has been 
designed to make use of the Gunn Effect to produce high sensitivity to THz radiation.  Previous 
experiments [1] show that the detector can produce a photocurrent when exposed to a high-
power coherent wave THz laser at room temperature and in ambient lighting.  In this study, we 
performed a series of experiments to verify that the impact ionization due to the Gunn Effect is 
indeed responsible for the THz-induced photocurrent, as the theoretical model predicts, and that 
it remains photosensitive at low powers of THz irradiation.  We measured this by performing 
current-voltage sweeps across a range of voltages and for varying THz beam intensities.  In our 
experiments, the sensor remained sensitive to low-power THz radiation. We found that as the 
power of the THz beam is decreased, the voltage width of the photocurrent decreased.  By 
designing a novel high-sensitivity THz detector, new research methods and applications of THz 
radiation become possible.  Using classical techniques, we show that a THz sensor based on the 
Gunn Effect and impact ionization can be highly sensitive to low-power THz sources at room 
temperature. 
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Introduction

Devices of the future will use terahertz, but devel-
opment is hindered by a lack of practical sensors.
Terahertz is difficult to detect because its wavelength is too short for classical 
electronic detection and its photon energy is too low for optical sensing.  Experi-
ments1 have shown that the sensor in this study can detect terahertz radiation with 
a high-power terahertz laser.
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Terahertz triggers avalanche of electrons.
Many electrons per photon of terahertz radiation can be excited in the sensor 
from this study due to the Gunn Effect, which introduces Impact Ionization.

The sensor in this study is a Gallium Arsenide (GaAs) heterostruc-
ture with a quantum point contact (QPC).  The sample has been 
designed to produce Gunn Oscillations at a certain voltage.  These 
oscillations create domains of high electric field, where impact 
ionization occurs. The theoretical model for this sensor says that 
terahertz (THz) waves are superimposed on these oscillations, 
allowing for changes in breakdown voltage.

Methods

Ultrafast coherent terahertz pulse beam.

Investigating the current-voltage curve. The sensor exhibited a high photocurrent at low 
powers of terahertz radiation.By measuring the current-voltage (IV) curve of the sensor with and without expo-

sure to terahertz radiation we tested the sensitivity of the sensor to low-power 
terahertz sources as well as verified that the Gunn Effect is indeed responsible for 
the sensor’s ability to detect these low-power terahertz waves.  We focused on 
the 5-17V range.
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The sensor was placed in the focal point of an ultrafast terahertz beam.  The 
beam consists of picosecond-long pulses of terahertz that repeats every thirteen 
nanoseconds.  

Dual polarizers for terahertz attenuation.
We used two wire-grid polarizers to attenuate the terahertz beam in order to 
perform our power-dependence experiments.  The purpose of these experi-
ments was to estimate the order of magnitude of the sensor’s noise-equivalent 
power (NEP).

Results

We found that even with the low power of terahertz radiation provided by the 
pulse laser, the sensor still exhibited a relatively strong photocurrent.  The small 
amount of terahertz radiation significantly decreased the voltage threshold for 
impact ionization to occur.

1.00E-06

2.00E-06

3.00E-06

4.00E-06

5.00E-06

6.00E-06

4 6 8 10 12 14 16 18

Cu
rr

en
t (

A)

Voltage (V)

Sample 1 - IV Curve THz at 135°

THz On
Down

THz On
Up

THz Off
Down

THz Off
Up

-1.50E-06

-1.00E-06

-5.00E-07

0.00E+00

5.00E-07

1.00E-06

1.50E-06

2.00E-06

2.50E-06

3.00E-06

4 6 8 10 12 14 16 18

Cu
rr

en
t (

A)

Voltage (V)

Calculated THz-Induced Current at 135°

I(THz) Up

I(THz) Down

Tsunami Ti:Sapphire Near Infrared 
Ultrafast Pulse Laser

Polarizers

Sample

THz Antenna

Keithley 2400
Sourcemeter

1

1

Chip-carrier Configuration 
by Rui (Dr.Bird’s group) 

1. Sample No.1 and No.2 are sent. No.1 with 180nm length constriction, No.2 with Transmission 
Line Method(TLM) (with handwritten number “1” and “2” on each chip-carrier). 

2. Each sample is mounted on a 16-pin chip-carrier, wire bonded. There is a Golden “1” mark on 
the chip-carrier which indicates Pin-1. (Note: there are 12 rectangular golden pads on each 
side of the chip-carrier for wire-bonding, while only the first 8 of them are connected to the 
pins, the other 4 are useless. A piece of thin glass is put between the sample and chip-carrier 
for electrical isolation, G varnish is used as the glue) 

3. The following figure briefly shows the structure of the samples. 
                     

The mesa is marked by Blue color 
 

A nanoscale constriction is fabricated at the center of the mesa, which is the gap between 
the two White rectangulars.  

 
8 Golden Pads with ohmic contact are marked in Yellow. There are 4 pads connected to each 
side of the constriction. 

 
Two Golden “arrow”s at the bottom marked in Yellow, as a mark for indicating the sample’s 
direction. 

      

Signal-to-noise ratio of approximately one was 
achieved at a power of 5 x 10-14 W.
We used the dual-polarizer attenuation method to decrease the power of the ter-
ahertz radiation on the sensor to the point where the change in avalanche break-
down voltage was comparable to the day-to-day changes in the baseline no-tera-
hertz voltage we experienced.
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Analysis & Conclusion

Sensor exhibit levels of sensitivity on par with 
cryogenic bolometers but at room-temperature.

Depending on the material used, the NEPs of cryo-
genic bolometer may be between 10-11 W/  Hz

-½  
and 10-

14 W/  Hz
-½ 

.

Noise Equivalent Power (NEP) 
estimated to be between 5.29 
x 10-14 W/  Hz

-½  

 and 5.29 x 10-11 W/  Hz
-½

2

Gunn Oscillations continue below Impact Ioniza-
tion voltage, creating hysteresis.
Impact Ionization occurs at when a specific voltage is applied to the sensor.  After Im-
pact Ionization occurs, Gunn Oscillations begin to propogate throughout the sample.  
Once the Gunn Oscillations begin, the applied voltage on the sensor can be lowered 
below the Impact Ionization trigger voltage without losing the Gunn Oscillations.
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