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1 THz

1 ps

33 1/cm

0.3 mm

4.1 meV

THz Gap

Source : Advantest corporation

Motivation : what are THz waves ?
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Thermal

Source: SLT Sensor- und Lasertechnik GmbH

High power 
detectors

Suitable for ms scale 
pulses

Motivation : requirement of direct THz detectors
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 Fast and sensitive room temperature 
operable THz detectors

 Semiconductor material:
 GaAs and Silicon: small signal 

detection with bias voltage, biasing 
increases noise component.
Band energy: 𝜑𝜑GaAs = 0.34 eV, 
 𝜑𝜑Si = 1.1 eV

 InGaAs: zero-bias operation, low 
noise contribution
Band energy: 𝜑𝜑InGaAs = 0.75 eV

ZBSD based detectors : ZBSD & it’s operational principal
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quadratic
region linear

region

𝑈𝑈out ∝ 𝑈𝑈in2 ∝ 𝑃𝑃in
quadratic region

𝑈𝑈out ∝ 𝑈𝑈in ∝ 𝑃𝑃in
linear region
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𝐼𝐼𝐷𝐷𝐷𝐷 = 𝐴𝐴2𝑈𝑈02

 The rectified signal is read-out by the post-
detection electronics

 The term 𝐴𝐴2 is directly proportional to detector 
responsivity  because 
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

ZBSD based detectors : antenna analysis
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 Investigation on antenna parameters with  
variable dielectric constant

1.
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ZBSD based detectors : antenna analysis
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ZBSD based detectors : detector fabrication



SeiteRahul Yadav | rahul.yadav@iem.thm.de

Paper ID: WE1C03

9

Mask design
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Zoomed

ZBSD based detectors : detector fabrication
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Mask design Device fabrication Detector packaging

Zoomed

ZBSD based detectors : detector fabrication
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ZBSD based detectors : in-house characterization 




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ZBSD based detectors : in-house characterization 





 Experimental set-up

R. Yadav, et. al, Sensors 2023, 23, 3469.
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ZBSD based detectors : in-house characterization 

 Toptica TeraScan 1550 
 THz Power:

100 GHz ~ 100 µW
1 THz ~ 1 µW

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑑𝑑𝑑𝑑 = 20 × 𝑙𝑙𝑙𝑙𝑙𝑙10(
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑏𝑏𝑏𝑏 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑜𝑜𝑜𝑜 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑

)

CW-Tx: Continuous wave 
transmitter
OF: Optical fiber
PM: Parabolic mirror
SD: Schottky diode detector
TIA: Trans-impedance amplifier

 Experimental set-up

R. Yadav, et. al, Sensors 2023, 23, 3469.
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ZBSD based detectors : FEL at ELBE, HZDR, Germany

M. Helm, et. al, Eur. Phys. J. Plus 138, 158 (2023).
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ZBSD based detectors : with FELBE characterization 



SeiteRahul Yadav | rahul.yadav@iem.thm.de

Paper ID: WE1C03

12

ZBSD based detectors : with FELBE characterization 
 Experimental set-up

LNA: Low noise amplifier
M: Mirror
PM: Parabolic mirror
TIA: Trans-impedance amplifier
SD: Schottky diode detector

R. Yadav, et. al, Sensors 2023, 23, 3469.
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ZBSD based detectors : with FELBE characterization 
 Experimental set-up

LNA: Low noise amplifier
M: Mirror
PM: Parabolic mirror
TIA: Trans-impedance amplifier
SD: Schottky diode detector

R. Yadav, et. al, Sensors 2023, 23, 3469.

Fast measurements Slow measurements
Oscilloscope Lock-in amplifier with chopper
Higher THz power as no 
chopper

Lower THz power due to 
chopper

Not temperature
dependent

Temperature dependent 
(Bolometric effects)

Use for THz pulse 
detection and 
synchronization

Use to investigate detectors 
working principle and 
developments
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ZBSD based detectors : with FELBE characterization 

R. Yadav, et. al, Sensors 2023, 23, 3469.

 Slow measurements

 Responsivity of 102 mA
W

 from 
0.2 to 0.6 THz

 NEP of 10 pW
Hz

 
from 0.2 to 0.6 THz

 Responsivity roll-off 𝑓𝑓−6
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 Slow measurements

 Responsivity of 102 mA
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 from 
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 NEP of 10 pW
Hz

 
from 0.2 to 0.6 THz

 Responsivity roll-off 𝑓𝑓−6

Comparison of in-house (table-top) and FELBE measurements

Note: Table-top (in-house results here are not with same device as in slide 10)
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R. Yadav, et. al, Sensors 2023, 23, 3469.
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