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A conduction-band quantum cascade detector (QCD) based on a Ge/SiGe heterostructure was designed at THz frequencies [1,2]. Two epitaxial samples based on the same design, 

linearly scaled to target different frequencies in the THz range, were grown by chemical vapor deposition on silicon substrate and then patterned into mesas with grating couplers on top. 

The two devices were electrically characterized through IV measurements in temperature. To assess the optical response, the detector was placed inside a cryostat within the sample 

compartment of a Fourier Transform Infrared (FTIR) spectrometer and illuminated by quantum cascade lasers (QCLs) and blackbody radiation with the internal globar source.

Design & growth Device layout & fabrication

• Mesas (area 500 μm2) with metal gratings on top and three different array periodicities: 

20 μm, 24 μm and 28 μm.

• Top electrical contact on the metal grating.

• Bottom electrical contact realized by ohmic contact on highly doped SiGe 96% virtual 

substrate through NiGe alloy.

LIV measurements with single-mode 4.7 THz QCL

IV characteristics

Dark condition: 

no thermal

background Arrhenius plot for V = 0.16 V

→ Good agreement with

expected main transition

frequency from simulations!
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Estimated Johnson noise limited detectivity:
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For 𝑉𝑏𝑖𝑎𝑠 = 400 𝑚𝑉:
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ASSESSING THE BEHAVIOUR WITH TEMPERATURE (with 𝑉𝑏𝑖𝑎𝑠 = 400 𝑚𝑉)

Photocurrent spectra with blackbody radiation

Fitting the photocurrent spectrum

with two lorentzian peaks, for the

main transition we have:

Extending the THz detection range…

By scaling the cascade design, a new epitaxial sample was grown, showing 

two peaks at 3.6 THz and at 6.6 THz and a comparable behaviour to the QCD 

at 4.77 THz:

Combining both QCDs: enabling 

detection from 3.6 to 6.6 THz.

Still detecting at 77 K!
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Growing high quality Ge layers on a silicon substrate:

• SiGe virtual substrate beneath the active region.

• Strain-symmetrized active stack.
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Si substrate

n++ SiGe 96% ~ 2.0 μm

(1.6-1.8 x 1019)

Ge ~ 3.0 μm

i-SiGe 97.5% 20 nm

i -SiGe 96% 40 nm

n- SiGe 97.5% 40 nm

200 um

40 um
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RESPONSIVITY & DETECTIVITY ESTIMATION 

(at 7K) 

BIASING THE DETECTOR 

(with a TIA)

𝑓0 = 4.77 𝑇𝐻𝑧

4.77 THz
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Nominal 2D electron 

density ~ 1.5 ∙ 1010 𝑐𝑚−2

QCD 22 periods

(88.5 nm each period)

Interested? 

Get in 

touch!
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