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Applications of direct-detection THz cameras

Blister packinside | = |Opaque Blister pack |
cardbordbox |
a‘ o BN\ -
Missing tablets

_ M’f

| Automotive Applications

Nondestructive Testing
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Silicon Technology

-

THz frequencies:
= Better resolution w.r.t. mm-wave

Compact design

Low-cost
Mass-production possibilities

= More bandwidth w.r.t. mm-wave
= Better penetration w.r.t. IR

[1] M. Kowalski et al., Applied Optics, 2019  [2] P. Hillger et al., IEEE TTST, 2018 [3] Z. Song et al., IEEE TSTT, 2018



Previous work: Chessboard FPA in 22-nm CMOS

Pin  Dual-polarized connected array
= Wideband operation
200 GHz — 600 GHz
= Very tight focal plane sampling

d’) = Fydq/VZ at 400 GHz

Near diffraction-limited resolution
Passive imaging sensitivity (NETD = 17K @ 15s)
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- Vertically polarized pixel
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[4] S. van Berkel, PhD Thesis, 2020 [5] M. Hoogelander et al. [EEE TTST, 2024



Collector Current [A]

Performance of HBT-based direct detector topologies
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Chessboard array and detector co-simulation

Cross-section around gap  SaaamEtEEEE

5 i
: | Si !
j A B :
[ |
| Mg > >N gees l
: oo ooon . oy i
| s det agag| SiO,* Tiling |
1
l': - ' 9.7um SlOz CB'Sat
I .
;/ ITM2 §3um zdet
i) I.5um n
l" : :

Other gaps are loaded with lumped elements
= Tiling layer modeled as homogeneous anisotropic medium [9]

[9] D. Cohen et al., IEEE TAP, 2015



Simulated system responsivity
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Measurement results: Responsivity

Measured responsivity:
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Measurement results: Radiation patterns in the spot
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Measurement results: NEP and NETD

Noise-Equivalent power
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NEP & NETD higher due to noise, but passive-level sensitivity & 10x performance improvement!



Conclusions
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* Demonstrate passive, high-resolution THz images
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