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Array of serially connected silicon CMOS sub-terahertz detectors per pixel architecture  
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Three differently sized bow-tie antenna on silicon responses can be seen. The dotted lines represent the 
single antenna response, while the solid lines shows the accumulated response when the antennas occupy 

the same surface area. 

FWHM ~ wavelength   FWHM ~ 5-6 wavelength  FWHM ~ 2-3 wavelength FWHM ~ 0.2-0.5 wavelength 
 

Typical focusing strategies and spot sizes. 

Integrated silicon detector pixel is presented 
implemented in 90 nm CMOS technology with 52kV/W at 
0.44 THz peak responsivity and 25kV/W peak detectivity 
with NEP ~ 1.2pW/Hz-1/2. In the pixel, four antenna 
coupled detector FETs are connected in series to 
improve NEP. The response is amplified, digitalized and 
filtered by integrated lock-in amplifier. 
 
 
1) The imager optics, like in visual counterparts, provide 

similar or larger relative spot size than the wavelegth.  
 
 
 
 
2) Meanwhile, the focal plane integrated antenna size 

remains below this value due to high refractive index 
substrates. 

 

In general, the effective permittivity ( eff ) of the substrate-air 
halfspheres tunes the fundamental resonant length (LR) of 
the antenna below compared to their free space counterparts 
(L0). E.g. the resonant length of a dipole implemented on sili-
con substrate becomes this way appr. 2.5 times smaller than 

in free space (λr = λ0( eff)
-1/2

, eff = ( si + 1)/2, L = λ/2, where    

si = 11.7 and L0: Lr~1:0.4).  
 
 
 
 
 

The combination is a ratio that is the number of antennas 

that fill up the focal spot: 

 

 

 

Hence, the resonant antenna area at a certain wavelength is 

smaller than the reasonable spot size in both systems (at sili-

con substrate, with f/3.2 optics this area ratio would be 1:15).  

 

There are reasons against to fill the spot size by one larger 

antenna:  

 
i) both single and array systems capture the same en-
ergy having near identical effective size, but the larger 
one has lower peak frequency, collecting less energy at 
the desired frequency;  
 
ii) though serially connected FET detectors worsen the 
noise performance, but the sensitivity increases linearly 
and the noise increases only proportional to the square 
root of the number of detectors. Hence the SNR im-
proves choosing the array too. 

 

3) The implemented example is an array of optimally 
resonating antenna detectors connected in series.  
 

4) Technology is TSMC 90nm process CMOS. The de-
tector transistor channel size is W/L = 500nm/100nm. 
The channel resistance at the peak sensivity is VGS = 
0.25V, the channel (Rd ~ 1.25MΩ) thermal noise is Nd 

= 155nV/-1/2, that results in a NEP ~ 6.0pW/Hz-1/2. The 
peak detectivity is different, and found at VGS = 0.45V 
with 25kV/W amplified responsivity and NEP ~1.2pW/
Hz-1/2. 
 
 

- Several antenna variants with identical 
FET detectors and signal path 

- Specifically, four antennas and NMOS 
FETs in series 

- High value nonlinear pseudo-resistor for 
drain current experiments (~Gohm) 

- LNA has 40dB amplification and 330Hz 
lower and 330KHz upper cutoff frequen-
cies and 40nV/p Hz input referred noise.  

- VCO based digitalization per pixel 
- Digital lock-in amplifier operating time 

shared on each pixels. 
- Streaming output of the detector re-

sponses 
- JTAG parameter control 

 

Single photoconductive like “H” antenna 

Spiral antennas 

Bow tie antenna 

Floorplan of a pixel 

 

 

Signal path in the ASIC. 

Double “H” antenna 

Architecture of the system Metalization strategy CST simulation of the structure 

Overview 

The radiation source is a YIG oscillator driven 
VDI Amplifier/Multiplier Chain (AMC) to gen-
erate 130GHz to 500GHz signal, the power 
meter is a Ericsson Absolute Power meter.  
The setup is mounted on an optical table with 
positioners, off-axis mirrors, XYZ scanning 
table. 
 

Measurement setup 
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