
11

Towards passive, high-resolution terahertz imaging using a 

chessboard focal plane array in 130-nm SiGe BiCMOS

M. Hoogelander1, M. Spirito1, C. Carta2, N. Llombart1 and M. Alonso-delPino1

1Delft University of Technology, Delft, The Netherlands
2IHP Microelectronics, Frankfurt (Oder), Germany

m.hoogelander@tudelft.nl

27 MAY 2026 | MIKROCENTRUM VELDHOVEN



22

Applications of direct-detection THz cameras

+Compact design

+ Low-cost

+Mass-production possibilities

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

▪ More bandwidth w.r.t. mm-wave

▪ Better penetration w.r.t. IR

Silicon Technology

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

Security Screening

[1]

Automotive Applications

[1]

                  

  

                   

               

                   
             

  

Nondestructive Testing

[3]

[2] P. Hillger et al., IEEE TTST, 2018

[2]
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Previous work: Chessboard FPA in 22-nm CMOS

𝒅܎܎܍ࢌ
[4] S. van Berkel, PhD Thesis, 2020 [5] M. Hoogelander et al. IEEE TTST, 2024 

ௗܲ௘௧

௜ܲ௡

ΔV

Dual-polarized connected array
▪ Wideband operation

200 GHz – 600 GHz

▪ Very tight focal plane sampling݀௙௘௙௙ = /ௗߣ#ܨ 2 at 400 GHz

[4]

[5]

✓ Near diffraction-limited resolution

 Passive imaging sensitivity (NETD ≈ ܭ17 @ 1s)
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Performance of HBT-based direct detector topologies

               
               

 
  

   
  
 
  

     

     

     

  

         
  

ܲܧܰ = ௡,௢௨௧ℜ௩ݒ
Noise-Equivalent power

CB-sat has best NEP & 

lowest power consumption!

ௗܲ௘௧

஼ܸ

CB

vn,outtot + Δܸ 10kΩ
ௗܲ௘௧஻ܸ

vn,outtot + Δܸ

CE

10kΩ

  
   

  
  
  
  
  
  
  
 
 

                
                        

    

    

    

    

    

    

    

  
         
  

            
               

  
   

  
  
  
  

  
  
   

  
 
  

 

   

   

   

   

   

   

  
         
  

ℜ௩ௗ௘௧ = Δܸௗܲ௘௧
Responsivity

ௗܲ௘௧
CB-sat

vn,outtot + Δܸ 10kΩ
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Chessboard array and detector co-simulation

ܼ௜௡ௗ௘௧
࢚࢘࢕ࡼ

▪ Only central gap is excited with 80-Ω port, 

Other gaps are loaded with lumped elements

▪ Tiling layer modeled as homogeneous anisotropic medium [9]

Cross-section around gap

ܼ௜௡ௗ௘௧

  

  
ܼ௜௡ௗ௘௧CB-sat 

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

࢚࢘࢕ࡼ
  

  
  

   
   

   
  

 

   

   

   

   

               

               

      
        ▪ FPA losses between 3 and 4dB from 325GHz

▪ Hyperhemispherical lens 2dB loss

(1.5 dB from AR-coating)

ℜ௩௦௬௦ = Δܸ௜ܲ௡ = ௠௔௧௖ℎℜ௩ௗ௘௧ߟ௔௡௧ߟ
Responsivity
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Measurement results: Responsivity

               
               

  
   

  
  
  
  

  
  
   

  
 
  

 

   

   

   

             
              

         
          

          

ℜ௩ொை = Δܸℎܲ௢௥௡ܩ௅ே஺ℜ௩௖௔௠ = ℜ௩ொைߟ௖௢௨௣௟௜௡௚ߟௌைߟ௟௘௡௦
Measured responsivity:
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Measurement results: Radiation patterns in the spot
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Measurement results: NEP and NETD

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

ܲܧܰ = ௡,௢௨௧ℜ௩ݒ
Noise-Equivalent power ܦܶܧܰ = 1݇஻ 2߬௜௡௧ 1−ܲܧ௙೘೔೙௙೘ೌೣܰ׬ ݂ ݂݀

Noise-Equivalent Temperature Difference

௡,௢௨௧V0ݒ + ΔV                
               

 
  

   
  
 
  

     

     

     

        
         

                    

 
  

 
   

 

   

   

   

    

              

17 K

1.6 K



1010

Conclusions
1. Detector Design

  

  

               
               

 
  

   
  
 
  

     

     

     

  

         
  

2. Detector/Antenna 

co-design

  
  
  

   
   

   
  

 

   

   

   

   

               

               

      
        

3. Measured passive-

level NETD

      
          

  

  

  

 

 

 

 

  
  

 
 

             

                    

 
  

 
   

 

   

   

   

    

              

17 K

1.6 K

Future work
▪ On-chip multiplexing/readout

▪ Demonstrate passive, high-resolution THz images
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