
Electrical simulation and S-parameter measurements of all-silicon 
CMOS monolithic pixel modules

N. Chychkalo2 , M. Cristinziani1 , J. Dingfelder3, Q. Dorosti Hasankiadeh1 , J. Grosse-Knetter2 , H. Krüger3 , D. Müller1 , A. Quadt2 ,       
A. Ulm3 , *Darshil Vagadiya1 , M. Vogt3 , M. Ziolkowski1

1. Center for Particle Physics, University of Siegen, Walter-Flex-Str. 3, 57072 Siegen
2. Universität Göttingen

3. Universität Bonn
*Contact: vagadiya@hep.physik.uni-siegen.de

Wire bonding study Simulations of coating study

Simulations of the all-silicon module

Vertex 2026 Switzerland

Introduction

• Monolithic active CMOS pixel sensors, like OBELIX pixel sensors, are used in a self-supporting all-silicon ladder
• In post-processing, the redistribution of metal layers (RDL) technique is used

• IZM structure of the all-silicon ladder + RDL demo. with resistive heaters instead of sensor chips
• Resistive heaters are being used to study the thermal properties of all-silicon modules
• RDL demo. is being used to study the electrical performance of the signal and data interconnections at high transmission 

speeds

Simulations of microstrip parameters
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• Coating is applied to the differential line to 
protect it from the environment and 
possible damages

• To study this, three different materials were 
used:
• with 𝜀r,sub = 𝜀r,coat (Polyimide)

• with 𝜀r,sub > 𝜀r,coat (Benzocyclobuten)

• with 𝜀r,sub < 𝜀r,coat (SiO2)
• The impact of each coating with different 

coating thickness on S-parameters was 
analysed.

• As a result, Benzocyclobuten (BCB) turns out 
to be optimal material to be used as coating, 
because it does not affect S21 and S11

• Goal: minimize impedance mismatch 
between wire bonds and transmission lines 

• Custom TEST PCB developed by E-Lab, 
University of Siegen, includes single-ended 
and differential transmission lines 

• Study conducted on: 
• Short wire bonds (≅ 800 µm) 
• Long wire bonds (≅ 4 mm) 
• Varying loop heights 

• Results show: Short wire bonds provide 
better impedance matching 

• Better S-parameter performance compared 
to long bonds
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TDR measurements of the all-silicon module

• Measurements performed to study the limits of the 
current structure

• TDR measurements: Tektronix DSA8300 with TDR 
calibration kits. 

• Impedance measurements help understand the 
design and impedance contribution 

• S-parameter measurements: 0–5 GHz range, 1.67 MHz 
step size 

• S-parameters (reflection + transmission) are used to 
study signal integrity 

• Power check analysis indicates the structure has low 
bandwidth

• Simulations were performed to find possible ways to 
increase bandwidth

• Simulations were done by varying the trace height and 
the via height by 5, 10, and 30% from the nominal 
value

• S-parameter measurements: Broadband 0–5 GHz 
range, 13.5 MHz step size 

• S-parameters (reflection + transmission) are used to 
study signal integrity with different reference 
impedance values

• Simulations help to understand flaws in the current 
structure and possible ways to overcome them.
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