
Development of Large Cryogenic Semiconductor Detectors 
 
This is the Final Technical Report for the project titled “Development of Large Cryogenic 
Semiconductor Detectors”. This project aims to develop cryogenic semiconductor 
detectors with dimensions larger than previously used in the field of elementary particle 
physics. One of the applications of such detectors is in the direct searches for dark 
matter, where these detectors would simplify achieving large target scales (100-1000 
kg) needed for the next generation of experiments. Other possible applications include 
coherent neutrino scattering measurements, X-ray observations, and broader 
applications such as homeland security.  
 
We have acquired a high-purity, 150 mm diameter, and 43 mm thick silicon crystal from 
Topsil. Crystals of this size have previously never been used to develop cryogenic 
particle detectors, in part due to manufacturing challenges and in part because of the 
difficulty of neutralizing and operating such a crystal at temperatures of ~30 mK. Our 
primary objective was therefore to demonstrate that this crystal can be neutralized, and 
that it can used to reliably measure recoil energies of electrons in the crystal scattered 
by incoming particles.  
 
Figure 1 (left) shows a photo of the crystal installed in a detector housing designed and 
built specifically for this crystal. The crystal was sandwiched between two electrodes, 
shown in Figure 1 (right), that create an electric field through the crystal. Note that one 
electrode has at its center an 241Am source of gammas: these gammas were used to 
measure the ionization collection efficiency of the detector, as well as its stability. Each 
electrode is also equipped with two pairs of light-emitting diodes (LEDs): one pair 
operating in the infrared (IR) band and the other operating in the ultraviolet (UV) band. 
The LEDs are used to neutralize the crystal: with both electrodes grounded, the LED 
photons interact in the crystal and generate electric charges, that then drift toward 
charge traps in the crystal (lattice imperfections and impurities) and neutralize them. 
After neutralization, the crystal can be operated to measure the ionization released in 
particle interactions. The detector performance is expected to degrade over time as the 
charge traps become filled by electric charges released in particle interactions, so 
periodic flashing of LEDs is needed to return the crystal to the neutral state.  
 
We used flexible coaxial cables to bring the electrodes’ bias lines and the LED lines 
from the electrodes to the standard cold hardware used by the Cryogenic Dark Matter 
Search (CDMS) experiment, shown in Figure 2. This design minimizes the capacitive 
coupling of environmental fields and the susceptibility of the circuit to microphonics 
noise. The structure shown in Figure 2 was installed in the Kelvinox 100 dilution 
refrigerator in our laboratory at the University of Minnesota, and cooled down to 30 mK. 
The ionization signals created in particle interactions in the crystal were first amplified 
by the FET-based amplifier (inside the cryostat), then brought out to the room 
temperature, and finally read out and digitized by Detector Control and Readout Cards 
(DCRCs). The DCRCs were used to set up the electric field through the crystal by 
imposing a voltage bias of up to 12 V. To impose larger bias values, we designed a built 



an extender board for DCRCs that allows us to bypass the DCRC bias line and instead 
bring in a bias from an external power supply.  
 
The main result of our study is that this silicon detector can reliably measure the recoil 
energy for biases larger than +10 V. This is shown in Figure 3. Specifically, we 
measured the 60 keV peak from the 241Am gamma source for different values of the 
voltage bias across the crystal, and we observed that for bias values above +10 V the 
ionization collection efficiency is close to maximal. This voltage bias corresponds to the 
electric field strength similar to those needed in smaller silicon crystals operated in the 
past. Negative voltage bias also worked well, although in the range [-20 V, 0V] our fits to 
the 60 keV peak were less reliable (this is not fully understood and will be investigated 
in the future). Furthermore, we have applied bias voltage of up to 90 V (both polarities) 
without observing any signs of conduction through the crystal. That is, the crystal 
successfully held voltage up to 90 V, indicating the possibility of using such crystals for 
the phonon readout with the high-voltage (and high Luke gain) operation needed to 
measure very low recoil energies (below 100 eV) and the correspondingly low masses 
of incident particles (below 10 GeV).  
 
Our next aim was to study the crystal neutralization. Specifically, we would flash the IR 
or the UV LEDs to neutralize the crystal, and then operate the crystal while observing 
how the 60 keV peak evolved over time. As the charge traps in the crystal become 
filled, the electric field through the crystal becomes compromised and the 60 keV peak 
deteriorates. The 60 keV peak hold time was measured for several values of the voltage 
bias through the crystal, and for both IR and UV flashing schemes. As shown in Figure 
4, both the IR and the UV LEDs were successful at neutralizing the crystal. However, 
the IR LEDs consistently yielded longer hold times, across many voltage biases. While 
this indicates that IR LEDs may be more convenient and more reliable for continuous 
operation of the detector, it is possible that further tuning of the UV LED flashing 
scheme (duty cycle, bias etc) may yield better results. We plan to investigate such 
tuning in future runs with this crystal. 
 
The above results establish that 150 mm diameter, high-purity silicon crystals can be 
used to build cryogenic particle detectors. Such crystals support reliable measurements 
of the recoil energies and they can be reliably operated over extended periods of time. 
This opens a new line of research that we plan to pursue in the future. Specifically, we 
plan to add phonon sensors to our silicon crystal and operate the crystal in the high-
voltage mode in order to measure recoil energies down to 100 eV or below. If 
successful, such a measurement would establish the 150 mm silicon detector as a 
strong candidate for the next generation of dark matter detectors and for coherent 
neutrino scattering detectors.   
 
 



   
Figure 1: Left: A photo of the 150 mm silicon crystal in the detector housing. Right: A photo of the two 
electrodes in detector housings, to be placed on either side of the crystal. The LEDs can be seen on the 
right electrode, while the left one depicts the wiring of the LEDs and the 241Am source at the center of the 
electrode. 
 

  
Figure 2: The electrodes and the Si crystal are stacked together at the bottom of the tower depicted in this 
photo. Flexible coaxial cables bring the signals from the electrodes to the tower, where they are amplified 
by FET-based amplifiers. After this first-stage amplification, the signals are brought out to the room 
temperature, where they are digitized by Detector Control and Readout Cards (DCRCs).  
 

 



 
Figure 3: Ionization collection efficiency is shown as a function of the voltage bias across the silicon 
crystal. The efficiency is measured by tracking the location of the 60 keV peak due to the 241Am gammas. 
The shaded region denotes the voltage bias values for which it was difficult to fit the 60 keV peak (the 
reasons for this are not fully understood and will be investigated in the future). 

 
Figure 4: The hold time for the 241Am 60 keV peak is shown for several values of the voltage bias across 
the crystal and for several schemes for crystal neutralization using the IR and the UV LEDs. Note that the 
IR flashing scheme consistently yields longer hold times than the UV flashing scheme, but both IR and 
UV LEDs could be used to operate the detector. 
 
 
 


