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Optimizing Performance of a Charge-Sensitive 
Amplifier for the LEGEND-200 Experiment

Gannon Lawley1, Michael Willers2, Marcos Turqueti3, Alan W. Poon2

1University of Oklahoma, 2Lawrence Berkeley National Laboratory Neutrino Astrophysics Group, 3LBNL Engineering Division 

Abstract
The observation of neutrinoless double-beta decay would 
provide evidence for the proposition that neutrinos are their own 
antiparticle, a property that is not prescribed in the Standard 
Model. The proposed Large Enriched Germanium Experiment 
for Neutrinoless double beta Decay (LEGEND) will search for 
this decay mode in 76Ge by deploying high-purity germanium 
(HPGe) detectors enriched in this isotope. The signal from two 
hundred kilograms of HPGe detectors will be fed to 
low-radioactivity, charge-sensing amplifiers (CSA) deployed in 
the first phase of the LEGEND experiment: LEGEND-200. We 
optimized the performance of the CSA in different test 
conditions by varying the operating parameters (including 
voltages supplied to the active components of the CSA) and 
measured the properties of the amplified waveform, such as rise 
time, dynamic range, and electronic noise. The optimized 
parameters lead to waveforms with the following characteristics: 
90 ns rise time, a dynamic range from 0-10 MeV, and noise of 
620 keV (FWHM) at a total power consumption of 156 mW in 
liquid nitrogen. The optimization process will continue as the 
circuit is integrated with other components of the experiment.

Introduction
● CSA was already designed, but its performance was 

not characterized.

● Experiment will take place in liquid argon (LAr) 
environment (~87 K).

● Minimal power consumption (lower voltage) 
means less heat dissipated in cryostat. 

● Performance characteristics of the CSA (rise time, 
dynamic range, and electronic noise) may improve 
with higher voltage.

We vary these operating parameters and 
characterize the output.

Figure 1: The Charge-Sensitive Amplifier. Red and 
Green areas highlighted in Fig. 2
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Figure 3: An example of a waveform measured. 
Input signal in blue, output in green.

The CSA is submerged in liquid nitrogen (~77 K) to 
simulate experimental conditions. Operating 
parameters are set with DC power supplies and a 
function generator.

Figure 2: The prototype CSA which was tested.

● Figure 4 shows each set of operating parameters as a 
point. Red points represent an alternative configuration of 
the qAmp. 

● Each line in figure 5 represents a set of operational 
parameters, green lines show a linear response over all 
input values.

○ Magenta lines represent sets of parameters which did 
not produce a well-defined output signal over all 
input values.

● Slew rate and dynamic range show improvement as VCC 
and VFET were increased. 

○ Dynamic range does not improve past a threshold of 
VCC  = +/- 4 V. 
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Figure 4: Slew rate of the CSA at 
various voltages VCC. 

Results and Discussion

Figure 6: Electronic noise of the 
output signal against VCC.

 Based on the performance at each combination of 
operating parameters, we adjust the parameters 
and repeat the process. 

Figure 5: The dynamic range of the 
CSA. 

Figure 7: Electronic noise of the 
output signal  against VFET.

● Figures 6 and 7 show each set of operating parameters as 
a point. 

● Electronic noise is not strongly affected by the operating 
parameters of this experiment.

● We recommend the operating parameter values of :
○ VCC = +/- 4 V, VFET = 10 V

● Giving the following performance parameter values: 
○ Rise time = 90 ns, Dynamic range = 0-10 MeV, Noise 

variation = 620 keV, power consumption = 156 mW

We survey a range of input voltages to the active 
components of the CSA (VCC and VFET in Figure 
1) and record properties of the output, including 
slew rate, dynamic range, and noise.
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