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Motivation – Readout Electronics for 0𝜈𝛽𝛽 Experiments
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Signal readout in HPGe detectors

• HPGe detector with HV reverse bias voltage
• 𝑝! contact connected to Charge Sensitive 

Amplifier (CSA), typically:
- First stage close to the detector
- Second stage further away

LEGEND-200
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Application-Specific Integrated Circuit (ASIC)
technology

o Combine all CSA components into
low-mass chip        ASIC technology

o Enables excellent noise performance

Charge Sensitive Amplifier – LEGEND-1000

CSA Requirements for LEGEND-1000
o Very low electronic noise
o Large dynamic range (up to 10 MeV) and 

high linearity
o Important constraint radiopurity (ASIC + 

everything supporting the chip!)
o Continuous (exponential) reset, decay time ≽

𝒪(100𝜇𝑠)
o Fast rise times: 𝒪(10 ns), bandwidth 50MHz



L1k preliminary ASIC
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ASIC built by Berkeley lab in 2020 and tested @ TUM
o Internal, continuous reset with semiconductor technology
o Differential output
o Detector load: ~ 1 − 5 pF
o 𝐶" = 500𝑓F
o Feedback loop: effectively a capacitor and a transistor (n-MOSFET) in parallel

The L1k Berkeley ASIC (LBNL ASIC)
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WARM

L1k preliminary ASIC
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o Two different regions in the decay tail
Ø “Linear” region in the beginning of the tail
Ø “Exponential” region in the end of the tail

The L1k Berkeley ASIC (LBNL ASIC)

o Good linearity
o Cold and warm almost similar

Under- and overshoot in the rise unclear

COLD COLD
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“Linear region” 
• 𝑉#$ ~ 𝑖#

⇒ ”𝑅%&'().“ ≈ 𝑐𝑜𝑛𝑠𝑡

• ℎ 𝑡 ≈ 𝐴 = 𝑒+
!
"

The L1k Berkeley ASIC (LBNL ASIC)
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Problems:
• Regions in the beginning, between and end of the tail?
• Pulse shape is energy dependent (!)

“Saturated region” (𝑉#$ > 𝑉,-.)
• 𝑖# ≈ const

⇒ ”𝑅%&'().“ ≈ 𝑘 = 𝑉#$
• ℎ 𝑡 ≈ 𝑚 = 𝑡 + 𝑛



LEGEND DSP
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LEGEND Signal Processing

Most important steps for raw data
• Baseline subtraction
• Exponential fit
• Deconvolution
• Trapezoidal filtering
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L1k preliminary ASIC – Deconvolution
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The L1k Berkeley ASIC (LBNL ASIC)

o No full analytical ℎ 𝑡 for the MOSFET feedback of the ASIC
every energy ⇒ different shape
higher rates: circuit not fully discharged ⇒ different shape
For pulses only in the ”linear” region ⇒model also not precise enough
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L1k preliminary ASIC – What can be done?
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The L1k Berkeley ASIC (LBNL ASIC)

o Current ASIC setup NOT suitable for DSP
o One possible approach:  
Second stage circuit according to Pullia et.al. Paper (DOI: 10.1109/NSSMIC.2012.6551066 )
- On-chip second-stage circuits to cancel ”non-linear behavior” by coupling a second MOSFET to the first 
stage circuit
- Tested with LTSpice simulation for second-stage circuit and real data for the first stage circuit
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L1k preliminary ASIC – Second stage circuit
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The L1k Berkeley ASIC (LBNL ASIC)
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Summary and Outlook

L1k ASIC - Outlook
o What comes next?
§ Collaboration with LBNL
§ Collaboration with Politecnico di Milano (Prof. Carlo Fiorini) à TUM ASIC
- New design with second-stage circuit approach or/and
- New design with external aGe resistor

Most important: Evaluation of physics performance in LAr with ICPC
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Thanks for the 
attention!
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BACKUP
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L1k ASIC – Summary Table

XGLab LBNL Future TUM ASIC

External components Too many Only one supply voltage
(but filter capacitor needed!)

Low drop-out regulator
Clean external capacitors

Reset mode Pulsed reset Continuous reset
(but non-uniform 
waveforms)

• Second stage
• Int. high-ohm feedback
• External resistor

Suitable for long 
cables

no yes yes

Detector capacitance Only up to 3 pF Up to 5 pF Up to 10 pF



CSA Requirements for LEGEND
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o Very low electronic noise: < 1 keV FWHM pulser ≈ 10𝑒+ RMS
o Large dynamic range (up to 10 MeV) and high linearity
o Primary constraint       radiopurity (ASIC + everything supporting the chip!)
Ø Small volume (≾ 0.4mm3), bare die, wire-bondable
Ø No external components: single power supply, no (close) bypass capacitors, on-chip 

LDO
Ø Ideally no external feedback components

o Continuous (exponential) reset, decay time ≽ 𝒪(100𝜇𝑠)
o Fast rise times: 𝒪(10 ns), bandwidth 50MHz
o Suited for detector capacitances in range ~ 1 − 10 pF
o Operational in liquid argon at 87 K
o Low power consumption (avoid bubbling of cryostatic liquid)
o Driving differential signal over distance of ~ 10 m
o Robustness to electrostatic discharges (ESD protection VS noise)

Charge Sensitive Amplifier – LEGEND-1000



Digital Signal Processing – Why we need certain decay shape?
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DSP for LEGEND

o DSP for LEGEND:
Ø Baseline correction
Ø Waveform smoothing
Ø Pole-Zero correction

Ø Signal shaping (trapezoidal)
Ø Energy reconstruction
Ø Further analysis:
- Pulse-Shape Analysis, Drift-Time correction etc.



Digital Signal Processing – Deconvolution
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Deconvolution

Convolution
Every waveform = convolution of the charge input signal
coming from the detector with the response function of the
RC-feedback (and gained according to the CSA properties).

Deconvolution
Infinite-Impulse-Response Filter (IIR) which corresponds to 
the inverse transfer function of the CSA while only require 
the decay time 𝜏 = 𝑅𝐶

𝑦 𝑡 = L
/

.
ℎ 𝑡 − 𝜆 = 𝑓 𝜆 𝑑𝜆

Fit for 𝜏

𝑦 𝑛 = 𝑦 𝑛 − 1 + 𝑥 𝑛 + 𝑒#
$
% / 𝑥[𝑛]

with 𝑇 the sampling time



Simple CSA
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Charge Sensitive Amplifier (CSA)

Consists of:
• Feedback capacity combined with 

Operational Amplifier (”Integrator”)
• Input voltage: 𝑉(1 =

2&
3'(!!3)

1. Output voltage of amplifier: 𝑣4 = −𝐴𝑣(
2. „Node rule

𝑣( = 𝑣5 + 𝑣6
⟹ 𝑣5 = 𝐴 + 1 = 𝑣(

3. “Ideal no current in OpAmp”:
𝑄((= 𝑄5) = 𝐶5𝑣5 = 𝐶5 𝐴 + 1 = 𝑣(

⟹ 𝑣4 =
−𝐴

𝐶5 = 𝐴 + 1
𝑄(

⟹ 𝑣! ≈
"!
#"
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Charge Sensitive Amplifier (CSA)

Realistic CSAs are frequency dependent:
o 𝐴7 = 𝑔8

9
:*
+ 𝒊𝜔𝐶/

+9

Ø For low frequencies: gain constant
Ø For high frequencies: drops off linearly

First need to “load the capacitance”

o A JFET before the OpAmp cancels this out
• At high frequencies:

JFET helds voltage ”constant” while following the 
current coming from the detector
Acts as a “current source” for OpAmp
Lowest shot noise of all available components

𝐴!: gain
𝑔": transconductance
𝑅#: series resistance
𝐶$: parallel capacity
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L1k preliminary ASIC – Rise Times
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The L1k Berkeley ASIC (LBNL ASIC)

WARM COLD

o Rise Times (10%-90%) in the desired range (< 100ns) for the warm and the cold setup
o Rise Time depends linear on the input voltage (∼ energy)

COLDWARM
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Neutrinloess double beta (0𝝂𝜷𝜷) decay
Neutrinoless double-beta decay
Double beta decay without emission of      

two anti-neutrinos
→ Neutrinoless double beta decay (0νββ

decay)
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LEGEND Sensitivity

LEGEND-1000

LEGEND-200

GERDA/MJD


