
Electronics in (some) 
particle detectors
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Reminder: HPGe and Charge amplifier

● Detector design is often integrated with readouts
● Charge detector:

○ Collecting charge on its capacitance
○ Amplifying via “charge amplifier”
○ Discharge via feedback resistor

Decay time: Rf*Cf
● Detector capacitance critical for noise

○ Voltage noise (vn) amplified by Cin/Cf

https://en.wikipedia.org/wiki/Charge_amplifier 
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https://en.wikipedia.org/wiki/Charge_amplifier


Operational Amplifiers

Operational amplifiers (“op amps”) are probably the most important active 
components in analog electronic circuits. These integrated circuits have a complex 
internal structure, but their ideal operation is relatively simple.
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Circuit diagram for the LM741 op-amp 
internal structure. - 20 transistors, 11
resistors, 1 capacitor. (Credit: Wikipedia)

https://commons.wikimedia.org/wiki/File:OpAmpTransistorLevel_Colored_Labeled.svg
https://commons.wikimedia.org/wiki/File:OpAmpTransistorLevel_Colored_Labeled.svg
https://commons.wikimedia.org/wiki/File:OpAmpTransistorLevel_Colored_Labeled.svg


Op-amp
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Ideal Op-amp

An ideal op-amp is a voltage source that supplies an output voltage
Vout = Aopen (Vin+ - Vin-)

where Aopen is the “open-loop” gain without feedback

● Infinite gain
● Infinite input impedance, so the input draw no current
● Zero output impedance, so the output can supply infinite current

For an op-amp in a closed loop with feedback, the output adjusts itself to make the 
voltage difference between the inputs zero.
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Input and Output Impedance

● The input impedance of a circuit is the ratio of input voltage to input current:

○ To evaluate this for an isolated circuit, assume that its output is open (i.e. 
connected to infinite impedance).

● The output impedance of a circuit is the ratio of output voltage to output 
current:

○ To evaluate this for an isolated circuit, assume that its output is 
short-circuited.
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Input/Output Impedance example

A Source producing a signal that passes through a Circuit that delivers it to a Load 
that can be another circuit or instrument.
● Output impedance (“internal resistance”) of the Source is 𝑍S.

○ Max current that could flow out of the Source is 𝑉0/𝑍S, which would 
happen if 𝑍A=𝑍B=𝑍L=0

● Input impedance of the Circuit is 𝑍A + 𝑍B.
○ Max current that could flow into the Circuit if 𝑍L = ∞ is 𝑉C/(𝑍A + 𝑍B).

● Output impedance of the Circuit is 𝑍A.
○ Maximum current out of the Circuit is 𝑉C/𝑍A, if 𝑍L = 0.

● Input impedance of the Load is 𝑍L.
○ Maximum current that could flow into the Load is 𝑉L/𝑍L.
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Input/Output Impedance example

A Source producing a signal that passes through a Circuit that delivers it to a Load 
that can be another circuit or instrument.
● If 𝑍L is infinite, the ratio of output to input voltage for a circuit is

● Filters are circuits whose input and output impedances have different 
frequency dependencies
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Band pass filter impedances
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Ideal Op-amp working rules

1. V+ = V-
2. No current flows

through op-amp
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https://www.allaboutcircuits.com/too
ls/non-inverting-op-amp-resistor-cal
culator/



Non-inverting Amplifier
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1. V+ = V-
2. No current flows through op-amp

https://www.electronics-tutorials.ws/
category/opamp

Input and output 
impedances?

https://www.falstad.com/circuit/e-amp-noninvert.html


Ideal vs realistic op-amps
● Infinite gain

○ Real op-amps typically have 𝐴open ∼ 105 − 106

● Infinite input impedance, so the inputs draw no current
○ Real op-amps have 𝑍input ∼ 106 − 1012 𝛺
○ their inputs draw 𝐼input ∼ 10-9 − 10-12 𝐴

● Zero output impedance, so the output can supply infinite current
○ Real op-amps have 𝑍output ∼ 10 − 1000 𝛺

● Realistic modeling of feedback
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Input/Output impedance in realistic
Non-inverting amplifier

http://hyperphysics.phy-astr.gsu.edu/hbase/Electr
onic/feedn.html 
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http://hyperphysics.phy-astr.gsu.edu/hbase/Electronic/feedn.html
http://hyperphysics.phy-astr.gsu.edu/hbase/Electronic/feedn.html


Coming back to Charge amplifier

● Inverting amplifier

● Near zero input impedance
● Discharge via feedback resistor

Decay time: Rf*Cf

https://en.wikipedia.org/wiki/Charge_amplifier 
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https://en.wikipedia.org/wiki/Charge_amplifier


Not all op-amps are the same… 
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First stage amplifier noise is important!

● Usually control first stage 
amplifier noise to be lower 
than other intrinsic noise

● Eg SQUID noise lower than 
TFN for signal bandwidth

● Early stage noise gets 
amplified together with 
signal!

● Put low noise op-amp in 
front
○ Later stages can use 

less expensive op-amp 16



SQUID

● (DC) Superconducting QUantum
Interference Device

● Operates based on Joseph
Junction magic

● IV curve changes as a function
of magnetic flux

● Quantum-limited magnetometer
● Can measure current when

coupled with an inductor

https://en.wikipedia.org/wiki/SQUID
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