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Block diagram - top-level

Analogue channel - pre-amp/shaper

Theory - frequency domain analysis

Optimisation

Simulation techniques

Constraints

Conclusions - noise specification achievable

Overview
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Amplifier circuit

• 1pF feedback, for 20MeV 
range

• Low current ~200uA per input 
transistor

• Low output drive ~300uA
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Cf+Cd Id IDS ENC ENC (differential)
pF nA mA electrons rms electrons rms
40 1 1 148 181
40 10 1 263 322
40 10 1 263 322
40 40 1 372 456
40 40 10 279 342

100 400 10 700 857
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Transistor noise contributions
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Noise spectra for detector leakage 0.1nA - 100nA
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Noise spectra for Cd = 10pF - 50pF
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Sweep of Cdet and detector leakage
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Transistor noise optimisation (Cdet=40pF & 80pF)
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Limits of Ids

•Chip power (~1W)

•Vgs for input transistors

•Excess thermal noise 

(hot electrons)
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Ramo’s theorem

i = qvE (v=velocity, E weighting field)

For large over-depletion

ie= qeV/d^2, te=xd/eV

ih= qhV/d^2, th= (d-x)d/ hV

x

d

d - x

+V bias

Gnd

ie+ih

Pulse shape dependent on 
interaction point



19

Conclusions

• Noise specification looks reasonable

• Best to optimise with accurate detector model

• Variable shaper time constant is an option 

• Ballistic deficit noise needs to be included


