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Motivation of the work
 Sub-100 picosecond frontend electronics are critical for unlocking next-generation Time-of-Flight (TOF) 

applications, both in medical imaging and nuclear physics. 
 When paired with fast sensors, high-bandwidth, low-noise systems significantly improve signal-to-noise ratios, 

directly translating into quantum leaps in imaging quality and particle tracking precision.
 To measure pulse arrival times at the picosecond scale, the frontend must exhibit ultra-low noise together with 

fast response.
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Designing highly integrated, multi-channel ASICs can provide 
compact solutions with excellent energy and time resolution 
while keeping power consumption and cooling requirements 

manageable also for mid to large-scale detector arrays 

Aim of this work is the design and the qualification of 
a sub-100ps high resolution VLSI frontend electronics 

for microstrip detectors and pad arrays

 Traditional approaches to sub-100 ps timing often require high-power and bulky 
circuits, not fully compatible with highly segmented detectors and/or compact 
detection systems



Main specs and challenges

 very high energy resolution, very good timing properties, very high linearity. 
 possibility of different feedback networks to cope with different experimental needs

 external feedback resistor
 on-chip MOS transistor for continuous reset
 pulsed reset mode (in upcoming versions to avoid noise contribution from feedback network)

 limited power dissipation (<10mW/ch): first transistor in moderate-weak inversion, vacuum compatible
 low noise CMOS technology 0.35μm 4 metal layer
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 one design “fits-all”, suitable to readout:
 a large variety of detectors (microstrip, pads, single elements with output 
capacitance in the range 10 pF - 150 pF)
 signals of both polarities to ease spare management and reduce costs. 

 digitally selectable full-scale energy range: 100 MeV (10mV/MeV), 250 MeV 
(4.5mV/MeV), 350 MeV (3.2mV/MeV), 550 MeV (2mV/MeV) to cope with different 
experimental requirements

 larger full scale energy range achievable with external components, at (small) 
compromise on achievable performance 

microstrip detectors

thick
diode

thin  detector

pad detector



Frontend electronics architecture
 Modular and versatile custom designed 

architecture houses one or more ASICs in 
charge preamplifier configuration

 On-board slow control to monitor and drive 
operation 
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 Dedicated on-board calibration circuit 
to minimize interconnections

 Differential line drivers drive the 
signals coming from the ASIC off-board



ASIC architecture

 Internal pulser for debugging or external pulser for low noise measurements
 On-chip temperature monitor
 On-chip multiplexer to ease calibration strategies
 Different formats from single channel up to 16 channels or even 32-channel (next upgrade)
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FSR (MeV) Sensitivity (mV/MeV) Sensitivity (mV/pC)

100 10 225

250 4.5 101

350 3.2 72

550 2 45

 Telescopic Cascode Configuration to cope with single-
well CMOS process

 DC or AC coupling (with external capacitor)
 Different feedback networks: 

 onchip MOSFET for ease of use and compactness
 external resistor for maximum linearity and 

performance



ASIC architecture
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PMOS 
Cascode 

 Located in the same branch of the input transistor   optimal current 
usage (higher current beneficial both for the transconductance of the 
input MOS and for the transconductance of the cascode)

PMOS Source 
Follower

 Well contact shorted to the source   no body effect in a single well 
process. 

 Telescopic Cascode Configuration 

PMOS 
input 
transistor

 Sized under limited power budget constraint  input transistor in moderate-weak inversion 
 Input transistor Sized to operate over a large range of detector capacitances



ASIC layout
 Single channel version
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 8-channel version

 16-channel full-optional

7700 μm

4400 μm



9

Experimental Qualification



Functional qualification - Risetime
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Junction Side

Ohmic Side

Positive Output Polarity (collecting electrons)

Negative Output Polarity (collecting holes)

 measured with 65 pF input capacitance 
 below 20 ns over the whole dynamic range
 no slew rate limitation over the whole dynamic range

input transconductance decreases as signal 
amplitude is increased

input transconductance increases as signal 
amplitude is increased 



Functional qualification - Risetime
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 Slope (0.13ns/pF) dependent on level of compensation capacitance needed
 Versatile frontend for input capacitances in the range 5pF - 150pF 

20 ns

10 ns

6 ns

εquivalent deposited energy 50 MeV



Functional Qualification - Energy resolution

 Coupled with junction side 300 μm thick microstrip in vacuum (65 pF detector capacitance)
 Analog signal processing chain
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 External high value feedback resistor



Functional Qualification - Energy resolution
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 On-chip MOS feedback (junction side)

 Coupled with junction side 300 μm thick microstrip in vacuum (65 pF detector capacitance)
 Analog signal processing chain



Functional Qualification – Full Scale Energy Range
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Junction Side (Negative Output Pulse)

Ohmic Side (Positive Output Pulse)

 INL < 0.5% over all the designed energy ranges 
for both signal polarities and a wide range of 
input capacitances



Timing resolution: a bit of theory…
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• for simplicity we fix the x-crossing time in t=0

• due to geometrical considerations: 

time resolution improves as the slope at the x-crossing increases
and as ENC improves

σA

σt

amplitude 
r.m.s. time res. r.m.s.

noisy output signal

so, non-noisy 
output signal

time walk

0-crossing technique

constant fraction technique

A1

A2
αA1 αA2



Qualification of the timing resolution
 Experimental setup
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Circuit under Test

Input

Output

t
Δt

Reference Signal σt
time jitter rms

Digital Delay/Pulse Generator - DG535

LeCroy, HDO4104, 12bits, 10GS/s, 
1GHz analog bandwidth



Qualification of the timing resolution
 Impact of the chosen constant fraction 
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Qualification of the timing resolution
 Achievable resolution for both signal polarities (0pF added input capacitance)
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due to larger 
oscilloscope noise 
on this input 
dynamics



Qualification of the timing resolution
 Single ended Charge Preamplifier Output and Differential Pair Output (0pF added input capacitance)
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due to different small signal & 
large signal response of the 

linedriver. Can be corrected at 
the expenses of power 

dissipation



Qualification of the timing resolution
 Impact of the added capacitance at the input node
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due to larger 
oscilloscope noise 
on this input 
dynamics



Qualification of the timing resolution
 Impact of the added capacitance at the input node
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~8pF

5mm x 5mm Si 
300μm thick

~16.7pF

7.1mm x 7.1mm 
Si 300μm thick

~66pF

2 cm2 Si 
300μm thick

100pF

3 cm2 Si 
300μm thick



Qualification of the timing resolution
 Impact of the selected full scale energy range (0pF added input capacitance) – single ended output
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due to larger 
oscilloscope noise 
on this input 
dynamics



Experimental qualification of the timing response with IR laser
 Experimental setup
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Low 
intensity

high 
intensity



Experimental qualification of the timing response with IR laser
 Output waveform and achievable resolution
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Experimental qualification of the timing response with IR laser
 Measured time resolution compared with electrical injection
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Experimental qualification of the timing response with IR laser
 Measured time resolution compared with electrical injection
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Conclusions and Outlook
 We developed a compact and versatile multichannel front-end electronics vacuum compatible with 

electronically selectable full-scale energy range from 100 MeV up to 550MeV for the readout of detector’s 
signals in nuclear physics experiments and not only. 

 one design “fits-all”, suitable to readout:
 a large variety of detectors (microstrip, pads, single elements with output capacitance in the range 
10 pF - 150 pF)
 signals of both polarities to ease spare management and reduce costs. 

 A built-in pulser accounts for system debugging and calibration.
 Measured performance: 

 rise-time 20%-80% ≤ 20ns up to 550 MeV full-scale energy range,
 INL < 0.5% over different energy full scale ranges (including extended fullscale energy range up to 2.2 GeV
 energy resolution (coupled with the BB7 300µm thick DSSSD) ≤ 10 keV FWHM at 100 MeV full-scale 

energy range
 power consumption ≤ 10mW/ch
 Sub-100ps time resolution, down to tens of ps rms above 10MeV, verified also with laser injection.
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Conclusions and Outlook
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Slow Control Architecture
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