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Alternative vendor chip status
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 UCSC is working on three alternative vendor ASICs for ePIC
 AC-LGAD readout

 Goal
 Fast timing, Jitter <10 ps
 Power < 1 mW per channel

Institution Name Technology Output # of Chan Funding Specific Goals Status

INFN 
Torino

FAST 110 nm CMOS Waveform
& TDC

20 INFN Large Capacitance 
TDC

Testing

NALU 
Scientific

HPSoC* 65 nm CMOS Waveform 5 (Prototype)
> 81 (Final)

DoE SBIR Digital back-end V2 ready

Anadyne 
Inc

ASROC** Si-Ge BiCMOS Discrim. 16 DoE SBIR Low Power Testing

HPSoC

FAST2 chip

ASROC chip



AS-ROC status
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SiGe readout chip
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 Chip developed together with Anadyne Inc. (actually 
run by former SCIPP members) and J. DeWitt
 Received ~2 weeks ago

 Use of  Tower Semiconductor SiGe technology
 AC-LGAD readout for EPIC

 Low power consumption (<1mW/ch)
 16 channels
 Developed for low input capacitance (pads)
 Both analog and discriminator output

 Readout board developed by SCIPP
 Two version of the chip: low and more power

 Results shown for low power version, another 
board will be ready soon to test more power version

Analog
Discriminator

Buffers
Potentiometers to change 
discriminator threshold
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Block Diagram

● C3 and V LOGIC external
● DC level of output shifts over 

Monte Carlo, cap reduces jitter
● Disc cannot drive 50 Ohms

Discriminator has >8ns dead time 
for large pulses



Simulation - Input Signals

Rise time = 150 ps

Fall time = 250 ps

Undershoot = 10 % (total charge = 0)

Sensor capacitance = 200 fF
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Simulation - Timing Resolution
Jitter measured at 1 V threshold

Low input charge timing resolution strongly 
dependent on power draw

Threshold ~ 2.2-3.7 fC 

Preamp noise ~ 0.4-0.7 mV, signal 18-35 mV

Performance improves with lower temperature

Decreasing the threshold greatly reduces 
performance for < 10 fC of input charge

Resolution improves ~ 2 ps at 490 uW at -20 C
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Simulation - Preamp
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Signal reduced for higher capacitance



Preamp Signal and Noise - Simulation
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Noise was integrated from 1 Hz to 2 GHz

Expect S/N of ~50 for 10fC



Preliminary pre-amplifier results - data
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 Calibration input on the 
board
 50fF calibration 

capacitance on chip

 Input signal: square pulse 
with height as in legend
 50 mV to 2.5 V
 50 mV input  5mV/2fC 

output

 Output between ~10mV 
and ~600mV



Preliminary pre-amplifier results - data
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 Good linearity until ~1V input. ~2.5mV per fC (for 50fF calibration capacitance)
 Rise time between 700ps and 2ns (higher than expected)



Preliminary pre-amplifier results - data
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 Small baseline shift (<10 mV) likely induced by the buffer
 Very low noise (~500 uV) but this is almost without input 

capacitance (likely ~100 fF)
 Scope with 2GHz bandwidth (scope noise ~300 uV)

Re-checked and it’s in line
with the other channels



Preliminary discriminator results - data
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 Discriminator performance
• Discriminator output is an adjustable (1.5V in 

the tests) step function with rise time < 1 ns

• Discriminator Jitter < 10 ps

• Discriminator level can be adjusted with 
external reference

• Width of the discriminator output is 
proportional to the pulse maximum

• Can be used to correct arrival time for 
time walk

Disc. Level ~20 mV

Disc. Level ~50 mV



Sensor pre-amp output
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 Performance with sensor
• Connected to a pad AC-LGAD (from FBK RSD1 

production)
• 500 um pitch, 300x300 um pads
• Sensor couldn't run at high gain (somewhat high 

leakage current)
• For discriminator test we had to increase laser 

power to have larger signal
• Noise level ~700 uV for input capacitance of 500 fF

• As expected!
• Tested with Sr90 beta source and TCT IR laser
• Very good S/N with sensor response

• Observed AC-LGAD charge sharing



Sensor pre-amp TCT scan
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Sensor discriminator output (laser TCT scan)
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Disc. Level needs to be set high (~80mV)
Because of cross talk on the board (likely)

“Halo” of width



Laser TCT scan – pre-amp vs discriminator
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Likely voltage regulator issue



Next steps
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 Test the chip with a higher capacitance sensor (several pF)
 Test with 1cm long strips (20um and 50um) from HPK and BNL
 Chip noise is very dependent on input capacitance, can be used to estimated the “effective” input 

capacitance of sensors (CVs have large frequency dependence)

 Estimate the power consumption
 We tried a few methods to estimate current draw but results are not consistent with expectation 

(power consumption is too low)

 New board loaded with MP chip
 Issue with one component, replacement arrived yesterday
 MP chip should drain more power but have better performance (better rise time and gain)

 Presenting at TWEPP next week: https://indico.cern.ch/event/1255624/contributions/5445271/ 

https://indico.cern.ch/event/1255624/contributions/5445271/


HP-SoC status
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HP-SoC v1 (last year)
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 First version (2022) had good power consumption and 
pulse rise time

 Issues: 
 low amplifier gain and issues with digital readout

 Jitter goal was <10ps, observed was >30 ps
 Results with 50um sensor showed 50ps time resolution

 New version with improved performance is ready!



HP-SoC v2
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 New HP-SoC version and readout board arrived a SCIPP yesterday
 4 channels total with TiA + digital output
 1 ch TIA amplifier readout to check pulse
 Expected working digital communication (via FPGA)

 Not enough time even for a brief look, but expect updates in the next meeting or via email



FAST2/3 status
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FAST chip activities
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 In the past months we probed the adjustable gain 
capabilities of FAST2

 Tested the three gain setting
 Actually 8 gain settings but only 3 main ones

 Gain can be adjusted channel by channel
 Issues with shift registry mapping that took a long 

time to resolve
 Provided documentation not accurate, partial byte 

shifts

High gain

Middle gain

Low gain



FAST2 shift registry map
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FAST3 chip
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 FAST3 chip arrived
 Improved front end and buffers
 Better dynamic range

 Available soon! 
 As soon as we get it we’ll start testing and report



Conclusions
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AS-ROC
 SiGe chip is ready and being tested!
 Very good performance for first prototype: low noise as expected
 Low power version tested, more power version should have better performance
 Discriminator output is good
 Tested with AC-LGAD pad sensor with input capacitance <1pF

 Good results for both amplifier output and discriminator
 Test with several pF sensor next (AC-LGAD strips)

HD-SOC
 New iteration of the chip received with readout board received yesterday
 4 ch TiA+Digital, 1 ch with TiA output
 Applying to JLab funding for continuation of the project

FAST
 Digital part and mapping understood for FAST2
 FAST3 chip is ready, available for testing in a few weeks
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