
Test of Target ASIC chip
with a TOF prototype

-
can one get a good timing resolution even
with a slow sampling rate of ~2.5GSs/s ?

J. Va’vra, SLAC
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TARGET chip test for TOF
• People involved:

- Jerry Va’vra
- advise from Gary Varner, Larry Ruckman, Kurtis Nishimura and L. Wong  (Hawaii University)
   (The TARGET chip was developed by G. Varner)

• Status:
- Use the PiLas laser to test the Target chip performance
- Data taken under similar MCP-PMT operating conditions as in the the Fermilab beam test
- Analyzing data

• Aim:
- Verify that the new ~2.5 GSs/s ASIC-based waveform digitizing electronics can deliver a
   comparable performance as ~1 GHz BW analog electronics based on the Ortec
   CFD/TAC/ADC, which was used successfully in the beam test.
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What is a TARGET ASIC chip ?
(TEV Array with GSa/s sampling and Experimental Trigger)

• 4096 storage samples per channel (each channel is 8 rows of 512 storrage cells)
• Low power: <10mW/channel
• 16 channels per TARGET chip
• Dynamic range: 9 bits
• Sampling rate during this test: ~ 2.5 GSa/s, i.e., waveform sampling every 400 ps
• Readout time: < 30µs
• Chip is triggerable
• Trigger latency tollerance: > 2µs
• Event rate: ~50 kHz
• TARGET chip cost: $15/channel
• Needs an external amplifier
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Target chip & TOF counter bench tests with the laser

• Light source: PiLas laser diode
• Pulses from two Photonis MCP-PMTs used in the Fermilab test beam.
• MCP-PMTs operating at low gain of 2-3x104 to prolong the life time.
• Hamamatsu ~1.5 GHz BW amplifier with a gain of 63x.
• Target chip sampling speed ~ 2.5 GSa/s (sample a waveform every 400 ps).
• Can such electronics compete with the analog electronics ? Is a 400 ps sampling clock fast enough ?

“Oscilloscope-like” on-line software running on my MAC:

TOF 1: TOF 2:
TARGET chip was developed by G. Varner

TOF 1 TOF 2
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1 GHz BW scope vs. Target chip

• One can clearly see a BW limitation in the TARGET chip.
• Does it matter for the timing resolution ?

TOF 1

TOF 2
TOF 1 TOF 2
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Timing method: Reference pulse timing algorithm

• Use a spline fit with 10ps/bin.

Create an average waveform using pulses normalized to amplitude:

Create profile of the average waveform and fit the leading edge with a polynomial function:

TOF 1

TOF 1

TOF 2

TOF 2
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Find an optimum timing point

• “Step” the reference pulses through each normalized single pulse and
find a minimum chi-sq. point.

Reference pulse “marches” through 
a given pulse and finds a minimum chi-sq.:

Timing between the trigger and each counter:

TOF 1

TOF 2

TOF 1

TOF 2
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Final result

• Set Npe ~ 40-50 pe per laser pulse
• Low gain operation as during the Fermilab beam test.
• A comparable result to the one using the Ortec electronics (used in the Fermilab test)
• No correctiong for dT yet (dT is a correction to a 400 ps clock period).
• Bottom line: a concept like this, or similar, may work for a TOF application.

σSingle detector

     ~ 24 ps

Comparison with the same laser test done 
with the Ortec 1GHz BW analog electronics:

Preliminary results with the Target chip
measuring the timing difference TOF1-TOF2:

TOF1 - TOF2


