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◇ Introduce electronics components and the DAQ system

◇Test results using the old firmware

◇Recent upgrade using the new firmware
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electronics

Waveform generator

Power supply

Adapter boardSiPM and CrystalClockTriggerOscilloscope

Splitter cable

H2GCROC
Protoboard

FPGA
KCU105

PC



-
+

layout

4

Signal 
generator

Power 
supply  

25V ~ 30V

Switch PC
1GbE Ethernet 1GbE Ethernet 

Trigger board

Clock board

BNC to SMA

Power cable 
splitter

LED signal (todo)

4P PCB3.81
端子台

KCU105  
Power 

adapter 12V

Adapter board 
(frontside)

Adapter board 
(backside)KCU105 Protoboard

SMA to SMA

SMA to SMA

SMA to SMA

SiPM (OnSemi) & LYSO Crystal

SiPM HV



72 channels of analog signals input
4 CM (only connect to ADC internally)

2 Calibration channel
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H2GCROC

320MHz Clock input
Command link (L1A is trigger input)

Two lane for data output:
Speed 1.28Gbps
Charge info, Time info…

Four lane for trigger generation
1.28Gbps x4

I2C interface read/write 7900 
parameters

CC: Current conveyor (VFE), calibration SiPM gain variation
PA: Preamplifier
TOT: Time Over Threshold, dedicated discriminator and TDC (50ps), 12 bit
TOA: Time Of Arrival, dedicated discriminator and TDC (24ps), 12 bit
SH: Shaper
ADC: 10bit 40MHz SARADC



◇Firmware: v4.11

◇Use Vivado to programming it

◇FPGA IP address = 10.1.2.208 + DIP SWITCH[2:0]

◇Must insert jumper J14 on the FPGA board

◇https://web.tresorit.com/l/86zmA#BE8fqp4of3N8pFNz-
cXpgg&ZZ8bIfjDltJSr5qvdDoZYuGsgz6LDm0Q
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FPGA & Firmware

JTAG



◇https://gitlab.cern.ch/sjia/H2GConfig.git

◇https://gitlab.cern.ch/sjia/H2GDAQ.git

◇https://gitlab.cern.ch/sjia/H2GCalib_3B

◇https://github.com/tlprotzman/h2g_online_monitoring

◇https://github.com/tlprotzman/h2g_decode
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Software 

$ ./build/h2g_run -r 14 -d 0 -n 1 

$ root
root [1] TFile f(“Run014.root”)
root [2] events->Print()
******************************************************************************
*Tree    :events    : Events                                                 *
*Entries :    98258 : Total =      7360953537 bytes  File  Size =  492028194 *
*        :          : Tree compression factor =  14.96                       *
******************************************************************************
*Br    0 :event_number : event_number/i *
*Entries :    98258 : Total  Size=     395183 bytes  File Size  =     138994 *
*Baskets :       18 : Basket Size=      51200 bytes  Compression=   2.84     *
*............................................................................*
*Br    1 :timestamps : timestamps[1]/i *
*Entries :    98258 : Total  Size=     395145 bytes  File Size  =     114179 *
*Baskets :       18 : Basket Size=      51200 bytes  Compression=   3.45     *
*............................................................................*
*Br    2 :num_samples : num_samples/i *
*Entries :    98258 : Total  Size=     395161 bytes  File Size  =       4019 *
*Baskets :       18 : Basket Size=      51200 bytes  Compression=  98.15     *
*............................................................................*
*Br    3 :adc : adc[144][32]/i *
*Entries :    98258 : Total  Size= 1811620311 bytes  File Size  =  408563585 *
*Baskets :     5745 : Basket Size=    7088128 bytes  Compression=   4.43     *
*............................................................................*
*Br    4 :toa : toa[144][32]/i *
*Entries :    98258 : Total  Size= 1811620311 bytes  File Size  =   22647543 *
*Baskets :     5745 : Basket Size=    7088128 bytes  Compression=  79.99     *
*............................................................................*
*Br    5 :tot       : tot[144][32]/i *
*Entries :    98258 : Total  Size= 1811620311 bytes  File Size  =    8514786 *
*Baskets :     5745 : Basket Size=    7088128 bytes  Compression= 212.75     *
*............................................................................*
*Br    6 :hamming   : hamming[144][32]/i *
*Entries :    98258 : Total  Size= 1811643307 bytes  File Size  =    8529147 *
*Baskets :     5745 : Basket Size=    7089664 bytes  Compression= 212.39     *
*............................................................................*
*Br    7 :hit_max : hit_max[144]/i *
*Entries :    98258 : Total  Size=   56630819 bytes  File Size  =   21343750 *
*Baskets :      353 : Basket Size=     221184 bytes  Compression=   2.65     *
*............................................................................*
*Br    8 :hit_pedestal : hit_pedestal[144]/i *
*Entries :    98258 : Total  Size=   56632604 bytes  File Size  =   22016214 *
*Baskets :      353 : Basket Size=     221696 bytes  Compression=   2.57     *
*............................................................................*

H2GConfig H2GDAQ H2GCalib_3B

online monitoring (Web)

decode



◇The entire process is roughly as follows:
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Steps

Configuration DAQ Decode

Online 
monitoring

Analysis dataHardware Calibration

1 FPGA ver. v4.11 
+1 protobard
+SiPM & Crystal

H2GCalib_3B.py
I/O delay
Calibrate ADC
Calibrate TOA
Calibrate TOT
Output configXX.json
per ASIC

H2GConfig.py
Upload configXX.json
to each ASIC 

H2GDAQ.py
IO/delay, Turn on HV
Select trigger mode
Set Machine Gun
Output RUNnn.h2g

h2g_run
Output RUNnn.root

Custom
ADC waveform

h2g_online_monitoring
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◇H2GCalib_3B

Calibration

Before calibration ADC pedestal

After calibration ADC pedestal

avg

target

Before calibration ToA

After calibration ToA

Before calibration ToT

After calibration ToT



◇H2GConfig - upload configuration to the ASIC

◇H2GDAQ - Start/Stop DAQ

10

H2GConfig & H2GDAQ
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2
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FPGA & trigger 
related setting

high voltage relay setting

A0 = ASIC 0 only

A1 = ASIC1 only

F0 = ASIC0 and ASIC1 both

DAQ stop condition: 
By event count, by 
time or manual.
Output Run040.h2g



◇ In practice, the external trigger signal is sent to the FPGA.

◇Four possible mode
◇ DAQ Push

◇ Generator

◇ Internal trigger

◇ External trigger

◇Common parameter - Machine Gun
◇ The FPGA firmware generates a series of read commands and sends them to H2GCROC.

◇ The real number of fast read commands sent will be the setting value plus 1.

◇ This field has 8 digits, but the reasonable value range is 1 to 31.

11

Trigger mode
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External trigger

test signal : 1MHz, 10 pulse

test signal : 32KHz, 1000 pulse



Generator Interval + 1

◇The generator function is enabled by user commands 
and is executed once after being enabled.

◇Three parameters
◇ Pre Interval  – delay before the first fire, 16 bit, Unit 25ns

◇ Generator Cycle - fire how many time, 32 bit

◇ Generator Interval – Time between two fires, 32 bit, Unit 
25ns

◇Number of fast read command send = (Generator 
Cycle) * (Machine Gun + 1)
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Generator

Generator Cycle

Machine Gun + 1

Pre Interval

t



◇Set generator parameter to 1KHz rate, 100k cycles. Set machine gun to 32 read

◇Set High voltage to 28V. Start DAQ then decode datafile and analysis.
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DAQ test

All other connected 63 channels is similar.

ADC waveform
x-axis: time
y-axis: amplitude



◇Each channel generates 4 bytes of data (include TOA, TOT, ADC) every 25 nanoseconds.

◇A DAQ Frame is 1280+32 bits, 38 channels, it takes 1.025 microseconds to transmit data to FPGA.

◇ If maximum consecutively read (Machine Gun = 31, 800ns window)
◇ H2GCROC takes 32.8 microseconds to transmit data to FPGA. 

◇ FPGA takes 163.8 microseconds to transmit data to PC. 

◇Maximum trigger rate is about 6kHz
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Data rate / trigger rate
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◇ for large crystal with 10000+ channel, it require 100+ ASIC; 20+ FPGA; 200Gb+ bandwidth (worst 
case)

◇Update FPGA Firmware to v5.069. 
◇ support more H2GCROC (up to eight) and 10GbE hardware

◇ The data packet format changed, making it more efficient and convenient.

◇ New functions (under study)

◇Software
◇ Faster calibration
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Upgrade
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◇Use both FMC connectors on the FPGA evaluation board.

◇Connect the two Protoboard using an extension cable.

◇10GbE ethernet

17

Hardware upgrade

10GbE switch

extension cable
10G transceiver



◇Newer calibration software support this firmware

◇git clone https://gitlab.cern.ch/sjia/h2gcalibx

◇ It also replace H2GConfig 
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Software upgrade

This user interface renders all content in the 
terminal and is responsive to mouse input.

config/common_setting_4_11_208.json

input 4, 
press ENTER 

Top Tab

Side Tab

ssh remote
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202 PedestalX
◇Pre-amp reset default setting
◇ Rf = 8 => 80K Ohm

◇ Cf = 10 => 500 fF

◇ Cf_Comp = 10 => 500 fF

◇ 𝜏 = 𝑅𝑓 ∗ (𝐶𝑓 + 𝐶𝑓𝐶𝑜𝑚𝑝) = 80ns = 3 samples

◇Conveyor Gain default setting
◇ CC = 8 => Gain = 0.2

CC                 0.025, 0.05, 0.1, 0.2

Template config/default_2024Aug_config.json



◇Unfortunately, I have no new DAQ software like H2GDAQ and decoder.

◇Customizing one
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DAQ update?

Configuration DAQ Decode

Online 
monitoring

Analysis dataHardware Calibration

1 FPGA Ver. 5.xx
+ Two protoboard
+ 10 GbE
+ SiPM & Crystal

h2gcalibx
Output configXX.json
per ASIC

h2gcalibx
upload configXX.json

Customizing
Output RUNnn.bin

Customizing
Output RUNnn.root

The same
ADC waveform

Unknown



◇Thank you for listening
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Q/A
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.RF = 1

CF = CF_Comp = 1

RF = 5

RF = 10

RF = 15

CF = CF_Comp = 5 CF = CF_Comp = 10 CF = CF_Comp = 15


