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> Introduction

> Design of the front-end board (FEB) prototype
»Timing performance evaluation

> Double-FEB setup for mRPC cosmic ray test

» DAQ development

» Conclusion
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¥V Semi-Digital Hadronic CALorimeter e
> SDHCAL is one of the high granularity PFA (Particle . E
Flow Algorithm) calorimeters meemns || ]y | g

» Connect first hits and then their clusters using distance e
and orientation information LR

> The energy information helps to optimize the connections
of hits belongs to the same shower.

> A SDHCAL prototype built based on Glass RPC
> 48 layers with GRPC as sensitive medium

> Semi-digital readout (HARDROC): hits associated to
three different thresholds (2-bit)

> 1st threshold = 110fC Py
> 2nd threshold = 5pC SDHCAL prototype at testbeam in 2@45
> 3rd threshold = 15pC yaeN=—<tf
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2 Timing Electronics

Example: Pi-(20 GeV), K-(10 GeV)
separated by 15 cm

> Timing information can be very helpful to separate

I:J {eventNumber==14&8&time>6.7&&time<7.7}

close-by showers and reduce the confusion for a . }

better PFA application. T Insresolution = il

| _ s .
> Method: Adding some mRPC layers in the SDHCAL : -- y
» Front-End Electronics for mRPC readout ‘ - - )
> High resolution timing measurement - z

40 42 44 46 48 50 52 54 56 58
I:J {eventNumber==14&&time>6.7&&time<6.8}

> Time measurement with 10 bits TDC

interpolating 40MHz clock “- 100ps resolution iN
> Timing resolution below 100 ps 5: )
» 32 input channels 8_ -
» Power consumption: ~6mW/channel - -

44—

- 0.1
4 C 1 - | | | 1 — | (- 1 | — 1 | - 1 | — 1 0
%2 44 46 48 50 52 54 56
J
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Petiroc2B ASIC

*from Petiroc datasheet v2.5a

Channel 31 Time Measurement
e
Ch 3 0 \\ Time<0 Outputs
Vth_time|  6-bit DAC Time to >
A Positidegor adjustment —  amplitude A
negative converter Timesi>
input g
%‘ ,pa\ Time measuremen t ABC ramp ©
‘v’ \/ AN — \ 40:0 Data_out
P~
pre ler VA 5
p Al hald >
~Wh
A AL
\—/ SCA :E ,\” Charge<i>
% Charge measurement ADC ramp
B o Charge Measurement | | cugea
fE DAC &—D Multiplexed_charge
= —‘W_discri_charge
= Vth_charge J_I_
Bandgap sensor DAC s @ gg > ORg"Charge
8-bit delay box for hold  [hold | / P32 tiger outpl
ADC ramp eneration B A N\
8 j& © OR32_time
Common to the 32 channels :

» A 32-channel front-end ASIC designed
for SiPMs readout (mRPCs as well).

» Charge and timing measurement

» 40 ps bin size of on-chip TDC

» Readout time: 12us

» Fast trigger line output

» Dynamic Range 0-480 pCi.e. 3000
photoelectrons @ 1076 SiPM gain

» Fast fixed gain (40) inverting voltage
preamplifier

» Slow shaper with adjustable shaping
time from 25 to 100 ns

» Charge measurements by Track&Hold

» Power consumption 6mW/channel

>
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@) Front-end Board (FEB)

> A small FEB prototype

> Timing performance validation
» Readout scheme with mRPC detectors

> 2"d-version of FEB has been designed
and fabricated

> 2 Petirocs on-board
> On-board power rails
> 64-channel input pads

> SMAs to inject signals

FEB v2

> Crosstalk issue in injection test has
been fixed

/Y\J%ZSJTUJﬁ
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¥ Injected Test

@ Timing performance has been evaluated based
injection test

» Setup 1: inject periodic signals to one channel,
then measure the timing information between
neighbor hits

» Setup 2: inject signals to two channels, then
measure the timing output of two chips

Function
generator

——
i

Function
generator

PeterC

FE boar |

Petiroc Petlroc

@ Injection Test has been performed and verified.

Signal profile:

» Negative pulse

» freq: 10kHz (period of 100 us) or
25kHz (period of 40us)

» 20mV amplitude

» leading of 1us, trailing of 2ns

@ o FCPPL2023 Conference
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Timing Performance Tests

» Timing tests of a single input channel, with periodic injections

> If PetirocZ2B works properly, every two neighbor hits output should have the same time
gap. Analyzing the time gaps can get us the timing performance.

ILA Status: Idle

Name 0 5, 000 10, 000 15, 000 20, 000 25, 000 30, 00C

e

¢ asic1_dout_diff

¢ asic2_dout_diff

¢ asic1_trans_onb_IBUF

8|asic2_trans_onb_IBUF

» Timing tests of two clock-synchronized chips
» For the same single hit, the time gap between the two chips’ output should be constant.

10, 000 15, 000 20, 000 25, 000 30, 00C :
|
|
|
|
—~Sotull |

ILA Status: Idle

Name
¢ asic1_dout_diff
¢ asic2_dout_diff

¢ asic1_trans_onb_IBUF

8 |asic2_trans_onb_IBUF
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(Zﬂf ) ) . .
&) Timing between Neighbor Hits

Aty At, Atz Aty Ats Aty At; Atg ... ..
Signal from
ASIC 1

» Inject signal into one chip.

» Calculate the timing differences (At) between every two
neighbor hits.

» Check if At is consistent.

asic1; chnO; freq=10khz

30

Results:
v’ The std of At is 45.8ps
v" At is consistent

10.3996 10.3997 10.3998 10.3999 104 ns m% m
=T oJIU
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@) Timing between Two Chips

= HEEE

» Inject the same signal into two chips (with a double-pass).

» Calculate the At between two Petiroc2B chips of each hit.
» Check if At is consistent.

7,

Signal from
ASIC 1

Signal from
ASIC 2

asic12; chn0; freq=10khz

Results:
v The std of At is 53.6ps
v" At is consistent

5.7996 5.7997 5.7998 57999 5.8 5.8001 5.8002 5.8003 5.8004

mj%y_SJTUJﬁ
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‘ ) 40MHz clock \
&Y Setup for Cosmic Test external  PRALEE
clock source

Detect cosmic ray signals by two FEBs that
correspond to each other, including time and
channel number (position information).

40MHz clock
from Si5345_1

to Si5345_2

FE board 1

FE board 2

B
/\T\J%ﬁﬁuﬁ

Setup of two FEBs with mRPCs Two FEBs are synchronized!!l
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MRPC Test

» Preliminary Test

mRPC detector » Use a readout pad with copper strips, and observe the
signal from an oscilloscope

» Can capture something, but probably noises only.

> voltage: 7500V » Still working on the mRPC test, with our colleagues' help

> gas: 10% C4H10, 12%
SF6, 18.9% F134a

» The test conditions are:

/\N*%:%ﬁﬁ
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DAQ Development for FEB Prototype

FEB
{ )

/CU102
PC

[ Xilinx ZCU102, with Zynq UltraScale+™ MPSoC ]

/Y\J%ZSJTUJﬁ
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Petiroc Clock
Configuration Configuration

FE Data Event Direct
Build Memory

Access (DMA)

|
I axi

|Interface
|

DMA
controller

Zyng UltraScale+ FPGA

uDP

LWIP

software

—= pr=—rm
(CLt = i vs8) S v meo mEw weo RO SEG ®H wR FEW TRD S8
PEERE IR amge RERews SEleaan
) s 37 30 3 37 63 37 3 3 30 30 37 65 33 37 37 36 3 37 63 37 B 00 A =59
UDP ] |33 37 38 33 30 33 36 63 37 37 33 37 63 37 33 33 37 63 37 30 33 65 . - - p—— eeetooer Lot Jonte A
50 33 33 37 63 37 65 33 33 00 63 37 36 33 66 38 33 30 33 37 63 37 1114195051113 ]192.168.1.10 192.168.1.160 286 62510 + 5001 Len=244
(2) F Pt 137 33 36 30 37 33 33 66 63 37 30 33 37 38 37 37 33 66 38 37 36 33 9467 1139.663585  192.168.1.10 192.168.1.100 P 286 62510 + 5001 Len=244.
192.168. 1 100 | |65 33 37 30 33 66 63 37 37 33 66 63 37 36 33 63 63 37 30 33 66 38 9468 1139663585 192.168.1.10 192.168.1.100 wop 286 62510 + 5001 Len-244
(3) KOS | [P T I 3 64633197 3 64 30 3T 3 3 66 3 37 30 a7 1130.cerems  107.168.1.10 rdeiae  wr  ameersion
5001 [33 65 63 37 66 33 66 63 37 33 3766 64 64 €6 37 66 64 66 €6 37 €6 0474 1140745996 192.168.1.10 192.168.1.100 wop 286 62510 +
64 66 66 37 66 64 66 66 37 66 64 66 66 37 66 64 66 66 37 66 64 66 9491 1141.824085  192.168.1.10 192.168.1.160 wop 286 62510 +
= 66 37 66 64 66 66 37 66 64 66 66 37 66 64 66 66 37 66 64 66 66 37 9497 1142.902359  192.168.1.10 192.168.1.100 wop 286 62510 +
55 64 66 66 37 66 64 66 66 3T 66 64 60 66 31 65 64 65 e 37 e o4 o ruowsie toriaade  massidm e e dmien
6 66 9520 1145.05859  192.168.1.10 192.168.1.100 wop 286 62510 +
BRREE FF FF FF FF 33 66 38 37 37 33 65 30 37 37 33 37 30 37 65 33 36 63 95311146.136616  192.168.1.10 192.168.1.100 wop 286 62510 +
B R SO bebebilbea b ibeei e oo ieeade  imdwidm  w sseemon
Cuumnms  [Eres@sisussyeussyevass | omueww miie omasiw s omon:
P e 37 33 36 30 37 33 33 66 63 37 30 33 37 38 37 37 33 66 38 37 36 33 e e e et oty
I~ EEERET 66 38 37 20 33 66 63 37 37 33 66 €3 37 36 33 63 63 37 N0 33 66 N 9574 1152.609687  192.168.1.10 192.168.1.100 uoP 286 62510 -+
it Eamn ||| 0 %0 37 69 97 90 30 64 63 37 37 39 64 36 37 33 39 66 38 37 9564 1153692142 192.168.1.10 192.168.1.100 wop 286 62510 +
[33 66 63 37 66 33 66 63 37 33 37 66 64 64 66 37 66 64 66 66 37 66 9593 1154.776257  192.168.1.10 192.168.1.100 uoP 286 62510 +
- 64 66 66 37 66 64 66 66 37 66 64 66 66 37 66 64 66 66 37 66 64 66 9599 1155.848596  192.168.1.10 192.168.1.160 wop 286 62510 +
REERE 66 37 66 64 66 66 37 66 64 66 66 37 66 64 66 66 37 66 64 66 66 37 9613 1156.926548  192.168.1.10 192.168.1.100 wop 286 62510 +
I BFXPHER. . | |loo 64 66 66 37 66 64 66 66 37 66 64 66 66 37 66 64 66 66 37 66 64 9614 1158004847  192.168.1.10 192.168.1.100 wop 286 62510 +
I ERERs || 9620 1159.082801  192.168.1.10 192.168.1.100 we 286 62510 - 5 i
I” RiEmadE= Frane 1114: 286 bytes on wire (2288 bits), 286 bytes captured (2268 bits) on interface \Device\NPF_{FB78D9BD-DS6D-47B1-B462-AGBADEF72F15), id ( ~
I~ ft7tRE ¥ 1| > ethernet 11, Src: Xilinx 00:01:02 (60:0a:35:00:01:02), Dst: Dell 10:8f:72 (d0:8e:79:10:8f:72)
I SHERERAE BiFEN: [192.168. 1 .10 mikO: s Internet Protocol Version 4, Src: 192.168.1.10, Dst: 192.168.1.100
o - User Datagran Protocol, Src Port: 62510, Dst Port: 5001
REEIE [1000 B | furep://uwn. msoft. on 00: 10865600 - ~ BN N— 3338333731 3
RN SN {Length: 264] -

Ethernet data test - read from

DMA

» The event data

LWIP protocol

GUI Software

PC

is sent to PS memory by a
DMA in PL (FPGA)

» The ethernet transfer function is realized
through PS (ARM core) of ZYNQ, using

> Counter data has been tested and verified
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DAQ Development for FE

B | MainWindow

Main settings EN/PP Calibration Connect test

Mask disci charge
[Jo s []16 []24
L1 o 17 mES
]2 [J10 []18 []26
[]3 RS []19 [] 27
[]4 12 (] 20 28
s [J13 (121 []29
e 14 []22 []30
7 []15 []23 []31
Mask disci time
[Jo s []16 []24
1 [Jo []17 []25
]2 []10 []1s []26
[]3 [ 719 [] 27
[]4 12 (] 20 28
s [J13 (21 []29
e [J14 []22 []30
7 []15 []23 []31
[ ] ADC ramp compensation charge 300 Cin ¢t

(® 1.25pF (® 100fF
[] External start ADC time (O 2.50F (O 200fF
LatchDiscri  |no latch v DAC dummy I:] © ? o O soorF

(O 5pF (O 400fF
Polarity Negative Vv DAC delay l:| T =25ns 1=25ns

B Prototype

» The DAQ software is a Python
GUI application.

» The GUI is designed via QT
designer, which is set of cross-
platform C++ libraries that
implement high-level APIs.

» PyQt5 modules binding with QT
v5.

/\”/\*%@ijﬁ
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Conclusion

¢ A FEB prototype based on Petiroc ASIC has been designed

4 The timing performance of the FEB has been evaluated, which
has a resolution better than 100ps.

€ The commissioning test of the FEB and mRPC detectors is
ongoing.

¢ A DAQ system based on Zynq FPGA and PyQTS5, is being
developed steadily.

¢
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