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€ Why high granularity calorimeter needed ?
® Particle Flow Algorithm and calorimeter
@ Introduction of SDHCAL prototype

€ Motivation of using timing information

¢ 5D T-SDHCAL with timing electronics design

€ Summary
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€ ~70% of Higgs directly decay to a pair of jets

€ ~20% of Higgs indirectly decay to jets \
€ ~70% of heavy boson (W, Z) decay to hadronic final states
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Higgs Decay Final States Jet Energy Resolution is important
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@) Particle Flow Algorithm (PFA) Ag=esmul]

Charged Particles Tracker
} measured with the {

Neutral Particles Calorimeter

@ The energy of a hadronic jet:

® ~65% charged hadrons (mostly pions) <
¢ ~25% photons (mostly from z° decays)

€ ~10% neutral hadrons

@ Improve the jet energy resolution

€ Explicitly reconstruct neutral hadrons

€ Reconstructing each final state particle(ideal)
€ Combining the information of all subdetectors
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@&)) Calorimeter based on PFA Arne=s1uN
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@ High granularity calorimeter based on Particle Flow Algorithm has been proposed
and verified.

CALI(ed

Calorimeter for ILC

Absorber :

Readout:

Active:

https://twiki.cern.ch/twiki/bin/view/CALICE/CalicePapers
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Introduction of SDHCAL Ae=a Ul

¢ Semi-Digital Hadronic CALorimeter technological prototype.
# High granularity calorimeter based on Glass RPC = Gas Chamber Detector.

€ Hits associated to three thresholds:
@ 15t threshold = 110fC
# 2" threshold = 5pC
@ 3 threshold = 15pC

@ 48 layers with GRPC as sensitive medium
- Dimensions: Im x Im x 1.3m,

# 6 Interaction length (64,)
-> Semi-digital readout (0, 1, 2)
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SDHCAL: energy linearity and resolution ;522055001500

(
Energy linearity improves from Energy resolution relatively improves
3-4% to 1-2% level using MVA about 5-15% using MVA
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https://iopscience.iop.org/article/10.1088/1748-0221/15/05/C05022
https://inspirehep.net/literature/1762795

Motivation of timing Are=sm N

¢ SDHCAL has been performed the With Neutrons Without Neutrons

b t t 1 20 1 5 t h Distance from shower axis Distance from shower axis (w/o neutrons)
eam test since o achieve e E
: E E b ‘: . ' M:::x 2'_843 113 E LT ‘ M:::x 2:215
good energy reconstruction and fu vmoE =
a ! Y - a y 6.454

0: \“M IM“ ‘ |

particle 1dentification.

\ !
M“w it \Ilhl'w v

¢ Important factor to identify delayed | R o
. ’ i At
neutron and better reconstruct their o -ssEIRHITIEITIR,
CHergy. 1 ns resolution 100ps resolution
I:J {eventNumber==148&time>6.7&&time<7.7} 1:J {eventNumber==148&time>6.7&&time<6.8}
@ To separate close by showers and : . .
reduce the confusion for a better  — ;
PFA application. s .
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&)) How to achieve fast timing
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@ Purpose: => Identify neutral and charged hadrons
# Position, Energy and Timing => 5D HCAL

® Adding MRPC layers in the SDHCAL
# Front-end board for MRPC readout
4 Charge and timing measurement
€ High resolution timing measurement

Top steel plate

Electronics

—6.0 mm 10.9

mytar D CC
i

Mylar

Bottom steel plate

v First step:

Design a front-end prototype board
with four PETIROC2B chips

> Second step:
Build the Im X 1m PETIROC2B FEE
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&) Introduction of Petiroc2B

aaN—cif
€ Time measurement @ Charge measurement "

@ 32chs input connected with PAD 5

& Coarse time 1s from a counter

# Fine time by interpolating 40MHz (readout unit)
@ Jitter ~18 ps RMS on trigger output # Variable time shaper
(4 photoelectrons injected) ¢ Digitized with a 10bit ADC
Resetb g
¥
Pro-Amp Threshold
Metastability 9-bit counter Coarse time (digital)
correction Coarse ime To digital register e -=eeessecemme——em———-.
40MHz clock—p » ‘
Time
Ramp stop > Trigger
@) > /_ Fine t;[ne (analogue) 70C Reference)
Ramp start | Ramp generator {0 ADC '
Channel N Time to Amplitude Converter (TAC) |} Fine Time
(TAC Ramp) ~-----
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# Via technology: : |
@ Laser-drilled Via-in-pad Technology (small size: ~0.1mm) : l
|
@ Buried vias with the size 0.3mm I
. . . . ! l
@ Through vias located in two edges without induction pads | N
[ SURFACE AIR | I
2 TOP CONDUCTOR h COPPER !
3 - FR-4 l 1
4 GND1 CONDUCTOR - COPPER I :
5 - FR-4 N !
6 SIG1 CONDUCTOR hd COPPER - I I
7 - FR-4 -
8 SIG2 CONDUCTOR hd COPPER - I ; I
3 - FR-4
10 GND2 - COPPER | |
1 - FR-4 |
12 VDDA, - COPPER I
13 - FR-4 I I
14 DDD - COPPER
15 - FR-4 | I
16 GND3 - COPPER
17 - FR-4 l l
18 SIG3 CONDUCTOR - COPPER I
19 - FR-4 |
20 SIG4 CONDUCTOR - COPPER I I
21 - FR-4
22 GND4 CONDUCTOR - COPPER °
r  —— : 128 pads with the :
24 BOTTOM CONDUCTOR - COPPER .
% SURFACE AIR I FE Board cell S1Z¢ lcm X lcm .

Stack-up and via layerdesign =~ mem e e mmmmm — — e —— - -
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¢ Front End Board, Detector Interface Board, ZCU102 (Zynq UltraScale+ MPSoC).

128 pads with the
FE Board cell size 1cm x 1em
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&) Prototype board test setup Ane=a Ul
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@ The setup picture for the
injection test. Generator

¢ FEE, DIF, DAQ are based
on ZCU102.

¢ Status of the platform:
@ Configuration of PETIROC

& Data transmission between
FEB, FPGA and PC

@ Performance test of petiroc2b
chips, timing measurement by
injected signal = FE Board DIF Card |(* =S8 7cu102 |
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&) Data acquisition system
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@ The system is based on Xilinx ZCU102(FPGA) that contains Processing System(PS)
and Programmable Logic(PL) <= (Xilinx Vivado 2019.2 and Vitis IDE).
@ The UART communication of FPGA and PC

& Ethernet communication between FPGA and PC used to transfer data
& Data transmission with AXI bus and DMA between PS and PL, inside of ZCU102

7

~

ZCU102 Evaluation Board\

<> JTAG [€

Processing

Interface <I| l; Prog[am_mable <j|:{> System
Board (g?_')c AXI (PS) <——TI> Ethernet
— 1
™ UART
\ ) FPGA
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&) Firmware Ae=zsmul)

@ Flow chart for slow control and data transmission.

@ The implementation of the firmware 1s in the programmable logic while the control part
1s implemented on the processing system inside ZCU102.

- ZCU102 FPGA N\
(. )
Data 4 IIIIIIIIIIIIII { GPIO ‘ IIIIIIIII EEEN AXI Bus 4... > . ol LR PC
—
to/.from \ Interconnect : Ethernet HoOst
Petiroc2B FIFO
Interrupt Signal
\_ pt SI1g
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Software m*%i&ﬁdﬁ

® Software developed with python language by QtCreator
@ The configuration set in the software and sent to the FPGA over ethernet with TCP
@ Data received from FEB, saved to the PC side. Yihan Guo

[® ] MainWindow — X

Main settings EN/PP Calibration Connect test
Main settings EN/PP Calibration Connect test
e ]
Mask disci charge PR
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s Ou (Rt 727
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Ci cf
D ADC ramp compensation charge "
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[] Externa 1 start ADC = O 2.5pF (O 200£F
LatchDiseri  |no lateh ~ DAC dumy [0 | © 3. 750F © 300¢7 L2 v F A LR E i b CAFT: [data10 14 txt |
(O 5pF () 400fF
Polarity Negative v DAC delav [0 | 1 =25ns ©=25ns Jeblip 192, 168. 31 166 A it
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16 Readout Electronics for T-SDHCAL 12/10/2021



Time and charge threshold voltage test Arne=s U

@ Time threshold 1s correct according to the voltage value with 10bit DAC.
@ Configuration of Petiroc2B 1s also right.
# Differential pairs (Dout n/p) are used to take data.

”5 22
Z o
2.3
y = 0.0009x + 1.4697 g
>21 [T 00000 T LA y = 0.0009x + 1.0173

Ju—
[=)}

y = 0.0009x + 0.9971

e FEE
e Evaluation
——Linear (FEE)

—Linear (Evaluation)

FEE
¢ Evaluation
Linear (FEE)

——Linear (Evaluation)

T o=
o

VTH DISCRI CHARGE
[— EaN

—
[VS]

(o]

oo

0 200 400 600 800 1000 0 200 400 600 800 1000
10bit DAC Time Threshold 10bit DAC Charge Threshold

@ Time and Charge threshold can be well controlled.
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Summary and ongoing works
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v" The signal injection test setup has been finished.

v' The preliminary DAQ system based on ZCU102 has been designed.

v The configuration of the petiroc2b checked and correct.
v The decode of output data from the FEB implemented.
v The DAQ system works well but still under improvement.

Future plans:
O Take some measurements to decrease noise.
0 Perform the calibration for Petiroc2b channels.

O Signal injection test to analyze the timing performance of Petiroc2B.

O Further improve the DAQ system and the software GUI.
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Thanks for your attention!
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Backup Slides
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{#)) Sub-component Design P

@ Front-End readout Board Design
¢ Components: 4 Petiroc2B, clock buffer, 2 headers, SMA for signal injection .

@ 128 pads at the bottom, induction unit size: Icm X 1cm.
@ The dimension:197mm*82mm, the blind/buried via technology.
# Configuration for petiroc2a with daisy-chain (SPI sending shift register data)

SRin SRin SRout SRout

Clock

Reset
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Details on DIF Design Ag=zsoul)

@ Detector Interface Card Design: mainly jitter cleaner and power system

VCC_1P8
Crystal
TPS79501
SCOR S15345 SW“ m""e"t"r [ Oscillation ]

VDDD_3P3

40MHz N 100MHz
) =
AT 2
VDDD_3P3 }
160MHz

VH_3P3 “
LTM4644 ( 40MHz
4A/channel PETIROC
Total 4channels VDD_2P5 N J
w OMHz 80MH

FE Board

Jitter Cleaner ] 100MHz
(Si5345) J

(4 petiroc2a)

TPS79501 ADC x4
5V DCQR (5 MSPS) (SMA connector}
VDDA_3P3
NS /
Block diagram of Power Rail Block diagram of Clock
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Sub-component Design Are=s ]

@ Detector Interface Card Design: mainly jitter cleaner and power system

@ DIF card will be in charge of the communication and data transfer with the FE

electronics(two headers) and ZCU102(two FMCs).
® Analog and digital power are separated.

Voltage Regulator

Adapter
Board

LDO LDO
(TPS79501) (TPS79501)

DCDC
(LTM4644)

Jitter Cleaner
(Si5345)

ADC x4
(5 MSPS)

FMC HPCO FMC HPC1

More Details
| 2th Version |

e
= = 544 !m‘l)(:;u-‘;I=

ES m"i

J nig A : [ : -d ’ EE! RED_|
‘ Highl J.B¢ ; B =
s 18 .s 55 b ?l 5 PN : il
wc'aa 2° Ol ‘ i e . o ' et =

K O | ol E EB 17 or e 2099 |
. (. C g gt~ 5 '

5 = T %]
o o SDA- : o o u S
Voltage-} ) RE el
" ; i \ 4 i
transla we S bdlcd W
¥ & ~2 FMCs> on

--------------

23

Readout Electronics for T-SDHCAL 12/10/2021



PETIROC chips configuration

Design Sources (3)

b b d b h h d b h‘ f @ . zcu102(Behavioral) (zcu102.vhd) (9)
‘ 64 8 lts a’ta’ Wlt SPI met O ls sent tO S l t clk_wiz_40_inst : clk_wiz_40 (clk_wiz_40.xci)
. . . ® petiroc2a_cfg_spi_inst : petiroc2a_cfg_spi(Behavioral) (petiroc2a_cfg_spiv
Re gl ster lnSIde PETIRO C . ila_dout_chip_inst : ila_dout_chip (ila_dout_chip.xci)
® si5345_config_ctrl_inst : si5345_config_ctrl(Behavioral) (si5345_config_ctrl.
‘ PETIROC Conﬁguration Works Well . ® i2c_inst : i2c_master_new(logic) (i2c_master_new.vhd)
clk_wiz_125_inst : clk_wiz_125 (clk_wiz_125.xci)
‘ All bias Voltage Values are COI’I'eCt, @ .heart_bea-t_.inst : heart_’beat[fB‘ehavi?rah (heart_beat.vhd)
® i2cclkgen : i2c_clk_gen(Behavioral) (i2c_clk_gen.vhd)
vio_i2c_inst : vio_i2¢ (vio_i2c.xci)

¢ Output data has been checked, after sending trigger signals

ila_i2c (ila_iZc.xci)

Disabled Sources (1) co nfigu ratio n

Constraints (1)

FPGA Logic

fl1 zcu102.xdc

ILA Status: Idle 24, 380

Value W] 2,000 4, 000 6,000 8,000 10,000 12,000 14,000 16, 000 18,000 20, 000 22,000 24} 000 26,000

I S S s s S § — Bias Voltage Value(V)
' ' S S S — vref inpdac 0.989
| | | | | | | | vref time 1.664

| | | | | | | | vref_charge 0.976
= vref tdc 0.133

00

'8petirnc?a:crg_spl,,rra‘_,-_\erlgth‘[f.[} ;1 1 Y 1z Y 11 Y 10 Y of Y 0c Y 0a U 0c | ob ¥ 0a Y 09 ¥ OB Y 07 Y o6 Y o5 | o1 Y 03 | 01 oL Vref adc 0961
vref time pad 1.658

Timing Diagram of configuration
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