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Microelectronics

Qiu-Ping Shen

C’E’Pe On behalf of CEPC Calorimeter Group
v Joint Workshop of the CEPC Physics, Software
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Outline

@ Why highly granularity calorimeter needed?

Wl

\

® Introduction of SDHCAL technological prototype

(Ge)

\

® Glass RPC production and cosmic ray test

® Progress of SDHCAL based on RWELL

)

® Timing electronics design of 5D T-SDHCAL

(©

® Summary and future plan

/Wﬁﬁﬁ

@ CEPC Joint Workshop 2021/4/15 /




® Why highly granularity calorimeter needed?

Outline

CEPC Joint Workshop
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120

Higgs Decay Final States

~70% of Higgs directly decay to a pair of Jets
~20% of Higgs indirectly decay to jets

o~ T
( JER=03/1E)

120

&) Why high granularity calorimeter?

Jet

~70% of heavy boson (W, Z) decay to hadronic final states
CEPC as a “Higgs Factory” => Jet Energy Resolution is important.

— —
JER = 0.6/VE _

'

CEPC Joint Workshop

80 100
M, [GeV]
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&) Particle Flow Algorithm(PFA)

Charged Particles Tracker

}measured with the{

Neutral Particles Calorimeter

® The energy of a hadronic jet:

® ~“65% charged hadrons (mostly pions)
® ~25% photons (mostly from 7z° 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

o
o
o
.

.
o
.
4 o
.
LIRS
.
o
.
o

~25%
photons

~65% charged
hadrons
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@ CEPC Joint Workshop

2021/4/15 /
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@ Introduction of SDHCAL technological prototype

CEPC Joint Workshop
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ﬁ _ ™
> Calorimeter based on PFA

%
O
7,

"1,

@ High granularity calorimeter based on Particle Flow Algorithm has been
proposed and verified.

Calorimeter for ILC

|

Absorber :
Readout: digital
Active: | | l
tor | MAPS or| { RPC /|| GEM rnM;EEE
https://twiki.cern.ch/twiki/bin/view/CALICE/CalicePapers VanN—<23n m
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@ Introduction of SDHCAL prototype

® Semi-Digital Hadronic CALorimeter technological prototype ( SDHCAL )

@ High granularity calorimeter based on Glass RPC (cell size 1cm x 1cm)

® Hits associated to three thresholds:
® 15t threshold = 110fC

® 2"d threshold = 5pC

® 379 threshold = 15pC

@ 48 layers with GRPC as sensitive medium §
— Dimensions: Im x Im x 1.3m

6 Interaction length (64,)

® Test beam at CERN since 2012

/TF\%JTJﬁ
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® Glass RPC production and cosmic ray test

CEPC Joint Workshop
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™

See Francois Lagarde’s talk

(PR
&) Glass RPC production
® SJTU group built 50cm x 35cm, 100cm x 100cm RPCs

{ b, .
R — i
y N s | '
3 b AR }
4 & — N L
™
|
7 7 .
Siae B N i [
L 5 3
\ i —
| Cirds S o ~ = g—— —
Ve —— e — S
»
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See Frzé:micois Lagarde’s talk
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® Progress of SDHCAL based on RWELL

CEPC Joint Workshop
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SDHCAL based on RWELL Daojin Hong, Jianbei Liu
| PFAHCAL | @ RWELL : compact & simple structure
¥ ® Only a drift gap
‘ Iron J ® Only one stage amplification, high gain
[ 1 ® Resistive layer-DLC
( Analog J [Digital]
| Drift electrode xray
v ¢ ‘L
 Scintillator || RPC | ([MPGD C
of :‘ drift gap
@ MPGD : Micro-Pattern Gas Detector. nc BN BRAR B-. ..
layer __, ne—————
@ Typical detectors: GEM, THGEM... T Reodoutpads -

/Wﬁﬁﬁ

@ CEPC Joint Workshop 2021/4/15 /




)
(P =
|2 'Z_ £

Lo .

.
i

=4}

‘ %’ TONGY

i
€8

RWELL detector fabrication

Daojin Hong, Jianbei Liu

Detector Press

Fabrication e
: 100cm x 50cm RWELL
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RWELL detector performance . o
. . . Daojin Hong, Jianbei Liu
Gain of different zones vs Voltage on film
10° V 10° ! 10°[-
820 830 éigv;g]dﬁs(s\(/); 860 870 810 820 5333_'1{'\;8}‘113(1 IIJ('\';S)SOI T 860 870 820 830 'V'ziclt{()'“;];L%s((\); )' 860 870
N P E—
7 51.05 s
= C bility -
5 ount rate ability :
2 a0 0.95
; L y o > 500kHz/mm?
; ' : ossk "~ (8keV X-ray)
Rt SRR e e o L |
. . . 107 103 o
Gain Uniformity : RMS/Mean~31.6% Rate(kHzcn) VA RN =23 m
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® 5D T-SDHCAL with timing electronics design
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Motivation using timing information

Timing could be an important factor to identify delayed neutron and
better reconstruct their energy.

Distance (cm)
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T T
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Timing information

@ Time information can be very helpful to separate close by showers and
reduce the confusion for a better PFA application.

1 ns resolution 100ps resolution

I:J {eventNumber==14&&time>6.7&&time<7.7} I:J {eventNumber==14&&time>6.7&&time<6.8}

|
o
=

|
-y

60

n
B

55

(=] ~J olo (=]
(4]
[+

(d)]
on
o

50

=

s
.
[+<]

w

45

B
[*2]

v
FS
B

40

—_

T T T[T T T TTT [T T T[T TT T TTTTT
| | | | | |

o
'S
pY

P T TN TN T S T T IS T T T TR N A |
44 46 48 50 52 54 56

/W’F\*%@ﬂﬁ

CEPC Joint Workshop 2021/4/15 /




™~
Introduction of PETIROC chip

@ Time measurement

Charge measurement
® Coarse time is from a counter ® 32chs input connected
® Fine time by interpolating 40MHz with PAD (readout unit)
® Variable time shaper

@ Digitized with a 10bjt ADC|

(€

s

L HI'I'IHHfI'N‘i‘!‘HHffn’f-‘s’-‘.’:‘:‘(-‘h’-‘-’.‘

Reseth
Y
Pra-Ang Threshold
Metastability 8-bit counter Coarse time (digital) —
correction Coarse tme To digital register ./ ~ fe———eeeessessemmmee—eeee
40MHz clock—p > .
Time
Ramp stop Trigger
r'y A
rigbN » //_ e ‘ 40 MHz !
C, > f,![nfp?[ne nEogue) TDC Reference) '
Ramp start | Ramp generator -~
Channel N Time to Amplitude Converter (TAC) |H Fine Time
(TAC Ramp)

;1 ~o==rsuTUl ]
2021/4/15 /
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& Fast timing measurement

® Purpose: => ldentify neutral and charged hadrons
® Position, Energy and Timing => 5D HCAL

Adding MRPC layers in the SDHCAL
Front-end board for MRPC readout
® Charge and timing measurement

. e v’ First step:
® High resolution timing measurement Design a front-end prototype board
Top steel piate with four PETIROC2B chips

Electronics

» Second step:
Build the 1m X 1m PETIROC2B FEE

/Y\J%ﬂﬁ

Bottom steel plate
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&) Prototype of timing electronics

® The FEE prototype includes four PETIROC chips, 128 readout pads at the PCB

bottom side.

® Detector Interface(DIF) card was designed to connect FEB and FPGA board

® Data transmission, power rail and clock source.

@ The ethernet (TCP/IP) is used to transfer data between FPGA and PC.

PETIROC2A PETIROC2A

Interface
FEE <}::> Board <:::>

e

PETIROC2A PETIROC2A

AN

ZCU102
Evaluation
board

\\

J

-3
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@ Hardware of prototype

128 pads with the
cell size 1cm x 1cm

FE Board

/Tf\%ﬂﬁ
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@®) Test system and setup

® The test platform has been setup.

® The system includes
® FEB, DIF card, DAQ system

® Status of the platform:
® Configuration of PETIROC chips

® Data transmission between PETIROC, ZCU102
and PC with ethernet port

® Performance test of PETIROC chips, such as
timing measurement

/Tf\%ﬂﬁ
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PETIROC chips configuration

® 648 bits data with SPI method is sent to Shift
Register inside PETIROC.

® All bias voltage values are correct.

® PETIROC chips can be successfully configured
through the Xilinx ZCU102 platform.

ILA Status: Idle 24,380

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 | i i i i ! i
000000 000000000000000
NN S e N N N —
0
! [ ! ! ! ! [ I
00
I
01

Timing Diagram of configuration

Design Sources (3)

@ . zcu102(Behavioral) (zcu102.vhd) (9)

® petiroc2a_cfg_spi_inst : petiroc2a_cfg_spi(Behavioral) (petiroc2a_cfg_spiv
ila_dout_chip_inst : ila_dout_chip (ila_dout_chip.xci)
® si5345_config_ctrl_inst : si5345_config_ctrl(Behavioral) (si5345_config_ctrl.
® i2c_inst : i2c_master_new(logic) (i2c_master_new.vhd)
clk_wiz_125_inst : clk_wiz_125 (clk_wiz_125.
® heart_beat_inst : heart_beat(Behavioral) (heart_beat.vhd)

® i2cclkgen : i2c_clk_gen(Behavioral) (i2c_clk_gen.vhd)

vio_i2c_inst : vio_i2¢ (vio_i2c.xci)

ila_i2c (ila_iZc.xci)

Disabled Sources (1) co nfigu ratio n

Constraints (1)

FPGA Logic

fl1 zcu102.xdc

xci)

Bias Voltage

Value(V)

vref inpdac
vref time
vref_charge
vref _tdc

vref adc

vref time pad

0.989
1.664
0.976
0.133
0.961
1.658

CEPC Joint Workshop
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©) Data acquisition system design

® DAQ system is based on Xilinx ZCU102(FPGA) that contains Processing System
(PS) and Programmable Logic (PL).
® Embedded design (SDK) in ZCU102 (PS) is applied
® The UART communication of FPGA and PC
® Ethernet communication between ZCU102 (PS) and PC used to transfer data
® Data transmission with AXI Bus between PS and PL, inside of ZCU102

/ ZCU102 Evaluation Board\
_ <> JTAG [«
Interface <} l; Prog[am_mable <:{> Prg;:ts:r:]"g
Board (cl;gli_l)c AXI (PS) <> Ethernet
— 1
™ UART
K FPGA
FPGA Logic Design Block Diagram P
S O8It eSS 0¢ agtd /7 IN\T=TSJT m
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® The embedded design in ZCU102(PS side) contains:
® Serial port communication (UART)
® Ethernet communication (TCP/IP)

® UART test in PS side: B oo ;n-o +— D%

PR [09:00:03.129] Xilinx Zyng MP First Stage Boot Loader

B |s j Start PHY autonegotiation

® UART communication through C/C++ i um Eeii i o o s

o] et e
program o |
Hollc st |
® ASCII ' Hex
P Aahdr
SRk

Release 2019.2 Feb 23 2021 - 16:51:14

. P roceSSi ng Syste m pa rt O n ZCU 102 . 5 1 [coma =) |Pmu-Fu s not running, certain applications may not be supported.

skt 115200 = [09:00:05.247] TCP client connecting to 192.168.1.18@ on port 5881
i | 2] || Cn ot hen Siperf -5 -i 5 -w 2M

® UART can successfully communicate  reo UART Debug Assistant

KL

with FPGA and PC.

™ HEik |1eee EI: ms
|sad

B3k

COM4 OPENED. 115200, 8. NOME. 1. OFF | Foc: 449 Bvtes Tx: 0 Bvtes

UART communication test

-]
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Embedded design based on FPGA -- Ethernet

Ethernet communication test
® Processing system sent the data to PC.

® UART used to print processing system information (IP, Sub netmask, Gateway).
® Ethernet port connected with PC, used for data transmission.
® Capture package tool can grab the transmit information.

ZCU102(PS) and PC can successfully communicate over ethernet.

L | U T 1 e wlLL g e

No. Time Source Destination Protocol Length Info ~
365 124.045669 192.168.1.2 192,17 2 TCP 54 7 » 52432 [ACK] Seq=1 Ack=12751 Win=64356 Len=0
366 125.001710 192.168.1.10 192, 1687TT ECHO 156 Request
367 125.049194 192.168.1.2 192.168.1.1@ TCP 54 7 » 52432 [ACK] Seq=1 Ack=12853 Win=64254 Len=0
368 126.001727 192.168.1.10 192.168.1.2 ECHO 156 Request
369 126.056491 192.168.1.2 192.168.1.1@ TCP 54 7 » 52432 [ACK] Seq=1 Ack=12955 Win=64152 Len=0 )
< >

Frame 368: 156 bytes on wire (1248 bits), 156 bytes captured (1248 bits) on interface \Device\NPF_{2DF@4B9D-FF3B-4BAF-8EA7-909C994D8BEA}, id @
Ethernet II, Src: Xilinx @5:2c:fd (@@:@a:35:@5:2c:fd), Dst: Dell 7e:30:d6 (e4:54:e8:7e:30:d6)
Internet Protocol version 4, Src: 192.168.1.1@, Dst: 192.168.1.2
Transmission Control Protocol, Src Port: 52432, Dst Port: 7, Seq: 12853, Ack: 1, Len: 102
v Echo
Echo data: 48656c6c6T205761726c6421205375636365737366756C6C792053656e64205761726420...

ed 54 e8 7e 30 d6 @0 @a 35 @5 2c fd 08 0@ 45 00

00 S8e 00 be @0 @0 ff @6 37 5d co a8 01 @a c@ a8

0030
040
0050
060
0e’e
0ese

090 T T
© ¥ Eche data (echo.data). 102 bvts(s) S4R: zm0 - PR 3T (oo0w) - REF: 0 0.ow) | B Default //\\[\\ m J

Capture package tool
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&) Design of DAQ system

® DAQ system based on the ethernet transmission between FEB, ZCU102 and

PC has been completed.

® Data from FEB can be taken in PC side and decoded with python scripts.
® The configuration of PETIROC chips over ethernet will be included.
@ Signal injection test will be performed in the future.

o

/_ ZCU102 FPGA I
¢ n
Data from . AXI PS side
— —»‘ 1N
FEB/ADC FIFO BLSide Interconnect (Arm)
- ’
Programmable Logic Data Flow |

Ethernet
PC

Processing Systv

P

CEPC Joint Workshop
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&) Summary and future plan

Summary:

v"100cm x 50cm RWELL was assembled and tested at USTC.

v" Larger GRPCs have been designed and fabricated at SJTU lab.

v The timing electronics have been designed and manufactured.

v Test platform and setup for PETIROC have been constructed.

v PETIROC chips can be successfully configured.

v DAQ system based on ethernet transmission has been completed.

Future Plan:
@ Test the performance of larger GRPC (1m x 1m) with cosmic ray.

® Improve the design of DAQ system over the ethernet communication and add the
function of configuration for PETIROC.

@ Perform the signal injection test for PETIROC FE board (Timing and Charge).
/VN\T=ZSIT

an
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Thanks for your attention!
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Why high granularity calorimeter?

® Future collider has been proposed
ILC Candidate Location: Kitakami, Tohoku

T [
- AT

. infemalional lnear

W g

Geney{a- ? :
<. “UiCircular ;.

Future

f 4 Collider =~

100 km

CEPC
Ring length ~ 100km

. \%@ﬂﬁ

CEPC Joint Workshop

2021/4/15 /




y

GRPC production Cosmic ray test system for GRPC
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Test System and Setup

Petiroc2 A Evaluation Board AN T m
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@) Sub-component Design and Testing

® Front-End readout Board Design with pads and four petiroc2b

T i = i *“ ») - “
FE Board L I ‘ & I I
Trig 1~31 X unconnected . | .
Trigb 0
PR | Front |
Srin_read Trigh MUX o 1
: @L J
Srout_read NOR32_time Dpin-2X30 <8 ARk )
el T C. =
Ck_read NOR32_charge Connector —W0 T, S
out_charge_mux Dout
4
Transmit_ON
out_charge_mux
vth_discri_charge : o | odils
out_inpdac_probe ) . BE - | | BaCk |
adc_ramp Te:;:gnt 1
analog_probe
vth_rf —
digital_probe

Block diagram of front-end electronics
& anN—<uf
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® Detector Interface Card Design: mainly jitter cleaner and power system

Sub-component Design and Testing

Adapter
Board

Voltage Regulator

Jitter Cleaner
LDO LDO (Si5345)
(TPS79501) (TPS79501)

DCDC ADC x4
(LTM4644) (5 MSPS)

FMC HPCO FMC HPC1

® DIF card will be in charge of the communication and data transfer with the FE
electronics(two headers) and ZCU102(two FMCs).

More Details

| 2th Version |

208-% | g
- I
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Sl
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