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Introduction
•In	2019,	the	initiative	of	Taiwan	Instrumentation	and	
Detector	Consortium	(TIDC)	was	form	among	AS,	
NCU,	NTHU,	and	NTU	to	join	R&D	and	construction	
efforts	for	HL-LHC	(ATLAS	and	CMS)	projects.		

•Later,	NCU	and	NTU	brought	in	RHIC-sPHENIX	project	
and	NCKU	joined	TIDC	with	RHIC-STAR	project.	

•Roles	and	support	offered	
✦ 中央研究院	Academia	Sinica:	microelectronics	design,	
machine	shop,	radiation-hardness	test,	Grid	computing	

✦ 中央⼤學 Natl.	Central	Univ.:	Silicon	sensor	design	and	
probing,	muon	detector	Lab.	

✦ 成功⼤學 Natl.	Cheng-Kung	Univ.:	Silicon	dectector	and	
scintillator	Labs.	Silicon	detector	mechanical	design.	

✦ 清華⼤學 Natl.	Tsing-Hua	Univ.:	Silicon	detector	beam-
test	analysis	

✦ 台灣⼤學 Natl.	Taiwan	Univ.:	Silicon	detector	assembly	
cleanroom,	testing	lab,	microelectronics	design	and	
testing,	jigs	design.	

•TIDC	gets	strong	support	and	become	one	of	the	core	
facilities	in	NSTC.
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Recent Detector Projects in Colliders
•Silicon	Detectors	

✦ Taiwan	HEP	has	long	tradition	of	silicon	based	detector	involvements.	
Including		
✤ Sensor	design	and	production	for	RHIC-Phobos-SiliconD	and	LHC-CMS-
Preshower	

✤ Readout	electronics	Tevatron-CDF-SVX,	KEKB-Belle-SVD	
✤ Most	recently,	constructing	silicon	detector	modules	of	RHIC-STAR-FST,	
RHIC-sPHENIX-INTT,	and	LHC-CMS-HGCAL	

✤ R&D	in	LGAD	technology	(See	Prof.	R-H	Yeh’s	talk)	

•Crystal	Calorimeters	
✦ HEP	has	participated	LEP-L3-EMCAL	and	built	a	KEKB-Belle-EFC	
both	based	on	homogeneous	BGO	crystals	

✦ Also	various	applications	with	photosensors	technology,	such	as	
medical	application	and	recent	LYSO	investment	for	HL-LHC-MTD	
detector.	

•Electronics,	Firmware,	OPT-Readout,	Computing,	…,	etc.		
3
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Hybrid Style Silicon Detector
•Recent	projects	have	formed	a	production	
flow	as	
✦ Silicon	sensor	probed	(QA/QC)	in	NCU	
✦ Assembly	jigs	design	in	NTU/NCKU	and	
fabricated	in	AS	

✦ Silicon	module	assembled	and	tested	(QA/QC)	
in	NTU/NCKU	

•Completed	STAR-FST	hybrid	and	sPHENIX-
INTT	ladder	production.	On-going	CMS-
HGCAL	module	production	project	until	2026

5



Dec. 9th, 2022Rong-Shyang Lu / NTUNCU workshop on EIC

Sensor QC

6
MOST visit to TiDC  2021/11/29   

INTT Silicon Sensor QC

4

• procedures, probe cards and database were all designed by 
Taiwan-sPHENIX team 

• The majority of the INTT silicon sensors were electrically 
measured in NCU 
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Jig design and production
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BOM Table

ITEM NO. Part Name Config DESCRIPTION QTY.

1
8 In PCB pick up tool 

LD Hexaboard 
sk_NTU

8 In PCB pick up tool 
LD Hexaboard sk_NTU

Modify the design to fit the 
components at NTU 1

2 9.97mm pick up tool 
support_NTU

9.97mm pick up tool 
support_NTU

Height set for 1.6mm baseplate + 
50um glue + 320um sensor + 50um 

glue + 1.6mm PCB + pickuptool 
block 6.35mm

3

3 LB-0640-M5 LB-0640-M5 7
4 LH-0640-M5 LH-0640-M5 1
5 LC-0640-M5 LC-0640-M5 1
6 LP-M5 LP-M5 2
7 CNL-287 Vacuum cup 7

8 A5B-018 Screw for vacuum cup 7

9 socket head cap 
screw_am

B18.3.1M - 5 x 0.8 x 16 
Hex SHCS -- 16NHX 9

LD Hexaboard pick up tool
2020/5/8

Date:

Scale:

Sheet Format Size:

Current Sheet 1 of 1
NTU HEP

1:2
Weight:Source:
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E E

F F
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1

6061-T6 (SS)
Material:

1906.68

A3
Unit:  Title:

mmgs

Project:

Hsin-Yeh

UCSBHGCAL

Designer:

SOLIDWORKS Educational Product. For Instructional Use Only.

 440.00 
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.8
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0 

12 x  4.20 THRU ALL
M5x0.8 - 6H THRU ALL

16.00 6.70

4 x  3.00 THRU ALLPress fit

6 x  4.20 THRU ALL
M5x0.8 - 6H THRU ALL

6 x Inner radius 40.89
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1.90

2 x Inner radius 50.00
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7.00

 15.00 
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 1
5.

00
 

 1
25
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2 x  8.00 E7/m5 THRU ALL Clearance

2 x 0.50 0.10

Dig 7 mm

 15.00 
 7.00 

A

Quantity : 1

Revision
Area Revise description date

C7 A fiducial mark 
depth 5->0.1 2019/12/24

Component Info
Oring 加耐力09042-2 6

Dowel Pin MS8-65 2
Vacuum cup S1-15B-410 12

Vacuum cup screw A5T-067 12
Vacuum adapter LH-0640-M5 2

LB-0640-M5 4

2 Module Tray 8 in_NTU 2019/12/24

Date: Scale: Unit: 

Current Sheet 1 of 2AluminumNTU CMS Hsin-Yeh , Jenny 1:3

Material:Designer:

mm 
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SOLIDWORKS Educational Product. For Instructional Use Only.

AS Machine Shop
NTU Design

AS production

Assembled jigs 
in NTU lab
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NTU Facility

88

•Complete	the	cleanroom	(915)	setup	including	robotic	gantry,	
wire-bonder,	probe	station	and	services	in	spring	2019.	

•Setup	testing	lab	(923)	with	test-stands,	climate	chamber	in	
2020.	

•Acquired	a	buffer	room	(910)	in	2021	until	2025.
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Lab equipments

9

•We	have	equipped	robotic	gantry,	wire-bonder,	pull	
tester,	probe	station,	NI	crates,	OGP	optical	
measuring	system,	scopes,	HV/LV	supplies	…	etc.	
Essential	equipments	needed	to	build	silicon	detector.	

9
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Main Gantry for Assembly

10

INTT
FST

HGCAL



Dec. 9th, 2022Rong-Shyang Lu / NTUNCU workshop on EIC

Assembled Silicon Modules

11

Design and Fabrication of 
STAR FST hybrids

Assembly of INTT ladders

Assembly of HGCAL modules

CMS CE-E Endcap
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HGCAL Module Assembly

12

https://www.youtube.com/watch?v=n83mdWUcDik
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Crystal Calorimeter
•NTU	designed	and	built	a	BGO	crystal	
small	angle	Calorimeter	in	Belle.	

•Provided	:	
✦ luminosity	measurement	in	Bhabha	
Scattering;	

✦ extend	the	fiducial	coverage	for	 		
analysis.

τ

14

Prototype of partial EFC

E FEFC

Energy Spectrum of EFC Bhabha

E BEFC
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Crystal Calorimeter with Timing
•Photons	with	timing	forms	“vertex”	

•AS	is	developing	ToF-PET	
Detector	for	medical	imaging	

•Light	readout	by	SiPM	to	have	fast	
response

15

• 512 channels per module  

• 8 pcs of 8x8 LYSO array 
Pixel size = 3 x 3 x 20 mm3 

• 8 pcs of 64 ch FE ASICs

64 chs calibrated

~285 ps FWHM

TDC bins (50 ps)
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Collaboration with TCECM
•NTU	is	setting	up	measurements	for		

✦ Absolute	light	yield	of	LYSO	crystal	using	PMTs	
✦ Time	resolution	of	LYSO	using	SiPM	
✦ Reach	 	CTRσ ∼ 130 ps

16

PMT

Wrapped
LYSO

Rad. 
Source

60Co peaks

22Na peaks

TCECM : Taiwan Consortium of 
Emergent Crystalline Materials
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Radiation Facilities
•Proton	15-30	MeV	&	30	-70	MeV		

✦ Institute	of	Nuclear	Energy	Research	(INER)		
•Proton	70-230	MeV		

✦ Chang-Geng	Memorial	Hospital	(CGMH)		
✦ National	Taiwan	University	Hospital	(NTUH),	Taipei	Medical	University	
Hospital	(TMUH),	China	Medical	University	Hospital	(CMUH)	

•Carbon	(138	-	430	MeV/u)		
✦ Taipei	Veterans	General	Hospital	(TVGH)		
✦ LET(Si)	=	0.083	–	0.162	MeV*cm2mg-1

18/ 28

Radiation Test Facility in Taiwan
o Proton 15-30 MeV & 30 -70 MeV
• Institute of Nuclear Energy Research (INER)

o Proton 70-230 MeV
• Chang-Geng Memorial Hospital (CGMH)
• National Taiwan University Hospital (NTUH), Taipei Medical University 

Hospital (TMUH), China Medical University Hospital (CMUH)

o Carbon (138 - 430 MeV/u)
• Taipei Veterans General Hospital (TVGH)
• LET(Si) = 0.083 – 0.162 MeV*cm2mg-1

Yi Yang              03 November 2022             APCTP EIC Workshop 26

CGMH proton beam 70-230 MeV 
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Computing Resources in Taiwan
•Academia	Sinica	Grid	Computing	Centre	(ASGC)	was	established	in	2005,	
whose	founding	goal	is	to	build	up	the	global	distributed	computing	
infrastructure	for	Large	Hadron	Collider	(LHC)	experiments	–	Worldwide	LHC	
Computing	Grid	(WLCG),	coordinated	by	CERN		
•All	these	resources	are	shared	to	all	ASGC	users	on	First-Come-First-Serve	
basis	 
•Resources	of	IOC,	CMS	and	newly	procured	ASGC	Storage	(1.5PB)	will	be	
online	in	late	2022	or	early	2023.	 
•All	users	need	to	pay	for	the	ASGC	resource	and	services	based	on	the	
collaboration	model	with	ASGC	!Pricing	model	will	be	finalized	and	announced	
in	late	2022

19
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EIC Workshop in Taiwan
•The	aims	for	this	workshop	are	
bringing	all	QCD	enthusiasts	in	
Taiwan	together,	discussing	the	
physics	topics	and	potential	
detector	developments	for	EIC,	
educating	ourselves	to	have	a	
smooth	transition	from	“high	energy	
physics”	to	“nuclear	physics”.		

https://indico.phys.sinica.edu.tw/event/52/

21

https://indico.phys.sinica.edu.tw/event/52/
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EIC Project
•Lots	of	opportunities	and	interesting	stuffs	in	EIC	

•Taiwan	EIC	consortium	concentrates	on	the	TOF	(LGAD/
silicon	related)	detector	R&D	for	now	
✦ DC-LGAD	
✦ Mechanical	structure	
✦ Optical	readout

22
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Low Gain Avalanche Detector (LGAD)
Characteristic :
� High time resolution (~30ps)

� Controlled gain produced by gain layer (P
+

layer)

What we do in NCU?
� Simulating the LGAD process and electric behavior with TCAD to

build a possible process flow and parameters.

� The sensor was produced by Taiwan Semiconductor Research
Institute (TSRI), the sensor could be done in this year.

� Designing the mask for DC-LGAD test sensor.

� The mask had be produced by Taiwan Mask Corporation (TMC).
� Prepare to measure LGAD sensor IV, CV and gain.

� In the first LGAD manufacture, we want to verify our TCAD

simulation and real product. It can help us to improve the senor

in the future.
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Gain and Signal Simulation
1. Set a laser to illuminate sensor and calculate gain :

� Gain1 = Current produced by laser/ photon current
2. Laser illuminate on active and die area to calculate :

� Gain 2 = Active area current / Die area current
3. Laser illuminate on LGAD and PIN structure to calculate :

� Gain 3 = LGAD current / PIN current
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Ref. C. Gallrapp, NIMA, Volume 875, 11 December 2017, Pages 27-34
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•Collaborating	with	local	institute/company	to	produce	
DC-LGAD.	Exploring	the	fabrication	possibility	

•Designed	various	LGAD	structure	and	submitted	
mask	for	production	

•Gain	and	signal	simulation	done.	Await	for	the	
sample	to	confirm

23

Test wafer (in metal etch)

DC/AC LGAD

Laser signal to LGAD or PN

4x3 array

See Kai-Yu Cheng’s talk
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Mechanical structure for TOF
o NCKU/AS and Purdue University will work together on the 

mechanical structure for TOF
• eRD112 proposal
• Project Engineering & Design  (PED) 

Yi Yang              03 November 2022             APCTP EIC Workshop 14

Mechanical Structure of TOF
•NCKU/AS	and	Purdue	University	will	work	together	on	the	
mechanical	structure	for	TOF	
✦ eRD112	proposal	
✦ Project	Engineering	&	Design	(PED)

24
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EPIC Barrel TOF Detector Layout

9/12/22 Zhenyu Ye @ UIC 8

18 o tilted angle

3 mm overlap

Full azimuthal coverage

R=65 cm

R=62 cm

 EPIC Barrel TOF
•	Single	layer	of	strip	AC-LGAD	sensors	

✦ 62<R<65	cm,	2.7	m	long,	~11	m2	area	

•Use	the	similar	concept	of	STAR	IST

25

144*2 modules 
Inner radius 62 cm 
Outer radius 65 cm
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Optical Readout
•DAQ	and	data	links	will	be	totally	Fiber-optics	
•Taiwan	opto-electronics	IT	is	the	primer	production	choice.	LHC	upgrade	
electronics	are	TW	made.	

✦ With	small	funding	on	R&D	
✦ stay	on	Rad-hard	Opto-electronics.		
✦ TW	as	the	production	site	

•collaborate	with	US	groups	on		
opto-ASICs	and	data-link	protocol

26 3

Opto-fiber RD items
í Fiber Rad-hard

MM Ge-doped @INER Co60 TID study is finishing
COTS, Fluorine-dope, pure Silica fiber Rad-hard study 

í Rad-hard Active opto-electronics
850 nm VCSEL, PD  characteristics, COTS  䑘, II-VI, ..
NIEL @INER 30 MeV protons

í ASICs, laser driver, PD TIA       Í deadly issue!
lack of expertise!!
Collab. with HEP groups, acquire known chips
check on COTS 

í Transceiver >10 Gbps
fabrication vs speed:  PCB, passive, connectors, design,  ⇵溶, 㸸‹, ..
coupling: active, lens, to fiber-ends 
NIEL, Ageing to Bit-Error-Rate

í Facilitate INER proton beam
for Rad-hard studies

Suen Hou 
Academia Sinica

https://indico.phys.sinica.edu.tw/event/52/contributions/
248/attachments/202/337/EIC_NCKU2022_v2.pdf

https://indico.phys.sinica.edu.tw/event/52/contributions/248/attachments/202/337/EIC_NCKU2022_v2.pdf
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Crystal Calo. ZDC

•There	is	an	interest	in	building	a	prototype	
calorimeter	with	LYSO	possibly	read	out	by	SiPM.	

•It	complements	with	PWO	prototype	effort.	

•We	have	a	local	supplier	linked	through	TCECM.

27

Collaboration opportunities 
• EPIC ZDC 

• Soft photon detection 
• Crystal calorimeter (PWO, LYSO, …) 

prototype 
• Readout device (APD, PMT, …) 

• EM+hadron calorimeter 
• ALICE-FoCal-E technology

• Pad detector led by Univ. of 
Tsukuba group and Indian group

• Pixel detector led by European 
group 

• Test beam activities ongoing 
• Pad detector at ELPH, Tohoku U. 
• Total system at CERN PS/SPS 

• EM calorimeter optimization 
• Sensor, readout (HGCROC), 

aggregator 
• Hadron calorimeter design (light 

collection, readout) 

November 2, 2022 16

ECCE/EPIC ZDC

ALICE FoCal-E R&D   

Slides from Yuji Goto 
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Timeline

28

/ 23

Schedule

Yi Yang              18 August 2022             TIDC EIC Workshop 16

5 to 7.5 x nominal Lumi

13 TeV

integrated 
luminosity

2 x nominal Lumi2 x nominal Luminominal Lumi
75% nominal Lumi

cryolimit
interaction
regions

inner triplet 
radiation limit

LHC HL-LHC

Run 4 - 5...Run 2Run 1

DESIGN STUDY PROTOTYPES CONSTRUCTION INSTALLATION & COMM. PHYSICS

DEFINITION EXCAVATION

HL-LHC CIVIL ENGINEERING:

HL-LHC TECHNICAL EQUIPMENT:

Run 3

ATLAS - CMS
upgrade phase 1

ALICE - LHCb
upgrade

Diodes Consolidation
LIU Installation

Civil Eng. P1-P5

experiment 
beam pipes

splice consolidation
button collimators

R2E project

13.6 TeV 13.6 - 14 TeV

7 TeV 8 TeV

LS1 EYETS EYETS LS3

ATLAS - CMS
HL upgrade

HL-LHC 
installation

LS2

30 fb-1 190 fb-1 450 fb-1 3000 fb-1

4000 fb-1

BUILDINGS

20402027 20292028

pilot beam

https://hilumilhc.web.cern.ch/content/hl-lhc-project

Today

https://hilumilhc.web.cern.ch/content/hl-lhc-project
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Summary

29

•After	the	HL-LHC	upgrade,	the	next	hardware	
project	is	likely	to	be	with	EIC.		

•TW-HEP	have	expertises	in	Silicon	detector	
and	is	progressing	R&D	of	LGAD.	We	can	
definitely	contribute	to	either/both	silicon	tracker	
and	PID-ToF.	

•There	may	be	other	opportunities	for	
contributions,	such	as	Calorimeter,	electronics,	
and	computing.
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Heavy Ion Physics @ STAR
o Yi Yang @ NCKU (Hard Probe convener) 
o NCKU (2014 ~ ) is heavily involved in the 

operation and performance of Muon Telescope 
Detector, and forward upgrade. 

o Main physics results are the production of J/ψ , 
ψ(2S), and Υ in p+p, p+A, and A+A collisions  

p+p  
p+Au  
d+Au 

Au+Au 
U+U 
…

31



STAR Upgrade: Forward Silicon Tracker

Silicon sensor: UIC/SDU/NCKU

Flexible hybrid PCB: SDU/IU

APV25 Chip: BNL/UIC

T-Board: SDU/IU

Mechanical Structure: NCKU

Supporting Structure & Integration: BNL

Inner Signal Cable: BNL

Simulation: NCKU/IISER/BNL
Cooling: BNL/NCKU

Assembly @ TiDC
o Yi Yang @ NCKU (Deputy project manager) 
o NCKU designed, manufactured, and 

assembled the mechanical structure 
o NCKU is also developing silicon strip detector 

with Taiwan Semiconductor Research 
Institute  

32



/ 28Yi Yang              03 November 2022             APCTP EIC Workshop

Example: STAR Forward Tracker
o Total 73 modules (48 needed) are 

produced 

     " Successful rate ~89%

33

Class A: 39.7 %

Class F: 11.0 %

Class C: 6.8 %

Class B: 42.5 %



sPHENIX  
@ RHIC, BNL

• Two institutes (NTU and 
NCU) are in the sPHENIX 
collaboration  
• Involve in the beam test, 

silicon sensor QC and silicon 
ladder assembly for the INTT 
(INTermediate Tracker) 
detector. 
• We are working on the 

construction and 
commissioning of INTT 
detector now!

34

sPHENIX: to study the strongly interacting quark-gluon plasma using jet and heavy-flavor observables. 



sPHENIX Silicon Ladder 
Assembly

35

Cosmic ray test



INTermediate silicon strip 
Tracker (INTT)

36



sPHENIX in Asia Meeting 
Nov. 15-17, 2022, NCU
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