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QC Overview

• Many individual components fabricated/acquired at 
multiple institutions

• Component quality control will be handled at institution of 
component origin 
§ SiPMs (NIU)
§ SiPM mounting board assemblies* (NIU)
§ Bars (uncoated – IU), (coated – FNAL)
§ Radiators (IU)
§ SSPs and SSP calibration modules (ANL)
§ Cables (ANL)
§ Calibration components (ANL)

*CSU	will	be	fabricating	the	boards	which	will	be	tested	at	NIU



sensL 600035C	SiPMs

Mounting	PCB

Radiator	Plate

WLS	Light	Guide

SiPM Assembly

PD	Module	(IU	version)	Design



Photon Detector (Module) Quality Control



Photon Detector (Module) Quality Control

Upon	receipt	of	PD	components	at	CSU	they	will	be	unpacked	and	
visually	inspected	
• Appropriate	environmental	conditions	will	be	be	maintained	(eg.	UV	filters)
• Tracking	and	careful	logging	will	be	maintained	– component	travelers	will	

be	collected	and	added	to	tracking	documents	for	the	corresponding	PD	
module

• Any	components	exhibiting	visible	damage	or	abnormalities	will	be	set	aside	
and	investigated	with	responsible	institution	to	ensure	procedural	problems	
corrected.	

Once	components	have	been	received	and	inspected	the	PD	module(s)	
will	be	assembled	(see	Warner	talk)

• Tests	of	mechanical	tolerances	will	be	performed	at	this	time	(PDs	will	be	
inserted	into	testing	frame	for	this)



CSU Module Scanner (Warm)

128	nm	source

PD	insertion	drawer	
– holds	2	PDs

SSP	for	readout



Photon Detector (Module) Quality Control

Assembled	PD	module	will	then	be	inserted	into	“warm”	GAr tester	(at	
CSU)	for	basic	operation	testing	
• PDs	will	be	scanned	(in	x,y)	with	128	nm	source
• Tests	will	verify	SiPM operation	and	channel	connectivity

Following	the	warm	scanner	tests	the	assembled	modules	will	be	
immersed	in	LN2		

• Performed	vertically	in	the	CSU	500	l	test	dewar

• Test	to	ensure	all	mechanical	and	electrical	connections	for	the	PD	maintain	
integrity	through	thermal	cycle

• Only	full	PD	cryo test	prior	to	installation	in	protoDUNE (or	far	detector)

• PDs	will	be	read	out	for	basic	operation	during	this	test



PD Tests in 500 l (2.5 m) Dewar

Mechanical	test	apparatus	for	mechanical	tests	of	up	
to	4	PDs	in	LN2	bath



Photon Detector (Module) Quality Control

Following	cold	test	PDs	again	tested	for	operation	in	warm	scanner	
prior	to	shipping	to	CERN.

PDs	unpacked	and	visually	inspected	upon	arrival	at	CERN	

• Duplicate	version	of	warm	scanner	will	be	used	at	CERN

PDs	tested	for	operation	in	warm	scanner	prior	to	installation	in	APAs

Once	PDs	are	installed	in	APAs	basic	electrical	checks	will	be	made



Mechanical Tolerance Quality Control

Tolerances	based	on	experience	with	assembling	photon	detectors	and	
installation	into	test	version	of	APA	frame.	

• will	check	that	the	tolerance	on	the	width	and	thickness	of	the	PD	is	correct	at	each	
of	the	5	(MIT)	or	7	(IU)	design	mounting	points

• will	check	that	the	gap	between	the	mounting	points	is	within	tolerance	at	each	point

• will	check	(with	an	optical	tool)	that	the	gap	between	the	SiPMs and	the	light	guide	is	
correct	

• will	check	the	overall	length	of	the	PD	module	to	make	sure	it	is	within	tolerance

• will	check	that	the	spacing	of	the	PD	mount	rails	is	OK	by	sliding	in	a	blank	plate	with	
the	maximum	tolerance	of	the	PD	into	the	slot	after	the	rails	are	installed

PD	mechanical	tolerance	QC	plan	(upon	receipt	of	components)



Mechanical Tolerance Quality Control

Go	No-Go	gauges	(Solidworks models)



QA of SiPM Mounting Board Assembly

12	× SiPM

RJ-45	Cat	6	Jack

• Crygoenic test	stand	has	been	built	for	the	purpose	
of	these	tests	(LED	and	LN2	utilized)

Example:	qualification	of	SiPM mounted	on	readout	
board	(under	thermal	cycle)

Sensl SiPM (C-series)	soldered	onto	mounting	board	
assemblies	are	being	tested	for	operation	through	
several	thermal	cycles	at	CSU.	

• Capable	of	testing	up	to	96	SiPMs (8	boards)	at	a	
time

• SiPM characteristics	(gain,	cross-talk,	dark	rate,	and	
after-pulsing)	measured	using	SSP	for	readout

• Devices	put	through	5	thermal	cycles	(more	than	
twice	what	they	will	be	expected	to	be	cycled	
through



Cryogenic SiPM / Mounting Board Test Stand

• Computer	controlled	stepper	motor	moves	
the	boards	into	and	out	of	the	LN2

Test	stand	uses	LED	in	LN2	for	tests.	

• LN2	depth	is	monitored	using	depth	sensor	
like	that	developed	for	our	500	l	vessel

• Light-tight	cover	put	over	system	during	
testing

• Dry	gaseous	nitrogen	above	the	test	vessel	
to	prevent	condensation	and	icing	on	the	
boards	during	cold-warm	cycle.	

• Five	cycles	take	about	2	days.	



Mounting Board Assembly QA Results

Sample	analysis	plot	used	to	
determine	the	device	gain	and	
cross-talk.

We	will	test	a	sample	of	about	40	SiPM assembly	boards	
(SABs)	– each	with	12	soldered	C-series	– through	thermal	
cycles

Currently	finalizing	test	procedure	and	determining	QC	
parameters

SiPM test	assembly	board



Tracking and Documenting

• Inspection	forms	of	incoming	materials	will	be	
created	and	filled	out	for	all	PD	components	
supplied	by	external	vendors	and	institutions.

QC	Record	keeping	for	protoDUNE will	be	based	on	
experience	with	35	t	

• QC	record	forms	(such	as	the	model	from	the	
35T	detector	on	the	next	slide)	will	be	filled	out	
for	each	step	of	assembly.

• All	component/module	travelers/inspection	
forms	will	have	paper	copies	which	travel	with	
the	appropriate	components,	as	well	as	a	digital	
version	(including	scan	of	paper	version)	to	be	
kept	online.

Final	version	of	SiPM mounting	boards	will	have	
SN	silk-screened	on.	We	are	using	sharpie	for	now



35T PD “Traveler”--QC record sheet for modules



Online Component Database

• Photon detector modules  will be tracked in an online database that 
can be used to link hardware components with performance 

• The PD SN will be stored along with its location in the detector
§ Talking with DUNE computing leadership (T. Junk et al) about this

• QC values entered into spreadsheet – transferred into component 
database



QA/QC Documentation

Documentation has been created, and will continue to be created, for 
the QA/QC testing. 

Quality Assurance (Thermal Cycle) Procedure



Conclusions

• A plan for quality control of the PD modules has been 
developed

• PDs will be tested following assembly at CSU and again 
at CERN prior to installation into APAs

• Quality Assurance of SiPM/Mounting Assemblies is 
ongoing

• Tracking plan based on experience with 35 t
• Plan for tracking PDs in hardware/online database is 

being developed
• Procedures are documented as they are implemented


