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Middle	layers	
(ML)	

Outer	layers	
(OL)	

Inner	layers	
(IL)	

Outer	Barrel	
(OB)	

Inner	Barrel	
(IB)	

Layer		#		 3	4	5	6	 0	1	2	

N.	of		Stave	 24	30	42	48	 12	16	20	

ITS	structure	
				-	7	layers:											3	(IL),					2	(ML),						
2(OL)	
	 	 	 	-	192	Staves:	 	 	 	48	(IL),	 	 	54	(ML),		
90	(OL)	

40cm	 27	cm	

Detector	Layout	



ALICE	ITS	Upgrade	
OB	HIC	elements	

Power + Bias Bus 

Half-Stave Up 
Half-Stave Low 

Flexible Printed Circuit 
HIC: 

2x7 Pixel Chips 

Middle and Outer Layers are equipped 
with identical HICs 

14 ALPIDE chips 

1 FPC 

Flip-chip assembly 

18	μm	
18	μm	

	
75	μm	

	
18	μm	
18	μm	

Araldite 2011 ~45 µm 

ALPIDE chip ~100 µm 

FPC-to-ALPIDE interconnection 
 Wire-bonding through vias 
 25 µm Al wire 
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Pusan/Inha	(11/11/16)	

Strasbourg	(24/11/16)	

Bari	(20/10/16)		

Liverpool	(14/12/16)	

OB	HIC	construc7on	sites	(MAM	site	acceptance	test)	

	�ITS Plenary, 10-11 July, 2017�

storage	
(chip	tray,	HIC	box,	FPC	box)	�

High	purity	N2	&	
compressed	air	

supplies�

Vacuum	pump	

CCNU	PreparaGon	for	HIC	ProducGon	–	Clean	Room�

G5	Delvotec		
Machine	ALICIA-6	

HIC	test	bench	

Student:	Mr.	Biao	Zhang	

Student:	Ms.	Peipei	Zheng	

Chip	alignment			
(ALICIA	operaGon)	

Wuhan	(20/11/16)	
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OB	HIC	construc7on	-	Tooling,	Procedures	and	Training	
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OB	HIC	construc7on	-	Tooling	and	Procedures	

Ultrasonic	wedge	bonding	for	FPC	to	chip	interconnec7on:		
	new	bonding	machine	procured	for	Bari,	Strasbourg	and	Wuhan;	a	supply	contract	signed	with	Sejung	company	for	
	Pusan;	resources	allocated	by	the	laboratory	management	for	Liverpool	
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OB	HIC	construc7on	-	Tooling	and	Procedures	

Qualifica7on	and	Endurance	test	systems	
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OB	FPC	produc7on	
Nominal	quan7ty	of	FPCs	needed:	2700		(including	spares,	yield,	quality	control)	
Produc7on	at	GS	Swiss	will	be	completed	by	the	end	of	2018	
Pre-produc7on	and	1st	÷	5th	produc7on	batches:	

	 	2014	FPCs	(1607	Tab-A	and	407	Tab-B	type)	produced,	validated	and	distributed	to	HIC	sites	
6th	produc7on	batch:	

	 	308	FPCs	(276		Tab-A	and	32	Tab-B	type)	Cross-Cables	moun7ng	and	valida7on	ongoing,	 	
	 	distribu7on	will	start	this	week	

7th	produc7on	batch:	~470	FPCs,	produc7on	at	GS	Swiss	just	started,	delivery	expected	before	Christmas	

Extra	batch:	~350	FPCs,	purchasing	order	in	prepara7on	
	~970	FPCs	s7ll	available	(~200	already	distributed	+	770	from	6th	and	7th	batches)	and	~1200	HICs	s7ll	to	be	
	produced	(see	following	slides)			

Quality	controls	and	prepara7on:		
	Extensive	quality	assurance	tests	(metrology,	electrical	tests,	visual	inspec7on)	at	Trieste	and	Catania	
	Metal	quality	verifica7on	via	sample	wire	bonding/pull	tests	@	CERN	and	assembly	sites	
	Soldering	of	cross	cables	(for	connec7on	to	power	and	bias	cables),	test,	drying	and	cleaning	at		Trieste	
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OB	FPC	produc7on	

Stable	produc7on	yield	per	batch:	93%	÷	97%	
	 	 	 	~1%	metrology	out	of	specs	
	 	 	 	<1%	electrical	out	of	specs		
	 	 	 	2%	÷	6%	op7cal	inspec7on:	bending,	local	deforma7ons	and/or	defects	

X

Y	

VERT3	

VERT4	

Verifica7on	of	posi7on	of		selected	structures	and	
edges	with	respect	to	center	of	central	dowel	pin	hole	

Metrology	

FPC	Bending	
Op9cal	inspec9on	

	 	Main	source	of	found	defects	
	Few	random	problems	
	Structural	bending	

Electrical	tests	
	 	Check	for	short	or	open	lines	at	different	stages	
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OB	HIC	produc7on	

Number	of	HICs	to	equip	the	OB	layers:	1692	
Assuming	a	convoluted	HIC	(~83%)	&	Stave	(~90%)	Yield:	≈75%		
Number	of	HICs	to	build	to	equip	the	OB:	1692/0.75	=	2256	

HICs	built	so	far:	1388	(~62%)			

Addi7onal	spare	HICs	to	build:	≈250	g	≈2500	HICs	overall	

Target	produc7on	rate:	50	HICs/week	
	 	 	2	HICs/day/site	assuming	5	working	day/week	

Modified	procedure,	based	on	a	shorter	curing	7me	inside	MAM,	allows	to	increase	the	weekly	produc7on	rate			

End	of	HIC	produc7on		
Mar	2019		

N.B.:	In	the	following	plots	and	tables,	Pusan	g	Pusan/Inha		
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Steady	produc7on	in	Bari,	Liverpool,	Strasbourg,	Wuhan	and	ramping-up	in	Pusan/Inha	

Produc7on	rate	of	~49	HICs/week	in	the	last	5	weeks	
		 			w44	excluded	because	of	holidays	in	Italy	and	France	

OB	HIC	produc7on	
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OB	HIC	produc7on	
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OB	HIC	produc7on	status	

Online	update:	
25	now	
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HIC	Produc7on	End	milestone	Mar	2019	g	17	weeks	lez	

<	38.75	
>	

<	20.74	
>	

Mar	2019	

OB	HIC	produc7on	projec7on	

Exploit	the	modified	procedure	(reduced	MAM	down7me	due	to	pre-curing)	to	fulfill	the	milestone				
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Yield	figures	and	quality	quite	uniform	across	the	sites	

BARI	 LIVERPOOL	 STRASBOURG	PUSAN	 WUHAN	

OB	HIC	yields	
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OB	HIC	weekly	yields	

Average	number	of	qualified	HICs	per	
week	is	substan7ally	below	the	nominal	
produc7on	rate	of	50	HICs/week	
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OB	HIC	weekly	yields	
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Week	45	Week	30	

OB	HIC	distribu7on	
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OB	HIC	distribu7on	
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OB	HIC	yields	vs	chip	category	
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OB	HIC	quality	monitoring	-	Bond	Pull	Test		



ALICE	ITS	Upgrade	

V. Manzari - 12th ALICE Upgrade Asian Workshop , Inha University - Nov 19th, 2018  24	

OB	HIC	quality	monitoring	-	Qualifica7on	plots	

Standard	set	of	plots	in	prepara7on	 See	Markus	Keil’s	talk		
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Remarks	
Careful	cleaning	of	environment	and	jigs	as	well	as	careful	manipula7on	of	the	components	is	mandatory	
to	ensure	good	quality	HICs	over	the	produc7on	

Wire-bonding	process	requires	constant	check	of	possible	interconnec7on	pad	contamina7ons	and	
evalua7on	of	the	bonding	quality	by	visual	inspec7on	and		bond	pull	test	

	Regular	cleaning	of	the	wedge	tool	(~every	second	HIC)	and	replace	(~50k	bonds)	

The	outcome	of	the	Impedance	test	has	been	reconsidered:	

	Now	used	to	iden7fy	the	occurrence	of	shorts	only,	which	should	be	tried	to	remove	
	by	mean	of	the	burn	 	through	procedure,	and	not	to	asses	the	HIC	classifica7on	
	 	If	impedance	value	below	10	Ohm,	HIC	physical	status	is	set	to	NOK		

	All	HICs,	regardless	the	results	of	the	impedance	test,	should	undergo	the	Qualifica7on	Test	

FPCs	rejected	upon	the	visual	inspec7on	should	be	promptly	returned	back	to	Trieste	with	their	own	
carrier	plates	

Double	check	HIC	components	availability	to	prevent	interrup7on	of	the	produc7on	

See	Markus	Keil’s	talk		



ALICE	ITS	Upgrade	Conclusions	
Steady	produc7on	in	Bari,	Liverpool,	Strasbourg	and	Wuhan,	ramping	up	in	Pusan	

	≈60%	of	the	produc7on	already	done	
	Target	to	achieve	a	produc7on	rate	of	60	HICs/week	exploi7ng	the	modified	procedure	

Quality	Control	and	Assurance	is	extremely	important	to	ensure	HICs	of	proper	quality	throughout	the	whole	
produc7on	

	Bond	Pull	Test	and	Qualifica7on	plots		
	Prompt	upload	of	assembly	and	test	data	in	the	database	

A}end	the	HIC	weekly	mee7ng	on	Thursday	at	10h:00am	CET	and	report	on	the	produc7on	status	
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This	was	and	s7ll	is	a	challenging	and	exci7ng	enterprise	

	 	now	we	just	see	the	top	of	the	mountain	but	we	are	not	yet	there	

	 	 	 	 	let	us	make	the	final	effort	to	reach	it		
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Back-up	
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