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Abstract:	 The	 fabless	 semiconductor	manufacturing	 sector	 is	 increasing	 in	 popularity,	 offering	 a	
simple	outsourced	manufacturing	solution	that	enables	smaller	semiconductor	companies	to	focus	
on	 innovation.	 However,	 many	 fabless	 semiconductor	 suppliers	 must	 deal	 with	 an	 extensive	
network	of	supply-chain	partners	that	generates	 large	amounts	of	data.	This	data	can	be	used	to	
support	 defect	 traceability,	 but	 putting	 it	 all	 together	 to	 identify	 actionable	 knowledge	 is	
challenging.	 Technologies	 are	 now	 available	 that	 make	 it	 possible	 for	 fabless	 semiconductor	
suppliers	 to	 combine	 and	 analyze	 the	 many	 data	 streams	 they	 receive	 from	 their	 supply-chain	
partners.		
	
Keywords:	Semiconductors,	integrated	circuits,	manufacturing,	supply	chain,	yield,	test	and	product	
engineering,	data	analysis,	quality	control,	big	data,	machine	learning,	artificial	intelligence.	
	
DATA-DRIVEN	MANUFACTURING	EXCELLENCE	IN	THE	SEMICONDUCTOR	ECOSYSTEM	
In	 the	 current	global	 semiconductor	ecosystem	a	wide	 range	of	manufacturing	 technologies	and	
processes	are	available	for	wafer	fabrication,	testing,	and	assembly.	Fabless	integrated	circuit	(IC)	
manufacturers	successfully	leverage	these	technologies	while	at	the	same	time	they	benefit	from	
the	capital	efficiency	offered	by	outsourced	manufacturing.	Recent	 innovations	 in	 silicon	 scaling,	
and	packaging	technologies	allow	for	the	ever-increasing	levels	of	integration	in	multichip	modules	
and	 system-in-package	 (SIP)	 technologies.	 Increased	 levels	 of	 integration	 of	 components	 and	
technologies	lead	to	an	overall	increase	in	functionality	and	better	performance	at	lower	costs.	On	
the	 downside	 however	 for	 IC	manufacturers,	 such	 complex	 integration	 schemes	 also	 come	with	
many	operational	challenges	 that	are	associated	with	 technological	complexities	and	operational	
challenges.		
	
Most	of	 these	difficulties	 stem	from	the	 fact	 that	 IC	manufacturers	 typically	need	 to	deal	with	a	
vast	 array	 of	 geographically	 dispersed	 supply-chain	 partners.	 At	 the	 same	 time,	 they	 are	 facing	
shortening	product	lifecycles.	Their	customers	want	to	be	able	to	ramp	to	volume	quickly	and	hit	
market	windows.	Delays	or	supply	constraints	in	this	cycle	cannot	be	tolerated.	Many	also	demand	
high	 levels	 of	 yields,	 high	 quality	 and	 part-level	 traceability,	 all	 at	 minimum	 costs.	 These	
requirements	drive	the	necessity	of	efficient	and	diligent	supplier	management.	Detailed	and	near	
real-time	visibility	into	every	step	of	the	entire	manufacturing	chain	is	therefore	crucial	to	ensure	
that	 any	 problem	 is	 instantly	 detected	 and	 appropriate	 actions	 are	 taken.	 The	 capability	 to	
systematically	 leverage	 all	 types	 of	 data	 that	 are	 generated	 in	 the	 manufacturing	 processes	 is	
becoming	increasingly	determining	for	ensuring	manufacturing	excellence.	
	
LEVERAGING	VAST	AMOUNTS	OF	MANUFACTURING	AND	TEST	DATA	
During	test	and	manufacturing	operations,	hundreds	of	different	types	of	measurements	are	done	
that	 generate	 thousands	 of	 data	 points	 every	 second,	 resulting	 in	 Gigabytes	 of	 data	 per	
manufactured	product,	per	day.	These	continuous	high-volume	data	streams	contain	the	answers	
to	many	of	the	operational	issues	industrial	managers	and	engineers	are	struggling	with.	The	sheer	
amount	of	data	however	makes	 it	 difficult	 to	 systematically	detect	 and	apprehend	 if	 and	where	
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issues	occur	and	 therefore	 so	often	elude	attention	of	data	 scientists	manufacturing	 teams.	 The	
amount	of	potential	defects	and	interactions	combined	with	the	massive	amounts	of	data	makes	it	
practically	impossible	to	check	everything	manually.		
	

	
Figure	1:	The	Silicondash	platform	covers	the	entire	manufacturing	supply	chain,	enabling	end-to-end	traceability.	

	
MANUFACTURING	CHALLENGES	FACING	FABLESS	SEMICONDUCTOR	COMPANIES	
The	semiconductor	manufacturing	process	comprises	a	series	of	steps	from	front-end	fabrication	
through	 to	wafer-level	 test,	 packaging	 and	 assembly	 into	 final	 test	 and	 integration	 into	 the	 end	
system.	Manufacturing	problems	can	emerge	at	any	step.	Under	conventional	(data)	management	
techniques,	manufacturing	 problem	may	 only	 become	 apparent	when	 a	 dedicated	 test	 shows	 a	
drop	in	yield	or	quality	at	the	end	of	he	chain.		
	
Reliance	on	tests	at	 the	end	of	 the	entire	manufacturing	chain	alone	forces	manufacturers	to	be	
reactive.	 They	may	need	 to	hold	production	at	 a	 supply-chain	partner	while	 they	determine	 the	
root	 cause	 of	 the	 drop	 in	 test	 failures.	 While	 diagnosis	 takes	 place,	 delivery	 schedules	 are	
negatively	impacted	and	valuable	profits	are	lost.		
	
Sometimes,	 the	 problems	 in	 the	 manufacturing	 process	 do	 not	 emerge	 until	 the	 product	 is	
integrated	 into	the	final	system	and	the	customer	experiences	failures	during	the	test	process	or	
even	 in	 the	 field.	 The	various	 test	programs	put	 together	by	 the	manufacturer	 and	 supply-chain	
partners	may	fail	to	identify	problematic	parts	and	these	test	escapes	make	it	into	the	end-product	
–	with	an	impact	on	quality.		
	
Yet,	in	many	cases	the	warning	signs	are	evident	in	up-stream	production	data	produced	by	supply-
chain	partners	at	each	step	of	the	fabrication	process.	Metrology	and	tests	performed	during	front-
end	and	back-end	fabrication	or	wafer-level	tests	will	often	show	an	issue	emerging	well	ahead	of	a	
yield	or	quality	failure.	The	difficulty	facing	any	fabless	company	is	to	use	that	data	in	an	actionable	
way	 to	 deal	with	 problems	 in	 real	 time	 and	 avoid	 the	 delays	 and	 costs	 associated	with	 reactive	
supply-chain	management.		
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SO	MUCH	DATA,	SO	LITTLE	INSIGHT	
The	 high	 cost	 of	 yield	 and	 quality	 issues	 in	 the	 manufacturing	 supply	 chain	 demands	 a	 rapid	
response	to	any	problems	as	they	emerge.	Naturally,	fabless	organizations	employ	large	teams	of	
engineers	experience	 in	 root-cause	analysis	 so	 they	 can	deal	with	problems	as	 they	emerge	and	
make	changes	to	bring	the	processes	back	online	at	each	of	the	fabrication	and	OSAT	partners	that	
are	affected.			
	
There	 are	 two	 challenges	 facing	 engineering	 teams	 charged	 with	 quality	 assurance	 and	 yield	
management.	The	first	is	ingesting	and	organizing	the	data	itself.	According	to	a	recent	study,	only	
10	percent	of	the	available	data	 is	used	for	diagnostics	because	 it	 is	often	too	difficult	and	time-
consuming	 to	deal	with	all	of	 the	data	streams	 that	come	 from	the	many	partners	 in	 the	supply	
chain.	 Some	 80	 percent	 of	 the	 time	 spent	 on	 data	 analytics	 is	 simply	 due	 to	making	 analytical	
datasets	useful.	Each	supply	chain	partner	will	have	 its	own	test	tools	and	analysis	software	that	
will	generate	data	in	different	formats	to	those	employed	by	others.	As	a	result,	the	data	analysts	
need	to	pre-process,	reformat,	clean,	normalize	and	align	records	to	ensure	that	they	can	trace	the	
progress	of	individual	components	through	to	each	final,	packaged	product.		
	
QUALITY,	YIELD	AND	MANUFACTURING	EFFICIENCY	
With	so	much	time	taking	to	ingest	and	manage	the	data,	as	well	as	to	react	to	issues	that	threaten	
to	 hold	 up	 production,	 there	 is	 little	 time	 to	 learn	 from	 the	 insights	 that	much	 of	 the	 real-time	
information	 provided	 by	 supply-chain	 partners	 contains.	 Often,	 well	 before	 quality	 problems	
become	readily	apparent,	symptoms	have	already	appeared	in	the	data.	These	symptoms	need	not	
be	fatal	test	failures	but	patterns	in	the	data	that,	if	noticed	early	enough,	can	trigger	actions	that	
head	off	yield	crashes	or	unacceptable	quality	levels.		
	
For	 example,	 intermittent	 problems	on	 a	 tester	 used	 by	 a	 supply-chain	 partner	 can	 lead	 to	 test	
escapes.	The	symptom	that	emerges	in	the	data	may	not	be	a	failure	indication	from	the	tester’s	
own	diagnostics	but	from	the	data	it	produces,	such	as	unusually	stable	values	for	parameters	that	
normally	 display	 much	 greater	 variability.	 Conversely,	 an	 increase	 in	 outliers	 that	 are	 revealed	
during	wafer-probe	tests	or	by	metrology	in	any	of	the	front-end	or	back-end	processes	can	reveal	
issues	with	 certain	 pieces	 of	manufacturing	 equipment	 going	 out	 of	 tolerance.	Outliers	within	 a	
single	 process	 step	 will	 not	 lead	 to	 yield	 or	 quality	 problems.	 But,	 combined	 with	 excursions	
encountered	at	other	 steps,	 they	can	 signal	 the	 imminent	appearance	of	 serious	 failures	at	 final	
test.		
	
Once	a	downward	trend	in	quality	 is	 identified,	the	team	responsible	can	take	 immediate	action.	
They	 can,	 for	 example,	warn	 a	 supply	 chain	 partner	 of	 certain	marginalities.	 A	 corrective	 action	
might	be	 to	use	 a	different	batch	of	wafers	 supplied	by	 an	upstream	 foundry	or	halt	work	until	
alternative	 parts	 are	 available.	 The	 result	 of	 these	 actions,	 when	 taken	 quickly,	 is	 far	 less	 time	
wasted	looking	to	find	how	many	parts	are	affected	by	a	problem	once	issues	have	emerged	during	
or	after	final	test.		
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The	problem	 facing	 the	 teams	 responsible	 for	diagnostics	and	 root-cause	analysis	 is	determining	
which	combinations	of	parameters	are	signifiers	of	emerging	problems.	It	is	extremely	difficult	for	
engineering	teams	to	pull	the	data	together	and	visualize	it	in	such	a	way	that	the	information	from	
these	various	steps	is	actionable.		
	

	
Figure	2:	Big	data	problems	call	for	a	big	data	solution	–	an	example	of	how	smart	manufacturing	

architecture	can	solve	modern	manufacturing	challenges.	
	
AUTOMATED	DATA	PREPARATION		
Imagine	if	you	could	tame	and	harness	your	supply	chain	data	in	such	a	way	it	can	deliver	real-time	
actionable	insights	for	your	operations.	This	 is	now	possible	thanks	to	big-data	analytics,	artificial	
intelligence	and	cloud	computing	coupled	to	a	software	 infrastructure	that	 is	designed	to	handle	
the	multiple	sources	of	real-time	manufacturing	data	produced	by	the	semiconductor	supply	chain.		
	
Qualtera	developed	Silicondash	to	liberate	the	valuable	information	contained	inside	the	data	that	
comes	 from	 the	 supply	 chain.	 A	 core	 enabling	 technology	 is	 the	 use	 of	 stream-computing	
technologies	 to	 ingest	 data	 from	 each	 supply-chain	 partner	 and	 normalize,	 align	 and	 aggregate	
data	 and	 analytical	 results	 into	 a	 common	database.	 This	 ensures	 that	 data	 used	 by	 the	 fabless	
semiconductor	 supplier	 is	 in	 a	 consistent	 format	 and	 able	 to	 support	 engineering	 analysis.	 This	
results	 in	 large	 time	 savings	 for	 the	 quality	 and	 yield-management	 teams,	 allowing	 them	 to	
dedicate	time	to	improving	productivity.	However,	Silicondash	goes	much	further.	
	
ANALYTICAL	ENGINES	–	REAL	TIME	ANALYTICAL	RESULTS	AND	ACTIONS	
Silicondash	uses	cloud-based	compute	engines	that	are	triggered	by	the	arrival	of	incoming	data	to	
run	 queries	 automatically.	 These	 queries	 are	 used	 to	 feed	 information	 to	 an	 array	 of	 advanced	
detection,	 classification	 and	 correlation	 algorithms.	 The	 results	 from	 these	 scans	 can	be	 used	 in	
multiple	ways.		
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The	processed	data	 feeds	 into	analysis	 tools	 that	 range	 from	executive-level	dashboards	 focused	
on	KPIs,	to	provide	early	warning	of	potential	problems,	through	to	interactive	reports	to	provide	
deeper	analysis	of	trends	and	metrics.	These	reports	and	dashboards	act	as	the	starting	point	for	
engineering	 analysis.	 Users	 can	 quickly	 drill	 down	 into	 details	 on	 any	 of	 the	 manufacturing	
processes	 to	 perform	 root-cause	 analysis	 of	 problems.	 The	 data	 makes	 it	 possible	 to	 work	
backwards	 from	a	 failed	batch	of	multichip	modules	 to	 the	source	wafers	 that	produced	each	of	
the	devices	inside	those	modules.		
	

	
Figure	3:	Silicondash	offers	a	scalable,	secure	analytical	infrastructure.	

	
The	 use	 of	 stream-based	 processing	 avoids	 the	 need	 for	 engineers	 to	 run	 manual	 searches	 on	
traditional	 database	 structures	 and	 search	 for	 signals	 iteratively.	 Because	 the	 data	 is	 already	
preprocessed	 and	 classified,	 engineers	 can	 easily	 find	 patterns	 and	 pinpoint	 problems.	 Using	
Silicondash	 it	 is	possible	 to	analyze	much	higher	 volumes	of	data	and	provide	 speedups	 in	 root-
cause	analysis	up	to	100	times	faster	than	traditional	methods.		
	
AUTOMATED	SUPPLY	CHAIN	FEEDBACK	AND	FEED-FORWARD	
Once	 patterns	 have	 been	 identified	 that	 link	 process	 excursions	 to	 yield	 or	 quality	 issues,	
Silicondash	can	apply	automation.	The	outputs	 from	 the	various	analysis	engines	 can	be	used	 in	
feedback	and	feed-forward	signals	to	apply	corrective	action	in	the	supply	chain	automatically.	For	
example,	signals	 indicate	a	tester	may	be	allowing	escapes,	that	machine	can	be	ordered	to	stop	
and	 wait	 for	 maintenance.	 Alternatively,	 wafers	 that	 show	 a	 higher	 than	 normal	 number	 of	
probable-failure	indicators	during	wafer-level	testing,	such	as	increased	leakage,	can	be	prevented	
from	 being	 packaged	 into	 products	 that	 need	 zero-defect	 assurance,	 such	 as	 those	 used	 in	
automotive	systems.		
	
Machine	learning	makes	it	possible	to	go	further	and	unlock	the	full	potential	of	supply-chain	data.	
There	are	many	process-level	metrics	that	can	mean	the	difference	between	a	fast	yield	ramp	and	
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an	unsuccessful	yield	ramp.	By	correlating	final	product	yield	with	the	many	metrics	collected	by	
semiconductor	processing,	machine	learning	can	find	hidden	patterns	and	indicate	where	changes	
need	 to	 be	made	 –	and	 it	 can	 drive	 real-time	 corrective	 action	 if	 excursions	 in	 key	 parameters	
threaten	yield	or	quality.	Because	of	the	technologies	employed	by	Silicondash	it	is	now	possible	to	
leverage	all	 the	data	 from	the	semiconductor	 supply	chain	systematically	and	automatically,	and	
translate	the	findings	into	actionable	information	and,	as	a	result,	significantly	improve	KPIs.	
	
SILICONDASH		-	BEYOND	EDA	
As	an	 ISO	9001	and	 ISO	27001	certified	company	that	operates	worldwide	at	 fabless	companies,	
IDMs,	 foundries	 and	OSATs	with	 deep	 experience	 in	 operational	 intelligence,	 Qualtera	 has	 built	
Silicondash	 to	 address	 all	 the	 needs	 of	 semiconductor	manufacturers,	 providing	 fast,	 actionable	
insights	 with	 maximum	 reliability	 and	 without	 compromising	 the	 data	 security	 or	 proprietary	
intellectual	property	(IP).		
	
Silicondash	is	centrally	hosted	and	delivered	as	a	combination	of	Platform	as	a	Service	(PaaS)	and	
Software	as	a	Service	(SaaS).	The	application	can	be	securely	accessed	by	an	unlimited	amount	of	
authorized	 users	 based	 anywhere	 in	 the	 world.	 This	 allows	 users	 to	 run	 scalable	 and	 powerful	
platforms	 without	 the	 costs	 of	 building	 and	 maintaining	 the	 complex	 infrastructures	 typically	
associated	with	data	analytics	across	worldwide	operations.	
	

	
Figure	4:	An	example	of	the	Silicondash	software	in	action	–	automatic	detection	of	facility	yield	

difference.	
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Silicondash	 is	 built	 using	 modern	 cloud-based	 technologies	 that	 are	 intrinsically	 designed	 for	
maximum	uptime	and	reliability.	The	use	of	cloud-server	technology	makes	it	possible	to	generate	
analyses	on	a	massive	scale	and	ensure	no	important	signals	are	missed.	The	infrastructure	is	built	
using	modern	technologies	that	are	intrinsically	designed	for	maximum	data	security.	In	contrast	to	
existing	 solutions,	which	often	 lead	 to	proprietary	data	being	 stored	and	accessed	at	distributed	
locations,	the	architecture	of	Silicondash	avoids	the	need	to	transfer	large	volumes	of	confidential	
measurement	data	to	individual	users.		
	
As	well	as	identifying	patterns	in	the	aggregate	data	to	support	high-level	decisions	and	ensure	KPIs	
are	 being	 met,	 Silicondash	 guarantees	 die-	 and	 part-level	 traceability	 and	 accuracy	 in	 a	 high-
volume	production	environment.	The	result	 is	high	accuracy	and	repeatability	 for	analysis	results	
and	alert	signals.	
	
CONCLUSION	
In	an	environment	where	semiconductor	companies	operate	complex	supply	chains	involving	many	
outsourced	 providers,	 organizations	 are	 challenged	 by	 the	 huge	 amounts	 of	 data	 generated	 not	
just	to	manage	production	efficiently	but	also	to	provide	the	traceability	required	by	 increasingly	
demanding	customers.	Current	solutions	for	collection,	storage	and	effective	mining	of	those	data	
are	falling	behind.	But	the	knowledge	contained	within	that	data	is	critical	to	success.	Those	who	
can	 take	 advantage	 of	 scalable	 data	 management,	 mining	 and	 machine	 learning	 to	 unlock	 the	
knowledge	 hidden	 inside	 will	 lead	 the	 industry.	 Silicondash	 offers	 an	 approach	 that	 makes	 it	
possible	to	make	full	use	of	supply-chain	data	and	drive	new	levels	of	business	intelligence	in	the	
semiconductor	sector.		
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