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1.	Introduction	
	

The	idea	behind	Vertical	Conductive	Structures	(VeCS)	is	to	step	away	from	
the	 limitations	 of	 through	 hole	 vias,	 sequential	 lamination	 and	Microvias.	
These	 limitations	 cause	 layer	 count	 growth,	 signal	 integrity	 issues	 and	 all	
sort	of	yield	problems.		
	
VeCS	 is	 designed	 for	 Area	 Array	 Packages	 and	 their	 footprint.	 BGA	 type	
component	are	the	most	common	known	AAP	but	there	are	other	types	as	
well	e.g.	High-density	surface	mount	components.	
	
VeCS	targets	through	and	deep	blind	structures,	but	most	of	all	more	vertical	
connections	to	the	 internal	 layers	on	a	smaller	area.	This	opens	up	routing	
channels	 for	 signal	 routing	 and	 opens	 up	 space	 to	 widen	 the	 plane	 areas	
running	 under	 the	 BGA’s.	 This	 effect	 will	 both	 reduce	 layer	 count	 and	
improve	the	Signal	Integrity	performance	
	
The	 limitation	of	VeCS	 is	 the	sequence	of	various	process	 steps.	Further	 in	
this	document	the	various	flows	are	described.	
	

	
The	figure	above	shows	a	3D	model	of	3	internal	layers	and	the	outerlayers.	
In	gray	you	see	multiple	VeCS	elements	connecting	to	6	BGA	pads	on	a	very	
small	surface	area.	The	dielectric	layers	are	not	shown	in	this	picture.	
	
VeCS	 is	 a	 patented	 technology	 by	 Nextgin	 Technology	 and	 can	 by	 license	
through	 Nextgin	 Technology.	 We	 can	 be	 contacted	 on	 info@nextgin-
tech.com	 if	 you	 require	 more	 information	 on	 the	 technogy	 and	 license	
package.	
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2.	The	basic	VeCS	element	
	
The	VeCS	element	carries	typical	a	minimum	of	4	to	any	number	of	electrical	
connections	from	the	outerlayers	into	the	board.	The	objective	is	to	get	the	
surface	area	of	the	VeCS	element	as	small	as	possible.	
The	form	of	the	element	 is	a	slot	type	element	which	does	not	need	to	be	
straight	 but	 can	 have	 bents,	 curves	 or	 any	 other	 shape	 that	 supports	 the	
routing	of	the	board.	
In	the	next	figure	the	basic	structure	of	a	4	connection	element	is	shown.	It	
is	preferred	 that	 the	slot	 is	 created	/	 routed	at	 the	drilling	 stage	 to	having	
minimum	misalignment	between	the	features.	
	
The	VeCS	can	be	filled	similar	as	through	hole	vias	are	filled	and	over-plated	
to	form	a	contact	pad	on	top.	The	advantage	is	that	no	scalled	“dog-boning”	
is	required	and	the	VECS	can	be	placed	directly	in	the	pad.	
	
Following	 is	the	description	of	the	process	to	start	building	the	basic	VeCS.	
At	this	moment	we	distinguish	three	different	process	sequences	defined	as	
VeCS-A,	VeCS-B	and	VeCS-C.	As	the	technology	develops	further	we	expect	
more	varieties	all	with	the	same	principle	of	making	structures	with	multiple	
connections.	
	

2.1.	Process	principle	VeCS-A		
	

	

1.  Drill'two'hole'with'a'small'sepera1on.'The'hole'size'will'be'
in'te'range'of'0,1'–'0,5mm.'This'depend'on'the'capability'
of'the'following'step.'The'sepera1on'will'be'in'the'range'of'
0,1'–'0,'5mm.'

'

2.  AAer'drilling'the'sera1on'between'the'holes'will'be'
removed,'this'can'be'done'by'drilling,'rou1ng/milling,'laser'
cuEng,'waterjet'cuEng,'punching.'In'prac1ce'it'would'be'
best'for'a'good'registra1on'to'execute'step'1'and'2'on'the'
same'machine.'

Step%1%and%2%can%be%swapped%in%it’s%sequence.%

sepera1on'
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2.2.	Process	principle	VECS-B		
	

	
	

	
	
	

	 	

3.  Once'the'structure'is'formed'it'is'cleaned'and'plated.'This'
is'done'by'applying'a'conduc9ve'seed'layer'followed'by'
building'a'thicker'conduc9ve'layer'(typical'copper).'
A@er'building'the'conduc9ve'layer'a'etch'resist'can'be'
applied,'this'is'typical'a'Sn'layer'but'can'be'any'other'
material'that'works'as'an'etch'resist.'

4.  The'conduc9ve'material'can'be'removed'on'specific'
posi9ons'to'form'the'ver9cal'traces.'This'step'can'be'done'
prior'etching'the'paEern'or'a@er'etching'the'paEern.'There'
are'specific'advantages'when'removing'the'conduc9ve'
layer'prior'etching.'Any'burrs'from'the'rou9ng/drilling'
process'will'be'removed'in'the'etching'process.'

1.  Drill'one'hole.'The'hole'size'will'be'in'te'range'of'0,1'–'
0,5mm.''

'
'
'
'

2.  Rout'from'the'center'of'the'hole'a'slot.'The'hole'drilled'
under'(1)'is'used'as'a'center'hole'for'the'following'steps'
and''

3.  Apply'seed'layer'and'build'up'a'conducEve'layer'that'gives'
a'reliable'structure.'

4.  Drill'out'the'conduc0ve'part'of'the'center'hole'spli6ng'the'
structure'in'two'poten0als.'The'advantage'of'the'CS'basic'
structure'is'that'only'one'hole'need'to'be'drilled'for'
spli6ng'the'structure.'



	

This	document	is	property	of	NextGIn	Technology	BV	and	is	confidential	and	need	to	be	treated	as	such.	
VeCS	technology	is	patented	 	 	

6	

2.3.	Process	principle	VeCS-C	
	
A	third	process	is	shown	below,	this	 is	the	simplest	for	making	the	VeCS	as	
we	do	not	use	the	pilot	drill.	The	advantage	of	the	slightly	larger	pilot	hole	is	
that	a	second	drill	removing	the	conductive	layer	or	etch	resist	layer	is	self-
aligned	to	the	pilot	hole.	
	

	
	
		

2.4.	Process	principle	VeCS-D	
	
The	fourth	process	is	similar	as	VeCS-C	with	the	difference	that	we	use	two	
holes	or	slots	to	remove	the	plating	creating	two	potentials.	
	

	
	
	

1.  Rout'slot,'this'can'be'done'a3er'lamina6on'(at'the'drilling'
stage).'

'
'
2.  Apply'seed'layer'and'build'up'a'conduc6ve'layer'in'de'slot.'
'

3.  Drill'out'pla6ng'pla6ng'crea6ng'two'poten6als.'The'size'of'
hole'is'chosen'such'that'it'is'taken'out'the'pla6ng'taken'
into'account'the'tolerances'for'drilling'and'alignment.'

1.  Rout'slot,'this'can'be'done'a3er'lamina6on'(at'the'drilling'
stage).'

'
'
2.  Apply'seed'layer'and'build'up'a'conduc6ve'layer'in'de'slot.'
'

3.  Remove'pla6ng'pla6ng'crea6ng'two'poten6als.'In'this'
example'it'is'done'by'using'drilling'or'milling'but'it'can'be'
done'by'more'advance'techniques'as'photo'defini6on'and'
etching.'As'drilling'and'milling'is'known'to'the'industry'is'
the'most'logical'to'start'with'the'exis6ng'process'
infrastructure.'
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2.5.	Plating	processes	
	
The	 advantage	of	 the	 oblong	 shape	 is	 that	 chemistry	 needed	 for	 cleaning,	
plating,	 filling,	 etc.	 into	 the	 VeCS	 	 is	 much	 easier	 then	 in	 a	 drilled	 hole.	
Typical	drill	sizes	for	the	through	holes	and	buried	holes	are	in	the	range	of	
0,35	to	0,2mm	and	pushing	it	down	to	accommodate	the	smaller	pin	pitches	
in	 new	 generation	 components.	 With	 layer	 count	 going	 up	 with	 ever	
increasing	I/O	count	the	boards	get	thicker.	This	in	combination	with	smaller	
holes	the	PCB	processes	get	stretched	to	it’s	limit	and	resulting	in	lower	yield	
processes.	The	ratio	PCB	thickness	versus	drill	size	is	defined	as	aspect	ratio	
and	 is	with	 today’s	 processes	 “throwing”	 less	 conductive	material	 into	 the	
hole	from	an	A/R	from	12	(3.0mm/0,25mm)	and	higher.		
If	we	compare	the	surface	area	of	a	through	hole	drill	with	the	surface	area	
of	 a	 VeCS	 then	 we	 see	 a	 large	 difference	 in	 A/R	 (by	 surface	 area)	 in	 the	
advantage	of	the	VeCS.	
	

	
*	There	is	no	diameter	for	the	VECS	element	and	therefore	the	A/R	by	diameter	cannot	be	calculated	
for	a	comparison	with	a	through	hole	therefore	we	take	the	surface	area	as	a	comparison.	

	
In	 practice	 the	 length	 of	 the	 VeCS	 will	 be	 longer	 then	 listed	 in	 the	 table	
above	in	order	to	hold	more	conductive	elements.	This	will	result	in	even	a	
higher	 surface	 area	 making	 the	 plating	 easier,	 which	 again	 results	 in	 less	
complex	plating	systems	and	higher	yield	reducing	the	total	cost.	
	
The	basic	element	as	described	here	is	holding	two	conductive	connections	
but	 this	 can	 be	 extended	 to	more	 connections	 as	 shown	 in	 the	 following	
figure	of	a	VeCS	element	holding	eight	connections.	
	

Through'
hole'

Drill'/VCS'size''
[mm]'

Surface'area'
[mm2]'

A/R'
By'diameter'

A/R''
by'surface'area'

' 0,25' 0,049' 12' 61,1'
' 0,2' 0,0314' 15' 95,5'
VCS' 0,35x1,0' 0,323' *' 9,3'
' 0,25x0,8' 0,187' *' 16,1'
'
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Note	 that	 the	 connections	 on	 the	 far	 left	 and	 right	 are	 optional.	 This	
depends	on	how	the	designer	wants	to	use	the	technology.	
	
All	figures	and	examples	shown	in	this	document	are	straight	but	there	is	no	
limit	to	its	shape.	The	VeCS	can	be	turned	into	a	corner	element	if	the	design	
benefits	from	it.		
	
Slot	 technology	 that	 goes	 all	 the	 way	 through	 the	 board	 or	 substrate	 or	
through	the	half	product	we	call	VeCS-1.		
	

2.6.	Slot	filling	
	
After	plating	 the	 slot	 can	be	 filled	with	a	via-filling	 resin.	This	 can	be	done	
before	second	drill/route	or	after	second	drill/route.	
	
The	slot-filling	material	needs	to	be	a	dielectric	that	has	sufficient	 isolation	
capacity.	Via	fillers	have	this	capability	but	do	not	need	it	in	a	via-hole	as	this	
is	one	potential.		
	
Filling	the	slot	before	second	drill/route	will	keep	the	vertical	trace	cleaner	
from	 burrs	 when	 the	 second	 drill/route	 is	 not	 optimum.	 This	 is	 up	 to	 the	
board	fabricator	and	has	no	influence	on	the	board	performance.	
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2.7.	Blind	VECS	-	VeCS-2	
	
The	VECS	as	presented	above	are	all	based	on	structures	that	go	through	the	
circuit	board.	We	call	this	technology	VeCS-1.	It	can	be	beneficial	to	have	the	
VeCS	only	go	until	a	certain	depth	 into	the	board.	This	will	yield	additional	
routing	space	under	the	VeCS	structure.		
In	 the	 following	 figure	 a	 cross	 section	 of	 s	 circuit	 board	with	 BGA	 type	 of	
component	 mounted	 is	 showing	 various	 VeCS	 elements	 that	 contact	 a	
specific	layer	making	more	effective	use	of	a	circuit	board.	
	
	

	
	
The	 advantage	 of	 the	 larger	 surface	 area	 as	 described	 before	 works	 even	
stronger	in	advantage	for	the	VeCS	then	for	a	blind	hole.	Where	a	blind	hole,	
drilled	with	a	bit	or	with	a	laser	is	 limited	to	a	A/R	of	maximum	1:1	a	VeCS	
can	due	to	it’s	surface	area	work	with	a	much	higher	A/R.	It	is	expected	that	
depth	 equal	 to	 the	 length	 of	 the	 VeCS	 can	 be	 realized.	 This	 needs	 to	 be	
tested	in	practice.	
	
The	 following	 figure	 shows	 the	 combination	 of	 a	 VeCS-2	 element	 	 using	
different	 depths.	 On	 the	 left	 the	 connection	 is	 going	 through	 the	 board	
where	 the	 other	 elements	 are	 going	 to	 a	 certain	 depth	 connecting	 to	 a	
specific	 layer.	 This	 enables	 routing	 on	 layers	 underneath	 the	 VECS.	 This	
opens	up	extra	routing	space	for	any	signal	on	the	circuit.	
	
	
	
	
	
	
	
	
	
	

Power/ground+
Signal+
Signal+
Power/ground+
Power/ground+
Signal+
Signal+

Outerlayer+top+

Outerlayer+bo5om+
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3.	Built-up	
	
There	is	not	a	limit	in	terms	of	mixing	the	VeCS-1	and	VeCS-2	technology.	For	
the	 small	 pitch	 components	 <0,75mm	 for	 the	 moment	 we	 would	
recommend	to	use	Microvias	on	the	outside	 layers.	This	yield	a	 flatter	and	
cleaner	 surface.	 In	 future	 we	 might	 use	 VeCS	 also	 for	 those	 finer	 pitch	
components	on	the	external	layers.	
	

3.1.	Building	your	stack	
	
The	following	picture	shows	an	application	how	the	density	of	the	board	can	
be	 increased	 by	 using	 VeCS-2	 technology.	 Component	 placement	 on	 two	
sides	 of	 the	 board	will	make	 good	 use	 of	 board	 space.	 Typical	 problem	 is	
with	 through	 holes	 that	 this	 with	 penetrate	 top	 and	 bottom	 side	 of	 the	
board.	VeCS-2	will	good	only	to	the	depth	required	and	 leave	the	opposite	
side	clean	for	routing.	
Anylayer	 technology	 can	 do	 this	 as	 well	 but	 is	 limited	 in	 material	 choice,	
dielectric	thickness	and	is	very	costly	due	to	the	many	iterations	required	to	
build	the	board.	
	

	
	

In	the	following	section	more	detailed	cross-sections	we	show	more	built-up	
examples.	We	have	included	a	BGA	with	the	solderballs	shown	to	complete	
the	construction.	
	
VeCS-1	buried	L2	to	Ln-1	using	Microvias	on	out	side	dielectrics.	
Filling	of	slot	could	be	done	using	the	resin	from	the	outside	prepregs.	The	
limit	here	is	surface	flatness,	in	case	the	filling	volume	is	too	big.	
	

Group	rou'ng		
top	components	

Group	rou'ng		
Bo0om	components	

Rou'ng		
Between	groups	
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VeCS-1	and	VeCS-2	combined	in	one	construction.	
	

	
	
VeCS-1	and	VeCS-2	combined	in	one	construction	connected	with	Microvias	
on	top.		
This	 is	 an	 unbalanced	 construction	 that	 is	 not	 preferred	 and	 therefore	we	
recommend	applying	a	microvia	dielectric	layer	and	the	bottom.	
	

	
	

VeCS-1	 and	 VeCS-2	 combined	 in	 one	 construction	with	 VeCS-2	 applied	 on	
two	sides	of	the	board.	
This	construction	can	be	fabricated	in	one	lamination	cycle.	
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VeCS-2	Applied	in	a	semi-conductor	type	package.	
	
A	flip-chip	is	placed	on	top	and	fan-out	to	the	out-side	which	is	then	picked	
up	from	the	bottom	side	using	VeCS-2	connecting	the	solderballs	
	

	
	
	
Many	more	combinations	are	possible.	Let	us	know	if	you	need	a	different	
construction.	
	
	

3.2.	Layer	count	and	thickness	
	
The	 limit	 in	 terms	 of	 board	 thickness	 is	 how	deep	 the	 slot	 can	 be	 formed	
using	VeCS-1.		
This	 is	determined	by	a.	given	the	diameter	of	router-bit	and	b.	the	plating	
process.	 Plating	 a	 VeCS-1	 type	 slot	 is	 not	 a	 problem	 a	 VeCS-2	 slot	 is	 a	
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limitation	as	fluid	exchange	is	limited	in	a	blind	construction.	Determing	the	
capability	 is	complexer	when	a	part	of	the	VeCS-2	slot	 is	going	through	the	
board.	This	influences	the	fluid	dynamic	in	a	positive	way.		

	
We	see	no	limitation	in	layer	count	or	thickness.	The	limit	is	in	the	forming	of	
the	slot	and	plating	a	full	blind	VeCS-2	slot.	
In	 case	 extreme	 small	 or	 high	 aspect	 ratio	 blind	 slots	 are	 used	 we	
recommend	to	discuss	this	with	you	board	supplier	and	when	unknown	set-
up	a	small	test	vehicle	on	a	double	sided	board.	
	

3.3.	Material	types	
	
VeCS-1	or	VeCS-2	is	not	limited	to	specific	material	types	when	forming	the	
slot	 using	 a	 router-	 /	 drill-bit.	 Any	 glass	 reinforced	material	with	 any	 resin	
system	(with	or	without	filler)	can	be	used.	

	
We	have	not	tested	pure	resin	systems	like	RCCs.	In	principle	these	materials	
are	only	used	for	laser	drilling	processes.	
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4.	VeCS	Dimensions	
	
The	 slot	 dimensions	 are	 free	 to	 choose	within	 the	 capability	 range	 of	 the	
fabricator.	 The	most	 critical	 dimension	 in	manufacturing	 is	 the	 diameter	 /	
width	of	the	slot.		
	
At	the	moment	we	have	good	experience	with	0,3mm	router	bits.	Note	that	
is	a	relative	large	diameter	in	respect	to	via	diameters	of	0,2mm	used	today.	
The	 advantage	 of	 VeCS	 is	 that	 we	 have	 a	much	 higher	 density	 in	 vertical	
connections.	This	means	that	we	do	not	need	to	use	a	0,3mm	router	bit	but	
could	use	a	0,4mm	or	larger.	A	larger	diameter	bit	will	reduce	process	time	
at	routing	as	we	can	use	a	higher	feed	and	reduce	cost	of	processing.		
	
Isolation	values	for	VeCS-2	in	the	stack-up	are	represented	in	the	following	
image.	 Critical	 values	 are	 the	 depths	 of	 the	 slot	 in	 respect	 to	 the	 2nd	
drill/route	as	well	 the	 isolation	value	 towards	 the	 layers	below	 the	VeCS-2	
slot	elements.	
For	VeCS-1	this	does	not	apply.	
	

	
	
In	 table	 4.1	we	 listed	 the	 dimensions	 used	 today	 in	 fabrication.	 These	 are	
recommendations	and	deviations	can	be	made	but	we	advice	you	to	discuss	
this	 with	 the	 fabricator.	 We	 also	 listed	 the	 advanced	 numbers	 we	 have	
manufactured	 but	 are	 considered	 to	 require	 engineering	 support	 in	
manufacturing	today.	
	

	 	

B 

A 

C 

Topview 

Cross section 
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Table	4.1	–	VeCS	dimensions.	
VeCS-1	 Standard	 Advanced	
Slot	width	 0,4mm	 0,3mm	
2nd	drill/route	 Slot	width	+	0,15mm	 Slot	width	0,125mm	
Aspect	ratio		 >	25:1	 >	30:1	
Minimum	slot	length	*1	 0,8	mm	 0,6mm	
Minimum	vertical	trace	width	 0,2mm	 0,15mm	
VeCS-2	 Standard	 Advanced	
Slot	width	 0,5mm	 0,4mm	
2nd	drill/route	 Slot	width	+	0,15mm	 Slot	width	0,125	mm	
Bottom	width	 Slot	width	–	0,2mm	 Slot	width	–	0,15	mm	
Aspect	ratio	(blind)*2	 18:1	 25:1	
Minimum	slot	length*1	 0,8	mm	 0,6mm	
Minimum	vertical	trace	width	 0,2mm	 0,15mm	
Nominal	routing	depth	below	layer	(A)	 10%	of	slot	depth	 8%	of	slot	depth	
Nominal	2nd	drill	depth	below	slot	(B)	 0,1mm	 0,08mm	
Nominal	value	Isolation	required	(C)		 15%	of	slot	depth	 12%	of	slot	depth	

*1	Minimum	slot	length	is	defined	by	the	length	of	the	routed	slot	

*2	Aspect	ration	is	a	combination	of	the	minimum	slot	length	and	slot	width.	

The	nominal	values	for	(A)	are	progressive	as	the	value	increases	when	the	
slot	 is	 deeper	 ie.	 tolerances	 in	 absolute	 value	 increase	 therefore	 more	
distance	is	required	as	the	slot	is	deeper.		
	
	
Plating	thicknesses	are	similar	as	for	other	holes	in	the	board,	minimum	20	
μm,	average	25	μm.	
Other	 board	 features/dimensions	 are	 as	 per	 the	 technology	 of	 the	 board	
suppliers.	
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Slot  
width 

Variable vertical trace width 

2nd route 

2nd route  
pitch mm 

BGA pitch 

	

4.1.	Second	drill	or	second	route	
	
After	plating	the	slot	we	will	cut	the	plating	and	form	the	vertical	trace.	The	
cutting	can	be	done	using	a	drill	bit	centered	between	the	two	sides	of	the	
slot.	The	bit	 stays	 centered	as	 the	 force	of	 the	 slot	 sidewalls	 keeps	 the	bit	
stable.		
The	size	of	the	bit	and	distance	between	the	2nd	drill	determines	the	width	
of	the	vertical	trace.		
Using	 a	 routerbit	 gives	 the	 advantage	 to	 reduce	 the	 pitch	 between	 the	
vertical	traces.	A	smaller	size	routerbit	typically	0,25mm	is	then	used	to	cut	
the	side	wall	of	the	slot.		
The	 second	 route	does	not	 need	 to	be	oblong,	 you	 can	use	 it	 to	 tune	 the	
width	of	the	vertical	trace	by	varying	the	width	of	the	second	route.	
	
We	recommend	to	use	milling	machines	that	use	optical	alignment.	The	2nd	
drill/route	 is	 positioned	 to	 each	 slot	 to	 create	 a	 optimum	 result.	 This	 is	
important	to	keep	the	trace	width	of	the	vertical	trace	constant		to	keep	the	
impedance	constant.	
	
	
	

	

4.2.	Slot	length	
	
The	length	of	the	slot	is	not	limited	for	VeCS-2.	For	VeCS-1	there	could	be	a	
limit	 in	 length	when	 too	many	 slots	 are	 positioned	 close	 together	 it	 could	
influence	the	board	stiffness	in	the	area	where	the	slots	are	formed.	When	
VeCS-1	is	buried	this	will	not	be	a	issue.	
In	 case	 long	 slots	are	positioned	close	 together	we	 recommend	 to	make	a	
test	vehicle	to	test	for	the	board	stability/stiffness.	
No	other	parameters	limit	the	length	of	the	slot.	
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4.3.	Outerlayer	pads	
	
The	general	rule	is	that	we	use	an	overlap	of	0,1mm	with	the	cross	section	of	
the	 vertical	 trace	 on	 the	 external	 layers.	 	 Note	 that	 external	 layers	 are	 all	
layers	that	connect	from	the	outside	of	the	slot	e.g.	this	can	be	also	layers	in	
a	 hybrid	 construction	 such	 as	 shown	 in	 following	 image	 where	 the	 red	
markers	point	to	the	plated	layers.	
	
	
	
	
	
	
	

	
	
	
	
	

The	 following	 images	 show	 examples	 of	 the	 rectangular	 pads	 used	 to	
connect	 to	 vertical	 traces.	 It	 is	 preferred	 to	 round	 of	 the	 corners	 of	 the	
rectangular	pads.	Oblong	pads	can	be	used	as	well	as	will	be	shown	further	
in	this	document.	
The	 annular	 ring	 should	 be	 0,1mm	 in	 respect	 to	 the	 vertical	 trace.	 Pad	
spacing	should	be	0,2mm	with	a	minimum	of	0,15mm.	
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4.3.	Innerlayer	pads	
	
Innerlayer	 pads	 are	 in	 principle	 not	 required,	 we	 prefer	 going	 from	 the	
horizontal	 innerlayer	 to	 the	 vertical	 trace.	 For	 adopting	 the	 mechanical	
stress	 coming	 from	 the	 expansion	 and	 contraction	 we	 prefer	 a	 small	 pad	
making	the	transition	from	the	horizontal	mode	to	the	vertical	mode.	
	
For	making	a	connection	 to	 the	power/ground	 layers	we	do	not	use	a	pad	
but	use	the	full	width	of	the	vertical	trace	to	connect	to	the	plane.	
	
The	example	below	show	the	slot	dimensions	with	the	dimensions	of	the	2nd	
drill/route.	These	are	made	for	various	BGA	pitch	designs	 in	an	orthogonal	
and	diagonal	set-up.	
Other	examples	can	be	derived	from	the	dimensions	below.	
	
Example	for	an	orthogonal	placement	in	a	0,5mm	array.	
	

	 	
	
	

	 	

0,4mm 

Slot length (variable) 

0,50mm 

Vertical trace width: 0,26mm 

2nd route 

Plated slot 

0,30mm 0,50mm 
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Following	 VeCS-2	 example	 is	 showing	 that	 the	 slot	 does	 not	 need	 to	 be	
symmetrical.	The	contacts	are	situated	on	one	side	where	the	largest	part	of	
the	perimeter	can	be	connected	to	e.g.	Ground	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

We	 indicated	 the	 plated	 slot	 to	 be	 filled	 prior	 second	 drill	 or	 after.	 This	
depend	 the	 accuracy	 of	 your	 second	 drill	 process.	 These	 are	 process	
options		that	we	can	determine	together	with	the	board	fabricator.	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 	

0,5mm 

Slot length (variable) 

0,5mm 

Vertical trace width: 0,25mm 

2nd rout 

Plated slot 

0,3mm 

0,3 mm 

0,3mm 

Slot length (variable) 

0,35mm 

Vertical trace width: 0,1mm 

2nd rout 

Plated slot, (not filled) 

0,25mm 
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The	example	below	is	showing	two	VeCS	slots	with	a	routing	channel	set-
up.	Of	course	it	 is	up	you	how	the	channel	 is	filled.	You	can	use	the	extra	
space	to	minimise	cross	talk	–	 increase	spacing	or	 increase	trace	width	to	
minimise	conductive	loss	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	

The	 following	 examples	 give	 the	 verified	design	 rules	 for	 the	 various	 pitch	
packages.	We	do	this	for	an	orthogonal	and	diagonal	set-up.	We	have	given	
the	recommended	rules	for	VeCS-1	and	VeCS-2	technology.	

These	rules	are	generic	and	therefore	can	be	changed	to	accommodate	your	
requirements	/	package	types.	

To	keep	the	vertical	trace	width	within	a	design	the	same	width	you	can	tune	
the	 vertical	 trace	as	described	 in	paragraph	4.1.	 	Note	 that	with	 the	 given	
BGA	pitch	you	can	vary	the	vertical	trace	width	in	a	window.	The	minimum	
vertical	trace	width	we	recommend	using	is	0,15mm.	

	
Dimensions	from	table	4.1	apply	on	these	examples.	

	 	

3x 0,1 mm 

0,3 mm 

2,0 mm 

1,3 mm 

0,5 mm 

0,3 mm 
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4.4.	Example	1.0mm	BGA	VeCS-1	
	

In	the	next	 image	we	have	two	variances	of	VeCS	applied	on	a	1.0mm	grid	
pattern.	We	vary	the	vertical	trace	width	(1)	and	(2)	by	varying	the	length	of	
the	second	drill	by	multiple	drills	or	using	a	routerbit.		

The	 pad	 sizes	 for	 outerlayers	 (plated	 layers)	 are	 defined	 using	 a	minimum	
annular	ring	of	0,1mm	measured	from	the	perimeter	of	the	vertical	trace.	
	
As	can	be	seen	in	the	example	below	we	have	different	pad	length	for	
different	lengths	of	vertical	trace.	Note	that	the	pad	is	on	top	of	the	trace	as	

the	slot	is	filled	and	overplated.	The	pad	is	placed	partially	on	top	of	the	
filled	slot.	In	the	corner	of	the	oblong	slot	and	the	round	pad	a	sharp	angle	is	
formed.	This	can	be	filled	up	using	a	small	pad	as	shown	of	the	left	hand	side	
to	eliminate	the	etch	entrapment.	
The	spacing	between	the	two	opposite	pads	is	preffered	to	be	0,2mm	and	
not	smaller	then	0,15mm.	

	

BGA pitch  
1,0mm 

2nd drill 

Slot  
width 

(2) Vertical 
trace width 

(1) Vertical 
trace width 

Pad width 

Pad  
length 

Pad width 

Pad  
length 
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For	the	diagonal	placement	the	vertical	traces	in	the	slot	are	closer	together	
and	therefore	narrower	as	we	use	higher	density.	The	dimensions,	slot	width	
and	2nd	drill	diameter	are	under	any	angle	of	the	slot	are	the	same.	

	

	
	
	

The	innerlayer	pad	size	and	position	typical	equal	to	the	slot	width	+	0,2mm	
although	it	is	not	required	to	place	a	pad.	Having	a	trace	without	a	
connection	will	give	problems	at	innerlayer	inspection	(AOI).	We	therefore	
we	place	a	small	pad	which	we	combine	with	both	sides	of	the	slot.	Traces	
can	be	connected	from	two	sides	of	the	pad.	This	will	give	problems	in	CAD	
systems	during	DRC	and	routing.	Splitting	the	pad	in	two	half	moon	pads	
could	be	a	solution.	This	depends	on	the	CAD	system.	
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4.5.	Alternative	corner	connection	element	(draft)	
	
We	have	designated	this	element	“draft”	as	we	have	not	tested	it.	Designs	
are	in	preparation	for	manufacturing.	
The	next	element	is	an	alternative	so	call	corner	connection	element.	In	this	
example	we	use	a	short	slot	with	connections	on	the	side	and	on	the	end.	
We	use	it	in	this	case	as	a	differential	signal	element	with	signals	on	the	side	
of	the	element	and	on	the	“corner”	–	half	sphere	we	have	the	reference	
plane	connected.	The	side	connections	can	be	tuned	(vertical	trace	width)	by	
making	the	element	longer	or	shorter.		
	
Table	4.2	shows	the	dimensions	for	the	drawings	of	the	Corner	element.	
These	dimensions	are	similar	to	Table	4.1	where	we	have	given	the	
dimensions	for	a	1.0mm	BGA	where	the	element	is	placed	diagonal	in	the	
footprint.	
We	have	given	only	the	dimensions	for	VeCS-2	as	we	expect	this	is	used	
most.	VeCS-1	dimensions	can	when	required	derived	from	table	4.1	and	
combined	with	table	4.2.	
Dimensions	not	shown	can	be	derived	from	table	4.1.	
	
Table	4.2	–	VeCS-2	Corner	element	dimensions.	
VeCS-2	 designator	 dimension	
Slot	length*1	 A1	 1,060mm	
Slot	width	 A2	 0,50mm	
2nd	drill/route	 B	 0,30mm	
2nd		drill/route	length	 C	 0,62mm	
Bottom	width	 B	 0,30mm	
Length	of	2nd	route	(bottom)	*1	 D	 0,86mm	
Vertical	trace	width	 E	 0,30mm	
Pad	length	internal	/	outerlayer		*2	 F	 0,65mm	
Pad	width	internal	layer	/	outerlayer	*2	 G	 0,28mm	
Drill	to	metal	 H	 0,15mm	
Drill	to	metal	–	signal	to	plane		 I	 0,15mm	
*1	Dimension	is	variable	–	number	stated	are	used	for	1.0mm	BGA	but	can	be	altered.	
*2		Annulayer	ring	on	internal	and	outerlayer	is	0,1mm.	
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Internal	Signal	layer	connection.		
No	pad	on	the	power	or	GND	connection.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
Internal	power/GND	layer.	
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Following	images	show	examples	of	the	corner	element	in	a	1.0mm	BGA	
footprint.	Depending	pin-assignment	it	can	be	that	1	out	of	the	4	
connections	in	the	example	are	not	connected.		
Placing	the	elements	in-line	is	an	option	as	well,	how	the	element	is	used	is	
to	the	creativity	of	the	designer.	
	
In	the	set-up	below	we	show	two	different	depths	of	the	VeCS-2	corner	
element.	Traces	can	be	connected	on	the	each	side	of	the	element.	For	
current	carrying	capacity	reasons	it	would	be	logical	to	connect	the	sphere	
(corner)	of	the	structure	to	the	power	and	GND	layers.	
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4.6.	6-Port	element	(draft)	
	
The	compact	6-port	element	is	created	to	combine	3	columns	in	a	grid	array	
to	create	a	large	routing	channel	between	the	horizontal	placed	6-port	
elements.	The	advantage	is	that	normally	two	columns	are	connected	to	the	
VeCS	we	have	now	3	columns	connected.	In	addition	we	can	route	signals	in	
the	opposite	direction	as	we	will	show	further	in	this	paragraph.	
	
As	can	be	seen	the	in	the	drawing	below	we	have	not	cut	the	
centreline/bottom.	This	element	can	be	used	as	a	VeCS-1	and	VeCS-2	slot	
and	a	combination	(hybrid)	of	the	two.	
	
The	following	table	show	the	dimensions.	The	dimension	of	the	6-port	
element	can	be	altered	accommodating	your	requirements	for	those	value	
that	have	no	restriction/value	listed.	
	
Table	4.3	–	VeCS	6	port	element	dimensions	
VeCS-1	VeCS-2	 designator	 dimension	
Slot	length*1	 A1	 >1,19mm	
Slot	width	 A2	 0,50mm	
2nd	drill/route	 B	 0,30mm	
2nd		drill/route	length	 C	 0,62mm	
Bottom	width	route	VeCS-2	 B	 0,30mm	
Vertical	trace	width	 E	 0,27mm	
Pad	length	internal	/	outerlayer		*1	 F	 0,65mm	
Pad	width	internal	layer	/	outerlayer	*1	 G	 0,28mm	
Drill	to	metal	 H	 0,15mm	
Drill	to	metal	–	signal	to	plane		 I	 0,15mm	
*1		Annulayer	ring	on	internal	and	outerlayer	is	0,1mm.	
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Examples	of	usage	of	the	6-port	element.	
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4.9.	Placement	of	VeCS	in	BGA	footprint	
	

We	have	made	available	a	number	of	application	notes	that	we	recommend	
to	 study	 before	 starting	 your	 VeCS	 design.	 Check	 out	 http://www.nextgin-
tech.com/innovation-areas/vecs/vecs-design-rules/	

	
The	VeCS	element	can	be	used	
in	many	 different	ways.	 In	 the	
footptint	 below	 you	 can	 see	
two	 different	 examples	 where	
we	 connected	 every	 single	 pin	
in	 the	 package	 with	 the	 VeCS.	
More	 detailed	 examples	 will	
follow	 for	 the	 different	 pitch	
grid	arrays.	
Other	 patterns	 are	 of	 course	
possible	 as	 well.	 The	 red	
features	 are	 the	 outerlayer	
pads,	 the	 green	 pads	 are	 the	
2nd	drill	holes.	

	
	

The	diagonal	 placement	 of	 the	
VeCS	 created	 a	 wider	 channel	
then	 the	 Orthogonal	 placed	
structure.	 The	 outerlayer	
pattern	 looks	 very	 different	
from	 the	 traditional	 dog-bone	
fan-out.	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	

	


