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An Overview of Laser Enhanced Ma t e r ia l s 

LASER DRILLABLE MATERIALS 
T E C H N O L O G Y 
One key factor of a new family of m a teri a l s 
that en a bles easier laser dri lling is the we av­
ing and po s t - we aving processes implem en t­
ed by the glass fabric su pp l i ers . By caref u l 
form a ti on of the glass fiber bu n dl e s , t h e 
glass manu f actu rer can provi de a flatter 
bu n dle in both the warp and the fill direc­
ti ons as com p a red to the ro u n der bu n dl e s 
u su a lly assoc i a ted with standard E-Glass 
we aving tech n o l ogi e s . In clu ded in this new 
process is a spre ading of the glass fibers to 
ach i eve a more even glass distri buti on ac ro s s 
the en ti re area of the fabri c . In this manner, 
the fabric has a small er ra n ge of h i ghs and 
l ows in glass den s i ty. 

With standard materi a l s , the area wh ere 
t wo fiber bu n dles overlap has a high gl a s s 
den s i ty and is more difficult to laser dri ll . By 
s pre ading out the fibers , these high - den s i ty 
a reas of glass fibers have a lower glass con­
tent and can be laser mach i n ed with less 

Standard E-Glass Fabric 

l a s er pulses. O f co u rs e ,d i f ferent glass manu-
f actu rers uti l i ze sligh t ly different proce s s e s 
to ach i eve this spre ading of the fibers , but 
the different glass manu f actu rers arrive at 
the same re su l ting glass distri buti on ch a rac­
teri s ti c s . F i g u re 1 illu s tra tes the differen ce s 
bet ween a standard E-Glass fabric and a fab­
ric that has been opti m i zed for laser dri ll i n g. 

Utilizing this en h a n ced glass fabric and a 
com p a ti ble resin tech n o l ogy, the laminator 
can produ ce a mu l ti l ayer sys tem that has 
m a ny adva n t a ges com p a red to re s i n - coa ted 
copper tech n o l ogy or to laminates made 
with conven ti onal E-Glass fabri c s . Th e s e 
l a s er- d ri ll a ble fabrics are curren t ly ava i l a bl e 
in limited glass styl e s , but are gradu a lly 
becoming com m erc i a lly ava i l a ble in more 
s t a n d a rd glass fabric styl e s . 

The first materials to be uti l i zed in the 
i n du s try are pre s en t ly thin fabri c s , wh i ch are 
prepregged with high-Tg resin sys tems for 
the chip pack a ging app l i c a ti on s . Al t h o u gh 
the fabric provi des a building bl ock for this 
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tech n o l ogy, the resin sys tems uti l i zed have to 
com p l em ent the glass finishes to ach i eve 
opti mum perform a n ce in laser dri ll i n g. 

M ATERIAL PROPERTIES OF 
LASER-DRILLABLE FA B R I C S 
Ta ble 1 provi des the typical properties of 
l a s er- d ri ll a ble mu l ti l ayer materials as com­
p a red to both re s i n - coa ted copper and stan­
d a rd materi a l s . As out l i n ed in the tabl e , 
f i ber- rei n forced materials with this 
en h a n ced glass fabric can provi de nu m ero u s 
adva n t a ges to the HDI de s i gn er and the 
pri n ted circuit including improved therm a l 
and mechanical ch a racteri s tics of the fin-
i s h ed intercon n ect . 

P R I N T-THROUGH AND SURFAC E 
S M O OT H N E S S 
One of the key ben efits of this tech n o l ogy is 
the redu cti on in “pri n t - t h ro u gh” of t h e 
i n ternal circuit image on the out s i de of t h e 
mu l ti l ayer boa rd after the pressing opera-
ti on . It is not uncom m on , with thin ex tern a l 
d i el ectrics and thin ex ternal coppers , for the 
i m a ge of L ayer 2 or Layer N-1 to be tra n s­
ferred to the outer su rf ace s . This pri n t ­
t h ro u gh topogra phy can redu ce outer layer 
c i rc u i try form a ti on yi elds wh en fine lines are 
predom i n a n t . Resin coa ted copper type 
m a terials can som etimes show more of t h e 
pri n t - t h ro u gh than conven ti onal materi a l s 
depending on the de s i gn , the copper 
wei gh t s , and laminati on proce s s . 

The use of l a s er- d ri ll a ble fabrics redu ce s 
pri n t - t h ro u gh because of the glass rei n force-
m ent and good su rf ace planari ty com p a red 
to standard E-Glass or re s i n - coa ted copper Figure 1. Standard E-Glass Vs Laser Drillable E-Glass. 
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Table 1. Comparative Benefits of Laser Drillable Multilayer Materials. 

Property Resin Coated Copper E-Glass Advanced Materials Laser Drillable LD™ Advanced Materials 

Print Through Good 

Outer Dielectric Tolerance ± 15% ±10% ±10% 

80 micron 240 micron 240 micron 

Dielectric Thickness 

Laser-Drilled Hole Geometry Good Fair 

and Plateability 

Dimensional Stability Good 

No 

50 micron: 1 pulse 50 micron: 4–5 pulses 50 micron: 3–4 pulses 

(500 Hz TEA CO2 Laser 80 micron: 1 pulse* 80 micron: 6–8 pulses* 80 micron: 5–6 pulses* 

75-micron Dielectric)* 

Epoxy Epoxy Epoxy 

(volume availability) High Tg Epoxy High Tg Epoxy High Tg Epoxy 

Low Loss Epoxy Low Loss Epoxy 

Low CTE Epoxy Low CTE Epoxy 

APPE APPE 

Cyanate Ester Cyanate Ester 

+5.0% 1.7% –4.5% 1.7% –4.5% 

30–40 10–16 10–16 

130–170 130–250 130–250 

Plasma Compatibility No 

Optimum Layer Counts 2–12 2–50 2–50 

Minimum Copper (microns) 5 5 5 

BGA Rework Fair 

N4000–13, N6000 

Moderate Excellent 

Maximum Laser Drillable 

2,3 ply constructions 2,3 ply constructions 

Excellent 

Moderate Excellent 

Resin Cracking Possible No 

Typical Laser Drilling Speed 

*Application dependent *Application dependent *Application dependent 

Material Options 

Polyimide Polyimide 

Low Loss Polyimide Low Loss Polyimide 

Z-Axis Range 

X-Y CTE Range PPM/°C 

Tg Range °C 

Yes No 

Excellent Excellent 

Low Dk Resins Yes Yes Yes 

Chip Packaging Yes Yes Yes 

d i el ectric tech n o l ogi e s . In ad d i ti on to 
redu ced pri n t - t h ro u gh , the laser- d ri ll a bl e 
m a terials have inheren t ly lower su rf ace 
ro u ghness as measu red with a su rf ace pro­
f i l om eter, wh en com p a red with standard E-
Glass diel ectri c s . 

DIELECTRIC THICKNESS CAPA B I L I T Y 
AND RESIN FILLING 
An o t h er ben efit of this tech n o l ogy is thick­
ness uniform i ty and resin fill i n g. Most re s i n ­
coa ted copper tech n o l ogies are som ewh a t 
l i m i ted in outer layer diel ectric thick n e s s 
c a p a bi l i ty due to the process of m a nu f actu r­
ing re s i n - coa ted coppers . 

Because of this limitati on , certain app l i c a-
ti ons of i m ped a n ce con trol and bu ri ed vi a 
de s i gns are more difficult to ach i eve . L a s er 
d ri ll a ble prepregs and laminates of fer som e 
a l tern a tives to en h a n ce these types of de s i gn s . 
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Si n ce re s i n - coa ted coppers are rel a tively 
thin by their natu re (80 microns and bel ow ) , 
it is difficult to ach i eve standard imped a n ce s 
wi t h o ut very fine lines (100 microns) ex ter­
n a lly for micro s trip app l i c a ti on s . To com p l i­
c a te the issu e , re s i n - coa ted coppers have 
s l i gh t ly worse thickness to l era n ces com p a red 
to standard prepregs , a ch a racteri s tic that 
does not assist in ti ght imped a n ce con tro l . 

This is not the case with laser- d ri ll a bl e 
gl a s s e s , wh ere high er overa ll thickness can 
be ach i eved with ti gh ter thickness to l er­
a n ce s . With the thicker diel ectrics provi ded 
by the laser- d ri ll a ble materi a l s , 50 ohm 
i m ped a n ces can be targeted with standard 
ex ternal line geom etri e s , su ch as 125-micron 
lines and space s , t h ereby providing bet ter 
final intercon n ect yi eld po s s i bi l i ti e s . 

In ad d i ti on , HDI manu f actu re is of ten 
a s s oc i a ted with bu ri ed vi a s , wh i ch requ i re 

resin filling du ring the fabri c a ti on proce s s . 
Usu a lly re s i n - coa ted copper tech n o l ogi e s 
h ave difficulty in filling bu ri ed via pairs du e 
to the thin natu re of the produ ct . Al s o, wi t h 
re s i n - coa ted copper, it is som etimes difficult 
to guara n tee a minimum insu l a ti on thick­
ness over circuit lines after the rel a m i n a ti on . 

With LD materi a l s , i n su l a ti on of 4 0 
m i c rons or gre a ter is po s s i bl e , with the gl a s s 
f a bric acting as a spacer to guara n tee the 
i n su l a ti on bet ween the layers .F i g u re 2 illu s­
tra tes a microgra ph of a mu l ti l ayer blind and 
bu ri ed via boa rd , wh i ch uti l i zes laser- d ri ll-
a ble fabrics both intern a lly for the bu ri ed 
vias and ex tern a lly for the microvi a s . No ti ce 
the excell ent filling of the bu ri ed vias by the 
l a s er- d ri ll a ble prepreg. 

An o t h er ben efit of the laser- d ri ll a ble mate­
rial tech n o l ogy is its abi l i ty to be su pp l i ed as a 
core for bu ri ed - via app l i c a ti on s . This wi ll 



F i g u re 2. B u r ied Via 14-Layer Resin Filling 
Ut i l i z i ng Laser-Drillable LD Ma t e r ials (Layer 1–2 
a nd 13–14 fa b r icated with LD Te c h no l o g y ) . 

Conventional 1080 Dielectric 
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Figure 3. DIM STAB on 4 Layers (106 LD and 1080 LD types Vs Resin Coated Foil). 

foi l , the altern a te laser can have a differen t 
f requ ency and pulse con f i g u ra ti on that 
a ll ows fast and clean rem oval of the gl a s s 
f i bers and re s i n , t h ereby forming a rel i a bl e 
m i c rovia hole. These laser machines all use 
ga lvo tech n o l ogy for speed en h a n cem en t 
and provi de sof t w a re programming of t h e 
process to opti m i ze the hole tex tu re . 

As the tech n o l ogy of l a s er dri lling and 
microvia processing progresses, thicker 
d i el ectric su b s tra te s , su ch as 1080 and 2113 
became viable candidates for blind and 
bu ri ed via form a ti on . With the laser- d ri ll a bl e 

LD™ Dielectric prepreg and laminate materials and the new 
tech n o l ogy of l a s er dri lling mach i n e s , t h e 

Figure 4. Comparison of LD and Standard Dielectrics. (4 pulses, 500 Hz TEA CO2 laser). 

en a ble fabri c a tors to cre a te vias gen era ted by 
l a s er abl a ti on from Layer 1 and n to Layers 3 
and n-2. This cannot be accom p l i s h ed using 
re s i n - coa ted copper tech n o l ogy. 

DIMENSIONAL STABILITY 
AND X-Y CTE 
Because of the glass rei n forcem en t , d i m en­
s i onal stabi l i ty du ring processing and of t h e 
final mu l ti l ayer are improved with the laser-
d ri ll a ble fiber gl a s s - rei n forced materi a l s 
com p a red with re s i n - coa ted coppers . As 
s h own in Ta ble 1, the X-Y CTE for glass rei n-
forced materials is con s i dera bly improved 
over resin coa ted copper. A key factor in this 
i m proved X-Y CTE is the low CTE of t h e 
glass fabric itsel f . F i g u re 3 illu s tra tes the 
ti gh ter ra n ge ach i eved on dimen s i onal sta­
bi l i ty ppm movem ent wh en utilizing the 
l a s er- d ri ll a ble material set . 

LASER DRILLING ROBUSTNESS 
F i g u re 4 contains two microgra phs com p a r­
ing standare E-Glass laser- d ri lling of a 
m i c rovia to the new laser- d ri ll a ble diel ectri c s 
utilizing a CO2 l a s er. Even after four pulses of 
the diel ectri c ,s ome re s i dual resin is left beh i n d 
at the bo t tom su rf ace of the microvia of t h e 
conven ti onal materi a l s , wh i ch wi ll disru pt the 
i n tegri ty of the plating proce s s . In ad d i ti on , 
the circ u m feren ce of the re su l ting hole is not 
u n i form due to the glass ri ch bu n dles assoc i­
a ted with conven ti onal fabri c s . However, t h e 
LD materials have clean laser- d ri ll ed holes 
with clean lands at the bo t tom of the microvi a 
form a ti on . 

Several laser dri lling equ i pm ent manu f ac-
tu rers now uti l i ze mu l tiple frequ ency lasers 
that provi de sequ en tial processing of t h e 
l a s er form a ti on of the hole. By tailoring the 
f requ ency of one laser to rem ove the copper 

l a s er process can be ad ju s ted to provi de 
a pprox i m a tely 25 percent improvem ent in 
l a s er dri lling speed while simu l t a n eo u s ly pro­
viding a ro u n der, m ore plate a ble internal su r-
f ace geom etry. Si n ce the LD materials don’t 
h ave as many gl a s s - ri ch are a s , the po s s i bi l i ty 
of glass wi cking is redu ced con s i dera bly. 

RESIN TECHNOLOGY 
Al t h o u gh very pop u l a r, the resin types and 
t h i ckness ra n ges of re s i n - coa ted coppers are 
s om ewhat limited . For ex a m p l e , most re s i n ­
coa ted coppers have just two gen eric FR- 4 
resin tech n o l ogi e s : a) 130–140°C Tg and b) 
150–175°C Tg. Th ere are a few high er per­
form a n ce resins that have been app l i ed to 
re s i n - coa ted copper and SBU approach e s . 
Al t h o u gh these produ cts have excell ent tech­
nical meri t ,t h ey are not being used in high ­
vo lume non - rei n forced app l i c a ti ons at this 
point in ti m e . 

The weaknesses of n on - rei n forced re s i n 
tech n o l ogy may not be re ad i ly app a rent at 
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Table 2. Advanced HDI Material Properties for LD Systems. 

Resin Type Fiber Type Application Tg °C X/YCTE Z CTE 

DSC -40C +125°C –50°C to 

TMA PPM +260°C 

*DMA % 

Resin Coated Copper HDI 135–140 155–170 30–40 5.0%+ 

Epoxy N4000–2 LD Broad Spectrum 140 12–16 4.5 

Epoxy N4000–6 LD Low CTE 180 10–14 3.8 

Epoxy Low CTE N4000-7 LD Low CTE 155 10–14 3.7 

Epoxy Low Loss N4000–13 LD Low Dk 210 10–14 3.5 

1-5 Ghz 

N5000-32 LD 180 10–14 3.8 

N5000 LD PBGA, HDI *190 10–14 3.6 

APPE N6000 LD 1–10 Ghz *210 10–14 3.5 

None  

BT Telecom 

BT JEDEC 

*by DMA 

the lower layer co u n t s . As you move up in 
l ayer count however, a nu m ber of f actors 
give a com pelling argument to con s i der 
f i ber- rei n forced opti ons and more impor­
t a n t ly, l a s er- d ri ll a ble materi a l s . Hi gh er layer-
count de s i gns requ i re lower ex p a n s i on ra te s 
due to the high er overa ll thickness invo lved 
and to satisfy con cerns over via rel i a bi l i ty or 
p ad lifting on the ex ternal circ u i try. 

S U M M A R Y 
L a s er- d ri ll a ble prepregs and laminates all ow 
m a ny opti ons for laser microvia form a ti on 
in a conven ti onal mu l ti l ayer proce s s . Back­
plane tech n o l ogy with high overa ll thick n e s s 
de s i gns can easily ben efit from this approach 
because of the need for the lower z-axis 
ex p a n s i on afforded by fiber rei n forced 
d i el ectri c s . 
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Laser-drillable prepregs and 

laminates allow many options for 

laser microvia formation in a 

conventional multilayer process. 

Al s o, with more com p l ex de s i gn s , bu ri ed 
vias are being used more of ten in con ju n c-
ti on with blind vias to increase den s i ty. 
Bu ri ed vias of ten are de s i gn ed as the secon d 
or third diel ectric into the HDI boa rd , a s 
i llu s tra ted in Figure 2. Because of t h eir loc a-
ti on in the mu l ti l ayer stru ctu re ,t h ey requ i re 
m ore dimen s i onal stabi l i ty and bet ter vi a ­
f i lling capabi l i ty. 

The opti ons for laser- d ri ll a ble resin sys­
tems are listed in Ta ble 2. Perhaps the bi gge s t 
adva n t a ge of utilizing fiber- rei n forced mate­
rials is X-Y-Z CTE. 
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The ben efits of l a s er- d ri ll a ble E-Glass 
rei n forced materials inclu de faster laser pro-
ce s s i n g, cl e a n er hole form a ti on , l ower ther­
m a l - m echanical ex p a n s i on ra te s , bet ter 
h o l e - w a ll ad h e s i on du ring the met a l i z a ti on 
proce s s ,u n i form i ty of m a terial in the mu l ti­
l ayer stru ctu re , e a s i er UL approval of n ew 
produ ct s , and bet ter fill of bu ri ed via stack s . 
L a s er- d ri ll a ble material tech n o l ogy provi de s 
o t h er opti ons to the fabri c a tor and to the 
OEM en d - u s er, i n cluding a broad spectru m 
of ava i l a ble resin sys tem s . ■ 


