WO 02/ 076666 -1 "A | aser machi ning system and net hod" | NTRODUCTI ON 5 The
invention relates to | aser machining of substrates. 21 Septenber2128#pfember 2005
PCTI | EO2/ 0O003/0r&ser drilling of micro-vias with pul sed | aspdSigmeoils
performed using two nethods. In the first method a stationary beamtis used
(pixel vias): Using this technique a nunber of |aser pulses are delivered
to a single point on the substrate. The nunber of .10 pulses required to
reach a certain depth depends on their eR]e_rgy. This technique is suitable
for vias smaller than approximately 106 imcrons dianeter. The exact via

di anet er depends on the | aser beam dianeter, optical and | aser paraneters
‘and material properties. Lﬁia@eﬂﬁ%ﬁﬁfné@h@ﬂ&@dne rBd'-us scanned al ong the
outer profile of the via. Thrs tecnnrque 15 € tor vias larger than
approximately 100 m crons dianeter. The Iaser rmves in a circular pattern,
in one or nore concentric circles. Several repetitions mght be required to
reach the INIROPUGEEKON The via dianmeter is a function of the radius of
the outer circle and the beamdianeter. Such a via is 20 referred to as a
scanned or trepanned via. Typically, using a | aser beamto machi ne vias
resul t s5i n TIRSVaHtioR rRRIte® laser @s£chifing bf siBstragguUl t i n the requirement for
several post |aser nmachining process steps. Specifically the issues are: 25
Debri s During the laser drilling process debris on the topside of the wafer

oot o> T gsh OB AR BHERV AT w3l SRR RS BOAIBAGL Gl Bhpiipie
di stinct fganihe first Meehddh StatedHairs b@ﬁﬁﬁerﬁseascpmzlm%pmmgem@@@&nique a

B number of laser pulses are delivered to a single point on the substrate. The number of

10  pulses required to reach a certain depth depends on their energy. This technique is
suitable for vias smaller than approximately 100 microns didmeter. The exact via
diameter depends on the laser beam diameter, optical and laser parameters and

material properties.

15 In another method a beam is scanned along the outer profile of the via. This
technique is suitable for vias larger than approximately 100 microns diameter. The
laser moves in a circular pattern, in one or more concentric circles. Several
repetitions might be required to reach the required depth. The via diameter is a
function of the radius of the outer circle and the beam diameter. Such a via is

‘ {' . 20 referred to as a scanned or trepanned via.

Typically, using a laser beam to machine vias results in several problems. These
problems result in the requirement for several post laser machining process steps.
Specifically the issues are:

25 |
Debris

During the laser drilling process debris on the topside of the wafer is caused by the
accumulation of debris and molten material at the via outlet. This is represented in

30 Fig. A. It typically appears in two distinct forms. In one form debris appears as a



WD 02/ 076666 PCT/IEO02/00035 -2 "lip" of material surrounding the via. The
hei ght of the lip can be several tens of m It is believed thal Q@ignHer bHEs
processes that may contribute to the formation of the lip is the

re-sol i di Waeyi7ess60f nolten and gaseous material ejected fpofEdigoyssa during
| aser cutting. . Typically the debris cannot be renpoved by conventi onal
washing 5 techniques. An ideal via should have no debris or lip structures.
The second form of debris appears as a "dust"” that covers on the top surface
of the wafer. Typically this debris ca_n‘,t_be removed by a sinple wash
process, however it is nore favourable to elimnate the presence of debris
conpletely. 10 Sidewall thermal damage zone A second problemthat occurs for

via drilliggm : 'g‘ﬁgﬂj i 4] ' 1S t he
pul se rat_e,qg)pu s%?%%%%%%ran ?%Pgﬁtﬁ%ij?gg%’ﬂg?t %ﬁﬁlge pa?ﬂ?e?ggl;:ﬂ.%&f&i gﬁfrﬁi nto
the mat eriglis BélRved PHABTRDS the psstEssed Thatimi BomeiBhiteioShE Foyn®ion b PheN
surroundi ng material can cause severe thermal damage to the internal walls
of the stisube uesolidificationaf tmeltent hrd gabeoya rmaterink ejeoted efiomethet viacduning
integrity due to. m croctacki d. crystal deformtjon. One.technigque to
reduce thilgsqrs‘?"ttﬂn%'ho Wﬁﬁyb@‘gnﬁb"sa?\é%?rbgd{f&wte e}I’X GOAYETRINER, W%&”?&/ered
to the yi aeciiligfied) MEHRA] Vi84HE6ER HAVe no’dtbhis b lip@Ratairedel i vered to the
surface and 1s not an efficient technique. Sidewall conposition Utimtely
the objective of the via drilling process is to achieve an insul ated

m crovi a that .can b tallized. It is essential that the via i

st ruct ur al T4° S5and Tofia G ARETRIAPPREr oA {9y B covels Qmpegop puredel e
conventi onghgele %Bidiﬂ?&hi_stdebﬁs RRA bEREHOVEEDY Q siPRIWASh proRedsi HEWREr f#8S er i al
conposition or conductivity. To better understand the Tequirenments of the.

via drillimgrefayousble teeeliminatethe psesencelefdabrisegmipletelye next section. WO
02/ 07%66 -3

Sidewall thermal damage zone

A second problem that occurs for via drlling is that the accumulated heat in the
material increases as the pulse rate, pulse energy and total number of pulses of laser
15 light into the material are increased. At some point the heat dissipated into the
surrounding material can cause severe thermal damage to the internal walls of the
structure. The impact of thermal damage is to reduce structural integrity due to
microcracking and crystal deformation. One technique to reduce this is to chop the
beam so as to reduce the total energy delivered to the via. This however reduces the

20 total energy delivered to the surface and is not an efficient technique. {
Sidewall composition

Ultimately the objective of the via drilling process is to achieve an insulated microvia
25 that can be metallized. It is essential that the via is structurally sound and that all
reliability criteria can be met. Using conventional techniques it is not possible to
control the sidewall material composition or conductivity. To better understand the

requirements of the via drilling process the full cycle is described in the next section.
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21 Septenber 2005 PCTIIEO2/00035 Were an insulating layer is required on

the internal walls of a mcrovia before insertion of a metal iIMtQUEHE2005

two addi twpnadhrdeecesses subsequent to machining of the Vl*(,ar/l%ro‘f/of;o% ui red.

The first is to clean and snooth the via walls followed by a second process

to grow an insulating layer. This three-step process is |Ilustrated in5

Fig. B. In step 1, a laser is used to machine a via structure with rough
tapered walls. A taper within a via is defined as the "slope" of the side

wal |, which is arctan(a/b) as shown i-@-Fig. A Step 2 is an cleaning step
whereby the sidewalls of the via structure are cleaned. This preferably

results ipn_a snoath, gh quality finish. In step 3, an I nsul ati Iayer S
. created ofPerean ﬁp@ﬂa’angawrwamegw% onhaheog}t@@@ FEllsoff AHACTOVRCPRIPEND. ar o

10, Provi des@ubRORalibe i ddAREc, b lkndl pRELS: VinRaly & hhenagpunt of

debris on topsi he si rom H¢hi ned)

s reduce@f.th&EnaTa:enéquudt E‘hteefﬁblfnlsQdelehﬁranldm@lrdlb|\ﬂ1i1§vdﬂlscfblibwe@by\mer e
the extent of the internal sidewall heat affected zone within the via is
reduced. SFEOnfl RYSICEISytQ BEOV @gcEsulagng é@m{ﬂhﬁgthse e7$tep Breeess ds illusgratadgisy wal |

ey ove obig-Pon G TR 3> R Bhafithe B3fa Hriihid Sp BuBRT A A e ¢ e
process OA tiffc@@ieiing h ghdefiraddi dsith¥ I“slopé'T bfthe site whil hwHeH is aectar@/bnier nal
wal | properties into a single step process To reduce the equi prent set

requi r ed ShevwaidhJagitAoPdep ¢ u&ammmgtscm whereby: Big gidewali iR Viptryeipre
| NVENTI %@%@aﬁeﬁ%ﬁﬁ”}?&?&%’@r&@t g?o%@h, ﬁlgh quality finish. In step 3, an

insulating layer is created on the internal via walls.

-

10
The objectives of this invention are:
To provide a technique for laser drilling of micro-vias where the amount of debris on
the topside of the via (the side from which the via is machined) is reduced.

15

To provide a technique for laser drilling micro-vias where the extent of the internal
sidewall heat affected zone within the via is reduced.

To simplify the process of producing a via with desired side-wall morphology,
20 composition and optical and electrical properties.

To achieve greater versatility in use of laser-drilled vias.

To streamline the process of producing high quality via structures with desired

25 internal wall propefties into a single step process
To reduce the equipment set required in conventional via manufacturing techniques

SUMMARY OF THE INVENTION

30



PCT/ 1 EO2/ 00035 According to the invention there is provided a | aser
machi ni ng system conprising a |aser source, and a beam del i ver2] Septensher 2005
conprising nmeans for controlling delivery of a |laser beam generated by the
| aser souM %6840 substrate to machine the substrate, whePETHEB/HB syst em
further conprises a gas handling system conprising neans for providing a
control | ed gaseous environnent around a nmachining site. 10 In one

enbodi ment, the beam delivery system and the gas handling system conprise
means for controlling beam pul sing parapeters and the gaseous environment to
drill a via in the substrate. In one enbodi nent, the beam delivery system
conprises_neans .for controlling |aser 15 pul se energy,. | aser pulse

separ at i oAccartihgniondhe inwdntionl thefe Bqrovideda lasert Mackiningosybtem to@piBing and
mechani cal properties of the material (s) being machined. In one enbodi nent,
the gas hiasellsonces podanbeasndelivery SYsteRs Comprisims: means fog coprroling delivesy

o v acotd ol R Bt EHIER nied S0k 60  LonBHES Hp Bnl B Wigeccs °°

means forygeeifolling proportion of nitrogen in the gaseous environment to
control or prevent nitride growh in alining. 25 In one enbodi nent, the
gas handling system conprises neans for providing a controlled anmount of

inert gas in t&e&a%eomnvi ronnent . 21 .Sept.enber 2005 WO 021076636
PCT/ 1E021 00035es IR Tb U Bt SURRERE, 2 (15 NI ier COPRFIRE BIFARF 985 reans
for introduci ngrovitifg alcbRrEREESALR 0RO ¥AVIESHIRt AoHA$ a W Bininasit@r operties for
di ssociation in the presence of the |aser beamto provide etchants or

reactants of the substrate.

10 Inone embodiment, the beam delivery system and the gas handling system comprise
means for controlling beam pulsing parameters and the gaseous environment to drill

a via in the substrate.

In one embodiment, the beam delivery system comprises means for controlling laser
15 pulse energy, laser pulse separation, and number of pulses according to the optical,

thermal, and mechanical properties of the material(s) being machined.

In one embodiment, the gas handling system comprises means for controlling
proportion of oxygen in the gaseous environment to control or prevent or promote
20 oxide growth as a lining. (

In one embodiment, the gas handling system comprises means for controlling
proportion of nitrogen in the gaseous environment to control or prevent nitride
growth in a lining.

25
In one embodiment, the gas handling system comprises means for providing a

controlled amount of inert gas in the gaseous environment.



5 I n one enbodi nent, the gas handling system conprises nmeans for controlling
the gaseous environment to achieve a clean machi ned wall in th2l Sepbahbet2605
I n anot heyogpRgédent ., the gas handling system conprises ngafgokRloss
controlling the gaseous environnent to achieve a desired snoothness in a
machi ned wall of the 10 substrate. In one enbodi nent, the gas handling
system conpri ses neans for controlling the gaseous environnent to enhance
renoval of debris fromthe machining site and locality or to reduce the
quantity of debris that is generated. 15 In one enbodi nent, the beam
delivery system conprises means for controlling pulsing paranmeters to

m nimse thermal damage to the substrate. In one enbodiment, the |aser

~ pul ses ar b g embedingensp fbe ¢as handling syzeon copipsiseseanson introducinganto

del i very st em cQ | ses non- t entric l.en nd . neans for delivering
the | aser TEaamas ABTyRRSIR] & BRI Broartiey o RgriafB R e Pasenpe ped
“via. 25 | pf o msenhagh e@pirowa@etchsweéacvaﬁftyoﬁm%tsqm@ﬁepr' ses means for
varying distance of a sloped via entry opening froma beamoptical axis to

set slope of the sloped via. In a further enbodi nent, the beam delivery

system coppri ses ans fo drill a [ n di.e s bstr te and _f or
et o T one EbAASPSat th das Randfing susfed CoupriShscmeans Rsepolling & vi o

dept h. 21%§€&Is€‘émﬁbn%£€9§to\£@1@%QZﬁﬁﬁ%fcﬁﬂéﬂZﬂﬂQﬁ?e%ub%ade“ one embodi ment ,

t he beam delivery system conprises neans for varying |laser beam paraneters
according to material of the substrate at any particular depth. 5 In one

ar anret o L otiergEadinent i 631 BeoAlineaySein GUEPRER rapsdRe MR guing Hione oo
(errbodi NMENfase SR ShMAThESt (1 3BRie¢OAPAdsHBE SHRGBIANER! inV A ihdBntd YdIRSE thdeam
10  substrate.

In one embodiment, the gas handling system comprises means for controlling the
gaseous environment to enhance removal of debris from the machining site and

locality or to reduce the quantity of debris that is generated.

15
In one embodiment, the beam delivery system comprises means for controlling
pulsing parameters to minimise thermal damage to the substrate,
In one embodiment, the laser pulses are not evenly spaced in time.

20

In one embodiment, the beam delivery system comprises a non-telecentric lens, and
means for delivering the laser beam through said lens at an angle to normal to drill a

sloped via.

25 In one embodiment, the beam delivery system comprises means for varying distance

of a sloped via entry opening from a beam optical axis to set slope of the sloped via.

In a further embodiment, the beam delivery system comprises means for drilling a
via in the substrate and for dynamically varying laser beam parameters as a function

30 ofcurrent via depth.



paranmeters to drill a blind via. 10 In one enbodi nent, the beam delivery
system conpri ses nmeans for varying |aser beam paraneters w th2d&epfeniber 2005
order to achieve a controlled via dianmeter at the entrance and exit points
on the suwéteAar®es . 15 I n one enbodi nent, the varyi ng nearlfCRIEROIESES nmeans
for controlling slope of a taper between the entry and exit openings by
varying | aser repetition rate, pulse energy, and pul se peak power. In one
enbodi ment, the varying nmeans conprises neans for varying focal spot size
20 to control internal via shape. In o nge enbodi ment, the beam delivery
system conpri ses a tel escope, and neans for adjusting the tel escope to set
or dynam cally vary beam di aneter, plane of focus, and depth of focus to
provi de a desired via geonetry. 25 I'n one enbodlnent t he beam delivery
system conprises means for nmachining the substrate in a plurality of

passes, iTh bhe ehtdshent the AR AeBvd r&os%stéﬁ{ temprisésafiftans Fby vﬁrgmgm@%l on of
material renoval. 21 Septenber 2005 02/ 076666 PCT/ | EO2/ 000 In one

enmbodi nenbcam harapeesens detardorgtosyatesial oﬁmrsubwtqeamy paticuldjr dsping t he
t el escope between passes. In one enbodi ment, the beam delivery system
conprises neans for enlarging laser 5 beamfocal spot size after drilling a

via tos Caisené %ﬁﬁfod%@ﬁﬂ“tﬁ@ WRhnf ﬁ@ﬁi/e%? QY siehf comiptid&Cmedhs FHCvaADE ef

surrounding the via. In one enbodine t he gas handl i ng system and the beam
del i very bsam panasentessivath depshiis ofder toachient i desited véx ggnmeting and t he
gaseous environnent to provide a 10 controlled insulating lining in a via
drilled in a sem conductor substrate. In one enbodi ment, the substrate is of

Si mat eri B o@embO&inhdnt] $38d erydhg&Raeans comprises means for varying the laser beam
parameters to drill a blind via.
10
In one embodiment, the beam delivery system comprises means for varying laser
beam parameters with depth in order to achieve a controlled via diameter at the

entrance and exit points on the substrate. .

15 Inone embodimcnt, the varying means comprises means for controlling slope of a
taper between the entry and exit openings by varying laser repetition rate, pulse
energy, and pulse peak power.

In one embodiment, the varying means comprises means for varying focal spot size

20  to control internal via shape. {

In one embodiment, the beam delivery system comprises a telescope, and means for
adjusting the telescope to set or dynamically vary beam diameter, plane of focus, and
depth of focus to provide a desired via geometry.

25
In one embodiment, the beam delivery system comprises means for machining the
substrate in a plurality of passes, in which each pass machines to a certain stage with

a proportion of material removal.



I n one enbodi nent, the gas handling system conprises a seal ed chanber, neans
for 15 delivery of gases into the chanber and nmeans for punpi n2ji $gsasbdr2003
t he chantveo o24mcene enbodi nent, the chanber conprises a wiptdawonhsesh i s
transparent to the [|aser beam 20 In one enbodi nent, the gas handling
system conpri ses nmeans. for delivering a halogenated gas to the gaseous
‘environnent to renove gaseous debris. In one enbodi nent, herein the gas
handl i ng system conpri ses neans for controlling gas flow for renoval of
debris in both gaseous and particulaté’form 25 In one enbodi nent, the
system further conprises neans for flipping a substrate, and the beam

 opposed LaHErBSERIsd ue BAE et Surviitoltandh eS8 iR B vo o
2/0 7 66t§es@o§§i§éﬂv§&%’&a@9§.5 -8 I n one enbodi ment, the beam delivery system
n

and the gas h ling systemconprise neans for controlling beam pul sing

" paraneters and the gaseous environnent to drill a via having a |ining
suitable_for use as an el eg)tri cal .insulator. 5 Il.n one en&%dini%nt, %ﬁhe beam
del i ver y IBPOeSmbedmant BedRIhAFTRY SYLFRNTUBRERGSSBEaRE: BIHREEHI | i ng
beam pul $bhg BAgLIRG | ni ot b j ving a
i ni ng sul tagﬁgﬂégrsgﬁggags an oﬁ?ﬁﬁ&%@géﬁ?g%%&ﬁrﬁbﬁhg t?%é%ﬁﬁ%n al so
provi des ofi thessmbstratesunionndipngwhe vied conpri sing the steps of 10 delivering a
| aser beam onto a substrate to nachine the substrate, wherein 15 a gaseous
environment is provided around a machining site; the |aser beamis pul sed;
and the | ; t frﬂﬂﬁlg i I t | ne the
substr at gﬁt%gégc ie\}lgﬁ testlﬁgg prope ?Pge/dgﬁ?%@ eelz%1 stareg%éergs ﬁ&gn%bxgﬁrﬁ%!di ment ,
(| aser pulmseansnfor ggontralling lpsdrspulsmgaand i the, gasedus)emvaonofenputbsprovide a

10  controlled insulating lining in a via drilled in a semiconductor substrate.

In one embodiment, the substrate is of Si material and the lining is SiO,.

In one embodiment, the gas handling system comprises a sealed chamber, means for

15 delivery of gases into the chamber and means for pumping gases from the chamber.

In one embodiment, the chamber comprises a window which is transparent to the

laser beam.

20 In one embodiment, the gas handling system comprises means for delivering a

halogenated gas to the gaseous environment to remove gaseous debris.

In one embodiment, herein the gas handling system comprises means for controlling
gas flow for removal of debris in both gaseous and particulate form.

25 | |
In one embodiment, the system further comprises means for flipping a substrate, and
the beam delivery system comprises means for drilling at locations in registry at

opposed substrate surfaces to complete a through via.



20 are controlled according to substrate optical, thermal, and nmechani cal
properties. In one enbodi ment, oxygen or nitrogen concentrati o2liSeptember 2005
gaseous environment is controlled to control or prevent oxide or nitride
growt h asW® 03{03666¢ ni ng. 25 I n one enbodi ment, a control | edPGHHMHOGE | nert
gas is introduced into the gaseous environnent. 21 Septenber 2005 WO
021076666 PCTI 1E02/ 00033 -9 In one enbodi nent, a gas having properties for
di ssociation in the presence of the |aser beamis introduced into the
gaseous environment, and the dissociatedggases etch the substrate. 5 In one
enbodi ment, the machining is to drill a via and | aser beam paraneters are
dynam cally varied as a function of current via depth. In one enbodi nent,. ..
the laser heam aMbodiiferd28RBEANEBYETAY SFMm aha HOBAS Rhhdiths S&spdth @¥htRis@n
electrically i|'%nsul ating 11ining, ané f’?ﬂe rrer{lhod trcio r‘?ses t%@% urt }en?) gtep of
10 filli ngmeéans faraoniroHing beaine puilsingpipmecars and ithe) gasebes ieavironmpnoia didll an

el ectrical conductor. in the supstrate. In one enbodi ment, the | aser beam
and the ga@é’&u‘%avé?ﬁ/?ilﬁm’t‘@f OF ¢ pofn elgeical igsWafdde an optical |y opaque
lining, and the nethod conprises the further step of 15 filling the via with
an optically transm ssive material to provide an optical waveguide in the
substraf e W ohe embodinmintgthesbeant Helivkry gystdm andehe ghoHamdling sitsteen lcamprisbeam
and the gaseous_enviropnment are controlled to provide a thernall )
conduct | ve HFARRLOT £ABTHDE Raat uLEhE PRameterh and the Eeseons epvPnBSDf (9 fiihg ¢ ne
via with a H‘%ﬁém é/]iﬁﬁi%d.iﬁ‘ittabl’@f hd PRAYvE iefagl |y conductive
path in thg subst réate. I'n one e%ﬁ?m%?ﬁ?ﬁeeﬁet%@(ﬁ&%’#@es the further
step of connecting a heat sink to the thermally conductive material in the
Via 23 T o affo  prVides 8°Tasé rchining method deomiprising e steps of 2

10  delivering a laser beam onto a substrate to machine the substrate, wherein
a gaseous environment is provided around a machining site;

the laser beam is pulséd; and
15

the laser beam and the gaseous environment are controlled to machine the

substrate to achieve desired properties in the substrate.

In one embodiment, laser pulse energy, laser pulse separation, and number of pulses

20 are controlled according to substrate optical, thermal, and mechanical properties.

In one embodiment, oxygen or nitrogen concentration in the gaseous environment is

controlled to control or prevent oxide or nitride growth as a via lining.

25 In one embodiment, a controlled amount of inert gas is introduced into the gaseous

environment.



a beam delivery system conprising neans for controlling delivery of a |aser
beam generated by the |aser source to a substrate to machine tZieSemﬂﬂﬂleraeQﬁ
wher ei n Moagmem)er 2005 WO 02/ 076666 PCT/1E02/0003i -10 gchaebpevessel i very
system conpri ses neans for delivering a pulsed | aser beam to a substrate;
and the beam delivery system conprises neans for machining the substrate to
an 5 inconplete stage at a plurality of machining sites, and for machining
at said sites in at | east one subsequent pass whereby there is a del ay
between machining at any one site as t4f-other sites are machined in a
pass. I n one enbodi nent, the beam delivery system conprises neans for
changing 10 beam delivery parangters between passes. |n one enbodinent, the
- beam del | V&8rqnesgmbe wpmg@éélammmm@r@ngﬁmgmb@@mm presencerof Bt er s

one. erbod MRt & HERsR i, PUCRAEBUT enfiBhuet i, B bR e bcom

- delivery pahptieisabsraxet ween passes according to desired substrate shape at
the machining sites. 20 In one enbodi nent, the beam delivery system
conprises neans for controlli ng beam delivery parameters between passes to

m ni m ge substrat her nbodi e beam de |ver
yst endconitise Enhed ety i BRERGns i el de Fjer, Bram dagoein

passes toayﬁdﬁﬁ@ame@afddtm%ﬁ&u&ebft&ne&%weﬁ@ﬁ embodi ment, the beam
delivery system conprises neans for controlling beamdelivery paraneters

between passes to achieve a desired substrate geonmetry at the machining
sites. V\Dlgzolr%7gr?1ggdunent the laser beam and the gaseous environment are controlled to

provide an electrically insulating lining, and the method comprises the further step of
10 filling the via with an electrically conducting. material to provide an electrical

conductor in the substrate.

In one embodiment, the laser beam and the gaseous environment are controlled to
provide an optically opaque lining, and the method comprises the further step of

15 filling the via with an optically transmissive material to provide an optical waveguide
in the substrate with the lining as a cladding.

In one embodiment, the laser beam and the gaseous environment are controlled to
provide a thermally conductive path, and the method comprises the further step of

20 filling the via with a thermally conductive material to provide a thermally conductive
path in the substrate.

In one embodiment, the method comprises the further step of connecting a heat sink
to the thermally conductive material in the via.

25
The invention also provides a laser machining system comprising a laser source, and
a beam delivery system comprising means for controlling delivery of a laser beam

’ generated by the laser source to a substrate to machine the substrate, wherein



21 Septenber 2005 PCTI TEO2100035 in one enbodi ment, the beam delivery
system conpri ses neans for controlling beam delivery paranetens Sepfewden2005
passes to drill a plurality of vias in the substrate. 5 In one enbodi nent,
her ei n t h@OoIBT@®ed f urt her conprises nmeans for flipping a MiBWeASSand t he
beam del i very system conpri ses neans for machining the substrate at
machi ni ng sites on opposed sides of the substrate in registry to nachine a
single formation. 10 In one enbodi nent, the beam delivery system conprises
means for controlling beamdelivery parﬁneters to both nmachine the
substrate and to form an electrically'ﬂ Sulating lining at the machined
site. In one enbodinent, the systemal so has a gas handling systemin which

the gas is and,gas paraneters may be changed between.subsequent sses. In
one enbodi ment e DERB AT Hr B CoBmA BRens K AETNarRE £ RgLE)desshbeatn
conpri si ng nmeang of ibs@i@VhAgNg a control l ed gaseous environnment around the

machining site, and the beam delivery system and the gas handling system 20
conprise means for machining a formation in the substrate with or w thout

non- anbi ent gas in on&ﬁl{)ass, and for pachining at t .e,si&g iug a subsequent
pass with a n ‘?E’ﬁfﬁ“e VERE SIS ARRISRHEIRAnS 40% B § BENRETHG tPidfl ng at
t he machi ni ng ;s} i DV, I hﬁgﬂ i I nﬁﬁ%@xlﬂi I hod
conpri g‘iqng t he ‘E?‘%’S‘?%?SS& glailt\%e@iﬂ?%&go?gl?ebr eg%ﬂgﬁtagldaﬁigu st re{{lg%'?ggﬁfachi ne

t he substrate, sikeriai at i¢rst dreasubsequenti passewhecebyadivrads thalebayb betweeen at a
plurality of sites.in a pass, and to sequent | rill at the same sites

St Stesrade machingd
in at | east ondDd ARYRnEsiE s hopther sitesate 40 ad¥ésh site. 30 21
Sept enber 2005 WD 021076666 PCT/ 1E02/ 00035

In one embodiment, the beam delivery system comprises means for changing

10 beam delivery parameters between passes.

In one embodiment, the beam delivery system comprises means for changing
beam delivery parameters between passes according to the substrate layer
material for a pass.

15
In one embodiment, the beam delivery system comprises means for changing
beam delivery parameters between passes according to desired substrate shape at
the machining sites.

20 In one embodiment, the beam delivery system comprises means for controlling \

beam delivery parameters between passes to minimise substrate thermal damage.

In one embodiment, the beam delivery system comprises means for controlling
~ beam delivery parameters between passes to reduce deposition of debris.
25
In one embodiment, the beam delivery system comprises means for controlling
beam delivery parameters between passes to achieve a desired substrate geometry

at the machining sites.



-12 In one enbodinent, a viais drilled at each site. In one enbodi nent,
beam delivery is controlled to both nachine a formation at eac?l Séptamtxn@005H
provi de awo®bmtdstd cal ly insulating |ining on a substrate vwaddigboogdseach
site. In one enbodinent, a controlled gaseous environnment is provided at the
machining sites to assist lining growth in a controlled manner. 10 In one
enbodi nent, the systemis used in a manner in which the gas and gas
paranmeters may be changed between subsequent passes. The invention al so
provi des a | aser machining systen1conpﬂ&sing a |laser source, and a beam
delivery system conprising neans for controlling delivery of a | aser 15 beam
bstrate to machi ne the_.substrate,

generated by the |aser. source to a s € r
- Wherei n t he 1B RPGQEIRLSHE, et JREYETY ST FRIPEreSBERRL At BTG e

| aser bea a 1%Q§§r zﬁnﬁ& rg a sl AVA The; | ntion
al so proviggggg nger H@% |niﬁgqﬁg?ﬁégl%gﬁ%r$iPﬁg ?H@gggggs&%?ﬁﬁzglﬂmg
"~ delivering aubstea¢¢. beam onto a substrate to machine the substrate, wherein
the | aser beamis pulsed, and the beamis delivered at an angle to drill a
sl oped via. In one enbodinent, the via is drilled to interconnect |layers in

t he supstrage. .25 I: , i Al ' ornty wth
comporint || 48 priecerhBoBRfert BOLATAL syl Mrher Lotk Canddl 6 Hinhilh o
plurality obkubstiat¢ aadnend bagmyvdelivery esysteid lcothpsiBed medne frbodchipiig thée vi as
are drilled to interconnect at the substrate_ surface. 21 Septenber 2005 WO
02/ 076666 PEHAIEse @bomachipng sienR8 epRRsaf nides, oh dheisHbstrae VRafegity il | ed

to interconq%ggéﬁ&% fo¥mWibgi N the substrate and to each have a separate
opening in a substrat®& surface.” 5 The invention also provides a | aser ‘

(machi ni ng net hod conprising the steps of delivering a | aser beamonto a
‘substlrate t? machi ne t.he sulstrate,, wherein the ) )
0 n one embodiment, the beam delivery system comprises means for controlling
beam delivery parameters to both machine the substrate and to form an

electrically insulating lining at the machined site.

In one embodiment, the system also has a gas handling system in which the gas

15 and gas parameters may be changed between subsequent passes.

In one embodiment, the system further comprises a gas handling system
comprising means for providing a controlled gaseous environment around the
machining site, and the beam delivery system and the gas handling system
20 comprise means for machining a formation in the substrate with or without non-
ambient gas in one pass, and for machining at the site in a subsequent pass with a
non-ambient gaseous environment to form an insulating lining at the machining

site.

25 | The invention also prbvides a laser machining method comprising the steps of
delivering a laser beam onto a substrate to machine the substrate, wherein the
beam is delivered to machine the substrate at a plurality of sites in a pass, and to
subsequently drill at the same sites in at least one subsequent pass to complete
machining at each site.
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| aser beamis pulsed and is delivered to drill a via in the substrate, and
the nethod conprises the further step of filling the via w th>qdepRribet 2005
conductive material to provide a thermal conductor. 10 In one enbodi nent,

t he met howoomrpsdsses the further steps of connecting a heagcr/giopkodsa t he

thermal |y conductive material. In one enbodi ment, the nethod conprises the
further step of drilling another via 15 adjacent to. said via and filling
said other via with an electrically conductive naterial, and connecting an
el ectrical conponent to said electrically conductive material. In one

enbodi ment, the via is a blind via. 20 ¥ one enbodi ment, t he angl ed vi as
are generated in a geonetry that allows nultiple via contact points on one

side of a sybstrate to a single contact ppoint on "the other side of the
substrate. q%%ﬁépdg%ﬁﬁiaﬁaﬂs,&ﬂ@?‘fﬂﬁa@ﬁﬁ’é%r i nputs and outputs or

mul tiple ground inputs and outputs are consolidated to a reduced nunber

I nputs and outputs. In one enbodi nent, angled vias are used to reduce the
size of a ddniare émbodihienty beanc deliesryiio copwalked: to taeh phachéne afotrhatibmak si de
of the die. 30 21 Septenber 2005 WO 02/ 076666 PCT/ | E02/ 00035 -14- In one
enbodi ment , 42RB Sk WoRrqYids an £legrirallys ingtlating Jmdng orpe dubside Walh apne
enbodigrent, e{aﬁﬁs{tgser Is a frequency nultiplied solid state laser. 5 In one
enbodi nent elaser is a solid state | aser where the | aser nmediumis of
the type Host:Inpurity where the host is YAG YLF, Vanadate. In one

enbodi ment, the laser repetition frequency is in the range from1l kHz to
200k Hz In one embodiment, a controlled gaséous environment is provided at the

machining sites to assist lining growth in a controlled manner.

10 In one embodiment, the system 1is used in a manner in which the gas and gas ™

parameters may be changed between subsequent passes.

The invention also provides a laser machining system comprising a laser source,
and a beam delivery system comprising means for controlling delivery of a laser
15 beam generated by the laser source to a substrate to machine the substrate,
wherein the beam delivery system comprises means for delivering a pulsed laser

beam to a substrate at an angle to drill a sloped via.
The invention also provides a laser machining method comprising the steps of

20 delivering a laser beam onto a substrate to machine the substrate, wherein the {
laser beam is pulsed, and the beam is delivered at an angle to drill a sloped via.

In one embodiment, the via is drilled to interconnect layers in the substrate.

25 In one embodiment, the via is drilled for conformity with component leads to be

“mounted on the substrate.
In one embodiment, a plurality of interconnecting vias are drilled

30 In one embodiment, the vias are drilled to interconnect at the substrate surface.



10 I n one enbodinent, the laser pulsewidth is | ess than 200 nanoseconds In
one enbodi ment, the laser pulsewidth is | ess than 10 nanosecon@$ Sefitember 2005
DETAI LED @g%?;ﬁ%;ﬁlg&g ON OF THE I NVENTION Brief Description ofp o bR%E ngs The
i nvention will be nore clearly understood fromthe foll owi ng description of
20 sone enbodi nents thereof, given by way of exanple only with reference to
the acconpanying drawings in which: Fig. 1 is a diagramillustrating |aser
drilling of a through via according to the invention; 25 30 Fig. 2 is a
diagramillustrating a | aser machi ning-$ystemused for via drilling in a
control |l ed gaseous environnent; Fig. 3 is a diagramillustrating steps for
drilling of nultiple vias using a nulti- step |laser process; W 02/ 076666
-15 21 Septenber 2005 PCT/IE02/00035 Fig. 4 is a plot of a |laser pulse

train illustrating the. variables AtRR NTI-Delay and Z -Del ay; Fig..5(a)
is a view ofi'ﬂﬁéexﬁmb&dl%’ﬁ%i B de RS Mééir)ﬁkgﬂesm&“@wﬂ g awik%l’:}mthe

- gal vanonet er 4fJ 1{EW, L Qcor | . ' f Fig. 5(a)
showi ng a ty;t)tliéc%bg%gﬁfeva\gﬁlgﬁn%ta gﬁﬂ??%?ée%fr@\?ldg\?v elrﬁép%g?&%E\égﬁ%c%S are the

di stances between via structures; 10 Fig. 6 is a plot of ablation depth vs.
nunber of laser pulses; Fig. 7 is a diagramshowing drilling through
succesdi ve | Aperiavesition alsp tnrovidgy & Baersmashiniig methorh camprasing. deeyiepsagtr
process;

delivering a laser beam onto a substrate to machine the substrate, wherein the
laser beam is pulsed and is delivered to drill a via in the substrate, and the method
-comprises the further step of filling the via with a thermally conductive material
to provide a thermal conductor.

10

In one embodiment, the method comprises the further steps of connecting a heat
sink to the thermally conductive material.

In one embodiment, the method comprises the further step of drilling another via
15 adjacent to. said via and filling said other via with an electrically conductive
material, and connecting an electrical component to said electrically conductive

material.

In one embodiment, the via is a blind via.

20
In one embodiment, the angled vias are generated in a geometry that allows
multiple via contact points on one side of a substrate to a single contact point on

the other side of the substrate.

25 In one embodiment, multiple power inputs and outputs or multiple ground inputs

and outputs are consolidated to a reduced number inputs and outputs.

In one embodiment, angled vias are used to reduce the size of a device by
allowing connection pads to be placed on the back side of the die.
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15 Fig. 8 is a diagramillustrating drilling of a substrate on both sides to
conplete a through via; Fig. 9 is a diagram showi ng a multi - st2dSepteather 2005
machi ni ng process fromboth sides of the substrate in order to achieve a
profil ed WOL20A406¢ nal sidewal | ; 20 Figs. 10, 11 and 12 ar ePEN/H§R/AMSS
illustrating optical paraneters for laser drilling; Fig. 13 is a diagram
showi ng the area surrounding a via over which a 25 defocused |aser beamis
pl aced for |aser cleaning; Fig. 14 a set of views of a substrate of an

opt o- el ectroni ¢ conmponent of the inver_ltli‘lqn; 21 Septenber 2005 WO 02/ 076666
PCT/ 1 E02/ 00035 -16 Fig. 15 is a perspectrve view show ng the top surface of
the substrate in nore detail; Figs. 16 and 17 are di agrans show ng

formati on of P r . ] j hr e ig. 18 is a
ber spect ve 4 gife SRRSER0 flareisoRibe, i 3 814 Stk Ul Buphibatarek, O,
illustrating vias in nore detail; and Fig. 20, 21, and-22 are diagrans
illustrating_drilling of angled vias; Fig 23(A) . is a diagram show ng
convent i onal Ingagemhodsment; dae laser is a figapency 1 thintSIQé‘d§%ﬁ%13§¢fde of the die
as the active device Fig 23(B) is a diagram show ng the relocation of pads
and solder balls on the back side of a wafer that is accessed using | aser

nmachi nesl vi alflondEnb@timeat hEilse24s 4 lsblig lstaaé esct Rehes® MreRbéranediunh @4bf1 / O
points of an active_device to a 20 conmon %round Oor commpn power point on
t he bott om othetypaiest:Impurity where the host is YAG, YLF, Vanadate.

In one embodiment, the laser repetition frequency is in the range from 1 kHz to

200kHz {
10

In one embodiment, the laser pulsewidth is less than 200 nanoseconds

In one embodiment, the laser pulsewidth is less than 10 nanoseconds

15 DETAILED DESCRIPTION OF THE INVENTION

Brief Description of the Drawings

The invention will be more clearly understood from the following description of
20 some embodiments thereof, given by way of example only with reference to the

accompanying drawings in which:-

Fig. 1 is a diagram illustrating laser drilling of a through via according to the
~invention;

25
Fig. 2 is a diagram illustrating a laser machining system used for via drilling

in a controlled gaseous environment;

Fig. 3 is a diagram illustrating steps for drilling of multiple vias using a multi-

30 step laser process;



Description of the Enbodi ments A substrate is nmachined to provide a
formation such as a via in the substrate.. There 25 is excellepf SesBhbél2005
over the s physi cal norphol ogy, structural integrit osition
Al so, the?gggﬁﬁgggellent control over the anbunt and Iocat?%ﬂﬁéhiﬁg 5ri s
generated. Also, the invention provides inproved versatility for via laser
drilling, whereby blind vias, nultilayer vias, and angled vias nay be
drilled in a sinple and effective manner. 30 WD 02/ 076666 -17 21 Septenber
2005 PCT/ 1 E02/ 00035 Before describing-tllfe drilling mechani sm the beam

pul sing parameters are presented as below Machining Speed (Y..,,,) 5 This
paraneter is defined as the nunber of vias that can be drilled in each
..second. The unit of machining speed is the nunber of vias per second. It is

al ways the integntian to optij se thi araneter t.o the, highest_value, while
Tai s ning | acEEAdbR SIRARE AR Y el EEls e atiblts e Ny perid
-paraneter i s deki as the time the galvo will remain at a particular via
position during a gl Yen |aser machi ni ng step. The depth of the via drilled
will be proportional to 2"j-Delay. Normally this paranmeter is optimsed to
the | owest possible value in order to gbtain the highest nmachi ning speed

wi th acZept abl eFig. a(@ds gudewigf. theveafepsubdividad pupggcrpgles of equatalaig? fQ
process will va rdi the. physj t he I
conductivity) o et,ﬁai&a%‘g%#?raﬁi&g o&%éev?r’a&c/ y %%]ds&r)g#)gér?g@(%%%n r%"gaé ion
time, distance kfgiwiagn Yypidal galeafiviakiet Vicld afanewUvhére @nel,Bhddd a2¢ ke

paraneters. A higher T Delay will typically cause nore thermal damage to
t he vi a struct uflistances between via structiires;

{

10 Fig. 6 is a plot of ablation depth vs. number of laser pulses;

Fig. 7 is a diagram showing drilling through successive layers of a multi-

layered substrate using a multi-step laser process;

15 Fig. 8 is a diagram illustrating drilling of a substrate on both sides to complete
a through via;

Fig. 9 is a diagram showing a multi-step laser machining process from both

sides of the substrate in order to achieve a profiled via internal sidewall;

20
Figs. 10, 11 and 12 are diagrams illustrating opfical parameters for laser
drilling;
Fig. 13 is a diagram showing the area swrrounding a via over which a
25 defocused laser beam is placed for laser cleaning;

Fig. 14 a set of views of a substrate of an opto-electronic component of the

mvention;



20 Single Pulse Period ((err)t-gg) This paraneter is defined as the tenporal
di stance between | aser pulses in a pulse train and is essenti all §eptéeraber 2005
i nverse of |aser repetition rate: At = 25 1 Repetition Rate For exanple, for
a laser rdP@PIe7ent rate of 45 kHz, (err)tRR - 22 s. NunmbePCHHER/N08%S
(NT-Del ay,) 21 Septenber 2005 WO 02/ 076666 - 18 PCT/ | E02/ 00035 Thi s par arreter
I s defined as the nunber of pulses to be delivered to a certain via

position during a given |aser machining step. T_Delay, dtfu and NT_Del ay,
are related to each other by the followgdg expression: 5 T -Delay = NT wy x
At, These paraneters are depicted in Fig.” 4. Nunber O Steps (N, ) 10 This
paraneter is defined as the total nunber of steps required to machine a

single wvia str &lﬁ% I g?@té wil |
determ ne the gq%qh ;aog&ﬁﬁcflg&t wﬂgh EQPFEEES&D%%OEGHO F?Ee B B
(Nvia/field) 15détails paraneter is def| ned as the total nunber of vias within

the permtted working field of view of the gal vononeter(gal vanonet er)
scanner. Nvia/Field is illustrated in Fig. 5. D stance between Vias (dr; 20

Thi s par anet er g, deki08% Afe Hbn i ARG HtBERn IS VishSpeRPARR"BRLLY 1S

di fferent
5 optical fibre;

Fig. 18 is a perspective view of an optical fibre;

Fig. 19 is a perspective view illustrating vias in more detail; and
10
Fig. 20, 21, and 22 are diagrams illustrating drilling of angled vias;

Fig 23(A) is a diagram showing conventional location of pads and solder balls
on the same side of the die as the active device

15
Fig 23(B) is a diagram showing the relocation of pads and solder balls on the

back side of a wafer that is accessed using laser machined via structures; and

Fig 24 illustrates the connection of four I/0 points of an active device to a

20 common ground or common power point on the bottom of a wafer 'f.

Description of the Embodiments

A substrate is machined to provide a formation such as a via in the substrate. There

25 is excellent control over the sidewall physical morphology, structural integrity and
composition. Also, there is excellent control over the amount and location of debris
generated. Also, the invention provides improved versatility for via laser drilling,
whereby blind vias, multilayer vias, and angled vias may be drilled in a simple and
effective manner.
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fromvia to via. dvia is illustrated in Fig. 3 and Fig. S. Galvo Junp Sneed
(J Speed) This parameter is defined as the speed of the gal vandinSeptember 2005
novenment wetwemssd wo 25 via structures and is neasured i rpcanigos/o®f3setres
per second (nms"'). A higher value of L Speed results in an increase in
machi ni ng speed. Junp Delay (J Delay) This paraneter is defined as the
settling tine for the gal vanoneter after noving to a 30 new via position.
If J Delay is too short this wll resuli) in a "spiking" laser line 21
Sept enber 2005 WO 02/ 076666 PCT/ 1E02/0 035 -19 around the via due to
insufficient time for the gal vanoneter mrrors to settle follow ng novenent
fromone \a tqg the.next. wever , a.lo MWl result in wer
 rmoht i ng Hefore Qesehin e guR PhonsRivtdfe pregBlse ety e i fated
hi gher junppeelay (T Delay), and hence the optim sation of these two
paranmeters is 5 essential in order to obtain the highest machi ning speed
"with acceptable cut quality. Optical Paraneters Beam Di aneter 10 Beam

di anet er r;zf ars t@_os4 t hg rlﬁ ei squared diameter of the spatial intensity profile
of the | ¥ning, the dianeter. of the via is a function of
t he beam t t1,C - C r

a ﬁh%?iﬁfgﬁ{eé?ﬁtsf%&ﬂife&% the dtﬁn&r‘@fﬁé’@#ﬁt A tbeCatilL Q4 s%l:bﬁ#he

t hrough sel e ocusi ng |l ens, scanlens or beamtel escope
ef fect of Thedudiyiofgmbeliming apetdeis the nombepof fyad per pecomd. deims atwaysetted  at

focus. 15 .,Peak Power Density.(lntens This parangter is defl ned as t.he peak
power per HRPEOR (05 ORfRISE %’l% RAEZREBE WY (E% mg”ﬁ@s teNalugy VHaile 18 ak

Power  DensjctebtablEcufYedity.

10 Via Cutting Time (T Delay)

This parameter is defined as the time the galvo will remain at a particular via
position during a given laser machining step. The depth of the via drilled will be
_proportional to 7°_Delay. Normally this parameter is optimised to the lowest possible
value in order to obtain the highest machining speed (V,.;) with acceptable via
15 quality. The optimum 7"_Delay for a via machining process will vary according to the
physical properties (such as thermal conductivity) of the material to be machined,
plasma expansion/relaxation time, distance between vias, via quality, laser pulse
energy and other parameters. A higher 7 Delay will typically cause more thermal
damage to the via structure.
20
Single Pulse Period (Atzg)
This parameter is defined as the temporal distance between laser pulses in a pulse
train and is essentially the inverse of laser repetition rate:

_ 1
Repetition Rate

25
For example, for a laser repetition rate of 45 kHz, Afgg ~ 22 ps.

Number of Pulses (Nt puay)



20 Where Eis the energy in Joules, At is the pulse wwdth in seconds and A
is area in centimetres squared and the peak power density is i2i Saatembep2005
centinetrg s . Energy Density 25 Energy Density = E A _This paraneter
defi ned a@ot(ﬁ@q@ﬁgr gy (E) in Joules divided by the area (AB’CT/H‘:(’Z@Q Si netres
squared. The unit of energy density is Joules per centinetre squared. 21
Sept enber 2005- WD 0 2/0 76 6 6 6 -20 PCT/ I EO02/ 00035 Depth of Focus The depth
of focus for focused beans of second, third and fourth harnonic YAG YLF
and Vanadate type lasers is larger thanig8n nmultinode |asers and in |asers
with large Msquared values. This is primarily due to the fact that the
spatial output from5 YAG YLF and Vanadate type | aser systens is Gaussian.
A | arge d€Phib patatheteriss defindd ahlkhe adudbet af euises ftorbevdealiverahtona ngrtain tvid ck
waf er substrates, as generally the wafer thickness is such that it can be
pl aced at Rpsitioneduiinga givea lases machining stem ol 1 dakey, dfixtanstdVrveprgirelated tay t o
conpensat e fﬁr defbogﬂstq[]_ﬁ) efLths. .However, under certain circunstances,
the beam r§D PEEbYdhe EHONIRG FEPESSHE NG in order to inprove the wall 10
quality or taper angle within the via. Formation of through hole m cro-vias
Referring to Fig. 1 a substrate 1 is drilled with an insulating |ayer on the
via si @e- 15 wallRelyy=clnbaok Mgt | aser pul ses 3 and/or a controlled gas flow
4. A substrate is defined as a workpi ece to be machi ned, which may include
but is not limted to wafers and other sem conductor, electronic or

opt oel ect r-pplse ?Pﬂ‘fﬁ&&s a-f{:‘li iSteashrBLe4 may consist of a single material, or
aconbinatlong materi a sé?nc %in but not limted to, a |ayered
structure consisting of a single material or nultiple nmaterials,

Number Of Steps (Ns.,) ('

10  This parameter is defined as the total number of steps required to machine a single

via structure to the required depth. The total number of steps will determine the
depth of the via that is drilled.

Density of Vias (Nyised)
15 ° This parameter is defined as the total number of vias within the permitted working
field of view of the galvonometer(galvanometer) scanner. Ny, e is illustrated in Fig.
5.

Distance between Vias (dy,)

20  This parameter is defined as the distance between two vias, and normally is different

from via to via. dy is illustrated in Fig. 3 and Fig. 5.

Galvo Jump Speed (J_Speed)

This parameter is defined as the speed of the galvanometer movement between two
25  via structures and is measured in units of metres per second (ms™). A higher value of

J_Speed results in an increase in machining speed.

Jump Delay (J Delay

This parameter is defined as the settling time for the galvanometer after moving to a

30 new via position. If J_Delay is too short this will result in a “spiking” laser line



20 and these materials may or may not be patterned. Conbining the control of
| aser pul ses and gas flow or using just one of these individudl Septesbess@05

wi || enablyg) giredichi ng of vias with significantly reduced deff/im2o86sd
significantly reduced sidewall thermal damage. For exanple a snooth, high 25

quality internal wall surface and a | ow degree of via taper can be produced
using a mnulti-step |laser machi ning process whereby a controll ed nunber of

| aser pulses (with wvariable inter-pulse separation and pul se energy) are
delivered to the substrate within a cedPain tine period. This reduces
thermal damage to the via sidewalls, thus resulting in snooth interna
side-walls. 3

0 02/ 076666 -21 21 Septenher 2005, . PCT/IE02/.00035 A | aser
- control | er2iOBRd (e Via, due a@emsb‘ﬂ%%@tea%ng?’ ithe Erlvamometare BHITAES 67 t he

nunber of %@% i 4 i S0 ti :

t her mal an@ﬂbrre g%%ga gf%ggr |gfgqgftﬁ{aglgx€’rg_{ée‘;r}?’ae? ?%&ﬁe‘;‘%@zﬁivﬁg ,e E@%én

- machi ni ng g&pidr miathining ﬁhﬁ.wme@tgalﬁm{]lﬁhb%beﬁ\@fﬁb&_ﬁ) hBemAIBE edqiiiyiea t 0 be
used. 5 A gas handling systemcontrols the gaseous environnent. In one
enbodi ment highe¢rgummdelay (defdelan) nand desce st eptimisation o theseHaio parameters is

substrate material . JThe o e copncentrati.on_in fhe envirgnoment is..selected
Lo renm n oL i orier Fa SpRs the HERETRABNRE spft i SHRA B i, i
pronoting grow h of an oxide |ayer on the 10 internal via walls during | aser
machi ni ng. Control of the oxygen concentration or the concentration of
oxygen con@efical Reyarpeless (e.g. C02) pernits control of the oxide |ayer
t hi ckness required for electrical insulation of a typical netal interconnect
inserted into a via nmachined in a silicon substrate. 15 Referring to Fig. 2
@ | aser nmeR&in Digmewgt em 10 conprises a gal vanoneter 11 and a telecentric
lens 12 providing a Qswitched UV | aser beam 13. The beam 13 is
10 = Beam diameter refers to the 1/e squared diameter of the spatial intensity profile of
the laser. In via machining, the diameter. of the via is a function of the beam
diameter. Beam diameter is a variable that can be controlled through selection of the
focusing lens, scanlens or beam telescope. The effect of modifying beam diameter is
to modify the power density level at focus.
15
Peak Power Density (Intensity)

This parameter is defined as the peak power per unit area, where the peak power is

the energy per second.

. E
Peak P D = —
eak Power Density oA

20
Where E is the energy in Joules, At is the pulse width in seconds and 4 is area in

centimetres squared and the peak power density is in Watts per centimetre squared.

Eli.é_rgx_ller_lsi_tx
: . E
25 Energy Density = 1

This parameter defined as the energy (E) in Joules divided by the area (4) in

centimetres squared. The unit of energy density is Joules per centimetre squared.



directed onto an access w ndow 14 of a cl eanroom chanber 15 containing a
wafer 16 to be drilled. The system 10 conprises gas inlets 17 2drS8tpembet 20085
punping lines 18 for the chanber 15. The chanber 15 is nounted on an X-Y
transl ati WQ 02486 20 Laser |ight enters the window 14 of RERIE§2/80038acti on
chanber 15, which is capable of wthstanding pressures of up to 10 bar.
Alternatively, this chanber can be evacuated to typical pressures in the
region of 0.1 bar for nmachining at pressures below atnosphere. Different
gases are introduced into the chanber 1/ by the series of mass 25 flow
controllers 17, which permt control of the relative gas concentrations in
the chanber 15 for laser nachining in a static gas environnent. Also, the

mass rowD#BFFb}:@gs 17 and 18 on the inlet and vacuumoutlet lines permt
control o e ow rate of different gases for machining in a non-static

gas envi r driveddapth 2f fSeyst fortfocusedteamd® G2 t6d 6ihirdPaiTd Faiaf1 handdnic 22ATe
vacuum ex t line 18 perm ts evacuation of the ch er 15 below .~
at mospher i £ 284 s{ARAdaItYPE 1asess s, rﬁ%arvghfn‘aamiaegbag%agdmﬁée@t@m
pr oduced [ I Ly . I | 1 he
Vaouum | 1 ASeE 0! dabfea ARRS, TRE S Bty RRESS e il g SPAGE OB rdny o1
unused5gaseAG, ATdetaadt\Vandilato typechsd systemisds Creusbian. ASlapge depith of facus sent
of the relative and absol ?éremconce_ntrations of areglt ases and by-products
n

produced diRMIRGdvaREESORY grachipEienm Hiek FHET SO ageengiafly sPed by
varying ! RetAhfiall 8 Spel it Altfbd PRced A £lix o URERERAIR M ofilinfllddser ent

steps throug ti-step process used t Ine a single via
st ruct ur e . wiltiuus rppositidrsing cdotcompenkate fer defoctisingiefigcis nHiolwevers uwinder edréaiho be
machi ned, thus g eventi ﬁgar excess damage of the via.side walls due to

ther mal  SIHEYESIARCES the BEHBITEL FRRUSIERFRASOH Wk I ardes tq wngrovethy Walli o the
chanbgy 151#%&5]&3@‘;131]‘{)@?%%&“31@%3; he via structure results in reduced

debris machi ni'ng a I'ssoci ated fluorine assists in silicon renoval in
a gaseous form O her photo- ‘

Formation of throngh hole micro-vias

Referring to Fig. 1 a substrate 1 is drilled with an insulating layer on the via side-

15 wall2 by controlled laser pulses 3 and/or a controlled gas flow 4. A substrate is
defined as a workpiece to be machined, which may include but is not limited to
wafers and other semiconductor, electronic or optoelectronic device. This substrate
may consist of a single material, or a combination of matenals including, but not
limited to, a layered structure consisting of a single material or multiple materials,

20  and these materials may or may not be patterned. (

Combining the control of laser pulses and gas flow or using just one of these
individual processes will enable machining of vias with significantly reduced debris
. and signiﬁcantl); reduced sidewall thermal damage. For example a smooth, high
25 quality internal wall surface and a low degree of via taper can be produced using a
multi-step laser machining process whereby a controfled number of laser pulses (with
variable inter-pulse separation and pulse energy) are delivered to the substrate within
a certain time period. This reduces thermal damage to the via sidewalls, thus
resulting in smooth internal side-walls.
30



activated gases used in |ow debris machining of silicon in the gas reaction
chanber include, but are not limted to, chlorofluorocarbons &idSeptember 2005
hal ocar bowso 0226368y conbi ni ng t he above two process, a supepr9hiediwabisty via
can be achi eved. Laser nmachining of via structures in an inert gas

envi ronment such as heliumand argon permts suppression of oxide growh on
the internal via side-walls for applications requiring non-insulating
side-walls. The introduction of nitrogen_.into 25 the gas reaction chanber
during machining permts growh of the -i4tsulating material silicon nitride
on the internal via side-walls for applications requiring non-insulating

1o G A et . R 0

material, ﬁﬂnb@xdofig‘%lis%ﬁﬁﬁ?ér &%clﬁﬁﬁﬁ? %groﬁﬁ%aagﬁ%ﬁﬁeg%ﬁg@ghtgﬁého 00035

-23 machining, re- ies upon coofing. T gas
" m xes, theimechddical prapetiesnf thé@aterial @t by mavhinedn theatriaschming depth. within

stoichionetry, mcrostructure_an ot her praoperties of this |ayer can be

al tered sothesSub¥Taie GfeRa é@i%@&)&llﬁsmqﬂ‘ﬁp Q@c‘fsﬁical and/ or opti cal
propertg es best suited to the desired application. Gas mixes include: 5
Active (e.g. 02, C02) + Inert gases (e.g. He, Ar) for control of oxide
growt h i n Ahgasvhandlingtsgsteml caiteidds Wad paseol envigenment. nbr dbngaadodimeny, tike, Ar)
for control of nitride growth in the via internal side-wal|s,_Active (e.g.
02, C02) ofiWanmgKncu Sd}m?-aﬁagateé .egqhanésmfdh%wluef@%@aﬁmi, Therg¥esthons)

for contro Lde-or NiLird | L | | de- .S, W th
reduced su??lgggleleé%%g ngsy{sI Eg%%gégg&égﬁﬂ 28 ir%@%geé(g;nsg&% %Iu?@% Vi a
St ruct ur e. rdeohinings bf pherivia structreyathiusnprogndiing g@dwahoofs ah hexida dayer aperin | on

of a ti.step via nachini strategy. ln this. 15 strategy, the | aser beam
ot ays U - airbrrae) e gral g e rerchatit, CRpHoLLE COVEFm S GFERPBAR OF ¢
(i.e. 11-Ded@phuatich wrldxy%a%oheaiﬁﬁ&egages) (agp_@wzs pebhid Qnblop bf ngeeoxi aser
beamw || then nove back'to the first via position after 1t has finished
cutting layer thickness required for electrical insulation of a typical metal interconnect

inserted into a via machined in a silicon substrate.

15 Referring to Fig. 2 a laser machining system 10 comprises a galvanometer 11 and a
telecentric lens 12 providing a Q-switched UV laser beam 13. The beam 13 is
directed onto an access window 14 of a cleanroom chamber 15 containing a wafer 16
to be drilled. The system 10 comprises gas inlets 17 and a vacuum pumping lines 18
for the chamber 15. The chamber 15 is mounted on an X-Y translation stage.

20
Laser light enters the window 14 of the gas reaction chamber 15, which is capable of
withstanding pressures of up to 10 bar. Alternatively, this chamber can be evacuated
to typical pressures in the region of 0.1 bar for machining at pressures below
atmosphere. Different gases are introduced into the chamber 15 by the series of mass

25  flow controllers 17; which permit control of the relative gas concentrations in the
chamber 15 for laser machining in a static gas environment. Also, the mass flow
controllers 17 and 18 on the inlet and vacuum outlet lines permit control of the flow

rate of different gases for machining in a non-static gas environment.



the last via. This procedure is repeated another (Nstep-1) tines. One
purpose of the 'nulti' step approach is to reduce the heat aff @¢tSeptember2005
(HAZ) within the via, which 20 is believed to contribute to debris and to
downgr ade YR2E7¢$6S wal | quality of the via. Al so, by chandlGigEORBIBaser

pul se and beam properties at different steps in a nulti- step process,

mul i tlayer structures consisting of different materials can be efficiently
machi ned during each step. 25 Machining Speed (V Al The machining speed as a
function of other |aser processing parapgjers can be derived as follows: 30
For a given gal vanoneter field of view as depicted in Fig. 5. 21 Septenber
2005 WD 02/ 076666 -24 Time required to cut a single step for a via = T Del ay

PCT/ 1 EO2/ 00PRS PitukihYexhatlbid e 18 Perindits tdvaBudtisilli dfe@hd Thapibed $5NBEIGwSt ep
for all vias to be machined (ti) ti = N, 14, rd x TDelay N.i,iherd x NT_ry x

dt The t ot atmjospherit pressuee and tis alsgatseshthwest Waste gasconsyipsoduats iprgducadp =
t he total | st ance, (d travelled by t al van ter, for Nv;, 1M nunber of
Vi'as §ohvi i teiaber, faachife pficertt A it CORRGTER of (% Fhe ik e BBy ¢ o
machine a SRy of GviditedMidtd pRddhct a8 Sechlling 88 unlisdd gases. A detector

5 connected to the chamber 15 permits measurement of the relative and absolute

concentrations of parent gases and by-products produced during laser machining.

Smooth intemal via walls are achieved by varying the laser pulse energy and the

inter-pulse separation at different steps throughout the multi-step process used to (
10  machine a single via structure. This permits control of thermal loading in the

substrate to be machined, thus preventing excess damage of the via side walls due to

thermal stress.

Also, introduction of fluorocarbon gases (e.g. CF,) into the chamber 15 during
15 machining of the via structure results in reduced debris machining as photo-
dissociated fluorine assists in silicon removal in a gaseous form. Other photo-
activated gases used in low debris machining of silicon in the gas reaction chamber

include, but are not limited to, chlorofluorocarbons and halocarbons.
20 By combining the above two process, a superior quality via can be achieved. [

Laser machining of via structures in an inert gas environment such as helinm and
argon permits suppression of oxide growth on the internal via side-walls for
applications requiring non-insulating side-walls. The introduction of nitrogen into
25 the gas reaction chamber during machining permits growth of the insulating material
silicon nitride on the internal via side-walls for applications requiring non-insulating

side walls..

Following laser machining, a layer is formed on the internal side-wall of the via

30 structure. This layer is formed when substrate material, melted during laser



I Ndn, hev jd,Y, J _Speed 15 The total gal vanoneter setting time during

machi ning of a single step for nunber of vias (t3) = L Del ay 21 Sgptembet 2005
Nv"ifew 20oTherdses al tine required to conplete a single vipgmdkbdbioBg Step

for N'ij,,d nunber of vias =ti + t2 + t3 Assumng all the beam paraneters
are remai n unchanged throughout all the process 25 steps, the total tine
required to conplete all via drilling steps in a nmultistep process for a

singl e gal vanoneter field of viewis WO_02/ 076666 = N,,x(t1+t2+t3) The
nunber of vias drilled per second (i. e 2Rmchi ni ng Speed or VH X,) Nvia
[field NStep X (tl +t2 +t3) 5 -25 21 Septenber 2005 PCT/IE02100035 Nvia If,

oL (hstemh X £ AT Bl e ool o e S o
the critic@lw rates and their relative concentrations the stoichiometry, microstructure and
other properties of this layer can be altered so as to produce a side-wall with electrical
and/or optical properties best suited to the desired application. Gas mixes include:
5 Active (e.g. Oz, CO,) + Inert gases (e.g. He, Ar) for control of oxide growth in the via
internal side-walls, Nitrogen + Inert gases (e.g. He, Ar) for control of nitride growth
in the via internal side-walls, Active (e.g. O;, CO,) or Nitrogen + Etchant gas (e.g.
chlorofluorocarbons, halocarbons) for control of oxide or nitride growth in the via
internal side-walls with reduced surface roughness and reduced debris inside and

10 outside the via structure.
Multi-step micro via machining

Fig. 3 shows the basic operation of a multi step via machining strategy. In this
15 strategy, the laser beam stays at a single via position for a certain predetermined
period of time (i.e. T _Delay) and will then be moved to another via position. The
laser beam will then move back to the first via position after it has finished cutting
the last via. This procedure is repeated another (NV.-1) times. One purpose of the
‘multi’ step approach is to reduce the heat affected zone (HAZ) within the via, which
20  is believed to contribute to debris and to downgrade the side-wall quality of the via.
Also, by changing the laser pulse and beam properties at different steps in a multi-
step process, mulitlayer structures consisting of different materials can be efficiently

machined during each step.

25 Machining Speed (V.

The machining speed as a function of other laser processing parameters can be

derived as follows:

30 For a given galvanometer field of view as depicted in Fig. 5.




10 paraneters that determ nes the machining speed is Ns,.,, i.e. the | ower
the N,, the higher the machining speed. Since the total nunber 2f Sgpteraba 2005
that is rg@y&&eg(}o machine a via is constant at a certain thickness of the
machi ned 178¢°6 one of the possible ways to reduce Nst BETTR®R/O083S nerease
the nunber of pulses fired (NT_Delay) in each step. However, an increase in
NTH,,, may introduce thermal damage in the via 15 structure due to the fact
that a hi gher nunmber of pulses is directed on each via at each instant.
These two paraneters are optim sed in opger to obtain the highest machining
speed with the best via quality. Expression (1.1) also shows that the
machi ni ng speed is proportional to J Speed but 20 inversely proportional to
C .Delay. A higher f Speed (hence higher nmachining speed) requires a |onger
J_Delay (i.e. higher gal vanoneter setting time), which will in turn reduce
the over al TimaraEed 0 spersngiesterfogavin=subs L@/ mt eri al and | aser type,

these two paraneters are optim sed in order_yi elgg t he gi ghest rmachi ni ng
speed. 21 Septenber 2005 WO 02/ 076666 -26 PCT/ | As shown in

expressi o : rasr,y,%]- ) hideg @gjchining speed is
the | aser ”’Fé%(laﬁntei 0 réaltjt;{g,lﬁli%.ae. ﬁ(gaéﬁltfgﬁéenr t gt;?&ég%t%l tion fate, the | ower
the AtPR and hence the higher the machini mg speégdy..ThiE Rdoy be under st ood
as nore pulses is delivered to the via in higher repetition rate which wll
i ncrease the overall 5 machining speed. Wowever NaueasWr ogyiX d&zoper ated in
hi gher repetition rate may result in a | ower average power due to the
natural characteristics of the laser. Furthernore, a higher repetition rate
al so has tige ROGERihp! dibAnE@Bs héBaRahBREIR! for (ASRER SitihBestd) e ay@tdtaps
nore pul ses are delivered to the via in a shorter period.  For a given typ?
of |laser, distancpbhartavelled by she gatvarameter foir dVia sdmurhberrdstiastachi ning 10
speed with the be,g}v via quality. Expression (1.1) also shows that the

machi ni ng speed i‘S ”fﬁf@rsel y proportional to the i=Nval field

10 = *Via

i=1

The total galvanometer jump time required to machine a single step for Ny /s
number of vias ()

i=N o 1 fietd
p:
— i=1

" J_Speed

via

15
The total galvanometer setting time during machining of a single step for Nyu/pu
number of vias (t;)

= J_Delay X Nu/geis

20  The total time required to complete a single via drilling step for Ny number of
vias

=tl+t2+t3

Assuming all the beam parameters are remain unchanged throughout all the process
25  steps, the total time required to complete all via drilling steps in a multistep process

for a single galvanometer field of view is



total distance between via (i.e. > d"ta ), i.e. the longer the distance, the
|l ower the r=i machining speed. As part of this invention a sof2h8emember 2005
al gori t hmvhase2/bmess devel oped 15 to determ ne the nost  ef peglikisooisie.
shortest) distance travelled by gal vanoneter for a given set of via
distributions within the galvo field in order to obtain the highest

possi bl e machi ni ng speed. Exanple 1 20 In a process of drilling 1000 vias in
a galvo field of 15 mMmmx 15 mmat a Iase,)r repetition rate of 55 kHz, using
two pul ses on each via and 50 nmachining-“steps, for a junp speed of 5n sec
and a junp delay of 50 is. The total distance between all the vias is -
0.48 m 25 The naghi n'ttn_g spe d can be estinmated as bel ow. dtRR = 55000 =
118,19 is = 18. 19 Se=p\l & 021076666 -27 Nvxlfldd = 1000 S peed =5
msec 5 .~-Delay =50 [Ls =50 x 10" sec Nr D~f, = 2 (for 2 pul se on each
step) 10 NS'P = 5 0 1000 Wi, 50 OOOx2xl S. 19xI O--6 ) +(0.48) +(50XJ40-' X1000
[(1 (=5 - IThe nunser 9€eias billed per second (i.e. Machining Speed or V)

Nvialﬁeld
Ny X (6 +2, +13)

N vial field
( =Ny field
( - YA

(N Step )X [(N via/ field XN. T_Delay X Atpp )+ 7:@51};;;1— + (J _Delayx N, ﬁeld)]

\
1.1)

From the expression (1.1) above, it is clearly indicates that one of the critical

10  parameters that determines the machining speed is Ny, i.e. the lower the Ny, the
higher the machining speed. Since the total number of pulses that is required to
machine a via is constant at a certain thickness of the machined material, one of the
possible ways to reduce N, is to increase the number of pulses fired (Nr_py) in each
step. However, an increase in Ny pa, may introduce thermal damage in the via

15  structure due to the fact that a higher number of pulses is directed on each via at each
instant. These two parameters are optimised in order to obtain the highest machining
speed with the best via quality.

Expression (1.1) also shows that the machining speed is proportional to J_Speed but
20  inversely proportional to J_Delay. A higher J_Speed (hence higher machining speed)
requires a longer J_Delay (i.e. higher galvanometer setting time), which will in turn
reduce the overall machining speed. For a given substrate material and laser type,

these two parameters are optimised in order yield the highest machining speed.



21 Septenber 2005 PCT/|E0210003-4; The above exanpl e describes a specific
case where the |aser pulse paraneters remain unchanged througl2dBeptdneber 2005
nulti-steggprocess. However, if the |aser pul se properties such as

i nter-pul ¥ B@K66%ti on (AtRR) and the nunber of pul ses perPGETEP200035-D, )
change fromstep to step, the denom nator of equation (1.1) need to be
replaced by 20 the total sumof t1, t2 and t3 for each step. Formation of
blind m crovias Through-hole mcro-vias enable connectivity between top and
bottom surfaces of a 25 substrate Howeygr, in certain applications where it
is not required that the via structure is conpletely drilled through the
substrate material, a blind via is forned. An exanple of an application
requiring Asighovin ihdexpyeRiors (WD ottt pithineter alef deten@inedi thBimachining

sem conductor or_ dielectric stack and it is necessary to drill partially

t hr ough 21psubisdhe dasepmapstition rate; be.abe dugher|thegsopasprgate; ghe lowvegdhe Atown t o

t he conduct or, wi t hout. def qci ng .ar. danagj the conductor.,In this specific
exanpl o orathenos Mehigher fi Hrobive SPRe i Con e HME s AR MABPHIRER (
integrity,gdidgedery ithe PYRJuE ARt kéiﬂtiﬁ@ﬁhfd’tb NG/ hIQE SwillO indpb € Kitleh S verall
conductive path, and the via s fully drilled through to the netal or
conductsor .méchimingxspepd e Hidwevest a Ustenrmide kpetated in shighanwrepefitiéi gate7mags an

exanple the top layer nmay be crystalline ,silicon of thickness +Jz, bel ow
TTe 5 ot T e SPEregR T Ghe, 10 8] B Phacaletnes pags Toer. ©
silicon. e, eG8pettion! e hRYHYs' @R pdtehBall BUMSEdE tHEthAl @ Via
down to the level of tal,” wwthout damaging the netal. In that 1nstance,
the via i sdadwagelcadthecside ptall Dxmorrspulsesnanenddlivereal toathei via iy apshosre peried. To

drill to the netal |ayer, the l.aser power, repetition.,freguency and pul se ,
ener gy oy B BEER (YRAOF 15Fe i FArF b QaieBeg 20 ield he ighest pactuntig, o |
ensur eg) t habePuRBSRe BBRNY qhifligot di ssipated in the conductive

Expression (1.1) also shows that the machining speed is inversely proportional to the

: i=NVia! field
total distance between via (i.e. Zd wia )i 1.€. the longer the distance, the lower the

i=l
machining speed. As part of this invention a software algorithm has been developed
15 to determine the most ‘effective’ (i.e. shortest) distance travelled by galvanometer for
a given set of via distributions within the galvo field in order to obtain the highest

possible machining speed.

Example 1 (-
20

In a process of drilling 1000 vias in a galvo field of 15 mm X 15 mm at a laser

repetition rate of 55 kHz, using two pulses on each via and 50 machining steps, for a

jump speed of 5m/sec and a jump delay of 50 us. 'I'heT total distance between all the

viasis ~ 0.48 m.

25
The machining speed can be estimated as below:

1 s
tor=——— =18.19 us = 18.19 x 10°® sec.
e = 22060 s



15 netal |ayer and that a clean contact is left to the top of the netal thin
film Additionally, performng this nmachining process in the Rlceptentheno20@d
phot o- actWoar/eweset chant gas or /and nmultistep process w IgcuEh2iobiss
process. In another enbodinment it is required to drill though the copper at
this point, without 20 damaging the underlying silicon layer. In that case
t he above two steps are repeated, and then the laser drilling paraneters are
altered again so to drill through the cqpper w thout danagi ng the
underlying silicon. In a further enbodi'ment the sem conductor structure may
be a stacked structure of 25 sem conductor, dielectric (e.g. polyner,
quartz, glass) and/or netal materials. Depending on the |ayer the via
-~ drilling paraneters (pul se separation, pulse energy, average power, |aser
foal spot A%QQHEIHXm may be nodified to ensure optim sed machining through
each | ayer of the mul tilayer structure. Mddifying the paraneters in this
* way ensures that defects such as de-lamnation, nelting and debris are 30
nininisedbé$g 02/ 7§ﬁ66 -29 Control of via depth and shape 21 Septenber 2005
PCT/ | EO2/ EhmeMdFF11ing vias through a seniconductor, the abl ation
depth igncreases 5 logarithmcally with the nunber of |aser pulses. This is
represented approximtely for siliconin Fig. 6. In sunmary, machining vias
in thin waféveyi=ss5eupertdhkil@fkec faster than in thicker wafers. This data is
true if the via drilling paranmeters are held constant. 10 A second i npact
of the above observation is that the taper of the mcrovia is -dependent on
the | aser rang chi the via. Specifically, peak power and
aver age pd&sz“quﬁﬁﬁﬁﬁgga§%8E§%§%€§| of material at points deeper in the
(substrate it is beneficial to 15 nodify the |aser paraneters so that pul ses
W th qbghg&&fggﬁ)pomer are used. This

1000

Knach =

50[(1000)( 2x18.19x1076 )+ (0—'54—§J+ (50x107¢ ><1000)]

~ 110 vias/sec.
15
The above example describes a specific case where the laser pulse parameters remain
unchanged throughout the multi-step process. However, if the laser pulse properties
such as inter-pulse separation (Azzz) and the number of pulses per step (N7 pes,)
change from step to step, the denominator of equation (1.1) need to be replaced by
20  the total sum of t1, t2 and t3 for each step.

Formation of blind microvias

Through-hole micro-vias enable connectivity between top and bottom surfaces of a
25 substrate However, in certain applications where it is not required that the via
structure is completely drilled through the substrate material, a blind via is formed.
An example of an application requiring such a via type is where conductive layers lie

within a semiconductor or dielectric stack and it is necessary to drill partially through



N

approach enables nore efficient renoval of material in deeper vias and al so

enables control of the mcro via taper. In a further enbodi nmenj S%Wér"i 05
may be formed by first machining fromone side of 20 the vvafer t r(1)
dl and byWOI028@¢e66 t he wafer and drilling to a dept d2 in PEHIBIRI0AE3SON W|th

the via on the other side of the wafer, the conplete via of depth dl+d2
maybe drilled. This is represented in Fig. 8 The effect of thisis to
elimnate taper and ensure that top and bottomdianeter are identical and
al so, as the depth of nachining is fas%gr for thinner wafers (or for
reduced depth vial) the total number of " 25 pulses required is significantly
| ess than in the case of drilling fromone side. Another enbodi nent of the

invention.qglv@&f@m fsedw@ﬁ%@mm &ﬁé%&%ﬁ{ﬁfﬂf &{ Cfr{‘”'c

circles w a spec method i s°partic

| ar ger di athBtspEcﬂﬁlcadmmm of thbevip asilling prosiessytheanib] iselrﬂﬂﬁnbd)WnﬂQeta&)s 1ts
efficient in a 30 d| rect pixel via machining approach. Using the techniques

i nvol vi ng @W%ﬁh@ briy prodyced Hering guarhppng Jagy 866 lackdhecondeeivepribp
control a LRER ﬂgta}IIﬁF&ﬂﬁOM t&ﬁ?e'x‘rx%%lfﬁ &aﬁ:@&ned via is inproved
so t

greatly. nor p Iogy an corrp05|t|on can be accurately
controlsl ed in thi s manner. Finally, using nmultiple steps in the depthw se
direction, the scanned via taper can be controlled to forma nozzle. A
schemat i c AR ethl%aﬁaégeﬁur% ¢ Pys iy shaswn & Fig. [ gA\s gn empmple shentap layed t ed

Lo Durel y bt S\ ifS s oPilEBhest IR REORELS? AL & Abg 1055 Bigel ouh

a scanni ng Process. OI’ mati1on I’OI'TI

st rai ght td‘dmjgélowmssmdillamo\isﬂﬁzoﬁ further errbodl ment of the invention
is: the formation of angled vias. The benefits of angled vias include noving
t opsi de waf er bunp connections to the backside of the wafer, reducing {

topsi g% ar]ﬁao d &ﬂﬂb&gﬂer{t‘%{f th® ﬂ%ﬁhbi{'xi ¥% x%aﬂiéé@ fo ?Hh'd b cicPwﬁ QG RRE fevk] BF
t opsi de or tom5| 0 a point at theegeo a m cronmachi ned side wall
structure metahnwhheucdam:agm,gmw Imetal. In that instance, the via is drilled to depth Dx
using normal via machining parameters. To drill to the metal layer the laser power,
repetition frequency and pulse energy may be modified to remove the thickness dz at
a slower rate. This ensures that excess energy is not dissipated in the conductive
15 metal layer and that a clean contact is left to the top of the metal thin film.
Additionally, performing this machining process in the presence of a photo-activated

etchant gas or /and multistep process will aid this process.

In another embodiment it is required to drill though the copper at this point, without

20 damaging the underlying silicon layer. In that case the above two steps are repeated, [
and then the laser drilling parameters are altered again so to drill through the copper
without damaging the underlying silicon.

In a further embodiment the semiconductor structure may be a stacked structure of
25 semiconductor, dielectric (e.g. polymer, quartz, glass) and/or metal materials.
Depending on the layer the via drilling parameters (pulse separation, pulse energy,
average power, laser foal spot size etc.) may be modified to ensure optimised
rhachining through each layer of the multilayer structure. Modifying the parameters
in this way ensures that defects such as de-lamination, melting and debris are

- 30 minimised.
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15 enbedded device. The | ogical approach to laser drilling mcro-vias at an
angle is to tilt the substrate wth respect to the optic axis.21lSepRndfel 2665
this is noboeasees 0 i nplenent as it will be difficult to gehibhai:d
constant working di stance between the lens and the work 20 surface. Only
along the axis of tilt can this distance be maintained, with either side
either nearer or further fromfocus. Wiile oscillating the tilt wll have
the effect of w dening the via without giving it any preferred angle in
space. Over a 6" wafer a tilt of as |lit#2Pe as 10 will introduce a verti cal

di spl acenent of 25 26mm at the periphery and even over a 10mm square area
the vertical displacenment will be 1.74nmmwhich is significantly outside the
depth of focus of all but the |ongest scanning |lenses. To be used in such
an instan i [ tic refocusing of the beamover 30 the
field of $8%#L9%%%Rg?@#%a%t he different relative displacenents of the
work 21 Septenber 2005 WO 02/076666 PCT/|E02/00035 -31 surface fromthe
scan lens. This al so can be achi eved by noving the vertical position of the
waf er depeWdieng dsillingevids sthaaugh ot tshmicamshictarngthei ablationmdepth aiiaeasestilt .
I n one.emhodi nent. of this_inveniion non-telegentric lens js used to form
angl ed 5 5 IREEHGRISAy With e FURGes O lsst Eples- Hify represente( PRI LR LEe L or
is D and tae sgicmonakidfe. tiesumh@lably, Oma¥hiithg Yids: inFHe Svdfb {568 onntially
non-tel ecentric the emergent beamis not orthogonal to the opfic axis
(except wHaster tharanthicken wpferseThist datadx inzie if thedvia ldeilling pesmeiorsi drattiedd

devi ati on an }agltis 0, which is arctan((L-D)/2*WD). For a typical

non-t el ece F-theta lens with a Wrking Distance of 188nm a |lens 10

di aneter of 90mm and a Field of View diagonal of 140mm the maxi mum devi ati on
angle is 7.6. The available range for angled vial is then, for this

parti d@ arAl sacendbienpese rofothgnabove. ebseByatzarpliv thatgtheptapeprafathe miarsga ds her
ranges miydetf)eé\n gr?t' S ﬁlde lggetrvg\ﬁ?anméte%ngsedlt% x%ﬁéhine the via. Specifically, peak power

and average power.

To improve the removal of material at points deeper in the substrate it is beneficial to
15 modify the laser parameters so that pulses with higher peak power are used. This
approach enables more efficient removal of material in deeper vias and also enables

control of the micro via taper.

In a further embodiment, the via may be formed by first machining from one side of
20 the wafer to a depth d1 and by flipping the wafer and drilling to a dept d2 in

registration with the via on the other side of the wafer, the complete via of depth

d1+d2 may be drilled. This is represented in Fig. 8. The effect of this is to eliminate

taper and ensure that top and bottom diameter are identical and also, as the depth of

machining is faster for thinner wafers (or for reduced depth vias) the total number of
25  pulses required is significantly less than in the case of drilling from one side.

Another embodiment of the invention relates to scanning the beam in a circle or
series of concentric circles with a specific offset. This method is particularly useful for
larger diameter vias where the power density would be too low to be efficient in a

30 direct pixel via machining approach. Using the techniques involving gas ambient



The range of angles available is determ ned by the scan angle of the

gal vanoneter and the |ens specification. To achi eve control of

requires that the wafer position can be controlled relative toz?@tggﬁbgrc%oos
field poi WOQROIKéch t he beam forms 20 that angle rel ative raa/eEhzosy mal
angle of the optical system This can be achieved by an X-Y table
positioning system synchronised with gal vanoneter and | aser. Vari abl e Focus
During Via Drilling 25 Zoom Tel escope Due to the finite depth of focus of
the F-theta lens the via dianeter may chgnpnge with propagation depth through
the substrate, sonething which may be undesirable. To mtigate this a

vari abl e focus system may be enployed that wll have the effect of 30

Cystom 21 SonFahEieEdsaRAEING YRR R MR Sl Vi B RER R e Al
t el escope ithe gafeintallc ig¥pholoph Al BPLSItRIS carl e tactedgelp ecdittfolictiSint deis Spot

size at focus to be adjusted automatically between 5 and 50m An exanpl e of
t he opti calmamet. Bimallyi ypingsmariinia stepstinethe deptiwise direqtiog, the scanmedevia

t el escope I tructed suc h t he ,col Li mat.i on of
the beam S%geﬁ SC%@ ?’F icﬁ’§§‘t° ﬁé& ttg Irnélgé gdp@&i.}ie- t%%#h&%%mt (?)f %’éf%?? r Of‘?he lss'l@gﬁtﬁftgﬁ S
come tos5a fiR@is At Thai maditited tvigurely dtil@fviad. ElipHtdlatia \Wesflendredalsd ance.
This is illustrated in the graphic of Fig. 12. Automati on and software
control i ntPogHble darough@ scarningdiernt mgchiaimg proegsent nakes this nethod a
highly reliable and sophisticated solution to the 10 probl em of maintaining
preci se control of via aspect ratios. It is significantly easier than

drilling sqRmaBYnofafgledsiad as, stopping, changing the focus manually by
adj usting the gal vanoneter/scan | ens position and then conpleting the via.
I n one enbodi nent of the invention the available via dianmeters may be (

an appiBpr e BorfleCRoReR oS RObYa R 5t et Sp it BEURE” 1 °
invention is'the formation of angled vias. The benefits of angled vias include moving
topside wafer bump connections to the backside of the wafer, feducing topside area
required for connectivity and the ability to connect from topside or bottom-side to a
point at the edge of a micromachined side wall structure to enable contact with an

15 embedded device.

The logical approach to laser drilling micro-vias at an angle is to tilt the substrate
with respect to the optic axis. In practice this is not easy to implement as it will be
difficult to maintain a constant working distance between the lens and the work
20 surface. Only along the axis of tilt can this distance be maintained, with either side
either nearer or further from focus. While osciilating the tilt will have the effect of

widening the via without giving it any preferred angle in space.

Over a 6” wafer a tilt of as little as 10° will introduce a vertical displacement of
25 26mm at the periphery and even over a 10mm square area the vertical displacement
will be 1.74mm which is significantly outside the depth of focus of all but the longest

scanning lenses.

To be used in such an instance would require automatic refocusing of the beam over

30 the field of view to compensate for the different relative displacements of the work



e

In a further enbodi nent the speed of drilling can be increased by adjusting
the collimation of the zoomtel escope to bring about differen2l September 2005
posi ti onsvewi/miceset he 20 wor kpi ece, ensuring a consi stent pgpakoBioess t hr ough
the body of the via. In a nulti-step process the dianeter of the via may be
adj usted at each processing step permtting a precisely controlled via
profile. 25 In a further enbodi nent the incident beam may, by defocusing the
tel escope, be enlarged to a degree sucB that the incident intensity is |ess
than the ablation threshold for the wo kpiece but hi gher than the cleaning
threshold permtting explosive cleaning of the surface in the vicinity of

t he vi t . This is.depicted in Fig. ,13. Sept 200 .

021 076660 RS B9 scset 155" FRcHlen Feh v 8Pk By BEHE Mpcivefop] Riion
sidewal | off tﬁé%fé&i&péﬁdlngﬁn%éaﬁ%&%ﬁhé ihiniRg SfeRShNge akR At di recting
a beam of lower power into the via and traversing the sidewalls, thereby

renmovi ng debris and inproving the quality of the finished surface. 5 Through
appropri ate adj us nt of the yain.laser paraneters such as the pul sew dth,
P o enor gy AERERSIE of B DR A BB SHIGAE o Jose thdomailigleing o
of thegvi . : ogpne bShd tr ' o]
control the vva¥12$' \%‘gr ?gg{“egsogié?%%ﬁ%lgq?éﬁgti%eﬁgn% Ee %t%?pwa]?git}lda?l%ach
step in thHagoidliofshe Figidosfe¥View Vali. Sinoe ted ldm3eis \nontteleaéntpiasthei emnergehat i ve
to the wai st has the effect of nodjfying the beam size at each step.. This

i s anal ogdtfant & RAYATFRABPRAGIC the GRUTEXIS(eAcsRLYDER inGident alons EnPRAAABL .
ahe Tol | OMdiOaRUERRE AaflabRAjeifior nkidSs | WAIILh Mlarcha((PL-PYMEHRO) N E? By

quality mcrovia ructures in sem conductor and I ns

means of aypithl inoptielecdrrse rF-datdilohs Oviph aC ¥ erkihy Oiveindg dfi WBrang! & tlgns
m crovia structures in sem conductor and insulator materials by neans of a

cont r 801 eFigmetes f 90 agd fekiield of Yiewidigganshof df0mm theanarmaymgdeiaion 20
nor phol ogym@gjis%o.eri al conposition of the mcrovia structure.

The available range for angled vias is then, for this particular lens, between 0 and
7.6°. By employing appropriate lenses other ranges may be achieved between 1 and
15 14°

The range of angles available is determined by the scan angle of the galvanometer
and the lens specification. To achieve control of angle requires that the wafer
position can be controlled relative to the object field point at which the beam forms
20  that angle relative to the normal angle of the optical system. This can be achieved by

an X-Y table positioning system synchronised with galvanometer and laser.
Variable Focus During Via Drilling
25  Zoom Telescope

Due to the finite depth of focus of the F-theta lens the via diameter may change with
propagation depth through the substrate, something which may be undesirable. To
mitigate this a variable focus system may be employed that will have the effect of

30 modifying the focused spot position during the drilling process. Such a system



Produci ng high quality mcrovia structures in sem conductor and insul ator
materials by neans of both a controll ed gaseous environnent an2ll September 2005
mul ti-step,,| chining process. 25 The | aser pul se ener | aser pul se
separatioﬂ“ﬁ@%a#ﬁganunber of |aser pulses per machi ning P03 ect ed
based on the substrate optical, thermal and nechanical properties, the

| aser type and the depth within the substrate. r 21 Septenber 2005 WO

02/ 076666 -34 PCT/1 E02100035 A controlled anmount of oxygen or an
oxygen-containing gas is used in a gas-3Zaction chanber during |aser
machining in order to pronote controlled oxide growh on the internal walls
of the mcrovia structure. 5 A controlled anount of an inert gas is used in
a gas reaattilises * haoineelescopenip doagmctionaath thersgan tensr The telescopppensss thee

Gaer Upon biEe 26 ke e adiifed Bhiamatsally hetrren ) ag S0WSHAR FethalEith ng
| aser 10etggggﬁusrcggﬁg§{%t' nép(g;lﬁ)&yﬁhﬁt}eq e’ﬁ%ﬁ‘égéﬂéﬁﬁgs of the substrate to -

be machin eaner nmachi “mcrovia structure and
reduction of debris at the mcrovia entrance and exit and on the internal
wall's. A gas, which is naturally reactive with by-products of the |aser

i nduced rrag’ﬂ@r telgscopesand searnleng sysiem: arg goaspeded seeh Biatithe collimatinacofthe A

The  substieatcopert BFnR bR pBERRR0R Ao B6 o 20 bk 1Sl W03 ol g "
and damagearyOpositivh wieh SambLitONbmind WdikingOdiftanice. Dhisds Shistiatad B et h a

di ameter in excess of 100 mcraons is machi ned by . . .
graphic of Fig. 12. Automation and software control integrated into the machining

environment makes this method a highly reliable and sophisticated solution to the {
10 problem of maintaining precise control of via aspect ratios. It is significantly easier
than drilling some way into the vias, stopping, changing the focus manually by

adjusting the galvanometer/scan lens position and then completing the via.

In one embodiment of the invention the available via diameters may be configured to

15 be between 5 and 200um by adjusting the zoom telescope to an appropriate setting

permitting a wide range of sizes to be achieved.

In a further embodiment the speed of drilling can be increased by adjusting the
‘collimation of the zoom telescope to bring about different focus positions within the

20 workpiece, ensuring a consistent spot size through the body of the via. i’.

In a multi-step process the diameter of the via may be adjusted at each processing

step permitting a precisely controlled via profile.

25 In a further embodiment the incident beam may, by defocusing the telescope, be
enlarged to a degree such that the incident intensity is less than the ablation threshold
for the workpiece but higher than the cleaning threshold permitting explosive

cleaning of the surface in the vicinity of the via entrance. This is depicted in. Fig. 13.



scanning of the |aser beamin a pattern conprising of a series of concentric
circles. Amicrovia structure with a dianeter |ess than 100 m &ddeptember 2005
machi nedvﬂﬁbﬂ?m@cal aser 25 beamheld in a fixed position parigR@/ReHxstrate
surface. The tocal spot size of the |aser beamis altered using an autonated
beam tel escope during machining of the mcrovia structure in order to
define the internal side-wall contour. 30 W02/ 076666 -3% 21 Septenber 2005
PCT/ 1EQ2/ 0003i Subsequent to machining of the microvia structure the focal
spot size of the laser beamis increasgdl-so as to permt |aser cleaning of
the debris field on the surface of the substrate surrounding the mcrovia
entrance aperture. 5 The | aser focal spot is scanned through the substrate

. materi al dmranugheraeision ofjthef invemteomitler dewals of eachuvie cly bedjlessietdng a figal
collimation of an automated beamtel escope resulting in control of the

i nternal JTAEESHALISITLRY diFectng arhsam o & BAWSIARER Ehe WasanghHavessingothiea

| ’ 5! lie hy tiltd e
R e e G R e L

with respect to a substrate surface using a non-telecentric |ens thus
permtting access to a device wthin the substrate, thereby allow ng a
| ayer e& colponsht apprenripiec diustagat 0fs dhe 1mai |lasgrn garanggiees: syelones r

posi tioni ng.,0f -GRMROREN ries of sl oped m cr.ovia,.,skyuctures, are

machi ned f;g%sr%%gﬁﬁxo rﬂ%@% %%tréérs]a?g I%é’ﬁgg?ﬁ rrg%oi’eﬁlﬁleglg? &8%@“’5% Be a0 t he
same or didnghs 6fithe SRIPMAS b kohfi6llédt erior or to the bottom of the substrate,
thus permtting electrical connection of nultiple points 20 in the substrate

with a common point on the substrate surface follow ng insertion of

om0, TR W D Pt 9,

10 relative to the beam waist at each step in the multi-step process. Variation of the

vertical position relative to the waist has the effect of modifying the beam size at each

step. This is analogous to controlling the plane of focus for a fixed beam diameter.

The following summarises features of the invention.

15
Producing high quality microvia structures in semiconductor and insulator materials
by means of a multi-step laser machining process.
Producing high quality microvia structures in semiconductor and insulator materials
by means of a controlled gaseous environment permitting control of the internal wall

20 morphology and material composition of the microvia structure.

Producing high quality microvia structures in semiconductor and insulator materials
by means of both a controlled gaseous environment and a multi-step laser machining
process.

25
The laser pulse energy, laser pulse separation and the number of laser pulses per
- machining step are selected based on the substrate optical, thermal and mechanical

properties, the laser type and the depth within the substrate.



[ ]
connect with a common point in the interior or on the other si
substrate, 25 thus permtting electrical connection of multiple

de of the
P& '&Ixx?be'rﬁoos

the substrate surface with a conmon point on the substrate |nter|
t he ot herWoint/876666 t he substrate following insertion of comu@ggzmguﬁat er| aI
into the mcrovia structures. Aviais drilled through the substrate to

electrically interconnect opposed sides of the 30 substrate.

21 Sept enber

2005 WO 02/ 076666 PCT/ 1E02/00035 -36 Aviais drilled as a blind via or
through via to facilitate thernal contﬁ%il ng and heat dissipation. 5 The

substrate is of silicon material and t insulating lining is

of Si2. The

| aser beam has a wavel engt h in the VIS U range. Exanple of application of

or oduct ot STEd Pap S B Briad et End BT e R Pt TR e R

nechani calchs@aed d@iRiasef flachR@sd il GfeR o PforhdREontidtiRd BkidEYREH

optical sources and detectors aut omati on” of production of opt
conmponent snthel walls bé dre mitpedstruceirany 15 si gni ficant extent.

hadss gand
i cal

Thi s

i nvention enabl es device structures that sinplify manufacturability of suche
conponents. 20 For exanple an optical conponent may be produced by. 25

provi dsng A -subsideiBouftt 6PaA9nét Ua?%ﬁsédﬂuﬁﬁ%a? E@fchbﬁt& WA ORS r beam

and nounting an optical device ifn the trenc

The nmeth O COI’TpI’ISSt

further steqrhirofig hmseierctmshlpprags tieagrotich miawi alede layet oncthke inteomal wved ity sf
Addi ti onaldll t he, c%%abl lity to machine a sloped via drilled at an angle

microvia structure.

A gas, upon phcto- or thermal- dissociation in the presence of the machining laser {

10  beam, produces by-products that are etchants of the substrate to be machined, thus

perfnitting cleaner machining of the microvia structure and reduction of debris at the

microvia entrance and exit and on the internal walls.

A gas, which is naturally reactive with by-products of the laser induced material

15 removal preventing deposition of reacted species.

A multi-step laser machining process is used to control the thermal loading Ai.n the

. substrate material thus preventing thermal shock leading to cracking and damage to

the internal microvia walls.

20

A microvia structure with a diameter in excess of 100 microns is machined by

scanning of the laser beam in a pattern comprising of a series of concentric circles.

A microvia structure with a diameter less than 100 microns is machined using a laser

25 beam held in a fixed position on the substrate surface.

The focal spot size of the laser beam 1is altered using an automated beam telescope

during machining of the microvia structure in order to define the internal side-wall

contour.

30
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30 with respect to a substrate surface for access to a device wthin the

substrate allows a WO 02/ 076666 -37 21 Septenber 2005 PCT/ 1EQ2/ 00035

| ayer ed conmponent architecture. The benefit of such a st r uct ur e 21 Septgmper 2005
mul ti pl eWOdBHf@6é pads on one side of the wafer or substrarUe/cenodass
connected to a single pad or trench on the opposing side of the wafer or
substrate. As described previously the systemallows formation of an
Si/SiQ2 or alternative insulating lining on the via . 5 Referring to Figs.
14 and 15, a substrate 101 for an optigal conponent is illustrated. The
substrate is a Silicon Optical Bench {SI0B). The substrate 101 conprises a
V- shaped groove 102 and trenches 103 and 104 for an optical source and

associ at j q I hS d. M.CEQVI re

| aser dr :gﬂ})geegu? rgtj édeg%%&ilﬁfégq#r@%%é@b¥§rﬁe{?g}g rtlhec?aq3 B@osrﬁr?égél% oéléﬁf_%%ggg
drillingbksmab scredsed sotasCioepérenifiaset clegning@fake Hebris Metd on'lthe sufhicerbas (not
shown) are drilled through the substrate for electrical access of one side

t o t he otieyubstrgte|spriopadiicthiermirowa eopanesdperiusee i s i ndi cated by the
numeral 10, in which there is a core 111 and cladding 112. The etching
progress is illustrated in Fig. 17, in which a spot pattern 116 is

|11 Us r atad agHh Fotiaapsl i St (koRaMine 4Bt 2kl A¥erlat YR rhan M nihaes £

conmponents i n whi conponents are placed one above the other, Wwhile

still makhaopicrowai stanttedednt adjvating ¢ime aeliisativhi of aal huwsnatad beamedtlasomponent
density. One. architectu i.s placi. 0 el ectrical .circuits on the
Sobetr ut eufiiRiR Fongt B e rdtnalHiACa s cont o RE b i g, "S5 an

aspect of the laser via drilling is that by appropriate control of the
drilling paranmeters and gases such as oxygen an insulating lining is
i nher ent 1Ay slopedtragrovinstructere sofldided whiaohrduge Riglechly ititing tthe wifas with

i nsuh ted frorp 'Eﬂge surroundi ng sem conductor material w thout the need for
addi @ a FgPEdre eP?lastﬂi ating lining. ‘

In one embodiment, the microvia is drilled at an acute angle with respect to a
substrate surface using a non-telecentric lens thus permitting access to a device
within the substrate, thereby allowing a layered component architecture and also

15 allowing tighter geometric positioning of components

A series of sloped microvia structures are machined from a common entrance
aperture on one side of a substrate to the same or different depths in the mterior or to

" the bottom of the substrate, thus permitting electrical connection of multiple points

20 in the substrate with a common point on the substrate surface following insertion of

- conducting material into the microvia structures.

A series of sloped microvia structures are machined from one side of a substrate to
connect with 2 common point in the interior ot on the other side of the substrate,
25 thus permitting electrical connection of mulﬁple points in the substrate surface with a
common point on the substrate interior or on the other site of the substrate following

insertion of conducting material into the microvia structures.

A via is drilled through the substrate to electrically interconnect opposed sides of the

30 substrate.



Thi ckness of the insulating |lining can be controlled by suitable control of
the |l aser 30 paraneters and gas environnent. |n one enbodi nent 21Skpteinher2005
beans are UV or 21 Septenber 2005 WD 02/ 076666 -38 PCT/ 1 E02/ 00035 vi sible,
for exanpleen®s@eeim / 266 nm WV systens and 532nrn G een | asenEsy®wbeEns and
having a repetition frequency greater than | kHz. Referring to Figs. 20 to
22, the nmethods by which the sloped vias are drilled is 5 illustrated. As
shown in Figs. 20 and 21, a non-telecentric lens is used to direct the

out put froma gal vanoneter | aser head. Referring to Fig. 22, an alternative
method is to tilt at an appropriate anéﬁe using a tilt stage. It may be
necessary to adjust the height of the wafer to ensure the depth of 10 focus
is correct. However if the wafer can be tilted about the particul ar point
where the via is to be fornmed this adjustnment of height nmay not be
necessaryy J:, . I e I Q- - I .St f the
via from ‘?‘h‘}éa f’ﬂr goefsn gf#l“?re%ga ?ﬂgﬂggﬁé}l&gﬁ%@ﬁkﬁ%@#ﬁ{eﬁ ¢ égﬁllcrg%% aglng eg?f or
the via. diSsipifogr.ring again to Figs. 14 to 19, there are angled vias whose
entrances are on the top of the wafer and which exit in the chanber where
the laser will be placed. The laser is onits side allowng for the

her most of oo 1aEYECRT RFLATCER de IRRER b i SRR 206 % ¢ pi aced

i'n the chanber and then appropriate electrical material is placed in the
trench 20 ensuring that safe clean contacts are nade with the | aser w thout
causi ng dBhdlgeerthsan has arwavelgnstinar the VdadhV eonged be placed to the right of
the chanber with the appropriate electrical naterial helping to keep the

| aser chip stable. The |laser sources for drilling and etching are second and

hi gher orgEgimplaiofapplicatidn ditbeguevaitionol i d state | asers operating with hi gh
pul se energi es and nanosecond pul se widths. |nplenentation of the invention
is pd@si ble with shorter pulse width |asers but central to the high

‘thr Othpufn ?&Qﬁ@&e:ﬂfs tﬁ@fesh.h@é’ %@Eﬁ Orﬂafo? &e@@ltop&@?ltaj ﬁ??ﬁo&i‘z’&ion of integrated
electronic components. However, because of the mechanical requirements for
positioning of items such as waveguides and optical sources and detectors
automation of production of optical components has not been achieved to any

15  significant extent.

This invention enables device structures that simplify manufacturability of such

gomponents.
20 Forexample an optical component may be produced by:-
providing a substrate;
etching a trench in the substrate using a laser beam; and

25"

mounting an optical device in the trench.

The method comprises the further steps of laser drilling vias to provide electrical
conductors. Additionally, the capability to machine a sloped via drilled at an angle

30  with respect to a substrate surface for access to a device within the substrate allows a



operate at a high repetition rate. 30 The foll ow ng are advant ageous
features of the invention. WO 02/ 076666 -39 21 Septenber 2005 21 September 2005
PCT/ JEO2MODO3B6doe formation of V-grooves on an integrategcpkhgdhz£hip
(10C) used for optical fibre alignment by |aser ablation, using, for
exanple an Nd: Yag frequency tripled or quadrupled |aser. Were SiOB is the
obj ective, 355nm and 266nm are particularly 5 useful. Were Li NoG3 and

i nsul ati ng substrates are used 266nm ( or fourth harnonic) |asers are the
preferred option. The formation, by | as®f- abl ati on, of conponent slots or
trenches for alignnment and/or housing of, for exanple |aser diode chips or

phot odi ode chi ps represent .10 exarrgl es of blind vias. The formatiqgn, by
| aser abl RYFGH 69MPRAGHYAIGHIESTER & ei'?ﬁ“@é? 8f SYCB R SERCTUER i t{qtog}umtﬂ@ al | ow

el ectrica f . ' r ' of: fer. 15
The.  or maf VA T DR YEP B Bl Relsp oF yolsts LalfhEL el B N MRE
typi cal | yatheh odi e Sipsingside hef thepvdfer obelibserit@r Asiddedritetl proeiovslyetheand
will exit in a trench allowing for grecise el ectrical connections to a

par ti cul apystasplawatotroatien pf ar ¢/ SIQ2t0ialtemagive Ansulatingkniagoa tbe vaa | i con,

W th a§specific set of | aser paraneters, the via side wall conposition may
be controlled to consist of glass |ike silicon dioxide. The 20 conposition
and structure of this oxide may further be controlled by the presence or
absence of a gas and the |aser paranmeters. For exanple renoval of oxygen
from t he Refrang omFigsaddi and Wl 2 sybstrateel Q Intor amoepticabicosipopent] is ilwsstated.

v ough- caMRERETIE ST HEOES el BERTLIIRE! <Pl PR UL YRR Yoo

core regi gihpelerbbié 1621 EehbtgesCl(Bdghd 304 Fof ahoptidabksuret landnsseanierol  of

~the laser machining paraneters and gas environnent so that a glassy |ayer

i s fothedPeltier Hermahreniral elgmengs. ddloped micrpvéasoliti arsilaseavieded de readh thisen be
formed th{rgl!ij&@sff'olr le'l&Qri&ﬂeconnection. Laser drilling is also used to create mounting
holes 106. Also, through vias (not shown) are drilled through the substrate for

electrical access of one side to the other.

15 Inthe drawings, an optical fibre is indicated by the numeral 10, in which there is 2
core 111 and cladding 112. The etching progress is illustrated in Fig. 17, in which a
spot pattern 116 is lustrated.

The use of angled (sloped) vias allows layering of layered components in which

20 components are placed one above the other, while still making required electrical
contacts. This allows increased component density. One architecture is placing of
electrical circuits on the substrate surface and optical devices within the substrate
body.

25 An 4aspect of the laser via drilling is that by appropriaté control of the drilling
parameters and gases such as oxygen an insulating lining is inherently created. Thus
the solder which is filled into the vias is insulated from the surrounding
semiconductor material without the need for adding a discrete insulating lining.
Thickness of the insulating lining can be controlled by suitable control of the laser

30 parameters and gas environment. In one embodiment, the laser beams are UV or



via with appropriate plastic or glass material with sufficiently high
transm ssion to 30 forman optical wavegui de through via. 21 D.

WO 02/ 076666 -40 Exanple of application of the invention PCTllSEb%ﬁ%%ﬁ@g%BB?
Angl ed viwe oganche of use for shrinking the size of a die,pegpgagiyadisy in the
case of die 5 which have active devices and pads on the sanme side and which -
have conparable areas of the die utilized by the pads and the devices. This
is of particular interest for these cases where the devices have a | ow
nunber of 1/0O connections, but can still hold true for die with a |arger
nunber of 1/0O connections where the edg%& of the die contain the majority
of the pads (edge-|eaded die). 10 In one enbodi nent of the invention, the

devi ce woul'd exi st on side o wth i osi tion roughl

cent er ed asﬁlhlﬁefoaﬁéama@egi%egl fi %65 éteWSc%ncIagég é? R TR ‘
this devi nt | ocations on the device to a
series of %ﬁdél\({b&r% a{g tg&(ln# Lﬁ%@?%%% Hﬁchla%;({%'end outward fromthe 15 ,

device to the edge of the die as in Fig. 23A, the vias are netallized (or
ot herwi se _made into conduction paths), and pads are now forned on the back

of the di &efgripg topfigs. 2850 Fhe th gresngds l@)hévmdasthmlw:sd Vs atgednliags it o be

posi tigne dhea hg, Her . [ for
uni fOI’%’I pqlhf%éaf |don \E’()\,?M?‘%"Tg %ﬁlﬁgceo gﬁgt‘zﬁe lttgﬁ &tﬁﬁ%@g &% tﬁlod"'&[\éka% t he
devi ce |sdut’1ﬁ,twr,yafaaaﬁaﬁbm@a1hb@[ﬁdaant side of the wafer, the die size my
be significantly reduced (by the area which was previ ously taken up by the

bond pads). This not only allows for snall er die and smal |l er package si zes,

Fabr i cati GAREIE it ae flgfabkE Aalad B e R UR AT Bhuitt 4 b

feature bemefide. (18 falyl o néticesark @8 &djxﬁﬁthﬁ&ﬁﬂﬁ%f the wafer to ensure the depth of  (

10 focus is correct. However if the wafer can be tilted about the particular point where

the via 1s to be formed this adjustment of height may not be necessary. i.e. the
required change in depth is simply the distance of the via from the tilt point times the

sine of 90°minus the required angle for the via.

15 Referring again to Figs. 14 to 19, there are angled vias whose entrances are on the
top of the wafer and which exit in the chamber where the laser will be placéd. The
laser is on its side allowing for the electrical connects. A chamber beneath the laser is
created for a thermistor and the whole system is placed on a peltier. The laser is
placed in the chamber and then appropriate electrical material is placed in the trench

20 ensuring that safe clean contacts are made with the laser without causing damage to
it. The ‘ground’ trench could be placed to the right of the chamber with the

appropriate electrical material helping to keep the laser chip stable.

. The laser sources for drilling and etching are second and higher order harmonic

25 frequency solid state lasers operating with high pulse energies and nanosecond pulse
widths. Implementation of the invention is possible with shorter pulse width lasers

but central to the high throughput aspect of this invention is that the laser must

operate at a high repetition rate.

30 The following are advantageous features of the invention.




.

wasted in the final device), the |latter one has the potential to
significantly reduce the manufacturing costs incurred in wafer2f Sé¢ptembri2005
for maki vgO IMEsescdevi ces (the same nunber of die can be madaconodener

waf ers). WD 02/ 076666 -41 21 Septenber 2005 PCT/LEQ2/ 00035 In a further
enbodi nent of the invention that is specific to this exanple the vias don't
necessarily have to be angled, particularly when there is a small nunber of
I/ O connections fromthe active device, . In this instance, straight vias can
be machined fromthe contact |ocati on‘s39o‘n t he device through to pads

| ocated on the backside of 5 the die. Vias at the edge of the die wl]l
connect to pads on the bottom side of the die that can be patterned in
towards the centre of the die, thus maintaining the footprint of the active

devi f t t f =3 ; AN itti
an. | nor cnond i OOV iR Rl A (OGP YR Ko BR L T 10%1

a furt her fibredginmentt byflatehablativantsing, foargimgledradldcdag fequendyutripieat or
redistribution of I/ onnectiqons on.a die,_In a typical bunped die,
appr oxi rraﬂé?cgﬂ-‘aletdﬂﬁ"d- hecfﬁglébll BRVEonS R @A F06RIY 318 PaFaTHarlp

gr ounds t I : %-nt‘,}%%b ol < S are
connec? e\é\hgé(%lépﬁggrealﬁgﬂg??%ﬁg}s Bz)awer” e?arg%(ég?%e%sf:goz 60%&%@3@ Only the
si gnal | ehdsnmeieylakersaegrdiepreftedepdiont . As such, angled vias 15 allow for
an al t oget her new approach. The grounds and/or the power |eads can be
connected at the pads thensel ves when the wafer is bunped on the back. In
this technique, angled vias would point in different directions fromthe

burp wi t h' Thesfpemrtionp byhlas¢m aplatine, obmssrronensfsloteor reneljascfosr sligmmentri g.

24). As h b the b f th f be. ted t
2 o UShrcrs SSRGS B BRSO, S50 B BB BB Sl o
gr oungy coekafiples iofbligdsidll €) . The invention is not |imted to the

enbodi nents descri bed but may be varied in construction and detail. 21
Sept enber 2005 ‘

The formation , by laser ablation of through-vias on an integrated optical chip (IOC)

to allow electrical contacts from one side through to the other side of a wafer.

J

15  The formation, by laser ablation, of slo;JFd or angled through-vias where typically the
" wvias start at the top (or bottom or side) of the wafer and will exit in a trench allowing
for precise electrical connections to a particular component to be placed in the
trench. In the case of silicon, with a specific set of laser parameters, the via side wall
composition may be controlled to consist of glass like silicon dioxide. The
20  composition and structure of this oxide may further be controlled by the presence or
absence of a gas and the laser parameters. For example removal of oxygen from the

ablation reaction will reduce the amount of SiO2.

In another embodiment, the microvia enables formation of an optical waveguide
25 through connection. The waveguide structure is defined by a cladding and a core
regiori. In this example the cladding is formed partially by control of the laser
machining parameters and gas environment so that a glassy layer is formed on the
internal via side-wall. The optical waveguide can then be formed through filling the
via with appropriate plastic or glass material with sufficiently high transmission to

30 form an optical waveguide through via.



42 Clainms 1. A laser via machining systemconprising: a |aser source for
generating a | aser beam a beam delivery system for delivering2t Bepteabar2005
beamto a substrate to machine a via in the substrate at a nachining site;
pul se conVPérPfééns for 5 controlling pul se paraneters of PA¥FIERIWL3IDean a
gas handling system conprising neans for providing a controll ed gaseous
envi ronnent around the nmachining site; characterised in that the pul se
control neans conprises nmeans for controlling | aser pul se energy, |aser

pul se separation, and nunber of pulses_jof the I aser beam according to
optical, thermal, and nmechanical properties of 10 material of the substrate
bei ng machined. 2. A systemas clainmed in claim1l, wherein the gas handling
system conprises neans for controlling a proportion of oxygen in the
gaseous environnment to control, prevent or pronote oxide growh as a lining
of the vi é&Exatnpldofysplémmtiasn af the freckntioncl ai n8 1 or 2, wherein the gas

handl i ng system 15 conprises neans for controlling a proportion of nitrogen
in the gaseous environnment to control or prevent nitride growmh in a lining
of the via i ! . Qr i .8 ereLn e gas
handl i ng s‘°y*“§'? eédmﬁa%%%ﬁ?'gggls%%ﬁ? éc]g%ptrﬁ%lizgioﬁé%@é,%g%@#%ﬁ%%ﬁ%ﬁgg i nert

gas in 3 heykias aeusactBrRVddvarEIRINd. padd ob-thAsEis bidmaad Wwhizh'fetrei dndfayalile ecedi ng
claim wherein the gas_handling system conprises neans for introducing into

t he gaseowdeasifihodieatilizgddusthgipadh and thesdrices e 3 hinistafpasriadaningerst fohe

| aser bea i : re trate. system
e ol ai modrg By i She RE0R: Rivd FRE! AlBeror 1 N EQ iR By fuafiedy
conpri ses huthinge fardieanth allddgegnt hbegaSle QucorBRyiiof Whte tHe alphs oF@ealiel ean
machi ned wal |l .of the via. 7. A systemas clainmed in any preceding claim
wher ei n t fonHER theamaiariy of yae aads @daplerdeddigbans for control ling the gaseols
enviropent to achieve a desired

In one embodiment of the invention, the device would exist on one side of the die
with its position roughly centered on the die face (see Fig. 23). The 1I/0s are
distributed around this device. Vias are drilled from the contact locations on the
device to a series of pads. Instead of using pads which extend outward from the

15  device to the edge of the die as in Fig. 234, the vias are metallized (or otherwise
made into conduction paths), and pads are now formed on the back of the die as in
Fig. 23B. The angle of the vias allows for the I/Os to be positioned all the way in to
the center of the die backside, allowing for uniform population of the surface of the
back of the die.

Now that the device is the only feature on the front side of the wafer, the die size
may be significantly reduced (by the area which was previously taken up by the bond
pads). This not only allows for smaller die and smaller package sizes, but also allows
more die to be created on the same wafer during wafer fabrication. While the first of
25 these benefits is primarily a product feature benefit (smaller die, iess real estate
wasted in the final device), the latter one has the potential to significantly reduce the
manufacturing costs incurred in wafer fabrication for making these devices (the same

number of die can be made on fewer wafers).



snmoot hness in a machined wall of the via. 21 Septenber 2005 43 8. A system
as clained in any preceding claim wherein the gas handling sys2eBSeptember 2005
conpri sesvoreavscdoor control ling the gaseous environnment teaEnednemss enova

of debris fromthe nmachining site and locality or to reduce the quantity of
debris that is generated. 5 9. A systemas clained in any preceding claim
wherein the pul se control neans conprises neans for controlling pulsing
paranmeters to mninse thermal damage (0 the substrate. 10. A system as
claimed in claim9 wherein the pul se cofittol neans is arranged to provide

| aser pul ses which are not evenly spaced in tinme. 10 11. A system as cl ai ned

in any precedi cl i . V\/ner i.n.the beam delive semc ri.ses a

non-t el ec ?H“Eg? the IR¥FRLRR E‘rslsﬂﬁq‘{iﬁ‘\'/uéo a§§€?am8 Ft#tough sai d
l'ens at aﬂoﬁ‘f‘ﬁ @es§a.91l§‘ﬁa@lt) Eé)aﬁjcf é(!i \}Dzﬁ'ﬂcﬁﬂﬂi' et terelida sﬁlﬁyﬁﬁxﬁm??éf Gicpi med

inclaimll erein t eam ery system conprises neans for varying

di st ance ocbmmcnangfrem the actne dyvmpe]'mmg;ﬂwtameashe@m vinsicaalbe rhactared to set

| f th led via. .13. A syst | d di |
wher ei n t rerb@)grgﬁo@éqqti;@agonwm%ﬁ i oGl taveats g Lol ARuae O2FF IR v ng
| aser ?eam al it &g[ eS8 offﬂ'x'ﬂﬁfe'vgﬂl 8%111]9&{/ téfditds %h‘?{hg%m:tﬁm s"ﬁe o@‘ﬂgey&[aem as

clained in wherein the bea system conp

for varyi ﬂglt kas ée pb&emedm &rmams&hacemdmmeti@e mmh.ﬁﬂaahtaﬁﬁng ﬁﬁz Bobatitat e at
any particul ar nmachinin 15. A systemas clained in clains 13 or 14,

wher ei n tﬁéthls@mvaépm%ggms fémtOéB%B?qt%rasofﬁ%ﬁ§ angh theggbyi sl peamdttingeam
par a”etefﬁnmérgagéﬁ%'ﬁ;rﬂﬁe%fga@&éﬁ éJices effo?uefa%'o%\ége dadgSi red via geonetry.

25 16. A systemas c med I'n c wherein said beam delivery system

(conprises neans for varying the Iaser beam paranmeters to drill a blind via.

10 Ina further embodiment of the invention, angled vias can be useful for redistribution
of I70 connections on a die. In a typical bumped die, approximately a third of the
1/0 connections are for either power or ground. When these leads gd out to the
package, all the grounds are connected together and all the power leads are also
connected. Only the signal leads need to remain independent. As such, angled vias

15  allow for an altogether new approach. The grounds and/or the pdwer leads can be
connected at the pads themselves when the wafer is bumped on the back. Inthis
technique, angled vias would point in different directions from the bump with respect
to the in-plane component of their trajectory (see Fig. 24). As such, one bump on the
back of the wafer can be connected to multiple contact points on the front of the

20  wafer (e.g. one pad for four ground contacts is feasible).

The invention is not limited to the embodiments described but may be varied in

construction and detail.



17. A systemas clainmed in any of clains 13 to 15, wherein the beam deliver
system conpri ses means for varying | aser beam paraneters with @éfentembep300
Sept enmber 2005 44 order to achieve a4xntrolled via dianmeter at entrance and
exit points on the substrate. 18. A systemas. clained in claim17, wherein
the pul se control neans conprises neans for controlling slope of a taper
between the entry and exit points by 5 varying |laser pulse repetition rate,
pul se ener g§laimid pul se peak power. 19. A systemas clained in any of clains
14 to 18, wherein the beamdelivery system conprises neans for varying
focal spot ﬁi ze . to contrg] .internal via. . as claimed in

shape. 20. syste
any precedi hg?tiasfiia MRshoing PR, SEWMPHEPER A si)Brcgég{ é?ﬂeéag]%rai a3 o

tel escope, angeifRanbeh deidbySiystth fd}edeiieé&%:%qaéee be&h tBra Shesamieas! |y vary
beam di aneter, plane of focus, "and depth of Tocus to provide a desired via

geonetry. 21. mfckinstaeviaam theajubeidate rat anpaghisiog ditagpelsaicontrehmeaisnfarhe beam
delivery system ri yes neans for chi ni t he substrate in lurality
of passes, i ncﬁ’%‘r‘a/ﬁfqghp‘aﬁec W%?erﬁaﬁ%{%ﬁeegai%n%agbr?aﬁ? i‘?’é glgv\nsﬁgerg
proportion of cﬂﬁbﬁﬁihglmedh@'f@ﬁ’ﬁtlovihdgr?%a%Mﬁk@f@a@&u@'eﬁbﬂ‘&ﬂnbr& £b@dhdl as

dependent on claim 20, wherein the beam delivery systemconprises neans for
adj usti ng t he mahmsuppte; sbaretensquasshal.the gulscontuil emgaas comaisasdneansany

precedi ng clai.m wher.ein the beam deli ver 20 system ¢o ise ans for

Bl ar gl ng | acdt SBHANTSOTST SHGE SOMER: LI B 1o SPRAIRY: A0 POPE CCRILE aser

cl eaning of depihes|a98t BeaitlhdReAnOto bpicas HRSITAL dSmEERARGL Eﬁbpeh_ba@ ofi a. 24. A
systemas clained in any Erecedl ng claim wherein the gas handling system

and tlfle pul se material of thessthsirato heing swachiwads for control | ing the gaseous 25
environment and | aser pulsing respectively to provide a controlled

i nsul ating 2. A system as claimed in claim 1, wherein the gas handling system comprises
means for controlling a proportion of oxygen in the gaseous environment to

control, prevent or promote oxide growth as a lining of the via.

3. A system as claimed in claims 1 or 2, wherein the gas handling system
15 comprises means for controlling a proportion of nitrogen in the gaseous

environment to control or prevent nitride growth in a lining of the via.

4. A system as claimed in any preceding claim, wherein the gas handling system
comprises means for providing a controlled amount of inert gas in the gaseous

environment.

20 5. A system as claimed in any preceding claim, wherein the gas handling system
comprises means for introducing into the gaseous environment a gas which
dissociates in the presence of the laser beam to provide etchants or reactants of

the substrate.

6. A system as claimed in any preceding claim, wherein the gas handling system
25 comprises means for controlling the gaseous environment to achieve a clean

machined wall of the via.

7. A system as claimed in any preceding claim, wherein the gas handling system
comprises means for controlling the gaseous environment to achieve a desired

smoothness in a machined wall of the via.



lining in a viadrilled in a sem conductor substrate. 25. A system as
clainmed in claim?24, wherein the substrate is of Si material akbSepterabéri280pg
is Si2. 21 Septenber 2005 45 26. Agystemas clained in any preceding
claim wherein the gas handling system conprises a seal ed chanber, neans
for delivery of gases into the chanber and neans for punping gases fromthe
chanber. 278. A syssdnens alimédimary precedimgy claigf ,whehan ehegdsheandhagbesternonpr i ses
a window 5 which is transparent to the |aser beam 28. system aﬁ cl ai mred
in any precediCABPEFE MFARFHEF EPHIAiRg @agaﬁe&e}aﬁpwaowtéw%ﬁﬁﬁ@%%a means for

delivering a fglRgR0H tgi?nﬁafgginiﬁr%esigﬁﬁﬁpmfj@vw R RRAtke the qLATRY ©rgaseous

debris. 29. A systemas c any precedrng claim wherein the gas
handl i ng syst elsbristhacergenérated. mreans for controlling gas flow for renoval of
debris in both gaseous and particulate form 30. A systemas clained in any

preceding claim whereipn.the.systemfurther conprises nmeans for flipping a
st pat o, “Anck EYPTDaS AP ol Bbediig CbmtFEEE HeRHES FORr e ng. a
l'ocations in B RpBibLsY H%Q%P%Htrélﬂﬁgﬁﬁlﬁfiiﬁg ;ﬂa?arﬁétéx_fsa&ﬁ%ihﬁni%”iﬁéx%aﬁ a
through via. 31. "A systemas clainmed in any preceding claim wherein the

pul se control damapsto thndubstrategas handl i ng system conpri se neans for
controlling beam pul sing paraneters and the gaseous environnent

respectively,to drill vi a, havi.ng,a, Linjn uitaple for .use as .an

clootri cal [hebpiniep as Sgimst tralenlh Mot el Ro s st Brafe ™ (o a0,
wherein the pyksRdE RSN selBAIh ar8 Rt dRB1yIPacAAARU MY Syst em conpri se means
for controlling beam pul sing paraneters and the gaseous environnent

respectively to drill a via having a lining suitable for use as an optical
wavedQi de cllddisggem as claimed in any preceding claim, wherein the beam delivery

system comprises a non-telecentric lens, and means for delivering the laser

beam through said lens at an angle to normal to drill an angled via.

12. A system as claimed in claim 11, wherein the beam delivery system comprises
means for varying distance of an angled via entry opening from a beam optical

15 axis to set slope of the angled via.

13. A system as claimed in any preceding claim, wherein the beam delivery
system comprises means for dynamically varying laser beam parameters as a

function of current via depth.

14. A system as claimed in claim 13, wherein the beam delivery system comprises
20 means for varying laser beam parameters according to material of the substrate

at any particular machining depth.

15. A system as claimed in claims 13 or 14, wherein the beam delivery system
comprises means for varying laser beam parameters with machining depth in

order to achieve a desired via geometry.

25 16. A system as claimed in claim 15, wherein said beam delivery system

comprises means for varying the laser beam parameters to drill a blind via.

17. A system as claimed in any of claims 13 to 15, wherein the beam delivery

system comprises means for varying laser beam parameters with depth in



33. A laser machining systemas clainmed in any of the precedi ng gl ai ng,
wherein 25 the beam delivery system conprises means for machi Al REPER er 2005
substrate to an inconplete stage at a4plurality of machining sites, and for
machining at said sites in at |east one subsequent pass whereby there is a
del ay between nmachining at any one site as the other sites are machined in
a pass. 21 SeptdefhencRionsa4onidlleddvimyditmetcnst edteince dnd rext|ints 38, theher ei n

t he beam delivery system conprises nmneans for changi ng beam delivery
paramet ers befWSEA®asses. 35. A systemas clained in claim34, wherein the
beam del i very system conpri ses neans for changi ng beam delivery paraneters

bet ween pasge amfdd 9t BRirh&d td6lai® 19URBERA Bl RYRI coMBbEfeahs ddfipisepass. 36.
A systemas clai'med in claim 34, wherein the beam delivery system conprises

means for chamgiang fireemtdling slope pf rataperebetwhen hseentpagirbsxibpemitdbrig t o
desired substrate shgepe gst tth\. machi ni n% sites. 37.., A systemas clainmed in
clai 34, wheV8VHE AT PULGTERATHOR F3re-RAFSRerES nitd RESC PR PO¥SHS £ o
controlling beam delivery paraneters between passes to mnimse substrate

thermal danpge: s@femAsSUASHRA idSar! 6 SRihd MM 8 80whetem fffe Béhni @efverywher ei n
the beam delivery system conprises neans for controlling beam delivery

par anet ers besyden copgises means dduveryigptsat spy vze tesenteo!l inergg vip syst em
as clainmed in _any of clains 34 to 38, wherein the beamdelivery system
conpri ses neafl aﬂ%or controlling beam delivery paraneters between passes to
achieve a desired via geonetry at the machining sites. 41. A system as

claimed in 200 @fstéhaidTeladfied dn3hy plesdhd cldig, betmridelhe Vissayh dsliedrgm
conprises nmeans for controlling beam delivery dpar_arreters bet ween 20 passes
to difll a pl sysi¢miopmprises adelpseopsand upeang dercadjustingAhe yaleseppeto Wt ned i n

f th dj | ai i ¥ _
e oSSR RSP S R 4 B R =
a desired via geometry.

21. A system as claimed in any preceding claim, wherein the beam delivery
system comprises means for machining the substrate in a plurality of passes, in
15 which each pass machines to a certain stage with a proportion of material

removal.

22. A system as claimed in claim 21 as dependent on claim 20, wherein the beam

delivery system comprises means for adjusting the telescope between passes.

23. A system as claimed in any preceding claim, wherein the beam delivery
20 system comprises means for enlarging laser beam focal spot size after drilling
a via to cause laser cleaning of debris on a surface of the substrate surrounding

the via.

24. A system as claimed in any preceding claim, wherein the gas handling system
and the pulse control means comprise means for controlling the gaseous
25 environment and laser pulsing respectively to provide a controlled insulating

lining in a via drilled in a semiconductor substrate.

25. A system as claimed in claim 24, wherein the substrate is of Si material and

the lining is SiO,.



bot h machi ne the substrate and to forman electrically insul atigg ”n%%«”? 8§
the via at the machined site. 25 43. A systemas clained in Aapeptemder £80 5
wherein paraneters of the gas envirasment may be changed between subsequent
passes. 44. A systemas clainmed in claim43, wherein the gas handling system
conprises means for machining a formation at the machining site in the
substrate vig A giten?ds Sepicininemy208edig olim) ederaio theagdsi tendliggsystam one  pass,
and for machining at the site in a suﬁequent Eass wi th a non-anbi ent

gaseous envi r 6oTRBRSESAeRISH Fhamber, ASENS _ﬁﬁh‘fqr}’lf’ §25¢ “itﬂéh‘?/i;}éa_“giertaﬂ _
machi ni ng si t%eﬁégrﬁuﬁﬁ;féjg@éﬁ&h%m@nany of the preceding clains,
eam el rver

wherein the b system conprises neans for delivering the
pul sed | aser beamto a substrate at an angle to drill an angled via. 46. A
system as dd7aidnedtdnn asclaiméd i elapn &be aiherpin ke ommtiee comphised asandayource is a

solid state di g]gc% punped | aser.. 147. bA systemas clained in claim46, wherein
the |aser souPt¥eh is trahsnapent I the 1asehdeAm-t i plied solid state |aser. 48. A

systemas clained in claim46, wherein the |aser source is a solid state

laser wherg g leds el cIREALI dng fRéccbity AMBE WiRsdin ks KandWheEgtdrhe host is
YAG  YLF o% baﬁlgdate. 49. A sg’tﬁgm ag%clvaﬁgrred in cl a?im 46,%&%& n a |l aser

repetition freomprses méansfer ddfeting erhalnganated gantot the gasaoye ehyionmenkHz t o 200
kHz. 50. A system as cl ai gbin claim46, wherein a |l aser pulsew dth of the

| aser beam &L Teé%osvetgﬁ%ﬁ?ugg Fanoseconds. 51. A systemas clainmed in claim

46, wherein a |laser pulsewidth of the |aser beam is |less than 10

nanosecondsyg A0syafem 4s LRERE Mi dhy PreddMH Daiffe WReeif GhPEAsShandlihf Syssdreps  of
10 comprises means for controlling gas flow for removal of debris in both

gaseous and particulate form.

30. A system as claimed in any preceding claim, wherein the system further
comprises means for flipping a substrate, and the beam delivery system
comprises means for drilling at locations in registry at opposed substrate

15 surfaces to complete a through via.

31. A system as claimed in any preceding claim, wherein the pulse control means
and the gas handling system comprise means for controlling beam pulsing
parameters and the gaseous environment respectively to drill a via having a

lining suitable for use as an electrical insulator.

20 32. A system as claimed in any of claims 1 to 30, wherein the pulse control means
and the gas handling system comprise means for controlling beam pulsing
parameters and the gaseous environment respectively to drill a via having a

lining suitable for use as an optical waveguide cladding.

33. A laser machining system as claimed in any of the preceding claims, wherein

25 the beam delivery system comprises means for machining the substrate to an
incomplete stage at a plurality of machining sites, and for machining at said

sites in at least one subsequent pass whereby there is a delay between

machining at any one site as the other sites are machined in a pass.



a) delivering a pulsed | aser beamonto a substrate at a nmachining site, _b)
controlling pul se parameters of the |aser beam c) providing azbgﬂmtﬁ@bﬁfe@%
gaseous environnent around the nmachi dég site; characterised in that |aser
pul se energy, |aser pulse separation, and nunber of 25 pulses are
controlled according to substrate optical, thermal, and nechani cal
properties . Arggstern ab chaimeédim dains B3 avlerdinitiegbemacdslived; systeRlc@episesber 2005
48 53. A nmethod as _clained in cla.m52, wherein oxygen or nitrogen
concentration W??nslf?fé%é'é%‘%hganéﬁaw%ﬁ%rﬁ{nefeés REWEFHI4SEH t 0 control or
prevent oxide or nitride growh as a via lining. 54. A nethod as clained in

claims 52 0f5 P35yiRbeLRIReL RIGIAIR L dviRnaH Me Banl d@fvery §s@a8cdrfiprigesr oduced
into the gaseous environnment. 55. A nethod as clainmed’in any of clainms 52 to

54, wherein a ngzess \in chiangidg bsaoidatiesry iparameterpbetwienr passés adeerding trthbeam i s
i ntroduced into, the gaseous . lﬁfg\/i ronnment, and di ssoci ated gases produced

etch Phe substPBEete Ber MAHAlIGHa RASSC| o red in any of clains 52 to 55,
wherein | aser beam paranmeters 10 are dynam cally varied as a function of

current vi a3gleptikter? bs cRIMEd HOEaids 34| vihe?BIH thebeaRY délfvesy }jstBn Smbidses 6.
wherein the | aser beam and the gaseous environnment are controlled to

provi de an el extans dar Icharigiegbeam rdglivenyi pagametenscbetweempassed aewnging des a
further step of fiJling the viawth.an electrically conducting naterial to
provi de an el éigflf?dcsé’:bs%%ﬁaﬁa&e@?tqeﬁnﬁ%m%B‘Eetsr ate. 15 58. A method as cl ai med
in any of clains 52 to 56, wherein the | aser beam and the gaseous

envi r onment 3are systdth A9 klagfled i 4Ry B4evidieinplid ekl YelbRAOSIM BbrAgriseand the
nmet hod conprises a further step of filling the via with an optically

trandfi ssi ve necassifar cengrodling bersn slelivgsy inatamsjgry dghyasa passesHe miyBisEate with

the lining as aﬁilgi ng.darznggg. A nmethod as clainmed in any of clains 52 to

I
56, wherein tﬁggsftc%éeer xL?(%am and 't he

38. A system as claimed in any of claims 34 to 37, wherein the beam delivery
system comprises means for controlling beam delivery parameters between

passes to reduce deposition of debris.

15 39. A system as claimed in any of claims 34 to 38, wherein the beam delivery
system comprises means for controlling beam delivery parameters between

passes to achieve a desired via geometry at the machining sites.

41. A system as claimed in any of claims 34 to 39, wherein the beam delivery
system comprises means for controlling beam delivery parameters between

20 passes to drill a plurality of vias in the substrate.

42. A system as claimed in any of the preceding claims, wherein the beam
delivery system comprises means for controlling beam delivery parameters to
both machine the substrate and to form an electrically insulating lining of the

via at the machined site.

25 43. A system as claimed in claims 33 to 42 wherein parameters of the gas

environment may be changed between subsequent passes.

44. A system as claimed in claim 43, wherein the gas handling system comprises

means for machining a formation at the machining site in the substrate with or



gaseous environnment are controlled to provide a thernmally conductive path,
and the method conprises a further step of filling the via w t2l Sent¢rabarg0Dy
conductive material to provide a therayally conductive path in the substrate.
60. A nethod as clainmed in claimb59, conprising a further step of connecting
a 25 heat sink to the thermally conductive material in the via. 61. A

met hod as cl awithdui Rosayhbidnt Cdagi iMBore? phss, GAd fohenahmihfeat bamitesindel i ver ed
to machi ne the substrate at .a plurality of sites in a pass, and subsequently
to drill at SHRSequERb RASs eWithp agnon-ggbieny ngassitss SRVEPRMEHs L 190 AP et e
machi ni ng at it e t 9 62. A nmethod as clained in
claim6l Wneréﬁﬁﬁgng:hgﬁllgsgfgslrlelsﬁaggma%?{%%%@%?l?eé. 63. A nethod as clained in
claims 61 or 62, wherein beamdelivery is controlled to both nachine a via
at each si t45. andydtempisoclaitaedirin edrye bf ithalprscedingutlaimygwhéremi e beam
substrate wall of the via at each site, 64.. A method .as clainmed in claim
63, wherein adglbYLY SYIE CRIRRIGES RGPS rf%aﬁlh‘fe“ing tﬂgrpb'&edzlaseétbe?ﬂ’emnﬁchi ni ng
sites to assi LA i a4 N a controlled manner. 65. A

nmet hod as cl a?%glafynﬂgﬁgﬁ%%%figP%Qg%@gld64, wherein the gas and gas
paraneters are changed between subsequent passes. 10 66. A nmethod as cl ai ned
in any of citaiAnsystn aocleéBnedinemgiof thdpreteaisng clbimamwhere thielaseresogiteds aan angl e
todrill an angled viag. 67. A method as clainmed in claim®66, wherein the
angl ed via issglf‘f’l‘tl“@ 19ds PYmRed @5 mect | ayers in the substrate. 68. A nethod
as claimed in clains 66 or 67, wherein the angled via is drilled for 15
conform ty . tah sGRER OREAhim RRHS clafin RS, PHENSIR theNadeP RofkB S A FRquéRy A met hod
as clainmed in any of clainms 66 to 68, wherein a plurality of

i nt ed@onnect i mplapligdesalidistate eer. drilled. 70. A method as clained in claim
69, wherein the angled vias are drilled to

48. A system as claimed in claim 46, wherein the laser source is a solid state laser

where the laser medium is of the type Host:Impurity where the host is YAG,
YLF or Vanadate.

49. A system as claimed in claim 46, wherein a laser repetition frequency of the

15 laser beam is in the range from 1 kHz to 200 kHz.

50. A system as claimed in claim 46, wherein a laser i)ulsewidth of the laser beam

is less than 200 nanoseconds.

51. A system as claimed in claim 46, wherein a laser pulsewidth of the laser beam

is less than 10 nanoseconds.
20 52. A laser via machining method comprising the steps of
a) delivering a pulsed laser beam onto a substrate at a machining site,
b) controlling pulse parameters of the laser beam;
c) providing a controlled gaseous environment around the machining site;

characterised in that laser pulse energy, laser pulse separation, and number of
25 pulses are controlled according to substrate optical, thermal, and mechanical

properties of material of the substrate being machined.



I nt erconnect at the substrate surface. 20 71. A nmethod as clained in claim
69, wherein the angled vias are drilled to interconnect inter2labépembar2005
the substrate and to each have a sepaggate opening in a substrate surface.
72. A nethod as clained in any of clains 52 to 71 conprising the further
step of filling the via with a thermally conductive material to provide a

thermal 2% an@etbaras chimedinEhing d2 ashétiiongen ot Mitrédem codcerti@RiPSiiSi Ng a
further step of connecting a heat sink to the thermally conductive
material . | 2theszaseeuervipowntes qentroNedde KeptrelsorcPrgyert PXIGE ey Ajtrde 3

conpri sing fugltor&% §ta%)§lir91§x drilling a second via adjacent to said via and
filling said econd via W LH an el ectricall y conductive material, and

connecting an electrical conponent to said electrically conductive

mat eri al . 55473 mAthodtah@ethimed dh alaired52 or a3ywiodreinlaadontroB& dmouwt, of\iwet ei n t he
viais ablind via. 76. A nethod as clainmed in any of the clains 66 to 71,
wher e? n angl e§23/s aairafused Juo hegasePus SNRIPERt ry that allows nultiple via
contact points on one side of a substrate to a single contact point on an

opposed si dfs, af difod WOSUARR: inf fny HELAAT 53SicChal Wildid) £ 8 Wik I N Whi €
mul ti ple power inputs and outputs 10 or multiple ground inputs and outputs
are consol i datizsdodiates i ¢ty prederrvendfethe ddser bapmtis i@mdiuoed mid she g8seods net hod as

clained in clains 76 or 77, wherein angled vias are used to reduce a

desi gned si ze SBYIFQURRAG; 34 ddifo‘é‘F‘Teg\ﬁa?Fﬁ pg?fﬁﬁ%%?ﬁcgfpep%’&trﬁtﬁ be placed on a
back side of the die. 15 79. A nethod as in any of clainms 52 to 78, wherein
the | aser S%J%Cﬁeﬂh%daas%%'irhgdﬁiﬂyecifc@diﬁ‘lggzwﬂpﬁghéréiﬁgﬁser 80am Pariiched as

claimed in claim79, wherein the |aser source is a frequency

10 are dynamically varied as a function of current via depth.
57. A method as claimed in any of claims 52 to 56, wherein the laser beam and the
gaseous environment are controlled to provide an ‘¢lectrically insulating lining,
and the method comprises a further step of filling the via with an electrically

conducting material to provide an electrical conductor in the substrate.

15 58. A method as claimed in any of claims 52 to 56, wherein the laser beam and the
gaseous environment are controlled to provide an optically opaque lining, and
the method comprises a further step of filling the via with an optically
transmissive material to provide an optical waveguide in the substrate with the

lining as a cladding.

20 59. A method as claimed in any of claims 52 to 56, wherein the laser beam and the
gaseous environment are controlled to provide a thermally conductive path,
and the method comprises a further step of filling the via with a thermally

conductive material to provide a thermally conductive path in the substrate.

60. A method as claimed in claim 59, comprsing a further step of connecting a

25 heat sink to the thermally conductive material in the via.

61. A method as claimed in any of claims 52 to 60, wherein the beam is delivered
to machine the substrate at a plurality of sites in a pass, and subsequently to
dnill at the same sites in at least one subsequent pass to complete machining at

each site.



multiplied solid state | aser.
source is a solid state | aser

t he | aser

81. A nethod as clained in claim 79, wherein
20 where the |aser medl SenteBbg200fe

type Host:Ilnpurity where the host is 49AG~ YLF or Vanadate. 82. A nethod as

claimed in claim79, wherein a | aser repetition frequency of the

| aser

beam

is in the range from1l kHz to 200 kHz. 83. A nethod clained as in claim79,
wher ei n a | 6% ey mpthodesictithedin ¢lhien b hsderereama ig8rilled htegash sitaan 200
84. A nethod clainmed as in claim79, wherein a | aser pul sewi dth

nanoseconds.

of the las %3. l%eré}lr;:rlholdsaslc alslrsneElhlg rclzla]fr(f)xs no?%%?%@lgxsein beam delivery is controlled
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64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

to both machine a via at each site and to provide an electrically insulating

lining on a substrate wall of the via at each site.

A method as claimed in claim 63, wherein a controlled gaseous environment is
provided at the machining sites to assist lining growth in the via in a controlled

manner.

A method as claimed in any of claims 61 to 64, wherein the gas and gas

parameters are changed between subsequent passes.

A method as claimed in any of claims 52 to 65, wherein the laser beam is

delivered at an angle to drill an angled via.

A method as claimed in claim 66, wherein the angled via is drilled to

interconnect layers in the substrate.

A method as claimed in claims 66 or 67, wherein the angled via is drilled for

conformity with component leads to be mounted on the substrate.

A method as claimed in any of claims 66 to 68, wherein a plurality of

interconnecting angled vias are drilled.

A method as claimed in claim 69, wherein the angled vias are drilled to

interconnect at the substrate surface.

A method as claimed in claim 69, wherein the angled vias are drilled to
interconnect internally within the substrate and to each have a separate

opening in a substrate surface.

A method as claimed in any of claims 52 to 71 comprising the further step of
filling the via with a thermally conductive material to provide a thermal

conductor.

A method as claimed in claim 72, comprising a further step of connecting a

heat sink to the thermally conductive material.
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74.
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A method as claimed in claim 73 comprising further steps of drilling a second
via adjacent to said via and filling said second via with an electrically

conductive material, and connecting an electrical component to said

~ electrically conductive material.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

A method as claimed in any of claims 52 to 74, wherein the via is a blind via.

A method as claimed in any of the claims 66 to 71, wherein angled vias are
generated in a geometry that allows multiple via contact points on one side of

a substrate to a single contact point on an opposed side of the substrate.

A method as claimed in claim 76 in which multiple power inputs and outputs
or multiple ground inputs and outputs are consolidated to a reduced number of

inputs and outputs.

A method as claimed in claims 76 or 77, wherein angled vias are used to
reduce a designed size of a device by allowing connection pads to be placed

on a back side of the die.

A method as in any of claims 52 to 78, wherein the laser source is a solid state

diode pumped laser.

A method as claimed in claim 79, wherein the laser source is a frequency

multiplied solid state laser.

A method as claimed in claim 79, wherein the laser source is a solid state laser
where the laser medium is of the type Host:Impurity where the host is YAG,
YLF or Vanadate.

A method as claimed in claim 79, wherein a laser repetition frequency of the

laser beam is in the range from 1 kHz to 200 kHz.

A method claimed as in claim 79, wherein a laser pulsewidth of the laser beam

is less than 200 nanoseconds.

A method claimed as in claim 79, wherein a laser pulsewidth of the laser beam

is less than 10 nanoseconds.



