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A method for forming a through-via in a substrate having opposing first and second surfaces can include
directing a focused beam of laser pulses into the substrate through the first surface of the substrate and,
subsequently, through the second surface of the substrate. The focused beam of laser pulses can have a
wavelength to which the substrate is at least substantially transparent and a beam waist of the focused beam
of laser pulses is closer to the second surface than to the first surface. The focused beam of laser pulses is
characterized by a pulse repetition rate, a peak optical intensity at the substrate and an average power at the
substrate sufficient to: melt a region of the substrate near the second surface, thereby creating a melt zone
within the substrate; propagate the melt zone toward the first surface; and vaporize or boil material of the
substrate and located within the melt zone.
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A method for forming a through-via in a substrate having opposing first and
second surfaces can include directing a focused beam of laser pulses into the substrate
through the first surface of the substrate and, subsequently, through the second surface
of the substrate. The focused beam of laser pulses can have a wavelength to which the
substrate is at least substantially transparent and a beam waist of the focused beam of
laser pulses is closer to the second surface than to the first surface. The focused beam
of laser pulses is characterized by a pulse repetition rate, a peak optical intensity at the

substrate and an average power at the substrate sufficient to: melt a region of the
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substrate near the second surface, thereby creating a melt zone within the substrate;

propagate the melt zone toward the first surface; and vaporize or boil material of the

substrate and located within the melt zone.

[+5EEE] & 1
QRS PSR ED |
100 BT £458
102 : FHS
104 : SEEHEEES
106 : S HETES
108 : LIRS
110 * {FiE AR
112 : #Y5
114 @ B
116 : A
118 © A

120 : {BEEHE

[ b2

FCP-062006

108135498 FEHESE A0202

F2H - 2 HEHRER

1123083644-0



1816897

[112 42 03 7 30 AfEIEE#E]

[SHAEREAE ]
QRN EEE=Y ARERER TR LAY A
[ 35 3R 7H ] METHODS FOR FORMING A THROUGH-VIA IN A

SUBSTRATE

CEEEED|

[0001] A0 BRSEHIRR FAERINARAVER - HEREin S /2
AR STHETL - FEUEMR B 2 ZFETL -

MR FEE T NSHE

[0002] A HEEZE E£5E20184FE 10 H 8 H HI 35 & 5= B ER IS HH 55 2 56
62/742,6945% Mt » 5% FHEBZE AR5 IRV T2 GF AR -

[oeRidsdin ]

[0003] FFAESE EAMRETER RN FLR BRI R E < 3%
FHAEE IR - HAREERE —ESHEER S0 1Ll RarhE
B R R T ~ AU ~ B R BB CECH TR 1 - SR AR e
o AE BAEH A B S EFLAVEREE TR T AL - BE IR A
HeE (R eRNsR AR S YWy ) MHEE - B E A REF AR - B4
AHFEEICRIER MEECE BERYER > LA ARSI E S e yeEE
KEESHRSIRREN  HEW S 2HEES R HEAEAEIE F Ay RS

(ERR RS ) R e M - H LRI EREE By R [FRY BV AR (R B DA T AR RS S S T A HE

[0004] BAEFLIER R ITRPAEREE T E AL > sEENEE  Seikas ol A

ZIFRRIE ~ TERTETL ~ My RIEhD K JBe02 2 M B L BUAR - e Feifa

1 £ 19 HEHRAD)
FCP-062006

108135498 FEHESE A0202 1123083644-0



1816897

[112 42 03 7 30 AfEIEE#E]

ZIE—F  PREORES ERER DL S s iv P RS (FURD) TR E R S4T

(BRI - BER/NKEE ) Il HER&ZBaA - B0 S - BRI R

R EAE TP R T 5/ (VNPRERERRET1000K ) BYFL - HERSESL W aEEELL

PABRSHYFLRSTRE (JRBI > /INAKISORCREVFLEAFLAVEERE ) 1T - (E R RBHFLE

FLETTESEFLATRERIE (B0 - YUEFL/ED) » A FEREI AL
HEE m] e B ERAIA T A ©

[0005] EWfssHELE T H S SE AFLEYE RIS B LR - BRI =
UVEIME S A AN BB E B2 - DRSS (B0 - BoE(E)
EHNIREHEHE S R RS (B ERYR/I0MCR ) - ZEFREEHE
BRI AR E AL 2R B IR R - BEte R etz f LB b - A @RI 2 /it e
Bt - R ZHUIEIREy NA B LUE £ Y se i ALF - 280 - UV E
SPEATHYE BB L ] R rErrayadae - AR ErEe=CE L (RRD fEE— B —
(AT < 120y S5 —AIkfET ) - o] AE TR 2B T (AR E A RHE R FLIE £ PR RS - iR
T TR AR FLT GHERCA T BEfioR (RETSIM/ARES ) - RILEFLIE AR
EEHEAM A ERA FHIRATES R - IEAL - ehZIBFEEERS - — BAmahZ]
SLUERA [FRER T EAEE FHEERERE -

[0006] S5—EHREH B HES K ERXE R L e T EZ LAY EM
o RS HZERDCR B4 (Bessel beam profile ) #YH — 8 HARE AKUE
HeEAE T o B RS FER (e AL P et B2 E M - S LB ] IR EE AR 22 %5000
{EFL (200 ps/AL) » (HERLTFRZERDZ] » W1 FCAfamil - HE{SEE DA (REURE o
FHEET YRR S - AN B AZEROUREE GRS S IREEE LA A E
FOCPREE PRl (B0 - ERET RO RS ) (R © R - PR SRR
[ 3 P 7 R[] 1 & LR S000FL S8 1S %

[0007) £F Karimelahi, Samira, Ladan Abolghasemi 7 Peter R. Herman.

W

B2 > 419 HEHRAD)
FCP-062006

108135498 FEHESE A0202 1123083644-0



1816897

[112 42 03 7 30 AfEIEE#E]

" Rapid micromachining of high aspect ratio holes in fused silica glass by high
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