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A Study of Low-k Wafer Engraving Processes
by Using Laser with Pico-second Pulse Width
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ABSTRACT

Low-k wafer engraving process has been investigated by using UV pico-second laser with high repetition rate.
Wavelength and repetition rate of laser used in this study are 355 nm and 80 MHz, respectively. Main parameters of low-
k wafer engraving processes are laser power, work speed, assist gas flow, and protective coating to eliminate debris. Results
show that engraving qualities of low-k layer by using a laser with UV pico-second pulse width and high repetition rate
had better kerf edge and higher work speed, compared to one by conventional laser with nano-second pulse width and
low repletion rate in the range of kHz. Assist gas and protective coating to eliminate debris gave effects on the quality
of engraving edge. Total engraving width and depth are obtained less than 20 pm and 10 pm at more than 500 mm/sec
work speed, respectively. We believe that engraving method by using UV pico-second laser with high repetition rate is
useful one to give high work speed in laser material process.
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Fig. 1. Experimental set-up for low-k wafer laser engraving

PRI . >
¢ Laser control FTTIPIPINN »
i ........... .
Beam Expander 3
—
X-Y-Z Stage A
process.

{

lj

fmrereenennd W n
[
Photo diode
---------------- I.: ::.
...C.C.D. Camera........ s
Y-axis
X-axis <:>

B A gi] A o) g 83 %] Aed A 1%, 2007

2 2Hlo|X] 7t FolA ¢l o)y flsh 24 o
Hol#l7t Aol G IFAAFTH, dojHE 3
o 3] YAAA folHe] BE o] FUI =
o7} HEF whEoiFg]t.

2 AT e 7heEE dols XHAA 9] #o|A
ol 2¥o] 1,2,3,4,5 6W 12]5L Qg olrl
£ 100, 200, 300, 400, 500, 600, 700 mm/sZ A A 3}
of ztzte] AoA ol £¥a rtEE& T wE
low-k o] 9] Qg ol B4 A7 7154 AA
He AAZIE AAS] 98 AR B 7ts g3
Zaz]al flolH HHE 84 AH §H0F FEI|
7V A A e 7R 94 7HERA 7 M E
AZsle] Bl el(debris)el AA &xpo} 7EE
(kerf edge)[6]2] B/ AFE FHsIAct A A8
H low-k HdoiH 2 FA= 340 um ©|H low-k 3
A= 2F 5 umeld}

A
ekt

3.4

uﬂk

Nt

3.1. 20| &35} 715 £=0f WE 2la2oly
Fig. 29| (@)%t (b)y= 712t dlelA 28+ 72
oA low-k 22} 712 Zolot & ¢layoly =

o J» o

ot
=
B2

o) 6
3 5t B B
S o g
£
R °
'é 2 < >
80 1
Lﬁ 0
0 200 400 600 800
Work speed(mm/s)
(a)
50 5
\83 40 o
£ 30+ fo)
= 9B o2 oo g
RIS EREE
= 10 o &5 V'vaov—— T
0 OO
0 200 400 600 800
Work speed(mnvs)
(b)

Fig. 2. Laser engraving depth and width with respect to
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total engraving width.



249 JEZE oA o83 Low-k o)y olazo]d) EAJo] #3F A 13

qF2 Ut (@)ddlH BEo] 1We 2W &3 A
300 mm/s ©1749] SR A= low-kF0] BF 2
ol EA| 3L, 4W oo} #HolA FHME low-k
Z 27T 500 mm/so} ] £EoME ¢lagely B
A HAFa k. Fig. 29] (byelXe= dolA £33
71 &2 WE low-k $1°]13H €] street lineol] A4 H
Aoy FL BHoFT Ut} FUZ KoM Fo)
A o] E&of S wet 7hEE oo} vt &
o] Z7)317] WjFoll WA EE debrise] U= Z7}eH=
A& d U FHE EL o)A Y] Skl
wel F7teke AEE HAX, 7 S5 F7tel w
2} adhs A4S Bk Low-k dlol#e] 749
Z 7 Hol= 500 mm/s 0]l A 20 pm o) 3HE 1}

Bttt

3.2. Assist gas S

Fig. 3¢ #o}& &8 o] 4We|xZ 7}+E =71 100,
300, 500, 700 mm/s ¥ W, BF 72§22 10, 30,
50, 70 L/min®.2 A3t} z}hzke] 7S] s ¢l2g)
oY) AEE st dstoltt. 100 mm/se] Ve 7HE
oA BE 7kA f-8F0] 10 L/min2 2o Fog
AdeEE o] B, 70 Limin®] & §3is 3¢
2 HgEs 9ol AL A4S ¢ 5 Ut o] AR
B 7k f30] low-k dlo] #olA oy 7k
F2 S Fohe AL & F A7

100 mm/s 300 mm/s

10 L/min i m ]
30 L/min i !i!li !'m
50 L/min l'!lt . ’l.'l

700 mmy/s
ooty e )

500 mim/s

Fig. 3. Assist gas blow effects on laser engraving line.

70 L/min

Fig. 42] (a)¢} (b)= #lolA &8o| 3W, 718 &=7}
100, 300, 500, 700 mm/s¥ ™, BZ7}2= §3FS 10,
30, 50, 70 L/min® H3}5tA A low-k o] 2 street
lineg oA Aoyt F WHE debris B ol
(@)% & 7H Hol(bh)yE HET Fig 4904 2e v}

hya
& gkl dolX daeoly ¥, AH B
ol
15

debris 27 5742 Hoj) ¢o)9 g IYeR)

2 27}

F-#ol 50 Lmin7}A $7F & & Fojx= &
& 4 3L, 50 Limin ©)golMe A F7kete A&
7 Al A ElE YRS S FE8] dEulR] E5HA
o, dof} 71x] g2 JAEe] 7hy A 92 Fo
debris%o] 718k Ao Aztdn 3 7k f-3
o] F7Fsted 50 Lming =7F HH 718 Al HAEE
PAEG T8 Eold & 7] w&o 7134 Yl
ol debris EE 72 deE Aoz AztEt 7iA
kol 50 LiminEoh ©] AA HW, 7Hg Al A E =
PAEE FH3] BAUAG SAol o)A 2] Fei]
A& 7HHA Fh2 DDA 7] 7 7HEA F9el
A AL o WA vehs Aoz Azbd o]
23 AE AaE B8l dolA 7 Al 7k w3 F
3l 248 vt AeS Ik, B AP e
50 L/min®] f-3-& £AK 1 500 mm/sol A 7+ Z-&
15um °137F He A& & 5 ASUth

8
= <o
g
= 6 g
=
= g &
z 4 8 Iy
@ <€ 100 mm/s
£ 5 0300 mm/s &
ng © 500 mm/s
A 700 mm/s
0
0O 10 20 30 40 50 60 70 80
Assist gas blow rate(L/min)
(@)
30
x| B ,‘
<~ kd
£ 8 g
; © 100 mm/s
= 10 300 mm/s -
= 0 500 mm/s
= & 700 mm/s
0
0 10 20 30 40 50 60 70 80

Assist gas blow rate(L/min)
(b)

Fig. 4. (a) Total width and (b) debris width of engraved
line with respect to blow rate of assist gas at 3W,
respectively.

3.3. free-debrisE ${8t £10j1 2E! £ MES T}
Fig. 5& 784 3 8948 ALg-dle] o) B
5 9
al

i

Journal of KSDET Vol. 6, No. 1, 2007



14 e L I i I Pk e
go|A 2 ol st DI waterZ AR 3 Z(a)t 0O BeforeCleaning
go)¥ & TR #ojx 2oy sted ZFH4(DI L& o o Alter Gleaning
water) A1 $4& o, debris7t A 718 2(bye oq% R -
31 ATk Fig. 5ol Bole ZM™ Y & glo]A <l g, "
aglol @ & AASA F9 sdoly Fwo] 71F = : o o o
A7)7F 1A 3 BAAE debrise AAHE AL QJ § 2t .
skt 0
— 0 200 400 600
Work speed(mmy/s)
(a)
O BeforeCleaning
5 O After Cleaning
. . g 4 | a O a o
b =
(@) ®) £ _
Fig. 5. Qualities of engraving edge of low-k layer after 2,
cleaning (a) without protective coating, and (b) g <&
with protective coating at 4W and 500 mm/s. A 10O O O
0 .
0 200 400 600
Fig. 62 do]#] £4-& 4WE TA3} 2 7} &£57} Work speed(mm/s)
Z+2} 100, 200, 300, 400, 500 mm/sQl 73 $-ofl, =84 (b)

g 802 Jow-kHlo|HE I3 ol =2 ¢l
FolW st & DI water® A4 3}7) A3 39] debris®)
Hol@e Eolbyell w3 H7E v Flg. 69
()ollA B kel Zho] A1 Aol debrise] Hole 7}
2L &7 E2E45E AEew &2 Z0 7 Fox|
Slot} Feld oI ke Sl ue} peet 18
7]i FolA= A4S € 4 Aok T3 debrise) A AL
< AAE debris®] gl HlEEls S ¢ 4 J2, &

} 500 mm/s A= 4 pmoll A 2 umE 50%2) A A&
& Ho]al Ut} Fig. 69 (b)ollA Holx upe} 7ho] A
A A9 debris Tole 7FE 59 Aaglo] w8t
o] AP AR Folr &=} A3 glo] vsd
Fo g ke AL ¢ F Utk olFA S L)
A#glo] B3 HolZ debris7F YA E o) H =
5umé low-k & Zt7te] SroM BT 71g5t3l 7]
7ol A== debris?] Fol= H3 Aow AG
"ot 284 & debrise] AALL 4We 500 mm/s7
ol 75%° AAEE Bola rh
B 232 53 debris A A&
50%% & &<l skt
oF: T8 olfe= HolHE
T EARl FE3] ZA ¥
ZRPO BARIE 3

2% A7) T e

) 100%014 F
o2 A debris M A-&o] ¥
AMAE o BAMEE 257
O 7 AZrEm,

3] 2odFH A E debrise
Aoz Hokdc)

) a3 %) Aed A 135, 2007

Fig. 6. Comparison debris (a) width and (b) height between
before cleaning and after cleaning at 4W and 500
mm/s

4.2 B

AFAM = 29 g3 2 Z2(10-12%) 99
tH«l BAE 7 REES 2l #olXE o] 435ty
low-k flol® Qlzgo]y EAJol #ste] Areitt.
AA A3 ooy | A Fe AAE debris®] &
I Fo] IS v A E S 13 sk
A FHE AgHe S aHe} 7] e &
e 7Hs HAZI1ES B 7tEE Bo|FH 7))
R 5 e AE FAsgot. YA HE debrise
87421 dlolH RG] A0 AA He R
< L F Uik AEH o=, low-k Flo]HE ¢
ool QoA HBAZo] . 3 HIEES Zhe
A4 o)A & AMHEEHE 500 mm/s ©] 24 H“]-% 7}

el

3 SR 799 94D BHE H43 ool 95
& Qzdely FLS 4 4 98 Fskan,
UMl 2

B

g

ATE WA FEANU MDA A

Aoz FaEor olo] ) =gy,



294 A2z G O|AE o] &3 Low-k dlol¥ <l oy EA) #3 I 15

HoEd

. Jin-Heong Yim, Hyun-Dam Jeong, and Lyong Sun
Pu, “A Study on the Porous Cyclic Silsesquioxan
Low-k Thin Films by Using Cyclodextrin-Based
Porogen”, J. Korean Ind. Eng. Chem., Vol. 15, No.
7, pp.728-732, 2004.

. M. H. Hong, Q. Xie, K.S. Tiaw and T. C. Chong,
“Laser Singulation of Thin Wafer & Difficult Pro-
cessed Substrates: A Niche Area over Saw Dicing”,
JLMN, Vol. 1, No. 1, pp.84-88, 2006.

. Mingwei Li, Kevin Hartke, “Study of silicon micro-
machining using diode-pumped solid-state lasers”,
Proc. of SPIE Vol. 5339, pp.64-72, 2004.

. Andreas Ostendorf, Frank Siegel, “Micro-machining

using high energy picosecond laser pulses a cause-
effect consideration”, ICALEO Processing Using
Ultrashort Laser Pulses, pp.62-69, 2004.

. Gerard M. O’Connor, Helen Howard, Alan J. Con-

neely and Thomas J. Glynn, “Analysis of debris gen-
erated during UV laser micro~machining of silicon”,
Proc. of SPIE Vol. 5339, pp.241-249, 2004.

.K C Yung, H H Zhu and T M Yue, “Theoretical and

experimental study on the kerf profile of the laser
micro-cutting NiTi shape memory alloy using 355 nm
Nd: YAG”, Smart Materials and Structures. 14, pp.
337-342, 2005.

. KaiDong Ye, chengWu An, MinHui Hong, YongFeng

Lu, “Wafer dicing by laser induced thermal shock
process”, Proc. SPIE Vol. 4557, pp.174-182, 2001.

Journal of KSDET Vol. 6, No. 1, 2007



