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An analysis of Cutting Characteristic of Multilayer FPCB using Nd:YAG UV Laser System
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The FPCB is used for electronic products such as LCD display. The process of manufacturing
FPCB includes a cutting process, in which each single FPCB is cut and separated from the panel
where a series of FPCBs are arrayed. The most-widely used cutting method is the mechanical
punching, which has the problem of creating burrs and cracks. In this paper, the cutting
characteristics of the FPCB have been experimented using Nd:YAG DPSS UV laser as a way of
solving this problem. To maximize the industrial application of this laser cutting process, test
samples of the multilayered FPCB have been chosen as it is actually needed in industry. The
cutting area of the FPCB has four different types of layer structure. First, to cut the test sample,
the threshold laser cut-off fluence has been found. Various combinations of laser and process
parameters have been made to supply the acquired laser cut-off fluence. The cutting
characteristics in terms of the variation of the parameters are analyzed. The laser and process
parameters are optimized, in order fo maximize the cutting speed and fo reach the best quality of
the cutting area. The laser system for the process automation has been also developed.

Key Words: Flexible PCB (1431 27| 8h), Multlayer (ZHEZ1 B, Laser Gutting (2} O] B £, Laser Micromachining (2401
FOLM 7HE), Na:YAG UV Laser (Nd:YAG UV B C[&)
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Table 1 Material specification for the test sheets

Item Spec.(thickness, pum)
Cover layer (PI) 12.5 J
Adhesive 20~30
Copper (R.A)) 18
Base film Adhesive 10
PI film 25
Stiffener (adhesive) 80
. Ni 3
Plating
i Au 0.03
Fig. 2= %™ F
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Fig. 2 Layer structures of the cross section
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Fig. 3 Laser fluence patterns: (a) Pulse laser fluence F :
Judse =20kHZ, Vyoom =200mm/sec, @pean=15pm, N
=1.5, OLL=5.0um, (b) Constant laser fluence F :
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N=2.0, OLL=7.5um
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Fig. 4 Schematic of developed laser system

4, AEEY

B =R dg2 2 dAz SyHEg e, A
H2 A% dojA 2 FA vwiNEFe] HHAT Table
2 9} #d, 53] MEFAeE oA H7] HH
kel 40kHz 2 A &R 1 A @%‘CM‘" 2}zk
o] H£E ANgE ddsr] Y8 2aF Fires-cuoft
< =& ¥ 2 94¥ge 4*& 371 93

o) F&xE #HolAd Wol FHEA G Id
=129l 00mm/sec(H AT N=DE 1A}
F44 B3 AErt Adde B3 3SEE =22
a, A @l s AME Foa g dA I —
Aosdt. F WA GAE 25 Fheonr o
A I ¥ e oA SFAXE F
17} A% iR 23S FAEsY dd A
334t

tlo ml o}n SRR A s
o 38

Table 2 Laser and process parameters range for the
experiments

Parameter

Beam speed(mm/sec)
- Overlap coef.(;V: constant)

Range
600-1, 300-2, 200-3,
150-4, 120-5, 100-6

82,78, 73, 68

15 (fixed)
40-16.5 (fixed)

Fluence per laser pulse(J/cm®)

Beam diameter (pm)
Pulse repetition rate(kliz)
- Pulse width(ns)

' Max. Laser pulse energy{1J) 145

B oA deolA stg Al ZAsE HAZ
(Heat-Affected Zone)2 F 7}x ez FEI}
Trivial-HAZ(®] 3} T-HAZ)}S.2 4 G <& 24
2] WglE dojubx] grew WAREE Hxel 7hy
S WYo] o|FX AL 9u|ghr} Severe-HAZ
(¢13F S-HAZ)SZ d Ao o3 4 Wt
vely g3tElE ddel Yeive Axe A @
o] o]Folx= 7/30‘ olujgtrt. of#st HAZ ¢

TEL ol EFA2 7)ol wet Pl BE 9
HS Eido] thav] U%%ﬂ*"]‘:} Fig. 5 ¥ PI B E9]
Edd 2E Cl sheet E A= OE 7d°ﬂ)\1 7+
& A"z, F 74A g9 THZ & 94A TEE
+ o, Fig. 6 & T-HAZ & AR $9o ¥d
% d s

(b) S-HAZ

(F s =82.093/cm?, fyuise =40KHZ, Byrn=15pm, Frore =2955T/cm®)

Fig. 5 Two types of HAZ : () vsoun =600mm/sec, N =1,
NOR=36, () Vieam =100mm/sec, N =6, NOR=6

(a) T-HAZ
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Fig. 6 Cutting state after cleaning of a T-HAZ

4.1 gojx T ERUAL

7t BB AR Fioay © Table 3 3% T}
OL sheet 7} 7V F7A4E A 209, Ct sheet 7} 7}
B EE Fiecuoy & BRE 0L Table 3 22HH
Fpres-cuoy = A .‘1.94 FARGE & FAHAEHN o
FS @Wo| W= Ao wuHW, 1O FH EZS
Cu-metal T3 EL das HAAAE ALLHE P
Eolth

Table 3 Fpyescuop Of the test sheets

Test sheet | Thickness(um) | Fuprescugy (O/em?)
oL 200 1781~1970
cl 190 2740~2955
cp 110 2109~2134
2 80 410-468

OL sheet ¢ A e #olA Wo] 2Atd
FHA & G o WAg FEo] #EFd
oy, olAHAE A AA7II EA3
= Aol B,

CP sheet & 7%, #lo]A Wo] 2ALE AT A
S-HAZ ©) #2F9, ¢ 100um FES FHL 7
AE B sele] debris 2 QFGHO ¥ FHol
#aarh offdoE dod FRow S-HAZ
o] BEE T debris o] 93 2FL& gith

Cl sheet & HIFAL oA Wleo FAH
el F 744 o) JhEsith A WAl R
o #olA We A8t Relx, F WAL Cu-
metal HE Holl FolA W& ZARIE Aot Cl
& A AT Fipany & 237 AY 437
AME F A 2APPEE 2% g3t B
o)l g wel HojH W RN A4,
Fopes-cutor = 2740~2955 Jem® ©]9, Cu-metal &)
07‘\: tﬁoﬂ "ﬂ } ’] t”c. ZA}B—]’ 73'!’, szres-u(loﬂ =
2796~3037 Jem? 282 FAFSIGch zeivt RS
He Fig. 7@l Fo] dolA Wl o T
HAZ o] 2313, Cu-metal WiEl W2 Fig. 8(b)oll

A ob ko] glo] A W 98l S-HAZ o] A&t}
3 5 o 3AHe wag 2, 34 =24
4 Q=o gAabEh Eﬂﬁ} A A FHolA e
Eodéa

A

@) St\ffener S\de(top) (b) Cu-metal side(bottom)
Fig. 7 Laser beam incidence on the stiffener side

(b) Cu-metal side(top)
Fig. 8 Laser beam incidence on the Cu-metal pattern side

() Stlfferxer mde(bottom)

C2 sheet o] AL AX Abgol wel A
o guwtd oz AJE e %] base film Aol
M) golA Wel zAlE Yy FddE
7}7“ Feje] & whg g 9ol vehd

THer ¥

o oF 50~100um H$ He FFL HH Fol @
2o @ o] n %Agol W53l S-HAZ 2 FEH
o, gsdae wAEA goul, Zstd FHZ
9B ZAd o8] AH vrte d4o] #EAH

T gd Fol @ weoz MY AoE WY
Aok 2eu ol Agel s AARAE o,

4.2 T}E FPCB EH §4%

H2E Al ¥ dAd A%2 Table 4 oF o
Froms A8 HLH Table 2 A Fuecany & 71E
oz FAd ol ¥ FA HHJH%TA 2¥ F
H2E Ag7t dgg gold & Hdl-H
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Azt e 28I 4 )8 ol&Fd A
ettt HAE Alg F b ¢kn 9ed F
TZE 71 C2 sheet & AW Fo] 713 2o,
HAAEEE 7b4 29T} Cl sheet o) AY& 57 7}
A oggkom, o]AL HAHeR AMEH FAL P
HES Ausdtr] A8 =L Fou 7t 2833, 9
g $3 wENFIESIT R 23] Wield ¢l
sheet 9 A &2 Table 4 1A Cu-metal LIS
(°18F Ci-Cu 93 Cu-metal W] g dY
(°13} C1-P1 el F 7ZFA R F-E3h A AEHS]
on, A ¥ oldHY Cl-Cu ¥93 CI-PI ¥4
oA oF 31um 9 ©AVF LA Ad 2
Pgeln, 24 H2E Ag dd Zof ZFAA
T 12pm 2 Wi AT Ol Fuecug & A
g #olA ETRAAE FFE AL, dAdodE ¥
A Zo] gigh #olA 2 FA wihdse] Jg
< 37 g8 ¢ T Uk

Table 4 Cutting characteristics of the test sheets

Cutting Cutting

Froa (Vem® )
Layer toat (Y’ width{uim) speed
Min. | Max. Top |Bottom| (mm/s)

OL | 1766 | 2055 | 4045 | 11.52 25.0
CP | 2055 | 2462 | 22.14 | 10.93 23.0
CI-P1 3943 | 15.66
2740 | 3125 16.7
Cl1-Cu 3818 | 941

C2 368 548 | 1729 | 882 120.0

OL sheet &} C1 sheet & #|o]A W ZAPHEO| PI
Ugoln, B Hd AHE Fig 99 Fig 103 Z
o] T-HAZ # S-HAZ ©] fARstAl ZA#HA. F
HAE Al 25 9 o]l82E7F 100~150 mm/sec
(N=4, 5, 6) oA Th2 miAESe] 2] TAIRle]
S-HAZ ©] 4AsIgTh ol #HolA Hd s &
BHE % NAATY Fieouog S TAFBEEEE ©]
BEE Yol FHAFI & ASdE 4 3
of o3t & Aol IA YELEE & F I &
o] gt A& OL sheet dlAE HAZ & Zo] YAJA
9k Cl osheet o) A& W o)EEH%E7) 200 mmsec
(N=3) oAl S A" THAZ ¢ Zo] Fig
5@ o] Cl-Cu 992 F3 Cl-Pl 992 g2
FZ Yeldth ole= pr 2EF HE BE9 UV
Ao e FFEEo] Cumetal o FFEHT F
o, Cumetal HE Fo 49 A=/ ¥z
1, Cu-metal & FHANAMe WdZazt=z <3

Cl-Cu B9o)A do) 23 ggo] HA vehgd A
o2 gd"d. = Cl-pl 94499 A4S uv 339
ol W FFEd oy, Auxoe=
AEEZ A& C1-Cu 99<¢ Ay 317
g A o3 FHE ol 93
B T-HAZ o] BA dvelys Aotk F:d o}
3 BEAo= Qg 54T AqUxNE TF
4 Cl1-Cu 993 Cl-p1 999 A9 &
6pm WA E A o}

olfiw o] A9 HAZ & 593 ARAHA Yo
o, ot fHojAe ¥ olF&Ev} -
Cl-Cu 997 C1-Pl 4E9 AAHNA

“©
ot
u™®
Hl

Laser and process parameter set

Beam speed : 600mm/sec
Total laser fluence: 1970 J/cm?

a
( Number of repeat : 24

ot

Overlap coef. : 1

Beam speed : 200mm/sec
Total laser fluence: 1970 J/cm®

b
( Number of repeat: 8

g

Overlap coef. : 3

Beam speed : 100mm/sec
Total laser fluence: 1970 J/em?
Number of repeat: 4

(c

St

Overlap coef. : 6

Fig. 9 Cutting qualities of the OL sheet(F},,,~82 J/em?)

Laser and process parameter set Top view

Beam speed : 600mm/sec
Total laser fluence: 2955 Jem®
Number of repeat : 36

(@

Overlap coef. : |

LY

Beam speed : 200mm/sec
) Total laser fluence: 2955 J/cm?
Number of repeat: 12

Overlap coef. : 3

Beam speed : 100mm/sec
Total laser fluence: 2955 J/em®
Number of repeat: 6

(©)

Overlap coef. : 6

a0

Fig. 10 Cutting qualities of the C1 sheet(¥,,,.~82 J/cm®)
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CP sheet o] W] A= ZE 279
Fig. 11 3 7o) S-HAZ o] HAsgon, Hl o]
=7 =28 E H FE debris 7H EAH
ofgid el Aatiele RE AN HAdA
% S-HAZ o] LAIFFoY & ul$ =T}
g olEF&ET =E4E AgZo] B33
o B Hgd Fdd HA7 7 gk

C2 sheet & HATAHE W) ol B o)
OJFEEIt REFE HuA FHd NAZ LAY
a2 Fo] Z7MeR Y Y WAV E dolA |

N 32
| ﬂj’kh;_a

32 1R R -

—

Laser and process parameter set Top view

Beam speed : 600mm/sec
Total laser fluence: 2134 J/cm®

@ Number of repeat : 26

~—

Overlap coef. : 1

Beam speed : 200mm/sec C . ey

® Total laser fluence: 2216 J/cm®

(el

Number of repeat : 9
Overlap coef. : 3

Beam speed : IOOmm/éec
Total laser fluence: 2462 J/em?
Number of repeat : 5

(c

~—

Overlap coef. : 6

ig. 11 Cutting quality of the CP sheet(F...~82 J/cm®)

s

Laser and process parameter set Top view

Beam speed : 600mm/sec
Total laser fluence: 410 J/cm®
@) Number of repeat : 5

Overlap coef. : 1

Beam speed : 200mm/sec

® Total laser fluence: 492 J/cm?

Qe

Number of repeat: 2
Overlap coef. : 3

Beam speed : 100mmy/sec
Total laser fluence: 492 J/cm?

(c

—

Number of repeat: 1
Overlap coef. : 6

Fig. 12 Cutting qualities of the C2 sheet(F,..=82 J/cm?)

of ¥kgsted & Astso] HAFHAFAM 4A ol
S0t 53] Fig. 12(c)9 Zo] X olF

1.4

e

o e A S ofgweIN Auy Ful
SAe AN FAEA 3 43 484 0D

Bl B9 W3l J $HIAL 8 o
Belold 94 fehm Fuol Bo we Aoz
LY

HAE A=d 9§ du AgAR ¥
2d28 T3

.é

F thres-cutoff 9]' %A]"?l' a] o} X'] T —E 73
& wisfE S WSt %74]3101 AR e Hee
TEE & AT T FolA ol 2AE A
W3 olgiwe] dugHs vEs W 9%
& oSt ¢ AT 49 Ae gyxde

Fig. 133 Zo] FHAF Nol 2 e 32 H5=2,
ol ¥ o]FHEE E =FA 7HE—‘$5J 2 o] A
Al 2Eo] AL 200mm/sec ¥ 300mm/sec ©|th. F
AAS N=1600mm/sec)¢l A= AHLL Jl53l,
Aol #HeolA ¥ gHom A HAol opd
E4dxkolt) Fig. 13 of EAE EE 5L
A AEe BE #HolA 9 FA wiNEs 2FE
< YHehY, o] F A24L HAHY 21E FEA
g A2, 54 F Holx FFEUA2E FFI
HEtE, o1& A Fue 4 Mol B8 v, 7t T8
g o S ATk

o0& *}%kel HolA A|2HE o] &8 A, F
HAAS N &2 8= 3 o2 dA4s5, 4 (1) 9
3 H olZ&HEEE é?ﬁﬁ&ﬂ}. FRAF} A 2w
Fpulse % 01%8}'051 E%Q Fthrescumjf 9}' %/\]"ﬂ' Fmtal
7b =71 1% REIIFISFE At AlaHd
HE3H FAFS ADddEE 8 5

3500
| a Ctisheet © C2sheet & CPshest ¢ OL sheetJ

3000 4

mm

I
a
o
1=}
1

2000 +

SO0 D

A
$

1500 ~

1000 +

Total laser fluence (Jfcm?)

500 [ &
0 ———
i 100 200 300 400 500 600 700
Bearn speed (mum/sec)

Fig. 13 Optimal range of the laser and the process parameters
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Fig. 14 The comparison of qualities between laser cutting
and mechanical punching
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