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By patterning finely with a laser with a thickness of 100 um or less such as ABS and forming an electronic circuit through
plating, a high-density flexible PCB applicable to wearable and mobile devices can be realized. ABS films with a thickness
of 60, 90, and 120 um were prepared, and a crater measuring 100 um or less was formed by irradiating a fiber laser with a
wavelength of 1064 nm with a single pulse. The size of the craters is affected by the intensity of laser irradiation and the
thickness of the film, and the heat dissipation layer reduces the change in size caused by the difference in the thickness of
the film. For films with a thickness of 60 um, it has been found that small craters of more than 10% can be obtained due
to the heat dissipation layer. Thermal analysis showed in the ABS film without the heat dissipation layer, the maximum
temperature increased to 373°C, but decreased to 261°C in the ABS film with the heat dissipation layer. With a decrease in
the thickness of the film, the heat dissipation layer further reduces the pattern by laser irradiation.
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NOMENCLATURE

Wy = Width of the rim or pattern (Wpagern)
W¢ = Width of the cavity

Hgr = Height of the rim

Hc = Height of the cavity

Hpaem = Height of the crater or pattern (Hg + Hc)

(Flexible Printed Circuit Boardy= A& o] i3t RPCB (Rigid
PCB)9} 92| §945 7H 5 FH 9 dzr|Hoes A
Fo] ROl ol2fFt IT 7]7]e] 4257} 28] FPCB
el Aol iyl A4 x o el glonk, AAAES
53t 9 &9l H-33tr] 913t FPCBO] F7A| 74t A
sfele] A s RTE T e,

FPCB A2+ 7]&9] PCB A2 Wz} vpzh7ix| &2 wjo]X

5/l 52 (Copper Foil)2 HARE & npAi3aE o] 83 g,
b oA, =ete] AE v FAHCR IRE FAAA 2w
of wlo]x FES H2RIe) ol Wref npAa 34 gl

1. ME LDS (Laser Direct Structuring)® 3402 Zajn] Ao o]
A% A 2ARI0 AES BHelL £ FHE Bolo] 5=

T AUTEE, YojgE 7)7], B gagg o] 59 gAE £ AI&s= MID (Molded Interconnect Devices) 4] & &

HAAES 235E W AYSE ASsERA AR FPCB /1%el o] Bole] @TES o) AgsEgion Fa
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& AR glold B 1117 (em?)7HA] 4TA 2
AAte] ZAITE 10 nse.2 TAste] ZAReSick. BolAi
3=(Laser Spot)e] 272 FWHM (Full Width Half Maximum)2.
2 ojshel 40 m Awoln] /L9AJek HEE 27 glek. A
2 Table 13} 22 Ao 2 AP35t

# upper heater |

Q“\\

(a) Photo of hot press (b) ABS film with hot press

Fig. 1 ABS film samples made by hot pressing

Copper Pulsed Crater
plating Laser Structure
BlEa _Rim

4

Fig. 2 Crater formed after laser irradiation on ABS film

Table 1 Summary of experiment conditions

Items Specifications
Thickness of ABS film [zm] 60, 90, 120
Laser wavelength [nm]/Spot size [zm] 1064/40(FWHM)

Laser fluence [J/cm?] 1.1,1.3,1.5, 1.7
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@1 Rim height

Cavity height

(b) Measurement of crater shape

Fig. 3 Shape measurement of crater using digital microscope

Wy (Rim width)
W (Cavity width)
Rim
o Hy
ABS surface (Rim height)
A
Hc
?1138 (Cavity height)
um Cavity =
thickness| Base film (ABS)

Fig. 4 Name and notation of each part of crater

vasay
;1.3 (J/em')
t=60pum
&

Fig. 5 Photo of craters on ABS (t = 60 ¢m) as laser fluence changes
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)2} 2ol Lherd 4= gick.

Wpattem = WR (1)
Hpansm = HR + HC (2)

2.3 HA 20| AL AH ’41}

Fig. 55 57| 60 umQl ABS TEA} o Holx] ZEAAE
1.1, 1.3, 1.5, 1.7 (JJem?>) 2.2 41:3741 WA 7| EA] Z }6}@]
FAE FdelHo Alem Holx ERALT F7tEE

1.7 (J/am’) 1.5 (J/em’) 1.3 (J/em’y 1.1 (I/tm)

60um

90um

120um

pr SO PR e SR 3 = eiy]
. 150.00um | > 50.00pm | o= 3_=50.00um§g & 50.00pm

Fig. 6 Image of craters on ABS (t = 60, 90, 120 4m) as laser
fluence change (1.1, 1.3, 1.5, 1.7 J/cm?)
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(a) Rim width change according to laser fluence
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40 AWe=4.5um

Width of the cavity (pm)

20 r hemispherical crater

Al
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Laser fluence (J/an’)

(b) Cavity width change according to laser fluence

Fig. 7 Rim and cavity width change according to ABS film
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Fig. 8 Hemispherical crater without cavity

(t=60, 90, 120um)

(t=1um)

Fig. 9 ABS film with t = 1 (xm) metal heat dissipation layer
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(c) Crater height changes

Fig. 10 Crater shape change on ABS film with t = 1 (zm) metal
heat dissipation layer
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(b) Comparison of rim and cavity width
in ABS film (t =90 um)
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—aA— Rim Width
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—o— Cavity Width

-

20 - -O- - Cavity Width (with metal)
Hemispherical crater

11 13 15 17
Laser fluence (J/an’)

Width ofthe Rim & cavity (um)
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(c) Comparison of rim and cavity width
in ABS film (t = 120 pm)

Fig. 11 Comparison of crater shape with or without the heat

dissipation layer (t = 1 gm) in ABS film (t =60, t =90, t =
120 pm)
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Fig. 12 Crater generation due to the addition of the heat dissipation
layer in ABS film (t = 120 zm)
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without metal
-------- with metal

-60

[

(a) t=60um ABS film with and without
the heat dissipation layer

(um) without metal
-------- with metal
5 1
. . . (um)
-60 -40 20 g 20 40 60

(b) t=90 um ABS film with and without
the heat dissipation

without metal
with metal

layer
(c) t=120 um ABS film with and without
the heat dissipation layer

Fig. 13 Cross-sectional shape comparison of craters on ABS film
with t = 1 (um) the heat dissipation layer at laser fluence
1.1 (J/em?)
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(a) Pure ABS film
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(b) ABS film with heat dissipation layer

Fig. 14 Change in temperature distribution due to the addition of
the heat dissipation layer on ABS film (t = 60 zm)

Table 2 Thermal Conductivity of Material for Analysis

Material ~ Thermal Conductivity [W/m-K] Density [Kg/m?]
Air 0.026 1.16
ABS 0.17 1.2
Ti 21.0 4730
Ag 407.0 10524
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