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Abstract: Recently, the minimization of the semiconductor packages is now being emphasized. WLP (Wafer Level Package) 

technology is emerging as an alternative to the FC-CSP and WB/FC-BGA technology using traditional PCB (Print Circuit Board), 

due to their technological limitations and increased cost. In FOWLP (Fan-Out Wafer Level Package), the chip is connected to the 

motherboard through composed of polymer and conducting layers, which replaces PCB. For the polymer layer, photosensitive 

dielectric material is being widely used for fine pattern traces and via hole smaller than 20 μm in diameter. To make fine pattern 

traces on photosensitive dielectric material considering the relationship between signal transmission and surface roughness, i.e. the 

skin effect, high adhesion strength and flatness surface is required. To satisfy such needs, sputtering technique with Ti-Cu or Ni-Cu is 

generally being used. In this study, UV treatment mechanisms to obtain a surface that is very flat and has high adhesion strength with 

the conducting layer were being studied without sputtering. Surface treatment with low pressure Hg lamp and Xe based excimer lamp 

was studied, as well as the relation to the adhesion strength between the surface and the conducting layer.  
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1. Introduction 

The semiconductor industry’s push toward 

continued miniaturization and increasing complexity 

is driving wider adoption of advanced package 

technology [1, 2]. FOWLP (Fan-Out Wafer level 

Package) can be achieve that minimization of physical 

effect by utilizing physical separation, improve 

performance and low power. Packaging houses 

continue to ramp up fan-out wafer-level packages in 

the market, but customers want lower cost fan-out 

products for a broader range of applications, such as 

consumer, RF (Radio Frequency) and smartphones. 

For satisfying these requires, PLP (Panel Level 

Package) technology can be brought to cost down a 

benefit of which can be placed 4.5 times as many 

chips in comparison with 300 mm wafer [2, 3]. 
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Because of these benefit, PLP package is processed on 

a large square panel or an LCD (Liquid Crystal 

Display) substrate. To make a fine pattern the level of 

under 5/5 μm line to space on the RDL (Redistribution 

Layer), photosensitive material being used PLP 

package. Generally, dielectric material in panel level 

package was used sputter technology because of could 

not achieved surface modification with permanganate 

treatment as wet process. In this study, UV irradiation 

treatments were used instead of sputtering which for 

productivity improvement and formation of seed layer 

with lower cost. 

2. Experimental Setup 

The sample used in this experiment consisted of 

photo-sensitive film (Taiyo Ink, HR 70663, thickness 

10 μm) cut into 50 mm  50 mm pieces. And the 

sample used post cure which condition of 170 °C to 

60 minutes for physical properties. In this study, 
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permanganate and photo lamps were used for 

modification of material surface. The equipment used 

for surface modification was UV irradiation 

equipment fitted with Low pressure Hg lamp and Xe 

lamps. The Low pressure Hg lamp has wavelengths of 

184.9 nm (11.5 mW/cm2) and 253.7 nm (88.44 

mW/cm2) [4] and Xe lamp has wavelengths o

(320 mW/cm2) [5-7]. Xe lamps were divided 2 types 

according to whether or not injection of oxygen gas at 

the working chamber. Xe lamp B type includes

oxygen gas in the working chamber by intentional 

injection from oxygen generator compare to

Xe lamp B type was expected to more high power of 

oxidation caused in include a number of generated 

ozone and radical oxygen by UV irradiation. UV 

irradiation times were adjusted according to intensity 

of UV lamps. Permanganate treatment in the we

process were conducted 80 °C to 20 minute
 

Table 1  Process and component of plating. 
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urface. The equipment used 

for surface modification was UV irradiation 

equipment fitted with Low pressure Hg lamp and Xe 

lamps. The Low pressure Hg lamp has wavelengths of 

) and 253.7 nm (88.44 

] and Xe lamp has wavelengths of 172 nm. 

Xe lamps were divided 2 types 

according to whether or not injection of oxygen gas at 

type includes more 

oxygen gas in the working chamber by intentional 

injection from oxygen generator compare to A type. 

Xe lamp B type was expected to more high power of 

oxidation caused in include a number of generated 

ozone and radical oxygen by UV irradiation. UV 

irradiation times were adjusted according to intensity 

of UV lamps. Permanganate treatment in the wet 

process were conducted 80 °C to 20 minutes with 

MnO4 concentration of 110 mL/L solutions, and it was 

adjusted based on the condition of epoxy resin etching 

conventionally. 

After modification of surface by each pretreatment, 

samples were plated using electroless and electrolytic 

plating solutions [8, 9]. Table 1 show

and component of electroless and electrolytic plating 

solution. Especially, entire electroless processing was 

composed to lower chemical power in order to 

observe whether or not deposited easily effect of 

pretreatment. Chemical changes in the photo sensitive 

films were measured using XPS 

spectroscopy) (PHI 5000 ULVAC

wettability was measured by contact 

morphology and roughness were observed FE

and Laser scope respectively. In the event of observed 

diffusion layer after electroless plating was measured 

method of  section observation  by FE

.  
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/L solutions, and it was 

adjusted based on the condition of epoxy resin etching 

After modification of surface by each pretreatment, 

electroless and electrolytic 

]. Table 1 shows entire process 

and component of electroless and electrolytic plating 

solution. Especially, entire electroless processing was 

composed to lower chemical power in order to 

r not deposited easily effect of 

pretreatment. Chemical changes in the photo sensitive 

 (X-ray photoelectron 

(PHI 5000 ULVAC-PHI). The surface 

wettability was measured by contact angle; the surface 

roughness were observed FE-SEM 

and Laser scope respectively. In the event of observed 

diffusion layer after electroless plating was measured 

by FE-SEM  (Carl Zeiss 
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ULTRA 55). In order to measure the adhesion 

strength between the modified dielectric material and 

deposited metal, the deposited metal film with 10

width was peeled vertically at the speed of 50 mm/min 

from the modified dielectric material surface using an 

Instron tester (Shimadzu EZ-test).  

3. Experimental Results  

3.1 Mechanism of Surface Modification 

The wettability changes on the dielectric surface 

after each pretreatment were measured by contact 

angle. Wettability of modified surface 

improved when measured by contact angle. We 

confirm that contact angle was measured two times in 

order to observe modified surface changing whether 

or not as time passed. As shown in Fig
 

Fig. 1  Contact angle results according to each pretreatment
 

Fig. 2  Appearance of deposited metal after electroless plating: (a) Untreated, (b) Permanganate, (c) Low 

(d) Xe lamp A type, (e) Xe lamp B type.  
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The wettability changes on the dielectric surface 

ured by contact 

angle. Wettability of modified surface was generally 

improved when measured by contact angle. We 

measured two times in 

order to observe modified surface changing whether 

or not as time passed. As shown in Fig. 1, Low 

pressure Hg lamp and Xe lamps were improved 

contact angle except of permanganate treatment. As 

result of appearance after electroless plating, Fig

indicated that UV irradiated sample was

deposited metal on the dielectric material. The 

chemical changes on the dielectric material surface 

after each pretreatment were observed by XPS. 

As shown in Fig. 3, the chemical bonding changes 

were observed. In case of Low pressure Hg lamp and 

Xe lamps were changed bonding energy which 

bonding and C-O bonding. But, we consider that 

permanganate treatment was not changed chemical 

bonding as evidence of contact angle and appearance 

results. And as a result of XPS data, permanganate 

treatment could not modify that used

material for in this study. In these results, we confirmed
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were observed. In case of Low pressure Hg lamp and 

Xe lamps were changed bonding energy which of C-C 

O bonding. But, we consider that 
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Fig. 3  Observation of chemical bonding changes by XPS

Xe lamp A type. (e) Xe lamp B type.  
 

that the surface modification of the photosensitive 

material can be achieved with UV irradiation process. 

As shown in Fig. 4, Low pressure Hg lamp and Xe 

lamps have sufficient energy in order to broken 

chemical bonding which C-C bonding. Furthermore, 

used UV wavelength includes high power of oxidant 

about 1.3 times in comparison with permanganate. 

Because of Low pressure Hg lamp and Xe lamps can 

be generated Ozone (O3) and radical O when 

irradiated.  

To measure adhesion strength between metal and 

dielectric surface, deposited samples in electroless 

process were measured by Instron tester. Fig

the highest peel strength achieved with Xe lamp B 

type treatment was 0.2 kN/m with dielectric material 

and 60 sec of UV irradiation. This result relatively 

high adhesion strength compared to other photo 

pretreatments with low pressure Hg lamp, Xe lamp A 

type. For observe effect of adhesion strength which 

thickness of modified layer on the dielectric material, 

the samples were observed cross-section which 
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4, Low pressure Hg lamp and Xe 

lamps have sufficient energy in order to broken 

C bonding. Furthermore, 

high power of oxidant 

about 1.3 times in comparison with permanganate. 

Because of Low pressure Hg lamp and Xe lamps can 

) and radical O when 

To measure adhesion strength between metal and 

c surface, deposited samples in electroless 

tron tester. Fig. 5 shows 

the highest peel strength achieved with Xe lamp B 

type treatment was 0.2 kN/m with dielectric material 

and 60 sec of UV irradiation. This result relatively 

to other photo 

pretreatments with low pressure Hg lamp, Xe lamp A 

type. For observe effect of adhesion strength which 

thickness of modified layer on the dielectric material, 

section which 

irradiated low pressure and Xe lamps by FE

Fig. 6 shows that thickness of diffusion layer 

according to Low pressure Hg lamp, Xe lamp A type 

and Xe lamp B type. It is observed that all of 

pretreated samples have changed with thickness of the 

level of 100 nm in comparison with untreated sample. 

These results demonstrate that UV irradiation can be 

made a surface modification as evidence of changed 

thickness of diffusion layer. But, it has not major 

impact on adhesion strength in used material. Because 

as shown in Fig 5, adhesion strength shows different 

results although is almost same thickness of diffusion 

layer.  

As shown as Fig. 7, dielectric surface of treated 

permanganate treatment was observed rough surface 

compare to other treated sample. But, to sum it 

analyzed results, permanganate 

resin etching without surface modification. Low 

pressure Hg lamp and Xe lamp A type were not 

changed with 5 minutes and 1 minute respectively. On 

the other hand, surface morphology of Xe lamp B type

ut Wafer Level Package 31

 
: (a) Untreated, (b) Permanganate, (c) Low pressure Hg lamp, (d) 

ated low pressure and Xe lamps by FE-SEM.  

6 shows that thickness of diffusion layer 

according to Low pressure Hg lamp, Xe lamp A type 

and Xe lamp B type. It is observed that all of 

changed with thickness of the 

in comparison with untreated sample. 

demonstrate that UV irradiation can be 

a surface modification as evidence of changed 

thickness of diffusion layer. But, it has not major 

impact on adhesion strength in used material. Because 

in Fig 5, adhesion strength shows different 

almost same thickness of diffusion 

7, dielectric surface of treated 

permanganate treatment was observed rough surface 

compare to other treated sample. But, to sum it up 

analyzed results, permanganate contributes to just 

resin etching without surface modification. Low 

Hg lamp and Xe lamp A type were not 

and 1 minute respectively. On 

the other hand, surface morphology of Xe lamp B type 
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Fig. 4  Equivalent energy of wavelength and 
 

Fig. 5  Adhesion strength results according to each pretreatment

lamp B type.  
 

Fig. 6  Observation of diffusion layer after electroless plating

type.  
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Fig. 7  Surface morphology results according to pretreatment: (a)Untreated, (b) Permanganate, (c) Low pressure Hg lamp, 

(d) Xe lamp A type, (e) Xe lamp B type.  
 

 
Fig. 8  Affect of increased irradiation time with low pressure Hg lamp: (a) Untreated, (b) Low pressure lamp 30min, (c) Low 

pressure Hg lamp 60min, (d) Xe lamp B type 1min. 
 

was has changed with very small roughness the level 

of 100 nm to 200 nm sizes like a pore shape. It is 

considered that dielectric surface was etched partially 

due to relatively more include generated oxidant 

power such as ozone and radical oxygen by UV 

irradiation. Selective etched surface by Xe lamp B 

type has major impact on adhesion strength as 

physical effect. However, surface roughness does not 

necessarily lead to adhesion strength when 

considering results of permanganate.  

In the view of effect of UV intensity for surface 

modification, intensity of Xe lamps has more strong 

up to 5 times in comparison with low pressure Hg 

lamps due to inherent lamp characteristics. To observe 

influence of increased irradiation time by low pressure 

Hg lamp, UV irradiation time was adjusted relatively 

as a long times. Fig. 8 shows surface morphology 

according to 30 min and 60 min by low pressure Hg 

lamp. Irradiated samples with increased time were 

changed slightly in comparison with 5 min. but, low 

pressure Hg lamps could not change surface 

morphology with increased times as same as Xe lamp 

B type. 

3.2 Affect of Material Curing 

The adhesion strength in used thermal-set materials 

has influenced by curing state due to its able to change 

thickness of diffusion layer. The materials used in the 
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Fig. 9  Observation of diffusion layer according to curing of dielectric material by UV irradiation: (a) Pre-cure, (b) Post 

cure.  
 

study were as one of sort of the thermal-set material, 

we observed effect of curing state which precure and 

post cure. The condition of curing were treated with 

170 °C to 60 minutes and 170 °C to 30 minutes 

respectively when heat treatment. Fig. 9 indicates that 

thickness of diffusion layer according to curing state 

by irradiated Xe lamp B type. As of result, two 

conditions were not different thickness of diffusion 

layer. And each treated sample was measured almost 

same adhesion strength as the level of 0.2 kN/m. It is 

consider that used material has not major implication 

for surface modification through state of material 

curing. 

4. Conclusions  

In this study, Xe lamp B type was most effective as 

result of its can be change hydrophilic properties on 

the surface and reforming very small roughness. And 

adhesion strength was measured relatively high with 

the level of 0.2 kN/m compared to other pretreatment. 

It is considered that Xe lamp B type contribute to 

more aggressive on the surface with high power of 

oxidant. 

On the other hand, Permanganate treatment in wet 

type pretreatment process was observed could not 

change chemical bonding as evidence of contact angle 

and XPS results. Low pressure Hg lamp and Xe A 

type lamp were observed that possible to surface 

modification with has changed with increased C-O 

chemical bonding. But, these pretreatments show 

relatively low adhesion strength in comparison with 

Xe B type. Low pressure lamp was adjust with 

increased irradiation times for observe surface 

modification according to intensity of lamp. But, we 

could not observed adhesion strength as same as Xe 

lamp B type. 

Through this study, we confirmed that it is possible 

to make seed layer on the photo sensitive dielectric 

material that with combined UV irradiation 

pretreatment and electroless cu plating instead of 

sputtering. But, to make a fine pattern on the dielectric 

material which under level of 5 μm patterns, we 

consider that searching ideal irradiation time by Xe 

lamp B type and adjusting electroless process to 

improve adhesion strength the level of above 0.4 

kN/m. 
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