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Article 
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Semiconductors 

Gwan-Seop Lee 1, Young-Gyun Kim 1, Chil-Won Lee 2, Suk-Min Hong 2 and Kwan-Young Han 1,* 

* Correspondence: kyhan@dankook.ac.kr 

Abstract: As the global semiconductor market is growing steadily, the need for optimization of the 

manufacturing process is paramount. For example, in the process of transferring the semiconductor 

chips to the substrate, each chip needs to be individually separated from the dicing tape via a 

plunger. In this process, however, the fixed chip is not easily removed from the tape due to strong 

adhesion, and the chip can become damaged if it is forcibly pulled out. Therefore, the present paper 

reports the development of functional adhesive tapes that initially adhere strongly to the 

semiconductor chip on the dicing tape but can be easily removed after transfer. The fabricated 

functional tape has an initial adhesion of 250 gf and can be adjusted through Tackifier, which 

enables firm fixing of the semiconductor chip to be transferred, and a final adhesion of 0.8 gf after 

UV curing, thereby facilitating removal of the chip without damage after transfer. Therefore, the 

fabricated functional tape presents a new method for semiconductor manufacturing process and is 

expected to contribute to the optimization and is expected to be useful in the semiconductor package 

manufacturing process. 

Keywords: functional tape; semiconductor; adhesion; UV curing 

 

1. Introduction 

Semiconductors are considered an inevitable technology element and play a key role in various 

fields. The necessity of semiconductors in various industries such as information and 

communication, automobiles, medical care, and home appliances is increasing, and is expected to be 

used and needed in more and more fields in the future. Accordingly, the size of the semiconductor 

market continues to grow as the use of semiconductors around the world increases. In addition, as 

the use of semiconductors steadily increases, mass production of high-quality semiconductors is 

required [1,2]. When it comes to semiconductor production, the production ratio of good products is 

considered very important[3]. The presence of fine scratches or contamination can lead to very fatal 

errors because semiconductors are very fine size. Therefore, very good high precision technology is 

required to produce sophisticated and well-made semiconductors, and the production of 

semiconductors through high precision technology has a great influence on the yield improvement. 
Therefore, an accurate process for the manufacture of semiconductors in high yield is paramount. 

Semiconductor processes, one of the most important semiconductor technologies, are carried out in 

precise and complex process steps sequentially. Devices are manufactured using advanced 

technology and sophisticated equipment, which is directly linked to the performance and stability of 

semiconductors. The quality and efficiency of semiconductors used in high value-added industries 

depend heavily on the accuracy of the processes, so errors or defects in the process steps can 

undermine the reliability of the products. Therefore, semiconductor processes are recognized as key 

and key steps to ensure quality and performance in the modern technology field. Among the 

semiconductor processes, the back-end process involves a sequence of back grinding, dicing, die 

bonding, wire bonding, and then molding [4]. Thus, the semiconductor chips are individually 

divided up during the dicing step and are then connected to the substrate via die bonding. This 
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presents the difficulty in using a plunger to pick up the semiconductor chips (while attached to the 

dicing tape) and then transferring them to the substrate. Specifically, while the plunger picks up each 

chip placed on the dicing wafer one by one, the chip does not detach easily and may become damaged 

if it is pulled out forcefully [5]. The resulting defects in the semiconductor chips lead to decreased 

productivity. Presently, semiconductor companies use adhesive die attach film (DAF) to lift the 

semiconductor easily from the dicing tape to the plunger [6–8]. DAF is a type of pressure-sensitive 

adhesive. The pressure-sensitive adhesive can be easily removed because it is bonded between two 

objects with a fine pressure to fix the two objects and has the advantage of being removed cleanly 

without residue when removed. In the semiconductor field, which is the main field of use of adhesive, 

the aforementioned dicing tape and DAF are used in the form of adhesive tape. The dicing tape serves 

to fix the semiconductor chip to the wafer. The DAF film is designed to fix the semiconductor chip to 

the wafer with initially high adhesion. Then, while the chip is being transferred by the plunger to the 

substrate, a crosslinked structure is created via UV curing, which reduces the adhesive strength of 

the tape and allows easy removal from the wafer [1,9]. In detail, the crosslinked structure is formed 

by a continuous radical reaction between monomers or oligomers in the presence of a crosslinking 

agent after initiation by a photoinitiator, which causes the film to harden. The cured film can be easily 

removed because the adhesive component is lowered. However, because the adhesiveness of the 

DAF remains too strong, some adhesive material remains on the chip[10]. As mentioned earlier, 

contaminants such as residues of adhesive can lead to very large errors in semiconductors. To address 

these problems, many semiconductor manufacturers are conducting research aimed at further 

reducing the adhesion of the DAF via the UV curing process.[11] This is because adhesives with low 

adhesion are easily removed without residue. During the semiconductor transfer process, a plunger 

is used to transfer a semiconductor chip from a wafer to a substrate, which has similar properties to 

an adhesive. When lifting a semiconductor chip with a plunger, the  plunger needs to have the 

strength to hold the semiconductor chip, and when transferring the semiconductor chip fixed to the 

plunger to the substrate, it must easily fall off with very weak force. When using a plunger the 

semiconductor chip is pulled up using a vacuum chuck in the plunger, and when transferring the 

semiconductor chip to the substrate, it is transferred while turning off the vacuum chuck. However, 

using a vacuum chuck is very expensive to manufacture process equipment, and there are many 

difficulties because it uses a vacuum to fix the device when it breaks down. 

Hence, in the present study, In this study, a new process method using functional tape 

manufactured by producing a new functional tape similar to DAF and Dicing Tape by replacing 

vacuum when transferring semiconductor chips with a plunger was proposed. The newly 

manufactured adhesive tape uses 2-ethly hexyl acrylate (2-EHA) as the main monomer, buty acrylate 

(BA) and acrylic acid (AA) were synthesized, and glycidyl methacrylate (GMA) was added to form 

an acrylic adhesive with a double bond at the end through reaction with the glycidyl group of Acrylic 

Adhesive's COOH and GMA. After that, in order to reduce adhesion through the crosslinked 

structure after UV Cure, Oliger (Pentaerythritol Tetraacrylate) and Irgacure 184 were additionally 

synthesized. The new functional adhesive is initially manufactured to have high adhesion and low 

adhesion properties after UV Cure.Furthermore, the adhesion characteristics of the film are examined 

at various temperatures by using liquefied nitrogen and a hotplate in order to investigate the 

potential for adhesion control.   

2. Materials and methods 

2.1. Reagents and materials 

The acrylic adhesives were fabricated by using 2-ethylhexylacrylate (2-EHA), butyl acrylate 

(BA), acrylic acid (AA), and glycidyl methacrylate (GMA) as monomers, along with 2,2'-

azobisobutyronitrile (AIBN) as the radical initiator, and ethyl acetate (EAc) as the solvent. To harden 

the adhesive during UV curing, Irgacure184 was used as the photoinitiator, and pentaerythritol 

tetraacylated (PET) was used as the oligomer. The chemical structures of the monomers are shown 

in Figure 1, and the chemical structure of the synthesized adhesive is shown in Figure 2. In addition, 
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Tackifier, an additive that can increase the initial adhesion of the acrylic adhesive, was additionally 

used. 

 

Figure 1. The chemical formulas of the monomers used in the synthesis of acrylic adhesives. 

 

Figure 2. The chemical structure of the synthetic acrylic adhesive. 

2.2. Adhesive manufacture 

The synthesis of acrylic adhesives by radical polymerization is schematically shown in Figure 3. 

First, a selected amount of 2-EHA, AA, and BA (a ratio of 65:20:15) was stirred at 250 rpm for 1 hour 

at 40°C. Thereafter, after storing the solution at a temperature of 70°C, 0.2% AIBN was added 

dropwise and stirred at 250 rpm. Thereafter, after storing again at a temperature of 70°C, the resulting 

solution was stirred while adjusting the content of GMA (40, 60, 80 wt%). Tackifier (1%, 5%, 10%) 

that can increase the initial adhesion of the adhesive was additionally synthesized. 

 

Figure 3. The synthesis of the acrylic adhesive. 

2.3. Manufacture of the functional films 

The synthesized adhesive was applied to the PET film, and then dried in an oven at 80 °C for 10 

min to fabricate a tape with a constant thickness of 10μm. In addition, various amounts of 

photoinitiator (1%, 3%, and 5%) and oligomer (1%, 3%, and 5%, 7%) were added, and the mixture 

was subjected to UV irradiation in order to reduce the adhesion. 

2.4. Measurement of Adhesion 

To investigate the effect of the UV energy on the decrease in adhesion, UV Energies of 375, 700, 

1500, 3000, and 6000 mJ were used. The adhesion was measured by using a material testing machine 

(LS1SS-MT-6251-10101, Ametek, USA) both before and after UV curing, and each measurement was 

performed three times. Moreover, two distinct methods were used, namely, the peel test and the pick 

up test (Figure 4). In accordance with the ASTMD3330 standard [12], the peel test measures the 

adhesion between a stainless steel (SUS 304) substrate and the PET film by pulling them in opposite 

directions, as shown in Figure 4a. This reflects the force required to remove the microchip from the 

film. Meanwhile, the pick up test reflects the method used by the manufacturer to pick up and 

transfer the semiconductor chips one by one using a JIG. Therefore, a 2-mm stainless steel jig was 
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used to measure the force needed to pick up the microchip, as shown in Figure 4b. Thus, the jig 

measures the adhesion of the chip with the adhesive film still attached.  

 

Figure 4. Adhesion measurement via (a) the peel test, and (b) the pick up test. 

2.5. Temperature control  

The change in adhesion according to the temperature was investigated by the methods shown 

in Figure 5. Thus, the SUS substrate was either immersed in liquid nitrogen to achieve a temperature 

of –20 °C (Figure 5a), or heated to 20, 40, 60, 80, or 100 °C on a hot plate (Figure 5b) prior to attachment 

of the adhesive film [13,14]. The adhesion was then measured via the two methods described above. 

 

(a) (b) 

Figure 5. The temperature control methods: (a) immersion of the SUS substrate in liquid nitrogen, 

and (b) heating of the SUS substrate on a hot plate. 

3. Results and discussion 

3.1. The effect of UV irradiation energy on the adhesion strength 

For the film that was synthesized using 1 wt% initiator, the adhesive force (according to the peel 

test) is plotted against UV energy in Figure 6. Here, the adhesion strength is seen to decrease as the 

UV irradiation energy is increased. This is because an increase in the UV irradiation energy leads to 

the increased production of free radicals by the photoinitiator, thus leading to an increased 

crosslinking density via radical polymerization, which decreases the adhesion strength. Therefore, 

an appropriate UV energy must be used in order to achieve the target final adhesion strength of 1 gf 

or less. 
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Figure 6. A plot of adhesive strength (gf) against UV energy (mJ) in the presence of 1 wt% photinitiator 

and 1wt% oligomer for the film. 

3.2. The effects of GMA content on the adhesive characteristics 

The adhesive (peel test) strengths of the films that were synthesized using GMA contents of 40, 

60, and 80 wt% and 3 wt% photoinitiator are plotted in Figure 7. Here, the initial adhesion (before 

UV curing) is seen to decrease from 550 gf to 253 gf as the GMA content is increased from 40% to 

60%, with a slight additional decrease to 233 gf at 80% GMA. After UV curing at 1500 mJ, however, 

the adhesion strength has significantly decreased to 253 and 3.84 gf for the samples with 40% and 

60% GMA, respectively. This is because the double bonds generated by the GMA lead to increased 

crosslinking after UV curing, thereby helping to reduce the adhesion, and because a higher GMA 

content provides more such double bonds. With the further increase in UV energy to 3000 mJ, 

however, there is little further reduction, with adhesion strengths of 3.84 and 2.25, respectively. 

However, the inset photographic image in Figure 7 shows that the removal of the film that was 

fabricated using 80% GMA results in the presence residue on the SUS substrate. This is because the 

cohesive force between the polymer chains increases with the increase in GMA content, and the 

bonding force between the polymer and substrate decreases, thus resulting in the generation of 

residue. This residue could subsequently adhere to the semiconductor chip, thereby affecting the 

quality of the final product.  

 

Figure 7. A plot of adhesive strength (gf) against UV energy (mJ) for the film that was synthesized 

using 3 wt% photinitiator, 1% oligomer and  various contents of GMA. The inset shows a photograph 

of the SUS substrate after removal of the film that was fabricated using 80% GMA. 

3.3. The effects of photoinitiator content on the adhesive characteristics 
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The peel-test adhesion strengths of the adhesive films that were prepared using 1, 3, and 5 wt% 

photoinitiator are plotted in Figure 8. Here, the initial adhesive strength is ~250 gf at photoinitiator 

contents of both 1 and 3 wt%. but decreases to 215 gf at a photoinitiator content of 5 wt%. After UV 

curing at 1500mJ, however, the highest adhesion strength of 7 gf is obtained with 1 wt% 

photoinitiator, decreasing to about 2 gf at 3 and 5 wt% photoinitiator. This is because the increased 

content of photoinitiator leads to the generation of more free radicals and, hence, an increased 

crosslinking density, thereby decreasing the adhesion. Beyond a certain amount of photoinitiator, 

however the adhesion remains constant regardless of the photoinitiator content [15]. This is because 

the crosslinked structure is saturated, and no additional crosslinks can form. Therefore, there is no 

reason to use more than 3 wt% photoinitiator for the synthesis of the adhesive film. 
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Figure 8. A plot of adhesive strength (gf) against UV energy (mJ) for the film that was synthesized 

using 60% GMA, with various contents of photoinitiator. 

3.4. The effect of oligomer content on the adhesive characteristics 

The amounts of residue remaining on the substrate after UV curing and removal of the films 

with oligomer contents of 1, 3, 5, 7, and 10 wt% are plotted in Figure 9. Here, it can be seen that no 

residues remain on the SUS substrate after UV curing with oligomer contents of 7 and 10 wt%. This 

is because the cohesion of the polymer becomes stronger, and the binding of the polymer to the base 

film becomes weaker, as the oligomer content is increased, thus resulting in residue. 

The peel-test adhesion strengths of the adhesive films that were prepared using oligomer 

contents of 1, 3, and 5 wt% are plotted in Figure 10. Here, it can be seen that the initial adhesion 

strength decreases as the oligomer content is increased. After UV curing, however, all three films 

exhibit similar adhesion strengths of less than 1 gf. Therefore, the lowest oligomer content of 1 wt% 

is suitable for the cost-effective synthesis of a film with high adhesion before, and low adhesion after, 

UV curing. 
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Figure 9. The effect of oligomer content on the amount of residue for the film that was synthesized 

using 60% GMA, 3% photoinitiator. 
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Figure 10. A plot of the adhesive strength (gf) against UV energy (mJ) for the film that was synthesized 

using 60% GMA, 3% photoinitiator and various oligomer contents. 

3.4. The effect of Takifier content on the adhesive characteristics 

In Figure 11, acrylic adhesive, 60% GAM, 1 wt% photoinitiator, 3 wt% oligomer and Tackifier (1 

wt%, 5 wt%, 10 wt%) were synthesized to make an adhesive tape with a thickness of 10um and then 

dried at 80°C for 10 minutes. The adhesive tape we made was measured using Peel Test. Figure 11 

shows the adhesion characteristics graph according to the Tackifier content. Tackifier are low 

oligomers, ranging from hundreds to thousands, that act as bridges between adhesives on the surface 

and reduce molecular cohesion. It also plays a role in raising the glass transition temperature(Tg), 

providing appropriate viscoelasticity to the adhesive with a higher softening point than normal 

temperature, and increasing initial adhesion through Tackifier[16]. Therefore, if you look at Figures 

10 and 11, you can see that the initial adhesion increases from 280 gf to 380 gf when adding Tackifier. 

However, as the content of Tackifier increases, the initial adhesion increases from 370gf to 390gf, but 

it can be seen that it increases very finely. In addition, when comparing the adhesive force after 

UVCure, the addition of Tackifier changes from 0.39 gf to 0.95 gf, so it is not expected to have a 

significant effect on the adhesive force after UVCure. Therefore, through additional synthesis 

experiments of Tackifier, it was found that initial adhesion can be adjusted through Tackifier. 
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Figure 11. A plot of adhesive strength (gf) against UV energy (mJ) for the film that was synthesized 

using 60% GMA, 3wt% photoinitiator, 1wt% Oligomer and various Tackifier contents. 

3.5. Removal of the Microchip 

The adhesive strength of the fabricated film when using a jig to physically remove the microchip 

is shown in Figure 12. For these measurements, the pressure-sensitive adhesive was prepared with a 

GMA content of 60%, an oligomer content of 3 wt%, and a photoinitiatorer content of 1 wt%. Here, 

an adhesive force of 32.7 gf was measured for the simultaneous removal of 15 microchips, thereby 

suggesting an adhesive strength of about 2.18 gf per chip. Thus, in contrast to the peel strength, the 

adhesive strength between the film and an individual chip was more than 1 gf. Therefore, an 

additional process is needed in order to reduce the adhesion to less than 1 gf for removing actual 

microchips. 

 

Figure 12. The adhesive strength (gf) when removing actual microchips. 

3.5. The effect of temperature on the adhesion characteristics 

To reveal the changes in the adhesion characteristics of the fabricated film according to 

temperature, the individual films, each with a GMA content of 60%, an oligomer content of 3 wt%, 

and a photoinitiator content of 1 wt%, were manufactured and then subjected to UV-curing at various 

temperatures. For the low-temperature procedure, the tape was immersed in liquid nitrogen for 40s 

immediately prior to UV-curing. The adhesive strength of the resulting film was then measured when 

removing actual semiconductor chips. The results presented in Figure 13 indicate that the adhesive 
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strength of the fabricated film decreases as the UV-curing temperature is decreased, and that an 

adhesive strength of less than 1 gf is obtained at temperatures of less than –10°C. As shown 

schematically in Figure 14, this is because the low-temperature treatment leads to crystallization of 

the monomer and, hence, a decrease in the surface energy.  

-20 0 20 40 60 80 100

0

2

4

6

 

 

A
d

h
es

io
n

 (
g

f/
p

ie
ce

)

Temperature (
o
C)

 

Figure 13. Adhesive properties of film after UV curing measured at various temperatures. 

 

Figure 14. The schematic structure of the monomer/polymer/crosslinker mixture before (left) and after 

(right) subjecting to a low temperature. 

4. Conclusions 

Herein, a functional adhesive tape was manufactured in order to minimize the damage caused 

when carrying or removing an integrated chip by using a conventional plunger. In detail, various 

acrylic adhesives were synthesized by using various proportions of 2-ethylhexylacrylate (2-EHA), 

butyl acrylate (BA), glycidyl methacrylate (GMA), and acrylic acid (AA), and were combined with a 

polyethylene terephthalate (PET) oligomer for film fabrication. The adhesive strengths of the 

fabricated films was then measured before and after UV-curing at various energies and temperatures. 

The 180'peel test and the adhesion when actually removing the semiconductor chip were measured. 

The results indicated that, as the GMA content increased, the initial adhesion decreased and after 

UV-curing, the adhesion strength decreased with the increase in GMA content. In addition, the 

adhesive strength after UV irradiation was shown to decrease as the contents of PET oligomer and 

Irgacure184 photoinitiator were increased. As a result, the adhesive strengths of the fabricated films 

were all 2gf or less. Moreover, an adhesion strength of less than 1 gf was obtained after UV irradiation 

when the oligomer content was 1 wt%, indicating that the effect of the oligomer on the adhesion is 

very small. Finally, when the fabricated film with a GMA content of 60%, an oligomer content of 3 
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wt%, and a photoinitiator content of 1 wt% was tested in removing actual micro chip, an adhesive 

strength of 2.18 gf per chip was obtained. Moreover, when the film was subjected to a low 

temperature before UV-curing, the adhesion strength was reduced to less than 1 gf. 

In brief, the procedure described herein enabled the fabrication of a functional adhesive tape 

with an initial adhesive strength of 250 gf before UV-curing, and less than 1gf after UV curing at low 

temperature, which will be a new approach during the seminconductor manufacturing process and 

is suitable for reducing the occurrence of damage or defects.  
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