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Abstract 

 

Terminal substituent effects of the bis-quaternary ammonium 

bromide levelers on Cu electrodeposition in microvias 

 

Jung Hwan Oh 

School of Chemical and Biological Engineering 

The Graduate School  

Seoul National University 

 

 

A printed circuit board (PCB) mechanically supports and electrically connects 

electronic components using conductive tracks, pads and other features etched from 

copper sheets laminated onto a nonconductive substrate. And its copper 

interconnection was introduced by Cu electrodeposition that is one of method for 

forming Cu film by reduction of Cu ion in the aqueous solution, using the externally 

supplied electrons. In order to accomplish the defect-free filling on microvia which is 

located in PCB, the organic additives, i.e. accelerator, suppressor and leveler, are 

required. Among the organic additives, a leveler has been known as convection-

dependent adsorption behavior that is crucial points for defect-free Cu 
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electrodeposition. But researches dealing with structure-activity relationship study of 

leveler were rarely reported. 

In this study, the various bis-ammonium levelers having different chain length and 

terminal group were synthesized and the electrochemical analyses were conducted to 

find its different property according to its chain length and terminal group. Leveler 1 

having triethylene glycol and bis-ammonium structure was reported in our previous 

work, so we synthesized levelers having longer ethylene glycol chain for 

investigating effect of the chain length and having propyl group, benzyl group, 

napthalen-2-ylmethyl group as terminal group for investigating effect of terminal 

group. From these synthesized levelers, the linear sweep voltammetry was conducted 

to confirm convection-dependent adsorption property and its suppression effect. 

Finally using synthesized levelers, the Cu electrodeposition on microvia was 

conducted, so we find that levelers having longer ethylene glycol chain and aromatic 

group showed better filling performance. 

 

Keywords : Printed Circuit Board (PCB), Cu electrodeposition, gap filling, microvia, 

organic additives, levelers, convection-dependent adsorption 
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1. Introduction 

 

1.1 . Printed Circuit Board (PCB) 

 

A printed circuit board (PCB) mechanically supports and electrically connects 

electronic components using conductive tracks, pads and other features etched from 

copper sheets laminated onto a nonconductive substrate. Most printed circuit board 

are used in IT industry, parts of automobile and flight, especially semiconductor, 

mobile and display. And these days, demands about high integrated circuit and high 

density electrical elements are increased. So technological advancements of high 

integrated circuit and high density electrical elements are required. 

Printed circuit board may be classified in many different ways according to their 

various attributes. One fundamental structure common to all of them is that they must 

provide electrical conductor paths that interconnect components to be mounted on 

them. Fig. 1 shows the classification of printed circuit boards.1 The Column 1 shows 

the classification of PCBs by the nature of substrate, column 2 shows that of PCBs by 

the way conductor pattern is imagined, column 3 shows that of PCBs by their 

physical nature, column 4 shows that of PCBs by the method of conductor formation 

and column 5 shows that of PCBs by the number of conductor layers (Fig. 1). 
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In practice, multi-layer printed circuit boards are used to allow for much higher 

component density. Multi-layer printed circuit boards consist of copper layer and 

microvia which connect electrical elements and through hole which connects between 

layers (Fig. 2). In order to manufacture the multi-layer printed circuit board, the basic 

materials like copper foil, prepreg and inner-layer cores are needed. The prepreg is the 

glue that holds the cores together. There are many types of materials like resin. 

During the lamination process, the pressure and heat activate and melt resin.  The 

resin flows along copper features and exposed laminate on the core and as it cools 

bonds the layers of foil and core together. Under heat and pressure, copper foil and 

prepreg are combined together in vacuum condition. So a panel is produced with 

layers of copper inside and foil on outside. After this process, the drilling is conducted 

to form through hole for connecting between layers. So multi-layer printed circuit 

board can be manufactured. 

There are three ways to manufacture copper lines on printed circuit board.2 One is 

the subtractive process, the second is the full-additive process and third is the semi-

additive process. The subtractive process is a conventional printed circuit board 

manufacturing process containing the production of a conductive features by 

selectively removing unwanted portions of the conductive copper. The full-additive 

process is another printed circuit board manufacturing process in which the total 

thickness of electrically separated conductors is formed by the use of electroless 
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deposition. The semi-additive process is a combined process of a subtractive and 

additive in which the total thickness of electrically separated conductors is formed by 

electroplating and electroless copper deposition, etching, or a combined use of both. 

The existing subtractive process has reached its limit. While 8~9 m copper foils are 

widely used in the subtractive process, it is difficult to produce substrates with width 

and spacing smaller than 20 m using the subtractive process. Side etching is an 

important issue even if 8 m copper foil is used to crate fine lines. Because of the use 

of the 8 m copper foil, the thickness of the line created by the subtractive process is 

so thin. Therefore, applications that require a specific impedance cannot meet all 

requirements in particular. Semi-additive process can effectively address these 

limitations. It is possible to produce fine feature substrates with width and spacing of 

15 m and 15 m respectively. Also, the thickness of line can easily be adjusted even 

when the thickness reaches 30 m. At the same time, the semi-additive process is 

good for the environment because it can avoid too much copper etching and reduce 

the wastewater from etching. The semi-additive process is evolving and becoming the 

main process of the fine line (Fig. 3).  
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Fig. 1. Classification of printed circuit boards.1 

 



５ 

 

Fig. 2. Illustration of multilayered printed circuit board. 

 

 

Fig. 3. Schematic diagram of semi-additive process.2 
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1.2 . Cu electrodeposition 

 

Copper can be deposited by using various methods, like physical vapor deposition 

(PVD), chemical vapor deposition (CVD), atomic layer deposition (ALD), electroless 

deposition and electrodeposition. Among these method, Cu electrodeposition is 

superior due to good film properties, good filling profile and its high deposition rate. 

Furthermore, it is crucial to note that the most significant advantage is feasible to 

obtain the successful gap filling at the patterns which means defect-free. 

Cu electrodeposition is one of method for forming Cu film by reduction of Cu ion 

in the aqueous solution, using the externally supplied electrons. There is system of Cu 

electrodeposition consisted of the external power supply, the electrode and the 

electrolyte in Fig. 4. Under the three-electrode system, cathode is working electrode, 

anode is the counter electrode and the reference electrode are employed. So the 

reduction reaction occurs on the cathode surface and oxidation reaction occurs on the 

counter electrode, anode. The basic electrolyte usually consists of metal ions, 

supporting electrolyte that reduces the resistance of solution. In the Cu 

electrodeposition, various electrolytes have been used for many applications, and the 

representative electrolyte systems are shown in Table 1. Among them, the system of 

CuSO4 and sulfuric acid (H2SO4) is widely used for Cu electrodeposition.  

In the Cu electrodeposition, the reduction of Cu ion proceeds by the following 
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equation [1]. 

Cu2+ (aq) + 2e- → Cu (s)  [1] 

At this time, Cu is deposited on cathode, working electrode, by reduction of Cu 

that occur by external electric power. In fact, the equation [1] is combination of the 

following equation [2] and equation [3]. Generally, the equation [2] that is reduction 

of cupric ion is the rate determining step.3  

Cu2+ (aq) + e- → Cu+ (aq)  [2] 

Cu+ (aq) + e- → Cu (s)     [3] 

 

 

Fig. 4. Schematic diagram of Cu electrodeposition.
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Table 1. The representative electrolytes of Cu electrodeposition. 
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1.3 . Organic additives 

 

In order to fill the patterned substrates with Cu, the additional technique is 

required to control the local deposition rate with considering the geometric effect of 

trenches or vias. So the organic additives should be used to produce the defect-free 

filling. The organic additives enable to obtain perfect gap-filling of Cu by 

electrodeposition, and this achievement has been called as superfilling, bottom-up 

filling, or superconformal filling.4 The organic additives affect the rate of Cu 

deposition by the surface adsorption, and basically be classified as accelerator, 

suppressor, and leveler according to their influences on Cu electrodeposition.5,6 The 

accelerator increases the Cu electrodeposition rate by adsorbing on Cu surface. In 

general, the accelerator is sulfonate derivatives and it is reported that the reduction 

and oxidation reaction of disulfide bond or mercapto group in accelerator help 

transfer of Cu ions, which accelerate Cu reduction. The representative accelerators, 

bis(3-sulfopropyl)disulfide (SPS), 3-N,N-diethylaminothiocarbamoly-1-propane-

sulfonic acid (DPS), 3-mercapto-1-propane sulfonic acid (MPSA), are shown in Table 

2.7,8 These accelerators induce the bottom-up filling by accumulating on corner of 

trench or microvia during Cu electrodeposition. 

In contrast, the suppressor disrupts Cu electrodeposition by physically inhibiting 

the approach of Cu ions to the surface of the electrode. The polymeric compounds 
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like polyethylene glycol (PEG), polypropylene glycol (PPG), or their copolymer are 

used as the suppressor, the typical suppressors are shown in Table 3.9-11 In this study, 

PPG-PEG-PPG block copolymer (Mn~2000) was used for electrochemical analyses. 

These suppressors form the blocking layer by adsorbing with Chloride located on Cu 

surface, so the deposition rate is decreased.12 

Although the combination of the accelerator and suppressor is enough to achieve 

bottom-up filling of Cu in damascene interconnection, the additional additive, i.e. 

leveler, is used for the filling of features with relatively large size like microvia in 

PCB and TSV for 3-dimensional packaging of semiconductor devices.13-16 The 

dimensions of microvia and TSV are over few tens of micrometers while dimension 

of damascene interconnection is below few hundreds of nanometer. Because of 

relatively large dimension of via size, electrodeposition time is elongated. The 

relatively long gap-filling time makes bottom-up filling much difficult even in the 

presence of the accelerator and suppressor. Thus the additional organic additives, 

leveler, is required to effectively inhibit Cu electrodeposition at the top surface of 

filling features. 

Many paper reported various organic additives as the leveler for Cu 

electrodeposition in microvia to improve the filling performance, and Table 4 shows 

the representative levelers used for microvia filling.17-20 As revealed in Table 4, the 

levelers usually contain ammonium or amine functional group, as well as aromatic 
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ring. The leveler adjusts the level of Cu surface having topologic variations and form 

a flat surface. Adding levelers which produce relatively thick deposition of copper in 

the recessed area and thin deposition on the protruded area realize the flat surface of 

Cu. And it has different property that is called convection-dependent adsorption 

compared to accelerator and suppressor. Because the convection environment is 

different according to position of microvia, so the convection dependent adsorption 

occurs. At the outside of microvia, the flow of solution is the highest. And it gradually 

decreases along to the bottom of microvia. So, the amount of different flow rate in the 

top and bottom surface of microvia and it makes different degree of adsorption 

according to position in microvia.  
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Table 2. The representative accelerators. 

 

 

Table 3. The representative suppressors. 
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Table 4. The representative levelers. 
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1.4 . Design of new levelers to confirm terminal effect 

 

Compared to other additives, the researches dealing with the levelers and structure 

activity relationship study were rarely reported.13-16 So, there are many unsolved 

problems of leveler. In order to investigate structure activity relationship study of 

leveler, I designed the various levelers according to chain length and different 

terminal group attached to ammonium group in this study. 

In our previous work, we reported the triethylene glycol based levelers containing 

different halide ion as counter anion by applying TSV-scaled trenches.21 The Leveler 

1 is one of leveler in this paper, and this compound has bis-ammonium structure and 

bromide anion as counter anion. Although the triethylene glycol based leveler 

containing iodide anion as counter anion was superior compared to other leveler 

containing chloride and bromide anion in this paper, the bromide anion, Leveler 1, 

was used in this study due to strong suppression effect of iodide anion in order to 

clarify the effects among levelers having different structure.22  

As mentioned above, I designed various levelers for structure activity relationship 

study. At first, I have a question about chain length effect of leveler, so based on 

Leveler 1 having triethylene glycol chain, I designed Leveler 2 having five more 

ethylene glycol unit than Leveler 1. Also in order to find effect of pi-bond, I designed 

Leveler 3 having propyl group that don’t have pi-bond compared to Leveler 1. And, 
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from the reported paper saying that aromatic ring is important role for good filling 

performance, I designed Leveler 4 having benzyl group as terminal group instead of 

allyl group used in Leveler 1. In addition, Leveler 5 having naphthalen-2-ylmethyl 

group as terminal group was designed to confirm the effect about amount of aromatic 

ring. 

In this study, I synthesized the five levelers having different chain length and 

terminal group and it is shown in Fig. 5. All synthesized levelers have bis-ammonium 

structure and bromide anion as counter anion. Using these synthesized levelers, the 

linear sweep voltammetry (LSV) that is one of electrochemical analysis was 

conducted to find property of leveler, finally Cu-gap filling with accelerator and 

suppressor was conducted on microvia. 

 

 

Fig. 5. The structure of synthesized levelers. 
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2. General Procedure for Electrochemical analyses 

 

2.1. Linear sweep voltammetry 

 

As mentioned above, the adsorption of synthesized levelers was examined by 

linear sweep voltammetry by using a potentiostat (273A, EG&G Princeton Applied 

Research Corporation). The basic electrolyte consisted of 0.92 M CuSO4
.5H2O 

(Samchun Chemical), 0.4 H2SO4 (Daejung Chemicals & Metals) and 0.82 mM Cl- 

(from 35 % hydrochloric acid, Daejung Chemicals & Metals). In this study, the 7 M 

concentration of levelers was used in all electrochemical analyses. And 

poly(propylene glycol)-poly(ethylene glycol)-poly(propylene glycol) block 

copolymer (average Mn ~ 2000, Sigma-aldrich) was used as the suppressor, also 

bis(3-sulfopropyl)disulfide (RASCHIG GmbH) was adopted as the accelerator for 

analyses of interaction of additives which are leveler, accelerator and suppressor. The 

concentration of the accelerator and the suppressor were 4 M and 15 M, 

respectively. The temperature of electrolyte was sustained at 25 ˚C by a thermostat. 

The linear sweep voltammetry was conducted in a three-electrode system, composed 

of Cu rotating disk electrode (RDE, 0.07 cm2 of geometric area, polished with 2000 

grit sandpaper prior to every single analysis) as a working electrode, a 99.9% Cu wire 
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as a counter electrode, and Ag/AgCl (KCl saturated) electrode as a reference electrode. 

And linear sweep voltammetry was conducted with sweeping the potential from 150 

mV (versus Ag/AgCl) to -350 mV at 10 mV/s of scan rate. 
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2.2. Gap filling test in microvia 

 

Printed circuit board was taken from Samsung Electro-mechanics and the 

microvia with 100 m of depth, 100 m of bottom width and 130 m of top width 

was used for gap-filling test with Cu electrodeposition. The IrO2/Ti was used as anode 

and directly placed in the electroplating bath with a 2 L working volume. The 

electrolytes consisted of 4 M SPS, 15 M PPG-PEG-PPG block copolymer (Mn ~ 

2000) and 7 M synthesized levelers. And the basic electrolyte composition was same 

with LSV condition. The current density for Cu electrodeposition was -15 mA/cm2, 

and deposition time was 60 min regardless of the electrolytes. And constant agitation 

was applied by means of continuously flowing at a flow pressure 0.5 kgf / cm2 during 

electroplating so as to ensure the efficient mass transfer. In order to maintain 

temperature as 25 ˚C, cooling bar was used to decrease temperature by controlling 

temperature of cooling bar and it was directly placed in the electroplating bath. 

Therefore, the plating cell consisted of bath, electrodes, nozzle, pump and cooling bar. 

The cross-section profiles were observed by optical microscope (ICS-306B, 

Sometech). 
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3. Results and Discussion 

 

3.1. Synthesis of Levelers 

 

3.1.1. Leveler 1 

 

In previous work, we reported triethylene glycol-based levelers, Leveler 1, having 

ammonium group and bromide anion as counter anion of ammonium groups.21 The 

Leveler 1 has the two functional groups and was designed based on the reported 

information. First one is ammonium group because of the fact that majority of the 

reported levelers contain ammoniums.23-26 The ammonium functional group was 

related to convection-dependent adsorption behavior. This ammonium functional 

group was expected to be highly related to the convection-dependent adsorption 

behavior. Second one is ethylene glycol unit. The suppressor which is typically 

Polyethylene glycol (PEG) disrupts Cu electro-deposition by forming a complex with 

Cu+ and Cl- ions on the Cu surface of electrode, so this complex physically inhibits 

the approach of Cu ions to the surface of the electrode. For these reasons, ethylene 

glycol unit has been chosen as a center chain, and two ammoniums have been 
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introduced to the both ends, finally the bis-ammonium leveler, Leveler 1, was 

designed. 

Scheme 1 shows the synthetic route of Leveler 1. Ethylene glycol was selected as 

a starting material, and O-allyaltion of the ethylene glycol successfully produced 

corresponding diallyl compound 1. In order to introduce the amino group, the 

epoxidation reaction of 1 was conducted with meta-chloroperoxybenzoic acid 

(mCPBA), and produced corresponding diepoxide compound 2. And a simple 

treatment of 2 with N,N-dimethylamine resulted in the epoxide ring opening to give 

the corresponding diamine compound 3. Finally, Leveler 1 was produced from the N-

allylation reaction of 3 with the allyl bromide in overall 63% yields. 

 

 

Scheme 1. Synthesis of Leveler 1 from ethylene glycol. 

 

3.1.2. Leveler 2 
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As I mentioned above, the ethylene glycol unit inhibit the approach of Cu ions to 

the surface of electrode by forming a complex with Cu+ and Cl- ions. In order to 

check the chain length effect of ethylene glycol unit, I designed Leveler 2 having five 

more ethylene glycol unit than Leveler 1. 

Scheme 2 shows the synthetic route of Leveler 2. For synthesizing the longer 

leveler than Leveler 1, Hexaethylene glycol was selected as a starting material, and 

O-allyaltion of the ethylene glycol successfully produced corresponding diallyl 

compound 4. In order to introduce the amino group, the epoxidation reaction of 4 was 

conducted with meta-chloroperoxybenzoic acid (mCPBA), and produced 

corresponding diepoxide compound 5. And a simple treatment of 5 with N,N-

dimethylamine resulted in the epoxide ring opening to give the corresponding 

diamine compound 6. Finally, Leveler 2 was produced from the N-allylation reaction 

of 6 with the allyl bromide in overall 45% yields. 

 

 

Scheme 2. Synthesis of Leveler 2 from hexaethylene glycol. 
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3.1.3. Leveler 3 

 

In order to confirm effect of bond in leveler, the Leveler 3 having propyl group 

in terminal has also been synthesized to compare with Leveler 1 having allyl group 

which has one  bond compared to propyl group. Since the other structures are same 

except terminal group, we expected to find the exact effect of  bond for Cu 

electrodeposition. 

Scheme 4 shows the synthetic route of Leveler 3. Ethylene glycol was selected as 

a starting material, and the same procedures in case of Leveler 1 were used until 

diamine compound 3. So O-allyaltion of the ethylene glycol produced corresponding 

diallyl compound 1 and the epoxidation reaction of 1 was conducted with meta-

chloroperoxybenzoic acid (mCPBA), and produced corresponding diepoxide 

compound 2. And a simple treatment of 2 with N,N-dimethylamine resulted in the 

epoxide ring opening to give the corresponding diamine compound 3. Finally, 

Leveler 3 was produced from the N-propylation reaction of 3 with the propyl bromide 

in overall 58% yields. 
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Scheme 3. Synthesis of Leveler 3 from ethylene glycol. 

 

3.1.4. Leveler 4 

 

Many researches dealing with leveler for Cu electrodeposition reported 

application of via filling by using the leveler having aromatic rings.17-20 In order to 

confirm effect of aromatic rings in leveler, I designed the Leveler 4 having benzyl 

group in terminal and this leveler has also been synthesized to compare with Leveler 

1 having allyl group. Since the other structures are same except terminal group, we 

expected to find the exact effect of aromatic rings for Cu electrodeposition. 

Scheme 5 shows the synthetic route of Leveler 4. Ethylene glycol was selected as 

a starting material, and the same procedures in case of Leveler 1 were used until 

diamine compound 3. So O-allyaltion of the ethylene glycol produced corresponding 

diallyl compound 1 and the epoxidation reaction of 1 was conducted with meta-

chloroperoxybenzoic acid (mCPBA), and produced corresponding diepoxide 
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compound 2. And a simple treatment of 2 with N,N-dimethylamine resulted in the 

epoxide ring opening to give the corresponding diamine compound 3. Finally, 

Leveler 4 was produced from the N-benzylation reaction of 3 with the benzyl 

bromide in overall 62% yields. 

 

 

Scheme 4. Synthesis of Leveler 4 from ethylene glycol. 

 

3.1.5. Leveler 5 

 

With the same concept of Leveler 4, I designed the Leveler 5 having naphthalen-

2-ylmethyl group in terminal in order to confirm the effect of aromatic rings. Because 

the Leveler 5 has more aromaticity than Leveler 1, it is expected to show more 

powerful suppression and convection-dependent adsorption. 

Scheme 6 shows the synthetic route of Leveler 5. Ethylene glycol was selected as 

a starting material, and the same procedures in case of Leveler 1 were used until 
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diamine compound 3. So O-allyaltion of the ethylene glycol produced corresponding 

diallyl compound 1 and the epoxidation reaction of 1 was conducted with meta-

chloroperoxybenzoic acid (mCPBA), and produced corresponding diepoxide 

compound 2. And a simple treatment of 2 with N,N-dimethylamine resulted in the 

epoxide ring opening to give the corresponding diamine compound 3. Finally, 

Leveler 5 was produced from the N-naphthalen-2-ylmethylation reaction of 3 with 

the 2-(bromomethyl)naphthalene in overall 58% yields. 

 

 

Scheme 5. Synthesis of Leveler 5 from ethylene glycol. 
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3.2. Electrochemical analyses of Levelers 

 

3.2.1. Leveler 1 

 

Gap-filling of microvia required the strong agitation of the electrolyte to prevent 

the depletion of Cu ions at the bottom of the filling features. Therefore, the fluidic 

motion at the outside of features is obviously stronger than that at the inside, and the 

agitation decreases from the top to the bottom of the features. Also as I mentioned 

above, the additional additives, leveler, is required for the filling of features with 

relatively large size like microvia in PCB and TSV for 3-dimensional packaging of 

semiconductor devices.13-16 Therefore the convection-dependent adsorption of a 

leveler is a key characteristic for defect free bottom-up filling in case of microvia. To 

replicate these conditions, the linear sweep voltammetry was conducted in 1000 rpm 

and 15 rpm. The opening of microvia, which is under strong convection condition, 

corresponded to 1000 rpm, and the bottom of microvia, which is under little 

convection condition, corresponded to 15 rpm. Generally, it was reported that no 

fluidic motion at the bottom of features was observed in case of TSV or 

interconnection of semiconductors.1 But we conducted linear sweep voltammetry in 

15 rpm for depicting fluidic motion at the bottom of microvia due to the relatively 

large size like microvia in PCB. The data of linear sweep voltammetry of electrolytes 
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with Leveler 1 and without leveler is shown in Fig. 6. In case of no leveler, there was 

no considerable difference in LSV data between 15 rpm and 1000 rpm (Fig. 6 (a)). 

Although there was difference in the region of over -100 mV range, this difference is 

from the concentration of Cu ions at the surface of electrode. As the potential 

increased in negative direction, the concentration of Cu ions near the working 

electrode decreased by reduction of Cu ions. Because diffusion is only factor for 

transferring Cu ions to the working electrode in 0 rpm, the concentration of Cu ions 

near the working electrode gradually decreased, resulting fall of reduction current like 

Fig. 6 (a). In contrast, the strong convection was the additional factor for transferring 

Cu ions to the working electrode, so there was a large amount of Cu ions near the 

working electrode. Therefore, Seeing the Fig. 6 (a), the reduction current continu-

ously increased without decrease of current in case of 1000 rpm. In contrast to Fig. 6 

(a), there was difference in LSV data between 15rpm and 1000rpm in case of with 

Leveler 1 (Fig. 6 (b)). Although the effect of convection-dependent adsorption was 

not large, the obvious effect of convection-dependent adsorption was detected 

between 15 rpm and 1000 rpm. 

In order to confirm the adsorption and interaction of leveler in the presense of 

other additives like SPS used as accelerator and polymer used as suppressor, linear 

sweep voltammetry was conducted (Fig. 7) by using bis(3-sulfopropyl)disulfide as 

accelerator and PPG-PEG-PPG block copolymer, average Mn ~ 2000, as suppressor. 
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In case of LSV data without leveler, Fig. 7 (a), the reduced suppression effects were 

observed regardless of convection condition compared to Fig. 6 (a) (Fig. 6 (a) vs Fig. 

7 (a)), and it shows the relatively stronger suppression in case of 1000 rpm compared 

to 15 rpm. This circumstance was not related to convection-dependent adsorption. 

Generally, Suppressor like PEG or PEG-PPG copolymer don’t show convection-

dependent adsorption. So this observation implied that the competitive adsorption 

between SPS and PPG-PEG-PPG, and the effect of SPS was stronger under 15 rpm 

than 1000 rpm. In case of LSV data with Leveler 1, Fig. 7 (b), some convection-

dependent adsorption was observed. This observation implied that the competitive 

adsorption between SPS, PPG-PEG-PPG and Leveler 1 occurred only under 15 rpm 

condition, which means that the effect of SPS was completely eliminated by addition 

of Leveler 1. The SPS only adsorbed Cu surface under 15 rpm condition, so the 

decreased suppression effect of suppressor was observed. From these data, the 

convection-dependent adsorption was observed under 1000 rpm condition with 

selectively decrease of suppression effect by adding Leveler 1 into the combination 

of SPS and PPG-PEG-PPG. 
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Fig. 6. Linear sweep voltammetry according to the rotating speed (a) without leveler, 

(b) with 7 M Leveler 1. The basic electrolyte consisted of 0.92 M CuSO4, 0.4 M 

H2SO4, 0.82 mM Cl-. 
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Fig. 7. Linear sweep voltammetry according to the rotating speed (a) without leveler, 

(b) with 7 M Leveler 1 in the presence of 15 M PPG-PEG-PPG (Mn ~ 2000) and 4 

M SPS. The basic electrolyte consisted of 0.92 M CuSO4, 0.4 M H2SO4, 0.82 mM 

Cl-. 
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3.2.2. Leveler 2 ~ 5 

 

Linear sweep voltammetry was also conducted about Leveler 2 having longer 

ethylene glycol chain compared to Leveler 1, Leveler 3 having propyl group as 

terminal group compared to Leveler 1, Leveler 4 having benzyl group, Leveler 5 

having naphthalen-2-ylmethyl group to investigate the effect of chain length and 

terminal group for Cu electrodeposition. The results of these LSV data are shown in 

Fig. 8, Fig. 9, Fig. 10 and Fig. 11. 

First, the synthesized levelers in the absence of other additives were examined by 

LSV (Fig. 8 and Fig. 9). All synthesized levelers showed the convection-dependent 

adsorption behavior, but the magnitudes of that were different. Comparing the LSV 

data of Leveler 1 and Leveler 2, Leveler 2 having longer ethylene glycol chain than 

Leveler 1 showed the stronger suppression effect and convection dependent 

adsorption than that of Leveler 1 (Fig. 6 (a) vs Fig. 8 (a)). And in case of Leveler 3 

having propyl group as terminal group, the slightly decreased convection-dependent 

adsorption was observed, but this difference is so small that this result is meaningless 

(Fig. 6 (a) vs Fig. 8 (b)). On the contrary, the cases of Leveler 4 having benzyl group 

and Leveler 5 having naphthalen-2-ylmethyl group as terminal group showed the 

stronger suppression effect and convection-dependent adsorption than that of Leveler 

1 (Fig. 6 (a) vs Fig. 8 (c), (d)). So having aromatic ring like benzyl or naphthalen-2-
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ylmethyl in ammonium leveler showed better convection-dependent adsorption, and 

Leveler 5 having bigger aromatic, naphthalen-2-ylmethyl group, than Leveler 4 

showed stronger suppression effect and convection-dependent adsorption. Fig. 9 was 

depicted to compare the suppression effect of all synthesized levelers. Under the 15 

rpm condition, all the levelers showed the little suppression effect comparing to 

voltammogram of without leveler. In other words, there are no adsorption on the Cu 

surface of electrode under negligible convection, 15 rpm. The difference of 

suppression effect between them was not considerable. On the other hand, under the 

1000 rpm condition, there are obvious difference of suppression effect between all 

levelers, which meant large amounts of the levelers strongly adsorbed on the Cu 

surface of electrode. The magnitude of suppression effect is in order of No leveler < 

Leveler 3 ≒ Leveler 1 < Leveler 2 < Leveler 4 < Leveler 5. From these data, two 

factor for better suppression effect of leveler can be found. First one is the longer 

ethylene glycol chain and second one is the bulkiness group attached to ammonium 

group. Because of the stronger suppression effect in case of Leveler 2 compared to 

the Leveler 1, it might be concluded that longer ethylene glycol chain shows the 

stronger adsorption to Cu surface. And having bulky group attached to ammonium 

functionality like case of Leveler 4 and Leveler 5 showed the stronger suppression 

compared to Leveler 1 and even Leveler 2 having longer ethylene glycol chain. So it 

might be concluded that bulkiness group attached to ammonium inhibits the 
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transferring of Cuprous ion which is the key points of Cu reduction. In order to clarify 

this, however, the more electrochemical analyses are needed. 

Next, the synthesized levelers in the presence of all other additives which are 

PPG-PEG-PPG block copolymer and SPS were examined by LSV (Fig. 10 and Fig. 

11). It is important to examine the LSV data not only under only leveler condition but 

also under all additives condition. Because I finally will conduct the Cu 

electrodeposition under all additives condition. Under the all additives condition, 

although there are also convection-dependent adsorption behaviors in all synthesized 

levelers, the big differences of convection-dependent adsorption were not observed 

between them. Looking at the Fig 11, under 15 rpm and 1000 rpm there were no 

difference between levelers except for case of Leveler 5. The Leveler 5 showed the 

largest suppression effect even under all additives condition. These results implied 

that the terminal group and ethylene glycol chain length effect were negligible on the 

interaction with SPS and PPG-PEG-PPG block copolymer except for Leveler 5 

having naphthalen-2-ylmethyl group. 

To summarize the above analyses, it was confirmed that the all synthesized 

levelers showed convection-dependent adsorption behavior in all additives condition 

and no additives condition. And the longer ethylene glycol chain in leveler structure 

showed the stronger suppression effect. Also, having bulky group attached to 

ammonium functionality like case of Leveler 4 and Leveler 5 showed the stronger 
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suppression effect and convection-dependent adsorption compared to relatively 

having small group attached to ammonium like case of Leveler 1 and Leveler 3. 

From these results, it is supposed that ammonium group make complex with chlorine 

which is located on Cu surface, so bulky group attached to ammonium effectively 

make a barrier layer to inhibit transfer of cuprous ion. But the differences in 

suppression effect according to the synthesized levelers were not detected in all 

additives condition. This results implied that the terminal group and ethylene glycol 

chain length effect were negligible on the interaction with SPS and PPG-PEG-PPG 

block copolymer. 
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Fig. 8. Linear sweep voltammetry according to the rotating speed (a) with 7 M 

Leveler 2 (b) Leveler 3 (c) Leveler 4 (d) Leveler 5. The basic electrolyte consisted 

of 0.92 M CuSO4, 0.4 M H2SO4, 0.82 mM Cl-.  
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Fig. 9. Linear sweep voltammetry of all synthesized levelers in the absence of other 

additives under (a) 0 rpm, (b) 1000 rpm. The basic electrolyte consisted of 0.92 M 

CuSO4, 0.4 M H2SO4, 0.82 mM Cl-. 
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Fig. 10. Linear sweep voltammetry according to the rotating speed (a) with 7 M 

Leveler 2 (b) Leveler 3 (c) Leveler 4 (d) Leveler 5 in the presence of 15 M PPG-

PEG-PPG (Mn ~ 2000) and 4 M SPS. The basic electrolyte consisted of 0.92 M 

CuSO4, 0.4 M H2SO4, 0.82 mM Cl-. 
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Fig. 11. Linear sweep voltammetry of 7 M all synthesized levelers in the presence of 

15 M PPG-PEG-PPG (Mn ~ 2000) and 4 M SPS under (a) 0 rpm, (b) 1000 rpm. 

The basic electrolyte consisted of 0.92 M CuSO4, 0.4 M H2SO4, 0.82 mM Cl-. 

  



４１ 

3.3 Gap filling test in microvia 

 

From linear sweep voltammetry data of the synthesized levelers above, the defect-

free gap filling performance in microvia was anticipated. In order to confirm this 

performance, the gap filling tests in microvia were conducted with SPS and PPG-

PEG-PPG block copolymer (Mn ~ 2000). And 0.5 kgf/cm2 nozzle pressure was 

applied to reproduce convection-dependent adsorption. The microvia which have 130 

m of top diameter, 100 m of bottom diameter and 100 m of depth was used in gap 

filling test. As I mentioned above, the top of microvia was expected to be more 

suppressed compared to the bottom of microvia. The results of gap filling test are 

shown in Fig. 12. 

In the absence of the levelers, conformal deposition profile was obtained (Fig. 12 

(a)). In this case, top side was not sufficiently suppressed that deposition was not 

selectively conducted in microvia. This result matched with LSV data which didn’t 

show convection-dependent adsorption and had weak suppression effect (Fig. 7 (a)). 

In the presence of the synthesized levelers with the combination of SPS and PPG-

PEG-PPG block copolymer, on the other hand, the gap filling results showed that Cu 

electrodeposition was selectively conducted in microvia. But there are differences in 

gap filling performance between the synthesized levelers (Fig. 12). In case of Leveler 

1, the bottom-up filling which is important for successful gap filling was observed, 
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but the microvia was not completely deposited by Cu electrodeposition. Although, the 

linear sweep voltammetry data showed convection-dependent adsorption in Fig. 7 (b), 

deficiency of suppression ability caused the deposition in top side, consequently 

perfect gap filling didn’t occur. Like the results of Leveler 1, Leveler 3 having propyl 

group compared to Leveler 1 having allyl group showed the similar gap filling result 

comparing to Leveler 1. This result implied that the pi bond in allyl group attached to 

ammonium functionality didn’t show the difference for gap filling on microvia. On 

the other hand, the cases of Leveler 2, Leveler 4 and Leveler 5 showed perfect gap 

filling results on microvia. Seeing the linear sweep voltammetry data, there are big 

difference in convection-dependent adsorption (Fig. 7, Fig. 10 and Fig. 11). But the 

gap filling data showed the better filling performance in Leveler 2, Leveler 4 and 

Leveler 5 than that of Leveler 1 and Leveler 3. From these data, it is concluded that 

the longer ethylene glycol chain and bulky group like benzyl group and naphthalen-2-

ylmethyl group in terminal attached to ammonium functionality formed the strong 

barrier to inhibit transferring of cuprous ion in top side of microvia. Therefore, Cu 

electrodeposition was selectively conducted in microvia, we could get the complete 

gap filling data in case of Leveler 2, Leveler 4, Leveler 5. 
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Fig. 12. The cross-section images of microvias filled (a) without leveler, with (b) 

Leveler 1, (c) Leveler 2, (d) Leveler 3, (e) Leveler 4 and (f) Leveler 5. 
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4. Conclusions 

 

Five new levelers having the bis-ammonium structure, different ethylene glycol 

chain and different terminal group have been synthesized. These five levelers showed 

the convection-dependent adsorption behavior. And there were differences in 

suppression strength between the synthesized levelers when the leveler was applied as 

a sole additive. The levelers having the longer ethylene glycol chain and bulky group 

like benzyl group and naphthalen-2-ylmethyl group attached to ammonium 

functionality showed stronger suppression effect and convection-dependent 

adsorption than the levelers having allyl group and propyl group in terminal. And the 

interactions with SPS and PPG-PEG-PPG block copolymer (Mn ~ 2000) have been 

also investigated. Although the different adsorption behaviors of the synthesized 

levelers were observed, there were no big difference in suppression effect and 

convection-dependent adsorption in condition of all additives except for Leveler 5 

having naphthalen-2-ylmethyl group. In order to confirm filling performance in 

microvia of all synthesized levelers, the gap filling tests were also conducted in 

microvia. Without leveler, conformal gap filling data was obtained and microvia was 

not selectively deposited. And in case of Leveler 1 and Leveler 3, although bottom-

up filling was observed, gap-filling was not completely conducted. But in case of 

Leveler 2, Leveler 4 and Leveler 5, the successful gap filling data were obtained. So, 
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it is concluded that Leveler 2 having the longer ethylene glycol chain and Leveler 4 

and Leveler 5 having bulky group attached to ammonium functionality formed the 

strong barrier to inhibit transferring of cuprous ion in top side of microvia compared 

to Leveler 1 and Leveler 3. So, Cu electrodeposition was selectively conducted in 

microvia, we could get the successful gap filling data in case of Leveler 2, Leveler 4, 

Leveler 5. Because in this study few electrochemical analyses were investigated 

about all synthesized levelers, further investigations of other electrochemical analyses 

are needed to clarify this study. However, from this study some valuable structure 

activity relationship study of terminal group and chain structure on bis-ammonium 

leveler for Cu electrodeposition in microvia could be obtained. 
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5. Experimental details 

 

5.1. General procedure 

 

All base materials were commercially available compounds and were used 

without further purification. Tetrahydrofuran (THF) was distilled in the presence of 

sodium under nitrogen atmosphere before using. Air or moisture sensitive reactions 

were conducted under nitrogen atmosphere using oven-dried glassware and standard 

syringe/septa techniques. The reactions were checked with SiO2 TLC plates under UV 

light (254 nm), subsequently detection proceeded with a phosphomolybdic acid or a 

ninhydrin stain solution. Column chromatography was conducted on silica gel 60 (70-

230 mesh). 1H and 13C nuclear magnetic resonance (NMR) spectra were measured at 

400 MHz and 100 MHz, respectively, in deuterated chloroform (CDCl3) or deuterated 

methanol (MeOH-d4) with Bruker Avance-400. The 1H NMR spectroscopic data were 

reported as follows in ppm (δ) from the internal standard (TMS, 0.0 ppm) in CDCl3 or 

3.31 resonance of MeOH-d4 : chemical shift (integration, multiplicity, coupling 

constant in Hz). The 13C NMR spectra data were referenced with the 77.16 resonance 

of CDCl3, or 49.00 resonance of MeOH-d4. High resolution mass spectra (HRMS) 

were measured by the fast atom bombardment (FAB) ionization method and analyzed 
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with a magnetic sector mass analyzer. 

 

 

5.1.1 Allylation.  

[Synthesis of ethylene glycol diallyl ether 1] 

Sodium hydride (NaH, 4.00 g, 107.6 mmol, 3.0 equiv.) was added portionwise to 

a solution of ethylene glycol (2.0 mL, 35.9 mmol, 1.0 equiv.) in anhydrous 

tetrahydrofuran (THF, 60 mL) at 0˚C, and the resulting mixture was stirred for 30 min 

under N2 atmosphere. To the reaction mixture were added Bu4NI (2.7 g, 7.20 mmol, 

0.2 equiv.) and allyl bromide (9.3 mL, 107.6 mmol, 3.0 equiv.), and the resulting 

mixture was stirred for 5 h at room temperature. Then, the reaction mixture was 

quenched with H2O (1 mL), and the resulting mixture was partitioned between ethyl 

acetate (EtOAc, 40 mL) and additional H2O (20 mL). The separated organic layer was 

washed with H2O (20 mL × 2), and the organic layer was dried over MgSO4, filtered, 

and concentrated under reduced pressure. The following purification of the crude 

product by silica gel chromatography (Hexane:EtOAc = 16:1) afforded 4.56 g (89%) 

of ethylene glycol diallyl ether (1) as colorless oil. The obtained NMR spectra were 

consistent with the reported data; 1H NMR (CDCl3) δ 3.64 (4H, s), 4.06 (4H, m), 

5.19-5.34 (4H, m), 5.91-6.00 (2H, m); 13C NMR (CDCl3) δ 69.6, 72.4, 117.3, 134.9; 
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[Synthesis of hexaethylene glycol diallyl ether 4] 

Sodium hydride (NaH, 0.26 g, 6 mmol, 3.0 equiv.) was added portionwise to a 

solution of hexaethylene glycol (0.5 mL, 2 mmol, 1.0 equiv.) in anhydrous 

tetrahydrofuran (THF, 7 mL) at 0˚C, and the resulting mixture was stirred for 30 min 

under N2 atmosphere. To the reaction mixture were added Bu4NI (0.15 g, 0.4 mmol, 

0.2 equiv.) and allyl bromide (0.52 mL, 6 mmol, 3.0 equiv.), and the resulting mixture 

was stirred for 5 h at room temperature. Then, the reaction mixture was quenched 

with H2O (1 mL), and the resulting mixture was partitioned between ethyl acetate 

(EtOAc, 20 mL) and additional H2O (10 mL). The separated organic layer was 

washed with H2O (5 mL × 2), and the organic layer was dried over MgSO4, filtered, 

and concentrated under reduced pressure. The following purification of the crude 

product by silica gel chromatography (Hexane:EtOAc = 8:1) afforded 0.64 g (88%) of 

hexaethylene glycol diallyl ether (4) as colorless oil. The obtained NMR spectra were 

consistent with the reported data; 1H NMR (CDCl3) δ 3.59-3.67 (24H, m), 4.02 (4H, 

m), 5.16-5.3 (4H, m), 5.87-5.97 (2H, m); 13C NMR (CDCl3) δ 69.34, 70.5, 70.53, 

72.08, 116.86, 134.72; 

 

 

5.1.2. Epoxidation 

[Synthesis of ethylene glycol bis(oxiranylmethyl) ether 2] 
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m-Chloroperoxybenzoic acid (mCPBA, 10.60 g, 61.4 mmol, 3.0 equiv.) was 

added to a solution of 1 (2.24 g, 15.8 mmol, 1.0 equiv.) in dichloromethane (CH2Cl2, 

60 mL), and the reaction mixture was stirred at room temperature for 10 min. 

Afterward, the reaction mixture was heated under reflux for 5 h. The resulting 

solution was diluted with CH2Cl2 (20 mL) and washed with an aqueous saturated 

solution of NaHCO3 (60 mL × 3). The organic layer was dried over MgSO4, filtered 

and concentrated under reduced pressure. By silica gel chromatography of the crude 

product with gradient elution (Hexane:EtOAc = 4:1 to 1:2) was obtained pure 

ethylene glycol bis(oxiranylmethyl) ether (2) (2.09 g, 76%) as colorless oil. The 

obtained NMR spectra of 2 were well matched with the reported data, and the product 

2 was also analyzed by a heteronuclear single quantum coherence (HSQC) study (not 

shown); 1H NMR (CDCl3) δ 2.61-2.63 (2H, m), 2.81 (2H, dd, J=4.0, 4.8), 3.16-3.20 

(2H, m), 3.41-3.46 (2H, m), 3.64-3.76 (4H, m), 3.80-3.84 (2H, m); 13C NMR (CDCl3) 

δ 44.4, 51.0, 70.9, 72.2; 

 

[Synthesis of hexaethylene glycol bis(oxiranylmethyl) ether 5] 

m-Chloroperoxybenzoic acid (mCPBA, 2 g, 8.47 mmol, 3.0 equiv.) was added to 

a solution of 4 (1.02 g, 2.82 mmol, 1.0 equiv.) in dichloromethane (CH2Cl2, 30 mL), 

and the reaction mixture was stirred at room temperature for 10 min. Afterward, the 

reaction mixture was heated under reflux for 5 h. The resulting solution was diluted 
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with CH2Cl2 (10 mL) and washed with an aqueous saturated solution of NaHCO3 (30 

mL × 3). The organic layer was dried over MgSO4, filtered and concentrated under 

reduced pressure. By silica gel chromatography of the crude product with gradient 

elution (Hexane:EtOAc = 4:1 to 1:2) was obtained pure hexaethylene glycol 

bis(oxiranylmethyl) ether (5) (0.63 g, 57%) as colorless oil. 1H NMR (CDCl3) δ 2.6-

2.62 (2H, m), 2.78-2.81 (2H, m), 3.15-3.17 (2H, m), 3.41-3.44 (2H, dd, J=5.6), 3.77-

3.8 (2H, m), 3.65-3.7 (24H, m); 13C NMR (CDCl3) δ 44.03, 50.61, 70.41, 70.45, 

70.57, 71.8; 

 

 

5.1.3. Epoxide opening reaction 

[Synthesis of 1,2″-bis(N,N-dimethylaminomethyl) triethylene glycol 3] 

N,N-Dimethylamine (2 M in MeOH, 21.7 mL, 43.5 mmol, 5.0 equiv.) was added 

to 2 (1.51 g, 8.69 mmol) at room temperature. After 10 h, the reaction mixture was 

concentrated under reduced pressure to give 1,2″-bis(N,N-dimethylaminomethyl) 

triethylene glycol 3 as yellowish oil (1.52 g, quant.). The obtained NMR spectra were 

consistent with the reported data; 1H NMR (CDCl3) δ 2.31 (2H, m), 2.33 (12H, s), 

2.48 (2H, m), 3.49 (2H, m), 3.57 (2H, m), 3.70 (4H, s), 3.90 (2H, m); 13C NMR 

(CDCl3) δ 45.8, 61.9, 67.0, 70.9, 74.1;  
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[Synthesis of bis(N,N-dimethylaminomethyl) octaethylene glycol 6] 

N,N-Dimethylamine (2 M in MeOH, 21.7 mL, 43.5 mmol, 5.0 equiv.) was added 

to 5 (1.51 g, 8.69 mmol) at room temperature. After 10 h, the reaction mixture was 

concentrated under reduced pressure to give bis(N,N-dimethylaminomethyl) 

octaethylene glycol 6 as yellowish oil (1.52 g, quant.). The obtained NMR spectra 

were consistent with the reported data; 1H NMR (D2O) δ 2.27 (12H, s), 2.46 (4H, d, 

J=6), 3.454-3.5 (2H, m), 3.57-3.61 (2H, m), 3.6 (24H, s), 3.94 (2H, s), 3.98-4.03 (2H, 

m); 13C NMR (MeOH-d4) δ 45.98, 63.18, 68.71, 71.39, 71.42, 71.59, 75.14; 

 

 

5.1.4. Alkylation 

[Synthesis of bis(N,N,N-dimethylallylammoniomethyl) triethylene glycol dibromide 

Leveler 1] 

Allyl bromide (0.35 mL, 4.0 mmol, 2.2 equiv.) was added dropwise at room 

temperature to a solution of 3 (484 mg, 1.8 mmol) in THF (10 mL). After 12 h, the 

reaction mixture was concentrated to give 1,2″-bis(N,N,N-

dimethylallylammoniomethyl) triethylene glycol dibromide, Leveler 1 (909 mg, 

83%); 1H NMR (D2O) δ 3.09 (12H, d, J=8), 3.22 (4H, d, J=7.2), 3.36 (4H, d, J=5.6), 

3.66 (4H, br s), 3.97 (4H, dd, J=2.6, 7.4), 4.38 (2H, m), 5.66 (4H, m), 5.93-6.04 (2H, 

m); 13C NMR (MeOH-d4) δ 52.1, 52.4, 66.1, 67.6, 69.0, 71.8, 74.3, 126.5, 129.7; 
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HRMS (FAB) calcd for C12H38BrN2O4
+ 425.2015 ([M-Br]+), found 425.2010. 

 

[Synthesis of bis(N,N,N-dimethylallylammoniomethyl) octaethylene glycol dibromide 

Leveler 2] 

Allyl bromide (0.27 mL, 3.1 mmol, 2.2 equiv.) was added dropwise at room 

temperature to a solution of 3 (683 mg, 1.4 mmol) in THF (10 mL). After 12 h, the 

reaction mixture was concentrated to give 1,2″-bis(N,N,N-

dimethylallylammoniomethyl) triethylene glycol dibromide, Leveler 2 (918 mg, 

90%); 1H NMR (MeOH-d4) δ 3.17 (12H, d, J=10.8), 3.37-3.49 (4H, m), 3.53-3.58 

(4H, m), 3.64-3.66 (24H, m), 4.04-4.15 (4H, m), 4.33-4.37 (2H, m), 4.59 (2H, s), 5.7-

5.75 (4H, m), 6.08-6.18 (2H, m); 13C NMR (MeOH-d4) δ 51.88, 52.2, 66.12, 67.72, 

68.99, 71.52, 71.82, 74.26, 126.57, 129.57; HRMS (FAB) calcd for C28H58BrN2O9+ 

645.3326 ([M-Br]+), found 645.333. 

 

[Synthesis of bis(N,N,N-dimethylpropylammoniomethyl) triethylene glycol dibromide 

Leveler 3] 

1-bromopropane (0.76 mL, 8.29 mmol, 6 equiv.) was added dropwise at room 

temperature to a solution of 3 (365 mg, 1.38 mmol) in THF (10 mL). After 24 h, the 

reaction mixture was concentrated to give 1,2″-bis(N,N,N-dimethylpropylammonio-

methyl) triethylene glycol dibromide, Leveler 3 (464 mg, 85%); 1H NMR (MeOH-d4) 
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δ 1.04 (6H, t, J=7.32), 1.86-1.94 (4H, m), 2.9 (2H, s), 3.22 (12H, d, J=1.6), 3.4-3.48 

(4H, m), 3.5-3.56 (4H, m), 3.57-3.61 (4H, m), 3.73 (4H, s), 4.35-4.37 (2H, m); 13C 

NMR (MeOH-d4) δ 10.88, 17.17, 52.47, 52.75, 66.04, 67.59, 68.2, 71.79, 74.39; 

 

[Synthesis of bis(N,N,N-dimethylbenzylammoniomethyl) triethylene glycol 

dibromide Leveler 4] 

Benzyl bromide (1.9 mL, 15.72 mmol, 2.1 equiv.) was added dropwise at room 

temperature to a solution of 3 (1.3 g, 7.49 mmol) in THF (10 mL). After 24 h, the 

reaction mixture was concentrated to give 1,2″-bis(N,N,N-dimethylbenzylammonio-

methyl) triethylene glycol dibromide, Leveler 4 (4.19 g, 92%); 1H NMR (MeOH-d4) 

δ 3.2 (12H, d, J=17.2), 3.37 (2H, s), 3.49-3.56 (4H, m), 3.57-3.65 (4H, m), 3.72-3.75 

(4H, m), 4.51-4.54 (2H, m), 4.73-4.81 (4H, m), 7.53-7.6 (6H, m), 7.68-7.7 (4H, m); 

13C NMR (MeOH-d4) δ 51.49, 51.76, 66.15, 67.84, 70.24, 71.87, 74.45, 129.01, 

130.23 131.86, 134.5; HRMS (FAB) calcd for C26H42BrN2O4+ 525.2312 ([M-Brl]+), 

found 525.2317. 

 

[Synthesis of bis(N,N,N-dimethylnaphthalen-2-ylmethylammoniomethyl) triethylene 

glycol dibromide Leveler 5] 

2-bromomethyl naphthalene (0.98 mL, 4.27 mmol, 3 equiv.) was added dropwise 

at room temperature to a solution of 3 (377 mg, 1.427 mmol) in THF (10 mL). After 



５４ 

24 h, the reaction mixture was concentrated to give 1,2″-bis(N,N,N-dimethylnaphtha-

len-2-ylmethylammonio-methyl) triethylene glycol dibromide, Leveler 5 (0.86 g, 

85%); 1H NMR (MeOH-d4) δ 2.69 (2H, s), 3.18-3.21 (12H, m), 3.49-3.54 (4H, m), 

3.56-3.67 (4H, m), 3.74 (4H, s), 4.49-4.51 (2H, m), 4.81-4.88 (4H, m), 7.58-7.61 (4H, 

m), 7.67-7.72 (2H, m), 7.95-8.06 (6H, m), 8.19-8.22 (2H, m); 13C NMR (MeOH-d4) δ 

51.54, 51.86, 66.24, 67.8, 70.44, 71.87, 74.48, 126.28, 128.16, 128.84, 128.96, 129.53, 

129.99, 130.37, 134.4, 135.09, 135.42; 
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400 MHz 1H NMR Spectrum (MeOH-d4) of Leveler 3 
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400 MHz 1H NMR Spectrum (MeOH-d4) of Leveler 5
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100 MHz 13C NMR Spectrum (CDCl3) of compound 2 
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100 MHz 13C NMR Spectrum (CDCl3) of compound 3 
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100 MHz 13C NMR Spectrum (MeOH-d6) of Leveler 1 
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100 MHz 13C NMR Spectrum (CDCl3) of compound 4 
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100 MHz 13C NMR Spectrum (CDCl3) of compound 5 
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100 MHz 13C NMR Spectrum (MeOH-d6) of compound 6 
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100 MHz 13C NMR Spectrum (MeOH-d6) of Leveler 2 
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100 MHz 13C NMR Spectrum (MeOH-d6) of Leveler 3 
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100 MHz 13C NMR Spectrum (MeOH-d6) of Leveler 4 
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100 MHz 13C NMR Spectrum (MeOH-d6) of Leveler 5
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국 문 초 록 

 

인쇄 회로 기판 (Printed Circuit Board)은 절연 물 상에 회로 설계를 

근거로 회로부품을 접속하는 전기배선을 배선 도형으로 표현하기 위해 

이를 전기도체로 재현한 것을 의미한다. 이 전기배선을 구현시키기위해 

외부의 전류를 이용하여 구리 전해 도금을 통해 구리로 전기배선을 채운다. 

이 전기배선을 결함 없이 구리로 채우기 위해서는 유기첨가제인 가속제, 

억제제 그리고 평탄제가 필요하다. 이 첨가제들 사이에서 평탄제는 비아 

(via)의 윗부분에만 선택적으로 흡착하여 구리 전해도금을 억제해주며 

비아 (via)의 내부는 상대적으로 덜 흡착하는 대류 의존 흡착 특성을 

가지고 있다. 비록 가속제와 억제제는 연구가 활발히 진행되어 있지만, 

평탄제의 경우 화합물의 구조 활성 상관관계가 거의 연구되어 있지 않다. 

본 연구에서는 비스-4 기 암모늄 브로마이드 평탄제의 말단기와 

길이가 다른 화합물들을 합성하였으며, 이를 전기화학 분석에 적용하였다. 

이전 연구에서 본인은 triethylene glycol 을 기본 구조로 비스-4 기 

암모늄을 포함하고 있는 Leveler 1 을 보고하였다. 이를 대조군으로 

말단기에 알릴 기 대신에 프로필 기, 벤질 기 그리고 나프탈레닐메틸 기를 

포함가고 있는 평탄제 그리고 더 긴 ethylene glycol 을 포함하고 있는 

평탄제를 합성하였다. 이 합성한 평탄제들을 이용하여 대류 의존 흡착 

특성과 억제 세기를 비교하기 위해 Linear Sweep Voltammetry 를 통해 

분석하였고 최종적으로 마이크로비아 (microvia)에 구리 전해 도금을 



８４ 

적용시켜 ethylene glycol chain 이 길수록 그리고 방향족 고리를 

포함할수록 구리 전해 도금 성능이 우수하다는 것을 확인할 수 있었다. 

 

주요어 : 인쇄 회로 기판, 구리 전해 도금, 마이크로비아, 유기 첨가제, 

평탄제, 대류 의존 흡착 

 

학번 : 2015-21074 

 


	1. Introduction 
	1.1. Printed Circuit Board (PCB) 
	1.2. Cu electrodeposition 
	1.3. Organic additives 
	1.4. Design of new levelers to confirm terminal effect 

	2. General Procedure for Electrochemical Analyses 
	2.1. Linear sweep voltammetry 
	2.2. Gap filling test in microvia 

	3. Results and Discussion 
	3.1. Synthesis of Levelers 
	3.1.1. Leveler 1 
	3.1.2. Leveler 2 
	3.1.3. Leveler 3 
	3.1.4. Leveler 4 
	3.1.5. Leveler 5 

	3.2. Electrochemical analyses of Levelers 
	3.2.1. Leveler 1 
	3.2.2. Leveler 2 ~ 5 

	3.3. Gap filling test in microvia 

	4. Conclusions 
	5. Experimental details 
	5.1. General procedure 
	5.1.1. Allylation 
	5.1.2. Epoxidation 
	5.1.3. Epoxidation opening reaction 
	5.1.4. Alkylation 


	References
	Appendices
	Abstract in Korean


<startpage>14
1. Introduction  1
 1.1. Printed Circuit Board (PCB)  1
 1.2. Cu electrodeposition  6
 1.3. Organic additives  9
 1.4. Design of new levelers to confirm terminal effect  14
2. General Procedure for Electrochemical Analyses  16
 2.1. Linear sweep voltammetry  16
 2.2. Gap filling test in microvia  18
3. Results and Discussion  19
 3.1. Synthesis of Levelers  19
  3.1.1. Leveler 1  19
  3.1.2. Leveler 2  20
  3.1.3. Leveler 3  22
  3.1.4. Leveler 4  23
  3.1.5. Leveler 5  24
 3.2. Electrochemical analyses of Levelers  26
  3.2.1. Leveler 1  26
  3.2.2. Leveler 2 ~ 5  31
 3.3. Gap filling test in microvia  41
4. Conclusions  44
5. Experimental details  46
 5.1. General procedure  46
  5.1.1. Allylation  47
  5.1.2. Epoxidation  48
  5.1.3. Epoxidation opening reaction  50
  5.1.4. Alkylation  51
References 55
Appendices 58
Abstract in Korean 83
</body>

