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Figure 3.1. Cross-sectional images of (a) empty TSV and electrochemically filled Cu 

TSV with (b) PEG1000, (c) Br- with PEG1000, and (d) OA600. 

  

(c) Br-PEG1000(b) PEG1000 (d) OA600(a) Empty TSV



3.2.      

 

 3.2.1.   -       

 

TSV           

  LSV       

           

   .       

          

(Cu2+)           

  Cu2+       .  

      Cu2+     

      Cu2+    

.          

   ,      



     .  3.2  TSV  

           

.      0 rpm      

  TSV        1000 rpm  

    TSV      

 .    VMS    

       .  

           

. PEG1000   ,      VMS 

        PEG  

        . 

         

      PEG      

  . PEG1000  Br-    0 

rpm  1000 rpm      PEG1000    

     . ,  



(OA600)         

         

       0 rpm   1000 rpm  

 .       

    (suppression breakdown)   

     PEG chain  Br-   

  naphthyl-methyl group      

    . 

     

  

  



3.2.2        

 

 3.3     LSV    . 

VMS  (  3.3(a))       

   ,  (-0.55 V)    Cu2+  

      (limiting current)   0 rpm  

. PEG1000    (  3.3(b))    

      .  3.3(c)  

  , PEG1000  Br-     1000 rpm  

     0 rpm   ,  

     .  Br-   flux  

    Br-    TSV   

  .   (OA600)   (  3.3(d))  

          

      . , Br-   



         

           

   TSV      

. 

 

  



 3.2.3  -       

 

          TSV 

        

  . CV     

      (reverse scan)   

 .        

         

  LSV    . CV    

       -   

          . 

         

         

        .  

         



(hysteresis)   . , CV   hysteresis   

    .  3.4    

 CV      . PEG1000   

    hysteresis   .  

PEG1000         

       . PEG1000  

Br-    0 rpm   hysteresis  , 

1000 rpm  hysteresis    . ,   

    .    (OA600)  

   0 rpm  hysteresis   , 1000 

rpm   . , PEG1000  Br-   

  hysteresis    , PEG chain  

         . 

 

  



3.2.4 iR       

 

         

   -        

 ,         

  . EIS        

    (iR compensation)     

 LSV  -       

.   S-shaped negative differential resistance(S-NDR)  

.         

        S-NDR 

        

  . VMS  PEG1000, PEG1000  Br-, OA600   

     9.5, 9.7, 9.6, 10.4 Ω   

 3.5        S-NDR   

 . PEG1000   (  3.5(a)) S-NDR  



   PEG1000      

    . PEG1000  Br-    (  

3.5(b), S-NDR   ,  TSV   

  (5 mA/cm2 )     3.5(c)  

OA600   .    (  3.5(c))  

    S-NDR  -     

.    OA600  TSV     

      ,   

     OA600  TSV     

. 

 

  



3.2.5        

 

  TSV       

       .  

 OA600    LSV    

    . OA600   0, 25, 50 μM  

    3.6  . 0 rpm  (  

3.6(a)) TSV     OA600     

  .   TSV      

 TSV          

 . TSV        

  TSV         

    3.6(b)  300 rpm  LSV . 0 rpm  

          

 TSV    1000 rpm(  3.6(c))    



   .  TSV    

       

  . 

  



3.3   TSV   

 

 3.7(a)    TSV      

   TSV        

  3.7(b)   . TSV      

       OA600   

     . TSV   

      OA600   

. TSV         

       TSV  

OA600       TSV   

OA600       .   

 OA600       TSV   

. 

  



 

Figure 3.2. LSV analysis for VMS, PEG1000, Br- with PEG1000, and OA600 in Cu 

electrodeposition system at (a) 0 rpm and (b) 1000 rpm of the rotating speed of Cu 

electrode. 
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Figure 3.3. LSV analysis at 0 rpm and 1000 rpm of the rotating speed of Cu electrode 

for (a) VMS, (b) PEG1000, (c) Br- with PEG1000, and (d) OA600. 
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Figure 3.4. CV analysis for PEG1000, Br- with PEG1000, and OA600 at (a) 0 rpm and 

(b) 1000 rpm of the rotating speed of Cu electrode. 

  

1000 rpm

(b)

(a)

-0.8 -0.7 -0.6 -0.5 -0.4 -0.3
0

-50

-100

-150

-200

-250

Cu
rr

en
t d

en
si

ty
 (m

A/
cm

2 )

Potential (V vs. Hg/Hg2SO4)

 PEG1000
 Br-+PEG1000
 OA600

-0.8 -0.7 -0.6 -0.5 -0.4 -0.3
0

-50

-100

-150

-200

-250

Cu
rr

en
t d

en
si

ty
 (m

A/
cm

2 )

Potential (V vs. Hg/Hg2SO4)

 PEG1000
 Br+PEG1000
 OA600

0 rpm



 

Figure 3.5. Post-experimental iR-compensated LSV at 0 rpm and 1000 rpm of the 

rotating speed of Cu electrode for (a) PEG1000, (b) Br- with PEG1000, and (c) OA600. 
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Figure 3.6. LSV with various concentrations of OA600 at (a) 0 rpm, (b) 300 rpm, and 

(c) 1000 rpm of the rotating speed of Cu electrode. 
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Figure 3.7. (a) Time profile of TSV filling in Cu electrodeposition system with OA600 

and (b) schematic diagram of TSV filling mechanism with the behavior of the additive. 
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ABSTRACT 
 

Copper interconnect in integrated circuits was introduced in 1997 to solve the slow 

signal/power transmission of aluminum interconnect, and now it has become the key 

technology to try to overcome the limitations of memory process miniaturization. As the 

demand for next-generation semiconductor packaging increases, the demand for TSV 

(through-silicon via) technology that connects chips to chips or chips and silicon 

interposers is also increasing. The copper interconnect process uses electroplating 

technology, and superconformal electrodeposition, or bottom-up filling, is required to 

fabricate defect-free copper TSV, and additives play an important role. Various 

compounds have been studied as inhibitors and accelerators, and while commercial 

additives exist, the research on levelers essential for shortening the process time of TSV 

filling and removing defects is still sluggish. In this study, TSV was successfully filled 

in a single-additive system using PEG600 based synthetic leveler, OA600, identified in 

the developing synthetic organic levelers, and electrochemical analyses were performed 

to explain the filling mechanism of OA600. Linear sweep voltammetry (LSV) analysis 

showed that OA600 exhibited strong inhibition to copper plating and convection-

dependent adsorption. In addition, through cyclic voltammetry analysis, it was 

confirmed that the re-adsorption of OA600 is fast in convective condition, while re-

adsorption rarely occurs in flow-free environment. When the LSV curve of OA600 is 

corrected considering the drop of current and solution resistance, the curve showed an 

S-shaped NDR (negative differential resistance) pattern, which proves its strong leveling 



ability in the current density region where TSV filling proceeds. Analysis under various 

concentrations and convection conditions proves that OA600 induces bottom-up filling 

even during the TSV filling. Therefore, strong inhibitory action and rapid re-adsorption 

of OA600 in the TSV opening and weak adsorption and slow re-adsorption at the bottom 

of the TSV demonstrate that OA600 induces the bottom-up filling of TSV. 

 

Keyword: synthetic leveler, TSV filling mechanism, single-additive system, Cu 

electrodeposition 
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