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Figure 2. 1. Schematic representation of ALD using self-limiting surface chemistry 

and an AB binary reaction sequence. 

Figure 2. 2. Schematic of possible behavior for the ALD growth per cycle versus 
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temperature showing the ñALDò window. 

Figure 2. 3. MgḊO stoichiometry as well as carbon and hydrogen contents in ALE-

deposited MgO films as a function of deposition temperature as determined by TOF-

ERDA. Measurements were carried out for films deposited onto Si (100) with a 

thickness of 100ï170 nm. 

Figure 2.4. XRD patterns of MZO thin films for different ZnO sublayer thickness 

(a) 2.5 nm, (b) 2.0 nm, (c) 1.25 nm, and (d) 0.75 nm. 

Figure 2. 5. Total energy versus volume ratio in Zn0.75Be0.25O. 

Figure 2. 6. Total energy versus volume ratio in a) Zn0.5Be0.5O and b) Zn0.25Be0.75O. 

Figure 2. 7. The bandgap energies and lattice constants are shown for the common 

II-O materials suitable for growth on 3C- and 6H-SiC substrates. 

Figure 3. 1. A sequence of ALD cycle a) MgO, b) BeO 

Figure 3. 2. Comparison of the different split group of MIM capacitors: a) Position 

of buffer layer is under BeO layer, b) Position of buffer layer is over BeO layer 

Figure 4. 1. GAXRD results of 50nm TiN thin film and ALD MgO thin films on 

different substrates. 

Figure 4. 2. EOT vs POT of MIM capacitors with MgO thin films and BeO thin 

films on the MgO buffer layers 

Figure 4. 3. EOT vs POT of MIM capacitors with differently handled MgO thin 

films. 

Figure 4. 4. SEM image of MgO thin film after exposed from air condition over 

5days. 

Figure 4. 5. GAXRD peak of (220) plane of BeO thin films on the 2nm MgO 

buffer layer  
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Figure 4. 6. GAXRD peak of (220) plane of BeO thin films on the 8nm MgO 

buffer layer 

Figure 4. 7. (a) TEM images of 2nm BeO thin films on the 2nm MgO buffer layer 

(b) A crystallized grain of BeO 

Figure 4. 8. (a) TEM images of 6nm BeO thin films on the 2nm MgO buffer layer 

(b) A crystallized grain of BeO 

Figure 4. 9. EOT-POT results of BeO thin flim MIM capacitors with 8nm MgO 

buffer layer inserted in different position. 

Figure 4. 10. GAXRD results of 6nm BeO thin flims with 8nm MgO buffer layer 

inserted in different position. 

Figure 4. 11. J-EOT characteristics of different dielectric materials including BeO 

MIM capacitor with various MgO buffer layer thicknesses.  

Figure 4. 12. J-V characteristics of MgO and BeO with MgO buffer layer MIM 

capacitors with various thicknesses (a) POT 4nm, (b) POT 8nm, (c) POT 10nm, (d) 

POT 12nm. 

Figure 4. 13. EOT-POT characteristics varies from PMA conditions for BeO MIM 

capacitors with MgO buffer layer. 

Figure 4. 14. J-EOT characteristics varies from PMA conditions for BeO MIM 

capacitors with MgO buffer layer. 

 

 

  

Table 3. 1. Process conditions of ALD MgO and BeO 

Table 4. 1. GAXRD peak positions and calculated parameters of 50nm TiN thin film 

and ALD MgO thin films on different substrates. 
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2. 1. 1. ∙■ ḓᵟּצ  ḟḶ╢ ̄ ⅔ [5] 
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Figure 2. 1. Schematic representation of ALD using self-limiting surface chemistry 

and an AB binary reaction sequence [5]. 
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Figure 2. 2. Schematic of possible behavior for the ALD growth per cycle versus 

temperature showing the ñALDò window [5]. 
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2. 1. 3. Ợ  γ ͋Иώ╢ ∙■ ḓᵟּצ Ḷ [7] 
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Figure 2. 3. MgḊO stoichiometry as well as carbon and hydrogen contents in ALE-

deposited MgO films as a function of deposition temperature as determined by 

TOF-ERDA. Measurements were carried out for films deposited onto Si (100) with 

a thickness of 100ï170 nm [12]. 
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Figure 2.4. XRD patterns of MZO thin films for different ZnO sublayer thickness 

(a) 2.5 nm, (b) 2.0 nm, (c) 1.25 nm, and (d) 0.75 nm [17]. 
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Figure 2. 5. Total energy versus volume ratio in Zn0.75Be0.25O [18]. 
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Figure 2. 6. Total energy versus volume ratio in a) Zn0.5Be0.5O and b) Zn0.25Be0.75O 

[18]. 
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Figure 2. 7. The bandgap energies and lattice constants are shown for the common 

II-O materials suitable for growth on 3C- and 6H-SiC substrates [19]. 
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3.2   

3. 2. 1. ∙■ ḓᵟּצ Ḷ ᾏ  Ɑ˝ 
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    ֖   н   

н  .  5  ♣о    (deionized water) 

 ֫ Ḋ  ᴺ н с   ֖   

 н  100  ḱ   нṍ    

н ḉ    . ḱ   200 

   ᴺ  ï  ï  ï 

   ֖    н   400 sccm 
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. 

כֿ᷆  ,     ֫   

Figure 3.1ֲ і    ֫   . ֫   

 60 с    ֖   

ұ  ֲ   ҭ    . н  

᷇   300  Ӻ  ѓ     DC 

    (5nm) / ḉ (30nm)  

 ḉ  ( ḉ /  )ï ïḉ  (  )  

 ḱ    .  

Process  MgO T- ALD BeO T- ALD 
Source Cp

2
Mg DEB 

Bubbler temp  50  50  
Carrier gas  Ar N

2 
Oxygen source  O

3 H
2
O 

Step sequence  6- 6- 8- 16 
(sec)  

2- 20- 1- 10 
(sec)  

Wafer temp 261  200  
 

Table 3. 1. Process conditions of ALD MgO and BeO 
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Figure 3. 1. A sequence of ALD cycle a) MgO, b) BeO 

 

3. 2. 2. ͑ἳ-♇⁴ᵟ-͑ ἳ N  ᾋ  

ḉ - -ḉ   ,  ᷇     ḉ  

   .  ḱ  (Physical 

Vapor Deposition, PVD)   ֖ ֫  ֚  

 Ӝ          

ḉ        ֖ 

 ᷇   .  ᷇  p   ḱ  

 (furnace)     ֫  100nm Ờ   

   10-8Torr  ֖ ֫   5nm,  

(a) (b) 
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 50nm  .     

 о  ֖  ḱ      

 ҭ    ұ     

 ᷇     Ӻ 300   

    5nm, ḉ 50nm    

љ  ḉ - -ḉ   .  ұ  Ӊ 

כֿ᷆     н      

   2љ ᷆  ╩  (Figure 3.2  

  ֖) оо  Ờ  MgO (x): 0, 2, 4, 6, 8, 10nm, 

BeO (y): 0, 2, 4, 6, 8nm) ᷆   . 

 

 

 

Figure 3. 2. Comparison of the different split group of MIM capacitors: a) Position 

of buffer layer is under BeO layer, b) Position of buffer layer is over BeO layer 

 

(a) (b) 
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3. 2. 3. ⁵ ᵖ Ɑ˝ 

 /     ḱ  ᷇  

  (Post Metallization Annealing, PMA) Ḋ   (Rapid 

Thermal Annealing, RTA)    ֫  ұ  

400 , 600  ╩   ḱ  60 с . 

 

 

3.3 ṧἊ ḟḶ 

כֿ᷆  ֲ      Ờ   X-  

ׇ  (X-ray Fluorescene, XRF, Quant'X, Thermo SCIENTIFIC)ֲ 

ԁ  (single wavelength ellipsometer, SE, L-116d, Gaetner), 

Ӻ (Secondary Electron Microscopy, SEM, JSM-7401), 

ֲ Ӻ (Tunneling Electron Microscope, TEM)   

.    Ӻ  Ӻ ḱ  XRF  

н ḱ  SEM  TEM   Ờ    

. ӭ  N     X-    

GAXRD (Glancing Angle X-ray Diffraction, о = 0.3 Á)  X-  
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ԁ (X'pert Pro, Panalytical)  . , 10nm  

   GAXRD   ḱ   

כֿ᷆   GAXRD       

ӭֲ      с  . 

  N  ḱ      Picoammeter 

(HP 4140D, Hewlett Packard)        

 (breakdown)  ▐ ṍ  ђ   ҵ (5~20V)  

  ᷇   ḱ      

 ╩      ᷇  .  

    ḱ   - ԁ 

(J-E)   ֖,  ḱ (HP 4194A, Hewlett 

Packard)   ֶ  ḱ   .  
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ӭֲ   

4.1. ᾏᵖ  ͖ וֹ ̐  ќ ͖ ›Ἁ╢ Ợ  γ ͋И

ώ ┘♆ḓᵟ╢ ˷ ♩  Ἐ Ẉ̧ 

כֿ᷆      Figure 4.1  

    12nm Ờ  Ӻ , GAXRD   

╩ ╩   ђ  (intensity)н  ḱ   Ӻ   

  ḱ   Ӻ    я  . 

 ḱ   Ờ 50nm      

 ,  N כֿ᷆       (111), 

(200), (220) ╩ ◓  Table 4.1     я  ԁ  

כֿ᷆  ֲ   Ӧ  ᴺ     

я[21] כֿ᷆  ,4.24     4.22     

.  (220)      ḱ   

כֿ᷆   н н   N   ԁ  Ӧ  N  

כֿ᷆  ,4.24    4.21  ḱ   яֲ н  

 я כֿ᷆    .    GAXRD  

(220)   ḱ   . 
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Figure 4. 1. GAXRD results of 50nm TiN thin film and ALD MgO thin films on 

different substrates. 
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Direction  (111) (200) (220) 

Item  
2Theta 

[deg]  

d- 

spacing 

[ ] 

Lattice 

Para 

[ ] 

2Theta 

[deg]  

d- 

spacing 

[ ] 

Lattice 

Para 

[ ] 

2Theta 

[deg]  

d- 

spacing 

[ ] 

Lattice 

Para 

[ ] 

TiN sub 36.74 2.45 4.24  42.54 2.13 4.26 61.97 1.50 4.24 

MgO  

on TiN  

(400ɒ) 

36.90 2.44 4.23 43.20 2.09 4.18 62.37 1.49 4.21 

MgO  

on Si 
36.77 2.44 4.23 42.88 2.11 4.22 62.32 1.49 4.22 

 

Table 4. 1. GAXRD peak positions and calculated parameters of 50nm TiN thin film 

and ALD MgO thin films on different substrates. 
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4.2. Ợ  γ ͋Иώ ḯ  ╧ Ứ█Ӆ Ợ  Ḻᵙᵇ╢ ┘

♆ḓᵟ Ἐ 

4.2.1. Ợ  γ ͋Иώ ḯ  ╢ ӋΓ₫ Ợ  Ḻᵙᵇ ӋΓ Ṇ › 

Ӹᵍ ┘♆ Ἐ ╧ 

כֿ᷆       ḉ - -ḉ   

ᴺ כֿ᷆    ֲ     ӭ   

ḱ   ֿ᷆כ     я   

 я  э   Ӊ .    

֖    н н   я   

ḱ    ֿ᷆כ   Ờ  н   

  Ờ  н   ᷆    

 Ờ  POT (Physical Oxide Thickness) x  н   

Ờ  EOT (Equivalent Oxide Thickness) y   ᷆  Figure 

4.2 і  ᷆  POT    EOT  ḱ ḱ   

  N   ԁ .  

כֿ᷆   Ờ  ֶ Ӊ   Ờ   EOT-

POT ᷆  ḱ ḱ    ԁ   ə  я  15~16 

 я  ╩ ♠  і  ▐ כֿ᷆      

~4  ○   Ӏֲ כֿ᷆  , .  ֲ 
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  Ờ   4nm (MgO 2nm ᷆  н   

)   Ờн  EOTн н  Ӏ   

שּׁ     Ờ     ӭ  

כֿ᷆     ֖    

○  ӭ   ○   ḱ  Ӏ  .  

MgO 2nm ᷆  н      EOTн Ề  

 э  Ӏ        Ӏ  

   љ       

כֿ᷆  Ờ  2nm    Ӏ  (   

ḱ  ֲ)   Ờн Ề    н  

כֿ᷆    ֲ     ӭ   

 ḱ  ֲн     ҭ н ḱ   

      N  н  

ḱ   Ӏ . 
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Figure 4. 2. EOT vs POT of MIM capacitors with MgO thin films and BeO thin 

films on the MgO buffer layers 

 

Figure 4.3  ᴺ      

כֿ᷆     ֫ ֲ    ֫  ex-situ 

        ҽ   ᷆ . 

 Figure 4.2        

כֿ᷆ כֿ᷆             

כֿ᷆        ֝  ᷇  ֖ 
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  MgO only (ref) ᷆   ᴾ   

╩       ֖   ḱ 

 ֲ Ờ ֶ    ex-situ   ḱ 

с   MgO only ᷆   ᴞ ᷆  . Ex-

situ ḱ с  ֖  MgO only ᷆  Ӻ  əн 4  

ᴾ  MgO only (ref) ᷆  əя 9   ֿ᷆כ    

əя  ~10   ○  я כֿ᷆      ֲ  

  Ờ   Ӻ      

כֿ᷆       н  

ӭ  ӭֲ  ֖  ḱ      

   љ  ḱ  Ӏ   ֿ᷆כ   

  ḱ н  ḱ  EOTн Ề   ֖  

   .  Figure 4.2  MgO 2nm ᷆ ֲ MgO 8nm 

᷆    ֖      

֖   ӭ .  ex-situ ֫    

כֿ᷆    ֫ ḱ כֿ᷆        

,   Ӊ   ֿ᷆כ  (Mg(OH)2)  

   ḱ     ᴺ  
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  Ӏֲ і כֿ᷆      

 ֫ ḱ   с  ӭֲ Figure 4.4 і    

כֿ᷆      н  Ӏ   

  [22], [23]. 

 

 

Figure 4. 3. EOT vs POT of MIM capacitors with differently handled MgO thin 

films. 
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Figure 4. 4. SEM image of MgO thin film after exposed from air condition over 

5days. 

 

Figure 4.5 Figure 4.6    Ờ    

   ӭ ᴺ        

ḱ  GAXRD  ӭֲ .  ḱ  Ӏ   

 Ờн 20nm   Ӻ  GAXRD    

н ḱ   ֿ᷆כ       

   с  ֖  .   ḱ  

כֿ᷆     н н  ђ н ֖ н  

(220)  ╩ ◓ כֿ᷆     ḱ   

כֿ᷆  , н 2nm, 8nm ֖     

 Ờ      . с   

 BeO 10nm  ᷊    ֲ ҽ   
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 BeO 2nm  ᷊        

  ○ ḱ  N с  BeO 10nm Ӻ   

כֿ᷆  н о      . Bragg 

  о כֿ᷆     Ӧ н  

 ḱ   ֿ᷆כ  Ӧ    

 н  Ӏ    .      

  ḱ  ֲ    N כֿ᷆      

ᴻ    ╩  N    N  

нṍ         нṍ  

ḱ      ֖ , 

   Ề  ḱ  ֲ  э    

    ӭ  ӭ  

כֿ᷆       ◓  Ӏ  

.   N       

כֿ᷆     ӭ н  ԁ N  

Ӊ   н о  Ӻ  ԁ   Ӧ  

 н  2.71¡,  4.40¡ ḹ  о     

֖  н כֿ᷆   ¡4.21   ,  Ӧ н  
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    Ӊ .  о    

 ᴺ כֿ᷆    Ӧ   о   

  ḹ н 2.51¡  ԁ   Ӧ    

ḹ  2.71 ¡  ḹ כֿ᷆    Ӧ н   

  Ӏ    . , ╩ ׇ   

כֿ᷆    ╩ ◓  н   ḱ  

ḱ  ֲн  ֿ᷆כ  ӭ  ῒ  ֖  Ӧ  

н     Ӏ  . 
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Figure 4. 5. GAXRD peak of (220) plane of BeO thin films on the 2nm MgO 

buffer layer  

 

 

 

 

 

 

 

 



49 

 

Figure 4. 6. GAXRD peak of (220) plane of BeO thin films on the 8nm MgO 

buffer layer 

 

Figure 4.7 ֖      ᷆    

כֿ᷆    Ờн 2nm    2nm, 6nm  

 ֲ Ӻ  . 2nm Ờ    

כֿ᷆   ֲ  Ӻԁ     

ӭ     ,   ֲ ӭ  

  Ӏ  .      
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ᴻ   ӭ      ḱ  ӭ  

ᴺ н  ֿ᷆כ  ҭ   ṍ   Ӏ   

 . Figure 4.7(a)   2nm  Ӊ 

ӭ     ֶ  ,   6nm  

Ề  Figure 4.8(b) і  ӭ    ḱн ֖  

Figure 4.8(a) љ н  Ӏ  .    

ӭ ᴺ н     Ӏ  ᴻ   

 ◄  Ӏ     GAXRD  ӭֲ  

 і     Ờн Ề   

 ╩  Ӏ  ḱ  ֲн  ҭ  ԁ    

  Ӏ   Ӏֲ   ӭֲ . 
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Figure 4. 7. (a) TEM images of 2nm BeO thin films on the 2nm MgO buffer layer 

(b) A crystallized grain of BeO 

(a) 

(b) 
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Figure 4. 8. (a) TEM images of 6nm BeO thin films on the 2nm MgO buffer layer 

(b) A crystallized grain of BeO 

  

(a) 

(b) 



53 

4.2.2. Ợ  γ ͋Иώ ḯ   Ứ█ ⌐ › Ӹᵍ ┘♆ Ἐ Ṇ  

Figure 4.9   ḱ   ӭ  ђ כֿ᷆    

  ֲ    Ӊ ḱ  8nm Ờ  

כֿ᷆       ḱ   ֖  

 ᷆   Ờ    ḉ - -ḉ  N  

ᴾ MgO 8nm (Bottom)ֲ  ᴾ      

  Ờ  ֖ ᷆   8nm Ờ כֿ᷆    

   ḉ - -ḉ  ᴺ   ᷆  MgO 8nm 

(Top)    ᴞ . ᷆  ӭֲ MgO 8nm (Top) 

᷆     ~9  MgO 8nm (Bottom) ᷆   

  ~16   1.8   я  . 

 ᷆   GAXRD  ӭֲ  Figure 4.10   

כֿ᷆  8nm    6nmн  Bottom    

 6nm   ֿ᷆כ  8nmн  Top н   

 Ờ        . 

, 12nm  ֿ᷆כ      н 

62.44  (Figure 4.10 ҽ  )  Bottom  Top  

  ֲ כֿ᷆       Ӏ  
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, ᷆   Botom  0.12   Ӏ  Top   

0.26    2     .   

 ӭֲ  ֖ כֿ᷆         

כֿ᷆ н  ֲ  ԁ   N   ḱ  ֲ  

   ֖    Ӏ  ֖ 

  N    н  ,    

כֿ᷆     н     

○    ֖ ḱ    N  

 ֲ   ᴺ כֿ᷆      

 Ӏ    . 
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Figure 4. 9. EOT-POT results of BeO thin flim MIM capacitors with 8nm MgO 

buffer layer inserted in different position. 

 



56 

 

Figure 4. 10. GAXRD results of 6nm BeO thin flims with 8nm MgO buffer layer 

inserted in different position. 

 

  Figure 4.11  ֿ᷆כ       

ḉ - -ḉ     J-EOT ᷆  ᷆  

 ӭֲ . ᴞ    ḱ    

    J-EOT  Ờ  

 ḱ    ZAZ (  /   / 

 ) ḉ - -ḉ  [24]   J-EOT  

  Ӏ    .  Ӻ     
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  EOTн Ề    ╩  Ӏ     

 Ḋ  Ӏֲ і       

 ḉ - -ḉ   N כֿ᷆     

       я ḱ  

 EOTн н כֿ᷆         

  ex-situ ֫      ḱ  

 J-EOT я  ╩ ◗ Ӏ  о כֿ᷆    .  

  Ờ  н    ᴾ   

כֿ᷆    Ờн н   MgO 2nm ᷆   

     ╩  Ӏ       

 Ờ כֿ᷆     н   ṍ  

◗ Ӏ  . 
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Figure 4. 11. J-EOT characteristics of different dielectric materials including BeO 

MIM capacitor with various MgO buffer layer thicknesses.  

 

Figure 4.12 POT ḱ כֿ᷆   כֿ᷆      

    J-V   ᷆ .   

כֿ᷆  н ex-situ    н POT 

ֶ Ӊ   Ӏֲ  J-V  Ӻ   

כֿ᷆        Ờн 10nm  Ề  


























