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Chemical Vapor Deposition 
of Thin Films for Micro‐Nanoelectronics
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Wang, Xinwei. 2012. Applications of Vapor Deposition in Microelectronics and Dye‐
Sensitized Solar Cells. Doctoral dissertation, Harvard University.

CVD Basics 

SiH4 + O2 → SiO2 + 2 H2                                        (LTO) 
SiCl2H2 + 2 N2O → SiO2 + 2 N2 + 2 HCl    (HTO)
3 SiCl2H2 + 4 NH3 → Si3N4 + 6 HCl + 6 H2

WF6 → W + 3 F2

SiH4 → Si+ 2 H2 
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Device fabrication I:Chapter13 :Metallization
Moein Moshtaq Ebadghorbandoost Keyvanalirezazad

Cornel Cobianu‐Ph.D. Thesis, 1991
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VLSI Technology , S.M. SZE
Second edition, 1988
Page 251
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Atomic Layer Deposition for Nanoelectronics

HfO2‐High k Ultrathin Gate Dielectrics  
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Atomic Layer Deposition of HfO2 ultrathin films
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Mechanism  of  ALD  film  Deposition  from T etrakis Dimethylamino  Hafnium (TDMAH) and 
H2O 

I. HfO2 ALD on OH‐terminated surface
1. Hf(N(CH3)2)4 half‐reaction 
Si‐OH* +Hf(N(CH3)2)4 = Si‐O‐Hf(N(CH3)2)3*+HN(CH3)2   

Si‐O‐Hf(N(CH3)2)3*  + Si‐OH*=Si‐O‐Hf(N(CH3)2* + HN(CH3)2

2. Water half‐reaction
Si‐O‐Hf(N(CH3)2)2* + 2H2O=Si‐O‐Hf‐(OH)2 + 2HN(CH3)2

II. HfO2 ALD on H‐Terminated Si Surface

1. Hf(N(CH3)2)4 half‐reaction 

Si‐H* + Hf(N(CH3)2)4=Si‐Hf(N(CH3)2)3*+HN(CH3)2
Si‐Hf(N(CH3)2)3   +Si‐H*=Si‐Hf(N(CH3)2)2*+ HN(CH3)2

2. Water half reaction 
Si‐Hf(N(CH3)2)2*+2H2O=Si‐Hf‐(OH)2 + 2HN(CH3)2
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RCA‐1 : 5 parts DI‐H2O+1 part 27% NH4OH + 1 part 30% H2O2

‐Remove organic residues from Si surface
‐Leaves an ultrathin SiO2 film on the Si surface

RCA‐2 : 6 parts DI‐H2O + 1 part 27% HCl + 1 part 30% H2O2

‐Removes metal ions from silicon surface
‐Leaves an ultrathin SiO2 film on the Si surface

Cleaning processes : RCA1+ HF2% : H‐terminated silicon
RCA1‐HF2%‐RCA2: OH‐terminated silicon

Silicon Wafer‐Cleaning Process
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Comparison   of   the   Cumulative  Failure  Distributions  vs  Breakdown  Field
HfO2  films
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Comparison  of  Weibull  Distribution vs Qbd
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Sol‐Gel Technology for Functional Films 
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C.J. Brinkler and G.W. Scherer, “ Physics and Chemistry of Sol‐Gel Processing” 1990 
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TEMPUS Project ‐1993
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EU‐COPERNICUS, “PORSIS”  Project
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Functional films prepared by 
Sonochemistry 



Forum Romanians in Micro‐ and Nanoelectronics, 6 November 2018, Romanian Academy, Bucharest, Romania 

Basics of sonochemistry

Ultrasonic 
Transducer
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EU‐FP‐7 “SOI‐HITS” project, rewarded for technology innovation on entire FP‐7 program, 
in December 2015 at Berlin
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Industrial Research 
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Quartz –MEMS Technology : Differential Pressure and Temperature  Sensors



Forum Romanians in Micro‐ and Nanoelectronics, 6 November 2018, Romanian Academy, Bucharest, Romania 

Low  cost  differential  pressure  sensor  on  plastic  package
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Lead‐free  Electrochemical  O2 sensors
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Nanosensor technology 
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Research performed within EU‐FP‐7 NEMSIC Project , Coordinator Prof. Adrian Ionescu, EPFL  
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Sensing layer
Sulfonated Polystyrene

Reference layer
Polystyrene
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Conclusions

W. Edwards Deming:
“Learning is not compulsory... neither is survival”. 

It is not necessary to change, survival is not compulsory  
“ In God we trust. All the other must bring data” 

Einstein :

“Life is like riding a bicycle. To keep your balance you must keep moving”
“Make things as simple as possible, but not simpler”

"Imagination is more important than knowledge. For knowledge is limited, whereas 
imagination embraces the entire world, stimulating progress, giving birth to evolution."
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Thank you for your attention !  


