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ABSTRACT 

 
This paper investigates the effect of doping techniques, type of dopant species and 

plate size on the capacitance density of a silicon based capacitor. The substrate of the 

silicon wafers were highly doped using either solid source (SS) or spin-on dopant 

(SOD) method. The wafers were doped according to their types where the n-type 

wafers were doped with phosphorus where as the p-type wafers were doped with 

boron. Three different diffusion temperatures were used in this experiment which are 

900oC, 1000oC and 1050oC. The diffusion process was conducted by using the Modu-

Lab diffusion furnace. The low-frequency CV measurement using the Keithley 595 

Quasistatic CV meter was conducted in order to study the capacitance value in this 

research. Results show that the diffusion by spin-on dopant gives a higher capacitance 

density compared to diffusion by solid source and larger plate size would contribute 

to a larger capacitance value. In addition, the experiment also shows that n-type wafer 

heavily doped with phosphorus exhibits a higher capacitance density. 

 

Keywords: solid source, spin-on dopant, capacitance density, segregation, pile-up, 

heavily doped bulk substrate 
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CHAPTER 1 
 

 

INTRODUCTION 
 

 
1.1 OVERVIEW OF THE SILICON BASED CAPACITOR 

 

Capacitors used in semiconductor devices may be based on the structure of a 

metal oxide semiconductor (MOS) type, PN junction type, polysilicon-insulator-

polysilicon (PIP) type, metal-insulator-metal (MIM) type and many others. Capacitors 

are typically formed to have a metal/insulator/metal structure [1]. A capacitor is 

comprised of two conductive plates separated by a non-conducting dielectric layer. 

The dielectric layer is preferably comprised of one or more materials having a very 

high dielectric constant and low leakage current characteristics [2]. A typical 

capacitor comprises a pair of electrode layers having dielectric material there 

between. Whenever voltage is applied across the electrode layer, a charge is stored in 

the capacitor with the amount of charge being storable in the capacitor. The 

capacitance is directly proportional to the opposing areas of the electrodes and the 

dielectric constant of the dielectric material [3]. 

 

  Capacitors are generally fabricated in conventional physical shapes and sizes 

that are dictated by the capacitor materials, the manufacturing process, the end use, 

and the desired electrical properties. Many kinds of capacitors are currently available 

and are selected for respective uses, for example, paper capacitors, electrolytic 

capacitors, mica capacitors, ceramic capacitors, plastic film capacitors, and so on [2].  

 

In general, capacitors have a structure that a dielectric is sandwiched between 

a pair of parallel electrodes, and function to store electricity utilizing an electrical 

polarization caused in the dielectric by application of a voltage between the parallel 

electrodes. The characteristics of the capacitors largely vary depending on the kinds 

of dielectrics used [1].  




