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Many organic materials have been studied to be used as semiconductors, few of 

them being pentacene and polythiophene. Organic semiconductors have been investigated 

to make organic thin film transistors. Pentacene has been used in the active region of the 

transistors. Transistors fabricated with pentacene do not have very high mobility. But in 

some applications, high mobility is not needed. In such application other properties of 

organic transistors are used, such as, ease of production and flexibility. Organic thin film 

transistors (OTFT) can find use as low density storage devices, such as smart cards or 

I.D. tags, and displays. OTFT are compatible with polymeric substrates and hence can 

find use as flexible computer screens. This project aims at making ‘smart clothes’, the 

cheap way, with pentacene based OTFT. This problem in lieu of thesis describes a way to 

deposit pentacene films and characterize it. 

Pentacene films were deposited on substrates and characterized using x-ray 

diffraction (XRD) and Fourier transform infrared spectroscopy (FTIR). The substrate 

used was ~1500Å platinum on silicon wafer or bare silicon wafer. was used. A deposition 

system for vacuum deposition of pentacene was assembled. The XRD data for deposited 

pentacene films shows the presence of two phases, single crystal phase (SCP) and thin 

film phase (TFP), and the increase in percentage of SCP with increase in substrate 

temperature during deposition or by annealing the deposited film, in vacuum, at 80°C. 
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CHAPTER 1 

INTRODUCTION 

1.1. Background 

        Many organic materials have been studied to be used as semiconductors. A few of 

the more common materials being pentacene and polythiophene (1). Organic 

semiconductors have been investigated to make organic thin film transistors. Pentacene 

has been used in the active region of the transistors. Transistors fabricated with pentacene 

have low mobility compared to transistors prepared with traditional inorganic 

semiconductors such as silicon. 

Mobility is important parameter because it strongly influences the switching 

speed of the device.  

      Many researchers have studied pentacene in an attempt to attain higher mobility 

by altering the pentacene film properties. The pentacene film properties can be changed 

using different methods for surface preparation(1,2), by changing the way the film is 

deposited(3) or by using post deposition treatments such as annealing at different 

temperatures. 

Grain size and alignment of grains effect mobility in pentacene transistors (2). 

The deposited pentacene films can be amorphous, single phase or double phase. In case 

of double phase films, the two phases are Single Crystal Phase (SCP) and Thin Film 
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Phase (TFP). The thin film phase is mainly found in vacuum deposited films and is the 

kinetically favored phase (5). SCP is the thermodynamically stable phase. (5) 

Table 1 compares the values for mobility in pentacene films based on the 

microstructure of the pentacene film. The transport in pentacene takes place by an 

intermolecular hopping of electrons. The mechanism is maximized when the п orbitals of 

the adjacent molecules overlap. This overlap is maximum when pentacene is in 

crystalline state, where all molecules are organized in perfect stacks. In the amorphous 

film the molecules are positioned randomly with respect to each other and the overlap of 

the п orbitals is much smaller than in the crystalline state, thus inhibiting the carrier 

transport. In case of, samples having two phases, at grain boundaries adjoining 

crystallites of two phases, the outmost molecules of one crystallite are not aligned with 

those in the next. This leads, to smaller overlap between these molecules, which could 

account for the relatively poor transport properties of the mixed phase pentacene film.  So 

it can be seen that the mobility in pentacene films is very less compared to traditional 

semiconductors, and depends on the morphology of film (6). 

Table 1:  Mobility in pentacene films based on morphology of film 

Type of Pentacene 
Film 

Substrate 
Temperature(°C) 

Deposition Rate 
(ǺS-1) 

Mobility 
(cm2V-1S-1) 

Amorphous -196 1 ~10-8

Single phase 
(mainly TFP) 27 0.8 ~10-6

Double phase 
(TFP and SCP, 
mainly TFP) 

 

55 0.25 0.5-0.7 x 10-1

Source: Data adapted from IBM Journal of Research and development, vol.45 (1), 2001, 
pp. 11-27  
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 It is important to find application for organic transistors where properties like 

flexibility, low cost and ease of integration are more important than transistor 

performance. One potential application for organic transistors is electronic textiles. 

This project evaluates the deposition and characterization of the pentacene thin films. 

1.2 Objective 

1.2.1 Problem Statement 

This problem-in-lieu of thesis describes a way to vacuum deposit pentacene films 

and characterize the deposited pentacene films, using Fourier Transform Spectroscopy 

(FTIR) and X-ray Diffraction (XRD). The project also included the assembly of a 

vacuum system for the deposition of pentacene films. This problem-in-lieu of thesis is a 

part of a project to make electronic textiles using pentacene based Organic Thin Film 

Transistors (OTFTs). 

1.2.2 Pentacene 

 Pentacene is the next higher benzologue in the naphthalene, anthracene, and 

tetracene series. The molecule of pentacene looks like as shown in figure 1. 

 

 

 

                                           Figure 1: Pentacene Molecule 
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Table 2: Chemical and Physical Properties of Pentacene 

 Properties  

1 Chemical Formula C22H14

2 Molecular Weight 278.35 

3 Melting Point 300°C 

4 Boiling Point 529°C 

5 Length/Breadth Ratio 2.18 

6 Appearance Dark blue powder 

7 Crystal Structure Triclinic  

8 Molecules per unit cell Two 
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CHAPTER 2 

EXPERIMENTAL METHODS 

2.1 Deposition System 

2.1.1 Furnace Assembly  

  The vacuum system consisted of a quartz tube connected to the furnace frame.  A 

flexible tube was used to connect the quartz tube to the turbo pump. The pressure in the 

quartz tube is monitored using thermo ionic gauge and pressure monitor. A K-type 

thermocouple inside the quartz tube is put next to the substrate. It was connected to the 

temperature monitor, and is used to measure the temperature of the substrate, during 

deposition. The pentacene powder is put in aluminum sample holder. And it is put at the 

closed end of the quartz tube. Another K - type thermocouple is put in the sliding furnace, 

just below the aluminum sample holder. This thermocouple is connected to the 

programmable temperature controller, and it helps to regulate and read the temperature of 

the furnace. It was seen that if the furnace is heated to 200°C, with a ramp time of  30 

minutes then the temperature of the furnace at a particular point and the temperature 

inside the quartz tube just above that point, does not vary by more than 5°C. The second 

thermocouple which is just below the aluminum sample holder, but outside the tube in 

the sliding furnace, reads the furnace temperature and the temperature of the Aluminum 

sample holder. The sample holder is made of aluminum (Al), and can be used for 

evaporating pentacene, because the melting temperature of Al is 600°C and the 

temperature at which pentacene is evaporated is 200°C.  
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Sliding Furnace 
Quartz Tube 
 
Aluminum sample holder for Pentacene 
Substrate for Deposition 
 K-Type Thermocouple, for substrate  
Valve to isolate Quartz tube 

 
  Turbo Pump 

Variac Temperature 
Controller 

Power 
Supply 

  Turbo valve 

Pressure Monitor 

Temperature Monitor 
(Reads substrate 
temperature) 

Thermo ionic Gauge K -Type Thermocouple 
(for reading furnace 
temperature and that of 
aluminum sample holder) 

Figure2: Schematic of Furnace used for deposition 

2.1.2 Pentacene Deposition 

 Just before loading, the substrate is cleaned in acetone in ultrasonic bath, then on 

the spinner with acetone, for 2 minutes and then with IPA, for two minute on spinner. It 

is then cleaned with DI water for 5 minutes on the spinner. It is then spin dried. 

 As received Pentacene, from Aldrich, is used for deposition experiments. The 

aluminum sample holder, with 0.004 grams of pentacene, is put at the closed end of the 

quartz tube, as shown in schematic figure 2. A Fisher Scientific (accu-124D, Dual range) 

balance is used to weigh the pentacene powder. The substrate is placed at a distance of 

15cm from the same end of the quartz tube. The system is allowed to pump down 
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overnight. Before starting the deposition, the pressure must be less than 3 x10-6 Torr. At 

this point, we set the temperature cycle in the 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

  

 

Figure 3: Photograph of the furnace 
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Figure 4: Temperature cycle set in temperature controller 
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Omega (CN2011) programmable temperature controller. The temperatures used for the 

cycle was, T1= 150°C, T2= 200°C, T3= 200°C, and time, t1 = 30min and t2 = 2hrs. The 

temperature cycle is shown in figure 4. 

 When the furnace temperature reads 200°C, exactly after 30 minutes from the 

start of the cycle; the furnace is slid over the tube, till a distance marked as 16cm on the 

tube, from the same end of the tube. The time of deposition is counted, from this time 

onwards.  

For the above written temperature cycle, the substrate temperature reaches 80°C in about 

8 minutes and stays constant throughout the deposition. 

 The substrate temperature can be altered by changing the temperature cycle or by 

changing the distance- the furnace is slid over the tube. The different substrate 

temperatures that were used in our experiments are 60°C, 70°C, and 80°C. There was no 

deposition seen for substrate temperatures more than 85°C. 

 After the time of deposition, the furnace is slid back. After exactly an hour the 

valve between the tube and turbo pump is closed, this stops any further deposition, even 

though the temperature of substrate is still not at room temperature. The substrate is 

allowed to cool down to 30°C for at least for two hours before removing it from the tube. 

This above procedure gives reproducible results.  

 To clean the tube, 100% ethyl alcohol is used and it is also used to clean the 

aluminum sample holders. The pentacene used is as received. 

 The substrate used is either platinum on silicon wafer or bare silicon wafer. The 

silicon wafer is cleaned with process described in the section 2.4 ‘cleaning wafers’ and 
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the platinum is deposited on silicon wafer, as described in section 2.5 ‘platinum 

deposition’.  

2.2 X-Ray Diffraction 

 X- Ray Diffraction (XRD) is a nondestructive technique, used to study the degree 

of crystallinity in material containing short range order in their atomic arrangement, 

defects, thickness of layers (in a multilayer thin film structure), stresses present in thin 

films, size and orientation of grains, the lattice match between interlayers in a multilayer 

structure, determination of known phases, determination of lattice constants (7). 

2.2.1 Working Principle 

  A simple X-ray diffraction system consists of an X- ray source, sample, detector 

and a goniometer. The X-rays are generated by using a tungsten filament and Copper 

(Cu) or Magnesium (Mg) as the anode. The monochromatic X- rays can be of Cu- Kα (λ 

= 1.542 Å). The sample can be a powder or a solid. The X-rays from the source interacts 

with the sample and the resultant beam is collected by detector. Figure 3 shows the path 

of incident beam and the resultant beam. The X-rays are at an angle ‘θ’ to the sample, and 

the resultant beam at 2θ to the original beam, which is also the relative angle between 

detector and sample. This type of measurement is called θ-2θ experiment. The result is a 

plot of intensity (arbitrary units) of the X-rays against Bragg’s angle 2θ.  

 Bragg’s law relates θ, λ, and dhkl. Bragg’s Law is defined as, 

n * λ = 2 * dhkl * Sin θ 

where, 

  n is the order of diffraction 
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  λ is the wavelength in angstroms (Å) 

  d is the interplanar spacing angstroms (Å) 

  θ is the angle of incidence or diffraction of the X-rays in degrees 

  h, k, l is the Miller indices of a given set of planes 

 

 

 

 

 

Figure 5: X-ray Diffraction principle 

When x-rays are scattered from a crystal lattice, peaks of scattered intensity are 

observed which correspond to the following conditions: 

1. The angle of incidence = angle of scattering.  

2. The path length difference is equal to an integer number of wavelengths (7). 

If the Bragg’s condition is satisfied, then constructive interference takes place and the 

diffracted beam is reinforced. The interplanar spacing d is related to the lattice parameter 

a, and Miller indices (h, k, l) of a given set of planes; and the relation is according to the 

crystal structure of the sample (7). 
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2.2.2 Equipment Used 

 The X-Ray system used in his project is a computer-controlled Enraf-Nonius  

CAD-4 automated diffractometer. The equipment is located in Chemistry department, 

University of North Texas, Denton, Texas. 

2.2.3 X-Ray Diffraction and Pentacene Films 

 The structure of the deposited pentacene films was determined using X-ray 

diffraction in a symmetric reflection, coupled θ - 2θ mode. Copper Kα (λkα =1.54 A) was 

used for this study. 

 The vacuum deposited pentacene thin films were characterized using x-ray 

diffraction. The results show the coexistence of two phases: the thermodynamically stable 

single-crystal phase and the kinetically favored, metastable thin–film phase (3).The 

mixed phases were produced when low deposition rates were used and the substrate 

temperature was 60°C, 70°C or 80°C. The intensity of the Single-Crystal Phase (SCP) 

increased and the intensity of the Thin-Film Phase (TFP) decreased, as the temperature of 

the substrate increased. Also, in case of films deposited on the silicon substrate, the 

intensity of SCP is increased when the sample was annealed. The annealing temperature 

was 80°C, the pressure was 3 x 10-5 Torr, and the sample was annealed for one hour. 

Thin film phase is usually found in vapor deposited thin films. The XRD spectra 

for the dual phase films have peaks for SCP and TFP. The peaks exist as doublet, one 

peak for SCP and one for TFP. The peak doublets correspond to different (00l) 

reflections, each member of the doublet belonging to one phase. The low angle peak of 

each doublet corresponds to thin-film phase and the other one to the single–crystal phase. 
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The presence of two phases and the corresponding peaks is compared with that reported 

by C. D. Dimitrakopoulos, e t al, (3). 

If the deposition rate is low and the substrate temperature is near room 

temperature, the phase in pentacene film is predominantly thin-film phase, which is the 

kinetically favored phase. If we increase the substrate temperature and the deposition rate 

is lower, than there is more mobility of the molecules in the pentacene film and single-

crystalline phases becomes dominant, which is the thermodynamically stable phase. 

Samples with higher intensity of SCP should have higher mobility than 

amorphous films or films with a higher percentage of TFP.  

2.2.4 Sample Identification for XRD 

Sample identification and description is given in Table 3.  

Table 3: Sample Identification for XRD 

 

 Sample Name Substrate 
Deposition 

Time 
(minutes) 

Substrate 
Temperature 

(°C) 

 

1 Sample A Platinum 40  60  
As 

deposited 
(A.D.) 

2 Sample B Silicon 40 60 A.D. 
3 Sample C Silicon 50 70 A.D. 
4  Sample D Silicon 50 70 A.D. 
5 Sample E Platinum 60 80 A.D. 
6 Sample F Silicon  60 80 A.D 

7 Sample G Silicon  60 80 
Annealed 

at 80°C  for 
60minutes 

8  Sample H 
Platinum, 

No 
pentacene 

  
 

 
2.2.5 Results 
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XRD spectra of Sample A (figure 6) shows the presence of two phases, thin film phase 

(TFP) and single crystal phase (SCP). An XRD spectrum of Sample B (figure 7) also has 

both peaks for TFP and SCP, but the peaks are not so distinct, may be because of the 

substrate being silicon. SampleC (figure8) has also a silicon substrate but the substrate 

temperature is higher than in the sample B, and the peaks are more prominent. SampleD 

(figure9)  is similar to sample C and the XRD spectra is similar to that of sample C. 

Sample E (figure10) has very distinct peaks, the substrate temperature is 80°C and the 

substrate is platinum. SampleF (figure11) has same deposition conditions as sample E, 

but the substrate is silicon, and the peaks are not so distinct. SampleG (figure12) was 

annealed and the spectra can be compared with that of sample F, the peaks become more 

distinct after annealing. SampleH (figure13) is the XRD spectra for platinum substrate 

with no pentacene film, to help distinguish peaks from pentacene film and that from 

platinum film. 

2.3 Fourier Transform Infrared Spectroscopy  

2.3.1 Working principle  

Fourier Transform (FTIR) is the preferred method of infrared spectroscopy. In 

infrared spectroscopy, the infrared spectrum is passed through a sample. Infrared 

radiation interacts with the sample, some of the radiation is absorbed by the sample, and 

some of it is transmitted. Thus a spectrum is generated which has information about the 

absorption and transmission be the sample, creating a molecular fingerprint of the 

sample. FTIR is useful, because just as fingerprints, no two unique molecular structures 

produce the same infrared spectrum. This method can be used for both quantitative and 
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qualitative purpose, like for identification of unknown material, to determine quality and 

consistency of a sample or to determine amount of components in a mixture. Each 

compound is a unique combination of atoms and so no two unique compounds or samples 

will have the same infrared spectrum. To measure all the infrared frequencies 

simultaneously, and optical device ‘interferometer’ is used. Since the plot of intensity at 

each frequencies- frequency spectrum, is needed to make identification, ‘Fourier 

transformation’ is used. This transformation is performed by the computer which then 

presents the desired spectral information for analysis 
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Figure 6: XRD spectra for Sample A (Substrate- platinum, deposition time- 
40minutes, substrate temperature = 60°C) 
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Figure 8: XRD spectra for Sample C (Substrate- Si, deposition time- 50 min, 
substrate temperature = 70°C) 
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Figure 9: XRD spectra for Sample D (Substrate- Si, deposition time- 50min, 
substrate temperature = 70°C) 
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Figure 10: XRD spectra for Sample E (Substrate- Pt, deposition time- 60min, 
substrate temperature = 80°C) 

Figure 11: XRD spectra for Sample F (Substrate- Si, deposition time- 60min, 
substrate temperature = 80°C) 
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Figure 12: XRD spectra for Sample G (Substrate- Si, deposition time- 60min, 
substrate temperature = 80°C) 
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Figure 13: XRD spectra for Sample H (Platinum substrate with no pentacene film) 
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Table 4: Comparison of peaks in the XRD spectra for different samples 

           TFP SCP TFP SCP TFP SCP TFP SCP

Angle 2-θ          5.64 6.045 11.365 12.175 17.14 18.375 22.985
Theory 
 (3) d-value Kα (Å)          15.657 14.6089 7.7796 7.2638  5.169 4.824 3.866

  
Angle 2-θ 

  
5.563 

  
5.942 

  
  

  
12.14 

  
  

  
 18.2 

  
  

  
   Sample A 

 
  d-value Kα (Å) 15.8723 14.862   7.2846    4.87     

Angle 2-θ 5.34 5.98 11.4 11.92         Sample B  
  d-value Kα (Å)  16.535 14.767 7.75 7.418         

Angle 2-θ 5.28 5.98,6.08 11.04 12.08         
Sample C 
  d-value Kα (Å)  16.72 14.767 8.00 7.32         

Angle 2-θ 5.64 6.14 11.38 12.08         Sample D 
  d-value Kα (Å)  15.657 14.383 7.76 7.32         

Angle 2-θ 5.92 6.12 11.64 12.3   18.52     Sample E 
  d-value Kα (Å)  14.917 14.43 7.596 7.19    4.78     

Angle 2-θ 5.84 6.14 11.8 12.32         
Sample F 
  d-value Kα (Å)  15.121  14.383  7.493  7.178         

Angle 2-θ 5.86 6.12 11.48 12.28   18.16     Sample G 
  d-value Kα (Å)  15.069  14.43  7.70  7.201    4.88     
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 A typical instrumental process is as given: 

1. Source: Infrared energy is emitted from a glowing black-body source. This beam 

passes through as aperture which controls the amount of energy presented to the 

sample (and, ultimately to the detector). 

2. The Interferometer: The beam enters the interferometer where the ‘spectral 

encoding’ takes place. The resulting interferogram signal then exits the 

interferometer. 

3. The sample: the beam enters the sample compartments where it is transmitted 

through or reflected off the surface of the sample, depending on the type of 

analysis being accomplished. This is where specific frequencies of energy, which 

are uniquely characteristic of the sample, are absorbed. 

4. The Detector: the beam finally passes to the detector for final measurement. The 

detectors used are specially designed to measure the special interferogram signal. 

5. The Computer: The measured signal is digitized and sent to computer where the 

Fourier transformation takes place. The final infrared spectrum is then presented 

to the user for interpretation and any further manipulation. 

6. Because there needs to be a relative scale for absorption intensity, a background 

spectrum must also be measured. This is normally a measurement with no sample 

in beam. This can be compared to the measurement with the sample in the beam 

to determine the ‘percent transmittance.’ This technique results in a spectrum 

which has all of the instrumental characteristics removed. Thus, all spectral 

features which are present are strictly due to sample. A single background 
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measurement can be used for many sample measurements because this spectrum 

is characteristic of the instrument itself. 

2.3.2 Equipment Used 

 The FT-IR system used is Nicolet Nexus 470 FTIR with thin film grazing angle, 

ATR liquid cell, variable angle, and variable temperature capabilities. It is located in 

Materials synthesis and processing laboratory, Materials Science and Engineering 

Department, University of North Texas. 

2.3.3 FTIR and Pentacene 

 Infrared Spectroscopy is used as one of the characterization methods for the 

pentacene films. Spectra of the film are compared with the spectra obtained from Aldrich 

and with that from literature (8).   

Pentacene film was thermally evaporated. The substrate used was either platinum 

on silicon or silicon wafer. The temperature of source was 200°C and the temperature of 

substrate was at room temperature and reaches 80°C within 8 minutes and stays at 80°C 

for time of deposition. The pressure was 3 x 10 -5 Torr. The presence of pentacene is 

confirmed by FT-IR spectra. The XRD spectra show the presence of crystalline and thin 

film phase. The single crystalline phase is a thermodynamically stable phase, while the 

thin film phase is a metastable, kinetically favored phase. 
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Figure 14: FTIR spectrum for pentacene powder 
Source: Aldrich 
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2.3.4 Sample Identification 

Table 5 describes sample identification for FTIR analysis.   
 

Table 5: Sample identification for FTIR analysis 

Sample Name  Substrate Time (minutes) Substrate 
Temperature 

(°C) 
Sample A Pentacene 

powder 
   

Sample B Pentacene film 
ATR-Si 

Platinum 40 60 

Sample C Pentacene film 
ATR-Si 

Platinum 60 80 

Sample D Pentacene film 
ATR-Ge 

Platinum 
 

60 80 

 
2.3.5 FTIR Results 

SampleA (figure15) gives the FT-IR spectra of powder (as received) pentacene.  
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Figure 15: FTIR Spectrum for Sample A
 

 28



SampleB (figure16) gives the FT-IR spectra for a pentacene film on platinum film, using 

ATR with Silicon crystal. SampleC (figure 17) has similar deposition conditions but 

substrate temperature is 80°C. Sample D (figure 18) has more distinct peaks, for the same 

deposition conditions as in sample C, by using ATR with Germanium crystal. 
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Figure 16: FTIR Spectrum for Sample B 
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Figure 17: FTIR spectrum for Sample C
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Sample D
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Figure 18: FTIR spectrum of Sample D 

Table 6: FTIR peaks position (cm-1) in literature and corresponding peak position in 
the samples 

 

Peak positions 

in literature (7) 

Kind of Bond 

Stretching 
Sample A Sample B Sample C Sample D 

3078.5 3073.90 3073.40 3050 3079 

3063.9 
Ring C-H 

3043.63 3043.34  3046 

1623.1 1625.32 1625.0 1620 1628 

1444.6 
Ring C-C 

1443.99 1444.61 1449 1445 

991.8  990.83 990.85 991 992 

961.7  958.76 958.17 959 960 

914.5 905.79 906.88 906 912 

862.8 891.04 891.14 888  

829.2 

Ring C-H 

844.54 836.99 845 846 

2.4 Cleaning Wafers 

 The silicon wafers are cleaned before depositing platinum or before using as a 

substrate. Table 7 describes the process flow that was used to clean the silicon wafers. 
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The process used is based on the RCA cleaning process (sometimes called ‘standard 

clean’, SC), developed by Werner Kern at RCA laboratories, during late 1960s. The 

procedure RCA1 removes organic residue and films from silicon wafers. It is followed by 

RCA2, H2O2 + HCl + H2O, which cleans the surface further. The RCA1 is based on 

sequential oxidative desorption and complexing with H2O2 + NH4OH + H2O (RCA1). 

During the cleaning process it leaves a thin oxide on the surface of the wafer which 

should be removed if pure silicon surface is desired. 

2.5 Platinum Deposition  

 Platinum is used as one of the substrates we used to deposit pentacene on. 

Platinum was deposited on cleaned silicon wafers. The Platinum thin films were 

deposited by e-beam evaporation. The thickness of deposited platinum is approximately 

1500Ǻ. The system used for platinum deposition is located in Laboratory for Electronic 

Materials and Devices (LEMD), University of North Texas, Denton, Texas. And the 

thickness of the platinum thin film was measured using a profilometer. 
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Table 7: Process Flow for Cleaning Silicon Wafers 

 Steps Time 
(minutes) 

Temperature 
(°C) 

1 Blow away particles with filtered nitrogen (N2)   

2 Immerse wafer in acetone (boiling point 56°C) 
To remove grease 1 

Room 
Temperature 

(RT) 

3 Rinse wafer with D Ionized (DI) water 2 RT 

4 Immerse wafer in H2SO4 + H2O2 ( ratio 4:1) 
To oxidize impurities and remove organics 10 90 

5 Rinse wafer with DI water 2  

6 

Immerse wafer in 0.5% HF in 10% H2O2
(H2O:HF:H2O2) 

To remove oxide and etch silicon dioxide (SiO2) 
and reduce metal contaminations 

1 RT 

7 Rinse wafer with DI water 2  

8 Immerse in NH4OH + H2O2 +H2O (ratio 1:1:5) 
To remove organics and metal contaminations 5 80 

9 Rinse wafer with DI H2O 2 RT 

10 
Immerse in HCl + H2O2 + H2O (ratio 1:1:6) 

To remove metallic contaminations and oxide 
capping 

10 80 

11 Rinse wafer in running DI H2O 2 RT 
 

HF last 
12 Immerse wafer in 1% HF (H2O:HF = 200:4) 1 RT 

13 Rinse in running water 3 RT 

14 Dry wafer with N2   

15 Quickly load wafer to the chamber   
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2.6 Rutherford Backscattering Spectroscopy 

2.6.1 Working principle   

Rutherford Backscattering Spectroscopy (RBS) refers to a technique in which the 

sample to be studied, is irradiated with light ions and the elastically backscattered 

projectiles is recorded as a function of energy or angle. The mass identification of the 

target atoms results from the energy of the backscattered projectile, typically measured 

by means of a surface-barrier detector. RBS is a standard free or absolute method. Atoms 

with masses close or below the projectile mass are not detectable and RBS is more 

sensitive for heavier components of the sample. Figure 19 shows the interaction of 

projectile ion and target atom. 

 

  

 

 

  

 

 

 

 

 

 

Figure 19: Principle of RBS- Interaction of ion and target atoms 
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A typical RBS instrumental setup is shown in figure 20., 

 

 

 

 

 

 

 

 

 

 

Figure 20: Set-up for Rutherford Backscattering experiment 

 

 

 

 

 

 

 

 

 

Figure 21: Accelerator for RBS experiment at LEMD, Univ. of North Texas 
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2.6.2 Equipment Used 

The facility used for RBS is located in Laboratory for Electronic Metals and 

Devices (LEMD), University of North Texas (Figure 21). The accelerator is a model 9SH 

Pelletron (R) accelerator built by National Electrostatics Corporation. The instrument was 

custom designed to enable Hydrogen (H), Helium (He), Nitrogen (N), Carbon (C), 

Oxygen (O) and Argon (Ar) ion energies from 50 KeV to 3MeV for surface and thin-film 

analysis ion beam characterization.   

The accelerator beam lines provide a vacuum envelope for the ion beam to be 

directed to analytical stations where the Rutherford Backscattering experiments can be 

performed. 

2.6.3. RBS and Pentacene Films 

  The chemical formula for pentacene is C22H14. The ions used are He++. RBS can 

be used to measure the number of carbon atoms/ cm2 (n), but the number of hydrogen 

atoms cannot be measured. Once the number of carbon atoms/cm2 was determined, we 

could calculate the pentacene thin film thickness, if we assume the density of the film is 

the same as the bulk density. 

2.6.4 Deposition Rate Calculation 

 The density of the deposited pentacene film was taken as 1.303grams/cm3 (9), 

molecular weight as 278.35 grams and the value for number of atoms/cm2 (n), from the 

experiment, was used to calculate the thickness of the pentacene film. The thickness of 

the sample was plotted against the deposition time, to give the deposition rate curve.,and 

is given in figure22. 
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The formula used to calculate thickness is  

t = (n * m)/ (a * N * ρ) 

Where 

n is the number of carbon atoms/cm2

m is the molecular weight of the pentacene molecule and is 278.35 

a is the number of carbon atoms/molecule of pentacene and is 22 

N is Avogadro number and is 6.023x1023 

ρ is the density of pentacene film and is taken as 1.303 gm/cm3

Table 8: Thickness of sample and deposition time 

 Time 
(minutes) 

Calculated thickness 
(t) of pentacene film 

(µm) 
 

Thickness (Å) 
 
 

1 20 0.40125 4012.5 

2 40 0.73268 7326.8 

3 60 1.493 14930 
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Figure 22: Deposition Rate Curve 
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CHAPTER 3 

CONCLUSIONS 
 

Pentacene films have been vacuum deposited. The films deposited were 

characterized using X-Ray diffraction, Fourier Transform Infrared spectroscopy and 

Rutherford Backscattering Experiment. The peaks in the spectra from infrared 

spectroscopy are more distinct, if the substrate used is platinum. Also in the case of X-ray 

diffraction, the peaks are much more defined if the substrate is platinum. The presence of 

two phases, single crystal phase (SCP) and thin film phase (TFP) is reported. 

Suggested Future Work 

To increase quality of film, films used should be thick to fully cover the relief 

features, and should be annealed. The organic thin film transistors (OTFTs) have very 

high contact resistance (10), which limits their applications. The contact resistance for 

pentacene films should be measured and experiments should be done to lower the contact 

resistance.  
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