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ARSTRACT. Thermmally evaporated zinc phthalocyanine (ZnPc) filins in the as deposited condition were
identificd to be as-amorphous. Tt undergnes struchural transformation upon annealing up to 613 K. The
optical properties and spcetral behavinr of as deposited and annealed thin films of ZnPe were studied using
speetrophotomeirie measuremenis of the transmissivity and reflectivity at normal incidence of light in the
wavelength runge 200-2500 nm. The refraelive index, », and absorption index, &, were calculated and it was
found that they are independent of film thickness in the thickness range 205-530 nm. Annealing at 613 K
increases absorbance of films by 5-6 times in comparison with absorbance of as deposited ones and shifts
peak positions of all bands towards Inw energy side of spectra except the peak position of N-band is shified
lowards high energy side of spectra. The absorption spectra in the UV-VIS. region has becn analyzed in
terms of bonth molccular orbital and band theonies. Indirect allowed transitions near the onset and fundamental
absorption edges were observed. The energy at the onsct was obtained and equals to 1.45 and .51 eV for as
deposited and annealed films, respeclively. The fundamental energy gap was obtained and equals 10 2.94 and
2.88 eV for as deposiled and annealed films, respectively. The absorption spectra shows four absorplion
bands. The oscillator strength, £, the electric dipole strength, g7, the molar extinction coefficicnt, &y, Were
calculaled for as deposited and annealed ZnPc thin films.

1. Introduction

Phthalocyanines, Pcs, are P-type semiconductors characterized by high thermal and
chemical stability. Pcs also show interesting photophysical properties and both photo and
dark semi-conductivity, which make them particularly interesting for use in more advanced
technological applications such as optical recording (Gu er al., 1995), nonlinear optics
(Yamashita et a/l., 1998), light emitting diodes (Blochwitz ef af., 1998), basis for the optical
sensing (Vukusic & Sambles, 1992}, photodynamic therapy (Cubeddu et of., 2001) and as
gas sensors (Huo ef al., 2000). The application of Pcs in any one of technological devices
will certainly be provided as thin films. The optical constants of thin films provide us with
information conccrning microscopic characteristics of the material and its determination is
very important for using it in any one of such devices. (Davidson, 1982) investigated the
effect of the central metal atom on thc absorption spectra of phthalocyanine films. The
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visible and near uliraviolct spectra have been measured for thin films of HsPe, MgPec,
FePc, CoPe and ZnPc (Davidson, 1982), other optical properties such as transmissivity and
reflectivity of films lcading to determination of spectral responsc of refractive index and
absorption index were not investigated. Absorption coefficient, a, of thin films of frec
hase, copper and zinc phthalocyanines, chlorinated copper phthalocyanine and frec base
protoporphyrin werc reported for photon cnergies between 0.5 and 11.8 eV (Schechtman,
& Spicer, 1970), the data for ZnPc was obtained from a single sample of thickness 530 A
in as deposiled condition of unknown structure. There is approximation in calculation of
a, this approximation may have introduced as much as a 25% error into scale of « for
ZnPc¢ (Schechtman, & Spicer, 1970). There is disagreement in literaturc as to the role of
the influcnce of annealing temperature on absorption spectra of some phthalocyanine
derivatives such as FePc (El-Nahass ef af., 2001), CuP¢ (El-Nahass ef ai., 2001), CoPc (El-
Nahass e af., 2003) and MgPc (Krishnakumar & Menon, 1997). There was no significant
influence of annealing temperature on absorption coefficient of investigated metal Pes (El-
Nahass et al., 2001, a; El-Nahass er ¢/., 2001, b; El-Nahass ¢f al., 2003). Krishnakumar and
Menon (Krishnakumar & Menon, 1997) studied the influence of annealing temperature of
398 K with soaking tim¢ of 24 hrs on absorption spectra of MgPc in spectral range 200-
1100 nm. Anncaling temperature (398 K) shifted the maximum absorption from 365 nm to
333 nm and resulted in considerable hroadening ot Q and B hands

To our knowledge, there arc no enough efforts concerning dctermination and
characterization of optical constants, spectral and structural features of ZnPc. The aim of
the prescnt work is to study the influence of some environmental conditions such as film
thickness and annealing temperatures on structure formation, spectral behavior and optical
constants of thermally evaporaled ZnPc thin films, utilizing improvements introduced on
methods used in determination of optical constants from the cxperimental transmissivity,
T, and reflectivity, R, measurcments (Soliman et al., 1988; Laaziz et al., 2000).

2. Experimental details

2.1. Samples preparation:

Zinc phthalocyanine powder uscd in the present study was obtained from Kodak,
UK. ZnPc thin films of different thickness ranging from 205-530 nm werc prepared by
conventional thcrmal evaporation techuigne using a high vacuum coating unit (Edwards
type E306A, England). The pressure during deposition was 107 Pa. ZuPc thin films were
sublimated from quartz crucible heated hy tungsten filament onto a clean optical flat fused
quartz substrates for optical measurements and onto clean flat glass and KBr substrates for
structural investigations. The substrates were kept at room temperature during deposition.
The film thickness and rate of deposition were controlled and menitored during deposition
by film thickness monitor {model, TM-350 MAXTEK, Inc.). The deposition rate was
controlled at 0.5 nm/sec. Thickness was dctermined accurately after deposition
interferomctrically (Tolausky, 1970). The structural analysis of ZnPc films with thickncss
of 530 nm were performed by X-ray diffraction (XRD), infrared spectroscopy (IR) and
diffcrential scanning calorimeters (DSC) techniques. Philips X-ray diffraction system
(model X" pert Pro} equipped with Cu anode. A filtered Cu k, radiation (A= 1.5418 A) was
uscd. The X-ray tube voltage and current were 40 kV and 30 mA, respectively. IR
spectroscopy on ZnPc was performed using ATI Mattson (infimty series FTIR) infrarcd
spectrophotometer in the spectral range 4000-400 cm™'. For this study, Img of ZnPc

Samsung Exhibit 1072, Page 2 of 17



Structural and optical properties of thermally evaporated zinc ... 270

powder was mixed with 50 mg of vacuum dried IR-grade KBr. The DSC of as deposited
and annealed ZnPc thin films colleeted in powder form has been studied using a (PERKIN-
ELMER?T series) thermal analysis system with heating rate 10°C/min. The mcasurements
of transmissivity, Tf4}, and reflectivity, R4}, as well as absorbance, 44}, werc carried out
using a double beam spectrophotometcr model (Shimadzu, type UV-3101 PC) at normal
incidence of light in the wavelength range 200-2500 nm. All thc measurements were
carried out at room temperature.

2.2, Method of calculating optical constants:

The methods (Bennett & Booty, 1966; Nilson, 1968; Abélés & Théye, 1966 |
Bennett & Booty, 1967) used for determining optical constants comprise computer
software intended to solve equations relating those eonstants to spectrophotometric
measurements of the transmissivity, T, and reflectivity, R, at normal incidence of light.
These equations allow for coherent multiple reflections inside the thin film and incoherent
multiple reflections inside the substrate. In principle, » and %, can be obtained from
cquations of thc form (Bringans, 1977)

R(A)= fr(nk.n ), (N
T(A)= fr(n.k,n,A) (2)

where n and n, are rcfractive index of film and substrate, respectively, k is extinction index
and A 1s wavelength of incident light. The absolute values of total measured transmissivity,
T, reflectivity, R, back reflectivity, R’, after introducing corrcctions resulting from the
absorbency and reflectance of thc substrate are given by (Agicv & Shklyarevskii, 1978;
Shklyarevskii et al., 1969):

roliry (3)
I

q
where I, I, are the intensities of light passing through film-substrate system and reference
quartz, respectively and R, is the reflectance of reference quartz substrate.

R(A) = [i” JRm (4)

m

where 7, 1, are the intensities of light reflected from the sample and the reference mirror,
respectively, and R, is thc mirror refleciance.

| lp 5)
]n! "

where 1:& is the intensity of incident light on substrate only.

The film transmissivity, 7, film reflectivity, Ry and film back rcflection, R} for a

system consisting of deposited film onto semi-infinite transparcnt substratc are expressed
as (Laaziz et al., 2000): *

T(1—-R,R,
r, =10 (6)
- R,
T'R
= S e S (7)
1-R.R,
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, R'—R,
Ry =—F—2— (8)
1-R(R -2)
where Ry and 7; are the refleetivity and transmissivity of the air-film interface in the
direction of incident beam, T/R; 1s the first internal reflection in the substrate—air interface,
TR, R; is the second internal transmittance of film air-interface. Substituting (8) in (6)

and (7), simple formulae for caleulating film transmittanee, 7 and film reflectance, Ry, are
obtained as:

[(1+R ) ~2R R

T, =T , 9
" 1+R(1-R)+RX(R'-2) ®)
*R[I-R (R -
: (1+R, ) —2R,R

To calculate the refractive index, », and absorption index, &, of films, a new
modifieation bidifference search technique of Bennett and Booty (Bennett & Booty, 1966)
has been introduced by us. A computer program for the search was used to minimize
simultaneously the difference between the calculated and cxperimental values of both
transmissivity and refleetivity as:

}:.'a.' - ;re\p 0 (1 1)
yRc‘af - Ruxp = 0 ( 12)

where 7., and R, are the experimentally determined values of 7y and R, calculated from
(9) and (10), respectivety. 7., and R.. arc the caleulated values of T and R using
Murmann's exact equations (Hecavens,1964; Liddcli, 1981). The experimental crrors were
taken into account as follows: = 2.2% for film thickness measurements, £ 0.1% for 7, and
Ry caleulations, £3% for refractive index and #2.5% for absorption index measurements
(Konstantinov ef af., 1998).

The absorption coefficient, «, is related to the absorption index, £, as: ¢ = % and to

A
the molar extinction coefficient, (@) (Cmoter(®) 1s the molar cxtinction eoefficicent, that
is often used to describe the absorption of light by nonsolid molecular media) by the
rclation {Schechtman, & Spicer, 1970):

\I’ -".l - . -
=2 107 In(10)¢, =MLW10-‘ ln(10)Z, ,, =G¢

e
Yo

(13)

el

where N is the concentration of the material {molecule per unit volume), p is thc material
density, MW is the molecular weight, N, is thc Avogadro’s number and G is a constant
that depends on the material.

The oscillator strength, £, and the electric dipole strength, ¢°, are given by (Kumar,
2000):

f=22x10" ﬂﬂ on, IA(i)di (14)
€ n +2)] b

3 1 | V

. V) —=—— vi—~. 15

q 2500 gmafur( )/1“ 2500 gnm!nr( )AV ( )
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where, A» is the absorption half band width and », is the resonancc frequency, 7 is the film
thickness and n.. is the refractive index at infinite frequency.

The optical energy gap, E,, and the type of transition was dctermined from the
analysis of @ near the onset and the fundamental absorption edges using the equation by
Davis et al ( in Fox, 2001) for amorphous semiconductors as :

nahv=Blhv-E, *tn,) (16)

where B is a constant related to electrical conductivity and energy lcvel separation, x = 2 or
3 for indirect allowed and forbidden transitions, respectively, and x =1/2 or 3/2 for dircct
allowed and forhiddcn transitions, respectively and 17, 1S phonon encrgy.

3. Results and discussion

The differential scanning calorimetry (DSC) thermograph of as deposited and
anncaled ZnPc¢ (613 K} thin films collected in powder form is depicted in Fig.1(a, b).
Fig.1{(a) shows two main endothermic peaks ar 365 and 656 K, crystallization of
amorphous phasec proceeds in between those two peaks. Fig. 1(b) indicates that the process
is urreversiblc,

An X-ray diffraction (XRD) patlern denived from as received powder zinc
phthalocyaninc is depicted in Fig.2(a). The X-ray traces of powdcr ZnPc were identified to
be B-form. The B-form of ZnPc has monoclinic unit cell with parameters a=14.567 A,
b=4.874 A, c=17.27 A, p=106.15" and space group P2,/n(14) (ICCD card No, 39-1882).

XRD results obtained from films, in as deposited condition, are plotted in Fig.2(b).
The films in as deposited condition were identificd to be amorphous phase with halo
around 26 = 25" in addition 1o prescnec of a peak at 26 = 6.94°. Annealing at 573K
transforms the as deposited amorphous phase of ZnPc¢ into crystalline B-form. Increasing

annealing temperature to 613 K incrcases volume fraction of 3-form as shown in Fig.2 (c
and d). )

Deposition conditions, proccssing variables and type of central atom in the molecule
of P¢ influence the structurc of thermally cvaporated thin films. Amar (Amar ef al.. 2002)
performed XRD structural study of thermally evaporated metal-free Pc thin films with
various film thicknesses. All samplcs studied have polycrystalline structure and the umt
cell was found to be a- form. Variation of deposition rate from 0.5-1 nms™' had little effeet
on the structure. El-Nahass (El-Nahass er al., 2003) studied the structurc of thermally
evaporated CoPc¢ thin films, the as — deposited samples showed amorphous structure in

addition to onc significant intense peak at 20=6.92°. Scaning electron microscope image of
the as-deposited CoPc showed microcrystallites in the amorphous structure. The same
phenomenon is also occurring in other metal substituted Pes (Hassan & Gould, 1992; Resel
et al., 2000; Brinkmann ef a/. 1996) and mctal-free phthalocyanine (Amar et al., 2002).
The prescnce of significant peak at 26 = 6.94° in as-deposired ZnPe thin films suggests the
existence of a small proportion of a crystalline polymorph.

The infrarcd absorption technique may also be used in confirming the existence of
polymorphs identified by XRD technique. Fig.3 shows infrared transmission spectra ot
ZnPc in a powder as well as in thin film forms (as depositcd and annealed at 613K). The
main spectral features, which distinguish between the diffcrent crystalline forms of metal
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substituted family (Hassan & Gould, 2000; Soliman, 2003) were found to lie in the region
800 — 700 cm™'. The typical behavior in the spectra especially at 723-726 cm’' in the three
cases indicates a 3-form of ZnPc.

—
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Fig.1. DSC thermograph :(a) lor as deposited ZnPe thin films collecied in powder form, (b) annealed (613 K)
ZnP¢ thin Nlms collected in powder [orm.
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Fig. 2. X-ray diffraction patterns for ZnPc: {a) powder, (b} as deposited thin film, (¢) thin film annealed at
573 K and (d} thin film annealed at 613 K.
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Fig. 3. Inlrared transmission spectra of ZnPc: (a) powder {orm, (b) as deposited film and (¢) films annealed
613 K.

The absorbency spectra in the UV-VIS. region of spectra for as deposited and
annealed (613 K for 2hrs) ZnPc thin films of different thickness is depicted in Fig. 4(a, b).
Inspection of Fig.4(a, b) shows that absorbance of films increases with increasing film
thickness without changing peak position. Annealing at 613 K increases the absorbance of
films by 3-6 times in comparison with absorbancc of films of as deposited condition. In
botb conditions, four absorption bands take notations (3, B (Soret), N and C (Edwards &
Gouterman, 1970). The O band exists In the visible region of spectra while others (B, N
and C) exist m the UV region of spectra. Anncaling at 613 K sbifts the peak position of all
bands towards low energy side of spectra, results in rcsolving the peak of Soret band into
two pcaks at encrgies of 3.4 and 3.68 eV and transforms the shoulder at 4.25 eV of N-band
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to a peak at 4.4eV. It is also noted that the bands B, N and C appear with intensities that
are comparatively higher than of Q-band.

In the Q-band region , it is noticed from Fig.4(a, b) that the doublets are the only
features in absorbeney spectra of as deposited and annealed ZnPc films. The higher energy
peak of Q-band has been assigned to first z-n transition on the phthalocyanine macroeycle
(Mack & Stillman, 1997). The lower energy peak has been explained as an exciton peak
(Laurs & Heiland, 1987).

The Soret band, bave a peak at 3.7 eV for as deposited films. The asymmelry in low
energy side of Soret band, suggests presenee of other peak at 3.51 eV. (Davidson, 1982)
observed the same peak (3.51 eV) for ZnPc and for some other members of
phthalocyanines family such as H:Pe and CuPc. Annealing at 613 K splits Soret band into
two peaks at 3.4 and 3.68¢V. The splitting of Seret band is Davydov sphitting (Edwards &
Gouterman, 1970). The energy separation in the Q and B bands is tabulated in Table 1. The
structural information that can be gathered from analysis of shape of Q and B-bands is that
molecules of ZnPe are in tilted arrangement.

—~ 415 nm (b}

|
T — —/
5 5}

Fig. 4. Spectral behavior of absorbance, A, (a) for as depesited ZnPc thin  films and (b} for annealed ZnPc
thin films.
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A shoulder at 4.25 and a peak at 4.4 ¢V in N-band were resolved for as deposited and
annealed ZnPc thin films, respectivcly. The shoulder was also reported near 4.3 eV for
other members of phthalocyanine family such as H:;Pc, ZnPc¢ (Davidson, 1982;
Schechtman & Spicer, 1970), FePc (Davidson, 1982; El-Nahass, 2001), CoPc (Nilson,
1986) and NiPc (Edwards & Goutcrman, 1970). It is thought that n—d transitions are
involved in FeP¢ and CoP¢ and d—x in NiPc. This is because FePc, CoPc and NiPc have
partially occupied d-bands due to cxistence of Fe, Co and Ni atoms as a central atom in
their molecular structures. The shoulder at 4.25e¢V and the peak at 4.4¢V of as deposited
and annealed films of ZnPc, respectively, can be attributed to charge transfer from a sP,
mixing orbital to the n electron system of the macrocyclic ring of the phrhalocyanine.

A strong absorption peak is resolved at 5.85 ¢V in the C-band. Such a peak was
reported by (Davidson, 1982)for ZnPc and CuPc¢ and by (Schechtman & Spicer, 1970) for
CuPc, H,Pc, ZnPc and CuPe-Cl. Anncaling shifis this peak towards low energy sidc of
spectra to bc at 5.79 eV

The oscillator strength, f, the elcctric dipole strength, ¢°, and molar extinction
coefficient, {inlar, corresponding to each peak in absorption spectra are tabulated in Table
2(a, b) for as deposited and annealed films. Annealing at 613 K for 2 hrs increases f, ¢° and
Cmolar DY about one order. The increase in oscillator strength as a result of annealing reflects
the increase of extent of interaction between the central Zn ions and Pe ring.

Observations of Figs.5 and 6, show that there is fundamental absorption edge in the
wavelength range 380-450 nm. The sharpness of this edge is higher in annealed films than
in as deposited ones. At wavelength < 800 nm, thc values of transmissivity, Ty(4), and
reflectivity, R4), dccreases with increasing film thickness. There are four transmission
bands whose sharpness is grcater in annealed films than in as deposited ones. The presence
of such bands recommends these films as good band pass or as good band stop optical
filter matcrial depending on wavelength. At wavelength > 800 nm, T/4)>>R,4) and
their total sum is equal to unity, the films arc transparent.

Table 1. The peak encrgy separation (Davydov splitting) in the visible (Q) and Sorct (B) bands.

Fitm condition AQ eV AB, eV
As deposited 0.24 0.19
Annealed 0.19 0.28

Table 2{2). Calculated values of molar extinction coefficient, £, oscillator strength, £, and electric dipole
strength. g°, for as depositcd ZnPe thin films

) 2
Band Peak energy , ¢V Li lers|f=‘l'r';110(!}],'lAc.rn'J Jrfn)’{()]lz'l Liters.lio.l‘ Lem!
Visible 1.76 3538 115 79
Q 2 4513 1.89 9.48
Soret 3.51 - - .
B 3.7 5945 5.87 10.246
Variable -N 4.25 -- 1.88 -
C 5.85 5641 1.11 124
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Table 2(b). Calculated values of molar extinction coeflicient, (o, oscillator strength, /, and eleciric dipole
strength, qz, for annealed ZnPe thin fiims.

. St /X107 g
Band Peak encrgy . eV Liters.mol ' .cm’ mole™ Liters.mol ' .cm™
Visible 1.73 26565 112 86.71
Q 1.92 28931 1.64 50.88
Soret 34 35761 2.72 1329
B 368 35008 6.32 110.7
Variable -N 4.4 -- 1.21 --
C 5.79 49018 0.32 105.37
04
o3
:‘g 0.2
g 01
T
T o
0.9
0.8
l—_‘ a7
> 06
5 05
£ o4 l —— 205 nm
g o3 \ — 300 nm
F o2yl M —o— 415 nm
0% —— 530 m

0=—r—TT—7TTT T T 7T T T T T T T T T
200 400 EBOO BDD 1000 1200 1400 1600 V80D 2000 2200 2400

L. nm

Fig. 5. Spectral behavior of wansmissivity, 7,. and reflectivity, R, for as deposited ZnPc thin films.

. - T T 1 T T T
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
A .nm

Fig. 6: Spectral behavior of transmissivity, T, and reflectivity, Ry for anneaicd ZnPe thin films.
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The calculations of »# and k were performed for films with ditferent film thiekness
ranging from 205-530 nm. The results of calculations showed that » and k are independent
of films thiekness for ZnPc, therefore each value of » and k depieted in Figs.7 and 8
represents the average value of » and k for different thickness at a given wavelength. The
dispersion curve depicted in Fig.7 shows nommal dispersion at A> 1000 nm, in which a
single oscillator model can be applied (El-Nahass & El Den, 2001) while at A< 1000 nm,
the anomalous dispersion and the appearance of many peaks in & spectrum (Fig.8) may be
attributed to multioscillator model (Stendal et al.,, 1996). Two absorption bands are
observed in the wavelength range 200- 450 nm and other two absorption bands in the
wavelength rangc 550-800 nm. The amplitude of these bands increases upon annealing.
The peak in the wavelength range 300-400 nm (Soret band) has been split into two peaks
upon annealing

The spectral distributions of absorption coefficient, a, for as deposited and annealed
ZnPc thin films are shown in Fig.9. Annealing process increases the absorption coefficient
of films in comparison with that of as deposited ones. The absorption coefficient curve
confirmed the splilting of Soret band and the existence of 3.51 ¢V peak in speetra of ZnP¢
films.

To determine the cnergy gap, E,, and the type of interband transitions responsible for
optical absorption, a plot of (nahv)"* versus photon energy (near the absorption edge of
the Q and Sorct bands) was found to be the best fit for our caleulations and is shown in
Figs.10 and 11 for as deposited and annealed ZnPe films, respectively. Thesc figures
indicate that indirect allowed transitions are occurring in such films. The fundamental
energy gap is 2.94 and 2.88 eV for as deposited and annealed films, respectively. The
interband transitions at the fundamental edge are accompanied with phonon emission in as
deposited and annealcd films. The phonon encrgy is 0.1 and 0.22 eV for as deposited and
annealcd films, rcspectively. .

The type of electrontc transition and cnergy gap of some substituted metal Pcs are
listed in Table 3. It shows that the band gap varies considerably with metal substitution and
does not depend on typc of crystal structure. This result is in disagrecment with that
obtained by (Kumar et af., 2000} for rare carth phthalocyanine (RePc) doped borate glasses
and metal compound phthalocyanine doped borate glasscs. They (Kumar et al., 2000)
showed that the band gap have a nearly steady value ~ 2.1 ¢V throughout the glass samples
which pointed out the fact that it is unaltered by the nature of central metal ion of Pe ring.
They showed that the type of clectronic transition is indirect allowed transition, the result
which agrees with ours.

Conclusions

Crystalline powder of ZnPc transforms to as- amorphous phase in as deposited films.
Increasing annealing temperature to 613 K resulted in formation of stable B-form.
Increasing film thickness leads to increasing absorbance of ZnPc films without ehanging
peak position. Annealing at 613 K for 2 hrs incrcases the absorbanee of ZoPe films by
about 5-6 times in comparison with that of as deposited ones. Four absorption bands are
resolved for deposited films. Anncaling shifts these bands towards low energy side of
spectra, transforms the shouldcr into a peak and splits the Soret band. Annealing increases
the oseillator strength, electric dipole strength and molar extinction coefficient, noticeably.
The transmissivity spectra recommends these films as a good band ;iass or as a good band
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stop optical filter material depending on ineident wavelength. The refraetive index and
absorption index arc independent of film thickness. The type of electronic transition
responsible for optical absorption is indirect allowed transition. The fundamental and onset
energy gap slightly depend on crystal structure of the film. The fundamecntal cnergy gap is
2.94 and 2.88 ¢V for as deposited and annealed films, respeetively.

Table 3. Values ol energy gap lor Pc films with different melal base.

] i el afferared i alitmed
Compound  Film treatment Resulting E_q eV Eg eV Reference
structure
ZnPe As deposited As- 2.94 -— Present work
amorphous
. Anncaled at p-form )
ZuPe 613 K (monoclinic) 2.88 - Present work
Doped horate Not Kumar of af,
RePc glass determined 21 12000
Low substrate Crystalline - Araghy &
“LALPe SO - . .
ClAIPe temperature {monoclinic) 3.05 Krier,(1997)
High substrate Crystalline Araghi &
ClalPc temperature (triclinic) - 3.05 Krier(1997)
Not El-Nahass ¢f af.,
FePe annealed determined -— 2.63 (2001)
As deposited :
CuPe + annealed at dete;:r?ltiued — 2.74 EL-N ?;331 )e’ al..
473K
. Not Krishnakumar &
MgPc As depasited determined o 26 Menon, {1997)
N " Not Ambly & Mcenon,
CuPc As deposited determined - 2 (1995)
Law substrate Crystalline Coliins et af.,
PbPe temperature {(inonoclinic) - 242 (1993)
High substrate Crystalline Collins er af.,
PbPc temperature (triclinic) - 2.42 (1993)
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References

Abélés. F., Théyé. M.L., (1966) Surf. Sci, 5, 325.

Agiev. L.A., Shklyarevskii. L.N., (1978} J. Prekel. Spekt., 76, 380.

Amar. N.M,, Gould. R.D., Saleh. A.M., (2002} Current Appl. Phys., 2, 455,

Ambly. S., Menon. C.S., (1995) Sofid Stat Comm., 94(6), 485.

Araghi. M.E.A., Krier. A., (1997) Pure Appl. Opt., 6,443.

Bennett. H.E., Booty. M.J., (1996) App!. Opt., 5, 41.

Bennett. H.E., Booty, M., (1967) Phys. of Thin Films, 4, 31.

Blochwitz. J., Pfeiffer. M., Fritz. T., Leo. K., (1998) Appl. Phys. Lett., 77(6), 729.

Bringans. R.D., (1977) J. Phys. D. App{. Phys., 10, 1855.

Brinkmann. M., Chaumont, C., Wachtel. H., André. L.J., (1996) Thin Svlid Films, 238,
97.

Chadderton. L.T., (1963) ... Phys. Chem. Solids, 24, 751.

Cubeddu. R., Canti. Gi., D’Andrea. C., Pifferi. A., Taroni. P., Torricelli. A., Valentini.
G., (2001) J. Photochem. Photobio., 60, 73.

Collins. R.A., Krier. A., Abass. A.K., (1993) Thin Solid Films, 299, 113.

Davidson. A.T., (1982) /. Chem. Phys., T1(1), 168.

Edwards. L., Gouterman. M., (1970) J. Mol. Spectros., 33,292,

El-Nahass. M.M., El Den. M.B., (2001) Optics & Laser Tech., 33, 31.

El-Nahass. M.M., Soliman. H.S., Metwally. H.S., Farid. A.M,, Farag. A.AM., El-
Shazly. A.A., (2001,a) J. Opfics, 30(3), 121.

El-Nahass. M.M., Bahabri. F.S., Al-Harbi. R, (2001,b) Egypr. J. Sol., 24(1), 11.

El-Nahass. M.M., El-Gohary. Z., Soliman. H.S., (2003) Optics & Laser Technology, 385,
523.

Samsung Exhibit 1072, Page 15 of 17



292 MM, El-Nahass, H M. Zeyada, M.S. Aziz and N.A. El-Ghamaz

Fox. M., (2001} "Optical Properties of Solids", Oxford Master Series in Condensed Matter
Physics, p. 64.

Gu.D, Chen.Q., Shu. J. ,Tang, X.,Gan. F.,, Shen. S., Liu. K., Xu. H., (1995) Thin Solid
Films, 257, 88.

Hassan. A.K. and Gould. R.D., (1992) Phys. Stat. Sol., (a) 132, 91.

Heavens. O.8., (1964) in: Hass. G., Thus. R. (Eds.), Physics of Thirn Films, Academic,
New York, p.193.

Huo. L.H., Li. X.L., Li. W., Xi. 8.Q., (2000) Sensors and Actuators, B71, 77. ICCD card
No. 39-1882.

Konstantinov. 1., Babeva, T., Kitova. 8., (1998) Appl. Opt., 37(17), 426

Krishnakumar. K.P., Menon. C.S., (1997)J. Sol. State Chem., 128, 27.

Kumar. G.A., Thomas. J., George. N., Kumar. B.A., Radhakrishnan. P., Nampoori.
V.P.N., Yallabhan. C.P.G., (2000) Phys. Chem. Glasses, 41(2), 89.

Laaziz.Y., Bennouna. A., Chahboun. N., Outzourhit. A., Ameziome. E.L., (2000) Thin
Solid Films, 372, 149,

Laurs. H., Heiland. G., (1987) Thin Solid Films, 149, 129,

Liddeli. H.M., (1981) in: Computer-Aided Technique for the Design of Multilayer Filters,
Hilger, Bristol, p.118.

Mack. J., Stillman. M.J., (1997} Inorg. Chem., 36, 413.

Nilson. P.O., (1968) Appl. Opt., 7, 432.

Resel. R., Ottmar. M., Hanack. H., Keckes. J., Leising. G., (2000) J. Mater. Res., 15(2),
934.

Schechtman. B. H., Spicer. W.E., (1970) .J. Mol. Spectros., 33, 28.

Shklyarevskii. [LN., Kornveeva. T.L., Zozula. K.N., (1969) Opt. Spect., 27, 147.

Soliman. H.S., EI-Kadry. N., Gamjoum. O., El-Nahass. M.M., Darwish. H.B., (1988) /.
Opt., 7(2), 46.

Soliman. H.S., El-Nahass. M.M., Farid. A.M., Farag. A.A., El-Shazly. A.A., (2003)
EPJAP, 21, 187.

Stendal. A., Beckars. U., Wilbrand. 8., Stenzel. O., Von Borczyskowski. C., (1996) J.
Phys. B: At. Mol. Opt. phys., 29, 2589.

Tolansky. S., (1970) in: Muitiple-Beam [nterference Microscopy of metals, Academic,
London, p. 35.

Vukusic. P.S., Sambles. J.R., (1992) Thin Solid Films, 221, 311.

Y amashita. M., Inui. F,, Irokawa. K., Morinaga. A_, Tako. T., Mito. A., Moriwaki. H.,
(1998) Applicd Surface science. 130-132, 883,

Samsung Exhibit 1072, Page 16 of 17



Structural and optical properties of thermeally evaporated Zinc ... 203

Coilt S8 ol At A guall A i Gl A1)
Lol s B yaaall 5 428 )l

(T)jijc- (il 3 garea s(T)S.'IL__nj 3 gada (g dad s(\JualA.'a dada J gada

M adll G5 Mae juad g
s = 6 alEl ) IVOV (S5 e uadl] e dmela o Ao il iS¢ ol il aud )
waa = Sptal bliad ¢ FEOIY ¢ sanall daliess o pledt S ¢ ol il i)

e g e Ut 5 el ol e ol ) el Gl o3 . paalinal
el Glee o) oY A S S s g sy S 45
U TV P PR S T RS IV S P S R g ™ E NS N
L ey BBy gl iaall Slea aladialy il ol e Ande S
el oY e=Yee acd gad s lgle Gises L) e sl AulSa)
sl dlan o losing YV (k) rabeaialt Jalaas (n) JLaSVY Jalaa of 28y
OY =Y gl 53Ty eliaad A LAl tlen Ge saal b ollhg
I e 10 e g S e e guiall Bte Y aleatial S 3y i 5
Bt eV abia e e olidy il VY 5 ) e da e LYl uean)
JYY el olan aloaiaVl Il )8 aad adl o puasdll Glae £ ja 55 a5 jadl
wilalt sl ad o ja ) 228 (N) Aflall by ol Al oo Lad cpdall e A8 4
B il 358 o sl e b vkl et o bl e Al 8 A0 Y)
) adball Gtaih 4y iy S dadl Ayl pasiioe 3 el il
0555 el Bl il s Sa il L o see Bodle i YLD 25m
5l s e ST gy 5K Yv,ey 5y, te Gand ddla v 4G §
Y,AA 5 Y8 A Wl Ll e G 5 gad 0% A e b paadt
s oabaia¥l i Oy sl e 3 ey 5 Al use B Gl o 50
ANl A ol 0 o) At Ladall 2l Bl 25 L aleatial B g )

il Alee o}l e Ay lple o A

Samsung Exhibit 1072, Page 17 of 17





