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Mr. Jiang Yang: การศึกษาโลหะนิเกิลโดยวิธีการโฟโตอิมิชชัน (PHOTOEMISSION STUDIES 
OF METALLIC NICKEL) อาจารยที่ปรึกษา: PROF. TAKEHIKO ISHII, Ph.D. 81 หนา
ISBN 974-7359-49-9

การทดลองทางดานโฟโตอิมิชชันไดนํ าไปใชในการยืนยันทฤษฎีที่อธิบายคุณสมบัติทาง
กายภาพของวัสดุหลายชนิด ยกตัวอยางเชนคุณสมบัติที่นาสนใจของโลหะนิเกิล น่ันคือธรรมชาติท่ี
ดูเหมือนวาคานกันระหวางคุณสมบัติการนํ าไฟฟาและคุณสมบัติทางแมเหล็ก ซึ่งเปนเรื่องที่ศึกษา
ในงานวิทยานิพนธน้ี คุณสมบัติดังกลาวสามารถอธิบายไดโดยการทดลองดานโฟโตอิมิชชัน จาก
การทดลองมีการพบ 3d-4s hybridization และความหนาแนนที่สูงของแถบพลังงาน 3d ในนิเกิล 
การเกิดการ hybridization ดังกลาวนั่นสงผลให holes ในระดับชั้นพลังงาน 3d มีสวนรวมในการนํ า
ไฟฟา และการที่แถบพลังงาน 3d มีความหนาแนนที่สูงนั้นท ําใหมวลของ hole กลาวมีคาที่สูงมาก 
การคนพบดังกลาวยืนยันทฤษฎีที่อธิบายคุณสมบัติการนํ าไฟฟาที่แยของโลหะนิเกิล นอกจากน้ัน
การทดลองทางดานโฟโตอิมิชชันที่นํ าสปนของโฟโตอิเล็กตรอนและโพลาไรเซชันมาพิจารณา
แสดงใหเห็นวาสนามเชิงโมเลกุลมีจริง ซึ่งสนามดังกลาวเปนสาระทางทฤษฎีที่สํ าคัญมากเกี่ยวกับ 
ferromagnetism ในวิทยานิพนธนี้ยังมีการพิจารณาและใหเหตุผลของความแตกตางระหวางผลที่ได
จาการทดลองและผลทางทฤษฎี

สาขาวิชา ฟสิกส ลายมือชื่อนักศึกษา
ปการศึกษา 2542 ลายมือช่ืออาจารยท่ีปรึกษา

ลายมือช่ืออาจารยท่ีปรึกษารวม
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Chapter II

Photoemission Spectroscopy and Electrical

Conductivity of Metallic Nickel

          In solid physics, people regard that the metallic bonds hold the metallic atoms

together to be metal. Metals are characterized by high electrical conductivity, and a

large number of electrons in a metal are free to move about. The electrons available to

move about are called conduction electrons which are from the valence electrons of

the atoms. The metallic bond is just the electrostatic force between the free electrons

pool and the ions. So, metals usually adopt close-packed structures. For example, the

cubic close-packed ( face-centered cubic, f.c.c.) arrangement occurs in metallic nickel.

2.1 Energy Band Theory

        In classical theory of metals, the properties of metals could be explained by their

valence electrons. Valence electrons were considered to behave within a metal in a

way corresponding to gas molecules in a container, obeying the same laws. This

implies that the electrons are free, have a continuous energy distribution and can be

described by the classical, Maxwell- Boltzmann statistics. But it provides an incorrect

temperature dependence of the electrical resistivity and the heat capacity. The

disparity between the heat capacity and the electrical resistivity reveals an inherent

inconsistency in this theory. In quantum mechanics not every value of the energy is

allowed, and the continuous distribution of energies is replaced by a discrete set of

allowed energy levels. The energy distribution at a finite temperature is given by

Fermi-Dirac statistical mechanics.
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First, let us consider the valence electrons in a metal. For convenience, we

suppose that the electrons are confined to a cube of edge inter-distance L and the

potential tends to infinity. The dingeroSchr &&  equation for a free electron in three

dimensions is

                          ),,(),,(
2

2
2

zyxEzyx
m

Ψ=Ψ∇− h
                                (2.1)

      Obviously, the differential equation (2.1) is separable. Thus, we separate variables

to get

  

                               )()()(),,( 321 zyxzyx ϕϕϕ=Ψ                                 (2.2)

Substituting (2.2) into (2.1), we find that dingeroSchr &&  equation (2.1) is written into
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                                 (2.3)

if the following conditions are satisfied:

                                   )(
2

222
2

zyx kkk
m

E ++= h
.                                      (2.4)

For convenience, we define k as follows:

                                  )(
22

222
222

zyx kkk
mm

E ++== hh k
.                          (2.5)

The solutions of (2.3) are given as
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                            (2.6)

where αA  and αB  ( zyx ,,=α ) are constants to be determined by the boundary

conditions. We set up a realistic boundary condition known as the box normalization.

According to it, solutions should satisfy the boundary conditions: at 0=x  and Lx = ,
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

=
=
=

0

0

0

3

2

1

ϕ
ϕ
ϕ

                                              (2.7)

L  is the length of the solid cube. Then we obtain

                                  BA −=                                              (2.8)

and
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                                                   (2.9)

From (2.9), αk  should satisfy the following conditions:
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.                                                   (2.10)

where the xn , yn , zn are  integers. So, the eigenfunction of an electron is
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                                   zkykxkC zyx sinsinsin=Ψ .                                (2.11)

Where C  is normalization constant.

          The energy of electron is

                                          )(
8

222
2

2

zyx nnn
mL
h

E ++= .                            (2.12)

As a result of the translational symmetry of a crystal, the eigenfunction should satisfy

the periodic boundary condition as

                                                  )()( αϕαϕ αα =+ a  .                              (2.13)

Where a  is the lattice constant. By the repeated applications of the condition, (2.13),

we have

                                                 )()( αϕαϕ αα =+ Na                              (2.14)

If N  atoms exist in the α  direction of the cube, L  is equal to Na .

        The condition (2.14) is satisfied, if the following relations hold:

                                                   




=
=
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Nak

α

α                                        (2.15)

Thus we have

                                                  )
2/

(
2

N
n

aNa
n

k αα
α

ππ
==                            (2.16)

                               
2
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2

,,0,,1
2

,
2

NNNN
n −⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅+−−=α                (2.17)
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(2.16) and (2.10) are equivalent to each other, if we take the values of αn  in (2.10) as

                                            Nn ,,2,1,0 ⋅⋅⋅⋅⋅⋅=α

or

                                            Nn −⋅⋅⋅⋅⋅⋅−−= ,,2,1,0α

In this case, (2.10) is written as

                                                     )(
N
a

a
k

π
α =                                         (2.18)

Since we take both positive and negative values of k , ikae  and ikae −  are equivalent.

Thus we take only k+  term in (2.6) as the eigenfunctions without losing generality,

namely,

                                                     riAe k=Ψ .                                           (2.19)

Here, A  is the normalization constant.

         It is clear, that the wave function represents a running plane wave. If we define

the momentum as kp h= , the relation between the kinetic energy and the momentum

is satisfied. Note that we are dealing with a nearly free electron and the potential is

almost zero, since αn  is an integer. It is obvious that 1=∆ αn , then we have

                                                    
Na

k
1

)
2

(
π=∆                                          (2.20)

Because N is a very large number of the order of 2310 , k∆  is very small and k  is

practically continuous.

         In the ground state of a system of N  free electrons the occupied orbits may be

represented as point inside a sphere in k space and we should note that the energy is
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equal if k  is equal. The energy at the surface of the sphere is the Fermi energy; the

wave vectors at the Fermi surface have a magnitude Fk  such that

                             2
2

2 FF k
m

E
h=  .                                     (2.21)

If αn  changes by αn∆ , corresponding αk  changes by 
N
n

a
απ ∆2

. If the number of the

points in the k  space is changed by zyx nnn ∆⋅∆⋅∆ , the corresponding volume in the

k  space is changed by

                                             
VNa

k
3

3

3
2 )2(

)(
)2( ππ ==∆                           (2.22)

The Fermi sphere has volume 34 3
Fkπ , then, the total number of orbits in this sphere

is

                  3
2

3

3 33
4

)2(
2 F

F k
VkV

N
π

π
π

=⋅= .                        (2.23)

Here the factor 2 is from the spin degeneracy.

       One point in the k space corresponds to one state. The total number of states up

to the values of the momentum, k is given as

                                2
3

2
3

)
2

(
33 22

3
2

E
mV

k
V

N k
h

⋅==
ππ

                           (2.24)

By the definition of density of states, the number of states, )(ED , per unit energy

range is
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mV

dE
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ED ×===
hπ

         (2.25)

Fig 2.1 shows the relation between )(ED  and E . In the figure, two cases are shown.

One is that for zero temperature, the other is that for a finite temperature T . At finite

temperature, the Fermi-Dirac distribution function ),( TEf  is multiplied,

                                              
TkEE BFe

TEf
/)(1

1
),(

−+
=                           (2.26)

Here Bk  is the Boltzmann constant. At zero temperature, the states below the Fermi

level are completely occupied, since 0)0,( =Ef . Ata a finite temperature, the states

near and above the Fermi level are partially occupied and the state near and below the

Fermi level are partially unoccupied. The energy range where this occurs is confined

to

                                                        TkE B≈∆

         The free electron gas model has been considered the electrons within the metal

are in a constant internal potential. It is equivalent to the case that the constant

potential is zero. However, the potential within a metallic lattice is not constant.

Figure 2.1 Density of nearly-free electron
states as a function of the energy in three
dimensions. The dashed curve represents the
density )(),( EDTEf  of filled orbitals at a
finite temperature ( ),( TEf denotes the

Fermi-Dirac distribution function), Tk B is

small in comparison with FE . The shaded
area represents the filled energy states at zero
temperature. (Kittle, C.  1986  pp.133)
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            As used already the one electron potential in a crystal has the translational

symmetry, as

                    )()( rVarV =+                                     (2.27)

The  dingeroSchr &&  equation reads

                              )()()](
2

[ 2
2

rErrV
m r Ψ=Ψ+∇− h

                       (2.28)

If the potential satisfies the translational symmetry condition as (2.27), the Floque

theorem and the Bloch theorem tell us that the solution of (2.28) has the form

                                                )()( kk
jk

ri uAer =Ψ                          (2.29)

Here k  is similar to αk  showing up in the free electron approximation described

earlier. More definitely it has the form.

                                                 321 bbbk 321 kkk ++=                   (2.30)
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π
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













×⋅
×=

×⋅
×=

×⋅
×

=

)a(aa

aa
b

)a(aa

aa
b

)a(aa

aa
b

213

21
3

132

13
2

321

32
1

                      (2.32)

Here 321 a,a,a  are the unit vectors of the crystal lattice; 21 b,b  and 3b  are the unit

vectors in the reciprocal lattice. A general reciprocal lattice vector is defined as
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)(2 321 321n bbbG nnn ++= π

The function given by (2.29) is called the Bloch function. The eigen energy is a

function of k , as

                                                  )(kjEE =                                     (2.33)

It is shown that E  is a periodic function of k and satisfies the periodic boundary

condition in the reciprocal lattice as

                                                )()( nGkk += jj EE                       (2.34)

If we compare (2.31) with (2.16) or (2.18), we see k  changes almost continuously.

         The energy as a function of k  is called the energy band, since the energy of an

electron in the periodic lattice seeing the one electron potential has a width

determined by the dependence of E  on k . The finite range of the energy appears

since )(kE  is a periodic function of k .

          The region in the k  space defined as
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                                     (2.35)

is called the first Brillouin zone or just the Brillouin zone. The energy band and the

Bloch function have the periodicity of nG  defining the Brillouin zone. Because of

this periodicity, the energy bands can be reduced into the first Brillouin zone. The

band gaps are illustrated in Fig. 2.2

         The density of states in the energy band picture is given as
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where the integration is to be carried out on  the equi-energy surface in the Brillouin

zone. By a simple calculation, we can show that an energy band splits into two energy

levels at the zone boundary where ik  equals to 
ia

π± . The energy separation there is

called the band gap.

         One can distinguish insulator and metal from their band structure. If the valence

electrons exactly fill one or more bands, leaving others empty, the crystal will be an

insulator. If a crystal has an even number of valence electrons per primitive cell, it is

necessary to consider whether or not the bands overlap in energy. If they do so, then

instead of one filled band giving an insulator, we can have two partly filled bands

giving a metal as shown in Fig 2.3.

Figure2.2 Diagram of the energy band. Note that the
higher the energy of the band the large its width in
energy. (Myers, H.P.  1997)
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          In the case of Ni, the 3d band is not completely filled, it is a rather narrow band,

since d-electron wavefunction do not spread so far out as s-electron functions, and

interactions between d electrons on adjacent atoms are smaller than those between s

electrons. The narrow 3d band is overlaped by the broad 4s band, and the 3d band

gives a high magnitude of density of states )(ED  as shown in Fig 2.4.

Figure2.3 Occupied states and band structures giving (a) an
insulator (b) a metal or a semimetal because of band overlap and (c)
a metal because of electron concentration. The illustration is made
for the reduce zone. (Kittle, C.  1986  pp.178)

a
0a)(ED

3d
4s

3d
4s

E

Figure 2.4 Energy bands of nickel. To the right is shown the bandwidth of
4s and 3d states as functions of interatomic distance a ( 0a is the value for
solid nickel). To the left is shown )(ED , the shaded area indicating the
filled parts of the bands. (Bleaney, B.I.   1992)
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2.2 Electric Conductivity

         It’s well known that metals have electrical resistivity. In perfect crystals, the

motion of electrons is in perfectly periodic lattices, which can be expressed by the

Fourier transform of Bloch function

                                                     )()( kk
jk

ri uer ⋅=Ψ                                  (2.37)

There is no damping term and the wave function does not decay. But in practical

crystals, the impurity, defect, imperfection and phonon will distort the periodic

potential and interact with the conduction electrons to prevent the free motion.

         The equation of motion experienced by a free electron subject to applied electric

and magnetic field is

                                              )( BvEe
dt
dv

mF e ×+−==                           (2.38)

where the velocity, v , is identified with the group velocity of the wave packet

namely:

                                         )()1()( kEkv kkg ∇=∇= hω                              (2.39)

here )(, kEk  and )(kω  are wave vector, electron energy and frequency, respectively.

In considering the electrical conductivity, the magnetic field is assumed to be zero.

Because of the existence of scattering, the electrons can not be accelerated without

limit. These scattering events cause a reversal in the electron momentum and hence

act like a damping force in the equation of motion. If it is assumed that, at every

scattering event, the extra drift velocity dv  ( )( thvv −= , where thv  is the equilibrium

thermal velocity) imparted by the electric field, is removed on average, with τ being
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the average time between electron collisions, then the equation of motion can be

modified by the addition of a damping term, τdevm ,

                                       )()( BvEe
v

dt
dv

m d
e ×+−=+

τ
                         (2.40)

The quantity τ  is also called the electron relaxation time. This situation can be

described as follows: First an electron is moving in the crystal with velocity equal to

its equilibrium speed, the thermal velocity. Under the action of the electric field, the

electron is accelerated toward the applied electric field and its velocity increases.

After a period of τ , the electron is scattered and loses its velocity gained by the

acceleration due to the applied field. The amount of the loss in the velocity is

proportional to that of the gained velocity, the drift velocity. The probability that this

velocity loss occur is τ1 .

           In zero field, the mean thermal electron velocity v  associated with the

equilibrium Fermi-Dirac distribution must be zero. However, when an electric field is

applied, there is a finite drift velocity dv . At the equilibrium state, dt
dv =0. Then we

obtain for the 0=B  case

                                              E
m
e

v
e

d

τ−=                                             (2.41)

The electrical current density is .envj −=  Where n is the electron density, thus, the

d.c conductivity σ  can be written as

                                                   
em

ne τσ
2

=                                             (2.42)

where the em  is effective mass. The effective mass appears because the motion of

electrons in solid is in a periodic potential. An electron in a crystal can not strictly be
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treated in isolation (it forms a system jointly with the lattice), the momentum of such

an electron is not a true momentum, but a crystal momentum and, as such, momentum

may be transferred freely between electron and lattice. The effective mass is defined

by

                               
1

2

2

2

2

2*

−







∝=

dk
Ed

dk
Ed

m h .                              (2.43)

         Thus, clearly, the electric resistivity is depended on the relaxation time and

effective mass which are determined by electronic structure of a particular material.

Now, let’s look into photoemission experiment, the useful means to obtain the

information of electronic structure or band structure. (Daniel D.Pollack  1990,1993

and Elliott, S. 1996)

2.3 Theories of Photoemission Spectroscopy

         We have presented the theoretical formulae describing the photoemission

spectra. In what follows we will discuss the electronic states of Ni in relation to the

energy band nature and the deviation from it. Thus, we start with modifying the

general formulae given in (1.15) to be adequate for the energy band state. Since we

will deal with the one electron state, we naturally assume that the relaxation energy,

)1( −NER , is small. Then we look into the transition matrix element part. First we

assume that the final state eigen function and the initial state eigen function are given

as

                               >−Ψ>>=Ψ )1(||| Nff µ                                   (2.44)

                               >−Ψ>=>Ψ )1(||| Ni gg                                   (2.45)

Here >µ| denote the state of a photoelectron with a kinetic energy µε  inside a solid

and >i|  denotes the state of an electron in the ground state with an energy iε . For
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simplicity, we ignore the Auger operator AV  in the T matrix. Taking into account the

fact that the electron-photon operator intH  consists of the linear combination of one-

electron operator p , the transition matrix element is written as

        
><⋅>−Ψ−Ψ=<

>ΨΨ>=<ΨΨ<

ipNN

T

egf

gfgf

||)1(|)1(

||||

µ

Ap
           (2.46)

Here we defined the operator ep , as

                                               AP=ep                                                 (2.47)

In the case where the relaxation associated with the emission of a photoelectron is

small, )1( −Ψ Nf  is hardly different from )1( −Ψ Ng . Therefore we have

                                        1|)1(|)1(| 2 =>−Ψ−Ψ< NN gf .                  (2.48)

From the definitions given in (1.4) and (1.11), we have

                                                            iB εε −= ,                                   (2.49)

if the relaxation energy is almost zero. Thus, the photoelectron intensity distribution is

given as

              )()(||),(
2

,
BB

i
e ipAN εεδωεεδµωε µ

µ

+−−= ∑ hh .       (2.50)

Here we use the energy band model to describe one-electron states which are

described as
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                                             (2.51)
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c

εε
εεµ ' .                                                (2.52)

Here we use 'k  and k only in the first Brillouin zero. In the case it is a well-known

fact that transition matrix element is not zero only if the following condition is

satisfied:

                                              Gkk −='                                                (2.53)

Thus, (2.50) is written in the energy band picture described in the reduced zone

scheme as

            
)()(

)'(|,||',|),(

'

,,,',
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e
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B vpcN

εεδωεεδ

δωε
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In practice, ωh is large for the excitation in the soft x -ray region as compared with

the binding energy || kvε . Then there are conduction states, c , satisfying the

momentum conservation (2.53) for any v  and k . Therefore, we write >− ',| kBεωh

instead of >',| kc  and ignore the selection of special bands c . Thus, making

summation over 'k  and c , we obtain

         )(|,||,|),(
,,

Bve
v

BB vpAN εεδεωωε +>−−<= ∑ k
2

Gk

kGkhh .      (2.55)

This formula describes the essence of the photoelectron spectroscopy of the energy

band.

         In angle integrated mode measurements, photoelectrons with all possible crystal

momenta k  are collected. This mode of measurement is realized by using a sample

consisting of randomly oriented small grains like one deposited by the vacuum

evaporation method. The transition matrix element can be replaced with its average

over all possible k as
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Here it is taken into account that the transition matrix element is very much dependent

on the orbital symmetry, the azimuthal quantum number l . The valence band density

of states is given as

                                         ∑=
kv

BlB DD )()( εε                                             (2.57)

Thus, we approximate the intensity distribution given by (2.55) as

                               )(|)(|),( 2
BllB DMAN εωωε ∑= hh .                       (2.58)

          The relaxation energy is not always small and (2.48) is not always satisfied.

So, under this condition, the one-electron approximation does not hold and we have to

make the many- electron approximation. It should be pointed out that the relaxation

effects are brought about the many-electron interaction based on the exchange and

Coulomb interactions. The typical example is the occurrence of the satellite lines.

Another example of the break down of the simple one-electron picture described by

(2.50) is the thing that the Auger interaction AV  cannot be ignored. In this case, the

resonant photoemission occurs.

          Not only the intrinsic many-electron interactions pertuning to the optical

excitations but also another source causes additional lines in a photoemission

spectrum. A photoexcited electron travels a relatively long way from the place, at

which the electron is excited to the surface. It is possible to excite other electrons

existing  in the solid. Such a satellite has a definite structure when the primary

photoelectron excites plasmons. These extract satellites are called the plasmon

satellites.
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2.4 Energy Analysis of Photoelectron

         A very important measurement in photoemission experiment is the energy

analysis of photoelectron. A photoemission experiment is carried out as follow:

(i) A sample is exposed to monochromatic excitation light with an energy ωh .

(ii) Photoelectrons are emitted from the sample.

(iii) The kinetic energies of photoelectrons are analyzed. Photoelectrons with a

kinetic energy of kε are selected and its intensity defined as the number of

photoelectron, )( kN ε , emitted forward a special direction set up by structural

instrumental arrangement is measured.

(iv) The instrument to select photoelectrons according to their kinetic energies is

called the energy analyzer.

(v) The kinetic energy to be measured is changed and the intensity of the

photoelectrons is measured. The curve showing )( kN ε  versus kε  is called the

energy distribution curve. The energy distribution curve is also called the

photoemission spectrum.

(vi) The intensity of photoelectrons is also dependent on the excitation energy.

Thus, the energy distribution curve is written as

                                                ),( ωε hkN  versus kε

(vii) If  kε  is fixed and the photon energy is varied, the resulting spectrum

                                                ),( ωε hkN  versus kε

            is called the partial photoyield spectrum.

(viii) If  all photoelectrons with different kinetic energies are collected as

                                         kk dNN εωεω ),()( ∫= hh  ,                  (2.59)

             resulting  spectrum

                                              ),( ωε hkN  versus kε

            is called the total photoyield spectrum.
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          In fig 2.5, the principle of the photoelectron energy analysis is shown. First,

suppose the sample is electrically grounded. If photoelectrons leave the sample with a

kinetic energy kε , the energy is equivalent to a potential energy corresponding to

                                                 ek Vβε =  .                    (2.60)

           In practice, we use an energy analyzer of the electrostatic type. It consists of a

pair of electrodes to form an electrostatic field with a potential PV . A more detailed

description of the energy analyzer will be made later.

          We use an electrode giving a retardation field RV  in front of the entrance slit of

the energy analyzer. Then, photoelectron loses the energy equal to ReV  before it

arrives the entrance slit of the energy analyzer. The energy analyzer is designed that

photoelectron with an energy equals to PVα  can pass through it. α  is a constant

determined by the structure and the size of the energy analyzer. Thus, we have the

Figure 2.5. Experimental arrangement for

measuring the kinetic energies of photoelectrons.

kε : Kinetic energy in a free space.

RV : Retardation voltage.

PV : Voltage applied to energy analyzer
electrodes.
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contact potential CV  exists between the sample surface and the analyzer system. This

contact potential retard photoelectrons by and energy equal to CeV . Thus, we have

                                     PRCk VeVeV αε =−− .                            (2.61)

However the sum of the work function of the sample and the contact potential

between the sample surface and the analyzer system is equal to the work function of

the analyzer system seϕ  which is practically that of the material forming the

retardation electrode. Thus, we have

                                     PRsk VeVee αϕϕε +=−− )(                   (2.62)

Using (1.5) we get

                            PRsB VeVeee αϕϕϕεω +=−−−− )(h           (2.63)

then we have

                                   PRsB VeVe αϕωε −−−= h                       (2.64)

         It should be remarked that the binding energy of photoelectrons can be

measured by scanning either RV  or PV  and it is independent on the work function of

the sample. Since constants α  and seϕ can be obtained separately, we can obtain Bε

from (2.64).

          Four different types of energy analyzer are shown schematically in Fig 2.6. In

the figure, panel (a) shows the parallel plate energy analyzer. The electric field pulls

the electrons toward the positive electrode direction and they make parabolic

trajectories in the analyzer field. If the potential formed by the electrodes is fixed and

the distance between the entrance and exit slits is fixed then the energy of electrons

that can pass the analyzer field is decided. This is the principle of the energy analysis.

Other types of the analyzer, (b) the hemispherical type, (c) the cylindrical type and (d)
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the cylindrical mirror type, select the electron energy by the similar principles. The

characteristics of these types energy analyzer are shown in Table 2.1

Table 2.1
Some important characteristics of electrostatic electron energy analyzer. Only the 1st

order values of the energy resolving power are indicated.

                Type
Characteristics

Parallel Plate Spherical Cylindrical

1 Focus condition Incident angle 45o Deviation angle 180o Deviation angle
127o

2 Energy for the
central orbit S

L
eVP 2

0
0 =ε )(

2

1

1

2
0 R

R
R
R

eVP −=ε )ln(2
1

2
0 R

R
eVP=ε

3 Resolving power

00

2
L

k ω
ε
ε

=
∆

00

2
R

k ω
ε
ε

=
∆

00

2
R

k ω
ε
ε

=
∆

          The values of energy resolving power in the 1st order approximation are

presented there. In the higher order approximation the resolving power is dependent

on the square of the angular divergence of the electrons incident on the analyzer. The

energy corresponding to the central trajectory is proportional to the potential applied

to the analyzer electrodes. The proportionality constant is determined by the analyzer

geometry. Another distinctive aspect is that the resolving power is constant, which is

also decided by geometrical parameters.

           Detectors of photoelectrons are electron multipliers. In an electron multiplier,

an electron hits the electron target and generates secondary electrons. A secondary

electron produced is accelerated between adjacent electrodes and hits the neighboring

electrode, where it produces more than two secondary electrons. By successive

repetition of this secondary electron generation, the number of electrons generated

comes up to he values of 106, and they are detected as a pulse current. If the electrode

0L : Distance between the entrance and exit slit.

0R : Radius of the central orbit.

0ε  : Energy corresponding to the central orbit.

1R  : Radius of the inner electrode.

2R  : Radius of the outer electrode.

PV  : Potential difference between two electrodes.
ω   : Slit width.
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Figure 2.6. Principle of operation of electron energy analyzer.
(a) Parallel plate energy analyzer.
(b) Hemispherical energy analyzer.
(c) Cylindrical energy analyzer.
(d) Cylindrical mirror energy analyzer.

Figure 2.7. Principle of operation of electron multipliers.
(a) Photoelectron multiplier tube.
(b) Channeling electron multiplier.
(c) Multi channel electron multiplier.
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is designed just as a tube where the potential gradient is imposed by flowing small

current across a high resistivity.

          The device like this is called channeling electron multiplier. The principle of

the electron multiplier is shown is in Fig 2.7. If very thin channeling electron

multipliers are board together, it can be used for two dimensional detection. The

device is also shown in Fig 2.7.

          The current pulses are counted and taken as the photoelectron numbers. The

electronic system for the photoelectron detection is shown in schematically Fig 2.8.

No further explanation of the circuit is made here.

Figure 2.8 Photoemission detection.
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