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Supporting Information 

On mentioning the teaching procedure politely, most of the detailed mathematical treatments are described in Supporting Information I ~ IV, since the authors wish that this paper shall be referenced as lecture note for graduate students who are not good at formulas. The comparison between experimental and theoretical results is represented in Supporting Information V.

Supporting Information I


         (7)
    
As discussed in a number of textbooks, Eq. (7) in the paper contains both properties of particles and waves.
 The differentiation of Eq. (7) with respect to x is given by 

                                     (SI-1)
By using the operator,

                                    

                         (SI-2)

By differentiating Eq. (7) with respect to t, E is given by

                                     (SI-3)

Eq. (SI-3) reveals that the energy E of wave mechanics corresponds to the operator .




 Given the difficulties noted already, the instructors need to emphasize that Schrödinger wave function is an equation formulated only by replacement of , k = = p/ (λ= h/mu = /p) as discussed in the paper. To pursue this approach, we now consider an example for kinetic energy:

                            (SI-4)
Considering potential energy U, the total energy E in one-dimensional problem is given by 


           u2                 (SI-5)

By applying the operator  to the both sides of Eq. (SI-5), we get

      (SI-6)
The square brackets is termed as the Hamilton operator H, which is written by

          　　　　　　　　　　    (SI-7)
Rearranging Eq. (SI-6), the following differential equation can be formulated.


  　　　　　(SI-8)

By variable separation of , Eq. (SI-8) is described as

      (SI-9)
Thus, Eq. (SI-8) can be rewritten as follows:    

          (SI-10)

The left side of Eq. (SI-10) is given by a function of x, while the right side is given by a function of t. Hence the value of Eq. (SI-10) must be constant and the constant can be represented as; here E is an arbitrary constant at present but is confirmed to stand for the total energy. The left and right sides may be represented by     

                (SI-11)

                                     (SI-12)
The solution of Eq. (SI-12) as a function of t is given by

                 (SI-13)
where go is constant. 
Eq. (SI-11) relating to the position x has been known as the Schrödinger wave function generally. The instructor has to emphasize that de Broglie wave is a travelling wave, since the quantum particle (electron) is locked in a very small volume like an atom. Hence the corresponding de Broglie wave can be treated as a standing wave whose amplitude depends on a function of position. 
Supporting Information II

WKB approximation and Airy function
 Let’s consider potential function of U(x) as a function of x and expand U(x) around U(xo) = E as follows:


        (SII-1)
    
    (a)                             (b)  
Figure S1. (a) The expansion of potential function of U(x) around the turning point xo.
(b) Connection of asymptotic forms of Ai(x) and Bi(x) at left and right sides at xo.

To linearize potential curve, the Schrödinger equation is given by

     (SII-2)


    
where  

         　　　　　　　　　　(SII-3)                    
Let’s derive Airy function from the Schrödinger equation.



　　　



      

  







      (                   (SII-4)

Again, writing f(z) as, the transformed Schrödinger equation is given by

               (SII-5)
The above 2nd order differential equation is termed as the Airy function with turning point where the solution changes from vibration mode to exponential one. The asymptotic forms for Type 1 Airy function Ai(z) and Type 2 Airy function Bi(z) are given by

           (SII-6)

     (SII-7)
The behavior of Ai(z) and Bi(z) are shown in Fig. S-2. 












Figure S2. Airy function of Ai(z) and Bi(z)

Here, let’s explain the derivations of Eqs. (SII-6) ~ (SII-7).

First of all, substituting Fourier transform of  into Eq. (SII-4), 




The second term is given by using  as follows:



The above induction is carried out by assuming the disappearance of surface term , which is reasonable for convergence of Fourier transform. Thus the Airy differential equation is rewritten as follows:


Thus 
 


The solution is


And then



Selecting normalized constant as , the Airy function (real part) is given as follows.


Considering the symmetry of integrand and selecting real part, Ai(z) is given by Eq. (SII-6) described above. 
As for Eq. (SII-7): 
 Let’s consider the behavior of Ai(z) at z > 0 asymptotic to zero, while at z < 0, it provides vibration with decreasing the magnitude. Because of the complicated integrand, t is expanded to complex plane for considering the change of integration path.
 By using integration path C on the complex plane,




 By the integration of the first term, the above equation becomes



Accordingly, 

　　　　





is the difference of g(t) between start point and end point and corresponds to difference after one round for closed curve, in which(vo : arbitrary constant).　Accordingly, 


　



 is non-singular and becomes  in the case where C is closed curve, which is meaningless because of f(t) = 0. In the case where C is open curve, the values of at start point and end point must be equal. 

Now, at 



When ,



 I : ,   II :  ,   III : 




In the above regions, at   and then 


 Accordingly, is satisfied, when C is set as like that the both ends are extended to infinity at.

 Figure S-3 shows the tolerance at representing gray zones. 












Figure S3. Tolerance at representing gray zones indicating integration path.
Curve C1: starting and end points exited at infinity on Regions II and I, respectively
Curve C2: starting and end points exited at infinity on Regions I and III, respectively
Curve C3: starting and end points exited at infinity on Regions III and II, respectively



Following mathematical textbooks, the both ends of open curve exist on somewhere in Region I or II or III as shown in Fig. 3S and the both ends in each Region are connected with route D. This means that for closed curve C + D, the integration of C + D is zero according to Cauchy’s theorem. Also D being set at infinity is not contributed to the integration because of  on D and then  is established. Thus the both ends in Ci (i = 1,2 3) must be set at different Regions.

To pursue integration along the routes C1, C2 and C3, the both ends existed at each region must be connected by the route D1, D2 and D3. In this case, becomes a closed curve and the individual integration for D1, D2 and D3 become zero. Hence



And then 
where


   1, 2, 3

where . 
 Among f1(z), f2(z), f3(z), independent solutions are two. By moving C1 along real axis,



Also, C2 can be replaced with the line with slope of .


 From  ,


Also, C3 can be replaced with the line with slope of . Then,


Then, 


Considering

   

Representing, 

  






Assuming , . Thenis the solution of the above differential equation. Among  and , there exist two linearly independent solutions. Then,  can be defined as


 　


When z is real number,is real number. Hence Bi(z) is represented as


  

Therefore the general solution f(z) is given by arbitrary coefficient F and G as follow:


      

　As another concept based on the convergence of integral, it should be noted that there exists region admitted as integration path below the z axis. This concept is slightly simple than the method discussed above, which is the integration by using this route. Even so, the integration by using this route assures that the Airy functions satisfy the differential equation. Thus,



 The imaginary part of the above equation corresponds to Bi(z) shown in Eq. (SII-7). That is, 

   

At z < 0, the both functions Ai(z) and Bi(z) vibrate around 0. At region of, the vibration gets faster and the magnitude decays. The asymptotic form is given by


          (SII-8)

         (SII-9)


At z > 0, Ai(z) decays to zero exponentially, while Bi(z) with positive value tends to increase exponentially. The asymptotic form at region of is given by

         (SII-10)


            (SII-11)

Accordingly, the general solution of  by using the Airy functions Ai(z) and Bi(z) is given by using arbitrary coefficients G and F as follows:     
 

                 (SII-12)


The asymptotic form concerning region at is given by

       (SII-13)

At 


(SII-14)

These asymptotic forms provide good approximation at . As described in the paper already, the condition is as follows:



              (SII-15)
 The region to establish the WKB approximation is shown in Fig. 4c. In Region I on the left side, the approximate solution of Eq. (30) can be used, while in Region II on the right side, the approximation solution of Eq. (35) can be used. Then, the trial for linear approximation of potential is used across the region constructing the WKB approximation. The solution of the transformed Schrödinger equation is represented as the Airy function and the WKB approximation solutions in Regions I and II can be connected through the asymptotic forms. 




Let’s consider  appeared in the asymptotic forms of the Airy function. Replacing  and , z is given by   　

        (SII-16)

From Eq. (SII-2) and Eq. (SII-3),

	   (SII-17)
Hence, 

             (SII-18)
Using Eq. (29) and Eqs. (SII-16) ~ (SII-18), 

           (SII-19)
Hence, at x < a

    　（SII-20）
The above equation corresponds to Eq. (30).
 Similarly, at x > a, 

  　　　　(SII-21)


The above equation corresponds to Eq. (35). The connection condition between  and  can be represented as Eq. (36) on the basis of the approximation solutions at the region containing the turning point.

    (36)


 Here, let’s induce Eq. (36). The approximation solutions at the region containing the turning point represent Eq. (SII-14) at x < a and Eq. (SII-13) at x > a. From Eq. (SII-14) and Eq. (SII-13),  and  are rewritten as follows:

 x < a 
(SII-22)

           x > a      (SI-23)
 Comparing Eq. (SII-20) with Eq. (SII-22) and Eq. (SII-21) with Eq. (SII-23), the relationship between coefficients of the WKB approximation and the coefficient of linear approximation solutions are obtained as follows:



        


          

Thus, the coefficients of the WKB approximation at Region I and Region II can be combined and then Eq. (36) can be deduced. 


     (36)






Replacingandin Eq. (SII-20) byandin Eq. (II-21),  is rewritten by 

      (SII-24)


, which is represented by Eq. (SII-24), is the WKB approximation solution in Region I connected with the solution of  in Region II. 


Furthermore, by using, is rewritten by

                                                    (SII-25)
where



　　　　   



　　　　     
By using Eq. (36),





Derivation of Eqs. (43) ~ (45)
Let’s analyze wave functions concerning Region II and Region III.
At x < b, (Region II)

    　（43）


Instead of Eq. (35) using coefficients, Eq. (43) using the coefficients  are defined to make clear the connection between Region II and Region III.
Similarly, at x > b, (Region III)

        (44)


The connection between Eq. (43) with coefficients  in Region II and Eq. (44) with coefficient  in Region III can be achieved using the same procedure for the connection between Region I and II. As shown in Fig. 4d, the inverse relationship associated with downward-sloping curve must be taken in consideration.
By using the Airy functions shown in Eqs. (SII-8) ~ (SII-11), the transformed Schrödinger equation is represented again as follows:
     

                  

Judging from Fig. 4d, the asymptotic form at region at  is given by

      (SII-26)

At 

 (SII-27)




Let’s consider  appeared in the asymptotic forms of Airy function again. Replacing  and , z is given by   　

             (SII-28)
As describe already,

	        (SII-29)
Hence, 

             (SII-30)
Using the same method as Eq. (SII-19), 

                 (SII-31)UU


The asymptotic form of region atis given by

   (SII-32)

Hence  is given by

    (SII-33) 

At 

  (SII-34)
  From relation to Eq. (43) and Eq. (SII-33) at x < b, 


Then, 

     (SII-35-1)

     (SII-35-2)
 Similarly, based on the relationship between Eq. (44) and Eq. (SII-34) at x > b,



           (SII-36-1)

          (SII-36-2)
Using Eqs. (II-35) and (II-36),

             (SII-37-1)

            (SII-37-2)

Considering travelling wave at x > b, . Then, 

  
And then,  

         (SII-38)
By using the method similar to Eq. (SII-25), 

   (SII-39)
Thus,

   




Finally, 

     　（SII-40）

Supporting Information III
Evaluation of tunnel current at absolute temperature



The complicated analysis of tunnel current by Simmons [10] is done by using Eq. (56) and then this chapter introduces current-voltage relationship.  To pursue the analysis, the potential barrier height U(x) is represented as  by using Fermi level  and potential barrier function as shown in Fig. 5. Thus Eq. (56) is given by

        (SIII-1)
 According to the very nice approximation by Simmons [10], Eq. (SIII-1) is approximated as follows:

　　　　       (SIII-2)

where is the means barrier height above Fermi level of the negatively biased electrode and is given by

                   (SIII-3)  
and

                  (SIII-4)

where .

Following Simmons,  is proposed to be unity as a good approximation except high voltage range. [10]

　The derivation of Eq. (SIII-2) from Eq, (SIII-1) can be achieved by setting the following arbitrary function for integration.



Then,  is given by



 Usually, 



Accordingly, , and then



Thus the equation (Eq. (III-2)) can be induced by using as follows:

　　
Now, let’s consider how to deviate Eqs. (73) ~ (75) from Eq. (71).

Considering characteristics of Fermi-Dirac function at T = 0oK,  is given by

　　　　　　　(SIII-5-1)

          (SIII-5-1)

Hence,




                   (SIII-6-1)   


                (SIII-6-2)   


                                   (SIII-6-3)   

Substituting Eqs. (SIII-2) and (SIII-6) into Eq. (71), tunnel current density J at absolute temperature is given by


　                                                         (SIII-7-1)
To facilitate the integration, Simmons rewrote Eq. (SIII-7-1) as follows:


(SIII-7-2)
In Eq. (SIII-7-2), three terms are given by
The first term: 



 

The above final term is due to  

The second term:





The third term:




 By summation of the three terms, Eq. (SIII-7-1) is formulated as general equation about tunnel current density as follows:


      (SIII-7-3)
where




　The first and second terms of Eq. (SIII-7-3) correspond to a current density flowing from the electrode 1 to the electrode 2 and a current density flowing from the electrode 2 to the electrode 1, respectively. When V is zero, the net current density becomes zero. 
 Now, let’s classify Eq. (SIII-7-3) into three cases, low voltage range (Case I), intermediate range (Case II) and high voltage range (Case III) in accordance with Fig. S3 proposed by Simmons [10].
In Case I, eV is close to zero as shown in Fig. S3(a).

      (SIII-8)

 Expanding  and neglecting terms containing V2 and higher orders, Eq. (SIII-8) becomes


         (SIII-9)

Since , Eq. (SIII-9) is expressed by

　　(SIII-10)



 As shown in Fig. S3a, V is almost close to zero and then potential barrier becomes rectangular and. Then and . Accordingly, Eq. (SIII-10) reduces to

　　(SIII-11)
Setting the insulation film area as S, tunnel current I becomes I = JS and tunnel resistance R becomes R = V/I.

Figure S3 (a) low voltage close to V = 0, (b) intermediate voltage, (c) high voltage



Case II (intermediate voltage range) : ,  and , 




 Figure S3(b) with  is well-known diagram published in many textbooks and corresponds to intermediate voltage range (Case II).  The different Fermi levels eV between the electrodes 1 and 2 provides transfer of electron current through insulator. By assuming inclined rectangular potential to be flat rectangular potential, the height of potential barrier function  becomes. Different from Fig. 5,  is set to simplify mathematical treatment, which is slightly out of the framework associated with the image potential. 


Substituting  and  into Eq. (SIII-7), Eq. (SIII-7) is rewritten as



                 (SIII-12)



Setting and  by permission of a few percent error, Eq. (SIII-12) becomes 




                　　　 (SIII-13)

Comparing with Eq. (SIII-12), the error by Eq. (SIII-13) is less than few percent at , which is confirmed by Simmons. [10]


To reduce the error, can be defined as  by considering image force by Simmons and the similar form by Sheng. [11] But the calculation becomes very complicated and the method is given in Supporting Information IV. Incidentally, the image force by Simmons is given by [10]

      　　　　　 (SIII-14)
where u = x/d.
More realistic method is discussed in detail in Supporting Information IV using the method proposed by Sheng. [11]
For high voltage range (Case III), 
The following relationship can be constructed on the basis of Fig. S3(c). 



At , and . 
Then, Eq. (SIII-7-3) can be rewritten as follows:


(SIII-15)
where F is the field strength in the insulator given by F = V/d

Following Simmons [10],  and then Eq. (SIII-15) is rewritten as:

                                                            (SIII-16)   
   
Supporting Information IV
Mathematical evaluation of temperature dependence of tunnel current 

 This part mainly supports derivation of many equations in Chapter IV and parameter fitting method in Eq. (83) to cultivate a better understanding tunnel current.

 Following Sheng, [11] the tunneling current density  for a junction is given by

  (SIV-1)




This is similar to Eq. (71).  is termed as Fermi-Dirac function and k// is the wave vector of the electron parallel to the junction surface. E// is given by. As discussed in Section III, corresponds to the barrier transmission factor given by Eq. (56), which is given as  by Sheng. [11] The integration of Eq. (SIV-1) is slightly difficult. To pursue the integration, the following mathematical formula is needed. The procedure based on direct heartwarming guidance by Sheng is described as follows:









where  is a dimensionless number and . is a number >> 1 whose precise value does not matter. Following his kind suggestion about , kT is at most 25 meV at room temperature and then its value should always be much smaller than the Fermi energy. So taking the upper limit of x to be >>1 can be an accurate approximation.

As for integral for the second term in Eq. (SIV-1), the same method can be used by replacing b to be .


 Accordingly, Eq. (SIV-1) is given by

    (SIV-2)

As for the approximation about 



E > 0, ,   



E < 0, ,  


 As for the approximation about 




,  , 





, ,  







=0,  E > 0


  


 

Accordingly Fermi-Dirac function is given by


         

Now, let’s define  as follows:

   (SIV-3)
Accordingly, Eq. (SIV-2) is represented by

    (SIV-4)
where　　						


          (SIV-5)   


The barrier transmission factor  representing as in Sheng’s paper [11] based on the strict handling, is given by


           (SIV-6)
where

             (SIV-7)





 is the tunneling constant and u1 and u2  are the zeros of the integrated.　The important point is the fact that when , the WKB approximation, which is introduced in Supporting Information II, provides a transmission factor which connects smoothly to  and approaches the unity at large E asymptotically. In accordance with Exercise concerning Eq. (16), Eq. (SIV-6) reduces to simple mathematical forms with very little error as follows:


      (SIV-8)

Let’s consider Eq. (SIV-8) in comparison with Eq. (56) at u1 = a and u2 = b. 




 The above equation is slightly different from Eq. (56), since V(x) in Eq. (56) listed in many textbooks is given by an arbitrary function of potential barrier at absolute temperature as shown in Fig. 4(a), different from  in Eq. (81), while is slightly dependent upon temperature as discussed later.


　As described by Sheng, at Umax > 0 、the barrier transmission probability decreases rapidly below E = 0, and it is reasonable to approximate  by the first two terms of the power series expansion about E = 0.

 (SIV-9)
where

    (SIV-10)
and

           (SIV-11)

where u3 and u4 (> u3) denotes the two zeros of  which is different from u1 and u2 relating to the zeros of the integration of Eq. (SIV-7).
 Substituting Eqs. (SIV-8) ~ (SIV-11) into Eq. (SIV-4), Eq. (SIV-4) reduces to

       (SIV-12)




 Because of rapid decrease of the barrier transmission probability in the vicinity of , at Umax > 0 () is approximately given by Eq. (SIV-13) in stead of Eq. (SIV-5) without incurring much error.

             (SIV-13)
And then, Eq. (IV-12) reduces to

    (SIV-14)



For Um < 0 , the current density  is given by


       (SIV-15)


By expanding  in a power series about Um, 

             (SIV-16)
where 

         (SIV-17)
and u* denoting the location of Um, satisfies the following equation.

       (SIV-18)




 As pointed by Sheng, always holds for Um < 0,  in Eq. (SIV-15)　is replaced by Eq. (IV-13) neglecting the interval. That is, at Um < 0 (),

          (SIV-19)

By the numerical calculations, Sheng indicated that the variation of Um (for Um < 0) as a function of  can be approximated as the following relationship. 

　　　　　　       (SIV-20)


Substituting Eq. (SIV-20) into Eq. (SIV-19),  at  can be represented as follows:

 (SIV-21)




Through a series of procedures, the final forms of tunnel current density at  and  are represented as follows:



       (SIV-22) 
and



       (SIV-23)
where

                (SIV-24) 

          (SIV-25) 









 Following Sheng [11], the value ofis noted to be continuous at and the relation holds from the definitions of . Using, partial conductivity atand  can be obtained to calculate the fluctuation-induced tunneling conductivity  by using Eq. (79)’ and (80)’.


At


 (SIV-26-1)
where

     (SIV-26-2)


And 

                                                                                   　　　　　　　　
(SIV-27)

and then 

        (SIV-28)

where .




As pointed by Sheng, the calculation of the junction conductivity  must involve thermal averaging  as expressed by Eq. (SIV-28). By replacing  as ,

	
                                                           (SIV-29)
where


          (SIV-30)

        (SIV-31)

         (SIV-32)


where  and .

Pre-discussion for Parameter fitting

Eq. (SIV-29) corresponds to Eq. (83). Let’s consider how to determine important parameters d and A through the fitting with experimental result by using Eqs. (SIV-29)~(SIV-32). We shall refer to the conventional method adopted by Sheng [11].　









At the first onset, the functions and  are plotted in Fig. S4. According to schematic diagram, the functions  and  revealed that at values of in Eq. (83) (Eq. (SIV-29)), the tunneling probability increases faster with increasing field, while the fluctuation probability  decreases. As the results, the summation of the two factors shows a dashed curve. The profile goes through a maximum at some value 

















Figure S4. The increase in the tunneling contribution as a function of , expressed by




, is opposed by the decrease of the fluctuation probability, expressed by . The maximum that obtains from the sum of these two terms represents the best compromise between the two tendencies. The function  is calculated with . (quoted from Re. [11] of Sheng)  




The existence of a maximum in the exponent implies that the integrand of the first integral in Eq.（IV-29）is sharply peaked. Following Scheng [11], it is expected that the temperature dependence of conductivity  would be dominated by the variation of . In anticipation of this fact,  is given by

    (SIV-33)

where  is defined as


(SIV-34) 
Eqs. (SIV-33) and SIV-34) are very important for parameter fitting.

Supporting Information V
Support evaluation of tunnel current by impedance

Here it may be pointed out why vapor grown carbon fiber (VGCF) similar to carbon fiber (CF) is selected as filler in polymer matrix in comparison with carbon black (CB). Theory by Sheng is concentrated on tunnel current mainly at low applied field. As preliminary experiments, the conductivity of CB-polyethylene (PE) and CF-PE composites were measured, which is shown in Fig. S5. The conductivity of CB-PE with 25 vol% content is lower than that CF-PE with 15 vol% content. To obtain the exact value of conductivity under low electric field, CF-polymer composite is better than CB-polymer composite. Furthermore, it was impossible to achieve uniform dispersion of high content CB powders in PI matrix. This is the reason that VGCF is selected as the fillers. Incidentally, the conductivity PE/CNT shows temperature independence because of tight entanglements of CNTs. [3]


Figure S5. Temperature dependence of conductivity of polyethylene/carbon-fiber (PE/CF) composite with 15 vol% content of CF, PE/carbon black (CB/PE) composite with 25 vol% content of CB and PE/flexible carbon nanotube (CNT/PE) composite with 10 vol% content of CNT. 

 Let’s consider justice as to why general tunnel current theory can be applied to PI/VGCF composites though complex impedance Z*. 
For two units as Case I in Fig. 10(a), Eq. (85-1) is classified into two components (Z1* and Z2*) and for three units as Case II in Fig. 10(b). Eq. (85-2) is classified into three components (Z1*, Z2* and Z3*). 

    (SV-1)
and

   (SV-2)

The optimum values of the parameters concerning resistivity (Ri) and capacitance (Ci) in Eqs. (85-1) ~ (85-2) (or Eqs. (SV-1)~(SV2)) were obtained by commercially available program to achieve best fitting between the experimental and theoretical results of complex impedance. 
As shown in Fig. S6, the fitting between the experimental and theoretical results was carried out on the basis of the frequency dependence of the components Z1’, -Z1”, Z2’, -Z2” in a~d for Case I (3.11 vol%) and Z1’, -Z1”, Z2’ -Z2”, Z3”, -Z3” in e~h for Case II (6.28 vol%) under 0.1 and 0.5V. The measurements were performed at 25 oC.




























Figure S6. (a), (b), (c) and (d): Parameter fitting between experimental and theoretical results for Z* for the composite with 3.11 vol% content by using Eq. (85-1) (or Eq. (SV-1)); (e), (f), (g) and (h): Parameter fitting between experimental and theoretical results for Z* for the composite with 6.28 vol% content by using Eq. (85-2) (or Eq. (SV-2)). Total of Z’ and Z” is the summation of the two terms for the composites with 3.11 vol% content and is the summation of the three terms for the composite with 6.28 vol% content. The same treatments were carried out at 40, 80, 120 and 160oC. [19]

Here it should be emphasized that the parameters of Z* must be fewer as much as possible on curve fitting. For the composite with 3.11 vol% content, the good agreement could be achieved by two units like Case I, while for the composite with 3.11 vol% content, the three units like Case II must be adopted to achieve the good fitting because of the high content of VGCF.　The real and imaginary parts of frequency dependence of Z* are strongly affected by the second term Z2* in Eq. (85-1) (or Eq. (SV-1)) and in Eq. (85-2) (or Eq. (SV-2)) for the composites with 3.11 and 6.28 vol% contents, respectively. The optimum parameters in the above equations are determined by computer simulation. The results of Ri and Ci for the composite with 6.26 vol% content under 0.5 V are listed in Table S1. The results for the composite with 3.11 vol% content under 0.1 and 0.5 V are listed in Tables S2 and S3, respectively. 

Table S1. The corresponding parameters Ri (i = 1~3) and Ci (i = 1~3) in Eq. (85-2) (or Eq. (SV-2)) obtained by computer simulation for the composites with 6.28 vol% content under 0.5 V at the indicated temperature. [19]

	T (oC)
	25
	40
	80
	120
	160

	R1 (Ω)
	20
	20
	20
	20
	20

	C1 (F×10-3)
	99.5
	102
	109
	115
	125

	R2 (Ω×104)
	1.42
	1.35
	1.25
	1.11
	1.05

	C2 (pF)
	990.0
	1000
	1040
	1090
	1120

	α
	0.8803
	0.8800
	0.8680
	0.8640
	0.8650

	R3 (Ω)
	310
	308
	305
	304
	300

	C2 (pF×104)
	3.40
	3.61
	3.85
	3.90
	4.18

	β
	0.6548
	0.6500
	0.6470
	0.6504
	0.6504




Table S2. The corresponding parameters Ri (i = 1~3) and Ci (i = 1~3) in Eq. (85-1) (or Eq.(SV-2)) obtained by computer simulation for the composite with 3.11 vol% content under 0.1 V at the indicated temperatures. [19]

	T (oC)
	25
	40
	80
	120
	160

	R1 (Ω)
	300
	300
	300
	300
	300

	C1 (F×10-3)
	1.10
	1.13
	1.20
	1.99
	2.05

	R2 (Ω×104)
	20.0
	19.9
	19.8
	18.0
	17.0

	C2 (pF)
	89.4
	93.4
	95.5
	97
	110

	α
	0.970
	0.965
	0.960
	0.955
	0.950

	B
	2.031
	2.036
	2.042
	2.047
	2.053




Table S3. The corresponding parameters Ri (i = 1~3) and Ci (i = 1~3) in Eq. (85-1) (or Eq. (SV-1)) obtained by computer simulation for the composite with 3.11 vol% content under 0.5 V at the indicated temperature. [19]

	T (oC)
	25
	40
	80
	120
	160

	R1 (Ω)
	100
	100
	100
	100
	100

	C1 (F×10-3)
	17.5
	25.5
	40.9
	41.2
	47.1

	R2 (Ω×104)
	19.4
	18.5
	18.0
	17.0
	16.9

	C2 (pF)
	128
	128
	129
	130
	130

	α
	0.9430
	0.9471
	0.9511
	0.9560
	0.9360

	

	2.060
	2.056
	2.051
	2.046
	2.068



The effective fractal dimension B is related to  defined by Nyikos and Pajkossy. 
Ref. L. Nyikos, T. Pajkossy, “Fractal dimension and fractional power frequency dependent impedance of blocking electrodes” Electrochim. Acta 30, 1533-1540 (1985).




  




6

image3.wmf

image49.wmf
(

)

dt

izt

z

t

t

F

dt

izt

z

dz

d

t

F

z

zf

z

f

)

exp(

)

(

)

exp(

)

(

)

(

)

(

"

2

2

2

ò

ò

-

-

=

ú

û

ù

ê

ë

é

-

=

-


oleObject47.bin

image50.wmf
[

]

[

]

itz

iz

itz

dt

d

exp

exp

=

-


oleObject48.bin

oleObject49.bin

image51.wmf
[

]

[

]

[

]

[

]

[

]

dt

itz

t

F

i

dt

itz

t

F

i

izt

t

F

i

dt

izt

dt

d

t

F

i

dt

izt

z

t

F

C

exp

)

(

'

exp

)

(

'

exp

)

(

)

exp(

)

(

exp

)

(

ò

ò

ò

ò

-

=

-

=

=

-


oleObject50.bin

image52.wmf
[

]

C

izt

t

F

]

exp[

)

(


oleObject51.bin

image53.wmf
[

]

[

]

dt

izt

t

iF

t

F

t

exp

)

(

'

)

(

0

2

ò

-

-

=


oleObject3.bin

oleObject52.bin

image54.wmf
0

)

(

'

)

(

2

=

+

t

iF

t

F

t


oleObject53.bin

image55.wmf
ú

û

ù

ê

ë

é

=

3

3

1

exp

)

(

t

C

t

F


oleObject54.bin

image56.wmf
[

]

dt

t

i

itz

C

dt

itz

t

F

z

f

ò

ò

ú

û

ù

ê

ë

é

+

=

=

3

3

exp

exp

)

(

)

(


oleObject55.bin

image57.wmf
(

)

p

2

1


oleObject56.bin

image58.wmf
dt

t

i

itz

dt

t

i

itz

z

Ai

ò

ò

¥

¥

¥

-

ú

û

ù

ê

ë

é

+

=

ú

û

ù

ê

ë

é

+

=

0

3

3

3

cos

1

3

exp

2

1

)

(

p

p


image4.wmf
x

i

h

p

¶

¶

=

p

2


oleObject57.bin

image59.wmf
[

]

dt

izt

t

v

z

f

C

ò

=

exp

)

(

)

(


oleObject58.bin

image60.wmf
(

)

[

]

dt

izt

t

v

t

t

v

dt

izt

d

i

dt

izt

t

v

z

t

z

zf

dz

z

f

d

C

C

ò

ò

ú

û

ù

ê

ë

é

-

=

+

-

=

-

]

exp[

)

(

)

(

]

exp[

exp

)

(

)

(

)

(

2

2

2

2


oleObject59.bin

image61.wmf
[

]

dt

t

v

t

dt

t

dv

i

izt

t

v

izt

i

z

zf

dz

z

f

d

C

C

ò

ú

û

ù

ê

ë

é

+

-

=

-

)

(

)

(

]

exp[

)

(

]

exp[

)

(

)

(

2

2

2


oleObject60.bin

image62.wmf
0

)

(

)

(

2

=

+

t

v

t

dt

t

dv

i


oleObject61.bin

image63.wmf
[

]

[

]

0

)

(

)

(

]

exp[

=

=

C

C

t

g

t

v

izt


oleObject4.bin

oleObject62.bin

image64.wmf
[

]

C

t

g

)

(


oleObject63.bin

image65.wmf
ú

û

ù

ê

ë

é

=

3

exp

)

(

3

it

v

t

v

o


oleObject64.bin

image66.wmf
dt

it

izt

v

t

f

C

o

ò

ú

û

ù

ê

ë

é

+

=

3

exp

)

(

3


oleObject65.bin

image67.wmf
[

]

0

3

exp

)

(

3

=

ú

û

ù

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

+

=

C

C

it

izt

t

g


oleObject66.bin

image68.wmf
ú

û

ù

ê

ë

é

+

=

3

exp

)

(

3

it

izt

t

g


image5.wmf
t

i

h

E

¶

¶

-

=

p

2


oleObject67.bin

image69.wmf
[

]

0

)

(

=

C

t

g


oleObject68.bin

image70.wmf
[

]

C

t

g

)

(


oleObject69.bin

image71.wmf
]

exp[

q

i

K

t

=


oleObject70.bin

image72.wmf
÷

÷

ø

ö

ç

ç

è

æ

+

+

-

-

=

+

q

q

q

q

3

cos

3

cos

3

sin

3

sin

3

3

3

3

K

zK

i

K

zK

it

izt


oleObject71.bin

image73.wmf
0

3

sin

>

q


oleObject5.bin

oleObject72.bin

image74.wmf
3

0

p

q

<

<


oleObject73.bin

image75.wmf
p

q

p

<

<

3

2


oleObject74.bin

image76.wmf
3

5

3

4

p

q

p

<

<


oleObject75.bin

image77.wmf
¥

®

K


oleObject76.bin

image78.wmf
-¥

®

÷

÷

ø

ö

ç

ç

è

æ

+

3

Re

3

it

izt


image6.wmf
t

i

h

¶

¶

-

p

2


oleObject77.bin

image79.wmf
÷

÷

ø

ö

ç

ç

è

æ

+

3

exp

3

it

izt


oleObject78.bin

image80.wmf
0

®


oleObject79.bin

image81.wmf
[

]

0

)

(

=

C

t

g


oleObject80.bin

image82.wmf
0

3

sin

>

q


oleObject81.bin

oleObject82.bin

oleObject6.bin

image83.wmf

oleObject83.bin

image84.wmf
0

)

(

®

t

g


oleObject84.bin

image85.wmf
0

)

(

=

z

f


oleObject85.bin

image86.wmf
3

3

2

2

1

1

D

C

D

C

D

C

+

+

+

+

+


oleObject86.bin

image87.wmf
0

)

(

)

(

)

(

3

2

1

=

+

+

ò

ò

ò

C

C

C

dt

t

g

dt

t

g

dt

t

g


oleObject87.bin

image7.wmf
n

h

E

=


image88.wmf
0

)

(

)

(

)

(

3

2

1

=

+

+

z

f

z

f

z

f


oleObject88.bin

image89.wmf
dt

it

izt

dt

it

izt

v

dt

t

f

v

z

f

i

i

i

C

C

C

o

o

i

ò

ò

ò

ú

û

ù

ê

ë

é

+

=

ú

û

ù

ê

ë

é

+

=

=

3

exp

2

1

3

exp

)

(

)

(

3

3

p


oleObject89.bin

image90.wmf
=

i

C


oleObject90.bin

image91.wmf
)

2

(

1

p

=

o

v


oleObject91.bin

image92.wmf
)

(

3

exp

2

1

)

(

3

1

z

A

dt

it

izt

z

f

i

=

ú

û

ù

ê

ë

é

+

=

ò

¥

¥

-

p


oleObject92.bin

oleObject7.bin

image93.wmf
3

2

p

q

-

=


oleObject93.bin

image94.wmf
x

i

t

÷

ø

ö

ç

è

æ

-

=

3

2

exp

p


oleObject94.bin

image95.wmf
(

)

¥

<

<

¥

-

x


oleObject95.bin

image96.wmf
÷

÷

ø

ö

ç

ç

è

æ

ú

û

ù

ê

ë

é

-

ú

û

ù

ê

ë

é

-

=

ú

û

ù

ê

ë

é

+

÷

ø

ö

ç

è

æ

-

ú

û

ù

ê

ë

é

-

=

ú

û

ù

ê

ë

é

÷

ø

ö

ç

è

æ

-

+

÷

ø

ö

ç

è

æ

-

ú

û

ù

ê

ë

é

-

=

ú

û

ù

ê

ë

é

+

=

ò

ò

ò

¥

¥

-

¥

¥

-

¥

¥

-

3

2

exp

3

2

exp

3

3

2

exp

exp

3

2

exp

2

1

3

6

exp

3

3

2

exp

exp

3

2

exp

2

1

3

exp

2

1

)

(

3

3

3

2

i

z

Ai

i

dx

x

i

i

izx

i

dx

x

i

i

i

izx

i

dt

it

izt

z

f

p

p

p

p

p

p

p

p

p

p


oleObject96.bin

image97.wmf
3

2

p

q

=


oleObject97.bin

image8.wmf
l

1


image98.wmf
÷

÷

ø

ö

ç

ç

è

æ

ú

û

ù

ê

ë

é

ú

û

ù

ê

ë

é

=

ú

û

ù

ê

ë

é

+

÷

ø

ö

ç

è

æ

ú

û

ù

ê

ë

é

=

ú

û

ù

ê

ë

é

÷

ø

ö

ç

è

æ

+

÷

ø

ö

ç

è

æ

ú

û

ù

ê

ë

é

=

ú

û

ù

ê

ë

é

+

=

ò

ò

ò

¥

¥

-

¥

¥

-

¥

¥

-

3

2

exp

3

2

exp

3

3

2

exp

exp

3

2

exp

2

1

3

6

exp

3

3

2

exp

exp

3

2

exp

2

1

3

exp

2

1

)

(

3

3

3

3

i

z

Ai

i

dx

x

i

i

izx

i

dx

x

i

i

i

izx

i

dt

it

izt

z

f

p

p

p

p

p

p

p

p

p

p


oleObject98.bin

image99.wmf
0

3

2

exp

3

2

exp

3

2

exp

3

2

exp

)

(

=

÷

÷

ø

ö

ç

ç

è

æ

ú

û

ù

ê

ë

é

ú

û

ù

ê

ë

é

+

÷

÷

ø

ö

ç

ç

è

æ

ú

û

ù

ê

ë

é

-

ú

û

ù

ê

ë

é

-

+

i

z

Ai

i

i

z

Ai

i

z

Ai

p

p

p

p


oleObject99.bin

oleObject100.bin

image100.wmf
az

y

=


oleObject101.bin

image101.wmf
)

(

)

(

3

2

2

2

2

2

y

Ai

a

y

dy

d

a

az

Ai

z

dz

d

÷

÷

ø

ö

ç

ç

è

æ

-

=

÷

÷

ø

ö

ç

ç

è

æ

-


oleObject102.bin

image102.wmf
ú

û

ù

ê

ë

é

±

=

3

2

exp

i

a

p


oleObject8.bin

oleObject103.bin

image103.wmf
1

3

=

a


oleObject104.bin

image104.wmf
[

]

(

)

3

2

exp

i

z

Ai

p

±


oleObject105.bin

image105.wmf
)

(

z

Ai


oleObject106.bin

image106.wmf
[

]

(

)

3

2

exp

i

z

Ai

p

±


oleObject107.bin

image107.wmf
)

(

z

Bi


image9.wmf
h


oleObject108.bin

image108.wmf
[

]

[

]

(

)

[

]

[

]

(

)

[

]

3

2

exp

3

/

2

exp

3

2

exp

3

/

2

exp

)

(

i

z

Ai

i

i

z

Ai

i

i

z

Bi

p

p

p

p

-

-

-

=


oleObject109.bin

image109.wmf
)

(

z

Ai


oleObject110.bin

image110.wmf
[

]

(

)

(

)

3

2

exp

3

2

Im

2

)

(

i

z

Ai

i

z

Bi

p

p

=


oleObject111.bin

image111.wmf
)

(

)

(

)

(

z

GBi

z

FAi

z

f

+

=


oleObject112.bin

oleObject113.bin

oleObject9.bin

image112.wmf
ú

û

ù

ê

ë

é

ú

û

ù

ê

ë

é

-

+

÷

ø

ö

ç

è

æ

+

-

÷

ø

ö

ç

è

æ

+

=

ú

û

ù

ê

ë

é

-

-

ú

û

ù

ê

ë

é

÷

ø

ö

ç

è

æ

+

-

=

ú

û

ù

ê

ë

é

+

-

+

ú

û

ù

ê

ë

é

-

-

=

ú

û

ù

ê

ë

é

+

+

ú

û

ù

ê

ë

é

+

ò

ò

ò

ò

ò

ò

ò

ò

ò

¥

¥

¥

¥

¥

¥

-

¥

¥

-

¥

-

dt

t

zt

dt

t

zt

i

dt

t

zt

dt

t

zt

i

dt

t

zt

i

dt

t

zt

i

dt

it

izt

dt

t

i

izt

dt

it

izt

Function

Airy

i

3

0

0

3

0

3

3

0

0

3

3

0

0

3

3

0

0

3

3

1

exp

3

1

sin

3

1

cos

1

3

1

exp

3

1

exp

1

3

1

exp

3

1

exp

1

3

exp

1

3

1

exp

1

~

p

p

p

p

p

p

p

p


oleObject114.bin

oleObject115.bin

image113.wmf
-¥

®

z


oleObject116.bin

image114.wmf
ú

û

ù

ê

ë

é

+

»

-

4

)

(

3

2

sin

)

(

1

)

(

2

3

4

1

p

p

z

z

z

Ai


oleObject117.bin

image115.wmf
ú

û

ù

ê

ë

é

+

»

-

4

)

(

3

2

cos

)

(

1

)

(

2

3

4

1

p

p

z

z

z

Bi


oleObject118.bin

image116.wmf
¥

®

z


image10.wmf
h


oleObject119.bin

image117.wmf
÷

ø

ö

ç

è

æ

-

»

2

3

4

1

3

2

exp

2

1

)

(

z

z

z

Ai

p


oleObject120.bin

image118.wmf
÷

ø

ö

ç

è

æ

»

2

3

4

1

3

2

exp

1

)

(

z

z

z

Bi

p


oleObject121.bin

image119.wmf
)

(

z

j


oleObject122.bin

image120.wmf
)

(

)

(

)

(

z

GBi

z

FAi

z

+

=

j


oleObject123.bin

image121.wmf
¥

®

z


oleObject10.bin

oleObject124.bin

image122.wmf
ú

û

ù

ê

ë

é

÷

ø

ö

ç

è

æ

+

÷

ø

ö

ç

è

æ

-

®

2

3

2

3

4

1

3

2

exp

2

3

2

exp

2

1

)

(

z

G

z

F

z

x

p

j


oleObject125.bin

image123.wmf
-¥

®

z


oleObject126.bin

image124.wmf
ú

û

ù

ê

ë

é

þ

ý

ü

î

í

ì

-

-

-

+

+

þ

ý

ü

î

í

ì

+

-

-

-

=

ú

û

ù

ê

ë

é

þ

ý

ü

î

í

ì

+

-

+

þ

ý

ü

î

í

ì

+

-

-

®

4

)

(

3

2

exp

)

(

4

)

(

3

2

exp

)

(

)

(

2

1

4

)

(

3

2

cos

4

)

(

3

2

sin

)

(

1

)

(

2

3

2

3

4

1

2

3

2

3

4

1

p

p

p

p

p

p

j

i

z

i

iF

G

i

z

i

iF

G

z

z

G

z

F

z

x


oleObject127.bin

image125.wmf
2

>

z


oleObject128.bin

image126.wmf
2

3

)

(

)

(

'

2

4

)

(

1

1

E

x

U

x

U

m

h

x

p

dx

d

-

=

>>

p


image11.wmf
m

p

mu

m

mu

2

)

(

2

1

2

1

2

2

2

=

=


oleObject129.bin

image127.wmf
®


oleObject130.bin

image128.wmf
3

2

3

1

2

1

)

(

>>

-

a

x

C

a


oleObject131.bin

image129.wmf
2

3

)

3

2

(

z


oleObject132.bin

image130.wmf
a

x

o

®


oleObject133.bin

image131.wmf
a

C

C

®


oleObject11.bin

oleObject134.bin

image132.wmf
)

(

)

(

3

1

3

1

a

x

C

x

x

C

z

a

o

-

=

-

=


oleObject135.bin

image133.wmf
ò

-

=

-

=

x

a

a

a

dx

a

x

C

a

x

C

z

'

)

'

(

3

2

3

2

2

1

2

3

2

1

2

3


oleObject136.bin

image134.wmf
(

)

E

x

U

h

m

a

x

a

U

h

m

a

x

C

a

-

»

-

=

-

)

(

8

)

)(

(

'

8

)

(

2

2

2

2

p

p


oleObject137.bin

image135.wmf
'

)

'

(

2

2

'

)

'

(

2

1

dx

h

E

x

U

m

dx

a

x

C

x

a

x

a

a

ò

ò

-

»

-

p


oleObject138.bin

image136.wmf
ï

î

ï

í

ì

>

<

=

»

)

(

)

,

(

)

(

)

,

(

)

,

(

3

2

2

3

a

x

x

a

a

x

a

x

x

a

z

h

h

h


image12.wmf
m

E

2

1

=


oleObject139.bin

image137.wmf
[

]

[

]

)

,

(

exp

)

(

)

,

(

exp

)

(

)

(

1

a

x

i

x

p

C

a

x

i

x

p

C

x

h

h

j

-

+

+

-

=


oleObject140.bin

image138.wmf
[

]

[

]

)

,

(

exp

)

(

)

,

(

exp

)

(

)

(

2

x

a

x

D

x

a

x

D

x

h

r

h

r

j

-

+

=

-

+


oleObject141.bin

image139.wmf
±

C


oleObject142.bin

image140.wmf
±

D


oleObject143.bin

image141.wmf
÷

ø

ö

ç

è

æ

÷

ø

ö

ç

è

æ

±

=

-

+

±

4

exp

2

1

p

i

iD

D

C

m


oleObject12.bin

oleObject144.bin

image142.wmf
)

(

1

x

j


oleObject145.bin

image143.wmf
)

(

2

x

j


oleObject146.bin

image144.wmf
þ

ý

ü

î

í

ì

ú

û

ù

ê

ë

é

+

-

+

ú

û

ù

ê

ë

é

-

-

+

=

4

)

,

(

exp

)

(

4

)

,

(

exp

)

(

)

(

2

)

(

6

1

1

p

h

p

h

p

j

i

a

x

i

iF

G

i

a

x

i

iF

G

x

p

C

x

a


oleObject147.bin

image145.wmf
[

]

[

]

[

]

)

,

(

exp

)

,

(

exp

2

)

(

2

)

(

6

1

2

x

a

F

x

a

G

x

C

x

a

h

h

pr

j

-

+

=


oleObject148.bin

image146.wmf
ú

û

ù

ê

ë

é

-

+

=

+

4

exp

)

(

2

6

1

p

p

i

iF

G

C

C

a


image13.wmf
)

(

2

1

)

(

2

x

U

p

m

x

U

+

=

+


oleObject149.bin

image147.wmf
G

C

D

a

p

6

1

=

+


oleObject150.bin

image148.wmf
ú

û

ù

ê

ë

é

-

=

-

4

exp

)

(

2

6

1

p

p

i

iF

G

C

C

a


oleObject151.bin

image149.wmf
F

C

D

a

p

2

6

1

=

-


oleObject152.bin

image150.wmf
÷

ø

ö

ç

è

æ

÷

ø

ö

ç

è

æ

±

=

-

+

±

4

exp

2

1

p

i

iD

D

C

m


oleObject153.bin

image151.wmf
+

C


oleObject13.bin

oleObject154.bin

image152.wmf
-

C


oleObject155.bin

image153.wmf
+

D


oleObject156.bin

image154.wmf
-

D


oleObject157.bin

image155.wmf
)

(

1

x

j


oleObject158.bin

image156.wmf
[

]

[

]

ú

û

ù

ê

ë

é

+

+

ú

û

ù

ê

ë

é

+

=

þ

ý

ü

î

í

ì

ú

û

ù

ê

ë

é

+

+

ú

û

ù

ê

ë

é

+

÷

ø

ö

ç

è

æ

-

+

þ

ý

ü

î

í

ì

ú

û

ù

ê

ë

é

+

-

ú

û

ù

ê

ë

é

+

÷

ø

ö

ç

è

æ

+

=

ú

û

ù

ê

ë

é

þ

ý

ü

î

í

ì

+

÷

ø

ö

ç

è

æ

-

+

ú

û

ù

ê

ë

é

þ

ý

ü

î

í

ì

+

-

÷

ø

ö

ç

è

æ

+

=

+

-

=

-

+

-

+

-

+

-

+

-

+

-

+

4

)

,

(

sin

)

(

2

4

)

,

(

cos

)

(

4

)

,

(

sin

4

)

,

(

cos

2

1

)

(

1

4

)

,

(

sin

4

)

,

(

cos

2

1

)

(

1

4

)

,

(

exp

2

1

)

(

1

4

)

,

(

exp

2

1

)

(

1

)

,

(

exp

)

(

)

,

(

exp

)

(

)

(

1

p

h

p

h

p

h

p

h

p

h

p

h

p

h

p

h

h

h

j

a

x

x

p

D

a

x

x

p

D

a

x

i

a

x

iD

D

x

p

a

x

i

a

x

iD

D

x

p

a

x

i

iD

D

x

p

a

x

i

iD

D

x

p

a

x

i

x

p

C

a

x

i

x

p

C

x


image14.wmf
)

,

(

t

x

Y


oleObject159.bin

image157.wmf
)

(

1

x

j


oleObject160.bin

image158.wmf
)

(

2

x

j


oleObject161.bin

image159.wmf
)

,

(

)

,

(

)

,

(

)

,

(

)

,

(

)

,

(

x

a

P

x

a

b

a

x

a

a

b

x

b

h

h

h

h

h

h

+

-

=

+

-

=

+

=


oleObject162.bin

image160.wmf
)

(

2

x

j


oleObject163.bin

image161.wmf
[

]

[

]

[

]

[

]

þ

ý

ü

î

í

ì

ú

û

ù

ê

ë

é

+

+

ú

û

ù

ê

ë

é

-

-

=

ú

û

ù

ê

ë

é

-

-

+

ú

û

ù

ê

ë

é

+

=

ú

û

ù

ê

ë

é

+

-

ú

û

ù

ê

ë

é

-

-

+

ú

û

ù

ê

ë

é

-

ú

û

ù

ê

ë

é

+

=

ú

û

ù

ê

ë

é

+

-

ú

û

ù

ê

ë

é

-

-

+

ú

û

ù

ê

ë

é

-

ú

û

ù

ê

ë

é

+

=

ú

û

ù

ê

ë

é

+

-

-

-

+

ú

û

ù

ê

ë

é

-

+

+

=

-

-

+

+

=

-

+

=

-

+

-

+

-

+

-

+

-

+

4

)

,

(

exp

2

1

4

)

,

(

exp

)

(

4

)

,

(

exp

)

(

4

)

,

(

exp

)

(

2

4

exp

4

)

,

(

exp

)

(

1

4

exp

4

)

,

(

exp

)

(

1

4

exp

4

)

,

(

exp

)

(

4

exp

4

)

,

(

exp

)

(

4

4

)

,

(

exp

)

(

4

4

)

,

(

exp

)

(

)

,

(

exp

)

(

)

,

(

exp

)

(

)

,

(

exp

)

(

)

,

(

exp

)

(

)

(

2

p

h

p

h

r

p

h

r

p

h

r

p

p

h

r

p

p

h

r

p

p

h

r

p

p

h

r

p

p

h

r

p

p

h

r

h

r

h

r

h

r

h

r

j

i

x

b

i

x

b

x

C

i

x

b

x

C

i

x

b

x

C

i

P

D

i

x

b

x

i

P

D

i

x

b

x

i

P

i

x

b

x

D

i

P

i

x

b

x

D

i

i

x

b

P

x

D

i

i

x

b

P

x

D

x

b

P

x

D

x

b

P

x

D

x

a

x

D

x

a

x

D

x


oleObject14.bin

oleObject164.bin

image162.wmf
ú

û

ù

ê

ë

é

-

=

+

4

exp

2

1

p

i

P

D

C


oleObject165.bin

image163.wmf
®


oleObject166.bin

image164.wmf
ú

û

ù

ê

ë

é

+

-

=

+

4

exp

2

1

p

i

P

C

D


oleObject167.bin

image165.wmf
ú

û

ù

ê

ë

é

+

-

=

-

4

exp

p

i

P

D

C


oleObject168.bin

image166.wmf
®


image15.wmf
)

,

(

2

)

,

(

)

(

2

2

1

2

2

2

t

x

t

i

h

t

x

x

U

x

i

h

m

Y

¶

¶

-

=

Y

ú

ú

û

ù

ê

ê

ë

é

+

÷

÷

ø

ö

ç

ç

è

æ

¶

¶

÷

ø

ö

ç

è

æ

p

p


oleObject169.bin

image167.wmf
ú

û

ù

ê

ë

é

-

=

-

4

exp

p

i

P

C

D


oleObject170.bin

image168.wmf
ú

û

ù

ê

ë

é

-

+

=

+

)

exp(

4

1

)

exp(

P

P

C

C


oleObject171.bin

image169.wmf
ú

û

ù

ê

ë

é

-

-

-

=

-

)

exp(

4

1

)

exp(

P

P

iC

C


oleObject172.bin

image170.wmf
[

]

[

]

)

,

(

exp

)

(

)

,

(

exp

)

(

)

(

2

b

x

x

A

b

x

x

A

x

h

r

h

r

j

-

+

=

-

+


oleObject173.bin

image171.wmf
±

D


oleObject15.bin

oleObject174.bin

image172.wmf
±

A


oleObject175.bin

image173.wmf
[

]

[

]

)

,

(

exp

)

(

)

,

(

exp

)

(

)

(

3

x

b

i

x

p

B

x

b

i

x

p

B

x

h

h

j

-

+

=

-

+


oleObject176.bin

image174.wmf
±

A


oleObject177.bin

image175.wmf
±

B


oleObject178.bin

image176.wmf
)

(

)

(

)

(

z

GBi

z

FAi

x

+

=

j


image16.wmf
Y

=

Y

E

H


oleObject179.bin

image177.wmf
-¥

®

z


oleObject180.bin

image178.wmf
ú

û

ù

ê

ë

é

÷

ø

ö

ç

è

æ

-

+

÷

ø

ö

ç

è

æ

-

-

-

®

2

3

2

3

4

1

)

(

3

2

exp

2

)

(

3

2

exp

)

(

2

1

)

(

z

G

z

F

z

x

p

j


oleObject181.bin

image179.wmf
¥

®

z


oleObject182.bin

image180.wmf
ú

û

ù

ê

ë

é

þ

ý

ü

î

í

ì

-

-

+

+

þ

ý

ü

î

í

ì

+

-

=

ú

û

ù

ê

ë

é

þ

ý

ü

î

í

ì

+

+

þ

ý

ü

î

í

ì

+

®

4

3

2

exp

)

(

4

3

2

exp

)

(

2

1

4

3

2

cos

4

3

2

sin

1

)

(

2

3

2

3

4

1

2

3

2

3

4

1

p

p

p

p

p

p

j

i

z

i

iF

G

i

z

i

iF

G

z

z

G

z

F

z

x


oleObject183.bin

oleObject184.bin

oleObject16.bin

image181.wmf
b

x

o

®


oleObject185.bin

image182.wmf
b

C

C

®


oleObject186.bin

image183.wmf
)

(

)

(

3

1

3

1

b

x

C

x

x

C

z

a

o

-

=

-

=


oleObject187.bin

image184.wmf
ò

-

=

-

=

x

b

b

b

dx

b

x

C

b

x

C

z

'

)

'

(

3

2

3

2

2

1

2

3

2

1

2

3


oleObject188.bin

image185.wmf
(

)

E

x

U

h

m

b

x

b

U

h

m

b

x

C

b

-

»

-

=

-

)

(

8

)

)(

(

'

8

)

(

2

2

2

2

p

p


oleObject189.bin

image17.wmf
0

)

,

(

4

)

,

(

)

(

8

)

,

(

2

2

2

2

=

¶

Y

¶

+

Y

-

¶

Y

¶

t

t

x

h

mi

t

x

x

U

h

m

x

t

x

p

p


image186.wmf
'

)

'

(

2

2

'

)

'

(

2

1

dx

h

E

x

U

m

dx

b

x

C

x

b

x

b

b

ò

ò

-

»

-

p


oleObject190.bin

image187.wmf
ï

î

ï

í

ì

>

<

=

»

)

(

)

,

(

)

(

)

,

(

)

,

(

3

2

2

3

b

x

x

b

b

x

b

x

x

b

z

h

h

h


oleObject191.bin

oleObject192.bin

image188.wmf
ú

û

ù

ê

ë

é

÷

ø

ö

ç

è

æ

-

+

÷

ø

ö

ç

è

æ

-

-

-

®

2

3

2

3

4

1

)

(

3

2

exp

2

)

(

3

2

exp

)

(

2

1

)

(

z

G

z

F

z

x

p

j


oleObject193.bin

image189.wmf
)

(

2

x

j


oleObject194.bin

image190.wmf
[

]

[

]

(

)

)

,

(

exp

2

)

,

(

exp

)

(

2

)

(

3

2

exp

2

)

(

3

2

exp

)

(

2

)

(

6

1

2

3

2

3

4

1

6

1

2

b

x

G

b

x

F

x

C

z

G

z

F

z

C

x

b

b

h

h

pr

p

j

+

-

=

ú

û

ù

ê

ë

é

÷

ø

ö

ç

è

æ

-

+

÷

ø

ö

ç

è

æ

-

-

-

=


oleObject17.bin

oleObject195.bin

oleObject196.bin

image191.wmf
ú

û

ù

ê

ë

é

þ

ý

ü

î

í

ì

-

-

+

+

þ

ý

ü

î

í

ì

+

-

=

ú

û

ù

ê

ë

é

þ

ý

ü

î

í

ì

+

+

þ

ý

ü

î

í

ì

+

=

4

]

,

[

exp

)

(

4

]

,

[

exp

)

(

)

(

2

4

3

2

cos

4

3

2

sin

)

(

6

1

2

3

2

3

4

1

6

1

3

p

h

p

h

p

p

p

p

j

i

x

b

i

iF

G

i

x

b

i

iF

G

x

p

C

z

G

z

F

z

C

x

b

b


oleObject197.bin

image192.wmf
[

]

[

]

(

)

)]

,

(

exp[

2

)]

,

(

exp[

)

(

2

)

,

(

exp

)

(

)

,

(

exp

)

(

6

1

b

x

G

b

x

F

x

C

b

x

x

A

b

x

x

A

b

h

h

pr

h

r

h

r

+

-

=

-

+

-

+


oleObject198.bin

image193.wmf
G

C

A

b

p

6

1

=

+


oleObject199.bin

image194.wmf
F

C

A

b

p

2

6

1

=

-


oleObject200.bin

image18.wmf
)

,

(

t

x

Y


image195.wmf
[

]

[

]

ú

û

ù

ê

ë

é

þ

ý

ü

î

í

ì

-

-

+

+

þ

ý

ü

î

í

ì

+

-

=

-

+

-

+

4

]

,

[

exp

)

(

4

]

,

[

exp

)

(

)

(

2

)

,

(

exp

)

(

)

,

(

exp

)

(

6

1

p

h

p

h

p

h

h

i

x

b

i

iF

G

i

x

b

i

iF

G

x

p

C

x

b

i

x

p

B

x

b

i

x

p

B

b


oleObject201.bin

image196.wmf
ú

û

ù

ê

ë

é

-

=

+

4

exp

)

(

2

6

1

p

p

i

iF

G

C

B

b


oleObject202.bin

image197.wmf
ú

û

ù

ê

ë

é

-

+

=

-

4

exp

)

(

2

6

1

p

p

i

iF

G

C

B

b


oleObject203.bin

image198.wmf
÷

ø

ö

ç

è

æ

÷

ø

ö

ç

è

æ

-

=

-

+

+

4

exp

2

1

p

i

iA

A

B


oleObject204.bin

image199.wmf
÷

ø

ö

ç

è

æ

-

÷

ø

ö

ç

è

æ

+

=

-

+

-

4

exp

2

1

p

i

iA

A

B


oleObject205.bin

oleObject18.bin

image200.wmf
0

=

-

B


oleObject206.bin

image201.wmf
-

+

-

=

iA

A

2

1


oleObject207.bin

image202.wmf
÷

ø

ö

ç

è

æ

=

+

+

4

exp

p

i

A

B


oleObject208.bin

image203.wmf
[

]

[

]

[

]

[

]

þ

ý

ü

î

í

ì

ú

û

ù

ê

ë

é

-

-

+

ú

û

ù

ê

ë

é

+

=

+

-

=

-

+

=

-

+

-

+

4

)

,

(

exp

4

)

,

(

exp

2

1

)

(

)

,

(

exp

)

(

)

,

(

exp

)

(

)

,

(

exp

)

(

)

,

(

exp

)

(

)

(

2

p

h

p

h

r

h

r

h

r

h

r

h

r

j

i

x

b

i

x

b

x

C

x

b

x

A

x

b

x

A

b

x

x

A

b

x

x

A

x


oleObject209.bin

image204.wmf
ú

û

ù

ê

ë

é

-

=

+

4

exp

p

i

C

A


oleObject210.bin

image19.wmf
)

(

)

(

)

,

(

t

g

x

t

x

j

=

Y


image205.wmf
ú

û

ù

ê

ë

é

=

-

4

exp

2

1

p

i

C

A


oleObject211.bin

image206.wmf
C

i

i

C

i

A

B

=

÷

ø

ö

ç

è

æ

÷

ø

ö

ç

è

æ

-

=

÷

ø

ö

ç

è

æ

=

+

+

4

exp

4

exp

4

exp

p

p

p


oleObject212.bin

image207.wmf
[

]

[

]

[

]

[

]

)

,

(

exp

)

(

)

,

(

exp

)

(

)

,

(

exp

)

(

)

,

(

exp

)

(

)

(

3

x

b

i

x

p

C

x

b

i

x

p

B

x

b

i

x

p

B

x

b

i

x

p

B

x

h

h

h

h

j

=

=

-

+

=

+

-

+


oleObject213.bin

image208.wmf
)

(

)

(

x

x

U

f

h

+

=


oleObject214.bin

image209.wmf
h


oleObject215.bin

oleObject19.bin

image210.wmf
)

(

x

f


oleObject216.bin

image211.wmf
(

)

(

)

ú

û

ù

ê

ë

é

-

+

-

=

ò

b

a

x

x

dx

E

x

m

h

E

T

2

1

2

1

)

(

2

4

exp

)

(

f

h

p


oleObject217.bin

image212.wmf
(

)

[

]

2

1

exp

)

(

x

x

E

A

E

T

-

+

-

»

f

h


oleObject218.bin

image213.wmf
f


oleObject219.bin

image214.wmf
ò

D

=

b

a

dx

x

d

)

(

1

f

f


oleObject220.bin

image20.wmf
dt

t

dg

t

g

h

mi

x

x

U

h

m

x

x

x

)

(

)

(

1

4

)

(

)

(

8

)

(

)

(

1

2

2

2

2

p

j

p

j

j

-

=

þ

ý

ü

î

í

ì

-

¶

¶


image215.wmf
(

)

2

1

2

4

m

h

d

A

D

=

pb


oleObject221.bin

image216.wmf
a

b

d

-

=

D


oleObject222.bin

image217.wmf
b


oleObject223.bin

image218.wmf
)

(

2

1

x

f


oleObject224.bin

image219.wmf
[

]

[

]

[

]

[

]

d

f

d

f

dx

f

x

f

d

f

dx

f

f

x

f

f

f

x

f

f

dx

f

f

x

f

f

dx

x

f

b

a

b

a

b

a

b

a

D

=

÷

÷

÷

ø

ö

ç

ç

ç

è

æ

D

-

-

D

@

÷

÷

ø

ö

ç

ç

è

æ

-

-

-

+

=

÷

÷

ø

ö

ç

ç

è

æ

-

+

=

ò

ò

ò

ò

2

1

2

2

2

1

2

2

2

1

2

1

2

1

2

1

8

)

(

1

8

)

(

2

)

(

1

)

(

1

)

(

b


oleObject225.bin

oleObject20.bin

image220.wmf
b


oleObject226.bin

image221.wmf
[

]

dx

f

x

f

d

f

b

a

2

2

)

(

8

1

1

ò

-

D

-

=

b


oleObject227.bin

image222.wmf
[

]

dx

f

x

f

d

f

b

a

2

2

)

(

8

1

1

ò

-

D

>>


oleObject228.bin

image223.wmf
1

»

b


oleObject229.bin

image224.wmf
d

f

dx

x

f

b

a

D

=

ò

2

1

2

1

)

(


oleObject230.bin

image21.wmf
2

2

8

h

mE

p

-


image225.wmf
[

]

2

1

2

1

)

(

)

(

x

E

x

x

f

-

+

=

f

h


oleObject231.bin

image226.wmf
(

)

[

]

2

1

exp

)

(

x

x

E

A

E

T

-

+

-

»

f

h


oleObject232.bin

image227.wmf
2

1

z

z

z

-

=


oleObject233.bin

image228.wmf
(

)

x

E

h

me

-

=

h

p

z

3

1

4


oleObject234.bin

image229.wmf
(

)

eV

E

h

me

x

-

-

=

h

p

z

3

2

4


oleObject235.bin

oleObject21.bin

oleObject236.bin

image230.wmf
eV

h

me

÷

ø

ö

ç

è

æ

=

3

4

p

z


oleObject237.bin

image231.wmf
eV

E

x

-

<

<

h

0


oleObject238.bin

image232.wmf
(

)

x

E

h

me

-

÷

ø

ö

ç

è

æ

=

h

p

z

3

4


oleObject239.bin

image233.wmf
h

h

<

<

-

x

E

eV


oleObject240.bin

image234.wmf
0

=

z


image22.wmf
{

}

0

)

(

)

(

8

)

(

2

2

2

2

=

-

+

¶

¶

x

x

U

E

h

m

x

x

j

p

j


oleObject241.bin

image235.wmf
h

>

x

E


oleObject242.bin

image236.wmf
(

)

[

]

(

)

(

)

[

]

{

}

ò

ò

-

-

-

+

-

-

+

-

+

-

=

eV

eV

x

x

x

x

x

dE

E

A

E

dE

E

A

eV

h

me

J

h

h

h

f

h

h

f

h

p

0

2

1

2

1

3

exp

exp

4


oleObject243.bin

image237.wmf
(

)

[

]

(

)

[

]

{

(

)

[

]

}

ò

ò

ò

-

-

-

-

+

-

-

+

+

-

+

-

-

-

+

-

=

h

h

h

h

h

f

h

f

h

f

h

f

f

h

p

eV

x

x

x

eV

eV

x

x

x

x

dE

E

A

E

dE

E

A

dE

E

A

eV

h

me

J

2

1

0

2

1

2

1

3

exp

)

(

exp

exp

4


oleObject244.bin

image238.wmf
(

)

[

]

x

eV

x

dE

E

A

eV

ò

-

-

+

-

h

f

h

0

2

1

exp


oleObject245.bin

image239.wmf
[

]

(

)

(

)

[

]

(

)

(

)

(

)

(

)

(

)

[

]

(

)

(

)

[

]

(

)

(

)

{

}

(

)

[

]

[

]

(

)

{

}

(

)

[

]

[

]

(

)

{

}

(

)

[

]

(

)

(

)

[

]

(

)

[

]

2

1

2

2

1

2

1

2

1

2

1

2

2

1

2

1

2

2

1

2

1

2

2

1

2

1

2

1

2

1

exp

2

exp

2

exp

1

2

exp

1

2

exp

1

2

1

exp

2

1

exp

2

1

]

exp[

2

exp

2

2

exp

2

1

2

1

2

1

2

1

2

1

2

1

eV

A

A

eV

eV

A

eV

A

eV

eV

A

eV

A

A

eV

A

A

A

eV

eV

A

eV

A

A

eV

A

A

A

eV

A

eV

A

eV

A

eV

A

u

A

Au

eV

du

Au

u

eV

udu

Au

eV

eV

eV

eV

+

-

+

+

-

+

=

+

-

+

+

»

+

-

+

+

-

+

-

+

+

=

ú

ú

û

ù

ê

ê

ë

é

þ

ý

ü

î

í

ì

+

+

-

+

-

+

ú

ú

û

ù

ê

ê

ë

é

þ

ý

ü

î

í

ì

+

+

-

+

-

-

=

ú

û

ù

ê

ë

é

þ

ý

ü

î

í

ì

+

-

-

-

=

-

-

=

-

-

+

+

+

+

+

+

ò

ò

f

f

f

f

f

f

h

f

h

f

f

f

h

f

h

f

f

f

f

h

f

f

h

f

f

h


oleObject22.bin

oleObject246.bin

image240.wmf
(

)

[

]

(

)

[

]

2

1

2

1

exp

exp

f

h

f

+

-

>>

+

-

A

eV

A


oleObject247.bin

image241.wmf
(

)

[

]

x

eV

x

dE

E

A

ò

-

-

+

-

-

h

h

f

h

f

2

1

exp


oleObject248.bin

image242.wmf
[

]

(

)

(

)

(

)

(

)

(

)

[

]

(

)

(

)

[

]

(

)

{

}

[

]

(

)

{

}

(

)

[

]

2

1

2

1

2

2

1

2

1

2

2

1

2

1

2

1

2

1

exp

1

2

exp

1

2

1

exp

1

exp

2

1

]

exp[

2

2

exp

2

1

2

1

2

1

2

1

eV

A

eV

A

A

A

A

A

A

eV

A

eV

A

A

A

A

A

u

A

Au

udu

Au

eV

eV

+

-

+

+

+

-

+

-

=

ú

ú

û

ù

ê

ê

ë

é

þ

ý

ü

î

í

ì

+

+

-

+

-

-

þ

ý

ü

î

í

ì

+

-

-

=

ú

û

ù

ê

ë

é

÷

ø

ö

ç

è

æ

+

-

-

=

-

+

+

ò

f

f

f

f

f

f

f

f

f

f

f

f

f

f

f

f

f


oleObject249.bin

image243.wmf
(

)

(

)

[

]

dE

E

A

E

eV

x

x

ò

-

-

+

-

-

+

h

h

f

h

f

h

2

1

exp


oleObject250.bin

image244.wmf
(

)

[

]

(

)

[

]

(

)

(

)

(

)

(

)

(

)

[

]

(

)

(

)

[

]

(

)

(

)

[

]

(

)

[

]

2

1

2

3

2

2

1

2

3

2

2

3

2

1

2

3

2

1

2

3

3

2

2

3

3

2

exp

3

2

]

exp[

3

2

3

exp

2

3

]

exp[

2

3

]

exp[

2

)

(

6

)

(

6

3

]

exp[

2

exp

2

2

exp

2

1

2

1

2

1

2

1

2

1

2

1

2

1

2

1

eV

A

eV

eV

A

A

A

A

A

A

eV

eV

A

eV

A

A

A

A

A

u

u

A

Au

A

u

A

u

A

u

u

A

Au

du

Au

u

udu

Au

u

eV

eV

eV

eV

+

-

+

+

+

-

-

+

=

ú

û

ù

ê

ë

é

+

+

+

+

-

-

ú

û

ù

ê

ë

é

+

-

=

ú

û

ù

ê

ë

é

+

-

»

ú

û

ù

ê

ë

é

-

-

-

-

+

-

-

-

+

-

-

-

-

=

-

-

=

-

-

+

+

+

+

ò

ò

f

f

f

f

f

f

f

f

f

f

f

f

f

f

f

f

f

f

f

f


image23.wmf
)

(

2

)

(

t

Eg

h

i

dt

t

dg

p

-

=


oleObject251.bin

oleObject252.bin

image245.wmf
(

)

(

)

(

)

(

)

[

]

{

}

(

)

(

)

(

)

[

]

{

}

2

1

2

1

2

1

2

1

2

exp

exp

exp

exp

2

eV

A

eV

A

J

eV

A

eV

A

d

h

e

J

o

+

-

+

-

-

=

+

-

+

-

-

D

=

f

f

f

f

f

f

f

f

b

p


oleObject253.bin

oleObject254.bin

image246.wmf
(

)

2

2

d

h

e

J

o

D

=

b

p


oleObject255.bin

image247.wmf
(

)

(

)

(

)

[

]

{

}

(

)

(

)

(

)

[

]

2

1

2

1

2

1

2

1

2

1

2

1

2

1

exp

2

exp

2

exp

exp

exp

exp

f

f

f

f

f

f

f

f

f

f

f

f

f

A

eV

A

eV

J

eV

A

eV

A

J

eV

A

eV

A

J

J

o

o

o

-

þ

ý

ü

î

í

ì

ú

û

ù

ê

ë

é

-

+

-

»

ï

þ

ï

ý

ü

ï

î

ï

í

ì

ú

û

ù

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

-

-

-

+

+

-

+

-

-

=

+

-

+

-

-

=


oleObject256.bin

image248.wmf
[

]

2

1

2

exp

f

AeV

-


oleObject23.bin

oleObject257.bin

image249.wmf
(

)

[

]

[

]

2

1

2

1

2

1

2

1

exp

1

2

exp

2

1

f

f

f

f

f

f

A

A

eV

J

A

AeV

eV

J

J

o

o

-

÷

÷

ø

ö

ç

ç

è

æ

-

@

-

þ

ý

ü

î

í

ì

÷

÷

ø

ö

ç

ç

è

æ

-

+

-

=


oleObject258.bin

image250.wmf
(

)

eV

>>

f


oleObject259.bin

image251.wmf
1

2

2

1

>>

f

A


oleObject260.bin

image252.wmf
ú

û

ù

ê

ë

é

D

-

÷

ø

ö

ç

è

æ

D

=

2

1

2

1

2

1

2

2

1

)

2

(

4

exp

)

2

(

f

pb

f

m

h

d

V

h

e

d

m

J


oleObject261.bin

image253.wmf
1

=

b


image24.wmf
÷

ø

ö

ç

è

æ

-

=

t

h

E

i

g

t

g

o

p

2

exp

)

(


oleObject262.bin

image254.wmf
d

d

=

D


oleObject263.bin

image255.wmf
o

f

f

=


oleObject264.bin

image256.wmf
ú

û

ù

ê

ë

é

-

÷

ø

ö

ç

è

æ

=

2

1

2

2

1

)

2

(

4

exp

)

2

(

o

o

m

h

d

V

h

e

d

m

J

f

p

f


oleObject265.bin

image257.png
T ] |

1

I°° d+eV/2

|

I

T

n
-
<d_>
> e >l
ELECTRODE 1 ELECTRODE 2
INSULATOR

(@) (b)

—>]
(1]
<
£
\:





image258.wmf
o

eV

f

<


oleObject266.bin

oleObject24.bin

image259.wmf
d

d

=

D


oleObject267.bin

image260.wmf
2

eV

-

=

f

f


oleObject268.bin

image261.wmf
o

eV

f

<


oleObject269.bin

image262.wmf
f


oleObject270.bin

image263.wmf
2

/

eV

+

f


oleObject271.bin

image25.wmf
-

-

-

-

-

+

-

+

=

)

(

'

)

(

)

(

o

o

x

U

x

x

E

x

U


oleObject272.bin

image264.wmf
o

d

d

=

D


oleObject273.bin

image265.wmf
2

/

eV

-

=

f

f


oleObject274.bin

image266.wmf
(

)

ú

ú

û

ù

ê

ê

ë

é

÷

ø

ö

ç

è

æ

-

-

î

í

ì

÷

ø

ö

ç

è

æ

-

÷

÷

ø

ö

ç

ç

è

æ

=

ï

þ

ï

ý

ü

ï

î

ï

í

ì

ú

ú

û

ù

ê

ê

ë

é

÷

ø

ö

ç

è

æ

+

-

÷

ø

ö

ç

è

æ

+

-

ú

ú

û

ù

ê

ê

ë

é

÷

ø

ö

ç

è

æ

-

-

÷

ø

ö

ç

è

æ

-

=

2

1

2

1

2

2

2

1

2

1

2

2

4

exp

2

2

2

exp

2

2

exp

2

eV

m

h

d

eV

d

h

e

eV

A

eV

eV

A

eV

J

J

e

f

pb

f

b

p

f

f

f

f


oleObject275.bin

image267.wmf
(

)

ï

þ

ï

ý

ü

ú

ú

û

ù

ê

ê

ë

é

÷

ø

ö

ç

è

æ

+

-

÷

ø

ö

ç

è

æ

+

-

2

1

2

1

2

2

4

exp

2

eV

m

h

d

eV

f

pb

f


oleObject276.bin

image268.wmf
1

=

b


oleObject25.bin

oleObject277.bin

image269.wmf
o

f

f

=


oleObject278.bin

oleObject279.bin

image270.wmf
(

)

ú

ú

û

ù

ê

ê

ë

é

÷

ø

ö

ç

è

æ

-

-

î

í

ì

÷

ø

ö

ç

è

æ

-

÷

ø

ö

ç

è

æ

=

2

1

2

1

2

2

2

4

exp

2

2

eV

m

h

d

eV

hd

e

J

o

o

f

p

f

p


oleObject280.bin

image271.wmf
(

)

ï

þ

ï

ý

ü

ú

ú

û

ù

ê

ê

ë

é

÷

ø

ö

ç

è

æ

+

-

÷

ø

ö

ç

è

æ

+

-

2

1

2

1

2

2

4

exp

2

eV

m

h

d

eV

o

o

f

p

f


oleObject281.bin

image272.wmf
f

<

eV


oleObject282.bin

image26.png
U(x)





image273.wmf
f


oleObject283.bin

image274.wmf
)

(

x

f


oleObject284.bin

image275.wmf
þ

ý

ü

î

í

ì

-

-

-

=

-

-

-

=

o

o

o

o

u

u

eVu

x

d

x

d

d

eVx

x

f

l

f

f

l

f

f

)

1

(

15

.

1

1

)

(

15

.

1

)

(

2


oleObject285.bin

image276.wmf
f

>

eV


oleObject286.bin

image277.wmf
eV

d

d

o

f

=

D


oleObject287.bin

image27.wmf
(

)

)

(

)

(

)

(

'

8

2

2

2

2

x

E

x

x

U

x

x

E

dx

d

m

h

o

o

j

j

p

=

þ

ý

ü

î

í

ì

-

+

+

-


image278.wmf
2

o

f

f

=


oleObject288.bin

image279.wmf
(

)

(

)

ï

þ

ï

ý

ü

ï

î

ï

í

ì

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

+

-

÷

÷

ø

ö

ç

ç

è

æ

+

-

ú

û

ù

ê

ë

é

-

÷

÷

ø

ö

ç

ç

è

æ

=

2

1

2

1

3

2

1

3

2

3

2

1

4

exp

2

1

4

exp

8

)

(

2

o

o

o

o

o

eV

m

ehF

eV

m

ehF

h

F

e

J

f

f

pb

f

f

pb

f

p

b


oleObject289.bin

image280.wmf
24

/

23

=

b


oleObject290.bin

image281.wmf
(

)

(

)

ï

þ

ï

ý

ü

ï

î

ï

í

ì

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

+

D

-

÷

÷

ø

ö

ç

ç

è

æ

+

-

ú

û

ù

ê

ë

é

D

-

÷

ø

ö

ç

è

æ

D

=

2

1

2

1

3

2

1

3

2

2

1

2

96

.

2

8

exp

2

1

2

96

.

2

8

exp

8

2

.

2

o

o

o

o

o

o

o

eV

m

h

d

eV

m

h

d

d

h

e

J

f

f

f

p

f

f

f

p

p

f


oleObject291.bin

image282.wmf
)

(

e

j


oleObject292.bin

oleObject26.bin

image283.wmf
[

]

dE

k

d

d

e

E

E

f

E

E

f

E

T

h

e

j

o

//

2

//

//

2

)

(

)

(

)

2

(

1

)

,

(

2

)

(

ed

p

e

e

+

+

-

+

=

ò

ò

¥

¥

-


oleObject293.bin

image284.wmf
[

]

(

)

kT

E

E

f

exp

1

1

)

(

+

=


oleObject294.bin

image285.wmf
m

k

h

2

2

//

2

8

p


oleObject295.bin

image286.wmf
)

,

(

e

E

T


oleObject296.bin

image287.wmf
)

,

(

e

E

D


oleObject297.bin

image28.wmf
Þ


image288.wmf
[

]

])

exp[

1

(

1

]

exp[

1

px

b

n

px

p

px

b

dx

+

-

=

+

ò

l


oleObject298.bin

image289.wmf
[

]

[

]

÷

÷

ø

ö

ç

ç

è

æ

ú

û

ù

ê

ë

é

-

+

=

÷

ø

ö

ç

è

æ

+

=

+

+

-

-

@

+

-

=

÷

÷

ø

ö

ç

ç

è

æ

ú

û

ù

ê

ë

é

ú

û

ù

ê

ë

é

+

=

+

ò

ò

kT

E

n

h

mkT

b

b

n

h

mkT

b

n

x

b

n

x

h

mkT

x

b

n

x

h

mkT

dk

mkT

k

h

kT

E

k

d

E

E

f

U

U

x

U

exp

1

2

1

2

)

1

(

)

(

2

]

exp[

1

(

2

8

exp

exp

1

)

2

(

)

2

(

)

(

'

2

2

2

0

2

2

//

2

2

//

2

2

//

2

2

//

l

l

l

l

l

p

p

p

p

p

p

p

p


oleObject299.bin

image290.wmf
mkT

k

h

x

2

2

//

2

8

p

=


oleObject300.bin

image291.wmf
ú

û

ù

ê

ë

é

=

kT

E

b

exp


oleObject301.bin

image292.wmf
U

x


oleObject302.bin

image1.wmf
(

)

ú

û

ù

ê

ë

é

-

=

Y

Et

px

h

i

A

p

2

exp


oleObject27.bin

image293.wmf
kT

m

k

h

>>

2

2

//

2

8

p


oleObject303.bin

image294.wmf
ú

û

ù

ê

ë

é

+

kT

d

E

e

E

//

exp

e


oleObject304.bin

image295.wmf
[

]

[

]

÷

÷

ø

ö

ç

ç

è

æ

ú

û

ù

ê

ë

é

+

-

+

=

÷

ø

ö

ç

è

æ

+

=

+

+

-

-

@

+

-

=

÷

÷

ø

ö

ç

ç

è

æ

ú

û

ù

ê

ë

é

ú

û

ù

ê

ë

é

+

+

=

+

+

ò

ò

kT

d

e

E

n

h

mkT

b

b

n

h

mkT

b

n

x

b

n

x

h

mkT

x

b

n

x

h

mkT

dk

mkT

k

h

kT

d

e

E

k

d

d

e

E

E

f

o

U

U

x

o

o

U

ed

p

p

p

p

p

ed

p

p

p

ed

exp

1

2

1

2

)

1

(

)

(

2

]

exp[

1

(

2

8

exp

exp

1

)

2

(

)

2

(

)

(

'

2

2

2

0

2

2

//

2

2

//

2

2

//

2

2

//

l

l

l

l

l


oleObject305.bin

image296.wmf
(

)

[

]

dE

kT

d

e

E

kT

E

n

kT

E

T

h

me

j

o

ò

¥

¥

-

ú

û

ù

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

+

-

+

-

+

=

ed

e

p

e

exp

1

)

/

exp(

1

)

,

(

)

(

3

l


oleObject306.bin

image297.wmf
÷

÷

ø

ö

ç

ç

è

æ

ú

û

ù

ê

ë

é

-

+

kT

E

n

exp

1

l


oleObject307.bin

image29.wmf
(

)

)

(

)

(

2

2

x

x

x

C

x

dx

d

o

j

j

-

=


image298.wmf
[

]

0

~

exp

kT

E

-


oleObject308.bin

image299.wmf
®


oleObject309.bin

image300.wmf
[

]

(

)

0

)

1

(

exp

1

=

@

-

+

n

kT

kT

E

n

kT

l

l


oleObject310.bin

image301.wmf
[

]

1

exp

>>

-

kT

E


oleObject311.bin

oleObject312.bin

image302.wmf
[

]

(

)

E

kT

E

n

kT

-

@

-

+

exp

1

l


oleObject28.bin

oleObject313.bin

image303.wmf
(

)

[

]

kT

d

e

E

n

kT

o

/

]

[

exp

1

ed

+

-

+

l


oleObject314.bin

image304.wmf
0

>

+

d

e

E

o

ed


oleObject315.bin

oleObject316.bin

image305.wmf
d

e

E

o

ed

-

>


oleObject317.bin

image306.wmf
[

]

0

)

(

exp

®

+

-

kT

d

e

E

o

ed


oleObject318.bin

image30.wmf
2

2

)

(

'

8

h

x

U

C

o

p

º


image307.wmf
[

]

(

)

0

)

1

(

)

(

exp

1

=

@

+

-

+

n

kT

kT

d

e

E

n

kT

o

l

l

ed


oleObject319.bin

image308.wmf
0

<

+

d

e

E

o

ed


oleObject320.bin

image309.wmf
®


oleObject321.bin

image310.wmf
d

e

E

o

ed

-

<


oleObject322.bin

image311.wmf
[

]

(

)

)

(

)

(

exp

1

d

e

E

kT

d

e

E

n

kT

o

o

ed

ed

+

-

@

+

-

+

l


oleObject323.bin

oleObject29.bin

image312.wmf
(

)

[

]

÷

÷

ø

ö

ç

ç

è

æ

+

-

+

-

+

kT

d

e

E

kT

E

n

kT

o

ed

exp

1

)

/

exp(

1

l


oleObject324.bin

image313.wmf
[

]

(

)

-

-

+

=

kT

E

n

kT

exp

1

l


oleObject325.bin

image314.wmf
[

]

(

)

kT

d

e

E

n

kT

o

)

(

exp

1

ed

+

-

+

l


oleObject326.bin

image315.wmf
,

E

-

=


oleObject327.bin

image316.wmf
d

e

E

o

ed

-

>

>

0


oleObject328.bin

image31.wmf
)

(

3

1

o

x

x

C

z

-

=


image317.wmf
,

d

e

o

ed

-

=


oleObject329.bin

image318.wmf
d

e

E

o

ed

-

<


oleObject330.bin

image319.wmf
(

)

[

]

0

0

,

,

0

/

exp

1

<

>

î

í

ì

-

@

-

+

E

E

E

kT

E

n

kT

l


oleObject331.bin

image320.wmf
(

)

[

]

d

e

E

E

d

e

d

e

E

d

e

E

kT

d

e

E

n

kT

o

o

o

o

o

ed

ed

ed

ed

ed

-

<

<

<

-

-

>

ï

î

ï

í

ì

-

-

@

+

-

+

0

0

/

]

[

exp

1

l


oleObject332.bin

image321.wmf
)

(

E

Q


oleObject333.bin

oleObject30.bin

image322.wmf
(

)

[

]

÷

÷

ø

ö

ç

ç

è

æ

+

-

+

-

+

=

Q

kT

d

e

E

kT

E

n

kT

E

o

ed

exp

1

)

/

exp(

1

)

(

l


oleObject334.bin

image323.wmf
dE

E

E

T

h

me

j

ò

¥

¥

-

Q

=

)

(

)

,

(

)

(

3

e

p

e


oleObject335.bin

image324.wmf
=

Q

)

(

E


oleObject336.bin

image325.wmf
d

e

E

E

d

e

E

d

e

E

o

o

o

ed

ed

ed

-

<

<

<

-

>

ï

î

ï

í

ì

-

0

0

0


oleObject337.bin

image326.wmf
)

,

(

e

E

T


oleObject338.bin

image32.wmf
®


image327.wmf
)

,

(

e

E

D


oleObject339.bin

image328.wmf
[

]

1

)}

,

(

exp{

1

)

,

(

-

+

=

e

e

E

F

E

T


oleObject340.bin

image329.wmf
m

U

E

£


oleObject341.bin

image330.wmf
du

U

E

u

U

d

E

F

u

u

o

2

1

2

1

)

,

(

2

)

,

(

ò

÷

÷

ø

ö

ç

ç

è

æ

-

=

e

c

e


oleObject342.bin

image331.wmf
2

1

)

2

(

2

o

mU

h

p

c

=


oleObject343.bin

oleObject31.bin

image332.wmf
)

(

1

2

u

u

³


oleObject344.bin

image333.wmf
max

U

E

³


oleObject345.bin

oleObject346.bin

image334.wmf
[

]

î

í

ì

>

£

-

=

max

max

,

1

,

)

,

(

exp

)

,

(

U

E

U

E

E

F

E

T

e

e


oleObject347.bin

image335.wmf
[

]

{

}

du

E

u

U

m

h

E

F

E

T

b

a

ú

û

ù

ê

ë

é

-

-

=

-

=

ò

2

1

]

)

,

(

[

2

4

exp

)

,

(

exp

)

,

(

e

p

e

e


oleObject348.bin

image336.wmf
)

,

(

e

u

U


image33.wmf
3

1

C

dx

dz

=


oleObject349.bin

image337.wmf
)

,

(

e

u

U


oleObject350.bin

image338.wmf
)

1

(

<

e


oleObject351.bin

image339.wmf
)

,

(

e

E

T


oleObject352.bin

image340.wmf
(

)

E

U

d

d

u

u

u

du

E

U

d

du

u

u

u

d

du

U

u

U

U

dE

du

u

u

u

d

E

du

U

U

E

u

U

d

du

u

u

u

d

E

E

E

F

F

E

F

o

o

u

u

o

o

u

u

o

u

u

o

o

u

u

o

E

o

u

u

u

u

o

E

e

h

c

e

x

c

d

e

l

c

d

e

l

c

e

c

d

e

l

c

e

c

d

e

l

c

e

e

e

2

)

(

2

)

1

(

1

)

1

(

1

2

)

,

(

2

1

2

)

1

(

1

2

1

2

1

)

,

(

2

)

1

(

1

2

)

,

(

)

,

0

(

)

,

(

4

3

4

3

4

3

4

3

4

3

4

3

2

1

2

1

2

1

2

1

0

2

1

0

2

1

0

-

=

÷

÷

ø

ö

ç

ç

è

æ

-

-

-

÷

÷

ø

ö

ç

ç

è

æ

-

÷

÷

ø

ö

ç

ç

è

æ

-

-

-

=

÷

÷

ø

ö

ç

ç

è

æ

÷

÷

ø

ö

ç

ç

è

æ

-

+

÷

÷

ø

ö

ç

ç

è

æ

-

-

-

=

÷

÷

ø

ö

ç

ç

è

æ

-

÷

÷

ø

ö

ç

ç

è

æ

-

+

÷

÷

ø

ö

ç

ç

è

æ

-

-

-

=

¶

¶

+

@

ò

ò

ò

ò

ò

ò

-

=

-

=


oleObject353.bin

image341.wmf
du

u

U

U

du

u

U

U

du

u

u

u

u

u

o

u

u

o

u

u

o

ò

ò

ò

=

=

÷

÷

ø

ö

ç

ç

è

æ

-

-

-

=

4

3

4

3

4

3

)

,

(

1

)

,

(

1

)

1

(

1

)

(

2

1

e

d

d

e

l

e

x


oleObject1.bin

oleObject32.bin

oleObject354.bin

image342.wmf
ò

ò

=

÷

÷

ø

ö

ç

ç

è

æ

-

-

-

=

4

3

4

3

)

,

(

2

)

1

(

1

2

1

)

(

2

1

u

u

o

u

u

o

o

u

U

du

U

u

u

u

du

e

d

e

l

e

h


oleObject355.bin

image343.wmf
)

,

(

e

u

U


oleObject356.bin

image344.wmf
[

]

dE

E

U

d

E

d

h

me

dE

E

E

T

h

me

j

o

o

ò

ò

¥

-

¥

-

ú

û

ù

ê

ë

é

Q

-

=

Q

=

0

3

0

3

)

(

2

exp

)

(

)

(

2

exp

)

(

)

,

(

)

(

e

h

c

e

x

c

p

e

p

e


oleObject357.bin

image345.wmf
0

=

E


oleObject358.bin

image346.wmf
)

(

E

Q


image34.wmf
)

(

)

(

z

f

x

=

j


oleObject359.bin

image347.wmf
1

<

e


oleObject360.bin

image348.wmf
î

í

ì

<

<

¥

-

-

>

=

Q

0

0

0

)

(

E

E

E

E


oleObject361.bin

image349.wmf
[

]

[

]

)

(

2

exp

)

(

2

)

(

2

exp

)

(

)

(

2

exp

)

(

)

,

(

)

(

2

3

0

3

0

3

e

x

c

e

h

c

p

e

h

c

e

x

c

p

e

p

e

d

d

U

h

me

dE

E

U

d

E

d

h

me

dE

E

E

T

h

me

j

o

o

o

o

-

÷

÷

ø

ö

ç

ç

è

æ

=

ú

û

ù

ê

ë

é

-

-

=

Q

=

ò

ò

¥

-

¥

-


oleObject362.bin

image350.wmf
)

1

(

>

e


oleObject363.bin

image351.wmf
)

(

e

j


oleObject33.bin

oleObject364.bin

image352.wmf
[

]

ú

û

ù

ê

ë

é

Q

+

Q

-

=

ò

ò

¥

-

m

m

U

U

dE

E

dE

E

E

F

h

me

j

0

3

)

(

)

(

)

,

(

exp

)

(

e

p

e


oleObject365.bin

image353.wmf
)

,

(

e

E

F


oleObject366.bin

image354.wmf
)

)(

(

2

)

,

(

1

m

o

U

E

U

d

E

F

-

-

@

e

h

c

e


oleObject367.bin

image355.wmf
(

)

2

1

2

1

1

*)

1

(

*

3

1

*)

2

1

*)(

1

(

*

2

)

,

(

2

)

(

ú

û

ù

ê

ë

é

-

-

-

-

=

¶

¶

-

=

=

u

u

u

u

u

E

E

F

d

U

o

U

E

o

m

d

e

p

e

c

e

h


oleObject368.bin

image356.wmf
l

d

e

e

o

u

u

u

u

u

u

u

U

-

-

-

=

¶

¶

=

=

2

2

*

*)

1

(

*)

(

*

2

1

)

,

(

0


image35.wmf
®


oleObject369.bin

image357.wmf
d

e

U

o

m

ed

<


oleObject370.bin

image358.wmf
)

(

E

Q


oleObject371.bin

image359.wmf
0

<

<

-

E

d

e

o

ed


oleObject372.bin

image360.wmf
1

>

e


oleObject373.bin

image361.wmf
[

]

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

÷

÷

ø

ö

ç

ç

è

æ

+

=

ú

û

ù

ê

ë

é

-

+

ú

û

ù

ê

ë

é

-

-

-

=

ú

û

ù

ê

ë

é

Q

+

Q

-

=

ò

ò

ò

ò

¥

-

¥

-

m

o

o

m

U

U

m

o

U

U

U

U

d

d

U

U

h

me

dE

E

dE

E

U

E

U

d

h

me

dE

E

dE

E

E

F

h

me

j

m

m

m

m

)

(

2

1

)

(

2

2

)

(

)

)(

)(

(

2

exp

)

(

)

(

)

,

(

exp

)

(

1

2

1

2

3

0

1

3

0

3

e

h

c

e

h

c

p

e

h

c

p

e

p

e


oleObject34.bin

oleObject374.bin

image362.wmf
e


oleObject375.bin

image363.wmf
)

1

(

2

.

2

e

d

l

-

@

o

o

m

U

U


oleObject376.bin

image364.wmf
)

(

e

j


oleObject377.bin

image365.wmf
1

>

e


oleObject378.bin

image366.wmf
{

}

{

}

ú

û

ù

ê

ë

é

-

-

+

-

=

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

-

÷

÷

ø

ö

ç

ç

è

æ

+

-

=

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

÷

÷

ø

ö

ç

ç

è

æ

+

=

)

(

)

1

(

4

.

4

)

(

1

)

1

(

68

.

9

4

)

1

(

2

.

2

)

(

2

1

)

(

2

2

)

1

(

2

.

2

)

(

2

1

)

(

2

2

)

(

1

2

1

2

2

2

2

2

3

2

2

2

1

2

1

2

3

1

2

1

2

3

e

h

e

d

l

c

e

h

e

d

c

l

c

p

e

d

l

e

h

c

e

h

c

e

d

l

p

e

h

c

e

h

c

p

e

o

o

o

o

o

o

o

o

o

m

o

o

m

d

d

h

d

meU

U

U

d

d

U

U

h

me

U

U

d

d

U

U

h

me

j


image36.wmf
dx

z

df

dx

x

d

)

(

)

(

=

j


oleObject379.bin

image367.wmf
)

(

e

j


oleObject380.bin

image368.wmf
1

£

e


oleObject381.bin

oleObject382.bin

oleObject383.bin

image369.wmf
[

]

[

]

)

(

2

exp

)

(

)

(

2

exp

)

(

4

)

(

2

3

2

2

2

e

x

c

e

e

x

c

e

h

c

p

e

d

j

d

h

d

meU

j

o

o

o

-

=

-

=


oleObject384.bin

oleObject385.bin

oleObject35.bin

image370.wmf
ú

û

ù

ê

ë

é

-

-

+

-

=

)

(

)

1

(

4

.

4

)

(

1

)

1

(

68

.

9

)

(

1

2

1

2

2

2

2

2

e

h

e

d

l

c

e

h

e

d

c

l

e

o

o

oo

d

d

j

j


oleObject386.bin

image371.wmf
)

(

2

e

h

o

oo

o

j

j

=


oleObject387.bin

image372.wmf
3

2

2

2

4

h

d

meU

j

o

oo

c

p

=


oleObject388.bin

image373.wmf
)

(

e

j


oleObject389.bin

image374.wmf
1

=

e


oleObject390.bin

image37.wmf
3

1

)

(

)

(

)

(

C

dz

z

df

dx

dz

dz

z

df

dx

z

df

=

=


image375.wmf
)

1

(

)

1

(

1

h

h

=

o


oleObject391.bin

image376.wmf
)

(

)

(

1

e

h

e

h

=

o


oleObject392.bin

image377.wmf
)

(

e

j


oleObject393.bin

image378.wmf
å

)

(

e


oleObject394.bin

oleObject395.bin

oleObject396.bin

oleObject36.bin

image379.wmf
)

(

e

s


oleObject397.bin

oleObject398.bin

image380.wmf
[

]

{

}

[

]

[

]

[

]

[

]

[

]

[

]

[

]

[

]

[

]

[

]

[

]

[

]

[

]

[

]

[

]

)

(

2

exp

)

(

2

exp

)

(

)

(

)

(

1

)

(

2

)

(

2

exp

)

(

)

(

)

(

1

)

(

2

)

(

)

(

2

)

(

)

(

2

)

(

2

exp

)

(

)

(

2

)

(

)

(

2

)

(

2

exp

)

(

2

)

(

)

(

)

(

2

exp

)

(

2

)

(

2

exp

)

(

)

(

2

exp

1

)

(

2

exp

)

(

1

)

(

1

)

(

2

2

3

2

2

2

3

3

2

e

x

c

e

x

c

e

e

x

c

e

e

h

e

h

e

h

d

c

p

e

x

c

e

e

x

c

e

e

h

e

h

e

h

d

e

e

x

e

h

c

e

e

h

e

h

d

e

x

c

e

e

x

e

c

e

e

h

e

h

d

e

x

c

e

e

x

c

e

e

e

h

d

e

x

c

e

e

x

c

e

x

c

e

e

e

x

c

d

e

e

x

c

e

d

e

e

d

e

d

d

d

d

d

d

d

d

h

meU

d

d

d

d

d

d

j

d

d

dj

d

d

j

d

d

d

dj

d

d

j

d

d

d

d

j

d

j

d

d

d

d

d

d

j

d

dj

d

d

d

j

d

d

dj

o

o

o

o

o

o

o

o

o

o

oo

o

oo

o

o

oo

o

o

o

o

oo

o

o

o

oo

o

o

o

o

o

o

o

-

=

-

þ

ý

ü

î

í

ì

+

-

=

-

þ

ý

ü

î

í

ì

+

-

=

þ

ý

ü

î

í

ì

+

-

-

=

þ

ý

ü

î

í

ì

+

-

-

=

ï

ï

þ

ï

ï

ý

ü

ï

ï

î

ï

ï

í

ì

-

+

÷

÷

ø

ö

ç

ç

è

æ

-

=

þ

ý

ü

î

í

ì

-

-

+

-

=

-

=

=

å

å


oleObject399.bin

image381.wmf
[

]

[

]

þ

ý

ü

î

í

ì

+

=

å

e

e

x

c

e

e

h

e

h

e

h

cd

p

e

d

d

d

d

d

d

h

meU

o

o

o

o

o

o

)

(

)

(

)

(

1

)

(

2

)

(

2

2

3

2


oleObject400.bin

oleObject401.bin

image382.wmf
(

)

(

)

(

)

)

(

)

1

(

68

.

9

)

(

)

(

2

.

2

)

(

)

(

1

)

(

2

.

2

2

)

(

)

1

(

4

.

4

)

1

(

68

.

9

)

(

1

)

(

1

)

(

1

2

1

2

1

1

3

1

1

2

2

3

2

1

2

2

2

1

e

e

d

lc

e

e

h

e

h

d

lc

e

e

h

e

h

e

h

d

lc

d

c

p

e

e

h

e

d

d

lc

e

d

lc

e

h

d

e

e

d

e

å

å

=

÷

÷

ø

ö

ç

ç

è

æ

ú

û

ù

ê

ë

é

-

-

+

-

=

÷

÷

ø

ö

ç

ç

è

æ

-

-

-

+

=

=

o

o

o

o

o

o

o

o

o

oo

o

d

d

d

d

d

d

d

d

h

meU

d

d

d

d

j

d

dj


oleObject402.bin

image38.wmf
2

2

3

2

3

1

3

1

2

2

2

2

)

(

)

(

)

(

)

(

)

(

dz

z

f

d

C

dx

z

df

dz

d

C

dz

z

df

dx

d

C

dx

z

f

d

dx

x

d

=

÷

ø

ö

ç

è

æ

=

÷

ø

ö

ç

è

æ

=

=

j


image383.wmf
[

]

î

í

ì

>

£

-

=

=

å

å

å

1

)

(

1

)

(

2

exp

)

(

)

(

1

)

(

1

e

e

e

e

x

c

e

e

e

d

e

d

d

dj

o

o


oleObject403.bin

image384.wmf
(

)

ed

U

o

o

o

d

d

=


oleObject404.bin

image385.wmf
)

(

T

s


oleObject405.bin

image386.wmf
å

)

(

e


oleObject406.bin

image387.wmf
e


oleObject407.bin

image2.wmf
Y

=

¶

Y

¶

p

h

i

x

p

2


oleObject37.bin

image388.wmf
T

e


oleObject408.bin

image389.wmf
(

)

(

)

[

]

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

ú

ú

û

ù

ê

ê

ë

é

÷

ø

ö

ç

è

æ

-

+

÷

÷

ø

ö

ç

ç

è

æ

-

-

÷

ø

ö

ç

è

æ

=

ú

û

ù

ê

ë

é

÷

ø

ö

ç

è

æ

-

+

÷

ø

ö

ç

è

æ

-

-

÷

ø

ö

ç

è

æ

=

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

+

÷

÷

ø

ö

ç

ç

è

æ

-

-

÷

ø

ö

ç

è

æ

=

÷

÷

ø

ö

ç

ç

è

æ

-

÷

ø

ö

ç

è

æ

+

-

÷

÷

ø

ö

ç

ç

è

æ

-

÷

ø

ö

ç

è

æ

=

+

=

=

=

ò

ò

å

å

ò

å

ò

å

ò

å

ò

å

å

ò

å

ò

ò

å

ò

å

ò

å

ò

¥

¥

¥

¥

¥

¥

¥

1

0

1

2

1

1

1

2

1

2

1

1

1

0

1

1

2

1

2

1

2

1

1

1

0

1

1

2

2

2

2

2

1

1

1

2

2

2

1

1

0

2

2

2

1

1

1

0

0

0

exp

exp

4

exp

2

exp

4

exp

2

exp

4

exp

4

2

exp

exp

4

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

T

T

T

T

T

o

T

T

o

T

T

T

T

T

T

T

o

T

T

T

o

T

T

T

o

T

o

o

T

T

o

T

o

T

T

T

o

o

T

o

T

T

T

o

T

T

T

o

T

T

T

o

T

T

T

T

d

T

T

d

T

T

T

T

T

T

d

T

T

d

d

T

T

T

T

d

kT

a

d

d

kT

a

kT

a

d

kT

a

kT

a

d

d

kT

a

kT

a

d

P

d

P

d

P

d

d

dj

P

T

e

e

e

e

e

j

e

e

p

e

e

e

e

e

x

c

e

e

p

e

e

e

d

e

e

x

c

e

d

e

p

d

e

e

d

e

p

d

e

e

x

c

e

d

e

p

d

e

e

e

d

e

e

e

d

e

e

e

d

e

e

e

e

s


oleObject409.bin

image390.wmf
k

a

T

o

2

1

d

=


oleObject410.bin

image391.wmf
(

)

÷

ø

ö

ç

è

æ

=

d

A

ke

U

o

o

2

2

8

p

d


oleObject411.bin

image392.wmf
(

)

(

)

÷

ø

ö

ç

è

æ

=

=

d

A

mU

ke

U

h

d

T

T

o

o

o

o

)

0

(

2

32

)

0

(

2

2

1

2

2

2

1

x

p

d

x

c


oleObject412.bin

image39.wmf
)

(

)

(

)

(

)

(

)

(

)

(

3

2

3

2

3

1

3

2

z

zf

C

x

z

C

x

x

x

C

C

x

x

x

C

o

o

=

=

-

=

-

j

j

j


image393.wmf
)

0

(

)

(

)

(

x

e

x

e

j

=


oleObject413.bin

image394.wmf
1

)

0

(

=

j


oleObject414.bin

image395.wmf
0

)

1

(

=

j


oleObject415.bin

image396.png
0.10.20.30.4 0.50.6 0.70.80.9

/

'1 081’2

&r

&r

\

-10¢(gy)

/ N
N
-~
N
\
\

N\
-10(g:%+9(g7))

N





image397.wmf
(

)

T

e

j

10

-


oleObject416.bin

oleObject417.bin

oleObject38.bin

image398.wmf
2

10

T

e

-


oleObject418.bin

image399.wmf
(

)

T

e

j

10

-


oleObject419.bin

oleObject420.bin

image400.wmf
T

e


oleObject421.bin

image401.wmf
)

(

T

e

j


oleObject422.bin

image402.wmf
2

T

e


image40.wmf
)

(

)

(

3

2

2

2

3

2

z

zf

C

dz

z

f

d

C

=


oleObject423.bin

image403.wmf
.

*

=

T

T

e

e


oleObject424.bin

oleObject425.bin

image404.wmf
)

(

10

T

e

j

-


oleObject426.bin

image405.wmf
2

10

T

e

-


oleObject427.bin

image406.wmf
)

(

10

T

e

j

-


oleObject428.bin

oleObject39.bin

image407.wmf
05

.

0

=

l


oleObject429.bin

image408.wmf
)

(

T

s


oleObject430.bin

image409.wmf
*

T

e


oleObject431.bin

image410.wmf
)

(

T

s


oleObject432.bin

image411.wmf
(

)

÷

÷

ø

ö

ç

ç

è

æ

-

-

=

*

*

T

o

T

o

T

T

T

T

T

e

j

e

s

s

1

2

1

)

(

exp

)

(


oleObject433.bin

image41.wmf
0

)

(

)

(

2

2

=

-

z

zf

dz

z

f

d


image412.wmf
o

s


oleObject434.bin

image413.wmf
(

)

(

)

(

)

(

)

ú

û

ù

ê

ë

é

÷

ø

ö

ç

è

æ

-

+

÷

÷

ø

ö

ç

ç

è

æ

-

-

÷

ø

ö

ç

è

æ

´

÷

÷

ø

ö

ç

ç

è

æ

+

=

ò

ò

å

å

¥

*

*

1

0

1

2

1

1

1

2

1

2

1

1

1

2

1

exp

exp

4

)

(

exp

T

T

T

T

T

o

T

T

o

T

o

T

o

d

T

T

d

T

T

T

T

T

T

T

T

T

T

e

e

e

e

e

j

e

e

p

e

j

e

s


oleObject435.bin

image414.png
1/10000

Conductivity(S/cm)

1/20000 o
=]
o o
1/30000 o | 0 PE/CB{25%)
o
¢ PE/CF(15%)

1/40000 ‘ © PE/CNT(10%) .

50 150 250 350 450
Temperature(K)




image415.wmf
"

'

)

"

"

(

)

'

'

(

"

'

"

'

)

(

1

1

1

1

*

2

1

2

1

2

2

1

1

*

2

*

1

2

2

1

1

iZ

Z

Z

Z

i

Z

Z

iZ

Z

iZ

Z

Z

Z

C

i

R

C

i

R

Z

-

=

+

-

+

=

-

+

-

=

+

=

+

+

+

=

a

w

w


oleObject436.bin

image416.wmf
"

'

)

"

"

"

(

)

'

'

'

(

"

'

"

'

"

'

)

(

1

1

)

(

1

1

1

1

*

3

2

1

3

2

1

3

3

2

2

1

1

*

3

*

2

*

1

3

3

2

2

1

1

iZ

Z

Z

Z

Z

i

Z

Z

Z

iZ

Z

iZ

Z

iZ

Z

Z

Z

Z

C

i

R

C

i

R

C

i

R

Z

-

=

+

+

-

+

+

=

-

+

-

+

-

=

+

+

=

+

+

+

+

+

=

b

a

w

w

w


oleObject437.bin

image417.png
10°
10*
10°
qvm‘z @ 10’
N N
10_7 i::g?"'"e"‘” 10-2 i:‘;:rlmemal
D —first
12| 7second 3.1 vol%-0.1V 5| —secona3.11v0l%-0.1V ™ b
10° 10°
107 10°  10°  10*  10° 107 10°  10°  10° 10
Frequency (Hz) Frequency (Hz)
10° 10°
. _10°{ o
: 10 3 .
an®
= 10" N 10
L @ experimsntal © experimental
S
10°] —total 10 7::’:"
o smeens BUVOI%0EVNC| ] e 511 v01%-0.5V d
10 -
107 10°  10° 10 10° 107 10°  10°  10°  10°
Frequency (Hz) Frequency (Hz)
10° 10*
10° 10’
= 10° & 10?
N O experimental i.‘ O experimental
—— total -5 { — total
107 et 10°]
== d — d
ol —wra . 6.28V01%-0.1V> g ot 628V0I%-0.1V _f
10
102 10° 10 10°  10° 107 10°  10°  10°  10°
Frequency (Hz) Frequency (Hz)
10° 10
o
_ 10 10°
S —
S10° <
o imental H
I o Ry 4g+] 0 exvermenta
107" {—first —first
—— second g—
I mna . 6.28v0l%-0.5V ™ g “0* gecond 528 vol%-0.5V h
107 Y e e
107 10° 10 10*  10° 107 10°  10°  10°  10°

Frequency (Hz)

Frequency (Hz)




oleObject40.bin

image418.wmf
a

1

1

+

=

B


oleObject438.bin

image419.wmf
a


oleObject439.bin

image42.wmf
)

0

)

(

)

(

"

(

=

-

z

zf

z

f


oleObject41.bin

image43.wmf
)

(

z

j


oleObject2.bin

oleObject42.bin

image44.wmf
0

)

(

)

(

2

2

=

-

z

z

dz

z

d

j

j


oleObject43.bin

image45.wmf
dt

zt

t

z

Ai

ò

¥

÷

÷

ø

ö

ç

ç

è

æ

+

=

0

3

3

cos

1

)

(

p


oleObject44.bin

image46.wmf
dt

zt

t

zt

t

z

Bi

ò

¥

ú

û

ù

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

+

-

+

÷

÷

ø

ö

ç

ç

è

æ

+

=

0

3

3

3

exp

3

sin

1

)

(

p


oleObject45.bin

image47.wmf

image48.wmf
[

]

ò

=

dt

izt

t

F

z

f

exp

)

(

)

(


oleObject46.bin

