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ABSTRACT 

The computer program developed by T.B. Remple 

for the analysis of PiN photodiodes has been modified 

to handle Schottky barrier cases. The fundamental 

physics involved in the original model is summarized 

and the theories for a metal-semiconductor interface 

are presented. The boundary values for n, p, and ~ 

are then defined in such a way that ~(x) would be 

in agreement with the thermionic-diffusion theory. 

An equivalent circuit approach is used to determine 

the RC response of the photodetector. While the 

modified version of the computer model provides very 

detailed analysis of the device, it is also very 

expensive to run. A simplified model is therefore 

employed for the design process. The objective is 

to design an Au-nGe photodiode with a risetime less 

than 50 psecs. The set of optimum design parameters 

obtained with the simplified model is then taken as 

the input to the modified version of Remple's program 

for further analysis. The theoretical risetime of 

the optimum design is found to be about 45 psecs. 
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CHAPTER 1 

INTRODUCTION 

Computer modeling has been widely used in 

different applications for the past decade. This is 

due to the fact that it is usually much cheaper and 

easier to predict the behaviour of a certain device 

with a computer model than to achieve the same goal 

by actually building and testing the device. The 

computer approach is also more efficient in terms 

of the amount of time involved. In addition, some­

times the solution to the set of equations defining 

the model cannot be obtained analytically. Computer 

analysis is therefore necessary for obtaining a solu­

tion numerically or graphically. These features make 

designing with a computer model highly desirable. 

In this paper, a computer model which describes the 

performance characteristics of semiconductor photodiodes 

is presented. The original program was written by 

T. Remple(l) for the analysis of PiN photodiodes. The 
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present work involves the modification of the program 

to model Schottky barrier diodes and the design of an 

Au-nGe Schottky diode with risetime less than 50 psecs. 

The physics of metal-semiconductor interface which 

leads to the establishment of boundary conditions for 

the model is described in Chapter 2. An equivalent 

circuit of the photodiode is used to determine the 

electronic response time and to overcome the instability 

in convergence as discovered by Remple. A simplified 

model for the photodiode is presented in Chapter 3. 

The model is used to obtain a set of optimum design 

values which can give a minimum current risetime of 

45 psecs. In this chapter, the fundamental physics 

of semiconductor devices is summarized and a brief 

description of PHODIM, the original computer program, 

is given • 

1.1 Review of Physics 

The photodiode model is set up to predict 

the output current as a function of time when the 

doping profile of the semiconductor diode, the applied 

voltage and the input light intensity as a function 
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of time are all given. Six basic mathematical equations 

are involved in the model and they are described as 

follows: 

Maxwell's equation: The current density is expressed 

as the sum of electron current, hole current and the 

displacement current. 

(1.1.1) 

Carrier-Transport equations: Each of the particle currents 

consists of a drift component and a diffusion component. 

Jn(x,t) = µn(x,t) [n(x,t)~~(x,t) - ~(x,t~ 

Jp(x,t) = µp(x,t)[p(x,t)~(x,t) + ~(x,t~ 

(1.1.2) 

(1.1.3) 

Continuity equations: The net influx of carriers into 

a region is determined by the generation and recombin-

ation of carriers in that region, and the particle 

currents flowing in and out of the region. 

an 
at(x,t) 

aJ 
n = G(x,t) - U(x,t) - ax-<x,t) (1.1.4) 



ap 
at(x,t) 

()J 
= G(x,t) - U(x,t) - axp(x,t) (1.1.5) 

Poisson's equation : The electrostatic potential is 

defined in terms of the net space charge density. 

d2,,, 
~(x,t) = n(x,t) - p(x,t) - ND(x) + NA(x) 
ax 

(1.1.6) 

It is noted that the above equations are 

given in their dimensionless form. The normalization 

4 

factors employed are listed in Appendix A. In addition, 

the Einstein's relation has also been used to simplifly 

the equations into the above forms. It is given by 

kT D =-µ (1.1.7) 
q 

where k = Boltzmann constant 

T =temperature in°K 

q = electronic charge 

Both of the carrier mobilities and the recombination 

function can be defined in terms of carrier densities 

and semiconductor material properties. Mobility is 

given by 



µ' = 
v sat µE 

E tanh(-) 
vsat 

(1.1.8) 

where E = -~* and vsat is the saturation velocity. 

µ is defined as 

(1.1.9) 

where 

µI = (NA + :~ + epl { ln f 1 + <n K!ep>J} (1.1.10) 

The quantities µL, K1 , K2 and 8 are material properties 

and are given in Appendix B for Germanium. Fs(w) is 

a transcendental function which is defined in Appendix 

c. 

The standard Shockley-Read model is used for the 

recombination function U(x,t). 

U(x,t) n (x t (x t 

(1.1.11) 
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It is assumed that the energy level of the trapping 

centres is coincide with the Fermi level in this 

model. Hence ¢T is equal to zero in the present 

case. 

The photo-generation term and the doping 

profile are determined by the operating condition 

and the type of diode respectively. Both quantities 

are pre-defined functions. The generation term G(x,t) 

can be one of the three different forms which are 

given in Appendix D. Now the six fundamental equations 

can be expressed in terms of the variables J, J , J , n p 

n, p, and~· Only three of these variables are inde-

pendent and they are arbitrarily chosen to be n, p 

and~· 

1.2 Description of PHODIM 

A computer program PHODIM written by T. Remple 

solves the above set of differential equations and 

obtains the output current as a function of time. A 

detailed description of the numerical methods employed 

in the program can be found in Stark's or Remple's 



paper. (l) (2 ) The basic steps of operation of the 

program can be summarized by a flow diagram shown 

in Figure 1. 

The approximations and assumptions made in 

the derivation of the model are listed as follows: 

(i) One dimension: Current crowding and spreading 

effects are ignored. 

7 

(ii) No avalanching or breakdown: The model does 

not include an avalanche mechanism and does not 

predict when breakdown is going to occur. 

(iii) No degeneracy: Effects of heavily doped region 

on the operation of the main part of the photo­

diode are assumed to be small. 

(iv) No thermoelectric effects or thermal transport: 

The carrier temperature gradient is assumed to 

be zero. Otherwise, two additional components 

would have to be included in the current-transport 

equations. 

PHODIM was originally written for the analysis 

of PiN photodiodes. Attempts were made by Remple to 

model for the Schottky barrier case by assuming a P+N 
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structure. This approach, however, did not work 

due to several problems. First, a heavily doped P 

region does not exist in practice. Second, the approach 

predicted that the total current consists of electron 

and hole currents instead of electron current only 

for n-type semiconductor). Third, instability in 

convergence was observed for the Schottky case. The 

present work is therefore carried out to solve these 

problems. 



CHAPTER 2 

MODELING OF SCHOTTKY BARRIER PHOTODIODES 

The fundamental equations given in the 

previous chapter are derived from the semiconductor 

physics and therefore hold true for both the PiN and 

the Schottky barrier photodiodes. The major difference 

is the boundary conditions used for solving the 

set of equations. In this chapter, the physics of 

a metal-semiconductor interface which leads to the 

setting up of appropriate boundary conditions is 

discussed. The electric potential ~ is assumed to 

be a specific profile which is predicted by the 

thermionic-diffusion theory. The original program 

PHODIM used to have problems in stability and conver­

gence. The problems can be removed if the electronic 

response of the photodiode is accounted for as 

described in Section 2.3. Finally, SCHOT, the 

modified version of PHODIM, is evaluated in terms 

of the physical meaning of the solution. 

10 
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2.1 Schottky Barrier Formation 

The barrier height of a metal-semiconductor 

junction is, in general, determined by the metal 

work function and the semiconductor surface states. 

The effects of these two quantities can be illustrated 

theoretically by considering two limiting cases. 

Figure 2(a) shows the case in the absence of surface 

states. At the beginning, the metal and the semicon­

ductor are kept 'far away from each other and the 

system is not in thermal equilibrium. As the semi­

conductor is brought closer to the metal, an electric 

field builds up between the surfaces as electrons 

flow from the semiconductor to the metal to lower the 

Fermi level in the semiconductor. Equilibrium is 

reached when the Fermi levels on both sides are lined 

up. Since there are no surface states in this case, 

the electrons that flow to the metal must come from 

the ionization of impurity atoms. Because of the 

relatively low doping concentration, the flowing of 

electrons into the metal causes the energy levels in 

the semiconductor to bend upwards and a depletion 

region region is resulted. In the limit, o is decreased 
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to atomic distance and the gap becomes transparent 

to electrons. The barrier height ~bn is then given 

by the difference between the metal work function 

and the electron affinity of the semiconductor. 

13 

Figure 2(b) shows the case where a large 

density of surface states is present on the semi­

conductor surface. When the metal and the semicon­

ductor are separated, the surface states are assumed 

to be occupied to the Fermi level EF. Once again, 

when the surfaces are brought close to each other 

and the system is in equilibrium, an electric field 

is produced in the gap .. However, now the density of 

the surface states is sufficiently large to supply 

the electrons flowing into the metal without altering 

the Fermi level significantly. The Fermi level is 

said to be 'pinned' and the barrier height in the 

limiting case (o+O) is determined by the properties 

of the semiconductor alone. 

An interfacial layer of permittivity Ei is 

usually introduced in the derivation of an expression 

for the barrier height. It is assumed that the layer 
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is of atomic dimensions and that it is transparent 

to electrons and can with stand electric potential 

across it. Figure 3 illustrates the situation for 

n-type semiconductor. As mentioned before, electrons 

will flow form the semiconductor to occupy the surface 

states in the interfacial layer adjacent to the 

metal surface. At equilibrium, the density of the 

negative charge accumulated on the metal surface must 

be equal to the atomic density of the metal, nA. 

The boundary condition at x = 0 can be defined as 

follows: 

n(O) = nA (2.1.1) 

Also, the quasi-Fermi potentials for electrons and 

holes are assumed to be equal to that of the metal 

at x = O. 

EF(O,t) = ¢ (O ,t) = 
n 

= v (t) 
e 

The quasi-Fermi potential relationships are: 

n = exp(ijl - ¢ ) 
n 

(2.1.2) 

(2.1.3) 
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p = exp(cp - l/J) 
p 

(2.1.4) 

Combining the above three equations gives 

p(O) = l/n(O) (2.1.5) 

The electric potential at x = 0 is then written as 

(2.1.6) 

Since the interfacial layer has a permittivity that 

is different from that of the semiconductor, the 

quantities in the above equations should be normalized 

by a different factor. This means that the energy 

levels would be, in general, discontinuous at the 

interface (i.e. similar to the case of a heterojunction). 

For the purpose of numerical analysis, the photodiode 

is divided into a number of mesh points along its 

length. In the case of a homojunction (e.g. PiN), 

the same set of normalization factors is used for 

the entire mesh region. For a heterojunction, two 

mesh regions of different normalization factors would 

be required. In the present study, another approach 
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is employed. Since the interf acial layer is a 

theoretical one and the value of s. is an unknown 
l 

anyway, it was assumed that si = ss in the cal-

culations and a correction factor 6~ is introduced. 

(2.1.7) 

It should be noted that the quantities in eq. (2.1.7) 

are normalized with the same factors as for the 

semiconductor region (and are different from those 

for eq. (2.1.6)). This approach simplifies the case 

by defining a continuous energy band at the inter-

face. The high concentration of negative charge 

accumulated on the surface causes an electric potential 

barrier for the holes to form near the interface. 6~ 

is adjusted in such a way that ~(x) is in accordance 

with that predicted by the thermionic-diffusion 

theory. Further discussion on the theory will be 

given in the next section. 

Boundary conditions at x = xL are set up by 

assuintng an ohmic contact as 

n(L) . p(L) = 1 (2.1.8) 



and 

EF(L,t) = <fln(L,t) = <flp(L,t) = v (t) • 
c 

In addition, charge neutrality requires that 

n - p - ND = 0 . 
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(2.1.9) 

( 2 .1. 10) 

Substituting eq. (2.1.3) and eq. (2.1.4) into the above 

equation and solving, we get 

(2.1.11) 

The boundary values for n, p and ~ are now completely 

defined and a particular solution to the set of 

fundamental equations can be obtained. 

2.2 Thermionic-Diffusion Theory 

In the present model, it is assumed that the 

thermionic-diffusion theory will apply so that the 

electric potential can be expressed as 

E (x) c 
q (2.2.1) 



where ¢bn = barrier height 

6¢ = barrier lowering due to image force 

V(x) = barrier lowering due to applied field 

q = image force potential 
16Tie:sx 

Assuming that the voltage drops across the depletion 

layer only and the electric field varies linearly 

within this region, we get 

E(x) ={ qND (x - x) = 
e:s d 

0 

where 

--x 

The potential variation due to the applied field can 

then be derived as 

The width of the depletion region can be obtained by 

employing the one-sided abrupt junction approximation 

as 

19 
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_ kqT~] ~ (Vbi - V ' (2.2.4) 

x , which is defined as the location of the 
m 

maximum potential, is given by setting ~~c = 0 and 

using the fact that E ';;t Em. 

(2.2.5) 

The barrier lowering is then given by 

(2.2.6) 

Since ¢n is an unknown and is required for the evalu-

at ion 

set up 

(refer 

of xd, x m 

to solve 

to Figure 

¢ - x - [', m 

and 6¢, 

for the 

3) with 

an iterative scheme has to be 

parameters. This can be achieved 

two additional relations. 

(2.2.7) 

(2.2.8) 
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The iterating routine starts with an initial guess 

of ¢bn = ¢bo and stops when the change in ¢bn between 

successive iterations is small (smaller than, say, 

one percent). A flow diagram of the procedure is 

given in Figure 4. 

E (x) 
Once ~ is determined, ~(x) can be eval-

uated according to 

E EC (x) 
<Ji (x) = _9:. -2q q 

(2.2.9) 

The initial estimates for n and p are given by 

n(x) = 

1 p ( x ) = ___,.__,..... 
n (x) • 

(2.2.10) 

(2.2.11) 

Since ~(x) is a pre-defined function, an initial 

estimate to the variable is not required. Instead, 

one has to provide a suitable value for 6~ which 

is a part of the boundary conditions. This has 

already been discussed in detail in the previous 

section. 
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FIGURE 4 

Flow Diagram for Evaluation of ¢bn 
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2.3 Electronic Response Time 

In PHODIM, the boundary values for ~ are 

time dependent. The bias voltage for each time 

step is calculated by taking into account the 

voltage drop across the load resistor in the previous 

time step. The approach has been shown to cause 

both convergence and stability problems near the end 

points of the diode and at the barrier for the 

Schottky barrier case. A different method is there-

fore employed here to determine the electronic 

response of the circuit. 

An equivalent circuit of the photodiode is 

set up. This is shown in Figure S(c). For R. >> (RL+R.) 
J 1. 

and RL>>Ri' which are uaually the cases, the circuit 

can be further simplified to that in Figure S(d). 

The simplified circuit is easily identified to be a 

RC circuit and Kirchhoff's law gives 

= l (I - i) 
RC gen (2.3.1) 

The short-circuited current output of the diode(I ) gen 

can be calculated with SCHOT(or PHODIM) by setting 
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RL = 0. Once Igen(t) is obtained, the actual current 

output can be determined by solving eq. (2.3.1). A 

computer program JPLOT employing the Runge-Kutta 

method of order two is used to obtain numerical 

solutions to the first order differential equation. 

The modified version of PHODIM, SCHOT, provides a 

punched deck of the results of the transient analysis 

which can then be used as the input to JPLOT for 

determining the RC response of the circuit. 

2.4 Computer Model SCHOT 

SCHOT was written acdording to the theories 

outlined in the previous sections. An user's guide 

to the operation of the computer preogam is given 

in Appendix E and a full listing of the program is 

given in Appendix G. 

Convergence is usually not a problem for 

the case of PiN diodes but this is no longer true 

for the Schottky barrier diodes. Since both n and 

p change significantly and ~t reverses in sign within 

0.01 µm near the metal-semiconductor interface, it 

is important that a very fine mesh ((x.+l - x.)"'x) 
i i m 



is chosen for this region. In addition, the user 

should minimize the number of points in the charge 

neutrality region (by defining xL~xd). The reason 

26 

is that the change in ~ between successive iterations 

is much smaller than that in the depletion region 

and hence the acceleration parameter for convergence 

would impose too large a correction for ~ in the 

neutral region. A slow convergence rate therefore 

results. When the mesh points are properly chosen, 

solution to each time step should be obtainable for 

less 100 iterations. 

The steady state solution for n, p and ~ 

is shown in Figure 6. It can be seen that by 

choosing appropriate boundary conditions, a potential 

barrier and a depletion region are created in the 

semiconductor. In addition, the existence of an 

inversion layer (i.e. a p-region) near the metal-

semiconductor interface is also predicted. A 

sudden jump in the potential function is usually 

found near x = x . This is believed to be caused 
m 

by a numerical instability in that region. 

The steady state solution also indicates 
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that the majority carriers (electrons in this case} 

are responsible for the current flow (J >>J }. This 
n p 

is in agreement with accepted theories. However, the 

magnitude of the total current predicted by the model 

is smaller than that by the thermionic-diffusion 

theory. This is so because electrons are injected 

from the metal with a different velocity than that 

used in the present Shockley-Read model. Hence a 

thermionic recombination velocity should be defined 

at the interface for exact modeling of the steady 

case. However, since it is the photo-response of 

the diode that is of major interest, the fact that 

~(x} agrees with the thermionic-diffusion theory 

insures that the transient analysis would not be 

affected. 

Figure 7 shows the general profile of the 

photo-generated carrier currents. It can be seen 

that the hole current (JP) is blocked by the barrier 

at x = x and drops rapidly to close to zero at x = 0. 
m 

It is also noticed that the electron current (Jn) 

reverses in direction (changes in sign) near the 

interface. The reversal is caused by the emission 
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current towards the metal. The same effect has also 

been predicted by a theoretical analysis based on a 

different approach carried out by M. Lavagna et al. <4 ) 

Lavagna also suggested that quantum efficiency of the 

diode would decrease for an increasing absorption 

coefficient because of this effect. However, no 

attempt has been made to study this aspect with the 

present model. 



CHAPTER 3 

DESIGN OF SCHOTTKY BARRIER PHOTODIODES 

The computer model SCHOT described earlier 

provides a very detailed analysis of the photodiode 

device. However, the program is very expensive to 

run. For this reason, a much simpler model is 

employed here for the design process. Once the 

region of interest is defined, the program SCHOT 

can be used to carry out further analysis. The 

theory of the simplified model and the method of 

analysis are presented in this chapter. The optimum 

design parameters are given in Section 3.3 and 

detailed analysis of the design is discussed in 

the last section. 

3.1 Theory 

A simple model based on the abrupt junction 

approximation is used to determine the step response 

of Schottky barrier photodiodes. The derivation of 

31 
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the model is summarized as follows: 

The depletion layer width of the photodiode 

is given by 

where 

= <P bn - V n ~ <P bO - V n 

1 = -(E - E ) 
q c F 

(3.1.1) 

(3.1.2) 

(3.1.3) 

The maximum electric field occurs near the metal-

semiconductor junction and is given by 

(3.1.4) 

Now, assuming that the electrons generated by the 

input light traverse the depletion region with 

saturation velocity, one can calculate the transit 

time required as follows. 

T t = 0. 79 v sat 
(3.1.5) 
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Another factor that affects the response of the 

photodiode is the electrical characteristics of 

the circuit. In general, the device can be 

represented by a simple RC circuit (refer to 

Figure 5). The RC response time of the circuit 

can then be given by 

(3.1.6) 

The constants 0.79 and 2.2 in equations (3.1.5) 

and (3.1.6) come from the fact that the 10-90% 

risetime is being considered. The junction capa-

citance is defined as 

E:: A s c. =--
] xd 

(3.1.7) 

where A is the cross-sectional area of the diode. 

The risetime of the diode can then be calculated by 

adding Tt and TRC orthogonally: 

(3.1.8) 

Finally, the quantum efficiency of the diode can be 
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obtained from the following equation. 

xd 
n = 1 - exp(-) 

Cl. 
(3.1.9) 

where a is the absorption length of the semiconductor 

material for a particular wavelength. 

The approximations and assumptions used in 

the model are described as below: . 

(i) In order for the above theory to apply, the 

following condition must hold true: 

v l"d < v < vb va i r 

where Vvalid is the voltage at which Em = 10 Esat 

Esat is the saturation field 

and Vbr is the breakdown voltage and is given by 

E 3/2 
vbr,..60 'i.I> ND -3/4 

( 16 _ 3 ) volts 
10 cm 

(ii) Semiconductor is non-degenerate. 

(3.1.10) 

(iii) By taking the approximation made in eq. {3.1.2), 
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the effect of image force is being neglected. If 

this effect were to be included, an iterative scheme 

would have to be set up to calculate for the barrier 

lowering {refer to Section 2.2). However, since the 

lowering is only a very small' value,·the.inclasion 

of the image force seems to be unnecessary. 

3.2 Analysis and Results 

From the above equations, one can see that 

the risetime of the photodiode depends on four para-

meters, namely, doping density(N0 ), applied voltage(V), 

load resistance{RL), and area of the diode(A). A 

computer program based on the above theory was written 

and was used to compute the risetimes of the photo-

diode for different values of the parameters. The 

range of analysis is defined as follows: 

-3 -4 -5 cm2 A= 0.5xl0 , 0.5xl0 , 0.5xl0 

R = L 10, 30, 50 ohms 

N = O.lxlo 16 to l.Oxlo 16 -3 at O.lxlo 16 -3 intervals 
D 

cm cm 

v = 0 to 80 volts with 1 volt intervals 

A set of graphs is then obtained by carrying 
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out the above analysis. Each plot gives T vs. V for 

the whole range of doping densities and for a fixed 

value of cross-sectional area and load resistance. 

In addition, four more curves are present in each 

plot and they are 

(A) Breakdown limit: v = vbr· 

(B) Saturation limit: E = 10 Es at m 

(C) 1/4 Breakdown voltage: v = 1/4 vbr 

(D) 2x Absorption length: xd = 2a . 

Finally, another plot of T vs. n is given 

to provide information about the amount of quantum 

efficiency that one must give up in order to gain 

better response. This single plot contains all of 

the data points within the range of analysis as de­

fined before. 

3.3 Optimum Design 

The objective is to design a photodetector 

with a minimum risetime less than 50 psecs. The 

materials to be used are gold and germanium. All 

values used £or calculations are therefore based on 
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material properties of these two elements. 

From equation (3.1.5), it can be seen that 

the transit time can be reduced by choosing a smaller 

depletion width. However, the capacitance is inverse-

ly proportional to xd and hence a certain optimum 

value for xd must exist. In addition,the RC response 

of the device depends also on the area of the diode 

and the value of the load resistance. Decreasing A 

and/or RL would therefore produce better response 

characteristics. It can be seen from Figure 8 that 

a risetime of 7 pees can be achieved for a photo­

-5 2 diode with A = 0.5xl0 cm , RL = 10 ohms and N0 = 
16 -3 l.OxlO cm . However, these numbers are not very 

practical ones since several other factors must be 

taken into consideration in the design of photodiodes. 

These factors are to be described as follows. 

(1) Breakdown and saturation limits: 

It is important that the operating voltage 

of the diode is far enough away from both V l"d and va i 

Vbr so that small variation of applying field will 

not cause maximum electric field to fall below satura-
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tion value nor to drive the device into breakdown. 

Hence one would like to choose a doping density for 

which (V - V ) is lara.Je enough and that the 
br valid 

operating point (minimum risetime) is far away from 

both limits. 

(2) Power matching: 

In order to deliver maximum power to the 

external circuitry, the value of the load resistor 

must not be too small. A value of about 50 ohms is 

most typical. 

(3) Intensity problem: 

In order for the device to operate under 

low light intensity condition, the cross-sectional 

area of the diode must be large enough. Otherwise, 

a lens must be used to focus the beam down to a spot 

of size comparable to that of the diode. If the 

area of the diode were made too small, then the focus-

ing of light may become a problem. Furthermore, 

direct compatibility with optical fibres requires 

-4 2 an area of approximately 0.8xl0 cm (i.e. a cir-

cular spot of 100 µm in diameter). 
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(4) Quantum efficiency: 

Quantum efficiency can be improved signif ic-

antly by increasing xd until up to a certain point 

(about twice the absorption length). The price that 

one must pay for this improvement in sensitivity is, 

of course, the increase of the risetime. Figure 9 

is provided especially for the observation of this 

effect. Notice that each 'single' curve that appears 

in the plot is actually an overlap of curves with 

different values of ND ranging from O.lxlo 16 to 

16 -3 l.OxlO cm . 

By making use of Figures 8 and 9, and by 

taking all of the above factors into account, it is 

concluded that the following set of values seems to 

be able to provide an optimum operating condition ( 

see also Figure 10): 

A -4 2 = 0.5xl0 cm 

RL = 50 ohms 

ND 0.3xlo 16 -3 = cm 

v = 10 volts 

Finally, if one demands a risetime better 
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than 45 psecs, one-can achieve this goal only by 

giving up some of the other desirable features as 

discussed before. For applications where light 

intensity is high, further reduction of the risetime 

may be possible. A compromise must then be made 

with all factors being specified according to the 

needs of a particular application. 

3.4 Detailed Analysis of Optimum Design 

The set of parameters obtained with the 

simplified model for the optimum design is used 

as the input to SCHOT for a more detailed analysis. 

The theoretical light input is assumed to be a 

step function (increases from zero to peak power in 

less than 0.5 psec). The wavelength of the light 

input is chosen to be 1.3 µm because both signal 

attenuation and chromatic dispersion through a high 

quality fiber made of silica are minimum in this 

wavelength region. Smaller bandgap materials are 

required for operation at this wavelength and hence 

germanium is selected for this purpose. The constants 

listed in Appendix B for germanium are used for 

analysis. Finally, variable time steps are employed 



because of the rapid change in light power within 

the first 0.5 psec of the transient analysis. 

With the above input values, SCHOT was run 

-8 to iterate ¢ down to a tolerance of 2.0xlO volt. 
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JPLOT was then used to determine the RC response and 

to obtain a plot of the current output. Figure 11 

shows the current as a function of time together 

with the theoretical light input profile (both are 

in normalized units). It can be seen that the 10-

90% risetime of the output current is about 44 psec. 

The depletion width of the diode is 2.45 µm. Both 

of these values are very close to those obtained 

with the simplified model. Hence one can conclude 

that the simple model is indeed a fairly accurate 

one and that the results of the design analysis 

are therefore quite dependable. 
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CHAPTER 4 

CONCLUSIONS 

The computer model PHODIM for the analysis 

of PiN photodiodes and the physics behind it are 

described at the beginning of this paper. In order 

to modify the program to handle Schottky barrier 

diodes, a different set of boundary conditions is 

required. In the present model, it is assumed 

that an interf acial layer exists between the 

metal and the semiconductor. The Fermi-level 

difference across the layer causes electrons to 

flow from the semiconductor into the metal result­

ing in the formation of a depletion layer. The 

boundary value for n is assumed to be equal to 

the atomic density of the metal. p(O) is then defined 

as the reciprocal of n(O). It is also assumed that 

~(x) is given by the thermionic-diffusion theory. 

~(O) is defined in such a way that the above condition 

will be satisfied. In order to overcome the insta­

bility and convergence problem of PHODIM, another 

computer program JPLOT was written to determine the 

RC response of the device. By solving the first order 

differential equation of the equivalent circuit num-

46 
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erically, a plot of the output current as a function 

of time can be obtained. Since the modified program 

is expensive to run, a much simpler model is used to 

calculate for the design parameters. SCHOT is then 

employed for a detailed analysis of the set of opti~ 

mum design parameters chosen. 

No new experimental data is available at 

this moment for the testing of the model. However, 

the results obtained for the optimum design parameters 

appear to be quite reasonable as compared to previous 

experimental results given in Remple's paper. Both 

the detailed and the simplified model predict a 

45 psec risetime for a diode with a depletion width 

of about 2.5 µm. Despite the problems with the steady 

state solution, the present model should be very 

useful in ultra-high speed photodiode design. 



quantity variable normalized by germanium units 

position coordinate 
cOVt ~ 

9.70290xl0-5 x L =(-) cm 
D e nt 

time coordinate 2 9.41463xl0-9 t LD /DO s 

electrostatic potential v =~ 
0.025875 v t e z 

0 

quasi-Fermi levels ¢n,¢p Vt 0.025875 v t"rj 
!;11 

0 ~ 
!;11 t-l ~ 

applied voltages v ,v Vt 0.025875 v H trj 
e c GJ N trj 

2.66673xl0 2 
t:rJ ~ t:rJ 

~ electric field E Vt/LD V/cm ~ 1-3 z 
co H tJ 

~ 0 H 

carrier densities 2.4xlo 13 -3 z z :x n,p nt cm H 
c::: t"rj ~ 

2.4xlo 13 -3 :s: ~ 
impurity densities N,ND,NA nt cm 0 

1-3 
-2 2 0 

current densities J ,J ,J -eD0nt/LD -3.96253xl0 A/cm !;11 

n p (J) 

generation-recom-
2.55070xlo 21 -3 

bination rate u D0nt/LD2 cm /s 

carrier-diffusion 2 constants D n'Dp l/D0 1 s/cm 

carrier mobilities -1 -1 2 
(µ= l/y) Yn ,yp 

DO/Vt 
38.6473 cm /V.s 



APPENDIX B 

MATERIAL PROPERTIES OF GERMANIUM 

quantity 

atomic density 

relative permittivity 

electron affinity 

energy gap 

intrinsic concentration 

lattice mobility 

recombination lifetime 

saturation velocity 

saturation field 

absorption length 

quantum efficiency 
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variable 

x 
E g 

n. 
l 

µ 

vsat 

E sat 

Cl 

n 

value at 300 K 

4.4xlo 23 

15. 8 

4.0 v 

0.66 eV 

2.4xlo 23 

-3 cm 

-3 cm 

2 
µn-3900 cm /Vs 

µ -1900 cm2/Vs 
p 

T -10- 3 S 
n 

-3 
Tp-10 S 

n-0.6xl0 7 cm/s 

p-O.lxl0 8 cm/s 

5.0xl0 3 V/cm 

1.3 µm for A=l.3 µm 

0.45 for A=l.3 µm 

8 n - 0.5 

p - 0.0 

Kl 4.38922xlo 21 

K2 2.52246xlo 21 



APPENDIX C 

TRANSCENDENTAL FUNCTION 

Fs(w) is a transcendental function that can 

be approximated as follows. 

w ~ 0.08, 

0.08 ~ w ~ 3.8, 

3.8 ~ w, 

Fs = 1 - 3.44w + 13.99w2 

2 
F = 14.16 + 45.22w + 31.06w2 

s 15.72 + 76.34w + 36.00w 

F = l _ 1.442 + 2.137 
s w w2 
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APPENDIX D 

GENERATION TERM 

The function that is used to model the 

photo-generation process is given by 

G(x,t} 

where p = maximum power of light input 

~ = efficiency of diode 

Eph = energy per photon 

a = absorption length 

A = area of diode 

t = time factor which is determined by the fact 

shape of the light pulse. 

Three time functions for the light input are permitted 

by the program. 

(l} Pulse: 

51 
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(2) Step function: 

t < 0 ' tfact = 0 

0 t tf act 
t 

~ ~ T' = 
T 

T < t, tfact = 1 

(3) Sinusoidal: 

tfact = sin ( 2TrT t) 



APPENDIX E 

USER'S GUIDE TO SCHOT 

The procedures for running the present 

program are quite similar to those for PHODIM. The 

variable directory at the beginning of the program 

has been updated to include variables used in the 

Schottky barrier case. Some of the variables are 

also defined along with their mathematical symbols 

in the Glossary of Symbols. The array TEST is 

consisted of switches which control program flow 

and provide different options. Several new switches 

have been introduced and they are described below. 

TEST(l9): Selects iteration limit-

The switch allows the user to define a 

limit to the number of iterations per 

time step. 

TEST(20): Selects type of diodes-

Three choices are available, namely, PiN, 

P+N and Schottky barrier diodes. The 
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switch determines the necessary parameters to be 

read into the computer, and provides appropriate 

initial estimates and boundary conditions. 

TEST(22): Selects semiconductor material­

Either germanium or silicon can be 

selected. The switch will decide the 

correct normalization factors to be 

used and define suitable values for 

the mobilities of the carriers. 
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TEST(23): Gives transient output on punched cards­

When this switch is on, the output will 

include a deck of punched cards. Each 

card provides information (JTOT and POWER) 

of a mesh point for a certain time step. 

The point for which results are desired 

is specified by the input variable IXT. 

TEST(24): Selects light intensity functions­

Three different functions are possible 

They are pulse,step function and sinusoidal. 

Further details are given in Appendix D. 



Other TEST options have already been 

described in Remple's paper. The input procedure 

is also very similar to that of PHODIM's. The 

only thing that needs to be noted is that the 

boundary value for ~(O,t) is set by defining PIMGS 

as 

PIMGS = ~(O,t) + ~bn 
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APPENDIX F 

USER'S GUIDE TO JPLOT 

The input deck for JPLOT is mainly com­

prised of the punched outputs from SCHOT. Several 

sets of data can be processed at the same time. 

The number of sets of data is indicated by the 

first card. For each set of data, two additional 

cards are required for providing information on 

the design parameters of the photodiode. Finally, 

the number of time steps (the number of cards 

obtained from SCHOT) is given by another card. The 

punched deck from SCHOT is then put behind the 

above cards." The input deck arrangement is summarized 

as follows. 

Card #1 NSET - number of sets of data 

Card #2 R, AREA, XDPLE - load resistance, area of 

diode and depletion width 

Card #3 ND' V, XL - doping density, applied voltage 

and length of diode 
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Card #4 

Card #5 

Card #6 

Card #5+N 

N - number of time steps 

IXT, TIME, JTOT, POWER 

II 

II 

II 

" 

" 

punched deck 

from SCHOT 
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APPENDIX G 

PROGRAM LISTING OF SCHOT 

PROGRAH SCHOT. IINPUT,OUTPUT 0 PUNCH 0 TAPE5=INPUT 0 TAPE6:0UTPUT 0 
+ T APE7=PUNCHI 

C HAIN PROGRAM 
c 

c 

c 

c 
c 
c 

COMMON OIVSUH,INDEX,INPLUS,INXJCNoIPPLUS,JCN,IWS1,IWS2,IWS3, 
+ IWS4,LOC 0 HESHIN,NHESH,NHESHP1,NSS,NTA,NTV,SSINDEXoTAINQEX, 
+ TVINDEX,TESTl30l,IXT, 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

ABSCOEF,AREA,BETA,OPSIAVE,DPSIMAX,OPSIS0,1QTTY,EPHOTON, 
EPI1EPSOAVE1EPSOHAX,EPSOSO,ESAT1ETRAP,G7H,HT,HTAU,HVC1 
HVE1INBETA,JOISP1JEST,JFAC,JRES1S,JTOT,L4~BOA,LFAC,MFAC, 
NFAC,OMEGA 1 PF,PO~ER 1 PROFCOL,PROFEM 1 PROF!NT,PROFMAX,QNTMEFF 1 
QTTYSUH1RLOAO,T,TAU1TFAC,TIMEFAC,TPEAK,TRISE,T~NtTRP, 
TSTOP,UFAC,VC VCK,VCSS,VE,VEKoVESS,VFAC VOLUHE,VSATNt 
VSATP.XL,xo,ACOLL,BCOLL,CCOLL,XCHAX,XCHIN,XEFLAT,XEGAUS, 

XOPLE,PSINT,PBO,PBN1PIT1PH 1PEA 1PBL,EGAP1PIHGS,EFNAX,XM,PBI1 
PVN,XIMG,VIFAC,NA, . 

CVOLTSl20J,DFSPL(4),0FSPH(4l,OXl201),EVOLTS(20),HNl201), 
HP(20111HPSI1201l1INPROFl201),INPROFG!201),INXl2D1l1 
JNl201),JNKl201l,JPl201),JPKl201),HI1(201l1HI21201l1 
MI3(201l,MNt201l,MP(201l,PROFl2011,PROFGl2011,SPl4lo 
SSTIHEl20J,TATIHEl100J 1TVTIHEl20) 1Ul201) 1UK(201loX(201) 1 

PAVl201l,PIHGl201>, 

N(201),NKl20111Pl2D1>1PKC2D1J,PSil201),PSIKl201),pSIOLOl201J 

INTEGER DIVSUM,INOEX,INPLUS,INXJCN,IPPLUS,JCN,IWS1,IWS2,IWS3, 
+ IWS4,LOC,HESHIN,NHESH,NHESHP11NSS,NTA,NTV,SSINOEX,TAINOEX1 

-- ---·---· -- + TVINOEX, TESTtlXT 
c 
c 
c c 
c 
c c c 
c 
c g 
c 
c 
c 
c c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c c c 
c 
c c c 
c 
c 
c 
c 
c 
c 
c 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
••••••••••••••• INDEX FOR INTEGER VARIABLES •••••••••••••••••••••••••••••• 
··········~······························································· 
·······························································~·········· 
OIVSUH - IN RE HE SH, SUM OF <ANY STEP • GT. MAX ALLOWED/ORIGINAL STEP SIZE>.· 
INDEX - USED IN REHESH. 
INPLUS - POINT AT WHICH WE CONSIDER REGION TO BE N+. 
INXJCN - JUNCTION POINT FOR INPUT PROFILE. 
IPPLUS - POINT AT WHICH WE CONSIDER REGION TO BE P+. 
JCN - POINT WHERE THE DOPING CHANGES SIGN <I!:. THE JUNCTION). 
IWS1 - COUNTS THE NUMBER OF ITERATIONS NEEDED FOR SOLUTION TO CONVERGE. 
IWS2 - USED IN SYSTEMS. THE POINT WHICH HAO LARGEST CORRECTION TO PSI. 
IWS3,IWS4 - INTEGER WORKING STORAGE. 
IXT - PUNCHED T~ASIENT OUTPJT FOR THIS POINT NO •• 
LOC - INDEX OF HESH POINT NOW BEING ASSIGNED A POSITION X IN REHESH. 
HESHIN - NUMBER OF MESH POINTS USED TO INPUT PROFILE. 
NHESH - NUMBER OF SPATIAL HESH POINTS ~INUS ONE. 
NHESHP1 - NMESH PLUS ONE. 
NSS - NUHBER OF TIMES AT WHICH A STEADY STATE ANALYSIS IS DESIRED. 
NTA - NUMBER OF TRANSIENT ANALYSIS TIHES. 
NTV - NUHBER OF TRANSIENT VOLTAGES. 
SSINDEX - STEADY STATE INDEX, INDICATING WHICH MONITOR POINT IS NEXT. 
TAINOEX - INDEX SPECIFYING WHICH TATIME IS BEING ANALYZED. 
TVINDEX - INDEX SPECIFYING WHICH TVTIME WILL OCCUR NEXT. 
TEST (30) - USEO AS SWITCHES. O=OFF, 1=0N. 

1 - USES TATIME INSTEA~ OF FIX:.~ TAU. 
2 - STEADY STATE ANALYSIS ONLY. 
3 - GIVES ~EMESH AFTER INITIAL STEADY STATE. 
4 - GIVES FULL PRINTOUT. 
5 - GIVES VFRSATEC PLOT. 
6 - USES STEADY STATE BOUNDARY VOLTAGES DURING TRANSIENCE. 
q - GIVES LINEPRINTER PLOT OF P~OFN. 

10 - READS INITIAL GUESS FROM DATA CARDS. 
11 - GIVES ~EHESH PRINTOUT. 
13 - REMESH ON INITIAL ESTIMATE INSTEAD OF FIXED MESH STEADY S 
14 - GIVES PRINTOUT OF INITIAL ESTIMATE. 
15 - GIVES PUNCHED DECK OF STEADY STATE. 
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CC 1& - USES O~EGA OPTlMlLAflUN ~UUllNt lN ~T~ltM~e 
C 17 - USES ALGORITHM TO DETERMINE PROFILE. 

18 - ZERO=FIXEO MESH. 
CC ONE=FOUR PEGIONS OF DIFFERENT FIXED MESH. 

TWO=HESH FROM PROFILE USED. 
C 19 - SETS UP ITERATION LIMIT. 
C ZERO UNLIHITED· 
C ONE = HAXIHUH NO. OF ITERATIONS IS 100. 
C TWO = MAXIMUM NO. OF ITERATIONS IS 200. 
C THREE = MAXIMUM NO. OF ITERATIONS IS 300. 
C FOUR = HAXIMUH NO. OF ITERATIONS IS 400. 
C FIVE MAXIMUM NO. OF ITERATIONS IS 500. 
C 20 - GIVES BETTER INITIAL ESTIMATES AND BOUNDARY CONDITIONS. 
C ZERO = PIN DIODES. 
C ONE P+ N DIODES. 
CC TWO = SCHOTTKY DIODES. 

22 - SELECTS MATERIAL. . 
C ZERO = SILICON. 
C ONE = GERMANIUM. 
CC 23 - GIVES PUNCHED DECK OF TRANSIENT STATES. 

24 - CHOOSES INPJT PULSE SHAPE. 
C 0 = EXPONENTIAL. 
CC 1 = RECTANGULAR. 
C 2 = SINUSOIDAL. 

c ·······························-····················~·~··················· c 
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REAL ABSCOEF,AREA,BETA,uPSIAVE,DPSIMAX,DPSISO,DQTTY,EPHOTON, 
+ EPI,EPSOAVE,EPSDHAX,EPSDSO,ESAT,ETRAP,G,H,HT,HTAU,HVC, 
+ HVE,INBETA,JDISP,JEST,JFAC,JRESIS,JTOT,LAMBDA,LFAC,MFAC, 
+ NFAC,OMEGA,PF,POWER,PROFCOL,PROFEH,PROFINT,PROFHAX,QNTHEFF, 
+ QTTYSUM,RLOAD,T,TAU,TFAC,TIMEFAC,TPEAK,TRISE,TRN,TRP, 
+ TSTOP,UFAC,vc,vc~.vcss.vE,VEK.VESS,VFAC.VOLUME,VSATN, 
+ VSATP,XL,XO,XDPLE,PSINT,P80,PBN,PIT,PH,PEA,PBL,EGAP,PIHGS, 
+ EFHAX,XM,PBI,PVN,XIMG,vIFAC,HT1,NA , 

·······················~···················•••¥••························· ···································································~······ ••••••••••••••• INDEX FOR REAL VARIABLES ••••••••••••••••••••••••••••••••• 
····~··················~·······~····••¥••••······························· •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
ABSCOEF - ABSORBTION COEFFICIENT OF PHOTODIODE TO INCIDENT RADIATION. 
AREA - AREA OF PHOTODIOOE. 
BETA - IMPLICITNESS FACTOR, DEFINED ON PAGE 44. 
DPSIMAX - HAXIMUH CHANG~ IN PSI BETWEEN ITERATIONS. 
OPSIAVE - AVERAGE CHANGE IN PSI BETWEEN ITERATIONS. 
DPSISD - STANDARD DEVIATION OF THE CHANGE IN PSI BETWEEN ITERATIONS. 
DOTTY - FRACTION OF QTTYSUH USED TO STEP OFF NEQ MESH SIZE. 
EFMAX - HAX. ELECTRIC FirLD AC~OSS DEPLETION LAYER. 
EGAP - ENERGY GAP.OF SEHICONDUTOR. 
£PHOTON - ENERGY OF INCIDENT PHOTONS. 
EPI - LOWER LIMIT OF GRAPH FOR DOPING PROFILE PLOT. 
EPSDAVE - MAXIMUM DPS!AVE ACCEPTABLE FOR FINAL SOLUTION. 
EPSDMAX - HAXIHUH DPSIHAX ACCEPTABLE FOR FINAL SOLUTION. 
EPSDSO - MAXIMUM DPSISD ACCEPTABLE FOR FINAL SOLUTION. · · 
ESAT - ELECTRIC FIELD ~EEOED FOR SATURATION VELOCITY (VOLTS/CH>. 
ETRAP - ENERGY OF TRAP LEVEL !ELECTRON VOLTS). 
FRAC - USED TO INTERPOLATE BETWEEN POINTS. 
G - TERH TO GIVE THE NUMBER OF ELECTRON-HOLE PAIRS BEING GENERATED. 
H - LENGTH OF TRANSISTOR IINXIHESHIN+1ll DIVIDED BY NH£SH. 
HT - HOLDS T WHILE MONITOR CALCULATES STEADY STATE. 
HTAU - HOLDS TAU WHILE MONITOR CALCULATES STEADY STATE. 
HVC - HOLDS VC WHILE MONITOR CALCULATES STEADY STATE. 
HVE - HOLDS VE WHILE MONITOR CALCULATES STEADY STATE. 
INBETA - INPUT VALUE OF BETA. USED IN TRANSIENT ANALYSIS. 
JDISP - DISPLACEMENT CURRENT DENSITY. 
JEST - ESTIMATED DIODE CURRENT, TO CALCULATE VOLTAGE DROP ACROSS RLOAO. 
JFAC - CURRENT DENSITY NORMALIZATION FACTOR = -5.919547 E-7 AICH••2. 
JRESIS - CURRENT GOING THROUGH LOAD RESISTOR. 
JTOT - TOTAL CURRENT DENSITY. 
LAMBDA - WAVELENGTH OF INCIOENT PHOTONS. 
LFAC - LENGTH ~ORMALIZATION FACTOR 3.59454 E-3 CH. 
HFAC - MOBILITY NORMALIZATION FACTOR = 38.6473 cH••21v-s. 
NA - ATOMIC DENSITY OF METAL. 
NFAC - DOPING NORMALIZATION FACTOR = 1.3281&3 E10 CH••-3. 
OMEGA - ACCELERATION PARAHETER USED IN SYSTEMS. 
PBI - PN MINUS PVN. 
PBL - IMAGE FORCE BARRIER LOWERING. 
PBN - BARRIER HEIGHT WITH ~IAS VOLTAGE APPLIED. 
PBO - BARRIER HEIGHT IF NEGLECTING IMAGE FORCE EFFECT. 
PEA - ELECTRON AFFINITY OF SEMICONDUCTOR. 
PF - SCALAR FACTOR TO TAKE WEIGHTED MEAN OF EQUATION 3.2 AND 3.3 IPOISSONJ 
PIMGS - HAX. VALUE OF PIHG. 
PIT - POTENTIAL DUE TO INTERFACIAL STATES. 
PH - WORK FUNCTION FOR HETAL. 
POWER - POWER OF INCIDENT 9EAM IN WATTS. 
PROFCOL - VALUE OF DOPING PROFILE AT COLLECTOR. 
PROFfH - VALUE OF DOPING PROFILE AT EMITTER. 
PROFINT - VALUE OF DOPING PROFILE AT INTRINSIC REGION •. 
PROFMAX - MAXIMUM DOPING CONCENTRATION !CH••-31. 
PSINT - PSI AT THERMAL EQUILIBRIUM. 
PVN - POTENTIAL DIFFERENCE BETWEEN CONDUCTION 9ANO AND 

QAUSI-FEHI LEVEL IN N TYPE SEMICONDUCTOR. 
QNTMEFF - QUANTUH EFFICIENCY OF PHOTOOIODE. 
QTTYSUH - SUH OF THE QUANTITY CHOSEN UPON WHICH TO BASE REHESH. 
RLOAD - LOAD RESISTOR IN SERIES WITH DIOJE. 
T - TIME. 
TAU - TIME STEP, OR INCREMENT. 
TFAC - TIME NORMALIZATION F4CTDR = 1.2920718 E-5 S. 
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TIHEFAC - SPECIFIES A~PLITUTE OF INPUT PULSE H!TH RESPECT TO TIHE. 
TPEAK - TIME AT WHICH INPUT PJLSE REACHES ITS PEAK. 
TRISE - GAUSSIAN RISE TIME OF IN~T PULSE. 
TRN - TIME FOR R~CO~BINATION OF ELECTRONS. 
TRP - TIME FOR RECOMBINATION OF HOLES. 
TSTOP - TIME AT WHICH T~ANSIENT ANALYSIS IS TO BE STOPPED· 
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UFAC - RECOMBINATION NORMALIZATION FACTOR = 1.027q4 £+15 1/(CH••3 - SEC> 
VC- COLLECTOR VOLTAGE. 
VCK - PREVIOUS VALUE IN TIME OF VC. 
VCSS - STEADY STATE APPLIED COLLECTOR VOLTAGE. 
VE - EMITTER VOLTAGE. 
VEK - PREVIOUS VALUE IN TIME OF VE. 
VESS. - STEADY STATE APPLIED EMITTER VOLTAGE. 
VFAC - VOLTAGE NORMALIZATION FACTOR = 0.025875 Va 
VIFAC - 1./(t6•3.14159•NFAC•LFAc••3.) 
VOLUME - VOLUME THROUGH WHICH ONE SECOND OF LIGHT IS SPREAD. 
VSATN - SATURATION VELOCITY OF ELECTRONS ICM/SEClo 
VSATP - SATURATION VELOCITY OF HOLES ICHISECJ. 
ws1.ws2, ••• - WORKING STORAGE. 
XOPLE - DEPLETION REGION THICKNESS. 
XIHG - IMAGE FORCE EFFECT IS DOMINANT FROM X=O TO X=XIMG. 
XL - LENGTH OF DIODE. 
XH - HAX. BARRIER LOCATION. 
XO - USED IN REHESH. 

···································~···························~·········· 
REAL CVOLTS,DFSPL,DFSPH,DX,EVOLTS,HN,HP,HPSI,INPROF,INPROFG, 

+ INX,JN,JNK,JP,JPK,MI1,HI2,HI3,HN,HP,PROF,aRoFG,SP,SSTIHE, 
+ TATIME,TVTIHE,U,UK,X,PAV,PIHG 

······················~··················································· 
·············~········································~··················· ••••••••••••••• INDEX FOR ARRAYS ••••••••••••••••••••••••••••••••••••••••• 
·································~············~················~·········· 
·····················································~···················· 
tVOLTS - COLLECTOR VOLTAGE AT SUCCESSIVE POINTS IN TIME. 
DFSPL - LOWEST BOUNDARY OF HESH REGION TO HAVE DIFFERENT SPACING. 
OFSPH - HIGHEST BOUNDARY OF MESH REGION TO HAVE DIFFERENT SPACING. 
DX - DISTANCE BETWEEN ADJACENT MESH POINTS. 
EVOLTS - EMITTER VOLTAGE AT SUCCESSIVE POINTS IN TIME. 
HN - HOLDS N WHILE MONITOR CALCULATES STEADY STATE. 
HP - HOLDS P WHILE HONITOR CALCULATES STEADY STATE. 
HPSI - HOLDS PSI WHILE MONITOR CALCULATES STEADY STATE. 
INPROF - INPUT lDONOR - ACCEPTOR) DOPING PROFILE. 
INPROFG - INPUT IDONOR + ACCEPTOR) DOPING PROFILE. 
INX - SPATIAL POSITIONS AT WHICH DOPING WAS READ. 
JN - ELECTRON CURRENT DENSITY. 
JNK - HOLDS ELECTRON CURRENT DENSITY OF PRECEDING TIME STEP. 
JP - HOLE CURRENT DENSITY. 
JPK - HOLDS HOLE CURRENT DENSITY OF PRECEDING TIME STEP. 
MI1,HI2,HI3 - PARABOLIC INTEGRATION COEFFICIENTS. 
MN - ELECTRON MOBILITY. 
HP - HOLE MOBILITY. 
PAV - POTENTIAL FUNCTION DUE TO APPLIEO BIAS. 
PROF - INTERPOLATED DOPING PROFILE FROM INPROFN TO ACTUAL MESH USED. 
PROFG - INTERPOLATED DOPING PROFILE FROM INPROFG TO ACTUAL HESH USED. 
SP - SPACING TO BE USED IN REGION OF DIFFERENT SPACING. 
SSTir.E - TIHES AT WHICH STEADY STATE ANALYSIS IS DESIRED. 
TATIME - VARIABLE TIME STEP SIZES. 
TVTIME - TIMES AT WHICH TRANSIENT VOLTAGES A~E GIVEN. 
U - RECOMBINATION TERM. 
UK - HOLDS RECOMBINATION TERM OF PRECEOING TIME STEP. 
X - POSITION COORDINATE. NUMBER OF POINTS IS FIXED. MESH SIZES CHANGE. 

DOUBLE N,NK,P,PK,PSI,PSIK,PSIOLD 

··················~···$···························~······················· 
···········~······························································ ••••••••••••••• INDEX FOR DOUBLE PRECISION VARIABLES ••••••••••~•~•••••••• 
···················~···························~··························. 
········································~································· 
N - ELECTRON CARRIER DENSITY FOR EACH SPACI~L POINT. 
NK - HOLDS ELECTRON CARRIER DENSITY OF PRED~GING TI~E STEP. 
p - HOLE CARRIER DENSITY FOR EACH SPACIAL POINT. 
PK - HOLDS HOLE CARRIER DENSITY OF PRECEDING TIME STEP. 
PSI - POTENTIAL FOR EACH SPACIAL POINT. 
PSIK - HOLDS POTENTIAL OF P~ECEDING TIME STEP. 
PSIOLD - HOLDS POTENTIAL OF PRECEDING ITERATION STEP. 
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READ IN PROGRAM TEST OPTIONS. 

DO 10 I=1,26,5 . 
READ 5,TEST<IJ,TEST<I+1J,TEST<I+2t,TEST<I+3J,TEST(I+4J 
FORMAT (5C9X~I1Jt 
PRINT 12,I,TtSTlIJ,I+1,TEST(I+1J,I+2,TEST<I+2>,I+3,TESTCI+3), 

I+4, TEST fI +4) 
FORHAT C"OTESTr•,r2,"J="tI5/ 
• TESTC",I2,uJ=",I5/ 
• TESTC",I2,"J=",I5/ 
• TESTC",I2,"J=",I5/ 
- TESTr-,I2,•J="•I5J 
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·················-························································ 
NORMALIZATION FACTORS FOR SILICON. 

IF ( TEST<22J .NE. D I GOTO 1 
JFAC=-5.919547.E-7 
LFAC=35.945 E-4 
HFAC=38.6473 
NFAC=i.328168 E+1D 
TFAC=i.2920718 E-5 
UFAC=l.02794 E+15 
VFAC=.025875 

••••••••••••••••••••••••••••••••••••••••••••••••••••••w••••••••••••••••••• 
NORMALIZATION FACTORS FOR GERMANIUM. 

IF ( TESH22) .NE. 1 J GOTO 2 
JFAC=-3.96253 E-2 
LFAC=9.70290 E-5 
HFAC=38.6473 
NFAC=2.4 E+13 
TFAC=9. 41463 E-9 
UFAC=2.55070 £+21 
VFAC=.025875 
CONTINUE 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
READ IN LOCATION FOR TRANSIENT PUNCHED OUTPUT. 

IF ( TEST<23J .NE. 1 ) GOTO 14 
~5~~AtfifH 
IXT=IXT+l 
CONTINUE 

READ IN DIODE PARAHETERS. 
READ 15,ABSCOEF,AREA,LAHBOA,POWER,RLOAD 
READ 15,QNTMEFF,HTAU,TPEAKtTRISE 
FORHAT l5F10.0t 
PRINT 18,ABSCOEF1AREA,LAMBDA,POWER,RLOAO,QNT~EFF,~TAU•1.E12, 

+ TPEAK•1.E12,TKISE•1.E12 
FORMAT r-oABSCOEF = ",F10.~- HICROHETERS."/ 

+ " AREA = "rE10.4t" c~••2.•1 
+ • LAHBOA = •,F10.4,• HICROHETERS."/ 
+ " POWER = "9 E1D•'+•" WATTS."/ 
+ • RLOAO = "0 E10.4 9 " OHMS."/ 
+ .. QNTHEFF = "rF10 .4/ 
+ • TAU = ",F10.4,• PSEC."/ 
+ " TPEAK = •,F1D.4o" PSEC."/ 
+ " TRISE = ",F10.4,• PSEC."J 

ABSCOEF=ABSCOEF/lfAC/1.Elt 
EPHOTON=1.98647E-19/LAHBDA 
HTAU=HTAU/TFAC 
JFAC=JFAC•AREA 
TPEAK=TPEAK/TFAC 
TRISE=TRISE/TF AC 
VOLUHE=ARE~•ABSCOEF•LFAC 
G=POWER/VOLUME/EPHOTON•lNTHEFF/UFAC 

···················································~······················ 
READ IN TOLERANCES. 

READ 15,0HEGA,EPSOHAX,EPSOAVErEPSDSD 
F 0 Rl1 AT ( I10 ltF 10. DJ 
PRINT 30,0~~GA,EPSOHAX,EPSOAVErEPSOSD 
FORHAT l"OOHEGA = "9 F10.lt/ 

+ " EPSOMAX = ",E10.4," VOLTS."/ 
+ " EPSOAVE = ",E1D.i,,• VOLTS."/ 
+ " EPSOSD = ",E10.4,• VOLTS.") 

EPSDMAX=EPSOHAX/VFAC 
EPSOAVE=EPSDAVE/VFAC 
EPSOSD=EPSOSD/VFAC 
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•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
READ IN MOBILITY DATA. 
READ 15,ESAT,VSATN,VSATP· 
~~~~lr 1 ~9.o~§~f ·VSA~NL~~f~~4,• VOLTS/CH.-/ 

+ .. VSATN = •,E10.4, .. CM/SEC."/ 
+ " VSATP = •,E10.4,• CM/SEC.") 

····················································~····················· 
READ IN RECOMBINATION DATA. 

READ 15,ETRAP,TRN,TRP 
PRINT 120,ETRAP,TRN,TRP 
FORMAT <"OETRAP = •,r10.4,• VOLTS."/ 

+ " TRN = .. ,E10.4,• SEc.•1 
+ • TRP = •,E10.4,• SEC ... ) 

. ETRA~=EXP(ETRAP/VFAC) 
TRN=TRN/TFAC 

c c 
c c c 
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TRP=TRPITFAC . 
································································~········· 
READ IN TRANSIENT DRIVING VOLTAGES. 
READ 20,NTV,VCSS,VESS,JEST 
PRINT 140,VCSS,VESS 
FORHAT <"OVCSS = ",F10.4,- VOLTS.u/ 

+ " VESS = •,F10.4,• VOLTS."> 
VCSS=VCSS/VFAC 
VESS=VESS/VFAC 
WS1=.5•JEST•RLOAO/VFAC 
VC=VCSS+WS1 
VE=VES5-WS1 
IF I NTV • EQ. 0 ) TES TH» =1 
IF I NTV .EQ. 0 J GOTO 250 
IF ( TEST<61 .Eg. 0 1 PRINT 150 1 NTV 
FORHAT ("0.,I4, TRANSIENT APPLI~D VOLTAGES."/ 

+ - NUMBER",6x,-rIHE (PSECJ",&X,"VC (VOLTSJ",6X, .. VE (VOLTsJ•) 
DO 170 I=1 0 NTV . 

+ 
~fA~ itsT¥~f"~~a!•ijvpLr~~I~fE~gh!¥!l~TIM~(I)•1.E12, 

CVOLTS(IJ,EVOLTS{IJ 
FORMAT II5,JF15.4) 
TVTIHEtI>=TVTIHEIIJ/TFAC 
CVOLTS<Il=CVOLTS<Il/VFAC 
EVOLTS(Il=EVOLTS(IJ/VFAC 

TVINOEX=O 

READ TIHES AT WHICH STEADY-STATE CALCULATIONS ARE TO BE HAOE. 

READ 20, NSS 
IF ( NSS • EQ. 0 ) GOTO 270 
00 260 I=1oNSS 

READ 15tSSTIMEtII 
SSTIHE(Ll=SSTIHE(IJ/TFAC 

SSINOEX=1 
SSTIME <NSS+U=O. 

···············~····························~····························· 
READ IN TRANSIENT ANALYSIS TIMES. 

~~~~T 2 ~~~!~rl~¥ij~~tI;t~~oP•1.E12 
FORHAT ("ONTA = ",!5/ 

+ " INBETA = ",F1D.4/ 
+ " TSTOP = •,F10.41" PSEC."/) 

TSTOP=TSTOP/TFAC 
IF { NTA .EQ. 0 ) GOTO 290 
DO 280 I=11NTA 

~~~~H~~lf~tl~I~~\I>tTFAC 
TAINOEX=O 

READ IN SCHOTTKY DIODE PARAMETERS. 

IF ( TESTl201 .NE. 2 J GOTO 299 
READ 295, NA 
FORMAT <E10. 51 
READ 15, PH,PEA,PIT,EGAP,PI~GS 
PBO=PH-PEA-PIT 
PRINT 297, PBO,PM 1 PEA,PIT,EGAP,PIMGS,NA 



299 CONTINUE 
c 

c: ,, 
iJ . ) 

c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
C READ IN HESH SPACING 
c 

H=O. 
C IF TEST(18>=0, USE UNIFORMLY SPACED MESH. 
c 

IF C TESTC18J .NE. 0 ) GOTO 310 
READ 20,NHESH,XL 
XL=XL/LFAC/1.E4 
H'=XL/NMESH 
NHESHP1=NMESH+1 
DO 300 I=1,NHESHP1 

XIIJ=<I-1P·H 
OX ( Il =H 

300 JNIIJ=JNKCIJ=JPCI>=JPKCIJ=NKII>=PK<Il=PSIKIIl=JIIJ=UKIIl=t.E-35 

c 
c 
c 
310 
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c 
c 
c 
c 
c c 
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3&0 

370 

c c 
c 
380 

385 

GOTO 360 

IF TESTC18l=1, USER SPECIFIES REGIONS OF DIFFERENT MESH SPACING. 

IF C TEST<18J .NE. 1 ) GOTO 347 
READ 15,XL,H 
Xl=XL/LFAC/1.E4 
H=H/LFAC/1.E4 
CHAR:::10HO 
DO 320 I:::1,4 

READ 15,0FSPLCIJ,OFSPHCIJ,SPCil 
P~INT 315,CHAR,I,OFSPLCil,I,OFSPHII>.I,SPCil 
fORHAT IA1,"0FSPLl•,I1,"J= ",F10.4,10X,"OFSPH(",I1,"I= ",F10.4, 

+ . 10X,"SPC",I1,"l= ",F10.4,10X 9 '"HICR011ETERS."> 
OFSPLCil=OFSPL(ll/LFAC/1.~4 

-DFSPHCIJ=OFSPHCil/LFAC/1.E4 
SPCIJ:::SPCIJ/LFAC/1.E4 
CHAR=10H 

I=1 
X<I>=O. 
JNCil=JNKCil=JPIIl=JPK!Il=NKIIl=PKCIJ=PSIKCil=U<Il=UKCil=l·E-35 

I=I+1 
00 i~ 0 ,"xh~u .LT. OFSPL(J) .OR. XCI-11 .GT. DFSPH(JI 

+ GOTO 340 
XCil=X<I-1l+SPIJ) 
GOTO 345 
CONTINUE 

X <I l = X <I-1 J +H 
DXCIJ=X<Il-X<I-U 
JNCIJ=JNKCIJ=JP!Il=JPK!Il=NKIIl=PKCIJ=PSIKCil=U<Il=UKCIJ=1.E-35 
IF ( XCI> .LT. XL ) GOTO 330 

NHESH=I-1 

IF TESTC17l=D, READ IN DOPING PROFILE. 
IF TESTU8l=2, HESH USEO WILL BE THAT USED TO INPJT PROFILE. 

IF I TESTC17l .NE. 0 > GOTO 3&0 
READ 20,MESHIN,EPI 
EPI=EPI/NFAC 
HESHIP1=HESHIN+1 
DO 350 I=1,HESHIP1 

~~A~ l~~=~i11rp~e~!I~. ) INXJCN=I 
INPROFII>=INPROFG(Il=ALOGCABSIINPROFCil/NFACl) 
INXIIl=WS1/LFAC/1.E4 
IF ( TESTl18J .EQ. 2 ) Xl!l=INX!Il 

IF ( TESTl18) .EQ. 2 ) NHESH=MESHIN 
NMESHP1=NMESH+1 
XL=XINHESHP1> 
PRINT 370,NMESH,XL•LFAC•t.E4,H•LFAC•1.E4 
FORMAT l"ONMESH = ",I5/ 

+ " XL = ",Fl0.4," MICROMETERS."/ 
+ " H = ",F10.4,• MICROMETERS."> 

IF TESTl17l=1• USE ALGORITHM TO DETERMINE DOPING PROFILE. 

IF I TESTl17J .NE. 1 I GOTO 3'30 
READ 15,EPI,PROFEH,PROFINT,PROFCOL 
READ 15,XEFLAT,XEGAUS 
READ 15,XCMIN,XCHAX,ACOLL,BCOLL,CCOLL 
PRINT 385,EPI,PROFEH,PPOFINT,PROFCOL,XfFLAT,XEGAUS, 

+ XCMIN,XCMAX,ACOLL,BCOLL,CCOLL 
FORMAT l"OEPI = •,E10.4," CM••-3."/ 

+ " PROFEH ",E10.4," CH••-3."/ 
+ '" PROFINT ",E10.4,• CH••-3."/ 
+ " PROFCOL ",E10.4," CH••-3."// 
+ • XEFLAT •,F!0.4," MICROMETERS."/ 
+ " XEGAUS ",F10.4,• MICROMETERS."// 
+ '" XCMIN ",Fu.4,• MICROMETERS."/ 
+ " XCMAX ",F10.4,• MICROMETERS."/ 
+ • ACOLL ",F10o4/ 
+ " BCOLL ",F10.4,• MICROMETERS."/ 
+ " CCOLL ",F10.4,• MICROMETERS."/) 



c 

EPI=EPI/NFAC 
PROFEH=PROFEM/NFAC 
PRCFINT=PROFINTINFAC 
PROFCOL=PROFCOL/NFAC 
XEFLAT=XEFLAT/LFAC/1.E4 
XEGAUS=XEGAUS/LFAC/1.E4 
XCMIN=XCMIN/LFAC/1.E4 
XCHAX=XCHAX/LFAC/1.E4 
BCOLL=XCMIN+BCOLL/LFAC/1.E4 
CCOLL=CCOLL/LFAC/1.E4 

C CALCULATE PARABOLIC INTEGRATION COEFFICIENTS. 
390 DO 400 I=2,NHESH 
c 

HS11=0XI I> 
HS12=0X II +ll 
HS13=WS11 "WS11 
HS14=HS11"WS12 
HS15=WS12"WS12 
HI1CI>=IWS13+2."IWS14-WS15ll/24.IWS11 
HI31Il=CWS15+2."(WS14-WS13))/24./WS12 

400 HI21Il=CWS11+WS12)/2.-HI11I>-HI31IJ 
c 
C CALCULATES PARAMETERS FOR SCHOTTKY DIODE. · c 

c 
c 
c 

600 

605 
606 
610 
620 

650 
c 
c 
c 
c 
c 
c 

530 
540 
c 
c c 
c 
c 
800 
c 
c 
c 
c 

IF ( TEST<20) .NE. 2) GOTO 650 
WS1=PROFEH 
WS2=SQRTIWS1"WS1/4.+1.J+ABS(WS1/2.J 
PVN=SIGNIAL0G(WS2l,WS11 
PVN=EGAP/2.-PVN 

APPROXIMATION - PBN=PBO 

PBI=PBO-PVN 
WS70=0. 
I=1 . 
XOPLE=SQRT(2."IPBI-VE+VC-1l/PROFEH> 
EFMAX=PROFEH"XOPLE . 
VIFAC=1./116"3.14159"NFAC"LFAC""3·> 
XH=SQRTIVIFAC/EFMAXJ 
PBL=2."EFMAX"XH 
PBN=PBO-PBL 
WS50=PBN-PVN 
WS60=1PBI-WS50l/WS50 
IF ( ABSCWS601 .LE •• 01 l GOTO 610 
IF ( ABS!WS60) .LE. ABSIWS70l ) PBI=WS50 
IF ( ABS!WS60) .GT. ABSIWS70) .oR. WS60"WS70 .tr. o. 

+ PBI=CPBI+WS50)/2. 
WS70=WS60 
IF ( I .GE. 100 > GOTO 605 
I=I+1 
GOTO- 600 
PR INT 606 
FORMAT 1• """""""""" ERROR IN PB! IS .GT. 1 PER CENT.") 
PRINT 620, PBN"VFAC,PBL"VFAC,XOPLE"LFAC"1.E4,XM"LFAC"1.E4 
FORMAT (" PBN = -,F10.4," VOLTS."! 

+ " PBL = ",F!0.4,• VOLTS."/ 
+ " XOPLE = ",F10.4," MICROMETERS."/ 
+ " XM = ",F10.4," MICROMETERS.") 

CONTINUE 

DETERMINE PROFILE FOR MESH BEING USED. 

CALL PROFILE 

IF TESTl9>=1 9 OUTPUT LINEPRINTER PLOT OF PROFILE. 

IF ( TESTC9> • NE. 1 ) GOTO 800 
WS1=ALOGIABSIEPI/1.E4l> . 
RANGE=IALOGIABSIPROFHAXl>-WS1)/100. 
00 530 I=1,NMESHP1 

IWS1=!ALOGIABSlPROFCil)l-WS1)/RANGE 
IF ( HIS1 .u. 0 J HIS1=0 
CHAR=10H-
IF I PROF CIJ • GT• O. l CHAR= 10H+ 
PP INT 540, I I-11 ,x CI> "LFAC"1.E4, PROF III "NFAC, IW51+3, CHAR 
FORHAT lI4,F9.4,E13.5.=X,A1J 

SET UP INITIAL ESTIMATES. 

T=-3 

CALL INITIAL 
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c 
c 

c 
c 
c c 

850 

c 
c 
c 
1160 
870 
880 

940 

c 
c 
9711 

980 

c 
c 
c 
c 
9911 

c 
c 
1280 

1290 

c c c 
c 
c c c 
1340 
1350 

c 
c 
c 
1700 
c 
c 
c 

c 
c 
c 

SOLVE FOR STEA OY SToHE SOLUTION. 

BETA==1· 
TAU::1.E100 

FORCES STEADY STATE. 

IF TEST(14l=1, OUTPUT INITIAL ESTIHATE. 

IF ( TEST< 14) • NE. 1 ) GOTO 860 
PRINT 850 
FORMAT ("OINITIAL ESTIMATE") 
CALL OUTVALU 

IF TEST(13l=O, CALCJLATE FIXED HESH STEADY STATE VALUES. 

IF I TEST! 13) • NE. 0 l GOTO 990 
PRINT 880,EPSOHAX•VFAC,EPSJAVE•VFAC,EPSJSD•VFAC,OMEGA 
FORMAT ("OEPSOHAX = ",E11.s,1ox,- EPSOAVE :: ",E11.s,1ox, 

+ - EPSOSD :: ",E11.s,1ox,- OHEGA = ",F&.4> 
PRINT 940 
FORMAT ("OHAX. PNJ.•,7x,-oPSIHAX",9x,•opsIAVE",8X,"DPSIS0",8X, 

+ "OHEGA",8X,"NO. OF POS. PNTS."J 

CALL SYSTEMS 

PRINT 970, HIS1 
+FOR~AITl;~~l~~~-7§S~I~l~AR~s~T~J~Ag~N~~~¥~ 0v~E3~~:~f 6' 
T=-2. 
CALL CURRENT 
DO 980 I=1,NHESHP1 

.JNK<Il=JN(Il 

.JPKU>=.JP<Il 
NK<I>==N<I> 
PK (II =P (II 
PSIK<I>=PS!Ul 
UK<Il=UUJ· 

CALL OUTVALU 
T=-1· 
IF I TEST<2l .EQ. 1 .ANO. TESTl3l .NE. 1 ) GOTO 2410 

ONLY FIXED MESH STEADY STATE REQUIRED IF CONTROL GOES TO 2410. 

IF TEST(3)=1, CALCULATE REMESHED STEADY STATE VALUES. 

IF < TEST< 3) • NE. 1 ) GOTO 1340 
T=-1. 
CALL REHESH 
CA LL INITIAL 
PRINT 880,EPSOHAX•VFAC,EPSDAVE•VFAC,EPSDSD•VFAC,OHEGA 
PRINT 940 

CALL SYSTEMS 

PRINT 1280, IWS1 
FORMAT l"OVARIABLE HESH STEADY STATE CONVERGED AFTER", 

+ IS," ITERATIONS.•> 
CALL CURRENT 
DO 1290 I=1,NHESHP1 

.JNKIIl=.JNIIl 

.JPK (II ==JP II l 
NK C II =N< II 
PK!Il=PUI 
PSIK<Il=PSIU> 
UKIIl =U<Il 

CALL OUTVALU 
IF I TEST<2l .EQ. 1 J GOTO 2410 

ONLY VARIABLE MESH STEADY STATE REQUIRED. 

BEGIN TRANSIENT ANALYSIS. 

PRINT 1350 
FORMAT ("OU##") 
BETA=INBETA 
T==O. 
TAU=HTAU 

REST OF PROGRAM IS CALCULATED FOR EACH STEP. 

TAINOEX=TAINDEX+1 

IF TEST(1l=1, USER ~AS INPUT TRANSIENT ANALYSIS TIMES. 

IF I TEST< U • NE. 1 J GOTO 1800 
IF I TAINDEX .GT. NTA ) GOTO 2350 
TAU=TATIMEITAINOEXt 

IF TESTf1l=O, A CON5TANT TAU DETERMINES T~ANSIENT ANALYSIS TIHfS. 
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1800 
1810 

c 
2100 
c 

2110 

2120 

2160 

2180 

c 
c 
2270 
2300 
2310 

c 

c c c 
2320 
2330 
c 
c 
c 
c 
2350 
2400 
c 
2410 
2420 
c 

c c 
c 
c 

T=T+TAU 
VCK=VC 
VEK=VE 
CALL VOLTAGE 

PRINT 2100,TAINDEX,T•TFAC 
FORMAT 1"0"1111" STEP =",I3,4X,"TIME = ",E11.5J 
DO 2110 I=1,NHESHP1 

JNKII>=JNIIJ . 
JPK <I>=JP( I> 
NKIU=NIIJ 
PK I IJ =Pill 
PSIKI I> =PSI I I> 
UK I I> =UI I> 

IPPP1=IPPLUS+1 
INPP1=INPLUS+1 
DO 2120 I=1,IPPLUS 

PSIII>=PSIIIJ+IVE-VEKJ 
00 2160 I=IPPP1,INPLUS 

PSIII>=PSIIIl+((VE-VEK>•IINPLUS-Il+II-IP?P1J•cvc-VCK))/ 
+ UNPLUS-IPPP1) 

00 2180 I=INPP1,NMESHP1 
PSIIIl=PSIIIl+IVC-VCKI 

PRINT 940 

CALL SYSTE11S 

PRINT 2270,IWSl 
FORMAT l"OTRANSIENT STEP CONVERGED AFTE~",I5," ITERATIONS.") 
PRINT 2310,TAINDEX,T•TFAc,vc•vFAc,vE•VFAC,TI1EFAC•POWER,TAU•TFAC 
FORMAT l"OSTEP NUMBER = ",I&,&X,"TIME = ",E11.5,4X,"VC = ", 

+ E11.5,4X,"VE = ",E11.5,4X,"POWER = ",E11.5,4X,"TAU = ",Ell.5) 

CALL CURRENT 
CALL OUTVALU 
CALCULATE STEADY STATE MONITOR POINTS. 

GOTO 2330 
CALL MONITOR 
IF ( T .GE. SSTIHE<SSINDEX> .ANO. SSINOEX .LE. NSS J 

CHECK TO SEE IF PROGRAM IS aONE. 

IF < T .LE. TSTOP J GOTO 1700 

PRINT 21+00 
FORMAT l"OTRANSIENT ANALYSIS IS OVER."> 

PRINT 2420 
FORl1AT l"OSTEP NUMBER -1.") 

ENO 

SU9ROUTINE CARRIER 
PROCEEDURE TO SOLVE CARRIER EQUATIONS. 

GOTO 2320 

CO!-!HON OIVSlJMi. INDEX, INPLUS. INXJCN, IPPLIJS,JCN, IWS1, rws2, !WS3, 
+ IWS1+,LOC,HLSHIN,NHESH,N~ESHP1,NSS,NTA,NTV,SSINOEX,T~INDEX, 
+ TVIWlEY,TEsrno>,IXT, 
+ 6DSCOEF,AREA,OETA,DPSIAVE.DPSI~AX,DPSISD,DOTTY,EPHOTON, 
+ EPI.~?SOAVE,EPSDHAX,EPSDSO,ESATlETRAP,G,Y,YT,HTAU,HVC, 
+ HVE,INBETA,JOISP,JEST,JFAC,JRES 5,JTOT,LA~RnA,LFAC,1FAC, 
+ NFAC,OHEGA,PF,PDWER,PROFCOL,PROFEM,PROFTNT,PROFMAX,QNTHEFF, 
+ QTTYSUM,RLOAQ,T,TAU,TFAC,TIHEFAC,TPEAK,T~ISE,TRN,TRP, 
+ TSTOP,UFAC,vc.vc~.vcss,vE,VEK,VESS,VFAC.VDLUHE,vsATN, 
+ VSATP,XL,XO,ACOLL,8COLL,CCOLL,XCHAX,XCHIN,XEFLAT,XEGAUS, 
+ XOPLE,PSINT,PBO,PBN,PIT,PH,PEA,PBL,EGAP,?IHGS,EFHAX,XH,PBI, 
+ PVN,XIMG,VIFAC,NA, 
+ CVOLTS(20l,QFSPLl4l,OFSPH(4J,OXl2011,EVOLTS<20>,HNl201l, 
+ HP1201J,HPSI(201l,INPROF(201l,INPROFG!201l,INXl201), 
+ JNl201),JNKl201),JPl201),JPKl201l,MI11201l,HI21201), 
+ HI31201l,MNl201ltMP(2011,PROF1201),PROFG<201),SP(4), 
+ SSTIMEl201,TATIMEl100),TVTIHE(20l,Ul201l,UK(201),Xl2D1), 
+ PAVl2011,PIHG(201l, 
+ NI 2011, NK I 2 0 U, PI 20 1 l , PK ( 20 1l , PSI ( 2 0 U , PSIK I 201>, PS IOLD ( 201J 

INTEGER OIVSUH,INOEX,INPLU5,INXJCN,IPPLUS,JCN,IHS1,IWS2,IWS3, 
+ IWS4,LOC,MESHIN,NHESH,NHESHP1,NSS,NTA,NTV,SSINDEX,TAINDEX, 
+ TVINDEX,TfST,IXT 

REAL ABSCOEF,AREA,BETA,OPSIAVE,DPSIHAX,OPSISO,OQTTV,EPYOTON, 
+ EPI,EPSOAVE,EPSOHAX,EPSOSD,ESAT,ETRAP,G,H,HT,HfAU,HVC, 
+ HVE,INBETA,JDISP,JEST JFAC,JRESIS,JTOT,LAHBOA,LFAC,HFAC, 
+ NFAC,OMEGA.PF,POWER,P~OFCOL,PROFEM,PROFINT,PROFHAX,QNTHEFF, 
+ QTTYSUH,RLOAQ,T,TAU,TFAC,TIHEFAC,TPEAK,TRISE,TRN,TRP, 
+ TSTOP,UFAc,vc.vcK,vcss,vE.VE(,VESS,VFAC,VOLUHE,VSATN, 
+ VSATP,XL,X0 1XDPLE,PSINT,PBO,PBN,PIT,PH,PEA,PBL,EGAP,PIHGS, 
+ EFHAX,XH,PB!,PVN,XIHG,VIFAC,HT1,NA 
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c 

10 
20 

30 
c 
c c 
40 

c 
c 
c 
50 

100 
c c c 

120 

130 

c 
c c 

150 

REAL CVOLTS,OFSPL,OFSPH,OX,EVOLTS,HN,HP,HPSI,INPROF,INPROFG, 
+ INX,JN%JNK,JP,JP~,HI1,HI2,HI3~HN,MP,PROF,PROFG,SP,SSTIHE, 
+ TATIHt,TVTIHE,U,UK,X,PAViPIHG 

DOUBLE N9 NK,P,PK 9 PSI,PSIK,PS OLD . 

DOUBLE PRECISION ANl2011,BN12ll1l ,CNl2ll1l ,nNl2011,APl201) ,8P(201l, 
+ CPl201J,OP(201J,H1,M2,H3,ws1,ws2,ws3,WS4,WS5,WS6,WS7,WS8,WS9, 
+ ws10,ws11 

DO 100 I=2 7 N1'1ESH 
H1='1I11IJ 
H2=MI2 ( 1) 
M3=MI311) 
WS1=0XIIJ 
WC:2=0X CI+1) 
WS3=PSI!Il-PSI(I-1l 
WS4=PSIII+1J-PSICI) 
WS5=0EXPCWS3) 
WS6=DEXP(WS4J 
IF ( DABS IWS3> .GT. t.E-7 J GOTO 10 
WS7=-2./(2.+WS3•(1.+HS3•11.13.00+HS3/12.JJJl2./WS1 
GOTO 20 
WS7=WS3/(1.-WS5)/2./WS1 
IF ( DABSOIS4J .GT. 1.E-7 J GOTO 30 
WS8=-2./(2.+WS4•(1.+HS4•11.13.00+WS411Z·llJl2.IHS2 
GOTO 40 
HS8=HS4/11.-WS6Jl2./WS2 

SET UP THE N TRIDIAGONAL MATRIX. 

HS9=CMN(!J+MNII-1J)•HS7 
WS10=CMNII+1l+MN(I)J•wss 
WS11=1./BETA/TAU 
ANCil=WS9•WS5+H1•ws11 
BNIIl=-WS9-WS10•WS6+M2•ws11 
CN<Il=WS10+H3•ws11 
DNIIl=H1•c-u11-1>+NKII-11•ws111+H2•1-utI>+NKII>•ws11J+ 

+ H3•!-Ul!+ll+NKII+1J•WS11) 
IF I BETA .C:Q. 1. I GOTO 50 
ONIIl=ONII}+(1.-BETAJ/8ETA•l-JNII+1l+JNCIJ-H1•~K(I-1J-

+ H2•UKCil-H3•UKCI+1JJ 

SET UP THE P TRIDIAGONAL MATRIX. 

WS9=tHPIIl+HPtI-1l)•WS7 
WS10=1HP(I+1)+HPIIIJ•wsa 
AP!Il=-WS9-H1•ws11 
BP<I>=wsg•wss+ws10-H2•ws11 
CP<I>=-ws1o•ws&-H3•ws11 
OP(Il=M1•cu<I-1l-PK<I-1J•ws111 + H2•(U(Il-PK<IPWS11l + 

+ M3•{U(I+1l-PK(l+1)•WS11l 
IF ( BETA .EQ. 1. J GOTO 100 
OP<Il=OPIIJ+(1.-BETAl/BETA•(-(JP(I+1J-JP(Ill+H1•UK(I-1l+ 

+ H2•UK<Il+H3•UK!I+1J) 
CONTINUE 

SOLVE THE N TRIDIAGONAL MATRIX. 

CNl2>=CN(2l/BNl2l 
ONl2l=<DNC2J-AN(2J•N(1}J/BNl2) 

DO ~~~=~N~lr~i~~I>•CN<I-1> 
CNCI>=CN(Il/WS1 
ONCIJ=(ON<IJ-AN<I>•DN(I-1JJ/WS1 

I=N!1ESH 
N<I>=ONIIl-CN!Il•N(I+ll 
I =I-1 
IF I I .GE. 2 > GOTO 130 

SOLVE THE P TRIDIAGONAL MATRIX. 

APINMESHl=APINHESHllBPINHES~J 
DPIN~ESHJ=IOP(N!1ESHl-CPINHESHl•P(NHESH+1))/BP(NHESHl 
I=NHESH-1 

WS1=BPIIl-CPIIJ•APII+1) 
AP(Il=AP(IJ/WS1 
OPCil=CDPIIl-CP<Il•DPII+1ll/WS1 
I=I-1 
IF < I .GE. 2 l GOTO 150 

DO 170 1=2,NMESH 
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c c 
c 
c 

c 

10 

20 
30 
40 

c c 
c 
c 

SUBROUTINE CURRENT 
CALCULATES PARTICLE CUR~ENTS JN AND JP ACcoqoING TO EQUATION s.11. 

COMMON OIVSUM,INOEX,INPLUS,INXJCN,!PPLUS,JCN,!WS1,I~S2,IWS3, 
+ IWS4,LOC,HESHIN,NMES~,NHESHP1,NSS 1 NTA,NTV,SSINDEX,TAINDEX, 
.. TVINOEX,TEST!301,Ixr, 
+ ABSCOEF,AREA,3ETA,OPSIAVE,DPSI~AX,OPSISO,QQTTY,EPHOTON, 
+ EPI,EPSOAVE,EPSDHAX,~PS~S~,ESAT,ETRAP,G,H,HT,HTAU,HVC, 
+ HVE,INBETA,JOISP,JEST,JFAC,JRESIS,JTOT,LA~BOA,LFAC,HFAC, 
+ NFAC,OHEGA,PF,POWER,PROFCOL,PROFEH,PROFINT,PROFMAX,QNTMEFF, 
+ QTTYSUH,RLOAD,J,TAU,TFAC,TIMEFAC,TPEAK,TRISE,T~N,TRP, 

: ~§I~~:~r~~~~~c~t~:~g5[t~Ec~r~:~~~~x~~~~f~~i~~tA¥~~~~!us. 
+ XDPLE,PSINT,PBO,PBN,PIT,PM,PEA,PBL,EGAP,PIHGS,EFMAX,XM,PBI, 
+ PVN,XIHG,VIFAC,NA, 
+ CVOLTSl201,DFSPL!4),0FSPH!4),DX120111EVOLTSl20)~HNl201J, 
+ HP(201),HPSil201l,INPROF!201l,INPROFG(201l,INXU:ou. 
+ JN!201J,JNK!201),JPl201),JPK!2011,HI1!201),HI21201), 
+ HI312011,HNl201),MPl2011,PROF!201),PROFG!201J,SP(4), 
+ SSTIHE<20>,TATIHE!100>,TVTIHE(20),U(201),UK!201l,Xl2D1J, 
+ PAVC201l,PIHG!201l, 
+ N!201J,NKl201J,P!201l,PK!201l,PSI!201),P5IK!2011,PSIOL0!201> 

INTEGER DIVSUH,INDEX,INPLUS,INXJCN,IPPLUS,JCN,IWS1,IWS2,IWS3 9 
+ IHS4,LOC,HESHIN,NMESH,NHESHP1,NSS,NTA 1 NTV,SSINDEX 0 TAINOEX 1 
+ TVINOEX,TEST,IXT 

REAL ABSCOEF,AREA,BETA,DPSIAVE,OPSIHAX,OPSISO,OQTTY,EPHOTON, 
+ EPI,EPSOAVE,EPSDHAX,EPSDSO,ESAT,ETRAP,G,H,HT,HTAU,HVC, 
+ HVE,INBETA,JOISP,JEST,JFA~,JRESIS,JTOT~LAMBOA,LFAC,MFAC, 
+ N~AC,OHEGA,PF,POWER,PROFCOL,PROFEH,PRO~INT,PROFMAX,QNTMEFF, 
+ QTTYSUM,RLOAO,T,TAU,TFAC,TIHEFAC,TPEAK,TRISE,TRN,TRP, 
+ TSTOP,UFAc,vc,vcK,VCSS,VE,vEK.VESS,VFAC,VOLUME,VSATN, 
+ VSATP,XL,XO,XOPLE,PSINTtPBO,P8N,PIT,PH,PEA,PBL,EGAP,PIHGS 0 
+ EFMAXTXM,PBI,PVN,XIHG,V1FAC,HTl,NA 

REAL CVOL s,oFSPL,OFSPH,OX,EVOLTS,HN,HP,HPSI.INPROF,INPROFG, 
+ INX,JN,JNK,JP,JPKtHI1,~I2,HI3 1 MN,HP,PROF,PROFG,SP,SSTIHE, 
+ TATIHE,TVTIHE,U UK,X,PAV PIHb 

DOUBLE N,NK,P,PK,Psi,PSIK,PSloLo . ... . 

DOUBLE PRECISION ws1,ws2.ws3,WS4 
NHE SHP 1=NHESH+ 1 
DO 40 I=2,NMESHP1 

WSl=PSI<I>-PSI<I-1) 
WS3=0£XP I WS 1l 
IF ( DABSIWSU .GE. 1.E-3 J GOTO 20 
WS2=-2./(2.+WS1l/DXCII 
GO TO 30 
HS2=WS1/(1.-WS3l/OX<Il 
JN(I)=(HN<Il+HN!I-1))/2.•wsz•(N(!)-N(I-1l•ws3) 
JP(Il=(MP(Il+HP(l-1))/2.•wsz•(P(l-1)-P(IJ•Hs3> 

JN!U=JN(2) 
JPl1l=JPl2J 
RETURN 
END 

suqROUTINE INITIAL 
SET UP INITIAL GUESS FOR PSI ANO CARRIERS. 

COHHON DIVSUM,INOEX, INPLUS,INXJCN,IPPLUS,JCN,IWS1,IWS2,IWS3, 
+ IWS4,LOC,HESHIN,NHESH,NHESHP1,NSS,NTA,NTV,SSINDEX,TAINOEX, 
+ TVINDEX,TESTC3Ql,IXT, 
+ A9SCOEF,AREA,3ETA,DPSIAVE,OPSIHA~,OPSISO,OQTTY,EPHOTON, 
+ EPI,EPSOAVE,EPSOHAX,~PSDSD,ESAT,ETRAP,G,H,HT,HTAU,HVC, 
+ HVE,INBETA,JOISP,JEST,JFAC,JRESIS,JTOT,LA~BOA,LFAC,HFAC, 
+ NFAC,OMEGA,PF,POWER,PROFCOL,PROFEM,P~OFINT,PROFHAX,QNTMEFF, 
+ QTTYSUM,RLOAO,T,TAU,TFAC,TIHEFAC,TPEAK,TRISf,TRN,TRP, 
+ TSTOP,UFAC,vc.vcK,VCSs,vE,VEK,VESS,VFAC,VOLUME,VSATN, 
+ VSATP,XL,XO,ACOLL,BCOLL,CCOLL,XCMAX,XCMIN,XEFLAT,XEGAUS, 
+ XDPLE,PSINT,P90,PBN,PIT,PH,PEA,P9l,EGAP,PIHGS,EFHAX,XM,PBI, 
+ PVN,XIHG,VIFAC,NA, 
+ CVOLTS(20l,QFSPLC41,~FSPHl4l,OX!201l,EVOLTS!20l,HN(201J, 
+ HP!201l,HPSI!2011,INPROFC2011,INPROF~(201l,INX(201l, 
+ JN(2011,JNKl201),JP!2011,JPKC201l,HI1(2011,H!2!201), 
+ HI3(2011,HN12011 9 MPC201l,PROF(2011,PROFG(201),SPl41, 
+ SSTIHEl20l,TATIHEllOOl,TVTIHE120l,Ul201l,~Kl2011,X<~D11, 
+ PAV12011,PIHG12011, 
+ Nl2011,NK!2011,PC2011,PK(2011,PSIC2011,PSIK<201l,PSIOL0(2011 
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c 
c 
c 
c 
c 

10 

12 
c 
c 
c 

c 
21 . 

22 
23 

c 
c 
c 
30 

40 
50 
70 
c 

160 

170 

190 

INTEGER DIVSUH,INDEX,INPLUS,INXJCN,IPPLUS,JCN,IHS1,IHS2,IWS3, 
+ IWS4,LOC,HESHIN,NHESH,NHESHP1,NSS,NTA,NTV,SSINOEX,TAINOEX, 
+ TVINDEX,TEST,IXT 

REAL ABSCOFF,AREA,BETA,OPSIAVE,OPSIHAX,DPSISn,oQTTY,EPHOTON, 
+ EPI,EPSOAVE,EPSDHAX,EPSOSD,ESAT,ETRAP,G,H,HT,HTAU,HVC, 
+ HVE,INBETA,JOISP,JEST,JFAC,JRESIS,JTOT,LA~9DA,LFAC,HFAC, 
+ NFAC,OHEGA,PF,POWER,PROFCOL,PROFEM,PROFINT,PROFHAX,QNTHEFF, 
+ QTTYSUH,RLOAD,T,TAU,TFAC,TIMEFAC,TPEAK,TRISE,TRN,TRP, 
+ TSTOP,UFAc,vc.vcK,VCSS,VE,VEK,VESS,VFAC,VOLUHE,vsATN, 
+ VSATP,XL,X01XDPLE,PSINT,PBO,PBN,PIT,PM,PEA,PBL,EGAP,PIHGS, 
+ EFHAX,XH,PB1,PVN,XIMG,VIFAC,HTl,NA 

REAL CVOLTS,DFSPL,OFSPH,QX,EVOLTS,HN,HP,HPS!,INPROF,INPROFG, 
+ INX,JN,JNK,JP,JPK,HI1,~I2,HI3,HN,HP,PROF,PROFG,SP,SSTIHE, 
+ TATIHE,TVTIHE,UiUK,X,PAV'!.PIHG . _ _ ... 

DOUBLE N,NK,P,PK,PS ,PSIK,PS!OLO 
DOUBLE PVNl 
DOUBLE PRECISION WS10 

REAL Al201l,B12D1l,Cl201l,J1201> 

IF I TESTl20) .EQ. 2 > GOTO 570 

IF TESTl101=1,. INITIAL GUESS IS READ FROM CARDS. 

IF ( TESTl10J .EQ. 0 > GOTO 30 
READ 10, HIS! 
FORMAT II8,4IE18.10)) 
IWS1P1=IWS1+1 
00 12 I=!, IWS1P1 

READ 10 1 IWS2!0(!),A(!),91I>,CII) 
DCI)=O(l) /LFAC/1.E4 
AIIJ=ALCGIAIIl/NFAC> 
BIIl=ALOGIBIIJ/NFACJ 
CUl=CIIJ/VFAC 

IMPOSE BOUNDARY CONDITIONS. 

PSil1l=SIGNIALOGIABSIPROF(1)/2.>+SQRTIPROFC1l~PROFC1ll4.-1.)J, 
+ PROF(ll) 

Nlll=OEXPIPS!(l)) 
Pl11=1./N(1) 
PSI(1>=VE+PSI<1l 
NHESHP1= NHfS H+ 1 
PSI(NMESHP1l=SIGN<ALOGIABS!PROF(NMfSHP1112.l+ 

+ SQRTIPROFINMESHP1J•PROF(NHESHP1114.-1.ll,PROF!NHESHP1l) 
N!NMESHP1l=OEXP(PSIINHESHP1ll 
P(NHESHP1l=1./NCNMESHP1l 
PSIINMESHP1l=VC+PSI(NMESHP1> 

I=J=1 
I=I+1 

GOTO 23 
J=J+1 
IF < O!Jl .LT. XIII l GOTO 22 
FRAC=<X<IJ-DIJ-11J/(0(Jl-DCJ-1)) 
NIIl=EXP(A(J-1l+FRAC•(ACJl-A!J-1llJ 
Plll=EXP<BIJ-1l+FRAC•(BIJJ-B(J-1))) 
PSIIIl=CCJ-1l+FRAC•ICCJl-CCJ-1JJ 
IF C I • LE. NMESH I GOTO 21 

GOTO 600 

IF TESTl10l=0 9 AN ALGORITHM DETERMINES INITIAL GUESS. 

IPPP1=IPPLUS+1 
INPP1=INPLUS+1 
NHES1-1Pl=NHESH+1 
DO 70 I=11NMESHP1 

HS1=PRUF (I> 
IF I ABSIWS1> .LE. 2D l GOTO 4D 
WS2=ABSIWS1l + ABSl1.IWS1> 
GOTO 50 
WS2=SQRT<ws1•ws114.+1.>+ABS<ws112.1 
PSIC I l =SIGN ( ALOG <WS2) , WSU 
CONTINUE 

N{ll=DEXPIPSIC1JJ 
Pl11=1./N(1l 
NINHESH+1l=OEXPCPSIINMESH+1l> 
PINHESH+11=1./NCNHESH+1J 
JCNP1=JCN+1 
DO 160 I=2,JCNP1 

P<I>=-PROFII> 
NCil=1./P{I) 

JC NP2 =JC N+ 2 
DO 170 I=JCNP2,NHESH 

N<Il=PROF<Il 
P<Il=1./NCII 

00 190 l=1,IPPP1 
PSI<IJ=PSIIIl+VE 

DO 200 I=INPP1,NHE5HP1 
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200 
c 

560 
c 
c c 
c 
570 

560 
c 

c 
c 

PSIIIl=PSHIJ+VC 

W51=CPSICINPP1>-PSIIIPPP1))/CXIINPP1l-XIIPPP11) 
WS2=PSI <IPPP1J 
DO 560 I=IPPP1,INPP1 

PSICil=WS2+WS1•(XIIl-XCIPPP1)) 

SET UP INITIAL ESTIMATES ANO BOUNDARY CONDITIONS FOR SCHOTTKY. 

IF I TESTl20l .NE. 2 ) GOTO 600 
XIMG=VIFAC/PIMGS 
NHESHP1=NMESH+1 
DO 580 I=1,NMESHP1 
IF I X <IJ .LT. XIHG J PIMGC Il =PIHGS+PBL 
IF C XCII .GE. XING) PIMGIIJ=VIFAC/XIIJ 
IF ( XCIJ .LT. XDPL::) PAVCIJ=EFMAX•xcrJ-P~OFEM•X!Il''X(IJ/2. 
IF ( XCII .GE. X'JPLE J PAVIIl=PROFEH .. XOPLE•XDPLE/2. 
PSIIIJ=EGAP/2.+PAVIIl+PIMGIIJ-PBN-PBL 
NC IJ =PRCFEH 
PCI>=1./NCil 
CONTINUE 

NC11=NA 
P111=1./Nl11 
NINHESHP1J=OEXPCPSIINMESHP11-VC+VE) 
PINHESHP1J=1./NINHESHP1> 

600 CALL HOBREC c 
C INITIAL GUESS NOW ESTABLISHED. 
c 

c 
c 
c 
c 

c 
c 
c 

c 
1 

2 c 

3 

4 

RETURN 
ENO 

SUBROUTINE MOBREC 
CALCULATES CARRIER MOBILITIES ANO RECOMBINATION COEFFICIENTS. 

COMMON DIVSUM,INOEX,INPLUS,INXJCN,IPPLUS,JCN,IWS1,IWS2,IWS3, 
+ Iws~.LOC,MESHIN,NHES~.NMESHP1,NSS.NTA,NTV,SSINDEX,TAINO~X. 
+ TVINOEX, TESH30} ,rxT, 
+ ABSCOEF,AREA,BETA,DPSIAVE,OPSIMAX,DPSISO,DQTTY,EPHOTON, 
+ EPI,EPSDAVE,EPSDHAX,~PSOSQ,ESAT,ETRAP,G,H,HT,~TAU,HVC, 
+ HVE,INBETA,JDISP,JEST,JFAC,JRESIS,JTOT,LA~BDA,LFAC,HFAC, 
+ NFAC,OMEGA,PF,POWER,PROFCOL,PROFEM,PROFINT,PROFMAX,QNTHEFF, 
+ QTTYSUM,RLOAD,T,TAU,TFAC,TIMEFAC,TPEAK,TRISE,TRN,TRP, 
+ TSTOP,UFAc,vc.vc<.vcss,vE.VEK,VESS,VFAC,VOLUHE,VSATN, 
+ VSATP,XL,XO,ACOLL,8COLL,CCOLL,XC~AX,XCMIN,XFFLAT,XEGAUS, 
+ XDPLE,PSINT,PBO,PBN,PIT,PM,PEA,PBL,EGAP,PIMGS,EFHAX,XH,PBI, 
+ PVN,XIHG,V!FAC,NA, 
+ CVOLTSl20),DFSPL141,DFSPHC4J,DX1201l,EVOLTSC201,HN<2011 0 
+ HP(201l,HPSil201l 9 INPROF(201l,INPROFG(201l,INXl2011 0 
+ JNC201l,JNK(201l,JPC2011,JPKl201l,HI11201l,MI2<201}, 
+ HI31201J,MN(201J,HP(201l,PROF(2011,PROFG(201l,SP(4), 
+ SSTIME(201,TATIME(100l,TVTIME!20J,U!201l,UKl201l,X(201Jo 
+ PAVl201l 0 PIMGl2011, 
+ N<201l,NK!201l,P(201l,PK(201l,PSI1201l,PSIK12011,PSIOLOl201) 

INTEGER DIVSUM,INOEX,INPLUS,INXJCN,IPPLUS,JCN,IHS1,IHS2,IWS3, 
+ IWS4,LOC,HESHIN 1 NMESH,NMESHP1,NSS,NTA,NTV,SSINDEX,TAINOEX, 
+ TVINDEX,TEST,IXT 

REAL ABSCOEF,AREA,BETA,DPSIAVE,OPSIMAX,DPSISD,OOTTY,EPHOTON, 
+ EPI,EPSDAVE,EPSOHAX,EPSDSD,ESAT,ETRAP,G,H,HT,HTAU,HVC, 
+ HVE,INBETA,JOISP,JEST,JFAC,JRESIS,JTOT,LA~BOA,LFAC,MFAC, . 
+ NFAC,OMEGA,PF,POWER,PROFCOL,P~OFEH,PROFINT,PROFMAX,QNTHEFF, 
+ QTTYSUH,RLOAO,T,TAU,fFAC,TIMEFAC,TPEAK,T~ISE,TRN,TRP, 
+ 0 TSTOP,UFAc,vc.vc<.vcss.vE,VEK,VESS,VFAC,VOLUME,VSATN, 
+ VSATP,XL,XO,XDPLE,PSINT,PBO,P8N,PIT,PM,P~A,PBL,EGAP,PIMGS, 
+ EFMAX,XH,P9I,PVN,XIHG,VIFAC,HT1,NA 

REAL CVOLTS,DFSPL,DFSPH,DX,EVOLTS,HN,HP,HPSI,INPROF,INPROFG, 
+ INX,JN,JNK9 JP,JPK,HI1,MI2,HI3,HN,MP,PROF,PROFG,SP,SSTIME, 
+ TATIHE,TVTIHE,u.uK,X.PAV~PIHG 

DOUBLE N,NK,P,PK,PSI,PSIK,PS10LO - . - · 

CALCULATE MOBILITIES. 

IF ( TESTl22) .NE. 0 > GOTO 1 
HS3=480./HFAC 
HS4= 13 50. /HFAC 

IF < TESTl22l • NE. 1 GOTO 2 
WS3=1900./HFAC 
WS~=3900./HFAC 
CONTINUE 

00 170 I=1,N~ESHP1 
IF I TESTl22) .NE. O > GOTO 3 

WS1=2.4482E21/DLOGC1.+1.4069~E20/CIN!Il+P<I>l .. NFACJJfHFAC 
IF I TEST!22l .NE. 1 I GOTO 4 

HS1=4.3893E21/DLOGl1.+2.522~&E20f((NIIl+PII>l"'NFACl1/HFAC 
CONTINUE 
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10 

20 
30 

110 

120 
130 

140 
150 

170 
c 
c 
c 

c 
c c 

c 
c 
c 
180 

c 
c c 
190 

195 

200 

c c 

WS2=WS1/((PROFG!Il +P!Il"0.51"NFACI 
WS1=WS1/!PROFG!Il"NFACI 
WS5=WS3/WS1 
WS6=WS4/WS2 
IF ( WS 5 • GT. • 0 8 l G 0 T 0 10 
WS5=!13.99•WS5-3.4321•WS5+1. 
GO TO 30 
IF ( WS5 .GE. 3.8 I GOTO 20 
WS5=!!31.06"WS5+45.221"WS5+14.16)/((36.•ws5+76.34l"WS5+15.72J 
GO TO 30 
WS5=(2.137/WS5-1o4421/WS5+1. 
IF! WS6 .GT •• 08 l GO TO 110 
WS6=!13.99"WS6-3.432l"WS6+1. 
GO TO 130 . 
IF! WS6 .GE. 3.8 l GO TO 120 
WS6=!(31.06"WS6+45.22l"WS6•14.16}/((36.•ws6+76.34l"WS6+15.72) 
GO TO 130 
WS6=(2.137/WS6-1.442l/WS6+1. 
MP!Il=WS5"!WS1"WS31/!WS1+WS3l 
MN!Il=WS6"!WS2"WS41/(WS2+WS4l 
IF ( I .NE. 1 l GOTO 140 
WS1=WS2=DABS(!PSI<2>-PSI(1}1/( X<2l-X!1ll"VFACILFACI 
GOTO 150 
WS1 =WS2=DA BS ( !PSI(! I -PS If I-1> )/ ( X (I I -X <I-1> P·VF AC/L FA Cl 
IF ( WS1 .LT. 1. I GOTO 170 
MN!Il=VSATN/MFAC/WS1"TANHCHN!Il"MFAC"WS1/VSATNJ 
MP!Il=VSATP/HFAC/WS1•TAN~!HP!Il"HFAC"WS1/VSATPI 
CONTINUE 

CALCULATE RECOMBINATION COEFFICIENTS. 

WS2=T 
IF ( T .LT. O. >. T=O. 

EXPONENTIAL INPUT PULSE. 

IF ( TEST< 21+1 • NE. 0 l GOTO 180 
TIMEFAC=!T/TRISEl~•2.•EXP!(1.-T•T/TRISE/TRISEl/2.l 

RECTANGULAR INPUT PULSE. 

IF ( TEST<241 .NE. U GOTO 190 
IF ( T .LT. TPEAK I TI~EFAC=T/TPEAK 
IF ( T .GE. TPEAK I TlltEFAC=1.0 

SINUSOIDAL INPUT. 

IF! TEST<24).·.NE. 2 l GOTO 195 
TIHEFAC=SIN!3.14159/2.0ITPEAK"TI 
CONTINUE 
WS1=G•TIHEFAC 
00 200 1=2,NMESH 

U!I>=<NfI>"P!I>-1.J/(TRP•(N(Il+ETRAPl+TRN"(P(ll+1./ETRAPJl-
+ HS1"EXPl-Xfil/ABSCOEFl 

T=HS2 
RETURN 
ENO 

SUBROUTINE HCNITOR 
C COMPUTE STEADY-STATE SOLUTION AT TIME MONITOR POUNTS. 
c 

COMMON OIVSUM,INDEX,INPLUS,INXJCN,IPPLUS,JGN,IWS1 1 IWS2,IHS3, 
+ IWS4,LOC,MESHIN,NHESH,NHESHP1,NSS,NTA,NTV.sSINuEX,TAINOEX, 
+ TVINOEX,TEST<30l,IXT, 
+ ABSCOEF,AREA,BETA,OPSIAVE,OPSI~AX.OPSiso,oQTTY,EPHOTON, 
+ EPI,EPSDAVE,EPSOMAX,EPSDSD,ESAT,ETRAP,G,Y,HT,HTAU,HVC, 
+ HVE,INBETA,JDISP,JEST,JFAC,JRESIS,JTOT,LA~BOA,LFAC,HFAC, 
+ NFAC,OMEGA,PF,POWER,PROFCOL,PROFEM,PROFINT,PROFMAX,QNTHEFF, 
+ QTTYSUM,RLOAO,T,TAU,TFAC,TIHEFAC,TPEAK,TRISE,TRN,TRP, 
+ TSTOP,UFAc,vc,vc<,VCSS,VE.VEK.VESS,VFAC,VOLUMEtVSATN, 
+ VSATP,XL,XO,ACOLL,BCOLL,CCOLL,XCMAX,XCMIN,XEFLAT,XEGAUS, 
+ XOPLE,PSINT,PBO,PBN,PIT,PM,PEA,PBL,EGAP,PIMGS,EFMAX,XH,PBI, 
+ PVN,XIMG,VIFAC,NA, · 
+ CVOLTS(201,0FSPL(4),0FSPHC4J,DX(201l,EVOLTS(20),~N(2011 0 
+ HP ( 20 11 , HPS I! 20 1l, !NPROF ( 20 11 , I NPROFG ( 2 0 1), INX ( 20 1 l , 
+ JN(201),JNK(201l 9 JP(2011,JPK(201l,H!1(20tl,HI2!201l, 
+ HI3(201l,HN(201l,HP(201l,PROFl201l,PROFG(2011,SP(4), 
+ SSTIME!20l,TATIHE1100l,TVTIHEC20l,Ul201l,UKC201l,X(201l, 
+ PAV(201l,PIHG<201l, 
+ N(201l,NK(201l,P(201),PKl201),PSil201),psrK<201l,PSIOL0(201) 

INTEGER DIVSUH,INDEX,INPLUS,INXJCN,IPPLUS,J~N,IWS1,IWS2,IWS3, 
+ IWS4,~0C,MESHIN,NHES~,NHESHP1,NSStNTA,NTV,SSINOEX,TAINOEX, 
+ TVINOEX,TEST,IXT 
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c 

100 

140 

160 

200 

220 

240 

260 
c 
c 

REAL ABSCOEF,AREA,BETA,DPSIAVE,DPSIHAX,OPSISD,DQTTY1EPHOTON1 
+ EPI,EPSOAVE,EPSOMAX,EPSOSO,ESAT,ETRAP,G,H,HT,HTAU,HVC, 
+ HVE,INBETA,JDISP,JEST 1 JFAC,JRESIS,JTOT,LAMBOA,LFAC 1HFAC, 
+ NFAC,OHEGA,PF,POWERoPKOFCOL,PROFEH,PROFINT 0 PROFHAX,QNTHEFF 1 
+ QTTYSUM,RLOAO,T,TAU,TFAC,TIMEFAC,TPEAK,TRISE 9 TRN,TRP, 
+ TSTOP,UFAC,VC,VCK.VCSS,VE,VEK,VESS,VFAC,VOLUME,VSATN, 
+ VSATP,XL,X01XOPLE,PSINTtPBO,PBN,PIT,PH,PEA,PBLtEGAP,PIHGS, 
+ EFMAX,XM,PB!,PVN,XI~G,V!FAC,HT1,NA 

REAL CVOLTS,OFSPL,OFSPH,OX,EVOLTS,HN,HP,HPSI,INPROF,INPROFG, 
+ INX,JN,JNK,JP,JPK,MI1,HI2,MI3,HN,MP,PROF,PROFG,SP,SSTIHE, 
+ TATIME,TVTIHE,U,UK X,PAV PIMG 

DOUBLE N,NK,P,PK,PSI,PSIK 1 PSIOLO 

BETA=t. 
HT=T 
HVC=VC 
HVE=VE 
T AU=1. E100 
NMESHP1=NMESH+1 
DO 100 I=1lNMESHP1 

HPIIJ=P( l 
HN(Il=N(IJ 
HPSI (I> =PSH IJ 

T=SSTIMECSSINOEXl 
PRINT 140,SSINOEX,T1 TFAC 
FORMAT <·oMONITOR POINT•,r3,5x,·rIME = ",E11.5) 
CALL VOLTAGE 
SSINOEX=SSINOEX+t. 
I PPP1= IPPLUS+t 
00 180 I=1,IPPP1 

PS!(!J=PSI!Il+(VE-HVEJ 
IPPP2=IPPLUS+2 
JCNPt=JCN+1 
DO 200 I=IPPP2,JCNP1 

PSI<IJ=PSilll+(VE-HVEl 1 (JCN-I+1J/(JCN-IPPLUSJ 
JCNP2=JCN+2 
DO 220 I=JCNP2,INPLUS 

PSI(Il=PSI<Il+IVC-HVCl'<I-1-JCm/tNHESH-JCNJ 
INPP1=INPLUS+1 
DO 240 I=INPP1,NMESHP1 

PSI(Il=PSIII>+<VC-HVCl 
PRINT 260 
FORMAT ("OH.PT",7X,"OPSIMAX•,9x,•opsIAVE"t8X,"DPSISO") 

CALL SYSTEMS 

PRINT 270,IWS1 
270 FORHAT (•QMONITOR POINT CONVERGED AFTER•,rs,• ITE~ATIONS') 

CALL CURRENT 
ws 1= 0. 

c 
C INTEGRATE FOR COLLECTOR ?-CHARGE. 
c 

JCNP2=JCN+2 
00 310 I=JCNP2,NMESHP1 

310 WS1=WS1+CP<I-11+P<I>l 1 (X(l)-X(I-11l 
PRINT 390,T 1 TFAC,WS1 1 NFAC•LFAC•1.6022E-19 

390 FORMAT ("OHONITOR STEADY-STATE AT TIME = -,E11.s,sx, 
+ "N-REGION P-CHARGE =",Eli.~ 

CALL OUTVALU 
BETA=INBETA 
T=HT 
T AU=HT AU 
VC=HVC 
VE=HVE 
00 490 I=1,NHESHP1 

PII>=HP(IJ 
NCil=HN(!) 

490 PSICil=HPSI!II 
PRINT 590,T'TFAC,VE'VFAC,vc•VFAC,JN(JCN>•JFAC 

590 FORMAT ("OHONITOR TIME = ",E10.4,4X,"VE = ",E10.4,4x,·vc = -. 

c 
c 
c 
c 
c 

+ E10.4,4X,"JN(JCNI = ",E10.4) 
RETUP.N 
ENO 

SUBROUTINE OUTVALU 
OUTPUT VALUES OF ALL VARIABLES· DIFFERENT OUTPUT FOR STEADY-STATE 
CALCULATIONS AND TRANSIENT CALCULATIONS. 

COMMON OIVSUM,INDEX, INPLUS,INXJCN,IPPLUS,JCN,!WS1,IWS2,IWS3, -
+ IWS4 1 LOC,MESHIN,NMESH,NHESHP1,NSS,NTA,NTV,SSINOEX,TAINOEX, 
+ TVINOEX,TEST(301,IXT, 
+ A~SCOEF,AREA,BETA,DPSIAVE,OPSIMAX,OPSISD,1QTTY,EPHOTON, . 
+ EPI,EPSOAVE,EPSOMAX,EPSOS0 1 ESAT,ETRAP,G,H,HT,HTAU,HVC, 
+ HVE,INBETA,JOISP,JEST,JFAC,JRESIS,JTOT,LA~BOA,LFAC,MFAC, 
+ NFAC,OMEGA,PF,POWER,PROFCOL,PROFEM,PROFINT,PROFHAX10NTHEFF, 
+ QTTYSUM,RLOAO,T TAU,TFAC,TIMEFAC,TPEAK 1 TRISE,TR.N,TKP, __ _ 
+ TSTOP,UFAC,VC.VCK.vcss.vE,VEK,VESS,VFAG,VOLUME,vSATN, 
+ VSATP,XL,XO,ACOLL,BCOLL,CCOLL,XCMAX,XCHIN,XEFLAT,XEGAUS, 

: ~~~;~l~~!~IE~~?N~~N:~~~,PH~P=A·~~L,EG~~~~~~~~~E~~~~~~:·PBI,. 
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c 

c 
10 

c 
c c 
c 
15 

20 

25 

c 
c c 
c c 

30 
c 
c c 

c 
c 
c 

+ CVOLTSC20l,OFSPLC4),0FSPH(4),QX(201>,EVOLTS(20>,HN(201)1 
+ HP( 201l,HPSI(201>, INPROF( 2011 ,INPROFG (20.11, INX ( 20 U, 
+ JN(201),JNKl201),JPC201>1JPK!201>,HI1C201l,HI2C2011, 
+ MI3l20111HNC201>1HP(201>,PROF(201J1PROFGC201>tSP(4)1 
+ SSTIHE(2ul,TATI~t(100J,TVTIHE(20) 0 U(201l,UK(2D1),X(~01) 0 
+ PAVC201l,PIMGC201lt 
+ N(201)1NK(2011oPl201) 0 PKl2D11,PSI(201l 0 PSIK(201l,PSIOLD<201) 

INTEGER OIVSUH,INDEX,INPLUS,INXJCN,IPPLUS,JCN.IWS1,IHS2,IWS3, 
+ IWS4,LOC,MESHIN,NMESH 0 NHESHP1oNSS,NTA,NTV,SSINOEX,TAINDEX, 
+ TVINDEX,TEST,IXT 

REAL ABSCOEF,AREA,BETA,OPSIAVE,OPSIHAX,OPSISn,OQTTYoEPHOTON, 
+ EPioEPSOAVEoEPSOHAX,EPSOSO,ESAT,ETRAP,G,H,HT,HTAU,HVC, 
+ HVE,INBETA,JDISP,JEST,JFAC,JRESIS,JTOT,LAHBDA,LFAC,HFAC, 
+ NFAC,OHEGA,PF,POWER,PROFCOL,PROFEH,PROFINT,PROFHAX,QNTHEFF, 
+ QTTYSUH,RLOAO,T,TAU,TFAC,TIMEFAC,TPEAKoTRISEoTRN,TRP, 
+ TSTOP,UFAC,VC.VCK1VCss.vE,VEK.VESSfVFAC,VOLUHE,VSATN, 
+ VSATP,XL,XO,XOPL~,PSINT,PBO,PBN,P T,PH,PEA,PBL,EGAP,PIHGS, 
+ EFHAX,XM,PBI,PVN,XIHG,VIFAC,HT1,NA 

REAL CVCLTS,OFSPL,DFSPH,OX,EVOLTS,HN,HP,HPSI,INPROF,INPROFG, 
+ INX 1 JN,JNK,JP,JPK,MI1 9 HI2,HI3 1 HN,HP,PROF,PROFG,SP,SSTIHE, 
+ TArIHE,TVTIHE,u.uK.x,PAV,PIH~ . 

DOUBLE N1 NK,P,PK,PSI,PSIK,PSIOLD 

REAL IXHN,IXHX,INHN,INHX,IPSIMN,IPSIHX,OXHN,OXMX,OYHN 1 0YHX1 
+ XMR,YHR,xsc.Nsc.PSISC,XRNG1YRNG,SCS1HGT,NPLTP, 
+ NXOoNNDoNPSIO 

INTEGER NXL}NNL,NPSIL,FLAG 
DIMENSION T TLE(10),XLABEL<10l,NLABEL!10) 1PSILABEC10) 

PRINT 10 
FORMAT ("0 I".7X,-PROF",7X,"x• 7X "N",1ox,•p•,7x,·psI",8X, 

+ "MN",10X "HP"1lOX,"JN"110X,iJP'.sx,-JDISP",7X,"JTOT",7x,-u-1> 
IWS3=NHESH/S0+1 
IF ( TESTC4) .EQ. 1 ) IWS3=1 

UNLESS SYSTEM SHITCHC4t IS SET, ONLY ENOUGH MESH POINTS ARE OUTPUT 
TO FILL ONE LINEPRINTER PAGE. 

NHESHP1=NHESH+1 
00 20 I=1,NHESHP1,IHS3 

JDISP=O. 
If ( T .GT. O. .AND. I .NE. 1 > I> (! 1)) 

+ JDISP=<PSI<IJ-PSI<I-1t-PSIK<I>+PSIK<I-1JllTAUICX( -X -
JTOT=<JN<I>+JPIIl+JN~!Il+JPK!IIJl2.•JOISP 
IF ( I .Ea. 2 l JRESIS=JTOT . 
IF ( I .EQ. IXT J HS80=JTOT"JFAC 
PRINT 25,I-1,PROF<It•NFAC,XCIJ•LFAC•t.[4,NCIJ•NFAC,PIIJ"NFAC, 

+ PSitil•VFAC,HN!Il"HFAC,MP(Il•MFAC,JN!Il•JFA:,JP(l)"JFACt 
+ JOISP"JFAC,JTOT•JFAC,Util"UFAC 

FORMAT <I4,2E24.1& 12E35.27/E39.27,13X,2E24.1&/4X,5E24.1&/) 
IF ( TEST< 5J .EQ. O ) GOTO 900 

VERSATEC PLOTTING ROUTINE. •••••••••••••••••••••••••• 
IX!1N=O. 
IXHX=XL 
INHN=-5.-ALOGlO(NFACl 
INHX=23.-ALOG10(NFAC> 
IPSIHN=VESS-5.0/VFAC 
IPSIHX=VCSS+S.D/VFAC 
OXMN=O.O 
OXMX=8. 
OYHN=0.02 
OYHX=7.1 
XMR=.084•(0XMX-OXHNt 
YHR=.095"(0YHX-OYHN) 
XRNG=OXMX-OXHN-2.•XHR 
YRNG=OYMX-OYHN-2.•YHR 
XSC=(IXMX-IX!1NJ/XRNG 
NSC=!INMX-INHNl/YRNG 
PSISC=CIPSIHX-IPSIMNJ/YRNG 
SCS=o.1•XHR 
FLAG=O 
HGT=.1•XHR 
NT=40 
NTTT=NT"2 
GOTO 100 
FLAG=1 

PLOT OUTSIDE BORDER OF GRAPH HITH PEN 9. 

CALL PLOT<OXHX+2.•XHR,0.,-3J 
CALL NEWPEN(9) 
CALL PLOTCOXHN,OYHN,3) 
CALL PLOT(OXHN,OYMXo2l 
CALL PLOT(CXHX,OYMX,2J 
CALL PLOTCOXHX,OYHN,2l 
CALL PLOT(OXMN,OYHN,21 

PLOT INSIDE BORDER OF GRAPH WITH PEN 3. 

CALL NEWPEN(2l 
CALL PLOTCOXMN+X!1~ 0 0YHN+YH~,3) 
CALL PLOTCOXMN+XMR,OYMX-YHR,2) 
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c 
c 
c 

31 

35 
3&. 

37 

40 

41 

42 

43 

c 
c 
c 
45 

46 

c 
c 
c 

47 

c 
c 
c 

46 

c 
c 
c 

50 

52 

c 

CALL PLOT(OXHX-XHR,OYHX-YHR,2> 
CALL PLOT(OXMX-X~R,OYHN+YMR,2> 
CALL PLOT(OXHN+XMR,OYMN+YHR,2> 

PLOT HEADING. 

IF ( T .NE. -3. ) GOTO 35 
ENCODE (NT,31,TITLE11>> 
FORMAT 140HN,P,PSI VS. X <INITIAL EST,STEADY STAT)) 
CALL LETTERINT,2.•HGT,o.o,oxHN+.5•(0XMX-OX~Nl-NT•HGT, 

+ OYHX-.5"'YMR-HGT,TITLEJ 
GOTO 45 
IF I T .NE. -2. I GOTO 40 
ENCODE INT,36,TITLE!1ll _ 
FORMAT !40HN,P,PSI VS. X (STEADY STAT,T= )) 
CALL LETTERf NT,2.•HGT,O.O~OXMN+.5"'(0XMX-OXHN>-NT•HGT, 

+ OYHX-.5•YHR-HGT,TITLE) 
ENCODE INTTT,37,TITLEf11) 
FORMAT (74X,4HPSEC,2Xl 
CALL LETTER<2•NT,HGr,o.o,oxHN+.5"'(0XMX-OXHNJ-NT•HGT, 

+ OYMX-.5"'YHR-HGT,TITLE) 
GOTO 45 
IF ( T .LT. O. ) GOTO 45 
ENCODE !NT,41,TITLE!lll IFIXCT"'1.E12"'TFAC+.51 
FORMAT (18HN,P,PSI VS. X (T=,I&116H ,T= )) 
CALL LETTER<NT,2.•HGT,o.o,oxMN+.5•(0XMX-OX~N)-NT"HGT, 

+ OYMX-.5•YMR-HGT,TITLEI 
ENCODE (NTTT,42,TITLE!111 
FORMAT f50X,4HPSEC,20X,4HPSEC,2XJ 
CALL- LETTER C 2" NT, HGT, 0. 0, OXHN+. 5"' ( OXMX-OXHNJ -NT"'HGT, __ 

+ OYHX-.5"-YMR-HGT,TITLEI 
IF ( TAU .LT. 1.£1g ) GOTO 45 
ENCOrE CNTTT,43,TITLEl11J 
FORMAT (36X,13HHONITOR POINT,31Xl _ 
CALL LETTER(2"NT,HGT,o.o,oxHN+.5"'!0XMX-OXHN)-NT•HGT, 

+ OYMX-.ao•YHR-.5"'HGT,TITLE> 

PLOT X AXIS LABEL. 

NXL=15 
ENCOOE (NXL,46,XLABEL(11l 
FORMAT !15HX !MICROMETERS>> 
CALL LETTER!NXL,HGT,o.o,oxHN+.5•(QXHX-OXHN)-.5•NXL•HGT, 

+ OYHN+.35"-YHR-.S•HGT,XLABEL> 

PLOT N AXIS LABEL. 

NNL=17 
ENCODE INNL,47,NLABELl1J) 
FORMAT !17HLOG(N,PI ICM••-3)) 
CALL LETTERCNNL,HGT190.,0XHN+.25•XHR+.5"'HGT, 

+ OYHN+.5"'l0YMX-OYHNl-.5"'NNL•HGT,NLA8EL) 

PLOT PSI AXIS LABEL. 

NPSIL=11 
ENCODE CNPSIL14S,PSILABEC1)) 
FORMAT ( 11HPSI I l/OLTSJ l 
CALL LETTER!NPSIL 1 HGT,9Q.,OXMX-.25•XHR+.5•~GT, 

+ OYHN+.5•<0YMX-OYHNJ-.5•NPSIL•HGT,PSILA9EJ 

+ 

PLOT X AXIS SCALE. 

NXO=CIXMX-IXHN>•LFAC•t.E4 
I=-1 

I =I+1 
ENCODE (3,52,XLA9Ell I 
FORMAT (!3) 
CALL LETTER(3,HGT.O.Q,OXHN+XHR+I•XRNG/NX0-2•HGT. 

OYMN+.ao•YHR-.5•HGT,XLABELI 
CALL PLOT!OXHN+XHR+I•XRNG/NXO,OYHN+YHR,3) 
CALL PLOT!OXHN+XHR+r•xRNG/NXD.OYHN+YMR+SCS.2) 
IF < I .LE. NX0-.99 l GOTO 50 

C PLOT N AXIS SCALE. 
c 

60 

&2 

+ 

NNO=INHX-INHN+.1 
IWS3=INHN+ALOG101NFAC) 
I =-1 

I=I+1 
ENCODE 13,52,NLABELl IWS3+I 
FORMAT CI3> 
CALL LETTE~(3,HGT,o.o.oxHN+.70•XHR-1.5•HGT, 

OYHN+YHR+I•YRNG/NN0-.5"'HGT,NLABELJ 
CALL PLOT!OXMN+XMR,OYHN+YHR+I•YRNG/NNO,~I 
CALL PLOTIOXHN+XHR+SCS,OYHN+YHR+I•YRNG/N~~.2) 
IF ( I .LE. NN0-.99 ) GOTO &O 
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c; 
C PLOT PSI AXIS SCALE. c 

70 

72 

c 
100 

c 
c 
c 
105 

110 
c c c 
120 

c c c -
150 

160 
c c 
c 

170 c 
c 
c 

180 

c 
c 
c 
c 
900 

1310 

1320 
1330 

1500 

NPSID=VFAC•(IPSIMX-IPSIHN)/10.+.1 
I=-1 

I =I+l 
ENCODE 15,72,PSILABE> IPSIMN•VFAC+I•10. 
FORHAT <F5.1l 

+ 
CALL LETTER(5,HGT,o.o.OXHX-.70•XMR-2.5•HGT, 

OYHN+YMR+I•YRNGINPSID-.5•HGT,PSILA9El 
CALL PLOT<OXMX-XMR,OYMN+YMR+I•YRNG/NPSio,JJ 
CALL PLOT (Q XMX-XHR-scs. OYHN+YMR+[•YRNG/N!>SIO, 2) 
IF ( I .LE. NPSI0-.99 ) GOTO 70 

GOTO 150 
CALL NEWPEN(U 
IF I T •LT. O. GOTO 150 

PLOT TIME IN PREVIOJS PLOT HEADING. 

ENCODE (40,105,TITLE(l)) IFIXCT•1.E12•TFAC+.5J 
FORMAT 13DX,I6,4X) 
CALL LETTERl40,2.•HGT,o.o,.5•oxHX-NT•HGT,OYHX-.s•YHR-HGT,TITLE) 
IF I TAU .LT. 1.E19 ) GOTO 150 

Pl OT •MON~TOR POINT• UNDERNEATH PREVIOUS PLOT HEAD ING. 

ENCODE (NTTT,120,TITLE(l)J 
FORMAT C60X,13HMONITOR POINT,7X) 
CALL LETTER(2•NT,HGT,o.o,OXHN+.5•(0XHX-OXMN>-NT•HGT, 

+ OYHX-.80•YMR-.5•HGT,TITLE) 

PLOT N VS. Xe 

NPL TP=NMESH 
INPLTP=NPLTP 
CALL PLOTICX(1J-IXMNJ/XSC+OXMN+XMR, 

+ COLOG10(N(1JJ-INMNJ/NSC+OYMN+YMRt3J 
DO 160 I=1,INPLTP 

J=I/NPLTP•NMESH+1.1 
CALL PLOTCCXCJ>-IXMN)/XSC+OXMN+XMR1 

+ (QLOG10(N(Jl}-lNMNJ/NSC+OYMN+YMKt2J 
CONTINUE 

PLOT P VS. X. 

CALL PLOT((X(1J-IXMNJ/XSC+OXMN+XMR, 
+ <DLOG10(P(1))-INMNJ/NSC+OYMN+YMR,3l 

00 170 I=1,INPLTP _ 
J=I/NPLTP•NMESH+1.1 
CALL PLOT(CXIJl-IXMN)/XSC+OXMN+XMR, 

+ <DLOG10 ( PCJ> J-INMN> /NSC+OYMN+YMR 0 2J 
CONTINUE 

PLOT PSI VS. X. 

CALL Pl0T((X(1J-IXHNJ/XSC+OXMN+XMR, 
+ CPSI(ll-IPSIMNJ/PSISC+OYMN+YMR,3) 

DO 180 I=l,INPLTP 
J=I/NPLTP•NMESH+l.1 
CALL PLOTCCXIJl-IXMNJ/XSC+OXMN+XMR, 

+ - !PSI (Jl-IPSIMNJ /PSISC+OYHN+YMR,2J 
CONTINUE 

IF ( FLAG .EQ. 0 GOTO 30 

OUTPUT A PUNCHED DECK OF THE STEADY STATE SOLUTION IF TESTC15)=1. 

IF (.NOT.( CTESH15J.EQ.1) .AND. ( l<T.EQ.-2J.AND.<TESTC3l.EQ.OJ) 
+ .OR. (T.EQ.-U > >> GOTO 1330 

WRITE (7o131 OJ NMESH 
FORMAT CI8,4(£18.1DJl 
00 1320 I=1,NMESHP1 

WRITE (7,13101 I,XCI>•LFAC•1.E4tNCIJ•NFAC,PCil•NFAC,PSIIIJ•VFAC 
IF C CTEST<23l .NE. 1J .OR. <T.EQ.-31 > GOTO 1500 
HT1=T 
IF ( HT! .LT. O. ) HTl=D. 
I=IXT 
WRITE (7o1310) IXT, HT1 • T FAC, POWE R•TI t'E FA Ct WS 'l 0, X <IJ •L FAC•l.E 4 
RETURN 
END 
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c 
c 

SUBROUTINE POISSON 

76 

C SOLVES THE POISSON EQUATION. ONLY ONE CORRECTION USED HERE. 
c 

c 

c 

100 

200 

300 

280 

c 
c 
c 
c 
c 

COMMON DIVSUM,INDEX,INPLUS,INXJCN,IPPLUS,JCN,IWS1,IWS2,IWS3, 
+ IWS4,LOC,MESHIN,NMESH,NHESHP1,NSS,NTA 9 NTV,SSINOEX,TAINOEX, 
+ TVINDEX,TESTC30J,IXT, 
+ A8SCOEF1AREA,BETA,OPSIAVE,OPSIMAX,OPSISO,a~TTY,EPHOTON, 
+ EPI,EPSOAVE.EPSDHAX,EPSDSO,ESAT.ETRAP,G,H.HT HTAU,Hvc. 
+ HVE,INBETA,JOISP,JEST,JFAC,JRESIS,JTOT,LA~BO!,LFAC,HFAC, 
+ NFAC,OMEGA,PF,POWER,PROFCOL,PROFEM,PROFINT,PROFHAX,QNTHEFF, 
+ QTTYSUM,RLOAQ,T,TAU,TFAC,TIHEFAC,TPEAK,TRISE,TRN,TRP, 
+ TSTOP,UFAC,~C,VCK,VCSS,VE,VEK,VESS,VFAC,VOLUHE,VSATN, 
+ VSATP,XL,xO.ACOLL,BCOLL,CCOLL,XC~Ax,xcHIN,XEFLAT,xEGAUSt 
+ · XOPLE,PSINT,PBO,PBN,PIT,PH,PEA,PBL,EGAP,PIMGS,EFMAX,XH,PSI, 
+ PVN,XIMG,VIFAC,NA, 
+ CVOLTS<20l,OFSPL(4) 9 0FSPHf4l,OXf201J,EVOLTS{20>,HN<201l, 
+ HP{201J,HPSIC201>,INPROF(201J,INPROFG!2011,INX!201), 
+ JNl201J,JNKl201J,JPl201l,JPK(201J,HI1!201l,~I2!201), 
+ HI3C201J,MN(201l,MPC201J,PROFC2011,PROFGC201),SP(4J, 
+ SSTIHEC20),TATIMEl100l,TVTIME!20J,U(201l,UKl201J,Xl201J, 
+ PAV(201J,PIHGC201J, 
+ N!201J,NKC201J,P{201l,PKC201l,PSI(201l,PSIKC201),p5IoLD(201) 

INTEGER OIVSUH,INDEX,IN?LUS,INXJCN,IPPLUS,JCN,IWSl,IWS2,IWS3, 
+ IWS4,LOC,MESHIN,NHESH 9 NM~SHP1,NSS,NTA,NTV,SSINOEX 1 TAINDEX, 
+ TV!NDEX,TEST,IXT 

REAL ABSCOEF,AREA,BETA,DPSIAVE,OPSIHAX,DPSISD,DQTTY,EP~OTON, 
+ EPI,EPSDAVE,EPSOMAX,EPSuSO,ESAT,ETRAP,G,H,HT,HTAU,HVC, 
+ HVE,INBETA,JDISP,JEST,JFAC,JRESIS,JTOT,LA~BDA,LFAC,MFAC, 
+ NFAC,OMEGA,PF,POWER,PROFCOL,PROFEM,PROFINT,PROFHAX,QNTHEFF, 
+ QTTYSUH,RLOAO,T,TAU,TFAC,TIMEFAC,TPEAK 9 TRISE,TRN,TRP, 
+ TSTOP,UFAc,vc.vcK.vcss,vE,VEK,VESS,VFAC,VOLUME,VSATN, 
+ VSATP,XL,XOiXOPLE,PSINT,PBO,PBN,PIT,PM,PEA,PBL,EGAP,PIHGS, 
+ EFMAX,XM,PB1,PVN,XIHG,VIFAC,HT1,NA 

REAL CVOLTS,OFSPL,OFSPH,OX,EVOLTS,HN,HP,HPSI,INPROF,INPROFG, 
+ INX,JN,JNKfJP,JPK,HI1,HI2,HI3,HN,HP,PROF,PROFG,SP,SSTIHE, 

•oousUT~~~K!~.~~;f>~i~~sfK~ihi;triG · '----· ----

DOUBLE PRECISION Al201l 1 BC201J,C(201J,DC201l,M1,M2,M3,WS1,WS2, 
+ WS3,WS4,WS5 

PF=1. 
FULLY PRESENT CYCLE CHARGE USED. 

00 100 I=21NHESH 
M1=HI1 ! l) 
M2=MI2( !) 
H3=MI3U) 

WS1=0X (I> 
HS2=0X CI+1l 

AII1=1./WS1-H1•PF•(N(J-1>+P!I-1JJ 
B<I>=-1.1ws1-1.1ws2-112•PF•(N(I)+P(I)J 
CCI1=1./WS2-H3•PF•CNII+11+PCI+1)) 
0(Il=H1•(NCI-1l-PCI-1l-PROFII-1ll+H2•CN!!J-P!I>-PROFfIJI+ 

+ M3•(N(I+1)-P(I+11-PROFCI+1l)+(PSI<I>-PSICI-1ll/WS1-
+ CPSIII+11-PSHil>IWS2 

C(2) =C (2J/BC2) 
0!21=DC2l/B(2) 
00 200 I=3,NMESH 

WSl=B!Il-AII>•ccr-11 
C<Il=C(I>/HS1 
OII>=<D<Il-A!IJ•Q(I-1ll/WS1 

WS1=0• 
I=NHESH 

WS1=0!IJ-ClI>•WS1 
PSI!Il=PSI<I>+WS1 
I=I-1 
IF ( I .GE. 2 l GOTO 300 

RETURN 
ENO 

SUBROUTINE PROFILE 
THIS PROCEDURE DETERMINES PROFILE FOR MESH BEING USED, EIT~ER BY QUADRATIC 
INTERPOLATION FROM INPUT PROFILE, OR FROM AN ALGORITHM. 

COMMON OIVSUH 9 INDEX,INPLUS,INXJCN,IPPLUS,JCN,IWSt,IWS2,IWS3, 
+ !WS4,LOC,MESHIN,NHESH,NMESHP1tNSS,NTA,NTV,SSINDEX,TAINOEX, 
+ TVINDEY,TESTt30l,IXT, 
+ ABSCOEF,AREA,BETA,OPSIAVE,OPSIHAX,DPSISD,QQTTY,EPHOTON, 
+ EPI 9 EPSDAVE,EPSOMAX,EPSOSO,ESAT,ETRAP,G,H,HT,HTAU,HVC, 
+ HVE,INBETA,JOISP,JEST,JFAC,JRESIS,JTOT,LA~BOA,LFAC,HFAC, 
+. NFAC,OHEGA,PF,POWER,PROFCOL,PROFEH,PROFINT,PROFHAX,QNTMEFF, 
+ QTT YSUH,RLOAD, T, TAU, T FAC1. TIH::FAC, TPEAK, TRISF, TRN, TRP, 
+ TSTOP,UFAC.VC VCK,vcss,v~.VEK,VESS,VFAC1VQLUHE,VSATN, 
+ VSATP,XL,XO,ACOLL,BCOLL,CCOLL,XCHAX,XCHlN,XEFLAT,XEGAUS, 
+ XOPLE,PSINT,PB0 9 PBN 9 PIT,PH,PEA,PBL,EGAP,PIHGS,EFMAX,XH,PBI, 
+ PVN.XI~G.VIFACoNA. 



c 
c c 

. -·· ·- .. c 

10 
20 

30 

40 

45 
50 

c 
c c 
600 

810 

820 
830 
850 

c c c 

855 
857 

85& 

+ CVOLTS<2Di;OFSPL(4j,OFSPHl4J,OXC201l,EVOLTSC20J,HNC201>, 
+ HPt2011,HPSit201J,INPROFt201!,INPROFGt2D1>,INX(201lt 
+ JN(201J,JNKl201J,JP!201),JPK(2011,Hl1(201),M[2(201), 
+ MI31201l!HN(20111HP(201),PROF(201l,PROFG<201),SP(4), 
+ SSTIHE(2ul,TATIM~l100l,TVTIHE120>,Ul201l,UK(201J,Xl201J, 
+ PAVl201),PIHG(201), 
+ Nl201J,NK!201J,Pl201l,PKl201),PSI!201J,PSIK!2DllfPSIOLD!201) 

INTEGER DIVSUH,INDEX,INPLUS,INXJCN,IPPLUS,J:~1IWS1 1 WS2fIWS3, 
+ IWS4,LOC,MESHIN,NHESH,NHESHP1,NSS,NTA,NTV,~SINOtX,TA NDEX, 
+ TVINDEX,TEST,IXT 

REAL ABSCOEF,AREA,BETA,OPSIAVE,OPSIHAX,OPSISO,DQTTY,EPHOTON, 
+ EPI,EPSOAVE,EPSDHAX,EPSOSD,ESAT,ETRAP,G,~.HT,HfAU,HVC, 
+ HVE,INBETA,JDISP,JEST,JFAC,JRESIS,JTOT,L~~BDA,LFACtHFAC, . 
+ NFAC,OHEGA,PF,POWER,PROFCOL,PROFEH,PROFI~T,PROFHAX,QNTHEFF, 
+ QTTYSUM • RLOAO, T, TAU, T FAC9 TI HEF AC 1 TPE AK• T~ ISE • TRNt TRP, 
+ TSTOP,UFAc.vc.vc<1VCSS,VE,VE<.VE~S1VFAC,VOLU~E.VSATN, 
+ VSATP,XL,XO,XOPLt,PSINT,PBO,PBN,P1T,PH,PEA,PBL,EGAP,PIHGS, 
+ EFHAX,XM,PBI,PVN,XI~G,VIFAC,HT1,NA 

REAL CVOLTS,DFSPL,OFSPH,QX,EVOLTS,HN,HP,HPSI,INPROF,INPROFG, 
+ INXfJN1 JNK,JP,JPK,MI1 9 HI2,HI3 1 HN,MP,PROF,?ROFG,SP,SSTIHE 9 
+ TA IHt,TVTIHE,U,UK,X,PAV,PIH~ 

DOUBLE N,NK,P,PK,PSI,PSIK,PSIOLD 
REAL LNPRFIN,LNPRFCO 

PROF HA X=O. 

IF TESTl17J=Ot INTERPOLATE PROFILE FROH INPUT VALUES. 

IF < TESH 17) .EQ. 1 J GOTO 800 
PROF<1>=-EXPIINPROF!11> 
PROF(NHESH+1l=EXP<INPROFIHESHIN+1)) 
PROFG(1)=EXP(INPROFG(1)) 
PROFG ! NHESH+U =EXP !INPROFG IHESHIN+l J l 
00 50 I=2,Nl1ESH 

WS3=XL· 
XX=XUJ 
K=2 
DO 10 J=2,HESHIN 

IF ( ABS !XX-INX(J)) .GE. 1153 ) GOTO 20 
WS3=ABS<XX-INX!Jl) 
K=J 

XO=INX (K-1> 
X1=INX!IO 
X2=INX IK+U 
WS1=!1X1-XX)•(X2-XX))/((X1-XO!•(X2-XDI) 
WS2=1!X2-XXl•(XO-XXll/!(X2-X1l•!XO-X111 
WS3=((XO-XXJ•(X1-XXIJ/((XO-X2l•IX1-X2l) 
IF ( K .GE. TEST!30) J GOTO 30 
PROF!I>=-EXPIWS1•INPROF!K-1)+WS2•INPROFl~l+WS3•INPROF<K+1)J 
GOTO 45 
IF ( K .LE. TESTl301+1) GOTO 40 
PROF!Il=EXPIWSt•INPROF(K-1J+WS2•INPROF(Kl+WS3•INPROF(K+1J) 
GOTO 45 
P~OFII>=-ws1•EXP!INPROF!K-1l)+ 

+ !K-TEST!30J-.5>•2.•ws2•EXPIINPROF(Kll+WS3•EXP(INPROF(K+1)) 
PPOFHAX=AHAXl(PROFHAX,AOSIPROFIIIJ) 
PROFGIIl=EXPIWS1•INPROFG(K-1l+WS2•INPROF~!K>+WS3•INPROFG(K+1)) 

GOTO 850 

IF TESTl17>=1, DETERMINE PROFILE FROM ALGOR!THH. 

LNPRFIN=ALOG!PROFINTJ 
LNPRFCC=ALOG!PROFCOL) 
WS1=1EXPl(XCMIN-qcoLL)/CCOLLl+1.)••ACOLL 
WS2=<EXPl!XCHAX-BCOLLl/CCOLLl+1.l••ACOLL 
DO 830 I=11NHESHP1 

IF ( Xlll .GE. XC11IN > GOTO 810 
PROF(IJ=EXP!-CIXIIl-XEFLATl/XEGAUS!••2.1• 

+ !PROFEH-PROFINT> +PROFINT 
IF! XCIJ .LT. XEFLAT I PR0F(Il=PROFE11 
GOTO 630 
IF I XII> .GE. XCHAX > GOTO 620 
WS3=CEXP(IX!Il-BCOLLl/CCOLLl+1.>••ACOLL 
PPOFIIl=EXPllWS1-WS3J/(WS1-HS2J•(LNPRFCO-LNPRFINl+LNPRFINI 
GOTO 630 
PPOF (II =PROFCOL 
PROFG(IJ=ABS!~ROF(ll) 

PROFMAX=AHAX1!PROFHAX,ABS!PROFC1lJ,ABS!PROF!NHESH+1)l) 
IPPLUS=JCN=O 
INPLUS=NHESH 

DETERMINES XH ANO XDPLE LOCATION FOR SCHOTT~Y. 

IF ( TEST 1201 .NE. 2 l GOTO 856 
WS11=0 
IWS1=1 
IF !X(2)-XH .GE. o. GOTO 657 
DO 855 I=2,NHESHP1 
HS11=XII>-XH 
IF ( IHS1 • NE. 1 > GOTO 855 
IF I HS11 .GE. 0 ) IWS1=I-1 
CONTINUE 
CONTINUE 
IPPLUS=IWS1 
GOTO 885 
CONTINUE 
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c 

860 

870 

88D 
c 
c 
c 
c c 

00 88D I=2,Nl1ESH 
IF ( IPPLUS • NE. 0 l GOTO 8&0 

IF { PROF{ I> • GT. -EPI l IPf>LUS=I-2 
IF ( .JCN .NE. 0 ) GOTO 87D 
IF ( PROF<I>"PROFII-1> .Lr. o •• OR. PROF(IJ .El. a. ) JCN=I-2 
IF ( INPLUS • NE. NMESH l GOTO 880 
IF ( PROF!II .GT. EPI ) INPLUS=I-1 
CONTINUE 

IPPLUS IS THE POINT AT WHICH WE CONSIDER REGION TO BE P+. 
JCN 1S THE POINT WHERE THE DOPING CHANGES SI~N I.E. THE JUNCTION. 
INPLUS IS THE POINT AT WHICH WE CONSIDER REGION TO BE N+. 
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c 
c CALCULATES THE DEPLETION LAYER WIDTH USING ONE-SIDED ABRUPT JUNCTION. 
c 

c 
885 

690 

c 
c 
c 
895 

900 

c c 

IF ( TEST<20J .NE. 1 ) GOTO 895 
PSINT=ALOG!-PRGFEH"PROFINTI 
XDPLE=SQRTl2.0"lPSINT-VE+VCl/PROFINTJ 

WS11=0 
WS12=XIIPPLUS)+XOPLE 
IF ( WS12 .GE. XL ) GOTO 895 
IWS1=IPPLUS 
DO 890 I=IPPLUS,NHESHP1 

HS11=X (I) -ws12 
IF I IWS1 • NE. IPPLUS ) GOTO 890 
IF IWS11 .GE. D. t IWSl=I-1 
CONTINUE 

INPLUS=IWS1 

INPLUS REDEFINED AS LOCATION OF DEPLETION REGION. 

CONTINUE 
PRINT 900,IPPLUS,JCN,INPLUS 
FORMAT l"OlPPLUS = ",I5/ 

+ "JCN = •,151 
+ H INPLUS = •,151 

RETURN 
ENO 

SUBROUTINE REMESH 
C THIS PROCEDURE CALCJLATES A NEW SPATIAL ~ES~ DISTRIBUTION FOR THE 
C PROBLEM SUCH THAT A GIVEN QUANTITY HAS EVENLY DISTRIBUTED STEPS 
C OVER THE MESH• HERE POTENTIAL IS USED. 
c 

COMMON DIVSUH,INDEX,INPLUS,INXJCN,IPPLUS,JCN,IWS1,IWS2,IWS3, 
+ 1WS4,LOC,HESHIN,NHESH,NHESHP1,NSS,NTA,NTV,SSINOEX,TAINDEX, 
+ TVIN'JEX,TEST!30l,IXT, 
+ AgscoEF,AREA,BETA,OPSIAVE.DPSIMAX,DPSISO,QQTfY,EPHOTON, 
+ EPI,EPSDAVE,EPSOMAX,EPSOSO,ESAT,ETRAP,G,H,HT,HTA~,HVC, 

! ~~~c!~~~lg:~~;~g~~~;iR~~~5i;~~5~~H~~~b~~~i~~~o~~~~~~~~~~FF, 
+ QTTYSUH,RLOAO,T,TAU,TFAC,TI~tFAC,TPEAK,TRI~E,T~N.T~P, 
+ TSTOP,UFAc,vc,vc<.vcss,vE,VEK,VESS,VFAC,VOLUHE,VSATN, 
+ VSATP,XL,XO,ACOLL,BCOLL,CCOLL,XCMAX,XCMIN,XEFLAT,XEGAUS, 
+ XOPLE,PSINT~P90,PBN 1 PIT,PM,PEA,PBL,EGAP,PIMGS,EFHAX,XH,PRI, 
+ PvN,XIHG,VIrAC,NA, 
+ CVOLTS(20l,DFSPL(4J,DFSPH(4),DX!201J,EVOLTSl20),HN(201l, 
+ HP(201J,HPSil2011,!NPROF!201l,INPROFG(20tl,INXl201), 
+ JN(201J 1 JNK(2011 1 JP(201J,JPK(201l,MI1!201!,HI2(201), 
+ MI3!201J,HN!2011,HP(201l,PROF!201l,PROFGl201J,SP(4), 
+ SSTIHE!20J,TATIHE!100l,TVTIHE1201,U!201J,UK!20tl,Xl201), 
+ PAV< 201) ,PIHG< 2011, 
+ NC201l,NKl201l,Pl201l,PK!20tl,PSI1201l,PSIKl201l,PSIOL0!201) 

INTEGER DIVSUH,INDEX,INPLUS,INXJCN,IPPLUS,JCN,IWS1,IWS2,IWS3, 
+ IWS4,LOC,HESHIN,NHESH,NHESHP1,NSS,NTA,NTV,SS!NOEX,TAINDEX, 
+ TV INDEX, TEST, IXT 

REAL ABSCOEF,AREA,BETA,OPS!AVE,OPSIHAX,DPSISry,OQTTY,EPHOTON, 
+ EPI,EPSOAVE,EPSO~AX,EPSDSD,ESAT,ETRAP,G,H,HT,HTAU,HVC, 
+ HVE,INBETA,JOISP,JEST,JFAC,JRESIS,JTOT,LA~9DA,LFAC,MFAC, 
+ NFAC,OHEGA,PF,POWER,PROFCOL,PROFEH,PROFINT,PROFHAX,QNTMEFF, 
+ QTTYSUH~RLOAD,T,TAU,TFAC,TIHEFAC,TPEAK,TRISE,TRN,TRP, 
+ TSTOP,UrAC,VC,VCK,vcss.vE.VEK,VESS,VFAC,VOLUME.VSATN, 
+ VSATP,XL,XO,XDPLE,PSINT,PBO,PBN,PIT,PM,PEA,PBL,EGAP 1 PIHGS, 
+ EFHAX,XH,P8I,PVN,XIHG,VIFAC,HT1,NA 

REAL CVOLTS,DFSPL,DFSPH,OX EVOLTS,HN,HP,HPSI,INPROF,INPROFG, 
+ !NX,JN,JNK,JP,JPK,HI1,Mi2,HI3,MN,HP,PROF,PROFG,SP,SSTIM~, 
+ TATIME,TVTIME,U,UK,X,PAV,PIMG 

DOUBLE N,NK,P,PK,PSI,PSIK,PSIOLO 
c 

REAL Al201l,B1201l,C(2011,Gl2011,E(2011,Fl2011,KC201) 
c 



40 c 

GO 

60 
91l 

240 
250 

c 
300 

c 

+ 

QTTYSUM=XO=O. 
KCU=O. 
WS1=0LOG<NUJ) 
WS2=0L OG ( P ( 1l t· 
HS6=ALOGC1.E20/NFACt-ALOGC1.E-2/NFACJ 
HS7=VCSS-VESS 
NHESHP1=NMESH+1 
00 40 I=2,NMESH?1 

WS3=DLOG ( N ( I>) 
WS4=0LOG ( P( I>> 
WS5=PSI!IJ-PSICI-1J 
KIIJ=KCI-1J+ABS(WS3-WS1)/WS6+ABSCWS4-WS2)/WSG+ABS(WS5J/HS7 
HS1=WS3 
WS2=WS4 

ANOTHER QUANTITY HAY BE CHOSEN BY CHANGING THESE LINES. 
QTTYSUH=KCNHESHP1J 
OQTTY=QTTYSUH/NHESH 
OIVSUl1=0 
I NOE X= NMESH 
OQTTY=DQTTY•CINDEX+DIVS~H)/NHESH 
J=1 
INDEX=ll 
00 240 1=2,NHESH 

IF C <I-U•OQ.TTY .GE~ QTTYSU11 
GOTO 90 

J=J+1 
IF ( II-u•oaTTY .GT. K(J+1) 

GOTO 251J 

GOTO 811 
INDEX=INOEX+1 
F(INOEX+1l=X(Jt+((I-1J•OQTTY-<<Jl)/{K(J+1)-K(JJ)• 

0: (J+1J-X( Jt l 
CONTINUE 

INDEX=INDEX+1· 
OIVSUl1=0 
F<1l=O. 
F { INOEX+U =XL 
INOEXP1= INOEX+1 
00 300 I=2,INOEXP1 

B<I>=IFIXl(F(Il-F<I-1ll/C3.0•H)) 
MAX STEP OF 1.5•QRIGINAL ALLOWED. 
OIVSUM=OIVSUM+BCI> 

IF ( OIVSUH+INOEX .NE. NMESH > GOT~ GO 

K ( NHESH+ll =XO=Xl 
LOC=NHESH 
I=INOEX+1 

340 J=BU) 
K<LOC+U=F!I> 
XO=K<LOC+U 
LOC=LOC-1 
IF ( J .LE. 0 J GOTO 450 

FRAC=<F<I>-F<I-1lJ/(J+11 
JP1=J+1 
00 440 JK= 2, JP1 

K!LOC+1J=XO-FRAC 
XO=K<LOC+U 

440 LOC=LOC-1 
1+50 I=I-1 

c 

490 

c 
c c 

520 

540 
550 
555 
580 
c 
c 
c 

IF ( I .GE. 2 J GOTO 340 

INDEXP2=INDEX+2 
NMESHP1=NHESH+1 
00 490 I=INOEXP2,NHESHP1 

F!I>=-H 
BII>=-1• 

811>=-1. 

IF TEST(11)=1, PRINT REHESH OUTPUT. 

IF ( TEST(11J .EQ. 0 GOTO 555 
PRINT 520 
FORMAT!"OREDISTRIBUTEO x VALJES"/3X."r·.ax."F(Il/~".sx. 

+ "DIVISOR(Il",4x,-KIIJ/H",4x.-cK<I>-K<I-1))/H-1 
00 540 !=2,NHESHP1 

PRINT 550,I-1 9 f(!J/H 9 IFIXCB!IlJ,K!Il/H,CKIIl-K(I-1))/H 
FORMAT <I5,6X.F7.2,ax,r3,7x,F7.2,7X,F7.51 

PRINT 580,INOEX,OIVSUH 
FORMAT ("OREHESH COMPLETED, INDEX=",It+," OIVSJH=",Il+J 
' 
INTERPOLATE AT NEW X VALUES. 

00 800 I=2,NMESH 
XX=K (I> 
IHSl+=O 
XO=Xl 
l'HN=1 
H1IN1=IHIN+1 

G50 00 700 J=IHIN1 1 NM~SHP1 
WS2=ABS<XX-XCJI I 
IF < WS2 .LE. XO l GOTO 700 
IMIN=J-2 
IHS4=1 
GO TQ_710 
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700 
71D 
c 

800 

880 
c 
c 

900 

c c 
c 
c 

c 

+ 
+ 

+ 

+ 

xo=ws2 
IF ( IWS4 .EQ. 0 ) IMIN=NHESH-1 

NO POINT FOUND THEREFORE NEAREST TO EN~POINT. 
- XO=XlHHN> 

X1=X ( HlIN+U 
X2=X ( H1IN +21 
WS1=((X1-XXJ•(X2-XXJ)/((X1-XOJ•(X2-XOJI 
WS2=C<X2-XXl"!XO-XXll/((X2-X11•!XO-X1JI 
WS3=l!XO-XXl"!X1-XXll/((X0-X2J•(X1-X21J -
AIIJ=OEXP<ws1•0LOG(N(IHINIJ+ws2•0LOG{N!IMIN+1)1+ 

WS3•DLOG(NlIHIN+2JJI 
Blil=DEXPIWS1•0LOG!P(IHINll+HS2•DLOG!P(IMIN+1ll+ 

WS3•DLOG(PIIMIN+2)ll 
C!IJ=WS1•PSI!IHINl+WS2•PSICIMIN+1l+WS3•PSICIHIN+2l 
O<Il=OEXPIWS1•0LDG!NK!IMINll+ws2•0LOGINK<IHIN+1)l+ 

WS3•QLOG<NKIIMIN+211) 
ECil=DEXPCWS1•QLOG!PK(IHINIJ+WS2•DLOG(PKCIHIN+1ll+ 

WS3•0LOG(PKIIMIN+2ll) 
Flil=WS1•PSIKlIMINl+WS2•PSIK<IHIN+1l+WS3•osrKII~IN+21 
HN(Il=ws1•JNKIIHINl+WS2•JNK<IMIN+1)+WS3•JNKIIHIN+2) 
HP(Il=WS1•JPK(IHINl+WS2•JPK<IMIN+1l+WS3•JPK(IHIN+21 

00 880 I=2,NHESH 
N<Il=AIII 
P<Il=B!Il 
PSI!I>=C<I> 
NK(I>=D<I>.· 
PK C II =E <II 
PSIK!Il=F<I> 
JNK <I> =HN III 
JPK<Il=P.PIII 
X!Il=KII> 
OX!IJ=XII>-X(I-1> 

CALL PROFILE 

00 900 !=2,NHESH 
WS11=0X<II 
WS12=DX (! +1J 
WS13=WS11"WS11 
ws14=ws11•ws12 
ws1s=ws12•ws12 
MI1!Il=IWS13+2.•(WS14-WS15ll/24./WS11 
MI3(Il=IWS15+2.•<WS14-WS13ll124.IWS12 
MI2CI)=lWS11+WS12l/2.-HI1<Il-HI3CIJ 

RETURN 
END 

SUBROUTINE SYSTEMS 
ITERATES Psr.N,P TO SOL~TION DICTATED BY TOLERANCES. 

COMMON DIVSUH,INDEX,INPLUS,INXJCN,IPPLUS,JCN,IWS1,IWS2,IWS3, 
+ lWS4,LOC,HESHIN,NMESH,NHESHP1,NSS,NTA,NTV,SSINOEX,TAINDEX, 
+ TVINOEX. TESTC30) ,IxT. 
+ ABSCOEF,AREA,BETA,OPSIAVE,OPSIHAX,OPSISD,DQTTY,EPHOTON, 
+ EPI,EPSDAVE,EPSOHAX,EPSOSO,ESAT,ETRAP,G,H,HT,HTAU,HVCo 
+ HVE,IN8ETA,JJISP,JEST,JFAC,JRESIS,JTOT,LA~BDA,LF~C.~FAC, 
+ NFAC,OMEGA,pf,POWER,PROFCOL,PROFEM,PROFINT,PROFHAX,QNTMEFF, 
+ QTTYSUH,RLOAO,T,TAU,TFAC,TIHEFAC,TPEAK,TRISE,TRN,TRP, 
+ TSTOP,UFAc,vc,vcK,VCSS.vE.VEK,VESS,VFAC,VOLUHE,VSATN, 
+ VSATP,XL,XO,ACOLL,BCOLL,CCOLL,XCHAX,XCHIN,XEFLAT,XEGAUS, 
+ XOPLE,PSINT,PBO,PBN,PIT,PM,PEA,PBL,EGAP,PIMGS,EFMAX,XM,PB!, 
+ PVN,XIHG,VIFAC,NA, 
+ CVOLTSC20l,DFSPL(41,DFSPH(4),QXC2011,EVOLTSC20l,HNC201l, 
+ HP(201J,HPSil2011,INPROF(201J,INPROFG(201l 1 INX!2D11, 
+ JN(201l,JNK1201l 1 JP(2011 1 JPK(2011,MI1C201l,HI2C201l, 
+ HI3(201l,HNC201J,HPC201l,PROFC201l,PROFGC201l,SP!4l 
+ SSTIMEl20l,TATIHE1100l,TVTIHEC20l,U(201l,UKl201l,X(Z01l, 
+ PAV(201l ,PIMGC 201>, 
+ N ( 201l l NK C 2 0 U • P ( 2011 , PK C 201J , PSI ( 201l •PS I K ( 201l, PS IOLO C 2011 

INTEGER 0 VSUM,INDEX,INPLUS,INXJCN,IPPLUS,JCN,IWS1,IWS2,IWS3, 
+ IWS4,LOC,HESHIN,NHESH,NMESHP1,NSS,NTA,NTV,SSINDEX,TAINOEX, 
+ TVINDEX,TEST,IXT 

REAL ABSCOEF,AREA,BETA,DPSIAVE,OPSIHAX,OPSISO,OQTTY,EPHOTON, 
+ EPI,EPSOAVE,EPSOMAX,EPSOSO,ESAT,ETRAP,G,H,HT,HTAU,HVC, 
+ HVE,INBETA,JOISP,JEST,JFAC,JRESIS,JTOT,LA~BOA,LFAC,HFAC, 
+ NFAC,OMEGA 1 PF,POWER,PROFCOL,P~OFEH,PROFINT,PRO•H~X,QNTHEFF, 
+ QTTYSUH,RLOAQ,T,TAU,TFAC,TIHEFAC,TPEAK,TRISE.TRN,TRP, 
+ TSTOP,UFAc,vc.vcK,VCSS,VE.vEK.VESS,VFAC,10LUHE,VSATN, 
+ VSATP 9 XL,XOtXOPLE,PSINT,PBO,P9NoPIT,PH,PEA,PBL,EGAP,PIHGS, 
+ EFHAX,XH,PB1,PVN,XIHG,VIFAC,HT1,NA 

REAL CVOLTS,OFSPL,OFSPH,OX,EVOLTS,HN,HP,HPSI,INPROF,INPROFG, 
+ INX,JN,JNK,JP 9 JPK,HI1,HI2,HI3,HN,HP,PROF,~ROFG,S?,SSTIHE, 
+ TATIHE,TVTIHE 9 U,UK,X,PAV,PIHG 

DOUBLE N,NK 9 P,PK,PSI,PSIK,PSIOLO 
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C IWS1=NO. OF ITERATION. 
C !WS2=PRESENT HAX. POINT. 
C IWS6=NO. OF ·POSITIVE POINTS. 
c 

c 
c 

c 
90 

100 

110 

150 
c 
11t0 
c 

c 

270 
280 

c 
c c 

290 

295 
c 
300 
310 

330 

c 

OPSIMAX=OPSIAVE=OPSISO=Q. 
IHS1=0 
WS20=.2E-8 

SET UP ITERATION LIMIT. 
IF I TESTl191 .EQ. 0 J 
IF ( TESTl19J .EQ. 1 > 
IF ( TESH19J .EQ. 2 I 
IF ( TESH 191 .EQ. 3 I 
IF ( TESTl19J .EQ. 4 l 
IF I TESTU91 .EQ. 5 J 

IWS1=IWS1+1 

GOTO 150 
ILIMIT=100 
ILHIIT-=200 
ILHHT=300 
ILIMIT=400 
ILI'HT=SOQ 

IF ( IHS1 .LE. ILIHIT l GOTO 150 
PRINT 100 

FORMAT 1• ITERATION LIMIT EXCEEDED. "> 
PRINT 110, !LIMIT 
FORMAT !"!LIMIT= ",I5J 
CALL CURRENT 
CALL OUTVALU 
STOP 
CONTINUE 

00 140 I=1,NMESHP1 
PSIOL!JI II =PSI II> 

CALL MOBREC 
CALL CARRIER 
CALL POISSON 
CALL POISSON 

OLOPSIM=OPSIMAX 
OPSIMAX=DPSIAVE=DPSISO=O. 
IWS6=0 

DO ~~~=IP§i~~i~~~fOLO!IJJ 
IF < WS1 .GE. 0 J IWS6=IWS6+1 
IF I ABS!HS11 .LE. ABS<DPSIMAX) 

OPSIMAX=WS1 
IWS2=I-1 

OPSIAVE=OPSIAVE+HS1 
OPSISD=OPSISO+ws1•ws1 

OPSIAVE=!JPSIAVE/NHESH 
OPSISO=SQRT<OPSISO/NMESHJ 

USES OMEGA OPTIMIZATION ROUTINE. 

I HS7=0 

GOTO 270 

IF ( TESTl16J .EQ. 1 .AND. IWS1 .EQ. 1 J 0'1EGA=.9 
IF ( TESH 16) .EQ. D • OR. IHS1 .EQ. 1 GOTO 290 
IF! OMEGA .GT. 10. J OMEGA =.9 
IF ( IOLOPSIH-OPSIMAXJ/OLDPSIM .LT. 1 •• ANO. OMEGA .LT. 4. ) 

+ OHEGA=OMEGA/.7 
IF ( IOLOPSIH-OPSIMAXJ/OLDPSIM .GT. 1 •• ANO. OMEGA .GT •• 55 

+ OMEGA=O~EGA•.7 
IF ( ABS(OLOPSHO .Lr. ABS!OPSIHAX) .ANO. Ol'lEGA .Gr •• 9 

+ OMEGA=.9 
IF IABS<DPSIMAX•VFACJ .GT. 2. ) OMEGA=1./ABSIDPSI11AXJ/VFAC 

OO ~~fttl;P~i5~ti~il+OMEGA•(PSICI>-PSIOLO(IJJ 
CONTINUE 

PRINT 310,IWS2iOPSil1AX•VFAC,OPSIAVE•VFAC,OP5ISO~VFAC,011EGA,IWS& 
FORMAT CI<+ 9 6X,.j(£11. 5,4Xl ,F9.5,!9) 
IF ( T .LE. O. ) GOTO 330 
IF I ABS IOPSIMAX•VFACJ • GE. 1-1520 J GO TO 330 
WS20=WS20/1o5 
CALL CURRENT 
CALL OUTVALU 
IF ( ABSIOPSI11D.X•VFACl .LE •• 261t-E-9 ) STOP _ 
IF ( ABS<DPSIHAXJ .GT. EPSDMAX .OR. ABS<O:>SIAVEJ .GT. EPSOAVE 

+ .OR. OPSISO .GT. £PSDSO .OR. IWSl .LT. 5 J GOTO 90 
FIVE CYCLES HINIHUH. 

CALL MOBREC 
CALL CARRIER 
R£TU<;;,N 
ENO 
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c c 
c 
c 
c 

c 

·c 
50 

c 

SUBROUTINE VOLTAGE 
CALCULATES BOUNDARY VOLTAGES AT ANY POINT IN TIME BY LINEAR 
INTERPOLATION FROM GIVEN DATA VALUES. 

COMMON OIVSUH.INDEX,INPLUS.INXJCN.IPPLUS,JCN.Iws1.1ws2.1ws3, 
+ IWS4,LOC,MESHIN,NHESH,NHESHP1,NSS 9 NTA,NTV,SSINOEX,TAINOEX, 
+ TVINOEX, TESTl3Ql .rxr, 
+ ABSCOEF,AREA,BETA,OPSIAVE 1 0PSIHAX,OPSISO,OQTTY.EPHOTON, 
+ EPI,EPSOAVE,EPSOMAX,EPSOSu,ESAT.ETRAP,G,H,HT,HfAU,HVC, 
+ HVE,INBETA,JDISP,JEST,JFAC,JRESIS,JTOT,LA~BOAtLFAC.HFAC, 
+ NFAC,OMEGA,PF 9 POWER, 0~0FCOL,PROFEH,PROF!Nf,PROFMAX,QNTMEFF, 
+ QTTYSUH,RLOAD 0 T,TAU,TFAC 0 TIHEFAC 0 TPEAKoTRISE,TRN,TRP, 
+ TSTOP,UFAc,vc.vc~.vcss,vE,VEK,VESS,VFAC,VOLUME,VSATN, 
+ VSATP,XL,XO,ACOLL,BCOLL,CCOLL,XCMAX,XCHIN,XEFLAT,XEGAUS, 
+ XDPLE,PSINT,PBO,PBN,PIT,PH,PEA,PBL,EGAP, 0 IHGS,EFHAX,XH,PBI, 
+ PVN,XIMG,VIFACtNA, 
+ CVOLTSl20l,OFSP 14J,OFSPH14l,OX!201J,EVOLTS(20J,HNl201), 
+ HP I 2011 , HPS I I 20 11 , I NPROF I 20 11 , INf>ROFG I 201l, INX ( 20 11, 
+ JNl201l 9 JNKl2011,JPl2011,Jf>K(2011 9 Hl1(2011,HI21201l, 
+ MI3f201) 9 MNl201l,MPl201l,PROFl2011 0 PROFGl201l.SP(4l 9 
+ SSTIMEl2Ql,TATIME!100l,TVTIHE120J,U(201loUKl201ltXl201) 0 
+ PAVl2011,PIHG1201l, 
+ N(2011,NKl201),P(2011,PK(2011.PSil201loPSIKl201)1PSIOLOl201) 

INTEGER DIVSUM,INOEX.INPLUS,INXJCN.IPPLUS,JC~.rws1.1ws2.rws3, 
+ IWS4,LOC,MESHIN,NHESH,NHESHP1,NSS,NTA,NTV,SSINDEX,TAINOEX, 
+ TVINDEX,TEST,IXT 

REAL ABSCOEF,AREA,BETA,OPSIAVE,OPSIMAX,OPSISD,OQTTY,EPHOTON, 
+ EPI,EPSOAVE,EPSDMAX,EPSOSD,ESAT,ETRAP,G,H,HT,HfAU,HVC, 
+ HVE,INAETA,JOISP,JEST,JFAC,JRESIS,JTOT,LA~ROA,LFAC,MFAC. 
+ NFAC,OMEGA,PF,POWER,PROFCOL,PROFEM,PROFINT,PROFMAX,QNTHEFF, 
+ QTTYSUM,RLOAO,T,TAU,TFAC1 TIHEFAC,TPEAK,TRISE,TRN,TRP, 
+ TSTOP,UFAC,~C,VCK,VCSS,Vt,VEK~VESS,VFAC,VOLUME,VSATNo 
+ VSATP,XL,XO,XDPLE,PSINT,PBO,PBN,PIT,PM,PEA,f>BL,EGAP,PIHGS, 
+ EFHAX,XM,f>9I,PVN,XIMG,VIFAC,HT1,NA 

REAL CVOLTS,OFSPL,OFSPH,OX,EVOLTS,HN,HP,HPSI,INPROF,INPROFG, 
: I~~f~=f~~=ft~f~~~~~~~:~l~:~l~~MN,HP,PROF,PROFG,SP,SSTIHE, 

DOUBLE N,NK,P,PK,PSI,PSIK,PSIOLO 

WS1=.5•JRESis•RLOAQ•JFACIVFAC 
IF ( NTV .NE. 0 ) GOTO 50 
VC=VCSS+WS1 
VE=VESS-WS1 
RETURN 

IF ( TVTIMEINTV> .GT. T ) GOTO 110 
VC=CVOLTSINTVl+WS1 
VE=EVOLTS(NTVl-WS1 
RETURN 

100 TV1NOEX=TVINOEX+1 
110 IF ( TVTIMEITVINDEXJ .LE. T J GOTO 100 

FRAC= I T-TVTIME <TVINDEX-1 JJ l(TVTIME ITVINOEXt-TVTIME <TVINOEX-U) 
VC=CVOLTSITVINOEX-1l+FRAC•ICVOLTSITVINDEX>-CVOLTS<TVINOEX-1lt 
VE=EVOLTSITVINOEX-1t+FRAC•<EVOLTS!TVINDEXl-EVOLTSITVINOFX-tll 
RETURN 
ENO 
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APPENDIX H 

PROGRAM LISTING OF JPLOT 

PROGRAM JPLOT CINPUT,OUTPUTJ 
c 
C HAIN PROGRAM 
c 

c 

c 
c 
c c 
10 

30 

________ 40 

c 

50 

c 

COMMON N,TMAX,PMAX,JMAX,RC,K,C,ND 1 V,XL,AREA 
C0MMON/RCT1/ PO 1;ER ( 50), JTCT ( 50 I ,JRC C 50) •TIME ( 50 J 

REAL TIHE,POWER,JTOT,JRC,PHAX,JMAX,J,JGEN,RC,K1.K2 
+ ,Nn,v,xL 

INTEGER N, IWS1 

_READ NO. OF SETS OF DATA.­

READ 10, NSET 
FORMAT CilOl 
DO 1000 K=1,NSET 
PRINT 30,K 
FORMAT !1H1, "ANALYSIS FOR DATA SET NO. 
PRINT 40 
FORMAT (" POWER = INPUT LIGHT POWER"/ 

",I2//l 

+ .. JTOT = SHORT CI~CUIT CURRENT'".! ----- - ------------------------ -
+ H JRC = OUTPUT CURRENT"//) 

READ 50, R,AREA,XOPLE 
READ 50, ND,V.XL 
FORHt.T (3[10.4) 
ESL= ll. 8 54E-14 
ESLS=15.-'l"'ESL 
C=E SL S" A RE Al XO PLE/ 1. E-4---­
RC=R "C"" 1.E + 12 

C READ IN NO. OF DATA POINTS. 
c 
100 
c 
c 
c c 

READ 100, N 
FORHf-T (!101 

READ IN DATA POINTS. 
DETERMINE MAX VALUES OF INPUTS. 

READ 120,IWS1,TIME(1) ,POWERl1J ,JTOT!1l .x 
120 FORMAT(I8,4(E18.10Jl 

JTOT(1l=ABS<JTOTC1J) 
POWEP!1l=ABSCPOWERC1)) 
PRINT 130. Iws1.x 

130 FORHATC" JTOT VS. TIME FCR POINT NO. ",!3// 
+ " POSITION X = ",F10.5,•• MICROMETERS."//) 

PRINT 135, AREA,XL,No.v.xnPL[,R,C,RC 
135 FORMAT(" AREA = ",El0.5," CM""2."/ 

+ " XL = ",F10.2," MICRO~ETERS."/ 
+ ''NO = '',£10.5.'' c~•~-3''/ 
+ '' V = '',F10.2•'' VOLT5.''/ 
+ " XCPLE ",F10.2,• MICRO~ETERS."// 
+ '' R = '',F10.2," OH~S. 11 / 
+ H c = ",El0.2," FARADS."/ 
+ H RC = ",F10.2," PSECS."//) 

c 
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c 

PMAX=-9CJ99. 
JMAX=-gggg. 
TMAX=-g9g9. 

:JO 200 I=2,N 
READ 140,TIHE!Il,POHERCil,JTOT!Il 

140 FORHf,T C8X,3CE18.10l I 
JTOTCil=ABSCJTOTCill 
POWEPCil=ABSCPOHER<Ill 
IF I PMAX .LT. POWER!II l Pt~AX:POWEP(!) 
IF C JMAX .LT. JTOTCil l JHAX=JTOTCIJ 
IF C THAX .LT. TIME!Il•1.E12 l THAX=TIHEIIJ•1.E12 

200 CONTINUE 
PRINT 220 

220 FORMAT 11H1,10X,"TIHE!PSECl",8X,"POWER",10X,"JTOT"//} 
c 

DO 3CO !=1 N 
IF C TIME! ii . LT. 0. I TIME II l = O. 

c 
C NORMALISE BOTH POWER AND CURRENT. 
c 

c 

300 
c 
c 
c 

POWERIIl=POWERIIJ/PHAX 
JTOTII>=JTOT!Il/JHAX 

TIHECil=TIME!I)•1.E12 
CALL PLOTPT !TIMECil,POWfR!Il,tOJ 
CALL PLOTPT <T !HE I Il rJTOT C II ,4) 
CONTINUE 

GIVES A LISTING OF THE NORMALIZED DATA.- . 

CALL TABLE IPOWER,JTOT,TIHEJ 
c 
C OUTPUT LINEPRINTER PLOT. 
c 

CALL OUTPLT 
PRINT 5 00 
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500 - FORMAT(" -·------·--· 0 DENOTES I"IPUT POWER '0 / -- - ·----·- --···-· -·- ··------

c 
c c 

&00 

650 
c 
c 
c 

560 

670 
c c 
c 
c 

c 

+ .. • DENOTES SHORT CIRCUIT CURP~~T "/) 

CALCULATES FOR RC RESPONSE. 

CALL RCTIHE 
PRINT 600 
FORHATC1H1,10X,"TIHEIPSECl",gx,"JTOT".11x,·JRC"//) 
CALL TABLE IJTOT,JRC,TIMEI - -· 
00 650 !=1,N" 
CALL PLOTPT ITIME!I>,JRCCIJ,4) 
CONTINUE 

OUTPUT LINEPRINTER PLOT. 

CALL OUT PL T 
PRINT 6&0 
FORMAT(" 
PRINT 670 
FORMAT 11H1l 

GIVES VERSATEC PLOTS. 

• DENOTES OUTPUT CURRENT "/l 

CALL VPLOT IPOWER,JTOTiTIHEj1) 
CALL VPLOT (JTOT,JRC,T1HE,2 
CALL VPLOT IPOWER,JRC,TIME,31 
CALL VPLOT CPOWER,JRC,TIME,0) 

1000 CONTINUE 
c 
C END THE PLOT FILE. 
c 
1010 CALL PLOT co.,o.,ggg) 
c 

STOP 
END 



c 
c 
c 

c 
c 
c 
c 

SUBROUTINE RCTIHE 

CALCULATE FOR RC R(SPONSE. 

COHMON/RCT1/FOWERC50J,JTOT(50l,JRCC50l ,TIH~C50l 
COMMON N,T~AX,PMAX,JHAX.RC,R.c,Na,v,xL,AREA 
REAL TIME,POWER,JTOT,JRC,PMAX,JMAX,J,JGEN,RC,K1tK2 

+ ,No,v,xL 

DIFFERENTIAL EQUATION FOR RC CIRCUIT. 

FOJCJ,JGEN,RCl=(JGEN-Jl/RC 
c - -- -

c 

JRCC1l=O.O 
J =O. 0 
JGEN=O.O 

N1-=N-1 
DO 1600 K=1,N1 
t-STEP=10 
DT=CTIHE(K+11-TIHE!Kll/NSTEP­
OJGEN=(JTOTCK+11-JTOT!Kl l/NSTEP 
IF C OT .GT •• 11 GOTO 1300 
OT=CTIME(K+1l-TIHEIKIJ/2. 
OJGEN=CJTOT!K+11-JTOTCKll/2. 
NSTEP=2 

1300 CONl'INUE 
00 1500 I=1,~STEP 

-- Kl=OT•FOJ(J,JGEN,RCl 
K2=QT•FOJIJ+K1,JGEN+OJGEN,RCI 
J=J+. 5" ( K1+K2l 
JGEN=JGEN+CJGEI\ 

1500 CONTINUE 
JRCIK+1l=J 

1600 CONTINUE 
c 

RETURN 
ENO 

SUBROUTINE TABLE CPOWER,JTOT,TIMEI 
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c 
c 
c 

LIST DATA POINTS, CALCULATE FOR 10-90 PERCENT RISETIHES AND FWH~. 

COMMON N,TKAX,PMAX,JMAX,RC,R,c,Na.v.xL,AREA 

c 

c 

c 
c 
c 

225 

230 

231 

232 

235 

DIMENSION POWERC501,JTOTC5QJ,JRCC501,TIHE1501 
REAL TIME,POWER,JTOT,JRC,PHAX,JMAX,J,JGEN,RC,K1,K2 

+ ,No,v,xL 

IWS1=0 
IWS2=0 

DO 300 I=l,N 
- X=TIME (!J 

Yl=POWERCII 
Y2=JrOT (II 

DETERMINES WHEN INPUT AND OUTPUT EXCEED 10 ANO 90 PERCENT. 

IF ! I .EC. 1 I GOTO 248 
IF C Y1 .EC. POWERII-11 ) GOTO 232 
IF ( IWS1 • NE. 0 I GOTO 225 
IF C Y1 .GT. 0.1 I IWS1=1 
TS1=<X-TIME<I-1)1"(.1-POWERlI-1l>ICY1-POWERlI-1l>+TIHElI-1l 
CONTINUE 
IF ! HIS1 •NE. 1 ) GOTO 230 
IF I Y1 .GT. 051 IWS1=2 
TM1=1X-TIMEII-11)•(.5-POWE~!I-1ll/IY1-POWERC!-1ll+TIME!I-1l 
CONTINUE 
IF f IWS1 • NE. 2 ) GOTO 231 
IF C Yi .GT• • 'l I IWS1=3 
T F 1 = C X -TI HE < I-1 I ) • (. 9- P 0 WE~ I I-1 I I I ( Y 1-POWE R ! I-11 I +TI ME CI -1) 
CONTINUE 
IF I IWS1 .NE. 3 ) GOTO 232 
IF C Y1 .Gr •• 5 I GOTO 232 
IWS1=4 
T N1 = ( X-T rnE II- ll I• ( • 5-PO HE?.! I-11 ) I ( Y 1-POtff RI I- 1 I ) +TI ME (I -11 
CONTINUE 
IF ! Y2 .EC. JTOT I I-1 l > GOTO 242 
IF I IWS2 .NE. 0 J GOTO 235 
IF ( Y2 .GT. 0.1 l IWS2=1 
TS2=CX-TIMElI-1ll•C.1-JTOTCI-1ll/CY2-JTOrCT-11l+TIMEII-11 
CONTINUE 
IF ( IWS2 • NE. 1 I GOTO 240 
IF ( Y2 .Gr •• 51 IWS2=2 
TM2=1X-TIMECI-1ll•(.5-JTOTCI-1ll/IY2-JTOTII-1ll+TIME<I-11 



240 CONTINUE 
IF ( IWS2 • NE. 2 > GOTO 2<+1 
IF C Y2 .GT •• 9 I IWS2=3 
TF2=<X-TIHE.(I-11l .. 1.9-JTOTII-1l)/(Y2-JTOTII-1lJ+TI~E<I-11 

241 CONTINUE 
IF C IWS2 .NE. 3 l GOTO 242 
IF C Y2 .GT •• 5 J GOTO 242 
IWS2=4 
T N2= ( X -TI HE. I I-1 JI w. (. 5-J T 0 T tI-1l l ICY 2-J TOT I T-1 l l + T IMC:: (I -11 

242 CONT HJUE 
2 4 8 C 0 NT I NUE 
(; 

PRINT 250, x,v1.v2 
250 FORHAT(10X,3(F10.5,5X)/) 
3!30 CONTINUE 
c 

400 

JHAX=JHAXW-AREA 
POUT=P"Jl~A>""2 
PRINT 40~, PHAX,JMAX,POJT 
FORMAT(" MAX. INPUT POWER : 

+ " MAX. CUTPUT CU~PfNT= 
+ " HAX. OUTPUT POWER 

",E10.5," .-IATTS."/ 
"',£10. S, .. A"1P"/ 
",E10.5," WGTT~."//) 

c 
C CALCULATES FOR 10-90 PERCENT RISETIHES. 
c 

TRISE1=TF1-TS1 
TRIS€2=TF2-TS2 
PRINT 450, TPISE1 

450 FORMAT I" 10-90 PERCENT INPUT RISETIME = ",F6.2," PSEC."J 
PRINT 460, TRISE2 

460 FORHAT (" 10-90 PERCENT OUT OUT RISETIME= ",F6. 2 ... PSEC ... , /) 
c 
C CALCULATES FOR FWHH OF PULSE WHENEVER APPLIC~BLE. 
c 

465 
470 

475 
480 
c 

c 
c 
c 

c 
c 

IF I IWS1 • NE. 4 ) GOTO <+70 
FWl-1N1=TN1-TM1 
PRINT 465, FWHH1 
FORMAT (" FWHH OF INPUT PULSE 
CONTINUE 
IF ( IWS2 .NE. 4 I GOTO 480 
FWHH2=TN2-TH2 - ------- -----
PRINT 475, FWHM2 
FORMAT (" FWHH OF OUPUT PULSE 
CONTINUE 

RETURN 
EN!J 

SUBROUTINE VPLOT CPOWER 1 JTOT,TIM~ 1 IOPTJ 

VERSATEC PLOTTING ROUTINE. 

'',FS.2,•• PSEC.''J 

= ",F6.2," PSEC,"//l 

COMMON N,TrAX,PHAX,JMAX,PC,R,c,N1,v,xL,AREA 
DI ME NS ION PO WE R ( 5 0 l, J T CT ( 5 0 l • J PC ( 50 l , TIME ( c; ~ l 
REAL TIME,POWER,JTOT,JRC,P~AX,JHAX,J,JGEN,gC,K1,K2 

+ , rm, v, XL 

IF ( IOPT .Ea. 0 GOTO 1020 

C ORAW OUTER LIMIT OF PLOTTING AREA WITH PEN g. 
c 

c 

C All NEW PEN ( 9) 
CALL PLOT (0.,.02,3) 
CALL PLOT (Q.,7.,21 
CALL PLOT 18.,1.,,21 
CALL PLOT ca.,.o,_,21 
CALL PLOT 10.,.02,2> 

C SCALE DATA TO ALLOW ONE INCH MARGIN All ARO~~O. 
c 

CALL FACTOR (N,TIME,PO~ER,7.,6.02,1.,1.1 
c 
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C DETERMINE MIN AN3 MAX VALUES OF DATA AND DRAW BORDE~ USING pr-N 2. c 

c 

CALL NEWPE N( 2) 
CALL INCHTO (1.0,1.0,XMN,YHNJ 
CALL INCHTO (7.,6.02,XMX,Y~XI 
CALL PLTLN (XHN,YMN,X~N,YMXl 
CALL PLTLN (XMN,YMX,XHX,YHXI 
CALL PLTLN (XMX,Y~X,XHX,YM~I 
CALL PLTLN IXMX,YMN,XMN,YHNI 

C PLOT CURVES WITH PEN 4. 
c 

~00 

CALL NEWPENC4) 
N1=N-1 
DO 800 I=1,N1 
CALL PLTLN !Tlf'4E!Il,POWER(Il,Til1E!I+1l,POWER<I+l)J 
CALL PLTLN ITHEIIl,JTOTl!l,TIMEII+1J,JTCTII+1ll 



I,, 
c 
c 
c 
c 
c 

810 

820 

830 
c 
c 
c 

850 

860 
870 

900 c 
c 
c 

950 

1000 
c 
c 
c 

11J02 
1004 
c 

c 

c c 
c 
c 

PLOT X AXIS LAEEL. 

CALL LETTER u2,.1s,o.o,s.2,.45,nTIME (PSECJ") 

PLOT Y AXIS LAEEL. 
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IF I IOPT • NE. 1 l GOTO 810 
CALL LETTER (35,.15,go.,o.5,.75," INPUT POWER, SHORT CIRCUIT CURRE 

+NT'"l 
CONTINUE 
IF I IOPT .NE. 2 l GOTO 820 
Cr.LL LETTEP (38,.13,go.,o.s,1.o,·· SHORT CIRCUIT CURRENT, OCITPUT cu 

+RRE NT'" l 
CONTINUE 
IF I !OPT • NE. 3 l GOTO 830 
CALL LETTER (2a,.1s,go.,o.5,1.e," INPUT POWER, OUTPUT CURRENT") 
CONTINUE . 

PLOT DIVISIONS ON X AXIS. 

CALL NEW PE I'! 21 -·· 
NX=INTITHAX/10.1+1 
X1=.85 
D 0 g 0 0 I =1, N X 
CALL PLOT IX1+.15, 1. '),31 
CALL PLOT !Xi+.1:;, 1.1,21 
IWSO= < I-1> •10 
ENCODE 13 1 850,XSCALEl IWSO 
FORMAT !I3J 
IF ( THAX .GT. 150.) GOTO 860 
CALL LETTER !3,a.1,o.o,x1,.as,xscALEJ 
GOTO 870 . 
CALL LETTER (3,.05,o.o,x1~.85,XSCALE) 
CONTINUE 
X1=X1+60./THAX 
CONTINUE 

PLOT DIVISIONS ON Y AXIS. 

Y1=1.0 
00 1000 I.:1,11 
CALL PLOT 11.o,v1,3l 
CALL PLOT 11.1,Y1,2J 
WSO=<I-1>"0•1 
ENCODE !3,950,YSCALEJ WSO 
FORHAT IF 3.1) 
CALL LETTER !3,o.1,o.o,.65,Y1,YSCALEl 
Y1.:Y1+0.5 
CONTINUE 

PRINT HEADING OF GRAPHS. 

ENCODE cs,1002.cu AREA 
ENCODE (8,1002,CZl NO 
ENCO'JE ( 5.1004,C3l R 
ENCODE (5,1004,Clt) V 
FORMAT !E8.2l 
FORMAT tF5.U 

CALL LETTER 133,.10,0.0,2.50,&.70, 
+ " AREA . = c~••2 "l 

CALL LETTER 133,.10,0.0,2.50,&.50, 
+ " DOPING OE~SITY = c~~"-J"J 

CALL LETTEP (33,.10,0.0,2.50,6.30, 
+ " RESISTANCE = OH~S "J 

CALL LfTTfR !33,.10,0.0,2.50,6.10, 
+ " VOLATAGE = VOLTS ") 

CALL LETTEF (8,0.10,0.0,4.3,f>.70,Cil 
CALL LETTER (8,0.10, O. Q, 4. 3, fi. SO,C2l 
CALL LETTEP 1s.o.10,o.c,4.3,6.30,C3) 
CALL LE:TTER (5,0.10,0.0,Lt.3,b.10,Clt) 

ENO THIS PLOT. 

CALL PLOT <.1,.1,-JJ 

• - .. .:--~-~· -1' .. _______ __ 

1020 RETURN 
ENO 
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