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ABSTRACT

The operation of Metal-Oxide-Semiconductor Field-Effect Transistors is

analyzed, emphasizing the effects of quantum-mechanical statistics, the join

ing of strong- and weak-inversion regions and the modeling of small-

geometry devices.

When the gate voltage exceeds the threshold voltage, the surface-carrier

concentration is higher than the doping concentration and the surface may

degenerate. In order to understand the changes at the surface, we must

explore the quantum-mechanical effects. The quantum-mechanical effects

must be ascribed to both the quantum-mechanical statistics and the quantiza

tion of the energy band. Numerical evaluation of the drain current, channel

conductance etc., based upon quantum-mechanical statistics, demonstrates

that quantum-mechanical statistics alone do not result in a significant devia

tion from the classical prediction of these device characteristics within practi

cal operational voltage ranges.

When the gate voltage changes from above to below the threshold vol

tage, the operational mode shifts from strong to weak inversion. The

difficulties in modeling the transition between the strong- and weak-

inversion regions, where no simple approximations can be applied, are over

come by joining the strong- and weak-inversion characteristics by properly

defining the transition region. This approach provides an efficient and self-

consistent way to simulate the operations of both strong- and weak-inversion

regions.

Program TWIST has been developed to simulate the characteristics of

weak inversion and weak-injection punchthrough by solving the two-
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dimensional Poisson equation. The generation of non-uniform doping

profiles including a two-dimensional impurity redistribution and graded

meshes, and the application of modified Gummel's algorithm and

Successive-Over-Relax iteration, together with a by-pass scheme, are imple

mented.

The punchthrough phenomena are explored by theoretical analysis and

two-dimensional device simulations. The results of the two-dimensional

simulations establish the relationship between the drain-induced lowering of

the surface barrier and the punchthrough. The onset voltage of the pun

chthrough is derived from a quasi one-dimensional Poisson equation.

To provide an efficient model of small-geometry devices, a semi-

empirical model, MOS3, has been developed and installed into the circuit

simulation program SPICE2.G. The equations in a simple format allow easy

parameter extraction, a property which is as critical as the accuracy of the

model itself. A close correlation is obtained between the calculated and

measured characteristics of small-geometry devices.



ACKNOWLEDGEMENTS

The author wishes to express her sincere appreciation to Professor

D.O.Pederson for his continuing encouragement and guidance throughout

the course of this work. She also gratefully acknowledges the numerous

helpful discussions with Professors B.Hoefflinger, A.R.Newton and

A.M.Portis. It is her pleasure to acknowledge the steady and helpful discus

sions with E.Cohen, A.Vladimirescu and the other members of the CAD

group at the University of California, Berkeley.

Both the financial and technical support received from the Signetics Cor

poration and the encouragement provided by T.Young are gratefully ack

nowledged. Special thanks are extended to P.T.Chuang for many interesting

discussions in the early stages of this work.

The predoctoral fellowship from IBM for the spring and fall of 1976

helped the preliminary development of this research. The generous equip

ment grant from the Hewlett-Packard Company and the extensive computer

resources supplied by the Computer Center of the University of California,

Berkeley are also acknowledged.

The author is especially indebted to Mrs. E.A.Baker for her careful

proofreading of the entire manuscript.

The author wishes to express her deep gratitude to her parents, Kuei-Ju

and Hui-Hsiang, for their support and encouragement throughout the course

of this work.



TABLE OF CONTENTS

CHAPTER 1: Introduction 1

CHAPTER 2: The Quantum-Mechanical Effects on the Operation

ofMOSFETs 5

2.1. A Survey of the El-Mansy and Boothroyd Model 6

2.2. The Impact of Quantum-Mechanics 13

2.2.1. The Wave Property and the Band Quantization 14

2.2.2. Fermi-Dirac Statistics 15

2.2.3. The Impact on Device Characteristics 17

CHAPTER 3: A Unified Approach to MOSFET Modeling 19

3.1. General Overview 20

3.2. Strong-Inversion Region 25

3.3. Weak-Inversion Region 27

3.4. Join Together 28

3.5. The Influence of Fast-Surface States 31

CHAPTER 4: Two-Dimensional Simulations of Small-Geometry

MOSFETs 33

4.1. Overview of Program TWIST 35

4.2. Graded Mesh and Impurity Distribution 36

4.3. Basic Equations and Boundary Conditions 37

4.4. Quasi-Fermi Level 39

4.5. Potential Initialization 42

4.6. Iteration Algorithm and Program Performance 44

4.7. Device Characteristics 45

CHAPTER 5: The Punchthrough 47

5.1. Static Feedback and Punchthrough 48



li

5.2. The Saddle Point 50

5.3. Quasi-One-Dimensional Analysis 51

CHAPTER 6: Small-Geometry Effects and the Semi-empirical
Model MOS3 56

6.1. Threshold Voltage 58

6.1.1. Short-Channel Effects 59

6.1.2. Narrow-Channel Effect 60

6.1.3. The Model Equations 61

6.2. Basic Drain-Current Equation 62

6.3. Surface-Mobility Modulation by Gate Voltage 64

6.4. Velocity Saturation of Hot Electrons 64

6.5. Saturation Voltage 65

6.6. Channel-Length Modulation 67

6.7. Capacitance Model with Charge Conservation 68

6.8. The Comparison Between MOS2 and MOS3 69

CHAPTER 7: Summary 73

APPENDIX A: TWIST User's Guide 77

APPENDIX B: Example Input to Program TWIST 90

APPENDIX C: Example Console Session of Program TWIST 92

APPENDIX D: Test-Circuit Inputs to SPICE2.G 97

APPENDIX E: Listing of Program TWIST 105

REFERENCES 179



CHAPTER 1

Introduction

A Metal-Oxide-Semiconductor Field-Effect Transistor (MOSFET), also

commonly known as an Insulated-Gate Field-Effect Transistor (IGFET), is a

semiconductor device with four terminals: source, drain, gate and substrate.

It is the major ingredient of today's Large- and Very-Large-Scale Integrated

Circuits (LSI/VLSI). The extensive development of MOS technology is a

result of the simplicity of its structure. This simple structure permits low

production costs and high packing density which make MOS integrated cir

cuits very economical.

The invention of MOSFETs can be traced to the 1930's [1-2]. The first

reported laboratory study of MOSFETs was carried out in the 1940's [3].

Commercial MOSFETs became available in the 1960's [4], after the develop

ment of planar integrated-circuit technology [5]. Since then, MOS technol

ogy has been developed rapidly [6-7]. First, the polysilicon gate replaced the

metal gate. Then ion implantation [8-10] replaced thermal diffusion and the

devices could be tailored with much more freedom and precision. The dev

ices are getting smaller and smaller. Today's typical channel length and

width are as small as 2fim. Now, people are looking forward to the era of

devices as small as or even smaller than l/mt.

Theoretical research on MOSFETs and technological improvements

have always gone hand in hand. Detailed physical analysis has led to better

understanding of device operations and to the development of transistor

models that are widely used in circuit simulation programs. Device models

which are compatible with these simulators have gained very much attention.

Characteristics equations with sets of device parameters are often used [11].
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Table-Look-Up is an alternative when dealing with large-scale circuits [12-

13]. Both approaches to transistor modeling require either available device

data from which parameters may be extracted [14] or parameter values

obtained from one-dimensional or pseudo-two-dimensional physical models

of the transistors [15]. Numerous models have been developed [6-7]. The

complexity ranges from the most compact Shichman-Hodge's [16] model to

those models requiring iterative solutions [17]. A good CAD (Computer-

Aided-Design) model should be able not only to reflect the state of the tech

nology but also to provide accuracy and computational efficiency.

Most MOSFET circuits are designed so that the devices operate in the

strong-inversion region. The strong-inversion region is the region in which

the concentration of the minority carriers exceeds that of the majority car

riers, which is in the range of 5.0X1014 to 5.0X1016 cm~3. The presence of

excessive minority carrier concentration inverts the type of net surface con

centration. The threshold voltage of strong inversion is usually on the order

of 1 volt. Degeneracy, the condition in which the surface concentration is

l019cm~3 or more, does not occur until a much higher gate voltage is reached.

The impact of this heavy concentration and the effect due to quantum

mechanics are explored in Chapter 2.

The current in the weak-inversion region is low. The transition between

strong- and weak-inversion regions deserves attention. The major difficulty

in modeling the transition region is the fact that no simple physical approxi

mation can be applied. In the transition region, the contributions from the

minority and majority carriers are comparable. Both the diffusion and drift

currents are equally important. Chapter 3 describes a properly defined tran

sition region in which the strong- and weak-inversion characteristics are

joined. This approach does not involve internal iterations and provides both

efficiency and accuracy in circuit simulations.
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Numerical solutions of the two-dimensional potential and current-

continuity equations are necessary to describe the new generation of

integrated MOSFETs, which are shorter and/or narrower than the old ones.

People have been working on these subjects for the past ten years [18-20].

Initially, idealized impurity distributions and junction boundaries were

assumed to facilitate solutions. However, with very small device geometries,

modern process simulators show extremely inhomogeneous two-dimensional

impurity distributions and junction boundaries, which must then be con

sidered in the potential and current-transport simulations. Program TWIST

(TWo-dimensional Interactive Simulation of MOS Transistors) is an interac

tive device simulation program which handles the solution of the two-

dimensional Poisson equation. Because it limits the solution to the Poisson

equation only, TWIST is useful both as a pre-selector for structures to be

simulated with a more elaborate two-dimensional potential and current-

transport program and as an efficient simulation tool for the conditions of

weak inversion and/or weak-injection punchthrough. The development of

Program TWIST is described in Chapter 4.

One of the most important problems in designing small-geometry MOS

FETs is the punchthrough between the source and the drain. This is the

result of barrier lowering due to the merging of the source and drain deple

tion regions. Once the punchthrough condition is reached, the current

flowing from the source to the drain increases significantly as V^ increases,

and the device characteristics deviate from the norm. This additional current

can be viewed as an undesirable component to be avoided or exploited as

part of the conduction current in novel applications of MOSFETs. In

Chapter 5, the punchthrough phenomenon is explored by both theoretical

analysis and two-dimensional device simulations using Program TWIST. The

derivation of the onset voltage of punchthrough is based upon the assump

tion of a uniform substrate doping profile.
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The ultimate difficulty in the development of a model suitable for small

devices is the correct treatment of the two-dimensional nature of the poten

tial distribution and current flow. A semi-empirical modeling approach is a

compromise between simulation accuracy and computational efficiency. The

equations in a simple format allow easy parameter extraction, a property

which is as critical as the accuracy of the model itself. The MOS3 model has

been developed and implemented into the circuit simulation program

SPICE2 to provide an accurate model of MOSFETs no larger than L<2nm

and/or w<2nm, and to attain computational efficiency.

In developing the MOS3 model, several important issues of MOSFET

modeling were considered. Model equations were developed and verified.

In the future, modeling work should emphasize the small-geometry effects.

Further development of two-dimensional device simulation programs would

be very helpful.



CHAPTER 2

The Quantum-Mechanical Effects on the Operation of MOSFETs

In the El-Mansy and Boothroyd model [21-22], hereafter abbreviated

the E-B model, one of the major issues is the impact of quantum-mechanical

statistics on device characteristics and modeling. The E-B model and the

nature of the quantum-mechanical effects are examined in this chapter.

The E-B model is a charge-moment model based upon classical statistics

and the assumption of a block-charge distribution. The authors argue that

the widely observed channel-conductance modulation by the gate voltage can

be attributed to quantum-mechanical statistics, not the surface-mobility

modulation. But, in this aspect, their model does not perform better than

models using empirical mobility equations.

The quantum-mechanical effects should be attributed to both the degen

eracy of the surface carrier population, which can be described properly only

by Fermi-Dirac statistics, and the wave property of the carriers, which leads

to the quantization of energy band at degeneracy. The statistical impact

alone is not large enough to cause a significant difference in the device

characteristics in the practical operational range. The onset voltage of degen

eracy is calculated. The surface potentials based upon different statistics vary

by as much as 30 percent in a degenerate state, but the difference in the dev

ice characteristics is less than 1 percent.

An empirical expression, which relates the surface potential to the

charge density per unit area in the degenerate case, is proposed. This
expression is correct within three percent for Fermi levels within +4 to -4
kT— from the energy-band edge. This range, at room temperature, goes up
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to approximately (VGB -VFB) = 30K which is well above the maximum bias of

practical MOSFET analog circuits. This expression is chosen so that it is

differentiable and integratable and permits efficient computations.

2.1. A Survey of the El-Mansy and Boothroyd Model

The E-B model is an analytical model which covers both the strong- and

weak-inversion regions of enhancement MOSFETs with a uniformly doped

substrate. Basically, it differs from other models in its assumption of charge

distribution rather than in its treatment of fundamental statistics. This point

has been debated by Brews [23].

An N-channel MOSFET is shown in Figure 2.1. In that figure, I is the

distance between the source and drain junctions, w is the width of the chan

nel region, Tox is the oxide thickness, x3 is the depth of the source and drain

junctions, and x and y are the spatial coordinates to be used in later analysis.

In the E-B model, in order to deal with the spatial charge distribution effect

on the potential distribution, the total charges inside the semiconductor,

including both the inversion and depletion charges, assume a step distribu

tion [24] of concentration Ns and depth Ws as shown in Figure 2.2. In the
case of an N-channel device, the potential, 0,, sustaining this block of charge

can be expressed as:

qNs ,

which is also the surface potential with the substrate potential taken as the

reference point. The amount of gate charge per unit area, Qg = C0x(Ygb -
vfb - 4>s), must equal the amount of the total semiconductor charge per unit

area, Qsj = -qNsws, to satisfy the constraint of charge neutrality. Therefore:
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Figure 2.1 The Schematic Diagram of a MOSFET,

Figure 2.2 The Block Approximation of Charge Distribution in the E-B

Model,
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Cox [Vgb -?»-♦,]- <lNSWs (2.2)
The relationship between the surface potential and the depth of this charge

block is derived by taking the ratio of Equations (2.1) and (2.2) and multi

plying it by 2td\

2cj <t>,

Car(K<»-K„-*,] (2#3)
The total depletion charge per unit area, QDEPt is:

Qdep = - qNsuB^s (2.4)

= 2cri qNsuB 4>s
Cox[vGb -VFB -4>s] (2*5)

where NSUB is the substrate concentration. The inversion charge density,

Qinv* equals the negative sum of the gate and depletion charge densities:

Qmv =- (& +Qdep) (2.6)
- r \v v a, 1+ 2*a qNsuB *'- -C0x[Vgb - VFB -0,J +—r -j (2.7)

<~OX \VGB " VFB " <Ps J
with parameters 17 and a defined as:

Vgb - Vfb - 4>s

Wc

kT/q

a-C0x\f, "J/* (2.9)

=^£ (2.10)
7

where y is the conventional body effect coefficient. The expression Qw can

be rewritten as:

n _ wCar n2 +̂ -(Kcg-K^)l^ (2.11)
q a 17

This is Equation (25) in Reference [21]. Here, it has been derived solely

based upon the assumption of block-charge distribution and is independent

of the statistics on which the model is based.

(2.8)

kT/q
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The drain current is the most important device characteristic and can be

obtained by integrating the total current density, /(jcj/)» over a cross section

normal to the channel direction:

w,

Ids °W f J(xy)dx (2.12)

where wy is the width of the surface charge layer at location y. The total

current density is the sum of the drift and diffusion current densities:

J(x,y) = qUEFF N{xy)Ey +-^ VyN(x,y) (2.13)

Based upon Boltzmann statistics, the electron density is related to the quasi-

Fermi level, fn, which measures the excess charge induced by the external

biases, as shown in the following expression:

?(»(*j>)-f,)

N(xy) = N0e kT (2-14)

where N0 is the electron density at zero biases. The total current density can

be rewritten as:

J{xy) = -qUmNixj)*,^ (2.15)

which is Equation (21) in Reference [21]. The drain current equation
becomes:

wy

Ids =WqU^ f N{xy)^dx (2.16)

- -WUeffQinv^- (2.17)
By integrating both sides of the above equation from source to drain in vari

able y, one arrives at Equation (24) of Reference [21]:

Ids = -~j-UEFF / QntydS (2.18)
^ o

As noted before, Qm is an explicit function of $,. In order to carry out the

integration in the above equation, <t>s must be related to the biases and the



quasi-Fermi level. This is achieved by integrating the differential Poisson

equation in the potential domain from 0 to <t>s with the boundary condition

of zero electric field at the boundary of zero potential:

f V}<t>d4> - -2- J* N-NSUB\d<i> (2.19)

i£
dx

1 2 *,

= -2- f #(*)</* - -Z-Nsutfs

It can be further rewritten as:

*,
Qiif iV(<A)rf0 = + W5Wtf ,

(2.20)

(2.21)

By applying the classical definition of the quasi-Fermi level, carrying out the

integration, and replacing the expression &7, Equation (8) in Reference [21]

is obtained:

12

(2.22)N,2 kT
*&,-!*)

kT „ [C°*[} GB FB <f>'If
'Nsub4>s

Nsub q 1*d q

4>s must be solved from the above equation by either iteration or simplifying

the equation. The integration in Equation (2.18) can be carried out:

Ids ~T^effCoxIc

where

jo =

.2L.2[y2-vGB)-rhr-Ko,

kT_
q

v v + %=^_ + -v2 +>js + <t>sJ>VGB " VFB + 2r—- -t y

Vgb " Vfb " 4>s,D
Vgb - Vfb ~ <t>s£

which is equivalent to Equation (15) in Reference [21]. Here +mS and <f>sj>

are the surface potentials derived from Equation (2.20) at the source and the

drain, respectively. Equation (2.24) has been intentionally rewritten in a for

mat similar to that of conventional equations for a convenient comparison.

U>sJ> ~<f>sj\

(2.23)

(2.24)
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It might be argued that it is not necessary to introduce the classical

definition of the quasi-Fermi level, which contradicts the quantum-
mechanical concept put forth by El-Mansy and Boothroyd. To accommodate

their argument, Equation (21) of Reference [21] must be derived using a
quantum-mechanical approach. Nonetheless, the authors of the E-B model

maintain that because the properties of the source and drain junctions are
well described by Boltzmann statistics, the first-moment of charge distribu
tion based upon different statistics should be the same at the junction boun
daries to provide a smooth transition. They further argue that this is a gen
eral property of the Poisson equation and can be applied to the derivation of
the drain current equation. This direct application of the boundary condition
to the channel region is confusing and contradictory to their main theme.
Both Equations (8) and (21) in Reference [21] are the results of classical
statistics.

The essence conveyed by the combination of the step charge distribu
tion and the classical voltage-potential relationship can be properly desig
nated as a classical charge-moment model [25]. In the charge-block picture,
the total amount of charge inside the semiconductor is the weighted sum of
the inversion and depletion charges:

Qsi = oafvQmv* + *depQdep* (2.25)
where the weighting factors <rw and <rDEP are defined as:

Ws

*DEP " ~w7 (2.27)
and

Wj_
7D
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00

JxpiNy(x)dx
»W = 2-^ (2.28)

JpjNv(x)dx

00

^PD&Mdx (229)

alNV is a number greater than one, while aDEP is a number less than one.

J*W» ^d ana* Ws versus KCir - Kra, and amy and (rfi£P versus VGB - Kra are

plotted in Figures 2.3 and 2.4, respectively, for comparison. In the strong-

inversion region, the weighting factor of the depletion charge decreases as

the gate voltage increases. Thus, the depletion charge in the E-B model

diminishes as VGB increases. Nonetheless, it should not be interpreted as a

diminution of the real depletion charge.

The charge-block representation enables the E-B model to replace the

double integration in the Pao-Sah theory [26] by a closed-form expression

and establishes it as a practical CAD model. But quantum mechanics are not

involved in the derivation of the model.

The E-B model also differs from the other models in that it uses a con

stant, instead of modulated, surface mobility. The drain conductance can be

derived by differentiating the drain current equation with respect to the drain

to source voltage, V^:

wGbs = -—VeffQinv(drain) (2.30)

^~Ueff Qsi - Qdep (2.31)

Clearly, the drain-conductance modulation may result from variations in the

surface mobility, the surface potential or the depletion charge or in all three

of them. In the E-B model, the drain-conductance modulation is the conse

quence of repartitioning charges. The weighting factor of the depletion
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charge is sensitive to the gate voltage as indicated in the formulation of QL

Conventionally, the drain-conductance modulation is modeled by empirical

mobility modulation. In this aspect, the E-B model is less flexible than

models using empirical mobility-modulation concept. The 7^-versus- K^

curves of a 50nm by 9nm MOSFET are plotted in Figure 2.5. The measured

data is compared with both the E-B model and the MOS2 model in

SPICE2D, which uses the empirical mobility-modulation approach. At the

low bias range of 0 to 0.5 volts KOT, all the second-order effects are negligible

and the simulated characteristics are dominated by the basic assumption.

The E-B model consistently overestimates the current. The difference

increases as the gate voltage increases. The model parameters of this device

are chosen so that the models fit adequately in the range of 0 to 10 volts Vos

as shown in Figure 2.6. The parameter values are listed in Table 2.1:

!DEP-

Table 2.1

Parameter MOS2 E-B Unit

W 50 50 um

L 9 9 urn

VTO 0.45 0.45 V

TOX 950 950 A

XJ - 2.2 2.2 WOT
LD 0.75 0.75

NSUB 6E15 3E15 em-3

UO 630 550 cm/V-s

UEXP 0.27 .

UCR1T 80K - V/cm

Table 2.1 Device Parameters Used in Figures 2.5 and 2.6
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200uA
VGSslOV VGS=2V

VGS= 6V

YDS 0.5V

Figure 2.5 7^-Versus-v^ ofthe Experimental Measurements and the MOS2
and E-B Models with Parameter v^ in aLow v»s Range,
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and E-B Models with Parameter Vos in a High V^ Range,
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2.2. The Impact of Quantum-Mechanics

Equation (2.21) is a general derivation from the Poisson equation.

Quantum-Mechanical statistics and the noticeable wave property in degen

eracy induce different carrier distributions and integration results that devi

ate from the classical ones. A new relationship between the surface potential

and the biases is required in order to handle the quantum-mechanical effects

properly.

The surface potential measures the conducting carriers. Its distribution

determines how the current will flow between the source and the drain. The

surface potential predicted by quantum mechanics is more sensitive to the

applied gate voltage than the classical statistics predicted.

The quantum-mechanical effects can be attributed to both the highly

degenerate surface concentration, which can be properly described only by

Fermi-Dirac statistics, and the wave property, which leads to the quantiza

tion of the surface energy band. The combined impact of both the statistics

and the wave property has been studied by linearizing the surface-potential-

well to decouple the Poisson and the Schrbdinger equations [27], and using

perturbation techniques to include the non-linearity of the potential well in

the highly-degenerate case [28].

The maximum of the electron distribution function is located inside the

semiconductor instead of at the surface which is predicted by Boltzmann

statistics without including the effects of the Schrbdinger equation. The peak

concentration is much less than the classical one. As reported by the work

of Talley et al. [27], the channel thickness decreases as the gate voltage

increases, and stays at a finite thickness of approximately 0.01 mm. While clas

sical statistics also predicts a decreasing channel thickness, but the thickness

diminishes in the very strong-inversion region.
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Pals [29] has measured the characteristics of capacitance versus gate vol

tage to determine the charge distribution inside a semiconductor. His results

show that the quantum-mechanical considerations must be included in the

theoretical calculations in order to match the experimental data. The

existence of sub-bands has been demonstrated by magneto-resonance meas

urements [30] on P-channel MOSFETs.

2.2.1. The Wave Property and the Band Quantization

The influence of the wave property has been explored by precise numer

ical calculations based upon the Schrbdinger and Poisson equations. The

results of the existing studies are reviewed in the following paragraphs.

When the gate voltage is high enough to induce a degenerate surface

carrier concentration, the wave property of the carriers becomes noticeable.

The impenetratable potential barrier at the interface forces the interface be a

node point of the standing wave pattern associated with the carrier distribu

tion function. As shown in Figure 2.7, the fundamental energy states, which

have the highest occupation probability, tend to place the peak carrier con

centration close to the center of the surface potential well. So the carrier

distribution based upon quantum-mechanical calculations has its peak con

centration inside the semiconductor.

As the surface concentration degenerates, the surface conduction band

is quantized and splits into sub-bands along a direction normal to the sur

face. Each of the sub-bands corresponds to a two-dimensional continuum.

The carrier motion is quantized along the normal direction, but is continuous

along the parallel direction. The quantization effect is enhanced as the sur

face potential well is narrowed down at an increasing substrate bias. At
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Figure 2.7 The Distribution Function of Inversion Carriers in the Low

Energy States (from Reference [2.7]),
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room temperature, when the surface just starts to invert, many of the sub-

bands are populated and the quantization effect is not prominent. As the

gate voltage increases, the surface's normal field strength, the differences

among the quantized energy levels, and the relative population of the lowest

sub-band all increase. Thus, the quantization effect is profound.

2.2.2. Fermi-Dirac Statistics

The carrier concentration can be expressed as:

E,

N= fN(E)F(E)dE (2.32)

where N(E) and F(E) are the density of states and the distribution probability

respectively. If the surface carrier concentration degenerates, the integration

should be replaced by the summation over all the sub-bands, N{E) by the

corresponding density of each sub-band, and where F(E) is Fermi-Dirac dis

tribution function.

By using the Fermi-Dirac function, neglecting the sub-band quantization

and assuming a spherical band structure, the above equation becomes:

N(*) - ^NcFm
EF-EC +*(*-*,]

kT

where

r m - 7 *"**Fl/2{X) l 1+eIJ-X

(2.33)

(2.34)

and <t> is the magnitude of band bending and £, is the quasi-Fermi level. If

the surface concentration does not degenerate, it can be reduced to:

N(+) - NceE"-Ec +«(*-f»>/w" (2.35)

which is equivalent to Equation (2.14) with N0 = Nc e(Ef'EeykT. The
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relationship between the surface potential and the gate voltage can be

derived by substituting the expression N(4>) for the integrand on the left side

of Equation (2.21). By using the approximations suggested by Seiwatz and

Green [32], the integration can be reduced to [33]:

|tf(*)rf* =-J-Nc-^ j- F3/2L -Ec +q(<t>s - f„)
kT

where

(2.36)

The corresponding expression based upon Boltzmann statistics is:

*' 1,-r E E i^'-^
f N(<t>)d<f> = —Nc eF' c ^^~ (2.38)

i q

Functions --j=Fxn{x) and ex, which are counterparts based upon

Boltzmann and Fermi-Dirac statistics, are plotted together in Figure 2.8.

The quantities v/TT^y^t*) and e2, which correspond to the inversion
charge density QINV but are based upon different statistics, are plotted in Fig

ure 2.9. F1/2 and FV1 are calculated by the Table-Look-Up method based

upon the McDougall-Stoner table [34]. The difference between the results

based upon Fermi-Dirac and Boltzmann statistics increases to approximately
ten percent as the Fermi level approaches the band edge.

The relationship between the surface potential and the gate voltage can

be deduced from Equation (2.21) and the expression &/ as:

'' +\ A**' +"af— / NMd+ (2*39)
The onset voltage of degeneracy, VDEG, can be defined as the gate voltage at

which the Fermi level reaches the band edge. The onset voltage of degen

eracy versus the oxide thickness is plotted in Figure 2.10 for cases of both

vGB = 0
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the inverted and accumulated surfaces.

An accumulated surface, e.g. the surface of a depletion device in the

strong-conduction mode, differs from that of an inverted one because there

is no depletion charge next to the interface. The degeneracy voltage of an

accumulated surface is lower than that of an inverted surface as shown in

Figure 2.10.

2.2.3. The Impact on Device Characteristics

By neglecting the surface-scattering effect which modulates the surface

mobility, the drain conductance can be expressed as a function proportional

to the carrier density per unit area, gw, as in Equation (2.30):

w
Gds = - —rUEppQmvidrain)

where

Qwv(drain) = Cox \WGB - VFB - <f>s - QDEP(drain) (2.40)

where VGS, which is one order of magnitude larger than <j>s, dominates.

Transconductance, GMy can be expressed as:

Oir-r^/'-l^f. (2-41)
lis gb

~~LUs J psurf(^) U (2-42>*'S FieldSURF(U) + Psu""a)
*~ox

It depends on the physical properties at the surface of the channel region.

The impact of quantum-mechanical statistics on Ids, Gds and GM is estimated

by carrying out the related integrations in Equations (2.18), (2.30) and

(2.42). The calculations in the degenerate condition is done by the Table-

Look-Up method. The results show that, for the case of Tox = 0.01/x/w,
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Nsub = 5Xiol6cm~3, vT0 = 0.5, KM = 0.5 and KC5<10 volts, the quantum-

mechanical impact on these device characteristics is limited within 1 percent

deviation from the classical one. This finding agrees with Reference [35]

upon the capacitive calculation.

A differentiate and integratable empirical expression is fitted into func-

tion F=^/^jFvz

F = e2

where

aQ + axX + a^X2 (2.43)

a0 = 0.924 (2.44)

ax= -0.062 (2.45)

a2 = -0.012 (2.46)

Its functional performance and percentage deviation are plotted in Fig

ures 2.11 and 2.12.

A new relationship between the surface potential and the terminal vol

tages, which correctly reflects the impact of the quantum-mechanical effects,

can be derived only by including the effects of the wave property and band

quantization.
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CHAPTER 3

A Unified Approach to MOSFET Modeling

For today's MOSFET applications, an adequate CAD model, besides

addressing the small-geometry effects, should also be able to simulate con

sistently the operations of both strong and weak inversions. Much of the

literature on MOSFET modeling concentrates only on device characteristics

either below or above the threshold voltage [31,36]. Some unified theories

and models [17,21,26] have been proposed which require internal iterations

to achieve a solution for the characteristics. These models have slow compu

tational speed. Other models [15] attempt to join the characteristics based

upon different theories of specific operational ranges. If the physical implica

tions are not correctly perceived, these models will be accurate in only one
of the two regions.

This chapter presents a unified approach to MOSFET modeling without

invoking internal computational iterations. The proposed approach is based

upon the recognition of the transition region between weak and strong

inversions. It establishes an efficient CAD model covering overall charac

teristics. Section 3.1 describes the inadequacy of existing unified models.

Sections 3.2 and 3.3 present the strong- and the weak-inversion models upon
which the proposed model of transition region is based. Section 3.4 gives

the definition and establishes the significance of the transition region. Model

equations are developed. Section 3.5 describes the influence of fast-surface

states. A comparison with existing unified models demonstrates the validity

of the new model for CAD applications.

19
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3.1. General Overview

The drain-to-source conduction of a MOSFET is induced and modulated

by the gate voltage. The drain current consists of both diffusion and drift

components. The diffusion current dominates in strong inversion, while the

drift current dominates in weak inversion. In the previous chapter, the gen

eral expression of drain current, Equation (2.18), including both com

ponents, has been derived in terms of an integral relationship with the

quasi-Fermi level as the integrating parameter:

w
rDS

Ids —-~Ueff J Qmvd^n

W
rDS

- -—Veff f Qsi - Qdep Km (3.1)

In order to carry out the integration, the density of the total charge inside

the semiconductor, &/, has to be partitioned into the inversion charge Q!NV

and the fixed surface depletion charge QDEPi and related to the terminal vol

tages.

The total semiconductor charge is balanced by the charge residing on

the gate, and can be related to the terminal voltages, as derived in the previ

ous chapter, by a manipulation of the Poisson equation, as in Equa

tion (2.22):

2

2

where

Qsi

«d

Qo = 1 -e

q^suB

2qtF
kT ± J. kT

q

<(% + !„)
kT

«*r ?*,

kT - 1 +
kT

e
kT • 1

q J

(3.2)

(3.3)

The difference between Equations (2.22) and (3.2) is in the inclusion of

terms corresponding to the concentration of holes and depleted donors.
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The diffusion current is proportional to the gradient of carrier density,
while the drift current is proportional to the product of the carrier density
and the electric field strength. In other words, these two current com

ponents are controlled by either the gradient or the magnitude of the surface

potential, 4>s. Existing unified theories generally formulate the characteristic

equations in terms of the surface potential which is a controlling variable in
Equation (3.2).

The relationship between 0, and the terminal voltages as predicted by
Equation (3.2) is plotted in Figure 3.1 in which the ^-versus-K^ curves are
plotted with parameters r„ and V&. The curves asymptotically approach
straight lines in the extreme of either strong or weak inversion. In these

two extremes, the transcendental Equation (3.2) can be approximated by
explicit analytical equations which can be used to develop the models of both
regions.

Equation (3.2) is used by all the unified theories to relate the quasi-
Fermi level to terminal voltages [17,21,26]. The approaches differ in the
way they divide &, into gw and QDEPy thus leading to different results. In
general, Equation (3.2) has to be solved by iteration, especially in the weak-
inversion region where <f,s is almost constant over the entire integration
domain of Equation (3.1). An accurate value of 0, is required because the
drain current is calculated as the difference between two very close quanti
ties. Therefore, most unified theories require a well-converged solution of
Equation (3.2) for the weak-inversion characteristics.

The unified model which is developed by Baccarani et al. [17], together
with the model based upon the double integration [26], the conventional
strong-inversion model [31] and the weak-inversion model by Swanson et al.
[36] have been programmed on a Hewlett-Packard 1000 minicomputer to
compare the computational speed (in second per operation), in linear,
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saturation, and weak-inversion regions. The results are summarized in

Table 3.1:

Table 3.1

Model.. Linear Saturation Weak-Inv

P-s 5.23 see/op 5.09 sec/op 5.22 see/op

B-R-S 5.0B msec /op 3.03 msec/op 3.64 msec/op
Strong 0.B5 msec/OD 1.06 msec/OD

Weak - - 0.66 msec/OD

Table 3.1 Comparison of Computational Speeds

The computational speed of the iterative approach is three orders of magni
tude greater than that of the double-integration approach, while that of the
explicit approaches is five times as fast as the iterative approach. As the

model evaluation consumes a very high percentage of computational time

in VLSI circuit simulations, the explicit approach is much more desirable
than the others.

The Pao-Sah theory [26] uses a rudimentary integral formulation,

VDS *,<fn>

Ids =-f U^q / dXR / ~£^</0 (3.4)

where approximations are kept to a minimum. However, the result is

cumbersome for CAD applications. The El-Mansy-Boothroyd theory [21]
partitions the charge based upon overall weighting factors:

w
*B&

ds J- Ueff f d$n ojffvQmv (3.5)

Although allowing for the influence of the spatial distribution, this treatment

gives an unrealistic result because of using the weighted average. The
Baccarani-Rudan-Spadini theory [17] decouples QDEP from Q^v by relating

Qdep to 0, by a square-root relationship. It is equivalent to assuming that the

inversion charge distribution has no influence on the potential distribution.
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Ids =-£ UeffCqx J [vGb -VFB -*,(?.) -yy/*Atj]d?n (3.6)
This result agrees well with the Pao-Sah theory, especially in the weak-

inversion region where the depletion charge dominates.

The other method of providing a model covering wide operational

ranges is to attach exponential tails with measured weak-inversion slopes to

the strong-inversion characteristics at a point slightly above the threshold

voltage [15].

The threshold voltage used in model evaluation can be determined by:

(a) plotting (-~^-)-versus-Kcs, measured at fixed low K^ and fixed K^,
DS

(b) extrapolating the linear portion of the curve to zero,

(c) interpreting the interception on the VGS axis, VGS°9 as a point

corresponding to pseudo zero inversion charge density,

(d) relating VTH to VGS° through the conventional current equation in a rear

ranged format:

v = v o -^2L LXIds m 7^Vth vgs 2 - WXVdsUeffCox (3.7)

The other parameters, Nsvb* 0f» and «y, can be derived from the extrapolated

Vm's at different K^'s:

2q<d

4>F = In
q

N.SUB

N,
(3.9)
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Vth(Vbsi) - Vth(Vbs\)y = . = j (3.10)
V^F " VBS2 ' V<t>F ' VBS\

Iterative computation is required to obtain a set of consistent parameters.

In order to compare the basic assumptions of different modeling

approaches, the Pao-Sah theory is used to generate ideal characteristics;

these characteristics are used to extract model parameters for the other

models. The physical parameters used in the Pao-Sah model are listed in

Table 3.2 together with the extrapolated parameters to be used for the other

models:

Dev

No.l

No. 2

No.3

No.4

No.5

Mdl

Intr.

Extr-
Intr.

Extr.

Intr.
Extr.

Intr.
Extr.

Intr.

Extr-

Table 3.2

NSUB
lcmj£l
5.0E14

3.1E14

5.0E15

3.5E15

2.0E16

1.9E16

5.0E15

3.2E15

5.0E15

9,7E1P

TOX

inml
0.105

0-105

0.105

0.105

0.105

0.105

0.05

0.05

0.20

.0,20.

GAMMA
(sortV)

0.39

JL36.
1.24

1.17

2.46
2.41

0.59
0.54

2.36

VTO

0.26

0.26
0.41

0.26

0.42

0.26

0.41

0.26

VFB

JYL
-0.57

-0,39
4.41

•1.19

-2.95

•2.37

-0.88
•0.68

-2.32

Table 3.2 Intrinsic and Extrapolated Parameters

The extrapolated parameter values differ from the intrinsic ones. The most

significant difference is between the value of Kro and the value of VFB.

Though the values differ by only about 0.2K, the difference implies that the

extrapolated vm does not correspond to a point at which <f>s equals 2<f>F as

generally assumed. If the same parameters are used in the companion

weak-inversion tail of the joint model with a single break point, the quality

of the weak-inversion model is sacrificed.
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The ideal characteristics with intrinsic parameters based upon the Pao-

Sah theory [26], the simple strong-inversion model [31] with extrapolated

parameters, the simple weak-inversion model [36] with intrinsic parameters,

and the strong-weak-inversion model with single break point [15] with extra

polated parameters are plotted together in Figure 3.2 in which V^ equals

0.05 V and 5.0 V. The method of choosing a single break point fails to

recognize the existence of a transition region where none of the specialized

theories apply. It results in an erroneous prediction of the current in weak

inversion if it is matched in strong inversion, and vice versa.

All the weak-inversion models apply to the weak-inversion region only,

and all the strong-inversion models apply to the strong-inversion region only.

A single break point approach is not sufiicient to retain the accuracy in both

original theories.

3.2. Strong-Inversion Region

Strong inversion is characterized by either a high VGS or a low quasi-

Fermi level. At this extreme, the right hand side of Equation (3.2) is dom

inated by the term of inversion charge and <t>s can be approximated as:

-*, (3.11)
kT

VGB - 0*

7

kT
<t>* = Uf + r„ + — In

q

<f>BI + fn

where

kT
4>B1 ~~ 20f "1 1°

q

q Vgb " <t>s
kT 7

'<f>s (3.12)

0, is linearly related to the quasi-Fermi level f„ and logarithmically related to

VGB. Its dependence on VGB is small and <frBr stays close to 2.5</>f in the
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strong-inversion region. Therefore the <f>s used inside the logarithm can be

approximated by (2.5<£f + £,) without losing accuracy.

As pointed out in the previous chapter, when VGB is sufficiently high,

Equation (3.2) no longer holds because the Boltzmann statistics can not

apply to the degenerate case. A new equation is proposed in the previous

chapter to replace Equation (3.2) in order to include quantum-mechanical-

statistical effects. The break point joining the non-degenerate and degen

erate cases is defined as follows:

EGVDEG = VFB + 0F +-^- + tn
As concluded in the previous chapter, the correction factor due to degen

erate statistics is small and it is important only at a very high vGS. In most of

the practical operational range, the device characteristics are subject to the

strong influence of surface-mobility modulation. The degeneracy impact of

sub-band splitting can be included in empirical equations designed for mobil

ity modulation. Thus this effect is neglected in the following derivation of

model equations.

The terms are plotted in Figure 3.3 for comparison. 4>s and the contri

bution of the depletion charge are approximately constant in the strong-

inversion region. QDEP can be approximated as:

Qdep = yC0xV*J (3.14)

The current equation can be derived accordingly:

W

L
Ids 7~UeffCoxI°

where

rGB - Vfb
4>sJ> + <t>sJ5 2 _ j. 24>sj> - 4>s$ 4>sJ> ~ <t>sJS

(3.13)

(3.15)

(3.16)

This formulation is very similar to the conventional one [31] and the

difference is minor.
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3.3. Weak-Inversion Region

When VGB is low and/or the quasi-Fermi level, {*„, is high, <f>s is approxi

mately linearly proportional to VGB and very insensitive to the quasi-Fermi

level, as illustrated in Figure 3.1. In Equation (3.2), the term corresponding

to the minority carrier concentration in weak inversion, which depends on

the quasi-Fermi level, is so small that it can be ignored. When <f>s is smaller

than (2<j>F + £,) and the term of the minority carrier concentration is

neglected in Equation (3.2), the expression 4>s becomes:

*s - •£ +vGB +y^J^+VcB <3-17)
This approximation fails at <^>(20F + f„) where the exponent of the minor

ity carrier term in Equation (3.2) becomes positive and the magnitude of the

term increases rapidly.

In the weak-inversion region, the depletion charge is dominant and can

be expressed as:

Qdep =-yCox^s "J- (3-18)
and the total charge density inside the semiconductor can be approximated

as:

. . «<*,-r„-2*jr>

Qsi = yCoxyts -— , , 1 kT/q kT
2 <f>s-kT/q

(3.19)

The density of the inversion charge equals the difference between the magni

tudes of Qsi and QDEP:

Qinv - Qsi ' Qdep (3-20)

q
where

2*F)
(3.21)
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c* "\ /~rr~^7T (3-22)<t>s - kT/q

The drain current is dominated by diffusion. The configuration of the chan

nel region of a MOSFET in weak inversion and the base region of a bipolar

transistor is similar. Accordingly, the weak-inversion current can be formu

lated as:

. „,n Qsrc - Qdrn ,* ^x
Ids " WD (3.23)

=-^%Q»— - kT
2 g(^-20F-yCT)

L q
kT (3.24)

3.4. Join Together

The weak-inversion model is accurate in the region where <t>s is equal to

or less than (2<f>F + fn), while the strong-inversion model is good in the

region where the inversion charge is the dominant charge component. By

properly defining the transition region where neither of these two models is

valid, the characteristics in the weak- and strong-inversion regions are joined

together through an empirical transition characteristics to provide an accurate

and efficient CAD model over the overall operational range.

The approximated <t>s of both strong and weak inversions is plotted in

Figure 3.4, together with the exact solution, over the range of (VGB - v2^p)

between -1 and +4 volts. VUf is the gate voltage at which the surface

potential equals (2<f>F + f„). The boundaries of the transition region can be

defined as follows:

(a) weak-inversion boundary: Vweak where surface potential

4>,,weak =(24>f +f«); This is equivalent to the condition d^B*v = d®DEP
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Figure 3.4 The Approximate and Exact <j>s in Strong- and Weak-Inversion
Regions,



29

[37]. In other words, in this condition, a variation of <f>s induces the

same amount of both the inversion and depletion charges. As indicated

in the previous section, once <t>s is greater than (2<f>F + f„), the inversion

charge increases exponentially and the depletion charge is no longer the

dominant factor in determining the surface potential.

(b) strong-inversion boundary: Vstrong where the surface potential is

<t>*strong so that the contribution to <f>s from QlNV> <t>sjNv is ten times

greater than that from QDEP, 4>SJ>EP. (f>SJNV and <f>SJ)Ep are the first and

third terms inside the square root at the right side of Equation (3.2):

q{*s-2*F-Sn)

Osjsv-lfe » (3.25)
4>s,dep = 4>s (3.26)

By assigning X = aJNV , it is reduced to:
4>s J>EP

^strong = 2<f>F + VSB +M.in(xq<l>s?*0NG ) (3.27)
q kT

The corresponding gate voltage, Vstrong* is:

Vstrong = VFB + ^strong + 7V0 + x)<t>sstrong (3.28)

<t>sSTRONG can be estimated by replacing the ^strong inside the logarithm
by (20f + f„).

Inside the transition region, the sensitivity of 05-versus-KCi,,

(d<t>s/dVGS)(VGB - vFB)/<t>S9 changes from greater than one percent to about ten

percent. The following expression is proposed to approximate the relation

ship of 0, to VGS in the transition region:

<f>s = a + b(VGB - Vwe^Y (3.29)

Once the exponent «, the sensitivity coefficient, is determined, the

coefficients a and b can be deduced from the boundary conditions, n can

best be approximated as —• to reflect the average sensitivity within the transi-



30

tion region. For cases of 5.0Xio14<7VS£/fl<5.0Xio16 and Q.05ttm<TOx^0.2nm, the

difference between VWEAK and Vstrong is approximately 0.6K. The resultant

0, together with the exact solution and the percentage deviation are plotted

in Figure 3.5 for comparison. The deviation between the approximation and

the exact solution is less than 10 percent.

The relationship of VGB to the logarithm of drain currents is very similar

to that of 0,-versus-VGB. The formulation of the drain current in the transi

tion region is complicated by the dependence of <f>, on the quasi-Fermi level

£„ which is the integrating variable in the current equation. Instead of divid

ing the integral into three parts, which corresponds to partitioning the chan

nel into strong-, weak-inversion and transition regions, the weak- and

strong-inversion characteristics are joined through the same transition region

by a similar equation. The comparisons between the current-voltage charac

teristics based upon different approaches, at V^ = 0.05V and K^ = OK, are

plotted in Figure 3.6 with parameters NSub and Tox. The transition region is

about the same as the one in the relationship between 0,-versus-VGB. The

drain current in the transition region is expressed in terms of the currents at

the break points.

j.

r _ taC'wwr) +Wgb ' vweak)2 (3.30)
*DS ~~ e

where

In(IsTRONG) " ^(1WEAK)
_L (3.31)

(Vstrong - Vweak)

Compared with the exact ideal characteristics in Figure 3.7, the overall agree

ment between the exact and joint solutions is good. The computational

speed of this model is as fast as that of simple models in both weak- and

strong-inversion regions. Only in the transition region is there a penalty in

computational speed.
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3.5. The Influence of Fast-Surface States

The fast-surface-state density is used by van Overstraeton et al. [38] and
Swanson et al. [36] as a parameter to characterize the weak-inversion region.
Fast-surface states are the surface states whose lifetime is so short as to be

filled and/or emptied fast enough to follow the variation in 0, induced by
changes in the applied biases. The fast-surface states are induced by the bro
ken bonds at the surface resulting from the interruption of the crystalline
structure [39]. They distribute themselves almost uniformly over the center
of the energy gap, with the peak densities near the band edges. The detailed
distribution function differs from material to material. Experiments [40]
show that the density of fast-surface states is about 1010 to 10" cm'^V1 in the
central region.

In the presence of fast-surface states, the &, in the left side of Equa
tion (3.2) becomes:

Qsi = Cox Vgb'Vfb-4>, +^"[^-f.] (3.32)

Figure 3.8 shows how the relationships of 0,-versus-K^ and /as-versus-Kc*
vary with the fast-surface-state density. Both relationships are based upon
the Pao-Sah theory with &, defined by Equation (3.32).

The presence of fast-surface states widens the transition region and
lowers the current. This situation is equivalent to lower the threshold vol

tage. If the fast-surface-state density is abnormally high, say 1012, the turn-
on characteristics are softened and the weak-inversion slope is reduced.
Fast-surface states have a significant effect only in the weak-inversion region.
The approximated 0, in the weak-inversion region is updated to include the
effect of fast-surface states:
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where

a =

1 + a

qNps

Cox

12

1 + a

32

1—\ /-(-3—)2 + V°B ' Vf^ (3 33)1 + a V 4V1 + a ' 1 + a U""'

(3.34)

The current equation in weak inversion is modified accordingly. The weak-
. kT 51n(//») .

inversion slope, -f—aTr , becomes:

kT dlnUos)

q dVtGB

dv,

1 + a
1 -

^+*[Vgb-Vfb)±±± (3.35)

The emphasis in this chapter is placed upon the transition between the

strong- and weak-inversion regions, i.e. the region close to the threshold vol

tage. The device characteristics are better described by the flatband voltage,

VFBj than by the threshold voltage, vm. Once the device operates in the

strong-inversion region, the effect of surface-mobility modulation, which is

not covered in this chapter, can not be ignored and will be presented in

Chapter 6.



CHAPTER 4

Two-Dimensional Simulations of Small-Geometry MOSFETs

With decreasing transistor dimensions, it has become more difficult to

describe MOS transistors with equations that are simple enough for hand cal

culations or programmable calculators and yet retain sufficient accuracy to

provide useful information about the device characteristics. In a small-

geometry MOSFET both the impurity and potential distributions are

extremely inhomogeneous. The numerical solution of two-dimensional

potential and current-continuity equations is required to determine their

characteristics. A thorough solution including every possible effect can be

obtained using maxi-computers.

However, a more limited computer program with interactive capacity is

also needed. Such a program, if sufficiently fast and efficient, can interac

tively provide iterative solutions which can then be used to obtain the

optimal device structure. This requirement limits the solutions to that of the

two-dimensional impurity and potential distributions, in other words, to the

handling of the weak-inversion or weak-injection approximation for an MOS

transistor. Since VLSI devices are geared toward low-voltage and low-power

applications, these characteristics are of critical importance.

Program TWIST (TWo-dimensional Interactive Simulation of MOS

Transistors) has been developed using a minicomputer together with graph

ics terminals to simulate the characteristics of weak inversion and weak-

injection punchthrough by the solution of the two-dimensional Poisson equa

tion. Graded mesh, modified Gummel's algorithm, and Successive-Over-

Relaxation iteration, together with a by-pass scheme, are implemented. The

desired high-speed interactive feature and the graphics representation of all

33
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data are demonstrated. Program TWIST is used in later chapters to study

the weak inversion and weak-injection punchthrough characteristics.

The use of this program allows optimized device structures to be

developed which then deserve more elaborate simulations involving the

complete solution of both the potential and the transport aspects, which

presently consumes approximately 50 times more computational time than

the approach presented here. In a working hierarchy of CAD tools, struc

tural and impurity parameters can be obtained from process simulators [41-

42]. TWIST can then be used to optimize and develop semi-empirical
models of small-geometry devices. At that point, a full two-dimensional

potential and current-continuity solution would be justified [43] for the

derivation of device parameters suitable for circuit-oriented simulators [11-

13].

Section 4.1 gives an overview of the structure of Program TWIST. Sec

tion 4.2 describes the generation of impurity profiles and graded meshes on

which the analysis can be based. Section 4.3 presents the basic physical

equations and the boundary conditions used in the program. Section 4.6

describes the iteration algorithm used to solve the Poisson equation, and

evaluates its performance. Section 4.7 presents the equations used to charac

terize devices from the self-consistent potential solution. The TWIST user's

guide is presented in Appendix A, an example input together with its

SUPREM input in Appendix B, the corresponding console record in

Appendix C, and the program list in Appendix E.
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4.1. Overview of Program TWIST

Program TWIST requires 65K 16-bit words on a Hewlett-Packard 1000

F-series computer. 32K words are used by the EMA (Extended Memory

Area) to handle the data arrays. The present setup of the system is shown

in Figure 4.1. The HP2648A graphics terminal provides interactive com

munication and graphics displays of the simulation results. These results can

also be drawn on the four-color plotter HP9872A and/or a graphics hard

copy unit.

The following device structures can be handled:

(a) conventional MOSFETs with uniform substrates,

(b) enhancement and depletion MOSFETs with single or double channel

implants,

(c) MOSFETs with asymmetric channel implants

The oxide covering the device to be simulated does not need to be uniform

in thickness. The gate electrode can be arbitrarily located. The widths of

the source and drain regions may differ.

Figure 4.2 shows the flowchart of Program TWIST. The program is

divided into eight parts, the root and seven segments. The root, TWIST, is

the executive program which controls the overall function. The first seg

ment, GETPA, reads in data either from the console interactively or from a

pre-defined file. The second segment, SETPA, initializes both the impurity

distribution and the graded mesh, and preprocess the parameters to be used

in the analysis. The third segment, SOLVE, iterates the Poisson equation

using the finite-difference method at the given bias; the resolution and the

accuracy can be controlled interactively. From the fourth through seventh
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segments, 0UTP1, OUTP2, OUTP3 and OUTP4, handle the graphics and

numerical outputs; both can also be routed to hard copy units, i.e. either the

plotter or the line printer.

4.2. Graded Mesh and Impurity Distribution

In a small-geometry MOSFET, both the potential and impurity distribu

tions are extremely inhomogeneous. Large gradients exist in the immediate

vicinity of the source and drain junctions and of the interface between oxide

and silicon. In these regions, the density of the grid points on which the

finite-difference equations are based should be high to ensure accuracy. The

point density in the remote regions can be relatively low. For the mesh-

setup purpose, the horizontal cross section of the device is divided into three

regions: source, channel and drain, to which Mock's algorithm [19] is

applied. The Y-constant in Mock's equation is changed to 0.05 to get rea

sonable mesh sizes in the surface region. A typical mesh layout is shown in

Figure 4.3.

Up to three ion-implantation steps can be used to tailor the impurity

profile. The first implant always covers the whole device as either the well

implant of the CMOS/DMOS process or the threshold voltage implant of the

NMOS process. The second one may cover only part of the device as

required by the DMOS process, or the whole device as the threshold voltage

implant of the CMOS process, the double implant of the NMOS process to

suppress the source-to-drain punchthrough, and/or the depletion implant of

the depletion-NMOS process. The third implant is the source/drain implant;
it is allocated to the user-defined source/drain regions.



*9£

2*
(fo'
e

H
er

o

CO

C
T3

O
era
-1
p

3

H

00

H

mil

—

11
l__————

11ippipii
IJiil

E

11ill

•

it

iiljl

'
1

1J1
_nil]

11|14-U-U-i-J
JJi
||]

jjljl
Hill

Hilli1



37

The impurity profile generation can be either analytical or numerical. In

the analytical mode, the ion-implantation profile assumes a Gaussian distri

bution. The two-dimensional redistribution, due to later high-temperature-

process steps, is included. The expression used is [44-45]:

N(xy,t) =
Dose

2V^A
Q0-.D + n(-y,t)

where

GCM) =e
(y-*py

1 + erf B +

The coefficients A, B and C are:

A = 2AJ?/ + ADt

B =

C =
ARP

2Dt

2VbU

*]]

x 1 -erf
xj

yfibT
(4.1)

(4.2)

(4.3)

(4.4)

(4.5)

The error function in the expression is evaluated by its polynomial approxi

mation [46].

In the numerical mode, Equation (4.2) is replaced by the one-

dimensional linear interpolation of the output from Program SUPREM [41];

the lateral two-dimensional redistribution is still based upon Equation (4.1);

the standard deviation is estimated from the SUPREM result.

4.3. Basic Equations and Boundary Conditions

Under weak-inversion and/or weak-injection conditions, the equations

of the current continuity and the electron-hole-recombination effect are

ignored. The equations used to describe the physical mechanism inside the

semiconductor are:



V20

N =
N,2

ND-NA + P-N

q{<t>-4>F )
n

kT

Nsub

P=NSUBe' kT
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(4.6)

(4.7)

(4.8)

The first one is the Poisson equation of potential 0. The last two are the

electron and hole densities based upon Boltzmann statistics. The variables

<f>Fff and 4>pp are the quasi-Fermi levels of electrons and holes, respectively.

The interior of the oxide is assumed to be free of charges. The Laplace

form of the Poisson equation is used to describe the oxide potential distribu

tion:

2* _V^ = 0 (4.9)

The potential in the neutral substrate, the reference potential, is

assigned zero. The potentials in the neutral source and drain regions are:

<f>(src/drn) = In
q

Nixy)

N^
+ VAPP (4.10)

where V^p is the reverse bias voltage applied across the source/drain to the

substrate junction.

Figure 4.4 is the cross section of a device with specified boundary con

ditions. The potentials at the two boundary planes at the left and right are

determined by the self-consistent solution of the one-dimensional Poisson

equation:

V* '-^\nd-na + P -N (4.11)

The boundary potentials at points A and B are calculated by Equation (4.10),

i.e. they are neutral. The boundary potentials at points C and D may be

zero, i.e. neutral, or be extrapolated from the potential of their neighbors

based upon the quadratic equation:
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(4.12)

where w0 is the width of the depletion region to be sustained by the poten

tial, 0,, at the neighboring grid point:

0 V «**»
(4.13)

IB

Dyo is the mesh size at point C/D. This equation is based upon the assump

tion of complete depletion together with a zero electrical field in the horizon

tal direction.

The lower boundary plane is treated in the same way as that for points

C and D which has been described. The mesh points in the lower boundary

plane are either in the neutral substrate where the potential is zero, or in the

completely-depletion region where the potential will be calculated from

Equation (4.12).

The top boundary plane consists of the gate electrode and the exposed

oxide. The potential at the gate electrode is the gate voltage. The boundary

at the exposed oxide serves as a reflection plane of the potential distribution.

This is equivalent to assume zero normal electrical fields at the surface, i.e.

no charge on the exposed oxide.

4.4. Quasi-Fermi-Level

The distribution of the electron and hole quasi-Fermi levels determines

the direction and the magnitude of the total current density. The quasi-

Fermi-level distribution can be solved together with the potential distribution

from the Poisson equation and the current-continuity equation. If the Pois

son equation stands alone, as it does in TWIST, only one unknown, the
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potential, can be solved. But quasi-Fermi levels are required for the calcula

tion of carrier densities as shown in Equations (4.7) and (4.8). Thus we

need an algorithm to assign the quasi-Fermi levels at each mesh point.

The assignment of quasi-Fermi levels must satisfy the following criteria:

(a) the quasi-Fermi level should be constant along the direction without

current flow,

(b) the quasi-Fermi levels of both electrons and holes are the same in the

neutral regions,

To facilitate the explanation of the quasi-Fermi-level assignment, the

definitions of source, drain and channel regions are clarified first. The

source, drain, and channel regions differ from those defined by the user

because of the two-dimensional impurity redistribution. In the case of an

enhancement MOSFET, the region between the surface P-N junction and

the neighboring boundary plane is defined as a source/drain region. In the

case of a depletion MOSFET, the "surface junction" is defined as the turning

point of surface impurity distribution, i.e. the point at which the second-

order gradient of impurity distribution along the surface changes the sign.

The region between the junctions is the channel region.

In the source and drain regions, only the y-direction correlation of the

quasi-Fermi-level distribution is considered. The quasi-Fermi-level assign

ment is based upon the one-dimensional theory of a P-N junction in y-

direction. In the neutral substrate, where the net charge density is less than

two thirds of the impurity density, both the electron and hole quasi-Fermi

levels are assigned to the substrate bias, zero. In the neutral source and

drain, the quasi-Fermi levels are assigned to the bias voltages on the junc

tions, i.e. VSB and VDB respectively. In the depletion region, where the net

charge density is greater than two thirds of the impurity density, EFp, the
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hole quasi-Fermi level, of an N-channel MOSFET is assigned to the sub

strate potential, and EFffi the electron quasi-Fermi level, is assigned to VSB or

In an N-channel enhancement MOSFET, Epp in the channel region is

always assigned to the substrate potential, because the hole current is negligi

ble. In the neutral region next to the substrate boundary, EFff also stays at

the substrate potential level. The quasi-Fermi levels will separate only if the

surface depletion region exists. In the surface depletion region, two different

cases must be considered. In the initialization, EpN always assumes the bias

on the source junction. During the two-dimensional iterations, the horizon

tal correlation must be included. In a horizontal cross section, EF is

assigned regionally constant and located at either the source or drain bias, as

shown in the band diagram in Figure 4.5. EFn is at the source level until, at

any given depth y, the partial derivative of the electron energy in the x

direction becomes negative: in other words, the partial derivative of the

potential, 0, becomes positive. The boundary of the drain-controlled deple

tion region is assigned at the place where the potential assumes a further
kTdrop of — from the barrier potential. Beyond this point, EFn is assigned to

the drain level. This transition will cause the electron density to drop

abruptly at the location where the drain control sets in. Actually, the con

centration of the electrons which are injected from the source would drop

linearly, in the absence of recombination mechanism, to the boundary of

drain-control.

In the channel region of a depletion MOSFET, the junction between the

surface and the substrate causes the quasi-Fermi levels to separate. A neu

tral region may exist between the surface and the junction, and the quasi-

Fermi levels also join here.
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4.5. Potential Initialization

Initialization is necessary and critical for the two-dimensional numerical

solution of the Poisson equation. The estimated initial values determine the

convergence speed to a large degree. The algorithms which converge fast

require closely-estimated and smoothly-distributed initial values.

The potential distribution in a small-geometry MOSFET is inherently

two-dimensional, especially in the drain-controlled depletion region which

occupies a major portion of the device. The problem is further complicated

by the extreme inhomogeneity of impurity distributions. Few of the existing

theories can model the potential distribution in this region adequately by

analytical expression. Instead of strictly abiding by the theoretical predictions

of surface potential distribution, TWIST uses an empirical approach to pro

vide quickly-evaluated, smoothly-distributed initial values. The resultant

convergent speed demonstrates its validity.

In the initialization for the low v^ case, the device is partitioned into

five vertical domains as shown in Figure 4.6: channel, source and drain, and

source- and drain-controlled depletion domains. In the channel, source and

drain domains, the potential distributions can be described by the one-

dimensional Poisson equation, while in the source- and drain-controlled

depletion domains, the potential is a two-dimensional function of both x and

y coordinates. The widths of the source- and drain-controlled depletion

domains are estimated using the equations described in References [47-48].

In the channel, source and drain domains, one-dimensional self-

consistent potential distributions are solved at the left and right boundary

planes and the middle cross section of the channel region. These one-

dimensional solutions are then assigned to the entire regions to which they

belong.
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Figure 4.6 The Cross Section of a MOSFET, Divided into Five Domains for

Potential Initialization in Cases of Low v^,
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By using these potential solutions as boundary conditions, the potentials

in the source- and drain-controlled depletion domains are assigned using the

equation:

12

(4.14)<t>(xy) = 4>i(y) + <t>i(y) - <t>i(y)
4>i(y) - <f>i(y)

X -xx

x2-xi

for <i>(xy) lying between <t>x(y) and <£2(y)» and x between *, and x2, where <f>sX

and 0,2 are tne surface potentials at the two boundary planes respectively,

and 4>xiy) and <f>2(y) are the potentials in the two boundary planes. Whenever

the expression gives a value greater than <f>2(y), 4>(x,y) is limited to <f>2(y).

The one-dimensional self-consistent potential distributions in the chan

nel, source and drain domains are solved using the following initial condi

tions:

(a) In the source and drain domains, the initial potential is based on the

one-dimensional P-N junction theory with a uniform substrate. The

depletion region is totally allocated inside the substrate.

(b) In the channel domain, the surface potential of either enhancement or

depletion channel is estimated using approximate closed-form solutions

of the Poisson equation in the condition of either strong or weak inver

sion. The depth of the surface depletion region is estimated and the

potential is assigned accordingly.

In devices with very short channel lengths and moderate drain biases,

the channel domain does not even exist. The drain- and source-controlled

depletion domains merge together, as shown in Figure 4.7. The following

scheme is designed to initialize this extreme situation:

(a) Determine the width of the source- and drain-controlled depletion

domains based upon analytical expressions [47-48].
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Figure 4.7 The Cross Section of a MOSFET, Divided into Three Domains

for Potential Initialization in Cases of High K^,
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(b) Limit the drain-controlled depletion domain between the source and

drain junctions.

(c) Assign the potential in the drain-controlled depletion domain using

Equation (4.14).

(d) Use the middle of the overlapping region as the boundary of the

source-controlled depletion domain.

(e) Use the already assigned potentials at the boundaries as the boundary

conditions and assign the potentials in the source-controlled depletion

domain accordingly.

After the potential distribution of the entire device are initialized, the

user may be allowed to modify it. But the auto-initialization results are ade

quate in most cases tried to date. Figure 4.8 shows the initial and final

negative-potentials, which are directly proportional to the electron energies,

of a 0.8 nm device with a channel implant and biases at VGB = 0.1K,

VDb = 5K, VSB = 0V.

4.6. Iteration Algorithm and Program Performance

The self-consistent two-dimensional potential distribution is then solved

using an iterative method. The resultant potential, field and free carrier dis

tributions can be displayed. The surface- and punchthrough-barrier poten

tials, the injection locations and the surface depletion regions are determined

and displayed.

The Poisson equation in a five-point finite-difference format is solved by

the Successive-Over-Relaxation algorithm with a modified alternating-
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Figure 4.8 The Initialized and Resulting Negative Potential Distributions,
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direction method. The mesh is scanned column by column along the hor

izontal direction. But the scanning direction is reversed every other iteration

loop to ensure that the most recent iteration results are used to update the

potential at the currently scanned point. The Gummel algorithm is

modified to use the potentials of the four immediate neighbors as boundary

conditions and to carry out the Newton-Raphson iteration of the potential at

each point. Because the correlation is quite localized, the points which con

verge quickly are detected and skipped in later iteration loops to increase

speed. Typically, by the third iteration, about half of the total mesh points

of a uniform-mesh setup and one third of the total mesh points of a graded

mesh setup are by-passed. More than two thirds of the mesh points are by

passed in later iteration loops. The computational time per iteration loop

varies due to the by-pass scheme. The average computational time per two-

dimensional iteration loop averages 1-2 seconds for a 50 by 50 mesh setup

with 2mV resolution.

4.7. Device Characteristics

In the weak-inversion and/or the weak-injection region, the drain

current is mainly a diffusion current injected from the source over the

regional potential barrier and collected by the drain. So the current is for

mulated as:

N1W WB <H*B<y)-+SRc)

i*-0„l Se kT * <4-15)NsubWb Jo

where WB is the "base width", <t>B is the local barrier potential and 4>SRC is the

source potential. Given a self-consistent potential distribution, the drain

diffusion current can be calculated from the barrier potentials at the inter

face, in the buried channel, and/or at the saddle point at the punchthrough
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ridge, and the "base width". In small structures, the barrier may be just a

point in the potential profile. In these cases, the "base width" and the depth

of the base cross section are calculated as the dimensions of the regions in

which the potentials differ from the barrier potential by less than one or two

kT
—. Although this leaves the base width ambiguous to some extent, the

most dominant factor in the current equation is the exponential term

depending on the barrier potentials. The larger part of design optimization

rests on the control of the various local barrier potential.



CHAPTER 5

The Punchthrough

With recent technological developments in both the accuracy of process

control and the fine structure of lithography patterns, the scaled-down MOS

FETs promise a higher integration density and a faster switching speed. The

scaling approach [49], which requires the reduction of both physical and

electrical dimensions in proportion, has practical and physical limitations due

to technical constraints and the non-linear relationship between geometrical

and physical parameters. One of the most important problems in designing

small-geometry MOSFETs is the punchthrough between the source and the

drain. It is the result of the barrier lowering due to the merging of the

source and drain depletion regions.

Once the punchthrough condition is reached, the current flowing from

the source to the drain increases significantly as V^ increases. This addi

tional current can be viewed as an undesirable component to be avoided, or

exploited as part of the conduction current in novel applications of MOS

FETs [50]. Both approaches require a thorough understanding of pun
chthrough.

In this chapter, the punchthrough phenomenon is demonstrated by

two-dimensional device simulation and theoretical analysis. Section 5.1

describes the close correlation between the punchthrough of the source and

the drain and the static-feedback from the drain to the gate. Section 5.2

describes the nature of punchthrough and the locus of the injection point by

the results of two-dimensional simulations using Program TWIST. Sec

tion 5.3 presents a theoretical analysis of punchthrough, based upon the

assumption of uniform substrate doping.

47
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5.1. Static Feedback and Punchthrough

Static-feedback and punchthrough effects are usually cited as two

different characteristics associated with short-channel MOSFETs. As a

matter of fact, the fundamental mechanisms of these two effects are very
similar. Both phenomena can be described as a modulation of the potential
barrier between the source and the drain by the drain voltage, V^, when the
channel length is sufficiently short. The static feedback from the drain to the

gate is observed as a shift in the threshold voltage due to K^, and pun
chthrough is observed as an abnormal current which strongly depends on v^
at a medium or high v^.

Figure 5.1 shows the surface potential distribution versus the normal

ized channel length, as simulated by TWIST, in devices of channel lengths
ranging from 20pm to l.5jtm, with a uniform substrate concentration of

2.0Xio,5cm"3, biased at VGS - vFB = 0.6V, V^ = 0.0K and V& » 0.0K. Under
such bias condition, these devices operate in the weak-inversion mode. In a

long-channel device, the barrier is wide and flat and its height can be
predicted by the one-dimensional Poisson equation in the direction normal to

the channel. The barrier width is reduced as the channel length is shor
tened. In a device of intermediate channel length, the barrier height is the
same as that of a long-channel device; however, the source and drain deple
tion regions fill most of the channel region. A shift in the threshold voltage
is observed and can be explained by the overall charge conservation, as
modeled by Yau and Lee respectively [51-52]. With a shorter channel

length, the source and drain depletion regions merge. The barrier width is
reduced to a single point and the height is lowered. In this operational
mode, the surface conduction current in weak-inversion, which is indepen
dent of the drain voltage in a long-channel device, increases as v^
increases. This phenomenon is called the static-feedback effect; the gate and
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the drain are coupled together. Both the gate and the drain have a direct

control over the barrier. Figure 5.2 shows the surface potential distribution

versus the normalized channel length in a device 1.5fim long, biased at the

same VGS and K^ as in Figure 5.1 and at v^ = 0.0K.2.0K and 4.0K. The

potential barrier seen from the source is lowered as V^ increases.

The merging of the source and drain depletion regions leads to the

lowering of the barrier between them. Under certain bias conditions, the

barrier is deep inside the substrate and provides an alternate current path to

the surface channel. Because of this extra substrate component, the drain

current in the punchthrough mode is more dependent on v^ than the drain

current in the weak-inversion mode. Because the gate is shielded from the

barrier by the depletion charge, the gate-control over the buried barrier is

weaker than that in the weak-inversion mode. The carriers are injected

from the source over the buried barrier and flow along the edge of the bar

rier minimum in the vertical cross sections. The injection barrier is located

at the saddle point where the potential is the minimum in the horizontal

direction and the maximum in the vertical direction.

The barrier height is lowered as vGS and/or KM increase and raised as

VSB increases. The buried injection barrier moves toward the surface as VGS

and/or VSB increase, and away from the surface as v^ increases. The opera

tional mode shifts gradually from punchthrough to static feedback as the

injection point moves toward the surface and vice versa. In the low current

region, both operational modes are barrier-controlled. The shift between

static feedback and punchthrough is demonstrated by a series of two-

dimensional simulations of a device with L =» ipm, Tox = 0.065pm,

xj=0.5nm, and NSUB = 0.75XioI5cm~3. Figures 5.3, 5.4, and 5.5 show the

equal-potential contours. The injection point is the point at which the

equal-potential lines meet or form closed circles. Figure 5.3 shows the
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equal-potential contours at Vos = 4V and K^ = 0V with VGS - VFB at 0.7 V and

0.4 V. The injection point moves from (x,y) = (0.554 nm, 0.0 fim) to

(x,y) = (0.484 nm, 0.386 nm) and the barrier potential moves from 0.630 V

to 0.567 V as VGS moves from 0.7 V to 0.4 V. Figure 5.4 shows the contour

plots at Vos = IV and vGS - vFB = 0.4K with v^ at -2.5 V and 0.0 V. The

injection point moves away from the surface as v^ decreases and the height

of the injection barrier is lowered. Figure 5.5 shows the contour plot of the

same device at v^ = 0.0K, ¥& = 0.0K and VGS - VFB «= 0.4. By comparing it

with Figure 5.4, one sees that the injection point moves toward the surface

and the barrier height increases as v^ decreases.

5.2. The Saddle Point

When a long-channel MOSFET is biased at V^ - 0.0K, K^ = 0.0K and

vgs = Vfb, the channel region assumes a constant potential from the surface

through the substrate. In a short-channel MOSFET with the same process

parameters at the same bias, the flatband configuration is modified by the

merged depletion regions. Inside the overlapped depletion region, charges

are shared between the source and drain junctions. The more the charges

are shared, the lower the potential barrier is sustained. The barrier height is

lowered and the potential distribution at the channel center is no longer flat.

Since more charges are shared at the surface than inside, the deviation from

the flatband condition is largest at the surface. However, the gate voltage

tends to hold the potential at the flatband. The gate influence decreases as

it penetrates the substrate. The combined effects of the gate voltage and the

merging of the depletion regions result in a potential maximum in the verti

cal cross sections as shown in Figure 5.6(a). The horizontal minimum of the

potential distribution in each cross section is located at the center of the dev

ice because K^ is zero. Thus the resulting potential distribution looks like a
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saddle. The equal-potential contours and the three-dimensional potential

distribution are shown in Figures 5.6(b) and (c) respectively.

The saddle point's location and its potential can be modulated by the

bias of the device as shown in Figures 5.3, 5.4, and 5.5. The locus of the

saddle points and the barrier potential and height are listed in Table 5.1 as a

function of biases:

Table 5.1

VDS

00
VGS

00
VSB

00
Saddle Height XB

um

YB
um

1.0 .40 0.0 .422 .460 .718 .192

2.0 .40 0.0 .501 .3B1 .632 .297

3,0 AQ 0.0 .548 .334 .554 .336

4.0 •40 0.0 .567 .315 .484 ,336

Table 5.1 Properties of the Saddle Point as a Function of Biases

5.3. Quasi-One-Dimensional Analysis

As illustrated in the previous section, in either the static-feedback or

punchthrough mode, the influences of VGSl Vgs and Vos are coupled together.

The potential distribution is inherently two-dimensional. The author handles

the analysis by decoupling the two-dimensional Poisson equation into a

simpler one-dimensional format and introducing quasi-empirical parameters
to model two-dimensional effects on the onset voltage of punchthrough.

One- and two-dimensional charged systems differ in charge sharing. In

a two-dimensional system, the charge supports the potential differences in

both the x and y directions while in a one-dimensional system, the charge
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supports the potential difference in only one direction. In MOSFETs in the

barrier-controlled mode, the potential barrier in either direction is supported

by only part of the depletion charge between the source and the drain. This

can be modeled by replacing the doping concentration in the pseudo deple

tion region by a higher pseudo concentration. The pseudo depletion region

can be penetrated only by applying a higher bias across the source and drain

junctions than predicted by one-dimensional theories.

In the two-dimensional Poisson equation:

(5.1)

The left side of Equation (5.1) can be replaced by -2-4- in the case of an N-

channel MOSFET. The term of the second-order derivative in the vertical

direction, y, contributes to the pseudo density in the pseudo depletion

region. In the punchthrough mode, the second-order derivative at the sad

dle point can be approximated as:

vB - 0 0-0,V20 = l
LD

1 0

Wo

0 " 0*

(5.2)

WX • ^0 • (5-3)

where wx and w0 are the widths of the depletion regions below and above

the saddle point in the vertical cross section. They can be approximated by

2«ri0
JK, = \/-$- and wo ° \/ 6* N"*'* respectively. LD is the Debye

IK
length . After substituting JK„ WQ and LD in the above equa

tion, V/0 can be expressed as:

V202jl —
qNA

2*a- iy kT/q T V kT/q . (5.4)

This is a negative quantity. By moving this term to the right side of Equa-



tion (5.1), the equation can be rewritten as:

qNA
V20

qNA

«d

-v>

-I ./m+y/HK
.V kT/q V kT/q J.
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(5.5)

(5.6)

The two-dimensional effect is equivalent to an increase in the effective sub

strate doping concentration. By defining the scaling factor of the substrate

doping concentration, F, as:

1+i }/ kT/q V kT/q

The Poisson equation then assumes a one-dimensional format:

FV20=i^

(5.7)

(5.8)

By using an effective doping density, NAF> the one-dimensional concept of

punchthrough can be applied.

As illustrated in the one-dimensional band diagram in Figure 5.7, when

the source and drain depletion regions merge and the barrier potential is

lowered so that it is less than the junction built-in potential, the source is

essentially forward biased and the punchthrough current starts to flow. At

the onset of punchthrough, the relationship of the depletion widths to each

other is formulated, based upon the assumption of complete depletion:

WD + ws - L (5.9)

where wD and Ws are the depletion region widths of the source and drain

junctions:

FKc

Wr

V1,
V

0/ + Vpr

qNAF

The onset voltage of punchthrough, Kpj-, can be expressed as:

(5.10)

(5.11)
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where

2F -2aLy/tjF

a =
2**

qNA
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(5.12)

(5.13)

By substituting the explicit expression F in Equation (5.13), Vpj becomes:

y [V*y +Vsb +V*/ +^ -0,«£' 1 + (5.14)

-2alv^ 1+flV*/ + VSB + V*/ + VSB ' 0,

0y is the barrier height between the source and the drain at the onset of pun

chthrough. It is a constant, while 0, is the value of the surface potential

with the reference potential at VB. In the barrier-controlled mode, the sur

face is weakly inverted and the surface potential, 0,, can be approximated as

a linear function of vG:

4>* - aVGB + b (5.15)

4>s =a[vGs -Vk] +b (5.16)
The second square-root term in the expression F depends only on VGS. As

illustrated in the previous section, VGS and V& can affect the barrier potential

and its location. In other words, they modulate the pseudo substrate doping

density.

A major feature of Equation (5.12) is the dependence of vn on K^ and

VGS. If the two-dimensional effect factor, F, is ignored, that the depletion

regions have just merged, the intrinsic onset voltage of punchthrough, Vpr0,

is independent of V& and VGS:

Vrr0 =[«£]2-2aLV0j (5.17)
An empirical formulation of V^ is proposed based upon Equation (5.12):

Vpr = a + 0y/VSB + 0y + 6y/VGS - VFB (5.18)

Three empirical factors, a, 0 and 8 are introduced.
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Experimentally, Vpj can be defined as the drain voltage at which the

normalized drain current, -jj?tDs> is below XT9amp and VGS is below VFB. A
low VGS is chosen to suppress the surface current. Figure 5.8 shows the

measured /^-versus-Kos of device A with parameter VGS and K^. Fig

ures 5.9 shows the characteristics of device B. Kpr-versus-vGS with parameter

Vgs and V^-versus-V& with parameter VGS of device A are plotted in Fig

ure 5.10. The characteristics of device B are plotted in Figure 5.11. The

device parameters and punchthrough coefficients which are obtained by

linear regression are listed in Table 5.2:

Table 5.2

Param Unit Dev. A Dev. B

W um 50 50

L um 1.53 l.B

Na 1E15 tjm-p 1.7B 0.75

Tox um 0.0B 0.065

Xi um D.B5 0.5

Vto V 0.05 -0.2

VFB V -0.BB -1.01

alpha V -0.0B 4.79

beta sqptV 3.93 4.23

delta sart V 1.94 3.6

Table 5.2 Device Parameters and Punchthrough Coefficients

The limitation in circuit design is determined by the maximal allowable leak

age current. The onset of punchthrough conduction can be used as a limit

ing voltage in circuit-design applications.



i.eE-e4

i.eE-es

1.6E-69

DEUICE A AT VGS—2
55a

legend

1 IDUB0
2 IDUB2
3 IDUB5

e. ''' s.ek+ee l.ek+ei i.sE+ei 2.eE+ei 2.5E+ei 3.eE*ei
ups

i.eE-es

i.eE-es

DEUICE A AT VBS«e

legend

1 IDUG-1
2 IDVG-2
3 IDVG-S

i.eE-eg | . . .i\±L . .Jh^ -^ 2J£+ei ^^ 3^Ml
UDS

Figure 5.8 The Measured 7^-versus-K^ with Parameters K^ and VGS of
Device A,



1.0E-04

1.8E-05

1.0E-06

1.8E-07

1.0E-08

1.0E-89

0.

1.0E-04

i.eE-es

1.0E-06

1.0E-07

1.0E-08

1.0E-09

1.0E-10

0.

DEUICE B AT UGS—1

55b

legend

1 IDUB0
2 IDUB2
3 IDUB5

S.8E+00 1.8E+01 1.5E+01 2.0E+01 2.SE+01 3.0E+01
UDS

DEUICE B AT UBS—2

legend

1 IDUG-1
2 IDVG-2

S.0E+00 1.0E+01 1.5E+01 2.0E+01 2.SE+01 3.0E+01
UDS

Figure 5.9 The Measured /^-versus-v^ with Parameters v^ and vGS of
Device B,



1.5E+01

1.0E+01

5.0E+00

0.

1.5E+01

1.0E+01

s.eE+ee

0.

DEUICE A AT UBS—1, -2, -5
55c

legend

1 UPT1
2 UPT2
3 UPT5

-3.0E+00 -2.5E+00 -2.0E+00 -1.5E+00 -1.0E+ee-5.eE-ei lieE-04
UGS

DEUICE A AT UGS—1, -2, -3

legend

1 UPT1
2 UPT2
3 UPT3

-5.0E+00 -4.0E+00 -3.0E+00 -2.0E+00 -1.0E+00 0.
UBS

Figure S.lOKpr-versus-K^ with Parameter V& and v„-versus-K^ with
Parameter K^ of Device A,



2.0E+01

1.5E+01

1.0E+01

5.0E+00

0.

DEUICE B AT UBS-0, -a, -5
55d

legend

1 UPT0
2 UPT2
3 UPT5

-5.0E+00 -4.0E+00 •3.0E+00
UGS

-2.0E+00 -1.0E+00

DEUICE B AT UGS—1, -a, -5

3.0E+01

1.5E+01

1.0E+01

5.0E+00

0. ) • ' • • I i i i i | • . • i iii, , , , , 1
-5.0E+00 -4.0E+00 -3.0E+00 -2.0E+00 -1.0E+00 0. '

UBS

legend

1 UPT1
3 UPT3
3 UPT5

Figure 5.1 lKpr-versus-K^ with Parameter V^ and v„-versus-V^ with
Parameter K^ of Device B,



CHAPTER 6

Small-Geometry Effects and the Semi-empirical Model MOS3

Besides the punchthrough phenomenon, advances in process technology

to achieve small device geometries also bring into prominence other effects

which do not appear in the characteristics of the devices of long or even

medium channel lengths. In very small MOSFETs, the electrical dimen

sions, which determine the device characteristics, could not always scale pro

portionally as the other parameters. For example, the depletion-layer width

of a P-N junction is related to the built-in potential of the junction by a

square-root expression. The built-in potential depends logarithmically on the

substrate doping density. Thus the depletion-layer width does not scale

linearly with the doping density. Keeping the operational voltage constant

during scaling, instead of strictly following the scaling rules, causes high-field

phenomena such as the velocity saturation of hot electrons.

A small-geometry MOSFET with L<2fim and PK<2/im can be character

ized by the following features:

(a) Threshold-voltage sensitivity to the length and the width of the device

due to the two-dimensional nature of the potential distribution;

(b) Threshold-voltage sensitivity to the drain voltage due to the drain-

induced lowering of the barrier;

(c) Relaxed transition between the linear and saturation regions due to the

velocity saturation of hot electrons;

(d) Lowered saturation voltage and current due to the velocity saturation of

hot electrons.
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This chapter describes the M0S3 model which was developed and imple

mented in the circuit simulation program SPICE2 (Version 2G.1) to address

the above problems and attain computational efficiency. The companion

capacitance model, which conserves charge [53], is also derived and imple

mented.

As demonstrated in the previous chapter, the ultimate difficulty in

developing a model for small devices is the correct treatment of the two-

dimensional configuration. A complete analytical solution is too complex for

the application in circuit simulations in even the simpliest ideal case, not to

mention the more complicated two-dimensional simulations. A semi-

empirical modeling approach is a compromise between simulation accuracy

and computational efficiency. In addition, if the model equations can be

writtened in a simple format, they will allow easy parameter extraction, a

property which is as critical as the accuracy of the model itself.

The semi-empirical approach to MOSFET modeling proceeds as follows:

(a) Perform two-dimensional analyses, taking into account the details of the

device configuration;

(b) Derive semi-empirical relationships between parameters based upon the

linearization of the two-dimensional simulation results. The resulting

model is accurate only within the range of process parameter variations

for which two-dimensional results are investigated.

The threshold voltage is the most critical parameter and is investigated

in Section 6.1. The threshold-voltage sensitivity of small devices is

emphasized. Section 6.2 presents the basic current equation upon which the

model is based. In Sections 6.3 to 6.7, second-order effects, including mobil

ity modulation, velocity saturation, channel-length modulation and capaci

tances, are described in sequence. The last section compares the MOS2 and
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M0S3 models. Examples of circuit simulations are included to demonstrate

the validity of the semi-empirical model.

6.1. Threshold Voltage

The threshold voltage, vm, of a long-channel device, say L>20fimi

depends on the substrate bias. Their relationship can be predicted by apply

ing the charge-conservation principle to a vertical cross section of the device

in the middle of the channel. This cross section is bounded by the gate and
the substrate. In the channel:

Qg = - [Qdep +Qinv] (6.1)
and QJNV = 0 at VGS « vm. Qg9 QDEP and Q^y are the gate, depletion and

inversion charges respectively. The result is:

Vth,l = V„ + 4> + yJluqNsuBit + VSB) (6.2)

where KWtI is the threshold voltage of long-channel devices, VFB the flatband

voltage, $ the surface potential at threshold and vSB the source to substrate

bias. This expression is not applicable for small devices whose threshold vol

tages should be determined by the overall charge conservation [48,51-52] of

the entire channel.

In the lengthwise cross section of a device, the field lines which ori

ginate in the depletion charges near the ends of the channel terminate at the

source or the drain, instead of the gate. Thus, the effective threshold vol

tage is reduced as the channel length is shortened.

On the other hand, the depletion region actually extends beyond the

edges of the channel widthwise. The extra charges at the edges sustain field

lines which terminate at the gate and result in a higher threshold voltage as
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compared to a wide device. The threshold voltage increases as the channel

width decreases.

In the case of a long, wide device, the percentage of the charge at the

edges is negligible. In a short and/or narrow device, this percentage is

significant enough to make the shift in the threshold voltage visible. In

MOS3, the effects of the channel length and width and the drain voltage on
the threshold voltage are decoupled.

6.1.1. Short-Channel Effects

In a device of intermediate channel length, say 5/tm, the surface poten
tial barrier is the same as that of a long-channel device, say 20fim. However,
the source and drain depletion regions at the edges occupy most of the chan

nel cross section. The surface potential at the edge is higher than that at the

corresponding region of a long-channel device and results in a higher con
centration of conduction carriers, as shown in Figure 6.1. The average chan
nel conductance is higher than that of a long-channel device, and the

effective threshold voltage is lowered. By assuming a trapezoidal partition
[51] of the depletion charge, and applying the cylindrical-junction approxima
tion [48], one can formulate the correction factor of the threshold voltage
as:

f - i ^L WC LD
Xj Xj a/i.(-J^£!!7-—V 1+ WP/xj} Xj (6.3)

which is used to multiply the depletion-charge term, the square root, in
Equation (6.2). The threshold-voltage shift due to the short-channel effect

with NSUB = 5.0Xl0I5cm-3, Tox = 0.l/*m, xj = 0.5Mm, and a channel length of
2/im to 20jim, is plotted in Figure 6.2. The difference between the plane-
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junction approximation [51] and the cylindrical-junction approximation [48]

is plotted in Figure 6.3. This difference is important in the case of low vGS

operation in which the device characteristics are sensitive to the exact value

of the threshold voltage. The difference increases as the deviation between

the predicted depletion-region widths increases, i.e. when the substrate dop

ing concentration is lower, the oxide thicker, and the junction made more

shallow.

In the case of a shorter channel length, the source and drain depletion

regions merge and the barrier maximum becomes a single point. The barrier

height is lowered and can be further modulated by the drain voltage, as

shown in Figure 5.2. An extra term which is linearly proportional to K^ has

been added to Equation (6.2). The proportional constant is inversely

related to the oxide capacitance and the cube of the channel length [54].

Parameter 17 is designed to allow flexibility:

AlKw--^L77K„ (6.4)

where A is an empirical constant whose value varies with the process param

eters.

6.1.2. Narrow-Channel Effect

By assuming cylindrical distributions of the depletion charge at the

edges, a correction factor can be formulated as:

AwVm - DELTA -^p; [* +VSB (6.5)

Other edge effects, such as the existence of a field implant, non-planarity

due to a LOCOS process, and the correction of the cylindrical field distribu

tion, are included by introducing the empirical parameter, DELTA. This
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parameter is characterized by threshold-voltage measurements.

6.1.3. The Model Equations

From the above, vm is formulated as:

Vth =Vfb +4-FdVos +yFsy/<l> -Vjs +FNfy -Vb] (6.6)
where FD is the static-feedback coefficient:

^ox

A is an empirical constant:

FD = vA^r- (6.7)

A = 8.15X10-22 {meterfarad) (6.8)

and gamma is the body-effect coefficient without any correction:

y=^f™ (6.9)
<~ox

Fs is the correction factor due to the short-channel effect as defined in Equa

tion (6.3). LD is the lateral-diffusion length, WP the depletion-layer width of

a plane junction, and Wc the depletion-layer width of a cylindrical junction

and:

wr Wpd0 + dx—Z- + d2
Xj Xj

Wu

Xj

2

(6.10)

where d0i dx and d2 are empirical constants with the following values [48]: d0

= 0.0631353, dx - 0.8013292, d2 = 0.01110777. In Equation (6.6) FN is the

correction coefficient of narrow-channel effect:

FN = DELTA -P*-- (6.11)
Cqx w



6.2. Basic Drain-Current Equation

The drain current can be expressed as:

Ids°(x) = WQmvWHx)

where N(x) is the carrier density per unit area at location x:

Qmvix) - Cox VGS - Vm(x)

v(x) is the carrier drift velocity:

v(jc) = U
dV{x)

dx
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(6.12)

(6.13)

(6.14)

Vth{x) is the effective threshold voltage at location x:

Vth(x) = VFB + 4>(x) + 7V?0O (6.15)

Since the drain current is a constant independent of the location, Equation

(6.12) can be integrated from the source to the drain to provide:

w
'DS

Ids° =-^ / QiNy(x)dV(x) (6.16)

The carrier density can be approximated by linearizing the expression of the

effective threshold voltage with respect to the source:

VthM = Vntisrc) +

where

l +FB V(x)

Fa = 0.5
2V* + Vsb

The 0.5 factor is used to count the effect of the other higher order terms

which are dropped for simplicity. The expressions of the carrier and current

densities become:

Qinv =Cox [vgs -Vjh - (l +F*)k(x)]

w
ids U C ox Vgs - K,

1 +Ffl

TH DS 'DS

(6.17)

(6.18)

(6.19)

(6.20)
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A similar expression has been developed by other workers [55].

The above equation is an approximation of the drain-current expression

which has been widely used in text books [31,56]:

lDS - L U Cox as FB 0
DS

DS <t> + viDB [* +Vsb]
(6.21)

These two equations differ in their linearization of the threshold-voltage

expression. A comparison between Equations (6.20) and (6.21) is plotted in

Figure 6.4 for the cases of I = Sum, W =» 50um, Tox = 0.65um,

U0 = 600cm2/V-sec, VT0 = W and Nsub = 5.0X1015cm-3 and 5.0X10lsow-3. A

simpler expression based upon charge-control analysis [56] is also plotted in

the same figure for comparison:

Ids0 7" U Cox Vr.s - V
'DS

GS TH DS (6.22)

These three characteristics are approximately the same in the low v^

range. The difference between the charge-controlled model and the text

book model is much larger than that between the MOS3 and text book

models. The characteristics at a higher KOT are governed by second-order

effects, such as the hot-electron effect, the current saturation, and the

channel-length modulation. The basic current equation is critical only in the

low Vos operational range of a short-channel device. Thus Equation (6.20)

can be applied to a small-geometry device without compromising accuracy.

The simplicity of Equation (6.20) leads to an explicit formulation of the

saturation voltage which is derived later. Because the v^ dependent term,

17, in the threshold-voltage expression represents the average influence of the

drain voltage upon the surface potential, it is treated as a constant

throughout the integration in the derivation of current equation,
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6.3. Surface-Mobility Modulation by Gate Voltage

Surface mobility is directly proportional to the channel conductance of a

device. Besides the lattice scattering [57] and the impurity scattering [58]

which determine the value of bulk mobility, the surface mobility is further

degraded by the mechanism of surface scattering [59] and interband scatter

ing [60]. Considerable effort has been devoted to theoretical and experi
mental studies of the surface mobility. Nonetheless, the use of an empirical

expression is still the most practical approach for device modeling in CADs.

The empirical equation of Us used in the MOS3 is:

For a comparison with the more elaborate formulation used in the MOS2

model in SPICE2 [61], the relationships between us and VGS based upon
these two expressions are plotted in Figure 6.5. These three plots show a

very close match in the range of 10 V K^. Deviation is observed in both

the low Kw, 5 V, range, and the high K^, 20 V range. The plots demon

strate that the surface-mobility modulation effect can be matched by both

empirical equations within a given operational range if the parameters are

properly adjusted.

6.4. Velocity Saturation of Hot Electrons

Among various hot-electron effects [62], the saturation of hot-electron

velocity has a direct impact on the characteristics of a short-channel device.

It lowers the conduction current in the linear region and smooths the transi

tion between the linear and saturation regions.
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In a short-channel MOSFET, the lateral electric field in the channel is

higher than that inside a long-channel device at the same operational bias.

The effective mobility decreases and saturates when the electric field is

stronger than the critical field. This relationship can be approximated by the

following equation [63]:

UefAx)= , , Us IF (6.24)
Vmax dx

By substituting this expression in the basic current equation before carrying

out the integration, the current equation becomes:

, 'DS
ids ~ —

Us Vps (6.25)
Vmax L

The effective mobility can be expressed as:

u Us
m t+_^_2«_ (6.26)

Vmax L

The effective mobility is plotted in Figure 6.6 as a function of K^. This

effect has been interpreted as either a higher effective threshold voltage [64]

or an effective feedback resistance [65].

6.5. Saturation Voltage

In a short-channel MOSFET the drain current saturates when the carrier

velocity approaches its maximum [31], VMAX, instead of approaching the
channel pinch-off condition as it does in a long-channel devices. When the

carrier velocity saturates, the current can be approximated as:

Ids* = QiNv(drain)VMAX (6.27)

By substituting the expressions (6.19) and (6.20) in the above equation, it
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yields:

WCox VGS - Vth - DSjat MAX1 + FB

W
UsCoi VGS - Vjw -

1 +fi

Vosja is derived from the above equation:

'DSja
VGS - Vth VMAxL

1 + FB Us

Vosja is dependent upon K^ through vm. At the limit of infinite vMAX, this

equation can be rearranged as follows:

fDS*at
VGS - Vjn VMAXL

1 +F, U< v^-

'DSjat

TH x2

^")2+( Us

fGS " KTW

1 + F,

66

(6.28)

DSjat

MAXi
-)' (6.29)

^ x2"):
A//«rj

(6.30)

By only taking the first-order term in the Taylor series expansion, the term

of square root can be simplified and the above equation becomes:

., 12

DSjat
GS " YTH U*

1 + Fb 2VmaxL

V

Vdsj<u approaches to

GS - YTH

1 +Fi
(6.31)

which is the maxima of the current equation
1 +tfB

and corresponds to the channel pinch-off condition of a long-channel device.

In the derivation of K^^, Equation (6.20) is used instead of Equation

(6.25). As pointed out in Murphy's work [64], if the exact expression is

used, the velocity "pinch-down" condition is equivalent to the channel

"pinch-ofF condition. The resulting saturation voltage, K^^0, is the max

imum of the basic current equation in which the slope of Ids is zero:

LV
DSjat

MAX

Us v^
2US VGS - K;TH

VmaxL 1 + FB

Vassal0 is higher than K^^. From the view point of CAD applications, the

zero-slope point is undesirable because the output conductance of a short-

channel device is not zero. Equation (6.28) is equivalent to an approxima

tion of the velocity-field relationship by two straight lines joined at the

- 1 (6.32)
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saturation point, as shown in Figure 6.7. A comparison of saturation vol

tages based upon these two definitions is plotted in Figure 6.8 for the cases

of 2/xm and Sum respectively. The discrepancy between Vossat and Vdssat0

increases as VGS increases.

6.6. Channel-Length Modulation

As Vds gets larger than K^^, the point at which the carrier velocity

begins to saturate moves toward the source, and the effective channel length

is reduced. The formulation of the channel-length shortening factor, M., is

based upon Baum's theory [66] :

Ai - y/tfy+tt!k^.± (6.33)
Ids = lossat TTT7" (6.34)

where EP is the lateral field at channel pinch-off point, and coefficient B is:

B" ^T (6.35)
AD

By making the slope of the /as-versus-K^ characteristics continuous at

vds = Vosjat»the expression EP becomes:

VDSsatL

Idssat and Gossat are the drain current and the drain conductance at saturation

voltage, respectively.

The point at which the velocity begins to saturate differs from the chan

nel pinch-off point at which the free carriers begin to be depleted. Vossat is

the voltage at the velocity-saturation point while EP is the lateral field at the

channel pinch-off point. Therefore, the voltage across the depleted surface

should be less than Vds - Vdssat- The empirical parameter *c is introduced to
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include this effect.

6.7. Capacitance Model with Charge Conservation

The companion capacitance model is based upon the charge-

conservation concept [53] which is critical for the simulation of circuit opera

tions depending upon charge transfer, for example, in switched capacitance

circuits.

The total amount of charge residing on the gate can be formulated as:

Qg = W/ Qg(y)dy

USW2 'DS

lDS 0
J Qg(Vy)Qe(Vy)dVy

(6.37)

(6.38)

where Qg is the gate charge per unit area and Qc the channel charge per unit

area:

Qg =Cox [vGs - [Vfb +*-FD Vds ]] (6.39)
Qc = -Cox [vGS -Vth - [l +FByy] (6.40)

The integration if carried out yields:

QG = WXLXCqx

where

VGS- \Vfb +0--Pz>KjDS

Vds 1 + Fi

12F,

Fi = VGS - Vth - 1 + Fb/2Vds

Similarly, the total bulk charge, QB, can be obtained:

QB = - WXLXCoxQb4
where

YDS

Qb° =yFsy/4> +Vsb +F„[<t> +Vsb) +-y-Kj FBd + FB)
« nF, Vds

(6.41)

(6.42)

(6.43)

(6.44)
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The charge-neutrality condition requires that the total channel charge be:

Qc = - [Qg +Qb] (6.45)
which is distributed between the source and the drain.

There are three charge quantities. Each of them has three associated

derivatives which are the capacitive elements in the circuit model. Only six

of these nine capacitance components are independent because QG, QB and

Qc are correlated with each other.

The resulting C-V characteristics, based upon the parameters listed in

Table 6.1, is plotted in Figure 6.9, together with the corresponding C-V

curves predicted by MOS2 [15] with the same parameters. Because of the

linearization employed in MOS3, the results differ in the capacitive com

ponents which are related to the channel charge.

6.8. The Comparison Between MOS2 and MOS3

MOS3 is a semi-empirical model developed specifically for small-

geometry devices. This section is intended to demonstrate the validity and

performance of MOS3 through device characterizations and test-circuit simu

lations. The MOS2 model [15], which is based upon approximations for and

analyses of devices with channel lengths greater than 2am, is used as the test

vehicle for comparison. Both MOS2 and MOS3 are implemented in

SPICE2G. Although they have many common parameters, different values

of the mobility-related parameters must be used to produce approximately

the same characteristics. For example, parameter VMAX (VMAx) has no

effect on the characteristics in the linear region simulated by MOS2, while it

lowers the effective mobility in the medium Vds range when simulated by

MOS3. In order to get a close approximation, MOS2 requires a lower value



E

S
a

o
o

E

a

m
a

.50

.40

.30

.20

.10

.00

8
I

.50

.40

.30

.20 _

.10 _

.00

•» i i

T—• i i | i

M0S3 - soltd tin**

M0S2 - dash tin**

I I I I I I I I fl i t. X. •>

8 8 8 8
e* * • •>

Vob(V)

8 8 8 8 8 8 8
i

6 cl *
•

9 O d

VqbCV)

69a

Figure 6.9 The Gate and Substrate Capacitances in MOS2 and M0S3,



70

of the parameter UO.

The differences between MOS2 and MOS3 are:

(a) The basic current equation used in MOS3 is an approximation of that of
MOS2;

(b) Different empirical equations of surface-mobility modulation are used;

(c) The static-feedback effect is modeled by drain-induced barrier lowering
in MOS3 and by charge sharing between the drain and the gate in
MOS2;

(d) Parameter VMAX lowers both the effective mobility and the saturation
voltage in MOS3 but affects only the saturation voltage in MOS2;

(e) The junction curvature effect is included in the threshold-voltage equa
tion of MOS3 but the junctions are treated as plane junctions in MOS2.

Two devices are characterized by both MOS2 and MOS3 for com

parison. One is long with a layout channel length of 20am; the other one is

short with layout channel length of 2.3um, the effective channel length after
side-diffusion correction is l.6am. The two devices reside on the same chip
and have the same width, 50am. Their simulated and measured characteris

tics are plotted in Figures 6.10 and 6.11 respectively, and the parameter
values are listed in Table 6.1:
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Table 6.1 Device Model Parameters

All the process parameters except those related to mobility are the same. In

the case of the short-channel device, MOS3 can fit both the high- and low-

current ranges consistently while MOS2 can fit only the high-voltage range.

MOS3 requires a higher UO and a higher VMAX, -—*-, which is equivalent
Us

to a saturation field of 3.46Xio4K/cm. This corresponds to the field in which

the velocity begins to saturate. The values of VMAX and UO used in MOS2

yield a saturation field of l.3Xio4K/cm, which corresponds to the field at the

corner of the velocity-saturation curve. This is the result of the different

assumptions used in the models. The discrepancy between the predictions

by the MOS3 model and the measurements of the long-channel device is
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expected because the simulated characteristics of a long-channel device are

dominated by the basic current equations. MOS2, whose basic current equa

tion is based upon a more thorough analysis, is able to fit the long-channel

device in both high and low current ranges consistently while MOS3 can fit

only the low or high current range by using different mobility-related param

eters.

With devices of matched characteristics, several test circuits have been

simulated by both models using SPICE2G.1. The inputs to SPICE2 are

listed in Appendix D. The output waveforms are plotted in Figures 6.12(a)

through (d). Even with the carefully chosen parameters, these two models

do not give identical device characteristics, although the results are similar.

The simulation statistics are compared in Table 6.2:

Table 6.2

Circuit

,Name. ,
Analysis

Tvpe
X'tors
MOS3

Iterati
MOS2

on No.
MOS3

CPU
MOS2

[sec)

Bootinv
Op Point
Transient

5 44

235

42
280

1.48
9.54

1.95
15.77

Invchn
Op point
Transient

10 46

20B

48
306

2.49

14.94

3.43
26.69

Mosmem
Op point
Transient

12 164
24B

34
3B9

9.25
20.57

3.21
36.06

Ratlog Op point
Transient

6 25

77B

26
648

1.11
36.47

1.53

40,13

Table 6.2 Simulation Statistics

The results show that for most of the circuits, the MOS3 model is up to 40%

faster in computation than MOS2.
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CHAPTER 7

Summary

This analysis of MOSFETs emphasizes possible problems due to
quantum-mechanical effects, the unification of strong- and weak-inversion

regions and the modeling of small-geometry devices. The first two problem
areas concern the modeling of MOSFETs in general. The modeling need for
small-geometry devices is due to the recent advances in integrated-circuit
processing which have led to today's VLSI chips.

The quantum-mechanical effects are attributed to both the degeneracy
of the surface carrier population, which can be described only by Fermi-
Dirac statistics, and the wave property of surface carriers in degeneracy,
which is governed by the Schrodinger equation. Numerical evaluations of
the drain current, the channel conductance, etc. based upon quantum-
mechanical statistics, demonstrate that quantum-mechanical statistics alone

do not result in a significant deviation in device characteristics within a prac
tical operational voltage range. The onset voltage of degeneracy is at the
high end of the voltage range of most practical applications. Though the
differences in device characteristics induced by the wave property may be
large, these differences can be absorbed in the empirical expression of sur
face mobility, whose variations are much greater in the practical operational
range.

Existing MOSFET models which are valid for both the strong- and
weak-inversion regions require time-consuming iterative solutions. The
other models are valid in either strong- or weak-inversion region. The
approach presented in Chapter 3 joins the weak- and strong-inversion regions
by recognizing the existence of a transition region. It proves to be an
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efficient approximation of the iterative solution.

Program TWIST was developed to simulate the characteristics of weak

inversion and weak-injection punchthrough of short-channel MOS devices by
solving the two-dimensional Poisson equation. The program is sufficiently
fast in its analysis to allow reasonable interaction with a process or device
designer as the simulation is performed. In a working hierarchy of CAD
tools, structural and impurity parameters can be obtained from process simu
lators. TWIST can then be used to optimize all the aspects of barrier-
controlled operations and as a pre-selector for structures to be simulated by a
more elaborate two-dimensional simulation program to obtain high-current
device characteristics.

The analysis of the punchthrough phenomena involves both theoretical

analyses and two-dimensional device simulations. The formation and charac

teristics of the injection barrier are studied and the equation of the onset vol
tage of punchthrough is derived assuming a uniform substrate doping con
centration. The experimental data supports the derived equation.

The MOS3 model has been developed and implemented in the circuit

simulation program SPICE2 to address the features of small-geometry MOS
FETs and to permit the effective simulations of integrated circuits containing
small-geometry MOSFETs. The model equations are formulated to allow

easy and automatic parameter extraction, a property which is as critical as the

accuracy of the model itself. A comparison of the MOS2 and MOS3 models

proves that the MOS3 model is accurate for small-geometry MOSFETs.

In the era of LSI and VLSI, the emphasis of modeling should be placed

upon the small-geometry devices. The two-dimensional device simulation is

an indispensable tool for the study of micron or submicron devices. In the

course of expanding Program TWIST to include the solution of the current-
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continuity equation, the attention must be put on finding and implementing

both efficient algorithms of numerical solutions and adequate physical

models of various high-current effects. The impurity profile in a small-

geometry device critically affects device characteristics. The thermal redistri

bution in both one and two dimensions, must be considered in the genera

tion of impurity profile. This profile dependence will be an important part of

the future study of both two-dimensional device simulation and circuit-

simulator oriented models. Although the onset of punchthrough is described

in this thesis, a complete model of punchthrough conduction remains to be

formulated. More research is needed in this area.



APPENDIX A

TWIST User's Guide

TWIST is a program for the "Two-dimensional Interactive Simulation of
MOS Transistors" in weak inversion and/or weak injection. The device
geometry and doping profile as well can be entered either through the con
sole or a parameter file. The doping profile can be defined analytically by
specifying process parameters or numerically by using the results from Pro
gram SUPREM. The resulting impurity concentration, carrier concentration,
potential, and field distributions are either displayed as three-dimensional
graphs or output as numerical tables. The interactive feature of TWIST

allows maximum flexibility to the user.

Except for numerical parameters, which include the values of device

dimension, impurity concentration, voltage, etc., soft (special purpose) keys
on the keyboard are used to facilitate the question-and-answer session. Keys
No.7 and No.8 are always designated as Yes and No, respectively. The
definitions of other keys are displayed with the accompany questions. If an
answer is entered from the keyboard, instead of the soft keys, the first char
acter of the alphabetical answers must be in the upper case.

In the following, the procedure of using TWIST is explained step by
step. All the information displayed by TWIST is shown in italics in the same

sequence as prompted by TWIST. f7 and f8 are the abbreviations for keys
No.7 and No.8 respectively.
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1. Input Options

REQUEST->

Inputfrom the console (Yes=f7/No=f8) ?

Yes-> TWIST will ask for the name of the parameter file, read the

geometry and profile parameters from it, and branch to Section 5 if

SUPREM results are used; otherwise it will proceed to Section 6.

The format of the parameter file is detailed at the end of this guide.

No-> Parameters will be requested on the console.

2. Geometry Parameters

REQUEST->

Drawn channel length (am) ?
Lateral span ofsource (am) ?
Lateral span ofdrain (am) ?
Oxide thickness: gate <> andfield <> (am) ?
Gate oxide location: from O to <> (am) 7
Span ofoxide ramp (am) ?
Drawn gate location: from <> to <> (am) ?
Depth of the simulated structure (am) ?

All the entries should be in units of am. The source junction is defined as
the origin of the coordinates.

3. Profile Options

REQUEST->

"Use SUPREM output (Yes=f7/No=*f8) ?"

Yes-> The profile is generated by the interpolation of SUPREM results.
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No-> Parameters of analytically generated profiles are entered from the
console.

4. Profile Parameters

The profile can be tailored by up to three implantation steps, i.e. overall,
selective and source/drain implants. The overall implantation covers the
entire structure; the selective implantation can be directed into either a
specified window or over the entire structure; the source/drain implantation
goes only into the source/drain windows. The two-dimensional redistribu

tion of drive-in is considered only for the selective and the source/drain
implantations.

4.1. Substrate

REQUEST->

Substrate dopant ?
Substrate concentration (in unit of1El5 cm-3) ?

4.2. Ion Implantation

REQUEST->

Any overall implant (Yes=J7/No=f8) ?
Any localized implant (Yes=f7/No=m ?
Any source/drain implant (Yes=*p/No=J8) ?

Yes-> Invoke the corresponding ion-implantation step.
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No-> Skip the corresponding ion-implantation step.

The implant dopant can be entered either by the species (B/As/Ph/Sb), or
by the type (-/+), where - stands for N-type and + for P-type. If a species
is used, the associated drive-in process is characterized by the temperature
and the time. Otherwise, the drive-in process is characterized by the
diffusivity and the time.

REQUEST->

n^^J^^f"; ^^(^ <:> Stndv(Mm) <> Dose(cm-2) ?Diffusion coefficient at drive-in temperature (cm2sec) ?(optional)
Dnye-in temperature °C) 1 • / / YontionanDrive-in time (minutes) ? lopnonaij

Atable of computed parameters is displayed at this point. For example,

.. .profile parameters:
Wf?X-f'IoI?^l(cm?/sec) ^fl* conc=-3.85E+15(cm-3)jet depth-2.19E-05(cm) average conc=-4.58E+ 15(cm-3)

where jet is the abbreviation of junction, diff of diffusion, and cone of con
centration.

5. Profile Based on SUPREM Results

5.1. Substrate

REQUEST->

Substrate dopant ?
Uniform substrate (Yes*=J7/No=f$) ?

Yes-> Substrate concentration will be requested.
Substrate concentration (in unit of1El5 cm-3) ?
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No-> File name and column index will be requested and the substrate
profile is treated as the result of the overall implantation (see next
section).

Datafile name ?
Which column ?

The background concentration will be extracted and displayed:
Non-uniform substrate with background concentration

= -7.500E+14cm-3

5.2. Ion-Implantation

REQUEST->

Implant dopant ?
ImplantSTNDVJam) ?
Data file name 7
Which column ?

A table of the estimated profile parameters is displayed at this point.

.. .profile parameters:
totaldose=4.36E+15(cm-3) standard Z)= 9.85E-06(cm)
peak conc=1.76E+20(cm-3) impl range= 1.00E-06(cm)
ave conc=8.72EJrl9(cm-3) jet depths 5.00E-05(cm)

where ave is the abbreviation of average, impl of implantation, D of devia
tion, jet of junction and cone of concentration.

6. Lateral Diffusion

After the doping profile is defined, the effect of lateral diffusion is displayed
as:

Drawn source/drain junctions at ( O.OOOum, 2.340um) ( 4,42)
Corrected by side diffusions as ( AOOum, 1.940um) ( 15, 31)
Lateral diffusion length ofs/d:( AOOum, AOOum)
Effective channel length: 1.541um
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7. Check Mesh and Profile, Save Parameters

After the setup, the mesh and the doping profile can be examined by
answering Yes to the requests.

REQUEST->

Check impurity profile (Yes=J7/No=f8) ?
Check the mesh (Yes=p/No=f8) ?

The other related information will be requested as explained in Section 9.

The input parameters entered from the keyboard can be saved on the disc

for repeated use by answering Yes to the request and specifying the file
name to be used.

REQUEST->

Save input parameters (Yes=J7/No—f8) ?
Data file name ?

8. Potential Initialization and Self-Consistent Solution

REQUEST->

Applied voltages: VD, VG, VS, VB ?
Absolute resolution of 1-D iteration (mVs) ?
Absolute resolution of 2-D solution (mVs) ?
Relaxation factor (K=x<2, "1.7) ?
Maximum count of 2-D iterations ?
Convergence information per 2-D iteration (Yes—f7/No=sf8) ?
Search for specific surface potential (Yes=ft/No=j8) ?

The suggested resolution of initialization is approximately from 0.2 to 0.01

mV. The relaxation factor should be equal to or greater than one, but less

than and not equal to 2. Numbers close to 1.7 have been proved adequate.

The optimal value varies depending upon the structure and the bias. If

searching a specific surface potential is desired, the following question will
be asked:



83

REQUEST->

Target surface potential value ?
Iterate which bias (D=Vd,G=Vg,S=Vs,B=Vb) ?
Searching tolerance (mVs) ?

A summary of the initialization is displayed. For example:

Initialize column 1: Converged at 26th iteration, maximum deviation = 0.00
Initialize column 19: Converged at 50th iteration, maximum deviation =» A90E-03
Initialize column 50: Converged at 50th iteration, maximum deviation = .827E-04
Equal potential region between -.05um(2) and .09um(ll) as -A0um( 1)
Equal potential region between .91um(35J and 1.24um(49J as 1.30um(5O)
Laterafdepletion layer between .30um(19) and .91um(35)
Lateral depletion layer between .09um(ll) and ,61um(25)

The two-dimensional iteration either converges or is limited by the given
count. The convergence message of each iteration loop can be turned on or
off as desired. The message assumes the following format:

10th loop: max deviation =2.866E-02, at (35,12), by-pass 42.79%

A summary is displayed at the end of the two-dimensional iteration:

2-D iteration stops at loop 85:
last max deviation =2.158E-04, at (44,18),

** fr PaF 5L80% ave Per lo°P**At surface**
Potential minimum = .199atX= .920um, (23)
Barrier height = .683
Current density = 1.245E-08 Amp/cm2
Barrier width — .654um,

from .554umto 1.208um...(19,26)
Source depletion width = .133um

„ Drain depletion width = .210um
Saddle potential = .200, barrier height** -.682

at ( .920um, .130um)...123, 6)
current density = 2.014E-08 Amp/cm2
Barrier width = A04um,

from J18umto 1.122um...(21,25)

The result can be checked at this point by answering Yes to the following
request.

REQUEST->

Check results (Yes=f7/No=*f8) ?
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The procedure is explained in the next section.

9. Output

The results may be displayed and examined at each check point, i.e.
after the setup and 2-D iteration steps.
REQUEST->

Which one? 2-dimensional plots/fl, 3-dimensional plots/f2,
save in Fmgrfileff3, print the numbers/f4

After the choice is made, the domain ofdisplay will be requested. For a 2-D
display, the user has to select an X or Y cross section and define the domain.
REQUEST->

Constant XorY?
Cross section index ?
From <> to <> (indices) ?

The functional values in the defined domain will be displayed to help the
user estimate the minimum and the maximum. For the other choices of
display, the messages are:

REQUEST->

From <> to <> (X-direction) ?
From <> to <> (Y-direction) ?

At this point, a 7x8 table is displayed to help the user determine the
appropriate minimum and maximum. Then the following question is
prompted:

REQUEST->

Estimated MIN/MAXfunction values (MIN=>MAX->skip) ?

If MIN is greater than or equal to MAX, the output will be skipped.
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9.1. 3-D Graphics Display (f2)

REQUEST->

On the console (Yes=f7/No=f8) ?
Log scale (Yes±f7JNo=J8) 7
How many points in X-airection ?
How many points in Y-direction ?
Tilt angle (degree) ?
Rotation angle (degree) ?

After the results have been plotted on the screen, graphs may be re-drawn
on the plotter.

9.2. Numerical Display (f3,f4)

The results may be routed to the printer or saved on the disc.

9.3. More Outputs

Other data may be obtained at each check point. The user may have more

than one output. The output alternatives are determined by the answer to

the following request.

REQUEST->

Which one? doping concentration/fl, free carrier prqfile/f2,
field distribution/f3, potential profitejfl.

Except for the choice of displaying doping profile, the signs of the results will

be changed if the answer to the following question is Yes.

REQUEST->

Referring to electron (Yes=f7/No=f8) ?
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There are four field-display options.

REQUEST->

Which one? X-comppnent(fl), Y-component(f2),
X/Y-ratio(J3)ormagnitude(f4).

10. Loops

The simulation can be repeated at a different bias without re-defining the

geometry and the profile. The user can also analyze a new structure using a

profile defined by the same process parameters or analyze the old structure

using different process parameters.

REQUEST->

Another bias (Yes=f7/No=f8) ?
Another run (Yes=p/No=f8j ?
Redefine the structure (Yes=]7/l\i
Redefine the profile (Yes—p/No

11. Open File Error

If the specified disc file cannot be opened, the user can try again or exit.



12. Input File Format

12.1. Case of Analytically Generated Profile

line.l: title line

line.2: drawn channel length (am)

line.3: lateral span of source (am)

line.4: lateral span of drain (am)

line.5: oxide thickness: thin? and thick ? (am)

line.6: thin-oxide location: from ? to ? (am)

line.7: lateral span of oxide ramp (am)

line.8: drawn gate location: from ? to ? (am)

line.9: depth of the simulated structure? (am)

line. 10: substrate dopant: B, As, Ph, Sb, + (n-type), -(p-type)

line.l1: substrate doping concentration (*1E15 cm-3)

line.12: well implant dopant: B, As, Ph, Sb, +, -

line.13: well implant range(/mt), stndev(/tm) and dose (cm-2)

line.14: diffusion constant of well implant (cm2/sec)

line.15: drive in temperature for well implant (°C)

line.16: drive in time for well implant (min)

line.17: localized implant location: from ? to ? (am)

line.18: local implant dopant: B, As, Ph, Sb, + , -

line.19: local implant range^m), stndev(/*m) and dose (cm-2)

line.20: diffusion constant of selective implant (cm2/sec)

line.21: drive in temperature for selective implant (°C)
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line.22: drive in time for selective implant (min)

line.23: source/drain implant dopant: B, As, Ph, Sb, +, -

line.24: src/drn implant range(/*m), stndev(,zm) and dose (cm-2)

line.25: diffusion constant of src/drn implant (cm2/sec)

line.26: drive in temperature for src/drn implant (°C)

line.27: drive in time for src/drn implant (min)n)

12.2. Case of SUPREM generated profile

line.l: title line

line.2: drawn channel length (am)

line.3: lateral span of source (am)

line.4: lateral span of drain (am)

line.5: oxide thickness: thin? and thick ? (am)

line.6: thin oxide location: from ? to ? (am)

line.7: lateral span of oxide ramp (am)

line.8: drawn gate location: from ? to ? (am)

line.9: depth of the simulated structure? (am)

index of SUPREM input F

substrate dopant: B, As, Ph, Sb, H-(n-type), -(p-type),

index of non-uniform substrate N

line.l2.a: if line 12 is not N in 1st column:
substrate doping concentration (*1E15 cm-3)

line.l2.b: well implant dopant: B, As, Ph, Sb, + , -

line.13: standard deviation(am) of well implant

line.14: SUPREM save file name of well implant

line. 10

line.l 1

line. 12
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line. 15: column index of well implant

line. 16: localized implant location: from ? to ? (am)

line. 17: local implant dopant: B, As, Ph, Sb, +, -

line. 18: local implant standard deviation (am)

line. 19: local implant file name

line.20: local implant column index

line.21: source/drain implant dopant: B, As, Ph, Sb, +, -

line.22: src/drn implant standard deviation(/im)

line.23: src/drn implant file name

line.24: src/drn implant column index



APPENDIX B

Example Input to Program TWIST

1. Input to TWIST

****************************** xwiST *********************************

1.84 ..drawn channel length (am)

0.184 ..lateral span of source (am)

0-368 ..lateral span of drain (um)
6.50E-02 0.60 ..oxide thickness: thin? and thick ? (am)
0.0 1.84 ..thin oxide location: from ? to ? (am)

0 .0 ..lateral span of oxide ramp (am)
0.0 1.84 ..drawn gate location: from ? to ? (am)

4.5 ..depth of the simulated structure? (am)
F ..SUPREM input index

B ..subs dopant: B,As,Ph,Sb, + ,-

U ..index of non-uniform substrate N

0.75 ..subsrate concentration (*1015 cm'2)
$ ..well implant dopant

0 ..standard deviation(am) of well implant
xxxxxl::s3 ..SUPREM save file name of well implant

1 ..column index of well implant

9 -9 ..localized implant location: hom/to(um)
$ ..local implant dopant: B, As, Ph, Sb, +, -

0 ..local implant standard deviation(jim)
0 ..local implant file name

0 ..local implant column index
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As ..src/drn implant dopant: B,As,Ph,Sb, + ,-

0-02 ..src/drn implant standard deviation(Mm)
suprm2::s3 ..src/drn implant file name

2 ..src/drn implant column index

2. Input to SUPREM for Generating Example Profile

title 2706 enhancement, check source/drain junction
global levl=2

subs ornt=100, elem=b, conc=7.5el4

grid dysi=0.01, dpth=0.75, ymax=1.0

print head=n, idiv=n, totl^n

plot idiv=n, totl=n

step type=oxid, time=30, temp=850, trte=10, modl=nit0

step type=oxid, time=4, temp=1150, modl=dry5

step type=oxid, time=70, temp= 1150, trte=-4.286, modl=nit0

step type=impl, elem=b, dose=4ell, akev=100

print head=y, idiv=n, totl=n

plot wind=0.8, cmin=14, ndec=8, totl=n, idiv=y
step type=impl, elem=as, dose=lel6, akev=100

step type=oxid, time=25, temp=900, modl=nit0

print head=y, idiv=y, totl=n

step type=oxid, time=75, temp=1000, modl=nit0

model name=dry5, lrte=2.5e5, lrea=2.0, prte=52.0, prea=1.23
save lunm=20, type=ascii

end
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Example Console Session of Program TWIST

Input from the console (Yes=f7/No=f8)? "No"
Input data file name? "@input::xx"
w*^*^***^^*^*^^^^ Input Summary ****************************

drawn channel length 1.84um

lateral span of source .18um

lateral span of drain .37um

oxide thickness: thin: .06um, thick: .60um

thin oxide loc: from O.OOum to 1.84um

lateral oxide ramp O.OOum

drawn gate loc: from O.OOum to 1.84um

depth of the structure 4.50um

Use SUPREM generated profile.

Uniform substrate of dopant: B, concentration=-7.500E+14cm-3

profile parameters:

total dose = 4.36E+15(cm-3) standard D = 9.85E-06(cm)
peak cone = 1.76E+20(cm-3) impl range - 1.00E-06(cm)
ave cone = 8.72E+19(cm-3) jet depth = 5.00E-05(cm)

Drawn source/drain junctions at ( O.OOum, 1.84um) ( 4,42)
Corrected by side diffusions as ( .42um, 1.42um) ( 17, 29)
Lateral diffusion length of s/d:( .42um, .42um)
Effective channel length: l.OOum

Check impurity profile? (Yes=f7/No=f8) "No"
Check the mesh? (Yes=f7/No=f8) "No"

Save input parameters? (Yes=f7/No=f8) "No"

User's responsesare in quotes.
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Appliedvoltages:Vd,Vg,Vs,Vb?"1.300"

Absoluteresolutionof1-Diteration(mVs)?".1"

Absoluteresolutionof2-Dsolution(mVs)?".5"

Relaxationfactor(K=x<2,~1.7)?"1.7"

Maximumcountof2-Diterations?"300"

Convergenceinformationper2-Diteration(Yes=f7/No=f8)?"No"
Searchforspecificsurfacepotential(Yes=f7/No=f8)?"No"
Initializecolumn1Convergedat17thiteration,maximumdeviation=0.00

Initializecolumn18:Convergedat12thiteration,maximumdeviation=0.00

Initializecolumn49:Convergedat28thiteration,maximumdeviation=0.00

Equalpotentialregionbetween-.12um(2)and.37um(16)as-.18um(1)
Equalpotentialregionbetween1.47um(30)and2.14um(48)as2.21um(49)
Lateraldepletionlayerbetween.48um(18)and1.47um(30)
Lateraldepletionlayerbetween.37um(16)and1.36um(28)
************************gn(j^Initialization************************

**2-Diterationstopsatloop81:

lastmaxdeviation=9.803E-04,at(24,17),bypass62.25%aveperloop
**Atsurface**

Potentialminimum=.551,atX=.632,(20)
Barrierheight=.331

Currentdensity=2.077E-08Amp/cm2

Barrierwidth=.392um,from.422to.814...(17,22)
Barrierdepth=.859um,from0.000to.859...(1,22)
Current/width=8.27Amp/um,withUso=700.0cm2/sec-V
Sourcedepletionwidth—O.OOOum

Draindepletionwidth=.605um

Checkresults(Yes=f7/No=sf8)?"No"

Moreiterations(Yes=f7/No=f8)?"No"

*******************£ndofTwqDimensionaiSolution*******************
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Another bias point (Yes=f7/No=f8) ? "Yes"

Applied voltages: Vd, Vg, Vs, Vb ? "2 .3 0 0"

Re-initialize the potential (Yes=f7/No=f8) ? "Yes"
With same iteration parameters (Yes=f7/No=f6) ? "Yes"
Search for specific surface potential (Yes=f7/No=f8) ? "No"
Initialize column 1Converged at 17th iteration, maximum deviation = 0.00
Initialize column 18:Converged at 12th iteration, maximum deviation = 0.00
Initialize column 49:Converged at 35th iteration, maximum deviation = 0.00
Equal potential region between -.12um( 2) and .37um(16) as -.18um( 1)
Equal potential region between 1.47um(30) and 2.14um(48) as 2.21um(49)
Lateral depletion layer between .48um(18) and 1.47um(30)
Lateral depletion layer between .37um(16) and 1.36um(28)
********,m<************** End Qf Initialization ************************

**2-D iteration stops at loop 111:

last max deviation =1.049E-03, at (29,15), by pass 63.23% ave per loop
**At surface**

Potential minimum = .589, at x = .484, (18)
Barrier height = .293

Current density = 4.167E-08 Amp/cm2
Barrier width = .210um, from .422 to .632...(17,20)
Barrier depth = l.OOOum, from 0.000 to 1.000...( 1,24)
Current / width = 94.2 Amp/um, with Uso=700.0 cm2/sec-V
Source depletion width = O.OOOum

Drain depletion width = .787um

Saddle potential = .589, barrier height=-.293 at ( .484, .023)...(18, 2)
Injection current /width = 87.4 Amp/um, with Uso=700.0 cm2/sec-V

Check results (Yes=f7/No=f8) ? "Yes"

Which one ?(2-dimensional plots/fl), (3-dimensional plots/f2),
(Save in Fmgr file /f3), (Print the numbers /f4). "Save on disc"
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Referring to electron? (Yes=f7/No=f8) "No'

X-mesh->(n,x): "1 50"

Y-mesh->(n,y): "1 50"

6
•YXfunri -.16 -.12 -5.50E-02 0.0 1.60E-02 3.37E-02 5.34E-02
1 0.00

2 .02
3 .05
4 .07

5 .10

6 .13

7 .16

6 .19

.68

.66

.66

.66

.68

.88

.67

.87

.66

.88

.68

.88

.88

.67

.87

.87

.87

.87

.87

.87

.67

.87

.87

.86

.87

.66
.86

.66
.66 .86

.86 .86

.66 .86

.66 .86

.68 .65

.85 .65

.86

.86

.86

.65

.85

.85

.65

.84

.65

.85

.B5

.65

.85

.65

.84

.84

Estimated MIN/MAX function values? (MIN=>MAX->skip) "0 1"
File name? "@poten::xx"

Another output? (Yes^H/No^fS) "Yes"

Which one ? (Doping concentration/fl), (Carrier distribution/f2),
(Field distribution /f3), (Potential profile /f4). "Carrier"

Which one ? (2-dimensional plots/fl), (3-dimensional plots/f2),
(Save in FMGR file /f3), (Print the numbers /f4). "Save on disc'

Referring to electron? (Yes=f7/No=f8) "No"

X-mesh->(n,x): "1 50"

Y-mesh->(n,y): "1 50"

YX(um)

10.00

2 .02

3 .05
4 .07

5 .10

6 .13
7 .16

8 .19

-.18

-1.7E+20

-1.7E+20
•1.6E+20
•1.6E+20
-l.SE+20
•1.3E+20
•1.2E+20

•1.0E+20

•ilfc
•1.5E+20
-1.5E+20
•1.5E+20

•1.4E+20

•1.3E+20

•1.2E+20

•1.1E+20

•9.7E+19

6

-5.50E-Q2 0.Q 1.80E-02 3.37E-02 S.34E-02

•1.2E+20 -8.9E+19 -7.5E+19 -6.5E+19 -5.2E+19
•1.2E+20 -B.9E+19 -7.4E+19 *6.4E+19 -5.1E+19
•1.2E+20 -8.7E+19 -7.3E+19 *6.3E+19 -5.0E+19
•1.1E+20 -8.3E+19 -7.0E+19 -6.0E+19 -4.8E+19
•1.0E+20 -7.8E+19 -6.6E+19 -5.7E+19 -4.5E+19
1.0E+20 -7.2E+19 -6.1E+19 -5.2E+19 -4.2E+19
9.0E+19 -6.5E+19 -5.4E+19 -4.7E+19 -3.8E+19
7.8E+19 -5.6E+19 -4.7E+19 -4.1E+19 -3.3E+19

Estimated MIN/MAX function values? (MIN=>MAX->skip) "0 1
File name? "@carri::xx"
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Another output? (Yes=f7/No=f8) "No"

More iterations (Yes=f7/No=f8) ? "No"

******************* End of Twq Dimensionai Solution *******************

Another bias point (Yes^H/No^fS) ? "No"

Another run (Yes=f7/No=f8) ? "No"



APPENDIX D

Test-Circuit Inputs to SPICE2.G

Invchn - Five-Stage Saturated Inverter Chain by Short MOS (MOS3)
.tran 0.12n 12n

.options defad=le-9 defas=le-9

.opt acct

.op

ml 7 7 2 8 nmos w—5u l=2.3u

m2 2 1 0 8 nmos w=50u l=2.3u

m3 7 7 3 8 nmos w=5u l=2.3u

m4 3 2 0 8 nmos w=50u l=2.3u

m5 7 7 4 8 nmos w=5u l=2.3u

m6 4 3 0 8 nmos w=50u l=2.3u

m7 7 7 5 8 nmos w=5u l=2.3u

m8 5 4 0 8 nmos w=50u l=2.3u

m9 7 7 6 8 nmos w=5u l=2.3u

ma 6 5 0 8 nmos w=50u l=2.3u

vin 1 0 pulse(5 0 0.2n In In 5n 12n)

vdd 7 0 dc 5

vbb 8 0 dc 0

.model nmos nmos(vto=0.452 nsub=3.6el5 tox=0.065u ld=0.35u xj=0.5u
+ uo=580 theta=0.06 vmax=s20e4 level^S kappa=1.0 eta=0.035)
.plot tran v(2) v(3) v(4) v(5) v(6) v(l) (-1,5)

.print tran v(2) v(3) v(4) v(5) v(6) v(l)

.end
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Ratlog - Ratioless Dynamic Logic Circuit by Short MOS(MOS3)
.opt acct defl=2.3u defw=50u defas=ln defad=ln

.tran In HOn

ml 9 11 2 10 nmos

m2 9 12 4 10 nmos

m3 2 1 0 10 nmos

m4 4 3 0 10 nmos

m5 3 12 2 10 nmos

m6 1 11 5 10 nmos

cl 1 0 0.05pf

c2 2 0 0.05pf

c3 3 0 0.05pf

c4 4 0 0.05pf

c5 5 0 0.05pf

vin 5 0 pulse(0 4 In 2n 2n 20n 500n)
vpl 11 0 pulse(0 5 In 2n 2n 12n 52n)

vp2 12 0 pulse(0 5 26n 2n 2n 12n 52n)
vdd 9 0 dc 5

vbb 10 0 dc -2.5

.model nmos nmos(vto=0.452 nsub=3.6el5 tox=0.065u ld=0.35u xj=0.5u
+ uo=580 theta=0.06 vmax=20e4 level=3 kappa=1.0 eta=0.035)
.plot tran v(4) v(l) v(2) v(3) v(4) v(ll) v(12) (0,6)
.pnnttran v(4) v(l) v(2) v(3) v(4) v(ll) v(12) (0,6)
.end
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Mosmem - MOS Memory Cell by Short MOS (MOS3)
.optacct defas=2n defad=2n defl=2.3u

.tran 0.5ns 60ns

.op

vdd 9 0 dc 5

vs 7 0 pulse(2 0 30ns 2ns 2ns 30ns 200ns)
vw 1 0 pulse(0 2 Ins 2ns 40ns 10ns 200ns)
vwb 2 0 pulse(2 0 Ins 2ns 2ns 100ns 200ns)
ml 3 1 0 0 nmos w=50u

m2 4 2 0 0 nmos w=50u

m3 99 3 0 nmos w=5u

m4 9 9 4 0 nmos w=5u

m5 5 7 3 0 nmos w=5u

m6 6 7 4 0 nmos w=5u

m7 5 6 0 0 nmos w=50u

m8 6 5 0 0 nmos w^Ou

m9 9 9 5 0 nmos w=5u

mlO 9 9 6 0 nmos w=5u

mil 8 4 0 0 nmos w=50u

ml2 9 9 8 0 nmos w=5u

.model nmos nmos(vto=0.452 nsub=3.6el5 tox=0.065u ld=0.35u xj=0.5u
+ uo=580 theta=0.06 vmax=20e4 level=3 kappa=1.0 eta=0.035)
.print tran v(6) v(5) v(7) v(l) v(2) v(8)

.plot tran v(6) v(5) v(7) v(l) v(2) v(8) (0,5)

.end
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Bootinv - Bootstrapped Double Inverter Circuit by Short MOS (MOS3)

.opt acct

.tran 0.2ns 20ns

.op

ml 1 1 3 6 nmos w=10u l=2.3u ad=0.02p as=0.02p

m2 3 2 0 6 nmos w=50u l=2.3u ad=2p as=0.02p

m3 1 1 4 6 nmos w=10u l=2.3u ad=0.2p as=0.2p

m4 1 4 5 6 nmos w=10u l=2.3u ad=0.02p as=0.02p

m5 5 3 0 6 nmos w=50u l=2.3u ad=2p as=0.02p

cl5 5 0 O.lpf

cl2 3 0 O.lpf

cb4 4 5 0.1pf

vdd 1 0 dc 5

vbb 6 0 dc 0

vin 2 0 pulse(4 0 Ins 2ns 2ns 13ns 20ns)

.model nmos nmos(vto=0.452 nsub=3.6el5 tox=0.065u ld=0.35u xj=0.5u

+ uo= 580 theta=0.06 vmax=20e4 level=3 kappa=1.0 eta=0.035)

.print tran v(5) v(3) v(4) v(2)

.plot tran v(5) v(3) v(2) (0,5)

.plot tran v(4)

.end
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Invchn - Five-Stage Saturated Inverter Chain by Short MOS (MOS2)

.tran 0.12n 12n

.options defad=le-9 defas=le-9

.opt acct

.op

ml 7 7 2 8 nmos w=5u l=2.3u

m2 2 1 0 8 nmos w=50u l=2.3u

m3 7 7 3 8 nmos w=5u l=2.3u

m4 3 2 0 8 nmos w=50u l=2.3u

m5 7 7 4 8 nmos w=5u l=2.3u

m6 4 3 0 8 nmos w=50u l=2.3u

m7 7 7 5 8 nmos w=5u l=2.3u

m8 5 4 0 8 nmos w=50u l=2.3u

m9 7 7 6 8 nmos w=5u l=2.3u

ma 6 5 0 8 nmos w=50u l=2.3u

vin 1 0 pulse(5 0 0.2n In In 5n 12n)

vdd 7 0 dc 5

vbb 8 0 dc 0

.model nmos nmos(vto=0.452 nsub=3.6el5 tox=0.065u ld=0.35u xj=0.5u

+ uo=450 ucrit=12e4 uexp=0.240 utra=0.25 level=2

+ vmax=6e4 neff=7)

.plot tran v(2) v(3) v(4) v(5) v(6) v(l) (-1,5)

.print tran v(2) v(3) v(4) v(5) v(6) v(l)

.end
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Ratlog - Ratioless Dynamic Logic Circuit by Short MOS(MOS2)

.opt acct defl=2.3u defw=50u defas=ln defad=ln

.tran In 11 On

ml 9 11 2 10 nmos

m2 9 12 4 10 nmos

m3 2 1 0 10 nmos

m4 4 3 0 10 nmos

m5 3 12 2 10 nmos

m6 1 11 5 10 nmos

cl 1 0 0.05pf

c2 2 0 0.05pf

c3 3 0 0.05pf

c4 4 0 0.05pf

c5 5 0 0.05pf

vin 5 0 pulse(0 4 In 2n 2n 20n 500n)

vpl 11 0 pulse(0 5 In 2n 2n 12n 52n)

vp2 12 0 pulse(0 5 26n 2n 2n 12n 52n)

vdd 9 0 dc 5

vbb 10 0 dc -2.5

.model nmos nmos(vto=0.452 nsub=3.6el5 tox=0.065u ld=0.35u xj=0.5u

+ uo=450 ucrit=12e4 uexp=0.240 utra=0.25 level=2

+ vmax=6e4 neff=7)

.plot tran v(4) v(l) v(2) v(3) v(4) v(ll) v(12) (0,6)

.print tran v(4) v(l) v(2) v(3) v(4) v(ll) v(12) (0,6)

.end
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Mosmem - MOS Memory Cell (MOS2)

.opt acct defas=2n defad=2n defl=2.3u

.tran 0.5ns 60ns

.op

vdd 9 0 dc 5

vs 7 0 pulse(2 0 30ns 2ns 2ns 30ns 200ns)

vw 1 0 pulse(0 2 Ins 2ns 40ns 10ns 200ns)

vwb 2 0 pulse(2 0 Ins 2ns 2ns 100ns 200ns)

ml 3 1 0 0 nmos w=50u

m2 4 2 0 0 nmos w=50u

m3 9 9 3 0 nmos w=5u

m4 9 9 4 0 nmos w=5u

m5 5 7 3 0 nmos w=5u

m6 6 7 4 0 nmos w=5u

m7 5 6 0 0 nmos w=50u

m8 6 5 0 0 nmos w=50u

m9 9 9 5 0 nmos w=5u

mlO 9 9 6 0 nmos w=5u

mil 8 4 0 0 nmos w=50u

ml2 9 9 8 0 nmos w=5u

.model nmos nmos(vto=0.452 nsub=3.6el5 tox=0.065u ld=0.35u xj=0.5u

+ uo=450 ucrit=12e4 uexp=0.240 utra=0.25 level=2

+ vmax=6e4 neff=7)

.print tran v(6) v(5) v(7) v(l) v(2) v(8)

.plot tran v(6) v(5) v(7) v(l) v(2) v(8) (0,5)

.end
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Bootinv - Bootstrapped Double Inverter Circuit by Short MOS (MOS2)

.opt acct

.tran 0.2ns 20ns

.op

ml 1 13 6 nmos w=10u l=2.3u ad=0.02p as=0.02p

m2 3 2 0 6 nmos w=50u l=2.3u ad=2p as=0.02p

m3 1 1 4 6 nmos w=10u l=2.3u ad=0.2p as=0.2p

m4 1 4 5 6 nmos w=10u l=2.3u ad=0.02p as=0.02p

m5 5 3 0 6 nmos w=50u l=2.3u ad=2p as=0.02p

cl5 5 0 O.lpf

cl2 3 0 O.lpf

cb4 4 5 O.lpf

vdd 1 0 dc 5

vbb 6 0 dc 0

vin 2 0 pulse(4 0 Ins 2ns 2ns 13ns 20ns)

.model nmos nmos(vto=0.452 nsub=3.6el5 tox=0.065u ld=0.35u xj=0.5u

+ uo=450 ucrit=12e4 uexp=0.240 utra=0.25 level=2

+ vmax=6e4 nefF=7)

.print tran v(5) v(3) v(4) v(2)

.plot tran v(5) v(3) v(2) (0,5)

.plot tran v(4)

.end



APPENDIX E

Listing of Program TWIST
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•DEFINE HPIOOD
•DEFINE INTERACTIVE
•DEFINE HP2C48A
•DEFINE CRAPHIC8
RAT4
8/<EXP>/E/C

Flltt TNDEFH Fill) TCOHHH

CONNON /CNTRL/ K0H80L.KL00P. ttUPRH.KREAD.IHPFIK10).KEYBRD.*
HEMHSH.HEUD0P.K0BUCLURDI.LURD2.LUUR

CONHON /GEONT/ XCHANL.X80URC.XDRAIN.XCATEO,XCATE1.TOXO. TOXf. *
XOXD.XOXI.XOXR.XINPLO.XIHPLI.*
XHAX.VHAX

CONHON /INPLT/ TYPE,CSUB.DOPE<3>.RAH6E<3>.STHDV<3>.008E<3>. »
TEHP(3>,DC0EF(3>,DRVIN<3>.X<tCr<3).CPEAK<3>.C8TEP<3>

CONHON /INDEX/ H8OURC,H0RAIN.H6ATE0.N6ATEl.H0XO,H0XI.HIHPLO.NINPLI.
NXHAX.HYHAX.H0X1DE.*
HSRCO.HDRHO

CONHON /PARAH/ H6URFC3).C8URF<3 ).A
VFB.PHIB.CAHHB.ALPHD.PHIJ.CHIHRO.-
8TVPE<3>.PHIF<3>.VBCRT<3>.6AHH<3>.ALPHA<3>.PHIHP<3>

CONHON /POTEN/ VOB.VCB,V8B.PHIFP,PHIFH.AT0L1#ATQL2,RELAX 1.RELAX2, *
KtH6C0.KIHSCI.KIHSG2.L0CPHF<2.4e>«C0FPHF<2.48>,"
KHAX2.KPHI9.KBIA8.PH8REF.AT0L8.VB

CONHON /CONST/ 0.EP8I.EP9I02.VT300K.CNI

O
ON



Flltl TENA Fllii TCONNO

COHHOH /XVZ/ Z<90.90>.COHC<90.48>.CANRIE<90.4B>.POT8I<90.48>»* »CALL TCOHNH
lV XP08<9O>.VP08<48),0ELX<49>.DELY(47>.00HE<9O.48>.* COHHOH /TOUTV/ XI.X2.VI.V2.21.22.TILT.ROTAT.NX1.NX2.NYI.NV2.*

CH0RTH(90.48).C80UTH(90.48>.CEA6T<50,48).CUE6T<90.48>.A NX.NY.LU.KLOC
CH0X(90.2).C80X(S0.2).CE0X<90.2).CH0X(S0.2>.A COHHOH /CLABL/ LABLXt40 ).LA8LV<40 ).LA8LZ(40).KF0NTX(2,10 ).KFOHTVC2.10).Q0HEK4 7 ).CNl<47>.C9l<47>.B0HE8t<50).CNSI(30>.CS3l<90>.* KF0NTZ<2.10) .ivi.»rgBm<,m,
P0TOX(9O.2).DEL0X<90.2).CN0XK90.2).C9OXI(9O.2>

©
-J



Fllii tTHIST

•CALL THOEFH
•IF HPIOOO
EHACXYZ.O)
•EHD1F
•IF HPlOOOtlBATCH

PROCRAH THI8T
•EHDIF
•IF HPIOOOIBATCH

PROGRAH TBI SB
•EHOIF
•IF IHPIOOO

PROGRAN TBIST <INPUT-201.0UTPUT«20I.SUPSAV-201.K0H60L>201.KEV8R0>201. *

TAPe|:REYBRD)AP""0UTP0T' T"P""""*"• W«"0HS0L.-
8

I T«o-dlntnsloA«l Inttractlv* emulation of HOB Translators

' a.iiu Liu
! Bornd HosfMlnfsr
J Donald 0. Podoraon Harch 1980
•CALL TEHA
•CALL TCOHHO

DATA KYE8/2HY /

......ASSIGN LU UNIT NUNBER8
•IF HPlOOOtlBATCH

KOHSOL-ITRLU<JUHK>

•ENDIFKEYi"°"K0M80L
•IF HPIOOOIBATCH

CALL 8V8I0
K0H80L-8
KEVBRD-9

•ENDIF
•IF IHPIOOO

KOHSOL-t
KEY8R0-B
LUR01-9
LURD2-7
LUMR-t

•ENDIF
8

• PREPARE THE TERMINALl HONE CURSOR
• CLEAR SCREEN
• DIBPLAV LOGO
• DCFIHE 90FT KEYSl F7-VE8 AND PS-NO
!lF HPlOOOtlBATCH l0" °I8PUY ""°"
^eu„„CALL LINK <1HD,KAHS**,-I>
•EHDIF
•IF IHPIOOO
#£H0IFCALL OUTPI <RAHIHR,-|>
8

• INITIALIZE GEONTRV AND DOPING PROFILE

KLOOP-0
NHILE <«C0 E8.I) I

.. ... KLOOP»KLOOP»l
•IP HPlOOOtlBATCH

CALL LINK (IHA>

•ENDIF ""»"«<»•>
•IF HPIOOOIBATCH

CALL LINK <IMI)
• ENDIF C^LINE<IN2)
•IF IHPIOOO

CALL GETPA

•ENDIF MU «""
8 CHECK PROFILE

-9-

Fil»i irillST

•IF HPlOOOtlBATCH

•EHDIF C*LL l,IMC <tM'***$**' •*>
•IF HPIOOOIBATCH

•EHDIF CALL ll** <IH«'*AH3«R.-2>
•IF IHPIOOO

•ENDIF "LL 0UTPI <l(ftH8M*»-*>
( IF (KANSHR.EO.KVES) CALL OUTPS (I)
8.....CHECK HE8H
•IF HPlOOOtlBATCH

•ENDIF CALL l,HK <»••»•«•••»•»•->>
•IF HPIOOOIBATCH

•ENDIF C*U LIIMt <IH4»K*M8,,*»-'>
•IF IHPIOOO

•ENDIF "U °°™ <KftN8,"»»-3>
§ IF <KAHSHR.EQ.KVES) CALL OUTPS <-I>

lit NPBJSoMgS«NPARMET"8
•ENOIF C*LL LlM <•«••*•«»«•••-« I
•IF HPIOOOIBATCH
•ENDIF MU ltH* <»H4.KAH8NR.-4)
•IF IHPIOOO

• EHDIF MU °0TPI <*•»••»•-<>
§ IF <KANSNR.EO.KYES> CALL OUTPS (•>

• ••"MfS.S0"""*1
REPEAT C

•IF HPlOOOtlBATCH

•ENOIF C*LL L,Hlt <"**•*••••»>
•IF HPIOOOIBATCH

•ENDIF C*Ll UH* ****•****•*>
•IF IHPIOOO

•ENDIF C*LL ,0LVt <*«»•¥»

5«f hp?8SS5,HTcTthe" m>
•ENOIF °ftLL LlH* *"•••*•"••••-»»
•IF HPIOOOIBATCH

•EHDIF CflLL Lt** <IM»«*MM»-'>
•IF IHPIOOO

•ENDIF °*LL °°™ CM"»"»»->»
IF <KAN8NR.EQ.KVE9) KGO-Ij ELSE K60>0

•ENDIFCALL LIH,C <IH0» "•»*"•-*>
•IF HPIOOOABATCN
#EH0 CALL LINK <IN4.KAHSNN.-«>
•IF IHPIOOO

•ENDIFC*LL °0fPI <«•"•»»•-«>
•IF HPlOOOtlBATCH

•ELSE "lL "" <4>
STOP

•EHOIF
ENO

©
oo



Fllti ITMIST

• IF HP 1000 ^ . _, .
BLOCK DATA TBLKO. Connon Blocks

8 INITIALIZE COHHOH BLOCKS

•CALL TCOHHO

* DATA 9/1 802<EKP)-1»/. EP8I/I 03«<EXP>-I2/.EPSI02/3 45<EXP>-13/.
VT300K/0:02M<EXP>0/ . CHI/I .430<EXP >»10/

EHD
act SE

IHTEGER FUHCTIOH IFBRK <DUHHV>
IF6RK-0
RETURH
EHD

•EHOIF

•7-

Filti IANLLE

•CALL THOEFH
SUBROUTIHE AHCLE <THETA.KQUAO) •

1) CHAHCE AHGLE THETA FRON DEGREE TO RAD1EHT
2) UNIT IT BETWEEN 0 AND 2-PI
3) SET OUADRANT-IHDEX KOUAD

DEFINE C0N8TAHT8
PI-4 0<EXP>0*ATAH2(1.0<EXP>0.I.0<EXP>0)
TH0P1"PI«PI
RAD-PI/I80.0<EXP>0
0UADI2"0.9<EXP>0«PI
0UAD23-P1
QUA034«P1*QUADI2
aUAD4t>0.0<EXP>0

TRANFORH THETA FRON DEGREE INTO RAD1EHT. TAKE THE A880LUTE VALUE
THCTA-THETA*RAD
ABSX«ABS<THETA)

UNIT TNETN BETWEEN 0 AND 2-PI
WHILE (AB8X.CT.TB0PI) AB8X-A88X-TH0PI
IF (THETA.GE.O.O<EXP>0> THETA-ABSX
EL8E THETA-TB0PI-A88X

GET THE 80ADRANT INDEX
IF <TNETA.LT.8UADI2) KOUAO-l
ELSE IF (THETA.LT.0UAD23) K0UA0-2

ELSE IF (THETA.LT.QUAD34) K8UAD-3
ELSE KOUAD-4

DONE
RETURN
ENO

O



Flloi lASCAL

•CALL TNDEFN
8UBN0UTIHE A8CAL (IGC8. XONY.XNIN.XNAX.YHIH.YNAX )

8 ALLOCATE AND SCALE THE CEHTRAL PORTIOH OF THE PLOTTIHG SURFACE
8

OIHEHSIOH 1CCBC192)

B DEFIHE HARGIH8. CASE OF VERTICAL ORIENTATION
IF (XONY.LE.I.O(EXP>0) I

XFRAHE>IOO.O(EXP>0
VFRAHE«XFRAHE/XONV
KLEFT-XFRANE/3 «(EXP>0
XRITE-XFRAHE/C.O(EXP>0
VL0HR*YFRAHE*0.2(EXP>0
VUPPR-YLOHR

1

• CA8E OF HORIZOHTAL ORIENTATION
ELSE I

VFRAHE*IOO.O(EXP>0
XFRAHE-VFRANE*XONV
XLEFT-XFRAHE«0.2(EXP>0
XRITE-XLEFT
VLOHR-VFRANE/3.t<EXP>0
VUPPR«VFRAH£/t.O<EXP>0

I
8
• DEFIHE THE BOUHDARV

XLIHTI-XLEFT
XLIHT2-XFRAHE-XLEFT
VLIHTI-VLOWR
VLINT2«VFRAH£-VUPPR
XRATI0-(XNAX-XNIH>/(XLINT2-XLIHT1>
YRATI0-(VHAX-YHIH)/(VLIMT2-VLIHT1 )

8
8 DEFIHE THE PLOTTIHG AREA

CALL VIEHP(I6CB.O.O(EXP>0.XFRAHE,0.0(EXP>0.YFRANE)
CALL HINDN( IGCS.XHIH-XRATIO«XLEFT.XHAX«XRATI0«XR1TE.A

VHIN-VRAT10*YLOUR.YHAX»VRAT10«VUPPR>

.DONE
RETURN
EHD

Flloi lASTEP

•CALL THOEFH
8U8R0UTIHE A8TEP (KIHPL)

PR0CES8 PARAHTERS OF STEP PROFILE APPROXIHATIOH

CALL TCOHNH

8THDV2«STNOV(KIHPL>*8TNDV(KINPL> ._„ ,
F0URDT-(STNDV2«STHDV2>*4.O(EXP>0»DCOEF(KIHPL)*0RVIH(KIHPL>
IF (FOUROT.NE.O.O(EXP>0> I

PI-4.0(EXP>0*ATAN2(I.O(EXP>0.l.O(EXP)O)
CPEAK(KIHPL)-008E(KIHPL)/S0RT(PI*F0URDT> .„„...,......,. v.^«..-,^
XJCT(KtHPL>«RAHGE(K!HPL>«SQRT<F0URDT*AL0C<A83<CPEAK<KIHPL>/C9UB>>>
C8TEP(KIHPL)-00SE(KIHPL)/XJCT(KIHPL)

1
ELSE C

CPEAK<KIHPL)>DOSE<KIHPL)
XJCT(KIHPL)-RAHCE(KIRPL)
C8TEP(KIHPL)-D08E<KIHPL)

1
•
8 DISPLAY INPLANT PARANETERS . _. „.-..„..»..

HRITE (K0N80L.1000) DCOEF(KIHPL).CPEAK(KIHPL).XJCT(KIHPL ).C8TEP(KIHPL)
IOOO F0RNAT(/.a profIU paranttsrai ".*

/.IOX.*dirr conat -•.IPEI0.3.,(e»2/etc)".*
9X.apa«k cone ••.IPEIO.3.•<cn-3)".*

Z.IOX.'jct dtpth --.1PE10.3.•(€-)«.* ._
8X.aavar«ga cone •'.IPEIO.3.•<cn-3)"/)

8
• DOHE

RETURN
END

10-



Fllti IAXLAB

•CALL TjH^UTIME ARLAB <KGC8. KDCB. XOMV. XI. X2.Yl .Y2.1 ABLX. LA8LY.KFOMIX .KFOHTV >
LABEL AXES OH 2-D PLOTS

DIMENSION KCCB<I>.KDCB< 1).LABLX( I).LA8LY(l),KFOHTX(I).KFOHTY( 1)

DATA HD6T0/9/. CHARH/20.0<EXP>0/.*
ASPEC/0.7(EXP>0/. SLAHT/O 0(EXP>0/, SUP/O 79(EXP>0/

CALL TSCAL (KGC8.X0NV.CHARH. CHITE.XLEHG,YLEHG ) 8
CHITY-CHITE*(V2-V1)/YLEHG 8
CHITX-CHITV*(X2-XI)/<Y2-Y1)/XOHY 8
CHXFTR-CHITXOSUP 8
CHVFTR-CHITV*SOP
CALL LORG (KGC8.I) 8

PlbH2-2N0(EXP>0*ATAN2<l.0(EXP>O.I.O(EXP>0)>>
CALL LABLN (KGCB.KOCI.LABLV. KFONTY.CNITE.TE
IF (NFV.HE.O) I

CALL LDIR(KGCB.PI0H2> _ M
TEXTY>TEXTV*(Y2-VI)/(X2-NI>
X0-XI-(H0GT0»0.9(EXP>0)*CHITX
Y0-(VI*V2-TEXTV)*0.9(EXP>0
CALL HOVE (KGCB.XO.VO)
XOFF—CHXFTR
YOFF"0.«(EXP)0
CALL LABOR (KGCB.KDCB.LABLV.KFONTV,CHIT

CALL LABLH (KGCB.KDCB.LABLN.KFONTX,CNITE.TE
IF (HFX.HE.O) I

CALL LOIR (KGCB.O.O(EXP>0)
VO"VI-HDCTO»CH!TY*A8PEC-CHITV-CHITV
X0-(X1«X2-TEXTX)*0.9(EXP>0
CALL HOVE (KGCB.XO.VO)
XOFF-0.O(EXP)O
YOFF-CHYFTR
CALL LABHR (KGCB.KDCB.LABLX.KFONTX.CHITE. NFX.XOFF.VOFF)

1

DONE
RETURN
END

SCALE CHARACTER SIZE
X'FORH IHTO USER

DEriHED
UHITS

SET TEXT ORIGIH
SET SOL10 LIKE

XTY.HFY)
8 Y-LABEL
8 VERTICAL DIR.
8 SCALE TEXT LENGTH

II-

8 HOVE TO FIRST POIHT
8 DEFIHE SUPER-SCRIPT

E.NFV.XOFF.VOFF)

EXTX.NFX)
8 X-LABEL

• P08ITIOH X-LABEL

8 HOVE TO STARTING P'NT

F.ln IAXL1H

•CALL THDEFH
SUBROUTINE AXLIN (KGCB.KDCB.XONY.XI.X2.V1.Y2)

DRAN A FRANE DEFIHED BY (XI,X2,Yl.V2 ) WITH LIHEAR TIC HARK
ALWAYS DIVIDED IHTO 9 CHIOS EACH WITH 9 TIC HARKS (TOTALLY 29)

DIHEHSIOH KCCBd ). KDCB( I). LBUF( 4).XT1C(4 ).YTIC(4 ). XDEL( 4 ). YDEL( 4)

EOU1VALEHCE (HTIC.HXTIC.HYTIC).(HTICO.HXTICO.HYTICO>

DATA CHARH/290(EXP>0/. HSEC/O/. HCR/2HGG/
DATA TRATI0/0.02(EXP)0/,HTIC0/29/.HTIC/9/ .KGRID/O/

SCALE THE CHARACTERS
CALL TSCAL (KGCB,XONY.CNARN.CHITE.XLEHG.VLEHG)
XSPAH-X2-XU
CHIVV-CHlTE*V8PAH/YLEH6l

TIC SIZE
TICX-X8PAN*TRATI0l
XTIC(I )-TICXl
XTIC(2)>0.0(EXP)0I
XTIC(3)--TICXJ
XTIC(4)*0.0(EXP>OI

Y8PAN-V2-V1
CHITX-CHITE*XSPAH/(XOHY*XLEHC)

TICV-Y9PAH»TRATI0
YT1C(I)-0.0(EXP>0

VTIC(2)>TICY
YTIC(3)-0.0(EXP)O

§ YTIC(4)--TICV
• THE 8PACIN6

lUTKWMCHW* VT8PAC-V8PAN/HVTIC0XDEL(I >-0.0(EXP>Ol YOEL(l)--VT8PAC
SSIMSi'S'KSSaU*. VDEL(2)io!o(EXP>0X0EL(3)-0.0<EXP>Ol VDEL(3)>YT8PAC
XDEL(4>—RT8PACI VDEL(4)-0 0(EXP>0

8 LABEL ATTRIBUTION
CALL LORG (KGCB.7)
CALL LIHE (KGC8.0)
CALL GF0HT(KCC0.tHFtNT2 .NSEC.NCR.KDCB )
HS-1
HC-B

1010 FORRAT (F7.2.IX)

8 LEFT. LONER. RIGHT. UPPER
XP-XI
VP-V2
PI0N2-2.0(EXP>0»ATAN2(1 •(EXP>O.I.O<EXP>0)
DO KD-1.4 C

;?""S$J:J5g>! VD-VOEL(KO) 8 DEFINE SPACE
XJ?*,J«£S«8>I w,. VT-YTIC(KD) 8 DEFINE TIC SIZE
XTO-0.3(EXP>0*XTl VTO-0.9(EXP>0*YTIF ((KD.Ea.l).0R.(KD.Efl.3)> C «a%mr/» ti

IF (KD.EO.I> I CALL LOIR (KGCB.0.0(EXP>0)l PRT-YP )

ELBE C
j IF (KD.E8.R> C CALL LOIR (K6CB.PI0N2)l PRT-XP ]
CALL HOVE (KCCB.XP.YP)
IF ((KD.EO.I ).OR.(KD.EO.2)) (

CALL CODE* BRITE (LBQF.IOIO) PRT
CALL GTEXT (KGCB.LBUF.N8.NC,KDCB)
CALL HOVE (KCCB.XP.YP)

DO K-l.HTICO C
XP-XP*XDl YP-VP*YD
CALL ORAH (K6CB.XP.VP)
KT-HOD(K.NTIC)
If (KT.EO.O) C TX-XTl TV-VT 1
ELSE t TX-XTOl TV-YTO ]
CALL DRAH <KCCB.XP*TX.YP«TV>
CALL HOVE (KGCB.XP.VP)
IF ((KT.EO.O) AND ((KO.EQ.I>.OR.(KD.E8 2))) t

IF (KD.EO.I) PRT-YP *" *" ' l
EL8E PRT-XP
CALL CODEI BRITE (LBUF.I010) PRT
CALL GTEXT (KGCB,LBUF.HS.HC,KDCB)
CALL HOVE (KCCB.XP.YP)

8 HARK 1ST LABEL

8 DRAH THE AXI8

CLOSE FONT FILE
CALL GFOHT (KGCB.0.0.0.KDCB)

-12-



• OOHE
RETURH
EHD

FiUt AAXLIH

13-

Fllai lAXLOC

•CALL THDEFH
8UBR0UTIHE AXLOG (KGCB.KOCB.XDHY.XI,X2,Yl.Y2>

DRAH g FRAME DEFIHED BY (XI.X2,VI.Y2) WITH SEHI-LOG TIC HARK
SSSUhI^SIh^vI^JMS" imto ••"»•«-»•> TIC Js«B"

0,",B,,°" HHcliiSHJ^
DATA H6EC/0/. HCR/2HCG/.
DATA CHARH/29.0(EXP>0/.

A8PEC/0.7(EXP>0/.

8 PRESET DATA
DATA VTSPAC/2.0(EXP>0/.

HAHTEH/2HI0.2H
8UP/0.79(EXP>O/.'
8LAHT/0.0(EXP)0/

2H

TRATI0/0.02(EXP>0/t DATA HXTIC/9/. HXCRD/29/, K6RID/0/
• SCALE CHARACTERS

ESkLT5£A!:.(K6Ct'XO,,V'CHAI>N.CH ITE. XLEHG, VLEHG)
X8PAH-X2-X1)
CHITV-CHITE*VSPAH/YLEHGI
CHVFTR-CHtTV*80P

8 TIC 8IZE
TICX-XSPAH*TRATIQl
XTIC(I)-TICXI
XTIC(2)-0.0(EXP>Ol
XT1C(3)—T1CXI
XTIC(4)-0.0(EXP>0|

8 LIHEAR 8PACIHG
XT9PAC-X8PAN/HXGRD
XOELO )-0.0(EXP>Ol
X0EL(2)-XT8PACJ
XDEL(3)-0.0(EXP>0I
XOEL(4)--XTSPACl

8 LOG 8PACIHG
Vll-FLOAT(IFIX(VI>>

Y22-FLOAT(IFIX(Y2)>
Y22A-V22
If (VII.HE.VI) I IF (Yl LT.O.O<EXP>0> Vll-VII-1
ELSE Vll-VII-1
If (Y22.HE.V2) I IF (V2.LT.0.0(EXP>0) V22-V22-1
ELSE Y22-V22-1
HYGR0-V22-YII f * *
YT9PAC-AH1HI(AB8(VT8PAC).IO.(EXP>0)

...COHHENT OUT UN-USED CODE

i^?T!^.!8:,o°of?!;W)TMC-a 0<"p>0
NYGO-l
HVOFF(l)-Il NY0FF(2)-I
HV0FF(3)-|| NV0FF(4>-1
DYLG(I)-AL06T(YT8PAC)

ELSE f

?IiS:.{T(I!;^?o«vG0$EXP>0/YT9MC,•ao,
NVGO-9
VTS0-VT8PNC
VTS-VTSO
00 N-I.NY60 C

OVLG(N)-ALOCT(VTS)
VTS-VTS*YT80

V0FF(2)-V2-V22
YOFFd )-Vl-Yll
DO N-1.2 f

I[g<VfFF(H).EO.O.O(EXP>0) NVOFF(N>-0
J-l
JENO-0
WHILE <{4.LE.NVGO).AHO.(JEHD.EO.O))

If (VOFF(H).LE.OVLG(J)) JEHO-J
ELSE J-J4|

14-

YSPAH-V2-Y1
CHITX*CH1TE«X8PAH/(X0HV«XLEHC>

TICV-V8PAH*TRATI0
YTIC(l)-O.D<EXP)0

VTIC(2)*TICV
YTIC(3)-0.0(EXP)0

VTIC(4)--TICV

YDEL( I) —1.0(EXP>0
VDEL(2)-0.0(EXP>0

VDEL(3)-I 0(EXP)0
VDEL(4)-O.0(EXP>O

8 TAKE THE IHTECER

8 HUHBER OF DECADES
8 TIC SPAC1HG

8 IF HO TIC8

8 NITH TICS
8 TIC COUHT
8 ROUHD OFF

8 TIC OFF SET IH L06I0

8 AXIS UNIT OFF SET

8 TIC NEXT TO THE END
(—i

1—4

K)



1

)

Flit i lAXLOC

IF (JEND.EB.O) JEHD-I
IF ((H.E0.2).AHD.( YOFFiH ).HE.DYLG<JEHD))) (

JEND-JEHO-I
IF (JEHD.EC 0) (

JEND-HYCO
V22-V22-I
V0FF(2)-Y0FF(2)«1

1
1
IF ((H.EB.l).AND.( JEHO .EO.NY60).AND.(VII.EO.YlIA ) ) t

JEHD-I 8 IF Yl 18 INTEGER
vii-vtm

1
NVOFF(N)-JEHD

1
HY0FF(3)-HV0FF(1)
HV0FF(4)-NY0FF(2)
HYOFF(|)>NV0FF(2>
HV0FF(2)-HV0FF(3)

8 1ST TIC IH0ICE8

8 LABEL ATTRIBUTIOH
CALL LORG (KGCB.7)
CALL LIHE (KGCB.O)
CALL CF0HT(KGCB.«HF0NT2
HS-ll
H8B-1I
HSE-II
FORHAT (13.

HC-B
HCB-9
NCE-4
IX)

.HSEC.HCR.KOCB)
B LIHEAR INDICES
8 BASE 10 INDICES
8 EXPONEHT INDICES

1090
1010
8
I. . . .

FORHAT (F7.2.1X)

.LEFT. LONER. RIGHT. UPPER
XP-X1I
PI0N2-2.0(EXP)0*ATAN2(I 0(EXP)0.1
DO K0-I.4 I

XD-XOEL(KD)!
XT-XTIC(KD))
XT0-0.9(EXP>0«XTl
IF (<KD.EO.I).0R.(KD.E8.3)) C

NPT-NYGRD
IF (KD.EO.I) YP0-Y22
ELBE VPO-YII
KKl-NVOFF(KD)
IF ((KD.E8.3).AHD.(V2.EB.Y22A)) C KKl-ll
IF (HVGRD.GE.I) IF (KD.EO.1) KK2-I

ELSE KK2-NVG0
ELBE KK2-HV0FF(KD*I)

ELSE HPT-HXGRD
CALL NOVE (KCCB.XP.YP)
IF ((KD.EO.I) OR.(KD.EO.2)) I

IF (KD.EO.I) CALL LOIR (KGCB.O.0(EXP)0)
ELSE CALL LDIR (KGCB.P10H2)
IF ((KD.EO.1>.AN0.(Y2.EB.Y22A>) I

CALL CSIZE (KGCB.CNITE.A8PEC.SLAHT.0)
CALL GTEXT (KGCB.HAHTEN.HSB.NCR.KDCB>
CALL NOVE (KCCO.XP.VP+CHVFTR)
CALL CBIZE (KGCB.CHITE«8UP,A8PEC.SLANT.0)
IPRT-YPI CALL CODEI HRITE (LBUF.1090) IPRT
CALL GTEXT (KGCB.LBUF,HSE.HCE.KDCB )
CALL HOVE (KCCB.XP.YP)

(KD.EO.2) (
CALL CSIZE (KGCB.CNITE.ASPEC,SLANT.0)
CALL CODEI HRITE (LBUF.1010) XP
CALL GTEXT(KGCB.LBUF,HS,HC.KDCB)
CALL HOVE (KCCB.XP.YP)

I
DO K-I.NPT t

ir ««»;.£• 2>-0R.(KD.E8.4)) I
XP"XP*XO
CALL DRAH (KCCB.XP.YP)
KT-NOO(K.NXTIC)
IF (KT.EB 0) I IF (KGRID.EO.O)

ELSE IF (KD EB.I)
ELSE

1

)
IF

1
CALL HOVE (KCCB.XP.YP)

•IS

vp-va
0(EXP>0)

YD-VDEL(KD) 8 GRID 8PACE
YT-YTIC(KO) 8 TIC SIZE

YTO-O 9(EXP>0«VT
8 VERTICAL AXES

8 1ST DECADE

t 1ST TIC
VPO-VPO*! 1

8 LAST TIC IN DECADE

B HORIZONTAL AXES

8 NARK 1ST LABEL

8 LIHEAR AXES

TY-VT
TV-V8PAH
TV-0.O(EXP)O

Flloi tAXLOG

ELBE • TV-VTO
CALL DRAH (KGCB,XP.VP«TY )
CALL HOVE (KCCB.XP.YP)
IF ((KT.EO.O).AND.(KD.EO.2)) (

CALL CODEI HRITE (LBUF.1010) XP
CALL GTEXT (KGCB,LBUF,HS.HC.KDCB)
CALL HOVE (KCCB.XP.YP)

1
I
ELBE ( 8 LOG AXE8IF <(KiEgiHPT)iANDi(V0FF(KD/2*l).NE.I 0(EXP>0))

IS-ISIGN(I.KK2-KKI) 8 DIRECTION
KK-KKI 8 DRAH THE AXI8
IF (KK1.NE.KK2)

MHIL?P<.YPOi|?LG(KK>)0,•«"•"•««•«"-«> « •*>> I
CALL DRAH (KCCB.XP.YP)
IF (KK.HE.HYCO) TX-XTO 8 TIC OFF SET
ELSE I IF (KGRID.EO.O) TX-XT

ELSE IF (KO.EB.I) TX-X8PAH
EL8E TX-0.0(EXP>0

CALL DRAH (KGCB,XP+TX.VP) 8 DRAH THE TIC
CALL NOVE (KCCB.XP.YP)
IF ((KK.EO.NVGO).AND.(KD.EO.I)) (8 LABEL THE AXIS

CALL C6IZE (K6CB.CH1TE.A8PEC.SLAHT.0)
CALL GTEXT (KGCB.HAHTEH,NSB,NCB.KDCB)
CALL HOVE (KCCB.XP,YP*CHVFTR)
CALL CSIZE (KGCB.CHITE«8UP.ASPEC,SLAHT.0>
IPRT-YPI CALL CODEJ HRITE (LBUF,1090) IPRT
CALL GTEXT (KGC8.LBUF.HSE.HCE,KDCB)
CALL HOVE (KCCB.XP.YP)

KK-KKOB 8 UPDATE TIC IHDEX

ELBE I
YP-VP0»DYLG(KK1)
CALL DRAH (KCCB.XP.YP)
CALL DRAM (KCCB.XP+XTO.YP)
CALL ROVE (KCCB.XP.YP)

COHHEHT OUT ON-USED CODE
IF (KO.EB.I) (

CALL CSIZE (KGCB.CHITC.ABPEC.SLANT.0)
PRT-IO.O<EXP>«0«(OYLC(KKI>)
CALL CODEI HRITE (LBUF.1010) PRT
CALL GTEXT (KGCB.LBUF.H8.HC.KDCB)
CALL NOVE (KCCB.XP.YP)

1
IF (K.HE.HPT) YPO-VPO«VD
ELSE IF (V0FF(KD/2«I).HE.0VLC(KK2)) I

IF (KO.EB.I) VP-Vt
ELSE VP-V2
CALL DRAH (KCCB.XP.YP)
IF ((KO.EG.I).AHD.CYI.EO.Y!IA>> I

CALL CSIZE (KGCB.CHITE.A8PEC.SLAHT.0)
CALL GTEXT (KGCB.HAHTEH.H8B.HCB.KDCB )
CALL HOVE (KCCB.XP.VPtCHYFTR)
CALL CBIZE (KGCB.CHITE«8UP.ASPEC.8LAHT,0)
IPRT-YPI CALL CODEI HRITE (LBUF,1090) IPRT
CALL GTEXT (KGCB.LBUF.NSE.NCE.KDCB)
CALL HOVE (KCCB.XP.YP)

I
]
IF (K. EB.I) IF (KO.EB.I) KKI-NY60

EL8E KK1-1

1
IF (HYCRD.E8.0) I

IF (VI.HE.VI1A) C
CALL ROVE (KGCB.XI.VI)
PRT-IO.O(EXP>0«*Y1
CALL CSIZE (KCCB.CHITE.
CALL CODEI HRITE (LOUF,

A8PEC.SLAHT.0)
1010) PRT

CALL GTEXT (KGCB.LBUF.HS.HC,KDCB)

IS-

0 IF ONLY OHE TIC

8 UPDATE DECADE
8 LAST 8ECHEHT

8 UPDATE IHDEX

U>



)

F I la> i lAXLOC

IF (V2.HE.V22A) I
CALL HOVE (KCC8.X1,Y2)
PRT-10.0(EXP)0«*Y2
CALL C8IZE (KCCB.CHITE.ASPEC.SLANT.0)
CALL CODEi BRITE (LBUF.1010) PRT
CALL CTEXT (KCCB.LBUF.HS,NC.KDCB )

• CLOSE FOHT FILE
CALL CFOHT (KGCB.0.0.0.KDCB)

• DOHE
RETURH
EHD

-17-

•CALL THOEFH
•IF HPIOOO
EHA (XYZ.O)
•EHDIF

SU6R0UTIHE CARRI

Fllot ICARR1

Z(H.2) -) CARRIERS PER UHIT AREA

•CALL TEHA
•CALL TCOHHN

• LOOP FROR SOURCE TO DRA1H
T8UH-0.0(EXP)0

a 00 N-H80URC.HDRAIH I
• LOCATE UPPER BOUHDARV

n?f:S)6!*<!i0<«'>«»<CAARIE(H.H)))
HHILE ((H.LT.HVHAX).AHD.(TYPC.HE.TYPE)) I

j TVPC-SIGH(I.O(EXP>0,(CARRIE(N.N)))
8

• INTEGRATE CARRIERS
CALL INTGR (H.H.NBI.RB2.08UH)
Z(H.1)-XP08(H)*I.0(EXP)4
Z(H.2)-AB8(08UN)
T8UR-T8UN+0SUN

a

8 PRIHT OUTPUT

laanilWilfiUil*'!'* *V1E <K?"«OL.IOOO> (Z(K.2>.K-H80URC.HDRAIH)FOBHATC*»Carrl«r par cn2 fron Junction to Junction » •/.(3X.7<IPC 10.3)))1000
8
8 . . . DONE

RETURH
EHO
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Fllai ICHECK

•CALL THOEFH
• IF HP 1000
EHA (XYZ.O)
•EHDIF

8U9R0UTIHE CHECK
8
8 CHARACTERIZE DEVICE
8
•CALL TEHA
•CALL TCORHH
8
8 CHECK SURFACE REGIOH

CALL CROSS (1)
8
8 CHECK FOR PUHCH THROUGH

CALL SADOL
8
8 DOHE

RETURH
EHD

-18-

Filoi ICHKDP

•CALL THDEFH
8UBR0UTIHE CHKDP (KIHPL)

SCALE AHD LINIT IHPLAHT PARANETER8

CALL TCOHHH

DIHEN8I0N DIFF(4).EA0VRK(4)

SCALING FACTORS
DATA UN/l.0(EXP>-4/. 8ECND/S0.0(EXP)0/, ZEROC/273 0(EXP>0/

C0H8TANT8
DATA 0IFF/2.99!(EXP)1. 9.230(EXP>0. 1.443(EXP>3, I 803(EXP>3/.*

EA0VRK/4.430(EXP)4, 4.329(EXP>4. 9. I00(EXP>4! 9^4I0(EXP>4/
SCALE LOCAL IHPLAHT LOCATIOH
IF (KIHPL.EO.2) t

XINPLO-XIHPLOSUH
X1HPLI-XIHPL1*UN

j IF (XINPLO.GT.XINPLI) I T-XIHPLOI XIHPLO-XIHPLlI XINPLt-T 1

OETERNIHE DOPAHT TYPE
KDOPE-DOPE(KIHPL)
IF ((KDOPE.EO.I).OR.(KOOPE.EO.«>) OTVPE--I.OEO
ELSE DTVPE-I.OEO

8CALIHG
RAHGE(KIHPL)-RAH6E(KIHPL)*UH
STHDV(KlHPL)-AflAXI(9TH0V(KlHPL)*UH.0.0(EXP)0)
00SE(KIHPL)-8IGH(D08E(KIHPL).0TVPE>
0RVIN(KIHPL)-AHAX1(DRVIH(KIHPL)*8ECHD.0.0(EXP>0)

DETERHINE THE DRIVE-IH DIFFU8IV1TV
IF ((KDOPE.6E.I).AHD.(KDOPE.LE.4>)

ELSE »»;».»Sl^
STEP APPROXIHATIOH
CALL A8TEP (KIHPL)

DOHE
RETURH
EHD

KJi
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Fl ICHKCH

•CALL THOEFH
SUBROUTINE CHKCH

SCALE AHD LIMIT GEONETRV PARAMETERS

CALL TCOHNN

8CALIHG FACTOR
DATA UR/l(EXP)-4/

SCALING AHD LIHITIH6
TOX0-AHAXI(T0X0«UH.O.O(EXP)O)
TOXI-AHAXI(TOXI*UH.O.O(EXP)0)
K|0URC-ANAX1(X80URC*UH.0.0(EXP>0)
X0RAIN-AHAXI(XDRAIH*UH,0.0(EXP)0>
XOXA-AHAXI(XOXA»UR.O.O(ENP>0)

?S2l!:i;S!!{f{!iJS!8l!^"S<€%J!I5""

XCATE1-XGATE1*UH
XOXO-XOXO«UH
XOXI-XOXI*UH

• IHTERCHAH6E IF HECE88ARY
F (XOXOEeTeJfll{?1T,E,> J J"8S8I"' 2S8I"-*™"!! XCATE1-T 1IF <XOXO.GT.X0Xt) I T-XOXO; XOXO-XOXIl XOX1-T 1

DOHE
RETURH
EHD
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Fil*t ICROSS

•CALL THDEFH
•IF HPIOOO
EHA (XYZ.O)
•EHOIF

SUBROUTIHE CROSS (H)

• CHARACTERIZE CROSS-SECTIOH AT Y-LOCATIOH H

•CALL TEHA
•CALL TCOHNN
8

DATA UN/1.0(EXP>4/, USO/700.0(EXP)0/

TH0VT-VT300K»VT300K
YBARR-VP08(H)«UN

s iiiWhW* rsT5ai&?t«w?,"°" bithih c"098 8ectiom
XBARR-XP08(LNIN)*UN
PBARR-POTBI(l,N)-PNIN

8 OETERHIHE THE BASE REGIOH
CALL HBB6E (LNIH.N.NBI.HB2)
UBARR-XP0S(HB2)-XP08(HBI)

• SEARCH FOR SOURCE OEPLETIOH REGIOH LIHIT
PHIH-P0T8K l.H)
POTX-P0T8K2.N)
H82-1
WHILE ((HS2.LT.N80URC).AN0.((PHIH-P0TX).LE.TH0VT)) (

H82-H82*l
P0TX-P0TSI(NS2*I.N>

8

• 1I*8C!! "* 85*,M DEPLETION REGION LIHIT
PNIN-POT8KNXNAX.N)
POTX-POTSI(NXNAX-I.N>
HD2-HXHAX
HHILE ((HD2.6T.HDRAIH).AH0.((PHIH-P0TX).LE.TH0VT>) I

HD2-HD2-1
P0TX-P0TSKND2-I.N)

8
8 ESTIHATE THE CURRENT IF ANY

CALL IHTGR (LNIH.N.NBI.HB2.BUN )
HBARR-YP08(NB2)-YP08(HB1)
CIHJ0-0fVT3OOK*U60/NBARR
CIHJ-ABS(CIHJ0«6UH)

8 SCALE AHD HRITE THE RESULTS
CIHJ-CIHJ»UH
CIHJO-CIHJO«CHI*CHI/ABS((COHC(LHIN.H)))
HBVI-VP08(HBI)»UH
HBV2-YP08(HB2)*UN
HBARR-HBY2-HBY1
V8X1-XP08(HBI)#UH
HBX2-XP08(HB2)*UH
HBARR>HBARR«UN
IF (H.EO.I) HRITE (KOHSOL.1030)
ELSE HRITE (KOHSOL.1033) VBARR.N
HRITE (KOHSOL.I 000) PNIH.XBARR.LRIH.PBARR.CIHJO.HBARR.HBXI,HBX2.HBI.HB2
IF (CIHJ.HE.O.O<EXP>0) HRITE (KOHSOL.1020> HBARR.HBYI.H8Y2.HBI.HB2,C1HJ
IF (H.EQ.I) f

H8-HBX1-XP08(H800RC)*UN
HD-XP08(HDRAIH)*UH-HBX2
HRITE (KOHSOL.1090) HS.HD
F0RHAT(3X.'6ourco daplatlon width -a,F«.3.au«a*

/.3X.aDr«ln daplatlon width -•,FA.3,*un")

8
8 FORHAT STATENENT8
1030 FORNAT(a**At aurfacao«a) •-

FORHAT(a**V-croaa aactlon at
FORHATOX.'Potential nlninun

/.3X,*B«rritr haight
/.3X.'Currant " ¥ '
/.3X."8arrIar

1090

10 39
1000

-a.F(.3."u*.
,F7.3."at X
.F7.3*

(a.I2.'
>a.FC3.

danaity -a.tPG10.3.a Anp/cn2a
,0PF6.3,aun. Tron "width

)a)
'un. (a.l2.a )" On

1020 F0RHAT(3X.aBarriar dapth
"un.

.0PF6.3.
aun.

.(
'un,
.('

,12,
f ron

,I2.a.

.Ft.3,aun to

. 12,a )•)
,FC.3.'un to
. 12.a>'*

'.FA.3.

'. F*. 3.
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Fllai ICROSS Fil#s tb0ptc

/.3X,'Currant / width -*,IPCIO 3." •CALL THOEFH
• Anp/un. with US0»?06 0 cn2/t tc-V ) •IFHPIOOO

a nnuc Ewft (XYZ.O)8 DOHE •EHOIF
*EI0RH 8U6R0UTIHE DOPLC
EHD I

0 LOCALIZED IHPLAHT
8
•CALL TEHA
•CALL TCOHHH
•

•23-

EOUIVALEHCE (RH6, RANCE(2 ) ).(8I6NA.STNDV(2)), ( DIFF, DC0EF(2 )). *
(TINE.DRVIH(2)).(CPK. CPEAK( 2) ), ( XJ.XJCK2 ) >

8
8 8TATEHENT FUNCTIOH

ARCLN(X.V)-SIGN(AHIN1(AB8(X).AB8(V)).X)

8 COH8TAHT8
DT-OIFFOTINE
OHSQDT-0.9(EXP>0/8BRT(DT)
STHOV2-SICHA*SICHA
F0URDT-(6TNDV2*8TNDV2)«(0T«DT*DT*DT)
B-RHG*60RT((0T*DT)/F0URDT)/8ICNA
IF (DT.NE.O.O(EXP)O) C-RHG/(F0URDT»B )
DXJ-AHAXI((XJ-RHG).0.0(EXP>0)»8ICHA«8IGHA«S1GNA
HI-LOCX(XIHPLO-DXJ)
H2-L0CX(XIHPLI*0XJ)
IF ((HI.LT.H2).AHD.(NI.LT.HXNAX).AHD.(H2.GT.l)) t

NI-HAXO(Hl,l )
H2-HIH0(H2.HXHAX)

I
AI-XIHPLO*0H8e0T
A2-XIHPLlaOH80DT

8
8 IDEAL GAUSSIAN

DO N-l,NYHAN t
V-YPOS(N)
ARG-(V-RHG)«(V-RNG)/FOURDT
CIHPLO-CPK*EXP(-ARGLR(ARC.89.0(EXP)0))

8 DRIVE IN. INCLUOE SURFACE REFLECTIOH
IF (DT.HE.O.O(EXP)O) I

CV-CaV

CIRPL0-0.29(EXP)0*CIHPL0*(2.0(EXP)0«ERRFN(8»CY)tERRFH(B-CV))
8
8 LATERAL DIFFUSION

IF <irlH:«::!fWB>K•r""•",, 00 -H,'H2'
XA-XP08(H)»0HS00T
CIHPL-CIHPL0*(ERRFH(XA-AI)-ERRFN(XA-A2))

ELSE CIHPL-CINPLO
COHC(H,N)-CONC(H,N)«CIHPL

1
8
8 DOHE

RETURN
EHD
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•CALL THOEFH
• IF HP IOOO
EHA (XYZ.O)
•ENOIF

SUBROUTIHE OOPHG
0
8
a
• CALL
• CALL
8

Flla< IDOPHC

GEHERATE DOPIHG PROFILES

TERA
TCONHH

LOAD SUBSTRATE COHCEHTRATIOH
DO H-I.HXRAXl DO H-i,NYHAKl COHC(H,H)-CSUB

IHPLANTATIOH
IF (008E(l).HE.O
IF (008E(2).NE.O.
IF (00SE(3).HE.0

O(EXP)O) CALL
O(EXP)O) CALL
0(EXP>0) CALL

DOPHL
DOPLC
D0P8D

.CALCULATE IHPLAHT RELATED PARAMETERS
CALL PARN8

DONE
RETURH
EHD
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•CALL THOEFH
•IF HP1000
EHA(XYZ.O)
•EHDIF

SUBROUTIHE D0P8I

file! IUOPSI

GENERATE DOPIHG PROFILE USIHG SUPREH 8AVE FILE

•CALL TENA
•CALL TCOHNN
•

0INEHS10H H8TRHG(20)
DIMENSION K00PE(t),HE88G0(9.2).HE88GI(4,3)

DATA LHH8C0/S/,"
HE8SG0/2H8u.2Hba.2Htr.2Hat.2Ha .*

2HIn.2HpI.2Han.2Ht ,2H /
DATA LNN861/4/,*

NESSGl/2Hov,2Hor,2Hal.2HI .*
2Hlo.2Hca.2Hl',2Hd ,A
2Har.2Hc/,2Hdr.2Hn /

DATA KDOPE /2HB .2HA .2HP .2HS .2H* .2H- /
OATA KE9C/0338/, KVE8/2HY /. UH/I.0(EXP)-4/

8 DEFIHE 80FT KEYS
•IF HP2A48A

CALL 8KEYP
•EHDIF
8
0 GET SUBSTRATE TYPE

HRITE (KOHSOL.1000) (HESSGO(K.I ).K-l,LHH8G0 )
1000 F0RNAT(3A2,* dopant (B-fl,Ae-f2»Ph-f3.Sb-f4,'.A

a«(N-type)-r9.-(P-tupa)-rS) ? .')
READ (KEVBRD.2000) KAHSHR *

•IF BATCH
HRITE (KOHSOL.2000) KAHSHR

•EHOIF
K-ll HHILE ((KAHSHR.HE.KDOPE(K)).AND.(K.LE.t)) K-K«l
IF (K.CT.t) GO TO HOI
IF ((K.EO.l ).OR.(K.EO.«>) TVPE--1.0(EXP)0
ELSE TYPE- 1.0(EXP)0
IF (TYPE.E0.-1.0<EXP>0) KB-A
ELSE KB-9

8 CHECK IF UNIFORM SUBSTRATE
HRITE (KOHSOL.1010)

1010 FORNATCUnlforn substrata (Vas-f7/Ho-f8) T _a)
READ (KEVBRD.2000) KAHSHR

•IF BATCH
HRITE (KOHSOL.2000) KAH8HR

•EHDIF
2000 FORNAT(AI)
8
8 IF UHIFORN. READ CSUB. LOAD COHCEHTNATION ANRAY AHD RESET FLAG

IF (KAH8HR.ER.KYES) I
HRITE (K0H80L.20I0)
F0RHAT(a8ubstrata concantration (In unit of IE 19 cn-3) ? -*>
READ (KEVBRD.o) C8UB

2010

•IF BATCH

2011
•EHOIF

HRITE (KOHSOL.2011) C8UB
FORHAT(1PGI0.3)

IF (CSUB.EG.O.O(EXP)O) GO TO 802
C8UB-8IGH(C8UB*I.0(EXP)19. TYPE)
00 N-l.NXHAXl DO H-l.HVNAX) COHC(H.N)-C8UB
K8UB-0

8 If NOT UHIFORN. SET THE FLAG
ELSE I KSUB-II C8UB-0.0(EXP>0 1

8 ION INPLAHTATIOHS
DO KIHPL-1.3 I

IF (K8UB.LE.0) C
HRITE (KOHSOL.2020) (NES8GK K. KIHPL >.K-l .LNH8GI )

2020 FORNATCAnu a,4A2.a inplont (Yas-f 7/Ho-f8) ? -a >
READ (KEVBRD.2000) KAHSHR

•IF BATCH
HRITE (KOHSOL.2000) KAHSHR

•EHOIF

-2A-
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Fllai IDOPSl File: IDOPSl

8 GO TO 800
8 GET HIHDOH OF LOCALIZED IHPLAHT 802 COHTIHUE

IF (KAHSHR.EO.KYES) I HRITE (K0H80L.8002 )

,F *WRITE (K0H90L,2023) loO* COHTIHUE** Z#r° "ub,tr,t# doP8"9 conc»ntr»t ,on! Progron Urninotadl ••')
2029 FORHAT('Local!zad inplanti fron (> to <> <un ) 7 .*> alF HPlOOOtlBATCH

READ (KEYBRD.O XIhFlO.XIHPL1 HRITE (KOHSOL.B003 > KESC
•IF BATCH 6003 FORNAT(RI.ana)

HRITE (KOHSOL.2026) XINPLO.XIHPLI CALL EXEC (A)
202S F0RHAT(IP2G1S 3) *ELSE
•EHOIF STOP

XIHPLO-XIHPLO*UH •ENDIF
XIHPLI-XIHPL1«UN EHO
IF (XIHPLO.GT.XIHPLI ) ( T-XIHPLOIXIHPLO-XINPL11XIHPLI-T I

I
8
8 GET DOPANT TVPE

HRITE (KOHSOL.2030)
2030 FORNATCInplant dopant ( B-fl. As-f2,Ph-f 3.8b-f4 .' .*

a«(N-tupa)-rS.-(P-tvpa)-ri) ? _•)
READ (KEVBRD.2000) KAHSHI

•IF BATCH
HRITE (KOHBOL.2000) KAH8HI

•EHDIF
IF ((KAHSHI.EO.KDOPEI1)).OR.(KAHSHI. EB.KOOPE( A)))

DOPE(KINPL)-t
ELSE D0PE(KIHPL)-9

8
8 GET STANDARD DEVIATION

HRITE (KOHSOL.2040)
2040 FORNATCI aslant STHDV(un) ? .')

READ (KEYBRO.a) 80
•IF BATCH

HRITE (K0N80L.204I) SO
2041 F0RNATOFGI0.3)
•ENDIF

STNBV(KIHPL)-SD*UH
1

1
ELSE D0PE(1)-KB

B
8 GET DATA FILE NONE

IF ((R8UB.E8.I».BR.(KAHSHR.E8.KYE8)) C
HRITE (KOHSOL.3010)

3010 FORNATCOata flla nana ? _a )
READ (KEVBRD.3020) H8TRHG

3020 F0RRAT(20A2)
•IF BATCH

HRITE (KOHSOL.3020) N8TRH6
•ENDIF
8
8 GET COLUHH INBEN

HRITE (K0NS0L.3030)
3030 FORHATCHhlch colunn ? _a )

READ (KEYBRO.a) ICOLHH
•IF BATCH

HRITE (KOHSOL.3031) ICOLHH
3031 F0RHAT(I2)
•ENDIF
8
8 GENERATE PROFILE USING 80PREH SAVE FILE

CALL RED8P (KIHPL.ICOLHH.HSTRHG)
1
ELSE ( OOSE(KIHPL)-0.0(EXP>Ol XJCKKIHPL )-0. 0(EXP)0 1

8
8 RESET SUBBTRATE FLAG

IF (K8UB.EB.I) KSUB— 1

8 PREPROCESS PARANETER8. RESET 8UPREH FLAG
CALL PARHS
K8UPRN-0

8 DOHE ^*
RETURH J^

8 VO
8 ERROR
BOI COHTIHUE

HRITE (KOHSOL.8001)
8001 FORHAT('«« Un-raco^nI labia substrata dopant! Progran tarninatadl ••'>
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Fi la: ID0PS2

•CALL TVDEFN
•IF HPIOOO
ENA( XYZ.O)
•EHOIF

§ SUBROUTINE DOPS2 (KIHPL.KSHAX,FOTX.SUPY.8UPC )
8
8

•CALL TEHA
•CALL TCOHNN

GENERATE INPURITV PROFILE BASED OH SUPRER OUTPUT

DIMENSION SUPV(l).SUPC(l )

8 COH8TANTS
IF (KIHPL.GE.2) I

f£S5S:8Q*f<F«>™>
ggSODT-l 0(EXP>0/81GHA
DXJ-9.0(EXP)0*SIGNA
IF (KIHPL.EO.2) I

HI-LOCX(XIHPLO-DXJ)
H2-L0CX(XIHPLI«0XJ)

N?iNAXO(HNI 1)D <MI LT ****** *H0 •««•* CT »>> t
H2-HIH0(H2^HXHAX)j HIHT-(HI*H2)/2

AI-XIHPL0*0N800T| A2-XIHPLI«0N800T
EL8E (

HI-LOCX(OXJ)

Si:MKHr?tt;H"t «;?!? '
a ELSE NIHT-NXNAX/2

KS-l
KLIH-0
RNC-RAHGE(KINPL)
KPEAK-LOCV(RHG)
DO H-l.HVHAX (

Y-YP08(H)
Y8-8UPV(K8)

IF Molo" rt> M° <Y LC V8I>> •« (" « "HAX) ) t
KLIN-1
HIHT-R-I
COLD-CIHPLO

ELBE I
KS-KS«I
VB-VSI
VSI-SUPV(KS«I)
K60-I
IF (K8.6T.KPEAK)

j SUN-SUN*0.9(EXP>0*(8UPC(K8)»SUPC(KS-I))•(YSI-YS)
J UNTIL (KGO.EO.O)

. CINPL0-(8UPC(K8«I)-8UPC(KS))•(Y-V8)/(V8I-V8)*8UPC(K8 )
• OVERALL IHPLAHT
§ IF (KIHPL.EB.I) OO H-l,HXRAXl COHC(H, H)-COHC(H . H>«C IHP! 0
* LOCALIZED INPLANI

IF (KIHPL.EO.2) I

dohh;hi;h2* fM0 <H2 lE ***«*» *
IF (FDTX.HE.O.O(tXP)O) (

J«:XPOS(H)«OHSODT
j CIHPL«CIHPlO»(rRRFN(XA-AI )-ERRFH(XA-A2 ))

-28-

rilri ICIOPS2

ELSE CIHPl*CIHPlO
COHCfH,H)^COHC'H,H)*(1HPL

I
)

SIOi main n s?Te junciioh
DO N«.|,HI I

IF (FDIX.HE.0 0(EXP>0) I
ARC«XPOS(H)*OHSODI

j C!HPl-0.5(EXP>0»CIHPl0»(l.0(EXP>0-ERRfN<ARC>>
ELSE CIHPl-CIHPLO
COHC(H.H)-COHC(H.H)*CIHPL

side diffusion at drain juhctioh
do h*h2,hxhax i

if (fdtx.he.o.o(exp)o) i
$?£:."* 5p2?S!!^:kc«ahi. )»ohsootj CIHPL-0.9(EXP)0*CIHPL0*(I.0(EXP>0-ERRFH(ARC))

£!:£!, cll,pL"CIHPLO
COHC(H,H)-COHC(H.H)*CIHPL

)

.DONE
IF (KLIH.EO.-I)

SUH-luN'IuN*0-3<EXP>°*<C0MC<HIHI'"IH1,*CI"Pt0>*<V»A'<-VP0S(HIHT)>
RETURH
EHD

)
)
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•CALL IHDEFN
•IF HPIOOA
•HA (XYZ.O)
•EHDIf

SUBROUTINE DOP9D

Filat IbOPSD

I SOURCE AHD DRAIH IRPLAHTATIOH
I
•CALL IEHA
•CALL ICOHHN

EQUIVALENCE (RHG, RANGE( 3)). ( 8IGHA, STHDV(3)). ( DIFF,DC0EF(3 )).*
(TIHE.DRV1H(3)),(CPK, CPEAK( 3)), ( XJ . XJCK3))

I
I STATEHEHT FUHCTIOH

ARCLH<X.V)-SIGH(AHINI(AB8(X).ABB(Y)).X)
I
I CONSTANTS

DT-D1FFMIHE
0HS8DT-0.9(EXP)0/8tRT(DT)
STH0V2-8ICHA«S1GNA
F0UR0I"(SINDV2»SIHDV2)»(0I*DT*DT»DT)
B-RHG«S0RI((0T«DT)/F0URDT)/8IGHA
IF (DT.HE.O.O(EXP)O) C-RNG/(F0URDT»8 )
DXJ-ANAXI((XJ-RHG).0.0(EXP>O)»SlGHA«SIGnA«SIGHA
NS-LOCX(DXJ)
ND-LOCX(KCHAHL-DXJ)

I IDEAL 6UA88IAN
DO H-I.HYNAX C

V-YPOS(H)
ARG-(V-RH6 )•(V-RHG )/FOURDT
CIHPLO-CPROEXP(-ARGLN(ARG.89.0(EXP>0))
IF (DT.HE.O.O(EXP)O) I

CV-Cav
CIHPL0-0.23(EXP>0»CIHPL0»(2.0(EXP>0*ERRFN<B»CY)»ERRFH<B-CY))

I

SIDE DIFFUSION AT SBURCE JUNCTION
DO H-I.HS I

IF (DT.HE.O O(EXP)O) I
ARC-XP0S(H)*0H80DT
CIHPL-CIRPLO«(I.O(EXP>0-ERRFH(ARG))

1
ELSE CIHPL-CIHPLO
COHC(H,H)-COHC(H.H)*CIHPL

1

SIDE DIFFUSION NT BRAIN JUNCTION
00 H-HD.HXHAX I

IF (DT.HE.O.O(EXP)O) I
ARC-(XP08(N)-XCHAHL)*0H8BDT
CIHPL-C1HPL0*(I.0(EXP>0*£RRFH(ARC))

1
ELSE CIHPL-CIHPLO
COHC(H.N)-COHC(H.H)«CIHPL

I
1

DONE
RETURN
EHD

•31

•CALL THOEFH
• IF HP I 000
IHA< XYZ.O)
• EHOIF

SUBROUTIHE DOPHL

•CALL
•CALL

OVERALL IHPLAHT

TEHA
TCOHNN

F i la tfXiPHL

EQUIVALENCE (RHG, RAHGE(I ) ).(SIGNA.8THDV(1 ) ).(DlFF.DCOEF(I )).*
(TIHE.DRVIN(D).(CPK. CPEAK(D)

8 STATEHEHT FUHCTIOH
ARGLN(X.V)-SIGN(AHIHI(AB8(X),AB8(V)),X)

a
8 C0N8TAHTS

DT-DIFFMIHE
STH0V2°81CNA»8ICHA
F0URDT-(STN0V2«8THDV2)*(0T*DT«DT*DT)
B-RNG«S0RI((DT*DT)/F0URDT)/S1GHA
IF (DT.HE.O.O(EXP)O) C-RNG/(FOURDT*B )

8
8 IDEAL GAU8SIAH

00 H-I.HYHAX I
V-YPOS(N)
ARC-(V-RHG )•(V-RNG)/FOURDT
CIHPL-CPK«EKP(-ARCLH(ARG,B3.0(EXP>0))

8
8 DRIVE-IN. INCLUDE THE REFLECTIOH AT THE SURFACE

IF (DT.NE.O.O(EXP)O) I
CV-C»Y
CIHPL-CIHPLa(1.0(EXP>0»0.9(EXP)0«( ERRFH(B»CV)«ERRFH( B-CY)))

1
8
8 LOAD C0HCEHTRAT1OH ARRAY

DO H-I.HXHAXI COHC(H.H)-COHC(H.H)«CIHPL
1

8
8 DOHE

RETURH
EHD

K)
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Fi l») IERRFN

•CALL THOEFH
FUHCTIOH ERRFH(X)

8
8 CLOSE FORN APPROXINATIOH OF ERROR FUHCTIOH

8 COEFFICIENTS OF THE EQUIVALENT POLYHON1AL
DATA COEFFI/0.0709230784<EXP>0/.COEFF2/0.0422820I23<EXP>0/I

COEFF3/0.0092?09272<EXP>0/,COEFF4/0.OOOI9 2OI4 3<EXP>0/,
COEFF9/0.0002?6S67?<FXP>0/,COEFF6.'0 00 00 4.706.1 B< EXP >0/

8 CALCULATE THE POWERS OF THE ABSOLUTE X
Xl-ABS(X)
X2-XI«XI
X3-X2*XI
X4-X3*XI
XS-X4«XI
Xi»X3*XI

8
8 TERH8 USES IN THE CLOSE FORN APPROXIMATION

ARC 1-1.0(EXP>0*C0EFF1«XI*C0EFF2«X2*C0EFF3«X3*A
C0EFF4*X4*C0EFF5«X9*C0EFF6*X6

ARG2-ARCIMRGI
ARC4-ARG2*ARC2
ARCS-ARC4*ARC4
ARGH-ARG8*ARC8

8
8 THE CLOSE FORN APPROXINATIOH

ERRFH-I.0(EXP)0-I.0<EXP>0/AR6H
IF (X.LT.O.O(EXP)O) ERRFN--ERRFH

8 DOHE
RETURH
EHD

-33-

Fi I* IGEIPH

•CALL THOEFH
SUBROUTIHE CETPA

•
•CALL TCOHHH
I

1000

2000
• IF

READ IH PARAHETERS

DIMENSION HE86AC(9.2)

DATA KVE8/2HV /.LEHHSC/9/.*
HESSAC/2Hda-2Hvl,2Hca.2H s.2Htr.2Huc,2Htu.2Hra>2H? .'

2Hdo.2Hpl ,2Hng,2H p,?Hro,2Hf i.2HW.2H? ,2H /

CHECK IHPUT OPTIOH
HRITE (KOHSOL,1000)
FORHATCInput fron tha consols (Vas-f7/Ho-f8) ? .')
REAO (KEVBRD.2000) KAH8HR
FORNAT(AI)

BATCH
HRITE (KOHSOL.2000) KAHSHR

•ENDIF
8
8 IHPUT FROH CONSOLE

NEHHSH-I
KREAD-1
IF (KANSHR.EO.KYEB) I

KREAD-0
8
8 READ IH STRUCTURE PARAHETERS

IF (KLOOP.NE.l) I
HRITE (KOHSOL.3000) (HES8AG(K.1).K-l.LEHHSG)
FORHAK "Radaf Ina tha *,9A2.' ( Vas-f 7/Ho-f8 ) ?-')
READ (KEVBRD.2000) KAHSHR

3000

•IF BATCH

•EHDIF
HRITE (KOHSOL.2000) KAH8HR

IF (KANSHR.E0.KVE8) I
IF (RLOOP.EB.l) CALL REDCH
ELSE CALL RDFGH

)
ELSE HEHHSH-0

8
8 READ IH PROFILE PARAHETERS

KAHSHR-KTE8
IF (KLOOP.NE.l) I

HRITE (KOHSOL.3000) (NE88AG(K,2).K-l.LEHHSG)
READ (KEVBRD.2000) KAHSHR

HRITE (KOHSOL.2000) KAHSHR
•IF BATCH

•EHDIF
1
IF (KAHSHR.EB.KVES) NEHDOP-I
ELSE HEHDOP-0
IF (HEHOOP.EO.1) t

HRITE (KOHSOL.3010)
READ (KOHSOL.2000) KAHSHR „ .,,M #-% % ..

3010 FORHATCUsa SUPREH ganaratad prof Ila (Vas-f7/Ho-f8 > ? _')
IF (KAHSHR.EQ.KYES) KSUPRH-I
ELSE KSUPRN-0

1
IF ((HEUOOP.EQ.t).AHD.(KSUPRH.EO.O)) I

IF (KLOOP.EB.I) CALL REDDP
ELSE CALL RDFDP

1
1

8
8 IHPUT FROH FILE

ELSE CALL REDF1
a
8 DOHE

RETURH
EHD
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Fila: IIHDEP

•CALL THOEFH
•IF HPIOOO
EHA( XYZ.O)
•EHDIF

8UBBOUTIHE IHDEP ( LOCKTYPE. TOX.PH1 GB)
8
8 INITIALIZE l-D POTENTIAL ARRAY IN DEPLETION CHAHHEL REGIOH

•CALL TEHA
•CALL TCOHHH
8
8 CALCULATE 80HE USEFUL OUAHT1TIES

C0X-EP8I02/T0X
PHJCT-ANAXI(PNIB«PNIF(KTVPE)*V8B.0.0(EXP>0)
GANNA-CAHN(KTVPE)/COX
ALFA-ALPHA(KTVPE)
PHIC-PHIHP(KTYPE)
IF (KTYPE.LE.2) I

HINP-XJCT(KTYPE)
CIHP-CSTEP(KTYPE)
VIHP-a*CINP/COX

1
ELSE C

HIHP-HSURF(I)
CINP-CSURF(I)
VIHP-e*CIHP/COX

1
CD-CINP-C8UB
CD0HCA-C0/C8BB
HH-ALPHB«S0RT(PHJCT/(CD0HCA*(I.0(EXP)0*COOHCA)>)
OH-a«CD*AHlHI(HH.HINP)
HP-ALPH8*80RT(PHJCT/(I.OEO»1 0(EXP>0/CDOHCA))
QP-Q*CBUB*HP

8
8 DETERRINE FLAT-BAHD CONDITION

IF (HH.LE.HIHP) VGBFB-VFB«PNJCT

Itfcc-COX.CPRICN-v'c'BFV)^
8 SURFACE ACCUNULATION

IF (PHIGB.GE.VGBFB) D£LPH8-VT300K*AL0C(0ELCC/CD-1.0<EXP>0)

0 8URFACE OEPLETIOH
EL8E I

IF (HH.LE.HIHP) I
KP-0
VG--DELCG/CD
If (NC.LT.NIHP) DELPH8-<-ALFA»ALPHB)»MG»WC
ELSE KP-1

ELSE KP-1
IF (KP.Et.l) I

HG--OELCG/C8UB
IF (H6.LE.HP) f

DELPH8-0 0(EXP>0
NP-HP-HC

1
8
8 ACCUHULATIOH IN IU88TRATE

EL8E I
OELPH8-VT308K*AL06(-DELCG/CSU8-I.O(EXP>0)
HP-0.0(EXP)O

1
1

1
8

• £2f!SIMW.Hf-l0 •*»"«• BUBBTRATE
Jp-hihpIhp1"p"""'° ••««>•>
HH-NAXO(LOCY(VN).l)
HP-LOCV(VP)
IF (YN.HE.YPOB(HH)) RH-RH*!
IF (HP.HE.O.O(EXP)O) I

DO N-NN.HP I
V-VP06(N)
FOT8l(LpC.N)-AlPNB»(YP-Y)»(VP-V)
CARRIE(L0C.N)-0.O(EXP)0

PH1P-ALPHB*HP*HP
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Filai IIHDEP

.POTEHTIAL OUE TO ACCUMULATED'SUBSTRATE
ELSE I

DO N-NN.HP t
f.9I2!ii-uC'H>"OE«-PH8
CARRIE(LOC.H)«0.0(EXP>0

PHIP-DELPH8

'ET2ES2<fbiBK ro 0EPLEIW M~""I0H
DO H-HH.HI I

Y-YPOB(H)

} FOT8I(LOC.N)-POTSl(LOC.N)-ALFAa(HINP-Y)a(HIRP-Y)

.BURIED CHANNEL
HH-HH-1
IF (HH.GE.l) C

DO N-I.NN I
POTS|(LOC.N>-PNIN
CARRfE(LOC.N) —COHC(LOC.N)

1

.DEPLETED SURFACE
IF (DELPHI.LT.O.O(EXP)O) I

HC-LOCV(HG)
ALF8—ALFA»ALPHB
IF (HG.6E.I) I

DO R-i.NG C
V-VPOS(H)

i

ACCUMULATED SURFACE
IF (DELPHS.6T.0.0<EXP>0) C

POTSKLOC.l )-POTSI(LOC.I )»DELPH8
CARRIE(LOC.R)--CONC(LOC.H)-Q*OELCG

.NEUTRAL SUBSTRATE
NX-HP*1
IF (NX.LE.NYHAN) f

DO N-NX.HVHAX C
P0T8l(LOC.N)-O.O(EXP)0
CARRIE(LOC.N)—CONC(LOC.N)

J

DOHE
RETURN
EHD
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F.lt; IIHEHH Fll#, i,MEHH

*5«LL JWOCFN POT8l(LQC.H)-ALPHB-JW0PL-Vl*<HDPL-Y>
• IF HPIOOO CARRIE( LOCH )»0 0<EXP>0
ERR<>fVZ'0> IF (Y.LT H1HP) POTSI <LOC. H)»POTS I< LOC . M1*ALFA«( WIMP-V >♦< HIMP-V )
•EHDIF ]

SUBROUTINE IHEHH (LOC.KTYPE,TOX.PHIGB ) ELSE (

8 IH1TIALIZE l-D POTEHTIAL ARRAV IH EHHAHCEHEHT CHANNEL REGION CARr!e('L0C?H"«:C0NC?L0C.H)
•CALL TENA J '
•CALL TCONHH I

8 CALCULATE SOHE USEFUL QUANTITIES ' RETURH
C0X-EP8I02/T0X EHD
IF (KTYPE.EO.O) I 8 caaa of unlforn aubstrata

PHIBI-ANAXI(2.9(EXP)0«PHIB»VSB,0.0(EXP>0) 8 blt-in potential at vth
GANHA-GANNB/COX 8 affactlwa bodu-affact coaff
ALFA-ALPHB 8 affactlva dapl-rgn width coaff
VBC-0.0(EXP)0 8 knaa-voltaga of vsb
PHIC-0.0(EXP)0 8 built-in potential at vbc
HIRP-0.0(EXP)0 8 dapth of Inplant ragton
CIHP-0.0(EXP)0 8 cencantration of inplant
VIHP-0.0(EXP)0 8 shift in vth by inplant

1
EL8E ( 8 caaa of non-umforn substrott

PH1BI-AHAXI(PHI8*PN1F(KVVPE)«1.9(EXP)0*V9B,0.0(EXP>0>
GAHHA-GAHH(KTVPE)/COX
ALFA-ALPHA(KTVPE)
VBC -VBCRT(KTYPE)
PHIC-PHIHP(KTYPE)
IF (KTVPE.LE.2) (

WIHP-XJCT(KTYPE)
CIHP--CSTEP(KTYPE)
VIHP--0*CIHP/COX

1
ELSE I

HIHP-HSURF(I)
CIRP--CSURF(I)
VIHP--a*CIHP/COX

1
1
IF <V8B.LE.V8C)VTM-VF8»PNI8I♦CAM«A»SQRT(PH1BI)
ELBE VTH-VFB*PHIBI*VIHP«GAHHB*aQRT(AHAXI(PHlBI-PHIC.O.O(EXP>0))

8 HEAK IHVER8I0H CA8E
IF (PHICB.LE.VTH) I

IF (VBB.LE.VBC) I
G-GANHA
VGBEFF-PHIGt-VFI
DPHI-0.0(EXP>0
VTEFF-VT300K
IF (KTVPE.HE.O) t

DPHI-PNIF(KTTPE)-PHI8
VTEFF-VT300KaC8UB/(CIHP»C8UB)

1
EL8E C

G-GANHB
V6BEFF>PHI6B-VFB*PHIC
DPH!-0.0(EXP>0
VTEFF-VT300K*PHIC

)
G20N2-0.9(EXP)0«6«G
6QARG-ANAXI(VC8EFF»0.9(EXP)0*C20N2-DPH1-VTEFF,0 0<EXP)0)
PHI8-VCBEFF»G20H2-G«88RT(80ARC)

a
a 8TR0NG IHVER8IOH CASE

ELSE C
S8«:<FJI6N-VFB-PHIBI)»(PHIGB-VFB-PHIBI)/(CANNA*6AHHA«VT300K)
PHI8-PHIBI*VT300K«AL0G(ANAXt(ARG,l O(EXP)-IO))

8
8 A88ICH POTEHTIAL ARRAY —

POTSKLOC.D-PHIS kj
CARRIE(LOC.l)-0.0(EKP)0 ^
HDPL-80RT(PHIS/(ALPHB*ALPHA(KTYPE))) ^
IF (HDPL.GT.HIHP) HOPL-SORT( AHAXKPHIS-PHIC .0 . 0(EXP)0 )/ALPHB )
DO H-2.HVHAX I

V-YP08(H)
IF (Y.LT.HDPL) (
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Fllsi IIHEQU

•CALL THOEFH
•IF HPIOOO
EHA (XYZ.O)
•EHDIF

8UBN0UTIHE
a
a
8
• CALL
• CALL
8

IHEBU (N1.H2.NR.KN8G)

IOOO

LOAD POTENTIAL AHO CARRIER ARRAY8 FROH HI TO H2 A8 NR

TENA
TCOHNN

DATA UN/1.0(EXP)4/

IF (N1.HE.N2) 00 N-HI.H2I DO N-l.NYHAN (
POTSI (H.H)-POTSI (HR.N)
CARRIE(H.H)-CARRIE(NR.N)

ELSE 00 M-l.HYNAX I
POTSI(NI.N)-POTSKHR.H)
CARRIE(H1,H)-CARRIE(HR,H)

x'l-XPOUHD.UN *" MTCH
X2-XP08(N2)*UN •ENDIF
XR-XP08(NR)aUH
IF (KHS6.HE.0) HRITE (KOHSOL.IOOO) X1.N1.X2.N2.XR.HR
FORNATCEaual potantlal raglon batuaan '.*

FS.2.aun(a.I2.a> and '.FA.2.'un<'.12.' ) as '.FA.2."un('.12." )' ) »IF BATCH

DOHE
RETURH
EHD
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Filai IIHITL

•CALL THOEFH
•IF HPIOOO
EHA(XYZ.O)
•EHOIF

SUBNOUTINE 1HITL (KHSG)

8 INITIALIZE POTENTIAL DISTRIBUTION

•CALL TENA
•CALL TCONNH
8

DATA UN/1.0(EXP>4/. KYE8/2HV /

KPASS-1
8

• CHECK IF ENVOKE LOCAL ITERATION
KLITR-91
IF (RELAX!.EB.I) C

HRITE (KOHSOL.1030)
READ (KEVBRD.2000) KAN8HR

1041
•ENOIF

•IF BATCH

•EHDIF

HRITE (KOHSOL.2000) KAHSHR

IF (KANSHR.E0.KVE8) f
HRITE (KOHSOL.1040)
READ (KEVBRO.O KLITR

«RKT{«sroL',o4i>,cL,T"
HRITE (KOHBOL.I090)
READ (KEVBRD.2000) KAHSHR

HRITE (K0NS0L.2000) KAHSHR

If (KAHSHR.E0.KYE8) KIN8G0-1
ELBE KIN8G0-0

1030
1040
1090
2000
8

HSO-LOCX(XSO)
X8I-XP08(H80URC)«H8I
HSI-LOCX(XSI)

fi£oio1Sa4o?g«5rS?<",>> «*—•«♦•
HSI-HIHO(HSl.HORAIN-I)

ELSE I
X8I«XP08(H80URC>
X80-X81-H81
HSI-HSOUftC
HSO-LOCX(XSO)
H80-NAXO(H90.2)

" <xg§«p8s«o!!2?S?a,H5SP <«8<".E(I),.CT.,.0(EXP)0), I
HOO-LOCX(XDO)
X0I>XP08(HDRAIN>-H0I
HDI-LOCX(XDI)
IF (XOO.HE.XPOS(NDO)) HDO-HDO*!
HDO-HIHO(HDO.HXHAX-I)
MDI-HAX0(H01.H80URC«1)

EL8E I
XDI-XPOS(HDRAIH)
XDO-XDI+HDI
HD1-HDRAIH
HDO-LOCX(XDO)

j HDO-HINO(HDO.HXNAX-I)
XC-p.9(EXP)Oa(XP08(N8l)«XP08(H01))
HC-LOCX(XC)

I
I

r28B5JJ"l?v#!f#»loct5 Jlfrt%i°" <»o«"F7/Ho-f4) ? .-)
E2SS2I5I5t*rk tr9n ° Itaratlon <>??„•>
FORHAT(aConvarganea Infornatlon par grid (Vaa-f7/Ho-f8) ? _a)
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3000

Fllai IIHITL

NC-HAX0(HC.H8I)

INITIALIZE BOUNOARY PLAHE AT SOURCE EHD
CALL P08HI (I.KPA9S.KLITR.KHSG>

INITIALIZE NIDOLE CROSS-SECTIOH OF CHANNEL REGION IF EXISTSl

., <»§i"i?"Jlf> «Pf"pg8SMD?S2.0£p2if!g£S?S!SSU?° "'lH!§i ••"»
ELSE CALL POSHI (HO I,KPASS.KLITR.KHSC )

INITIALIZE BOUNOARY PLANE AT DRAIN EHD
CALL POSHI (HXHAX.KPASS.KLITR.KHSO

CALL INEOo'^NBoVkHSc" *M*r8 IM 8°««CE. ORAIN AHD CHANNEL REGIONS
iFL^D?E8y <n*»>*****-i-*****'****>

if. <N8! !!E"C) CALL IHEOU (HSt,HC-I. HC. KRSG)} IF (HOI.HE.NO CALL IHEOU (HC*I.HOI.HC.KHSG)

XDO-XPOS(HDO)*UH
XDI-XPOS(HDl)-UH
IF (KNSG.GT.O) HRITE (KOHSOL.3000) XDI.HOI.XDO.HDO
ELSE ? C*LL lHLtkl <MS0'HS1>

CALLmIHLAT (H80.NC)
HDI-HC

1
X80-XP0S(HS0)aUN
XSI-XP08(HSI)aUH
ln.iS9SfifTi0> «»ITE (KOHSOL.3000) XS0.H80.XSI.HS1
FORMAT CLataral daplatlen lauar batwaan '.FS.2."un('.12.

,FS.2.*uM'.I2.
and
)

a INITIALIZE OXIDE
CALL INOXD

8 DOHE
RETURH
EHD
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F i I* < 11 HI HI

•CALL THOEFH
♦IF HPIOOO
ERA (XYZ.O)
•EHOIF
a SUBROUTIHE IHLAT (HI.H2)
8 IHITIALIZE LATERAL DEPLETION RECI0H8

•CALL TEHA
•CALL TCOHHH
8

• DETERMINE POLARITV
P0TI-P0T3KH1.I)
P0T2-P0T8I(H2.1>
IF (P0T1.HE.P012) C

2P§:fl!8((XFOS(N2))-(XPOS(HI>))
( ALPHAX-HD8*HDS/AB8(P0TI-P0T2)
• ASSIGN THE POTEHTIAL

00 H-l.HVHAX I
POTI-POTSKNI.N)
P0T2-P0T8KN2.H)
X1-XP08(N1)
X2-XP08CN2)
XT0TL-A88(X2-XI)
IF (POTI.CT.P0T2) (

HL-HII HLI-HI+ll NR-N2)

1

1
1

XL-Xll POTL-POTIl P0TR-P0T2

EL8E (
HJ--H2I NL1-H2-II HR-Hll
XL-X2I P0TL-P0T2I POTR-POTI

¥2V?2S,,Ii*LFHAXa(POTL-POTR))

,F 'SSaSI^o^'xV)' B<"",n H-H4H0> '
IF (X.LT.HDY) C

£2I2!£Hi,l2"<,,OV-K>'<l»ov-*>'flLPHAX«POTR
CARRIE(H.H)-0.0(EXP>0

ELSE I
POTSI(N.R)-POTR
CARRIE(N.N )-CARRIE(NR.H)

ELSE FOR (N-NLII N>-NR|| N-H«RO> t
X-AB8<(XP08<N))-XL)
IF (X.LT.HDY) [

f:2I2!^i,,2T< I**"* >*< »DV-X )/ALPHAX*POTR
CARRIE(H.H)-D.O(EXP>0

ELBE I
P0T8I(H,R)-P0TR
CARRIE(N,N)-CARRIE(NR.N>

1

• EQUALPOTENTIAL
ELSE DO N-NI.N2I DO N-l.NYHAN I

£2IS!£M*N ^-potskne *n>
CARRIE(N.N)-CARRIE(N1.N)

8
8 DONE

RETURN
END
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HR1-H2-1I HD-I

HRI-HI+ll HD--I
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•CALL THOEFH
•IF HPIOOO
EHA (XYZ.O)
•ENOIF

SUBROUTINE 1HOXD

Filai IIHOXD

INITIALIZE OXIDE POTEHTIAL ARRAYS

•CALL TEHA
•CALL TCOHHH
a
8 UNDER GATE ELECTRODE

IF (HGATEO.HE.HGATEI) DO H-HCATEO.HGATEI t
PHI8-P0T8KN.I )
DELOXl-DELOX(H.l)
0EL0XT-0EL0XI*0EL0X(N,2)
POT0X(N,2)-VGB
POTOX(H.I)-(VGO-PHIS)«DELOXI/DELOXT*PH1S

1
8
8 OUTSIDE GATE CLECTRBBE

H60-HGATEO-1
HG1-HGATEI-I
HXNAX1-NXMAX-1
DO KK-1.2 I

IF (KK.EO.I) I HH1-2I
ELSE t
DO H-HHI.NN2 t

PNI8-P0T8KN.I)
DELOXI-DELOX(H.I)
DELOXT-DELOX1«DELOX(N.2)
POTOX1-C60XKH. I>a(PHIB*PHI8>
POTOX(H. D-POTOXI
P0T0X(H.2)-CS0XI(H.2)»P0T0XI

DOHE
RETURN
END
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HH2-HGO
NHI-HG1I HH2-NXHAXI

F i !• i IIHSAD

•CALL THOEFH
•IF HPIOOO
EHA(XYZ.O)
•EHDIF

SUBROUTIHE IH8AD (LOC.PHIBI)
8
8 IHITIALIZE POTEHTIAL ARRAY IN SOURCE AND/OR DRAIH
8
•CALL TEHA
•CALL TCOHHH
0
8 A88IGH POTENTIAL ARRAY BASED OH ABRUPT JUHCTIOH ASSUHPTIOH

H0EPL-8BRr(ANAXKPHIBI.0.0(EXP>O)/ALPHB)
DO H-l.HYRAX t

CONCX-COHC(LOC.N)
TPX-SI6N(t.0(EXP)0.C0HCX)
IF (TPX.HE.TVPE) I

P0T8I(L0C.H)-PHI81
CARRIE(LOC.H) —COHCX

1
ELSE I

V-YPOS(H)
IF (V.LT.UDEPL) I

POTSK LOC.R)•<HDEPL-Y)•(HDEPL-Y)*ALPNB
CARRIE(LOC,H)-0.0(EXP>0

1
ELSE C

POTSl(LOC.H)-0.0(EXP>0
CARRIE(LOC.N)--COHCX

1
1

1

DOHE
RETURH
EHD
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Fila: IINTCR

•CALL THOEFH
•IF HPIOOO
ENA (XYZ.O)
•ENDIF
8

SUBNOUTINE IHTGR (N.N.NBI.HB2.SUN )

B INTEGRATE COHDUCTIOH CARRIERS

•CALL TEHA
•CALL TCOHNN
8

• LOCATE UPPER BOUNDARY
HB1-N
TVPC-81GN(I.0(EXP)O,(CARRIE(N.H)))
"HILE ((NBI.GI.l).AND (TYPC.EQ TYPE)) t

HB1-H8I-1
} TVPC-BIGH(I.O(EXP)D.(CARRIE(H.HBI)))
IF (HBI.HE.H) RBI-HBI+I

• ||!1"b1TE UP T° TNE ZEi° CMi,ER f0INT
CARRO-CARRIE(N,RB2)
SUN-0.O(EXP)0
TYPC-8IGN(I 0(ENP)0.(CARRIE(N,H)))
»««LE ((HB2.LT.NYHAN).AHD!(TYPC.EO.TYPE)) I

If•«•*•• 2 • I

OLDCAR-CARRO
CARRO-CARRIE(H.HH2)
IXf.C:2I6,,<I0<E,»F>«»CARRA)
8UN-8UH*0.3(EXP)OaDELV(HB2-l)a(OLDCAN*CARR0)

.DONE
RETURN
EHD
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Flln LITERS

•CALL THOEFH
SUBROUTIHE ITER8 (PHI.PHI A.QOVRE.CDOPE.ABSTL,NITRB.KITR>

HEWTOH-RALPHSOH ITERATION AT A MESH POINT

CALL TCOHHH

STATEHEHT FUHCTIOH
ARGLH(X,Y)-SIGN(AHIH1(AB6(X).ABS(Y)).X)

H1TR8-I
KCO-1
REPEAT [

ARGP-ARGLR(-(PHI-PHIFP)/VT300K,B9.0(EXP)0)
0RGH-AR6LH( (PHI-PNIFN )/VT300K,83.0(EXP>0)
COHCP-C8UB*EXP(ARCP)
CONCH-CHIHRO*EXP(ARGH)
FVAL-PHI-PHIA-QOVRE*(CDOPE»COHCP-CONCH)
OVAL-I.0(EXP)0*OOVRE«(COHCP*COHCH)/VT300K
OELPHI-FVAL/DVAL
IF (ABS(DELPHI).GT.ABSTL) I

PHI-PHI-DELPHI
HITRB-HITRB*!
IF (HITR8.GE.K1TR) I

HITR8-HITR8-1
K60-0

1
1
ELSE KCO-0

1 UHTIL (K60.E0.0)

OOHE
COOPE-COHCP-COHCH
RETURH
EHD

•4A-
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Fllai ILABLH

*"U SUBROUTIHE LABLH (KGCB. KDCB, LABL. KFOHT .CHITE. TXTLEH .HFOHT)
GET LEHGTH AHD FORT COURT OF LABEL ARRAY 'LABL' OF SPEC 'KFOHT'
DIHEH8I0H KGCB(l).KDCB(l).LABL(l).KFOHT(l).HAHFHT(3).HUHBR(A)

Bar* HXFHT/2/. HVFHT/IO/. HSEC /O/.°M* HAHFNT/2HF0.2HHT.2H /. HOIIBg /2MI
ASPEC/0.7(EXP)0/. SLANT/0.0(EXP)O/.

,SS/?SS§/:2H4 .2H9 .2HA /.
SUP/O.79(EXP)0/

REBET P08ITI0H PHT'R
RESET EHD IHDEX
RESET FOHT COUHT
RESET OLD FOHT IHDEX

8 RESET TEXT LENGTH

GET CHAR'S COUHT
SET EHD INDEX IF ZERO

GET FONT IHDEX

CHANGE FONT

NS-i :
KENO-0 J
HFOHT-I ,

!SL?[E?h.0a2«!o.O«EXP»D)
REPEAT I

NP-(NFONT-1)ONXFNT*1 .
HC-KFOHT(NP) mmmm . !
IF (HC.EB.O) KEHD-1 •

EL9EKF-KFONT(NPtl) •
IKF-IABS(KF) §

IF (KF.LT.O) •CALL CBIZE (KGCB.CNITE«JBUP.A8PEC. SLANT.0)
CHANGE SIZE

CALL GLEN (KGCB. LABL. NS.HC.XT.VT.KDCB)

lf "aLl'cSIZE (KGCB.CNITE.ASPEC.SLANT.0)
TXTLEN-TXTLEN4XT
HS-H8*HC
HF0HT-HF0HT«1
KFOLD-IKF

1 UNTIL <<NF0NI.ST.NYFNT).0R<KEND.E8.1))

IF°(HF0HTNHe!«> CALL GFONT (KGCB.O.0.0.KDCB)
RETURN
EHD

I GET TEXT LEHGTH
8 RE8T0RE 8IZE

8 UPDATE LABEL LEHGTH
8 UPDATE POIHTER
a UPDATE FOHT IHDEX
8 UPDATE FOHT IHDEX

8 CLOSE FOHT FILE

•47-

Fila: ILABHR

•CALL THOEFH
SUBROUTIHE LABHR (KGCB,KDCB.LABL,KFOHT,CHITE,HFOHT.XOFF.VOFF)

HRITE OUT LABEL ARRAY LABL HITH SPEC IH 'KFOHT' UP TO 'HFOHT' FOHTS

DIMENSION KGCB(1 ).KDCB(l),LABL(l).KFONT(I ).HAHFHT(3).HUHBR(A)

NCR/2HGC/.A
2H3 ,2H4 ,2H9 .2HA
8UP/0.79(EXP>0/

/.
OATA HXFHT/2/. HVFHT/IO/. HSEC /O/.

HAHFHT/2HF0.2HHT.2H /. HUNBR/2H1 .2H2
ASPEC/0.7(EXP>0/. SLANT/0.0(EXP>0/.

XOFO-XOFF/3.0(EXP>0
VOFO-V0FF/3.0(EXP)O
NFOLD-0
HS-I
DO K-l.HFOHT I

KK-(K-1)*HXFHT*1
HC-KFOHT(KK)
KF-KFOHT(KK«l>
IKF-IAB8(HOD(KF.10>)
IF ( IKF.HE.HFOLO) C

HAHFHT(3)-N0HBR(IKF>

8 RESET OLD FOHT IHDEX
8 RE9ET POIHTER

1
IF

8 GET CHARACTER COUHT
8 GET FOHT FLAG

8 GET FOHT INDEX
8 CHECK IF CHAHGE FOHT
8 GET FOHT FILE HAHE

8 GET HEH FOHTCALL GFOHT (KGCB.HANFNT,HSEC,HCR.KDCB)

(KF.LT.O) f B CHECK IF CHAHGE SIZE
CALL CSIZE (KGCB.CHITE«8UP.ASPEC.SLANT.0) 8 CHAHCE SIZE
CALL HHERE (KCCB.XP.YP) 8 GET CURREHT LOC
IF (1AB8(KF).LT.10) CALL NOVE (KGCB,XP»XOFF,VPtYOFF) 8 OFFSET
EL8E CALL NOVE (KGCB.XP-XOFO.VP-VOFO) 8 OFFSET

CALL GTEXT (KGCB.LABL,H8.HC.KDCB) 8 OUTPUT TEXT
IF (KF.LT.O) f 8 CHECK IF RESTORE SIZE

CALL CSIZE (KGCB.CHITE.A8PEC.SLANT.0) 8 RESTORE SIZE
CALL HHERE (KCCB.XP.YP) B GET CURRENT LOC
IF (lABS(KF).LT.IO) CALL NOVE (K6CB.XP-X0FF.VP-YOFF) 8 RE8T0RE
ELSE CALL NOVE (KCCB.XP*X0F0.YP*VQFO) 8 RESTORE

NS-N8*HC 0 UPDATE POIHTER
HFOLO-IKF B UPDATE OLD FOHT IHDEX

CALL GFOHT (KGCB.0.0.0.KDCB)
RETURH
EHD

B CLOSE FOHT FILE

•48-
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Fl ILOCXV

•CALL THOEFH
•IF HPIOOO
EHA (XYZ.O)
•EHDIF

§ IHTEGER FUHCTIOH LOCK (X)
8 GET X-LOCATIOH INDEX

•CALL TENA
•CALL TCOHHH

LOCX-1
XP-XPOS(LOCX)

MM,LlEocx.*lScTx?P> mo <lo" lt•"»••«» <
t XP-XPOS(LOCX)
IF ((LOCX.HE.I).AHD.(X.LT.XP)) LOCX-LOCX-I

.DOME
RETURH
EHO
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Filai ILOCXV

•IF HPIOOO
EHA (XYZ.O)
•EHOIF

IHTEGER FUHCTIOH LOCY (Y)
8
8
8
• CALL
• CALL
a

GET V-LOCATIOH IHDEX

TEHA
TCOHHH

LOCY-1
VP-VPOS(LOCV)

MMILLOCV-LOCVJl **M°•<L0CY Ll•*****> >«
VP-VP08(L0CV)

IF ((LOCV.RE.I).AHO.(V.LT.VP)) LOCV-LOCV-I

DOHE
RETURH
EHO

•90-
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Filai ILUHIT

•CALL THOEFH
IHTEGER FUHCTIOH LUHIT (XO.X1 )

GET THE POHER OF 10 OF (XO.XI) IH ENGINEERING UNIT

DIMENSION PARS(2). K0RDR(2). LBUF(2)

8 LOAD IHPUT IHTO ARRAY

1000

2000

PAR8(1)-AB8(X0)
PARS(2)-AB8(XI)
DO K-l.2 (

KOROR(K)-0
IF (PAR6(K).HE.0.0(EXP)0) (

0R0R-AL0GT(PAR8(K)) 8 TAKE LOG!
CALL CODEI HRITE (LBUF.IOOO) ORDR
FORHAT (F4.0)
CALL CODE! READ (LBUF.2000) KORDR(K)
FORHAT ( 14)

)
KORDRIK )-3*(KORDR(K)/3)

LUHIT-HAXO(KORDR(I).K0RDR(2))
RETURN
END
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8 LOOP THROUGH INPUTS
8 RESET ORDER

8 KEEP INEIEGER PART ONLY

8 TNAN8F0RH BACK

B IN UNIT OF THREE

8 TAKE THE HAXIHUH

Filas IHESSG

CALL THOEFH
IF HPIOOO
NA (XYZ.O)
EHDIF

SUBROUTIHE HE8SG (KAH6HR.KFLAG)

OISPLAV HE8SGES OH COHSOLE

•CALL TEHA
•CALL TCOHHH
8

t OIHEHSIOH «8GRAD(3).H8G0XD(3).H8GP08(B).HS6HXT(8).HSC8IZ(B).H8GT0P(B>
EQUIVALENCE (HAHY.KVE9)
0fiTfl SUZHKli' *,*.**,'*,** /'MAHV/2HV /,"

HSCAAD/2HCr.2Had.2Had/.HSC0XD/2H0x.2Hid.2H> /.»
R8GP08/2HPe.2Hsl.2Htl.2Hon.2H aV2Hrr;2Hau;2H / -
HSGSlZ/2HHa.2Hsh.2H i.JHlx 2Hi 2H r 2Hra 2Hui/«
HSCHXT/2HHa.2NMt.2H t.2Ho 2Hsi 2HII 2Hc2 2Hn / *

•IF HP2A4BA P/2H°B'aM %'2"°f2* ••i**'**"*'™*.****//
>£MDiFDATA KESC/033./
•IF (BATCH

•EHDIF"1* "E"'""'
GET MESSAGE INDEX
KH8SC-IAB8(KFLAG)

PREPARE THE TERRINAL

•IF HP2A4BA

IOOO FOR"""2"" *-••*" <""80L.I0O0> (KE8C.K-j.l9)INAT (RI.'h'.Rj.'J'
IIX.Rl»a8d0 THI8T '.Rl.'IdS"

?!i Sf,,!"•..8i,"*dJr«n8iftoraa.-
II X.SJ1 > td*

/./.RI.al'.*
Rl.atf7k2a3LVa*a.*
Rl.atfBk2a2LNoa/)

CHECK PROFILE
IF (KH88G.E8.2) I

HRITE (KOHSOL.3000) KBELL

NOHE CURSOR
CLEAR SCREEN
OISPLAV LOGO

Nona cursor, clsar dlaplau
undarllna progran nana w
vara ion and data

h*If"br,BB* inwarsa vadlo
undarllna kau charactara

•ENOIF
0
8

000

FORNAK Al )

HRITE (KOHSOL.2000) KAHSHR

8 and of logo
8 lock display nanoru
8 daflna f7-Vss
8 daflna fB-Ho

000
IF BATCH

•EHOIF
1

8 CHECK HE8H
IF (KH88C.EB.3) (

HRITE (K0N80L.4000)
FORNAK'Chack tha naah (Yaa-f7/Ho-f8) 7 •)
REAO (KEVBRD.2000) KAH8HR " '

4000

•IF BATCH

•EHOIF
HRITE (KOHSOL,2000) KAH8HR

IF (KAHSHR.EO.KVES) I
E81E0X-EP81/EP8I02

HXHiIhxHAX??' *° *"1'21 m0K<H'»>-»Et0X(H.H)»E81E0X
HVHI-HYHAX-I
HRITE (KOHSOL.4010) <«8«00T.;K-1. 3).(N8GRAD( K).K- 1. 3). HARK. *
HRITE (K0HS0L.4020) SfiUMtfH

(DELX(K).K-|.HXH1 )
HRITE (KOHSOL.4010) (HSGDOT.K-1.3 ).(H8CRA0(K).K-1.3).HAHY.-
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4010
4020

)
I

Filai IHESSC

•till C««t.l.40,0, j«KJ«
HRITE (KOHSOL.4010) {"Mof/i^
WRITE (KOH.OL,4020,5i§g8^
F0»H*r<**9 is •• . <0!L2xS*f'2>'K-l'NXNAX)
FSSSJJItSJi 5;v:(i??5h2^(r,,?2fo ;,•"••'•'.<.•« 2.7opeio 2)>>
E0XE8I-EP8I02/EP8I ' Z,M
DO N-l,HXNAXl DO H-1,21 OELOX(N.N )-DELOX(N.H)*EOXESI

- ?FAV(EKHS5gTES*5?T"8
«a«* HRITE (KOHSOL.9000)

." «,c. ""'"""'•"••'SKI.'KSSIS'" <"••«"'«••»> t
•EHDIF "IIE <K0"8°L.2000) KAHSHR

1

s ?FHEf^iSG^sTsl^^,,o,,
o*— HRITE (KOHSOL.8000)

•EHDIF "",fE <lto,,8«L.20OO) KAHSHR

1

•'iF HpS?4«" °l,P",r "EM"
8900 FSRH^fSlJJ.V M,ff <""8"'"00) KESC
•ENDIF
8

• CHECK OUTPUT LOOP
IF (KHS8G.EB.9) t

..«.> HRITE (KOHSOL.9900)

•'f .atch «02^^^/E;8s^5;;or«•K5HRr•••F^"••F•> • -•>
•EHDIF "IIE <*0"98'-.aDDO) KANSHR

1
8

S DOHE
RETURH
EHO
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•CALL THOEFH
•IF HPIOOO
ENA (XYZ.O)
•EHOIF

FUHCTI

Filsi 80UT0A

OH OUTDA (KX.KY.KDISP.KSIGH.KFELD)

LOAD DATA

•CALL TEHA
•CALL TCOHHH

IF (KD
IF (KD
IF (KD
IF (KO

IF

IF

IF
IF
IF
IF

RETURN
EHO

I8P.EQ.I)
I8P.E0.4)
I8P.E0.2)
I9P.EQ.3)
(KFELD.HE
IF ((KX.

OELT
XFLD

1
ELSE t

IF (
ELSE

(KFELD.HE
IF ((KV.

DELT
VFLD

ELSE I
IF (
ELSE

I
(KFELD.ER
(KFELD.EO
(KFELD.EQ
(KFELD.EB

„ OUTDA-COHC(KX.KV)
I OOTDA-POTSI(KX.KY)l| OUTDA-CARRIE(KX.KV)l
2)

HE.I).AHD.(KX.HE.HXHAX)) I
A-XPOS(KX«I)-XP08(KX-I)
--(P0T8I(KX»I.KV)-P0T81(KX-1.KV))/DELTA

IF (K8IGH.E0
IF (K8IGH.EQ

I ) OUTDA--OUTDA
1 ) OUTDA--OUTDA

KX.EQ.I) KFLD-~(P0TS1(2.KV) -P0T8K I. KV ) ) /DELX(l)
XFID--(P0TS1(KX.KV)-P0T8KKX-1,KY))/DELX(KX-1)

.1)

8Eii2iA,,ft <KV NE.NVHAX)) I
A-VP0S(KY*I)-YP09(KY-|)
—(P0T3I(KX.KY»I)-P0T8I(KX,KV-I))/DELTA

KY.EB.l) VfL0--(P0T81(KX.2) -P0T8KKX,I ) ) /DELY(1 )
YFLD--(P0TSI(KX.KV>-P0T8I(KX.KY-l ))/DELY<KY-l )

.1) OUTDA-XFLD

.2) OUTDA-YFLD

.3) 0UTDA-ABS(XFL0/YFLO)

.4) OUTDA-SORT(XFLD*XFLD»VFLD*YFLO)
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Fllai tOUTGP

•CALL THOEFH
•IF HPIOOO
EHA(XYZ.O)
•EHDIF
a SUBROUTINE OOTCP (K6RPH.KDISP. KSIGH.KFELD )
0 GET GRAPHICS OUTPUT INFO'S

KDI8P

K6RPN

OUTPUT FLAG
0 -> SAVE IHPUT
1 -) DOPIHG PROFILE
2 -> CARRIER
3 -> FIELD
4 -) POTEHTIAL

GRAPHISC OUTPUT FLAG
> EHO OF OUTPUT

8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
I
8
8
8
8
8
8
8
8
8
8
8
8
8
•CALL TEHA
•CALL TCONNO

-> a-D
>

->
2-D. CARRIER DEH8ITY
3-D GRAPHICS DISPLAYi Z()

• Z(N.I)-X. Z(H,2)-Y

KL
KF
KFOHTX(I.K)
KFOHTV(I.K)
KFOHTZ(I.K)

-> COHTOUR PLOT OF POTEHTIAL

IHDEX OF LABI WORD
INDEX QF LAST FONT

DATA

! 2E CHMACTEAS IN FONT KF0NTN(2.K)
! 2f £fl?!flCTEBS IN FONT KF0HTV(2,K)
8 OF CHARACTERS IH FOHT KF0HTZ(2,K)

2-0 PLOTi

!!?i:""i «?,?.,6.5f«,?S.fl"SJcf,,8ii!,,.t. ....,...
i...-S5!' ?§!,.'!.{"S.S2?'tfIf?i0f ""• """» "«
511: Hi «8!i.!ef.!J??."s",°" <"'" """•'

3-D PLOTi
(HXI.HX2) IHDEX OF
(HVI.NY2) IHDEX OF
(XI. X2)
(VI
(Zl

V2)
22)

X LIMITS
V LIMITS
Z LIMITS

LIMITS
UNITS

DIMENSION LBUF<4A)

S2J2 IVttilll/' SiS!""! '• ••••u/mDATA HUN/4/ "ORAH/3/. KHATH/9/.

HRITE (K0H80L.SDI0)
•IF BATCH <«*0W.a»O0) KAHSHR
.c».ry*ITE <K0N80l.80O0) KAHSHR
•ENDIF

•0,° ? '̂,?^JH;H8?E;eH!S,<.r•••fF/,,o•r•, -•>
KLOG-l

/. KVE8/2HY /
NFONT/IO/. LUPLTR/9/

8 SET LOG FLAG

1
ELBE KLOC-0
IF (IA8S(KGRPH).E8.2) f

WRITE (K0NS0L;i0l9)
READ (KEVBRD.2000) KAHSHR

•IF BATCH

•EHDIF
4013

!£ 5flSi-S*S5f5£Jf J Ua*L06"""<zi))is ilVUmUVfMW 2a-AL06T(ABS(Z2)>IF (ZI.GE.Z2) I T-Zll ZI-Z2I Z2-T ]
8 LOG OF Z LIMITS

8 HAKE Z LIMITS VALID

HRITE (KOHSOL.8019) KAHSHR

S5?J}5;{i;r,,p>0/<Z(,,"'i,-",i,ci'i>»
H8T0P-HX2-I

z?Hxi!!iT>2i'S^8PU2<H',>"<st<M'l>"2<N,,l'l>>#00,lftlM
Z(HX2.l)-i;0(EXP)0
XI-0 O(EXP)0
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Filai tOUTGP

X2-1.0(EXP)0

ELSE KNELC-0
1
ELSE KRELC-0
HRITE (KOHSOL.8000)

•IF BATCH0 <rEY8R0»2*06) KAM8BR
.tllR.eu«ITE (KOHSOL.2000) KAHSHR
•EHDIF
2000 FORHAT(AI)
8000 FORNAT('On tha consols (Vas-f7/Ho-f8) 7

IF (KAHSHR.EB.KVES) LU-KOHSOL
ELBE LU-LUPLTRIF (KGRPH.EO.l) I «••"••••«

HRITE (KOHSOL.A020) HAHX
REAO (KEYBRO.a) NX

•IF BATCH

S02I
•EHOIF

•IF BATCH

•ENOIF
6020

•IF BATCH

A03I
•EHOIF
S030

•IF BATCH

•EHOIF
8040

«{SS,5H!!,,,••",,,""

wr5K«st:Jt"*:?"'
HRITE (K0NS0L.S021) NY

5?»^IJi;888ocr^^l3«,Bt, ,n ••••
READ (KEYBRD.*) TILT

niihunwi?jn tilt

READ (KEYBRO.a) ROTAT

HRITE (KOHSOL.A031) ROTAT

?2i?iTiI,SitH°S-«,,ll» <»)ograo) i „•)

IF (ZZ.HE.O.O(EXP>0> Z(KX.KV)-ALOGT(ZZ)

8 GET DEVICE LU

8 CASE OF 3-D PLOT
8 HUHBER OF POINTS

-dlraction 7 -')
8 TILTIHC AHGLE

7010

1
1

,u,f|!.a?n«i!*H,M "•"» •
j IF (ZZ.HE.O.O(EKP)O) 2(K.2 )-ALOCT(ZZ>

PREPARE LABLES

IF (KL06.EB.0) t
LUNTZ-LUMIT(ZI,Z2)
IF (LUNTZ.HE.t) I

ZUHIT-IO 0(EXP>0»»(-LUHTZ)
Zl-ZlaZUNIT
Z2-ZaaZUNIT

Kl{;|l,H>i,i;n!,(a,,K9]t|.H|:*i;n;
IT-LUHTZ
If (IT.LT.O)
HHILE (IT.HE

1
ELSE ITEH-0

ITEH-ITEHM
0) t ITEM-ITEM*!! IT-IT/10

ELSE ITEH-0
KL-0
KF-I
KF0HTZ(1.I)>0
•fF0HTZ(2.l)-KR0HAH
IF (KDI8P.EB.1) I

SStt^S0?81* VRITE <LBUF.70I0)
FORHAT (-Doping Cone. (a)

)
IF (K01SP.E8.2) f

IF <<«?'CM.EQ.l).aND.<KCRPH.LT.O)) |
CALL CODEI HRITE (LBUF,7021)
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8 ROTATIHG AHGLE

C 8 LOC OF DATA

8 CA8E OF 2-0 PLOT

S IF HOT LOG SCALE
8 GET POHER OF TEH'S

. ..!,2EI SCALER
8 SCALE 2

.2)«ZUH1T 8 2-D
KV)-Z(KX.KV)«ZUHIT 8 3-D
8 GET DIGIT COUHT

8 RESET SCALER

8 IHITIALIZE FOHT
U)

8 LABEL OF DOPIHG COHC.

8 LABEL OF ELEC. DEHS.



7021

7022

7023

7024

7031

7032

7033

7034

7041

7042

8091

8092

8093

Fllai tOUTGP

FORHAT CEIactron Dans •ty (*>
LAB-9

1
IF ((K9IGH.Ea.2).AHO.(KGRPH.LT.O)) I

CALL COOEl HRITE (LBUF,7022)
FORHAT CHola Oanaity (')
LAB-7

IF ((KSI6H.EB.I).AHD.(KGRPH.GT.O)) (
CALL COOEl HRITE (LBUF.7023)
FORHAT CEIsctron Cone. C)
LAB-B

1
IF ((K8IGN.E0.2).AND.(KGRPH.GT.O)) (

CALL COOEl HRITE (LBUF,7024)
FORHAT CHola Cone. C )
LAB-4

1
1
IF (K0I8P.E0.3) I

IF (KFELD.EO.I) I
CALL CODEI HRITE (LBUF.7031)
FORHAT <
LAB-S

X-Flald C)

I
IF (KFELD.EB.2) C

CALL CODEI HRITE (LBUF.7032)
FORHAT CV-Fllad C)
LAB-9

)
IF (KFELB.EB.3) (

CALL CBBEl HRITE (LBUF.7033)
FORHAT CX/V Flsld Ratio')
LAB-B

)
IF (KFELD.EB.4) I

CALL COOEl HRITE (LBUF.7034)
FORHAT CFlald Hgn . (' )
LAB-S

1
1
IF (KDI8P.E8.4) [

IF (KBIGN.Ei.l) I
CALL COBEI HRITE (LBUF.7041)
FORHAT CEIac. Patantlal (•)
LAB-9

1
ELBE I

CALL CBBEl HRITE (LBUF.7042)
FORHAT CPotantial C)
LAS-A

1
1
DO K-l.LABI LABLZ(K»KL)-LBUF(K)
KL-KLUAB
KF0HTZ(1,KF)-KF0HTZ(I.KF)*LAB*2
IF ((KDISP.EB.3).AHD.(KFELD.E0.3)) I

IF (ITER.HE.0) f
IF (1TEH.EB.I) I

CALL CODEI HRITE (LBUF.8031) LUHTZ
FORHAT (" (»IO_'.ll.a .)')
LAB-9

I
IF (ITEM EQ.2> I

CALL CODEI HRITE (LBUF.8092) LUHTZ
FORHAT <" (Kl0_'.l2, "_)')
LAB-9

I
IF

1
KFOHTZ(I.KF)-KFOHTZ(1. KF)*A
KFOHTZU.KF*! )-LAS*2-4-l
KF0HTZ(2.KF*I)--KROHAH
KFOHTZ( I.KF*2)-I
KF0NTZ(2.KF«2)-KR0HAH
KF-KF*2

(ITER.ES.3) t
CALL CODEI HRITE (LBUF.B093) LUHTZ
FORHAT C (xl0.a.I3.a -)a>
LAB-4
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• LABEL OF HOLE DENS

8 LABEL OF ELEC. COHC

8 LABEL OF HOLE COHC

8 LABEL OF X-F1EL0

8 LABEL OF Y-FIELD

8 LABEL OF X/V RATIO

8 LABEL OF FIELD HCH.

8 LABEL OF ELEC. POT'L

8 LABEL OF POTEHTIAL

8 LOAD Z LABEL
8 UPDATE HORD COUHT
8 UPDATE FOHT
0 CASE OF FIELD RATIO
8 ADO SCALIHC UHIT
8 OF OHE DIGIT

0 OF THO DIGITS

S OF THREE DIGITS

8 UPDATE FOHT
0 CHAHGE SIZE

8 RESTORE SIZE

8 UPDATE FOHT IHDEX

8001

8002

8003

8010
8020

8030

8040

a
8 EHD
8

9009

9010

Fllai lOUTCP

ELSE (
IF (ITER.HE.0) (

IF (ITEN.EO.l) I
CALL CODEI HRITE <LRUF,800I) LUHTZ
FORHAT CxIO.'.U.'.')
LAB-3

I
IF (ITEN.E0.2) I

CALL COOEJ HRITE (LBUF.8002) LUHTZ
FORHAT CxI0.a.I2." _')
LAB-4

IF (ITEH.GT.2) I
CALL CODEI HRITE (LBUF.8003) LUHTZ
FORHAT CxIO.'.IS. ".')
LAB-4

KFOHTZ(1,KF)-KF0NTZ(l,KF)«4
KFOHTZ(I.KF*I)-LAB*2-4
KF0HTZ(2,KF*I)--KROHAH
KFOHTZ( l,KF*2)-0
KFQHTZ(2.KF*2)-KR0HAH
KF-KF*2
DO K-l.LABI LABLZ(K*KL>-LBUF(K)
KL-KLUAB

1

IF ((KDISP.EQ.l).OR.(KDISP EB.2)) (
IF (KGRPH.GT.O) I CALL CODEl HRITE (LBUF.8010) 1
ELSE ( CALL COOEl HRITE (LBUF,8020) )
FORHAT (' Cn.-S.)')
FORHAT C C*.-2.)a)
LAB-4
KF0HTZ(1.KF)-KF0NTZ(1.KF)*4 8
KFOHTZ(t.KFtl )-LAB*2-4-l 8
KF0HTZ(2.KF*1)--KROHAH
KF0HTZ(I.KF*2)-1 8
KF0HTZ(2.KF+2)-KROHAH
KF-KF+2 8

I
IF (KDISP.E8.3) I

CALL CODEI HRITE (LBUF.8030)
FORHAT C Volta/Cn)')
LAB-9
KFOHTZ(I.KF)-KFONTZ(l.KF)*2*LA0

1
IF (KDISP.E0.4) C

CALL COOEl HRITE (LBUF.B040)
FORHAT C Volts) ')
LAB-4
KFOHTZ(1,KF)-KF0NTZ(l.KF)»LAB«2

DO K-l,LABI LABLZ(K»KL)-LBUF(K)
KL-KL*LAB
IF (KF.LT.HFOHT) I KFOHTZ(I.KF+1)-0l KF0HTZ(2.KF«t>-0 I

OF Z-LABEL AHD BEGIHHIHG OF X-LABEL

IF (KRELC.EO.l) C
ior
e

CALL CODEI HRITE (LABLX.9009)
HarnalizadFORHAT

KL-A
)

ADD LABEL OF SCALE
OF OHE DIGIT

8 OF THO DIGITS

8 AT HOST. THREE DIGITS

UPDATE FOHT
CHAHGE SIZE

8 RESTORE 8IZE

UPOATE FOHT IHOEX
LOAD THE LABEL
UPDATE WORD INDEX

8 ADO LABEL OF UHIT

UPDATE FOHT
CHAHGE SIZE

RESTORE SIZE

UPOATE FOHT IHDEX

0 UPDATE FOHT

0 UPDATE FOHT

LOAD Z LABEL
UPDATE WORD IHDEX

ELSE KL-0
KF0HTX(I.I)-2*KL
KF0NTX(2.I)-KR0HAH
IF (KGRPH.HE.3) ( CALL CODEI
EL8E C CALL CODEl
FORHAT (Al.a („*-n)a)
DO K-l.LABI LABLX(K*KL)-LBUF(K)
IF (KRELC.EB.O) I

KFOHTXd.D-KFOHTXd.l >*4
KFOHTX(l.2)-2
KF0HTX(2»2)-KHATH
KFONTX(1.3)-2
KF0NTX(2.3)-KR0HAH
KFOHTX(l,4)-0

1
ELSE (

8 X-LABELHRITE (LBUF,9010) HY2l LAB-4 I
HRITE (LBUF.9010) HANXJ LAB-4 1

S SET HORD IHDEN
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SET FONT
CHANGE FOHT

RESTORE FOHT

EHD OF X-LABEL



9013

Fllai tOUTGP

KFOHTX(l.l)-KFOHTX( 1,1 )♦!
KFOHTX(l.2)-0

I
IF (KGRPH.HE.3) I

IF (KCRPH.LT.O) KFOHTV(I.I)-0

EL8ECALL CODEI HRITE (LABLY,90I9) HYI.YI
FORHAT (Al.a • a.F4 2.a.n.n')
KL-7
KFOHTV( I.I )-U
KF0HTV(2,I)-KSTICK
KF0HTV(1.2)-2
KF0HTV(2.2)-KHATH
KF0HTV(I.3)-1
KF0HTV(2.3)-K8TICK
KF0HTV(I.4)-0

1
1

CALL COOEl HRITE (LABLY.90I0) NANV
KL-9
KFONTV( I.D-14
KF0HTV(2.1)-KR0NAN
KF0HTV(l.2)-2
KF0HTV(2.2)-KHATN
KF0HTV(1.3)-2
KF0NTV(2.3)-KR0HAH
KF0HTV(l.4)-0

1

DOHE
RETURN
EHD
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0 Y-LABEL

B SET FOHT

8 CHAHGE FOHT

8 RESTORE FOHT

8 EHD OF Y-LA8EL

Filai lOUTPI

•CALL THOEFH
•IF HPIOOO
NA( XYZ.O)
EHOIF

SUBROUTIHE OUTPI (KOUHT.KFLAG)

PREPARE DISPLAY DATA AHD PR0CE8S HOH-GRAPHICS OUTPUT

KOUHT
KFLAG

KDI8P

OUTPUT LOOP KOUHT
OUTPUT REBUE8TIHG FLAG
- -> OUESTIOH AHD AH8HER IH ROOT
0 -) SAVE IHPUT
1 -> OUTPUT AFTER OOPIHG PROFILE GEHERATEO
4 -> POTEHTIAL

DISPLAY FLAG
0 -> SAVE IHPUT
1 -> DOPIHG PROFILE
2 -) CARRIER
3 -> FIELO
4 -> POTEHTIAL

KTRGT - DISPLAY TARGET FLAG
I -) 2-D PLOT
a -> 3-0 PLOT
3 -> 018C FILE
4 -> PRINT

KGRPH - GRAPHI8C OUTPUT FLAG
0 -> EHO OF OUTPUT
a -) a-0 I Z(H.1)-X, Z(H.2)-Y
3 -> 3-D GRAPHICS DISPLAVi 2(HX.HY)-DATA
4 -> CONTOUR PLOT OF POTENTIAL

2-D PLOT I
(NX1.HX2) INDEX OF POSITION ARRAY Z(R.I)
(NVI. > SET TO NAHE OF CROSS 8ECTI0H. IE. 'X' OR "V
( .HY2) SET TO THE COHPLEHEHT OF CR0S8 SECTIOH HANE
(XI. X2) POSITION ANRAY L1NITS
(VI. V2> CR08S SECTIOH POSITIOH (SET TO EQUAL)
(Zt. Z2) FUHTIOH LIHIT8

3-0 PLOT!
(HXI.NX2) INDEX OF
(HV1.NV2) INDEX OF
(XI. X2) X LINITS
(VI. V2) V LINITS
(Zl. Z2) Z LINITS

LINITS
LINITS

CALL TEHA
CALL TCOHHO

DIHEH8I0N XPRHK7). VPRNT(B). LBUF(40)
DIMENSION NHHFLD(4>.HAHD8P(4).HAHT6T(4)

EOUIVALENCE (KVE6.NANY)

DATA KYE8/2NV /. K8TAR/2H»«/.*
HAHDSP/2ND .2HC ,2HF .2HP /.*
HANTGT/2H2 .2H3 .2H8 .2HP /,*
HAHFL0/2HX .2HY .2HR .2HN /

DATA HDSP/4/. NTGT/4/. NFLO/4/
DATA UH/I.0(EXP>4/. HAHX/2HX /

BUE8TI0H/ANSHER OR SAVE INPUT
IF (KFLAG.LTD) CALL HE886 (KOUNT.KFLAG)
ELSE IF (KFLAG.EDO) CALL SAVIN
ELSE I

RESET INDICES
K0ISP-KFLA6
KCRPH-0

SAVE COHHOH BLOCK
IF (KOUHT.EB.I) I

HRITE (KOHSOL.9000)
9000 FORNATCSava connon blocks ( Vas-f 7/No-f A ) 7

READ (KEYBR0.2000) KAHSHR
IF (KAH6HR.E0.KYES) CALL HCOHH

1

LSI

•40-



Fllai lOUTPI

0 CHECK HHICH OUTPUT

•IF HP2448AF <(K0U,,T "E '> *N0 <*FLAC .NE I>) I
CALL 8KEVD

•EHDIF

IOIO

2000
•IF BATCH

•EHOIF

I

UNITE (KOHSOL.IOIO)
FORHATCHhlch ona ',*

, .„„ !J2°P1?0 concantration/fl),
/.10X.'(Field distribution /f3).

READ (KEVBRD.2000) KAHSHR
FORHAT(AI)

HRITE (KOHSOL.2000) KAHSHR

KOISP-I

MHUKDI8p2kDI6P*I l,*'l08P(,C0I8P>) *H° iMt*' LT "«>8F>>

(Carrlar d latrI but Ion/f2 ).
(Potantial proflla /f4).

• CME" l,?2£!Lf.,I'-D CONPOHEHT
•IF HP244.AF <"'"»'> *

CALL SKEVF
•EHDIF

3020

•IF BATCH

•EHOIF

gMTEJ KOHSOL. 3020)
FORHATCX-conponsntdl ). V-conponant( f 2). a.«
READ (KEvS^rSSo'oVH^sSS »••"•*•'•"•» 7 _a,
HRITE (KOHSOL.2000) KAHSHR

KFELD-I

*MliKFELo2KFELD"l M"FL0< "FELD )).AHD. (KFELO.LT.HFLO>>

liF wiiH. **"* 0,,PtM
• EHOIF "Lt "f"
10.3 HiKi'm!..1!!!'...

/'lDN.a<Bava In FHGR flla /f3>.
READ (KEVBRD.2000) KAH8HR

7 .')

(3-dlneasisnal plots/f2).'A
(Print tha nunbsrs /f4). 7 .')

•IF HATCH

•ENOIF

2-D

2010

•IF BATCH

•EHOIF

2030

HRITE (K0NB0L.2000) KAHSHR

KTRGT-HTGT
HHILE ((KAHSHR.HE.NANTCT<KTACT>).AND.(KTR6T.CT.I>) KTRGT-KTRGT-1
GRAPHICS DISPLAY
IF (KTR6T.EB.I) I

IF (K0I8P.E8.2) I
HI!!.JKOHSOt.aOID)
xg:sATi;i?Sx&rsoSss usiSur" <*•••""•«»•<•>*-
HRITE (KOHSOL.3000) KAHSHR

till1 <KOHSOL.3020)

KGRPH--2
KSIGN-I
MXI-HSOURCl HX2-HDRAIH
HYI-OI HV2-HAHX
XI-Z(HXl.l)! X2-Z(HX2,|>

} VI-O.O(EXP)0l V2-0.0(EXP>0
ELSE KGRPH-99

1
IF (KOISP.EO.A) I

HRITE (KOHSOL.2030)
FORNAT(:Contour/Rlot of .,„., pot.ntl.l Una. '.
BEAD (KEYBRD.2000) KAHSHR
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8 CARRIER PER UHIT AREA

>

8 GET Z LIMIT!

a SET OUTPUT PARAMETERS

8 EQUAL POTEHTIAL COHTOUR

•IF BATCH

•EHDIF

Filsi lOUTPI

HRITE (KOHSOL.2000) KAHSHR

IF (KAHSHR EB.KYES) KGRPH-4

NOT

3010

•IF BATCH

•ENDIF

2-D GRAPHICS
IF (KGRPH.EO.O) (

,F <hS?{?P(kEo8hs2o,l?56,5?,8P Ea 4>> c
JE02S"TJK??B«:2S80t)OKSHs5JrOB "•••'""""> '
HRITE (KOHSOL,2000) KAHSHR

If (KANSNR.EO.KYES) K8IGH-1
ELSE KSICH-2

B SET SIGH-FLIP FLAG

CA8E

4010

•IF HATCH

•EHOIF

•IF IBATCH

4020

•EHOIF

4030

•IF BATCH

4031
•ENDIF
•IF IBATCH

•EHOIF

4040

•IF BATCH

4041
•EHOIF

•IF IBATCH

•EHOIF

•IF BATCH

•EHDIF
•IF IBATCH

•EHOIF

1
ELSE KSIGH-I
22 ("t'fjXNAXl Z(K.3)-XP08(K)SUN
DO K-l.NYHAN! Z(K.4)-YP08(K>«UH

OF 2-D GRAPHICS
IF (KTRCT.EQ.I) I

HRITE (KOHSOL.4010)
FORHATCConstant X or V 7 .«
READ (KEYBRD.2000) KR088

HRITE (KOHSOL.2000) KROSS

IF (KR0B8.EQ.HARV) I

8CALE
SCALE

-' >

BY UK
BY UH

8 GET DIRECTIOH IHDEX

8 C0H8TAHT V

tnlmlTtW*i0L'4t*VJi**.!'im\'Ul{*'Z<*'4 >»*•»• MV«AK>FORNAT(Al.a-nash-> H»a.Al»aia,3(I2.','.F7.3.2X>*
/.(IX.4(!2.a.',F7.3,2X))>

^na•ITJ?2I•,OL•40,?? . .• CET T-CROSS SECTIOH IHDEXFORRAT("Cross sactlon indox 7 .')
READ (KEVBRD.a) KV
KY-NINO(HVHOX.HAXO(1.KY>>

«R«T^4!!m'4"n "

HRITE (KOHSOL.4020) (NAHX.J-1.2).(K,Z(K.3),K-I.HXHAX)

22112,5 SS"80'-;*04".. 8 6ET * DONAIN INDICES
ES52*T5lECSS^*> l0 <> <i«<ieas) 7 _•)
READ (KEYBRO.a) NXI.HX2
NXI-NIN0(HXHAX.HAX0(|.HX1)>
HX2-HIH0(HXHAX,HAX0(I.HX2>>
IF (MX1.GT.HX2) I NT-NXI» NX1-HX2I HX2-HT 1

««Si55!S?,l'4M" ""'•"«'

00 "S»!i¥!i«|.a,
] Z(K.2)-0UTDA (K.KV.KDI8P.K8I6H.KFELD)
SI1:"*.!?1.. NVaoNAIIX 8 SET SPECIFICATIONS

, ?J=f^?!iii*' *A:i\H*2'n
ELBE t 8 C0N8THAT X

HRITE (KOHSOL.4020) (HAHN,J-1.2>.(K.Z(K.3).K-l.HXHAX)

UNITE (K0N80L.4030)
READ (KEYBRO.a) KX
KX-HIH0(HXHAX.HAX0(1.KX))

HRITE (KOHSOL.2000) KX

8 GET X-CR0S8 SECTIOH IHDEX

ON

HRITE (KOHSOL.4020) (HANY.J-1.2 ).(K.Z(K.4),K-I. NVHAX)

HRITE (KOHSOL.4040) 8 GET Y DOHAIH INDICES
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Filai lOUTPI
F. 1st lUUTPI

READ (KEVRRD.O HVI.HY2 Pal, -ODU. , .
HV1-RIN0(HYHAX.HAX0(|.HYI)) CALL TPRHT (HK1,HX2.HYI.HV2,XI.X2.VI.V2.21 73
NY2-N1H0(HYNAX.NAX0(|,NV2)) 1 KD16P.K6IGH.KFELD> ™ Zl'"#IF MTC|) IF (NVI.CT.NVa> I HT-HVIl HYI-HY2; HV2-HT ) 1 '

#E(|0|F «""E (KOHSOL.4041) HVI.HV2 »IF GRAPHICS

P° KZ(M{!.?.V§(K.4> •"" "" aEHDIF " '""^"'^^
Z(K.2)-0UTDA (KN.K.KDI8P.KSICN.KFELD) IF (KGRPH.EO.99) KFLAG-0

HI-IIU. ffKUk * SEI •'«•»«»•"• . 1 "" "FLAG-1 ABS( KGRPH,

.... 22il!.<?2l,80!s',i030> (K.Z(K.2>.K-HXI.NX2) EH0
«•'• FORHAT (••• H.Valua aaa.AX.4(IX.ia.a.a.1PC10.3 )*

UNITE (K0HB0L.9020) '•"«•«».».'.•. CI0 3»)
•IF BATCH "E*° <«"••••> «••« • «T THE OATA RAHGE

•ISoif IBHrifmn:!4,1" I,-Ii
f IF (ZI.LT.Za> KGRPM-2 • SET GRAPHICS IHOEX

• CASE OF HOT 2-D 6RAPNIC8

•IF IBATCN

ttMlf ***** <R0NB0L.40a0> (NANX.J-|.a>.(K.Z(K.3).K-I.NNNAX)
UNITE (KOHSOL.4040) B CET X-DOHAIH IHDICESREAD (KEVBRD.a) NXI.NX2 •w-j-Jbpj inbiceb
fiSi"6!N8<NXMAX.HAX0(I.NXl>>
NXa-NIHO(HXHAX.NAXO(|,NXa>)

•IF BATCH <HXI.6T.HXa> I NT-NXll NXI-NX2I HX2-NT 1
0E||OIF MITE (K0N80L.404I ) NX1.NX2
•IF IBATCN

,E||0|r "»" <K0NB0l.«0i0> (HANV.J-l.a>.(K.Z(K.4>.K-l.NVNAX)
HRITE (K0H80L.4040) 0 car Y-DONAIH tunirroREAD (KEVBRD.a) NV1.HY2 »0"l«IH INDICES
!!iaS!!!5 "!"•*'"**•< i.hvi> >
RV2-NIH*< HTMAX,HAX0(I,NY2))

•IF BATCH ,F <"»••«•"»»> l NT-NYII NYl-NVai NY2-HT 1
,£MD1F ««ITE (K0M80L.4O41) NX1.NX2
•IF IBATCH

ll?f!!§:iliSJ{S?i:?:l!?S25! • •«""• "•••« •»" ««*'«
22 5"**?* .HNENDl XPRHT(K-NXI*1 )-Z<K.3)
22 5:H2iiH!ES8' J[FRHT(K-NVI*I >-Z(K 4>

HRITE (K0H80L.90I0) (K.^HXI !NXEND "(XPRHTOC >.K-1.7 >. *
<58IA2.K-I.40).(J.VPRHT(J-HVUI).-

9010 t-aasjAt t mw *t.A. . »«K9f *5R*i2ifiii >»K-HXI. HXEHD ). J-HV1. NYEND )" FONNAT (9X.7II0/.* VX(un) •'.1PC9.2.4(IPC10.2)/,39A2.Al/T"•cndif <ia.opF7.a.Ai.ipc9 aTldPGio amJ**'*w'

♦ehdif "he (kohsol,seat) zi.za

,F IhHiifnlss H-mtcg?!! •8Er •"«»»«"•"• -
F \l\SVl 18 i? ,t6"MO 2 SET 3"«> PL°» FLAG ^ir IKIRGT.EB.3) | SAVE IN DISC Flir ^

CALL 8AV0U ( HX I ,HX2. HV1. HY27x l?X2. Yl. vlTzi""*
IF(KTRGT.EB.4) ""''"'"'Tp'i.M

"- -44-



Fllai I0UTP2

•CALL THOEFH
SUBROUTIHE 0UTP2 (KFLAG)

C"Sf.Hi£8 °*™ display
KFLAG • 0 -> PLOT HE6H

CALL TCORNO

> 2-0 PLOT OF 2(N,t) VERSUS ?<M.n
-> OPAQUE 3-0 PLOT OF ARRAY Z(>
-) EQUAL POTEHTIAL COHTOUR PLOT

RETURH KF0HTX.KF0HTY.KF0HT2.Sl0^LUBK0HS0L)2'
EHD

•49-

Filat I0UIP3

•CALL THOEFH
SUBROUTINE 0UTP3 (KFLAG)

CALL TCOHHO

RETURN10" m'*2'V,'Y2'*l'"'M*'"V. ROTAT. T1LT.IU. KOHSOL)
EHD

•44-
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Fllai 40UTP4

•CALL THOEFH
8UBROUTIHE OUTP4 (KFLAG)

8
8
8
8
8
8
8
• CALL
8

3000
2000

9020

GRAPHICS DATA DISPLAY
KFLAG - 0 -> PLOT HESN

->
->
->

OF Z(H.l)
D PLOT OF

2-0 PLOT
OPAOOE 3-

VENSUS Z(N.2)
ARRAY Z(>

EQUAL POTENTIAL COHTOUR PLOT

TCORHO

DATA KVE8/2HV /. LUPLTR/9/

HRITE (KOHSOL.3800)
REAO (KOHSOL.2000) KAHSHR
FORHATCOn tha conaata (Vas-f7/Ho-f 8 > _'
FORNAT(AI)
IF (KAHSHR.EH.KVES) L0-K0H80L
ELSE LO-LUPLTR
HRITE (KOHSOL.9820)
READ (KOHSOL.*) VHIH.VHAX.HUNLIN
FORNATCFotontiat nln. nax and nunbar of
CALL PLOTC (VHIH.VHAX.HUHLIN.LU)
RETURH
EHO

•47-

linaa? .')

Filai IOUIPS

•CALL THOEFH
SUBROUTIHE OUTPS (KFLAG)

8

8 OUTPUT COHTROLLER
8
8 KFLAG - -1 -> PLOT NE8H
8 0 -> SAVE IHPUT
• I -> OUTPUT AFTER DOPIHG PROFILE GEHERATED
• 4 -> POTEHTIAL

8 KOUHT • COUHT OF OUTPUT LOOP

8 KGO - STATUS FLAG
0 • 0 -> EHD OF OUTPUT
8 - I -> CHECK HHICN OUTPUT AND GET OUTPUT DATA

•CALL TCONHO
a

DATA KYE8/2HV /, KNBC/9/
8
•IF CRAPHIC8IHP1000

IF (KFLAG.EQ.-1) CALL LIHK (1HE.0) 0 PLOT HE8H
•EHDIF
•IF CRAPHIC8IIHPI000

IF (KFLAG.EO.-I) CALL OUTPI (0)
•EHOIF
•IF HPlOOOtlBATCH

IF (KFLAG.El.0> CALL LIHK (1HD.0.0) 8 SAVE IHPUT
•EHOIF
•IF HPIOOOIBATCH

IF (KFLAG.EB.O) CALL LIHK (1H4.0.0)
•EHOIF
•IF IHPIOOO

IF (KFLAG.EQ.O) CALL OUTPI (0.0)
•EHOIF

IF ((KFLAG.HE.•>.AHD.(KFLAG.HE.-I>> I B PROCESS OTHER OUTPUT

REPEAT I 8 OUTPUT LOOP
KDIBP-KFLAG

•IF HPlOOOtlBATCH

•EHDIF "LL L,"K <,,,0',t00"T',CDI8r-) 8 «* OUTPUT DATA
•IF HPIOOOABATCN

CALL LINK (IH4.KOUHT.K0I8P)
•EHOIF
•IF IHPIOOO

CALL BUTPKKOURT.KDISP)
•EHOIF
•IF CRAPNIC8INP1000

IF (KD1SP.HE.0) t
IF S5g!f£-IS-2 > CALL LIHK (INE.KBISP) 8 2-D PLOT
!£ ?!2!!f. £2-3? £fiLL L!NR <inf»kdi8p> a 3-d plot
IF (K0I8P.E0.4) CALL LINK (ING.KDISP) 8 CONTOUR PLOT

•ENDIF
•IF CRAPHIC8IIHP1000

IF (KOISP.NE.O) (
IF (KDI8P.E0.2) CALL 0UTP2 (KDI8P)
IF (KDI8P.EQ.3) CALL 0UTP3 (KDISP)
IF (KDISP.EQ.4) CALL 0UTP4 (KDISP)

•EHOIF

KOUHT-KOUHTM 8 CHECK IF AHOTHER OISPLAV•IF HPlOOOtlBATCH *n«fc» ir nnuincn viorLNT
CALL LIHK (1HD,KAHSHR.-KH86)

•EHDIF
•IF HPIOOOIBATCH

CALL LIHK (1H4.KAHSHR.-KH8G)
•EHDIF
•IF IHPIOOO

CALL OUTPI (KAHSHR.-KNSG)
•EHOIF _

IF (KAHSHR.EQ.KVES) K60-I J"*
ELSE KCO-O J£

1 UHTIL (KGO.EB.O) O
1 B OOHE
RETURH
EHO
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Fllai IPAPER

•CALL THOEFH
SUBROUTIHE PAPER (IGCB.XOHV.KOHSOL>

8
8 279 nn - II. inch. 219 nn - 8.9 inch
8 29 nn - 2.9 en. 198 nn - B.9 inch - 1
8 10 nn • I.8 en. 240 nn • II. inch - 1

a Thssis fornat I Harlxontal -> Top nargin • 1.9'
8 LaFt * 1.0"

0
8 CASE OF STAHBARD 8IZE 11X8.9

HRITE (K0H80L.I009)
1000 FORHATCIs It a ll'xB.9' papar (Yas-f7/Ho-fe) 7 _•

READ (KOHSOL.aOOO) KAHSHR
2000 FORRAT(Al)

IF (KAHSHR.EB.KVES) I
HRITE (KOHSOL.1020)

1020 FORHATCIs It vartlcal (Yas-f7/No-fB > 7 _')
READ (KOHSOL.2000) KORNT
HRITE (KOHSOL.1030)

1030

1040

1090

CHECK PAPER SIZE FOR THE PLOTTING ON HP9872

DINEHSIOH IGCB(192>

DATA KVE8/2NV /
DATA XLEFTO/ 29.0<EXP>0/. XRITE0/19B.0(EXP>0/,*

VLOHRO/ 10.0(EXP)0/.YUPPRO/240.0(EXP>0/.*
XFULL0/2I9.9(EXP)0/»XHALF0/I08.0(EXP)0/.*
YFULL0/279.4(EXP)0/.YHALF0/139.7(EXP>0/.A
EDGE / I3.0(EXP)0/

en

en

FORHATCI or 2 fiaurs(s) on tha papar 7 .">
READ (KOHSOL.a) InUHBR * *
KHUHBR-HIHO(2.HAX0(I.KHUHBR> >
IF (KORNT.EO.KVES) I

IF (KN0RBR.E0.2) (
XLEFT-ED6E
XR1TE-XFULL0-E0CE
HRITE (KOHSOL.1040)
F0BHATC0n_tha uooar part of tha papar (Vas-f7/No-f8) ? .')

DO ) KAI""'"READ (KOHSOL.201
IF (KAHSHR.EB.KVES) I

l-VNALF0-E0GEa0.9(EXP>0YL0NR<
YUPPR-YFULLO-EOGE-EDGE

IHBUR

1
ELBE I

VL08R-EOCE«E»CE
YUPPR-VHALF0«ED6E*0.9(EXP>0

Botton nargi
Right

I .0*
1 .0'

)
ELSE I

XLEFT-0.0(EXP>0
XRITE-XFULLO-CDGE
VL0HR-ED6E»EDCE
VUPPR-VFULLO

1
ELSE C

IF (KHUHSB.E8.2) I
VLOHR-XLEFTO
VUPPR-XRITEO
HRITE (K0H80L.I090)

5?:sAf{;8i}.oi:raoSSt) \%\*vtht ptpt- <*—""•-'•»»-•>
IF (KAHBHR.EB.KVE8) I

XLEFT-0.0(EXP)0
XRITE-VHALFO

ELBE I
XLEFT-VHALFO-EOGE-EDGE
XRITE-VFOLLO-EOGE-EDGE

1
ELBE t

XLEFT-VLOHRO
XRITE-VUPPRO
!!:228"*kE':TO-""«0.9(EXP>0
YUPPR»XR1TE0-EDGE»0.9(EXP>0

-49-

1

Filai IPAPER

CALL LIHIT(IGCB.XLEFT.XRITE.VLOHR.YUPPR)
XOHV-(XRITE-XLEFT)/(YUPPR-YLOHR)

• CxBf OF H0H-8TANDARD PAPER 8IZE
ELSE t

HRITE (KOHSOL.IOIO)
CALL PEH(IGCB.4>
CALL LIHIT(IGCB)
CALL PEH(IGCB.O)
HRITE (KOH80L.9000)
READ (K0H80L.S) XOHV

IOIO FORHAT CHhan
/.a
/,
/.
/,a
/.a
/."
/.'
/. "

FORHATCX/V

DOHE
RETURH
EHD

'ENTER' hag Is lit. do ths following)**
51! Hov? P-" k0 1••»•"• loft cornar of papar**
(8) Nark position for futura allgnnant'*

by prassing PEH-DOHH follouad by PEN-UP'*
,-.» B i?r Sii92 ,M*n Pftvious nark on papar)"
(3) Prsss tha ENTER kay'*

9000
8
8. . . .

<4> Nova pan to uppar right cornar'*
(9) Hark or align as in stsp (2)'*
(4) Prsss tha ENTER kay')

plot ratio (auggaat 1.4 If horliontal, alss
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Flla< IPARHS

CALL THDEFN
•IF HPIOOO
EHA(XYZ.O)
EHOIF

8UBN0UTINE PARNB

CALCULATE SONE USEFUL PARAHETERS

CALL TEHA
CALL TCOHHH

XJCT (I)
2
3

CSURF(I)
2
3

HSURF(K)
CIHPL(K)

2
3

HIDTH(K)
BTVPE(K>
PHIF <K>
CANN (K>
ALPHA(K)
PHIHP(K)

> ESTIHATEO JUHCTIOH DEPTH (IH SUBROUTIHE CHKOP) OF HELL IHPL
LOCALIZED
SRC/DRH

> AVERAGE COHC OF

> ESTIHATEO DEPTH OF
> AVERAGE CONC OF

> DEPTH OF
> NET DOPANT TYPE OF
> PNIF OF
> GANHA OF
> ALPHA OF
> PHINP OF

HELL ♦ LOCALIZED IHPL'HTS
HELL ♦ SRC/DRH
HELL • LOCAL ♦ 8RC/0RH
CSURF(K)
HELL IHPL'HT
LOCALIZED IHPL'HT
HELL • LOCALIZED IHPL'HT
CIHPL(K)
CIHPL(K>*CSUB
CIHPL(K)«CSUB
CIHPL(K)*C6UB
CIHPL(K)
CIHPL(K)

OIHEHSIOH CIHP(X).HIDTH(3>

EOUIVALEHCE (HIDTH(I).XJCT(1 ))

OATA UH/I(EXP>4/

.AVERAGE HIDTN AND COHCEHTRATIOH OF CORBIHED IHPLAHT PROFILE
HBORF( 1>-AHAXI(XJCT(I).XJCT(2) )
IF (HSURFd ).NE.O.O(EXP>0) C8URF( 1 )>(D08E( I >«DOSE( 2 >)/H8URF( 1 )
ELSE CSURFd )-0.0(EXP>0
HSURF(2)-ANANKXJCT( I ).XJCT(3))
IF (H8URF(a>.HE.O.O(EXP)0) C8URF(2>-(D08E(1>»D08E(3 )>/HSURF(a )
ELBE C8URF(2)-0.0<EXP>0
H8URF(3)-ARAXI(HSURF(I).H8URF(2>)
IF (H8URF(3).NE.0.0(EXP)0> C8URF(3>-(D0SE<I>*008E(2>»OOSE(3)>/H6URF(3)
ELSE CSURF(3)-0.0(EXP>0

.SUBSTRATE RELATED PARAHETERS
CSUB-ABS(CSUB)
VF8-0.0(EXP)0
PHIB-VT300K*ALB6(CB0B/CNI>
TV0QE-(0*Q)*EP8I
Q0H2E-Q/(EPSI«EP8I)
CANNB-8QRT(THOBEaCSUB)
ALPHB-B0H2EaC8UB
CHIHRO-CHIaCHI/CSUH
PHIJ-VT300KaALOC(AB8(CBUBa(C0HC(HXNAX.t)>)/(CN|aCHI))

CHAHHEL RELATES PARAHETERS
CIHPd )-C6TEP(l >
CINP(2)-C8TEP(2>
CIHP(3)-C8URF(I>
HIOTH(3>-H8URF(l)
DO K-l.3 C

CTOTL-CIRP(K)*SIGH(CSUB, TYPE)
8TVPE(K>-8ICH(I.0(EXP>0.CT0TL>
CIHP(K)-AB8(CIHP(K>)
CTOTL-ABS(CTOTL)
IF (CTOTL.NE.O.O(EXP)O) PHIF(K)-VT300K*ALOG(CTOTL/CHI >
ELSE PHIF(K)-O.D(EXP>0
GAHH(K)-SBNT(THOBEaCTOTL)
ALPHA(K)-B0H2EaCIHP(K)
H2-HIOTH(K)*HIDTH(K)
PHIHP(K)-H2«Q0H2E*CIHP(K)
V8CRT(K)-PHIHP(K)-(PHIB«PHIF(K>>

.CORRECT 80URCE AHD DRAIH 1HD1CES

HSOURC-HSRCO*1" " IHDEX °F ™E L*8T F°IMI M,TH,rJ THE OIFFUSIOH
HDRAIH-HDRHO
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IOOO

Fi la: IPARHS

IF <HcII(8^5gR^HD^A?ll)^0,,A,M-LE «*•"•*» ™D.<D0SE<3) HE 0 0(EKP>0>> I
TPC-SIGH( I 0(EXP)0.(COHC(HC.l>) )

ENHAHCEHEHT H08FET
IF (TYPE.EO.TPC) (

IF (H60URC.GE.1 > I
TP8--TYPE
REPEAT (

HSOURC-H80URC*!

i uNjpf(8{^(EJ:?v?^><>'<C0,,c<HS00RC-l,> »
N80URC-N80URC-1

IF (HDRAIH.LE.HXHAX) (
TP8--TYPE
REPEAT (

HORAIH-HDRAIH-1

1 UNTTPf•(8!«<E0:?V^>O•<C0HC<HO,,fl,H•,,, >
HDRAIH-HDRAIHO

I
1

BURIED R08FET
ELSE (

IF (H80URC.GE.1) (
GRADO-0.0(EXP>0
CX-COHC(HSOURC.I)
CXI-C0NC(H8OURC»l. 1>

REPEAT*!8C <CX,-CK>/<«•5<EXP>0»(CXI*CX».DELX(HS0URC>)
H80URC-H80URCM
GRAOO-GRADI
CX -CXI
CXI-C0HC(H80URC«1.1)

>

i
IF (NDRAIN.LE.HXHAX) (

CRAOO-0.0(EXP>0
CX-COHC(HDRAIH.I >
CXl-COHC(HDRAIH-l. 1)

REPEAT*?8* U*l'C*>/i9 «<E*F>«»<CX1»CX)*DELX(HDRAIH-I)) )
HORAIH-HDRAIH-1
6RAD0-GRAD1
CX -CXI
CXl-COHC(HORAIH-I.I)

iuntSWg'aado.ct*^^^ >
1

.OUTPUT
X8O-XP08(HSRC0)*UH
XDO-XPOS(HDRHO)aUH
X8-XP0S(MS0URC)aUH
XD-XP08(HDRAIH)*UH
D8-XS-XS0
DD-XOO-XD
KCH-XD-XB

. !<"»F7.3."un.,F7.3.,un) C13,•,•.13.•>•.*

. •C.F7.3.'un.'F7.3.'un> ('. 13. •. •,13. • )• .»
>'Ir?r,rf! *••'£•*•'•«» !••>«£!> ot s/diC.F7.3.'un "F7 S.'un)'-/.'Effactivs channat langthi• .F7.3.'un'/> " u"'

.DOHE
RETURH
EHD h-
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Filai IPHIFI

•CALL THDEFH
•IF HPIOOO
EHA(XYZ.O)

*EM0IF8UBR0UTIHE PHIFI (HX.HV.KFLAG)
8 DEFIHE QUA8I-FERHI LEVEL FOR MAJORITY AMD MINORITY CARRIERS
8
•CALL TEHA
•CALL TCOHHH

' 0T0L-0.47(EXP>0*A8B((C0HC(HX.HV>>)
PHIFP-0.0(EXP>0
PHIFH-0.0(EXP>0

8 SOURCE AHO/OR DRAIH REGIOH8. OR CHANNEL REGION IN IHITlALIZATIOH
IF "(HX LE.H80URO.0R (HX.CE.HDRAIH) OR. ( KFLAG EO I )) I

IP <<HM LE H80URC ) OR *
((HX:GT:HS0URC):AH0.(HX LT.HDRA1H).AHD.(KFLAG.EO l)>) VBIA8-VS6

ELSE VBIAS-VD8

8 IH81DE DEPLETION LAVEN
DEN8TY-C0HC(HX.HY)»CARR1E(HX.HY>
IF (ABS(DEHSTV).GT.DTOL) (

PHIFP-0.O(EXP)O
PHIFH-VBIAS

1

IH HEUTNAL N« REGIBH

EL8ETPX-S16H(I.0(EXP>0.(C0HC(HX,HV))>
IF (IPX.HE.TYPE) I

IN BUIRED CNAHHEL
IF (KFLAG.EB.I) I

PHIFP-0.0(EXP>0
PHIFH-VBIA8

I

80URC/DRAIH
ELSE I

PHIFP-VBIAB
PHIFH-VBIAS

I

I

8 CHAHHEL REGION
ELSE (

8 IF (P0T8I(HX-I.NY>.6E.P0T81(NX*1.HV>> fHIFH-VSB
a ELSE PHIFH-VDB

1
IF (KFLAG.EB.O) CALL PNIF2
ELSE I

HXI-LOCPNF(l.NV)
HX2-L0CPHF(8,HV>
IF (NX.LE.NXI) PHIFH-V8B
ELBE IF (HX.GE.HX2) PHIFH-VOB

ELSE I
XI-XPOS(HXl)
X2-XPOS(HX2)

PNIFH-COFPHF(2.HV)*COFPHF(1.HY)*EXP((XPOS(HX)-X1>/DX)
1

DOHE
RETURH
EHD
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I . IS •run I

•CALL THDEFH
•IF HPIOOO
EHA (XYZ.O)
•EHOIF

8UBNOUTIHE PHIF2
8
8 ....DEFIHE OUA8I FERHI LEVEL
8
•CALL TEHA
•CALL TCOHNN
•
8
8 8EANCH FOR POTENTIAL NIHIHUN

TB0VT-VT30OK*VT300K
DO H-l.HVHAX (

PHIHIH*99.99(FXP>0
HC0-N80URC
Ht-HSOURCH
H2-HDRAIH-I
DO H-HI.H2 I

POTX-POTSKH.H)
IF (POTX.L1.PHIHIH) I

PHIHIH'POIX
NCO-N

1
)

8
9 8EANCN FOR KT/B DROP

HCI-HCO

HHILE (((POTX-PH1HIH).LE.VT300K>.AHD.(HCI.LE.HDHAIN)) I
HCI-HCld
P0TX-P0T8KHCI.H)

)
LOCPHF(I.N)-NCl

8 8EANCN FOR DRAIH LIHIT OF CHAHHEL REGIOH
HC2-HCI
HHILE (((POTX-PHIRIN).LE.THOVT).AHD.(HC2.LE.HDHAIN)) I

HC2-HC2M
P0TX-P0T8KNC2.H)

)
L0CPHF(2.H)>HC2

8
• DEFIHE COEFFICIENTS k . ^ .__

COFPHF(t.N)-(VDB-V8B)/(EXP(I.O<EXP>0>-1.0(EXP>0>
C0FPHF(2.H)-V8B-C0FPHF(I.R)

I
8
8 OONE

RETURH
EHO
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Fllai IPHHIH

•CALL THDEFH
•IF HPIOOO
EHA (XYZ.O)
•EHDIF

SUBROUTIHE PHNIH (H.PHIN.LH1H)
8
8
8
• CALL
• CALL
8

LOCATE POTEHTIAL MINIMUM

TEHA
TCOHHH

TU0VI-VT300K+VT300K
LHIH'HSOURC
PHIH'POISKLHIH.H)
NI'HSQUNCO
DO N*HI.HDRAIH I

P01HH-P0T8KH.R)
IF <POINM.LT.PHIN) I LNIN-NI

)
RETURH
EHD
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PHIH-POTHH 1

r • lei II'LUU'

•CALL THDEFH
I

•IF HPIOOO
ENA (XYZ.O)
•EHDIF

SUBROUTIHE PL0I2 (XI.X2,VI.V2.HI.H2.LABLX,1 ABLY.LABL2 . *
KFONTX.KFOHIY.KFOHTZ.KLOC.LII.KONSOI )

•
•

8
•
8

•CALL TEHA
8
8 PLOTTING PANANETERS

DIHEHSIOH KGCB(I92).KDCB(I44).LABLX(I).LABLY( I ).LABLZ(1 ),'
KF0H!X(2.I1>.KF0H!Y(2.10>.Kf6nTZ(2. 0)

2-DIHEHSIOHAL PLOT

DAIAl X-Z(H.I). Y-Z(H.2)
FOHTl KF0HTX(2.10).KF0HTY(2.I0)

-> H-HI.N2
> UP TO 10 CHANGES

LABELi LABLX(40>. LABLY<40). LABLZ<40) -> UP 10 BO CH (INCLUDIHC CTL CH)

DATA LUPLIN/9/. I8PEE0/2/. KESC/033B/. KBELL/7/. KVES/2HY /

LOOP OF PLOTTIHG
REPEAT (

IF (LU.HE.LUPLTR) I
KTVPE-ll CALL PLOTR(KCCB
X0HV-2.0(EXP>0
HRITE (KOHSOL.3000) KESC
FORHAT(RI.**dF.'>

8 SET UP THE KOHSOL
.KTVPE.I.LU)

3000

4000

4010

""&!*:«*' "«••• «•« (KGCB.KTYPE.I.IU)8 "f UP f" PL0TI0*
CALL PAPER (KGCB.XOHV.KOHSOL)
HRITE (KOHSOL.4000)
READ (K0H80L.O KOLOR

llSfSg-'HI^ifllAxS^SZoRllI) ° "* UP °ft lh* «,,OU*-> •»
CALL PEH (KGCB.KOLOR)
CALL XHIT (KGCB)
HRITE (LU.40I0) I8PEED
F0RHATCV8'.II.*!VAI'>

CALL A8CAL (KGCB.XONV.XI.X2.VI.V2>
CALL LINE (KGCB.O)
CALL HOVE (KGCB.XI.VI>
CALL DNAH (KCC6.XI.Y2)
CALL DRAH (KGCB.X2.V2)
CALL DRAH (KGCB.X2,VI )
CALL DRAH (KGCB.XI.VI>
VP-AHIH1(Y2.AHAXI(V1.(Z(HI.2>)>)
CALL HOVE (KCC6.X1.VP)
HS-Hid
DO H-H8.H2 I

XP-AHIHI(X2,AHAXI(XI,(Z(N.l)>))
YP-AHIHI(V2,AHAXI(VI.(2(H,2>)>)
CALL DRAH (KCCB.XP.YP)

CALL PENUP (KGCB)

8 CHECK IF ADD LABELS
22!!E <K0NS0L.4090> KBELL.KE8C

.... 5EflD <K0HS0L,2000) KAHSHR

F?R?HH!5R:EQdHEdl»,rb•I• "•••»'•••"> -•>
\l (LU.EO.KOHSOL) HRITE (KOHSOL.3000) KESC
IF (KLOG.EO.O) CALL AXLIH (KGCB.KDCB.XOHV.XI.X2.VI.Y2)
fl.SE CALL AXLOC (KGCB. KDCB. XOHY. XI. X2.Yl ,Y2I
CALL AXLAB (KGCB.KDCB.XOHV.XI.X2.Yl.V2.LABLX LABLZ.KFOHIX KFOHT?1
HRITE (KOHSOL.3000) KBELL.KE8C K 0MTZ,

9000 F0RHAT(2RI.'*dE.'>

• —
8 FINISH THE PLOT £

«F <LO. EQ .LUfLT8l> CALL PEH (KGCB.O) £
CALL PLOTR (KGCB .KTVPE.O) **»

8 . ..CHECK IF OUHP TO PLOTTER
KGO-0
IF (LU.HE.LUPLTR) I
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8 SCALE SURFACE
8 80LI0 LINE
8 DRAH THE FRAHE

8 DRAH THE CURVE



4000
2000
8
8

Fllai IPL0T2

HRITE (KOHSOL.
READ (KOHSOL,
IF (KAH6HR.EQ

4000)
2000) KANSHR
KVES) I KCO-II LU-LUPLTR I

) UHTIL (K60.EQ.0)
FORHATCRaplot on tha plottar (Ysa-f7/No-f 8 ) ?
FORHAT(AI)

DONE
RETURH
EHD
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Filai IPL0T3

•CALL THDEFH
•IF HPIOOO
EHA(XYZ.O)
•EHDIF

SUBROUTIHE PL0I3 (XI,X2,V I,V2.21.Z2.HX.HY.ROTAT.T1L1.LU.KONSOL)
8
I
•CALL TEHA
8
8 PLOTTIHG PARAHETERS

DIMENSION KGCB(I92)
DATA LUPLTR/9/.ISPEE0/2/.KE6C/033B/.KBELL/7/.KYE8/2HY /

8
|m«mimm««»m INITIALIZATION s«s*saa*«»«aa*s
8

CALL AHGLE (ROTAT.KOR )l CALL AHGLE (TILT .KQT)
C08R-C08(R0TAT)I C08T-C06(TILT>
SIHR-8IH(R0TAT)I 8IHT-81H(TILT)

8
X8PAN-K2-X1
Y8PAH-Y2-Y1I ZSPAH-Z2-ZI
X0VRY-XSPAH/V8PAH! X0VR2-XSPAH/Z8PAH

8
DXPDX- 9IHRI DXPDY-C08R*X0VRY
0YPDX--COSR*81HTl DYPDY>9IHR«SIHT*X0VRV) DVPD2-C0ST«X0VR2

8
XPXI-XMDXPDXI XPX2«X2*DXPDX
XPY1«YI»DXPDVI XPY2-Y2»0XPDY
VPX1-XI*DYPDXI VPX2-X2«DYPDX
VPVI"VI»DVPDY| YPY2-Y2»DVPDV

8
XPII-XPX1+XPYII XPI2-XPXI'XPY2
XP2I-XPX2«XPVII XP22-XPX2*XPY2
VPI!-VPXl*VPYII VPI2"YPXI*YPY2
YP2l-VPX2*VPVll VP22-YPX2*VPV2

8
VPZI-ZlaOVPDZl VPZ2-Z2*DYPDZ

8
XLIH0-AHIH1(XPII,XP12,XP2I,XP22>
XLINI-ANAX1(XPII,XPI2.XP2I.XP22>
YLIN0-AH1H1(VP1I.YPI2,VP2I.YP22)*VPZI
VLINI-ANAXI(VPII,YPI2,YP2I.VP22)*YPZ2

8
DX-X3PAN/(HX-1)I 0Y-YSPAH/(HV-1 )
DXPX-DX*DXPDXI OXPV-DY«0XPDV
DYPX-OX»DYPDXl DYPV-DY«DYPDY

8
8 IHITIALIZE THE DEVICE

REPEAT f
IF (LU.HE.LUPLTR) C

KTVPE-II CALL PLOTR(KGCB .KTVPE.I.LU)
X0HY-2.0(EXP>0
HRITE (KONSOL.3000) KESC

3000 FORHAT(RI.*«dF.*>
1
ELSE (

KTVPE-21 CALL PLOTR (KGCB.KTVPE.1.LU)
CALL PAPER (KGCB.XOHV.K0N6OL)
HRITE (KOHSOL.4000)
READ (KOHSOL.*) KOLOR

4000 FORHAT CWhlch color? (1-4. as sat up on tha plottar) .*)
K0LOR-HIH0(4.HAX0(KOL0R.I)>
CALL PEH (KGCB.KOLOR)
CALL KBIT (KGCB)
HRITE (LU.4010) 1SPEED

4010 FORHATCVS'.II.'IVAI*)
1
CALL LINE (KGCB.O)

8
8 SCALE THE PLOTTIHG PLAHE

CALL A6CAL (KGCB,XOHV,XLIHO.XLIHI.VLIHO,VLIHI>

§••••••••••••••• PLOTTIHG SECTIOH •••••••••••••••• J*
8 ONAH Y-LIHE8 ^

KO-0
X-X1-DX
XPLOT-XPII-DXPX
VPLOT-YPII-OYPX
DO KX-t.HX I
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Fllai IPL0T3

KO-I-KD
X-X«DX
XPLOT-XPLOT*0XPX
VPLOT-YPLOT+DYPX
IF (KO.EQ.l) t

Y18-YI
Y28-Y2
DY8-DV
DXP8-DXPV
DVPO-DVPY

1
ELSE I

VIS-Y2
V28-VI
DVS--OV
DXP8 —DXPV
DVP8 —DVPV

1

ZVAL-AHIHI(Z2.ANAXI(FUNC(X.YI8).Z1>)

VP-VPLOT«ZVAL«DVPDZ
CALL NOVE (KGCB.XPLOT.VP)
OO KV-2.HV I

V-Y»DVB
XPLOT-XPLOT«DKPS
VPL0T-VPL0T«DVP8

??n?fS{5iiaf;8??SrFO,,c<,,'r>'1,>>
CALL DRAH (KGCB.XPLOT.VP)

CALL PEHUP (KGCB)

8 DRAH X-LIHES
KD-0
V-YI-DV
KPLOT-XPai-DXPV
VPL0T-YP2I-DVPY
DO KV-I.NY I

KO-I-KD
V-V*DY
XPLOT-XPLOT«DXPV
VPLOT-VPLOT»OYPV
IF (KD.EO.I) I

X18-X2
X28-X1
DXB--DX
BXP8—DXPX
DVPS —DVPX

ELBE f
X18-X1
N2S-X2
DX8-DX
OXPS-OXPX
DVP8-DYPX

ZV{L-ARIHI(Za,ANAXI(FUHC(XIS.V>.Z!>>
VP-VPLOT«ZVAL«BVPDZ

8lMI•l.7,,••m,f•tr,
X-X*DXS
XPL0T-XPL0T*DXP8
VPLOT-VPLOT40VP8
SS*l:A2lNm?'ANAXI<FUNC(X.V).ZI>)
!!rYpi2T*2**L#OYPDZ} CALL DNAH (KGCB.HPLOT.VP>

1 CALL PENUP (KGCB)

• DNAH XZ-AND VZ-PLAHES
CALL LIKE (KGCB.I)
CALL HOVE (KCCB.XPII. VPIl+YPZI>
CALL DRAB (KGCB. XP2I YP2 UVPZ1 >
CALL DRAH (KCCB.XP2I YP21»YPZ2>
£2.L!~ 2SAH (KCCB.XPI1 VPlUvPZ2)
S2W 2S22 <5CCB.XPII,VP11»YPZI>
CALL ORAH (KGCB.XPI2.VP12*YPZ I)
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9000
8
8. . . .

4000
2000
8
8 . . . .

Fllai IPL0T3

£$LC 2SAM <KGCB.XPI2.YPI2>YPZ2)
CALL ORAH (KGCB.XPl1.YPI I♦YPZ2>

.COHPLETE OTHER PLAHE8
CALL L1HE (KGCB.2)
£2LL 22VE <KGCB.XPI2.YPI2»YPZ2)
CALL DRAH (KGCB.XP22.VP22*YPZ2)
CALL DRAH (KGCB,XP22.YP22*YPZI)
CALL ORAH (KGCB,XP2I,YP2|»YPZI)
CfJJ-l. HOVE (KGCB.XP21.VP21fVPZ2>
CALL DRAH (KGCB.XP22.YP22*YPZ2>
£2LL 52VE <KGCB.XP22.YP22«YPZI)
CALL DRAH (KCCB.XPI2.YPI2*YPZI>

.FIHISH THE PLOT
CALL PEHUP (KGCB)

cSLLL?L§?RL?i;^,.snkr5" <k6cbo>
RIHG THE BELL

«inHfJls?l,??.oI!^> "•"•«"
.CHECK IF DUHP TO PLOTTER

KGO-0
IF (LU.HE.LUPLTR) I

HRITE (KOHSOL.4000)

IUHTIL (KGO.EB.O)

FORHAT(Al),>IOt °" *ht plott,r <Vas-f7/Ho-f8> ?
DOHE
RETURH
EHD

I KGO-li LU-LUPLTR 1
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Filai tPLOTC
Filai tPLOTC

•CALL THOEFN
•'F ?£»$*• •CME« IF PASSING THROUGH THE HEXT Y-HESH
l2tl*WZ'9} lf <LNCHK<H.H.L).EO.O) I
• EHDIF 8ICH1-SIGH(1 0<EXP>0.POTL-PDTI t

SUBROUTINE PLOTC (VHIN. VHAX. HUHLIH, LU) IF ((POTL EOiPOTO) OR (SIGHO HE SIGHD)
8 COHTOUR PLOT 1 f,UICE ("CCB'*DCB'H* *'L,f>011 '
! "thill "SX,f2fIi§"»"cMC 8F*TLHNRK * CHECK IF PASS INC THROUCH THE HEXT X-HESH
8 LOADED BY IHTEGER FUHCTIOH LHCHK IF ( (LHCHK(H.H.-L).EB.0).AHD.(POTL HE POTO) ) I
' .. ___. 8IGH2-8ICM(1.0(EXP)0,P0TL-P0T2»
IrSM" H*it.u IF <8I6H0.HE.SIGH2)
•CALL TCONNH CALL TRACE (KGCB.KOCB.H.H.-L.POTL)
a OIHEHSIOH VLIHS(20) 1
• PLOTTING PARAMETERS m )

8J7SHftl?rT85S?! Wl^eS^ l4jE>SC^S5i??> KNELL/7/ KYES/2HV / S "B"«0°2!J H^E"PHC^ 2HV ' «lUB(K8Hl8i:?SUo",TE «"«~.M.., KBELL.KESC
. DATA HAHX/2HX /. HARY/2HV /. HAHvlJIiig.^ HAHVD/2Hd./. HAHVB/2Nb./ 9000 HlW...L illlV. f$2..r7/Ho-f•) 7 ',

OATA HLHAX/19/ IF (KAHSHR.EQ.KVES) I "
IOOO FORHAT (AI) 8 IF <LO.EO.KOHSOL> HRITE (KOHSOL.3000) KESC
• _._ • DRAH UPPER BRACKET
• 2E.!.E!Sl!f FOTEHTIAL VALUES JOX-AHAXK TOXI. TOXO)

8iU?L^:?lS2<.2LMX','i,'0<a'MMLIH)) CHITV-CHITE»(TOX»VNAX)/VLENG
VLIHE( 1 >-VHIH CHITN-CHlTVa(XHAX-XSOURC)/( YNAXaXOHV)
DVAL-(VHAX-VHIH)/(HUHLIN-I> CHV0H2-CHIfV»0 3(EXP>0
22.S:2.'222&1!*1 VLIHE(K>-VLIHE(K-I )*0VAL CHXOH2-CHITXao. 3(EXP)0

.... 22iTE <KOH80L.I000) (VLIHE(K).K-I.HUHLIH) YU0-T0X«CHV0N2
IOOO FORHAT ('••Lina val«a(K>-/(3X I0F7 4)) YU1-VU0«CHITY
• XU0-XP08(NS0UNC«1 )
• I2III5LJ" T"E PLOTTING DEVICE 5!JJrKf92cM08J*"•«-* >

REPEAT C CALL LINE (KCC6.1)
IF <LO.NE.LUPLTN> I CALL HOVE <KCCD.A.0<EXP>0.VUO)

55S^!i<iJ»0'""<««B .KTVPE.I.LU) CALL D.AHf(KGC..O.0(ENP>0. VU1 >
,AAA 2*IVE (KOHSOL.3000) KESC DX-XUO»0.I(EXP>0
3000 FONNAT(RI.'.dF.'> cV^iS 5«c1f5f55S^oS?LL ••" ««»•»'•"» >

ELBE I CALL HOVE (KCCB.XUO,VU1>

HZP;!Mnk.n!n Mgi-xuo^o.^o

JSfSWISS^^^LOR;}',)" "* •"- - »• •»•""• -•> SKM'" <««.X«I.VUI>
CAf-l. JEH (KGCB7K0L0R) 25"S,l,A:H-?!!Lr8tSI>•• "EKP>0
CALL KNIT (KGCB) DO K-l.10 C XP-XP+DXl CALL DRAH (KGCB.XP.VU1> J.... 22II!.Ji2i!OIO> "FEED . CALL ORAH (KCCS.XCHAHL. VUO) »"«••• w.tui j

4010 j FORHATCVS'.II.'IVAI') j TOPLABLE
* ^ ZPRTI-XCHAHLaUH

CALL FLOTD (KGCB.XOHV) 2010 FONNAT ('Drawn L -".FS.a.* _n.n. Effactiva L -'.F9 2.' n n')
SSil {?gr<r5g5ror,r'CH*,,,,'CM,Ti-XlEHB'VL"C> 5 GET TEXT LENGTH

5 INITIALIZE ,NDEX ARRAY f»tlBlfo<HR«° °<MP>0>
hUhyHAX-I HS-A CF°HT <K«»'«HFM" .N8EC.NCR.KOCB)
00 L-I.HUHLIHl CALL LHNRK (0.0.0) US,".14.. ,u .„

8 LOOP THROUGH ALL NEBNES SJttlftfSueS-xT lW"' M§' *'•"'" '"" »
°° "p'oTlVoTSKR.l) Hsiiz8'0" <""'8"""" .HSEC.HCR.KDCB)

DO H-l.HI t MC-2

{K«l»iiB.a.il KHcSifxVIS;??'1"' «.w.«.«Ki.
f F0T2-P0T8l(Hd.H> CALL^GFOHT (KGCB.4HF0HT2 .HSEC.HCR.KDCB) £
8 LOOP THROUGH ALL L1HE8 HC-29

•° wr-viiiHE^)1 ?xntESi?iiTLEis55?'L8oF'H8Hc-xr'rT',coci»
, 6ICH0-8IGH(l.0(EXP>O,P0TL-POTO> HS-^"0"1 <KCC8'*MF0Hf9 .H8EC.HCR.KDCB)

HC-2

-01-
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Fits: tPLOTC

YP-0.0(EXP)0
OV—VHAX*O.I(EKP>0
DO K-l.10 ( VP-YP*OVJ CALL DRAH (KGCB.XL I.YP> )
CALL DRAH (KGCB.XLO.-VHAX>

. ..LEFT LABLE
ZPRT-VHAX*UH
CALL CODE) HRITE (LBUF.9020) HAHY.ZPRT

...HOVE TO THE L0HE8T POIHT
XLZ-XL1-CHX0H2
CALL HOVE (KGCB.XLZ.-YHAX)

... IN SINPLEX ROHAH
PI0H2-2.0(EXP)0aATAH2( 1.0(EXP>0.I 0(EXP>0)
CALL LOIR (KGCB,PI0H2>
CALL LINE (KGCB.O)
NS-I

CALL GTEXT (KGCB,LBUF.N8.HC.KDCB>
CALL GFOHT (KGCB.4HF0NT9 .N9EC.HCN.KDCB)
N8-I4
HC-2
CALL GTEXT (KGCB.LBUF.HS.HC.KDCB)
CALL GFOHT (KGCB.4HF0HT2 .HSEC.HCR.KDCB)
N8-18
HC-I
CALL 6TENT (KGCB.LBUF.HS.HC.KDCB)

8
8 POIHT TO ONIDE

CALL LINE (KGCB.I)
XL3-XLZ-CH1TX
IF (XOHY.GT.I.O(EXP)O) YL3--YHAX*0.I(EXP)0
ELSE VL3—VHAXS0.3(EXP>0
CALL NOVE (KGCB.XLO.TON)
CALL DRAH (KGCB.XL3.TOX )
YP-TOX
DV-(YL3-T0X)»0.1(EXP>0
DO K-l.10 C YP-YP»DV) CALL DRAH (KGCB.XLS.YP) 1

a
8 OXIDE LABEL

ZPNTI-TBXOOUN
ZPRTa-TOXIaUN
CALL CBBEl HRITE (LBUF.9039) ZPRTI.ZPRT2

9033 FORHAT COxlda thicknaaaaa - '.F3.3.'. '.F9.3.*
a
8 NOVE TO THE L0HE8T POIHT \

XL4-XL3-CHX0H2 \
CALL HOVE (KGCB.XL4.-YRAX) v

8
8 IH 8INPLEX ROHAN

CALL LINE (KGCB.O)
NS-I
HC-34
CALL GTEXT (KGCB.LBUF,NS.HC.KDCB )
CALL GFOHT (KGCB.4HF0HT9 .HSEC.HCR.KDCB)
H8-39
HC-2
CALL GTEXT (KGCB.LBUF.NS.NC,KDCB>
CALL GFOHT (KGCB.4HF0HT2 .HSEC.HCR.KDCB)
HS-37
HC-I
CALL STENT (KGCB.LBUF.HS.HC.KDCB )

P08IT10H RIGHT LABELS
XR0-XCHAHL*XDRAIH»CHX0H2
VR0-0.9(EXP>0*(-VHAX>
DVR-VRO«0.29(EXP>0
VRO-YRO*0VR
CALL LD1R (K6CH.0.0(EXP>0)
CALL HOVE (KCCB.XRO.VRO)

LABEL VC8
VDS-VDB-VSB
VGS-VGB-VBS
V8B--VB8
2S^*S°?E.! ¥!ITE <LBUF.3030) NANV6.V69
F0RHATCV.A2.* • '.F4.2.' V)
IF (XOHY.GT.I.O(EXP)O) I

H8-I

9030
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.n.n')

9020
8
8. . . .

Fllai tPLOTC

CALL GLEH (KGCB,LBUF.HS.HC.XT.VT,KDCB)
TXTLEH-TXTLEH«XT
CALL CFONT (KGCB.6HF0NT2 .HSEC.HCR.KDCB )
HS-44
HC-t
CALL GLEH (KGCB.LBUF.HS.HC.XT.YT.KDCB>
TXTLEH-TXTLEH»XT

.ROVE TO THE LEFT HOST POSITION
XUZ-(XCHAHL-TXTLEH)«0.9(EXP>0
YUZ-YUI+CHV0H2
CALL NOVE (KCCB.XUZ.VUZ)

.HRITE IH 8INPLEX ROHAN
CALL LINE (KGCB.O)
CALL LOIR (KGCB.O.O(EXP)O)
CALL LORG (KGCB.I )
CALL GFOHT (KCCB.4HF0HT2 .HSEC,NCR.KDCB)
NS-I
HC-14
CALL GTEXT (KGCB.LBUF.NS.HC.KDCB)
CALL GFOHT (KGCB.4HF0HT9 .N8EC.NCR.KDCB)
HS-17
HC-2
CALL CTEXT (KGCB.LBUF.HS.HC.KDCB )
CALL GFOHT (KGCB.4HF0HT2 .HSEC.HCR.KDCB )
H8-I9
HC-29
CALL GTEXT (KCCB.LBUF.HS.HC.KDCB)
CALL CFOHT (KGCB.4HF0HT9 .HSEC.HCR.KDCB)
HS-44
HC-2
CALL GTEXT (KGCB.LBUF.NB.NC,KDCB>
CALL GFOHT (KGCB.4HF0HT2 .HSEC.HCR.KDCB)
HS-44
HC-I
CALL CTEXT (KCCB,LBUF.HS.HC.KDCB)

BOTTON BRACKET
XDO—X80URC
X01-XCHAHL+XDRAIH
VOO —YHAX-CHY0H2
YDI-VDO-CHITV
CALL LIHE (KGCB.I)
CALL NOVE (KCCB.XDO,YDO)
CALL ORAH (KGCB.XDO.YDI)
XP-XDO
OX-(XDI-XOO)»0.1(EXP>0
00.K-l.10 I_XP-XP*DX).CALL DRAH (KGCB.XP.YDI> 1

DBA!

BOTTON LABLE

CALL DRAH (KCCB.XDI.VOO )

ZPRT-XNAXaUH
CALL COOEl HRITE (LBUF.9020) NANN.ZPNT
FORHAT (Al.'-nax - '.F3.2.' .n.n">

HOVE TO THE LEFT HOST POIHT
VD2-VD1-CHY0H2-CHITV
CALL HOVE (KGCB.XDO.VOZ)

IN SINPLEX RONAN
CALL LIHE (KGCB.O)
HS-t
HC-19
CALL CTEXT (KGCB.LBUF,HS.HC.KDCB)
CALL CFOHT (KGCB.4HF0HT9 .HSEC.HCN.KOCB)
HB-14
HC-2
CALL CTEXT (KGCB,LBUF.HS.HC.KDCB)
CALL CFOHT (KGCB.4HF0HT2 .HSEC.HCR.KDCB)
H8-1B
HC-1
CALL CTEXT (KGCB.LBUF.HS.HC.KDCB)

LEFT BRRCKET
XL0-XD0-CHX0H2»X0NY
KLI-XLO-CHITK
CALL LIHE (KGCB.I )
CALL NOVE (KCCB.XLO.0 O(EXP)O)
CALL ORAH (KGCB.XLl.O.O(EXP)O)
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Fllai tPLOTC

• HC-14
J t CALL GTEXT (KGCB.LBUF.HS.HC.KDCB )
• ELSE I
• HSA-l
• HCA-9
I H8V-4UEXI <K6CB'LiUF'M8»'NCA.KDCB)
• NCV-9
• CALL CTEXT (KGCB.LBUF.HSV.HCV.KDCB )
8
a LABEL VDS
• VRO-VRO'DYR
• CALL HOVE (K6CR.XRO.YRO)
a ifL(nonyEci •,"IJI».t2SFAf?.302.H""W»-vos8 «Fj(NpNY.6T.I.0(EXP>0) CALL GTEXT (KCCB.LBUF.HS.HC.KDCB)
• ritt 211!!; 55$2242H£'!!Sa'ncA'Kdcb)• CALL GTEXT (KCCB.LBUF.HSV.HCV.KDCB)
8

• LABEL VBB
8 VRO-VRO*DVR
a S2!l fjgyf (KCCB.XRO.VRO)
8 CALL COOEl HRITE (LRUfTs030) HAMVA VBfi
a8 HAT' 6fl °<E»F"> "Li!0ct^7v?k2?I.lbuf.H8.hc.kdcb)
8 £2iLiL £IIS? JSSfB.LBUF.HSA.HCA.KOCB)J CALL CTEXT (KCCB.LBUF.H8V.HCV.KDCB)
8

8 SUBSTRATE DOPIHG LABEL
a I!.0."*8**8"
• CALL ROVE (KCCB.XRO.VRO)

J«40 KJillA?f.iS:«BM,rSA»0F*9040> <»»EV<«>.K-I.3)
• RSM 6F°NT <KCC8'«"F0HT2 .H8EC.HCR.KDCB>
8 HC-tl
8 CALL CTEXT (KCCB.LBUF.N8.NC.KDCB)
8 CLOSE FONT FILE

CALL CFONT (KCCB,O.O.O.KDCB)
8

* FINISH UP
CALL PEHUP (KCCB) \

8 RING THE BELL

4ooo HrJStJSSJ!0.;!!*!' ",fu•""
8CMEC{COF08U'" f0 FLBTTEN

IF <LU,HE.LOPLTR> I
HRITE (KOHSOL.7000)

j LU-LUPLTR

7000 FORHATCR.pl.t .«\h. a>Uttar (Vas-f 7/No-fB) 7 _•>
8 DOHE

RETURH
EHD
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Fllai tPLOTC

•IF HPIOOO
EHA (XYZ.O)
•EHDIF
a SUBROUTIHE LHHRK (H.H.L)
8 STORE LIHE IHDEX IH ARRAY ZOO.48)
! if.ff-Ol-f-S ~> RESET THE ARRAY
8 ELSE l>0 -> Y-DIRECTIOHi SET (L >TH BIT -I
J L(0 -> X-DIRECTIOHi SET (L*HLHAX)TH BIT -1
•CALL TENA
•CALL TCOHHH
8

OIHEHSIQH KEV(2)
a EQUIVALEHCE (KEV(I ),BIT8)

DATA NLHAX/19/

• CHECK IF RESET
IF <„iHii8i°>i255<SEo-8><»"8<L.Eo.©) > it DO KH-I.NXRAXI DO KN-I.HVRAX I KEY(l)-Ol KEV(2>-0| 2(KH.KH)-BITS I

8

• CHECK LIHE INDEX
ELSE (

KK-IABB(L)-!
a IF ((KK.CE.O).AHD.(KK.LT.HLHAX)) t
8 CHECK DIRECTION
§ KDIR-ll IF (L.LT.O) KDIR-2
8 8ET THE BIT
a MB-I) IF (KK.CT.O) 00 K-I.RKl HB-HB*2
8 STORE THE BIT

BITS-Z(H.H)

Z(H.H)-BIT8

1
8
8 OOHE

NETURN
END

OO
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Fllai tPLOTC

•IF HPIOOO
EHA (XYZ.O)
•EHDIF
8

INTEGER FUNCTION LNCHK (H.H.L)

8 LOAD LIHE IHDEX FROH ARRAY ZOO.48)
• IF L > 0 -) Y-OIRECTION. LOAO (L )TH BIT
8 L ( 0 -> X-OINECTION. LOAD (L*HLMAX)TH BIT

8
•CALL TEHA
•CALL TCOHHH
8

0IHEH8I0H KEV(2)
EQUIVALENCE (KEVd ),BITS)

DATA HLHAX/19/

8 CHECK LIHE IHBEX
KK-IAB8(L)-I
IF ((KK GE.«).AND (KK.LT.HLHAX)) I

8 CHECK LIHE DIRECTION
a KDIR-ll IF (L.LT.O) KDIR-2
8 LOAD THE FLAC

BITS-Z(N.H)
NB-KEV(KDIB>

8 GET THE BIT

s
8 DOHE

RETURH
EHO
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Filai IPLOTD

•CALL THDEFH
•IF HPIOOO
EHA(XYZ.O)
•ENDIF

8U0N0UTINE PLOTD (KCCB.XOHV)
8
8
8
•CALL TEHA
•CALL TCOHHH
8

• PLOTTING PARAHETERS
a DIRENSIOH KGCB (I)
• SCALE THE PLOTTIHG PLAHE

TOX-AHAXKTOXO.TOX1)
CALL LIHE (KGCB.O)

f CALL ASCAL (KCCB.XOHV.-X80URC.XHAX-XSOURC.-VHAX.TOX)

' R0^.-SlsI/MIpS!8r,,r *"D THE «""««
XI--X80URC
X2-XHAX-X80URC
VO--YHAX
VI-REP8*(DEL0X(I.I>«DELOX(1.2))

ffiRBWHMHSi 1••••"«"""«"
!«{**' iH8:u:m
CALL ORAH (KCC8.X2.V2)

1 "IxPOsfKX) ♦<"'>♦> •" <TOXI.HE.O.O(EXP)0>) DO KX-HXHAX. I.-1 I
V-REP8a(DEL0X(KX.I>*DEL0X(KX.2>>
CALL DRAH (KCC8.X.Y)

CALL HOVE (KGCB.Xl.O.O(EXP)O)

, S!tt ISS.55SS!',"-""'"'

ND1-NDRAIN-1
H8t-HS0URC«1
DO H-HXHAX.HDI.-I I

NJ-0
REPEAT I

HJ-HJH

i im?TiPC??i5!!rlc2<l5£^'i£0,'c<,,*w»>
NJ-XP08(N ) " ' M ' iH4 •CE• "»•»*»
YJ-YP08(NJ>
CJ-COHC(H.HJ)

YJ-ivJ HE,> VJ'V^DELV<"J-l>*CJ/<COHC(H.NJ-l)-CJ)
IF <N.EC.HXHAX) CALL NOVE (KGCB.XJ.Vd)

, EL8E CALL DRAH (KCCb'xj.VJ)
OO H-HSI.I.-I (

HJ-0
REPEAT I

NJ-HJ«I

TVPC-8ICN(|.0(EXP>0.(C0HC(H.HJ)))
X^oU)""" IVPE> °R""' " NYHAN))
VJ-VP08(HJ>
CJ-COHC(H.RJ)

VJ-iyj ME -1* VJ"VJ*OELV<BJ-»^CJ/<COHC(H.NJ-l)-CJ)
IMN EQ.N8I) CALL HOVE (KGCB.XJ.Vd)
ELSE CALL ORAH (KGCB.XJ.VJ)

OUTLIHE THE DEVICE

1
CALL PEHUP (KGCB)

.OOHE
RETURH
EHD
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Filai IPLOTH E,,., 4PL0TH

2isL!iaiAaiFN IF (LU.EO.LUPLTR) CALL PEH (KGCB.O)
EHA(XYZ;0) CALL FLOTR (KGCB .KTVPE.O) •

*EN0IFBuaanu¥tiis si am • -RING BELL AND TURN ON ALPHA DISPLAY
8UBN0UTINE PLOTH HRITE (KOHSOL.3000) KBELL.KESC

5 PLOT NESH J0" F0RHAT(2Al.'.dE-'>
•CALL TEHA " FR0"rg§!l|OL l0 'LOff"
•CALL TCOHHH ,F <LU.HE.LUPLTR) f
a •iflfiiu saaanrrraa WRITE (KOHSOL.4000 >
* BiSruSiny veriiJiasi 8E"8 (K0H80L.2000) KAHSHR

nlrai uai is/a/ srarstims ...,,...„. ..vra,-...., . ,.„„„, A 4000 FORNAK'Rsplot on tha plottar (Yas-f7/Ho-f8) 7 .')
onin LUPLTR/9/.KESC/933N/.KBELL/007B/.KYE8/2HV /.ISPEED/2/.* 2000 FDIHSTfAl)

KUPH0V/-2/.KDHHOV/-I/.KHOVUP/2/.KNOVDN/I/ "°° IF (KAHSHR.EB KVES) I
Baaas**ssaa»aaaa INITIALIZATION *mm.mmm.*« LuSluPLTN
8 IHITIALIZE DEVICE , ]

KGO-I , '
LU-K0H80L . '
HHILE (KGO.EB.I) I ! DQMr

IF (LU.HE.LUPLTR) I * RETURN
5S5^;lo(lll»oplOT"< ""•• "VPE*''L0» "8

,^. H8ITE.(K0H80L.»000> KE8C
3000 FORHAT(Rl.**dF-*>

ELSE (
KTVPE-ai CALL PLBTR(KGCB,KTVPE.1.LU>
CALL PAPER(KCCB.XONV.KONBOL)
HRITE (KOHSOL.4000)
READ (KOHSOL.•) KOLOR

SgfSHSJIIta^SJfSSLo.;})," ••••' - th# •»•"•" -M
CALL PEN (KCCB.KOLOR)
CALL XHIT (KCCB)

„ . HRITE (LU.40I0) I8PEE0
4010 FORHATCVS'.ll.'IVAf)

! ""Ut'KWS rK«.*"S»00,"« •"'"
CALL LIHE (KGCB.O)

Ssa*a«aaaa-*aaa* PLOTTIHG SECTIOH ••m»m«*^»m*»»»»
TOX-AHAXKTBXO.TOXI)

8 ORAH V-LIHES \
REPS-EPSI/EPSIOa
V2 —YHAX
Kl-HXHAX-I
DO KX-2.K1 f

X-XPOS(KX)

X!rPE2.i2S8f!:9,,iK«' •>*DELOX( KX. 2))
CALL PLOT (KGCB.X.VI.KUPROV)
CALL PLOT (KCCB.X.V2.KDHH0V)

CALL PEHHP(KGCB)

8 DRAH N-LINES
XI-XPOB(I)
X2-XP08(HXNAX)
Kl-NYHAX-I

IF ^I0*8 2Ei!i8<E*F>?>OR.(TOXI.HE.O.O(EXP>0)> I
DO KX-HXHAX.1.-I I

X-XPOS(KX)
Y-REP9aOELOX(KX.I>
CALL PLOT (KGCB.X.Y.KHOVDN)

CALL PENUP (KGCB)

DO KV-2.K1 (
Y--VPOS(KY) _
£*>!- f!-2T <RCca.xi.v.KUPHOv> |T} CALL PLOT (KCCB.X2.V.KDNH0V) g

CALL PEHUP(KGCB)

8 FIHI8H UP
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Fllai tPOSHl

•CALL THDEFH
•IF HPIOOO
ERA(XYZ.O)
•ENDIF

8UBNOUTINE POSHI (L0C.KPA88.KLITR.KH8G )

8 SOLVE POISSOH EQURTIOH IH l-D

•CALL TENA
•CALL TCOHHH
8

DIHEH8IOH KITNB(49).N0RDER(4)

DATA KHAX/90/
DATA H0R0ER/2Hat,2Hnd.2Hrd,2Hth/

0 AS81CH OXIOE THICKHE8S
IF ((L0C.6E.N0X0).AHD.(L0C.LE.H0XI)> TOX-TOXO
ELSE TOX-TOX1

8 A881CH GATE POTEHTIAL
If ((L0C.CE.RCATE0).AHD.(L0C.LE.HCATE1>> PHICB-V6B
ELSE If (LOC.LE.H60URC) PHIGB-VSB'PHIJ

a ELSE PHIGB-VDB+PHIJ
8 IHITIALIZE BETHEEH SOURCE AHD DRAIN

,F <<L0C.CT.NS0UNC>.AND.(L0C.LT.HDRAIN>> I
KTVPE-D

IF u»"i«iHs?*!?W8bW
ELSE KTVPE-2

ffe8E.i£-iB22Ell>pli8*<E">8> «"«•!
EE.EK FV [if?PE#(,KTVP«>.E..TVPE> Bit IIRI Ml'.Wtt: HI^IIII,

j ELSE CALL IHOEP (LOC.KTYPE.TOX.PHICB)
8

• uirtt,n.imntt.t>*n»>.>«
POTOX(LOC.l)-PHICB
RETURH

a ELSE CALL IHSAB (L0C.PHI6B)
8 LOAO POTEHTIAL OH TOP OF OXIOE

porox(Loc.a>-PHica \
POTOX(LOC.I)-PNIGB \
IF (DELOX(LOC.I >.EB.O.O(EXP>0> P0T8KL0C. 1 )-PHIGB

a ELSE IF (0EL0X(L0C.2>.NE.0.0(EXP>0> POXN-PNICBaCHOXI(LOC.l>
DVH-DELY(HVHAN-I)

HV2-HYHAXM
DO H-1.HY21 KITR8(R>-8
\l 521^255 J-2S»? US ■♦•♦<"'>•> kitrbo)-*a IF <DELOX<LOC.I) EQ.O 0<EXP>0) KITRB(2>-9

8 r2f,f.?B! F" ITERATION
KOUHT-0
REPEAT I

AB8ERR-0.0(EXP>0

8 OH TOP OF OXIDE

§ IF ((LOC.LT.HCATEO>.OR.(LOC.CT.HCATE1>> POTOX(L0C.2>-POTOX(LOC.1>
8 INSIDE OXIOE

IF <?lL??ik2£ta.>i,,E8 «<EXP>0) I
1F n^awstgiifL^;,; <«"»<a> •" ••»«

?Sfs;r?g?:n:?H»oc',>*C80,u<Loc'i>
ABSERR-ABS(OLDPHY-PHIV)
IF "tPNlkHmiWH ?»«0 (AB8ERR.LE ATOLD) I

lf.a<lt,IMn > "•»> OR <KITR8(I).E0.9>> KITR8(l>-9, EL8E KITR8(1)-I

-91-

1
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ELSE
KITRBd >-81

ELSE C

IF ((KITRBd). HE. D.AHD.(KITRBd).HE9)) KITR8(1)-1
j tL8E KITR8(l)-9

,F Pogp^^jKjlAlfi'FoS'HgHSSJST^ C0HV"" ,H '"»"•" TBB COHSECUTIV

<fif58<J»J> HE.9>.0R.(KITRB(H*2)MHE,9)W
oSvre-qohe8I(l6c>#C^

ELSE I

PNIV-POTSKLOC.N)
OLDPHV-PHIV
CDOPE-COMC(LOC.H)
CALL PHIF1 (LOCH. 1)
IF (KOUHT.LT.KLITR) KI-1
ELSE KI-4
CALL ITERB (PHIV.PHIA.OOVRE.CDOPE.ATOLI.HITRO. KI)

•IF HPIOOO

IF <£5.,58*°- EB.I). AHD.(HITRB.6E.(K1-|>) AHD (KI MS lit rOELPHY-PHIV-OLDPHV ••"•••«-**1 •"•NMB.f ki.he. I >> I
RATIO-IOO.0E0*ABS(DELPNV/OLDPHV)HRIIfi <K0H80L.3000>6|5ShJ^
FORHATda.'l-.ia.'th ItoPItlon at ('. 12. '. -. 12. ' ). ',<

'cld-'.F7.3.-, nau-'.F7.3,-. dph-'.FZ^?', *-•!'

P^8I(L0c!NWHiv<"P>0> PMI»-"E""«<'HIV-OLDPHVHOLDPHV
CARRIE(LOC.N>-COOPE

?ff 555I?"U,JHS!-,,KJc«5!S5"j:«,,i,.u „ ,
"<<5iK!!5:iW,,>,,"""iSI?,!"''>
ELSE KITR8(N«1)«|

ELSE KITRS(H«l>-8

1
I

SUBSTRATE •OUNDARV
IF ((KOUHT.LT.KPASS).OR.(KITRS(HVHAX) NE 9>) (

0fc0?8X:£0T«*<I-flC. NYHAN)|[flE"I» "0.0(ENP>0>L!{^-8«T(FHIV/ALPH.)
IF (HDPL.LT.DYN) I *i**rt9

PHIV-0.0(EXP>0
i CARRIE(LOC.HYHAX)—COHC(LOC.NVHAX)
ELSE t

PNIY-(HDPL-DYN)»(HOPL-DVH)aALPHR
f CARRIE(LOC,HVHAX)-o:0(EXP>0
P0T8I(L0C.HVHAX)-PHIV
A88ERR-ARAXi(AB8ERR,ABS(0LDPHY-PHIY))
IF ((KOUHT.CE.KPA88).AHD.(ABSERRLE ATOLD) I

IF <(KITR6(NYNAX«I).E0 1> OR (KiTR8(HVNAX»l) CO «>)
KITRB(HYNAX*l)-9 "T"",C '' EB ,))

ELSE KIIR8(HYHAX«t)-l ^

ELSE KITN8(NVHAX*I)-8 ^

It,f,l<,SlfSKKg:tMM^
ELBE KITR8(HYHAX*t)-9
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Fllai tPOSHl

KOUHT-KOUHT*!
1 UNTIL ((ABSERR.LE.ATOL1).OR. (KOUHT.GE.KHAX))

HRITE OUT PROPER HESSAGE
IF (KHSG.HE.O) (
LDGIT>HOO(KOUHT.10)
IF^LpGIT.EO.I) HRITE (KOHSOL.IOOO) LOC. KOUHT.HOROER(I).ABSERR

IF (LD6IT.Ee.2) HRITE (KOHSOL.1000) LOC.KOUHT.HORDER(2).ABSERR

IF (L0GIT.E0.3) HRITE (KONSOL.I 000) LOC.KOUHT.HOROER(3).ABSERR
ELSE WRITE (KOHSOL.IOOO) LOC.KOUHT.HOR0ER(4).ABSERR

)
FORHAT CInltlallxa colunn*. 13,'i *. *

•Convorgad at*.l3.A2.* Itaratlon. naxinun davlatlon -a.GI0.3)

DOHE
RETURH
EHD
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•CALL THDEFH
•IF HPIOOO
EHA< XYZ.O)
♦EHDIF

SUBROUTINE POSSN

I SOLVE 2-D POISSOH DIFFEREHCE EOUATIOH

•CALL TEHA
•CALL TCOHHH
•

a DIHEHSIOH KITR8(30.49).H0RDER(4>
• EQUIVALENCE EHA ARRAYS IHTO OHE-OIHEHSIOHAL ARRAYS

DIHEHSIOH 0DC0HC(l).0DP0T8(l).00CHOR(l).00C80U(l).ODCEA8(l>.ODCHE8(l).
ODBOHE(1>*ODCARR(I)

EQUIVALENCE (ODCOHCI1>.COHC(I.I>>. (00P0T8(I ).P0T8I(I.I)>.*
5222S2S!!i'£222!H(.1!i)>'(OOC8ou(i).c8ouTH(i.t)>.*
(ODCEASd ).CEAST(1.I>). (OOCHESd ).CHEST( 1.1 )),*( (ODQOHE(l).QOHE(l.l)). (OOCARR( I )!cARR IE( I. I>)

... U.?5I2 M0RDER/2Hst.2Hnd.2Hrd.2Hth/. KVE8/2HV /
•IF HPIOOO

DATA KEBC/0338/. KCR/0I9B/

8

KPA88-I

8CHECK IF ENYOKE LOCAL ITERATION
KLITR-KHAK2*!
IF (RELAX2.EB.I) t

HRITE (KONSOL.1090)

RgsrK^sjgraoSsVKiJjK"0" <»—""••"•> * -•>1090

•IF BATCH

•EHDIF

I0A0

•IF BATCH

1041
•EHOIF

1070

•IF BATCH

•EHDIF

HRITE (KOHSOL.2000) KAHSHR

IF (KAHSHR.EQ.KYE8) C
WRITE (KOHSOL.1080)
fORMATCStart fran 7 itaratlon 7 _•>
READ (KEVBRD.o) KLITR

MITE (KOHSOL. 1041 > KLITR
FORNAK 14)

HRITE (KOHSOL.1070)

nsaT«;t»»:i»» mv*v% r |p,d <*•-»'•••»•••»
HRITE (KOHSOL.2000) KAHSHR

IF (KAHSHR.EQ.KVES) KIHSC1-1
ELBE KIHSG1-0

2000 FORHAT(AI)
8

8 IHITIALIZE EVCHT TABLE
NVI-HYHAHd
DO N-l,HXHAX I

DO H-I.MVII KITR8(N,N)-8
\l <DELOX(N.2).EO.O.O(ENP>0> KITR0(N.t>-9
IF (DEL0X(H,1).E8.0.0(EXP>0> KITRB(M.2)-9

8
8 PREPARE FOR ITERATION

HX2-HXHAX-I
HY2-HYHAX-I
DYN-DELV(HYa)
JUHK-IFRRK(O)
TOTSK-O.OEO
PRCHT0-IOO.0EO/FL0AT(HXHAXaHVHAX>
KOUNT-0
KGO-I
HCO-(H80URC*H0RAIH)/2
HCO-I

B rasat SKIP count

8 rasst loop count
8 sat CO flag
8 sat channaf cantar

ALTERHATE X-LOOP DIRECTION EVENY OTHER OHE

IF (IFBRK(O).EB.O) (
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Fllai tPOSSH

COLL PHIF1 (HCO.HCO.O) 8 DEFIHE X'TIOH RCH OF Q-f-LEVEL?raH«HJ-H«?KOUHT.2)).HE.KOUHT)( HJ-2^ »..», HD-1^ 1
CLEAR CONVERGENCE MESSAGE

ROLD-HHAX
HMAX-0

HOLO-HNAXI
HNAX-Ol
EROLD-ABSERR
ABSERR-O.OEO
H8KIP-0
KOUHT-KOUHTH

8 IH8IDE OXIDE
H-HI-HD _ _.
HSGH-I8I6H(I.H2-H)

H^irri'fH^NElSrS^^NSGNO.EB.HSGN))!
H-H»HD
II BCMbb t fi I CMC 1 M2~M)

" 'irKajifirMfMK'iiMit. «... i
ftnfi3Hr,:t!iiBKi:»»HUJI.i:IB!B«i:ir
POTOX(H.l)-PHI

!rr?g§u8LTDa!^H«,.AHD.(ERR LE.AT0L2)) I _
IF ((KiTR8(H,l).E0.l).0R.(KITR8(H.I).EQ.9))

KITR8(H.I)-9
ELSE K1TR8(H.I)-I

{"(ABSERRlLT^RRrr'ABSERR-ERRl HHAX-Hl NNAX--I 1

,tM|r ((KIT«B(H.I).HE.I>.AND.(KITNfl(N.I> HE.9)>
KITRB(N.I)-I

ELBE K1TRB(N.1>>9
1

8 IH SILICON

800

?! RcVll l).AHB.(DELOX(H
IF (KOUHT.LT.KPA98)
IF (KITRB(H.H).HE9)
IF (KlTRS(H.Nd)HE.9>
IF (KITRB(N.H»2>.HE.9)

.„\HE.O.O(EXP>0)).0R.(H HE.I)) (
GO TO 800
GO TO 800
GO TO 800
GO TO BOO

.F (KITR8(H-1.N«1)ME.9> CO TO BOO
IF (KITR8(Hd.H*l).HE.9) I

COHTIHUE
IF (H.EO.I) PHIA-POTOX(H.I)
EL8E PHIA-P0T8I(H,N-t>

• PERFORH SUBSCRIPT CALCULATION EXACTLY OHCEl Array/1.J> -> array(K)
8 0HE-01HEH8I0HAL OFFSET VALUE I K-(J-I>*30»I

•IF IBATCH

2010

PHIa2pHIa2oDCHOR(HN)»POT9I(N.NM>»OOCSOU(NH^
POTSI(H-1.H)*ODCHES(HH)«POTSI(H*I.H)*ODCEAS(HH)

CDOPE-OOCOHC(HH)
PHI-ODPOTS(HH)
0LDPNI-PH1
CALL PHIFI (H.H.2) ... .
IF (KOUHT.LT.KLITR) KI-I

CALL ITERS(PH1.PHIA.(0DQ0HE(HH)).C00PE.AT0L2.HITR8.*
Kl)

IF ((KI.HE. I).AHD.(HITRB.GE.(KI-I)).AHD*
(K1NSC1.NE.O)> I
DELPHI-PHI-OLOPHI
RATI0»IOO.O(EXP)0»AB8(DELPHI/0LDPHI)
WRITE (KOHSOL.2010) KOUHT.HITRB.H.H.OLDPHI.PHI.*

DELPHI.RATIO
FORHAT( I3.*i*.12.'th itaration at C , 12.a.a. 12.*

a). old-".F7.3.'. nou-'.F7.3.'» '.*
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Fl lai tPOSSH

1

•dph-'.F7.3.', *-'.F7 3)

IF (RELAX2 HE.I) PHI-RELAX2»(PH1-0LDPHI>»OLDPHI
ODPOTS(HH)-PHI
ODCARR(HH)-CDOPE

IF ((KITR8(H.H»1) EO.I ) OR.(KITR8(H.H*l>.EQ.9>>
KITRB(H.HM)-?

ELSE KITR8(H.H*I >-l

IF8(AB8ENR,LT8ERR)*I^BSERR-ERRI HHAX-Hl HHAX-H I
ELSE HSKIP-HSKIPM

5 ™E "" poir(fWM.?T^^ i
SDPLlIsSRT(TAHAxi?(POTSI(H.HVHAX-l)).0 0(EXP>0>/ALPHB)
IF (HOPL.LT DYN) C

CARR1E(HEHVJ|AX>--C0HC(H.HVHAX>

EtUpHI-( HDPL-DVH )•(HDPL-DYH)»ALPHB
CARRIE(H.HVHAX)-0.0(EXP>0

P0T8I(H.HYHAX)-PHI

{ia;»iutnr;i:u>.t».<f«i.tc...!ia»i
;[M»HIK.:Wa:»:M:«iT|,H8.:,a|!B,{:,

IF (A88ERR.LT.ERR) C AB8ERR-ERRI HNAN-NI HHAX-HYHAX 1

EL8EIF ((KITRa(H.HYNAX*l>.HE.9).AHD.(KITR8(H.HVHAXd).HE.I))
KITR6(H.HVHAXM)-I

ELSE KITR8(H.HYHAXd)-S
1

5 •'«» ••tWBW.WH I?S»SSSS?«r.,i0Sg'«'JS3ti iM.'l »l!S".c>"?Tl'
.oio«<i.i>-n>io«(J.i)

5g,si:<.!ii5i;p.?'?8<Tii?,>.I...fo...<J...

J'«W*HMWn^«BM,WM•R,•,,•,M,,,,,•,,•••",",,,,"
1

'• """ C?HI5«|!Cr!h?I^I!SEAT(HSKIP)
T0T8K-T0T8K«PERCHT

• IF •E-TCHtHPa44DScAT-()oD(((ooHT lft)

"' WHiHft.V., «MTE 'BRI.....^^
EL8E HRITE <5gHSOL.3000)HK^^

CL"IF <IF6{KiN!Gi>EO.O) UNITE <.RRk:.S^ -

IF ^"(KiNScilEQ.O) HRITE (KOHSOL. 3001) KOUHT.*
* M0RDER(3).ABSERR.HHAX.HNAX.*

PERCHT.KCR

ELSE
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ELSE HRITE (KOHSOL.3000) KOUHT.*
HOROER(3).ABSERR.HHAX.HHAX.
PERCHT

IF (KIHSC2 EQ.O) HRITE (KOHSOL.3001 > KOUHT,*
HORDER(4).ABSERR.HHAX.HHAX.
PERCHT.KCR

ELSE HRITE (KOHSOL.3000) KOUHT.*
NORDER(4).ABSERR.HHAX.HHAX.
PERCHT

ELSE

3000

3001

•EHOIF

FORHAT (!3.A2.a loopi nax dsvlatl
12.a). bu-pass'.OPFA .2.'*

FORHAT (I3.A2.a Toopi nax davlati
12.' )•12.

on -'.IPCS.3.a. at ('. 12,
t la>
on -'.IP69.3.'. at ('.*

bg-pass'.0PF4.2.'X C.R1.'.')

3010

ELSE KCO-0
1 UHTIL ( (ABSERR.LE.AT0L2).OR.(KOUHT.CE.KHAX2).OR.(KGO.EQ.O) >

DOHE
T0T8K-T0TSR/(KOUHT-!)
KHTX-KOUHT-1

22115,5 50l,82Li,8i8> J««TR.EROLD.HOLD. HOLD. T0T8K
FORHATC** 2-D Itaratlon stops at loop ".13. *i'. I4N*

/.7X.Most nax Novlation -'.IPCS.3.-. at C. 12.'. •.12,• ), •
RETURN * F*»«"'DFF4.2»'X ava par loop')
END
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•CALL THDEFH
SU8N0UTINE NOFDP

8 REDEFINE DOPIHG PROFILE

•CALL TCOHHH

0IHEH8I0H KD0PE(4)

DATA KVE8/2HV /. UH/I.0(EXP>-4/, SECHD/40 0(EXP>0/
a DATA KD0PE/2HB ,2HA .2HP ,2H8 .2H* ,2H- /, K0SUP/2HF /
8 CHAHGE ALL

HRITE (KOHSOL.IOOO)

I^rRS^^I^S^eJoO^SSIhS MP— fra (V.,-f7/Ho-f8) 7.')
.„...,WRITE (K0H80L.2000) KAHSHR

•EHDIF
2000 FORHAT(Al)
a IF (KAHSHR.EB.KVES) CALL REDOP
8 CHANCE PART OF THEN

ELSE (
.*.* 28ITE <K0R80L.!0!0>
IOIO F0RHAT(4N.'substrata dopanti B.Aa.Ph.Sb.»(n-typa).-(p-tupa).'.*

'F(Supran) \»»wr r ar
^•!!»!o»iD«trata doping concontrat ion '(' •IEI3 cn-3) 2'-
'4X."ovarall Inplant dopanti B, Aa. Ph. 8b. ♦. - 3--
'•X. rangs(un). atndav(un) and doss( c«-2) . '. . 4'*
/4X. diffusion constant (cn2/aac) 9**
*,•*». drlwa in tanparatura (oC) 6-«
<4X.» drlwa in Una (nln) ?•-
<4X.'localItad inplant locatloni fron 7 to 7 (un) 8**
<**•" dopanti B. Aa. Ph. Sb. ♦. - .[ 9'*
Sf!'. ranga(un). stndav(un) and doss (cn-2) 10'*
<fS'- diffusion constant (cn2/sac) ll"*
*!•«•_ driva in tanparatura (oC ) 12"*
'*2»! mj, . dnwa In tlna (nln) |3«*
/4X.'aourca/draln inplant dopanti B. As. Ph. 8b. ♦. - 14'*
<fjj». rnb(un). stndsv(un) and dosa(cn-2) IS'*
%ZZ'm diffusion eonstont (cn2/ssc) IA'*
<f5*. drlva In tanparatura (oC ) 17'*

I '•*» drlva In tlna (nln) 18*)
8 REAO INDEX

REPEAT I
.... MITE (KOHSOL.1020)

!"..,«. H:n»iii.:rwB"' '"'••, *-•»
•ui.. nui,iw"-"">"»»
•EHOIF
8

8 GET IHPLAHT FLAG

if., .* 55SASBLEa> KKIHP-0
ELSE IF (KPARH.LE.7) KK1NP-1

ELBE If (KPARH.LE.I3) KKIHP-2
fl ELSE KKINP-3
8 GET PARAHETERS
.*,* WRITE (KOHSOL,1030)JD3D FORHRTCValua(s) ? .•)
8 READ SVHBLE

IF ((KPARM.ER.I ).0R (KPARH.EQ.3).0R*
(KPARH.EB.9).0R.(KPARH.EB.I4)) I

•IF BATCH (KEYBRD.2000) KAH8HR
,E||01F UNITE (KONSOL. 2000) KAHSHR
8
8 DOPIHG SPECIES ~

?Sli.2HikE.<»<K2H!28 »»E.KDOPE(K)).AHD.(K LT.4)) K-KO V»
IF ((K.E0.I>.0R.(K.EQ.4>> DTYPE—1 0(EXP>0 «*•
ELSE DTYPE- 1 0(EXP>0
IF (KPARH.EQ.I) t

IF (KAHSHR EB.KD9UP) K8UPRH-1
ELSE C K8UPRH-0I TYPE-DTYPE 1
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F.Ut IRDFDP

1
ELSE OOPE(KKIHP)-K

8 REAO VALUE8
ELSE I

REAO (KEVBRD.O AH80. AH8 I.AH82

IF ((KPARH.E0.4).OR (KPARH Ea.lO).OR (KPARH EQI3>>
WRITE (KOHSOL.2001 ) AHS0.ANSt.ANS2

ELSE IF (KPARH.EQ.8) WRITE (KONSOL 2001 ) AHsVaHSI
„_. ELSE HRITE (KOHSOL.200 I) AHSO
a00l F0RHAT(IP3GI3.3)

a

8 SUBSTRATE CONCEHCTNAION
IF (KPARH.EB.2) C8UB-AH80«1 0(EXP>I9

8 IHPLAHT HIHDOH
ELSE IF (KPARH.EB.8) (

XIHPLO-ANBOaUN
XlHPLI-AHSIoUH
IF (XIHPLO.CT XIHPLI> (

T-XIHPLOl NINPLO-XINPLII XINPLI-T

8 IHPLAHT PARAHETERS
ELSE C

IF (KPARH.LTD) KR-KPARR
St81.- «w. KK-KPARN-I
KK-(KK-2)/9
IF (KK EQ.2) (

RANCE(KKIHP)-AN80«UH

, 85JS?»?J«.,;f88fJlHSf{;?Pi?«<"'"»

IF (KK.EQ.9) DRVIH(KKIHP>-AHAX1(AH80*8ECHO.O O(EXPO)

•IF BATCH

1
1

8 AHY RORE CNAHCEB7
.-+* HRITE (KOHSOL.1840)
1040 £2!S*T5!?S££~c&!',fl9* <Vaa-f7/Ho-f8) 7 _'>•IF BATCH (KEVBRD.aOol) KAH8HR \
•EHOIF UlW «K0,,t0L'»880> KRH8HR *

IF (KAHSHR.EB.KVES) KC0-1
ELBE KGO-0

1 UHT1L (KCO.EO.O)

.PROCESS PARAHETERS OF STEP APPROXIMATION
^ 00 KIHPL-1.3! IF (ABS(D0SE(KIHPL)>.6T.I.9(ERP>0> CALL ASTEP(KINPL)

.DONE
RETURH
EHD
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•CALL THDEFH
SUBROUTIHE ROFGH

• REDEFIHE OEVICE GEOMETRY

•CALL TCOHHH
8

DATA KYES/aHV /. UH/I 0(EXP>-4/

8 CHAHGE ALL
, HRITE (KOHSOL.1000)

,0" 5RgftT(<Ki58S8:aSoo)fl«IJSJ5,, 'IMMtw' "•••«*..«>
•IF BATCH

♦EHOIF"81" <K0M80t'2000> «t«HSHR
2000 FORHAT(AI)

IF (KAHSHR.EO.KVES) CALL RED6H

8 CHARGE PART OF THEH
ELSE C

HRITE (KONSOL.IOIO)
F0RHAT(4X.'draun channal langth (un)

<JS'!!*!trt! •P*ft of «ourca (un)
<$8»IutSr«' »P5« of drain (un)
*28*l22!-* **'«•«"••»' "»»•»* •"•* thick? (un)
^?!!*-rhJft oxlda location! fron 7 to 7 (un)
£2!i'Ii•i•r•, £••? «f oxida ranp (un)
i28'Iir,?S Ojtf loeatloni fron 7 to ? (un).
/4X."dapth of tha sinulatsd structura (un).

HEAD INDEX AND VALUE(S)
REPEAT I

HRITE (KOHSOL.1020)

KJ8*T{K^BSS.srKPAS8ttr inu*> ? -•»

? .' )

IOIO

1020

•IF BATCH

1021
•EHOIF

1030

8
I. . .

niiiAW901-"*" *****
HRITE (KOHSOL.1030)
FOAHATCValua(a) 7 _•)
REAO (KEVBRD.a) AH8D.AHS1

.SCALE AHD LOAD HEN VALUES
PARno>AHAX!(A8B(AHSO>aUH.O.O<EXP>0>
PARH1-AHAXI(A88(AHS1>*UH.0.0(EXP>0>|F (KFARH.EB.I) XCHANL-PARNO K"r""
IF (KPARH.EB.2) XSOURC-PARNO
!£ 5522521s-3* xdraih-parho
!£ 552252-12-22 S toxo-parhoi toxi-parmi j
IF (KPARH.EO.9) ( XOXO-PANNOJ N0XI-PARN1
J IF (XOXO.GT.XOXl) C T-XOXOl XOXO-XOXIt X0X1-T I
IF <KPARH.|B.4) XOXN-PARHO
IF 'Hm&imVA 552II?:'2"58£ *mtei-parriIF (XCATEO.CT.XGATEI) I T-XGATEOl XGATEO-XGATEII XGATE1-T 1

a IF (KPARH.EB.8) VNAX-PARNO
8 ANY NONE 7

HRITE (KOH80L.1040)
,0«D FORHRTCRora changaa (Vaa-f7/No-fB) 7 ')•IF BATCH (KEYBR0.2005) KAHBHR '•»»-'
•EHOIF MIT! (KOHSOL.2000) KAHSHR

If (KAHSHR.E0.KYE8) KCO-I
ELSE KCO-0

1 UHTIL (KGO.EB.O)

8 UPDATE XHAN —
XHAX-XCHAHL*X800RC*XDRAIH

8
8 DONE

RETURH
EHD
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Fllai IREDDP

•CALL THOEFH
SUBROUTIHE REDDP

8
8 REAO IH DOPIHG PHRAHETER8 FROH THE COH80LE

•CALL TCOHHH
8

DIHEHSIOH HE88C0(9.2).HE88CI(3.2).HES8G2(4.3).KD0PE(4)
DATA KVES/2HV /. UH/I.0(EXP>-4/
DATA LNHSGO/9/.*

NES8G0/2HSu.2Hba.2Htr.2Hat.2Ha . 2HIn.2Hp1.2Han.2Ht .2H /
DATA LHNSCI/3/.*

HESSGI/2HAn.2Hg .2N .2NCh.2Han.2Hga/
DATA LHH6G2/4/.*

HESSC2/2How.2Har.2Hal.2NI .2Hla.2Hca.2Hl'.2Hd .2Har.2Hc/.2Hdr.2Hn
DATA KDOPE /2HB .2HA .2HP .2H8 .2H« .2H- /

8 DEFIHE SOFT KEYS 1-4
•IF HP244BA

CALL SKEYP
•EHDIF
8
8 GET THE 8UB8TNATE COHCEHTRATIOH

HRITE (KOHSOL.IOOO) (HE8SG0(K.I).K-l.LHH8GO>
IOOO F0RHAT(3A2.' dopant (8-fI.As-f2.Ph-f3.8b-f4.'.*

.„ . '♦(H-tgpa>-f9.-(P-tupa)-f4) 7 .')
READ (KEYBRD.2000) KAHSHR

•IF BATCH
WRITE (KOHSOL.2000) KAHSHR

•EHOIF
2000 FORHAT(AI)

K-ll HHILE ((KAHSHR.HE.KOOPE(K>).AHD.(K.LT.4)) K-K + l
IF ((K.EB.I).0R.(K.E0.4>> TYPE--I.0(EXP>0
ELSE TYPE- I.O(EXP>0
HRITE (KOHSOL.IOIO)

1010 FORNATCSubstrata eoneantrat ion (in unit of IE19 cn-3) 7 .')
HEAD (KEVBRD.a) CSUB

•IF BATCH
UNITE (KOHSOL.101!> CSUB

1011 F0RHAT(IP6I0.3>
•ENOIF

C80B-8l6N(CSeia|.0(EXP>l3.TVPE>

8 GET PARAMETERS OF IHPLAHTATI ONI
IF (KLOOP.EO.I) KHS6-1
ELSE KH8C-2
00 KIHPL-I.3 I \

KAHSWR-KVES \
HRITE (KOHSOL.1020) (NE8S6KK.KNSC ). K-l. LHH8GI ),*

(HE8SG2(K.K1HPL).K-1.LHH8G2>
1020

•IF BATCH

•EHOIF

1029

•IF BATCH

1024
•EHOIF

1030

•IF BATCH

•EHOIF

1040

•IF BATCH

F0RNAT(3A2.IX.4A2.* Inplant (Vas-f7/Ho-fB) 7 _•)
READ (KEVBRD.2000) KAHSHR

HRITE (KONSOL.2000) KAH8HR

IF (KAHSHR.EB.KVEB) I
IF (KIHPL.E8.2) t

HRITE (KOHSOL.1089)

RE°«fl\KE^!:rR-iN?ro:!!UPLf.0" °io °<u,,> ? -">

i
HRITE (KOHSOL.IOIO)
FORHATCInplant dopant (B-f 1,As-f2,Ph-f3.8b-f4,*,*

a«(H-tup*)-fS,-(P-tupa)-f4) 7 _* )
READ (KEVBRD.2000) KAHSHR WP

HRITE (KOHSOL.2000) KAHSHR

DOPE( KIHPL )iRK<IH8,,R NE KOOPE(K )).AHD.(K.LT .4)) K-K*l
WRITE (KOHSOL.1040)
FORHATCInplant paranatarai '.*
.,*» .!2*8CE<M"» ? STHDV(un) 7 D0SE(cn-2) 7 -a)
READ (KEVBRD.O RAHGE(KIHPL ).8TNDV(KIHPL ).D08E(KIHPL>

HRITE (K0HB0L.104I) RAHGE(KIHPL>.6THDV(KIHPL ).DOSE(KIHPL)

-101-

1041
•EHOIF

1030

•IF BATCH

1091
•EHOIF

1099

•IF BATCH

1094
•EHOIF

1040

•IF BATCH

1041
•EHDIF
8
8 SCALE

)
EL

Filai IREDOP

FORHAT(IP3GI3.3)

IF (K.GE.9) (
HRITE (K0H80L.1090)
FORHATCOiffusion cosfflclant at ',*

READ (KE^RD,:.)%C^(\r|HArJ ««"»'"«> ' -'»

FM5.{IT^Pos8§l3rnocoEF<,t,,,pL,
1
ELBE C

HRITE (KONSOL.1099)
fO«sjAT<*Orlwf-ln tanparatura (oC) 7 _•)
READ (KEVBRD.a) TEHP(KIHPL)

HRITE (KOHSOL.1094) TEHP(KIHPL)
FORHATdPCIO 3)

J
HRITE (KOHSOL.1040)

5E°sgflT!«D?BSj;:? px^HcSis^r'7 -'*

R^T»?S!SL3,0$,,0tv,M<,c,,'PL>

AND CHECK IHPOY PARAMETERS
CALL CNKDP (KIHPL)

BE I
DOPE(KIHPL)-0.0(EXP>0
RAHGE(KIMPL>-0.0(EXP)0
8TMDV(KIHPL)-0.0(EXP>0
D08E(KIHPL)-0.0(EXP>0
0COEF(KIHPL)-O.0(EXP>0
TEHP(KIHPL>-0.0(EXP>0
DRV1M(KIHPL>-0.0(EXP>0
XJCT(KIHPL >-0.0(EXP>0
C8TEP(KINPL)-0.0(EXP)0
IF (KIHPL. EQ 2) ( XIHPLO—XS0URC-X80URCI XIHPLI-XIHPLO 1

8
8 DOHE

RETURN
EHD
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Filai IREDFl

•CALL THDEFH
8UBR0UTIHE REDF1

8 READ IHPUT PARAHETER8 FROH A FILE
0
•CALL TCOHHH

DIHEHSIOH KDBPE(4).NAHINP(4.3>
B
S FILE HAHA6EHEHT PARAHETERS

0IHEH8I0H HAHHUF(10).H8TRH6(20>.HAHFIL(3>.*
KDCR(I44). KSIZE(2>. KBUF(40)

EBUIVALEHCE (HAHBUF(I).HAHFIL( I)).( MAHBUF(9).N8ECU).(NAM80F(A ).HCR )

8 OATA K8IZE/20.B0/.KTVPE/3/.KDCB8/I28/,*
LRECL/40/. H9EC0/D/.HCR/2HXX/

•ENDIF

DATA KD0PE/2HB .2HA .2HP ,2HS .
HAHIRP/2H*v.2Her.2Hel.2Hl

2Hlo.2Hca,2Hl',2Hd
2Hsr.2Hc/,2Hdr,2Hn

DATA HAH8TR/2H*a/
•IF HPIOOO

DATA KESC /033B/
•EHOIF
8
8 GET THE DATA FILE HARE
•IF HPIOOO

KOPEH-1
HHILE (KOPEH.EO.I) I

HRITE (KOHSOL.IOOO)
IOOO FORNAK'Input data flla nana? -")

REAO (KETBlD.lOlO) HSTRHG
HPOS-l! CALL HARR (NAHBUF. NSTNNG.40.HP08)
DO K-l.101 INPFIL(K)-HANBOF(K)

8
a OPEN THE FILE

CALL OPEN (KDCB.KERR.HANFIL.0.HSECU.HCR.KDCB8)
KOPEN-0
IF (KERR.LT.O) CALL TFERR(1.KERR.HANBUF.KOPEN)

1
• ELBE

HEAD (KEYBND.I010) NSTRNG \
KERR-0 \

•ENDIF
•IF BATCH

HRITE (KONBOL.IOOO)
UNITE (KONSOL.1810) NSTNNC

•ENOIF
IOIO F0RHAT(20A2)
8
8 RESET ERROR FLAC AHD SKIP TITLE

IF (KERR.GE.O) t
KEXIT-0

•IF HPIOOO
CALL RERDF (KDCt.KERR.KBUF.LRECL.KEHD )l IF (KEHD.EO.

• ELSE
READ (LUR0I.IO1O) 1DUHRVI IF ( EOFdURDI >. HE .0 . OEO) GO TO 900

•EHOIF
8
8 GEOHETRV PARAHETERS
•IF HPIOOO

CALL NEADF (KOCB.KERR.KBUF.LRECL.KEHD )l IF (KEHD.EO.-I) GO TO 900
CALL CODE (KEHD*2)l REAO (KBUF.a) XCHAHL

• ELSE
READ (LORDI.a) XCHANLl IF (EOF( LURDI).HE.0.OEO> GO TO 900

•EHOIF

8 CHECK IF FATAL ERROR
IF (XCHAHL.LE.0.0) 60 TO 800

8
8 COHTIHUE READIHC
•IF HPIOOO

CALL READF (KDCB.KERR.KBUF,LRECL.KEHD) I IF (KEHO.EQ.-l) 60 TO 900
CALL COOE (KEH0«2)t READ (K8UF.O X80URC
COLL READF (KOCB,KERR.KBUF.LRECL.KEHD>l IF (KEHD.EO -I) CO TO 900
CALL CODE (KEH0*2)l HEAD (KBUF,*) XDRAIH

103-

2H» .2H-

/

KD8UP/2HF /,

•I > 60 TO 900

• ELSE

•EHOIF
8
8

3010

CALL NEADF
CALL CODE
CALL READF
CALL CODE
CALL READF
CALL CODE
CALL READF
CALL CODE
CALL READF
CALL CODE

READ (LURDI
READ (LURDI
READ (LURDI
READ (LUR01
READ (LURDI
READ (LURDI
READ (LURDI

PRINT INPUT 8UH
HRITE (K0H8

F0RHAT(I4A2
/.9X.
/.3X,
/.9X.
/.9X.
/.9X.
/.9X.
/,SX,
/,9X.

Filai IREDFl

KDCB.KERR.KBUF.LRECL,KEHD)! IF (KEND.EQ.-l) CO TO 900
KEHD*2)I READ (KBUF.*) TOXO.TOXI
KDCB.KERR.KBUF.LRECL.KEHD); IF (KEHD.EO.-I) GO TO 900
KEHD»2)I REAO (KBUF.*) X0X0.X0X1
KDCB.KERR.KBUF.LRECL.KEHD)! IF (KEHD.EQ.-l) GO TO 900
KEHD*2)I REAO (KBUF.O XOXR
KDCB.KERR.KBUF.LRECL.KEHO)) IF (KEHD.EQ.-l) GO TO 900
KEHD*2)I READ (KBUF.*) XGATEO.XGATE1
KDCB.KERR.KBUF.LRECL.KEHD)! IF (KEHD.EQ.-l) 60 TO 900
KEND*2)I READ (KBUF.*) VNAX

*> X80URCI
•) XDRAIHl
•) TOXO.TOXI)
•) XOXO.XOXIl
•) XOXR!
•) XGATEO.XGATE1I
•> VHHXI

IF (EOF(LURDI).HE.O.OEO) 60 TO 900
IF (EOF(LUROI).NE.O.OEO) 60 TO 900
IF (EOF(LUNDl).NE.O.OEO) 60 TO 900
IF (EOF(LUROl).NE.O.OEO) GO TO 900
IF (EOF(LURDI).HE.O.OEO) GO TO 900
IF (EOF(LURDI).HE.O.OEO) CO TO 900
IF (EOF(LURDl).HE.O.OEO) 60 TO 900

ARV
L.30I0) (HAH8TR.K-l.28).XCHAHL.X80URC.XDRAIH.*

TOXO.T0X1.X0X0.X0X1.XOXR.XGATEO,XGATEl.YHAX
9X.'IHPUT SUMMARY'.3X, HA2*
Oaun channel langth a,F7.3,'un'*
Lataral span of aourca *,F7.3,*un"*
Lataral span of drain *.F7.3.'una*
" ••*- -- r- thln/thicki '.F7.3.'. '.F7.3.'Oxida thicknassi
Thin oxlda loci
Lataral oxida
Drawn gata loci
Structure depth

fron/toi ,F7.3.'
ranp
fron/tot

.F7.3.'un'
.F7.3.1

.F7.3."un")

•un"
.F7.3.aun"

,F7.3.'un"

8 SCALE AND LIHIT CEOHETNY PARAHETERS
CALL CHKCN

8
8 READ 8UPREH FLAC
•IF HPIOOO

CALL READF (KDCB.KERR.KBUF.LRECL.KEHD>l IF (KEHD.EO.-I) CO TO 900
CALL CODE (KEHD*2)I REAO (KBUF.2000) KB

• ELSE
REAO (LURDI.2000) KB) IF (EOF(LURDI).HE.0.OEO) GO TO 900

FORHAT(Al)
IF (KB.E8.KD8UP) I

K8UPRH-I
HRITE (KOHSOL.2010)
FORNAK'Use 80PREN ganaratad profile.')

J
ELSE I

KSUPRH-0

•EHDIF
2000

2010

READ IH IHPLAHT PARAHETENS
K-l) HHILE ((KS.HE.K00PE(K)>.AHD.(K.LE.4>>
IF (K.CT.4) 60 TO BOI
IF ((K.EO. I).0R.(K.EQ.4>) TYPE—1.0
ELSE TYPE- 1.0

K-K + l

•IF HPIOOO
CALL RERDF (KDCB.KERR.KBUF.LRECL.KEHD))
CALL CODE (KEHD*2)I READ (KBUF.a) CSUB

READ (LURDI.a) CSUB) IF (EOF(LURDI ) .HE .0.OEO) 60 TO 900

IF (CSUB.EB.O.OEO) 60 TO 802
CBUB-8!6H(CSUBe|E13.TVPE)
HRITE (KOHSOL.3000) KB.CSUB
F0RHAK9X. 'Substrata dopanti a.AI,*

'. concentretlon-a.lPCI0.3.acn-3' )
DO KIHPL-1.3 I

IF (KIHPL.EO.2) I

CALL READF (KDCB.KERR.KBUF.LRECL.KEHD)
IF (KEHD.EQ.-l> GO TO 900
CALL CODE (KEHDa2)l READ (KBUF.a) XIHPLO.XIHPLI

READ (LURDI.*) XIHPLO.XIHPL1
IF (EOF(LUROl).HE.O.OEO) GO TO 900

IF (KEHD.EQ.-l) 60 TO 900

• EL8E

•EHDIF

3000

•IF HPIOOO

• ELSE

•EHOIF

•IF HPIOOO

-J
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Fllai AREDF2

•CALL THDEFH
•IF HPIOOO
EHA(XYZ.O)
•EHDIF

SUBROUTIHE REDF2

8 READ IHPUT PARAHETERB FROH A FILE
8
•CALL TEHA
•CALL TCOHHH
0

DIHEHSIOH KD0PE(4)
DIHEHSIOH 8UPB0F(9>.8UPC(400).SUPY(400>

•IF HPIOOO

8 FILE HAHA6EHEHT PARAHETERS
DIHEH8I0H HANB0F(10).N8TRN6(30).NANFIL(3).*

KDCB1(I44).K8IZE(2>. KBUF(40)

EOUIVALEHCE (HAHBUFd ).HAHFIL( I )).( HAHBUF(9 >.H8ECU ).( HAHBUF( 4 ).HCR >

DATA K8IZE/20.80/.KTYPE/3/.KDCB8/128/.*
LRECL/40/. H8ECU/0/.HCR/2HXX/

•EHDIF
8
8 K8UB-0 -> UHIFORH 8UB8TRATE. RSUB-t -> HOH-UHIFORH SUBSTRATE
8 KB-DOPANT OF HOH-UKIFORN 8UB8TNATE DEVICE
8

DATA KD0PE/2NB .2HA .2HP ,2H8 .2H* .2H- /, KDHUL/2H8 /
DATA H00HIF/2HH /. UH/l(EXP>-4/. 8ECHD/40.0(EXP>0/. LEH8UP/400/

•IF HPIOOO
OATA KESC /033B/

•ENOIF
8
8 6ET THE DATA FILE NONE
•IF HPIOOO

DO K-l.101 HAHBUF(K)-IHPFIL(K>
CALL OPEH (KDCBI.KERR.HANFIL.0.H8ECU.HCR.KDCBS)
KOPEH-0
IF (KERR.LT.O) CALL TFERR(I.KERR.HAHBUF.KOPEH>
HHILE (KOPEH.EB.l) I

HRITE (KOHSOL,1000)
REAO (KEVBRD.IOIO) NSTRN6

IOOO FORHAK'Input data file nana? -a)
HP08-II CALL HARR (HAN8UF. H8TRHC40, HP08)
DO K-l.101 IHPFIL(K)-HAN8UF(K> .

8 \
8 OPEN THE FILE \

CALL OPEH (KDCBI.KERR.HAHFIL.0.H8ECU,HCR.KDCBS)
KOPEH-0
IF (KERR.LT.O) CALL TFERR( I.KERR.HAHBUF.KOPEH)

1
• ELSE

KERR-D
•EHOIF
8
8 RESET ERROR FLAG. SKIP FIBST 10 LIHES
IOIO F0RHAK20A2)

IF (KERR.6E.0) I
KEXIT-0

•IF HPIOOO
DO K-l.10 (

CALL READF (KDCBI.KERR.KBUF.LRECL.KEHD)! IF (KEHD.EO.-I) GO TO 900
1

•ENDIF
2000 FORHAT(AI)
8
8 READ IN 80B8TRATE INFORMATIONS
•IF HPIOOO

CALL NEADF (KDCBI.KERR.KBUF.LRECL.KEHD)l IF (KEHD.EO.-l) 60 TO 900
CALL CODE (KEH0a2>l READ (KBUF.2000) KAN8HB

• ELSE
READ (LURDI.3000) KAHSHBl IF (EOFUUROl ).HE .0 0(EXP>0) 60 TO 900

•EHDIF
K-11 HHILE ((KAHSHR.HE.KOOPE(K)>.AHD.(K.LE.4 >) K-K♦!
IF (K.GT.4) 60 TO 801
IF ((K.EO.I).OR.(K EQ 4>) TYPE—I .0(EXP>0
EL8E TYPE-1.0(EXP>0
IF (TVPE.EH.-I.O(EXP>0> KB-4
ELSE KB-9
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File! LREDF2

•IF HPIOOO
CALL READF (KDCBI,KERR.KBUF,LRECL.KEHO )l IF (KEHD.EO -1) GO TO 900
CALL CODE (KEH0*2)> READ (KBUF.2000) KAHSHR

• EL8E
READ (LURDI.8000) KAHSHR! IF ( EOFdURD I > .HE 0.0(EXP>0> GO TO 900

•ENDIF
IF (KAHSHR.HE.HOUHIF) I

•IF HPIOOO
CALL READF (KDCBI.KERR.KBUF.LRECL.KEHD)! IF (KEHD.EQ.-l) GO TO 900
CALL CODE (KEHO*a>! READ (KBUF.a) CSUB

• ELSE
READ (LURDI.*) C8UB) IF (EOF(LURDI>.HE.0.0(EXP>0) GO TO 900

•EHDIF
IF (CSUB.EQ.O.O(EXP)O) GO TO 002
C8UB-SICH(CSUB«I(EXP)I9.TYPE)
DO H-I.HXHAXI DO H-l.HVHAXi CONC(H.N)-C8U8
K8U8-0
HRITE (KOHSOL.3000) KAH8HB.C8UB

3000 FORHAKSX.'Unlforn substrata of dopanti '.Al.*
*. concentration-'.I PC 10 3.'cn-3')

1
ELBE C

KSUB-I
C8U8-0.0(EXP>0

1
8
8 6ET INPLANT PROFILE

00 KIHPL-1.3 t
IF (KSUB.LE.O) t 8 CASE OF UHIFORH SUBSTRATE

IF (KIHPL.EO.2) (
•IF HPIOOO

CALL READF (KDCBI.KERR.KBUF.LRECL.KEHD)
IF (KEHD.EB.-l) GO TO 900
CALL CODE (KEHD*2)I READ (KBUF.a) XIHPLO.XIHPL1

• ELSE
READ (LURDI.•) XIHPLO.NINPLI
IF (EOF(LURDI>.HE.O.O(EXP>0) GO TO 900

•EHOIF
XIHPLO-XINPL0*UH
XINPL1-XINPL1*UH
IF (XIHPLO.6T.NINPLI) I

T-XINPLOI XIHPLO-XIHPLl! XIHPLI-T
1
NIHPLO-LOCX(KIHPLO)
NINPLI-LOCN(XIHPLI)
IF (HIHPLO.EH.O) t IF (HINPLI.HE.0) NIHPLO-I 1
ELSE ( IF (XIHPLO.HE.XPOS(HINPLO)) HIMPLO-HIHPLO*1 1

I

CALL REAOFIKOCBl.KERR.KRUF.LRECL.KEHD)!IF (KEHD.E8.-i) 60 TO 900
CALL CODE (KEHD*2)I RERD (KBUF,2000) KAHSHI

• ELSE
HEAD (LURDI,2000) KAHSHII IF (EOF(LURDI ).HE.0.0(EXP>0> 60 TO 900

•EHDIF
KK-II HHILE ((KAHSHI.HE.(KDOPE(KK))).AHD.(KK.LE.4)) KK-KKH
IF ((KK.EQ.l ).0R.(KK.E0.4)> D0PE(KIHPL)-4.0(EXP)0
IF ((KK.CT.I).AH0.(KK.LT.4)) DOPE(KIHPL)-9 0(EXP)0
IF (KK.6T.4) DOPE(KIHPL)-0.0(EXP>0

I
ELSE OOPE(l)-KB
IF (DOPE(KINPL).NE.O.O(EXP>0) C

•IF HPIOOO
CALL READF(KDCB1,KERR,KBUF.LRECL.KEHD)llF (KEHD.EQ.-l) 60 TO 900
CALL CODE (KEHD*2>! READ (KBUF.a) 8D

• ELSE
REAO (LURDI.•> SDl IF (EOF(LURDI ).HE.0.0(EXP>0> 60 TO 900

•EHDIF
8THDV(KIHPL>-S0*UN

8
8 HEAD IH PROFILE
• IF HPIOOO H"*

CALL READF(KDCBI.KERR,KBUF.LRECL.KEHD) L/i
IF(KEHD.ES.-l) GO TO 900 VO
CALL CODE (KEHD*2)I READ (KBUF.IOIO) N8TRHG

• ELSE
READ (LURDI,IOIO) H8TRH6I IF (EOF(LURDI).HE.0.0(EXP>0> 60 TO 900

•EHDIF
8
8 6ET COLUHH INDEX
•IF HPIOOO
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• ELSE

•ENDIF

1
ELSE t

00 K-l,
•IF HPIOOO

• ELSE

•EHDIF

8001

802

8002

9000

KEXIT-I
HRITE (KOHSOL.9000)
HRITE (KOHSOL,9010)
HRITE (KOHSOL.9020)
GO TO 900
FORHAK'Input file is not properly created.'*

/.'Tha Fernet should be»5.*
/.'Una Ii title line**
/.allne 2i drawn channel length (un)a*
/.'line 3i lataral span of source (un)'*
/.'line 4» lataral span of drain (un)'*
V.!!** ?' ?!"-# thickness! thin? end thick 7 (un)'*
/.'line 4i thin oxide locationi fron 7 to 7 (un)a*
/.'Una 7i lateral span of oxide ranp (un)'*

File) 4RE0F2

CALL READF(KDCBI. KERR. KBUF,LRECL.KEHD)
IF(KEMD.EB.-l) 60 TO 900
CALL CODE (KEH0*2>! READ (KBUF.*) ICOLHH

HEAD (LURDI.*) ICOLHH! IF (EOF(LURDI) HE 0 O(EXP)O) CO TO 900

CALL RED8P (KIHPL.ICOLHH.HSTRHC )

3 (

9010

CALL READF(KDCBI.KERR.KBUF.LRECL.KEHD)
IF (KEHD.EQ.-l) GO TO 900

READ (LURDI,IOIO) DUMMY! IF (EOF(LUR01 >.ME.0 O(EXP>0 ) CO TO 900

008E(K>-0.0(EXP>0
X3CKK)-0.0(EXP>0
C8TEP(K)-0.0(EXP)0

1
I
IF (K8UB.EQ.1) K8UB--1

1
8
8 PREPR0CE8S PARAHETERS. RESET SUPREH FLAG

CALL PANH8
K8UPRH-0

1
8
8 SET ENNON ENIT FLAG

ELSE KEX1T-I
8
8 CL08E THE FILE
300 COHTIHUE
•IF HPIOOO

•EHOIFC*LL CL0" <KiCI,'KE,,m ,F <KERR.LT.e> CALL TFERR (2.KERR.HAHBUF )
8
8 DOHE

IF (KEXIT.ER.O) RETURH

• ERROROUO EXIT. REMEMBER TO UNLOCK DISPLAY NERORY

•IF HPlOOOtlBATCH

nMwn?«9sMoti "Bc» e*u "ec ">
•ELSE \

BTOP \
•EHOIF

1

Li---EBH.ES •«••""•••««••
KENIT-I
HRITE (KOHSOL.8001) KANSHB
FORNAK*** Un-recogniseble substrata depent**',AI.*••I ',*
.. „. _aProgran tarnlnatadl •••)
GO TO 900
COHTIHUE
KEXIT-I
HRITE (KOHSOL.8802)
J285JJT£II* *-r0 •••••trete doping concentration! Progran tarninatadl •••)
GO TO 900

a
8. ERROR IN FILE FORHAT
900 COHTIHUE

9020

109-

/,
/.
/.

FORHAK
/.
/.
/.
/.
/.
/.
/.
/.
/.
/.
/,
/.

FORNAK
/.
/,
/.

END

Files 1REDF2

!!2! •! 3r'»U 9}*o loeationi fron ? to 7 (un)'*
i!2! .1. d*Bth c£ lftl»Sil,MUtfd "tructure? (un)"*llns 101 index of SUPREN Input F')
!!"• !i! •«5,trtl# <,°P«nli B.As.Ph,9b.«(n-tupe).-(p-
llne 12i index of non-unlforn substrata N"*
line 12.a If tine 12 is not H in 1st colunm**
,. ., substrate doping concentration (• IE13
Una 13. overall inlant Sopanti B. As. Ph. Sb. ♦,
i!2! !«! X.t.Snd2rd daviatlon(un)'*!}"• J8 SUPREH save file nana'*
!!"• !$!..,. colunn index'*
line I7i localized Inplant locationi fron ? to 7 (un
J ?! •*! dopanti B. As. Ph. Sb. ♦.
}'"• *'! standord dsviotion(un )'*
J •»• 2?' file nana'*
!••»• 21 i colunn index" )
i!n* l\ source/drain inplant dopanti B. As. Ph. Sb.
.}*• Sj! stondard deviatlon(un)
!••»• 2J« file nane'*
"ne as I colunn index* )

type).

cn-3 )'

On
O
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Filet tREDCH

•CALL THDEFH
8U8R0UTIHE REDGH

READ IH CEOHETRV PARAMETERS

CALL TCOHHH

DIHEHSIOH HES86I(3.2).HE8S62(9.2)

DATA LHH86I/3/.*
NE88Cl/2Hso.2Hur.2Nce,*

aHdr.2Hai.2Hn /.*
LHN8G2/9/.*
HE8SG2/2HDr.2He».2Hn .2Hga.2Hta.'

2H6a.2Hta.2H o.2Hxi.2Hde/
IF HPIOOO

DATA KE8C/033B/
ENDIF

HRITE (KONSOL
000 FORNAK'Drawn

HEAD (KEVBRD
IF BATCH

UNITE (KONSOL
001 FORHAKIP2610
ENDIF

IF (XCHAHL.LE
UNITE (KOHSOL
HEAD (KEVBRD

IF BATCH
HRITE (KOHSOL

EHDIF
HRITE (KOHSOL

010 FORHATCLeterel span of *.3A2." 7 (un) .*)SOBAIN
READ (KEVBRD

IF BATCH
HRITE (KOHSOL

EHOIF
HRITE (K0H80L

030 FORAATCOxIde
READ (KEVBRD

IF BATCH
HRITE (KOHSOL

EHOIF
HRITE (KOHSOL
READ (KEVBRB

IF BATCH
HRITE (KOHBOL

EHOIF
HRITE (KOHBOL

040 FORHATCSpan
REAO (KEVBRD

IF BATCH
HRITE (KOHBOL

ENDIF
HRITE (KOHBOL

020 FORHAK9A2.*
READ (KOHSOL.*) X6ATE0.X6ATEI

IF BATCH
HRITE (KOHSOL

EHDIF
HRITE (KOHBOL

040 FORHATCDsath
READ (KEVBRD

IF BATCH
HRITE (KOHSOL

ENOIF

SCAEL INPUT PARAHETERS
CALL CHK6H

DOHE
RETURN

ERROROUS EXIT -> RENEHBER TO UHLOCK DISPLAY HEHORV
COHTIHUE
HRITE (KOHBOL.9000)

000 FORNAK"••••• Channel length (- 01 Progran tarnlnatadl
IF NP2448A

WRITE (KOHSOL.9010) KESC

IOOO)
channel length (un) ? _')
a) XCHAHL

1001) XCHAHL
3)

O.O(EXP)O) 60 TO 900
IOIO) (HESS6KK. D.K-I.LNNBGI)
a) N80URC '

1001) RSOURC

IOIO) (ME8SG1(K.2).K-1,LMH8CI )

1001) XDRAIH

•> gate and field (un) 77.

1001) TOXO.TOXI

1020) (NE8S62(K.2).K-I.LHH8G2)
a) NONA.XOX1 y
1001) XOXO.XOXI

1040)
•f oxide ranp (un) 7 .")
a) XOXR

1001) XOXR

1820) (RE8862(K.1),K-I.LHH8G2)
ecatlani fron (> to (> (un) 7 .')

00

1030)
thicknesses
•> TOXO.TOXI

1001) NGATE0.N6ATE1

1040)
af tha emulated structure (un)
•> VHAX

1001) VHAN

7 _')

9010 FORHAKRI.*n*
•EHOIF
•IF HPlOOOtlBATCH

CALL fcXFC (6)
• ELSE

STOP
•EHDIF

EHD

r i I* tfttbCI

Os
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fllai tRED&P

•CALL THDEFH
•IF HPIOOO
ERA (XYZ.O)
•EHDIF
( SUBROUTIHE RED8P (KIHPL.ICOLHH.HSTRHC)
8 READ PROFILE DIBTRIBUTIOH FROH SUPREH'S SAVE FILE

•CALL TEHA
•CALL TCOHHH
S
8 BUFFER

... ,,o?i!;E,,8,0M 8«FB0F(9).8UPC(400).SUPY(400).HAHIHP(4.3)
•Ir HPIOOO
8

8 fUf.."MtftHEHT PANAHETEN8
DIHEHSIOH HAH6UF(IO).HSTRHG(20).HAHFIL(3).*

a KDCR(I44). KSIZE(2). KRUF(40)
f EBUIVALENCE (HAHBUF( I>. HAHFIK I>).( HAHBUFO >. H8ECU >.( HAHBUF( A>. HCR >
•EHDIF0*1* "8l"/20*80/',tlYrE/,/'rDCB8/,*8/',-l«Ecl''<«'''»S"U/0/.HCR/2HXX/
8

• MFREH ARRAY LEHGTH
DATA LEHSUP/400/

8 NAHE OF IHPLAHT8
DATA HAHlHP/2Hov.2Her,2Hal.2Hl .*

2Hlo.2Hca.2HI',2Hd .*
g 2Hsr.2Hc/.2Hdr.2Hn /
• SCALIH6 FACTORS
•IF HPIOOO UH',<E**>-*:/' «CND/40.0(EXP>0/
8

8 ESCAPE CODE
OATA KESC/0338/

8 OPEN 8UPNEN SAVE FILE

£naL°5!M.SK?£!-SEP5'M8,'ri^'8'H9ECU''«CR.KDCBS)
UHILe"(KOPEH EO I) I lL TF"R <I'KERR.HAHBUF.KOPEH)

fill1 (KOHSOL.3000) KIHPL
U,A SIfi£A.5fifvaiaio. soio hstrhc
3000 FORHAK'Inplant*.12,'i data file nana? •>( HP06-II CALL HAHR <HAHBUF, H6TRHC,4o")IP08 >
8 OPEH THE FILE

CALL OPEN (KDCB.KERR,HAHFIL.0.H8ECU.HCR.KDCBS )
j KOPEH-OI IF (KERR.LT.O) CALL TFERR(I,KERrThANBUF.KOPEH )

•ELSE
KERR-0

•EHDIF
8
8.. ..EXIT IF ERROR
.a.. IF (KERR.LT.O) 60 TO 900
IOIO F0RRAK20A2)

8 "If JITLE. COHHEHT AHD STEP IHFO
DO K-l.3 I

•IF HPIOOO

,ilsi C8tl- *"0F (KDCB. KERR. KBUF. LRECL. KEHO)l IF (KEHD.EO.-1) GO TO 900
•EHOIF *l*° <ttt88*'l0,8> DUHHVI IF (EOF(L0RD2 )HE.0.0(EXP>0 ) GO TO 900
a '
!iF will! ,MF0

rail rn?iF IHll'W*!*.*.0.* '«-«CL. KEHD >1 IF (KEHD.EQ.-l) CO TO 900#ilgf C*Li CO0E (KEHD»2)I READ (KBUF.3010) DY8I.IHTF.IPHTI.HCC^LEVEL
READ (LURD2.90I0) DVSI.IHTF.IPHTI.HCC.icuci•EHDIF* <E0F<L08M> "E "•<«P>0)GO 10 900 IVit

9010 F0RHAK6I3.4.4I3)

i ta

Filei AREDliP

•IFHP?0°00:",'IHm '
#ELse CftLL 8E«0F (KDCB.KERR.KBUF.LRECL.KEHD)! IF (KEHD EQ.-l) GO TO 900
•EHDIF *E<)0 <,•U80^••, (DUHHY.KK-I,3)I IF (E0F(LURD2) .ME .0 0(EXP>0 ) GO TO 900

I

SiF HpiSoJ'*11" "0FF"
rJH HiV 5!IS£8'KEIID>K8UF.LRECL.KEHD>I IF (KEHD.EQ.-l) GO TO 900,ELSE c*Ll C°0E (KEHD*2)l READ (KBUF.3020) ( SUPBUF( K^K-i. 9)
?lfl0*J^0PR2i2020> (8UPBUF(K).K-1.9)•EHDIF (E0F(LURD2) HE.0.0<EXP>0 ) CO 10 900

3020 F0RHAK3GI3.4)
SUPY(I)-0.0(EXP>0

^ SUPC(I>-AB8(SUPBUF(ICOLHH))

1 kItop-lehsup-ihtm1' 8EMCH for C0HCEMI8ft"0M «*«
KGRID-IPNTI-IHTFI
KHAX-0
DYSI-DY81«UH
DYSI4*4.0(EXP>0*DY8I
CNAX-0 0(EXP>0
DO KP-2.K8T0P (

•IF HPIOOO

?2H- SUSS* 55t£!:S!RR^S!!!F;!:RECL'KEHD>i if (keho.eq.-d co to 900,EtSE «*•«• CODE (KEHDa2)l READ (KBUF.9020) (8UP6UF(K ).K-l. 9)
READ (LURD2.9020) (8UP6UF(K ).K«1.9>

•EHOIF IF<E°F(I.0«D2>.HE.0.0(EXP>0) CO TO 900
?SP51S^.>?888< SOFBUF( ICOLHH) )
IF (KP.LT.KCRID) 8UPV( KP»8UPY(KP-I )»DY8I

fFL8fcHAX.LT..UPC(K8^rfP,-S0PY<,tP-,>4,>V8H
KHAX-KP
CHAX-SUPC(KP)

•IF HPIOOO
8

8 CL08E THE SAVE FILE
•EHDIF L CL08E<lt0Ci*KERR)J IF(KERR LT.0) CALL TFERR( 2. KERR. HARBUF )
8

• SEARCH FOR THE JUNCTOR DEPTH
IF (C8UR.E0.0.0(EXP>0> I

«UB-SICH( 8UPC( KSTOP ). TVPE>
AB8UB-AB8(CSUB)
CPK-CPK-AB8UB
00 K-I.K6T0P I

6UPC(K)-AHAXI(8UPC(K)-AB6U8.0.0(EXP>0>j DO R-l.HXHAX) DO N-1,NYHAN! C0HC(H.H)-C8U8
„A,A HRITE (KOHSOL.9030) CSUB
"30 FORHATOX. 'Non-uniforn substrate ulth '.*

j 'background concentration • *, IPC10.3.*cn-3*)

CPEAK(K.HPL)-CPK

KJCT-KJCK1
IF (8UPC(KJCT).LE.AB8UB> K60-0

1uKlL<fK6g6EfE,0>)*H° <KJCI -H"«»W»» MO-1 <*
XJCT(K1HPL)-8UPV(KJCT) ^

8 gf J„f'gggffJ-J^OEV JgTIOM Of APPROXIMATED CAU88IAH DIBTRIBUTIOH
THOPI-44 0(EXP>0/7 0<EXP>"( ICI HPL n/SB8T< 2 0< EXP>0,ftL0C< CI>,(/ABSUB ))

il 4



1090

8
8. .

a
a..
900
• IF HP

9000
• ELSE

9001

•EHOIF

Filet 1REDSP

TU0DT-S1CHAOI6HA
DOSE(KIHPL)-SORT(TH0DT«THOPI )*CPK
If (XJCKKIHPL) HE .0 0<EXP>0) CSTEP( KIHPL )-D0SE( Kl HPL )/X JCT( KIMPl )
ELSE CS!EP(KIHPL)'0 0<EXP)0

PARAMETERS
KOOPE-DOPE(KIHPL)
IF (KDOPE EQ. 4) DTYPE— 1. ©(EXP >0
EL8E DTYPE- I.O(EXP>0
00 K-I.KSTOPI SUPC(K)-81CN(SUPC(K).DTYPE)
DNVIN(KIHPL)-1200.0(EXP>0
8THDV2-8THDV(KIHPL)*8THDV(KIHPL)
FDT-AHAXI(2.0(EXP>0»(THODT-STNDV2).0.0(EXP>0)
DC0EF(KINPL)-0.29(EXP>0*F0T/DRVIH(KIHPL>

.IMTERP0LATE10H
CALL D0PS2 (KIHPL.KSTOP.FOT.SUPV.8UPC)

S8JII ?SLSJf8?!fJ"8TES I"FLANT PARAHETERS
HRITE (KOHSOL.1030) (NANINP(K.KIHPL I.K-I.4).*

DOSE(KIHPL).SICHA.*
CPEAK(KIHPL>.RAHCE(KIHPL).*

.„„„, . . CSTEP(KINPL).KJCKKINPL)
FORNAK/.' profile p.riMtiri of '. 4A2. ' Inplant i '.*

'ION.'total doss •'.IPEI0.3.'(cn-3)p *
. .*5* "atopdard D •'. 1PE10 3.•(en)'.*
'•IJJt.'ptak cone -*. 1PE 10 .3.'( cn-3)'
. .JS*!*"*1 •"•"a* •••lPE10.3.'(cn)'.*
/•lOX.'eve -• *»-•- - -•

ax.'ict
D08E(KIHPLl=SI6N(D0iirKINPL)JbTYPE>
CSTEP(KlHPL>-SI6H(CSTEP(KIHPL).DTYPE)

DOHE
RETURH

cope •', IPEI0.'3.*(cn-3)*,
depth -*.IPEI0.3.*(cn)')

COHTIHUE ""' tEBf",M T0 WHI-OCK DISPLAY HEHORY
lOOOtlBATCH

FORHATCData file of inplant*. 12. • la not properly created. «.R1
MRITE(KOHSOL.9001) KIHPL
FORHATCData file ef inplant-. 12. is not propsrly created.*)

EHD

-1 IS-

'n*>

•CALL TUDEFN
•IF HPIOOO
EHA(XYZ.O)
•EHOIF

SUBROUTIHE SADDL

F . la

CHARACTERIZE SADDLE POIHT

•CALL TEHA
•CALL TCOHHH

tSADDL

DATA UN/1.0(ENP>4/.

TUOVT-VT300K+VT300K

U80/700.0(EXP>0/

8 SEARCH THE LOCAL HAXIHA IH V-OIRECTIOH
DO H-H60URC.H0RAIH I

LHAX-I
PHAX-P018KH.I >
DO N-a.HVHANl IF (POTSK H. H>. 6T . PHAN ) I

LNAX-H
PHAX-POTSKH.H)

1
8

' ,"!,,f<fHS.«l,"'."J5uf,}?.?,-!l!:f£S{S?.;,>.{!IS«1!""
».»i....o.<8':U,,om<"-'-t"'m•" •"""••"
V8ADDL-YP08(LHAX)»UM
PBAHR-POTSK I. I >-PNAN

...DETERNIHE THE HIDTN OF THE SADDLE
CALL HBA8E ( H.LHAX.HB1*. H62)
HBARR-XP08(HB2)-XP08(H8l)

...CALCULATE THE INJECTION CUNRENT
CALL INTCR (N.LHAX.HBI.HB2.3UH)
ClHJ0-0aVT300KaU80/HBARR

. CIHJ-AB8(CIHJ0*SUH>

...SCALE AND HRITE THE RESULTS
CIH3-CIHJ»UH

§8ll,.??oS«S,,J.SSH1/',,8<<cc"c<"•lMX,»,
HBV2-VP0S(HB2)*UH
HBARR-H8Y2-H6YI
HBXI-XP0S(HB1)*UH
UBX2-XP0S(HB2)*UH
HBARR-HBARR*UH
HRITE (KOHBOL.IOOO) "*J''»*««'JgJ^L.V8ADDL. H. LMAX. C1HJ0.
IF (CIHJ.HE.O.O(EXP>0)*W'MBKI','BX2*HBI,MB2

^ HRITE (KOHSOL. 1020) H8ARR.HBV1,HBV2.RBI.HB2.CIHJ

8
a....
IOOO

1020

FORHAT STATEHEHTS

*un (•.12.*.*. 12 • )•
/,3X,'Injection currsnt /width -".IPCI0.3." Ano/un*.

*. with USO-700.0 cn2/sec-V) ""P'u* .

DOHE
RETURH
EHO
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Fi la

•CALL THDEFH
SUBROUTIHE SAVIH

8 SAVE IHPUT PARAHETERS IHTO DISC FILE
8
•CALL TCOHHH

DIHEHSIOH KD0PE(4). HS6IHP(4.3)
•IF HPIOOO
8
8 FILE HAHA6EHEHT PANANETERS

DIHEHSIOH HAHBUF(I0).H9TRH6(20).HAHF1L(3).*
KDCB(I44>. KS1ZE(2). K8UF(40>

' EQUIVALENCE (HAH8UF( I>. NANFIL( I)).( HAHBUF(9>.HSECU>.(HAHBUF(4>.NCR )
DATA K8IZE/20.SO/.KTYPE/3/.KDCB8/128/.*

LRECL/40/. NSECU/0/.HCR/2HXX/
•ENOIF
8

DATA KDOPE/2HB .2HA .2NP .2H8 .2H« .2H- /.*
H8GIHP/2Hov.2Her.2H*t.2HI .*

2Hla.2Hca.2HI'>2Hd .*
2Hsr,2Hc/.2Hdr.2Hn /.*

HAHBLK/2H /. HAHSTR/2H**/. HAHHUL/2H8 /.*
UH/I(EXP>4/. SECND/40.0(EXP>0/

8
8 GET THE OATA FILE HARE
•IF HPIOOO

KFILE-I
HHILE (KFILE.EB.l) I

HRITE (KOHSOL.IOOO)
READ (KEVBRD.IOIO) H8TRH6

IOOO FORRATCFHe nana 7 .*)
HPOS-1
CALL HAHR (HAH8UF.N8TRHC,40,HP08>

0
8 CREAT/OPEH THE FILE

CALL CHEAT (KDCB.KERR.NAHFIL.KSIZE.KTYPE.HSECU.HCR.KDCB8)
KFILE-0
IF (KERR.LT.O) I

CALL BPEH (KDCB.KERR,HARFIL.O.HSECU.HCR.KDC8S)
lF(KERR.LT.O) CALL TFERR(I.KERR.HAHBUF.KFILE)

I

IF (KERR.LT.O) 60 TO 980 \
• ELSE

READ (KEVBRD.IOIO) NSTRN6
•ENDIF
•IF BATCH

HRITE (KOHSOL.1800)
HRITE (KOHSOL.IOIO) N8TRN6

•ENOIF
IOIO F0RHAK20A2)
8
8 RE8ET ERROR FLAG. PRINT THE TITLE
•IF HPIOOO

00 K-l.LRECL) KBUF(K)-HAH8LKI CALL CODE
HRITE (KBUF.3000) (HAN8TR.K-l.34)1 CALL HRITF(KDCB.KERR.KBUF.LRECL )

• ELSE
HRITE (LUMR.3000) (HAHSTR.K-I.34)

•EHDIF
8
8 PRIHT 6E0HETRY PARAHETERS

NPNHT-XCHAHL*UH
•IF HPIOOO

DO K-l.LRECL! KBUF(K)-KAMBLKl CALL CODE
HRITE (KBUF.3010) NPRNTl CALL HRITF (KDCB.KERR.KBUF.LRECL )

HRITE (LUHR.30I0) XPRHT
• ELSE

•EHDIF
8

•IF HPIOOO
XPRHT-X80URC*UH

DO K-I.LRECLI KBUF(K>-HAHBLK) CALL CODE
HRITE (KBUF.3020) XPRHTl CALL HRITF (KDCB.KERR.KBUF.LRECL>

HRITE (LUHR.3020) XPRHT
• ELSE

•EHDIF
8
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•IF HPIOOO
XPRHT-XDRAIH*UH

DO K-l.LRECL! KBUF(K >-IIAHOLK ; CALL CODE .„,...
HRITE (KBUF.3030) XPRHT: CALL HRITF (KDCB.KERR.KBUF.LRECL )

HRITE (LUHR.3030) XPRNT

XPI-TOXO*UH
XP2-T0XI*UH

• ELSE

•EHDIF

•IF HPIOOO

• ELSE

•EHDIF
0

•IF HPIOOO

• EL8E

•EHOIF
8

•IF HPIOOO

• ELSE

•EHOIF
8

•IF HPIOOO

• ELSE

•EHOIF
8

•IF HPIOOO

*EL8E HRITE (LUHR.3090) XPRHT
•EHOIF

5 "mIP"fWH.KT!!!8J>o, nprnt-kdopej9,
ELBE NPRHT-K00PE(4)

M'T^lKSS^^^
HRITE (LUHR.3090) XP1.XP2

XPI-XOXO*UH
XP2-X0X1*UH

Mifi'ikSKi^
HRITE (LUHR.3040) XP1.XP2

XPRHT-XOXRaUH

HRITE (LUHR.3070) XPRHT

XP1-XCATE0«UH
XPa-XGATElaUH

HRITE (LUHR.3040) XP1.XP2

XPRHT-YHAX*UH

HRITE (LUHR.4000) HPRNT

•IF HPIOOO

• ELSE

•EHOIF
8

•IF HPIOOO
XPRHT>A88(C8UB>al(EXP>-13

DO K-l.LRECLI KBUF(K>-HAHBLKl GALL CODE ,..-,,
HRITE (KBUF,4010) XPRHT) CALL HRITF (KDCB,KERR,KBUF.LRECL )

HRITE (LUHR.40I0) XPRHT
• ELSE

•EHDIF
8

•IF HPIOOO

• ELSE

•EHDIF

DO KIHPL-1.3 I _ ,
IF (KIHPL.EQ.2) (

XPI-XIMPLO»UM
XP2-X1MPL1»UM

DO K-l.LRECL! KBUF(K>-MAH8LKl CALL COOE
HRITE (KBUF.3080) XPI.XP2, ,„_„,.
CALL HRITF (KDCB.KERR.KBUF.LRECL)

HRITE (LUHR.3080) XP1.XP2
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•IF HPIOOO

• ELSE

•EHDIF
8

•IF HPIOOO

• ELSE

•EHOIF
8

•IF HPIOOO

• ELSE

•EHDIF
1

Filai ASAVIH

KPRHT-DOPE(KIHPL)
IF (KPRHT.GT.O) HPRHT-KOOPE(KPRHT>
ELSE NPRHT-HAHHUL

DO K-I.LRECLI KBUF(K )-HAHBLKl CALL CODE
HRITE (KBUF.4020) HPRHT.( HS6IHP(K.KIHPL>.K-I.4>
CALL HRITF (KDCB.KERR.KBUF.LRECL )

HRITE (LUHR.4020) NPRHT.(H86IHP(K,KIHPL>.K-1.4 )

XPI-RAH6E(KIHPL)*UH
XP2-STH0V(KIHPL)*UH
XP3-ABS(008£(KIHPL>>

DO K-I.LRECLI KBUF(K>-NANBLKl CALL CODE
HRITE (K8UF.4030)XPl.XP2.XP3l CALL HRITF (KDCB.KERR.KBUF.LRECL )

DO K-I.LRECLI RBUF(K )-HAR8LK) CALL COOE
HRITE (KBUF.4040) DCOEF(KIHPL)
CALL HRITF (KDCB.KERR.KBUF.LRECL)

DO K-I.LRECLI KBUF(K)-HAHBLKl CALL CODE
HRITE (KBUF.4090) TEHP(KINPL)
CALL HRITF (KDCB.KERR.KBUF.LRECL)

HRITE (LUHR.4030) XPI.XP2.XP3
HRITE (LUHR.4040) OCOEF(KIHPL)
HRITE (LUHR.4090) TEHP(KIHPL)

XPRHT-DRVIH(KIHPL)/8ECHD

00 K-I.LRECLI KRUF(K)-HAHRLKI CALL COOE
HRITE (KBUF.4040) XPNNTl CALL HRITF (KDCB.KERR.KBUF.LRECL )

HRITE (LUHR.4040) XPRHT

8 CLOSE THE FILE
900 COHTIHUE
•IF HPIOOO

£*i.L IPSf.. <SitB.KERR.JUHK.KRB.3UHK.38EC)
CALL CLOSE (KBCB.KERR.38EC/2-KRB-I>

p_ IF (KEKR.LT.O) CALL TFERR (2.KERR.HAHBUF.)
•EHOIF \

DOHE
RETURH

0 FORHAT STATEMENTS
£SfD F0RNAT(l4A2.AI.4N.aTH18T*.4X.I4A2.Al)
3©S0 F0RHAKIP6l0.2.23X.a..dra«n channel length (un)')
ttlt £282215.'SSI?.-?/2!*'! ••!•!•*•• •••» ot "urea (un>a>3030 F0RHAKIP6I0.2.23X.«. .lateral span of drain (un)a>
Utl r2222!!£!!r.£iMH!!'!- ••>•"» ?•*•• locationi fron 7 to ? (un)a)
Ull en22Sr/f{!SS!Si{'!18*I •°5,d# E»"i««ino-»' *»»lo? and thick 7 (un)*)
Hit en222IJiii?Sl2iiil2X'rilhl? 01"dt locationi fron 7 to 7 (un)')
ilil £8S22IJif?i2i2'2?,(!ti!*t!r*1 •p*n ot °»,d» paup (un>a>
ll\l IKlVAVMV.iAik^'"••**"!•*.« >«im'i fron ? to 7 <,

till f:8!!82?Mf»i!! H?K drive-in tenperiture (oC>*>
EHD drive In tine (mn)')
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•CALL THDEFH
•IF HPIOOO
EHA (XYZ.O)
•ENOIF

SUBROUTINE 8AV0U (HXI.HX2.HYI.HV2.XI,X2.VI.V2.Zl.Z2.KDISP. KELEC.KFELD)

8AVE RESULTS IH A FILE

•CALL TEHA
•CALL TCOHHH

SiSiSsiSS SSSffr»,!H^iHl!84!S?<4'a>* ••"»<«"•'
•IF HPIOOO
8
8 FILE HAHA6EHEHT PARAHETERS

DIHEHSIOH HAHBUF(I0).H8TRH6(20).HAHFIL(3>.*t KDCB(400>. KSIZE(2>. KBUF(134)
^ EOUIVALEHCE (HAHBUFd ). MAHFIL( I)).( HAHBUFO ),HSECU ).( HAH8UF( 4). HCR )

DATA KSIZE/aOO.I34/.KTVPE/3/.K0C8S/384/. *
•EHOIF L«F.CL/47/. NSECU/0/.HCR/2HXX/. HAHBLK/2H /
8

DATA LEHD8P/I0/. HUHD8P/4/.*
NSG08P/2H00.2HPI.2HH6.2H C.2H0H.2HCE.2HHT.2HRA.2HTI,2H0H.*

22£!'22l.E'2!!.c'2H,g"'2H8,»aHE8'2M F 2hro Ihfi !hle *
i2£l'22U'iKS.'2&SI'2MSR'2HRI'2HBU.2HTI,2HON.2H *

a*ec4uJ2!?*?2rE'22RT*f2l*'2HL '2H P.aNR0.2HFI.2HLE.2H /. *N86EAN/2Hel.2Hec.2Htr.2Hon.*
2Hho.2Hle.2H .2H /.*

LEHFLO/4/. HUHFLD/4/.*
N8CFLD/2HX-.2Hco.2Hnp.2Hon,2Hen.2Ht .*

2HV-'2Hco,2Hnp.2Hon,2H*n.2Ht .*
2Hra.2Htl.2Ho .2Hof,2H X.2H/Y.*

. . 2Hna,2Hgn.2Hlt,2Hud,2He ,2H /
DATA KD0PE/2HB ,2Ha".2HP .2H8 ,2H» ,2H- /.*

MttClMP/2Hov,2Har.2Hal.2HI .*
2Hlo,2Hca.2HI',2Hd .*

M 2Hsr,2Hc/.2Hdr,2Hn /.*^ NAHBLK/2N /. NAHSTR/2H*e/. NAHD0T/2H../. NCPACE/9/
B GET THE FILE HARE
•IF HPIOOO

KFILE-I
HHILE (KFILE.EO.I) (

HRITE (KOHSOL.IOOO)
m _ REAO (KEVBRD.2000) HSTRN6
2000 FONHAT(aOAa)

HPOS-1
CALL HAHN (HAHBUF.HSTRH6.40. HP08)

8 CREAT/OPEH THE FILE

£SV^C!ERT (KOCB.KERR.HAHFIL.K8IZE.KTVPE.HSECU.HCR.KOCBS)
KFILE-0
IF (KERR.LT.O) t

¥S7b«S£E!,.<^c!:KFR!^!!SSFII-'0'N8Eco. hcr. kocbs)
IF(KERR.LT.O) CALL TFERR(I.KERR.HAHBUF,KFILE)

I
IF (KERR.LT.O) 60 TO 900

• ELSE
...READ (KEVBRD,2000) HSTRH6

•EHOIF
•IF BATCH

HRITE (KOHSOL.IOOO)
HRITE (KOHSOL.2000) N8TRN6

•ENDIF
1000 FORHATCFlle nana 7 .*> ^

8 THE TITLE °>
• IF HPIOOO <-*•

OOK-l.LltCCLl RBUF(K)-HARBLK! CALL CODE
•ELSE (KBUF.3000) (HAHSTR,K-l.40)1 CALL HRITF(KDCB.KERR.KBUF,LRECL>

_ NRITE (LUHR.3000) (HAHSTR.K-l.40)
•EHDIF
3000 F0RHAK29A2.AI.4X.aTUlSTa.4X,29A2,Al >
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File: ASAVOU

B FUHCTIOH HARE
•IF HPIOOO

DO K-l.LRECLI KBUF(K)-HAHBLKl CALL CODE
HRITE (KBUF.4000) NAHDOT. (M8CDSP(K.KDISP ).K-I.LEHD6P >.*

(N8CEAH(K.KELEC>.K-1.4 ).(NAHDOT.K-l.4 I )
CALL HRITF (KDCB.KERR.KBUF.LRECL)

• ELSE
HRITE (LUHR.4000) HAHOOT. (HS60SP(K.KDISP>.K-l.LEHD8P). *

„,.., (HSGEAH(K.KELEC).K-l.4).(HAHOOT.K-1.41)
•EHDIF
4000 F0RNAKA2.2X.10A2.2X.' referring to *.4A2. IX.4IA2 >

IF (KDISP.E8.3) (
•IF HPIOOO

DO K-I.LRECLI KBUF(K>-MAHBLKl CALL CODE
HRITE (KBUF.4010) HAHOOT.(HSGFLD(K.KFELD>.K-l.LEHFLD>
CALL HRITF (KDCB.KERR.KBUF.LRECL)

•ELSE

•EHDIF
4010

1

HRITE (LUHR,40I0) HAHDOT, (H8CFLD(K.KFELO>,K-l,LEHFLD)

F0RMAKA2,34X,*C.4A2,a )* )

8 8AI8 V0LTA6E8
•IF HPIOOO

00 K-l.LRECLI KBUF(K)-HAHBLK) CALL CODE
••ETC <KEIOr .5OJO > HAHOOT. V0R.VCB.VS8.( HAHDOT. K-l. 4a)
CALL HRITF (KDCB.KERR.KBUF.LRECL)

• ELSE
HRITE (LUHR.40S0) HAHDOT. VDB.V6B.VBB.(HAHDOT.K-l.42>

•EHOIF
4020 F0RHAT(A2.3(IP610.2).*(VBB. V6B. V88) -.41A2.AI)

8 OOHAIH 0EFIHITI0H8
•IF HPIOOO

!!2.!r.1;!:!K.£Li kruf(k>-hahblki call code#El8| "HE (KBUF.3010) ZI.Za.( HAHDOT.K-I. 39 >l CALL HRITF(KDCB.KERR.KBUF .LRECL)
HRITE (LUHR.3OI0) Zl.Z2.(HAHDOT.K-l,39)

9010 F0RHAT(2X.2(IP610.a),10X.a(Znln,Znax> astlnated '.38A2.AI)

8 9 C0LURH8 PER PR6E
HPA6E-(HXa-HXI)/HCPA6E
IF ((HX2-HXI>.HE.(HPA6E*NCPA6E)> NPA6E-HPA6E*!
H2-HXI-I
HROH-HVa-HVI*! \
DO KP-I.MPAGE I \

HI-H2M
H2-N?N0(H2«HCPA6E.HX2)
HC0L-H2-HI*!

BLANK LIHE BETHEER EACH PAGE
•IF HPIOOO

• ELSE

9999
•EHDIF
8

8ii iif!!5E0E e*CH BV COUHTS OP C0LUHH8 AND ROUS
•IF HPIOOO

m av,i ninAni'.kiii^ius-"'''"-''""'"-'-'-"'
.*..»., MRITE (LURR«4000) HCOL.HROH.KP.(HAHDOT.K-l.39)
•EHDIF

4000 F0RNAK2X.19.110.9X.'(colunn,rou) on Page ". I 3.2X. 39A2)
8 FOLLOHEO BV X-C00RBIHATE8
•IF NPIOOO

K*0«-.i.t«CCt.l KBUF(K)-HAHBLKl CALL CODE
HRITE (KBUF.4009) (K.K-HI.H2)
CALL HRITF (KOCB.KERR.KBUF.LRECL)
SS.!ri,'!:!E.SLi.KBUF(K>-HAHBLKl CALL CODE
J»NITE (KBUF.4010) (XP08(K).K-MI .H2)

#CL$i CALL HRITF (KDCB.KERR.KBUF.LRECL)
SHIS (LUHR.4009) (K.K-HI.H2)
HRITE (LUHR.40I0) (XPOS(K).K-HI.H2)

DO K-I.LRECLI KBUF(K>>HAHBLKl CALL HRITF (KDCB.KERR.KBUF.LRECL)

HRITE (LUHR.9999)
F0RHAK2X)
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•EHDIF
A009
4010
•

• OUHP THE HUH8ER8
., —, 00 KV-HYI.HY2 I

•IF HPIOOO

• ELSE

•EHOIF
7000

1

Fi lei tSAVOU

F0RHAT(IIX.9(I9.4X))
FORMAT (2X.'Y(CH)X(CH)*.4X.9(1PC9.2.4X)>

DO K-I.LRECLI KBUF(K )-NAHBLK! CALL CODE
HRITE (KBUF.7000) KV.YPOS(KY ),(Z(K,KV),K-HI .H2)
CALL HRITF (KDCB.KERR.KBUF.LRECL>

HRITE (KBUF.7000) KY.VP08(KV).(Z(K,KY),K-HI,H2)

F0RNAKI2. IPCS. 2.2X. 9(1 P613.3>>

0 CLOSE THE FILE
900 COHTIHUE
•IF HPIOOO

SS!-!- !:?££- (KDCB.KERR.dUHK.IRB.3UHK.38EC)
CALL CL08E (KDCB.KERR.JSEC/2-IRB-1)

r>JK IF (KERR.LT.O) CALL TFERR( 2.KERR. HAHBUF)
•EHDIF
•
8 DOHE

RETURH
EHO
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Filet tSKEYD

•CALL THDEFH
SUBROUTIHE SKEVD

DEFIHE SOFT KEYS FI-D0PIN6 F2-CARRIER F3-FIELD F4>P0TENT1AL

CALL TCOHHH

IF HPIOOO
DATA KE8C/033B/

EHOIF

UNITE (KONSOL.IOOO) (KESC,K-l.4)
IOOO FORHAKRI. *tf lk2a4L0opinga.*

RI.*tf2k2a7LCarrlera.*
Rl.'tf3k2a9LFl*ld*.*
Rt.atf4k2a9LPotentiala>

RETURH
EHO
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•CALL THDEFH
SUBROUTIHE 8KEYF

DEFIHE SOFT KEYS

File: tSKEVF

Fl-X-COHPOHEHT
F4-HACHITUDE

F2-Y-C0NP0HEHT F3-RAT10 OF X/V

CALL TCOHHH

IF HPIOOO

EHDIF°*T* K"C'03"'

IOOO
HRITE (KOHSOL.IOOO) (KESC.K-l.4)
FORHAKRI. atflk2ellLX-conponent'.*

Rl.atf2k2alILY-conponenta.*
Rl.atf3k2al2LRatlo of X/Ya.*
Rl.atf4k2a9LHagnitude.* )

RETURH
EHD

ia4-
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Fl lai tSKEYP

•CALL THOEFH
SUBROUTIHE SKEYP

DEFIHE SOFT KEYS FI-ROROH
F4-8B

F2-ARSEN1C
FS-»

CALL TCOHHH

IF HPIOOO
OATA KE9C/033B/

EHDIF

2000

OEFIHE THE KEYS
HRITE (KOH
FORHAKR

R
R
R
R
R

.DOME
RETURH
EHD

0L.2OOO) (KESC,K-l.A)
tf lk2«3LBoron*.*
tf2k2a7LArsanlc'.*
tf3b2atOLPhosphorus*.'
8f4k2a2L8b'.*
tf9k2a9L*(H-typo)a.*
tr4b2a9L-(P-typa>')
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F3-PHOSPHORUS
F4 —

Filet ISKtYT

•CALL THDEFH
SUBROUTIHE 8KEVT

OEFIHE SOFT KEY6 Fl-2-dI nansional plot
F3-SAVE IHTO DISC FILE

CALL TCOHHH

IF HPIOOO
DATA KESC/033B/

EHOIF

HRITE (KOHSOL.1000) (KESC.K-l.4)
1000 FORHAKRI.'tf lk2a7L2D-plot". *

Rl.'tf2k2a7L3D-plot'.*
Rl.atf3b2al2L6ave on disc".*
RI.'tf4li2al4LPrint an paper*)

8
RETURH
EHO
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F2-3-dinensionaI plot
F4-PRIHT THE NUMBERS
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Filet tSOLVE

•CALL THDEFH
•IF HPIOOO
EHA(XYZ.O)
•ENDIF

SUBNOUTINE SOLVE (KSOLV)

I POTEHTIAL 80LUTI0H SEGREHT

• KSOLV 18 THE SECTIOH FLAC HHICH DEHOTES THE RE-EHTRY POIHT OF HEXT CALL
•CALL TEHA
•CALL TCOHHH
S

DIHEHSIOH HAHVLK4)

•IF HPIOOO
# DATA KE8C/033B/. RBELL/OOZB/

j "'* mw'hii "Hi"!',®':',,.",""""--
' {fS!!«,"u"

KPITR-I
IF^KKSOLV.EB.O>.AHB.(KLOOF.EB.I>> I KPHIS-Ol KBIA8-0 1

8
8 CET APPLIED V8LTAGE8

IF (K80LV.EB.0) I
.^ UNITE (K0H80L.I800)

".mic. «si"«f««:;t ;{!«•»:»."• "• ••• ••»-••
....1F RlBiiiRm:ir" "•"•"•"

VDB-VB-VB
V8B-V8-VB
VGB-VG-VB

f IF (KPHI8.E8.1) PH8REF-PNSREF-V8
B CHECK IF RE-INITIALIZE

1003

•IF BATCH

•EHDIF
2000

IF (KIHIT.EB.O) I
HRITE (K0H80L.1009)

5ar{;j?i«:ioSoii^H55R'oi-Bt,%i «•••"'*-»> » -•>

i

HRITE (KOHSOL.2000) KAHSHR

FORRAT(Al)
IF (KANSHR.EB.KYES) KINIT-1

\

CHECK IF RE-DEFINE ITERATION PARAHETERS
IF (KPITR.EQ.O) f

HRITE (KOHBOL.1007)

R^'i^vHofSSSoi^WUr '".AOtar. (r..-r//Mo-f4) 7 _a>
HRITE (KONSOL.2000) KAHSHR

j IF (KAHSHR.ME KVES) KPITR-I

1007

•IF BATCH

•EHDIF

8 «T l-D BTCRtATBON PARANETER8

1!f batch M-P'MfWMi' S?5?!ui,0B °' »•• •*•'•*••- <-"*«> * -•>
#EWie HRITE (KOHBOL. 1001) ATOLt

j AT0Ll-AB8(AT0Lta|.0(EXP>-3>
:....««,,.. ,,f„,,j? „..„„„
.a,, "RIIf.SKOHsoL.ioia)
,9,« FORNAK*Absoluts resolution of 2-0 solution (nV's) 7 .*)
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•IF BATCH

•EHOIF

1020

•IF BATCH

•EHOIF

1040

•IF BATCH

1002
•EHDIF

1030

•IF BATCH

•EHDIF

Filet tSOLVE

REAO (KEYBRO.O* AT0L2

HRITE (KOHSOL.1001) AT0L2

SR^^E^ffgH^fnor"^-^
s?2g*T{K?;BSo"r.joSELfssaiop <l<-"<2- -1 ?> ? -•>
HRITE (KOHSOL.1001) RELAX2

RELAX1-RELAX2
HRITE (KOHSOL.1040)

RMr^KSvSig?:,^^0' •-• •••'•*•••- * -•>

HRITE (KOHSOL.1030)
FORNAT(;Convsroanca inforiiatlon par 2-D Iteration*
READ (KEYBRD.2000) KAHSHR-

HRITE (KOHBOL.2000) KAHSHR

If (KAHSHR.EQ.KVES) KIM8C2-2
ELSE KIH862-0

8 cme" "tPtiniFenw**"1* surmce f8'ehmal
1AHA HRITE(k6H80L.1090)
l0S* *f<a(V;"f7/HS-f8)e?f,S)"rf*C# Fot*ntlol -,
•IF BATCH **** <REVIRD'*fl«8> KAHSHR
,£MDIF HRITE (KOHSOL.2000) KAHSHR

j IF (KANSHR.EB.KYES) KPHI8-I

8 CET 8EARCNIH6 PARAHETERS
IF (KPNIS.EB.l) C

IF (KBIA8.HE.0) f
„ ««ITE (KONSOL.1093)

•IF BATCH

•EHDIF

1040

•IF BATCH

•EHDIF

1070

•IF BATCH

•EHDIF

a
sioeo
8
••IF BATCH
8
•♦ENDIF

F0,B*T<."?v{}.???So"r>e?,n» >*••••"*•" "A
READ (KEYBRD.2000) KAHSHR

HRITE (KONSOL.2800) KAHSHR

IF (KAHSHR.EB.RYES) KNEH-0, ELBE KNEH-I
ELSE KHEH-1
IF (KHEH.EQ.t) t

UNITE (KOHSOL.1040)
FORHATCJeroat surface potential value -.*
READ tiimmrMiiP" *-m>
HRITE (KOHSOL.1001) PH9REF

PHSREF-PH8REF-VB
HRITE (KOHSOL.1070)

ESSSAT*!;2$SSS <8-"d'6-vg.s-v..B-vb) 7 .a>
HRITE (KOHBOL.2000) KAHSHR

DO K-l,41 IF (KAHSHR.EQ.HAHVLT(K)) KBIAfi-K
KBIA8-NIH0(4,RAX0(1.KBIAS>) "1A8-K
UNITE (KOHSOL.1080) mtm9"
FORHATCFirst try value 7 •)
REAO (KEYBRO.e)vVTRV

HRITE (KOHSOL.1001) VTRV

HRITE (KOHSOL.1090)

-128-
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Filet tSOLVE

1090 FORHAK"Searching tolerance (nV's) 7 ,* )
READ (KEYBRO.a) AT0L8

•IF BATCH
HRITE (KOHSOL.1001) AT0L8

•EHDIF
AT0L8-AB8(AT0L8«l.0(EXP>-3)

1
1

8
8 IHITIALIZE POTEHTIAL BA8E0 OH 1-0 80LUTI0H

IF (K1HIT.EQ.I) CALL IHITL (1)
8 IF (KIHIT.EB.l) I
8 CALL IHITL (I)
8 HRITE (K0H80L.2010) KBELL
0 READ (KEVRRD.2000) KAHSHR
••IF 8ATCH
• HRITE (KOHSOL.2000) KAHSHR
••EHDIF
8 IF (KAHSHR.ER.KYE8) RETURN
82010 FORHAKRI.*
8 'Check aute-mitlaiizetlen results (Ves-f7/No-f0) 7 ." )

1
•
8 ALLOH USER TO RODIFY INITIALIZATION

IF (KSOLV.EB.I) K80LV-2
8 IF (KSOLV.EQ.I) (
• K80LV-2
• HRITE (KOHSOL.3030)
• READ (KEVBRD.2000) KAH8HR
••IF BATCH
8 HRITE (KOHSOL.aOOO) KAHSHR
••EKDIF

r20 ^ryiiss'EQve^'?1 ••,-t,#B «•••"'•••'•»»-•>
• CALL IRHOD
8 HRITE (KONSOL.2010)
8 READ (KEVBRD,2000) KAH8NR
a IF (KAHSHR.EB.KVES) RETURH
•2030 FORHATCChock nodlflad initial aelutlon (Vss-f7/Ho-fa) 7 .')

8 1
8
• EHD OF INITIALIZATI8H

IF (KSOLV.EQ.2) t
K80LV-3 \
HRITE (KONSOL.2040) (HAHSTR,K-1.24)

2040 FORNAK/.12A2.3X.'END OF INITIALIZATION".9X. 12A2/)

•
• 2-D ITERATION

REPEAT I
IF (KSOLV E8.3) I

IF (KNAX2.HE.0) C
CALL P0S8N

• 8EARCHIH6 LOOP
IF (KPHIS.HE.8) C

CALL PHH1H (I.PH1S.LPHI8)
KOUHT-0
HHILE ((A8S(PHIB-PH8REF).CT.AT0L2) AHD *

(KOUHT.LT.ITRNAX)) I
IF (KOUHT.EQ.O) (

IF (PHI8.6T.PHSREF) B6N—I. 0(ENP>0
ELSE SCH- I.O(EXP>0
DVTRV-8CH»VT300K
IF ((K8IAS EQ.D.OR (K8IAS.E6 4)>

DVTRV--OVTRV

IF (ABS(DVTRV).GT.AT0L8) C
XPHS-XP0S(LPHI8)*I.0(EXP>4
DPH8-PHIS-PH8REF

.... HRITE (KOHSOL.2090 IPHIS.XPHS.LPNIS.DPHS.DVTRY
2090 FORHAK*•• Phis -a.F7.3.*

* at X -*.F7.3.'un C.I2.a). Dphs-'.*
F7.3.a. Dv-a.F7.3>

1F(KBIA9.EQ.I>( VDB-VOB*OVTRYl VBIAS-VDO«VB I
1F(K8IAS.EQ.2)( VG8-VGB«DVTRVl VBIAS-VCB»VB 1
JF(KBIA8.E0.3)( VSB-VS8«0VTRVI VBIAS-V8B*VB I
IF(KB1AS .EO. 4 )(
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8000

Filet tSOLVE

VDO-VOB-DVTRV
VGB-V6B-DVTRY
VSB-VSB-DVTRV
PHSREF-PHSREF-DVTRV
VB-VB«OVTRY
V8IA8-VB

1
HRITE (KOHSOL.0000) NAHVLT(K8IA8 I.VBIAS.'

(HAHSTR.K-I.31)
FORNATCTry V'.Al.' - *.F7.3.3IA2)
PH80LD-PHIS
K0UHT-K0UHK1
CALL IHITL (0)
CALL P08SH
CALL PHHIH ( I.PHI8.LPHI8)
DVTRV —DVTRY»(PH8REF-PHI8)/(PH80L0-PHI8>

ELSE KOUHT-ITRNAX

8 CHECK RESULTS
CALL CHECK
K80LV-4

HRITE (KOHSOL.3030) KBELL
FORHAT (Rl,'-'>

HRITE (KOHSOL.3031)
FORNATCCheek reeults (Yes-f7/Ho-f8 > 7 .">
READ (KEYBRD.2000) KAH6HR
IF (KAHSHR.EQ.KVES) RETURH

•IF IRATCH

3030
•EHDIF

3031

I

ELSE I
K80LV-9
KC02-0

1

0 CHECK IF HORE 2-D ITERATIOH
IF (KSOLV.EB.4) I

KSOLV-3
HRITE (KUHSOL.3040)

3040 FORHATCHore Iterations (Yss-f7/Ho-f8) 7 .')
REAO (KEYBRD.2000) KAHSHR

•IF BATCH
HRITE (KOHSOL.2000) KAHSHR

•EHDIF
IF (KAHSHR.E8.KVES) K602-I
ELSE K602-0

1
I UHTIL (KC02.EQ.0)
HRITE (KOHSOL.3090) (HAHSTR.K-l.20)

3030 FORHAK/.9A2.At.9X.'EHD OF THO DIHEHBIOHAL SOLUTIOH' .9X. 9A2. AI/>
8
• CHECK IF AHV HORE BIAS POINTS

K80LV-0
KIHIT-0
KPITR-0
IF (KPH18.E0.I) PHSREF-PHSREF'VB
HRITE (KOHSOL.4000) .. _ ..

4000 FORHATCAnothsr bias point (Vaa-f7/Ho-fB) 7 -a )
READ (KEYRRD.aOOO) KAHSHR

•IF BATCH
HRITE (KOHBOL.2000) KAHSHR

•EHDIF
IF (KAH8HR.EQ.KVE6) KGO-I
ELSE K60-0

I UHTIL (K60.ER.0)
•
8 DOHE _

KSOLV-0 wi
K6IAS-0 ~!
KPHIS-0 "^
RETURH
EHD
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Fllai tSETPA File* tTFERR

•CALL THDEFH ♦CALL THDEFH
SUBROUTIHE SETPA SUBROUTIHE TFERR (KFLAG.KERR.HAHBUF.KRET>

SETUP HESH AHD DOPIHG PROFILES I HAHDLE THE ERROROUS CASES IH FILE 0PEH/CL08E

CALL TCOHHH ♦CALL TCOHNN

fF^UHiSVl) CALL TNE.H ! »**»*">* M*BB°F< *>
GEHERATE DOPIHG PROFILE IF HESH CHAHGED OR HEH PROFILE OEFIHED | °*T* KVE8/2HV /
IF (<REJ»00P.EQ.I>.0R.(HEHH8H .EGI>> I 8 ... IF KFLA6-I. ERROR IH OPEH FILEi

IF (KSUPRH.EB.O) CALL OOPMG g ISSUE HARNIN6 HE8SAGE. 8ET REOPEH FLAG
ELSE I IF (KFLAG.EQ.l) (

IF (KREAD.EO.O) CALL DOPSI HRITE (KOHSOL.IOOO) KERR.(HAHBUF(K ).K-l.3).HANBUF(3).NANBUF(4 )
ELSE CALL REDF2 REAO (KEYBRD.2000) KAHSHR

.1 IF (KAHSHR.EQ.KVES) KRET-I
I ELSE KRET-0
--„- IOOO FORRATCOpan error '.13.'.in flit *. 3A2. * i*.A2. ' i', A2. *
00" „ al Another try <Ves-f7/Ho-f8) 7 -a >
RETURH 2000 FORHAT(AI)
EHD j

• ELSE. ERROR IH CLOSE FILEi ISSUE HORNING HE88A6E
ELSE (

HRITE (KOHSOL.3000) KERR.(NAHBUF(K ).K-l.3>.HAHHUF(3>.NAHBUF(A)
3000 FORHATCError *.13." in closing file *.3A2.' i*.A2.* t'.A2 )

1
•
• OOHE

RETURH
EHO
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Fllai tTFUHC

•CALL THDEFH
•IF HPIOOO
EHA (XYZ.O)
•EHDIF

FUHCTIOH FUHC (X.V)

IHTER-POLATE THE FURCTIUHAL VALUE OF PL0TTIH6 ARRAY

F(1)-Z(HX1.HV1>
F(3)-Z(HXI.HVK1)

F(2)-Z(HXI*I.HV1>
F(4>-Z(HXI«I.HY1*1>

•CALL TEHA
•CALL TCOHHH
8

OIHEH810H F(4>

• STATEHEHT FUHCTIOHB
ZUPPR(X)-(X-XI)»(F(2>-F(I)>/DX*F(1>
200UH(X)-(X-XI)a(F(4)-F(3))/DX»F(3>
ZLEFKY)-(V-YI)*(F(3>-F(I))/DV*F(t>
ZRIT£(V)-(V-VI)»(F(4)-F(2>>/0Y*F(2>

8 DEFINE FOUR CORNERS
NXI-HAXO(LOCX(X).l)l
NVl-HAXO(LOCV(V).l)l
IF (HXI.LT HXHAX) OX-DELX(HXI)
ELSE OX-O.O(EXP>0
X2-X1»DX
IF (HYI.LI.HYHAX) DV-OELV(HVI)
tt!||00f OV-0.0(EXP>0

8 GET FUHCTIOH VALUES AT THE CORHERS
DO K-l.41 F(K)-Z(HXI,HVI>
IF (HXI.LT.HXHAX)
IF (HYI LT HYHAX)
IF((HXliLY!HXHAX).AHD.(HV1.LT HYHAX))

IF (HXI.LT.HXHAX)
IF (HYl.LT.HYMAX)

XI-XPOS(NNl)
YI-YPOS(NVl)

8 IRITIALIZATIOH
F(2)-Z(HXI»1.HV1>
F(3)-Z(HX1.HV1*1)
F(4)-Z(HXI»1.HV1*I)

F(4)-F(2)
F(4)-F(3)

8 HTE"f°"LJIE THE FUHCTIOH VALUE AT (X.V)
IF ((DX.HE.O.O(EXP>0).AHD.(DV.HE.O.O(EXP>0>> C

FUHC-0.S(EXP>0.((N-X1>»(ZNITE(V)-ZLEFKV))/DX»ZLEFT(V)»'
(V-VI)*(ZDOHH(X)-ZUPPN(X))/DY»ZUPPR(X)>

I
ELSE (

IF (DX.HE
IF (DV.Nl

DONE
RETURN
END

♦<"?>♦> FOHC-ZUPPR(X)
D(EXP>0> FUNC-ZLEFT(V)
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Filai tTHESH

•CALL THDEFH
•IF HPIOOO
EHA (XYZ.O)
•EHOIF

SUBROUTIHE THESH

8 SET-UP NESN AHD CALCULATE RELATED COEFFICIENTS

•CALL TENA
•CALL TCOHHH
8

8 Sa2JX$LIHcIJ!!8.?RR*!SL!!!!0 ohe-dihehsiohal arrays
DIHEHSIOH ODCHSKI ). ODCSS I ( I ). 0DCE3K I ). ODCHSK 1 ). ODOOHE( 1 ). *

ODCHOXd ).ODCSOX(l ).ODCEOX(l ).ODCHOX(l ).*
—....,. - 0DCH01(l>.0DC80l(l>
EOUIVALEHCE (ODCHSKI ).CHORTH(l.I >). (ODCSSK I ).CSOUTH( I , I ) ). *

^SSSgalrlM ^StSDliaf^^tl^?- <0^BSI(.,.C.EST<I.I».-
(ODCHOX( I ).CNOX( I. 1 >).(ODCSOX(l ). CSOX( I, I )). *
5S5£E2Ki!>«ceox(i.i>>.(odchox(i>.chox(i,i>>.*
(ODCHOKI ).CHOXI(t.l)).(ODCS01(l).CSOX 1(1.1 )>

.. HOCK'S COHSTRHT
DATA DELTAX/O.I(EXP>0/. DELTAV/O.OS(EXP>0/

...SILICON HESH - 90X48
NXRAX-90
HVHAX-48

--.OKIpE HBISJH a 90X(a*I> I 8HAREB IHTERFACE HITH 8ILIC0H HESH )
If„<< TOKO HE.O.O(EXP>0> OR.(TOXI ME.0.0(EXP>0) ) HOXIDE-3
ELSE H0X1DE-0

...ALLOCATE SOURCE AHD DRAIH DOHAIHS
XDIFF-XSOURC'XDRAIN
HXRXI-HXHAXH
IF (XDIFF.HE.O.O(EXP>0> I

HDIFF-IO
JJS-HDIFFa(X800NC/X0IFF» ND-HDIFF-R8
2§SS?"S!£ii HDRHO-HXHAX-HD} HSRC1-HSRC0I H0RH1-HDRHO

EL8E I
HDIFF-0

222S?-?! NDNNO-HXHXI
NSRC1-II NDRH1-HXRAX

SSSSAf-SVSS EVi" *-""H" » ***** *****" *E6'°»
HHALF-HCHAHL/2
IF ((HHALFaa).HE.HCHAHL) I

HCHAHL-HCHANL-I
NDRHI-HDRHI-1
HDRHO-HDRHO-1
HXHAX-HXRAX-I

• S!.TFR5ISI-,(;5E2M^2H!8-I!! ***** channel region (symmetrical)
SaVfepinigg.^SHx^?!^**^
IHACE-HDRR1
DO K-HSRCI.HBTOP C

IHAGE-IHA6E-1
DELX(IHAGE)-DELX(K>

•DETERHIHE X-HE8H SIZES IN SOURCE AND DNAIN 00HAIH8
IF (HSRC0.6T.I) CALL TNOCK (XS0URC.H8 .H3RC0-1.- 1)
IF (HDRHO.LT.HXHAX) CALL THOCK (XORAIH.HO.HDRHO.I)

XP08(NH8RCI)!o,,0(EXP>00iSIH *' ™E "" "" °F ***** CHflHMEL ""I0"
HS1-HSRCI*! ^
NS2-HSRC1-1 >i
IFX?HSNC0EHE:>S> l° *'***•***** l 2XXX-ZXXX»DELX(K-I )l XP08(K)-ZXXX 1 i°

ZXXX»6.0(EXP>0
FOR (K-H82! K>-|| K-K-l) I ZXXX-ZXXX-DELX( K)l KPOS(K)-ZXXX 1

134-



Filet tTHESH

.GET ALL LOCATION INDICES
NGATEO-LOCX(XCATEO)
HCATEI-LOCX(XGATEl)
IF (HCATEO.EQ.O) (
EL8E
HOXO-LOCX(XOKO)
HOXI-LOCX(XOXI)
IF (H0X0.E8.0)
ELSE
IF (KSUPRH.EB.Q) (

HIHPLO-LOCX(XIHPLO)
HINPLl-LOCX(XIHPLl)
IF (HIHPLO.EQ.O) (
ELSE I

1

CALCULATE X-COEFFICIEHT ARRAV8
OVROX-I.0(EXP>D/DELX(I>
Zd.l >-OVRDX*OVROX
Z(I.2)-0.0(EXP>0
HXHI-HXHAX-I
DO K-2.HXHI f

OVRDX1-OVRDX
OVRDX-I 0(£XP>0/DELX(K)
Z(K.l)-OVRDX*OVRDX
Z(K.2)-0VRDX«0VR0X1

I
Z(HXHAX.I)-0.0(EXP>0
Z(HXNAX.2)-Z(HXH1.I)

DETERH1NE V-HE8N
CALL TNOCK (VNAX.HVHAX-1.1.2 )
IF (K8UPRH.E0.0) XJ-AHAXK XJCK I ),XJCT(2 >,XJCK3 ))
ELSE X3-0.9(EXP>-4
IF (XJ.GT.O.O(EXP)O) C

YIO-OELV((>
KS-NIHO(IO.HYHAR)
DO K-2.K8I Y10-V10*DELV(K)
IF (YI0.6T.XJ) I S

CALL TNOCK (XJ.IO,l,a> 8
HYHI-HVRAX-I
HYHESH-HYHI-IO
YHESH-(VHAR-XJ>/RVNE9H
DO K-II.HVN1I BELV(K)-VNEtH

I

\
DEFINE ARRAY VPOS. V-0R6IN AT INTERFACE
YPOSd >-0.0(EXP>0
ZXXX-0.0(EXP>Ol OO K-2.NYHAN ( ZXXX-ZXXX»DELY(K-l)| VP08(K)-ZXXX )

CALCULATE V-COEFFICIENT ARRRY8
OVRDV-I.0(EXP)0/DELV(I>
Z(1.3)-0VRDVeOVRDV
Z(1.4)-0.O(EXP)O g
HVRt-HYHAX-l 0.
DO K-2.NYHI C

OVRDYI-OVRDV
OVRDV-I.0(EXP>0/DELY(K)
2(K.3)-0VR0V*0VR0V
Z(K.4)-0VRDV*0VRDVI 8

1 8.
Z(HVHAX,3)-0.0(EXP>0
Z(HVHAX,4)-Z(HTNI,3)

.DEFIHE OXIDE HE8H
00 K-I.NXHAX I OELOX(K,l)-0.0(EXP>Ol DELOX(K,2)-0.0(EXP>0 1 0 IHIT
DELVOX-DELV(I)/(I.O(EXP)O-DELTAY) 8 HOCK'S FORNULA 8
E0XESI-EPSI02/EP8I 8 DIELECTRIC 8
IS^SS'ISXStf25PS1" T0XX1-T0XI-E0XE8I 8
DELS0-ARIHI(0ELVOX,TOXX0)l DELSI-AH1HKDELVOX.TOXXI) 8
DELT0-T0XX0-DEL80I DELT1-T0XXl-DELSl
XSTOP-XQXO-XOXR 8 SOURCE SIDE
NST0P-L0CX(X8T0P>
IF (H8T0P.6E.I)

00 K-I.N9T0P (
DELOX(K,l)-DELSI
DEL0X(K.2)-0ELTI

I
IF (HCATE1.HE.O) H6ATE0-I
IF (XGATEO. HE.XP08(HCATEO )) HGATEO-HCATEO*I

IF (HOXI.HE.O)
IF (XOXO.NE.XPOS(HOXO))

HOXO-I
HOXO-HOXO*!

IF (HIHPLI.HE.O) HIHPLO-I
IF (XIHPLO.HE.XPOS(HIHPLO)) HIHPLO-HIHPLO'I
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IF ((HOKO.LE.HOXI).AHD.(HOXJ .HE .0))
DO K-HON0.NOX1 I

OELOX(K. D-DELSO
DEL0X(K.2)-DELT0

J
XSTNT-XOXI*XOXR
NSTRT-LOCX(XSTRT)
IF (HSTRT.EQ.O) HSTRT-I
ELSE IF (X8TRT.HE.L0CX(XSTRT>> HSTRT-HSTRT*I
IF (HSTRT.LE.HXHAX) t

DO K-HSTRT.HXHAX C
DELOX(K. D-DELS1
DEL0X(K.2)-DELTI

1
1
IF (XOXR.HE.O.O(EXP)O) I

8L0PE-(T0XXI-T0XX0)/X0XR
Nl-HSTOPf1
H2-H0X0-1
IF ((H2.6E.HI).AH0.(HI.HE.O)) (

XR-X8T0P
DO K-H1.H2 I

T0XX-T0XX1-8L0PE*(XP08(K )-XR >
DELS-AHIHKTOXX.DELVOX)
0ELOX(K.I )-DELS
DEL0X(K.2)-T0XX-0ELS

1
1
HI-H0X1+1
H2-HSTRT-1
IF ((H2.6E.HI).AHD.(H1.HE.O)) (

XR-X0X1
DO K-Hl.Ha t

T0XX-T0XX0*8L0PE*(XPOS(K )-XR )
OELS-AHIRKTOXX.DELYOX)
DELQX(K.l)-DEL8l DELOX(K.a>-T0XX-DEL8

.CALCULATE V-COEFFICIEHT ARRAYS A8S0CIATE0 HITH OXIDE
ESIE0X-EPSI/EP8I02
OVRDV-I.0(EXP>0/0ELV(I)
DO K-l.HXHAX I

0AR6-DEL0X(K.I>
IF (DAR6.HE.0.0(EXP>0) 0VR0V1-1.0(EXP)0/DAR6
ELSE 0VRDV1-0.0(EXP>0
DAR6-DEL0X(K.a>
IF (OARG.NE.O.O(EXP)O) 0VRDY2-I.O(EXP>0/0ARG
ELSE OVRDY2-0.0(EXP>0
Z(K.9)-E8IEOX«OVRDY1*OVRDYI
Z(K.4 >-OVRDVI*OVRDVa
Z(K.7>-0VR0V2*0VRDV2
Z(K.8)-E0XESI»0VR0VI»0VRDV

I

CALCULATE P0I880H EBUATIOH COEFFICIENT ANRAY8
QOHEPS-B/EPSI
DO KX-I.HXHAX I

CE-Z(KX.l)
CH-Z(KX.a)

8 HIDDLE PART

8 DRAIH SIDE

S THE RAHPS

8 SOURCE RAHP

0 ORAIN RAHP

INSIDE SILICON
DO KY-I.HYHAX t

C8-Z(KV.3>
IF (KY.EQ.I) CH-Z(KX.B)
ELBE CH-Z(KV.4>
OHEGA-1.0(ERP >0/(CE»C8»CS*CH >

PERFORH SUBSCRIPT CALCULATIOH EXACTLY OHCEl array(I.J)
0HE-DIHEH8I0HAL OFFSET VALUE i K-(J-I)*90*I

KXV-(KV-I)*90«KX
OOBOHE(KXV )-Q0HEP8*0HE6A
00CESI(KXY)>CE*0RE6A
00CU81(KXV)-CU*0HECA
ODC881(KXV)-CS»0NEGA
0DCN81(KXY)-CH*0HEGA
OHEGA-1.0(EXP)0/(CH*CS)
IF (KY.EQ.I) I

•) array(K)

^4
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Fllai tTHESH

OOMESKKX )-Q0HEP8*0HEGA
CH91(KX)-CH«0HECA
CS6I(KX)-C8*0NEGA

1
ELSE I

IF (KX.EQ.I> I
QOMEKKV-I )-OOHEPS*OHECA
CNKKY-D-CHaOHECA
CS1(KV-I)-CS«0NEGA

1
1

8 INSIDE OXIDE
DO KOX-1,2 (

IF (KOX.EB.I) I
ELBE f

C8-Z(KX,9)I CN-Z(KX,4) 1
CS-Z(KX,7» CH-0.0(EXP)0

0HE6A-10(EXP)0/(CE*CH»CS+CH>

8 PERFORH SUBSCRIPT CALCULATIOH EXACTLY OHCE I arraud.J) -> arrau(K)
• 0HE-DIHEH8I0HAL OFFSET VALUE ' K-( J-1 )*h!!haX«I

DONE
RETURH
EHO

KXV-HXRAX*(KOX-l)»KX
0DCE0X(KXY)-CE*0NE6A
ODCHOX(KXV)-CH*0HE6A
0DC80X(KXV)-CS*OHEGA
ODCHOX(KXV)-CH«OMEGA
IF (KOX.EQ.I) 1

0NEGA-I.0(EXP>0/(CH*C8)
OOCM01(KXV)-CH*OHECA
ODCS01(KXV)-C8*OHEGA

ELSE I
ODCHOI(KXY>-0.0<EXP)0
ODCSOKKXV)-! 0<EXP>0
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•CALL THDEFH
•IF HPIOOO
EHA (XYZ.O)
•EHDIF

SUBROUTIHE THOCK (HHESH.HHESH.HSTRT.KFLAC>

• SETUP THE HESH SIZE ARRAY BASED UPOH HOCK'S RETHOD

•CALL TEHA
•CALL TCOHHH
8

• HOCK'S C0HSTAHT8
DATA 0ELTAX/0.I(EXP>0/, DELTAV/O.09(EXP>0/

IF (IAB8(KFLAG>.E0.1> DELTA-I.0(EXP>0/(I.0(EXP>0-DELTAX>
ELSE DELTA-I.0(EXP>0/(t O(EXP)O-DELTAY)

8 DETERH1NE THE H1HIHUH HESH SIZE
PROD-I
8UH-I
DO K-2.HHE8H (

PROD-PROD*DELTA
sun-sun«pROD

1
8IZNIH-HHE8H/SUH

8

• LOAD THE ARRAY
HI-HSTRT«IB1CH(l.KFLAG)
H8T0P-H8TRT*I816H(HHE8n-l.KFLA6)
ND-I8IGH(I,KFLAG)
IF (IAB8(KFLA6).EQ.t> I

DELX(N8TNT)-SIZHIH
IF (HD.GT.O) I

FOR (K-Hl) K(-RSTOP) K-K»HO> D£LX(K )-DELX(K-NO)*OELTA

ELSE I
FOR (K-MI) K>-H8T0PI K-K*HO> DELX(K )>DELX(K-NO)*DELTA

)
ELSE I

DELV(NBTRT)-8IZNIH
IF (HD.GT.O) t

FOR (K-Hl! KCHSTOP! K-K+HO) DELV(K »DELY( K-HD)*DELTA

ELSE (
FOR (K-Hll O-HSTOPI K-K*HD) DELV(K )-DELV( K-HO)*DELTA

DONE
RETURN
END
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•CALL THDEFH
•IF HPIOOO
ERA (XYZ.O)
•EHDIF

SUBROUTIHE
8
8
8
• CALL
• CALL
8
8

8

8
8

3000
8
8. . . .

4000
8

4010

8
a....

4020
8
8

9010
9

a
a

4000
a
a....

4009
4010
a
a

7000

File) tIPRNI

TPRHT (HXI.HX2.HY1.HY2.XI.X2.VI.Y2,ZI

PRIHT THE RESULT

TEHA
TCOHHH

DIHEHSIOH HS60SP(I0.4>. HSGEAH(4.2>. flSCFL0(4.4>

DATA LUPNT/4/. LENOSP/IO/. HUHD8P/4/."
HS6D8P/2HD0.2HPI.2HH6.2H C,2H0H,2HCE,2HHT.2HRA.2HTI,2H0H,*

2HFR.2HEE.2H C.2HAR.2HRI.2HER.2H P.2HR0.2HFI»2HLE.*
2HF1.2HEL.2H0 .2H0I.2HSR.2HRI.2H8U.2HTI.2H0H.2H .*
2HP0.2HTE.2HHT.2HIA.2HL .2H P.2HR0.2HFI.2HLE.2H /.*

H9CEAH/2H*l.2Hec.2Htr.2Hon.*
2Hha.2Hle.aN >3H /.*

LEHFLD/4/. NUHFLD/4/.*
H8GFLD/2HX-.2Hco.2Hlip.2Hon.2Hen.2Nt .*

2HV-.2Hco.2HAp.aHen.aNen.2Ht .*
2Hra.2Htl.2Ho ,2Hof.2H X.2H/V.*
2Hna.2Hgn.2Nlt.2Hud.2Ha .2H /

DATA HAHBLR/2H /. NAH8TR/2H**/. NAHD0T/2H../. HCPAGE/9/

THE TITLE
HRITE (LUPRT.3000) (HAHSTR.K-l.40)
F0RNAT(29A2.AI.4X.aTH18T*.4X.29A2.AI>

.FUHCTIOH HARE
HRITE (LUPRT.4000) HAHDOT,(R860SP(K.KDISP),K-l.LEHDSP ),*

(NSGEAH(K,KELEC).K-l,4>.(HAHDOT.K-l.41 >
FORHAKA2.2K.IOAa.aX.' referring to '.4A2. IX, 41A2)

IF (KDISP.EB.3) f
HRITE (LUPRT.4010) HAHDOT,(HSGFLD(K.KFELD).K-l.LEHFLD)
F0RRAT(A2.34X.aC.4A2.')*>

1

8AIS VOLTAGES
HRITE (LUPRT.40aO) NAHDOT.VDB. VG6.VSB. (HAHDOT.K-l.42)
F0RNAT(A2,3(1P6I0.2),'(VDB, VBB. VBB) *.41A2.A1)

OOHAIH DEFINITIONS \
UNITE (LUPRT.90I0) Zl.22.(NAHDOT.K-l «39>\
FORNAK2X.2(IP610.2).IOX.*(Znin.2nax) estlneted '.38A2.AI)

9 C0LUNH8 PEN PACE
HPA6E-(HX2-HXI)/HCPA6E
IF ((HX2-HXI).HE.(HPA6E*HCPA6E)) HPACE-MPAGE*1
N2-HXI-I
HR0H-NV2-NVI«I
DO KP-I.HPA6E C

Hl-H2*l
N2-N1N0(H2*HCPA6E.HX2)
HC0L-H2-N1«I

BLAHK LIHE BETHEEN EACH PACE. PRECEDE EACH IV C0UHT8 OF C0L0HH8 AHD ROUS
HRITE (LUPRT.4000) HCOL.HROH.KP.(HAHDOT.K-l.39 )
FORHAK/.2X. 19.110.9X.'(colunn. rou) on Page '.I3.2X.39A2 )

.FOLLOHEO BV X-C00NDIHATE8
HRITE (LUPRT.4003) (K.K-H1.H2)
HRITE (LUPRT.4010) (XP09(K>.K-Hl.N2>
F0RHAT(1IX.9(I9,4X)>
FORHAT (2X.*V(CH)X(CH)*,2X.9(1P69.2,4X>)

DUMP THE NUHBER8
00 KV-HVl.HVa I

HRITE (LUPRT.7000) KV.VPOS(KY).(Z(K,KY).K-Hl,H2>
F0RNAT(I2,IP69.2,2N.9(IP613.9>)

1

.OONE
RETURN
EHD
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,Z2. KDISP.KELEC,KFELD)

F . U tTRACE

•CALL THDEFH
•IF HPIOOO
ERA (XYZ.O)
•EHDIF

SUBROUTIHE TRACE (KGCB.KDCB.H.H.L.PLIHE )

8
•
8
8
•
8

I
•
8
8
8
8
•
8
8
•
8
8
•
•

8
8
8
•

•
8
8
8
8
8
8
8
•CALL TEHA
•CALL TCOHHH
8

8 PL0TTIH6 PARAHETERS

TRACE OUT A COHTOUR LIHE
KCCB -> 6RAPHIC COHTROL BLOCK
H -> STARTIH6 X-IHDEX
H -> STARTING Y-IHDEX
LL -) LIHE IHDEX i )0 -) 6TARTIH6 AT Y-OIRECTIOH

PL,NE-> LIHE VALUE <° "> 9T*R1,MC " «-"«"flO«
(HX.HY)
KTRC

KOIR

STARTING POSITION
TRACING FLAGl 1

2
COHIHG OIRECTIOH
0 -> EHD OF LIHE
IF (POTSI(HX.HY).EB.PLIHE) t
t • BETHEEH (HX«I,HY > AHO (HX«I,HY-I)

•> FINAL POSITION
> I6T 8ECNEHT
-> HOT 1ST 8E6HEHT
> GOIHG OIRECTIOH

(HX«I.HV-1>
(HX ,NY-I)
(HX-I.HV-1)
(HX-I.HV >
(HX-1,HV«1>
(NX ,HV*I>
(NX*I,HV«1>

IF (P0T8I(HX.HV).HE.PL1HE)
1 - RETHEEH (HX.HY) AHO (HX*I
2 (HX.HY)
3 (HX.HY)
4 (HX.HY)
3 (HX.HY)
4 (HX.HY)
7 (HX.HY)

(XP.VP) - COORDINATE <**•**> (HX

(HX .HY-I)
(HX-l.HY-l)
(HX-I.HV >
(HX-I.HV4I)
(HX .HVO)
(HX«1.HY«I>
(HX«!.HY )

MY ).
(NX .HY-I),
(HX-I.HV ).
(HX ,HV«1).
(HX41.HV >,
(HX ,HV»1>.
(HX-I.HY ),

HY-I).

FROH «HY
• HX
-HV
-HX
-HV
• HX
• HV
-HX

POTSKN.M) • DATA ANNAV
2f.S2 52! ' S~tS21T,0H anrav, delx(n>
VP08 (N) • V-P08ITI0H ANRAV. DELV(H)

X-HE8H 6IZE ARRAY
Y-HE8H SIZE ARRAY

I (• H (• NNNAN. 1 (- N (- HYHAN. I (- LL (- NLHAX

DIHEHSIOH KCCB(l), KOCB(l), LBUF (3)
0IHEH8I0N KSNCN(S).KN(9>.KN(9)

DATA KN/I. I. 0.-1.-1.-1,0.1.1/. KN/D.-I•-I,-1. 0.
OATA H8EC/0/. HCR/2H6G/. HAHH/2HN /" HARV/2HV /
.GET FIRST BET OF INDICES

MY-H
KTRC-1
LL-L
IF (LL.GT.O) C
ELSE I

1.1.0/

2!!2!.. 2!'2!lf K!!"4.' £*4L r**** <".».il> iNl-Hdl NI-NJ KDIR-91 CALL LNHRK (H.N.LL) I

TO -HV (A)
-HX (B)
•NY (C)
♦HX (0)
♦HY (E)
-HX (F)
-HV (C)
♦HX (H)

HOVE TO THE FIRST POIHT
POTO-POTSKHX.HV)
XP-XPOS(HX)
YP-VP08(HV>
IF (PLIHE.HE.POTO) f

P0TI-P0T8KHI.HI >
IF (POTO.HE.POTI)

IF (HX.HE.HI) XP-XP«OELX(HX>a(PLlNE-POTO)/(POTI-POTO) ~
ELSE VP-VP«DELY(HV)*(PLIHE-POTO)/(POTI-POTO) *

ELSE IF (HX.HE.Ht) XP-XP^O 3(EXP>0»DELX(HX) 7^
j ELSE VP-VP*0.9(EXP)0*DELY(HY) ^
CALL HOVE (K6CB.XP.-VP)
XPH-XP
YPH-VP
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8EGHENT LOOP.
REPEAT I

TRACING LOOP.
HPTS-1
KEMD-0
REPEAT I

Fi lei tTRACE

AT HOST THO SE6HEHTS

TERMINATING AT KEHO>0

LOAD 8EANCNIH6 IHDEX
OO K-l.01 KSRCH(K)-1
IF (PLIHE.EO.POTO) (
ELSE I

KTYP-2
IF (KD1R.E6.I) (
IF (K0IR.E0.2) I

IF (KDIR.EB.3) I

IF (KDIR.EB.4) I
IF (KDIB.E8.9) I
IF (KDIR.EB.4) I

IF (KDIR.EB.7) I

KTYP-l! K8RCH(KDIR)-0 1

1

DO K-4.BI
DO K-4.81
00 K-l.21
DO K-l.41

00 K-2.41
DO K-l.91
DO K-l.31
DO K-7.81
DO K-9.81

IF (KD1R.EQ.8) t DO K-3.71

0> f

K8RCH(
K8RCH(
K8RCH(
KSRCH(
K8RCH(
KSRCH(
K9RCH(
K8RCH(
KSRCH(
K8RCH(
K8RCH(
KSRCH(

K)-Ol
K)-0
K)-0!
K)-0
8)-0l
K)-Ol
K)-Ol
K)-0
K)-Ol
K>-0
1 )-0l
K)-Oi

K8RCH(3>>2

K8RCH(9)-a

K8RCH(7)-2
KSRCHd >>2
KSRCH(4)-3

K8RCH(4)-3 )

K8RCH(2)-3
K8RCH(8)-3

SEARCH FOR INTERSECTION
KNH-I
KLIHE-0
NEPEAT I

IF (KSRCH(KHN).NE.
H0-HX4KH(KHH>
HO-RV*KH(KHH>
NI-HX«KH(KHH*I
HI-HV^KH(KHH«I
IF (KSNCN(KHR)
IF
IF

(KSKCH(KHH)
((H0.6E '
(HI.6E
(HO.GE
(H1.6E.I).
P0T0-P0T8I
P0TI-P0I8I
8I6H0-8IGH
SIGNI-SICH
IF ((8IGN0
ELBE

>
>
E8.2) ( NI-NXI HI-NY 1
E0.3) ( HO-HXI HO-NY 1

AND.(HO.LE.HXHAX ) .AHD.*
AHD.(HI.LE.HXHAX) AHD.*
AHD.(HO.LE.HYHAX).AND.*
AHD.(HI.LE.HYHAX)) (
(HO,NO)
(HI.HI)
(l.O(EXP)O.POTO-PLIHE)
(l.O(EXPXO.POTI-PLIHE)
.HE.SIGH1^.OR.(PLIHE.EO.POTO>) KLIHE-I

KHH-KHHH

KHH-KHH4I
EQ.O) KHHI-KHH-I

KHN1-KNH

It

ELSE
IF (KLINE
ELSE

V8E
IL ((1 UHT KHH.CT.8 >.OR (KLIHE.EO.1> >

KHH-KHH4I

IMTERPOLATE C00RDIHATE8
IF (KLINE EO.I) C

XP-XPOS(NO)
VP-YPOS(HO)
XPl-XPOS(Hl)
YPI-YPOS(Hl)
IF (P0T0.HE.P0T1 )

IF (HO.HE.HI)
IF (HO.HE.HI)

1
ELBE IF (PLIRE.HE.

XP-O.9(EXP)0a(
YP-0.9(EXP>0*(

I

XP-XP*(XP|-XP)*(PLIME-P0T0)/(P0T1-P0T0)
VP-YP^(YP1-YP)»(PLIHE-POT0)/(POT I-POT 0)

POTO) I
XP+XPI)
YP^VPI)

UPDATE LIHE IHDEX AHD CHECK THE EHD OF LIHE
IF ((HO.EQ.HX).AHO.(HO.EQ.HV)) I

NT-Hll HT-Hl! PT-Pll

1
KLX--IABS(LL)
KLV--KLX
IF (HO.EQ.HI)

IF (HO.LT.NI> I

HI-HOI
HO-HTl

Hl-HOl
HO-HTl

111

POTI-POTO
POTO-PT

Filet tIRACE

KBITV-LHl!HK(HO.HO.KLV)
IF (KB1TV.EQ.0) CALL LNHRK (HO.HO.KLY)
ELSE KEHD-1

I
ELSE (

KBITY-LHCHK(HI.HI.KLV)
IF (KBITV.EO.O) CALL LHHRK (HI.HI.KLY)
ELSE KEND-I

1

IF (H0.LT.H1) I
KBITX-LHCHK(HO.HO.KLX)
IF (KB1TX.EB.0) CALL LHHNK (HO.HO.KLX)
EL8E KEHD-1

1
ELBE I

KBITX-LHCHK(HI.HI.KLX)
IF (KBITX EQ.O) CALL LHHRK (Hl.HI.KLX)
ELSE KEHD-1

1

ELSE

UPDATE DIRECTION IHDEX
IF (KEND.E8.0) I

KOIRO-KOIR
IF (POTO.NE.PLIHE)

IF ((HI ~
IF

.HK.HX).0R.(H1.NE.HY))
(H0.EQ.H1) IF (HO.GT Ml ) IF (HO

ELBE
.CT .HX) KD1R-8

KDIR-2
ELSE IF (HO

ELSE
GT HX) KDIR-4

KDIR-A
IE IF (HO.GT HI ) IF (HO

ELSE
CT HY) KDIR-3

KDIR-7
ELSE IF (HO

ELSE
CT .HY) KDIR-S

KDIR-I

(KDIRO.EQ.I) KDIR-4
(KDIRO.EO.i) KDIR-1
(KDIRO.EO.a) K01R-9
(KDIR0.EQ.9) KDIR-2
(KDIR0.EQ.3) KD1R-8
(KDIRO.EO.O) KOIR-3
(KDIR0.E0.4) KDIR-7
(KDIR0.EQ.7) KDIR-4

.CASE A

.CASE •

ELSE

ELSE (
IF
IF
IF
IF
IF
IF
IF
IF

1

ELBE C
IF (KTVP.EB.I)

IF (HX. EB.HO) IF (HO.GT.HY) KDIR-2
ELSE KDIR-4

ELSE IF (HX.GT.HO) IF (H0.6T.HY) KDIR-I
ELSE KOIR-8

ELSE

ELSE IF (H0.6T.HX).!

ELSE

IF (H0.6T.HY) KDIR-4
ELSE KOIR-3

(H0.6T.HV) IF (KDIRO EO.4) KDIR-4
ELSE KDIR-3

ELSE IF (HO.EQ.HV) IF (KDIRO.EQ.4) KDIR-3
EL8E
IF (KDIRO EQ.
ELSE

1 )
KDIR-4
KDIR-A
KDIR-3

I
ELBE IF (HO.EB.HX) I

IF (HO.GT.HY) IF (KOIRO.
ELSE
IF (KDIRO.
EL8E

EQ.3)

EQ.I)

KOIR-3
KDIR-2
KDIR-7
KDIR-4

ELSE

I
ELSE
IF (HO.GT.HY)

ELSE IF (HO.EQ.HV)

ELSE
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IF (KDIRO.EO
EL8E
IF (KDIRO.EQ.2)
EL6E
IF (KDIRO.EO.2)
ELSE

3) KDIR-2
KDIR-I
KDIR-I
KOIR-8
KDIR-8
K01R-7

ON
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Filai tTRACE

LOAD IHDICE8 AHD PLOT THE POIHT

HV-HO

HPT8-HPT8M
CALL ORAH (KCCB.XP.-YP )

1

.EHD OF LIHE mmm „
ELSE KERD-a,

) UHTIL (KEHD HE 0)

le (h-far CO 1) I
CALL CODEI UNITE (LBUF. IOOO) PLINE
FORHAT (F4.a>

CALL 6F0HT (KCCB^HFOHTa .HSEC.HCR. KDCB)
NS-I
NC-4
CALL CTEXT (KCCB.LBUF.NS.HC.KDCB>
CALL CFONT (KCCB.0.0.0.KOCB )

1

"D Vf HMEfWlY RHD.(REND E0.3>. AND. (L.LT.O)) t
CALL HOVE (K6CB.XPN.-YPH)
HX-H
HV-H
LL—L
KOIR-I

ELSE KTRC-KTRC«I

.EHD OF 3RD SE6HEHT
KTRC-KTRC*!

1 UHTIL (KTRC.CT.a)
CALL PEHUP (KCCB)

.DONE
RETURN
END
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Fi le tTSCAL

SUBROUTINE TSCAL (KGC8.XOHV.CHARH.CH1TE.XLEHC.YLEHG )

• SCALE CHARACTER SIZE

•CALL TCOHHH
DIHEHSIOH KCCB(192)

DATA A8PEC/0.7(EXP>0/. 8LAHT/0.0(EXP)0/

•.... CHECK PLOTTIHG 8URFACE
IF (XOHY.GT.I.0(EXP>0) I

UHRGH-100.0(EXP>0/4.0(EXP>0
DHRCH-UHR6H/0.4(EXP>0
8NRGH-XOHV*20.0(EXP>0
FHRGH-BHRGH
YLEHG-100.0(EXP>0-UNRGN-DHRCH
XLEHC-X0HY*100.0(EXP>0-BHRGH-FHR6H

1
ELSE I

FHR6H-I00.0(EXP>0/4.0(EXP>0
6NR6H-FHR6H/0.4(EXP>0
UHRGH-20.0(EXP>0/X0HV
DHRCH-UHR6H
VLEH6-I00.0(EXP>0/X0HV-UHR6H-DHR6H
XLEHC-I00.0(EXP>0-BHR6H-FHR6H

I

8 ESTIMATE CHARACTER B1ZE
CX-XLEH6/CHARH
CV-VLEH6/CHARN
CHITE-AHIHKCX.CV)
CUIDTH-A8PEC*CHlTE
CHIDTH-AHlHl(CHIDTH.UHNCH«0.a9(ENP>0,BNRCH*0.a9(EXP>0>
CHITE-CHIDTH/ASPEC ...
CALL CSIZE (KGCB.CHITE.ASPEC.8LAHT.0 )

8
8 DOHE

RETURH -
EHO

144-



Filet tUBASE

•CALL THDEFH
•IF HPIOOO
EHA (XYZ.O)
•EHDIF

a SUBROUTINE H8A8E (H.H.HBI,HB2)
• DETERHIHE BARRIER HIDTH

•CALL TEHA
•CALL TCOHNN
•

POTB-POTSKH.H)
TUOVT-VT300Km300K

1 ?o?U!?Jkln?!!h?f t"e ***"'*
NBI-H

MHlLEB((J}5j:GT.HSOURC).AHD.((POTX-POTB).LE.THOVT>) I
P0TX-POT8KNBI-I.N)

S imMnittlV.lf' THE ••«•»•
NB2-H

BMUHB2-HBl;|T R8RR,,n *"D ((FOTX-POTB) LE THOVT)) I
P0TX-P0T8I(HB2«1.H)

.DOME
RETURH
EHD
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Files tUDEPL

•CALL TVDEFH
SUBROUTIHE HOEPL (HSO.HSI.HDO,HDI)

DETERHIHE LATERAL 8PAH8 OF SURFACE DEPLETIOH RECIOHS
CALL TCOHHH

DATA A0/0.043I393(EXP>0/. Al/O 8013292(EXP>0/. A2/-0 01 II0777(EXP>0/
GET JUHCTIOH DEPTH

IF <S52ii8S^33i> "•'••«"'>•> '
*t\i****Zli*li***>*/**l-H»***lHMH3ii
PNIJO-PHIJ

8. . ..DEPLETIOH HOBFET
KDEPL-0
IF ((AB8(C8URF(l>>.GT.O.0(EXP>0).AHD*

(SICH(I.O(EXP)0,CSURF(t)).HE.TVPE)) I
• IF ((A8S(C8URF(I)).CT.I.0(EXP)0).AHD.*
4 (AB8(C8URF(3)).6T.1.0(EXP>0))

IF (ABS(C8URF(3)).6T.I.0(EXP)O)
PHIJO-VT3OOK*ABS(AL0C(A8S((8IGH(C8UB,TYPE)^CSURF(3>)/*

WEpL.| (6ICH(CSU8,TYPE »CSURF( 1) )) ) )
FI0H2-2.0(EXP>0*ATAH2(I.0(EXP>0.1.0(EXP>0>
T0XSI-TOXO4EP8I/EP6I02
T0X8I2-T0X6I*T0XSI
T0X2-T0X0*T0X0
H0-PI0H2*(80AT(XJ«XJ*T0X2)-T0X0>

8

•OETENHINE HIDTH OF 8UNFACE DEPLETION REGION
NSI-8BRT(ALPHAX»AB8(VSB»PHIJ))/XJ
H81-XJ*(A0*AI*H8l*A2*H8t*HSI>
X5!'S8RJiRL,,H,n<#R88(v0B^PHIJ))/XJ
H01-XJ»(A0^AI«HD1^A2*HD1»HD1)
H80-H8I*ABS((S1GH(C8U8,TVPE)^CSURF(I ))/(81GN(CSUB,TYPE )♦£ SURF(3>))

8URF(3)))

IF ((V8B^PHIJ0-VCB).GT.0.0(EXP>0) (

?8^^VC*J82oMTM,l>/*LfMM
K?;-v2.8!^!!J«x?55^S8COT>/<TOxe*,'l'"9IM/E,,8I>
H2-HL/PI0H2^T0X0
H8I-80RT(H2*H2-T0X2>
H80-EP8I02*E0X/(0»ABS(CSTEP(3>>>

IF ((VDB^PHIJO-VGB).GT.O.O(EXP)O) I

VC-HL*HL/ALPHAXT<*tfH***<y0B*m^

Kt5iia?8K«
H2-HL/P10H2+T0X0
H01-SQRKH2*H2-T0X2>
HD0-EP8l02*E0X/(Q*A0fl(CBTEP(3)>)

)
EL8E I

B8I-S8RT(ALPHB*AB8(V8B^PH!H«PHIB>>
HDI-SQRT(ALPHB*ABS(VDB^PHI8*PHIB))
HS0-H81*AB8((SIGH(CSUB,TVPE)^CBURF(I> )/(8IGN(C8UB,TVPE)^CSURF( 3)))
«D0-HDIMB6((SIGH(C8UB,TYPE)kIuRMI>)/(6I6H(CSUB:^

1

.DOHE
H80-AHANKH80.0.0(EXP)0)
H8l-AHAXI(H8I.0.0(EXP>0)
HDO-AHAXI(HDO.O.O(EXP>0)
HDI-AHAXI(HD1.0.0(EXP>0)
RETURN
END

14A-
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