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ABSTRACT

The Naval Postgraduate School is currently in possession

of software designed to perform a thermal analysis of

electronic components. This software package incorporates a

model builder which contains two programs whose primary

function is to generate a thermal model. In its present

configuration, the model builder requires an inordinate amount

of time for data input and model verification. This thesis

describes the development of a model builder designed

specifically to reduce the time required to model the

substrate,epoxy and carrier layers of a microcircuit assembly.
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I. INTRODUCTION

The Naval Postgraduate School is currently in possession

of software designed to perform a thermal analysis of

electronic components. This software package incorporates a

model builder which contains two programs whose primary

function is to generate a thermal model, or input data file,

to be read by the thermal analyzer program. The first program

is considered to be a general model builder which is used in

all model development stages as well as to modify an existing

model. The second alternative was developed to generate a

thermal model of a specific microcircuit geometry.

The development of an accurate thermal model of an

electrical component requires that the structure be subdivided

into a large number of small but finite subvolumes. Each

subvolume is assumed to be isothermal with the centroids, also

called nodes, considered to be representative of the entire

subvolume. The most difficult problem encountered in the

development of a thermal model is the generation of n-node

equations in n-unknown temperatures where the nodes are

connected by thermal conductances. As the desired accuracy of

the thermal model increases, the number of required node

equations becomes extremely large. Therefore, it is imperative
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that the design engineer have access to a model builder that

will produce the thermal model in a reasonable period of time.

In its present configuration, the thermal analysis

software contains a model builder that generates the required

node equations automatically. There is no question that the

existing model builder programs have replaced the extremely

laborious and time consuming process of generating the node

equations by hand. However, they still require an inordinate

amount of time for data input and model verification.

This thesis describes the development of a model builder

designed specifically to reduce the time required to model the

substrate, epoxy, and carrier layers of a microcircuit

assembly. A typical microcircuit package configuration is

shown in Figure 1. Figure 2a provides a horizontal interior

illustration while Figure 2b displays the specific geometry to

be modeled. All three layers may contain an equal number of

nodes over their width. However, the carrier layer may contain

a mounting ear on the front and rear surfaces. Additional

characteristics to be discussed in what follows are:

1) The capability of working in English or SI units.

2) The choice of four aspect ratios.

3) The provision for up to 740 nodes depending on the
existence of mounting surfaces (ears).

4) The ability to input heat dissipation using several
methods.

5) The provision for six ambient temperatures.

2



6) The provision for rapid, menu-driven data input.

7) The automatic calculation of conductance values based on
user input.

Figure 1. TO-5 configuration. (Courtesy of Honeywell,Inc.)
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II. THE REASON FOR THERMAL ANALYSIS

Over the past several decades a trend of increasing

sophistication and complexity has enveloped the electronics

industry. This continuing advance in technology has greatly

increased the reliability, capability, performance, and

availability of electronic systems. The escalating demand for

further advances in all areas of electronics has presented

engineers with an abundance of complex problems.

One major area of concern is the continued development of

advanced methods in the thermal control of multilayered

structures. It is the responsibility of designers to ensure

that electronic components operate efficiently and effectively

throughout the specified thermal limits. Therefore, it is

extremely important that design engineers have the capability

to accurately and rapidly predict the temperature distribution

on multilayered structures prior to prototype production. The

overriding reasons for performing a precise thermal analysis

are to increase component reliability, ensure proper material

selection, ensure bias stabilization, and reduce or eliminate

the possibility of catastrophic thermal failure.[Ref. 1]
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A. RELIABILITY

There is a predictable relationship between the operating

temperature of electronic components and reliability [Ref. 2].

The materials used in the fabrication of components have

temperature limitations. Should these temperature boundaries

be exceeded, the physical and chemical properties of the

material are altered and the device fails. Figure 3 displays

the intimate relationship between failure rate and component

operating temperature for some selected devices. Furthermore,

it is an established fact that the reliability of an

electronic component is inversely proportional to the junction

or component temperature and is also directly linked to

failure rates [Ref. 1].

Consider Figure 4 which illustrates the "bathtub"

mortality curve with the failure rate of a particular

component plotted against component age during operation

within thermal limits. The high failure rate in the interval

prior to tb, also known as the burn-in period, is considered

to be the result of poor quality control during the

fabrication process.[Ref. 1]

The area of highest concern is the interval between tb and

t . This period is considered to be the useful life, since

with proper quality control, testing and burn-in procedures,

tb is equal to zero. Failures that occur in this interval are

due to a variety of causes and are unpredictable. [Ref. 1]
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Failure also occurs gradually due to sustained operations

within specified temperature limits. If all aspects of

fabrication have been performed correctly only a small

fraction of components will have failed prior to reaching tw,

also known as the wear-out period. Failures that occur in this

period are due to the slow and never ending deterioration of

materials.

B. MATERIAL SELECTION

The fabrication of electronic components results in the

joining of several different materials. Consider Figure 2

which depicts a typical semiconductor structure. When power is

applied to the components, heat is dissipated to the substrate

and subsequently to the carrier. The mechanical properties of

these materials are all affected differently by changes in

temperature. Opposing mechanical and chemical reactions due to

environmental conditions and contaminants may result in

component performance degradation or a reduction in useful

life. Table 1 lists temperature related factors that may

affect component performance.

The primary objective in the selection of materials for

the fabrication of an electronic assembly is to achieve the

desired level of correlation within the finished product. As

packaging densities increase thermal, mechanical, electrical,

and chemical coupling becomes very strong. This high level of

coupling can be both an advantage and a disadvantage. For
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example, a high level of correlation is desirable during

fabrication to ensure an uniform product. However, in use,

strong coupling is generally more desirable for moderate

temperature deviations and weaker coupling is more desirable

for large temperature deviations. In the case of large

temperature deviations strong coupling may result in the

catastrophic failure of many connected components while weak

coupling may limit the number of failed components. Therefore,

the strength of coupling between materials must be based on

the type of failure most likely to occur and an accurate

thermal analysis must supply this information to assist in

proper material selection [Ref. 3].

TABLE 1. TEMPERATURE FACTORS [Ref. 4]

Mechanism Effect on Equipment Accelerating factors

Increasing Loss of strength, reduced Lubricants, rubber parts,
Temperature stiffness, reduced resonant plastics, corrosion, fatigue,

frequency, softening, distortion, Load intensity, and time

aging, and creep duration

Reducing Temperature Increased viscosity, increased Lubricants, rubber parts,
stiffness, increased resonant plastics, and time duration
frequency, brittleness, and

reduced impact resistance

Thermal Expansion and Change in size and shape, Temperature cycling, temperature
Contraction buckling, cracking, distortion, range, unequal expansion

and Loosening coefficients, stress

concentrations
and Lack of strain relief

10



C. BIAS STABILIZATION

The first step in the design and implementation of a

semiconductor device is to establish a stable and predictable

electrical operating point. This procedure, known as bias

stabilization, attempts to determine a stable operating point

that is virtually independent of external component

parameters. However, as external parameters change, the

operating point is directly affected. Therefore, a good bias

design ensures that components will always operate within a

certain range of their nominal value. [Ref. 5]

Consider Figure 5 which displays a transistor connected in

the common-emitter configuration. Suppose that a proposed

operation requires a specific collector to emitter voltage

(VcE) . The circuit consists of a battery or some other source

that provides a bias voltage VCC, the collector resistor RC,

and the transistor. By Kirchoff's voltage law

-Vcc + R-Ic - VCE =0 (1)

which results in a collector to emitter voltage of

V.,:. = VCC _ iRC (2)

Should the collector current be allowed to increase in excess

of tolerable limits, VCE must decrease because Vcc and R. are

11
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Figure 5. Schematic of transistor connected in common-emitter
configuration [Ref. 1].
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fixed values. Therefore, it should be noted that, if a high

junction temperature causes an increase in IC, VCE can no

longer be maintained at the level desired to perform the

desired operation.[Ref. i]

1. Operating in the Forward Bias Region

As an example of electronic component temperature

dependence, consider a diode operating in the forward bias

region. In the forward region the i-v relationship is closely

approximated by

V

(env- (3)

In this equation Is is a constant for a given diode at a given

temperature. The current I, is usually called the saturation

current. However, another name for it is the scale current,

which arises from the fact that Is is directly proportional to

the cross-sectional area of the diode. Furthermore, it can be

seen in Table 2 that, Is is a very strong function of

temperature.[Ref. 5]

The temperature relationship between Is and the

forward current i is derived from the voltage VT. This

constant, called the thermal voltage, is given by

VT kT (4)
q
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where

k = Boltzman's constant, 1.38.10-23 J/ K

T = the absolute temperature, K

q = the charge on the electron, 1.602.10'19 C

Table 2 illustrates this relationship and emphasizes the need

to accurately analyze a proposed assembly prior to

fabrication.

TABLE 2. TEMPERATURE DEPENDENCY OF Is ON i
FOR SELECTED MATERIALS

GERMANIUM SILICON

.C I_ i Is i

25 3.0 AA 18.01 MA 50.0 7A 82.31 nA

95 0.384 mA 1.473 mA 51.2 gA 61.39 MA

165 49.2 mA 0.136 A 52.4 mA 49.2 mA

D. CATASTROPHIC THERMAL FAILURE

Another of the primary goals of techniques in advanced

thermal control is to provide a thermal environment for a

diversity of components that are in increasingly close

proximity to each other. Figure 6 illustrates the increasing

level of packaging densities. With increasing complexity comes

an increased level of connections between dissimilar material

and a greater possibility for exceeding temperature

limitations. Therefore, it is necessary that designers have

14
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Figure 6. State of the art in circuit complexity [Ref. 1].
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some knowledge of the possible range of component and

environmental variations in order to prevent catastrophic

thermal failure. [Ref. 1]

Catastrophic thermal failure is defined as an immediate,

thermally induced, total loss of electronic function in a

specified component. This type of failure is the result of a

component melting due to excessive temperature, a thermal

fracture of the substrate or carrier, or a separation of leads

and the external network. It is generally considered to be

dependent on the local temperature field, operating history,

and operating modes of the component. As previously stated, a

variety of problems arise when components are subjected to

temperatures in excess of their rated limits. Furthermore, it

is extremely difficult to determine the precise temperature at

which catastrophic failure may occur. The incorporation of an

accurate thermal analysis, in combination with test and

operating experience, may be used to generate a catastrophe

free upper operating limit. These maximum allowable operating

temperatures are used to generate the master thermal control

configuration for the system.[Ref.l]
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III. HEAT TRANSFER

Heat transfer is defined as all energy flows that arise as

a result of temperature differences [Ref. 6]. Because

electronic components are not one hundred percent efficient,

they produce heat as well as the desired output. In the case

of semiconductor devices, heat develops in parts having low

thermal efficiencies, such as the die. One of the major

objectives of packaging is to develop an effective system for

the removal of heat from these parts [Ref. 4]. It is

imperative that design engineers understand all modes of heat

transfer in order to incorporate an efficient method of heat

removal into component designs. The modes of heat transfer are

conduction, convection, and radiation.

A. CONDUCTION

Conduction is the transfer by molecular motion of heat

between one part of a body to another part of the same body or

between one body and another in physical contact [Ref. 1].

Joseph Fourier, a French physicist, proposed that the rate of

heat flow through a material by conduction is proportional to

the area o' the material normal to the heat flow path and to

the temperature gradient along the heat flow path.

17



This proportionality is represented mathematically by

q -A dT (5)

dx

where the minus sign allows for a positive heat flow in the

presence of a negative temperature gradient. The introduction

of a proportionality constant, known as thermal conductivity,

results in the following rate equation which describes this

mechanism [Ref. 1]:

dT (6)q = -kA--T(6
dx

where

k = thermal conductivity of the material, W/m- C

A = area of the heat flow path, m
2

dT/dx = change in temperature per unit length, C/m

q = rate of heat flow, W

1. General Equation of Heat Conduction

The first step in the analytical solution of a heat

conduction problem for a given structure is to choose an

orthogonal coordinate system such that the surfaces coincide

with the boundary surfaces of the structure [Ref. 7]. In the

case of the model builder developed in this thesis,the

18



rectangular coordinate system will be employed. The general

equation of heat conduction is given as

ak aT a a aT aT (7)

Then, assuming k, C, and p are independent of temperature,

direction, and time, the resulting equation is

82 T + a2T + 2T q _ 1 T_! + q I oT(8)
ax 2  ay2  az2  k a

where

T = temperature, C

x, y, and z = cartesian coordinates, m

t = time, sec

k = thermal conductivity, W/m- C

q = internal heat generation, W/m
3

a = thermal diffusivity, k/pC, m2/sec

There are several variations of the general equation

of conduction. The first, known as the Fourier equation,

provides a solution for a system that contains no heat

sources:

aT ')T a2T aT (9)__ + __ - 9

ax2  ay 2  az2  a at

19



The second variation, known as the Poisson equation,

supplies a solution for a system in which the temperature does

not vary with time:

a2 T + az8T + a2 T + q 0 (10)

ax2  ay2  az2  k

The third and final variation of the general equation

of conduction provides a solution for a system void of heat

sources and operating in steady state. The resulting equation,

known as the Laplace equation, is given as

a2 T Y T a2 Ta + 2 - = 7T = 0 (11)x a 6Y 2  az'

2. Simple Plane Slab

Consider Figure 7 which illustrates a simple plane

slab with face temperatures T I and T 2. Using only one

dimension, equation (11) is reduced to

d 2 T 0
dx2

By integrating twice and applying boundary conditions the

temperature distribution across the slab is seen to be

T = T, - X (T' - T-) (12)
L

20



T,

X=0 AX X=L

Figure 7. Conduction heat transfer through a simple
plane slab.
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Insertion of equation (12) into equation (6) produces a

solution for the heat flow across the slab:

q-= - (] - ) k ( _ ) (13)
SL L

Ohm's Law indicates a direct analogy between heat

flow, ecuation (13), and the flow of electrical current

through a resistor, V = RI. This electrothermal analogy is

extremely useful in the solution of one dimensional, steady

state problems without energy generation and will be developed

further in the next section.[Ref. 8]

3. Electrothermal Analog

As previously stated, there is a direct analogy

between heat flow across a simple plane slab, equation (13),

and electrical current governed by Ohm's law:

I = V (14)

In this case, the analogous quantities are

Current I - Heat Flow q

Potential V - Temperature Difference AT

Resistance R - Thermal Resistance R

22



It is easily seen that for the heat flow in a simple

plane slab described by, equation (13), the thermal resistance

is

R = - L (15)
q kA

The electrothermal analog for conduction across a simple plane

slab is shown in Figure 8.[Ref. 1]

B. CONVECTION

Convection is defined as the process by which thermal

energy is transferred to or from a solid by a fluid flowing

past it. Should the fluid flow be the result of a temperature

difference the phenomena is called natural or free convection.

On the other hand, when a pump or fan causes the mass movement

the process is called forced convection.[Ref. 1]

Recall that at the interface between a solid and a fluil

that heat is transferred by conduction and must obey Fourier's

law, equation (6). Due to the difficulty encountered in

accurately measuring the temperature gradient, Newton

suggested that the surface heat transfer rate be related to

the product of surface area and the temperature difference

between the surface and the fluiid. The results of this

proposition lead to Newton's law of cooling:

q = (T - T) (16)

23
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Figure 8. Conduction Electrothermal Analog.
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where h is a proportionality factor that has become known as

the surface heat transfer coefficient.[Ref. 1]

From a comparison of Newton's law of cooling, equation

(16), and Fourier's law, equation (6), one can derive that the

surface heat transfer coefficient can be related to the

thermal conductivity, the wall temperature gradient of the

fluid, and the surface fluid temperature difference:

h - q - y (17)
A-AT AT

Therefore, any correlation between heat transfer coefficients

must reflect the dependence of h on the thermal conductivity

of the fluid and on the ratio of the wall temperature gradient

to the temperature difference.[Ref. 1]

1. Electrothermal Analog

The addition of heat transfer by convection to both

surfaces of the simple plane slab of Figure 7 results in the

configuration shown in Figure 9. In the convective case

thermal resistance is represented by

R- (18)

25
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Figure 9. Convective heat transfer on a simple plane slab.
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Therefore, the total thermal resistance is

R 1 + L + _ , 1 L- + 1 ] (19)
h1A kA h2A A hi  k h 2 j

which is represented by the electrothermal analog shown in

Figure 10. A simple consideration of circuit theory then shows

that:

AT (TI - T 2 )

C. RADIATION

Heat transfer by radiation is the means by which thermal

energy can be transmitted through a space without an

intervening medium while obeying the laws of electromagnetics.

Thermal radiation, while traveling at the speed of light, may

be absorbed, reflected, or transmitted upon contact with a

surface. An ideal black body absorbs all incident radiation

and reflects and transmits none of it. The concept of the

black body is useful because laws governing its radiation are

simple and many real bodies may be treated approximately as

black bodies [Ref. 1].

Materials used in the fabrication of electronic components

are classified as gray. Gray bodies are diffusely reflecting

27
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Figure 10. Conduction and convection electrothermal

equivalent.
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opaque surfaces [Ref. 4]. These surfaces reflect equal amounts

of energy over the thermal radiation spectrum (wavelengths of

about 0.1 4m to about 100 gm) in all directions. The heat

transfer efficiency of this mode depends on the configuration,

the orientation, and the temperatures of the surfaces in the

electronic assembly.

1. Transformation of the General Radiation Equation

The use of the thermal radiation equation in

analytical studies is made difficult by its dependence on the

fourth power relationship between the temperatures. Due to the

nonlinear characteristics and the complexity of the

calculations a computer program is the desired method to solve

problems that have a significant transfer by radiation. The

general equation for radiation interchange is:

FA OFA ( 7' - 7 ) (21)

where

a Stefan-Boltzman constant, 5.669.10-8 W/m2 - K4

F A = shape factor that accounts for the
arrangement of the of the radiating source and
absorbing receiver

F = emissivity factor that accounts for the
ability of the source and receiver to emit or absorb
radiation

TS = temperature of the source, K

T, = temperature of the receiver, K

A = surface area, m2

29



It is important to note that the absolute temperature scale

must be used when considering radiation.

One way to handle computations involving heat transfer

by radiation is to transform the general radiation equation,

equation (21), into a configuration compatible with Fourier's

law. In this case, linearization of the general radiation

equation is the method used to produce the desired result.

This is achieved by factoring the difference in the fourth

power of the temperatures as follows:

(T ~ ~ 2 - 1~ -7 T)I - T,2

= (T, + ) (T s + Tr) (T, - Tr) (22)

Inserting this into equation (21) results in

q = oFAFA (2 + T,) (T, + T)(T - Tr) (23)

A radiative heat transfer coefficient may therefore be defined

as

hr = oF4 F,(T, + 7-) (T, + T,) (24a)

cr

= oFAF(7' - TS + TS T - T)

30



Then, substituting hr into equation (23), radiation heat

transfer may be treated exactly as convection at the boundary.

A thermal resistance for radiation heat transfer can

now be proposed:

1
R -(25)

h A

Figure 11 provides an illustration of the electrothermal

equivalent with the addition of radiation resistance in

parallel with convective resistance.

T TI

R-hA R"hA

Figure 11. Radiation, convection, and conduction
electrothermal equivalent.
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2. General Problems of Heat Transfer by Radiation

In the calculation of heat transfer by radiation, it

is usually necessary to approximate real-body behavior by the

gray-body idealization. The assumption that emissivity is

always equal to absorptivity is frequently required if the

problem is to be solved. Even a simple situation becomes quite

complex if real body behavior is considered and the resulting

convenience of replacing absorptivity with emissivity is lost.

A second difficulty in considering real-body behavior is the

lack of sufficient data. To properly account for real-body

behavior, extensive tabulations would be required.[Ref. 6]

The usual problem of heat transfer by radiation is

further complicated not only because the surfaces are nonblack

but also because the configuration of the areas involved is

not simple and reflecting surfaces may be present to augment

the direct exchange [Ref. 6]. There are a number of methods

available to assist in the solution of heat transfer by

radiation, however, their development is beyond the scope of

this thesis.
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IV. FINITE DIFFERENCES

The need to utilize a computer to determine the

temperature distribution within an electronic component or

system has made finite difference methods very desirable. This

numerical method is useful in problems involving

nonlinearities, complex geometries, complicated boundary

conditions, or a system of coupled partial differential

equations. The purpose of this section is to provide the

reader with some basic concepts involved in finite difference

methods for solving differential equations. Furthermore, it

demonstrates the methodology used to formulate n-node

equations in n-unknown temperatures and instills confidence

that this numerical method is capable of generating an

accurate thermal model.

A. FUNDAMENTAL CONCEPTS

Consider equation (7), the general equation for heat

transfer by conduction. In order to produce a numerical

solution to a conduction heat transfer problem it is necessary

to reconfigure the partial differential equation into a form

that allows differentiation to be performed by numerical

methods. Therefore, it is essential that accurate

approximations of the first and second derivatives be

obtained.
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1. First Derivative Approximation

The derivative of a function at any point can be

expressed by a finite dii ference approximation by

incorporating a Taylor series expansion about that point.

Consider Figure 12 where T(x) is a function that can be

expanded by a Taylor series. The Taylor series expansions of

the functions T(x+Ax) and T(x-Ax) about a point r are:

T(x Ax) = T(x) A AxT'(x) + (AX) T1'(x) (Ax)T"(x) (26a)
2! 3!

T(x-Ax) = T(x) - AxTI(x) + (Ax) 2 T"(x) (Ax)'Tll'(x) .... (26b)
21 3!

In order to determine the first derivative, equations (26a)

and (26b) are solved for T'(x).

7 (x) = T(x Ax) T(x) (Ax) T,(x) - (AX) Tix)-.. (27)Ax 2 6

(x) - T(x - Ax) (Ax) x)T (x)... (28)

AX 2 6

Subtracting equation (26b) from (26a) and solving for T' (x)

produces

T (x) = T(x + Ax) - T(x - Ax) (Ax) 2 T'(x) -. (29)

2Ax 6
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From equations (27), (28), and (29) the first

derivative approximations of T' (x) are determined to be

TX -dT -T(x Ax) -T(x) forward difference (30)

T'(x) -dT T T(x) T T(x A Ax) backward di fference (31)
dx AX

Tx)-dT -T(x + Ax) - T(x - Ax) central difference (32)-a 2Ax

and for all it is observed that

T' x) dT _AT

T'(x)- a~ - -E-X

2. Second Derivative Approximation

To obtain the second derivative of the function T(x) ,

Figure 12, consider the Taylor series expansions of the

functions T(x+2Ax) and T(x-2Ax) about a point x.

(x-2AX) = T(x) 2AxT'(x) -2 (AX) 2 T" (x) I (AX) 7T"'(x) ~.(33a)
3

T(x -2 Ax) = T~x W 2 AxT'(x) - 2 (A X) 2 T" (x) -_(A x) T ...(x) -. (33b)
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Inserting the corresponding first derivative approximation

into equations (33a) and (33b) and solving for T"(x) results

in

d- T(x) + T(x + 2Ax) - 2T(x + AX) fo:ward difference (34)
ax 2  (AX) 2

i(x) d2T T(x - 2Ax) + T(x) - 2T(x - Ax) backward difference (35)
dx 2  ( x) 2

The central difference is obtained by eliminating T'(x)

between equations (26a) and (26b).

T"J(x) =d2T - T(x - AX) + T(x + Ax) - 2T(x) central difference (36)
dx 2  (Ax) 2

and for all it is observed that

T"W)=d
2 T (A T)T ' I (xx)-dx 2  X)2

B. NODE ANALYSIS

The first step in the physical formulation of a solution

by node analysis is, as previously stated, to divide the

region into a finite number of subvolumes as shown in

Figure 13. The centroid of each subvolume is called a node and

is considered to be representative of the entire subvolume.
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At this point, continuity must be applied. In the steady

state, the algebraic sum of all the heat leaving any node must

equal zero. As an example, consider an interior node on the

upper layer; select node number 14. Figure 14 provides an

expanded picture around node-14. In order to maintain clarity

the external environment will be considered as a single node,

number 81. The resulting energy balance or node equation can

be written as

14, 10 + q14, + q14,15 + q4,18 + 14,38 + ' i74 , = 0 (37)

Here, each numerical subscript represents the heat flow from

node-14 to the indicated node. Furthermore, q, allows for

energy input by an external source such as a dissipating

component.

The energy balance simply supplies the pertinent energy

terms. It is important to note that differences in thicknesses

and thermal conductivities must be taken into consideration.

The rate equations may be written in terms of thermal

resistances and temperature differences:

- k 1AXAz 1 (TI 4 - T1) (38a)

Ay
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q kAAZ ( - TI0 ) (38c)ql4, xo(Tx

k A yA z1
ql olt - 1A (T, 4  - 8J (38d)

A x

q 1 4 , 6 1 - AzA (T 14 - T8 1 ) (38e)

q 3 8  2AxAy (T 1 4 - T38)
Az A + z Az 2  (38f)

where

kI and k = thermal conductivities of the top layer
and middle layer, respectively, W/m- C

Ax and Ay = path lengths in their respective
direction and are node dimensions for surface
area calculations, m

Az i and Az2 = the thicknesses for the upper and
middle layers, respectively, m

Tx = temperature of the node indicated by the
subscript, C

Substituting these rate equations into the energy balance

equation, equation (37), results in an equation containing

five unknown temperatures.
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For simplicity let Ax=Ay==Az 1 =Az 2=1 and k1=k 2=k. Then

kC(T - _o0 ) - 7'.3 - k(T 14  - T1 5 ) -k T4- T1 13)

+ 2k(T- 4 - TS-) + k( - T 3 ,) + q, = 0 (39)

further reduction results in

- 0-T3- T15 - T8 -7 T T+ 2T (40)

An equation of this type can be written for every node in the

region whose temperature is unknown. This results in a set of

n-equations that relate the n-unknown temperatures. There are

a variety of methods available to solve for the unknown

temperatures. In large structures the most desirable method

would be a thermal analysis program.
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V. THE MODEL BUILDER

As previously stated, the model builder currently being

used by the thermal analysis software package requires an

inordinate amount of time for data entry. This thesis presents

a specific model builder, TMDL, that will become part of the

software package. TMDL provides a user friendly, rapid method

to assist in the development of a thermal model with a

specific geometry as in Figure 2. Specifically, it generates

a properly formatted output data file for use by the thermal

analyzer enroute to preparing an accurate listing of the

temperature distribution of the structure.

A. THE THERMAL ANALYZER INPUT DATA FILE

The model builder generates a data file from physical

characteristics of the structure provided by the user. This

data file, also called the thermal analyzer input data file,

must be in a format that is completely acceptable to the

thermal analyzer. Furthermore, it will consist of five lines

and up to seven data sets. This section describes each line

and data set and their relationship with TMDL. Figure 15

displays a partial data file.

Line one is the title line. It may be left blank or may

contain up to 79 alphanumeric characters. The user selected

title appears at the top of the data file.
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EXAMPLE OUTPUT DATA FILE
740 6 0 0 0 0 0 0 2

0 0 0

750 50 6 2 4 6 0 0 0
0
.0500000 .6666700 12 .8000000 78.00000

76.500000000 76.900000000 75.900000000 77.100000000 77.400000000 75.6000

7 7551 21 7521 111 7511 2411

73.700 36.850 87.709 43.855 2.047 1.456

6 11 31 7521 121 7511 2421

36.850 36.850 87.709 43.855 2.047 1.456

7 21 41 7521 131 7511 2431
36.850 36.850 87.709 43.855 2.047 1.456

6 31 51 7521 141 7511 2441

36.850 36.850 87.709 43.855 2.047 1.456

6 41 61 7521 151 7511 2451

36.850 36.850 87.709 43.855 2.047 1.456

6 51 71 7521 161 7511 2461

36.850 36.850 87.709 43.855 2.047 1.456
7 61 81 7521 171 7511 2471

36.850 36.850 87.709 43.855 2.047 1.456
6 71 91 7521 181 7511 2481
36.850 36.850 87.709 43.855 2.047 1.456
6 81 101 7521 191 7511 2491

36.850 36.850 87.709 43.855 2.047 1.456
7 91 7541 7521 201 7511 2501
36.850 73.700 87.709 43.855 2.047 1.456
6 7551 121 11 211 7511 2511
73.700 36.850 43.855 43.855 2.047 1.456
6 111 131 21 221 7511 2521
36.850 36.850 43.855 43.855 2.047 1.456
7 121 141 31 231 7511 2531
36.850 36.850 43.855 43.855 2.047 1.456
6 131 151 41 241 7511 2541

36.850 36.850 43.855 43.855 2.047 1.456
6 141 161 51 251 7511 2551
36.850 36.850 43.855 43.855 2.047 1.456
6 151 171 61 261 7511 2561

36.850 36.850 43.855 43.855 2.047 1.456
6 161 181 71 271 7511 2571

36.850 36.850 43.855 43.855 2.047 1.456
6 171 191 81 281 7511 2581

36.850 36.850 43.855 43.855 2.047 1.456
7 181 201 91 291 7511 2591

36.850 36.850 43.855 43.855 2.047 1.456

6 191 7541 101 301 7511 2601

36.850 73.700 43.855 43.855 2.047 1.456
6 7551 221 111 311 7511 2611

73.700 36.850 43.855 43.855 2.047 1.456

6 211 231 121 321 7511 2621

36.850 36.850 43.855 43.855 2.047 1.456

Figure 15. Output data file.
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Line two is the problem data line. It has nine entries of

which two are under user control, number of nodes under

consideration and unit type. One entry, the number of constant

temperatures is preset at six for this specific model. The

remaining entries have applications to models associated with

heaters, unique exponents, secondary heat input, temperature

coefficients and curves, and nodes controlling fast heat.

These entries are not applicable to this model and are preset

to zero.

Line three places a zero at three points and is beyond the

user's control. Therefore, no further discussion is required.

Line four is the problem capability line. This line

defines the maximum values for the entries in line two. The

first entry is 750, the number of nodes for which the analysis

is dimensioned. This is significant because the first constant

temperature will be assigned the node number 751. The second

entry is 50 which is the maximum number of constant

temperatures in accordance with the analyzer dimension

statement. Therefore, it is possible to have 50 constant

temperatures allocated from node 751 to 800. The third entry

is preset to six for an application concerning heaters and is

not applicable to this model. The balance of the entries in

line four represent a listing of data sets that are required

for the particular analysis at hand. TMDL uses three data sets

that will be discussed in what follows.
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Line five contains five items that concern the level of

accuracy that the thermal analyzer will achieve. These entries

are preset. Item one provides the desired level of accuracy

between iterations. Because the thermal analyzer solves

iteratively, there must be an error criterion at which point

calculations cease. A number that is too small will cause the

computer to run excessively and a number that is too large

will not give the desired accuracy. Therefore, a trade off is

necessary and such a tradeoff has indicated that C.05 is

satisfactory. Item two is a damping factor that is used

between iterations to prevent temperature oscillations between

iterations. The third entry is the maximum number of

iterations. This prevents excessive computer time in the event

of faulty input data. Item four is a convergence factor that

adjusts the damping to close to the critical value. This means

that once the computer determines convergence is occurring,

slow convergence is increased to reduce computer time. The

fifth and final entry in line five is the initial temperature

at which the iterative process begins. It is input by the

user.

Input data set one contains temperature dependent

coefficients and is not used in this model.

Input data set two contains up to 50 constant temperature

inputs. This model has six constant ambient temperatures input

by the user.
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Input data set three involves heaters for fast warm up and

is not used in this model.

Input data set four contains all pertinent information

concerning the n-node equations. Each node requires two lines

of data. The odd numbered lines are used for specifying the

nodes that interact with the node in question and the modes by

which this interaction takes place. Consider Figure 14, line

one of data set four is as follows;

6 7551 21 7521 ill 7511 2411

This line of data is for node number one of aspect ratio

selection one. The first entry provides the number of

connections to that node. Entry two says node 755, an ambient

temperature, is connected to the node in question and the one

indicates that the connection is by conduction. The rest of

the entries are read similarly with numbers between 7511 and

7561 indicating a conductive connection with the external

environment. External heat input is defined by entry 9991.

The even lines are used for specifying the inter node

conductance values of the corresponding entry in the previous

line.

Input data set five is used only if there are unique

exponents. Therefore, no further discussion is required.

Input data set six contains the initial temperature

guesses corresponding to the number of nodes receiving
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secondary heat and is not used in this model because they have

been set by the last entry in line five.

Input data set seven indicates the number of -±,perature

dependent heat input curves and is not used in this model.

B. FEATURES

TMDL is presented to the user in discrete sections. Upon

entry into the first section, the user is offered an optional

overview. This option should be accepted on at least the first

run. At the completion of the overview the user is prompted

for a data file name and title. The data file name should be

changed for each successive run because TMDL does not over

write existing files.

The second section provides prompts for the physical

characteristics of the structure. Initially, the user is given

a list of four aspect ratios from which to choose;

1.) 10 by 24 nodes provides a 1:2.4 ratio with 720 nodes.

2.) 15 by 15 nodes provides a 1:1 ratio with 675 nodes.

3.) 12 by 20 nodes provides a 1:1.6 ratio with 720 nodes.

4.) 8 by 30 nodes provides a 1:3.75 ratio with 720 nodes.

It should be noted that up to 30 additional nodes may be added

depending on the existence of the mounting ear. Figure 16

displays the specific geometry with definitions.

After selecting the desired aspect ratio, the user must

specify the use of either SI or English units. The input of
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data must remain consistent with this selection. At this point

the input of structure characteristics are requested. These

entries consist of the length, width, thickness, and thermal

conductivity of each layer. There is ample opportunity for

correction or alteration throughout TMDL.

Section three requests the input of initial and ambient

temperatures. TMDL has six ambient temperatures.

The final section allows for the input of external heat

sources. TMDL provides for heat input into the upper substrate

surface only. There are four methods of external heat input

from which to choose. The first alternative allows for a total

rate of heat applied to the upper surface. An entry for this

alternative would be divided by the nodes and distributed

appropriately. Option two provides for the entry of average

heat per unit area. The third alternative give- the user the

freedom to enter heat in specifically selected nodes.

Option four offers no heat input.

At the conclusion of these entries an output data file

will be created in the proper format and placed in a file

named by the user.
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APPENDIX A

TMDL LISTING

SLARGE
C
C TITLE: MODEL BUILDER
C AUTHOR: LT PATRIC ROESCH
C DATE: 15 MARCH 1991
C COMPILER: MICROSOFT VERSION 4.01
C LINKER: MICROSOFT VERSION 3.55
C
C DEFINE REAL VARIABLES

REAL SL.SW,DELS,KS.EW,ElI.1)I PKL-,CL,CW,DELC,KC,IT.UP'RTI.LWRT,LT,RT
+ .f-',BTTHEATI,THPN,A-HEAI'N 1] EA'L'DELX,DELYSYLR.SXFB,SXX,SYY,SZE,SZT
REAL- EXFB,E-YY.EXX.F/.C,LAR~l,CYNL.RF ,('YYE.CXFI3E,CXXL--,CZEAR,CYLR,CYY.CX
±,CZB.ACC.,DAMP.CONF-AC.IXI'.1R

C
C
U DEIFINE INTEGER VARIABLES

INTEGER NPL,NWIDENDEEP,NUM,NUMA,CHH,T'OTNODNN,NC,N.IB,IE.IC,ID,
±COUN1 .CONTEMP.USE-'L,ZER.NMAX,TIMAX,HTRS,D1.D2,D3.D5.D4,D6,D7,MAXIT

C
C DEFINE ALL ONE CHIARACTER VARIABLES

CHARACTER* 1 ANS,ANSN ,ANSA,ANSSL.ANSSW,ANSSTFANSSK,ANSE,ANSEL
+ANSEW.ANSEI'.ANSEK.ANSC.ANSCLANSCW,ANSCTI,ANSCKANSTI.ANSTI ,ANSTFU.
+,\NSILR,ANSIL,ANS'1R AN,) [Flx\ B.ANSHI,ATIH,ANSHA,AIl IN,sELECT,SELH

+ AN SWER.DI1

C ('IIARA\CTER VARIABLES OF MORE.- THAN ONE.- POSITION
CHARACTER DATAF*70,UK 1 1,UTF* ,UH*13.UAH*6,NAME*6,UL.*2

C DEFINE MATRICES
REAL HEAT(30,15),COEF(740,9)

C
INTEGER IH( 240),JH(240),NCON(740,9)

(C
C
C
C PROVIDE THE USER WITH A PROGRAM OVERVIEW
C
1t00 CALL. CLS

WRITE(*,l(X)l)
1001 [:()RMAFN/,\[/

+ ['HIS PROGRAM WAS WRFTEN 10 INTEGRAIL WIH EXISTING
+' THERMAL ANALYSIS SOFI'WARE AND TO REDUCE THE AMOUNT

±OF TIME REQUIRED FOR DATA ENTRY.',,;.
+WOULD YOU LIKE AN OVERVIE-W OF-1T1lE PROGRAM PRIOR TO
+BEGINNING? ENTER Y FOR YES OR N FOR No). '.2V,)

RIEAD(*.1002) OVR
1002 I()RMAI(AI)
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C
IF (OVR.EQ.'Y'.OR.OVR.EQ.'y') THEN

CALL CLS
WRITE(',1003)

1011 FORMAT('.' ***********VERIZ ********* ',./
+ TIIIS PROGRAM P)ERFORMS A NODAL ANALYSIS OF A THREE '/

.\YFRED ('ONI)UCT1VE STR1UCTURt- (SUBSTRATE.EPOXY,AND
+ CARRIER). TIlE OUTPUT (ONSISTS 01: UP TO 740 (OLI- ,
+ ('ll£NTS ItAT ()NIRIBUII 1"* Til ITIiRM INATI()N 01
-t IH-TEMPFRATURE. DISTRIBULTION OF A MICRoII('UI I ,
+ WHEN FED INTO TH" THERMAL ANALYZEFR. ,;,
+ TIlE FOLLOWING IS AN ORDERED OUTLINE OF THE MAJOR ",'
-e SECTIONS OFTHIL PROGRAM AND WHAT ENTRIES ARE
+ REQUIRIi' OF THE USER.
+ NOTE I HAT ALL ENTRIES WILL BE IN UPPER CASE LETI'ERS. ,.
+ A.) DATA FILE ',,,

1.) ENTER THE TITLE O1 THE OUTPUT DATA FILE. ,I,

2.) ENTER THE DATA FILE NAME. THIS PROGRAM WILL NOT',!.
ERASE OR WRITE OVER EXISTING FILES. 'J1/,

+ PLEASE PRESS ENTER WHEN READY TO CONTINUE. ',2X,\)
READ('. 1002)ANSWER

C

CALL CLS
WRITE(*,1004)

1004 FORMAT(/'," ',,
+ B.) STRUCTURE PHYSICAL CHARACTERISTICS ',/,

1.) SELECT UNIT TYPE (SI OR ENGLISH) ',/,
2.) SELECT FROM FOUR ALTERNATIVES THE DESIRED NODAL',,

ASPECT RATIO. ',/,
3.) FNTER EACH LAYER CHARACTERISTICS. SUBSTRATE IS ',/,

'I iIF TOP LAYER, FOLLOWED BY EPOXY AND THE CARRIER',!,
LAYERS. RESPECTIVELY. THE CARRIER LAYER MAY ,/.
CONTAIN AN EAR ON THE FRONT AND BACK SURFACES'-
IF SPECIFICATIONS REQUIRE IT.',//,

+ PLEASE PRESS ENTER WHEN READY TO CONTINUE. '.2X,,)
REA) .*,1002)ANSWER

C
CALL CLS
WRIFE( *, 1005)

1005 tORMAT(;,/i,
+ C.) INITIAL AND AMBIENT TEMPERATURES "/

1.) ENTER INITIAL CHIP AND CHASIS TEMPERATURE. ,/,
ASSUME STEADY STATE FOR INITIAL TEMPERATURE.,/',

+ 2.) ENTER AMBIENT TEMPERATURES FROM ALL SIDES OF THE',
+' STRUCTURE.',!,
+ D.) HEAT INPUT ',/,
+ HEAT INJECTION OCCURS ONLY ON THE UPPER SURFACE OF ',
+ THE SUBSTRATE LAYER. THIS PROGRAM SUPPLIES TIlE USER ',/,

FOR ALTERNATIVE METHODS FOR ENTERING HEAT; ,/,

1.) TOTAL HEAT OVER SUFACE '.J,
+ 2.) AVERAGE HEAT PER UNIT AREA ',
+ 3.) INPUT HEAT NODE BY NODE ".
+. 4.) NO HEAT INPUT './1,
+ THIS COMPLETES THE PROGRAM OVERVIEW. PLEASE PRESS ENTER ',.
+ TO CONTINUE. ',2X,,,)
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READ(*, 1002)ANSWER
C

ELSEIF (OVR.EQ.'N'.OR.OVR.EQ.'n') THEN
GOTO 1007

ILSE
GOTO 1006

10(7 ENDIF
C
C
C

C INITIALIZE MATRICES
C

DATA HEAT /450*0.0/
DATA It1 /240*0/
DATA JH /240*0/

C
C VAMIABLE, CONSTANT. AND STRING DEFINITION
C PHYSICAL CHARACTI:RISTICS
C SL,EL,CL - SUBSTRATEEPOXY, AND CARRIER LENGTHS
U SWEW,CW - SUBSTRATE,EPOXY. AND CARRIFR WIDTHS
U KS.KE,KC - SUBSRATEEPOXY.AND CARIR ThERMAL CONDUCTIVITIES
C DELS,DEI.EDEI.( - SUHISIRAI'EEPOXY AND CARRIER THICKNESS
C DELX - SLiNDEEIP
U DELY - SW/NWII)E
C' NPL - NUMBER OF NODES PER A LAYER
C NWIDE - NUMBER OF NODES WIDE
C NDEEP - NUMBER OF NODES DEEP
C UL - UNITS OF LENGTH (SI OR ENGLISH)
C UK - UNITS OF THERMAL CONDUCTIVITY (SI OR ENGLISH)
C EAR - DEPTH OF THE EAR (SL-CL)/2
C
C INITIAL AND AMBIENT TEMPERATURES
C IT - INITIAL CHASIS AND CHIP TEMPERATURE
C LT - LEFT SIDE AMBIENT TEMPERATURE
C RT - RIGHT SIDE AMBIENT TEMPERATURE
C 1-T - FRONT AMBIENT TEMPERATURE
C BT - BACK AMBIENT IEMPE RATURE
C UPRT - UPPER AMBIENT TEMPERATURE
C ILWRT - LOWER AMBIENT TEMPERATURE
C UT - UNITS OF TEMPERATURE (CENTIGRADE OR FARENHIET)
(
C HEAT INPUT
C THEAT -TOTAL INJECTED HEAT

THPN - TOTAL HEAT PER NODE
C AHEAT - AVERAGE HEAT OVER A GIVEN SURFACE
C NHEAT - HEAT PER NODE INJECTED NODE BY NODE
C UH AND UAH - UNITS OF HEAT (SI OR ENGLISH)
C NUM,NUMA.CH,H - DUMMY VARIABLES USED TO CREATE THE VECTORS
C IH, & JH WHICH ARE USED TO RELATE NODE
C NUMBER TO MATRIX POSITION
C -IOTNOD.NN,NC.N - VARIABLES USED TO ALLOW HEAT INPUT NODALLY
C IH.JH - VECTORS USED TO CORRELATE NODE NUMBER WITH
C MATRIX POSITION
C HEAT - MATRIX USED TO CONTAIN HEAT INPUTS
C
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C COEFFICIENT DEFINITIONS Y IMPLIES WIDTH & X IMPI.IF I)EPTH
C Z IMPLIES IIIEGIIT
C S IMPLIES SUBSTRATE, E IMPLIES EPOXY
C C IMPLIES CARRItER
C
U SYLR - PROVIDES COEFFCII'NT FOR LLtf OR RIGHT EDGE NODES
C TO THE EXTERNAL NODE. SYLR IMPLIES SUBSTRATE,
C EYLR - EPOXY
C CYLR - CARRIER/ NO EAR
C CYLRE - CARRIER W/ EAR
C
C SXFB - PROVIDES COEFFICIENT FOR FRONT AND BACK EDGE NODES
C TO THE EXTERNAL NODE.
C EXFB - EPOXY
C CXFB - CARRIER'NO EAR
C CXFBE - CARRIER W/ EAR
C
C SYY - PROVIDES INTERNAL COEFFICIENT IN THE 'Y' DIRECTION
C EYY -EPOXY
C CYY - CARRIER W/NO EAR
C CYYE - CARRIER W/EAR
C
C SXX - PROVIDE INTERNAL COIIICILNT IN THE X' I)IRICTION
C FXX - EPOXY
C CXX - CARRIER WiNO EAR
C CXXE - CARRIER W/ FAR
C

C SZT - COEFFICIENT FOR SUBSTRATETO UPPER EXTERNAL NODE
C SZE - COEFFICIENT FOR SUBSTRATE TO EPOXY
C EZC - COEFFICIENT FOR EPOXY TO CARRIER
C CZEAR - COEFFICIENT FOR EAR TO LOWER EXTERNAL NODE
C CZB - COEFFICIENT FOR CARRIER TO LOWER EXTERNAL NODE
C
C CHARACTER
C ALL. ONE CHARACTER STRINGS EXCEPT 'UT' ARE SIMPLE
C YES, NO, OR SELECTION ANSWERS AND DO NOT REQUIRE
C EXPLANATION.
C
C DATA FILE
C DATAF - TITLE FOR DATA FILE, LINE ONE
C NAME - DATA FILE NAME
C IB,IE,ID,IC - COUNTERS FOR FILLING DATA FILE
C" COUNT - TOTAL NUMBER OF NODES
C ACC - MINIMUM ERROR CRITERIA AT WHICH CALCULATIONS CEASE
C DAMP - DAMPING FACTOR FOR PREVENTION OF TEMPERATURE
C OSCILLATIONS
C CONFAC - CONVERGENCE FACTOR USED TO INCRE{ASI- DAMPING
C CONTEMP - TMDL HAS 6 CONSTANT AMBIENI TFMII.RAIURI-S
C USEL - TELLS ANALYZER WHAT TYPF OF UNITS ARF IN USE
C ZER - DUMMY VARIABLE
C NMAX - MAXIMUM NODES PROCRAM IS CAPABLI: OF EVALUATINCI

IMAX - MAXIMUM NUMBER OF CONSIANI TEMPERAI'URES PRO(iRM
C CAN ACCEPT
C" IITRS - NOT APPLICABLF TO THIS PROGRAM - NO EXPLANATION
C NECCESSARY
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C DI-7 - DATA SETS IN USE,
C MAXIT - MAXIMUILM ITE-RATIONS COMPUITER WILL P~ERFORM TO

( A(HIEVF SOL.UTION

C

(Al l I

+ ~PlFASEI-.f U.-(ILPER (ASF 1.1-Iil.RS
PRIOR 1(0 BLEiINNIN(J.

C

201 format(
PRIOR TO ENTERING DATA INTO TIIs PROGRAM ENSURE THAT',
YOU HAVE A DRAWING OF YOUR DESIGN AND ALL PERTINENT,,/,,
D)ATA. "l
PRESS ENTE.R WHEN READY ['0 CONTIINUF-.',2X\,)

REA.,D(*,304)A-NSWIER
C
C ALLOW USER 10O NAME FTIlE DATA :1

C
W 'R IfI: ' 1 -71

I IC)RMA( '1111 PROGRAM RIA II S AN )U [PL I I)AIA,- FILE FOR ENTRY
+ INfO11.,

+ XISlING IHLRMAl- ANALY~/1:R. I-U.R IIl IERMORE. 11115I PROGRAM DI)JS',,
NO NO!FERASE OR WRITE' OVER THE EXISTINGi DATIA 111±-. THEREFORE...
T.ifl. USER Will. NAME I I DT FILE FOR EAHRUN OF THIS

+ PROGRAM. I'lF, FILL. NAME IS I.IMIID 1) SIX CI IARACVU RS.
+ PlEA,.SIE E:N] E1R I-IL, Dl ,IRlI )x A\1 FIE NAME1. '.2X.)
RE-AD -02, NAME

C

C ALLIOW USER TO PROVIDE TrITLE. LINE- FOR DATA FILL
CALL CLS
WRITE( ,202)

202 FORMATC;/i/.' ENTER THE DESIRED TI-TLE TO 13F PLACED ON LINE
+ ji NUMBER ONE OF THlE OUTPUT DATA ILE.

READ 1.DATAF
I F ORMATF(A70)

(All1 CLS

~1iPiY.x LIfS]IN(O Of- A( '(I-PIA.I I-1 ASPE.CT KR\IlIO
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C

WRITI( *.203)
203 FORMAT(,,' TEI FOLLOWING ASPECT RATIOS ARE AVAILABLE.)

WRIT( *.204)
204 FORMAT(:," 1.) 10 BY 24 PROVIDt-S A 1:2.4 RATIO WITI1 740 NODES.

2.) 15 BY 15 PROVIDES A 1:1 RATIO WITH 675 NODES.'..
+ 3.) 12 BY 20 PROVIDES A 1:1.6 RATIO WITH 720 NODIS.'.,
+ 4.) 8 BY 30 PROVIDES A 1:3.75 RATIO WITH 720 NODES..,
+. IPLEASE SELECT A NUMBER ONE THROUGH FOUR. .2X,\)
RfAD( *.3020)SELECT

3020 FORMAI(Alj
(,

SUSliR ('AN CONIINUI OR MAKI ANO(III-R SEIECTION
('Al, CIS

+ N 1'.'4') T111{-_N
(i()l(J 7
GLOE

II' WRI'H1(*.3) Sl L'CT
I-()IA( YOU SI-IECUTIiI) NUMIBFR "A IOF I IF)FOLLO

+"'ING 4 AIEIRNA I1VLS.,,.
+ 1.) 10 BY 24 FOR A 1:2.4 RATI)'

2.) 15 BY 15 I"OR .\ 1:1 RAHO.,
3.) 12 BY 20 FOR A 1:1.6 RATIO',.

+ 4 .) 8 BY 30 F-OR A 1:3.75 RAI')',,
0"

FN DIIF

5 WRITE(*,205)
205 IORMAT(' IS TIs TLE DESIRED SEI.ECTION. ENTER Y FOR YES AN

+D N FOR NO. ',2X,)
READ(*. 8)ANS

8 I:ORMAr(Al)

IF (ANS.EQ.'N') TIIEN
(iO)-l) 7

tI.SII-: (ANS.[O.'Y') VIII N
(iO()l) 9

Gtl 0 M(,\i.I. (15
()I() 10 *

4 FNI)IF
C

(',II CLS(.

(.

( ,\tEIFR CONFIRMA I!iN OF SELECTION FII.L CONSTANTS WITf APPROPRIATE
C VAL UFS

IF SHEII. ')THEN
NWIDt) = 110
NDFEP = 24
NPI_ = 240

(,
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tI1.ISEIF (SEtAC 1.1..2') 11 II:N
NWIDE = 15
NDLP = IS
NPL. = 225

C
I-LSLIIF (SELILC(I.[-Q.'3) IJIFN

NWIDE = 12
NI)HP = 20
N IL = 240)

ELSEIL: (SELEC*'I.I:-Q.'4')'['HEN
NWIDE =8
NDEEP = 30
NPL = 240

ENDI F
C
C MAKE DESIRED UNIT SELECTION
C
2 \VRII'E( '206)
206 FORMAT(',/. 1T11S PROGRAM IS CAPABLE OF OPERATIONS IN El

+ IHFIR SI OR *,
+ I.NGIISII NII'S. AI FR THI' S LI-CTION OF THE UNITS, ALL
+ ENTRIEN kMUST BI3E COMPIIBLE1. PLLASL MAKE YOUR SELEC'IION.',!
+ S FOR SI NoTA.TIO)N',

+ E I{)R [ NC I.Ii 1 N )IAI(N '.2X. ,)
IAl)i .302)A\NSN\

30)2 FORMATI(A I;
C
C ('lECK FOR (:ORRI!CTU LNI SELL('[ ION
4 IF (ANSN+*Q.*S') THE-N

WRITrE(*'207)
207 FORMAT(i., YOU SELECTED SI NOTATION.')

ELSEIF (ANSN.EO:VF) THEN
WRITE( '.208)

208 FORMAT(/iA';.' YOU HAVE SELEICTED ENGLISH NOTATION.')
ELSE

CALL CLS
CJOTO 2

209) F-ORM~vAT(' ISTHIlS T1-lE DESIRED SELECTION?~ ENTER Y FOR YES AND
+ NFOR NO. '.2X.,)
READ( ',303)ANSA

303 FORMAT(AI)

C SHOULD I CONTINUI O)R RF'SFI F('T UNITS
If: (ANSAFO.Y') ThE-N

(r()V( 6
1-i SVIl (ANSA.H). N 1 111 N

('All (ES
(jOTO 2
I'S[-
(CALL. CIS

57



WRITE(-,210)
210) FORMAT(,/,_. TIS PROGiRAM IS CAI'ABLL OF:OPFRATIONS IN

+ LTFIR SI OR',,.
+ FNGI 151 U N [IS. AFEIR HIVI SELECION O1: UN ITS. Air_, .

F NIRIKS NI USE Il. COINIPAII ii. PIFASI' MAKE YOUR SF E('ION..,,
I S FO( R SI No )I'AII() .

FI' FOR FINGLISH- NoI.\ lION.')

C
C'ALL CLS

C'' *t'-", ' tt,* * * *.~* 4* *$ * *

~FENTIR CHIP CHARACTERISTICS FOR EACH LAYFER*********

C
C

C
WRI'FE(*,21 1)

211 FO 1I T/,, *.

+ ********''*'' *****SUBISRATE CHARACEISICS***************

C
C PROVIDE CORRIL('E UNITABB3IREVIATIONS

IF (ANSNL:O.'S I IlFN
\VRHE(.2 12)

212 [:ORIAx(*ALL LNTRIES ARF IN SI NOTATION.._
UI1, = *cm'
U K = Wa i ts cmrC
UT = 'C'

I LSF I 1 ( A SNI 1 OA l l I 11 -,N
WRITE) '.2113)

213 FORIA'I(' ALl. ENTRIES ARE IN ENGI.ISII NOTATION.',,)
UL, = 'in'
UK = "Btu br m+'
UT = 'F

I'NDI-

C
C

C RT(20U
22FRMTE('ETR USTAELEGH )AU': '.XL
22 RA ( ENE USTAELNTH(,-,):L2,,

RED',S
C ' IE 26 t

\1VFRMI( .'l0NIRSUSIRTEWDh('A.)

21)FR A (, FN1 RSU SR T WD-1 A , '2..
RED .Sk

C RE 1 '21 LI

21- [ORNIAI( I ( LN'l I-R _U 13SIRA Il'. TH ICKNESS ('.A2.'): *.X



READ ',.LI.S
C

WRITIE(*.218)UK
218 F-ORMIAT(/, ENT-ER SUBS FRAI'L 1U1IRMAL CON DUCT1IVIT1Y (',A12,'): '.2X,\)

READ) *,KS
C
31 CALL CLS
C
C MAKE ANY CI IANGES OR CORRECTIONS TO SU BSRATE ENTRIES

WRITF(1',2 14j
214 FORNIAT( YOU HAVE MAIJE HF[OLLOWING ENTRIEIS FOR THE SUB

+STIRAiiK1.'.,
20 PRINT'. L) I NGTH ' .SI-

P RINT *, 2.) VIDIhI '.SWV
PRINT'. 3.) 1I HR KNI-,SS .DLIS
PR INT 4.) k ,KS

WRITE) *.2 15)
215 I:ORMATI(,.: DO YOU WISH 10 MAKE ANY CHANGES? SELECT Y FOR YES

+ AND N FOR NO. .2X,
RI AL(*.304)ANSS

304 FORNM(AI)
C

IF (ANSS.EQ.'Y) -11IEN
12 CALL CLS

WRITF('.2 19)
219 FORMAFTy'if)

PRINT *, TI-W CURRENT ENTRY [-OR LENGTH IS',SL,'',UL
WRITIE( *2190)

2190 FORMAT' WOULD YOU L.IKE To CHANGE THE LENGTH? (Y OR N)
+ '.2X,

REAL)('304)ANSSL
PRINT*

IF (ANSSL.FO.'Y') THEN
WRITE( '.221 )UL

221 FORNMAT) ENTER SUBSTRATE LINGTHi '.2) .2X,,)
REALD *SL

LSI'(ANSSL..FQ.'N l)lt N
(iO 14

E.1
00O 10 12

FNI)IF
C
14 CALL CLS

WRITE(*,2 141)
21q1 FORMATI('ffi!

PRINT *, THE CURRENT ENTRY FOR WIDTH IS',SW, AL
WRITlE) 222)

222 [:OR.NATr(, WOULD YOU L-IKE TrO CHANGE THE WIDTH? (Y OR N)
+2X,)

READ(*.2192) ANSSW
2192 FORMIAT(Al)

IF (ANSSWV.EO.Y') [IEN
WRITE *.2 2 3)Ujl
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223 1IORNIA'I( NIR I Y R LWl[HA.)2Xj
READ *.SW

(j(YI() 14
EINDII:

C
13 CAL:L

13 CALL CLS3
IE 2193 MTi/)

213 FRT, /1/f) ETETR O HIKES SEL,'U
PRINT': H, URETETYFO HC24S S'DES''U

224 FORMA(/,' WOULD YOU LIKE TO CHANGE THE THICKNESS? (Y OR N)

REAI)(*.2I914) AXNSST
2194 FORNIAl(A1)

IF (ANSST.E.Y')THEN

225 FO)RMAT(, I'NTIXR iSUBiSTRiATE ThIC(.'KNESS (.A,2,'): '.2X.

READ '.1)ELS
F ISF I-(ANSSI. LO.N') TH EN

6 u() 

(IOTO 13
E.NDI F

C
C.
15 CALL CLS

WRITIE('.2 195)
219i FORMAT(:i//)

PRINT *' THE CURRENT ENTRY FOR THERMAL CONDUCTIVITY IS 1(5
+,-UK
WRITE(-.226)

220 FORMNAT(/,' WOULD YOU LIKE TO CHANGE THE THERMAL CONDUCTIVIT
+ -Y(Y OR N) ',2X.\)

READ(',2196) ANSSK
2196 FORMAT(A1)

IF (ANSSK.FO.*Y*) THEN
WRITE(1,2?7)UK

-- FORMAT(, ENTER SUBsIRAIF THERMAl. CO(NDUCTIVITY ('Al
+2:'): ',2X.,\)

READ *.KS
f-LSEIF (ANSSKEO--. N' I HLN

GOTO 16
ELSE

(iOT() 15
FNDI F

U
U ALL.IOW ANOI1IIER RE-VIE-W OF SUBSTFRAI'EDATFA ENTRIES
C
16 CALL CLIS

WRITE ( *.228)
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228 IORMAT(,'/," YOU H lAVE MAIDE TIlE FOILO\VING CORRECTIONS TO T
+ilE SUBSTRATE ENTRIES.',}

GO1O 20
C
(

lIst-IE: (,,\NSS.I;().N ) [I11N
(1 I ) 17

(iO}l) 31
F NDIF

C
C
(C*...*****...................***EPOXY CftARACTERISTICS******** .. ****
(.
C

17 (ALL CLS
WRITE(*,229)

229 FORMAT(///,'***************
* ************ ** * *******************

+'***..**.................. *EPOX\' CHtARACTERISTICS*******$****** ***
+ ****** * ,/,

+ *.*** * * * ,

+' NOTE THAT SUBSTRATE AND EPOXY L-NGTII AND WIDTH ARE EQUAL.!,,/

+)

WRITF(*,230)UI.
230 FORMAT(i,' E-NIER EPOXY THICKNESS ('.A2,'): *,2X,\)

Rlt\D'.)-l
WRH"I(*.231 )UK

231 IORMAI(,.' FNI IR I-I'{X IIIII{M*\ (ONDU('IVITY (.Al2,): .2X.,
READ *,KF

C
tEl. = SI.

['W = S"
C

C REVIEW EPOXY ENTRIES
('

30 CALL CLS
WRITt-( *,232)

232 FORMATi,, YOU HAVE MADE THE FOLLOWING ENTRIES FOR THE EPOXY
+ LAYER.*.,)

32 PRINT 1 1.) LENGTH ',EL
PRINT *" 2.) WIDTH ".EW
PRINT , 3.) THICKNESS ".DELE
PRINT*,' 4.) k '.KF

C
WRITE(*233)

233 FORMAT(,' NOTE THAT CHANGING EPOXY I.ENGTI OR WIDTH ALSO CHANG
+IES'.,." SUBSTRAFE LENGTII OR WIDTH.',,/,
+ DO YOU WISH 10 MAKE ANY CHANGES TO THE EPOXY ENTRIES? (Y OR
+N) ,2X.)
READ(*,219 -7) ANSI.

2l'- FORMAT(AI)
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C MAKE ANY CHANGES OR CORRECTIONS TO EPOXY ENTRIES

IF (ANSE.E.Y')TH-EN
22 CALL CLS

WRITIE( *2198)
2198 F:ORMAT(-'!,)

PRINIT*,' Till" (?URRI-NT LNTRY FOR LENGTH IS',EL.i UL-
WRITL( *.234j

2134 [ORMtAT( WOULD YOU LIKE 10O ChIANGE THE LENGTHI? (Y OR N)

READ(,,2199) ANSFl.

I I . (IN51S I ..F 0. A ) *I F- N
WRITL( * 235)UL

235 1:0R NIAT(,:' FN II .R [PONY LI NGlI I ('.A-!.'): '-XV)
READ 'J:I.
SL- = FI-

ELISE IF (ANSLL-.LO.'NJ 1T1HEN
GOT() 21

ELISE
(GOTIC 22

21 ENDIF
C
24 CALL CLS

WRIT-E(*,(6Gl)
001 FORMAT(///)

PRINT *,' THlE CURRENT ENTRY FOR WIDTHI IS',EW,' ',UL
WRiTrE( *236)

230 FORMAT(.,' WOULD YOU LIKE TO CHANGE THE WIDTH? (Y OR N)

READ( *60 2)XNSE\V
602 FO R MAT(A 1)

It- (ANSLW.[OY') HFN
WRUI-'1( 237hUL

23' IOMI ENILI{ EPOXY WIDTH ('.A2.': '.2X,.
READ) *[IW
SW = FW

[[,SIll(ANSILWJ.*N' I HEFN
GO[() 23

[1SF
GOTO 24

23 ENDIF
C
20~ CALL CLS

XVRITE(*,603)
603 FORMAT(,;')

PRINT*.' THE CURRENT ENTRY FOR THICKNESS IS',DELE.' UL
WRITF(.,238)

238 FORMAT(,. WOULD YOU LIKE TO CHANGE THE THICKNESS? (Y OR N)

R[AD(*,604)ANSET
64) FORMAT(A1)
C
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IF (AVNSIEI*I 0.'Vi ) 'II I"N

__F I:RN. MY A P ~ I~ I PO XY[ ', CK A2 2V:)
READ *A1)11.

[[SL (ANSlUN TllIIEN
(jOTO 25

25 1 NDIF

28 CALL (;LS
WRITE(*,665)

W05 FORM\ATI(,i,)
PRINT-*, THlE CURRENT ENTRY FORTIIERMIAL CONDUCTIVITY IS ,KE--

WITE) '*.24)

240 1:ORMA-T:: WOULD YOU LIKE TO- CIHANGE TH-1E THERMAL CONDUCTIVIT
+Y.' (YOR N) '.2X.

11 ,,I N A S IK. I -, 0 N I IN
WRITEc>2-41j1.K

I4 FORMATl LN1 I R I POXY II [ER-MAL C()N DU(:IVVITY (',All')
+: 2X,)

READ KUF
E-LSFIF (ANSF K*ON') TIHEN

GIOT( 2"

(jOTO 28

C
C PROVIDE ANOTHIER REVIL\VW OF EPOXY ENTRIES
C
2' CALL. (15

\VRITF( *242)

2-42 EOM~< YOU HAVE MADE THlE FOLLOWING CORRECTIONS TO THE EP
+OXY ENT1RIT S.-
(i0TO 32

(i()1 29

(jO'I(0 30

-- " "CARRIER FA(IRSIS*******s

\VR lIE) *,243j

243 fI:kII(
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(

444 RT I".4) I

244 )RM.I( IANTIR (ARRII.R I.IN(lII (,A2,'): ".2X,
RFAl) (I.

(.

( C'ARIEII II N(I!I I NIS B!: (iRI'ATI'RI IlAN (JR1 L()LCAI ITO SUI3STIRATE LLNGTttC

I: 1I*1A . IttN
CALL. (1S
WRITE(*.243)
PRINT *, CARRIER LENGTH MUST BE GREATER THAN OR EQUAL TO SUBS

+TRATE .LENGTI I.
GOTO t444

ENDIF

C
WRITE(*.246)UL

246 FORMAT(," ENTER CARRIER THICKNESS (',A2,'): ',2X,\)
READ *.DL("

C
WRITI( '.247)I.K

24- FORMAT-(l ENI-R CARRIER TtHERMAL CONDUCTIVITY (',A12,'): ',2X,\)
READ *.K(

C
38 CALL. (IS

C\V = SW
C
C RI'VI\V CARRIIR INIRIES
C

WRIT-(> 248
248 FORMAT,',,' Y()U HAVE MADE TIlE FOLLOWING ENTRIES FOR THE CARRI

+k1R.',
3o PRINT 1 I.) LENGTH 'CL

PRINT ." 2.) WIDTH ',CW
PRINT *. 3.) THICKNESS ",DELC
PRINT . 4.) k ',KC
PRINT
PRINT ' CHANGING WIDTH WILL. ALSO CHANGE SUBSTRATE AND EPOXY W
+IDTHS.

C
WRITE)*,249)

249 FORMAT(/,' DO YOU WISH TO MAKE ANY CHANGES? (Y OR N) ',2X,\)
READ(*,607)ANSC

00- tORMAT(A1)

C MAKE CORRECTIONS OR CHANGES 10 CARRIER F.NTRIES
C

II. (ANS( I0.Y II lFN
33 (AI. (I'S

\VRII 1-( *.08)
008 F -()RM I(")

)33 RINI' IIII (URRI N I I N I RY FOR I.I.NGlI ISCI.,UI
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\VRITE(*,250)
250 FORMAT(,,' WOULD YOU LIKE 10 CHANGE LENGTH'? (Y OR N) '2X,

READ) *,609)ANSCL[
009 FO R MAT(A 1)

If- (ANSCL..I-.Y')TIEFN
WRH"F('.5)L

j~( RNI.Ic NIER ('ARRIL R LFN(;T ( C,A2.'): .2X..)

fl~(I I E)ILEN
C'ALl. (iS

PRINT '.' CARRIER LENGTH MUSE BE GREATER THAN OR EQ
+UL 10 SUIISIRAIE, LENGTH.'

PRINT*,'.ill PRI SEN[I NTRY FO(R SUBS.RATP. I .E-NGTH IS
+ .Si- Ur

P RIN I
G( YTO 933

C
ELSEIIF (ANSCL.EQ.'N') THEN

[F: CL.I T.SL) THEN
C-ALL. CLS
WRITE(*,61 1)

b11 FORMAT(////)
PRINT *,' CARRIER LENGT'H MUSTBlE GREATER THAN OR EQ

+UAL TO SUBSTRATE LENGTH.'
PRINT *,' THlE PRESENT ENTRY FOR SUBSTRATE LENGTH- IS

+ S LUL1
PRINT:
(j)lO 933

(1()10 39

(10I '1) 1.

CA N. 1)-11 .

Wk I I I 6.012)

1)R I N I THEI CU RRE1:NT E NTRY 1:OR WI DTI I IS CW.' UL1
PRINT*.' CHANGING THIS ENTRY WILL. (HANGEF SUBSTRATE AND*
PRINT *,' EPOXY WIDTHS. THEY ARE All. EQUAL.

252 FORMvAT);,' WOULD YOU LIKE [0 CHANGE WIDTH? (Y OR N) ',2X,\

RE-'AD)(*.613)AiNSCW
013 I:ORNIAx(Al)
C.

11- )ANSCW.I:- Q.'Y') 1-1IE-N
WRITE)(*, 253)IjL

253 ORM-AT(/.' ENTER CARRIER WIDTHI ('.A2.): '.2X.)
RE'\DA-1 *,c W
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")w =(W

Ew= CW
I LS1-1i I-(ANSCW.LO.'N' THIEN

GOT() 34

CiO() 39

34 CALL CLS
WRITE"(*.6 14)

014 FORMATC'i)
P'RINT '*, THE CURRENT ENTRY FOR THICKNESS '.DELC, ',UL
WRITE(* 254)

254 I-OR,%AT(, WVOULD YOU LIKE TO CHANGE THICKNESS? (Y OR N)
+2X.)

REAI)( 1 .615)A'NSCTI

C

W 1 II I -'25 s1) U1.
2551l F:CRMAI-(, INI'CIRIRIIKLS(A,:,2X,j

FLSLI I(ANS("I'.LO.'N") Iii I N
(i(*I*() 35

(10ic1034
IN DI F

C
35 CA\LL CLS

WRI*TE( ',616)
616 IEORMIT(/!J/)

PRINT*.* THE CURRENT ENTRY FOR THERMAL CONDUCTIVITY IS ',KC

WRIE(*.256)
256 FORMAT(/,' WOULD YOU LIKE TO CHANGE THE THERMAL CONDUCTIVIT

+Y" Y ORN) ',2X.\)
R[ADkl(.01 7 )ANSCK

o6" FORNIAT(Al)
C

WRII[( *.257 ,UK
23' 7 ORMAT( , ENTER CARRIER THERMAL. CONDUCTIVITY (.,A12,

+ ,2X.
READ *,K(C

E-LSEIF' ANSC-K.EO.*N*) THEl-N
G 0I(0 40

1-LS F
(jOTO 35

ENIN)1F
C
C AiLOW FOR A\NOHFIER REVIEW OF CARRIER ENTRIES
C
40 (ALL. CLS

WRIE *28)

25;S :ORNIATI(//,,. YOU H-AVE MADE THE FOLLOWING CORRECTIONS TO THlE C
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+ARRIER ENTRIL-S.*,/)
(iOT( 3o

C
C

LLSFIf: (ANSC.I {..N 111-1N
(iO1( 3-

C

CALL CLS
WRZITE( p260)

260 FRA(/*

+'****************S*********AMBlENT TEMPERATURE INPUT************

CINITIAL] IlFMPLRA*Lt RE

201I FORMAI( LNITRTHEI INIIAL ("HIP TEMPERATURE (*,Al,). ,X\
READ *IV'

C UPPER AMNBIL N II L-AMPERATURE:
C

\VRH'E( *,2 02,V[
262 F:ORMAT(. 1LNTE1-R '[HE UPPER SURFACE AMBIENT TEMPERATURE (',Al,'

+). ',"X,

READ *.UPR[
C
C' LOWER AMBIENT TEMPERATURE
C

WRITE( *2 63)UT
263 FWRMANI'C',' ENTER THlE LOWER SURFACE AMBIENT TEMPERATURE (',Al,'

+). '2X,\)
READ .,LWRT

C
C RIGHT SIDE AMBIENT TEMPERATURE
C

WRITE(*3 2 64)IV
26-4 FORMAT(/,' INTER THE RIGHT SURFACE AMBIENT TEMPERATFURE (,Al.'

+). '.2x.

READ) '.R I

U FF'I SIDI AI3 NIBIN - IiPF;RAI'Li RI

WRIUI *.265WU
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205 FORMAT(,, " NTER TFIlE 111 SURFAC- AMBIENT TEMPERATURE ('.Al,')
+. ,2X,}
READ *l1.

(.

( FRONTM \3II I NT PI- ,I IRATU RE
C

WRITi C.266) UT
260 FORM1,(I I-_NTFR TIFI FRONT SURFA'E AM1IENT T1MP:RATURE (',Al.'

+). ".2X. }
Rt;AD ! .1"1I

C
(' REAR SI)I. AMBII'N I I 'IPI RA I'URE
C

WRITI' '20' L: I
207 FORMAT(.," -NTIR TI IlRIAR SURI'ACE AMBIENT TI-MPR-IATURE ("Al,)

+. ,2X. )
READ I.BT

C
C
C REVIEW I'EMIPERATFUIRE ENTRIES
C

50 CALL. CLS
WRITE( *,268)

2o8 FORMAT(!//< YOU HAVE MADE THE FOLLOWING AMBIENT TEMPERATURE
+ ENTRI'S.',i
PRINT 1 1.) INITIAL CHIP TEMPERATURE ',IT,' ',UT
PRINT *.' 2.) UPPER AMBIENT TEMPERATURE ',UPRT,' ',UT
PRINT '.' 3.) LOWER AMBIENT TEMPERATURE ',LWRT,' ',UT
PRINT *,' 4.) RIGHT AMBIENT TFMPERATURE ',RT,' ',UT
PRINT'*, 5.) LEVI" AMBIENT TEMPERATURE ',LT,' ',UT
PRINT*. 0.) FRONT AMBIENT TEMPERATURE 'l',' 'UT
PRINT *.' 7.) REAR AMBIENT TEMPERATURE ,BT.- ,UT

C
C

WRIIt '.269)
26 FORMAT(,.' WOULD YOU 1.1KE 1(O MAKE ANY CORRECTIONS? (Y OR N)

+.2X. }

READ .,S)ANS'I
618 FoRMAI'cAI)
C
C MAKE CORRICTIONS OR CHANGES TO TEMPERATURE ENTRIES
C

IF (ANST.EQ.'Y') THEN
42 CALL CLS

WRITE(C,268)
PRINT *, 1.) INITIAL CHIP TEMPERATURE '.IT'* "UT
PRINT *,' 2.) UPPER AMBIENT TEMPERATURE '.UPRT, ',UT
PRINT , 3.) LOWEk AMBIENT TEMPERATURE ,LWRT," ',UT
PRINT *,4 .) RIGHT AMBIENT TEMPERATURE '.RT, .UT
PRINT,' 5.) LEFT AMBIENT TEMPERATURE %,LT, ,U T
PRINT '.' 6.) FRONT AMBIENT TEMPERATURE '.FF,' ,UT
PRINT *, 7.) REAR AMBIENT TEMPERATURE ",BT,' .UT

C
WRITF( *.2682)

2682 FORMAI{,: WHICH TEMPERATURE WOULID YOU LIKE TO CHANGE?',
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;SiLL CTZ/I R( IlIROUGII SEVE:N. '.2X.

C

CAllI. CLS
\VR [T *,2 70)

PRINT ' INITIAL CHIP TEM PREATU RE IS ',IT. .UT
WRIlE) *.2T1 )Ui1

21 I{()RMAT(,, ENTER THE NEW VALUE.('A:,) ',2X,\)
RE AD *.IT

C
C (?ORRI;Cl UPPER AMBIENT TEMPERATURE

ELISIl DEITEO.*2) THEN

WITI~i * 6'(h
(o2() I ORM )RI

W R I IT 2 7Y' ) UT-I
FO)RMAT( E:NER FIlE- N1 LW VAI.U F.),AI.') '.2X,,j

C (' )RRI CI I(AVLR ANIBIE1 N.LMI)ERATURE

( All. (ES

o23 I)RN T
PRINT',' LOWER AMNIB)L-NT IE- MPERAIJRE --IS.!.WT I
WVRIL) ,2 5 jUT

2 RAT5 ENTERTHlE NEW VALUE.(',AI,') '.2X,\)
R;Al) *.LWRT

C
C 'ORRrFCT RIGHT AMBIENT TEMPERATURE

[['ISf-lF (DEH.].FO.'4') THEN
CALL CLS
WRITE) .020)
[2C 1-( R.NI \'I'( , -)

PRINT *. R IGHT AMXBIENT'I'EMPERZA'IURE IS',RI.-UT
R l(I ['J .2' 1 l

I () RNI f( .Elr[ill NlIW VAIUI.) .AI.') .2X.,
RI.\I) .R I

C '~R~lI lEXiAIINIf IFAIPFRA lURE

('AFL CLS
WR ITE) 'O.24))
1:0. FRMIAlh)

IPRINl I . LEIi- AM I EN I FL NI lRA FURL IS I. 111
%kRI I [V .2N1)UT
FORMIA F( ET 1- NE:W VALUE (.Al,') '.2V)

READ *I.T

C CO RRECTF FRZONT 'AMIEiNT TE'fMPERIATIURE
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CALL. (iS
V'I lIT ( * 32)

(,32 F R AI(!
PRINT FRON I .\NBI N II [NI-MTRA I L k IS .1: 1
W R lI 1.28 1) Ui V

21s1 FO)RMAT( 1: IlI R II II- INI -W V'AI KV (.A1) '.2X.
REAl) *A.'I

C
C CORRFCI REAR \AMlilL-'IEi'L-,\1ERA'IZX'L R[-.

ELSEIF (DEL I.EQ.7)T'HEN
C-ALL, (LS

635 FO RMAT(//f)
PRINT *,' REAR AMBIENT TEMPERATURE IS'.BT. '.UT
WR ITIE(*.284) UT

284 F:ORMAT(, ENTER THE NEW VALUE.(',Al,) ,2V.,)
READ *,B[

C M.vAKE NO CHANGES
EISEIF (DELT.E.0) THFN

4201 CALL CLS
WRITE( *6320)

0320 FORMAT(''/,' YOU HAVE DECIDED TO MAKE NO CORRECTIONS!.!..
V 1511115CORRLCT? (Y OR N) ',2X;)

RFAI)) '618) AlNSI!
IF (ANSII.EO.*Y )I uN

(;OTC) 51
ELSEIF (ANSTI.F.Q.*N Il-lEN

(JiOTO 42

(G(YU( 4201
-N DIE_

C

G(YI( 42

C
C ALLOW FOR ANOTHER REVIEW OF TEMPERATURE ENTRIES
C
48 CALL. CLS

WRVE( '.635)
WRITE(,285)

285 FORMAT('//i,' WOULD YOU lIKE 1'0 MAKE ANY MORE CORRE:CTIONS._
- OR REVIEW TEMPERATURE ENTRIES. (Y OR N) '.2X)a
READ(*,618)ANSTI.
IF (ANST.EQ.'Y'.[HEN

(jOTO 42
F ISIF (ANSIIEO.N') [lIIEN

G(l0 M )

HISt1
((d)I'O 48

EN11
C

GiO ()0 1
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E LSEF
(iCTO 50

F N1)1F
C
U'
C

C

C PROVIDF A CORR I LAI ION B I I WI ILN NO DF NUMB I RRS 1\NI) MATR IX LOCATION
C

I~ N LAI = I
DO (A) I = 1.NPLNWIDF,'

D)01 J = LNWIDF

JII(NUMj = J
INUNI = NUM + I

01 CO NTI N UE
64) CON"I"INULE

NUNIA = I

D0)62 1 = LNPI.
III(NUMA) =H1
CiI = (Hl + 1
[F(('1 I.EQ.NWIDL)T11 lN

11 = 11 + 1
(C11 = 0

NUMA = NUMA + 1
(,2 (ON INUI.

C
('ALL ('IS
\VRIT'Ij 290J

HEAT) INUT TH *,'O:I('U'10*(UISONY *NTHE'** '%

NO EA INPUT '10THEMCRCRUI CCR NL N H PPR
+ SUBFSE SUFACE.T HEATFI INUTHOG ISUR AC.2XII ,)YOEF
+' THE 4)FOLOINGMTIOS:.

C
IFISl ~ . RS 20)RSI. .-.. RSI.11)' II EN

(14 \VRI Ili'91)II
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291 FORMvAT(/,,' YOU HAVE SELECI.D NUNIBER'.Al.'OF FOUR ALTERNAT
+IVES.', IS'FTHIS[lI1E CORRIECT CHOI40CE?!( OR N) ',2X,,)

READ(*,304)ANSH
C

IF (ANSH.EQ.-Y) THEN
GOTO 63

ELSEIF (ANSH.E.N) THEN
G010 5 1

ELSE
CALL CLS
WRITE( ,290)
GO 104

03 E'NDIF

GC(I() 51
EN DII

C
C I ((ANSIN.E0E).NI'D.(0SI11I .:2) lAE

UHf = 'Btui(hr*in^-")f
UAH- = Ilruhr'

EISEIF ((ANSN.[EQ:F[;).AND).(SE-LHI.L0; l.OIR.SEL.H.EoV)) THEl-N
Ulf = '(Btu) ,(hr)

FILSEIF ((ANSN.EQ. S'j A-ND.(SELII.EO.*2')) EllIEN
UH = 'WACT-S/(cm'^2)'
UAH = 'WATTS '

ELSEIF ((ANSN.EQ.'S).AND.(SELH.EQ.1'.OR.SELH.EQ.'3')) TI-EN
UHf = 'WATT7S

E'NDIF

C

C ALLOW FOR RE-SELECTION OF HEAT INPUT METHOD OR CONTINUE WITH
"' INITIAL SELECTION
C
C C410ICE #1
C

CALL. 'L.S

6SWRIUF IT*(,9 2 )UI1
29-2 FORMAT( . YOU I I.\VF SELE(:TlI) TO INPUl IHEAT AS A TOTAI HEAT

+. AP PLI-1.FD [FO I~ I I T URI .\(-I . "
+ ENTER TOTAL HEAl A141,111L) 10 THE1 S'Ri ACE (.AI3J '.2X,)

READ *.THEATI
00 WRITE(*.293)
2k)3 FORM4AT(/, IS THIS THE CORRECT ENTR'Y (Y OR N) '2X..L)

R FAD( *,304 )ATH
C
C MIAKE HEAT ENTRY AND ALLOW FOR CORRECTION

IF (AT1I.EQ.'Y* THEN
THPN = FHEAT;NPI.
PRINT
PRINT :TOTAL HEAT PER NODE IS .IP. I
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C tIL IFAT %IAI R IX \V t11Dh -)S I R FD \'A.JLl.iS
C

DOC SO I = i.NDIII'
Do) 81 J = NIIl

I I I jA IJ I. I I'N
(O NT IN Ul

ISO C)NTINU I,

ELSEIF (THILON lEN
CALL CLS
GOTO 65

ELSE
CALL CLS
WRITE(*,294)

294 FORMATI(////)
PRINT*,.' TOTAL HEAT APPLIED TO THE SURFACE IS ',THEAT,'

+ ',UH

-N DIF
C
UCH(IOIC:E #2

-lE.SLI (SEII.l.2) 1I tN
o" WR1I(*,295)UlII
295 FORMAT(' . YOU 1-J\,,y! S1.1IICTED -1-0 ENTER THEL AVLRACAL HE AT OV

+' UPPIER SUl3S'IRIAI SL;RI:A'I,f.,

READ) *tl.A'L

C MAKE; ENTRY AND) ALLOW I-0k CORRECTION
C
08 WRITEl-(*,296)
296 FORMAT(//, is THIS THE CORRECT ENTRY. (Y OR N) ',2X,\)

READ( '.3O4)ANSHA
C

IF (ANSHA.EQ.-Y') THEN
TIIPN =AIIEAr*siL*sW/NPL-

PRINT
PRINT TOTAL HEAT PER NODE IS',T HPN, '.UA\I

C
C FILL HEAT MATRIX WITH DESIRED VALUES
C

DO0 82 1 = 1.NL)FEEP
DO) 83 J = IWD

[IEAT( IJ = lFIPN
3 CONTINUE

S (C)NINUE

CALL (:1 S
Gi)O 6 -

E [SF
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WRITE( ,294)
PRINT*.* AVERAGE HIEAT 'OVER SUBSTIRATE --SURFIACE IS 'Al EATF.

GOI'O 68

C
C ('fUI ('F #3
C

'(0 \RITI 1 9-2Y
F0RN:Qj*j Y()U I SLA1-1 s 'lLDClT) C IN NiE-R I IEAF INC ')ALLY'.;'.

+ ENTERII IL IC)AI. N U%1MW .R D[' NODE-'S DESIGNATED FOR I IEAT INPUT.
+.2X, )

READ *LC)IN(JD
C
C 141lS IS NODF BY NOI)E. GET NUMI3IR O1: ENTRIISTIEN LOOP UNTIL ALL
C E.NTRIES HAVE BEEFN NIADE
C
C' TELL USER MAXIMUMI ENTRIES POSSIBLE

IF (TIOTFNOD.GT.NPL) TH-1EN
PRINT *

P'RINT *,* MAXIMUM ENTRY IS ',NPL
CALL CLS
6010 70

ENDIF
C
C Nli\KI ENTRIES
C

D1)0 71 1 = 1.;I('I'NO0D
NC = I
C~(AL L CI S
WRII -.(402)iNC. L () I NC D

402 FORMIAl) TIS IS N UMNI I R13.'oFJ.* I-NTRIIIS'
WRZITl- '.298)

298 FORMAT'( E NT:R T'HE NOI)I NUMNIBIIR FOR H EM INPUT. ',2X,
READ) *NN
IF (NN.I'o.0.OR.NN.Gl' .NP.) TI (EN

(jO() 75

EN DIF
WvRIll 299) U 1

299 FORMATF(,, ENTER HEAT INPUT (',A13,'). '-'X,,)
READ *,NHIEAT
HEAT(IH(NN).JH(NN)) = NHEAT

1 CONTINUE
C
C PROVIDE OPPORTUNITY FOR CORRECTIONS OR FURTHER ENTRIES
C
73 CALL. CLS

\VRITE( *401)TOTrNOD
401 FORMAl(). YOU HIAVE\ MADE .13: NOD)AL EN URIE-S)

WRITIE*(X
-4(9) FORNIAR. 1DO YOU WISHI TO MAKI- ANY MORE ENTRIES OR CORRECTIO

# NS.) (Y OR N) -,2X.
RE AI)(*.3(1)AIIN
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IF (Al INEQY')THEN
CALL CLS
CATIO 70

ELSL IF (AIINEOQ.N' j ThEN

CiOTO ~

72 1 -NI1)I11

C

C
F0ICOjNl: (SN 1.UC! TII

C OI( 1)1. .R I I

C
xC )ENIINF NRNINA WAUEE"1'N XADYDRCIN
C

DELX = SLNDEEP
I)ELY = SWNWIDE

C
C******** *GFNFRA\TF CONSTANTS FOR THlE SUBSTRATE LAYER**************
C
C [EVE 'OR RIGiHT EDGE TO OUTSIDE

SYLR = 2 *KS * DELX *DELS / DELY
C
C FRONT OR BAC K I 0 OUTSIDL

SXF13 = 2 *KS *I)FLY * DELS 'DELX
C
C INNER Mx! RIX MOVEMENT'IN THE Y )IRECTION

YY= KS 'DI)FLX DI.5 DELY
C
C IN Ni'R \1,\ IRIX MOVI' MENT IN TI]F X DIRE.CTION

SXX = KS *DH.NlY DFI.S IDEI.[X
C
C SUJISTRATIE 10O TOP SURF-ACE

',/TI = 2 * KS *)EI.X *DELY I)I:LS
C
C 'SUiIRAI'E 10 EPOXY

SZI- = 2 *DELX *DELY, ((DLL[SKS)+( DELEI-,,KF))
C
(" .. ""EFRT CONSTANTS FOR EPOXY L~AYER"'"'"'*******
C
C lI' TOR RIGI IEDGE TO OUTSIDE

E-YLR = 2*KE*DELX*DELEIDEI.Y
C
C FRONT OR BACK EDGE TO OUTSIDE.
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F *1xDI *)LI, )L
U

INNI R IAI'RIX MOVE-MENT IN lii Y l)IRiC'IION
FYN' = Kl-I)IIX1)IL DELY

( Z

C INN[-R MATRIX MOVEMIENT IN THIE X DIRECTION

C

C [I.F qOR RIGHT EDGE TO OUTSIDE
CYLR = 2"*KC*1)ELX*DELCIDEI-Y

C
C INNER MATRIX MOCIVEMIENT IN THE Y DIRECTION

('YY = KC*)EI.X'I)FLC.DELY
U.
C INNE-R MATRIX MOVEMLENT IN THE X IICTION

('XX = KC"11-I-'DE[-YDELX

( ',RRIJ K 10 I )IIT)IM OULYIR 1-DGiE

* CARRI I R I10 1:RONT I: -DGll If: -NO EAR EXISTS
C'XII *CFLYILL )

C

(~~C()I~.I~LNI FOR SLHSTRAIE. POXY. AND INTERIOR CARRIER LAYERS*****

DO) 90 1 = 1,N PL
N= I
Ili NPI, + I
1I) - *NILt+l

C
4*t t* * **.****CORNERS****.s. **** **************

C

11: (IIl(I).EO. I.OR.IH(I).EQ.NDEEP).ANt).(JH(I).EQ. I.ORI.JHl(I).E.
+NWIDFj) ThEFN

1)1 IlI RIMI N I C()N(IIONS FORTO L0'1AYERI

N(C)N([IN ) =

NCC)N(I-N =

U C() Vl IONs) FOR E-POXY LAYER
N( oNII.
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C

C I.FFI A\ND RIiI Il VC COLFFICI[N I )INDIN(; oN Wh)OFDG

11(Gi l)l 0 ) 11 if-
III (UFF ICILN =I\E

=+1
N((JN(l.Ni '551
NC()N( i.N) = -55

CUJ.LP EN) -SYY

N = :iN I Y

N(UN(I.N) = 10'(l+1)+l
NCON(h1.N) = 10*(13+1)+l

C RIGHT'l E-DGE

C LLE1 IICOI:IICIFNTF
(.GF:(i = SYY

COF(I1.N) =FY

N('C=( N) (- + 1
NCON( iBN ) = l*(I3)+ I

('ON.I:)N) =YI

NC ()Nil -4
N&C)N i.N =

C IiCROM ANI) HACK (()l-IIMiN IA II'I NDINGi ON \VIJICII EI)GF

C I- R Ni I)CJIF
1i1 l ( II 1G. 1 tiI-N

FI i N'l C OFHHCIEN[I
('()[I Nj = SF
(U LL JB.N) = FALB~i
N N + I
N('C)N I.N = 521
NCO!NIB.N) = 7521

CBACK WOFIICIE-NT
(;OF[F(ILN) =SXX
COEfI--II3.NJ IAX
N =N+ I
NCON(1,N) = Io*(I+NVk'iI)1I;)+ 1
NMOB.N) 1()*(113+NVII)E-) + I

C BACK FDGE
L I S iIf: (if (I)TQ.NDI-TI) I IhEN

C -RO NI u()I-I+lIC:IEN"i
(UE!:L) INSXX
(A.F-h(Ih1N) A

N + I
NCN(NI IN) = luI-NWIIl)i I
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NCON( 1,N) = 10*(1LB-N\VII)Ih +
C, BACK COEFFICIENT

(C)IF( IN) = SXI13
(X)1(I3,N ) = FXFI3
N =N + 1
NCON(I.N) = 7531
NCC)N(B.N) = "i31

C

.N = ~N) = I /

\NCC)N( [HN ) 71(P+

( )h I.~= Si t+

(()1I F(IFN) = FC

N =N + I

C I-A NU TN 1~1~-Pj

ililt\I'I(Ii(),JI(l,.I.() [lIEN

NCLE =N + IIAIl1 )J1()

NCON(I.N) =9991

iN 1) 11

C
C

j-S: IFj(111( 1). 0 LOA fI)ES. EXC'-LUD.AING.1 CORN R*J********I**

C

C I I-RMINE- NUMBiER. 01: CONNECTIONS FOR SUBSTRATF. LAYER

NCC()N(IN)o

\CON(I.\,, 7

1) 1ill 1:R MI NE N UIBE1:R 0 1: CO N N I lO N S FO R 1:PO )XY I. Y I R
NlQCJN(113;N) = 6

(OFE(I,NJ = SYY
CC)EF(IB.N) =EYY

N =N + I
N(0N I.N. 10I*( I-I)+ I
NC( )N( I 3.N ) =10*(113-1 + I

C RIGHTI (OFEFICIENT
(OFIF(IN, = SYY
('011:0I3,N) = I FYY

N=+I
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NCON(Mt.N) u- -ii)-I

C RNIANt) bAC(K ()Itt. RI('*I~S ATzNI--Nt FO(N \Vtll, 11:21 t(&

C FRONT F 1)01I

COI FI(I). 1ttLN

(()~j( N)= EXiii

N = !1N) I X
NCON+1 72
NCON(I,N) = 7521

C BACK COFFFICIENTr
(70121:( IN) = SXX
('OFF(Ii.N) = XX

NC)N = O I I NI[~
NU( N( 13N = 1*( 1+ N WIDE[-)+ 1

C BlACK P:)I:

N=N + I
.NUON( I.N =11 INWD
NUONIBN ) lo:>Ii-\\\ 11j)+j-i

I i ACK CO III 11: lNT

(Oil: I1N0) = A B
Oi IN = N + I

NCO()NI t,Nj = 7531
NCON(Ifi,N) = 7531

EN 1 C 1:1 -TICI -N

(OF(1.N) = S/'V'
C'01P:(IB 3N) = SZi-

NC)N( IN) = 71
N(C )N t13.Nj 10'1+ I

C BC) EONI C~~tCiN
c~tF(IN)= SZP

(')i-hlt3I.N) = F/C
N =N + I

NCON(B.N, =

N +)
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C
('-~********LEI AND) RIGIFGIGS 1XC[.EIING RN S* ***~

C )LTi RNIN F NAI HIk l(OF C ONNII(TINS j:()R SE S1'RAVT LAYER
I F (I IFA I(I IF I)JH(J I )). N1-,..)11 t:EN

NC()N( I N) =7

I LS F
NC-ON(I.N) = 0

END IF
U'
C DETERMINE UHE NUMBER OF CONNECTIONS FOR EPOXY AND CARRIER LAYERS

NCON(IB.N) =6
NCON(ID.N) = 06

C'
C
C LFT IAND RIG HT COEFFICIENTS DEP~ENDING ON WHICH EDGE
C LEV-I' EDGE

IF (JH-(1).EQ.I) [-lIEN
C LEfT COFF:IICIENTI

('(EF(LN) = SYLR
COEF(IB,N) = EYI.R
C-OEF(II).N) = CYLR

NCON(I1.N) = -5

NCON(II),N) 7~

C RI1ill ( )E.FFIC I FNI

COFI IN) = LY'
(:OFF( ID.N) = Y
CNFIN = N + YI

NC()N( IN) = Il*f I +I) +
NCON(113,N) = lI)*(IB3+ )+ I
NCON(ID.N) = Io*(II)+ I)+l

C RIGHT EDGE
EL'ISEIF (JI I(I).EQ.NWII)E) '[lIIEN

C LEFT COEFFICIENT
COEF(I,N) = SYY
COEF(113,N) = EYY
COEF(ID.N) = CYY
N =N+lI
NCON(LN) = 1O'(I-1)+l
NCON(IB.N) = 10*(IB-l)+l
NC'ON(IDN) = 1O*(ID-I)+]

U RiG T COFFFICIE ,NT
N)=SYLR

(C)EI(II3) = YIR
('C I:I I ).N = CYLR

N('ON(IN)
NC(JN(MIN =5

so



NCON(I1),N) = 7541
ENDIF

C
C' FRONT COEFFICIENT

COFF(L.N) =SXX

('OFI'(ID.N) = CXX
N = N+ I
NCON(1.N) = 10*([-NWID)F)+l
NCON(113.N) = lo*(II3-NVIDE)+ I
NC)N( ID.N) = l*(1D)NVI)+ 1

C
B* ACK (;L~I I

COEFO(IN) =S.XX
COF(IB.N) = IX
COFFUD.N) = CXX
N N+ I
NCON(I.N) = 1U*(I+NWIDL)+ I
NCC)N(II3.N) = 10'(113+N\VIDflj+ 1
NCON(IDN) = IO'(I[D+NWII)L)+I

C'
C TOP COFFI:IC'Il*NTI

COEF(I.N) = SZT
COEF(IB,N) = SZE
COEF(ID.N) = FZC
N =N +1
NCON(I.N) = 7-511
NCON(IB,N) = 10*1+1
NCON(IDN) = 10*IB+1

C
C BOTTOM COE'FFICIENT

COF:(TN) = SZE
(;OEF(IB.N) = F/C
COEFID.N) = CZB
N =N + I
NCON( IN) = 10*( I+ NP.) + I
.N'N(X)N INj 1IiB+NPI.)-t-
NC(ON(I).,N) -W6

C IIFAT INPUTI

NCON(I.N) =9991

FNDIF

C

(' *****DETERMINE COEFFICIENTS FOR ALL NODES NOT TOUCI ING AN ED)GE********
C
C

F I SFlF ((111(1 ).NE. l.OR.IH4(I).NE.NDEE-P).ANI).(JiI( I).NE. 1.OR.JiI(I)
+.NE.NWID)J THEN

C
C [)I) TRMINE NUMBiER OF CONNECT IONS FOR SUBSTRATIh L-AYE-.R

IF (I I FATI' I11(1 ).JII( I )).NEF.0.0) TH11EN
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NCON(LN) =-
ELSI-

NCO(N( IN) =

C
C DETERMIINE NUMBEIIR OF:CONNICTIONS FOR LEPOXY AND CARRIER LAYERS

NCON(11IWN) 6
NC()N(ID,N)=6

U
C LFT C(,OEFF-ICIENTI

COEF(L.N) = SYY
COF(IBN) EYY
COEF(ID.N) =CYY

N =N + I
NCON(I.N) = 10'(1-1)+l
NCON(IB.N) - IO'(IB-I)+I
NC'()N(II),N) = IO1(II)-1)+1

C

CO)lI F(IN) = SYY

('OIL!:0I.NJ =IA

NNIN + I(J(+j

NCON( IB.N) = Ili*(IB+ I +
NC()N(ID.N) = IO*(ID)+IJ+I

C
C FRONT COEFFICIENT

COFF(I.N) = SXX
COEI:113,NJ = FXX
(:OLF(ID,N) = CXX

NCC)N(LN) = 1O'(I-NWIDE)+l
NCON(113,N) = Itj*(IB-NXIDE)+l
NCON(IDN) = 10*(ID-NWIDE)+1

C
C' 13ACK (OEFIINT

COFF(I,N) = SXX
()FFI-'3.Nj) = FXX
('O()I[DN) = CXX

N(:ON(1.NJ = IO'( I+NWII)[F)+ i

NUON(IB.N) = I*([[3+N\k1I): )+ 1

I( P (O F I C I1 N F
(OF F(IN) = S/Il
COFF(II3,N) =S/F,

CON(IN ) = F/C
N =)N N) I OI
N('()Nt H)N) = 0IB

C 11 FOI (OVIN:.[IENTJ
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COPE) IN) = S/I-

COIT(1ID.N) = C/B

N IU~ ±I1-
NVON( 1.N) = ItrW I+NP *i-

,NUO) dH.N j = 1'dBNi +

C

EN =N+1

90) CO)NTINUE
C'

C...************ ******** ... *********

C-********COEFE[,ICIENTlS FOR CARRIER LAYER FRONT AND BACK EDGES************

C

C LAR SI/P-
J+AR =(UI--SIL 2

UO CDI 1:IINTS 11 II I-'AY**

C

UC(ONSTANTS FOR EAR NODELS
1 .1 Ii OR RIGI I 110 EXTEFRIOR
CYIRF = 2*KC*FAR*DFLC.,D1-LY

C 11 F[ OR RIGjI II I))O INTERIOR
UYYE- = IXAR*K(:ILC,DIELY

C
U E-RONIT OR BACKJI( FXFERIOR

('XIEBE = 2 DtELfY*KC* E-LC, FAR

CFRONT OR BACK TO INTFRIOR
('XXI =D .i)I'U EA IIX

(I OP OR BiO1-1ON1

D Ii lIRNIINI I AR 0I I I jIIJN IS
DO) I)0) 1 'NI)

11 +1
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C FAR NODE, CONNECTIONS
NCON(11E.N) = 6

C
C CORNERS

+N NVI 1) F)) Tl IE-N

It liiiTW II)(iI

U 1. 1 1 - CO 1: IT I CI INT
C C)FICI .N= CYLFE

N('(N~liLN) 7 551

(CUIFFIIK.N) =CYN'k

N(O N = %(,1~ I+ I

R I II . SM i Jl l ) I Q N V I) i L E
C R I A;i FI)GF I I N

('OEF(IlEN) = (YYE
N =N+ I
NCON(IE,N) =1*(IE-l)+l

C RIGilliCOEFFICIENT'
CX)EIF(IEN) =CYLRE

N =N + I
NCON(IE,N) =7541

N 1)1F
C
C F:RONT, 1BACK AND)TOP COEFFICIENTS
C FRONT 1EDGE

C FRONT COEEI:ICIFNT
COE( IL.N) =CXF13F

N =N + I

U BAC(KC()Ii(;;i
COFFi:IE.N) =("XXI1

N =N + I

I lOP ('()I I Ii(iI-N I
(OiLF Ii.Nj = ('AR
N =N + I
NCON(IE.INj 7

B ACK EDGE
FLSFIF (111(1 ).FLO.2) THEN

( FRONT COEFFICIENTF
COEF(IE.N) =CXXE

N =N+1I
NCON(IFN) -10'(3'NP~l-NWIDE)1+Jfl(I)+ I

C BACK COEFFICIENT
F, 'IEN) CXFI3E

=+ I
NCO(N(IF.N) =7531

C -1 OP ('OF EFICIENT
CO I l-N =C/PAR
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COF(IENJ 'l'X
IN = N +

(()F(IEN) '501R

C
C IAR NOD)ES ON FRONT EDGE EXCLUDING CORNERS

FELSHFI (( IH(I).EQ. 1).AND.(JEI( I).NL-. 1.OR.Ji 1(1).NE.NWIDE 4 lEN
C LE-T COEFFICIENT

COEF(IE,N) =CYYE

N= N+1I
NCON(IE.,N) =10*(3*N['L+J1(I).I )+ 1

C RIGITII EGE
(():F(11:.N) = (YYF
N = N+I
N(O(NIK:N) = 1t)(3*Nl I-lhI)+1)+ I

I-RO NTU(! OI( III£Nif
( OIA 'IFN) = (CXI:BF
N =N+lI
N(0N(IL1-N) = 7521

B IACK CO)FFICIENT
('OE(IEN~= ('XXI

N =N +I
,NCON(IEN) = 10*(2*NPL+Ji(I))+1

C lOPC(OFITICIENT
COLiF(IE.N) =CZEAR

N =N+ I
NCON(IFE.N) =7521

C BOTT-1ON COEFFICIENT
(-OE-F(IE.N) =CZEAR

N =N+ I
NCON(IFE,N) =7561

UC
CfAR NODES ON BACK EDGE EXCLUDING CORNERS

FLSFHF ((Iff(I).EQ.2).AND.(JH(I).NE. 1.OR.JH1(1J.NF.NNVIDEF))TfHEN
C IT COFFFICIENT

( )LE( T.N) CYYE
N =N+ I
\()N(11 E.N ) =10P(3 N P1. + NW\IDE +JI 1(I)-I)+ I

R(ul1 COEFFICII NI*
('(JLI(IE.N) =('YY[-

N =N+ I
NCON(W.N) = I(JNi'l \I'±VIII±IIhij+l+1

I RONT COEFF hICt- NI
('OEf--(IFN) I XXF.
N =N + I
N('ON(IIE.N) =10'(3*NPI,-NWII)[E+Jli(Il+ 1

C BlACK C)FITICIINI
C 00 lN)= CXFBF

N = N+I
NCON(IE.N) = 7531

C ( P CC )E EICI[ NT
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((OF F(IE.N) =C/F-AR

NN+ I

10(1 (ON IFINUI

C
C'***FRONF' AND) BACK EDGE COEFFICIENTS IF AN EAR EXIST'S****************
C
C
C

DCo 101 1 = 1.NPL
N= I
IC 2*NPl, + I

C
C

11: ((111(1 ).LO:.1.O)R.IHI(I).LQ.NDEP).AND.(JH(I).E.1.OR.JII(I)
+.I-.NVII)l jj IIFN

CNLNlIlR Of- C'(NNI-C'i FCNS PI-R INODI'

C I FF'[ A\ND RFII TC'(LFFIF(ILN IS DI PENDING ON WHI ICH EDLGE
C 1IFILD(iI',

IF. (JIF(I).EQ.t1J II FilN

CC)F 2(C:.N) =CYLR

NC'ON(IC,N) 7551
C RIGHIT COEFF:ICIENT

C'DEF(IC.N) =CYY
N =N+ I
NCON(IC.N) = r*(IC+1)+l

C R IC ill EDGE
1[[ISEll 2 (J H(I). EC.NWI DE) 'I'lEN

CU H.[P COEFFICIENTr
COEF(IC,N) =CYY

NCON(ICJN) = 0*(IC-])+I
U RIjiI!T COEFFICIENT

COEF(IC,N) =C'YLR

N =N+lI
NC'DNOI(:N) -S41

F N 1)11
CU
U' FRDNT AND BAC;K COIFFICIFIINS DI PINDIINC; ON WICH(1I[D
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C FRONT COEFFICIENT
COEF(ICNJ CXXE
N = N+ 1
NCON(ICN) =10ON3*NPL+Jfl(I))+l

C BA\CK CO)FFICILNi
COFFO:(I(,N) =CXX

N =N +I
NCO(N(IC'.N) = o'(IC'+NWIDE)+ I

C BACK H)GI

C I RUMN1I (Uil:H Il.I.N

N( (N U N VIl+ I

C FBACKC()FII I
CC)E-F(IC.N) =(:'XE

N('(JN(IC'.N) =10*(3*NPL+NWIIDE+JI())i+

C TOP COEFFICIENTS
COEF(ICN) F ZC

NCC)N(IC.N) = IO(IC-NIIL)+l
C 130 FOI COEFFICIENTr

COEF(IC.N) =CZI3

N =N + I
NCON(IC,N) =7561

C
C

C" -'***RN AND 13ACK EDGES EXCLUDING CORNERS""*****

C

C

C

C i LI* (O1FI(11:N F
('OELF(I('.N) =CYY

N = N+ I
N(:ON( IC.Nj = o*(IC.I )+ I

C
C RIGHfT COEFFICIENT

COEF(IC.N) = (YY
N =N+ 1
NCON(IC,N) = [*dIC+I)+1

C
C FRONT AND BACK COEFFICIENTS I)EPENI)ING ON WHICHI EI)GE
C I:RCNT EDGE

IF II(.E.jTHEN
C FRONT C-'OEFFICIENTl

COFIC.Nj = CXFBF
N =N± +I
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NC()ON(I(?.N) = lU'(3*NiP1.+,JiI(I))+1
C BiACK (701-1I1iCiN V

CO()EIC,N) C XX

N(:ON(IC.N) =10*(IC+NWI[))+t

C' BACK EDGE
HISFI F ( IHf I).EO.NDE-FP) THEN

C FR(M)NY(OIT:ICIENT
(COI.I(I(:.N) =CXX

N =N + I
N(')N(IC.N) 1 0*(1C-NWIDL)+ I

C BACK )EEI N
(j()jj(IC,N) =CXFIIE

NC:ON(IC.N) = 0*(3'NIL+NWII)E+J11(I))+ 1
SN DIE

(OIF(l(.N) 1-/(C
N =N + I
NCC)N(IC.N) 1 0>IlC-NI'I.)+ I

U BMT VONI COIIILNT

NCON(IC'.N) = 7561
[-Nf DIE

101 CONTINUE
C

("FROI:~(NT AND BACK EDGE CARRIER COEFFICIENT IF NO EAR"""'""""*****

C
FLEIF (EAR.F:..O.) TH-1EN

DO 101 = LIP
N= I
RC = 2Nl'I.+I

NCON(I'.,Nj o

( IEVI'AND RIGHITCOEFI(:CIENTS DEPENDING ON WIC jFiIDGE,
U ITFEFEFEDGE

IF tJ( -Q1 THEN
1.E11 COEFFICIENT

(01(J[j( ,i(N) =CYL.R

N =N + I
NCON(IC'.Nj 7551

C RIGHIT COFFFICII:NT
COFI:(I(,.N) = :YY
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N=N+ =

N = N+ I

C RZI(jlIl (UI11lICILN1

NCON(IC.N) = 7541
FIN[)I1

C.
C FRZONVI AND) BACK (:o1FFICIIINTS DFPENDING ON WHICH EDGE
C FRONT EDGE

C FRONT COEFFICIENT
COEF(ICN) =CXI B
N =N+I1
N CO)N(I CN) 7.5 "

I \( 'K COF I I 1 [I1:NI
('OEF( C.Nj CXX
N =N + I

C BA\CKII,

N =N + I

C BACK (:OiTH( lIENT
CO)t-I (C.N) = CXi-B
N = N + I
NCU'N( IC.Nj 753l

IN 1)1F
C*
C TOP COEFFICIENT

('O)EI:( ICN) =[I

\NC()N([ICN) 10l*(IC.NPIJ+1
C B( )IC)NI COEFFICIENT

COFFiCN', CZB

NCC)N(I('.N) =io

C

C UMNBF R ()I- (ONNI ('I Mi)N IT R NoDI-

C
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('OEF(W(,N) =CYY

.N(ON(IC'.N) =10*(IC'-1)±1

R(61 I (.N=(

N =N + I

( I((J\ I AND) BACK (0l()Ill IS D)I iDI()N \\,HCII IFIDC&
C [RUN I 1 )(1

C FRON IEII(II-NT1

(N1= N) I ;I

N(C(N(IC,'NJ = 10*(lC-+NWlD1[--)+ 1
C BACK Di

1.1 LSII F (If( I (.).N DEEP) THEIN
C FRO NI COLE11Cl ENT

COFl:)IC,Nj '7xx

NC0N(1C.NJ 10l*)IC-NW1DE)+l
C BACK COFF-ICIENT

CO(Th11CN) = (XFB
N =N + I
NCN(N.N) = 131

() I OP (,\ = llH I /C

N =N -- I
NCON t (.,\) = 10'(1 (- N 1)L)+ I

N =N + I

10 N I( ) L l

(IFNERATlL DATA FILE VALUESRAI
C 10TA[. NODES FOR TISAP-(TAI

ii '(EAR.1:()..O) THEN
COUNT = 3*NPI.

COUNT = !*NPI.+2*NWIDE'-

C NUM\Bl-R OF (ONSI ANI 1 PRIRIIPT
C ONI NIP6
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C DUMMY VAI-UABLF
ZER = 0

C
C UNITS TO B3E USED

IF (UN ITS.EQ.LE) TI-lEN
USE!. = I

ELSE
USEL = 2

ENDIF
C
C PROBLEM CAPABILITY LINE
C MAXIMUM NODES

NMAX = '750
C MAXIMUM CONSTANT TEMPERATU RES

I M'vAX = 50
C NUMB3ER 01- IIIt.AlE'RS

IITIRs = 0
C DAT'A SVTS RFULIRED

DI = 2
D)2 = 4
D3 = 6
D4 = 0
D5 = 0
D6 = 0
D7 = 0

C
C ACCURACY LINE
C
C ACCURACY BETWEEN ITERATIONS

ACC = 0.05
C DAMPING VAL.UE

DAMP = 0.66667
C MAXIMUM ITERATIONS

MAXIT = 12
C CONVERGENCE FACTOR

CONFA(: = 0.8
C
C
C

C (REATE [DATA H~IT
OPEN (3.I-'ILE-= NA\M.FOlM=1:OR MAFIH .) ,ACCEI"SS= I)IRECI'RE CL= 108
+.STIA'[US=*l NE\)

C
C L -I NE 1, TITL E

WRITE(3,909) DXVAI-
909 FORMAT(IX.A79)
C
C LINE 2, PROBLEM DATA

WRITE(3,908) COUNT.,CONT'EMP,ZER,ZLR ,ZER.ZEIR,ZER ZERUSEL
908 FORMATI(2X.9(13.5X))
C
C ANALYZER CONTROL LINE

WRITE(3,907) ZER,ZER,ZER
907 FORMAT(2X,3(13.5X))
C
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C PROBLEM CXPAI3II.1 Vi LINF
WRITL(3,908) NMAX:,I MAX.H'I R S.Dl,1D2 I)3,D4.,D6.D?01)

C ACCURACY LINE
WRITFL(3.905)ACI)M.M ICJN CII

90j5 V:ORMATI( IX.2'(L,9.7. IX), 14X,12. 1X.I9".7. LXI 9.5)

C

C CONSTAiNT 'IF_\i-I F AE URE-, LINE
WRITE(3.906) UP RIr, -F,BTI,RT.I'LT,LWIRTI

900 FORMAT(IX,6(F12.9LX))
C
C COEFFICIENT EQUATIONS

DO 112 I= ,COUNT
WRITE(3,910) (NCON(I,J),J=1,8)

910 FOR MAT(14,3X,7(14,8X))
WRITE(3,911) (COEF(I,N),N=1,7)

911 FORMAT(7(F9.3,3X))
112 CONTINUE
C
C
C

CALL (:LS
WRITE) 1.9Y9) N;%N I

999 FORMAl) ',-.' IlL OUTPUT DATA HAS BEEN PLACE:D IN A FILE NAMED'

END
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