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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 1is 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 rc¢presentative of the entire
subvolume. The most difficult problem encountered in the

development of a thermal model is the generation of n-node
equations 1in 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




that the design engineer have access to a model builder that
will produce the thermal model in a reasonable period of time.

In 1its present configuration, the thermal analysis
software contains a model builder that generates the required
node equations automatically. There is no question that the
exlisting 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 Fiqure 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.




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
availlability of electronic systems. The escalating demand for
further advances 1in 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]




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 1s an established fact that the reliability of an
electronic component is inversely proportional to the junction
or component temperature and 1is also directly 1linked 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 t_, 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 t_ and
t . This period is considered to be the useful life, since
with proper quality control, testing and burn-in procedures,

t, 1s equal to zero. Failures that occur in this interval are

b

due to a variety of causes and are unpredictable.[Ref. 1]
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Failure also occurs gradua'ly due to sustained operations
within specified temperature 1limits. If all aspects of
fabrication have been performed correctly only a small
fraction of components will have failed prior to reaching t..
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 1lists 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




example, a high 1level of correlation is desirable during

fabrication to ensure an uniform product. However, 1in use,

strong coupling is generally more desirable for moderate
temperature deviations and weaker coupling is more desirable
large temperature deviations. In the case of

for 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]

frequency, softening, distortion,
aging, and creep

Mechanism Effect on Equipment Accelerating factors
Increasing Loss of strength, reduced Lubricants, rubber parts,
Temperature stiffness, reduced resonant plastics, corrosion, fatigue,

load intensity, and time
duration

Reducing Temperature

Increased viscosity, increased
stiffness, increased resonant
frequency, brittleness, and
reduced impact resistance

Lubricants, rubber parts,
plastics, and time duration

Thermal Expansion and
Contraction

Change in size and shape,
buckling, cracking, distortion,
and loosening

Temperature cycling, temperature
range, unequal expansion
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 1is wvirtually 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
(Vee) - The circuit consists of a battery or some other source
that provides a bias voltage V.» the collector resistor R.,

and the transistor. By Kirchoff's voltage law
“Vee ¥ Relc + Vg =0 (1)

which results in a collector to emitter voltage of

(2)

Should the collector current be allowed to increase in excess

of tolerable limits, V, must decrease because V.. 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 I., V., can no
longer be maintained at the level desired to perform the
desired operation.[Ref. 1]
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

i=Ig(e™ - 1) (3)

In this equation I 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 I is directly proportional to
the cross-sectional area of the diode. Furthermore, it can be

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

S
temperature. [Ref. 5]

The temperature relationship between I, and the
forward current i is derived from the voltage V.. This

constant, called the thermal voltage, is given by

Ve = — (4)

13




where

k = Boltzman's constant, 1.38-10°% J/ K
T = the absolute temperature, K
g = the charge on the electron, 1.602-10"7 C

Table 2 illustrates this relationship and emphasizes the need

proposed assembly prior to

to accurately analyze a

fabrication.

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

GERMANIUM SILICON
-C I i I, i
25 3.0 uA | 18.01 pA || 50.0 nA | 82.31 nA
95 [ 0.384 mA| 1.473 mA | 51.2 puA | 61.39 ud
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 1in 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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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.1l]

16




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 o0 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

g = -adT *)
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, knhown as thermal conductivity,
results in the following rate equation which describes this

mechanism [Ref. 1]:

dT (6)

where

k

thermal conductivity of the material, W/m-:C

A 2

area of the heat flow path, m
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

oT (7)

a(kﬂ)+ a(kaT)+ a( oT

Ix\" ox

dx

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

direction, and time, the resulting equation is

2 v 2
aT+aT+aT+g=iE (8)
ox? dy* d0z*? k o dt
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/m3

a = thermal diffusivity, k/pC, m?/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:

PT . FT _FT _

+

dx? dy? 9z° (2

IQ
ol

=21
a

19




The second variation, known as the Poisson equation,

supplies a solution for a system in which the temperature does

not vary with time:

FT , FT, FT . g _, (10)
dx? dy? 0z 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 resuiting equation,
known as the Laplace equation, 1is given as

FT , FT _ PT _gmr - (11)
O0x? oy? dz?

2. Simple Plane Slab

Consider Figure 7 which illustrates a simple plane
slab with face temperatures T, and T,. Using only one
dimension, equation (11) is reduced to

deT
dx?

=0

By integrating twice and applying boundary conditions the

temperature distribution across the slab is seen to be

T =T, - iL‘(Tl - T,) (12)

i

20




Figure 7. Conduction heat transfer through a simple
plane slab.




Insertion of equation (12) into equation (6) produces a

solution for the heat flow across the slab:

= Z2(T, - T,) (13)

Ohm's Law indicates a direct analogy between heat
flow, eanation (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:

In this case, the analogous quantities are

Current I < Heat Flow g
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 = = = (15)

AT _ L
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 fluid
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 fluid. The results of this

proposition lead to Newton's law of cooling:

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:

9T
h=_-9 = a}’) (17)
’ AAT AT

Therefore, any correlation between heat transfer coefficients

must reflect the dependence of 4 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 1in Figure 9. In the convective case

thermal resistance is represented by

1
‘hA

25




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

+1=;[i+_@+_1_} (19)
A k

which 1is represented by the electrothermal analog shown in
Figure 10. A simple consideration of circuit theory then shows

that:

;L} (20)

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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opaque surfaces [Ref. 4]. These surfaces reflect equal amounts
of energy over the thermal radiation spectrum (wavelengths of
about 0.1 um to about 100 um) 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 wuse 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:

g = OF,FA (Ty - T?) (21)

where

o = Stefan-Boltzman constant, 5.669-10% W/m?- K*

F, = 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

T. = temperature of the source, K

S

T

r

temperature of the receiver, K

A = surface area, m°

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:

-

= (T2 + TP (T, + T,) (T, = T,) (22)

Inserting this into equation (21) results in

@ = OF,F,A (T2 + T2) (Ty + T,) (Ty, - T,) (23)

I

A radiative heat transfer coefficient may therefore be defined

as

h, = OF,F (T5 + Tg) (Tg + Tp) (24a)

r

or

h, = OF,F (Ts + TiTp + TsTa + T3) (24b)

I

30




Then, substituting h_ 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:

R = — (25)

Figure 11 provides an 1illustration of the electrothermal
equivalent with the addition of radiation resistance 1in

parallel with convective resistance.

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
1s usually necessary to approximate real-body behavior by the
gray-body 1idealization. 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
avallable to assist in the solution of heat transfer by
radiation, however, their development is beyond the scope of

this thesis.




IvV. 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 wused to formulate #n-node
equations in n-unknown temperatures and instills confidence

that this numerical method 1is 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 peint can be
expressed by a finite dirference 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+dx) and T(x-Ax) about a point x are:

TOx-8x) = Tl + AxT(x) + B8 piie o (B0 qug . (26a)
Tix-8x) = (0 - AxT'x) « B g o X g . (26b)

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

and (26b) are solved for T’ (¥%).

Tx) = TAX 2 BX) - T (AX) gy o BX) Py (27)
Ax A 6

~(x) = AX) - T(x - Ax) , (Ax) T (x) - (_AﬂTm(x) . (28)
Ax 6

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

produces

ix) = T(x + Ax) - T(x - Ax) _ (AX)ZT”’(x) - (29)

2Ax 6
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Figure 12. First and second derivative approximations.
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From equations (27), (28), and (29) the first

derivative approximations of T’ (Xx) are determined to be

T (x) = ar | Tix - ax) - T(xX) forward diIfference (30)
dx Ax
y . dT _ T(x) - T(x - AX) ,
T (x) dx A backward difference (31)
dT T(x + Ax) - T{x - Ax) ,
i = =24 = 3
T (%) x " central difference (32)
and for all it is observed that
T/(x) = g.z = _AT
dx Ax

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+24x) and T(x-2Ax) about a point x.

T(x+2AX) = T{x) - 2AXT'(x) + 2 (AX)2T"(x) + %(AX)’T’”(x) ... (33a)

T{x-2Ax) = T(x) - 2AxT (x) + 2{Ax)2T"(x) - %(Ax)’T’”(x) . (33Db)
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Inserting the corresponding first derivative approximation
into equations (33a) and (33b) and solving for T” (x) results
in

d*7T _ T(x) + T{x + 2Ax) - 2T(x + AX)

T(x) = = - forward difference (34)
ax? (Ax)?
Ti(x) = 2T . Tlx - 24x) *+ T(x) - 2T(x - AX)  packward difference (35)

(Ax)?

Q.
B3
~

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

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

d*T _ T(x - Ax) + T(x + Ax) - 2T(x)

T (x) = Tz TN central difference (36)
X
and for all it is observed that
T//(x) - d2T = (AT)
dx? (Ax)?

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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Figure 13. Structure divided into
subvolumes.
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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 1l4. 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

Jig,10 Y Tra1 Y Tuars Qg1 Y Jug,38 Y T4, 9, 70 (37)

Here, each numerical subscript represents the heat flow from
node-14 to the indicated node. Furthermore, q; allows for
energy 1input 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,AxAz

Qia,13 ~ _A_y_l-(TN - T,4) (38a)
k,AxAz
Ta,1s = — Ay (T - Tys) (38b)
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where

k,AyAz,

Q4,10 = T( e~ Tip) (38¢c)
Qg 15 = %&ﬁmm - T.,) (384)
Qiy,81 * E‘%ATZ}?’}A/(TM - Tgy) (38e)
Tia.3s = (Azlz)AXA(yAzz) (Tie = Tae) (38f)
k, k,
k, and k, = thermal conductivities of the top layer

and midéle layer, respectively, W/m- C

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

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

T, = 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=1y=Az,=dz,=1 and k,=k,=k. Then

X(Ty - Ty = k(Tyy - Tpy) = k(T = Ty5) = k(Ty, - Typ)

+ 2k(T,, - Tg) + k(T - Tyg) + g, =0 (39)

further reduction results in

q.
Ty = Ty ~Tys ~ Ty = 7Ty ~ Tag = 71 + 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 1listing 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 J6.850 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 J6.850 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
J6.850 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 41.855 2.047 1.456

6 111 13 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
16.850 73.700 41.855 41.855 2.047 1.456

6 7551 221 111 311 7511 2611
73.700 36.850 413.855 43.855 2.047 1.456

6 211 231 121 Jjail 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 1is the problem capability line. This 1line
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 1s 50 which 1is the maximum number of constant
temperatures in accordance with the analyzer dimension
statement. Therefore, it 1is 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 1iterations. 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.0% is
satisfactory. Item two is a damping factor that is used
between iterations to prevent temperature oscillations between
iterations. The third entry 1is 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 1is 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 111 7511 2411
This line of data 1s 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 _cuperature

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 a2t 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 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

~ o~
PR

~

~con

—_—— o~

1001

REAL SL.SW,DELSKS.EW.LL.DELF KL, CLCW.DELCKCIT.UPRTLWRTLTRT
+.FT BT.THEAT,THPN AHEAT NHEAT.DELX DELY SYLRSXFBSXX.SYY SZE SZT
REAL EXFBEYY.EXX FZC LARCYLRE,CYYE.CXFBE.CXXE,CZEAR CYLR.CYY.CXX
+.CZBACC.DAMP.CONFAC.EYLR

DEFINE INTEGER VARIABLES
INTEGER NPLNWIDENDEEPNUMNUMA,CH HTOTNOD,NN.NCN.IB.IEIC,ID,
+COUNT.CONTEMP.USEL,ZER NMAX. TMAX HTRS.D1,D2,03.D5.D4.D6,.D7 MAXIT

DEFINE ALL ONE CHARACTER VARIABLES

CHARACTER*1 ANS ANSN ANSA ANSSL.ANSSW ANSST ANSSK,ANSE,ANSEL,
+ANSEW ANSET ANSEK.ANSC. ANSCL ANSCW ANSCT ANSCKANST.ANSTLANSTU,
+ANSTLR ANSTL ANSTRANS I'F ANS 'BANSH ATH ANSHA AN SLELECT SELH

+ ANSWER.DLELT

CHARACTER VARIABLFES OF MORL. THAN ONL: POSITION
CHARACTER DATAF*70,UK*11,UT*1,UH*13,UAH*6,NAME*6,UL.*2

DEFINE MATRICES
REAL HEAT(30.15).COEF(740,9)

INTEGER 1H(240)JH(240),NCON(740,9)

PROVIDE THE USER WITH A PROGRAM OVERVIEW

uo6 CALL CLS

WRITE(*,1001)

FORMAT (/1
+ THIS PROGRAM WAS WRITTEN 1O INTEGRATE WITH EXISTING ).
+ THERMAL ANALYSIS SOFI'WARE AND TO REDUCE THE AMOUNT ),
+ OF TIME REQUIRED FOR DATA ENTRY. .
+ WOULD YOU LIKE AN OVERVIEW OF THLE PROGRAM PRIOR TO 7).
+ BEGINNING? ENTER Y FOR YES OR N FOR NO. "2X.)

READ(*.1002) OVR

1002 FORMAT(AL)
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[F (OVR.EQ."Y’.OR.OVR.EQ.y") THEN
CALL CLS
WRITE(*.1003)
1“()3 l:()[{NlA'I( '.' #*********O\/EI{V[E\V*##‘**tz*** ‘.///.
THIS PROGRAM PERFORMS A NODAL ANALYSIS OF A THREE '/,
LAYERED CONDUCTIVE STRUCTURF (SUBSTRATE.EPOXY.AND
CARRIER). THE OUTPUT CONSISTS OF UP TO 740 COLFFI-
CHIENTS THAT CONTRIBUTLE TO THIL. DETI-RMINATION OF
THE TEMPERATURE DISTRIBUTION OF A MICROCIRCUIL ",
WHEN FED INTO THE THERMAL ANALYZER. ..
THE FOLLOWING IS AN ORDERED OUTLINE OF THE MAJOR .
SECTIONS OF THIS PROGRAM AND WHAT ENTRIES ARE ',
REQUIRT' > OF THE USER. .. '
NOTE THAT ALL ENTRIES WILL BE IN UPPER CASE LETTERS. ..
A) DATA FILE
1.) ENTER THE TITLE OF THE OUTPUT DATA FILE. »
2.) ENTER THE DATA FILE NAME. THIS PROGRAM WILL NOT",.
ERASE OR WRITE OVER EXISTING FILES. '/,
PLEASE PRESS ENTER WHEN READY TO CONTINUE. '2X.\)
READ(*.1002)ANSWER

+++++++++++ 4+ + 4+ +

CALL CLS
WRITE(*,1004)
1004 FORMAT(/, s
B.) STRUCTURE PHYSICAL CHARACTERISTICS A
1.) SELECT UNIT TYPE (SI OR ENGLISH) ’/,
2.) SELECT FROM FOUR ALTERNATIVES THE DESIRED NODAL’/,
ASPECT RATIO. '/,
3.) FNTER EACH LAYER CHARACTERISTICS. SUBSTRATE IS °/,
TilE TOP LAYER, FOLLOWED BY EPOXY AND THE CARRIER",,
LLAYERS. RESPECTIVELY. THE CARRIER LAYER MAY .
CONTAIN AN EAR ON THE FRONT AND BACK SURFACES .
[F SPECIFICATIONS REQUIRE IT."//,
PLEASE PRESS ENTER WHEN READY TO CONTINUL. "2X/,
READ{* 1002)ANSWER

+++ ++++ + + +

CALL CLS
WRITE(*.1005)
1003 FO RNiAT(://’/.
C.) INITIAL AND AMBIENT TEMPERATURES A
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 THE USER '/,
FOR ALTERNATIVE METHODS FOR ENTERING HEAT;, 'y,
1.) TOTAL HEAT OVER SUFACE '/,
2.) AVERAGE HEAT PER UNIT AREA '/,
1) INPUT HEAT NODE BY NODE '/,
+4.) NO HEAT INPUT "/
THIS COMPILLETES THE PROGRAM OVERVIEW. PLEASE PRESS ENTER ./,
TO CONTINUE. "2X.)

+++++++4+++++ 4+ +
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READ(*.1002)ANSWER

ELSEIF (OVR.EQ.N.OR.OVR.Q.'n") THEN
GOTO 1007
tLSE
GOTO 1006
1007 ENDIF

o

)]

INITIALIZE MATRICES

IoEaNe!

DATA HEAT /450*0.0/
DATA [H /240*0;
DATA JH /240*0/

VARIABLE, CONSTANT. AND STRING DLEFINITION
PHYSICAL CHARACTERISTICS
SL.EL.CL - SUBSTRATE . EPOXY, AND CARRIER LENGTHS
SW.EW,CW - SUBSTRATE.EPOXY. AND CARRIFFR WIDTHS
KS.KE.,KC - SUBSRATE.EPOXY AND CARRITF'R THERMAL CONDUCTIVITIES
DELS.DELE.DELC - SUBSTRATE FPOXY AND CARRIER THICKNESS
DELX - SL/NDEEFP
DELY - SWNWIDE
NPL - NUMBER OF NODES PER A LAYER
NWIDE - NUMBER OF NODES WIDE
NDEEP - NUMBER OF NODES DEEP
UL - UNITS OF LENGTH (SI OR ENGLISH)
UK - UNITS OF THERMAL CONDUCTIVITY (SI OR ENGLISH)
EAR - DEPTH OF THE EAR (SL-CL)2

INITIAL AND AMBIENT TEMPERATURES
IT - INITIAL CHASIS AND CHIP TEMPERATURE
LT - LEFT SIDE AMBIENT TEMPERATUREL:
RT - RIGHT SIDE AMBIENT TEMPERATURE
FT - FRONT AMBIENT TEMPERATURE
BT - BACK AMBIENT TEMPLERATURE
UPRT - UPPER AMBIENT TEMPERATURE
LWRT - LOWER AMBIENT TEMPERATURE
UT - UNITS OF TEMPERATURE (CENTIGRADE OR FARENHIET)

HEAT INPUT

THEAT - TOTAL INJECTED HEAT

THPN - TOTAL HEAT PER NODE

AHEAT - AVERAGE HEAT OVER A GIVEN SURFACE

NHEAT - HEAT PER NODE INJECTED NODE BY NODE

UH AND UAH - UNITS OF HEAT (81 OR ENGLISH)

NUMNUMA.CH.H - DUMMY VARIABLES USED TO CREATE THE VECTORS
IH, & JH WHICH ARE USED TO RELATE NODE
NUMBER TO MATRIX POSITION

TOTNODNNNC.N - VARIABLES USED TO ALLOW HEAT INPUT NODALLY

IHJH - VECTORS USED TO CORRELATE NODE NUMBER WITH

MATRIX POSITION
HEAT - MATRIX USED TO CONTAIN HEAT INPUTS

isEoNsNeoRoRoloRalaRONORONONORONOEORONONORONONORONONONON OO NSRS ARSI ESIS:
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COEFFICIENT DEFINITIONS Y IMPLIES WIDTH & X IMPLIES DEPTH
Z IMPLIES HIEGHT
S IMPLIES SUBSTRATE, E IMPLIES EPONY
¢ IMPLIES CARRIER

SYLR - PROVIDES COEFFICIENT FOR LEFT OR RIGHT EDGE NODES
TO THE EXTERNAL NODL:. SYLR IMPLIES SUBSTRATE.
EYLR - EPOXY
CYLR - CARRIER/ NO EAR
CYLRE - CARRILI:R W/ EAR

SXFB - PROVIDES COEFFICIENT FOR FRONT AND BACK EDGE NODES
TO THE EXTERNAL NODE.
EXFB - EPOXY
CXFB - CARRIER/ NO EAR
CXFBE - CARRIER W/ EAR

SYY - PROVIDES INTERNAL COEFFICIENT IN THE 'Y’ DIRECTION
EYY - EPOXY
CYY - CARRIER W/NO EAR
CYYE - CARRIER W/ EAR

SXX - PROVIDE INTERNAL COEFFICIENT IN THE "X" DIRPEECTION
EXX - EPOXY
CXX - CARRIER W/NO EAR
CXXE - CARRIFR W/ FAR

SZT - COEFFICIENT FOR SUBSTRATE TO UPPER EXTERNAL NODE
SZE - COEFFICIENT FOR SUBSTRATE TO EPOXY

EZC - COEFFICIENT FOR EPOXY TO CARRIER

CZEAR - COEFFICIENT FOR EAR TO LOWER EXTERNAL NODE
CZB - COEFFICIENT FOR CARRIER TO LOWER EXTERNAL NODE

CHARACTER
ALL ONE CHARACTER STRINGS EXCEPT 'UT" ARE SIMPLE
YES. NO, OR SELECTION ANSWERS AND DO NOT REQUIRE
EXPLANATION.

DATA FILE

DATAF - TITLE FOR DATA FILE, LINE ONE

NAME - DATA FILE NAME

IB,IE.ID,IC - COUNTERS FOR FILLING DATA FILE

COUNT - TOTAL NUMBER OF NODES

ACC - MINIMUM ERROR CRITERIA AT WHICH CALCULATIONS CEASFE

DAMP - DAMPING FACTOR FOR PREVENTION OF TEMPERATURE
OSCILLATIONS

CONFAC - CONVERGENCE FACTOR USED TO INCREASI. DAMPING

CONTEMP - TMDL HAS 6 CONSTANT AMBIENT TEMPERATURES

USEL - TELLS ANALYZER WHAT TYPF OF UNITS ARIF IN USE

ZER - DUMMY VARIABLE

NMAX - MAXIMUM NODES PROGRAM IS CAPABLI- OF EVALUATING

T™MAX - MAXIMUM NUMBER OF CONSTANT TEMPERATURES PROGRAM
CAN ACCEPT

HTRS - NOT APPLICABLE TO THIS PROGRAM - NO EXPLANATION
NECCESSARY
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C D1-7 - DATA SETS IN USE
C MAXIT - MAXIMUM ITERATIONS COMPUTER WILL PERFORM TO
¢ ACHIEVE SOLUTION
¢
¢ BEGIN PROGRAM
¢
CALL CLS
WRITE (*.400)
4‘)(‘ l‘()l{‘\“‘\l( ~’ R R e R E E R R R R R E R E R T R
+‘~$vﬁ‘¥" .
+‘ EEFEFEEEERRNERZ B2 E b R B S S T T . CE AR RTRRRAEERETE VR KRR
+' LR *!"./'
+ > PLEASE SELECT UPPER CASE LETTERS L
+ > PRIOR TO BEGINNING. A
_" * % t*"“
+' "a"lvﬁ.*""’V‘l'*?*“"“‘**‘ﬁv*‘**ﬁ***‘*$**##¥‘**$$:§" .
+‘ tt*““‘*‘t"*-‘#“‘t'*‘*****‘*&.ﬂ*‘ﬂ**“*‘#**ﬁ***')
¢
WRITLE(*.201)
201 format( .’ A
+ PRIOR TO ENTERING DATA INTO THIS PROGRAM ENSURE THAT/,
+ YOU HAVE A DRAWING OFF YOUR DESIGN AND ALL PERTINENT °/,
+ DATA. A
+ PRESS ENTER WHEN READY 'O CONTINUE. 2X\Y)
READ(*304)ANSWIER
¢

¢ ALLOW USER TO NAME THE DATA FILE
CALL CLS

¢
WRITE(.701)

O FORMATC 0 THIS PROGRAM CREATES AN OUI'PUT DATA FILE FOR ENTRY
+ INTO FHIE
+ EXISTING THERMAL ANALY/ZER. FURTHERMORE. THIS PROGRAM DOES ',
+° NOT FRASE OR WRITE OVER THE EXISTING DATA I'LE. THEREFORE ...
+ THE USER WILL NAME THE DATA FILE FOR EACH RUN OF THIS
+ PROGRAM. THE FILE NAML IS LIMITED TO SIX CHARACTIRS.
+° PLEASE ENTER THE DI SIRED DATA FILEF NAME, " 2X0)
READ ~02. NAME

T02 FORMAT(AO)

¢
¢
¢
¢ ALLOW USER TO PROVIDE TITLE LINE FOR DATA FILE
CALL CLS
WRITE(*.202)
202 FORMAT(//1” ENTER THE DESIRED TITLE TO BE PILACED ON LINE
+.0 NUMBER ONE OF THE OUTPUT DATA FILE...
+’ “2X\N)

READ 1.DATAF
1 FORMAT(A70)
T CALL CLS

O SUPPLY A LISTING OF ACCEPTABLE ASPECT RATIOS
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¢

203

204

WRITE(*.203)

FORMAT(.+7  THE FOLLOWING ASPLECT RATIOS ARE AVAILABLE.)
WRITE(*.204)

FORMAT(:S 1.) 10 BY 24 PROVIDES A 1:2.4 RATIO WITH 740 NODE:S.
+..0 2 15 BY 15 PROVIDES A 1:1 RATIO WITH 675 NODES."/,
+ 3 12BY 20 PROVIDES A 1:1.6 RATIO WITH 720 NODES.",
+. 4) 8 BY 30 PROVIDLS A 1:3.75 RATIO WITH 720 NODES. ./
+.”  PLEASE SELECT A NUMBER ONE THROUGH FOUR. "2X.\)
READ(*3020)SELLECT

3020 FORMAT (AL

(
¢

Y]

~ e~ -

USER CAN CONTINUI OR MAKE ANOTHER SFLECTION
CALL CLS .
I (SELECTNE TANDSELECEN. 2 ANDSELECT.NE Y ANDSELECT.
+NEC3) THEN
GOTO 7 »
ELSE
WRITE(*3) SELECT
FORMAT( - YOU SELECTED NUMBER " AL OF THE FOLLO
+WING 4 ALTERNATIVES. . .
+ 1) 10 BY 24 FOR A 1:2.4 RATIO",
+ 29 15 BY 15 FOR A 1:1 RATIO .
+ 29 12 BY 20 FOR A 1:1.6 RATIO".
+ 4) 8 BY 30 FOR A 1:3.75 RATION )

ENDIF

WRITE(*.205)
FORMAT(" IS THIS THE DESIRED SELECTION. ENTER Y FOR YES AN
+D N FOR NO. "2X.)
READ(*. 8)ANS
FORMAT(AL)

I (ANS.EQ.'N") THEN
GOTO 7

EESEIF (ANS.EQUYT) THIEN
GOTO Y

F1LSE
CALL CLS
GOTO 10

ENDIF

CALL CLS

AFTER CONFIRMATION OF SELECTION FILLL CONSTANTS WITH APPROPRIATE
VALUES
IFoSELECTEQ. ) THEN

NWIDE = 10

NDFEP = 24

NP = 240
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FLSEIF (SELECT Q.2 THLEN
NWIDE = I3
NDEEP = 15
NPL = 225

FLSEIF (SELECT.EQ. 3y THEN
NWIDE = 12
NDEEP = 20
NPL = 240

ELSEIF (SELECT.1Q.'4') THEN
NWIDE = 8
NDEEP = 30
NPL = 240
ENDIF
C
C MAKE DESIRED UNIT SELECTION
C
2 WRITE(*.200)
206 FORMAT("/.  THIS PROGRAM IS CAPABLE OF OPERATIONS IN EI
+THER ST OR ..
+ ENGLISH UNITS. AFIT-R THE SEFLECTION OF THE UNITS, ALL .,
+ ENTRIES MUST BE: COMPATIBLE. PLEASE MAKE YOUR SELECTION.
+. S FORSINOTATION', .
+ E FOR ENGLISH NOTATION "2X.)
RE-AD(* 302)ANSN
302 FORMAT(AL)
o
¢ CHECK FOR CORRECT UNIT SELECTION
1 IF (ANSN.EQUS') THEN
WRITE(*.207)
207 FORMAT(//.  YOU SELECTED SI NOTATION.)
ELSEIF (ANSN.EQ.'I:') THEN
WRITE(*.208)
208 FORMAT(/  YOU HAVE SELECTED ENGLISH NOTATION.")
ELSE
CALL CLS
GOTO 2
ENDIF
¢
WRITE(*.209)
209 FORMAT( IS THIS THE DESIRED SELECTION? ENTER Y FOR YES AND
+N FOR NO. "2X.)
READ(*,303)ANSA
303 FORMAT(AL)
%
(
¢ SHOULD I CONTINUE OR RESELFCT UNITS
[ (ANSA.EQ.Y') THEN
GOTO 6
FESEIE (ANSALQUN ) THEN
CALL CLS
GOTO 2
F1SF
CALL CLS
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WRITE(*.210)
20 FORMAT(/...  THIS PROGRAM IS CAPABLE OF OPERATIONS IN
+ EITHER SI OR'..
+ ENGLISH UNITS. AFTER THE SELECTION OF UNITS. ALL ..
+ ENTRIES MUST Bl: COMPATIBLE. PLEASE MAKIE YOUR SELECTION.".
. S FOR SI NOTATION.
+ b FOR ENGLISH NOTATTON.)

C
GOTO 4
6 ENDIF
(.
CALL CLS
C
(‘t-v:ﬂ*x*v*ﬂt****ﬂ#**#’ﬂﬂ‘» SRR ARRN H R R AR e s Rk kool MO R K e ko Rk R ok R kb

Crexxxrxsmsnxxnssx ENTER CHIP CHARACTERISTICS FOR EACH LAYER®**##xsxssx

(:\i*-‘p’ﬁ'*ﬁ‘#&****-‘:-ﬁt*#*****#*¥*$$t*#***4$**-‘r‘-ﬁﬂi*-'v~****t*****************’k****

¢

C

(‘1»'ws****#t*******vi*.l-‘F**********SUBS’I‘RA'I‘I{.; LAYER‘******$*$*$**$$******$*$**

C
WRITE(*.211)

:H F‘()[{N!A'I‘(///‘l(“mm**##tm*!ﬂk’t**#t*tll'******#***##*#**t#***t*t*#***#*tt**
+’41#*‘*&&**#**1‘-**#*1&*“‘,‘
+‘*atm*«***m**xs«ss\-*mss*v#x*SUBSTRATE CHARACTERISTICS‘****‘*****‘***

LR R ERE S RN
I‘t"’ﬁ#lﬁ’;;‘ﬁi“t‘**lﬁ‘**-‘F’ﬁ*Tﬁﬁ“**“‘*‘tl‘“.‘ﬁ#**#i****‘*‘#‘**#*“.
+-‘I-"¥*>ﬁ$"t'”r')

¢

¢ PROVIDE CORRECT UNIT ABBREVIATIONS
IV (ANSN.EQCSY THEN

WRITE(*.212)
212 FORMAT({ ALL ENTRIES ARE IN SI NOTATION. )
Ul = ‘cm’
UK = "'Waitsem O
Ul = ¢
ELSEIF (ANSN.EQ.ET) THEN
WRITE(*.213)
213 FORMAT( ALL ENTRIES ARE IN ENGIISH NOTATION. /)
UL = "in’
UK = Buwhramwl

UT = 'F
ENDIF
¢
¢
¢
WRITE(*,220)UL
220 FORMAT(" ENTER SUBSTRATE LENGTH (".A2.): “2X0)
READ *SL
¢

WRITE(*.216)UL

2160 FORMAT( . ENTEFR SUBSTRATE WIDTH (.A2.7): n2XY)
READ *SW

¢
WRITH* 217U

217 FORMAT (. ENTER SUBSTRATE THICKNESS (A2 ) “2X.)
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READ *DILS
¢
WRITE(* 218)UK
218 FORMAT(. ENTER SUBSTRATL THERMAL CONDUCTIVITY (LA12)): *.2X.))

READ * KS
C
31 CALL CLS
C
¢ MAKE ANY CHANGES OR CORRECTIONS TO SUBSRATE ENTRIES
¢
WRITE(*.214)
214 FORMAT( ) YOU HAVE MADE THE FOLLOWING ENTRIES IFOR THE SUB
+STRATE...)
20 PRINT =~ Ly LENGTH  "SL
PRINT * ) WIDIH SW
PRINT =~ 1) THHORNESS "DELS
PRINT * 4k “KS
¢

WRITLE(*.215)
215 FORMATG! DO YOU WISH TO MAKE ANY CHANGES? SELECT Y FOR YES
+ AND N FOR NO. "2X,y)
READ(*304)ANSS
04 FORMAT(AL)
¢
IIF (ANSS.EQ."Y") THEN
12 CALL CLS
WRITE(*.219)
219 FORMAT(/1)
PRINT *  THE CURRENT ENTRY FOR LENGTH (S "SL. ",UL
WRITE(*.2190)
2190 FORMAT(/" WOULD YOU LIKE TO CHANGE THE LENGTH? (Y OR N)
+ 2X.)
READ(*.304)ANSSL
PRINT *
IF {ANSSL.EQ."Y") THEN
WRITE(*.22HUL
221 FORMAT("  ENTER SUBSTRATE LENGTH (A2 "2X.)
READ * 51
ELSETF (ANSSL.EQUNY) THEN
GOTO 14
FLSH
GO0 12
ENDIF
¢
14 CALL CLS
WRITE(*.2191)
2191 FORMAT/
PRINT *  THE CURRENT ENTRY FOR WIDTH IS "SW. " UL
WRITE(*.222)
22 FORMAT(¢, WOULD YOU LIKE TO CHANGE THE WIDTH? (Y OR N) °
+2X.)
READ(*.2192) ANSSW
2192 FORMAT(AL)
IF (ANSSW.EQ.'Y") THEN
WRITE(*.223)UL
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223 FORMAT( - ENTER SUBSTRATE WIDTH (.A20): 72X
READ *SW
ELSEH (ANSSW.HOQUNY) THIEN
GOTO 13

FLSEH
GOTO 14
ENDIF
¢
C

13 CALL CLS
WRITE(*.2193)
2193 FORMATIN
PRINT *"  THE CURRENT ENTRY FOR THICKNESS IS *.DELS, " UL

WRITE(*,224) .
224 FORMAT(;,, WOULD YOU LIKE TO CHANGE THE THICKNESS? (Y OR N)
+ T2X\)
READ(*.2194) ANSST '

2194 FORMAT(AD
[F (ANSST.EQ.'Y") THEN
WRITEH(*.225)Ul.
225 FORMAT(.  ENTER SUBSTRATE THICKNESS (A27): ".2X.
+)
READ * DELS
ELSEIF (ANSST.LQUN) THEN

GOTO 15
ELSE
GOTO 13
ENDIF
C
R

15 CALL CLS
WRITE(*.2195)
21953 FORMAT(://)
PRINT * THE CURRENT ENTRY FOR THERMAL CONDUCTIVITY IS ' KS
+." UK
WRITE(*.226)
226 FORMAT(/’ WOULD YOU LIKE TO CHANGE THE THERMAL CONDUCTIVIT
+Y? (Y OR NY "2X.)
READ(*.2196) ANSSK
2196 FORMAT(A1)
IF (ANSSK.EQ."Y") THEN
WRITE(*.227)UK '
AR FORMAT( ENTER SUBSTRATE THERMAL CONDUCTIVITY (Al
+2 2X0)
READ *KS
ELSEIF (ANSSK.EQ.N'} THLEN
GOTO 16
F-LSE
GOTO 15
ENDIF

¢
¢ ALLOW ANOTHER REVIEW OF SUBSTRATE DATA ENTRIES
¢
16 CALL CLS

WRITE(*.228)
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22t FORMAT(///; YOU HAVE MADE THE FOLLOWING CORRECTIONS TO T
+HE SUBSTRATE ENTRIES.")
GOTO 20

—

¢
¢
ELSELE (ANSS.EQUNY) THEN
GOTO 17
LLSE
GOTO 31
ENDIF
C
¢

Cxrxssnsssnppvhsisrxsenssixsins CPOXY CHARACTERISTICS ¥ s sk s sk ssvssxtnkx

C

C

17 CALL CLS
WRITE(*.229)

AR I:OI{N1A’I‘(///'H&¥#v*tﬂtt‘*mtvt**t*tvtﬂs*11**#t*»****#****ﬂ***t‘*****t‘
GERENERA AR AR
porrrmmarnkraansaxsrexwwa kL POYXNY CHARACTERISTICS* ¥ # s wssxrksantnnxn
R
+‘*mss:csx*#*taﬂm«tn-»wt***#******ﬂx**a*t*&*:attt:t******f;#t****tt*****t
+#$lﬁﬁ)ﬁlﬁ*“/‘/‘

+ NOTE THAT SUBSTRATE AND EPOXY LENGTH AND WIDTH ARE EQUAL. '/

+)

WRITE(*.230)UL
230 FORMAT(,"  ENTER FPOXY THICKNESS (".A27): ".2X\)
READ *DELE
WRITE(*231)UK
231 FORMAT(G.  ENTER EPOXY THERMAL CONDUCTIVITY (TA127): ".2X0)
READ * KE

1l = SL
LW = SW

¢
¢ REVIEW EPOXY ENTRIES
¢
3

0 CALL CLS
WRITE(*.232)

232 FORMAT(;,  YOU HAVE MADE THE FOLLOWING ENTRIES FOR THE EPOXY
+ LAYER..))

32 PRINT*" 1) LENGTH “EL
PRINT *  2) WIDTH “EW
PRINT *°  3.) THICKNESS “DELE
PRINT * 49k "KFE

¢

WRITE(*.233)

2313 FORMAT(?.  NOTE THAT CHANGING EPOXY LENGTH OR WIDTH ALSO CHANG
+IS°,. SUBSTRATE LENGTH OR WIDTH. /.
+ DO YOU WISH TO MAKE ANY CHANGES TO THE EPOXY ENTRIES? (Y OR
+N) 2X0)
READ(*.2197) ANSE

2197 FORMAT(AL)

¢
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C MAKE ANY CHANGES OR CORRECTIONS TO EPOXY ENTRIES
¢
IF (ANSE.EQ."Y") THEN
22 CALL CLS
WRITE(* 2198)
2198 FORMATY()
PRINT *'  THE CURRENT ENTRY FOR LENGTH IS "EL. "UL
WRITE(*.234)
234 FORMAT(.  WOULD YOU LIKE 1O CHANGE THE LENGTH? (Y OR N)
+.2X)
READ(",2199) ANSFL
219y FORMAT(AL)

[F (ANSEL.EQUY) THEN
WRITL(*.235)UL
35 FORMAT(.  ENTER BPOXY LENGTH (LA27): "2X0)
READ *.L1.
SL = EL
ELSEIF (ANSLL.LQUNT) THEN
GOTO 21
tLSE
GOTO 22
1 ENDIF

[

4 CALL CLS
WRITE(*,6C1)
601  FORMAT(//)
PRINT *" THE CURRENT ENTRY FOR WIDTH IS "EW, " UL
WRITE(*.236)
236 FORMAT(;;, WOULD YOU LIKE TO CHANGE THE WIDTH? (Y OR N)
+.2X.0)
READ(*.602)ANSEW
002 FORMAT(AL)

[F {ANSFW.EQ.UY) THEN
WRITE(™.237)UL
237 FORMAT(. ENTER BPOXY WIDTH (A2 2X0)
READ *t'W
SW = EW
FLSEIF (ANSEW.EQUN") THEN
GOTO 23
ELSE
GOTO 24
ENDIF

s

o ™ to

6 CALL CLS
WRITE(* 603)
603 FORMAT(:")
PRINT * THE CURRENT ENTRY FOR THICKNESS IS "DELE, " UL
WRITE(*.233)
BRE FORMAT(... WOULD YOU LIKE TO CHANGE THL THICKNESS? (Y OR N)
+ 2X)
READ(*.604)ANSET
604 FORMAT(A)
C
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IF (ANSET Q.Y ) THEN
WRITE(*.239;U1
23y FORMAT( ENTER FPOXY THICKNESS ("A27)e 2X0)
READ =.DELE
FLSEIEF (ANSET.EQUNY) THIEN
GOTO 25
b-LSE
GOTO 20
25 ENDIF
¢
23 CALL CLS
WRITE(*.005)
003 FORMAT(.//)
PRINT *  THE CURRENT ENTRY FOR THERMAL CONDUCTIVITY IS "KE
+." UK
WRITE(*.240)
240 FORMAT(:"  WOULD YOU LIKE TO CHANGE THE THERMAL CONDUCTIVIT
+Y? (Y ORN) 2X.)
READ(*.606)ANSI'K
OO0 FORMAT(AD
¢
I (ANSER.EQUY ) THEN
WRITE(* 241 UK
241 FORMAT( ENTER BPOXY THERMAL CONDUCTIVITY (AL
+: L2X0)
RI:AD * KE
FLSEIF (ANSEK.EQUNY THEN
GOTO 27
LLSE
GOTO 28
ENDIF

C
C PROVIDE ANOTHER REVIEW OF FPOXY ENTRILS
¢

CALL CLS
WRITE(*.242)
242 FORMATGY YOU HAVE MADE THE FOLLOWING CORRECTIONS TO THE EP
+OXY ENTRIES.™)
GOTO 32

FLSEIF (ANSE.EQ.UNT) THEN
GOTO 29

bESE
GOTO 30

ENDIF

(
¢
(Crrreerrrsrerrrarc i s CARRIFR CHARACTERISTICS xxsxmrymwwsrssss
¢
¢

v CALL CLS
WRITE(*.243)
7_13 }()R.\d{\'l( Pt ok e e ko K e R R My e o o R A N e o e e i ok K ok ok ok ok ok kR R K R K K K R

PO AR L AL LA AL AR LD

+'*ltit*ti*!ti**tﬁt&tt*ﬂ‘ﬁt-ﬁ#ttt(“j\l{}{lril{ Cl{/\lz/\(:'l'lil\IS'I‘I(?S*>ﬁ*'ﬁi**¥#lﬁt*$
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¢

944
244

¢
¢
¢

C
¢

246

C

247

¢
Rh
C
C
C

248

R}

C

R TSI TTT N
+
P R R T R R

PO ek )

WRITEH ™ 244 UL
FORMAT(C ENTER CARRIFR LENGTH (CA27): “2X0)
READ *.CL

CARRIER LENGTH MUST B GREATER THAN OR EQUAL TO SUBSTRATE LENGTH

W (CLLTSL) THEN

CALL CLS

WRITE(*.243)

PRINT * CARRIER LENGTH MUST BE GREATER THAN OR EQUAL TO SUBS
+TRATE LENGTH.

GOTO 944
ENDIF

WRITE(*.246)UL

FORMAT(/;” ENTER CARRIER THICKNESS (",A2,7): ".2X.\)

READ * DELC

WRITE(*.247)UK

FORMAT( ENTER CARRIER THERMAL CONDUCTUTIVITY (A12)): "2X\)
READ * KC

CALL CLS
CW = SW

REVIEW CARRIER BNTRIES

WRITL(™.248)

FORMAT(G,  YOU HAVE MADE THE FOLLOWING ENTRILES FOR THE CARRI
+ER))
PRINT - 1) LENGTH “CL
PRINT * 2) WIDTH W
PRINT *  3.) THICKNESS "DELC
PRINT * 4)k “KC

PRINT *
PRINT *7  CHANGING WIDTH WILL ALSO CHANGE SUBSTRATE AND EPOXY W
+IDTHS.

WRITE(*.249)

249 FORMAT(@, DO YOU WISH TO MAKE ANY CHANGES? (Y OR N) "2X\)

)7

(
¢
¢

ER)

608

Y33

READ(*.607)ANSC
FORMAT(AL)

MAKE CORRECTIONS OR CHANGLS 1O CARRIER ENTRIES

[F TANSCEFQUY Yy THEN
CALL LS
WRITH{*.008)
FORMAT( )
PRINT = FHE CURRENT ENTRY FOR TLIENGTH IS “.CL, UIL
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WRITLE(*,250)
250 FORMAT(.  WOULD YOU LIKE TO CHANGE LENGTH? (Y OR N) "2X,
+)
READ(* 609 )ANSCL
609 FORMAT(AL)
¢
[F (ANSCLEQY) THEN
WRITE(>25HUL
23] FORMAT( - ENTER CARRIER LENGTH (A2 ".2X.)
READ *.CL.
it (CLESL) PHEN
CALL CLS
WRITE(*.010)
olo FORMAT()
PRINT *  CARRIER LENGTH MUST BE GREATER THAN OR EQ
+UAL TO SUBSTRATE LENGTH.”
PRINT *° THI PRESENT I'NTRY FOR SUBSTRATE LENGTH IS
+ Sl U
PRINT *
GOTO 933
ENDIF

ELSEIF (ANSCL.EQ.'N') THEN
I (CL.IT.SL) THEN
CALL CLS
WRITE(*611)
611 FORMAT(//)
PRINT *  CARRIER LENGTH MUST BE GREATER THAN OR EQ
+UAL TO SUBSTRATE LENGTH. *
PRINT *;  THE PRESENT ENTRY FOR SUBSTRATE L.ENGTH IS
+ “SL.UL
PRINT
GOTO 933
ENDIF
GOTO WY
FLSE
GOTey 33
ENDIE

29 CALL CLS
WRITE(<.612)
612 FORMAT( )
PRINT *7 THE CURRENT ENTRY FOR WIDTH IS .CW." " UL,
PRINT *© CHANGING THIS ENTRY WILL CHANGFE SUBSTRATE AND °
PRINT *"  EPOXY WIDTHS. THEY ARE ALL EQUAL. "
W RITE(*.252)
252 FORMAT(;,,  WOULD YOU LIKE TO CIIANGE WIDTH? (Y OR N) "2X,\
+)
READ(*.613)ANSCW
613 FORMAT(AL)

[F (ANSCW.EQ."Y") THEN
WRITE(*253)UL
253 FORMAT(/." ENTER CARRIFER WIDTH (CA2"): "2X.)
READ *.CW
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SW = (W
EW = CW

FLSELF (ANSCW.EQ.N') THEN
GOTO 34

bLSE
GOTO 39

ENDIF

e

4 CALL CLS
WRITE(*014)
ol4 FORMAT(//)
PRINT * THE CURRENT ENTRY FOR THICKNESS ".DELC, "\UL
WRITE(*.254)
254 FORMAT(. WOULD YOU LIKE TO CHANGE THICKNESS? (Y OR N) ,
+2X.)
READ(*.015)ANSCT
015 FORMAT(AL)

IF (ANSCTEQUYT) THEN

WRITEH(*.2551)UL.
2551 FORMAT( - ENTER CARRIFER THICKNESS (LA27): ".2X,)

READ *DELC

LS (ANSCT.EQUN) THLEN
GOTO 35

LLSt.
GOTO 34

NDIF

,'“,-\1

N

CALL CLS
WRITE(*.616)
6le FORMAT(///)
PRINT * THE CURRENT ENTRY FOR THERMAL CONDUCTIVITY IS " KC
+. UK
WRITE(*.256)
2350 FORMAT({. WOULD YOU LIKE TO CHANGE THE THERMAL CONDUCTIVIT
+Y? (Y OR N) "2XY)
READ(*.617)ANSCK
617 FORMAT(AL)

¢
I (ANSCK.EQ.Y") THEN
WRITE(*.257)UK
257 FORMATY(: ENTER CARRIER THERMAIL. CONDUCTIVITY (" .Al2,
+r 2X)
READ * KC

ELSEIF (ANSCK.EQ.N) THEN
GOTO

LLSE
GOTO 33

ENDIF

¢
¢ ALLOW FOR ANOTHER REVIEW OF CARRIER ENTRIES
¢

U CALL CLS

WRITE(*.258)
2538 FORMAT@/w.  YOU HAVE MADE THE FOLLOWING CORRECTIONS TO THE C
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+ARRIER ENTRIES )
GOTO 36

¢
¢
ELSENF (ANSCEQUNT) THEN
GOTO 3~
LLSE
GOTO 38
37 ENDIF
¢
C
C

(0 HH AR KRR K AR K KR A K KRR R K K

Crrxsaxnxsxssxsss s  TEMPERATURE INPUTS* #ssssdssbshbrsrbrhnibvsssbdbbsyds
CFA s s AR R RN KRR SRR AR R TR E KRR KA RRERN TR SRR R AR AR AR S X
C
CALL CLS
WRITE(*.260)
260 FOI{N{A']‘(/‘/’J'v*t*****t!tttt‘&tt*‘**t******tttt‘**t#t*tttt‘t#t**#***
FEFEERRR AR TR
4onkmemionnxenkrninnrxnssxk s r* AMBIENT TEMPERATURE INPUT*#**%*#xsss%%
+maa¢¢t~m'”’.
PEEEEEE AU AARR R IR RE I SRR MR AR RR R AR R AR AR AR R AR AR R AR
+«Avms****'vvvf)
C
¢ INITIAL TEMPLRATURE
I
WRITH < 20HUT
201 FORMAT( ENTER THE INITIAL CHIP TEMPERATURE (AL, 2X\)

READ *IT
C
C UPPER AMBIENT 'EMPERATURF
¢

WRITE(*.202,UT
262 FORMAT(S ENTER THE UPPER SURFACE AMBIENT TEMPERATURE (Al
+). 2X.0)
READ * UPRT
¢
C LOWER AMBIENT TEMPERATURE
C
WRITE(*.203)UT
263 FORMAT(S ENTER THE LOWER SURFACE AMBIENT TEMPERATURE (", Al
+). 2X\)
READ * LWRT
C
¢ RIGHT SIDE AMBIENT TEMPERATURL
¢
WRITE(* 264)UT
264 FORMAT( ENTER THE RIGHT SURFACE AMBIENT TEMPERATURE (" AL’
+). 2X0)
READ " RI
¢
C  LEFTSIDE AMBIENT TEMPERATURYE
¢
WRITE(*.265)UT
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205 FORMAT(.." ENTER THE LEFI' SURFACE AMBIENT TEMPERATURE (Al

+. "2X.))
READ * LT
¢
C FRONT AMBIENT TEMPERATURE
¢
WRITE(*.266)U°T
200 FORMANT(C ENTER THE FRONT SURFACE AMBIENT TEMPFRATURE (L,ALC
+). L2N0)
READ =171
¢
' REAR SIDE AMBIENT TEMPERATURL
¢

WRITE{*.207)U
267 FORMAT(,  ENTER THE REAR SURIFFACE AMBIENT TEMPLERATURE (AL

+. 2X0)
READ *.BT
¢
C
C REVIEW TEMPERATURL ENTRIES
C

50 CALL CLS
WRITE(*.268)
208 FORMAT(#/, YOU HAVE MADE THE FOLLOWING AMBIENT TEMPERATURE
+ENTRIES. )
PRINT *." L) INITIAL CHIP TEMPERATURE T, UT
PRINT *'  2.) UPPER AMBIENT TEMPERATURE “UPRT, "UT
PRINT *.'  3.) LOWER AMBIENT TEMPERATURE TLWRT, " UT
PRINT *. 4 RIGHT AMBIENT TEMPERATURE "RT. " UT

PRINT *°  5.) LEFT AMBIENT TEMPERATURE LT, "UT
PRINT *  0.) FRONT AMBIENT TEMPERATURE FI O UT
PRINT **  7.) REAR AMBIENT TEMPERATURE BT, UT
¢
¢

WRITE(*.209)
209 FORMAT({G.  WOULD YOU LIKE TO MAKE ANY CORRECTIONS? (Y OR N)
+.2X.')
READ{* 018)ANST
618 FORMAT(AL)
¢
C  MAKE CORRECTIONS OR CHANGES TO TEMPERATURE ENTRIES
C
IF (ANST.EQ."Y") THEN
42 CALL CLS
WRITE(*.268)

PRINT *° 1.) INITIAL CHIP TEMPERATURE T UT

PRINT * 2.) UPPER AMBIENT TEMPERATURE TUPRT, UT
PRINT *  3.) LOWERK AMBIENT TEMPERATURE TLWRT, " UT
PRINT *°  4) RIGHT AMBIENT TEMPERATURE "RT."UT
PRINT * 5.) LEFT AMBIENT TEMPERATURE LT UT
PRINT *° 6.3 FRONT AMBIENT TEMPERATURE “FI; WUT
PRINT *  7.) REAR AMBIENT TEMPERATURE BT, UT

C
WRITE(*.2632)
2082 FORMAT(@/. WHICH TEMPERATURE WOULD YOU LIKE TO CHANGE?Y'/
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+.  SELECT ZFRO THROUGH SEVEN. 2N,
READ(*.018)DELY

¢ CORRECT INITIAL TEMPERATURE
- (DELT.EQ. Ty THEN
CALL CLS
WRITF(*.270)
270 FORMAT( )
PRINT *  INITIAL CHIP TEMPREATURE IS "IT. "UT
WRITE(™.2THUT
271 FORMAT(: ENTER THE NEW VALUE.(LAL) ".2X)\)

READ *IT

¢ CORRECT UPPER AMBIENT TEMPERATURE
FLSEIF (DELT.EQ.2) THEN

CaLL CLS
WRITE(*.620)

620 FORMAT( )
PRINT *. UPPIFR AMBIENT TEMPERATURE [S UPRT, UT
WRITE(*.273)UT

273 FORMAT . ENTER THE NEW VALUE.(CAL) "2X.)
READ *UPRT

C CORRECT LOWER AMBIENT TEMPLERATURE
ELSEH- (DL EEQS3Y THEN
CALL CLS
WRITE(*.623)
023 FORMAT()
PRINT *°  LOWER AMBIENT TEMPERATURE IS " LWRT, " UT
WRITLE(*.275)UT
278 FORMAT( ENTER THE NEW VALUE.(AL) 2X)\)
READ * LLWRT

C CORRECT RIGHT AMBIENT TEMPERATURE
ELSEIF (DELT.EQ.4) THEN
CALL CLS
WRITE(*.026)
620 FORMAT()
PRINT *~ RIGHT AMBIENT TEMPERATURE IS "RT. "UT
WRITEH = 27HUT
A FORMAL S ENTER THE NFW VALUB. (ALY 22X
READ * R
¢
C CORRPCT LEFT AMBIENT TEMPERATURE
FLSEIF (DELTEQ S THEN
CALL CLS
WRITE(*.629)
6H2y FORMAT(#)
PRINT LEFT AMBIENT TEMPERATURE IS 11T UT
WRITEH(.2™9)UT
7y FORMAT - ENTER THE NEW VALUE (.Al7) "2X0)
READ *IT

¢ CORRECT FRONT AMBIENT TEMPHFRATURE
FLSEIF (DELT.EQ. 6"y THEN
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C

¢

CALL CLS

WRITE(*.032)

FORMAT( 1)

PRINT > FRONT AMBIENT TEMPERATURE IS 0710 UL
WRITE 231Ut

FORMAT(. ENTER THE NEW VALUL. ALY 2X0)
READ *I°T

CORRECT REAR AMBIENT TEMPERATURE
ELSEIF (DELT.EQ.7) THEN
CALL (LS
WRITE(*,633)
FORMAT(///)
PRINT *; REAR AMBIENT TEMPERATURE IS "BT. "UT
WRITE(*.284)UT
FORMAT(.  ENTER THE NEW VALUE.( ALy "2X.)
READ *.BT

MAKE NO CHANGLES
ELSEIF (DELT.EQ.0") THEN

4201 CALL CLS

WRITE(*.6320)

6320 FORMAT("  YOU HAVE DECIDED TO MAKE NO CORRECTIONS! /.

~
DI I

48

285

+° IS THIS CORRECT? (Y OR Ny "2X))

READ(*.618) ANSTI

IF (ANSTLEQ.Y") THLN
GOTO 51

ELSELIF (ANSTLEQ.N") THEN
GOTO 42

LLSE
GOTO 4201

ENDIE

LLSE
GOTO 42
ENDIF

ALLOW FOR ANOTHER REVIEW OF TEMPERATURE ENTRIES
CALL CLS

WRITE(*.635)
WRITE(*.285)

FORMAT(//. WOULD YOU LIKE TO MAKE ANY MORL CORRECTIONS .

+ OR REVIEW TEMPERATURE ENTRIES. (Y OR Ny ".2X.)
READ(*618)ANSTI.
IF (ANSTL.EQ."Y") THEN
GOTO 42
FLSEIF (ANSTL.EQUN") THEN
GOTO 51
AN &
GOTO 48
ENDIF

FLSEFIF (ANSTEQUNT) THEN
GOTO 51
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ELSE
GOTO 50

ENDIF
¢
C
¢
(hreaaes AXEXRERIERERE LA TR AREFRFE IR R IR AE R AR RFEFERFEANF R RN R AR RN RN RN &

( ............... FENRRAEXNAE A kN “l\l [Nl)U'I‘v»-;mm****saww:txssvv«\m B R R E R R

AR R R A A X RN RN N AR KN R s R ERRFER A N RRERERER D AR AR R R WE YR RN R E b N

(
(
C PROVIDE A CORRELATION BEIWEEN NODE NUMBERRS AND MATRIN TLOCATION
¢
N

ST ONUM = |
DO 60 I = LNPLNWIDI
DO 61J = INWIDI-
JH(NUM) = J
NUM = NUM + |
ol CONTINUE
60 CONTINUE
o
NUMA = 1
CH =0
H=1
DO 621 = LNPL
IH(NUMA) = H
CH=CH + 1
[F (CILEQ.NWIDE) THEN
H=1H+1
Cili =0
ENDIF
NUMA = NUMA + |
62 CONTINUF

(
C PROVIDE ALTERNATIVE HEAT INPUT METHODS
¢

CALL CLS
WRITE(*.290)
) };()Rr\ll,\'l‘('taﬁt«t«t&x«tvvvtttst\«x*tt***mttt*-«x*x*.«tx\«- CEAEFAE NN kA
P AAAALRL AL LR ES L
+‘!tt«‘it*tttﬁitt!tt*t*tt!**tlll.',\'l' IN|)L}'l‘$ttam$atastt**a#tm****st**t*
+“ﬁ“t$*'. .
P AL R A R R e e e A R R e
+"""'.“//.
+° HEAT INPUT TO THE MICROCIRCUIT OCCURS ONLY ON THE UPPER',
SUBSTRATE SUFACE. HEAT INPUT IS ACCOMPLISHED BY ONE OF ',
THE FOLLOWING METHODS: ..
1.) ENTER AS A TOTAL HEAT APPLIED TO THE CHIP. .,
2.y ENTER AS AVERAGE HEAT PER UNIT AREA.,
1) ENTER HEAT NODE BY NODE. ./,
4 NO HEAT INPUT. /1,
PLEASE SELECT A NUMBER ONE THROUGH TFOUR. "2X)
READ304)SELH

++ + + + + +

N SELHLEQ TLORSEFLHLEQ 2ZORSELH.EQ. 3 ORSELH.EQ.4) THEN
64 WRITE(*.291)SELH
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291 FORMAT(/"  YOU HAVE SELECTED NUMBER AL OF FOUR ALTERNAT
+IVES. *,,7 IS THIS THE CORRECT CHOICE? (Y OR N} ".2X.)
READ(*.304}ANSH

IF (ANSH.EQ."Y") THEN
GOTO 63
ELSEIF (ANSH.EQ.'N") THEN
GOTO 51
ELSE
CALL CLS
WRITE(*.290)
GOTO 64
63 ENDIF
¢
ELSE
GOTO 51
ENDIF
(&
¢ DETERMINEG UNITS FOR HEAT INPU
¢
IF ((ANSN.EQ.E)LAND(SELLEQ. 2Y)y) THEN
UH = '‘Buu(hr*in ™2y
UAH = Buwhr
ELSEIF ((ANSN.EQUE).AND(SELH.EQ. TOR.SELH.EQ.3")) THEN
UH = (Btu) / (hr) "~
ELSEIF ((ANSN.EQ.'S").AND.(SELH.EQ."2")) THEN
UH = "WATTS/(cm ™ 2)
UAH = "WATTS"’
ELSEIF ((ANSN.EQ.'S").AND.(SELH.EQ."1".OR.SELH.EQ."3"}) THEN
UH =~ WATTS
ENDIF
¢
C
C ALLOW FOR RE-SELECTION OF HEAT INPUT METHOD OR CONTINUE WITH
C INITIAL SELECTION
¢
C CHOICE #1
(
CALL CLS
I (SELHLEQ. Uy THEN
63 WRITE(*.292)UH
292 FORMAT( .. YOU HAVE SELECTED TO INPUT HEAT AS A TOTAL HEAT
+..  APPLIED TO I'HL SURIACE. ",
+ ENTER TOTAL HEAT APPLILED 10O THE SURIACE (WAL .2X0)
READ * THEAT
06 WRITE(*.293)
293 FORMAT(,. IS THIS THE CORRECT ENTRY (Y OR N) "2X})
READ(*,304)ATH
¢
C MAKE HEAT ENTRY AND ALLOW FOR CORRECTION
¢
IF (ATH.EQ."YY THEN
THPN = THEAT/NPL
PRINT *
PRINT * TOTAL HEAT PER NODE IS "THPN, "UH
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¢ FILL HEAT MATRIX WITH DESIRED VALULES

¢
DO SOT = INDEEP
DO 81 J = INWIDI:
HEAT(1J) = IHPN
%1 CONTINUF
S0 CONTINUEL
C
ELSEIF (ATILEQ.UNY) THEN
CALL CLS
GOTO 65
ELSE
CALL CLS
WRITE(*.294)
294 FORMAT(//N
PRINT *° TOTAL HEAT APPLIED TO THE SURFACE IS " THEAT,
+ "UH
GOTO 66
ENDIF
C
¢ CHOICE #2
¢

ELSEIF (SELH.1Q.2) THEN
67 WRITE(*295)UHl
295 FORMAT(: © YOU HAVE SFLECTED TO ENTER THE AVERAGE HEAT OV
+ER THE ..
+ UPPER SUBSTRATE SURFACE. .
+ ENTER THE DESIRED HEAT INPUT (A13,). "2X.)
READ * AHLAT
¢
C MAKE ENTRY AND ALLOW FOR CORRECTION
C
68 WRITE(*.29)
296 FORMAT(/ IS THIS THE CORRECT ENTRY. (Y OR N} "2X.)
READ(*.304)ANSHA
C
IF (ANSHA.EQ.'Y") THEN
THPN = AHEAT*SL*SW/NPL
PRINT *
PRINT *”  TOTAL HEAT PER NODE IS " THPN, ".UAH

C
¢ FILL HEAT MATRIX WITH DESIRED VALUES
¢
DO 821 = LNDEEP
DO 83 J = INWIDF
HEAT(LJ) = THPN

X3 CONTINUE:
X2 CONTINUFE
¢

ELSEIF tANSHALLQUNY) THEN
CALL CIS
GOTO 67

[T
CALL CLy
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WRITE(* 204)

PRINT *  AVERAGE HEAT OVER SUBSTRATE SURFACE IS "AHEAT.
+ UH

GOTO 68

ENDIF
¢
¢ CHOICE #3
¢

BESELIE (SELELEFQ. 3 THEN
70 WRITE(*.297)

29° FORMAT( 7 YOU HAVE SELTCTED TO ENTER HEAT NCDALLY .,
+ ENTER THE TOTAL NUMBILER OF NODES DESIGNATED FOR HEAT INPUT.
+.2X.)
READ * TOTNOD
¢
¢ PHIS IS NODE BY NODE. GET NUMBER OF ENTRIES THEN LOOP UNTIL ALL
¢ ENTRIES HAVE BEEN MADE
C
C TELL USER MAXIMUM ENTRIES POSSIBLE
¢
IF (TOTNOD.GT.NPL) THEN
PRINT *
PRINT *° MAXIMUM ENTRY IS "NPL
CALL CLS
GOTO 70
ENDIF
¢
¢ MAKE ENTRILES
¢
DO 71T = 1 TOTNOD
NC = |
N CALL 1S
WRITE* H)NCAQINOD
402 FORMAT( .. THIS IS NUMBIER 130 OF 130 ENTRIES)
WRITE *.298)
298 FORMAT({."  LENTIR THE NODE NUMBER FOR HEAT INPUT. "2X))
READ * NN
IF (NN.EQO.ORNNGIENPL) THEN
GOTO 73
FNDIF
WRITE(*299)UH
29y FORMAT(;,” ENTER HEAT INPUT (,A13,7). ".2X.)

READ * NHEAT
HEAT(IH(NN)JH(NN)) = NHEAT
"1l CONTINUE

¢
¢ PROVIDE OPPORTUNITY FOR CORRECTIONS OR FURTHER ENTRIES
¢

3 CALL CLS
WRITE(™* 401))TOTNGD
401 FORMAT( .. YOU HAVE MADE 13 NODAL ENTRIES.)
WRITE(* 400)
100 FORMAT(. DO YOU WISH TO MAKI- ANY MORE ENTRIES OR CORRECTIO
+NS? (Y OR Ny "2X.)
READ(*304)AHN
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IF (AHIN.EQ."Y") THEN
CALL CLS
GOTO 70

ELSEIF (AHN.EQ.N’) THEN
GOTO 72

LISt
GOTO 73

72 ENDIF

¢
C
C NO HEAT INPUT - CHOICE #4 - HEAT MATRIX STAYS INITIALIZED AT ZERO
C

ELSEN (SELHLEQ.4) THEN

GOTO 86

ENDIF
¢
86 CONTINUE
R
¢

(CFm AR AR R R R R RN R AR RN LR R R R R R KR KRR AR AR A KRR KRRk

Crrreersvrmsnarsssnan skt VT RMINE COFFFICHENTS S s s st ks s nxsk s phsns
("ﬁﬂ‘k'ﬁ‘ﬁ\'*iﬂvv’ﬁ\'ﬁ A AR R R R R R E R S E R R EE L S R R E
C
C  DETERMINE INCREMENTAL MEASUREMENTS IN THE X AND Y DIRECTIONS
¢
DELX
DELY

SLNDEEFP
SW/NWIDE

C
Crervasvvn s GENERATE CONSTANTS FOR THE SUBSTRATE LAYER®*##**#»ssssassss
¢
C LLEFT OR RIGHT EDGL TO OUTSIDE
SYLR = 2* KS * DELX * DELS/ DELY
¢
C FRONT OR BACK TO QUTSIDL
SXFB = 2* KS * DELY * DELS DELX

CINNER MATRIX MOVEMENT IN THE Y DIRECTION
SYY = KS * DELX * DELS ; DELY

CINNER MATRIX MOVEMENT IN THE X DIRECTION
SXX = KS * DELY * DELS 7 DELX

C SUBSTRATE TO TOP SURFACE
SZT = 2* KS * DELX *DELY - DELS

CSUBSTRATE TO EPOXY
SZF = 2 * DELX * DELY « ((DELS.KS)+(DELIZKE))

C
('t«%«x&t*-ia:vttttthNE!{ATE CONS’IANTS r()R EPOXY [‘AYERts-*t*tt*t*tttt*tttt
C
(

LFFT OR RIGHT EDGE TO OUTSIDE
EYLR = 2*KE*DELX*DELE/DELY

¢ FRONT OR BACK EDGE TO OUTSIDE
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EXFB = 2*KEDEFLY*DELEDELX
¢
¢ INNER MATRIX MOVEMENT IN THE Y DIRECTION
EYY = KE*DELX*DELLE DELY
¢
¢ FPONY TO CARRIER
B0 = 2DELN-DELY ((DELE/KE)+(DELC KC))
¢
C INNER MATRIX MOVEMENT IN THE X DIRECTION
EXX = KE*DLELE*DELY.DELX
¢
(Crrmmrrrasnrrrsxr2*GENERATE CONSTANTS FOR INTERIOR CARRIER LAYER***##**+
¢
C LEFT OR RIGHT EDGE TO OQUTSIDE \
CYLR = 2*KC*DELX*DELCDELY
¢
C INNER MATRIX MOVEMENT IN THE Y DIRECTIOM
CYY = KC*DELX*DELC/DELY

&

¢

¢ INNEBER MATRIX MOVEMENT IN THE X DIRECTION
CXX = KC*DELC*DELY.DELX

¢

CCARRIFR 1O BOTTOM OUTER EDGE
C/ZB = 2°RCDELX*DELY DELC

g

C CARRIFR 1O FRONT EDGE IF NO ELAR EXISTS
CXFB = 2*KC*DELY*DLLCDELX

TR R R R R K AR e N R KN %A e Nk R e e T i e Bk o ok e e e e R K R K e KR KR R R R e Nk W 3k R Kk kR R

CorCOBFFICIENTS FOR SUBSTRATE. EPOXY. AND INTERIOR CARRIER LAYERS*****
(V"Niﬁ**‘l.‘:‘l*k\(t*vkﬂ't‘*\ﬁﬁ'ht*“**"‘t*#‘***‘vﬂ*‘kilitt‘&‘*t&t**#*******#*ﬁ***‘

¢

C

—~ o~ o~

DO YT = LNPL
N =1
B = NPIL + 1
ID = 2*NPL+I
¢
(‘\a**ﬂl‘*»\tﬁttitﬁtittaitttlli‘CORNERS‘tti*ttttt.!‘llt*lttﬁ“ttttttt*tt*!t
¢
(. .
IV ). EQ.LORIH(D.EQNDEEP).AND.(JH(D.EQ.LORJH(I).FQ.
+NWIDE)) THEEN
%
O DETERMINE CONNECTIONS FOR TOP TLAYER
IF (HEA T JH ). EQ.0.0) THEN
NCON(IN)y =6
[HINTS
NCONLN) -
ENDI

¢

¢ CONNBCTIONS FOR EPOXY LAYER
NCON{IB.Ny = 0

¢
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LEFT AND RIGHT COEFFICIENTS DEPENDING ON WHICH EDGE
LiFT EDGH
WO Quy THEN
11177 COFPFICIENT
COFFILNY = S5YLER
COPEFABNY = YR
N=N+1
NCON(LNy = 7351
NCON¢(IB.N} = 7551
RIGHTT COBFEFICTEN]
COLFILNY = 5YY
COFFIBN) = BYY
N=N=+1
NCON(LN) = 10*(I+1)+1
NCON({IB.N} = 10*(IB+1)+1
RIGHT EDGE
LLSEIF (JHD.EQ.NWIDL) THEN
LLEFT COFFYICIENT
COEF(LN) = SYY
COVF(IBN) = EYY
N=N+1
NCON(N) = 10*(1-1)+1
NCON(IB.N) = 10*(IB-1)+1
RIGHT COFFFICIENT
COBF(LN) = SYLR
COBFIBN) = EYLR
N=N=1
NCONENY = 753
NCON(IEN, = 73
ENDIF

FRONT AND BACK COFFFICIENTS DEPEENDING ON WHICH EDGE
FRONT EDGEH
IF (1. vQ 1y THEN
FRONT COBEFFICIENT
COFE(LNG = SXEFB
COVFIfIBN) = EXEB
N =N+ 1
NCON(IN) = 7521
NCON(IB.N; = 7521
BACK COEFFICIENT
COEF(ILN) = SXX
COEF(IB.N) = EXX
N=N+1
NCON(IN) = 10*(J+NWIDE)+1
NCON(IBN) = 10*(IB+NWIDI[)+1
BACK EDGE
FFUSETE (H(D.FEONDEEP) THEN
FRONT COEFFICIENT
COBFILN) = SXX
COBFIBN) = EXX
N=N+ ]
NCONIEN) = 10 INWIDE p+ )
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NCON({IB.N) = 10%IB-NWIDt-)+1
¢ BACK COEFFICIENT

COEF(LLN) = SXFB

COEF({IBN) = EXFB

N=N+1

NCON(LN) = 753}

NCON(IB.N) = 7531

ENDIF

¢ TOP COLFFICIENT
COFF(N) = 8Z7T
COFFIIRN) = S7ZF
N=N-1
NCON(LN) = 7511
NCON(IBN) = 10*]+]
C BOTTOM COFFFICIENT
COlFLNy = SZE
COEFIBNY) = BEZC
N=N+1
NCONINY = 10*(I+NPL+1]
NCON(IB.N) = 109 IB+NPL)+1
o HEAT INPUT
I HEATAOHJH ). NL0.0) THEN
COBFILNY = HEATH(DJH(I)

N=N+1
NCON(LN) = 9991
FENDIF
¢
¢
(rrerrxnoss FRONT AND BACK EDGES EXCLUDING CORNERS*#srxssshsdsstrssassen
¢
¢
FESETEF ((HHD.EQLORIH(TL.EQNDEEP)AND.(JH(DH.NE.L.ORJH()
+ NELNWIDE ;; THEN
¢
O DEFTERMINE NUMBLER OF CONNECTIONS FOR SUBSTRATE LAYER
o HEATHDJH() EQO.0) THEN
NCON(INY =0
ISE
NCON(EN, =7
FNDIE
¢
C DFTERMINE NUMBLER OF CONNECTIONS FOR EPOXY LAYLER
NCON(IBN)y =0
(
¢ LYFT COEFFICIFNT

COBF(LN) = 5YY
COEF(IBN) = EYY
N=N+1
NCON(IN) = 10*(1-1)+1
NCON(IB.N) = 10%(IB-1)+1
¢ RIGHT COFFFICIENT
COEF(LN) = SYY
COEF(IBN) = EYY
N=N+1
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NCONILNy = i)+ 1+
NCON{IBN) = 107(IB+i)+1

FRONT AND BACK COFEFFICIENTS DEPENDENT ON WHICH EDGLH

FRONT EDGLH
I Hh.EQ. D THEN
FRONT COEFFICIHENT
COLBF(LN) = SXFB
COLEF(IBN) = EXFB
N=N+1
NCON(IN) = 7521
NCON(IB.N)y = 7521
BACK COLFFICIENT
COFEF(LN) = SXX
COEF(IBN) = EXX
N=N+1
NCON(IN) = 10%(I+NWIDEF)y+1
NCON(IB.N} = 10%(IB+NWIDE)+1
BACK EDGE
FLSEIE (I FQNDERP) THEN
FRONT COFFFICHENT
COFFLN) = SXX
COBFFIIBN) = XX
N=N+1
NCONINY = 107(INWIDE S +
NCON(IB.N) = W0-(B-NWIDI+1i
BACK COFITICIENT
COFFLNY = SNEB
COLT(IB.N) = BEXEB
N=N+1
NCON(IN) = 7331
NCON(IBN) = 7531
ENDIF

TOP COEFFICIENT
COFF(IN) = SZT
COVF(IBN) = SZE
N=N+1
NCON(ILN) = 7511
NCON(IB.N) = 10*1+1

BOTTOM COEFFICIENT
COBI(IN) = SZ1
COGFIIBN)y = B/C
N=N=+1
NCON(IN) = [0+ NPILj+1
NCONIBN) = 10 (IB+NPIy+1

LA INPUT
I (HEATAOH T H ). NEOO) THEN
COEFLNG = HEATHE LI D)
N =N+1
NCON(LN) = 9wyl
FENDIV

79




—~ o~~~

rrrsesrass EFT AND RIGHT EDGES EXCLUDING CORNERS®*¥s#x s s s xarsnsrs

FLSEIF (G Hh FQLORIHEQNWIDE L ANDGCH TN L ORITH(
+ NENDEEP)y THEN

DETERMINE NUMBER OF CONNLECTIONS FOR SUBSTRATE LAYER
IF (HEAN T JH D) NE.O.0)y THEN
NCON{IN) =7
LLSE
NCON(ILN)y = ¢
ENDIF

DETERMINE THE NUMBER OF CONNECTIONS FOR EPOXY AND CARRIER LAYERS
NCON(IB.N) = 6
NCON(IDN) =0

LEFT AND RIGHT COEFFICIENTS DEPENDING ON WHICH EDGE

LEFT EDGE

IF (JH(I).EQ.1) THEN

LEFT COLEFFICIENT
COEF(LN) = SYLR
COEF(IB.N) = ELYI.R
COEF(IDN) = CYLR
N=N+1
NCON(LN) = 75351
NCON(IB.N) = 7551
NCON(IDNjy = 755)

RIGHT COLFFICIENT
COEF(LN) = 5YY
COEF(IBN) = LYY
COEFIDN) = CYY
N=N+1
NCON(IN) = 10*(1+ 1) +1
NCON(IB.N) = 10%(IB+1)+1
NCON(ID.N) = 10*(ID+ 1)+1

RIGHT EDGE

ELSEIF (JH(I).EQ.NWIDE) THEN

LEFT COEFFICIENT
COEF(LLN) = SYY
COEF(IB.N) = EYY
COEF(ID.N) = CYY

N=N=+1
NCON(LN) = 10*(I-1)+1
NCON(IB.N) = 10*(IB-1)+1

NCON(ID.N) = 10*(ID-1)+1
RIGHT COEFFICIENT
COE™(IN) = SYLR
COFF(IBN) = EYLR
COLEMIDN) = CYLR
N=N+1
NCON(IN) = 7541
NCON(IB.N) = 734}
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NCON({ID\N) = 7541

ENDIF
C
C FRONT COEFFICIENT
COEF(L.N) = 8XX
COEF(IB.N) = EXX
COEF(IDN) = CXX
N=N+1
NCON(IN) = 10*([-NWIDE)+1
NCON(IB.N) = 10*(IB-NWIDE)+1
NCON(ID.N) = 10*(1D-NWID1-)+1
¢

¢ BACK COEFFICHEN
COEF(IN) = SXX
COEF(IB.N) = FXX
COLEF{ID.N) = CXX
N=N+1
NCON(IN) = 10*(I+NWIDIL)+1
NCON(IB.N) = 10*(IB+NWIDL)+1

non

NCON(ID.N) = 10%(ID+NWIDE)+1

c

C  TOP COEFFICIENT
COEF(IN) = SZT
COEF(IB.N) = SZE
COEF(IDN) = EZC
N=N+1
NCON(LN) = 7511
NCON(IB.N) = 10*I+1
NCON(ID.N) = 10*[B+1

C

C BOTTOM COEFFICIENT
COEF(ILN) = SZE
COEF(IB.N)y = EZC
COEFIDN) = C7ZB
N=N+1
NCON(LN) = 10*(I1+NPLHY+1
NCON(IB.N) HO*(IB+NPT ) +1
NCON(ID.N) 361

¢ HEATINPUT
IF (HEATHDJH)).NEO0) THEN
COFF(NY = HEAT(IH(TIH(D))

N=N+1
NCON(IN} = 9991
ENDIF
¢
¢

(““"‘“DETERMINE COEFFICIENTS FOR ALL NODES NOT TOUCHING AN EDGE***#*=*#»*>*
C

C

ELSEIF (IH(H).NE.LOR.IH(I) NENDEEP) AND.(JH(1).NE.1.ORJH(T)
+ NE.NWIDE)) THEN
¢
C  DETERMINE NUMBER OF CONNECTIONS FOR SUBSTRATY LAYER
IF (HEAT(IH(DJH()).NE.0.0) THEN
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NCON(IN) ="~
ELSE

NCON(LN)
ENDIF

1l
~
<

DETERMINE NUMBLER OFF CONNECTIONS FOR FPOXY AND CARRIER LAYERS
NCON(IB.N) = 6
NCON(ID.N) =6

LEFT COEFFICIENT
COEFF(IN) = SYY
COEF(IB.N) = EYY
COEF(ID.N) = CYY
N=N+1
NCON(LN) = 10%(I-1)+1
NCON(IB.N) = 10%(IB-1+1
NCON(ID\N) = 10*(ID-1)+1

RIGHT COEFFICIENT
COFF(LN) = SYY
COEFFIBN) = FYY
COLFUDN) = CYY
N=N+1
NCON(IN) = 10*(i+1)+1
NCON(IB.N) = 10*(IB+1)+1
NCON(ID.N) = 10*(ID+1j+]1

FRONT COEFFICIENT
COEF(I.N) = SXX
COLEL(I3.N) = XX
COEF(IDN) = CXX
N=N+1
NCON(I.N) = 10%(I-NWIDE)+1
NCON(IB.N) = 10*(IB-NWIDE)+1
NCON(IDN) = 10*(ID-NWIDE)+1

BACK COEFFICIENT
COEF(ILN) = SXX
COEF(IBN) = EXX
COEF(IDN) = CXX
N=N+1
NCON(IN) = 10+ NWIDE)+1
NCON(IB.N) = 10*(IB+NWIDF )+
NCON(IDN) = 108ID+NWIDE)y+1

TOP COEFFICIENT
COEF(ILN) = SZ1
COEF(IB.N) = SZF
COLF(IDN) = 1ZC
N =N +1
NCON(INy = 7311
NCON(IB.N) = 10*]+1
NCON(ID.N) = 10*IB+1

BOTTOM COEFUICIENT
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COLEF(LN) = SZ1

COLFIB.N) = 1/C
COEFIDNY = (7B
N=N+1

NCON(LNY = 10 (I+NPL)y+
NCON(IBN) = 10 [B+NPL i+
NCONIIDING = 7561

. HEAT INPUL
IE (HEANTOH D IH ) NEO.O) THEN
COEFULN) = HENTUH)J )

N=N+1
NCON(LN) = 999)
ENDIF
¢
ENDIF
90 CONTINUL
¢
C

(G R L e T

Crrxx2xe*COEFFICIENTS FOR CARRIER LAYER FRONT AND BACK EDGES******##xuxs

(“tﬂx‘&**t*‘t!‘tli‘!*t***t**>v1‘1!&*#***t‘*‘ﬁ’k*“'#‘tt*‘*ﬁttt“&*‘#tt***t**ﬂ“ﬁ#

¢
O DETERMINE CONSTANTS FOR CARRIER COEFFICIENTS
¢
¢ EARSIZE
AR = (CL-s1)2
¢
(')wb&v‘:ﬁ*‘l“‘“*'*“:““ﬁ-b"b-\'-&vwlt*"‘-hﬂ*-‘%‘lf"*-\‘*rvr’»Y*‘**l*tt*tt****\(k******“**
Crrrpmrrsrrros AR COLPEFICIENTS [F \Jl CCOESARY##»#resssmxsssdsassnnssssss
(‘s’\.\f‘t“ﬁi*\\lp\l\’ ttttt R R R EERE N (SN R R e R e L LT L E T R E E R,
¢
IF (EARNEOD) THEN
¢
C DETERMINE THE NECCESARY CONSTANTS
" CONSTANTS FOR EAR NODLES
¢ LEFT OR RIGHT TO EXTERIOR
CYLRE = 2*KC*EAR*DELCDELY
¢

C  LEFTOR RIGHT TO INTERIOR
CYYE = FAR*KC*DELCDELY

FRONT OR BACK TO EXTERIOR
CXFBE = 2*DELY*KC*DELCEAR

¢ FRONT OR BACK TO INTERIOR
CXXE = DELY*DELC*RC*2.(EAR+DELX)

¢ 1TOP OR BOTTOM
CZFAR = KC*FARDELY*2 DELC

CoODETERMINE AR COFFFICHENITS
DO 10T = 12*NWIDI
I = 3*NPL +1
N o=
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EAR NODE CONNECTIONS
NCON({LN) =6

CORNERS
IF (IH(H.EQ.LORIHDG.EQ.2)AND.JIH(D.EQ.LORJH(D.EQ.
+NWIDI:)) THEN
LT EDGE
H(JH(1).EQ.1) THEN
LEFT COEFFICIENT
COEFF(IEN) = CYLRE
N=N+1
NCON((IF Ny = 75351
RIGHT COEFFICIENT
COFLENYy = CYYH
N=N+1
NCON{IEN) = 105k +1)+1
FESEIF (dH) LQNWIDLE) THEN
RIGHT EDGE
LEFT COEFEICHENT
COEF(ILN) = CYYE
N=N+1
NCON(IE\N) = 10*(IE-1)+1
RIGHT COEFFICIENT
COEF(IENN) = CYLRE
N=N=+1
NCON(IE\N) = 7541
FNDIF

FRONT. BACK AND TOP COEFFICIENTS
FRONT EDGE
IF (1D EQ. Y THEN
FRONT COEFFICIENT
COLF(IENy = CXEFBE
N=N4+1
NCON{IE Ny = 757
BACK COLFFICIENT
COFFIEN) = CXXE
N =N+ ]
NCONIEN) = 10 2*NPL +J11))+1
TOP COFFEFICIENT
CObFIEN) = CZEAR
N =N+ 1
NCON(IEN) = 7521
BACK EDGE
FLSEIF (IH(I1).EQ.2) THEN
FRONT COEFFICIENT
COEF(IEN) = CXXE
N=N=+1
NCON(IE.N) = 10*(3*NPL-NWIDE+JH(I))+1
BACK COEFFICIENT
COEFIEN) = CXFBE
N=N+1
NCON(IEN) = 7531
TOP COFFFICIENT
COBF(IEN) = CZEAR

84




N=N+1
NCOXN(IEN) = 7331
ENDIF

BOTTOM COEFFICIENT
COEF(IEN) = CZEAR
N=N+1
NCON(IEN) = 7501

EAR NODES ON FRONT EDGE EXCLUDING CORNERS

ELSELIF (IH(H.EQ.1).AND.(JH(I).NL.LORJH(I).NENWIDE))THEN
LEFT COEFFICIENT

COEF(IEN) = CYYE

N=N=+1

NCON(IEN) = 10*(3*NPL+JH()-1)+1
RIGHT EDGE

COEF(IEN) = CYYE

N=N=+1

NCONEN) = TO°3*NPL+JHih+1)+1
FRONT COEFFICIENT

CORF(IEN) = CXEFBE

N=N+1

NCON(IEN) = 7321
BACK COEFFICIHENT

COEF(IEN) = CXXL

N=N+1

NCON(IEN) = 10*(2*NPL+JH(D)+1
TOP COEFFICIENT

COEF(IEN) = CZEAR

N=N+1

NCON(IEN) = 7321
BOTTOM COEFFICIENT

COEF(IENN) = CZEAR

N=N+1

NCONEN) = 7501

FAR NODES ON BACK EDGE EXCLUDING CORNERS
FLSEIF (TH(DH.EQ.2).AND.(JH(I).NE.LLORJH(I).NENWIDE})THEN

LEFT COEFFICIENT

COEF(EN) = CYYE

N=N+1

NCON(IEN) = W0(3*NPL+NWIDE+JH(I)-1)+1
RIGH T COEFFICIHENT

COLF(IFEN) = CYYE

N=N+1

NCON((IEN) = 1053NPL+NWIDE+TH()+ 1)+ 1
FRONT COEFFICIFFN

COEF(IEN) = CXXF

N=N+1

NCON(IEN) = 10*(3*NPL-NWIDE+JH(I))+1
BACK COFFFICIENT

COBF(IEN) = CXFBL

N=N=+1

NCON(EN) = 7531
TOP COEFFFICIENT
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COEF(IE.N) = CZEAR
N=N+1
NCON(ILEN) = 753]

¢ BOTIOM COEFFICIEN
COFF(ILN) = C/ZFAR
N=N+1
NCON(IEN) = 7501
FNDIV
100 CONTINUE
¢
¢
¢
C*****FRONT AND BACK EDGE COEFFICIENTS [F AN EAR EXISTSH**%x#axxhxsnnsten
C
C
C
DO 10t 1 = L.NPL
N =1
IC = 2*NPL + 1
C
¢
(jﬁ\tx*‘»w uv’»-'k'"&'xt*m*tx-s*C()l{Nl;‘l{S$N****’K********t***:Q:ﬂ:'ﬁx»~$¥"'*********¥¥*$*
¢
I ((IH(H.EQ.LLORIH(I.LQNDEEP) AND.(JH(I).EQ.1.ORJH(I)
+.EQ.NWIDE)y) THEN
¢
¢ NUMBER OF CONNECTIONS PER NODE
NCONICN)y =0
¢
C LEFUAND RIGHT COBFFFICIENTS DIFPENDING ON WHICH EDGE
¢ LT EDGE
[F (JIN.EQ L) THEN
C 1LEFT COEFFICIENT
COLEF(ICN) = CYLR
N=N+1
NCON(IC,N) = 7551
C RIGHT COEFFICIENT
COEF(ICN) = CYY
N=N+1
NCON((ICN) = 105(IC+1)+1
C RIGHT EDGE
EESEIF (JH(D).EQ.NWIDE) THEN
¢ [.LLFT COEFFICIENT
COEF(IC\N) = CYY
N=N+1
NCONICN) = 10%(IC-1) +1
C RIGHT COEFFICIENT
COEF(ICN) = CYLR
N=N+1
NCON(ICNy) = 7341
ENDIEF
¢
C FRONT AND BACK COFFFICIENTS DEPENDING ON WHICH EDGH
¢ FRONT EDGE

I (1. EQ.T) THEN
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C FRONT COEFFICIENT
COEF(ICN) = CXXE
N=N+1
NCON(IC.N) = 10*(3*NPL+JH(I)+1
¢ BACK COEFFICIENT
COEFICN) = CXX
N=N+1
NCON(ICN) = [0Y(IC+NWIDEY+1
¢ BACK DG
EESETE (THEH PQNDEL Py THIEN
¢ FRONT COFFEFICHENT
COEFUICN) = ONX
N=N+1
NCONICN) = 10%(IC-NWIDE)y+1
¢ BACK COEFFICIENT
COEF(ICN) = CXXE
N=N+1
NCONICN) = 0¥ 3*NPL+NWIDE+IH([))+1
ENDIF

C TOP COEFFICIENTS
COEF(ICN) = EZC
N=N4+1
NCON(IC.N) = 10*(IC-NPL)+1
C BOTTOM COEFFICIENT
COEFUICN) = CZB
N=N+1
NCON(IC,N) = 75601

esssemssssersss s FRONT AND BACK EDGES EXCLUDING CORNERS™*#xsssxxs

~ SN NN

FLSEIF (D FQULORIHD.EQNDEEP).AND.(JH().NE.LLOR.
+JH(H.NENWIDE ) THEN

¢
« NUMBER OF CONNECTIONS PER NODE
NCON(IZN) = 6

¢
¢ LEFT COLFFICIENT

COEF(ICN) = CYY

N=N+1

NCON(ICN) = 107IC-1)+1
¢
C RIGHT COEFFICIENT

COEF(ICN) = CYY

N=N+1

NCON(ICN) = 10%IC+1)+1
¢
C FRONT AND BACK COEFFICIENTS DEPENDING ON WHICH EDGE
C FRONT EDGE

[F (1H(I).EQ.1) THEN
C FRONT COEFFICIENT

COEFIC.N) = CXFBE
N=N+1
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NCON(ICN) = 1073 NPL+IH()+1

¢ BACK COLFFICIENT
COEICN) = CXX
N=N+1
NCON(IC.N) = 10*(IC+NWIDE)+1
C BACK [FDGE
FLSER (IH(DH.EQ.NDEEP) THEN
¢ FRONT COLFFICIENT
COLFF(ICN) = CXX
N =N+
NCON(IC Ny = 107(IC-NWIDLE) +1
C BACK COEFFICIENT
COEIICN) = CXFBE
N=N+1 .
NCON(ICN) = 10*(3*NPL+NWIDE+JH(1))+1 '
LNDIF
¢ (
C FOP COLFFICIENT
COBFIICNY = B¢
N=N+1
NCON{ICN) = 10*(1C-NPL)y+1
¢
¢ BOT'TOM COLFFICIENT
COEBFIICN) = CZB
N =N+ 1
NCON(IC.N) = 735601
ENDIF
101 CONTIMNUE
C
(‘i)ﬁtﬁ!‘!Fll‘l'k*!’Iﬂlttt"ttttttt‘tt““‘#.“!t“‘#*“‘#‘t‘ttt#ﬂ*t##ﬂ"*t“!.!#
C*****FRONT AND BACK EDGE CARRIER COEFFICIENT IF NO EAR****#**sxsrsuvsns
(‘t\t1(-tk'ﬂ.**3!***3*t*t****'ttv*t#*t**tttt“*****tttt**-ﬁ*#*.t***t)l#******#**
¢
FLSEIF (FAR.EQ.0.0) THEN
DO 1021 = 1L.NPL
N=1
[C = 2*NPL+1
¢
(‘vv\x'«v’I*V*!tuﬁatﬁ"l!!ﬁ1‘(‘()[{Nl{l{sti$.ttt‘t“l'.t‘.!‘t#t*‘**“!*#****'t‘t*##ﬁ
¢
I oD EQULORIH.EQNDEEPY.AND.(JH(D.EQ.1.ORJH( ).
+EQ.NWIDE ) THEN g
¢
¢ NUMBER OF CONNECTIONS PER NODFE
NCON(ICN) = 6 I
¢
O LLEFVT AND RIGHT COEFFICIENTS DEPENDING ON WHICH FDGE
C [.EFT EDGE
IF (JH(I1).EQ.1) THEN
¢ [LEET COEFFICIEENT
COLICN) = CYLR
N=N+1
NCON(IC.N) = 7551
C RIGHT COEFFFICIENT

COEKICN) = CYY
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N=N+1]
NCONCONY = 10O+ D+
RIGIHTT ©DGL
EUSETE (B EQNWEDE Y FHHEN
LEFL COBFFICIENT
COFIIICN) = CYY
N =N+
NCONICN) = 105]1C-)+1
RIGHT COLFEFICIENT
COEFICN) = CYLR
N=N=+1
NCON(IC.Ny = 7541
ENDIF

FRONT AND BACK COEFFFICIENTS DEPENDING ON WHICH EDGE
FRONT EDGE
I {(IH(H.FQ.1) THEN
FRONT COEFFICIENT
COLEF{ICN) = CXFB
N=N+1
NCON((ICN) = 7521
BACK COFFFICIENT
COLFICN) = CXX
N=N+1
NCON(ICNG = 109 IC+NWIDE )+
BACK FDGH
FLSEIE (IHOEQNDEYY?) THEN
FRONT COFFFICIENT
COFFIC.NG = XX
N=N+1
NCON(ICN) = 109IC-NWIDE)+1
BACK COLFFICIENT
COLI(ICN) = CXI'B
N=N+1
NCON(IC.N) = 733!
ENDIF

TOP COEFFICIENT
COE(ICN) = EZC
N=N+1
NCON(ICN) = 10*(IC-NPL)+1
BOTTOM COEFFICIENT
COEF(ICN: = C/B
N=N+1
NCON(IC.N) = 7361

STt FRON T AND BACK EDGES EXCLUDING CORNERST###rtsssssssssransnsns

FESE (O FQ LOR I FQNDEEPLANDAHTNE LOR.
+IHE D NENWIDE )y THEN
NUMBER OF CONNE CTIONS PER NODIL
NCON(IC Ny =0

CEFT COFFFICTENT
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COEF(ICN) = CYY

N=N+1

NCON(IC.N) = 10%1C-1)+1
RIGHT COFFFICIENT

COEFICN = CYY

N =N+ 1

NCON(ICON) = 109(IC+1)+1

FRONT AND BACK COBFFICIENTS DEPENDING ON W GICH EDGEL
FRONT FDGH
aiohbQ.y THEN
FRONT COBFEFICIENT
COBFICN) = CXEFB
N =N+
NCON{ICN) = 7321
BACK COEFFICIENT
COMFICN) = XX
N =N +1
NCONICN) = 10*(IC+NWIDEF)+1
BACK I'DGi:
ELSETF (IH(1).EQ.NDEEP) THEN
FRONT COFFFICIENT
COEFIICN) = XX
N=N+1
NCONICNy = 104IC-NWIDE)+1
BACK COEFFICIENT
COVF(ICN) = CXFB
N=N+1
NCON(ICN) = 7531
FNDIE

TOP COFFEFICH-NT

COFHIICN) = 170

N =N+

NCONION) = [0C-NPLY+1
BOTTOM COLFFICIENT

COEFIICN) = (/28

N =N+

NCONICNy = 7501

ENDU
CONTINUE
ENDIF

GENERATE DATA FILE VALULS
TOTAL NODES FOR THIS ASPLCT RATIO
IF (EAR.EQ.0.0) THEN

COUNT = 3*NPL

ELSE
COUNT = 3*NPL+2*NWIDE
BNDIF

NUMBER OF CONSTANT TEMPERATURE INPUTS
CONTEMP =06
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C DUMMY VARIABLE
ZER =0

¢ UNITS TO BE USED
IF (UNITS.EQ.'L") THEN

USEIL =1
ELSE

USEL =2
ENDIF

C PROBLEM CAPABILITY LINE
C MAXIMUM NODES
NMAX = 750
C MAXIMUM CONSTANT TEMPERATURES
TMAX = 30
¢ NUMBER OF HEATERS
HTRS = 6
' DATA SETS RIFQUIRED
D1 =2
N2 =4
DP3=o
D4=206
D>=0
D6 =0
D7 =0

ACCURACY LINE

ACCURACY BETWEEN ITERATIONS
ACC = 0.05
C DAMPING VALUE
DAMP = 0.66667
C MAXIMUM ITERATIONS

MAXIT = 12
C CONVERGENCE FACTOR
CONFAC =038
C
C
¢
¢ CREATE DATA FILE
OPEN (3FILE=NAML.FORM="FORMATTED ACCESS="DIRECT . RECL=1038
+ STATUS="NIEW")
C

¢ LINE LLTTILE
WRITE(3.909) DATAL

90vY  FORMAT(1X.A7Y)

C

C LINE 2, PROBLEM DATA
WRITE(3.908) COUNT.CONTEMP,ZER,ZER ZER.ZER, ZER ZER,USEL

908 FORMAT(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 CAPABILITY LINE
WRITE(3908) NMAX. TMAX.HTRS.D1.D2.3,D4.D3.D6.D7
¢
¢ ACCURACY LINE
WRITE(3.905) ACC.DAMP.MAXIT.CONFACIT
905 FORMAT(IX.2(19.7.1X). 14X 2. IX F9.7.1X.F9.5)
¢
C
C CONSTANT TEMPERATURE LINE
WRITE(3.906) UPRT.FT.BT.RT.LT.LWRT
906 FORMAT(1X.6(F12.9.1X))
C
C COEFFICIENT EQUATIONS
DO 112 1=1,COUNT
WRITE(3.910) (NCON(I.1),J=1.8)
910  FORMAT(I4,3X,7(I4,8X))
WRITE(3911) (COEF(I,N)N=17)
911  FORMAT(7(F9.33X))
112 CONTINUE

C
C
c
CALL CLS
WRITE(*999) NAML
999 FORMAT(:/20 THE OUTPUT DATA HAS BEEN PLACED IN A FILE NAMED
+.A6)
END
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