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ABSTRACT

A computer model is developed for simulating reverse bias
thermal second breakdown (TSB) transients in thin film diodes. The
model performs a one-dimensional electrical and a two-dimensional
thermal simulation. Simulations are performed up to the onset of
the TSB transition to a high conductance state. This condition is
defined as a maximum junction temperature of 700 °K. The model is
driven by a constant current source and features temperature and
electric field dependent avalanche ionization coefficients, temper-
ature, electric field and doping level dependent mobilities, and
depletion region space charge effects. Simulations are defined
through 271 parameters which specify diode design, thermal conduct-
ivity perturbations, and control of the simulation. The program

generates graphic output and requires short run times.
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INTRODUCTION

A diode model is aeveloped for simulating TSB (thermal
second.breakdown) in SOS (silicon-on-sapphire) type diode structures.
The model is capable of evaluating the dependence of TSB on semi-
conductor parameters and diode design. Diode and simulation
specifications for simulations are easily changed to facilitate
investigation of different diode designs. Run times of approximately
two minutes make investigation and characterization of different
de;igns economically attractive. These features make the model
particularly useful for preliminary investigations of different diode
designs. Once the general characteristics of these devices have been
determined, more comprehensive models [1,2] that require substantially
longer run times can be used to further resolve the observed TSB
behavior.

The SOS type diode structure [3,4] consist of a thin layer of
silicon deposited on a sapphire substrate or header (for the purposes
of this report the terms substrate and header are used interchangeably
to identify the material which supports the deposited semiconductor
thin film). Fig. 1 shows a typical SOS diode configuration. The
diode model for this structure is broken down into three distinct
but closely coupled models: diode electrical, diode thermal and
header thermal models.

The significant electrical effects leading to the onset of the

TSB transition are assumed to be one-dimensional and along the diode

axis. The TSB transition time from a high voltage state to a post-TSB

AP AT




b T v —

T — - N— E——— TN T TC SR ST

21n3dni13g 9pord@ (S0S) 2aryddeg-uo-uodTI1IS 1 "814

JYIHAdVS
|
!
i
;. | |
!
i
d d !
u H
+ + {
avd avd W
RONIRQTY WOANIWO'TY |




B

low voltage state is assumed to be short in comparison with the delay
time required to achieve the critical TSB transition temperature.
Under these conditions, the transient time required for the diode
to obtain the critical temperature represents the TSB delay time.
A value or 700 °K has been chosen for the critical temperature
for SOS diode structures. This value was predicted by simulations
with a more comprehensive diode model [1]. The electrical model
features temperature, impurity and electric field dependent mobilities,
temperature and electric field dependent avalanche ionization coef-
ficients, and temperature dependent bulk region electric fields.

The diode and header thermal models combine to account for
thermal conduction along the diode axis and perpendicular to this
axis into the substrate. The two model concept reduces model
complexity and maintains compatibility with the more comprehensive
diode model developed previously [1]. As a consequence of the thin
film structure of the semiconductor, the diode thermal model is
quasi-two-dimensional. This model accounts for heat generation and
thermal conduction along the diode axis and thermal conduction into
the substrate. Four different header thermal models were developed
for thermal conduction through the header. One of these models is 1 3
quasi-two-dimensional and was developed previously [5]. The three ;
new models feature two-dimensional thermal conduction and differ
only in the numerical implementation of the energy continuity
equation.

A flowchart for the diode model is shown in Figure 2.

e




INITIALIZATION
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EVALUATE DIODE ‘
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Fig. 2. Flow Chart For Simulation of the
TSB Transient.




DIODE THERMAL MODEL

Quasi-two-dimensional thermal conduction for the diode is modeled by

W IR o 30 0

the one-dimensional energy continuity equation which may be written

2
LA KD-g;'§+ |[JE| - ¢ (1)

°p °p ot

diode density

diode specific heat

diode Temperature

time

diode thermal conductivity
position

current density

electric field intensity

heat loss by mechanisms other than conduction along
the diode axis.

Heat loss into the diode header through thermal conduction is accounted
for through the ¢ term to yield quasi-two-dimensional thermal conduction.

¢ is defined as:

& T(N) ~ T(N,1)
AXDT Ay




where:
KH - header thermal conductivity
xDT - diode film thickness
Ay - header node spacing perpendicular to diode axis

T(N)

diode temperature profile

T(N,1) adjacent header temperature profile

An electrical analog of this thermal model is shown in Figure 3.
Thermal conduction from the diode into the header is a function

of the temperature difference between the respective diode and header
node points. The numerical algorithm for the diode thermal model

was developed by combining equations (1) and (2), and applying finite
difference techniques in a fully implicit formulation [6,7]). This

procedure yields the following system of linear equations:

s+l

at A TN - 15 + [aeax? B - (ax2 + 2 At A)] T(N) (3)

s+l %

+ At A T(N + 1) - ax2 [T(N)® + At C(N)] + B T(N,1) ax2At

where:

K Ky | E|

’ Bz ’ C(N) =
’p°p PpSpdY¥pr *pp

>
"

; s - present iteration number

? S+1 - next iteration number

{ N - diode node number, 1 SNSMN
. NN - total number of diode nodes

At - time step size

Ax - distance between adjacent nodes along diode axis

e Mk G oy o st
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s+l s+l s+l
Al T(N-1) + A2 T(N) + A3 T(N+1) =

A, (4)
where:

A =atA

A, = [at Ax2 B - (Ax2 + 2At A)]
Ay =AtA

A, z-ax2[t(N)S + At C(N)].

The second order energy continuity equation requires two
boundary conditions on temperature. The model assumes constant
ambient temperature boundary conditions by default. Blocking or
insulating boundary conditions may be specified through the appropriate
simulation parameter.

The resulting system of NN-2 linear equations must be solved
for each iteration to generate an improved approximation for the
diode temperature profile at the next point in time. Iterations
are performed until a specified maximum RMS (root-mean-square) change
in the diode temperature profile is achieved between successive
iterations, or a specified maximum number of iterations are performed.
With the completion of each iteration sequence, the diode temperature
profile is advanced by one time step. The iterative sequence between
time steps is required only if the energy continuity equation coefficients
are temperature dependent. Although the computer program has been
formulated with the full iterative capability, the energy continuity
equation coefficients are presently assumed constant. Hence, sim-

ulations presently require single iterations in the diode thermal model.

B

T

S s WSt

O ANTIRE R T T




Perturbations in the diode and header thermal conductivities may be
specified through the diode simulation parameters. Two perturbation
factors are assigned to each of the diode node points. One is
associated with thermal conduction between diode node points. The
other is associated with thermal conduction between diode node points
and the respective header node points. In both cases, the perturbation
factors are multiplied by the respective thermal conductivity values
to yield position dependent thermal conductivity values for the diode

thermal model. The perturbation factors are assigned default values

of one. Any of the perturbation factors can be redefined through the

simulation parameters. The demonstration execution of the diode
model presented in appendix A has a diode thermal conductivity per-

turbation specified.
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HEADER THERMAL MODELS

The computer program offers four different header thermal models.
The first model was developed earlier [5] and is a quasi-two—dimeﬁsiional
thermal model identified as DHTEMP. This model features one-dimen-
sional thermal conduction from each of the diode temperature node
points through the header to the ambient temperature heat sink. No
thermal conduction is allowed between these one-dimensional thermal
paths through the header. An electrical analog of this header
thermal model is shown in Figure 4.

Implementation of this model is very similar to the diode
thermal model. However, since only thermal conduction with heat
storage occurs through the header, the energy continuity equation,
equation (1), reduces to:

3T
PR 9 ¢ Kuaz )
X

©
=
1

header density

0
I

header heat capacity

header thermal conductivity

ol

The boundary temperatures for the model are specified as the cor-

responding diode temperature and ambient temperature, respectively.
The numerical algorithm for solving equation (5) is developed

using the same techniques as used previously for the diode thermal

model. The resulting system of equations can be written as:

R

VAR
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W Pt con Rew o Al gasd!
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S+1 S+1

+ Ay (N, ) St 2 A

Al T(N,M-1) 4

+ A2 T(N,M)

where:

T(N,M) - header temperature profile beginning at diode
temperature node N, (0< Ng 12),

AxH - header node spacing.

(Axﬁ + 2 At A)

At A

- ax2 (N, M) S

After the diode temperature profile has been updated, the above
algorithm is applied to each header temperature profile to generate

the new header temperature profile for the next point in time.

The remaining three header thermal models represent two-dimen-
sional thermal conduction with in the header. All three of these
models are quite similar except for the respective numerical algorithms
employed. 1In all three cases the two-dimensional continuity equation

is written as:

3T 34T 3T
T e T

ax
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where:
. header density
Cqy - header heat capacity
KHx - longitudinal header thermal conductivity
KHy - transverse header thermal conductivity

Figure 5 shows an electrical analog for these header thermal models.
Note that as with the previous thermal model 'DHTEMP', there is no
power dissipation within the header yielding an energy continuity
equation of reduced complexity. This equation requires two boundary
conditions on temperature for each of the two axes of thermal con-
duction. The boundary conditions on thermal conduction perpendicular
to the diode axis are the same as for DHTEMP, i.e., the respective
diode temperatures and the ambient temperature. The temperature
boundary values for thermal conduction parallel to the diode axis are
always the same as those specified for thermal conduction along the
diode axis, i.e., ambient temperature by default and blocking boundary
conditions when specified through the appropriate simulation control
parameter.

All three models incorporate an iterative solution procedure
which is controlled by a specified maximum RMS change in temper iture
between successive iterations on a maximum number of iterations. If
the maximum number of iterations is achieved without obtaining the
specified convergence, a convergence failure message is generated.

The first two-dimensional header thermal model formulated is
'DHT2D'. This model is implemented using a vertical line procedure

and incorporates the latest temperature values on an iteration basis.
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The vertical line approach requires that the partial derivative of
temperature along tu« vertical axis (axis perpendicular to the diode
axis) be formulated by an implicit finite difference scheme and that
the horizontal partial derivative (axis parallel to the diode axis)

be formulated by an explicit finite difference scheme. The restriction
placed on the usage of the latest temperature values relates to the
implicit formulation and means that although some new values of
temperature do become available during each iteration through the
temperature field, these values are not to be used in evaluating the
remaining temperatures for the same iteration. Rather, the temperature
values evalvated during a given iteration are used by the succeeding
iteration only. Application of this algorithm to the two-dimensional

continuity equation yields the following system of equations:

A To,] (NIHD) + B Ty (NM) + 5 Torn (N,M-1) = Dy x (8)
where:
J - time step number
S - iteration number
N - node number along the diode axis
M - node number perpendicular to the diode axis
T - header temperature field
Ax - node spacing along x-axis
Ay - node spacing along y-axis
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and,

> 2
A KHy At Ax
B o= 2Ky At A% + Ay?Ax?

S 2
C KHy At AX

e )] 2 J+1 5 J+1 )

DN,M Ax“Ay“T" (N,M) + Kﬂx Ay“At ['1‘s (N-1,M) + TS (N-1,M)

oy T‘S”l(n,u)]

Note that solving the above system of equations yields a single
temperature profile through the header. Accordingly, one iteration
of this algorithm requires that the above system of equations be
solved for each node point along the diode axis except for the
respective end nodes which are accommodated through the boundary
conditions applied at these points. Thermal coupling between these
linear profiles is provided through successive iterations.

The second two-dimensional header thermal model is developed
to accelerate convergence and improve stability of the above algorithm.
The only change is to use the latest temperature values as they
become available during an iteration rather than delaying until the
next iteration. Only the 'D' coefficient of the previous formulation

is changed by this innovation and it becomes:

- 2 | 2 J+1
DN,M Ax“ Ay“T" (N,M) + KHx Ay“© t [TS (N+1,M)
J+1 J+L
t Ts+1(N-1,M) -2 Ty (N,M)] 9)
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Note that the T;Ii(N-l,M) temperature represents the latest approxi- )

mation for temperature at that node rather than the temperature
value evaluated during the previous iteration. It is shown in the
simulation results section that this change does increase both stability :
and the rate of convergence.
The third two-dimensional header thermal model is formulated like
the previous model except that a horizontal line technique is employed
rather than the previously used vertical line approach. In this case,
the horizontal partial derivative is formulated implicitly; whereas,
the vertical partial derivative is formulated explicitly. Applications
of the line technique in analysis of two-dimensional semiconductor
impurity diffusions [8] suggested that the horizontal line approach
would be more effective for the header thermal model than the vertical
line technique. The convergence test presented later supports this
conclusion. As with the previous model, DAT2D1, this model, named
DH2D2, incorporates the new temperature values as they become available
rather than on an iteration basis. The subsequent implementation of

DHT2D2 yields the following system of equations:

A T(N+1,M)g:i +B T(N,M);Ii + B T(N-l,M);Ii -9 . (10)

where:
A = -K._ atay %
B = |2 KHx At Ay + pH Y szAyZ] ;

- KHx At Ay2

. J 2 J+1
N, M PuH Ax4 Ay“T(N,M)" + KHy At Ax [T(N,M+l)s

+ T(N,M—l)’;1 - g T(N,M);+l] 4
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Whereas the previous two two-dimensional header thermal models resulted
in a system of linear equations for temperature profiles perpendicular
to the diode axis, this model evaluates temperature profiles parallel
to the diode axis. That is, the above system of equations must be
solved once for each row of nodes in the header, except for the

bottom row which is maintained at ambient temperature. This procedure
constitutes one iteration. Thermal coupling is maintained between

the row-wise temperature profiles through the iterative solution

procedure.

Different header thermal conductivities were defined for the
header vertical and horizontal axes such that the new two-dimensional
header thermal models could conveniently simulate the earlier quasi-
two-dimensional model by defining KHx = 0.0. This provided a means
of testing the two-dimensional models during their early development.

In all, four header thermal models have heen developed, and are

named: DHTEMP, DHT2D, DHT2Dl, and DHT2D2. DHTEMP is a quasi-two-

dimensional model and DHT2D, DHT2D1 and DHT2D2 are two-dimensional
models. The essential difference between the three two-dimensional
models involves the numerical techniques used. A comparison of
convergence characteristics and TSB transient simulations using the
above header thermal models is made in the simulation results section.
Figure 6 shows an electrical analog for the total diode thermal model
which includes both the diode and two-dimensional header thermal

models connected together.
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DIODE ELECTRICAL MODEL

The one-dimensional diode electrical model is time dependent
and is designed to maintain the condition of avalanche breakdown
throughout the TSB transient simulations. As a consequence of the
temperature dependence of the avalanche ionization coefficients, hole
and electron mobilities, and intrinsic carrier concentrations, the
diode electrical model is closely coupled to the thermal transient
which accompanies TSB.

The maximum depletion region electric field is assumed to occur
at the diode metallurgical junction and the depletion region electric
field profile is evaluated analytically from this value. The diode
impurity profile is assumed to be an epitaxial configuration as shown
in Figure 7. This configuration readily reduces to the classical
two-sided abrupt junction by assigning equal values to the epitaxial
and upper region (background) doping levels. Space charge effects
in the depletion region are taken into consideration by using effective
space charge densities in evaluating the depletion region electric

field profile. The effective space charge densities are defined as:

J
M Ty (11)
sat
PL = g8 ~p (12)
L M
Ppp = 9 NEp - Py (13)
P : 1
U = qN;- oy (14)
= . AR &

4
7
i
3
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J - diode current density

- carrier saturation drift velocity

I e i s b ey

sat
q - unit charge
' NL - Jlower region doping concentration
N ~ epitaxial region doping concentration

N.. -~ upper region doping concentration

U
Py mobile space charge density
k _ i net lower region space charge density
pEp ~ net epitaxial region space charge density

P ~ net upper region space charge density

Two assumptions are made for the above calculations. First, current
carriers with in the depletion region are assumed to move at their
saturation velocity. Second, the current on the n-side of the junction
is assumed to be an electron drift current and the current on the p-
side is assumed to be a hole drift current. These approximations

allow space charge effects to be included in the model without
calculating the hole and electron profiles through the depletion
region. Otherwise, the model would become overly complex.

;‘ The depletion region electric field profile is analytically
calculated using the effective space charge densities evaluated above
and the maximum electric field value. The program iterates on the
maximum electric field value between each time step to determine 5
the value of maximum electric field that will satisfy the avalanche

breakdown integral.

AR s AT e e v




The diode is assumed to be in avalanche breakdown when the avalancne

breakdown integral [9] is equal to one, plus or minus a specified error.

W
J « dx =142ty (15)
o
where:
W - depletion region width
« - avalanche ionization coefficient corresponding to the
lower region impurity type (n or p).
Yy - specified error for avalanche breakdown integral

The avalanche ionization coefficient in the above integral is chosen
to correspond to the lower impurity region type, assuming that this
region represents the high doped side of the junction. Under these
conditions, the carriers injected from the epitaxial or background
regions will dominate the avalanche breakdown mechanism and will cor-
respond to the majority carrier type for the lower diode region. The
avalanche ionization coefficients are evaluated by the following 3
relations:

-b /E
a, [1 - B(T-T )] e P (16)

R
[}

-b /E

R
[}

a_ [1- B(T-To)] e

n n (17)

3.8 x 10

6 =1
¢
m

.74 x 106 vV o =1
m
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a = 2,25 x 107 c -1
n m

b= 3.26230% ve ?
n m

The above description of the ionization coefficients was derived
from Sze's [10] characterization of these coefficients and represents
an empirical approximation of their thermal dependence. The avalanche
ionization thermal coefficient B has units of OK—1 and specifies a
linear dependence on temperature. B is assigned a value of 2.5 x 10-3
and may be changed slightly to enhance the thermal dependence of the
avalanche ionization coefficients. f was named ALFATD for the computer
program version of the diode model. It should be emphasized that
although this formulation for the thermal dependence of the ionization
coefficients is not completely accurate, it does exhibit a reasonably
good description of the thermal behavior of the coefficients.

Iterations on the maximum electric field are controlled by an
interval halving routine. Lower and upper limits for the maximum
electric field are established through simulation parameters and are
reinitialized at the beginning of each series of iterations. The
average of these two limits is used as a trial value for the maximum
electric field. Next, the electric field profile and the avalanche
breakdown integral are evaluated. If the integral yields a value
greater than one, the trial value for the maximum electric field
is too large and the trial value replaces the upper limit. If the
integral is less than one, the trial value is too small and the lower

limit is replaced by the trial value. This procedure is repeated

until the avalanche breakdown integral takes on the specified value
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or a maximum number of iterations is performed. If the latter case
occurs, a convergence failure message is generated.

Once the depletion region electric field has been determined,
the bulk region electric fields are evaluated. This computation is
performed assuming that the currents with in these regions consist
entirely of drift components and that the carrier concentrations

correspond to the thermalequilibrium values,

J o= qayn + up) E (18)

J - diode current density

q - unit charge

up - hole mobility

B electron mobility

n - thermal equilibrium electron concentration L

; - thermal equilibrium hole concentration

E - electric field

Since the carrier mobilities are stongly dependent on impurity
concentration, electric field, and temperature, it is necessary that
the mobility coefficients be formulated in terms of these quantities.
Accordingly, the mobilities are evaluated using the following

equation [1, 11, 12]:
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where for silicon:
B Y a b e d e
16 3 4
Holes 480 2.5 4x10 81 6.1x10 1.6 2.5%10
Electrons 1400 2.5 3x10® 350 3.5x0° 8.8 7.4x10°
p - mobility
T - temperature
N - impurity concentration
E - electric field
uo, Y, a, b, ¢, d, e - parameters

The mobility dependence ofi electric field prevents an analytic
solution of equation f16) for the electric field as a function of cur-

rent density, temperature, and impurity concentration. Rather an

algorithm based on the Newton-Raphson technique is used to iteratively
evaluate the electric field at each node point along the diode axis.

Once the depletion region and bulk region electric field profiles

have been evaluated, they are combined to yield the diode electric
field profile.

A flow chart for the diode electrical model is shown in Figure
8. The relationship between the electrical model and che rest of
the program is best demonstrated in the system flow chart presented
in Figure 2. In this figure, the electrical model is represented by

the 'Evaluate the Electric Field' block.
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3

INITIALIZE ELECTRIC
FIELD BOUNDS

EVALUATE DEPLETION REGION
ELECTRIC FIELD PROFILE

E : EVALUATE AVALANCHE
BREAKDOWN INTEGRAL

DETERMINE NEW VALUE
FOR MAXIMUM ELECTRIC
FIELD

NO

CONVERGENCE

YES

EVALUATE BULK
REGION ELECTRIC
FIELD PROFILES

COMBINE DEPLETION
AND BULK REGION
ELECTRIC FIELD

PROFILES

EVALUATE DIODE
VOLTAGE PROFILES

T

| g Fig. 8. Flow Chart For Diode Electrical Model.
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PROGRAM DESCRIPTION

The numerical diode model developed in the previous section is
programmed in the Univac FORTRAN V computer language. This program is
designed to simulate TSB transients up to the onset of the TSB transition.
The program is very versatile and allows convient specification of diode
design and simulation conditions. This section defines the diode and ]
simulation parameters and provides both instructions and suggestions for

executing the diode model.

The diode model consists of a main program and several subroutines.

Listings for these programs are presented in Appendix B. Both the main

program and the subroutines are well documented with comment statements.
The TSB transient simulations performed by the diode model are

defined through two groups of parameters. The first group controls the

simulation and is named SPARM. The second group specifies the diode

design and is named DPARM. Default values and definitions for these two

parameter sets are presented in Tables 1 and 2.
As many parameters as desirable may be specified for a simulation
with all unspecified parameters taking on their respective default values.

Parameter specifications must be made on a group basis with appropriate

starting and terminating sentinels for each group. An example simulation
parameter set, with each line representing an input line is shown in
Figure 9. The resulting simulation printout for this example is pre-
sented in Appendix A. The parameter groups must appear in the order

and format shown. As many simulations as required may be specified in a

single run by adding additional sets of parameter specifications. When

F i e e e S




SSPARM
CUR = 7.5E3
First Parameter NNH = 12
Set Group Name DTIME = 5.0E-9
LTRNIN = 1
LTEMP = 1
LDHTEM = 1
PLOT = 1
First Parameter PVOLTX = 500
Set Terminator IDHTMO = &4
\smx = 20
PLTIME(1) = 100.0
SEND

SDPARM
Second Parameter ”"THKDPF(31) = 0.5
Set Group Name $END

’/,r'

Second Parameter
Set Terminator

29

> SPARM parameter set

/

>DPARM parameter set

Firgure 9. SPARM and DPARM Parameter Sets for a Thermal Second
Breakdown Demonstration Simulation (simulation output

listing presented in Appendix A).
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11.

12.

13.

14.

15.

TABLE 1

30

SIMULATION CONTROL PARAMETER SET (SPARM)

Parameter Default Value

CUR = 1.25 x 104 amps/cm2
NND = 101

NNH =0

IBND =0

TIMEMX = 1.0 sec

TMAX = 700.0°K

TPMAX = 800.0°K

ITSNMX = 200

DTIME = 1.0 x 19~2 sec
LTRNIN = 2

LTEMP = 0

IDHTEM = 0

PLOT =1

PVOLTX = 250.0 volts

IGRID =0

Parameter Definition

diode current density

number of diode node points along
diode axis, < 101

number of node points in diode
header, maximum of twelve, and
zero assumed for NNH < 4

temperature boundary condition
sentinel, = ¢} - constant temperature
boundary conditions, > 1 - blocking
boundary conditions

maximum simulation time

maximum simulation temperature
(TSB temperature)

maximum value for temperature plots
maximum number of time steps

time step increment

transient data print increment

= 1 - diode temperature pro-
files are printed at times specified
in parameter array PLTIME

= 1 - temperature
listings are printed at times
specified in parameter array PLTIME

= 1 - temperature, impurity, and
electric field profiles and voltage
transients are plotted at the
times specified in parameter array
PLTIME

maximum value for voltage plots

grid sentinel for plots, = 1 - grid
generated

<
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16.

1.7

18.

19.

20.

21.

2%

23.

32.

33.

31

TABLE 1 (continued)

SIMULATION CONTROL PARAMETER SET (SPARM)

Parameter Default Value

IRMSMI = 1.0 x 10°
ITERMX = 10

ITLST = 10000
IDHIMO = 1

SMAX = 10

DTHMAX = 1.0 x 104
ITPRH = 0

PLTIME(1) = 100.0 sec

. L

PLTIME(10) = 100.0 sec

EMAXL = 1.0 x 105 volts/cm

EMAXU = 1.0 x 106 volts/cm

Parameter Definition

maximum RMS temperature change
allowed between successive iter-
ations for diode axis temperature
profile

maximum number of iterations
between time steps for diode axis
temperature profile

iteration diagnostic print interval
for diode axis temperature profile

header thermal model sentinel,

1 - DHTEMP, quasi-two-dimensional

2 - DHT2D, two-dimensional transverse

3 - DHT2Dl, two-dimensional transverse

4 - DHT2D2, two-dimensional logitu-
dinal

maximum number of iterations between
time steps for header thermal model

maximum RMS temperature change
allowed between successive iterations
for header temperature model

iteration diagnostic print interval
for the header thermal model

diode temperature profile plot and/or
list times diode temperature profiles
are available at simulation termi-

nation by default), timers must be
stored in array PLTIME in Chronolo-
gical order

lower bound for electric field at
metallurgical junction (maximum
junction electric field)

upper bound for electric field
at metallurgical junction (maximum
junction electric field)
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TABLE 1 (continued)

SIMULATION CONTROL PARAMETER SET (SPARM)

i Parameter Default Value Parameter Definition

35. EMAXB = 1.0 x 105 volts/cm maximum electric field value for
bulk regions

36. EINT = 100.0 volts/cm starting value of electric field
for determining bulk region electric
field profiles

37. UPE =1 time dependent electric field sentinel
@ - time independent electric field
1 - time dependent electric field

38. AERMAX = 0 1 maximum error allowed in avalanche
breakdown integral

; 39. EERMAX = 1.0 x 1072 maximum RMS change in bulk region

electric field allowed between
successive iterations

40. ITCMAX = 10 maximum number of iterations for
header temperature
diagnostic print sentinel for subroutines:

41. 1IDBp =0 Not Used

42. 1DB1 =0 INAFLA

43. 1IDB2 =0 BKDEPL

44. 1IDB3 =0 EPROF

45. 1IDB4 =0 DOPLG

46. PDTP =0 diode temperature profile plot
sentinel, l-profiles at times
specified in parameter array
PLTIME

47. PDIP =0 impurity profile plot sentinel.
1 - plot generated

48. PDEP =0 electric field plot sentinel,
1 - plot initial and final electric
field profiles

49. PDVP =0 diode transient voltage plot sentinel,

1 - plot final diode voltage pro-
files. (A - lower bulk region
voltage, B - depletion region voltage,
C - upper bulk region voltage,

D - total diode voltage)
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TABLE 2
DIODE DESIGN AND PHYSICAL PROPERTY
PARAMETER SET (DPARM)
Parameter Default Value Parameter Definition
| 1. THKD = 1.0 watts/cm-Ck diode thermal conductivity
i (silicon)
E 2. THKHX = 0.46 watts/cm-"k header longitudinal thermal
conductivity (sapphire)
3. THKHY = 0.46 watts/cm-Ck header transverse thermal
conductivity (sapphire)
4. DDEN = 2.3 gm/cm2 diode density (silicon)
2
5. HDEN = 4.0 gm/cm header density (sapphire)
6. DSPEC = 0.7 J/gm-°k diode heat capacity (silicon)
7. HSPEC = 0.79 J/gm-°k header heat capacity (sapphire)
8. XDT =1.0 x 1074 cm diode thickness
9. XDH = 2.5 % 10"2 cm header thickness
10. XLDEP = 0.0 cm lower depletion region boundary
(not used)
11. XMET = 2.0 x 1073 cm metallurgical junction location
12. XEPDEP = 4.0 x 1077 cm epitaxial layer boundary
13. XUDEP = 0.0 cm upper depletion region boundary
(not used)
14. XL = 4.0 x 1073 cm diode length
15. DOPL = 1.0 x 1017 cm™3 lower bulk region doping concentration
16. DOPEP = 1.0 x 1016 cm-3 epitaxial region doping concentration
17. DOPU = 1.0 x 10_6 cm_3 upper bulk region doping concentration
18. VEL = 1.0 x 107 cm/sec mobile carrier saturation velocity
(silicon)
19. ALFARD = 2.4 x 1073 %K1 avalanche ionization coeffieient
thermal dependence factor
20. NP1 =1 diode orientation, ® - PN, 1 - NP




34
TABLE 2 (continued)

DIODE DESIGN AND PHYSICAL PROPERTY
PARAMETER SET (DPARM)

Parameter Default Value Parameter Definition
21. THKDEP(1) = 1.0 diode thermal conductivity
. . < perturbation factor

121. THKDPF(101l) = 1.0

122. THKHPF(1) = 1.0 diode-to-header thermal conductivity
i . . perturbation factor

222. THKHPF(101) = 1.0

S R

et

IRy Ny

s




multiple simulations are requested, only parameter changes between

successive simulations should be specified. The default values are used
for the first simulation only. For succeeding simulations, the previous
simulation parameter values are treated as default values.

The program requires 36K words of memory for execution. Typical
run times on a Univac 1107 computer are from one-to-two minutes.

Several guide lines are listed to facilitate program execution:

l.

AT R e
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If the number of node points in the header (NNH) is less
than four, quasi-two-dimensional thermal conduction without
intermediate header node points is assumed.

A simulation is terminated when one of the following con~
ditions is achieved:

A. Simulation time > TIMEMX
B. Time step count > ITSNMX
C. Maximum diode temperature > TMAX

The transient data print increment (LTRNIN) must be chosen
such that no more than 500 transient data lines are printed.

Two-dimensional temperature listings for the diode-header
combination is generated at the times specified in the PLTIME
array and at program termination by default, if LDHTEM = 1.

The diode axis temperature profile is stored at the times
specified in the PLTIME array and at program termination by
default. A listing of these profiles is generated if

LTEMP = 1 and a plot is genmerated if IPLOT = 1.

The time step increment should be specified to yield a
one hundred to two hundred time step simulation.

For most simulations, the diode maximum temperature transient
plot and listing are adequate. Both of these outputs are
generated by default.

The thermal conductivity perturbation factors are listed
only when one or more of these factors are assigned a value
other than one.
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) SIMULATION RESULTS

The results presented in this section are intended to characterize

the diode model. Several different type simulations are presented
to demonstrate the capabilities and flexibility of the model. The
convergence characteristics of the four header thermal models and
the sensitivity of the diode to various model parameters is also
presented.

Ten different series of simulations involving in excess of
one hundred simulations were performed to accumulate the data
presented in this section. A simulation series is considered to be
a series of closely related simulations which involve systematic

changes in a parameter or parameters. A summary of these simulation

series is presented in Table 3. This table shows the changes made

in the default parameter values in order to perform the respective

simulations. The parameters that were varied in a particular
simulation series are indicated by PAR. The different series are
numbered in the table and are identified on the various graphs pre-
sented in this section by the respective simulation number preceded
by SS, e.g., SS-5. There are several common parameter values among

the simulations presented. These are summarized here for convenience:

NND = 101 number of diode node points
NNH = 0 or 12 number of header node points
T™AX = 700°K TSB temperature
THKD = 1.0 watts/cm - °K diode thermal conductivity
(silicon)
THKHX = 0.46 watts/cm - 5 longitudinal header thermal

conductivity (sapphire)

WP
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THKHY 0.46 watts/cm = OK transverse header thermal
conductivity (sapphire)
DDEN 2.3 gm/cm3 diode density (silicon)
HDEN 4.0 gm/cm3 header density (sapphire)
DSPEC 0.7 J/gm - °x diode heat capacity (silicon)
HSPEC 0.79 J/gm - % header heat capacity (sapphire)
XDT 1.0 pym semiconductor film thickness
XDH 250 or 4.8 um header thickness
XMET 20 um location of metallurgical
junction
XL 40 pm diode length
DOPL 1.0 x 1017 cm—3 lower region doping concentration
DOPEP DOPU epitaxial region doping
concentration
15 17 -3 :
DOPU >107, <10 cm upper region doping concentration
VEL 1.0 x 107 cm/sec carrier saturation velocity
NP1 1 np diode orientation
Simulation SS-1 was a demonstration simulation and the output

listing for this simulation is presented in appendix - A.

A comparison between TSB delay times for the quasi-two-dimen-

sional header thermal model with zero and twelve header node points

is shown in Fig. 10. For short delay times, these models yield

similar results; whereas, for long delay times the results differ
by two orders-of-magnitude. This behavior is expected since increasing

the number of node points in the header tends to increase the rate

of heat transfer out of the diode. Of course, this effect saturates

quickly as the accuracy of the transverse header temperature derivative
increases. The unexpected result is the inflection point exhibited
by the more comprehensive quasi-two-dimensional model (NNH=12). This
anomaly is suspected to be associated with the quasi-two-dimensional

thermal model concept [13].

————— R
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Fig. 10. Comparison of TSB Delay Times for the Quasi Two-
Dimensional Substrate Thermal Model for Zero and
Twelve Intermediate Substrate None Points.
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Fig. 11, shows a comparison of TSB delay times between constant
and blocking temperature boundary conditions. Both cases are for
comprehensive quasi-two-dimensional thermal conduction (NNH=12) and
both curves exhibit the previously noted inflection point. As
expected, the boundary conditions on temperature at the diode contacts
have virtually no effect on the delay time for high currents. For

low currents the constant temperature boundary conditions exhibit

e DS AR

slightly longer delay times corresponding to a greater heat loss at
the contacts.

Fig. 12, presents a comparison of TSB delay times for zero and
non zero bulk region electric field values. Both curves represent
comprehensive quasi-two-dimensional thermal conduction (NNH=12) and
exhibit the previously observed inflextion points. The bulk region
electric fields are seen to make a significant contribution to the
TSB delay times. The difference is essentially one order-of-magnitude
at low current values.

A comparison of TSB delay times for quasi and full two-dimensional
header thermal models is shown in Fig. L3. The two models agree well
for high currents. However, they differ greatly for low currents
as expected. Further, the two-dimensional model does not exhibit the
inflection point observed for all the comprehensive quasi-two-dimensional
simulations. It appears that the inflection point is associated
with the quasi-two-dimensional thermal model concept as predicted
earlier. The full two-dimensional model exhibits a very strong
delay time dependence on current for low current values.

Fig. l4, presents maximum junction temperature transients for §
several different driving currents and the two-dimensional header

thermal model. These curves emphasize the effects of the avalanche
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Fig. 11 . Comparison of TSB Delay Times for Constant and
Blocking Boundary Conditions on the Diode
Temperature Profile.
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ionization coefficient thermal dependence. For low current values,
the temperature transient almost saturates before reaching the TSB
temperature. However, temperatures sufficiently high to cause an
appreciable decrease in the avalanche ionization coefficients are
finally achieved after long delay times. Once the avalanche ion-
ization coefficients begin to decrease, the junction electric field
is forced to increase rapidly to maintain avalanche breakdown. This
increase in electric field causes a corresponding increase in power
dissipation with in the junction. A thermal runaway condition occurs.
These effects are manifest in the diode temperature transient as

the TSB temperature is approached. These effects also occur at high
currents, but are masked out by the rapid increase in diode temper-
ature associated with the high current level.

Delay time versus doping concentration characteristics for the
reduced quasi-two-dimensional header thermal model (NNH=0) are shown
in Fig. 15. The delay time is shown to increase as the low doping
concentration is increased. This corresponds to a decreasing depletion
region width and a decreasing resistivity for the low doping con-

centration, both of which tend to increase the delay time. For

comparison, one point for each of the two driving current values is
also shown for the full two~dimensional thermal model. Note that the
two-dimensional model increases the delay time only slightly at the
high current value; whereas, the delay time becomes infinite for the
low current value. The infinite delay time implies that the diode

achieves a thermal steady state without reaching the TSB temperature.
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Fig. 16 characterizes the dependence of TSB transients on
the specified avalanche breakdown integral error, AERMAX. The
maximum junction temperature at 1.8 pus into the simulation is
plotted as a function of this error. The simulations were made
with the reduced quasi-two-dimensional model and with a driving
current of 104 amps/cmz. The results indicate that an avalanche
breakdown integral error less than or equal to two tenths is most
desirable. The trade off for further decreases is a corresponding
increase in execution time.

The effects of the avalanche ionization temperature coefficient
(B or ALFATD) on the TS3 transients are shown in Figs. 17 - 19.
Fig. 17, shows the TSB delay time as a function of B for the reduced
quasi-two-dimensional model and a driving current of 7.0 x 103
amps/cmz. As expected, increases in B result in a decreased delay
time. Further refinement of the value for B may be warranted.
Figs. 18 and 19, show maximum junction temperature transients for
several of the data points in Fig. 17. The critical temperature
for the avalanche ionization coefficients is set equal to 700 by 4
for the diode model. This is the temperature at which the avalanche
ionization coefficients take on a value of zero as a consequence of
their thermal dependence. g, the avalanche ionization temperature
coefficient, simply determines the sensitivity of the ionization
coefficients to changes in temperature as the critical temperature
is approached. The formulation for the ionization coefficients is

shown in Equation 10, Although the TSB temperature and the avalanche

ionization critical temperature have both been assigned a value of
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Fig. 17. TSB Delay Time Versus Avalanche
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700 °K for the simulations presented, further refinement may show
that one or both of these values require adjustment. Although the
avalanche ionization coefficient critical temperature breakpoints
are not obvious for the logorithmic time scale in Fig. 18, they can
be clearly seen on the linear time scale of Fig. 19.

Figs. 20 - 26, show the convergence characteristics for the
three two-dimensional header thermal models. All the curves shown

represent iterations for the first time step of a simulation with

a driving current of 8.0 x 103 amps/cmz. Fig. 20, shows the con-

vergence behavior for DHT2D for eight different time step sizes.

S P

This model uses the vertical line technique and fails to converge
for time steps greater than 3 nsec. Further, the convergence rate
is very sensitive to the time step size. Fig. 21, compares the
convergence behavior of DHT2D for two different header thicknesses.
The graph shows that the model convergences more rapidly for the
larger transverse header node spacing. On the other hand, the
stability behavior is very similar for the two cases. 3
Figs. 22 and 23, show the convergence behavior for DHT2D1 which
features the vertical line formulation and incorporates the very

latest values of temperature during the iteration procedure.

A comparison between the two vertical line models, DHT2D and
DHT2D1, for two different header thicknesses is shown in Fig. 24.

In both cases the formulation incorporating the most recent temper-

ature values exhibits the greater stability.

Figs. 25 and 26 show the convergence behavior for DHT2D2 which

employs the horizontal line formulation and uses the most recent
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temperatures values. These curves show a further improvement
in both rate of convergence and stability. Of the three two-dimensional

header thermal models developed, DHT2D2 which uses the horizontal

line technique, exhibits the best convergence and stability performance.
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CONCLUSIONS AND RECOMMENDATIONS

A computer model has been developed for simulating TSB in
thin film diodes. The model performs a one-dimensional electrical
and either quasi or full two-dimensional thermal simulation. The
onset of the TSB transition from a low conductance to a high con-
ductance state is assumed equivalent to the diode achieving a
maximum temperature of 700 k. Further, the TSB delay time is
assumed to be approximately equal to the time required for the diode
to reach this critical temperature in response to a constant current
reverse bias overstress. Simulations are defined through 271 para-
meters which specify the diode design, thermal conductivity perturbations,
and simulation control parameters. Execution times are usually less
than two minutes on a Univac 1107 system and the program has a
graphic output capability to facilitate data analysis.

The diode electrical model maintains avalanche breakdown by
varying the electric field maximum value to satisfy the avalanche
breakdown integral. The junction electric field profile is evaluated
from the electric field maximum value and the net space charge
density in the respective doping regions of the diode. The net
space charge density accounts for space charge effects in the
junction. Bulk region electric fields are evaluated by assuming
that the currents in these regions are primarily drift currents
and determining the electric field required to support the diode
current. Coupling between the electrical model and thermal models

is maintained through the thermal dependence of the avalanche
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ionization coefficients, mobilities, and intrinsic carrier con-
centration.

Four different header thermal models were formulated and
characterized with respect to stability and convergence behavior.
The full two-dimensional header thermal model with horizontal line
formulation and incorporation of the most recent temperature
values available demonstrated the best performance. All of the
two-dimensional models eliminated the inflection point previously
observed in TSB delay time data obtained with the comprehensive

quasi-two-dimensional header thermal model. The quasi and full

two-dimensional thermal models agreed well for high currents, but
differ appreciably for low currents, as expected.

A limited number of simulation results were presented. These
include delay time as a function of current density for different
header thermal models, diode temperature boundary conditions,
avalanche ionization temperature coefficients, and with and without
bulk region electric fields. In all cases, the model demonstrated
the expected qualitative results.

As for recommendations, a comparison between the simulation
results and experimental data for SOS diodes is required for a
qualitative evaluation of the model. This comparison would also
allow further refinement of several of the model parameters, e.g.,
TSB temperature, avalanche ionization thermal coefficient, etc.
There are also several types of simulation which have not yet been

performed. These include various epitaxial configurations thermal

conductivity perturbations, and changes in the diode dimensions.
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Several improvements or additions to the diode model may be
desirable. First, evaluation of the reverse saturation current
would eliminate the necessity for a TSB temperature. Rather, the
diode voltage could be monitored for the onset of the TSB transition.
This refinement may be required to obtain agreement between the
model and laboratory results. A more accurate numerical algorithm
for evaluating the avalanche breakdown integral would further enhance
the convergence of the diode electrical model.
A primary application of the model developed here is the pre- ‘f
liminary investigation of TSB behavior in diodes for the purpose ‘
of defining simulations for more comprehensive diode models which

require a corresponding increase in computation time.

s At
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APPENDIX B

COMPUTER LISTINGS FOR DIODE

ALGORITHM

Subroutine BANDA6 . . « « &+ &+ « ¢ « o o &

|
E o
%
i
:
2
E B
¥
e £

Subroutine BRDEPL . . s & o o o o s« o s @

AP

Subroutine DEPV . o ¢ ¢« « o « o o s o o »
Subroutine DHTEMP . « « ¢ & ¢ o o o o o &
Subroutine DHT2ZD <« ¢ o ¢ ¢ = o s o o 3 o

Subroutine DHT2DLE .  « « o 5 o o o o &

o AR 2 TR TR

Subroutine DHT2DZ . . . . 'c & o s o s o s

Subroutine DOPLG . . . « « ¢ o« ¢ ¢ o « o &

Subroutine EFIELD . . . . . . ¢« « ¢« « ¢ &

Subroutine EMOBS . . . . . . . ¢« ¢ ¢« o . o

Subroutine EPROF . . . . . . ¢ ¢« ¢« ¢ o« & &

} ! Sobroutine HMOBS « « ¢ « « v ¢« o ¢ ¢ o &
Subroutine INALFA . . . . . . ¢ ¢ ¢ &« « &

Subroutine IONCOF . . . . ¢ &« « ¢ o o o &

! SGubrouting EPEOT « « o o v v w v v w &

Program TEMPTRIM « . « « « « v o o« o « « &
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SUBROUTINE BANDA6

PTEMP (1) .BANDAG

SUBROUTINE BANDAA(LRMAX,NCD,NHD,L XROW:LAROW,1 ACOL A,
&Xo,NBNDTX,PIVMIN)

SUB. 'BANDA6' UATES THE U
(OR NIAGONAL) EN OF (LRMA

;HgATIONEIE?Eg GH ;He GAUS?IAN E

N
E
1
Y
LRMAX « NUMBER OF EQUATIONS TO SOLVED S
LXROW = SOLUTION E Q LE GTH» TNCLUD E UN

1

K
neo - 8¢ ”““"::tmaét‘ 3¢ cEnTRaL DIacoNaL 1
Q : §OEQE¥CIEN ?D CONSTANT Rs v
NBNDTX = O§ gg' F Og TIONS RESFRVED FOR BNp VALUES AT TOP
NDB « NUMBER OF CgEFSICIENY DIAGONALS RELOW CENTRAL

N) AL
NDA - NUMBE& OF CO gF!CIENT DTAGONALS ABOVE CENTRAL
(OR MAIN) DIA

1 MIN - M
E x BE}P¥CIEk¥ AND CONSTANT ARRAY ROW DIMENSION
COL - COEFFICIENT ANPD CONSTANT ARRAY COLUMN DIMENSION

DIMENSION X(LXROW) A(LAROW!LACOL)
NDB=NCD=-1

NDA=NHD=NCD=1

PIVMIN=1.0E3S

UPPER TRIANGULATION OF ROWS (2)=(NDR)
BF(gDE Q.l) GO0 10 20

pSoEzMDERLR,
ReLed)

ALFA;A(L A/A(LR+LCO-NCD +NCD)
ééhelLseLéO)-A(LR.LC#LCO)-ALFA*A(LR+LCO-NCD.LC+NCD)
A(LR, NHD)-A(LR.NHD)—ALFA#A(LR+LCO-NCD-NHD)
Cg ; NUE

NTINUE
CONTINUE

UPPER TRIANGULARTIZATION OF ROWS (NDB+1)=(LRMAX)
0 25 LR=NCD/,LRMAX

ON OF
NEAR qugLTANFOUG
g 26T N TECHNIQUF,

D A5

I
1
I
R
E
N

A0

M NEOUSLY
NowNa fND
N
S IN *AY

O OOOOOOHOHOOOOHOOOOOOOOHOOOO

(g]g]

-
o wm

00 OONOUN-
o

§§5§?ERFOR "INSMU" DIAGONAL PIVOT ELEMENT
BFTDABS(TA).Lg DABS(PIVMIN)) PIVMIN=TA
0 30 LCO=1,NDB

ALFA‘A(LR-LCO)/A(LR#LCO-NCDoNCD)

éLgoLCELCO)-A(LR LC+LCO)=ALFA*A (LR4+LCO=NCD,1 C+NCD)
éh? NUg)-A(LRoNHD)-ALFA‘A(LR#LCO-NCD.NMU)
ONT!NUE

Do

A
32 i
C
c
EACK SUBSTITUTION FOR X(LRMAX)=X(LRMAX=NDA+1)
0
T
K
K
1

OO
oo

STOP=LRMAX=NDA +
“5 R:LRMA oLRgTOPo'I

owm

ons U
"

T!TgIION FOR X(LRMAX=NDA)= X(NDB+1)
SLRSTr 10 =1

OO N ULE GIN = O OO UIE G = OO N0 NE GIN = OO 00 ~JON N GIN = OO B N0 NE GIN- O O ~ ONUIE LIV = OO O~ OXNEGINF OO 0 NG NEWLIN =

NNNNNNNSN NN VOV OO OO I URT UVVAUYA U £ S8 B85 £ 5 £ 5 LGOI G LI QAN NN NN N NN NI NDbs bebpd bttt b fusd bt

.§§

e T et T g e T A P e M £ T




B2

SUBROUTINE BANDA6 (Continued)

80 KK=LR+NBNDTX
81 TA=A (LR¢NHD)
83 DO 50 K=1,NDA
8 TASTA=X(K+KK) *A (LR¢K+NCD)
84 50 CONTINUE
85 X(KK)=TAZA(LR»NCD)
§9 gs CONTINUE

RETURN
as Eﬁo
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B3
SUBROUTINE BKDEPL

*TEMP (1) . BKDEPL

- {FUBEOLTING PXOEE o, 0t A PEE 0B, g8 0P oreP.
’ A

8ITCMAXs IDB1 s TDB2+ IDB3¢ NP1+ SDOPL » SDOPEP s SDOPU) X

SUB BKDEPL ETERMINES HE DEPLETION REGION WIDTH S THAT THE
AVALAN HE E EAKDOUN IN;FER ig 8PRO§?M TELY OUAEC¢O 6

L CTR C FIELD FST MA XONS ARE ITFRATED UNTIL THE
INTEGRAL IS wl H IN A SPEC FIED FRROR OR A MAXIMUM NUMBER OF
ITERATIONS ARE PFRFORMED

NND - NUMBER OF NO?ES ALONG AXIQ OE DIODF
aEPL gs ﬁTION REGION LOWER R 8“

E OF M TALLURGICAL JUNCTION
XD PFP EP1 AXIAL LAY R BOUNDARY

i
NG ALONG DIODF AXIS
DOS CONC,
AXIAL DOPING ¢onc.
NggE ISN?7ATiON COFFFICIENT TFMPERATURE DFPENDFENCF
M DEPLETION REGION ELECTRIC FTIELD
UM AVAL NCHFMEREAKDONND INTEGRAL FRROR

BOUND FOR
?OUN
A

BOPL
DOPEP

DOPU
ALFATD

PMADOVTITP 0.
U"'

RIC
R
NCHE BREAKDOUN INTFGRAL

TION REGIO

UM NUMBE OF ITS&ATIONS ON EMAX
G SFNTINEL FOR S Fh
UG SENTINEL FOR SUB RKDEPL :
SFNTINEL FOR SUB P F 3

erdn
1 PN
En SRpCedTON Ricon cpale: clumef"
R DEELRET6N Resron’quce eGEREE

nf‘F"ﬂOMMHNDf‘Nﬂm

=
m
C

VOO0

()
-
)
z
>
x
IREEERERREERERE
z
) d
x

OO0 OOOONOOOONOOONOONOONOOOOOOOOOOOOOON
m>»M
000 IMIT
o>
X
>
x

Z0 NNttt <> ~fT

>»Mm

BUG/NND ¢+ XDEPL ¢+ XME T » XDEPEP ¢ XDEPU+ XL ¢ DX e DOPL ¢ DOPEP ¢ DOPU »
NeEMAX» AERMAX s EMAXL » FMAXU» VDFP» VDEPL » VDFPEP» VDEPU»

P
PP
LIST
DE
S&ALFATDoALFAL
&ITCMAX NP1
DIMENSION E(NND),T(NND)
INTEGER FLAGEB
INITYALIZATION COMPUTATIONS

?ET_THE MAXIMUM ELECTRIC FIELD TTERATION COUNTER

Oo0 O000 O O

%EaI;ALéZE ELECTRIC FIELD SEARCH BOUNDARIES
TEMAXL-EMAXL

200 CONTINUE
EGIN RA MAXIM
?N 7M ; T N OU
T T

CALCULATE TR!?E EMAX

EMAX= (TEMAXU+TEMAXL) /2.0

GEN!RA;S NEW ELECTRI F!EL PROFILS FOR EM

gD L 0 E

ALL EPROF (NND s 0% » XDEP ToXOEPEP + KOEPU» XL « SDOPL
GBER » SOOPU L EMAX EDTDES FEAGERS o " B 5

OO NN & LIV b= OO N UL £ GIN = OO N0 NEGIN= OWY IO NE LIRS OO~ O UNE LIN = OO O UIE LI -

CUNNNN NN NE £ £ £ 5 55 8 £ SGHH OGN GIGEGIN NN RN N NN Db b e bbb hd bbb §ot b

UM ELECTRIC FIELD
TER

00 OO0 000 O

68 8

2 E¥2L"ATE T?E AVALANCHE TONIZATION INTEGRAL FOR THF NEW FLECTRIC
72 CALL FA(NND.XDEP oXMEToXDEPFPoXDEPU DX+sDOPL+DOPEP»

73 400 Uo LF TD+E»ToALFAIN, TOR1/,NP1)

GBS 10° oA ORERE TR BB aeBRuROF SETS reLasen:
F(FLAGEB.LE,.0) GO TO

A BULK REGION HAS BEEN DEPLETED, 1IF ALFAIN 1S GRFATER THAN ONE

(2lsle]

~~
0neE
a0 000




B4

SUBROUTINE BKDEPL (Continued)

A VALID SOLUTION MAY EXTIST. PERFORM ANOTHER ITFRATION!
IF(ALFAIN,GT.1.,0) GO TO 3n0

BAD DIODE DESIGN, TH£ REGUIRED EMAX CAN NOT BE ACHTEVED
ITHOUT DEPLETING Ev:ON. TERMINATE XxQT.

& F 6.2 0) FLAGE oAtFA&
N HAS RFEN DEPLETED WITHOUT,
NG THE AVALANCHE BRFAKDOWN INTEGRALe/»
ERMINATED IN SUB BKDFPL»/ b
295X, THALFAIN=,E10, 3.5X95HEMAXnoF10 3)

o000 o

w
gR
0
32
BH
STo
300 CONTINUE

UPDATE ELECTRIC FIELD SFARCH BOUNDARIES
IF(ALFAIN,GT.1,0) GO TO 3}

INCRFASE ELECTRIC FIELD TRIAL EMAX
TEMAXL-E
0 70 320

oo 00 00

600 CONTINUE

O O

CApLDED DEP%ETIggOg b1 SBOPUY XBFPL » XMET » XDEPFP s XDFPU
avbEB DY AEROUbERDVEES oo i ' +» XDFPU,

? ?39§§UI) RETURN

1000 ORMA 192 H DEHUG OUTPUT FROM SUB BKDEPL)

HRITF( »DEBUG
RETURN
END

OO OOOOO

N = OO RN UL GIN =0 O~ O NE GIN = OO (0~ OXN & GIN= OO0 NN EGIN O DR N EGIN = OO N NE LIN=OO D~

VIOVNE B8 EEE £ 85 88 GILH OO GEGIGN GIGEGIN T N NN NI NN N bttt fudhties it OO O O © OO O © O\0 OO0 OO OOOO DD

1
1 c
1 . 310 CONTINUE
] ¢ DECRFASE ELECTRIC FIELD TRIAL VALUE
! 4 TEMAXUSEMAX
1 320 CONTINUE
} & EVALUATE AVALANCHE IONIZATION INTEGRAL FRROR
1 JECAL i +0) AERRORZALFAIN
1 ALFAIN. 0) AFRROR=1.0/A LFAiN-l.o
i & DEBUG LIST OPTION
IF (1082, Q.1) WRITE(6s505) ITC»TEMAXL » TEMAXU,
1 SEMAX,ALFAIN» AERROR » XDEPI_» XDEPU
1 o 505 FORMAT(110,7£10.3)
i ¢ HAS THE AVALANCHE IONIZATION INTFGRAL BFEN DFTERMINED TO THF
1 ¢ SPECIFIED ERRORP
E 1 T AERROR.CE AERMAX) GO TO 600
! § nmBER or e RS TonE " R“qsuﬁ‘%'agﬁﬁ“pé&?éﬁp‘ﬁ%%' MAKE  ARoTaERTM
1 IF(ITC, Lﬁ.}TCMAX) 60 70 2 ’ g
1 l E THE MAXIMUM NUMBER OF ITERATIONS HAS B EN PFRFORMFD WITHOUT
1 C ACHIFVING THE SPFCIFIED ACCURACY, WRITF AN FRROR MFSSAGF
1 ¢ AND TERMINATE XGT.
1 WRITF (6,510) EMAX s ALFAIN, AERROR
1 510 FORMA (/70 45H THF MAXIMUM Nuuain OF ITERATIONS ON FMAX HAS,
1 REEN Peasgkuto ITHOUT ACH rvas THE SPECIFIED,
i ‘27H ‘CEHESSZN ORTTEE LY AL HE s THE ACCURACY °*AFRMAX', THE
B §aiH Nﬁnazn OF }TF AT?SN: ircquv. oRCENEASE, M
1 819H THE ELECTRIC F
E 1 &U49H nouquRxgs 'EMAXL on "EMAXU® s, SHOULD BE MODIFIED.s/»
} i 8/7+16H EMAXZ»E10.35Xe THAL FAINZoE 10, 30 5Xs 7HAERROR=F 10 3)
1
i
1
1
1
1

T T e S

icenice m s
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B5
SUBROUTINE DEPV

. *TEMP (1) .DEPV

SUBROUTINE DEPV (SDOPL » SDOPEP s SDOPU« XDEPL » XME v ¢ XDEPFP » XDFPU »
& VDEPL » VDEPEP, VDFEPU» VDEP?

SUB _DEPV EVALUATES ANALYTICALLY THE VOLTAGE ACROSS THE LOWER., |
EPITAXIAL» AND UPPER DEPLFTION RFGIONS, ?

VAR;ABLF et . |
TR o0 ‘Sec,?ohcépiéé &uasr

GPGCE g |

. o~ DARY |

8N sou~ ARY :
gssvoh 38LTAGE |

VO
on JUNCTION VOL TAGF §

cT

10000
DNOP> —SCMmrcmzrcecmro

ooroom ooro

Z2ZMZZoLZZMZ

REG

R GI
NCTIO
oo
REG
ION
REGIO
REGT

OO OOOOOOOOOONODONOO

M VOONO << CTRXXRXNURN
>Xe

L ER DFPLETION REGION VOLTAGE
VDEPL=G/2 0/PERMxSDOPL * ( XMET=XDFPL ) %2

5
DOES UPPER DEPLETION REGION BND LIE WITHIN EPITAXIAL REG, |
IF (XDEPU.LE.XDEPEP) GO TO

UPPER DEP, REG, BND LIES OUT%IDF EPITAXIAL RFG,

VDE FP-G/PERM*!SDOPL*(XMET-XDEPI)—SDOPEPI2 0x (XNDEPEP=XMET) ) %
* (XDEPEP=XMET

VDEPU:Q/Z.O/PERM*SDOPU*(XDEPU-XDFPEP)#*? . !
G0 To 200

00 00 000

100 CONTINUE
DEPLETION REG. BND LIES WITHIN FPITAXIA REG.
VDEPFP=Q/2.0/PERM*SDOPEP* (XDEPU=XMF T ) **
VDEPU=0.0

200 CONTINUE

8 EVALUATE TOTAL DFPLFTION REGION VOLTAGE
VDEP=VDEPL+VDEPEP+VDEPU

RETURN
END

DOV ENOPNEOGIN = OO DN NE LI OO O U E LIN =O OE~N O UNIE UN = OV N O UIE GIND =
(21g]

NEE EEEELEEE FOIGIGIGIGIGHGIGIGHOENN PONIN NI N PO o b b b b o o s b ft
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SUBROUNTINE DHTEMP

*TEMP (1) ,DHTEMP

SUBROUTINE DHTEMP(IFLAG.NND.NNH.XDH.THKH.HSPFC.HDEN-DTIMFa
&TEMPD» TEMPH) |

QUASI-TWO-DIMENSIONAL THERMAL MODEL COMPOQFD OF *NNH' UNCOUPLFD
DIMENSIONAL DELS_1S FOR ULATED. THERg CONDUCTION OCCURS
PSRPFNDI CULAR TO HE DINDE AXIS T ARALLEL
MBINATION OF ONE DIMENSIONAL CONDUCTORS.

VARIABLE DEFIN TIONS
IFLAG { ATION SENTINEL WHICH PROVI
&MULAT! RUN_STREAM. IFL
F!gg$AgE;gg NEH QIMULAT!ON AND SET
MBER OF NSDE "POINTS AL ONG DIODE A
MBER OF NODE POINTS LONG _Y=AXIS
AXI x XN SUBQ?RATE MATERT
HEADER MA ERI L TH

FSS
HEADER M RIAL ERMAL CONDUCT!VITY
HEAD R MA ERIAl S Eg!
HEAD MATERIAL D

TIM T CRE
1 Skl o R

?us ?MFNSIONAL HEAD R TEMPERATURE ARRAY FOR RFTURNING

HS BER TSMP; 0 CALLING P g
LUM INTER FO LOCATING THFE _RESPECTIVE ONE

?IMENSIONAL HEADER TEMPFRATUR PROF 1 q H!TH N THE
WO DIMENSIONAL HEADER TEMPER TURE A FOR

NDA6 SUB_BANDA6 SOI.VES_THE INDIVIDUAL HEAD
TEMPERATURF PROFILES AND STORES THFM IN ARRAY TEMPH

DIMENSION TEMPD(101)»TEMPH(12¢101)sA(12:4)

THE MAIN PROGRAM SETS IFLAG FQUAL TO Z2ERO AT THF BFGINNING OF EACH
NEW SIMULATION TO_GQUE INITIALIZATION CALCULATIONS. IF IFLAG FQUAL
ONE SKIP INITIALIZATION CALCULATTONS

IF(IFLAG.EQ.1) GO TO 25

XNITIALIZE SUBSTRATE TEMP ARRAY
DO 2n K=1, NH

DO 15 J-l
TEM H(Kod)-300 0
CONTINUE
CONTINUE

NNHMlzNNH-l
NNDM1=NND=1
DXH-XDH/NNH
DXDXH=DXH
AA‘THKH/HEPEC/HDEN

SET FLAG TO SKIP INITIALTZATION CALCULATIONS
IFLAG=1

25 CONTINUE
!NIERMEDIATE COEFFICIENT EVALUATTON
A 'EI5XDXH+2 0*DTIME%AA)
AR:-DXDXH

IglgIAEAZE TEMPERATURE COLUMN POTNTER

S R SUQCESSIVE

D FO
AG IS R
IN SUR DH E“P DURING
X
(

-

Z

o
"

E
G
N
I
-]
A

S
ERPENDICULAR T0

I
N
0
mX
m O
111010

TEMPH
NBNDTX

O NN NI N\ b $ ot b bt ot b
O\ UL QIR OO O~ NEUIN = AO 0 N O U EOGIN =

OO0 O0O0OD OOOOOHOOOOODNONODOOOOOOOHOHOOOOHOO
= i
O
m
=

e
on

NN £ GIN = OV N NE LI = OV~ NE GIN = OV N UWE LIV OV
0on O 00 (2]

SVA%KAEION OF 'NND' ONE DIMENSIONAL TEMPERATURE PROFILES

COEFFIC!ENT EVALUATION
N-ll 1

NSNS NN OO OO TN KA UXNVNVNE £ £ £ E£ £ 5 5 £ 0 0H OO GE GG
00 060 00

OONONE LI OV
>»
(%]

4xTEMPH(NeJ)

OB BP0
O
22222

- . - e Ul

o
L3

%
]

o0
>
-
-0y
-r

e

=
um

BOUNDARY CONDITTONS
(1o4)=A1xTEMPD (J)

AL




§
! .
$ SUBROUTINE DHTEMP (Continued)
s .3
3
$3 gg A (NNHM1 » 4)=A (NNHM1 ¢ 4) =300, 0%A (NNHM1 » 3)
33 C
i gg c EVALUA{E ONE DlnsnglONAL TEMPERATURE PROFILF
g4 -+ e CALL BANDAG6(NNHM1+:2+401212012044+ A9 TEMPH)NRNDTXsPIVMIN)
4 5 C INCRFMENT TEMPERATURE COLUMN POINTER
1 6 NBNDTX=NBNDTX+12
P 87 50 CONTINUE
] i 9 RETURN
. 90 END
i
H
3
1
] 1 4 i
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SUBROUTINE DHT2D

*TEMP (1) .DHT2D

SUBROUTINE DHT2D(IFLAGNND¢NNH o XL e XDHe THKHX s THKHY » HSPEC »
&HDENDTIME » TEMPD s TEMPH» SMAXeDTHMAX s ITPRH. IBND¢S)

TWO DIMENSIONAL THER#aL MO%EL FOR SIMULATING THFRMA CONDUCTION

BRI e Thic AT B AT Lot S““S‘sge 5B H¥on
BT T8 g SORsTaate,  JO6 TNt BBy o
a%k D.__AN ITF

15 0sEoE TS FVALUA*UT%SN PROCFDUR S;MILAR

c
CH HF NEW TEMPERATURFS
PROFILES.
DECLARATIVE STATEMI
DIMENSION TEMPD(101
DIMENSION TEMPS1(12
INTEGER S»SMAX
VARIABLE DEF%N

F

LAG
SIMﬁLATIONS IN 0
COMPUTATIONS,

NND = NUMBER OF GRID OR NODE POINTS ALONG DIODE AXIS (X=AXIS)

#NH - NUMB%R OF GRID OR NODE POINTS ALONG Y=AXIS (PERPENDICULAR
O DYODE AXIS) WITH IN HEADER MATERIAL.

XL = DIODE LENGTHs (X=AXIS)
XDH « HEADER MATERIAL THICKNESS ;

THKHY = HEADER MATERIAL THERMAL CONDUCTIVITY ALONG Y=AXIS
(ASSUMED CONSTANT)

HKHX HEADER MATERIA% THERMA#HCONDUCTIVITY ALONG X=AXIS

‘{‘ES"“ﬁo B YNERSIONAL NEADER ' THERMAL MODEL. ~EOR-THTS SEDUCFD

MODEL Y ONE ITERATION IS REQGUTRED. INO&DFR TO_OVERIDE
THE CONV RGENCE CHECK FOR THIS CASE SET SMAX=1 AND DTHMAX:IO0.0

HSPEC = HEADER MATERIAL SPECIFIC HEAT (ASSUMED CONSTANT)

ADEN = HEADER MATERIAL DENSITY (ASSUMED CONSTANT)

DTIMF = TIME STEP INCREMENT FOR NEXT TIME STFP

TEMPD « LINEAR ARRAY FOR TEMPERATURES ALONG DIODE AXISé VALUES

OOOOOOOOONOO
sl’
02
..|

1 ).TEMPS(12.101)
xn

Zl""‘
m»O

S
?1 NTINEL WHICH PERMITS Succ S
RUN FREAM hY QUE ING SIMULA? S AL!ZATION

@ NN E LI = OOENTNEGINF OO B0 UE W N=OOERNO AEUIN = OO PN NEGIN -

EE E£E & &8 & S ULILILIIGIGILIIGIGIN NN NN N NININ) 48 b b b b b hd b ot ot

5é SUPPLIED BY CALLING PROGRAM AND USED AS BND RY SUB DHT
T MPH =~ _TWO NSJONAL HF R TEMPERATUR ARRAY FOR TURNING
£ TExRe DASCRIVGASIONAL LEAGEE TRUERRATURG Aamav,Con, SETUENING,
S4 REP E S TEMPERATURES AT PR VIOUS OINT IN T ME _BUT
55 RED ED AS NEW TEMPERATURE VAILUES BE ORF RFTURNING
5? HE CALLING PROGRAM
58 SMAX = MAXIMUM NUMBER OF ITERATIONS FOR HEADFR TEMPERATURE.
2 THM“ - EONV RGENCE aleERlA FOR HEADER TEMPERATURES LGORITHM,
1 M A CEP ABL NO MALIZED CHANGE IN TEMPFRATURE BETWEEN
2% ERATIONS AND

ITPRH - HEADER TFMPERATURE ITERATION PRINT SFNTINFL. WHEN
ITPRH=1 S AND DTHSMX ARF PRINTED FOR EACH ITFRATI'W

IBND « INDICATES THE TYPE BND AT X=0 AND X=XL, 0 « CONSTANT
TEMPFRATUREo 1 = BLOCKIN

TEMPS = TWO DIMENSIONAL HFADER TEMPERATURES FROM PRFVIOUS
ITERATION (S).

TEMPS1 = TWO DIMENSIONAL HEADER TEMPERATURES FOR NEW
ITERATION (S+1),

e T o
oo
oO~NON

9 AA = COEFFICIENT ARRAY FOR ONE DIMENSIONAL TFMPERATURE PROFILES,
8 NND « NUMBER OF TEMPERATURE NODES ALONG DIODE AXIS

OOOOOOHOOOOOOOOOOOOOOOOONOOOOOONONOONONNN NN OONOOOONOOONNOONOONONNNOO O
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SUBROUTINE DHT2D (Continued)

T
110 CONTINUE

EVALUATE GRID INCREMENTS
DX=XL/ (NND=1)

THE NUMBER OF HEADER GRID POINTS ALONG Y=AXIS IS (NNH#1)
DY=XDH/NNH

EVALUATE MODIFIED GRID COUNTS
8 NNB 1

NNHM1 =NNH=

NNHM2=NNH=2

INITIALIZE COLUMN POINTFR INCREMFNT
NNHMAX=12

80 C NNH - NUMBER OF TEMPERATURE NODFS ALONG Y=AXIS (PFRPENDICULAR ToO
gl g DIODFE AXIS) IN SUBSTRATF., MAXIMIIM VALUF OF NNHMX
8 E NNHMAX = NNH MAXIMUM VALUE WHICH IS THE SAMF AS THE 'ROW DIMENSION?'
§§ < FOR ARRAYS TEZMPH, TEMPS. AND TEMPSI1. .
NH N OLUMN POINT R_FOR LOCAT NG THF RESPECTIVE ON IMENSIONAL
87 8 EM ERATUSE BRsF *E ITH IN T 7 EeMgN IONE MP EA?URF ARRAY
88 C NE BANDA6 WHICH S E HE INDI IDUAL ONE
83 g DIMENSIONAL TEMPERATURE PROFILES.
3% g S « ITERATION COUNTER
= NORMAL IZED HAN IN_HEADER TEMPERATURE AT NO (Jo 1)
§u § BEReEn"PREASTARB EVINEReANTTGARER TE .
2 C DTHSMX = MAXIMUM NORMAL IZED CHANGED IN HEADFR TEMPERATURE
§§ E BETWEEN THE S AND S+1 ITERATIONS
C JPRDH = HEADER TEMPERATUR RAT ON PRINT SINTINEL. WHEN
E 8? g {TPRDH‘ S E DTHSM§ ARE ER{NF OR EACH ITERATION
02 C
03 Crerncrmnc s " ecccnae™ - - - -~ -
04 100 CONTINUE )
- 89 g SIMULATION INITIALIZATION CALCULATIONS
88 S IFLAG=0 IMPLI?S FIRST TIMF STEP FOR NEW SIMULATION AND TH T
10 IMULATION INITIALIZATION CALCULATIONS SHOULD BE PFRFORMFE
11 ¢ F(IFLAG.NE.O) GO TO 20n
%g C ?EIAéFLAG TO INDICATE THAT THE SYMULATION HAS BFFN INITIALIZED
5 c -
19 C INITTIALIZE TEMPERATURE ARRAYS
1 0 110 I=1,101
8 0 110 J=1!§2
9 TEMPH(J,»I)=300,.0
0 TEMPS(J»1)=300.0
gé PS1(Jv1)=300.0
£
2

o0 00 00

200 CONTINUE

PRE=ITERATION COMPUTATIONS

PARTTAL COEFFICIENT EVALUATION WHICH WILL ACCOMMODATE A VARILABLE
TIM; STE $0NTROLL D BY THE CALLTNG PROGRAM

A== HKHY:B IME=

B==2,0%A+ YtDYtnxt XtHDFNtHSPEC

=A
§l-ox: XtDYtDY!HD%NtHSPFC
STHKHX*DY*DY=DTIM

S §§8T!ALIZE ITERATION COUNTER

NITTAL
i 410

(

OOOOOO OO OO0

(21e}

ZE NENPSI WITH TEMPH FROM PREVIOUS TIME STFP

1

VDGR BAVIONE &8 & &8 &8 £ £ GILIGE GILEOIGIIGION
WONPNEGIN = OO0 BWE LIN- OVENCNEGIN=OVE

C e
AL

EMPH(J,I)

Do S ok Pt Dl o b D Bt (B o P Qo B b P o i B St i B bt P s P o BonSnd o S b (o B Bd Bcd o P bt d fnnd fad bt s i 8 ph fd B ek bt
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SUBROUTINE DHT2D (Continued)
210 CONTINUE

(300 CONTINUE e 5 >
c - - - -
g ITERATION LOOP
C TRAngER IEMPSI TO TEMPS SO THAT NEW TEMPS1 VALUE MAY BF CALCULATFD
oN
QEMSS(J01)3¥§MP51(J'!)
¢ 305 CONTINUE
C gNgRFMENT ITERATION COUNTER
c -
C EVALUATE _NND ONE DIMENSIONAL TEMPERATURF PROFILFS ALONG Y=AXIS
E WITH COUPLING WITH ADJACENT COLUMNS,
C INITIALIZE COLUMN POINTFR FOR THF FIRST ONE DIMFNSIONAL
C TEMPFRATURE PROFILE.
¢ NNHBND=NNHMA X
c mTemm e g - - Lo o o @0 = 0w 0 e T ap @ W o o @ P ow -
oo CONTINUE e = K
c - - mmmememTgemeeamenTmes
g IFME%?CKING BND SPECIFIFD FOR X=n, EVALUATE TEMPS1(J,1) AND
& } RN8 NE.1) GO TO 50n
C COEFFICIENT EVALUATION FOR TEMPS1(Js2) WITH BLOCKING BND
DO 410 J=1,NNHM1
AA(Jel)=A
AA(Jog):B
AA(dJ, ;:C
AA(Jo&)=DI*TEMPH(J»2)+D2% (TEMPS (U 3)=TEMPS(Jy»2))
c 410 CONTINUE
c INCLUDE BND FOR TEMPS1(J.2)
AA(1,4)=AA(1/,4)=A%TEMPD(2)
¢ AA (NNHM1 ¢ 4) SAA (NNHM1 o 4) =C%300.0
c EVALUATE TEMP 1(J %
¢ CALL BANDA6(N HMlo 40121291204+ AA» TEMPS1+NNHBND»PIVMIN)
(o INCRFMENT COLUMN POINTER FOR NEXT TEMPERATURF PROFILF
¢ NNHBND=NNHBND+NNHMAX
C Sauagg IE?PS&(J.P) AND TEMPS1(J,1) FOR BLOCKING BND
1097115 EMPs1 (Uh2)
420 CONTTNUE' )
8 IF CONSTANT TEMPERATURE BND SPECTFIED FOR X=0s EVALUATE TEMPS1(J.2)
¢ IF(IBND.NE.0O) GO TO 600
C 80 EFFICIENT EVALUATION FOR TEMPS1(Js2) AND CONSTANT TEMP BND
Ag 31? J=1¢NNH
AA(J:zlsé
AA(J.R =
AA(J,8)SDI*TEMPH (J,2) +D2% (300,04 TEMPS (J,3)=2 ,0%TEMPS(J,»2))
¢ 10 CONTINUE
o INCLUDE BND
AA(1.4 :AA(I.“)-A#TEMPD(
¢ AA (NNHM1»4) SAA (NNHML o 4) = t300 0
C VALUA TEMPS1 (J»
¢ EALL Iﬁ DA6 (NNHM1 » 2 401212012040 AA» TEMPS1+NNHBND»PIVMIN)
C INCRFMENT COLUMN POINTER FOR NEXT TEMPERATURF PROFILF
e NNHBND=NNHBND+NNHMAX
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SUBROUTINE DHT2D (Centinued)

C--- - ey - T gy > DO R D @i > T - - - ey

600 CONTINUE

C------------ L LT e - - - -

C

c 8VALUAT§ TEMP RATURF PROFILES FOR TEMPS1(Je3) = TEMPS1(JUs,NNDM2)
¢ 0 620 I=3.N

C EVALUATE COEFFICIENTS FOR TEMPS1(J, 1)

DI*TEMPH(Jo 1) +D2% (TEMPS(Us I=1)+TEMPS (JrT#1)
8=2,0%TEMPS(Js 1))
610 CONTINUE

INCLUDE BND FOR TEMPSI(J-I)
AA(1,4)=AA(1,4)=AXTEMPD é
AA (NNHM1 o4 ) =AA (NNHM1,4)=-Cx300,0

EVALUATE TEMPS1(J,1)
CALL BANDA6(NNHMIo2.“al?l20120quA TEMPS1 +NNHBND » PIVMIN)

INCRFMENT COLUMN POINTER FOR NEXT TEMPERATURF PROFILE
NNHBNDSNNHBND +NNHMA X

620 CONTINUE

700 CONTINUE o 5 ' 7

IFMBLozKING BND SPECIFIFD EVALUATE TEMPS1(J,NNDM1) AND
F ?3 ‘1) Go TO 800

COEFFICIENT EVALUATION FOR TEMPS1(Jo.NNDM1) WITH BLOCKING RND
DO 710 J=1,NNHM1

(21g]

~NOOM OO OO LY 3

OO OO OND OO0 (BT DD O N N~ NNNNNN oo Qon (410 8 14

WRNNE LI = OO0 N N FLIN = OOVE 0 NE LIN OO PN NE GIN OO N TXNE LINE O OENC U E LN = OO NN E LI OO

00 ONO0 OO0 O 00 00

2 o~

=C
gD!tTEMPH(JvNNDMI)002#(TFMPS(J-NNDM&i-TEMPS(J.NNDMl))

(alg]
~
—
o
OP>P
e e ®

4)=AXTEMPD ( NNDM1 )
A(NNHM194)=C%x300.0

1 (JeNND
EHM o“vi%i? 12/4+AA, TEMPS1 ,NNHBND,PIVMIN)

JoNNDM1) AND TEMPST (JoNND) FOR BLOCKING BND
TEMPS1 (JsNNDM1)

OmM P OPRP
o

> ~=n
> rC ZeC =HcCe
S

00 00
) -4
O

[

T

l"lOO < >PZ
m m©O>» I&
>
zm
o
Z-'! - FP
Z* 0 OM -

~Om

S
720 CONTYNU#

800 CONTINUE

- - - o - -
[T T - - -

g IF CONSTANT TEMPERATURE BND SPECIFIED FOR X=XL, EVALUATF
c
C

TFMPSI(J.NNDMI)
(IBND.NE.D) GO TO 900

80EFFICIENT EVALUATION FOR TEMPS1 (JUoNNDM1) AND CONSTANT TEMP BND
810 J=1,NNHM1

AA Jo%

AA(J

EMPH (Jo NNDM1 ) +D2% ( TEMPS (J»NNDM2) 4300, 0
+NNDML))

=

o0

TEMPSA(J.NNDMI)
AxTEMPD M1)
NHM1 o 4)=C%300.,0

N
(JoNNDM1
Ml020“01?1?0lzoﬁoleTEMPSIONNHBNn PIVMIN)Y

22)
om
z<
>
e
o>
>
Zm =n

0l 0 il Gl Gl Gl (4 Gl 0 st G 8 QI G Gl IO DD DA D D NI DD RO AN A R AR R D AR AL AL RO A A AN AN A A3 D PO N AN D LR VN

=t bt et Gt et bt et e DD OO O OO O
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SUBROUTINE DHT2D (Continued)

320 c—-‘----------——---- - e aCogmereneTanewececaPame®nce ™o

321 900 CONTINUE
322 Crmrnmanrae e ecvr e acnccsa® grnmenn™ e - - - -
323 C
324 C CONVERGENCE CHECK
§§§ g EVALUATE MAX!MUM NORMALIZFD CHANGE IN TFMPERATURFE FOR THIS
328 H MX‘O
3§g BO g I-2oNNDMl
3% egHg'(TEﬁagl(Jvl)-TEMPS(J-I))/TFMPSHJ.H
332 F(DTHS.GT DTHSMX) DTHSMX=DTHS
333 e 910 C NUE
B e preumovcmny
339 o 920 ORmAT arE Qe L) RIT Hoin Ax=SeRT4S
i igs C IF DTHSMX LEe. DTHMAX THE SPECIFIED CONVERGFNCE HAS BEEN ACHIEVED
332 ¢ IF(DTHSMX.LE.DTHMAX) GO TO 1000 J
4 ONVFRGENC HAS NOT BEEN HIEVE F THE ITERATION
343 & fe e SE VAN TRE qum M SEECIFIPD START GNOTHER ITFR xon
33% E IF(S.LT. SMAX) GO TO 300
THE MAXIMUM NUMBFR OF ITERATIO N PERFORM D WITHOUT

gg? C ACHIF¥IN$3%?NVERGE§§§. RITE R EESAGE AND FRM!NATE XOT J
S“S 930 !ORMAT?' a *%%%k%x CONVERGENCF FAILURE IN SUBROUTINE DHT2D,
350 /e27H **t** EXECUTION TFRM!NATED./.
ggi gH Aok kKK Q-oésoﬁxt g 8030/
353 UH xkxxk EASE SMA AND/O DTHMAX)
ig C STOP kkkkkk kR Rkkkk Rk AR R E R K ER KRR AR Rk RE R AR g g R Rk

! 363 C TRANSFER NEH SUBRSTRATE TEMPERATURE VALUFS TO ARRAY TFEMPH

. 361 0 1010 1=1+,NND

. 362 0 1010 J=1,NNH

E 3 TEMPH J.I):TEMPSI(J 1)

L 364 clOlO CONT!NU
ggg C RETURN TO CALLING PROGRAM WITH NFW HEADER TFMPERATURES

L

i
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SUBROUTINE DHT2D1

*TEMP (1) ,DHT2D1

SUBROUTINE DHT20D1 (IFLAG.NNDeNNH o XL ¢ XDH o THKHX s THKHY ¢« HSPEC »
&HDEN,DTIME, TEMPD, TEMPH, SMAXsDTHMAX, ITPRH, IBND,S)

BuR0RIVENSIONL TNEEWAL KOBEL ER, STULNATING TERNAY, coNBUCTION
¢¢%w+ﬁm%“w%m#¥%wmwﬁm&%m

IN THE S
gROé DUég S*U& é

1
PU& U*N TIME (TIEE+BTIME N
%O THE SO E?HN! i 1S USE% TO H‘ #EU
PR OF!LESo DHT2D1% BR DH 20 TH Vv RY LATES
VALUES OF TEMP ARF USED IN THE TTFRATIVF PROCEEDUR
CLAR " M
?MEQS? & ? ; %0{ §EMPH 12,109) TEMPS(12,101)
DIMENSION T MPSI(IZ.IOI).A (124
INTEGER S»SMAX
VARIABLE DEFINITI
LAG = NEE EIMULATION Q;NTINEL WHICH PFRMITS SUSCF
IMULAT ONS IN ONE RUN STREAM BY QUEING SIMULATION !NITIALIZATION
COMPUTATIONS,
NND = NUMBER OF GRID OR NODE POINTS ALONG DIODE AXIS (X=AXIS)

NNH « NUMBER OF GRID OR NODE POINTS ALONG Y«AXIS (PFRPENDICULAR
TO DTODE AXIS) WITH IN HEADER MATERIAL.

OOOOOOOOOOOON

~N O E GINEOO N CUNEGIN=OD N O NE W N

O NN NI D D NININIIS 50 1 bt o s o b

0
‘ 1 XL = DIODF LENGTHs» (X=AXIS)
3§ XDH -« HEADER MATFRIAL THICKNESS
5 THKHY = HEADER MATERIAL THERMAL CONDUCTIVITY ALONG Y=AXIS
39 (ASSUMED CONSTANT)
is THKHX = HEADER MATERIAL THERMA# CONDUCTIVITY ALONG X=-AXIS
, 3 (ASSUMED constuur). HKHX=THKHY . THKHX= n 0 FOR
z 40 QUAST= wo-oxm NSIO AL og THFR AL MODEL. OR rs Rroucro
z 41 MODEL. ONLY ONE 1TE ATION IS REQUTRED. _INORDFR T ; DE
{ :2 THE CONVERGENCE CHECK FOR THIS CASE SET SMAX=1 AND DTHMAX=100.0
| 35 HSPEC = HEADER MATERIAL SPECIFIC HEAT (ASSUMFD CONSTANT)
:e HDEN = HEADER MATERIAL DENSITY (ASSUMED CONSTANT)
:é DTIMF = TIME STEP INCREMENT FOR NEXT TIME STFP
TEMPD = LINEAR ARRAY FOR TEMPERATURES ALONG DIODE AXI VALUES
%g SUPPL.IED BY CALLING PROGRAM AND USED AS BND RY SUR nu?én
TEMPH = TWO DIMENS ONAL HE DER TEMPFRATURE ARRAY FOR RETURNING
gg HEADFR TEMPERATURE% t:ns DURTNG ITERATIONS TEMPH
REPRESENTS TEMPFRATURES AT PREVIOUS poxur IN TIME BUT IS
56 REDEF INED AS NEW TEMPERATURE VAILUES BEFORF RFTURNING
57 TO THE CALLING PROGRAM

o
O

SMAX = MAXIMUM NUMBER OF ITERATIONS FOR HEADFR TEMPFRATURE.

aTHMAX « CONVERGENCE aRITERIA FOR HEADER TEMPERATURFS ALGORITHM,
AXIMUM ACCEP ABLE NORMALIZED CHANGE IN TEMPFRATURE BRETWFEN
ITERATIONS S AND S+1,

ITPRH = HEADER TFMPERATURE RATION PRINT SFENTINEL, WHEN
ITPRH=1 S AND DTHSMX ARE PR;N?ED FOR EACH ITFRATION

IBND = INDICATES THE TYPE BND AT X=0 AND X=XL., 0 « CONSTANT
PFRATURE, 1 « BLOCKIN

OO O
(1N

TR v .

TEM

TEMPS_= TwO DIMENSIONAL HEADER TFMPERATURES FROM PRFVIOUS
ITERATION (S),

TEMPS * = TWO DIMENSIONAL HEADER TEMPERATURES FOR NEW

ITERATION (S+1),

AA = COEFFICIENT ARRAY FOR ONE DIMENSIONAL TFMPERATURE PROFILES,

NND = NUMBER OF TEMPERATURE NODFS ALONG DIODF AXIS

OOOOOOOOOOOOHOHOOOOOOOOONOOOONOOONOONOOOOOOONOOONOOOONOOOOOOHOOONHOO O

o
VRN NEGIN=O ORI NS

SNNNNNNSN NN OO

o
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B14 3
SUBROUTINE DHT2D1 (Continued)

80
81 NNH = NUMBER OF TEMPERATURE NODFS ALONG Y=-AXIS (PFRPENDICULAR TO
82 DIODF AXIS) IN SUBSTRATF. MAXIMUM VALUF OF NNHMX

NNHMAX = NNH MAXTIMUM VALUE WHICH IS THE SAMF AS THE *'ROW DIMENSION?
FOR ARRAYS TEMPH, TEMPS, AND TEMPS1.

JAMEND 5 SOHL BOINTER £, LSCATIAS T RESRCRTIVE, Q% pRaEN e
TEMPEI FOR SUBSOﬁ»ENE AANDA6 WHICH SOLVES THF INDIVIDUAL ONE
DIMENSIONAL TEMPERATURE PROFILES,

S = ITERATION COUNTER

DTHS = NORMALIZED CHANGE IN HEADFR TEMPFRATURE AT NODE (J»1)
BETWFEN THE S AND S+1 ITERATIONS,

DTHSMX = MAXIMUM NORMALIZED CHANGED IN HEADFR TEMPERATURFE
BETWEEN THE S AND S+1 ITERATTIONS,

TPROH = HEADER TEMPERATUR TERATION PRINT SINT L. WHEN
{TPRgHzl S AND DTHSM§ ARE ER%N‘FD OR EACH ITERA*?EN .

100 CONTINUE

-an S ap e 0w e o gp - - - O o @ ew o T p = O w0 g on = o

SIMULATION INITIALIZATION CALCULATIONS

FLAG=0 IMPLI FIRST_TIME STEP FOR NEW SIMULATION AND THAT
IMULATIBN INE?IALIZATIGN CAL ULAT!0N§ SH%ULD BF PERFSRMFD.
IF(IFLAG.NE.O) GO TO 20n

?EEA%E&AG TO INDICATE THAT THE STMULATION HAS BFEN INITIALIZED

00 OO0 O0O0OOO0 ONOOOOHOOOOOOOOOOOOOOONOONON

PERATURE ARRAYS

EVALUATE GRID INCREMENTS
DX=XL/ (NND=1)

THE NUMBER OF HEADER GRID POINTS ALONG Y=AXIS IS (NNH#1)
DY=XDH/NNH

EVALUﬁaﬁ MODIFIED GRID COUNTS

0on 00 00N

NNHM2=NNH=

C
C INITIALIZE COLUMN POINTFR INCREMENT
NNHMAX=12

200 CONTINUE

g PRE~ITERATION COMPUTATIONS
PARTIA OEFFICIENT EVALUATION WHICH WILL ACCOMMODATE A VARILABLE
(o TI S*E ON*SOLLED B° THE CALLTING PRSG&AM

As=THKHY % IME*DX#BX
85-2.0¢A+ Y*DY%2DXxDX*HDF N*HSPEC

C=A
D1=DX*DX*DY*DY*HDEN®HSPFC
D2=THKHX*DY*DY*DTIME

QORI NN & 8 £ BE £ £ 8 5 £ 0HGIGIGIGIGHGIGA GIGIN NN N NN RO N NS 1t ettt it =2 bt 400 OO OO © OO O OO \O\D O OO\ OO0 300 O O
~NONEGIN= ORI N &G

WO NEWN = O O® O NE GIN = DO NG NE GIN=OOVD~N T UIE GIN = OY P I N SVIN = OO B0 NE LIN = OO®

s B e DD o s b ot ot o D oo S o Bt b B 1 o B bt haeh B ot e b ) P b nh B bt o B Pk Do P P G ok B s B Bt D baad bl ot Dl B P o bt B s s Dt

C

c gygfllLIZE ITERATION COUNTER

c -

c NITTALIZE TEMPS1 WITH TEMPH FROM PREVIOUS TIME STFP
0 gio I1=1,NND
0 210 J=1+,NNH




B15
SUBROUTINE DHT2Dl1 (Continued)
160 TEMPS1(Je 1)STEMPH(Js 1)
161 210 CONTINUE
162
164 300 CONTINUE
i 25 g-----— - - - e i S
163 ¢ ITERATION LOOP
188 ¢ TRANSFER TEMPS1 TO TEMPS SO THAT NEW TEMPS1 VALUE MAY BF CALCULATFD
170 DO’ 305 1=14NND
173 D eMPe T T 2 EPS 1 (U 1)
}75 . 305 CONTINE T STEMPS1 (Jo
gié ¢ INCREMENT ITERATION COUNTER
177 c
178 ¢ EVALUATE NND ONE DIMENSIONAL TEMPERATURF PROFILFS ALONG Y=AXIS
179 ¢ WITH COUPLING WITH ADJACENT COLUMNS,
131 ¢ INITTALIZE COLUMN POINTER FOR THF FIRST ONE DIMFNSTONAL
182 ¢ TEMPERATURE PROF TLE.
183 NNHBND=NNHMA X
i§‘§ i P . i -
}39 400 _CONTINUE = g i
8 ¢ 7t o5 = S o
i 9 ¢ IF BLOCKING BND SPECIFIFD FOR X=n, EVALUATE TEMPS1(J,1) AND
1 ¢ TEMeS (dv2
1 % p IFCIBN .1) Go TO S0n
i ¢ GOEFFICIENT £ EVALUATION FOR TEMPS1(Je2) WITH RLOCKING BND
195 AA(Je1)=A
13¢ AA(J,2)=B
197 AA(J,3)=C
198 AA (D, 8)SDISTEMPH(Js2) +D2% L TEMPS (U 3) =TEMPS (U, 2) )
593 ¢ 410 CONTINUE
289 ¢ INCLUDE BND FOR TEMPSI(J»2)
202 AATIVRT=AA (1, &) =AGTEMPO 2]
g > ? AA (NNHM1 ¢ 4) ZAA (NNHM1 » 4) =C%300.0
22 ¢ EVALUATE TEMPS1(Js2)
206 A A EVBARDAG (RNANT o) 40 121201204+ AAs TEMPS 1 » NNHBND » PTVMIN)
208 ¢ INCREMENT COLUMN POINTER FOR NEXT TEMPERATURF PROFILE
209 g AINGB D = NNHEND + NNHMAX
%i% ¢ EGUAT§ TE?PSI(J.?) AND TEMPS1(Js1) FOR RLOCKING BND
S1(Js1)=STEMPSL (Js2)
2i~ 420 cSNernu : e
2 $ <500 _CONTINUE = . R R = o
¢ - =+ ~ ”~
553 F CONSTANT TEMPERATURE BND SPECTFIED FOR X=0s FVALUATE TEMPS1(Js2)
221 » IF SONBINE 01 0T 0 606 ° g s s .
- 388 ¢ COEFFICIENT EVALUATION FOR TEMPSI(Js2) AND CONSTANT TEMP BND
224 DO 510 J=10»NNHMI
225 AA(J.1)3A
3 RES
5 AR B Z51 4 TEMPH (U 2)+D2% (300,04 TEMPS (Js 3) =2, OXTEMPSTUs2) )
229 o 510 CONTINUE
- 23 ¢ INCLUDE BND
| 232 AATILHIZAA(101) =ASTEMPD (2)
2 AA (NNHM1 ¢ 4) SAA (NNHM1 4 ) =C %3000
- 8% & VALUATE Tsnpsxca.sx
- 236 5 ALL "BANDAG (NNHMT 0310012120120 %+ AR+ TEMPS 1 » NNHBND » PTVMIN)
: 338 ¢ INCREMENT COLUMN POINTER FOR NEXT TEMPERATURF PROFILF
239 NNHBND=NNHBND+NNHMA X
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SUBROUTINE DHT2D1 (Continued)

C

c----—-------- - - - - - T g W D 05 on e =2 O )

600 CONTINUE

sVALUAT% TEMPERATURE PROFILES FOR TEMPS1(Je3) = TEMPS1(J)NNDM2)
0 620 I=3,NNDM2

0N O0nn

VOOO>
N
~%
[

EM??(J.I)+D?*(TEMPS!(Jol-1)+TEMPS(Jo!¢l)
L

CMerer s
L)

MmN

610

(g1g]

)
300.0

0
4)=-AxTEMP
A(NNHM1,4)
S

1(Je1)
NHM1:20401?12|12.4.AA.TEMPSIoNNHBNDoPIVMIN)

INCRFMENT COLUMN POINTER FOR NEXT TEMPERATURF PROFILE
NNHBND=NNHBND+NNHMAX

620 CONTINUE

2R O1P»P>»>»OM
< P>PPrZ ONPPPPO<

FOR TEMPS1(J,I
(1
-Cx

Z0 P

IF BLOCKING BND SPECIFIFD EVALUATE TEMPS1(J,NNDM1) AND
IEM§§§6J.NND)
( .NE.1) GO TO 800

COEFFICIENT EVALUATION FOR TEMPS1(JoNNDM1) WITH BLOCKING BND
(10, JZ1 s NNHMI
’ -

O 0O00OS OO0 O OO0 0O0

B
SltTEMPH(JoNNDMl)+DZ$(TFMPSI(JONNDM?)-TFMPS(JONNDMI))

muun

e o ®

710

O NE LI OV~ AE LIV = OOV ENOCN FLIN OO NCNELIN=OYVENCNEUGIN= O

=A*xTEMPD (NNDM1 )
NNHM1+4)=C%x300.0
(

JoNNDM1)
M1e20401212012040AA» TEMPS1+NNHBND»PIVMIN)

EQUATE TEMPS1(J,NNDM1) AND TEMPS?1(J+NND) FOR BLOCKING BND
DO 720 J=1,NNH
TEMPS1(JeNND)STEMPS1 (Je NNDM1)

720 CONTINUE

Creoroncnnannracccnne™amw - - © - - -

800 CONTINUE

IF CONSTANT TEMPERATURE BND SPECTIFIED FOR X=XL» EVALUATF

PS1(JsNNDM1)

ND.NE.0) GO TO 900

CIENT EVALUATION FOR TEMPS!(JoNNDM1) AND CONSTANT TEMP BND
-l

A

som 00 ®~NNNN NN NNNNO OO0 OO NNV E EEEESEFES &

- )

- >0

e
Z70 -

2° =
» TFO ZFUN

- TeMm Co—~

A RN AR AAIA RO AN AR AR RO A AN AR D A FON A RN N A NN A R RN AN DN NN A
r 2« —Scccey

(alg]
oM 22 OPPRPO
P DPPZ OPPPPO

)
(
1
H

00 00
Z0 >&

533

00 O000n

1C

gltTEMPHIJoNNDM!)402*(TEMPSI(JoNNDM?)+300.0
PS (JsNNDM1))

ND FOR TEMPS1 (.)»NNDM1)
N1 =A e TERBO (BT
s4)=AA (NNHM1 ) 4)=C%x300.0

All,4
4)=AA
TEMPS
A6 (NN

®
oM B2k O PPPPOO -
< PPZ ON ))))Og ‘ﬂl;

B> ~=~0

>
-
o

T R U LS

(21s}

(gle]

(JeNNDM1)
M1e2+40121201204,AA) TEMPS1:NNHBNDsPIVMIN)

WE NG NEGINGE OO NONE GIN =O VRN NE L

e b (e e et Bt Bt B2 OO O O OO OO OO VWV OV VOO
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B17
SUBROUTINE DHT2D1 (Continued)

¢
C---— - - - O o e D T ot > T g SO D W > > a T cm E E  o an O Ty
(200 CONTINUE A 2 ¥
¢ o - & oy i &
¢ CONVERGENCE CHECK
¢ gvALrA}gNuaxtMUM NORMALTZED CHANGE IN TEMPERATURE FOR THIS

DTHSMXZ0 .

£2 318 14 men

HS= (TEMPS] (Jo 1) =TEMPS (Js1)) /TEMPS] (Jo T)

9F¢DTH8§GT.6*H§ux) EYnaswzdiié :
o 910 CONTTNUE
¢ PRINT ITERATION SUMMARY

IF(ITPRH.EQ.1) WRITE(6+920) Ss»DTHSMX
. 920 FORMAT(3H"S2,1245Xs THDTHSMX= /E8. 3) |
¢ IF DTHSMX .LE. DTHMAX THE SPECIFTED CONVERGENCE HAS BEEN ACHIEVED #
3 IF (DTHSMX.LE .OTHMAX) GO TO 1000
C CONVERGENCE HAS NOT BEEN A ACHIEVFD. IF THE ITERATION COUNT
¢ IS LESS THAN THE MAX MUM SPECIFIFD START ANOTHER ITFRATION
3 IF(S.LT.SMAX) GO TO |
¢ THE MOXIMUM NUMBER OF ITERATION HAS BEEN PERFORMED WITHOUT i
¢ ACHI IEV I&G CONVE REENCE. EROTIONRHAR BEEN,RE AND TERMINATE ' XQT :

C
c

clOlO CONTINUE

c

WRITF(6,930) S
930 FORMAT(///.“6H.t#ttt CONVERGENCE FAILURF IN SUBROUTINE DHT2D,
&/027TH *x%kxX EXECUTION TERMINA EDe/

&9 *kkEk SSHPI205X0 7 CMX=+F /
uH KK INésEAQE gMAQ AND/OR nTHMAX)
STOP kgt Kok 4ok o k0 0k o ol o o8 o 0K e o o o o o o K o o o 0 o o W o oo o o o o K o o o o o o e oK e o o e o

1000 CONTINUE = L - &

TRANSFER NEW SUBSTRATE TEMPERATURE VALUFS TO ARRAY TEMPH

B8 1018 J2i:NNR

TEMPH(Jo I)=TEMPS1(J, 1)

gE}Bsn TO CALLING PROGRAM WITH NFW HEADER TEMPERATURES
END
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B18
SUBROUTINE DHT2D2

*TEMP (1) ,DHT2D2

SUBROUTINE DHTzn?(IF#AG.NNUONNHvXL’XDHOTHKHX ¢ THKHY ¢ HSPEC »
8HDEN,DTIME . TEMPD, TEMPH, SMAXsDTHMAX, ITPRH, IBND»S)

TWO DIMENSIONAL THERMAL MODEL FOR SIMULATING THFRMA* CONDUCT!ON
THROHGH THE DIODF SUBSTRéTE OR HFADER MATERIAL. THF MAL
CONDUCTIVITYa SPEC AT AND DEN%ITY OF THE QUBSTRATF MATERIA
cRg ASSUMED TEMPERA URE INDEPENDFNT THERE TS NO JOULE DISSIPATION

H IN THE SUBSTRATE. THE TEMPFRA’UR PROFILES FOR HF NEX
SUBROU ?NTIME éIEEE*DTIME)IAR TTVEUES GT EN PROC DUR SIMILAR
T0 THE E * HNIQBE IS QED TO FVALUA % ; PE ; 5

ROF L . FO Hs RER TEMPERATURF g EVAIUATF?
ROW WISE (A ON$ X-AXI?) ATHER THAN COLUMN W1 S D1.
;EgcgguzsLA EST VALUES OF TEMP ARE USED IN THE TTFRATIVF

DECLARATIVE STATEMI

B*MENS ON Pg(IOI
MENSION TEMPS1(12

INTEGER S»SMAX

VéEIABLENEsF ?#6&2 %ON SENTINEL WHICH PERMITS SU CFQS
ééngbéx%ggaslN ONE RUN STREAM bY QUEING SIMULA? 8 }¥IALI?ATION

NND = NUMBER OF GRID OR NODE POINTS ALONG DIODE AXIS (X=AXIS)

NNH =« NUMBER OF GRID OR NODE POINTS ALONG Y=AXIS (PFRPENDICULAR
TO DTODE AXIS) WITH IN HEADER MATERIAL.

XL = DIODE LENGTHs (X=AXIS)
XDH - HEADER MATERIAL THICKNESS

THKHY = HEADER MATERIAL THERMAL CONDUCTIVITY ALONG Y=AXIS
(ASSUMED CONSTANT)

THKHX = HEADER MATERIA% THERMAL CONDUCTIVITY ALONG X-AXIS
(ASSUMED CONSTANT) . RMALLY THKHX=THKHY. THKHX=0.n FOR
QUAST~TW -omeus;omgr HFADER THFRMAL MODFL, FOR THIS RFDUCPD
MODEL ONLY ONE ITERATIO Rgo JIRED, _INORDER TO OVERIDE

THE CONVERGENCE CHECK FOR THIS CASE SET SMAX=1 AND NDTHMAX=100.0

HSPEC = HEADER MATERIAL SPECIFIC HEAT (ASSUMFD CONSTANT)
HDEN = HEADER MATERIAL DENSITY (ASSUMED CONSTANT)
DTIMF = TIME STEP INCREMENT FOR NEXT TIME STFP

MPD = LINEAR ARRAY FOR TEMPERATURES ALONG NIODE AXIS VALUES
SBPPLIED BY CALLING PROGRAM AND USED AS BND RY SUB DHT2D

TEMPH = TWO DIMENSIONAL HFADFR T MPERATURF ARRAY EOR TURNING
HEADFR TEMP?R&TURE& ?0 CA t g RAM, DURIN !TERA ONS EMPH
REPRE SEN EMPERATURES A PREV OUS POINT IN T!ME BUT

RED FI R E RATURE VALUES BEFORE RFTURNING
TO c LLING PRO RAM

SMAX = MAXIMUM NUMBER OF ITERATIONS FOR HEADFR TEMPFRATURE.
DTHMAX = CONVERGENCE CRITERIA FOR HEADER _TEMPERATURFS ALGORITHM,
M#égrg?oﬁ€CEP BLE ?ORMALIZED CHANGE IN TEMPFRATURF BETWEEN

ITPRH = HEADER TEMPFRATURE ?RATION PRINT SENTINFL, WHFN
ITPRH=1 S AND DTHSMX ARF PRINTED FOR EACH ITFRATION

IBND =« INDICATES THE TYPE BND AT X=0 AND X=XL, 0 = CONSTANT
TEMPFRATURE: 1 ~ BLOCKING

g MPS_= TwO DIMENSIONAL HFADFR TFMPERATURES FROM PRFVIOUS
ITERATION (S).

;MPG* - ng ;MENSIONAL HEADER TEMPERATURES FOR NFW
ION (S+1).

NTS
) » TEMPI 1 le!)oTEMPS(lZoiOl)
0101),AA(101,4)TEMP(101)

ITERA
AA = COEFFICIENT ARRAY FOR ONE DIMENSIONAL TFMPERATURE PROFILFS,




by B19
SUBROUTINE DHT2D2 (Continued)
80
g; NND = NUMBER OF TEMPERATURE NODES ALONG DIODF AXIS
NNH = NUMBER OF TEMPERATURE NODFS ALONG Y=AXTS (PERPENDICULAR T0
§§ DIODF AXIE) IN QUBSTE Q X?MUN VALUE OF NNHM
8 NNHMAX = NNH MAXIMUM VALUE WHICH IS THE SAMF AS THF *'ROW DIMENSION?® 2
gs FOR ARRAYS TEMPH., TEMPS., AND TEMPSI1. :

89 NNHBND = COLUMN POINTER FOR LOCATING THF REQPECTIVF ONE DIMENSIONAL
0 TEM FRATURE PROFILES WITH IN THF TWO DIMENSIONAL TFMPERATURE ARRAY
;MPQI FOR SUBROUTINE BANDA6 WHICH SOLVES THF INDIVIDUAL ONF

MENSIONAL TEMPERATURE PROFILES, \
S = TTERATION COUNTER |

DTHS = NORMALIZED CHANGF IN HEADFR TEMPERATURE AT NODE (J,1)
BETWFEN THE S AND S+1 ITERATIONS,

DTHSMX « MAXIMUM NORMALIZED CHANGED IN HEADFR TFMPERATURE
BETWEEN THE S AND S+1 ITERATIONS,

JPRDH = HEAD R TEMP RATURE IT RAT ON NT SINTINEL., WHEN
ITPRDH- S DTHSM ARE ER N; FOR C ITERA*!SN

100 CONTINUE

SIMULATION INITIALIZATION CALCULATIONS
6=0_ IMPLIES FIRST TIMF_STEP FOR NEW SIMI LATION THAT
S M LATION %NETIALIZATION CALEUIATIONE SHOUL.D g PER 8RMF6
IF(IFLAG.NE.O) GO TO 20n
SET TIFLAG TO INDICATE THAT THE STMULATION HAS BFFN INITIALIZED

OO0 O0Nn O0O0OOOO OOOOOOOOOOOOOOOOOOOOHOOOOOO O

IFLAG=L

INITTALIZE TEMPERATURE ARRAYS
DO 110 I=1,NND

DO 110 J=1,NNH
TEMPH(J»1)=300.0
TEMPS(J,1)=300,0
TEMPS1(J»1)=300.0

110 CONTINUE

EVALUATE GRID INCREMENTS
DX=XL./ (NND=1

THE NUMBER OF HEADER GRID POINTS ALONG Y=AXIS IS (NNH#+1)
DY=XNH/NNH

EVALUATE MODIFIED GRID COUNTS
NNDM =NND=1
NNDM2=NND=~2
NNHMI-NNH-I
NNHM2=NNH=2

200 CONTINUE -

PRE=ITERATION COMPUTATIONS

PARTTIAL COEFFICIENT EVALUATION WHICH WILL ACCOMMODATE A VARILABLE
TlMg STE gONTROLLED BY THE CALLTNG PROGRAM

A== HKHXtB lMEtOYtB

B==2,0%A+DY%DY%xDX%DXxHDF NxHSPEC

C=A
D1=DX*DX*DY*DY*HDEN®HSPEC
D2=THKHY*DX*DX*DTIME

oo 00 00

C

O0OO0OO0O O

oo 0On

e ———

WENC N E LGN = OOVENCNE LIN=OVEN0NE GIN = OV N NEGINE OOVENCUIE LN OWEN0UNIE LINF OWVE NN EOGIN -
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SUBROUTINE DHT2D2 (Continued)

210 CONTINUE

TEMP
¢ 420 CONTINUE

c--—--------— -

500 CONTINUE

EVA LUATE TEMPS

BND.NE.0)

éo Ts 600

o0 0000

=2y NNDM1

Hitun
oo »

510
ST

PP OPPR®»HO0 -

(2]
om
mMOoX »< PP2

ANT TEM

1/4)=AA(1+1)%300
A(NNDM?.“)-AA(NNDM?.S)t300 0
S

Z9 l"

—“0 -

QIO G0 GO0 IO G N NN TN O NN 40t et (ot et bt ot et S0 O OO OO0 OO OONDON\D

NNDM1
STEMP(I)

|
q

IF CONSTANT TEMPERATURE BND SPECTIFIED FOR X=0 AND X=XL.»

CIENT EVALUATION FOR TEMPS1(1,1) AND CONSTANT TEMP BND

1xTEMPH(1,I)+02%(TEMPD(I)+TEMPS(2,1)=2,0%TEMPS(1,1))

PERATURE BND FOR TEMPS1(1.I)

1)
N N2020“0lﬂlvIOIO“oleTEMPOIOP!VMIN)
EA Dgs ROW TEMPERATURE TO THE HFADFR TEMPERATURE ARRAY
¢
)

161 C
1 gg c--aa-z-----a-------— - - - -, w0 = e e " W oy o wn T ey .
N
i6“ C-E----gﬁzl--E-—--------—------——----—-----------——----------—
125 c
166 E ITERATIZN (DO0P
18& C TRANSFEK YEMPS1 TO TEMPS SO THAT NEW TEMPS1 VALUE MAY BF CALCULATFD
169 DO 305 I=1,NND
170 DO 305 J=1,NNH
171 TEMPS(Je I)=TEMPS1(Jo 1)
17% & 305 CONTINUE
i;Q C INCRFMENT ITERATTON COUNTER
};2 y S=S+1
17; C EVALUATE NNHM1 ONE D!MENSIONAL TFMPFRATURF PROFILES ALONG X=AXIS
{;9 E WITH COUPLING WITH ADJAZENT R
l 80 c-----cn---——--n - - - - - -
181 400 CONTINUE
184 c IF BILOCKING BND SPECIFIFD FOR X=n AND X=XL, FVALUATE TEMPS1(1,1I)
lgg ¢ IF(IBND.NE.1) GO
i 7 C COEFFICIENT EVALUATION FOR TEMPS1(1,1) WITH BLOCKING BND
188 DO 410 I=2,NNDM
189 1Iz]-1
190 AA(IT,1)=A
191 AA(IT.2)=B
1 AA & ‘r ' 8 Fc
i c 410 A84tEn SDIXTEMPH(1oI)+D2%(TFMPD(I)+TEMPS(2,1)=2,0%TEMPS(1,1))
196 (o INCLUDE BLOCKING BND FOR TEMPS1(1,1)
} 7 AA(&.B):AA(I. )+A ég
8 AA(NNDM2,2)=A lNNDM?a +AA (NNDM2, 3)
& 8 E %VtLUATE TEMPS1(1.1
g 1 " ALL BANDA6 (NN M20204vlnloIOIcquAoTEMPo10PIVMIN)
2 g C EQUATE TEMP(1) AND TEMP(2)» AND TEMP(NND) AND TEMP (NNDM1)
204 C FOR BLOCKING BND
205 TEM (1)=TEMP(3)
2 g o TEMP (NND ) =TEMP (NNDM1 )
5 8 C TRANSFER HEADER ROW TEMPERATURE TO THE HEADFR TFMPFRATURFE ARRAY
209 420 I:}.NND
210 S1(1,I)=TEMP(I])
211
212
213
214
g 5
213
518
220
221
222
223
224
24
24
2
i
235
238
239
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B21
SUBROUTINE DHT2D2 (Continued)

520 CONTINUE

C
C - - - - - - -
& 600 CONT!NUF
c e gn ™ on - = e e S5 P o G s T o S U S g s o S e am
C EVALUATE TEMPERATURE PROFILES FOR TFEMPS1(2s1) = TFMPS1(NNHM2,1)
C WITH BLOCKING BND
c DO 630 J=2+NNHM2
C EVALUATE COEFFICIENTS FOR TEMPS1(J,1)
DO 610 I=2,NNDM1
IX:I-I
AA(IT,1)=A
AA( Iv%):B
AA(I1.3)=C
AA(IT 4)=DITEMPH(JoI)+D2%x(TEMPSY (J=1,I)+TEMPS(J+1,1)
8=2.0%TEMPS(J, 1))
¢ 610 CONTINUE
C INCLUDE BLOCKING BND FOR TEMPS1(J,1I)
AA(loS):AA(101)+AA(192)
e AA (NNDM2,2)=AA (NNDM2, 2) +AA (NNDM2, 3)
C VALUATE TEMP(S.I)
4 ALL BANDAG6(NNDM2¢2+491N01+10104sAA»TEMP,»1+,PIVMIN)
C EQUATE TEMP(1) AND TEMP(2)s AND TEMP(NNDM1) AND AND TEMP (NND)
c FOR BLOCKING BND
TEMP(1)=TEMP(
& TEMP (NND)=TEM (NNDMI)
Cc ERAE;EE? HEADSR ROW TEMPERATURE TO THE HEADFR TEMPERATURF ARRAY
TEMPQI(J:I)-TEMP(I)
620 CONTIN
S 630 CONTINUE
c C L1 - e O o g W R = - == -
C EVALUATE TEMPERATURE PROFILES FOR TEMPS1(2,1) = TEMPS1(NNHM2,1)
(o WITH CONSTANT TEMPERATURE BND
DO 730 J=2,NNHM2
8 EVALUATE COEFFICIENTS FOR TEMPS1(J.1)
DO 710 I=2,NNDM
11z2]=1
AA(IT,1)=
AA(IT,2)=8B
AA(§{'§;=C
AA(ITI&)=D12T MPH(J.!)+02*(TEMP§1(J-lo!)+TEMPS(J#1 1)
&=2.0xTEMPS (J»
¢ 710 CONTINUE
Cc INCLUDE CONSTANY TEMPERATURE BND FOR TEMPS1(J»1)
AA(1o4)SAA(L1o4)=AA(1,1)x300,
AA(NNDM?ou)zAA(NNDM?o“ -AA(NNDM?-S)#SOO 0
EVALUATE _TEMP(J,1)
CALL BANDAG6(NNDM2+2+4+101+31219o4sAA+TEMP,1+,PIVMIN)

000 00

TRANSFER HEADER ROW TEMPERATURE TO THE HEADFR TEMPERATURE ARRAY

92M¢SI(J0?)-T2MP(I)
720 CONTINUE
¢ 730 CONTINUE

c-----------.-ﬂﬂ---- -, o= - - - -

800 CONTINUE

F(?lOSK§EG1?NgquSC3F5FD EVALUATE TEMPS1 (NNHM1,1)

OEFFICIENT EV“LUAT!ON FOR TEMPS1 (NNHM1.I) WITH BLOCKING BND
Blg I=2,NND

00 0O00n
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B22
SUBROUTINE DHT2D2 (Continued)

NOOD >
—~—
<43

onunn

TEMPH (NNHM1, 1) +D2% (TEMPS1 (NNHM2, 1) +300,0
NHM141))

R TEMPS1 (NNHM1,I)
AA (NNDM2, 3)

om

+

)

01010104, AA)TEMP,1,PIVMIN)
é » AND TEMP (NNDM1) AND

VOB M ZrelT = O ratttt

CONTTNUE

O00 O0O0ONO O00

o0
O
-
o

an OO

ONSTANT TEMPERATURE BND SPECIFIEDs EVALUATE
S1(NNHM1,1)
BND.NE.0) GO TO 100n

ICIENT EVALUATION FOR TEMPS? (NNHM1,I) WTTH CONSTANT
ATURE BND
1=2 9 NNOM1

=EM ~X

1%TEMPH (NNHM1, 1) +D2% ( TEFMPS1 (NNHM2,T)+300.0
(NNHM1 ., I

MT
ounuun
nooox>»

F
E
1
¢
1
I
1
*
1
L

R
0
1
’
’
’
’
T
N
D TANT TEMPERATURE BND FOR TEMPS1(NNHM1,1)
N0 PR T T
N 3,4)=300. otnncnnouz.x»

A

8

F

0

1

N

(NNHM1,1)
6(NNDM2020‘M lﬂl 10104,AAVTEMPo1,PIVMIN)

gEADER ROW TEMPERATURE TO THE HEADFR TFEMPFRATURF ARRAY
AN Y S rEMP (1)

- >0
M ez
e N

i 4
TV Pe

AN
4)=-
A(N
S1

U

> XM CMFELN-

ZmM N

e ~a 2o il
O

»=-{ £FPO

E
(

>

-
O=0 A4 OM 2P O PEPPPHO=0 =i
ZNI’

OoOMOX »P»< PPZ ONPPPRPPHOMO MMM

C
P
I
F
P
9
I
1
I
I
1
0
T
}
L
L
N
9
P
T

S
2
S
I

Zz
ﬁ

CONTINUE

OOOOOO OO0

1010

o0

1020

(21g]

CONVFRGENCE CHECK
iVAkU’TS MAXTMUM NORMALTZFD CHANGE IN TEMPERATURE FOR THIS
TERATI

QTHSMXZ0,0
1 f=2, NNDM1

nla
gul—c et Y Y =TEMPS (Ue 1)) /TEMPSE (Jo T)
IE(DTHE. GT.OTHSMX) DTHSMX=OTHS

PRINT ITERATION SUMMARY
FLITPRH.EQ. 1) WRITE(611020) S4nTHSMX
ORMAT (3 s YR SrBHIaRs 2875

F‘B;ngnx.tkfbrnTﬂﬂhx 8H$OSPE88F!ED CONVERGFNCE HAS BEEN ACHIEVFD

HMAX) G
CONVFRGENCE HAS NOT BEEN ACHIEVFD., IF THE ITERATION COUNT

|
ST ‘-M.m..w‘qj




B23
SUBROUTINE DHT2D2 (Continued)

IS LESS THAN THFE MAXIMUM SPECIFIFD START ANOTHER ITFRATION
IF(S.LT.SMAX) GO TO 300

THE MAXIMUM NUMBFR OF ITERATION HAS BEEN PERFORMED WITHOUT
ACHIF ING CONVEEEENCE. URI;E ERROR ME§SAGE AND TERMINATE XOT
&TF 601030) S+ DTHSMX
1030 FO (/7/7/7,46H xxxxx CONVERGENCF FAILURF IN SUBROUTINE DHT2D,
&/7027H *x%xx¥% EXECUTION TERMINATED./»
&9H *x%x&k% ST 12»SX» THOTHSMXS ’E8030
&34H xxxx%x INCREAGE SMAX AND/OR nTHMAX)

C STOP %k ¥R Rkkf bk kb kR ek ERg kg Rk Rk kpE gk e Rk B Rk kR kEKxkRLEE

o0n O

2000 CONTINUE i s o

NELN=OVONCNFE LN OOVENONFGN - O

NNNNININ) b bt et b fetet hot b0 O O O OO QOO O O

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
§
4
4
4
4
4
4
4

S TRANSFER NEW SURSTRATE TEMPERATURE VALUES TO ARRAY TEMPH
DO 2020 I-loNND
DO 2020 J=1,
TEMPH(J-I)-TEMPQ\(J.!)
. c2020 CONT INUE
c SE;BS“ TO CALLING PROGRAM WITH NEW HEADER TEMPERATURES
END

DA TATESET B0 i~ . - e ——
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SUBROUTINE DOPLG

*TEMP (1) ,DOPLG
SUBROUTINE DOPLG (NND,DX,XMET, XDFPEP, DOPL , NOPU,DOPFP,DOPL0G, IDBY)

SUB DOPLG GENERATES A LOGARITHMIC DOPING PROFILF IN ARRAY DOPLOG

NND BER OF NODEG ALONG D!ODF XIS
QX i LONG_DIODF *
ME S ALLURG CAL JUNST! N lOCA ION

T ATI

INS CONCENTRATION
DOPU UPPER OP NG ONCEN RATTON

DOPLOG LOGARITHMIC DOPIN PROF!LE

1084 DEBUG PRINT SENTINEL

DIMENSION DOPLOG (NND)
DOPLGL=ALOG10(DOPL)

DOPLGE=ALOG10(DOPEP)
DOPLGU=ALOG10(DOPU)

O O0OOOOHOOHOHOHOOON
o0
[ol=]
)
mr
0

I EEREEEE RN
cmrm
'DO

V= E
-
) 4
x
-0
»O
~or
]
rzr
O
3
m
prlob .
=
o0
om
Z

: c
¢ GENERATE IMPURITY PROFILE
DO 1n I=1,NND
X=(T=1) *DX
JE {Xx L XURLITORkSC { X =parLeL XDEPEP) )DOPLOG ( 1) =NOPLGE
& IF (X", 85,  XDEPEP ] DOPL OB (15 EBoPLE! %
F (IDBY JWRITE (60113 1+DOPLOG(T)
& AU TR A L R S
. 10 CONTINUE

F0IN= O VRN UIE LGIN =0 OB NE GIN= ORI T UNE LI =

GIGIAGHGINNIN FINININI NI NIN) =8 1o s $ 1t b b o b

B

PRI e P T G R

T, ARG BTN 6TV A W T ek - . . . ST AV 3 T NI B gl v B A o




*TEMP (1) .EFIELD

1
5 c
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7 &
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g
i &
HE:
18 g
13 ¢
23 &
%3 ¢
24 c
%o &
29 2
58
29 ¢
§
31 &
39 ¢
34 C
3 ¢
29 &
33 ¢
40
4 &
33
33
49 &
48
49 50
Sg g
§3 A
4 c
5 C
e
29 c
89 &
62
63 C
& s
i
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B25 1
SUBROUTINE EFIELD

SUBROUTINE EFIELN(TEMP,XL+NNDe ITFR)RAC » XLDEP , XUDEP,CUR,DOPL »DOPU,D
&OPEP.XMET-XDEPEP.NPIvVLBRoVRBR.VTOT.ECRIN.EMAXB IDR4EINTT)

suB FFIELD EVALUATES THF DIODE FLECTRI FIELD FROM CONTACT TO

CONTACT ASSUMING THAT The DIODE cU CONSIST TOTALLY «
AND D 5% E 8 EN ﬁATION EPE NDEN HéShRL’gouF"PERQUURF
MAJORITY AND MINORITY CARRIER CONC?N¥RAT!0N< RReA2EIMED
VARIABLE DEFINITIONS
ECRIN{%)-gLESTRxc FIELD INTENSITY AT NODF I
TGME(1) -TEMPERATURE AT NODE

1YER NG, OF ITERATIONS USED IN CALCULATING F FIFLD

X =TOTal LENGTH O
RAQ =NO. BEYREES 8 B 9 8
RA -DESTRED ACCURACY IN OMPUTATION OF ECRIN(I)
XLDOEP ~LEFT DEPLETION REGION R
BOBL" -Ség?&GDEShET£ORA$Eg£OgFROUF9 gu K REGIO

Opb ~BOPING SONCENTRATION OF KEEMToubrkRRELINN
CUR -DIODE CURRENT DENSITY
VLBR -VOLTAGE ACROSS LEFT BULK REGION

VRBR -VOLTAGE ACRO5S RIGHT BULK REGION
VTOT ~TOTAL VOLTAGE ACROSS DIODE

N ZCONCENTRATION OF ELFCTRONS

~-CONCENTRATION OF HOLES

XN =INTRINSIC CARRIFR CONCENTRATION

XME T ~METALL URGICAL CONCTTON
XDEPEP -EPITAXIAL BOUNDARY
DOPEP  -EPITAXIAL IMPURITY CONCENTRATION
NP1 =1 FOR'NP CONFIG.+0 FOR PN CONFTG.
eIty OREYSLD VALBE FOR CALCULATING FLECTRI FIELD
G ZUNIT CHARGE ON_ AN ELECTRONo IN COULO ;
XK ~BOL TZMANN_CONSTA NTE ; ECTRON VoU SOFGRFE KFLVIN
F =JoTAL CURRENT DENS‘ TION
PF ~DERIVATIVE OF F rEePect¥o eLectrIC FIELD
DIMENSION ECRIN(NND) » TEMP (NND)

DATA G/1.6E=19/XK/8.62E=5/
CALCULATE DEPLETION REGION BOUNNARIES TO NEAREST NODE
R

M:XUDEg/Dx +l.g
DEBUG OUTPUT
IF(IDBY o EQ. L)WRITE (6450)DXsNeMoNND

ORMAT ( 1X ¢ 3HDXZoF10.50 1 X0 2HN= ¢ 134 1 X0 2HM= 0 T30 1 X s 4HNNDZ s I3)
DO LOOP FOR CALCULATING ELECTRIC FIELD AT EACH NODE L
DO 20 L=1,NND

CALCULATE XNV XNC oEF QITY OF STATF
02E19% ( EM )

XNC- BEI *(TEMP (L

CALCULATE INTRINSIC CARRIER CONCENTRATION XNI
ANIS(XNVE% . S)®(XNC*%,5)2EXP(=(1,1/(2%xXK«TEMP(L))))

CAECULATE HOLE AND ELECTRON CONCENTRATIONS

IF P DIODE CONFIG.(NP1=1)GO TO 18
IF 1 «EQ@, 1)60 TO 18

FOR P=N DIODE CONEIG

IF(LL#DX LE, XMFT 66 11

IF((LL*D t. XME AND (LLtDX .LE. XDEPEP))GO TO 12
IF (LL*D x LT, anPEPS ¥0

FOR LOW

Hot=fg:50p5+.51cc?oopL~a2)+u-«x~1atp))t-.S)

ELES (XNT*#

. -
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B26
SUBROUTINE EFIELD (Continued)

GO To 16

FOR F !TAX&AL LAYE N-EYPF)

12 ELE=, OPEP+ 5% ( ( (DOPEP*%2) +U% (XNI%%2) ) %x,5)
HOL= (XNI*%x2) /ELF
GO TO 16

FOR UPPER (N) SIDE
13 EbE-.S#DOPU+ Et(((DOPUtt2)+ut(XN¥tt2))tt.S)
L-(XNI**Z)/

o0

oo

onan
o
P
<
[]
0
o)
=
o
o
m
(2]
o
=
'll

16
18 LLtDX LE, XMFT %56 TO 14
*. ) ,AND, (LL*DX .LE. XDFPEP))GO TO 15
EPS GO0 10 21

on

14

an

YER(P-

YPE)
15 (DOP Ptt2)+“t(XN!tt2))tt.5)

(g1g]

21 700PU‘*2)+“.(XN!O‘2))tt.S)

LIZE ELECTRIC FIELD
16 T

a0 000

DX .LT. XMET)DOPI-

A

I

QINE DOPING FOR POQITION ALLONG DIODE AXTS

&tDX éT o« XMET) .AND, (LL*DX .LE. XDEPFP))DOP1=DOPEP

XDEPEP)DOPI-DOP

DX
QUTPU
4 .EG. I)URITE 6 S)ELE»
(/7e1Xol4

95 HELF=/FE1050 1 X0 4H EIO to!XoSHTFMP-oF6.I)

a0nn

NEWTON=RAPHSON METHOD
MP(L
MP(L
) %EM

K _FOR CONVERGENC TO!
M ;vEMOoEMOEoFMOT)
’

AXB

F
EMOBS(DOP1,FMAXB, TF
HMO S(gOPl-FMAXB.TF
=0x *EMO+HOL *HMO
JRPR.GE.CUR)GO TO &n

E% CTRIC FIELD TO DEFAULT VALUE
0 19
0
7

C
L
% HMO.HMOE HMOT)
o}

oan

OP FOR _CALCULATING ELECTRIC FIELD
I=1,1ITER

LL SUBROU
LL EMOBS(
LL HMOBSI

40

oOon OO0

TIN
ooP EMO»EMOE » EMOT)
ooP

ES
y HMO + HMOE » HMOT )

ToE s TEM
1:F»

OR FINDING MORTILITIES
TEM P(L)o
TEMP(L),»

EALCUttTE F(E) s TOTAL CURRENT DENSITY EQUATION
S(Q*ELE*EMO%E) + ( Q*HOL *HMO*E )
CALCULATE PF(?)-DFR!VATIVF OF TOTsL CURRENT DENSITY
;TH R SEECT (] 5 8
= (Q*ELE*EMO) + (Q%H L¢HMO)+(GtELEtEtFMO€)+(0tHOLtEtHNOE)
ALCULATE DELTA E
SE:(CUR-E)/S#
B8UG OU
?Eéy :G. 1)unxrr(6ou5 EoFoPF.DE.%M
4% FO MAT 1Xo2HE-oF9

OO~ NE GIN = OO DO UE LIN) = OV N0 NIE GIN = O O~ £ G- OWEN N EGIN = OV NEWLN = OV N0 NEGIN IO VENCNEGINF O
0NN 00 O00 On0 (o}

VWOV NWUNE £ 8 & &5 £ £ £ £0I0HIUN GIGIGILE GEGIN N NN AINININ) )= b et (b St bt et 0 ) O O © OO OO OO D OO OO O 0 \O 0 O O PO

e e el L e e e el Tl I e e i e s e g e il I e e it

0oFM OS
59 o 3H loE9 GolXelM 3
’

o HM
F=»
TS | HHM F:.E

REMO=,E .“olXo“HHM6-0E9.“olx'EHéMOéSOE9o

v~ . - - - . - s e——




SUBROUTINE EFIELD (Continued)

—
o
o

CALCULATE NEW VALUE OF F
EZE+DE

[
~
-

omnm TMX
73]
wle)
*~n
e
m>2

oM
o
X
>
(el2]
-0
oC
o
>
-+
o<
[T
0

0N OO0 On
N

M=O
T=C PO
Z2m »O% IX
~NoC MO
Xe - ~M

-4®

M ~FO ~TM

é)HRITF(6ou7)E
EFIELD=+E10.5,/)

FIELD(ECRIN(L)) EQUAL TO FINAL VALUE OF E

c
I~ Xe -4 M
mXx -MD
Lo
(2]

00 00
or -4 0~ ~M
-

mE =

. ?LTAGF QCROSQ LEFT BULK REGION

unuc
rco» r
DDA ~O =

25

<

vV
(
N
ECRIN(J)*DX
v
{

OLTAGF ACROSQ RIGHT RULK REGION
NINND) % S%D

ULAT

s Yo s b o b bd ot fut bt b fon Gn e P fod o pand Lo b o Bl
“
z T DN =M
$o

AD\OO\O\OOD OB P ® EEED®BNNNNNNNNNNO OO

NL
szgaaiscnxu¢4)tox

NXtC“LiTE DEPLETION REGTON VOLTAGE

30

> :vorx» gor-> ﬁg
DO TNDO

00

35 VDEP-VbtP+Et§¥g%LL)tDX

GR6FLVLER . VRARS VOB TACE

NONE LGN OOV~ NEGIN I OOV DN UNE GINE OOVDJONE W
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B28

SUBROUTINE EMOBS

*TEMP(1) ,EMOBS
SUBROUTINF EMOBS (DOP1/+E1 ¢ TEMPeEMO+EMOE ¢+ FMOT)
MOBS EVALUATES ELECTRON MOBILITY, DERIVATIVF OF ELECTRON MGBILITY
ITH RESPSCT §o THE $L§CTRIC F!Fl6 AND THE DFRIVATIVE OF ELECTRON
MOBILI WITH RFSPEC 0 TEMPERATURE,
DOPY DOP ING CONCENTRATION
;1 ;LESTRIC g ELD
EMP EEM X Mo Loy
8E 2E§§¥Q?IVE 8} FLFCTRON MOBILITY WITH RESPECT TO
EMOT ggsgvaggv FLECTRON MOBILITY WITH RFSPECT TO
IFLAG SENTINEL FSR INITIALIZATION CALCULATIONS
ASSIGN CONSTANTS FOR ELECTRON MOBRILITY CALCULATIONS
DATA EMOOENIES'FA'EF/ER/ALFA»IFLAGZ1400.,093.0E160350.003.5F3»
88.8¢7.4E312.500/
INIT!ALIZATION CAL ULAT!ONS
IF(IFLAG.NE.0)GO TO 10
TB: FFtEA EA
TC=ER*%(=2)
TE= 1.,0/7(EMO0*300.0%x%ALFA)

%EIA;E?TINEL TO SKIP INITIALTZATION CALCULATIONS

(g1g]

OOOOOOOOOHOONOOO

(21g]

10 CONTINUE

E=ABS(E1)
DOP:ABE(DOPI)

EVALUATE REMAINING PARAMETERS
TA-gg:é:DOP/ES+E

EVALUATE INTER
«N+TA4(1.0/

ME
T
DERIVATIVE OF g
A
G

G Gl QI Gl SO CIND N NN PO PO ND NI\ b s bbb bt et bt
O o0 00

(2%
VRO UHE QI OO OO N E W = OO B N0 UNE LIV =00~ 0 NE LIV =

EEFUNCTION

£
o

s
N

DIAT
+TC)
WITH RESPECT TO ¢
)/ (TD%*

HE=((2.0%TD=EAXE D% D)#ZoO‘TF)#E

G=TExTEMPx%ALF
DERIVATIVE OF
GT=ALFAxG/TEMP

EVALUATE ELECTRON MORILITY
EMO=1,0/(G*SART(H))

EVALUATE DERIVATIVE OF FLECTRON MOBILITY WITH RESPECT TO E
EMOE==HE/ (2.0%GxH%%1,5)

EVALUAT DERIVATIVS FLECTRON MOBILITY WITH RFSPECT TO T
EMOT==6GT/(SQRT(H)*6*G)

RETURN
END

WITH RESPECT TO T

0O 00 00 OO0 O O 00 OO0 00
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SUBROUTINE EPRCF

B29

*TEMP (1) ,EPROF
SUBROUTINE EPROF (NND,DX s XDEPL » XMF T s XDEPEP » XDFPU, XL , SDOPL ,
8SDOPFPoSDOPUoEMA!oEoIDBSoFLAGEB)

sus FPROF ANALYT!CAL% NERAT S THE EEGLE;ION REGIO# ;LFCTRIC

el OR Seat Jinetrol THE 5 TP VA RFETOR"18 "oePLeTeD,

LAGFB IS QUAL TO ON ND_THE FRRONEOUS DEPLFTION RFEGIO
BOUNDARY I 5 EQUAL To gHE SEQPECT!V BULK REGION BOUNSARY?

VARIABLE DEFIN TIO
(A TA0E OEELMITIRNS o

ngeLONG DIOD; AXIS
%é%ﬁkﬁ&wé?%.%ﬁﬁm
P ON REGION ROUNDARY
%EPLE?ION R%GION QPACE CHARGF
AL D; EGY SPACF CHARGF
EPLETION REGION S 8; ARGF
g FIEL AT META'LUR CAL JUNCTION

T1EL
UB EPROF DE BUG PR NT SFNTINEL
DESLETFD BULK REGI&N SFNTI&EL

NAMEL IST /DEBUG/NND DX+ XDEPL ¢ XMF T ¢ XOEPEP s XDFPU s X P
SDOPEP s SDOPU. EMAX » Qs PERMOEEP ¥ | + XDEPEP S XDFPUL XL »SDOPL » |

DIMENSION E(NND)
INTEGER FLAGEB

BATA Q/1.6E=-19/
ATA PERM/ 06E-12/

EVALUATE LOWER DEPLFTION REGION FDGE
XDEPL=XMET=PERM/Q*EMAX/SDOPL

EVALUATE UPPER DEPLETION REGION WIDTH
XDEPU=XMET+PERM/Q*EMAX/SDOPEP

DOES UPPER DFP REG EDGE FALL WITHIN EPIT REG?
IF(XDEPU.LE.XDEPEP) GO TO 100

usPL”Aiep REG EOGE OgCgRSTNl;H%N BACKGROUND NOPING
E¢ AR -67 EE;M*gDO 2 &5eb 3-xnerf

EVALUATE UPPER DEP REG EDGE NITH!N BACKGROUND DOPING
XDEPU=XDEPEP+PERM/Q*EEP/SDOPU

100 CONTINUE

NEW XDEPL AND XDEPU HAVE BEEN EVALUATED
Ee DEP REG EDGFS VALID? ;

RESET FLAGEB
FLAGEB=0

IF (XDEPL.GE.0.,0,AND ,XDEPU,.LE.XL) GO TO 200

A BULK REG HAS BFFN 8EP ETED SFT FLAGER=1 AND SET
THE FRRO ; g BND EQUAL 79 THE R SPECTIVE RULK
ND COND ION YIELDS_ALFAI MA

. A
?nzsaxooe ggsxeu 75 BAD AND XGT WILL BE TERMINATED

JEGBERL: 8190 pembnee
200 CONTINUE

GENERATE ELECTRIC FIELD PROFILES
00 290 N=i

QEISRMINE NODE POSITION

EVALUATE E FIELD AT NODF I OR X
IF(X.GE.XSEPL) 60 To 21n

gepL
XM
XDEPU

EMAX
E

DB3
LAGEB

llll!lllll!l
=

OOOOOOOOOOOOHOOOOOOONOON

b= O\D 0O~ O UNE LI OO N0 UTE LIV OO N T UNTE GIN)
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onE
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SUBROUTINE EPROF (Continued)

SET F FIELD IN LOWER BULK EQUAL TO ZERO
E(N)=0,0

GO TO 290

CONTINUE

IF(X.GT.XMET) GO TO 220

EVALUATE E WITHIN LOWER DEP REG
E(N)=Q/PERM*SDOPL * ( X=XDFPL )

GO To 290
CONTINUE
IF(X.GT.XDEPEP) GO TO 230

EVALUATE E WITHIN EPIT DEP REG
E(N):EMAX-O/PERM‘S (o) EP*?X-XME

GO To 290
CONTINUE
IF(X,GT.XDEPU) GO TO 24n

VALUATE F _WITHIN UPPER DEP REG
(N%:EMAX-G/PERM#( DO EP#(XDESEP-XMET)&SDOPU.(X-XDFPEP))

GO TO 290
CONTINUE

SET F FIELD IN UPPER BULK EQUAL TO ZERO
E(N)=0.0

CONTINUE

DEBUG PRINT OPTION
IF(IDB3.NE.1) RETURN
WRITF(6,DEBUG)

RETURN
END

L8]
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B3l
SUBROUTINE HMOBS

*TEMP (1) .HMOBS

SUBROUTINE HMOBS(DOP1¢E1 ¢ TEMP ¢ HMO ¢ HMOE s HMOT)

HMOBS EVALUATES HOLE MORILITY,» DFRIVATIVE OF HOLF MOBILITY i
WITH REspsc; §3 SoE ELECTRIC ! FIFLD AND THF DERIVATIVE OF HOLF
MOBILITY WITH RESPECT TO TEMPERATURE.,

gOPl DOPING CONCEETRATION

1 ELECTRIC FIELD
TEMP TEMPERATURE
HMO

HMOE

HOk; MOBILITY

DE VAT VE OF HOLE MOBILITY WITH RESPECT TO
E ECTRI% ISLD

HMOT DERIVATIVE OF HOLE MOBTILITY WITH RESPECT TO
TEMPERATURS

IFLAG = SENTINEL FOR INITIALIZATION CALCULATIONS

ASSIGN CONSTANTS FOR HOLE MOBILITY CALCULATIONS

DATA HMOOsHNsHSsHAIHF +HR»ALFA» IFLAG/4B0 .0, 4. NE16+81.006,.1E3,

81.602.5E40¢2.300/

NITIALIZATION CALCULATIONS

F(IFEkG NE.0)GO *8 10
= HF=HAxHA 4
=HRx% (=2)

TE= 1.0/ (HMOO%300n.0%xxALFA)

¢ SETSENTINEL TO SKIP INITIALIZATION CALCULATTONS i

Bl b e b R

OOOOOOOOOOOOONON

(glg]

(2]

10 CONTINUE ﬁ

=ABS(E1)
DOP=ABS (DOP1)

EVALUATE REMAINING PARAMETERS
TA=DOP/ (DOP/HS+HN) ,
TO=HA*E+TB 1

EVALUATE INTERMEDIATE FUNCTION
HZ1.04TA+(1.0/TD+TC) %ExF

DERIVATIVE OF H WITH R?SPE TTOF
HE=((2,0%TD=HA®E )/ (TD*TD) +2.0%TC) *E

G=TExTEMPxxALFA
DERIVATIVE OF G WITH RESPECT TO T
GT=ALFA*G/TEMP

EVALUATE HOLE MOBRILITY
HMOZ=1.0/(G*SQRT(H))

EVALUAYE DERIVATIVE OF HOLE MOBILITY WITH RFSPECT TO E
HMOE==HE/ (2., 0%GxH*%*1,5)

EVALUATE DERIVATIVE OF HOLE MOBILITY WITH RFESPECY YO T 3
HMOT==GT/(SGRT(H) %*G=%G)

§§$URN

(22}

T Y TR T

VONCNE LN DO O NE LI OO~ O U GIN= OO 0~ NE GINI OO~ UNIE GIN OO O UNE GIN) =
O 00 O0 OO0 O O 00 00 (g}

VAN NUIAONE E £ £ 88 £ £ 5 £ GIGIGEG! GI08 GGG GIN N NI NI RN NI D b b b b s b b
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SUBROUTINE INALFA

B32

| TEMP(1).INALFA

SUBROUTINE INALFA(NND»XDEPL ¢ XMET « XDEPEP ¢ XDEPU»DX »DOPL ¢DOPEP
8DOPU,ALFATDsErToALFAIN, TDR1,NP1)

C
[ SUB INALFA EVALUATES THF INTEGRAL OF ALFA OR THE AVALANCHE
[ REAKDOWN INTEGRAL FROM THE FIRST GRID POINT PASS XNDFPL TO
E HE LASY GRID POINT BEFORE XDEPU,
C QND 5 - NUM ER OF NODF§ ALONG DIODE AXIS

; 8 X ¢ - bggi N OF M TALEU GICAL JUNCTION

| C XDEPFP = EP; AXIAL 0

; ¢ XDEPU) = R DEB R

- C X - NODE SPA ING ALONG DIODF AXIS
C DOPL - LOWER DOPING CONCENTRATION

. C DOPEP = EP TAX! L DOPING CONCENTRATION

5 c OpU_ = UPPER DOPING CONCENTRATION

: C ALFATD « AVALANCHE IONIZATION COFFFICIENTY TEMPERATURF

; c P NCE PARAMETER

| E E - E FIELD ARRAY

k. T - TEM RA?URE RA

E [ - ALFAIN = SEAC AL INTEGRAL OF ALFA

: C 1DB1 - ufBU? NT SE NS

g g NPY - JUNCTION ORIENTAT Ne 1 = NPe 0 = PN

i C

DEB gAMELIST
Ll /DEBUG/NND ¢« XDEPL ¢ XMET ¢ XNEPEP » XDEPU» DX » DOPL » DOPEP » DOPU»
&ALFATD.ALFAIN-NDFPL.NDEPU

DIMENSION E(NND),T(NND)

DETERMINE THE INSIDE DEPLETION RFGION GRID POINT LIMITS
NDEP PL/DX+2

NO PU- PU X+1

INIT!AL!ZF GRID POINTER
N=NDFPL~-1

Iﬁl;}ALIZE THE ALFA INTFGRAL

oo O

aon OO0 OO0

100 CONTINUE

C
g INTEGRATE ALFA FRCM N=NDEPL TO N=NDEPU

NN+ 1
X=(Ne=1)xDX
IF(X.,GE.XMET) GO TO 14

EVALUATE ALF% IN LOWER DEPLETION REGION
gSL%oIOSCOF( (N)»E(N) »DOPL/NP1,ALFA+ALFATD)

TIN¥
«6T.XDEPEP) GO TO 15

X
LUATE ALFA IN THE EPITAXIAL LAYER
%OIIQCOF(Q(N)oE(N)oDO;FEoNbIoALFAoALFATD!

an

(2]

14

OO EGIN = OO PN U LI = O D00 N0 NE GIN =00~ THUNE LIN = OO NONNE GINFOOE N0 NIEGIN =

VOO OO NWAE £ F & B8 B8 85 GGG GG GG GIANN N PN NN RO N bttt 5 ot o b o b bt $t

ON
F(
VA
AL
0

OO
o ~
(glg}
DOM =O

OO N0 NE LIN= O VEIC NE LN O VD

15 CONTINUE
LUATE FA IN UPPER DEPLETION REGION
ﬂ 8NCO¥ ’(NioE(N oDO‘UvN;IollFAo}LFATD)
19 CONTINUE

Egh CEEQN+ALFA

?UBSTRACT HALF OF FIRST

F(N,EQ.NDEPL) ALFAIN=AL A!N-ALFA/2 0
SUBSTRACT HALF kAST ALFA
IF(N.EQ.NDEPU ALF INSALFAIN=ALFA/2.0
HAVE A#L ALFAS BFEN SUMMED?
IF(N,LT.NDEPU) GO TO 10N

00 50 00 00 O 00 O

NNNNSNNNSNSNNOOVOO OOV

|
-
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SUBROUTINE INAFLA (Continued)

MULTIPLY ALFAIN BY GRID SPACING TO YIELD THF INTEGRAL OF ALFA
ALFATN=ALFAIN%DX

?EBUG UTPUT
(IDB1.NE.1) RETURN

WRITE 00)
PORMAT T2 2030H DEBUG LISTING FROM SUB INALFA»/)

WRITF (6,DEBUG)
RETURN
ERD

e A gt A




*TEMP (1) . IONCOF

N NEGINOOE N OULE G -

OOOOOOHOCITIOONONON

o0 00

QIGIGIN NN NINI NININI NN bbb bttt b i b ot it

ELIN= O ORI NELGIN=OO®

QI

SUBROUTINE IONCOF

SUBROUTINE IONCOF(T+EE.NOP+NP1,ALFA/ALFATD)

xoug OF =~ 'VALUATFS AVAL ANCHE ION!ZAT;ON soe:rxis NT AS A FUNCTION
CINE ST TN PARKMETER: ACEATD. | JRE AVAL ARCHE ROERR e T EvarncTEnS
CORFESPONDS TO THE uxnonr?? cnnnxzn CONC FOR FPITAXTAL LAYER

MATERIAL.

AtEro =

NP1 -
INITTALIZ
ATA EX.EB/
ATAa HA/HB/2

N=TYPE OR P=TY
IF(NP1.,NE.1) GO TO 10

CAL, N=TYPF COEFF.
ALFA=0,0
ESABS (EF)

N=TYPE COEFF. =
IF(E.LT.1.12E5)

OFFEICL:NT
N COFEFICIENT TeMPERATURE DEPENDENCE

, 1 = NPy 0 = PN
FOR TONIZATION COEFFICIF «T FORMULA TTON

'U um»

RETuRN

OFFF. FOR N=TYPE
ER=E R o R P ATON F2300.00 ) #EXP (=EB/F)

ENFORCE MINIMUM VALUE FOR ALFA
IF(ALFA.LT.1.0) ALFA=1.0

RETURN

10 CONTINUE

EOIG o
= OWVE~Ic0N
O 0O 00 O N0 0O 00 O 0N 0On 060

VNRNNNNEE EE EEEEE E0
O NEGIN O VP NG NE

P=TYPF COEFF

EFF., = 0?
+93E5) RETURN
i. -ELFLTD:(T-xon 0) ) *EXP (=HB/E)

IN IMUM VALUE FOR ALFA
Te1.0) ALFAZ1

rE -3 =9 ~

END
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SUBROUTINE LPLOT

*TEMP (1) ,LPLOT

2
3
5
6
8
5
2
3
3
3
3
5
4
2
&
8
:
3
3
6
:
2
§
2
g
3
%
8

SUBROUTINE LPLOT(NPTS/MPTS)NPLTS,MPLTS:MPLPT.NYCOR1»X»
&XMIN. XMAXs Yo YMINs YMAXe TITLE, IGRIN)

sus LPLOT GENERATES A SINGLE PAGF LINE PRINTFR PLOT WHICH MAY

e@%%wrw%ﬂﬁwwmm”m“

STERISK

ATA P AR E of Tue ChaPH BoONDGRIES
gnc cooaoxnar; ROQUNDARIFS FOR THF oLOT GENERATED ARE_NOT .
Asso$xA W THE MINTM MUMSTAND MAXY MUBE FOR THE DA

LOT HAS A 1»wou CAPABILTTY. FLBLoT ALSB Has

A é L!NE GRAPH TITLE 0By
VARIABLE DEF INITIONS
NPTS =

MFTE - 32§g§§g°‘u‘ﬂéﬁ"“.gec 33 eary §& POINTS OR LENGTH OF

MPLTS = qui OMORUGBER” oF ' CURTEE ngngé RICTED BY THE DIMENSIONS

et - 3575 PLTgEN ENT VARIAR(E ARRAY, (Y).

e R L e I g e

X - oN A06MFHE10N 5ne§§?3~ x?a§$§ESA. INDEPENDENT VARfABLE.

XMIN = ggNrM N1M§ cx 5A OR TH T, BUT NOT NECESSARILY

XMAX - uagrﬂb cr qA §§Cu5 kBE 5 ;EST. 3“* NOT NFCESSARILY

\ - gggF AMN XE@AY FOR oBShNA?E A;A VALUE§ utm“‘Y j
Y gugr RE 81MENS$ONED Y(MP goupbrs FOR THE g q

g NISE FORMAT AND_Y(MP 7S, MPT THE RoW W1 a 1

MIN = MINIMUM ORDINATE V#L FOR E EUT NOT NECESSA Ity |
THE MINTMUM ORDINATE FO A

AL
YMAX - MAEIMUM ORDINATE VAEUS ng THE ;L T BUT NOT NECESSARILY

YOO OO OO OO OO DO OO O THINOOOOOOOOOOO

OO NNUNAUVANRLYNE E& & £ £ £ & £ £ UGG GIUAUHNIN PONIN FORININI NI 4040 14 bbbt bt s ot ot bt

AT R THE D
TITLF - ELEMENT ONE DIMENSTONAL ARRAY POR tHE GRAPM T;Tke.
g THE TITLE SHOULQ BE LEFT ADJUSTIFIED WITH 6 CHARAC
¢ BER WORD. LPLOT CENTERS AND PRINTS THE TITLE Ivo aneq
BELOW THE GRAPH PECIFICATION OF vne TITLE NOT
¢ NECESSARY, BUT fHE TITLE ARRAY MUST DIMENS ONED
¢ I6RID =~ GEID SENTINEL. GRID LINES ARE NOT PLOTTED WHEN IGRID
¢ S 1200k 1O  SERO
¢
DIMENSION CHAR(26) s X(MPTS)»Y (MPLPT) »ARRAY(514+101)
4 ReXAXTS(11) s YAXIS(11),TITLE(22)
RATA 1IFLAG/0/
ATA PLUS/*'+'/ONF/'1'/AMIN/'="'/RILANK/" */2ER0/00/ASTR/'8'/
.8:$102(‘z§;{‘ 'ﬂ' 'c' 'D' 'E' 'F' 'G' 'H' 'I' OJ' .K' 'L'
' ’ (} ’ (] ’ [) ’ ) 1 ]
S 8y*™ , "N, 200, 'P'.'G!.'R'.'SO.'Tv.OUO,'V'.ONo.'Xv.OYv.'Zv/
GENERATE GRAPH AX
& SEVERCAE. NEAD) GO Fo 26
¢ WRITE vear:cng AXES IN GRAPH ARRAY
DO 18 J=1.146,
RRAY (Js1)=PLUS |
3 ARRAY (Js101)=PLUS
i DO 10 KZ1,4
65 ARRAY (J+Ks1)=ONE :
68 ARRAY (J+K,101)=0ONE
6 19 SONTINUE
68 15 CONTINUE
69 ARRAY (51+1)=PLUS
[} -
;o & ARRAY (51/,101)=PLUS
7% ¢ WRITE HORIZONTAL AXES IN GRAPH ARRAY
;3 20 iS J:bo91¢10
i RRAY (1, J)2PLUS
75 ARRAY (51J)=PLUS
7 22 20 K=1,9
7 RAY (17 J+K) =AMIN
ARRAY (519 J4K)ZAMIN
79 20 CONTINUE
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SUBROUTINE LPLOT (Continued)

w 0
L2 =
(=] o
~ - ~ -
" 2
(] (=}
o O ©c O
b 2 - -
L -~ -~
[+ 4 C c (=} m
(U] S C b 1 <
C - < -
[« 4 -~ [+ 4 -~
Q o w (] o *
n o o n
< . . [+ 4 e °
Z - C a - o
L O w O W
- e ° (&) @ ®
- > -~ 4 > -~
< Z X - Z X
(& o~z -l o~z
xm e -l [+ < 3
Zz o > < o >
[ Q2 O 02
w W e > 4 o >
(Y] V. Ca = Ca -
- - - pl ] 4 b Y
-4 = s X W * -
< o (7} >~ -~
> 2 L~ o = 2~ o -~
= o X = o i o
71} - n = xX¥O o xXXO -0
=) - - | O~ ¢ = o OO~ o e
< 1 = (=} o X o o O XX =l
Q 5 (TS c C o ocaZ [+ 4 2 ocaz Ha
w ~~ b3 4 o ooI« . F0IC bt
o -t 71] o o =0 J (=] -t ot ot
> ~N v § * [+ 4 C W =2 3 o o0 - wwu i o oD - o~
< o =2 Q > X o) o= o b 4 - <+ = e 4 bt ot
[+ 4 o bod -~ 20 < Q wi =-OWOo x oJ +0OWo X - e
[+ 4 - qoOC #0 =-oO XO = +0 + ° ol ~ =0 X o oly ~ wvx
< c Q et XO -, O UV XTI >X~ o X vV C© >N~ o X > o=t
p 4 (= © © O >N\ C© >N\ « Ce CZX~ 4« s CZX~F « <X =
p o 4 (L) = 4 _— O+ -~ ~ U Nbkwi\ «ZXUN I V= $ o~ N ZXWN I X<\
Q < ~fl X = @ QZZ + 022 IC WU~ +~XZ< O WANZ=X ~XeZg O XX\
ac U QO «Cld «~ W Zri 2 Zei= Qe DEZINZ0> ol N D= ZC> ol Il q=-\
xocag - o 0Oa OoCca CIT F it <ET <l JAQ bt 0T n -~ L”L“SM N eZdm o~ N
O=ni XSS~ DN X>etZFE x> XZ AZIIO0IN-ZX X AIA XY FIN~-ZX X X~
e e Oleem =tam X1 § eX> XIiIt Oe DaXaZ) o w2 2 DeFllde >eo w2 2 ace
- oONY N7 XXXt H 1 X -t @ INIF>> e o =“N\N~QA) 1> e o <Nt
W W DHH e WOllil eWwiiil el W WA~~~ WS WE WIS~ Jdgg>M>0WLWO® W WHAIZHe~Jddg N W W X oo
S 2 ONXXIDID F=IXIDDVNNYD D FIEDINNID FEI O EIMDXYIX LEZMZDODT O DN X XY EZIZODD D OV~
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= = 20NNk WeennNgEENgl = QI IDe- ) WZ mNvwwewvwwedFEdRERE B mtveX S vwwwddE- = ==X
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SUBROUTINE LPLOT (Continued)

DO 70 J=51+6,~5

WRITE (6+55) YAXIS(NNY
55 FORMAT (4X,

~0
Ee

(ARRAY
101X,

)o I=10101) s YAXTS(NNY)
PE8.2,1X0101A )

bk b ot ot et

N NNNNNNNOOO OO
~N o

1
(73
) (JeKoI)oI=10101)
¢

ATV

0
0
X

oPp
D
>»2
et
-

(
1

?lo!)olzloIOI)oYAXIS(l)

SITRRTn Y

- 4N
~oon
b 4]
® o~
=X >
L 2o
.4
el 2]
Mar

-

75 FORM
WRITE GRAPH TITLE

ELIN=OOENTNELIN - O
o0
~N»
own
o
22
= T =4

80 N
g(igqgi(d).EG.BLANK.OR.TITLE(J).EQ.ZER0.0R.J.GF.??)GO TO 85

J0
85 CONTIN

GO TO0 95
(BLANK/ IZ1oII) o (TITLF (U)o J=10Jd)
A6+/)

B ot B Yoty Pt (ot B s s s fd o
ol egs o Lo-To To Do -To To To-To ]
= OOE N NE LI OO
O
(4]
(o]
o
<
-4
>M=ap>TN

e
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PROGRAM TEMPTR10

*TEMP (1) . TEMPTR1.
1 E *%k%xxk TEMPTR10 *%%%x
3 8 MENSTON X(101)+ TEMP(101) s TTEMP(101) s TEMPL (1011, TEMPAR(10,101)
4 ENSION C(101),E(101),EE(101),PE(2,101)+BOPLOG(101) 1 TITLES(22)
5 IMEN ION PL IME(IO)oAélOlo“)oTHKDPF(lOl)oTHKHPF(lm)
6 DIMENSION PTEMPX (500),PTIMEX (5009, TITLEL(22), TITLF2(22),TITLE3(22)
7 DIMENSION PVOLT (4,500} s TITLEWT22)
8 . MENSTION TEMPH(12,101) ¢ XXOH(14)
13 : INTEGER UPE FLAGEB+»PLOT+PDTP,PDIP+PDEP +PDVP s TFLAG+SCFLAG»SMAX S
{3 (MAMEL IST _/DPARMR/THKD » THKHX» THKHY s DDENS HDEN, DSPEC  HSPEC , XDT,
13 Ho XLDEP's XMET » XEPDFP ¢ XUDEP ¢ XL ¢ DOPL » DOPFP s DOPU» VEL o ALFATD » NP1
14 . & THROPE s THKAPE
lg (NAMEL 1ST_/DPARMM/THKD  THKHX , THKHY + DDENs HDEN: DSPF C s HSPEC  XDT
i§ : S 50n: X5OREL XBER0YER 8~c:§oopL:sboprP.qnopu VEL , ALFATD, NP1
N ST /SPARM/CUR +NN TBND, TIMEMX: THAX o TEMAX o TTSNMX o DT IME
%% t?ﬂﬁLﬁoLTEMP ~DH$E 87 Xo FGRID» TRMSMT - I TFRMX . TTLET S0 s
23 LT iue D BMANL e, Euuxn FlNToUPFoAERMAX.EERMAX-ITCMAXo
3 " by 1061, 1082, 1DB3, IDBGsPOTP+PNTP . PDEP,P
‘ T4 DATA TITLE1/6HMAXIMUs6HM TEMP+6HFRATURIGHE VFRS:6HUS TIM,
57 o seHE '16%1H 7
23 (DATA TITLE2/6HOIODE +6HTEMPER+6HATURE +GHVERSUS+6H POSIT,
30 ! HION  +16%1H 7
33 DATA TITLES/6HLOG OFs6H ELECTI6HRIC FI/6HELD VE+GHRSUS P,
33 . B6HOSTTIONGHN » 15%1H
3e DATA TITLE4/6HDIODE »6HVOLTAG6HFS VER,6HSUS TI,
3 : 82HME , 17%1H 7
38 DATA TITLES/6HLOG OF ,6H DIODE,6H IMPUR,6HITY CO.6HNCENTR,6HATION .
3 86HVERSUS+6H POSITs6HION  »13%1H /
40 c ASSIGN CONSTANTS
42 . PERMCT - 04E =12
ui ¢ DEFINE DIODE AND SIMULATION PARAMETERS
f
23 ¢ ASSIGN DEFAULT DIODE PARAMETER VALUES
48 ¢ i THKD = WATTS/CMeK
49 THKHX=0 .46
c THKHX = WATTS/CMeK
51 THKHY=0.46
2 c THKHY = WATTS/CM=K
33 DDEN=2.3
3 c DDEN = GM/CM3
55 HDEN=U + 0
6 c HDEN = GM/CM3
57 DSPEC=0,7
28 c DSPEC = J/GM=K
HSPEC=0.79
0 c HSPEC = J/GM=K
6 XDT:!.OE-“
6 ¢ XDT = CM
XDH=250E=~4
64 c XDH = €M
6 XLDEP=0.0
66 c XLDEP = CM
XMET=20,0E=4
68 c XMET = CM
63 XEPDEP=Z40 , 0OE =4
0 c XEPDEP = CM
71 XUDEP=0.0
2 c XUDEP = CM
: . XL=60.0E~4 pors
5 DOPL=1.0E17
c DOPL = CM=3
DOPEP=1.0E16
¢ DOPEP = CM=3
DOPU=1.0E16

R X e TS P A SO W
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PROGRAM TEMPTR10 (Continued)
- DOPU = CM=3
8 c TRRAN T VEL = CM/SEC ‘
g% ALFATD=2.5E=3 g
4 [ ALFATD -
85 NP1=1
8 ¢ NP1 = 1 FOR NP, 0 FOR PN
88 ¢ INITIALIZE THERMAL CONDUCTIVITY PERTURBATION ARRAY
DO 5 K=1,s101
90 THKDPF (K)=1.0
91 THKHPF (K)=1.0
32 < 5 CONTINUE
34 ¢ ASSIGN DEFAULT STMULATION PARAMETERS. SPARM
95 CUR=1,25E4
3¢ c CUR = AMPS/CM2
i g=tor
99 BND=0
100 IMEMX=1.0
101 ¢ TIMEMX = SEC
1 TMAX= 700.0
103 c TMAX = DEG K
1§g ¢ TPMAX=800.0 havs S
182 JTsNMx=200
197 TIMF=1,0E=9
108 c DTIME = SEC
1?9 tTgNm:a
110 6 qP=0
111 LOHTEM=0
1 PLOT=0
1 cBiect
113 P épEx
16 PDVP=1
7 PVOLTX=250,0
118 16R1DZ0 i
1 Hhaiizigeo.o
151 ¥TEST=30000
122 IDHTMOZ
133 MAX=10
124 THMAX=1 . 0E=4
125 éTPRH:O
126 MAXL=1. 0ES
127 EMAXU=1.0E6
128 MAXBZ110ES
129 EINT=100.0
130 vE=n _
dgg lEsMnxgb.l
13 EERMAXZ10E-4
g B0=0
135 ’°B§§8
i é fﬁgais
DO 40 %21010
130 4o ESTIME(II=100
Zqé SLT ?§)=25.o -9
14 PLTIM cz»:gg.o -3
4y PLTIME (3)=75.0E=
i LTIt (815100608
3:9 PLTINE(8)1=185: 069
, JD% § BEGIN NEW SIMULATION
| 151 13 CONTINUE
1 g & SKIP TO TOP OF NEXT PAGF TO BEGIN NEW SIMULATION
- 154 WRITE (6, 9)
: .35 9 FORMAT(1H1)
8 ' mmoeim Snaarign, raserens
138 NRITE (6, GPARMY -
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PROGRAM TEMPTR10 (Continued)

READ DIODE PARAMETERS
READ (5¢0PARMR

%xALU IET?galkE SPACE CHARGE ASSIUMING LIMITING VELOCITY
SCONC-CURIQIVEL

EXCESSIVE MOBILE SPACE CHARGE SET SCFLAG TO OMIT THIS' SIMULATION

LA

§C8NC «GE. DSPL) SCFLAG=1
DOPEP) SCFLAG:I

SCONC. GE DOPU) SCFALG=1

LUATE NET SPACE CHARGE
PL=DOPL=SCONC
PFP-DOPEP-SCONC
U=DOPU=SCONC

£ DIODE PARAMETERS
6+ DPARM

DN st smar=a() e
0 O0O00< TMHTOM

EE

AG.EQ.1) WRITE(6,30)

777 15X 1 USHRR %% DRIVING CURRENT YIELDS EXCFSSIVE MOBILE :

CE CHARGE, SIMULATION OMITTED #*%x%x) 1
A

A

G.EQ,1 SKIP_TO NEXT SIMULATION
G.EQ.1) GO TO 13

FLAG FOR HEADER THERMAL MODEL TO SIGNAL NFW DATA SET

T~ kit OOOP> ~~~T

P
T
T
S
M

E
C
A
S

oM

(
FL
T(
PA
SCFL
SCFL
ET

AG=0

T FLAG TO WRITE TRANSIENT DATA HEADER
TFLAG=1

INITTALIZE PROGRAM PARAMETERS

I
F
3
1
IF(
RES
IFL
S

ggwﬁwmmwwmmﬁmmwmwﬁw

(AL €BRoBTnigzoR:Ri nee, xueToxeepER xuoFp . XL, ;

sakLPDOP 6 TO GENERATE LOG OF IMPURITY CONCENTRATION PROFILF
CALL 58; a(NNDoDXvXMET'XEPDEPoDOPLoDOPUoDOPFPoDOPLOOo!Dﬂ.)

AL BKD P _TO EVALUATE DEPLETION REG N!DTH AND F<FIE
S ILE OR THE 1 é%é $ bs ‘ATURE ;3" o

R
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PROGRAM TEMPTR10 (Continued)

&EMAXUI2E» TEMP)ALFAIN,VDEP,» ITCMAX,
&1DB1,1IDB2,IDB3,NP1,SDOPL , SDOPEP, SDOPU)

CALL EFIELD_TO FVALUATE THE BULK REGION E-FIFLD PROFILES

FOR THF éNBT; L TE ERATURE !kE
ALL E EMP ND,IT MAXOFF MAX ¢ XLLDEP ¢ XUDFP+CUR»DOPL » DOPU
EPoXMEToXEPDFP.NPIoVLBULKoVURULKoVDIODE;FF:EMAXB I0B4EINT)

oP
VALUATE TOTAL DIODF VOL TAGE
DIODE=VLBULK+VDEP+VUBULK

&

<m OO

MBINE BULK AND DEPLETION E-FIFLD
8 N=1,NND
N AMAXI(E(N)oFE(N))

0
1
)=
RF INITIAL E FIELD FOR PLOTTING
T
C
2

om—-4 ~00
Z~0

18 IN UE

HE z FOR THESMAL CONDUCTIVITY PFRTURBATIONS

g %THQEP&(KK) NF.1.0).OR. (THKHPF (KK) .NE,1.0))G0O TO 22
GO TOo 100

OUTPUL THERMAL CONDUCTIVITY PERTURBATIONS

OO0 OV MOO

20

RIT )
23 !O&M§§?iﬁ?o///o2!0“HNODF96X06HPO§ITIoZHONoBX.GHDOPINGoQXp
&6HE FIEL,2HD »7X,6HTHKDPF ,9X,6HTHKHPF»//)

DETERMINE DOP&NG CONCENTRATIONS

KK
?F(X(KKK) LE XaFT DoP=DoPL
IF%(?&KKK)- % .AND.é éKKK).LE « XEPDEP) ) DOPZDOPEP
{E R ol
ORMA
ONTIN

K ¥s E he ) DO
6,2 é? % 5 :x). (KKK ) » THKDPF (KKK ) » THKHPF (KKK )
%3 5 6 e 14, XOFIO Se XoFlO 50§X0E10 SeSXeF10.405XeF10.4)
100 CONTINUE
WRITE TRANSIENT DATA HEADER?

IF( FLAG NEol) GO TO 11n

R
80 !g& ‘* 1 lo/l/oT2o“HlT NoT9o 4HTIME 5
» SHITERN HTRMS, T4 T, GUTEMPMX, T HVLBULK,
e 797 ervCAL K. S 86464VD10

[
ogHXUDEP T113,6HALFAIN,T121,1
T ERANSIENT DATA HEADER FLAG

TEP LOOP

s
N
YiMe 0T IME
ITSN+1

115

HKHY tDDENtDS EC*XDT*EF XDH)

T
D TAB=DXDXSOT I ME 286

A2= 3 OXDX+*BA
A = ”EBtSBOoO
DO 130 N=1,NNDM2

—— . : - e —-
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B42
PROGRAM TEMPTR10 (Continued)
3 A(Ns1)=A1%THKDPF (N)
A(N02’=THKHPF(N)tAZ-(DXDX+2 0%A(Ne1))
A(NeS)ZA(N1)
AN+ i) ==0XOX% (TFMPL(N01)+DTIM *C (N+1) / (DDEN*DSPFC) )
IF(NNHoGE.3) A(No4)=A(No4)+DXDTRRXTEMPH(1+N+1)
IF (NNHoLT23) A(Ns4)ZA(NLG) +AS i
30 CONTINUE

EVALUATE BOUNDARY CONDITIONS
IBND=0+CONSTANT ROUNDARY TEMPERATURES
F(IRND,NE.0) GO TO 13
(1o8)A(1+4)=TEMP(1)%A( 1)
A (NNDM2, 4 )-Atnnonz.a)-r P(NND) %A (NNDM2, 3)
133 CONTTNUE
IF(IRND.NE.1)6GO TO 135

IBND=1,8LOCKING ROUNDARY CONDITIONS
Ai&nﬁni SELRIASHELL ) ea oMz 3) |

SOLVF SYSTEM OF LINFAR FQUATIONS
CALL BANDA6(NNDM2,2,4,s101,10104+sAsTEMP,1,PIVMIN)
IF(IRND.NE.1) GO TO 138
UPDATE FND POINT TEMPS FOR BLOCKING BND
TEMP(1)= s
¢ TEMP(NND)'TEM (NNDM1)
138 CONTINUE
g:agUATE gAXIMUM TEMPERATURE AND RMS TEMPERATURF CHANGE
TEMPMX=TEMP (1)
e Soi?EMg(N)-TTEMP(N))ttZ
}TEMP(N)' {
EMPMX=DMAX1 ( TEMPMX TEMP (N) )
sRMS'SgRT(TRMS/NNDM?)
éF(lTLST +EQ1IWRITE(6+,150) JTSNe TIME+DTIME s ITFRNe TRMS » TEMPMX
MAX.VLBULKOVDEP.VUGULK.VD ODE ¢ XI. DEP» XUDEP ¢ ALFAIN,S
éSO FORMAT(15,2E9.3,15¢10E9.3,13)

!F(TRMS LE TRMSM!) G0 _To lz
I 20

OO0

oo O 0

135 C

0O O O00

NONOINE E £ EEE EE EULIGILILGIGHA LGN DR D DN DO N

oot 0o Gt 0l Gl G GG (ot Coiod Lo (ot ol Kt Gl Gt ol L Gl (a0 Lt Kol 0 (ol 0
NE GIN = OOVE N0 NE LN OV ENC NEGN I OOVENCNE LN O

(14
v

i{ ¥ aux) GO 70

16 F ( H ttttt CONVERGENCE FAT| URE AT

v a3 né B TED NUMSER Y [0 ONCE ) ;

é7° CONT!NUE

§ ITERATION LOOP COMPLETEs ADVANCF TO NEXT TIMF STEP
: EVALUATE SUBSTRATE OR HFADER TEMPERATURF PROFILFS
C

OUASI‘TNO DIM NSION%L HFAD R THFRMAL M
IF (NNH,G « 10H

#XDNs THRHY s HEPEC s HBEN v

§ Dieotesious, ieiee T w0ty e Teiaace

S Y’ H NEWLY C MPUTE& $§ ‘RA éﬂpi SNBESA¥FD AFTFR EACH

HEADFR T;MPER URB #
Q.2) %ALL DH ZD(agLAgoNNDoNNHoXLo

aXDM T
&IT
™
i
¥ §¥‘L¥‘ <AND . IDHTM ) CALL OH FLAG » NND » NNH
X By SRR TP e e BN B M TE2DA LTIELAS s NND o NNH,

N . G i o s ey e e b A i 8 R A A "'u

FL
LL DHTEMP ( IFLAG+NND,NNH
itué %ené.tenpu R

vT KHY.H EC» HDEN.DT
IBNO.S

A R ST TR [T 0

MF , TEMP, TE MAX s DTHMAX »

PRH

8
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B43
PROGRAM TEMPTR10 (Continued)

&DTHMAX s ITPRH» IBND¢S)

TWO=D NENSIONAL HEADER THERMAL MODEL. _HEADFR TFMPERATURFS
EVALU‘TED ROW W PROFILES PARA %LFL T0 Dgone AX;S

ARE FVA:Lx ESMPUTED TEMPERAYUREG NCORPERATFD AS THFY

IF (NNH.G §.AND !DHTMO & CALL DHT2D2(IFLAG+NND¢NNH»
&XL o XOH ¢ THKHX » THKHY ¢ HSPEC ¢ HDEN¢ DT TME ¢ TEMP » TEMPH » SMAX »

&DTHMAX . ITPRH, IBND+S)

STORF PR%SENT DIODE TEMPERATURE PROFILE FOR NEXT SFT
OF IT;RA IONS
D0 175 N=2.NNDM1

TEMPL (N)=TEMP (N)
CONTINUE
IF(UPE.LE.O0) GO TO 185
UP DATE DEP REG BNDS AND F-FIE D FOR NEXT TIMF STEP
tt BKDEPL(NNB-X Dg &XMET. P
&X POXLODXODO % € oDOPUo k ATD-EMAX.AERMAX.
GEMAXLtEM S b ATN,V CMAX .,
81081.10829108 NPl SDOPL QDOPEﬁoQ DOPU)
UPDATE _BULK REG E-FIELD FOR NEXT TIME STEP
A EFIELD( E Po XL MAX ¢ X P+ XURFP ¢ CUR DOPI PU
&SO#EPOXME oxg gFé N. oeLéULKOVU ULK.V6I%BE:&F.BMA&3:I6B“okigg, s
VALUATE TOTAL DIODF VOLTAG
SDIODE=€LBULK*VDE P+VUBULK .
COMBINE BULK AND DEPLETION REGION E=FIELDS
20 179 N=1NND
(N)=AMAX] (E(N)»FE(N))
CONT INUE
CONTINUE

%eVE MGXIMUM TEMPERATURF AND DIODE VOLTAGES VERSUS TIME
IF(ITSN-I;GNéIPTINC*IPTINC «NE.O) GO TO 178

ON=TVTVV

I1TSN/ TRNIN*LTRN

50) EvD
o0 gV UAbERY

M o™

Ne NE 0) GO l
1 Eo TERN» ;RQ
D OD + XLDE

lNOS

nzxnnu CONAH<C<

e

T SMINQTE EXE UTION IF FITHER MAX TIME,» MAX TIME STFP

taedd GE.élME 53 5‘25 25 fTSNMX.OR. TEMPMX .GE . TMAX) GO TO 190
IF(TIME.LT.PLTIME(KPLOT)) GO TO 230

STORF TEMPERATURF PROFILES

CONTIN

KPLOT=KPLOT+1

IF( LOT LE.ll) G0 TO 210

FORMA &/.uOH *xxxx%x MORE THAN 10 TEMPERATURE PROFILES,
& 6H REQUESTED #%x%%%s/92AH *xx%%x SIMULATION TERMINATED.

SX%k%ky /)
KPLOT-KPLOT'l
GO TO 240

CONTINUE
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PROGRAM TEMPTR10 (Continued)

DEFINE PLOT TIME FOR EXTRA PLOT

IF(TIME.LT.PLTIME (KPLOT=1)) PLTIME (KPLOT=1)=TIMF
HRIISOTémFNET ? 33}% FgR 4 OT ;QSET ME*DTIME » ITEFRNes TRMS» TEMPMX
s LB RE voLe Y oinD R VD 100k | Rl LR ROBEANE L FIERNe ? g

STORF_MAX TEMP, DIODE VOLTAGES AND TIME FOR PLOTTING

IF IFTSI.EQ.1 VALU S ALREADY STORED FOR LAST TIME STEP
IF(IFTSX.;Q.I) G0 215
A T
PVELT(ioIP%IME):VLBULK
PVOLT(2,IPTIME)=VDEP
PVOLT(S-IPT{ME):VUBULK
PVOLT(4,IPTIME)=VDIOD
PTIMEX(IPTIME)=TY

215 CONTINUE
STORFE _DIODE TEMPERATURE PROFILES
?0 220 J=1,NND
EMPAR(KPLOT=1,J)=TEMP(.))

M
220 CONTINUE
IF(NNHLT,3.0R.LDHTFEM.NF.1) GO TO 230
URITF DIOBE AND HEADER TEMPERATURE PROF!LES

ITQN. IME» (XXDH(N) o N=1 o NNHP
= ;1505X07HTIME = +E8. 30//0

- '1 a.

NoeT12,2HXN s T18¢SHNTEMP » T26 9 SHHTEMP, /)
oé{d)vTEMP(J)o(TEMPH(KoJ)oK:IaNNH’

SET TFLAG FOR NEW TRANSTENT DATA HEADER
TFLAG=1

230 CONTINUE
IStTE UL IE EIT
? TIMS ? TIMEMX AN D.ITEN.L
240 CONTINUE
TERMINATE EXECUTION AND OUTPUT STMULATION RESULTS
PLOT MAXIMUM TEMPERATURF VERSUS TIME
CALL LPLOT(IPTIME.S00,1,1,500,0,P !Mex.n 0,PTIMEX(IPTIME) » PTEMPX
82300,00 TPMAX»TITLEL1,IGRID)
LIST AND/OR PLOT TEMPERATURE PROFILES

?PLOT‘KPLO -l

MAX TIMEe. MAX TIMF STFP

-0

F(LTEMP.NE.1) GO TO 280
LIST DIODE TEMPERATURE PROFILES
HRITE (6:280) (PLTIME(J),J=1 'ka n
250 FORMAT(1H1, 182 1HN, T133 16X, 119, SHTI nea.rz7.surtnra
e s B
R SIS L S I ? 2.111 6uriu 155613
&03 ¥ lgg{{ol6Xo
. ’
251 HORMATC)
OR1$F 06 380 R, x (K) » ( TEMPAR (U K) »U=1,KPLOT)
260 FORMAT(1X,17+15F8.3)
270 CONTINUE

280 CONTTNUE
IF((PLOT.NE.1).AND.(PDTP.NE.1))G0O TO 283

PLOT DIODE TEMPERATURE PROFILES
CALL LPLOT(NND»101+,KPLOT+»10+1010+1+Xe0.,00XL»

« ITSNMX ,AND , TEMPMX LT, TMAX) GO TO 100




B45
PROGRAM TEMPTR10 (Continued)
fssgg ; &TEMPAR»300,0, TPMAX» TITLF2,IGRID)
562 283 IF((PLOT NE.1) ,AND, (PDIP, NE 1))60 TO 287
563 C 8; IMPURITY PROFB
262) &(D:?LL L LOT(NNDe101¢1¢1+s10190eXe0,0eXLeDOPLOG¢10.0¢2N,0+sTITLFS»IGRI
¢ c

gg9 287 IF((PLOT.NE.1).AND.(PDEP.NE.1))GO TO 350
568 (o STORE FINAL F FIFLD PROFILE FOR PLOTTING
569 0 290 N=1,NND
570 E(2.N)SE(N)
g?l ¢ 290 CONTINUE
5;5 C GSNERATE LOG OF F FIELD PLOTTING ARRAY
S74 DO 310 M=1.,2
575 Dg 320 N=1,NND
5;? IF(PE(MosN) ,GE+1.0E=2) TPE SALOGL10(PE(M,N)})
5 IF(PF(MosN) LTel1.0E=2) TPE ==2,
578 PE(MsN)=TPE
579 320 CONTINUE
580 & 310 CONTINUE
ggi (o PLOT LOG OF FIRST AND LAST E FIE[D PROFILES VERSUS POSITION
583 CALL LPLOT(NND»101+2+2+20201 0.0 XLePEs=2.00e8,.00
584 &TITLF3,IGRID)
282 & 350 IF((PLOT.NE.1).AND.(PDVP.NE.1))GO TO 500
ggz (o PLOT o;og; VO#TAGES VERSUS TIM

CALL L (IP lMEvSOOo“ 44040 1,PTIMEXe D
gag ¢ &PTIMFX(IPTIME) s PVOLTS O ﬂoPVOLTX TITL uo!éRID)
591 ¢ 500 CONTINUE
gg% GO TOo 13

(of

ggg 1000 EﬁgP




