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ABSTRACT

A comp uter model is develo ped for simulating reve rse 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

designs 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 ,L’] 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

-~~~~~~~~~ -~~~~-~~~ -~~~~~ -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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3

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 differen t header thermal models were developed

for thermal conduction through the header. One of these models is

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.
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DIODE ThERMAL MODEL

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

the one—dimensional energy continuity equation which may be written

as:

~D cD 
= ~

2T + j .J E l  — (1)

where:

— diode density

cD 
— diode specific heat

T — diode Temperature

t - time

— diode thermal conductivity

x — position

J — current density

E — 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:

• 
KB T(N) — T(N,l) (2)- AXDT
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where :

— header thermal conductivity

XDT 
— diode film thickness

— header node spacing perpendicular to diode axis

T( N) — diode temperature profile

T(N ,l) — adjacent header temperature profile

An electrical analog of this thermal model is shown in Figure 3.

Therma l conduction from the diode into the header is a function

of the tempe rature difference between the res pective 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:

At A T(N — 1)
8
~~ + [AtA x 2 B — (A x2 + 2 At A)) T(N)~~~ (3)

+ A t A T(N + l)~~~ = — ~~~2 [T(N) 5 + A t C(N) ] + B T(N,l) Ax 2At

where :

KD K~ l.I EI
A E  , B E  ,

PDcD PD
C
DAyXDT PD

cD

s — present iteration number

S+l — next iteration number

N - diode node number , 1 -
< N -

~~ NN

NN — total number of diode nodes

At — time step size

• Ax — distance between adjacent nodes along diode axis
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or,
I

A
1 

T(~~l)~~~ + ~~ T(N)~~
1 

+ A3 
T(~~l)~~~ — A

4 
(4)

where :

A
1 

E AtA

A
2 

E [At Ax 2 B — (Ax 2 + 2A t A)]

A
3 

E AtA

A4 
E —Ax2[t(N)8 + 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, aim—

ulations presently require single iterations in the diode thermal model. 

—- • - ~~~~~ - -
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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 I
•

model presented in appendix A has a diode thermal conductivity per-

turbation specified .

1
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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—dimensiional

thermal model identified as DHTEMP. This model features one—ditnen—

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:

P H cH + — ~ KB (5)

where :

— header density

C
H 

— header heat capacity

KB — header thermal conductivity

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:

-- 
~~~~~—— •~~~~~~~~~~~ - • • - ~~~~-~~~~~~~~~~~~~~~~~~~~~~~ .- - - • - -_
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A1 T(N ,M—l)~~~ + A2 T(N ,M)~~
’1 + A3 T(N ,M+1)541 

— A4 (6)

where :

• T(N ,M) — header temperature profile beginning at diode
temperature node N , (O~ N~ 12).

• Ax.d — header node spacing.

and ,

A - ~~~~~cH P H

A A t A
1

A2 (Ax~~+ 2 A t A)

A3 At A

A4 — — Ax~j T(N ,M) S

After  the diode temperature profile has been updated, the above

algorithm is app lied to each header temperature profile to generate

the new header temperature profi le for the next point in time.

The remaining three header thermal models represent two—dimen-

sional therma l conduction with in the header. All three of these

models are qui te similar except for  the respective numerical algorithum

employed. In all three cases the two—dimensional continuity equation

is wr i t ten  as:

~H~~~h a t  tx 
+ K .

N 
(7)

— — — — .--- - —_ •-~ — - — - —— -  _ __4
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where :

— header density

c.~ 
— header heat capacity

K.g 
- longitudinal header thermal conductivity

— transverse header thermal conductivity

Figure 5 shows an electrical analog for these header thermal models.

Note that as with the previous thermal model ‘DHTEI IP ’, 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 thobe specified for thermal conduction along the

diode axis, i.e., ambient temperature by default and blocking boundary

conditions when specified through the appropriate simulat ton control

parameter.

All three models incor pora te an iterative solution procedure

which is controlled by a specified maximum EMS 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.

I

— - - •—• •-
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The vertical line apprnach requires that the partial derivative of

temperature along tL~ 1r 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 
~~~~~ 

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 eval”ated during a given iterat’. ~n are used by the succeeding

iteration only. Application of this algorithm to the two—dimensional

continuity equation yields the following system of equations:

A ~~~~ (N ,M+l) + B ~~~~ (N ,M) + B ~~~~ (N,M—l) = D
N~~I 

(8)

where:

J — time step number

S — iteration number

N — node number along the diode axis

H — 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,

A = —K. A t A x2
~
ty

B = 2 K~y At Ax~+ Ay2Ax 2

C = —K. At Ax2 
I

;

DN,M 
Ax2Ay 2TJ (N,M) + KB~ 

Ay 2At [T~~
1
(w—l ,M) + T~~

1
(N—l,M)

— 2 T~
11 (N,M)]

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:

• 
DN M  = Ax 2 Ay 2 TJ (N ,M) + KB~ 

Ay2 t [T~~~(~~l,M)

t T~~~(N—l ,M) - 2 T~~
1(N ,M ) ]  (9)

_ _ _  

— ---- 4 -- ~~~~~~~~ - 

_ _ _ _ _ _ _ _ _ _ _
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Note that the T~i~~(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,

tne 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+l,M)~~~ + B T(N ,M)~~~ + B T(N—l ,M)~~~ = DN I I  (10)

where:

A =

B = [2 K
11~ 

t~t Ay
2 + P~ CH Ax2 A y2 ]

c = — K.~~ A t  A y2

• DN~~l 
= PH

c
H 

Ax2 AY 2T(N ,M) J + At Ax 2 [T(N ,H+l)~~’~

+ T(N ,H—lj~~ — 2 T(N ,M)~~
1
]

___________  

I

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - - • - • - • . • •-

~~~~~ 
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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 been developed , and are

named : DHTEMP, DHT2D, DHT2DI, and D}1T2D2. DHTEMP is a quasi-two-

• dimensional model and DHT2D , D1IT2DI and DHT2D2 are two—dimensional

models. The essential difference between the three two—dimensional

models involves the numerical tecnn iques used. A comparison of

convergence characteristics and TSB transient simulations using the

4 abo ve 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

• 
I 

models connected together.

- •
~~~~~~~~ - . ~~~~~~~~~~ ~~~.I- -~~ ~ - -~~~• .- - —~~~~~~~
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DIODE ELECTRICAL ?~~DEL

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

f ield 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:

= (11)
sat

P T = — (12
~~~~~ P 1

— q N
E 

— (13)

= N — ( 14)

~~~~ ~M

_ _  • • - - - -~~~~~~~ •- ~~~~~~~ - - - — - -- - - • I • • -~~~--I- 
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where :

J — diode current density

v — carrier saturation drift velocitysat

q — unit charge

N
L 

— lower region doping concentration

N
E 

— epitaxial region doping concentration

Nu 
— upper region doping concentration

— mobile space charge density

— net lower region space charge density

~Ep 
— net epitaxial region space charge density

— 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

the value of maximum electric field that will satisfy the avalanche

breakdown in tegral .

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • , .~~~
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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

dx l ± y  (15)

where:

W — depletion region width

— avalanche ionization coefficient corresponding to the
lower region impurity type (n or p).

y — 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 ~tnjected 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

relations:

— b / E
a [1 — 8(T—T )] e (16)

—b /E
— a [1 — s(T-.T)] e (17)

where :

6 —la — 3 .8xlO c
p a

b - 1.74 x lO6 V c - l
p a

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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a = 2.25 x 10
7
c-ln m

b 3.26 x l0
6

v c
1

• n a

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 ~ has units of 
O
K
_i 

and specifies a

linear dependence on temperature. ~ is assigned a value of 2.5 x lO~~

and may be changed slightly to enhance the thermal dependence of the

avalanche ionization coefficients. ~ 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 



• or a maximum number of iterations is performed . if the latter case

occur~, 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 tha t the currents with in these regions consist

entirely of drift components and that the carrier concentrations

correspond to the thermalequilibrium values,

J = q (~~i
5 

n + ~ j~ ) E (18)

J — diode current density

q — unit charge

— hole mobility

ii — electron mobility
n

n — therma l equilibrium electron concentration

p — 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]:

r 
_ _  

(
E
)
2 2 1

= ~~~T
1 
[l+~~~

N +
E

C
+ (

~
) 

_1 
(19 )

I
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where for  silicon :

y a b c d e

Holes 480 2.5 4xlO~
6 81 6.lxlO 3 1.6 2.5xl04 •

• Electrons 1400 2.5 3x10
16 

350 3.5x103 8.8 7.4x10
3

— mobility

T — temperature

N — impurity concentration

E — elec t r ic field

y ,  a , b , c , d , e — parameters

The mobility dependenes ~n electric field prevents an analytic

solution of equation (16) 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 Lile 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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INITIALIZE ELECTRIC

FIELD BOUNDS

EVALUATE DEPLETION REGION
ELECTRIC FIELD PROFILE

• 
( EVALUATE AVALANCHE 1
L BREAKDOWN INTEGRAL ]

DETERMINE NEW VALUE
FOR MAXIMUM ELECTRIC

FIELD

~~~~~~~~~~~~

GENC E

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

EVALUATE BULK

REGION ELECTRIC

FIELD PROFILES

____________ I_____________
COMBINE DEPLETION

AND BULK REGION

ELECTRIC FIELD

PROF I LES

EVALUATE DIODE

VOLTAGE PROFILES

Fig. 8. Flow Chart For Diode Electrical Model.
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PROGRAM DESCRIPTI ON

The numerical diode model developed in the previous sect ion 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 transien t simulations performed by the diode model are

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

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

design and is named DPARN. 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 appea r 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

• •~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ •~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •~~~~~~~~~~~ •
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$SPARN
CUR = 7.5E3

First Parameter NNH = 12
Set Group Name DTIME = 5.OE—9

LTRNIN 1 SPARN parameter set
LTEMP = 1
LDHTEM = 1
PLOT = 1

First Parameter PVOLTX = 500
Set Terminator IDHTNO = 4

SMAX = 20
‘\PLTIME (l) = 100.0

$END S

$DPARN
Second Parameter THKDPF(31) = 0.5 DPARM parameter set
Set Group Name $END

Second Parameter
Set Terminator

Firgure 9. SPARM and DPARN Parameter Sets for a Thermal Second
Breakdown Demonstration Simulation (simulation output
listing presented in Appendix A).
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TABLE 1

SIMULATION CONTROL PARAMETER SET (SPARM)

Parameter Default Value Parameter Definition

1. CUR = 1.25 x ~~ amps/cm
2 diode current density

2. NND = 101 number of diode node points along
diode axis, ~ 101

3. NNH = 0 number of node points in diode
header, maximum of twelve, and
zero assumed for NNH < 4

4. IBND = 0 temperature boundary condition
sentinel, = 0 — constant temperature
boundary conditions , ~ 1 — blocking
boundary conditions

5. TIMENX = 1.0 sec maximum simulation time

6. TMAX = 700.0°K maximum simulation temperature
(TSB temperature)

7. TPMAX = 800.O°K maximum value for temperature plots

8. ITSNMX = 200 maximum number of time steps

9. DTIME = 1.0 x io~~ sec time step incremen t

10. LTRNIN = 2 transient data print increment

11. LTEMP = 0 = 1 — diode temperature pro-
files are printed at times specified
in parameter array PLTIME

12. IDHTEM = 0 = 1 — temperature
listings are printed at times
specified in parameter array PLu ME

13. PLOT = 1 = 1 — temperature , impurit ,, and
electric field profiles and voltage
transients are plotted at the
times specified in parameter array
PLTIME

14. PVOLTX = 250.0 volts maximum value for voltage plots

15. IGRID — 0 grid sentinel for plots , — 1 — grid
generated
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TABLE 1 (continued)

SIMU LATION CONTROL PARAMETER SET (SPARN)

Parameter Default Value Parameter Definition

16. IRNSMI = 1.0 x lO~ maximum RMS temperature change
allowed between successive iter-
ations for diode axis temperature
profile

17. ITERMX 10 maximum number of iterations
between time steps for diode axis
temperature profile

18. ITLST = 10000 iteration diagnostic print interva l
for diode axis temperature profile

19. IDHIMO = 1 header thermal model sentinel ,
1 — DHTEMP , quasi-two—dimensional
2 — DHT2D, two—dimensional transverse
3 — DHT2D1, two—dimensional transverse
4 — DHT2D2, two—dimensional logitu—

dinal

20. SMAX = 10 maximum number of iterations between
time steps for header thermal model

21. DTHMAX 1.0 x l0~~ maximu m RMS tempera tu re change
allowed between successive iterations
for header temperature model

22. ITPRH = 0 i tera tion diagnos t ic pr in t in terval
for the header therma l model

23. PLTIME(l) = 100.0 sec diode temperatur e profile plot and/or
list times 4iiode temperature profiles
are available at simulation termi-
nation by default), timers must be

* stored in array PLTIME in Chronolo—
32. PLTIME(lO) = 100.0 sec gical order

33. EMAXL = 1.0 x lO~ volts/cm lower bound for electric field at
metallurgical junction (maximum
junction electric field)

ENA XIJ = 1.0 x 106 vo l ts/cm upper boun d for  e lectr ic  f ie ld
at me ta l lu rg ica l  junc t ion  (maximum
j u nct ion  e lec t r i c  f i e l d)
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TABLE 1 (continued)

SIMULATION CONTROL PARAMETER SET (SPARM )

Parameter Default Value Parameter Definition

35. EMAXB = 1.0 x l0~ volts/cm maximum electric field value for
b ulk reg ions

36. EINT = 100.0 volts/cm starting value of electric field
for determining bulk region electric
f ie ld  prof i les

37. UPE = 1 time dependent electric field sentinel
0 — 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 l0~~ maximum RMS change in bulk region
elec t ric f ield allowed between
successive itera tions

40. ITCNAX = 10 maximum number of iterations for
header temperature

diagnos t ic pr in t sen t inel for  subro ut ines :
41. IDBO = 0 Not Used

42. IDE1 = 0 INAFLA

43. IDB 2 = 0 BKDEPL

44. IDB3 = 0 EPROF

45. IDB4 = 0 DOPLG

46. PDTP = 0 diode temperature profile plot
sen t i n e l , 1—p rof i les  at times
specified in parameter array
PLTINE

• 47. PDIP = 0 impurity profile plot sentinel .
1 — p lu t  generated

48. PDEP 0 e l e c t r i c  f i e ld  piot sentinel ,
1 — p lot i n i t i a l  and final electric
field profiles

49. PDVP = 0 diode transien t 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 vol tage)

—
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TABLE 2

DIODE DESIGN AND PHYSICAL PROPERTY
PARAMETER SET (DPARM)

Parameter Defaul t  Value Parameter Def in i t i on

1. THKD = 1.0 watts/cm—°k diode thermal conductivity
(silicon)

2. THKHX = 0.46 watts/cm—°k header longitudinal thermal
conductivity (sapphire)

3. THKHY = 0.46 watts/cm—°k header transverse thermal

F conductivity (sapphire)

4• DDEN = 2.3 gm/cm2 diode density (silicon)

5. HDEN = 4.0 gm/cm
2 

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 cm diode thickness

9. XDH = 2.5 x lO
_2 

cm header thickness

10. XLDEP = 0.0 cm lower depletion region bounda ry
(not used)

11. XNET = 2.0 x icr3 cm metallurg ical junction location

12. XEPDEP = 4.0 x l0~~ cm ep itaxia l layer boundary

13. XUDEP = 0.0 cm upper depletion region boundary
• (not used)

14. XL = 4.0 x l0~~ cm diode length

• 15. DOPL = 1.0 x io17 cm 3 lower bulk region doping concentration

16. DOPEP = 1.0 x 1016 cm 3 epitaxial region doping concer.tration

17. DOPU 1.0 x 10—6 cm 3 upper bulk region dop ing concentration

18. VEL = 1.0 x IO~ cm/sec mobile carrier saturation velocity
• (silicon)

~~ 19. ALFARD = 2.4 x lO~~ °k~~ avalanche ionization coeffieient
thermal dependence factor

• 20. NP1 = 1 diode orientation , 0 — PN , 1 — NP

- - I_s — —- - — ---------- ---—-—- — ---- --- —.-•-- ~~~_1~_ • ~~
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TABLE 2 (continued)

DIODE DESIGN AND PHYSICAL PROPERTY
PARAMETER SET (DPARM)

Pa rameter Default  Value Parameter Defin ition

21. THKDEP (l) = 1.0 diode thermal conduct iv i ty
per turba t io n fac tor

• 121. THKDPF (lOl) 1.0 .

122. THKHPF (l) 1.0 diod e— to—header thermal conductivity
pert urba t ion fac tor

222. THKHPF(lol) = 1.0

i
I

I
I 

- 
-- -
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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:

1. If the number of node points in the header (NNH) is less
than four, quasi—two—d imensional therma l conduction without
Intermediate header node points is assumed .

2. A simulation is terminated when one of the following con-
ditions is achieved :

A. Simu lation time > TIMEM X
B. Time step count ITSNMX
C. Maximu m diode temperature TMA X

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

4. Two—dimensional temperature listings for the diode—header
combination is generated at the times specified in the PLT IME
array and at program termination by defaul t , if LDHTEN 1.

5. The diode axis temperature profile is stored at the times
specified in the PLTIME array and at program termination by
defaul t. A listing of these profiles is generated if
LTEMP = 1 and a plot Is generated if IPLOT = 1.

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

7. For most simulations , the diode maximum temperature transient
plot and listing are adeq uate. Both of these ou tpu t s  are
generated by default.

8. The therma l conductivity perturbation factors are listed
only when one or more of these factors are assigned a value
other than one.

L~~~~~~~~~~1 11~1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ -- 
‘—.4



- -  ~~~~~~~~ 

___________

36

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 f lexibil i ty of the model. The

convergence characteristics of the four header thermal models and

the sensitivit y of the diode to var ious model paramete rs is also

presented .

Ten d i f ferent  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

ThAX — 700°K TSB temperature

THKD — 1.0 watts/cm - °K diode thermal conducti vit y
(silicon)

THKHX — 0.46 watts/cm — °K longitudinal header thermal
conduc tivity (sapphire)

—-
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ThKHY = 0.46 watts/cm = 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 — °K diode heat capacity (silicon)

HSPEC = 0.79 J/gm — header heat capacity (sapphire)

XDT = 1.0 um semiconductor film thickness

• XDH = 250 or 4.8 im header thickness

XMET = 20 i~m location of metallurgical
junction

XL = 40 j~m diode length
17 —3DOPL = 1.0 x 10 cm lower region doping concentration

• DOPEP = DOPU epitaxial region dop ing
concent ra tion

DOPU = > ~~~~ < 1017 cm 3 
upper region doping concentration

VEL = 1.0 x ~~~ cm/sec carrier saturation velocity

NP1 = 1 np diode orientation

Simulation SS— 1 was a demonstration simulation and the output

listi n g for this simulation is presented in append ix  — 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 (NNN—l2). This

anomaly is suspected to be associated with the quasi—two—dimensional

thermal model concept (13].
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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 TSR delay times between constant

and blocking temperature boundary conditions. Both cases are for

comprehensive quasi—two—dimensional thermal conduction (NNH=l2) 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

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=l2) and

exhibit the previously observed inflextion points. The bulk region

electric fields are seen to make a significant contribution to the

TSR delay times. The difference is essentially one order—of—magnitude

at low current values.

A compa r ison of TSB delay times for quasi and full two—dimensional

header thermal models is shown in Fig. Ii. 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 in flection poin t 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. 14, presents maximum junction temperature transients for

several d i f fe ren t  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 TSR Delay Times for Constant and
Blocking Boundary Conditions on the Diode
Temperature Profile.
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Fig. 12 . Comparison of TSR Delay Times fo r  Zero
and None Zero Sulk Region Electric Field
Values.
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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 a f t e r  lon g delay times. Once the avalanche ion-

ization coeffici ents 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 t ime versus dop ing 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 in creased . This corresponds to a decreasing depletion

• region width and a decreasing resistivity for the low doping con—

• centration , both of which tend to inc rease the delay time. For

comparison , one point for  each of the two driving current  values is

also shown for  the fu l l  two—dimensional thermal model. Note that  the

two—dimensional model increases the delay t ime only slight ly  at the

high current value; whereas, the delay time becomes infinite for the

low current value. The i n f i n i t e  delay time imp lies that  the diode

achieves a thermal steady state without reaching the TSB temperature.

_ H



• - _ i  
— -

~~~~~~~
—• •

~~~~~~
- •--

~~~~
-- • ---- - — - -  —

~ 

-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

• — —- I I
10

DHT2D2

NNH = 12

td =

F i g .  15 . Delay Time Versus Epitaxial and Upper Region Doping
Concentration for two Different Driving Current Values.

-

-

a)
E

- 3 2
~.0x 10 amps/cm

-~ NNH= 0
( S S — 7 )

10~

l .Ox

/

/

/

/

/  

NNH = 0
(SS— 7)

io
_6 

~~~~~~

l0~~
io14 1015 io ’~ 1o~-~

Ep itaxial and Upper Region Doping Concentr .itlon , cm 3 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~



~ 

~~~~

49

Fig. l~ characterizes the dependence of TSB transients on

the specified avalanche breakdown integral error , AERNAX . The

maximum junction temperature at 1.8 ~is 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 ~~ amps/cm2. The results indicate that an avalanche

breakdown integral error less than or equal to two tenths is mos t

desirable. The trade off for fur ther  decreases is a corresponding

increase in execution time.

The effects of the avalanche ionization temperature coefficient

or ALFATD) on the TS3 transients are shown in Figs. 17 — 19.

Fig. 17, shows the TSB delay time as a function of ~ for  the reduced

quasi—two—dimensional model and a driving current of 7.0 x l0~

amps/cm2. As expected , increases in ~ result in a decreased delay

time. Further refinement of the value for ~ 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

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 . 3, 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 14). Although the TSB temperature and the avalanche

ionization cr i t ical  temperature have both been assigned a value of 
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700 °K for the simulations presented , fu r the r  refinement may show

tha t 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 l0~ amps/cm
2. Fig. 20, shows the con-

vergence behavior for DHT2D for eight different time step sizes.

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.

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 fu r the r  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.

I
I

J
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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 e i ther  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 t ime is

assumed to be approximately equal to the time required fo r  the diode

to reach this critical temperature in response to a constant current

reverse bias overstress. Simulations are defined through 271 para-

meters which spec if y the d iode des ign , thermal cond uc tivi ty per turba tions ,

and simula t ion con trol 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 ciectrical model maintains avalanche breakdown by

vary ing the electric field maximum value to satisfy the avalanche

b-eakdown Integral. The junction electric field prof i l e  is evalua ted

from the electric field maximum value and the net space charge

density in the respective doping reg ions of the diode. The net

space charge densi ty account s for  spa ce charge e f f e c ts in the

junction. Bulk region electric fields are evaluated by assumin g

tha t  the cur ren t s  in these reg ions are p r imar i ly d r i f t  currents

a~~d de termining  the electric field required to support the diode

current. Coupling between the electrical model and thermal models

is maintained through the therma l dependence of the avalanche

I
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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 curren ts, but

d i f f e r  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 demons tra ted

the expected q u a l i t a t i v e  resul ts .

As for recommendations, a comparison between the simulation

results and experimental data for SOS diodes is required for a

qua l i t a t ive  evaluation of the model. This comparison would also

allow f u r t h e r  refinement of several of the model parameters , e.g.,

TSB temperature , avalanche ionization therma l coe f f i c i en t , e t c .

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-

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.
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APPENDIX A

DEMONSTRATION SIMULATION OUTPUT LISTING
.

(S S— 1)

DESCRIPTION Page

Simulation Parameters Al

Thermal Conductivity Perturbation Factors Al

Transient Data A4

Diode and Header Temperatures at 0.330 usec A5

Transient Data A7

Diode and Header Temperatures at 0.935 usec A8

Transient Data AlO

Diode and Header Temperatures at 2.25 usec All

Transient Data Al3

Diode and Header Temperatures at 5.55 usec A14

Plot of Maximum Temperature Versus Time A16

Diode Temperature Profiles A17

Plot of Diode Temperature Profiles Al9

Plot of Impurity Profile A20

Plot of Initial and Final Electric Field Profiles -    A21

Plot of Diode Voltage Transient A22

-

~~~~~~~~~~~~~~~ 

_ _  



—‘ - - -----‘-- - -~~~~- - 
-,

B

APPENDIX B

COMPUTER LISTINGS FOR DIODE MODEL

ALGORITHM Page

Sub routine BANDA 6 Bi

Subroutine BKDEPL B3

Subroutine DEPV B5

Subroutine DHTEMP B6

Subroutine DHT2D B8

Subroutine DHT2D1 B13

Subroutine DHT2D2 Bl8

Subroutine DOPLG B24

Subroutine EFIELD B25

Subroutine EMOBS B28

Subroutine EPROF B29

Subroutine HNOBS B3l

Subroutine INALFA B32

Subroutine IONCOF B34

Subroutine LPLOT B35

Program TENPTRIØ B38
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Bi

SUBROUTINE BANDA6

~TEMP(1 .BANDA6I SUBROUTINE BANDAA (LRMAX.NCD.NHD .LXROW .LAROW.IACOL.A.
AX .NBNDTX .PIVMIN)

4 SUB. ‘BANDA 6’ EVALUATES THE SOLUTION OF A BANDED5 C (OR DIAGONAL) SYSTEM OF (LRMAX) LINEAR SIMULTANEOUS
6 C EQUATIONS THROUGH THE GAUSSIAN ELIMINATION TFCHNI$UF.7 C THE COEFFICIENT ARRAY ‘A’ IS DESTROYED.

LRMAX NUMBER OF EQUATIONS TO BE SOLVED SIMULTANEOUSLY10 LXROW SOLUTION ~RR Y LENGTH. TNCLUOES UNKNOWNS ANOI ~ PIC O ~~~~~~~~~~~~~~~~ CENTRAL DIAGONAL IN ‘A ’13 C NHD COLUMN NUMBER FOR EQUATTON CONSTANTS IN ‘A’14 C A — COEFFICIENT AND CONSTANT ARRAYI ~ ~BNDTx 
: ~B O

~F
A
~~~~ TIONS RESFRVED FOR BN() VALUES AT TOP

17 C OF ‘X’ ARRAY18 C NOB — NUMBER OF COEFFICIENT DIAGONALS BELOW CENTRAL
19 C (OR MAIN) DIAGONAL
20 C NDA — NUMBER OF COEFFICIENT DIAGONALS ABOVE CENTRAL
21 C (OR MAIN) DIAGONAL

~I~~ TN : 
~~~~~ I~~~ °XNO CONSTANT ARRAY ROW DIMENSION24 C LACOL COEFFICIENT AND CONSTANT ARRAY COLUMN DIMENSION

25 C
26 DIMENSION X (LXROW ) .ACLAROW,LACOL27 C
28 NDB~NCD—i29 NDA:NHD.IINCO— 1

PIVMTN 1.0E35

C UPPER TRIANGULATION OF ROWS (2)— (NDB )
33 IF(NDB EQ.1) GO TO 20
34 DO 5 LA:2,ND35 LCOF~NDB+2—L36 DO in LCO:LCOF.NflR
37 ALFA :A(LR . LCO) IA (LR+LCO—NCD, NCD)
38 DO 15 LC:i.NOA
39 A(LR,LC+LCO):A (L.R,LC+LCo)...ALFA*A LR+LCO—NCD.LC+NCD)
40 15 CONTINUE
41 A (LR.NHD):A (LR.NHO)~ ALFA.A (LR+LCn~NCO.NHD)‘P2 10 CONTTN5 CONTIN

CONTINUE
UPPER TRIANGULARIZATION OF ROWS NDR+1)— (LRMAX)

48 DO 25 LR:NCD,LRMAX

SEARCH FOR MINIMUM DIAGONAL PIVOT ELEMENT
51 TA:A(LR—NOB,NCD)
52 IF DABS TA).LT OABS (PIVMIN)) PIVMIN:TA
53 DO 3fl LCO 1.ND~54 C
55 ALFA:A (LR .LCO)IA (LR+LCO—NCD.NCD)
56 Do 3~ LC:l,NDA57 A LR.LC+LCO):A LR.LC+LCO)—ALFA*a 1R+LCO—NcD,, C+NCD P

32 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~60 30 CONTINUE

61 25 CONTINUE

BACK SUBSTITUTION FOR X (LRMAX )—X LRMAX—NOA+i)
64 LRSTOP:LRMAX-NDA+ 1
65 fl(~ 45 t~R:LRMAX .LRSTOP.—166 1A A(LJ.NHO )
67 KK LR.NBNOTX
68 KSTOPzL.RNAX~LR69 IF(KSTOP EG.0) Go TO 40
70 DO 35 K:I.KSTOP
71 TA TA.-X (K+KK) *A (LR • K+NCD)

~~~
I
~~

IION FOR X (LRNAX—NOA). X (NflR+1)

79 00 55 LR LRST.1.—1

- ~~~4~~~~4 - : - - - -  • - -- - - - 

— - -•-- • •  —— - - - - - —---•- •—• ---  -- — •- - -- — - - - -• —--_— -~~-—--- 
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SUBROUTINE BANDA6 (Continued)

80 KK LR+NBNDTX
81 TA:A(LR NHD)

83 TA:?A III,XtK+KK ) *A (LR,K+NCD)84 50 CONTINUE
85 X (KK)~ TA/A(LR ,p1cfl)86 55 CONTINUE87 C
88 RETURN
89 END

~~~~~~~~~ ~~~~~~~~~~ -



B3
SUBROUTINE BKDEPL

*IEMP(1) .BKOEPL
1 SUBROUTINE BKDEPL(NND.XDEPL.XMFT. XDEPEP.XDEP(J,XL.flX.flOPi .DOPEP.
2 &DOPU.ALFATD,EMAXPAERMAX.EMAXL,EMAXU.E,T.ALFATN .VDEP.
3 &ITCMAX•IORI.TDB2.1D83.NP1.SDOPL.cDOPEP.SDOPLJ)

SUB RKOEPL DETERMINES THE DEPLETION REGION WIDTH SUCH THAT THE6 AVALANCHE BREAKDOWN INTEGRAL IS APPROXIMATELY E$UAL TO ONE.7 C MAXIMUM ELECTRIC FIELD ESTIMATIONS ARE ITERATED UNTIL THE
C INTEGRAL IS WITH IN A SPECIFIED ERROR OR A MAXIMUM Nu MBER OF9 C ITERATIONS ARE PERFORMED,

10 C• 11 C NND - NUMBER OF NODES ALONG AXIS OF DIODF
C XDEPL — DEPLETION REGION LOWER BOUNDARY

3 C XMET — POSITION OF METALLURGICAL JUNCTION
‘4 C XDEPFP — EPITAXIAL LAYER BOUNDARY
5 C XL — DIODE LENGTH
6 C DX — NODE SPACING ALONG DIODE AXIS
7 C DOPL — LOWER DOPING CONC.
.8 C DOPEP — EPITAXIAL DOPING CONC.

C DOPU — UPPER DOPING CONC
~.0 C ALFATD — AVALANCHE IONI7ATI ON COEFFICIENT TEMPERATURE DFPFNDENCF
21 C PARAMETFR
22 C EMAX — MAXIMUM DEPLETION REGION ELECTRIC FTELD
23 C AERMAX — MAXIMUM AVALANCHE BREAKDOWND INTEGRAL ERROR24 C EMAXL — LOWER BO(JND FOR EMAX
25 C EMAXU — UPPER ROUND FOR EMAX
26 C E — ELECTRIC FIELD ARRAY• 27 C T — TEMPERA TURE ARRAY
28 C ALFAIN — AVALANCHE BREAKDOWN INTEGRAL
29 C VDEP — DEPLETION REGION VOLTAGE
30 C ITCMAX — MAXIMUM NUMBER OF ITERATIONS ON EMAX

C 1081 — DEBUG SENTINEL FOR SUB YNALFA
32 C IDB2 — DEBUG SENTINEL FOR SUB RKDEPL
33 C 1083 - DEBUG SENTINEL FOR SUB FPPOF
34 C NP1 — JUNCTION ORIENTATION. 1 NP. 0 — PN35 C SDOPL — LOWER DEPLETION REGION SPACE CHARGE
36 C SDOPFP — EPITAXIAL DEPLETION REGTON SPACE CHARGE
3~ C SDOPU — UPPER DEPLETION REGION SPACE CHARGE

• DEBUG NAMELIST
‘40 NAMELIST LDEBUG/NND • XDEPL. XMET. XDEPEP. XDEPU. X~ .flX .DOPI..DOPEP.DOPU.41 $ALFATO .ALFAIN .EMAX ,AERMAX .EMAXL .FMAXU.VDFP,Vn~PL.VrWPtP.VDFPU.42 $ITCMAX.N~ I
‘43 C
44 DIMENSION E(NND).T(NND )
45 C
46 INTEGER FLAGEB
‘4 7 C
‘48 C INITTALIZATION COMPUTATIONS
49 C

• 50 C SET THE MA XIMUM ELECTRIC FIELD ITERATION CO (JNTER
51 ITC~ fl

INITIALIZE ELECTRIC FIELD SEARCH BOUNDARIES
54 TENAXU EMAXU

TEMA XL:EMAXL

200 CONTINUE
BEGIN ITERATION ON MAXIMUM ELECTRIC FIELD

60 C B NT ITERATTON COUNTER

6 C CALCULATE TRIAL ENAX
EMAX C TEMAXU+TEMAXL ) /2.0

6~ GENERATE NEW ELECTRIC FIELD PROFILE FOR EMAX
67 CALL EPROF(NND.DX.XDEPL.XMET.XOEPEP.XDEPU.XL.SDOPL.

$SDOPFP.SOOPU.EHAX.E. IDB3.FLAGEB)

EVALUATE THE AVALANCHE TONIZATTON INTEGRAL FOR THE NEW ELECTRIC
71 C FIELD PROFILE
72 CALL INALFA(NND,XDEPL.XMCT.XDEPEP.XDEPU.DX.OOPL,00PFP,
73 $DOPU.ALFATD .E.T,ALFAIN,TOR1.NPU

CHECK FOR A DEPLETED BULK REGION, SUB EPROF SETS ‘FLASEB’76 C EQUAL TO ONE FOR A DEPLETED BULK REGION.
77 IF(FLAGEB.LE.O) GO TO 300

A BULK REGION HAS BEEN DEPLETED, IF ALFAIN TS GREATER THAN ONE

—~~~~ 

—-—- -~~~~~-~~~~~~ - — —---- ----- - — - - --- -- -  _ _ _ _ _ _ _ _ _
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SUBROUTINE BKDEPL (Continued)

83 C A VALID SOLUTION MAY EXIST. PERFORM ANOTHER ITERATION!
81 IF(ALFAIN.GT.1.0) GO TO 300
82 C

C BAD DIODE DESIGN. THE REQUIRED EMAX CAN NOT BE ACHTEVED84 C WITHOUT DEPLETING A BULK RE4...ON. TERMINATE XQT.
85 WR ITFI6.290) FLAGEB.ALFAIN .EMAX
ab 290 FORMAT!/,L1 C)H A BULK REGION HAS BEEN DEPLETED WITHOUT.87 844)4 SATISFYING THE AVALANCHE BREAKDOWN INTEGRAL./.
88 £32H XQT IS TERMINATED IN SUB BKf)FPL./.
89 ASH FLAGEB ,I2,5x,7HALFATN:,Et0.3,SX.5HEMAX:.F10.3)
90 STOP

93 300 CONTINUE
94 C
95 C UPDATE ELECTRIC FIELD SEARCH BOUNDARIES
96 IFCALFAIN.GT.1,0) GO TO 310
97 C98 C INCREASE ELECTRIC FIELD TRIAL EMAX
99
100 60 TO 320
101 C
102 310 CONTINUE
103 C -
104 C DECREASE ELECTRIC FIELD TRIAL VALUE
105 TEMAXUEP4AX
106 C
107 320 CONTINUE
I 8~ EVALUATE AVALANCHE IONI?ATION INTEGRAL ERROR
110 IF(ALFAIN.GE.1,o) AERROR:ALFAIN— 1 0
111 IF ALEAIN .LT.1.0) AFRROR:1,0/ALFAIN—1.0

DEBUG LIST OPTION
‘4 IE (10B2.EQ.1) WRTTE(6.505) ITC.TFMAXL,TfMAXU.

115 AEMAX .ALFA IN,AERROR.XDEP,.XDEpU
- - 1~~ 505 FORMAT (I10,7E10.~~)I Ia HAS THE AVALANCHE IONIZATION INTEGRAL BEEN DFTERMTNFD TO THE

119 C SPECIFIED ERROR?
120 IF (AERROR .LE.AERMAX ) GO TO 600
I ~~ THE REQUIRED ACCURACY HAS NOT BEEN ACHIEVED. IF THF MAXIMUM
123 C NUMBER OF ITERATIONS HAS NOT BEEN PERFORMED. MAKE ANOTHER t

- 124 IFUTC,LT.ITCMAX) GO TO 200

I~~~~ THE MAXIMUM NUMBER OF ITERATIONS HAS BEEN PERFORMED WITHOUT
127 C ACHIEVING THE SPECIFIED ACCURACY. WRITF AN ERROR MESSAGE
128 C AND TERMINATE XQr.
129 WR ITF(6.510) EMAX .ALFAIN,AERROR

- - 130 510 FORMAT(//,4SH THE MAXIMu M NUMBER OF ITERATIONS ON FMAX HAS.
131 1*8H BEEN PERFORMED WITHOUT ACHIEVING THE SPECIFIED.
132 827H ACCURACY FOR THE AVALANCHE,?,
133 &55H BREAKDOWN INTEGRAL. EITHER THE ACCURACY ‘A ~RMAX ’, THE.134 8441H NUMBER OF ITERATIONS ‘ITCMAx’ . OR ONE OF.
135 119H THE ELECTRIC FIELD,/.
136 &49H BOUNDARIES ‘EMAXL OR EMAXU’. SHOULD BE MODIFIFD../.
137 81.6)4 EHAX~ .E10.3.5X.7HAt FAIN:,E1fl.3.5X.7HAERROR:.F1A,3)

C 
600 CONTTNUE

EVALIJATE DEPLETION VOLTAGE. VDEP

~~~~~~~~~~~~~~~~~~~~~~~~~ 
XDFpL • XMET. XDEPFP. XDFPU.

~~~B9~~~~i) RETURNI I~~ ~~~~~ t~~~~ 2~OERue OUTPUT FROM SuB RKDEPL
WRITE(6.DEBUG)

~~~URN

- —. ~ .—~~~— - .•. ,__~~~~-_ *-____ ____________________________

- - - - - - — - - -
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• B5

SUBROUTINE DEPV

*TEMP(1).DEPV
• 1 SUBROUTINE DEPV(SOOPL.SDOPEP.SDOP(J•XDEPL•XMFt .XDEPFP.XOFPtJ.14VDEPL.VDEPEP.VDEPU,VDEP’

‘P C
5 C SUB DEPV EVALUATES ANALYTICALLY THE VOLTAGE *CROSS THE LOWER.
6 C EPITAXIAL. AND tIPPER DEPLETION RFGIONS.
7 C• 8 C VARIABLE DEFINITIONS~: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~11 C SDOP — t~PPER DEPLF~~ION REGION SPACE CHARGE2 C XOEPL — LOWER DEPLETION REGION BOUNDARY
3 C XMET — METALLURGICAL JUNCTION

• ‘4 C XDEPFP — EPITAXIAL LAYER BOUNDARY
5 C XDEPU — UPPER DEPLETION REGION BOUNDARY
6 C VDEPL — LOWER DEPLETION REGION VOLTAGE
7 C VOEPEP — EPITAXIAL DEPLETION REGTON VOLTAGE
18 C VDEPU — UPPER DEPLETION REGION VOLTAGE
19 C VOEP — TOTAL DEPLETION REGION JUNCTION VOLTAGE
20 C
21 C CONSTANT ASSIGNMENTS
22 DATA
23 DATA PERM/i.06E—12/
24 C PERM — FARADS/CM
25 C
26 C EVALUATE LOWER DEPLETION REGION VOLTAGE
27 VDEPL Q/2 • O/PERM*SDOPL* I XMET—XDFPL P

DOES UPPER DEPLETION REGION AND LIE WITHIN FPITAXTAL REQ.
30 IF(XDEPU.LE.XDEPEP) GO TO 100

UPPER DEP. REG AND LIES OUTSIDE EPITAX IAL RFG.
33 VDEPEP Q/PERM*~ SDOPL*(XMET—XDEPL
34
35 VDEPU:Q/2. 0/PERM*SDOPU* I XDEPU—XDFPEP) **236 GO TO 200
37 C
38 100 CONTINUE

DEPLETION REG. FIND LIES WITHIN FPITAXIAL REG.
41 VDEPFP Q/2 • 0/PERM*SDOPEP* (XDFPU —XMFT ) **2‘42 VDEPLJ O.0
43 C
~4l4 200 CONTINUE

EVALUATE TOTAL DEPLETION REGION VOLTAGE
47 VDEP:VDEPL+VDEPEP+VDEPU
48 C
49 RETURN
50 END

I 



- - - - - 
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B6

SUBROUNTINE DHTEMP

*TEMP(1) .DHTEP4P
1 SUBROUTINE DHTEMP C IFLAG .NNO .NNH. XDH • THKH.HSPFC .NDFN. DTIMF.
2 ATEMPD•TEMPH)3 C
‘4 C A QUASI—TWO—DIMENSIONAL THERMAL MODEL COMPOSED OF ‘NNH’ UNCOUPLED
5 C ONE DIMENSIONAL MODELS IS FORMULATED. THERMAL CONDUCTION OCCURS
6 C PERPENDICULAR To THE DIODE AXIS THROUGH A PARALLEL
7 C COMBINATION OF ONE DIMENSIONAL COND (JCTORS.
8 C
9 C VARIABLE DEFINITIONS
10 C IFLAG — NEW SIMULATION SENTINEL WHICH PROVIDES FOR SUCCESSIVE
11 C SIMULATIONS IN ONE RUN STREAMS IFLAG IS RESET IN MAIN
12 C PROGRAM FOR NEW SIMULATION AND SET TN SUB DHTEMP DURING
13 C FIRST REFERENCE
14 C NND — NUMBER OF NODE POINTS AI ONG DIODE AXIS
15 C NNH — NUMBER OF NODE POINTS ALONG Y—AXIS (PERPENDICULAR TO
16 C DIODE AXIS ) WITH IN SUBSTRATE MATERIAL
17 C XDH — HEADER MATERIAL THICKNFSS
18 C THKH — HEADER MATERIAL THERMAL CONDUCTIVITY
19 C HSPEC — HEADER MATERIAL SPECIFIC HEAT
20 C HDEN — HEADER MATERIAL DENSITY

91A~ : ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ALONG DIODE AXIS. VALUES
23 C SUPPLIED BY CALLING PROGRAM AND USED AS BN() BY SUB

T~MPp.p — ~~~~~cMFNSIONAL HEADER TEMPERATURE ARRAY FOR RFTURNING26 C HEADER TEMPERATURES TO CALLING PROGRAM
27 C NBNOTX — COLUMN POINTER FOR LOCATING THE RESPECTIVE ONE
28 C DIMENSIONAL HEADER TEMPERATURE PROFILES WITH IN THE
29 C TWO DIMENSIONAL HEADER TEMPERATURE ARRAY FOR StiR
30 C BANOA6. SUB BANDA 6 SOLVES THE INDIVIDUAL HEADER
31 C TEMPERATURE PROFILES AND STORES THEM IN ARRAY TFMPH
32 C33 DIMENSION TEMPD ( 101) .T EMPH(12.1fl1 ) .A(12.i4 )

THE MAIN PROGRAM SETS IFLAG EQUAL TO ZERO AT THE RFGTNNING OF EACH
36 C NEW SIMULATION TO QUE INITIALIZATION CALCULATIONS. IF IFLAG EQUAL
37 C ONE SKIP INITIALIZATION CALCULATTONS
38 IF(IFLAG.EQ.1) GO TO 25
39 C
40 C INITIALIZE SUBSTRATE TEMP ARRAY
41 DO 20 K:1.NNH
‘42 DO 15 J:1.NNO
‘43 TEP4PH(K,J):300.0
‘44 15 CONTINUE• ‘45 20 CONTINUE
‘46 C
‘47 NNHM1~ NNH— 1
48 NNDMI:NND-1
49
50 DXDXH:DXH*DXH
51 AA THKH/HSPEC/HDEN

SET FLAG TO SKIP INITIALT?ATION CALCULATIONS
IFLAG:1

25 CONTINUE
INTERMEDIATE COEFFICIENT EVALUATT ON

59 A i:DTIME*AA
A~:~ (OXDXH +2,O*DTIME*AA)A3:A1

62 A4:—DXOXH
63 C
64 C INITIALAZE TEMPERATtJRE COLUMN POINTER

NBNDTX O

EVALUATION OF ‘NND’ ONE DIMENSIONAL TEMPERATURE PROFILES
68 DO 50 J~ i.NND69 C
70 C COEFFICIENT EVALUATION
71 DO 55 N 1.NNHM1

74
75 A (N,4)A (4*TEMPH (N,J)
76 55 CONTINUE

INCLUDE BOUNDARY CONDITIONS
79 A (1.Ss) A (i.4)—A1*TEMPD (J)

~~~~ — -~~~~~~~~~~
-

~~~~~~~
--- - -
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B7

SUBROUTINE DHTEMP (Continued)

80 A(NNHM1• ie) :A ( NNHMI,de)—3 00 ,0*A (NNHM1,3)
81 C
82 C EVALUATE ONE DIMENSIONAL TEMPERATURE PROFILE
83 CALL BANDA6(NNHMI.2.4.1?12•12.4.A.TEMPH .NRNDTX.PTVMIN)
84 C
85 C INCREMENT TEMPERATURE COLUMN POINTER
86
87 50 CONTINUE

— 88 C
RETURN

0 END

I

.1



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —---- -— - ~~~~~—-~~~----~~~~~

B8

SUBROUTINE DHT2D

*TEMP( 1) .DHT2D
1 SUBROUTINE DHT2D( IFLAG.NND.NNH,XL ,XDH,THKHX.THKHY.HSPEC.
2 $HDEN.DTIME,TEMPD.TEMPH.SMAX.DTHMAX.ITPRH.IBND,S)
3 C
‘4 C A TWO DIMENSIONAL THERMAL MODEL FOR SIMu LATING THERMAL CONDUCTION
5 C THROUGH THE DIODE SUBSTRATE OR HEADER MATERIAL. THE THERMAL
6 C CONDUCTIVITY. SPECIFIC HEAT AND DENSITY OF THE SUBSTRATE MATERIAL
7 C ARE ASSUMED TEMPERATURE TNDEPENDFNT THERE IS NO JOU LE DISSIPATION
8 C WITH IN THE SUBSTRATE. THE TEMPERAtURE PROFTLES FOR THE NEXT
9 C POINT IN TIME CTIP4E+DTIME) ARE CALCULATED EACH TIME THElu C SUBROUTINE IS CALLED. AN ITERATIVE SOLUTION PROCEDURE SIMILAR

11 C TO THE SOR TECHNIQUE IS USED TO FVALUATF THF NEW TEMPERATURES
12 C PROFILES.
13 C
14 C DECLARATIVE STATEMINTS
15 DIMENSION TEMPD (tO1).TEMPH(12.1fl1).TEMPS (12.101)
16 DIMENSION TEMPSL (12.1Oj),AA (12.4)
17 C
18 INTEGER S.SMAX
19 C
20 C VARIABLE DEFINITIONS

C IFLAG NEW SIMULATION SENTINEL WHICH PERMITS SUCCESSIVE
C SIMULATIONS IN ONE RUN STREAM BY QUETNG SIMULATION INITIALIZATION

23 C COMPUTATIONS,

NND — NUMBER OF GRID OR NODE POINTS ALONG DIODE AXIS (X—AXIS)
26 C
27 C NNH — NUMBER OF GRID OR NODE POINTS ALONG Y~AXIS (PERPENDICULAR28 C TO DIODE AXIS ) WITH IN HEADER MATERIAL.
29 C
30 C XL — DIODE LENGTH. (X—AXTS )
31 C
32 C XDH — HEADER MATERIAL THICKNESS
33 C
34 C THKHY — HEADER MATERIAL THERMAL CONDUCTIVITY ALONG V—AXIS
35 C (ASSUMED CONSTANT)
36 C
37 C THKHX — HEADER MATERIAL THERMAL CONDUCTIVITY ALONG X—AXIS
38 C (ASSUMED CONSTANT). NORMALLY THKHX THKHY. Tp4KHX~ fl.fl FOR
39 C O (JAST—TWO—DIMENSIONAL HEADER THERMAL MODEL FOR THIS REDUCED
40 C MODEL ONLY ONE ITERATION IS REQUIRED. TNO~~WR TO OVERIDE41 C THE CONVERGENCE CHECK FOR THIS CASE SET SMAX=1 AND DTHMAX~100.O

HSPEC — HEADER MATERIAL SPECIFIC HEAT (ASSUMED CONSTANT)
44 C
~45 C ~lDEN — HEADER MATERIAL DENSITY (ASSUMED CONSTANT)
‘46 C
‘37 C DTIMF — TIME STEP INCREMENT FOR NEXT TIME STEP
48 C -

49 C TEMPO — LINEAR ARRAY FOR TEMPERATURES ALONG DIODE AXIS VALUES
50 C SUPPLIED BY CALLING PROGRAM AND USED AS BND BY SUB nHT~fl

TEMPH — TWO DIMENSIONAL HEADER TEMPERATURE ARRAY FOR RETURNING
53 C HEADER TEMPERATURES TO CALLING PROGRAM. DURING ITERATIONS TEMPM

- • 5” C REPRESENTS TEMPERATURES AT PREVIOUS POINT IN TIME RUT IS
55 C REDEFINED AS NEW TEMPERATURE VALISES BEFORE RETURNING
56 C TO THE CALLING PROGRAM

• SMAX — MAXIMUM NUMBER OF ITERATIONS FOR HEADER TEMPERATURE.
59 C
60 C DTHMAX — CONVERGENCE CRITERIA FOR HEADER TEMPERATURES ALGORITHM.
61 C MAXIMUM ACCEPTABLE NORMALIZED CHANGE IN TEMPFRATURE BETWEEN

ITERATIONS S AND 5+1.

C ITPRi~ — HEADER TEMPERATURE ITERATION PRINT SENTINEL. WHEN
-

~~~~ 
ITPRH:1 S AND DTHSMX ARE PRINTED FOR EACH ITFRATT~ NI ~~~~ IBNO — INDICATES THE TYPE BND AT X O  AND X XL. 0 — CONSTANT

J 68 TEMPERATURE. 1 — BLOCKING
TEMPS — TWO DIMENSIONAL HEADER TEMPERATURES FROM PREVIOUS

~ ~1 C ITERATION CS) .
TENPS1 — TWO DIMENSIONAt HEADER TEMPERATURES FOR NEW

C ITERATION (S+1),
76 AA — COEFFICIENT ARRAY FOR ONE OTMENSIONAL TFMPFRATURE PROFILES.

NND — NUMBER OF TEMPERATURE NODES ALONG DIODE AXIS
79 C 
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SUBROUTINE DHT2D (Continued)

• 80 C NNH — NUMBER OF TEMPERATURE NODES ALONG Y—AXTS (PERPENDICULAR TO
81 C DIODE AXIS ) IN SUBSTRATE. MAXIMUM VALUF OF NNHMX
82 C
83 C NNHMAX — NNH MAXIMUM VALUE WHICH IS THE SAME AS THE ‘ROW DIMENSION’84 C FOR ARRAYS TEMPH. TEMPS. AND TEMpS1.

NNHRND - COLUMN POINTER FOR LOCATING THE RESPECTIVE ONE DIMENSIONAL
87 C TEMPERATURE PROFILES WITH IN THE TWO DIMENSIONAL TEMPERATURE ARRAY88 C TEMPS1 FOR SUBROUTINE BANDA6 WHICH SOLVES THE INDIVIDUAL ONE
89 DIMENSIONAL TEMPERATURE PROFILES.
1 C S — ITERATION COUNTER

DTHS — NORMALIZED CHANGF IN HEADER TEMPERATUIRE AT NODE (J.I)
C BETWEEN THE S AND Sf1 ITERATIONS.

DTHSMX - MAXIMUM NORMALIZED CHANGED IN HEADER TEMPERATURE
C BETWEEN THE S AND S+1 ITERATIONS,

4 ITPR~H — HEADER TEMPERATURE ITERATION PRINT SINTINEL. WHEN• 100 C ITPRDH 1 S AND DTHSMX ARE PRINTF:n FOR EACH ITERATION
i8~1 03 C — — — —
104 100 CONTINUE 

-1 05 C a a~~~o—— ~~~~~~~ e—~~~—e— ea—a _e _e_ _ _ __ _ _ __ e 

189 C SIMULATION INITIALIZATION CALCULATIONS
I 8~ IFLAG:O IMPLIES FIRST TIME STEP FOR NEW SIMULATION AND THAT
110 C SIMUL ATION INITIALIZATION CALCULATIONS SHOULD BE PERFORMED.
111 IF(IFLAG.NE.0) GO TO 200

-i 1I~ SET IFLAG TO INDICATE THAT THE STMULATION HAS BEEN TNITIALI?EO
11~ IFLA G:1

I I INITIALIZE TEMPERATU RE ARRAYS

B~ 1I8 5~1:i~’129 TEMPH(J I):300.n
120 TEMPS (J.I)~ 300.fl
121 TENPS1(J.I)~~300.fl122 110 CONTINUE

EVALUATE GRID INCREMENTS
125 DX:XL/ (NND—1)

I ~9 THE NUMBER OF HEADER GRID POINTS ALONG V—AXIS IS (NNH+1)
128 DY:XOH/NNH

EVALUATE MODIFIED GRID COUNTS
131 NNDMI:NNO—1
132 NNDNP NND—
133 NNHMI:NNH—
134 NNHM2 NNH—2

• I~ INITIALIZE COLUMN POINTER INCREMENT
137 NNHMA X 12
I ~~~~ 

a_es_as — 
___ —— — a 

_ _ ____ ___ — — —a e~~~~~ —
140 200 CONTINUE

~ 1 14 1 as e aaea _aaaesa _5C 5_O _ _ _ _ _ _ _ _ _ _ a _ _ _ _ _ f l _ _ _ _ _ _f l_ _ _ __

j  I~ c PRE- ITERATION COMPUTATIONS
- 414 PARTIAL COEFFICIENT EVALUATION WHICH WILL ACCOMMODATE A VARILABLE
146 C TIME STEP CONTROLLED St THE CALLING PROGRAM
1147 A:—THKHY*DTIME*DXsDX
1148 B:—2. 0*A+DY*DV.flX.DX*HDFN*HSPEC

I ~ g1~ DX.DX$DY.DY.HDENS HSPFC
1~ 1 O2 THKMX.DY*DYSDTIME

~N~TTALIZE ITERATION COUNTER

‘NITIALIZE TEMPSI WITH TEMPH FROM PREVIOUS TIME STEP
~Q ?IQ I:1.N

158 DO ~~1U J 1.N
• - i59 TEMPSI(J.I): EMPH(J.I)
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SUBROUTINE DHT2D (Continued)

160 210 CONTINUE
- 1 ~ 1 C
I b2 C ~~~~~~~e a_ _a a sa aeeae aaas a s ~~~aaa_aaa _ aaaaaae s a_ sae

163 300 CONTINUE
164 C — — —  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- 165 C
166 C ITERATION LOOP

C TRANSFER TEMPSI TO TEMPS SO THAT NEW TEMPSI VALUE MAY BE CALCULATED
169 DO 305 I:1,NND

M~~~J i ~Y~~PSI Li. I)172 305 CONTINUE
173 C
174 C INCREMENT ITERATION COUNTER

S~S+1I ~~ EVALUATE NND ONE DIMENSIONAL TEMPERATURE PROFILES ALONG V—AXIS
.78 C WITH COUPLING WITH ADJACENT COLUMNS.
I ~~ INITIALIZE COLUMN POINTER FOR THE FIRST ONE DIMENSIONAL
181 C TEMPERATURE PROFILE.
182 NNHBND~NNHMAX
183 C
1 84 C aaa a.aae aaae esaaeaa __aa a es_eaae__a_e~ aa_aaae

185 ‘400 CONTINUE
1 86 Ca_ _ u u e__ _eeea_ _ _ _ __ e_ _ _ ___ .__

I ~~ IF BLOCKING BND SPECIFIED FOR X 0, EVALU ATE TEMPS1(J,1) AND
C J~~~4:~Ll) Go TO ~~~

COEFFICIENT EVALUATION FOR TEMPSt(J.2) WITH BLOCKING BND
193 00 410 J:1.NNHMI
194 AA (J.1) A

I AA LJ.~~):B

197 ft~~ :4~;g1~ TEMPH1J.2)+D,.(TEMPS (J.3)—TEMPS (J.2))198 ‘410 CONTINUE

INCLUDE BND FOR TEMPSI(J.2)
201 AA (1.4):AA (1.li )aAsTEMPD (2)
202 AA (NNHMI ,4) AA (NNHM1,4)—C*300.0
203 C
2044 C EVALUATE TEMPSILJ.2)
205 CALL BANDA6 (NNHMI.2.4.1P12,12,’4.AA .TEMPSI.NNMBND.PIVMIN)

~ 8~ INCRE MENT COLUMN POINTER FOR NEXT TEMPERATURE PROFILE
208 NNHBND NNHBND+NNHMA X

EQUATE TENPS1(J.~~) AND TEMPSI(J.1) FOR BLOCKING BND211 DO ‘420 J 1,NNH
212 TEMPSI(J,1):TEMPSI(J,2)
213 £120 CONTINUE
214 C
225 C
226 500 CONTINUE
217 C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_e___a_s_~ __ea__as___C
___e___a

__
IF CONSTANT TEMPERATURE BND SPECTFIED FOR X:fl. EVALUATE TEMPSI(J.?)

2~0 IF(IRND.NE.O) GO TO 600

COEFFICIENT EVALUATION FOR TEP4PSI(J.2) AND CONSTANT TEMP AND
223 DO 510 J 1,NNHMI

22~~j:~~~ g1.TEMPH(J .,)+D,~ (3OO .0+TEMPS(J.31—P.O.TFMPS(J.,))228 510 CONTINUE
229 C
230 C INCLUDE BND
231 AA (1.’l):AAI1 .1e)—A*TEMPO (2)
23~ AA (NNHM1.ie)~ AA (NNHM1,4)~ C*30O.O

C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

INCREMENT COLUMN POINTER FOR NEXT TEMPERATURE PROFILE
238 NNHBNO:NNHBND+NNHMAX
239 C

_ _ _ _

~ 

— •
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SUBROUTINE DHT2D (Continued)

240 C ~a~~ — n a
2141 600 CONTINUE

- 242 C aa aaa _e aaaaaa~eaan ae — sasC aaea_a_ aseaa e_sa_..~en243 C
C EVAL UATE TEMPERATU RE PROFILES FOR TEMPSI(J.3) — TFMPS1(J.NNOM2)

00 6.0 I:3,NND42
24~ C EVALUATE COEFFICIENTS FOR TEMPS1 J.I)
248 DO 610 J~ 1.NNHM1249 AA (J.1 =250 AA (J .2 =251
252 A*(J.4)01*TEMPH (J.I)+D?*(TEMPS (J.I—1)+TEMPS(J.I+1)
253 a—2.o*TEMPSLi.In
254 610 CONTINUE
255 C
256 C INCLUDE BND FOR TEMPSI(J.I)
25? AAU.4):AAU,4)—A*TEMPOW
258 AA (NNHMI ,4) AA (NNHM1.4)—Cs300.O
259 C

C EVALUATE TEMPS1(J.I)
2b1 CALL BANDA6(NNHMI.2.4.1212,12.4,AA.TEMPS1.NNHBNO.PIVNIN
262 C
263 C INCREMENT COLUMN POINTER FOR NEXT TEMPERATURE PROFILE
26~ NNHBND:NNHBND+NNHMAX
265 C
266 620 CONTINUE
267 C
268 C ae a na _a naa~a
269 700 CONTINUE
270 C o aan _essoae~eaaaa aeeee saaa.oeso a~aasaaeesseaaa a an
271 C

C IF BLOCKING BND SPECIFIFO EVALUATE TEMPSI(J.NNDMfl AND
273 C TEMPSIIJ,NNO)
274 IF(IRND NE.j) Go TO R00

COEFFICiENT EVALUATION FOR TEMPSI(J.NNOM1) WITH BLOCKING AND
277 DO 710 J:1.NNHMI
278
279

22~~~~~~ g1~ TEMPH(J NNDM1 )+D2*(TFMPS(J,NNDN2)—TEMPS(J.NNDMI))
282 710 CONTINUE
283 C
2841 C INCLIJDE RHO
285 AA ( 1.4) AA (1,le)—AsTEMPD NNDMI)
286 AA (NNHMI .ll):AA (NNHMI .4)—C*300.0
287 C
288 C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

EQUATE TCMPSI(J,PINOMI) AND TFP4PSI(J.NND) FOR BLOCKING BND
292 DO 720 J 1,NNH
293 TEMPc1~~ .NND :TEMPS1 (J.NNDM1)

~ _::_: :~~~~~_~~~
____ _____ __ _

____ ___
_

______ _
_ _

____ __ _ _  
afls aaaa

29 800 CONTINUE
2 ~~ ——

66 C IF CONSTANT TEMPERATURE RHO SPECIFIED FOR X:XL . EVALUATE
301 C TEMPSI(J.NNDMI)

IF(IRND.NE.O) GO TO 900

COEFFICIENT EVALUATION FOR TFMPSI(J,NNDMI) AND CONSTANT TEMP BND
305 DO 810 J I.NNHM1
306 AA (J.1) A

• 307 AA (J.2):8
- 

~~ ~~~~:~~~~~1*TEMPH J.NP1DMt )+02*(TEMPS(J,NNDM2)+300.fl
310 *~2.OsTEMPS(J.NNDM1))311 810 CONTINUE

INCLUDE 8~4D FOR TENPSI(J,NNDM1)
- 319 AA (1.4) AA (j.4)—A*TEMPDC NPJQMI)
315 AA(NNHMI .11) AA (NNHMI ,k)aC*300 .O

~19 EVALUATE TEMPSI(J.NNDMU
318 CALL BANOA6(NNHMI.2.4.1P1p.t2.4.AA,TEMPSI.NNHRND,PTVMIN
319 C

- - — _ _ ~~~~- n_ - - n- - — - - -- .~~~ — --— — - - -- -~~~~---- - - -
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B12

SUBROUTINE DHT2D (Continued)

320 ~~~~~ a a a a aa a s a e na_aan
321 900 CONTINUE
322 C
323 C
324 C CONVERGENCE CHECK

EVALUATE MAXIMUM NORMALIZED CHANGE IN TEMPERATURE FOR THIS
327 C ITERATION
3Z8 DTHSI4X:0,0
3~9 DO 910 I 2,NNDM I

~ H~~?T~~~~~~ i~I )—TEP4PS( J. I)) /TFMPSI (.1.1)
332 IF (DTHS. GT • DTHSMX) DTHSMX:DTHS- 

- 333 910 CONTINUE
334 C
335 C PRINT ITERATION SUMMARY
336 IF(ITPRH.EG.1~ WRITE(6,Q20) S.DTHSMX
337 920 FORI4AT (3H S: 12.SX.7HDTHSMX .E8.3)

C IF DTHSMX .LE. DTHMAX THE SPECIFIED CONVERGFNCE HAS BEEN ACHIEVED
340 IF(DTHSMX.LE.DTHMAX) GO TO 1000
341 C
342 C CONVERGENCE HAS NOT BEEN ACHIEVED. IF THE ITERATION COUNT
343 C IS LFSS THAN THE MAXIMUM SPECIFIED START ANOTHER ITERATION
344 IF(S.LT.SMAX GO TO 300
~~~~~~~~ THE MAXIMUM NUMBER OF ITERATION HAS BEEN PERFORMED WITHOUT
347 C ACHIFVING CONVERGENCE. WRITE ERROR MESSAGE AND TERMINATE X~ T

930 ~~~~~~~~~~~~~~~~~~~~~~ FAILURE IN SUBROUTTNE DHT2O.
350 A/.27H ***** EXECUTION TFRMINATED./.351 &9H ***** S=.I2,5x.7~DTHcp.qX=,F8,3./.352 &314H ***** INCREASE SMAX AND/OR OTHMAX)353 C
354 C STOP ********************s*s**********************************.****355 C
356 C a a a  nea saC
357 1000 CONTINUE
358 ~~a flSeea_ seaafle~_O eaa 5saa S.

C TRANSFER NEW SUBSTRATE TEMPERATURE VALUES TO ARRAY TENPH
361 DO 1010 I:1.NND
362 DO 1010 J 1.NNH
363 TEMPH(J,I):TEMPSI(J.I)
3641 1010 CONTINUE

RETURN TO CALLING PROGRAM WITH NFW HEADER TEMPERATURES
367 RETURN
368 END

I 
-

I 

- -
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El 3

SUBROUTINE DHT2D 1

*TEMP (1)
1 SUBROUIINE DHT2DI (IF~ AG .NND,NNH.xL.XflH.THKHx.THKHy.HSpEC .2 AHDEN.D u IME .TEMPD.TEMI’H,SMAX.DTHN*X. ITPRH. TBNfl.S)
3 C
4 C A TWO DIMENSIONAL THERMAL MODEL FOR SIMULATING THERMAL CONDUCTION
5 C THROUGH THE DIODE SUBSTRATE OR HEADER MATERIAL. THE THERMAL
6 C CONDUCTIVITY, SPECIFIC HEAT AND DE:NSITY OF THE SURSTRATF MATERIAL
7 C ARE ASSUMED TEMPERATURE INDEPENDENT THERE IS NO JOULE DISSIPATION
B C WITH IN THE SUBSTRATE. THE TEMPERAtURE PROFILES FOR THE NEXT9 C POINT IN TIME (TIHEfOTIME ) ARE CALCULATED EACH TIMF THE

C SUBROUTINE IS CALLED. AN ITERATIVE SOLUTION PROCEDURE SIMILAR
C TO THE SOR TECHNIQUE IS USED TO EVALUATE THE NEW TENPERATUR S

12 C PROFILES. DHT2DI DIFFERS FORM DHT2D IN THAT THE VERY LATES
13 C VALUES OF TEMP ARE USED TN THE TTFRATIVF PROCEEDURE.

C D~CL A I ~V çS~9NjNT~~~~~ (1 I .TEMPS( 12.1011
17 DIMENSION TEMPSI(12.101).AA (12.4)
18 C

INTEGER S.SMAX

~
IABLE

N
F
~~~~J

IO
~~ON SENTINEL WHICH PERMITS SUCCESSIVE

23 C SIMULATIONS IN ONE RUN STREAM BY QUFING SIMULATION INITIALIZATION
24 C COMPUTATIONS,

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

C NNH — NUMBER OF GRID OR NODE POINTS ALONG V—AXIS (PERPENDICULAR
29 C TO DIODE AXIS) WITH IN HEADER MATERIAL.
30 C
31 C XL DIODE LENGTH. (X AXIS)

XDH — HEADER MATERIAL THICKNESS
34 C
35 C THKHY — HEADER MATERIAL THERMAL CONDUCTIVITY ALONG V—AXIS
36 C (ASSUME D CONSTANT)

THKHX — HEADER MATERIAL THERMAL CONDUCTIVITY ALONG X—AXIS
39 C (ASSUMED CONSTANT). NORMALLY THKHX THKHY. THKHX:fl.A FOR
‘30 C QUASI—TWO—DIMENSIONAL HEADER THERMAL MODEL FOR THIS RFDUCFD
~e1 C MODEL ONLY ONE ITERATION IS REGUJYRED. INO~DFR TO OVERIDE42 C THE CONVERGENCE CHECK FOR THIS CASE SET SMA X~ 1 AND DTHMAX:100.0

HSPEC — HEADER MATERIAL SPECIFIC HEAT (ASSUMED CONSTANT)

HDEN a HEADER MATERIAL DENSITY (ASSUMED CONSTANT)

DTIMF a TIME STEP INCREMENT FOR NEXT TIME STEP

TEMPO LINEAR ARRAY FOR TEMPERATURES ALONG DIODE AXIS VALUES
51 C SUPPL IED BY CALLING PROGRAM AND USED AS BND BY SUB flHT~D

TEMP~.i — TWO DIMENSIONAL HEADER TEMPERATu RE ARRAY FOR RETURNING
54 C HEADFR TEMPERATU RES TO CALLING PROGRAM. DURING ITERATIONS TEMPH

• 55 C REPRESENTS TEMPERATURES AT PREVIOUS POINT IN TIME BUT IS
56 C REDEFINED AS NEW TEMPERATURE VALUES BEFORE RETURNING
57 C TO THE CALLING PROGRAM

SM~X MAXIMUM NUMBER OF ITERATIONS FOR HEADER TEMPERATURE.
DTHMAX a CONVERGENCE CRITERIA FOR HEADER TEMPERATURES ALGORITHM.

62 C MAXIMUM ACCEPTABLE NORMALIZED CHANGE IN TEMPERATURE BETWEEN
C ITERATIONS S AND 5+1.

• 
6~ ITPRH — HEADER TEMPERATURE ITERATION PRINT SENTINEL. WHEN
66 C ITPRH I S AND DTHSMX ARE PRINTED FOR EACH ITERATION

IBNO INDICATES THE TYPE BND AT X:I) AND X XL, 0 — CONSTANT99 C TEMPERATURE. 1 a BLOCKING

7? TEMPS — TWO DIMENSIONAL HEADER TEMPERATURES FROM PREVIOUS
C ITERATION (SI.

TEMPS’ — TWO DIMENSIONAL HEADER TEMPERATURES FOR NEW
75 ITERAtION (S+1).
76
17 C AA COEFFICIENT ARRAY FOR ONE DTMENSIONAL TEMPERATURE PROFILES.

NND — NUMBER OF TEMPERATURE NODES ALONG DIODE AXIS

~~~~~~ -~~
—

- --~~~~

-
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B14

SUBROUTINE DHT2D1 (Continued)

80 C
81 C NNH — NUMBER OF TEMPERATURE NODES ALONG V—AXIS (PERPENDICULAR TO
82 C DIODE AXIS) IN SUBSTRATE. MAXIMUM VALUE OF NNHMX83 C
84 C NNHMAX a NNH MAXIMUM VALUE WHICH IS THE SAME AS THE ‘ROW DIMENSION’
85 C FOR ARRAYS TEMPH. TEMPS. AND TEMPSI.
86 C
87 C NNHBND a COLUMN POINTER FOR LOCATING THE RESPECTIVE ONE DIMENSIONAL
88 C TEMPERATURE PROFILES WITH IN THF TWO DIMENSIONAL TEMPERATURE ARRAY
89 C TEMPS1 FOR SUBROUTINE BANDA6 WHICH SOLVF~ THE INDIVIDUAL ONE

• 
- 

~? C DIMENSIONAL TEMPERATURE PROFILES.

S — ITERATION COIJNTER

C OTHS — NORMALIZED CHANGE IN HEADER TEMPFRATURE AT NODE (J.TI• 
~ 95 C BETWEEN THE S AND S+1 ITERATIONS.

DTHSMX — MAXIMUM NORMALIZED CHANGED IN HEADFR TEMPERATURE
BETWEEN THE S AND S+t ITERATTONS•

C ITPRDH — HEADER TEMPERATURE ITERATION PRINT SINTINEL. WHEN
• 101 C ITPRDH:1 S AND DTHSMX ARE PRINTED FOR EACH ITERATION

~~~~~
- 1 04 C flaeaSa _ aafl aOa a~~~Oea a a__a__a ~~~e_ aaaaa~~~ aCaaaa_~~~ _C~~~ e_a_Ca_

195 100 CONTINUE
1 U C a aaa_saSaaaeaaa aaaeaaa aane_saa__eaaaa _eCae~

~~
- I8~ SIMULATION INITIALIZATION CALCULATIONS

~ I~ IFLAG:0 IMPLIES FIRST TIME STEP FOR NEW SIMULATION AND THAT1 1 1 C SIMULATION INITIALIZATION CALCULATIONS SHOULD BE PERFORMED.
112 IF (IFLAG.NE.0) GO TO

~ II~ SET TELAG TO INDICATE THAT THE SIMULATION HAS BEEN INITIALIZED
115 IFLAG I

~ II~ INITIALIZE TEMPERATURE ARRAYS
~ 118 DO 110 1:1.101

~ 9~M ? J ~ II~~~ 0.0121 TEMPS LI.I):300.0
122 TEMPSI(J.I):300.n
123 110 CONITNUE

I ~~ EVALUATE GRID INCREMENTS
126

I~e THE NUMBER OF HEADER GRID POINTS ALONG V—AXIS IS (NNH+1)
1 9 OY:XDH/NNH

~ • I I EVALUATE MODIFIED GRID COUNTS
~ 1 2 NNDMI:NND—
~

- - 1 3 NNDM2:NND..
-
- 1 ‘4 NNHM1 NNH— 1

1,5 NNHM2 NNH—2

INITIALIZE COLUMN POINTER INCREMENT
- 

- 158 NNHP4AX I2
-~~~~139 C

3140 C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ aa a aaaaaa a
- 1141 200 CONTINUE
1142 C ~~~~~~~~ aaaaeae ea aO aa aaa aeaaaa~~ aaa a a a C,U ea_
1’13 C
11414 C PRE—ITERATION COMPUTATIONS

PARTIAL COEFFICIENT EVALUATION WHICH WILL ACCOMMODATE A VARTLABLE
~ 147 C TIME STEP CONTROLLED BY THE CALLTNG PROGRAM
~ 148 A:—THKHY*DTIME*DX*DX
~ 1149 B —2.O*A+DY.OY*Dx*DX*HDFN.HSPEC

- I~1 gT~DX.DX~DYPDY~HDEN.HSPFC1~2 D2:THKHX*DYsDV*DTIME
- INITIALIZE ITERATION COUNTER
155 S:0

INITIALIZE TEMPSI WITH TEMPH FROM PREVIOUS TIME STEP
I58 go 210 I:1.NNO159 0 210 J:l.NNH

_ _ _ _ _ _  - • • - - 
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B15
SUBROUTINE DHT2D1 (Continued)

160 TEMPSI Li. I ):TEMPH LI. I)
161 210 CONTINUE

C
b 3 C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~64 300 CONTINUE
65 C”e
66 C
67 C ITERATION LOOP

TRANSFER TEMPS1 TO TEMPS SO THAT NEW TEMPS1 VALU E MAY BE CALCULATED
70 DO 305
71 DO 305 J 1.NNH72 TEMPS(J.I):TENPSI(J.I)
73 305 CONTINUE

INCREMENT ITERATION COUNTER
S:S+1

378 C EVALUATE NND ONE DIMENSIONAL TEMPERATURF PROFILES ALONG Y—AXTS
179 C WITH COUPLING WITH ADJACENT COLUMNS.• 180 C
181 C INITIALIZE COLUMN POINTFR FOR THE FIRST ONE OIMENSIONAL
182 C TEMPERATURE PROFILE.
183
184 C
1 85 C aaaa a _ _ a_ a _a_a_ ___ a_ _aa _ea_ aaaeaaa a a a _eS a.a_aaaa..

186 1400 CONTINUE
• 1 87 C a aaa e000aaeeae aaa a_aaa_ a e_ Oa __e__aaaSe _aae_a,_ _.,a_a

188 C
189 C IF BLOCKING BND SPECIFIED FOR X:n, EVALU ATE TEMPSI(J,1) AND

~ 190 C TEMPS(J 2)
1~~ IF(IBND.NE.1) Go TO Son

C COEFFICIENT EVALUATION FOR TEMPSI(J.2) WITH BLOCKING BND
194 DO 1410 J:l.NNHM I
195 AA (J.1 :
196 AA (J.2 =
197 AA LJ.3 :C
198 *A(J.41):DDTENPH(J.?)+D2*(TENPS (J,3)—TEP4PS(J.2) 1
199 1410 CONTINUE
200 C
201 C INCLUDE 8N0 FOR TEMPSI(J,2)
202 AA (1.’4) AA (1,14)—A*TEMPD (2)
203 AA (NNHMI ,14):AA (NNHMI,4)—C*300.0
2014 C
205 C EVALUATE TEMPS1(J.2)
206 CALL RANDA6 (NNHMI.2.4.1P12.12.k.AA.TEMPSI.NNHBND,PIVMIN)

288 C INCREMENT COLUMN POINTER FOR NEXT TFP4PERATURF PROFILE
209 NNHBND:NNHRND+NNHMA X

~ II EQUATE TEMPSI(J.?) AND TEMPS1(J.1) FOR BLOCKING AND
212 00 420 J:1.NNH
213 TEMPSI(J.1):TEMPSL(J,2)

~ 2141 1420 CONTINUE
~ 2 5  C

• ~ 2 6 C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~a~~~
_ ..aa _aee_

2 7 500 CONTINUE
2 C — -  0eea Sa—asee aeaaa_aeaeaa~~.aeaaaa~~ aaaaee_0aaaa__aeea

IF CONSTANT TEMPERATURE RHO SPECTFIED FOR X:fl, EVALUATE TEMPSI(J.2)
2 ~ !F(IRND .NE.0) 00 10 600

COEFFICIENT EVALUATION FOR TEMPSI(J.2) AND CONSTANT TEMP AND
2 ‘4 DO 510 j:1 , NNHMI
2 5 AA (J.1 :A
2 ~ AA (J.2 B

22~ :~ ~Si*TEMPH J.2)+D2t(3OO.O+TEMPS(J,3).P.O*T!MPS(J,2 I

~~~ CONTINUE

~ I C INCLUDE BND
2 2 AA (1.14):AA (1.14)—A.TEMPD (2)

~ 
2~3 AA(NNHMI.14) A A(NNHMI.14)—C*300.0

EVALUATE TEMPSIIJ.2)
236 CALL BAP4DA6(NNHMI.2.4,j212.12,*.AA.TCMPSI,NNNBIJr),PTVMIN)

I INCREMENT COLUMN POINTER FOR NEXT TEMPERATURE PROFIL E
239 NNHBNO:NNHBNO+NNHMAX

• - - 
- --- - c . j~~ 
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SUBROUTINE DHT2D 1 (Continued)

240 C
241 C aa aaa a _~~~a~~~a_~~~~~~~ a _~~~a _  e_ e_a a_aaaaa_~~~_aae__a

24~ 600 CONTINUE
24., C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~2144 C
245 C EVALUATE TEMPERATURE PROFILES FOR TEMPSI(J.3) a TFMPS1(J.NNDM2)

DO 620 I:3,NNDM2
2148 C EVALUATE COEFFICIENTS FOR TEMPSILi.I)
2149 DO 610 J:1,NNHM 1

2~ 2 AA (J.3)C
253 AA (J,te):D1*TEMPH (J,I)+D2*(TEMPS1(J,Ial)+TEMPS(J.T+t)
254 $—2.Oa TENPS (1J.I))
255 610 CONTINUE
256 C
257 C INCLUDE BND FOR TENPSI(J.I)
258 AA(1.ll):AA (1,14)aA*TEMPD (T)
259 AA NNHMI,’I.):AACNNHMIP4 —C*300.0• 260 C
261 C EVALUATE TEMPSI(J.I)
262 CALL BANDA6(NNHNI.2.4.1912.12.4.AA.TEMPS1.NNHRND.PTVMIN)

TNCRFMENT COLUMN POINTER FOR NEXT TEMPERATURE PROFILE
265 NNHBND:NNHBND4NNHP4AX
266 C
267 620 CONTINUE
268 C
269 C ea aeaa eeaaea aaaeaa aaa ea aa aaa~~naa aa aa aaan

• 270 700 CONTINUE
2 7 1 C °~~~~~~~aa

_ aaa aa a~e e a _ a aaae

IF BLOCKING BND SPECIFIFD EVALUATE TEMPS1(J.NNDM1) AND
2714 C TEMPSI(J.NND)
275 IF(IRND.NE.1) GO TO 800

COEFFICIENT EVALUATION FOR TEMPSI (J.NNDM1) WITH BLOCKING RHO
278 DO 710 J:1,NNHM L

~~~~S1*TEMPHLi.NNOM1 )+D2*(TFMPSL (J.NNDM2)—TFMPS(J.NNDMI))283 710 CONTINUE
F 284+ C

285 C INCLUDE BND
266 AA (1.14):AA (1.k)—A*TEMPD(NNDMI)
287 AA (NIJHMJ ,14):AA (NNHMI.Ie)—C*300.0

EVALUATE TEMPS1LJ.NNDMI1
2 0 CALL BANOA6 (NNHMI.2.14.1212.12.14.AA.TEMPS1.NNHBND.PIVMIN)

EQUATE TEMPS1(J.NNDMI) AND TEMPSI(J.NND) FOR BLOCKING AND
293 DO 720 J:1,NNH
294 TEMPS1(J,NND):TFMPSI (J.NNDMI)
295 720 CONTINUE
296 C
297 C—- —— a_ _a  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
298 800 CONTINUE
299 C aaaflaa__a__a a a_aaa~_aa

a__ flaa aa~~~O a afl aa~~~aaaa_ a a

~ 81 IF CONSTANT TEMPERATURE BND SPECIFIED FOR X:XL. EVALUATF
302 C TEMPSI(J.NNOMI)
303 IF(IBNO.NE.0) GO TO 900

COEFFICIENT EVALU ATION FOR TEMPSfl.J.NNDMI) AND CONSIANT TEMP AND
306 DO 810 J:1.NNHMI- 307 AA (J.1):A

AA(~~:6s;b1.TEMpH1J.NNDM1 )+D2*(TFMPSL(J.NNOM2)+300.f)
- 311 $—2.0*TEMPS(J.NNDMI))
312 810 CONTINUE

INCLUDE BND FOR TEMPS1LJ,NtJDMI)
~ 315 AA (1.’4):AA (1.4)—A*TFMPD(NNOMI)
316 AA (NNHMI .14):AA (NNHM1.~I)—C*300.0f 317 C

~ 318 C EVALu ATE TEMPS1(J.NNDMI)
319 CALL BANOA6(NNHMI.2.(4.1212,12.J4.AA .TEMPSI,NNHBND.PIVMIN) 

-- — --~~~~~ - --~~~~~~~ - - - - ~~~~~- • - - - -- -- -- --- —~~~~~-- - - - - --- -
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B17
SUBROUTINE DHT2D 1 (Continued)

320 C
321 C aae

32? 900 CONTINUE
323 C a aaa aa _a _afl_ S_a_____a

____
__a a__ ena a~~

_a
~a324 C

325 C CONVERGENCE CHECK

C EVALUATE MAXIMUM NORMALIZED CHANGE TN TEMPERATURE FOR THIS
3 8 C ITERATION
3 9 DTHSMX O.0
3 0 DO 910 I:2,NNDML

2
- •- 3 3 IF(OTHS.GT.M~H~Mx) ~THSMX :DTHS334 910 CONT TNUF

355 C
336 C PRINT ITERATION SUMMARY
337 IF(ITPRH.EQ.1) WRITE(6,020) SPDTHSMX
338 920 FORMAT (3H S:,I2.SX,7HDTHSMX:,E8,3)

• 339 C
3140 C IF DTHSMX .LE. DTHMAX THE SPECIFIED CONVERGENCE HAS BEEN ACHIEVED
341 IF(OTHSMX.LE.OTHMAX GO TO 1000
342 C
3143 C CONVERGENCE HAS NOT BEEN ACHIEVED. IF THE ITERATION COUNT
3414 C IS LESS THAN THE MAXIMUM SPECIFIFD START ANOTHER ITERATION
3~5 IF S.LT.SMAX) GO TO 300

~s.9 THE MAXIMUM NUMBER OF ITERATTON HAS BEEN PERFORMED WITHOUT48 C ACHIEVING CONVERGENCE. WRITE ERROR MESSAGE AND TERMINATE XOT
3149 WRITF(6.930) S.DTHSMX
350 930 FORMAT (//,’.46H **•*s CONVERGENCE FAILURE IN SUBROUTINE DHT2D,351 *1.27k ***** EXECUTION TERHINATED./,&9~ ****s s:.I?.5X,7~DTHcMx ,F8.3.,,
3~~’ a3’4H ~ **~~* INCKEAcE SMAX AND/OR DTHMAX)

STOP ********************************* * * s s s * *~~~~~~~*.*

358 1000 CONTINUE
3 ~9 C ~ na e~~~_ ~~aa~~~~~naa _aa~~~_ _ a __ _ a

TRANSFER NEW SUBSTRATE TEMPERATU RE VALUES TO ARRAY TEMPH~~ 
~OILQ I:~.N!4Duo iniu J:i.NriH

364 TEMPH(J.I):TEMPSI(J,I)
365 CONTINUE

C RETURN TO CALLING PROGRAM WITH NEW HEADER TEMPERATURES
368 RETURN
369 END
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Bi 8
SUBROUTINE DHT2 D2

• *TEMP(1).0H1202
I SUBROUTINE DHT2DP( IFLAG.NND.NNH.XL.XDH.THKHX.THKHY.HSPEC.
2 AHDEN.DTIME.TEMPD.TENPH,SMAX,DTHMAX,ITPRu4.IBND,S)
3 C
4 C A TWO DIMENSIONAL THERMAL MODEL FOR SIMULATING THERMAL CONDUCTION
5 C THROUGH THE DIODE SUBSTRATE OR HEADER MATERIAL. THE THERMAL
6 C CONDUCTIVITY. SPECIFIC HEAT AND DENSITY OF THE SUBSTRATE MATERIAL
7 C ARE ASSU MED TEMPERATURE INDEPENDENT THERE IS NO JOULE DISSIPATION
8 C WITH IN THE SUBSTRATE. THE TEMPERAtURE PROFILES FOR THE NEXT
9 C POINT IN TIME (TIP4E+DTIME ) ARE CALCULATED EACH TIME THE

10 C SUBROUTINE IS CALLED. AN ITFRAITVE SOLUTION PROCEDU RE SIMILAR
11 C TO THE SOR TECHNIOUF IS USED TO FVALUATE THE NEW TEMPERATURE
12 C PROFILES. FOR 0H1202 THE HEADER TEMPERATURE IS EVAl UATED
13 C ROW WISE (ALONG X—AXIS ) RATHER THAN COLUMN WISE AS IN DHT2DI.
14 C THE VERY LATEST VALUES OF TEMP ARE USED TN THE ITERATIVE
15 C PROCEDURE.
16 C
17 C DECLARATIVE STATEMINTS
18 DIMENSION TEMPDUO1).TEMPH(12.1o1).TEMPSU2.IOfl
19 DIMENSION TEMPS1 (12.101) .AA ( 101.14) .TEMP (101)
20 C
21 INTEGER S.SMAX
22 C

C VARIABLE DEFINITIONS
24 C IFLAG NEW SIMULATION SENTINEL WHICH PERMITS SUCCFSSIVF
25 C SIMULATIONS IN ON~ RUN STREAM BY QUFING SIMULATION TNITTALI7ATION26 C COMPUTATIONS.

NND a NUMBER OF GRID OR NODE POINTS ALONG DIODE AXIS (X-AXIS)
0 NNH a NUMBER OF GRID OR NODE POINTS ALONG V-AXIS (PERPENDICULAR
31 C TO DTOOE AXIS ) WITH TN HEADER MATERIAL.
32 C
33 C XL DIODE LENGTH. (X—AXIS)
54 C
35 C XDH — HEADER MATERIAL THICKNESS

THKHY HEADER MATERIAL THERMAL CONDUCTIVITY ALONG V—AXIS
38 C (ASSUMED CONSTANT)
39 C
40 C THKHX HEADER MATERIAL THERMAL CONDUCTIVITY ALONG X—AXIS
41 C (ASSUMED CONSTANT). NORMALLY THKHX THKHY. THKHX~ fl.fl FOR
‘42 C QUASI—TWO—DIMENSIONAL HFADER THFRP4AL MODEL FOR THIS REDUCED
43 C MODEL ONLY ONE ITERATION IS REQu IRED INO~flFR TO OVERIDE44 C THE CONVERGENCE CHECK FOR THIS CASE ~ET SMAX:1 AND DTHMAX:100.0

HSPEC — HEADER MATERIAL SPECIFIC HEAT (ASSUMED CONSTANT)
47 C
48 C HOEN — HEADER MATERIAL DENSITY (ASSUMED CONSTANT)

• DTIMF a TIME STEP INCREMENT FOR NEXT TIME STEP

TEMPO — LINEAR ARRAY FOR TEMPERATURES ALONG DIODE AXIS VALUES
53 C SUPPLIED BY CALLING PROGRAM AND USED AS AND BY SUB OHT~D

TEMPi~i TWO DIMENSIONAL HEADER TEMPERATU RE ARRAY FOR RETURNING
56 C HEADER TEMPERATURES TO CALLING PROGRAM. DURING ITERATIONS TENPH
57 C REPRESENTS TEMPERATURES AT PREVIOUS POINT IN TIME ALIT IS
58 C REDEFINED AS NEW TEMPERATURE VALUES BEFORE RETURNING
59 C TO THE CALLING PROGRAM

~1 SMAX — MAXIMUM NUMBER OF ITERATIONS FOR HEADER TEMPERATURE.
OTHMAX a CONVERGENCE CRITERIA FOP HEADER TEMPERATURES ALGORITHM.

• 64 C MAXIMUM ACCEPTABLE NORMALIZED CHANGE IN TEMPERATURE BETWEEN
65 C ITERATIONS S AND 5+1.

ITPR H — HEADER TEMPERATURE ITERATION PRINT SFNTINEL. WHEN
68 C ITPRii:1 S AND OTI4SMX ARE PRINTED FOR EACH ITERATION

IBNO a INDICATES THE TYPE BND AT X:0 AND X:XL. 0 CONSTANT
71 C TEMPERATURE. 1 a BLOCKING
72 C
73 C TEMPS — TWO DIMENSIONAL HEADER TEMPERATURES FROM PREVIOUS

C ITERATION IS).

76 TEMPSI - TWO DIMENSIONAL HEADER TEMPERATURES FOR NEW
77 C ITERATION (S+1 ).

AA — COEFFICIENT ARRAY FOR ONE DIMENSIONAL TEMPERATURE PROFILES.

- 
— —  —- ----- ------- .--- - — - 
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SUBROUTINE DHT2D2 (Continued)

80 C
81 C NND — NUMBER OF TEMPERATURE NODES ALONG DIODE AXIS
82 C

C NNH — NUMBER OF TEMPERATURE NODFS ALONG V—AXIS (PERPENDICULAR TO
C DIODF AXIS ) TN SUBSTRATE. MAXIMUM VALUE OF NNHMX

85 C
86 C NNHMAX NNH MAXIMUM VAL UE WHICH IS THE SAME AS THE ‘ROW DIMENSION’87 C FOR ARRAYS TEMPH. TFMPS. AND TEMPS1.
88 C
69 C NNH8NO a COLUMN POINTER FOR LOCATING THE RESPECTIVE ONE DIMENSIONAL
90 C TEMPERATURE PROFILES WITH IN THE TWO DIMENSIONAL TEMPERATURE ARRAY
91 C TEMPS1 FOR SUBROUTINE BANDA6 WHICH SOLVES THE INDIVIDUAL ONE
92 C DIMENSIONAL TEMPERATURE PROFILES,
93 C
94 C S a ITERATION COUNTER
95 C
96 C DTHS — NORMALIZED CHANGE IN HEADER TEMPERATURE AT NODE (J.T)
97 C BETWEEN THE S AND S+1 ITERATIONS.
98 C• 99 C DTHSMX a MAXIMUM NORMALIZED CHANGED IN HEADER TFMPERATURF

BETWEEN THE S AND S+1 ITERATIONS,
I ~� C ITPRDH — HEADER TEMPERATURE ITERATION PRINT SINTINEL. WHEN
103 C ITPRDH:1 S AND DTHSMX ARE PRINTED FOR EACH ITERATION

I8~1 06 C e a aa a aa aaa a aa~~~a
eaaa aa~~ ~~~~~aaaa~~ aaaa~~

1Q7 100 CONTINUE
1 U 8 C ~~~~~~a a a  a__a ~~ aaa a aa~~~~~~~~~~aaa asa a a  a e naa~~~~~ — a a__a__a
109 C
110 C SIMULATION INITIALIZATION CALCULATIONS
11~ IFLAG:O IMPLIES FIRST TIME STEP FOR NEW SIMULATION AND THAT
113 C SIMULATION INITIALIZATION CALCULATIONS SHOULD BE PERFORMED.
114 IF(IFLAG.NE.0) GO TO 20fl
116 SET IFLAG TO INDICATE THAT THE SIMULATION HAS BFFN INITIALI7ED
117 IFLAG I
1j8 C
1 9 C INITIALIZE TEMPERATURE ARRAYS
120 DO 110 I:1.NND
121 DO 110 J:1,NNH
122 TEMPH(J.I):300.fl
123 TEMPS(J,I) 300.fl
124 TEMPS1(J,I)~~300.0125 110 CONTINUE
126 C
127 C EVALUATE GRID INCREMENTS
128 DX:XL/(NND~ 1)129 C
130 C THE NUMBER OF HEADER GRID POINTS ALONG V—AXIS IS (NNH+1)
131 DY~XDH/NNH152 C
133 C EVALUATE MODIFIED GRID COUNTS
151+ NNDM1 NND—1
135 NNDM~:NND—2136 NNHMI:NNHaI
137 NNHMP:NNH—2
158 C
1 39 C a~~~~~~~aa aa~~ e~~~~~~~~~~~~~~ _~~~~~aaa~~ 

a 
~~aS a__ a 

140 200 CONTINUE
1141 C a aaa~ _ a a a e ~ eaaaaaa~ a~ a a a  ~~~~ Saa~~~~ a~~~~a~~~a~ a
142 C
143 C PRE—TTERATION COMPUTATIONS

I ~~ PARTIAL COEFFICiENT EVALUATION WHICH WILL ACCOMMODATE A VARILABIE
146 C TIME STEP CONTROLLED BY THE CALLING PROGRAM
1147 A :—THKHX*DTIME*DY*DY

- 1148 8—2 • 0IA+DY*DY*DXSDX*HDEN*HSpEC
14+9 C:A
150 D1:DX*DX*DV*OY*HDENs’HSPEC
151 DftTHKHYsDXsDX*DTIME

INITIALIZE ITERATION COUNTER
1514 S~0

~ 1~~ INITIAL IZE TEMPSI WITH TEMPH FROM PREVIOUS TIME STEP( 1~~~ DO 210 1 1•NNO
158 00 210 J :1.NNH
159 TEMPS1(J,I):TEMPH (1J.I)

- 
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160 210 CONTINUE
161 C
162 C aa aaa aa~~ eeaaa a a _ ___ a_a_a

__
O

_____
a_ _ _ s_ _ _  ~~~~~~~~~~~~~~~~~~~~~~

163 300 CONTINUE
~ 64 C aa~~~aaa ___S~~~S a a  aaa e a o~~~_~~~aa a aa_ a e e a~~~~~eaaaa aa

65 C
66 ITERATI’~ ~OP

C TRANSFEk rEMPSI TO TEMPS SO THAT NEW TEMPSI VALUE MAY BE CALCULATED
169 DO 305 I~ 1.NND170 DO 305 J 1.NNH
171 TEMPS(J,I):TEMPSI(J.I)
1% 305 CONTINUE
U4 2 INCREMENT ITERATION COUNTER
175 S:S+i
176 C
177 C EVALUATE NNHMI ONE DIMENSIONAL TFMPERAT (JRE PROFILES ALONG X—AXIS

- - 178 C WITH COUPLING WITH ADJACENT ROWS.
179 C
1 80 C aaa a a_eaaasaa

181 £400 CONTINUE
1 82 C aa~~~aa a aaaa a aaa~~~a_aaaaaaa a ~~~aa_ a e aea aa oaaa~~~~~aaa_a aa

183 C
184 C IF BI OCKING BND SPECIFIED FOR X:0 AND X XL, EVALUATE TEMPSI(1,I)
185 IF(IRND.NE.1) GO TO 500
186 C
187 C COEFFICIENT EVALUATION FOR TFMPS1(1,I) WITH BLOCKING BND
188 00 410 I:2,NNDMI
189 11:1—i
190 AAUT,1):A
191 AA(II. ):B

~~~‘° j~~~~ 8i*TEMPH(l.I)+n2s(TFMPNI)+TEMPS(2.I)_~.fl*TFMPS 1.I))

196 C INCLUDE BLOCKING BND FOR TEMPS1(1.I)
197 AA (j.2)~ AA (j.2)+AA ( 1.1)
198 AA(NNDMP,2) AA (NNDMP,2)+AA (NNDMP,3)

2 EVALUATE TEMPSI(l.I)
201 CALL BANDA6(NNDM2.2.4. 1fl1.1O1.4.AA.TEMP. 1.PTVMIN)
202 C
203 C EQUATE TEMP(1) AND TEMP (2). AND TEMP(NND) AND TFMP NNDMI )
204 C FOR BLOCKING BNO• 205 TEMPU):TEMP 2)
206 TEMP NNO):TEMP(NNDM1)

~88 2 TRANSFER HEADER ROW TEMPERATURE TO THE HEADFR TFMPFRATURE ARRAY
209 DO ‘+20 I:1.NND
210 TEMPS1(1.I) TEMP (I)
211 420 CONTINUE
212 C
213 C~ a aa aa_ aaa a~~~ a a a a aaa aaaaaaaa_ea a aaa aaa~aa
214 500 CONTINUE
215 C ~~~~~~~~~~~~~~~~~~~~~~

2I~ C IF CONSTANT TEMPERA TURE AND SPECIFIED FOR X~ fl AND XzXL.
218 C EVALUATE TEMPS1(t .I)
219 IFUBND.NE.0 GO TO 600

2 COEFFICIENT EVALUATION FOR TFMPSI(1,I) AND CONSTANT TEMP AND
222 00 510 I~ 2.NNDMl223 11:1—I
224 AA (II,1):A
225 AAq~ .~~):~

~ft:~~~~ 1*TEMPH(1.I)+n2*(TrMPn(I)+TEMPS (2.T)—,.osTEMPs(1.t))228 510 CONTINUE

2 INCLUDE CONSTANT TEMPERATURE BND FOR TEMPS1I1.1
231 AA (j.4):AA (1.k)—AA( 1. I)*300.O
232 AA (NNOM2,4):AA (NNDM2,l+)~ AA (NN0M2.3)*300•0

2 EVALU ATE TEMPS1(1.I)
235 CALL BANDA6(NNDM2.2.’e. 101. 10i~ 4,AA.TEMP.1.PIVMIN)

• - 2 TRANSFER HEADER ROW TEMPERATURE TO THE HEADER TEMPERATURE ARRAY
238 DO 5~ 0 I:2

,NNDMI
~ 239 TEMPSI(1,I):TEMPU)

L 

- I
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SUBROUTINE DHT2D2 (Continued)

240 520 CONTTNUE
241 C
242 C aaa aaaaaa_ ae_aaaa~~~~~_aeaflaae_aa_aa___ a__an__a_aa_a_aeaa243 600 CONTINUE
244 C aaaa naa _ asaaa u a~~~~~~~aea aaaa aaa aaaaeaaa aa nae
2145 C
246 C EVAL (JATE TEMPERATURE PROFILES FOP TFMPSI(2.I) — TFMPSI(NNHMP.I)
247 C WITH BLOCKING BNO

• 248 00 630 J:2.NNHM2
• • 249 C

2c0 C EVALUATE COEFFICIENTS FOR TEMPS1(J.I)
251 00 610 I:2,NNDM I
252 II:I~~1- 253 AACIT. 1 :A
254 AA (TI,~~):B2~5 AA (II,~~):C‘ 2 6 AAIII,4 :D1.TEMPH(J.I)+fl2*(TFMPSI (J—1.I)+TEMPS (J+I.I)

• 2 257 8—2.0*TEMPS(J.I))
258 610 CONTINUE

• 259 C
260 C INCLUDE BLOCKING AND FOR TEMPS1LJ.I)

~ 261 AAU.2):AA (1.1)+AA (1.2)
~ 262 AA (NNDMP,2) AA (NNDMP.2)+AA (NNDM2.3)
~ 263 C
~ 264 C EVALUATE TEMP(J.I)

265 CALL BANOA6 (NNDM2.2.’+. Ifll.101.i .AA .TEMP. 1.PIVMIN)
~ 266 C
1. 267 C EQUATE TEMP (t) AND TEMP(2). AND TEMP(NNDM1) AND AND TEMP(NND)

- 2 268 C FOR BLOCKING BNO
1 269 TEMP (1)~ TEMPc2270 TEMP(NNO):TEMP(NNDMI)

271 C
2~2 C TRANSFER HEADER ROW TEMPERATURE TO THE HEADFR TEMPERATURE ARRAY
273 DO 620 I:1.NND
274 TEMPSI(J,I) TEMp (I)
275 620 CONTINUE
276 630 CONTINUE
277 C
278 ~~~~~~~~~~~~~~~~ s aa aeaaaa eaa e

279 700 CONTINUE
280 Ca..~~~~aaae aanaa a aaaaaaa aaea~~~aa aaaaan

-~ 2 EVALUATE TEMPERATURE PROFILES FOR TEMPSI(2.I) — TFMPSI(NNHM2.T)
283 C WITH CONSTANT TEMPERATURE BND

• 2Q~ 00 730 ~I:2,NNHM2• 2 EVALUATE COEFFICIENTS FOR TEMPSI J.I)
~ 287 DO 710 I:2.NNDM1
~~• 288 I1 1—1
1: 289 AA (II,1):A
~ 290 AAUI,~~):8I 2~ 1 AA (IT,3):C
I~ 292 AAU!,4):01*TEMPH(J,1R02*(TFMPSI (J~ t.I)+TEP4PS(J+1,I)
~ 293 £—2.0*TEMPS(J.I))

29~ C 
710 CONTINUE

• 
~~6 C INCLUDE CONSTANT TEMPERATURE BNO FOR TEMPSIIJ.!)

~~. 297 AA (1.4) AA (1,k)—AA (l.1)*300.0
1 298 AA (NNDM2,4):AA (NNDM2.4)—AA (NNDM2.3).300.0

~ 2 EVALUATE TEMP(J.I)
• 301 CALL BANDA6(NNDN2.2.4.1O1,iO1.k.AA,TEMP.1.PIVMIN)

3-~~ C

2 TRANSFER HEADER ROW TEMPERATURE TO THE HEADER TEMPERATURE ARRAY• 305 DO 7.0 I 2.NNOMI
• 306 TEMPSI(J.I) TEMP(I)• 307 720 CONT I NUE

30 730 CONTINUEH30 C
~ 31 0 C—

- ~ 311 800 CONTINUE
~i 312 C Sa~~aaa a aa aaa aaaa a a a a a aa ~~a a__a

_ a aea a aaeea_ a

2 IF BL OCKING AND SPECIFIED EVALUATE TEI4PSI(NNHNI.I)
3j5 IF(IRND.NE.1) GO TO 900

~ 2 COEFFICIENT EVALU ATION FOR TFMPSIINNHMI.I) WITH BLOCKING AND
~ 3~~ D~ 810 I:2,NNDI4II :Ial

- _——_ .—~~~~~~,a._•,•_.• —•----—-- -—-—- ------—- —-  • - • _ _
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SUB ROUTINE DHT2D2 (Continued)

320 AA IT.1~~~A321 AA (II,2):A
322 AA (II,3):C
3~ , AA (IT,14)~ D1*TEMPH(NNHM1.I)+D2*(TFMPS1(NNHM2.T)+30fl.fl324 A—2.0*TEMPS NNHMI.I~~325 810 CONTINUE
326 C
327 C INCLUDE BLOCKING AND FOR TEMPS1(NNHMI.fl
328 AAU.2)~~AAU .2)+AA (1,1)
3~9 AA NNDMP,2):AA (NNDM2,2)+AA (NNDMP. 3)

2 EVALUATE TEMPS1(NNHM1.I
332 CALL BANDA6(NNDM2.2.4.1o1.101.4.AA.TEMP.1.P!vMIN)
353 C
334 C EQUATE TEMP (1) AND TEMP (2). AND TEMP(NNDM1) AND
335 C TEMP (NNO ) FOR BLOCKING RND
356 TEMPU):TFMP 2)
337 TEMP INNO) TEMP(NNDMI)

~ 2 TRANSFER HEADER ROW TEMPERATURE TO THE HEADER TEMPERATURE ARRAY
340 00 820 I:1,NND
341 TEMPc1(NNHM1.I)~ TEMP(I)342 820 CONTINUE
343 C
344 C
345 C a~~~a~~ aaa aaaae ae a_a_a_ a anaa s S oaa a a aaaaa~~eaaa _ __ ~~_aaaa

346 900 CONTINUE
34+7 C aaaaaaa___~~ a aa a_ aa_e a
348 C
3149 C IF CONSTANT TEMPERATURE BND SPECIFIED. EVALUJATE
350 C TEMPcI(NNHMI.I)
351 IF(IRND.NE.O) GO TO 1000

2 COEFFICIENT EVALu ATION FOR TFMPSI(NNHM1.I) WTTH CONSTANT
354 C TEMPERATURE AND
355 00 910 I:2,NNDM1
356 11:1—I
357 AAUT,1):A
358 AA (II,2) B
359 AA (IT,3):C
360 AA (II,4):D1*TEMPH(NNHM1.I)+D2*(TFMPSI(NNHM2.T)+300.fl
361 ~~2.0*TEMPS(NNHM 1 • I))362 910 CONTINUE

2 INCLUDE CONSTANT TEMPERATURE AND FOR TEMPS1 (NNHN1.fl
365 AA (1.4):AA (1.4)~~3OO 0*AA ( 1.1)366 AA (NNDM2,4):AA (NNDM~ ,4)~ 3fl0,0*AA (NNflM2,3)
367 C
368 C EVALUATE TEMPS1(NNHM1.I)
369 CALL BANDA6(NNDM2•2.4.lnl,101.4.AA .TEMP.1.PIVP4IN)

2 TRANSFER HEADER ROW TEMPERATURE TO THE HEADER TFMPFRATURF ARRAY
372 DO 920 I:2,NNDM I
373 TEMPSI(NNHM1.I):TEMP (I)
374 920 CONTINUE

2
377 C aa oo n aaae a~~~a aaanaa naa a ~~ aaa ~~~~~~~~~~~ aafle aeaaflaaa a

378 1000 CONTINUE
379 C a~ aa aa a a~a~~~ a~aaa~aaa aaaaaae ~~a aaaaaa~~~~~aaaaaaaaaaa_ eaaa

2 CONVERGENCE CHECK

VA ii MAXIMUM NORMALIZED CHANGE TN TEMPERATURE FOR THIS
384e 2 ~TE~ A~ ThN385 OTHSMX:0 0
356 P0 m b  f:2.NNDMI

B9H F~PIi?fl—TFMPS1J.I) )/TFMPSI (J.I)389 IF (DTHS.GT.OTHSMX) DTHSMX:DTHS
390 1010 CONTINUE

2 PRINT ITERATION SUMMARY
393 IF(ITPRH.EQ.1} WRITF(6,I flpO) S.flTHSMX
3~~ 1020 FORMATI3H S:,12.BX.7HOTHSNX:.E8,3)

2 IF DTHSMX .LE DTHNAX THE SPECIFIED CONVERGENCE HAS BEEN ACHIEVED
397 IF(DTHSMX.LE.ÔTHMAX ) GO TO 2000

CONVERGENCE HAS NOT BEEN THE ITERATION COUNT
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SUBROUTINE DHT2D2 (Continued)

400 C IS LESS THAN THE MAXIMUM SPECIFIED START ANOTHER ITERATION
1401 IF(S.LT.SMAX) GO TO 300
402 C
14~3 C THE MAXIMUM NUMBER OF ITERATION HAS BEEN PERFORMED WITHOUT£4014 C ACHIEVING CONVERGENCE. WRITE ERROR MESSAGE AND TERMINATE XQT

• 4Q5 WRITF(6.1030) S.DTHSMX
406 1030 FORP4AT (///,146H *•**s CONVERGENCE FAILURE IN cUBROUTINE DHT2D.
1407 $/i27H ***** EXECUTION TFRMINATED./,408 $914 ***** S .I2,5X,7HOTHSMX ,E8.3./,
409 $3’4H ***** INCREASE SMAX AND/OR DTHMAX)410 C
411 C STOP *s*.******.*s*****************s************.*.*********ss****s412 C
£413 C
414 2000 CONTINUE
415 C a_a_ a a_a_a _ _a ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

416 C
417 C TRANSFER NEW SUBSTRATE TEMPERATUJRE VALUES TO ARRAY TEMPH
1418 DO 2fl20 I:1.NNO
419 00 2020 J~1.NNH1420 TEMPI4(J,!) TEMPSI(J,!)
421 2020 CONTINUE
422 C
~423 C RETURN TO CALLING PROGRAM WITH NEW HEADER TEMPERATURES
424 RETURN
1425 END

t

I

- 
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SUBROUTINE DOPLG

*TEMP (1) .DOPLG
1 S(JBROUTINE DOPLG(NND,DX.XMET,XDFPEP.oOpL.r)Op (J.ooppp,00pLoG. IDA4
2 C
3 C SUB DOPLG GENERATES A LOGARITHMIC DOPING PROFILE IN ARRAY DOPLOG

C NND — NUMBER OF NODES ALONG DIODE AXIS
6 C DX a NODE SPACING ALONG DIODE AXIS
7 C XMET a METALLURGICAL JUNCTION LOCATION8 C XDEPFP — EPITAXIAL LAYER BOUNQARY
9 C DOPL — LOWER DOPING CONCENTRATION10 C DOPEP — EPITAXIAL LAYER DOPING CONCENTRATION
11 C DOPU — UPPER DOPING CONCENTRATION
2 C DOPLOG — LOGARITHMIC DOPING PROFTLE
3 C 1D84 DEBUG PRINT SENTINEL
4 C
5 DIMENSION DOPLOG(NND)

17 C 
DOPLGL~ALOG10(DOPL)18 DOPLGE:ALOGIO (DOPEP )

19 DOPL6U~ALOG10 (DOPU )20 C
21 C GENERATE IMPURITY PROFILE
22 DO in I:1.NND
23 X~~~I—1 )*DX24 IF(X •LE XMET)DOPLOG (I) DOPLGL
25 IF((x Gi. XMET).AND.(X .LE. XDFPEP))OOPLOG (T) DOPLGE
26 IFCX •6T. XDEPEP)DOPLOGU) DOPLGIJ
27 C
28 IF(10B4 •NE. 0)WR ITE(6.11)I,DOPLOG (I)
29 11 FORMATC1X,7HDOPLoG (,I3,2H)~~,F6,3)30 C
31 10 CONTINUE
32 C
33 RETURN
34 END

I

~~~~~~~~~~~~~~~~~
_- 

~~~~~~~T — - ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~
. •• • • • •

~~~~~~~~~~~~~~~ • • • • • •  ~
• ••



825
SUBROUTINE EFIELD

*TEMP(i).(FIELQ
1 SUBROUTINE EFIELD(TEMP,XL.NND.ITFR,RAC XLDEP.XUDEP.CUR.DOPL.DOPUJ.D
2 $OPEP.XMET,XDEPEP.NPI,VLRR.VRRR,VTOT.ECRIN.EMAXB.10R4,EIP4TT)3 C
4 C SUB EFIELO EVALUATES THE DIODE ELECTRIC FIELD FROM CONTACT TO5 C CONTACT ASSUMING THAT THE DIODE CURRENT CONSIST TOTALLY
6 C OF A DRIFT CURRENT THE RESULTING F FIELD ~S TEMPERATURE7 C AND DOPING CONCENTRATION DEPENDENT THERMAL EQUILIBRIUM
8 C MAJORITY AND MINORITY CARRIER COwC~NTRATIONS ARE ASSUMED,9 C
10 C VARIABLE DEFINITIONS
11 C ECRIN (I)aELECTRIC FIELD INTENSITY AT NODE I

C TEMP I) —TEMPERATURE AT NODE I
13 C ITER —no. OF ITERATIONS USED IN CALCULATING F FIELD
14+ C XL —TOTAL LENGTH OF DIODE
15 C ~‘IND —NO. OF NODES ON DIODE AXIS
46 C RAC —DESIRED ACCURACY IN COMPUTATION OF ECRIN(1
17 C XLDEP —LEFT DEPLETION REGION BOUNDARY
18 C XUDEP —RIGHT DEPLETION REGION BOUNDARY
19 C OOPL —DOPING CONCENTRATION OF LEFT BUJLK REGION20 C DOPU —DOPING CONCENTRATION OF RIGHT BULK REGION• 21 C CUR —DIODE CURRENT DENSITY
22 C VLBR —VOLTAGE ACROSS LEFT BULK REGION
23 C VRBR —VOLTAGE ACROSS RIGHT BULK REGION24 C VTOT —TOTAL VOLTAGE ACROSS DIODE
25 C XN —CONCENTRAT ION OF ELECTRONS
26 C P —CONCENTRATION OF HOLES
27 C XNI —INTRINSIC CARRIER CONCENTRATION
28 C XMET —METALLURGICAL JUNCTION29 C XDEPFP —EPITAXIAL BOUNDARY
30 C DOPEP —EPITAX IAL IMPURITY CONCENTRATION
31 C NP1 —1 FOR NP CONFIG..0 FOR PN CONFIG.

2 EI~ IT _ IAL
A
V~L~~~~ OR CALCu LATING ELECTRIC FIELD

54 C 0 —UNIT CHARGE ON AN ELECTRON. IN COULOMRS
35 C XK —BOLTZMANN CONSTANT,ELEcTRON VOLTS/DEGREE KELVIN
36 C F —TOTAL CUIRRENT DENSITY EQUATION
37 C PF —DERIVATIVE OF F WITH RESPECT TO ELECTRIC FIELD

C 
DIMENSION ECRIN(,JND).TEMP(NND)

4+0 DATA Q/1.6E 19/XK/8.62Ea5/

2 CALCULATE DEPLETION REGION BOUNDARIES TO NEAREST NODE
43 DX~XL/ (NND— i)• 4+4+ N XLDEP/DX +~~.45 M:XUDEP/OX +~~.

2 DEBUG OUTPUT
‘+8 IF(I084 .EQ. 1)WRITE(6.~ 0)0X.N,M.NNf)49 50 FORMAT ( TX.3HDX:.F10.5. tx,2HN:. 13. IX.2HM , 13. IX.4HNND:. 13)

2 DO LOOP FOR CALCU LATING ELECTRIC FIELD AT EACH NODE L
53 10 DO 20 L:i,NND
54 C

C CALCULATE XNV.XNC.EFFECTIVE DENSITY OF STATE
• 57 XNV:1 .02E19*(TENP(L)/300.O).*1,5

58 XNC~ 2.8E19s(TEMP (L)/3OO.0)**1 .559 C

2 CALCULATE INTRINSIC CARRIER CONCENTRATION XNI
62 XNT~~1XNV**.5)*(XNC**.5)*EXP(a(1,1/(2*XK*TEMP(L))))

2 CALCU LATE HOLE AND ELECTRON CONCFNTRATIONS
65 LL:L—1

2 IF N~P DIODE CQNFIG.(NPL I)GO TO 18
• 6~ IF(NP1 .1G. 1)60 TO 18

C FOR P—N DIODE CONFIG
73 IF(LL*DX .1.1 XMFT)G6 TO Li
74 IFULL*DX it. XMET) *1.10 ILL OX .1.1. XDFPEPflGO TO 12

IF(LL*DX .~ T. XDEPEP 6O io 13
• 

2 

~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~ 
ELE: XNIs*2)/HOL
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SUBROUTINE EFIELD (Continued)

80 GO TO I6
81 C
82 C FOR FPITAXIAL LAYER (N—TYPF)83 12 E~ 1 .5*DOPEP+.5*(((DOPEpsS2)+4*(XNI*s2))**.5)
84 H&:(XNI**2)/ELE
85 GO TO I6
86 C
87 C FOR UPPER (N) SIDE

13 ELE:.5*DOPU+ .5*WOOPUS*2)+i4*(XNT**2))ss.5)
HOL:(XNI*s2)/ELE

90 GO TO I6

2

2 FOR N—P DIODE CONFIG.
95 18 IF(LL*DX .LE XMFTIGO TO 14
96 IF((LL*DX Of. XMET) AND (LL*DX .LE. XDFPEP))GO TO 15
97 IF(LL*DX .êT. XDFPEPtGO to 21
98 C

• 99 C FOR LOWER (N) SIDE
100 14 cLrz.5*DOPu +.5*( ( (DO P L * *2) +4 s (X N T * *2)  ).*.5101
102 GO TO 16
103 C
104 C FOR FPITAXIAL LAYER (P TYPE)
105 15 HOL~~,5*DOPEP+.5*(((DOPEp**2)+4*(xNT*.2))s*.5I305 ELE:(XNI**2)/HOL
107 GO TO 16
108 C
209 C FOR tIPPER (P) SIDE
110 21 HOL:.5sDOPU+,5*U(DOPU**2)+4*(XNT.s2))...5)
111 ELE: XNI**2)/HOL

C
I 2 INITIALIZE ELECTRIC FIELD
115 16 E EINIT

I I~~ 2 DETERMINE DOPING FOR POSITION ALONG DIODE AXIS
118 IF(LL*DX .LT. XMET)DOP1:DOPL
119 IFHLL*OX GT. XMET).AND.(LL*DX .LE, XDFPFPI)OOPI OOPEP
120 IF(LL*OX .êT. XOEPEP)DOPI:DOPU
121 C
122 C DEBUG OUTPUT
123 IF(IDB4 .10. 1)WRITE(6.q5)ELE.HOL.TEMP (L)
124 95 FORMAT (/.1X,4HELF~~.F10.S.1X,4HHOL .E10.5.IX.~~HTFMP .F6.1)
1~ 5 2I ~ 9 C CHECK FOR CONVERGENCE OF NEWTON~RAPHSON METHOD128 CALL EMOBS (DOP1.FMAXB.TFMP(L).EMO.EMOE,FMOT)
129 CALL HMOBS(DOP1.FMAXB .TFMP(L),HMO,HMOE.HMOT)
150 CURPR:Q* (ELE*EMO+HOL .HMO *EMAXB
1~~1 IF(CURPR.GE.CUR )GO TO din
I ~~ 2 SET ELECTRIC FIELD TO DEFAULT VALUE
134+ E:EMAXB
135 GO TO 19
I ~ 2 00 LOOP FOR CALCULATING EL ECTRIC FIELD
138 ‘+0 DO 17 I:1.ITER

2 CALL SUBROUTINES FOR FINDING MORTLITIES
141 CALL EMOBS (DOPI,E.TEMP (L).EMO.EMOE.EMOT)

-
~ 14+2 CALL HMOBS(DOP1.F.TFMP(L).HMO.HMOE.HNOT)

143 C
• 2 CALCu LATE F(E),TOTAL CURRENT DENSITY EQUATION

146 F (Q*ELE*EMO*E) + ( Q*HOL*HMO*E)

2 CALCULATE PFIE).OFR IVATIVE OF TOTAL CURRENT DENSITY
14+9 C WITH RESPECT TO ELECTRIC FIELD

• 150 PF: ( OsELESEMO) + (Q*HOL*HMO) + (Q*FLE*E*FMOF) +(Q*HOL*E*HMOE
2 CALCU LATE DEl TA II~3 OE:(CUR4)/P~

• ‘4 C

I ~~ ?~ 1V~ B4 ii. 1)wRITF(p.di51E.F.PF,DI.~ M9.HMO,,MOE,HMO~45 FORMAl! IX.2H1 ,19 ‘+.1x.2HF:.1914.IX.3HPF:.19 4.1X.3HD~~.!9.4,1X.4H159 *EMO:.~9.le. IX.4HHMÔ:.19.1i. IX.SHLNOE:.19.k, 1X.~ NHMOF:.E9.l4)

_ _ _ _ _ _ _ _ _ _ _ _ _  ~~~~~~~ __________

- - •~~~_ _. •
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SUB ROUTINE EFIELD (Continued)

160 C
161 C CALCULATE NEW VALUE OF F
162 1:1+01
163 C
164 C
165 C CHECK FOR DESIRED ACCURACY
166 17 !F(ARS (DE/ET .LE. RACIGO TO 19
167 C
168 C DEBUG OUTPUT
169 19 IF(IDBle .10. 1)WRITE(6.’i7)E
170 17 FORMAT (IX.IHEFIFLO:.E1O.5./)
171 C •

• ~ 172 C SET ELECTRIC FIFLD (ECRIN (L)) EQUAL TO FINAL VALUE OF I
~ 

~~~ 173 20 ECRIN (L):E
~ :, 174+ C1 175 C CALCULATE VOLTAGE ACROSS LEFT BULK REGION

- 
~~~

- 176 VLBR:ECRIN(1)* .5*DX
~ 177 00 2~ J:2.Ni78 25 VLBR:VLBR+ECRIN (J)*DX

• 179 C
180 C CALCULATE VOLTAGF ACROSS RIGHT BULK REGION
181 VRBR:ECRIN(NND)* 5SDX
282 NL:NNO—1
183 DO 30 J M.NL
184 30 VRBR:VRBR+ECRIN (J)*DX
185 C
186 C CALCULATE DEPLETION REGION VOLTAGE
387 NXL:N+1

~~ - 188 N( 1LM1
~ 189 VDEP:0
I~ 190 DO 3~ LL NXL.NULr 101 35 VDEP VOEP+ECRIN(LL)*DX

-~~ 192 C- 

493 C CALCu LATE TOTAL VOLTAGE
194 VTOT:VLBR+VRRR+VDEP
195 C

j 1~6 RETURN
~~ - 197 END

• t
i

I

;TT ~~ iI ~~~~~~~~~~~~~~ - 
:ITI ±~~
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SUBROUTINE EMOBS

*TEMP(1) .EMOBS
1 SUBROUTINE EMOBS(OOPI.E1.TEMP,ENO.EMOE.F14OT)

C EMOBS EVALUATES ELECTRON NOBILITY, DERIVATIVE OF ELECTRON MOBILITY4 C WITH RESPSCT TO THE ELECTRIC FIELD AND THE DERIVATIVE OF ELECTRON
2 MOBILITY WITH RESPECT TO TEMPERATURE.

7 C DOPI — DOPING CONCENTRATION
8 C El a ELECTRIC FIELD9 C TEMP a TEMPERATURE

2 BI8E : ~~V~OS4Lfl~CTRON MOBILITY WITH RESPECT To12 C ELECTRIC FIELD
~~~~~

- 13 C EMOT — DERIVATIVE OF ELECTRON MOBILITY WITH RESPECT TO
44+ C TEMPERATURE
15 C IFLAG a SENTINEL FOR INITIALIZATION CALCULATIONS

I ~ 2 ASSIGN CONSTANTS FOR ELECTRON MOBILITY CALCULATIONS
18 DATA EMOO,EN.ES,FA,EF.ER,ALFA ,IFLAG,la400.o,3.0116.350.o.3.3F3,

C 
*8.8.7.4413.2.5.0/

C INITIALIZATION CALCULATIONS
22 IF(IFLAG.NE.O)GO TO 10
23 TB: FF*EA*EA
24 TC:ER**(—2)
25 TE: 1.0/(EMOO*300.OSsALFA )
26 C
27 C SET SENTINEL TO SKIP DITTIALTZATTON CALCULATIONS
28 IFLAG:1
29 C
30 10 CONTINUE
31 C
32 E:AHS(E1)
33 DOP:ABS (DoP1)

2 EVALUATE REMAINING PARAMETERS
36 TA:OOP/ ( DOP/ES+EN)

TO:EA*E+TB

2 EVALU ATE INTERMEDIATE FUNCTION
‘40 H=1.n.TA+(1.fl/Tn+TC)*EsF

• 2 DERIVATIVE OF H WITH RESPECT TO ~43 HE:( (2.O*TDaEA*F)/(TD*T0)+2.O*T~~sF
• C 

G:TE*TCMPs*ALFA
46 C DERIVATIVE OF G WITH RESPECT TO T
‘47 GT:ALFA*G/TEMP

• 2 EVALUATE ELECTRON MOBILITY
EMO:1.0/(G.SQRT(H))

2 EVALUJATE DERIVATIVE OF FLECTRON MOBILITY WITH RESPECT TO I

C 
EMOE:—HE/(2.0*G*Hs*l.5)

C EVAL UATE DERIVATIV E OF FLECTRON MOBILITY WITH RESPECT TO T
56 (t4OT:—GT/(SQRT(H)s6*G)
57 C
58 RETURN
59 END

Lu -I.——— - -:- •~~.- -•••-—---— - - - - • _____
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SUBROUTINE EPROF

$T(MP 1) .EPROF
I SUBROUTINE EPROF NND.DX.XDEPL,XMFT. XDEPEP.XDFPU.XL.SDOPI .
3 C 

aSDOPFP,SDOPU.EMA X,E. IDB3.FLAGEB)
4 C SUB EPROF ANALYTTCALLY GENERATES THE DEPLETION REGION ELECTRIC5 C FIELD PROFILE BASED ON THE I FIELD VALUE SPECIFIED AT THE6 C METALLURGICAL JUNCTION. (EMAX). IF A BULK REGION IS DEPLETED.
7 C FLAGFB IS SET EQUAL TO ONE AND THE ERRONEOUS DEPLETION REGION8 C BOUNDARY IS SET EQUAL TO THE RESPECTIVE BULK REGION BOUNDARY.

2 VARIABLE DEFINITIONS
11 C NND a NUMBER OF NODES ALONG DIODE AXIS
42 C DX — NODE SPACING ALONG DIODE AXIS
13 C XDEPL — LOWER DEPLETION REGION BOUNDARY
44 C XMET — METALLU RGICAL JUNCTION LOCATION
15 C XDEPUJ — UPPER DEPLETION REGION BOUNDARY

2 ~bOPL : ~~~ k~~~~YION REGION SPACE CHARGE18 C SDOPIP - EPITAXIAL DEPLETION REGION SPACE CHARGE
19 C UPPER DEPLETION REGION SPACE CHARGE

• 20 C ENAX — ELECTRIC FIELD AT METALLURGICAL JUNCTION
21 C I — ELECTRIC FIELD ARRAY
22 C 1083 a SUB EPROF DEBUC, PRINT SENTINEL
23 C ELAGEB — DEPLETED BULK REGION SFNTINEL
24+ C
25 NAMELIST /QEBUG/NNQ.OX.XDEPL.XMET.XDEPEP,XOFPU,XL,SDOPL,26 &SOOPFP • SDOPU • EMAX . U. PERM • FEP
27 C

DIMENSION E(NND)
0 INTEGER FLAGEB
31 C
32 DATA 0/1.61—19/
33 DATA PERM/1.061—12/

2 EVALUATE LOWER DEPLETION REGION FDGE
36 XDEPL:XMET.PERM/Q*EMAX/SDOPL
37 C
38 C EVALUATE UPPER DEPLETION REGION WIDTH
39 XDEPU:XMET+PERM/Q*EMA X/SDOPEP440 C
41 C DOES UPPER DFP RIG EDGE FALL WITHIN EPIT RIG?

IF(XDEPU.LE.XOEPEP) GO TO 100

UPPER EP RIG OGE 0 CURS WITHIN BACKGROUND DOPING

2 EVALUATE UPPER DIP RIG EDGE WITHIN BACKGROUND DOPING
49 XDEPIJ:XOEPEP+PERM/Q*IEP/SDOPU
50 C
51 100 CONTINUE

2 NEW XDEPL AND XDFPU HAVE BEEN EVALUATED
54 C ARE DEP RIG EDGES VALID?
55 C
56 C RESET FLAGEB
57 FLAGFB:O

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

2 A BULK RIG HAS BEEN DEPLETED. SFT FLAGER I AND SIT
62 C THE ERRONEOUS DIP BEG BND EQUAL TO THE RESPECTIVE BULK
63 C BND. IF THIS CONDITION YIELDS ALFAIN •LT. AERMAX
64 C THE DIODE DESIGN IS BAD AND XGT WILL BE TERMINATED
65 C IN SUB BKDEPL
66 FLAOEB 1
67 IF(XDEPL.L1.0.O) XDEPL:fl,tu
68 IF(XDEPU.GT.XL ) XDEPU:XL
69 C
70 200 CONT INUE
71 C
72 C GENERATE ELECTRIC FIELD PROFILES
73 DO 290 N 1,NND

2 DETERMINE NODE POSITION
X:(N—l).DX

2 EVALu ATE I FIELD AT NODE I OR X
79 IF(X.GE.XDEPL) GO TO 210

I
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B30
SUBROUTINE EPROF (Continued )

80 C
81 C SET F FIELD IN LOWER BULK EQUAL TO ZERO
82 1N :0 083 GO TO~~ 90
84 C
85 210 CONTINUEas c
88 C 

IF(X.GT.XMET) GO TO 220

89 C EVALUATE E WITHIN LOWER DIP RIG

91 C 
E(N):G/PERM*SDOPLs(X—XDFPL)

92 GO TO 29093 C
94 220 CONTINUE
95 C

IF(X.GT.XDEPEP) GO TO 230
C EVAL U ATE E WITHIN EPIT DIP RIG

99 1(N) :EMAX—Q/PERM.SDOPEP* 4 X—XMET)
100 C

• 101 GO TO 290
102 C
103 230 CONTINUE
104 C
1g5 IFX .GT.XDEPU) GO TO 240

2 EVALUATE I WITHIN UPPER DIP RIG
108 1(N) :EMAX—Q/PERM* (SDOPEPS 4 XDEPEP—XMET) +SDOPUI* 4 X—XDFPEP))
109 C
110 GO TO 290
141 C
112 240 CONTINUE

I 1~ 2 SET F FIELD IN UPPER BULK EQUAL TO ZERO
115 E(N) O.O
116 C
117 290 CONTINUE

I I~ 2 DEBUG PRINT OPTION
120 IF(1083.NE.1) RETURN
121 WRITF(6.DEBUG)
122 C
123 RETURN
124 END
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SUBRO UTINE HMOBS

*TEMP (1) .HMORS
1 SUBROUTINE HMOBS(OOPI .11 .TEMP.HuO.HMOE.HMOT)2 C
3 C HMOBS EVALUATES HOLE MOBILITY. DERIVATIVE OF HOLE MOBILITY
4 C WITH RESPSCT TO THE ELECTRIC FIELD AND THE DERIVATIVE OF WOLF

2 MOBILITY WITH RESPECT TO TEMPERATURE.
7 C DOPI DOPING CONCENTRATiON
8 C El — ELECTRIC FIELD
9 C TEMP - TEMPERATURE
40 C HMO - HOLE MOBILITY
11 C HNOE — DERIVATIVE OF HOLE MOBILITY WITH RESPECT TO
42 C ELECTRIC FIELD
13 C HMOT — DERIVATIVE OF HOLE MOBILITY WITH RESPECT TO
14 C TEMPERATURE
15 C IFLAG = SENTINEL FOR INITIALIZATION CALCULATIONS
16 C
17 C ASSIGN CONSTANTS FOR HOLE MOBILITY CALCULATIONS
18 DATA HMOO,HN,HS,HA,HF.HR,ALF*, IFL.AG/1i80.0,’I.n116,81.n.6. 113.

• 
&1.6.P.5E~4.2.3.0/

C INITIALIZATION CALCULATIONS
22 IF(IFLAG.NE.0)GO TO 10
23 TB: HF*HA*HA214 TC:HB**(a2)
25 TE: 1.0/(HMOO*30n.0**ALFA)

2 
~A~~~~

INEL TO SKIP INITIAL iZATION CALCULATIONS

C 
10 CONTINUE

51 C
52 E:ABS(C1)
33 DOP:ABS(DOPI)

2 EVALu ATE REMAINING PARAMETERS
36 TA:DOP/ DOP/HS+HN

C 
TD:HA*E+TB

C EVALUATE INTERMEDIATE FUNCTION
40 H:1.fl+TA+(1.0/TD+TC)*E*F
‘41 C
42 C DERIVATIVE OF H WITH RESPECT TO F
43 HE:( (2.0*TDaHA*F)/(TD*TD)+2.0*TC s1
4+14 C
‘45 G:TE*TEMP**ALFA
46 C DERIVATIVE OF G WITH RESPECT TO T
47 GT:ALFA*G/TEMP
48 C
49 C EVALUATE HOLE MOBILITY
50 HMO:1.0/(G*SQRTO.fl)

2 EVALUATE DERIVATIVE OF HOLE MOBILITY WITH RESPECT TO I
HMOE:—HE/(2.0*G*H**1 .5)

2 EVAL (JATE DERIVATIVE OF HOLE MOBILITY WITH RESPECT TO T
56 HMOT:—GT/(SQRT(H)sG*G)
57 C

~~~URN

L •~~~~~~~~~~~~~~~~~~~~~ •~~~~~~~~~~~~~ 
• • -
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SUBROUTINE INALFA

*TEMP(1).INALFA
1 SUBROUTINE INALFA (NND ,XDEPL.XMET.XOEPEP.XUEPU.DX,00PL.DOPFP.
2 ROOPU.ALFATD.E,T,ALFAIN. TDRI.NP1)

2 SUB INALFA EVALUATES THE INTEGRAL OF ALFA OR THE AVALANCHE
S C BREAKDOWN INTEGRAL FROM THE FIRST GRID POINT PASS XOIPL TO

2 THE LAST GRID POINT BEFORE XOEPU.

C NND — NUMBER OF NODES ALONG DIODE AXIS
2 ~f’- : ~~~~~~~~~~~~~~~~~~~~~~ JUNCT I ON

41 C XDEPFP — EPITAXIAL LAYER BOUNDARY
C XDEP(J — UPPER DIP REGION BND

13 C DX — NODE SPACING ALONG DIODE AXIS
14 C OOPL - LOWER DOPING CONCENTRATION
45 C DOPEP — EPITAXIAL DOPING CONCINTRATIOP.
46 C OOPU — UPPER DOPING CONCENTRATION
17 C ALFATO a AVALANC HE IONI7ATION COEFFICIENT TEMPERATURE

C DEPF~DENCE PARAMETER49 C I — ELECTRIC FIELD ARRAY
C T — TEMPERATURE ARRAY• 21 C ALFAIN a S’~ACIAL INTEGRAL OF ALFA22 C 1081 — ~EBUG PRINT SENTINEL23 C NPI — JU$CTION ORIENTATION. 1 - NP. 0 PN

24 C
25 C DEBUG NAMELIST

NAMELIST /OEBUG/NND,XOEPL,XMIT,XDEPIP.XrWPU.DX,00PL.OOPFP.DOPU,
27 *ALFATD,ALFAIN,NDF PL,NDEpU
28 C
29 

C 
DIMENSION E(NNO).T(NNO)

C DETERMINE THE INSIDE DEPLETION REGION GRID POINT LIMITS
32 NDEPL:XOEPL/DX,2
33 NDFPIJ:XDEPU/DX+ I

2 INITIALIZE GRID POINTER
36 N NDFPL—1
57 C
38 C INITIALIZE THE ALFA INTEGRAL
39 ALFATN:0.0
40 C
41 C—..— ~~e ae~~~_ a aq. _° ..ae aa e.. ___  a fl _ — ~~~~ —

100 CONTINUE
44 C aaa a a  a.a aae~ ~~~~ _ e a a_a a_ aS_aaaea_a S a S

C INTEGRATE ALFA FROM N:NDEPL TO N:NDEPU
446 C
‘47 N:N+1
48 X:(N..1)*DX
49 IF(X.GE.XMET GO TO 14
50 C
51 C EVALUJATE ALFA IN LOWER DEPLETION REGION
52 CALL IONCOF(T(N).E(N).DOPL,NPI,ALFA .ALFATD)
53 00 T0 19
544 C
55 14 CONTINUE

• 56 IF(X.GT.XOEPEP) GO TO 1~57 C
58 C EVALUATE ALFA IN THE EPITAXIAL LAYER
59 CALL IONCOF (T(N).E (N).DOPFP.NP1.ALFA.ALFATD )
60 60 T0 19
61 C
62 15 CONT INUE
63

EVALUATE ALFA IN UPPER DEPLETION REGION
65 CALL IONCOF (T (N).E (N).OOPU,NPL,AI FA .ALFATO)
66 C
61 19 CONTINUE

2 SUN NEW ALFA
70 ALFAIN :ALFAIN+ALFA

2 SUBSTRACT HALF OF FIRST ALFA
7 IF N.EQ.NDEPL) ALFAIN :ALFAIN—ALFA/2.0

2 SUBSTRACT HALF OF LAST ALFA
76 IF(N.EQ.NDEPU) ALFAIN ALFAINaALFA/2.O
77 C

~• 78 C HAVE ALL ALFAS BEEN SUMMED?
79 IF4N .LT.P4DEPU) GO TO 100
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B33
SUBROUTINE INAFLA (Continued)

80 C
81 C MU LTIPLY ALFAIN BY GRID SPACING TO YIELD THE INTEGRAL OF ALFA82 ALFATN:ALFAIN*DX
3 C

C gB1.,~?r) RETURN
8~ 200 ~~~~~~~~~~~~~ DEBUG LISTING FROM SUB INALFA ./)88 WRITF(6,QEBIJG)
89 C

~~~URN

U— ~~~~~~~~~~~~~~~~~~~~~~~~~~~ •-~~~ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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SUBROUTINE IONCOF

}
~ I SUBROUTINE IONCOF (T.EE,DOP.NPI.ALFA,ALFATD )

IONCOF a ~VALUATFS AVAL ANCHE IONIZATION COEFFICENT AS A FUNCTION14 C OF TFMP~~ATURE AND ELECTRIC FIELD. THE TEMPFRA rURF DEPENDENCE IS5 C LINES’ IN PARAMETER ALFATO THE AVALANCHE COEFFICIENT EVALUATED6 C COREESPONDS TO THE NINORITc’ CARRIER CONC FOR EPITAXTAL L AYER
C MAYfRIAL.

9 C T - TEMPERATURE. PEG K10 C EL — ELECTRIC FIELD. VOLTS/CM
11 C DOE’ - DOPING CONCENTPAI7ON

C ALF~ — AVALANCHE IONI7~ LON COFFFICZ~~4T13 C ALFI~TD — AVALANC HE IONI7t.~ Tr;~ COEFFICIF IT TEMPERATURE DEPENDENCE14 C PARAMETER. 1/PEG ~15 C NPI a DIODE ORIENTATT (’~. I NP. 0 — PN
19 2 INt T T~LIZE PARAMETERS .~~R ION~ ZAU ~ N COFEFICIr4T FO~~~JLA~ !oN18 DATA ~A.EB/3.8E6.I,7E6(19 DAT HA.I48/2.25I7.3.26E~/20 C
21 C N—TYPE OR P—TYPI~9 IF(NP1,NE.1) GO TO 10

2 CAL N—TYPE COEFF.
25 ALF&:o 0
26 E ABS (k)

C N—TYPE COEFF. : OP
29 IE(E.LT.1.1215) RETURN
30 C
31 C ‘AL COEFF. FOR N—TYPE
32 ALFSI:EA*U.O—ALFATD*(T..300.0))*EXP..EB/F1

2 ENFORCE MINIMUM VALUE FOR ALFA
35 IF(ALFA.LT.1.0) ALFA:1.n
56 C
37 RETURN
38 C
39 C
40 10 CONTINUE
~4l C EVALUATE P—TYPF COEFF
42 ALFA:0.0
43 I:ABS (FF)

2 P—TYPE COEFF. : 0?
46 IF(E.LT.l.93E5) RETURN
‘17 C

C 
~~~~~~~~~~~~~~~~~~~~~~~~~~ )‘ EXP —HB/E)

2 ENFORCE MINIMUM VALUE FOR ALFA
52 IF(ALFA.LT.1.0) ALEA :1.fl
53 C
54 RETURN
55 C
56 END

I  

_ _  --~~~~~~~~~ -
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B35
SUBROUTINE LPLOT

*TEMP (1) .LPLOT
1 SU BRoUTINE LPLOTCNPTS.MPTS.NPLTS.MPLTS.MPLPT.NYCORI.x.

AXMIN.XMAX.y.YMIN,YMAX .T!TL(. TGRIfl)

‘1 C SUB LPLOT GENERATES A SINGLE PAGE LINE PRINTFR PLOT WHICH MAY5 C DISPLAY A MAXIMUM OF 26 DIFFERENT cURVES THE DIFFFRENT CURVES
6 C ARE CODED THROUGH THE 26 ALPHA~FTIC CHARACTERS. PRINTER7 C POSITIONS COMMON TO MO1(F THAN ~ JF CU RVE ARE CODED WITH AN ASTERISK

C DATA POINTS ~~E NOT PLOTTED oN. OR OUTSIDE OF THE GRAPH BOUNDARIES.9 C THE COORDINATE BOUNDARIES FOR THE ~‘LOT GENERATEn ARE NOT
10 C ASSOCIATED WITH THE MINIMUMS AND MAX!MUMS FOR THE DATA TO BE
41 C PLOTTED HENCE. LPLOT HAS A W T~~~OW CAPABILITY. LPLOT ALSO HAS
12 C A SINGL~ LINE GRAPH TITLE OPTION•2 VAR IABLE DEFINITIONS
5 C NPTS a NUMBER ~)F ABSCISSA DATA POINTSC Mi’15 — MAXIMUM NUMBER OF ABSCISSA DATA POINTS OR LENGTH OF

A 11 C ABSCISSA ARRAY .
C NPLTS — NUMBER OF CURVES TO BE PLOTTED

9 C MPLTS a MAXIMUM NUMBER OF CURVES AS RE~TRICTED BY THE DIMENSIONS0 C OF THE DEPENDENT VARIABL E ARRAY. (Y).
1 C MPLPT - MPTS*MPLTS
2 C HYCOR L — ORDINATF DATA FORMAT SF44TINEL. A ZERO VALUE FOR CURVES
3 C STORED COLUMN WISE AND A NONZERO VALUE FOR CURVES
14 C STORED ROW WISE IN THE DEPENDENT VARIABLE ARRAY IY)
25 C X — ONE DIMENSIONAL ARRAY FOR ABSCISSA . INDEPENDENT VARfABLE

C DATA VALUES . DIMENSIONED X(MPTS)
27 C XMIN - MINIMUM ABSCISSA VALUE FOR THE PLOT, BUT NOT NECESSARILY

2 XMAX - ~~~ z~~~
T 

~~~~~~~~~~~ ~~~ NOT NFCESSARILY
- ~HE ~AX~M~IM ~~~~~~~~~~~~~~~~~ R~~2 VALUES WITH

2 C OI~ FEi~FN~$ CBRVFS S~OREo COL~M~1 WISE OR ROW WISE. ARRAY
C V MUST RE DIMENSIONED Y (MPTS.MPLTS) FOR THF COLUMN
C WISE FORMAT AND V (MPLTS,MPTS) FOR THE ROW WISE FORMAT.

35 C “I4IN — MINIMUM ORDINATE VALUE FOR THE PLOT BUT NOT NECESSARILY
36 C THE MINTMUM ORDINATE VALUE FOR THE DATA.
37 C YMAX — MAXIMUM ORDINATE VALUE FOR THE PLOT BUT NOT NECESSARILY
38 C THE MAXIMUM ORDINATE VALUE FOR THE DATA
39 C TITLE — A 22 ELEMENT ONE DIMENSIONAL ARRAY FOR tHE GRAPH TITLE.
‘40 THE TITLE SHOULD BE LEFT ADJUSTIFIFt) WITH 6 CHARACTERS

c PER WORD. LPLOT CENTERS AND PRINTS THE TITLE TWO LINES
*2 C BELOW THE GRAPH SPECIFICATION OF THE TITLE IS NOT
*3 C NECESSARY, BUT tHE TITLE ARRAY MUST BE DIMENSIONED .
4+4 4 C IGRIn - GElD SENTINEL. GRID LINES ARE NOT PLOTTED WHEN IGRID
4+5 C IS EQUAL TO ZERO.
*6 C
Iê? C
48 DIMENSION CHAR (26),X (MPTS),Y (MPLPT).ARRAY(51.IOi)

A .XAXTS (11).YAXIS(11).TITLF(22)
C

¶4 DATA IFLAG/0/
52 DATA PLUS/’+’/ONF/’l’/AMIN/’—’/nI ANK/’ ‘/ZERO/OO/ASTR/’a’/
53 a~cR1nO/’ ‘/54 DA TA C~ A~ / .A , , ‘A ’ • ~~~ ‘0’ • ‘E’ • S F1 , ‘6’ • ‘H’ • • I l . ‘J’ • ~~~ .55 1. ‘N’ • ~N, • ,O. • ,P~ • .6, • ‘R~ • ,S. • IT,, .Ue • ‘V~ • ‘W, • ‘X . • ,Y. •

~9 2 GENERATE GRAPH AXES
58 IF(IFLAG.NE.fl)GO TO 26

2 WRITE VERTICAL AXES IN GRAPH ARRAY
00 15 J:1,46,~2 ARRAY (J,1) PLUS

63 ARRAY (J.1Oj):PL(JS
64 DO 10 K:1.4
65 ARRAY (J+K.1) ONE
66 ARRAY ( J+K.1O1) ONE

69 ARRAY (51,1):PLUS
70 ARRAY (51,101) PLIJS

2 WRITE HORIZONTAL AXES IN GRAPH ARRAY
73 DO 2~ J:i.91,1O74 ARRAY (1.J):PLUS
75 ARRAY(51,J):PLUS

~~~~~ 
(
~ 3~

) :AMIN
78 ARRAY(51,J+K):AMTN
79 20 CONTINUE

I
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B 36
SUBROUTINE LPLOT (Continued)

80 25 CONT INUE
81 C
82 26 CONTINUE

2 BLANK OUT GRAPH ARRAY
85 DO 28 J 2.100

2~R~~ C~~.3;~~ LANK
27 CONT INUE

89 28 CONTINU E
90 C
91 C GENERATE GRID92 IFCIGRID EQ 0)60 TO 29

DO 31
94 DO 31 K:2.100
95 ARRAY(J.K):PERIOO
96 31 CONTINUE
97 DO 32 J=l1.91.lo
98 DO 32 K:2.50
99 ARRAY(K,J):PERI0D
100 32 CONTINUE

• 101 C
102 29 CONTINUE
103 C
1014 C EVALUATE X AND V AXIS SCALE VALUES
105 DDX~~ XMAX—XMIN)/10106 DOY CYMAX—YMIN)/10
107 DO 30 J 1•11
208 XAXIS(J):XMIN+DDX.(J—1)
109 YAXIS(J):YMIN + ODY * Cd—i)
110 30 CONTINUE

11~ 2 EVALUATE X AND V INCREMENTS
113 OX: (XMAX—XMIN)/I0O
11~ DY: (YMAX—YMIN)/50
116 2 GENERATE GRAPH ARRAY
11~ IF(NYCOR1.NE.O) $0 TO 40

119 2 ORDINATE VALUES STORED COLUMN WISE TN CALLING PROGRAM
120 00 38 J:1.NPTS
121 NX:(x (J)—XMIN)/nx+1.499q
122 DO 37 K:J.MPLPT.MPTS
123 KK:(K—J)/MPTS+1
124 NY:(Y (K)—YMIN)/DY+1 4999
125 IF (NX LT.2.OR.NX.Gt.100 OR.NY.LT.2.OR NY.GT.50 GO TO 37
126 IF (AR ~AY (NY,N X).EG.CHA~ (KK)) C,O TO
127 IF (ARRAY INY.NX).EG.BLA NK.OR.ARR*Y (Ny,NX).EO.PER1Ofl~ GO TO 35128 ARRAY (NY ,NX):ASTR
129 60 10 37
130 35 ARRAY(NY ,NX):CHAR(KK )
131 37 CONTINUE
132 38 CONTINU E
13’e C 

60 10 49

135 40 CONTINUE

2 ORDINATE VALUES STORED ROW WISE TN CALLING PROGRAM
138 DO 48 J 1.MPLPT.MPLTS
139 JJ:(J—1 /MPLTS+1
14+0 NX:(x(JJ)—XMIN)/DX + 1.14999
141 KMAX:J+NPLTS—1
142 00 47 K:J,KMAX
14+3 KK KaJ+1
14+4 NY:(Y(K)-YMIN)/ DY + 1.4999

- 145 IF (NX LT.2.OR.NX.GT.lOfl OR.NY.LT.2 OR NY.GT.50) GO TO 147
14+6 IF ( ARRAY (NY.NX).EQ.CHA~~(KK)) 60 16 14$
147 IF CAR RAY (NY .NX).EQ.BLAPJK.OR.ARRAY(NY .NX). E9.PERIOD ) GO TO £45
148 ARRAY C NY ,NX ) :ASTR
1 9  60 10 47
t £1 145 ARRAY(NY,NX):CHAR (KK)I 1 47
I 48 CONTTNU

C 
149 CONT INUE

2 WRITE GRAPH ARRAY
• 7 WR IT F(6.50) (XAXTS ( I) , I 1,11)

- 1 8 50 FORMATC’t’/////.IX .1I(1PEIO.2).1
- 1 9 NNY I I

~~ L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - ___________
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SUB ROUTINE LPLOT (Continued)

160 DO 70 J 51.6,—5
161 WRITE (6,55) YAXIS (NNY).(ARRAY (J.I),I:1,iOl).YAXISCpiNy)162 55 EORI4AT(4+X .j pE$,p.IX,101A1.IX,IpFA.2)63 NNY:NNY—1
164 DO 6~ K:1,1465 W RIT~ C6, 6 0 ) CARRAY ( J—K.I).I:1,1ot)66 60 FORMAT (13X. IOIA I)67 65 CONTINUE68 70 CONTINUE
69 WRITF(6.55)yAXIS11i, (A~RRA y (51,I).I:t.jOJ),YAxIS(j)70 WRITE(6,75)(XAXIS(Ib,I:1,11)

7~ FORMAT (/,7x,1j (Ip~jo~2))
C WR1TF GRAPH TITLE

80 1YI~~(J).EG .BLANK .OR.TITLE(J).EQ.ZERO.OR.J.GE.22)60 TO 8577
85 ~8N1?N~180 JJ:J~1

81 Y I=C22—J /282 IF(JJ.LT 1) GO TO 95
- . 183 WR IT F(6, ’~O) (BLANK,I:j, I~~) . (T ITIj(J).J:~ ,JJ )

— 90 FORMAT (//,22A6,/)
85 95 CONTINUE
86 WRITF(6.1O5)
187 105 FORMAT (’l’)
88 IFLAG:1
189 C
90 RETURN

191 END

-1 

_ _  

________________________ 

_ _ _ _
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PROCRAN TEMPTR1O

*TEp4P ( j )  .TEMPTRIC
1 C ***** TEMPTR 1O *****C 

D’MENS’ON X (101).TEMP(ifll).TTEMPUOI).TENP’ (i01).TEMPAR(10.101)
4 DIMENStON C(t01).E(l01).EF(1O1).PE(2,1OI).bOPLOGCIOI).TITLE5 (22)

t 5 DIMENSION PLTIME(10),A(101,4) .THICDPF(1Oi).THKHPF(10I)
6 DIMENSION PTEMPX (500),PTTMEX(500).TITLE1(22).TITLF2 (22),T ITLE3(22 )
7 DIMENSjON PVOLT(I&.500) ,TITLEII(22)
8 DIMENSiON TEMPHII2,101),XXDH (1’4)

C 
INTEGER UPE,FLAGFB.PLOT.PDTP.PDTP,PDEP.POVP,TFLAG.SCFLAG,SMAX.S

I ~ N MELIST /DPARMR/THKD,THKHX. THKHY.DDEN,HDEN.USPFC .HSP~C • XOT
13 &X~H,X~ DEP.XMET.XEPDFP.XUDEP.XL.OOPL.DOPFP.DOPU.VEL,ALrATD.NPI.14 8THKDPr.THKHPF
15 C
16 NAMELIST /DPARMW/THKD. THKHX. THKHY.DDEN. HOEN.DSPFC .HSPEC • XDT•47 &XDH, x’ ~~~~~~~~~ X~PDEP. ~uDEP. Xb.£8 ADOPL.~~O U.~~CONC.~~flOPL,S OPFP.SDOPU.VEI.ALFATD.NPIC 

N~~~L~ST /SPARM/l UR.NND.NNH,I~ NO.TTMEMX .TMAX,TPNAX.ITSNMX.DTIME.21 •LTEMP.I,IDHYEM.PLOT.PVOLIX .TG~ ID.TRMSMI.ITERMX.ITLST.22 $~DHTplO.SMAX.D HMAX.jTPRH.23 &PLTIME,EMAXL,EMAXUJ,tMAXR.FINT,UPF.AERMAX ,EERMAX.ITCNAX,
24 8IDBO.IDBI.IDR2,IDA3.IDB14,PDTP.POTP,PDEP.PDVP

C 
DATA TITLEI/6HMAXIMU.6HM TEMP.6HERATUR ,fsI4E VFRS.6HUS TIM.

27 &6HE ,16*1H /
DATA TITLE2/6HDIODE •6HTEMPER .6HATURE .AHVERSUS.6H POSIT.

30 &6HION •16*IH /
31 C
32 DATA TITLE3/6HLOG OF.6H ELECT.6HRIC FI.6HELD VE.6HRSUS P.
33 A6HOSTTIO.6HN .15*IH /

C
DATA TITLE4/6HDI0DE •6HVOLTAG ,6HES VER,6HSUS TI.

36 $2HME.17*1H /
C

DATA TITLE5/6HLOG OF,6H DIODE,6H IMPUR.6HITY CO,6HNCENTR,6HATION •$bHVERSUS.6H POSIT.6$TON ,13*IH /
40 C ASSIGN CONSTANTS
‘Ii Q:1.6E—19
42 PERM 1.04E—12
‘13 C
‘44 C DEFINE DIODE AND SIMULATION PARAMETERS

C
C ASSIGN DEFAULT DIODE PARAMETER VALUES

‘17 THKD:1.0
48 C THKO a WATTS/CM—K

~~ 
THKHX:0.146 

THKHX — WATTS/CM — K

~
1 THKHY O.46
2 C THKHY — WATTS/CM—K

DDEN:2,3• C ODEN — GM/CM3
55 HDEN:Ie.0
56 C HDEN a GM/CM3

• 57 DSPEC:0.7
C 

HSPEC:0.79 
OSPEC — J/GM K

60 C HSPEC - J/GM—K

XDT:1.OE—14
XDT — CM

XDH:;5OEale
C X D H — rM

XLOEP O.0

XMET:20.OE.le
C XLDEP — CM
C XMFT — CM

XEPOFP 4IO • OE~4
C XEPDEP — CM

I XUDEP:O.0
C XUOEP — CM

XL:Ufl • OEa4
C XL — C M

DOPL:1.0E17
C OOPL — C N3
C DOPEP — CN—3

DOPEP:1 • 0E16
DOPU:1.OE16

— 
~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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PROGRAM TEMPTR1O ( Continued)

80 C DOPU - CM—3
81 VEL:1,0E7
82 C VEL — CM/SEC
83 ALFATD :2.5E—3
54 C ALFATD —85 NP1:1

2 NPI — I FOR NP. 0 FOR PN
88 C INITIALIZE THERMAL CONDUCTIVITY PERTURBATION ARRAY
89 00 5 K 1.1O1

~~~~• 90 THKOpF(K):1.O
Ii- 91 THKHPE K~~ 1.O

~~ C ~ CONTINUE
C ASSIGN DEFAULT SIMULATION PARAMETERS, SPARM95 CUR:1.25E1&

96 C CUR — AMPS/CM2
97 NND:I 01
98 NNH:n
99 IBND:O
00 TIMEMX:1.0
01 C TIMEMX — SEC
02 TMAX: 700.0
03 C TM AX—DEG K
04 TPMAX:800.0

105 C TPMAX — DEG K
106 ITSNMX:200

07 DTIMF:1.OE—9
108 C DTI ME — SEC09 LTRNIN :2
110 LTE14P:0
11 LDHTEM:fl

14 PDIP=1
15 PDEP:1
16 PDVP:i17 PVOLTX :250.0
16 IGRID:O
19 TRMSMI:1000.n
120 TTERMX:10
121 !TLST:10000
122 IDHTMO:1
123 SMAX: 10
1214 DTHMAX:i.OE—4
25 ITPRH O
26 EMAXL :1.0E
27 EMAXU I.OE
28 EMAXB:1.OES
29 EINT:100.O
130 UPE:fl
31 ITCMAX 1O
32 AERMAX:0 ,1
33 EERMAX 1.OE—4
34 IDBO:0
135 IDBI:0

=1 00 £40 1.10
14+0 PLTIME J) 100- - 14+1 40 CONTINUE
142 PLTIME(1) 25.0 —9
143 PLTIME(2):50.0 —
144 PLTIME(3):75.O —
145 PLTIME(4):100. E—
14+6 PLTIME(5):125. F—
14+7 PLTIME(6):150. E—9

• IZ~ 2 BEGIN NEW SIMULATION
C 

13 CONTIN UE
2 SKIP TO TOP OF NEXT PACE TO BEGIN NEW SIMULATION

- Isle WRITF(6.9)
1~ 5 9 FORMAT(IHI)
I ~9 2 READ/WRITE SIMULATION PARAMETERS
158 REAO S.SPARM,END I000)
359 WR IT F(6 .SPA RM)

_ _ _ _  - - - - •-•• _ _ _ _ _ _ _ _
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PROGRAM TEMPTR1O (Continued)

160 C
161 C READ DIO E PARAMETERS
62 REAO (5.DRARNR)
63 C
64 C EVALUATE MOBILE SPACE CHARGE ASSUMING LIMITING VE LOCITY65 C IN DEPLETION REGION

SCONC:CUR/G/VEL
168 C IF EXCESSIVE MOBILE SPACE CHARGE SET SCFLAC TO OMIT THIS SIMULATION
169 SCFLAG:O
170 IF(SCONC.GE.DOPL SCFLAG I171 IF( SCONC.GE.DOPEP) SCFLAG I
172 IF(SCONC.GE.DOPU) SCEALG I
173 C
1714 C EVALUATE NET SPACE CHARGE
175 SDOPL:DOPL—SCONC
176 SDOPFP:DOPEP—SC0NC
177 SDOPU:DOPU—SCONC
178 C —

179 C WR ITE DIODE PARAMETERS
180 WRITE (6.DPARNW)

• 181 C
182 IF(SCFLAG.EQ.1) wRITE(6.30)
183 30 FORMATC///.5X,145H**ss* DRIVING C (JRRENT YIELDS EXCESSIVE MOBILE
184 $3914 SPACE CHARGE. SIMULATION OMITTED *****)185 C
186 C IF SCFLAG.EQ .1 SKIP TO NEXT SIMULATI ON
187 IF SCFLAG.EQ.1) GO TO 13
188 C
189 C RESET FLAG FOR HEADER THERMAL MODEL TO SIGNAL NFW DATA SET
190 IFLAG:0
191 C
192 C SET FLAG TO WRITE TRANSIENT DATA HEADER
193 TELAG:1

I ~ 2 INITIALIZE PROGRAM PARAMETERS
196 NNDMI:NND—
197 NNDM2:NNDa
198 NNHP I :NNH +1

I9~0~~~0
201 TIME:0.0
202 KPLOT:1
203 IPTIME:I
204 IPTINC ITSNMX/101..1
205 PTEMpXCIPTIME):O,0
206 PTIMFX( IPTTME):fl.O
207 DX:XL/NNDMI
208 DXDX:DX*DX
209 EFXDH:XDH
210 IF(NNH.LT.3) GO TO 12
211 EFXDH:XOH/NNH
212 00 ii N:1,NNHPI
213 XXDH(N):(N—1)*EFXDH
214+ 11 CONTINUE
215 12 CONTINUE

2 GENERATE POSITION ARRAY AND INITIALIZE TEMPERATURE ARRAY
218 00 lB I:1,NND
219 X (I) :DX*( I—1)
220 TEMPiI)=300 0
221 TEMPL(1 :30ô.0
222 TTEMP( I ):300.0
223 TEMPHI1,I):300.0
2?’4 15 CONTINUE

2 çA~ L~~~ R~F 
~ ~~~~~~~~~~ ~F ~~~~~~~~~~~ LO~E~~!H

B
~~~OF ~~~~C ‘R O ~~N ? D~~~~~~P. XMET. X~PpEP. ~UOFP. XL.230 $SuOPt .SOO P.suOpU. .M XL.E.iDB~ . LAGL B~2 CALL DOPLG TO GENERATE LOG OF IMPURITY CONCENTRATION PROFILE

C 
~~~~~~~~~ .OX .XMET. XEPDEP.DOPL.DOPU.DOPEP.DOPLOG. IDR14)

2 CALL BKDEP TO EVALUATE DEPLETION REGION WIDTH AND F—FIELD
237 C PROFILE FOR THE INITIAL TEMPERATURE PROFILE
2~~~ ~A~L 

~
Ko
~
PL(NND.XL

~~c6
XMET.XE;REP.Xuo

~
P.XLeow.

~
. 2 A 0 L. OP P.OOPU.AL .FMAX.A MAX,FM XL.

— -_
~~~~-J -- .J ’ 
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PROGRAM TE)IPTR1O (Continued)

240 &D4AXUI,E,TEMP.ALFATN.VDEP. ITCMAX .
241 $10B1.IOB2.10B3.NPI.SDOPL ,SDOPEP.SDOPIH
2112 C
243 C CALL EFIELD TO EVALUATE THE BULK REGION F—FIELD PROFILES
244 C FOR THE INITIAL TEMPERATURE PROFILE
245 CALL EFIELO(TENP,XL.NND.ITCMAX,FFRMAX.XLDEP.XUOFP.CUR,00PL,00PU.

&DOPEP,XMET ,XEPDFP,N P I L U L K,VURI LK,VDIOD .FF,EMAXR .1084,ETNT )
2118 C EVALUATE TOTAL DIODE VOLTAGE

~5O C 
VDIODE:VLBULK+VDEP+VUBULK

251 C COMBINE BULK AND DEPLETION E—FIFt~D252 DO 18 N:1.NND
253 E(N):AMAX1(E(N).FE(N))

2 STORE INITIAL E FIELD FOR PLOTTING
256 PEU.N):E N)
257 18 CONTINUE

2 CHECK FOR THERMAL CONDUCTIVITY PERTURBATIONS
260 00 20 KK:1.NND
261 IFC (THKDPF(KK).NF.l.O) .OR.CTHKHPE (KK ) .NF.1.O) )GO TO 22
262 20 CONTINUE
263 GO TO 100
264 C
265 C OUTPU T THERMAL CONDUCTIVITY PERTURBATIONS
266 22 CONTINUE

23 ~~ l1~~~~///.2x.4HNODF.6X,6HPOcITI .2HON.8X,6HDOPING,9X.269 $6HE FIEL,2HD ,7X.6HTHKDPF,9X,6HTHKHPF,//)

2 DETERMINE DOPING CONCENTRATIONS
272 DO 214 KKK:1.NNO
273 IF XCKKK).LE XMET)DoP DopL
2711 IF( (X(KKK) .Gt.XMET) .AND• X(K KK) .LE.XEPDEP) )DOP DOPFP

~~~?~YKKK ) • THKDPF I KKK ) • THKHPF I KKK )27 26 FORMAT(IX .I4.5X,r10.5.5X,E10.5.SX .E10.5.SX.F I0.14.SX .F1O.4)
278 24 CONTINUE
279 C
280 C
281 100 CONTINUE

2 WRITE TRANSIENT DATA HEADERj
2~~ IFCVLA G NE.1) GO TO 110

~ ~6 80 ~~~~~~~~~ ~ /// ,T2.IeHITSN,T9,4HTIME. 118. SHDTIME,T25
287 &,5HITERN,T33.4HTRMS,T41.6HTEMPMX.T51 .4HFMAX.T59.6HVLRULK ,
288 &T69.14HVDEP.T77.6HVURULK .T86,6HVDIODF.T95,5HXLDEP.
289 $T104.5HXUDEP.T113.6HALFAIN,1l21. IHS./)

2 RESET TRANSIENT DATA HEADER FLAG
292 TFLAG:0
293 C
2911 C TIME STEP LOOP
295 110 CONTINUE
296 TIME:TIME+DTIME
297 ITSN:ITSN+l
298 ITERN:0

00 C EVALUATE POWER DENSITY
301 DO 115 N 2,NNDMI
302 C(N):CUR*E(N)
303 115 CONTINUE

2 I TERATION LOOP
306 120 CONTINUE

~ 307 ITFRPJ:ITERN+1
- 308 CH 309 C
- 

~1? C 
~~~~~~~~~~~~~~~~~~~~~

312 BB:—THKHY/ (DDENsDSPEC*XDTsEFXDH)
313 DXDTRB:DXDX*DTIMESBB

-

~~~~ 34 C
3 5 A1:DTIME*AA
3 6 A2:DTIME*DXDX*BB7 A3:DXDTBB*300•0

* 
C 

DO 130 N 1.NNOMP 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~ -~~~~~~~~~ --
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PROGRAM TEMPTR1O (Continued )

320 A (N,1):A1STHKDPF (N)
3~1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~3a AIN.3) :A(N.1)
3~3 A (N.14)ZaDXDX*(TFMPL(N+1)+DTIMC*C IN+1)/(DDEN*OSPFC)
3214 IF NNH.GE.3) ACN.4):A(N,4)+DXOTRR.TFMPHU.N+fl
325 IFUINH.LT.3 A (P4,al):A (N,14)+A3

~30 CONTINUE

C EVALUATE BOUNDARY CONDITIONS

2 IRNO O.CONSTANT BOUNDARY TEMPERATURES
331 C
332 IFIIAND NF.O) GO TO 1333~ 3 A ( 1.l i)SA( 1,4 ).T EMP( 1) iA ( 1,l)
334 A (NNON2.4):A(Np40M2,le)—TEMP (NND)*A (NNOM2,3)
335 C
33b 133 CONTTNU E
337 C
338 !FUNNO.NF.i)GO TO 135

2 IaND:1.BLOCKING BOUNDARY CONDITIONS
• 341 A ( 1.2) :A( 1,2)+A ( I ,1)

3112 A(NNOM2,2):A (NNOM2.2)+A(NNDM?,3%

3144 C 
135 CONTTNUF

3145 C SOLVF SYSTEM OF LINEAR EQUATIONS
3146 C
347 CALL RANDA6(NNDN2.2.4.lfl l.1.OI,&e.A,TFMP,i.PIVM IN)
348 C
349 IF(IRND.NE.1) GO TO 138
350 C
351 C UPDATE END POINT TEMPS FOR BLOCKING RND
352 TEMPII) TEMPC2)
353 TEMP INND)TEMP(NNDMI)
354 C
355 138 CONTINUE

2 EVALUATE MAXIMUM TEMPERATURE AND RMS TEMPERATURE CHANGE
358 TRMS:0.000
359 TEMPMX:TEMP C 1)

~~~~~~~~~~~~~~~~~~~~~~~~~~~ )**2362 TTEMp (N):TEMPIN)
363 TEMPMX:DMAX1(TEMPMX,T EMP(N))
3614 140 CONTINUE
365 TRMS:SQRT I TRMS/NNDM2)

C 
IF(ITLST.EQ.1)WRTTEI6.15O)ITSN.TTME,DTIHE,ITFRN.TRMS,TEMPMX.

368 $EMAX.VLBULK ,VDEP,VUBULK.VDIODE.XL OEP.XUDEP,ALFAIN .S
369 150 FORMAT( I5.2E9.3. 15. 10E9.3. 13)

C 
IF(TRMS.LE.TRMSMT) GO TO 170

372 IF(ITERN.LT. ITERMX) GO TO 120
373 WR ITF(6.160)ITSN
3711 160 FORMAT(29H ***** CONVERRENCE FAIl URE AT,375 A17H TIME STEP NUJN8ER,I5.7H *****)
376 ~70 CONTINUE

ITERATION LOOP COMPLETE. ADVANCE TO NEXT TIME STEP
EVALUATE SUBSTRATE OR HFADER TEMPERATURE PROFILES

2 QUASI—TWO DIMENSIONAL HEADER THERMAL MODEL
383 IF(NNH 61.3 ANO.TDHTMO EQ 1) CALL DHTEMP(IFLAG,NND,NNH.
3811 *X OH. TH~HY.H~PEC.HDEN.DtTM~. TEMP.TEMPH)

2 TWO—DIMENSIONAL HEADER THERMAL MOOEL. HEADER TEMPERATURES
387 C EVALUATED COLUMN WISE (PROFILES PERPENDICULAR TO DIODE AXIS )
388 C WITH NEWLY COMPUTED TEMPERATURES INCORPFRATFD AFTER EACH
389 C HEADER TEMPERATURE ITERATION IS rOMPLETED.

• 390 IF(NNH.GT.3.AND.IDHTMO.FQ.2) CALL OHT2D (IFLAG,NND,NNI4.XL.
391 $XDH,THKHX,THKHY .HSPFC,Hfl(N,DTIMF.TEMP.TEMPH.SMAX,DTHMAX,
322 $!TPRH.IBND.S)

2 TWO—D IMENSIONAL HEADER THERMAL MODEL. HEADER TEMPERATURES
~ 395 C EVALUATED COLUMN WISE (PROFILES PERPENDICULAR TO DIODE AXIS)
~ 396 C WITH NEWLY COMPUTED TEMPERATURES INCORPERATED AS THEY
~ 397 C ARE EVALUATED.

398 IFCNNH.GT.3.AND.IDHTMO.EQ.3) CALL OHT2DI(IFLAG.NND.NNH.
F 399 AXL .X DH. THKHX.THK,4Y ,HSPEC,IIDEPJ.DTTMF.TEMP,TEMPH,SMAX , 

-------- - - -——--•- --- -~~~~_ --_---— - - - ------ --——-- — -
~~~~
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PROGRAM TEMPTR1O (Continued)

I
400 &DTHMAX .ITPRH,IBND.5)
14QI C
402 C TWO—DIMENSIONAL HEADER THERMAL MODEL. HEADER TEMPERATURES
1403 C EVALIJATED ROW WISE (PROFILES PARALLEL TO DIODE AXIS)

C W ITH NEWLY COMPUTED TEMPERATURES INCORPERATFO AS THFY4Q5 C ARE FVALUATED.1eU6 IF(NNH.GT.3.AND.IDHTMO FQ.141 CALL DHT2D?(IFLAG.NND.NNH.407 1X L.X DH.THKHX.THKHY.HSP~C,HDEN.DTTMF,TEMp.TEMPH,SMAX .
408 &OTHMAX .ITPRH.IBND.S)
409 C410 C STORE PRESENT DIODE TEMPERATURE PROFILE FOR NEXT SET
1411 C OF ITERATIONS
‘e12 00 175 N:2.NNOI4I
413 TEMPL (N):TEMPCN)
414 175 CONTINUE
415 C
416 C
417 IF(UPE.LE.0) GO TO 185
1418 C
419 C UPDATE DEP REG BNDS AND E—FIELD FOR NEXT TIMF STEP
420 CALL BKDEPL(NND,XLDEP,XMET.XEPDFP,
421 &XUDEp ,XL.DX,DOP

~~.DOPEP.flOPU,ALFATD.EMAX .AERNAx.8EMAXL.EMAXU.ELT~MP
,AI1FATN.VDEpjTTCMAX ,

&IDB1. 1082, IDB.,,NP1,SoOPL.SDOPE~ ,SDOPU)‘124 C
1425 C UPDATE BULK RFG F—FIELD FOR N~ XT TIME STEP

CAIIl. EFIEILDC!~jP.XL.NNP.1TCMA~ .EFRMAXzXLDEP,XUQFP.CUJRjQOPL.OQPU.4 “ AuOpLp .XNLT.Xt UFP.NP1.VLIiULK,VURI~LK.VUIODE,FF.tMAXR .~ LJ~I&.~~INT)1428 C
‘429 C EVALUATE TOTAL DIODE VOLTAGE
‘430 VOIOOE VLBULK+VDEP+VUBULK

2 COMBINE BULK AND DEPLETION REGION F—FIELDS
433 DO 179 N 1.NND
434 E(N) :AMAXI(E(N) .FEC N))
1435 179 CONTINUE
‘436 C
437 185 CONTINUE

2 SAVE MAXIMUM TEMPERATURE AND DIODE VOLTAGES VERSUS TIME
444 0 IFTSI O
441 IF(ITSN—ITSN/IPTINC*IPTTIJC .NE.0 GO TO 178
‘e42 IPTIME IPTIME+1443 3 PTEMPX ( IPTIME) TEMPMX
444 PVOLT( 1. IPTIME ) VLBULK
4445 PVOLT (2.IPTIME ) VDEP
446 PVOLT(3.IPTIME ) VUBULK
447 PVOLT(4 .IPTIME):V DIODE
1448 PTIMFX (IPTIME):TTME
‘449 1FTSI:1
‘450 178 CONTINUE
4~ 1 OUTPUJT SECTION.

LIST TRANSIENT DATA
4511 ICONSN:0
455 IF( ITSN—ITSN/LTRNIN*LTRNTN.NE 0) GO TO 180

WRITF(6.150) TI5N.TIME.DtIME.ITERN.IR~ S.TEMPMX.
$EMAX .VLBULK .VDt~ .VURULK,VDIODE,Xt DEP.AUDEP,ALFAIN.S

- 458 ICONSN :
459 180 CONTTN

2 TERMINATE EXECUTION IF EITHER MAX TIME. MAX TIME STEPc 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ GO TO 190

C 
IF(TIME.LT.PLTIME(KPLOT ) )  GO TO 230

- 
- 2 STORE TEMPERATURE PROFILES

14 8 190 CONT INUE
4 9 KPLOT:KPLOT+1
4+ 0 IF(KPLOT.LE.11) GO TO 210
4 1 WRITF(6.200)
4 2 • 200 FORMAT(/.seOH ****s MORE THAN 10 TEMPERATURE PROFILES.
4+73 $1614 REQUESTED *****./.28H S**** SIMULATION TERMINATED.
474 127H
475 KPLOT KPLOT—1
476 60 TO 2140

~*77 C£478 210 CONTINUE
1479 C

-
-
_ -~~~~ 
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B4 4
PROGRAM TE~~TR1O (Continued)

480 C DEFINE PLOT TIME FOR EXTRA PLOT
481 

C 
IF(TIME.LT.PLTIME (KPLOT— 1)) PLTIME(KPLOT—1):TIMF

C WR ITF TIME ST P DATA F R P O T  ME
1F(ICONSN.NE.~~

) wRITf(2.15~) 1~~N.T1HE.DTIME.1TERN,TRMS.TEMPMX.485 $tMAX,VLBULK .VDEP.VUBULK.VDIODL.XLDEP.AIJOEP,ALEATN,S

“87 C STORF MAX TEMP. DIODE VOLTAGES AND TIME FOR PLOTTING
‘e~ 8 C IF IFTSI.EQ.t VALUES ALREADY STORED FOR LAST TIME STEP
489 IF(IFTSI EQ.1) GO TO 21~490 IPTIME:I~’TIME+1491 PTEMPX ( IPTIME):TEMPMX
1492 PVOLT(1, IPTIME)VLBULK
493 PVOLT (2, IPTIME):VDEP
1494 PVOLT (3,IPTIME ):VUBULK
495 PVOLT(4,IPTIME):VDIODE
496 PTIMFX (IPTIME):TTME
‘497 215 CONTINUE
49&~ C
‘499 C STORE DIODE TEMPERATURE PROFILES
5Q0 DO 220 J:1,NND
501 TENPAR (KPLOT—1 .J):TEMP (j)
502 220 CONTINUE
503 C
504 IF(NNH.LT.3.OR .LDHTFM.NF.1) GO TO 230
505 C
506 C WRITE DIODE AND HEADER TEMPERATURE PROFILES
507 WRITF(5.223) ITSN.TIME.IXXDH (N).N 1.NNHPI)
508 223 FORMAT (9H1 ITSN : .I5.5X.7HTIME
509 &T12.!~HXH : .1’4ER.3)
510 WRITF(6.2214)
511 224 FORMAT (/,T7.1HN.T12.2HXD.T1B,5HDTEMP.T26,SHHTEMP,/)
512 DO 228 J 1,NND
513 WRITF(6.226) J.X(J),TEMP(J).(TFMPH(K.~J).K:1.NNH)514 226 FORMAT(I8.15E8.3)
515 228 CONTINUE

~ I~ 2 SET TFLAG FOR NEW TRANSIENT DATA HEADER
518 TFLAG:1
519 C
520 230 CONTINUE

2 TERMINATE EXECUTION IF FITHER MAX TIME. MAX TIME STEP
C 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ GO TO 100
525 c
526 240 CONTINUE

TERMINATE EXECUTION AND OUTPUT STMULATION RESULTS
529
530 PLOT MAXIMUM TEMPERATURE VERSUS TIME
551 CALL LPLOT(IPTINF.500,1.1.500,O.PT!MEX.fl .0,PTIMFX (IPTIMF).PTEMPX

C 
&.300. 0.TPMAX.T ITLEI.IGRID)

2 LIST AND/OR PLOT TEMPERATURE PROFILES

5~ 6 KPLOT KPLOT—1
5 7 IF(LTEMP.NE.1) GO TO 280

2 LIST DIODE TEMPERA V URE PROFILES
540 WRITFC6.250) (PLTIME(J).J:l,KPLOT)
541 250 FQRMAJ (1Hj,T8.jl4N.T13.IHX,119.SHTIMEI.T27.5HTIMF 2
54~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~.Tb1.5HTIMt7.T15.5HTIMtA,T~~ ,~ H TTr~~9,j,1.6HTTpItjO544 4,T9 ,6HTIN(1t,T1fl7,~iHTIMEI2,T11S.6HTIMEI3.TI;3545 4.6 14.//.16X.14E8.3)

251 ~~~.251)

C 

~~I~~ ?6 L6 . X K . T E M P A R J,K .J=1.KPLOT
551 260 FORMAT(IX.I7.15E8.3)
552 270 CONTINUE

-
- 553 C
~ 5543 280 CONTINUE
£~~~35 C IF((PLOT .NE.1).AND.(PDTP.NE.1))GO TO 283

558 2 PLOT DIODE TEMPERATURE PROFILES
- 559 CALL LPLOT (NND.1fl1.KPLOT.10.lOlfl.1.X.0.0.XL.

- - - _ •a_ - _   - - -  
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B45
PROGRAM TEMPTR 1O (Continued)

560 $T EMPAR.300 .0.TPMAX,TITLF2.IGRID)
561 C
562 283 IF((PLOT.NE.1).AND.(PDIP.NE.fl)r,o TO 287

- 
- 5~3 C PLOT DIODE IMPURITY PROFILE

CALL LPLOTINND.101.i .1,tOl.0.X.fl .O,XL.DOPLOG.10.0.20.0,T!TLF5,IGRI565 AD )

287 IF((PLOT.NE.1).A ND.CPDEP.NE.1))GO TO 350
568 C STORE FINAL F FIELD PROFILE FOR PLOTTING
569 DO 2Q0 N 1.NND
570 PE(2.N):E(N)

~~ 
5~1 290 CONTINUE

2 GENERATE LOG OF F FIELD PLOTTING ARRAY
- - 574 DO 310 M:1.2

TPE :ALOGIO(PE (M,N))
~~~~- . 577 IF(PF(M.N),LT.1.OE—2 ) TPE — .0
~ 578 PE(M.N):TPE
L~ 579 320 CONTINUE
~~~~, 580 310 CONTINUE

~~ 581 C
582 C PLOT LOG OF FIRST AND LAST E FIELD PROFILES VERSUS POSITION
583 CALL LPL.OT(NNO. 101.2.2.202. 1.X,fl.0.XL.PE.—2.n.8.fl.
584 &TITL F3,IGRID)
585 350 IF((PLOT.NE.i) .AND.(PDVP .NE.1))GO TO 500

2 PLOT DIODE VOLTAGES VERSUS TIME
588 CALL LPLOT(IPTIMF.500,14.4.4014.1.PTIMEX.fl 0.
589 APTIMFXCIPTIME).PVOLT.0.fl.pVOLTX.TITLEt4.I~ RID)590 C
591 500 CONTINUE
592 C
593 GO TO I3
5911 C
595 1000 STOP
596 END

I


