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v The Purdue Unlver51ty Program for Heterostructure Slmulat1on in |
Two D1mens1ons (PUPHS2D) solves Poisson's equation’ and the electron and -
- hole continuity equations within- a two-dimensional heterostructure device.

- The’ ‘program- will compute the electrostatic potential, electron and hole

~ densities, recombination rate, and other quantities of interest:as a function of
" applied bias. Like its predecessor version 2.0 allows extensive analy51s of
- solar cells, ‘including computation of the current—voltage characteristics of
' .two—termmal devices, solar cell parameters, quantum eff1c1ency, and current -
versus. solar. intensity. Extensions to version 2.0 include transient analys1sv

~and bipolar transistor capability. The hetero]unctmn bipolar . transistor

_ routines .allow. computatlon of dc currents as a function of applied bias, as.
well as quasi-static evaluation of the high—frequency behav1or A S1mp11f1ed:-
energy balance equation has been added in the interest of more accurately -

computing high—field characteristics, and should be viewed as a preliminary
- step toward this goal.  PUPHS2D stands as an accurate model for computmg‘i X

. low—f1eld device characteristics and recombinative losses. _
~ - While PUPHS2D was written for the ternary Al Gal_xAs, all materlal—
_specific parameters are contained within a single subroutine (BANDX) except
for absorption coefficient and earrier mobilities which are computed in
subroutines ALGABS and SETMOB, respectively. = Material- spec1f1c :
fparameters used for the energy balance equation are found in subroutines

~ INITMU and INITAU. The program may be readlly modified. to analyzej -
_}other sem1conductors For a more thorough d1scuss1on of the theoret1cal bas1s_' _

o references Mater1als parameters are descr1bed in reference f1]. . . o
_ ~ Various phases of the development of PUPHS2D have been supported .
by the Semiconductor Research Corporation, Sandia National Laboratones, ‘
the Eastman Kodak Company, and by Research Tr1angle Inst1tute ‘

© Copyr1ght 1989 by Purdue Research Foundation, West Lafayette, Indlana_.? L

~ 47907. All Rights Reserved, Unless permission is granted this material shall

not be copied, reproduced or coded for reproduct1on by any electr1cal o
'mechamcal or chem1cal processes or comb1nat10ns thereof now - known or ..

: : ;later developed
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'INPUT vFORMAT

The 1nput deck for PUPHSZD is loosely based on the FORTRAN NAMELIST '

: statement

An input card has the form:

NAME KEY1=VALUE1, KEY2=STRING, .., KEYn=VALUEn
¢ ARRAYI-VA1/VA2/VA3/VAS, ARRAY2-WAI /waz
*  ARRAY:SWA3/WAL

- Each card begins in column 1 with its name; a card may be up to 5 lines long.
If a card is longer than one line, the continuation symbol, +; ‘must appear- in
column 1 for lines 2, 3, 4, etc. Commas or blanks are assumed to be. sseparators;
any number of separators may appear between assignments. An assignment
cannot contain any blanks, i.e. | | o

PARM = - 120" e

_is not valid. The above a551gnment should read

- PARM=-12.0 ‘ i
- Values are assigned to arrays by separatmg the values by / s In the example

‘ _card shown above, values are defined: for ARRAYl(l) ARRAYI(Z) v
ARRAY1(3) ARRAY1(4), and for ARRAY2(1) and ARRAY2(2). - Any
parameter that does not appear in the card assumes its default value. Only
those keys that are to be changed from their default value need to be specified.
If the default values are to be used for all parameters of the card, the card
need not appear. . : _

Special care should be taken when continuing cards since array

elements cannot be continued across lines. For example, the followmg card is

o NOT ALLOWED:

NAME KEYl —VALUEl KEY2= STRING2 .KEYn—VA.LUEn
+ . ARRAY1=VA1/VA2 / VA3/ VA4 ARRAY2=WA1/WA2/
+ WA3 /WA4

| The. array should either be contained on one line or continued as*s‘h‘QWn
above in the first example. ‘ |



» e The mput deck cons1sts of a t1t1e followed by several other cards The
-'i*TITLE card, Wh1ch con51sts of up to 80 characters, is used to 1dent1fy the

’ simulation ‘run; it must not be omitted.  For the other cards, order is not N

e 51gmf1cant On: the followmg pages, we brleﬂy descrlbe the allowed keys and
- the1r default values for of the cards : BT : :




MESH (GRID)

- The MESH card is used to specify the finite difference mesh for the |
problem - Since the accuracy of the computed results is to a great extent
determined by the quality of the mesh, it must be carefully specified. When
- specifying the mesh, several nodes should be placed in each of the material
and doping layers defined. Nodes should be concentrated where the
electrostatic potential (or the space—charge density) is expected to vary rap1dly

The MESH keys are: :

'NODESX . | \ G
~ The total number of nodes in the x—d1rect1on Allowed values are
_ integers from 1 to 100. Since the total number of nodes cannot exceed
2000, (NODESX+1)x(NODESY+1) must be less than or equal to 2000.
Default value: NODESX= 40

NODESY _ : S T R : :

The total number of nodes in the y—d1rect1on * Allowed values are

~ integers from 1 to 100. Sinte the total number of nodes cannot exceed-' -
2000, (NODESX+1)x(NODESY+1) must be less than or equal to 2000. |
Default value NODESY—4O ~

XD(@) _ v PN
‘The user—specified mesh is defined by dividing the device length in the

-x-direction into a number of sections, then placing a specified number
of nodes uniformly within each region. The XD(i) keys, where 1 <1i <
10, specify the right edge of each section in micrometers.

 Default value: XD(1)=10. -

YD(i)

y—d1rectlon into a number of sections, then placing a specified number
- of nodes uniformly within each region. The YD(i) keys, where 1 <ig
- '10, specify the right edge of each section in rmcrometers :
Default value: YD(1)=10. ‘

- The user-specified mesh is defmed by dividing the device length in the_ o



| NXD(l) |
The number of x-nodes to be placed within each of the x—sectlons
~ NXD() values must be specified for each XD(i) specified. The sum of
the NXD(i), the total number of x-nodes, must not exceed 100. Note
- that the x = 0 boundary node is not among these, but the boundary at
x = L is (the last node may be at most, node 100)
- Default value: NXD(l) 40 '

NYD(l) :
The number of y-nodes to be placed within each of the y—sections.
'NYD() values must be specified for each YD(i) specified. The sum of
the NYD(), the total number of y—nodes, must not exceed 100.

Default value: NYD(1)=50



E SOLVE

The SOLVE card is used to spec1fy 1terat1on and convergence cr1ter1a for,. a

~ the finite d1fference solution..  For most appl1cat1ons, the default. Values of
o these parameters should suffice. Note that changes to DVMAX can: affect the N
accuracy of the results. : L

- }DVMAXQ

The SOLVE keys are: - "

- Before 1terat1on can be termmated the ‘maximum change in ‘the:
- electrostatic potent1al between iterations in the equ111br1um solution:
must be less than DVMAXQ DVMAXQ is a d1mens1onless Voltage’
. measured in units of kT/q. '
o Default value DVMAXQ 1 0e~04

- DVMAX

g ITMAXQ
. .ITMAX

.IDVRG

. Before 1terat1on can- be termmated the max1mum change in the’ .

' electrostat1c ‘potential between iterations in the nonequ1l1br1um" .
- solution must be less than DVMAX DVMAX 1s a d1mens1onless o

. voltage measured in units of kKT/q..
o Default Value DVMAX=1. 0e—03 '

ITMAXQ 1s the max1mum number of 1terat10ns allowed in the
: equ111br1um solution. The program aborts if convergence 1t not.

achieved in ITMAXQ or fewer 1terat1ons : : |
. -«Default value ITMAXQ—IZO

ITMAX is the max1mum number of 1terat10ns allowed 1n the

nonequ111br1um solution. The program aborts if convergence 1t not o
- achieved in ITMAX or fewer iterations. - .

k Default value: ITMAX—SO

IDVRG is the max1mum number of 1terat10ns for wh1ch the max1mum'. . '

L " change in potent1al may increase before d1vergence is presumed

Default Value IDVRG—S



e If the maximum correctlon in electrostatlc potentlal (m kT/ q) 1s less SR

L ‘_'J:GUESS

f - than MTEST then use the prev1ous ]acob1 matrlx
. Default value: MTEST—O 0 | |

I the number of 1terat1ons for wh1ch the max1mum correct1on 1s less '
than MTEST exceeds MTMX then recompute the ]acob1 matrlx i
Default value MTMX—3.;’_ T e :

'»"',.»OMEGA i e s .
OMEGA is an over—relaxat1on parameter wh1ch a1ds in convergence,

- speed of the equ111br1um solut1on SR N :
Default Value OMEGA 1 5

P GUESS is-a character strlng Wh1ch spec1f1es the method by Wh1ch the '
P -'jelectrostat1c potentlal is changed due to an applied bias. ' When GUESS -
o -is set to SPLIT, the qua51—ferrn1 levels in the p- and n—type regions are
e split by the apphed bias. If GUESS is-set to LAPLACE then the change |
Sl "1n ‘electrostatic potent1al will satlsfy the Laplace equatlon (GUESS is
SR vlgnored for field—effect trans1stors) - , : .
L 'Default value GUESS—SPLIT -




DEWGE

The DEVICE card is used to specify certain device-related parameters
for the simulation such as the device length and operating temperature
The DEVICE keys are:

TEMP
| A real variable that specifies the operatlng temperature in degrees

celsius.
Default value: TEMP=27.0

XMAX -
The device length along the x—direction in micrometers.
Default value: XMAX=10.

YMAX
The device length along the y-direction in micrometers.
Default value: YMAX=10.



o ‘END(1) oy . -
" The rlght (for proflles in the y—d1rect1on) or top (for prof11es in the X—
. direction) endpomt for a dopmg prof11e END(1) Where 1 <i<10,is

- The DOPING card is. used to spec1fy the pos1t1on—dependent donor and-

- 'DOPING |

. acceptor concentrations and related parameters

The DOPING keys are: 4' v

'BEGIN(l)

. The left (for profiles in the y—d1rect1on) or bottom (for proﬁles in. the X— -
" direction) endpomt for a dopmg prof11e BEGIN(1) Where 1 <i<10, is

* specified in microns.

_Default value: BEGIN(l) 0.0.

- specified in microns.

o Default Value END(l) 100

| PROFILE(l)

CA strlng 1dent1fy1ng each dopmg prof1le (up to 10 prof1les allowed). .

Allowed values are:” -

* PROFILE—UNIFORM

. PROFILE=ERFC:

'+ PROFILE=GAUSS:
" PROFILE=NONE: -
- PROFILE=DATALI: -

- PROFILE=DATA2: |
* PROFILE=DATA3:

" 'PROFILE=DATA4:

umform

complementary error funct1on o
- gaussian - ’ '
‘no profile - . | _
‘data fileontape1 =
data fileon tape 2. .
- datafile on tape 3
~ data file on tape 4

Default value PROFILE(l) UNIFORM :

PEAK(I)

" pos1t1ve

\ The peak concentratlon per’ cublc centlmeter of the ith proflle p—type
~ concentrations are spec1f1ed as negatwe numbers n—type dopants are

- Default value PEAK(l)-S OE18




; ,ZPE AK(l) » R . . :

| The locatlon of the peak concentrat1on from the BEGIN END l1ne in

mlcrometers (=0.0 for ERFC proflle) BT SR
Default value ZPEAK(l) 1o

- ‘DIRECT(1) C 4 - o |
A character string wh1ch spec1f1es the d1rect1on of the drffus1on of the -

- ith prof1le Allowed values are:’

| 'DIRECT=Y+“ :'direct diffusion" up
- DIRECT=Y- : direct diffusion- down -
- DIRECT=X+ : direct diffusion to the right
- DIRECT X= d1rect diffusion to the left B
 Default value: DIRECT()=Y+ '

'X](r) o o
B The ]unctlon depth of the 1th profrle in mrcrometers
~ Default value: X](l) 1. O =
” SURFACE(r) - ,
" They or x location of the surface of the ith proflle in m1crometers
" Default value SURFACE(l) 0.0 '
DOPBLK > : : :
N The background concentrat1on per cub1c cent1meter (p—type < 0 n—type
> 0). : : :
--Default value: DOPBLK 0 0

'. 'B_GN o » ~ ,
A logtcal variable which 1nvokes bandgap narrowmg in p-—type GaAs
Default Value BGN=FALSE - :



prof11e(1) umform R

d1rect(1) y+

10

[ Sbegin@ =00

1 oN-paad

» ; ;\begm(l) 0 0

- yl @ N peak(l)

s \surface(Z) x] (1)

Cad .,An example of the DOPING card key defmltlons is. shown below for a-"ff' T
<" structure with two umform dopmg regions. -Note that d1rect(1) = y+ basically S

| “'defmes a coordinate system as 1nd1cated w1th (0 0) located at the bottom left T
;fcorner of the structure A : - - : o

i N

N ¢ \end(1)=xmax |

x]



u

' “'IZVI:?ATTER

The MATTER card is used to specrfy the posrtron-dependent mater1a1 ,
composition. S ; ,
The MATTER keys are:

. XLL(1) :
' An array which specrﬁes the locatron of the left edge of the 1th rectangle
: (1 < 1 < 5) . - :
Default value XLL(l) 0.0.

‘ YLL(1) :
An array which spec1f1es ‘the locat1on of the. bottom edge of the ith
rectangle (I <i<5). N e ‘ : TR R
Default value: YLL(l) 0.0.

AWX(l)
L An array which spec1f1es the w1dth of the ith rectangle along the X—
direction (1 <i < 5). '
Default value: WX(l) 10. 0

wya »
' “An array wh1ch spec1f1es the width of the ith rectangle along the y—

_direction (1 <i< 5). :

Default value: _WY(l)-l0.0.

XAL(1)
. The AlAs mole fraction of the ith rectangle XAL(@) must be > 0 and <1.
Default value: XAL(l) 0.0

DECFRC :

A real parameter that controls the magmtude of the conductlon band'-

- discontinuity in AlGaAs:GaAs. The program computes AEC =
DECFRC*AEG, where AEG is the bandgap dlfference between the two
materials. :
‘Default value: DECFRC~ 67



B ‘_’",UGRADE

oAl loglcal varlable that, 1f true, indicates that the user is supplylng a’

'."’FORTRAN subroutlne UMAT to deflne the AlAs mole fractlon; 3
: "versus position. : - : : '
,Default value UGRADE FALSE

- An ’éxampré "\of'"the‘MA/TTEvR c“ar'd" key definitions is shown'below for a

- structure with two material regions. Note that the’ coordlnate system ‘is o

| Qt,f’ always as . 1nd1cated w1th (0 0) loc:ated at the bottom left corner of thev -

structure

S @ x=xal) S

N =wy

2 P U

; g




LIFETIME

The LIFETIME card is used to spec1fy recomblnatlon parameters in the

bulk mater1a1 .
' The LIFETIME keys are:

XLL(l) : ‘ : : : :
An array which spec1f1es the locatlon of the left edge of the ith rectangle

- (1£i<10).. ' : a »

Defarllt v.alue: XLL(1)=0.0.

‘YLL(I) N : :
‘An array which spec1f1es the location of the bottom edge of the ith
-~ rectangle (1 <i <10). '

De_fault value: YLL(1)=0.0.

WX(1)
~ An array Wthh spec1f1es the w1dth of the ith rectangle along the x-
direction (1 <i<10). ~
Default value: WX(1)=0. 0.

" WY(1) . .
: : An array which spec1f1es the W1dth of the ith rectangle along the y-
~direction
(1<i < 10).
Default value: WY(1)=0.0.

TAUN(1) S

An array which spec1f1es the SRH electron 11fet1me (sec) of the ith

rectangle The actual lifetime will be TAUN /(1 +DOP/ NC) where DOP

" is the total impurity concentration. :
Default value: TAUN=1. OE 9

» TAUP(l) . L
'An array which specifies the SRH hole 11fet1me (sec) of the 1th
rectangle. The actual lifetime will be TAUP /(1 +DOP/ NC) where bor 1s'_
.. the total impurity concentration. :
 Default value: TAUP -1.0E-9



14

o ;A nonphysmal value whlch spec1f1es the cutoff for 1mpur1ty dependent :
o SRH lifetime (cm'3) o ~
' _Default Value NC 1. OESO

SRR | ' WA
" The trap level with respect to the 1ntr1n51c level (eV) '

. Default Value ET-—O 0

The electron Auger coefflcxent (cm6/ sec)

B _'Default value AN= 021E-28

SO The hole Auger coeff1c1ent (cm6 / sec)
: Default value AP =0. 0 o

e ’The radlatlve recomb1nat10n term (crn6/ sec)
Default Value A0=2, OE 10




SURFACE i

The SURFACE card is used to spec1fy the charge dens1ty and' |

recomb1nat1on parameters at the surfaces of the deV1ce
| The SURFACE keys are:

C '_QSSTOP : :
' The fixed charge per square cenhmeter on the top surface
- Default value: QSSTOP 0.0

‘ QSSBOT . -
' - The f1xed charge per square cent1meter on the bottom surface
Default value: QSSBOT=0. 0 . _

QSSRIT _ R ,
- The f1xed charge per square centimeter on the r1ght surface
Default Value QSSRIT 0 0 ‘

QSSLEF ‘
The f1xed charge per square cen’ameter on the left surface '
Default value:: QSSLEF 0.0 : R

SNTOP . . ,
The electron surface recomb1nat1on veloc1ty along top boundary
Default value: SNTOP=0.0 o

SNBOT ;
The electron surface recomb1nat1on velocity along bottom boundary
- Default value SN BOT=0.0

SNLEF | | ce T
- The electron surface recomblnatron velocrty along left boundary
Default value: SNLEF=0.0

' SNRIT
The electron surface recombrnatron velocity along r1ght boundary
Default value SNRIT=0.0



 sPTOP.

T »SPLEF

The hole surface. recombmatlon Veloc1ty along top boundary (cm/ sec)
Default value SPTOP=0. 0 : S IREIRUIAES

" f_SPBOT , S
o ~The hole surface recomblnatlon velocrty along bottom boundary
(cm/ sec). o ’ R

Py Default Value SPBOT =0. 0 |

The hole surface recombmatlon Veloc1ty along left boundary (cm/ sec)
Default value SPLEF =0.0 - : T

| :SPRIT | R
: - The hole surface recornbmatlon veloc1ty along rrght boundary

(em / sec). : :
Default value SPRIT 0 0

ETS | | iRy e
The surface state trap level w1th respect to the 1ntr1nsrc level (eV)
: Default value ETS O 0 e L



~‘f'-C'ONTACT ,

‘The CONTACT card is used to. spec1fy the type and locatlon of the. _t"'
- metal contacts. - . S , . L e
~ The CONTACT keys are:

_ fBEGIN(1) : R SR 5
An array wh1ch spec1f1es the locat1on of the left or bottom edge of the‘

ith contact (1 <i<5). _ ' '
Default value BEGIN(l) 0 0

'END(I) '
An array which spec1f1es the locatlon of the rlght or top edge of the 1th
‘Contact(1<1<5) v : Sl n .
Default value: END(1)= 10 0

'TYPE(1) ‘ o 5 S S
A character - strlng wh1ch spec1f1es the type of contact T =isg).
Allowed values are: S , o

,TYPE:OE[MIC: -ohmic contact (space—charge neutrahty Lo

o _ assumed) t
TYPE=5B: 'Schottky barrier contact
. TYPE=NONE: no contact :

Default value: TYPE(1)=OHMIC

'LOCATE(G) |
A character str1ng which spec1f1es the location of the ith contact (1 <i <
5). Allowed values are: : . ,

o LOCATE=TOP: indicates top contact.
'LOCATE=BOTTOM: indicates bottom contact
LOCATE=RIGHT: = indicates right contact -
LOCATE=LEFT: ~ indicates left contact

Default Value LOCATE(l) BOTTOM ,



‘ L/}’PHIM(l)

CIf TYPE SB then the metal ‘work’ funct1on PHIM (m electron volts) o

" must be specified.-

IDEAL

Default Value PHIM?S 02 (Al GaAs)

A 10g1cal var1able wh1ch if true, w1ll force carr1er concentrat1ons to-

"the1r equ1l1br1um values at the contacts

- spp

Default value: IDEAL-—TRUE R

'If IDEAL FALSE the effectlve hole recomb1nat1on veloc1ty at the p—
type contacts (cm/ sec) ’ I _ .

o Default value SPP l 0E7

If IDEAL FALSE the effectlve electron recomb1nat1on veloc1ty at the-l '

. ‘p-type contacts (cm/ sec).
‘Default, value: SNP=0.99E7

SRR (3 IDEAL FALSE the effect1ve electron recomb1nat1on veloc1ty at the--.'.j

n—type contacts (cm/sec).

 Default value: SNN=1.0E7

a IE IDEAL FALSE the effectlve hole recomb1nat1on veloc1ty at the n— -
type contacts (cm/ sec). - e o S R

.~ Default value: SPN=0. 99_E_7



19

COMPUTE

The COMPUTE card is used to spec1fy the des1red analys1s type

The COMPUTE keys are
TYPE . ‘ : v SRR
A character strlng Wh1ch spec1f1es the de51red computatrons Allowed' :
values are T o B : C
TYPE—IV o compute current—voltage character1st1cs :
"TYPE—SCELL . 1o 51mulate a solar cell
R TYPE—-QE » g _‘:'to compute the quantum eff1c1ency versus o
- - Wavelength : - o
S ’TYPE INTSITY to compute current versus solar 1nten51ty
: TYPE—FET to: compute freld—effect tran51stor charac— o
| “ teristics S | |

* TYPE= BIPOLAR to compute b1polar tran51stor character1st1cs
S T YPE—TRANSNT to compute trans1ent response character1st1cs
o Default value TYPE—IV |
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v
The IV card is used to spec1fy current—voltage character1st1cs
The v keys are: : '
:"“‘-"VSTART
The startmg bias in Volts _
Default value VSTART-O 0.
~ vsTOP
 The endlng bias in volts

Default value VSTOP-l 0

- The b1as increment in volts The number of b1ases must not exceed 60.
Default value DV= O 1 ‘

. VAPPL(l) |
An array of apphed b1ases The number of b1ases must not exceed 60



SCELL

The SCELL card is used to spec1fy solar cell characterlsncs.
- The SCELL keys are: -

VBEGIN
The beginning bias in volts.
Default value: VBEGIN=0.0

DVSMALL , v
The smallest bias increment in volts
Default value: DVSMALL=0.03

DVBIG |
The largest bias increment in volts.
Default value: DVBIG=0.15

COMPV
A logical variable, when TRUE computes solu’uons at the max—power

point and open-—circuit voltage.
Default value: COMPV=TRUE

RSCELL
The external series resistance ( Q/cm?2).
Default value: RSCELL=0.0



f % The QE card is used to specrfy quantum eff1c1ency characterlstlcs
- ."*The QE keys are: s ‘ : .

The apphed b1as in volts at whrch quantum effrcrency 1s des1red
j’Default value VA OO v aat | |

ST The 1nc1dent ﬂux multlphed by q (A/ cm2)
jDefault value ]SR L. OE 6 ’

LAMBDA(I) e s e : AT .
o An array of no more than 20 Wavelengths (1n mlcrons) at Wthh the L
o quantum eff1c1ency is to be computed ' - s
Default value LAMBDA— 3/ 4/ 5/ 6/- 7/ 8/ 9

P :




; iNTSIT‘Y,

The INTSITY card 1s used to spec1fy current versus solar 1ntens1ty

characterlstlcs R

T he INTSITY keys are:

VA :

The apphed b1as in; volts
Default Value VA 0 0 - ‘

| "‘f‘CQNC(l) | e S
' An array of no more than 20 solar 1ntens1t1es at wh1ch the current is to

.be computed. .
Default value: CONC 1/ 3/1 /3 /10 /30 /100 /300 /1000



" Instead of spec1fy1ng VDRAIN the user may 1ncrement the dra1n‘ -
= voltage to Wthh VDSTART (1n volts) 1s the startmg dram b1as
Default value VDSTART—-O O & o SR

: '-‘E'.':TVDSTOP
EE The g
1ncremented
Default valu'v

S -;;The drain to‘l'source b1as 1ncrement (1n volts)
o "Default value DVD 0 5 | |

~topp1ng dram b1as (1n Volts) when the dram voltage 1s-__"

with the source contact held at -~




-GCONTACT(l) B , c

B An array of two values Whlch 1nd1cates the posmon (1n microns- frorn:

o x=0.0) of the gate contact. The first value specifies the: left edge of the
gate contact. The second .value specifies the right edge of the gate, '
contact The contact is posmoned on the y-0 0 line. |

' _DCONTACT(l) : - .
~ An array of two values Wh1ch 1nd1cates the p051tlon (1n mlcrons from
~ x=0.0) of the drain contact. The first value specifies the left edge of the
drain contact. The second value specifies the right edge of the draln
. contact The contact is posmoned on the y=0.0 hne e
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BIPOLAR

The BIPOLAR card is used to spec1fy b1polar trans1stor characterlstlcs
B The BIPOLAR keys are:

lleARY"

A character strlng 1nd1cat1ng the des1red analysrs type If VARY~COLL v
~_then the base-emitter voltage is held constant at VBASE and the -
, collectOréemitter volta'ge is varied from 0.0 to VCOLL. If VARY=BASE,
 'then the collector-emitter voltage is held constant at VCOLL as the
base-emitter Voltage is varied from VBASE to VBMAX. |
',Default value VARY -COLL : :

] SMSIG e :
g If VARY= BASE ‘the small 51gnal hybrld—pl c1rcu1t model parameters -
' lr’may be extracted using quasi-static assumptlons SMSIG is a logical
variable which, if true, directs PUPHS2D to perform the quasi-static:
© analysis. ‘Execution time will be s1gn1f1cantly 1ncreased :
. Default value SMSIG FALSE

The b1as (1n volts) at the collector contact w1th the emltter contact held '
at ground. . S . RS
Default value VCOLL-3 0

DVSMALL ». . : S
"The 1n1t1al mcrement in the collector b1as (1n volts) DVSMALL is a

pos1t1ve quantlty -
, Default value DVSMALL 03

" DVBIG et AR ~ e ~
' " The fmal mcrement in: the collector b1as (1n volts) DVBIG is a pos1t1ve,
» quant1ty _ T

o Default Value DVBIG 15

.» .'VBASE , S .

' The b1as (1n volts) at the base contact w1th the emltter contact held at
ground Ll ' :
Default value VBASE 1 0



’ LVBMAX . 4 | R
- The: endmg bias (1n volts) at the base contact for a. VARY BASE g
~ analysis. o R

“Default value VBMAX—l 0 | i."‘ '

:ECONTACTm

. An array of two Values Wthh 1nd1cates the posmon (1n m1crons from'

'x=0.0) of the emitter contact. The first value spec1f1es the left edge of
- the emitter contact. - The second value spec1f1es the right edge of the
= emltter contact The contact is pos1t1oned on the y—O 0 line. - '

a~BCONTACTO) ‘ ; EO AT S
An array-of two values wh1ch 1nd1cates the pos1tlon (m microns from ’

=0.0) of the base contact.  The first value specifies the: left edge of the :

' gate contact. The second value specifies the r1ght edge of the gate
- contact.. The contact is posmoned on the y=0.0 11ne :

, CCONTACT(1) :
© . An array of two values wh1ch 1nd1cates the pos1tlon (1n microns from
- x=0.0) of the collector contact. The f1rst value specifies the left edge of

. the. collector contact ‘The second value specifies the right edge of the

- collector contact. The parameter COLLECT deterrmnes on which
surface the collector res1des '

COLLECT ' : : :
A character str1ng which indicates the surface placement of the

icollector contact. If COLLECT equals FRONT then the collector contact;:_ B -
is positioned on the y=0.0:line. If COLLECT equals BACK then the_; il -

collector contact is- posmoned on the y—ymax llne
- Default value COLLECT -FRONT



RESTART g o S

S AL 10g1cal var1able wh1ch if true, d1rects PUPHSZD to use the solutlonf o
“from a previous run as the: 1n1t1a1 guess for the current run. This B

' .optlon is designed for use’ W1th the VARY= BASE option, such' that an

" initial. 51mulat10n is performed and the’ results saved at VBASE_.-"
S "‘_VCOLL ina dump file named p2d. dmp rst - (see the SAVE card) A
 second. run is made with' the solution at VBASE VCOLL used as the'; S
e - ’;"«imltral guess whlle VBASE is 1ncremented to VBMAX ‘ B

< f?ﬂDefault value: RESTART FALSE R




S ,VSTOP

TRANSNT RS

The TRANSNT card spec1f1es the parameters for trans1ent analys1s o R

The TRANSNT keys are:

S /A character Var1able Wthh specrﬁes the dev1ce type to be analyzed
- Allowed values are DIODE and BJT. If DEVICE= DIODE, the diode is
'_»;placed under an initial bias“VSTART, the bias is 1nstantaneously‘". :
T “stepped to. the final bias" VSTOP (which may be less or greater | than

: A,'*VSTART) and. the: response is computed It DEVICE—B]T the collector o

' bias is set to. VCOLL. (as specified on the- BIPOLAR card, which must .
- still be present to define the contact pos1t1ons and: VCOLL), and the base
- voltage is set to VSTART The base’ voltage is then stepped to VSTOP :

i and the response as a function of time is computed ' :

e Default value DEVICE DIODE : :

i YELINEAR B o : S R

LA log1cal varrable that ff true spec1f1es to use. the l1near trme’ -
d1scretrsat10n model If false, the. exponent1al t1me d1scretlsat1on model' '
E 1sused F o ' el : o
- fDefault value LINEAR—TRUE ERT

| ’VSTART SRR o ) St
The 1n1t1a1 b1as (1n volts) on the dev1ce as explalned above :
Default value VSTART 0 0 : S

The frnal bias (1n volts) on the devrce as exp1a1ned above
Default value VSTOP 1.0 : ’

DELTAT Sl | » .
i The time step (in seconds) used to compute the response DELTAT
" must not be top large or the accuracy of the solunon will be poor R
Default value DELTAT—lO 0e—12 E— : '
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_ TSTEPS : , v : :
The number of tlme step repetltlons for Wthh to compute the
~ transient response. ‘Note: an absurd number of steps W1ll result in an

absurd amount of cpu time, espec1ally for large meshes
Default value: TSTEPS—SO '



o UCALC

. The ENERGY card is used to spec1fy parameters for solutlon of the
Yelectron energy ‘balance equatlon w1th the sem1conductor equatlons
s The ENERGY keys arer . oS i

A log1cal var1ab1e wh1ch When true, d1rects PUPHSZD to solve an
energy balance equat1on for electrons self-—con51stently w1th the dr1ft—-

o v‘d1ffu31on and P01sson equatlons 3 R

- Default value UCALC-FALSE

fUPDIFF , . - : T .
' A log1cal varlable wh1ch when true, d1rects PUPHSZD to update the
electron d1ffus1on coeff1c1ents ‘based on' the solut1on to' the ‘energy
- balance equatlon The electron mob1l1t1es are always updated ’
Default value UPDIFF—FALSE : i

B ;:_'BALCON | B ST B |
- The semlconductor equatxons w1ll converge to a maximum correct1on'
,of BALCON before the self-consistent solution of the balance equatlon_ .

o will begm its first 1teratlon, thereby enhancmg stab111ty 8
o ’Default value BALCON =1. 0e-3 o :

. ’UMXPCT | 7, | | | |
' UMXPCT*lOO is the max1mum percent change allowed in the electron

- energy for self—consxstency to be con51dered to be ach1eved
Default value UMXPCT 0. 05 ' : :

o MMXPCT

MMXPCT*lOO is. the max1mum percent change allowed in the electron
4’ mobility for self——con51stency to be: considered to be ach1eved
Default value MMXPCT—O 05 PR :

' ','DMXPCT

DMXPCT*lOO is the max1mum percent change allowed in the electron S

drffusmn coefficient for self—con51stency to be cons1dered to be R

’ '_ achleved Default value DMXPCT—O 10



gen ,_'atron L
| The OPTICAL keys are:

i _""IGEN— DARK 'no 1llum1nat10n v
Ll IGEN= QE }_'_QE option only S
i ): : ':.monochromatlc 1llum1nat1on
SIGEN=AMOPO: - 0.0 1llum1nat10n
“IGEN= AM1P0:  am1.0-illumination
S ‘IGEN AM1P5:"" ~aml: 5 1llum1natlon |
| Default Value IGEN—DARK ‘

'_ REFL

s-*"umform across spectru; ).
Default value REF~— {

B ECONCEN

Shadowmg sat! by co ntacts e
shadowmg set by XSH AD

SHADOW CONTACT
,-J.-;; SHADOW-} OTHER

\.\?;m_‘;The OPTICAL card 1s used to spec1fy parameters concermng optlcal; o

: Relatlve reflectance of 1nc1dent llght off front surface (assumed. L

The solar concentratlon or flux multlplrer for monochromatlc_:



XSHAD

If Sl—lADOW OTHER then XSHAD (a real value measured in-
~microns) will define a region to be shadowed: If: XSHAD is greater than

zero, then the region between 0.and XSHAD is-shadowed.. If XSHAD'is. -
less than zero, then the reglon between ABS(XSHAD) and XMAX is-

" shadoweéd.

- Default value‘ XSHAD=00

- BSR-

WL

A real fractlon Wh1ch specifies the relat1ve reflectance from the back of =
the.cell. (0. BSR: < 1 ‘ : . . .

Default Value BSR—O 0

The: wavelength for monochromauc generat1on in m1cr0ns

” Default Value WL 07



i
‘«;PRINT.: B

The PRINT card spec1f1es the de51red prmted output
The PRINT keys are: = :
INFO | | £
| An 1nteger varlable between 0 and 5 that controls the pr1nt1ng of

d1agnost1c output o
7 Default Value ]NFO 5

. .TABLES | ‘ o «
A log1cal Varlable that, 1f true, prmts tables of results
Default Value TABLES FALSE i

. ft,”‘,NSTEP

E YHORZ(l)

~An 1nteger wh1ch spec1f1es that tables are to be pr1nted at each NSTEPth
" node in the mesh. - Py : o
Default value NSTEP 1

'»~XVERTO) EEDh S | |
~ o An array ‘which. spec1f1es the locat1on (1n m1crons from the left edge of -
. the: device) of a column’ of output such as’ ‘the y—coordmate dopmg‘ '
dens1ty, electrostatlc potent1al etc (1 <i < 5) e > "
Default Value XVERT(l) 00 ’

An array wh1ch spec1f1es the’ locatlon (1n m1crons from the bottom edge
-of the device) of a row “of output such as. the x—coordmate dopmg |
S '}_;Jden51ty, electrostatic potentlal etc (1 < 1 < 5) "
| "’*»Default value:: YHORZ(l) 0.0 '




,gSAVE'”P"

‘ The SAVE card is used to store the computed results in an output f11e o
~The SAVE keys are L - T AR

 SAVE . | . - Lo
S A logrcal Varlable Wthh 1f true stores the computed results m an'f_ S o
..~ output file. | o ’ ‘ .
T 'Default Value SAVE FALSE S

TAG - . v v
E A character varrable used to name the output data flle The output file: = - .
produced will be named pZd dmp_ TAG. If a quasl—statlc analysrs ofa
» ~ bipolar transistor is performed an output file named pZd fdmp TAG
 willalso be produced. | o
B Default Value TAG—xxx .
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 APpENDIXA: mmm NBUTBECK

YiThe default 1nput_deck‘ 1s hsted below E

,,*TITLE DEFAULT INPUT DECK

MESH  NXD=40,NYD=50,XD=10.0, YD=10.0, NODESX—40 NODESY—SO
: ;.,LSOLVE ITMAXQ=120,ITMAX=50 DVMAXQ=1.0¢-4, DVMAXQ=1.0e3'

%~ IDVRG=5MTEST=0.0 MTMX=3,GUESS=SPLIT,OMEGA=15 - .
MATTER XLL=0.0, YLL—O o wx -10: 0, WY—10 0 XAL 0. 0, UGRADE—FALSE
... ¥.. ¢/ DECFRC=67
g "}_;,CONTACT - LOCATE= BOTTOM TYPE—OHMIC BEG]N-O o END 10.0
¥  PHIM=5.02,SPP=1.7,SNP=.99e7,SNN=1. €7,SPN= 99e7 IDEAL TRUE |

" DEVICE - TEMP=27.0,XMAX=10.0,YMAX=10.0

Fa fff}__,DOPE\rG 'BEGIN=0.0,END=10.0,PROFILE<UNIFORM,XJ=1.0, SURFACE 00

PEAK—S 0e18 ZPEAK—] 0, DIRECT—Y+ DOPBLK—O 0, BGN—FALSE

SURFACE QSSTOP=0;,QSSBOT=0.,QSSRIT=0.,QSSLEF=0., SNTOP=0.

“SNBOT=0, SNLEF—O SNRIT—O SPTOP=0. SPBOT 0. SPLEF—O» s .
SPRIT—O ETS=0. I

LIFETIME “XLL=0.0,YLL= ~0.0,;WX=1. OWY 1. OTAUN 1 e—9 TAUP 1 e—9-

NC 1 0e50 ET -0. AN—O 21e—28 AP O A0—2 €10

OPTICAL IGEN=DARK REFL= 0. C.NCEN o SHADOW NONE XSHAD 0.

'vf;"“-COMPUTE TYPE IV Ei i R
iy VSTART 0., VSTOP= 0. DV 0. 1

~ "SCELL' VBEGIN=0, DVSMALL=.03,DVBIG=:15, COMPV—TRUE RSCELL 0.

QB VAZ0.,JSR=1.0e-6 LAMBDA=3/.4/.5/.6/.7/ 819"
'-_g‘.;jffiE\TTSITY VA=0. CONC— 1/. 3/'1, 3‘ /1_0/300/100 /300. /1000
- FET VDSTART -0.,VDSTOP=5.0,DVD= 5,VGATE=0. -

‘-BIPOLAR 'VARY=COLL,SMSIG=FALSE,VCOLL=3.0 DVSMALL— 03
s DVBIG‘=;.=—I?5,VBA5 . VBMAX 1 O"COLLECT FRONTE
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APPENDIX B: EXAMPLE INPUT DECKS

D Find solar cell characteristics for a p/n heteroface cell. Note that the
cards with no keys present are not required but are shown merely to
remind the user that default values are assumed.

*title - example #1: heteroface solar cell ‘
" mesh nxd=5/10/5,xd=1.5/25/40 nyd—3/5/6/5/5/30/10/10
+  yd=09/. 0994/.1006/.11/.65/.9/2./20.
-+ nodesx=20,nodesy=74 -
solve itmaxq=500,dvinaxq=1.e-4,0omega=1.5
“matter x11=0./0.,yl1=0.0/.1,wx=4./4.
+  wy=1/19.9xal= 9/0.,decfrc=.67
contact locate=top/bottom,type=ohmic/chmic begm 0./2.
+ - end=4.0/4.0
device temp=27.xmax=4.ymax=20.
doping begin=0./0.,end=4./4.,dopblk=0.0,xj=.7/19.3
+  surface=0./.7,peak=-5.e18/2.el7
+ direct=y+/y+ profile=uniform/uniform
lifetime x11=0./0./0.,y11=0./.1/.7,wx=4./4./4.,wy=1/.6/19.3
T+ taun=.1e-9/1.e-9/5.e-9,taup=.1e-9/1.e-9/5.e-9
compute  type=scell °
scell vbegin=0.0,dvsmall=.02,dvbig=.04
optical igen=am1pO,refl=0.,concen=1.,shadow=contaét
print ‘
 save



2) Compute the current—voltage characterlstlcs of a one—dlmensmnal
‘ homo]unctlon diode for testmg purposes. . e e

S *tltle example #2 1—d np homo]unctlon dlode for testlng '~
"~ mesh nxd=3xd=1.. :
R nyd—4/25/5 yd—O 0675/0 17/0 325
. # = nodesx=3nodesy=34 GRS
“solve 1trnaxq =800 dvmaxq—l e—6 omegas= 1 5 dvmax 1. e-6 ’
| V’fffmatter x11=0.’y11=0.0 wx=1. wy=0.325 xal=0. decfrc=0.67.
e contact: locate—bottom/ top type= ohmlc/ ohmlc begm 0 / 0.
4 end=1./1.ideal=true » 4
_ ,_. dev1ce temp—27 xmax=1. ymax 0325 :
L dopmg begin=0./0. end=1./1. xj=0. 075/0 25 S
.+ surface=0./0.075 peak=-1.19/5.e17 bgn—false W
U+ directsy+/y+ proﬁle-umform/ uniform -
o ‘,g'llfetlme xl1=0. yll=0. wx=1. wy=0.325
T+ tauns le 9taup 1e—9 aO 0 an= O
v'»fﬂs»surface T e :
U .:compute type—lv ‘ R
v vstart=0.0 vstop—2 0 dV—O 1 sm51g—true
L fophcal igen=dark - I i
_ i _.’print - tables=true 1nfo—5 nstep 1 xvert 0. yhorz-O
‘ save save—true S e :




3) Compute the nonequlhbrlum solutlon for a metal—semlconductori
- field—effect transistor. The gate-source.voltage is set at -0.1 volts while
the dram—source voltage is incremented from 0 0 fo 2 0 Volts ’

*tltle example #3 MESFET :
mesh nxd= 6/28,xd=1.2/4. nyd 10/5/5/5
+ - yd=1/2/ 5/1.
"+ nodesx=34nodesy=25 .

~ solve itmaxq=250 ,dvmaxq=1.e-4 omega—l 5

T matter x11=0. yll 0.0,wx=4.0
+  wy=1,xal ‘0.,de,cfrCf 67

- device temp=27.,xmax=4. ymax=1.
doping begin=0.,end=4.,dopblk=0.0 Xj=1. surface 0. ,peak 1. e16

+.  direct=y+, proflle uniform -
lifetime x11=0.0,y11=0.0,wx=4.0,wy=1.0
+ taun=1.e-9,taup=1.e-9 '

- optical igen=dark,refl=0. con‘c:en:l. B ‘

~compute type=fet ' '
fet  vgate=-.1,vdstart=0. Ovdstop—?_ 0, dvd .2, scontact =0./1.
+ gcontact—l 5/ 2. 5 dcontact 3. / 4

© o oprint
save
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4) ‘ «“"“‘f"’Compute the nonequlhbrlum solutlon for an N / p/ n hetero]unctlon

~ bipolar transistor. The use of the restart. option is illustrated. Part a .

- computes the solutlon up to VBE—O 7'V, VCE—Z 0 V. The solution is

- then saved. For part b, the solution from part a is read in, then VcE is

L held at 2.0 V while Vgg is varied from 0. 7 to 15 V. A quasl—statlc
o f*frequency analy51s is also requested R SR

*tltle example #da: hbe with surface recombmatlon ,
- mesh nodesx=33 nodesy—57 xd=0.95/0.997/1.01/1.21/3.2
4 yd= 015/0205/0226/031/035/067/0725/082‘ '
o+ nxd=4/3/10/12/4nyd=5/6/9/5/4/21/4/3
v "‘s"olve dvmaxq Te-3 dvmax-le-4 1tmaxq—800 1tmax—80

o4 idvrg=10 - '

" device Xmax=3. 2 ymax—O 82 ST e

: lifetime * ~x11=0. /0.998/1.0/1.0/0. yll 0 O/O 0/0 O/O 22/0 222' -
C# T wx=0.998/0.002/2.2/2:2/3.2 Sl

ST wy—O 222/0.222/0.22/0.002/0. 598
+  taun= 1e—9/2 e-14/1e-15/2; e-14/1 e-9
S+ taup=1e-9 /2. e-14/ 1e-15/ 2. e-14/ 1 e-9
o Lsurface ‘ : - )

e dopmg begm—O /1. /1 2/0. /o /0 end 1/1. 2/3 2/3 2/3 2/32
SR proflle—umform / umform/ umform / umform / umform ’
o proflle uniform peak 3e17 /0. / 5e18/ -5e18/ 5e16/ 2e18

© -+ surface=0./0./0:/0.22/0.32/0.72 bgn—false o '

.+ xj=0. 22/0 22/0.22/0. 1/0 4/0 1 d1rect—y+/y+/y+/y+/y+/y+

i 7"_ matter ugrade—true O

 compute type—blpolar B

£ “optlcal igen=dark. | ‘ SRERE T NE R S

i bipolar. vcoll=2.0 dvsmall O 06 dvb1g—0 20 vbase—O 7 vbmax—l 5
-+ vary=coll econtact=0). 0/1.bcontact=1.2/3.2 ccontact—O 0 / 3.2
L collect -back sm51g—false restart—false f AR o
L "prmt info=5xvert= 0.3 yhorz 0.0
- 's_av_e | save true SRR RS T




ST ”'*tltle example #4b hbt with surface recornbmatlon U

.~ mesh nodesx=33 nodesy—57 xd=0.95/0.997/1.01/1 21 / 3 2"

- yd=0.15/0. 205/0.226/0.31/0.35/0:67/0. 725/0.82

- + nxd—4/3/10/12/4nyd—5/6/9/5/4/21/4/3 e
- .solve . dvmaxqg=le-3.dvmax=1e-4 1tmaxq—800 1tmax 80 1dvrg 10 o
dev1ce xmax=3.2 ymax=0.82
- lifetime x11=0./0.998/1.0/1.0/0. yli=0. 0/0 0/0 0/0 22/0 222
o+ wx=0998/0.002/2.2/22/3.2 " e ot
RIS Wy—0222/0222/022/0002/0598 ’

+  taun=1e-9/2.e-14/1e-15/2.e-14/1.e-9

o taup—le-9/2 e-14/1e-15/2 e-14/1 e9
,'surface

dopmg begm 0/1 /1 2/0 /0 /0. end =1./1. 2/32/32/32/32

+ - profile=uniform /uniform/uniform/uniform/ umform
+ profile= uruform peak=3e17/0./-5e18/-5e18/ 5e16/ 2e18 -

+ surface=0./0./0./0.22/0.32/0. 72 bgn=false -
+ xj=0. 22/0.22/0. 22/0. 1/0 4/0 1 d1rect—y+/y+/y+/y+/y+/y+
matter ugrade=true

‘compute type—blpolar |
~ optical igen=dark"

bipolar vcoll=2.0 dvsmall 0. 06 dvblg 0.20 vbase 0 7 vbmax—l 5 |
+ vary=base ¢ econtact—O 0/ 1. becontact=1.2/3.2 Ccontact—O 0/3:2

-+ .collect=back sms1g—true restart=true
print  info=5 xvert= 0.3 yhorz=0.0
" save  save=true, -



E

L ’5) Compute the nonequlhbrlum solutlon for a double heterostructure o

laser ST

- (*tltle example #5: double heterostructure laser o L
- '{mesh nxd= 5/10/5,xd=1. 5/2 5/4.0 nyd—5/5/2/2/10/2/2/5/5
S+ yd=2./2.19/2. 1996/2 2004/2 2096/2 2104/2 22/2 41/4 41
L .+, ‘nodesx= 20,nodesy—38 s B
- solve 1tmaxq—500 dvmaxq—l e-2 ,omega 1 5
_ v;matter ugrade true. e
. contact - locate—top/ bottom,type-ohmm/ ohmlc begm—O / 2
" end 4.0/40 ~ 5 S e
fdev1ce temp=27. ,xmax=4. ,ymax—4 41 | o
. dopmg begm—O /0./0.70.,end=4./4./4./4. x]—2 / 2/ 01/22
S surface=0./2./2.2/2.21,peak=-5.¢18/-1.e17/5.16/1.€17
A " profile=uniform/ uniform/ umform/ umform |
dlrect—y+/y+/y+/y+ G L
hfetlme x11=0./0./0. ,yll 0./2. 2/2 21,WX"4 /4 /4 ,Wy—2 2/0 01/22
: taun— 1e-9/1 e—9/ 1e-9 taup 1e—9/1 e-9/ 1e- ‘_ o
R f,,surface S s ST
i compute: type =iv. e R
s iv.. . vstart=0. 0,vstop 15, dv— 1
o *optlcal igen= dark : S
- "_prmt S
save




APPENDIX C: EXAMPLE OUTPUT

Example_ #2:'7;Homojun"ct'ion‘, diodévzfor tesfirig -

‘Eq'ﬁilibr;i:um Results:

'Y=0.0000E+00 HY=1,6875E-06
Y=1.6875E-06 HY=1.6875E-06
Y=3.3750E-06 HY=1.6875E-06
Y=5.0625E-06 HY=1.6875E-06
Y=6,7500E-06" HY=1.6875E-06
Y=7.1600E-06 HY=4.1000E-07
Y=7.5700E-06 HY=4.1000E-07
Y=7.9800E-06  HY=4.1000E-07
Y=8.3900E-06 HY=4.1000E~07
Y=8.8000E-06 HY=4.1000E-07
Y=9',2100E-06- HY=4.1000E~-07
Y¥=9.6200E-06 HY=4.1000E-07
Y=1.,0030E-05 HY=4.1000E-07
Y=1.0440E~05 HY=4.1000E-07
Y=1,0850E-05 HY=4.1000E-07
Y=1.1260E-05 HY=4.1000E-07
Y=1.1670E-05 HY=4.1000E-07
Y=1.2080E-05- HY=4.1000E=07
Y=1.2490E-05 HY=4.1000E-07
Y=1.2900E-05 HY=4.1000E-07
Y=1.3310E-05 HY=4.1000E-07
Y=1.3720E~05 HY=4.1000E-07

23 Y=1.4130E-05 HY=4.1000E-07

24 Y=1.4540E-05- HY=4.1000E-07

25 Y=1.4950E-05 HY=4.1000E-07

26 Y=1.5360E-05 HY=4.1000E-07

27 Y=1.5770E~05 HY=4.1000E-07

28 Y=1.6180E-05 HY~4.1000E-07
. 29 Y=1.6590E-05 HY=4.1000E-07
30 Y=1.7000E-05 HY=4.1000E-07
" 31 Y=2.0100E-05 HY=3.1000E-06
32 Y=2.3200E-05 HY=3.1000E-06
33 Y=2.6300E-05 HY=3.1000E-06
34 Y=2.9400E-05 HY=3.1000E-06
.35 Y=3.2500E-05 HY=3.1000E-06

ot 1 b b S
VOVAUBWNFRFOVWE VAVBWN

NN
N o

1 X=0.0000E+00 HX=3.3333E-05

2 X=3.3333E-05 HX=3.3333E-05

3 X=6.6667E~05 HX=3.3333E-05

4 X=1.0000E-04 HX=3.3333E-05
1 ) . .

DOP=-1.00E+19
DOP==1,00E+19
DOP==1,00E+19
DOP=-1,00E+19
DOP=-1.00E+19
DOP=-1.00E+19

DOP=
DOP=
DOP=
DOP=
DOP=
DOP=
DOP=
DOP=
DOP=
DOP=
DOP=
DOP=
DOP=
DOP=
DOP=
DOP=
DOP=
Dop=
DOP=
DOP=
DOP=
DOP=
DOP=
DOP=
DOP=
DOP=
DOP=
poP=
Dop=

5.00E+17
5.00E+17
5.00E+17
5.00E+17
5.00E+17
5.00E+17
5.00E+17
5.00E+17
5.00E+17
5.00E+LT
5.00E+17
5.00E+17

5.00E+17-

5.Q0E+17,
5,00E+17
SO0E+17
5.00E+17
5.00E+17
5.-00E+17
5.00E+17
5.00E+17
5.00E+17
5.00E+17
5.00E+17
5.00E+17
5.00E+17
5.00E+17
5.00E+17
5.00E+17

DOP=-1, 00E+19
DOP=-1.00E+19
DOP=-1.00E+19
DOP=-1.00E+19

ke TABLE OF COMPUTED RESULTS *RAC S

COLUMN NUMBER

NI=
NI=
NI=
NI=

NI=

NI=
NI=

NI=.

NI=
NI=
NI=
NI=
NI~
NI=
NI=
NI=
NI=
NI=
NI=
NI=
NI=
NI=
NI=
NI=
NI=
NI=
NI=
NI=
NI=

‘NI=

NI=
NI=
NI=
NI=
NI=

2.21E+06
2.21E+06
2.21E+06
2.21E+06
2.21E+06
2.21E+06
2.21F+06
2.21E+06
2.21E+06
2.21E+06
2,21E+06
2.21E+06
2.21E+06
2.21E+06
2.21E+06
2.21E+06
2.21E+06
2.21E+06
2.21E+06
2.21E+06
2.21E+06

2.21E+06.

2.21E+06
2.21E+06

2.21E+06
2.21E+06
2.21E+06
2.21E+06
2.21E+06
2.21E+06
2.21E+06
2.21E+06
2.21E+06

K=
K=
Ke=
K=
K=
K=
K=
K=
K=
K=
K=
K=

K=

K=
K=
K=
K=
K=
K=
K=
K=
K=
K=
K=

K="

K=

K=
K=
K=

K=
K=
K=

xkx _ TABLE

ROW - NUMBER

NI=
NI=
Ni=
NI=

2.21E+06
2.21E+06
2.21E+06
2.21E+06

K=
K=
K=
K=

12.8
12.8
12.8
12.8

12.8 ¥=-7.5262E-01.
V=-7.2774E-01

12.8
12.8
12.8
12.8
12.8
12.8
12.8

‘12.8

12.8

12.8

12.8
12.8
12.8
12.8
12.8
12.8
12.8

12.8

12.8

‘12.8

12.8

12.8,

12.8
12.8
12.8
12:8

‘12.8

12.8
12.8
12.8

T

X= 0.00000E+00

V=~7.5370E-01

V=
V=

7.5370E-01
7.5370E-01

V=-7.5369E-01

V==5,5290E-01
V=-3.9000E-01
V=-2.3893E-01
V=-9,9705E-02

V=
Ve
V=
V=
V=
V=
V=
V=
V=
V=
V=
V=
V=
V=
V=
V=
V=
V=
V=
V=

Ve

Ve
Ve
V=
V=

2.7683E-02
1.4323E-01
2.4694E-01
3.3882E-01
4.1885E-01
4.870SE-01
5.4341E-01
5.8801E-01
6.2116E-01
6.4387E-01
6.5814E-01
6.6646E-01
6.7106E-01
6.7353E-01
6.7482E-01
6.7550E-01
6.7585E-01
6.7603E-01

6.7613E-01.

6.7619E-01
6.7621E~01
6.7621E-01
6.7621E-01
6.7621E-01
6.7621E-01

P
P=
P

P=

P=
P=
P=
P=
P=
P=
P~
P=
P=
P=
P=
P=
P=
P=
P=

p=

P=
P=
P
P=

P=

P=
P=

P=
P=
P=
P=
P=
P=
P=

OF COMPUTED RESULTS

12.8
12.8
12.8
12.8

RRR KRR AR KANANARRRKKRRARKKKRRRRRKKNARRRNNAAX* A %% MATERIAL.PARAMETERS

OLAYER: 1 PROPERTIES
XAL = 0.000
NC = 0.397E+18
KREL=  12.847

EG =
NV =

1.422
0.942E+19

CHI =

1.00E+19
1.00E+19
1.00E+19
1.00E+19
9.59E+18
3.67E+18
4.25E+15
7.82E+12
2.27E410
1.04E+08
7.58E+05
8.70E+03
1.58E+02
4.52E+00
2.05E-01
1.47E-02
1.66E-03
2.96E-04
8.21E-05
3.41E-05
1.96E-05
1.42E-05
1:19E-05
1.08E-05
1.03E-05
1.00E-05
9.91E-06
9.84E-06
9.80E-06
9.78E-06

-9.77E-06

9.77E=06
9.77E-06
9.77E-06
9.77E-06

13

Y= 0.00000E+00

V=-7.5370E-01 P=
v=-7.5370E-01 P=
V=-7.5370E-01 P=
V=-7.5370E-01 P=

1.00E+19
1.00E+19
1.00E+19
1.00E+19

N=
N=
N=
N=

N

N=
N=
N=
N=
N=
N=
N=
Ne=
Nw=
Ne=
N=
N=
N=
N=
N
N=
N=
N=
N=

N=
N=
N=
N=
N=
N=
N=
N=

N=
N=
N=
N=

4.88E-07
4.88E-07
4.88E-07
4.89E-07
5.09E-07
1.33E-06

‘1.15E-03

6.25E-01
2.15E+02
4.68E+04
6.45E+06

-5.62E+08

3.10E+10
1.08E+12
2.38E+13
3.33E+14

.2.94E+15

1.65E+16
5.95E+16
1.43E+17
2.49E+17
3.43E+17
4.10E+17
4.51E+17
4.74E+17
4.86E+17
4.93E+17
4.96E+17
4:98E+17
4.99E+17
5.00E+17
5.00E+17
5.00E+17
5.00E+17
5.00E+17

4.88E-07
4.88E-07
4.88E-07
4.88E-07

44

RHO=-1.57E+06

RHO=

1.07E+1L

RHO=-1.68E+13
RHO=-2.64E+15
RHO=-4.07E+17
RHO=-6.33E+18

RHO=
RHO=
RHO=
RHO=
RHO=
RHO=
RHO=
RHO=

‘RHO=

RHO=
RHO=
RHO=
RHO=
RHO=
RHO=
RHO=
RHO=
RHO=
RHO=
RHO=
RHO=
RHO=
RHO=

5.04E+17
5.00E+17

5.00E+17"

5.00E+17

5.00E+17"

5.00E+17
5.00E+17
5.00E+17
5.00E+17
5.00E+17
4.97E+17

4.83E+17 -

4 .,41E+17
3.57E+17
2.51E+17
1.57E+17
9.03E+16
4.93E+16
2.62E+16
1.37E+16
7.06E+15
3.57E+15
1.68E+15

'5.44E+14

1.93E+13
6.87E+11
2.44E+10
8.68E+08
1.84E+05

RHO=-1.57E+06
RHO=~1.57E+06
RHO=-1.57E+06

RHQ=—1.57E+06'

RN KA KRR AR R KRR KRR R ERIR AR KKK KA RRAK KRR KR RIK KR RK

4.070
NI = 0.221E+07
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: NOnéquili’v‘br’:i‘umb Re_SuIts:

KRNNRRKXXX DUPHS2D ANNARKNKARN

APPLIED VOLTAGE

CURRENT

CAPACITANCE
(VOLTS) (AMPS/CM*2) - {FARADS)
'0.00000 -0.21652E~19 0.17887E-10
0.10000 0.22017E~09 0.18583E-10
©0.20000 0.15271E-08 0.19360E-10 -
0.30000 0.14453E~07 © 0.20239E-10 -
© 0.40000 . 0.15085E-06 0.21247E-10
0.50000 0.12573E-05 0.22422E-10
:0.60000 0.78096E-05 "0.23820E-10
0.70000 - 0,47128E-04 0.25525E~-10 .
0.80000 0.37112E-03 0.27679E-10
0.90000 0:41843E-02 - 0.30535E-10
1.00000 0.76960E-01 0.34624E~10
1.10000 0.25952E+01 0.41524E-10
1.20000 "0.11400E+03 0.65967E~10
1.30000 0.50828E+04 0.47409E-09
1.40000 0.15175E+06 0.34706E-08
-1.50000 -0.15027E+07 0.62811E-08 "
1.60000 0.48682E+07 0.52616E-08
1.70000 0.90368E+07 0.36346E-08
1.80000 0.13224E+08 0.26435E-08
1.90000° 0.17339E+08 0.20447E-08
2.00000 0.16334E-08

0.21386E+08

* TEMPERATURE: 27.00-DEG C*

Ty

KkkKkKK*K KX PUPHS2D ** ¥ Ak khka i

PERCENT  RECOMBINATION IN EACH REGION

. BOT

TOP 'LEFT RIGHT SURF

TMET

v J {REC) P N IMET RMET
1 0,00000 ~0.21652E-19 -0.21652E-19.  0.00 0.00 -0.00 0.00 0.00 0.00100.00 0.00. 0.00 0.00 0,00
0.10000  0.22017E-09 " 0.22017E-09  0.00 0.00 0.00 0.00 0.00 0.00100.00 0.00 0.00 0.00° 0.00
.+0.20000. '0.15271E-08 -.. 0.15271E-08 - -0.00 0.00 0:00 0.00 0.00 0.00100.00 0.00 0.00 0.00 0.00
-0.30000 " 0.14453E-07 - °0.14453E-07  0.00 0.00 0.00- 0.00 0.00.°0.00100.00 0.00. 0.00°.0.00 0.00
0.40000°  0.1508SE-06 ' '0.15085E-06  °0.00 0.00 0.00.0.00 0.00 0.00100.00 0.00 0.00 0.00 0.00
0.50000 - 0.,12573E-05 ' -0.12573E-05 = -0.00 0.00 0.00 0.00 0.00 0.00.99.98 0.01 0.01. 0.00 0.00
0.60000  0.78096E~05 - 0.78096E-05  0.00 0.00 0.00.0.00 0.00 0.00 99.88 0.07 0.05 0.00 0.00
0.70000  0.47128E-04 0.47128E-04  0.00 0.00 0,00 0.00 0.00 0.00 99.02 0.57 0.41 0.00 0.00
0.80000  0.37112E-03 | 0.37112E-03  0.00-. 0.00 0.00° 0.00 0.00 -0.00 94.10 3.45 °2.45..0.00 0.00
0.90000 = 0.41843E-02 ° 0.41843E~02  0.00 0.00° 0.00 0.00. 0.00 0.0l 75.20 14.58 10.21 0.00 0.00
1.00000 .0.76960E-01- - 0.76960E-01 * 0,00 0.00 0.00. 0.00 0.00 0.03 36,19 -37.77 26.02 0.00 0,00
1.10000. 0.25952E+01-. 0.25952E+01 0,00 0.00 0.00 0.00 0.00 0.04 10.56 53.34 36.06 0.00 0.00
1.20000  0.11400E+03  0.11400E+03 _ 0:00 '0.00 0.00 0.00 0.00 0.04 .4.06 57.78 38.12 "0.00 0.00
1.30000 ° 0.50828E+04.  0.50828E+04 = -~0.00 -0.00- 0.00- -0.00 0.00 0.04.2.36 60.81.36.79 0.00. 0.00
1.40000  0.15175E+06 . 0.15175E+06 0:00 . 0.00 .0.00--0.00 0.00 0.05 0.80 73.96 25.19 0.00 . 0.00
1.50000 - 0.15027E+07 . 0:15027E+07 "0.00 0.00 0,00 0.00 0.00 -0.04 -0.26 85:60 14:.10 0.00- 0.00
1.60000  0.48682E+07  -'0.48682E+07  0.00 0.00 0.00 0.00 0.00 0.03 0.13 89.34 10.49 0.00 0.00
1.70000  0.90368E+07 ' 0.90368E+07- . 0.00- 0.00 0.00° 0.00 0.00 0.03 0.09 90.65 9.23. 0.00 0.00

- 1.80000  0.13224E+08  0.13224E+08 0,00 0.00 0.00 -0.00 0.00 0.02 0.07 91,27 8.64- 0.00 0.00
1.90000  0.17339E+08 - -0, 17339E+08 - 0.00° 0.00 '0.00 0.00. 0.00° 0.02 0.06 91.63 8.29: '0.00 0:00
2.00000 0.21386E+08 0.00 0.00° 0.00 0.02 0.05 0.00 0.00

0.21386E+08.

0.00

0:00

91,88

8.08

45



Example #4: HBT Wlth surface récoﬁbiné_ﬁén |

WROIRUND WNF

0.0 AU W

¥=0.0000E+00,
Y~3.0000E~06
Y¥=6.0000E~06
¥=9.0000E-06
¥=1.2000E-05
Y¥=1.5000E-05

Qo

Y=1.7750E-05
Y=1.8667E-05
Y=1.9583E-05

_Y=2.0500E~05
Y=2.0733

e

Y=2.0967E-05
Yw2.1200E-05

Y=2.1433E-05

Y=2.1667E-05
Y=2.1900E-05
Y=2.2133E-05
Y=2.2367E-05
Y=2.2600E-05
Y=2.4280E-05
Y=2.5960E-05
Y=2.7640E-05

. Y=2.9320E-05

¥=3.1000E-05
Y=3.2000E~05
Y=3.3000E-05
Y=3.4000E-05
‘Y=3.5000E-05
Y=3.6524E-05
Y=3.8048E-05
¥=3.9571E-05
Y=4.1095E-05
Y=4.2619E-05
Y=4.4143E-05
Y=4 .5667E-05

. Y=4.7190E-05

Y=4 ,8714E-05
Y=5.0238E-05
Y=5.1762E-05
Y+5.3286E-05
Y=5.4810E-05

Y=5.6333E-05

Y=5.7857E-05
Y=5.9381E-05
Y=6.0905E=05
Y=6.2429E~05
Y=6.3952E-05
Y6 .5476E~05
¥=6.7000E-05
Y=6.8375E-05
Y=6.9750E-05
¥=7.1125E~05
Y=7.2500E-05
Y=7.5667E~05
Y=7.8833E-05
Y=8.2000E-05

X=0.0000E+00
X=2.3750E-05
X=4.7500E-05
X=7.1250E-05
X=9.5000E-05

X=9.6567E-05"

X=9.8133E-05.

X=9.9700E-05

X=9.9830E~05
X=9.9960E~05
X=1.0009E-04
X=1.0022E~04
X=1.0035E-04
X=1.0048E-04
%X=1.0061E-04
X=1.0074E-04
X=1.0087E-04
X~1.0100E-04

X=1.0267E~-04

HY=3.0000E~06
HY=3,0000E-06
HY=3,0000E-06
HY=3.0000E-06
HY=3.0000E-06
HY=3.0000E=06
HY=9.1667E-07
HY=9.1667E~07
HY=9,1667E-07
HY=9.1667E-07
HY=9.1667E-07
HY=9.,1667E~07
HY=2.3333E-07
HY=2.3333E-07
HY=2.3333E-07
HY=2.3333E=07
HY=2.3333E-07
HY=2.3333E-07
HY=23333E-07
HY=2.3333E-07
HY=2,3333E-07
HY=1,6800E-06
HY=1". 6800E-06
HY=1,6800E-06
HY=1.6800E-06
HY=1.6800E~06
HY=1.0000E-06
HY=1.0000E=06
HY=1.0000E~06
HY=1.0000E~06
HY=1.5238E-06
HY=1.5238E-06
HY=1,5238E-06
HY=1.5238E-06
HY=1,5238E-06
HY=1.5238E-06
HY=1,5238E-06
HY=1,5238E-06
HY=1.5238E-06
HY=1,5238E-06
HY=1.5238E-06
HY=1.5238E-06
HY=1,5238E-06
HY=1.5238E-06
HY=1.5238E-06
HY=1.5238E-06
HY=1.5238E-06
Hy=1.5238E-06
HY=1.5238E-06
HY=1.5238E-06
HY=1.5238E-06
HY=1.3750E-06
HY=1.3750E-06
HY=1.3750E-06
HY=1,3750E-06
HY=3.1667E-06
HY=3.1667E-06
HY=3.1667E-06

 Equilibrium Results:

OLUMN

DOPx= 3.00E+17
DOP= 3.00E+17
DOP=_ 3.00E+17
DOP=. 3. 00E+17
DOP= 3.00E+17
DOP= '3, 00E+17
DOB= 3.00E+17
DOP= 3.00E+17
DOP= 3.00E+17
DOP= 3.00E+17
DOP= 3.00E+17

DOP= 3.00E+17

DOP= 3.00E+17

DOP= 3.00E+17

DOP= 3.00E+17

DOP= 3.00E+17

DOP= 3.00E+17
DOP= 3.00E+17

DOP==5.00E+18
DOP=-5.00E+18

DOP=-5.00E+18
DOP=-5.00E+18
DOP=-5. 00E+18
DOP=-5.00E+18
DOP=~5. 00E+18
DOP=-5. 00E+18
DOP= §.00E+16
DOP= 5.00E+16
DOP= 5.00E+16

DOP= 5.00E+16

DOP= 5.00E+16
DOP= 5.00E+16
DOP= '5.00E+16
DOP= 5,00E+16
DOP= 5.00E+16
DOP= 5.00E+16
DOP= 5.00E+16
DOP=5.00E+16
DOP= 5% 00E+16
DOP= 5.00E+16
DOP= 5.00E+16
DOP=: 5.00E+16
DOP=".5,00E+16
DOP= 5.00E+16
DOP= 5.00E+16
DOP= 5.00E+16
DOP=_5.00E+16
DOP= 5.00E+16
DOP= 5.00E+16
DOP= 5.00E+16
DOP= 5.00E+16
DOP= 5.00E+16
DOP="5.00E+16
DOP= 5.00F+16
DOP= 2.00E+18
DOP= 2.00E+18
DOP= 2.00E+18
DOP= 2.00E+18

HX=2,3750E-05 DOP= 3.00E+17

HX=2,3750E-05
HX=2.3750E-05
HX=2.3750E-05
HX=2.3750E-05
HX=1.5667E-06

-HX=1.5667E~06

HX=1.5667E-06
HX=1.3000E-07
HX=1.3000E-07
HX=1.3000E-07
HX=1.3000E-07
HX=1.3000E-07
HX=1.3000E-07 -
HX=1.3000E-07
HX=1:3000E=-07
HX=1.3000E-07
HX=1.3000E-07
HX=1.6667E-06

DOP= 3.00E+17

DOP= 3,00E+17

DOP= '3.00E+17
DOP= 3.00E+17
DOP= 3.00E+17
DOP= 3.00E+17
DOP= 3.00E+17
DOP="3.00E+17
DOP= 3.00E+17
DOP= 0.00E+00

DOP= 0.00E+00-

DOP= 0.00E+00
DOP= 0.00E+00
DOP= 0.00E+00
DOP= 0.00E+00
DOP= 0.00E+00
DOP= 0. 00E+00
DOP= 0.00E+00

NI=
NI=
NI=
NI=
NI=
NI~
NI=
NI=

NI=

NI=

:NI=

NI=
NI=
NI=
NI=
NI=
NI=
NI=
NI=
NI=
NI=
NI=
NI=
NI=
NI=
NI=
NI=
NI=
NI=
NI=
NI=
NI=
NI
NI=
NI=
NI=
‘NI=
NI=
NI=
NI=
NI=
NI=

NI="

NI=
NI=
NI=
NI=
NI=
NI=
NI=
NI=
NI=
NI=
NI=
NI=
Ni=
NI=
NI=

TABLE OF
NUMBER

2.44E+03
2.44E+03
2.44E+03
2.44E+03
2./44E+03
2.44E+03
2.44E+03
2.44E+03
2.44E+03
2.44E+03
8.22E+03
6,66E+04
1,15E+05
1.97E+05
3.40E+05
5.87E+05
1.01E+06
1.75E+06.
2.21E+06
2.21E406
2.21E+06
2.21E+06
2.21E+06
2.21E+06
2.21E+06
2.21E+06
2.21E5+06
'2.21E+06
2.21E+06
' 2XE+06
2.21E+06
2.21E+06
2.21E+06
2,21E+06
2.21E+06
2.21E+06
2.21E+06
2.21E+06
2.21E+06
2.21E+06
2,21E+06
2.21E+06
2.21E+06
2.21E+06
2.21E+06
2.21E406
2.21E+06

2.21E+06

2.21E+06
2.21E+06
2.21E+06
2.21E+06
2:21E+06
2.21E+06

.21E406
2.21E+06
2.21E+06
2.21E+06

COMPUTED RESULTS ~ *¥*. -

2

K-.

k=
Kz'
K=
K
K=
K
K=
K=
Kes
K=
K=
K=
K=
K=
K=
K=
K=
K=
K=
Bl
K=
K=
K=
K=
K=
K=
K=
K=
K=
K=
K=

K=
K=
K=
K=
K=
K=
K=
K=
K=

K=,
K=
K=
K=
K=
K=
Ko
K=
K=
K=
K=
K=
K=
K=
K=

11.9
11.9
1.9
11.9
11.9
11.9
11.9
11.9
11.9
11.9

12.1°

12.4
12.4

12.5

12.6
12.7
12.7
12.8
12.8
12.8
12.8
12.8
12.8
12.8
12.8

i2.8

12.8
12.8
12.8
12.8
12.8
12:8
12.8
12.8
12.8
12.8
12.8
12.8
12.8

~12.8

12.8
12.8
12.8
12.8
12.8
12.8
12:8
12.8
12.8
12.8
12.8
12.8
12.8
12.8
12.8
12.8
12.8
12.8

X=

Ve
Ve
V=
V=
Ve
V=
V=
V=
Va=
V=

Ve

0.23750E-04

8.9592E-01
8.9592E-01
8.9592E~01
8.9581E~01
8.9384E~01
8.6008E-01
7,8835E-01
6.7889E-01
5.31105-01
3.4499E-01
1.2218E-01

V=-1.3379E-0T
Ve-2.0389E-01
V=-2.7593E-01
v=-3.4991E-01
V=-4.2577E-01
V=-5.0351E-01
V=-5.8310E~01
V=-6.6473E-01

V=

-7.1037E-01

V==7.3203E-01
V=-7.3572E~01
V=-7.3577E-01
V=-7.3577E-01
V=-7.3572E-01
v=-7.3182E-01
Vm==5.9581E-01
Vad -6999E-01
V=-3.5124E-01
Ve~2.3953E-01
V=-8,2844E-02

V=

V=
Ve-

V=
V=
v=
Ve
V=
Ve
V=
V=
V=
V=
V=
V=
V=
V=
V=
V=
V=
V=
V=
Ve
V=
V=
v-:
V=

5.7486E-02
1.8146E-01
2.8909E-01
3.8036E-01
4,5528E-01
5.1388E-01
5.5643E-01
5.8423E-01
6.0032E-01
6.0879E-01
6.1296E-01
6.1494E-01
.6.1588E-01
6.1633E-01
6.1656E-01
6.1674E-01
6.1697E-01
6.1740E-01
6.1829E-01
6.2026E-01
6.2412E-01
6.3245E-01
6.5197E-01
7.1032E-01
7.1205E-01
7.1207E-01
7.1207E-01

P=
P=
P=
P=
P=
P
p=

P=
P=
P=
Pe=
pP=

P=

1.99E-11
1.99E~11

2.15E-11

7.94E-11

1.27E09
- 8.76E-08

2.65E-05
3.548-02
2. 76E+02
3.88E+07
8.35E+08
1.94E+10

P=:4,84E+1]1

P

P=
P=
P=
P=

P

P=
P=
P=
P=
P=
P-
P=
P
P=
P=
P=
P=
p=
Px
P=
P=
P=

P=

P=
E-
P=
P=
P=
P=
P=
P=
P=
P=
P=
P=
P=
P=
P
P=
P=
P=

P

1.30E+13
3.77E+14
1.17E+16
3.21E+17
1.87E+18
4.33E+18
4.99E+18
5.00E+18
5.00E+18
4,99E+18
4.29E+18
2.23B+16
1.72E+14
1.75E+12
2.32E+10
5.44E+07
2.39E+05
1.98E+03
3.09E+01

9.07E-01 -

5.01E-02

5.20B-03

1..00E-03
3.42E-04
1.84E-04'
1.32E-04
1.13E-04
1.04E-04
1.01E-04,
9.90E-05
9.80E=05

9.74E-05

9.65E-05
9.49E-05
9.17E-05
8.50E-05
7.32E-05
5.31E-05

2.49E-05-

2.61E-06
2.44E-06
2.44E-06
2.,44E-06

ke TABLE OoF COMPUTED RESULTS .~ *#**

ROW NUMBER

NI=
NI=
NI=
NI=
NI=
NIe=
NI=

NI="

NI=
NI=
NI=
NI=
NI=
NI=
NI=.
NI=
NI=
NI=
NI=

2.44E+03
2.44E+03
2,44E+03
2.44E+03:
2.44E+03
2.44E+03
2:44E+03
2.44E+03
2.44E+03
2.44E+03
6.05E-10
6.05E-10
6.05E-10
6.05E+10
6.05E-10
6.05E-10

6.05E-10.

6.05E-10
6.0SE-10

K=
K=

K=~

K=
K=
K=
K=
K=
K=
K=
K=
K=
K=
K=
K=
K=
K=
K=
K=

1

V=
Vo=
V=
V=
V=
Ve
V=

V'

V=
V=
V=
Ve
Ve
Ve
V=
V=
Ve
V=
V=

Y= 0.00000E+00

8.9592E-01
8.9592E-01
8.9592E~01
8.9592E-01
8.9592E-01
8.9592E-01
8.9592E-01
8,9592E-01"
8.9592E-01
8.9592E-01
8.9395E-01
8.8126E-01
8.6859E-01
8.5593E-01
8.4329E-01
8,3066E-01
8.1805E-01
8.0546E~01
6.4547E-01

P=
P=
P=
P=
P=
P=
P=

P

P=
P
P=
P=
P
P=
P=
P=
P=
P=
Pm

1.99E-11

1.99E-11
1.99E-11
1.99E=11
1.998-11
1.99E-11
1.998-11
1.99E-11
1.99E-11
1.99E~11
2.44E-25
3.98E-25
6.50E-25
1.068-24

1.73E-24-

2.82E-24
4.59E-24
7,46E-24
3.63E-21

N=

N=
< 3.00E+17

,N=‘

N=.
N=
N=
N=
N=
N=
N=
N=

N=

N=
N=
N=
Ne

Ne=

N=
N=
Ne=
N=
N=
N=
N=
N=
N=
N=
Ne=
N=

N=-

N=
N=
n_
N=
N=
N=
Ne=
N=
N=
N=
N=

New

N=
N=
N=
N=
N=
N=
N=
N=
Ne=
N=
N=
N=
N=
N=

N=
N=
N=
N=
Ne=
N=
Ne=
N=
N=
N=
N=.

N=

Ne=
N=
N=
N=
N=
N=
N=

3.00E+17
3.00E+17
2.99E+17
2.77E+17
7.50E+16
4.69E+15
6.80E+13
2:.25E+11

*1.68E+08
1.42B+05°

1.14E+02
1.57E+01
2.01E+00
2.39E-01
2.64E-02

'2.72E-03

2.61E-04
152E-05
2.61E-06
1.13E-06
9.79E-07
9.77E-07
9.77E-07
9.79E-07
1.14E-06
2.19E-04
2.84E-02
2 .80E+00

2.10E+02

8.98E+04

2.04E+07"

2.46E+09
1.58E+11
5.38E+12

9. 75E+13.

9.40E+14

4,87E+15.

1.43E+16
2.66E+16
3.69E+16
4.33E+416
4.68E+16
4.85E+16
4.94E+16
4.98E+16
5.02E+16
5.06E+16

S.14E+16

5.33E+16
5.75E+16
6.67E+16
9.21E+16
1.96E+17
1.87E+18
2.00E+18
2.00E+18
2.00E+18

3.00E+17
3.00E+17
3,00E+17
3.00E+17
3.00E+17
3.00E+17
3.00E+17
3,00E+17
3.00E+17
3.00E+17
1.50E+06
9.19E+05
5.63E+05

3,45E+05

2.12E+05

1.30E+05

7.98E+04
4.90E+04
1.01E402

RHO= 2.74E+05
RHO="4.27E+12
RHO= "7 .63E+13
RHO= .1.36E+15

RHO= 2..32E+16 -
RHO= 2.25E+17:

RHO= 2.95E+17

RHO= 3.00E+17
RHO= 3.00E+17-
RHO= 3.00E+17

RHO= 3.00E+17
RHO= 3.00E+17
RHO=-3.00E+17
RHO= 3.00E+17
RHO= 3.00E+17
RHO= 3.00E+17
RHO= 3.00E+17
RHO= 3.12E+17
RHO=-4,68E+18
RHO=-3.13E+18
RHO=-6..73E+17
RHO=-9.16E+15
RHO=-1.18E+14
RHO=-1.24E+14

RHO==9.69E+15

RHO=-7.08E+17
RHO= 7:23E+16

46

RHO=~ 5.02E+16

RHO= 5.00E+16
RHO= 5,00E+16
RHO= 5.00E+16
RHO= 5.00E+16

RHO=. 5.00E+16

RHO='5.00E+16
RHO= 5.00E+16
RHO= 4.99E+16
RHO= 4.91E+16
RHO= 4.S51E+16
RHO="3.57TE+16

RHO= 2.34E+16 -

RHO= 1.31E+16

RHO= 6.67E+15 ~

RHO= 3.21E#15.
RHO= 1.49E+15
RHO= 6.42E+1%
RHO= 1.85E+14
RHO=-1.57E+14
RHO=-6.03E+14
RHO=-1.44E+15

RHO=-=3.26E+15 ..~

RHO=-7.46E+15
RHO=-1.67E+16
RHO=-4.21E+16

RHO=-1.46E+17 -

RHO=- 1.31E+17

RHO= 1.22E+15",

RHO= 1.10E+13
RHO= -2 46E+05

RHO= 2.74E+05
RHO= 2.74E+0S
RHO="2.74E+05
RHO= 2.74E+0S
RHO= '2.74B+05
RHO= 2.74E+05
RHO= 2.74E+05

RHO= .2.74E+05

RHO="2.74E+05
RHO= 2.74E+05
RHO=-1.50E+06
RHO=-9,19E+05
RHO=-5.63E+05
'RHO=-3.45E+405
RHO=-2.12E#05

RHO=-<1 .30E+05

RHO=~7.98E+04
RHO=-4.90E+04
RHO=~1.01E+02




207

21
22
23
24
25
26
27

28"

29
30
31
32
33

34

X=1:0433E~04
¥=1.0600E~04
¥-1.0767E-04
X=1.0933E-04
X=1.1100E~04

X=1.1267E-04

X=1.1433E-04
X=1.1600E-04
X=1.1767E-04
X=1.1933E-04
X=1.2100E-04

X=1.7075E-04

X=2.2050E-04
X=2,7025E-04
A=3,2000E-04

Y=0.0000E+00
Y=0.3000E-05
Y=0.6000E-05
Y=0.9000E-05
Y=0.1200E-04
Y=0.1500E-04
Y=0.1592E-04
Y=0.1683E-04
¥=0.1775E-04
Y=0.1867E-04
Y=0.1958E-04
¥=0.2050E-04
Y=0,2073E-04
Y=0.2097E-04
Y=0.2120E-04
Y=0.2143E-04;
Y=0.2167E-04
'Y=0.2190E-04.
Y=072213E-04
Y=0.2237E-04

- :
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Y=0.:2428E-04
Y=0:2596E-04
Y=0.2764E-04
.Y=0.2932E~04
Y=0.3100E=-04"
Y=0.3200E-04-
Y=0,3300E-04
¥=0.3400E-04:
. Y=0.3500E-04
Y=0.3652E-04

.4110E-04
~0.4262E-04
Y=0.4414E-04
Y=0.4567E-04.

Y=0.4871E-04 '
Y=0.5024E-04

-Y=0..5329E-04
Y=0.5481E-04
¥=0.5633E-04
Y=0.5786E-04
1Y=0.5938E-04
Y=0.6090E-04.
Y=0.6243E-04"
Y=0.6395E-04
Y=0.6548E-04
¥=0.6700E-04
Y=0 .6837E-04
Y=0. 6975E=04
.7112E-04
. 71250E~04
¥=0.7567E-04
57 'Y=0.7883E-04
58 Y=0.8200E-04

X=0.2375E-04
X=0 :4750E-04
X=0.7125
X=0.9500E04
X=0. 965704
X=0.9813E-04
X=0.9970E~-04
X=0.9983E~04
| X<0.. 9996F-04
X=0.-1001E-03
X=0..1002E-03
X=0:1003E-03

VRNV B WRE

Y=0.2260E-04

" Y=0.3805E~04
Y=0.3957E-04' -

Y=0.4719E-04"

Y=0.5176E-04 - -

0000E+00

HX=1.6667E-06
HX~] . 6667E-06
HX=1.6667E-06. 1
HX=1.6667E-06
HX=1.6667E-06
HX=1,6667E-06
HX~=1.6667E-06
HX=1,6667E-06
HX=16667E-06
HX=1.6667E-06

‘HX=1.6667E-06

HX=4 ,9750E-05
HX~4 .9750E-05
HX=4.9750E~05
HX=4 .9750E~05

HY=0.3000E-05
HY=0.3000E-05
HY=0". 3000E-05
HY=0.3000E-05
HY=0.3000E-05
HY=0.3000E-05
HY=0.9167E-06
HY=0.9167E-06
HY=0.9167E-06

HY=0.9167E-06

HY=0.9167E-06
HY=0.9167E-06
HY=0.2333E-06
* HY=0.2333E-06
HY=0.2333E-06

. HY=0.2333E-06 °

HY=0,2333E-06

-HY=0.2333E-06-

HY=0.,2333E-06

- HY=0.2333E-06

HY=0-. 2333E-06
HY=0.1680E-05
HY=0.1680E-05
HY=0.1680E-05
HY=0".1680E-05
HY=0,1680E-05
" HY=0.1000E-05
‘'HY=0.1000E-05
HY=0.1000E-05
‘HY=0.1000E-05
HY=0.1524E-05
HY=0.1524E-05
HY=0.1524E-05

HY=0.1524E-05

HY=0.1524E=05
HY=0.1524E-05
HY=0.1524E-05

“HY=0.1524E-05

‘HY=0.1524E~05
- HY=0.1524E-05
HY=0.1524E~05

HY=0 . 1524E~05 .

HY=0.1524E-05
HY=0", 1524E%05

. HY=0,1524E-05

HY=0.1524E-05

HY=0.1524E-05 .

HY=0.1524E-05
HY=0'. 1524E-05

. HY=0.1524E-05

HY=0.1524E~05
HY=0.,1375E-05

HY=0.1375E-05
HY=(1375E-05
HY=0". 3167E=05

HY=0.3167E=05"
HY=0.3167E=05

“HX=0.2375E-04
HX=0.2375E-04
H

HX=0.1567E-05
HX=0.1567E-05
HX=0.1567E-05
‘HX=0 .1300E=06
HX=0.1300E-06
HX=0.1300E~06
{HX=0;1300E-06

HX=0.:1300E<06
HX=0.1300E-06 .

HX=0.1300E~06

. HX=0.1300E-06

0.1300E-06

47,

0..00E+00 NI=-

HX=0.2375E-04"
HX=0-'2375E-04 -
HX=0.2375E~04 °

DOP=0.0000E+00

G=0.0000E+00_

-1287E-19

0.1000E-14

DOP= 6.05E-10 K= . 1.0 V= 4.8881E-01 P= 1.55E-18 N= 2.36E-01 RHO=-2,36E-01
DOP= 0.00E+00 NI~ 6.05E~10 K=: 1.0 V= 3.3638E~0] P= 5.61E-16 N= 6.52E~04 RHO=-6.52E-04
DOP= 0.00E+00 NI= 6.05E-10 K= 1,0 V= 1.8887E~01 P= 1.68E-13 N= 2.17E-06 RHO~~2.17E-06
‘DOP= 0.00E+00 NI= 6.0SE-10 K= 1.0 V= 4.6621E-02 P= 4.12F-11 N~ 8.88E-~09 RHO=--8.B4E-09
DOP='0.00E+00 NI= 6.0SE~10 K= 1.0 V=-9.0412E-02 P= 8.24E-09 N= 4.44E-11 RHO= 8.19E-09
DOP= 0.00E+00 NI= 6.05E-10 K= 1.0 V=-2,2259E-01 P= 1.37E-06 N= 2.68E~13 RHO= 1.37E-06
DOP= 0.00E+00 NI= 6.05E-10 K= 1.0 V==3.5056E~01 P= 1.92E-04 N='1,90E-15 RHO= 1.92E-04
DOP= 0.00E+00 NI= 6:0SE-10 K= 1.0 V=-4.7517E=01 P="2.38E-02 N='1.54E-17 RHO= 2.38E-02
DOP="0.00E+00 NI~ 6.05E=10 K= 1.0 V=-5.9739E-01 P= 2.68E+00 N= 1.36E-19 RHO= 2.68E+00
DOP= 0.00E+00 NI~ 6.05E-10 K= 1.0 V=-7,1832E-01 P= 2.88E+02 N=:1.27E-21- RHO= 2.88E+02
DOP=-5.00E+18 NI= 2.21E+06 K= 12,8 V=-7,3577E-01 P= 5.00E+18 N= 9.77E-07 RHO=-1.84E+06
DOP=~5.00E+18 NI= 2.21FE+06 K= 12.8 V==7.3577E-01 P= 5.00E+18 N= 9.77E-07 RHO=-1.84E+06 -
DOP=~5.00E+18 NI= 2.21E+06 K= 12,8 V~-7,3577E~01 P= 5.00E+18 N= 9.,77E-07 RHO=-1.84E+06
DOP=-5,00E+18 NI= 2.21E+06 K= 12.8 V=-7.3577E-01 P= 5.00E+18 N= 9.77E-07 RHO=-1.84E+06
DOP=-5.00E+18 NI= 2.21E+06 K= 12.8 V=-7.3577E-01 P= 5.00E+18 N= 9.77E~07 RHO=-1.84E+06
*#* GENERATION<RECOMBINATION RATE *¥*
X-MESH LINE NUMBER 3 X=0.475000E-04
DOP=0..3000E+18 G=0:0000E+00. R=-.2905E~14 TAUN=. ' 0.1000E~08 TAUP= '0.1000E-08
- DOP=0.3000E+18 G=0.0000E+00 R=0.7979E~11 TAUN= 0.1000E-08 TAUP= 0.1000E-08
DOP=0.3000E+18 . G=0.0000E+00 R-<0.1187E~10  TAUN= _ 0.1000E-08" TAUP= 0.1000E=08
DOP=0.3000E+18 . G=0.0000E+00 ~R=0.1576E-10 TAUN= 0.1000E-08 TAUP= 0.1000E-08
- DOP=0.3000E+18 - G=0.0000E+00 'R=0.2089E-10 TAUN= ~  0.1000E-08 TAUP= 0.1000E-08
DOP=0.3000E+18 G=0.0000E+00 R=0.8527E-10 TAUN= 0.1000E-08 TAUP= 0.1000E-08
"'DOP=0.3000E+18 G=0.0000E+00 R=0.1366E-08 TAUN= 0.1000E-08  TAUP= 0.1000E-08
DOP=0.3000E+18 G=0.0000E+00 R=0.9403E-07 ~TAUN= 0.1000E-08 _ TAUP= 0.1000E-08
_DOP=(:, 3000E+18 * G=0.0000E+00 R=0.2850E~04 . TAUN~ 0.1000E-08 TAUP= 0.1000E~08
DOP=0.3000E+18 = G=0.0000E+00 R=0.3801E-01 TAUN= 0.1000E-08 - TAUP= : 0.1000E-08
- DOP=0.3000E+18 G=0.0000E+00 R=0.4582E+03 - TAUN=" 0.1000E-08' TAUP=. 0.1000E-08
DOP=0-,3000E+18" . G=0.0000E+00 R=0.1224E+03 TAUN= 0.1000E~08 TAUP= 0.1000E-08
DOP=0,.3000E+18 G=0.0000E+00- R=0.1689E+02 TAUN= 0.1000E-08 * TAUP= 0.1000E~08
©3000E+18 G=0.0000E+00 R=0.2160E+01 TAUN= . . 0.1000E-08 TAUP= 0,1000E-08
DOP=0.3000E+18  G=0.0000E+00 'R=0.2568E+00 TAUN= . ~ 0.1000E-08 TAUP= 0.1000E-08
DOP=0',3000E+18. 'G=0.0000E+00 - R=0.2840E-01 TAUN= 0.1000E-08 TAUP= 0.1000E-08
' DOP=0.3000E+18  G=0.0000E+00 R=0.2024E-02 TAUN= . 0.1000E-08 © TAUP= 0.1000E-08
-DOP=0.3000E+18 - . G=0.0000E+00- R=0.2811E-03 - TAUN= . . - 0.1000E=08 TAUP= 0.1000E-08
" DOP=-,5000E+19. G=0.0D00E+00" R=0.1741E-04 'TAUN= . - 0.1000E-08 TAUP= 0.1000E~08
DOP=~",5000E+19 - G=0.0000E+00 . R=0.3849E-05" TAUN= 0.1000E~08 = TAUP=~ 0.1000E-08
DOP==.500QE+19 . G=0.0000E+00" 'R=0.2257E-05 TAUN= 0.1000E-08 TAUP=" 0.1000E-08
DOP<~.5000E+19" G=0.0000E+00 R=0.2059E-05 TAUN= 0.1000E-08 - TAUP= 0.1000E-08
DOP=-.5000E+19 G=0.0000E+00 R=0.2013E-05 TAUN= . 0.1000E-08 " TAUP= 0.1000E-08
DOP=-.5000E+19 G=0.0000E+00- R=0.1970E-05 TAUN= - 0.1000E-08  TAUP= 0.1000E-08"
DOP==,5000E+19  G=0.0000E+00 R=0.1924E~05 ~TAUN= 0. 1000E-08 TAUP= :  0.1000E-08
DOB=-.5000E+19 G=0.0000E+00 R=0.2032E-05 TAUN= . 0.1000E-08: ~ TAUP= 0.1000E-08
DOP=0.5000E+17 G=0.0000E+00 ‘R=0.2108E-03 TAUN= 0.1000E-08 " TAUP= "~ - 0.1000E-08
DOP=0.5000E+17- G=0.0000E+00 R=0.2720E-01 - TAUN= 0.1000E-08 . TAUP= 0.1000E-08
DOP=0,5000E+17 " G=0.0000E+00 - R=0.2682E+01 . TAUN= 0.1000F-08 TAUP= 0.1000E-08
DOP=0.S000E+17 . ‘G=0.0000E+00 R=0.2014E+03 . TAUN= _ 0.1000E-08 TAUP=  0.1000E-08
DOP=0..5000E+17 G=0.0000E+00 R=0.7951E+05  TAUN= 0.1000E-08 TAUP= .0.1000E-08
DOP=0.5000E+17 = G=0.0000E+00  R=0.1869E+06. TAUN=" ' 0.1000E~08 TAUP= 0.1000E-08
DOP=0:5000E+17 * 'G=0.0000E+00* R=0.1898E+04 - TAUN= . .- 0.1000E~08 . TAUP= '0.1000E-08
DOP=0.5000E+17 G=0.0000E+00 , R=0.2964E+02 ‘TAUN= " . 0.1000E-08 -TAUP= 0.1000E-08 .
DOP=0.5000E+17 G=0.0Q00E+00 R&0.8695E+00 TAUN= 0.1000E-08 TAUP=" 0.1000E~08
DOP=0.5000E+17 " G=0.0000E+00 'R=0.4801E-01 - TAUN= 0.1000E-08  TAUP= 0.1000E~08
" .DOP=0.5000E+17_ G=0.0000E+00. R=0.4982E-02 - TAUN= 0.1000E-08 TAUP= 0.1000E-08
DOP=0.5000E+17 G=0.0000E+00 . :R=0.9620E<03 ‘TAUN= _ - 0.1000E<08 TAUP= - 0.1000E-08
DOP=0,5000E+17 .. G=0.0000E+00. R=0.3289E-03 .TAUN=" 0,1000E-08 -TAUP= '0.1000E-08
DOP=0.5000E+17  G=0.0000E+00 R=0.1767E-03 TAUN= 0.1000E-08 TAUP= -~ - 0.1000E-08
DOP=0:5000E+17 G=0.0000E+00 R=~0.1275E-03 TAUN= 0.1000E-08. " TAUP= .0.1000E~08
DOP=0.5000E+17 ' G=0.0000E+00 R=0.1087E-03 - TAUN= 0.1000E-08' TAUP~ 0.1000E-08
DOP=0.5000E+17 G=0.0000E+00 R=0.1007E-03 ~TAUN= 0.1000E-08" TAUP= ':0.1000E-08
/DOP=0.5000E+17 G=0.0000E+00 R=0.9722E-04 . TAUN= ‘' ' 0.1000E-08‘ TAUP= 0.1000E-08
DOP=0.5000E+17 . G=0.0000E+00 - R=0.9560E-04 . TAUN=~ 0-.1000E-08 TAUP= 0.1000E-08
_DOP=0.5000E+17 G=0.0000E+00 - R=0.3476E-04 TAUN= 0.1000E~08 TAUP= 0.1000E-08
DOP=0.5000E+17 . G=0.0000E+00 R=0.9413E-04 'TAUN= ' 0.1000E-08 TAUP= - 0.1000E-08
'DOP=0.5000E+17 =0.0000E+00 R=0.9329E-04 TAUN= 0.1000E-08 - TAUP= 0.1000E-08
DOP=0.5000E+17 G=0.0000E+00 R=0.9174E-04  TAUN= 0.1000E~08. TAUP= ~ ~0.1000E-08
DOP=0.5000E+17 G=0.0000E+00 R=0.8855E-04 TAUN= 0.1000E-08" TAUP= 0.1000E-08
DOP=0.5000E+17 G=0.0000E+00 R=0.8201E~04 TAUN= _  0.1000E-08 TAUP= 0.1000E-08
DOP=0.5000E+17 G=0.0000E+00 R—0.7055E-04 "TAUN= . 0.1000E-08. -TAUP= 0.1000E-08
DOP=0.5000E+17 G~0.0000E+00 R=0.5108E=04 < ‘TAUN= 0.1000E~08 TAUP= 0. 1000E-08;-
DOP=0",5000E+17 “G=0.0000E+00 : R=0.2400E-04 TAUN= 0.1000E-08 . TAUP= ~ 0. 1000E-08
DOP=0/2000E+19 G=0.0000E+00 .R=0.2652E-(5. TAUN= 0.1000E-08 .TAUP= '0.7000E-08
DOP=0.2000E+19 . :G=0.0000E+00 R=0.1662E-05  TAUN= - 0.1000E-08. TAUP= " 0.1000E-08
DOP=(.2000E+19 ' G=0.0000E+00. - - TAUN= 0.1000E-08 . TAyP= 0.1000E~08
DOP=0.2000E+19 G=0.0000E+00-- . TAUN= . 0.I000E-08 ' TAUP= 0.1000E-08
#*+% GENERATION-RECOMEINATION RATE **x*
. Y-MESH LINE NUMBER 1 Y=0.000000E+00
DOP=0,3000E+18 G=0..0000E+00 ~R=-.2905E-14 . TAUN= 0.1000E-08 TAUP= -0 1000E-08
DOP=0.3000E+18 G=0.0000E+00 R==,2905E-14 \ 0.1000E~08.- TAUP= 0.1000E-08
DOP=0.,3000E+)8 . G=0.0000E+00 R=-.2905E~14- TAUN= 0.1000E-08 TAUP= 0.1000E-08
DOP=0.3000E+18 G=0,0000E+00 - R=-.2905E~14 . TAUN=. "0.1000E-08 0.1000E-08
DOP=0:;3000E+18 > G=0.0000E+00 R=-.2905E-14 ~TAUN= 0..1000E-08"" P 0.1000E-08"
DOP=0,.3000E+18 G=0.0000E+00 R=+.2905E~14 - TAUN= 0. 1000E-08 . TAUP= 0.1000E-08
DOP=0..3000E+18 G=0.0000E+00° R=~.2905E~14 TAUN= 0.1000E-08 TAUP= . 0.1000E-08
DOP=( ;3000E+18 - G=0.0000E+00: "Rw~,2905E-14, " TAUN= 0.1000E-08 TAUP= 0.1000E-08
- DOP=0.3000E+18 §=0.0000E+00 - R=-.1434E<09. ~TAUN= 0.2000E-13 ~TAUP=. 0.2000E-13
DOP=0.3000E+18 ‘G=0.0000E+00 'R=~.1434E-09 TAUN= . ° 0.2000E<13 TAUP= 0.20008~13
DOP=0.0000E+00; G=0.0000E+00 R=-.2097E-21" TAUN=. -- <.0,1000E-14 .~ TAUP= 0.1000E-14
DOP=(,0000E+00 "~ G=0.0000E+00" Rw-.6740E-21 TAUN=. 0.1000E-14 . TAUP= 0.1000E-14
DOP=0.0000E+00 G=0.0000E+00 R=-;1100E-20 TAUN= :0.1000E-14 TAUP= - 0.1000E-14
DOP=0.0000E+00 - G=0.0000E+00 R=-.2112E-20 ' TAUN= 0.1000E-14 'TAUP= 0.1000E-14
DOP=0.0000E+00 . G=0.0000E+00  R=~.3605E-20 . TAUN= 0.1000E-14 TAUP= 0.1000E-14
DOP=0.0000E+00 G=0.0000E+00 R=-.7349E-20" TAUN= [0.1000E-14 TAUP= 0.1000E-14
R=- TAUP=

0.1000E-14




18
19
20
<21
.22

. 237

. 24
25
26
27
28
29
30

.31
32

33

34

‘DATE:

X=0.1010E-03
X=0.1027E-03

X=0.1043E-03"

X=0.1060E-03
X=0.1077E-03
X=0.1093E~03
X=0.1110E-03
X=0.1127E-03
¥=0.1143E-03
X=0.1160E-03
%=0,1177E-03
%=0.1193E=03
¥=0.1210E-03
X=0.1707E-03
X=0.2205E-03
X=0.2702E-03
X=0.3200E-03

HX=0.1300E-06
HX=0.1667E-05
HX=0.1667E-05

HX=0.1667E-05 -

HX=0.1667E-05
HX=0.1667E-05
HX=0.1667E-05
. HX=0.1667E~05
HX~0.1667E-05
HX=0.1667E-05
HX=0.1667E-05
HX=0.1667E~-05
HX=0.1667E-05
HX=0.4975E-04
HX=0.4975E~04
HX=0",4975E-04
HX=0.4975E-04

DOP=0.0000E+00
DOP=0.0000E+00
DOP=0.0000E+00

'DOP=0.0000E+00

DOP=0.0000E+00
DOP=0.0000E+00

*.DOP=0 . D000E+00

DOP=0.0000E+00

. DOP=0.0000E+00

DOP=0 . 0000E+00
DOP=0 . 0000E+00
DOP=0 . 0000E+00
DOP=-.5000E+19
DOP=-~.5000E+19
DOP=-,5000E+19
DOP=-.5000E+19
DOP=~.5000E+19

G=0..0000E+D0"
G=0 . 0000E+00,
G=0.0000E+00,
G0 . 0000E+00
G=0.0000E+00
G=0 . 0000E+00
G=0.0000E+00
G=0..0000E+00
G=0:0000E+00

* G=0.0000E+00

G=0.0000E+00
G=0.0000E+00
Ge=0.0000E+00

G0 .0000E+00. -

G=0.0000E+00
G=0.0000E+00

- G=0.0000E+00

‘R=-.1082E-19
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TAUN= .0.1000E=14 TAUP= :  0.1000E-14

Re==.4340E-17 . TAUN= ..0.1000E-14 - TAUF= - 0.1000E-14
‘R=-.1636E-14 TAUN= 0.1000E~14 TAUP= 0.1000E-14 -
‘Rm-.5304E-12 TAUN= -0.1000E-14" TAUP= 0.1000E~14
R=—.1385E-09 TAUN=_ - ~ 0:1000E-14 TAUP= = 0.1000E-14
R=0.6822E-07 . TAUN= 0.1000E-14  TAUP= 0.1000E-14
‘R=0.1709E-06 TAUN= 0.1000E-14 TAUP=~ 0.1000E-14
- R=0,2504E-10 . TAUN= 0.1000E-14° TAUP=, . 0.1000E-14--
R=0.1423E-12 TAUN= 0.1000E-14 TAUP= 0.1000E-14
R=0.1582E~14 TAUN= 0. 1000E-14' “TAUP=- - 0.1000E-14
R=0.1658E-16" TAUN= 0.1000E-14 TAUP= . .0.1000E-14
R=-.5348E-18 TAUNZ 0..1000E~14 TAUP=" " 0.1000E-14
" R=-.1388E-04 TAUN= 0.1000E-14" TAUP= 0.1000E-14" -
R=-.1388E-04 ~TAUN= -© 0.1000E-14 TAUP=- -~0.1000E-14
R=—.1388E-04 - TAUN="". . 0,1000E-14 TAUP= 0:1000E-14
R=-.1388E~04 TAUN= - 0.1000E-14 TAUP="  .0.1000E-14
“TAUN= TAUP=

R=-.1388E-04 0.1000BE-14 0.1000E-14

KA KR KARRAAKRKAKKR AR AAKARKNARRRANKKAKKRRRA RN AKXAAA X% PROBLEM SUMMARYXAX AR K KX KA K KR AR K AR KK KA K KR AN R AKX KRKR KKK AXARA KX RXN RN

TIME{

- PROBLEM TITLE: ~ EX 4B: HBT WITH SURFACE RECOMBINATION

" KT/Q= 2.58641 2 ' NI(GAAS)= 2».21001E+06 TEMP= -300.150° KELVIN

vDABVICE WIDTH= 3.20000E+00 Dlj]VICEvTHICKNESS- 8.20000E-01

'BULK DOPING DENSITY = 0.000E+00 PER M3

MAXTHUM
* MAXTMUM
MAXIMUM
© MAXIMUM
MAXTMUM
MAXTMUM
MAXIMUM

MAXIMUM

CHANGE : IN
CHANGE
CHANGE
CHANGE' |
CHANGE T
CHANGE
CHANGE

CHANGE

POTENTIAL EETW_EEN NODES IN THE‘X—DIRECTION':‘ 10.32927 (IN UNITS OF_KT/Q) AT GRIDLINE 18 v

RECOMBINATION RATE BETWEEN NODES IN THE X~-DIRECTION:

‘POTENTiAL BETWEEN NODES.IN THE Y-DIRECTION:

9.89690 (IN.UNITS OF KT/Q) AT GRIDLINE 11

0.27136E+09 (IN UNITS OF CM**-3/S) AT GRIDLINE 8

RECOMBINATION RATE BETWEEN NODES IN THE Y-DIRECTION:  0.27133E+09 (IN UNITS'OF CM**-3/S) AT GRIDLINE 10

E-FIELD BETWEEN NQD}I':‘.Sv IN THE X-DIRECTION:

E-FIELD BETWEEN NODES IN THE Y-DIRECTION:

34 NODES "IN X-DIRECTION

RELAXATION FACTOR=
MAXIMUM ALLOWED CHANGE IN V= 0

1.500

NUMBER OF ExPoNENTIAL'ﬁNDERFnows:

CHARGE, DENSITY BETWEEN NODES IN THE ‘X=DIRECTION:

CHARGE DENSITY BETWEEN NODES IN THE Y-DIRECTION:

58 NODES IN Y-DIRECTION -

. 100E-02

- 0.1926SE+07 (IN UNITS .OF. VOLTS/CM) AT GRIbLINE 18,

0.39826E+06 (IN UNITS OF VOLTS/CM) AT GRIDLINE 11

0.13818E+00 (IN UNITS OF COUL/CM**3) AT GRIDLINE 11

0.79961E+00 (IN UNITS OF COUL/CM**3) AT GRIDLINE 18

AR RA KRR RRRRKRKKRA KR AR KA KRR KRR AR AR K AR IR AR AR KRN KR KRR KRR KRR IR A IR AN RN R AR AR R RRR KRR AR AR R KK KRR KRR R R R KRR AR AR RN KRRk



Nonequilibrium Results:

KxAR XK K* DUPHS2D AA*A*nan

VCE = 2.000

COLLECTOR CURRENT

BASE CURRENT

" EMITTER CURRENT

VBE BETA
(VOLTS) (AMPS/CM) (AMPS/CM) (AMPS/CM)
0.70000 0:18434E-09 0.90889E~-08 0.90983E=08 0.02
0.75000 . 0.37052E-09 0.29422E-07 . 0.29525E-07 - 0.01
0.80000 0.88739E-09 0.85221E-~07 . 0.85949E-07 0.01
0.85000 0.52738E-08 0.24639E-06 0.25147E-06 .0.02
0.90000 0.35323E-07 0.74432E-06 0.77940E-06 0.05
0.95000 0.24239E-06 0.23346E-05 0.25766E-05 0.10
1.00000 " 0.16697E-05 0.77086E-05 0.93780E-05 0.22 -
1.05000 . 0.11513E-04 0.26226E-04 0.37738E-04 | 0.44
1.10000 " 0.79350E-04 0.91978E-04 0.17133E-03 0.86
1.15000 0.54611E-03 0.33466E-03. 0.88076E~03 1.63
1.20000 *0.37383E-02 © 0.12595E-02 0.49978E-02 2.97
1.25000 0.25039E-01 0.48974E-02 0.29937E~01 5.11
1.30000 0.15355E+00 . 0.18580E~01 0.17213E+00 8.26
. 1.35000 - 0.72089E+00 0.58403E-01 0.77929E+00" . 12.34
..1.40000 0.21987E+01 0.13201E+00 0.23307E+01 16.66
1.45000 0.46286E+01 - 0.22731E+00 0.48559E+01 20.36
.50000 +01 © 0.33208E+00 23.33

o1

0.77480E

*. CURRENT CONSERVATION INFORMATION: *

0.80801E+01

VCE =  2.000
VBE . RESIDUAL
(VOLTS) ~ (aMPS/CM)
0.70000 0.17494E-09
075000 0.26784E~09
.0.80000 0.15931E-09
0.85000 0.19911E-09
-0.90000 0.24483E-09
0.95000 0.37471E-09
1.00000 0.30245E-09
1.05000 0.26396E-09
1.10000 0.258478-09
-1.15000 - 0.22882E-09
1.20000 0.29835E-09
<. 1.25000 0.27346E-09
.1.30000 0.27470E-09
1.35000 . 0.26010E-09
£1.40000 0.34132E-09
1.45000 - 0.29303E-09
1.50000 0.37301E-09
S AxkEREAK PUPHSOD A* Ak AA A
VCE = 2.000
VBE, ©OFT GM | RPI” RO . CPIV " cMu L
(VOLTS) (GH2) (MHOS) - .. (OHMS) (OHMS). (FARADS/CM) © (FARADS/CM)
0.70000 0.000000 0.4764E-07 0.4165E+07 ~0.2081E+08 0.3211E-10 0.1226E-10
0.75000  0.000000 .0.1139E-07 0.1464E+07 ~0.1175E+09 0.3191E-10 0.1238E-10
0.80000  0.000000 .0.423SE-07. 0.5322E+06 ~0.6926E+08 0.3163E~10 0.1250E-10
0.85000 -0.000001" 0.2469E-06 0.1766E+06 ~0.4206E+08 0,3134E=10" 0.1263E-10
0.90000° -0.000005 0.1469E~05 0.564SE+05 0.4761E+08 0.3113E-10 0.1276E-10 "
0.95000. =0.000037 0.1031E-04" 0.1723E+05 -0.7968E+09 0.3108E=10 .0.1289E-10
. 1.00000 -0.000255 0.7112E~04 0.5017E+04 0.5605E+08 '0.3135E-10 0.1303E-10
- 1.05000 -~0.001719" 0.4904E-03 0:1448E+04 "0.1109E+08 0.3224E-10 0.1317E-10
1.10000 =0.011250 --0.3378E-02 (.3988E+03 0.1731E+07 -0.3447E-10 0.1332E-10
1.15000. -0.069464 0.2321E-01 0.1070E+03 -0.2362E+06 - 0.3971E<10 . 0.1347E-10
1,20000 -0.388463 0.1579E+00 0.2751E+02 0.3419E+05 .0.5108E-10- 0.1363E-10 -
©1.25000 ~1.909215 - 0.1031E+01 0.7003E+01 0.5170E+04 ° 0.7217E-10 - 0.1380E~10
©1.30000 -7.610016 0.5710E+01  0.1993E+01 0.9197E+03. 0.1054E-09 0.1398E-10
1.35000 ~19.618308 0,2030E+02 0.8426E+00" '0.2501E+03 -0.1505E~09 0.1420E-10
- 1.40000° 31.413469 ~0.4076E+02 . 0.5675E+00 0.1152E+03 0.1920E-09 0.1449E-10
©-1.45000 38.931693 0.5708E+02 0.4907E+00 0.7311E+02 0.2184E-09 0.1488E-10

1.50000 - 437465124

:  **ANOTE#* “IF FT
'INCREMENTAL CHARGE

0.6808E+02

- IS NEGATIVE,

0.4659E+00 .

0.5346E+02

THERE WAS GREATER THAN

" TEMPERATURE: 27.00 DEG C

0.2339E-09

0.1537E-~10%

A10% DIFEERENCE BETWEEN THE FT COMPUTED BY HdLE AND ELECTRON
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KREREKKRRRRK K AR XKRRX5% PUPHS2D EXECUTION SUMMARY XR®RAkskkkkxxxxxucknxxts

DEVICE DIMENSIONS: :
X DIRECTION 0.3200E+01 MICRONS, 34 MESH LINES
Y DIRECTION ‘0.8200E+00 MICRONS, 58 MESH LINES
TEMPERATURE: 27.00° DEG C
‘AN = 0.2100E-28 CM6/SEC AP = 0.00D0E+00 CM6/SEC
AQ = 0.2000E-09 CM3/SEC
‘BANDGAP NARROWING SUPPRESSED
NO OPTICAL GENERATION

NORMALIZATION FACTORS:

VNOR=  0.258641E-01 XNOR= 0:288251E+00
- CARNOR=-0.221001E+07 GRNOR= 0.265981E+08

TIMNOR=0.830889E-01 - CURNOR=0.122832E-11
INITIAL GUESS READ FROM RUN: S0

EQUILIBRIUM RUN: To : . .
RESULTS: . - .

LINPACK EXECUTION TIME ~ 0.0 CYBER205 SEC

TOTAL. EXECUTION: TIME 0.0 CYBER205 SEC

AR RKRA AR KKK AR KA AR K RAA R AR KK KK AR A AR R AR RRAE KR KRR RE R AR KRR AR AR R R AR KRR R KR K AX AR KK

AxAXKRXRAX DUPHS2D **AX%*xA*%
RUN: 0

DEVICE DIMENSIONS: . .
X DIRECTION 0.3200E+01 MICRONS, 34 MESH LINES
Y DIRECTION-0.8200E+00 MICRONS, 58 MESH LINES

0000000000000000000000000000000000
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP
PPPPPPPPPPPPPPPPPPPPPPPPPPPPPEPEPP
PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP
.PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP
PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP
PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP
PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP
PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP
NNNNNNNNNNIIIIIIIIIIIIIIIIIIIPPPPP
NNNNNNNNNNIIIIITIIIIIIIIZIIIIIPPPPP
NNNNNNNNNNIIIIIIIIIIIIIIIIIIIPPPPP
NNNNNNNNNNIIIIIIIIIIIITIIIIIIPPPPP
NNNNNNNNNNIIIIIIIIIIIIIIIIIIIPPPPP
NNNNNNNNNNIIIIIIITIIIIIIIIIIIIPPPPP
NNNNNNNNNNIIIIIIIITIZIIIITIIIPPPPP
NNNNNNNNNNIIIIIITIIIIIIIIIIIIPPPPP
NNNNNNNNNNIIIIIITIIIIIIIIIIIIPPPPP
NNNNNNNNNNIIIIIIIIIIIIIIIIIIIPPPPP
NNNNNNNNNNIIIIITITIIIIIIIIIIIIPPPPP
NNNNNNNNNNIIITIIIIIIIIIIIIIXIIPPPPP
NNNNNNNNNNIIIITIIIIIIIIIIIIIIPPPPP
"NNNNNNNNNNIIIIIITIIIIIIXIIIIIIPPPPP
NNNNNNNNNNIIIIIIIIIIIIIIIIIIIPPPPP
NNNNNNNNNNITIIIIIIIIIIIIIIIIIPPPPP
NNNNNNNNNNIIIIIIIIIIIIIXIIIIIIPPPPP
0000000000ITITIIITITIIIITIIIIIIO0000

*xxxxxxxx%x0000000000000000000**** =

50



51

20V, Vgg=15V:

i Gra‘phic‘al output for Vcg

DQpirig Density B
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o " Electrlc Field Magnimde '
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" Hole Concentration
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APPENDIX D DATA RETRIEVAL PROGRAM

The data retr1eva1 program (RETRIEVE) for use. w1th PUPHSZD has one card

BIAS, whose format is similar to those in the main program. . In addition, the

~ user must also indicate the data desired.- To spec1fy the data, the user 51mply_r.?f:. e
“places the name of the data type in column one. For each data type a smgle”-
column output file will be produced.. The posmonal information is always]

dumped in f11es x.dat and y.dat . ThlS format is shown in the _defau_lt input - |
deck. - . ' e S
The data name keys and correspondmg output flles are:

"1y vdopi.ng: S ,d.OPing ,concentration :LdOP-dﬂit

. 2) potent:-. “electrostatic potential:: v.dat
3) efield: .~ electric field magnitude : e.dat
4) electrons: ~ electron: ,éoncent‘r_ation ndat.
'5) holes: hole concentration : p.dat o
- 6) exholes: - excess hole: concentratlon xp.dat o
~ 7) exelectrons “excess electron concentratlon xn. dut
- 78) .recomb.‘ -recombmatlon rate : rec. dut_
- 9)rho: = . . »_.charge density : rho.dat . e
10) nicafr: o mtrmsu: carrier concentratlon nz dut .
" 11) nfermi: ' electron fermi level : nf.dat |
- 12) pfermi: - hole fermi level : pf.dat -
13) ncurrent: . electron current magmtude jn. dut B
14) pcurrent: hole current magmtude jp-dat -
15) nvelo: : electron velocity : vn.dat. _
16) delay: - transit time per sq. cm: tau. dat
17) iv. . terminal currents: iv. dat =
o 18)freq . cutoff frequency: f.dat -

Default values aré: .doping, potent,yele'ctrOns, holes

The last three data types are only available for blpolar tran51stor runs, and

data types delay and freq require a quasi-static analysis to have been

performed. The data types iv and freq, are external (terminal) characteristics.

~ These data files have a different format since they do not produce 3-D plots.

. The file iv.dat is a five column file containing the applied voltage, log(]c)
log(g), B and Jc, respectively. The file f dat is a five column file contammg
the applied voltage, f, total capacitance, g,,, and ]C :
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BIAS

The BIAS card is used to specify the bias point for wh1ch data 1s de51red

v ‘The BIAS key i is:

BIAS

TAG

The applied bias at which data are desired.
Default value: BIAS=1.0 |

A character variable used to name the input data file. The input file is.
assumed to be named p2d.dmp_TAG. If quasi-static analysis results of

- a bipolar transistor are requested an 1nput file named pZd fdmp TAG

- will also be assumed.

Default value: TAG=xxx -



' APPENDIXE: DEFAULT INPUT DECK FOR RETRIEVE

The default input deck for RETRIEVE is listed below.

*itle default input deck

bias - bias=1.0 tagf—-XXX !
~ doping B
potent

electrons .

‘holes
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APPENDIX F PUPHSZD INSTALLATION NOTES

PUPHSZD was ertten in standard FORTRAN 77 and it is conflgured '
to run under the UNIX operating system. A CYBER 205 version is also
‘available. - At Purdue PUPHS2D runs.on a Gould NP-1, a computer with
~double precision wordlength of 64 bits and capable of manipulating numbers
“on the order of 10t74. A CYBER 205 is also used with a highly vectorized
version. of the LINPACK matrix solver routines. The CYBER is capable of
handling numbers greater than 10200
- PUPHS2D uses the IMSL math library, vers1on 10. O or newer. In
- addition several LINPACK matrix solving routines are used, however the
source code for these routines is included. Several files are needed to install
PUPHSZD on your machlne The files needed and a brlef descrlptlon follow.:

.pupthd f o Ma1n program» |

basis.f : - . Equilibrium solver and mater1a1 parameters
- .. . subroutines. - . » ‘
options.f. : = - - - Control subroutlnes for the d1fferent analys1s types
' ' and noge_qulllbrlum parameter subroutines.
solverf : Nonequilibrium solution routines.
input.f : Input deck interpretation subroutines.
linpackf : ~  Matrix factoring and inversion routines.
- vector.f . Vectorize'd versions of some'routines_. ’

- The f1rst six of these f11es are necessary Vector f is for use on machlnes that
_ allow vector ‘processing of information. Due to the computatlonal intensity
of PUPHS2D, it is suggested that a vector-capable machine be used if possible.
If a vector processor is not available, simply omit vector.f, the subroutines:
“therein will be found in the IMSL library as they have been given the same
“names and argument lists as comparable scalar IMSL routines. In addition,
lines of vector code in some of the transient routines must be modified.
These are. simple array equivalences and are marked with the following
comment line: -

¢ vvv.vector code Vv

There is at least one machinefdeﬁendent functien, REXP. REXP is used to
- prevent underflow of exponentials.  When exp(x) underflows, 0.0 is returned .



69

- and the underflow counter is 1ncremented The value of xmm, the most
,. negatlve argument permltted by the exponentral is machlne—dependent

For runs in. wh1ch photogeneratlon of carrlers is. desrred four

e ‘addltlonal flles are requlred

' fa"bsorpt.v :'} : > | ,GaAs—AlGaAs absorptlon coeff1c1ent data f11e.

i . am0p0. : fSpectrum data file for air mass 0.0 generatlon. ‘
. amlp0 S Spectrum data file for air mass 1.0 generatlon."
" _;aml p5 R Spectrum data file for air mass L5 generatlon.;

S : blThe data retr1eva1 program, RETRIEVE consrsts of two f11es Their
o names and a br1ef descrlptlon follow ’ : SR

fr‘et?riez’)e.f , ; Maln program o
~massage.f " Data massaging and 1nput deck 1nterpretatlon

' subroutmes

. 'The IMSL subroutlne llbrary is also necessary for comprlatlon of the retrleval'
. ‘program. There are no vector statements in the retrieval code. Of course it

- will be" necessary to have a graphlcal ‘interpretation package capable of
" producmg two— and three—-dlmensmnal plots to utlhze the data dumped by
" .PUPHSZD _ ST 2
- As a final word of warning it should be noted that PUPHSZD solves a
’Very large matrix equation by direct inversion of matrices. For a large finite
_ difference mesh " this will ‘consume a- large chunk of central memory. If
'f"vPUPHSZD is'run on a machine w1th 1nsuff1c1ent memory, the 51mulatlon run
f_fw111 proceed very slowly. =~ .~
Further questlons may be d1rected to “ o

,Paul Dodd or Mark Lundstrom '
Electrical Englneermg Bulldlng
© Purdue University -
" West Lafayette, IN 47907 L
*7‘(317)—494—1185 or (317)—494—3515
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