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bsim1.0.TEXT bsim1.0.TEXT

SREF 325%
$UCSDS .
program bsim1_O(input,output); bsiml __Q

{author: JOE PIERRET)

{this program is a modified version of the original csim3.2 by Brian Scott
Messenger, January 1984. before this version was finished. a copy of it

was given to Tony Fung, who is adding the subthreshold parameter extraction.
chunges made to the program from that date jorward are noted by capital JRP
surrounded by brackets in the left most columns. the small jrp in the left
columns are noting changes made prior to giving tony a copy o work with}

import hpib_0;
import hpib_1:
import hpib_2:
import hpib_3:
import pencral_(:
import general _1:
import general _2:
import iodeclarations:
import iocomasm:
import dgl_lib:

{GLOBAL V' ARIABLES)
{iust change made: NOV' 4. 1984 Bx: JRP}

type linestring=string[80};

const  numbvb=6;

numbvy=5;
numbvd=4;
number_small_ vds_values=2;
number_large_ vds_ values=2;
betazeroparam=6; Jline that parameter betazero is on. ir process file}

{THIS CONSTANT SHOULD BE MODIFIED WHEN THE NUMBER OF PARAMETERS 1S CHANGED)
const numbbsim=17: {number of bsim parameters excluding vddtoxzemp}

{irpHvariadic continue__development hus been changed to
susmber_good __devices_error|

var deviceenhancement_depletion:integer:
meas_ 20{:hoolean:
smud.smuy smus.smubzinteger:
modexchar:
process.waler.lot.dateoperator:tring{ 80}k
outpui_file.prober_ filestring[ 15k
vdd.temp.ox.cox.widthdength:real;
new _dieend _of _diednitial_jumpend_of _ wafer,new_ wafer:boolean; {***%i*
’ wxkrkxrglen out)
end _ ol _proyram:boolean:
time_count:integer:
{PROBER ORIENTED PARAMETERS}
step_arrayv:arrayl1.20.1.20] of char;  {this holds the automatic urray}
number_devices,present_device,number_ die,present _dieiinteger:
present_diex present_dieviinteger; {x y die location}
xdie_size,vdie_size.origin_ diex,origin_diey:integer:
sd spsssbiarray[1.40] of integer; {smus connecied to various terminals}
died,mx,my:array(1.40] of integer; {device types and internal die steps}
w l:array(1.40]) of real; {width and length crravys)
meas_two__phif:array[1.40] of boolean; {program decides to measure 20f}
{BSIM PARAMETERS}
cl_vfb.c2_phif2,c3_klcd_k2,c5_eta,c6_betaO.c7_uO.c8__ul,c9_x2betal,
cl0_x2eta,cll__x3etacl2_x2u0,c13_x2ul,cl4_betaOsat.c15_ x2betaOsat,
c16_x3betalsat,c17_x3ul,c9_x2mul,c14_muOsat.c15_x2muOsat,c16_ x3muOsat:real;
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~bsiml_0

{PROCESS FILES AND PARAMETERS)
{these parameters are the latest variations in k1 with length and width)}
nelkl,ndlkl,nzlk1,pelki,pdlki,pzik]1:real;
newklndwkl,nzwkl,pewkl,pdwkl,pzwkireal;
{these parameters are Deltal and DeltaW for the previous die}
nedl,nddl.nzd},ped1,pdd1,pzdl:real;
ned w,ndd w,nzd w,ped w,pdd w ,pzd w:real;
{these parameters are the latest values of 20f for various devices)
nephif2,nd phif2,nzphif2,pephif 2 pd phif 2,pzphif 2:real;
{these are files to store the parameters in}
nchanenh,pchanenh.nchandep,pchandep.nchanzer,pchanzer.
temporary.userout.userout2:text;
{these are the number of good devices of a type on a die)
numbne,numbpe,numbnd,numbpd.numbnz.numbpzinteger:
{MEASUREMENT VALUES)
ids:array(1.4.1.6.1.5] of real:
vgsarray(1.4,1.6,1.5] of real:
vds:array[1.4] of real:
vbs:array(1..6] of real;
vdindex,vgindex,vbindex:imeger;
{LEAST SQUARES ALGORITHA\IS)
matrix:array[1.3.1..4] of real:
parraarray(1.4] of real;
inityvalinityvalinitvall,initval 2:real;
{NEW V'ARIABLES ADDED TO SUMAMER 1984 PROGRAM)}
hpib_analyzer_address:integer: {e.g. hpib unaivzer might be HP4145A}
hpib_prober_address:integer: {e. Apib prober might be ELECTROGLAS 2001X |
continuexchar: {move probes to new location. then enter CR to continue)

{also user inputs u “x" or ‘n" or CR to tell what to do

in preparc_ for_iv_graphics procedure)
colon _ positioninteger: {colon position in out put_ file name}
period _positioninteger: {period position in "TEXT  in output_ file name}
firsi_time_thru_program:booiean: {allows “grucesul’ ending of program

i} user decides to quit bejore actuallx enterring program}
all_die_are_bad:boolean: {= / when Ist goud device on Ist good die is found}
all_devices_are_bad:boolean: {= f when Ist good device on euch die is found}
firsi_good _dieinteger: {= I when first good die on wafer is found.

this may or mayx not be the first die)
tirst_pood _devicedinteger: {= ! when first good device is found on euch
die.}

fake_meas_ 20f:boolean; {set true when Ist good device on a die is found.
this is needed in case Ist n devices on the die
are bad}
graphics__selection:char; {holds ¥ or n which determines whether to enter
BSIM PARAMETER vs W or L graphics mode after
every die is completed)
po_graphics_ wanted:boolean; {= true if graphics_selection=yes. if = true
then the BSIM PARAMETER vs W or L mode will
be enterred after everx die)
leastsq_ divide_by_ zero:boolean: {in the past. if a divide by zero error was
encountered while running the program. the
pascal system would ubort the program...
possibly ufter un hour or so of computing.
using this flag. iy a divide by zero vccurs,
the duta will not be saved und the program
will move on to the next devicel
maxidsstring:linestring; {mux o) idsgzero or idsgvdd sent to analyzer}
{jrplextract_errorinteger; {set=2 in saturation_region__data_extraction if
leastsq3 procedure is going to be called with
maxindex—initindex=2..lleastsq3 doesn t work
Sfor only 2 sets of data}
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~bsiml_0

measure_error:integer; {error flag for any errors encounterred while
measuring the device before extraction of
parameters}
{jrplprocess_errorinteger; {error flag for any errors encountered while
developing the process files}
processpar:array(1.6,1.17] of real; ({this holds the process data
and was made globul in this
version}

{DEBUGGING PARAMETERS)

ili,jjjkkk:integer; {used to read in all data values)

idsstring:array{1.4.1..6,1..5] of string[15};

vgsstring:array(1..4,1.6.1.5) of string[15];

tempfileitext; {to store ids array in once 120 values havc been reduced)

TRACE21.TRACE22,TRACE23,TRACE24. TRACE25. TRACE26, TRACE27. TRACE28.15q 3:boolean:

TRACE29.TRACE29b,TRACE30.TRACE31,TRACE32.TRACE33.TRACE34.TRACE35:boolean;

{irp TRACE36.TRACE37.TRACE38,TRACE39:boolcan;
{JRPITRACE40.TRACE41,TRACEV TH:boolean:

line_in_outpui_file:dlinestring; {for writing output file to printer}

{TR.-\(‘E.’.’I——en:ering and leaving procedures. etc.}

{TRACE 22— " N " if~thens, etc.}

{TRACE 23—— junk stuuff}

{TRACE 24—~ for newton raphson iteration in saturation region}

{TRACE 25——only for ertering—leaving some saturation procedures)

{7 RACE 20——only  for entering—leaving linear procedures}

{TRACE 27——onlx for debugging lsq3 divide—by—zero in sai_reg_duta_extrach

{TRACE 28——onlx tor reading in ids arrax from outside files)

{TRACE 29——onix jor creating ids arrax 1o be used later}

{TRACE 29b—oniy to print out ids arrux which was created for TRACE29=true
to the printer..just to verify vulues}

{TRACE 30——onix in l_und_w_dependencies.will cause values
praramvalueli] and good param valueli] used in least
squure3 to be printed out on printer. only ul.x2uland x3ul
values are prinled.}

{TRACE31——10 find divide by zero ajter parameters have been extracted
probably in process__ file_development}

{TRACF 32—=only in I_and_w_dependencies to find out if leastsy procedures
is finding correct values}

{TRACE33——if 1, then set ls¢3 true for l_and_w dependencies)

{TRACE34——if 1, print out 17 calculated bsim purams on the screen while
plotting iv—gra phics}

{TRACE35——if t, write on printer the contents of the output file at 3
places:  Ihwhen it is created 2lbefore prepare_ for_po_graphics
and 3lafrer prepare_ for_ po_graphics}

{irpHTRACE36—onlx used in graphics to find out what is happening to vdierm.
vglerm, etc. when user is asked for NEW SMU CONNECTIONS)

{irpHTRACE37—only used in linear region extraction procedures to detect
real math U NDER flow}

{irPHTRACE 38—onlx in measure_device_data 1o print out error code}

{jirpHTRACLE 39—1t0 jfind out why graphics mode was not entered in single mode}

{JRPHTRACE#0—10 aliow entire program to be skipped up to iv_graphics
procedure. NEDFILETEXT and bsimoutTEXT are read in from
the program. und hence must exist first}

{JRPHUTRACL41—in preparc_ Jor_iv_graphics, to see whats happening for single
mode}

{ITRPHTRACENT H=—only in function bsimsim. used to output \'th at 4 different
conditions. used just tw see what calculated Vith is!}
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~bsiml_0
{
0k STRING CONVERSION ROUTINES
function realtostr:linestring; realtostr
{this function will read a real number string, reading only legitimate
characters from the user)
var bufferstring[80)
value:char;
i.jmax:integer:
number:real:
begin
realtostr:="0.0":
=1
=L
rcadln(buffer):
max:sstrien(buffer):
if max <> 0 then
realtostr=’
for j=1 to max do
begin
value=bufferjl;
if ((value>="0") and (value<="9")) or (value=".")
or (value="E") or (value="¢"lor (value="+") or (value="—")then
begin
realtostr{il=value;
i=i+1:
end:
end:
end:
function digittnumber:char kinteger: dlglt
{l}z:’.‘ Junction returrs un integer given « character;
{taxt change made: JUNE 18, 1984 bx: JRP)
begin
if (number>'9") or (number<0’) then
begin
gotox y(0,22);
writeln('ERROR in function(digit). Erroneous number = ',number);
end;
digit=ord(number)—ord('0’);  {this is the new function}
end: {end of jfunction digit}
function strtoreallrealstring:linestring hreal: strtoreal

{this function takes a redl string and converts it into the
corresponding number}
{laust change made: JUNE 18. 1984 by: JRP)

var filestring : linestring: {xtr‘ing that will be treated us a file}
pos : integer; {of no eurthly value, required by 1/0 call}
realnumber : real; {intermediate storage place before put into strtoreal}

begin

if (strlen(realstring)<>0) then
begin
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~Strtoreal

setstrlen(filestring,0); {clear out the ’file" filestring}
strwrite(filestring,1,pos.realstring); {write realstring into filestring}
strread(filestring,1,pos,realnumber); {read filestring into realnumber as a real}
strtoreal=realnumber; {put the real number into our function name strtoreal}

end
else
strtoreal=0.0; {in case only a CR & LF are enterred)
end:

{ }
{praxsssakmnmnsxt [ PIB TALK. LISTEN & WAIT PROCE DU RES** ¥ axasasiarnsrs)

{u“ **w**}
Trocedure talk _to_hpibivar hpib_addressinteger): talk_to __J_lplb
this procediure sets up the hp9836 10 talk o0 the hpib. hpib_address is the

current hpib uddress. eg. 14 for prober. or I7 for anulyzer)
{last change made: JUNE 21. 1984 bx: JRP;

begin
untalk (7)
unlisten (7):
talk (7. my_address( 7));
listen (7, hpib_address):
end: {procedure talk _to_hpib}

procedure listen_to_hpiblvar hpib_address:integer); Lzsten_;o_hpzb
{zhis procedure sets up the hp9836 to listen to the hpib. hpib_address is the

current hpib address. eg. 14 for prober, or 17 jor anulyzer)

{iust change made: JUNE 21. 1984 by: JRP)

begin

untalk (7)

unlisten (7)

talk (7.hpib_address);

listen (7, mv_address(7))
end: {procedure listen_to_hpib}

procedure wait_till_hpib_readv(var hpib_addressinteger) watt _Z_'lll __}lplb T eady
{this procedure tells the hp9836 1o wuait until hpib is readx. hpib_address

is the current hpib address. ey. 14 for prober, or 17 for analyzer}

{last change made: JUNE 21. 1984 by: JRP}

var statusbyteinteger; {status oj serial poll oj hpib}
begin
statusbyte = spoll (700 + hpib_address);
while statusbyle <> 1 do {keep polling until statusbyte=1}

statusbyte = spoll (700 + hpib_address);
end; {procedure wait_till_hpib_ready}

procedure wait_till_bit7_IOSTATUS_ set; wair_till_bit7_IOSTATUS_set
{this procedure polls bit 7 of the JOSTATUS register until it is set to 1}

{last change made: JUNE 21, 1984 by: JRP}

var bitset:boolean;

begin
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~wait_till_bit7_JOSTATUS_set

{not(bit_set(]OST ATUS(7,7),12)) returns the not—ready— for—data—Dbit}
bitset=false;
while not(bitset) do

bitset=not(bit_set(I0STATUS(7,7),12));

end;

{ * }

} *GRAPHING FUNCTIONS* } }

function test_point_on_ screen1(yold,vnew,test:real :boolean: test_point_on_screenl

{after the test point has been calculuted. this Sunction returns TRUE if test
is on the screen and betweet the old and new points on the left or right sides)

hegin
tes1_point_on_ screenl:={alse;
tesi_point_on_screenl=(({ynew >=yold) and (iest>=vold) and (test<synew)) or
((yold >=ynew) and (est>=ynew) and (test <=vold))) and
((1est>=—0.8) and (1est <=0.8)):
end:

function tesi_point_on_ screen2(xold.xnew test:real kboolean: rest_powmnt_on_scr een2
{after the test poin: has been calculated. this Junction returns TRUE if test
is on the screen und hetween the old and new points on the top or bottom)

begin
test__point_on_screen2i=false:
test__point_on_screen2:=(((xnew >=xo0ld) and (test >=xold) and (1est<=xnew)) or
((xold >=xnew) and (test >=xnew) and (test<=xo0ld))) and
((tes1>=—0.8) and (1est <=0.8));

end:

{ *kokk Ak Rk ok ok Jok kK
FRERRE IR I ARRR KRR AR T S D TN PUT FUNCTJONS**

xx Kok *% £ 3

a3k koK ok }

procedure ves_no_sclection_input(xpos.yposiinteger; var ves_no_answer:5W&ni20 _SQL@(II‘LOH_U’I putr
{this procedure dccepls only u ves or no answer from the user. it will wait
ar xpos.ypos until it receives either a 'y or 'Y or ‘2" or ‘N’}

{last change made: THURSDAY SEPT 20. 1984 By: JRP)
var selection:char;

begin
potoxy{xpos.vposk
read(selection ):
while notl (selection="v') or {selection="Y") or
(selection="n"} or (selection="N") ) do
begin
gotox v(xpos.vpos):
write(" )
gotox v{xpos, ypos);
read(selection):
end;
if (selection="v") or (selection="Y") then
Vves_no_ answer:=true
else
ves_no_ answer:=false:
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~.yes_no_selection_input
end;

procedure selection_input{xpos,ypos:integer: charl,char2:char; var selectionxchar); Selecnon_mput

begin
gotoxv{xpos,ypos);
read(selection):
while (selection<charl) or (selection>char2) do
begin
gotox v(xpos.vpos);
write(” ')
gotox v{xpos,vpos):
read(selection);
end:
gotoxv(x pos—3,vpos):
writel” )
potoxy(xpos—3,vpos):
writel selection);
end:

{ Fek gk Aok o sk kR oL R 3k b ok ok ok ok Sk ok ok kb ok ok kK IR Kk K ok Rk Rk Kok ok }

{reeopiikk ookl | CANT SQUARES PROCEDU RE S** * }
{******m*********#**************** ®k Kk KK }
procedure leastsy2(presindexinitindex.maxindex:integer; least sq 2

Nvaluevvaluerreal: var constantlinear:real );

{this program does a linear leust square fit for an equation of
the form x=constarn+ilinear*xl}

var row.col:iinteger:
det:real;
rarraarrayl1.4] of real;

begin
if (presindex <initindex) or (presindex >maxindex) then
{this is the error handling for invalid presindex values}
begin
writeln(’Error in Index For Routine lcastsg2’):
end
else
begin
if  presindex=initindex then
{this is the setup required jfor the initindex call to leustsq2}
begin
for row:=1 to 2 do
for col:=1 to 3 do
matrix[row .col}=0:
parr{1)=1:
initxval:=xvalue;
inityval=yvalue;
end;
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~leastsq2
{all presindex values start execution here}
parr[2]=xvalue—initxval;
parr[3]=yvalue—inityval;
for row=1 to 2 do
for col=1 to 3 do
matrix{row coll=matrix{row,col]+part row]*parr{col};
{this section does row conditioning on the final matrix)
if presindex=maxindex then
begin
for row=1 to 2 do
begin
rarr{row}:=0;
for col=1 to 2 do
if rarr[row]<abs( matrix{rowcol]) then

rarr[row):=abst matrix[row.col}):
end;

for row=1 to 2 do
for col=1 to 3 do )
if rarr{row])<>0.0 then
matrixfrow.coll=matrix[row .col} . rarr{row]
else
leastsq__divide_by_ zeror=true:
{thix section does column conditioning on the final mutrix}
for col:i=1 to 2 do
begin
rarrcol]:=0:
for row:=1 to 2 do
if rarr{col] <abst matrix[row.col]) then
rarrcol)=abst matrix{row .col] )
end;
for col:=1 to 2 do
for row:=1 to 2 do
if rarrlcol] <>0.0 then
matrix[row.coll=matrix[row.col] /rarr{col]
else
leastsq__divide_byv_ zero=truc:
{this section inverts the final matrix)
det=matrix[1.1*matrix[2.2]—matrix] 2.1 Fmatrix[1.2):
if (det<>0.0) and (rarr{1]<>0.0) and (rari{2] <>0.0) then
hegin
constant:=(matrix[1.3}*matrix[2.2]— matrix[2.3]*
matrix{1,2]) /det:
linear=(matrix[1,1}*matrix{2.3}—matrix[ 2.1}
matrix{1.3}) /det;
constant:=constant /rarr[1];
linear:=linear /rarr(2};.
end
else
leastsq__divide_byv_zero=1rue:
constant=constant—linear*initxval+initvval:
end: {end of handling for maximum index valuci
end: {end of handling Sor good index values}
end; {end of procedure leastsq2

procedure leastsq3(presindex.initindex,maxindex:integer; varlvaluexar2value, I,eastsq3
vvaluereal: var constantlincarl,linear2:real);

{this procedure does a lineur least square fit for an equation of the form
y=cornstant+linear I*var I vaive+linear 2*var2value}

var rowcol:integer:
templindex.temp2index:integer:
dettemprreal;
rarraarray(1..3] of real;
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sowinteger; {for debugging }

begin
if (presindex <initindex) or (presindex>maxindex) then
{this is the error handling for invalid presindex values})
begin
writeln("error in index for routine leastsq3');

end
else
begin
{*"***********************luke out laler**” -¥¥¥1¥¥X¥¥}
if Isq3=true then
writeln(userout2,
“w/in 1sq3 presindex=",presindex:2,
" varl="yarlvalue. var2=".var2value.
© y=".yvalue);
{ A% take out later Hkx}
if presindex=initindex then
{this is the setup for the initial call)
begin
for row=1 to 3 do
for col:=1 to 4 do
matrix{row .col}=0:
initval 1=varl value;
initval2:=var2value;
inityval=yvalue:
end:
parr[1}:=1.0:
{all presindex values start here}
parr[2)=var1value—initval I:
parr[3}=var2value—initval2:
parrf4)=vvalue—initvval;
for row:=1 to 3 do
for col=1 to 4 do
matrix{row coll=matrix[ row col]+parr{ row]*parr{col):
{ take out luter **
if Isy3=true then
begin
writeln(userout2.’at 1Ist filling’);
for row=1 to 3 do
begin
for col:=1 to 4 do
writel userout2.matrix[row,col],” ),
writelnt userout2);
end:
end;
{ e tuke out later* ¥k |

{final row and column conditioning is done here)
if presindex=maxindex then
begin
for row:=1 to 3 do
begin
rarr{row]:=0;
for col:=1 to 3 do
if rarrlrow]<abs(matrix[row.col]) then
rarr[row}=abs( matrix[row,col)):
end:
for row:=1 to 3 do
for col=1 to 4 do
hegin
if rarr{frow]<>0.0 then
matrix[row,coll=matrix[row,col] /rarr[row]
else
leastsq_divide__by_ zero=true;
end;
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take out later }
if 1sq3=true then
begin
writeln(userout2,’at 2nd filling');
for row=] to 3 do
begin
for col:=1 to 4 do
write(userout2,matrix{row.coll,” )
writeln(userout2);
end;

end;

* take out later’ }
{this is the column conditioning}
for col:==1 to 3 do
begin
rarr{col}=0;
for row=l to 3 do
it rarr{col] <abstmatrix[row.col]) then
rarr{col]:=abst matrix[row.coll):
end:
for col:=1 to 3 do
for row:=1 to 3 do
begin
if rarrfcol] <>00 then
matrix[ row .coll:=matrix{row,col] /rarrlcol]
else
Icastsq__divide_ by_zero=true:
end:
i** okl lake out late’-*****************************}
if 1sqy3=true then
begin
writeln(userout2.’at 3rd filling);
for row:=] to 3 do
begin
for col:=1 to 4 do
writel userout2.matrix[row col].” )
writeln(userout);
end:

end:
{ take out luter
{this section inverts the Sinal matrix}
for col:=1 to 4 do
parr{col]=0;
templindex:=2;
tempindex=3;
for row:=1 to 3 do
begin

***}

temp=matrix[templindex.2]*
matrix[temp2index,3}- matrix{ temp2index.2Fmatrix[temp lindex.3];
parr{4)=parr{4]+ matrix[row.1]*temp:
parr1]=parr{1}+ matrix{row.4}*temp:
par{ 2)=parr[2])+ matrix{row 4]
matrix[templindex.3} matrix[temp2index,1}- matrix{temp2lindex.3]*
matrix[templindex.1]);
pard 3}=parr[3}+ mairix[row 4]*
(matrix[templindex.1Pmatriz{temp2lindex,2}—
matrix[temp2index.] JFmatrix[templindex.2)):
R Rk gke out latert* Torkx }
if lsq3=true then
begin

writeln(userout2,’at parr calculation point & parr array=");
for sow=1 to 4 do

writeluserout2, partl’ sow:1, }="partlsow],” ")
writeln(userout2);
end;
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{ take out later }
templindex=templindex+1:
tempindex:=templindex+1;
if temp2index>3 then

temp2index:=1;
if templindex>3 then
templindex:=1;
end;
if (parr[4]<>0.0) and (rarr{1]<>0.0) and (rari{2]<>0.0)
. and (rarr{3]<>00) then
begin .
constant=parr{ 1} /parr{4] /rarr(1};
linear 1:=parr{2] /parr{4] /rarr[2]);
linear2:=parr(3] /parr(4] /rarr(3];
constant:=constant—linear 1*initvall—linear2*initval 2+

inityval;
end
else
leastsq_divide__by_ zero=true;
{************************1lakc out lat(ﬂ' *}
if Isq3=true then

begin
& writeln(userout2, leaving 1sq3 and leastsq_divide_by_ zero="1leastsq_divide_by_zerd
writeln(userout2,
“constant="_constant.” linecarl="linearl,” linear2="lincar2);

writeln(userout2,

" rarr{2)="rarr(2) rard3)="rard3). part{1)=" parc[1])

writeln(userout2.

" parr{2}=" part(2], part3)="parr{3]." parr{4)=" pari4):
end:
{ &k 3k koK take out laZer***************‘.******#****’¥;\

end;

end:
end: f{end of procedure leustsg3}

{**xx ok ok gk kX%

x *MAIN BSIM MENU ROUTINES i
}

procedure initial_bsim_ page: initial_bsim_page
{this procedure shows the initial bsim in Jormution and takes the user inputs}
{lust change made: JUNE 18.1984 bx: JRP}

begin
writeIn(#12):  {clears the screen)
gotoxy(12.0):
write(’ BSIM AUTOMATIC MOS DEVICE CHARACTERIZATION PROGRAM'):
potox ¥(20.1):
write("UC BERKELEY FALL 1984 VERSION 1.0°)
gotoxy(0,2);
writeln(" This Program can be used in any of the following modes: ).
write('[1] Fully Automatic. [2] Semi Automatic——with an automatic’):
writeln(” prober,’);
write("[3] Semi Automatic——with a manual prober. and [4] Single Device )
writeln(" Operation.”);
writeln;
writeCFULLY AUTOMATIC OPERATION requires a prober file. and’);
writeln(" tests all devices ')
write(in the file without interuption. This mode requires an’):
writeln(" automatic prober.’);
writeln;
write("'SEMI AUTOMATIC~—[AUTOMATIC PROBER] OPERATION requires a prober’);
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writeln(’ file and auto—,’);

write("matically moves to each device in the file. This mode stops at’);
writeln(" each device to');

write(’allow the user to swnch connections. This mode requires an’);
writeln(" automatic prober.’);

writeln;

write('SEMI AUTOMATIC——[MANUAL PROBER] OPERATION is similar to SEMI ')
writeln(' AUTOMATIC——");

writeln('{AUTOMATIC PROBER], but does not require an automatic prober.);
writeln;

write("SINGLE DEVICE OPERATION allows the user to analyze an ')
writeln( individual device, )

write("extract BSIM parameters, and compare simulated’);

writeln(’ versus measured data.’)

gotoxy(0.21):

write(’Select a Mode of Operation >')

gotoxv(3 ,19);

write('[1:FULLY AUTOMATIC’);

gotoxv(32,20);

write('[2}:SEMI AUTOMATIC——[AUTOMATIC PROBER] )

gotoxy(32.21);

write( [3:SEMI AUTOMATIC—~[MANUAL PROBER]"):

goloxv(32,22):

write("[4]:SINGLE DEVICE’ X

gotoxy(32.23)

write('[SLEEXIT BSIM )

selection_input(29.21."1°."5 .mode):

end:
procedure clear_ouiput_file: clear _our put file
{this procdure slmpc"\' clears out the output file. (f the user has chosen

the

get
get

not

same name output file us he did on the previous run. the olé one will
erased. this is done so that onlx the present devices under test will
recorded in the outpur file. if an output file of the saume rame does
exist, it will he created first (so us not to get un operating system

error) }

{iast

change made: JULY 15, 1984 by: JRP)

begin

end;

{suppose the user chooses "bsimout.TEXT , for example, for his
output file, quits the program, and then runs it again

and chooses bsimout. TEXT again. now if the original
bsimout. TEXT was not de.szroyed by the user, all information
to be put into bsimoutTEXT in the 2nd run will simply be
added to what is alreudy in bsimoutTEXT from the first rua!
that's why we must destroy the output file before it gets
created, and in case it doesn’t exist, we will create it

first. and then destroy it..all to be followed by opening

the file up and making it writeable!! are vou confu.set" vet?}

rew nte(u\eroul.outpul file}{create output_file if it doesn’t}
close( userout,’save” ); {exist. or open and save if it does}
reset(userout outpm,_fxle){non make output_ file readable and)
closel userout,’ purge’ {then destrox it}
rewrite(useroutoutput_file): {row create new out pui_ Sfile and}
closel userout. save’); {make it writeadle}

{of procedure clear_out put_ file}

procedure initialize_17_bsim_parameters_to_zero; tNitialize_17_bsim_parameters_to_zero
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~initialize_17 _bsim_parameters_to_zero

{this procedure sets all 17 bsim parameters to zero. this is performed

only on the first time thru the program, and subsequently every time the

user decides to continue with another form of the program. leg. if the

user decides to execute the "SINGLE MODE OF OPERATION", this procedure is
called. after completion of the "SINGLE" mode, if he decides to go again,

say in the "TAUTOMATIC MODE OF OPERATION", then it is called again at the
the beginning of the mode) this procedure is needed because if a 2nd

time thru the program is desired, all 17 parameters will be remembered

Srom the first time thru, and c2_phif2 might have some value, say 800.

then later on in the MAIN BSIM execution, where it asks .. if c¢2_phifl=0 .
this statement could be wrong.

{lust change made: July 14, 1984 by: JRP)

begin
cl_ vib=0.0;
c2_ phif2=0.0;
c3_k1=00;
c4_k2:=00;
cS_eta=0,0; -
c6__beta0:=0.0:
c7_u0:=0.0:
c8_ul:=0.0:
¢9_x2beta():=00;
c9_x2mu0:=0.0;
c10_x2eta:=0.0;
cl1_x3eta:=0.0;
c12_x2u0:=0.0;
c13_x2ul:=0,0:
c14_ betalsat:=0.0:
c14_muOsa1:=0.0;
c15_x2betaOsat=0.0:
c15_x2muOsat=0.0;
c16_x3betaOsat=0.0:
c16_x3mu0lsat=0.0;
¢17_x3ul:=0.,0;

end; {of procedure initialize_ 17 _bsim__parameters_to_zero)

procedure standard_input_display: standar d_input _dl.S play
{this procedure prompts the user for all inputs common to
modes of operation}

{last change made: JUNE 19, 1984  bx: JRP}

begin
gotox y(0.2);
writeln(’Process Name=? >'):
writeln("Lot=? >')
if notllmode="1") or (mode="2") or (mode="3) then {mode="4"}
writeln(" Wafer=? > XPOSITION=? > YPOSITON=? >')
else
writeln(" Wafer=? >');
writeln{"Date=? >')
writeln('Operator=?  >');
writeln('Output File=? >');
writeln("V'DD(volts)=?  >');
writeln{' TEMPERATURE(deg. €)= >);
writeln(TOX(angstroms)=?  >');
end;

procedure input_standard_ values; in put_st andar d_values
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~input_standard_values

{this procedure handles inputing values common to all modes of operation}
{last change made: SUNDAY OCT 14, 1984 By: JRP}

const blanking=" ;

var iinteger:
device_ name:char;

begin
gotoxv(17.2); {process name input}
read In(process);
if strlen(process)>25 then
strdelete(process,25sirlen(process)—24);  {deletes extra char.
gotoxy(13,2);
write(blanking);
gotoxy(13,2):
write(process);
gotoxy(8,3); {lot input}
readIn(lot);
if strien(lot)>25 then
strdelete(lot,25.strlenllot)—24 ) {deletes extra char.
gotoxv(4.3);
write{blanking);
gotoxv(4.3);
write(lot):
gotoxvl104).  {waper input}
readIn{wafer)
it strlen(wafer}>25 then
strdeletel wafer.2S.strlen(wafer)=24%  {deletes extra chur.)
gotoxy(e.4)
writel’ ‘)
gotoxv(6.4):
write( wafer): .
if not({mode="1") or (mode="2") or (mode="3")) then {mode="4"}
begin
gotoxy(34.4);
present_diex=trunc(sirioreal(realtostr));
gotoxv(30,4);
write(’ ' )
gotoxy(30,4);
write( present_diex:1);
gotoxy(57,4);
present_diey=trunc(strioreal( realtosir));
gotoxy(53,4);
write(’ o
gotox y(53.4);
write( present_diey:1);
end:
gotoxvl9.5); {date input}
read In(date);
if strien(date)>25 then
strdeleteldate.2Sstrlenldate)—24)  {deletes extra char.}

gotoxy(5,5);

write(blanking);

gotoxy(5,5);

write(date);

gotoxy(13,6); {operator input}
read In(operator);

if strlen(operator)>25 then
strdelete{ operator,25.strlen(operator)—24); {deletes extra char.)
gotoxv(9,6);
write(blanking);
gotoxy(9,6);
write(operator);
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gotoxy(16,7)  {output_ file input};
read In(output_ file);
colon__position=strpos(": ,output_file);
period _ position:=strpos(". TEXT ,output__file);
if (period _position<>0) then {".TEXT  has been included in file name}
strdelete(output_ file,colon__position+11,period_ position
—colon__position—11)
else {".TEXT " has not been included in file name}
strdeleteloutput_file,colon_ position+11,strlen(output_file)
—colon__position—10);
if strlen(output_file)=0 then
output_file="bsimout. TEXT’;
gotoxy(12,7);
write(blanking):
gotoxv(12,7);
writeloutpui_file):
gotoxv(15.8):
vdd:=strtoreal(realtostr);  {reads in the value of vdd and cleans it up]
gotoxy(11,8);
write(blanking):
gotoxv(11,8);
write(vdd:1:2);
gotoxv(24.9);
temp:=strioreal(realtostr):  {reads in temp and cleans it up) .
gotox v(20.9);
write(blanking);
gotox v(20,9);
write(temp:1:2);
temp=lemp+273.15; {conversion of temperature to Kelvin}
gotoxy(19.,10);
tox=strioreal(realtostr); {reads in tox and cieans it up}
{irplwhile (10x=0.0) do
{jrp) begin
{jrp} gotoxy(19,10);
L i=p} write(’ PLEASE ENTER NON-ZERO VALUE..):
L jrpl gotoxy(19,10);
{jrp} tox==strtoreal(realtostr);
{jrpl end:
cox:=3.9*8.854E—6 /10x;
gotoxv(15,10);
write(blanking);
gotoxy(15,10);
write{tox:1:2);
end;

procedure automatic_mode_inputs; automatic_mode_inputs
{this procedure handles muking the automatic mode dt'.s'play}
{tast change made: THURSDAY SEPT 20. 1984 By: JRP)

var iinteger;

begin
gotoxv(14,0);
write("**AUTOMATIC OR SEMI—AUTOMATIC OPERATION**"):
standard _input__display: {this displuys the standard prompts)
gotoxv(0,12);
writeln(’'Prober File=? >');
writeln:
writeln(" At the end of EACH DIE. would vou like 10 view plots of ')
writeln('BSIM PARAMETER vs W or L? (Y/N) >')

writeln: -
writeln('Probing Instructions’):
writeln(’ The prober should be on, and the probes should be down’)

write("on the starting die, starting position.’);
writeln(” (see prober instructions)’);
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writeln(HIT a “C" for changes, or any other key to start. >');
input_standard _ values;
gotoxy(16,12);
read In(prober__file);
if strlen(prober_file)>15 then
strdelete(prober__file,16strlen(prober_ file)—15);
if strlen(prober_file)=0 then
prober_ file=="bsimprob.TEXT';
gotoxv(12.12); ,
write(’ );
gotoxy(12,12});
write(prober__ file);
ves__no_selection_input(35,15,po_graphics_ wanted):
gotoxy(27.15);
write(’ )
gotoxv(27,15):
if po_graphics_wanted=true then
write(’YES")
else
write{"NO’);
golox v(52.20);
end;
procedure single_device_mode_inputs: single_device_rmode_inputs
{this procedure hundles device size inputs. and dlso needs to Anow
which SMUs uare connected to euch device terminal}
{last change made: JUNE 18. 1984  by: JRP)
const blanking=" ’
var iinteger;
phif2_or_ nsubk_1_q.nizreal;
hegin
gotoxy(26.0); :
write("**SINGLE DEVICE OPERATION***’),
standard _input_displayv:
gotox vw(0,11);
writeln("PHIF2 or NSUB=? >")
writeln('drawn width (microns)=? >')
writeln('drawn length (microns)=? >') ,
writeln(’Device type=? > (1] enhancement. [2} zero—threshold. [3] dcpletion”):

writeln;

writeln("SMU connected to DRAIN=? >}

writeln(’SMU connected to GATE=? >')

writeln(’'SMU connected to SOURCE=? >’}

writeln("SMU connected to BODY=? >')

writeln;

writeln('Hit a "C" for changes or any other key to start, >'):
input_standard _values:

gotoxy(18,11);

phif2__or_ nsub=abs(strioreall vealtostr)); {reads vulue of phif2 or nsub}

gotox (14,11
writeln(blanking):
gotoxy(14,11%
write(phif2_or_nsub);
{here is where the input value of phif2 or nsub is read}
if phif2_or_nsub>10 then
begin
{the value is nsub)
k_t_g=0.0258512*(temp /300.0);
ni:=1.45E10*exp(1.5*In(temp /300))*exp(1.124 /2.0 /k_1_q*
(1—300 /temp));
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c2_ phif2=2.0*k _t_ q*In(phif2_or_nsub /ni);

end
else

c2__phif2:=phif2_or_ nsub;
gotoxv(26,12);
wid th:=strtoreal(realtostr);
gotoxv(22,12);
writeln(blanking);
gotoxy(22,12);
write(width:2:2);
gotox v(27.13);
length:=strioreal(realtostr):
gotoxy(23,13);
writeln(blanking):
gotoxv(23.13);
writeln(length:2:2);

{jrplenhancement_depletion=5:

{reads in the value of width}

{reads in the value of lengthl]

{set 10 bogus value so while loop is donel

{jrp}while ((enhancement_dcpletion<1) or (enhanccment_depletion>3)) do

{read in devicetype value)

{jrpl begin
gotoxv(16.14);
enhancement_ depletion=round(strtoreal(realtostr));
{irnt gotoxy(16,14):
{jrpl write(’ )
{jrpi end;
gotox v(12,14);
write(blanking);
writeln(blanking):

gotoxv(12.14);
case enhancement_depletion of
I:begin
write('enhancement’ )
enhancement_depletion:=1:
end;
2:begin
write("zero—threshold” )
enhancement_ depletion=0:
end:
3:begin
write("depletion’);
enhancement_depletion:=—1;
end:
end; {of case}
goloxv(27.16);
smud:=round(strtoreal(realtostr)):
gotoxv(23,16):
writeln(blanking);
gotoxv(23,16);
writeln(smud:1);
gotoxy(26,17)
smug=round(strtoreal(realtostr))
gotox¥(22.17)
writeln(blanking);
gotox v(22,17);
writeln(smug:1):
potoxv(28.18):
smus=round(strtoreal(realiostr)):
gotox v(24.18);
writeln(blanking):
gotoxv(24.18);
writeln(smus:1):
gotox y(26,19);
smub:=round(strioreal(realtostr));
gotoxy(22,19);
writeln(blanking);
gotoxy(22,19);

{reads in

{reads in

{reuds

{reads in
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writeln(smub:1);
gotoxy(51,21);
end;
procedure initial_status_inputs; initial_status_inputs

{this procedure handles getting the first set of inputs required by any
of the three modes of operation}
{last change made: JULY 14,1984 by: JRP)

var change:char;

begin

{****m&

take out later** ko }
if TRACE21=true then writeln(userout2,
about to enter initial_status_inputs’);

*take out late: Hokx |

initialize_ 17_bsim_ parameters_to_zero; {in case c2_phif2 <> 0}
change="c’;
while (change="c’) or (change="C") do
begin
writeln( #12);
case mode of
“1°,/2".3":automatic_ mode_inputs;
"4"single_device_mode_inpults;
end; {end of casel
read (change);
end; {end of chunge loop}
if ((mode="1") or (mode="2") or (mode="3")) then
begin
gotoxvi(52,20);
write('READING PROBER FILE'):
end;

{JRP} if TRACE40=false then

end:

clear__output_ file:
{end or procedure to ger initial input.s'}

procedure initial_status_display: initial _starus _dlS play
{this procedure handles muking the initiul status chart which is ‘
displayed during the progress of an extraction}

{last change made: JUNE 18.1984 bx: JRP)

begin

writeln(#12), {clears the displuy}
gotoxv(23,0);

writeln("**BSIM EXTRACTION STATUS**');
gotoxv(0,2);

write(’ PROCESS=",process):
gotoxv(40,2):;

write(’V'DD=",vdd:1:2," VOLTS )
gotoxy(0.3):

write('LOT="lot };

potoxv(40.3);

lemp:=temp—273.15:

write(' TEMP="tem:1:2." DEG (')
temp:=temp+273.15:

gotoxv(0.4);

write(" W AFER="wafer):

goloxvi404);

write("TOX=",tox:1:2,” ANGSTROMS");
gotoxv(0,5);

write(’ DATE= date);

gotoxy(40.5);
write("XPOS=",present_diex:2,” YPOS$=" present_diey:2);
gotoxy(0,6);
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end;

write("OPERATOR=",operator);

gotoxv(40,6);

write{'DEVICE=");

gotoxv(0,7);

write("QUTPUT FILE=",output_file);

gotoxy(40,7);

write(' WIDTH=",width:1:2,” MICRONS);

gotox(0,8);

write{"PROBER FILE=");

if ((mode="1") or (mode="2") or (mode="3")) then
write( prober_ file)

else

write("SINGLE DEV'ICE OPERATION');
gotoxv(40,8);
write('LENGTH="length:1:2." MICRONS');
gotoxv(0.10):;
writel’"MINUTES TO DIE COMPLETION="):
gotoxv(40.10):

writel'MINUTES TO WAFER COMPLETION=");

gotoxy(0.11);

writel' DEVICE EXTRACTION LOCATION ')

gotoxy(o4.11);

write('FINISHED"):

gotox v(0,13);

writeln('PRESENT DEVICE BSIM PARAMETERS )

gotoxv(40,13);

writeln("X2U0=");

write('\'FB=");

gotoxy(40,14);

writeln("X2U1=");

write('PHIF2=")

if mode="4" then
writelc2__phif2:1:3%

gotoxy{(40.15);

writeln("X3U1=");

writel ' K1=");

gotoxv(40.16);

writeln( ' X2BETA0=");

writel 'K2="):

gotoxy(40.17)

writeln("X2ETA=");

writet'ETA=");

gotoxy(40.18);

writeln( " X3ETA=");

write('BETAO=");

golox y(40,19);

writeln(’'BETAOSAT=");

write("U0=");

gotox y(40.20);

writeln("X2BETAOSAT="):

write('Ul=");

gotoxv(40.21);

writel’ X3BETAOSAT=");

gotoxy(0.23):

write(’ message from program="):

procedure bsim_timer{var present_increment:integer);

const minutes_ per_device=2.5;

var

number_of _increments=37;

minutes_to_die_ completion,minutes_to_ wafer__ completion:real;
iiinteger;

Nov 15 20:23 1984

bsim1.0.TEXT

~initial_status_display

bsim_timer

Page 19 of bsimlOTEXT



bsim1.0.TEXT bsim1.0.TEXT

«bsim_timer

begin
minutes__to_die__completion:=minutes_ per_ device(number_devices—
present_device+{ number__of _increments—
present_increment) /number__of _increments);
minutes_to__wafer_completion=(number_ die—present_die*number_devices*
minutes__per_ device+minutes_to_die_ completion;
{here is where the speedometer is written}
if present_increment=1 then
begin
gotoxv(26.11);
write(”
end;
gotoxv(27,11);
for i=1 to present_increment do
write('X");
present_increment:=present__increment+1;
{here is where the time values uare written}
gotoxv(26,10);
writel’ ‘)
poilox1(68.10);
writel’ ‘)
2olox¥(26,10):
writelminutes_ to_dic_completion:1:1);
golox ¥(68.10);
write(minutes_to_ wafer_completion:1:1);
eotoxv(21,23);
end; {end of bsim timer}

- %)
BSIM MEASUREMENT ROUTINES } }

procedure measure_device(var device_tvpe.error_codesinteger: measure _dQViCG
vdterm,vgterm.vsterm.vbterm:integer: vdd:real):
{last change made: SUNDAY OCT 14. 1984 Bx: JRP}

—— s

var ijinteger: {toop counters}
vdchan,vpchan.vschan.vbchanstring[20) {10 contain VON where X is SMU)
vdnumb,vgnumb.vsnumb,vbnumbstring[20k {10 contain SMU number us string}
vddstr.vdd 2str,mvddsir.vddpluslsirstring[ 20k{tro contain vdi strings)

vdd2,minusvdd,vddplusl:real; {these are supply values)
idsnch.dspch:real;

idspzero,idsgvdd:real; {currents for v and p conj'ig.}
nextposinteger; {this is the next position in a

string that could be written to}

temp:char; :
continuexchar; {if mode="4", and error occurs. press enter to continue}

procedure translate_terminals_to_sirings; translate_terminals_to_strings
{this procedure sets up string variables needed by the 4145}
{tast change made: JUNE 20, 1984 by: JRP}

var iinteger;

begin
bsim_timer(time_count):
{here is where the terminal numbers are corverted into channel szrings}
vdnumb:=" ;
vgnumb:="
vsnumb:=  ;
vbnumb:=" ;
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~translate_terminals_to_strings

vddstr=" ;

vdd 2str=" ;

mvddstr=" “

vddpluslstr="

strwrite{ vdnumb,1,nextpos,vdterm);

strwrite(vgnumb, 1,nextpos,vgterm);

strwrite{ vsnumb, 1 ,nextpos,vsterm);

strwrite{vbnumb, 1,nextpos,vbterm);

strwrite(vddstr,],nextpos.vdd:2:1);

vdd 2:=2*vdd;

strwrite(vdd 2str,1,nextpos,vdd 2:2:1);

minusvdd=—vdd;

strwrite{ mvddsir.] ,nextpos,minusvdd:2:1);

vddplusl=vdd+];

strwrite( vddpluslstr,1.nextpos,vddplusl:2:1)

vdchan:="CH ';

strwritel vdchan.3.nextpos.vdterm);  {sets «p ~d cfui .e string

vgchan="CH ’;

strwritel vechan.3.nextpos.vgterm); {sets up vg channel string}

vschan:="CH *;

sirwritel vschan,3.nextpos.vsterm);  {sets up vs channel string }

vbchan="CH ’;

strwritel vbehan.3.nextpos.wvblerm);  {sets up vb channel string}
end: {end os procedure to translate_terminuls_to_ strings}

procedure chan_definition_to_test_device_type: chan ___d@ f lnition_to_test j@VlC@_t}’p@
{this conjiguration is used to test Jor tne ixpe o) device present by

checking the sourcediruin to body diodes}

{last change made: JUNE 20. 1984  by: JRP}

begin
talk__to_ hpib(hpib_analyzer_address);
writestring( 700+hpib_analyzer_address. IT] CAl DRO BC’); [{auto calibration of 4145}
{this is the source definition :
writestring(700+hpib_analyzer_address'DE “); {4145 to channel definition page)
writestring(700+hpib_analyzer_addressvdchan):  |chan. def. for vd)}
writestring(700+hpib_analyzer_address.”, " VDRARN""IDRAIN"",1,3;"); {sets the DRAIN source}
writestring(700+hpib_analyzer_address,vschan); {chan. def. for vs)
writestring(700+hpib_analyzer_address.”,"VSOURC™".”" ISOURC"",1,3;'); {sets the SOURC source}
writestring(700+hpib_analyzer_address,vbchan); |chan. def. for vb}
writestring(700+hpib_analyzer_address,’,”"VBODY ", "IBODY ",1,1:')% {sets variudle dody}
writestring(700+hpib__analyzer_nddress.vgchan): {chan. def for vy}
writestring(700+hpib_analyzer_address.’, VGATE ", IGATE ".1.3:" )% ?sets the GATE source)
writestring(700+hpib_analyzer_address, \'S1; V'$2: VM1; VM2 ) {opens up extra sources}
end; {end of procedure type_of__device_channel_de finition}

procedure source_setup_to_test_device_type; source_setup_to_test_device_type
{this procedure sets up the SMUs to measure the type of device)
{it steps the body from —\V'DD to +\'DD uand measures the gate and body currents}

{last change made: JUNE 24. 1984  by: JRP}

begin
writestring(700+hpib_analyzer_address’SS VC'); {go to source setup page}
writestring( 700+hpib_anal yzer_address,vdnumb); ?sezs vd to O volts}
writestring(700+hpib_analyzer_address. ,00,0.01;");  lid compliance=10ma}
writestring(700+hpib_analyzer_address, VC');
writestring(700+hpib_analyzer_address,vsnumb); {sets vs to 0 volts)
writestring(700+hpib_analyzer _address, ,0.0,0.01;"); {is compliance=10ma}
writestring(700+hpib_analvzer_address. V'C'); '
writestring(700+hpib_analyzer_address.ygnumb); {sets vg to 5 volts}
writestring(700+hpib__analyzer_address,’, );
writestring(700+hpib_analyzer_address,vddstr);
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writestring(700+hpib_analyzer_address, ,1JE—6; ); {sets vg compliance=lua}

writestring(700+hpib_ analyzer_address, VR1, ')

writestring(700+hpib_analvzer_ add ress,mvddstr);

writestring(700+hpib_ analyzer__address,’, ');

writestring(700+hpib_analyzer _address,vddstr);

writestring(700+hpib_analvzer_address,, )

writestring(700+hpib_ anal yzer_add ress,vdd2str);

writestring(700+hpib_ analyzer_address.”, 0.025;'); {sets ib compliance=25ma}
end; f{end oj° procedure sctup_to_ test__device_type}

procedure measure_device_typelvar devtype.errorinteger); measure _gevzce_type
{this procedure measures the currents to determine the type of device

present. and returns the device type)

{last change made: JUNE 20, 1984  by: JRP}

var bod vneg.bodypos:real:
gatenegpateposrreal;

begin
bsim_ timer(time_count);
writestring(700+hpib_anal yzer_address,”SM DM2.LI “IBODY . IGATE "} )
writestringl 700+hpib_analvzer_address, IT1 DRO BC');, {cleurs the buffer)
writestringl 700+ hpib_analvzer_address’ MD MELy):  {make measurement}
wait_tll_hpib_read vihpib_analvzer_address):
writestringt 700+hpib_analvzer_address, DO 'IBODY" "))
listen_ to_hpibChpib_analyvzer_address);
read number(700+hpib_analvzer _address.bod yneg):
read number(700+hpib__anal yzer_address.bod ypos):
writestringl 700+hpib_analvzer_address IT1 CA1 DRO BC'): {ciears the buyfer) {does calibration}
writestring( 700+hpib_analvzer_address, DO "IGATE "))
readnumber(700+hpib_anal vzer_address.gateneg):
readnumber(700+hpib_anal yzer _address,gatepos);

error=0;
it (abs(gateneg)>IE—7) or (abs(patepos)>1E~7) then
begin
devivpe:=0: {gate short}
error=1;
end
else if (abs(bodynep)>10E—6) and (abs(bodypos) >10E—6) then
begin
& devtype:=0; {shor: between sourcedrain and bod ~}
error=2;
end
else if (abs(bodyneg)<I0E—6) and (abs(bodypos) <I0E—6) then
begin
devtype:=0;
error=3; {open berween sourcedrain aend body}
end
else if (abs(bodvnep)>10E—6) then
begin
devtyper=—1: ipchannel devicel
gotoxvi47.6);
writel ' PCHANNEL )
end
else
begin
devtype:=1; {nchunnel device}
gotoxy(47,6);
writel’'NCHANNEL");
end;

talk_to_hpib(hpib_analvzer_address);
end; {end of procedure measure_device_type}
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procedure chan_definition_device_functionality; Chan_definition_device_functionality

{this procedure sets up the channel names for the device functionality test,
and sets up the supply types}
{last change made: OCT 2, 1984 by: JRP}

begin
8 writestring{ 700+hpib_analyzer__address, IT1 DRO BC'):  lauto calibration of 4145}
{this is the source de finition
writestring(700+hpib_analyzer_address, DE '), (4745 to channel definition page}
writestring(700+hpib_analvzer_address,vdchan); {channel definition for vd}
writestring(700+hpib_analvzer_address,,” " \'DRAIN"", " IDRAIN"".1.3;"): {sets «p the DRAIN source}
writestring(7()0+hpib_analyzer_address,vgchan);' {channel definition for vg}
writestring(700+hpib_analyzer _address.’, VGATE "."IGATE ".1,1:"); {sets up the GATE source}
writestring(700+hpib_analyzer_address.vschan); {channel dejinition for vs}
writestring(700+hpib_anal yzer_address,”.” VSOURC"’,"ISOURC"",1.3: \i{ sets the SOURCE source}
writestring{700+hpib_anal yzer_address,vbchan): {channel definition for vb}
writestring(700+hpib_analvzer_address.,”"\'BODY"","IBODY ".1,3:' % {sets up the BODY source}
writestring(700+hpib_analyzer_address, VS1; VS82; VM1; VM2 ) {sets up

the voitage sources und monitors as not being used}
end: {end of procedure channel _de finition_device_ functionality}

procedure source_setup_nchannel _device SOHdGBEalseTUp_nchannel_device_functionality
{this procedure is called to setup the source values to test whether

u device is an nchunnel device.

the device is diode connected with \'B=\"S=0. then \'D=VG is stepped to \'DD.

We should get IDRAIN >>0}

liust chunge made: JUNE 20, 1984 by: JRP)

begin
{this is the source setup}
strwrite(vddstr,l.nextpos,vdd);  {puts vdd into a string format}
writestring(700+hpib_analyzer_address.’SS ‘), {move to source setup page}
writestring( 700+hpib_analyzer_address’VC'):  {set drain as voltage source
writestring{700+hpib_analvzer _address.xcdnumb):
writestring( 700+hpib_analvzer_address,”, )
writestring( 700+hpib_analvzer _address,vddstr);
writesiring{700+hpib_analyzer_address.’ .0.1;"); {set id compliance=100ma}
writestring{ 700+hpib_analyzer _address.” \V'RL0.0,'); {set gate us variuble source}
writestring( 700+hpib_analyzer_address.vddstr);
writestring( 700+hpib_ analvzer_address.”,’);
writestring( 700+hpib_ anulvzer_address.vddstr);
writestring( 700+hpib_anal yzer_address. ,1IE—6;); {set gate compliunce=1lua}
writestring( 700+hpib_analyvzer_address, \'C');
writestring{ 700+hpib_anal yzer _address.vsnumb);  {set source as v—source}
writestring( 700+hpib_ anal vzer_address. .0.0.0.1;'): {set is compliunce=100ma}
writestring(700+hpib_analvzer_address, VC');
writestring( 700+hpib_analyzer_address.vbnumb):  {ser dody as v—source)
writestring(700+hpib_analyzer_address. .00.0.01;"): {set ib compliance=10ua}
end: {end of source_setup_nchannel _device_ functionality}

procedure source_setup_pchannel _device _SOHIN 6&.1_ﬁ_erup_pchan nel_dev Lce_fun cttonalzty
{this procedure is used to determine whether u device is a pchannel device.

the device is diode connected with V'S=\'B=\"DD and V'G=V'D is stepped 1o O\".

we should get IDRAIN <<0)

{last change made: JUNE 20, 1984 by: JRP}

begin
writestring(700+hpib_analyzer_address, SS'); {4745 to source setup page)
writestring{ 700+hpib__analyzer_address, \'C'); {set drain as \—source)}
writestring(700+hpib_analvzer_add ress,vdnumb);
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end:

" wSource_setup_pchannel_device_ functionality

writestring(700+hpib_analyzer_address,’,0.0,0.1;"); {set id compliance=100ma}
writestring(700+hpib_analyzer_address, VR1,00,); {set gate as variable source}
writestring(700+hpib_analyzer_address,vddstr);
writestring(700+hpib_analyzer_address,’, );
writestring(700+hpib_analyzer_address,vddstr);

writestring(700+hpib_anal yzer_address, ,JE—6; )% {set gate compliance Iua}
writestring(700+hpib_anal yzer_address, VC'); {set source as \—source
writestring(700+hpib_anal vzer__address.vsnumb);

writestring( 700+hpib_analyzer__address,’,’);

writestring( 700+hpib_unalyzer_address.vddstr);
writestring(700+hpib_analyzer_address, ,0.17'); {set is compliance=100ma}
writestring( 700+hpib_anal yzer_address, \'C'): :
writestring( 700+hpib_anal yzer _add ress,vbnumb);
writestring(700+hpib_analvzer__address,’ . );

writestring(700+hpib_analyzer_ address.vddstr);
writestring(700+hpib_analyzer_address, 001:"); {set ib compliance=10ma}
lend of source_setup_pchannel _device_ functionality)

procedure measure_device_functionalityfvar deviype.error:integ0€QSUT € __devlce_functwnala'y
{this procedure sets up the 4145 to measure u single value of ids ut the

bias conditions previousiy setup, and reuds the value from the 4145:

{iust change made: OCT 2. 1984 bx: JRP)

var iinteger:

begin

S

{this is the measurement and display mode setup}

{the Sollowing line sets up wait und hoid times for measurement)
writestring(700+hpib_analyzer_address.” SM  DM3MX “IDRAIN":')
writestring( 700+hpib_analvzer_address. IT1 DRO BC'): {clears the bufferi
{this is the meuasurement setup)
writestring(700+hpib_analyzer_address, MD MEL): {muke measurement}
wait_till_hpib__ read v(hpib_analyvzer_address):

writestring( 700+hpib_analyzer_address, DO IDRAIN"":');  {output data}
listen_to__hpiblhpib_analvzer__address);

read number(700+hpib_analyvzer__address.idsgzero);

rcad number(700+hpib_anal yzer_address,idsgvdd )

if devtype=1 then {this is « nchunnel devicel

begin .
if' idsgvdd dwidtih /length*1E—6 then
begin
devtype:=l): {this tests for an open drain source}
error=4;
end:
if idsgzero>0.95%dsgvdd then
begin
devtype:=0: {this tests for « shorted drain source}
error=3;
end:
end;
if devtype=—1 then {this is « pchunnel device)
begin
if abs(idspzero) <width /length*1E~6 then
begin
devtype:=0; {this tests for an open drain source}
crror:=4:
end:
if abs(idsgvdd)>0.8*abslidsgzero) then
begin
devtype:=0; {this tests for a shorted drain source)
error=5;
end;

end;
talk__to_hpib(hpib_analvzer_address);
bsim__timer(time_ count);

Nov 15 20:23 1984 Page 24 of bsimlOTEXT



bsim1.0.TEXT bsim1.0.TEXT

~.measure_device_functionality

end; {end of procedure measure_device_ functionality }

{irpHadded variable to procedure} ‘ .
procedure measure_device_data(var measure_device_data_errorinteger); Measure _devzce _data
{this procedure sets up the strings to be used for the sources. sets up

the sources. and measures the data for n or p channel devices}

{last change made: SUNDAY OCT 14. 1984 By: JRP)

type testcode=string[20}:

var  vsource.vgstari,vgend,vgstep,vbstari.vbstepreal:
numbvbstep.numbvgstep:integer:
vdrainarray(1.4}f of real;
svsourcesvgstartsvyend svpstepsvhstartsnumbvbstepsvbstep,
svdrainl.svdrain2svdrain3.svdraindstring[20};
multiplier:real;  {to scale the IDS vs VGS curves on the HP4145.
. multiply the maximum ids value be the muliiplier.
Jor vds=0.1 and 0.2 values, multiplier=0.1. so
the curves arc more visible}

procedure channcl_definition_for_IDsvs\Gs Gla@nnel_de finition_for_IDSvsVGS_dara
{this procedure sets up the chunnels with all beirg voltage sources and the

source being common. The gate voliage and body voltage are set up to varyl

{iest charge made: JUNLE 20. 1984 by: JRP}

begin
writestring(700+hpib_anal yzer_address. IT2 DRO BC'):  {medium integration time}
writestring{ 700+hpib_analvzer _address,DE "%
writestring{700+hpib_analvzer_address.vdchan): {sets up drain us const}
writestring(700+hpib_anal yzer_address.”.” " \'DRAIN ", "IDRAIN"".1.3;");
writestring(700+hpib_analyzer_address.vpchan): {sets up gate as variablel}
writestring(700+hpib__anal vzer_address,”. VGATE " IGATE " .1.1:");
writestring{700+hpib_analyzer_address,vschan): {sets up sonrce as const)
writestring(700+hpib_analvzer_address,”.” " V'SOURC”, " ISOURC".1.3; )
writestring(700+hpib_analyzer_address.vbhchan): {sets up body as variable2}
writestring(700+hpib_anal yzer_address.”,” V' BODY ", IBODY "",1,2;");
writestring(700+hpib_analyzer_address,”\'S1; V§2: VM1; VM2;');

end; {end of procedure to define channels for dueta aquisition}

procedure striny_sctup_ measure_ IDSvs\V'GS; string_setup_measure  IDSvsVGS
{thix procedure culculutes step sizes for the measurements, fills in the vdd

array. und makes the necessary strings for the 4145)

{lust change made: JUNE 20, 1984 by: JRP)

var nextposition:integer; {for strwrite commund:
iinteger: {used for loop counter}

begin
bsim_ timer(time__count):
{determine the value of V'SOURCE)
if device_tvpe=1 then
vsource:=0.0
else
vsource=vdd:
{determine the starting value of VGATE)
if device_type=1 then
vgstart:=0.0
else
vgstart:=vdd:
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{determine the final value of VGATE)
if device_type=1 then
vgend=vdd
else
vgend=0.0;
{determine the step size for \'GATE}
if vdd <=3 then
vgstep:=0.05
else
if vdd <=5 then
vestep:=0.1
else
if vdd <=10 then
vestep=0.2
else
vestep=0.5;
vestep=vstep*device__type:
{determine the number of steps for \'GATE}
numb\gslepvlrunc(xdd /vesteprdevice_type)+1; {plus 1 for the first point}
{determine the starting value for VBODY}
if device_tvpe=1 then
vhstart=—vdd
else
vhstart:=2*vdd:
{determine the number of V'BODY steps}
numbvbstep=numbvb;
{determine the value of the \'BODY step)
vhstep:=device_type*( 0.0 1*trunc(vdd /(0.0 1*(numbvbstep—1)1);
{detemmine the values of VVDRAINY

)**u*****n*xﬂ wokok }

‘**********"HFRI- 1§ WHERE THE DR. \l)\’ SOURCE BIASES CAN BE CHANGEDw*x}
[ ook ok ko OORR RORRAOK o SR S KK ok ok }

vds{1):=0.1;

vds[2)=0.2:

vds[3}=vdd—0.5:
vds[4)=vxdd;
if device_tvpe=1 then
hegin
vdrain{1}=vds[1]:
vdrain{ 2]=vds2});
vdrain{3}=vd4 3}:
vdrain[4)=vdd4];
end
else
begin
vdrain{ 1}=vdd—vds[1];
vdrain[2}=vdd—vds[2);
vdrain{ 3)=vdd—vds[3];
vdrain[4)=vdd—vds[4};
end:
{here is where the strings ure written}
svsource:s="
strwrite(svsource,l.nextpos.v source:2:3);
svpstart:=
strwrite(svgstart,L.nextpos.v éslan :2:3):
svgend:=
strwrite(svgend.l.nextpos.v vend 2:3);
svgsteps="
strwrite(svgstep,l.nextpos, wslep..?..3)
svbstart="
strwrite(svbstart,1,nextpos.v bstart:2: 3)
snumbvbstep:="
strwrite(snumbvbstep, 1 ne\tpos nu mb\'bstcp)
svbstep="
strwrite(svbstep,1,nextpos,v bstep :2:3);
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svdrainl=" ‘s
strwrite(svdrainl,1,nextpos,vdrain{1]:2:3);
svdrain2=" ‘s
strwrite(svdrain2,1,nextpos,vdrain[2}:2:3);
svdrain3=" g
strwrite(svdrain3,1,nextpos,vdrain{ 3}:2:3);
svdraind=" ‘s

strwrite(svdraind,1 ,nextpos.vdrain{[4]:2:3);
{here is where the values of vbs are stored in the array vbs}
{realize that for a pchannel device. vbs is negated }
for i=1 to numbvbstep do
vbsfil=device_ type¥ (vbstart+(i—1)*vbstep—vsource)):
end; {end of procedure string _setup_measure_I1DSvs\'GS}

procedure source_setup_ measure_ IDSvs\'GS(svdrainiestco8OH " CE_SEIUp_rneasure _] DSvsVGS
{this procedure sets up the sources to meusure the datal
{last change made: JUNE 20. 1984 by: JRP)

begin
writestringl 700+hpib_anal vzer_address,’SS )
writestring(700+hpib_analyzer_address, VRL. )} {setup for gute sourcel
writestring( 700+hpib_ anal yzer_addresssvgstart);
writestringl 700+hpib_anal yzer_address,”,’);
writestringl 700+hpib_anal yzer_address;svpend);
writestringl 700+hpib_analyzer _address,”, ):
writestring{ 700+hpib__analyzer_addresssvgstep);
writestringl 700+hpib_analvzer_address, .1E—6;');
writestringl 700+hpib_analyzer_address’\'P ") {setup for body source}
writestringl 700+hpib_analvzer_addresssvbstart);
writestringl T00+hpib_analyzer_address,”. ):
writestringl 700+hpib_anal vzer_addresssvbstep);
writestringt 700+hpib_analvzer_address,”.);
writestringl 700+hpib_analyzer_addresssnumbvbstep);
writestringl 700+hpib_analvzer_address.” 0.001;);
writestringl 700+hpib_analyvzer_address, \'C':  {setup rFor drain v—source}
writestringl 700+hpib_anal yzer__address.vdnumb);
writestringt 700+hpib_anal vzer_address..” );
writestring( 700+hpib_analvzer_addresssvdrain);
writestring( 700+hpib_anal vzer_address.” . 100E~3:");
writestring( 700+hpib_analvzer_address, \'C);
writestring( 700+hpib_analvzer_address,vsnumb);
writestring{ 700+hpib_analyvzer_address,’.');
writestring(700+hpib_analyzer_address.svsource);
writestring( 700+hpib_analyzer_address, ,100E—3;");
bsim__ timer(time_ count);
end: {end of procedure source_setup_mea sure_1DSvs\'GS}

{irpHchanged variable error to ids_v s_array_error) )

procedure mcusure_and_l‘educe_IDS\'sg\’GS_dala( vmeaﬂuma;g_and _r educe __I DSvsVGS _data
var ids_ves_array__errorinteger);

{this procedure reads the data from the 4145 for either a nchannel or

u pchannel device. The values of vdsidswbs and vgs are corverted to

correspond to the convention for nchannel devices}

flust change made: SUNDAY OCT 14. 1984 Bx: JRP}

var ijKk.linteger;
idrain:array[1..100] of real;
vgstep_at_ vth:integer:
vg__store_stepiinteger;
threshold:real:
notyet:boolean:
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maxidsval:real; {maximum of idsgzero or idsgvdd]}
sign:linestring;

begin
bsim_timer(time_ count);
{writestring(700+hpib_analyzer_address, SM DM3 MX ~IDRAIN'';):
{ take out later |
if TRACE23=true then writeln(userout2,
“idsgzero=",idsgzero, idsgvdd=",idsgvdd );
{ take out later
if abs(idsgzero) >abs(idsgvdd) then
maxidsval=multiplier*abstidsgzero)
else
maxidsval=multiplier*abstidsgvdd);
if maxidsval>1EO then
maxidsstring:="0,75E1°
else if maxidsval>1E—1 then
maxidsstring="0,75E0’
else if maxidsval>1E—2 then
maxidsstring:="0.75E—1"
else if maxidsval>1E—3 then
maxidsstring:="0,75E-2’
else if masidsval>1E~4 then
maxidsstring:="0.75E—3’
else if maxidsval>1E—5 then
maxidsstring="0.75E—4’
else if maxidsval>1E~6 then
maxidsstring="0.75E— 5
else if maxidsval>1E—7 then
maxidsstring:="0.7SE—6’
else if maxidsval>1E—8 then
maxidsstring="0.75E—7’
else if maxidsval>1E—9 then
maxidsstring:="0.75E—8’
else if maxidsval>1E—10 then
maxidsstring="0.75F—9’
else maxidssiring="0.75E—10":
it device_type=—1 then {if pmos. then add minus sign 1o}
begin . {maxidsstring vaiue sen: to hpd 145!
signi="—=";
strappend(sign.maxidsstring):
maxidsstring=sign:

Rk kK }

end:

{rrrorkonkook tuke owt later XK }

if TRACE23=true then writeln(userout2,
"maxidssiring =".maxidsstring);

{ % ** take out later .
writestring( 700+hpib_analyzer_address’ SM DM1, XN 'VGATE .10, )
writestring( 700+hpib_anal yzer_address.vddsir);

{JRPIif device_type=1 then

{JRP begin L

writestring(700+hpib_analyzer_address. ;'Y A" IDRAIN"",1,0,");
writestring(700+hpib_anal vzer_address.maxidsstring);
writestring(700+hpib_analvzer_address.:" )

{JRP} end

{JRPlelse {device ix PMOS}

{JRP} hegin

{JRP) writestring(700+hpib_anal vzer_address, ;Y A" IDRAIN"",1," )
{/RP} writestring(700+hpib_analvzer_address,maxidsstring);
{JRP} writestring(700+hpib_analyzer_address,’,0;");

{JRP} end;

writestring( 700+hpib_analvzer_address, IT2 DRO BC'): {medium integration time}
writestring(700+hpib_analyzer_address, MD MEI1’);

wait__till__hpib_ read y(hpib_analyvzer__address);

bsim__timer(time_count);
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writestring(700+hpib__analyzer_address, DO “'IDRAIN"";");
bsim__timer(time__count);
listen_to__hpib(hpib_ analyzer_ address);
threshold=0.1E—6*width /length; {this is the threshold current level}
{jrplif TRACE37=true then wmeln(useroutz
{jirp} “threshold=",threshold.” width=",width:2:2, length=",length:2:2);
{jrplids_vgs_array_error:=0;
for =1 to numb\bstep do
{jrp} if ids_vgs_array_error=0 then
{zhts steps zhrough the values of vbs from Iughest in magnitude to
the lowest value of vbs in mu.qrutude;
begin
notyet:=true;
{jrp} vestep_at_vth=numbvygstep: {in case all values)
{are below threshold}
for i=1 to numbvgstep do
fthis steps througn the values oj vgs from lowest in
mugnitude to highest in magnitude
begin
{irp} read number(700+hpib_analyzer__address,id rain[i]):
if (abs(idrain[i}) >threshold) and (notvet=true) then
begin
notyvet={alsc;
vgstep_at_vth:=i+5;
end;
end;
vg_ store_step=(numbvystep—vgstep_at_vth) div (numbvg—1);
if ve_store_step=0 then

1ds_\'gs_ana}_enror:=6; {this meuns that there are not enough points}
if ids_vgs_array_error=0 then
begin
for i=1 to numbvy do
begin
ids[vdscount.j,il:=(idrain[vgstep_at_ vih+
(i—1)*vg_store_step] ™
device_type:
vgs| vdscount.j,i)=(vestep_al_vih—1+
(—1Fv ¢__store_step)*
vestep¥device__type:
end:

: end;
end;
bsim__timer{1ime__count);
talk_to_hpib(hpib_analyzer_address):
bsim_timer(time_ count);
end:

hegin  {begin procedure to measure_device_data}
channel_definition_for_IDSvs\'GS_ data:
siring__setup__measure_ IDSvs\V'(GS:
multiplier=0.1;
source__setup__measure_ IDSvs\'GS(svdrainl )
measure_and_reduce_ IDSws\ GS__datall.measure_device_data_error):
{jrphif TRA(,E38=true then vmeln(userom”’. within measure_and_reduce and’,
measure__device_data_ error=".measure_ device_ dala error:1)%;
{jrptif measure_device_data_error=0 then
{irp) begin
source__setup__measure__IDSvs\V'GS(svdrain2
measure__and _reduce__ lDSvs\Gs data(2, measme device_data__error);
{jrp} if TRACE38=true then Wmeln(useroulfl,
“within measure_and_reduce and’, measure__device_data__error=",
measure_device__data_error:1);
multiplier:=1.0:
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{jrp} if measure_device_data_error=0 then
{jrp} begin
source_setup_ measure_ IDSvsVGS(svdrain3);
measure__and__reduce_ IDSvsVGS__data( 3,
measure_device_data_ error);
{jrp} if TRACE38=true then writeln(userout2,
‘within measure_and_reduce and’,
" measure_device_data_error=",
measurce_device_data_error:1);
{irp} if measure_device_ data_error=0 then
{jrpt begin
source _setup_ measure_ IDSvs\' GS(svdraind):
measure__and_ reduce_ IDSvs\'GS__datal4.
measure_device_data_errork:
{jrpl end:
{irp} end:
{jrpl end;
{jrplif TRACE38=true then writeln(userout2. within measure_and _reduce and’.
’ measure _device_data_error=",measure_device_data_error:1);
end:

begin {begin procedure measure_device)
translate _terminals_to_strings;
error_code:=0;
chan_delinition_to_test_device_ type;
source_setup__to__test_device_type:
measure_device_type(device__typeerror_code);
if device_type=—1 then {this is pchannel device test)
begin
chan_definition_device_functionality:
source _setup_pchannel _device_functionality:
measure_dcvice__functionality(device_tvpeerror_code):

end:
if device_type=1 then {this is the nchannel device test)
begin
chan_definition_device_functionality:
source__setup_nchannel _device_ functionality:
measure__device _ functionalitvldevice_typeerror_code);
end:
if error_code=0 then
{jrpl begin
{jrp} measure_device_datalerror_code);
{jrp} if error_code=6 then icrror_code might become non—0}
{jrp begin
{irpl gotox v(0,22); '
{jrp) write('NO PARAMETERS HAVE BEEN GENERATED OR SAVED')
{irp} write(": IDS—VGS ARRAY HAS A ZERO IN IT')
{irp} end:
{jrp} end
else
hegin

yotoxv(476);
case error_code of
l:write(’ ERROR *GATE SHORT*’);
2:write” ERROR *SHORTED JUNCTION*');
3:write(” ERROR **NO JUNCTION**");
4:begin
gotoxyv(55,6);
write(" ERROR*OPEN DRAIN—SOURCE*');
end;
S:begin
gotoxv(55.6): i
write(" ERROR*SHORTED DRAIN—SRC*');
end;
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end; {end of case}
end;

end;
{ }
{ BSIM EXTRACTION ROUTINES } ** }
{ bk
procedure extraci_device_parameters; extract _device_parameter S
{this procedure extracts all o/ the pertinent device purameters)
{last change made: SUNDAY OCT 14. 1984 By: JRP}
var u0,betaO.vih.ulaeta:array[1.4.1.6] of real:

vt0.azerovds,uOzerovds:arrayl1.6] of real;

k1k2vfbphif2:arrayl1.4] of rcal; {for linear region analysis}

i,',vdimlex,vbinde.\:.\'gindexzimeger: {counters for extruction)

{Frrrkrnk *take out later

iti,jjjkkK:integer: {used to print out all data values)

{*******************************Zdke out luter™ Kok kok }
{***************************1‘I‘V}‘P:XR REGIOA‘ EXTRACTIOA’ X }
procedure lincar_repion_extraction: linear I egion _extraction

{this procedure cuicuiates the parameters V'TX, SLOPE. and U0 using a [first
puss to extract initici estimates. and newiton—ruphson iterations to derive
the tinal values ¢t various biuses)

const number_small_ves_ values=3:
maximvar=1E—8§:

var  vgsvalireal: {presen: value of rgsl
nrindex:inteper: {present index for newton—raphson iteration}
constant.linear,quadraticreal:
idsdivvdsreal:
vyindexiinteper:
iterate:booleuan:
vesminvixireal:
linearl.lincar2:real:
vixslopeuOx:real:

hegin

£ 33

take out later - }
if TRACE37=true then writeln(userout2,’entering linear_region_extraction’);
{rawn ** take ot later !i
for vgindex=1 10 number_small_vps_values do
begin
if TRACE37=true then Isq3:=true;
vpsval=ves vdindex.vbindex.vyindex);
idsdivvds=ids{vdindex.vbindex.vgindex] /vds|vdindexl;
leasisq3( veindex.l.number_small__vgs_ values.vgsval,vgsval*vgsval,
idsdivvds,constant.linear,quadratic);
if TRACE37=true then lsq3=false;
{irp} if TRACE37=true then writeln(userout2,’in 1st leastsq3 &,
{irpt " vgindex=".pindex:1);
end;
vix=(—2.0*constant) /(linear+linear*sqr( 1—(4*constant*quadratic) /
(linear*linear)));
slope=linear+2*quad ratic*vix;
{jrptif TRACE37=true then writeln(userout2, after Ist leastsq3 & vin=,

R e
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{jrp} vix.,” slope=" slope);
{this is the .fit for {vgs—vtx) /g=1/slope+ulx /slope*ivgs—vix) which
is used to get an initial estimate for uOx}
for vgindex=(number_small_vgs_values+1) to numbvg do
begin
vgsminvtx:wvgs[vdindex,vbindex,vgindex]-vtx;
leastsq2(vgindex,number_small_ vgs_ values+l,numbvg,vgsminvix,
vgsminvix /ids[vdindex,vbindex,vgindex [*vds[vdindex],
constant.linear);
end;
uOx:=linear /constant;
{jrplif TRACE37=true then writcin(userout,’after 2nd leastsq3 & uOx=",uOx);
{this is the final fit jor g=slope*{vgs—vtx) [l J+uOx*vgs—vix)}

iterate=true:
nrindex:=1:
while ((nrindex<15) and (iterate=true)) do
begin
for vgindex:=1 to numbvg do-

begin :
vesminvix=vpdvdindex,vbindex.vpindex}—vix:
id sdivvds:=idﬁvdindex,vbindex,vgindex] /vds{ vdindex):
leastsg3(vgindex,Lnumbvy (uOx*idsdivvds—slope) /vgsminvix,
—idsdivvdsidsdivvds /vpsminvin+idsdivvds*uOx—slope.
constant.lincarl.linear):
end;
if {uOx+linear2)<®) then
uOx=uOx /10
else
uOx=uOx+linear2:
slope:=slope+constant:
vixi=vin+linearl:
if (abs(constant /slope) <maximvar) and (abs(linearl)<maximvar) and
(abs(linear2 /uOx)<maximvar) then
iterate:=false;
nrindex:=nrindex+1:
{jrplif TRACE37=true then writelnluserout2. nrindex’,
{irp} arindex:2.” vix="vix. slope="slope,” uOx="u0x);
end: {end of newton—raphson iteration}
betaO{vdindex,vbindex]=slope;
vith{vdindex,vbindex]=v1y;
u0f vdindex,vbindex])=u0x;

{ ¥*xake out later } ,
if TRACE37=true then writeln(userout2.'leaving linear_region_extraction )
{ : take our later !
end:
procedure large_device_20f _extraction: lar ge _dGViC@ _20 f _extraction

{this procedurc is culied to anaixze the first large device of the current

die, and for each different device Ixpe, in the dula structure,

to determine 20f. K1. K2, und VFB. this procedure NEV'ER gets called for
SINGLFE mode}

{last chunge made: THURSDAY SEPT 20. 1984 By: JRP)

const numbvb=6:;
maximvar=]E—8§;

var q_e_2Kk_1_gqgreal;
s.g.taNa,nireal;
vp.sqroot_vpireal;
constant.linearl:real;
iterate:boolean;
nrindex.vbindex:integer;
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templ,temp2:real;
test:integer;

begin

take out later* } ,
if TRACE37=true then writeln(userout2,’entering large_device_20f_extraction’);
take out later

phif2[vdindex}=0.6;
k_t_qg=0.0258512*temp /300.0);
ni:=1.45E10*exp(1.5*In(temp /300 )¥exp( 1.124 /2.0 /k_t_q*(1—300 /temp));
q_e_2=3.20438E—19*11.7*8.854E—14:
k2[vdindex]=0:
{HERE 1S WHERE s is cdlcuiated}
{for the first die tested. s is set to 1}
{ull jurther dies use the process parumeters for kl on the previous
die o determine si
test:=2*device+enhancement __depletion;
if ( (present_die=1) or (first_pood _die=1) } then
5:=1.0
else
case test of
—3s:=1+pdik1 /Uength+pddl+pdwk] Awidth+pddw):  {pchun dep.i
—2we=1+p2ik] /Uength+pzd D+pzwk] Awidth+pzdw ) {pchan zer)
—Is=1+pelkl /Ulength+ped] J+pewkl Awidth+pedw);  {pchan eni.}

ls=1+ndlKk] /Uength+ndd+nd wkl Awidth+nddw ) {nchan dep.}
2s:=1+nzlk1 /lleng th+nzdl)+nzwk1 /(wid th+nzd w); {nchan zer.}
3ws=14+nelkl /(length+ned)+newk! /(wid th+nedw); {nchan enh.}

end: lend of case sictement to determine s}
Na=ni*exp(phif2[vdindex] /2.0 /k_1_q);
k1[vdindex]=s*syrt(q_e_2*Na) /cox:
{the newton—raphson iteration begins here}
nrindex:=1:
itcrate=true: .
while ((nrindex <13) and (iterate=true)) do
begin
{jrp} if TRACE37=true then writeln(uwrout2.’vdindex ,vdindex:l,
{jrp} " nrindex=".nrindex:2):
for vbindex=1 to numbvb do
begin
vp=phif2{vdindex]—vbs[vbindex];
sqroot_vp=sqrt(vphk
1:=1,744+0.8364%vp:
g=1-1/u
ar=1+g /2*k 1[vdindex] /sqroot_vp:
templ=1—k2[vdindex]+k1[vdindex]/2 /sqroot_xp
+k1[vdindex] /4*sqroot_vp /k_t_q+
vds[vdindex] /2*(—g /4*k1[vdindex] /
vp /sqroot_vp+k1[vdindex] /2 /sqroot_ vp /t /1%0.8364):
temp2=vth{vdindex,vbindex]—a /2*vds[vdindex]
—phif2[vdindex]—k1{vdindexPsqroot_ vp;
leastsq3(vbindex.l,numbvbiempl,—vptemp2
~fblvdindex).lincar1.k2[vdindex]:
{irpl if TRACE37=true then writeln(userout2.
{jrp} " vb=".vbindex.” vfb|' ,vdindex:1.}=",
{jrp} viblvdindex],” k2l .wdindex:1,'}=" k2[vdindex)):
end:
phif2[vdindex)k=phif2[vdindex]+linear]:
if phif2[vdindex]<0.2 then
phif2[vdindex]=0.2; {safety check}
Naz=ni*exp(phif2{vdindex] /2 /k_1_q):
if Na<ni then
Na:=ni; {guaranzees that phif2 does not go negau’ve}
k1fvdindex]=s*sqri(q_e_ 2*Na) /cox:
if abs(linearl) <maximvar then
iterate={alse;
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nrindex=nrindex+1;

{irp} if TRACE37=true then writeln(userout2,
{jrp} ‘phif2[’ vdindex:1,’}=" ,phif2[vdindex), k1l ,vdindex:1,
{jrp} ‘J=" kilvdindex));

end; {end of newton—raphson iteration while loop}
bsim_ timer(time_count);
{ take out later
if TRACE37=true then writeln(userout2,’leaving large_device_20f_extraction’);
take out later
end: {of procedure lurge_device_20f_extraction}

procedure lincar_region_threshold_analysis: linear _r egzon_thr eshold _analyszs
{this procedure extructs urraxs for vfbkl. and k2. assuming that the

value of 20f is aireadx known}

{last change made JUNE 18. 1984 by: JRP)

var Lg.vpsgroot_vpoexcreal:
vhindex:integer:
K_t_gmig_e_2s.Nareal:

testinteger:

begin
30Kk KoK ok *"‘ake out ldter**********************“*}
it TRACE37=true then writeln(uscrout2,

‘entering linear_region_ threshold _analyvsis’);
“:**’1¢$***********************take out l‘ller*************************}
lest:=2*device+enhancement _depletion:
lhere is where the value of phif2? must be determined)
if mode="4" then {this is single device mode. and value has been input)

phif2[vdindex]=c2_ phif2
else
case test of
—3:phif2[vdindex]=pdphif2: {pchannei deplietion}
~2phif2[vdindex])=pzphif2: {pchunncl zero}
—L:phif2[vdindex]=pephif2: {pchannel enhancement}
1I:)phif2[vdindex])=nd phif 2; {nchannel depletion}
2phif2|vdindex]=nzphif2:  {nchannei zerol
3phif2[vdindexl=nephif2;  {nchunnel enhancement}
end: iend of cuse 1o determine phif2 values) .
Kk_1_q=0.0258512*(temp /300.0):
ni:=1.45E10*exp( 1.5*In(temp 300 N*expl 1.124 /2,0 /k_t_g*(1—300 /temp)):
y_e_2:=320438E—19*11.7*8.854k~ 14:
fs only has to be an approximation here}
s=]:
Na=ni*exp(phif2[vdindex] /2.0 /k_t_q):
kl{vdindex]=s*sqrt(q_c_2*Na) /cox: s
for vbindex=1 to numbvb do
begin
vp=phif2[vdindex}-vbs[vbindex);
sqroot__vp=sqrt{vp);
1:=1.744+0.8364*vp;
g=1—1/1;
a[vdindex,vbindex]=1+g /2*k l[vdindex] /sqroot_vp;
leastsq3(vbindex,l.numbvb.vds|vdindex] /2% /2 /sqroot_vp+
sqroot_ vp.—vpth[vdindex.vbindex]—phif2{vdindex]~
a[vdindex.vbindex] /2*vds{vdindex].vfbl vdindex]
Xk1lvdindex],k2[vdindex]):
{jrp} if TRACE37=true then writeln(userout2,
{jrp} © vb=",vbindex.” vib['.vdindex:1,’]=",
{jrp vfb{vdindex], k2[ .wdindex:1.'}="k2[vdindex].
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{irp} " k1[’,vdindex:1, }=" k1[vdindex]);
end;
{jrp}if TRACE37=true then writeln(userout2,
{jrp} “phif2{’,vdindex:1, }=",phif2[vdindex]);
bsim__timer{time_ count);

take out later }
if TRACE37=true then writeln(userout2,
‘leaving linear_region_ threshold_analysis');
{ take out later ~ }
end; {end of the linear_region threshold anal ysis}

procedure lincar_region_data_ reduction; linear _region _data_reducaon
{this procedure reduces the data for the linear region variables

w0 0,20 £k 1k 2200, und azerovds)

liust change made: THURSDAY SEPT 20, 1984 By: JRP)

var vdindex.vbindex:inieger:
x3ulereul:
linearl:real:
VPSyroot _vp.yg.t,oxireal:
testiinteger:

begin

take out later *}
if TRACE21=truc then writeln(userout2,

entering lincar_region_data_ reduction’ ):
{***Q*k***‘* Iake out laze’-***********#*************}

{clear wp arraxs}
for vdindex=1 to number_small_vds_values do
for vbindex:=1 to numbvb do
begin
vp=phif2[vdindex]—vbslvbindex];
sqroot_vp=sqri( vp);
1:=1.744+0.8364*vp;
g=1-1/u
a[vdindex.vbindex)=1+g /2*k 1[vdindex] /sqrooi_ vp:
va=a[vdindex.vbindex] /2*vds[vdindex);
vth{vdindex,vbindex)=vth{vdindex.vbindex]—vx;
uOfvdindex.vbindex}=u0[vdindex.vbindex) /
(1—uO[vdindex,vbindex}*vx );
end:
{reductior of u0 to zero vbs values)
for vbindex:=1 to numbvb do
for vdindex:=1 to number_small_vds_values do
leastsq3(2*(vbindex—1)+vdindex,1,number__small _vds_ values*numbvb,
vhs[vbindex),vds{vdindex],u0{vdindex.vbindex).
¢7_u0.c12_x2u0,x3u0);
potox v(3.20):
writele7_u0:1:3):
gotoxv(45.13):
writelc12_x2u0:1:6);
for vbindex=1 to numbvb do
uOzerovds|vbindex]=c7_u0+c12_ x2u0*vbs{vbindex];
for vdindex:=1 to number_small_vds_values do
leastsq2(vdindex.l.number_small_ vds_ vaiues.vds[vdindex].
vib{vdindex].c1_vib.linearl);
gotoxv(4,14);
write(c]_vfb:1:3);
if (meas_20f=TRUE) or (fake_meas_20f=TRUE) then
for vdindex=1 to number_small_vds_values do
leastsq2(vdindex,l,number_small_ vds_ values.vds[vdindex),
phif2{vdindex]c2_phif2.linearl);
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{here is where the value of phif2 is stored for later devices)
{if phif2 was not measured on the present device, the phif2 value
stored will be the same as for the previous device}
test=2*device+enhancement__depletion;
case test of
=3:pdphif2=c2_ phif2;
=2:pzphif2=c2_phif2;
= L:pephif2:=c2_ phif2:
I:ndphif2:=c2_phif2;
2inzphif2=c2_ phif2:
3mephif2=c2_phif2:
end: lend of case 1o store away value of phif2}
gotoxy(6,15);
writelc2_ phif2:1:3);
for vdindex:=1 to number_small_vds_values do
leastsq2(vdindex.l.number_small_vds_ values.vds[vdindex]k1[vdindex).
¢3_kl.linearl):
goloxv(3,16);
writelc3_k1:1:3):
for vdindex=1 to number_small_vds_values do
leastsq2(vdindex.l.number_small_vds_ valuesvdsvdindex].k2[vdindex),
c4__k2lincarl);
gotoxv(3.17);
writelcd__k2:1:3)%
for vbindex=1 to numbvb do
begin
if TRACE23=true then writelnluserout2,
“linear—=v10 array and vbindex=".vbindex):
if TRACE23=true then writeln{userout2,
“vbyvbindex]=".vbslvbindex])” and c2_phif2="¢2_phif2:
vp=c2_phif2—vbs{vbindex]:
syroot_vp:=syrt{vplk
viO{vbindexk=c1_ vib+c2_phif2+c3_k1*sqroot_vp—cd_K2*vp:
1=1.744+0.8364*p:
e=1-1"t
azerovdsfvbindex]=1.0+g /2.0%c3_k1 /sgritvp)):
end:
for vdindex=1 to number_small_vds_values do
tfor vbindex=1 to numbvb do
eta[vdindex.\ bindex)=(xvth{vdindex.vbindex]—vi0[vbindex]) /
vds[vdindex];
bsim_ timer(time_countk:
{FAkrRn wHHk take out luter® }
it TRACE21=true then writeln(uscrout2,
“leaving linear_region_data_reduction’);

ok wxx)

take out luter

end:

{irpHthe entire Sollowing procedure is new} . V4.
procedure check_ linear_parameters_validitv(var linear_ﬁ:‘l‘tﬁ@ky_l_bﬂ@ﬁﬁ'lg@ﬂf ameter s_yahdwy
{this procedure checks each of the just—extracted lineur parameters 1o see if

they are within a reasonable runge of values. if thex are not. then the

extraction will cease here. und the purameters will not be used when computing

the process file. « check of the saturation region parameters tund the

linear puramecters again) will be conducted in process_ jile_development |

{lust change muade: THURSDAY NOV 8. 1984 Bx: JRP}

begin
linear_ parameter_ error=0;
{JRP}f not( (c1_vfb >= —=5.0) and (cl_vfb <= 10) and
(c2_phif2 >= 0.2) and (c2_phif2 < 1.5) and
(c3_k1 >= 00) and (c3_kl <= 50) and
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{JRP) (c4_k2 >= —10) and (c4_k2 <= 1.0) and
{JRP) (c7_u0 >= —10) and (c7_u0 <= 1.0) and
(c12_x2u0 >= —10) and (c12_x2u0 <= 1.0) ) then
linear__parameter__error=1;
end;

{ SATURATION REGION }

procedure initial_saturation_ region_estimates(var belaoimizrial\ﬁaﬁmtion_[egion_estimates
{this procedure handles the estimates Sor ulbetuO, und vtl. for
the saturation region analysis}

{last change made: THURSDAY SEPT 20. 1984 Bx: JRP)

var etasatreal;

begin {begin procedure initial saturation region estimates}
; % *k SRRk Lo out lazer**"***************"*******}

if TRACE25=true then writcln(userout2,
enteriny initial saturation region estimates’);

{********************'***********’“tdi’((‘ ot later Kok ko % }
it (vbindex=numbvb) and (vdindex=numbvd) then
begin
ulsat=0.0;

vthsat=v1t0[vbindex]—eta[ 2 vbind ex)*vds] vdindex):
betatsat=betat{2.v-bindex}:

end
else if (vbindex=numbvb) and (vdindex <numbvd) then
begin
luse vaives jor previous vdindex)
etasat=eta[vdindex+1.\bindes):
ulsat=ul{vdindex+1.vbindex}):
betaOsat=betat{vdindex+1.vbindex):
vthsat:=v10[vhindex]—etasat*vds{vdindex]:
end
else {(vbindex <wmbvbdl}
begin
{use values from previous vhindex)
etasat=cla[vdindex.vbindex+1]:
ulsat=ul{vdindex.vbindex+1};
betaOsa t:=beta0{vdindex.vbindex+1);
vihsat=v10] vbindex]—etasat*vds{vd index):
end:
{ ** ** tuie oul later™ k|

if TRACE25=true then writeln(userout2.
‘leaving intial saturation region estimates’);
{ *x R tuke out later®* }
end: {end of procedure initial saturation region estimates)

{irpHnext lne} . . .

procedure saturation_region_ data_extraction( saturation_region _data _extraction
var saturation_extract_error:integer):

{this procedurc extracts the parameters betaOsat, eta. and u«l from

the data takern over large vds values}

{iast change made: SUNDAY OCT 14. 1984 By: JRP)

var nrindex,vgindexinteger;
iterate:boolean:
betaOsat.ulsat.vthsat,idssim,deltabetaOsat.
deltavth.deltaul:real:
didsdbeta0.dkd vthdkdul.didsdvth,didsduldud vthireal;
vgsminvth,u,vet,Kk r.s,asat,u0sat,vdssat:real;
templ,temp2lemp3:arrayl1.6] of real;
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numbon.numblin,numbsat,goodcount:integer;
- take out later }
placesinteger; {used for debugging newton—raphson loop}
take out later

procedure zero_ul_saturation_extraction; Zero_ul_saturation_extraction
{this procedure is called if ul is going negative. In this case, ul is
set to zero)

{iust change made: THU/RSDAY SEPT 20, 1984 Byx: JRP)

var nrindex.vgindex:integer:
iterate:boolean:
numbon.goodcount:integer:
lempl.lemplzarray[l.;% of real;
{most variables are used as global variables within the routine
saturation _region_data_extraction}

hegin

{x- Kok ok

*take out later }
it TRACE25=true then writcln(userout2,
‘entering zero_ul_saturation_extraction’):
{******* *% ook Rekkk lak(’ oul lu'ler**************************}
nrindex:=1;
iterate:=true:
while (nrindex<12) and (iterate=true) and Ueastsq_divide_by_zero=false) do
begin

numbon:=(:
for vgindex=1 to numbvy do
begin
vesminvth=vgs[vdindex.vbindex.vpindex}-vthsay;
if vgsminvth<0.0 then
vesminvih:=0.:
u=1.0+ulsat*vgsminvth:
vdssat:=vgsminvth /asat:
if vds[vdindex]>vdssat then
{this is saturcetion analxsis)

hegin
s=betaOsat /u /asat;
idssim:=s /2.0*sqr{ vgsminvth):
{this next line hus been changed from
originul program. (u+1)/2/u hus been
added to give exact derivative}
didsdvth=—{s*vgsminvih X u+1) /2 /u:

end

else

{this is the lineur region anal vsis}

hegin
s=betaOsat /u*vds[vdindex]:
idssim=s*(vosminvth—asat /2,0*
vds[vd indexﬁ ):
didsdvth:=—(s);

end;

didsdbetaO=idssim /betaOsat;
if vgsminvth>0 then

begin
numbon:=numbon+1:
temp 1 numbon}:=d idsd vth /did sd beta0:
temp2[ numbon]=(ids[vdindex.vbindex.
vgindex]—idssim) /did sd betaO
end:

end;
for goodcount:=]1 to numbon do
leastsq2(good count, l.numbon.temp1{pood count],
temp2[goodcount].deltabetaOsat,deltavth):
betaOsat==betaOsat+d eltabetaOsat;
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end;
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vthsat:=vthsat+deltavth;

if (abs(deltabetaOsat /betaOsat)+abs(deltavth))<IE—8 then
iterate:=false;

nrindex=nrindex+1;

{end of while loop}

take out later }

if TRACE2S=true then writeln(userout2,

“leaving

zero_ul_saturation_ extraction’)

take out later }

end: {end of procedure zero_ul_saturation_extraction}

{ procedure saturation_region_datu_extraction begins here}

begin

{ *k

take out later *x}

if TRACE2l=true then writeln(userout2,

‘entering

A+ Rk ook

sal_reg_data_extrac vbindex=".vbindex:2. & vdindex=".vdindex:2):

{jrplsaturation_exir

take our {uter Kotk #)
act_errors=0:

uOsat=uOzerovds{xbindex):
asat=azerovds| vbindex]:

initial_satura

tion__region__cstimates(betaOsat.ulsatvthsat):

{******** FkK kok ok ******ltl/\( ot l“le,.******#****iu **1*****’***}

place=0:

if TR-\(‘!:."5=1ruc then writeln(userout2.
re—emcung intial saturation repion estimates )

{ ok Kk

ke out zu“’.‘l'************************* }

{this section fits the curve (Id—Idsted]dsdBeta0? x+d1dsd\th*x2+d] dsdlU 1*x3
where y=deltaBetuQ x2=deltu\'th and x3=delialil}

iterate=true:
nrindex:=1;

[newton=—raphson index)

while (nrindex<13) and (iterate=true) and (leastsy_divide_by_ zero=false)

begin

and (saturation_extract_error=0) do

if TRACE24=true then

numbo

write{ userout2,
nrindex=".arindex:2,” place=");
n:=()

numblin:=0:

numbsat:=(:

for vgindex:=1 to numbvyg do
begin

Nov 15 20:23 1984

vgsminvth=ves[vdindex.vbindex.vgindex]—vthsat:
if vysminvith<0) then
vegsminvth=0.0;
u=1.0+ulsat*vgsminvth;
ve=ulsat /asat*vgsminvth;
t=syril LO+2.0*ve);
k=(1.0+vc+1)/2.0:
dudvth=—u0lsat:
vdssat=vgsminvth /asat /sqru(k)
it vds[v dmdc\] >vdssat then
{this is saturation region}
begin
if vesminvth<>00 then
numbsat=numbsat+1:
s:=beta(sat /u Zasat /k:
idssim:=s /2.0*sqr{vgsminvth):
1=0.5+0.5 /1;
dkdvth:=—ulsat /asat*t;
dkdul=vgsminvth /asat*y;
didsdvth=—(s*vgsminvth+idssim /u*dudvth+idssim /k*
dkdvth);
didsdul:=—idssim /k*dkdul;
end

Page 39 of bsiml.O.TEXT



bsim1.0.TEXT bsim1.0.TEXT

{irp!

{jrp!
{Jrf'f
jrp:

(jrpy

{jrp}

{jrpt
{jrp!
{irp!

{jrp

~saturation_region_data_extraction

else
{this is the linear region}
begin
if vgsminvth<>00 then
numblin=numblin+];
r=10+ulsat*vds vdindex];
s=betaOsat /u /r*vds[vdindex];
idssi m=s*(vgsminvth—asat /2.0*vds[vdindex]);
didsdvth=—(s+idssim /u*dudvth);
didsdu l:=—idssim /r*vds[vdindex];
end:
didsdbetaO=idssim /betaOsat:
if vegsminvth>0 then
begin
numbon:=numbon+1:
temp 1{numbon]:=didsd vth /did sd beta0:
temp2[numbonj:=didsdul /didsdbeta0:
temp3[numbon)=(idgvdindex.vbindex.vgindex]
—idssim) /didsdbeta0:
end:
end:
place:=1:
if TRACE24=true then writelnluserout2.place:2):
if TRACE27=twrue then Isq3:=true;
if numbsat>numblin then
begin
if TRACE24=true then
writeln(userout2. numbsat >numblin and numbon=",numbon )
for poodcount:=1 to numbon do
if (numbon<>2) then
leastsq3(goodcoum,l.nnmhon.temp][ roodcount},
temp2|goodcount).temp3[goodcount],
deltabetaOsat.deltavth.deltaul)
else '

{number o sets of duate sent to leastsg3=2 whick
will not give back vilid dutda.dleastsg3 needs
at leust 3 sets of dutal

saturation_extract_error=2:

end
else
begin
if TRACE24=true then writelnluserout2,
‘numbsat <numblin & numbon=".numbon.” numbsat=".numbsat):
for goodcount=numbsat+]l to numbon do
if (numbon—numbsat—1<>2) then
leastsq3(good count. ] .numbon,te mp1{goodcount],
temp2{goodcount)iemp3[goodcount].
deltabetaOsat deltavth.deltaul)
else ,

{number o) sets of data sent 1o ledastsy3=2 which
will not give back vulid data.lleasts¢3 needs
at least 3 sets of dutel

saturation_extract_error:=2:

end;

if TRACE27=true then Isq3:=false;
if (saturation_extract_error=0) then
begin
place:=2;
if TRACE24=true then write{userou12,place:2);
if (ulsat+deltaul)<0 then
ulsat:=ulsat /10
else
ulsat:=ulsat+deltaul;
place:=3;
if TRACE24=true then writeluserout2,place:2);
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if vdindex <numbvd then

begin

if (betaOsat+deltabetaOsat)>betaO[vdindex+1,vbindex] then
betaOsat=beta0{vdindex+1,vbindex]
else
betaOsat:=beta0sat+d el tabetaOsat;

end
else .
betaOsat:==betaOsat+deltabetaOsat;
place=4;
if TRACE24=tyue then write(userout2,place:2):
vthsat=vthsat+dellavth;
if (abs(deltabetaOsat /betaOsat)+abs(deltavth))<IE—8 then

iterate:=false;
place=5;
if TRACE24=true then wrrite{userout2,place:2);
if ulsat<lE—7 then

ulsat:=0.0;
place=6;
if TRACE24=true then writelnluscrout2,place:2):
if (ulsat<1IE—7) and ((nrindex>6) or (iterate=false)) then

begin
iterate=false;
zero_ul _saturation__extraction;
end;
nrindex=nrindex+];
end; {of ‘if {extract_error=0) then...)

end: lend of newton—raphson while loop)
vih[vdindex.vbindex)=vthsat:
betaOf vdindex.vbindex]=betaOsat:
ul{vdindex.vbindex]):=ulsat;
eta[ vdindex.vbindex]:=(vi0[vbindex]—vthsat) /vds[vdindex];
{********sc**u Kk ke out luter*** K **}
if TRACE21=true then writeln{userout2,
‘leaving saturation region data extraction’):
{************’!’***************#****l“ke out fuler }

end: {end os procedure saturation_region_data_extraction}

procedure saturation_region_data_ reduction: saturation_region_dara_reduction
{this procedure reduces the arraxs for uleta and betal)
{last change made: THURSDAY SEPT 20. 1984 Bx: JRP)

var vbindex.vgindex,vdindex:integer;
x3betal.ullin:real;
{jrp} {variabie count has been deleted and repluced with calculated value
using vdindex and vbindex}

begin
{ ** > take out luter ke }
if TRACE2l=true then writeln(userout2,
‘entering saturation region data reduction’);
{ Frcktaok ek *x take out later }

{this ix where the array for ul is reduced}
for vbindex:=l to numbvb do
for vdindex=numbvd+l—number_large_vds_values to numbvd do
leastsq3(2¥ vbindex—1)+vdindex—2,1,

numbvb* number_large__vds_ values),vbs{vbindex],
vds[vdindex]—vdd,ul[vdindex,vbindex],c8_ul,c13_x2ul,c17_x3ul);

gotoxv(3.21);

write(c8_ul:1:3):

gotoxv(45,14);

write(c13_x2ul:1:6);

gotoxv(45,15):

write{c17_x3ul:1:6);
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{this is where the eta array is reduced)
for vbindex:=1 to numbvb do
for vdindex=numbvd+1l—number_large_vds_values to numbvd do
leastsq3(2% vbindex—1)+vdindex—2,1,
numbvb¥number__large_ vds_ values),c2_phif2—vbs[vbindex],
vds[vdindex]—vdd eta[vdindex,vbindex],
c5_eta,cl10_x2etacll_x3eta);
gotoxy(4,18);
write(cS_eta:1:3);
gotoxv(46,17);
write{c10_x2eta:1:6):
gotoxy(46,18);
write{c11_x3eta:1:6):
{this is where the betaO arrax is corrected for ul}
for vdindex:=1 to number_small_vds_values do
for vbindex:=1 to numbvb do
begin
ullin=c8_ul+c13_x2ul*vbs[vbindex]+c17_x3ul*
(vds[vdindex]—vdd);
it ullin<0.0 then
ullin:=0.0;
betaO vdindex,vbindex]:=beta0{vdindex.vbindex]*
(1+ullin*vdslvdindex));
end:
{this is where the betaQ arrax is modeied for the linear region}
for vbindex=1 10 numbvb do
for vdindex:=1 to number_small_vds_values do
leastsy3(2¥(vbindex—1)+vdindex.l .numbvb number_small_vds_ values,
vbs[vbindex],vds[vdindex),beta0{ vdind ex.vbindex].
c6__beta0,c9_ x2beta0.x3betal);
gotoxv(6,19);
write(c6_beta0:1:6);
gotox v(48,16);
writelc9_x2beta(:1:6);
{this is where betaOsat is modeled}
for vbindex:=1 to numbvb do
for vdindex=numbvd+l—number_large_vds_values to numbvd do
leastsq3(2*(vbindex—1)+vdindex—2,1,number_large__vds_ values*numbvb.
vbs| vbindex].vds{ vdindex}-vdd .betaO{ vdindex,vbindex].
c14_ betalsat,c15_x2betaOsat,c16_x3betaOsat);
gotox v(49.19):
write{c14_ betaOsat:1:6):
rotoxy(51,20 )
writelc15_ x2betalsat:1:6);
gotoxyv(51,21);
writelc16_ x3betalsat:1:6):
{t*****nn*tutnu*un*nnmnm/“, out later }
if TRACE2l=true then writeln(userout2,
‘leaving saturation region data reduction’)

{rnx ” FEERRRRAE g ke out later™ **}
end; {end of procedure saturation_region _data_reduction)
{ PARAMETER VVALIDITY CHECK }

procedure check_all_parameters_validity(var samration_paraﬁhﬁ(jt’g_gli&egﬂk’ameter s_yaltdu‘y
{this procedure checks euch of the just—extracted 17 parameters to see if

they are within a reusornable range of values. if they are not. then they

will not be stored in the die [file, and hence. not used when computing

the process file}

{tast change made: THURSDAY NOV 8, 1984 By: JRP}

begin
saturation__parameter__error:=0;
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{JRP}if not( (cl_vfb >= —5.0) and (cl1_vfb <= 1.0) and
(c2_phif2 >= 0.2) and (c2_phif2 < 1.5) and
(c3_k1 >= 00) and (c3_kl1 <= 50) and

{JRP} (c4_k2 >= —10) and (c4_k2 <= 1.0) and {allowed negative for PMOS}
(c5_eta >= —10) and (cS_eta <= 1.0) and
(c6_betad0 >= 0.0) and (c6_betad0 <= 1.0) and

{JRP} (c7_u0 >= —~10) and (c7_u0 <= 1.0) and
(c8_ul >= —10) and (¢8_ul <= 5.0) and
(c9_x2beta0 >= —1.0) and (c9_x2beta0 <= 1.0) and
(c10_x2eta >= —10) and (c10_x2eta <= 1.0) and
(c11_x3eta >= —10) and (c11_x3eta <= 1.0) and
(c12_x2u0 >= —1.0) and (c12_x2u0 <= 1.0) and
(c13_x2ul >= —1.0) and (c13_x2ul <= 1.0) and
(c14_betaOsat >= 0.0) and (c14_beta0sat <= 1.0) and
(c15_x2beta0sat >= —1.0) and (c15_x2beta0sat <= 1.0) and
(c16_x3betalOsat >= —1.0) and (c16_x3beta0sat <= 1.0) and
(c17_x3ul >= —10) and (c17_x3ul <= 10) ) then

saturation_parameter__error:=>3;

end:
begin {main procedure extruct_device parameters begins here
p g
 XRAR ¥k KKK o e -
{ tuke out later

if TRACE2l=true then writeln(userout2.
‘entering extract_device_parameters ):
if TRACE29=true then
begin
if preseni_device=1 then
rewrite(tempfile. file L.TEXT )
if present_device=2 then
rewrite(tempfile, file2. TEXT )
if present_device=3 then
rewrite(tempfile, file 3.TEXT )
if present_device=4 then
rewrite(tempfile. filed TEXT');
for iii=1 to numbvd do
begin
for jjj=1 to numbvb do
begin
for kkk=1 to numbvy do
begin
writeln(tempfile.idsliii,jjjkkk]);
end:
end;
end;
writeln(tempfile, ¥rkiersirs’ ),
for iii=1 to numbvd do
begin
for jjj=1 to numbvb do
begin
for kkk=1 to numbvg do
begin
writeln(tempfile vgsliii,jjjkkk]);
end:
end;
end;
writeln(tempfile, Frrrbrkrkn ),
close(tempfile, save’);
end;

if (TRACE29b=true) or (TRACE37=true) then
begin
for iii==1 to numbvd do
begin
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if iii=1 then writein(userout2, VD=0.1")
else if iii=2 then writeln(userout2, VD=0.2")
else if iii=3 then writeln(userout2,’ VD=4.5")
else if iii=4 then writeln(userout2,’VD=50");
for jjj=1 to numbvb do
begin
write(userout2,” VB=",jjj—6:1%
for kkk=1 to numbvg do

begin
write(userout2,” ‘.idsdliii.jjjkkk}’, )
end;
writeln(userout2);
end;
end:
end: {TRACE296 or TRACE37)
{ Kbk dRkRERR g Lo ot later KKK |
for wvdindex:=1 to number_small_vds_values do
begin
for vbindex:=! to numbvb do
lincar_region_ extraction:
bsim__timer{time_count):
end:
for vdindex:=1 to number_small_vds_values do
if ( (meas_20{=TRUE) or (fuke_meas_20{=TRUE) ) then
large_ device_20f _extraction
else
linear__region_ threshold_ analysis;
linear _repion_data_reduction;
{irp} check_ linear_ parameters_ validity(extract_error);
{jrpl if extract_error=0 then
begin
{saturation region extraction}
for vdindex:=numbvd downto numbvd+l—number_large_vds_values do
begin
tfor vbindex=numbtb downto 1 do
{jrp) if extract_error=0 then
{jrpl saturation__region_ data_ extractionlextract_error);
bsim_timer(lime_count);
end:
{jrp} if extract_error=0 then
{jrpt begin
saturation_region__data_reduction:
{jrpt check _all__parameters_ validitylextract_errork
{JRP}
JRP} {3 lines omitted here}
JRP}
{JRP} if extract_error=3 then {saturation region error}
{jrp} begin
jrp} gotoxvi0,22);
Jrpt write('THESE PARAMETERS ARE NOT WITHIN °, .
"ACCEPTABLE LIMITS & ARE NOT BEING SAVED’)
{irp} end;
jrp} end
jrp} else if extract_error=2 then {saturation region error}
Jjrp) begin
{jrpl gotoxy(0,22);
{jrpl write'THESE PARAMETERS ARE NOT BEING SAVED:'.
" ONLY 2 SETS OF DATA FOR LEASTSQ3 PROC.');
{irpl end;
bsim__timer(time_count);
{jrpl end |of "if extract_error=0 then..."}
{jrp} else {error messages}
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{jrp} begin .
{jrp} gotoxy(0,22);
{jrpl if extract_error=1 then {linear region error} )
{jrp} write('THESE PARAMETERS ARE NOT WITHIN ACCEPTABLE',
* LIMITS & ARE NOT BEING SAVED’)
{ir P} end;
{ take out later Aokxck |
if TRACE2l=true then writeln(userout2,
‘leaving extract_device_parameters’);
{ ®ktake out later iad |
end; {end of procedure extract_device_parameters}
{ *XK
il *BSIN I\ GRAPHICS ROUT]NE..\*"‘}
procedure iv_ypraphics; iv_graphics

{if the mode is not single device, then

this procedure asks the user if he/she wants to view the standard IV curves
JSor arx locution on the wafer. it then enters the yraphics mode if

danswer is ves

{f the mode is single device. the graphics mode is awtomutically enterred)

liust change made NO\' 8 1984 by JRP}.

var another_devicesboolean; {if = true, then do unother gmph}
end _of _graphics:boolean;  {= true when no morc graphing is desired}
iv_curves_ wanted:boolean; {if = true. then enter I\ graphics mode}
iv_ygraphics_erroriinteger; {if = 0, output file is not emptxy and type of
device user iy looking for does exist}

procedure prepare: for_iv_graphics(var prcpare_for_i\'__graphics_errf?ﬁiﬁﬁ@ﬁ:e_for _w_gr ClpthS
lthis procedure wili search the out put file. This output file
contains I to ? process files, in sequence. Each process file has
the x und x die positions from the wafer it was generated jfrom. This
program uasks the user the following:

do you want to cuter the graphics mode?

if so. what is the x—y die location?

and what is the device length and width? .
It then finds that position in the process file. IF IT EXISTS. 1f it doesn’t
exist, the graphics portion will not be entered, and the user will be warned.
The 54 bsim parameters are then read from the process file. Subsegyuent
processing will prepare
the 54 parameters for graphing. This includes calculating 17 electrical
parameters from the 51 process parameters using the formula:
bsimpuraumeter = p0 + pl/Leff + pw/Weff . and also vdd. tox, and temp.}

const numbgarbage=9: {# of lines of Jjunk in each process file}
position_of _xpos=35: {xpos is the 5th line of the file}
numb__junk__lines_between_parameters=2; {# of lines between *Y POS= line
and first parameter line}
numb_ chars_in__parameter=12; {# of characters in 1 parameter)

var found _ correct_die:boolean: | Slug set true when correct die is jound}
number_ process_groups:integer; {# of sets of I7 bsim params in file}
Xposstring,vposstring:linestring;  {x&y strings we are looking for|
wanted _ xpos,wanted _ypos:linestring; {values input by user——x and § positions}
real__wanted _xposireal; {real version of inputted wanted_ xpos)
real_wanted_ypos:real; {real version of inputted wanted__ypos}
xposline:dinestring; {output file line with *XPOS= in it}
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yposline:linestring; {output file line with *Y POS= in it}
devicenameline:linestring; {output file line with devicename in it}
{out put_ fileilinestring; name of output file which contains groups of 17

bsim parameters}
izinteger; {loop counter}
junk:linestring; {bogus variable used to determine # of groups of 17}
devicename:inestring; {devicename entered in by user}
devicename_selection:char; {user selects type of device)
zziinteger; {counter to help debug repeat loop}
parameterline:linestring; {holds entire line of params from proc. file}
valuexchar: {holds each character as it read from parameterline)
parameter:linestring:  {if value is not *, put value in parameter}
kinteger; {position of character in parameter}
jinteger: {loop counter for processing each line of process file}

pO,plpwireal: {p0, pl. and pw parameters are read from
the process file into these 3 variables}
temporaryarray{1.3.1.20] of real: {then thex ure placed into temporary
arrax once it's determined which line
of the proces file thex cuame from)
bsim:array[1.20] of real; {aster calculation of the electrical parameter
using bsiml] = p0 + pl/Leff + pw/Wef; . parameters
are stored here. Then they are put into proper
names. like cl_vfb. c2_phif2 et}
paramcount:integer: {{vop counter for un—normaliizing first 7
texcept betaQ) purumeters
{JRP}  posinteger:  {bogus variable used if mode="4" for the strdelete
nrocedure calil)

{irpHentire page is drawn on the screen first, then the inputs are taken}

begin
{JRP}f mode<>4" then
{JRP}begin
writel #12); {clear screen}
gotox v(0,0);
writeln(’ *PREPARATION FOR I—\" GRAPHICS***")
writeln;

writelnCENTER X DIE POSITION OF DEVICE TO BE GRAPHED= >
writeln: ’
writeln'ENTER Y DIE POSITION OF DEVICE.TO BE GRAPHED= >')

writeln;

writeln(’ {1] NMOS enhancement’):
writeln(’SELECT THE NUMBER CORRESPONDING [2] NMOS depletion’):
writeln(’"TO THE DEVICE TYPE WHICH [3] NMOS zero—tlu'eshok}'):
writeln('YOU WOULD LIKE TO GRAPH= > [4] PMOS enhancement’);
writeln(’ [5] PMOS depletion’);
writeln(’ [6] PMOS zero—threshold’);

writeln;
writeln(’DEVICE WIDTH (microns) = >')
writeln:
writeln('DEVICE LENGTH (microns) =  >');
{the user will now input the desired x position of the die file)
real_ wanted_ xpos=100.0; {bogus value so ‘while loop” is executed}
while ( (real_wanted_xpos>20.0) or (real__wanted_xpos<1.0) ) do
begin
gotoxy{d8.2);
write(
gotoxy(48,2);
readln( wanted_ xpos);
real _ wanted _xpos=sirtoreal(wanted_ xpos);
if (real_wanted _xpos>20.0) then{maximum die matrix size is 20}
begin
gotoxy(0,3):

N g
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~prepare_for_iv_graphics

{JRP} write(’*™* VALUE MUST BE BETWEEN O AND 20 **'})
end;
end;
{jrplgotoxy(45,2);
{jrp}write(’ )

{Jjrplgotoxy(45,2);
{jrplwrite(real_ wanted _xpos:0:0);
gotoxv(0,3);
write(’ ),
{the user will now input the desired y position of the die file}
real _wanted_ ypos:=100.0: {bogus value so ‘while loop” is executed|
while ( (real_wanted_ypos>20.0) or (real_wanted_vpos<1.0) ) do
begin
gotoxy(48,4);
write(’ )
gotoxv(48,4);
readIn{ wanted__ vpos);
real_ wanted _ ypos=strioreal(wanted _ yposk
if (real_wanted_ypos>20.0) then{maximum die matrix size is 20}

begin
gotox v(0,5):;
{JRP} writel #** V"ALUE MUST BE BETWEEN O AND 20 **)
end:
end:
{jrpleotony(454):
{jrplwritel’ “x

{jrplgotoxy(454);
{jrptwrite(real_wanted _ypos:0:0)
gotoxy(0,5):
writel’
juser will now select the devicename)
selection _input(28.9.”1°,'6  devicenume_selection);
case devicename_selection of
"1":devicename="NMOSE";
“2":devicename:="NMOSD";
"3’ :devicename:="NMOSZ";
‘4" :devicename="PMOSE";
‘5 :devicename:="PMOSD’;
6" :devicename:="PMOSZ’;
end;
{JRP}case devicename_selection of
{JRP} ‘17,72, 3" device=1;
{JRP] '4°”5 6" device=—1;
{/RP} end:
if TRACE23=true then writeln{userou12,
“this is the devicename as determined by case ——> ".devicename):
goloxv{(27.13):
width=strioreal(realtosir: {reud in value of width)
gotoxy(25.13);
write(’ )
gotoxy(25.13):
write{ width:3:2);
gotoxv(28.15);
length:=strioreal( realtostr); {read in value of lengzh}
gotoxv(26.15):
write(’ 9]
gotoxy(26.15);
write(length:3:2);
{JRPlend {of "if mode<>d4" then ."}
{/RPlelse {mode="4"}
{JRPHthis "else” part simply gets the devicename, wanted_xpos. and
wanted_ypos values from the already known enhancement_depletion,
device. preseni_diex., and present_diey variubles)

>
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{7RP}
{JRP}
{JRP}
{7RP)
{JRP}
{JRP}
{JRP}
{JRP)}
{JRP}
{JRP}
{7RP}
{7RP}
{JRP}
{JRP}
{JRP}
{JRP}
{7RP)
{JRP}
{/RP}
{JRP}
{JRP}
{7RP}
{JRP}
{JRP}
{JRP}
{JRP}

~iv_graphics
begin
if device=1 then {NMOS device}
case enhancement_depletion of
l:devicename="NMOSE;
0O:devicename="NMOSZ';
~l:devicename="NMOSD’;
end {of case}
else if device=—1 then {PMOS device}
case enhancement_depletion of
l:devicename="PMOSE’;
Odevicename="PMOSZ’;
—l:devicename:="PMOSD’;
end; {of casel
wanted_xpos="  ;
strwrite(wanted _xpos.].pos.present_diex ){change to string valuel
while strpos(’ .wanted _xpos)<>0 do
strdeletel wanted _xposstrpos(’ “,wanted_xpos).1);
wanted _yvpos="  ’
strwrite(wanted _ypos.1,pos,present_diey)i{change to string valuel
while strpos(” “,wanted _ypos)<>0 do
strdeletel wanted _yposstrpost” " ,wanted _vpos).l);
end: {of eise part of "if mode<>4 then."}
if TRACE4l=truc then writeln(userout2.
“wanted_xpos=".wanted _xpos. end’,
“wanted_ypos=",wanted _ypos.’end’,
"devicename="devicename, end’ )
ldetermine how many lines are in the process filel
number _process__groups:=():
reset( userout.output_file);
while not(eof(userout)) do {simplx count the lines antil at end of Jile)
begin
for i:=1 to numbbsim+numbgarbage do
readlnl userout.junk):
number_process__groups:=number_ process_groups + 1;
end:
closeluserout. save &
if TRACE23=truc then writeluserout2.
“the number_of _process_yroups is = ".number_process_groups);
2z:=0:
prepare__for__iv_graphics_error=0;
found _correct_die=false;
{we are about to get the process parameters from the output file.
the output file might be empty——li.e. no good devices were found)——
and if this is the case, the user should be wurned. this "if° statement
will go to "else" part if the file was empty. and the user will be
warned in the main bsim program
if (number_process_groups<>0) then {if = 0. then nothing is in file!!}
begin
reset(useroutoutput_ file):
xposstring:="*XPOS=";
vposstring="*YPQOS=";
strappend (xposstring . wanted _xpos);
strappend (yposstring.wanted_ ypos);
if (TRACE23=true) or (TRACE4l=true) then writeln(userout2,
‘xposstring after appending inputted value is ’Xposstring);
if (TRACE23=true) or (TRACE4l=true) then writeln{(userout2,
‘vposstring after appending inputied value is .vposstring):
read In(userout.devicenameline);
if (TRACE23=1rue) or (TRACE4l=true) then writeln(userout2,
"Ist devicenameline read from file is = '.devicenameline);
repeat
zz=z2+ ]
if(strpos(devicename,devicenameline) <>0) then
begin
if TRACE23=true then writeln(userout2,
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‘devicename found in devicenameline on’,
zz,—~th time thru repeat loop’);
number_ process_ groups=number_process_groups — 1;
for i=1 to (position_of_xpos — 1) do
begin
read In( userout,xposline);
if TRACE23=true then writeln(userout2,
‘xposline as read from outputfile = °,
xposline);
end;
read In(userout,yposline):
if TRACE23=truc then writeln(userout2,
“vposline as read from outputfile = ".yposline);
if((strpos(xposstring,xposline) <>0) and
(strpos(yposstring,yposline) <>0) and
(strpos(devicename.devicenameline) <>0)) then
found_ correct_die=true

{* Hok ok take out latert ¥ Ererrkrsttrrty
iff TRACE 23=truc then writelruuserout?.
3 strpos conditions are met where ———2>);

iff TRACE23=true then writcintuserout2.
“xposiine= " xpostine.  xposiine=
ypostine. & devicenameline= " devicenumeline’;
iy zz=1] then
i TRACL 23=true then writelniuserout2,
‘found correct 3 things first time')
end
****************#****************Idke out t':d((’r********************}
else if (number_ process_groups <>0) then
for i=1 to (numbbsim + numbgarbage —
position_of _xpos ) do
begin
readln(useroutdevicenameline ):
if TRACE23=true then writeln(userout2,
‘devicenameline = “.devicenameline);
end:
end
else
begin
number_process__groups:=number_process_ groups — I:
if (number_ process_groups <>0) then
for i=1 to (numbbsim + numbparbage) do
read In(uscrout.devicenameline);
end;
if TRACE23=true then writelnluserout2,
‘number of process groups now is “,number_ process_ groups);
if TRACE23=true then writeln(userout2,
‘number of time thru repeat is = 'zz);
until ((number_process_proups=0) or (found_ correct_die));
if TRACE22=true then writeln(userout2,
“thru with repeat loop and found_ correct_die=",found_correct_die);
if TRACE23=true then writeln(userout?,
"found_correct die should be true because of 3 strpos’):
if (found_correct_die = true) then {we have found correct file)
begin
{if we found the proper aldevicetype, blxposition. and clyposition, then
to here. we are pointing at the *Y POS= line in the output file.}

for =1 to numb_junk_lines_between_parumeters do {read 2 comment lines}
begin
read In(userout,parameterline );
if TRACE23=true then writeln(userout2,
‘junk parameter lines = ‘parameterline):
end;
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for i=1 to (numbbsim + 1) do {/7 parameter lines plus toxtempydd line}

begin
read In(userout,parameterline); {read line from output file}
k=1; {initialize character position counter}
parameter:=" " {zero out parameter sm‘n%
for j=1 to (numb_chars_in_parameter*3 + 2) do {# chars dealt with

begin
valuer=parameterlinelj};
if TRACE23=true then writeln{uscrout2,
‘value = ‘value):
if (value <> ') then lif =" ignore }
begin
parameter] k}=value;
k=k+1:
if TRACE23=true then writeln(userout2,
‘parameter = ’,parameter);
end;
if jnumb_chars_in_parameter then {at end of Ist param)
begin
pO:=strioreal( parameter )
k=1;
parameter="
end:
if j=(numb_chars_in_parameter*2 + 1) then {at end of 2dh
begin
pl=strioreal(parameter);
k=1;
parameter:=
end;
if jlnumb_chars_in_parameter*3 + 2) then {ut end of 3ri
pw:=strtoreal(parameter):
end;
if TRACE23=truc then writcin(userout2,
‘about to fill up 1 line of temporary array’):

temporary{1,i}=p0: {fill up temporary arrax with}
temporary{2.i}=pl; {process file params}
temporary{3.i}=pw:
end;
foxtemp.&vdd are taken out of temporary [ ] into their own variables)
tox:=temporary[l.numbbsim+1] * 1E4: {transiate tox from
microns g
temp=temporary[2.numbbsim+1] + 273.15; {transtute temp from

celsiusk
vdd:=temporary[3.numbbsim+1];
{culcuiate electricai bsim values : parameter = p0 + pl. Lert + pw /Wefy
for i=1 to numbbsim do
if numbbsim <> betazeroparam then
bsim(il=temporary{1,i] +
(temporary[2.] /(length+iemporary[2.betazeroparam])) +
(temporary]3,i] /(width+temporary{ 3.betazeroparam)) )
cl_vib=bsim[1];
¢2_ phif2:=bsim[2]:
¢3_ki=bsim(3]:
c4_k2=bsim[4);
c5_etax=bsim[5};
if temporary[l,betazeroparam] < 1 then {betaQ purameter is beta0}
¢6__betaO:=bsim{6]
else {beta0 parameter is actually mobility}
c6__betaO=bsim|{6]*cox*( width+temporary| 3,betazeroparam)) /
(length+temporary(2,betazfn
¢7_u0:=bsim(7};
c8_ ul:=bsim[8};
c9_ x2muO:=bsi m[9):
c9_ x2beta0:=c9_ x2muQ*cox*
(width+temporarv(3,betazeroparam]) /
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(length+temporary[2,betazeroparam]);

c10__x2eta=bsim[10};

cl1_x3eta=bsim[11};

c12__x2u0=bsim[12];

c13_x2ul=bsim[13];

cl4_ muOsat=bsim[14];

c14_betaOsat:==c14_muOsat*cox*
(width+temporary[3.betazeroparam]) /
(tength+temporary[2,betazeroparam]);

c15_x2muOsat:=bsim[ 15];

¢15__x2betalsat=c15_ x2muOsat*cox*
(width+temporary|3.betazeroparam]) /
(length+temporary[2,betazeroparam]);

c16_x3muOsat=bsim[16];

¢16__x3betalsat:=c16_ x3muOsat*cox*
(width+temporary]3,betazeroparam]) /
(length+temporary{2,betazeroparam]);

c17_x3ul:=bsim[17};

{ *kk ‘*******i**“lke out l’dIer********************}
if TRACE23=true then
begin
writeln(userout2.’cl_vfb = “cl_vfb)
writeln('c2_phif2 = "2_ phif2);
writeln("¢3_k1 = ",c3_k1);
writeln('cd_k2 = "c4_k2);
writeln('c5_eta = “c5_eta);
writeln('c6_beta) = “c6__betald);
writeln('¢7_u0 = "c7_u0);
writeIn("c8_ul = "c8_ul)
writeln('¢9_x2betad = ",c9_x2betal):
writeln('c10_x2cta = ",c10_x2eta);
writeln('c11_x3eta = “c11_x3eta);
writeln("cl12_x2u0 = “c12_x2u0):
writeln('c13_x2ul “c13_x2ulk
writeln('c14_betaOsat = ",c14_betalsat);
writeln('c15_x2beta0sat = “,c15_x2betaOsat):
writeln('¢16_x3betaOsat = “¢16_ x3betaOsat );
writeln("c17_x3ul = “¢17_x3ul):
end:
{ ; take out later i }

end
else
begin {devicetype not jound ut wanted_xpos and wunted _ypos|
prepare_ for_iv_graphics_error=2;
if TRACE22=true then writeln(userout2,
‘we got into error = 2 part somehow’);
end:
end
else
prepare_for_iv_praphics_error=1; {output file is empty!!}
{JRPlif TRACE40=true then
{JRP} processpar{ 2.betazeroparam}:=temporary(2.betazeroparam};
end: {of procedure prepare_ for _iv_graphics)

{irp! .

procedure graphics(vdd.toxreal; var vdierm,vgterm.vsterm,vbterm:integer; gr aphlcs
device__typeinteger; var new_device:boolean):

{this is the main procedure to handle the BSIM [—\' graphics capubilities)

{last change made: NIONDAY OCT 15, 1984 By: JRP)

type graphlab=string[40];
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var {the Sollowing are the data arrays that will be plotted, and counters}
yaxsim,yaxmeas:array[1..100,1..10] of real;
xaxisval:array[1..100] of real;
zaxisval:array(1..10] of real;
tvarireal;  {this is the constant voltage parameter}
numbx,numbz,numby:integer;

{the Sollowing are maximum and minimum array values, and graph labels)

maximx,minimx,maximy.minimyv:real;
xaxlab,yaxlabheaderlab,zaxlab.xaxisunit,yaxisunit,1varstr:graphlab:
{the following are Slugs 1o determine what graph to generatel
measonly.simonly.measandsim:boolean:
maximum_error,rms_errorreal; {error values for graphs|
selection:char;  {choice of menu items}

newgraph.quitboolcan: {menu redruw flugs}
xaxisexp,vaxisexpiinteger: {exponents for the axisl
init_ok:boolean; {for graphics initiulization}
error_return:inteper: {for graphic procedures}
new_smu_connections:boolean:  {if” = true. then get new smu values

Jrom user, otherwise, use luast device

tested connection S}

{jrpisame_device_selectionxchar;  {determines what to do after initial grapi.

bsim1.0.TEXT

--graphics

has been drawn, ij='3". then wser wunts a
new graph for the sume device. so dont usk

him for new SMU connections)
{jrplsmu_connections_ok:boolean; {= sulse if user input number <0 or >4}

procedure iv_grsetup(var init_ok:booleun):
{this procedure is used to initialize the graphics library and a user
specified output device.}

var display_address :integer:
control:integer:
error__returninteger;

hegin
rraphics_init;
i#l.? cleurs the CRT. #10 yenerates u line feedl
writeln{ #12);
display_ address=3:

{initialize the graphics display  device}
display _init(displav_address. control. error_returnk
if error_return <>0 then

begin

init_ ok:=falsc;
gotoxy(0.22)
writeln( Display initialization error # .error_return:1)
end
else
init_ok=true:

end: {end of graphics setup}

procedure iv_maxminsy(var xmax.xXmin.ymax,yminreal; numbx,numbzinteger):

{this procedure uses meusured data and/or simulated data in determining
the maximum and minimum values to be used for autoscaling}

var ijinteger:
vvalue:real:

begin
ymax:=0;

iv_grsetup

iv_maxminxy
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~IV_maxminxy
vmin=0; {clears the maximum and minimum values for y)
if (measonly=true) or (measandsim=true} then
begin
for i=1 to numbx do
for j=1 to numbz do
begin
yvalue=yaxmeasli,jl;
if yvalue>ymax then
vmax:=yvalue;
if yvalue<ymin then
ymin=vvalue;
end;
end;
if (simonly=true) or (measandsim=true) then
begin
for i=1 to numbx do
for j=1 to numbz do
begin
vvalue=vaxsim{i,j}:
if yvalue>ymax then
vmax:=yvalue;
if yvalue<ymin then
ymin=yvaluc;
end;
end;
if xaxisvallnumbx] >xaxisval{l] then
begin
xmin=xaxisval[1}:
xmax:=xaxisval[numbx} .
end
else
begin
xmin=xaxisval[numbx}
xmax=xaxisval{1};
end:
end: {of procedure i _maxminxy}
procedure iv_autoscale(xmax.xmin.ymax,ymin:real: xlabel.vlabel.lop,zlabel. v _gutoscaLe

Xaxisunit.yaxisunit:praphlab);
{this procedure draws the tick marks for the graphic display. given the
maximum and minimum values for the gra phl

type unitlab=string[7);

var  xunitlab,yunitlabygraphlab;

procedure iv_find_exponent{var exponiinteger; var unitsigraphlab; max.min:readV Zmd _cexponent
{this procedure determines the exponent of the maximum data point Jor the
graph, and returns this value. exponents in factors of 3 are used)

var nexuryiinteger;
new maxim:real;
maxormin:real:

begin
expon=0;
if abs(max)>abs(min) then
maxor min=abs( max)
else
maxormin=abs(min);
new maxim:=maxormin;
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if trunc(maxormin)>0 then ({number is greater than I}
while trunc(newmaxim /1000)>0 do
begin
expon=expon+3;
new maxim:=new maxim /1000;
end
else {this means that the number is less than 1)
while trunc(newmaxim)=0 do
begin
expon=expon—23;
new maxim=new maxim*100):
end;
units="";
if (expon<=—3) and (expon>=—9) then
case expon of
—3wunits="milli’;
—6:units:="micro’;
—9:units:="nano’;
end:
end: {end of procedure iv_ find_exponent}

procedure iv_draw_axis(x max.xmin.vmax.ymin:real:xaxisex p.vaxisexp:integer):

{this procedure draws the axis, und makes and labels the tick marks)

var xaxislab.vaxistabzgraphiab:
maxerrstr,rmserrstratring{ S0J:
countinteger:
entinteger:  {wiso o) no earthiy value. reguired by strwrite call)
wi_labelstring[15]:  {holids W. jollowed by L label

procedure iv_x_axis_ labels:
{this procedure labels the x—axis)

var countinteger:
numbsick.numlixtckinteger:
magbxickireal;
xpos:real:
xstringstring{40}):
Xtickval:real;
cntinteger;
iinteper;
littltcKereal;
ranpereal;
xof fset:real;
firstxtk.Jastxtkireal:
maglxtek firsixtk:real:
latelxtk:real:
rangefacmreal:

begin
if xaxisexp>(0 then
for count:=] to xaxisexp do
begin
xmax:=xmax /10;
Xmin=xmin /10:

end
else if xaxisexp=0 then
Xmax:=xmax
else
for couni=] to —(xaxisexp) do
begin
Xmax:=xmax*10;
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Xxmin=xmin*10;
end;
range=xmax—xmin;
rangefac=1;
while range>10 do
begin
range=range /10:
rangefac=rangefac*10;
end;
while range<! do
begin
range=range*10;
rangefac=rangefac /10;
end:
if range>6 then
begin
magbxtck:=1*rangefac;
numlixick=3;
end .
else if range>3 then
begin
magbxtck:=0.5*rangefac:
numixtck=4:
end
else
begin
magbxick:=0.25*ranygefac:
numixtck:=4:
end:
range:=range*rangefac:
{this is where the tick maris are drawn and lubeled)
if xmax>0 then .
lastxtk=magbxick* truncl{xmax +magbyick ) /magbxick )= magbxtck
else
lastxtki=—magbxtck*truncliabsx max)+magbxick) smagbxick):
if xmin>0 then
firstxtk=magbxtck*truncl(xmin+maghxick) /magbxick)
else
firstxtk:=—magbxtck*truncl(abs(x min )+ magbxick) /magbx tck )+ magbx tck;
xoffset:=((firstxtk—xmin) /range)*1.6;
numbxtck=round((lastxtk—firstxtk) /magbxtck)+1;
Xtickval:=firstxik;
-for i=1 to numbxick do
begin
xpos=(i—1)*1.6 /(numbxtck—1)*((lastxtk—{irstxtk) /range):
xpos:=xpos—0.8+xof fset:

move(xpos,—0.8); {move 1o position for big tick)
line(xpos.~0.75);  {draws x tick)
set_line_stylel7); {dotted line}

line(xpos.0.8):

set_line_stvle(1): {full line}

movelxpos—0.08.~0.88);  {moves 1o location jsor lubel:
xstring=" B
strwrite(xstring.4,cnt.xtickvalk3:2);
set _char_size(0,02,0,05);
gtext(xstring):  {writes out the string)
xtickval:=xtickval+magbxick:

{writes the string}

end;
maglxtck=magbxtck /(numixtck+1);
if xmin>0 then
firsixtk=maglxtck*trunc((xmin+maglxick) /maglxick) {liczle tick}
else
firsxtk=—magIxtck*trunc((abs(xmin)+ maglxtck) /maglxick )+ maglxtck;
xoffset:=(firslxtk—xmin) /range*1.6;
latelxtk=firslxtk;
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-iv_x_axis_labels

while latelxtk <xmax do

begin
xpos=—0.8+xof fset+(latelxtk—firslxtk) /range*1.6;
move(xpos,—0.8);
line(xpos,—0.78);
latelxtk:=latelxtk+maglxtck;

end;

end; {end of procedure iv_x_axis_labels)

procedure iv_y_axis_labels: lo.\"_y __qxis _labels
{this procedure labels the y—axis}

_var count:integer;
numbytck.numlyick:integer;
magbytck:real:
vpos:real;
vstringstring[40];
viickvalireal:
cntinteger:
isinteger:
littlick:real:
range:real:
voffset:real;
firstyvtk,lastvtKkereal:
maglvtck.firslyikareal:
latelvtkereul:
rangefacircal:

begin
if vaxisexp>0 then
for count:=1 to vaxisexp do
begin
ymax:=vmax /10;
ymin=yvmin /10;
end
else if vaxisexp=0 then
ymax:=ymax
else
for count=1 to —(vaxisexp) do
begin
ymax:=yvmax*10;
vmin=ymin*10;
end;
range=ymax—ymin;
rangefac:=1;
while range>10 do
hegin
range=range /10:
rangefac=rangefac*10;
end:
while range<i do
begin
range:=range*10;
rangefac=rangefac /10;
end:
if range>7 then
begin
magbvtck=2*rangefac;
numlvick=3;
end
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~iv_Y_axis_labels
else if range>3 then ({3<range<7}
begin
magbytck=1*rangefac;
numlvtck=4;
end
else {1<range <3}
begin
magbytck:=0.5*rangefac;
numlyvick=4;
end;

range:=rangc*rangefac:
{this is where the tick muarks are drawn and labeled }
if vmax>0 then :
lastytk=maygbytck*tiruncl{ ymax+magbytck) /magbyick)—magbyvick
else
lastytk=—magbyick*trunc((abs(ymax)+magbytck) /magbyvick);
if ymin>0 then
firstytk=magbytck*trunc((ymin+ magbyvick) /magbyick)
else
firstytk=—magbytck*trunc(abs( ymin)+magbytck) /magbyick )+ magbvick:
voffset=((firstytk—ymin) /range)*1.6:
numbytck=round((lastytk—firstytk) /magbyick)+1:
viickval=firstvtk:

for i=1 10 numbvick do
begin
ypos=(i—1*1.6 /AAnumbyick—1*(lastytk—firstytk) /range):
vpos:=ypos—O.8+voffset:
movel—0.8.vpos)  {position for v tick}
linel=0.75.ypos);  {draws ¥ tick)
set_line_style(7):  {dotted line)
linet0.8.vpos):  {draws dotted (ine)
set_line_styie(1):  {Full linele
move(—0.93.ypos); {moves 10 location for lubel}
vstring:=’ B
strwritel ystring. Lentvtickval:1:2): |writes the szring}
set_char_size(0.02.0.05):
stext(ystring); {plots the string}
viickval=ytickval+ magbytck:
end;
maglyick=magbvick /(numlytck+1);
if ymin>0 then
firslytk:=maglvick*truncl{ymin+maglvick) /maglytck)  {liztle tick }
else
firslytk:=—maglytck*truncl(abs( vy mi n)+maglytck) /maglytck)+maglvick:
vofTset=(firslytk—ymin) /range*1.6;
latelytk=firslvtk:
while latelvtk <ymax do

begin
vpos=—0.8+voffset+(latel vtk—firslyvik) /range*1.6;
move(—0.8.ypos )
linel—0.78.ypos);
latelytk=latelytk+maglvick;
end;

end: lend of procedure iv_ y_axis_lubels}

begin {procedure iv_draw_axis begins here}
{this is where the axis are drawn)
move(~0.8.—0.8);
linel—0.8,0.8);
1ine(0.8,0.8);
line(0.8,—0.8);
line(—0.8,—0.8);
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iv_x_axis_labels; {draws the tick marks and labels for the x axis}
iv_y_axis_labels; {draws the ticks and labels for the y axis}
set__char__size(0.030,0.060);

xaxislab=""; {clears the label}

strappend(xaxislab,xlabel);

strappend(xaxislab,xunitlab);

strappend(xaxislab,xaxisunit);

move(—strlen(xaxislab)*0.0125,—1.0):

gtext(xaxislab):
set_text_rot(0.0.1.0);
vaxislab="; {clears the label}

strappend(yaxislab,vlabel);
strappend(yaxislab, vunitiab);
strappend(vaxislab, vaxisunit);
move(—0.96,—strlen{ vaxislab)*0.0125):
gtext(vaxislab);
sel_text_rot(1,0.0.0);
move(0.80.0.90):
gtext(zlabel):
movel—strlen(1op)*0.025,0.90);
set__char_size(0.05.0.1 )
gtext(top):
set__char_size(0.035.0.075);
wl_label:="W="; {graph W=width)
it width <= 10,0 then
strwritel wl_label 3.ont,width:3:2)
else
strwritel wl_label.3entowidth:3:1):
move(—strlen(1op)*0.025,0.83);
etext{w]_ label):
wl_label:="L="; {graph L=lengzh}
if length <= 10.0 then
strwrite(wl_label.3.cntlength:3:2)
else
strwritel w]_label.3.cntlength:3:1)
movelstrien(top)*0.025 — strlen(w1_label *0.035,0.83):
ptext(wl_label):
move(—1.0.0.95);
sel_char_size(0.035.0.075);
glext( BSIM3.3"):

{jrp}move(—1.0,0.88);
{irpldate=strririm(date);
{jrplgtexi(date):

end;

begin

{here is where the rms error will be plotted)
if (measandsim=truc) then
begin
movel{0.5,~1.0);
set_char__size(0.030.0.06 )
rmserrstr="RMS ERROR= B
strwritel rmserrstr,11.count,rms_error:2:2);
strappend(rmserrstr, %" );
gtext(rmserrsir);
end;
|here is where the fourth variable is plotted)
move(—1.0,—1.0)%
set_char__size(0.035.0.075);
strwrite( tvarstr.S.count. tvar:3:2);
gtext(tvarstr);
{end of procedure iv_draw_axis which draws and labels axis)

{main procedure iv_uutoscale begins here}
iv_find_exponent(xaxisexp.xunitlab,xmax.xmin);
iv_find_exponent(vaxisexp,vunitlab,ymax,ymin);
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iv_ draw_axis(xmax,xmin,ymax,ymin,Xaxisexp,yaxisexp); {draws and labels}
end; {end of procedure iv_autoscale}

procedure iv_draw_the_data(x max.xmin,ymax,ymin:real; measured:boolean); v __gir aw_the _gata
ithis procedure draws in the measured and or simulated data}
llast change made: SUNDAY OCT 14, 1984 By: JRP)

var ijkinteyer;
vvalxvalieal:
xnew.ynew:real;
xold.vold:real;
cntinteger;
zstringsiringl6);
labelz:boolean:
slope.test:real;
outplane:boolean;

begin
set_char_size(0.03,0.06):
for k=1 to numbz do
for i=1 to numbx do
begin
xval:=xaxisvallil;
if measured=true then
yval=vaxmeas(i k]
else
begin
vval=vaxsimfi.k];
se1_line_style(1):
end:
if xaxisexp>0 then
for j=1 to xaxisexp do
xval=xval /10:
if xaxisexp <O then
for j=1 to xaxisexp do
sval=xval*10;
if vaxisexp>0 then
for j=1 to vaxisexp do
yval=yval /10;
if yaxisexp<O then
for =1 to vaxisexp do
vval:=yval*10;
xnew:=—0.8+1.6%(xval—xmin) /AAxmax—xmin));
ynew:=—0.8+1.6*(yval—ymin) /A yvmax—ymin));
{check whether point will be on screen)
if ((xnew>=—0.8) and (xnew <=0.8) and (ynew>=—0.8) and (vnew <=0.8))then

hegin
if i=1 then
begin
oulplane:={false;
move({Xnew.vnew )
end:
if outplane=irue then
begin
{jrp} if (xnew—xold <>00) then {check for divide by zero}
{jrp} slope:=( ynew —vold ) /(xnew—xold)
{ jrpl else
{irpl slope:=1E100; {ubout = infinity}

{check for entering from lest}

test:=slope*(—0.8—xold)+vold;

if tesi_point_on_screenl(yold,ynew,test) then
begin
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move(—0.8,test);
if measured=true then
begin
move(xnew—0.01,ynew—0.015);
gtext('x");
end
else
line(xnew,ynew);
end:
{check for entering from the right}
test=slope*(0.8-xold)+vold;
if test_point_on_screenl(yold.vncw.test) then

begin
move(0.8.tes1);
if measured=true then
begin
move(xnew—0.01.vnew—0.15%
glext’x"k
end
else
line{xnew . vnew ):
end;

if slope<>0 then
test=(0.8—vold ) /slope+xold
else
test=—=1.0: {cuan not enter from top)
{check for entering from top}
{jrp} if 1est_point_on_screen2(xold.xnew.test) then
begin
movel test,0.8);
if mcasured=truc then
begin
movelxnew—0.01.vnew—0.15);
glext('x"):
end
else
line(xnew . vnew):
end;
it slope<>0 then
test:=({—0.8—vold ) /slope+xold
else
test==—1.0; {can not enter Sfrom bottom}
{check for entering from bottom}
{jrp} if test_ point_on_screen2(xold.xnew test) then
begin
move(test,—0.8)
if measured=true then
begin
movelxnew—0.01.vnew—0.15):
ptext('x");
end
else
linelxnew.vnew);
end:
outplanc={alse;
{point plotzed}
end
else
{last point was on screen}
begin
if measured=1rue then
begin
move(xnew—0.01.ynew—0.013);
glext('x");
end
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else
line(xnew,ynew);
end;
end {end of handling for values on the screen}
else {start handling points off screen}
begin
if i=1 then
begin
outplane:=true;
end:
if outplane=false then {lust point on screen)
begin
{jrpl if (xnew—xo0ld <>0.0) then {check for divide bx zero}
{jrp} slope:=( ynew —vold) /(xnew—xold)
{jrp) else
{jrp} slope:=1E100: {about = infinity}
{check jor exiting rrom left}
test:=slope*(0.8— xold )+vold;
if test_point_on_screenl(yold,yncw.test) then
begin
if measured=false then
line(0.8.1est);
zstring=" ;
strwritelzstring.1,entzaxisval[k]):1:2 )
movel0.85 ,test);
if ((measured=true) or (simonlv=true))
and (i<>numbx) then
etext(zstring):
end:
{check for exiting from righl}
test:=slope*(—0.8—xold)+vold;
if test_point_on_ screenl(yold.ynew.test) then
hegin
if measured=false then
line(—0.8.1est);
7string=";
strwritd zstring, Lent(zaxisval[k]):1:2):
movel0.85.1est )
if ((measured=true) or (simonly=true))
and (i<>numbx) then
gtext(zstring);
end;
{check for exiting from top}
if slope<>0 then
test:=(0.8—yold) /slope+xold
else
test=—1.0;  {can not exit from top)
{jrpl if test_point_on_ screen2(xold,xnew,test) then
begin
if measured=false then
line(test,0.8);
end;
{check for exiting srom bottom)
if slope<>0 then
test:=(—0.8—vold ) /slope+xold
else
test=—1.0:  {can not exit from botiom}
{jrp} if tesi_point_on_screen2(xold,xnew.test) then
begin
if measured=false then
line(test.—0.8);
end;:
outplane=true;
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end; {end for points going off screen}

end: {

end of handling points off screen}

xold:=xnew;
yvold =ynew;
if (i=numbx) and ((measured=true) or (simonly=true))

and (out

plane=false) then

begin

move{0.85,ynew);

zstring=" ;

strwrite(zstring.1,cnt (zaxisval[k]):1:2);
gtext(zstring);

end;

end:
end;
{end of procedure

procedure iv_zoom_graph_axistvar xpos2,xposl.vpos2.vposlreal):

drawdata}

{this procedure allows the user to zoom in on u portion of the graph by
varsing the uxis lmits}

var button:inteyer:
Nrange.vrangenreal:
oldxmin,oldyminreal;

temppos:real:

{ivitialize the graphics locator as the knob)

begin
Xrange:=xpos2

—xposl;

vrange:=ypos2—yposl;
oldxmin:=xposl;
oldymin=yposl;
locator_init(2.error_return);
if error_return=0 then

begin

Nov 15 20:23 1984

await__locator{ 2,button,xposl.yposl);
set_echo_pos(xposl,yposl): {sets one¢ diugonal of rectangle}
await_ locator(8.button,xpos2.ypos2);
if xposl>xpos2 then
hegin
temppos=xposl;
xpos l:=xpos2;
Xpos2:=temppos;
end:
it vposl >vpos? then
begin
temppos:=yposl;
yposl=yvposd:
vpos2:=temppos;
end:
{this guarantees that the axis are not zoomed too small}
if (abs(xposl—xpos2)<0.1) or (abs(yposI—ypos2) <0.)) then

begin
xpos1:=—0.8:
xpos2:=0.8:
yposl=—0.8:;
ypos2:=0.8;
end:

xpos I:=xrange /1.6 xpos 1+0.8)+old xmin;
xpos 2:=xrange /1.6*(xpos2+0.8)+oldxmin;
vposl=vrange /1.6* ypos1+0.8)+old v min:
ypos2=yrange /1.6*(ypos2+0.8)+old ymin;
clear__display;
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end;
end; {of procedure iv_zoom_graph_ axis}

procedure iv_initial_graph; zv_tmaal_gr aph
{this procedure uses autoscaling to determine what the minimum and maximum
values of the graph are, and plots the data}

var meas:boolean:
init_ok:boolean;

begin
iv_grsetuplinit_ok);
set__aspect(210.0,160.0);
set_display_1im(0.0,210.0.0.0.160.0,error__return);
{zhi.\' determines the maximum and minimum velues of x and )'}
iv_ maxminxvimaximx,minimx.maximyv,minimyv.numbx,numbz);
iv__autoscale(maximx,minimx.maximy.minimy.xaxlab,yaxlab,
headerlab.zaxlab xaxisunit.vaxisunit);
if (measonlyv=true) or (mcasandsim=true) then
begin
meas:=true:
iv_draw_the_datalmaximx.minimx,maximyv.minimy.meas);
end:
if (simoniv=true) or (measundsim=true) then
begin
meas=false;
iv_draw_the_data(maximx.minimx.maximy.minimy.meas):
end;
end: {end of procedure iv_initial _graph to plot gruphics uxis and data)

procedure iv_zoom; - . IAY _zoom
{this procedure handles zooming the graph axis}

var meas:boolean;

begin
iv_zeom_ graph_ axis{ maxi mx.minimx.maximv.minimy):
clear__display;
iv__autoscalelmaximx.minimx.maximy.minimyv,xaxlab,vaxlab.headerlab,
zaxlab.xaxisunit.vaxisunit )
if (measonlv=true) or (measandsim=1rue) then
begin
meas:=true:
iv_draw_the_datalmaximx,minimx.maximy, minimy,meas);
end:
if (simonly=true) or (measandsim=true) then
begin
meas:={alse;
iv_draw_the _datalmaximx.minimx.maximy,minimy,meas);
end;
end: {end of procedure iv_zoom to zoom in on axis)

i IV GRAPHICS MEASUREMENT AND SIMULATIQN*®®xktmnsinrnis |
procedure measure_data(device_type,mtype,vdterm,vgterm.vsterm,vbterm:integer; measure _dat a
tvaluereal );

{mlype=1 then meusure IDSvs\'GS curves. miype=2 then meuasure 1DSvs\' DS curves}
{tvalue is the value of the constant supply}
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var ijinteger; {loop couniers)
vdchan,vgchan,vschan,vbchanstring[20]; {0 contain VCX where X is SMU}
vdnumb,vgnumb,vsnumb,vbnumbstring[20); {to contain SMU number as string}

procedure translate_terminals_ to_strings; translate_terminals_to_strings
{this procedure sets up string variables needed by the 4145)

var iinteger;
nextposinteger:

begin
{here is where the terminal numbers are converted into channel strings}
vdnumb:="’
vgnumb:=" "
vsnumb:=" °
vbnumb:=’
strwrite(vdnumb.l.nextpos.vdterm:1 );
strwrite( vgnumb. Lnextpos,vpterm:1 );
strwrite(vsnumb, L.nextipos.vsterm:1);
strwrite(vbnumb. I nextpos.vbierm:1 k
vdcham="CH "
strwrite( vdchan,3,nextpos.vdierm:1);  {sets up vd channrel szring}
vgchan="CH ’
strwrite( vpchan.3.nextpos.vgterm:1);  {sets up vg channel string}
vschan="CH "
strwritel vschan.3.nextpos,vsterm:1):  {sets up vs channe string}
vbchan="CH ’
strwrite( vbchan3.nextipos,vbterm:1);  {sets up vb channel string}
end: {end of procedure to translate_terminals_to_strings}

{rrdor IDSvsV'GS DATA MEASUREMENTH Forork |
procedure IDSvs\'GS_datalvdsreal); - IDSvsVGS _data

{this procedure sets up the strings to be used for the sources, sets up
the sotirces. and meusures the data for n or p channel devices)

type tesicode=string[20):

var vsource.vpstartvgend.vgstep,vhstart,vbstep.vdrainreal;
numbvbstiep.numbvpstep:inteper;
svsourcesvpstartsveend svgstepsvbstartsnumbvbstep,
svbstepsvd rainstring[20):

procedure clmnnel_definition_for__lDSvs\"GS_G]dﬂnnel _gle f inztwn_for ___I DSvsVGS _giata
{this procedure sets up the channels with all being voltuge sources and the

source being common. The gate voltage and body voltage are set up to vary)

{lust change made: JUNE 20. 1984 by: JRP)

begin
writestring(700+hpib__analyzer_address. IT1 DRO BC')
writestring(700+hpib_analyzer_address, DE ')
writestring(700+hpib_analyzer_address,vdchan);  {sets up drain as const}
writestring(700+hpib_analvzer_address.”,” V'DRAIN'", IDRAIN"",1,3;" )
writestring(700+hpib_analvzer_address,vpchan)  {sets up gate as va riable}
writestring(700+hpib__analyzer_address.”. VGATE ', IGATE ,1,1;"):
writestring(700+hpib_analvzer_address,vschan); {sets up source as const}
writestring(700+hpib_analyvzer__address,’,”"VSOURC"’, ' ISOURC"’,1,3;");
writestring(700+hpib_analvzer_address,vbchan);, {sets up body as variable2}
writestring(700+hpib_anal vzer_address,’,”"VBODY ", IBODY ",1,2;");
writestring( 700+ hpib_analyzer_address, VS1: VS$2; VM1 VM2;');
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end; {end of procedure to define channels for data aquisition}

bsim1.0.TEXT

rocedure string_setup_ measure_ IDSvsVGS; str mg _Setup_measure »i DSvsVGS

this procedure calculates step sizes for the measurements, fills in the vdd
array, and makes the necessary strings for the 4145}

var nextposinteger; {for strwrite command}
idinteger; {used for loop counter

begin
{determine the value of V'SOURCL)
if device_type=1 then
vsource:=0.0
else
vsource:=vdd:
{determine the starting value of VVGATE}
if device_type=1 then
vgstart:=0.0
else
vestart:=vdd;
{determine the final valuc of VGATE}
if device_type=1 then
vgend:=vdd
else
vgend:=0.0;
{determine the step size for VGATE)
if vdd <=3 then
vestep=0.05 :
else
if vdd <=5 then
vestep:=0.1
else
if vdd <=10 then
vestep:=0.2
else
vestep:=0.5;
vastepr=vpstep*device__type;
{determine the number of steps for VGATLE}

numbvgstep=trunc(vdd /vgstep*device_type)+1: {plus 1 for the first point}

{determine the starting value for \'BODY}
if device_type=1 then

vbstart=—vdd
else

vbstart=2*vdd:
|determine the vulue of the V'BODY step)
it vdd <=5 then

vbstep=1.0
else if vdd <=10 then

vbstep:=2.0
else

vbsiep:=3.0;
vbstep:=device_type*vhstep:
{determine the number of VBODY steps)
numbvbstep=trunc(vdd /abs(vbstep))+1;
{determine the vaiues of VDRAIN)
vds=abs(vds)
if device_type=1 then

vdrain:=vds
else

vdrain:=vdd—vds:
{here is \'s'here the sirings ure written}
svsource:= :
strwrite(svsource,l,nextpos,vsource:2:3);
svgstart=’ "
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strwme(svgstart 1,nextpos vgstan.2.3)

svgend=’

strwrite(svgend, l,ne:\tpos,vgend.z 3%
svgstep=

strwrite(svgstep,1,nextpos, vgstep 2:3);

svbstart=’

strwrite(svbstart,1,nextpos, vbstart.2.3)'

snumbvbstep="

strw me(snu mbvbstep, l,nextpos nu mbvbslep)

svbstep="

strwrite(svbstep,1, ne\tpos.vbstep 2:3);

svdrain="

strwrite{svdrain,l. nextpos,vd:am :2:3);
end: {end of procedure string_ setup__measure_ 1 DSvsVGS}

procedure source_setup_measure_IDSvsVGS; source_setup_measure ]DSVSVGS
ithis procedure sets up the sources to measure the duta}
{last change made: JUNE 20, 1984 by: JRP)

begin
writestring(700+hpib_analyzer_address, S ")
writestring(700+hpib_analyzer_address/ VR1,):  {sewp for gate sourcel
writestring(700+hpib_analyzer__addresssvgstart);
writestring(700+hpib_anal vzer .xddress O
writestring( 700+hpib__anal vzer add resssvgendk
vulestxmg(7()0+hp|b_anal_\/en _address.”)’);
writestringl 700+hpib__anal yzer__add ress.svgstep):
writestring( 700+hpib_anal vzer_add ress, JE=61)
writestring( 700+hpib_analvzer_address, \'P ‘)% {setup for the body source}
writestring(700+hpib__analvzer_addresssvbstart);
writestring( 700+hpib_analyzer_address,’,’ )
writestring( 700+hpib__analyzer _address;svbstep):
writestring(700+hpib_anal yzer_address,”."
writestring( 700+hpib_ analwer addresssnumbv bstcp)
w nleﬂnng( T00+hpib_anal yzer_ "add ress. 0.001:
writestring 700+hpib_anal vzer_address, \'C"): {sel up drain v—source}
writestringl 700+hpib_analvzer_add ress,vdnumb):
writestring{ 700+hpib__anal vzer_address.’,’);
writestringl 700+ hpib_anal vzer_addresssvdrain):
writestring(700+hpib_anal vzer_address.,J00E=3:");
writestringt 700+hpib__anal vzer_address,”\'C');
writestring({ 700+hpib__analvzer_add ress.vsnumb);
writestring( 700+hpib_anal yzer_address.”,’ )
writestring(700+hpib_anal vzer__add ress,svsource);
writestring(700+hpib_analyzer_address, ,]00E—3;");

end: {end of procedure source_setup_measure_IDSvs\'GS}

procedure measure_IDSvsVGS_data; measure ]DSVSV GS data
{this procedure reads the data Jrom the 4145 for either u nchannel or
a4 pchannel device. The values of vdsidswbs and vgs are converted to

correspond to the corvention for zu,lumnel devices}
{last chunge made: NOV' 8, 1984 bx: JRP)

var ijinteger;
begin

{JRP}if device_type=1 then {NMOS)
{JRP} begin
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{jrp} writestring(700+hpib_analyzer_address’ SM DMI1, XN''VGATE,1,0,");
{jrp} writestring(700+hpib_analyzer_addresssvgend);

{jrp} writestring(700+hpib__analyzer_address, ;YA "IDRAIN"",1,0, );

{jrp} writestring(700+hpib_anal yzer_ add ress,maxidsstri ng);

{jrp} writestring(700+hpib_analyzer _address.’; );

{JRP)} end

{/RPlelse {PA10S}
{JRP) begin

{irp} writestring(700+hpib_analyzer_address,”SM DMI1, XN 'VGATE".1.0,);
{jrp} writestring(700+hpib__anal yzer_addresssvgstart);

{jrp writestring(700+hpib_analyzer_address, ;Y A IDRAIN"".1,");

{jrp} writestring(700+hpib_analyzer_add ress,maxidsstring):

{jrp} writestring(700+hpib_anal yzer_address,” ,0; )

{JRP} end:

writestring(700+hpib_analyzer_address. ITI DRO BC'):
writestring( 700+hpib_analyzer _address, MD ME1’):
wait_till_hpib_read v(hpib_analvzer_address);
writestring(700+hpib_analvzer_address. DO “"IDRAIN"));
listen_to_hpiblhpib_ analvzer_address);
for j=1 to numbvbstep do

for i=1 to numbvgstep do

readnumber(700+hpib_analyzer_address.vaxmeas{i,j]);

talk _to_ hpiblhpib_analyvzer_address);
{here is where the xaxis und zaxis arrays are filled)
numbx:=numbvygstep;
for i=1 to numbvgstep do

xaxisvallil=(i— 1*vgstep;
numbz:=numbvbstep:
for j=1 to numbvbstep do

zaxisval JJ=(vbstart+ j— 1)*vbstep—vsource);

end:

begin {begin procedure 1DSvs\'GS_duta)
channel_definition_for_ IDSvs\'GS__data:
string__setup_ measure_ IDSvs\'GS:
source_setup_ measure__IDSvs\V'GS:
measure_IDSveV'GS_data:

end:
{* b I1DS vs \'DS MEASUREMENT +xk |
procedure IDSvsVDS_data(vbsreal); IDSvsVDS _data

{this procedure sets up the 4145 and measures data points jor various \'DS
and VGS values with a fixed \'BS}

var vsource,vdstart,vdend.vdstep.vgstart,vgstep,vbod y:real;
numbvgstep.numbvdstep:integer;
svsourcesvdstartsvdend svdstepsvgstart.snumbvgstep,
svbod y svgstep:string{ 20};

procedure channel_definition_for_IDSvs\'Ds cliannel_de f U’lll'lOVl_fOT' _IDSvsV DS _data
{this procedure sets up the channels with all being voltuge sources and the

source being common. The drein and gate voltuges are sel to vary}

{lust change made: JUNE 20, 1984 by: JRP)

begin
writestring(700+hpib_analyzer_address. IT1 DRO BC'):
writestring(700+hpib_analyzer_address”DE ')
writestring{ 700+hpib_analvzer_address.vdchan); {drain is variable 1}
writestring(700+hpib_analyzer_address,’,”” VDRAIN"", IDRAIN"".1.1:"):
writestring( 700+hpib_analyzer__address,vgchan); {gate is variable 2}
writestring( 700+hpib_analvzer_address,’. " VGATE ", IGATE ".1,2;");
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writestring(700+hpib_analyzer_address,vschan); {source is con;gtant}
writestring(700+hpib_ analyzer__address,’,”” VSOURC"’,"ISOURC"",1,3;');
writestring(700+hpib_analyzer_address,vbchan); {body is ggnszn}nt}
writestring(700+hpib_ analyzer_address,,”"VBODY ", IBODY"’,1,3;');
writestring(700+hpib_analyzer_address, VS1; VS2; VM1; VM2;');

end; {end of procedure to define

channels for data aguisition}

procedure string_setup_ measure_IDSvsVDS; string_setup_measure_I DSvsV DS

{this procedure calculates the step sizes for the measurements, fills in the

vdd array, and makes the necessary

strings for the 4145}

var nextpos:iinteger: {used in the strwrite command)
iinteger: {used for ioop counter}

begin
if device_type=1 then
vsource:=0.0
else
vsource=vdd:
{determine the starting values
if device_tvpe=1 then
vdstart=0.0
else
vdstart=vdd:
{determine the final value of
if device__1vpe=1 then
vdend:=vdd
else
vdend=0.0;

Jor VDRAINY)

V'DRAIN}

{determine the step size for \'DRAIN)

if vdd <=3 then
vdstep:=0.05
else
if vdd <=5 then
vdstep:=0.]
else

if vdd <=10 then

vdstep:=0,2
else
vdstep:=0.5;
vdstep:=vdstep*device_type:

{determine number of steps for VVDRAIN}
numbvdstep=trunc(vdd /vdstep*device_type)+1: {plus I for the first point!

{determine the value of the \
if vdd <=5 then

vestep=1.0

else if vdd <=10 then
vestep:=2,0

else
vestep=3.0:

vgstep=vpstep*device_type:

‘GATE STEP)

{determine the starting value for VGATE)

if device_type=1 then
vestarti=vystep
else
vestart=vdd+vesiep:

numbvgstep=trunci vdd /abs(vgstep));
{determine the value of VBODY}

if device_type=1 then
vbod y:=—abs(vbs)
else
vbod y:=vdd +abs(vbs);
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{here is where the sirings are wrltten}

svsourcer="
strwrite{svsource.l /nextpos,vsource:2: 3)
svdstart="
strwrite(svdstart,1.nextpos,vdstart:2 3)
svdend:="

strv.'rne(svdend ,1,nextpos,vdend:2 3)
svdstep:=" :
strwrite( svdstep,1,nextpos,vdstep:2: 3)
svgstart="

strwritel svgstart,l.nextpos.vgstart:2: 3)
svgsteps=’

strwrite(svgstep,l.nextpos,v gstep:2 :2: 3)
snumbvgstep=

strwrite snumbvgstep.l ne\tpos numbvgstep:1 )k
svbod y:=" :

strwritelsvbod v.l.nextpos.vbod v:2:3);
end; {end of procedure string_setun_measure_IDSvs\'DS)

procedure source_sctup_measure_ IDSvs\DS: source betup measure ]DSV.S\;DS
{this procedure scts up the sources to measure the data}
{lust change made: JUNE 20. 1954 by: JRDP}

begin
writestring( 700+hpib_anal vzer_address,’SS )
writestring(700+hpib_analyzer_address, \'R1,":  {setup for drain source}
writestring(700+hpib_ analvzer_addresssvdstart);
writestring(700+hpib__analvzer_address,”, )
writestring(700+hpib_anal vzer_addresssvdend )
writestring( 700+hpib_anal vzer_address,”.);
writestring( 700+hpib__anal vzer_add ress,svdstep):
writestring( 700+hpib__analyzer_address. ,100E—3:");
writestring(700+hpib_analvzer_address. \'P'); {setup for the .gate source}
writestring( 700+hpib_anal yzer_add ress,svgstart);
writestring{ 700+hpib_analvzer_address, . ):
writest rmg('l()()-l-hpnb analyzer add:e« svostep
writestring( 700+hpib_analyzer_address.’.” )k
writestring(700+hpib_anal yzer_add ress,snumb\ gslep)
writestring(700+hpib_anal vzer_address, JE—6: X
writestring{ 700+hpib_analyzer_address, \'C'): {setup for the body source)
writestring( 700+hpib_anal vzer__add ress,vbnumb);
writestring(700+hpib_ analyzer_address,”.');
writestring( 700+hpib_anal vzer_addresssvbodv);
writestring(700+hpib_analyzer_address, . 10E—6;");
writestring(700+hpib__anal yzer_address, \VC');
writestring(700+hpib__analyzer_add ress,vsnumb);
writestring(700+hpib_ analyzer_address.”,’);
writestring(700+hpib_analyzer_ address,svsource);
writestring(700+hpib_ anal yzer_address,”,100E—-3:");

end: lend of procedure source_set:p_measure_1DSvs\"'DS}

procedure measure_ IDSvsVDS_ data; measure IDSVSVDS data
{this procedure reads the data Jrom the 4145 for cither a nchannel or

a pchannel device. The values of vdsidsybs and vgs are converted to

correspond to the convention of nchunnel devices}

{tast change made: NOV' 8. 1984  by: JRP}

var ijkinteger;
begin

{JRP)if device_type=1 then
{JRP} begin

Nov 15 20:23 1984 Page 69 of bsimlOTEXT



bsim1.0.TEXT

bsim1.0.TEXT

~measure_IDSvsV DS_data

{/RPlelse {device_type=—1 (PMOS)}
{JRP}  begin

writestring{ 700+hpib_analyzer_address, ITI DRO BC’):
writestring(700+hpib_analyzer_address’ MD ME1'):
wail_till_hpib_read v(hpib_ analvzer_address);
writestring( 700+hpib_analyzer_address, DO "IDRAIN""; )
listen_to__hpiblhpib__analvzer_address):
for j=1 to numbvgstep do

for i=1 to numbvdstep do

read number(700+hpib_analvzer_address.vaxmeas(i,j));

talk _to__hpiblhpib_analvzer_address):;
{here is where the xaxis and zaxis urra vs ure loaded up}
numbX:=numbvdstep:
tor i:=1 10 numbvdsiep do

xaxisvalil=(i— 1 *vdstep;
numbz=numbvgstep:
for j=1 to numbvgsiep do

zaxisvall jl=j*vgstep:

end: {end of procedure to measure_lDSvs\'DS_data}

begin {procedure IDSvs\'DS datal}
channel _definition_for__IDSvs\V'DS_ data;
string _setup_ measure__IDSvs\V'DS:
source__setup__measure_ IDSvs\'DS;
measure__IDSvs\V'DS_data;

end; {end of procedure 1DSvs\'DS duta)

{ ok ek K Kk Kok odkokok Ak ok }

begin {procedure measure_data begins here}
translate_ terminals_ to_ strings;
if mtype=1 then
IDSvs\'DS_ dataltvalue)
else
IDSvs\V'GS__data(tvalue):
end:

{jrp} writestring(700+hpib_analyzer_address, SM DMI1, XN 'VDRAIN"’,1,0,");
jrpl writestring(700+hpib_analyzer_add ress,svdend % .
jrpl writestring(700+hpib_analyzer_address, ;Y A" IDRAIN"",1.0,");
jrp} writestring(700+hpib_analyzer_ add ress,maxidsstring);
jrpl writestring(700+hpib_analyzer_address,’:’ );
JRP} end

JRP} writestring(700+hpib_analyzer_address, SM DM1, XN"'V'DRAIN"".1,0," )
JRP| writestring(700+hpib__analvzer__addresssvdstart):
{JRP} writestring(700+hpib_analvzer_address.;Y A" IDRAIN"",1.");
{JRP} writestring(700+hpib__anal yzer_address,maxidsstring):
JRP} writestring(700+hpib_analyzer__address, .0; ):
JRP) end:

| PEND OF MEASUREMENT ROUTIN ES*orrcenvsmcsisik)

function bsimsim(vds,vbs,vgs:real kreal:
{this function returns the value of ids for a given bius condition

bsimsim

ay simwlated using the lutest bsim parameters. when this function is called,

the beta values have already been calculated from the mobility tmu) values}
{tast change made WEDNESDAY OCT 31, 1984 By: JRP}

var eta,u0.ul.vesminvthreal;

a,g.t.vpsgroot_vp.vthve k.u.r,vdssatreal;
temp.lempA,tempBx3vddvdd,x2,x3,betareal;
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{JRP}eff:real; {effective channel length for current device to be graphed}
{JRPi,jinteger; {counters to output VTH to printer}

begin
8 {here is where the voltages are translated to fit n—channel designations}
vds=vds*device_ type;
vgs=vgs*device_ type;
vbs:=vbs*device _type;
eta=cS5_eta+c10_x2eta*(c2_phif2—vbs)+cl1_x3eta*(vds—vdd);
{JRP}if eta<D.0 then
{JRP} eta=0.0;
uO:=c7__u0+c12_ x2u0*vbs:
{JRP}if u0O<VO then
{JRP} u0:=0.0;
ul:=c8_ul+cl3_x2ul*vbs+cl7_ x3ul*(vds—vdd):
if u1<0.0 then
ul:=0.0:
{here is where the value of beta is culculated)
temp:=cH_ betaO+c9_ x2betad*vbs;
tempA:=(c14_betaOsat+c15_ x2betaOsat*vbs) /temp—1.0:
tempB:=c16_x3betralsat /temp;
x3vddvdd:=tempB*vdd—tempA;
X2:=(tempA—x3vddvdd ) /vdd;
x3:=x3vddvdd /vdd /vdd;
beta=temp*( 1.0+x2*vds+x3*sqrivds))
{here is where the purumeter a is cualculated)
vp=c2_ phif2—xbs;
sqroot_vp=sqri(yvpk
1:=1.744+0.8364*vp: -
g=1—-1/u
a=l+p /2% 3_Kk1 /syroot_vp:
vth=cl_vib+c2_ phif2+c3_k1*syroot_vp—cd_k2*vp—eta*vds;
vesminvih=vps—vth:
if vesminvth<0.0 then
vesminvth:=0.0:
{J RPNeff:=length+processpar[2.betazeroparam];
{JRPIve=ul 7a¥vgsminvth) /leff:
u=1+u0*vgsminvih):
{JRP}r=1+ul*vds /leff:
t=sgri( 1+2*ve):
k=(1+ve+1) /2
vdssat=vgsminvth /a ssqri(k);
if vds<vdssat then
{linear region}
bsimsim=device_ type*beta /u /r*vds*(vgsminvth—a /2%vds)
else
bsimsim=device_type*beta /u/a/k /2*vgsminvih*vgsminvth;
if (vgs—vih)<O then
bsimsim:=0.0:
{JRPHthis next part will create \'th values at all 4 combinations of Vids
and V'bs for Vds=0.] and \'dd and for Vbs=0 und —\'dd}
{JRP}if (TRACE\VTH=true) and (abs(vdd)=abs(vgs)) and (abs(vdd)=abs(vds)) then
{JRP} begin
{JRP} for i=1 to 2 do

{JRP} for j=1 1o 2 do

{JRP} begin

{JRP} case i of

{JRP} 1:vbs:=0.0:

{JRP)} 2:vbs:=—(abs(vdd));
{JRP} end; {of case}
{JRP} case j of

{JRP} 1:vds=0.1;
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{JRP 2:vds=abs(vdd );
{JRP end; {of case}
{JRP etar=c5_eta+c10_x2eta*(c2_phif2—vbs)+c11__x3eta*(vds—vdd );
{JRP if eta<D.0 then
{JRP eta=0.0;
{JRP vthz=c1_vfb+c2_ phif2+c3_k1*sqri(c2_phif2—vbs)—
{JRP c4_k2*(c2_ phif2—vbs)—eta*vds;
{JRP) writeln(userout2, VBS=/,vbs:2:2,” VDS=",vds:2:2,
{7RP " VTH='vth:2:2);
{JRP end;
{JRP} end;
end; {end of function to simulute bsim parameter current duta}
procedure error_calculations( numbx.numbzinteger: var max.rms:real ) error _galculatwns
{this procedure calculutes the maximum percent error, und the rms error for
all of the values of ids measured und simulated}
var ijinteger: {thesc ure the counter variables)
error:real:
hegin
max:=0.0;
rms:=0.0:
for i=1 to numbx do
for j=1 to numbz do
if (abs(vaxmeasli.j])>1E—6) and (abs(yaxsimli.j])>1E—~6) then
begin
error=abs({yax measli,jl- vaxsim[ij]) /vaxmeasli,j});
if (error>max) then
max:=¢rror:
rms:=r ms+error*error;
end:
max=max*100;  {converts to percent errori
rme:=100*syrt(rms /numbx /numbz):  {comverts 10 rms percent error}
end: {end of procedurc to determine the maximum percent and rms errors}
procedure IDvs\ D(vbsconstantreal); IDvsVVD

{this procedure loads the data arravs for measured and /or simulated
characteristics und generates the labels}

var ijinteger;

begin
{this is where the labels ure setup}
writeln(#12);
xaxlab="VDS in "
vaxlab="ID$ in ;
tvarstr="VBS= "
headerlab="IDS versus \'DS';
zaxlab="VGS(VY':
xaxisunit="vols:
vaxisunit:="amps’:
if (measonly=true) or (measandsim=true) then
measure__data( device_type,]l,vdterm,vgterm,vsterm,vbterm,vbsconstant )
if (simonly=true) then
begin
if vdd <=5 then
numbx=trunc( 10*vdd)+1
else if vdd <=10 then
numbx=trunc( 5*vdd)+1
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else
numbx=trunc(vdd )+1;
if vdd <=5 then
numbz=trunc(vdd)

else if vdd <=10 then
numbz=trunc(vdd /2)
else
numbz=trunc(vdd /3);
for =1 to numbx do
xaxisvallik=(i—1*vdd /(numbx—1)*device_ type:
for j=1 to numbz do
zaxisvall jl=j*vdd /numbz¥device_type;

end;
if (simonly=true) or (measandsim=truc) then
begin
for i=1 to numbx do
for j=1 to numbz ‘do
vaxsi m[i,jk=bsimsim{xaxisvalli],vbsconstant.

. zaxisvallj))
end:

if (meusandsim=true) then
error_calculations(numbx.numbz.muximum_error.rms_error);
end:

procedure InIDvs\'D{vbsconstantreal);
{this procedure is very similar to IDvs\'D with the exception that a minimum
current is allowed, and the logarithm is taken}

var ijinteger:

begin
{this is where the lubels are setup}
writeln(#12):
saxlab="\'D§ in ’;
vaxlab:="In(IDS) in
tvarstr="\"BS= "
headerlab="In(IDS) versus \'DS’;
zaxlab="\"GS(\')";
xaxisunit="volts’;.
vaxisunit:="in(amps) :
if (measonly=true) or (measandsim=true) then

begin
measure__dataldevice _type.lvdierm,vgterm,vsterm.vbierm,
vbsconstant );
for j=1 to numbz do
for i=1 to numbx do
begin
if vaxmeadi.j] <IE—12 then
vaxmeasi,jl=1E—12;
vaxmeasli.jl=In{ vaxmeas[i,j]):
end;
end;
if simonly=true then
begin

if vdd <=5 then
numbx=trunc( 10*vdd)+1
else if vdd <=10 then
numbx=trunc(5*vdd +1
else
numbx=trunc{vdd)+1;
if vdd <=5 then
numbz=trunc(xvdd)
else if vdd<=10 then
numbz=trunc(vdd /2)
else

bsim1.0.TEXT

I DvsV D

InIDvsVD
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numbz=trunc(vdd /3);
for i=1 to numbx do

xaxisval[i=(i—1)*vdd /(numbx—1)*device_type;
for j=1 to numbz do

zaxisvall j=j*vdd /numbz*device_ type;

end;
if (simonly=true) or (measandsim=true) then
begin
for j=1 to numbz do
for i=1 to numbx do
begin
vaxsimli, jl:==bsi msim(xaxisvalli],vbsconstant.
zaxisval(j});
if vaxsimli,j] <1IE—12 then
vaxsim{i,jk=1E—12;
vaxsimli, jl=In( vaxsimfi,j]);
end:
end:

if (measandsim=true) then
error__calculations(numbx.numbz,maximum_error.r ms__error):
end:

I1DvsVG

procedure IDvs\'Glxdsconstant:real );

{this procedure louds the data arruxs for measured und/or simulated data
P A

Jor IDSvsV'GS with V'BS stepped and \'DS held constant}

var ijinteger;

begin
{this is where the labels are setup)
writeln( #12);
xaxlab="\'GS in °
vaxlab="IDS in ;
tvarstr="\"Ds= A
headerlab="1DS versus VGS':
zaxlab:="\"BS(\)';
xaxisunit="volts";
vaxisunit:="amps’;
if (measonly=true) or (measandsim=true) then
measure__dataldevice_type.2,vdterm,vgterm.vsterm.vbterm.vdsconstant);
if (simonly=truc) then
begin
if vdd <=5 then
numbx:=trunc( 10*vdd)+1
else if vdd <=10 then
numbx:=trunc{ 5*vdd )+1
else
numbx:=trunc(vdd )+1;
if vdd <=5 then
numbz=truncivdd)+1
else if vdd <=10 then
numbz=trunc(vdd /2)+1
else
numbz=trunc(vdd /3)+1;
for i=1 to numbx do
xaxisvallil=(i—1)*vdd /(numbx—1)*device_type;
for j=1 to numbz do
zaxisvall jl:=(— 1*j— 1 *device_type*vdd Anumbz—1)
end:
if (simonly=true) or (measandsim=true) then
begin
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for i=1 to numbx do
for j=1 to numbz do
yaxsim(i,jl:=bsimsim(vdsconstant,zaxisvalljl,
xaxisvalli]);
end;
if (measandsim=true) then
error__calculations(numbx,numbz,maximum__ error,rms_ error);
end;

procedure draw_ menu: draw _menu
{this procedure draws the graphics menu}
{lust change made: SUNDAY SEPT 30. 1984 By: JRP}

begin
writeln(#12):
writeln(’ *EBSIM I—\" GRAPHICS MENU*");
writeln:
write"The BSIM [—\" graphics routines will draw measured and /or ‘)
writelnCsimulated 1-\" data.’);
writet'If the program is operating in the "SINGLE" mode, the 17 ELECTRICAL'X
writeln(” parameters’); .
write('just extracted will be used. In the "AUTOMATIC" or "SEMI—AUTOMATIC" )
writeln(" mode, the');
write("17 ELECTRICAL parameters will be generated from the 54 parameter X
writeln(" process file.” )

writeln; )
writeln(’ SELECT A NUMBER FOR A GIVEN DISPLAY MODE= >')k
writeln(’ 1)Measured Data Only')
writein(’ 2)Simulated Data Only’);
writeln(’ 3)Measured and Simulated Data’):
writein:
writelnl’ SELECT A NUMBER FOR A GIVVEN GRAPH TYPE= >');
writeln(’ DIDS versus VDS VBS=? >')
writein(’ ' 2)IDS versus VGS \DS=?7 >
writeln(’ 3IIn(IDS) versus \'DS \VBS=?  >')

end: {end of procedure «'I‘f'd\\'_rnenu}

procedure draw_iv_ repeal_menu: dr aw'_1v_repeat_menu

{this procedure draws the repeat menu}

{lust change made: SUNDAY SEPT 30. 1984 By: JRP}

begin
writeln(#12):
gotoxv(0,2); ’
writeln(’ SELECT A NUMBER FOR A GIVEN ACTION CAPABILITY= >)
writeln(’ 1)Zoom Using Knob and Keys');
writeln(’ 2)Redraw Full Graph')
writeln(’ 3)Select New Graph for Current Device');
writeln(’ 4)Select New Device');
write(’ S)Exit 1=\ Graphics Menu');

end: {of procedurc draw_iv_repeat _menul

i RPN AIN GRAPHICS PROGRAN }

hegin {muin. procedure graphics begins here}
iv_grsetup(init_ok )
new__device=false;
if init_ok then
begin
{irp) same_device_selection="4";
repeat
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{jrp}
{jrp}
{irpl
{jrp}
{jrp}
{irp}
{jrp}
{jrp}
{jrp}

{j~p}
{jrp}

{jrp}
{jrp)
{irpl
{irp}
{irp}
{jrpt
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{
if TRACE36=true then

begin

take out later }

writeln(userout2, beginning of repeat loop’)
writeln(userout2,
‘vdterm=",vdterm:1,” vgterm=",vgterm:1,
" wvsterm=,vsterm:1,” vbterm=',vbterm:1);

end;

{ Hkkks o le out laZer**"*************}
writeln( #12), {clears the display}

draw _menu:

measonly:=false; {/lugs to tell what data to plot}

simonl y:={alse;
measandsim:=false;

selection_input(60,8."1°." 3 selection);

case selection of

1" :measoni v:=true:
2 simonly:=true;
3 :measandsim:=truc:

end:

selection_input(59,13."1°." 3" selection);

case selection of
1 :begin

gotoxv(58.14);
tvar=strioreal{ realtosty);
tvar=—1*device_type*abs(tvar)

end;
2 :hegin

potox v(58.15):
tvar=striorcal( realtostr);
tvar=device_type*abs(tvar);

end;
3 :hegin

gotoxv(58,16);
tvar=strtoreal( realtostr);
tvar=—*device_type*abs(tvar);

end:

end; {end of case statement to determine graph type}
it ((measonly=true) or {(mecasandsim=true)) and (mode<>'4") then

begin

if same_ device_selection="4" then

begin

end
else

gotox v(0,18);
writeln(’ NEW SMU CONNECTIOR
ves__no__selection_input(55,18.new _smu_connections);

new _smu_ connections:=false:
smu__connections__ok:=false:
while (smu_connections_ok=false) do

hegin

goloxy(24.18); ,
write(’ %
gotox v(0.18);

write(” SMU);
writeln(” connected to DRAIN=?  >');

writel’ SMU’);
writeln(" connected to GATE=? >');

write{” SMU’);
writein(" connected to SOURCE=? >');

write(” SMU")

writeln(’ connected to BODY=? >
if new_smu_ connections=true then
begin
gotoxy(52,18);
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{jrp}
{jrp}
irp
{jrpl
{jrp}
{jrp}
{jrp}
{jrp}
{jrp}
i/‘".ﬂi
Jrp}
{jrp}
{jrp}
{irpl
{jrpl
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~

end

bsim1.0.TEXT

{reads in the value of drain smu}
vdterm:=round(strtoreal(realtostr));
gotoxy(48,18);
writeln(’ : )
gotoxy(48,18);
writeln(vdterm:1);

otoxy(51,19);
freads in the value of gate smu}
vgterm=round(stirtoreal(realtostr));
gotoxy(47,19):
writeln(’ )
eotoxy(47,19);
writeln( vgterm:1);
potoxv(53.20);

reuds in the value of source smu}
vsterm:=round(strtoreal(realtostr)):
2oloxy(49.20):
writeln(’ )
gotoxy{49.20):
writeln{vsterm:1 )
gotoxv(31.21):

reuds in the value of body spud
vbhterm:=round(striorealtrecaliostr)):
potoxy(47.21);
writeln(’ )
gotoxy(47,21);
writeln(vbterm:1 )%

else {use old smu connections}

beg

end;

in

yotoxv(48,18);

writeln(’ )
eotoxy(48,18);

writeln(vdterm:1);

potoxy(47,19);

writeln(’ ),
gotoxy(47.19);

writeln(vgterm:1);

rotoxv(49,20);

writeln(’ %
gotoxy(49,20);

writeln( vsterm:1);

potoxv(47,21);

writeln(’ “x
gotoxv(47,21);

writeln(vbterm:1);

’

if (vdierm>=1) and (vdterm <=4) and
{(vbterm>=1) and (vbterm <=4) and
(vsterm>=1) and (vsierm <=4) and
(vgterm>=1) and (vgterm <=4) then
smu__connections_ ok:=true

else
begin
goloxy(48.18):
writel” )
poloxy(47.19);
write(” )
gotoxy(49,20);
write(’ )
gotoxv(47,21);
write(” Y
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{jrp gotoxv(0,22);
{irp write(’'SMU VALUES MUST BE BETWEEN')
{irp write(" 1 AND 4. PLEASE TRY AGAIN’);
{jrp} end; {of else part}
{jrp} end; {of "while smu_connections_ok=false then..."}
{jrp gotoxy(0,2 22);
{irp write(” )
{jrp write(’ : )
end; {of "if measonlv=true..."}
{jrp} take out later* FFrrerracreies]
ijrp}} if TRACE36=true then
jrp begin
{jrpl & writeln(userout2,’ after user selection’);
{jrp} writeln(userout2,
{jrp} vdterm— \dtounl Vglerm- ;vgrerm:l,
}jr;‘; vsterm=".vsterm:1.” vbterm=",vbterm:1):
jro end;
{jrp} { " e T T ldl(,‘f'*****t***********}
gotoxy(0.23);
{irpi if ((measonly=true) or (measandsim=true)} and (mode<>4") then
begin
{here is where cutomatic movement to de\u(. will Lu}
write('Place probes on device and Press "ENTER" >
selection_input(43.23.chrlord(32)).chriord(32)).continue )
end
else
hegin
write( 'Press "ENTER” to continue >');
selection_input(28.23,chr(ord(32)chrlord(32)) continue )
end;
case selection of {from selection_inpur call}
“1:IDvs\ Ditvar): {just a few lines abovel
27 IDvs\VGlvar);
"3 :nIDvs\VD(tvar )
end; {end oj cuse stutement 1o graph chosen graplz}
ijr.r\:‘ take ot Z.lte"*******“**“****}
gjr;'} if TRACE36=truc then
jret begin
{jrph writeln(userout2, before initial_graph is drawn’)
{jrp} writeln{userout2,
{jrp} ‘vdterm=",vdterm:1,” vgterm=".vgterm:l,
E]"I’; * vsterm="ysterm:1,” vbterm=',vbterm:1);
- .
{jr‘;} {**n end; HRRKRRREY Lo Ut [qer PRI RRRR kR |
writeln(#12);
iv_initial_graph; {this draws out the autoscaled graphl}
quit=false;
newgraph:=false:
{***** take out laler********************}

if TRACE34=true then
begin
writeln( #12);

writeln('Here are the 17 bsim parameters used to plot this graph:

vib = "l _vfb);

writeln("¢l_
phif2 = "c2_ phif2);

writeln(¢c2_

bsim1.0.TEXT

;);

Nov 15 20:23 1984

writeln("c3_Kkl1 =
writeln(‘cd_Kk2 =
writeln('c5_eta =
writeln("c6_ beta
writeln('¢7_u0 =
writeln('c8_ul =

writeln('c9_x2beta0 = ~c9_x2betaO);
writeln('c10_x2eta = '.c10_x2eta);
writeln('cl1_x3eta = "c11_x3eta):
writeln('c12_x2u0 = "c12_x2u0)

‘e3_k1);
“cd4_K2)
‘c5_eta)
"6 _beta0):
c'7

u0);

,c8 ul);
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writeln('c13_x2ul “,c13_x2ul);
writeln('c14_beta0sat = ’c14_betaOsat);
writeln('c15_x2betaOsat = “,c15_x2betaOsat);
writeln('c16_x3betaOsat = c16_ x3betalsat);
writeln("c17_x3ul = "17_x3ul);

bsim1.0.TEXT

writeln;
write( Press Enter to continue>');
read(selection);
end: {of "if TRACE34=true then"}
{ b teke out later* ** |
repeat
{jr}" (***************************“lke ot lulcr*****************}
{jrp if TRACE36=true then
{jrp begin
{jrp writeln(userout2,” just enterred 2nd repeat loop’);
jrp writeln(userout2,
{jrp} ‘vdterm="~vdterm:1.” vpterm=",vpterm:],
{jrp vsterm=",vsterm:1,” vbterm="bterm:1);
{jrp end:
{jf‘p] {***********"'***************:akc ol laler*****************}
draw_iv_repeat_menu;
{jrp selection_input(62.2."1°."5" same_ device_selection ):
{jrp case same_device_selection of
"1":begin
gotoxv(59,0);
write(’ )
potoxv(59,3);
writel'SWITCH TO GRAPHICS'):
iv_zoom;
end:
“2%iv_initial_graph:
3":hegin
new graph:=true:
. clear__display;
end;
‘4" :hegin
quit=true;
new _device=truc:
clear__display:
end:
"5 :begin
quit=true;
clear__display;
end:
end:
U"P} { b Y YT Zaler*****************}
{jrp} if TRACE36=truc then
{irp} begin
{jrp} writeln( userout2.’ just leaving 2nd repecat loop’):
Jrp writeln(userout2,
{jrn} “vdterm=",vdterm:1,” vgterm=",vpterm:1,
{jrp} © vsterm=",vsterm:],” vbterm=",vbterm:1);
{jrp} end:
{jrp} {* rRrkkk ke out luter™ *}
until (quit=true) or (newgraph=true);
until newgraph=false;
graphics_term; {terminate the graphics procedures}
end: {of procedure graphics}
hid MAIN JV_GRAPHICS PROGRAM **
begin
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{if mode<>'4" then

begin}
if po_graphics_ wanted=false then
begin
gotoxy(21,23);
write("Would you like to view I—V Curves? (Y/N) >')%
ves_no__selection_input(65.23,iv_curves_wanted);
end
else
begin

gotoxy(0,8);
write{'"Would vou like to view 1—\" Curves? (Y/N) >k
yes__no__selection_input(44.8.iv_ curves_ wanted )
end:
end_ of _graphics:=false;
while not(end _of _graphics) do

begin
if (iv_curves_ wanted={alse) then
end_of _graphicsi=truc {graphics not wanted }
else
begin {graphics is wanted)
iv_graphics_error=0;
if TRACE21=true then writeluserout2.
“just before entering prepare_for_iv_graphics. "X
if TRACE23=true then writeln{userout2,
“length = “Jength width = "width):
prepare_for_iv_graphics(iv_praphics__error):
if TRACE21=true then writein(userout2,
‘out of prepare procedure and iv_gruphics_error = "iv_praphics_#
it TRACE21=true then writeluserout2,
‘just before entering graphics. ")
if TRACE23=truc then writeln(userout.
‘width = ".width, length = "Jlength):
if (iv_gpraphics_error=0) then
begin
graphics(vdd,toxsmud smug.smussmubdeviceanother_device):
writel #12);  {clear screen when finished)}
end
else if (iv_graphics_error=1) then
begin
{JRP} gotoxv{(0.21);
{JRP) writel’ X
{JRP} write(’ %
{JRP) gotox v(0.22 )
{JRP) writel” X
{JRP} write(’ %
{JRP) gotox (0,23
{JRP] write(’ )
{JRP} writel’ K
{/RP} gotox 1021
{JRP) write('GRAPHICS MENU CAN NOT BE')
{JRP) write(" ACCESSED BECAUSE THE OUTPUT )
{JRP} writeln(” FILE IS EMPTY.'):
{JRP) write('(NO PROCESS FILES WERE CREATED AT')
{JRP} writeln(" ANY DIE LOCATION));
write('Do vou want to graph another device? (Y/N) >);
ves_no_selection_input(46,2 3.another_device):
end
else if (iv_graphics_error=2) then
in
{JRP} beg gotoxv(0,21);
{JRDP) write(’ )
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{JRP write(’ %
{JRP gotoxy(0,22); ,
{JRP write(’ R
{JRP write(’ ),
{JRP gotoxv(0,23) .
{JRP write(’ B
{JRP) write(’ );
{JRP gotoxy(0,21); .

{JRP write((GRAPHICS MENU CAN NOT BE'):

{JRP write(’ ACCESSED BECAUSE A PROCESS'):

{JRP} writeln(" FILE FOR THE SELECTED’):

{JRP) write('DEV'ICE TYPE WAS NOT') .

{JRP} write(" CREATED AT THE X AND Y DIE ')

{JRP} writeln("POSITIONS SHOWN ABOVE.'):

write('Do vou want to graph another device? (Y/N) >');
ves_no_selection_input(46.23.another__device);

end:
if (another_device=fulsc) then
end _of _graphics=true;

end:
end;
{end
eise |} {single mode. which impiies——automaticalix go o graphicst
igruphicstvdd.tox. smud smug smussmub.devicea nother _devicel:}
writel #12):

end: {of procedure iv_graphics)

{'******4‘** SHee ek 3k & *% *% 3k 30K Kok AOK KK ORNORK F.
RANKIRS REXEREASARIIIA BSIN] PO GRAPHICS ROUTINES Hkkx
K A Kb ok XK Ak *k ook ok kK ok *-vnwr}

{BLGINY
procedure po_ graphics:

{LAST CHANGE MADE THURSDAY. OCT 4 BY JRP}

type praphlab=string{40);

const  epsilon=0.01: {for draw_the_duta2 tand possible draw_the_datall...
it helps guarantee that duta points will still be
within —.8 und +.8 screen limits. eg. if datu point
is 800000000071 due to rounding. then it will still be
within the new limits of —81 und +.81)}

var errorinteger:
widthJengthireal:{ tox  taken out due to const value ubove)
{VEW VARIABLES ADDED TO SUMMER 1984 PROGRAM}
po_graphics_errorzinteger:  {if = 0. outpur file is not emptx and :xpe of

device user is looking for does exist)

frooxsmnkass oo wre udded 1o this Program¥*xeesscn)
param:array{1.100.1.numbbsim] of real: {holds all parameters extructed)
wwarray(1.100] of real: {aolds W & L of devices!
larray(1.100] of real: {hoids W & L of devices)
param_to_graphiinteger:  {number of bsim puram in Jjile}
numb_sets_ 17_ paramsinteger:
graph__to__plot:char;
repeat _selection:char;
file_to_graph:char; {number 11.6) of diefile 10 graph}

po_graphics

file_to_graph_namestring[15k {name of diefile 10 graph.NEDFILEPZDFILE..)
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-po_graphics

third _variable_valuerreal; {z axis value}

Xmax_until_newgraph_is_chosenreal; {xmax for initial graph}

have__not_zoomed_ vet:boolean; {=true until first graph is drawn)

deita_)_or_w:real; {= processpar{ 20r3.bezazeroparamﬁ
{jrpleffective_size_erroriinteger; {if al xvalues are less than the absolute value

of delta_l_or_vw, then set = 1 (error}

{pmvsrxaxiipese are added to this program in gra phics™*¥«xkknkk |

{the Sfollowing are maximum and minimum array values. and graph labels}

maxi my, minimx,maxi my.minimy:real;

xaxlab,vaxlab.headerlab;zaxlabl.zaxlab2 xaxisunit,vaxisunit,

deltallab.deltawlabyraphlab;

selection:char:  {choice of menu items)}

newgraph,quit:boolean; {menu redraw flags}

Xaxisexp.vaxisexprinteger; {exponents for the axis)

init_ok:boolean; {for graphics initialization}

error_return:integer: {for graphic procedures)

{DEBUGGING V'ARIABLES.SET TRUE 1/ DEBUGGING IS DESIRED WITHIN PUO_GRAPHE

TRACELTRACE2.TRACE3,TRACE4, TRACES. TRACE6, TRACET,

TRACE8.TRACE9.TRACE10.TRACE11,TRACE12.TRACE13.TRACE14:boolean: {for debugging..can turn ofy

to the printer by chunging the.s'eg} :

{jrp} TRACE15.TRACE16:boolean; {For xmax=xmin procedures. und ploi_the_data_ 1}

{TRACL 1==shows when entering und leaving procedures}

{7RACE 2——shows when entering and /or (eaving if—else, etc. stutements}

{TRACE 3——=shiows miscellaneous values) ’

{TRACE4——onix used in draw_the_data? jor finding xmux und xmin}

{IFRACES——oniy used in draw_the_data2 Jor debugging plotting

{TRACF6——onix used in muxminxy for determining max—min value dccaracyy

{TRACE7——onlx us«i in prepare_ for_po_graphics for debugging proces
Sile duta guthcr!‘ng}

{TRACES——onlx used in prepare_ Jor_po_graphics.lists every CHARACTER in
process filet

{TRACE9=—onix used in x_axis_labels..for detuils of tick marks}

{TRACE 10—only used in find_exponent..all details of it}

ITRACE l1—only used in pagel.to see if output file xpos,yposund
devicename exist}

{TRACE 12——not used)}

{TRACE 13——only in x_axis_lubels..to get # of sig. dig. on x axis correct}

{TRACE I4——oniy in ploi_datul to see yval and paramli6]}

{irpPHTRACE 15—only in max—min procedures to find out why parameter MUOSAT is
having problems with it's maximum value
{irpHTRACE 16—only in draw_the_datal to see why zooming when the y exponent

is positive doesn't work. values just disappear}

procedure prepare_for_po_ graphics(var prepare_for__po__graphics_crﬁﬁ’ﬁﬁ@é’:@_f()r _po_gr aphLCS
{this procedure will search the output file. This out put file

contains 1 to ? process files. in sequence. Each process file has

the x and x die positions from the wafer it was generated from. The
procedure "draw_3_menu_pages" asks the user for the devicetype. The

current x und x dic location is known. since we ure currently al

presemt _diex and present_diey.

This program then finds that position in the process jfile. IF 1T EXISTS. 1)
it doesn’t exist. the graphics portion will not be entered. and the user will

be warned. The 54 bsim paruameters are then read from the process file

and put into the arrax processpar{]. Subsequent processing will prepare

the 34 purameters for graphing. This includes calculating 17 electrical
parameters from the 51 process purameters using the formula:

bsimparameter = p0 + pl/Leff + pw /Weff , and also vdd, tox. and temp.)}

const  numbgarbage=9: {# of lines of junk in each process file}
position_of _xpos=5; {xpos is the 5th line of the file}
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~.prepare_for_po_graphics

numb_junk_lines_between_parameters=2; {# of lines between *Y POS= line
and first parameter line}

numb__chars_in__parameter=12; {# of characters in 1 parameter}

var found _ correct_diesboolean; {flag set true when correct die is found}
number__process_groups:integer; {# of sets of 17 bsim params in file}
xposlinedlinestring; {output file line with *XPOS= in it}
yposline:linestring; {output file line with *YPOS= in it}
Xpos,ypos:integer; {imeger equivalent of xposline and yposline}
devicenameline:linestring; {out put file line with devicename in it}
devicename:linesiring; {NMOSE, NMOSD. ..}
iinteger: {ioop counter}
junk:linestring; {bogus variuble used to determine # of groups of 17}
zzinteger: {counter to help debug repcut loop}
parameterline:linestring; {holds entire line of purams from proc. filel
valuerchar: {holds euch character as it read jfrom pummelerline}
parameterlinestring:  {if value is not . put value in parameter}
kinteger: {position of character in purameter)
jinteger: {loop counter for processing euach line of process filel

pO.pl,pw:real: {p0. pl, and pw purameters are read from
the process file into these 3 variables}

begin
{determine how many lines are in the process file}
number__process_groups:=(;
resetluserout.output_file):
while not(eof{userout)) do {simplx count the lines until at end of fiie}
begin
for i=1 to numbbsim+numbgarbage do
read In(userout.junk %
number_process_proups:=number_process_groups + I:

end:
closel userout. save )
{*!'*******************************tdke oul ('ule.‘r }

if TRACE7=true then writeln(uscrout2,

“the number_of _process_groups is = ".number_process_groups):
72:=0):
{**am ***#**i*********lake out L’atel }

prepare__for__po_graphics__error=0;
found_correct_die:=false;
{we are about to get the process purumeters from the output file.
the output file might be empty——tie. no good devices were foundl——
and if this is the case. the user should be warned. this 'if’ statemen:
will go to "else" part if the file was empty, and the user will be
wurned in the main bsim program
if (number_process_groups <>0) then {if = 0. then nothing is in file!'}
begin
case -file_10_graph of
“1"devicename="NMOSE’;
‘2":devicename="NMOSD";
‘3" devicename:="NMOSZ";
"4 :devicename="PMOSE’;
"5 devicename="PMOSD’;
‘6 devicename="PMOSZ’;
end: {of case selection)
if TRACE7=true then writeln(userout2, devicename = ’.devicename);
reset(userout,output_file);
read In(userout,devicenameline);
if TRACE7=true then writeln(userout2,
“1st devicenameline read from file is = ' devicenameline):
repeat
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~.prepare_for_po_graphics

{ take out later }
Zz=72+];
{ take out later
if (strpos(d evicename,devicenameline) <>0) then
begin

if TRACE7=true then writeln(userout2,
‘devicename found in devicenameline on’,
22:2,” time thru repeat loop’);
number_ process_groups:=number_ process_groups — 1I:
for i=1 to (position_of _xpes — 1) do
begin
readIn{userout,xposline );
if TRACE7=true then writeln(userout2,
‘sposline as read from outputfile = °
xposline);
end:
strdelete(xposline.1.6);
xposline=strririm(xposline);
xpos:=trunci{striorcal( xposline));
readln(userout,yposline):
strdeletel vposline.1.6);
yposliner=strririm(yposline);
vpos:=trunclstriorcall yposline));
if TRACE7=true then writeln(userout2,
‘vposliné as read from outputfile = >,
yvposline);
if((xpos=present_diex) and (ypos=present_dicy) and
(strpostdevice name devicenameline) <>0)) then
found__correct _die=truc

{***i*********#*************#*!***zake out ltll(‘r** *¥
if TRACE7=true then writelntuserou:2.
3 sirpos conditions ure met where ———3>'):

iff TRACE7=true then writeintuserout2.
“xpostine= " ,xpostine. xposline= '
yposiine.” & devicenameline= ' devicenumeline’,

if zz=] then

if TRACE7=true then writelntuserout2,
‘found correct 3 things first time’ );

end
i rakikkrake out later Giiid]
else if (number_process_groups<>0) then
for i=1 to (numbbsim + numbparbage —
position_of _xpos ) do

begin
read In(userout,devicenameline);
if TRACE7=true then writeln(userout2,
‘devicenameline = ' devicenameline):
end;
end
else
begin
number_ process_groups:=number_process_groups — 1I;
if (number_process_groups<>0) then
for i=1 to (numbbsim + numbgarbage) do
read In(userout.devicenameline);
{***-?-*********#********E::i;#*ﬁ***( ak ¢ out l‘ucr***********#******** }
if TRACE7=true then writeln{userout2,
‘number of process groups now is ‘,number_ process_groups:2);
if TRACE7=true then writeln(userout2,
‘number of time thru repeat is = "zz:2k
{* il take out later
until ((number_process_ groups=0) or (found_correct_die));

*%
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{ take out later }
if TRACE7=true then writein(userout2,
“thru with repeat loop and found_correct_die=".
found __correct_die);
if TRACE7=true then writeln(userout2,
‘found _correct die should be true because of 3 strpos’);
{ take out later
if (found_correct_die = true) then {we have found correct file}
begin
{if we found the proper uldevicetxpe. blxposition. and clyposition, then
to here, we are pointing at the *Y POS= line in the output file.}

for i=1 to numb_junk_lines_between_parameters do {read 2 comment lines}
begin
read In(userout,parameterline);
if TRACE7=true then writeln(userout2,
‘junk parameter lines = ",parameterline);

end;
for i=1 to {numbbsim + 1) do {I/7 purameter lines plus toxitempsdd line}
begin
read In(userout.parameterline); {read line from output file
{* ik take out later¥rirrekiits }
if TRACE7=true then writeln(userout2,
‘poodparameterline = ",parameterline);
{ take out later** R R
k=1: {initialize charucter position counter}
parameter:=’ " {zero owt parameter string)
for j=1 to (numb_chars_in_parameter*3 + 2) do {# chars dealt with
hegin

value=parameterline j:
if TRACES=true then writeln(
“value = "value):
if (value <> ") then {if =" ignore it}
begin
parameter{k]=value;
k=k+1;
if TRACE8=true then writeln(
‘parameter = ’,parameter):
end;
if =numb_chars_in_parameter then {at end of Ist param}
begin
pO=strtoreal(parameter);
k=1;
parameter:="
end:
if =(numb_chars_in_parameter*2 + 1) then {at end of 2ngh
begin
pl:=sirtoreallparameter);
k=1:
parameter="
end:
if j=(numb_chars_in_parameter*3 + 2) then {a end of 3rgs
pw=strtoreal( parameter):

I3

end;
if TRACES8=true then writeln(userout2, v
about 1o fill up 1 line of temporary array’):
if i<>numbbsim+] then

begin
processpar{ 1,i}=p0; {fill up temporary array with}
processpar{ 2.i}=pl; {process file params}
processpar] 3,il=pw;

end;

end;
if (graph_to_plot="3") and (third_variable_value+
processpa;[2,beta7_emparam] <=0.0) then
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prepare_for__po_ graphics__error=3;
if (graph_to_plot="4") and (third_ variable_value+
processpar| 3,betazeroparam] <=0.0) then
prepare_for__po_ graphics_ error=4;
end
else
begin
prepare_for__po_graphics_error=2: {devicetype not found at wanted_xpos and a§
if TRACE7=true then writeln{userout2.
“we got into error = 2 part somehow’);
end:
end
else .
prepare_for_po_graphics_error=1; {output file is empty!}
if prepare_for_po__graphics_error=0 then {comvert deta params to}

hegin {mu params * ul params to}
i=0; {ul x length}
repeat
i=i+1;
for j=1 to numbbsim do
{JRP} begin

if (=9) or (j=14) or (j=15) or (j=16) then
param[i,j]j;param[i,j] /cox*
(11[i]+processpar{2,betazeroparam]) /
(wwi]+processpar(3,betazeroparam});

{JRP} if (j=8) or (j=13) or (j=17) then
{JRP) parami.jk=paramli,j]*
{JRP} (11[i]+processpar(2,betazeroparam)):
{JRP) end:
until i=numb_sets_17_params:
end:

end; {o; procedure pre pure_ for_po_ura phics}

procedure grsetup({var init_ok:boolean); grS@fuP
{this procedure is used to initiulize the gruphics librury and « user
specified output device.)

var display_address :integer;
control:integer;
error_return:integer;

begin
graphics__init:
writeln(#12); {#12 cleurs the CRT}
display_address:=3;
{initialize the graphics display device)
display_init(display_address. control, error_return);
if error_return<>0 then
begin
init_ok:=false;
gotoxv(0,22)
writeln(’ Display initialization error # .error_return:1)
end
else
init_ok:=true;
end; {end of graphics setup}

procedure maxminxy(var xmax,xmin,ymax,vminreal:var maxmin_errorinteger); maxnunxy
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{this procedure checks all measured data and all simulated data in determining
the maximum and minimum values to be used for auzoscaling}
var ijinteger;

yvalue:real;

xvalue:real;

minl,minw,maxl.maxw:real: {min & max W & L, such that l+deltal or

w+deltaw is > 0, to be plotted this graph)

procedure ymin_ymax_ check: ymin_ymax _ChCCk

begin

8 if yvalue>ymax then {if it is larger than previous ones}
vmax:=yvalue: {then keep it}

if yvalue<ymin then {if it is smalier than previous ones}
vmin=vvalue; {then keep it}

end:

begin
maxmin__error=0:
{********************lake ol luze,-****
if TRACE1S=true then writeln(userout2 entering maxminxy’);
{ ook ¥rrake out luter*™** HREE R di
{Ist find the smallest W or L. Cuall it xmin.

then set xmax=]/smallest=]/xmin. No need to find lurgest device for

scaling  purposes because 1/largest =0.

There fore, xmin=0 always because we will plot from O to some value}
xmin=10E20: {sets the minimum value for x > largest possible device)
vmax:=0.0;
vmin=0.0; {clears the maximum and minimum values for ¥}
if TRACE2=true then

begin
for =1 to numb_sets_17_params do
begin
writeln( wwlil= “ww{i}:2:2);
writeln(" Nfi}= "11ik2:2);

end:
end: o/ TRACE=2 .will write out w and | values to screen}
maxw =();
maxl:=0; {about 10 find largest and smaliest W and L}
minw:=1E20; {so set initiul values to extremes)
minl:=1E20:
if (graph_to_plot="1") or (graph_to_plot="3") then

delta_1_or_ w=processpar{3,betazeroparam] {=delta W}

else  {graph_to_plot="2" or "4’}
delta_1_or_w:=processpar{2.betazeroparam}; {=delta L}

for i=1 to numb_sets_17_params do {find max und min W & L)}
begin

if ww[il>maxw then
maxw:=ww(i};
if 1[i]>max! then
maxl:=11[i}:
if (ww{i]l<minw) and (ww[i]+processpar{3.betazeroparam]>0.0) then
minw:=ww][i;
if (li]<minl) and (Ui]+processpar{2,betazeroparam)>0.0) then
minl=11[i}:
end:
{ take out later
if TRACE1S5=true then writeln(userout2.’ minl=",minl:2,
‘max!=",maxl:2.’ minw=",minw:2. maxws=".maxw:2);
if TRACE1lS5=true then writcln(userout2. delta_I_or_w=",delta_l_or_ w:d:4);

wwl!"}
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{ take out later ""**}
for i=1 to numb_sets_17_params do
begin
**¥rake out later }

if TRACE2=true then writeln(userout2,
‘entering 1 of 17 & graph_to_plot=",
graph_to_plot,’ & 3rd_var_val=',third_ variable_ value);
{ take out later*™**
if (graph_to_plot="1") and (wwij+delta_l_or_w>0.0)) or
((graph_to_plot="2") and (Ii]+delta_1_or_w>0.0) or
Wgraph_to_plot="3") and (lfi]=third_ variable_value) and
(ww{il+delta_l_or_w>0.0)) or .
((graph_to_plot="4") and (ww[i]=third_ variable_value) and
(1lil+delta_1_or_w >0.0)) then
hegin
if (param_1o_graph=betazeroparam) and
( (graph_to_plot="1") or (graph_to_plot="3") ) then

{Jrpl if paramli,betazeroparam}=0.0 then
{jrp} vvalue=1E100
{jrp else
vvaluer=1 /paramli,betazeroparam] {plot I /betaO}
else
yvalue=paramli,param_to_graphl; {get parameter}
ymin__ymax__check:
if (graph_to_plot="1") or (graph_to_plot="3") then
svalue=wwli] {graph W on x—axis}
else  {graph_to_plor="2" or "4’}
xvalues=!1[i): feraph L on x—axis}

if (xvalue<xmin) then
xmin:=xvalue: {then keep it}

end;
end: l{oy 7 of 17 for statemen:}
{i*******************ldke out luz(,,-************
if TRACE15=true then writeln(userout2.’after param{] check & °,
‘xmin= ‘xmin,” xmax= " xmax,
" vmin= ',ymin,’ vmax= ',ymax):

*K

{****************I***zake out ldl(’r**** *%
it xmin=1E20 then
max min_ error:=1;
if maxmin_error=0 then
begin
xmax:=] /(xmin+deha_l_or_w);
xmin=0; {now set it =0 for graphing purposes}
{ take out later * XK **
if TRACE2=true then writeln(userout2,
‘OUT OF 1 of 17 & xvalue =',xvalue.xmin= ‘xmin,'xmax= "xmax.
‘yvalue = ,vvalue,vymin= ',ymin.vmax= "ymax);
R take out later }
{now get p0, pl, und pw from process file and generaute min und mux
simulated values with them.}
if (param_1to_graph=betazeroparam) then {beta0 parameter}
{since betaO is always > 0. a plot of beta vs 1/L or « plot of
1/beta vs 1/W will always have one point at the origin 0,0.
therefore. only the maximum xvalue needs to be checked}
begin
it graph_to_plot="1" then {plot I/beta0 vs 1/W}
begin

'
i

vvalue=] /processpar(1,betazeroparam] / cox * xmax *
(maxI]+ processpax{2,betazeroparam]);
if yvalue>vmax then
vmax:=vvalue; {if > previous one. keep it}
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{ take out later }
if TRACE2=true then writeln(userout2, betaOparam & gip= ,graph__to_plot,
* yvalue =",yvalue, vmin= ',ymin, vmax= ',vmax);

{ take out later*
end;
if graph_to_plot="2" then ({plot beta vs 1/L}
begin

yvalue=processpar|1,betazeroparam] * cox * xmax *
(max w+processpar(3,betazeroparam));
if yvalue>ymax then
vmax=yvalue; {iff > previous one, keep it}
{********************take out later *u]
if TRACE2=true then writeln(userout2, betaOparam & gtp=",graph_to_plot,
yvalue =", vvalue, vmin= ,vymin.” vmax= ',vmax);
*%k

{Hoxkk take out later
end;
if graph_to_ploi="3" then {plot 1/beta0 vs 1/W}
begin
vvaluex=1 /processpar(1.betazeroparam] / cox * xmax *
(third_ variable_ value+processpar(2.betazeroparam)):
if yvalue>vymax then
vmax=yvalue; {if > previous one. keep it}
{xnx “rkake out later” *x KERREA LA K |
if TRACE2=true then writeln(userout2, betaOparam & gtp="graph_1to_ plot.
* yvalue =".yvalue, vmin= “vmin. vmax= ",vymax);
{"" Zake out laler*************************************}
end;
if praph_to_ploi="4" then ({plot betat vs 1/L}
begin

yvalue=processpar{l.betazeroparam] * cox * xmax *
(third _variable_ value+processpar[3.betazeroparam));
if yvalue>vmax then
vmax=yvalue: {iy7 > previous one, keep it}
{*******************#tdku out Laz(,r**i****************************-**#*if*}
if TRACE2=true then writeln(userout2, betaOparam & gtp="graph_to_plot,
" yvalue ="yvalue, ymin= "ymin. ymax= ’,vmax);
*3:

{ k xrkrkkiake out later *E k|
end:
end lof betaO checking}
else  {param_to_graph <>betaOparam}
begin
if graph_to_plot="1" then {check all 4 combos of L & W}
begin
{********************take out later******** oo ke ks ok ok Rk }
if TRACE1S=true then writeln{userout2,
'NOT betaOparam & gtp=",graph_to_plot):
{ *take out later

vvalue=processpar(1,param_ to_graph] +
(processpar{2,param _to_graph] 7
(minl + processpar|2.betazeroparam}])) +
(processpar{3,param _to_graph] * xmax);
ymin_vymax_ check;
{ Hokx *ake out larer¥¥ kikex K ok |
if TRACE!5=true then writeln{userout2,
* yvalue =",yvalue, vmin= ‘ymin.’ ymax= ,ymax);

{ ¥ *take out (ater*rrreEk
vvalue=processpar(l,param_ to__graph] +
(processpar{ 2,param _to_graph] /
(minl + processpar(2,betazeroparam))):
vmin_ vmax__check;
{" ¥rake out laterFrrrrkakackihkk *]
if TRACE!S5=true then writeln(userout2,
* yvalue =,yvalue, vymin= ',vmin.’ vmax= ‘,vmax);
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{ take out later
vvalue=processpar{1,param_to_graph] +
(processpar{2,param _to_graph] /
(maxl + processpar[2,betazeroparam])) +
(procespar[3,param_to_gratha’{ xmax);
vmin__ymax_ check;
{ *take out later *

if TRACE15=true then writeln(userout2,
‘ " yvalue =',yvalue. ymin= ‘ymin’ ymax= ’,ymayx);
{ take out later t
vvalue=processpar[1.param_to_graph] +
(processpar{2,param_to_graph]
(maxl + processpar|2.betazeroparam]))
ymin_ymax_ check:
{ *tuke out later*¥kxkix Hrk)
if TRACEl1S5=true then writeln(userout2.
" yvalue = .vvalue” vmin= "vmin. vmax= ".ymax):
kX o **********!;

{ tuke out later
end: {of if graph_to_plot="1"}
if graph_to_plot="2" then {check uli 4 combos o I & W}
begin
vvalue=processpar{1,param_to_graph] +
(processpar{ 2.param_to_graph] * xmax) +
(processpar 3,param__to_graph] /
(minw + processpar{3.betazeroparam])):
vmin_yvmax__check;
vvaluer=processpar|1,param_to_graph] +
(processpar{ 3.param_to_graph] /
(minw + processpar]3,betazeroparam)));
vmin_ ymax__check:
vvaluer=processpar{l,param_to_graph] +
(processpar{2,param_to_graph] * xmax) +
(processpar| 3,param_to_graph] /
(maxw + processpar|3,betazeroparam])):
vmin_ ymax_ check;
yvaluem=processpar[1,param_to_graph] +
(processpar{3,param_to_graph] /
(maxw + processpair3.betazeroparam])):
vmin_vmax__check:
{ i *rake out larertreret ** H
if TRACE2=true then writein{userout2,
‘NOT betaOparam & gip="graph_to_plot.
© yvalue = yvalue” vmin= ‘¥min” vmax= ".ymax);
{ kKooK kok *zake out lalcr*******! ¥k *****(
end; f{of if graph_to plot="2"}
if graph_to_plot="3 then {check ali 2 combos of L & W}
begin
vvalue==processpar[1.param_ to_graph] +
(processpar| 2,param_to_graph] /
(third_ variable_value + processpar[2,betazeroparam])) +
(processpar{3,param_to_graph] * xmax}
vymin_ymax_check;
vvaluem=processpar{1,param_to_graph] +
(processpar[2,param_to_graph] /
(third__variable_value + processpar]2.betazeroparam)));
ymin_ymax_ check;
{********************zake ot l(ller' }
if TRACE2=true then writeln(userout2,
‘NOT betaOparam & gip="graph_to_plot,
" yvalue =",yvalue, ymin= ‘,ymin, vmax= ".ymax);

{ *take out later
end; {of if graph_to_plot="3"}
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if graph_to_plot="4" then ({check all 2 combos of L & W}
begin

yvalue:wprocesspar[l,param_to_graph] +
(processpar{2,param_to_graph] * xmax) +
(processpar{ 3,param_ to__graph] /
(third__variable_value + processpar{3,betazeroparam)));

ymin_ ymax__check;

yvalue=processpar(1,param_to_graph] +
(processpar{3.param_1o_graph] /
(third__variable_value + processpai]3,betazeroparam)));

vmin_yvmax_check:

!*****t}
if TRACE2=true then writeln{userout2,
NOT betaOparam & gtp=,graph_to_plot.
* yvalue =",yvalue vmin= ",ymin,’ ymax= '.vymax);

{ tuke out later

{*********%*********zake out l(lt(’r
end; f{of if graph_to_ plot="4}
end; {of non—beta0 vulues}
{ Rl take out later i aiisd!
if TRACElS=true then writeln(userout2,
leaving maxminxy & ymax = ymax, ymin = ,ymin);
{********************lake out lat&
end: {of if maxmin_error=0 then.....}
end;{of procedure maxminxy)

procedure autoscale{xmax,xmin,vmax,ymin:real: xlabel.vlabel.top,lopleft, autoscale
topright.zlabell,zlabel2 xaxisunit,vaxisunitigraphlab)

{this procedure draws the tick marks for the graphic dispiay. given the

maximum and minimum values for the graphi

type unitlab=string[7};
var xunitlab.yunitlab:graphlab;

we_are_doing_X_exponent:boolean; {true if we are calling find_exponent
Jfor x axis}

{ Ak Hk kKoK Rk A koK koK 3 .****}

procedure find_exponent(var exponinteger: var unitsigraphlab; max.min:real: f ind _exponent
this_is__xaxis:boolean):

{this procedure determines the exponent of the maximum data point for the

graph, and returns this value. exponents in factors of 3 ure used)

var newmaxim:real;
maxormin:real;

begin

take out later*™** }

if TRACEl=true then writeIn(userout2,’entering find_exponent’);
(*********t******#***take out later********

expon:=();
if abs(max)>abs{min) then
maxormin:=abs( max)
else
maxormin:=abs( min )
new maxi m:=maxormin;
if TRACElO=true then writeln(userout2.set 2 values equal’);
while new maxim>1.0E+9 do
begin
new maxim:=newmaxim /1000;
maxor min:=maxormin /1000;
expon:=expon+3;
end:
if TRACE1O=true then writeln(userout2,’after while statement’);
if TRACE10=true then writeln(userout2, ’max =",max, min=",min, maxormin = ’,maxormin);
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if trunc(maxormin)>0 then {number is greater than 1}
begin
if TRACE1O=true then writeln(userout2,
‘entering "if" part of if—else and maxormin s/b > 1°);
while trunc(newmaxim /1000)>0 do
begin .
expon:=expon+3;
new maxim:=newmaxim /1000;
end;
if TRACE10=true then writeln(userout2.
‘leaving "if" part of if—else and expon=",
expon,’& newmaxim=".newmaxim)
. end
else {this means that the number is less than 1}
begin )
if TRACEI10=true then writeln(userout?,
‘entering “else” part of if—else and maxormin s/b < 1)
while trunc(newmaxim)=0 do
begin
expon:=expon—23;
new maxim=newmaxim+1000;
end:
if TRACEI1O=true then writeln(userout2,
‘leaving “else” part of if—else and expon=',
expon,’ & newmaxim=",newmaxim);
end:
units="";
if this_is_xaxis=true then
begin
case expon of
Q:units="xE—3 *; {note that exponent is offset by 3}
—3mnits=""; {this is offset in x_axis_labels}
—6:units="x1000
—9:units="x1000000 ";
end;
end
else {find_exponent was called to lubel the y uxis)
begin
case expon of
15:units="xE+15";
12:units:="xE+12";
9:units:="xE+9’;
6:units:="xXE+6’;
3:wunits:="xE+3’;
O:units:="";
—3:units:="xE—3";
—6:units="xE~6";
—Qunits:='xE—9’;
—15:units="xE—15":
end;
end;
{ rrake our later* ¥ ¥ }
if TRACEl=true then writeln(userout2, leaving find_exponent )
{ ¥ lake out later****‘*' ¥ *41**********?
end; {end of procedure find_exponent}
draw_axis

procedure draw_axis(xmax,xmin,ymax,ymin:real;xaxisexp,vaxisexp:integer);
{this procedure draws the axis, and makes and labels the tick marks

var xaxislab.vaxislab.ioplab,topunit,deltalab;graphlab;
count:integer;
cntinteger:
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procedure x_axis_labels; x_axis_labels
{this procedure labels the x—axis}

var countinteger;
numbxtck,numixtck:integer;
magbxtckireal;
xpos:real;
xstringstring[40)
xtickval:real;
cntinteger;
linteger;
littltckereal;
range:real;
xoffset:real;
firstxtk, lasixtkereal;
maglxick firslxtk:real;
latelxtkireal;
rangefac:real;
temp_x_valuewreal; {= //xstring = W or L so x—axis values are printed
as microns instead of 1/microns}
ne\\'xslringstl‘inglélO]: {contains new ! /xstring to be plotted }
jinteger; {loop counter}
temp_delta_1_or_wireal; {=delta_l_or_w * E to the exponent}

begin
{BRmdoRr ARk RRARR RN L o ur [ qrer ROk }
if TRACEl=true then writeln(userout2,’entering xaxis_labels');
{ ********************zake out later***********’li*************************}

temp_delta_I_or_w:=delta_Il_or_ w*1000:
if xaxisexp>0 then
for count=1 to xaxisexp do

begin
Xmax:=xmax /10;
smin=xmin /10;
temp_delta_l_or_w:=temp_delta_1_or_w*10;
end

else if xaxisexp=0 then
Xmax:=xmax
else
for count=1 to —(xaxisexp) do
begin
xmax=xmax*10;
xmin=xmin*10;
temp__delta_l_or_ w:=temp_delta_1_or_w /10;
end;
range:=Xxmax-—Xmin;
rangefac:=1;

*Xake out later*™** }
if TRACE9=true then writeln(userout2,’at point 1'%
take out later*** }
while range>10 do
begin
range=range /10;
rangefac:=rangefac*10:

end;
while range<i do
begin
range:=range*10;
rangefac=rangefac /10:
end;
if range>6 then
begin
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magbxtck=1*rangefac;
numlxtck=3;
end
else if range>3 then
begin
magbxtck=0.5*rangefac;
numlixtck:=4;
end
else
begin
magbxtck:=0.25%rungefac;
numlixtck:=4;
end;
range:=range*rangefac:
{unu**u**um***mke out later** ***}
if TRACE9=true then writeln(userout2,’at point 2'):
X Uk e oul (uter¥*FFRRkRkkxrkEk ARk |

{this is where the tick marks are drawn and labeled}
if xmax>0 then
lastxtk=magbx1ck*iruncl{xmax+magbxtck) /magbxtck )—magbxtck
else
lastxtk=—magbxtck*irunc{(abs(x max)+magbxtck) /magbx tck )
if xmin>0 then
firstxik:=mapbxtck*truncl{xmin+magbxick) /magbxick)
else
firstx the=—magbxtck*trunc((abs(x min )+ magbxtck ) /magbx tck )+ magbx ick:
xoffset:=((firstxtk—xmin) /range)*1.6;
numbxtck=round((lastxik—firsixtk) /magbxick M+ 1
stickval:=firstxtk:
{"‘*******************take out larer¥¥** * }
if TRACE9=true then
begin
writeln(userout2, firstxtk=" firstxtk, lastxtk=",
lastxtk. range="range, numbxtck=",numbx ck): . ) .
writeln(userout2, THIS VALUE S/B 25.0——magbxtck=",magbx1ck. xoffset=",

~offset); .
writeln(userout2,’xpos is now given a bogus value to start with')
end;
xpos=120.0;
{*****#**************zake ot later¥ FkxrErtk *% }

set__char_size(0.02,0.05);
move(—1.00,—0.85);
gtext(’EFFECTIVE');
move(— 1.00,—0.92);

gtext(’DRAWN"),
for i=1 to numbxick do
begin
{ ¥hkrake out luterttF* * }
if TRACE9=true then :
begin )
writeln(userout2.’at the beginning of the for loop, xpos= “.xpos.
"AND’):

writeln(userou12.”i=".i:2. xof fset=".xof fset, numbxtck=",
numbxick )k
writeln(userout. lastxth="Jusixtk, firstxtk="firstxtk, range="rangec):
end;
(***************** ***tdk e oul ('(l t(,,.** Kok ok kR
xpos:=(i~1)*1.6 /{inumbxtck— DX (lastxtk—firstxtk) /range);
xpos=xpos—0.8+xof fset;

{u************m*t*mke out later**** }
if TRACE9=true then writeln(userout2,
‘created a new Xpos ———— Xpos= .Xpos);
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{ take out later
move(xpos,—0.8); {move to position for big tick}
line(xpos,—0.75);  {draws x tick}
set_line_style(7); |dotted line}
line(xpos,0.8);
set_line_style(1);  {full line}
move(xpos—0.08,—0.85);  {moves to location for label}
set__char_ size(0.02,0.05);
temp_x_value=xtickval:  {used to generate x label in microns}
{ tuke out later****
if TRACEl13=true then writeln(userout2,
‘numbxick=",numbxtck:3, xmax=".xmax:3:3):
{ ¥rake out luter* ** |
if temp_x_value<>0.0 then
begin {label EFFECTIVE x axis sizes}
temp_N_valuex=1000.0 /temp_ x_ value:
newxstring:=’ E
if (numbxick>6) and (temp_x_value>=100) then {writes the string}
strwrite( newxstring.d.cnt,temp_ ~x_ value:3:1)
else {writes the string}
strwrite newxstring 4.cnt,temp_x_ value:3:2);
{** *¥hrake out later¥t**
if TRACE9=true then writeln(userout2,
‘newxstring= ’,newxstring);

{* *hrake out later™**
text(newxstring)  {writes out the string}
%Il()\\' convert to DRAWN SIZE and label.
scale is linear with respect to EFFECTIV'E sizel
move(xpos—0.08~0.92)  {moves to lucation for lubel}

temp_ x_ value=xtickval: {used to generate x label in microns}
{look ubove for temp_delta_I_or_w caiculation}
temp_x_value:=1000.0 /temp_x_ value — temp_dela_l_or_w:
newxstring:=’ "

if (numbxtck>6) and Gemp_x_value>=100) then {writes the string}
strwrite( newsstring dent,temp_x_ value:3:1)
else {writes the string;
strwritel newxstring d.ent,temp_ x_ value:3:2);
{********##***t**l«***z ak ¢ out l‘l‘-e’-**** t *%
if TRACE9=true then writeln(userout2,
‘newxstring= ".newxstring);
{********“**********take ot later***************#****i*#******#**"***}
ptext(newsstring):  {writes owt the string}
end; {if temp_x_value<>0}
xtickval:=xtickval+magbxtck;
{********************lake out later * }
if TRACE9=true then writeln(userout2,
‘at the END of the for loop, xpos= °xpos, xtickval=".xtickval)
{ take out later***
end;
maglxtck=magbxtck /(numixtck+1);
if xmin>0 then .
firsixtk==maglxtck*trunc((xmin+maglxtck) /maglistck) {lttle tick}

else
firslxtk:=—magIxtck*trunc((abs(xmin)+maglxtck) /maglxtck M+ maglxtck;
xoffset={firslxtk—xmin) /range*1.6;
latelxtk=firsixtk:
while latelxtk <xmax do
begin
xpos=—0.8+xof fset +{latelx tk—firsIx1k) /range*1.6;
move(xpos,—0.8);
line(xpos.—0.78);
latelxtk=latelxtk+magixtck:
end;
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{

if TRACEl=true then writeln(userout2, leaving xaxis_labels’);

take out later

take out later

end; f{end of procedure x_axis_labels)

procedure y_ axis_ labels;
{this procedure labels the y—axis}

var countinteger;
numbytck.num
magbvickireal:
ypos:real:

I'vickiinteger;

vstringstring[40):

vtickvalireal:
cntinteger:
iinteger:
littlick:real:
range:real;
vofisetireal:
firstytk.lastvik
maglyick.firsly
latelytkireal;
rangefacireal;

begin

real:

tK:real;

{********************mke out later¥ **

if TRACEl=true then writeIn(userout2, ’entering vaxis_labels )
{********************zake out later® ¥

K Kok KoK kR

if vaxisexp>0 then

for co

unt:=1 to yaxisexp do
begin
ymax:=ymax /10;
vmin=ymin /10;
end

else if' vaxisexp=0 then
ymax:=vmax

else

for count=1 to -(vaxisexp) do

begin
vmax:=ymax*10;
ymin=ymin*10;
end:

range=ymax—ymin;

rangefac=1:

while range>10 do

hegin

end;

range:=range /10;
rangefac:=rangefac*10;

while range<l do

begin

end;
if range>7 t
begin

end

Nov 15 20:23 1984

range:=range*10;
rangefac=rangefac /10;

hen

magbytck:=2*rangefac;
numlytek:=3:

}

bsim1.0.TEXT

~X_axis_labels

y_axis_labels
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else if range>3 then {3<range<7}
begin
magbytck=1*rangefac;
numlytck=4;

else {1<range<3}
begin
magbytck:=0.5*rangefac;
numlytck:=4:
end:
range:=range*rangefac;
{this is where the tick marks are drawn and labeled}
if vmax>0 then
lastytk=magbytck*irunc({ymax+magbyick) /magbytck)—magbyick
else
lastytk=—magbvtck*trunc((abs( ymax)+magbytck) /magbytck);
if vymin>0 then .
firstytk=magbyick*truncl(ymin+magbytck) /magbyick)
else
firstytk=—magbytck*trunc({abs(y min Hmagbyick) /magbytck J+magbytck:
voffset=({firstytk—ymin) /range)*1.6;
numbytck=round((lastytk—firstyvtk) /magbytck)+1;
viickval={irstyvik;

for ix=1 to numbyvick do
begin
vpos:=(i—1)*1.6 /Ainumbytck— P*(lastvik—firstytk) /range);
vpos:=ypos—0.8+voffset;
movel—0.8,vpos); {position for v tick}
line(—0.75,ypos); {draws y tick)
set_line_stvle(7): {dotzed line}
line(0.8,¥pos); {draws dotted line}
“set_line_stvle(1):  {full lne)
movel{—0.93.ypos); {moves to location for lubel)
vsiring=’ B
strwrite( ystring. Lent.yvtickval:1:2): {writes the string:
set_char_size(0.02,0.05);
gtext(vsiring:  {plots the string}
vtickval=ytickval+magbvick:
end:
maglvick=magbytck Anumlytck+1);
if ymin>0 then
firslytk:=maglyvick*trunc{{ymin+maglytck) /maglvick)  {little tick )
else
firslytk:=—maglvtck*truncl{abs(ymin)+maglyick) /maglytck )+ maglytck:
voffset=(firslvtk—ymin) /ranpe*1.6;
latelytk=firslvtk;
while latelvtk <ymax do
begin
vpos:=—0.8+voffset+(latel ytk—firslytk) /range*1.6;
move(—0.8,ypos);
line(—0.78.vpos);
latelytk=latelytk+maglvtck:

end;
{ut****u*unm***mke out later**** ** }
if TRACEl=true then writeln(userout2,’'leaving vaxis_labels’):
{********************take out later**** wwqwawws***}

end; lend of procedure y_axis_labels)

begin {procedure draw_axis begins here}
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{this is where the axis are drawn}

move(—0.8,~0.8);

line(—0.8,0.8);

1ine(0.8,0.8);

line(0.8,~0.8);

line(—0.8,~0.8); .

x__axis_ labels; {draws the tick marks and labels for the x axis)
v_axis_labels; {draws the ticks and labels for the x axis}
set__char__size(0.030,0.060);

xaxislab=""; {clears the labei}

strappend(xaxislab.xlabel);

strappend(xaxislab.xunitlab);

. strappend(xaxislab.xaxisunit);

move(—sirlen(xaxislab)*0.0125,— 1.0

glext(xaxislab):
set_text__rot(0.0,1.0):
vaxislab=""; {clears the label}

strappend(yaxislab,vlabel);
strappend(yaxislab,vunitlab);
strappend{yaxislab, vaxisunit);
move(—0.96,—strlen(yaxislab)*0.0125);
gtext( vaxislab);
set_text_rot(1,0,0.0);
move(0.80,0.95);
glext(zlabell);
move(0.70,0.90);
glext(zlabel2);
if (graph_to_ploi="1") or (graph_to_plot="3") then
topunit="W"
else
topunit="L";
toplab=""; {clears the iabel}
strappend(toplab.top):
strappend(toplab.iopunit);
movel—sirlen(toplab)*0.025.0.95);
set_char_size(0.05,0.1);
gtext(toplab):
move(—1.0,095)
set_char_size(0.035.0.075);
gtext(’BSIM1.0" X
{jrplmove(—1.0,0.88);
{jrpldate=strririm(date);
{jr'p}gtext(daw);
deltalab="":
strappend(deltalab.toplef1);
strwrite(deltalab,9,cnt,processpar{ 2, betazeroparam]:3:2);
set__char_ size(0.030,0.060);
move(—strlen(toplab)*0.025,0.88);
gtext(deltalab);
deltalab="";
strappend(deltalab,topright);
strwriteldeltalab,9 cnt,processpar{ 3.betazeroparam):3:2):
move(strlen(toplab)*0.025—strlen(deltalab)*0.030,0.88);
glext(deltalab);
end: {end of procedure draw_axis which draws und lubels axis}

begin {main program autoscale begins here}

{nnunu*:**n****take out later }
if TRACEl=true then writeln(userout2,'emcring autoscale’ );

{ *keake out luter
we__are_doing_ X_exponent:=true;

find _exponent(xaxisexp,xunitlab,xmax.xmin,we_are_doing_ x_exponent);
we_are_doing_ x_ exponent:=false;
find_exponent(yaxisexp,yunitlab,ymax,ymin,we_are_doing_ x_exponent);

Nov 15 20:23 1984 Page 98 of bsimlOTEXT



bsim1.0.TEXT bsim1.0.TEXT

~autoscale

draw_ axis(xmax,xmin,ymax,ymin,xaxisexp,yaxisexp)y; {draws and labels}
take out later i
if TRACEl=true then writeln(userout2,’leaving autoscale’);
¥¥rake out later }
end; {end of procedure autoscale}

procedure draw_ the_datal(xmax,xmin,ymax,vmin:real); dr aw_the_giata]
{this procedure draws in the measured data}
{tast chunge made: MONDAY OCT 15, 1964 By: JRP}

var ijinteger;
vval,xval:real;
xnew,ynew:real;
xold,vold:real;
cntiinteger;
zstringsstringl6];
labelz:boolean;
slope.test:real;
outplane:boolean:

these werce added*¥*¥xweess)

next_plot_charplot_charstring(1}:  {character used for plotting}

size,next_sizerreal; {z axis size}

number__checked:integer;

number_ different__sizes:integer:

plot_char_ checkiinteger; {= # diff sizes or # dif) sizes — 10}

still__looking_ for_next_size:boolean: {more z values to plot?}

first_time_ for_this_size:boolean: {set fuaise after we find the Ist
vccurence of the curremt sizel

plotied _pointarray[1..100] of boolean: {is true. point has been plotted

——or attempted to be plotted}

zstring_pointerinteger; {riumber of cstrings already labeled)

current_size_plotted:boolean: {= :irue¢ iy ut leust one point with current

svalue hes been plotted}

-

procedure plot_point: plot_pomt
{this procedure simply moves the graphics position to xnew. xnew (with a
little of fset due to character size) and plots the point}

begin
move(xnew—0.0115,ynew—0.020);
gtext(plot_char);
current_size_plotted:=true;

end;

begin {procedure plot_the_datal}

{**n**u*****nnutmke out later¥FrrExxx Kk }
if TR_.—\CE]6=lrue then writeln(userout2,
entering draw_the_datal & xmax=".xmax:2:2," vmax=",ymax:2:2,

‘xmin="xmin:2:2," vmin=",vymin:2:2)

{*******##***********l ake out later***x*

set__char_ size(0.05.,0.12);
if (graph_to_ploi="3") or (graph_1to_plot="4") then

next_sizer=third _variable_ value {user input the z value to be plotted)
else if (graph_to_ploi="1") then

next_size:=11{1] fuse first value of L{] array}
else if (graph_to_plot="2") then

next_size=ww|1}; {use first value of W{] array}

number_ different_sizes=1;

number_ checked:=0;
next_plot_char="x";

still _looking_ for_ nex1_size:=false;
zstring_pointer=0;

for i=1 to numb_sets_17_params do
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plotted _point[i]=false;
repeat{ until all sets of data points are finished )
current_size_ plotted:=false;
size=next_size;
first__time_ for_ this_size=true;
plot_char=next__plot_ char;
for i=1 to numb_sets_17_params do
{ begin

*ake out later }
if TRACE2=true then writelnluserout2,
‘i="i:2 FOR LOOP BEGIN wwlil=",
wwlil:2, u="1(i}:2. size="size:2);
{ take out later****
if ( ((graph_to_plot="2") or (graph_to_ploi="4")) and (ww]i}=size) ) or
( ((graph_to_plot="1") or (graph_to_plot="3")) and (llI[il=size) ) then

begin
{jrp} set_char_size(0.05.0.12);
{**************"‘*****take out later *k }

if TRACE2=true then writeln(userout2,
‘i="i2," & found graph & size wwlil=’,
wwl(il:2,” 1lil="1fi):2, size="size:2);
{********************take out  later®¥ ¥ ,
if (still_looking__for_next_size=false) and
(first__time_for_this_size=true) then {found Ist one o/}
begin {next size}
still _looking_ for_next_size=true:
first_time_for_ this__size:=false:
end;
if (graph_to_plot="2") or (graph_to_plot="4") then {ger xval
xval=1.0 /(1[i] + delta_l_or_w)
else | (gruph_to_plot="1"1 or t(graph_to_plot="3") }
sval=1.0 /(ww[i] + delta_I_or_w)
if (param_to_graph=betazeroparam) and
( (graph_to_ploi="1") or (graph_to_plot="3") ) then
{plot 1 /beta0 vs 1/W}

{irp} if paramli.betazeroparam]=0.0 then
{jrp} yval=1E100
{jrp} else

yval=1 /param[i.betazeroparam]

else
yval=paramli,param__to_graphl;{ JOEJOE JOE}
{* #ikrake out later }
if TRACEl6=true then writeln(uscrout2,
‘wwl’i:1, 1= wwlil:2:2, 10l i1 E):2:2.
" yval=",yval);
{* take out luater }
{if xaxisexp>0 then change xval due to x axis exponent
Jor j=1 to xuxisexp do
xvals=xval /10:}
{if xaxisexp<0 then change xval due to x axis exponent

Sor j=1 to xaxisexp do
xvalr=xval*J0:}

{if ~uxisexp>0 then change yval due to y axis exponent
Sor j=1 to yaxisexp do
yval=yval /10:}
{iy suxisexp<Q then change xval due to ¥ axis exponent
Jor j=1 to yuxisexp do
yval=yval*10;}

{if (param_to_graph=betazeroparam) and L
( (graph_to_plot="1") or (graph_to_plot="3") ) then
plot 1/beta0 vs 1 /W
begin
if yaxisexp<O then
yval=yval /1000;
if yaxisexp>0Q then
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yval=yval*1000;
end;}

{ take out later }
if TRACEl4=true then writeln(userout2,

“after exponent division /multplication’,
" param[ ,i:2,",6]=",paramli,betazeroparam,
* yval=",yval);

{* take out later
xnew:=—0.8+1.6*(xval—xmin) /Axmax—xmin)% {chunge o world}
ynew:=—0.8+1.6*(yval— ymin) /(yvmax—ymin)); {coordinate system)

{******* ****take out laler**********************}
if TRACEl6=true then writeln(userout2,

‘after exponent adjust & °. yval=".yval,” vnew=",ynew);

{ take out later
{check whether point will be on screen}
if ((xnew>=—0.8) and (xnew<=0.8) and (vnew>=—0.8) and (vnew <=0.8))then

{irp} plot__point:

{irpHdeleted large section here and left only the above line}
xold:=xnew;
vold=ynew:

number__checked:=number_checked +1;
plotted_pointlil:=true:  {shows thar this point has been
plotted or attempted to be plotted}
end {of "if" part of if wwlil=size.else..}
else if (still_looking_ for_next_size=true) then

bhegin
{********************lllkt' ol ldle['**** *% '*t***tx’k*}
if TRACE2=true then writeln(userout2.
. =02,

T & dxdnl find correct graph & size & still_looking is true’);
{****************‘***Iake out later.#t**

if (plotted_point[il=false) then

begin
if ((graph_to_plot="2") or (graph_to_ploi="4")) then
next slze-=w\x[|] {&'-aph is vs. 1/L}
else {gruph_to plot = "I" or '3’}
next_size:=11[i): {grapa is vs. 1/W}

still_looking_ for__next_size={false:
number_ different_sizes=number_different_sizes+1;
end;
plot__char_ check:=number_ different_sizes:
while plot_char_check >=10 do {meximum of 10 difi plot chars)
plot_char_check:=plot_char_check—10: {so subtract 10 1o}
case plot_char_check of {vield single digit}
I:next_plot_char="x";
2mext_plot_char="0";
3mnext_plot_char="e";
4mext_plot_char="a’;
Smnext_plot_char="c’;
6mext_plot_char="s";
7:next_plot_char="u’";
8:next_plot__char="v";
9:nexi__ploi_char="n";
O:next_plot_char="z";
end: {of cuse of plot_char_check)
d end: {of "else" part of if wwlil=size.clse. )
end:
if current_size_ plotied=true then
begin
{irp) set_char_size(0.05,0.12);
zstring:=’
strwritelzstring.] .cntsize:5:1);
move(0.81.0.75~(0.06X zstring __pointer—1)));
gtext(plot__char)
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{jrp} set_char_ size(0.03,0.06);

move(0.85,0.75—(0.06*(zstring_ pointer—1)));

gtext(zstring);

2string_ pointer=zstring_pointer+l;

end; {of if current_size_plotted=true}
until (((graph_to_plot="1") or (graph_to_plot="2")) and
(number__checked=numb_sets_17_params)) or
(graph_to_plot="3") or (graph_to_plot="4");
{.until all lines are [finished)

{ Wiake out later* ¥ ¥ewk o
if TRACEl6=true then writeln(userout2,’leaving draw_the_datal’);
[Frpesoa Rk ety 2 o our later FE R |

end;{end of procedure drawdatal}

procedure draw_ the_data2(xmax,xmin,ymax,ymin:real); draw _the _gfataZ
{this procedure draws in the simulated data. It does this by finding the

Yvalue at the extreme left and right side of the graph, and connecting

the 2 points. This is acceptable since the equution being plotted is

param=p0 + pL/Leff + pW /Weff which is « straight line for either fixed W or L.}

{tust change made: SUNDAY OCT 14. 1984 Byx: JRP)

var ijinteger;
vvalxval:real:
\new.vnew:real:
Nold . vold:real;
cntiinteger:
size:real;  {z axis sizel
zstringsstring[6):
labelz:boolean:
slope,test:real:
outplane:boolean:
number_checked:integer:
plotied _pointarray(1..140] of boolcan: {if true, point has been plotied)
first_point_found:boolean; {= true when Ist of 2 points to be plotted
hus been found——used only if zoom does not
include either of the 2 simulated points}
found _ third _variable_ value:boolean: {we will do repeat loop until this}
{is finally set true. this shows}
{that for gruph_to_plot=3ord. wel
{have now found ua line to draw)

procedure draw_line_and_ zstring(xline,vlinexstrg.vstrg:real) draw _Line _gnd _zstring
{this procedure draws the dute line and then labels the zvalue sice and

the plot}

begin

line{xline,vline);

zstring=" ;

if (graph_to_plot="1") or (graph_to_plot="3") then
strwrite(zstring.l.entd1fi):5:1)

else {(graph_to_plot="2") or tgraph_to_ plot="4"}
strwrite(zst ring,1 contwwli]:5:1)

movelxstrg, vstrg):

gtext(zstring);

end:

begin

Kk *%

*take out later** }
if TRACEl=true then writeln{userout2, ,
entering draw_the_data2 and xmax="xmax:2:2,” vmax=",ymax:2:2)
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take out later }
found__third_ variable_ value=false;
set__char_ size(0.03,0.06);
number_ checked:=0;
for i=1 to numb_sets_17_params do
plotted _point[il=false;
i=0; {initialize # of times thru repeat loop}
repeat {until all values of w and |l have been plotted}
**take out later }
if TRACE2=true then writeln(userout2,
‘entering repeat and number checked=".number_checked:2):
if TRACE2=true then writeln(userout2,

“When number checked=number_sets_17_params, s/b last time thru repeat’);
[ MR RRARRRARIRL 0k o out later k|

i=i+1;
if (plotted_point[il=false) and
( {graph_to_plot="1") or
(graph_to_plot="2") or
((graph_1o_plot="3") and (third_variable_value=11{i])) or
Wgraph_to_plot="4") and (third_variable_valuesww[i]) ) then
begin {444}
found_ third _variable_value=true:
if (graph_to_plot="2") or (graph_to_ploi="4") then
begin {BBBB|}
size=ww(i];
{**i*****************zdke out laler******** ******}
if TRACES=true then writeln(userout2,
‘Entering gtp=2o0rd4 & size="size:2);
{********************Zuke out laleri* *% ****’
for j=i to numb_sets_17_params do

begin
if sizesww[j] then
begin
plotted_pointfjl=true:
number_checked=number_checked+1;
end;
end:

end ({BBBB} {of 'if’ part of “graph_to_plot"="2"....}
else {graph_to_plor="I" or "3}
begin {BBBB}
size=11[i};
{ take out later**sves* ARk |
it TRACES=true then writeln{userout2,
‘Entering gip=lor3 & size="size:2);

{ xx take out later Ak ok Rk |
for j=i to numb_sets_17_params do
begin
if size=11[j] then
begin

plotted_ point[jl:=truc:
number_checked=number_checked+1:

end;
end;
end; {BBBB| {of ‘else’ purt of "graph_to_plot"="2"...}
{ ¥ rake out later® ¥+ kil

if TRACES=truc then writeln{userout2.
‘smin="xmin:3:3." xmax=".xmax:3:3.
* ymin="ymin:3:3, vmax=",ymax:3:3);
{ take out luter kA |
if ( ((graph_1to_plot="1") or (graph_to_plot="3")) and
(ll[§+pmcesspar[.’!,betazeroparam >00) ) or
( ((graph_to_plot="2") or (graph_to_plot="4")) and
(wwlil+processpar(3,betazeroparam] >0.0) ) then
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begin {CCCC}

xval=0;
if param_to_graph <>betazeroparam then
begin
if (graph_to_plot="2") or (graph_to_plot="4") then
yval=processpar{1,param_to_graph] +
processpar|3,param_ to_graph] /
(processpar{3.betazeroparam] + size)
else {graph_to_plot="1" or "3’}
vval=processpar{ 1.param_to_graph] +
processpar[2.param__to_graph] /
(processpar|{ 2.betazeroparam] + size):
end

else {param_to_ygraph=betazeroparam}
vval:=00: {betaQ or I/betu® minimum always = 0}
xnew:=—0.8+1.6*((xval—xmin) /(xmax—xmin));
vnew:=—0.8+1.6%(yval—yvmin) /(ymax—yvmin));
it ((xnew >=—0.8~epsilon) and (xnew <=0.8+epsilon) and
(ynew >=—08—epsilon) and (vnew <=0.8+epsilon)) then
begin {point is on the screen)
movel xnew.yvnew);

outplane=false:
end
else {point is NOT on the screen)
outplane:=true:
xold:=xnew:;
vold=vnew;
{* BRI b o out later *% ****n**n**}
if TRACES=true then
begin
writeln(userout2. xval=" xval:4:4.,” yval=',
yval:4:4, xold=",xo0ld:3:3. vold=",vold:3:3);
writeln(userout2. outplane="out plane);
end:
{* *take oul luter kR |

xval=xmax_ until__newgraph_is_ chosen:
if param_to_graph <>betazeroparam then
begin
if (graph_to_plot="2") or (graph_to_plot="4") then
yval=processpar{ 1.param_to_graph] +
processpar(3,param_to_graph] /
(processpar[3.betazcroparaml] + size) +
processpar{2,param_to_graph] * xval
else {graph_to_plot="1" or '3
vval=processpar{ 1,param_to_graph] +
processpar(2,param__to_graph] /
(processpar[?.,betazeroparam}] + size) +
processpar[3,param__to_graph] * xval:
end
else {param_to_graph=betuzeroparam & plot betal vs. 1/L}
if (graph_to_plot="2") or (graph_to_plot="4") then
vvalm=processpar(1.betazeroparam]*cox*
(size + processpar]3,betazeroparam])i*sval
else {param_to_ graph=betazeroparam & plot 1/beta0 vs. 1/Wi
vval=1/processpar|1,betazeroparam] /cox*xval*

(size + processpar|2,betazeroparam]);
xnew:=—0_8+1.6*((xval—xmin) /(xmax—xmin));
vnew:=—0.8+1.6%(yval—ymin) /(ymax—ymin));

{ take out later
if TRACES=true then writeln(userout2,
‘xval=’"xval:4:4,” yval=",yval:4:4,
* xnew="xnew:10:10," ynew=",ynew:10:10);
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take out later }
{check whether point will be on screen}

take out later }

if ((TRACES=true) and (xnew >=—0.8)) then
writeln(userout2. xnew >=—0.8");

if ((TRACES=true) and (xnew <=0.8)) then
writeln{userout2.” xnew <=0.8"):

if ((TRACES=true) and (ynew >=—0.8)) then
writeln{userout2.’ ynew >=—0.8")

if ((TRACES=true) and (ynew <=0.8)) then

writelntuserout2. ynew <=0.8"):

{*

tuke o later™* kpkx

bsim1.0.TEXT

~draw_the_data2

if ((xnew >=—0.8—epsilon) and (xnew <=0.8+epsilon) and
(ynew >=—0.8—epsilon) and (ynew <=0.8+epsilon))then

begin {point is on the screen)

K%k

{ & Kbk Kk ok

take out later******
if TRACES=true then writeln(userout2,
“This point will be ON screen’);

{*

{* Kok KK

take ou: later

if outplane=true then {lust point was off the screen}

begin

‘take ou: later

KTk }

if TRACES=truc then writeln(userout2,
‘and Last point OFF screen’);

t ] ¥%kk

{*
{jrp}
{jrp}
(irp!
{jrp}

take out later*®

if (xnew—xold <>0.0) then {check for divide by zero}
slope:=( ynew —vold) /(xnew—xold)

else

slope:=1E100:  {about = infinity}

{check for emtering from lest}

test:=slope*(— 0.8~ xold)+vold:

-

tuke ow later** b }

if TRACES=truc then writeln(userout2.

"TEST A . test="test:2:2);

{************tx******z“kc oL l(lt(,’-"**** kX vw}
if test_point_on_screenl(vold.vnew.test) then

begin

{********************Zake ot later 4 ***t**}

if TRACES=true then writelnluserout2,
“test__point_on_screen is TRUE )

Kok Kk

{*

tuke out luter
move(—0.8,test);

draw_line__and_zstring(xnew . ynew.—0,75,test);

end;

|check for entering from the right)

test=slope*(0.8—xold)+yold;

take out later’

if TRACES=true then writeln{userout2,

‘“TEST B . test=",tes1:2:2):

{* *%

**'

take out later

if test_point_on_screenl(vold.vnew.iest) then

begin

tuke owt luter** }

if TRACES=true then writeln{userout2,

“test_poinm_on_screen is TRUE):

Nov 15 20:23 1984

take ou: later ok |

movel().8.test);

draw_line_and_ zstring(xnew.ynew,0.60,1est);

end;

{check for entering from top}

if slope<>0 then

test:=(0.8—vold) /slope+xold

else
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{ take
{* take
{* take
{raear e take
{* take
{* take

{* take
{* *kokk lﬂke
{* take
{* take

bsim1.0.TEXT

~draw_the_data2

test=—1.0; {can not enter from top}

out later
if TRACES=true then writeln(userout2,
"TEST C , test',test:2;2);

out later
if test_point_on_screen2(xold,xnew,test) then
begin

out later
if TRACES=true then writeln(userout2,
“test_poini_on_screen is TRUE');
out later AR R AR il
movel test.0.8);

draw_line_and_ zstring(xnew,ynew,test—0.2,0.78);

end;
{check for entering from botzom }
if slope <> then
test:=(—0.8—vold ) /slope+xold
else
test=—1.0; {cun not enter from bottom}

3

out later*
if TRACES=true then writeln(userout2,
“TEST D . test="_test:2:2):
Fok Kk Kok KoKk Feok ok ko ok ko Kok }
if test_point_on_screen2(xold,xnew,test) then
begin

out later

xRk l

out later™**
if 'I’R‘ACE5=true then wriieln(userogt?.,
tesi_point_on_screen is TRUE')

out luter**** **
move(test.—0.8);
draw_line_and_zstring(xnew.ynew .test—0.2,—0.78);
end:
{point has been plotted)
end
else ltust point wus on screen so plot this one}
hegin
out luter s kil ol
if TRACES=true then writeln(userout2,
‘and Last point ON screen’);
out later

draw_line_and _zstring(xnew,ynew xnew—0.20.vnew )

end; {of else purr}

end {end of handling for values on the screen}

else {start handling points off screen}
begin
{ take out later™ hid
if TRACES=true then writeln(userout2,
“This point WILL NOT be on screen’);
{* take out luter** Rk |
if ouiplane=false then {lust point was on the screen}
begin
{* - take out luter**¥s*txxex }

{***t****************ldke

{jrp}
{irp}
{irp}
{jrp}

{ take
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if TRACES=true then writeln{userout2,

‘and Last point was ON screen’):
*%k Fh KAk

out luter

if (xnew—xold <>0.0) then {check for divide by zero}

slope:=( vynew —vold) /A(xnew—xold)
else
slope:=1E100; {about = infinity}
{check for exiting from left}
test:=slope*(0.8—xold)+vyold: }

if TRACES=true then writeln(userout2,
‘TEST E , test=",est:2:2);

out later*™
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{ take
{* take
{ take
{ **rake
{*t*** *l dke

{***** ***************t ak e

{*t******* AKX AR ANy o

{* ko take
{x *******ldke
{* take
{** *rtake
{ *take
frass Stake
{* take
{* tuke
{* take
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oul

out

out

out

out

out

out

out

out

ol

bsim1.0.TEXT

~draw_the_data2

later

if test_point_on_screenl(yold,ynew,test) then

begin

later

if TRACES=true then writeln(userout2,
“test_point_on_screen is TRUE');

later

draw__line_and _ zstring(0.8,1e51,0.60,test);
end;
{check for exiting from right}
test:=slope*(—0.8—xo0ld)+vold;

later

kKK )

if TRACES=true then writeln(userout2,
‘TEST F . test="test:2:2);

later

if test_point_on_screenl{vold.vnew test) then
begin

later

FRokok AR KK : **m}

if TRACES=true then writeln(userout2,
“test__point_on_screen is TRUE )

La o r Rk ks ook skok ok koK n}

draw _line_and _zstring(—0.8.1es1,—0.75.test );
end;
{check for exiting jrom top}
if slope<>0 then
1es1:=(0.8—vold ) /slope+xold
else
test==—1.0; {can not exit rrom top}

later

ok R kK k. Aok }

it TRACES=true then writeln{userout2.
TEST G ., test="test:2:2):

later

*ok Kok kK }
if tes1_poini_on_screen2(xold,xnew.1cst) then
begin
draw_ line_and _ zstring(1est.0.8.1est—0.2.0.78):

later

if TRACES=true then writeln(userout2,
test_point_on_screen is TRUE'):
KRKF kK

luter

end;
{check for exiting from bottom}
if slope <>0 then
test=(—0.8—yold) /slope+xold
else
test=—1.0; {can not exit from botiom}

later™*

if TRACES=true then writeln(userout2,
“TEST H , test="test:2:2);

later

Fkkk *kk Kk kK }

if tesi_point_on_screen2(xold.xnew test) then
begin

draw_line_and _zstring(test.—0.8,1es1—0.2,—0.78);

*ok Kk Pz ]

luter

if TRACES=true then writeln(userout2,
test__point_on_screen is TRUE'):

later

end

else {last point wus not on screen & neither is this one}

skkk ******}
end:
outplane:=true;
{end for points going off screen}

begin

ok Kk

luter

if TR'ACE5=lrue then writeln(userout2,
and Last point was OFF screen’);
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{* take
{jrp}
{jrp}
{irp}
{jrp}
{* **ake
{* take
{* *ruke

{**********u*x****umk e

{* *hky oL@

{***** ldk(?

(********#***********Z ake

{* > tuke
{* Erake
{* *take
{* take
frowsess rake
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out
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out

out

out

out

out
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out

out

out

out

out

bsim1.0.TEXT

~draw_the_data2

later

first__point__found:=false;

if (xnew—xold <>0.0) then {check for divide by zero)

slope:=(ynew—yold) /(xnew—xold)

else

slope:=1E100;:  {about = infinity}
{JOEJOEJOE}
{check for entering from left}
test:==slope*(—0.8—xold )+vold;

later

it TRACES=1rue then writein(userout2,
TEST 1 . test= .test:2:2):

later’

}

if test_poini_on_screenl{vold,ynew.test) then
begin

later*

******}

if TRACES=true then writeln(userout2,
test__point_on_screen is TRUE )

later

if first_point_found=false then
begin
first_point_found:=truc:
move(—0.80,1est )
end
else
draw_ line_and_ zstring(—0.8.test,—0.7S.1est );
end:
{check for emtering from the right}
test:=slopc*(0.8—xold ) +vold:

later

*X% ¥ *mm»***********’******}

if TRACES=true then writeln(userout2,
‘TEST J . test=".test:2:2);

later

sk o sk ok ok KRk ***gz*a}

it test_point_on_screenl{vold.vnew.test) then
begin

laler************************* Rk ok KK kA ok }

if TRACES=truce then writeln(userout2,
“test_point_on_screen is TRUE’)

%

luter*

L2t EXE ,

if first_point_found=false then
begin
first__point_found=true:
movel(.80,test);
end
else
draw_line_and_ zstring(0.80.1es1,0.60,test);
end;
{check for entering from top)
if slope <>0 then
test=(0.8—vold) sslope+xold
else
test=—1.0:  {can not enter from top}

luter****

Kk ko kok }

if TRACES=truec then writeln{userout2,
‘TEST K . test=".test:2:2):

later

*x¥x }
if 1test_point_on_screen2(xold.xnew .test) then
begin

XK

later

if TRACES=true then writeln(userout2,
“test_point_on_screen is TRUE');

later

if first_point_found=false then
begin
first__point_found=true;
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~draw_the_data2

move( test,0.80);
end
else .
draw_line_and_ zstring(test,0.80.test—0.2,0.78);
end;
{check for entering from bottom }
if slope<>0 then
test:=(—0.8—vold) /slope+xold
else
test=—1.0: {can not enter from bottom}
{********************take out later **u********}
if TRACES5S=true then writeln{userout2.
“TEST L , test="test:2:2):

{* tuke out later
if test_point_on_screen2(xold,xnew test) then
begin
{* Hebkkkktkkdkk oke out later }
if TRACES=true then writeln(userout2,
“test_point_on_screen is TRUE');
{* XX tuke out luter ** *x

if first_point_found=false then
begin
first_point__found:=true;
movel test.—0.8):
end
else

draw_ line_and _zstring(tes1.—0.8,1es1—0.2,—0.78);

end:

{tine has been drawn}
{JOEJOEJOF)
end:
end: {end of hundling current point off screen}
end: {CCCC} {if 3rd_variable_valuerother_delta_I_or_uw
<0, we don’t plot the line because this
. would give fulse plots)
end; {AAAA} {of “if statement..if plotied_point[i]=sulse..}
until (((graph_to_plot="1") or (graph_to_plot="2")) and
(number_checked=numb__sets_ 17_ params)) or
(((graph _to_plot="3") or (graph_to_plot="4")) and
(found_third _variable__value=true));

{****nu*rnnn*ntwke out luter
if TRACEl=true then writeln(userout2,’leaving draw_the_data2’);
¥¥uke out later

end:lend of procedure drawdata2}

procedure zoom_graph_axis(var xpos2.xposl.vpos2.yposli:real); zoom_gr Clph inS
{this procedure allows the user to zoom in on u portion of the gruph by
varying the axis limits)

var button:integer;
Xrange,yrange:real;
oldxminoldymin:real;
temppos:real;

{initialize the graphics locator as the knob)
hegin
Xrange:=xpos2—xposl;
vrange=ypos2—yposl;
oldsmin=xposl;
old ymin=yposi;
locator_init(2,error_return);
if error_return=0 then
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~zoom_graph_axis
begin
await_locator(2.buttonxpos1,yposl);
set_echo_pos(xposl,yposl); {sets one diagonal of rectangle}
await__locator(8,button,xpos2,ypos2);
if xposl>xpos2 then
begin
temppos:=xpos1;
Xposl:=xpos2;
Xpos2:=tempos;
end;
if yposl >vpos2 then
begin
temppos=yposl:
yposl:=vypos2:
yvpos2:=temppos:
end;
{this gudraniees that the axis are not zoomed too smail}
if (abs(\posl—\pos")d)l) or (abs(vposl—vpos2)<0.1) then
begin
xpos1:=—0.8:
xpos2:=0.8:
yposl=—0.8;
ypos2:=0.8:
end;
xposl:=xrange /1.6*(xpos1+0.8 +oldxmin;
xpos2:=xrange /1.6*(xpos2+0.8)+old xmin;
vposl=yvrange /1.6* ypos1+0.8)+old ymin;
vpos2=yrange /1.6¥(vpos2+0.8 }+old ymin;
clear_display: .
end:
end:

procedure initial _praph(var maxminxy_errorinteger); Lmnal_graph
{this procedure uses autoscaling 1o determine what the minimum and maximum

values of the gruph ure. and plots the duatu)

var init_ok:boolean:

begin

{x *RKE Kk *kkg ile out lulcr********************}

if TRACEl=true then writeln(userout2, ,
NOW ENTERING initial_graph & 3rd_var_val= "third_ variable_value):

{ g *¥ ‘Idk e oul Lale,.*****tt************* ;

grsetup(init_ok);
set_aspect(210.0,160.0);
set_display__1im(0.0,210.0,0.0,160.0.error_return);
{thzs determines the maximum and minimum values of x and y}
maxminxyv(maximx,minimx,maximy.minimy.max minxy__error);
if maxminxy_error=0 then
begin
if have_not_zoomed_vet=true then
begin
have_ not_zoomed _ vet:=false;
Nxmax_ until_newgraph_is_ chosen=maximy;
end;
autoscale{ maxi mx.mini mx,maximy.minimy,xaxlab.vaxlab.headerlab.
deltallabdeltawlab,zaxlabl,zaxlab2xaxisunit.vaxisunit);
draw_the_datal{maximx.minimx.maximy,minimy):
draw_the dala”(ma\xm\ minimx,maximy, mmxm\)
end: {of if muxminxy_error=0 then...
{***** zake out lazer***********’"********}

if TRACEl=true then writeln(userout2,’ NOW LEAVING initial_graph’);
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~initial_graph
{ 'take out later’
end; {end of procedure initial_graph to plot graphics axis and datal
procedure zoom; zoom
{this procedure handles zooming the graph axis}
begin
zoom__graph_ axis(maximx,minimx,maximy,minimy);
clear__display:
autoscalel maximyx,minimx,maximy,minimy,xaxlab.vaxlab.headerlab,
deltallab,deltawlab.zaxlabl.zaxlab2 xaxisunit,yaxisunit);
draw _the_datal{maximx,minimx,maximyv.minimy);
draw_ the_data2(maximx,minimx, maximy.minimy):
end: {end of procedure to zoom in on axisl
procedure make_xvz_axis_labels; make _XVZ_axis _labels

{this procedure generates the labels)
{tast change made OCT 31, 1984 by JRP}

var ijinteger;

begin
{this is where the labels are setup)
writeln(#12)
if (graph_to_plot="1") or (graph_1o_plot="3") then
begin
xaxlab:="WIDTH in
zaxlabl="LENGTH";
end
else
begin
xaxlab:="LENGTH in ~
zaxlabl="WIDTH';
end:
zaxlab2="in microns’;
case param_to_graph of
l:yaxlab="\'FB in ’;
2:vaxlab="2PHIF in ’
3:yaxlab="K1 in ;
4:vaxlab="K2 in ’
S:yaxlab="ETA :
6:if (graph_to_plot="1") or (graph_to_plot="3") then
vaxlab="1/BETAO in ~
else
vaxlab:="BETAO in ’
7:vaxlab="U0 in *
8:vaxlab="U1l in "
9:vaxlab="X2MUO in
10:vaxlab="X2ETA in ;
11:vaxlab="X3ETA in ":
12:vaxlab="X2UO in ’
13:vaxlab="X2U1! in ":
14:yaxlab="MUOSAT in ’;
15:yaxlab="X2MUOSAT in ;
16:yaxlab="X3MUOSAT in ’;
17:yaxlab="X3U1 in ~
end; {of case to determin yaxis label}
headerlab="BSIM PARAMETER vs ;
xaxisunit="microns’;
case param_to_graph of
1:vaxisunit="volts :
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~make_xyz_axis_labels
2:yaxisunit="volts’;
3:yaxisunit="/sqri(volts)’;
4:yaxisunit="/volts’;
S:yaxisunit="/volts’;
6:if (graph_to_plot="1") or (graph_to_plot="3") then
yaxisunit="volts" 2 /amps’
else
vaxisunit="amps /volts™ 2’;
T:vaxisunit="/volts":
{JRP} 8:vaxisunit="um /volts’;
9:vaxisunitz="cm" 2 /volts” 2—sec’:
10:vaxisunit="/volts” 2';
1l:vaxisunit="/volts™ 2’;
12:vaxisunit:=" /volts” 2;
{JRP}  13:vaxisunit="um /voits™ 2;
14:vaxisunit="cm” 2 /volts—sec’;
15:vaxisunit="cm” 2 /volis” 2—sec’;
16:vaxisunit="cm” 2 /volts” 2—sec’;
{JRP} 17:vaxisunit:="um /volts” 2";
end: {of case to determine yaxis unit}
deltallab="deltaL=";
deltawlab:="delta\WW=";
end;
procedure draw_repeat_menu: draw_r. epeat_menu
begin
writel #12);
gotoxy(0.2);
writelnl’SELECT A NUMBER FOR A GIVEN ACTION CAPABILITY= >
writeln(’ [1] Zoom Using Knob and Keys )
writelnt’ [2] Redraw Full Graph’)
writeln(’ [3] Select A New Graph'):
writeln(’ [4] Exit BSINM PARAMETER vs L or W Menu');
end;
procedure draw_3_menu_pages; draw __3 _menu_pages

{this procedure druws 3 menu pages and gets the desired graph to plot info
Jrom the user.)

var change:char;  {if = ¢, then re—do ull inputs}

procedure pagel; -page]
const numbgarbage=9: {number of junk lines in a single process file}

var ijinteger:  {loop counters}
line_in_filestring[15};  {line in die_ file}
nmose__present.nmosz__present.nmosd_present,
pmose__present,pmosz__present,pmosd _present:boolean:  {=true it this
devicenume has a process file in the output file}
xpos,yposinteger; {x and x die position reud back from the output

Sile}
xposline,vposlinestring(8):  {same us above but includes *X POS= or *Y POS=}
devicenameline:linestring; = devicenume as reud from output file}
{jrp) file_selection_error:boolean; {=t if user selected file is not one

of the ones which has a process file
developed for it}

begin
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~pagel
nmose__present=false; {check the output file to see what typel
nmosz__present=false; {of devices have been SUCCESSFULLY tested}
nmosd _present:=false; {at the current die location}

pmose__present=false;
pmosz__present:=false;
pmosd__present:=false;
reset(userout.output_file);
while not(eof(userout)) do {simply count the lines until at end of file}
begin
read In(userout.devicenameline);
{ ok tuke out luater }
if TRACEll=true then .
writeln(’devicenameline=",devicenameline,” <———end %

{*********************************mke out later }
for i=1 to 4 do
read In(userout.xposline): {reud *XPOS= line}
strdelete(xposline.1.6 {delete *X POS= from it}
xposline=strrurim(xposline);
xpos=trunc(strtoreal(xposline)); {convert 1o an integer)
{ ¥xkrake out luter >

if TRACEll=true then

writeln( xpos="xpos.,” <———end");
{************ KKk <3 ‘*ldke out ltil(’l’******** X
read In(userout,yposline): {reud *Y POS= line} -
strdelete(yposline,1,6): {delete *Y POS= from it}
vposline:=strrtrim( yposline);
ypos:=trunc(strioreal(yposline)); {convert to an integer}

{ ***********’i*********************lake out later***#*#*#***********#****}

if TRACEll=true then

writeln( ypos=".vpos.” <———end’);
{ tuke out later i hiiid
if ((xpos=preseni_diex) and (ypos=present_dieyv)) then
hegin

if (strpost’ NMOSE’ .devicenameline) <>} then
nmose__presenti=true
else if (strpost’ NMOSZ’ devicenameline) <>0) then
nmosz_present=true
else it (strpos(’'NMOSD devicenameline) <>0) then
nmosd __present=irue
else if (strpost’ PMOSE’ devicenameline) <>0) then
pmose__present=true
else if (strposC’PMOSZ’ devicenameline)<>0) then
pmosz__presenti=true
else if (strpost’PMOSD’ devicenameline)<>0) then
pmosd __present:=true;
end;
for i=1 to numbbsim+numbgarbage—6 do
read In(userout,devicenameline);
end;
close( userout, save”);
write( #12):
gotoxv(0,0);
writeln(’ **BSIM PARAMETER vs. W or L GRAPH**');
writeln;
write(" This graphics mode allows one 1o compare extracted. size—'):
writeln('DEPENDENT parameters °);
write("from the 17—parameter ELECTRICAL file, to size—INDEPENDENT +values’ ),
writeln(’, approximated’);
writeln("from the S4—parameter PROCESS file.);
writeln;
write('If vou plot W on the x—axis, then L becomes the 3rd’);
writeln(’ variable, and vice versa.');
write{"You may choose to plot only one third—variable value, or vou');
writeln(" may plot all of )
write('them. Choosing only one allows finer details 10 be analvyzed.’):
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writeln(" The x—axis');

writeln( values are scaled linear with respect to 1/EFFECTIVE SIZE.');
writeln;

writeln('You will choose: 1) the type of device to plot’);

writeln(’ 2) the BSIM parameter to plot on the y—axis');
writeln(’ 3) whether W or L will be plotted on the x—axis’);
writeln(’ 4) and whether all sizes or one size device will');
writeln( be plotted for the third parameter’);

writeln;

write(’SELECT THE DEVICE TYPE YOU WANT TO PLOT= >k
i=0;
if (nmose_present=true) then
begin
gotoxy(10,18+i);
i=i+1;
writeln("[1] NMOS enhancement’);
end;
if (nmosd_present=true) then
begin
gotox y(10.18+i):
i=i+1;
writeln("[2] NMOS depletion’);
end:
if (nmosz_present=true) then
begin
gotoxv(10,18+i):
=i+ 1;
writeln("{3] NMOS zero—threshold ' );
end:
if (pmose_present=true) then
begin
potox V(10.18+i):
i=i+1:
writeln('[4] PMOS enhancement’):
end:
if (pmosd_preseni=true) then
begin
gotox v(10,18+i)
i=i+1:
writeln(’[S] PMOS deplction’):
end;
if (pmosz_ present=truc) then
begin
gotox¥(10,18+i):
i=i+];
writeln("{6] PMOS zero—threshold’);
end;

| jrn}file__selection_error=true;
{jrolwhile (file_selection_error=true) do {user might have input wrong value}

{er}

{jra)
{jrp}
Jjrp
irp
{jrp}
{er]
jrp
jrp
jrp
jre
{jrp

Nov

begin
selection_input(43.17," 17,6’ file_to_ graph);

case file_to_graph of
f:le selection_error:=not{nmose_ present);
fxle_selecuon_ex101"-not(nmosd_p1esem)
“:file__selection_error:=not(nmosz_ present);
file_selection_error=not(pmose__present):
file_selection _error=not(pmosd _ present);
dile_selection_error=not(pmosz_present);
end; {of case}
if (file_selection_error=true) then

begin

gotoxy(46,17):

TR
o\u.‘.ts\ww-—

bsim1.0.TEXT

~.pagel
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{jrp} write(’ERROR IN YOUR SELECTION’);
jrp} gotO\y(46 18);
{jrp} write(’'PLEASE SELECT AGAIN');
Jjrp} gotoxy(42,17);
jrp} write(">);
jrp} end;
Jrp} end; {of while file_selection_error=true..)
{er}gotO\v(46 17);
jrp}write(” )
jrp}got0\\(46 18);
{jrp}\ulte( X
gotoxy(47,22);
write('PLEASE WAIT.');
case file_to_graph of
“1"file_10 _graph_ name:= "NEDFILE.TEXT';
"Afile_to_graph_name:="NZDFILE.TEXT';
“:file_to_graph_name:= "NDDFILETEXT';
Aile_to_graph_ name=PEDFlLETh\I
:fllc to_graph_name:= PZDFILETE‘{T
“file_to _graph_name:="PDDFILE.TEXT;
end: {of cuse selection}
reset(userout.file_to_graph_name):
i=0:  {counter to count # groups of 17 purameters}
repeat
=i+l
readIntuseroutdine_in_file): {width}
ww[il=strtorenlline_in_file);
readIn(useroutline_in_file) {length}
1i)=strioreallline_in_file);
for j=i to numbbsim do
begin
read In(useroutdine_in_file): {7 of 17 bsim parameters)
if TRACE3=true then
writeIn("line_in_file = ’line_in_{ile)
paramli,jl=strioreal{line_in_filc)
if TRACE3=true then
writeln('paramli,j] = " paramli,j)

TR
O'\’Jl‘:hzwlé

end;
readin(userout,line_in_ file); | “e¥xwsiarsk’ 0}
until eof(userout);
numb__sets_17_ params:=i;
end; {of procedure pa&cl}

procedure page2: pag ez

var . fraction_ part:real:
numbrows,numbcolumns:integer: |# rows or cols for this screen fuil)
row columnsinteger:  {present row or column we are on}
total_numb_ of 1ows.mlegu {# of rows left to list}
mlmb rows_lefuinteger: {# o/ rows left to be plotted}
numb_1imes_repented:imego {# times thru repeat loop. needed so
correct w and l values are pulled from arra\}
selectionichar:  {= CR when user decides to contirue}

begin

¥ ke oul ldwr**u*nn*muun#}

if TRACEl=true then writeln(userout2. entering PAGEL');
{* *k take out later**“****************}

{the W /L ratios will be listed in groups of 10 ucross the screen.}
total_numb_of _rows=trunc(numb_sets_17_params / 10) + 1; {# of lines of 10 params}
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{+1 for fractional part}
fraction_ part=(numb_sets_ 17_params / 10) — trunc{numb_sets_17_params / 10)/1;
{pascal does not have a ' fraction” function which is similar to "trunc.
hence, the line above has a needless divide by 1 in it. you see, puscal
does allow 2 integers to be divided with a real result, but does not
allow 2. integers to be subtracted with a real result!!! nice, huh!?P?}
if fraction_part=0.0 then { / by 10 came out even, so subtract out added I}
total_numb__of _rows=total_numb_of_rows — 1;
numbrows:=4;
numbcolumns:=10;
numb_ rows_ left=total _numb_of _rows: {# rows lefi o lst}
numb_ times_repeated=0; {each repeat cxcle. w und { arrux line pointer
must be incremented)
repeat {until numb_rows_lef1=0}
write( #12):
gotoxv(0.0);
writeln{ "W /L. ratios of devices successfully tested are listed here:’);
{ ************************take oul l‘ller******************************}
{gotoxy(0.18):}
{writelnt" numbrows = " numbrowsh}
{ FERR R AR RIRXRKRARRL b o o1t [ater™ Fk }
if (numb_rows_lef1<4) then
numbrows=numb_ rows_left;
for row:=1 to numbrows do
begin
gotoxy(0.3*row — 2);
write("W’);
gotoxv(0,3*row — 1)
write('L"); .

if (numb_rows_Jeft <=4) and (row=numbrows) then
{if tast ~ow, # columns might not = 10}
numbcolumns=numb_sets_17_params — (10¥1otal_numb_of_rows—1))
for column:=1 to numbcolumns do

begin
gotoxy(7*column.3*row — 2
writel ww{40*numb_times_repeated+( 10¥row — 1)) + column]:7:1X
gotoxv{7*column,3*row — 1)
write(11[40*numb_times_ repeated+(10¥(row — 1)) + column}7:1);
end;
end;
numb_times_ repeated:=numb_times_repcated + 1;{# times thru repeuat loop}
numb_rows_ left=numb_ rows_left — numbrows;
if (numb_rows_left<>0) then
hegin
gotoxy(0,15);

write('There are more W /L values to view. Press ')
writeln(""ENTER" to view them. >');
selection_input(66.15,chr{ord(32)).chrlord(32))selection):
end;
until (numb_rows_ left=0);
gotoxv(0.16);
writeln(’'SELECT DESIRED GRAPH=? >)

writeln(’ {1] BSIM PARAMETER vs. W ——— for all values of L');
writeln(’ . [2]) BSIM PARAMETER vs. L ——— for all values of W'X
writeln(’ (3] BSIM PARAMETER vs. W ——— for single value of L. L=? >)
writeln(’ (4] BSIM PARAMETER vs, L ——— for single value of W. W=7 >')

selection_input(24.16,"1°."4" graph_1o_plot)
if graph_to_plot="3" then
begin
gotoxy(68,19);
readIn(third__variable_ value);
gotox v(65,19);
write( X
gotoxv(65,19);
write{third _ variable_ value:5:2);
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{ take out later*
if TRACE3=true then writeln(userout2,

bsim1.0.TEXT

-page2

}

“graph_to_plot=3 & 3rd_var_value=",third_ variable_value);

{ take out later
end;
if graph_to_plot="4" then

begin
gotox v(68.20);
readIn(third_
gotox v(65.20)
write(” %
yoloxv(65.20)
write(third _ variable_ value:5:2);

variable_value);

take out later*
if TR-\CE3—Irue then writein(userout2,
umph to_plot=4 & 3rd_var

}

value=",third _variable_ value):

‘«: take out lazer********************}

end:

{* kgl e out laler********************}

if TRACEl=true then writeIn(userout2,’leaving PAGE1');

take out Zater********************}

Kk kk

{***

end:

KKk Kk

{of procedure pagel}

procedure paged:

bhegin
writel #12);
ng\\(OO)
writelnt'SELECT THE PARAMETER TO BE GRAPHED=
writeln(’ (1] VFB'):
writelnl’ [2] 2PHIF )
writeln(’ [31 K1°);
writeln{’ [4] K2°)
writeln(’ [s] ETA):
writeln(’ [6] BETAO X
writeln(’ [71 GO
writeln(’ (8] U1’y
writeln(’ [9] X2MUO' )
writelnl” [10] X2ETA)
writeln(’ [11] X3ETA"):
writeln(’ [12] X2u07);
writeln(’ [13] X2U17)
writeln(’ [14] MUOSAT )
writeln(’ [15}) X2MUOSAT )
writeln(’ [16] X3MUOSAT');
writeln(’ [17] X3U1");
gotoxy(38,0);

readIn(param_ to__graph);

while (param_to_graph<D) or (param_to_graph>17) do

begin
potoxv(38.0);
write(’ %
gotoxy{(38.0);
read(param_ to_graph);
end:
got o.\'_\‘( 35.0%
write(” )
gotoxyv(35.0%
{jrplif param_to_graph<10 then
{jrp) write(param_to_graph:1,” ")
{jrplelse
writelparam_to_graph:2.” "X
goto\\(o 19);
write('Press a "c”
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writeln(" press "ENTER" to begin >
gotoxy(77,19);
end; {of proecdure page3}

begin {procedure draw_3_ menu_ pages}
change="c;
while (change="c’) or (change="C’) do
begin
pagel:
page2;
page3;
read(change);
end; {while loop)
clear_display:
end: {procedure draw_3_menu_ pages}

{ Ak Ak ek ok ok ********************AI‘_XI JV PO GR‘A P].]](‘.g ‘DROGR.’;.\I

begin {main  procedure po_graphics begins here}

TRACEI:=falsc;
TRACE2:=false:
TRACE3:=false;
TRACE4:=false:
TRACES:=false;
TRACE6:=fulsc:
TRACE7:=false:
TRACES8:=fulse:
TRACES:=falsc:
TRACE11O=false:
TRACE11=(alsc;
TRACE2=falsc;
TRACE13=false:
TRACE4:=false;
TRACE15:=(alse:
TRACE16:=false;
{T RACF I:=true;
TRACE 2:=true;
TRACE 3:=true:
TRACE 4:=true;
TRACE 5:strue;
TRACE6:=true;
T'RACE 7:=true;
TRACES:=true;
TRACE9:=true;
TRACE 10:=true;
TRACE 11:=true;
TRACE 12:=true;
TRACE 13:=true:
TRACE Id:=true:
T'RACE 15:=true:
TRACE J16:=true;)
prsetuplinit_ok):
newgraph=truc:
if init_ok then
begin
repeat

writeln(#12); {cleurs the display}

draw_ 3_ menu__pages;

prepare__for__po__graphics(po__graphics_error);
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{ take out later }
if TRACE3S=true then
begin
reset{useroutoutput_ file);
write(userout2,
“Just after prepare_for_po_graphics and here’);
writeln(userout2,” is output file: );
while not(eof(userout)) do
begin
read In(userout,line_in_ output__file);
writeln(userout2.Jine_in_output_file);
end:
writeln(userout2, That was it');
closel userout. save’ );
end:
{* X take out later
if (po_graphics_error=0) then
begin
if TRACEl=1rue then writeln{userout2,
“about 1o enter make_xyz_axis_labels’ )
make_Xvz_axis_ labels:
have_ not_zoomed _ vet:=true:
initial__graph(effective_size__crror):
new graph:=truc;
if effective_size_error=0 then

*****x*}

begin
{irp} writel #12);
quit=false;
. newgraph:=false:
repeat
draw_repeal_ menu;
selection_input(49,2,"1°,'4’ repeat _selection);
case repeat_selection of
1 :begin
gotoxy(52.3):
write(" ")
gotoxy(52.3):
write("SWITCH TO GRAPHICS.. )
zoom;
end:
"2":initial_praph(effective_size_error);
"3":begin
new graph:=true:
clear_ display:
end;
"4’ :hegin
quit=true;
clear_ display;
end;
end:
until (quit=true) or (newgraph=true;
end
else {ef/fective_size_error <>0}
begin
gotoxy(0.21 )
writel” )%
writel” )
gotoxy(0,21);
write(’ )
writel’ )
gotoxv(0.21%
writel’ )
write(’ X

gotoxv(0,21);
if (graph_to_plot="1") or (graph_to_plot="3") then
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write('DELTA W = " processparl3,betazeroparam}:3:2)
else {graph_to_plot="2" or "4’}

write('DELTA L = ’,processpar|2,betazeroparam]:3:2);
write(". THIS YIELDS A NEGATIVE EFFECTIVE');
writeln(" SIZE FOR ALL VALUES OF')
if (graph_to_plot="1") or (graph_to_plot="3") then

write("WIDTH. )
else {graph_to_plot="2" or "4’}

write('LENGTH. )

{jrp} writeln('Do vou want to select another graph? (Y/N) >');
{jrp} ves_no_selection_input(54,22.newygraph);
end;
end
{jrpl else
{jrp} begin

gotoxv{0.21);
if (po_graphics_error=1) then
begin
writeln;
write('GRAPHICS MENU CAN NOT BE ACCESSED ")
writeln('BECAUSE THE OUTPUT FILE IS EMPTY. X

end
else if (po_graphics_error=2) then
begin
write(’ GRAPHICS MENU CAN NOT BE ACCESSED ')
writeln('BECAUSE A PROCESS FILE FOR THE TYPE OF')
write('DEVICE YOU REQUESTED WAS NOT CREATED ATk
writelnt” THE CURRENT DIE POSITION. )
end
else if (po_graphics_crror=3) then
begin .
writel 'DELTA L = processpar[2.betazeroparam}):3:3,
. YOU HAVE SELECTED A DEVICE WITH AN ')
writelnl'EFFECTIVE CHANNEL");-
writeln{'LENGTH LESS THAN ZERO.);
end
else if (po_graphics_error=4) then
begin
writel’'DELTA W = ' processpar|3.betazeroparam}:3:3.
" . YOU HAVE SELECTED A DEVICE WITH AN ')
writeln('EFFECTIVE CHANNEL )
writelnl’ WIDTH LESS THAN ZERO. X
end:
{jrp) write('Do vou want to select another graph? (Y /N) >’k
{jrp} ves_no_selection_input(47,23.newgraph);
{jrp} end: {of else part of “if po_graphics_error=0...}
until newgraph=false;

end;
clear_display;
graphics_term; {terminute the graphics procedures)
end;

= *}

BSIM FILE CREATION AND ST ORA?E bt }

—_— e et

procedure process_file_development(new_dieend_of_dienew_ wafer:fbIoGOSS zzle _development
{tast change made: SUNDAY OCT 14, 1984 By: JRP}

type linestring=string{80);
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{ DIE FILE CREATION }
procedure die_file_creation; . dbe_lee__cr eation
{this procedure resets all of the temporary files and their pointers}
begin
numbne:=0;
numbpe=0; {zero our}
numbnd =0; {number of good devices of purticular device zype}
numbpd :=0;
numbnz:=0;
numbpz:=0;

rewrite(nchanenh, NEDFILETEXT ), {clear out ull 6 of these files)
close(nchanenh. SAVE’);
rewrite(pchanenh, PEDFILE.TEXT %
close( pchanenh.”SAV'E");
rewrite(nchandep, NDDFILE.TEXT )
close( nchandep, SAVE');
rewrite(pchandep. PDDFILE.TEXT');
closel pchandep.SAVE');
rewrite(nchanzer, NZDFILETEXT' );
close( nchanzer, SAVE'):
rewrite(pchanzer, PZDFILETEXT"):
closel pchanzer,’SAVE’);
rewrite(temporary, TEMP.TEXT’):
close(temporary.’SAVE");
end: f{end of procedure to creute die files and zero counters)

{ **k &k ]7 P‘AR:_“\I ETER ~S‘TOR._\(;E*********i************** }
procedure store_parameters_in_die_filestdevice_typesinteper): STOV€_parameter s_in __dle ] iles

{this procedure handles storing the extracted bsim parameiers in a file
bused on the device type that thev represent!

{there are 6 busic types of device types recognized)
{ 1= Nchannel Enhuncementt {NEDFILE)

{2~ Pchannel Enhancement V \PEDFILE)
{3—Nchannel Depletion} {NDDFILE})

{4— Pchannel Depletion} {PDDFILE)

{5—Nchannel Zero—Threshold) {NZDFILF}
{6—Pchannel Zero—Threshold) |PZDFILE)

{if single device operation is used. the datu is stored us follows.)

{the threshold voltuge and the device type (n or p) from the
measurement routines are used to determine the file to store the data in.}
{In fully automatic operation, device types are specified by the user.)

var  diefilestring{20];
linevar:string(80];
devnumber:integer;

begin
rewrite(temporary, TEMP.TEXT' );
if (device_type=1) and (enhancement_depletion=1) then
hegin
devnumber:=1; {devicetype}
diefile="NEDFILE.TEXT;
reset{ nchanenh diefile);
while not(eof(nchanenh)) do  {reud file into temporary file}
begin
read In(nchanenh.linevar);
writel n(temporary,linevar);
end:
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end
else if (device_type=—1) and (enhancement_depletion=1) then
begin
devnumber=2;
diefile="PEDFILE.TEXT';
reset(pchanenh,diefile);
while not(eof(pchanenh)) do
begin
readIn(pchanenh.linevar);
writeln{temporary,linevar);
end;
end
else if (device_type=1) and (enhancement_depletion=—1) then
begin
devnumber:=3;
diefile="NDDFILE.TEXT":
reset{nchandepdiefile):
while not(eof(nchandep)) do
begin
read In{nchandep.linevar):
writeln(temporary,linevar):
end:
end
else if (device_type=—1) and (enhancement_depletion=—1) then
begin
devnumber:=4;
diefile="PDDFILE.TEXT";
reset( pchandepdiefile):
while notleof(pchandep)) do .
begin
read In(pchandep.linevar):
writeln(temporary.linevar);
end:
end
else if (device_type=i) and (enhancement_depletion=0) then
begin
devnumber:=5;
diefile="NZDFILETEXT:
reset(nchanzerdiefile);
while not(eof(nchanzer)) do
begin
readIn(nchanzer. linevar):
writeln(temporary.linevark
end;
end
else if (device_type=—1) and (enhancement_depletion=0) then
begin
devnumber:=6;
diefile="PZDFILE.TEXT";
reset( pchanzer,diefile);
while not(eof(pchanzer)) do
begin
read In{pchanzer,linevar);
writeln(temporary,linevar);
end;
end;

writelnltemporaryv.width):
writelnl{temporary.length);
writelniemporary.cl_ vfb);
writeln(temporarv,c2_phif2);
writeln(temporary.c3_k1):
writeln{temporary.cd_k2):
writeln(temporarv.c5_etak
writeln(temporary.cé6_ beta0);
writeln{temporary,c7_u0):
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writeln(temporary,c8_ul);
writeln(temporary,c9_x2beta0);
writeln(temporary,c10_x2eta);
writeln{temporary,c11_x3eta);
writeln(temporary,c12_x2u0);
writeln(temporary,c13_x2ul);
writeln(temporary.c14_betaOsat);
writeln(temporary,c15_ x2betaOsat);
writeln(temporary,c16__x3betaOsat);
writeln(temporary,c17_x3ul);
writeln(temporary, ¥*rrrereciok’ ).
close(temporary, save’);
{this is where the diefie is written to}
reset(temporary, TEMP.TEXT' );
case devnumber of
l:begin
rewrite(nchanenhdiefile):
while notleof(temporary)) do
begin
read In{temporary.inevar):
writeln(nchanenh.linevar):
end:
close(nchanenh, save’):
numbne=numbne+1;
end:
2:begin
rewrite(pchanenh.diefile):
while not(eof(temporary)) do
begin
readIn(temporary,linevar):
writeln(pchanenh,linevar):
end;
close(pchanenh, save’);
numbpe=numbpe+1;
end:
3:begin
rewrite(nchandepdiefile):
while notleof(temporary)) do
begin
read In(temporary linevar):
writeln(nchandep.linevar):
end:
close( nchandep, save”):
numbnd:=numbnd+]1;
end:
4:begin
rewrite(pchandepdiefile):
while not(eof(temporary)) do
begin
readIn(temporary linevar);
writeln{pchandep,linevar):
end:
close( pchandep.’save’):
numbpd=numbpd+1;
end;
S:begin
rewrite(nchanzer.diefile):
while not(eof(temporary)) do
begin
readIn(temporary.linevar);
writeln(nchanzer,linevar);
end:
close{ nchanzer, save’);
numbnz=numbnz+1;
end;
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6:begin
rewrite(pchanzer,diefile);
while not(eof(1emporary)) do
begin
readIn(temporary,linevar);
writeln(pchanzer,linevar);
end;
close(pchanzer, save”);
numbpz=numbpz+1;
end;
end: {end of cuse statement)
end; ({end of procedure store_parameters_in_dic_ files)

{* “**PROCESSS FILE CREATION AND STORAGE h }
procedure make_process_files: mak C_pr ocess_files

{this is the main procedure that handles muking a process file}

var ignores,paramvals:tring|80];

paramvalue:real;
jinteger;

{jrplisinteger; {loop counter}

{jrpinumber_good _devicesiinteger; {# of good devices which have had paramcters
extracted for them. this number will
generally be dif ferent for each txpe of
device}

procedure load _up_ process_ parameters( [ ilemlmb.numbval:imeger:lOad _Uup_process_parameters
var number_good_devices_errorinteger);

{this procedure handles analxzing any of the six date files (NEDFILE.

PEDFILE. NDDFILE. PDDFILE. NZDFILE. und PZDFILE) to determine as mariy

process_parameters as permitted. the process parameters are louded in the

array processpar{ 1.3,1.17] which is a global array)

type processarrav=array(1.20] of real:

var paramcountskip:integer;
widths.Jengths,paramvalues.betazeros.ig nores:string[ 80];
width,length,paramval ue:processarray;
numbdeviceiinteger;
mindL,uncox,d Wuncox:real: \

iinteger; {loop counter———————— take out later)

procedure |_and_ w_ dependencies(var width.length,paramvalue:processarrly:_a%d_w _dependenczes
constant,linearl.linear2:real; entriessinteger:
betazero:boolean; var goodcount:integer);

{this procedure takes all of the values of a purumeter ucross various values

of 1l and w und determines the variations. Checks are made to be sure thut

the sume values ure not entered, und that O values are ignored}

{the betazero Slag tells whether this is for the betu extraction {truel}

{lust change made: OCT 9, 1984 by: JRP}

var good width good length goodparamvaluearray(1..20] of real
i.jsinteger;
duplicatedifferentl.differentw:boolean;

begin

tuke out later Rk |

if TRACE30=true then
begin
if (paramcount=8) or (paramcount=13) or (paramcount=17) then
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begin
writeln(userout2, paramcount=",paramcount:2);
for i=1 to entries do
write(userout2,” paramvalue[ i:1,’}=",paramvalueli]);
end;
end;
{ take out later }
goodcount:=0;
Tcheck Sfor duplicate w and ! values, and eliminate the first one tested}
for i=1 to entries do {this is the latest puir of ! and w)
begin
duplicate=false;
for j=i to entries do {this scans over remaining values)
if ((i<>)) and (width[i]=width[j}) and
(lengthlil=lengh[j])) then
duplicate=true;
leliminate next if—then statement to see if this is causing

some er‘r‘or’}
{if paramvalue(i]=0.0 then
duplicate=true;}
if duplicate=false then
begin
goodcount:=goodcount+1;
good wid th[goodcount]=wid th(i);
goodlength[goodcount]:=lengthlil;
good param value[pood coumfﬂmramvaluc[i]:

end;

end: f{end of check for zeros and duplications}
tdke out ldler************************}

{‘ sk

it TRACE30=1rue then
begin
if (paramcount=8) or (paramcouni=13) or (paramcouni=17} then
hegin
writeln(userout2. paramcount="paramecount:2};
for i=1 to goodcount do
writel userout2.” food;mram\'aluc['.i:l,']='.

good param valueli]):
end:
end:
{*********************take out later }
linear1=0.0;
linear2:=0.0;
constant:=0.0;
if (goodcoun1<>0) and (goodcount<>1) and (goodcount <>2) then
begin
{check for two different I, and/or two different w values}
differentl:=false;
differentw=false;
for i=1 to goodcount do
for j=1 to goodcount do
begin
if goodlengthli] <>goodlength(j] then
differentl:=true;
if good wid th{i] <>poodwidth(j] then
differentw=true:
end;
{here is where the leusi—squure procedures are culled)
if betazero=true then {this is a check for betazero}
begin
{ ** ek gke out later }
if TRACE32=true then
begin

writeln(userout2,’w /in I_and_w, BETAO param’);
for i=1 to goodcount do writeln(userout2,
“gdparvall’,i:1.'}=" good paramvalueli].” gdwidth=",
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4 good width[ik2:1," gdlength=",goodlengthli]:2:1);
end;

{**t*

take out later }
if differentl=false then
begin
constant:=good paramvalue{1];
if TRACE32=true then writein(userout2,
‘diffl=false and constant="constant);
end
else if (differentl=true) and (differentw=false) then
begin
for i=1 to goodcount do
leastsq2(i,1,good count,goodwid thli] /
good param valueli],good lengthlil.constant,
linearl) :
if TRACE32=true then writeln(userout2,
‘diffl=true & diffw=false & constani="constant,
" linear1="linear1):
end
else
begin
for i=1 to goodcount do
leastsq3(i,1.good count,goodwid thfi] /
good paramvaluefi].1 /goodparamvalueli].
good lengthlil,constant.linear1.linear2):
if TRACE32=true then writcln{userout2,
‘diffl=true & diffw=true & constant="constant,
" lincarl="Jinearl,” linear2="linear2);
end
end
else {this is a non—betazerv parameter}
begin -

*% lake out Ldt(.r************#*****t****}
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if TRACE32=true then
begin
writeln(userout2.w /in 1_and_w. NON—BETAO param’)
for i=1 to goodcoum do
writeln(userout2, gdparvall’i:1,’}=" good paramvaluelil.” gdwidth=",
goodwidth[i]:2:1," pdlengith=",goodlength[ik2:1);
end;
*************z(lke out lQZe’.x-
if (differentl=false) and (differentw=true) then
{\'uryl'ng widths only)
begin
for i=1 to goodcount do
leastsq2(i.1.pood count.1 /good wid thiil,
good paramvaluelil.constant,linear1);
if TRACE32=true then writeln(userout2,
"diffl=false & diffw=true & constant="constant,
" linearl="linearl):

end;
if (differentl=true) and (differentw=false) then
{varying lengths onlx}
begin
for i=1 1o poodcount do
leastsy2(i.] poodcount.l /goodlengthlil,
pood paramvaluelil.constant.linear! %
if TRACE32=true then writein(userout2,
‘diffi=true & diffw=false & constant="constant,
" linear1=linearl);
end;
if (differentl=true) and (diffecrentw=true) then
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{varying lengths and widths}
begin
for i=1 to goodcount do :
leastsq3(i,1,good count,] /goodle$th[i],
1 /good widthli),good param valueli],
constant,linearl,linear2);
if TRACE32=true then writeln(userou1,
‘diffl=true & diffw=true & constant=",constant,
* linearl="linearl,” linear2=".linear2);
end:
end:
end {end of goodcount>I}
else if goodcounti=1 then
if betazero=true then
linear 1:=cox*good param value{1]
{this is done so that betazero will be processpar(lbetazeroparam]
ie. because values ure divided bx cox in loud_up_ process_
parameters to get mobility. but if goodcount=1. then onix
one good device exists and that parameter = betd. so
multiply by cox so it is later divided back out}
else
constani=good paramvalue{1];
{else goodcount=2 and leastsq3 procedure doesn’'t work for 2 maxindex=2.
(leastsq3 gives back bad values for goodcount=2}
end: lend of procedure !_and_w_dependencies)

procedure process_parameter_errors( wid thlength paramvalueprocessarFQOCESS__parameter_errors
constant.linearl linear2:real: entries:inteper:
var ma.\'error,errorwidth,errorlength:real):

{this procedure is called ufter the process parameters have been determined.

and it returns the worst error, and the w and ! for thut device}

var countinteger:
simparam:real; fthis is the simulated value of the parameter)
errorparam:real; {this is the error Jor a given device}

begin
maxerror:=0.0;
errorwidth=wid th{ 1};
errorlength=length[1];
for count=1 to entries do
begin
simparam:=constant+1 /length[count}*linearl
+1 /width[count]*linear2;
if paramvalue[count]<>0.0 then
errorparam:=100*abs((paramvaluelcount]—simparam) /

paramvaluelcount))
else if simparam=0 then {paramvalue=0 and simparam=0}
errorparam:=0.0
else { paramvalue=0 and simparam <>0}
errorparam:=100.0:
if errorparam >maxerror then
begin  {this is worst error so far}

maxerror:=errorparam;
errorwidth=width{count];
errorleng th=lengthlcount];
end:
end; :
end; {end of procedure to determine process parameter errors)
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{procedure load_up_ process_parameters)

if TRACE3l=true then writeln(userout2,’load_up_proc_params——entering’);

take out later** }

take out later

{this is where the parameters beta, deltaW and deltal are evaluated)
case filenumb of
lireset(nchanenh, NEDFILE.TEXT ):
2:reset(pchanenh, PEDFILE.TEXT )
3:reset(nchandep, NDDFILE.TEXT'):
4:resetipchandep, PDDFILETEX T )
Siresettnchanzer, NZDFILE.TEXT )
6:reset( pehanzer, PZDFILETEXT');
end: {end of case to reset files}
for numbdevice=1 to numbval do

begin

end;

case filenumb of
l:readln{nchanenh,widths);
2:read In(pchanenh,widths);
3:readIn(nchandep,widths);
4:readIn(pchandep,widths);
S:read In(nchanzer,widths);
6:read In(pchanzer,widths);
end; {end of case to read width}
case filenumb of
Iiread In(nchanenh.leng ths);
2ixead In{pchanenh.leng ths);
3wreadIn(nchandep.engths);
4:read In(pchandep,lengths):
Siread In(nchanzer,lengths):
6:read In(pchanzer.lengths):
end; {end of case to read Iunglh}
for skip=1 to betazeroparam—1 do
case filenumb of
l:readIn( nchanenh.ignores):
2:readIn( pchanenh ignores);
3rcadln(nchandep.ignores):
4readIn{ pchandep,ignores);
S:ireadIn(nchanzer,i gnores);
6:readin(pchanzer,ignores);
end; f{end of cuse to skip values up to betazero}
case filenumb of
l:read In(nchanenh,betazeros);
2:read In(pchanenh.betazeros);
3:readIn(nchandep,betazeros);
4:readIn(pchandep,betazeros);
S:read In(nchanzer,betazeros);
6:readIn(pchanzer,betazeros):
end; {end of cuse to read betuzero string}
for skip=1 to numbbsim+1—betazeroparam do
case filenumb of
LircadIn( nchanenh.ig nores);
2readIn(pchanenh.ig nores):
3readln( nchandep,ignores);
4:readIn(pechandep.ignores):
S:readIn(nchanzerignores):
6:rcadin(pchanzerignores):
end; lend of cuse to skip values uafter betazero}

{here is where the strings are converted lo real numbers}

{the width and length herc are MASK values}
width[numbdevice):=strtoreall wid ths);
length[numbdevice]=strtoreal(lengths);
paramvalue[numbdevice]:=strioreal (betazeros);
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take out later’

{

if TRACE33=true then lsq3==true;
if TRACE3l=true then writeln(userout2, .
“load _up_proc_params——entering beta 1_and_w depen’);

take out later™

1_and_ w_dependencies(width,length,paramvalue,mindL,uncox,
dWuncox,numbval,true.number__good _ devices_ error);

take our later™

if TRACE3l=true then writeln(userout2, .
‘just after 1&w for BETA & number_good_devices_error=goodcount=",
number_good__devices_error:3k

if TRACE31=true then writeln{userout2,
“load _up_proc_params——came out of beta ]_and_w depen’);

take out later™

{ *%X

if number_good _devices_error <>2 then

begin

processpar] 1,betazeroparam}=uncox /cox;

processpar|2,betazeroparam}=—mindL;
if uncox <>0 then
processpar| 3.betazeroparam}:=d Wuncox /uncox

else

processpar| 3,betazeroparam}:=0.0;

}

**)

{* take out later
if TRACE32=true then writeln(userout2.

{m"

*%x

processpar{4,betazeroparam}=0.0;
processpar| 3.betazeroparam]:=0.0:
processpar|6,betazeroparam}=0.0;
lthis is where the remuining parameters are evaluated)

“processpar{1.6]=",processpar{1.6].

processpar{2.6]=" processpar{2.6).

" processpar{ 3.6]=",processpar{3.6));

% ****tdkt’ ot ldu.,.*******m*****nn***}

° for paramcount:=1 10 numbbsim do
if paramcount <>betazeroparam then

begin

case filenumb of

Lireset(nchanenh.” NEDFILE.TEX1" ).
Ziresettpchanenh. PEDFILE.TEXT' X
3iresettnchandep,”’ NDDFILE.TEXT):
4:reset(pchandep, PDDFILE.TEXT' ):
Swreset(nchanzer.’ NZDFILETEXT');
6:reset(pchanzer, PZDFILETEXT )

end;

{end oy cuse to open files}

for numbdevice:==1 10 numbval do

begin

case filenumb of
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I:read In{nchanenh,widths);
2:readIn{pchanenh,widths):
3readIn({nchandep,widths);
4:xreadIn(pchandep,widths):
S:read In(nchanzer,wid ths);
6:read In{pchanzer,wid ths);

{end of case to read width)

case filenumb of

Liread In(nchanenh.leng ths);
2Ziread In{pchanenh.lengths):
3ireadIn{nchandep,lengths);
4readiIn(pchandep,lengihs);
5:readln(nchanzer,lenglhs):
6:read In(pchanzer,lengths);
{end of case to read length}
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{width and length here are changed to EFFECTIVE values}
width[numbdevice]=strtoreal(widths) +
processpar|3,betazeroparam];
length{numbdevice]=strioreal(lengths) +
processpar(2.betazeroparam};
for skip=1 to paramcount—1 do
case filenumb of
Lireadln(nchanenh,ignores);
2:readln(pchanenh,ignores);
3readln(nchandep,ignores);
4:readln(pchandep,ignores);
S:readln(nchanzer,ignores);
6:readIn(pchanzer,ignores);
end; {end of case to skip values}
case filenumb of
LreadIn(nchanenh,paramvalues);
2:readIn(pchanenh paramvalues):
3rreadIn(nchandep,paramvalues):;
4:read In(pchandep,paramvalues ):
S:read In(nchanzer,paramvalues):
6:read In(pchanzer.paramvalues);
end: {end of cuse to read value}
for skip=1 to numbbsim+l—paramcount do
case filenumb of
I:readin( nchanenh,ignores);
2readIn(pchanenh,ignores):
3axeadln(nchandep.ignores);
4:readln(pchand epignores):
S:readln(nchanzer.ignores):
6:readln(pchanzer.ignores)
end: {end of cuse to get o next purumeter set}
paramvalue numbdevicel=sirtoreal( paramvalues):
{>>5>5>>>>>>>>>>>>>>SHERE 1S WHERE BETA TERMS ARE CONVERTED<<<<<<<<K
[>555555555555>55>5555555>>555>>>>>>I'0 MOBILITY TERMS. <<<<<<<<LL<LLLLLLLLL<L<
{now convert 4 betu terms to mobility terms) .
if ((paramcount=9) or (paramcount=14) or
(paramcount=15) or (paramcount=16)) then
" paramvalue[numbdevicel:==paramvalue[numbdevice] /
cox /wid th[numbdevicel*length[numbdevice}:
{JRPHU>>>>>>>>>5>>>>>>>>>>HERE 1S WHERE Ul TERMS ARE CONV ERTED<<<<<<LL<L<LL<L<<L<}

{JRPY >>>>>>>>>>>>555>>5>>>5>5>5>>>T0 Ul X LENGTH TERMS. <<<<<<<L<<<L<<<<<<<<K
{now convert 3 Ul terms to Ul X LENGTH terms}

{JRP}
{JRP} ' if ((paramcount=8) or (paramcount=13) or
{JRP} (paramcount=17)) then
{JRP} paramvalue[numbdevice]=paramvalue[numbdevice]
{JRP} *length[numbdevice);
end;
{ take out later*** }

if TRACE31=truc then writein(userout2, .
“load _up_ proc_params——entering other 1_and_w depen )

if TRACE30=true then

begin -
gif (paramcount=8) or (paramcount=13) or (paramcount=17) then
begin
writeln(userout2,
“before calling 1_and_w & paramcount=’,
paramcount:2):
for i=1 1o numbval do
write(userout2,” paramvalue[ i:1.'}=",paramvalueli]);
end;
end:
{ take out later }

1_and_ w_dependencies(width,length.param value,processpar{1,
paramcoum],proccss]]mr[ 2,paramcount],
processpar( 3,paramcount}.numbval,false,
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number_good _devices_error);

{ take out later
if TRACE31l=true then writeln(userout2,
“just after l&w for’,paramcount:2,
* param & number_good_devices_error=goodcount=",
number__good_devices__error:3);
if TRACE33=true then lsq3:=fulse;
if TRACE3l=true then writeln(userout2,
“load _up_proc_params——camc out of other 1_and_w depen’);
{ take oul later Rk Rekok B kR R Rk |
process__parameter_errors( wid th.ength,paramvalue,
processpar|1.paramcount),
processpar[2,paramcount],
processpar[3,paramcount]numbval,
processpar{4.paramcount),
processpar(S.paramcount),
processpar[6,paramcount]):
{* ok ¥ tuke out later*** Rk ok KK
if TRACE3l=true then writeln(userout2,
“load_up_ proc_params——camc out of proc_param_errors’,
* for paramcont=",paramcount);
{* Kkkkdikkopkakike  Fo ot later }
{change mex erro- device widta and length to mask dimensions}
processpar{S,paramcount)=processpar| 5,paramcount]—
processpar{ 3 betazeroparam];
processpar{6.paramcount):=processpar{6,paramcount]—
processpar] 2, betazeroparam]:
end:
[rrrssrnt bk BRERER G Lo Ul [aler PR R R K |

if TRACE3I=true then writeln(userout2,

'FINISHED WITH ALL 17 PARAMS & number_good_devices_error=goodcount=",

number_ yood _devices_error:3);
{Haknx i *tuke ot later*
{here is where the &kl veriations with L and W are stored}

*}

case filenumb of

end;

:nel k 1:=processpar(2,3}:
2:petk 1=processpar{2.3]:
3:ndlk I=processpar{ 2,3}
4:pd1k I:=processpar] 2.3}
S:nzlk L:=processpar{2,3];
6:pzlk L:=processpar] 2,3);
{end of cuse to S in k1 variations with L}

case filenumb of

end:

I:newk 1 =processpar| 3,3}
2:pewk 1=processpar] 3,3}
3:ndw k 1:=processpar{3,3]:
4:pdwk 1 =processpar([3,3);
S:nzwk 1=processpar{ 3,3}
6:pzwk 1:=processpar( 3,3}
lend of case to fill in kI variations with W)}

{here is where deliel and deltaW values are stored)
case {ilenumb of

end:

L:ned I:=processpar| 2,betazeroparam):
2:ped I=processpar[2,betazeroparam];
3:ndd l:=processpar] 2,betazeroparam ;
4:pdd L:=processpar{ 2.betazeroparam):
S:nzdl:=processpar(2,betazeroparam];
6:pzdl:=processpar] 2,betazeroparam];
{end of case 1o store deltal values)

case filenumb of
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l:nedw:= processpar[ 3,betazeroparam k
2:ped w:=processpar(3,betazeroparam};
3:ndd w=processpar| 3,betazeroparam];
4:pdd w:=processpar| 3,betazeroparam];
S:nzdw:=processpai{ 3,betazeroparam);
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6:pzdw=processpar(3 betazeroparam};
end; {end of case to store deltal values}
end; {of if number_good_device_error <>2..}
end; {of procedure load_up_ process_parameters)

procedure write_into_the_output_file(devicetype:integer); wr ite_into _the _out put_flle
{this procedure handles storing the present user process file into a
temporary file, and adding the latest process file to it}

var ijinteger;
userfilestring[20];
valuesstri ngF80]:
devicename:string[80);

begin
reset(useroutoutput_file);
rewrite(temporary, TEMP.TEXT" )
while not(eof(userout)) do
begin
read In(userout,values):
writeln{temporary,values);
end;
{here is where the new additions are made}
case dcvicetype of
lxdevicename="NMOSE’;
Zdevicename:="PMOSE":
3devicename="NMOSD’;
4devicename="PMOSD;
Sudevicename= NMOSZ':
6:devicename="PMOSZ’"; )
end: f{end of statement to name the device typel
writeln{temporarv.devicename):
writeln(temporary. *PROCESS="_process):
writeln(temporary, *RUN="]ot )
writelnitemporary, *W AFER="wafer);
writeln(temporary. *XPOS="present_diex:1);
writelnltemporary, *Y POS=" present _diey:1);
writeln(temporary. *OPERATOR="operator :
writelnltemporary, *DATE="datc);
for j=! 10 numbbsim do
begin
write( temporary.processpar{1,j]);
write(temporary.’, )
write(temporary,processpar{2,jl);
write(temporary,’, );
write( temporary, processpar[3,j]);
write(temporary, , );
writel temporary,processpar(4,j});
writeltemporary,’, );
writel temporary,processpar[5.j]);
writel temporary,’, );
writeln(temporary,processpar(6,j] ):
end;
tox:=tox*1E—4; {translate tox into microns from angstromsi
write(temporary,tox);
tox=tox*1E4;
write(temporary.’, );
temp=temp—273.15; {translates temp into celcius)
write(temporary,temp);
temp=temp+273.15;
write(temporary,”,’);
writeln(temporary,vdd);
close(temporary, save’);
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reset(temporary, TEMP.TEXT');
rewrite(userout,output_file);
while not(eof(temporary)) do
begin
read In(temporary,values),
writeln(userout,values);
end;
close{ userout, save’);
{ xrkrake out luter i }
if TRACE3S5=true then
begin
reset(userout,outpui_ file); .
writeln(userout2,’ Just created output file and here it is:' )
while not(eof(userout)) do
begin
readIn(userout.line_in_output_ file);
writeln(userout2,line_in_output_ file);
end;
writeln(userout2, That was it’);
close( userout, save’ );
end;

*: KKK K

*take out luter
end: {end of procedure write_into_the_out put_ file}

procedure process_error_ message(filenumber:integer); process_error_message
{this procedure displaxs an error message on the screen if an error
is discovered while in loud_up_ process_ parameters)

begin
gotoxy(0,22);
write("ONLY 2 GOOD DEVICES FOR')
case filenumber of
Iwrite(” NMOS—ENHANCEMENT. )
2writel” PMOS—ENHANCENENT. )
3:write(” NMOS—DEPLETION. )
Awrite(” PMOS—DEPLETION.");
Stwrite” NMOS—ZERO—THRESHOLD. ),
o:write(C PMOS—ZERO—THRESHOLD. )
end: {of case}
write(" NO PROCESS FILE DEVELOPED. )
if (mode="2") or (mode="3") then
begin
gotoxv(21,23);
write('Press "ENTER" 1o continue >’);
selection_input(49,23chr(ord(32))chr{ord(32)).continue):;
end;
gotoxy(0,22);
write(’ X
end; '

begin {begin the muain procedure to muke u process file)

gotoxv(21,23);

write{’DEVELOPING PROCESS FILES):

for i=1 to 6 do

begin
case i of

l:number__good _devices=numbne:
2:number_good _devices:=numbpe;
3:number_good _ devices=numbnd;
4:number__good _devices=numbpd;
Smmumber__good _devices=numbnz;
6:number__good _ devices=numbpz:
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end; {of case}
if number_good_ devices>0 then
begin
load __up_ process_ parameters(i,
number__good __devices,process_ error);
if process_error<>2 then
write__into_the_output_ file(i)
else
process__error__ message(i);
end;
end:
end: {end of procedure to muke a process file}

{ MAIN FILE CREATION ROUTINE }

begin {program process_ file_development begins here}
if new_wafer then
begin
rewrite(userout,output_filek
close(userout, save’);
end:
if new_die then
die_file_creation:  {this makes up the die files}
{jrplif (measure_error=0) and (leastsq_divide_by_zero=false) and
(extract_error=0) then {do ONLY if the device tested was not defective}
store_parameters_in_die_files(device) {thix stores device parameters}
else if (leastsy_divide_by_zero=true) then

begin
gotoxy(0.22);
write("THESE PARAMETERS ARE NOT BEING SAVED X
{irpl write(’: DIVIDE BY 0 IN LEAST SQUARE PROCEDURE’):
{jrr} end;
if end_of_die then
begin
if TRACE28=true then
begin
writeln(userout2.’ within p—f—d and at end of die');
maxidsstring="7.5E=5"; {set « value if reuading in
ids uarray from a file insteud of measuring devices}
end:
make__process_ files:
end:
end:
{ ERASE TEMPORARY FILES }
procedure erase_temporary_ files: erase_tempor ary_flles

{thix procedure is called at the end of the bsim program to purge files that
are not needed by spice} {to avoid purging files, the program should be
terminated with stop after it returns to the main menu

begin
reset{nchanenh, NEDFILETEXT');
close{ nchanenh, PURGE");
reset( pchanenh. ' PEDFILE.TEXT');
close( pchanenh,"PURGE);
reset(nchandep, NDDFILE.TEXT )
close( nchandep, PURGE’);
reset( pchand ep,' PDDFILE.TEXT');
close( pchandep, PURGE’);
reset{nchanzer,” NZDFILE.TEXT");
closel nchanzer, PURGE");
reset( pchanzer, PZDFILETEXT');
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close(pchanzer, PURGE’); .
reset(temporary, TEMP.TEXT' )
close(temporary, PURGE");
end;
{
{ AUTOMATIC PROBER ROUTINES : }
{
procedure read__prober_file(var xdie_size.ydie_size.origin_diex.origin_diey, r ead_pr ober ] ile

number_die,number_ devices:integer);
{the origin x and y die locations dare determined while reuding the die step
array. The number of die. and number of devices are ulso culculuted)
{tast change made: JUNE 19. 1984 by: JRP}

var xdie_sizestr.ydie_sizestr.command:linestring;
i.jinteger:

prober:text;

hegin

*k % *:

*fuke out later b )

if TRACE2l=true then Writeln(useroutz.'emering read _prober_ file’);
{* 3 uzke out laZe,.*****************************;}

resct( prober,prober _ file): {opens up the prover file for reading}
number_die=0;  {resets die counter}
if mode<>'3" then {if mode="3", die sizes are not included)
begin

{here is where the die size is read)

read In( prober,xdie_sizestr):

read In(prober,vdie_sizestr);

if TRACE23=true then writein(userout2,

“about to do strtoreal on xdie_sizestr');
xdie_size=trunc(strioreal{ xdic_sizestr)):
vdie_size=trunc{strioreal( yvdie_sizestr))
if TRACE23=true then writein(userout2,

“finished with strioreal on vdie_sizestr’);

end: {end of mode<>'3" check)
{now reud in the step urray into step_array}
{the urrax is read from left to right, top to bottom. locution [1,1] is
in the upper left corner. and location [20.20] is the lower right corner}
for j=1 to 20 do {scans rows}
hegin
for i:=1 to 19 do {scans columns}
read(prober step_arravli, j]);
read In( prober,step_ array([20,j));
end;
if TRACE23=true then writeln(userout2,
‘finished with reading in step array’);
{determine the number of die, and the origin die}
for j=1 to 20 do
for i=1 to 20 do
begin
if step_arrayl[i,jl <>'0" then
number_ die:=number_ die+1;
if (step_arrav(i,jl="X") or (step_arrav{ijl="x") then
begin
origin_ diex:=i;
origin_diev=j;
end;
end:
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{ take out later
if TRACE23=true then write(userout2, number_die = ",number_die);
if TRACE22=true then writeln(userout2,

o ‘about to start internal die stepping’);

im=0;

=0
{

take out later }
{here is where the internal die stepping is done)
number_ devices:=0;
{sd.sssgsbw ldied,mx, and my are valid command lines}
while not(cof(prober)) do
begin :
read In(prober.command);
if (command[1]="s") or (command[1}="S’) then
begin
if (command{2]="d") or (command[2]="D") then
sd[number_ devices]=digit(command[4])
else if (command[2]="g") or (command[2}="G") then
sglnumber_devices)=digit(command[4))
else if (command{2}="s") or (command[2}='$") then
sslnumber_devices]=digit(command[4])
else if (command[2]="b") or (command[2}="B’) then
sb[number__devices]:=digit(command(4]):
{ BARBRBRGRUR LSRR BBBBRBER BB SR ake out luter REAHBERRABBHBRBRE LR LR BB R S
if TRACE23=true then writeluserout2,i. finish with s commands ')

i=i+1;
{RHBHRBRRBEL SR BB BB BB LBt siti0 b out later RAHRRBIBHRBHHUR LR BB AR RBRR AR
end
else if (command{1}="w") or (command[1]="W’) then
hegin

strdeletelcommand,1.2);

w[number_devices}=strtorcal{command );
e e T later #AHRHH AR BR AR R AR R R R R B3 HE)
if TRACE23=true then writeluserout2,i, finish with w commands °)

i=i+1: .
{ REBAUBERBRRLLB I e Bttty Lo Ul later BHEBR LSRR BLERRRR BAT BB R BE SR E)
end
else if (command[1}="1") or (command[1}="L") then
begin

strdelete(command,1,2);
I number_devices}=strtoreal(command);
| BERBFARR BB B RGR BRI R R BB B B R ke out laler#############fﬁ################}
if TRACE23=true then write{userout2,, finish with 1 commands ')
i=i+1;
{ BARH R R R BB S R d #ake out later##############################}
end
else if ((command[1]="d") or (com{ngnd[l];D')) and
((command[2]="t") or (command[2]="T') then
begin
strdelete(command,1,3);
dt{nu mber_devices]:=u‘um-( strioreal{command)):
| #appnEn Bt Rt HR R RHR SRR ake out later##############?:‘################}
if TRACE23=true then writeluserout2.i.’ finish with d commands )
i=i+1;
{Banppppuppssupsppsiesepspumale oul later il Ryt R R R AR
end
else if ((command([1]="¢") or (comrpm’ul[]]iE')) and
((command{2)="d") or (command[2]="D’)) then
begin

strdelete(command,1,3);
ed[number__devicesl:=trunc(strioreal(command));
{ RARRUBRBBRR SR BUBRIIRRRRE S a ke out later BHBRRRRRBHR RS LR AR LR BRI R RRRRH)
if TRACE23=true then write{userout2,, finish with e commands ')
i=i+l;

Nov 15 20:23 1984 Page 136 of bsimlOTEXT



bsim1.0.TEXT bsim1.0.TEXT

~read_prober_file
{ MR R ake  out later AT AR R I A A |
end
else if ((command[1}="'m") or (command[1}="M")) then
begin
if (command[2]="x") or (command[2]="X") then
begin
strdelete(command,1,3);
mx{number_devices]=trunc(strtoreal(command));
end
else if (command{2]="y") or (command[2]="Y’) then
begin

strdelete command,1,3);
my[number_devices]=trunc(strioreallcommand)):
end; {<—————-— tuke out ; later}
{HERARBERBRRUHRRBRRBBRBERB IS e oul later BB SRR HARERBRIR SRS R SRR
if TRACE23=true then write{luserout2,i.’finish with m commands ')
fr=i+1;
|##tanpppnpppiprisntispassnmale out later #HERRRRR UG R RRen sy 1]
end
else if (command[1]="*) and (command[2]="*") then
number_devicess=number_devices+1;
(#HnaRRERRRREHERARRRERRIBEI le oul later #ERRRERBBRERBGHpI LB H L]
if TRACE23=true then writeluserout2., finish with * commands ’)
i=i+ 1 ‘
{RERZFRERBRBBRLRBER SRR EBBEM ke out later BHHHB AR B HHRERHHRBRL BB R 1)
end; lend of while notteof)}
number_devices:=number_devices—1; {this handles final **}
if TRACE23=true then writeIn(userout2,' number_devices = ",number_devicesk
closel prober. ’save’ ):

i take out later kK }
if TRACE2l=true then writeln(userout2,’leaving read_prober_file )
{**************************zake out Zazer****** K sk kol sieok ek Kok

end; {end of procedure to reud the prober fiic

procedure load _measure_two_ phif_array: load _measur C_D‘l’()__phif _array
{this procedure handles the order of all devices on a die so that the
lurgest and best for measuring 20f comes first for every type}

var iinteger;

procedure find_and_switclx_best_device(dtprescm,edprescnt:inteﬁf,’ld '_(Jfld _SVVil’Ch _best _d@ViCG
{this procedure scans all devices of a given type. und selects the most

optimal in terms of geometry for extracting 20f orn.}
{tast change made: NOV' 8, 1984 by: JRP

var largeindex.firstindex:integer:
areasmall _dimension,present_area,present__small_ dimension:real;
count.tempinteger:inteyer:
tempreal:real;

begin
largeindex=0;
firstindex:=0:
area:=0.0:
small__dimension=0.0;
{scar. for first occurrence o device typel
for count=1 to number_devices do
begin
if (ed[count]=edpresent) and (dt[count}=dipresent) then
begin
if firstindex=0 then
begin
firstindex=count;
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largeindex=count;
area=w{count]*i[count];
if wicount]>llcount] then
small_ dimension=l{count]
else
small__dimension=w|count};
end
else
begin
if ((w[count]*llcouni])>area) and
(w[count]>small_dimension) and
(1lcount] >small_dimension) then
begin
if wlcount]>i[count] then
small_ dimension:=][count]
else
small_ dimension=w{count]:
area:=w|count]*[count];
largeindex:=count:
end;
end:
end:;
end;
lhere is where the switch is done to muke the best device first}
if firstindex>0 then
begin
{JRP} if mode<>'3" then ({don’t switch in manual probe stution mode}
{JRP} begin
tempinteger:=sd(firstindex):
sd[firstindex)=sd[largeindex):
sd[largeindex)=tempinteger:
tempinteger:=sg{firstindex]:
sgl firstindex]=sgl largeindex):
sgllargeindex]=tempinteger:
tempinteger=ss{firstindex]:
ss{firstind ex]:=ss{largeindex]:
ss[largeindex]=tempinteyer:
tempinteger:=sblfirstindex];
sblfirstindex]:=sblargeindex]:
sbllargeindex]=tempinteger:
tempinteger=mx[firstindex]:
mx[firstindex]:=mx{largeindex];
mx|[largeindex]=tempinteger:
tempinteg cr:=my[ firstindex];
my[firstindex}=my[largeindex];
my(largeindex]=tempinteger:
tempreal:=w{firstindex];
w{firstindex}=w{largeindex};
{JRP} w{largeindex]:=tempreal;
tempreal:=|[firstindex];
l[firstindex]=1[larpeindex}:
llargeindex]:=tempreal:

{JRP} end;
meas_two__phil[firstindex]:==TRUE:
end:
end: {end of procedure to set up 20f measurement order}

begin {begin procedure to hundle various device tvpes and select order)
| RAHHURHHARBBURRERRRBRERRRIRak e oul uler BRHRERREREEHARBRB BB AR RB S H2H )
if TRACE2l=true then writeln(userout2,
‘entering load _ measure_two_ phif_array’);
| RARHAHARARR RARRAR B RARBHARR ke 0UL Ller BRAHHARAR AR BR BB URAREH BRI )
for i=1 to number_devices do
meas__two_ phifli]=F ALSE:
find _and_switch_ best_device(—1,—1);
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find_and_switch_best__ device(—1,0);
find_and_switch__best__device(—1,1);
find_and_switch__best_device(1,—1);
find _and_switch_ best__device(1,0);
find__and_switch_ best__device(1,1);

bsim1.0.TEXT

~load_measure_two_phif _array

{the JSollowing values of phif2 are stored in case the first device

which is tested for phif2 is a bad device}
pd phif2:=0.6;
pzphif2:=0.6;
pephif2:=0.6;
nd phif2:=0.6:
nzphif2:=0.6;
nephif 2:=0.6:

| RAHBARRRRERERBBRURBRRRRERIL Ak out later BRHHEHH R R AR R R R R )
if TRACE23=1rue then writeln(userout2.'pdphifs etc.. values set to 0.6");

if TRACE21=true then writeln(userout2.'leaving load _meas_2_ phif _arrav’):

| BR AR HBRARER LR BRRERRRERRRIR ke oul laler BRRPRHLSHHPLSRSES Lo s ot ot tege st

end; \end of procedure to hundile 204 arrax)

procedure load _automatic_parameters(device _number:integer):

load_automatic_paramerters

{this procedure loads up the smu connections, w, l, device type etc.
Srom the global arrays which have the information for the device)

begin
smud:=sd[device_number];
smug=sgl[device_number};
smus:=ss|device_number];
smub=sbldevice_number}):
width:=w{device_number];
length=1{device_number};
device:=d t[de\'ice_ number}:
enhancement_depletion:=ed{device_number]:
meas__20{=meas_ two_ phif{device_number):
end;

rocedure prober_move(deltaxdeltayiinteger);

Tthis routine handles all movement of the prober)
{the step array size must be previously set}

{last change made: JUNE 20, 1984 by: JRP}

var read v:boolean;
ispoll _byte.nextposition:integer;
message:array(1..10] of char;
deltaxstr.deltaystristringl6);

begin

deltaxstr:=" ;
deltavstr=" "

strwrite(deltaxstr.l.nex tposition.deltax:1);
strwrite(deltaystr.l.nextpositiondeltay:1):

{here is where the trailing blunks ure trimmed)
dehaxstr:=s1rrlrim(deltaxsu'%:
deltaystr=strririm(deltaystr):

talk__to_ hpiblhpib_ prober__add ress):

{Z down before move)

writestringln(700+hpib_ prober_address,’ZD’);
wait_till_bit7_IOSTATUS_ set;
writestring(700+hpib_ prober_address,” MOX ")

Nov 15 20:23 1984
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writestring(700+hpib_ prober_address,deltaxstr);
writestring(700+hpib__prober_address, Y');
writestringIn(700+hpib_ prober__address,deltaysts);
waijt_till__bit7_IOSTATUS_ set;
{check Sor the signal that message is to be sent from prober}
read y=false;
while not(ready) do

read y:=requested(7);
spoll_ byte:=spol1(700+hpib_ prober_address);
{here is where the prober message is read}
listen_to_hpib(hpib_ prober_address);
i=1;
repeat

begin

readchar(7.messageli]);
i=i+1:

end:
until end_set(7);
{here is where the ZUP is issued)
talk __to_ hpib(hpib_ prober_add ress);
writestringln(700+hpib_ prober__address,’ ZU");
wait__till__bit7_IOSTATUS_set:

untalk(7):
unlisten(7);
end; {end of procedure to move prober}
procedure set_die_size(xmicron,ymicron:integer); set __dle _SiZG

{this procedure is called to set the die size of the wafer. For internal
die stepping. the procedure sets the die size at 1 micron}
{last change mude: JUNE 20. 1984 by: JRP}

var xmicronstr.ymicronstr:stringl6):
nexipositioninteger:

begin
{here is where the dic size strin gs are setup}
Xmicronstr=" "
ymicronstr=" "
strwrite{xmicronstr.]l.nextposition.xmicron:1);
strwrite( ymicronstr.1,next position.vmicron:1);
{trim the trailing blunks}
xmicronstr=strririm(xmicronstr);
ymicronstr=strrtrim( ymicronstr);
talk__to_ hpib(hpib_ prober_add ress);
writestring(700+hpib_prober__address, SP1X); {this does die size preset}
writestring(700+hpib_ prober__add ress.x micronstr);
writestring(700+hpib_ prober__address, Y');
writestringl n(700+hpib_ prober__address,ymicronstr);
wait__till_bit7_IOSTATUS_ set;
writestringIn(700+hpib_prober_address,'SP2X0YO0'):  {this does origin preset}
wait_till_bit7_JOSTATUS _set;
untalk(7):
unlisten{7);
end: lend of procedure to set die size}

procedure set_up_ prober_inilial_conditions; set _up_prober _Lnll'lal ___QOndll'lOflS
{this procedure sets up the prober to use microns insteud of mils,

and it sets up the proper coordinate system quadrant tquadrant 2}

{last change made: JUNE 20. 1984 by: JRP)

begin
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{ AR RABRBHBRBRRIAR AR ake  out later BAHHH IR IR IR AR |
if TRACE2l=true then writeln(userout2,
“entering set_up_prober_initial_conditions’);

| BRERBBHRHBRUBR IR RN ake out later BHHH IR IR R I AR R S|
talk_to_hpib{hpib_ prober_address);
writestringln(700+hpib_ prober__address,’SM1U1");
wait_till__bit7_IOSTATUS__ set;
writestringln(700+hpib_ prober__address, SM2Q2'); ({sets up quadrant=2)
wait_till_bit7_IOSTATUS_set;
untalk(7);
unlisten(7});
| #ARRRELARBH B RRRARRBREREERLE oul (uler RRHHEHBA RS SR R Bt it
if TRACE2l=true then writelnluserout2,

“leaving set_up_prober_initial_conditions’);
| ansanas HERES BB R R R SR 0 ke out luter RHIHA BB RH R BERRH EH R R R #

end; {end of procedure 1o set micron units}

procedure step_to_nexi_dielvar present_diex,present_diey:integer; Step_to_next __dle
var initial_jump.end_of _wafer:boolean);

var ijinteger;
next_diex,next_diey:inteper;

begin
{i £ initial jump then find the first die)
next_diex=0:
next_diey=0:
end_of _wafer=false:
it initial_jump=true then
begin
for j=1 to 20 do
for i=1 to 20 do
if (step_arravli,jl<>'0") and (next_diex=0) then
begin
next_diex:=i;
next_diev=j;
end:
initial _jump:=false:
end {end of handling for initil jump)
else
begin
{check present row)
for i=present_diex+l to 20 do
if (step_arrayli,present_diey] <>'0") and (next_diex=0) then
begin
next__diex:=i;
next__diey=present__diey:
end;
if next_diex=0 then {next dic not in the same row}
for j=presenm_diev+l to 20 do
for i=1 to 20 do
if (step_arrayli,jl <>'0") and (next_diex=0) then
hegin
next_diex:=i:
next_diey:=j;
end:
end; {end of getting next_die locations for non—initial jump)
if next_diex=0 then
end_of _wafer:=true
else
begin
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{now if using an automatic prober, move to next dz'e}
if (mode<>'3") then
prober_ move(next_ diex—present_diex,next_ diey~present_ diey);
present__diex:=next_diex;
present__diey=next_ diey;
end;
end; {end of procedure to step to next die}

procedure unload _wafer; unload_wa f er

{this procedure brings the wafer buck to the unload position)
{last chunge made: JUNE 20, 1984 by: JRP}

begin
talk_to_ hpiblhpib_ prober _address):
writestringln(700+hpib__prober_address, HO )
wait_till__bit7_IOSTATUS_ set;
writestring(700+hpib__prober_address, MEOVER 1 BILLION BSIM EXTRACTION )
writestringln(700+hpib_ prober_address.” CUSTOMERS SERVED):
wait_till_bit7_IOSTATUS_ set;
untalk(7);
unlisten(7);
end: {end of procedure to unload wafer}

*E *k }
{** ok ko ok ****#********.\1._;]‘7\7 BS‘] '\1 PROGR._‘ .\‘l *k Ak ek ok **}
{ ok ko sk ok kk FT K 5k ek Aok skok Kok ok k }

hegin {thix is the main anne3 program}
sy 3=false:
TRACE21:=falsc;
TRACE22:=false:
TRACE23:=false;
TRACE24:={alse:
TRACE2S:=false;
TRACE26:={false;
TRACE27={alse;
TRACE30:=false;
TRACE31 :=false;
TRACE32:={false;
TRACE33:=falsc;
TRACE34:=false;
TRACE35:={alse; {TRACE 28,29, and 29b set by user)
{irp} TRACE36:=false;
{jirp} TRACE37=false;
{irp} TRACE38:=false:
{jrp} TRACE39:={alse:
{JRPITRACE40:=false;
{JRPITRACEA41 =false;
{JRPITRACE\ TH:=false;
{TRACE 21:=true;
TRACE 22:=true;
TRACE 23=true;
TRACE 24:=true:
TRACE 25:=true;
TRACE 26 =true;
TRACE 27 =true;
TRACE 30:=true;
TRACE31:=true;
TRACE 32:=true;
TRACE 33:=true;
TRACE 34:=true;}
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{T RACE 35:=true;}
{irpHTRACE 36 =true:}
{irpHTRACE37:=true;}
{irpH{ TRACE 38:=true;}
{irpHTRACE 39:=true:}
{JRPHTRACE40:=true;}
{JRPHTRACE4I:=true;}
{JRPHTRACE\N'T H:=true;}

rewrite(userout2.” #6:°);

{Ft ok ok AR AR AE AR TN AK Rk KKK Kk * } .
{HERE 1S WHERF HPIB ANALYZER AND PROBER ADDRESSES CAN BE CHANGED GLOBALLY |}
{ Fok ok Ak Kk & KRR KKKk ** }

hpib_analvzer_address=17;
hpib_ prober__address:=14;
first_time_ thru_program:=true;
end _of __program:=false;
all _die__are__bad=true; {initially, no good devices huve been found|
first_pood _ die=0;
oinitinlize:  ‘initializes all of the I /O devices and interfaces}
repeat
all_devices_are_bad=true: {initially, at present die. no good devices)
initial_bsim_page; {provides menu. and determines operation mode}
first_good _device=0: {= 1 when found first good device}
fuke_ meas_ 20f:=false: {in case Ist device is defective}
if mode<>'5" then
begin
inital_status_inputs:  {this reguests all necessary inputs}
first_time_thru_program:=false; {decided not to quit immediately}

end:
case mode of  {this calis sequence of routines to service mode}
1.2 :begin {this is rsor automutic prober and

septi—gutomatic==iwith automatic prober! modes}
!***h%***ﬂt‘**********************l LU.\' e out ("Iter***********************
gotoxyt0.0h
writel’ ",‘
gotoxy(0.0);
writel wunt o create 120 ids value array' )
writel' instead of measuring? (Y /N) >
ves__no__ selection_input(66.0.TRACE29);
if TRACE29=irue then
begin
gotox~t0,7);
writel” )
wrizet ‘want to print out 120 ids value arrax? >'):
ves_no_selection_inputl40,1,T RACE 29b);
end;
if TRACE 29=jalse then
TRACE28:=true
eise
TRACE28:=false;

****!***ul*****t*#*************takc out later “""*}

read _prober__file(xdie_size,vdie_ size.origin_ diex.
origin_ diey,number_ die.number_ devices);
load _measure_1wo_ phif_array;
{all probing information is now known)
initial_jump:=true: {go from origin to first die}
end__of _ wafer=false;
set _up__prober__initial__conditions:
set__die_size(xdie_size,vdie_size):
present_diex=origin_ diex;
present_diey=origin_diey;
step_to_next__die(present_diex,present_diey,
initial_jump,end_of _wafer);
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{now the prober is at the first die to be tested)
present__die=1;
while not(end_of_wafer) do
begin
{here is where a die is tested)
set_die_size(1,1); {micron units}
for present_device=1 to number_devices do
begin
leastsq__divide_ by _ zero=false;
prober__move( mx[present_devicel.my{present_device));
{for first device of die. user huas already been
asked to check probes. so don’! ask againg
if ((mode="2") and (present_dcvice <>1)) then
begin
gotoxv(22.23):
write("Are probes on next device? If so.'k
write(” Press "ENTER" >')
selection_inpu1(72,23.chrlord(32}).chrlord(32)) continue);
end;
device=0;
enhancement_depletion=0; {louds up device types}
load _automatic__parameters(present _ device):
initial_status_ display;
time_count=1; {for bsim_timer routine}
{now at present device}
take out luter i
if TRACE28=true then
begin
if present_device=1 then
reset(tempfile, file 1. TEXT');
if present_device=2 then
reset(tempfile. {ile 2. TEXT X
if present_device=3 then
resctCtempfile, file3.TEXT )
if present_device=4 then
reset(tempfile. file4 TEXT %
for iii=1 to numbvd do
begin
for jjj=1 to numbvb do
hegin
for kkk=1 to numbvy do
hegin
read In(tempfile,
idsstringliii,jjjkkk]):
idsliii,jjj, kkk}=strtoreallidsstringliii,jjjkkk];
end;
end:

{ ek ek ok ek

end;
readln(tempfile.vgsstring[1,1,1]);  {**** (ine}
for iii=1 to numbvd do
begin
for jjj=1 to numbvb do
begin
for kkk:=1 to numbvg do
begin
read In(tempfile,
vesstringliii.jjjkkk])
vgsliii, jjjkkk]=strtorealivgsstringliii,jjj,k kk]);
end;
end;
end;
close(tempfile, save’):
device:=1;
measure__error:=0:
vds[1}:=0.1;
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vds[2}:=0.2;
vds(3):=4.5;
vds[4}:=5.0;
vbs 1]=—5.0;
vbs[2]=—4.0;
vbs|3)=-3.0;
vbs[4)=—2.0;
vbs[5):=—1.0;
vbs[6):=0.0:
end:
if TRACE28=false then
{ sRRRRRRRRX 0 ke out later }
measure_deviceldevice,measure_ errorsmud.smug.smussmub,vdd);
new _ die=false:
end_ of _diex=false;
if (all_devices_are_bad=true) and (measure_error=0) then
begin {found Ist good device of present die)
all__devices_are_ bad:=false:
first__good_ device:=1;
fake_ meas_ 20f=TRUE:
end;
if (all_die_are_bad=true) and
(all_devices_are_bad=false} then
begin {found first good die of wajer}
all__die_are__bad:=false:
first__good _die=1;
end:
it (preseni_device=1) or (first_good_device=1) then
new _die=true; {either Ist device or Ist good device}
if present_device=number_devices then
end_of _die=true;
it (new_die=true) and
t (preseni_die=1) or (first_good _die=1) ) then
new _wafer:=true; {(either Ist device or Ist
wood device) and (Ist die or Ist good diel
~5imply put.lst good device on wa fer}
if (measure_error=()) then
extract__device__parameters:
{withir process_ file_development. if measure_error <>}
{jirp} {0 & extract_error<>0 then do nothing. however. if}
{end_of_die is true. make_process_ files 1S CALLED}
process_file_ development(new _dieend_of _dienew_ wafer):
first_good _ device:=0:
first_good __die=0;
fake_ meas_ 20{=false;
end; {end of testing ull devices on the die}
{ **ruke out later }
if TRACE35=true then
begin
reset(userout,output_ file);
writeln{userout2,
“Just before entering po_graphics and here is output [file: )
while not(eof(userout)) do
begin
readln(useroutline_in_ outpui_file)
writeln(userout2,line_in_output_file):
end:
writeln(userout2,” That was it’);
close{ userout.’save’ );
end:
{ tuke out later® }
if po_ graphics_ wanted=true then
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{jrp}
{jrp}
o
{ir}
{jrp}

{jrp}

{jrp}

{JRP}

bsim1.0.TEXT

begin
if mode="2" then
begin
gotoxy(21,23);
write('Press "ENTER" to continue >');
selection_input(49.23,chr(ord(32)),
chr(ord(32)),continue);
end:
po__graphics;
end;

{return to die origin)
prober_ move(0,0):
set_die_size(xdie_size,ydie_size )
step__to_next_die{ present_diex,present_diey.
initial_jump.end_of _ wafer):
present__die=present_die+1;
{slop Jor semi—automatic mode if not at end of wuafer}
if ((mode="2") and (not(end_of_wafer))) then
begin
rotoxy(21.23);
write{ Are probes on Ist device of next die?’)
write(" If so, Hit "ENTER" >');
selection__input(80,23.chr(ord(32)),chr{ord(32)) continue):
end;
end: {now prober is at next die or wafer is done}
{the wafer is now complete}

iv_graphics;
{unload _wa ferpesssexssxskdne back in later}|sends wajfer to home position}
end; {end of automatic probing mode} .

'3 :hegin {semi—automatic (with manual prober! mode}

if TRACE21=true then writeln(userout2.’entering mode "3" loop’):
read _prober_file(xdie_size.vdie_ size.origin_diex,
origin_dicy.number_die,number_devices):
if TRACE21=true then writeln{userout2.
“entering loud _measu re_two_phif _array’);
load _ measure_two_ phif _array:
{all probing injormation is now known}
if TRACE23=true then writeln(userout2,
"Phif2 now equals .¢2_ phif2:1:3);
initial_jump:=true:
end_of _ wafer=false;
present_diex=origin_ diex;
present_diev=origin_diey:
{szepping does not uctually occur for mode="3", but bookkeeping
of die locution is done in step_to_next_die}
step_to__next_ dielpresent_diex,present_diey,
initial _jump,end_of _ wafer);
{the prober should have been pluced at the Ist die to be tested)
present_die=1;
if TRACE40O=false then begin
while not(end_of_wafer) do
begin
{here is where a die is tested)
for present_device:=1 to number_devices do
begin
leastsq_divide_by_ zero=false:
{for first device of die. user has alreadyx been
asked to check probes, so don’t ask ugain}
if (present_device <>1) then
begin
gotoxv(22,23); ,
write('Move the probes to the next device’);
write(” and Press "ENTER" >')
selection_input(77.23,chr(ord(32))chr{ord(32)),continue);
end;
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device=0;

enhancement_depletion=0; {loads up device types}
load _automatic_parameters(present_device); ‘
if TRACE2l1=true then writein(userout2,

'enlering initial_status_display’ )
initial _status_ display;
time_count=1; {for bsim_timer routine}

{now at present device}
if TRACE21=true then writeln(userout2,

‘entering measure_device’);
measure_device(device.measure_errorsmud,smug.smussmub,vdd )
new _die=false;
end__of _die=false:
new _ wafer=false:
if (all_devices_are_bad=true) and (measurc_error=0) then

hegin {Tfmmd Ist good device of present die}

all_devices_are_ bad:=false;
first_gooud _devicer=1:
fake__meas_ 20f=TRUE;
end;
if (all_die_are_bad=truc) and
(all_devices_arc_bad=false) then
begin {jound first good div of wajert
all_die_are_ bad:=falsc:
first__good _die=1;
end;
if (present_device=1) or (firsi_pood_device=1) then
new_die=true: {cither Ist device or Ist goud devicel
if present_devicesnumber_devices then
end_of _die:=true:
if (new_die=true) and
( (preseni_die=1) or (first_good_die=1) ) then
new_wafer=true: {ieither Ist device or Ist
good device! and (lst die or Ist good dic!
wsimply put.ist good device on wafer|
if (measure_error=0) then
extract__device_parameters;

{jrpt {within process_ file_development, if measure_error <>}
U"PI {0 & extruct _error <>0 then do nothing. however. i £}
{jrpl fend_of _di¢ is true, make_process_ files 1S CALLED}

process_ {ile_development(new_die,end_of _die,new_ wafer);
first_good _device:=0;
first__good _die:=0;
fake__meas_20f=false;
end: {end of testing all devices on the die}
if po_graphics_ wanted=true then

{irpl begin

{jrpl gotox v(21,23);

{jrp} write{ ' Press "ENTER" 1o continue >');
{jrpl selection_inpu1(49,23 chr{ord(32)).chir(ord(32)).

continue )
po__graphics:
{jrp} end:
{stepping does not actually occur jor mode='3, but
bookkeeping of die location is done in step_to_next_diel
step_to_next_die present_diex,present_dicy.
initial_jumpend_of _ wafer);
present__die=present_die+1;
{stop for move to new die location}
if (not(end_of_wafer)) then
begin
gotoxy(21,.23);
write(’Move probes to Ist device of next die.);
write(" Then Hit "ENTER" >')
selection_input(79,23,chr{ord(32)),chr{ord(32)),continue);

Nov 15 20:23 1984 Page 147 of bsimlOTEXT



bsim1.0.TEXT ~ bsim1.0.TEXT

end;
end; {now prober is at next die or wafer is done}
{JRP} end {of if TRACE40=fulse...}
{JRP} else
{JRP} po__graphics;
{the wafer is now complete —— let’s go into graphics model}
iv_graphics;

end; {end of semi—automatic [with manual prober] probing mode)

'4':begin {this is the single device probing mode)
initial_status__display;
time__count=1;
number_ devices:=1;
number_die=1;
present_device=1:
present_die=1;
device=0);
{enhancement _depletion:=0; *****determined in input section}
meas_ 20f:=F ALSE:
measure_deviceldevice,measure_errorsmud Ssmugsmussmub.vdd )
new_die=true;
end_of _die=true:
new_ wafer:=true:
{JRP} if (all_devices_are_bad=true) and (measure_error=0) then
all__die_are_ bad =false:
if (measure_error=0) then
extruct _device_parameters;
process__file _development(new _dicend _of _dienew_ wafer):
gotoxy(21.23):
if TRACE39=truc then writelnluserout2,
"measure__error=",measure__crror:1.
‘extract_error="extract_error:l.
’ process__error=",process_error:1 k
{JRP) iv_graphics:
end;
"5 :end_of _program=1rue:
end; {end of cuse statemen:)
until end_of_program=truc;
if (first_time_thru_program=false) and
{JRP} ((all_die_are_bad=false) ) then
{i f true. user quit immediately or entire wajfer was bad=>no files created)
erase_temporary_files: {this cleurs out ull of the temporary jiles}
{JRP} if TRACE34=true then writeln(userout2, Ist_time_thru_program=",
{JRP} first_time_thru_program,” all_die_are_bad=",all_die_are_bad.
{JRP} " mode=".mode):;
writeln(#12);  {cleurs the displuvx}
iouninitialize: {urinitializes all of the 1/0 interfuces)
end.
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