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bsiml.O.TEXT bsiml.O.TEXT

SREF 325$
SUCSDS

program bsiml_0(input,output); bsJTTll 0

{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.
changes made to the program from that date forward 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 lo work with)

import hpib_0;
import hpib_l:
import hpib_2:
import hpib_3:
import general _0:
import general_l:
import geneiul_2:
import iock'tlaiaiions:
import iocomasm:
import dgl_lib:

]GLOBAL \' ARI ABLh.S\
\iu.\i change made: NOV 14. 1984 By: JRP]

type linestring=string(80]:

const numbvb=6:

numbvg=5:
numbvd=4;
number_small_vds_values=2:
numbcr_large_vds values=2:
betazeroparamD6; {line that parameter betazero is on. ir process file]

{THIS CONSTANT SHOULD BE MODIFIED WHEN THE NUMBER OF PARAMETERS IS CHANGED]
const numbbsim=17: {number of bsim parameters excluding vdd,tox,iemp\

{jrp\{variablv continuê development has been changed to
nu mher_good_devices_error)

var device.enhancement_depletion:integer:
meas_ 20frboolean:
smud.«; muj;_sm us.smwbrinteger:
mode:char:

protvsvu aler.lot.date.operator:strinj;[80];
output_l*ile.prober_filestring[ 15]:
vdd.temp.iox.cox.uidthjengthrreal;
m*\v_die.end_of_diejnitial_jump.end_of_wafer,nev_waferrboolean; {******

*******taken out}
end_ol _program rboolean:
time_count:integer:
{PROBER ORIENTED PARAMETERS]
step_array:array[lJ!0.1..20] of char; {this holds the automatic array]
numbei_devices,present_device,number_die,prest*nt_dierinteger:
preseni_diex.present_diey:integer: {.\ y die location]
xdie_size,ydie_size.origin_diex,origin_diey:integer:
sd,sg.ss,sb:array[l..40] of integer; {smus connected to various terminals]
dt.ed,mx,myrarray[l-40] of integer; {device types and internal die steps]
u*,l:array[l..40] of real; {width and length arrays]
meas_two_phifrarrayl 1^40] of boolean; {program decides to measure 20f)
{BSIM PARAMETERS]
Cl_vfb.c2_phif2,c3_kl,c4_k2,c5__eta,c6_beta0.c7_u0.c8_ul,c9_x2beta0,
Cl0_x2etarcll_x3eta,cl2_x2u0,cl3_x2ul,cl4_beta0saucl5_x2beta0sat,
Cl6_x3beta0sat.cl7_x3ul,c9_x2mu0,cl4_mu0sat.cl5_x2mu0sat,cl6_x3mu0satrreal;
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~bsiml_0
{PROCESS FILES AND PARAMETERS)
{these parameters are the latest variations in kl with length and width)
nelkl,ndlkl,nzlkl,pelkl,pdlkl,pzlkl:real;
nevk1,ndwk1,nzu*k1,pevk1,pdwk1,pzwk1rreal:
{these parameters are DeltaL and DeltaW for the previous die]
ned l,nddl,nzdl,ped l,pdd l,pzdl rreal;
ned w.ndd \ir,nzd\i-,ped-w%pddw,pzdw:real;
{these parameters are the latest values of 20f for various devices]
nephif2,nd phif2,nzphif2tpephif2,pd phif2,pzphif2rreal;
{these are files to store Oie parameters in)
nchanenh,pchanenh.nchandep,|x,handep.nchanzer,pchanzer.
temporary .userout.userout2:text:
{these are the number of good devices of a type on a die)
num bne,nu mbpe.numbnd .numbpd.numbnz.nu mbpzrinteger:
{MEASU REME NT VALUES}
idsrarray[l..4,1..6.1„5] of real:
vgs:array[l..4.1..6,l-5] of real:
vdsrarray(l„4] of real;
vbsrarray[l„6] of real;
vdindex.vgindex.vbindexrintei'er:
{LEAST SQUARES ALGORITHMS)
matrix:array[l..3.1..4] of real:
paiT:array(l..4] of real:
ini txval unitwal.i nit val 1jnitval 2:real:
{NEW VARIABLES ADDED TO SUMMER 1984 PROGRAM]
hpib_analyzer_address:integer: {e.g. hpib analyzer might be HP4145A]
hpib_probcr_address:integer: {e.g. hpib prober might be ELECTROGLAS 200IX]
continuerchar: {move probes to new location, then enter CR to continue]

{also user inputs a V or 'n or CR to tell what to do
in prep(ire_for_iv_graphics pnx-edure)

colon_positionrintegcr: {colon position in ouiput_JUe name)
period_position:integer: {period position in '.TEXT' in output_fde name)
Jii-si_tirne_thru_program:boolean: {allows 'graceful' ending of program

if user decides to quit before actually enterring program)
all_die_are_ bad rboolean: {= / when 1st liood device on 1st good die is found]
all_de\ices_are_bad:boolean: {= / when 1st gocui device on each die is found)
lirst_good_die:integer: {= / when first gtx>d die on wafer is found.

this may or may not be the first die)
lirst_good_device:integer: {= / when first gooii device is found on each

die.)

lake_meas__20frboolean; {set true when 1st good device on a die is found.
this is needed in case 1st n devices on the die
are bad)

graphics_selection:char; {holds y or n which determines whether to enter
BSIM PARAMETER vs W or L graphics mode after
every die is completed)

po_yraphics_-wantedrboolean; {= true if graphics_selection~yes. if = true
. then the BSIM PARAMETER vs W or L mode will

be enterred after every die)
leastsq_divide_by_zerorboolean: {in the past, if a divide by zero error was

encountered while running the program, the
pascal system would abort the program...
possibly after an hour or so of computing,
using this flag, if a divide by zero occurs,
the data will not be saved and the program
will move on to the next device)

maxidsstringrlinestring; {max of idsgzero or idsgvdd sent to analyzer)
{>/'}extract__errorrinteger; {set=2 in saturation_region_data_extraction if

leastsq3 procedure is going to be called with
maxindex—initindex**2~(leastsq3 doesn't work
for only 2 sets of data)

Nov 15 20:23 1984 Page 2of bsimLOTEXT



bsiml .O.TEXT bsiml.O.TEXT

~bsimlJ)
measure_errorrinteger; {error flag for any errors encounterred while

measuring the device before extraction of
parameters)

{j'7>}process_errorrinteger; {error flag for any errors encountered while
developing the process files)

processparrarray[l..6,1..17] of real; {this holds the process data
and was made global in this
version)

{DEBUGGING PARAMETERS)
iii,jjj,kkkrinteger; {used to read in all data values)
idsstringrarray[l..4.1..6,1..5] of string[l5];
vgsstringrarray[1..4,1 „6.1..5] of string!15];
tempfilertext; {to store ids array in once 120 values have been reduced)
TRAC:E21.TRACE22,TRACE23,TRACE24.TRACE25.TRACE26,TRACE27.TRACE28.1.sq3:boolean:
TRACE29.TRACE29b,TRACE30.TRACE31,TRACE32.TRAC^E33,TRACE34.TRACE35:boolean:

Orr}TRACE36.TRACE37.TRACE38,TRACE39rboolean:
{y/?/,lTRACE40.TRACE41,TRACEVTHrboolean:

line_in_ouipui_file:linestring; {for writing output file to printer]
{7 RACE21 entering and leaving procedures, etc.)
[1RACL22 " ' " " if-thens. etc.)
{TRACE23 junk stuff)
{TRACE24 for newton raphson iteration in saturation region)
\TRACL 25 only for entering—leaving some saturation procedures)
{J RACE 2b only for entering—leaving linear procedures)
\7RACE27 only for debugging lsq3 divide—b\—zero in sat_reg_data_exirac)
{TRACE 28 only Jor reading in ids array from outside files)
{TRACE29 only for creating ids array to be used later)
{TRACE29b—only to print out ids array which was created for TRACE29=:rue

to the printer^.just to verify values)
{TRACE30 only in l_and_w_dependencies„.will cause values

paramvalueli) and goodpuramvalue/i/ used in least
square3 to be printed out on printer, only ul,x2ulxind x3ul
values are printed.)

\TRACE 31 to find divide by zero after parameters have been extracted
probably in process_fHe_development)

{7RACT: 32 only in l_and_w_dependencies to find out if leastsq procedures
is finding correct values)

{TRACE33 if t, then set lsq3 true for l_and__w dependencies)
{TRACE34 if t, print out 11 calculated bsim params on the screen while

plotting i\—graphics)
{TRACE35 if t, write on printer the contents of the output file at 3

places: Dwhen it is created 2)before prepare_for_po_graphics
and 3)after prepare_for_po_graphics)

{jrp){TRACE36—only used in graphics to find out what is happening to vdterm.
vgterm, etc. when user is asked for NEW SMU CONNECTIONS)

{jrp){TRACE37—only used in linear region extraction procedures to detect
real math UNDERflow)

{jrp){TRACE38—only in measure_device_data to print out error code)
{jrp){TRACL39—to find out why graphics mode was not entered in single mode)
{JRP){TRACE4(h—to allow entire program to be skipped up to iv_graphics

procedure. NEDFILE.TEXT and bsimout.TEXT are read in from
the program, and hence must exist first]

{JRP){TRACL41—in prepare_for_iv_graphics. to see whats happening for single
mode)

{JRP){TRACE\'TH—only in function bsimsim. used to output \'th at 4 different
conditions, used just to see what calculated Vth is!)
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-.bsimlJ)
J*******************************^**:************************^

***************************£j'j^y-^£ CON\'ERSION /jq^2'/^£,5**^******************
**************************************************************************)

function realtostrrlinestring: VQCjULtOStV
{this function will read a real number string, reading only legitimate
characters from the user)

var bufferstring!80]:
valuerchar;

i.j,maxrinieger:
numberrreal:

begin
real tostr:='0.0':
i:=l:

j:=l:
read ln( buffer);
max:«=strlen( buffer):

if max <> 0 then

realtostrr=' ':
for j:=l to max do

begin
valuer=buffer(j]\ ajucr=nuiienjj;

if ((value>='0') and (value <=*'9')) or (value=Y)
or <value='K) or (value=V)or (value='+) or (value=—' Ithen

begin
realtostr[i]r=value:
i:«=i+l:

end:

end:

end:

function digit(number:chai >:integer: digit
{this Junction returns ar. iriteger given a character]
{last change made: JUNE 18. 1984 by: JRP)

begin
if (number>'9') or (number <'0') then

begin
gotoxy(0,22);
writelnCERROR in function(digit). Erroneous number = '.number);

end;
digitr=ord(number)—ord('O'); {this is the new function)

end: \end of /'unction digit)

function strtoreal(realstring:linestring)rreal: StTtOKeCll
{this function takes a real string and converts it into the
corresponding number)
{last change' made: JUNE 18. 1984 by: JRP)

var filestring : linestring: {string that will be treated as a file)
jxjs : integer; {of no earthly value, required by 1 /O call)
realnumber : real; {intermediate storage place before put into strtoreal)

begin
if (strlen(realstring)OO) then

begin
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-.strtoreal

setstrlen(filestring,0); {clear out the 'file' filestring)
strwrite(filestrrng,l,posjealstring): {write realstring into filestring)
strread(filestring,l,pos,realnumber); {read filestring into realnumber as a real)
strtorealr=realnumber; {put the real number into our function name strtoreal)

end

else

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

| ******************************************************************** i

j****************^/>/fi TAL£ USTEN & WAIT PROCEDURES*****************)
I******************************************************************** i

procedure talk_to_hpiWvar hpib_address:integer): talk W Hpib
{this pnx-etiurv sets up the hp983b to talk to the hpib. hpib_address is the

current hpib address, e.u. 14 for prober, or 11 for analyzer)
{las: charge made: JUNE" 21. 1984 by: JRP)

begin
untalk (7):

unlisten (7):

talk (7. my_address(7));
listen (7. hpib_address):

end: {procedure talk_to_hpib)

procedure listcn_to_hpiWvar hpib_address:integer); listen tO Hpib
{this procedure sets up the hp983b to listen to the hpib. hpib_address is the

current hpib address, e.g. 14 for prober, or 11 for arudyzer)
{last change made: JUNE 21. 1984 by: JRP)

begin
untalk (7):

unlisten (7);

talk (7Jipib_address):
listen (7. my_address(7)):

end: {procedure listen_to_hpib)

procedure \rait_till_hpib_ready(var hpib_address:integer): WQJt till Jiptb KeodV
{this procedure tells the hp983b to wait until hpib is ready. hpib_address

is the current hpib address, e.^. 14 for prober, or 11 for analyzer)
{last change made: JUNE 21. 1984 by: JRP)

var statusbyterinteger; {status of serial poll of hpib)

begin
statusbyte r= spoil (700 + hpib_address);
while statusbyte <> 1 do {keep polling until statusbyte=l]

statusbyte r= spoil (700 + hpib_address);
end; {procedure wait_till_hpib_rcady)

procedure wait_till_bit7_IOSTATUS_set; Wait_till_bit7_JOSTATUS_Set
{this procedure polls bit 1 of the IOSTATUS register until it is set to ~T'}
{last change made: JUNE 21, 1984 by: JRP)

var bitset rboolean:

begin
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-\vait_till_bit7JOSTATUS_set
{not(bU_seUlOSTATUS(l,7U2ii returns the not-ready-for—data-bit)
bitsetr-false;
while not(bitset) do

bitsetr=not(bit_set(IOSTATUS(7,7),12));
end;

| ******************************************************************** i

|**********************£RAPH1NG puNCTIONS****************************)
J******************************************************************** t

function test_point_on_screenKyold,ynew,testrreal):boolean: teSt_pOint_Qn__SCreen 1
{after the lest point has been calculated, this function returns TRUE if test
is on the screen and between the old and new points on the left or right sides)

begin
test_point_on_ screen 1:=1alse:
test_point_on_screenlr=(((yne"vi'>=yold) and (test>=yold) and (testOyncw)) or

((void >=y new) and (lest >=ynew) and (test <=yold))) and
((tes*t>=-0.8> and (test <=0.8)):

end;

function iest_point_on_screen2(xold.xnew.test:real):boolean: tCSt_pOint_OT\_SCTeeYl2
{after the test point has been calculated, this function returns TRUE if test

is on the screen and between the old and new point* on the lop or bottom)

begin
iest_point_on_screen2:=Bfalsc:
test_point__on_screen2.-<((xnew>=xold) and (test>=xold) and (test<=xnew)) or

((xold>=xnew) and (test >=xnew) and (test <=xold))) and
((test>=-0.8) and (test <=0.8));

end:

| **************************************************************************

*****************************£.^.^.^ INPUT FUNCTIONS**************************
*********************************************************************^

procedure yes_no_sclection_input(xpos.yposrinteger; var ves no answerrbW&nJflO SelCCtJOtl JYipUX
{this procedure accepts only a yes or no answer from the user, it will wail

at xpos.ypos until it receives either a y' or 'Y' or 'n or 'N')
{last change made: THURSDAY SEPT 20. 1984 By: JRP)

var selectionrchar;

begin
got oxy( x pos.y jx)s):
read(select ion):
while not( (selection='v) or (selection='Y') or

(selection='n') or (select ion='N') ) do
begin

gotoxy(xpos.\|K)s):
writeC '):
gotoxy(xpos.ypos);
read (select ion):

end;
if (selection=V) or (selection='Y') then

yes_no_answerr=t rue
else

ves no answerr=falser
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~yes_no^selectionJnput
end:

procedure selection_input(xpos,ypos:integer: charl,char2rchar; var selectionrchar): SClQCtlOTl ITipUt

begin
gotoxy(xpos,ypos);
read(selection):
while (selection <charl) or (selection >char2) do

begin
gotoxy(xpos.ypos);
write(' '):
gotoxy(xpos,ypos):
read (select ion);

end:

gotoxy(xjx)s—3,ypos):
wriie(' '):
got oxy( xpos— 3,ypos):
write< selection);

end:

***********.»*************** ***************************************** J
I **********************;*LEAST SQUARES pit(X^EDURES**********************\
|******************************************************************** i

procedure leastsq2(presindex.initindex.maxindex:integer; leQStSC[2
xvalue.yvalucrreal: var constant.linearrreal);

{this program does a linear least square fit for an equation of
the form y=constanl+(linear*xt)

var row.colrinteger:
detrreal:

rarrrarrayll..4] of real;

begin
if (presindex<nitindex) or (presindex>maxindex) then

{this is the error handling for invalid presindex values)
begin

writeln( Error in Index For Routine lcastsq2):
end

else

begin
if presindex=initindex then

{this is the setup required for the inilindex call to leaslsq2)
begin

for row.-=l to 2 do
for colr=l to 3 do

matrix! row.col]r=0:
parr! 1]r= 1;
initxval:=xvalue:
inityvalr=rvalue;

end;
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{all

[this

presindex values start execution here)
parr[2]r=xvalue—initxval;
parr[3]r-yvalue—inityval;
for rowr=l to 2 do

for colr«l to 3 do

matrix(row,col]r=matrix[row,col]+parrl row]*parr[col];
section does row conditioning on the final matrix)

if presindex=maxindex then
begin

for row:=l to 2 do

begin
rarr!row]?=0;
for colr=l to 2 do

if rarrfrow] <abs( matrix!row.col]) then
rarr[row]r=abs( matrixtrow.col]);

end;
for rowr=l to 2 do

for colr=l to 3 do
if rarrfrow] <>0.0 then

matrix! row .col]:=matrix! row .col] -rarr[row]
else

leastsq_d ivide_ by_zero:=truc:
section does column conditioning on the final matrix)

for col:«l to 2 do

begin
rarr[col]:=0:
for row:=l to 2 do

if iarr[col]<abs(matrix!iow.colJ) then
rarr(col]r=abs( matrix! row .col]);

end:

for col:=»l to 2 do
for row:=l to 2 do

if rarr[col] <>0.0 then
matrix!row.col]r=matrix!row,col] /ran!col]

else

leastsq_d ivid e_ by_ zero:=true:
section inverts the final matrix)

det:=matrix!l.l]*matrix!2.2]-matrixl2.l]*matrix[l.2];
if (detOO.O) and (rarr!l]<>0.0) and (rarr{2]<>0.0) then

begin
constantr=(matrix! 1.3]* matrix!2.2]— matrix!2.3]*

matrix! 1,2])/detr
linearr=(matrix[l,l]*matrix[2.3]— matrix[2.l]*

matrix! 1.3])/det;
constantr=constant /rarrll]:
linearr°linear /rarr[2]:

[this

thi.<

end;

end

else

leastsq_divide_by_zeror=true:
constant^=constant—linear*initxval+inityval:

end: {end of handling Jor maximum index value]
end: {end of handling for good index values)

{end of procedure leastsq2)

procedure leastsq3(presindex.initindex,maxindexrinteger: varlralue.var2value.
yvaluerrealr var constant,linearl,linear2rreal);

{this procedure does a linear least square fit for an equation of the form
y=constant+linearl*var1valued-linear2*var2value)

var row,col:integer:
templindex,temp2index:inieger:
det.temprreal;
rarrrarrayfl.,3] of real;

.leastsq2

leastsq3
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Jbeastsq3
sovrinteger; {for <fe6uggi/ig********************}

begin
if (presindex<nitindex) or (presindex>maxindex) then

{this is the error handling for invalid presindex values)
begin

writelnCerror in index for routine leastsq3);
end

else

begin
| Wt***********************^^ ()ut £uIer*****************************l

if lsq3=true then
writeln(userout2,

w/in lsq3 presindex='.presindcx:2,
varl=',var lvalue.' var2°',var2value.
Y~ .vvalue);

1*************************^^^ yUt ^"aIer*****************************i

if presindex=initindex then
{this is the setup for the initial call)
begin

for rowr=l to 3 do
for col:=l to 4 do

matrix! row xol]:=0:
initral lr=varl value:

initval2r=var2ralue;

inityvalr=yvalue:
end:

parr! l]r=1.0:
{all presindex values start here)
parrl2]:=rar lvalue—init val 1:
parr{3]r=>var2value— initral 2:
parr[4]r=yral ue— inityral:
for row:=] to 3 do

for colr=l to 4 do

matrix! row.col]r=matrix(row,col]+parr[row]*parr!col];
|*************************ra£e ^^ ^uZer***************************** I

if lsq3»true then
begin

writeln(userout2.'at 1st filling'):
for rowr=l to 3 do

begin
for col:=l to 4 do

write( userout2.matrix[row,col],' ');
writeln(userout2);

end:

end;
| *************************la/ce out ^Her*****************************i

{final row and column conditioning is done here)
if presindex= max index then

begin
for row:=l to 3 do

begin
rarr{row]:=0;
for colr=l to 3 do

if rarrlrow]<abs(matrix!row.col]) then
rarr[row]:=abs( matrix! row,col]):

end:

for rowr=l to 3 do

for colr=l to 4 do

begin
if rarrtrow] <>0.0 then

matrix! row,col]r=matrix!row ,col]/rarr(row]
else

leastsq_d ivid e_ by_zeror=true;
end:
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JLeastsqZ
l*************************ra^e out ^ater************************:*,!>,»j

if lsq3»true then
begin

writeln( userout2,'at 2nd filling');
for rowr»l to 3 do

begin
for colr=l to 4 do

write(userout2,matrix{row,col],' ');
w ri teln( userou t2):

end;
end;

|*************************Za£e ^^^ ^rer*****************************l

{this is the column conditioning)
for col:=l to 3 do

begin
rarr[col]:=0:
for rowr=«l to 3 do

if rarrfcol] <abs(mat rixfrow.col ]) t hen
rarr[col]:=abs( matrixlrow.col]):

end:

for col:=l to 3 do
for row:=l to 3 do

begin
if rarrkol] <X).0 then

matrix!row,col]:= matrix!row,col] /rarrkol]
else

lcastsq_divide_by_zero:=true:
end:

j*************************Za£e out ^^er*****************************i

if lsq3=true then
begin

writeln(userout2.'at 3rd filling');
for row?-1 to 3 do

begin
for colr=l to 4 do

write( userout2.matrix! row,col].' ):
writeln( userou12):

end:

end:
|**************»**********ja£e Qul ^irer*****************************l

{this section inverts the final matrix)
for col:=l to 4 do

pai r[col]r=0;
templindex.-=2;
temp2indexr=3;

for row:=l to 3 do
begin

tempr= matrix! temp lindex.2]*
matrix(temp2index,3]—matrix! temp2index.2]*matrixftemplindex.3]:

parr[4]:=parrl4]+matrix! row. l]*temp:
liarr[l]r=parrll]+ matrix[row.4]*temp;
parr[2]:"*parrl2]+mairix[row,4]*(

matrixltemplindex.3]*matrix[iemp2index,l]— matrix!temp2index.3]*
matrixliempl indcx.l ]);

parr[3]r=parr[3]+matrix!row,4]*
(matrixttempl index,l]*matrixltemp2index.2j-
matrixltemp2index.l ]* matrixttempl indcx.2]):

1*************************^^.^ oul ^Zer*************»***************»

if lsq3=true then
begin

writeln(userout2,'at parr calculation point & parr array=');
for sowr=»l to 4 do

write(userout2/parrI\sow:l.']=',parr[sow],' '):
writeln( userout2);

end;
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~leastsq3
j*************♦***********££££ ^ £a£er*****************************l

templindexr^templindex+l:
temp2indexr=temp2index+1;
if temp2index>3 then

temp2indexr=l;
if tempiindex>3 then

templindexr=l;
end;

if (parrl4]<>0.0) and (rarr[l]<>0.0) and (rarrl2]<X).0)
and (rarr(3]<>0.0) then

begin
constantr=parr! l] /parr[4] /rarrjl ]:
linear l:=parr!2] /parr[4] /rarr[2];
linear 2:=parr[3] /parr[4] /rarr!3];
constant—constant—linear l*ini trail—Iinear2*initval2+

inityval;
end

else

leastsq_d ivid e__ by_zeror=true;
•*************************laj.e oM ^aIcr*****************************i

if lsq3=true then
begin

writeln(userout2,'leaving lsq3 and leastsq_divide_by_zero=\leastsq_divide_by_zer&
writeln( userou 12.

constant=',constant.' linearl='.linearl,' linear2='.linear2);
wri tel n( userou t2.

rarr(2]='.rarr[2].' rarr[3]='.rarrf3].'parr!l]=',parr!l]):
wri tel n( userou t2.

parrl2j»\parrl2],'parrl3]s»'.parr[3].' parr!4]=\parr[4]):
end:

l*************************^^ out ^aIer****************************»'l

end;
end:

end: {end of procedure leastsq3)

| **************************************************************************
******************************^^y y gsj^j mexu ^q^j/^^tc**********************
W************************************,^*^**,****^*^,^^^^^^^^,^^!

procedure initial_bsim_page: initial_bsim_pdge
{this procedure shows the initial bsim injormation and takes the user inputs)
{las: change made: JUNE 18.1984 by: JRP]

begin
writeln(#12): {clears the screen)
gotoxy(12.0):
write('BSIM ALTOMAIIC MOS DEVICE CHARACTERIZATION PROGRAM'):
gotoxy(20.1):
writeCl'C BERKELEY FALL 1984 VERSION 1.0'k
gotoxy(0.2):
writelnC This Program can be used in any of the following modes:'):
writeCfl] Fully Automatic. (2] Semi Automatic with an automatic'):
w ri teln(' probe i,');
write('[3] Semi Automatic with a manual prober, and f4] Single Device');
writelnC Operation.');
writeln;

writeCFULLY AUTOMATIC OPERATION requires a prober file, and');
writelnC tests all devices ');
writeCin the file without interuption. This mode requires an'):
writelnC automatic prober.');
writeln;

writeCSEMI AUTOMATIC [AUTOMATIC PROBER] OPERATION requires a prober');
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~initial_bsim_page
"writelnC file and auto—/);
writeC matically moves to each device in the file. This mode stops at');
•writelnC each device to');
writeC allow the user to switch connections. This mode requires an');
•writelnC automatic prober.');
writeln;
writeCSEMI AUTOMATIC [MANUAL PROBER] OPERATION is similar to SEMI '):
writelnC AUTOMATIC '>,
writelnC!AUTOMATIC PROBER], but does not require an automatic prober.');
writeln;
writeCSINGLE DEVICE OPERATION allows the user to analyze an ');
writelnC individual device,');
writeCextract BSIM parameters, and compare simulated');
writelnC versus measured data.'):
gotoxy(0.21):
writeC Select a Mode of Operation >');
gotoxv(32,19):
write('tl]:FULLY AUTOMATIC');
gotoxy(32,20);
write('[2]rSEMI AUTOMATIC [AUTOMATIC PROBER]');
gotoxy(32.21):
write('l3]:SEMI AUTOMATIC [MANUAL PROBER]');
gotoxvt 32,22):
write('[4]rSINGLE DEVICE'):
gotoxy( 32.23):

end;

write('[5]:EXIT BSIM'):
selection_input(29.21.'l'.'5'.modc):

procedure clear_ output_file: Clear_OUtpUt_file
{this procdure simpiy clears out the output file. if the user has chosen

the same name our put file as he did on the previous run. the old one will
get erased. this is done so that only the present devices under test will
get recorded in the output file, if an output file of the same name does
not exist, it will be created j'irsl iso as not to get an operating system
error) )

{Last change made: JULY 15. 1984 by: JRP)

begin
{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 destroyed by the user, all inJ"ormalion
to be put into bsimoul.TEXT in the 2nd run will simply be
added to what is already in bsimout.TEXT from the first run!
that s why we must destroy the output file before it gels
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 you confused yet?)

rewrite(userout,output_file);{oreate outpul_file if it doesn't)
close(userout.'save'); {e.vtst. or open and save ij' it does)
reset(userout,output file):{nou- make output_fde readable and)
closetuserout,'purge ); {then destroy it)
rew?rite( userout,output_file); {now create new out put_ file and)
dose(userout.'save); {make i: writeable)

end: {of procedure clear_output_file)

procedure init ialize_ 17_bsim_parameters_ to_zero; itt itialiZC^l 7 bsilTl parameters tO Z0TO
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-d7vticdize_J7_bsim_parameters_to_zero
{this procedure sets all 11 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, ie.g. 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 "AUTOMATIC 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 11 parameters will be remembered
from the first time thru, and c2_phif2 might have some value, say £00.
then later on in the MAIN BSIM execution, where it asks - // c2_phif2=0 ~
this statement could be wrong,

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

begin
cl_vfbr=0.0:
c2_phif2r=0.0;
c3_klr=0.0;
c4_k2r-0.0;
c5_etar=0.0;
c6_betaO:=»0.0;
c7_u0:=0.():
c8_ul:=0.0;
c9_x2beta():=0.0;
c9_x2muO:=0.0;
cl()_x2eta:«=0.0;
cll_x3eta:=0.0:
cl2_x2uOr=0.0;
cl3_\2ul:=0.0:
cl4_beta()sat:™0.0:
cl4_mu()satr=0.0;
cl5_x2bcta0satr=0.0;
cl5_x2muOsatr=0.0:
cl6_x3betaOsatr=0.0:
c 16_x3muOsat .-=0.0:
cl7_x3ulr=0.0;

{of procedure initialize_ 11_bsim_parameters_to_zero)end;

procedure standard_input_display:
{this procedure prompts the user for all inputs common to
modes of operation)

{last change made: JUNE 19, 1984 by: JRP]

begin

standard_input_display

gotoxy(0.2);
writelnC Process Name=? >'):
writelnC Loi=? >');
if not((mode='D or (mode='2') or (mode='3'))

writeln( Wafer-? > XPOSITION=?
else

writelnCWafei-? >');
writelnC Date=? >'):
writeln(' Operator^? >');
writelnCOutput File-? >');
writelnC VDD(volts)=? >'):
writelnCTEMPERATURE(deg. C)-? >');
writelnCTOX(angstroms)=? >');

then {mode='4'}
YPOSITON=? >')

end:

procedure input_standard_values: input_standard_values
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~dnput_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 irinteger:
device_ namerchar;

begin
gotoxy(17.2); {process name input)
readln(process):
if strlen(process)>25 then

strdelete(process,25,strlen( process)—24); {deletes extra char.)
gotoxy(13,2);
write(blanking);
gotoxy(l3,2);
write(process):
gotoxy(8,3); {lot input]
readln(lot);
if strlen(lot)>25 then

strdelete(lot,25.strlen(lot)—24): {deletes extra char.)
gotoxy(4.3);
write(blanking):
gotoxy(4.3):
writ e( lot):

gotoxyd0.4): {wafer input]
read ln( wafer):
if sirlen(wafer)>25 then

strdelete(wafer.25.strlen(wafer)—24); {deletes extra char.)
gotoxy(b.4):
write(' ');
gotoxy(6.4):
writ e( wafer):

if not((mode='l') or (mode='2') or (mode='3')) then {mode**'4')
begin

gotoxy(34,4);
present_diex:=trunc(strtoreal(realtostr)):
gotoxy(30,4);
writeC ');
gotoxy(30,4);
write(presented iexrl);
gotoxy(57,4);
present_diey?Btrunc(strtoreal(realtostr));
gotoxy(53,4);
writeC ');
gotoxy(53.4);
write(present_diey:l);

end:

gotoxy(9.5); {date input)
readln(date);
if strlen(date)>25 then

strdelete(date.25.strlen(date)—24): {deletes extra char.)
gotoxy(5,5);
writ e(blanking);
gotoxy(5,5);
write(date);
gotoxy(13,6); {operator input)
read ln(operator);
if strlen(operator)>25 then

strdelete(operator,25.strlen(operator)—24); {deletes extra char.)
gotoxy(9,6);
writeiblanking);
gotoxy(9,6);
write(operator);
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ijrp)
\JT)
\jrp)
\jrp)
ijrp)
\jrp\

end;

-input_standard_vahj.es
gotoxy(16?7) {output_file input);
read ln(output_file);
colon_positionr*strposCr',output_file);
period_positionr=strpos('.TEXT',output_file);
if (period_position<>0) then {'.TEXT' has been included in file name)

strdelete(output_file,colon_position+1 l,period_position
—colon_position— 11)

else {'.TEXT' has not been included in file name)
strdelete(output_file,colon_posit ion+ll,strlen(output_file)

—colon_ position— 10);
if strlen(output_file)=0 then

output_filer=' bsimout.TEXT';
gotoxy(12,7);
write(blanking):
gotoxy(12.7);
write(output_file):
gotoxy(15.8):
vddr=strtoreal(realtoslr): {reads in the value of vdd and cleans it up)
gotoxy(ll,8);
writ e(blanking):
gotoxyl 11.8):
wrile(vdd:l:2):
gotoxy(24.9);
tempr=strtoreal(realtostr): {reads in temp and cleans it up)
t'Otoxv(20.9):
write(blanking):
gotoxy(20.9);
write(temp:l:2);
tempr=tcmp+273.15r
gotoxy( 19.10);
tox~strtoreaKreal tost r):

\jrp)while dox=0.0) do

{conversion of temperature to Kelvin)

{reads in tox and cleans it up]

begin
gotoxy( 19,10);
write('
gotoxy(l 9,10);
toxr=strtoreal(real tost r);

end;

cox:= 3.9*8.854E-6 /tox;
gotoxyt 15,10);
write(blanking);
gotoxy( 15,10);
write(tox:l:2);

PLEASE ENTER NON-ZERO VALUE..'):

procedure automatic_mode_inputs;
{this procedure handles making the automatic mode display)
{last change made: THURSDAY SEPT 20. 1984 By: JRP)

var i:integer;

automaticjnodejnputs

begin
gotoxy(14,0);
writeC'***AUTOMATIC OR SEMI-AUTOMATIC OPERATION***');
standard_input_display: {this displays the standard prompts)
gotoxy(0.12);
writelnC Prober File=° >');
writeln:

writelnC At the end of EACH DIE. would vou like to view plots of '):
writelnC BSIM PARAMETER vs W or L? (Y/N) >'):
writeln:

writelnC Probing Instructions'):
writelnC The prober should be on, and the probes should be down');
writeCon the starting die, starting position.');
writelnC (see prober instructions)'):
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-.automaticjrvodejnputs
writelnCHIT a "C" for changes, or any other key to start. >');
input_standard __values;
gotoxy(l6,12>,
readln(prober_file);
if strlen(prober_file)>15 then

strdelete(prober_file,16.strlen(prober_file)-15);
if strlen(prober_file)-0 then

prober_filer-' bsimprob.TEXT';
gotoxy(12.12);
writeC' ');
gotoxy( 12,12);
write(prober_ file);
yes_ no_selection_input(35,l 5,po_graphics_wanted):
gotoxy(27.15):
writeC ');
gotoxy(27,15):
if po_graphics_wanted=true then

writeC YES')
else

writeC NO');
gotoxy( 52.20);

end;

procedure single_device_mode_inputs: Single_deVice_niode_tnpUtS
{this procedure handles device size inputs, and also needs to know
which SMUs are connected to each device terminal)
{last change made: JUNE 18. 1984 by: JRP)

const blanking=' ';

var irinteger;
phif2_or_nsub,k_t__q.nirreal:

begin
gotoxy(26,0);
writeC***SINGLE DEVICE OPERATION***');
standard_input _disp lay:
gotoxv(0,11):
writein('PHIF2 or NSUB-? >'):
writelnCdrawn width (microns)-? >'):
writelnCdrawn length (microns)-? >'):
writelnC Device type-? > (l] enhancement. [2] zero—threshold. [3] depletion');
wuiteln;
writelnCSMU connected to DRAIN=? >'):
writelnCSMU connected to GATE-? >');
writelnCSMU connected to SOURCE-? >');
writelnCSMU connected to BODY-? >'):
writeln:

writelnCHit a "C" for changes or any other key to start. >'h
input _standard_values:
gotox\Kl8,ll):
phif2_or_nsubr=abs(strtoreal(realtostr)); {reads value of phif2 or nsub)
gotoxy(l4,11):
writ eln( blanking):
gotoxy(l4,ll):
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_qr=0.0258512*(temp /300.0);
nir-1.45E10*exp( 1.5*ln(temp /300))*exp( 1.124 /2.0 /k_t_q*

(1-300/temp));
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c2_phif2.-2.0*k_t_q*ln(phif2__or_nsub/ni);
.single_device_modeJnputs

end

else

c2_phif2r-phif2_or_ nsub;
gotoxy(26,12);
widthr-strtoreal(realtostr); {reads in the value of width)
gotoxy(22,12);
writeln(blanking);
gotoxy(22,12);
write(widthr2r2);
gotoxy(27,13):
lengthr-strtoreal(realtostr): {reads in the value of length)
gotoxy(23,13);
writeln(blanking):
gotoxy(23.13);
writein(length:2:2);

[_/rp}enhancement_depletionr=5: {set to bogus value so while loop is done)
lyrpjwhile ((enhancement_depletion<l) or (enhanccment_depletion>3)) do

begin\jrpl

gotoxy(16,14):
enhancemeni_depletionr-round(strtoreal(realtostr)):

gotoxy( 16,14):
writeC '):

end;
gotoxy( 12.14);
write( blanking);
writeln(blanking):
gotoxy(12.14>,
case enhancement_depletion of

Lbegin
writeCenhancement');
enhancement_depletion:= 1:

end;
2:begin

writeCzero—threshold'):
enhancement_depletionr-0;

end:

3:begin
writeCdepIetion);
enhancement_depletionr=— 1;

end:
end; {of case)
goioxy(27.16);
smud?=round(strtorealCrealtostr)): {reads in the value of drain smu)
gotoxy(23,16):
writeln(blanking);
gotoxy(23,16);
writeln(smud:l);
gotoxy( 26,17):
smugr=round(strtoreal(realtostr)); {reads in the value of gate smu)
gotoxy(22.I7);
writeln(blanking);
gotoxy(22,17);
writeln(smug:l):
gotoxy(28.18):
smus?=round(strtoreal(realtosti)): {reads in the value of source smu)
gotoxy( 24.18):
writ eln( blanking):
gotoxy(24.18):
writeln(smus:l):
gotoxy(26,19);
smubr-round(strtoreaKrealtostr)); {reads in the value of body smu]
gotoxy(22,l9);
writeln(blanking);
gotoxy(22,l9);

\jrp\
\jrP)
\)rp\

{read in devicetype value)

{user input enhancement)

[user input zero—threshold)

{user input depletiont)
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writeln(smubrl);
gotoxy(51,2l);

end;

procedure initial_status_inputs; initial_StOtUS_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 changerchar;

begin
l****************************^^ out ^g^*************************}

if TRACE21=true then writeln(userout2.
'about to enter initial_status_inputs');

I****************************tafce out ^g..***************************}
initialize^l7_bsim_parameters_to_zero; {in case c2_phif2 <> 0)
change:-' c ;
while (change-V) or (change='C') do

begin
wri tel n( #12);
case mode of

' 1.',' 2'.' 3' :automatic_mode_inputs;
4':single_device_mode_inputs:

end; {end of case)
read (change);

end; {end of change loop)
if ((mode='l') or (mode-'2') or (mode-'3')) then

begin
gotoxy(52,20):
write!'READING PROBER FILE'):

end;

{JRP) if TRACE40-false then
clear_output_file:

end: {end of procedure to get initial inputs]

procedure initial_status_display: initial_StatUSjiiSplay
{this procedure handles making the initial status chart which is
displayed during the progress of an extraction)
{last change made: JUNE 18.1984 by: JRP)

begin
wri teln(#12); {clears the display]
gotoxy(23,0);
writeinC***BSIM EXTRACTION STATUS***'):
gotoxy(0,2);
wri te(' PROCESS-'.process):
gotoxy(40,2):
writeC'VDD-'.vdd:l:2,' VOLTS'):
gotoxy(0.3):
writeC'LOT-'.lot);
gotoxy(40.3):
tempr-temp—273.15:
writeCTEMP-'.temp:l:2.' DEG C );
temp:=temp+273.15:
goto\y(0,4);
wri teCWAFER-',wafer);
gotoxy(40,4);
writeC TOX-',tox:l:2,' ANGSTROMS');
gotoxy(0,5);
writeC DATE-'.date);
gotoxy(40.5);
writeCXPOS-',present_diex:2,' YPOS-' ,present_dieyr2);
gotoxy(0,6);
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end;

writeC'OPERATOR-' .operator);
gotoxv(40,6);
writeCDEVICE-');
gotoxy(0,7);
writeCOUTPUT FILE=',output_fUe);
gotoxv(40,7);
writeCWIDTH-',widthrl^/ MICRONS');
gotoxv(0,8);
writeC PROBER FILE-');
if ((mode-'l') or (mode-'2') or (mode='3)) then

wri te(prober_ file)
else

writeC'SINGLE DEVICE OPERATION');
gotoxv(40,8):
write(' LENGTH-'4ength:lr2.' MICRONS');
eotoxv(O.lO):

writei'MINUTES TO DIE COMPLETION-'):
goioxr(40,10):
writeC'MINUTES TO WAFER COMPLETION-'):
gotoxv(O.ll):
writet'DEVICE EXTRACTION LOCATION '):
goioxv(b4.11);
wri xei 'FINISHED'):
fotoxr(0.13);
writelnC PRESENT DEVICE BSIM PARAMETERS'):
gotoxv(40.13):
write! n('X2U0=');
writeCVFB-');
gotoxy(40,14);
writeinC'X2Ul=');
writeC PHIF2-');
if mode-'4' then

write(c2_phif2:lr3):
gotoxv(40,15):
writein('X3Ul=');
writeCKl-');
gotoxy(40.16):
writein('X2BETA0=');
write('K2-')r
gotoxv(40.17)r
writein('X2ETA=');
writeC ETA-'):
gotoxy(40.18);
writein('X3ETA-');
writeCBETAO-');
gotoxy(40,19);
wri teln(' BETAOSAT-');
writeCUO-');
gotoxv(40,20);
wri tel nC' X2BETA0SAT-'):
writeCUl-'):
gotoxv(40,21);
wri te(' X3BETA0S AT-');
gotoxy(0.23):
writeC message from program-'):

procedure bsim_timer(var present_incremenlrinteger):

const minutes_j>er_device=2.5;
number_of_increments=37;

var minutes_to_die_completion,minutes_to_wafer_completion:real;
irinteger;
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-Jbsim_timer

begin
minutes_to_die__completion:=minutes_per_device*(number_devices—

present_device+(number__of_increments—
present_ increment) /number_of_increments);

minutes_to__wafer_completionr-(number_die—present_die)*number_devices*
minutes_per__device+minutes_to_die_completion;

{here is where the speedometer is written)
if present_increment-l then

begin
gotoxy(26.11):
writei' ');

end;
gotoxy(27,l 1):
for ir=l to present_increment do

writeCX');
present_incrementr-present_increment+l:
{here is where the lime values are written)
gotoxy(26,10):
writeC ');
goioxy(68.10);
writeC '):
goioxy( 26.10 ):
writ e(minutes_to_die_ completion: 1:1):
gotoxy(68.10);
write(minutes_to_wafer_completion:l:l);
goioxy(21,23);

end; {end of bsim timer)

I*********************************************************************}

\********************BSJy ME^sUREMENT ROUTINES************************)
i*********************************************************************\

procedure measure_device(var device_type.error_code:integer: T7lCaSUKC dCVJCC
rdterm.vgterm.vsterm.rbtermrinteger: rdd:real):

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

var i,j:integer; {loop counters)
vdchan,vgchan.vschan.vbchanrstring[2()]; {to contain \'CX where X is SMU)
vdnumb,vgnumb,vsnumb,rbnumb:string[2()]; {to contain SMU number as string]
vddstr.vdd2str,mvddstr.vddpluslstr:string[20];{?o contain vdd strings)
vdd2,minusvdd,vddpluslrreal; {these are supply values)
idsnchidspchrreal;
idsgzeroidsgvddrreal; {currents for «i and p config.)
nextposrinteger; {this is the next position in a

string that could be written to)
temp.-char;
continuerchar; {if mode=4', and error occurs, press enter to continue)

procedure translate_terminals_to_strings; translate_terminalSjX>_StringS
{this procedure sets up string variables needed bx the 4145)
{last change made: JUNE 20. 1984 by: JRP)'

var irinteger;

begin
bsim_timer(time_count):
{here is where the terminal numbers are converted into channel strings)
vdnumbr-' ';
vgnumbr-' ':
vsnumb:-' ';
vbnumbr-' ';
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-.translate_terminals_to_strings
vddstrr-' ';
vdd2strr-' ';
mvddstr?3' ';
vddpluslstrr-' ';
strwrite(vdnumb,l,nextpos,vdterm);
strwrite(vgnumb,l,nextpos,vgterm);
strwrite(vsnu mb,1,next pos.vsterm);
strwrite(vbnumb,l,nextpos,vbterm);
strwrite(vddstr,l,nextpos.vddr2:l);
vdd2r=2*vdd;
strwrite(vdd2str,l,nextpos,vdd2:2rl);
minusvddr—vdd;
strwrite( mvddstr.l ,nextpos,minusvddr2rl );
vddpluslr-vdd+1;
strwrite(vddpluslstr,l,nextpos,vddpluslr2rl);
vdchanr-'CH ';
strwrite* ydchan.3.nexipos.vdterm); {sets up .-d cla: .e. string
vgchanr-'CH ';
strwrite(ygchan.3.nextpos.vgterm); {sets up vg channel string)
vschanr-'CH ';
strwrite(vschan.3.nextpos.vsterm); {sets up vs channel string)
vbchan.-'CH ';
strwrite(vbchan.3.nextpos.rbterm); {sets up vb channel string)

end: {end of procedure to translate_terminals_to_strings)

procedure chan_definition_to_test_device_t ype: Chan^efinition_tO_teSt_deVice_type
{this configuration is used to test for the type of device present by
checking the sources rain to body diodes)
{last change made: JUNE 20. 1984 by: JRP)

begin
talk_ to_ hpi b(hpib_anal yzer_address);
writestring(700+hpib_analyzer_address.'ITl CA1 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_address.vdcban); {chart, def. for vd)
writestring(700+hpib_analyzer_address.',"\"DRAiN"."IDRAIN",l,3;'); {sets the DRAIN source)
writestring(700+hpib_analyzer_add ress,vschan); {chan. def. for vs)
writestring(700+hpib_analyzer_address.',"VSOURC","lSOURC",l,3;'); {sets the SOURC source)
writestring(700+hpib_analyzer_address,vb'chan); {chan. def. for vb)
writestring(700+hpib_analyzer__address.',"VBODY","IBODY",1,1:'): {sets variable body)
writest ring(700+hpib_analyzer_address,vgchan): {chan. def for vg)
writcstring(700+hpib_analyzer_address.\ 'VGATE"."IGATE",1.3:'): {sets the GATE source)
writestring(700+hpib_analyzer_address,'VSl; VS2: VM1; VM2;'): {opens up extra sources)

end; {end of procedure type_of__device_channel^definition)

procedure source_setup_to__test_device_type; SOlirce__SetUp_tO_teSt_deVice_type
{this procedure sets up the S.MUs to measure the type of device)
{it steps the body from —VDD to +VDD and 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_analyzer_address.vdnumb); %ets vd to 0 volts)
writestri ngC700+hpib_analyzer_address.' ,0.0,0.01;'); {id compliance^ lOma)
writestring(700+hpib_analyzer_add ress,'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_analyzer_add ress.'VC');
writestring(700+hpib_analyzer_address.vgnumb); {sets vg to 5 volts)
writestring(700+hpib_anal yzer__add ress,', );
writestring(700+hpib_analyzer_address,vddstr);
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writestring(700+hpib_analyzer_address,',lE—6;'); {sets vg compliance-lua)
writestring(700+hpib_analyzer_address,'VR1. ');
writestring(700+hpib_analyzer_address,mvddstr);
writestring(700+hpib_analyzer_address/, ');
writestring(700+hpib_analyzer_add ress,vddstr },
writestring(700+hpib_analyzer_address,\ ');
writestring(700+hpib_anal yzer_add ress,vdd2str);
writestring(700+hpib_analyzer_address.\ 0.025;'); {sets ib compliance-25ma)

end; {end of procedure setup_to_iesi_device_type)

procedure measure_device_type(var devtype.errorrinteger): ITieaSlWe device 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 bodyneg.bodyposrreal:
gateneg.gateposrreal;

begin
bsim_timer(time_count);
writestring(70()+hpib_analyzer_address.'SM DM2.LI "IBODY'V'IOATE";'):
writestring(700+bpib_analyzer_address,'ITl DRO BC'); {clears the buffer]
writ estring(7()0+hpib_ anal yzer_add ress.'MD ME1;'): {make measurement)
wait_ til l_hpib_ ready(hpib_analyzer_address):
writest ri ng( 700+ hpib_ ana1yzer_add ress,'DO ''IBODY'';'):
listen_ to_hpib( hpib_anal yzer_add ress);
readnumber(700+h pib_ anal yzer_address.bod yneg);
read nu mber(700+hpi b_anal yzer_address,bod ypos):
writcstring(70()+hpib_analyzer_address.'ITl CAl DRO BC'): {clears the buffer) {does calibration)
wri testring! 700+hpib_anal yzer_address.'DO "IG ATE'';');
readnumber(700+h pib_ anal yzer_ address.gateneg):
readnumber(700+hpib_anal yzer_address,gatepos):
errorr=0:

if (abs(gateneg)>lE-7) or (abs(gatepos)>lE-7) then
begin

dertyper-O: {gate short)
errors 1 r

end

else if (abs(bodyneg)>10E—6) and (abs(bodypos)>10E-6) then
begin

devtype:=0; {short between source.drain and body)
error.--2:

end

else if (abs(bodyneg)<10E—6) and (abs(bodypos)<10E-6) then
begin

devtype:-0;
error:-3; {open between sourceArain and body)

end

else if (abs(bodyneg)>10E—6) then
begin

dertype:— 1; {pchannel device)
gotoxv(47,6);
writei'PCHANNEL'):

else

end

begin
devtype:=l; {nchannel device)
gotoxv(47,6);
writei'NCHANNEL');

end;
talk_to_hpib(hpib_analyzer_address);

end: {end of procedure measure_device_type)

Nov 15 20:23 1984 Page 22 of bsimLO.TEXT



bsiml.O.TEXT bsiml.O.TEXT

-.measure_device
procedure chan_definition_device_functionality; dwn^efinition^eViCe^UnCtionatity
{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
writestring(700+hpib_analyzer add ress,'ITl DRO BC'): {auto calibration of 4145}
{this is the source definitionY
writestring(700+hpib_analyzer_address,'DE '); {4145 to channel definition page]
writestring(700+hpib_analyzer_address,rdchan); {channel definition for vd]
writestring(700+hpib_analyzer_address,',"\'DRAlN","IDRAIN",1.3:'): {sets up the DRAIN source)
writestring(700+hpib_analyzer_address,rgchan);" {channel definition for vg)
writestring(700+hpib_analyzer_address.', 'V'GATE'V'lGATE".1,1:'): {sets up the GATE source)
writestring(700+hpib_analyzer_address.rschan); {channel definition for vs)
writestring(700+hpib_analyzer_address/."VSOURC","lSOURC",1.3:');{sets the SOURCE source)
writestring(700+hpib_analyzer_address,vbchan): {channel definition for vb)
writestring(700+hpib_analyzer_address.',"\'BODY","lBODY".l,3:'): {sets up the BODY source)
writestring(700+hpib_analyzer_address.'VS1; VS2; VM1; VM2:'); {sets up

the voltage sources and monitors as not being used)
end: {end of procedure channei_definition_device_functionality)

procedure source_setuP_nchannei_dc\\cejiQiumeqm^upjichannel_device_functionality
{this procedure is called to setup the source values to test whether

a device is an nchannel device.

the device is diode connected with \'B=*\'S=0. then VD-V'G is stepped to YDD.
We should get IDRA1N>X)}

{last change "made: JUNE 20. 1984 by: JRP)

begin
{this is the source setup)
strwrite(vddstr.l.nextpos.vdd); {puts vdd into a string formal)
writestring(700+hpib_analyzer_address.'SS '); {move to source setup page)
writestring(700+hpib_anaIyzer_address.'VC'): {set drain as voltage source)
writestring(700+hpib_analyzer_address,rdnumb):
writest ring(700+hpib_analyzer_add ress,',');
writest ring(700+hpib_analyzer_add ress.rddstr);
writestring(700+hpib_analyzer_address.'.0.1;'); {set id compliance*lOOma)
writestring(700+hpib_analyzer_address,'VRl,0.0,'); {set gale as variable source)
writ estri ngC 7()0+hpib_anal yzer_add ress.rddstr);
writ est ri ng(700+hpib_anal yzcr_ add ress.',');
wri test ring( 7()0+hpib_ anal rzer_add ress.rddstr);
writestring(700+hpib_analyzer_address.',lE-6;'); {set gate compliance**lua)
writestring(700+hpib_analyzer_address.'\'C');
writestring(700+hpib_analyzer_address,rsnumb); {set source as ;—.source}
writestring(700+hpib_analyzer_address.'.0.0.0.1;'): {set is compliance* 100ma)
writest ri ng(700+hpib_anal yzer_add ress.' VC'):
writestring(700+hpib_analyzei_address.rbnumb): {set body as v—source)

(writestring(700+hpib_analyzer_address.'.0.0.0.01:'): {set ib compliance=10ua)
end; {end of source_selup_nchannel_device_J'unctionality)

procedure source_setup_pchannel_devicc_SQUft£Gi]LS&Up_pchannel_deVice_funCtiondlity
{this procedure is used to determine whether a device is a pchannel device.

the device is diode connected with VS=\"B=\'DD and \G~VD is stepped to OV.
we .should get IDRAIN«0)

{last change^ made: JUNE 20, 1984 by: JRP)

begin
writestring(700+hpib_analyzer_address,'SS'); {4145 to source setup page)
writestring(700+hpib_analyzer_address,'VC'); {set drain as i—source)
writest ring(700+hpib_analyzer_address,vd numb);
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writestring(700+hpib_analyzer_address,',0.0,0.1;'); {set id compliance-lOOma)
writestring(700+hpib_analyzer_address,'VRl,0.0,'); {set gate as variable source)
writestring(700+hpib_analyzer_add ress.vddstr);
writest ring(700+hpib_analyzer_add ress,',');
writest ring(700+hpib_analyzer_address,vddstr);
writestring(700+hpib_analyzer_address/,lE—6;'); {set gate compliance lua)
writ estring(700+hpib_analyzer_add ress,'VC'); {set source as \—source)
writest ring(700+hpib_analyzer_add ress.vsnumb);
writ estring(700+hpib_analyzer_add ress,',');
writest ring( 700+hpib_analyzer_add ress.vddstr);
writestring(700+hpib_analyzer_address,',0.1;'); {set is compliance*100ma)
writest ring(700+hpib_analyzer_address.'VC'):
writest ring(700+hpib_analyzer_address,vbnumb);
writ estring(700+hpib_analyzer_add ress,'.');
writ est ring(700+hpib_ analyzer_add ress.vddstr);
writestring(700+hpib_ analyzer_address,',0.01:'); {set ib compliance* lOma)

end: {end of source_setup_pchannel_device_functionality)

procedure measure_device_functionality(var dev\ypc.ervor:\n\e^BlDeaSUre^evice^UnCtionaUty
{this procedure sets up the 4145 to measure a single value of ids at the
bias conditions previously setup, and reads the value from the 4145t
{las: change made: OCT 2. 1984 by: JRP)

var irinteger;

begin
{this is the measurement and display mode setup)
{the following line sets up wail and hold times for measurement)
writestring(700+hpib_analyzer_address.'SM DM3.MX "IDRAIN":'):
writestring(700+hpib_analyzer_address.'ITl DRO BC'): {clears the buffer}
{this is the measurement setup)
writestring(700+hpib_analyzer_address.'MD ME1:'): {make measurement)
wait_till_hpib_ready(hpib_analyzer_address):
writestring(700+hpib_analyzer_address.'DO "IDRAIN":'); {output data)
listen_to_hpiWhpib_analyzer_address);
read number(70(>+b pi b_analyzer_address.idsgzero);
read nu mberOOO+h pib_ analyzer_address,idsgrdd );
if devtype-1 then {this is a nchannel device)

begin
if idsgrdd<widlh/length)*lE—6 then

begin
devtyper—0: {this tests for an open drain source)
crrorr—4:

end:

if idsgzero>0.95*idsgvdd then
begin

devtyper-O; {this tests for a shorted drain source)
errorr=5:

end:

end;
if devtype—1 then {this is a nchannel device)

begin
if abs(idsgzeroXwidth/length)*IE—6 then

begin
devtype:—0: {this tests for an open drain source)
errorr=4:

end:

if abs( idsg vdd )X).8*abs(idsgzero) then
begin

devtype:—0; {this tests for a shorted drain source)
errorr=5:

end;
end;

talk_to_ hpi b(hpib_analyzer_address);
bsim timerttime count):
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end; {end of procedure measure__device_functionality )

{jrp){added variable to procedure) .
procedure measure__derice_data(var measure_device_data_errorrinteger); TriOaSlWC dCVJCB 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.vgstart,vgend,vgstep,vbstart.vbstep:real:
numbvbstep.numbrgsteprinteger:
rdrainrarray[l..4r of real;
svsource^vgstart^vgendrsvgstep„svbstart^numbrbstep>srbstep,
srdrainl,svdrain2jsvdrain3~,svdrain4:string[20];
multiplienreal; {to scale the IDS vs VGS curves on the HP4145.

multiply the maximum ids value be the multiplier.
for vds*0.1 and 0.2 values, multiplier—0.1. so
the curves arc more visible)

procedure channel_definition_for_IDSrsVGSi^i«^ncZ^e/tnitlbn_/rC)r_IDS\'SVGS_jiata
{this procedure sets up the channels with all being voltage sources and the
source being common. The gale voltage and body voltage are set up to vary)
{List change made: JUNE 20. 1984 by: JRP)

begin
writestnng(70()+hpib_anaJyzer_address.'lT2 DRO BC'); {medium integration time)
writestring(700+hpib_analrzer_address.'DE '):
wrilestring(700+hpib_analrzer_address.rdchan>: {sets up drain as const)
writestring(700+hpib_analyzer_add ress.'." VDRAIN"." IDRAIN ".1.3;'):
writestring(700+hpib_analyzer_address.rgchan): {sets up gale as variable!)
wri test ringC700+hpib_analyzer_address,'. 'VGATE'7'iGATE'.l.l:');
writestring(700+hpib_analyzer_address,rschan): {.ver.v up source as const)
writestring(700+hpib_analyzcr_addres.s,'."\SOURC","lSOURC".1.3;'):
writestringC700+hpib_analyzer_address.vbchan): {sets up body as variable2)
writestring(700+hpib_analyzer_address.',"\"BOnY"."lBODY",1.2;');
writestring(700+hpib_anaIyzer_address.'VSl; YS2: VM1; VM2;');

end; {end of procedure lo define channels for data aquisilion)

procedure string_setup_measure_IDSvSVGS; String_SetUpj7ieaSUr€_IDSvsVGS
{this procedure calculates step sizes for the measurements, fills in the vdd
array, and makes the necessary strings for the 4145)
{last change made: JUNE 20. 1984 by: JRP)

var nextnositionrinteger; {for strwrite command
irinteger; {used for loop counter)

begin
bsim_timer(time_count):
{determine the value of YSOURCE)
if device_type-l then

rsourcer-0.0

else

rsourcer-rdd:

{determine the starting value of YGATE)
if device_type=l then

vgstartr-0.0
else

vgstartr-vdd:
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{determine the final value of VGATE)
if device^type-l then

vgendr-vdd
else

vgendr-O.O;
{determine the step size for YGATE)
if vdd<-3 then

vgstepr-0.05
else

if vdd <=5 then

vgstep:=0.1
else

if rdd<=10 then

vgstep:=0.2
else

rgstepr=0.5;
vgst epr=vgst ep*device_ type:
{determine the number of steps for YGATE)
numbvgstepr-truncfvdd /vgstep*device_type)+l; {plus 1 for the first point)
{determine the starting value for YBODY)
if device_type=l then

vbstartr—vdd
else

vbstart:=2*vdd:

{determine the number of YBODY steps)
numbvbstep:=numbrb:
{determine the value of the YBODY step)
vbsiep:=device_type*(0.01*irunc(vdd /(().()l*(numbvbstep— 1))'));
\dete-mine the values of YDRAIN)
I*********************************************************************t

i***********HFRE IS WHERE THE DRAIN SOURCE BIASES CAN BE CHANGED******}
I********************************************************************* i

vds[l]:=0.1:
vds{2]:=0.2:
vdsl3]:=vdd-0.5:
\ds[4]:=rdd;
if derice_type=l then

begin
rdrain[l]r=vds[l];
vdrain[2Jr=vds[2];
rdrain[3]r=rds(3]:
rdrain[4]r=rds[4];

end

else

begin
rdrai n[l]r-vdd—vds[1];
vdrain[2]r-vdd— vds[2];
vdrain{3]r=vdd—vds[3];
vdrain[4]r=vdd— vds[4];

end:

{here is where the strings are written)
srsourcer-' ':
strwrite(svsource,1.nex tpos.vsourcer2:3):
srgstart:-' ';
strwrite(srgstart,l.nextj>os,vgstart:2:3):
svgendr—' ':
str writeC svgend.l.nextpos.vv»endr2r3);
svgstep:-' ';
strwrite(svgstep.l.nextpos,vgstep:2r3);
svbstart:-' ';
strwrit e(svbstart,l,nextix)s,rbstart:2r3);
snumbvbstep:-' ':
strwrit e(snumbvbstep,l,next pos.numbvbstep);
svbstepr-' ';
strwrite(svbstep,l,nextpos,vbstepr2r3);
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svdrainlr-' ';
strwrite(svdrain 1,1 ,nextpos,vdrain[l]r2r3);
svdrain2r=' ';
strwrit eC svd rain 2,1,nextpos,vdrain[2]:2:3);
svdrain3r-' ';
strwrite(svd rain 3,1,nextpos,vdrai n[3]r2r3);
svdrain4r=' ';
strwriteCsvdrain4,l .nextpos.vdrai n{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 ir=l to numbvbstep do

vbs[i]r=device_type*((vbstart+(i—l)*vbstep—vsource)):
end; {end of procedure string_seiup_measure_lDSvsYGS)

procedure source_setup_measurc_lDSrs\GS(srdrain:testcoS0HrCe_5etUp_7;neaSarC^rDSv;5VGS
{this procedure sets up the sources to measure the data)
{last change made: JUNE 20. 1984 by: JRP)

begin
writestring( 700+hpib_ana]yzer_address.'SS ');
writestring(700+hpib_analy7.er_address,'VRl,'): {setup j'or gate source)
writ estring(700+hpib_ analyzcr_address.svgstart);
writest ring< 700+hpib_analyzer_address,Y);
writest ring( 700+hpib analyzer_add ress,svgcnd):
writestring( 70()+hpib_analyzer_address,','):
writest ringC 7()0+hpib_analyzer_add ress,srgstep):
writest ring( 700+hpib_anal yzer_address.'.lE—6:');
writestring(700+hpib_analyzer_address.'VP '); {setup for body source)
writestring( 700+hpib_analyzer_add ress.srbstart);
writestring( '700^hpib_ anal yzer_ add ress.'.'):
writest ring( 7()0+hpib_anal yzer_address„svbstep);
wri testring(7()()+-hpib_ anal yzer_add ress.'.');
writ estring(700+hpib_analyzer_address.snumbvbstep);
writest ring(700+hpib_analyzer_add ress.',0.001;'):
writestring(700+hpib_analyzer_address,'\'C'): {setup for drain i— source)
wi iteviri ng(700+bpib_anal yzer_add ress.rd numb);
writest ri ng(7t)0+hpib_anal yzer_add ress.'.');
writ est ring( 7()0+hpib_analyzer_add ress,svdrain);
writestring(7()0+hpib_analyzer_address,'.100E—3r');
writest ring(700+hpib_ analyzer_add ress/ VC');
writest ring( 700+bpib_anal yzer_add ress/vsnu mb):
writestring(700+hpib_analyzer_address,'.');
writest ring(700+hpib_analrzer_address.svsource):
writest ring( 700+hpib_ analyzer_add ress,' ,100E-3;'):
bsim_ timer( time_coun t);

end: {end of procedure source_setup_measure_IDSvsYGS)

{jrp}{changed variable error to ids_vgs_array_error]
procedure measure_and_reduce_IDS\sVGS_data(^meCbSiWe^and_redllCe_IDSVSVGS_ddta

var ids_vgs_array_error:integer);
{this procedure reads the data from the 4145 for either a nchannel or
a pchannel device. The values oj' vdsjds.vbs and vgs are converted to
correspond to the convention for nchannel devices)
{last change made: SUNDAY OCT 14. 1984 By: JRP)

var i,j.k,l;i nteger;
idrainrarray[l..l00] of real;
vgst ep_at_vthrint eger:
vg__store_stepri nteger,
threshold rrealr
notretrboolean:
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maxidsvalrreal; {maximum of idsgzero or idsgvdd)
signrlinestring;

begin
bsim_timer(time_count);
{writestring(700+hpib_analyzer_address,'SM DM3 MX "IDRAIN":'):j*****************************Ia£e q^ J^^^**^********^******************}
if TRACE23=true then wri tel n( userou12,

idsgzero=',idsgzero,'idsgrdd=',idsgrdd);
|iMt*********:******************ra£e out ^aZer*********************************i

if abs(idsgzero)>absCidsgrdd) then
maxidsvalr-multiplier*abs(idsgzero)

else

maxidsralr=multiplier*abs(idsgrdd);
if maxidsval>lEO then

maxidssiringr='0.75El'
else if maxidsval>lE—1 then

maxidsstring:-'0.75EO'
else if maxidsval>lE—2 then

maxidsstring:-'0.75E—1'
else if maxidsral>lE—3 then

ma\idsstring~0.75E—2'
else if ma\idsral>lE—4 then

maxidsstring:='0.75E—3'
else if maxidsral>lE—5 then

maxidsstringr='0.75E—4'
else if ma\idsral>lE—6 then

maxidsstringr='0.75E—5'
else if maxidsralME— 7 then

maxidsstring:-0.75E—6'
else if maxidsral>lE—8 then

maxidsstringr-'0.75E—7'
else if maxidsral>lE—9 then

maxidsstringr=0.75E—8'
else if maxidsral>lE—10 then

maxidsstring?='0.75E—9'
else maxidsstring:='0.75E—10':
if device__type— I then {// pmos. then add minus sign to)

begin {maxidsstring value sent to hp4]45\
sign:-'—';
strappend(sign.maxidsstring):
maxidsstringr—sign:

end:
J****************************** £ j >,*********************************!

if TRACE23=true then writein(userout2,
maxidsstring -.maxidsstring);

|*****************************ja^e ou^ ^ajer*********************************i

writestring(700+hpib_analyzer_address,'SM DM1, XN"VGATE",1,0,');
writest ri ng(700+hpib_anal yzer_add ress.vddstr);

{JRP)if derice_tvpe=l then
{JRP) begin '

writestring(700+hpib_anal\-zer_aildress.':YA"lDRAIN",l,0,');
writestring(700+hpib_analyzer_address.maxidsstring);
wri testring(700+hpib_analvzer_add ress.':');

{JRP) end
{JRP)else {device is PMOS)
{JRP) begin
{JRP) wriiestring(700+hpib_analyzer_address/;YA"lDRAIN",l,');
{JRP) wri testring(700+hpib_analyzer_address,maxidsst ring);
{JRP) writestring(700+hpib_analvzer_address,'.0;' );
{JRP) end;

writestring(700+hpib_analyzer_address,'IT2 DRO BC): {medium integration time)
writestringC700+hpib_analyzer_add ress,'MD ME1');
wait_till_hpib_ready(hpib_analyzer_address);
bsim_timer(time_count);
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writestring(700+hpib_analyzer_address,'DO " IDRAIN";},
bsim_ timer( ti me_coun t);
listen_to_hpibChpib_analyzer__address);
thresholdr-O.lE—6*width /length; {this is the threshold current level)

{jrp)if TRACE37=true then writeln(userout2,
{jrp) 'threshold-',threshold.' width-',width:2:2,' length-',length:2:2);
{jrp) ids_ vgs_array_error:-0:

for jr=l to numbvbstep do
{jrp) if ids_vgs_array_error-0 then

{this steps through the values of vbs from highest in magnitude to
the lowest value of vbs in magnitude)
begin

not yet:=true:

{jrp) vgstep_at_vthp=numbvs»step: {in case all values)
{are below threshold)

for i:-l to numbrgstep do
\this steps through the values of vj/.v from lowest in

magnitude to highest in magnitude]
begin

{jrp) rcadnumber(700+hpib_analyzer_address,idrain[i]):
if (abs(jdrain[i])>threshold) and (notyet-true) then

begin
not ye l:=false;
rgstep_at_ vth:=i+5;

end;
end;

vg_store_step:=(numbrgstep—rgstep_at_rth) div (numbvg—1);
if rg_store_step-0 then

ids_vgs_array_error:=6; {this means that there are not enough points)
if ids_vgs_array_error-0 then

begin
for i:=l to numbvg do

begin
idslvdscount.j,i]:-(idrain[vgstep_at_vth+

(i— 1)*rg_store_ step])*
device_type:

rgs[rdscount.j,i]:=(rgstep_ai_vth—1 +
(i— 1)*vg_store_step)*
rgstep*device_type:

end:

end;
end;

bsim_timer(time_count);
talk_to_hpib(hpib_analyzer_address):
bsim_timer(time_count);

end:

begin {begin procedure to measure_device_data)
channel_definition_for_IDSrs\'GS_data:
string_setup_measure_IDSrsVGS:
multiplierr-0.1;
source_setup_ measure_ IDSrs\GS( svd rai n 1h
mcasure_and_reduce_IDSvs\GS_data(l.measure_device_data_error):

{jrp)if TRACE38-true then writeln(userout2.'within measure_and_reduce and',
measure_device_data_error-'.measure_device_data_error:l);

{jrp)if measure_device_data_error-0 then
{jrp) begin

source_setup_ measure_ IDSvsVGS( svd rai n2);
measure_and_reduce_IDSvs\"GS_data(2,measure_device_data_error);

{jrp) if TRACE38«true then writeln(userout2,
within measure_and_reduce and',' measure_device_data_error-'.

measure_device_data_error:l);
multiplier:-1.0:
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{Jrp)
ijrp)

Urp)

\jrP)
{jrp)

\jrp\
{jrp)
{jrp}
{jrpHf

end;

end:

-.measurejdevicejlata
if measure_device__data_error-0 then

begin
source_setup_measure_ IDSvs VGSCsvdrain3);
measure__and_red uce_IDSvsVGS_data( 3,

measure_device_data_error);
if TRACE38-true then writeln(userout2.

'within measure_and_reduce and',
measure_device_data_error-'.

measurc_device_data_error:l);
if measure_device_1_data_error=0 then

begin
source_setup_measure_II)Svs\'GS(svdrain4):
measure_and_reduce_IDSvs\'GS_data(4.

measure_device_data_error):
end;

end:

TRACE38=true then writein(userout2.'within measure_and_reduce and'.
measure_dericc_data_error-',measure_derice_data_error:l):

begin {begin procedure measure_device]
translate_terminals_to_strings;
error_coder=0:
chan_dei'ini tion_ to_test_derice_ type;
source_setup_to_test_derice_type:
measu ie_derice_ type(device_ type.error_ code);
if device_type— 1 then {this is pchannel device test)

begin
chan_definition_device_functionality:
source_setup_pchannel_device_functionality:
measure_device_functionality(device_type.error_code):

end:

if de\ice_type-l then {this is the nchannel device test)
begin

chan_definition_device_functionality:
source_setup_nchannel_devke_ functionality:
measure_dcvice_ functional ity(device_type.error_code):

end;
if error_code-0 then

{jrp) begin
{jrp} measure_device_data(error_code);
{jrp) if error_code=6 then \error_c<*de might become non—O)
{jrp) begin
{jrp) gotoxy(0,22);
{jrp) writeC'NO PARAMETERS HAVE BEEN GENERATED OR SAVED');
{jrp) writeC: IDS-VGS ARRAY HAS A ZERO IN IT'):
{jrp) end:
{jrp) end

else

begin
gotoxy(47.6);
case error_code of

1:writeC ERROR **GATE SHORT**'):
2:writeC ERROR *SHORTED JUNCTION*');
3:writeC ERROR **NO JUNCTION**'):
4:begin

got oxy( 55,6):
writeC ERROR*OPEN DRAIN-SOURCE*');

end;
5:begin

gotoxv(55.6):
writeC' ERROR*SHORTED DRAIN-SRC*');

end;
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end: {end of case)

end;
end;

|****************************************************** i

|*********************£sj\j EXTRACTION j?o^j/jv£'5**********4W*******************}
|***************************************************************5************* I

procedure extract_device_parameters: eXtraCt_deViCe_JpCtrameterS
{this procedure extracts all of the pertinent device parameters)
{last change made: SUNDAY OCT 14. 1984 By: JRP}

var u0,beta0.vth.ul.a.eta:arrayfl..4.1..6] of real:
vt0.azerovds,uOzerovd s:array[ 1..6] of real;
kljt2,vfb.phif2:array[l..4] of real; {for linear region analysis]
i,j,vdindex.vbindex.rgindex:integer: {counters for extraction]
j*******************************ra£e out ^ater************************ i

iii,jjj.kkkrinteger: {used to print out all data values)
1*******************************^^ ^ ^a£er************************ j

|***************************y^Y£_^ REGION £XTRACTION*************************)

procedure lineai_region_extraction: linear_regiOnj2XtraCtion
{this procedure calculates the parameters YTX, SLOPE, and UO using a first
pass to extract initial estimates, and newion—raphson iterations to derive
the final values at various biases)

const number_small_rgs_ralues=3:
maximrar=lE—8:

var vgsvalrreal: {present value of vgs)
nrindexrintegerr {present index for newton—raphson iteration)
constant.linear,quadratic:real:
idsdivvdsneal:
rgindexri nteger:
iterate:boolean:

vgsminvtxrreal:
linear 1.1inear2:real:
rt\„slope.uOx:real;

begin
^**************************ta£fc, ^ i^te^i&#*********************\

il TRACE37-true then writeln( userou12,'entering linear_region extraction);{***************************?a£cy ^ ^rer******«***#*#**I|c^#+w**#1
for vgindex:-1 to number_small_vgs_ralues do

begin
if TRACE37=true then lsq3.-=true;
vgsralr-vgsfvdindex.vbindex.vgindex];
idsdivvdsr=ids[vdindex.rbindex.rgindex]/vds[vdindex];
leastsq3( vgindex. 1.number_small_vgs_values.vgsval,vgsval*vgsval,
idsdirrds,constant.linear,quadratic);
if TRACE37=true then lsq3r=false;

{jrp) if TRACE37-true then writeln(userout2,'in 1st leastsq3 &',
ijrp) ' rgindex-'.vgindexrl);

end;

vtxr=(—2.0*constant) /(linear+linear*sqr( 1—(4*constant*quadratic) /
(linear*linear)));

sloper=linear+2*quad ratic*vtx;
{jrp)if TRACE37=true then writein(userout2/after 1st leastsq.3 & vtx-'.
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{jrp} vtx,' slope-',slope);

{this is the .fit for (vgs—\tx) /g**l /slope+uOx/slope*(vgs—vtx) which
is used to get an initial estimate for uOx)
for vgindexr=(number_small_vgs__values+l) to numbvg do

begin
vgsminvtxr-vgs[vd index,vbindex,vgindex]—vtx;
leastsq2(vgindex,number_small__vgs_values+l.numbvg.vgsminvtx.

vgsminvtx /ids[vdindex,vbindex,vgindex]*vds[vdindex],
constant.linear):

end;
uOxr-linear /constant;

{jrp)if TRACE37=true then writeln(userout2,'after 2nd leastsq3 & uOx-'.uOx);
{thus is the final fit for g~slope*(vgs—vtx) /U+uOx*\vgs— vtx))}
iterater=t rue:

nrindexr-1:

while ((nrindex<15) and (iterate-true)) do
begin

for vgindexr=l to numbvg do
begin

vgsminvtxr=vos[vdindex,vbindex.vgindex]—vtx;
idsdivvdsr-ids]vdindex.vbindex,vgindex]/rdsfrdindex]:
Ieastsq3(rgindex,l.numbrg.(u0x*idsdirvds—slope) ,'rgsminrtx.

—idsdirrdsjdsdivvds/vgsminrtx+idsdirvds*u0x—slope,
constant .linear l.linear2):

end;

if (uOx+linear2)<3) then

uOx.—u()x /10

else

u0xr=u()x+linear2:

si ojier-s lope+constan t:
vtx:-vtx+linearl:

if (abs(constant/slopeXmaximvar) and (absdinearl Xmaximvar) and
(abs(linear2 /uOxXmaximvar) then

iterater-false:

nr i nd ex.-- nri nd ex+1:

{yrn}if TRACE3^-tnie then writeln(useroui2.'nrindex\
{jrn} nrindex:2.' vtx-'.vtx,' slope-'jslope,' uOx-'.uOx);

end: {end of newion—raphson iteration]
beta0{vdindex,r bindex]r-slope;
vth[vd index,vbi ndex]r=vtx;
uO[vdindex,vbindex]r=uOx:
]***************************?a^.e j ^ j *************************!

end:

if TRACE37=true then writeln(userout2.'leaving linear_region_extraction'):
j***************************^^ j ^£<?r*************************i

procedure large_device_201 _extraction: large_deVice_20fj2XtraCtion
{this procedure is called to analyze the first large device of the current

die. and for each difjereni device type, in the data structure.
to determine 20f. KL K2, and YFB. this procedure NEVER gets called for
SINGLE mode)

{last change made: THURSDAY SEPT 20. 1984 By: JRP]

const numbvb-6:

maximrar=lE— 8:

var q_e_2,k_t_qrreal;
s,g.t,a.Na,ni:real;
v p,sqroot _ vprreal;
cons tan t.li near 1rreal;
iteraterboolean;
nrindex.vbindexrinteger;
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begin

temp 1,temp2:real:
testrinteger;

|***************************^a>r,e . ^ater*************************}

if TRACE37=true then writeln(userout2,'entering large_derice_20f_extraction');
J***************************££££ J ^z£er*************************l

phif2[vdindex]r-0.6:
k_t_qr=0.0258512*(temp/300.0):
ni:=1.45E10*exp(l.5*ln(temp/300))*exp(1.124/2.0/k_t_q*(l-300/temp)):
q e_2r-3.20438E-19*11.7*8.854E-14:
k2[vdindex].-=0:
{HERE IS WHERE s is calculated)
{for the first die tested, s is set to 1}
{all further dies use the proiess parameters for kl on the previous
die to determine s]
test:=2*device+enhancement_depletion:
if ( (present_die=U or (first_good_die=l) ) then

S.-1.0

else

case test of

—3rsr=1+pdlkl /Oength+pddD+pdwkl /(width+pddw); {pchan dep.\
—2rsr=]+pzikl /(length+pzdl)+pzwkl/(width+pzdw); {pchan zer.)
—lrsr=l+pelkl /(length+pedU+pewkl /(width+pedw); {pchan enh.)
lrsr=l+ndlkl /(length+nddD+ndwkl/(width+nddw); {nchan dcp.)
2rsr=l+nzlkl /(length+nzdl)+nzwkl /(width+nzdw); {nchan zer.)
3rs.-=l+nclkl/(length+nedl)+newkl/(width+nedw): {nchan enh.)

end: {end of case statement to deterTiine s)
Na:=ni*exp(phii"2(rdindex] /2.0 /k_t_q);
kl[rdindex]r-s*sqrt(q_e_2*Na)/cox:
{the newion—raphson iteration begins here]
nrindexr=l;

itcraier-true:

while ((nrindex<15) and (iterate-true)) do
begin

{jrp} if TRACE37=true then writeln(userout2.'rdinde\',rdindexrl,
{jrp} ' nrindex='.nrindex:2):

for rbindexr-1 to numbrb do

begin
vpr-phif2[vd index]— vbsfvbindex];
sqroot_vpr-sqrt(vp);
tr-1.744+0.8364*vp;
gr-1 —1 /t:
a:=l+g /2*kl[vdindex] /sqroot_ vp:
templr-1—k2[vdinde\]+kl[vdindex] /2 /sqroot_vp
+kl[vd index]/4*sqroot_vp /k_t_q+
vds[vdindex] /2*(-g /4*kllvdindex] /
vp/sqroot_vp+kl[vdindex] /2 /sqroot_vp/t /t*0.8364):
temp2r=vthfvd index,vbindex]—a /2*vds[vd index]
—phif2[rdindex]—kl[rdindex]*sqroot_rp;
leastsq3(vbindex.l,numbvb,templ,—vp,temp2
,vfb|vdi nd ex],linear 1Jt2[vd ind ex]);

{jrp) if TRACE37-true then writeln(userout2.
{jrp) ' vl>='.vbindex.' vfb[',vdindex:l.']=',
{jrp} vfblvdindex],' k2('.rdindex:l,']='.k2[rdindex]):

end:

phif2[vdi ndex]r=phif2[vdindex]+li near1:
if phif2[vdindex]<0.2 then

phif2{vdindex]r=0.2; {safety check]
Nar=ni*exp(phif2[vdindex] /2 /k_t_q):
if Na<ni then

Nar=ni; {guarantees that phif2 does not go negative]
kl(vdindex]r-s*sqrt(q_e_2*Na)/cox:
if abs(linearl)<maximvar then

iterater-false;
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nrindexr=nrindex+1;

{jrp) if TRACE37-true then writeln(userout2,
{jrp} ]phif2l\vdindexrl,'K,phif2[vdindex],' kl[',vdindexrl,
{jrp} 'j«',kl[vdindex]);

end; {end of newion—raphson iteration while loop)
bsim_timer(time_count);

j***************************ru£e QUt ^aZer*************************j

if TRACE37=true then writelnC userou12, leaving large_device_20f_extraction'):
j***************************^^ out ^ur<?r*************************i

end: {of procedure large_device_ 20f_ext ruction)

procedure iincar_region_threshoid_anaiysis; linear\_region_threshold_analysis
{this procedure extracts arrays for vfbjil. and k2. assuming that the
value of 20J' is already known)
{last change made JUNE 18. 1984 by: JRP)

var i.g.vp.sqrooi_rp.rx:real:
vbindexrinteger:
k_ t_q.ni.q_e_ 2.s.Na:real:
testrinteger:

begin
;***************************Zu£e ^^^ ^^r*************************i

if TRACE37=true then writeln(userout2,
entering linear_region_threshold_anaI vsis'):

,! ***************************£u£e ()Ut ^/rer*************************j

test:=2*dcrice+enhancement_depletion:
{here 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]r=c2_phif2
else

case test of

—3rphif2[vdindex]r-pdphif2: {pchannel depletion)
—2rphif2[rdindex]r=pzphif2; {pchannel zero)
—I:phif2(rdindex]r=pephif2: {pchannel enhancement)
I:phif2[rdindex]r=ndpbif2: {nchannel depletion)
2:phil'2(vdindex]r-nzphif2: {nchannel zero)
3:phif2[vdindex]r=nephif2; {nchannel enhancement)

end: send of case to determine phif2 values]
k_t_qr=0.02585l 2*(temp /300.0);
ni:=l.45El0*exp(l.5*ln(temp 300))*exp( 1.124 /2.0/k_t_q*(l-300/temp));
q_e_2:=3.20438E-19*l l.7*8.854K-14:
\s only has to be an approximation hern)
sr—1:

Nar=ni*exp(phif2[vdindex] /2.0 /k_t_q);
kl[rdindex]r=s*sqrt(q_e_2*Na) /cox: '
for vbindexr-1 to numbvb do

begin
vp:=phif2[rd index]— vbs[vbindex];
sqroot_vpr»sqrt(vp);
t:-1.744+0.8364*vp;
gr-l-l/t;
a[vdindex,vbindex]r=l+g /2*kl[rdindex] /sqroot_rp;
leastsq3( vbindex,l.numbvb.vds[vdindex]/2*g /2 /sqroot_vp+

sqroot_vp —vp,vth[vdindex.vbindex]— phi i'2( vdindex]—
a[vdindex.vbindex]/2*vds[vdindex].vfb[vdindex]
,kl[rdindex],k2lrdindex]):

{jrp} if TRACE37=true then writeln(userout2.
{jrp} ' rb=',rbindex,' vfb['.vdindex:l,']=',
{jrp} vfb{vdi ndex].' k2['.vdindex:l.']=',k2lvdindex].
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{jrp) ' kl[',vdindexrl,']='4cl(vdindex]);

end;
{jrp)if TRACE37=true then writein(userout2,
{jrp} 'phif2[',vdindexrl,'K,phif2[vdindex]);

bsim_timerCtime_count);
/♦♦^3|E^^t#3|c^^c^^e^^e^^B<e^c^(a|a|{^c^e^nKy-j. - /v/f //yfg »■♦♦♦♦♦♦fraM^♦♦♦♦♦♦ ♦♦♦♦♦♦♦♦♦ \

if TRACE37=true then wri tel n( userou12,
leaving linear_region_threshold_analysis');

j***************************Zu^e j £ajer*************************i

end; {end o/ r/ie linear_region threshold analysis}

procedure lincar_region_data_reduction; linear__TegiOn_datdJTedllCtion
{l/xis procedure reduces the data for the linear region variables
u0.vfb.20fklJ:2.vtO. and azerovds)
{last change made: THURSDAY SEPT 20. 1984 By: JRP)

var vdindex.rbindexrinteger:
x3u()rreal:

linear 1rreal:

vpj»qroot_vp,g.t,vx rreal:
testrintegcr;

begin
j***************************^£e • >r************************* i

if TRACE21=truc then wri tel n( userou t2,
entering linear_region_data_reduction'):

j*********t*****************£^e j ^Icr*************************|

{Wtwr up arrays]
for vdindexr=l to number_small_rds_ralues do

for vbindexr-1 to numbvb do
begin

vpr=phif2[vdi ndex]—vbs[vbindex];
sq root _ vpr-sq rt( vp);
tr=l."M4+0.8364*vp;
gr=l-l /t:
a[rdindex.rbindex].--l+g /2*kl[vdindex] /sqroot_vp;
vx:=a[rdind ex.vbindex]/2*rds[vd index];
vth{vdindcx,vbindex]r=vth(vdindex.vbindex]—vx;
uOfvdindcx,vbindex]:=uO[vdindex.vbindex] /

(1 —uOfvdind ex,vbindex]*vx);
end:

{reduction of uO to Zero vbs values)
for vbindex:=l to numbvb do

for vdindexr=l to number_small_vds_values do
leastsq3( 2*( vbindex— 1)+vdindex,l ,number_small_vds_values*numbvb.

\bs[vbindex],vds[rdindex],uO[rdindex.rbindex].
c7_u0.cl 2_x2uO,x3uO);

gotoxy(3.20):
write(c7_u0:l:3):
gotoxy(45.13):
write(cl2_x2uO:l:6);
for vbindexr=l to numbvb do

uOzerovdslvbindex]r=c7_uO+cl2_x2uO*vbs[rbindex]:
for vdindexr-1 to number_small_rds_values do

leastsq2(vdindex,l.number_small_vds_rahies.rds[rdindex].
vfb[vdindex].c1_ vfb.linear 1);

gotoxy(4,14);
write(cl_vfb:l:3);
if (meas_20f=TRUE) or (fake_meas_20f=TRUE) then

for vdindexr-1 to number_small_vds_values do
leastsq2(vdindex,l,number_small_vds_values,vds[vdindex],

phif2[rdindex],c2_phif2Jinearl);

Nov 15 20:23 1984 Page 35 of bsimLOTEXT



bsimLO.TEXT bsiml.O.TEXT

-linear\region_dataReduction
{here is where the value of phifl 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

-3rpdphif2r-c2_phif2;
-2rpzphif2r=c2_phif2;
- lrpephif2r=c2_phif2:
Imdphif2r=c2_phif2;
2rnzphif2r-c2_phif2:
3rnephif2r=c2_phif2r

endr {end of case to store away value of phif2}
gotoxr(6,15);
write(c2_phif2rl:3);
for rdindexr=l to number_small_rds_ralues do

leastsq2(rdindex.l.number_small_rds_values.rds[rdindex],kl[rdindex].
c3_kl.linearl):

gotoxv(3.16);
write(c3_kl:lr3):
for vdindexr-1 to number_small_vds_values do

Ieastsq2(rdindex.l.number_small_rds_values.rdslrdindex]ji2[rdindex],
c4_k2.1incarl):

goto\v(3.17);
write(c4_k2:l:3):
for rbindexr=l to numbvb do

begin
if TRACE23=true then writeln(userout2,

lineai vto array and vbindcx-'.vbindex):
if TRA('E23=true then wri tel n( userou 12,

vbs[rbindex]-'.rbs[rbindex].' and c2_phif2-'.c2_phif2>:
vpr=c2_ phif 2— vbs[ vbindex]:
sqroot_vpr=sqrt( vp);
vtOfvbi ndex]:=c 1_ vfb+c2_ phif2+c3_ k1*sqrooi_ vp—c4_k2It-vp:
tr=l."44+0.8364*vp:
g:=l-l 't:
azerovds|vbinde\]r-l.0+g '2.0*(c3_k 1 /sqrt(vp));

end:

for vdindexr-1 to number_small_vds_values do
tor vbindex:-! to numbvb do

eta(rdi nd ex.v bindex]:=(rt h[vd index.rbind ex]—rt0[rbind ex]) /
vds[vdi ndex];

bsi m_ timer( time_coun t):
J 3f:9K9fC JfCrf>3|C3f: IfC^C 3|C3|C 3|C3|C 3|C3|C >fC34> 5fC3^3|!!lC wfC4£3fC-3|( 3|S3f£^ /t I*g-j f%l it ]t J*^^********^Wf******^******** J

if TRACE21=true then writeln(uscrout2.
leaving linear_region_data_reduction);

J***************************ju^ j ^^g^************************!

end:

{jrp}{the entire following procedure is new) j«j«
procedure cbeck_linear_j>arameters_ralidity(var linear_^lim9jtorjeflfiartegmrameter5_Vailairy
{this procedure checks each of the just—extracted linear parameters to see if

they are within a reasonable range oj' values, if they are not. then the
extraction will cease here, and the parameters will not be used when computing
the process file. a check of the saturation region parameters {and the
linear parameters again.) will be conducted in process_j'ile_development)

{last change made: THURSDAY NOV 8. 1984 By: JRP)

begin
li nea r_parameter_errorr-0;

{JRP)\f not( (cl_vfb >» -5.0) and (cl_rfb <= 1.0) and
(c2_phif2 >- 0.2) and (c2_phif2 <= 1.5) and
(c3 kl >- 0.0) and (c3 kl <- 5.0) and

Nov 15 20:23 1984 Page 36 of bsimLO.TEXT



bsiml.O.TEXT bsiml.O.TEXT

^check_linear_parameters_yalidity
{JRP} (c4_k2 >- -l.O) and (c4_k2 <= 1.0) and
{JRP} (c7_u0 >- -1.0) and (c7_u0 <- 1.0) and

(cl2_x2u0 >- -1.0) and (cl2_x2u0 <- 1.0) ) then
linear_parameter_error?= 1:

end;

1***************************^.^TURATION ^£(5/ojv*****************************}

procedure initial_saturation_region_estimates(var betaOstWM^^i2tUinarion^egiO/l_C5fi;?ZarCS
{this procedure handles the estimates for ulMetaO, and vt/. for

the saturation region analysis]
{last change made: THURSDAY SEPT 20. 1984 By: JRP]

var etasatrreal:

begin {begin procedure initial saturation region estimates]
j*********************************^^ Qut ^azer****************#*x+:j[+^**i

if TRACE25=true then w ri tel n( userou12.
'entering initial saturation region estimates');

j**************************,**,^**^^ ^t{ ^jer************************** I

if (rbindex-numbvb) and (vdindex-numbvd) then
begin

ulsatr-O.O;

vthsat:-vtO[ vbindex]—eta[2.vbindex]*vds[vdindex]:
beia()satr=beia0[2.vbindex]:

end

else if (rbindex-numbvb) and (vdindex<numbrd) then
begin

{use values for previous vdindex)
etasatr=eta[vdi ndex+l.vbi ndex]:
ulsatr-ul[vdindcx+l,rbindex]:
betaOsatr=betaO[rdindex+l.rbindex]:
vt hsatr=vtO[ vbindex]—etasat*vds[vd index]:

end

else {(vbindex <numbvbi}
begin

{use values from previous vbindex)
etasatr=cta[vdindex.vbindex+ l]r
ulsat:=u 1[vdindex.vbindex+1]:
betaOsatr-betaO(vdindex.vbin(lcx+l];
vthsatr-vt(){ vbindex]—etasat*vds[vdindex]:

end;
j*********************************^.^. ^ ^atermt*******.***************i, J

if TRACE25=true then writelnCuserout2.
leaving intial saturation region estimates');

j*********************************^^ ^ ^?er************************** i

end: {end of procedure initial saturation region estimates)

{jrp){next line)
procedure saturation_region_data_extraction( SatliratiOn_region_data_eXtraCtion

var saturation_extract_error:integer):
{this procedure extracts the parameters betaOsat. eta. and ul from

the data taken over large vds values)
{last change made: SUNDAY OCT 14. 1984 By: JRP)

var nrindex,vgindexrinteger;
iteraterboolean:

betaOsat.ulsat.vthsatJdssim.deltabetaOsat.
deltavth.deitaul rreal:

didsdbetaO,dkdvth.dkdul.didsdvth,didsdul.dudvthrreal;
vgsmi nvth,u ,vc,t ,k,r.s,asat ,u0sat .vdssat rreal;
templ,lemp2.temp3rarray(l..6] of real;
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numbon.numblin,numbsat,goodcountunteger;

l*********************************^^ ()ut fa^^************************)
placednteger; {used for debugging newton—raphson loop)

|*******************lM,**«**»****»*Ia^e out kIe^************************l

procedure zero_ul_saturation_extraction; ZerOJAljSatUrationjZXtraCtWn
{this procedure is called if ul is going negative. In this case, ul is
set to zero)
{last change made: THURSDAY SEPT 20, 1984 By: JRP)

var nrindcx.vgindexri nteger:
iterate:boolean:
num bon.goodcountrint eger;
templ.temp2:array[l..6J of real;
{most variables are used as global variables within the routine
saturalion _ region_data_extraction}

hegin
|*********************************Za£fc( Qut ^j^**************,.*********** I

if TRACE25-true then writcln(userout2,
entering zero_ul_ satu ration_extract ion):

j*********************************r .^^ ^^ ^,?er************************** I

nrindex^l;
iterater-true:

while (nrindex<12) and (iterate-true) and (leastsq_diride_by_zero=false) do
begin

numbonr-O:

for vgindexr-1 to numbvg do
begin

rgsminrthr=rgs[rdinde\.rbindex.rgindex]—rthsat;
if rgsminrth<D.O then

rgsminrthr-O.O:
u:= 1.0+uOsat*vgsmi nrt h:
vdssatr-vgsminvth /asat:
if vds[vdindex] >vdssat then

{this is saturation analysis]
begin

sr-betaOsat /u /asat:

idssi mr-s /2.0*sq r( vgsm invt h):
{this next line has been changed from
original program. (u+1) /2 /u has been
added to give exact derivative]
didsdvthr-—(s*vgsminvth)*( u+1) /2 /u:

end

else

{this is the linear region analysis]
begin

s—betaOsat /u*vds[vd index]:
idssimr=s*(v£sminvth—asat /2.0*
vds[vdindexl):
didsdvth:—(s);

end;

didsdbetaOr-idssim /betaOsat:
if vgsm invt h>0 then

begin
numbonr-numbon+1:

templ[numbon]r-didsdvth /didsdbetaO:
temp2[numbon]r=(ids[vdindex.vbindcx.

vgindex]—idssim) /didsdbetaO
endr

end;
for goodcountr=l to numbon do

leastsq2(good count,l.numbon.templfgoodcount],
temp2[goodcount].deltabeta0sat,deltavth):

betaOsatr-betaOsat+deltabetaOsat;
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vthsatr-vthsat+deltavth;
if CabsCdeltabetaOsat/betaOsat )+abs(deltavth))<lE—8 then

iterater-false;
nrindexr-nrindex+1;

end; {end of while loop)
J**********************************nlro ivit /^»-jr-************ ************** I

if TRACE25=true then writelnCuserout2,
' leaving zero_u1_ saturat ion_extraction');

J*********************************~rflfff CAlt //jfgr*************************** }

endr {end of procedure zero_ul_saturation_extraction)

{procedure saturation_region_dala_extraction begins here)
begin

J*********************************g^£e z ^ujer**************************l

if TRACE21-true then wri tel n( userou t2,
entering sat_reg_data_extrac rbindex- \vbindexr2,'& vdindex- \vdindexr2):

J*********************************Jy^ ^^r************************** I

{yr/>}saturation_exiraci_errorr=0;
uOsalr-uOzerovdsI vbindex]:
asatr-azerovdsl vbindex];
initial_saturai ion_ region_estimates( betaOsat.ul sat.vt bsat);

j********************************* . ;-************************** |

placer-O:
if TRACE25=truc then writeln(userout2.

re—entering intial saturation region estimates ');
i********************************* • r ,************************** i

{this section fits the curve (Id-lds>=d1dsdP>etaO*y+dldsd\'th*y2+dIdsdUl*x3
where y=deltaBetaO x2u*deltu\'th and xS^deltaU l)

iterater-truer

nrindexr=l; {newton—raphson index]
while (nrindex<13) and (iterate-true) and (leastsq_diride_by_zero=false)

and (saturaiion_extract_error=0) do
begin

if TRACE24-true then

writeC userou12,
nrinde\=',nrindex:2, place-');

numlx)nr=0:

numblin:-():

numbsat:=():

for rgindex:=l to numbvg do
begin

rgsminrthr-rgs[vdindex.vbindex.rgindex]—vthsat:
if vgsminvthO then

vgsminvthr-O.O;
ur-1.0+uOsat*vgsmi nvt h:
vcr-ulsat /asat*vgsm invt h;
tr=sqrt( 1.0+2.0* vc):
k-=(l.()+rc+t)/2.0:

dudvtbr— uOsat:

vdssatr-vgsminvth /asat /sqrt(k);
if vds[vdindex]>vdssat then

{this is saturation region]
begin

if rgsminrthOO.O then
numbsatr=numbsat+l:

sr=beta()sat /u /asat /k:

idssimr=s /2.0*sqr( vt'sminrth):
tr-O.5+0.5 /t;
dkdvthr—ulsat /asat*t;
dkdul:=rgsminrth /asat*t:
didsdvthr—(s*vgsminvth+idssim /u*dudvth+idssim /k*

dkdvth);
didsdulr—idssim /k*dkdul;

end
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else

{this is the linear region}
begin

if vgsminvthOO.O then
numblinr-numblin+1;

n-l.O+u lsat*vds[vdindex];
sr=betaOsat /u /r*vds[vd index];
idssimr=s*(vgsminvth—asat /2.0*vds[vdindex]);
didsdvthr—(s+idssim/u*dudvth);
didsdu lr—idssim /r*vds[vdindex];

end:

didsdbetaOr-idssim /l)eiaOsat:
if vgsminvth>0 then

begin
numbonr=numbon+l:

templ[numbon]r=didsdvth /didsdbetaO;
temp2[numlx)n]r=didsdul /didsdbetaO:
temp3[numbon]r=(ids[vdindex.vbindex.vgindex]

—idssim) /didsdbetaO:

end:

end:

place:=l:
if TRACE24=true then writeln(userout2.place:2):
if TRACE27=iruc then lsq3:=true:
if numbsat>numblin then

begin
if TRACE24=true then

wiiteln(userout2.'numbsat>numblin and numbon-',numbon):
for goodcount:-l to numbon do

{jrp) if (numbon<>2) then
leastsq3(goodcount,l.numbon.templ[yoodcount].

temp2[goodcount],temp3lgoodcount],
{jrp\ deltabetaOsat.deltarth.deltau 1)
{jrp) else
{jrp) {number of sets of data sent to leastsq3'=2 which

will not give back vK;iid data.Jlea.Msq3 needs
at least 3 sets of data}

{jrpi saturation_extraci_error:=2:
end

else

begin
if TRACE24=true then wri tel n( userou t2.

numbsat<numblin & numbon-'.numbon.' numbsat-'.numbsat);
for goodcountr=numbsat+l to numbon do

{jrp} if (numbon—numbsat—1 <>2) then
leastsq3(goodcount.l .numbon.templ [goodcount],

temp2[goodcount ],temp3[goodcount],
{jrp) deltabctaOsat.deltarth.deltaul)
{jrp) else
{jrp) {number of sets of data sent to leastsat3**2 which

will not give back valid data...(leaslsc3 needs
at least 3 sets of data]

{jrp} saturation_extract_errorr-2:
end;

if TRACE27=true then lsq3:-false:
if (saturation_extract_error-0) then

begin
place:-2;
if TRACE24=true then write(userout2,place:2);
if (ulsat+deltaul)<D then

ulsatr-ulsat /10

else

ulsatr-ulsat+deltaul;
placer-3;
if TRACE24=true then write<userout2,pIace:2);
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if vdindex <numbvd then

begin
if (betaOsat+deltabetaOsat)>betaO[vdindex+l,vbindex] then

betaOsatr=betaO[vdindex+l .vbindex]
else

betaOsatr- betaOsat+del tabetaOsat;
end

else

betaOsatr-betaOsat+deltabetaOsat;
placer=4;
if TRACE24=true then write(userout2,place:2):
vthsatr-vthsat+deltavth;
if (abs( del tabetaOsat /betaOsat )+abs(deltavth))<lE—8 then

iterater-false;
placer=5;
if TRACE24-true then write(userout2,place:2);
if ulsat<lE-7 then

ulsat:=0.0;

placer-6;
if TRACE24=true then writeln(userout2,plaie:2):
if (ulsat<lE—7) and ((nrindexXi) or (iterate-false)) then

begin
iterate:=false:

zero_ul_saturation_extraction;
end;

nrindexr-nrindex+1;
end: {of 'if [extract_error=0> then }

end: {end of newton—raphson while loop)
vth[vdi ndex.vbindex]—vthsat:
betaO[vd index.vbi ndex]r-beta()sat:
ul[vdindex.vbindex]:=ulsat;
eta[vdindex.vbindex]:=(vtO[vbindex]—vthsat)/vds[rd index];

|*********************************:j£e ou, ;uZt,r**************************l

if TRACE21=true then writeln(userout2,
leaving saturation region data extraction):

{*********************************?<i£t, o^. i>aler************************** i

end: {end of procedure saturation_region_data_extraction]

procedure saturation_region_data_reduction: Saturation_Tegion_data^reduction
{this procedure reduces the arrays for uLeta and beta]
{last change made: THURSDAY SEPT 20. 1984 By: JRP]

var vbindex.rgindex,vdindex:integer;
x3beta0.ul linrreal;

{jrp} {variable count has been deleted and replaced with calculated value
using vdindex and vbindex}

begin
|*********************************ta£e ^^ ^^^jm,************************ J

if TRACE21=true then writein(userout2,
entering saturation region data reduction');

| *********************************ra£e Qut Jaler************************** 1

{this is where the array for ul is reduced)
for vbindexr=l to numbvb do

for vdindexr=numbvd+l—number_large_vds_values to numbvd do
leastsq3(2*Cvbindex— 1)+vd index—2,1.

numbvb*Cnumber_large_vds_ralues),vbs[vbindex],
vds[vdindex]—vdd,ul(vdindex,vbindex],c8_ul,cl3_x2ul,cl7_x3ul):

gotoxy(3.21);
write(c8_ul:l:3)r
gotoxy(45,14);
write(cl3_x2ulrl:6);
gotoxy(45,15);
writeCcH x3ul:lr6);
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{this is where the eta array is reduced)
for vbindexr-1 to numbvb do

for vdindexr«numbvd+l—number_large_vds_values to numbvd do
leastsq3( 2*(vbindex-l)+vd index-2,1,

numbvb*(number_large__vds_values),c2_phif2—vbs[vbindex],
vds[vd ind ex]—vdd,eta(vdindex,vbindex],
c5_eta,cl0_x2eta,c 1l_x3eta);

gotoxy(4,18);
write(c5_etarl:3);
gotoxy(46,17);
writ eCc 10_x2eta:1:6):
gotoxy(46,18);
write(cll_x3eta:l:6):
{this is where the betaO array is corrected for ul)
for vdindexr-1 to number_small_vds_values do

for vbindexr-1 to numbvb do
begin

ul lin:=c8_ul +cl3_x2ul*vbs[vbindex]+cl7_x3ul*
(vds[ vdindex]—vdd);

if ullin<0.0 then

u 11in:=0.0;
beta()[rdindex,vbindex]:=betaO{vdindex,vbindex]*

(1+u llin*vds[rdindex]);
end:

{this is where the betaO array is modeled for the linear region}
for vbindexr-1 to numbvb do

for vdindexr-1 to number_small_vds_values do
leastsq3(2*( vbindex—1)+vdindex.l .numbvb*number_small_vds_ralues.

rbs[vbindex],vds[vdindex],betaO(vdindex.vbindex],
C6_beta0,c9_x2bcta0.x3beta0);

gotoxy(6,19);
write(c6_beta0rl:6);
gotoxy(48,16);
write(c9_x2beta():l:6):
{this is where betaOsat is modeled)
for vbindex.--! to numbvb do

for vdindexr-numbvd+1—number_Iarge_vds_ralues to numbrd do
leastsq3(2*(vbindex— 1)+vdindex—2,1,number_large_vds_values*numbrb.

rbs[rbindex].rds[rdindex]—vdd,betaO(vdindex,vbindex].
c14_ betaOsat,c15_x2beta0sat,cl 6_x3beta0sat);

gotoxy(49,19):
write(cl4_beta0sat:l :6):
gotox y( 51,20):
write(cl5_x2beta()sat:l:6);
gotoxy(51,21);
write(cl6_x3bcta0sat:l:6):

{*********************************Ia£e (tuj ^Ier************************** l

if TRACE21=true then writeln(userout2.
leaving saturation region data reduction);

|*********************************f^£t> ^ut ^ar^r************************** i

end; {end of procedure saturation_region_dalu_reduction)

j***********************p^ft^\j f'TER \' AL1DITY c/Zf'CA*****************************}

procedure check__al I_parameters_validity(var saturation^paraffikgcfertfZ&te^7Tamg(erS_yalidtty
{this procedure checks each of the just—extracted 11 parameters to see if

they are within a reasonable range of vabies. if they are not. then they
will not be stored in the die file, and hence, not used when computing
the process file)

{last change made: THURSDAY NOV 8. 1984 By: JRP)

begin
saturation__parameter_errorr-0;

M»' 15 20:23 1984 Page 42 of bsimLO.TEXT



bsimLO.TEXT bsimLO.TEXT

~check_gll_j>arameters_validity
{JRP)if not( (cl_vfb >•* -5.0) and (cl_vfb <- 1.0) and

(c2_phif2 >= 0.2) and (c2_phif2 <= 1.5) and
(c3_kl >= 0.0) and (c3_kl <= 5.0) and

{JRP} (c4_k2 >- -1.0) and (c4_k2 <= 1.0) and {allowed negative for PMOS)
(c5_eta >= -1.0) and (c5_eta <= 1.0) and
(c6_betaO >- 0.0) and (c6_betaO <= 1.0) and

{JRP} (c7_uO >» -1.0) and (c7_u0 <= 1.0) and
(c8_ul >= -1.0) and (c8_ul <- 5.0) and
(c9_x2betaO >= -1.0) and (c9_x2betaO <= 1.0) and
(cl0_x2eta >= -1.0) and (cl0_x2eta <= 1.0) and
Ccll_x3eta >= -1.0) and (cll_x3eta <= 1.0) and
(cl2_x2u0 >= -1.0) and (cl2_.\2uO <= 1.0) and
(cl3_x2ul >= -1.0) and Ccl3_x2ul <= 1.0) and
Ccl4_betaOsat >= 0.0) and (cl4_beta0sat <- 1.0) and
(cl5_x2betaOsat >= -1.0) and (cl5_x2betaOsat <= 1.0) and
(cl6_x3betaOsat >= -1.0) and Ccl6_x3betaOsat <= 1.0) and
Ccl7_x3ul >- -1.0) and Ccl7_x3ul <= 1.0) ) then

sat urat ion _ parameter_errorr- 3;
end:

begin {main procedure extract_device_parameters begins here)
i*********************************,^£c £ ************************** ]

if TRACE21=true then writelnCuserout2.

entering extract_derice_parameters ):
if TRACE29=true then

begin
if present_derice=l then

rewriteCtempfile.'filel.TEXT');
if present_derice=2 then

rewriteCtempfile,' l'ile2.TEXT'):
if present_derice=3 then

rewriteCtempfile.'file3.TEXT'):
if present_derice=4 then

rewriteCtempfile.' file4.TEXT');
for liir— 1 to numbrd do

begin
for jjj:-l to numbrb do

begin
for kkk:=l to numbrg do

begin
writei n(tempfile.ids(iii,jjj,kkk]);

end:

end;
end;

writel n(tempfile,'*************'):
for iiir-1 to numbrd do

begin
for jjj:=l to numbrb do

begin
for kkkr=l to numbvg do

begin
writei n(tempfile,vgs[iii,jjj,kkk]);

end:

end:
end;

writeln(tempfile,'*************');
close( tempfile,'save');

end:

if (TRACE29b-true) or (TRACE37=true) then
begin

for iii:=l to numbvd do
begin
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if iii-l then writei n(userout2,'VD-0.l')
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=5.0');
for jjjr-1 to numbvb do

begin
write(userout2,'VB=',jjj—6:1);
for kkkr-1 to numbvg do

begin
write(userout2,' 'ids[iii,jjj.kkk],Y )r

end;
writelnC userout2);

end;
end;

end: {TRACE29b or TRACE37]
| Wt*******************************^^^ Qul ;ater**********w************** •

for vdindexr-1 to number_small_vds_values do
begin

for vbindexr-1 to numbvb do
lincar_region_ext taction:

bsim_timer( time_count):
end:

for vdindex:-1 to number_small_vds_values do
if ( (meas_20f=TRUE) or (fuke_meas_20f=TRUE) ) then

large_ de vice_20f_ex tract ion
else

linear_region_threshold_analysis;
linear_region__data_reduciion;

ijrp] check_linear_parameters_validity(extract_error);
{jrp} if extract_error=() then

begin
{saturation region extraction]
for vdindex:=numbvd downto numbvd+1—number_largc_vds_values do

begin
for vbindexr-numbvb downto 1 do

{jrp} if extract_error=0 then
{jrp} saturaiion_region_data_extraction(extract_error):

bsim_timer(time_count);
end:

{jrp} if extract_error-0 then
{jrp} begin

satu rat ion_reg ion_data_ reduction:
check_all_parameters_validity(extract_error):\jrp)

{JRP}
{JRP)
{JRP)
{JRP}
{jrp}
{jrp)
{jrp)

{jrp)
{jrp)
Urp)
{jrp)
{jrp)
Urp)

Urp)

{jrp}
Urp] else

Nov 15 20:23 1984

{3 lines onutted here)

if extract_error-3 then {saturation region error)
begin

cotoxv(0,22);
write('THESE PARAMETERS ARE NOT WITHIN ',

'ACCEPTABLE LIMITS & ARE NOT BEING SAVED');
end;

end

else if extraci_error-2 then
begin

gotoxy(0,22);
write('THESE PARAMETERS ARE NOT BEING SAVED:',

' ONLY 2 SETS OF DATA FOR LEASTSQ3 PROC.');
end;

bsim_timer(time_count):
end {of "if extract_error=0 then„S)

{error messages)

{saturalion region error)
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{jrp) begin
{jrp) gotoxy(0,22);
{jrp} if extract_error-l then {linear region error)
{jrp) writeCTHESE PARAMETERS ARE NOT WITHIN ACCEPTABLE',

' LIMITS & ARE NOT BEING SAVED');
{jrp} end;

|*********************************£a£e ouJ ^ter**************************l

if TRACE21=true then writein(userout2,
'leaving extract_device_parameters');

|*********************************ja£e o(^ ^ttZer****noK******************** 1

end; {end of procedure extract_device_paramelers)

|*******************************************************************

***********************£e/\/ /\- GRAPHICS ROUTINES********************
*******************************************************************!

procedure ir_graphics; IV jrraphJCS
{if the mode is not single device, then

this procedure asks the user if he/she wants to view the standard I\' curves
for ary location on the wafer, it then enters the graphics mode if
answer is yes

ij the mode is single device, the graphics mode is automatically enterred)
{last change made NOV 8. 1984 by JRP).

var another_device:boolean; {if = true, then do another \>raph)
end_ol_graphics:boolean; {= true when no more graphing is desired)
iv_curves_wanted:boolean; {// = true, then enter IV graphics mode)
iv_graphics_errorrinteger; {if = 0, output file is not empty and type of

device user is looking for does exist)

procedure prepare_for_ir_graphics(var prcpare_for_iv_graphics erxipifiapQme fpT JV grapJlJCS
{this procedure will search the output file. This output file
contains 1 to ? process files, in sequence. Each process fde has
the x and y die positions from the wafer it was generated from. This
program asks the user the following:

do you want to enter the graphics mode?
if so. what is the x—y die location?
and what is the device length and width?

It then finds thai position in the process file, IF IT EXISTS. If 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. Subsequent
processing will prepare
the 54 parameters for graphing. This includes calculating 11 electrical
parameters from the 51 process parameters using the formula:
bsimparameter = pO + 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 fde]
numb_junk_lines_between_parameters=2; {# of lines between *YPOS= line

and first parameter line)
numb_chars_in_parameter-12; {# of characters in 1 parameter)

var found_correct_die:boolean: {flag set true when correct die is found)
number_process_groups:integer; {# of sets of 11 bsim params in file)
xposstring,yposstring:linestring; {x&y strings we are looking for]
wanted_xpos,wanted_yposrlinestring; {values input by user .\- and y positions]
real_wanted_xposrreal; {real version of inputted wanted_xpos)
real_wanted_yposrreal; {real version of inputted wanted_ypos)
xposlinerlinestring; {output file line with *XPOS= in it)
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-.prepare_JorJv_graphics
yposlinerlinestring; {output file line with *YPOS~ in it)
devicenamelinerlinestring; {output file line with devicename in it)
{output_fUe:linestring; name of output file which contains groups of 11

bsim parameters)
irinteger; {loop counter)
junkdinestring; {bogus variable used to determine # of groups of 11}
devicenamerlinestring; {devicename entered in by user}
devicename__selectionrchar; {user selects type of device)
zzrinteger; {counter to help debug repeat loop)
parameterlinerlinestring; {holds entire line of params from proc. file)
valuexhar: {holds each character as it read from parameterline)
parameterdinestring; {// value is not ',' put value in parameter)
k:integer; {position of character in parameter]
jrinteger: {loop counter for processing each line of process file)

pO.pl.pwrreal: {pO, pi. and pw parameters are read from
the process file into these 3 variables]

temporary:array[l..3.1..20] of real: {then they are placed into temporary-
array once it's determined which line
of the proc-es fde they came from)

bsim:array[l..20] of real; {after calculation of the electrical parameter
using bsim(] = pO + pl/Leff + pw/Wefj . parameters
are stored here. Then they are put into proper-
names, like cl_vfo. c2_phif2, etc.)

paramcountrinteger: {loop counter for un— normalizing first 1
iexcent betaOi parameters)

{JRP} posrinteger: {bogus variable used if mode='4' for the strdeleie
procedure call)

{jrp}{entire page is drawn on the screen first, then the inputs are taken)

begin
{JRP}if mode<>'4' then
{JRP)begin

write(#12); {clear screen)
gotoxv(O.O);
wri lein(' ***PREPARATION FOR I-V GRAPHICS***'):
writeln;
writelnC ENTER X DIE POSITION OF DEVICE TO BE GRAPHED- >'):
writeln;

writelnC ENTER Y DIE POSITION OF DEVICE-TO BE GRAPHED- >');
writeln:
writelnC [l] NMOS enhancement');
writelnC SELECT THE NUMBER CORRESPONDING [2] NMOS depletion'):
writelnC TO THE DEVICE TYPE WHICH [3] NMOS zero-threshold'):
writelnC YOU WOULD LIKE TO GRAPH- > [4] PMOS enhancement');
writelnC [5] PMOS depletion');
writelnC [6] PMOS zero—threshold');
writeln;

writelnC DEVICE WIDTH (microns) = >');
writeln:

writelnC 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
got ox y(48.2):
writeC ');
gotoxy( 48,2);
readlnt wanted_xpos);
real_wanted_xposr=strloreal(wanted_xpos);
if (real_wanted_xpos>20.0) t hen{maximum die matrix size is 20}

begin
gotoxy(0,3):
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~.prepare^orJxj>raphics
{JRP} writeC*** VALUE MUST BE BETWEEN 0 AND 20 ***'>,

end;
end;

{yr/j}gotoxv(45,2);
{jrp)writeC ');
{y>/>}gotoxyC45,2);
{jrp}wri te(real_ wanted_xposrOrO);

gotoxy(0,3);
writeC ');
{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_ wan ted_ypos>20.0) or (real_wanted_ypos<1.0) ) do

begin
gotoxy(48,4);
writeC ');
gotoxy(48,4);
readl n( wanted_ypos);
real_ wanted _ypos:=strtoreal(wanted_Ypos);
if (real_wanted_ypos>20.0) then{/7i</.\/,7iun: die matrix size is 20}

begin
t'otoxv(0.5):

{JRP} writeC*** VALUE MUST BE BETWEEN 0 AND 20 ***'):
end:

end:

{y>/>}gotoxy(45,4):
{yr/»}writeC ');
{yr/>jgotoxy(45,4);
{jr/?}write(real_wanted_ypos:(K));

gotoxy(0,5):
write(' ');
\user will now select the devicename)
selection_input(28.9.' 1' ,'6'.dericenamc_selection);
case dericename_selection of

' l'rdevicenamer-'NMOSE';
'2' rdevicenamer-' NMOSD';
'3:devicename:='NMOSZ';
'4'rdevicenamer-'PMOSE':
' 5' rdevicenamer-' PMOSD';
'6' rdevicenamer-' PMOSZ';
end;

{77?P}case devicename_selection of
{JRP} V.'2','3'rdevicer=l;
{JRP) '4'.'5'.'6':devicer=-1:
{JRP) end:

if TRACE23=true then writeln(userout2.
this is the devicename as determined by case > '.dericename):

gotoxy(27.13):
widthr=strtoreal(realtostr): {read in value of width)
goioxy(25.13):
writeC '):
gotoxy(25.13):
writeC w id th:3:2):
gotoxy(28.15);
length:-strtoreal(realtostr); {read in value of length)
gotoxy(26.15):
writeC ');
gotoxy(26.15);
writeClength:3r2);

{JRPjend {of "if mode<>'4' then ~.."}
{JRP)e\se {mode~'4'}
{JRP){this "else" part simply gets the devicename, wanted_xpos. and

wanted_ypos values from the already known enhancement_depletion,
device. present_diex. and present_diey variables)
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~iv_graphics
{JRP} begin
{JRP) if device»l then {NMOS device)
{JRP} case enhancement^depletion of
{JRP) lrdevicenamer-'NMOSE';
URP) Ordevicenamer-'NMOSZ';
{JRP) —lrdevicenamer-'NMOSD';
{JRP) end {of case)
{JRP) else if device—1 then {PMOS device)
{JRP} case enhancement_depletion of
{JRP} lrdevicenamer-'PMOSE':
{JRP) Ordericenamer-'PMOSZ':
{JRP} -lrdericenamer-'PMOSD':
{JRP} end; {of case]
{JRP} wanted_xposr=' ';
{JRP} strwrite(wantcdT_xpos.l,ix)s,present_diex):{c/iang«' to string value)
{JRP) while strposC Twanted^xposJOO do
{JRP} sirdelete(wanted_xpos,strpos(' \wanted_xpos).l);
{JRP} wanted_yposr-' ':
{JRP} strwrite(wanted_yj)os.l,pos,present_diey):{c/ia/tge to siring value}
{JRP} while strposC ',wanted_ypos)<>0 do
{JRP} strdelete(wanted_ypos.strposC \wanted_ypos).l);
{JRP} end: {of else part of "if mode<>4' then..."}
{JRP} if TRACE41=true then writein(userout2.
{JRP} 'wanted_xpos='.wanted_xpos.'end'.
{JRP} wanted_ypos=',wantcd_ypos.'end'.
{JRP} devicename-'.devicename,'end):

{determine how many lines are in the process file]
number_process_groupsr=Or
reset( userout.output_file);
while not(eoHuserout)) do {simply count the lines until at end of file]

begin
for ir=l to numbbsim+numbgarbage do

readl n( userou t.ju nk):
number_process_groups:=number_process_groups + 1;

end:

closet use rout.save' >:
if TRA('E23-true then write( userou12.

the number_ol_proccss_groups is = \number_prccess_groups);
zz:=0:

prepare_for_ ir_graphics_errorr-O;
fou nd _ correct_ d ier=false;
{we are about to get the process parameters from the output file.

the output file might be empty (i.e. no good devices were found)
and if this is the case, the user should be warned, 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(userout.output_ file):
xpasst ring:-' *XPOS-':
yposstringr='*YPOS=';
strappend(xposstring.wanted_xpos);
strappend(yposstring.wanted_ypos);
if (TRACE23-true) or CTRACE41=true) then writelnCuserout2,

xposstring alter appending inputted value is \xposstring);
if (TRACE23=mie> or (TRACE41-truc) then writelnCuserout2.

yposstring after appending inputted value is '.yposstring):
read ln( userout.devicenameline);
if (TRACE23=true) or (TRACE41-true) then wri tel n( userout2.

1st devicenameline read from file is = .devicenameline);
repeat

zzr=zz+1;

if(strposCdevicename,dericenameline) <X)) then
begin

if TRACE23=true then writelnC userout2,
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'devicename found in devicenameline on',
zz,'—th time thru repeat loop');

number_process__groupsr=number_process_groups — 1;
for ir-1 to (position_of_xpos — 1) do

begin
readln( userout,xposline);
if TRACE23=true then writeln(userout2,

xposline as read from outputfile = ',
xposline):

end;
read1n(userout ,yi>osline):
if TRACE23=truc then writeln( userout2,

yposline as read from outputfile = .yposline);
if((strpos(xposstring,xposline) <>0) and

CstrposCyposstring .yposline) <>0) and
Cstrpos(devicename.devicenameline)<>0)) then

found_correct_die.-=true

if TRACE23°lruc then writelmuserout2.
3 sirpos conditions are net where >');

if TRACE23=true then writein\userout2.
xposline** .xposline. yposiine—

yposline. A- devicenameline" .devicenameline':
if zz-1 then
if TRACL23—true then wriielmuserout2,

found correct 3 things first time'):
end

else if (number_process_groups<X)) then
for ir-1 to (numbbsim + numbgarbage —

position_of_xpos ) do
begin

readlnC userout.devicenameline):
if TRACE23=true then writelnCuserout2.

devicenameline = .devicenameline):
end:

end

else

begin
number_process_groupsr=number_process_groups — 1;
if Cnumber_process_groups<>0) then

for i:=l to (numbbsim + numbgarbage) do
read ln( userout.devicenameline);

end;
if TRACE23=true then writei n(userout 2,

number of process groups now is ',number_process_groups);
if TRACE23-true then writelnC userout2,

number of time thru repeat is - '.zz):
until C(number_process_groups-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(userout2,

'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 chposition, then

to here, we are pointing at the *YPOS=* line in the output file.}

for ir-1 to numb_junk_lines_between_parameters do {read 2 comment lines)
begin

read InCuse rout,parameterline):
if TRACE23-true then writeln(userout2,

'junk parameter lines = \parameterline):
end:
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for ir-1 to (numbbsim + l) do {11 parameter lines plus tox,temp,vdd line)
begin

readln(userout,parameterline); {read line from output fde)
kr—1; ^ {initialize character position counter)
parameter- '; {zero out parameter strinh

for j=l to (numb_chars__in_parameter*3 + 2) do {# chars dealt with)
begin

valuer-parameterline[j];
if TRACE23-true then writelnC userout 2,

value = .value):
if (value <> '.') then {if = ',' ignore I

begin
paramet er{k]r-val ue;
kr=k+l:

if TRACE23=true then writelnC userout2.
parameter - .parameter);

end:

if j=numb_chars_in_parameter then {at end of 1st param)
begin

pOr=strtorcal( parameter):
kr=l;
parameter:- ':

end:

if j=(numb_chars_in_parameter*2 + 1) then {at end of 2tfyi
begin

plr=strtoreal( parameter);
kr=l;
parameterr-' ';

end;
if j=(numb_chars_in_parameter*3 + 2) then {at end of 3r}k

pw:=strtoreal( parameter):
end;

if TRACE23=true then writcln(userout2.
'about to fill up 1 line of temporary array'):

temporary!I,i]r-p0: {fill up temporary array with]
temporary[2.i]p=pl; {process file naran:.^}
temporary[3.i]:=pw:

end;

{lox,temp,&.vdd art? taken out of temporary / / into their own variables)
tox:-temporary[l.numbbsim+l] * 1E4: {translate tox from

microns lf£i
temp:=temporary[2.numbbsim+l] + 273.15; {translate temp from

celsiutfa
rdd:=temporary[3.numbbsim+l];
{calculate electrical bsim values : parameter = pO + pl.'Lejf + pw /Weff
for ir-1 to numbbsim do

if numbbsim <> betazeroparam then
bsim[i]r=temporary[l,i] +

(temporary[2,i] /Clength+temporary[2.betazeroparam])) +
(temporary!3,i]/(width+temporarv[3.betazeroparam])):

cl_rfb^bsim[l];
c2_phif2r=bsim[2]:
c3_kl:=bsim[3]:
c4_k2r-bsim[4];
c5_eta:=bsim[5];
if temporary!1,betazeroparam] < 1 then {betaO parameter is betaO)

c6_beta0:=bsim[6]
else {betaO parameter is actually mobility}

c6_betaOr=bsim[6]*cox*C width+temporary[3,betazeroparam])/
Clength+temporarv[2,betaz^n

c7_u0:-bsim[7];
c8_ulr»bsim[8];
c9_x2muO:=bsim(9]r
c9_x2beta0r=c9_ x2muO*cox*

(width+temporary[3,betazeroparam]) /
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(length+temporaryl2,betazeroparam]);
clO_x2etar=bsim! 10];
cl 1_x3etar-bsim! 11];
Cl2_x2u0r=bsimll2];
cl3_x2ulr-bsim[l3];
c14_muOsatr-bsiml14];
Cl4_beta0satr=cl4_mu0sat*cox*

(width+temporaryl3.betazeroparam])/
(length+temporary!2,betazeroparam]);

cl5_x2muOsatr=bsim[15];
Cl5_x2beta0sal.-=cl5_x2mu0sat*cox*

(width+temporary[3.betazeroparam])/
(length+temporaryl2,betazeroparam]);

cl6_x3mu0satr=bsimTl6];
Cl6_x3beta0sat.-=cl6_x3mu0sat*cox*

(wid th+iemporary{3,betazeroparam]) /
(1ength+temporarv!2,betazeroparam]);

Cl7_x3ul:=bsimll7];

if TRACE23=true then
begin

writeln(userout2.'cl_vfb = \cl_vfb):
writein('c2_phif2 - '.c2_phil'2);
writelnCc3_kl = ',c3_kl);
writeln('c4_k2 = \c4_k2);
writei n('c5_eta = ',c5_eta);
writeln('c6_bcta() = \c6__beta0);
writei n('c7_u0 = \c7_uO);
writeln('c8_ul - ',c8_ul):
w-ritelnCc9_x2betaO = \c9_x2betaO):
writeln('cl0_x2cta = ',cl0_x2eta);
writeinCcl l_x3eta = ',cl l_x3eta);
writeln('cl2_x2u0 = ',cl2__x2uO):
writeln('cl3_.\2ul ',cl3_x2ul):
writeln('cl4_ betaOsat - ',cl4_ betaOsat);
writeln('cl5_x2betaOsat = \cl5_x2betaOsat):
writelnC'cl6_x3beta0sat - ',cl6_x3beta0sat):
writeln('cl7_x3ul = \cl7_x3ul):

end:

end

else

begin {devicetype not found at wanted_xpos and wanted_ypos)
prepare_for_iv_graphics_errorr=2;
if TRACE22-true then writein(userout2,

we got into error = 2 part somehow');
end:

end

else

prepare_for_iv_graphics_error:=l; {output file is empty!!}
{JRP)if TRACE40-true then
{JRP} processparl2,betazcroparam]:=temporary[2,betazeroparam];
end: {of procedure prepare_for_iv_graphics)

Urp)
procedure graphics(vdd.toxrreal; var vdterm.vgterm.vsterm.vbtermrinteger; gTCtphiCS

device_typerintegerr var new_devicerboolean):
{this is the main procedure to handle the BSIM I—V graphics capabilities)
{last change made: MONDAY OCT 15, 1984 By: JRP)

type graphlab=string!40];

Nov 15 20:23 1984 Fage 5j 0f bsimlJOTEXT



bsimLO.TEXT bsimLO.TEXT

-.graphics
var {the following are the data arrays that will be plotted, and counters)

yaxsim,yaxmeasrarray[l..lOO,1..10] of real;
xaxisval»rray!l..lOO] of real;
zaxisval:array[l..lO] of real;
tvarrreal; {this is the constant voltage parameter)
numbx,numbz,numbyrinteger;
{the following are maximum and minimum array values, and graph labels)
maximx,minimx,maximy.minimyrreal;
xaxlab,yaxlabjieaderlab,zaxlab.xaxisunit,yaxisunit,tvarstrrgraphlab:
{the following are flugs to determine what graph to generate)
measonlyjsi monl y.measandsi m rbool ean:
maximum_error,rms__errorareal; {error values for graphs)
selection rchar; {choice of menu items)
newgraph.quitrboolean: {menu redraw flags)
xaxisexp,yaxisexprinteger: {exponents for the axis]
init_okrboolean: {for graphics initialization)
eiTor_returnrinteger: {for graphic procedures)
new_smu_connectionsrboolean: {if - true, then gel new smu values

from user, otherwise, .ise last device
tested connections)

{jr/i}same_device_selectionrchar; {determines what to do after initial graph
has been drawn. if- 3'. then user wants a
new graph for the same device, so don t ask
him for new SMU connections)

{yr/>}smu_connections_okrboolean; {- false if user input number <0 or >4)

procedure iv_grsetup(var init_okrboolean): IV °TSCtiip
{this procedure is used to irutiallze the graphics library and a user
specified output device.)

var display__address rinteger:
controlanteger:
error__return:inieger;

begin
i'raphics_init;
{#/2 clears the CRT. #10 generates a line feed)
wri tel n( #12);
display_addressr=3:

{initialize the graphics display device)
display_init(display_address, control, error_return);
if error_return <» then

begin
init_ok:-false;
gotoxy( 0.22 )r
writein( Display initialization error #'.error_return:l)

end

else

init_okr=true:
end; {end of graphics setup)

procedure iv_maxminxy(var xmax.xmin.ymax,yminrreal: numbx.numbzrinteger): IV TTlClXfTllTlXy
{this procedure uses measured data and/or simulated data in determining
the maximum and minimum values to be used for autoscaling)

var i.jrinteger:
yvaluerrealr

begin
vmaxr-0;

Nov 15 20:23 1984 Page 52 of bsimLO.TEXT



bsimLO.TEXT

yminr=0; {clears the maximum and minimum values for y)
if (measonly-true) or (measandsim-true) then

begin
for ir-1 to numbx do

for jr=l to numbz do
begin

yvaluer-yaxmeastij];
if yvalue >ymax then

y maxr- y value:
if yvalue <ymin then

yminr-yralue;
end;

end;
if (simonly-true) or (measandsim-true) then

begin
for ir-1 to numbx do

for j~l to numbz do
begin

yral ue:-yaxsim! i,j];
if yralue>ymax then

ymax:=yralue;
if yralue<ymin then

yminr-yralue;
end;

end;
if xaxisral(numbx]>xaxisral{]] then

begin
xminr=xaxis\al[l]:
xmax:-xa.\isval[ numbx];

end

else

begin

end:

xminr-xaxisrallnumbx]:
xmaxr=xaxisral(l];

end: {of procedure iv_maxminxy)

procedure iv_autoscale(xmax.xmin.ymax,ymin:rea]: xlabel.ylabel.top.zlabel.
xaxisunit.yaxisunit:graphlab):

{this procedure draws the tick marks for the graphic display, given the
maximum and minimum values for the graph)

type unitlab=stringl7];

var xunitlab.yunitlab.graphlab;

bsiml.O.TEXT

-iv_maxminxy

iv autoscale

procedure iv_find_exponent(var expon:integer; var units:graphlab; max.min:realDV fh%d_QXpOYVSnt
{this procedure determines the exponent of the maximum data point for the
graph, and returns this value. exponents in factors of 3 are used)

var nexttryri nteger;
newmaximrreal;
maxorminrreal:

begin
exponr=0;
if abs(max)>abs(min) then

maxorminr=abs( max)
else

maxor minr=abs( min):
newmaximr-maxormin;
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-iv_find_exponent
if trunc(maxormin)>0 then {number is greater than 1}

while trunc(newmaxim/1000)>0 do
begin

exponr-expon+3;
new maximr-newmaxim /1000;

end

else {this means that the number is less than l)
while trunc(new-maxim)=0 do

begin
exponr-expon— 3:
new maximr-new maxi m*l (XX);

end;
unitsr-' ';
if (expon<—3) and (expon>=—9) then

case expon of
—3:unils— 'milli';
—6:units:=' micro';
—9:units:='nano';

end:

end; {end of procedure iv_find_exnonent)

procedure iv_draw_axi*(\max.xmin.ymax.ymin:real:xaxisc\p.yaxisexp:integer): IV drQW QXJS
{this prtuedurx tiraws the axis, and makes and labels the tick marks)

var xaxislab.yaxislab:graphiab:
maxerrstramserrst i:Miing{50]:
countrinteger:
entrinteger: {aist* of no earthly value, required by sir-writ* call)
wl_label:stringll5]: {holtIs \V. followed by L label)

procedure iv_x_axis_Jabels: iV_X_J2XiS_labelS
{this procedure labels the x—axis)

var countrinteger:
numbxtck.numlxtck:intcger;
magbxtckneal;
xposrreal:
xstringrstring[40]:
xtickvalrrcal;
en trinteger;
irinteger;
littltckacal;
range: real;
xoffsetrreal;
firstxtk,lastxtk:real:
maglxtck.firslxtk:real:
latelxtkrrcal;
rangefacrreal:

begin
if xaxisexpX) then

for count:=l to xaxisexp do
begin

xmaxr-xmax /10;
xmin^=xmin /10:

end

else if xaxisexjj-0 then
xmaxr-xmax

else

for countr-1 to —(xaxisexp) do
begin

xmaxr=xmax*10;
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-ivjcjixisjxibels
xmin.—xmin*l 0;

end;
ranger-xmax—xmi n;
rangefacr=l;
while range >10 do

begin
ranger-range/10:
rang efacr=rang efac*10;

end;
while range <1 do

begin
ranger-range* 10;
rangefacr-rangefac /10;

end:

if range>6 then
begin

magbxtckr-1 *rangefac;
numlxtckr-3;

end

else if range>3 then
begin

magbxtck:=0.5*rangefac;
numlxtck:=4:

end

else

begin
magbxtckr-0.25*rangefac:
ntimlxtck:=4:

end:

ranger-range* rangefac:
{this is where the lick marks are drawn and labeled)
if xmaxX) then

lastxtk:=magbxtck*trunc((xmax+mai'bxtck)/magbMck)— magbxtck
else

lastxtk——magbxtck*trunci Iabs<xmax)+mag"bx tck)/magbxtck):
if xmin» then

firstxtkr=magbxtck*trunrt(xmin+magbxtck)/magbxtck)
else

f irstxtk:=—magbxtck*t runcC (abs(xmin)+ magbxtck) /magbx tck )+magbx tck;
xoffsct:=C(firstxtk—xmin) /range)*1.6;
numbxtckr-roundCClastxtk—firstxtk) /magbxtck )+l;
xtickvalr=firstx tk;
for ir=l to numbxtck do

begin
xposr-(i— 1)*1.6 /(numbxtck—1 )*((lastxtk—firstxtk) /range):
xposr-xpos—0.8+xoffset:
moveCxpos,—0.8): {move to position for big lick)
line(xpos.—0.75); {draws x lick)
set_line_style(7); {dotted line)
Iine(xpos.0.8):
set_line_style( 1): {full line)
move(xjK)S—0.08.—0.88); {moves to location for label-
xstringr-' ':
sirwrite(xstring.4,cnt„\tickral:3:2): {writes the string)
set _char_size(6.02,0.05);
ytext(xstring); {writes out the string)
xtickral:=xtickral+magbxtck:

end;
maglxtckr=magbxtck/(numlxtck+l);
if xmin>0 then

firslxtkr-maglxtck*trunc((xmin+maglxtck)/maglxtck) {little lick)
else

firslxtkr— mag lxtck*trunc(CabsCxmin)+ maglxtck)/maglxtck)+maglxtck;
xoffsetr=Cfirslxtk—xmin) /range*1.6;
latelxtkr-firslxtk;
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while latelxtk <\max do
begin

xposr—0.8+xoffset+Gatelxtk-firslxtk) /range*l .6:
moveCxpos,—0.8);
line(xpos,—0.78);
latelxtkr-latelxtk+maglxtck;

end;
end; {end of procedure iv_x_axis_labels)

procedure iv_y_axis_labels:
{this procedure labels the y—axis)

var count:integer;
numbytck.numlytckrinteger;
magbytckrreal:
ypos rreal;
yst ringstring[40];
ytickralaeal:
en t:i nteger:
i:integer:
littltckrrealr

rangerreal:
vol i.set :real:

firstytk,lastytk:rcal:
maglytck.lirslytkaeal:
latelytkneul:
ranyefacncal:

begin
if yaxisexpX) then

for countr=l to raxisexp do
begin

ymax:-ymax /10:
yminr-ymin /10:

end

else if yaxisexp=0 then
ymax:=ymax

else

for count:=l to —Cyaxisexp) do
begin

ymax:-ymax*10:
yminr-ymin*10;

end;
rangcr-ymax—ymin:
rangefacr=l;
while range>10 do

begin
ranger-range /10:
rangefacr=rangefac*10;

end:

while range<1 do
begin

rang er=ra nge*10;
rangefacr-rangefac /10;

end:
if range >7 then

begin
magbytckr-2*rangefac;
numlytck—3:

end

Nov 15 20:23 1984
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else if range>3 then {3<range<7}
begin

magbytckr-1*rangefac;
numlytckr=4;

end

else {!<range<3}
begin

magbytckr=0.5*rangefac;
numlytckr=4:

end;
ra nge:=rangc*ra ngefac:
{this is where the lick marks are drawn and labeled}
if ymaxX) then

lastytkr=magbytck*trunc((ymax+magbytck)/magbytck)— magbytck
else

lastytkr—magbytck*trunc((abs(ymax)+magbytck)/ magbytck);
if ymin>0 then

firstytkr=magbytck*trunc((ymin+magbytck)/magbytck)
else

firstytk.--—magbytck*trunc((abs(ymin)+magbytck)/magbytck )+magbvtck:
yoflset:=((firstytk-y min) /range)*l .6:
numbytckr-rounddlastytk—firstytk)/magbytck)+l:
ytickralr-firstytk:

for ir-1 to numbyick do
begin

ypos:-( i-1 )*l.6 /(numbytck—1)*(( lastytk—firstytk) /range);
ypos:=ypos—0.8+yoffset:
move(—0.8.ypos); {position for y tick)
line(—0.75.ypos); {draws y tick}
sct_line_style(7); {dotted line)
line(0.8.ypos); {a'amw dotted line)
set_line_st\ic( 1); {full line}-
morel—0.93.ypos); {moves to location for label)
ystring:-' ';
strwritel ystring.l.cnt.ytickral:l:2): {writes the string)
set_char_size(O.02.0.O5):
gtext(ystring): {plots the string)
ytickval:-ytickval+magbytck:

end;
maglytckr-magbyick /(numlytck+1);
if ymin>0 then

firslytkr=maglytck*trunc((ymin+maglytck) /maglytck) {little tick }
else

firslytkr—mag lytck*trunc((abs(ymin)+maglytck)/maglytck)+maglrtck:
yoflsetr-(firslytk-ymin)/range* 1.6:
latelytkr-firslytk:
while latelytk<ymax do

begin
V|X)s:—0.8+yoffset+(latelytk-firslytk)/range* 1.6;
mo\e(—0.8.ypos);
line(-0.78.ypos):
latelytk:=latelytk+maglytck:

end;
end: {end of procedure iv_y_axis_labels)

begin {procedure iv_draw_axis begins here}
{this is where the axis are drawn)
move(-0.8.-0.8);
line!-0.8,0.8);
line( 0.8,0.8);
line<0.8,-0.8);
linel-0.8,-0.8);

bsimLO.TEXT
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~.ivjdraw_axis
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);
mover—strlen(xaxislab)*0.0125,-1.0);
gtextCxaxislab):
set_text_rot(0.0.1.0);
yaxislabr-' '; {clears the label)
strappendCyaxislab.ylabel);
strappend(yaxislab,yunitlab);
strappend(yaxislab.yaxisunit);
move(-0.96,-strleri( yaxislab)*0.0125):
glext(yaxislab);
set_text_rot( 1.0.0.0);
moveC 0.80.0.90):
gtext(zlabel):
move(-strlcn(top)*0.()25.0.90):
set_char_si/e(0.()5.0.1 ):
gtext(top);
set_char_size(().035.0.075);
wl_label:-'\V=': {graph \V=width}
if width <= 10.0 then

strwrite( wl_label.3.cnt.width:3:2)
else

strwritel wl_label.3.cnt.width:3:l):
move(-strlen(top)*0.025,0.83);
gtext(wl_ label):
wl_label:='L='; {graph LHength)
if length <= 10.0 then

strwrite(wl_labci,3.cnt.length:3:2)
else

strwritel wl_labelj.cnt.length:3:l):
move(strlen(top)*0.025 - MrlenCwl_labcl)*0.035,0.83):
gtext(wl_ label):
move(-1.0.0.95);
set_char_sizc(0.035.0.075):
gtextC BSIM3.3'):

{yr/>} move(-1.0.0.88);
{jrp} dater-strrtrimC date):
{yr/>}gtext(date);

{here is where the rms error will be plotted)
if (measandsim-true) then

begin
move(0.5,-1.0);
set_char_size(0.030.0.06):
rmserrstrr-'RMS ERROR- ';
strwrite(rmserrstr,ll.count,rms_errorr2r2):
strapi^end(rmserrstr,'%');
gtext(rmserrstr);

end;
{here is where the fourth variable is plotted)
moveC—1.0,—1.0);
set _char_size(0.035.0.075);
strwritc(tvarstr.5 .count.tvar:3:2);
gtext(trarstr):

end; {end of procedure iv_draw_axis which draws and labels axis)

begin {main procedure iv_autoscale begins here)
ir_find_exponent(xaxisexp,xunitlab,xmax.xmin);
iv_find_exponent(yaxisexp,yunitlab,ymax,ymin);
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JLvjjuXoscaLe
iv_draw_axis(xmax,xmin,ymax,ymin,xaxisexp,yaxisexp); {draws and labels)

end; {end of procedure Iv_autoscale)

procedure iv_draw_the_data(xmaxjcmin,ymax,ymin:real: measured:boolean); IV (JTClW the (JOtCi
{this procedure draws in the measured and or simulated data)
{last change made: SUNDAY OCT 14. 1984 By: JRP)

var i.j,k:intei.'er:
yral.xral:real:
xnew.ynewrrealr
xold .void rreal;
cnt integer;
zstringrstring{6];
labelzrboolean:

slope.t est rreal;
outplanerboolean;

begin
set _char_size(0.03,0.06):
for k:=l to numbz do

for ir-1 to numbx do
begin

xvalr-xaxisvalfi];
if measured-true then

yval r=yax meas( i.k]
else

begin
yvalr-yaxsimfi.k];
set_line_style(l )r

end:

if xaxisexp X) then
for j:=l to xaxisexp do

xval-xval/10:
if xaxisexp <D then

for jr=l to xaxisexp do
xralr-xral*10;

if yaxisexpX) then
for jr-1 to yaxisexp do

yvalr=yval/10;
if yaxisexp <0 then

for jr-1 to yaxisexp do
yvalr=yval*10;

xnewr—0.8+1.6*((xval-xmin)/(xma\—xmin));
ynew-=-0.8+1.6*((yval-ymin)/(yma\—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

begin
if i=l then

begin
outplaner-false;
move( xne w.ynew);

end:

if outplane=true then
begin

tifp] if (xnew-xold<X).0) then {check for divide by zero)
{jrp} slope:-(ynew—yold)/(xnew—xold)
{jrp} else
\jrp) sloper-lElOO; {about = infinity}

{check for entering from left]
tesi:-slope*(—0.8—xold)+yold;
if test_point_on_screenl(yold,ynew,test) then

begin
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~Sv_draw_the_data
move(—0.8,test);
if measured-true then

begin
movefxnew—0.0 l,ynew—0.015);
gtext('x');

end

else

line(xnew,ynew);
end:

{check for entering from the right]
testr=slope*(0.8-xold)+yold;
if test_point_on_screenl(yold.yncw.test) then

begin
move(0.8,test);
if measured-true then

begin
moveCxnew—0.01.vnew—0.15):
gtext('x');

end

else
linc(xnew.ynew);

end;
if slope <X) then

testr=(0.8—void) /slope+xold
else

testr——1.0: {can not enter from lop]
{check j*or entering from top]

{jrp} if test_point_on_screen2(xold.xnew.test) then
begin

more( tesi.0.8);
if measured-true then

begin
moveCxnew—0.01.vnew—0.15);
gtext('x'):

end

else

line(xnew.ynew);
end;

if slope<X) then
testr=(—0.8—void) /slope+xold

else

testr—1.0; {can not enter from 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
movcKxnew—O.Ol.ynew—0.15);
gtext('x');

end

else

line( xnew.ynew);
end;

outplancr-false:
{point plotted]

end

else

{last point was on screen}
begin

if measured-true then

begin
moveCxnew—0.01 .vnew— 0.015);
gtext('x'):

end
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-iv_draw_the_data
else

line(xnew,ynew);
end;

end {end of handling for values on the screen)
else {start handling points off screen)

begin
if i=l then

begin
outplane:-true;

end:

if outplane-false then {last point on screen)
begin

{jrp} if (xnew-xold<X).0) then {check for divide by zero}
{jrn} slope:=( vnew—void) /(xnew—xold)
{jrp} else
{jrp} slopc:=lE100: {about = infinity)

{check Jor exiting from left)
test:=slope*(0.8— xold )+yold;
if test_point_on_screenl(yold,yncw.test) then

begin
if measured-false then

line(0.8.test);
zstringr-' ';
strwrite(zstring.l,cnt.(zaxisvallk]):l:2):
movelO.85 ,test);
if ((measured-true) or (simonly-true))
and (iOnumbx) then

otext(zstring);
end:

{check for exiling from right)
test:-slope*(-0.8-xold)+yold;
if test_point_on^screenl(yold,ynew.test) then

begin
if measured-false then

iine(-0.8.test);
zstringr-' ';
strwrite(zstring,l.cnt.(zaxisval(k]):lr2):
move(0.85.testT;
if ((measured-true) or (simonly-true))
and (iOnumbx) then

gtext(zstring):
end;

{check for exiting from top)
if slope<X) then

test:-(0.8-yold) /slope+xold
else

testr—1.0; {can not exit from top)
{jrp) if test_point_on_screen2(xold,xnew,test) then

begin
if measured-false then

lineCtest ,0.8):
end;

{check for exiting from bottom)
if slope<X) then

test:-(—0.8-yold) /slope+xold
else

testr-—1.0; {can not exit from bottom]
{jrp} if test_point_on_screen2(xold,xnew.test) then

begin
if measured-false then

line( test.—0.8);
end:

outplaner-true;

Nov 15 20:23 1984 page f)j ()f bsimLO.TEXT



bsiml .O.TEXT bsiml.O.TEXT

-iv_draw_the_data
end; {end for points going off screen}

end; {end of handling points off screen)
xold:-xnewr;
yoldr-ynew;
if (i-numbx) and ((measured-true) or (simonly-true))
and (outplane-false) then

begin
move( 0.85,y n ew);
zstringr-' ';
strwriteCzstring.l,cnt,(zaxisval[k])rl:2);
gtext(zstring);

end;
end;

end;

{end of procedure drawdala)

procedure ir_zoom_graph_axis( var xpos2,xpos1,ypos2.ypos1:real): JV ZOOttl gropll QXJS
{this procedure allows the user to zoom in on a portion of the graph by
varying the axis limits)

var button:integer:
xrange.yrange:real;
oldxmin.oldyminneal:
tempposrreal:

{initialize the graphics legator as the knob]
begin

xrange:-xpos2—xposl;
y rang e:=ypos 2—y pos 1;
oldxminr-xposl;
oldyminr-yposl;
locator_init(2.error_return);
if error_return-0 then

begin
await_ locatorC 2,but ton.xpos 1.ypos1);
set_echo_pos(xposl,yposl): {sets one diagonal of rectangle]
await_locatorC8.button,xpos2.ypos2);
if xposl >xpos2 then

begin
tempposr-xposl;
xpos lr= xpos2;
xpos2:=temppos;

end:

if yposl >ypos2 then
begin

tcmpposr-yposl;
yposl r-ypos2:
ypos2r=temppos;

end:

{this guarantees that the axis are not zoomed too small]
if (absCxposl—xpos2)<D.D or (abs(yposl—ypos2)0.1) then

begin
xposl r—0.8:
xpos2.—0.8r
yix)slr—0.8:
ypos2r=0.8;

end:

xpos 1r=xrange /1.6*C xpos1+0.8)+old xmi n;
xpos2:=xrange/1.6*Cxpos2+0.8)+oldxmin;
yposl r-yrange /1.6*( ypos1+0.8)+oldymin:
ypos2r=yrange/1.6*(ypos2+0.8)+oldymin;
clear_display;
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end;

end; {of procedure iv_zoom_graph_axis)

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

var measrboolean:

init_ok:boolean:

begin
iv_grsetup(init_ok);
set_aspect(210.0,160.0);
set_display_li m(0.0,210.0.0.0,160.0,error_ return);
{this determines the maximum and minimum values of x and y)
iv_maxminxy(maximx,minimx.maximy,minimy.numbx,numbz):
iv_autoscale(maximx,minimx,maximy.minimy,xaxlab,yaxlab,
hcaderlab.zaxlab,xaxisunit.yaxisunit);
if (measonly-true) or (measandsim-true) then

begin
measr-true:

ir_draw_the_data(maximx,minimx,maximy.minimy.meas);
end:

if (simonly-true) or (measandsim-true) then
begin

measr-false:

iv_draw_the_data(maximx.minimx.maximy.minimy.meas):
end;

end: {end of procedure iv_iniiial_graph to plot graphics axis and data)

ivjnitial_graph

procedure iv_zoom; *
{this procedure handles zooming the graph axis]

var measrboolean;

begin
iv_zoom_graph_axis(maximx.minimx.maximy.minimy):
clear_display;
iv_autoscale(maximx.minimx,maxim y.minimy,xaxlab.yaxlabjieaderlab,

zaxlab.xaxisunit.yaxisunit);
if (measonly-true) or (measandsim-true) then

begin
meas:=t rue:

iv_draw_the_data(maximx,minimx.maximy,minimy,meas):
end:

if (simonly-true) or (measandsim-true) then
begin

measr-false;
iv_draw_ihe_data(maximx.minimx.maximy,minimy,meas);

end;
end; {end of procedure iv_zoom to zoom in on axis)

j*********************iy GRAPHjCS MEASUREMENT AND SIMULATION****************}

iv zoom

procedure measure_data(device_type,mtype,vdterm,vgterm.vsterm,vbtermrinteger;
tvaluerreal);

{miype=l then measure IDSvsVGS curves. mtype°2 then measure IDSvsVDS curves
{tvalue is the value of the constant supply)

measure data

Nov 15 20:23 1984 Page 63 ofbsimLOTEXT



bsiml.O.TEXT bsimLO.TEXT

~jneasure_data
var ijdnteger; {loop counters)

vdchan,vgchan,vschan,vbchanrstring[20]; {to contain VCX where X is SMU)
vdnumb,vgnumb,vsnumb,vbnumbrstringl20]; {to contain SMU number as string)

procedure translate_terminals_to_strings; translatej:erminalsJiO_SJTingS
{this procedure sets up string variables needed by the 4145)

var irinteger;
nextposrinteger:

begin
{here is where the terminal numbers are converted into channel strings)
vdnumbr-' ':
vgnumb:-' ':
vsnumb:-' ';
rbnumb:-' ':
strwritef vdnumb.l.nextpos.vdterm:l):
strwrite( vgnumb. 1.nextpos,rgterm:l):
strwriteC vsnumb. 1.nextpos.vsterm:!):
strwriteC vbnumb.l.next pos.vbterm:l );
vdchanr-'CH ':
strwriteCydchan,3,nextpos.vdterm:l): {.ver.v up vd channel string)
vgchan:='CH ':
strwriteC vgchan,3.nextpos.vgtermrl); {sets up vg channel string)
vschanr-'CH ':
strwriteCvschan.3.nextpos,vsterm:l): {sets up vs channel string)
rbchanr-'CH ';
strwriteCrbchan.3.nextpos,vblerm:l); {sets up vb channel string)

end: {end of procedure to translate_termirials_to_stririgs)

| *************************/r)S\s\ GS DATA MEASUREMENT**********************)

procedure IDSvsYCJ.S_data(vds:real); IDSvsVGS_dQta
{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)

type testcodc=string[20]:

var vsourcc,vgstart.vgend.vgstep,vbstart,vbstep.vdrain:real:
num bvbstep.nu mbvgst eprinteger:
svsou rce^svgst art ,svgend vsvgstep,svbst art .snu mbvbst ep.
svbstepjsvd rainrst ring[20]:

procedure channel_defini tion_ for_\DS\sVGsdtoGnnel_definMOU _forJ[DSvsVGSjdatd
{this procedure sets up the channels with all l>eing voltage sources and the
source being common. The gale voltage and Ixtdx voltage are set up to vary)
{last cluinge made: JUNE 20. 1984 \y: JRP)

begin
writ estring(700+hpib_ anal yzer_ address,'IT1 DRO BC');
writ estring(700+hpib_anal yzer_add ress.'DE ' );
writestring(700+hpib_analyzer_address,vdchan); {sets up drain as const)
writestring(700+hpib_analyzer_add ress.' ."VDRAIN"," IDRAIN",1,3;');
writesiring(700+hpib_analyzer_address,vgchan); {sets up gate as variable}
writestring(70()+hpib_analyzer_address.'. '\'GATE","IGATE ',1,1;');
writestring(700+hpib_analvzer_address.vschan); {sets up source as const)
writ estri ng(70()+hpib_analyzer_add ress,',''VSOURC'','' 1S0URC" ,1,3;' );
writestring(700+hpib_analyzer_address,vbchan); {sets up body as variable!)
writest ring( 700+hpib_anal yzer_add ress,',"VBODY","IBODY",l,2;');
writestring(700+hpib_analyzer_address,'VSl: VS2; VM1: VM2;');
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end; {end of procedure to define channels for data aquisition}

procedure string_setup_measure.IDSvsVGS; String_SetUpjTieaSUre_IDSvsVGS
{this procedure calculates step sizes for the measurements, fills in the vdd
array, and makes the necessary strings for the 4145}

var nextpos:integer; {for strwrite command)
irinteger; {used for loop counter)

begin
{determine the value of \'SOURCE)
if device_type=l then

vsourcer-0.0

else

vsourcer-vdd:

{determine the starting vabie of \'GA7E)
if device_type=l then

vgstartr-0.0
else

vgstartr-vdd;
{determine the final value of \'GATE)
if device_type=l then

vgendr-vdd
else

vgendr-O.O;
{determine the step size for \'GATE)
if vdd<=3 then

vgstepr-0.05
else

if vdd <-5 then
vgstepr-O.l

else

if vdd<=10 then

vgstep:=0.2
else

vgstep:-0.5:
vgst epr- vgst ep*dev ice_ type;
{determine the number of steps Jor YGATE)
numbvgstepr-truncCvdd /vgstep*device_type)+l: {plus 1 for the first point)
{determine the starting value for YBODY)
if device_type=l then

vbstartr— vdd

else

vbstartr=2*vdd:

{determine the value of the YBODY step)
if rdd<=5 then

rbstepr-1.0
else if rdd<-10 then

rbstepr=2.0
else

rbstep:=3.0;
rbstep:=derice_type*vbstep:
{determine the number of YBODY steps)
numbvbstepr=trunc(vdd /abs(vbstep))+l:
{determine the values of YDRAIN)
rdsr-abs(rds):

if device_type=l then
vdrainr-vds

else

vdr ain r=vd d—vds:

{here is where the strings are written)
svsourcer-' ':
strwriteC svsource,l,nextpos,vsource:2:3);
svgstart:-' ';
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strwrite(svgstart,l,nextpos,vgstartr23);
svgendr-' ';
strwrite(svgend,l,nextpos,vgendr2r3);
svgstepr-' ';
strwrite(sygstep,l,nextpos,vgstepr2r3);
svbstartr-' ';
strwrite(svbstart,l,nextpos,vbstartr2r3);
snumbvbstepr-' ';
strwrite(snumbvbstep,l,nextpos,numbvbstep);
svbstepr-' ';
strwriteC svbstep,l.nextpos,vbstepr2r3);
svdrainr-' ':
strwriteCs\-drain,l.nextpos,vdrainr2r3);

end: {end of procedure string_setup_measure_IDSvsYGS)

procedure source_seiup_measure_IDSrsVGS; SOUrCe_SetUp_±neaSUre_JDSvsVGS
{this procedure sets up the sources to measure the data)
{last change made: JUNE 20. 1984 by: JRP)

begin
writestring(70()+hpib_analyzer_address,'SS '):
writestring(70()+hpib_analyzei_address,'VRl,'); {setup for gate source)
writest ri ng( 700+hpib_anal yzer_add ress.svgstari);
writest ring( 700+hpib_anal yzer_add ress.',');
writest ring(700+hpib_analyzer_address.srgend>:
writest ring( 700+hpib_anal y/er_add ress/.');
writest ring( 700+hpib_anal yzer_add ress.srgstep):
writestring(700+hpib_analyzer_address,'.lE—6: );
writestring(700+hpib_analyzer_address,'VP '); {setup for the body source)
writest ringC700+hpib_anaIyzer_addressjsvbstart);
writest ringC 700+hpib__anal yzcr_add ress,',');
writest ringC 700+hpib__analyzer_add ress^svbstep);
writest ring(700+hpib_anal yzer_add ress,','):
writest ring( 700+hpib_analyzer_add ress.snumbvbstep):
writest ri ng( 700+hpib_anal y/.er_add ress.',0.001:');
writestring(700+hpib_analyzcr_address,'\"C): {set up drain \—.source}
writest ring( 700+hpib_analyzer_add ress.vd numb):
writest ri ng( 700+hpib_anal yzer_add ress.',');
writest ring( 700+hpib_anal yzer_add ress,srdrain):
writest ring(700+hpib_anal yzer_add ress,' ,100E—3;'):
writest ring(700+hpib_analyzcr_address.'\"C'):
writest ring( 700+hpib_analyzer_add ress.vsnumb):
writest ring(700+hpib_anal yzer_add ress.',');
writest ring(700+hpib_anal yzer_add ressrsvsource);
writestri ng(700+hpib_anal yzer_add ress,', 1OOE-3;'):

end: {end oj" procedure source_seiup_measure_IDSvsYGS)

procedure measure_IDSvsVG.S_data: me(2Slire_IDSvsVGS_dat(2
{this procedure reads the data from the 4145 for either a nchannel or
a pchannel device. The values of vdsjds.vbs and vgs are converted to
correspond to the convention for nchannel devices)
{last change made: NOY 8. 1984 by: JRP)

var i.jrinteger;

begin
{JRP)if device_typc-l then {NMOS}
{JRP) begin
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\jrp) writestring(70O+hpib_analyzer_address/SM DM1, XN"VGATE",1,0,');
{jrp} writestring(700+hpib_analyzer__address,svgend);
{jrp} wrilestring(700+hpib_analy2er_address,';YA"IDRAIN",l,0,'):
{jrp} writestring(700+hpib_analyzer_address,maxidsstring);
{jrp} writestring(700+hpib_analyzer address,';');
{JRP} end
{JRPklse {PMOS}
{JRP} begin
{Jrp} writestring(700+hpib_analyzer_address.'SM DM1, XN"VGATE".1.0,' h
{jrp} vritestring(700+hpib_analyzer_address,svgstart):
{jrp} wri testringf700+hpi b_analyzer_address/ ;Y A'' IDRAIN ".!,'):
{jrp} ,*'ritestring(70O+hpib_analyzer_address,maxidsstring):
{jrp} M*ritestring(70O+hpib_analvzer address,',0;');
{JRP} end:

vritestring(700+hpib_analyzer_address/lTl DRO BC'):
vrit estring( 700+hpib_analyzei _addrcss/ MD ME1'):
•*-ait_till_hpib_ready(hpib_analyzer_addiess);
vrilestring(700+hpib__analyzcr_address.'DO "IDRAIN'Y);
listen_to_hpib(hpib_analyzer_addiess);
for j:ml to numbvbstep do

for i:=l lo numbvgstep do
readnu mber(700+hpib_anal yzer_address.yaxmeas[i,j]);

talk_to_hpib(hpib_analyzer_address);
{here is where the xaxis and zaxis arrays are Jilted}
num bx:=numbvgsiep;
for i:=l to numbvgstep do

xaxisval[i]:=(i— 1)*vgstep:
num bz:=nu mbvbstep:
for j~l to numbvbstep do

zaxisval[j]:=( vbstart+( j— 1)*vbstep— vsource);
end:

begin {begin procedure IDS\-s\'GS_data}
channcl_definiiion_i"or_lDSv$VG.S_data:
string_setup_ measure_ IDSvsVGS:
source_setup_measure_ IDSvsVGS:
measu re_IDSv«;YGS_(lata:

end:

procedure IDSvsVDS_data(vbs:real); IDSvsVDSjdata
{this procedure sets up the 4145 and measures data points for various YDS
and \'GS values with a fixed YBS}

var vsource, vdstart,vdend,vdstep.vgstart,vgstep,vbody:real;
num bvgstep.nu mbvd step:i nteger;
svsou rcersvd star t,svdend ,svdstep^svgstart .snumbvgst ep,
svbod y,svgstep:string[20];

procedure channei_definition_for_iD.svs\Dschannel_definition^for_IDSvsVDS_data
{this procedure sets up the channels with all being voltage sources and the
source being common. The drain and gale voltages are set to vary}
{last change made: JUNE 20, 1984 by: JRP}

begin
\riitestring(700+hpib_analyzei_address.'lTl DRO BC'):
>vritestring(700+hpib_analyzer_address/DE ');
writestring(700+hpib_analyzer_address.vdchan); {drain is variable 1}
u-ritestri ng(7()0+hpib_anal yzer_add ress,','' VDRAIN"," IDRAIN' '.1.1:'):
writ estring(700+hpib_anal yzer_add ress,vgchan); {gate is variable 2>
writestring(700+hpib_analyzer_address,'. 'VGATE"/'IGATE".1,2;'):
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writestring(700+hpib_analyzer_address,vschan); {source is constant}
•vritest ring(700+hpib_analyzer__address,',''VSOURC'','' ISOURC'' ,1,3;' >,
writestring(700+hpib_analyzer_address,vbchan); {body is constant}
writ estring<700+hpib_analyzer_address,',"VBODY"," IBODY",1,3;');
writestring(700+hpib_analyzer_address,'VSl; VS2; VM1; VM2;');

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

procedure string_setup_measure_IDSvsVDS; String_SetUpjTieaSlire^IDSvsVDS
{this procedure calculates the step sizes for the measurements, fills in the
vdd array, and makes the necessary strings for the 4145}

var nextpos:inte«er: {used in the strwrite command}
irinteger: {used for loop counter}

begin
if device_type=l then

vsource i^O.O

else

vsource:=vdd:

{determine the starting values Jor VDRAIN}
if device_type=l then

vdstart 7=0.0

else

vdstart~vdd:

{determine the final value of \"DRAIN}
if device_type=l then

vdend :=vdd
else

vdend t-0.0;
{determine the step size for YDRAIN}
if vdd<=3 then

vdstep:=0.05
else

if vdd<=5 then

vdstcp~0.1
else

if vdd<=10 then

vdstep:=0.2
else

vdstepr=0.5:
vdstep7=vd step*device_ type:
{determine number of steps for YDRAIN}
numbvdstep:=trunc(vdd/vdstep*device_type)+l: {plus 1 for the first point]
{determine the value of the \'GATE STEP}
if vdd<=5 then

vystep?=1.0
else if vdd<=10 then

vystep7=2.0
else

v«.'step7=3.0:
vgstep7= vgst ep*device_ type:
{determine the starting value for YGATE}
if device_type=l then

vystart:=vgstep
else

vj.'start:=vd d+vgst ep:
numbvgstep.-trund vdd /abs(vgstep)):
{determine the value of YBODY}
if device_type=l then

vbod vt=—abs( vbs)
else

vbod V7=vdd+abs( vbs);
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{here is where the strings are written}
svsource?=' ';
strwrite(svsource. l,nextpos,vsource:2:3);
svdstart?*' ';
strwrite(svdstart,l ,nextpos,vdstart:2:3);
svdend?=' ';
str writeisvdend, 1,nextpos,vdend:2:3);
svdstep7=' ';
strwrite(svdstep,l,nextposfvdstep:2:3);
svgstartr=' ':
strwrite(svgstart,l.nextpos.vgstart:2:3):
svgstep7=' ':
strwrite($vgstep,l.nextpos,vgstep:2:3);
snumbvgstep7= ';
strwrit e(snu mbvgstep.l .next pos.numbvgstep:1):
svbodyT3' ':
strwrite(svbody.l.next pos.vbody:2:3);

end; {end oj' pmcedure slring_setun_measure_IDSvsYDS}

procedure source_setup_measure_IDSvs\DS: SOUrCC_Setlip_meaSlLre_J'DS\fsVDS
{this procedure sets up the sources to measure the data}
{last change made: JUNE 20. 1984 by: JRP}

begin
writ estri ng( 700+hpib_anal yzer_add ress,'SS '):
writest ring(700+hpib_analyzer_add ress/VR]/): {setup for drain source}
writest ring(700+hpib_ anal yzer_address,svdsiait);
writ estring( 700+hpib_anal yzer_add ress,'/):
writestring(700+hpib_analyzer_addressrsvdend):
writestring(70(Hhpib_analyzer_address,'/):
writestring( 700+hpib_anal yzer_add ress^vdstep):
writestring( 700+hpib_anal yzer_add ress.',1OOE-3/);
writestiJng(700+hpib_analyzer_address/\*P): {setup for the .gate source}
writest ring(700+hpib_analyzer_address,svgstart);
writestring( 700+hpib_analyzcr_add ress/ /):
writestring(70()+hpib_analyzer_address.svgstep):
writest ring(700+hpib_analyzcr_add ress//):
writest ring(700+hpib_analyzcT_address,snurnbvgstep);
writestri ng( 700+hpib_ anal yzer_add ress/. 1E—6:'):
writ estring(700+hpib_analyzer_add ress/VC): {setup for the body source}
writestring(700+hpib_anal yzer_add ress.vbnumb);
writestring(700+hpib_analyzer_address,'/);
writ estring( 700+hpib_anal yzer_add ress,svbody):
writ estring(700+hpib_anal yzer_add ress/ .1OE—6;');
writest ring(700+hpib_anal yzer_add ress/ VC'):
writestring(700+hpib_analyzer_add ress,vsnumb);
writest ring(700+hpib_analyzer_add ress//);
writest ring( 700+hpib_anal yzer_add ress,svsource);
writest ri ng(700+hpib_anal yzer_address/, 100E—3:');

end: {end of procedure source_setup_measure_lDSvsYDS}

procedure measure_IDSvSVDS_data; meCLSUre_lDSvsVDS_datd
{this procedure reads the data from the 4145 for either a nchannel or
a pchannel device. The values of vdsjds,vbs and vgs are converted to
correspond to the convention of nchannel devices}
{last change made: NOY 8. 1984 by: JRP}

var i,j,kantegcr;

begin
{JRP}if device_type=l then
{JRP} begin
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{jrp} writestring(700+hpib_analyzer_address/SM DM1, XN"VDRAIN",1,0,');
{jrp} writestring(700+hpib__analyzer__address,svdend);
{jrp} writestring(700+hpib_analyzer_address/;YA"IDRAIN",1.0/);
{jrp} writestring(700+hpib_analyzer_address,maxidsstring);
{jrp} writestring(700+hpib_analyzer_address,Y);
{JRP} end
{jRP}e\se {device_t\pe=-1 iPMOS)}
{JRP} begin
{JRP} writestring(700+hpib_analyzer_address/SM DM1, XN"\"DRAIN",1,0/):
{JRP} writestring(700+hpib_analyzer_addressj>vdstart):
{JRP} writestring(700+hpib_analyzer_address/:YA"lDRAIN".l/):
{JRP} wntestring(700+hpib_analyzer_address,maxidsstring):
{JRP} writestring(700+hpib_analyzer_address/.0;'):
{JRP} end:

writestring(700+hpib_analyzer_address/lTl DRO BC'h
writest ring(~00+hpib_analyzer_add ress/MD ME1'):
wait_ til J hpi b_ read y(hpib_anal yzer_address);
writ est ri ng(700+hpib_analyzer_add ress,'DO '' IDRAIN";');
listen_to_hpiWhpib_analyzer_address):
for jr=1 to nn mbvgstep do

for i:=l to numbvdstep do
readnumber(700+hpib_analyzei_address.yaxmeas[i,j]);

talk_ to_ hpib( hpib_anal yzer_address):
{here is where the xaxis and zaxis arrays arc loaded up}
numbx:=numbvdstep:
lor i:=l to numbvdstep do

xaxisval[i]:=(i— 1)*vdstep;
num bz7=numbvgstep:
for jt=1 to nu mbvgstep do

zaxisval[j]:=j*vgstep:
end: {end of procedure to measure_lDSvsYDS_data\

begin {procedure IDSvsYDS data}
channel_definition_for_IDSvsVDS_data;
st r ing_set up_ measure_ IDSvs\*DS:
source_setup_ measure_ IDSvsVDS;
measure_lDSvs\'DS_data;

end; {end of procedure IDSvsYDS data}

begin {procedure measure_data begins here}
translate_ terminals_ to_strings;
if mtype=l then

IDSvsVDS_data(tvalue)
else

IDSvs VGS_data( t value):
end:

^#***************************£jy£) Qp AlEASUREJ^lENT /?0(,'7'/iV£'5********t**********}

function bsimsim(vds,vbs,vgs:real):real: bSWlSilTl
{this function returns the value of ids for a given bias condition
as simulated using the latest bsim parameters, when this function is called,
the beta values have already been calculated from the mobilitx (mu> values}
{last change made: WEDNESDAY OCT 31, 1984 By: JRP}'

var eta,u0.ul.vgsminvthaeal;
a,g.t,vp.sqroot_vp.vth,vc,k,u.r,vdssat:real:
temp.tempA,tempB..\3vddvdd,x2,x3,beta:real;
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{jRP}leffzreal; {effective channel length for current device to be graphed}
{/.&P}i,j:integer; {counters to output YTH to printer}

begin
{here is where the voltages are translated to fit n—channel designations}
vdsr=vds*device_ type;
vgs7=vgs*device_type:
vbs:=»vbs*d evice_type;
eta-c5_eta+cl0_x2eta*(c2_phif2-vbs)+cll_x3eta*(vds-vdd);

{JRP}if etaO.O then
{JRP} eta.-=0.0;

uO:=c7_ uO+c12_ x2u0*vbs:
{JRP}if uO<D.O then
{JRP} uO:=0.0;

Ul:=c8_ul+cl3_x2ul*vbs+cl7_x3ul*(vds-vdd):
if uKO.O then

ul :=0.0:

{here is where the value of beta is calculated}
tcmp:=c6_betaO+c9_x2betaO*vbs:
tempA:=(cl4_betaOsat+cl5_x2betaOsat*vbs)/temp-1.0:
tempB:=cl6_x3betaOsat /temp;
x3 vd d vdd ~t empB*vd d— temp A;
x2:=( tempA-x3vddvdd ) /vdd;
x3:=x3vddvdd /vdd /vdd;
beta7=temp*( 1.0+x2*vds+x3*sqr(vds));
{here is where the parameter a is calculated}
vp7=c2_phif2—vbs:
sqroot_vp~sqrt( vp):
t7=1.744+0.8364*vp:
gr=l —1 /t:
a7=l+g ,2*c3_kl /sqroot_vp:
vth.-cl_vfb+c2_phif2+c3_kl*sqroot_vp—c4_k2*vp—eta*vds;
vgsminvt hr=vgs—vth:
if vgsminvth<I).0 then

vgsminvth.7=0.0:
|./#/>}leif:=len£th+prc>cesspar[2.betazeroparam];
\JRP}vc~u] /a*(vgsminvth) /Jeff:

ut= 1+u()*( vgsminvt h):
U/?/>}r7=l+ul*vds/leff:

t7=sqrt(l+2*vc):
k7=Kl+vc+t)/2:
vdssat7=vgsminvth /a /sqrt(k);
if vds <vdssat then

{linear region}
bsimsim7=device_type*beta /u /r*vds*(vgsminvth—a /2*vds)

else

bsimsim7=device_type*beta /u /a /k /2*vgsminvth*vgsminvth;
if fvgs-vthXD then

bsimsim7=0.0:

{JRP}{this next part will create \'th values at all 4 combinations of Yds
and Ybs for Yds=ti.l and \'dd and for Ybs=0 and —Ydd}

[JRP}\f (TRACEVTH=true) and (abs(vdd)=abs(vgs)) and (abs(vdd)=abs(vds)) then
IJRP} begin
{JRP} for i7=l to 2 do
{JRP} for jt=1 to 2 do
{JRP} begin
{JRP} case i of
{JRP} l:vbs7=0.0:
URP} 2:vbsr=-(abs(vdd));
{JRP} end; {of case}
\JRP} case j of
{JRP} l:vds7=0.1;
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{JRP} 2:vds?=abs(vdd);
{JRP} end; {of case}
{JRP} eta?=c5__eta+cl0_x2eta*(c2_phif2—vbs)+cl l_x3eta*(vds~vdd);
{JRP} if eta<D.O then
{JRP} eta?=0.0;
{JRP} \nh7=cl_vfb+c2_phif2+c3_kl*sqrt(c2_phif2-vbs)-
{JRP} c4_k2*(c2_phif2-vbs)-eta*vds;
{JRP} writeln(userout2/VBS=',vbs:2:2/ VDS='.vds:2:2,
{JRP} ' \TH=',vth:2:2):
{JRP} end;
{JRP} end;
end; {end of function to simulate bsim parameter current data}

procedure error_calculations(numbx.numbz:integer: var max.rms:real): CTVOV CQLClllCltiOnS
{this procedure calculates the maximum percent error, and the rms error for
all of the values oJ~ ids measured and simulated}

var i.j:integer: {these are the counter variables]
erronreal:

begin
max7=0.0;
rms:=0.0:

for i:=l to numbx do

for j:=l to numbz do
if (abs(yaxmeas[i.j])>lE—6) and (abs(yaxsim[i.j])>lE—6) then

begin
error7=abs((yaxmeas[i.j]—yaxsim[i.j])/yaxmeas[i,j]);
if (error>max) then

max:=error:

rms:=r ms+error*error;
end:

max™max*100: {converts to percent error/
rms:=100*sqrt(rms/numbx/numbz): {converts to rms percent error}

end: {end of procedure to determine the maximum percent and rms errors}

procedure IDvs\'D(vbsconstant:real): IDVSv D
{this procedure Uxids the data arrays for measured and/or simulated
characteristics and generates the labels}

var i,j:integer;

begin
{this is where the labels are setup}
writeln(#12);
xaxlab7='VDS in ':
yaxlab7='lDS in ';
tvarstr7='VBS= V';
headerlab?='IDS versus VDS':
zaxlab:='YGS(V)':
xaxisunit7=' volts':
yaxisunit:='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

numbx7=trunc( 10*vdd)+l
else if vdd<=10 then

nu mbx7=trunc( 5* vdd)+1
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else

numbxr=trunc(vdd )+1;
if vdd<=5 then

nu mbzr=trunc(vdd)
else if vdd<=10 then

numbz7=trunc(vdd /2)
else

numbz:=trunc(vdd /3);
for i:=l to numbx do

xaxisval[i]7=(i— 1)*vdd /(numbx—1 )*device_type:
for J7=l to numbz do

zaxisval[j]7=j*vdd /numbz*devke_type;
end;

if (simonly=true) or (measandsim=truc) then
begin

for i?=l to numbx do

for jt=1 to numb/, do
yaxsim[i,j]:=bsimsim(xaxisval[i],vbsconstant.

zaxisvallj]):
end:

if (measandsim=true) then

error_calculations(numbx.numb/..maximum_eiTor.rms_error):
end:

procedure lnIDvs\'D(vbsconsiant:real): InlDvsVD
{tiii.s procedure is very similar to IDvsYD with the exception that a minimum
current is allowed, and the logarithm is taken}

var i.j:integer:

begin
{this is where the labels are setup}
writcln(#12):
xaxlab7='VDS in ';
yaxlab—'lnUDS) in ';
tvarstn-'VBS" V':
headerlab7='ln(IDS) versus VDS':
zaxlab:='VGS(V)':
xaxisunit:='volts':
yaxisunit:=' ln(amps)':
if (measonly=»true) or (measandsim=true> then

begin
measure_data(device_type.l.vdterm.vgterm,vsterm,vbteim,

vbsconstant);
for jt=1 to numbz do

for i7=l to numbx do

begin
if yaxmeas(i,j]<lE—12 then

yaxmeas[i,j]:=lE—12:
yaxmeas[i.j]7=ln(yaxmeas[i,j]);

end;
end;

if simonly=true then
begin

if vdd<=5 then
numbx7=trunc( 10*vdd)+l

else if vdd<=10 then

numbx7=trunc(5*vdd)+1
else

numbx7=trunc(vdd)+l;
if vdd <=5 then

numbz7=trunc(vdd)

else if vdd<=10 then
numbz7=trunc(vdd /2)

else
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numbzr-trunc(vdd /3);
for i:-l to numbx do

xaxisval[i]7°(i— 1)*vdd/(numbx— 1)*device_type;
for jt=1 to numbz do

zaxisval[j]r=j*vdd /numbz*device_type;
end;

if (simonly=true) or (measandsim^true) then
begin

for jt=1 to numbz do
for i~l to numbx do

begin
yaxsim[i,j]:=»bsi msi m(xaxisval[i],vbsconstant.

zaxisval[j]);
if yaxsim[i,j]<lE—12 then

yaxsim(i,j]:=l E— 12:
yaxsim(i,j]7=ln(yaxsim(i,j]);

end:

end:

if (measandsim=true) then

error_calculations(numbx.numbz,maximum_error,rms_error):
end:

procedure IDvs\'G(vdsconstant:real): IDVSv G
{tfiis procedure loads the data arrays for measured and /or simulated data
J'or IDSvs\'GS with YBS stepped and \'DS held constant]

var i.jrinteger;

begin
{this is where the labels are setup]
writeln(#12):
xaxlab:='\"GS in ':
yaxlab~'lDS in ';
tvarstr7='VDS= V';
headerlab?»'IDS versus VGS':
zaxlab-'VBS(V)';
xaxisu nil:='volts':
yaxisunit:='amps';
if (rm*asonly=true) or (measandsim=true) then

measurc_data(device_type.2.vdterm,vgterm.vsterm.vbterm.vdsconstant);
if (simonIy=truc) then

begin
if vdd<=5 then

numbx.~trunc( 10*vdd)+l
else if vdd<=10 then

nu mbx:=trunc( 5* vdd)+1
else

numbX7=trunc( vdd)+1;
if vdd<=5 then

numbzr=trunc(vdd)+l

else if vdd<=10 then
numbz7=trunc(vdd /2)+l

else

numbz7=trunc(vdd/3)+l;
for i7=l to numbx do

xaxisval[i]:=(i— 1)*vdd /(numbx— 1)*device_tyj)e;
for J7=l to numbz do

zaxisval[j].-(— ])*(j— 1)*device_type*vdd /(numbz— 1):
end:

if (simonly=true) or (measandsim=true) then
begin
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-IDvsVG
for ir=l to numbx do

for J7=l to numbz do
yaxsim[i,j]:=bsimsim(vdsconstant,zaxisval[j],
xaxisval(i));

end;
if (measandsim=true) then

error_calculations(numbx,numbz,maximum_error,rms_error);
end;

procedure draw_menu: dTCLW TJlCnil
{this pntcedure draws the graphics menu}
{last change made: SUNDAY 'SEPT 30. 1984 By: JRP}

begin
writeln(#12):

writelnC ***BSIM I-V GRAPHICS MENU***'):
writeln:

write*.'The BSIM I—V graphics routines will draw measured and/or '):
writelnCsimulated I—V data.);
writcClf the program is operating in the "SINGLE" mode, the 17 ELECTRICAL'):
writelnt' parameters');
writeCjust extracted will be used. In the "AUTOMATIC" or "SEMI-AUTOMATIC"'):
writelnC mode, the);
wriief 17 ELECTRICAL parameters will be generated from the 54 parameter'):
writelnC process file/);
writeln;

writclnf^ SELECT A NUMBER FOR A GIVEN DISPLAY MODE= >'):
writelnC l)Measured Data Only'):
writelnC 2)Simulated Data Only');
vritelnf 3)Measured and Simulated Data'):

' writeln:

writelnC SELECT A NUMBER FOR A GIVEN GRAPH TYPE= >'):
writelnC DIDS versus VDS VBS=? >');
wriielnf 2)IDS versus VGS VDS=? >'):
writelnC 3)ln(IDS) versus VDS VBS=? >'):

end: {end of pr<H.:edur\- drliw_menu}

procedure draw_iv_repeai_menu: drOW_LV_repQOtJlienil
{this procedure draw.s the repeat menu]
{last change made: SUNDAY SEPT 30. 1984 By: JRP}

begin
writeln(#12):

gotoxy(0,2);
writcinC SELECT A NUMBER FOR A GIVEN ACTION CAPABILITY- >');
writelnC DZoom Using Knob and Keys');
writelnC 2)Redraw Full Graph'):
writelnC 3)Select New Graph for Current Device'):
writelnC 4)Select New Device');
vriteC 5)Exit I-V Graphics Menu'):

end; {of procedure draw_iv_repeat_menu]

J*****************************yj j^j jy qr\phjqs PROGRAM************************}

begin {main prwedure graphics begins here}
iv_grset up( init _ok ):
new_device7=false;
if init_ok then

begin
{jrp} same_device_selection7='4';

repeat
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{jrp}
{jrp}
{jrp}
{jrp}
{jrp}
{jrp}
{jrp}
{jrp}
{jrp}

\jrP)
{jrp}

{jrp}
{jrp}
{j^}
{jrp}
{jrp}
{jrp}

-.graphics
j***************************ra£e ot££ ^atert****************l

if TRACE36=true then
begin

writeln(userout2,'beginning of repeat loop');
wri tel n(userou12,

vdterm«',vdterm:l,' vgterm=',vgterm:l,
vsterm^'jVsterm:!,' vbterm=',vbterm:l):

end;
^***************************^£e oul ^aZer*****************i

wri tel n(#12); {clears the display]
draw_menu:
measonlV7=false; {flags to tell what data to plot}
simonly7=false;
measandsim:=false;
selection_input(60,8/l'/3'.selection):
case selection of

1' :measonly7=t rue:
' 2 si monl V7=t rue;
'3 :mcasandsim:=true:

end:

select ion_ input( 59,13. 1/3'.selection):
case selection of

'l':hegin
gotoxy(58.14);
tvar7=strtoreal(realtostr):

tvar7=—l*device_type*abs(tvar):
end;

2:hegin
gotoxy(58.15):
tvar7=st rtoreaK realtostr);
tvar:=device_type*abs(tvar);

end;
'3:hegin

gotoxy(58,16);
tvar7=st rtoreaK realtostr);
tvai'7=— 1*device_type*abs(tvar):

end:

end; {erui of case statement to determine graph type}
if Umeasonly^true) or (mcasandsim=true)) and (mode<>'4') then

begin
if same_device_selection='4' then

begin
gotoxv(0,18);
writelnC NEW SMU CONNECTION
yes_no_selection_input(55,18.new_smu_connections);

end

else

new_smu_connections7=false:
smu_connections_ok7=false:
while (smu_connections_ok=false) do

begin
gotoxy(24.18);
writeC ');
gotoxv<0.18);
writeC SMU');
writelnC connected to DRAIN=? >');
writeC SMU');
writelnC connected to GATE=? >');
writeC SMU');
writelnC connected to SOURCE-? >');
writeC SMU');
writelnC connected to BODY=? >');
if new_smu_connections=true then

begin
gotoxy(52,18);
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[jrp]
{jrp}
{jrp}
{jrp}
\jrp]
{jrp}
{jrp}
{jrp}
{jrp}
ijrp]
{jrp}
{jrp}
Urp}
{jrp}
Urp}
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{reads in the value of drain smu}
vdterm7=round(strtoreal(realtostr));
gotoxy(48,l8);
writelnC ');
gotoxy(48,18);
wri teln( vdterm: 1);
gotoxy(51,19);
{reads in the value of gate smu}
vgterm7= round(strtoreaKrealtostr));
gotoxy(47,19):
writelnC ');
gotoxy(47,19);
writeln(vgterm:l);
gotoxy(53.20);
{reads in the value of source smu}
vsterm:=round(strtoreaK realtostr)):
gotoxy( 49.20):
writelnC ');
gotoxy(49.20):
writeln( vsterm:l):
L»otoxy(51,21):
{reads in the value of body smu]
vbterm:=round(st rtoreaK realtostr));

gotoxy(47.21);
writelnC ');
gotoxy(47,21);
writeln(vbterm:l):

end

* else {use old smu connections}
begin

gotoxy(48,18);
writelnC ');
i?otoxv(48,18);
writeln(vdternul);
gotoxy(47,19);
writelnC ');
gotoxy(47.19);
writeln(vgterm:l);
gotoxy(49,20);
writelnC ');
gotoxy( 49,20);
writeln(vsterm:l);
gotoxy(47,21);
writelnC '):
gotoxy(47,2l);
writelnC vbterm:l);

end;
if (vdterm>=l) and (vdterm<=4) and

(vbterm>=l) and (vbterm<=4) and
(vsterm>=l) and (vstcrm <=4) and
(vgtcrm>=l) and (vgterm<=4) then

smu_connections_ok7=true
else

begin
goioxy(48.18):
writeC
goioxy(47.l9):
writeC'
gotoxy(49,20);
writeC'
gotoxy(47,21):
writeC
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{jrp} gotoxvC0,22);
{Jrp} writeC'SMU VALUES MUST BE BETWEEN'>,
Ufp} writeC 1 AND 4. PLEASE TRY AGAIN');
{jrp} end; {of else part}
{jrp} end; {of "while smu_connections_ok**false then "}
{jrp} gotoxyCO,22);
{jrp} writeC '):
{jrp} writeC ');

end; {of "if measonlytrue "}
{jrp} |***************************Ia£e' 0^z ^er*****************i
{jrp} if TRACE36=true then
{jrp} begin
{jrp} writeln(userout2/after user selection');
{jrp} writeln(userout2,
{jrp} vdterm='.vdterm:l/ vgterm='.vgterm:l,
{jrp} ' vsterm='.vsterm:l/ vbterm=',vbterm:l):
{jrp} end;
|jrp] i****************3f**********ia^e j ^jer*****************i

gotoxy(0,23):
ly'V/ if ((measonly=true) or (measandsinv=truc)) and (mode<>'4') then

begin
{here is where automatic movement to device will go}
writeC Place probes on device and Press "ENTER" >');
selection_input(43.23.chr(ord(32)).chr<ord(32)).continue):

end

else

begin
writeC'Press "ENTER" to continue >');
selection_input(28.23,chr(ord(32)).chr(ord(32)).continue):

end;
case selection of {from selection_input call]

T:IDvsVD(tvar): {just a J"ew lines above]
'2':IDvsVG(tvar);
'3':lnIDvs\D(tvar);

end; {end oj* case statement to graph chosen grapfi]
I irr>) J***************************-./. 0... ;. .*****************i

[jrp] if TRACE36=truc then
{jrp} begin
{jrp} writeln(userout2,'before initial_graph is drawn):
{jrp} writeln(userout2.
{jrp} 'vdterm=',vdterm:l,' vgterm='.vgterm:l,
{jrp} ' vsterm='.vsterm:l/ vbterm=',vbterm:l);
{jrp} end;
Ijrn] J*******************#*******£U£e out ^^er*****************t

wri tel n( #12);
iv_initial__graph; {this draws out the autoscaled graph]
quit7=false;
newgraph7= false:

J*********************************^^ j ^jic*******************!

if TRACE34=true then

begin
writeln(#12);
writelnC'Here are the 17 bsim parameters used to plot this graph: ');
writeln('cl_vfb = ,cl_vfb);
writeln('c2_phif2 = ',c2_phif2);
writeln('c3_kl » \c3_kl);
writeln('c4_k2 - ',c4_k2);
writeln('c5_eta = ',c5_eta):
writelnCc6_beta() = ,c6_beta0):
writeln('c7_u0 = '.c7_u0);
writelnC'c8_ul = \c8_ul);
writeln('c9_x2beta0 «= ',c9_x2beta());
writeln('cl0_x2eta » ',cl0_x2eta);
writeln('cll_x3eta = ',cll_x3eta):
writelnC'cl2 x2u0 - ',cl2 x2u0);
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writelnCcl3_x2ul ',cl3_x2ul);
writelnCcl4__beta0sat = \cl4_beta0sat):
writelnC'cl5_x2beta0sat = \cl5_x2beta0sat);
writelnCcl6_x3betaOsat = ',cl6_x3beta0sat);
writeln('cl7_x3ul = ',cl7_x3ul);
writeln;
writeC'Press Enter to continued);
readCselect ion):

end: {of "if TRACE34=true then"}
!*********************************;(/£t) qUI ^aie>r******************** i

repeat
|jrp} {***************************; itfoe OUf £.jer*****************\
{jrp} if TRACE36<=true then
{jrp} begin
{jrp} writcln(userout2.'just enterred 2nd repeat loop');
{jrp} writelnCuserout2.
{jrp} 'vdterm='.vdterm:l/ vgterm=',vgterm:l,
{jrp} ' vsterm=',vsterm:l/ vbterm='.vbterm:l);
{jrp} end:
{jrp} i***************************.^^ oul ^alert**************if*\

draw_iv_repeat_menu;
{jrp} selection_input(62.2.'l'/5',same_device_selection):
{jrp} case same_device_seleclion of

l':hegin
gotoxy(59,0):
writeC ');
gotoxv(59,3):
write('SWITCH TO GRAPHICS'):
iv_zoom;

end:

\2' :iv_initial_graph:
'3:begin

ncwgraph7=true:
clear_display;

end;
'4':begin

quit7=true:
new_device7=truc:
clear_display:

end:

'5':begin
quit7=true;
clcar_display;

end:

end:
{jrp} {**************************+taf,e QUl ^alerM****************\
{jrp} if TRACE36=truc then
{jrn} begin
{jrp} writeln(u.serout2.'just leaving 2nd repeat loop');
{jrp} writeln(uscrout2.
{jrp} 'vdterm=',vdterm:l/ vgterm=',vgterm:l,
{jrp} ' vsterm=',vsterm:l/ vbterm=',vbterm:l);
{jrp} end:
{jrp} \***************************taj:e out ^uler*****************i

until (quit=true) or (newgraph=true);
until newgraph=ialse;

end:

graphics_term; {terminate the graphics procedures}
end: {of procedure graphics}

j*****************************^^y-Y jy GRAPHICS pROGR-\\l************************\

begin
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{if mode<>'4' then
begin}

if po_graphics_wanted=false then
begin

gotoxy(21,23);
writeC'Would you like to view I-V Curves? (Y/N) >');
yes_no_selection_input(65,23,iv_curves_wanted);

end

else

begin
gotoxy(0,8);
writeC Would you like to view 1—V Curves? (Y/N) >'):
yes__no__select ion_input(44.8.iv_curves_ wanted):

end:

end_of_graphics:=false;
while not(end_of_graphics) do

begin
if (iv_curves_wanted=false) then

end_of_graphics:=truc {graphics not wanted]
else

begin {grapfucs is wanted]
iv_graphi cs_ error7=0;
if TRACE21=true then wriie(userout2.

just before entering prepare_for_iv_graphics, ');
if TRACE23=true then writeln(userout2.

length = '.length.'width = .width):
prepare_for_iv_graphics(iv_graphics_error);
if TRACE21=true then writdn(userout2.

out of prepare procedure and iv_graphics_error » \iv_graphio_i
if TRACE21=true then writeCuserout2,

just before entering graphics. '):
if TRACE23='true then writeln(userout2.

'width = '.width/length = .length):
if (iv_graphics_error°0) then

begin
graphics(vdd,tox,smud.smug.smus.smub.device.anoiher_device):
write(#12): {clear screen when finished]

end

else if (iv_graphics_error=l) then
begin

{JRP} gotoxv(0.21);
{JRP} writeC' '):
{JRP} writeC '\
{JRP} gotoxv(0.22):
{JRP} writeC '):
{JRP} writeC 'h
\JRP} gotoxv(0.23):
{JRP} write!' '):
{JRP} writeC '):
{JRP} gotox v( 0.21):
{JRP} write('GRAPHICS MENU CAN NOT BE');
\JRP] writeC ACCESSED BECAUSE THE OUTPUT'):
{JRP} writelnC FILE IS EMPTY.'):
{JRP} write('(NO PROCESS FILES WERE CREATED AT'):
{JRP} writelnC ANY DIE LOCATION)');

writeCDo you want to graph another device0 (Y/N) >');
yes_no_selection_input(46,23.anolher_device):

end

else if (iv_graphics_erroi-2) then
begin

{JRP} gotoxv(0,21);
{JRP} writeC ');
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{JRP} writeC ');
{JRP} gotoxyC0,22);
{JRP} writeC '>.
{JRP} writeC ');
{JRP} gotoxvC0,23);
{JRP} writeC' ');
{JRP} writeC ');
{JRP} gotoxvCO,21);
{JRP} writeC'GRAPHICS MENU CAN NOT BE'):
{JRP} writeC ACCESSED BECAUSE A PROCESS');
{JRP) writelnC FILE FOR THE SELECTED'):
{JRP} writeC'DEVICE TYPE WAS NOT'):
{JRP} writeC CREATED AT THE X AND Y DIE '):
{JRP} writelnC POSITIONS SHOWN ABOVE.');

writeCDo you want to graph another device? (Y/N) >');
yes_no_selcction_input(46.23.another_device);

end;
if (another_devjce=falsc) then

end_of_graphics:=true:
end:

end;
{end

ei.se } {single mode, which implies automatically go into graphics]
\grar>hics(vdd.tox£mudsmu%.\mus„s-mub.device.another deviceh}

write(#12):

end: {of procedure iv_graphics]

{•******:W********************************¥**^

***********************^^y ^y pQ GRAPHICS liOl'TlNFS********************
***********************>:**************************+*!(:<.*4:^^^!(!.1.#)(:)), J

{BEGIN]
procedure po_graphics: pO^graplUCS

{LAST CHANGE MADE THURSDAY. OCT 4 BY JRP]

type graphlab=string[40];

const epsilon=O.Ol: {for draw_the_data2 (and possible draw_lhe_dalal)....
it helps guarantee that data points will still be
within —.8 and +.<5 screen limits. e.g. if data point
is .80000000001 due to rounding, then it will still be
within the new limits of —.<!>/ and +.S1]

var er ror:i n teger:
width.iength:real:{.tox taken out due to const value above]
{NEW \AR1ABLES ADDED TO SUMMER 1984 PROGRAM}
po_graphics_error:integcr: {// = 0. output file is not empty and type of

device user is looking for does exist]
{***********these are added to this program************}
param:array[l..l00.1..numbbsim] of real: {holds all parameters extracted]
ww:array[l,.100] of real: {holds W & L of devices]
U:array[l..lOO] of real: {hoids W «* L of devices]
param_to_graph:integer: {number of bsim param in jlle}
numb_sets_17_params:integer:
graph_to_plot:char;
rcpeat_selection:char;
file_to_graph:char; {number (7..6) of diefile to graph]
file_to_graph_namestring[l5): {name of diefile to graph...NEDFlLE.PZDF1LE,...\
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~po_graphics
third_variable_value:real; {z axis value}
xmax_until_newgraph_is__chosen:real; {xmax for initial graph]
have_not_20omed_yet:boolean; {^true until first graph is drawn}
delta_l_or_w:real; {= processpari2or3Jbetazeroparamj)

{jr/)}effective__size_error:integer; {if al xvalues are less than the absolute value
of delta_l_or_w, then set - 1 (error)}

|***********these are added to this program in graphics************}
{the following are maximum and minimum array values, and graph labels}
maximx,minimx,maximy.minimy:real;
xaxlab,yaxlab.headerlab,zaxlabl.zaxlab2.xaxisunit,yaxisunit,

dcltallab.deltawlab:graphlab;
selection:char: {choice of menu items]
newgraph,quit:boolean; {menu redraw flags}
xaxisexp.yaxisexp:integer: {exponents for the axis]
init_ok:boolean; {for graphics initialization}
error_return:integer: {for graphic procedures]
{DEBUGGING YAR1ABLES...SET TRUE 11 DEBUGGING IS DESIRED WITHIN PO_GRAPH$
TRACEl,TRACE2.TRACE3,TRACE4.TRACE5.rRACE6.TRACE7.
TRACE8.TRACE9.TRACE10.TRACEll,TRACE12.TRACE13.TRACE14:boolean: {for debugging-.can turn of?

to the printer by changing these}
{jr/>}TRACEl5.TRACEl6:boolean; {for xmax—xmin procedures, and nlot_the_dala_l]

{TRA(*L 1 shows when entering and leaving procedures]
{7RAC'E2 shows when entering and/'or leaving if—else, etc. statements]
{TRACE3'—shows miscellaneous values}
{7 RACE 4 oniy used in draw_the_data2 for finding xmax and xmin]
{TRACES oniy used in draw_the_dala2 j'or debugging plotting]
{1 RACr6 only used in maxminxy for determining max—min value accuracy]
\TRACE7 onZy used in prepare_^for_po_ graphics for debugging proces

file data gathering}
{TRACES only used in nrepare_for_po_graphics...lists every CHARACTER in

proi^ess file}
{TRACE0 only used in x_axis_labels...for details of tick marks}
{TRACE 10—only used in find_exponent...all details of it}
{TRACE 11—only used in pageL.to see if output file xpos,ypos,and

devicename exist}
{TRACE 12 not used]
{TRACE 13 only in x_axis_labels~~to get # of sig. dig. on x axis correct]
{TRACE 14 only in plot_datal to see yval and param[i,6]}

{jrp}{TRACE15—only in max—min procedures to find out why parameter MUOSAT is
having prol>lems with it's maximum value]

{jrp}{'TRACE It—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 do graphics er/ffiflfflgfKg TOT" pO gfQprllCS
{this procedure will search the output file. This output file
contains 1 to ? process files, in sequence. Each process file has
the v and y die positions from the wafer it was generated from. The
procedure iiraw_3_menu_pages" asks the user for the devicetype. The
current x and y die location is known, since we are currently al
present_diex and present_diey.
This program then finds that position in the process file. IE IT EXISTS. If
it doesn l 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
and put into the array processparf/. Subsequent processing will prepare
the 54 parameters for graphing. This includes calculating 17 electrical
parameters from the 51 process parameters using the formula:
bsimparameter = pO + pl/Leff + pw/Wvff , arid 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_j>o_graphics
numb__junk_lines_between_parameters=2; {# of lines between *YPOS- line

and first parameter line]
numb_chars__in_parameter=12; {# of characters in 1 parameter}

var found_correct_die:boolean; {flag set true when correct die is found]
number_process_groups:integer; {# of sets of 17 bsim params in file}
xposlinedinestring; {output file line with *XPOS=* in it]
yposline:linestring; {output file line with *YPOS'= in it]
xpos,ypos:integer; {integer equivalent of xposline and yposiine]
devicenamelinedinestring; {output file line with devicename in it}
devicename:!inesiring; {NMOSE, NMOSD. ...}
hinteger: {loop counter]
junk:linestring; {bogus variable used to determine # of groups of 17}
zz:integer: {counter to help debug repeal loop]
parameterlinedinestring: {holds entire line of params from proc. file]
value:char: {holds each character as it read from parameteriine]
parametenlinestring: {if value is not '.' put value in parameter]
k:integer; {position of character in parameter]
jrinteger: {loop counter for processing each line of process file]

pO.pl,pw:real: {pO. pi, and pw parameters are read from
the process file into these 3 variables]

begin
{determine how many lines are in the process file]
numher_process_groups:,aO;
reset (userout.output_ file);
while not(eoHuserout)) do {simply count the lines until at end of file}

begi n
for i:=l to numbbsim+numbgarbage do

read 1n( userou t.ju n k);
nu mber_process_groups:=number_process_groups + I:

end;
close( userout/save');
j*********************************. .£ ot,j i , ******************** i

if TRACE7=true then wri tel nCuserou t2.
the number_of_process_groups is = \number_process_groups):

zzt=0:
J*********************************. jL j • - ******************** t

prepare_for_po_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 ii.e. no good devices were found!
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
warned in the main bsim program]

if (number_process_groups<X)) then {if = 0. then nothing is in file!'}
begin

case file_to_graph of
' l':devicename7=NMOSE';
'2:devicename7='NMOSD';
' 3' :devicename7=' NMOSZ';
' 4' :devicename7=' PMOSE';
'5:devicename:=PMOSD';
'6:devicename7=PMOSZ';

end: {of case selection]
if TRACE7=true then writeln(userout2/devicename = .devicename);
reset( userout,output_file);
read ln( userout ,de vicenameli ne);
if TRACE7=true then writelnCuserout2,

1st devicenameline read from file is =» \devicenameline):
repeat
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~.prepare_forj?o_graphics
l*********************************ta^e ouI jater********************j

zzr-zz+l;
1*****************************,**^^^ Qut ^aIer******************** i

ifCstrposCd evicename,devicenameline) <>0) then
begin

if TRACE7=»true then writelnC userout2.
'devicename found in devicenameline on',
zz:2,' time thru repeat loop);

number_proces!>_groups:='number_process_groups — 1:
for i.-=l to (position_of_xpos — 1) do

begin
read1n(userou t,xposline);
if TRACE7=true then writ el n(userout 2,

'xposline as read from outputfile = '.
xposline);

end:

strdeleteC xposline. 1.6):
xposl ine~strrtr im( xposli ne);
xpos:=trunc( st rtorcal( xposline));
rtadln( userout.yposline):
strdeleie< yposline, 1.6);
yposlinc:=strrtrim( yposline);
ypos7=trunc( st rtoreaK yposline));
if TRACE7=true then wri tel n( userou 12.

'yposline as read from outputfile = >'.
yposline);

if((xpos=present_diex) and (ypos=present_diey) and
(strpos(devicename.devkenamcline) <>0)) then

found _ correct _die7= true
j*******************************.,.*^^ ^:ler********************

if TRACE7=true then writelntuserou:2.
3 strpos conditions are met where > ':

if TRACE7=irue then writein(useroui2.
xposline0 .xposline.' yposline** '.

yposline. & devicenameline° '.dcvicename'irw'.
if 22=/ then
if TRACE7=true then wriieln(userout2,

found correct 3 things first lime >;
end

******************************^**ri;^.<? ou{ ^.er******************** i

else if (number_process_groups<X)) then
for i7=l to (numbbsim + numbgarbage —

position_of_xpos ) do
begin

readln( userout,devicenameline);
if TRACE7=true then writeln(userout2,

devicenameline = .devicenameline):
end;

end

else

begin
number_process_groups7=number_process_groups — 1;
if (number_process_groups<>0) then

for ir= 1 to (numbbsim + numbgarbage) do
read ln( use rout .devicenameli ne);

end:
l*********************************^.^ o(ii ^ier******************** i

if TRACE7=true then writeln(userou12,
number of process groups now is \number_process_groups:2);

if TRACE7=true then writeln(userout2,
number of time thru repeat is = '.zz:2);

1*********************************^^^ Qut ^{ter******************** i

until ((number_process_groups=0) or (found_correct_die));
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j*********************************rtz£e ^ ^ajer********************l

if TRACE7-true then writeln(userout2,
'thru with repeat loop and found_correct_die='.
found _correct_die);

if TRACE7=true then writelnCuserout2,
'found_correct die should be true because of 3 strpos');

j*********************************ra£e oM ^ater******************** i

if (found_correct_die « true) then {we have found correct file]
begin
{if we found the proper aUievicetype. b)xposition, and c)yposition, then

to here, we are pointing al the *Y POS= line in the output file.}

for i7=l to numb_junk_lines_between_parameters do {read 2 comment lines]
begin

read ln( userout ,para meterli ne);
if TRACE7=true then writeln( userou12,

junk parameter lines = .parameterline);
end;

for i7=l to (numbbsim + 1) do {17 parameter lines plus tox.temp.vdd line]
begin

readln(userout.parameterline); {read line from output file]
j*********************************Iu£^ oul ^./Ier********************I

if TRACE7=true then wri tel n( userou t2,
good parameterline = ',parameterline):

j*********************************Ia£^ ^^ J^^******************** 1

k:=l: {initialize character position counter]
parameter:™ '; {zero oul parameter string}
for j:=l to (numb_chars_in_parameter*3 + 2) do {# chars dealt wiifr

begin
value:=parameteiiine[j]:
if TRACE8=true then writelnC

value = .value):
if (value <> '.') then {*/ = '.' ignore it\

begin
paramete r[k]:=value;
k.-k+l;
if TRACE8=true then writeln(

parameter = .parameter):
end;

if j=numb_chars_in_parameter then {at end of 1st param]
begin

pO?=strtoreal( parameter):
k7=l;
parameter:™' ':

end:

if j=(numb_chars_in_parameter*2 «- 1) then {at end of 2npki
begin

pl?=strtoreal(parameter);
k:=l:

parameter:"' ':
end;

if j=(numb_chars_in_parameter*3 + 2) then {at end of 3r0k
pw7=strtoreaK parameter):

end;
if TRACE8=true then writelnC userou12.

'about to fill up 1 line of temporary array'):
if iOnumbbsim+1 then

begin
processpar(l,i]?=pO; {fill up temporary array with]
processpar[2a]?=pl; {process file params]
processpar[3,i]?= pw;

end;
end;

if Cgraph_to_plot='3') and (third variable_ value*
processpar(2,betazeroparam] <=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_error7=2: {devicetype not found at wanted_xpos and a^
if TRACE7=true then wri tel n( userou t2.

'we got into error «= 2 part somehow');
end:

end

else

prepare_for_po_graphics_error?=l; {output file is empty!!}
if prepare_for_po_graphics_error=0 then {convert beta params to]

begin {mu params * ul params to]
i?=0; {ul x length]
repeat

b-i+1;
for j?=l to numbbsim do

{JRP} begin
if (j=9) or Ci=14) or (j=15) or (j=16) then

param[i,jj?=param[i,j] /cox*
(1 l[i]+processpar[2,betazeroparam]) /
(ww[i]+processpar[3,betazeroparam]):

{JRP} if (j=8) or (j=13) or (j=17) then
{JRP} param[i.j]:=param[i,j]*
{JRP} (ll[i]+processpar[2,betazeroparam]);
{JRP} end:

until i=numb_sets_P_params:
end:

end: {of procedure prepare_for_po_iiraphics]

procedure grsetuptvar init_ok:boolean); gf~S€tlip
{this proiedure is used to initialize the graphics libr-ary and a user
specified output device.}

var display_add ress :integer;
control:integer;
error_ retu r n a n teg er:

begin
graphics_init:
writeln(#12): {#/2 clears the CRT]
display_ad d ress?=3:
{initialize the graphics display device}
display_init (display_ add ress. control, error_ return);
if error_return <X) then

begin
init_ok:=false;
got ox y(0,22):
writelnC Display initialization error #',error_return:l)

end

else

init_ok:=true;
end; {end of graphics setup]

procedure maxminxyCvar xmax,xmin,ymax,ymin:real:var maxmin_error:integer): HlGXTTllTlXy
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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 autoscaling}

var ijanteger;
yvaluerreal;
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]

-maxminxy

procedure ymin_ymax_check: ymin_ymax_check
begin

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

if yvalue<ymin then {// it is smaller than previous ones]
ymin7=yvalue; {then keep it]

end:

begin
maxmin_ error?=0:
|********************lafce oul ^rer*************************************i

if TRACE15=true then writeln( use rout2/entering maxminxy'):
j********************ra/!,e qu1 later*************************************l
{1st find the smallest W or L. Call it xmin.

then set xmax"! /smallest** 1/xmin. No need to find largest device for
scaling purposes because 1 /largest =0.
Therefore, xmin-0 always because we will plot from 0 to some value}

xmin7=1.0E20: {sets the minimum value for x > largest possible device]
ymax:=0.0;

ymin:=0.0; {clears the maximum and minimum values for y}
if TRACE2=true then *

begin
for i?=l to numb_sets_17_params do

begin
writeln(' ww[i]= \ww[i]:2:2):
writeln('ll[i]= ',ll[i]:2:2):

end:

end: {of TRACE=2 ....will write out w and I values to screen]
maxw ?=0;
maxl:=0:

minw7=lE20:
minl:=lE20:

if (graph_to_plot=V) or Cgraph_to_pJot='3') then
delta_l_or_W7=processpar{3,betazeroparam] {<=delta W}

else {graph_to_plot-'2' or '4'}
delta_l_or_W7=processpar{2.betazeroparam]; {"delta L}

for i?=l to numb_sets_17_params do {find max and min W & L}
begin

if ww[i]>maxw then
maxw?=ww[i]:

if ll[i]>maxl then
maxl?=ll[i]:

if (ww(i]<minw) and Cww[i]+processpar{3.betazeroparam]X).0) then
minw7=wu-[i];

if (ll[i]<minl) and (ll(i]+proccsspar[2,betazeroparam]>0.0) then
minl?=ll[i]:

end:
{********************Ia£e 0{/Z ^aZer*************************************i

if TRACEl5=true then write!n(userout2/minl='',minl:2.
maxl=',maxl:2.'minw=',minw:2/ maxw='.maxw:2);

if TRACE15=true then writcln(userout2.'delta_l_or_w=',delta_l_or_w:4:4);
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^***********mm**^f^ttajce QUt £ater*************************************>

for i?»l to numb_sets_17_params do
begin

|********************ta^e out ^jg^***********************************!

if TRACE2«=true then writelnC userout2.
'entering 1 of 17 & graph_to_plot=',
graph_to_plot/& 3rd_var_val=',third_variable_value);

1********************^^ out iate^M*********************************\

if (<graph_to_plot=»V) and (ww[i]+delta_l_or_w>0.0)) or
(Cgraph_to_plot='2') and Cll[i]+delta_l_or_w>0.0)) or
((graph to_plot='3') and (ll[i]=third_variable_value) and
(ww[i]+delta_l_or_wX).0)) or

((graph_to_plot='4') and (ww[i]=third_variable_value) and
(ll[i]+delta_l_or_wX).0)) then

begin
if (param_to_graph=betazeroparam) and

( Cgraph_to_plot='l') or (graph_to_plot='3) ) then
{jrp} if param[i,betazeroparam]=0.0 then
{jrp} yvalue?=lE100
{jrn} else

yvalue:=l/param[i,betazeroparam] {plot 1/betaO]
else

yvalue:Dparam[i,param_to_graph]; {get parameter]
ymin_ymax_check:
if Cgraph_to_plot='l) or (graph_to_plot='3) then

xvalue:=ww[i] {^raph W on x—axis]
else {graph to_plot**'2 or '4'}

Xvalue?=llTi]: \iiraph L on x—axis}
if (xvaluc<xmin) then

xmin:=xvalue: {then keep it]

end;
end: {oj 1 of 17 for statement]

|********************lake oui ii:fcr*************************************i

if TRACE15=true then wri teln(userou t2.'after param[] check & ',
xmin= ,xmin,' xmax= ,xmax,

ymin= ',ymin/ ymax= '.yrnax):
i****************y***j^^ y^ ^ ier************************************* j

if xmin=lE20 then

max min_error?= 1;
if maxmin_error=0 then

begin
xmax?=l /(xmin+delta_l_or_w);
xmin?=0; {now set it =0 for graphing purposes]

j********************£a£e 0U£ ^a^r*************************************|

if TRACE2=true then writelnC userou12,
'OUT OF 1 of 17 & xvalue =',xvaluc.'xmin= '„\min/xmax= '.xmax.

yvalue =',yvalue/ymin^ ',ymin/ymax= .ymax);
| ********************rtj£e ^ ^ jer************************************* J

{now get pO, pi, and pw from process file and generate min and max
simulated values with them.}

if Cparam_to_graph=betazeroparam) then {betaO parameter]
{since betaO is always > 0. a plot of beta vs 1 /L or a plot of

1 /beta vs 1 /W will always have one point at the origin 0,0.
therefore, only the maximum yvalue needs to be checked]

begin
if graph_to_plot='l' then {plot 1/betaO vs 1/\V]

begin
yvalue?=1 /proces.spar[l,betazeroparam] / cox * xmax *

(maxl+processpar[2,betazeroparam]);
if yvalue>ymax then

ymax:=yvalue; {if > previous one. keep it}
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if TRACE2=true then writelnCuserout2/betaOparam & gtp=',graph_to_plot,
yvalue =',yvalue/ ymin= ',ymin/ ymax= ',ymax);

|********************ja/[,e ^j £aje^*****************************i******j
end;

if graph_to_plot='2' then {plot beta vs 1/L}
begin

yvalue?=processpar[l,betazeroparam] * cox * xmax *
Cmaxw+processpar[3,betazeroparam]):

if yvalue >ymax then
ymax?=yvalue; {if > previous one, keep it}

| ********************ra£e 0^ ^jg^J*************************************!

if TRACE2=true then writelnC userou12/betaOparam & gtp=',graph_to_plot.
yvalue =',yvalue/ ymin= ',ymin/ ymax= ',ymax);

|********************^^e QU^ ^j^^Jr************************************!

end;
if graph_to_plot='3' then {plot 1 /betaO vs 1 /\V]

begin
yvalue:»l/processpar[l.betazeroparam] / cox * xmax *

(third_variable_value+processpar[2.betazeroparam]):
if yvalue >ymax then

ymax?= yvalue; {;'/' > previous one. keep it]
]********************Zii£e> OJ^ ^jer*************************************l

if TRACE2=true then writelnCuserout2/betaOparam & gtp='.graph_io_plot.
yvalue ='.yvalue/ ymin= '.ymin/ ymax= \ymax);

|********************ju^e OU£ ^ajer**********************************¥**i

end;
if graph_to_plot='4' then {plot betaO vs 1/1.}

begin
yvalue7=processpar(l.betazeroparam] * cox * xmax *

(ihird_variable_value+processpar[3.beiazeioparam]);
if yvalue >ymax then

ymax?= yvalue: {if > previous one, keep it}
| ********************JU£tf oul ^Zcr*******************************+*****i

if TRACE2=true then writeln(userout2.'betaOparam & gtp='.graph_to_plot,
yvalue ='.yvalue.' ymin= '.ymin.' ymax= ',ymax);

|********************?^^.e Qul ^ater*************************************i

end;

end {of betaO checking]
else {param_to_graph OlietaOparam]

begin
if graph_to_plot='l' then {check all 4 combos of L & W}

begin
j********************iu£e Qul ^j^.***********************^**^^^^^^!

if TRACE15=true then wri tel n( userou t2.
'NOT betaOparam & gtp=',graph to_plot);|********************lajce out ^ajer*************************************j

yvalue?=processpar[l ,param_to_graph] +
(processpar[2,param_ to_graph] /
Cminl + processpar[2.betazeroparam])) +
Cprocesspar[3,param_to_graph] * xmax);

ymin_ymax_check:
|********************£^e oM jazer*************************************i

if TRACE15=true then w ri tel n( userou 12.
yvalue =',vvalue.' vmin= '.vmin/ vmax= ,vmax);

|********************Ia^e out ialer***********t*************************i

yvalue?=processi)ar[l ,param_to_graph] +
Cprocessi>ar[2,param_to_graph] /
(mini + processpar[2,betazeroparam])):

ymin_vmax_check;
j********************z<i£e owJ ^aZer*************************************i

if TRACE15=true then writeln(userout2,
yvalue =',yvalue/ ymin= ,ymin/ ymax= ',ymax);
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|********************ja£e Quj ^jer******:M*****************************l

yvalue?=processpar{l,param_to_graph] +
Cprocessparl2,param_to_graph] /
Cmaxl + processpar[2,betazeroparam])) +
Cprocesspar[3,param_to_graphj * xmax);

ymin__ymax_check;
|********************ta^e Q^ £ajer*************************************l

if TRACE15=true then writelnCuserout2.
yvalue =',vvalue.' vmin= '.vmin/ vmax= ',vmax):

|********************Ia^e ^ ^aZer**********************iMt*v***********i

yvalue?=processpar[l,param_io_graph] +
(processpar[2,param_to_graph] /
(max1 + processpar[2.betazeroparam]));

ymin_ymax_check:
|********************Za^e Qui ^ater*************************************i

if TRACE 15=t rue then wri tel n( userou 12.
yvalue ='.yvalue/ ymin= '.ymin. ymax=i '.ymax):

j********************^^ ^aZer***********************************"**;

end: {of if graph_to_ploi=' /'}
if graph_to_plot='2' then {check all 4 combos of L & VI*}

begin
yvalue?=processpar[l ,param_to_graph] +

(processpar[2.param_to_graph] * xmax) +
Cprocesspar[3,param_to_graph] /
(minw + processpar[3.betazeroparam])):

ymin_ymax_check;
yvalue?=processpar[l ,param_to_graph] +

Cprocesspar[3.param_to_graph] /
(minw + processpar[3,betazeroparam]));

ymin_ymax_check:
yvalue?=processpar[l ,param_to_graph] +

Cprocessi>ar{2,param_to_graph] * xmax) +
(processpar[3,param_to_graph] /
(maxw + processpar[3,betazeroparam])):

ymin_ymax_check;
yvalue?=processpar[l ,param_to_graph] +

Cprocesspar[3.param_to_graph] /
Cmaxw + processpar(3.bctazeroparam])):

ymin_ymax_check:
|********************j^^e - • ^ *************************************j

if TRACE2-true then wri tel n( userou12.

NOT betaOparam & gtp=',graph_to_plot.
yvalue =»'.yvalue.' ymin= '.ymin/ ymax= '.ymax);

j********************ju^.e { ^jcr*************************************f

end; {of if graph_to plot**'2''}
if graph_to_p!ot='3 then ~{c!ieck all 2 combos of L & W]

begin
yvalue?=processparll ,param_to_graph] +

(processpari2,param_ to_graph] /
(third_ variable_value + processpar[2,betazeroparam])) +
(processpar[3,param_to_graph] * xmax);

ymin_ymax_check;
yvalue?=processpar[l ,param_ to_graph] +

Cprocesspar[2,param_to_graph] /
(third_variable_value + processpar{2.betazeroparam]));

ymin_ymax_check;
1********************^^.^ ^ ^ . *************************************i

if TRACE2=true then wri tel n( userou t2.
'NOT betaOparam & gtp=',graph_to_plot,

yvalue =»',yvalue/ ymin= \ymin.' ymax= .ymax);
|********************2a£e y ^Jer*************************************i

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?=processpar[l,param_to_graph] +

Cprocesspar[2,param_to_graph] * xmax) +
Cprocesspar{3,param_to_graph] /
(third_variable_value + processpar[3,betazeroparam]));

ymin_ymax_check;
yvalue?=processpar[1,param_to_graph] +

(processpar[3,param_ to_g raph] /
(third_variable_value + processpar{3,betazeroparam]));

ymin_ymax_check:
i********************iti^e ouj ^a^er*************************************i

if TRACE2=true then writelnC userou 12,
'NOT betaOparam & gtps=',graph_to_plot.

yvalue «=',yvalue/ ymin= ,ymin/ ymax= .ymax);
|********************Zu^e owf ^itr*************************************i

end; {of if graph_to_plot='4'}
end; {of non—betaO values}

i********************j^£e ow^ ^ajer*************************************i

if TRACE15=true then writeln(userout2,
leaving maxminxy & ymax = '.ymax, ymin = \ymin);

|********************Zd^.e 0<^ ^jer*************************************j

end: {of if maxmin_error=*0 then. }
end;{o/ procedure maxminxy}

procedure autoscale(xmax.xmin,ymax,ymin:real: xlabel.ylabel.top.topleft, QlLtOSCOlC
topright.zlabell,ziabel2.xaxi.su nit,yaxisunit:graphlab);

{this procedure draws the tick marks for the graphic display, given the
maximum and minimum values for the graph]

type unitlab=string[7];

var xunitlab.yunitlab:graphlab:
we_are_doing_x_exponent:boolean; {true if we are calling find_exponent

for x axis]

^*******************^^^*****t************************4**********************i

procedure find_exponent(var expon:integer: var units:graphlab; max.mimreal: find CXpOTXCYlt
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 are used}

var newmaxim:real;
maxorminareal;

begin
l********************tajce out jater*************************************i

if TRACEl=true then wri telnC userou12/entering find_exponent');
|********************ra£e ^^ ^Jg^************************************!

expon:=0;
if abs(max)>abs(min) then

maxormin?=abs( max)
else

maxormin?=abs( min):
newmaxi m?=maxormin;
if TRACE10=true then writeln(userout2.'set 2 values equal');
while new maxim >1.0E+9 do

begin
new maxim?=new maxim /1000:
maxormin?=maxorinin /1000;
expon?=expon+3;

end:

if TRACE10=true then writelnCuserout2/after while statement');
if TRACE10=true then wri teln(userou12/max =',max/min=',min/maxormin = ',maxormin);
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if trunc(maxormin)>0 then {number is greater than 1}

begin
if TRACE10=true then writelnCuserout2,

'entering "if" part of if—else and maxormin s/b > l');
while trunc(newmaxim/1000)>0 do

begin .
expon?=expon+3;
newmaxim?=newmaxim /1000:

end;
if TRACE10=true then writelnCuserout2.

leaving "if" part of if—else and expon=\
expon, & newmaxim= .newmaxim):

. end

else {this means that the number is less than 1}
begin

if TRACE10=true then wri tel n( userout2,
'entering "else" part of if—else and maxormin s/b < 1);

while trunc(newmaxim)=0 do
begin

expon:=expon—3;
new maxi m?=newmaxim*l 000;

end:

if TRACE10=true then writeln(userout2,
leaving "else" part of if—else and expon=',

expon.'& newmaxim= .newmaxim):
end:

units?3' ':
if this_is_xaxis=true then

begin
case expon of

0:units:='xE— 3 '; {note that exponent is offset by 3}
—3:units?=": {this is offset in x_axis_labels\
-6:units-'xl000 ';
-9:units?='x 1000000 ':

end;
end

else {find_exponenl was called lo label the v axis]
begin

case expon of
15:units?='xE+15':
12:units?='xE+12';
9:units:='xE+9';
6:units:='xE+6';
3:units:='xE+3';
0:units:=";
—3:units?='xE—3';
—6:units?='xE—6':
-9:units:='xE-9';
—15:units:=' xE— 15':

end;
end;

i********************^^ auj ^^er*************************************j

if TRACEl-true then wri teln( userou12,'leaving find_exponent'):
j********************^u^.e . ^ .*************************************[

end; {end of procedure find_exponent}

procedure draw_axis(xmax,xmin,ymax,ymin:real;xaxisexp,yaxisexp:integer); CuCTW Q.XIS
{this procedure draws the axis, and makes and labels the tick marks]

var xaxislab.yaxislab.toplab,topunit,deltalab:graphlab;
count:integer:
cnt:integer:
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procedure x_axis_labels; X^XisJLabelS
{this procedure labels the x—axis}

var count:integer;
nu mbxtck,numlxtckanteger;
magbxtckzreal;
xposrreal;
xstringstring[40];
xt ickval :real:

cntanteger;
ianteger;
littltck:real;
range:real;
xoffset:real;
firstxtk,lastxtk:real;
magi xtck,firslxtk:real;
latelxtk:real;
rangclacyeal;
temp_x_value:real: {= 1/xstring = W or L so x—axis wilues are printed

as microns instead of 1 /microns]
newxstringstring[40]; {contains new 1/xstring to be plotted]
j:integer; {loop counter}
temp_delta_l_or_wr:real; {=delta_l_or_w * E to the exponent}

begin
1********************.^^ j ^j^^************************************!

if TRACEl=true then wri teln( userou 12/entering xax is_ labels');
i****»***************j^g ^ ^jer*************************************j

temp_della_l_oi_w:=delta_l_oi_w*]000:
if xaxisexp>0 then „

for couni?=l to xaxisexp do
begin

xmax:=xmax /10;

xmin?=xmin /10:

temp_delta_l_or_w:=tcmp_delta_l_oi_w*10;
end

else if xaxiscxp=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_l_or_w/10;

end;
range?=xmax—xmin;
rangefac:=l;

| ********************Za/j.e oui later*************************************}
if TRACE9=true then writelnCuserout2,'at point l'):
| ********************j Q£e Qul ^aZer*************************************l

while range >10 do
begin

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

end;
while range <1 do

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

end;
if range>6 then

begin
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magbxtckr-l *rangefac,
numlxtck?=3;

end

else if range >3 then
begin

magbxtck?=0.5*rangefac;
numlxtck?=4;

end

else

begin
magbxtck?=0.25*rangefac;
numlxtck?=4:

end;
range?=range*rangefac:

|********************?(i^e out ^aZer**************************«**********j

if TRACE9=true then writeln(u.serout2,'at point 2'):
j********************^^ o^j ^^r************************************* i

{this is where the tick marks are drawn and labeled]
if xmax>0 then

lastxtk:=magbxtck*trunc((xmax+magbxtck)/magbxtck)— magbxtck
else

lastxt k—— magbxtck*trunc( (abs(xmax)+magbxtck) /magbx tck);
if xminX) then

firstxtk?=magbxtck*trunc((xmin+magbxtck)/magbxtck)
else

firstxtk:=—magbxtck*t runc((abs(xmin)+magbxtck)/magbx tck)+magbxtck:
xoffset?=(Cfirstxtk— xmin)/range)*1.6;
numbxtck:=round((lastxtk—firstxtk)/magbxtck )+l:
xtickval:=firstxtk:

j********************^^,e (iM ^uler**********t**************************i

if TRACE9=true then
begin

writeln(userout2/firstxtk=',firstxtk/lastxtk=',
lastxtk/ran^e='jange/numbxtck=',numbxtck):

writeln(userout2, THIS VALUE S/B 25.0 magbxtck=',magbxtck.'xoffset=\
xoffset);

writelnCuserotit2/xpos is now given a bogus value to start with');
end;

xpos?= 120.0;
|********************£u£e oiil ^t^r*************************************j

set_char_sizeC0.02,0.05);
move(-1.00,-0.85);
gtextC'EFFECTIVE');
moveC—1.00,-0.92):
gtextC DRAWN');
for i?=l to numbxtck do

begin
|********************2U£e ^tit later*************************************]
if TRACE9=true then

begin
writeln(userout2.'at the beginning of the for loop, xpos= .xpos,

'AND'):
writeln( userou t2.'i='.i:2/xoffset='.xoffset/numbxtck=',

numbxtck):

writeln( userout2/lastxtk=',lastxtk/fii-stxtk=',fh-stxtk/range=',iange):
end;

j********************t^£ ^ ^^ {r^ £<,;.*************************************1

xpos?=(i—1)*1.6 /(numbxtck-l)*((laslxtk—firstxtk) /range);
xpos?=xpos—0.8+xoffset;

|********************£a^.e oul ^clie/.*************************************i

if TRACE9=true then wri tel n( userou t2,
created a new xpos xpos= .xpos);
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j********************^^ OUI ^ajc7jwt***********************************|

moveCxpos,—0.8); {move to position for big tick}
lineCxpos,—0.75); {draws x tick}
set_line_styleC7); {dotted line}
lineCxpos,0.8);
set_line_styleCl); {full line}
moveCxpos—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]

j********************£^e ^j £aZer*************************************i

if TRACE13=true then writeln(userout2,
'numbxtck=',numbxtck:3/xmax='.xmax:3:31:

|********************Iit^e ou^ ^u?er*************************************i

if temp_x_value <>0.0 then
begin {label EEEECT1VE x axis sizes]

temp_x_value?= 1000.0 /temp_x_ value:
newxstring™' ':
if (numbxtck>6) and (temp_x_value>=100) then {writes the string}

strwriteC newxstring.4.cnt,temp_x_value:3:l)
else {\vr/'re.v the string]

strwriteCnewxstring,4,cnt,temp_x_value:3:2):
j********************£^£e ^^ ^/Zer************************************* I

if TRACE9=true then writeln(userout2,
newx-string^ ',newxstring):

|********************j^e ^ ^^j.*************************************!

gtext(newxstring); {writes out the string}
{now convert to DRAWN SIZE and label,

scale is linear with respect to EFFECT1YE size]
„ moveCxpos—0.08—0.92): {moves to location for label]

temp_x_valuc?=xiickval: {used to generate x label in microns]
{look above for lemp_deila_l_or_w calculation]
tern p_x_value:= 1000.0 /temp_x_value — temp_delta_l_or_w;
newxstring:0' ':
if (numbxtck>6) and Ucmp_x_value>=100) then {writes the string}

strwrite( newxstring.4.cnt,temp_x_value:3:l)
else {writes the string]

strwrile( newxstring .4.ent,temp_x_value:3:2);
|********************l4/J[. t> oul ^/.er**********************************#*I(:|

if TRACE9=true then uriteln(userout2,
'newxstring" .newxstring);

|********************r^^ oii^ ^a[er*^t**********************************i

gtextCnewxstring): {writes out the string}
end; {if temp_x_value<>0}

xtickval:«=xtickval+magbxtck;
|********************ia^e out ^i<?r*************************************i

if TRACE9«true then writelnC userout2,
'at the END of the for loop, xpos= ',xpos/xtickval='.xtickval):

|********************£a^e (>ut £aIcr*************************************L

end;
maglxtck?=magbxtck/(numlxtck+l);
if xmin>0 then

firslxtk?=maglxtck*trunc((xmin+maglxtck)/maglxtck) {little tick}
else

firslxtk?=—maglxtck*truncC(abs(xmin)+maglxtck)/maglxtck)+maglxtck;
xoffset?=( firslxtk—xmin) /range*l .6:
latelxtk?=firslxtk:
while latelxtk <\max do

begin
xpos?=—0.8+xoffset-Klatelxtk—firslxtk)/range*1.6;
moveC xjxjs,—0.8);
lineCxjx3s.-0.78);
latelxtk:=latelxtk+maglxtck:

end;
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I********************take out [xzter&tt**********m*********************\
if TRACEl=true then writelnCuserout2/leaving xaxis_labels');
j********************ja^.e 0^ £ajer*************************************l

end; {end of procedure x_axis_labels}

procedure y_axis_labels; y_gxiS_labels
{this procedure labels the y—axis}

var counuinteger;
numbytck.numlytck:integer;
magbytck:real:
yposaeal:
ystring:string[40]:
ytickvahreal:
cnt:integer:
hinteger:
littltckaeal:

range: real;
yofiset:reaI:
firstytk.lastytk:real:
maglytck,firslytk:real;
latelytk:real;
rangefac:real;

begin
|********************take out later*************************************]
if TRACEl=true then writeln(userout2,'entering yaxis_labels'):
|********************z^e j ^ajer*************************************i

if yaxisexp>0 then
for count?=l to yaxisexp do

begin

end

else if yaxisexp=0 then
ymax:=ymax

else

for count?=1 to —(yaxisexp) do
begin

end:

range?=ymax—ymin;
rangefac?=l:
while range >10 do

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

end;
while range <1 do

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

end;
if range>7 then

begin
magbytck:=2*rangefac;
numlytck:=3:

end

ymax:>=ymax /10:
ymin?=ymin/10;

ymax:=ymax*l 0;
ymin?=ymin*10;
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else if range>3 then {3<range<7}

begin
magbytck?" 1*rangefac;
numlytck?=4;

end

else {l<range<3}
begin

magbytck?=0.5*rangefac;
numlytck?=4:

end:

range?=range*rangefac;
{this is where the tick marks are drawn and labeled]
if ymax>0 then

lastytk?=magbytck*irunc((ymax+magbytck) /magbytck)—magbytck
else

lastytk?=—magbytck*trunc((abs( ymax )+magbytck) /magbytck);
if yminX) then

firstytk:=magbytck*trunc((ymin+magbytck)/magbytck)
else

firstytk.-—magbytck*trunc((abs(y min)+magbytck) /magbytck )+magbytck:
yoffsct?=((firstytk—ymin)/range )*1.6;
numbytck?=round((lastytk—firstytk) /magbytck)+1:
ytickval:=firstytk;

for i:=l to numbytck do
begin

ypos:=Ci—1)*1.6 /(numbytck- 1)*((lastytk-firstytk) /range);
y jx)s~ypos—0.8+yoffse t;
moveC—0.8,yjx)s); {position for y lick}
lineC—0.75,ypos); {draws y tick]
set_line_style(7); {dotted line]
line(0.8,ypos); {draws dotted line]

' set_line_styleCl); {full line]
move(—O.93.vpos); {moves to location for label]
ystring:=' ':
strwriteCystring.l.cnt.ytickval:l:2): {wriies ihe string'
set_charlsize(0.02,0.05);
gtext(ystring); {plots the string}
ytickval?=ytk-kval+magbytck:

end:

maglytck?=magbytck /(numlytck+1);
if ymin>0 then

firslytk:=maglytck*trunc((ymin+maglytck)/maglytck) {little tick}
else

firslytk:=—maglytck*trunc((abs(y min)+maglyick)/maglytck)+maglytck:
yoffset7=(firslytk—ymin) /range* 1.6;
latelytk?=firslytk;
while latelytk<ymax do

begin
ypos:=—0.8+yoffset+(latelytk—firslytk) /range* 1.6;
moveC—0.8 ,y ix>s);
lineC-0.78.ypos);
latelytk?=latelytk+maglytck:

end;
{********************tajce ^ ^aler*************************t***********i

if TRACEl=true then wri teln(userout2,' leaving vaxis_labels');
|********************£a£e Qut ^afer******************^**t*******+*!(:ic###* I

end; {end of procedure y__axis_labels}

begin {procedure draw_axis begins here}
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{this is where the axis are drawn}
moveC—0.8,-0.8);
lineC-0.8,0.8);
lineCO.8,0.8);
lineCO.8,-0.8);
lineC-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 y axis]
set _chai_size(0.030,0.060);
xaxislab?=' '; {clears the label]
strappend(xaxislab.xlabeJ):
strappend(xaxislab.xunitlab);

, strappend(xaxislab.xaxisunit);
moveC—strlen(xaxislab)*0.0125 —1.0);
gtext(xaxislab);
set_text_rot(0.0.1.0):
yaxislab:=' '; {clears the label]
strappend(yaxislab,ylabel);
strappend(yaxislab,yunitlab);
strappend(yaxislab.yaxisunit);
move(-0.96,-strlen(yaxislab)*0.0125);
gtext(yaxislab):
set_text_rot( 1.0,0.0);
move(0.80,0.95);
gtext(zlabell);
moveCO.70,0.90);
gtext(zlabe!2);
if Cgraph_to_plot='l') or (graph_to_plot='3) then

topunit?='\V'
else

topunit:='L ;
toplab?=' '; {clears the Libel]
st rapjx'iid (t opla b.top):
strappend(toplab.topunit);
move(-strlen(toplab)*0.025.0.95):
set _char_size( 0.05,0.1);
gtextCtoplab):
moveC-1.0,0.95):
set _char_size(0.035.0.075):
gtextC'BSIM 1.0'):

{jrp]move(-1.0,0.88);
(jr/)}date?=strrtrim(date);
{jr/)}gtext(date):

deltalab:=' ':
strappend(deltaiab.topleft);
strwritcCdeltalab,9,cnt,processpat{2,betazeroparam]:3:2);
set_char_size(0.030,0.060);
moveC-strlen(toplab)*0.025,0.88);
gtext(deltalab);
deltalab?=' ';
strappendCdeltalab.topright);
strwriteCdeltalab,9,cni,processpar[3.betazeroparam]:3:2):
move(strlen( toplab )*0.025-st rlen( deltalab )*0.030,0.88);
gtext(deltalab);

end: {end of procedure draw_axis which draws and labels axis]

begin {main program autoscale begins here]
i********************take out later™***********************************}
if TRACEl=true then writelnCuserout2/entering autoscale);

we_are_doing_x_exponent:»true;
find_exponentCxaxisexp,xunitlab,xmax,xmin,we_are_doing_x_exponent);
we_are_doing_x_exponent:=false;
find_exponentCyaxisexp,yunitlab,ymax,ymin,we_are_doing_x_ex]X)nent);
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draw_axisCxmax^cmin,ymax,yminjcaxisexp,yaxisexp); {draws and labels}
J********************£a£e ouj ^aIer*************************************l

if TRACEl=true then writelnCuserout2/leaving autoscale');
i********************^aj^e -^ ^jer*************************************i

end; {end o/* procedure autoscale]

procedure draw-_the_datal(xmax,xmin,ymax,ymin:real); CtfClW ttlC CLOtO. 1
{this procedure draws in the measured data]
{last change made: MONDAY OCT 15, 1984 By: JRP]

var i,j:integer;
yval,xval:real;
xnew.ynewa-eal;
xold,yold:real;
cntanteger;
zstringstring[6]:
labelz:boolean:

slope.test:real;
outplane:boolean:
i*****************************^^e were added**********]

next_plot_char,plot_charstring[l]; {character used for plotting]
size,next_sizeareal; {2 axis size]
number_checked:integer;
number_different_sizes:integer;
plot_char_check:integer; {= # diff sizes or # diff sizes — 10}
still_looking_for_next_size:boolean: {more z values to plot?}
first_time_for_this_size:boolean: {set false after we find the 1st

occurence of the current size]
plotted_point:array[l.. 100] of boolean: {// true, point has been plotted

or attempted to be plotted]
zstring_pointer:integer; {number of zstrings already labeled}
current_size_plotted:boolean: {= true if at least one point with current

lvalue has been plotted]

procedure plot_point: plot pQJYlt
{this procedure simply moves the graphics position to xnew. ynew (with a

little offset due to character .size' and plots the point]

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

end;

begin {procedure plot^he^dalal]
I********************ja£e ou^ later************************************* 1

if TRACE16=true then writeln(userout2,
entering draw_the__datal & xmax=»'.xmax:2:2/ ymax=',ymax:2:2,

xmin=',xmin:2:2,' ymin='.ymin:2:2);
j********************^^^ ^^ ^a^e^.*************************************i

set_char_size(0.05,0.12);
if (graph_to_plot='3') or (graph_to_plot='4') then

next__size?=third_variable_value {user input the z value to be plotted]
else if (graph_to_plot=V) then

next_size?=ll[lj {use /irsT vaiue 0y j^fj arrax)
else if (graph_to_plot='2') then

next_size?=ww[l]; {use first va[ue Qf u/// array}
number_different_sizes?= 1;
num ber_checked ?=0:
nex t_plot_char?='x';
still__looking_for_next_size?=false;
zstring_pointer?=0:
for i?=l 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_chatt»next_plot_char;
for i?=l to numb_sets_17_params do

begin
|********************£a£e ^ ^aZer*************************************l

if TRACE2=true then wri tel n( userout2.
'i='.i:2/ FOR LOOP BEGIN ww[i]=',
ww[i]:2/ ll='jl[i]:2/ size=',size:2);

| ********************ta>Jce Qut £ater*****#*******************************l

if ( C(graph_to_plot«='2') or Cgraph_to_plot='4')) and (ww{i]=size) ) or
C C(graph_to_plot«'l') or Cgraph_to_plot='3')) and (ll[i]=size) ) then

begin
{jrp} set_char_sizeC0.05.0.12);

|********************^^e oul ^arer*************************************i

if TRACE2«=true then wri tel n( userou12.
i=',i:2/ & found graph & size ww[i]=',

ww[i]:2,' ll[iK,ll[i]:2/ size=',size:2);
|********************z^e (iut j^^**********************************^*!

if (still_looking_for_next_size,=false) and
(first_time_for_this_size=true) then {found 1st one of]

begin {next size]
stilI_looking_for_next_size?=true:
first_time_for_this_si/er=false:

end;
if Cgraph_to_plot='2') or (trraph_to_plot='4') then {get xval]

xval?=1.0/(ll[i] + delta_l_or_w)
else | lgraph_io_plotts'T ' or igraph_to_plot=3'> }

xval:=1.0 /(ww[ i] + de1ta_ I_ or_w);
if (param_to_graph=betazeroparam) and

( Cgraph_to_plot='l') or (t:raph_io_plot='3') ) then
{plot 1/betaO vs 1/\V]

{jrp} if param[i.betazeroparam]=0.0 then
{jrp} yval?=lE100
{jrp} else

yval:«= 1 /param[i,betazeroparam]
else

yval?=param[i,param_to_graph];{JOiryO£VOE}
j**********************************.ake out later********************** ]

if TRACE16=true then wri tel n( userou t2.

Vw[\i:l,']=',ww[i]:2:2/ ll[',i:l.'K,ll[i]:2:2.
yval=',yval);

j**********************************Za^e j ^ter**********************i

{if xaxisexp>0 then change xval due to x axis exponent
for j.-**l to xaxisexp do

xval:°xval /10:}
{if xaxisexp<0 then change xval due to x axis exponent

for j?*l to xaxisexp do
xval:=xval* 10:}

{if yaxisexp>0 then change xval due to y axis exponent
for _/.-=/ to yaxisexp do

yval.-^yval /10:}
{if yaxisexp<0 then change yval due to y axis exponent

for j.~*=l to yaxisexp do
yval.-=yval*10;}

{if {param_to_graph*=betazeroparam) and
i (graph_to_plot='l') or igraph_to_plot'='3'' ' then
plot 1/betaO vs 1/W

begin
if yaxisexp <0 then

yval.^yval /1000;
if yaxisexp>0 then
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yvaL'**yval*1000;

end;}
i**********************************^ajce oui ^aIer**********************i

if TRACE14=*true then writeln(userout2,
after exponent division /multplication',

paramf 4:2,' ,6]=',param[i,betazeroparam],
yval=',yval);

i**********************************^—!-^ (\UT IflfgrJto********************* \

xnew:=—0.8+1.6*((xval—xmin)/(xmax—xmin)); {change to world]
ynew?=—0.8+ 1.6*((yval— ymin)/(ymax—ymin)); {coordinate system]

)**********************************££££ . 1-f c_********************** l

if TRACE16=true then writeln(userout2.

after exponent adjust & '/ yval='.yval/ ynew=',ynew);

{check whether point will be on screen]
if (Cxnew>=-0.8) and (xnew<=0.8) and (ynew >=-0.8) and Cynew<=0.8))then

{jrp} plot_point:
{jrp}{deleted large section here and left only the above line}

xold:=xnew;
void ?=ynew;
nu mber_checked:= num ber_checked +1;
plotted_point[i]:=true: |.v'io«'.v that this point has been

plotted or attempted to be plotted]
end {of "if part of if wwlij=size...else...}

else if (still_looking_for_next_size=true) then
begin

1********************,^^ ^ije^.*************************************i

if TRACE2=true then w ri tel n( userou 12.
>'.i:2,

& didnt find correct graph & size & still_looking is true);
i ********************j^£^ j later*************************************1

if (plotted_poini[i]=false) then
begin

if ((graph_to_plot='2') or (graph_to_plot='4)) then
next_size?=ww[i] {graph is vs. 1,'L}

else {graph_to plot = '/' or '3'}
next_size?=llfi]; {graph is vs. 1/W]

still_looking_for_next_size?=false:
number_different_sizes7=number_different_sizes+l:

end;

plot_char_check?=number_different_sizes:
while plot_char_check>=10 do {maximum of 10 diff plot chars]

plot_char_check:»plot_char_check—10: {so subtract 10 to]
case plot_char_check of {yield single digit]

l:next_plot_char?='x';
2rnext_plot_char?='o';
3:next_plot_char?='e':
4:next_plot_char7='a';
5:next_plot_char?='c';
6.-next_plot_char?='s';
7:next_plot_char?='u';
8:next_plot_char?='v';
9:next_plot_char?='n';
O:next_plot_char?='z';

end; {of case of plot_char_check]
end: {of "else" pari of if wwli/=sizemelse~. }

end;

if current_size_plotted=true then
begin

jrp] set_char_size(0.05,0.12):
zstring:=' ':
strwrite(zstring.l.cntjsizc:5:l);
move(0.81.0.75-(0.06*( zstring_pointer-1)));
gtext(plot_char);
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Urp) set_char_sizeC0.03,0.06);

moveC0.85,0.75-(0.06*Czstring_pointer-1)));
gtext(zstring);
zstring_poin ter?=zstring_pointer+l;

end; {of if current_size_plotteds=true}
until (((graph_to_plot-'f) or Cgraph_to_plot='2')) and

(number_checked*»numb_sets_17_params)) or
Cgraph_to_plot='3') or Cgraph_to_plot='4');

{...until all lines are finished]
|********************ta£e QUt £aier************************************* 1

if TRACEl6=true then wri teln(userout2/leaving draw_the_datal');
|********************r<2£e out ^ater*************************************l

end;{enrf of procedure drawdatal]

procedure draw_the_data2(xmax,xmin,ymax,ymin:real); drOW_the__data2
{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 equation being plotted is
param=p0 + pL/Leff + pW /Weff which is a straight" line for either fixed W or L.}

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

var i.j:integer;
yval.xval:real:
xnew.ynew:real:
xold.yold:real;
cnt:integer:
sizerreal: {z axis size]
zstring*string[6]:
labelz:boolean:
slope,! est'real:
outplane:boolean:
number_checked:integer:
plotted_point:array[l..!40] of boolean: {if true, point has been plotted]
first_point_found:boolean: |= true when 1st of 2 points to be plotted

has 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 graph_to_plot*=3or4. we]
{have now found a line to draw]

procedure draw_line_and_zstring(xline,yline.xstrg.ysirg:real): uTQW IJYIC QYICL ZString
{this procedure draws the data line and then labels the zvalue size and

the plot}

begin
line(xline,yline);
zsiring?=' ';
if (graph_to_plot= 1) or (graph_to_plot='3) then

strwriteCzstring.l ,cnt.ll[i]:5:l)
else {(graph_to_plot='2' i or igraph_to_plot=''4')}

strwrite(zstring,l.cnt,ww[i]:5:l):
move( xst rg,yst rg);
gtcxt(zstring);

end;

begin
J********************~£ - I , „*************************************}

if TRACEl=true then wri tel n( userou 12,
entering draw_the_data2 and xmax«='.xmax:2:2,' ymax^',ymax:2:2);
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^********************tajce out later*************************************}

found __third _ variable_value?=false;
set_char_sizeC0.03,0.06);
num ber_checked.-=0;
for i?=l to numb sets_ 17_params do

plotted_pointfi]?3false;
i?=0; {initialize # of times thru repeat loop]
repeat {until all values of w and I have been plotted]

^********************£afce out iater*************************************\
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');
|********************£a£e (>ul £ujer************************************* 1

i?=i+l;
if (plotted_point[i]=false) and

( (graph_to_plot= l') or
Cgraph_to_plot='2) or
((graph_to_plot='3') and (third _variable_value=ll[i])) or
(Cgraph_to_plot='4'J and Cthird_variable_value=ww[i])) ) then

begin {.A AAA}
found_ third _variable_value?= true:
if (graph_to_plot='2') or (fraph_to_plot='4') then

begin {BBBB}
size—ww[i];

|********************ru/r.e ^it ^ajer************************************* l

if TRACE5=true then writeln(userout2.
Entering gtp=2or4 & size='.size:2):

|********************^£e Qut ^are>r*************************************i

for j?=i to numb_sets_17_params do
begin

if size=ww[j] then
begin

plot ted_point[j]?=t rue:
number_checked7=number_checked+l:

end;
end:

end {BBBB} {of 'if part of "graph_to_plot"='2'.....}
else {graph_to_plot= l' or '3'}

begin {BBBB}
size?=ll[i];

|********************tu^^ ^ut ialer*************************************i

if TRACE5=true then writelnCuserout2,
'Entering gtp=lor3 & size='.size:2);

|********************Jfl£e quj ^jg,^************************************»

for j?=i to numb_sets_17_params do
begin

if size=ll[j] then
begin

plot1ed_point[j]:=truc:
number_checked?=numbei_checked+l:

end;
end;

end; {BBBB} {of 'else' part of "graph_to plot"'-'2' —.}
j********************^^ (^ut ^ajer*************************************i ~

if TRACE5=true then writeln(userout2.
'xmin=',xmin:3:3/ xmax='.xmax:3:3.
' ymin=',ymin:3:3/ vmax=',vmax:3:3);

^*********m**********taJce oul £<ijer*********************************lMt#+l

if ( (Cgraph_to_plot='l') or Cgraph_to_plot='3')) and
(ll[il+processpar[2,betazeroparam]X).0) ) or
( C(graph_to_plot='2') or Cgraph_to_ptot='4')) and
(ww[i]+processpar[3,betazeroparam]>0.0) ) then
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begin {CCCC}

xval?=0;
if param__to_graph Obetazeroparam then

begin
if Cgraph_to_plot°'2') or Cgraph_to_plotc'4') then

yval?=processpar{l,param_to_graph] +
processparl3,param_to_graph] /
(processpar[3.betazeroparam] + size)

else {graph_to_plot= l' or '3'}
yval7=processpar( l.param_to_graph] +

processpar[2.param_to_graph] /
(processparl2.betazeroparam] + size):

end

else {param_to_graph=betazeroparam}
yval?=0.0: {betaO or 1/betaO minimum always «= 0}

xnew?=—0.8+1.6*((xval—xmin) /(xmax—xmin)):
ynew?=—0.8+1.6*((yval—ymin) /(ymax—ymin));
if (Cxnew>=—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]

move<xnew.ynew);
outplane?=false:

end

else {point is NOT on the screen]
outplane:=true:

xold:=xnew;

void ?=y new;
i********************^^.e 0"ui ^u^t>r************************************* |

if TRACE5=true then

begin
writ el nCuserout 2/ xval»' .xval :4:4.' wal=',

yval:4:4/ xold=',xold:3:3.'void-',yold:3:3);
writel nCuserout 2/ out plane*3 '.out plane);

end:
I********************£^^ j £ajer*************************************}

xval?=xmax_until_newgraph_is_chosen:
if param_to_graph Obetazeroparam then

begin
if (graph_to_plot='2) or (graph_to_plot='4#) then

yval7=processpar[ 1,param_to__graph] +
processpar[3,param_to_graph] /
(processpar[3,betazeroparam] + size) +
processpar[2,param_to_graph] * xval

else {graph_to_plot= l' or '3'}
yval?=processpart 1,naram_to_graph] +

processpar[2,param_to_graph] /
(processpar[2,betazeroparam] + size) +
processpar[3,param_to_graph] * xval:

end
else {param_to_graph'Bbeiazeroparam & plot betaO vs. 1/L]

if (graph_to_plot='2') or (graph_to_plot='4') then
yval?=processpar[1,betazeroparam]*cox*

(size + processpar[3,betazeroparam])*\'val
else {param_to_graph"belazeroparam & plot 1/betaO vs. 1/W]

yval?=1/processparl1,betazeroparam]/cox*xval*
(size + processparl2,betazeroparam]):

xnew7=—0.8+1.6*C(xval—xmin) /(xmax—xmin));
yne w:=—0.8+1.6*(( yval—y min) /(ymax—ymin));

t*********************^j Kg ciut later************************************* J

if TRACE5=true then writelnCuserout2,
' xval=' Aval:4:4/ yval=' ,yval:4:4,

xnew='„xnew:10:10,' yncw=',ynew:10:10);
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l********************ra£e Qui ^ajer*************************************l

{check whether point will be on screen}
j**********4t*********falee nut 7/7 »gy** *********************************** 1

if C(TRACE5=true) and (xnew>*-0.8)) then
wri tel n(userou t2/xnew >»—0.8);

if C(TRACE5=true) and Cxnew<=0.8)) then
wri tel n( userou t2.'xnew <=0.8'):

if CCTRACE5=true) and (ynew>=-0.8)) then
writel n( userout2/vnew >*— 0.8 ):

if (CTRACE5=true) and (ynew<»0.8)) then
wri tel n(userou 12. ynew <=0.8'):

i********************^^^ . ^j^************************************* i

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]
|********************Za£e oul ^jer*************************************i

if TRACE5=true then writeln(userout2,
This point will be ON screen);

|********************jaj,e . ^jer*************************************i

if outplane=true then {last point was off the .screen}
begin

l********************ya£e ou. ^ajer************************,t************ j

if TRACE5=true then writelnCuserout2,
and Last point OFF screen');

j********************ja£e . £U£Cr************************************* i

{jrp} if (xneu—xoldOO.O) then {check for divide by zero]
{jrp} slope:=(ynew-yold) /(xnew—xold)
{jrp} else
{jrp} slope:=lEl()0: {about = infinity}

{c/ieck for entering from left}
tesi7=slope*(-0.8-xoid)+yold:

j********************^^.^ {)<^. ^j^*************************************i

if TRACE5=truc then writeln(userout2.
'TEST A . test='.test:2:2):

j********************.^£e ou. ^/It>r*************************************i

if test_point_on_screenl(yold.ynew.test) then
begin

|*********************a£v (tut ^Jer************************+************i

if TRACE5=true then wri tel n( userou 12.
'test_point_on_screen is TRUE):|********************Ia>j.e wi, ^fer*************************************j

moveC—0.8,test);
draw_line_and_zstring(xnew.ynew.—0.75,test);

end;
{check for entering from the right]
tesi?=slope*C0.8—xold)+yold;

|********************Zajj:c ou{ ^Zer****************************#******lMli

if TRACE5=true then wri tel n( userou 12,
'TEST B . test=',test:2:2):

|********************£a£e ^^ ^uZer************************************* I

if test_point_on_screenl(yold.ynew.test) then
begin

|********************Ia^e oM j^^************************************* i

if TRACE5=true then wri tel n( userou t2.
test_poini_on_screen is TRUE);

|********************£a£e QU. ^j^************************************* I

move(0.8.test);
draw_line_and_zstring(xncw.ynew,0.60,test);

end;
{check for entering from top]
if slope 00 then

test?=(0.8-yold) /slope+xold
else
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test?=—l.O; {can not enter from top}

\********************ta£e out ^z£er*************************************i

if TRACE5=true then writelnCuserout2,
'TEST C , test=',test:2:2);

^********************tajce out ^jg^J************************************!

if test_point__on_screen2Cxold,xnew,test) then
begin

\********************taj.e Qaf /_arer*************************************l

if TRACE5=true then writel nCuserout2,
test_poini_on_screen is TRUE);

|********************za)!.e out ^arer************************************* i

move( test.0.8);
draw_line_and_zstring(xnew,ynew,test—0.2,0.78);

end;
{check for entering from bottom}
if slope <X) then

test7=(-0.8-yold)/slope+xold .
else

test?"—1.0: {can not enter from bottom]
|********************ta£e o^ £afer*************************************l

if TRACE5=true then writeln(userout2,
'TEST D . test='.test:2:2):

|********************^a^e wl ^rer************************************* i

if test_point_on_screen2(xold,xnew,test) then
begin

1********************^^^ out £UIer************************************* i

if TRACE5atrue then writeln(userout2,
test_point_on_screen is TRUE);

j********************^^ qu[ ^ftr************************************* i

moveC test—0.8);
draw_line_and_zstring(xnew.ynew.test—0.2,—0.78);

end:

{point has been plotted]
end

else {last point was on screen so plot this one]
begin

l********************^aj.e ^^ £ater************************************* I

if TRACE5atrue then writelnCuserout2,
and I^ist point ON screen');

|********************ja£e ^ £ajer************************************* 1

draw_line_and_zstring(xnew,ynew,xnew—0.20.ynew);
end: {of else part]

end {end of handling for values on the screen]
else {start handling points off screen}

begin
|********************ja£e ^j £ater*************************************i

if TRACE5°true then wri tel nC userou t2,
'This point WILL NOT be on screen');

|********************^(i^e ouj £aIe/.***********************************#* \

if out plane*3false then {last point was on the screen}
begin

|********************ja£e ou:l £uler************************************* i

if TRACE5=true then wri tel n( userou 12.

and Last point was ON screen'):
|********************Itl£e out ^iti>r************************************* i

{jrp} if (xnew—xold OO.O) then {check for divide by zero]
{jrp} slopc:=( yncw—void) /(xnew—xold )
{jrp} else
{jrp} slope:=lElOO; {about = infinity}

{check for exiting from left]
test?=slope*(0.8—xold)+yold:

j********************^^ ^^ ^UIe/jMt***********************************J

if TRACE5-true then wri tel n( userou12,
'TEST E , test=*',test:2:2);
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l*******#************ja^e owI ^te^****************m******************{

if test_point_on_screenl(yold,ynew,test) then
begin

^********************Ia^e out ^Zer************************************#i

if TRACE5=true then wri tel n( userou t2,
'test_point_on_screen is TRUE');

|********************ra£e Qut ^aier************************3|[******lW[****l

draw_line_and_zstring(0.8,test,0.60,test);
end;

{check for exiting from right}
test?=slope*(—0.8—xold )+yold;

i********************Za^e Qut ^arcr****************]M.**!Me***************j

if TRACE5=true then writelnC userou12.
'TEST F . test-'.test:2:2);

|********************;u£e ouJ ^a^er*************************************i

if test_point_on_screenl(yold.ynew.test) then
begin

|********************?^t 0{(l ^aZer************************************* i

if TRACE5=true then writeln(userou12,
test_point_on_scrcen is TRUE);

j********************,^^ otiI ^j^*************************************i

draw_line_and_zstring<—0.8.test,—0.75.test);
end;

{check for exiting from ton}
if slope 00 then

test?=(0.8-void) /slope+xold
else

test?=—1.0: {can not exit from top]
j********************^^ ou, ^aIer************************************* i

if TRACE5=true then wri tel n( userou 12.
'TEST G , test=',tes1:2:2):|********************ttj£e ^^^^ ^aZer************************************* I

if tesi_point_on_screcn2(xold,xnew.icst) then
begin

draw_line_and_zstring(test.0.8.1est—02.0.78):j********************.^^ out ^arer*************************************i

if TRACE5=true then writeln(userout2.
test_jx)int_on_screen is TRUE'):

!********************^£e rtMr ^ater*************************************i

end;
{check for exiling from bottom]
if slope 00 then

test?=(-0.8-yold) /slope+xold
else

test.-=—1.0; {can not exit from bottom]{********************:ti£e Qut ^rer*********************#***************j

if TRACE5=true then writeln(userout2,
'TEST H , test='.test:2:2);

j********************^^ o(^ ^7£e/.************************************* i

if test_point_on_screen2(xold.xnew,test) then
begin

draw_line_and_zstring(test.—0.8.test—0.2—0.78);j********************^^ o(it ^aJer************************************* i

if TRACE5=true then writeln(userout2,
'test jx>int on screen is TRUE):

j********************^£e ^^ iater************************************* i

end;
outpiane:=true:

end {end for points going off screen]
else {last point was not on screen & neither is this one}

begin
|********************z<i£e ^^ ^J^************************************* I

if TRACE5=true then writeln(userout2,
and Last point was OFF screen);
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moveCtest,0.80);

end

else

draw_line_and_zstring(test,0.80,test-0.2,0.78);
end;

{check for entering from bottom}
if slope 00 then

test?=(-0.8—void) /slope+xold
else

test?=—1.0: {can not enter from bottom}
j********************j^.^ Qui ^iier**************#**********************i

if TRACE5~true then wri tel n( userout2.

'TEST L , test=',test:2:2);
|********************ju£e Qui ^ater*************************************|

if test_point_on_screen2(xold,xnew,test) then
begin

i********************^,;^ oul £Gier************************************* I

if TRACE5=true then writeln(userout2,
'test_point_on_scrcen is TRUE);

|********************?4j/r.e yUi £u£er************************************* j

if i*irst_point_ found =ialse then
begin

first_point_found:=true;
move( test.—0.8):

end

else

draw_line_and_zstring(test.—0.8,test—0.2—0.78);
end:

{line has been drawn]
{JOEJOE JOE]

end:

end; {end of handling current point off screen]
end: {CCCC} {if 3rd_variable_vulue+othcr_delta_l_or_w

<0, we don i plot the line because if lis
would give false plots]

end; {A.AAA}^ {of 'if' statement...if plotted_poini[i}~false...}
until C((graph_to_plot=']') or Cgraph_to_plot='2')) and

Cnumbcr_checked«numb_sets_ l^params)) or
(((graph_to_plot='3') or Cgraph_to_plot='4')) and

(found_third_variable_value=true)):|********************^£e ^^ J^j^*************************************!

if TRACEl=true then writelnCuserout2,'leaving draw_the_data2');
^*********t**********laf:e oul ^are/.*************************************i

end:|c/irf of procedure drawdata2]

procedure zoom_graph_axis(var xpos2vxposl.ypos2.yposl:real); ZOOTU graph QXJS
{this procedure allows the user to zoom in on a portion of the graph by-
varying the axis limits]

var button:integer;
xrange.yrangeaeal;
oldxmin,oldymin:real;
temppos:real;

{initialize the graphics locator as the knob]
begin

xrange:=xpos2— xposl;
yrange—ypos2—ypos 1;
oldxmin?=xposl;
oldymin?=yposl;
locator_initC 2,error_retu rn);
if error return=0 then
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begin

await_locatorC2.button,xpos l.yposl);
set_echo_posCxposl,yposl); {sets one diagonal of rectangle}
await_ locatorC 8,butt onv\pos2,ypos2);
if xposl>xpos2 then

begin
temppos?=xposl;
xpos 1?»xpos 2;
xpos2?Btemppos;

end:

if ypos] >yix>s2 then
begin

tempposr=yposl:
yposl?=ypos2:
ypos2:=temppos:

end;
{this guarantees that the axis are not zoomed too small]
if (abs(xposl—xpos2)<0.1) or (abs(yposl—ypos2)<D.l) then

begin
xpos 1:=-0.8:
xpos2:=0.8:
yposl7=-0.8;
ypos2?=0.8;

end;
xpos l:=xrange /1.6*(xpos1+0.8 )+oldxmin;
xpos2:=xrange/1.6*(xpos2+0.8)+oldxmin;
yposl ?=yrange /1.6*(ypos1+0.8 )+oldymin;
ypos2:=yrange /1.6*( ypos2+0.8 )+oldymin;
clear_display:

end:
end:

procedure initial_graph( var maxminxy_error:integer); initial graph
{this procedure uses auloscaling to determine what the minimum and maximum
values <>./ the graph are. and plots the data}

var init_ok:boolean:

begin
|*******************************^£ ^ later******************** ]

if TRACEl-true then w ri tel n( userou 12,
'NOW ENTERING initial_graph & 3rd_var_val= '.third_variablc_value);

i*******************************^£ e owf ^aIer******************** 1

grsetup(init_ok);
set _aspect (210.0,160.0);
set_display_li m(0.0,210.0,0.0,160.0,error_ return);
{this determines the maximum and minimum values of x and y}
rnaxminxy(maximx,minimx,maxirny.minimy,maxminxy_error):
if maxminxy_error=0 then

begin
if have_not_zoomed_yet=true then

begin
have_ not_zoomed_yet:=false;
xmax_until_newgraph_is_chosen?=maximx;

end;
autoscaleCmaximx.minimx,maximy,minimy,xaxlub.yaxlab.headerlab.

dcltallab,deltawlab,zaxlabl,zaxlab2,xaxisunit.yaxisunit);
draw_the_data 1(maximx.mi ni mx.maximy,minimy);
draw_the_data2(maximx,minimx,maximy.minimy);

end: {of if maxminxy_error=0 lhen~ }
i*******************************; - £,********************I

if TRACEl=true then wri teln( userou12,'NOW LEAVING initial_graph');
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j***** ***************************oj-g out later******************** \

end; {end of procedure initial_graph to plot graphics axis and data]

procedure zoom;
{this procedure handles zooming the graph axis}

begin
zoom_graph_axis(maximx,minimx,maxirny,minimy);
clear_display:
autoscale(maximx,minimx,maximy,minimy,xaxlab.yaxlab.headerlab,

del tal lab,deltaw lab.zaxlab 1.zaxIab2,xaxisunit,yaxisun it);
draw_the_datal(maximx,minimx,maximy.minimy);
draw_the_data2(ma.ximx,minimx,maximy,minimy):

end; {end of procedure to zoom in on axis]

procedure make_xyz_axis_labels;
{this procedure generates the labels}
{last change made OCT 31, 1984 by

var ijrintegcr;

JRP]

begin
{this is where
writelnC #12):

if (graph_to_plot=
begin

xaxlab:='WIDTH in ':
zaxlabl-'LENGTH':

end

else

begin
xax lab™'LENGTH in ':
zaxlabl?-'WIDTH';

end;
zaxlab2?='in microns':
case param_to_graph of

l:yaxlab?='VFB in ';
2:yaxlab?=;2PHlF in ';
3:yaxlab?='Kl in ':
4:yaxlab?='K2 in ';
5:yaxlab?='ETA ':
6:if (graph_to_plot='l) or (graph_to_plot='3) then

yaxlab:=' 1 /BETAO in '
else

yaxlab:='BETAO in ':
7:yaxlab7='U0 in ':
8:vaxlab?='Ul in ':
9:vaxlab?='X2MU0 in ':
10:vaxlab?='X2ETA in ';
ll:vaxlab-'X3ETA in ':
12:yaxlab?='X2U0 in ':
13:vaxlab?='X2Ul in ':
14:yaxlab?='MU0SAT in ':
15:yaxlab?='X2MU0SAT in ';
16:yaxlab?='X3MU0SAT in ';
17:yaxlab?='X3Ul in ':

end; {of case to determin yaxis
headerlab?-' BSIM PARAMETER vs
xaxisuni t?=' microns';
case param_to_graph of

l:vaxisunit?='volts';

the labels are setup]

l') or (graph_to_plot='3) then

label]
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2:yaxisunit?»' volts';
3:yaxisunit?»' /sqrtCvolts)';
4:yaxisunit?-' /volts';
5:yaxisunit?=' /volts';
6af (graph_to_plot»'r) or Cgraph_to_plot='3') then

yaxisunit?3'volts* 2/amps'
else

yaxisunit ?='amps /volts* 2';
7:yaxisunil?=' /volts':

{JRP} 8:yaxisunit?='um /volts';
9:yaxisunit?='cm~ 2 /volts" 2—sec :
10:yaxisunit?=' /volts" 2';
1 l:yaxisunit?=' /volts" 2';
12:yaxisunit?=' /volts* 2';

{JRP} 13:yaxisunit?='um /volts* 2';
14:yaxisunit?='cm* 2 /volts—sec';
15:yaxisunit7='cnT 2/volts" 2—sec';
16:yaxisunit?='cm* 2/volts" 2—sec';

{JRP} 17:yaxisunit:='um /volts* 2';
end: {of case to determine yaxis unit]

deltallab?='de]taL=';
deltaw lab:=' della\V=*;

end;

.makejcyzjixisjxibels

procedure draw_repeat_menu: drawjrepeatjixenii
begin

write(#12);
gotoxy(0.2);
w ri tel n('SELECT
writeln('
wri tel n('
wri tel n('
wri tel n('

NUMBER FOR A GIVEN ACTION CAPABILITY-
[l] Zoom UsiiK' Knob and Keys'):
[2] Redraw Full Graph'):
[3] Select A New Graph'):
[4] Exit BSIM PARAMETER vs L or W Menu');

>'»:

end;

procedu re draw_3_ menu_pages;
{this procedure draws 3 menu pages and gets tfu

from the user.}

draw_3_menu_pages
desired graph to plot info

var changexhar; {if = 'c , then re—do all inputs]

procedure pagel;

const numbgarbage*^: {number of junk lines in a single process file}

var

Urp]

begin

i,j:integer: {loop counters]
line_in_file:string[l5]; {line in die_Jlle]
nmose_present,n mosz_present.n mosd_present.
pmose_present,pmosz_prescnt.pmosd_present:boolcan: {=true if this

devicename has a process file in tfie output Jlle]
xpos,vpos:integer: {.\ and v die position read back from the output

'fib}
{same as above but includes *XPOS= or *YPOS*=]
{= devicename as read jYom output file]

{**t if user selected file is not one
of the ones which has a process file
developed for it]

xposline,yposlinestring[8]:
devicenamelinedinestring;

file_selection_error:boolean;

pagel
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„.pagel
nmose_present?=false; {check the output file to see what type}
nmosz_present?3false; {of devices have been SUCCESSFULLY tested}
nmosd_present:aBfalse; {at the current die location}
pmose_ present?=false;
pmosz_present?=false;
pmosd_present:=false;
resetCuserout,output_file);
while not(eof(userout)) do {simply count the lines until at end of file]

begin
readlntuserout .devicenameline);

if TRACE! l=true then

wri tel n('devicenameline=,devicenameline.' < end):
/ ********************************* . J I .************************ l

for i?=l to 4 do

readln(userout.xposline): {read *XPOS= line]
strdelete( xposline. 1.6); {delete *XPOS= from it]
xposline:=strrtrim( xposline);
xpos7=»trunc(strtoreaKxposline)); {convert to an integer]

j*********************************^£e ^£er************************|

if TRACEll=true then

wri tel n( xpos=.xpos.' < end');
j*********************************. > . !.************************!

read1nCuserout.yposline): {read *YPOS<= line]
strdelete(yposline,l,6): {delete *YPOS~ from it]
yposl ine?=st rrt ri m( yposli ne);
ypos:=truncCstrtoreal(yposline)); {convert to an integer]

J*********************************jJ . ;.************************!

if TRACEll-true then
wri tel n( ypos='.ypos.' < end);

11******************************** '̂̂ f ^:Zer************************j

if ((xpos=present_diex) and (ypos=present_diey)) then
begin

if (strpost'NMOSE.devicenamelineXX)) then
nmose_present:=true

else if (strposCNMOSZ'.devicenameline)<>0) then
n m os/_ presen t ?=t rue

else if (strpo«;('NMOSD',devicenameline)<X)) then
nmosd_])iesent?=t rue

else if (strposCPMOSE'.devicenameline) <>0) then
pmose_present?=true

else if (strposCPMOSZ'.devicenameline)<>0) then
p m osz_ presen t := t r ile

else if (strpos('PMOSD',devicenameline)<>0) then
pmosd_present:=true;

end;

for i?»l to numbbsim+numbgarbage—6 do
read ln( userout,devicenameline);

end;
close(userou t,'save');
writeC #12):
gotoxy(0,0);
writelnC ***BSIM PARAMETER vs. \V or L GRAPH***');
writeln;

writeC'This graphics mode allows one to compare extracted, size—');
writelnC'DEPENDENT parameters ');
writeC'from the 17-parameter ELECTRICAL file, to size-INDEPENDENT values');
writelnC. approximated'):
writelnC'from the 54—parameter PROCESS file.');
writeln:

writeC'lf you plot W* on the x-axis, then L becomes the 3rd');
writelnC variable, and vice versa.');
writeC You may choose to plot only one third—variable value, or vou');
writelnC may plot all of');
write( them. Choosing only one allows finer details to be analyzed.'):
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~.pagel
writelnC The x—axis');
writelnCvalues are scaled linear with respect to 1/EFFECTIVE SIZE.');
writeln;
writelnC'You will choose: 1) the type of device to plot');
writelnC' 2) the BSIM parameter to plot on the y—axis');
writelnC 3) whether W* or L will be plotted on the x—axis');
writelnC^ 4) and whether all sizes or one size device will');
writelnC be plotted for the third parameter');
writeln;
writeC'SELECT THE DEVICE TY'PE YOU WANT TO PLOT= >');
i~0;

if (nmose_present'=true) then
begin

gotoxyClO,18+i):
i?»i+l;
writelnC'[l] NMOS enhancement):

end:

if (nmosd_present=true) then
begin

gotoxv(10.18+i):
i:=i+l:

writeln('[2] NMOS depletion);
end:

if (nmosz_prescnt=true) then
begin

gotoxv(10.18+i):
i.-i+l:

writeln('[3] NMOS zero-threshold'):
end:

if (pmose_present=true) then
begin

gotoxy(10.18+i):
i7=i+l:

writeln('[4] PMOS enhancement);
end:

if (pmosd_present=true) then
begin

gotoxy(10.18+i):
i~i+l:

writeln('[5] PMOS depletion'):
end;

if Cpmosz_ presents rue) then
begin

gotoxyC10.18+i):
i?*i+l;
writelnC'[6] PMOS zero—threshold');

end;
{jrn}file_selection_error?=true;
{yr:>}while (file_selection_error=true) do {user might have input wrong value]
{jrp} begin

selection_input(43.17,' l','6',file_to_graph);
{jrp} case file_to_graph of
{jrn} ' 1':file_selection_error:«=not(nmose_present);
{jrp} '2:file_selection_error?=not(nmosd_present):
{jrn} '3:file_selection_error:=not(nmosz_present);
{jrp} '4':file_seleciion_error:=not(pmose_prcsent);
{jrp} '5 :file_selection_error?=not(pmosd_ present);
{jrp} '6 :file_selection_eiror?onot(pmosz_present);
{jrp} end; {of case]
{jrp} if (file_selection_error=true) then
{jrp} begin
{jrp} gotoxy(46,17):
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-.pagel
{jrp} writeC ERROR IN YOUR SELECTION');
{jrp} gotoxyC46,18);
{jrp} writeC'PLEASE SELECT AGAIN');
{jrp} gotoxy(42,17);
{jrp} writeC >');
{jrp} end;
{jrp} end; {of while file_selection_erron"true„~}
{yr/>}gotoxy(46,17);
{jrp}writeC ');
0'*/»}gotoxy(46.18);
{yr^}writeC ');

gotoxv(47,22);
writeC'PLEASE WAIT-.');
case file_to_graph of

'l':file_to_j?raph_name?='NEDFILE.TEXT';
'2':file_to_graph_name:«='NZDFILE.TEXT';
' 3' :file_ to_graph_ name?=' NDDF1LE.TEXT';
'4':lile_to_graph_name:='PEDFILE.TEXT':
'5':file_to_graph_name?='PZDFILE.TEXT':
'6':file_to_graph_name:=' PDDFILE.TEXT';

end: {of case selection]
reset (userout.file_to_graph_na me);
i:=0: {counter to count # groups of 11 parameters]
repeat

i:=i + l:

readln( userou t.linc_in_ file): {width}
ww[i]?=strtorca](line_in_fiJe):
readln(userout.line_in_ file): {length}
ll[i]?=strtoieal(line_in_file);
for j.-] to numbbsim do

begin
readln(userout.line_in_file); {1 of 11 bsim parameters]
if TRACE3-true then

writeln('line_in_file = \line_in_file):
param[i,j]:=strtoreal(line_in_file);
if TRACE3=true then

writelnC param[i,j] •= ,param[i,j]);
end;

readln(userout,line_in_file): { '***********' Une}
until eof(userout);
nu mb_sets_ 17_params?=i;

end; {of procedure pagel]

procedure page2: page2

var fraction_part:real:
numbrows,numbcolumns:integer: |# rows or cols for this screen full]
row.column:integer: {present row or column we are on]
total_numb_of_rowsunteger: {# of rows left to list]
numb_rows_left:integer; {# of rows left to be plotted}
numb_times_repeated:integer: {# times thru repeat loop, needed so

correct w and I values are pulled from array]
selection:char: {= CR when user decides to continue}

begin
J*********************************g^£ ^ £ jer******************** J

if TRACEl-truc then wri tel nCuserout2/entering PAGED;
j*********************************^^^ ^jer********************i

{the W/L ratios will be listed in groups of 10 across the screen.}
total_numb_of_row.s7»trunc(numb_sets_17_params / 10) +1; !# of lines of 10 params}
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~.page2
{+/ for fractional part]

fraction_part7-(numb__sets_17_params / 10) — trunc(numb_sets_17_params / 10)/I;
{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, pascal
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!?!?}

if fraction_part=0.0 then { / by 10 came out even, so subtract out added 1}
total_numb_of_rows7=total_numb_of_rows — 1;

numbrows?=4;
numbcolumns?=10;
numb_rows_left.-=total_numb_of_rows: {# rows left to list]
numb_times_repeated?=0; {each repeat cycle, w and i array line pointer-

must be incremented]
repeat {until numb_rows_lefixO}

writeC #12):
gotoxy(O.O);
writelnCW/L ratios of devices successfully tested are listed here:');

{gotoxy(0.1S>:}
{writelnC numbrows = ,numbrowsi;}

if (numb_rows_left<4) then
numbrows?Bnumb_rows_left;

for row:=l to numbrows do

begin
gotoxy(0.3*row — 2);
writeCW');
gotoxy(0,3*row — 1):
writeC'L');
if Cnumb_rows_lcft <=4) and (row=numbrows) then

{//' last -ow. # columns mig/tt not = 10}
numbcolumns7=numb_sets_]7_params — (1()*( total _ nu mb_of_ rows—1)):

for column?31 to numbcolumns do

begin
gotoxy(7*column.3*row — 2);
write(ww[40*numb_times_repcated+(10*(row — 1)) + column]:7:1);
gotoxy(7*column,3*row — 1);
writeCll[40*numb_times_repeated+(l0*(row - D) + column]:7:1);

end;

end;
numb_times_repeaied:=numb_times_repeated + 1;{# times thru repeat loop]
numb_rows_left7=numb_rows_left — numbrows;
if (numb_rows_left <>0) then

begin
gotoxv(0,15);
writeCThere are more W/L values to view. Press ');
writelnC'"ENTER" to view them. >');
selection_input(66.15,chr(ord(32)).chr(ord(32)).selcciion):

end:
until (numb_rows_left=0);
gotoxv(0.16);
wrileinCSELECT DESIRED GRAPH=? >'):
writelnC [l] BSIM PARAMETER vs. W for all values of L');
writelnC . [2] BSIM PARAMETER vs. L for all values of \V);
writelnC [3] BSIM PARAMETER vs. W for single value of L. L=? >');
writelnC [4] BSIM PARAMETER vs. L for single value of W. \V=? >');
selection_inputC24.16,' l'.'4 ,graph_to_plot);
if graph_to_plot='3' then

begin
gotoxy(68,19);
read ln(third_variable_value):
gotoxy(65,19);
writeC '):
gotoxy(65,19);
writeC third_variable_value:5:2);
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~page2
|*********************************jQ£e oui ^aier******it*************\

if TRACE3=true then writelnCuserout2,
'graph_to_plot«3 & 3rd_var_value=',third_variable_value);

|*********************************Za^e ou^ £aIer******************** t

end;
if graph_to_plot='4' then

begin
gotoxy(68,20);
readln(third_variable_value);
gotoxy(65,20):
writeC ');
gotoxy(65.20);
writel third_variable_value:5:2);

J********x************************2^& ^ ^a£er********************l

if TRACE3=true then writeln(userout2,
graph_to_plot=4 & 3rd_var_value=',third_variable_value):

/*********************************££ ;-********************1

end;
j*********************************^^. ^ ******************** j

if TRACEl=true then writeln(userout2,'leaving PAGET);
j*********************************.^ >.******************** j

end: joy procedure page2}

procedure page3: page3

>'):

begin
writeC #12):
gotoxyCO.O):
wri teinC SELECT THE PARAMETER TO BE GRAPHEI*

writelnC [l] VFB'):
writel n(' [2] 2PHIF'):
writelnC [3] Kl');
writelnC [4] K2'):
writelnC [5] ETA'):
writelnC [6] BETAO'):
writelnC [7] UO'):
writelnC [8] Ul');
writelnC [9] X2MU0');
writelnC [10] X2ETA'):
wri tel n(' [11] X3ETA'):
writelnC [12] X2U0');
writelnC [13] X2C1'):
writelnC' [14] Ml*OS AT');
writelnC [15] X2MUOSAT'):
writelnC [16] X3MU0SAT');
writelnC [17] X3U1');
gotoxy( 38,0);
rcadln(param_ to_graph);
while (param_to_graphO) or (param_to_graph>17) do

begin
gotoxy(38.0);
writeC ');
gotoxy(38.0);
readCpara m_ to_graph);

end:

got oxy( 35.0);
writeC ');
gotoxyC35.0);

{jrp}if param_to_graph<10 then
{jrp} writcCparam_to_graph:l,' ')
{jrp}else

write(param_to_graph:2.' '):
gotoxyC0,19);
writeC Press a "c" to make any changes to your choices, or);
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~,page3
writelnC press "ENTER" to begin >');
gotoxy(77,19);

end; {of proecdure page3}

begin {procedure draw_3_menu_pages}
change?='c';
while (change=V) or Cchange='C') do

begin
pagel:
page 2:
page3:
read(change);

end; {while loop}
clear_display:

end: {procedure draw_3_menu_pages]

***********************^y.\jj\ pq GRAPHICS ppQQpj^\j***^*******************]i******

begin {main procedure po_granhics begins here]
TRACE l:=i alse;
TRACE2:-false:
TRACE3:=false;
TRACE4:=false:
TRACE5:=faIse:
TRACE6:=false:
TRACE7:=faJse:

TRACE8:=false:
TRACE9:=false:
TRACE 10?= false:

TRACE 11?= false;
TRACE 12?-false:
TRACE13?»false:
TRACEl4:=false;
TRACE 15:=false;
TRACE16?=false;
{TRACEl:=true:
TRACE2:=true;
TRACE3:~true:
TRACE4:=true:
TRACE5:=true;
TRACEb:=true;
TRACEl.-true:
TRACE8:=true;
TRACE9:~true;
TRACE 10:=truc:
TRACE Untrue;
TRACE 12:=true:
TRACE 13:=true:
TRACE Untrue:
TRACE 15.-=true:
TRACE Ib^true:}
greetu pC ini t_ok):
newgraph?=true:
if init_ok then

begin
repeat

writeln(#12); {clears the display]
draw_3_menu_pages;
preiJare_for_po_graphics(po_graphics_error);
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~po_graphics
l*****************************^^ out ^a£er*****************************i

if TRACE35=true then

begin
resetC userout,output_file);
writeC userout2,

'Just after prepare_for_po_graphics and here');
writeln(userout2,' is output file: );
while not(eofCuserout)) do

begin
read ln(userout,line_in_output_ file);
writel n(userou t2.1ine_in_output_file);

end:

writeln(userout2.'That was it);
close( userout.'save'):

end:
/*****************************ju^e ^ 7^^^****************************1

if (po_graphics_error=0) then
begin

if TRACEl=true then writelnC userou12,
'about to enter make_xyz_axis_labels');

make_xyz_axis_ labels;
have_not_7.oomed _yet :=t rue:
initial_graph(effective_size_error):
newgraph?=true;
if effective_size_erroi-0 then

begin
{jrp} write(#12);

quit?=false;
newgraph~false;
repeat

draw_repeat_ menu:
selection_input(49,2.' l','4',repeat_selection);

case repeat _selcction of
'l :begin

gotoxy(52.3);
writeC '):
gotoxvC52.3):
writeC'SWITCH TO GRAPHICS...'):
/(X)m;

end:

'2:initial_graph(effective_size_error);
'3:begin

new grap h:= tr ue;
clear_display:

end;
'4':begin

quit?=true:
clear_display;

end;
end;

until (quit=true) or (newgraph=true);
end

else {effective_size_error <>0]
begin

gotoxy(0.21);
writeC' '):
writeC' ');
gotoxy( 0,21):
writeC ');
writeC ');
gotoxy(0.21);
writeC '):
writeC '):
gotoxy(0,21);
if Cgraph_to_plot='l') or Cgraph_to_plot='3') then

Nov 15 20:23 1984 Page 119 of bsimLO.TEXT



bsimLO.TEXT bsiml .O.TEXT

writeCDELTA W - \processpar[3,betazeroparam]:3:2)
else {graph__to_plot"'2' or '4'}

writeC'DELTA L =» \processpar[2,betazeroparam]:3:2);
writeC. THIS YIELDS A NEGATIVE EFFECTIVE');
writelnC SIZE FOR ALL VALUES OF'):
if Cgraph_to_plot=T) or Cgraph_to_plot='3') then

writeCWIDTH. ')
else {graph_to_plot='2' or '4'}

writeC LENGTH.'):
{jrp} writelnC'Do you want to select another graph? (Y /N) >');
{jrp} yes_no_selection_input(54.22.newgraph);

end;
end

{jrp} else
{jrp} begin

gotoxyC0.21);
if (po_graphics_error=l) then

begin
writeln:

writeC'GRAPHICS MENU CAN NOT BE ACCESSED '):
wri tel n( BECAUSE THE OUTPUT FILE IS EMPTY.');

end

else if (po_graphics_error=2) then
begin

writeCGRAPHICS MENU CAN NOT BE ACCESSED ');
writelnC BECAUSE A PROCESS FILE FOR THE TYPE OF');
writcC'DEVICE YOU REQUESTED WAS NOT CREATED AT'):
writelnC THE CURRENT DIE POSITION.');

end

else if (po_graphics_crroi-3) then
begin

writeC'DELTA L = '.processpar[2.betazeroparam]:3:3.
' . YOU HAVE SELECTED A DEVICE WITH TAN '):

writelnC'EFFECTIVE CHANNEL');
writelnC'LENGTH LESS THAN ZERO.');

end

else if (po_graphics_error=4) then
begin

writeC DELTA W = '.processparl3.betazeroparam]:3:3.
' . YOU HAVE SELECTED A DEVICE WITH AN ');

wri tel n(' EFFECTIVE CH ANNEL'):
writelnC WIDTH LESS THAN ZERO.'):

end:

{jrp} writeCDo you want to select another graph? (Y/N) >');
{jrp} yes_no_selection_input(47,23.newgraph);
{jrp} end; {of else part of "if po_graphics_erroH=0—}

until newgraph=false;
end;

clear_display;
graphics_term; {terminate the graphics procedures]

end;

i *********************************************************************t

j********************££yt\j FILE CRE\TION AND STORAGE*******************}
i ********************************************************************* i

procedure process_file_development(new die.end of die.new waferffib"B6J<3SS* J\Le CieVeiOplYieYlt
{last change made: SUNDAY OCT 14. 1984 By: JRP]

type linestring^stringfSO];
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-.process__file^development
|************************£jy£ file qj^^jjQj^****************************\

procedure die_file_creation; die file CTeCXtiOYl
{this procedure resets all of the temporary files and their pointers}

begin
numbne?=0;
numbpe?=0; {zero out}
numbnd?=0; {number of good devices of particular device type]
numbpd?=0;
numbnz?=0;
numbpz?=0;
rewriteCnchanenh/NEDFILE.TEXT'); {dear out all 6 of these files]
closeCnchanenh.'SAVE'):
rewriteCpchanenh.' PEDFILE.TEXT');
closeC nchanenh.'SAVE');
rewrite* nchandep.' NDDFILE.TEXT');
close(nchandep.SA VE'):
rewrite(pchandep.'PDDFILE.TEXT');
close(pchandep.SA VE');
rewrite* nchanzer/NZDFILE.TEXT');
close( nchanzer.SAVE');
rewrite(pchanzer,'PZDFILE.TEX T'):
closeC pchanzer.'SAVE' );
rewriteCte mporary,' TEMP.TEXT'):
close(temporary.'SAVE');

end; {end of procedure to create die files and zero counters]

j************************ j j PARAMETER STOR AG E************************* 1

procedu re store_ iwrameters_ in_die_ files! dcvke_ type:i nteger): StOre^ai~ameterS_in_die__fileS

{this procedure handles storing the extracted bsim parame:ers in a file
based on the device type that tney represent \

{there are 6 basic types of device types recognized]
{1-Nchannel Enhancement] {NEDF1LE}
{2-Pchannel Enhancement] {PF.DF1LE}
\3-Nchannel Depletion] {NDDF1LE}
{4-Pchannel Depletion] {PDDFILE}
{5-Nchannel Zero-Threshold] {NZDF1LF}
{6-Pchannel Zero-Threshold] {PZDF1LF.}

{if single device operation is used, the data is stored as follows.)
{the threshold voltage and the device type in 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 diefile:string[20];
linevar:string[80];
devnumber:integer;

begin
rewrite( temporary,'TEMP.TEXT');
if Cdevice_type=l) and Cenhancement_deplction=l) then

begin
devnumber?=l; {devicetspe}
diefiler=' NEDFILETEXT';
resetCnchanenh.diefile);
while not(eofCnchanenh)) do {read file into temporary file)

begin
readlnCnchanenh.linevar);
writel nC temporary,linevar);

end:
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end

else if Cdevice_type=—1) and (enhancement_depletion=l) then
begin

devnumber?»2;
diefile?-'PEDFILE.TEXT';
resetCpchanenh,diefile):
while not(eofCpchanenh)) do

begin
read InCpchanenhJ inevar);
writelnC temporary.linevar);

end;
end

else if (device_type=l) and (enhancement_depletion=—1) then
begin

devnumbcr?=3;
diefile?='NDDFILE.TEXT':
resetC ncliandep.d iefile);
while not(eofCnchandep)) do

begin
read lnCnchandep.1 inevar):
writel n( temporary.linevar):

end:
end

else if (device_type=— 1) and (enhancement_depletion=— 1) then
begin

devn umber7=4:

diefile-'PDDFlLE.TEXT';
resetCpchandep.d ief ile):
while not(eofCpchandep)) do

begin
read 1n( pchandep.l inevar);
writel n( temporary.linevar):

end:
end

else if (device_type=l) and (enhancemeni_depletion=0) then
begin

devn umber:=5:

diefilc?='NZl>FILE.TEXT':
reset( nchanzer.d iefi le);
while notCeof(nchanzer)) do

begin
read InCnchanzer.linevar):
writ el n( temporary.linevar);

end;
end

else if (device_type=—1) and Cenhancement_depletion=0) then
begin

devnumber:=6;
diefile~'PZDFILE.TEXT';
resetC pchanzer,d ief ile);
while not(eofCpchanzer)) do

begin
read ln(pchanzer,linevar);
writelnC temporary.linevar);

end;
end;

writelnC temporary.w id th):
writelnC temporary.length);
writelnCtemporaryx 1_vfb);
writeln(temporary,c2_phif2);
writelnC temporary,c3_k 1):
writelnC temporary.c4_ k2);
writelnC temporary.c5_et a);
writeln(tcmporary,c6_beta0);
writ eln( temporary,c7_ uO):
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writeln(temporary,c8_ul);
writelnCtemporary,c9_x2betaO);
writelnCtemporary.c 10_x2eta);
writelnCtemporary,c 11_x3eta);
writelnCtemporary,c 12_x2u0);
writelnCtemporary,c13_x2ul);
writelnCtemporary,cl4_beta0sat);
writeln(temporary,cl5_x2beta0sat);
writeln(temporary,cl6_x3beta0sat):
writeln(temporary,cl7_x3ul):
writ eln( temporary,'**************');
closeC temporary/save');
{this is where the diefie is written to]
resetC temporary,'TEMP.TEXT');
case devnumber of

Lbegin
rewrite(nchanenh.diefile):
while noteeof(temporary)) do

begin
read ln( temporary .1 inevar):
writel n( nchanenh.linevar):

end:

closeCnchanenh. save');
numbncT^numbne+l;

end:

2:beg in
rewrite(pchanenh.diefile):
while not(eof(temporary)) do

begin
readln(temporary,linevar):
writelnC pchanenh,linevar):

end;

closeC pchanenh,save');
numbpe?=numbpe+l;

end:

3:beg in
rewritcCnchandep.diefile):
while not(eof(temporary)) do

begin
read ln( temporary,1 inevar):
writeln(nchandep.linevar):

end:

closeC nchandep.'save'):
numbnd?=numbnd+l;

end:

4:begin
rewrite(pchandep.d iefile):
while not(eof(temporary)) do

begin
read InCtemporaryJ inevar);
w rit el n( pch and ep.li nevar ):

end:

close( pchandep.'save'):
num bpd ?=numbpd+1:

end;

5:begin
rewrite(nchanzer.diefile):
while nol(eof( temporary)) do

begin
read ln( temporary.1 inevar);
writ el n( nchanzerji nevar);

end:

closeCnchanzer/save'):
numbnz?asnumbnz+1;

end;
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6:begin
rewrite(pchanzer.diefile);
while notCeofCtemporary)) do

begin
readlnCtemporaryJinevar);
writeln(pchanzer4inevar);

end;
closeC \ychanzer,' save');
numbpz?=num bpz+1;

end;
end: {end of case statement]

end; {end of procedure store_parameters_in_die_files}

********* *************PROCESSS FILE CREATION AND STORAGE*****************}

procedure make_process_files: make_prOCeSS_fileS
{this is the main procedure that handles making a process file)

var ignores,paramvalsstring[80];
paramvalueaeal;
j:integer;

{jrp}'vAnteger; {loop counter]
{jr/7}number_good_devices:integer; {# of good devices which have had parameters

extracted for them, this number will
generally be different for each type of
device]

procedure load_up_process_parametei^(filentimb,numbval:integer:ioad^p_^rOC655_Jparam6ter-S
var number_good_devices_error:integer);

{this procedure handles analyzing any of the six data Jlles (NEDF1LE.
PEDFILE. NDDFILE. PDDFILE. NZDFILF. and PZDF1LE) to determine as mariy
process_parameters as permitted, the process parameters are loaded in the
array prttcesspar/1.3,1-17J which is a global array]

type processarrays=array[l..20] of real:

var paramcount.skip:integer;
widtlis.lengths,paramvalues.betazeros,ignores:string[80];
wid th,length,paramval ue:processarray;
num bdevicc:i nteger;
mindL,uncox,d Wuncox:real:
i*************************************************************** |

ianteger; {loop counter lake out later]

procedure l_and_w_dependencies(var width.length.paramvalue:mocessarraLv;Cyact W dependencies
constantjincaii Jinear2:real; entriesrinteger:
betazero:boolean; var goodcount:integer);

{this procedure takes all of the values of a parameter across various values
of I and w and determines the variations. Checks are made to be sure that
the same values are not entered, and that 0 values are ignored)
{the betazero flag tells whether this is for the beta extraction itrue)}
{last change made: OCT 9, 1964 by: JRP)

var goodwidth.goodlength.goodparamvalue:array[l..20] of real;
i,j:integer;
duplicated if ferent l,d if fere ntw:boolean;

begin
i*********************£t;£e ^ ^aier************************l

if TRACE30=true then

begin
if (paramcount=8) or (paramcount»13) or (paramcount=17) then
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begin

writelnCuserout2,'paramcount=',paramcount:2);
for i?=l to entries do

writeCuserout2,' paramvalue[',i:l,']=\paramvalue[i]);
end;

end;

goodcount?=»0;
{check for duplicate w and I values, and eliminate the first one tested)
for i?=l to entries do {this is the latest pair of I and w)

begin
duplicate?=false;
for j?=i to entries do {this scans over remaining values)

if (CiOj) and (width[i]=width[j]) and
Clength[i]=length[j])) then

duplicatc?=true;
{eliminate next if—then statement to see if this is causing

some error)
{if paramvalue/iJ=(W then

duplicates true;}
if duplicate=false then

begin
goodcoun t?=goodcount+1;
goodwidth[goodcount]?=width[i];
goodlengthfgoodcount]7=lenijth[ij;
goodparamvalue[goodcountf?=paramvaluc[i]:

end;
end: {end of check for zeros and duplications]

j*********************la£e Qut ^£(?r************************i

if TRACE30«true then
begin

if (paramcount=8) or (paramcount=13) or (paramcount=17) then
begin

writel n(userout2.'paramcount='.paramtount:2);
for i?=l to goodcount do

writeC userout2.' goodparamvalue['.i:l,']='.
good param value[ij):

end:
end:

|*********************ra£e oM ^afc>r*****************##*****j
linear 1?=0.0;
linear2?=0.0;
constant?=0.0;

if (goodcountOO) and Cgoodcount<>1) and Ceoodcount <>2) then
begin

{check for two different I. and/or two different w values)
differentl—false;
differentw.—false;
for i?=l to goodcount do

for j:=l to good count do
begin

if good length[i]<>goodlength!j] then
differential rue;

if goodwidth[i]<>goodwidth[j] then
d i f f eren t w ?=t rue:

end;

{here is where the least—sauare procedures are called)
if betazero=true then {this is a check for beiazero)

begin
|********************************^;!:e o(a ^ater***********************.

if TRACE32=true then
begin

writeln(userout2,'w/in l_and_w, BETAO param');
for i?=l to goodcount do writeln(userout2,

gdparval[',i:l,']=',good paramvalue[i].' gdwidth=\
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goodwidth[i]:2:l,' gdlength«',goodlength[i]:2:l >,

end;
1*******************************^^ out ^jg^***************^**^*!

if differentl«=false then
begin

constant?=goodparamvalue[l];
if TRACE32=true then writeln(userout2.

diffl=false and constant=',constant):
end

else if (differentl=true) and (differentw»false) then
begin
for i?=l to goodcount do

leastsq2(i,l,goodcount,goodwidth[i] /
goodi>aramvalue[i],goodlength[i].constant,
linear 1) :

if TRACE32-true then wri tel nCuserout 2,
diffl=true & diffw=false & constant='.constant,

linear 1=,linear 1):
end

else

begin
for i?=l to goodcount do

leastsq3( i,l ,goodcounl,goodwid th[i] /
good paramvalue[i].l /goodparamvalue[i].
goodlength[i],constant.linearl,linear2):

if TRACE32=true then wri tel n( userou t2,
diffl=true & diffw=true & constant='.constant.

linear 1='.Jinear 1,' Iinear2='.linear2);
end

end

else {this is a non—beiazero parameter)
begin

l********************************^^^ Qui ^/?er***********************i

if TRACE32=true then

begin
writelnCuserout2.'w/in l_and_w. NON—BETAO param');
for i—= 1 to goodcount do

writeln(userout2,'gdparval[',i:l,']=',goodpararnvalue[i].' gd width*3'.
goodwidth[i]:2:l,' gdlength= ,goodlength[i]:2:l);

end;
j********************************^^ ^ajer***********************i

if (differentl=false) and (differentw=»true) then
{rarymg widths only)

begin
for i:=l to goodcount do

leastsq2( i.l .gocxlcount.1 /goodwidth[i],
good paramvalue[ inconstantJinearl);

if TRACE32=true then wri tel n( userou t2,
diffl=false & diffw=true & constant=',constant,

linear 1= .linear 1):

end:
if (diffcrentl=true) and (differentw=false) then

{varymg lengths only)
begin
for i?=l to goodcount do

leastsq2( i.l .goodcount.1 /goodlength[i],
good paramvalue! i].constant.linearl ):

if TRACE32=true then writelnC use rout2.
'diffl=true & diffw=false & constani='.constant,

linearis,linear 1);
end;

if (differentl=true) and (diffcrentw=»true) then
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{varying lengths and widths)

begin
for i?=l to goodcount do

leastsq3(i,l,goodcount,! /goodlength[i],
1/good width[i],good paramvaluetf],
constantJinearl 4i near2);

if TRACE32=true then writeln(userout2,
'diffl=true & diffw=true & constant=',constant,

linear 1=',linear 1,' Iinear2='.linear2);
end:

end:

end {end of goodcount>l)
else if goodcount= 1 then

if betazero=»true then
linearl?=cox*good param value[l]
{this is done so that betazero will be processpar/l.betazcroparamj

i.e. because values are divided by cox in load_up_process_
parameters to get mobility, bat if goodcount**!. then oniy
one good device exists and that parameter = beta. so
multiply by cox so it is later divided back out}

else

constant?=goodparamvalue[ l]:
{else goodcount*=2 and leastsq3 procedure doesn't work for 2 maxindex=2.

(Ieastsq3 gives back bad values for goodcount"2)
end: {end of procedure I_and_w_dependencies)

procedure process parameter errors(width.lent?th.naramvalue:nrocessarja7V*OC655 paratTieter eVVOVS
constant.linearl .linear2:real: entriesrinteger:
var maxerror,errorwidth,errorlength:real);

{this procedure is called after the prw.ess parameters have been determined,
d it returns the worst error, and the w and I for that device)an

var counta nteger:
simparam:real; {this is the simulated value of the parameter)
errorparam:real; {this is the error for a given device)

begin
maxerror:=0.0;
errorwidth?=wid th[ l);
errorlength?=length[l];
for counts 1 to entries do

begin
simparam?=constant +l /length[count]*linearl

+1 /width[count]*linear2;
if paramvalue[count]<X).0 then

errorparam:=100*abs(Cparamvalue[count]—simparam)/
paramvalue[count])

else if simparam^O then {paramvalue=0 and simparam=>0)
errorparam?=0.0

e^se {paramvalue^O and simparamOO)
errorparam?= 100.0:

if errorparam>maxerror then
begin {this is worst error so far)

maxerror7=crrorparam;

errorwidth?=width[count];
errorlength:=length[count];

end:

end;

end; {end of procedure to determine process parameter errors)
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teg*11 {procedure load_up_process_parameters)l******************************^^^ out ^jg^j,*********^^**^,^^!
if TRACE31«true then writelnCuserout2,'load_up_proc params—entering');|********************,**********taA:e out j^g^********************!

{this is where the parameters beta, deltaW and deltaL are evaluated)
case filenumb of

1:reset( nchanenh,' NEDFILE.TEXT'):
2:reset(pchanenh,'PEDFILE.TEXT');
3:reset( nchandep,'NDDFILE.TEXT'):
4:reset(pchandep,'PDDFILE.TEXT'):
5aeset( nchanzer,'NZDFILE.TEXT'):
6:reset( pchanzer,' PZDFILE.TEXT');

end: {end of case to reset files)
for numbdevice?=l to numbval do

begin
case filenumb of

l:readln(nchanenh,widths);
2:read ln( pchanenh.widt lis);
3:readln(nchandep,widths);
4a"eadln(pchandep,widths);
5:read ln( nchanzer.w id ths);
6:readln(pchanzer,widths);

end; {end of case to read width)
case filenumb of

la*eadln( nchanenh.leng ths);
2:readln(pchanenh.lcngths);
3:readln(nchandep.lengths);
4:readln(pchandep,Jengihs):
5:readln(nchanzer,lengths):
6:readln(|)chanzer.lenvths):

end; {end of case to read length]
for skipr=l to betazeroparam—] do

case filenumb of

1aeadl n( nchanenh.ignores):
2:readln(pchanenh .ignores);
3:rcadlnCnchandep.ignores);
4:readl nC pchandep,ignores);
5:readln( nchanzcr.ignores);
6:readlnC pchanzer.ignores);

end; {end of case to skip values up to betazero)
case filenumb of

l:readln(nchanenh,betazeros);
2:read InCpchanenh.betazeros);
3:readln(nchandcp,betazeros):
4:readln(pchandep,betazeros);
5:readlnCnchanzer,betazeros);
6:read1n(pchanzer.betazeros):

end; {end of case to read betazero string)
for skip?=l to numbbsim+1 —betazeroparam do

case filenumb of

1:read In( nchanenh.ig notes);
2:readln(pchanenh.ignores);
3:readln( nchandep.ignores);
4:readl nC pchandep.ignores);
5:readl n( nchanzei .ignores):
6:readl nC pchanzer.ignores):

end; {end of case to skip vabies after betazero)
{here is where the strings are converted to real numbers)
{the width and length here are MASK values)
width[numbdevice]?=strtoreal( widths);
length[numbdevice]?=strtoreal( lengths):
paramvalue[numbdevice]:=strtoreal(betazeros);

end:
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{betazero values are now in array paramvalue)
I********************************qJt a out Later*1********************* I

if TRACE33=true then lsq3?=»true;
if TRACE31=true then writelnC userou t2,

'load_up_proc_params entering beta l_and_w depen);
i*******************************ta/[,e t ^uj„r**********************i

l_and_w_dependencies(width4ength,paramvalue,mindL,uncox.
dWuncox.nu mbval,true,number_good _devices_error);

/*******************************£ ^ f t f **********************)

if TRACE31=true then writeln(userout2,
just after l&w for BETA 61 number_good_devices_error=goodcount='.

nu mber_good _devices_error:3):
if TRACE31=true then writel nCuserout 2.

'load_up_proc_params came out of beta l_and_w depen'):
|***********************»*******jrt^.e 0^. iaier**********************i

if number_good_devices_error<>2 then
begin

processparl 1,betazeroparam]—uncox /cox;
processpar[2,bciazeroparam]:=—mindL;
if uncox<>0 then

processparl3,betazeroparam]:=d Wuncox /uncox
else

processpar[3,betazeroparam]:=0.0;
|*******************************ZQ£e out ^aZer********************** i

if TRACE32=true then writeln(userout2.
'processparl1.6]=',processpar[ 1.6].

processparl2.6]=',processpar[2.6].
processparl3.6]=',processparl3.6]);j*******************************£j^ti qu1 ^?t>r***********»**********j

processparl4,betazeroparam]?=0.0:
processparl5.beiazeroparam]?=0.0:
processparl6,betazeroparam]?=0.0:
{tfiis is where the remaining parameters are evaluated]
for paramcount:=l to numbbsim do

if paramcount Obetazeroparam then
begin

case filenumb of

l:reset( nchanenh.'NEDFILE.TEXT'):
2:reset(pchanenh.'PEDFILE.TEXT'):
3:reset(nchandcp.'NDDFILE.TEXT'):
4:reset(pchandep.'PDDFILE.TEXT'):
5:reset( nchanzer.'NZDFILE.TEXT');
6:reset(pchanzer,'PZDFILE.TEXT'):

end: {end of case to open files)
for numbdevice:=l to numbval do

begin
case filenumb of

l:readln(nchanenh,widths);
2:readln(pchancnh,widths):
3:readln(nchandep,widths):
4:readln(pchandep,widths);
5:read ln( nchanzer.w id ths):
6:readln(pchanzer,widths):

end; {end of case to read width}
case filenumb of

laeadlnCnchanenh.lengths);
2:read In(pchanenh .Iengths);
3:readln(nchandep,lengths):
4:readln(pchandep,lenglhs);
5:readln(nchanzer4engths):
6a:eadln( pchanzer,!engths);

end; {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]?=strtoreal(lengths) +
processpar[2.betazeroparam },

for skip?=l to paramcount—1 do
case filenumb of

la*eadln( nchanenh.ignores);
2:readln( pchanenh,ignotes);
3:readln(nchand ep,ignores);
4:readln(pchand ep.ignores);
5:readln(nchanzer,ignores);
6:readl n(pchanzeragnores);

end: {end of case to skip values)
case filenumb of

LreadlnCnchanenh.paramvalues);
2:read InCpchanenli,paramvalues):
3:readlnCnchandep,paramvalues);
4:read ln(pchandep,paramval ues):
5:readlnCnchanzer,paramvalues):
6:readln(pchanzer.paramvalues);

end: {end of case to read value]
for skip?=l to numbbsim+1—paramcount do

case filenumb of

l:readln( nchanenh ,ignotes);
2:readln( pchanenh,ignores):
3:readl n( nchand ep. ignores);
4:readl n( pchand ep.ignores):
5:readl n( nchanzer.ignores);
6:readl n( pchanzer.ignores):

end: {end of case to gel to next parameter set]
paramvalue! numbdevice]?=st rtoreaK paramvalues);

KRh IS WHERE PETA TERMS ARE CON\ ERIE D ««««}<
{»»»»»»»»»»>»»»»»»TO MOBILITY TERMS.

{now convert 4 beta terms to mobility terms]
if ((paramcount=9) or (paramcount=14) or

(paramcount=15) or (paramcount=16)) then
"paramvaluelnumbdevice]:=paramvalue[numbdevice] /

cox/wid th[ numbdevice]*lengthlnumbdevice]
{JRP}{»»»»»»»»»»HERE IS WHERE Ul TERMS ARE CONVERTED-

{JRP){»»»»»»»»»»»»>»»TO Ul X LENGTH TERMS.
{JRP} {now convert 3 Ul terms to Ul X LENGTH terms]
{JRP} if C(paramcount=8) or (paramcount=13) or
{JRP} (paramcount=17)) then
{JRP} paramvalue[numbdevice]?=paramvaluelnumbdevice]
{JRP} *lengthlnumbdevice];

end;
j*******************************ga£e ou£ f4ljer**********************\

if TRACE31=truc then wri tel nCuserout2.
'load_up_proc_params entering other l_and_w depen ):

if TRACE30=true then

begin •
if (paramcouni=8) or (paramcount*313) or (paramcount=17) then

begin
w ri te1n( userou 12.
'before calling l_and_w & paramcount*3',
paramcount:2):
for i?=l to numbval do

write(userout2,' paramvaluel',i:l.']=',paramvalue[i]);
end;

end:
j********************* lake out [aler************************ J

l_and_w_dependenciesCwidth,length.paramvalue,processpar[l,
paramcount],processparl2,paramcount],

processparl3,paramcount].numbval,false,
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number_good_devices_error);

/*******************************ja/^e ou^ ^jg^********************* i

if TRACE31-true then writelnCuserout2,
just after l&w for',paramcount:2,

param & number_good_devices_error=goodcount=\
number_good_devices_error:3);

if TRACE33=true then lsq3:=false;
if TRACE31=true then writeln(userout2.

load_up_proc_|>arams came out of other l_and_w depen');
/*******************************£ L . >._**********************!

process_parameter_errors( wid th.Iength.paramvalue.
processpa r{ 1.para mcount ],
processpar{2 ,paramcount],
processparl3,paramcou nt ],num bval,
processor[4.paramcount ],
processparl5,paramcou nt],
processpar[6,paramcount]):

j*******************************£a£e ^^ ^ajer**********************j

if TRACE31=»true then wri tel n( userou t2.
load_up_proc_params came out of proc_param_errors',

for paramcont=',paramcount);
|*******************************tu^,e ^ ^arer**********************j

{change max error device width and length to mask dimensions)
proccsspat{5,paramcount]?=processpar[5,i>aramcount]—

processparl3,betazeroparam];
processpar(6.paranKount]:=processpar{6,paramcount]—

processpar[2.betazeroparam]:
end;

|**********************»********Zo£^ ^^ ^jrer******„***************l

if TRACE31=truc then w ri tel n(userou 12.
FINISHED WITH ALL P PARAMS cV number_good_devices_error=goodcount='.

number_good_devices_error:3);
j***********************.********^^. ^it ^,er**********************<

{here is where the kj variations with L and W are stored)
case filenumb of

l:nel k 1:=processpar[2,3]:
2:pelk1?=processparf2.3]:
3:ndlkl?=processpar(2,3]:
4:pdlkl—processparl 2.3]:
5:nzlk 1:=processparl2,3]:
6:pzlk 1?=«processparl2,3];

end: {end of case to fill in kl variations with L)
case filenumb of

1:newk17=processpari3,3]:
2:pewk 1?=processpar(3,3]:
3:ndwk l?=piocessparl3,3];
4:pdwk 1?=processpar[3,3];
5:nzwk 17=processparl3,3];
6:pzwk 1—processparl3,3]:

end: {end of case to fill in kl variations with W)
{here is where deltaL and deltaW values are stored)
case filenumb of

I:nedl7=processparl2,betazeroparam]:
2:pedl?=processpar[2,betazeroparam];
3:nddl:=processparl2,betazeroparam];
4:pddl:=processparl2.betazeroparam]:
5:nzdl~processparl2,betazeroparam]:
6:pzdl —processparl 2,betazeroparamj;

end: {end of case to store deltaL values)
case filenumb of

l:nedw7=processparl3,betazeroparam];
2:pedw?=processparl3,betazeroparam];
3:nddw7=processpar[3,betazeroj>aramj;
4:pddw?=processpar[3,betazeroparam];
5:nzdw?=processparl3,betazeroparam];
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end;

6,-pzdw—processpar[3.betazeroparam];
end; {end of case to store deltaL values}

end; {of if number__good_device^error<>2^}
{of procedure load_up_process_parameters)

bsimLO.TEXT

~loadjj.p_process_parameters

procedure write_into_the_output_file(devicetype:integer); Write_jntO_the_OlitpUt_Jrile
{this procedure handles storing the present user process file into a
temporary file, and adding the latest process file to it)

var i,j:integer;
userf ilestring[20];
valuesstring[80]:
devicename:stringl80];

begin
resetC userout,output_ file);
rewrite(temporary,' TEMP.TEXT');
while not(eof(userout)) do

begin
read ln( userout .values):
writel n(temporary.values);

end;
{here is where the new additions are made)
case device type of

l:devicename?='NMO.SE';
2:deviccname:=' PMOSE':
3:devicen a me~' NMOSD';
4:devjcename?»'PMOSD':
5:devicename?='NMOSZ':
6:devicename?='PMOSZ':

end; {end of statement to name the device
writ eln( temporary.devicenamc);
w rit eln< temporary.' *PROCESS=' .process):
writelnCtemporary,'*RUN='.lot):
writelnC temporary.'*\\'AFER=.wafer);
writelnCtemporary.'*XPOS='.present_dicx:l):
writelnCtemporary,'*^ POS°.present _diey:l):
writelnCtemporary.' *OPERATOR-' .operator);
writelnCtemporary.'*DATE=',date);
for j?=l to numbbsim do

begin
writ eC temporary.processparl1,j]);
writeC temporary,', ):
writ e(temporary,process|)arl2.j]);
writeCtemporary,',');
writ eC temporary.processpar[3,j]);
writeC temporary,',');
write( temporary,processpar[4,j]);
writ e(temporary,',');
writ e(temporary,processpar[5,j]);
writ eitemporary,',');
writel n(temporary.processpar[6,j]):

end:

tox?=tox*lE—4; {translate tox into microns from angstroms]
write(temporary,tox);
tox?=tox*lE4;
writeCtemporary,',');
temp?=temp—273.15; {translates temp into celcius)
writeCtemporary.temp);
temp:=temp+273.15;
•writeCtemporary,',');
wri t eln( t emporary,vd d):
closeC temporary, save');

Nov 15 20:23 1984

type)

Page 132 of bsimLO.TEXT



bsimLO.TEXT bsiml.O.TEXT

„writeJnto_the_output^file
resetCtemporary,'TEMP.TEXT');
rewrite(userout,output_file);
while not(eofCtemporary)) do

begin
readln(temporary,values);
writeln(userout,values);

end;
closeC userout,' save'):

j*****************************^^ ^ ti^jer*****************************j

if TRACE35=true then

begin
reset( userout.ou tput_ file);
writelnCuserout 2. Just created output file and here it is:'):
while notCeofCuserout)) do

begin
readln( userou t.linc_in_output_file);
wri tel nCuserout2,line_in_out put _ file);

end;
writelnCuserout2,'That was it):
close(userout,' save');

end;
| *****************************^£e ^^ ^ J<?r***************************** I

end; {end of procedure write_into_the_output_file}

procedure process_error_message(filcnumber:integer); prOCeSS errGT message
{this procedure displays an error message on the screen ij" an error

is discovered while in load_up_process_parameiers)

begin
uotoxv(0,22):
wrilei'ONLY 2 GOOD DEVICES FOR');
case file number of

LwriteC NMOS-ENHANCEMENT.');
2:writeC PMOS-ENHANCEMENT.'):
3:writeC NMOS-DEPLETION.'):
4:write(' PMOS- DEPLETION.');
5:writeC NMOS-ZERO-THRESHOLD.');
fcwriteC PMOS-ZERO-THRESHOLD.');

end: {of case)
writeC NO PROCESS FILE DEVELOPED.'):
if (mode='2') or (mode='3\) then

begin
gotoxy(21,23);
writeC'Press "ENTER" to continue >');
selection_input(49,23.chr(ord(32)),chr(ord(32)).continue);

end;
gotoxy(0,22);
writeC

end;
'):

begin {begin the main procedure to make a process file)
gotoxyC21,23);
writeC'DEVELOPING PROCESS FILES'):
for ir=l 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;
5:number_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,

nu mber_good_ devices,process_error);
if process_error <>2 then

write_into_the_output_fileCi)
else

process_error_ messaged);
end;

end;

end: {end of procedure to make a process file)

|**************************^^^^ pjj^jc CREATION ROUT/NP**********************}

begin {program process_fHe_developmenl begins here)
if new_wafer then

begin
rew rit e(userout ,outpu t_ file);
closeC userout,save');

end:

if new_die then
die_file_creation: {this makes up the die files)

{jrp)if (measure_error=0) and Cleastsq_divide_by_zero=false) and
Cextracl_erroi-0) then {do ONLY if the device tested was not defective)

store_parameters_in_die_files(device) {this stores device parameters]
else if (leastsq_divide_by_zero=true) then

begin
gotoxy(0,22);
writeC'THESE PARAMETERS ARE NOT BEING SAVED'):

{jrp) writeC': DIVIDE BY 0 IN LEAST SQUARE PROCEDURE'):
{jrp) end;

if end_of_die then
begin

if TRACE28=irue then

begin
writelnCuserout2.'within p— f—d and at end of die );
maxidsstring?* 7.5E— 5 ; {set a value if reading in
ids array from a file instead of measuring devices)

end:

make_process_ files:
end:

end:

I************************** p D \ ^p J- L- W PQD ARY P J jp^***************************\

procedure erase_temporary_files: eraSe_tempOrary__fileS
{this 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
resetC nchanenh/NEDFILE.TEXT');
close( nchanenh,'PURGE');
reset( pchanenh.'PEDFILE.TEXT');
closeC pchanenh/ PURGE');
resetC nchandep/ NDDFILE.TEXT');
closeC nchandep/PURGE');
resetC pchandep/ PDDFILE.TEXT');
closeC pchandep/PURGE');
resetCnchanzer/NZDFILE.TEXT');
closeC nchanzcr/PURGE');
resetC pchanzer/ PZDFILE.TEXT');
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closeC pchanzer/PURGE');
resetC temporary/TEMP.TEXT');
closeC temporary/PURGE');

end;

j ***************************************************************************i

j************************* l\rjj'o\j 47*/c PROBER /jQt/7'/A^£'5*************************}
i*************************************************************************** i

procedure read_prober_file(var xdie_size,ydie_size.origin_diex.origin_diey, reQCL prober J lie
number_die,number_devices:i nteger);

{the origin x and y die locations are determined while reading the die step
array. The number of die. and number of devices are also calculated}
{last change made: JUNE 19. 1984 by: JRP]

var xdie_sizestr.ydie_sizestr.commanddinestring;
Lpntcycr:
prober:text;

begin
i**************************2^£e j j - ****************************** j

if TRACE21=true then writelnCuserout2,'entering read_prober file');
j**************************^u^e j ^ujer******************************|

resetC prober,prober file): {opens up the prober file for reading)
number_die?=0; {resets die counter)
if mode<>3 then {if mode0'3', die sizes are not included)

begin
{here is where the die size is read]
read InC prober,xd ie_sizestr):
read 1nC prober ,ydie_sizestr);
if TRACE23=true then writ el nCuserout 2.

about to do strtoreal on xdie_si/estr ):
xdie_size?=trunc(st rtoreaK xdic_sizcstr));
ydie_size~t runc( st rtoreaK ydie_sizest r));
if TRACE23=true then writel n(userout2,

finished with strtoreal on ydie_sizestr);
end: {end of mode<>'3' check)

{now read in the step array into step_array)
{the array is read from left to right, top to bottom. location fljj is
in the upper left corner, and location /20.20] is the lower right comer)
for j?»l to 20 do {scans rows]

begin
for i:=*l to 19 do {scans columns]

read(prober ,step_arrayli,j]);
readInC prober7step_array[20,j]);

end;
if TRACE23=true then writelnC userout2,

'finished with reading in step array);
{determine the number of die, and the origin die]
for j?=l to 20 do

for i?=l to 20 do

begin
if step_arrayli,j] <>'0' then

number_die?=number_die+l:
if (step_array[i,j]='X') or (step_arrayli,j]=V) then

begin
origin_diex?ai;
origin_diey?=j;

end;
end;
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\**************************ta^e out ^ater****************************** j
if TRACE23«true then writeCuserout2,'number_die = \number_die);
if TRACE22-true then writelnCuserout2,

'about to start internal die stepping');
i?»0;
j?=0;
*j**************************ta£e Qut kte^»w<w*w«»»«********|
{here is where the internal die stepping is done)
number_devices:=0;
{sdssjg,sb,w,l.di.ed,mx, and my are valid command lines]
while notCcof(prober)) do

begin
read InCprober.command);
if CcommandllKs') or (command[lJ"'S') then

begin
if Ccommand[2]='d') or Ccommand[2]='D') then

sdlnumber_devices]?=digitCcommandl4])
else if Ccommand[2]='g') or (commandUKC) then

sg[number_devices]:=digitCcommandl4])
else if (commandl2]='s') or (commandl2]='S') then

ss[number_devices]?=digit(commandl4])
else if (command[2]='b') or (command[2]='B') then

sb[number_devices]:=digit(commandl4]):

if TRACE23=true then write(userout2.i/finish with s commands '):
i?=i+l;

end

else if (command{l]='w') or (commandIl]='\V') then
begin

stidelcte(command,1.2);
w[number_devices]?=strtoreal(command);

j##########^#^^########s-r-t#ZH/:e out iater##ititit1t##m##1t##ittttrittt#Z#Z####}
if TRACE23=true then wriie(userout2,i/finish with w commands '):
i?=i+l:

{##########################Za)5:t? out Zater##^»#-y-»##########*^##########}
end

else if (commandll]='l') or (commandll]='L') then
begin

strdelete(command,l ,2);
l{number_devices]?=strtoreal(command);

{##&t########1t#1r1r#1t1t1ttr1t1titt1ttake out £arer########*^##############^
if TRACE23=true then writeC userou t2,i,' finish with 1 commands '):
i?=i+l;
{#1t1t1tt1t1t1t1t1tft##1t#1t#1t1t1t1t#####take out later########################?

end

else if C(commandll]='d') or (commandll]='D')) and
((command[2]='t) or Ccommandl2]='T')) then

begin
strdeleteCcommand,l,3);
dt[number_devices]—trunc(st rtoreaKcommand)):

{##########################rt^-c- out later##############################}
if TRACE23=true then write(userout2.i.'finish with d commands ');
i.-i+l;

{###4m&##4ttit#t1tititit########Lakc out -ater##############*^##############}
end

else if ((command[l]='e') or (command[l]='E')) and
C(command(2]='d) or (command[2]='D)) then

begin
strdeleteCcommand,l,3);
ed[number_devices]?=trunc(strtoreal(command));

\ 1t1t1titit1r1tif1t1t1titiritif-#irifirifirit-if-iritihrtbi-- nut Inrrrititif-H-if"fi"ftifififftirififkifif"t*,ffff-if-ififitif,i< \ i* "f ft Tt'Trii H ll if tl ll tl tl ft tr ft ft tr ft ft tr ft ft ft ft'ft Vii.rs.fi %JHl CCttt?' ft tr tt'tftf rf'tt'tr ft ft ft tr ft ft TTT-"n"rf ll tl ft ll u tr T,

if TRACE23=true then writeCuserout2.i,'finish with e commands ');
u-i+1;
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\#frffffffffjrfffl7rfcfffffffffftttfffffff7r^ out laterWrPvlrnwlrlFlnflnnnttf fffflf]

end

else if ((command!l]='m') or Ccommandll]='M')) then
begin

if (command[2]=V) or Ccommandl2]-'X') then
begin

strdeleteCcommand.l 3);
mx[number_devices]—truncCstrtoreal(command));

end

else if Ccommandl2]='y) or Ccommand[2]='Y') then
begin

strdeleteC command,1,3);
my[number_dcvices]?=trunc(strtoreal( command)):

end: j < take out ; later]
|##########################tai-e yut 'ate;-###^#########################}
if TRACE23ostrue then writeCuserout2,i.'finish with m commands ');
i~i+l;
{#tfititnit1tm##tt#i&^i^&&##iake out laler##&&1^ttmr1ttiti#1tmP#ttZ#1tf1t###\

end

else if (commandfl]='*') and (command[2]='*') then
number_devices:=»numbcr_devices+l;

{#############£##########^u/fce out •u£er#^#####-^###########*########}
if TRACE23=true then writeCuserout2.i/finish with * commands '):
i:=i+l:

{#&^#it1t1t1t##1t1tttt#Z##&t&!&##take out later#tf#1t#tffftf##i^##J&####fttf#tfLtft###}
end; {end of while noUeof)}

number_devices:=number_dcvices— 1; {this handles final **}
if TRACE23=true then wri telnC userou t2.'number_devices = ',number_devices);
closeC prober, save'):
j**************************^^ ^ ^d£er****************************** i

if TRACE21=true then wri telnCuserout2/ leaving read_prober_ file):
!**************************.£ J.****************************** I

end; {end of procedure to read the prober file]

procedure load_measure_two_phif_array: load_J7ieaSUre_tWO_phifjarray
{this procedure handles the order of all devices on a die so that the
largest and best for measuring 20f comes J'irsi J'or every type]

var innteger;

procedure find_and_switch_best_device(dtprescnt,edprescnt:inte^£7fld QTld SWJtcll best deVJCe
{this procedure scans all devices of a given type, and selects the most
optimal in terms of geometry for extracting 20f on.)
{last change made: NOV 8. 1984 by: JRP)

var largeindex.firstindex:integer:
area,small_dimension,prcsent_area,present_small_dimension:real;
count.tempintegeni nteger:
tempreahreal:

begin
largeindexT^O:
first index?=0:
area:=0.0:

small_dimension?=0.0:
{scan for first occurrence of device type)
for count?31 to number_devices do

begin
if (ed[count]=edpresent) and (dt[count]=dtpresent) then

begin
if firstindex=0 then

begin
f irstindex?>»cou nt;
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largeindex?=count;
area?»w{count]*l[count];
if w{count]>llcount] then

small_dimension?=l{count]
else

smaIl_dimension?=wlcount];
end

else

begin
if C(wlcount]*llcount])>aiea) and

Cwfcount]>smaIl_dimension) and
(l[count]>small_dimension) then

begin
if wlcount]>llcount] then

small_dimension?=llcount]
else

small dimension—w[cot»nt]:
area:=w(count]*l[count]:
largei ndex:=count:

end;
end;

end;
end;

{here is where the switch is done to make the best device first)
if firstindex>0 then

begin
{JRP) if mode<>'3 then {don't switch in manual probe station mode)
{JRP} begin

tcmpinteger:=sd[firstindex]:
sdlfirstindex]?=sd[largeindex];
sdllargeindex]?=tempinteger:
tempinteger:=sg[firstindex]:
sg( firstindex]:=sgl largei ndex]:
sgl largeindex]?=tempinteger:
tempinteger:=ss[firstindex]:
ss(firstindex]:=ss{ largei ndex]:
ssllargeindex]?=tempinteger:
tempintegcr:=sb[firstindex]:
sbl first index]:=sbllargeindex]:
sb[ largeindex]:=tempinteger:
tempinteger?=mxlfirst index]:
mx[firstindex]?=mxllargeindcx];
mxllargeindex]:«"tempinteger;
tempinteger:=my{firstindex];
mylfirstindex]?=my[largeindex];
myllargeindexl^tempinteger;
tempreal?=wlfirstindex];
wlfirstindex]?=w(largeindex];

{JRP} w(largeindex]:=tempreal;
tempreal:=l[firstindex];
l{firstindex]?=l[largeindex]:
lllargeindex]?=tempreal:

{JRP} end;
meas_two_phiflfirstindex]:=TRUE:

end:

end; {end oj' procedure to set up 20f measurement order)

begin {begin procedure to handle various device tvpes and select order]

if TRACE21=true then writelnC userout2,
entering load_measure_two_phif_arrav );

{##########################la/fce oul \4ter#&m#Mt#tt#1t##1t####t##1t#1t1t1t###)
for i^l to number_devices do

meas_two_phifli]?=F ALSE:
find_and_switch_bcst_device(— 1,— 1);
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end;

^Ioad_measure_two_phif_array
find_and_switch__best_device(—1,0);
find_and_switch_best_deviceC—1,1);
find_and_switch__best_deviceC1,-1);
find_and_switch_best_deviceCl,0);
find_and_switch_best_device(l,l);
{the following values of phif2 are stored in case the first device
which is tested for phif2 is a bad device)
pdphif2?=0.6;
pzph if2?=0.6;
pephif2.—0.6;
ndphif27=0.6:
nzphif2:=0.6:
nephif2?=0.6:
{#itttK#itititittititititmmt#mmt###iake out iaier#&^w#tt#4&###4t######tftf#tftf##}
if TRACE23=true then writelnCuserout2.'jxlphifs etc. values set to 0.6');
if TRACE21=true then writelnC userout2.'leaving load_meas_2_phif_arrav):

{end of procedure to handle 20f array]

procedure load_automatic_parameters(dcvice_numberanteger): lOO.dja,UXOinCLtiC_pOTailXeXerS
{this procedure loads up the smu connections, w, I, device type etc.
from the global arrays which have the information for the device)

begin
smud?=sd[device_ number];
smug—sgldevice_number];
smus?=ss[devicc_ number]:
smub?=sb[d evice_number]:
width:=w{devkc_number];
length?=l(device_ number];
device:»d tidevice_ number]:
enhanccment_depletion:»edldevice_number]:
meas_20f:=meas_two_phifldevice_numberj:

end:

procedure prober_move(deltax,deItay:integer);
[this routine handles all movement of the prober)
{the step array size must be previously set]
{last change made: 1UNE 20, 1984 by: JRP]

var ready:boolean;
Lspoll_byte.nextposition:integer;
message:array{l„10] of char;
delta.\str.deltaystr:string{6]:

begin
{here is where dellax, and deltas are converted to strings]
dcltaxstr:=»' ';
deltaystr?=' ':
strwriteCdeltaxstr.l,nextposition.deltax:l);
strwriteC dcltaystr.l .next ixjsition,deltay:l):
{here is where the trailing blanks are trimmed}
deltaxstr?=strrtrim(deltaxstr):
deltaystr?=strrtrim(deltaystr):
talk_to_hpib(hpib_prober_address):
{Z down before move]
writ estri nglnC 700+hpib_ prober_ address,'ZD');
wait_tUl_bit7_IOSTATUS_set;
writest ringC700+hpib_prober_add ress/ MOX'):
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writestringC700+hpib_prober_address,deltaxstr);
writestri ng( 700+hpib_prober_address/Y');
writestringlnC700+hpib_prober__address,deltaystr);
wait_ till_ bit 7_IOSTATUS_set;
{check for the signal that message is to be sent from prober)
read y?-false;
while notCready) do

ready?=requested(7);
spol1_ byte?=spoll(700+hpib_prober_add ress);
{here is where the prober message is read}
listen_to_hpib(hpib_prober_address);
i-1;
repeat

begin
readcharC7.messagefi]);
i:=i+l:

end:

until end_set(7);
{here is where the ZUP is issued]
talk_to_hpib(hpib_prober_address);
wri test ri ngln(700+ hpi b_ prober_add ress,'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_die_Size
{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 made: JUNE 20. 1984 by: JRP]

var xmicronstr.ymicronstr:string[6]:
nextposil iominteger:

begin
{here is where the the size strings are setup]
xmicronstr:^' ':
ymicronstr—' ':
strwriteCxmicronstr.l.nextposition.xmicron:l):
strwriteC ymicronstr.l ,nextposition,ymicron:l):
{trim the trailing blanks]
xmicronstr?=strrtrim(xmicronstr);
ymicronstr:=strrtrim(ymicronstr);
talk_to_hpib(hpib_prober_address);
writestringC700+hpib_prober_address,'SPlX'); {this does die size preset}
writest ri ng(700+hpib_prober_add ress.xmicronstr);
writestringC 700+hpib_prober_add ress,'Y');
writestringln(700+hpib_prober_address,vmicronstr);
wait_till_ bit7_!OSTATUS_set;
writestrint?ln(700+hpib_prober_address,'.SP2X0Y0'): {this does origin preset}
wait_till_bit7_IOSTATUS_set;
untalk(7):
unlisten(7);

end: {end of procedure to set die size]

procedure "set_up_prober_initial_conditions; SetJLtp_prober_initialjCOnditiOrlS
{this procedure sets up the prober to use microns instead of mils,

and it sets up the proper coordinate system quadrant (quadrant 2)}
{last change made: JUNE 20. 1984 by: JRP]

begin
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^^et_up_prober_initial_conditions
1 TFTT^rTr^r^rtrfTitmsJiTiaittftftitt lf& r\l11 7/7 ffl f* ** ** *f ft it tv it fr '^ ^ ^ ^ ** ^ ** ** ** ^ fr##### ff ff frff #Tf I| »» «• «# r# #r f# *# #» if rr ti it ft it ll it II II II II It ft ft If Fr rt lut\C UUl CUtC/ II ft tr Tr tr TT tr TT tf It tr ft Tl tr ft Tl IT IT ft tr ft TrTrTrlT' Tr TT IT' ft tr j

if TRACE21-true then wri teln( userout2,
'entering set_up_prober_initial_conditions');

i Jt1tififitit1tititiTit1t1htit1firifir1fitir1f1fir1hnhr ran inTrrifi?ifirififir1fitifiririfififirifififififitifft,ififi*f{-fif\\ .. if it II II II tl ll JJ ll It ll ll 11 ll ll tl ll II II II It It It tl f/LUACc ULLl Lilier ft tf ft ft ft ft ft ft ft ft ft ft ft ft ft ft ft 11 It It ft ft ft ft ft ft ft ft tf It f

talk_to_hpib(hpib_prober_address);
writestringlnC700+hpib_prober_address/SM 1U1');
wait_till_bit7_10STATUS_set;
writestringln(700+hpib_prober_address/SM2Q2'); {sets up quadrant=2]
wait_till_bit7_IOSTATUS_set;
untalk(7);
unlistenC7);

if TRACE21=true then writelnluserout2,
leaving set_up_prober_initial_conditions ):

end; {end of procedure to set micron units)

procedure step_to_next_die(var present_diex,present_diey:integer; Step tO YieXt die
var initial_jump.end_of_wafer:boolean);

var i,j:integer;
next_diex,next_diey:integer;

begin
{if initial jump then find the first die]
next_diex?=0:
next_diey7=0:
end_of_wafer?=false:
if initial_jump=true then

begin
for j?=l to 20 do

for i:-l to 20 do

if (siep_arrayli,j]<>'0') and (next_diex=0) then
begin

next_diex:=i:
next_diey?=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 Cstep_anayli,present_diey]<>'0') and Cnext_dtex=0) then
begin

next_diex:=i:
next_diey:=present_diey:

end;
if next_diext=0 then {next die not in the same row]

for j?=present_diey+l to 20 do
for ir=l to 20 do

if (step_arrayli,j]<>'0') and (next_diex=0) then
begin

next_diex:=i:
next_diey:=j;

end:

end; {end of getting nexi_die locations for non—initial jump]
if next_diex=0 then

end_of_wafer:=t rue
else

begin
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~^tep_to_next_die
{now if using an automatic prober, move to next die)
if (mode<>'3') then

prober_moveCnext_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: \lrilOCld_WCLfer
{this procedure brings the wafer back to the unload position)
{last change made: JUNE 20. 1984 by: JRP)

begin
talk_ to_hpi bC hpib_ prober_add ress):
writestringln(700+hpib_prober_address.'HO');
wait_ til1_ bit 7_ IOSTATUS_set;
writestringC700+hpib_prober_address,'MEO\'ER 1 BILLION BSIM EXTRACTION ');
writestri ngln(700+hpi b_prober_add ress.' CUSTOMERS SERVED'):
wait_ til1_ bit 7_ IOSTATU S_set;
untalk(7);
unlistenC7);

end: {end of procedure to unload wafer)

!*************************************************************************!
j********************** ^y^yy /J57 \/ pftQQft ^\p*********************************[
1*************************************************************************1

begin {this is the main anne3 program)
lsq3?=false:
TRACE21?=false:

TRACE22:=false:

TRACE23:=false;
TRACE24:=false:
TRACE25?»false;
TRACE26?=false;
TRACE27?=false;
TRACE30?»false;
TRACE31?=false;
TRACE32?=false;
TRACE33?=false:

TRACE34:-false;
TRACE35?=false; {TRACE28,29. and 29b set by user}

{yr/>}TRACE36:=false:
{yr/»}TRACE37?=false;
Or/7JTRACE38:-false:
Or^}TRACE39?=false:
{7/?/'}TRACE40?=false;
{J RP}TRACE41.-false;
jy/?P}TRACE\TH?=false;

{TRACE 21:=true;
T RACE 22^true;
TRACE23^true;
TRACE24ytrue:
TRACE25.-"true;
TRACE26.^true;
TRACE27,-true;
TRACE30^true;
TRACE31.-~true;
TRACE32.-~true;
TRACE33:~true;
TRACE34^true;}
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{TRACE35:-true;}
{jrp} {TRACE36.--true:}
{jrp) {TRACE37.--true:}
{jrp}{TRACE38^true;}
{jrp){TRACE39'.-true]
{JRP}{ TRACE40:~true;}
{JRP}{ TRACE41:=true;}
{JRP}{ TRACE\ TH:~true;}

rt*writeCuserout2.' #6:');

| *************************************************************************i

{HERE IS WHERE HPIB ANALYZER AND PROBER ADDRESSES CAN BE CHANGED GLOBALLY
j*************************************************************************i

hpib_analyze]_address—17;
hpib_ probei'_ add ress:= 14;
first_time_thru_program?=true;
end _of _progra m—false;
ull_die_are_bad?=true; {initially, no good devices have been found)
fir"t_good_die?=0;
ioinitialize: 'initializes all of the I/O devices and interfaces)
repeat

ull_devices_are_bad?=true: {initially, al present die. no good devices)
initial_bsim_page; {provides menu, and determines operation mode}
first_good_device?=0: {= / when found first good device)
fake_meas_20f?= false: {in case 1st device is defective)
if mode<>'5' then

begin
initial_status_inputs: {this requests all necessary inputs}
first_time_thru_program:=false; {decided not to quit immediately]

end;
case mode of {this calls sequence of routines to service mode}

1 . 2 :begin {this is for automatic prober and
semi—automatic iwith automatic prober! modes]

I***-,****************************rii£^ ^/Zt>r***********************

gotoxytO.O);
writel' ');
gotoxyiO.OI:
writel want to create 120 ids value array'/;
writei' instead o7~ measuring? iY/N) >');
yes_ no_selection _ inputlbbO.TRA CE29);
if TRACE29=t rue then

begin
gotoxylO.H;
wriiel ' i;
wrizei'want to print oul 120 ids value array0 >'':
wi_ no_ selection_inpu U40,1.TRACE 29b );

end:

if TRACE 29=false then
TRACE28:^t rue

else

TRACE28:=false:
********************************^£e out ^aZer***********************i

read_prober_file(xdie_size,ydie_size.origin_diex.
origin_diey,number_die,number_devices);

load_measure_two_phif_array;
{all probing information is now known)
initial_jump?>true: {go from origin to first die]
end _ of_ wafer:=fal se;
set_up_prober_initial_condi lions;
set_die_size(xdie_size,ydie_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?=l;
while not(end__of_wafer) do

begin
{here is where a die is tested]
set_die_size(l,l); {micron units}
for present_device—1 to number_devices do

begin
leastsq_divide_by_zero?=false:
prober_move(mxlpresent_device].rnylpresent_device]);
{for first device of die. user has already been

asked to check probes, so don': ask a%,ain]
if Umode='2') and (present_device<>l)) then

begin
gotoxy(22,23):
writeC'Are probes on next device? If so.');
writeC Press "ENTER" >'):
selection_inpul(72,23.chr(ord(32)).chr(ord(32)),continue);

end;
devicer=0;
enhancement_depletion:=0; {loads up device rvne.v}
load_automatic_parameters(present_device):
initial_status_display;
time_count?=l; {for bsim_timer routine]
{now at present device]

|*******************************ja£e oui ^aZer**********************i

if TRACE28=true then
begin

if present_device°l then
resetC ternpfile/filel.TEXT');

if present_device=2 then
- reset(tempfile.'file2.TEXT'):

if present_dcvice=3 then
reset( tcmpfile,' f ile3.TEXT'):

if present_dcvice=4 then
reset(tempfile.'file4.TEXT');

for iiir—= 1 to numbvd do

begin
for jjjr—= 1 to numbvb do

begin
for kkk?=l to numbvg do

begin
read lndempftie.

idsstring[iii,jjj.kkk]):
ids{iii,jjj,kkk]?=strtoreal(idsstringliii,jjj,kkk]);

end;

end:

end;
readlnCtempfile.vgsstring! 1,1,1]); {***** unv}
for iii?=l to numbvd do

begin
for jjJ—= 1 to numbvb do

begin
for kkk?=l to numbvg do

begin
readlnOempfile,

vgsstringfiii.jjj.kkk]);
vgs[iii,jjj.kkk]?=strtoreal(vgsstringliii,jjj,kkk]);

end;
end;

end;
closetternpfile.'save'):
device?=l;
measure_error:°0:
vds[l]:=0.1;
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vds[2]:«0.2;
vds[3]:-4.5;
vds[4]:=5.0;
vbs[l]:»-S.O;
vbsl2]?—4.0;
vbsl3]?—3.0;
vbsUJ.—2.0;
vos[5J.--1.0:
vbs[6]?=0.0:

end:

if TRACE28=false then
j*******************************^^ OUJ ^uier********************** 1

measure_device(device,measure_error,smud,smug.smtis.smub,vdd);
new_die?=false:
end_of_die?=false;
if (all_devices_are_bad=true) and Cmeasure_error=0) then

begin {found 1st good device of present die]
all_devices_are_bad—false;
first_good_device?=l;
fake_meas_20f?=TRUE:

end;

if (all_die_are_bad=true) and
(all_devices_are_bad =false) then

begin {found first good die of wafer]
all_die_are_bad?=false;
first _good_die?=l;

end:

if (present_device=l) or (first_good_device=l) then
new _die:=» true: {either 1st device or 1st good device]

if present_device=number_devices then
end_of_die?=true;

if tnew_die=true) and
< (present_die=D or (first_good_die=l) ) then

new_vafer:=»true: {(either 1st device or 1st
Hood device) and (1st die or 1st good die)
...simply put.~lst good device on wafer}

if (measure_error=0) then
exlract_devicc_parameters:

{wiihir process_file_developmenl. if measure_error<>]
\Jrp} {0 & extract_error<>0 then do nothing. however, if)

{end_of_die is true, make_process_files IS CALLED)
process_file_developmentCnew_die.end_of_die.new_ wafer):
first_good_device?=0:
first_good_die?»0;
f ake_ meas_20f?=false;

end; {end of testing all devices on the die)
|*****************************r^e ou[ ^arer*****************************i

if TRACE35=true then
begin

resetC userout,output_ file);
writel n(userout2,

'Just before entering po_graphics and here is output file:');
while not(eof(userout)) do

begin
readlnC userout.line_in_output_fiIe):
writelnC userout2,line_in_output_filc);

end:

writeln(userout2,'That was it);
closeC userout.'save');

end:
{*****************************^£e oul ^j^^************,***************!

if po_graphics_wanted=true then
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\jrp) begin
tifp] if mode-'2' then
Urp\ begin
\)rp\ gotoxy(21,23);
yrP[ writeC'Press "ENTER" to continue >');
yjrp} selection_inputC4923,chrCord(32)),

chr(ord( 32 )),continue);
\Jrp) end;

po_graphics;
Ur/»/ end;

{return to die origin)
prober_ moveC0.0):
set_die_size(xdie_size,ydie_size);
step_to_next_die(present_diex,present_diey.

initial_jump.end_of_ wafer);
present_die?=present_die+l;
{stop for semi-automatic mode if not at end of wafer}
if ((mode='2') and (not(end_of_wafer))) then

begin
gotoxy( 21,23);
writeC Are probes on 1st device of next die?');
writeC If so. Hit "ENTER" >');
seIection_input(80,23,chr(oidC32)),chrCord(32)).continuc):

end;
end: {now prober is at next die or wafer is done)
{the wafer is now complete)

iv_graphics;
{unload_wafer;**************put back in later){sends wajer io home, position)

^end; {end of automatic probing mode)
3 rbegin {semi-automatic (with manual prober) mode)

if TRACE21=true then writelnCuserout2/entering mode "3" loop'):
read_prober_ file(xdie_size.ydie_ size.origin_diex,

origin_diey.number_die,number_devices);
if TRACE21=true then wriielnCuserout2.

entering load_ measure_ two_phif_array');
load _measure_two_ phi f_array:
{all probing information is now known)
if TRACE23=true then writelnCuserout2.

'Phii'2 now equals '.c2_phii'2:l:3);
initial_jump?=true:
end_of_wafer?=false:
present_diex?=origin_diex;
present_diey?=origin_diey:
{stepping does not actually occur for mode='3'. but bwkkeeping
of die location is done in step_lo_nexl__die)

step_to_next_die(present_diex,present_diey,
initial_jump,end_of_wafer);

{the prober should have been placed at the 1st die to be tested)
present_die:=l;

\JRP) if TRACE40=false then begin
while not(end_of_wafer) do

begin
{here is where a die is tested)
for present_device?=l to number_devices do

begin
leastsq_d ivide_ by_zero:=false:
{for first device of die. user has already been

asked to check probes, so don't ask again)
if (present_device<>l) then

begin
gotoxy(22,23):
writeC Move the probes to the next device');
writeC 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 TRACE21»true then writeln(userout2,

'entering initial_status_display');
initial_status_display;
time_count?=l; {for bsim_timer routine)
{now at present device)
if TRACE21=true then writelnCuserout2,

entering measure_dcvice);
measiire_device(devite.measure_error,smud,smug.smus,smub,vdd);
new_die?=false:
end_ of_die—false:
ne w _ wafer7=false:
if (all_devices_are_bad=true) and (measure_error=0) then

begin {found 1st good device of present die)
all_devices_are_bad?=!false;
first _L,ood_device?=l:
fake_ meas_ 20f?=TRUE;

end;

if (all_die_are_bad=truc) and
(all_devices_arc_bad =false) then

begin {found first good dii of wajer)
all_die_are_ bad r=false:
fitst_good_die—l;

end;
if (present_device=l) or (first_good_device=l ) then

new_die?=true: {either 1st device or 1st «<><>«/ device)
if present_device=number_dcvices then

end_of_die:=true:
if (new_die=true) and

( (present_die=l) or (first_good_die=l) ) then
new_wafer:=lrue: {(either 1st device or 1st

good device) and (1st die or 1st good die'
...simply pul.~lst good device on wafer)

if (measure_error=0) then
extract_dcvicc_parameters;

ijrp) {within process_file_developmerit, if measure_error<>}
{jrp) {0 & extract_error<>0 then do nothing. however, if)
\jrp) {end_of_die is true, make_process_files IS CALLED)

process_file_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

{jrp} begin
{jrp} gotoxy(21,23);
{jrp) writeC'Press "ENTER" to continue >');
{jrp) selection_input(49,23,chr(ord(32)).chr(ord(32)).

continue):
po_graphics;

{jrp} end:
{stepping does not actually occur for mode= 3', but

bookkeeping of die location is done in siep_to_next_die]
step_to_next_die(present_diex,pieseni_diey.

initial_jump.end_of_wafer);
present_die?=present_die+1:
{stop for move to new die location]
if (not(end_of_wafer)) then

begin
gotoxy(21.23);
writeC Move probes to 1st device of next die/);
writeC Then Hit "ENTER" >'):
select ion_input(79,23,chrCord(32)),chr(ord(32)),continue);
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end;
end; {now prober is at next die or wafer is done)

URP) end {of if TRACE40*false }
{JRP} else
{JRP} po_graphics;

{the wafer is now complete let's go into graphics mode)
iv_graphics;
end; {end of semi—automatic (with manual prober] probing mode)

'4':begin {this is the single device probing mode}
initial_status_d isplay;
time_count?=l;
number_devices:=l;
number_die:=l;
present _d evice?= 1:
present _die?=l;
device?=0:

{enhancement_depletion:*=0; *****determined in input section)
meas_20f7=FALSE:
measure_device(device,measure_error,smud,smug,smus.smub.vdd):
neu_die?»true;
end_ of _die:=true;
neu_ wafer:=t rtie:

{JRP} if (all_devices_are_bad=true) and Cmeasure_error=0) then
all_die_are_bad?=false:

if (measure_error-0) then
extract _device_parameters;

prtKess_file_development(new_die.end_of_die.new_ wafer):
gotoxyC 21.23):
if TRACE39=true then writelnC userout2,

measure_error=',measure_ error: 1.
extract_error='.extract_error:l.
process_errorss'.process_error:l):

{JRP} iv_graphics;
end;

' 5':end_of_program?* true:
end; {end of case statement)

until end_of_program=true;
if (first_time_thru_program=false) and

{JRP) C(all_die_are_bad-false) ) then
{if true, user quit immediately or entire wafer was bad=*>no files created)

erase_temporary_files; {this clears out all of the temporary files)
{JRP) if TRACE34»true then writeln(userout2,'lst_lime_thru_program='.
{JRP} first_time_thru_program,' all_die_are_bad=',all_die_are_bad.
IJRP) ' mode='.modc);

writelnC#12); {clear* the display)
iouninitialize: {aninitializes all of the 1/0 interfaces)

end.
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