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ABSTRACT

An efficient combination of analytical and numerical
methods, PRIDE (Portable Process and Device Design) is a progremn
written for the HP41-CV handheld calculator. It is compact, easy
to use, and provides accuracy similar to numerical techniques.
PRIDE integrates both process and device design by offering
thermal oxidation calculations, chemical deposition and
ion-implantation doping profile calculations, parameter
extraction routines, and IGFET device analysis. IGFET channel
profiles are calculated for multiple thermal steps including
oxidizing conditions and fitted to a box profile to determine
threshold voltage or a gaussian profile to determine subthreshold
behavior and threshold voltage shifts relative to an unimplanted
IGFET. Alternatively, threshold data is converted to box profile
parameters to determine suitable process conditions. The ability
to solve for oxidation time or oxide thickness and drive-in time
or Jjunction depth allow easy design for fixed process
conditions. PRIDE may be used in a preprogrammed or interactive
mode and is easily modified or enhanced for differences in
process coefficients or analytical models. In addition, plotting
capabilities provide quick visual inspection for process and
device analysis. A five thermal step NMOS process modeled using
PRIDE shows excellent agreement with results from SUPREM for the
channel concentration profile. PRIDE may be wused as a rapid
handheld optimizer for IGFET processes by offering immeaiate
access to process and device simulation models thereby reducing
process development time.
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IGFET DEVICE SINULATION:
* GAUSSIAN TO BOX PROFILE DETERMINATION
* THRESHOLD VOLTAGE CALCULATIONS
* SUBTHRESHOLD BEHAVIOR CALCULATIONS
* DRAIN-TJ-SOURCE CURRENT CALCULATIONS

PROCESS SIFULATOR:

¢ THERMAL OXIDATION
* CHEMICAL PROFILES
® TON IMPLANTATION PROFILES
* PROCESS PARAMETER

PROCESS PARAMETERS:
® SILICON VACANCY CONCENTRATION
¢ IMPURITY DIFFUSION COEFFICIENTS
* INTRINSIC CARRIER CONCENTRATION



INTRODUCTION

PRIDE 1is an analytical device and process simulator written
for the HP41-CV handheld programmable calculator which may be
used to calculate oxide thickness, source/drain diffusions, and
drive-in profiles for chemical or ion-implanted predepositions,
as well as determine threshold voltages and subthreshold behavior
for wunimplanted/implanted enhancement-mcde IGFETs. In addition,
measurement routines are available to analyze CV and threshold
data to determine such parameters as Nb, Tox, Vfb, and the box
height and width for an implanted enhancement-mode IGFET.

The oxide calculations account for the choice of dry, wet,
or steam oxidation with the capability to handle heavily doped
substrates and partial pressure of oxygen. In addition, an
empirical fit for a single dry oxidation step using HC1 is
provided for 900 degrees C, 1000 degrees C, and 1100 degrees C
for HC1 greater than or equal to one precent of the total gas
flow. One may solve for the time to grow a specified amount of
oxide thickness grown. Multiple steps to grow oxide using
different ambient conditions enable one to model a dry-wet-dry
oxidation for example. One specifies the silicon substrate
orientation (111,100) by wusing the ORIENT Kkey. The ambient
conditions are entered via the keyboard thereby eliminating
needless prompting of questions to the user. As a consequence,
once a value 1is entered, it need not be entered again unless a
change in value is desired. Flags are used to denote special
oxidation <conditions such as the use of HC1, partial pressure of
oxygen, and heavily-doped oxidation. Of these three conditions,
only the first two must be specified for each oxidation step for
multiple thermal cycle modeling. The CLEAR key allows one to
remove all oxide grown from previous steps as well as initialize
default conditions <(no HC1, no partial pressure of oxygen,
lightly-doped oxidation) for oxidation modeling.

Heavily doped 1implanted arsenic or boron (source/drain)
diffusions for inert ambient conditions are modeled by the t>SD
key. By specifying dose, temperature, dopant type, and the time
for the drive-in diffusion, the junction depth, sheet resistance,
and surface concentration may be calculated. Alternatively, the
drive-in time can be determined by specifying the desired
junction depth. The equations used to model the arsenic or boron
profiles are based upon the work by R.B. Fair.

Using PRIDE one can also model the thermal redistribution of
ion-implanted or chemically predeposited boron, phosphorous or
arsenic, assuming inert or oxidation ambient conditions.
Chemical prodepositions are calculated by use of the t>Q Kkey
which determines the amount of charge introduced into the silicon
by specifying drive-in conditions and the time for the
predeposition. Conversely, one may submit a specified charge and
calculate the required time by the use of the Q>t key.
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Chemical drive-in diffusions are modeled as a half gaussizn
function with the peak occuring at the silicon-silica interface
for inert ambient conditions. For oxidizing ambients, 2
coordinate shift of .44 times the oxidation thickness grown is
taken into account as well as the oxidation enhanced diffusion
coefficient. The t>Ns key 1is wused to calculate the surface
concentration value by entering the time for the diffusion in the
HH.MMSS format. Ion-implanted profiles are determined using tne
same t>Ns key with the dose and energy of the implanted species
entered via the key-board by the use of the DOSE and ENERGY
keys. The analytical models used for the ion-implanted profiles

are Dbased wupon the work by Hee-Gook Lee. Reflection and
segregation effects are taken into account as well as the
oxidation enhanced diffusion coefficients. To calculate the

profile for an IGFET channel profile using multiple inert ambient
thermal cycles, one would enter the oxide thickness (if
implantation is performed through an existing oxide screen);
type of dopant atom (boron, phosphorous, arsenic); dose and
energy of the 1implanted species (range and straggle are
calcualted by a power curve fit to the LSS range statistics) or
one may enter independent values for Rp, dRp, and Imax from the
keyboard; and the temperature and time for the drive-in thermal
cycles. The t>Ns key is cumulative so that the modeling of
multiple thernal cycles is possible. The field implant profile
for an NMOS process may be modeled by specifying the type of
oxidation ambient. The program automatically calculates the
oxide thickness grown during that thermal cycle and adjusts for
the new coordinate system by subtracting off .44 times the
thickness of the new oxide to account for the silicon vclume
used. Inert ambient thermal cycles performed after an oxidation
ambient drive-in are modeled by assuming a gaussian curve fit to
the previous profile. The wuser is then required to enter the
curve-fitted values for Rp, dRp, and Imax. Similarly, if an
oxidation ambient <cycle follows an inert cycle, the previous
profile is also curve-fitted to a gaussian profile as the input
profile.

The Nx>X key (used to determine junction depth when zn
arbitrary concentration is specified) and the X>Nx key (used tc
plot the profile) may be used tfor any ot the above drive-in

thermal cycles including source/drain drive-in, chemical
predeposition, chemical drive-in, and ion-implanted drive-in
cycles, as well as the as-implanted profiles. Keys are alsc

provided to <calculate intrinsic carrier concentration, silicon
vacancy concentration, and impurity diffusion coefficients as &
function of specified ambient conditions.
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Once the channel profile is determined for an ion-implanted
enhancement-mode IGFET, the threshold voltage for an unimplanted/
implanted IGFET may be calculated. The ion-implanted channel
profile may be approximated by a single box profile whose height
(Nbx) and width (wbx) are determined by the BOX key. This
capability not only provides parameters to model device
characteristics, but allows one to more easily characterize
process changes and modifications for an NMOS process. Vsb>Vth
key is then used to calculate threshold voltage as a function of
substrate bias voltage. Alternatively, the profile may be
treated as a gaussian concentration profile to determine the
subthreshold behavior curves (inversion charge density as a
function of gate to source voltage minus the flatband voltage for
a specified back bias voltage condition) by use of the Nv>Vg key
or the threshold voltage shift relative to an umimplanted IGFET
by use of a built-in subroutine called "dVT". The model used for
the above device analysis is based upon the work by J.R. Brews.
The drain to source current (Ids) is modeled by use of the charge
control equations whereby the user submits the value for W/L,
Tox, mobility, Vgs, and Vth to obtain the Ids values as =z
function of Vds. The box parameters (Wbs, Nbx) may be determined
by the BOX key, entered independently by the user, or determined
by the Vt-DATA key (see below). This provides great flexibility
for the user for determining the device characteristics.

A measurement extraction key (Vt-DATA) 1is provided to
determine the curve-fitted values for Vfb and Nb for an
unimplanted enhancement- mode IGFET. CV analysis is provided ty
the use of the CV-DATA key which determines Tox, Cfb, and Nb for
a large test capacitor. The initial size of 100 registers (the
minimum number of registers required for PRIDE) allows fourteen
pairs of threshold data to be used as inputs. By simply sizing
the register allocation greater than one hundred registers allows
one to examine a larger number of data points.

PRIDE may be wused to transform the HP41-CV handheld
calculator 1into a powerful processing and IGFET device analysis
tool. The use of a custom overlay provides a fast and efficient
means to input various types of data thereby minimizing needless
prompting of questions to the user. Only those parameters that
change for subsequent operations need to be entered. in
addition, the sequence of key strokes is unimportant making PRICE
a very easy tool to use. The wuse of an INIT key makes the
program totally general and easily adaptable to any known process
by allowing the wuser to replace default values for process
coefficients (such as 1linear rate oxidation expponenticl
coefficients) or subroutine names used by PRIDE to replace
analytical models used by PRIDE. The minimum number of date
registers required for PRIDE 1is 100. When the HP §21434
peripheral printer is used with the HP41-CV calculator, the user
can obtain plots for 1ds, Vth, Tox, N(X), Ninv, Siv, Di, and ri
by use of PLOT key.



IGFET CHARACTERIZATION
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SOURCE /DRAIN OPTIMIZATION

ENTER:DOSE ,DOPANT

'

ENTER: TIME , TEMP,
AMBIENT

Y

SOLUTION:R¢,C X

j
!

j

ENTER: AMBIENT,
Xj Np

1

SOLUTION:Rg .C s ,TIME

PLOT:N(x) vs. X




THRESHOLD DATA: Vfb 'Nb N

MEASUREMENT ROUTINES

A

Vih

CV DATA: YIELDS Cyp Ty

Cmax

N\

vsb

C

\_ Cmin

x '

v

& W
bx N
A
Nbx
Ne ‘‘‘‘ N
!
> 1
Wp
& Nb(GIVENi Cmax' Cmin)
‘ Cfb 'Tox ' NB



#INITIALIZATION

| 1] T T
[} ] 1 [}
STEP | INSTRUCTIONS | INPUT | FUNCTION | DISPLAY

] ] [} ]
: i | |
[} ] ] ]
i i i i

1 i Turn on calculator i i hit ON i  WORKING
] [] [] ]
] ] ] [}

2 | Toggle USER key to i i hit USER i
i leave user mode i i i
] ] ] ]
L} ! [} |

3 | Size the data regis- | N i XEQ ALPHA SIZE | SIZE=N
i ters to at least 100 | i ALPHA N '
| registers (N=100) i i i
r ] 1 ]
] ] ] 1

y i Toggle USER key to | i hit USER i
i return to user mode | i i
] ] ] [}
] I ] !

5 i Initialize PRIDE i i hit INIT i INITIALIZE
| program i i | MEPRICE¥**¥
i i i i
i i i i
| ¥ NOTE: As long as memory is not lost, '
ithis routine need only be performed once. '
] 1 |
[} |
i i




OXIDATION MODELING
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ithickness X2(Angstroms)
1to obtain oxidation
itime tl1 (HH.MMSS)

i i i i i

STEP | INSTRUCTIONS ! INPUT | FUNCTION E DISPLAY |

] ] [] []

] ] ] [} ]

i i i i i

i i i i H

1 i Clear oxide register | ! hit CLEAR i CLEAR E
] ] ]

] | ] [} ]

2 | Select oxidation ! ! hit DRY ! DRY OXID |

iambient (Dry,Wet,Steam)| i hit WET i WET OXID |

| : ! hit STEAM | STEAM OXID|

] ] ] [] ]

] ] ] [} [}

3 i Enter temperature I Tl ! hit TEMP i TEMP=T1 |

i (degree C) : | i '

i i i i i

4 i Enter silicon ! nnn ! hit ORIENT | ORIENT=nnn!

i orientation ! ! i g

i i i i i

5 | (Optional) i PPl ! hit %02 ! 02/GAS=PP1!

| partial pressure for | g i i

| %02/Gas flow ! ! i E

i H i i i

6 1 (Optional) i PP2 ! hit %HC1 i HCL=PP2 |

| Enter %HCl/Gas for ' | i i

| dry oxidation ] ' E E

i i i ] i

7 i (Optional) Enter I N1 | hit DOPING ! Nb=N1 :

|background doping con- | i i i

lcentration: Nd-Na(cm-3)| ! i E

i H i i i

8 i (Optional) Enter X1 | hit TOX | TOX=X1 !

linitial oxide thickness! | i i

lif non-zero ' ' E |

| 1 i i ]

9 1Enter time t1 (HH.MMSS)| t1l ! hit t=->TOX i TIME=tl |

ito obtain final oxide | H i TOX=X2 !

Ithickness X2(Angstroms) | | i E

i H i i i

10 iEnter final oxide 1 X2 ! hit TOX->t i TOX=X2 ]

i i i TIME=tl |

i i i H

i i i i

i | | i

i | i H




minutes)

CHEMICAL PREDEPOSITION MODELING
i H H i
STEP | INSTRUCTIONS i INPUT | FUNCTION i DISPLAY
s a e a
[] ] ] ]
i ' i i

1 i Initialize thermal ! i hit CLEAR i CLEAR
i cycle modeling (Dt=0) | 1 i
] ] ] ]

] ] ] ]

2 i Enter Dopant type i i hit BORON i BORON
i (Boron, Phosphorous, ' i hit PHOS i PHOSPHOROUS
|Arsenic) H i hit ARSENIC i ARSENIC
(] [] ) ]

] ] ] ]

3 i Enter temperature Tl i hit TEMP i TEMP=T1
i  (degree C) ' i i
] [) [] [}

] ] ] ]

4 i Enter surface concen-] Nss i hit DOPING i Nb=Nss
| tration Nss (cm-=3) i i i
[] ] ] ]

] ] ] [}

5 i Enter predeposition | tl 1 hit t->Q i  TEMP=T1
itime t1 (HH.MMSS) to i i i TIME=tl
lobtain final dose Ql i i i Q=Ql
i (em=2) i i i
i i i i

6 | Enter final dose Q1 | QL I hit Q->t i TEMP=T1
i (cm=-2) to obtain pre- | i i Q=CQl1
ideposition time tl i i i TIME=tl
v ( i i |
] ] ] ]

] ] ] )
] ] 1 ]
| ] ] ]
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CHEMICAL DRIVE-IN MODELING

ltration N2 (em-=3)

STEP | INSTRUCTIONS T INPUT | FUNCTION | DISPLAY
] ] ] []

i i i i
] ] | ]
i i i i

1 | Initialize thermal | | hit CLEAR | CLEAR
i cycle modeling (Dt=0)] H H
[} ] [] ]

] ] ] ]

2 i Enter Dopant type i i hit BORON |  BORON
| (Boron, Phosphorous, | | hit PHOS { PHOSPHOROUS
5 Arsenic) H i hit ARSENIC i ARSENIC

] ] ]
] ] [} )

3 i Enter temperature Tl | Tl i hit TEMP { TEMP=T1
i (degree C) ] i H
] ] | ]

] ] ] ]

y i Enter ambient condi- | i hit INERT it INERT AMBT.
ition (Inert, Dry, Wet, | i hit DRY ! DRY OXID
| steam) | | hit WET | WET OXID
| | | hit STEAM | STEAM OXID
] ] ] ]

] ] | ]

5 i (Optional) Enter oxide | X1 i hit TOX 1 TOX=X1
lthickness X1(Angstroms) | i i
] ] ] ]

] | ] ]

6 | (Optional)Enter silicon|{ nnn ! hit ORIENT { ORIENT=nnn
lorientation nnn if oxi-| ' i
ldation ambient is chose;] i i
[] ] ] ]

] ] ] ]

7 i Enter initial dose Q1 Q1 i hit DOSE i Q=Q1
i (em=2) i i i
i i i i

8 i Declare chemical H { hit NAT {UNIMPLANTED
! drive-in i i i
i i i i

9 | Enter drive-in time | tl i hit t->Ns i TEMP=T1
| (HH.MMSS) tl to obtain | i i  TIME=tl
isurface concentration | i i N(O)=Nso
iNso (cm-3) i i E
1 [] ]

] | } ]

10 i Enter background i N1 { hit DOPING i Nb=N1
ldoping concentration N1j ! i
i(em=3) for drive-in ' | i
itime calculation ' ' 1
] ] (] ]

] ) ] ]

11 i Declare chemical d H hit NAT 'UNIMPLANTED
[] [] [] ]

] ] ] ]

12 i Enter final junction | X2 d hit Xj->t i TEMP=T1
idepth X2 (um) to obtainj i I XJ=X2
ldrive-in time (HH.MMSS)| i i TIME=tl
land the surface concen- ' i N(O)=N2

[]

\ |
] ]
] ]
] !
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SOURCE/DRAIN DIFFUSION MODELING

iconcentration (cm-=3)

i | i i
STEP | INSTRUCTION i INPUT | FUNCTION i DISPLAY
s s s s
[} ] ] I
i i i i
1 | Initialize thermal | ! hit CLEAR |  CLEAK
icycle modeling (Dt=0) | ' 4
] ] [] ]
[ | | ]
2 | Enter Dopant type i i hit BORON ! BORON
i (Boron, Arsenic) | ! hit ARSENIC ! ARSENIC
1 [] ] ]
] ] ] 1
3 i Enter temperature i Tl i hit TEMP i  TEMP=T1
i (degree C) i i i
] (] ] [}
! ) ] I
4 i Enter initial dose | Ql i hit DOSE i Q=Cl
i Ql (cm-2) i i i
] | (] ]
1 | ] ]
5 i Enter drive-in time | tl i hit t->SD i TEMP=T1
itl (HH.MMSS) to obtain | : | TIME=tl
i junction depth (um), i i I XJ=X1
isheet resistance (ohms/| | i  RS=Rsl
isquare), and surface i H i CS=Csl
iconcentration (cm-3) | | |
] ] (] |
} ] | |
6 i Enter final junction | X1 i hit SD=->Xj i TEMP=T1
idepth (um) X1 to obtain| H I XJ=X1
idrive-in time (minutes)| i i TIME=tl
isheet resistance (ohms/| i i RS=zRsl
1square), and surface i i CS=Csl
i i
i i
] [}
! |

1
!
)
[}
] ]
| !
[} 1
| |




ION-IMPLANTED DIFFUSION MODELING
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NsO (cm-3)

STEP | TNSTRUCTIONS T INPUT | FUNCTION T DISPLAY
] ] ] []
z s s ;

1 ! Initialize thermal i i hit CLEAR i CLEAR
lcycle modeling (Dt=0) | i i
[] ] [} (]

] ] ] ]

2 i Enter Dopant type d i hit BORON i BORON
i (Boron, Phosphorous, ! i hit PHOS { PHOSPHOROQUS
iArsenic) i i hit ARSENIC i ARSENIC
] ] [] ]

] ] | ]

3 i Enter temperature Tl | Tl i hit TEMP i TEMP=T1
! (degree C) H H '

[] ] ] ]
] [} ] ]

4  {Enter Ambient condition] | hit INERT | INERT AMBT.
i(Inert,Dry,Wet,Steam) | 1 hit DRY i DRY OXID
| : | hit WET | WET OXID
H 5 E hit STEAM {STEAM OXID
(] ]

] L} [} ]

5 | (Optional)Enter initial} X1 ! hit TOX | TOX=X1
loxide thickness X1 i H !
| (Angstroms) i i '

] 1 ] ]
] 1 ] ]

6 | (Optional)Enter silicon| nnn i hit ORIENT i ORIENT=nnn
lorientation nnn if oxi-| i !
ldation ambient is chose| 1 !

i i i I

7 | (Optional)Enter partial} PPl /' hit %02 | 02/GAS=PP1
|pressure for %02/GAS | i |
!flow if oxidation g i |
!ambient is chosen ' i '
| [ ! ]

] | ] }

8 ! (Optional)Enter %HC1l/ | PP2 i hit %HC1 ! HCL=PP2
lGas flow if dry oxida- | H !
'tion ambient is chosen | i |
'with HCl as well ' i |
[} H ! ]
i i i i

9 iSpecify implantation i Ql i hit DOSE I Q=Q1
lcondition by entering | E1l i hit ENERGY i EO=El
jdose Q1 (cm-2) and i i |
lenergy E1 (KeV) i i i
! or d i i
|Specify implantation . Imaxl | hit Imax i IMAX-Imaxl
condition by entering | Rpl i hit Rp i RP=Rpl
| peak concentration i dRp i hit dRp i dRP=dRpl
iImaxl (cm-3), range Rpl| i !
| (Angstroms), straggle | i i
idRpl (Angstroms) i i |
i i i |

10 i Declare ion-implanted] i hit IMPLANT { IMPLANTED
! drive-in ] i i
i i i i

1 ! Enter drive-in time | tl i hit t->Ns ! TEMP=T1l
| (HH.MMSS) tl to obtain | i i TIME=tl
!surface concentration E § 3 N(O)=NsO
[] ] ]
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ION-IMPLANTED DIFFUSION MODELING

ltration N2 (em-3)

i H i '
STEP | INSTRUCTIONS i INPUT |  FUNCTION { DISPLAY
] ] ] ]
] ] ] }
i i i i
i i i i

12 i Enter background dop-| N1l i hit DOPING i Nb=N1
ling concentration N1 | ' i
i (em=3) for drive-in ' H |
icalculation d | i
] ] [] ]

! ] ] !

13 i Declare ion-implanted| i hit IMPLANT i IMPLANTED
i drive-in | i |
[] [] [] ]

] ! L} ]

14 i Enter final junction | X2 i hit Xj->t i TEMP=T1
idepth X2 (um) to obtain| i I XJd=X2
idrive-in time (HH.MMSS) | i i TIME=tl
1and the surface concen-| ' i N(O)=N2

] ] ]
l ! !
! ] [}
] ] ]
L} } [}




GENERAL CONCENTRATION PROFILE TO GAUSSIAN PROFILE MODELING

iconcentration Imaxl

| (em=3), range Rpl (Ang-
istroms), and straggle
idRpl (Angstroms)

H H i H
STEP | INSTRUCTIONS i INPUT | FUNCTION i DISPLAY
i s i |
] ] | !
1 i Perform Concentration| i i
iprofile modeling: : i i
iChemical drive-in or i i i
lIon-Implanted drive-in | i i
iprofiles i i |
i i i |
2 i Perform general con- | i XEQ ALPHA GAUSS | GAUSSIAN
ltration profile to i i ALPHA i IMAX=Imaxl
lgaussian profile con- | i i RP=Rpl
iversion to obtain peak | E | dRP=dRpl
] ]
| 5 |
' i i
] ] []
] ] ]
] ] ]
] [} ]
[} ! ]
! L} ]
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GAUSSIAN TO BOX PROFILE MODELING

1box profile conversion
ito obtain box doping
iconcentration height N2
i (cm=3) and box width

1 X1 (um)

NBX=N2
WBX=X1

i V i H
STEP | INSTRUCTIONS i INPUT | FUNCTION i  DISPLAY
] ) ] []
] (] ] ]
i i i i
i i i i
1 i Enter background dop-| N1 i hit DOPING 1 Nb=N1
iing concentration N1 | H i
i (em=-3) i i i
! ] ] ]
] ] ] [}
2 i Enter Peak concentra-{ Imaxl | hit Imax i IMAX=Imaxl
ition Imaxl (cm-3) i i i
] ] [] ]
] ] ] |
3 i Enter range Rpl i Rpl hit Rp i RP=Rpl
i (Angstroms) i i
] ] |
] ] [}
y i Enter straggle dRpl | dRpl hit dRp i dRP=dRpl
i  (Angstroms) i i
] [] |
[} ] |
5 i Perform gaussian to | hit BOX {BOX PROFILE
1 [}
1 ]
l i
i i
i i
i i
] |
] |
i i




SILICON VACANCY CONCENTRATION MODELING

i (degree C) to obtain
isilicon vacancy concen-
itration N2 (em-3)

1 i
STEP | INSTRUCTIONS i INPUT FUNCTION DISPLAY
] ]
; |
: :
1 i Enter background dop-} N1 hit DOPING Nb=N1
1ing concentration N1 i
E(cm-3) i
]
] ]
2 i Enter temperature T1 | Tl hit T->Siv SIV=N2
[}
i
i
i
i
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IMPURITY DIFFUSION COEFFICIENT MODELING

(
d
D

iffusion coefficient
Cl (cm="2/sec)

P | i 0
STEP | INSTRUCTIONS i INPUT | FUNCTION i  DISPLAY

[) ] ] ]
i i i |
] ] ] !
i i i i

1 | Enter dopnat type i i hit BORON i BORON
i (Boron, Phosphorous, | ! hit PHOS i PHOSPHOROUS
{Arsenic) i i hit ARSENIC i ARSENIC
] [} (] ]
) ] ] 1

2 i Enter background dop-i N1 H hit DOPING ! Nb=N1l
iing concentration N1 ' i i
i (em=3) i i i
i i i i

3 i Enter ambient condi- | ] hit INERT t INERT AMBT.
ition (Inert, Dry, Wet, | | hit DRY i DRY OXID
|steam) i i hit WET i WET OXID
i i : hit STEAM i STEAM OXID
] ] ] |
| ) ] [}

y i Perform oxidation i i i
icalculation if oxida- | i |
ition ambient is chose | i i
i i i {

5 i Enter temperature T1 | T1 i hit t->Di . TEMP=T1
i (degree C) to obtain ' i i DX=DCl
1 ] ] [}
: : : |
1 1 L} [}
] ] (] |
] ] ] [}
] ] [] |
] ] ] !




INTRINSIC CARRIER CONCENTRATION MODELING

H

STEP | INSTRUCTIONS INPUT FUNCTION DISPLAY
1
]
i
i

1 i Enter temperature Tl Tl hit T--ni TEMP=T1

! NI=N1

i (degree C) to obtain
tthe intrinsic carrier
iconcentration N1 (cm=3)
)

?

]

—— et e n - e G- o - e -
—— e e e cna e Gre - .- ]




CV PROFILE PARAMETER EXTRACTION MODELING

CFB=C3

H H H |
STEP | INSTRUCTIONS i INPUT | FUNCTION i  DISPLAY
] ] ] ]
| [} [} !
i i i i
i i i i

1 itEnter CV data to obtain}| i hit CV-DATA {AREA(CM+2)?
ibackground doping con- | ! i
icentration N1 (em-3), | H H
iflatband capacitance C3} i i
i (pF), and gate oxide X1} i i
| (Angstroms) ' ! !

] [) (] ]
[} ] ] [}

2 i Enter area of test i Al i hit R/S i CMAX (PF)?
lcapacitor in square i i i
icentimeters Al i i i
] [] (] []

] ] ] )

3 i Enter maximum capaci-| Cl i hit R/S i CMIN (PF)?
ltance Cl (pF) g i E
] ] ]

] ] ] !

y i Enter minimum capaci-; c2 i hit R/S i CV MEASURE
itance | | | TOX=X1
i i i i NB=N1
i i i i
[] ] [] |
] ] ] ]

i i i i




- > = - - - . - ——— ———— - - 5 - - = = - e e Gh e S G GEA e e GG e - e -

UNIMPLANTED N-IGFET VT PROFILE PARAMETER EXTRACTION MODELING

STEP

INSTRUCTIONS

INPUT

FUNCTION

DISPLAY

Enter gate oxide
thickness X2(Angstroms)

Declare unimplanted
N-IGFET

—— - - - e - - - - - -

Enter number of data
ipoints (Vth, Vsb) to
iobtain background dop-
1ing concentration N1
i (em=3), flatband volt=-
iage V1 (V), and least

isquares fit correlation

icoefficient RCC1l

]
]
i Enter number of Vth,
iVsb data points for
icalculation NN1

]

!

]

Enter first value for

ithreshold voltage VT1
icorresponding to its
iback bias voltage VSl

i1back bias voltage VS1
1 (V) corresponding to
ithe previous threshold
ivoltage value VT1

]
]
i User is prompted for
i further inputs until
irequired number of in-
iputs (NN1) are satis-
|fied Repeat steps #5-6

Enter first value for

- e e e e e e e e e e e e e e e e e e e e e m e . e e e - - mm - e - —— ———————— ————]

X2

NN1

VTl

VSl

hit

hit

hit

hit

hit

hit

TOX

NAT

Vt-DATA

R/S

ENTER

R/S

. e e - - e e —e - - - - —— - - - ———— - - - ———— - —— - —— ——————————————————— —— ]

TOX=X2

UNIMPLANTED

POINTS?

VTH, VSB?

VT1

VTH, VSB?

UNIMPLANTED
NB=N1
VFB=V1
R2=RCC1l
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IMPLANTED N-IGFET VT PROFILE PARAMETER EXTRACTION MODELING

STEP

T

INSTRUCTIONS

INPUT

FUNCTION

DISPLAY

Enter gate oxide
thickness X2(Angstroms)

Enter background
doping concentration
N1 (em-3)

[}
:
:
:
:
:
:
:
]
]
i
i
i
i Declare implanted

1 N=IGFET

]

]

i Enter Vth, Vsb data
ito obtain box doping
iconcentration height N2
i(em=3), box width X1

i (um), flatband voltage
iV1 (V), critical back
ibias voltage V6 (V),
1and least squares fit
icorrelation coefficient
iRCC1

[}

]

1 Enter first value for
ithreshold voltage VT1
icorresponding to its
Eback bias voltage VS1

]
| Enter first value for
1back bias voltage VS1

1 (V) corresponding to
ithe previous threshold
ivoltage value VTl

User is prompted for
i further inputs until
irequired number of in-
iputs are satisfied

| Repeat steps #5-6

e e e e e e e e e e e e e e e e e e e e e e e - e e e e e e e e e Ee ee e e G e - —e —-—e - -

>
N

=
[

VT1

VSl
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hit TOX

hit DOPING

hit IMPLANT

hit Vt-DATA

hit ENTER

hit R/S

L

TOX=X2

Nb=N1

IMPLANTED

VTH, VSB?

VT1

VTH, VSE?

IMPLANTELD
NBX=NZ
WBX=X1
VFB=V1
VC=Vo
K2=RCC1l




UNIMPLANTED N-IGFET THRESHOLD VOLTAGE MODELING

V2 (V) to obtain thres-
hold voltage V3 (V)

H i | i
STEP | INSTRUCTIONS i INPUT | FUNCTION i DISPLAY

] ] ] []
| ] ) ]
i i i i
i i i i

1 i Enter background dop-| N1 1 hit DOPING i Nb=N1
ling concentration N1 i i i
i (em=3) i i i
! | | i

2 i Enter Gate oxide i X2 H hit TOX i TOX=X2
ithickness X2(Angstroms)| i i
] ] ] ]
] | ] [}

3 i Enter flatband volt- | V1 H hit Vfb H VFB=V1
lage V1 (V) i i i
[} ] ] ]
[} [} ] [}

4 i Declare unimplanted | i hit NAT i UNIMPLANTED
i N=IGFET i i |
i i i i

5 i Enter substrate bias | V2 i hit Vsb=->Vth | VSB=V2
' i 1 H VTH=V3
i i i i
i i i i
] [] [} ]
[} ] ] ]

e - - - e Gm e e e G cr e e Gren e R e e TR e e R = - .-



IMPLANTED N-IGFET THRESHOLD VOLTAGE MODELING

e S e S G e Em mm v - —— - S e W e WG TR G A G AE e G Gy GRS GP e PP GRe W e W

v
h

old voltage V3 (V)

| ) H HE
STEP | INSTRUCTIONS i INPUT |  FUNCTION | DISPLAY

1 [] ) ]
] ] ] ]
i i : i
i H H i

1 i Enter background dop-; N1 i hit DOPING i Nb=N1
iing concentration N1 i H H
i (em=3) i i i
f i i i

2 i Enter Gate oxide i X2 i hit TOX 1 TOX=X2
ithickness X2(Angstroms) | ] H
| ] ] ]
] ] ] )

3 i Enter flatband volt- | V1 1 hit Vfb i VFB=V1
lage V1 (V) 1 i i
[] ] [] ]
] ] ] |

y i Enter box doping con-| N2 i hit Nbx i NBX=N2
icentration height N2 g i i
i (em=3) H i |
i i i i

5 i Enter box width X3 1 X3 i hit Wbx | WBX=X3
i Cum) 4 i i
i i H i

6 | Declare implanted d d |
IN=IGFET i H hit IMPLANT i IMPLANTED
(] ] ] 1
] ] ] ]

7 ! Enter substrate bias | V2 i hit Vsb=>Vth | VSB=Ve
i1V2 (V) to obtain thres-; H i VTH=V3
d i i i
i i i i
[] [] ] ]
] ] ] |




—— - - —— - e e E— e e S S R .- S S e e G- e GG G S SR WG G G o -

IMPLANTED N-IGFET THRESHOLD VOLTAGE SHIFT MODELING

thold voltage shift V4
i (V)

i H i i
STEP | INSTRUCTIONS i INPUT FUNCTION i DISPLAY
] [] ] ]
] ] ] |
i i i i
i i i i
1 i Enter background dop-| N1 i hit DOPING i Nb=N1
ling concentration N1 | i i
| (em=3) | | i
i i i i
2 i Enter Gate oxide | X2 ] hit TOX i TOX=X2
ithickness X2(Angstroms) | i i
] [] ] ]
1 ] ] ]
3 i Enter Peak concentra-| Imaxl | hit Imax i IMAX=Imaxl
ition Imaxl (em-3) ' i i
] ] ] ]
] ] ] ]
y | Enter range Rpl (Ang-{ Rpl i hit Rp i  RP=Rpl
|stroms) | i i
i i i i
5 i Enter straggle dRpl | dRpl | hit dRp !  dRP=dRpl
i (Angstroms) ! ! ;
] ] ] ]
1 i ] |
6 | Enter inversion i N2 ' hit Ninv ! NINV=N2
icharge density N2(em-2))| i i
i (typical N2=1E1l4) ' i i
] 1 [] ]
[} ] ] ]
7 i Enter substrate bias | V2 i  XEQ ALPHA dVT | VSB=V2
iV2 (V) to obtain thres-| i\ ALPHA i dVT=Vy
] ! ]
E E ]
i i i
i i i

e G- - ————— - - = — e e — e G GE e - G G S S - e - = -



IGFET CURRENT MODELING

tobtain drain to source
icurrent ID1 (amperes)

] ! T {
STEP | INSTRUCTIONS i INPUT | FUNCTION i DISPLAY
) [] [] []
i i : :
] ] ] ]
i H i i
1 ! Enter threshold volt-| V3 H hit Vth i VTH=V3
lage V3 (V) i i i
1 (] [] ]
] ] ] ]
2 i Enter gate to source | V5 i hit Vgs i VGS=V5
Evoltage V5 (V) d i i
1 [] (]
[] ] ] ]
3 i Enter Gate oxide H X2 i hit TOX ! TOX=X2
ithickness X2(Angstroms) | i i
(] ] [} ]
] ] ] ]
y i Enter mobility M1 | M1l i hit MOBILITY | U=Ml
I (cm®2/V¥*sec) i i i
(] (] ] )
] ] ] ]
5 ! Enter channel W/L ' WL1 ' hit W/L I W/L=WL1
idimensions WL1 H H i
(] ] (] []
] ] ] ]
6 ! Enter drain to source] Vé d hit Vds=>Ids | VDS=V6
lvoltage V6 (V) to i i i IDS=1IC1
] 1] ]
] ] ]
H i i
[] [] ]
] | ]
i i i

]
!
]
1




UNIMPLANTED N-IGFET SUBTHRESHOLD MODELING

T

iobtain the gate to
isource voltage (without
iflatband voltage)Vs (V)

i i i i
STEP | INSTRUCTIONS i INPUT | FUNCTION i DISPLAY
] ] ] ]
; | 2 |
| ! ] ]
i i i i
1 i Enter Gate oxide | X2 ' hit TOX H TOX=X2
ithickness X2(Angstroms)| | i
] i [] ]
[} [} ] [}
2 i Enter background dop-| N1 i hit DOPING | Nb=N1
iing concentration N1 ' i i
i (em=3) i i i
i i i i
3 i Enter substrate bias | V2 | hit Vsb i VSB=V2
ivoltage V2 (V) i i H
] [] [] ]
] ! ] ]
y i Declare unimplanted | i hit NAT i UNIMPLANTED
iN=IGFET i i i
] ] ] ]
! 1 [} [}
5 i Enter inversion charge| N2 1 hit Nv->Vgs | NINV=N2
ldensity N2 (cm=2) to i i i VGS=V5
] [] [}
1 ; !
L} ] !
] ] 1
| ] [}
i i i
[] ] ]
[} 1 1

e e Gl S e e e GRS e GG GG Gr e CEE G GG n e S GG e TR G - o -



IMPLANTED N-IGFET SUBTHRESHOLD MODELING

ito obtain the gate to
1source voltage (with-
iout flatband voltage)
V5 (V)

0 H H i
STEP | INSTRUCTIONS i INPUT | FUNCTION i [CISPLAY
] [) ] []
] ] ] [}
i ] i i
i i i i
1 i Enter Gate oxide | X2 ? hit TOX i TOX=X2
ithickness X2(Angstroms)| i i
] ] [] ]
] ] [} )
2 i Enter background dop-| N1 i hit DOPING I NB=N1l
iing concentration N1 ' H i
i (cm=3) i i i
i i i i
3 i Enter substrate bias | V2 d hit VSB i VSB=V2
ivoltage V2 (V) i i i
] ) (] ]
] ] ] [}
y i Enter Peak concentra-) Imaxl | hit Imax i IMAX=Imaxl
ition Imaxl (cm=3) ! : E
] ] '
1 1 ! ]
5 i Enter range Rpl ' ] !
| (Angstroms) i Rpl i hit Rp i RP=Rpl
] ] [] [}
[} ] ] |
6 | Enter straggle dRpl | dRpl | hit dRp ! dRP=dRF1l
i (Angstroms) i H 1
] ] ] [}
[} ] ] 1
7 i Declare implanted i H hit IMPLANT i IMPLANTEL
iN=IGFET H i i
[] ) ] [}
] ] 1 |
8 i Enter inversion i N2 i hit Nv=>Vgs i NINV=N2
icharge density N2(cm=2) | i i VGS=V5
] [} ]
] ] )
i i i
] ] [}
1 1 |
i i i
] | [}
] ] [}
] ] ]
] | [}
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PLOTTING INSTRUCTIONS

STEP

e

INSTRUCTIONS

INPUT

FUNCTION

DISPLAY

Connect printer to
calculator

Perform desired cal-
culation for plotting

Specify axis informa-
tion for plot limits

Enter name for desir-
ed calculation: NameO

Ids (Vds)--IDS

Vth (Vsb)--VTH

Tox (t)--OXIDE

N (x)==XN

Vg (Ninv)-=-VGNV

Siv (T)-=-SVT

Di (T)--TDF

ni (T)--TNI

- - —— S - e m e W —— ———— Gm e - S - - ]

Enter minimum y-value|
for desired calculation;
Outputs
Ids(Vds)--Ids (amperes)
Vth(Vsb)-=Vth (V)
Tox(t)--Tox (Angstroms)
N(x)--Log (Nx)
Vg(Ninv)--Vgs (V)
Siv(T)=--Log (Siv)

Di (T)=--Log (Di)
ni (T)=--Log (ni)

Enter maximum y-value|
for desired calculation|

Enter x-axis inter-
section with y-axis

Enter minumum x-value]
for desired calculation|

- G G e S PP G e S Cm e . e e G T EE e T GE . T e T e T - o G S TE e G S . Gm e W e > . - - - - - -

CONTINUED ON NEXT PAGE

NameO

Yminl

Ymaxl

X1

Xminl

e Em e Gr e S e R = e e T G e SR R Ch e SR G G - S m e Gm e G G R m e e e S R G . S e T W e e G e oo e - ——

hit PLOT

hit R/S

hit R/S

hit R/S

hit R/S

hit R/S

-
I
]
!
]
J
}
[}
!
!
]
|
!
[}
]
[
[}
|
]
|
!
!
!
!
!
|
]
1
]
[}
]
!
|
|
]
[}
[}
]
[}
!
1
!
'
]
[}
|
]
!
]
!
]
i
[}
}
[}
[}
|
1
[}
|
[}
!
[}
|
]
|
!
|
[}
|
]
]
[}
J
1
!
[}
[}
]
1
]
]
1
]
!
[}
]
]
]
]
[}
]
|
|

NAME?

YMIN?

YMAX?

AXIS?

X MIN?

X MAX?
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PLOTTING INSTRUCTIONS **®CONTINUATION¥**##

STEP

™

INSTRUCTIONS

INPUT

FUNCTION

DISPLAY

10

Enter maximum x-value|
i for desired calculation|
i Inputs

1Ids (Vds)--Vds (V)

iVth (Vsb)-=Vsb (V)

1Tox (t)--time (minutes)
IN (x)==x (um)

1Vg (Ninv)--Log (Ninv)
1Siv (T)=--T (degree C)
iDi (T)--T (degree C)
ini (T)--T (degree C)

Enter increment for
Xx-axis to begin plot-
ting procedure

Xmax1l

Xincl

hit R/S

hit R/S

T T M S S

X INC?




PLOTTING CAPABILITY

[Siv]
Tox
t T
OXIDATION SILICON VACANCY
CONCENTRATION
Dj nj

T T

DIFFUSION INTRINSIC CARRIER
COEFFICIENTS CONCENTRATION



PLOTTING CAPABILITY

N
(x) Vin
X Vsb
CONCENTRATION THRESHOLD
PROFILES VOLTAGE
Ninv Iys
Vags Vds
SUBTHRESHOLD IGFET CURRENT

BEHAVIOR
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bt Sy
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IGFET PROFILE EXAMPLE

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY

1 Clear oxide register hit QLEAR CLEAR

2 Select dry oxidation ambient hit DRY DRY 0OXID

3 Enter 1000°C as temperature 1000 hit TEMP TEMP=1000.0 (

4 Enter (100) Si orientation 100 hit ORIENT ORIENT=(100)

5 Enter final oxide thickness of| 400 hit TOX-»t TOX=400 A
400 A to compute time TIME=0.3332

6 Enter boron dopant type hit BORON BORON

7 Enter dose of 1.0E12 cm-2 1.0E12 hit DOSE Q=1.000E12

8 Enter energy of 120 KeV 120 hit ENERGY E0=120 KeV

9 Specify inert ambient hit INERT INERT AMBT.

10 Detlare ion-implanted drive-in hit IMPLANT IMPLANTED

1N Enter 1.0 hr as the drive-in 1.0 hit t-sNs TEMP=1000 C
time for Drive-in #1 to com- TIME=60 MIN
pute the surface concentration N(0)=2.459E1:

12 Enter distance of .6um from 0.6 hit X-sNx X=0.600 UM
surface to compute N(X) N(X)=3.760E1:

13 Enter impurity concentration 5E14 hit Nx-»X N(X)=5.000E1
of 5E14 to compute X X=0.708 UM

14 Enter 950°C as new temperature| 950 hit TEMP TEMP=950.0 C

15 Declare ion-implanted drive-in hit IMPLANT IMPLANTED

16 Enter 1 hr 30 min as the next 1.30 hit t—sNs TEMP=950 C
drive-in time to compute the TIME=90 MIN
surface concentration N(0)=4.285E1

17 Initiate plot for N(X) hit PLOT NAME ?

18 Enter "XN" as plot name XN hit R/S Y MIN ?

19 Enter 14 for Ymin 14 hit R/S Y MAX ?

20 Enter 17 for Ymax 17 hit R/S AXIS ?

21 Enter 14 for x-axis intersect 14 hit R/S X MIN ?

22 Enter Oum for Xmin 0.0 hit R/S X MAX ?

23 Enter 0.8um for Xmax 0.8 hit R/S X INC ?

24 Enter 0.1um as X-increment 0.1 hit R/S




ARSENIC
BORON
BOX

CLEAR
CV-DATA

DOPING
DOSE
dRp

DRY
ENERGY
ZHC1
Imax
IMPLANT
INERT
INIT

MOBILITY
NAT

Nbx
Ninv
Nx»X
NvoVgs
ORIENT
202

PHOS
PLOT

Qt
Rp
STEAM
T>01

TEMP
Tomi

TOX
TOX>t

tONs
t©Q

t2TOX

KEY SUMMARY

Used to specify arsenic as the type of dopant atom.

Used to specify boron as the type of dopant atom.

Used to calculate the box height (Nbx) and width (Wbx) for an
ion-implanted enhancement-mode IGFET.

Used to clear the oxide and Dt register contents.

Used to calculate Nb (cm-3),TOX (§), and Cfb (pF) for a

test capacitor given Cmax (pF),Cmin(pF), and capacitor area

in (cm-2).

Enter/View Nd-Na or Nb in cm-3.

Enter/View dose in cm-2.

Enter/View projected straggle in angstroms.

Used to specify a dry oxidation ambient condition.

Enter/View energy in KeV for a given implant species.
Enter/View the percent HCl used for dry oxidation.

Enter/View the gaussian peak concentration in cm-3.

Used to specify an implanted IGFET or implant conditionms.

Used to specify an inert ambient condition.

Places default values for process conditions into the
appropriate register locations.

Enter/View mobility in cml/volt*sec.

Used to specify an unimplanted IGFET or chemical predep or
drive-in conditionms.

Enter/View box profile height in em-3.

Enter/View inversion charge density in cm-3.

Enter the concentration in cm-3 to obtain the distance from the
silicon-silica interface in um.

Enter the inversion charge density in cm-3 to obtain the gate
to source voltage in volts for an IGFET.

Enter/View the silicon substrate orientation (100,111).
Enter/View the percent of 02/GAS flow used for oxidation conditioms.
Used to specify phosphorous as the type of dopant atom.

Used with the 82143A perpherial printer to produce plots for
N(X)-"4u"; Vth(Vsb)-"VTH"; TOX(t)-""OXIDE"; Siv(T)-"SVT"; Di(T)-"TDF";
ni(T)-"TNI"; Ids(Vds)-"1IDS"; and Vgs(Ninv)-'"'VGNV'.

Enter the dose in cm-2 with the time in HH.MMSS format displayed
for the chemical predeposition.

Enter/View the projected range in angstroms.

Used to specify a steam oxidation ambient condition.

Enter the temperature in °C to obtain the diffusion coefficient
in cm?/volt*sec.

Enter/View temperature in ©C.

Enter the temperature in 9C to obtain the intrinsic carrier
concentration in cm-3.

Enter/View oxide thickness in angstroms.

Enter oxide thickness in agnstroms to obtain the time in
HH.MMSS format.

Enter the time in HH.MMSS format to obtain the surface
concentration in cm-3.

Enter the time in HH.MMSS format to obtain charge in cm-2 for the
chemical predeposition.

Enter the time in HH.MMSS format to obtain the oxide thickness
in angstroms.



t>sDh

T)Siv

Vds
Vds>Ids

\'23.)

Vgs

Vsb
Vsb>Vth
Vt-DATA
Vth
Wbx
WET

W/L
XONx

X3>SD

Xj>t

dvT
EF
IXQ

PRPLOTP
RNG

IMP

Enter the time in HH.MMSS format to obtain Xj in um,Rs in ohms
per square, and surface concentration in cm-3 for a source/drain
diffusion (inert ambient conditions only).

Enter temperature in ©C to obtain the total silicon vacancy
concentration in cm-3.

Enter/View the drain to source voltage in volts.

Enter Vds in volts to obtain the drain to source current for an
enhancement-mode IGFET.

Enter/View the flatband voltage in volts.

Enter/View the gate to source voltage in volts.

Enter/View the source to bulk voltage in volts.

Enter the source to bulk voltage in volts to obtain the threshold
voltage in volts.

User is prompted for (Vth,Vsb) to determine the curve-fitted
profile parameters for the Vsb Vth key.

Enter/View the threshold voltage in volts.

Enter/View the box profile width in um.

Used to specify a wet oxidation ambient condition.

Enter/View the width to lenght aspect ratio for an IGFET.

Enter the distance from the silicon-silica interface in um to
obtain the concentration in cm-3.

Enter the junction depth in um to obtain the time in the HH.MMSS
format for high dose drive-in (source/drain) diffusions (inert
ambient conditlons only).

Enter the junction depth in um to obtain the time in the HH.MMSS
format for low dose drive-in diffusions.

BUILT-IN FUNCTIONS

Calculates the threshold shift for an implanted IGFET assuming a
guassian concentration profile.

Calculates the error function (erf) value for the input in the
X-Register.

Calculates the charge for a gaussian concentration profile given Rp,
dRp,Imax entered via the keyboard.

Programmable version of PRPLOT (see printer owner's manual).
Calculates the range data (Rp,dRp) for a gaussian profile given
dopant type and energy entered via the keyboard.

Calculates Imax,Rp,dRp for a guassian profile given
dopant type and dose,energy entered via the keyboard.



REGISTER

00
01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

CONTENTS

SIGx,Cmax
SIGx2,Cmin
SIGy,Na*
SIGy2,Cfb
SIGsy,AREA
n

r2

mi

alpha

al,b

a0, Wbx*
points

T(K)
Q(cm-2)
t(sec)

Dt (cm)
Rp-Tox (cm)
dRp (cm)
Tox (cm)
Xox (cm)
ni (em-3)
D (cm2/sec)
EO (KeV)
Imax (cm-3)
r

ZHC1
Nd-Na,Nb
B=-~1,P=0,As=1
GAMMA

Cl (dry)

E1l (dry)

C2 (dry)

E2 (dry)

x0 (dry)

REGISTER ALLOCATION

REGISTER

34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67

CONTENTS

Cl (wet)

El (wet)

C2 (wet)

E2 (wet)

x0 (wet)

Cl (steam)
El (steam)
C2 (steam)
E2 (steam)
x0 (steam)

B (cm2/sec)
B/A (cm/sec)
A (cm)

Tau (sec)
1.68

m0

ml

Vgs

Deltai
X2,Deltau,cntr
psii,psi
psiu,psi*
Vesb,xi-1

a

Vsb

Vth

V£b

Wbx (cm)

Nbx (em-3)
Dx=-1,Wx=0,Sx=1
02/6GAS

A (0AD), Y/X
(siv)t
(siv)i,(Siv)t

REGISTER

68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

CONTENTS

Beta
"OEDn”
Ninv
Eg(eV)

n (cm-3)
Xj (um)

Cs (em-3)
Rs (ohm/sa)
h (elect.)
N(x)

x*
xi,scratch
scratch
SIG(x)
segreg. coeff.
Al

A2

A3

X

t*

psiix*
psiu*
x1l,delvth
m

F(W)

W

F(X1)
F(X2),1Ids
F(X3),W/L
Lb (cm)

u (cm2/v*sec)
Vds



FLAG

00
01
02
03
04
05
06
07
08
09
10

FLAG ALLOCATION

IMPLANT
OXID AMBIENT

(100)

ENTER: Rp,dRp,Imax

S/D DIFFUSION

CHEMICAL PREDEP
02/GAS#1

ZHC120

HEAVILY DOPED OXID
MULTIPLE THERMAL CYCLES
NO AVIEW

0

NAT/CHEMICAL

INERT AMBIENT
(111)

ENTER: Q,EO

LOW DOSE DIFFUSION
CHEMCIAL DRIVE-IN
02/GAS=1

ZHC1=0

LIGHTLY DOPED OXID
NO PREVIOUS CYCLES
AVIEW



I.

II.

III.

PRIDE MODELING EQUATIONS

PROCESS MODELING

A.

D.

E.

OXIDATION:
OXIDE GROWTH EQUATIONS
DEFAULT OXIDATION COEFFICIENT VALUES
HC1 OXIDATION MODIFICATION FOR DRY OXIDATION
HEAVILY-DOPED OXIDATIOI
DIFFUSICN COEFFICIENTS:
INERT AMBIENT CONDITIONS
OXIDATION ENHANCED DIFFUSIOHN
CHEMICAL DEPOSITION FROFILES
CHEMICAL PREDZPOSITION PROFILE
CHEMICAL DRIVE-IN PROFILE
ION-IMPLAKTATION PROFILES:
INITIAL PROFILE DEFINITION
RANGE COEFFICIENTS
LOW-DOSE INERT AMBIENT DRIVE-IN PROFILE
LOW-DOSE OXIDIZING AMBIENT DRIVE-IN PROFILE
HIGH-DOSE INERT AMBIENT DRIVE-IN PROFILES
ARSENIC IMFURITY PROFILES
BORON IMPURITY PROFILES
OFTIMIZATION FOR PROFILE JUNCTION DEPTH

DEVICE MODZLING

A.
B.
c.
D.

E.

THRESHOLD SHIFT CALCULATICN
INVERSIOlN CHARGE CALCULATION
GAUSSTAN TO BOX PROFILE DETERMINATION
THRESHOLD VOLTAGE CALCULATION
UNIMPLANTED IGFET
IMPLANTED IGFET
IGFET CURRENT CALCULATION

PROFILE PARAMETER EXTRACTION ROUTINES

A.
Bl

CV DATA PROFILE PARAMETERS
UNIMPLANTED IGFET Vth PROFILE PARAFETEZRS

C. IMPLARTED IGFET Vth PROFILE PARAMETZRS



PRCCESS MODZLING: OXIDATION

OXIDE GROWTH EQUATIOQIS:

B = C1*PO,*EXP(-E1/KT)

B/A = C2*PO_*EXP(~E2/KT)

TOX = A/2*@4B(t+T)/A%1 -1)
t = A%/uB*((210X/A*1)%-1) - T

T = Xxi*(Xi+A)/B

DEFAULT OXTDATION COEFFICIENT VALUES:

c1(em?/szc *C2(cm/sez) E1(eV) 2(eV)
DRY 2.1L44E-9 0.173 1.230 2.000
WET 5.9402-10 2.490 0.710 2.000
STEA 1.070E-9 4,530 0.780 2.050

#Values for (111) Orientation where C2(100)=C2(111)/1.680
*HC1 OXIDATION MODIFICATION FOR DRY OXIDATIOM:

T'= T/c3
(B/A)* = cu=(B/a)
B' = B*CS*EXP(CE*ZHC1)

ErP(°C) ¢3(100) c3(111) c4(100) ch4(111) C5 c6

900,00 4,00 3.00 2.0800 1.7798 1.0266 0.0676
1000.0 1.75 1.75 1.6351 1.3064 1.6380 0.0508
1100.0 2.25 2.25 2.1860 2.1064 1.3067 0.0471

*The above coefficients were fitted for HCl greater than one percent

HEAVILY-DOPED OXTIDATION:

E = G0 - A(T /Tet2e)

%, s LIV Sz 47364 elfk

7o SUplewyte g - womie]
2 ¢ (305 x)p ¢ em-’)T% exp (—.503‘5//&7)



roor oy
Ve - (_7_’)&4/0 (w-.a} )
N KT
i (2] o (25)

VA - (!_,7]1) &x/a//s- )

VO ._.(S'x/o‘&(m-g) %/0("3.0/62 "/0‘//7)

PROCESS FODELING: DIFFUSION COEFFICIZENTS

INEZRT AMBIENT COXDITIONS:

he be fOatle) 12 J{(Wardle) 12207 r]
S’ 064£ -3&?"’ "27/) -Vo{e

DB’ o03;£f‘grcf f/d‘) ?25—39“/

- £ [2¢s c"’}ff /2 ,We”’///wz -”’"/




OXIDATION ENHANCED DIFFUSION:

OEDO: SUPREM VERSION

Dt - §\ x (26"2 we(z.oezrz xm“) {"Dg

'r\$ : 57.2 10"  <ioo>
23.3r 10t <>

\Di;}s = Dag
'D‘i: : éh?bf (DRY)
3-3Df (wer)

OEDL: PLESSEY VZRSION

D; = Dp + 2Dy

aDg - CANs exp2.39[4£T) <1067  pRY
/.5%/0"::410 (-2.30/4£T) <oy  HRY

< 3.9x/07¢ 4470(-2.22 /L7) < /11> DLY
2.5k/0"3 M/,/—z. ¢5/kT) <1007  wer

Wz 4»/0‘(/770 (-2.28 /47) <11ty  WET

40p- 3'?"/"‘{*170('1?5&7) <1007 R
oD [ Fet07 gy (231 /K47) <100> Dy



PROCESS MODELING: CHEMICAL DEFOSTTICH PROFILES:

CHEMICAL PREDEPOSITION PROFILE:

NOE) = M/c(/%-z)
Q- 2/.5”._.;‘[’5 - _7/_:?2
Yp0.*

M/Q(u) = /'4%/«)

x~ J90t »7’4" [Wixe)je ]
o/f‘/«ﬁj-g - (/-a/zm)‘/'

CH=MICAL DRIVE-IN PROFILZ:

A//X,é)’ _é_ ,(4,/) -_;_k_t)
7Dt Yot

X< |9t b/ @, _L )

‘\/ (/V/L,f) /z?Tt-)

£Y %o & )"
4D Na{T ot




PROCESS MODELING: ION IMPLANTATION PROFTLES

INITTAL PROFILE DEFINITION:

NG <+ Taar /’//A’J’J;a,z "70(_ (7—‘___'%_)2)
2442
228 T G T5Y) +4
) x

RANGE COEFFICIENTS:

/
20(KeV) £, = - Tox
Rp,drp(&) ( P 4’ )
BORON: Rp=52. 2629%£0" 9% dRp=53.421 6#£0° 5010
PHOSPHOROUS:  Rp=12.73612+g0t - 9% dRp=7. 60u60*E0" 5287
ARSENIC: Rp=10.93590%g0" 5638 dRp=13. 03030%g0" 3038

LOW-DOSE INERT AMBIENT DRIVE-IN PROFILE:

Nle)- N lxt)e /[_n. (x,¢)* ﬂ/-‘k,t)]

2

Ve Zunsl 28

A §ot + Yeko® 20¢

T [Z- & (ragrgreegy)
¢ v - 8) - a_e;/

YDbQiMy 20



a(yt)s yp- (2-6)° # af [Ho v ){

H1rr)0¢ o (212, )}

,7/4) * ,// - wy/('_zl/_’_w')ﬁ

Ot = 2 Dty

r b
2l e J’%{/f ) )¢ f\/f;)

10W-DOSZ OXIDIZI!'G AMBITHT DRIVE-IN PROFTLE:

Wiz, ¢)s /\//?‘*-47'x )i (7, ¢)
/V,/Z, /94'76 Z*-‘/x)

j‘é{ /4&)/43 K~ 7Y

/4' = IepDZva& ;:n[alﬁx)é)-.ﬁ-(‘v‘ﬁ»,f)F
(/rr) 86y /5Dt
= 'y /o x

e pr il [Nlime)]

b A R R AR

11"AJ-




fl

(t; - 99755 - .kt {/

6’0&(2 7/,4/5 20

/§= /=™ B !
2m ¢t r AY98

W= (1126 sp(-51e/ /1T) <iuy
27-05)—!44,0("-76 et//Lf) L/00?

Mo = 10
Mg = /0

HIGH-DOSE INERT AMBIENT DRIVE-IN PROFILES:

ARSENIC IMPURITY PRCFILES:

W)+ & fr- e3¢ = 457
/= 2 (7(': Dz.f/%‘)-f

Do o= /2 ¢4 (‘%0-(“//@')
2= {-¢7 + (750 "/oY(A//X)/Q')>i .(W'Jz'é)
Yy

o




b = Y60/ 0e)
Koo 2(00t/m)h te/og) (1)

£ 2 [
G\t

BORO!! TMPURITY PROFTLES:

A//X,é)‘ 2 ;/— é,/xaz/:{

Xr‘ = 2.50/¢s

Ry = 2.78%0'%/( A
)qi- = 2 '/f((fs D: f{,/%) h
Cs= rorf (@ /000) ™

/)j* = VP2 ”f(— %O/SSx/v"/f)
EA
v ¥ (1= W6/)

x= 200 (1- HB) /%
( (s

£+ W (_,g’)
Gor \ 2



PROCZSS MOJELING: CURVE FITTZD PARAMMSIERS FOR ION [MPLANTATION PROFILSS

LOW=DOSE INSAT AMBIENT DRIVE-IN PROFILL:

U ~ x=£ 4, = Ko+ rx

~NIoE(TFY b2 L0y
4« -(208) U« Ko rx

ot (1477 64 VZTT7Y

é’[ll) = _Yy %p_/-' /T
i - Wf(‘%{‘/i‘)'

Py = U e~ [/“'f({")— 4/,5’“1//,«.«1/;/,_)
2 2
Ys - 8"";/%) - e % glu)

Solve for the new range (Rp‘) by iteration using:

2 s 4-=0
/Y7=

Determine the new value for Iéax :

Ty = V[ (o) b aC8)

Calculate the new value for the straggle Qaﬁp‘):

08" < [901vr) pt 2t 27 i (Be- £o")

.606$3IZ¢“



PROFILE PARAMETER EXTRACTION ROUTINES

CV_DATA PROFILE PARAMETZRS:

Tox * on A fluer
/%‘H' yﬂféc//& o)( fs; me —-I)

60x Cﬂ A

Cfb s[/)—(foz/nx ésc)(/ét 65‘//1/47 )"i (.«,444

UNTMPLANTED IGFXT Vth FROFILE PARAMETERS:

-2

PROCEDURE:

1. Assume the following functional form for Vth:
v
Vew = s B (Vog+ o) "

2. Iterate using the above equation to solve for Nb until all of the
following equations are mutually satisfied for the same value of lib.

Alsr wéax//—ox>z/.2; &
@ = 24T 4, s
_/ i

Veb = - &so

IMPLANTED IGFET Vth YROFILE PARAMETERS:

PROCEDURE:

1. Note: There must be at least four values for Vth such that the channel
depletion width lies within the ion-implanted region (Vsb<'c).

2. Perform a least squares fit to the first three data points using:

V= o */goG/SA"?)?V

3. For each additional (vth,Vsb) input, compute the first order slope
using the previous data values for (Vth,Vsb):

» - Viwe = Ve,
(ac+.?)™ - (oo +. 9%




b,

10.

If the difference between m and Bo is greater than 30% then the last
values indicate the channel depletion width extends past the ion-implanted

ragion. (Vsb>Ve)
o
/3

Perform a least squares fit for all data points (i=0 to j-1) that lie
within the box region:

Von =« + f(lhsr.2)*
Ney - /!‘&m"/zi X

04:6 - £ ’4;%;
@34 = Zé"f/» A,/)ﬁ

Determine the value for tkg box profile width (Wbx) by using the two
data points that lie outside the box (i=j and j+*1). Outside the box,
Vth is given by:

Solve for Vfo:

d

V= Vo1 o + ;(/t/%'l/d)‘év/ép 24 6/1/4(%4 f@,-ﬁ&_—/_f;)k/‘,f >
Cox <

For an initial guess for Wbx, assume Vsbj is the breakpoint voltage

(ve). /
Wax ’/—?és(l/s{j f,;j) *
f/%x

Use the last data point to observe charge conservation by determining
the correct Wbx by iteration to match the data value to the first order
equation:

Mxt-rl s -éz l‘/,/',./ -\Vey-d, —/Z,i_é,_;a (l/“/.“ * Yo
?/'%"’1[‘) ¢ Lo
- bt )
26&
Solve for the breakpoint voltage (Vc):

U = 54/3)6&14; _ AT A NE
2 & -{ 9¢



I.

PROCESS MODELING

Al.

A2.

AB.

Ab.
Bl.

B2.

B3.

B4,

c1.
Di.

D2.

D3.

Deal et. al., "General Relationship for the Thermal OUxidation of
Silicon," J. Appl. Fhysics, 36, Dec 1965, pg 3770.

Deal et. al., Thermal Oxidation and Chemical Vapor Deposition of
Insulators, pp. 1-39 (to be published).

Ho et. al., "Si/si0O_ Interface Oxidation Kinetics: A Physical
Model for the Inful%nce of High Substrate Doping Levels--Parts I
and II," J. Electrochem. Soc., Sept 1979, pg 1516 and pg 1523.

Ho, personal conversation concerning HCl curve-fitted data.

Fair, "Recent Advances in Implantation and Diffusion Modeling for
the Design and Process Control of Bipolar ICs," Proc. of the Third
International 3Symp. on Silicon Materials Science and Technologv,
The Electrochem. Soc., 77-2, May 1977, pg 9638.

Grove, Physics and Technology of Semiconductor Devices, Wiley and
Sons, 1967.

Antoniadis et. al., "Boron in Near-Intrinsic (100) and (111) Silicen
under Inert and Oxidizing Ambients--Diffusicn and Segregation,"
J. Electrochem. Soc., 125, May 1980, pg 813.

Hill, "Measurement of Local Diffusion Coefficients in Planar Device
Structures," Proc. of the Fourth International Symp. on Silicon

Materials Science and Technologzy, The S£lectrochem. Soc., 1651
zto be published5.

Grove, see (B2).

Gibbons, "Ilon-Implantation in Semiconductors-Part I, Range Distribute-
ions Theory and Experiment," Proc. IEZZ, 56, March 1968, pg 295.

Lee, "Two-Dimensional Impurity Diffusion Studies: Process Models
and Test Structures for Low=-Concentration Boron Diffusion," Technical
Report iHo. G201-8, Stanford University, Aug 1930.

Fair, "Frofile Estimation of High-Concentration Arsenic Diffusion
in silicon," J. Appl. Physics, 43, ifarch 1972, pg 1278.

Fair, "Boron Diffusion in Silicon-Concentration and Orientatiaen
Dependence Background =ffects and Frofile Estimation,” J. Electrochen.

Soc., June 1975, pg 800.



II. DEVICE MODELING

Al. Brews, "Threshold Shifts Due to Nonuniform Doping Profiles in Surface
Channel MOSFETs," IEET Trans. Electron Devices, 26, Nov 1979, pg 1696.

O1. Wang, “Device Characteristics of Short-Channel and Narrow-Width
MOSFETs," IEEE Trans. Electron Devices, 25, July 1978, pg 779.

F1. Grove, see (B2).

IIT. PROFILE PARAMSTER EXTRACTION ROUTINES

Al. Sze,Phvsics of Semiconductors.




KEY ASSIGNMENTS FOR ROM ID 21

T 11
QT -11
™ 12
THNX -12
TS0 13
S0T -13
XN 14
NX ~-14
TTY 1S
TRT -15
T 21
JFE -72
Tk 22
sB -73
DS 23
vT -74
EG 24
Hex -61
WL -21
DG 25
NEX 61
HC =33
Br -23
P -24
RP =21
AS =25
drpP -22
Ly 81
Iy -32
My 71
02 -34
3] -39
INIT -71
ET -44
INT 32
B -62
VTH -53
NUG -64
DX 32
UGS -82
vos -323
10S -34
W 34
NMAT -42
EHH -43
PLOT -41
S¥ 35
ST -92
TDF -53
TNI -54
BUIIL.D FILE: SUPREMI
HERDERP=PRIDE
11 brtes used
4062 brtes left
FILE=TX

2 bytes used
4017 bvtes lett

FILE=PLNT
XXX WAFNIMG: XROM 29,14
39 bytes usad

3972 brtes left

FILE=FP

5S4 bvtes used
3924 brytes left
FILE=dRF
55 bvytes used
3SA2 byvtes letft
FILE=1
£A brtes used
3802 brtes le¢t
FILE=LRBY¥
S5 brtes ussd
3752 brtes left
FILE=INIT
193 bvtes uszed
35602 brtes lett
FILE=TTY
222 bytes used
33252 bytes lett
FILE=TOX
189 bvtes used
3167 bytes left
FILE=HD
27 brtes used
307€ bytes left
FILE=HCL

¥¥X WRRMING:

SHORT FORM GOTO

~ LABEL & OUT OF PRNGE
t¥% WARNING: SHORT FORM GOTO
LAEEL 4 OUT DF PANGE

X¥¥ WARARNING:

LABEL
224 by

SHORT FORM GOTO

6 OQUT OF RANGE

tee ysed

2252 brtes lett

FILE=DEDA
91 by

tes used

2761 bytes left

FILE=0ED!

¥X¥ WRARNING:

LABEL

Xk WARHING:

LABEL

¥¥kk WNARNIMNG:

LABEL

¥%X WRARNING:

LREBEL

¥¥k WRRFNING:

LRABEL
205 by
2558 b

FILE=DS

7
1
FILE=TD§ ‘
16@4 b

i v
9% b

SHORT FQRM GOTO
1 0QUT OF RANGE
SHORT FORM SOTN
2 O0OUT OF RHNISE
SHORT FORM 350TO
2 QUT OF PANGE
SHORT FOKRM GOTO
2 NUT 0OF RANGE
SHORT FORM GOTO
2 QUT OF RANGE

tes uyzed
vtez lett
tes used
vies left

bvtes us2d

vytes left



bvytes used
brtes lett

A )
W gy
0

FILE
by tes used
brtes lett

u
m
~M4 -

DO

D -
0

FILE=TQ
162 brtes used
926 bytez left

FILE=RNG
162 bytes used
7?64 bytes lett

FILE=0DF
287 brtes ussd
557 bytes lett

FILE=SEG
T3 bytes used
424 byrtez lef?

FILE=TH
161 by tes used
227 brtezs lett

FILE=KEYASHN
323 bytes wus=d
1=¢

BUILD FILE: SUPREMZ

FILE=THX
t¥x WARNING: SHORT FORM GOTO

LAEEL 1 OQUT OF PANGE
¥E¥ WARHMING: SHORT FORM GOTO
LRBEL & 0OUT OF RANGE

447 bytes used
3632 bytes leoft

FILE=TTXY
16S brtes used
3522 brtes lett

FILE=EB0O%
204 brtes used
3324 bytes lett

FILE=RODT®
149 bvtes used

FILE=FI
287 by tes used
21383 brtes left

FILE=NUG
338 bvtes used
1857 bytes left
FILE=YTH
tx%x WARNING: SHORT FORM GOTO
LABEL @ OUT OF RHANGE

254 by tes uced
1592 brtez left

FILE=UL
254 byrtecs ussd
134S brtes lett
FILE=¥H
¥¥x WARNING: SHORT FORM GOTND
LABEL @ OULT OF PANGE
k% WARNING: SHORT FORM GOTO
LABEL B OUT OF RANGE
27e bytes used
1062 bytes letft
FILE=CP
171 bvtes used
892 brtes left
FILE=HX
¥¥% MARNIMG: SHORT FORM S0TQ
LAEEL A OQUT 0OF PRANGE
%% HWARNING: SHORT FORM GOTOQ
LABEL 9@ 12UT OF RANGE
¥ WRARNING: SHORT FORM GOTO
LABEL A QUT OF RANGE
305 bytes used
592 bytezs left
FILE=RCL

263 brtes used
239 bytes left

FILE='~;’N
241 by tes use
89 byrtes le=

FILE=ZUT
€6 bytes uzed
2 bytes le=ft

217S byrtes 1ottt

FILE=T
73 brtes used
2102 bytes l=¢t

FILE=QVIDE
33 bvtes used
3062 bytes lett

FILE=EF
42 brtes used
3025 bytes lett

FILE=PSIIY
5556 bytes used
24792 bytes left

CHECKSUUM FOR ROM ID 21 = 4309
CHECKSUM FOP RPOM ID 31 2 1681
BUILD COMPLETED

=
18:17:32 RUGUST & 1991
OLORD: SUPFEM1
MEMORY: 1
SUPPEM] IN EMULARTOR MEMORY 1
18:18:57 RUGUST € 1991
DLOAD: SLIFREM2
MEMORY: 2
SUFFEM2 IN EMULATOR MEMQRY 2




CATALOG OF ROM 1D 21

HERDER :

PRIDE

AS
DF
oG
0sS
O
EG
ENH
ET
HC
HCL
HD
INIT
INT
NAT
NBX
MI

0

02
0EDw
QED1
P
PLOT
aT
RNG
RP
SOT
SEG
sV
S¥
TOF
TN
TNI
T0X
TQ
TS0
TTX
™
TXT
VFe
VGNY
ve
VSB
uT
WBX
WX
dRP

CATALONG OF ROM 1D

Ao
ACL
BCL
BOX
eF

cP
C¥
DELI%
DELU
DELVT
EF

FF

FP

Fl

GM
103
1EF
1MP
X
1%0
IXV
LB

M@
Mak
M1
M1k
NVG
NV
NX
OXIDE
PF
PSI1%
PSIL
R
ROOTH
SG
SuUT

T
THX
TTXE
yy
VoS
Vi3
uT
UTH
vl
WL,
¥N
dvT



/_

g1eLBL DS ENTER / VIEW

FS2C 22 STO 13 _ &/
%EQ vo* SF ed em-1)
g7eLBL °¥0°
%-mmpwwﬁ VIEW g
vIEW RIN (em-2)
/

I30LBL CECT o, ENTER V16w
F$? 22 CF 83 757~ .
s1022 SF 89 TR £p (KeV)
FIX @ ARCL 22 7
AVIEW RTN

250LBL B . ENTER NMIEW
Fec 22 o10 24 7 #8 D0PING
SF 88 Nb=r i { Cm-3)
ARCL 26 AviEw “7*

o rd

350LBL “INT* /NEeT
cFo1 CF22 kEY
<INERT ANBT,® W/I%#

RTN ;

L ——————
41oLBL *D¥ ory oxip ™
WLEL -Dy-
sF a1 -1 st h? CF 2 Key

“RY OXID= AYIFH AN |
f

490LBL “HX"
sFel 8 S0k} "Zrﬁz
“WET OX1D* AYITW

S70LBL *SX° .
cral 1 skt OF :%H
-GTERN Ox1D- WY IFH

s S

gSeLBL "P*
o sto 2 CF /2
-pHoSPHOROUS®  HYIT

RTN
L ——————

208 BS”
{ sT0 27 CF ¢
eaRSENIC avIiH RN

79eBL €T
cF o6 cF ez (P AL
cFe9 @ s 1Y caRe
s10 19 cF 20 “CF

Fe? 18 Aview RN

9I0LBL “HI*
Fp22 sto MIR2 |
Fsoc 22 oF Wi ML '
QRCL 25 -hx* AVIEW
RTH

1840L8L “02°
F§2C 22 G0 W
STs 64 GTO W2

“Wsr ox/ ’
KEY

sTEAm 0 XD
Rey

“ProSPioLoUS
Ky

“BsenNIC”
Key

C. AL’
Ke‘y

ENTER /) ew

%N /oaS

f18eLBL 81
SF 96 STO 64

113eLBL 92

FIX 1 *+02/GRS=*
ARCL 64 ~°F% AVIEW
.81 STs 64 RTH

l EnrerMew
% 9, ,/’é;lq S

|

-

122¢LBL °V35B*

FS?C 22 ST0 58 FIX3
*¥SB=" ARCL 58 °F ¥°
AVIER RTN

TR Jyru)
Veb (v)

131eLBL “¥T"

FS2C 22 ST0 59 FIX 3
*VTH=" RARCL 59 ° V¥°
AVIEW RTN

ENTER ViEW
Vew (v)

1494LBL “¥FB"

FS?C 22 STD 58 FIX 3
*VFB=" ARCL 58 °F ¥°
AYVIEW RTN

ENTER ) 7EW)
VEb (v)

149¢LBL “NBX"

FS?2C 22 ST0 62 SCI 3
*NBX=" ARCL 62 AVYIEMW
RTN

ENTER [Vrén)
Nhx (twr- 3)

157eLBL “NAT®

CF 99 (F 22
"UNIMPLANTED" AVIEW
RTH

“UMIMPLANTED
(NAT)
XEY

163¢LBL “ENH°
SF 88 CF 22
*IMPLANTED" AVIEW RTN

“IMPLANTED"
KEY

169+LBL “NI*

-7918.56 RCL 12 7 EMX
3.9 El6 s ENTERt

RCL 12 ENTERt 1.5 Y
s ST0 28 CF 22 RN

Dy (T)
(ea-3)

185¢LBL °S¥*

RCL 12 636 + 1/X
ENTERt RCL 12 Xt2 ¢
“4.73E-4 s 117 ¢+
STQ 71 -5 = .44 ¢
8.62 E-5 s RCL 12 /
EtX RCL 72 = RCL 29
/7 1 + ST067 .55
RCL 71 - 8.52 E-5 /
RCL 12 7 EfX ENTER?t
RCL 72 ENTERt RCL 20
7 X2 & ST+ 67 =35
RCL71 s .13 ¢

8.62 €-5 + RCL 12 7/
EtX PCL 20 ¢ RCL 72
s ST+ 67 -38152

RCL 12 + EtX SE2 ¢
STs 67 CF 22 RTN

Siv(T)
(em-3)

CoMPVTES
S/cicon
vACANCY

| CoNCENTRA Tor




LOW=D0SS OKLIDIZING AMBIENT DAIVE-IN PrOFILE:

Y, = JuTox—-@p Uy Rov rlxreTe)
Wlellbé?(’/lLﬁ’) 4 ‘;o (‘;Z 4_;2,_) A

ﬂ3=' ’_/Y*-Lrox*'z'oL ‘//y" !}9""/7*“7;“)
JYEt (1+¢) 44, (2+2-)%

Hr= x+o276x
2 15t

-4, Wk
P 24e s (1eafiy) -y e (/w/%)//

2
jﬁ/p)-f’”’z - }/1/7)6'(/‘

Pe
- ‘/;5 /”> %/-xzy/( ‘/L/r)f

Solve for the new range ( Rp ) by iteration using:

Y *+&Tox - '/"70é%(&/*ﬁ;)}1=0

Calculate the new value for the straggle (A:{n’ ):

/

44'-‘7/6///*:-)0&%412’ ) el -1 - 4
60653 Tnay,

Calculate the new Im;x and effective charge (4'):
/ ,———“

Q * 07 ma,); - 4 @0

JMW - M. £p ’)



The error function is approximated by the following expression:

L
Assume that: ﬂ ‘7/0V-I
Es; = 1.0366 %10 R [ feuc

Cop = 34T 210783 I7ea

3. Having solved for W, calculate/égf:

plhr= [Whate + W+ L Ne Jytu)]

4. TIterate for /(Pu

ﬁ@Sl{‘H %1/{8 # 2&/‘/8 A /&_/!-N) /\/AJA‘(/./

_, /3
&' = (B - 1)} 7z

5. Galculate the threshold shift in volts:

ﬁa‘/r Bt - Ba) + 4{"1‘4~)

DEVICE MODELING: INVERSTON CHARGE CALCULATION

PROCZDURE:

1. Perform steps 1-3 (above) for an ion-implanted IGFET or step & for an'
unimplanted IGFET.

2. Calculate the Vgs needed to maintain the specified value for Ninv:

Noad & + ad
3?;’ A



DEVICE MODELING: GAUSSIAN TO BOX FROFILE DETERMINATION

bx (R A S Trnen W)+ K
N;v/'(mrm, (Br /z,o/fr:,:@a)),b/(/é

“/Lx

refbet)

N(xv) pir)

— \L/ STEP PROFILE




DEVICE MODELING: THRESHOLD VOLTAGE CALCULATION

UNIMPLANTED IGFET:

Vn/ . M—‘af W;,i 27&5/‘”!“44*@5.)/@
@o" 2_@_7.& A_/..

IMPLANTED TGFET:

Viw = Ve + &5 *@AI\/ﬁ/l/xﬂﬁo)/&m K&‘Vc

Vet @ "'fé/&\‘/‘é)%ﬂ/&;
: !
+ -%é%\/s(%e f‘&o"jwfxvgs’i/‘éx) %a 2‘{

%=;A_/{)_<_&4§, G Bo * 27 An Ny
26 77 73

D=VICE MODELING: IGFET CURRENT CALCULATION

Icl.s’/a@_k/ ((/gr- l/rd-,f\éj) %; Vos <V£r-t/m
A

Ll /l/;; t/nr)l Vis 2 Vis-Vin
2L



EE——

235¢LBL °TNI*

ST0 2 °TEMP=" FIX 1
ARCL 2 ~“F C- FC? 18
AVIEN 272 + STO 12
¥EQ °NI- SCI 3 TOME 9
*NI=" ARCL 28 FC? 18
AVIEW CF 22 RCL 20
LOG RTN END

81eLBL “DF°

RCL 27 X(@? GTO 0@
X)8? GT0 A1 -42459.4
RCL 12 7 EtX 3.85 =
ST0 21 -46483.71

RCL 12 7 EtE 4.44 =
RCL 72 & RCL 20 /
ST+ 21 -59695.85

RCL 12 7 Et% 44.2 =
ENTERt RCL 72 ENTERt
RCL 28 7 X12 =

ST+ 21 RCL 76 ST+ 21
GT0 82

42¢LEL @8
-40139.21 RCL 12 7
EtX .837 s RCL76 #
ST0 21 -4@139.21
RCL 12 7 Et% .72 ¢
RCL 28 * RCL 72 /
ST+ 21 GTO 82

64eLBL A1
-39907.19 RCL 12 ~/
EtX .866 * RCL 76 *
ST0 21 -46983.7%
RCL 12 7 EtX 24 =
RCL 72 = RCL 20 ~/
ST+ 21

85eLBL 82
FS? 81 XEQ IND 63
RCL 2L RCL 14 =
ST+ 15 CF 22 RTN END

N

|

@1eLBL “HCL®

1 RCL 25 X{=Y? GT0 86
1173 STO Y RCL 12
X=Y? GT0 81 1273

ST0 Y. RCL 12 X=Y?

GT0 82 1373 STO Y

RCL 12 X=Y? GT0 @3
GTO 84

22¢L8L 01
RCL 25 .8676 s EX
1.8266 ST# 44 FS? 82
GT0 85 3 ST/ 47
1.7798 ST+ 45 GT0 86

3 7= 0 ("7'1) “
Key

Qompu7es
DIFFUSsIon]
COEFFILIENTS

HCP
MOD/F(ChpTIONS
FOR pp 7
OX/DA4 710N

J6eLBL 8S
4 ST/ &
GT0 85

2.8% ST 45

42¢18L 82
RCL 25 .8588 & EtX
1.638 & ST+ 44 1.75

STz 47 1.6351 FS? 82
ST+ 45 1.3864 FC? 82
STs 45 GT0 85
S9¢LBL 82
RCL 25 .8471 s EX
1.3867 & ST+ 44 2,25
STz 47 2.1868 FS? 82
STs 45 2.1064 FC? 82
ST+ 45 GTO 8¢
76¢LBL 04
BEEP “INYALID TEMP®
AYIEW PSE
°FOR HCL FIT= AVIEW
83eLEL 86
RTN END
81¢LBL “HD"
XEQ *NI* RCL 20 Xt2 4

* ENTERt RCL 26 Xt2
+ SORT RCL 26 + 2 /
ST0 72 XEQ@ =S¥ RCL 67
STO 66 RCL 28 ST0 72
XEQ °S¥- -12761.82

RCL 12 7 EtZ 2.6 E3

-# ENTERt RCL 65

ENTERt RCL 47 7
ENTERt 1 - = | ¢
ST¢ 45 CF 22 RTN END

@1eLBL °INIT"
* INITIALIZE"
ZREG 80 CF 22
2.144 E-9 STO 29
14269.14 ST0 38 .173
ST0 31 23221.86 STO 32
2 E-6 STO 33 S5.94 E-10
ST0 34 8236.66 STO 35
2.49 ST0 35 23291.86
ST0 37 @ ST0 38
1.87 E-9 STO 39
9948.72 STO 49 4.53
STO 41 23781.9 STO 42
@ STO 43 1.68 STO 43
*0ED@° ASTO 69 1 El4
ST0 78 SF 82 CF 86
CF 97 CFo3 CF 18
°sssPRIDEssss" AVIEN
BEEP RTN END

AVIEN

|

HEAYIL Y~
Do/ ED
SVESTATE
MOOIFICRTION)
PR 0X/)DE
CALCVLATION

JNITIRL ) 2
K€Y



81eLBL “0°
ST0 2 FC2C 22 GTD 81
CF 82 RCLZ 168 -
X=0? SF @82

11eLBL @1

109 STO 66 111 FC? 82
STO 66 °ORIENT=("
FIX 8 ARCL 66 “F>°
AYIEW RTN END

81eLBL -0EDE"
RCL 27 X<8? GT0 @9
X)8? GT0 83 RCL 63
%(8? GT0 8! 3.3
STs 21 GT0 82

13¢L8L 81
1.8 STs 21 GT0 83

17¢LBL 89
3.3 E-7 FS?2 82 7.2 E-7
ST0 66 RCL 14 X=8?
GT0 83 26232 RCL 12 /
EtX RCL 66 = ENTERt
RCL 14 ENTERt -.2 Y44
s | ¢+ STs 2l

40eLBL 82
CF 22 RTN END

8l1eLBL “OEDi"
RCL 27 X(8? GTO 98
%)8? GT0 A1 RCL 63
X)8? GT0 82 X=@?
GT0 62 FC? 82 GTO 82
-27726.22 RCL 12 /
Bt J.7E-5 & ST+ 2
GT0 82

224LBL 89
RCL 63 X<@? GTO 83
FC? 82 GT) @4
-33862.65 RCL 12 /
EtX 7.5E-3 s ST+ 2
610 82

J6eLBL 04
-26458.12 RCL 12 /
EtX 1.6 E-5 s ST+ 21
GT0 42

45+LBL 83

FC? 82 GTO 85
-27146.17 RCL 12 7
EtX 4.1E-5 s ST+ 21
GT0 82

J6eLBL 85

=25754.06 RCL 12 7
ceY 2QCKk 2 ST+ 21

e —————E———

i
|
'
)

ENTER fn €
S/Zic on
OR) ENTH TION

O.£.D
MOD/FcH T?ON
BASED on
J?LJIDA?AEZ1

(DeppuLy
VALVES)

OIE-‘ b.

Mo 1F1CH T

BASED o)
L. A

(P €35€7)

(_ oP 770N #c
VALVES)

65eLBL 01
RCL 63 X>@? GTO @2
X=8? GT0 82 FC? @82
GTO 82 -27144.17
RCL 12 7 EtX 19 E-6
¢ ST+ 21

86eLBL 82
CF 22 RTH END

81eLBL °PLOT"
SF 18 XROM °PRPLOT®
CF 18 RTN

"ProT
LEY

864LBL “VCHY*
18¢X  XEQ “KVG* RTN
END

lvsep 7o
PLo7r V4s

81eLBL "TO"
XEQ “YW- CF 81
XEQ °NI* RCL 28 STO 72
1 ST0 76 XEQ °DF*
RCL IS SGRT RCL 26 =
1.128 s ST0 13 SF 85
CF 88 CF 84 TOHE 3
XEQ °Y@* RTH

\’r?' .4527<§ﬁv&.3L)

l’é__’ Q 7,
KeY
Cremrest
| PRDEP)

23eLBL -6T°
ST0 13 FI¥ @ RCL 12
ST0 66 273 ST- 66
*TEMP== RARCL 66 °+ C*
AVIEN PSE XEQ "VQ°
CF 88 CF @1 XEQ °NI*
RCL 28 STo 72 1
STO 76 XEQ °*DF* RCL 13
RCL 26 7 Xt2 PI s 4
s/ RCL 21 7 68 /
ST0 14 FIX @ TONE 9
°TIME=" APRCL 14
°F MIN® 68 STs 14
RCL 14 RCL 21 =
ST0 1S AYIEW CF 22
RTN END

o N tE "

keq

| CHeMIche
FPREDEP)

81eLBL °RNG*
RCL 27 X=47 GTD 81
X(8? GT0 A2 RCL 22
ENTERt .8638 Y4X
10.959 €-8 s RCL 18 -
STO 16 RCL 22 ENTERt
.8038 YtX 3.8303 E-8
s ST0 17 GTO 83

24oLBL 01
RCL 22 12.3612 E-8
RCL 18 - STO 16
RCL 22 ENTERt .8287
Y1X 7.6845 E-€ o

PPA 4 ATA A™

| c;a,uﬁ V7€S
4
yxf/f/g /%‘,

, (245€D
X onN <SS

THDRY)



39¢LBL 82
RCL 22 ENTERt .8989
Y#X 52.2629 E-3 ¢
RCL 18 - STO 1o
RCL 22 ENTERt .361
Y% S53.4216 E-8 =
S10 17

SeeLBL 03
CF 22 RTN END

@1eLBL °RP*
ST0 2 FS?C 22 GT0 81
1 E8 ST+ 16 GTO 82

8g+LBL 81
RCL Z STO 16 SF @3

12¢LBL 82
FIX 2 °RP== ARCL 16
*F A* AYIEW 1 E-8
STs 16 RTN END

81eLBL =SIT"
CFAal STO7: FIX @
RCL 12 STO 66 273
ST- 66 °TEMP=" ARCL 66
°F C* AYIENW PSE “XJ=*
FIX 3 ARCL 73 =k UN®
AVIEW SF A4 XEQ °NI®
RCL 27 X<8? GTO 81
-4.693 E4 ENTER?
RCL 12 7 EtZ 12 +
ST0 21 RCL 73 2E4 /
ENTERt 3 Y$X RCL 29
« RCL21 7 RCL13 ~/
STO 14 RCL 21 =* 1/%
ENTERt RCL 13 Xt2 =
RCL 28 * ENTER?
«33333333 YHE .94 =
STO 74 RCL 28 RCL 21
7 RCL 14 7 ENTER?
J1111 Y4R 1.7 E18
s ENTERt RCL 13
ENTERt -.7777773 YHX
s STO 75 RCL28 8 /
RCL 74 +» RCL 21 /
RCL 14 7 S@RT STO 65
GT0 82

89eLBL 81

-40139 RCL 12 7 E¥X
.72 s STD 21 RCL 13
RCL 73 7 2.5E4
STO 74 RCL 77 Xt2
6E8 7 RCL 20 o

RCL 74 + RCL 21 /
STO 14 2.78 E21 RCL 74
s RCL73 7 STO?S

ENTER / v/l
£p (A)

|
f
|
| P
| X §= ¢

1 /éfe?jr
PR
SovLee/d84/
DIFFYS/oS

[,9'—959)

120+LBL 82

RCL 14 RCL 21 =

ST0 1S 68 ST/ 14

FIX 8 TONE 9 ~°TIME="
ARCL 14 “F MIN= AVIEN
60 STs 14 PSE PSE
TONE 9 FIX I °RS=*
ARCL 75 AVIEW PSE PSE
TONE 9 SCI 3 ~°CS=*
ARCL 74 AVIEW CF 2
RTN END

@1eLBL °SEG"
RCL 27 X(B? GTO @9 18
ST0 82 GTO 4!

88¢LBL #é
FC? 82 GT0 82
-11136.89 RCL 12 ~/
EtX 2208 & STO 82
GTO 81

19¢LBL 82
-18556.84 RCL 12 /
EtX 1126 & STO 82

27+LBL 81
RTH .END

81eLBL “TDF"
ENTERt STO 2 ~TEMP=*
FIX 2 ARCL Z FC? 10
AYVIEW RCL 2 273 +
STO 12 XEQ °NI* RCL 26
2 7/ RCL 28 s Xt2 1
+ SERT 1/X RCL 26 =
2 7 RCL28 7 RBS 1
+ ST0 76 RCL 27 X>8?
GT0 81 X=4? GTO 82
*dB=" GT0 83

414LBL 81
*DAS=* GTO @3

44eLBL 62
-Dp=+

46¢LBL 83
RCL 20 Xt2 4 =
ENTERt RCL 26 Xt2 +
SRT RCL 26 + 2 /
ST0 72 XEQ@ "DF* SCI 3
ARCL 21 TONE 9 FC? 18
RVIEN CF 22 RCL 21
LOG RTN END

81eLBL “TN"
XEQ “YH* CF 84 SF 89
CF 88 RCL 15 X=9?
CF 89 XEQ °NI* RCL 29
ST0 72 1 ST0 78
XEQ °DF* FS? 88 GTO @l

MnC OR 0N AN ~ATA NF

ComPYTeES
| SE8RECH TIoN)
COEFFICIENTS

_"'7_'> o .
Kcy
Compures

D)FFUS/on)
Co &FFi1CI 0T,




22¢LBL 85
FC? 81 G6T0 @6 RCL 14
3609 ¢ HMS XEQ °TTX"

J9eLBL 86
RCL 18 RCL 19 - .44

s Xt2 -4 7 RCL IS /
EtX RCL 13 s STO 77
PF ENTERt RCL 15
SQRT ST/ 77 GTO 88

S2¢LBL 82
RCL 18 STD 19 RCL 15
PI & S@RT 1% RCL 13
s ST0 77 GT0 68

64eLBL 01
FS? 83 GT0 83 FC? @9
XEQ °RNG®

69¢LEL 02
FC? 81 XEQ °CP~ FS? 81
XEQ °FP*

T4eLBL 90

TONE 9 SCI 3 °N(@)=°
ARCL 77 AYIEW CF 22
RTN END

81eLBL “TOX"
RCL 63 X»3? GTO 81
X(9? GT0 82 RCL 33
CHS RCL 12 / EfX
RCL 34 s STD 44
RCL 37 CHS RCL 12 ~
EtX RCL 36 * STO0 45
RCL 18 X>8? GT0 83
RCL 38 STO 18 GT0 83

29¢+LBL 81
RCL 49 CHS RCL 12 ~/
EtX RCL 39 & STO 44
RCL 42 CHS RCL 12 /
EtX RCL 41 * STO 45
RCL 18 X7 GT0 82
RCL 43 STO 13 GTO @3

S2eLBL 82

RCL 38 CHS RCL 12 /
EtY RCL 29 s STO 44
RCL 32 CHS RCL 12 /
EtX RCL 31 s ST0 45
RCL 18 ¥>8? GT0 83
RCL 33 STO 13

74¢LBL 82

1 FS? 86 RCL 64
STs 44 STs 45 |
FS? 82 RCL 43 ST/ 45
FS? 88 XEQ "HD* RCL 44
RCL 45 / STO 46

AR oA . " AT -

| Zops
Fol

| Chemicsc

ok T *

" DAIVE-IN
PRoL/LES

} CompPVres
. OXsDA71oN

Co EFFICIENTS

(8.4, T)

RCL 44 / STO0 47
RCL 63 X>8? GTO 85
X=0? GT0 85 FS? 87
XEQ °HCL® RCL 44
RCL 45 7 STO 46

188eLBL 85
CF 22 FIX1 RTH END

81eLBL °TSD*
CF 81 XEQ “Yu*
XEQ °NI- SF 84 RCL 27
X(8? GTO0 61 -4.692 E4
ENTERt RCL 12 7 EtX
12 & STO 21 RCL 14
ST+ 15 RCL 13 RCL 15
s RCL 20 / ENTERt
«J3333333 YR 2 E4 ¢
ST0 73 RCL 13 ¥%t2
RCL 28 & RCL 15 ~
ENTERt .33333333 YHX
.94 s ST0 74 RCL 28
RCL 15 7 ENTER?
L1 Y2 1.7 El8
s ENTERt RCL 13
ENTERt -.77777778 Y#X
¢ STO75 RCL28 8 /
RCL 74 7 RCLIS /
SORT STO €5 GTO 82

68¢LEL 81

-40139 RCL 12 7 EMX
.72 % STD 21 RCL 14
* ST+ 15 RCL 12 Xt2
RCL 28 s RCL IS5 /
ENTERt .33337333 Y#X
1.014 & STO 74 /%
RCL 13 & 2.5E4 =
ST0 73 RCL 74 = X
2,78 E21 ¢ ST0 75

183¢LBL 82

TONE 9 FIX 3 *XJ=°
ARCL 73k UM" ARVIEN
PSE PSE TONE 9. °RS=°
ARCL 75 AVIEW PSE PSE
SCI 3 TONE 9 ~-CS="
ARCL 74 AVIEW CF 22
RTH END

81eLBL “TTX"
HR ENTERt €8 =
ST0 14 FIX @ °TIME=*
ARCL 14 “°+ MIN® FC? 18
AVIEN 68 STs 14
XEQ °TOX* RCL 14
RCL 47 + 4 s RCL 44
s ENTERt RCL 46 Xt2
/7 1 ¢ SMT | -
RCL 46 s 2 E-8 /
ST0 18 CF A¢ CF 87
TONE 9 °TOX=* ARCL 18
°F R* FC? 18 AVIEW

o "
B el )

6

FokL

; Sovece/

. DRAIN
DIFFUSIDNS

(¢=5sb)

e e e  am—



S1eLBL °TXT*

ST0 19 FIX 1 °TOX=*
ARCL 19 °F A~ AVIEN

1 E-8 STs 19 XEQ °TOX*
RCL 19 2 & RCL 46 /
1 ¢ Xt2 1 - ENTERt
REL 46 Xt2 « 4 /
RCL 44 7/ RCL 47 -
3688 + HANS STO 14
FIX 4 °TIME=" ARCL 14
CF 86 CF 87 TOME 9
RCL 14 HR 3688 «

ST0 14 RCL 19 ST0 18
AVIEW RTN EHD

81eLBL °TX"
ST0 2 FS?C 22 GT0 81
1 E8 ST» 18 GTOQ 82

83+LBL 81
RCL Z STO 18

11eLBL 82
*TOX=" FIX 2 ARCL 18
*HA* 1 E-8 ST* 18
AYIEN RTN EHD

81eLBL “WBX"
ST0 2 FS?C 22 GTO 61
1 E4 STs 61 GTO 82

88+LBL 01
RCL Z STC 61

11eLBL 82
“WBX=" FIX 3 ARCL 61
*F UN* 1 E-4 STs 6l
AVIEN RTN END

81eLBL “dRP*
ST0 Z FS?C 22 GT0 81
1 E8 STs 17 GTO @2

88¢LEL 01
RCL Z STO 17 SF 83

12¢L8L 82
FIX 2 “dRP=" ARCL 17
*F A* AVIEW 1 E-8
STs 17 RTN END

B1eLBL *PSII#*

RCL 93 XEQ °CX* 1/X
RCL 26 * LN RCL 58 ¢+
1 ¢+ ST0 54 RCL 93
RCL 97 + Xt2 2 7/
ST+ 54 48 ST/ 54 RWN

h:7r;;< —¢
£y

ENTER V)
Tox (A)

en7ee Ve

lﬂ/l:x é:A(rn )

ENTER V12

ahp ()

ComPVTES
‘?;%ZZ‘ i

23eLBL “PSIU"
3.7043 E-5 RCL 32 =
RCL 78 s RCL 18 =
RCL 57 + S70 89
1.8522 €-5 PRCL 78 =
RCL 18 s RCL 57 ~/
Xt2 RCL 89 + LN
ST0 89 RCL 26 1.45 El1@
/7 LN 2 s ST+ 89
RCL 58 4& s ST+ 89
49 ST/ 89 RWM

|
Conpl7es

(24}‘{ e;*/

]

60¢LBL "DELI#+"
RCL 93 RCL 97 /
RCL 49 + ENHTERt 2
SQRT s ST0 52 RTN

ConPITES

bR /’LV‘)
|

724LBL °DELU-
RCLSS 40 = | -
SGRT STO 53 RTN

t!th‘f}’g’?’&?j;

81eLBL “R@-
RCL 18 RCL 97 ~/
4,2426 & STO 57 RN

CompPV7ES
a

89eLBL °LB"
1.6197 €S RCL 26 7
SQRT STO 97 RTN

96eLBL ~DELYT"
RCL 54 RCL 35 - 48 +
STO 98 RCL 52 RCL 33
- RCL 57 s+ RCL 98 +
49 s ST0 98 RTN

1140LBL “MOs"

RCL 93 RCL 16 -

RCL 17 /7 ENTERt 2
SQRT 7 XEQ °EF"

ST0 49 RCL 16 RCL 17

/s ENTERt 2 SQRT -/
XEQ °EF+ ST+ 49 RCL 13
RCL 26 + RCL 97 7 2
7 ST+ 49 RTH

1440LBL “Nls-

RCL 93 RCL 18 -

RCL 17 /7 ENTERt 2
SORT ~ Xt2 CHS EX
ST0 58 RCL 15 RCL 17
7 ENTERt 2 SO@RT /
¥t2 CHS EtX ST- 58
RCL 13 RCL 17 =

RCL 26 7 ENTERt

RCL 97 Xt2 s -.3989
* ST+ 58 RCL 16

RCL 97 7 RCL 49 =
ST+ 58 RTN

1880LBL *CX*
ENTERt RCL 16 -
REL 17 7/ Xt2 =2 /.

Compures
4B

CompuUres
sVy

C!¢>4419L)71§:r
e (W)

e

| Qompv7e
(W)

lomPV7ES
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203eLBL “IMP-

CF 83 XEQ °RNG"

XEQ °IX" XEQ °IXY" PSE
XEQ °RP° PSE XEQ “dPP*
TONE 9 RTN

214LBL “M8°

RCL 16 RCL 17 ~/
ENTERt 2 SORT ~/

XEQ °"EF- 1 + RCL 13
s 2 / RCL 26 7/

RTL 97 / ST0D 49 RN

235eLBL “M1*

RCL 16 RCL 17 7 Xf2
-2 7 Et% STO 58

RCL 16 RCL 17 /

ENTERt 2 SGRT 7

XEQ °EF 1 + 1/X

RCL 17 s RCL 97 /
ENTERt 2 ENTERt PI /
SQRT & STs 58 RCL 16
RCL 97 + ST+ 5@

RCL 49 ST+ 58 RTN END

81eLBL “BCL"
XEQ °SEG" RCL 46 Xt2
4 7 RCL 44 / RCL 14
+ 1/% RCL 44 s SQRT
STO 68 RCL 82 -.44 =
1 ¢+ 2 7 ROLS /
ST+ 68 RTN

274LBL “ACL®
RCL 18 PCL 19 - .44
¢ 2 / ENTERt RCL 21
ENTERt RCL 14 = SQRT
7 XEQ °EF* CHS 1 +
RCL 68 = STO 33

RCL 18 RCL 19 - .44

s Xt2 -4 s/ RCL 2t /
RCL 14 / EtY ENTERt
RCL 21 ENTERt PI
ENTERt RCL 14 ~/ SORT
s ST+ 85 RCL 18
RCL 19 - .44 =
ST0 78 XEQ °SG°
ST0 84 -1 STs 78
XEQ °SG* RCL 81 ST+ 84
RCL 28 STs 84 RCL 18
RCL 19 - .44 = 2 7/
RCL 14 7 ENTERt

RCL 24 ENTERt 1 + 7/
RCL 68 + ST+ 84

RCL 18 RCL 19 - .44

¢ ST0 78 XEOQ °SG*

RCL 81 ST0 83 -

STs 78 XEQ °SG- RCL 8!
ST- 83 RCL 24 RCL 16

s RCL21 s RCL23 =

RCL 81

co,# P7ES
"‘E* ‘!;9/ 49159
FeR /Afﬁm/r

Compires

RCL 17 7 STs 83

RCL 21 RCL14 = 8 ¢
SGRT ST/ 83 RCL 24 1
+ ENTERt 1.5 Y#X

ST/ 83 RCL 83 RCL 84
- RCL 85 7 STD 65
RTH END

LomV7es

y:

(‘—’016 oOX/D.
\:75!&!. DENVE-IN

81eLBL “BOX"

*B0X PROFILE® AVIEW
RCL 23 RCL 26 7 LN 2
s ENTERt RCL 17 Xt2
& SORT RCL 16 +
STO 61 RCL 16 RCL 17
7 ENTERt 2 SQRT /
XEQ °EF* STO 62 RCL 61
RCL 16 - RCL 17 /
ENTERt 2 S@RT ~
XEQ °EF" ENTERt RCL 62
+ RCL 23 s RCL 17 =
RCL 61 ~/ ENTERt PI
ENTERt 2 /7 SORT s
RCL 26 + ST0 62 SCI 3
“NBX=" ARCL 62 TONE 9
AYIER PSE PSE FIX 3

1 E4 ST+ 61 °NEX="
ARCL 61 <k UM~ 1 E4
STz 61 TONE 9 RVIEN
CF 22 RTN

75¢LBL =d¥T"
FS2C 22 ST0 58 FIX 3

“ySB== ARCL 58 °F ¥
FC? 10 AVIEW XEQ “I¥Q-
XEQ *YTe= FIX 3 ~dyT=*
ARCL 98" F V= TONE 9
Compu7es FC? 18 AVIEN RTH END
e 91eLBL °T-
D, ST0 2 FS2C 22 GT0 81
ox ~ 273 ST- 12 GT0 82
AMB. DRIVE /N
88eLBL 91
RCL Z STO 12
110LBL 82
“TEMP== FIX | ARCL 12
b C* AVIEW 273
ST+ 12 RN
200LBL *BR"

-1 §T0 27 CF 22
*BORON® AYIER RTN END

81+LBL °CP°
XEQ °IX" XEQ °R"
XEQ “GM- @ STO 78
XEQ °PF* RCL 18 STO 19

CoMPITES
| /Véx, Wix
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|\ AVSS) AN
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GNTER Ny
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Et—

11eLBL “PF*
-1 ST+ 76 XEQ °SG*
RCL 81 STO 77 -1
STs 78 XE@ °SG- RCL 81
ST+ 77 RCL 28 ST* 77
RTN

25¢LBL °FP*
RCL 18 STO 19 RCL 14
%08 < HMS XE@ °TTX-
XEQ *BCL- XEQ °GM"
XEQ °IX* XEQ °R-
%EQ °ACL® RCL 18
RCL 19 - .44 =
ST0 78 XEQ "FF* RTH

46eLBL °FF*

XEQ °PF= RCL 21 RCL 14
s SORT 2 & 1/%
ENTERt RCL 72 =
XEQ °EF* CHS 1 ¢

RCL 65 = ST+ 77 RTH
END

81eLBL “EF"
STO 79 X2 ENTERt -4

a0t IR o 3 2 ol X [ i A
\mE Sy g

SRT ST0 88 - RCL 79
%07 GT0 81 -1 ST+ 98

20+LBL o1
RCL 88 RTN END

81eLBL “FN-
XEQ “MBs- XEB -Mls®
XEQ °DELI*= RCL 93
RCL 97 7 X2 2 7 1
+ ST0 92 RCL 5@
ST+ 92 RCL 93 XEQ °Ci*
17% RCL 26 =* LN
ENTERt RCL S8 ENTER?t
49 + - ST+ 92 RCL 26
1.45E18 7 LN 2 ¢
ST- 92 1.8522 E-5

RCL 78 & RCL 18 =
RCL 57 s Xt2 S10 55
3.7043 E-5 RCL 78 =
RCL 52 » RCL 18 +#
RCL S7 + RCLSS + LN
ST- 92 RCL 92 RTN

60eLBL “¥Te"
XEQ °LB- XEQ -A@"
RCL 26 1.45 E18 /7 LN
20 / RCL 58 ¢+

1.2958 E7 s RCL 26 7
SORT STO 53 STO 93
XEQ °IX@* RCL 23
1.45E19 7 LN 20
RCL S8 + 1.2953 E7 =*
RCL 23 + SQRT STO 96
XEQ °ROOTs- XEQ °PSIIs

| Compy7E

N{x)
; (éa/eazii' AME)

COMPUTE
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AME

Compv7e
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EXLLOL
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PRoFILE

180+LBL 89

¥EQ °DELU® XE@ -PSIU®
RCL 89 RCL 55 - ABS
ST0Y 1E4 X7

GTO 81 RCL 89 STO 33
GT0 68

114¢LBL 01
XEQ °DELYT® RTH END

81eLBL “YW"
HR ENTERt 60 =
ST0 14 FIX @ RCL 12
ST0 66 273 ST- 66
“TENP=" ARCL 66 °F C"
AYIEW PSE “°TIME="
ARCL 14 <k MIN- RYIEW
68 ST+ 14 RTN

24eLBL “IEF"
CHS 1 + Xt2 CHS 1
+ LN PI & -4 /
SQRT RTN

39eLBL -SG*
RIL24 1 + 2 & SQRT
RCL 17 * 1/X ENTERt
RCL 24 ENTERt RCL 78
* ENTERt RCL 16 + *
XEQ "EF- 1 + ST0 81
RCL 78 RCL 15 - X12
-4 7 RCL IS 7/ ENTERt
1 ENTERt RCL 24 + /
EtX ST 81 RTN

|
ENTER Tme
| (HH. M55 )
AND Vrew
7EMP (oc)
AND TIimE
(miv)

CompuTE
.,4532(2: "'1/74‘)

Compu7e
0 (x)

i
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79¢LBL °IX*
FS? 83 XEQ ~IXQ-
RCL 16 RCL 17 ~/
ENTERt 2 SQRT /
XEQ °EF- 1 + 1/¥
RCL 13 & RCL 17
ENTERt 2 ENTERt PI /
SART ¢ ST0 23 RTN

106¢LBL “GH-

RCL 17 Xt2 4 =
ENTERt RCL 15 ENTERt
8 & + SORT I/X

RCL 23 % RCL 17 =
ST0 28 RTN

125¢LBL °R*

RCL 17 Xt2 2

RCL 15 ¢ STO 24 RIN
END

8leLBL Ui~
FS?C 22 ST0 98 -u=*
FIX 2 ARCL 98 AVIENW

; CompPure
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[ CompPV7e

v

i Compvre
' Y

ENTER V1w
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89eLBL °NYY*
FS?2C 22 ST0 78 SCI 2
*NINV=" ARCL 78 RVIEW
RTH

17¢LBL °YD5°
FS?C 22 STO 99 °VDS="
FIX 2 ARCL 93 AVIEN
RTH

25¢LBL “YGS®
FS?C 22 STO 51 °V¥GS=*
FIX 2 ARCL S! RVIENW
RTN

J3eLBL “WL®

FS?C 22 STO 96 “NW/L=°
FIX 3 ARCL 96 RAVIEW
RTH

41oLBL °IDS"
S0 99 CF 22 FIX 2
*¥DS=" ARCL 99 °t ¥°
FC? 18 AVIEN PSE
RCL 51 RCL 59 X(=Y?
GT0 82 8 ST0 95
GT0 81

S8eLBL 92
RCL 5t RCL 39 -
RCL 99 X>Y? G0 88
X(>Y ENTERt RCL 99
ENTERt 2 7 - RCL 99
¢ RCL 98 * RCL 96 =
RCL 18 7 3.454 E-13
ST0 95 GT0 81

84oLBL 89
XOY Xt2 RCL 93 »
RCL 96 * RCL 13 /
1.7277 E-13 % ST0 95

96eLBL 01

*IDS=" ENG 3 ARCL 95
TONE 9 FIX 3 FC? 10
AVIEW RCL 95 RTN END

@1eLBL °"NVG*
ST0 78 SCI 2 “NINY=°
ARCL 70 FC? 18 AVIEN
¥EQ °LB* XEQ °AB°

FC? o® GTO 81 RCL 26
1.45E10 7 LN 20 /
RCL 58 + 1.2993 E7 ¢
RCL 26 ~+ SQRT STO 53
STO 93 XEq -Ixe-

RCL 23 1.45E18 7 LN
80 / RCL S3 ¢

1.2958 €7 s RCL 23 /
SORT STO 99

| ENTERVrEW
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XEQ °ROOTs* XEQ °*PSIIs*
RCL 78 RCL 18 =

4.6304 E-7 s RCL 54 +
RCL 58 - STO 5!

RCL 52 RCL 57 = 48 /
ST+ St GT0 89

61eLBL 81
«4 RCL S8 ¢+ STD 55

66¢LBL 82
XEQ °DELU* XE@ °PSIU®
RCL 89 RCL 55 - ARBS
1 E-4 X)Y? GT0 83
RCL 89 STO 55 GTO 82

79¢LBL 83
RCL 78 RCL 18 =
4.6284 E-7 + RCL S5 +
RCL 58 - STO 5t
RCL 53 RCL 57 = 48 /
ST+ St

96oLBL 89

FIX 3 *¥GS=" ARCL 51
°k* bV (F 22
TONE 9 FC? 18 AVIEW
RCL 51 RTH

188eLBL “IX0°

RCL 23 ENTER* PI
ENTERt 2 / SQRT s
RCL 17 * STO 13

RCL 16 RCL 17 ~/
ENTERt 2 S@RT ~/

XEQ °EF° 1 + STs 13
RTN

1324LBL *IXV"

FS§? 22 ST0 23 FS?C 22
SF 83 °IMAX=" SCI 3
ARCL 23 AVIEW RTN ENLD

@1eLBL °NX"
ST0 77 “N¢X>== SCI 3
RRCL 77 AVIEW FS? @84
GT0 81 FC? 85 GTO 82
RCL 77 RCL 26 ~/
XEQ °IEF* ENTER?
RCL 1S ENTERt 4 =
SIRT & 1 E4 s STO0 86
GT0 60

260LBL 982
RCL 1S PI s SaRT
RCL 77 & 1/X RCL 13
¢ LN RCLIS = 4 =
SORT STO 86 RCL 18
RCL 19 - .44 =
ST- 86 1 E4 STs 85
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Compv7e
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S2+LBL 81
RCL 15 X>8? GTO 83
FC? 83 XEQ °RNG*
XEOQ °IX= RCL 23 RCL 77
/ LN 2 s ENTERt
RCL 17 Xt2 s SQRT
RCL 16 + 1 E4
ST0 86 GTO 8

76¢LBL 83
FC? 84 GTO 84 RCL 27
£8? GT0 85 RCL 77
RCL74 7 CHS 1 +
ENTERt 1.5 Y#X RCL 73
s ST0 86 FC? @l

GT0 88 RCL 18 RCL 19
- M4 E4 % ST- 86
GTO @8

103¢LBL 85

RCL 77 RCL?4 7 1 -
-1.8 & 7563 + SORT
.87 - .9 7/ RCL 65 ~/
1 E4 & ST0 86 FC? 01
GT0 68 RCL 18 RCL 19
- M E4 & ST-86
GT0 89

132¢L8L @4

RCL 28 2 s RCL77 /
LN RCL IS = 4 =
ENTER® RCL 24 ENTERt

f ¢ & SORT RCL 16 +
1 E4 & STO 86 FC? @1
GT0 8@ RCL 18 RCL 19

- 44 E4 ¢ ST-86

163+LBL 08

FIX 3 “X=" ARCL 86
°F UM TONE 9 RVIER
CF 22 RTN END

81eLBL "OXIDE®
ST0 79 XEQ °"ET* RCL 79
60 s HMS XEQ@ "TTX"
RTN END

81eLBL °ROOT+"
RCL 98 STO 93 STO 56
¥EQ °FW- STO 94 RCL 33
ST0 93 XE® “FN- ST0 95
RCL 94 s X>8? GT0 88

15¢LBL 81
RCL 53 RCL 53 RCL 99
- RCL 95 RCL 94 - /
RCL 95 % - STO 93
ENTERt RCL 56 - ARBS

S E-7 XY? GT0 82
RCL 93 XEQ °FH" STO 9%
X=0? G70 2 ABS 1 E-2
X)¥Y? GT0 82 RCL 93
ST0 56 RCL 96 RCL 95

& V\22 ATh 07 OM &7

oxX/ng

ALoy7
FUNCTrop/

Loypurss
‘p‘,raf

- FoR

Frw')=o

S5+LBL 84
RCL 93 STO 53 RCL 9%
ST0 95 GT0 81

61eLBL 02
*ROOT ERROR® AVIENW
BEEP STOP

66eLBL 82
2 ST/ 94 GTO 84

76+LBL 82
RTN END

81eLBL “SYT"
ST0 Z °TEMP=" FIX 1
ARCL 2 °F C* FC? 18
AVIER RCL Z 273 +
STO 12 XERQ “HI* RCL 20
Xt2 4 s ENTER?
RCL 26 Xt2 + SERT
RCL 26 + 2 7 STO 72
XEQ °S¥= SCI 3 ~°SIV="
ARCL 67 TONE 9 FC? 18
AVIEN CF 22 RCL 67
LOG RTN END

81eLBL °“The-
SF 18 STO 73 FIX @
RCL 12 STN 65 273
ST- 66 ~TEMP=" ARRCL 66
°F C* AYIEW PSE FIX 3
*XJ=" ARCL 73 -} Unm-
AVIEN CF @4 CF 89
CFeg 1 E-4 ST*73
XEQ NI RCL 28 ST0 72
{1 ST0 76 FS? @8
GT0 81 CF @85

J2+LBL 0@
3600 STO 14

35eLBL 84
F5? 81 GT0 2 RCL 18
STO 19 GTO @5

41eLBL 82
RCL 18 STO 19 RCL 14
3680 / HNS XEQ@ °TTX#"

49¢LBL 85

RCL 18 RCL 19 - .44
& RIL73 ¢+ Xt2 4 /
STO 87 XEQ@ °DF RCL 21
RCL 14 s PI = SORT
RCL 26 * 1/X RCL 13
s LN RCL21 s ST/ &7
RCL 87 RCL 14 - RBS
38 X>Y? GT0 83 RCL 87
STO 14 RCL 19 STO 18
GTO 84
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g9eLBL 83
CF 18 RCL 19 STO 18
FS? 81 GTO If RCL 18
$T0 19 GTO 12

98eLBL 11
RCL 18 STD 19 RCL 14
3608 s HMS XEQ °TIX®

1964LBL 12

RCL 87 STD 14 RCL 21
s ST0 IS RCL 18

RCL 19 - .44 = X12
-4 7/ RCLIS 7 EMX
RCL 13 s ST0 77 PI
ENTERt RCL 15 & SQRT
ST/ 77 GT0 85

133+LBL 81
FC? 83 XEQ “RNG®
XEQ °IX= 3689 STO 14

139+LBL 87
FS? 81 GTD 83 RCL 18
ST0 19 GTD @9

145+LBL 88
RCL 18 STO 19 RCL 14
3609 s HMS XEQ “TTXe"

133¢LBL 99

XEQ °DF* XEQ °R"

XEQ “GM= RCL 18 RCL 19
- .44 s RCL73 ¢+

RCL 16 - Xt2 4 /

RCL 21 + STO 87 2
ENTERt RCL 28 =

RCL 26 7 LN ST/ 87
RCL 17 Xt2 2 7/

RCL 21 7 ST- 87

RCL 87 RCL 14 - ABS
60 X>Y? GT0 18 RCL 87
ST0 14 RCL 19 STO 18
@ ST0 15 GT0 87

2014LBL 10

CF 18 RCL 19 STO 18
RCL 14 RCL 21 =

ST0 15 RCL 87 ST0 14
FC? 81 XEQ °CP* FS? 81
XEQ °FP*

215¢LBL 086

RCL 87 3689 / HMS

ST0 87 FIX 4 TONE 9
°TIME=" RARCL 87 AVIEN
PSE PSE SCI 3 “NC@)=*
ARCL 77 TONE 9 AVIEW
CF 22 CF @6 CF 87 RTN
END

@leLEL “TTXe"
HR ENTERt 6A =
STO 14 FIX @ ~“TIME="
ARCL 14 “F NIN® FC? 19
AVIEN 68 ST+ 14
XEQ “TOX* RCL 14
RCL 47 + 4 s RCL 44
s ENTERt RCL 45 Xt2
/7 1 + SQRT { -
RCL 46 & 2 E-8 /
ST0 18 °TOX=" ARCL 18
°F A* FC? 18 AVIENW
1 E-8 ST+ {18 RCL 18
1 E8 * RTN END

/!

b T3,
FVNe77o0/
¥FLh4S
G AND 7
ARE NOT
| Ceenred

| (VSED wiTH
TN#)

81eLBL °YTH"
ST0 S8 FIX 3 -yse="
ARCL 58 °F ¥* FC? 19
RYIEW CF 22 FS? @9
GTO 81 RCL 26 1.45 E18
7 LN .8518 s STO 54
RCL 58 + RCL 26 =
SORT RCL 18 =
1.667 E-3 & RCL 54 +
RCL 68 + ST0 S9
GTO 8@

J4eLBL 81
RCL 62 1.45 E18 7 LN
.8518 & STD 54 RCL 6!
Xt2 RCL 62 #
7.718 E-2 s RCL 54 -
STO S6 RCL 53 X)Y?
GTO 82 RCL 54 RCL 58
+ RCL 62 & SOQRT
RCL 18 & 1.667 E-3 *
RCL 54 + RCL 68 +
ST0 59 GT0 98

78¢LBL 82
RCL 62 RCL 2% -
ENTERt RCL 61 Xt2 =
-7.718 E-8 * RCL 54 +
RCL 58 + RCL 26
SORT RCL 18
1.667 E-3 s RCL 60 +
RCL 5S4 + STD 59
RCL 62 RCL 2% -
RCL 61 * RCL 1S s
4,63 E-7 % ST+ 59

1064LBL 68

“VH== ARCL 59 °F V*
TONE 9 FC? 18 AVIEN
RCL 59 RTH END

01eLBL “XN°
STO 86 <X=* FIX 3
ARCL 86 ~“F UM* FC? 10
AVIEN 1 E-4 ST+ 86
FS? 88 GT0 A1 FC? 85
GTO 62 RCL 1S 4
SORT 17X RCL 8¢ =
XEQ “EF° CHS 1 +

‘“Vsl,sp\/ﬁﬂ
k&7

X o )"
f /tf(f?jf



JneLBL B2
RCL 18 RCL 19 - .44

s RCL 8¢ + Xt2 -4 v
RCL 1S 7 EtX RCL 13
+« ENTERt PI ENTERt
RCL 15 +« S@RT

§T0 77 GT0 04

35+LBL 01
RCL 15 X>A? GT0 83
FC? 83 XERQ “PNG"
¥EQ *I¥- RCL & RCL 16
- RCL 17 7 %2 -2 /
Etx RCL 27 = STO 77
GT0 #&

73¢LBL 82
FC? 84 GTD 84 FC? @1
GT0 85 RCL 12 RCL 19
- 44 = ST+ 25

8heLBL 65
RCL 27 X>A? GT0 85
RCL & RCLTI 7~ 1E4
+ ENTERt .667 YtX
CHS 1 + RCL 74 =
ST0 77 GTO 8@

1685¢LBL 86

RCL 65 RCL 85 = -.87
¢ 1 + STO 77 RCL 65
RCL 86 * Xt2 .45 =
ST- 77 RCL 74 ST+ 77
GTO 98

124¢LBL o4

RCL 86 ST 78 FC? 81
XEQ °PF* FC? 81 GTO @@
RCL 18 RCL i? - .44

s RCL 8 + STO 7S
¥EQ °FF°

B+LEL 06
T3 TONE 9 “N(XD=*
.77 FC? 18 AVIEW
2 RCL 77 ¥%¢=0?7 1
RTN END

OPTIONRC  FROGEAMS.

@leLBL “C¥°
*ARER(CK+2Y7"  PRONMPT
STC A4 “CHMRZ{PF2"
PROMPT STO &é
*CHIN{PF>?° PROMPT
ST0 81 *CY MERSLRE®
AYIER 1 E16 STO 26
.34554 PRCL B4 =
RCL 83 s 570 18

21+LBL o6
RCL #9 RCLE! 7~ 1 -
RCL 18 & I & Xt2

178 6,712 ES & STO0 @2
RCL 26 1.45 El18 7 LK
ST+ 82 RCL 82 FRCL 26
- RABS 1 EIZ XOV?
GTO 81 RCL 22 <STO 26
GTO0 &e

StelBL 8!

1.678 E3 FIL 26 7
SRT RCL 12 ~+ 3 /7 1
+ 1/ RCL &2 =
ST0 A2 1 E% ST+ I8
FIX 2 ~-TOX=" ARCL IS
*F R* TOKE 9 AVIEX
PSE PSE 1 E-8 ST+ 18
SCI 2 “-Ne=- ARRCL 26
TONE 9 AYIEK PSE PSE
FIZ 2 °CFb=" ARCL 83
°F PF* TOHE 9 HAYIEK
CF 22 RTH EHD

pleLiL ~¥TH"
ZREG A8 CLE FIX 3
FS? #8 G670 &5 7l
ST0 53 -FOINTS?"
PROKPT STD 11

12¢LEL 99
*YTH,¥S8* TIKE 4
PROMPT ST IHD 33
RCL Y ENTERt 1 ST+ 33
RCL Y ST IND 53 1
ST+ 53 D3E 11 GTO 0@
.7 STO 54 ¥XER “NRT®

30¢LBL 8!
RCLSS 71 - 2 ¢
ST0 11 71 ST0 33

J9eLEL @2
RCL 54 RCL IHD 33 +
SERT STO Y 1 ST+ 33
RCL IND 53 STO Y RIN
XOY £+ 1 8T+ S3
DSE 11 GT0 82 RCL 88
Xt2 RCL #S / CHS

ty- DR7TA

|
e
|
|




RCL €@ RCL B2

RCL 65 ~ CHS RCL 84
+ STs 83 PRCL #a

RCL 69 s [RH: RCL #2
¢ RCLES + ST0 19
RCL 89 RCL 12 7 ¥t
594 ES » ST 2¢
1.45E18 7 LN .851%
s STO S5 PCL 54 -
ABS 1 E-3 Z)Y? GT0 @3
RCL 55 STO 54 GT0 81

185¢LBL 83

RCL B8 RCL B2 =

RCL 85 ~ CES RCL 84
+ Xt2 STO @5 RCL 88
¥t2 RCL &5 ~, CHS
RCL 81 + 57/ @6

RCL 82 X¥t2 RCL 85 /
CHS RCL 83 + ST/ 86
RCL 18 RCL 55 -

ST0 68 SCI 2 “°Ke="
ARCL 26 TONE 9 AYIEW
PSE PSE FIX 4 <YFb="
ARCL 68 GTO A4

147+LBL 85
71 ST053 .7 ST0 34
3 S10 11

154¢LBL 86

*YTH,¥SB?" TONE 4
PROMPT X¢DY STD IHD 33
1 ST+ 53 RCL Z RCL 34
+ SORT STO IND 33 1
ST+ 53 DSE 11 GTD 86
RCL 71 RCL 72 I+

RCL 73 RCL 74 2+

RCL 75 RCL 75 Z+

RCL 88 Xt2 -3 /

RCL 81 + 1s¢ STO @
RCL 68 RCL B2 * -3 /
RCL B4 + STs 8t

196eLBL @7

*YTH,¥SB?" TONE 4
PROMPT X{3Y ST IND S3
1 ST+ 53 RCL Z RCL 94
+ SORT STO IKD 33
RCLSI 1 - STO 11

RCL IND 11 STO @7 2
ST- 11 RCL IND 11
ST-87 1 ST+ 11

RCL IND 11 STO 36

RCL IND S3 RCL 36 -
ST/ 87 1 ST+ 33

RCL 87 RCL A5 - LASTX
/ RBS .3 XO¥? GTO &7
*YTH,¥S8?*  TOKE 4
PROMPT X()Y STO IND S3
1 ST+ S3 RCL Z RCL 54
+ ST STO IND 33

XEQ °ENH® 1 ST+ 33
RCLS3 75 - 2 7

$10 11 71 STO S3 (LS

“

- DR
&y

RCL ING 53 STO Y '

ST+ 53 FCL INE 53
S0 Y PN o4 1

Sl 57 IF 11 G105

RCL B# Y17 ROL 65 7

CHS PEL #] + 1/%

ST0 69 FRCL #3 RIL 62

¢ RCLES + CHS

RCL 64 + ST+ B3

RCL 88 RCL #9 =+ CHS

RCL 82 + RCL 85 7 .
ST0 16 RCL 43 RCL 18 z
7 K12 3.5% £S5 s :
ST0 62 RCL 18 RCL 54 2
- 510 68 RCL A% '
RCL 82 # RCL 85 /

CHS RCL 84 + 12

ST0 66 RCL 80 %12

RCL 85 / CHS FOL A1

+ ST/ 05 RCL B2 12

RCL 85 / CH5 RCL 63

+ ST/ 65 1 ST+53

RCL 62 1/% 1.29 E7 +

SORT RCL IND 52 #

1E4 ¢ STO 61 2

ST+ 53 RCL 62 1.45 E18

7 LN .8518 + STO 54

RCL IND 53 #t2 .7 - |
S0 IND 53

365eLBL 23

RCL 61 Xt2 -7.718 E-18
s ENTERt RCL €2

ENTERt RCL 26 - =
RCL 54 + RCL IHD 53 +
RCL 26 & SORT PRCL I8
* -1.667 E-3 * RCL 34
- RCL &8 - STO 18 1
ST- 53 RCL IHD &3

ST+ 18 1 ST+ 53

RCL 62 RCL 26 - 1/X
RCL 18 + 2.16 EIR &
STs 18 RCL 18 RCL 61

- RBS .Ra5 XO%?

GTO 18 RCL 18 ST0 &l
GT0 89

417¢LBL 18

RCL 61 Xt2 FRCL 62
7.718 E-16 & RCL 54 -
ST0 55 SCI 2 -HBX="
ARCL 62 TOHE 9 RYIEN
PSE PSE FIX I ~-WEX="
ARCL 61 ~°F UM 1 E-4
STs 61 TOKE 9 AVIEN
PSE PSE “YFb="

ARCL 68 “F ¥ TONE 9
AVIEW PSE PSE °VC=*
ARCL 36

453¢LEL 94

k ¥° TONE 9 AVIEM
PSE PSE FIX 4 °R2=
ARCL 86 TONE 9 CF 22
AVIEW RTN .END.
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(ﬁ] HEWLETT

'/ PACKARD

COMPUTER INTEGRATED CIRCUITS DIVISION

10900 Wolfe Road, Cupertino, California 95014-9974 Telephone (408) 257-7000

February 28, 1985

Cheryle Price
2833 N. Bristols
Santa Ana, CA 92706

Subject: PRIDE A Portable Process and Device Design System
for the HP41CV Hand-Held Calculator

Dear Cheryle,

We indeed appreciate hearing from you and knowing of your interest in the
Hewlett-Packard PRIDE program for the hand-held 41CV calculator. This program
is not yet available for sale by Hewlett-Packard Company however, we are making
a few prototype ROMs available to select universities and companies for
evaluation. Since these are prototype in nature, there is no guarantee that the
programs will be error free or supported by Hewlett-Packard Company.

We are forwarding to you at this time a PRIDE ROM, the PRIDE ROM overlay,
and a complete set of existing documentation at no cost with a request that we
receive in return from you your critical evaluation of the program and its value
to you in your research and development efforts. We feel this may very well be

an important capability for many future CAD efforts and are therefore soliciting
your assistance.

Thank you again very much for your interest in Hewlett-Packard Company and
our products.

Sincerely,

Nabi Bayazit -
Engineering Productivity
Hewlett-Packard Company
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