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The pyrpose of this document is to describe the [function and
date dnput of the program known na CASCADE {Crav - ! Automatic
Svetem for the CAlcslation of RDefect Energies). The program,
written apecifically for the Cray =~ 1 computer at Baresbury
Laborssory, 18 intended 1o form an Integral paet of the propeosed
replacement £o the HADES 111 program currently used to calculare
defect energies {snd related gphensmepa) in cryatalline solidas.
Pevelopment of this new prograsm has now reached a polnt where
prospective users have expressed Bn intereat in attempting trial
executions of the program- For this reason, prier to the production
of & move comprehenaive text, bhis document hae beon prepared ko
allow  such  users aome  paderatandivg of the program  input
requlrenentie.

IRFUT SUBROUTINE.

Oon of the expressed regulrements of the new defeet anorpgy
program was that 1t should sllow the user the convenlence of free
formatted input. This would mesn that the user need aot waste time
producing regimented data aets, but could neverthaless rely on the
program to interpret the dats correctly. For this reason the
program CASCADE iIncludes a swhroubine called INPUT, which cnables
this facility, The subroutine 1a in £aet a  collection  of
appropriate youtines takes from the ATMOL 111 guontum chemiatry
package and gathered Into one subgoutine with several entry poiats.
An  understanding ¢f the function of this subroutfne 1s & necesgary
prerequisite to Uslng the program CASCABE and therefors 1t ia
deseribed here in some detafl.

In erder o vead in & data csrd, the program CARCADE calls the
suhroutine IRPUT, which resds the card in the FORTRAN A formst as a
fiejd of B0 charscters. The datp 1a stored in the common black
named SHORKS in the array IREC(AQ). Within this RO gharactar f£leld
there sre expected to be one or wore functional flelds sepazated by
one or more spacea. A fanctionsl fileld <¢an define an  isteger
nurber, » real number or an alphonumerin character strisg. The
gubroutine scans the B0 charsctar £ield and records the  number of
funetional Tfields thetr length in characters and thetir starting
location in the BO character fleld. These gquantitles are stored in
the common bhlock /fUORK/S as the variasble JUMP and arrays THUH(40)
ond ISTRT{40) respectively. It doeas not at this astage attempt ©to
interprat the functional fields since the pature of each functionat
field haa ta be speclffed by the mafn program.

To interpret g striag of characters in the functionsl fleld as
an integer the maln program calls the entry point INPI{J}. The
rontine then processes the chuyacter string fato an lnteger number



wirlelt is retarncd as the atgument J to the mafn  program. EEf  the
subtoitine cannot convert the chapacter stelog into an integev it
sets an error indlcator {the vsriahle 1PRR Ln comman block /WORK/)
to & value of 1. llov this error in dealt with in g matter for the
main proaram, however the usual procediute in propram GASCARE is  to
refer to the cntey point QUTERR described below.

A resl number preasnt in the functlional field Ls treated in e
afmlisr manner to na fnteper. In thia case the maln program calls
the entry pelnt INPF{R), Erom which the teal sueber is returned as
the real arpument R. Fallure to interpret the functionnl field as a
real nusher causes the error indicater IFRR to be set to 2. It
should he noted that thiz routine will not recognise the E or D
formats Frequently encountered ln FORTRAM, but in s resliacically
scaled problem the yse of ordinary teal numbers should not csuse
urdeie dEFf fonlties.

A fuactional fleld representing & choracter string may be
extraotad hy callinn the entry polnt INPA{A), from which the
chatacter string Is returned 1o the argument A. For the purposes of
the pronram CASCADE  the chartacker atring will sutematically be
trunsated te the first four chstacters, itrespective of the
ariginal length of the string. {Thns the chapacter atring DARESBURY
would he truncated to DARE by the INPA routine.} The reason for
thia 1a to allow the use of shortened codewords in the Lnput dnta.
This awpect will hnve more televance later in this document. Note
that while 1t is not posaible to miainterpret the character atvlng
{n the wuy thnt the renl and integer numwbera may be miainterpreted
1t 1a possible that the glven character atring is not that
expected. When this occurs In the program CASCADE the unual
procedure is to tefer te the OUTERR routine with the errer
indlentor aet to zeros

When the main program detects sn error indlecstor (1¥RRw] for
intepar error, IFAR=2 for tesl nusber exror or 1RRRe0 for kncorrect
character string), CASCADE ususlly calls the eatry point DUTERR.
Thin will reault 1a the printing of sn error messape lodizatleg the
type of error (0,1 or 2} and & print of the dnta card on vhich the
error was dotected. Contrel will then be returned teo the maln
propram. In this wvay CASCADE le shle to ignore invorrect duta and
eoatimme to process suhsequent data cards.

1o conclude this section 8 number of Important features of the
INPUT suhroutine should he mentlened.

Flrstly 1t is impertant to venlise that the functional ficlds
are ldentifled in the INPUT subroutlne a3 continuous chapacter
strings separsted hy one or more spacess I 15 obvious thevefore
that ervors will result if apaces nra carelesaly inserted within an
{ntended faincrinmal Field. Functional Eflelds  eannot e written
across data cards

Secondly 1t should he noted that ench enll to  tie aubroutine
{HPUT will result 1n a new data card belog read. Calls to the entry
polats INPT, INPF of INPA will couse n  reglster of the gufrent
functiomml Eleld to be inccemented by 1. This replster which is
gtored as tha vnrfahle JREC in the /fWORK/ common block, way be
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reaet in the maln progrem, thus sllowing functional fields to be
reprocesaed or bypassed., This feature is often used by CASCADE in
identifying the matute of the input data.

Leatiy ahould the LEPUT suhroutine encounter the end of the
input datsset when asked to read In 8 new data card, an appropriate
error messape la printed and the program is terminated. This in the
only vocasion when the INPUT subroutine may terminate the propram.

INPUT PROCESSOR.

The control ofF the «dava rvend dnte the propram CASCADE fa
handied hy an ivput processoty the function of which is te aearch
the inpat dataset for the directives that identify the deta acd
indicate how the data sve to be processed. At the time of writinp
there ote approximately 20 such directives but this numher is very
likely to increase as the progrom la extended teo Incoyporate other
procedurea. However the bagic mtructure of the input procesaor will
not change am! this document mey Be thought of es outlining a
minkmum get of directives to be Found fe the promram CASCAPE,

The 4nput detaset conslats of the usuwal 1tems of date
necessary For 8 crystel defect calcoulation, auch as a description
of the Jlattice wvectors, the contents and spatisl distribution of
the unit ceil eto.,interapersed with the directivea. The directives
sppear  in the text of the detas a8 ordinsry Enplish worde which act
as signals to the i{nput progesvor to Identify and procesa the
aubsequent data. For emample the appeavance of the word LATTICE in
the data ladicatsa that the lattire voctoya sare te follow. A
detalled description of wach directive 1 given in the next
gection.

It should he noted that In {ts uvsuel wpde of operation each
directive scts ss s ewiteh which 1ifte the program ocutr of the input
processor mode into a dets procesaing wode In which the program
performa prgdeterpined oparations on the data, It ia not uatil this
procesalng has been compileted that the program returng to the input
processor wmade. An ¢ conmequence of this the user needs to be wary
of 1inmertinpg divectives in the fnput dets without due care Ln  crse
s ditective is misinterpreted as genulne data, Althouph the propram
does have n well developed capaclty to deal with such errors it 1s
not always posaible to deal with them in ways the user wonld like,

An  important feature of the input processor is that it wifl
sllow the user to make miatakes {m the data without brinplng the
program to Ao immediate halt. The ptogrsm adapte the peneral
atratepy of ignoring nonsenalcal data unlesn the data 1t ie
expecting 13 elther esgential to its subaequent operations or is
needed to nllow efficlent procemsing. Thus the program will often
proceed quite some way with imperfect dats Wefore flnally telecting
the ptoblem na hopeicas. This fenture wesns that the unfamiiisr
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usar will learn of the errors in hls input data without the ordeal
of performing many trial ress.

There now follows a description of the various divectivea
available in the pregram CASCANEs The order 1s which they are
presented had no particular sipnificance, but only reflecte the
ouder 1n which they ace prograsmed. Thia will he followed by the
recomended sequence of input  to pulde fhe wret 1a conatructing
input dotasets.

PIRECTIVES.

{1} Dlrective 1. TITLE.

The TITLE directive 1a an instrectlon to prist a title or
heading In the Iine printer llating of the output. The poaition of
the printed title in the output is detersined hy the position of
the directive in the input dataset. Thua the user can arrange to
have comments fInserted st different points io the ourput. The
titlea sre printed immediately sfter the directive is read in. The
title may be any ausber of lines of BO charscters each. Bach line
13 wrirten out in the ocetput in exactly the same form as it waa
input, 8sa a fleld of BO characters placed centrally in the 132
charcters of the iine printer hollerith field.

Format:
TETLE
operandas: None

Subsequent DPata Cards! Aay number with any contenta . The
collection of TITLE tards 1a tecrminnced by 2 cned with the single
entcy ENDB.

Example.

TITLE
CALCULATION OF SODIUM CHLORLDE LATTICE WITH SODIHH ION VAGANSY.
EHRS

(i1} Plrective 2. PRINT.

T W e il - - e e

The PRINT divective la an optlon used to define some of the
dats that the user wants to he printed out. The option allows
contral over the printing of the veglon I coordinates region 11
enordinates the reciprocal lattlee the symmetyy #ipenvectors and

the structure ELactors, Ideally this option ia preasented &g the
input processor early on in the input dateset so that the user way,
contrnl the output of the progrum from the stnre of the jJob. The
quantity of outpust produced under these optiong is Jdetersined by
the DUHP directive {(See below). The defaull optlen specifies the
printing of none of the dats types meotloned ahovwe.

Fatrmalb:
PRENT

Operanda! There are aix operands {ewrreatly), each specifylng a
particular type of dats the user wishes to be printed out.

PRINT aaaa Bhbd coce .
Where ssaa. bbbb and cece eto. are the operands. These are as

fallows:

BREGL ~ Print region I voordinates.

REC2 - Print region 11 coordisates.

RECI ~ Print reciprocsl lattice coordinates,

SYHH — Print symmetcy eipenvectors.

STRN - Print etructure factors.

NONE - Print none of the above types. {Default option }

Hote that any of these options say be specified in any order.
The HOHE option phould oot be used 1if asy other optioa is
specified. If the user includes more tham ose PRINT direetive In
the input dataset the pavameters of the previous PRINT directlve
ate overwritten. Thias allows the uwser ke reapeclfy the output
optiona at other polnts in the program sxecutlon.

Subaequent Data Cardss None.
Fxample:
PRINT REGL S5TRU REG2

The above card result in the printiag of reglos 1 and reglon
11 coordinates pml the siyruycture factors.

{411} Nirectlve 3, DIHENSION,

The PIMANSION directive is used to apeclfy the wmsount of
dynamlc  core that the program requlves. Its single opersnd
spactfieqd the nusber of vords of storage the pregram Is to use. A
typleal wvalsoe for this would be 250000 worde whieh would he large
enouph for virteally any crystal pystem. The dysamic core allows
the propram dimenslons to be specified at the time of execution.

Format:



DIMENSTON {Acceptable sbbreviation DEIME)
Operandnt fine, {ndicating the required number of words of core.

DEAENSTION nonnnnn
Hliere nasmnoenumber of requited worde of storape.

Subacquent Data Gards: Rone.
Note that in the present verslon of CASCADE it is essentlal

thot the DIMERSION directive be First directive that the propram
eacounters |n the fapat dotsset. (See Sectlon 5 in this documents)

{iv) Pirective &. LATTICE.

The LATTLCE directive jIndlicates to the iaput processor thar
the datn eards to follow sapecify the laceice wvectors for the
crystal system under study. On encountering the LATTICE directive
the progieam CASCADE enters the subroutine named LATICE where the
Iattice voctors are read la and procepsed. This proceseing incledes
n chock Eor coplanncity of the gilven Jatrice weetors and the
calealation of the Efrst three reclprocal latkice vecktors.

Format

LATTIOR {Acceptable abbreviation: LATT)

Oparands) Hone

Suhaequent  Tata Carda; Three. each with three wesl nusbers
speclifying the components of one of the lattlce wvectora with
reapoect to n cacteslan vet of axes. The units are the awgual lattice
unlts f.e. Distences are expressed an wmultiples of the lattice

congkant .
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Hote thot the nccuracy of the numbera wused tn define the
lattice wvectors wmust be cavefully vonsiderxed. I the nurbove are
not speckfled accurstely enowjth the propram CASCADE will be wunahie
te produce n gnEficiently accurste representation of the lsttice te
define the symmetry propertiea corvectly. This note applies to the
bagis and defect vectors also. (See however, the ACCHRACY directive
holow,)

{3 Plrockive 5. BASIS.

.

The BASIS directive indicatea to the lnput processor that the
cryskal bands wvectore sre sbout to be fnput (f.e. the components of
the unit well.} The directive csvees the program CASCADE to enber
the subroutine CRYBAS which processes the hasls vectors. Tlie BASIES
directive 15 {Immedistely followed by several carda, each with the
cthe detatin of one of the species in the unit cell. The specles may
be imput 1in sny erdar. Subpequent protessing will organipe them
more swltably for calculstion. This processing also checks the
besle species for errors much as duplicetlon. The dats enrds sre
terminated by o card with the single entry ENDS.

Fotmatt
BASTS
Speranda; Rone.

Submequent Bata Cardst Aay nuwber. one for each specles or
component  of the unit cell plus one onrd specliyinn & new pasition
of the orinin if desired. {This origin iz keown as the gentre of
symmetyy about which the aymsetry operations of the crystal polnt
group are spplied. This 1s glso frequently tsken to be the defect
origlney Esch specles card csrries the npecies label, fts yype
{eore or shell) and the positlon vector of the species specified by
three real numbers. The position of the species in the unit cell ia
deffned inttially with respect to gome arbitrary cartesian axes and
the centve of symmetry is defimed in terms of the same axes. During
the processing of the bssis coovdipates, the basis 13 relocsted
with respect to the ceatre of symmetry, Note that if no centre of
symmetry o given, the centre ke taken to be the origins of the
cartesion axes used to define the basle inlkially. As with the
lattice vectors, the coordisetes are ewpressed in latrice usitn.

Example?

BABLS

HA+ CORE 0.0 0.0
CFNTRE 1.0 (3.0 O
L~ SHELL 1.0 0.0 0.0
CL- CORE 1.0 0.0 .0
WA+ SHELYL 0.0 0.0 0.0
ENDS

.0
v

-

Hote that the example uwses stasdard theslesl nomesclature Eor
tahelling the different species. This is etrongly recommended eince
the {input processor does wnot recognine the characters of any Tahpl
beyond the fourth snd using Full nnmes can cause amhiguity. {e.g-
OXYGEN2-~ and OXYGEN~ both becoms f1XYG.) The use of the codeworids
CORR, SNELL. and CEHTAE in the nppropriate places Is mandatory. The
earlier comments about the need for sufficlent accursey in
preseoting the coordinates apply here also.

(vt} Directive 6. DEFECT,

B, . s e e el e
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The DEFECT directive slgnals to the {npul processor that the
detoils of the crystal defects are to Follow, The dirsctive causes
the program CASCADE Lo ester the subroutine DEFEGT, where the
defect vectors are processed. The dirvective 1s followed by any
mumher of cards  one for each defect species, up to a {curtent}
maxism of 40 and 4w terminsted by a eard with the single entry
EMDS. Each card carrles the details of the defaecks bo be introduced
into the perfect lattice.

Format:
OEFECTS {Acceptable abbreviations DEFE)
Operanda: None.

Suhsequent Nata €ards: Any aumber, {n any order, each with the
defect  species  label, type  {core or ahell), defect type
{inverstitfal or vacancy} and the defect coovrdlinates defined with
régpect to  Ehe unit cell carteslan axes {i.e. the aame goordinate
system aa the basis vectors. }

Example:

NEFECTS

HA+ GORE VAGANCY 0.0 0,0 9.0

Ll CORE INTERSTITIAL Q.8 0.0 0.0
L~ SHELL INTERSTITIAL 8.¢ 0.0 6.0
HA+ SHFLL VACANCY 0.0 0.0 0.0

FHns

In the cape of vacancy defectsm 1t Is essentinl to epecify the
vacancy as oecuring at a wvalid lastice sifte. A conmlstent uae of
labels for the speclea concerned is nlso necessary. The codawords
VACANCY  and  INTERSTITIAL w=ay he sbhreviated cto VACA and INTE
respectively. (Note ¥E {t 13 required that the interstitials
resain  Fixed 1i.e. unrelaxed during s defect galcwlation the
todewerd INTF must he used in place of INTE). The earlier commeats
about the accurscy of the ccordinates apply here also.

(v11) plrective 7. ACCURACY,

The ACCURACY dirvective {s used ro respecify the Internal
tolerances of the program CASCADE for the purposes of defining the
crystal lnttice coordinates and 1ts associated symmetry. This
directive 1z necesaary when the uaer atteapts to input lattice,
hasis and defect vectors that are not  accurate to st least
G.0000008 of a lattdce wnle. Ff this is the case then user may
either gzespecify the vectors te schleve this seenracy oy asimply
reset  the tolerances of rhe internal testing procedures of the
programs The ACCURACY directive enables the latter option. If the
wser Falls to pay attention to thias matter there is s good chance
that CASCANE will be unahle to define the crystal lattice or &g

symmetry correcrly. (See the SYWCHECK directive below ).

Formatr;
ACCURAGY {Acceptahle abkreviatfion: ACCU)

Qparandsy One, indicating the tequived tolerance of rthe test
procedures. ’

AGGURACY rrreryrr
Where rrrrrrrrsrequized tolerance.

Substrquent Data Cards HNone.
Exanp le
ACCURACY 0.0600L

Thia example Iindicatea that the baals  vecttrs etg. are
sccurate to the aixth decimal place only, Note that the ACCURACY
operand ig set to be ten times bipper than the accuraey of  the
¢oordingtes. This 18 necesaary because fhe AGCERACY oparand
ppecifles the teolersnce on the intarnal teating procedares of  the
program  hence €0 ensove that the coordinates ete,. wiil pass the
required tepts a pafety mavgin is wped that allows for rounding
|rrotas

(viii) Dirvective B. REGION,

.... S——

The RPGION dirvective 48 used to input detslls shout the
crystal replon alzes and curoff radili for varlous parameters ussad

in the propgram.
Formate
REGION (Acceptable abbrevistions REGI)

Operands Seven, (currently), specifying the magnitudes of ¢he
various parameterss

HERTON sasa bbhb edct wuw
Hhere saas, bbbb and cece ete. are numbers apecifying the following

parameteral

Pacameter 13 MRREGL- Number of clssses required in reglon I.
{Integer)

Pavameter Z: REG2, Radlus of crystal reglon in latrice units- {Keal
numhar)

Parameter 3: RLAT. Lattlee conutent In Asgstroms  {Real nmunber)-
Parameter 41 CUTPOT. Short range poteantial energy functlon euntoff
radius In lattice units. (Resl aumber}.

Patameter S5: CUTSHL. Maximum permissible aeparntieon of covres and
correaponding shella 1in the defect crystal relaxation in lattice
unitz. (Real number}.
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Farametar 6% DLSMAX. Maximun permissible relaxation of the defect
eryetal cores in lattice anits  (fesl nuwber).

Pacamecar T: CUTMAR. Maxlmum vange of sny of the ashort range
potential functions used in the crystal wmodel 4in Angstroms. {(Real
aambhet) .

Suhsequent Nata Gatrdsr None
Examp le:
REQION AQ 4.94 2.78% 1.5 0 1 0 2 0,0

Whore the number of eymmetry classes (o N0, the radluzy of the
crystal vepfom s 4 94 lattice wnita, the lattice consetant is 2.789
Anpsteoms, the potentlal cutoff 1s 1.5 Isttilce units, the maximem
core - ahell aeparatfon 1a 0.1 lattice unics, the wmaxiouem
relaxatlon of the cores 48 0,2 lettice unlts and  the maximum
potential ranpe possible In  the system is {1.0 Angstroms, (which
means that the program will default to the largast value it Finda
in the potential dnta input. See below)

{ix} Birective 9. OPTIGAL.

Thee OFTICAL directive Indicates to the program CASCARE  that
the crystal +defact eonlewistfon 18 to be pecformed in sn optical
wode, This seang that the relpxation of the crystal s to  permit
the shelis only to relax.

Formabr
GPTICAL (acceptable abbreviastions OPTL)
Operands: None.
Subaequent Bata Cavdar None.
Wote thet the OPTISAL amd THERMAL direciiven (below) are

mitnally exclugive directlves. One of them most he selected for g
comp letes defect caloulation.

€x} Dlrnctlve 10O. THERVAL,

The THERMAY, directive indicates to the program CASCADE that
during the erystal defeet caloulation the relaxatlion of the ctystal
i te allow both cores and ahella to relax.

Format;

THERMAL (Acceptahle abbreviattiony THER)

Operands! Hone.

Subsequent Dsta Cards] Hone,

See comments on the OPTLCAL directive above,

(x1} Bivective 11. CUBIC.

The CUBLIC directive ifndicates to the progrem CASCADE that she
cryatal system under study has {at the outser) cubic or Oh
symmetry. This allows the propram to call the subroutine CUMIAT to
construct the appropriate transformation matelees. These matrices
are spplied to the defect crystal to esteblish the true symmetry of
the defect crystsl as a aubgroup of the Oh point group.

Format:

CUBIC

Operands: Hone.

Subsequent Dats Cards! Hone.

The CUBLC snd UEXAGONAL directives (see below) are mutonlly
excluaive. One of them must be specifled 1o the input dataset.

{xii) Blrective 12« HEXAGONAL.

The HUEXAGONAL directive indilcates that the coystol  systen
ender study has hexaponal or BBk eymmanvy st the oubset. Thie
egables CASCARE to casll the subroutine HENMAT to conmtruct the
required transforsution matvicea. These matylges are applied te the
defect crystal to establish the corvect subgroup of the DEk poine
gronp that spplies te the defect crystal.

Tormatt
HEZAGOBAL (Acceptable abbreviationt HEXA}

Operands! None.

Subsequent bBats flardet Hone.

See the comments on the CUBLC directive.

{xi11) Piractive 13. DUHP.
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The MY divective indicates to the program CASCADE the level
of culput the program is required te produces Three output levels
ave avallahle and the user mey code for any one of- theae.

Formacs
Duke
Operanday Oney vhich Indicavea the desired ocutput level.

DURE n
Where n» 0 1 or 2. The significance of each belnp ss followe:s

n = (. Thia is the defaulr oprion and fadicates the lowest level of
outpic. This produces ouatput of cthe rcype most sBuited to the
beginner or casual user where output 1s kept to aun essentlal
mindmum.

n o= 1. This 18 the level of output that e experienced uwaer may
regquire or someone who 18 exploring a aiven crystal syatem for the
Firar times Lt provides the user with more daca than the previous
option.

n = 2. This Is the dlagnoacic level of oncper and fa primarily of
Interest po  programmess craciag errors or whe wish to madify or
¢xnmine the workings of the code.

Subsequent Data Cacds: Hone.

Thin dicective may be used more than once ln the fnput datasec
1E the user wishes to plter the curput level 1o run time. Hote thar
the dump level alters the guanticy of outpur produced by the PRINT
options listed earlier, but does not prevent cthem being printed
altaperhac.

{xiv} Directive 14. PUTENTLAL.

The POTENTIAL divective ls a sipnal to the 4input proceasor
that the dara describing the short pange potencial enorgy functloas
ave te follow. On encountering this divective in the input dataset
the ptogram  CASCARE enters che subroutine POTENT, which procesases
the potentiasl davas The subroutine POTENT has for this purpoae 1its
ouwn  ifeput puocesspr to handle che porential dats. This too uses
codevords  in the fore of subdirectives to qualify the dats belng
inpute These will be deacibed below.

Format:
PUTENTIAL {Acceptable abhbreviationt POTEY
Opevands? Hone.

Subsequent Data Cardet Auy nuamber of dara cards may Eoliow
inclwling the auhdirvectiven. These  aubdirectives  and their

asaosclnted dsta arve am Followsg
{a) Subdirective L. SPECIFS.

Thir aubdivective laodlcates that a deseriptlon of the
different apecies preaent in the ceystal follows. Thia la followed
by any nunber of data cavds, one for each species, piving the
apecles lnbel, epecies type {coce or shell), the speclos charge aml
the masa. {The larrer quaatities relate te the aliell model for a
given ton described as core - shell paire) The agquence of cards 1=
tersdnated by a carcd with the alagle entry ENDS.

Exanplet

SPECLES

HA+ CORE =1.140 1.0
CL- CORE 1.4%7 1.0
WA+ SNFLL 2.128 0.0
CL= SHELL -2.485 0.0
ENDS

here the first veal numbher on each onrd refers te the charge
and the segond real mumber refers to the mass.

{b} Subdirective 2. BUHOK.

This subdirective indicstes thst the deta relevant to one of
the short range Buckiaghesm porentis}l functions follows.i s,

Y{r) » Arexp{-rfRHQ) - Cfrsng

The subdirective caxd has the label  and type of the two
spectes relevant to the poltential function, writfen alter the BUCK
subdirective. It (s assumed that the potentisl functlow la  divided
into different ganpges ond the caxds thar folloew this subdirectlve
each spacify the paramerervs appropriate to one ranpee 1t in further
asgsumed thar the ranges will be presented in order of lucreasing
inter - species peparation. The serles of cavds is terminsted by a
card with the single entry ENDS.

Examplet

AUCK NA+ SHELL NA+ SUERLL
7895.4 0.1705 219.06 46,1835
ENRS

Hhere the ficst real number 18 the pre - expounential factor A
in the Bucklogham formula, the second Lls the constant RHO within
the exponent, the third 1s the Van der Waals consgtant G and the
fourth 18 the outacr limtt RMAX of the range over which the
petential applies, The appropriste unies for these parameters are
electron volta and Angatroma. Yhen more than one ranpe 1ls used for
a petential Functiony then the outer itmit for a piven vappe s
tnken te be the fnner limit of the sext functlon ranpe.

{c) Subdlrective 3. MODL.

The sabdirective HON fadicates that the dats cards follouing
it describe tlie porentisl of a wodified Buckingham funceien. i.e.
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V{r} = A%exp(~r/RUG) - Clpthy

The fnput of the T9PI subdirective ip identical to that of the
bBuckingham function described above except for the use of the HODI
codeward in place of BUCK and the presence of an integer constsnt W
or the suhdirective card ludlcatiseg the order of the power law
deacribing the Vaa der Waals factor.

Examp le:

HONL MA+ BNELL NA+ SHELL B
7895.4 0.1709 29.06 4.1835
FEHOS

Hhore the numerlical conatants have the same gipnificance aw v
the praviouy example. The presence of the number B on the HOBI
subdivective card iadicates that the Van der Waals factor hae a
Lfen*8 power faw  Here apain the unite are Anpstroms and electron
valla.

() Subdirective 4. LEWN,

This directive indicates that the data describhing a Lennatd -
Jones potentini Functlon Is te taltow f.e. a Function of the Eorm:

¥{r) = AfeedN - Bfraspg

In this instonce, as with the previeys potentlial functions,
the guhdirective card specifles the lnbels and type {core or shall}
aof the twe interacting species and it alse wpocifies the indigea N
and M in the sbove axpressions Here again 1x i3 gssumed thst the
potential function is divided inte tanges that sre presented in
arder of increawine 1ater specles separation, one dota card
copresent ing one such range, The sequence of cnrde 1s terminated by
a slagle card with the entry ENDS.

Faminp Loy

LEMN CL- SR OL- SHELL 12 &

R360.7 I, 67 5.78
ENDS

Where the suhidirective card specifies the specles wmicorned
and the vtequired i{ndices {N = 12 ¥ = §} of the expression. The
real numbevas 8360.7, 30.67 and 5.78 represent the comstanty A and B
respoctively and the maximem rtanpe for the functlon (RMAX) The
apprepriate vnlts are electren wvolts and Asgstroms,

{a¢} Subdirective 5. MORSE.

This 15 the suhdirective wused to input © Motse potential
Eunction l.e.

Vi{r} = a*{i-exp{~R{r-C))i**2

Uhere A amd € are cooatants to he supplied. The method of
reasting in this functlon is the aame as for the previous cages.
Exanple:

HORSE (L~ SHELL CL- SHELL
2357 N3 2,48
ENRS

Where the three real numbers correapond to the congtanta AR
and £ of the above axpresslon. The gyolts are the sawe as the
praviows cased.

(£} Subdivective 6. HARM,

This subdirective indlestes the input of the harmonic apriag
constants of the core - shell wodel. l.e.

V{r} = Qhpixd

Where © 1o the aoc = called force constant. Unlike the previous
potentials the relevant dats ave placed all on one card with the
HARY suhdirective.

Examples

HARM HA+ CORE MA+ SHELL $6.44

Where 96.44 18 the foree constant between the rove and shell
concerneds The units are apain electron volts and Anpstroms.

{g} Subdirsctive 7. ENDS.

The potential datae input ia termlnated by a single card with
the snbry ERDS.

The Eollowing polnta are of Importance when prepacing the
potential date.

The POTENT subroutine In ite present form will not allow the
use of move than one type of short range potentlal except when the
gecond potential type is the harmonie potential. Any nttempt to run
GASCARE for a mixed potential fusction system will vesulr in oan
arrar  messape and proprem terminmtlomn. Thia 1s o  Cemporary
restriction @mly and later models will not be ac hindered.

The POTFHT subroutine is desigeed o that & le  oacesssry o
read in the data sasoclated with the SPECIES subdlrective before
the poteatial data. An ervor messape will reaule iF  this  sequence
ia  not adhered to. This i necesssry because the specles Jals are
nceded to clarsify the potentinls correctly. The  potentials
themseives hovever may be presented in any order.

The epegles labels and types must be consistent with the
information pliven to the BASLS and WEFECT directivea mwentloned
earliet. the program wili terminnte  prematurely 1if ouch
inconslsteacies are found.
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The POTENT subroubine Input processor has been wrikben with
the same philosophy as the maln input processor aand will procese as
mich of the potential deta as is possible, ignoring user ervors
where it can. 1f such errors are found howewver, the program will
teembnate boefore Lb can provgesd vo the nexr divective in the mailn
program.

(xv)} Directive 15. HAXIT.

A

The HAXIT directive s umed to speclfy the raximum number of
jterarions the program is allowed to aomplete in the relaxation of

the cryspal coordinates about the defect. The program default Is
currently 25 such lterations, This directive allows che user to
change the gpecification,

Formats MAXIT

Gperandst One, Specifying the new miximam  freration  number
{Inreper).

HAXTT nnn
Uhiere nnn = new iteracion aumber (integerd.

Subsequent Bata Cardsi None,

fxvi}) Oirecrlive 16+ START.

The START direciive is respongible for ceontrolllng the major
eoperations of the crystal defect enlgulanion. The progeam CASCADE
may he thoupht of as performing four fundamental operationa. The
first of these s the preliminary oprocessing of data sBuch as
reading In  the Eaadamentel lstbice vectors, the basis of the unlc
cella the defect vectors and determining the symmetry of the
aystem. The second opepratinn ip  the galeuluclon of the lattice
vaetnrs for the estlre crystal reglon and detevmining the symmetzry
varinhles ete. {i.e2. CRYSTAL definltion)s The third opérstion la
the ealeulation of the perfece lattice propertiea such as  latiice
encrny  dielecteic propertles src {l.e. a PLUTO celculatlon)s The
last aperation fs the relaxatlon of ghe cryseal abouc the defece
and  the decermination of che defect enmerpy etes (l.es 8 RELANATION
caloularionds The START directive ls used to gonctrol cthe program
vhien  proceeding  elth  each of the three operatlons crystal
dof inteion, perfact latctlee ealenlation gad crystal velaxatlon.

Farmat START

tiperandns One operand is nceded and It must be one of the folloawing
codlesrordss

GRYSTAL, ~ Uhen this codeword 1s used the propesm CASCADE will
precced wirh the crystal definltlon. The codevord indicatas to the
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input procegsnr to enter the CRYDIN subroutine.

PLIT) - When this codeword is used the propram proceeds with the
calesslation of Lhe perfeet lattlece properties. This codeword
indicntes to the Lnput prosessor Lo enter tha PLUTO subroutiae.
RELAY - When this codeword is used the prograwm procceda with the
caleulatlon of the relaxed defect erystal. This optios ladicates te
tha input processor to enter the subroutlae RELAX.

Subgequent Raks Carde? None.
Examples

START CRYSTAL
Ors

START PLUTHO
Grs

START RELAX

It can be »#een that Eor a complece defect calculation three
QTART directive carde will be required. The advastage nf this
method of contvolling the calculation is  that when wsed in
conjunction with the 3T0P directive (pee below), ft ia poasible o
stop the calculation at the end nf any oue of these operations.
This can he very convenlent when exploring a new crystal system. Tt
18 worth =noting that the START directlve 1s nor obeyed 1f the
program has detected errors 1in the previous operations. {the
program 1n fact tevminates.)

{xvli) Nirective 17. STOP.

The STOP dlrective does exsctly what ic says, ir stops the
program execution 1mmedistely it 19  encountered in the input
doteset, Thus ic allows the user to cnd an  execution at  whatever
point is coavenlent,

Formati
H10F

Gperandss Hones

Subsequent Patg Cards: Hoac.

{xviti) Mrective 19, FREEZF,

This directive haa not yer been fmplemented. Its [unetlon  ie
£o Inatruct the program to £ix or “freeze’ the coordinates of the
species of the repion ITA durxlng & relaxation ealcuiation. It will
the fully speclfied at g later date,
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(xix} Directive 20. WESTART -

This direcktive has not yet been implemested. The proposed
dlrective will anable the defect onfculstion to be resarted at gome

semi relaxed atape after s glven esloulation has  Falled through
time Iimitationa,

(ex} Bfrective 24. RESET.

mmmmmmmmmmmmmmmm [Ep—

The RESHT diractlve enables the dser to input seversl crystal
gystems  1f  ip is desired. If thias s what the user wishes 1t will
he appreciated that the program contvol variabies will have to be
reset  before o second ealcutation can bepine The RESET directive
removes sll date relevant to the previous calenlation from the body
of the progeam.

Formal §
RESET
fperands: Monea

Suhsenuest Iatn Cardsi Nane.

{xxi} firectlve 27. PLOT.

The PLOT dicective is sn instructiow £o the program CASCADE to
prepare  an  oukbput dataset complete with the coordinates of the
perfect and defective crystal lattices. This data i3 then used as
input  data to n general plotting packape. Uners should note that
this option will require different CRAY JCL to the wusual jobs.
since 1t needs to create aml store a new datanet contsining the
plotting datn.

Format:
PLOT
Operandai Hone.

Subseaueat Data Cardsd Hone.

{xxil) Nirective 23. SYMOHEOK,

The SYHCHECK directive is vaed when the user wants the pragram
to cheek that 4t hos defined the defect crystal symmetry correctly,

5.7 TRE

This need way arisme for example 1f he 13 unsure that he has
#pecified the tolerance on the AUCURACY directive carrectly or he
moy simply wish Lo perform the checking routinely. The directive
results in & call oo the subroutine SYMCHK, which checkn that the
set of symmetry operations the progrem spplies to the defect
erystal do in fact form a growvp. -
Foarmatt

SYHCHECK {Accepinble abbreviatioat SYHC)
Opeyands: None.

Subsequeat Data Cards! None.

I8PUT DATASET STRUCTURE

The {Input processor described shove allows some depree of
flexibility 1» the order in which the dats are iopuk. This
Elaxibility is not ae great ss might be lmagined hovever because
there 1= a need for most of the deta to be pregpented in n logical
sequence. This 19 becauvee mpsi of the colculated quantities are
dependent on the data of previous stepas Thug as a pgeneral rule It
ls necessary to be oware of the rpoguiremests of the defect
catouiation at earh stope to be sure that the data 1s presented In
the <correct loglcal orders As 1t 15 unlikely that g noviee will be
fuily mware of these needs, » standard sequence for the directives
is presented hers which vefers to the requiresents of a full
defect cnlculations The experienced user msy then alter the
standard sequence to suit his own yequirements.

$tandard Input Sequenca for Defect Caleulation,

— —

Item 1. Directive 3, DIMENSION. {Mandsiory).
frem 2. Directive 1, TITLE. {Optionall.
Ttem 3. Directive L3, DUNP. {(Opticnal).
1tem 4. Bireetive 72, PRINY. (Opticanl).

Item 5. Directive 114 CUBIL or
Nirective 12, HNEXAGOMNAL. {Cne of which is mandatory).

item 6, Directive 8, REGION. {Mandatory).

Item 7+ Directive 9, QPTICAL, or
pirective 1N, THERMAL. (Oue of which is mandntoryl.

Ttem Ha Directive 15, HAXIT. {(Optlonal}.
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Teem 9. Directive 22, PLOT. {Optional).

Ttem 10, Digective 7, ACCURACY. (Optionall.

Izem 11, Dirvective &, LATTICE. .(Maandatory).

Trem 12, Directive S5, #&Sisn (Handatory},

Teem 13, PMrective 6, BEFECTS, {(Maadatory}.

Irem L&, Birm:tive é], SYHCHECK. (Optional).

Ttem 15. Nirective 16, HTART CHYHTAL. (Handatory}.

Trem ihe Divective 14, POTENTIALS, Followed by subdireciivest
SPECTES
BUCKMODL/LERH/HORS (one type only}
HARHM
(A1} lvems under POTENTIALS dlrectlve are mandatory).

Item 17, Directive 16, START PLUTG. {Handatory}.
Tren 18, Directive 16, START RELAX,. {(Mandabory).
Frem 1%. Dlyective 17, STOP. (Mandaiory).

Tton 20, Blrective 21, RESET. (Optionall.

The above sequence may be modifled s number of ways. A teivial
example would bDe to inserr a TITLE directive between items 13 and
1A« This 1o Erequently done to provide a tltle tfor the potenkial
dara in the outpul. A more complicated change would he to placte a
DUNPE dlrective between esch paly of ltess from IO to (8. This would
aIlnw  finer contrel over the ontput level At each atepe of the
caleslation. Similariy, the PRINT directive could be osed between
ttema (4 to 19 bo conktrel what i3 ontput at cach stages Also the
5TRP diventive may be inmerted between sany two direcrives [f the
user wants the progras to fermisate st any point. Hote thst the
STOP dlrective venders the suhsequent data in the input dataset
redundont s

The wuser ita varsed agaiasr weing directives to repesat or
raapecify pares of a calcglations Such srn attempt will almost
ecttainly cavee tersingtion of the program. The veer say repeal a
galonlation only after msing the RESET divective and then facluding
all the required date apaln aftee L. The uner 1z also warned
apalnst ueing the mandatory divectlves presented showve in any other
sequence ovder thon that plvea, if he does ao he runa the risk of
having the program fall throwgh Lllopical gequencing. Hote however,
cthar it is permisaible to omit some of the dlrectives 1 a full
defect calcuiation is oot required, hut even then the user muak
toke care to @nsure that all the directivos appropriate to the
requlred toask are present In  the LInput dataret and that  thelr
sequence 18  loplenlly ceryvect {i.e, following the sequence given
above .
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The next section provides oxamples of Input datsets.

6./ EXANFLE DATASETS,

(1) sonluM CHLORIDE LATTICE.

. [N

DIMENSIGR LRONGEH
TITLE

SODIYM GHLORIDE ANLON SUBSTITUTED BY CATIOH

ENDS

pue

PRINT REGI RFCG2Z STRI REQIP SYMMEYRY
CURIC MATRICES

RESTON 20 4.94 2.78%9 1.5 @.1 6.2 0.0
THERMAL

MAXIT L5

BASIH VECTO#S AND CEHTRE OF SYMMETRY
HA+ CORE 0.0 0.0 B.0

¥4+ SHELL B.9 0.0 0.0

CENTRE 1.0 0.8 6.0

CL~ CORE 1.0 0.0 8.0

ClL~ SHELL 1.0 8.0 0.0

ENAS

NEFESTS

CL~ CORE VACANGCY 1.0 0.0 0

Ch~ SHELL VACANGY .0 8.0 0.0

HA+ CORE INTERSTITIAL 1.0 0.0 0.0
WA+ SUELL INTERSTITIAL (.0 .0 0.0
ENDS

START CRYSTAL

TITLE OF POTERTIAL DATA

Sonpey CHILORIDE PMYTFATLALS

BNDES

POTENTLALS

SPEGIES

HA+ CORE -t 060 1 0
Cl~ CHRE 1.497 1 O
HA+ SHELL 2.82R 0.0
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Ch- BHILL -2.485 0.0

FNDS

BUCK MA+ SMFLL Ras SURLL
FA9S.A G.1709 Z9.06 4.AR35
E£HDS

BMICE CL- SNELL CL~ SHELL
1227.2 03214 29.06 4.1835
EMNS

BUCK BA+ SHEL], CL- SHELL
2314.7 0.2963 6.0 4,1R33
ENDS

. HARM MA CORE NA+ SHELL 96.44

HARIY (L~ CORF Ci~ SHELL 29.38
s

START PLUTO

START RELAX

STOP

It 1y worth neting here that on some of the

the directive has been expanded late s fuller deacription of ita
function e.p. LATTICE to LATTICE VECINRS. This
permlasible 1f the directive eard has no eperands. The sdditional

woriting 18 ipnored.

{443 ALUHINTIN OXINE LATTICR.

DINENSIDR (20000
TITLE OF DATASEY

ALIF VACARCY (V°77) IN ALUMINIUL OXIDE

ENDS

iilie

PRINT BEG! HREGZ STRU RECID CRYSTAL SYMMETRY
HEXACOHAL HATRICES EMPLOYED

REGION RO 2.4B7  4.3983 0.85 0.10 6.2 4,0
THERPAL

Mot

LATTICR VRECTORS

GW330810776  0.31801G749 2.0

G0  D.636021 51 1.0

G858 0.0 3.0

BASES VECTIORS AND CENTRE OF SYMMETRY

ALW GURE 0.0 0 0.0

AL+ SHELE L0 0.0 (.0

ALJ+ OB 6.0 0.0 1.5

ALY SHELL G.0 DD 15

G2~ SHELL  -0.3396597525 0.0 -0..32205

12«  CORFE 0. VABR2YATEL -D.204153976%  ~0.3220%
a2~  SHELL  0.L16%98298741 0L I9AL539782  ~0.3220%

02~ CORE  O.169R298761  0.29461539744
02~ SHELL  0.1698298761  B.2941539744
CENTRE 0. 0.0 0.0

ALY CORE 00 9.0 0.8559

AL SHELL 0.0 0.0 0.855%%

ALIF CORE 0.0 0.6 -0.6441

ALY+ SHELL 0.0 0.0 ~0.644)

02~  CORE  D,3396597%23 8.0 L7783
02~  SHELL  0.3396547525 0.0 1.177%5
@2~ CORE  ~0.1698298761  D.Z%4E539744
02— SHELL  ~0.169829B761 02941539744
g2~ CORE  ~0.1638298761  -0.2941539742
9Z-  SUELL  -0.169829R761  -0.2941539742
02«  GORE  -0.339639731%F 0.0 -0. 32203
ENTHE

NEFRCTS

AuL3+  CORE  ¥ACANCY 0.0 0.0 0.0
AL+ SHELL  VACANCY 0.0 G.0 0.0
ENDS

START CRYSTAL

TITLE OF POTENTIAL DATA

AL203 POTENTIALS

ENNG

POTENTIALS

SPECIES LIST

AL3F CORE 3.0 1.0

02~ CORE -0.026 1.0

AL+ SHELL 0.0 0.0

02- SBFELL «}.974 9.0

NS

BUGK ALY SHFLL ALJ+ SHELL
ZA3%5.8 0124670 0,366011 2.64589
0.0 1.0 0.0 10000000.0

Eq 8

BUCK AL+ 8HELL 02- SHELL

2826463 0.25854% 2.30525 §-69337
2905.92 0256895 116670 2.43421
2880.47 0.257803 O.RY5286 4.23342
0«0 1,0 0.0 100000000

BERS

BUCK 02- SHERLYL 02~ SHELL

267552 0-439043 0L383073 1.79920
B72.6535 G- 1670R7 70-3756 2464589
10 s 46 0.3556088 57,2077 4.23342
G0 140 0.0 100000000

ENRS

ABH ALY+ CORF ALZF SHELL 10000000.0
HARH 02~ CORE (02~ SHELL 16.0

ENDS

START ToLum

START RELAX

S1OP

-

{EL£) LITITUN ALVMENATE LATTICE-

-G 32205
*3’322!35

1+ 17755

1-17795
1-17795

1-17795
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DEMENSTON 25000
TITLE

LITHIMY  ALUHIRATE

hit IR

DI

PRIN RFGY fECT STHRT

CUBIC ROTATION HATRICES

RFGY 148 2.55 6.42 1.0774 D10 5.
THERMAL

FAXE 15

LATT

1.0 d.8 Ouiy

00 0.9815149937694703 0.0

0.0 6.0 0.719626168224298

BAST

AL CORE (.230 0.2454049B4423676
AL3¥ SHEL Gl 258 024540498442 3076
AL CORE  6.750 0.736214%53271027
ALV SHEL  0.750 0.736214953271027
02- CORE 6.250 0.01570521931L5
02~ CORE . 750 0.965914018601588
81— CORE  (.250 DJA751D4049B844235
G-  CORE  0.750 D.506515847850465
O2-  BHEL 4.250 D.0157059192105
G2- SUFEL n.750 09653140869 15088
62~  SWFE  0.250 0,475104049B44235
0%«  SOFL  0.75%0 6.506515887850465
02~  CORE  (0.018  0.235404984423676
G- CORE n.982 D.736214953271027
02— CORF D482 D.205408984423676
02+ CORE  8.518  0.7362149533271027
0%~  RUEL  0.018 0.2554049R4423676
Li ¥ L8 SIIRL 6.982 0.736214953275027
02- SUEL 0 .482 0. 2454049844236 6
2~  SHEL 0518 0.73R214953271027
Li+ CDRE N.55274 N.53%58 Ba1783
LY+ COAE 0.94626 8.53958 0.178%

P07 F

2.16263535140586914
0.1626 35514018691
0. 55699065420 5606
8.556000654205606
0B309439252336448
Oeb 1018595887849
14 309438252336448
G4 101AG9I5R6TR49
¢3094332532336448
DA10186%1 5887849
G.389439732336448
041018691 5887849
0-010794392523364
0.70BBIL775793)
0.G10794392523364
0-7088317757933
. 010794352523364
0. 7088317757933
0.010754392523364
{+708831775793)
9
9

LI+ GORE 0.553T% 082235 0,.17839%
LI+ CORE  D.94636 0.93285 0.17859
LI+ GORE  0.44726 0.44204 0.54104
LI+  CORE  0.05274  0.44208 0.54104

LI+ CORE  D.44726 0.G4B7T  0.5410

ﬁ

LI+ QORE 6.00274 D.04877 054104

START  CRYS
TITLE

LI5aLO4  LIALMODL WETH  NEW  COOGRDINATE

HENDS

POTE

SPEC

LI+ CORE L. 6.530

02- CORE  D.AI06  15.9994%

02— BURL,  -2.8106 0.0

ALI+ CORE  1.6170 26,9820

AL+ SHEL 1.3830 0.0

FHDS

fuCX LI+ CORE A2~ SHEL
162.53703  ¢.0476 0.0 6.9170364D
ENDS

BHCK LI+ CORE LI+ CORE
41653970 L1427 8,0 6.9)1703640
ENDS

BUCK @2~ SHEL 02~  SHEL
22364, 0.1490 27,88 6.91703640
ERDS

BECK LI+ CORE AL+ SUEL
5187.642  0.13  #.0  6.31703640
EMNDS

BUCK G- SHEL  AL3+ SilEL
§460.3  0.299120 0.0 $.%1703640
ENDS

HARM 02~ CORE 02~  SHEL  103.070
HARM  AL3+  CORE AL SUEL  92.4R%

ENDS
START  PLOT
START  RELA
Ry

7./ ACKNOWLEDGLMENTS .

POTENTIAL

1 am ladebied to many people for advice in ghe development of
the program CASCAGE. Is partleular, I am indebted to J. Rendrick uf

I1.£:1. Corporate Laboraroryy Huacors and M. Guest,
Y«R, Spunders of Davesbury Laberatery,

f.eslie and

LY+ ©ORE 0,230 0.73821  0.1M30

LI+ CORE  0.750  0.24%48 0.5483)]

COMTRE D750 0.4540 §.548)3

EHDG

REFROT

LI+ CORE  WACA  0.750 DLZ4540 0.54R33
LI+ GORFE 543l 0.750 0 .24540 G 54813
ENDS

- 85 _

W, Saiths
pareshury Laboyatery
Japuary 1981
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