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1./ INTRODUCTION· 

PR<XiRAfi CASCM)Et An Input Procesaor for 

crysta.l Defect Calculations 

by 

w. SIUTH, Daresbury La.boratory 

January 1981 

The purpose of this docufIlent Is to describe the functIon and 
date input of the program known 8e CASCAl>E (£.cay - l ~utomatlc 
,System for the £!lculation of J!efect .,gnergies). The progrAm, 
written speeifically fot' the eny 1 computer at Dareabury 
Laboratory. 18 intended to form an integral part of the proposed 
replacement to. the UADES III program currently used to calculate 
defect energies (aod related phenomena) In crystalilne solida. 
Oevelopment of this new program h88 nOIJ renchel'1 Il point where 
prospective usera have expressed an interest in attemptinn tctAl 

use in exeeutions of the program. For this reason. prior to the production 
of a more comprehensive te~t, this document has been prepared to 
allow such users acme underatanding of the progrsm input 
req_li rementa .. 

1./ TUB INPUT SUBROUTINE. 

One of the expressed requirements of the new defect energy 
pronram vas that it shollld allow the uFlel' the t;onvenieoce af free 
formtted input. ThU wOllld !'Ilean that the liBel' need not wnste time 
producin~ regimented data aeta, but could aeverthnieslf rely on the 
program to interpret the date correctly. ror this reason the 
program CASCADE includes a sllhroutine called INPUT. which enables 
thia facility. The suhroutine ia in fact a collection of 
sppropriate routlnes taken from the A~roL III qunntum chemiatry 
t'Hl:ckage and gathered into one subroutine with several entry points, 
An understandinn of t'tie function of this 9ubroutine is a necessary 
prerequi9ite to uaing t'tie program CASCADE and therefore it La 
described here in aome detail. 

In order to read in 4 data card, the program CA~r.ADE calls the 
subroutine INPUT, which reade the card in the FORTRAN A format aa a 
field of 80 characters. The data 18 atored ill the common block 
na1ll(!d !HORKI in the array l~EC(SO). Within this AO ch«racter field 
there are expected to be one or more functiollRl fielda eepttrated by 
one or more spacea. A functional field call define all inter,er 
number. a real nUlllber or an alphnnumeric character atrinn# The 
subroutine scana the 80 character field and records the numher of 
funetional fields their length in eharactera And their Btartin" 
location in the 80 eharacter (ield. Theae q1lantities are stored in 
the common block /WORK.! aa the va dable J1Jl1P And arraya INUM(40) 
and ISTRT(40) respectlvely. It does not at thia ~ta~e attempt to 
interpret the funcUonlfl fielda sinee the nature of each functional 
field hoa to be apecUied by the Min program. 

To interpret a atrtng of charaeters in the functional field AS 
an inteRer the main program CIIUS the entry point lNPI(J) .. The 
rOlltine then procea!;les the char<llcter strinR into an Lntener number 



which il:I: returned as the srSllmerlt J to the main pcoRram. If the 
~lIhrol1til'\e ('Annot convert the chAracter string into t'n integer it 
!letA. nn error indi.cator (the ysrlahle U~R.R in common block /YORK/) 
to a value of 1. lIov this error h dealt with b s matter for the 
maln proRrnm, however the usual procedllre in program CASCADE is to 
rder to the ent£y point OUTERR described below. 

A red ntlmber present in the functional fIelf! i~ treated in e: 
AlmilAr ~nner to nn integer. In this CAse the ~ln program c4119 
the entry "olnt INPF(R}, from which the real number is returned us 
the renl ;trp,ument R. Failore to interpret the functionnl field aa a 
rett1 numher CAuses the enor lndicotor ttRR to be set to 2 .. 1t 
shOtl1d be noted thnt thia rOl.ltine ..,111 nnt recngnise the E or D 
f(lr1'ft3ts freque.ntly encountered In FORTRAN,. bttt in s rcaliaticnlly 
sea1~d problem the use of ordinary real numbers should not csuse 
urnIne dtff leliities« 

A fnncUOttttl Unlf! representlut a chnmetet' ntring may be 
(>l(t('uctJ'!d hy cnl11nn the entry point tt4PA{Ah from which the 
charRct~r "luinp. in returned in the nrgument A. For the purposes of 
tll~ pror,rnm CASCADE the c:hltt'Reter (ltrinp, w:l11 Automatlcally be 
tl1lncllterJ to the fhst four chsrscten, trreapeetive of tbe 
orir.tool l('.nr.th of the strinR_ (Thlt8 the chsrncter strtng IlARf:S8URY 
woolf! be truncAted to OARE by the IHPA routine.) The reason for 
tbb la to R11o.., the use of shortened codewords in the input dnta. 
ThitJ <1i'Jpect ..,111 hnve more relevance bter in this document. Hate 
thnt \fhJle it iA not poaaible to mislnterpret the chtu'flcter atrins 
tn tbe 'Wuy thnt tbe renl and inteser nutnbero 1'1141 be mislnterpnted 
it lA pos!Jible thAt the Riven character atring h not thl't 
expr.etr.d. tlhen tlli~ occuta in the progrAm CASCADE the uAud 
procJ!dIH'~ h to refer to the OUTF.RR routine with the error 
tndlcfttor ~et to zero. 

Ilium the m<1ln progrAm dr.tecta an error indlcAtoC' (lr.R.R-l for 
intr:nt'!r (!rror .. IERR.. 2 for rr.al nultber error or IF,RR...O for incoC'rect 
character "trinr.), CASCAnE usuAlly Clllh the entry point OUTERR. 
Thin ,,,Ul reault III the rH:intin~ of sn error mlu,sage i"hUClltlnr. the 
type of error (0,.1 or 2:) nnd a print of the dntll cllrd nn which the 
erroC' was rI(ltected. Control ..,111 then be returned tn the maln 
pfop,nUIl. In thh way CASCADE i6 oble to IRnore incorrect data and 
continne tn process subsequent dats csrds .. 

To conclude thi~ section s number of Important fe4tures of the 
INPtrr subrnutine nhould he mentioned. 

Fintly it is important to renlhe th4t the functinnal fields 
II ro Uentif led 1n the INPUT aubrout Ine as continuous character 
strinp,a s~p8rsted hy one or more spaces. It 1s obvioua therefore 
thnt errors will resu!t if spaceR an careles1lly inserted within an 
Intended functional fidli. f"unetiontll fieMs cannut he ..,ritten 
Rcrosa data cnrdn 

Sp.condly it should ~ noted thnt eAch enl1 to the ~uhrouttne 
{NPITT ",tIl result in n new data card betnr, rend. Calla to the entry 
polnts INPI it t'NPP of INPA ..,U 1 Muse n register of the current 
fUl1ctionnl Helrl to be ineremented hy t. This rentster which h 
stored USI th'! vnrfRble JRf;C in the /,JORK/ common bloek. m....y be 

reset in the IMin pr0ltu", thus: dlowinn functiontll fields to he 
reprocessed or bypAnsed. This feature is often used by CASCADE in 
identifyinR the nsture of the input data. 

Lsstly should the INPUT suhroutine encounter the entl of the 
input dataset when as~ed to reod in a new dats card~ an ~ppropriate 
error Rsaaf\e la printed nnd the progralQ is termiORted. This il1 the 
only occssion when the INPtrl' subroutine may terminate the pro!\utll_ 

3./ TUB tNPUT PROCESSOR> 

The control of the dAts reod into the pror,ram eM-CAnE fa 
bAndied hy an input processor, the function of which is to Re-HCIl 
tbe inpllt dntl'lget for the directives that identify the dsta aod 
tddicate how the dats sre to be pC'oeeRsed. At the time of writ inn 
there are Bpproxbmtely 20 auch directivea but tbiR number is very 
likely to increase ss the program ia e~tended to incorporate other 
procedures. However the hltsic atructure of the input proce~RoC' will 
not ch~nne Rnd this document may be thought of ss outllntnr. a 
minimum aet of directives to be found in the progra~ CASCADE. 

The input dstRset conolsts of the URual items of data 
necessary for a crystal defect cl'tlculatlon .. such sa a description 
of the lattice vectors. the contento and spatial distribution of 
the unit ceil etc., interspersed with the directivea. The tlirectivea 
sppesr in the telCt of the dsta 4S ordinary EnRlish worda which net 
as s18nS18 to the inpl.lt proceltoor to identify and proce"s the 
SUbsequent dats. For e~amp1e ~he nppent"ance of the word LATTlCE in 
the dAta isdlcRtes thst the lattice vectors are to follow. A 
detailed description of each dl recUve is ~iven in the ne:l(t 
aection. 

It ahoulrl hlo!i noted that in its usual lIIOde of operation e:J]ch 
directive sct!i as s switch which lUte the program out of the input 
processor mode into a dsta proces8ins lIIOde in 'Which the program 
performe predetermined operotions on the dsta_ It ia not until this 
processing haa been compieted that the prograft! returns to the input 
procesaor morle~ Aa s cousequence of thi. the user needs to be wary 
of tnRet'tlnp, directivelJ in the input dsta without due CAre tn Cflse 
s directive is mil'4interpreted ss genuine datEl .• Althour,h the pror,rAm 
does have n 'Well developed cnpsdty to deal with such errors it bJ 
not alwa1s posaible to deal with them io w.ys the user w()Illd like. 

An importAnt feature of the input proces9oC' is thl1t it ",Ul 
allow tbe u~er to make mistnkes in the dats witbout hrinr,Jnr,. the 
progrnlll to An immedinte halt. The prof!:ram adopts the generai 
stratep,y of isnorinp. nonsensicAL data unle{Ja the data it 18 
expr.ctinp, 19 either essentisl to itA lRubaequent operatio1ls or is 
n.eeded to nlln.., efficient proeeft9inB" T'I\IS the progrAm will often 
proceed quite sorne "'Ily with imperC"ct dnta before Unflily rejecting 
the problem nl'l hopeieas. ThiR fenture Mans that the unfalnilisr 
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us""r will learn of the erTors in hLa input data uithout the ordeal 
of perforoing many triftl runs. 

There now follow8 a deacripti~l of t~e various directives 
8vaHahle in the program CAllCAO[.. The order in which they are 
presented has no particular sinnHicance .. but only reflecta the 
orlier in wbich they are programmed. This wilL he follo\led by the 
r(!commenl1ed sequence of input to guide the URer in construeting 
input dataaets. 

4,/ TilE I)JRF,CTIYES. 

(i) Directive l. TITLE. 

The TITLE directive i9 sn instruction to print 4 title or 
hendinr. in the line printer listing of the output. the pOSition of 
the printel1 title in the output 1e determined hy the po8itfon of 
th~ directive 1n the input dataset. Thua the user CAn arranae to 
hnve eotflllwmta inserted at different pointe in t~e output" The 
titles are printed immediately after the directive is read in. The 
title may be any number of linea of ao characters e~ch. tach l1ne 
is written out 1n the output in exactly the aome forlll as it wsa 
input. aa a £iel" of 80 eharacters placed centrally in the 132 
charcten of the line printer hollerith field .. 

FOClna t: 

TITLE 

Oparanl1B: Hone 

Suhse~nent Data Cards: Any number witb Any contents· The 
collection of TITLE cards is terminated by a cnrd with tbe sinale 
ent ry rums. 

~)(i1mple. 

TlTf.P. 

r:Al,CU1.ATlOH OF SODIUH CULOIUOE LATTICE wrrn SOUlUH lOti YACAHC'l ~ 


ENOS 

(il) Directive 2. PRINT. 

The PRINT directive 19 an option uned to define aome of tlle 
datil that the user ""'Ults: to he printed out. The option .allovs 
control over the printinr. o£ the re~ion I coordlnlltes region 11 
conrdinatea the reciprocal lattIce the sy~metry eiRonvectors and 

tbe strl)cture factors. Ideally thts option i:l presented to the 
inptlt processor early on in the input dataset so thnt the user IAltYl 
control the output of the program fron\ the stnrt of the job. The 
quantity of output produced under these optioua ia detnrmlned by 
the Drnl? directive (See below)_ The default option specifics the 
printing of none of the dat8 types mentioned ahove_ 

Format: 

PUNT 

Operanda: There sre si)( operands (currently),. each sll(!clfylng n 
psrticular type of dAta the user w!shes to be printed ant. 

PRINT aa~a bbbb ccce 
Where aana~ bbbb snd ecce etc. ,nre the opemnds. These are as 
follow$! 

REGI - Print reRion I coordinates. 

REe2 - Print region 11 coordinates. 

REel - Print reciprocal lattice coord1nates. 

SYHU - Print symmetry ei~envectors. 


STRII - Print structure factors .. 

NO~£ - Print none of the above types. (Def,nult option ). 

tlote that any of these options may be apeeifieal in nny order. 
The NONE option should not be u.o.ed if My other option is 
specified" If the user inchldea fOOre than one PRINT direct1ve In 
the input dataset the parameters of the previoun PRINT dircctlve 
are overwdtten. This allows the user to reapedfy the output 
optiona at other points in the program execution. 

SubBequent Data Cardsr None. 

F.xamplet 

~RINT «EG1 STRU REG2 

The ubove card result 11'1 the printing of rer,ion I snd renion 
II coordinates snd the structure factors_ 

(HL) nirectlve J. OUfENSIOtI. 

The DUIF:NSIOU directive is used to specify tlle Amount of 
dynandc core thAt the program requires. Its aincle operand 
:!tpecHtea the number of llOrdo of storace thc pruy'ram ls to usc .. A 
typlcnl vulue for this would be 250000 wordn ""hicit nOllle! he Isqte 
enoul~h for Virtually any crystal system. The dYI)(unic core allows 
the pror,rAtn dimenslons ~o be spedUed at the time of execution. 

Fot'mnt: 
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OU1P.N~toN (Aceept4ble abbreviation IHUE) 

Operaods! One, indicnting the required nu~ber of words of core. 

n I'1F.NSlON nnnnnn 
Where nl1ll0ntl""t\llm'ber of requireri \lords of atorsp,e. 

Subaequeot nata CardB: None .. 

Note thottt in the present version of CA5CAO£ it is easential 
that the OH1F.NSlOH directive be first directive that the program 
encounter~ Ln the inrut dDtaaet. (See Section 5 in thtR doeummnt.) 

(tv) nit'ect ive 4. l.ATTICF.~ 

Tbm LATTlCE directive indlcqtes to the Lnput processor thst 
the "nttl CArdn to fol1o~ specify the lattice vecton for the 
cry~tal ~Yl'ltem uneter study. On encounUrlnJt the l.ATIICF. directive 
th~ pror,rnm CASCAnF. enters the subroutine nltmed LATtCr. ~here the 
lAttice vectors sre rp.Rd In Ilnd procefllsed. ThiB procesainlt includes 
n elu!'ck fot' copbnnrity of the 1;iven lattice wctorA and the 
ca\eIIIRtilltl of the Urnt three reclproc~l lattice vectora. 

Fortmlt 

LATTICF. (Acceptable abhreviation! l.ATT) 

Opemnds: Nnlle 

Subsequent n./lta CRrdlJ: Three. e./lch with three real numbers 
I'lpecUyinr. the cnmponents oE onl!! of the 1l1ttice vectors 'With 
respect to n cnrtesian Ret of aXeA. The uni ts Are the URUn! lattice 
unit9 i.e. ni~tsnceR aTe expresliled all I'I'P..Iltlples oE the lattice 
('oostl1nt. 

f.xample: 

1.AiTICR 
1.0 0.0 0.0 
0.0 1.0 0.0 
0.00.0 1.0 

Not(! thl'lt the nceuncy of the numbera used to define the 
lattice vectors must be cnrefully considered. If the ntUl'lb(!t's are 
not "pecHied llccurntely enouRh the proRrnm CASCAOE will be utlBhle 
to produce s BufHctently accun,te representation of the lAttice to 
d~flnc the nymm~try propertieA correctly. thi~ note ApplieB to the 
b'-Isis and defect vectors sbo. (See however. tbe ACCURACY directive 
beloW. ) 

(v) Dirftctlve S~ 8AStS. 

- 1 ­

The nASIS directive indiCl1tea to the Input proces!!9or th.'lt the 
cryatal baGl!!9 vectors sre ubout to be input (Le. the componentn of 
the unit cell.) The directive cause", tbe progra~ CASCAOE to enter 
tM subroutine CRYRAS "hich processes the basis vectors. The BASIS 
directive 19 immediat.ely follo\l9d by aeverAl cardEll. each "ith the 
the d9taUa of one of the sp9cies in the unit cell. The species 'lMy 
be input ln any order .. Subsequent proce981ng will orgnnise them 
mo~ auitably for calculation.. This processing slao checks the 
basis species for errors such a8 duplication .. The ~ta corda are 
terminated by a card with the ein$le entry ENOS. 

Format I 

BM1S 

Opersnds: None_ 

Subeequent Onta Csrds! Any nu~er. one for eAch speciea or 
component of the unit cell plua one cnrtl specifyin? .. nev i,ositton 
of the Drip-in if desired. (Thb origin is knovn as the centre of 
8ym_try about which tbe sYJTm'Ietry operations of the crystal potnt 
group are applied. 1111.s itt .1so frequently taken to be the defect 
ori8in~) tach ~peeies CArd csrries the "peetes label, it~ type 
(core or shell) and the position vector of the species apectHed by 
three real numbers. The position of the apecIes in the unit cell is 
defined initially with reapect to aome arbitrary cartesian sxea and 
the centre of symmetry is defined in terms of the same axea. nurtng 
the proce8sinn of the bssis coordinAtes, the baais is relocsted 
~ith respect to the eentTe of symmetry. Note thet i~ no centre of 
sytmletry tl't given. the centre ia: tsken to be the origLn of the 
cArt.eaion sxea uaed to define the basls inittally. Aa: with the 
lattice vectors, the coordinates ~re expressed in lAttice units. 

EXlIlmple! 

BASIS 
11M CORY. 0.0 0.0 0.0 
Cf.NTRP. 1.0 0.0 0.0 
CL- SIIf,I.L 1.0 0.0 0.0 
CL- CORY. 1.0 0.0 0.0 
NA+ SIlIlLI. 0.0 0.0 0.0 
ENDS 

Note thst the example u~ea stand4rd ehemical nOmP.qcl~ture for 
Inhel11nn the different species. This is etron~ly recommended atnce 
the input processor does not recoRni~e the characters of 4ny label 
beyond the fourth end using full nnmes eft" eause ambigulty* (e-e:. 
OXYGEN2- and OXYGElf- both becnme OXYG.) The uee of the codewordo 
CORK. snELf~ and CFJlTRE in the npproprute placeB 1!lJ mandAtory.. The 
earlier eommmnts about the need for sufficient sccurscy In 
presentinr, the coordinates apply here also. 

(vi) Oirective 6~ nF-FECT. 
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The DEFECT directive o1snais to the lnput proeeuor that the 
detnib of the crystal defects are to folloti. The directive causes 
the program CASCADF. to el'lter the suhroutine DEFECT, where the 
defect vectors are processed. The directive 19 ft')llowed by any 
number ot cardft one for each defect apecies. up tt') a (curT'ent) 
tnn:imll!!I of 40 and iii terminated by a card ulth the ainfl,le entry 
ENDS. Each cArd cArries the detaila of the defect:a to be lntroduced 
into the perfect lat tlcea 

format: 

n~f~CTS (Acceptahle abbtevlatlon: DEFR) 

OIH:!'rsnds: None. 

SuhsefJucnt nata Carda: Any number .. in any t')rder,. esch with the 
defect ~pec1eg label.. type {core or ahell), defect type 
(tnteratitlal or vacancy) and the defect coordinates definl!!d with 
re!lpect to the unit cell cartesial'l axes {tae. the same coordinate 
system all the bash vector$. } 

r.xrlll'lple: 

OV,fEC'tS 
NA+ (:ORE VACANCY 0.0 0.0 OaO 
a.- CORf. INTERSTItIAL 0.0 0.0 0.0 
CL- SIlf.Ll, INTRRSTITIAL 0.0 0.0 0.0 
flA+ SnFo!.T. VAf'.ANCY 0.0 OaO 0 ..0 
ENnS 

I n the CAse of vacancy defects It iA Bssent LB 1 to epecify the 
VAcancy as occurinR nt a valid lattlce site. A conaietent uae of 
1allela for the speclea concerned ia 11190 neceaSary. The codewords 
VACANCY nnd INTERS'tITIA1. !My be abbreviated to VACA folnd INn: 
tespectlvely .. (Note If It is required that the interstiti81s 
rem.'1ln fixed i. e. unrelaxed during a de Eect cAlculation the 
eodeword INTF l'IIUst he uAed 1n plAce t')f INTE). The earlier comments 
nhout the llccuUCy of the coordinates apply here also. 

(vli) Oirective 7. ACCURACY. 

The ACCURACY directlve iA ulied to respecify the intetnal 
tolerRnceR of the progrAm CASCADE for the PUrt,08e8 of defininn the 
cryat"l lattlce coordlnAtes nnd itli associated symmetry. ThiB 
dt rectlvc ia necessAry when the uaer attempts to input lsttice. 
hASi:'! alld defect vectors that sTe not accurnte to at lesst 
O~OOOOOOl of s lattice ,mlt. IE tbiill 1.'\1 the C$\ae then user may 
e itller respeclfy the vectors to achieve thiR accut'Bcy or simply 
reset the tolerances oE the .tnternl'll t~llt lnp; procedures of the 
pr0!irllHt. The ACCURACY directlve enAbles the lAtter optlon. If the 
user fails to pny attentlon to thb mAtter the'te ia a Bood chance 
thll.t CMCAnp. will be unahLe to deftne the crystAl lattlce or ita 

symmett'y correctly. (See tbe SYMCURCI<: dlrective below). 

Fotmat;. 

ACCIIRACY (Acceptahle abbreviation: ACCU) 

Operands: One~ indlcatins the t'equ1t'ed tolerAnce of the test 
procedurea. 

ACCURACY rrrrT'rrr 

Where rrrrrrrr-re~uired tolerance. 


Subsr.1uent Datn Carda None. 

Exantp Ie: 

ACCURACy O~OOOOl 

Thi8 example indieat.ea that the basia vectOt'9 etc~ arc 
sccurate to the ahth decimal place only. Note that the ACCURACY 
opetand h aet to be ten timea bifl:r.er tbRI'I the occurncy of the 
coordinstes. Thta ia necesaary becaUi1e the ACCURACY oJ>erond 
specifies: the tolersnce on the internal teatinR procedures oE the 
proStRm hence to ensure that the coordinates etc. wii1 paRa the 
required teBts a safety margln is used that allowB for roundinn 
errors. 

(vi H) Direetive 8. RF.GION. 

The RRG'ION d1tective 1ft used to input dctsils shout the 
eryatal region slzes snd eutoff radii for variotl!} f1nrnrneters used 
in the prognUlh 

Formutr 

R~ION (Acceptsble abbcevlatton' REGI) 

Operands Seven, (elJrrently), spedfying the fllngnftudes oE the 

various porametera. 


RE/HON sana bbhb eCcc 

"here saas, bbbb nnd cccc etc. are numbers specifying the fo11o..,ln1\ 

parllf!'fetera: 


Parameter U HRECl· Number of clsS,Sc9 requlred In reglun I· 

(Integer) 

ParAmeter 2: RRC,2. Radius of crystal rer,ion in Lattlce units- (Rcl'Il 

number) 

Fatameter 3: R(.AT. Lattlce constsnt in AIlp,strl)ms (R(!tll number)· 

l'at"l'lll'tCter 41 ClIl'POT. Short rnnge potent1nl energy function eutoff 

radlus In lAttice unltB. (Renl nul\'lber)_ 

Parameter 5: CUTSIIL. tlJlximum permi!Jsible aepotlrntion oE cores and 

correaponding sheIla in the defect crystal relaxatlon in lnttlce 

unlts _ (Real number). 
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Pnrnmeter Ih O[l)MAX. Maximum permls9ib1e rela:xntion of the ddect 
cryatal core& in lattice units (Resl number). 
Pnrameter 7: C1Jn'A~. Hadmum range ef sny of the short ranne 
potenti~l function" used in the crystnl I'OOdel in Angstrom!)- (R.elll 
n!u'l,~,'er) • 

S1JhtlCtJlJellt Oatil Cards: None 

F.:Itflmple: 

l{F;C:10El flO (.~94 2.78~ [.5 0 I 0 2 0.0 

Hhere the number of oyll'll'OOtry classes t~ no .. the rarlins ef the 
cryat~1 rer.Jnn is 4 94 lattice unit8~ the lattice conet8nt iB 2.789 
Anr,stroms. the potential cutoff 19 1.5 bttice units, the maximum 
core - ahell aeparoUon i.. 0.1 l,DtUce uniu. the maximum 
relaxntlon of the cores 18 0.2 lattlce unitfl dnd the ~~ximum 

potenti;,\l ranr.e po"oible In the system is 0.0 Angstroms. (which 
me~nR that the pronram will default to the Inrneat v81ue it Hnds 
in thf? potentbl dnta input .. See belo".) 

(Ix) IJirpctive 9. OPTiGAL. 

Till'! ()PTlf:Al~ l'Iirective indiCAtes to the p't'oy,ram cAscAn~ that 
the cryJtt4l tlefect cnlculntlon is to be performed in an optical 
fIIOde~ This means thAt the rebxl'ltion of the cryst4l is to permit 
the r;heU!ll only to rela:x. 

ForMt: 

OPTICAl. (ncceptable abbreviattmn OPT!) 

Opcrnntb;: None. 

StlhAerp,ent nata Cardst Nonth 

NQt:e that the OPTICAL 8m1 TltFJU'lAL directiveR (below) are 
mutually exclttdve tlirectlvee. One of them mnnt he selected fer. 
cnmpletf' defect cRlculat1on" 

(x) nlrnctlve 10. Tl1F.RUAL. 

The TllF.~HAl. dil:'ective indientes to the prn~r:llt'l CASCADE that 
tlt/r'n!"; the crystal defect calculatirm the reLftxntion of the crystal 
io to allow both ceres and ghella to relax. 

Formqt; 

rllp.1UtAL (Acceptahle nbbrevtatton: TUErt) 

Operand~: Nene. 

Subsequent Data Carda: None. 

See comments en the OPTlCAL directive above. 

(xi) Directive 11 .. CUlllC. 

The CUOlC directive indicntes to. the prot;um CASCAnr. thnt the 
cryatal system under study has (At the outset) eullic or ott 
Symmetry. Tht:, .Ue\119 the program to call the subroutine CUnlfAT to 
construct the appropri.te trnnsfot'lTlliltion mtrie.,s. These matrices 
are spplied to the defect cryot.l to establ1Rh the true symm~try of 
the defect crystsl as 8 aubgroup of the Oh point ",roup_ 

"Format: 

CUBiC 

OperAnds: Hone. 

Subsequent Dsts Cards! None. 

The CU6tC .find UEXAGONAI. directives (see below) are mutlll'llly 
exclusive. One of them must he specified in the input ilAttlt:let. 

(xli) Directi.ve 12. HEXAGONAl... 

The 1tF.:XAGONAL directive indicstea th4t the crystnl systeM 
under atudy has hexap,onnl or OOh aynnetry at the outl'let. Thia 
enables CJ\S.CAnE to call the subroutine IIEXllAT to comltrtlct the 
required trAnsformation IMtrices. The.fle _trices Are Applied to the 
defect crystal to establish the correct QubJCt,roup of the Mh point 
grollp that applies to the defect cryata1. 

"Fonmttt 

llEXAGQ}JAL (Accep table abbreviat ion I nglA) 

Operands! None. 

Subsequent Dnt. Car4at None~ 

See the comments on the CU8lC directive~ 

(dB) rarect1ve 13. DUffP. 
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'the nUllr di rectl.ve indic~tes to the program CASCAOE the level 
of output the program 19 requIred to produce. Three output levels 
are avallahle 4nd the user my code for anyone of· theae. 

t'ormat: 

Dlmp 

OperMhla: One, vhich indicates the desired outpllt level. 

nUllr n 
\.Jhere nA 0 1 nr 2.. The sillnificAnce of ench being as followSl 

o - (I. Thifl is the default Ol)tion and inrticntes the lowest level of 
au tpttt. This produces output of the t),pe most Buited to the 
ber,inner or caslInl user ..,hare output is kep t to an essential 
rraLnimunl. 
n ... I. ThiB is the level of output that an experienced uaer may 
require or someone vho is exploring a p.,iven c£YAtal system for the 
flr~t time. It provides the uller vith more dnta than the previous 
optlon. 
n .. 2. Thls is the diAllnouic level of output and is primarily of 
internst to pro~rammers tracing e£rors or ..,ho vish to modify or 
exnmtne the \lorkin88 of the code. 

Subsequent Datn Cards: None. 

1'his directiVe may be used lIlO£e thao nnce in the input dataset 
if the user vbhes to alter the output level In run time:. Note tbat 
the flmnp 1evel alters the qllantity of output I)roduced by the PRINT 
options lbted earlier, but does not prevent them being printed 
n1tonethet .. 

(xiv) rHrectlw 14. POTgNTIAL. 

the POTENTiAL di rect lYe is III str.nal to the input processor 
that the data describing the shon t'4oge potential ene:rgy functIons 
are to' (ollou.. On encountering this directive In the input dataset 
thf' pt'l)gram CASCAnE enters the subroutine POTENT, vhlch processes 
thl1 potential dAta. The subroutine POTENT has for this purpose its 
own input processor to handle tbe poteotial ,j.lts .. This too uses 
cOI1N/ords in the forfl!l of subdlrectives to qualtfy the data bcinfi 
illput .. These wU 1 be deacibed be lou. 

run3Att 

pon:HTlAT. (Accep table abbreviaUonr ron:) 

Opct'4nlls: None_ 

Suh"lequ'~llt Oota Carda~ AllY oumber of tinta cl'lrds may follo", 
includinn the auhdlrectlvcs. These aululi rect i ves onrl their 

ossoseinted dAtA are as follovsx 

(8) Subdlrective 1. SPECIES. 

Th iR .auhdi rectI ve tndi cues that a tiescr ip tl.1)R of the 
different species preaent in the crystal follou!). TiIis Is followed 
by sny number of dAta cards, one for ench species, p.ivInf\ the 
species lnbel. species type (core or ahell>" the specl~1I ehnrfte And 
the I'I\II.sa" (The latter quantities reltt:te to the shell model fnr a 
given jon described as core - shell paIr..) 'the sequence of cArds Is 
term:l.AAted by 8 cArd vith the single entry EtroS. 
F.xamplel 

SPECIES 
11M CORE' -1.140 1.0 
CL- CORE 1.497 1.0 
NM SIIIlLL 2.128 0.0 
CL- SIIELL -2.465 0.0 
EIIDS 

Hhere the first real nUf!l:ber on each cnrd refers tQ the chorge 
and the secnnd real number refera to the mass. 

(b) Subdlrective 2.. BUCK. 

ihls allhdirective indicates thlJt the data relevant to one of 
the 19hort canne Ruckinghsm potentisl functions follm!!!!.i e .. 

V(r) • A*exp(-r/RHOl - C/r**6 

The 8ubdtrective card hos the label. snd typc of the two 
species relevant to the potential function, wrtttcn .1:[ter the nUCK 
subd1rective.. It t& assumed thst the potential function Is divIded 
into different ranges and the carda thnt follow thts subdirectiw 
each specif)' the parametet's appropriate to one r"nnc .. It iii further 
aasumed that the ranges will be presented in orller of Increasinr. 
inter - epec1e19 separetion. The aeriea of cards is terlflln.<*ted h)' a 
card vlth the sinAle entr), ENDS .. 
Example. 

HUCK NA+ slim." riM SUEl,l, 
7895.4 0.1709 29.06 4.1835 
FoHOS 

Uhere the first rel11 number is the pre - eXllollentlal fncto£ A 
in the flucklngham formula, the second is the constant RHO wUhin 
the exponellt" the third is the Van der Wnals cons tsnt C and the 
fourth iA the O1lter limtt RHAX of the r.qnge over ..,hich the 
potentt41 nppl1es, The appropriote unita for these porluooters llre 
electrnn volta and AngatrolUS .. When Mre than one rl'lnr,e Is used for 
A potential function, then the oute£ Umit for a givC!n tanr,c is 
tl1ken to be the inner limit of tbe next function rlinr.e. 

(e) Suhdlrecttve ) .. M001 .. 

The ~ubdirecttve Honl lndicates that the data corda folloulng 
it describe the potential of a modified Buckingham function. i.e. 
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V{r) .. A*exp(-dRnO) - C/r,uN 

The tnput of the Hunt aubdlreeHve 10 identical to that of the 
ihlCklnl'.hanl function described nhove except for tbe lise of the .IODI 
code~ord in plnee of BUCK and the pCegence of an integer constant " 
on thi;.> lIuhdlrective card indicatinn the order of the power low 
descrlbing the Van del." Waals factor. 
Exftmplf!: 

tIm'll ::-JA+ gIlEI.L NA+ sm:(.L R 
7MS.. I. 0.1109 29.06 11.183S 
F.rms 

Hhcrl? the nm~rtcnl conatantR hnve the Same significanee ss: in 
the previoull exnmple. The pceltellce of the number R on the HOOt 
subdiroctlw ellnl indiCt\te~ thilt the v_n der Waals factor hilS a 
I1rtrtr;q power ia~ Uere ;iR_in tht'! untte I.'rre An~~tt'OIns and electron 
vnttil. 

(11) SlIhdireetiYe 4. LF.NN. 

Thlil directive indicates thot the dot a descrLhinn .'l LennArd -
Jonc!\ potentlni function is to foliow i .. e. (l function of the form: 

V(r) - A/r••N - B/r~~t 

tn tlli!IJ inst;)nce, as with the prevll.1\u. potentla 1 functionll!, 
the suhdirective card spedHes thlli lRbels nnd type (eoce or ahell) 
of the tvo interActing species and it abo specifies the indices N 
and t1 1n the ,above expression. !1ere ngl'lin it is 99sumed that the 
potentiAl function i~ divided into rnnaes that (lre presented in 
order of incre-ltsinr, inter specieS sep.'lr,ation. one dota. cacd 
r{'prearmt lor, one lhaeh ri'ln~e. Th(JI sequence of cnrd" is tfl:r,lIinated by 
11 s1nr;le cnt"tl with the entry ENns. 
F.Mmph:: 

U:IIN CL- sJUn.t. t'!L- !l1lP.LL 12 (, 
"%0.13<1.61 s.la 
ENn~ 

Yhf!ce the suh.1irective c.1:rd speeifies the Bpeden C<hH!ccned 
,mil the cefjlJired indices (N· 12 M· tl) of the expression. The 
'('eal oumb~t'B 3560.7. 30.67 and 5.78 represent the COnRtAnts A and B 
e~'lpectivcly ,'lnd the IMxtMJ1'!I rAnr.e for the function (RrlAK). The 
approprlat~ lmH1J are electron volta ond AnrJ'J trams. 

(e) :'nbll! rect i ve 5" HOR:~F.. 

Thh 1!'l the 'illhdlrective IIRed til input n Non?e PQtentisl 
function 1*('. 

V(r) ~ A.(1-¢~p(-R(r-C»)**2 

tlhee!! A,R And Core COOll!tnnU to he supplied. The met"nd of 
rell.llu~ in thls £uoetion is th~ tt3tne llS foc the previous cases. 
Exnn!f!lel 

tfORS£ CL- StlRLL CL- SHELL 
23.S1 0.5 2.46 
F.IIIlS 

Where the three real numbers correApond to the conatnnts A." 
and C of the above expressiolt. The unit" are the aallte as the 
preVious cases. 

(0 Subdlcective 6 .. lIARn. 

1'hitJ subdlrectlve lndlcaten the input of the harmonic 9l'rtnp, 
constants of the core - shell model. i.e. 

V(r) • C*r"'*2 

Where C is the 80 - cslled force constant. Unlike the previoll~ 
potenttnla the relevant dats are plnced aU on one cl'lrd \dth the 
HARtl suhdirecttve. 
EXlllUfllc : 

lIARH NA+ COR~ NA+ SnELL '96 .. 44 

Yhere 96.t.lt is the foreE: constsnt between the core and shell 
concerned. The unIts are sgaln electron volts and Anr~trom5 .. 

(g) Subdirective: 7. ENDS. 

The potential dAta. input ia. terminated by a. sinnle eard with 
the entry RHOS. 

The following point9 are of lll'lportsnce when preporinr. the 
potentisl data. 

The POTEUT subroutlne In Ha present form \lill not alto\ol thp. 
use of fI'KIre than one type of short range potential except wtven the 
second potential type is the harmonic potentiai. Any Attemrt to run 
C~~CAnE foe a mixed potential function system wIll result In an 
error ruessap.e and procrsm termination. ThIs is a temporary 
re"trietion l1Illy and later models will not be 90 hindered. 

The POUNT subroutine is tJeaigned BQ thBt it ia necel'lllRry to 
rea.d in the dota assodated lfith the Sr&CIES aubdirectivll! beforll! 
the potential data. An errQr me$laafle will cll!sult if tIde sequence 
is not sdhered to_ This is neceusfy becsuse the species .JAta nre 
needed to classify the potentin19 correctly. The potentials 
themgelves lu:wever may be presented in any order. 

The species labels and types muat be cona [s tent with the 
information niven to the IlAsIS and DEFECT directivea mentioned 
earlier. The proSrnm wilt terrninnte prematurely if such 
lnconsi9tencies are found .. 
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The rOTENT subroutine input procel)sor haA been vr1tten ",!,ith 
the SillM philosophy as the maIn input proc-easor Rnd will process as 
milch of the potential dots an is pO!lsiblc. ir,noring Ilser errors 
whnre it c.1n* If such errors are (ouod how(!vt!r. the progrl1m vill 
tcrmlnate bcfore It can proceed [0 the next directive in the rna in 
pror,rnm. 

(xv) nlrective J~. HhXlT. 

The HAXrC direc.t!ve Is Ul:Ied to specify the maximum nllmber of 
iterations the prnsram is alloved tn complete in the relsJlntion of 
the c.rys~al coordinates about the defect. The program default is 
currently 25 such iteratiOl\s. This directlve 8110ws the user to 
c.h:mr,e the specificatioll. 

Form.,t,: HAXI'f 

Operands! One, specHying the new I:!li1ximtlm iteration number 
(illter.er)~ 

tlAXlT nnn 

tlhN"C nnn .. new iteration nllmber (integer) .. 


Subsequent nata Cardsl None. 

(xv!) tHrec:tl.ve 16. START. 

The START directive l.1i responsible for controllIng the major 
opemt iOlls o( the crystal defeat cl11culation. The progrnm CASCADE 
may he thollp,ht of as performing four funMroootal operations. The 
rirst of thcs.e is the prelIminary proces.sinn of data such as 
rcmtinr, in tho fundament.,l Isttlce vectors" the basls of the unit 
cell", the defect vectors and determining the sylMletry of the 
syAter.t. The second operation is the calc:ulntion of the lattice 
vnctor!:l for the entire crystal rer.ion and determinlng the symmetry 
vArtnhles etc. {i .. e .. CRYSTAl. definItion}. The third operation is 
thl'! c:llculation of the perfect lattice propertlen such as lattice 
ener!',y dielectric prupertlen. etc (i.e .. a PLUTO calculiltion) .. The 
hut operation is the rel"xatlon of the cryst:ll about the defect 
and the .Irtermillluion of the defect energy etc_ (i.e~ a RELAXATION 
calctlli\tioll). The START dl.rective h t1l:1cd to control the pronrRIlI 
\l1lt'1) fH'ocee<linf! with ench of the three openltl.ons crystal 
rlflflnition, pettuct LattIce Cfl1Cl11f1tlon aOtI crystal relaxatIon_ 

rorln.,t ~TART 

0l)(>rnndf1: One ~~perand iR needed and it lllUfit be ona of the followlnn 
cot!(!UOrdR; 

CRY!1TAf. Hhen this codawotd is IlAed the pror,C4m CASCADE \till 
p t'vcced wtrh the crystal de(inition. The codeword indicat:es to the 
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input processor to enter the CRYDF'H subroutIne. 
PUlTO Hheu thie codeword is used the prop,ram prnce!cds ",HII the 
calcu1at ion Qf the pedect 14tt Ice prupert tel; * Tit ls codeY'ord 
indiat:cs to the input processor to cnter the PI.UTO subroutine!. 
RELAX - \-Ilieo thie codeword iA used the program prncaeds \fith the 
cdculation o( the relaxed defect cryat.(ll. This option indicfltcs to 
the input processor to enter the subroutine Rf..I.AX. 

Subsequent nata C.(lrds:: None. 

Rumple: 

START CRYSTAl. 
Or! 
S'rAl\l' Pl,Um 
On 
ST~T REI.AX 

It can be seen that for a complete defect calcul..Hton three 
START direative cards will be requ1red~ The advantage of this 
method of controlling the c.alcubtion i.s thl\t when used in 
conjunctl.on wIth the" STOr directive (aee below), it is pORstbl.e to 
stop the calculation at the end of anyone of these operD.ttol~R. 
'rhl.& c~n he very convenient when exploring n ne~ crystal system. It 
is worth not inn th.(lt the START directive is not obeyed if the 
program has detected errors in the previous operations... (The 
program in fact terminates.) 

(xvii) Directive 11. STOP. 

The stoP dlrective does exsctly \that it $ays, it: stops the 
program execution immediately it 19 encountered 1n the input 
ddtaset. Thus 1t: allow8 tha user to end.(ln executIon at Ifhntever 
point is convenient. 

Format1. 

STOP 

Operflnds. None. 


Subsequent Osts Card9l Nonc. 


(xvii'l) Directive 1.'J. FREEZF.. 


This directive has not yet been l.mplemented. Itro function la 
to inatruct the progrnltl to fix or ~freeze" the coordinates of the 
species of the renion IIA (hiring a ~e1axa:tion calculation. It Idll 
he (ully specified at Ii later date. 
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(xh) Directive 20. 'RE~TAR.T" 

Tbi~ directive has not y~t be~n implemented. The proposed 
dlrecthe ",UI enltbl~ the defect cniculation to be resarted at Gome 
scmi reiaXf.HI RtllAe nfter s rttven calculAtinn has fAiled through
time Iimitntiona. 

(:It)!:) IHrective 21. RF,SET. 

The ~F.SI~T direetlv~ enables the Uflcl: to input sl?verltl crystal 
9YlOtCIl'l.<; 	 Lf It b deRlred. If thia il'l vhnt the user whhp.8 it 1.'111 
he npprp.chtetl th<'lt th~ rronrom cmttrol variables uill have to be 
re~et b~fore 0 second calcuintion cnn her-in. The RF.SF.T directive 
HlnoY(!:s 311 date relevant to the previous calculation from the body 
of the progrllfth 

Format 1 

RJ1;SF.T 

Oper:\nliR"! Nonc. 

!1uhRel'JlI<!:nt Dntn Cordn: Nnne. 

{xxi) Direct t ve 22. PLOT. 

The PI.OT dtrectivc 11'1 an instruction to the progum CA$CAflF. to 
prcp1\(C nn Ol.ltput dataset complete ."ith the coordinates of the 
perfect and defective crystal lAttices. ThiN datil is then ulled as 
input d:ttn: to It r.eneral plotting p.ockage. URerl'l should note that 
thli'l option wUt re'lulre different eRAY jCL to the mounl jobs. 
since it nppds to create ami !ltore a ne." dntAnet containin~ the 
plottinr. ,Iatn. 

F'orflt."lt: 

PI,or 

0l'll'!l'and!lt IIQne~ 

$lIbflJl'!<1UMt I)nt:t C::.'1r<itil:l Nnne. 

(xxU) niroctlve 23. SYMCI1r.CK. 

Tim SYfICtlI<:CI~ directive if!! uaed when the user want~ the prnr,rnm 
to elmck th.1t it hQR defined the defect r.rYlEltal "ymllll?try correctly_ 

This need may ariBe for example if he ia unsure thtlt he hnl'l 
specified the tolerance on the ACCURACl directive correct ly or he 
mDy simply wish to pertor_ the checldn& routinely. The directive 
reffUlts in A c"l1 to the subroutine SY.lcmc. 'Which checkf!! that the 
set of symmetry opeutions the program applies to the defect 
cryatal do in f act form a nroup. 

Formllt: 

SYHCHF.CK 	 (Acceptable abbreviatloal Stf~) 

Oper.onda: None. 

Subsequent Dota CBrtltu None. 

5.' TilE INPUT nATMF.T STRUCTU~F. 

The input processor described ahove allows some decree of 
flexibility in the order in "'hich the dAta ore in(lut. Thill 
flexibllIty is not ae great af!! mi3ht be imagined hovever because 
there is a need for most of the detd to be presented in n logical 
sequence. Thill 19 because Jlll,)st of the cnlcul.tted qonntHt<'!s are 
dependent on tbe data of previou3 steps. Thus 49 a general rule It 
la necessary to be uvare of the requirements of thc defect 
cRlculation at each stase to be su~e that the dat~ is presented In 
the col:rect Ingical order. As it is unlikely that 8 noviep. uill be 
fuUy fl\"'1re of these needs. s standard aequence for the directives 
ta rresentEid here ""hich refer" to the requirements of s foll 
defect co lculat ion. The experienced user ~::I then alter the 
standard 3E1quence to suit his own requirements. 

Standard 	Input SequEiace for Uefect Celculation. 

-------------------------------~.--------------

Item h 	 DirectiVe 3. Dl"'F.N~IOll. (Mandstory). 

lum 2. 	Directive i. TIn.Eo. (Optional). 

Item ]. 	fHrective I],. »UHP., (Qpttonll1) .. 

Item 4. 	Directive 2. PRiNT .. (Optionnl) .. 

Hem 5. 	Oirective 11. CUBIC. or 
Dir:ectille 12, HfiXAGotIAl ... (one of which lI'I mandatory). 

Item 6. 	Directive 8 .. RF.GIOH~ (I'londatof),)' 

ttem 7. 	Directive 9 .. OPTICAL~ or 
Directive 10. TIlr.Rf1AL. (Olle of ",hleh ifJ m.'1ndnto(y). 

a ... 8. 	Directi~ 15. MAXI!. (Option81)~ 
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Item 9. Dlrective 22~ PLOT. (Opti&nal)~ 

Item 10. Directive 7.. ACCURACY. (Optlontll)& 

Ite~ 11. Directive 4, LAT1'tCE... (}taMatory). 

Item 12. Directive. 5. BAStS. (HllntJatory). 

It~Hl n. Directive. I}, DEFF.CTS. (Hsndntory). 

Irem 14. Directive 23, SYHCU1-:CK .. (Optional). 

lteln l'i. Directlve 16, START CRY~AL. (Unndatory). 

IrEMll t6. Directive t4 t POTENTlALS. Followed by subdirecttve81 
SPRCIES 
BIiCK/trODl/1.F.NM/tlORS (one type only) 
HARI" 
(All Ltems under POTENTIALS directive nre mandatory)~ 

Item J1. Directive H>, START PLUm. (Ual'ldatory)~ 

Ite.11\ If!. Directive It., START RELAX. (Mandatory). 

He!:} 19. Directive 11. STOp. (Handatory)~ 

Iter:'! 20. Directive 21,. RESET. (OpttoMl). 

The above aequence may be modified s nl.llniJer of ways_ A trivial 
exa!1lple \wHId be to inaert a TITLE directLve between items 1:5 and 
II}. Thin is frequently done to provide n t(tle for' the potentlnl 
data in the output. It. more complicated change would be to place a 
I)IIUP directive betW'een each pair of ItclO.9 from 10 to 18. Thill would 
a Il()11 Hner control over the output level At each atane of the 
calcnl::ltlon .. SlmUarly. the PRINt direettv(! could be used between 
item.q 14 to J8 to contrel "'hat is output at each stage. Also the 
s'mp directive may be inserted bet\leen nny t~o directives If the 
user wants the progrAm to terminate Bt ally point. Note thst the 
STOP directive renders the aubaequent dnta in the input dstaset 
redundant. 

The IIser ta warlled 8nainot using. dIrectives to repeat or 
rellpccity parts of a calcuhtion. Such an Attempt will almost 
certninly cause terminatiou of the program. The uaer uy repent a 
calculation enly after usirtR the RESIr,T directive and then including 
n11 the required datn alJAln sf tel" it. The user is also 'Warned 
l'I?ainRt usinR the INlndAtory direetlves l)resented Ahove in any other 
setlttcnce order thnn thllt givcn .. lf he docs so hc CURS the riRk of 
htlvinn the progrJlm fail through Ulogical sequencIng. tlote hO\lcwr, 
thnt it is pcrMissible to omit sonic of the .!irect1.ves if II full 
dcfect cAlculatioli i~ not required, hut even then the user must 
ttlke care to ensure thAt all the directivtHi nppropriate to the 
re'lulred tosk nre present In the input d.1t3Rct nnd that their 
se'luence is lor.ic.,Uy correct (i.e. iollovinf, the SI!(IUell(:e r.iven 
nb'tve). 
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The next aectioft prOVides examples of input datsets. 

6./ EXAHPL& OATASP.TS. 

(i) sorlln" CHLORIDE LATTICP.. 

DitlENSION Ulonoo 

TITLE 


SODIUH CHLORIDE ANION SUBSTITUTED BY CATIOtt 

ENIlS 
ouup 
PRINt REGI RF.02 STRU RECIP SYHHETRY 

CURIC HATRICES 

REGION 20 4.94 2.789 1.50.1 0.2 0.0 

TII£RHAL 

HAX1T IS 

PLOT 

LATTICE VECTORS 

1.0 1.00·0 
1.00.0 1.0 
0.0 1.0 1.0 

BASIS VE!:TOftS AND CENtRE Of SYMMETRY 

NA+ GOnE 0.0 0.0 0.0 

JiA+ SIIELL 0.0 C).O 0.0 

CFJTTR£ l.O 0.0 0.0 

CL- CORP. 1.0 0.0 0.0 

CL... SHELL 1.00.00.0 

ENOS 

OF-fECTS 

CL- COR€ VACANCY 1.0 0.0 0.0 

Cl.- SlIf.l.l. VACANCY l.O 0.0 0.0 

NA+ CORE INTP.RSTITIAL 1.0 0.0 O~O 


tiM StlF.U. INTERSTITIAL l.O 0.0 0.0 

Etms 

STMT CR.YSTAL 

TltLE Of pOTEnTIAL DATA 


SODlOt! CHJ.onlnE (l(Yrf:nTlAJ.S 

£NOS 

POTEN'TIALS 

SPF.Gl £5 

NA+ conE -1.140 I 0 

CL- CHRE 1..491 1 0 

NM SIIRl.1. 2.121\ 0.0 


http:OATASP.TS


r.1~- sm:l.1. -2.485 0.0 
F.rms 
nuelC ~IA+ Sllf.LI. ~A+ sum.l. 
7095.' 0.1709 ".06 4.1~3S 
f,tms 
nllr.~ cr,- SIlELL CL- Sllf,LL 
12l7.2 0.3214 29.06 4.\835 
F',NTlS 
nUCK NA+ SnF.f~L CL- SIIELL 
23111.1 0.290) O~O 1•• 1ft)S 
millS 
nAR)t t!A+ CORE NA+ SltnLL 96. 4~ 
liMn f.l.- COflF. CL- snFoLI. 29.311 
fmn~ 

START PLUTu 
STAnT REf~AX 

~Tnr 

It h worth noUng here thnt on sorne of the directive CArds 
the directive 1\.19 been expanded ~nto 8 fuller ~Ies<:dption of ttl'} 
function e.p;. LATTICE to LATTICr. VRC1'OJ\S. Thh expansion is 
permiA9ible if the directive cord hl2a on operand",. The additional 
!.Iordinr. is tp:nored .. 

Ci t) Al.IlHlNI1lr1 OXlnr; I.ATTICF.. 

OIf1li!lSlON 11\0000 
TITI.r. OF IJATMEl' 

AL3+ VACANCY (V# .... ) IN Al.UHINIUII OXII>F, 

ENIlS 
omw 
rnl~T nRcl RF.r.2 STnu R~CIP CRtSTAL SYHfmtRl 
1If.':'<Ar.OtfAL tlo\TRICES EtlPLO't'EI> 
• "r, 101. 80 2.487 4.3963 0.85 0.10 0.2 0,0 
TtlF:RNAI. 
rLot 
i.AtTtC-1t vp:cron::; 
0.550810776 0.)18010749 2.0 
0.0 O.63l}02ISOt 1.0 
0.0 0.0 3.0 
nASIS Vt~(;TORS ANn CENTRE OF SYIINF.TRY 
AI.1+ CURE 0.0 0.0 0.0 
AI,:)+ fHtF.f.l. 0.0 0.0 0.0 
AL3+ r.ORF. 0.0 0.0 1.5 
AL1+ ~lmLL 0.0 0.0 t.5 
02- SUE!." -O.:lJI')M97525 0.0 -0.32205 
q2- caRr. 0.169R2q~761 -0.2941539742 -O.1220~ 

02- SIIF.I.L 0 .. 16QS298161 -0.294i~39142 -O.3220~ 

02- CORE 0.1698298701 0.2941539744 -0.n205 
02- SIIP".L 0 .. 698298761 0.2941539744 -0·32205 
CENTRE 0.0 0.0 0.0 
AL3+ CORE 0.0 0.0 0.8559 
Al.J+ SUl~LI. 0.0 0.0 0.8559 
ALJ+ CORF. 0.0 0.0 -0.6441 
AL3+ SUELL 0.0 0·0 -0.6441 
02- CORt 0.3396597525 0.0 1.17795 
02- snELL 0.339659H25 0.0 1.17795 
02- CORE -0.1698298761 0.2941539744 1.17795 
02- SIfF.LlA -0.1698298761 0·2941539744 1·17795 
02- CORE -0·1698298761 -0.2941539742 1·17795 
02- SnELl. -0.1693298761 -0.2941539742 1.17795 
02- CORP. -0.3396597525 0.0 -0.32205 
EN.S 
nF.:FECTS 
AL3+ CORE VACAHIW 0·0 0.0 0.0 
AL3+ fillF.Lt~ VACANCY 0.0 0.0 0.0 
ENDS 
START CRYStAL 
TITLe OF POTF.NTIAL nATA 

AI.lOJ POTF.HTlALS 

ENDS 
POTENTIALS 
SPECIF.s LIST 
hL3+ coru: 3.0 1.0 
02- CORE -0.02~ 1.0 
AL3+ SUf:Lt. 0.0 0.0 
02- S8F.LL -1.'74 0.0 
ENDS 
BUC~ AL3+ SnELL A1.3+ SIIELI. 
28335.8 0.12'~70 0.366011 2.64589 
0.0 1.0 0.0 10000000.0 
ElmS 
BUCK Al.J+ SllF.LL 02- SItELL 
2826.65 0.258549 2.30525 1·6933~ 
2905.'2 0.256896 1.16670 2.43421 
2800.1,7 0.257803 0.895286 4.23342 
0.0 1.0 0.0 10000000.0 
ENDS 
BUC~ 02- Sl1m.l. 02- SlUn..1. 
267.6520.4393430.383073 1.79920 
872.655 0.367087 70.3754 2.64589 
1014.46 0.356068 57.2077 4.23342 
0 .. 0 1.0 0.0 10000000.0 
ENns 
nARM A1.3+ CORF. Al.3+ snF.J.1. 10000000.0 
UAlUi 02- ('.oRE 02- snELL 16.0 
ENDS 
START :nuro 
START RF.f,AX 
STOP 

(111) t.lTllIUlI AL1It1[NATF. LATTleF-· 

http:02-S8F.LL
http:fillF.Lt


O{tfF,NSICUI 2 ,'iOOO 
TI1'I.1! 

LITHlmt ALUHINATE 

l:fm$ 
D(lHP 
f>R1N RF.Gl RECI STIlU 
CUInG ROTATION IfATIUGES 
Rf.GI 14" 2.5Q 6.42 1.0174 0.10 5. 1.0174 
TIIBRMAL 
I1AIl )5 
I.NIT 
1.0 0.0 0.0 
0-0 0.991619937694703 O~O 

0·0 0.0 0.719626[68224298 
BAS} 
A(.3+ COilE 0.250 0.245404984423676 0.162635514018691 
AL3+ SIIRL 0.250 0 .. 2/,.5404984423616 0.162635514018691 
1\1.1+ COilE 0.750 0.736214953271027 0.556990654205606 
AL3+ smu. 0.750 0.736214953271027 0.556990654205606 
02- cone 0.250 0.0157059193115 0.309439252336448 
02- CORE 0.750 0.9659140186915B8 0.410186915887849 
02- COkE 0.250 0.475104049844235 0.3094392523364~8 

02- CokE 0.750 0.506515887850465 0.410186915887849 
02- SHF,I. 0.250 0.0157059193115 0.309439252336448 
02- SIiTor. 0.750 0.965914018691588 0.4101.6915887849 
02- SIIF.L 0.250 0.475104049844235 0.3094 )9252136 41,S 
02- snF.L 0.150 0.506515887850465 0.410186915887849 
02- COilE O.QUI 0.245404984423676 0.010794392523364 
02- Cfl8E 0.982 0.73.214953211027 0.1088317757933 
02- CORE 0.482 0.245404984423676 0.010794392523364 
02- cOnE 0.518 o.lJ6214953271027 0.7086317757933 
02- filII:). a.olR o~ 2454041:1841123676 0.010794392523364 
02- SHEf. 0·982 0.736214953271027 0.7088317757933 
02- SIIF.L 0.482 0.245404984423676 0.010794392523364 
02- SItF.L 0.518 0.1)6214953271027 0 .. 7088317757933 
1.1+ CORE 0.55274 0.53956 0 .. 17859 
1.1+ COR~ 0.94626 0.53958 0.17859 
1.1+ CORE. 0.55214 0.932.5 0.17859 
LH CORr. 0.9462. 0.93285 0.17859 
41+ CORE 0.44726 0.44204 0 • .5/1 104 
Ll+ CORr. 0.05274 0.44204 0.54104 
L1+ CORE 0.44726 0.04877 O.51.IOt, 
J.I+ conR 0.05274 0.04877 0.54104 
LI+ conE 0,250 0.73621 0.11130 
LI+ CORE 0.750 0.24540 0.54833 
CE:!1TRF. 0.150 0.24540 a.511ft33 
F.tUlS 
OH1WT 
LH CORr, VA€',A 0*150 0 .. 24540 0.54833 
LI+ COrtE I~tTl~ 0.750 0.24540 0.548)3 
RNnS 
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STllRT CRYS 
'flTLE 

LI5AL04 LIAUtoDl WITH NEW COORnlNATI~ SI~T POTENTIAl.. 

ENDS 
POTE 
SpEC 
LI+ CORE I. 6.9390 
02- CORE 0.8106 15.9994 
02- sum. -2.8106 0.0 
AL3+ CORE 1.6170 26.9820 
AU+ Slim. 1.3830 0.0 
ENDS 
BUCK LH CORE fi2- 511 EL 
262.53703 0.3476 0.0 6.91703640 
ENOS 
BUCK Ll+ CORE LI+ CORE 
916.53970 0.1427 0.0 6.91703640 
ENDS 
BUCK 02- SIIF.L 02- SIIE!. 
22164.3 0.1490 27.88 6.91703640 
EIIDS 
&UCK L1+ CORE AL3+ SIIRL 
5187.642 0.13 0.0 6.91703640 
EtIDS 
DUCK 02- SIlEL AL3+ Sits. 
1460.3 0.299120 0.0 6.91701640 
ENDS 
IIARK 02- CORE 02- SIl1~L 103.010 
HAItH At.3+ CORE AL3+ SUEt 92.488 
ENOS 
STAkT PLUT 

START RfJ.. A 

STOP 

1, I ACKNO'WLEOflrr.M:gNTS 

I am indebted to many people fot advice 1n tile dcvelopl!K.'!l'It of 
the p~ont'arn CASCAOF.. In pnrtlcuh.t'. 1 am indebted to J.. KelH!dck ut 
I.C .. I .. Corporate Laborutory, Runcorn and It. Guest" n. Leslie fllI~ 
V.R. Saunders of Daresbury Laboratory. 

w. Smith. 
DareshlJry Labor.1tory 

January 1981 
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