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Abstract 

~. ,.; ': ... The electronic band structure and optical· 

.iI 

. constants of Mg2Si, Iv~2Ge and Mg2Sn are calcu­

'la.ted using the Empirical Pseudopotential Method. 

The results are compared with experiment. 
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The EmPirica{ PS~~dopot~ntial l<1eth~dl ~ EPM;' 'has' been used to calc;ulate 

2-9'· . the band fltructurcs and optical constants of many' different types of crystals .. ' 
't,':: - ;';" 

One advantage of uping this method is, that it yields optical "'ith much success. 

(.:onstant:J ''''hich can be dlrcctly c'OIiipared "'ith optical mear,uremcn"tt;. Recently 

' .• ,'good rcficctance nnd e1.ectror'efleetan~e data on the family of conpounds N02~i, 
. '. 10 . ·11 

Me2Ge" and l-1g2Sn \V'cre obtained by Scoulel' and Cardona • l'Te h:wc.l ther@f.:)re, 

used the. EPH to calculate the band structurcs' and· o;>tical con~t~mts for thcs.e 

materiale in an attempt to under stand th(~ optical stx:ucture. 

Using potentials obtain('d in pl'(!vious band. structure calculationa, \"Ie have' 

computed the clectron1.c ban~ structurcs for Mt~2Si.l 1,1g2Ge, and ~~''-':lSn on 0. me~h' 
i . ~ 

of po:l.~tf.l in the 13:1.'i 1.10u1,n ?one. Fr(.!!\ these poirits t.he i:il:\[';'i.n~'.:;.'~' pn::'t, 01' the 

die 10C+ i C fundi on, <2 ( •• ), i. s obt'inc~ 12, and from <2 (.,,) the ,'"f :Cect 10" N· 

efficient is calculated. The deri.'f:lti'fe of the reflec:tion coefficient is a~so 

obtained to compare \-lith electrol'eflcctance data. 

i3 ll~ 
Lee . and. Folland have previously calculated band structure~ f;:)r 

and J.JCe also cave the results for lI.z'C)Ge; hO'lIcv(!r.l nc) ther calcu1.ati(>n give!" 
r_ 

optical constants for these COlllpounds l : and the two results for )~;:r 81' do not 
1"'''2 

··agree 'vii th' each other. vIc have compared our l'esults with these calculations. 

and we have lwctl a crit-ical point an:llysis of the interl)and ener!:! contoUl'S 

. ,", 

to identify the structul'C: in the E (t'l) Clu'ves in terms of .1nterbu:1.i tl'ansi tions ~ . . 2 . 

' .... 

Our analycis ~hu\-;s th<:l.t the pl'cviously existing cnL.~ulations CJ.llllot yi ela. optical 

constants that ll:rC consistent with expcl'imcnt to 'vlithin one cV, Our results, 

h()"'/cvCr,D{~rCC very \ie 1J. \-Ii th CY.PCl'hl~:nt; the o.iscrepancy bct\-Iccn theo:r~ and 

expe:cir.1CI1t OVCl' the cntl.l'c rccion oi.' ~:l1tercf:t (0 to 10 eV) is ,dthin .1:eV 

for all thrce CO~;11}Uunds. 
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·~e .. t~'fO,;;;d;;;..;;.·:h.P..lt height~· 'i~~.;~ai~ul~ted. oPtical SPI'ctrUm 
",:, ~ 'J. ~" " ... ' , .' '~.::. :" 

agree well.witheXperimert~~. The'agreement is better than that obtained in 
• • •. .i, 

. '" 

.. ... 

3 

. more' .ionic: ~~ys~a~s2-7 •. ' We bel:l..eve that this agreement results from the lack .. , 
. .' 

.ofexciton iikebinding betweehthe electron hole pair because of the large 

static dielectric constants of these crystals ~ ... ' 

This.papervlillbe divided into three sections. Section II di&Cussesthe 

',.-.: 

. ,~ 

pseudopotentialHam1ltonian and the form factors "InSec'tion III, the results" .:,' 

Y' "'" 'are given and comparison with experiIllent< is made . in the following order:" 

reflectance,electI'o-reflectanceandenergy gapme!1suremehts. Section III 

.', concludes with a comparison. of our re.:::ultswith those of Le'eand Folland. 
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, II,.' Calcuiatioris :.:'., 
.;,. r'" .~------- . \.',('!'.~."\~~-' ,. ,"'" .' 

" 

. • . .; ",r-. > '. ':'1. .." '.. . t . ~ 1_ , • • • :: •• 

"The EPM" involves ,the variation of pseudo potentiaL form factors to fit ',". :'; 
'. .-. '. ."". . ; ~. .'- ',' • • ." . r - • 

" , l' ; . " :.'''::.'' .' , ' 
optical dat.a. In this work, we imposed two further restrictions:' the form',,:, ,,' 

, '" . :',.' .". '- 11: . .;.. .• :. 

, 'factors were chosen ,to yield close agreement not only with optical data,- but': . 0:,:.:, 
~ , . ~. 

also with existing form factors fOl' the individualcbnsti tuent elements, the 
, , ' ,.' 1- 14 15, ' . 

. '. group IV elements..' . and Mg .' Furthermore, the same pseudopotcntial was '-:t 
,. , 

used for the ". "~ ion iIi' the .three compounds. The success of the calculations: '.c.:. ' ~\ " 
. .... " 

indicat'es the correctness of associating a pseudopotential \-lith an ion, inde- ~::" 

pendent of, its chemical state ~ . Screening effects should m.odify thepseudo~ "\:,:,' 
, . ~. "'.'~., ' 

potential, but the differences are expected to be small for similar non-metallic 

. compounds. . , ':'. 

' .. ': 

,.,' ..... 

To calculate the bandstr'ucture, we assume an energy independent pseudo- .. 
: - . ':'. 

potential, 'so ;',t~at thepseUdo-Hamilto~ian is: 

.. ' . 
... :.;t,"·· 

'(fl' ).-2 V- +" V(r)· • 2m " ,-
.,:.. . 

" (1.).' '. 

. , 
' .. 

" , 
" . ~ .. ) , : 

·f , ., .,.~ ~ 

. ~' ' .. ~/ 

. The weak pseUdopotenti,al is expanded in the reciprocal lattj,ce 
',. 

'.: ... ' 
··,.f. 

'. '~'.' <! \ ' 
:\:,' 

".',' 

. ~ " .'- ..... 

.' 

.' 

where .9. .is "a r~ci.procal lattice vector 0 

- ",' 

F9r the compounds '~2X, where X 
,j 

is S1" Ge and Sn,the structure is cubic fluorite.'. The.., lattice is FCC with 

threeatorns per primitive celL The element X occupies a lattice Site, and, 
·.t 

the magnesium atoms f3-re at l' ~ , "/he:re ~ = {k,·k,t-)a, and a is the leneth of' 

the cube. . Thus "Ie can write 

• i 
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'.' ! 

: Ox and ~,arethe volume per atom of X ,and 'Mg respectivelyj , 

. ,,:';\T~~) ~ndJ>1g(Q)' are the ,corresponding pseudopot~ntials. l'le ,'/ill asswne 

where 

spherically symmetric atomicpseudGpotentials and thus V(Q),~ v( LuI) .,' 
- ,', 

,r 
Taking the pscudopotent~als of ::a, Ge and, Sn from Cohen nnd 13ergstresacr1 

He from Anirnalu and Heine
l
" we findno~-vanishing,f'orm 

.' , ',. 

c' ",' : ,.H~,:"', • 

"", : fa.ctors only for IGI2 ~ 20(~1f) 2 For the FCC ,la.'ttice,thcl'care 8 such,':, 

, J . . ' 

,form facto~s. Using,Eq. (4) we can ,,,rite theSe form factors .in ,tcl'ms of the 

, ',' ntorrdc, form fa.ctors, as shown in the tl1ird colwnn of Table, I. "Ie note that 
' . 

,. ' , 

'because the lattice constants of ,Mg2X are different than the lattice constants 
, ' 

'. of the elements, the val~es of the atomic pseudopotentials are obta.ined by in- , 

terpolation from a smooth curve draHn from th~ knawnatomic pseudopotenti,al 

form factors. 
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To calc~lu.tcthe opticl,\l properties frointhe"band 'structure, we f.irst ., '.-- .. ' .. :,' -. . 

calculate ~(w). To do this "we u~e: :the"expresSion " (: 

, .~(w), = 
" 

" ;. 

".'., where" c,v '. 'stands'for conduction and valence bands, and,:' U 
" .!.sin 

is the 
. .' .' 

"6 

" ~ ,', ' 
", 

band '",avefunction. We app, roximate the ,exact Uk ,; , ... ,n ,; 

.-. 

" 

. . -., ,', 

by the eigenfunction of the pseudo-H~ltonian~, Eq.' (1). The numerical 

evaluation of this expression for the FCC lattice is discussed elsewhere3 . .. ' 
t· 

';'! ,relations 

" largest 

" ' 

, " 

", ~ . 

! .• ~ 

is obtained, from' €2(wj , by using the Kramers-Kronig' ':" 

with an approXimate tail function for, W > t.) ,where 
, c 

w 
c 

" . 
is the ,~, ',<.' 

; ~.~ '. 

w, for "lhieh is calculated. The reflection coefficient, is' ':'.,;, ( 
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The b~nd~tructure8 :'obtalned using the form. factors: in'l'ablc I for .. Me2Si''.. :,. 
""""" 

'. Mg2Ge andr.fg2Sn, are shown in Fig. 1,2,. and 3for.~symrnetry directions of the .: . ." .~: '. 

.' Br i liouin' Zone. In Figs., 4,5 and 6 l'1e plot the calculated and experimenta'l 

'; ", €2(w) for the .three compounds. The experimental' €2(w) . was 'obtained from 

l,reflectivttydata by ~am~rs-Kro~ie; transformatio~~: In Fig. 7 we plot the 

'pseudopotential form'factors used in the calculations for the Group IV elements: 

and magnesium. For the Group IV elements we compare the form factors with tho~e: 

of Cohen and Bergstresser (CB). We see that for Si. and, Ge, a smooth curve can. 

be drawn through the pseudopotentill.l form factOrs used here and,~hose of CB. 

However, for Sn, we were forced to ,change the pseudopotential of CB slightly. 
'. ~ ,.,\ 

The differences 'in energy of .02 ~dberg,. however ,is smailer than the SP~!1~, 

,orbit coupling energy for Snwhichwe negle,cted. FormagnesitU11, we compared. 

.. our potential,.,ith. the potential calculated by Animalu and Heinel5 , and that 

used by Kimball~ ,St~~k ,and M.l.eller
I6

• 
. .. 

Inspection of Figs. I through 6, ill~strates that the bandstl'uctures ,: .' 
" ". ' 

.' and the €2(w) curves for the three compounds 'are . similar. ' We shall first 
" ~...' 

. . . 

discuss their COlmnon. features, and then discuss these band strllcttu'esindiv1du-,": 

~, . .'. .: 

" ' .. 

, , ':',,' .' 

ally by compar.isonwith' reflectivity'data (Sec"tion IIIb), electro-reflectance 

data (Section"IIIc), enerr,y gap measurements (Section IIId) and the existing 

band structure calculations of Lee uncl Folland (Section I'IIe) • 
. '," 

' ..... . 

'~. ' . ' 
.} " 

,".':, ... ' 

't'" '. 

.'. '.~' .. .' 

....... :,' "". " 

'. 
~ .. , t" ' .. }',," 

.' , 
, , 

" 

j 
I 



t· 

t, 

',; I 

" 

, . ~ " 

,', :-

. , ...... 
,,' ,. 

. ,' .. ~ . 

.. "," 

, , 

" 

" 

.. ,,-,.'- , , -
>: . 

" " 

, " 

.• ,~.l 

, \ .' :. 
" 

>8.' . 
"::,' f, "",,-;: . , " 

" '~',..!. ~.~ ,', 
"~\. , 

, ' 
. ~",-

• ft ~. 

.' , . . 
The' valenc'e band rna~um is 'at ,r, ~'1ith syrnmet!'y r15, and the conduction 

band m~nimtunis at' X.' ,~e fundamental energy gap i~"thus 'indirect. The sym~, 
, , 

metry of the, conduction band miniIlllU':l is ei therXl 
or ~' , bu~ these two 1~ ..; .',' _ ._ 

levels are close tOBether. These features best exhibit themselves in electrical 

, measurement s • . '/." 

The optical structure of these compounds can best be identified by a 
. ' , . ,', 

.. ,':' 
.. ", :" " i 

, critical point analy sis~ If one exaJ~nes ca.~ef'1:1l1Y the bands~ructure and' its:" ,': 

associate¢!. €2(W) , curve, it is possible to identify the inter~and transitions 

between valence and conduction states contributi'ngto €2(w): the important,:' 
" .,-

, - . 
-' " . , '.-' 

, transi tiona comcfrompairs of bands for, which the joint den s i'ty of states,: is '>' 

, < • 

... 1 

near a singularity. ,The singular po:i:nts of the zone are called cl'iticalpoints ;,,:, ,,', 
.. ' " ' ',' - ".!, ,~',', ",,': 

(cp's), nnd. theycive rise tostruc~ul'e in'€2(w).: An analysis of these critical:",:-

points explains the general similarities, of the" €2«0)' curves for the three 

compounds. For exaraple" l'le find that ,the 4th and 5th bands along ,E, the 4th , 

"and 6th bands along ~, and :the4th, 5th and' 6th bands alOng' A are almost 

", ,: 

:';,,', " paral.lel over a lUl'c;e rec;ion of the zone for all the three C()mpOlUlds' !.mcl thus " 

, , 

} .. 

,-' 
'r 

the joint densit:,' of states is large there. Furthermore, the XI.~_.S. eapis at t, 

about the same enel'C;Y as ,the ;-5 cp.The main peal~JVlhi.ch resuJ:lis mainly:fl'Olll 

, the 1,4_5 transitions, th", has a large rnac;ni tude. Another importa.nt fa.ct to'" 
,:-4 " th ,. ,th ,,' , 

, notice is that the,enel'gy separation of the, hand 5 bands ulol13 A is alw~'s' '. , 
, . 

, belQ\ol the ma:i!n peak, whereas' that of the1/,th and 6th bands alone A is 
( 

~, .. 
, ; 

above. These three main contribution,s to, €2(W) , therefore dictate the ,General,: , 
. ~,\ 

three-peak shape of the € (w) " ,', , 2 

Pe:ak 'in lA", Si a.nd hi.2sn, ). ''02 " " 

curve (though the first peale merGen \lith the' nlain 
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The experimental. ~2(111 ) curve' fltarts vlith;~n indirect tail at 'about. ! 6eV" 
:.., !. 

t, "These indirect t!'ansition contribt-l"cions are not included in the calculations, 

'hovlever: ,the theol'etical' €2'( ('J) curve. starts, at 2, leV ,resultilig from the 
, ' 

. , 

-;".'("" ' .. ' r15 ~ I\tl'anflition 'With an, associate~ GP of. MO synunetry\ This structure can:.~,;' , j •... 

i· 

" . 

.. be identified wi th the sharp rise at about 2eVin the eXperimental 

The follovring is a. diScussion of the major contributions to the theoreti.cal',:·· 

·;";',.E2 (w);a comparison of the critical .p,oints in the experimental and theoretical 
. . . , 

,', €2(w) c~:ves as a function or' energy for all threecompouncls is given in To.blc II, 

,Above the thresho.ld.· for the cl:i.rcc'\j transl'ti.on there is the ;:> .2eV 'r I ~ L 
.1"/3 '." 1', 

y. ';::./'<transition llhich is closely followed. py the 2~4eV .. A3,~ Ai tl':1l1n:J:;;ion. The 
. :,>.1. 

,' ..• ,:",;, ".as~ociated cp's h~weNO . and' ,M.. DJr:unctry. respectively. The' m.a:Ln r,e::!..1\. stal'ts 
~ . 3 

.,,-.... 

" 'J] 1- "VJ' It'f' . ~1 '.",'.i,'J',',nletl'.Y, _ -.u ..... 11... ,r l.; ,1: 0 ~, 

" .. 

""" . 

" .,,' 

::.,. 

. " -

from 1,'3 ~,L3 ,o.nc.1A3""A3 trans1tionsof typeSM2,M3<~"~1 transitions also:" 

.. contribute an 1.1') in this region. Above this peak there are a 1:l1'C;C l11.1.::\bel' :...':". 
, ..) 

diffel'cnt reGion~ in the zonecontl'ib;-tting to €2(W)' He can associate PJ.l.'t,' 

of the contribi.rt;ions from l~.:)eV to ~jcV to the 

, , 
, 

.' ,.\ 

I 

I 
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'. ~~'-+ .. ~., ,trar.Siti~n3X~e~"T~~.1~';II);"· "'ihe~~"contributiori~::~~~~r~ l~is~' to a 
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. . ,', . . ~ ... 

Inspection ol'~able II and Fip.: j·,:' ShC:n'lsth~tthe~~'is' 'g6~d' ~greement b~~ 
..", ~ 

:", ,'" -~ . ' . 
.. ' '. ,tvTeen: theory and ~:=periment both· for the lDagn~tudesa.nci poai tions. in energy of ,:',~ " 

"', ";. -' . ~ .. ..... 

. the structure :Ln (;2(h)). Even the .la.ct bump at 5 eV ohOWG up \'101J. 1.1'1 the cx;..·~· ;":;~, 

"'- .. 
. ',' 

J.. "'. I:':':' 

"Mg~Ge . (Figs~2. and 5): 
. .... .,,: .. , 

For Mg2Gethc'.: expex: iIllen;al,indirect tai Lstar:tsa. t,'~ • 7e V ~'hi ch '6ompa.~e~ ,: 
• ," : '.' ", . .,' '. t,'" ,.' • . ", '~'. ,. , ' 

'fairly well ,~j,th our calculated va~ue:,i'orthe.,in~ir~c't'gap of • 92cV .' The :," 
'" '.' 

theoretical threshold arises frolli· the:: r~5 .... ri.~ra.nsition at 

cp of type r,:O' Athighc:r'energies the: MO" andZS'cplaariSingfrOm L
3
' .... r:

1 

(2.0eV) and the ~ -. Al (2.2.eV) 'transitions contribute as, in' VJ82S:l .• 

. main peak, hovTever, d?eSnotstart unt'i 1 about 2 .9~Vwhel'e we: h2.\'oo,n 

. '.~" ," ' .. ' ..•.... coming :fromx5-. x3,~ransitions.. The :large" separation in'energy bC'l;\-Te~lr1 't~le 
,",: tlLA" contributions and the. start· of tlie mainpeaJ<:, results' ina \'U II peal\.·: 

~ " . 

( ) . if "Should""" . (l"'.·:1.·f"I'..... I,). as l.' 11 t·h·c .......' Fig ~ 5 instendof C\ . LA ...... v'" Mg?m, . ea::;;.; .' . 
'.~~' .' 

~ -+ /); transHions again contribute; but not as much a:;; in ·the,H32sL:;,;<:::;l.se,(:: .••.. 
..... ;:.. -: :1.,') 

The pea~ structure arisOsp'llotial~~.,<.· 
" j. •• 

. because these bands do not give a cpo 

',from MO cpt s' ~f 'the K4 .... Kl and. x; ~ Xl ,transitions at 3.0eV, and 
. ~ ": " \'. . 

"contribution c~i~es fro!nthe M2cP of the .;~ -+Li tl·ans·ltj.6~; 'l'he M3c·pol'. :', ,.,' 

' •• : .... , 0 the r15 ..:.. r 25, transiti~n is at 3.2(N; The last peak, f'r.om 3.9 to 4.2V1.s:,::: .,' ' 
,' .... 

: •. <' :,:.:~again the j .• e~~lrOf~-+6l (M), L/~ L3 (~)and :·A
3 

.... A3 (M
3

) t!'ansj,tioris~ ,,' 

. ' .' .. 'l,i'inally,' we ae;aln have a 'group of cp contributions crea.ting a bwnpl:.~t ~j. 2eV~ 
\ . " 

,,' 

The compariflOnbetween theo:ry ami [~n(l experiment can nOVI bcmade by . 

'l'h'.JJ.'c is ~ood agrccutcrlli bc)twcen the 

for the l)Ocition~; in' (merc.:Y of the ::;t:J:'I.tctw'e i.n € (w). 
2 

eUl'vcs. 

. " 

. ~, 

. ",: 
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. '; ~. 

".,", • '1 )' .• \. (.,._ 

• .' , "~;'" 'f • ":, ~ ;'" 11 

. " 

:'Hmlcver jth~ 'ma~l~i~uci~,()'f~he .f~rst "LA/Peak is 'a:ppre.~i;ably:ibig·~cl'on the ex~ . 
.,",.-",; 

'. ':peririlentalcurve~ <Although part 'of this ,discrepancy'ma:y ha~e been the result':<> 
........ 

.. of using pseudo-matrix ,elements in theca.lculati~n,of€2("') ,;~he large ex­

perimentalpeak may hav~been cause.d by the tail function used in the Kramers ' 

. Kronig transform of the refleCtivitylO.: Finally as for. Mg2Si, He again see 

" .. ' 

. ," 

'(" . 

:", .' 

., "'" :'."the bwnp at 5.2 in the experimental. €2(w) •. 
,~i '" _\ : " ,~.' , " .... ;, .. 

' .. "',"," 

. , " ~ .: 

,' .. '. 
, .1, 

. ' 
... -;'; Me Sn (Figs ~ 3 and 6) 

..... 2. 
.,.' 

.:1. ' .... ,;' 

Thee;(periElcntaltail start::; at a. lmi; 'V13.1ue.,o:r,~ 2eV~lhich cloe~ not 
:0, "" 

too. favorably vTj, th our, value· of'. 61.~eV r;ro:i:·t·h.~ indirect g~p. 

j':data was ta.k~n at 77°K,a:nd_~t -this temp¢r~;ture·the'fu.ndamentalgap should be· 
",( 

'03 V blOt 1 .at.OOK:.l7..• T"h dO .' '0 th ~ ly' \.. - t' • e ... e 0"\0'{ ~ S va ue ... ~ ~screpancy ~s ereIOl'e .on' Uuou . 
'" , 

:.4eV.,·· 
" i " 

.: . 

The thre.shold for ,the direct t:cansitions again arises from· 1"1) -) r. 
t.': 

'\tro.nsitions'.'The;cpis of typ~ lvi' ang. ;l,ts eneigy v~l\le, :i.sLleV. Above this .... ". . 0 

and A
3
' . _.) A 'transi tions respectively • 

1 

and ,K4·"'" Kl ' cp' s,. which in. both theMg Sf . and.L'JC;,:Pc cases are: . ··2 ... '-

..• . and 1"'3 

'·:Xc' ..... X 
,) 1 

.',:,' . ...:,' tel . . ." .', 
coincident "lith either the XS~)( . 0);' the main pe~k,·areheredistinct. TIleS e -', 

. 3 , . ',," '. :....,. , ,.' ,-,'" 

M cp sare at2.1~ and 2.7cV respect.iyely,thu.~cl'eatingtwo extl'abwnps on'·· o .' ) '. .' . 
~ . , 

the 1m1, encrey·'''s:i.d.e of the main peal~. . I'l;isi unfortunate that these 'fine poJ.nts 

.t .'. 

. ~ .' I 
'. 

'.' e;'.'.,,' i 

'i ,'. 

"1 
;'. r 

" ~ " '. . 

. ,' ' '. ~ .. 
,,,::: 

'. , 

struct,tu'e'a.l'esmoothedout in the~2(w) plot and cannot ,be seen. 

The ma:Lllpeo.J.~ structure itself . comes from .•.. /1+ ..... 1'1 transitions' , .. ·ith 

Mg Ge 
2 

case; do not 

have a <!p,' and so' the ;ma.gn:i.thde of the main peak is of the same s5,ze as that 

and ap:preciably 13lllULLcl'.than. that of 

. : 
i 

:',' 

; ,. 
" ' 

'~~ .. '. ,: " 
," . 

. .,~ " , 

,j 
I ,. J 
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~ :.:' ~ ~ .... ,', ~ .. 
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. ... ,: 
. J. . ". , ~ ~ . I,' .~ 

;";, ~, t')· . <", .:..., ..... ~ , .... " 
.:,.<" .\.' :I ... ·~ ~ ';',' :"_":;.' .~ .' ..... ~;:.<.:.~ .. -: :.'" 

, ~ , ,.": ti, .. ~. '" i;·.-;' ~ .. ;, ,'" 

' .. trans-itions G~ntribute ·mos~~.ne~·{·r· ; ~d""x;,.~he:.·.M~'~<,r.0.~r~5J 
'. I···· ': . ~ '. '. ". . . " ..., ~ -, . 

amd the ~'D1' .' JS ~.~. ,.at 3eV. contrib.:ute to the .. main .peak~.~: . 
~u··· . , 

The last important peak is aga.i.n a 'LA peak; except her~ the 

, .... 
.' . . 

" ":.... ..:. \~ 
.:~;~ ... . 

, .~. 0 

. , 
" ... ", 

.·.12 . 

~, ;" ... ' 

',' . 

, ' . . ,. 
': ' ... : :' ~., 

. and contribute. ; Above this peak we again.)luve a group '~~o 
1" - • , 

oi'cp contributions'frcm~ about 4.2to·i~.6eVcreatinga bUlnp. at ubout 4.1~cV .:'," 
" .. : ,~." 

·'of'." 

.. ':'" 

,.,' 

.", '.;> "'~;':' •.. : .. ·agreement· .. in thep.osltions of-the principal structure:, in the " . €2(W ).:' The' larger ; 
.. , ',..~ . ; ..... , .. >.:.- .:.'. 

ff\.a.gnitude 'of the \;""Peri~ental; €2 (t&)) : ~nthe 16w~nel·gy .side. of the main pea~,::-~ .. ,.,' 

.' can be" attribut~cl.to"thc· indir·ecttr·ansitio~s.~l~ich ·~l;~have·~eglect~d. . TheY.~~:?;:~i?~;,.:~·f': "' . 
• ,I • ': -: ',:~·"1. ':.~.< .. 

are Inore ;tr.lpol'tant,here thanin the previous casel3because: ,~he'il1d:trect gap is<;-;'';\,,::~,, 
. '~ " 

much smal·ler here'. Finally. 'we' againfindthebUlllp (at 3'.geV) above the 
c " 

~ ~~', - .' I' . II:' . -... ~ . - , .' " 
,I . LA. peak in the exPerimental €2(w); hoWever in this case the agreement " 

!.';:.: :~--< :<:-enerBY. between the,ory and· exp~rime'nt is not as good as'in the previous c~se's ~ 

1 ..... 

.' .... 
. ". 

. ~' . . , , ... .. ", . j 

: ,One factpr wh:i.ch~ be responsible fpr this, discrepancy is our 'neglect of .,;i.F·,:·,,;,:,,',.,j 

Ge orSi.: ,:': ':\'1 
~I 
I 

i ... ~ '. '. 
.,," 

Sn ,than for either 

'~',." . ~ ~.' 

........ ' . \ '.' ~., IIlc .' ~, Jnedro,..Refteetance 
" : ' . ' 

.. ~ ~ ... ,'.:' o •• , 

·~1hilcit'is.'Gen·et'~llY possible ·to 'see most of ~he c:dtica1. points >in:the:::"":'>~' 
. , .. ~} ':. '/ "" ~ 

CUl'~Vc,·.~hecp"s· sh~'" up mudl r.:leru.'er in the 'firstderiWtt:i.veOf'" E:~((';).,: •. ~, "~,' ,,: 
" 

.: J ' ~') (1,\ ) a. t a cJ? is infini tc '. Thi 3 <lor i vati ve ,... . 

'. '.; 

. ~ .' ~:,; ,';, 
, . technique iSV,fW(1. expor:J:mcntu.ll..Y in clcctl'o-r(:~flectu.nce mC&C\.ll'cmcrrtJl.i. 

. . '. J. 
·r" 

, . :. ,T .• ' '.,. ~ • 

. '! :/: 

.. For thcY.c;fCcompounds, CM'rlo~a llhr>s >Me c loctr o-reflcctancc measure'-· .. ,:' ] 

ments"in the L)cVt6 4.5eV range. We can' make anal'proximate comparison'betw'e'en:·;~."J 

Cardona ls . data. '\-11 th . our caiculations by j.dent:lrying the correspondence betueen ..... 
,J. _.' . 

. " 

the struct'\).r~ :inth~ bR/R' curve in the electro-re±',lectance meastU'cments with 

;, "; .. (~)/n "'~f our ca.lculations'. Inl'ablc III we pabulate the result:>. 'l'he aer~~-
. ~ -:. . 
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ment'is seen to>c,dOOd., Some ofthcstrncture'.miscing'in ~hc,Er,(W) 
.. ,,' :,1 I, ~;'!:' -:. ' "':'. .' .. ", ~.' ,,'. ' .' , . , t::. ., 

~asi1y be identifi~d~ ,i ; , ' 

can' 

,,;'. '''. ' .-

....... :,. 
,: .... ' .. 

'. :':;' 

IIIdEnergyGapMeasurements 
-:" 

", ,; 

these threecompound.shas'been', ~asured elec,-Thefundamentlil gaps 'for. , '. , , " 17-22 
i, ,.", trically and optically • 

, :: 

In Table IV we, compare our results u:i.th experi- ,.' " ., ' ", ,'.'-

""', ":.,:. ment. The agreement is within' .4cV.He remark that for, Mg2Si ''Ie can raise, " 

the calculated gap to agree with eA-periment if we raise the enerGY of the main' 
...... 

"'.-" . 

." . ~. 

, , peak also. 'l"or ,', Hg2Ge and, Mg2Sn we notice that the gaps are both biggel' 

than the experimentalva1ues,but since the spin:-orbit interaction lowers 

,~ ., 

, ' 

',these gaps, the agreement with e}q;leriment will be betterif'spin~orbit effects'" 

are included. The calculations ShOH that the fundamental gaps al'e indirect; 

23 ' 
and H,s2Ge,thls appeared. to be consistent with eJrperiment . 

, , 

,IIIe ' Compal'ison With Existing Calchlations " 

If we Cf)mpnre our results with the two, 'existing calculatio~s for Ivlg2Si",' 
.' . 14 ' " 

,'\-Ie find tha,t our l'esults are radicall;y different from Folland's; ho,.,reverjwe '. ' 
, 13' 
find that Lee's results are similar to om's with some shifts in the cl1m:cies. " 

The energy diffel'encescan betl'aCC(J. in part to .the magneshuil 1)Cj'~ential lihich 

,>vTas u::wd in ·the t\IO calculp,tions. If "Ie look at Fig. 7 and Table I .. "lie nee 
. ~, 

.-.' .. ;, .... 

that there :i::: con:::iclerablecontrihuJc:i.ol1· from the magnesium potent-.j.al for 

, /k I > 2kF • HCMever, 1.n Lee's calculations an exponential tail function which 
. , . , 

vanishes at 8;boutlk I =2.48,tomic un:i.ts for Ikl > 2kF ,was used'oThus Lee's 

effective pseudopotential (Le. V( IGI) on Table I) is bigger on the average, ,:. 

resulting in bigger energy differences. We WOUld, therefore, expect an €I)(w) '.' 
, '"t;. 

curve cleriveri from r:.ee's band to be similar to ours in shape, but the main 
.. :'. 

structure "lOulclhave 'hieher energies compared wi thour result. Inspection 

·.l,' 

, " 
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" 

shows that the shift in encfgyis ubout: ley; .... 
.~ - '~'" 

.1.' 

: ~, . - ''; ; ..... 

In' conclusion,' we ·woUld say ,that,::.;our,;cal~U:lations . qui te'-,successfully , 
" '. . . . ; t··:·, .:" ~. :" : . - \i !.'" , . ." " r' 

explain the data on 

I -: .. 

j 

,0' 

Mg2Ge' and .. Mg2sn.':' The 'band' structures' werecalcu-" ;,': 

lated ,to fit optical structUre using potentials which are' consistent ,\-lith those .. 

used in existing calculations for othe:r crystals. We note that the minor 

,'structure in the measured optical spectra are ·also ·reproduced in the calcu'::'l' 
; . 
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LEGAL NOTICE 

This report was prepared as an account of Government sponsored work. 
Neither the United States, nor the Commission, nor any person acting on 
behalf of the Commission: 

A. Makes any warranty or representation, expressed or implied, with 
respect to the accuracy, completeness, or usefulness of the informa­
tion contained in this report, or that the use of any information, 
apparatus, method, or process disclosed in this report may not in­
fringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, or for damages 
resulting from the use of any information, apparatus, method, or 
process disclosed in this report. 

As used in the above, "person acting on behalf of the Commission" 
includes any employee or contractor of the Commission, or employee of 
such contractor, to the extent that such employee or contractor of the 
Commission, or employee of such contractor prepares, disseminates, or pro­
vides access to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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