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Catl1odolwninescence spectra of CdJ?2 crystals aro studied at 6 K. The spectra are excited by a 
pulsed beam of e lectrons under uniaxitil deformation of the samples. lt is established that the 
~reation of tension in the " and <: direl'tions leads lo a sllifL of all band maxima of the spectral 
short-wavelength range to tho low-energy and high-energy region. This is explained by a propor­
tional change in the forbidd('n bandwidth induc·('d by defornrntion. \·ariations in the intensity of 
c·ertnin sites of the radiation spoctrnm under crystal deformation as well as tho investigation of 
temperat.ure dependences of bands make it. possibl(' to cx11lain thl'ir niilurc. The 2.142 eV line is 
ns.~ocinted with recombination of fref' excitons and t.lie 2. ta2 and 2.110 cV bands llre iJ1ducccl by 
rcc'Ombination of excilons which arc localized on isohtted and nitrog('n pair centres, respoclivcly. 
Excitons which ru·e localized on n<'ulral acceptors nnrl produced by intrinsic defects are respon· 
siblc.' for th~ radiation with maximum of 2.097 e,~. 

llccJJe:a:onam.1 cneH'rpu tiaTOlJ.O.r110:111111ccHemt1111 1>1H•CTa11.rwa ('dP2 n JHI 6 K, noa6y;.K­
l(e1111blx nynbc11py1out11M ny•11<0\1 a;1c1..-rpo11ou 11pu O]:l11ooc11oil :a:cq101>~1a111m o6'pa3UOB. 
~-cTa1100.,e110, <1To 11p11 c:oa;wm111 11m1pmHern1fl o tra11pan;1cmrnx" u e ~H1Hc1n1yMb1 accx 
110.TOC nOpOTl\OB0.1110BOT'O y•1acnm CTlCHTpa C~1CILl~llOTCft COOTBCTCTBCllllO B JIU3HO:Jnep­

rcTH'ICCHY 10 II BhlCOHO::n1epreTll'ICCH)'IO 06JU\CTb. ;)To 00b1t('llflCTC1! II po llOJ)lt1101111<1.'.lbHJ.D( 

nal1e11e1111eM w11p11111>1 aa11pe1t1em1oi1 :3011hl aa c<teT n.e(I>op111al{1m . 1IaMeuem1e 1nne11c1LB­
uocT11 OT;te.11>11hlx y•rncnwn c11ei.>Tpa 11a.!Jy•1e1111R 11p11 ;o.eqiopMau11 11 npncTa.'1.1oa, a THame 
llCC.1.Cl{Onamrn TCMnepaTypIIblX 3aBHCI1MOCTCTI llOJTOC. II03BO:IHJIO 06°hR.CilllTJ, IIX npupo;xy • 

. I1111m1 2 .1 12 eY ca11ab1aacTCR t peno)1oru1au11efi cao60~11oro :l1.-r11Toua, a no:roci.1 
2.132 II 2.110 eV o6ycJIOBJlCIIbl pCHOMOllJ1au11eii ::mCllTOJJOB JIOHa:rn13oaam1bJX COOT­

aeTCTBCll llO lHl ll30Jlll[>OBdHllbfX II napllLLX a30TllblX ltCHTpax. :=Ja Il3.TJy•1cn11e c ;\laHCTl­

)!)')IQ~f 2,097 eV OTBCTCTBCllllbl :mcnTOllbI, JIOH3.Tl ll311pOBallH1>1C na ircrn·pa.TibllblX aH­

UCllTOpax, C03ll3BaeJ\rLIC C06CTBC!lllbD111 ;:i.et~CHTHMil. 

1. Intro ti netion 

i\lore than a dozen of works devoted to studies on the ra,dialfre recombination of cad­
mium diphosphidc crystals are available in litcraiurc. However. the nature of lumines­
ceucc centres in all of them is '~xplainecl insufficiently, though the spectral st.ructure in 
most investigations practically coincides. 'The first attempts lo explain the nature 
of the radiati,re recoru bi nation centre~ were made by [1 l. A model of possible electron 
transitions causing the radiation is suggested in [2]. Uertain corrections in the energ,v 
hand strnctu re of cadmium diphosphide crystals were carried out on its basis. Since 
the Cl',\'st.als under study have a tetragonal stL-u<:ture and at the same time possess 
anisotropy c/a = 3.n [3], it is eA-pedient. lo study the radiation spec:tra under nniaxi.al 

1) Ul. Pirogova 9, SU-252030 Kiev, USSR. 
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<leformnlion along the direclious a and c in order to :->pc•dfy pl'Ohlems concerning the 
11aturc of .. edge .. luminescence. The t·atho1loluminc.•scc1wc i-;pectra of CdP2 and Z11P! 
under conditions of uniaxiaf compression A.l't' g1Yell in ( ~ ). lJ O\\('\'Cr, the authors do 
not dit'cuf:A the nature of the spcelral rndiation lmnds. It has hcen established lhat 
in t'tHlmi11 m cliphoi<phidc crystals a lctragona I split t 111g of the valc-nc·<' hand maximum 
0N·111·s "hit·h iH formed h~· a pair of almost degencratccl trnbhnnd:-i 1' 7 1' 6 (r, being 
the upper 1.;uliband) and the gap h<'l\1·ee11 tht•m iH n me\'. Basing 011 tho analysis of 
tho cryslnl Hir11<·lurc a11d in,·eRtigatiow; of clc>ctrnn diffraction RH WC'll al-ion studies 
t·cmductcd by eleetron microscopy the aulho1·s of (51 were nlilc lo co11cl11dc about the 
c•xistc•m·c• of tetragonal catlmium diphoHphide in diffp1·<•nt, phaHCH. ' !'his fad makes the 
i 11tt•1prelatio11 of radiation 1>1leclra under crystal dcformat ion more complicntcd. 
' l'hc purpose of this paper iR to study tht' natme t1f tlw radiati,·e recombination 
c<•11lrl'fl in CclP2 being responsible for light <'llliH::dou in tht' slwrt-w1\\'clcngth region. 

2. Ex pcri mcutal )Jcthocl 

:~O"-orit•nted samples of single cry:stah:1 of the tetragonal modifit·ation having the 
HlH·tific n•sistnm·e 109 lo 1010 Q cm were used for the studies. The faces of cut parallel­
<'J>ipcdH of 2 2 :~ mm3 size coinciclcd "ith the main crystallographic planes ( 100). 
(010). and (001). The calhodolumincscencc speclrn (CL) an• rt•<·ordt>d at the temper. 
at 1m• of liquid helium on the de,-icc described in fOJ fhe t·u1Tent density of the electron 
t•xtitntion ll<'am wns (0. 1 to l.0) x 10 1 ,\ m2• clurntiou of tlw pulse :{00m; (meanclcc­
trnn encrg~ 40 kc\'). A standard equipment. was added lo the measuring de,·ice for 
nt:nting unmxial tensions. 

:3. Experim<'ntnl Results nncl Di11c· 11s~io11 

'l'h<· CL HJH'dra without. t ensions do not differ i11 t lwil' structure from the spectra 
gin•n in I 11. There are iusignificanl cliffercn<'es in the values of hn11cl maxima energies 
('\ ilhin 2 111e\'). 'fhis is explained by the fnct thnl contrnr.\ to [JI we haYe excitccl 
n11d 1'<'torclcd the radialion on orit>ntcd crystal fo.<·l's. Jl is kt10\\ 11 llml crystalline 
nnisot rnpy suggests anisotropy of reco111l>i111itio11 rndiation, that was ohsen'ed in the 
Pxpcrinwnt. ' l'hC' chosen orientatio11 of the sample and its poiiition in the dcYice han• 
l'l'Hultcd in ct•1·tai11 :;hifls in the band nuixinrn. 011h four hn11cls 11 hil'h are obscn•ed 
against n hackgro11nd of the \\ holC" spC'l'lrum \\l'l'l: ill\t•stignt<•<I. ft was difficult to 
inn•stigntl· other spectral li11es because of llw shift and 11111tt11tl oYerlapping of lhe 
htrnds ns Wt'll as hecause of the redistribution of tlwir intensities undl•r the effect of 
dt'formatious. \\'hen the tension is crentccl along tlw dirc•l'tious <L and c lhc maxima 
of nil hn11ds of CL spectra shift to the low-energy and high-t•ncr{!y rc~ions. respectively 
(Fi#?. 1).-The basit· parameters of tht• stuclit•<l hands art• JH't•sc11tccl in Tnhle 1. 

As iH :wen, almost all bands ha\"C diff<'rent todficiculs J.E .J.T. J.E J.P. that e,-j. 
dc•11c·t•sa different nature of the centres \'hich t'n>k<' this radmtion. Jn (HJ the band 
hnYing thC' mnxinrnm at ~ 2.142 e \ " is associatt•d "ith the retombination of free 
l·witom;. and all other spectra in the .. edge'" r<•gum \l'l' u.plainecl hy the racliati,-c 
n•<·omhinntion of cx<'ito11-impurit~· ccm1plcxes and their phonon r<•plit'as. L:nder uni-
1ninl comprC'ssion the shift of band maxima is chanictc•rized bs a linC'ar depend­
ence (Fig. 2) a11cl "ith rising lempcrnture ('\ilhout t•\t<'rnnl uniaxial pressure) no 
linearity is ohserYecl (Fig. :~). 

An in<·rc1u;e in deformation along c results in a shift of the h1t11d maxima towards 
the high-C'11crgy region, that is quite natural for llw cat1c of n decrease in lattice 
paramctc.•rs. ThiH lends to a rise of the energy of both free cxcilo11 nnd exciton impurity 
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rig. I. Cathodoluminescence apectn of C'dPi crystals at, 6 K a) without deformtition; b) wit.11 
d~formntion of 100 :\LPn. P II c·; c) under 11niaxitil compression of 100 )£Pn, P II c 

romplc·xcs. A similar situation is observed at lowering the sample temperature, 
though the law of tbe hand shift. is to some extent different. As snggested in (7], the 
tcmpc1·aturc shift of I he gap wiclth in a certain approximation may be rcprese11Led in 
the form 

p2 
Eg(T) = Eg(O K ) - C\. T + O, 

where '\ is an experimentttll.'' chosen coefficient, 0 a constant close to the Debye 
temperature. 

The Deb.'·c temperature at 100 T< for cadmium diphosphide is 210. 7 K [6). The valnes 
of these parameters (cx- = 7 x 10- 1 e Y /K; 0 = 210 K ) were determined from the 
tempera lure shift, of the hand at 2.142 c V. According to Lhe theoretical representation 

·. 
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Table l 

~o. energy direction of specific· tempernture nntur<' of bnnds 
of band compression slti ft of bimd shift. of ban<l 
maximum m11ximum mnximum 
(r\') (to-o eV/Pa) (I c-1 c v /J\ > 

2.142 1> 11 a - 1.8 4 .7 free exciton 
P II c· +o.s 

2 2.1 32 P ii a - 1.8 4.3 exciton localized 
P II c + 0.7 on nitrogen Cl•ntre~ 

2. 11 0 P II a - 2.-14 4.2 exciton localized 
P ll c + 0.77 on pnir nitrogen 

centres 

4 2.097 P II <1 - 2.l 4.o exciton loculized 
P II<· + 0.5 on neutral nccep-

tors 
---

2.08 P II " - 1.7 4.3 photon replica 
P II c ~o.s /J1• - 52 me\" of 

phonon 

of the h:nlrogcn.Jike model of cxcilons in the effcct.fre mass approximation the ex­
citon binding energ~· does uot depend 011 crystal deformation unless the effective 
masses depend on press111·c [8]. Since llw energy of baud maxima is a linear function 
of p_rcssure, i.e. dl11•mnx/dP = cons(, mt and m! should not depend on the uniaxial 
pressure. In this case the disperse cu1Tes do not ddorrn. but onl) shill relati,·e lo 
another. 

As seen the energy shHl of spectral bands should be attributed to a change i11 the 
gap width. T he jncJ'ease jn the gap wicllh is csi1Jai11c<l iu (4] by the fact that the sub­

2.07 

0 20 1,0 60 80 100 
P(HPa) 

band l's is the upper :rnbband in ca11-
mi11m diphosph ide which mar sh_ifl 
both upward and downward. Taking 
into account the spi11 orbit splitting 
in terms of a l wo. nd 11t•cl representa­
tion a pair of degenerated su bbands 
I', + rG should be considered instead 

Fig. 2. Drpendcnre of energy l'hift of mdia­
tion shift on applied unfoxial tension P l. c 
(• ), P II c (O). For explonat.ion of lhc curve 
numbers sec Table 1 
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Fig. 3. Shift of the radiation band mnxi­
ma with tompcrnLUL'C variation: ( I ) to (5) 
sec Table 1 

of r5. Jn connection with lhe change in the gap width of a C'rystal the values of t,hc 
energy of free excitons a11d exciton impurity eomplcxes change as well. Jn lhis case 
a linear dependence is obse1Tcrl between their chauges. 

Under compression along a it is most mttural to suppose t.hat, the cList.a1wc bet ween 
atoms decl'caseR and. conseque11tly, t.he gap wi<ll h increases and so do the '' alues of 
the energy both of free exciton and exciton impurity complexes. However, judging 
from Lhe sh.ift of bands responsible for their recombination, the ,~alues of their energy, 
Yice versa, decrease. lla\'ing analyzed the crystal i:llructure of cadmium <li~ulphidc 
and it.s elastic properties we co11cludecl that compression along a leads lo an increase 
of the distance bet.ween atoms aJ011g c. hei11g more considerable than the decrease i11 
the perpendicular diJ:cction. 

The rehitive growth of sample dimensions along c is equal to 

e' = µe , 

whereµ is the Pois1:1011 l"Oeificient \\ llich is equal lo o.:35 for Ccll'>2 [9], 

, 
e =-, 

c 
e = 

t:J.a 
a 

Taking into account that ccmpression created uuder uniaxial deformation in t.he 
experiments foJlows Hooke's Jaw p = eE, and E100 = 5.6U X 1010 Pa, E001 = 6.78 X 
x 1010 Pa [9], it is possible to PStablish that c rises with the decrease of a by about 
~a. The presence of anisotropy oi bolh c1·ystaJ structure and elastic constants leads 
to the fact that under compression along a the growth of D..c is 1.3 times higher than 
the decrease of D..a. The initial lattice parameters are as foUows: a = 0.5283 nm, 
c = 1.9808 um [lOJ. ln this case t.he distance between phosphorus chaius paraJJel 
to the plane (001) will grow. The chemical bond in cadmium disulp•udc is stronger 
inside the layer packet than the il;terpacket interaction [4, 5J. Unia.xiaJ deformat.io11 
of the sample aJ011g c wi II lead to a decrease of the distf~nce bel ween phosphorus 
atoms. Ac<.:0rding to the data oi llJ the l'eplacement of 11it.rogen in the cadmium 
disphosphide crystal lattice by phosphorus atoms is of isoelcC'tronic character. The 
band at. 2.133 e\7 was associaLe<l wiLh Lhc recombinatio11 of cxcitons localized on 
isolated nitrogen ccnll'es. According to t he data of the aut.hors the specific shift of 
the baud at 2.133 er correlated well with the shill of the free exciton line at 2.142 eV 
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under nnia'.\ial pressure along a and c·. A dct·n•ast• of thC' c·oeffitient j,E j,T for thi!l 
hand ns c·ompnrcd to the temperature shift of the gnp '' idth tcstifiC's the fact that the 
hnnd is asscwiated "ith recombinalion of th<' C'XC'1to11 1mpur1ty c:omplcxes rather than 
being tlw phonon replica of the first line. Tlw hallCl with the radiation maximum at 
2.110 e \ . has the same value of the energy shift as t lw hn11d at 2.1 :l2 c \ ' \\ith rising 
tc•mpcrnt 11 re. Howe,·er. it possesses a higher energy sh 1ft. unclN n ninx in! deformation. 
Thcl'l• arc 1·easo11s lo associate the hand at 2.110 c•\' with tlw rc•combinalion of cxcitons 
Jocalizc•d 011 nitrogen pail- centt·cs. I n thi11 citHC llw nit rngc•n pilir centres evident!~· 
form bci wN•n nitrogen atoms i11 parnllel patk<'ls of phosphoruH chains. 1'he deforma. 
t ion pcqw11dicular to the axis c will incrcaHe the di1-1ttt11cc hc·twecn the packets, antl 
th us l he e11<'l'K\' of such an cxe:ilon impurity c·om pl<• x awl l heir <'onecnlrntion pc>r 
Yolunw unit will dccrnase more intensely. Thc• hand nt 2.1 10 t•\" possesses the highest 
spN·ific· em•rg,v shift of the radiation maximum n11d its intC'nsily rises under deforma­
tion 11lo11g c. that Mnfirms the aho,·e assumptio11. Tlw i:1tt•nsity of the hand at 2.0~n e\' 
under t·omprcssion along c incr<'nscs considerably. '' h1lc• ii 1·t•mains nlmost unchanged 
11111l<•r dc•formation i 11 the perpenrlicular rlircc·tion. It wns s11 pposed (J] t h1tt t !tis band 
for p-t~ pc <·rystals is caused hy ree:omhi11at1011 of cxl'ilo11s loe:nlizt•d on neutral a<·· 
teptors. 

Tlw hand nt 2.097 is the most intensi,·c 011<' against the huc·kgro1111d of the entire 
spN·lrnm. that ma~- evidence a compnrntivcl.'· hi~h t·onc·cntrntion mainl~· of neutral 
at·t·epto1·s :\lost pro ha bl~ intrinsic dcfrets ma~· pin.\' t lwir role. Jt is known that i11 
Nldmium diphosphide among i11tri11sit· clefoC'ts t·admi11m \'l\C1111e:ic•s and e:omplexes 
formccl on their basis are acceptors (11] The 1leformatio11 of tlw unit cell (at P c -
('33) is dl'lt•rn1111cd hy the relative shifts of atoms i11sidCl the c·ell "hic-11 heing propor­
t iona I to tlw load differ essentially in ('clP2 for \ 'A rwus atoms. sincc l he interaction 
lwt w<•c•n phosphorus chains perpcmlit·ular to <' i:-; .=:::: 101 lo J()6 times weaker than 
i11t1·i11sit· interae:tious [14). )lost likely that dC"formnt1011 nloug <· really ine:rcases lhe 
c·onc·cntration of <·admium nt<'ancies in the 1111it n1l11 m<' and, <·onst'<f11cntl~·, the co11-
c·c•11lratio11 of exc·itons loe:alizccl on t hes<' d<.'fctts nK \n•ll. In nddil ion. the relalh·e 
intc•nsity of the band in the speetrum and its half." idth nu·ied in the sampl<'H ohtained 
from differC'nl tcc·hnologieal hateh<•s and inc·1·1.•nst•d notict·nli ly in the samples with 
a h ighcr conccnlration of holes. Au i ncrcn1-1c in Hpct·i fiC' rnncl ue:ti v it y· i 11 p.type Cd P2 
c·r_vi;tnlH ma.'· bC' prodded in thc fm:;l plne:c hy tlw growth of tlw ncN•ptor.type centn•:; 
\ \.,,. 

Thus it is possible to conclude that th<' linnd \dth the 1na'\imum nt. 2.007 eY is 
nssoeintNI '' it h 1·eccrn1 bi nation of excitous loenlizt'd on neut l'lil ncceptoni. cadmium 
ntt·n1wit•s playing a role. The splitting of tl1t• hand 1s ohsern·d nol on all samples. 
Th<• prt•sent•c of different polytype modific·ations in l lw t•ry·i-tnl anny lt•ad ton smearing 
of the Hpee:t ral structure. sine:e a distortion of pcr1oditity in till' tlirC'etion perpendicular 
to thC' layers c·auscs tlw disturbance of the optical Hdc·c·t ion rnles by the wa,·e vee:tor. 
nnrl this lPads to the band broadening [ 12 J. The eq11irnl1.•11t lm·nt ion of cndmium sites 
in till' lnt!i«e of tetragonal cadmium cliphosphidc do<•s not C'Elllsc• the splittiug. 

T he ''idt• raclintiou band with the maximum at 2 08 c \ ' Js the phonon rcplit·a of 
tlw hand at 2. 1:~2 e\· with phonon cnerg~ of 52 me\·. These• lines hn\·e approximately 
<•qunl ,·alues of the coeffit·ient~ j,£ J.T nnd J.H J.P. that indicntcs the same nature 
oft lw rndintivc• rcc-omhinatio11 tcntres responsilrlc for this radiation. lla,·i11g studied 
the Hamn11 spcc·t rum the authors of (l :~ J gh c tlw \ld11e of llw phonon energy in ('dP2 
c•qual to 5J.;} rnc\'. A ecrtain diserepane:y of pho11011 c•11crgy ,·nlues ma~· he explained 
Ii~· t lw i11ac-e:urncy in determining the bn11d maximum result i11g from the presence o( 
otlwr hands in the long-wa,·elcngth region '' ho,.;c s<'pa1·ntion is not possible. This 
IC'ad'l lo llw formation of the lo11g.wllnlcngth ··tail .. c·onsisting of st•veral mnluall~· 
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(l\'erlapping bands bcjng phonon replicas of the sludicd short.-wa,·clcngth region of 
tbc spectrum. 

Thus, radiation in cadmium clipbosphicle crystals is caused by recombination of 
frre cxcitons and exciton- imptuity complexes where nitrogen and i11ll'insic defo('tS 
play the l'Ole of impurities. 
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