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ABSTRACT

Tiﬁfmiagact cf hghar isitign and sé;gcmalm 2 ?gatmf
es on % ormation of microcra 8 €
crystal grown under different conditions is cosidebed® It 1s
shown that local intermal stresses on dispersed solid- and
11quid- e inclusions are one of the sources of cracking.
Heveal are the Impurities which descrease the value of
mechanical strength and intenaify the tendency of the tal
SII;-‘T%BE to stress corrosion in the presence of atmo ic
moisture.
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Crack formation i3 a frequently cccuring microstructure defect
for single crystals %mm from agqueunca sclutions. In moat casea
it 1a related to absorption phenomenon taking plece on the
aurface of the wing face result in the appearance of
1185%]}' s?tﬁreaaeam thet ETluluma of the material (Pefrov et E.lu,l
. For crystals such stresses may coriginate, e.g.
the impuritifs ‘present in the raw material or Spﬁﬂiﬂ.ll?
Introduced for the purposeful moddfication of the crystals'
properties. The sald crystals possess noticeable brittlemess in
5 wide ol femperatures including the room tempermture
tlhtmshm . 19&;’&.}, thtirarure the mfa% :dt.reasea which ariTg:
dur crystal grow Ccess mua e to cracking.
lat%ﬁ?mmun iz a result of the brittle deformation of the
materinl, 80 it essentially depends on the value of the loeal
stresses and their distribution in the volume of the crystal.

Comeidered in the framework of the present research 1s the
effect of the impurity o gition and the solubility limit for
Uﬂ_?llI'itiEE In the crystsl lattice matrixz of EH PQ, on cracking
which sccompanies the w of these crystal. *EH PO single
crystals with differeni dopants are grown along the® direction
(0011 on prismatic aceds by the method of solvent recirculation
from the raw material of the same purity e, the growth
rate being 0.5 mm/24 hrs. As shown by the investigations of
thelr microstructure, phase mechanical characteristica, sll the
considered tles are to be divided intc three g in
accordance with thelr influence on ths “embrittlement” of
IGI.PCI‘ cryatals.
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Belo to the first mfroup are the so-called structural
imirur ties which form 1 ted substitutional op interstitial
So0lld solutions with the matrix of the crystal under
consideration when their concentration reaches some definite

value. Structural imgélrities glve rise to changes in crystal
lattice parameters. lead is an e

Based on the data of microscopic investigations as well as on
the measurements of the crystals' microhardness and elementary
cell parameters we have shown, that this ity, if having a
concentration reaching 1.9.10° mass %, Torms 1limited solid
solutions with KH PO, (Atroshchenko and Kolodyazhnyi, 1990).
Within the monophfse*solid solutions region the value of the
brittle strengt Ogexceeds that of the 1mﬁ1::ped2 crystals by
60 % ( for the Slatter g = 13.0 /mm” ). Nicroscopic
Investigations Ir.:grronned on Fb-doped KH 0, single crystals
have revealed t absence of microcracks *initiated by the

ity playing the role of a local stress concentration
region in the crystal %mwth cess.This 1s explained by the
fact that lead having the said concentration completely enters

the crystal lattice of KHIPO‘ and does not form the second
phase inclusions.

The second group of impurities comprises the substances which
are contained uig the Ssolution for the crystal growth, but

ggactically do not enter the crystal lattice. Por e le, we
ve made an attempt to dope KH PO, crystals with bromine and

imately a
rength 1s 7.3 kgs/mm” 1.e.1t 1s approx
gﬁ}tlgrsng ma?éi?.%‘ulae for tggsundo ed crystal. Moreover, we

ion is by
the former crystals stress corros
?avemgggn%ngggisgrm the presence "of atmospherig lélggstur%ﬁ
= ous solution and other surface-active subg anlo E e
aqu‘zicular this fact manifests itself in the 50 et hggamce
etz sragd U Homiirent bimisim o1, e, fes
{tromhon RoeToy " thase tions of the easlest

198Tb) these are direc v
ettt e S0, cowall T 8, Ry, oS,

ces). :
acﬁ;ged su;?gces of the doped crystals kept mtiair ocrleg{gggl
his process being accompanied by the formation

reglons with corrosion damage and cracks.

1 st th,
erved decrease of the mechanica Teng
'Egeer éain ?exgdgggy of the Ho-doped crystals to cgla'ggcj).}llg wﬁ
the reduction of their corrosion resistance in coi g B Wl
nominally pure material, a detalled examination of i
s tals has been performed. The microstructure of }heae ogmpthe
ia2 teen tovestigated in tronamdied Tight. The surface of  tne
reveals alalocation ° by the repeated sequential
reveals dislocations. As shownf tie LM ol o e
e ohe ot o the ce of the orystals that the
vmtcgg:mgnememrge.% obtained results areiseas%lllg
ropromuolnls In The proCeds of layer. by-lafer malvels. T
0
égggemst mhmhreaggigg:ble point preci Ijita%gnsmgreagge O?ecgﬁg
tion rises w
gggggﬁtnging?m%trgm crystals the distribution of the

lower parts of all the crystals is below the sgnsitivity
threshold for the method of their determination (<10™" mass %),

tho t contegt of the ities in the solution has varied
ugh the ep %

: £ d on the face (001) of Ho-
from 10"~ to 10" mass the said dopants are not impurity 1s zonal-sectlonal. Revealetch tterns. Along with
captured by the growing crystals and do not enter its lattice: do KH PO, crystal are various e pa usly
therefore they do not affect the crystal's mechanica] m&dar * t&trahedral single etch its  unambiguo
properties and cracking resistance.

ve observed lens-
corresgondin§ to growth dislocations, we

f the two directions

like etch patterns stretched along one o et al (1988)

The third up of impurities consists of the so-called (1101 on tgg glane (001). As sho'glbydgggggghe‘g? the crystal

nonstruct ones. These substances enter the crystal, but they are ¢ tioned by the loc f hydrogen bonds. Other types

practically do not form substitutional or Interstitial solid symetry and a ial breakdown OT-ShB ed ones- having "rays"

Solution with the crystal matrix. The said ties of the observed etch patterns m[‘810] aspwell as dendrite-like

precipitate in the crystal in the form of a dispersed e. As along the directions [100] and directions. Some inclusions are
shown, e.g. for synthetic quartz, sodium, 1ithium and potassium ‘ grooves extended along the same .

Weﬁ urrounde: directions [1001]
ties which enter the lattice in. the form of " discrete p d by network crack p““emiﬁg’,%etgﬁ 1003 ns (1001
sul Cmscopic tes give Trise to Optical inlmgneity and [010]' this testif to th'ehgx atence of s phase
and microscopic cracks in the regions containing such kA the rreot itatmions 0 we se ity phase
) (Pig.1.) ated chemical polishing e hingI ad oo
rométioﬁ of cracks on the entire surface of the fac .

ts
(Khadzhi, 1 . We have fo that for KH PO; sﬁe
crystals nonstructural impurities are the iond “of Tare

earth elements, in lcular, holmium. In our e eriments the anal with other
concentrations of Ho ions_ 1o the, solution fogp the crystal Based on the obtalned results asrwellcas 0111n qug%{z doved with
growth has varied from 10™* to 10" mass 3. The mo logy of investigations (e.g. the study o ‘t’ﬁg ﬁ"i’fo‘vm conclusion. In
o-doped KH_PO_ crystals is similar to that of undoped nonstructural impurities) we draw there —efist  dispersed
crystals, nd tapering of the natural growth faces be Ho-doped KH PO, single °ry]5tals hich is hardly revealed by
revealed. incluaigns ﬁc:&e mhm‘scgy metgog gne to its small hagizgi
4 means of O mec. C:
For the crystals doped with holmium the calculated value of 4 however, this phase noticeably influences the




perties of the conaldered tals, in particular, crack
%Emtinn. The nonstructural 1&1
various active centers of the h

Fig. 1. Preci tationsg of dispersed immi-
8 Mty glia.aﬂ with cracks,

where dislocations reach the surface, on the Joints of growth

'!m,rrn.

sectore and Zonesa, ete. Naturally, the fine —disperasd
Particles of the Impurity are aurroundsd by légnl dtress
reglons. The differences in thg logy and extension of
Cracks in separate tﬁﬂ;ﬂ of ths indirectly teatify to
the variations gr diaﬁrsi 2 for t iy

and the loecal gtress init tedtgy t 2. The variety of
the etch patterns and different e of their distortion show
that the orystals are optically and have rather

The mechanical treatment of the criatala which contain I1nely-
d1 d second phase inclusions 1s men ed by subatantial
difTicul ties. Emer Inaide the am*raca-ggacmt layer of thg
crystal subjected to cutting, and pol 13 8 layer
With a Tmber of cra ceuged by the presence of
essential Iocal stresses on impurity Inclusions. Thae h of

this layer layer of undo EH_EO
(rystals by several times. In tnig is practicaliy*

impossible to obtain polished cryatal surfaces withont cracks,

4 special invest tion has been rformed on the crystals
a.lcn:xg the ctions [0101 [100] at a rate exceeding

conventional cnes used for the growth of EH ®n orystals
along the direction [001]. It nes been found that the orymtals
obtained by the ~rate method may entrap liqtﬂ;li%uenm—
liguid-phase Inelusions (Fig.2.) and the Impuritieg h are
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treated
2€8. A3 a Tule, the mechanically
%;ﬁmngrm:%em of such c:r'ﬁatalﬂ Are ch.%ahlgutmzeg by
typical crack pattern (Fig.3.) observed alnngm emaamtialmlr
(1001 and [010] on the faces (001), and 1t

hampers the procesa of cbtaining high-quality surfaces.

therma]l mmmeal performed ority of the crystals
Eggta.iui:é the abégge—mentg:med un:gmt-ggtﬁgtmy defects favoura

.

Pig.2. Tdquid-phase inclusions.

LT |

Flg.3. Cracks in single crystals grown
at high ratea.
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the decrease of their tendency to crac - This testifies to
the reduction of the level of residual total and local (present
on various inclusions) stresses. Nowadays this effect is being
successfully used in practice for. the improvement of the
mech%glical properties of articles based on KH,PO , single
crystals.
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