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A n Si :Ge cr yst al w it h appr oxi mately 3% of germani um w as stu died w ith
strongly collimated short -w avelength mono chromatic synchrotron beam

(b eamline E 2 at H A SY LA B ). The top ographs obtained in the asymmetric
224 reÛection revealed the presence of interf erence fringes related to grow th
bands caused by segregation of germanium. T he fringes , observed for the Ùrst
time, w ere strongly dependent on the angular setting and it w as possibl e to

distingu ish at least three systems of fringes. A numb er of features of the ex-
isting strain Ùeld, w hich may be imp ortant for the formation of the fringes,
w as determined using other top ographi c metho ds, especiall y the Bragg- case

section top ography .

PACS numb ers: 61.72.Ff

1. I n t rod uct io n

The form atio n of interf erence fringes in X- ray to pographi c im ages is very
interesti ng both in cogni ti ve and practi cal aspects. In the cogni ti ve aspect i t is
interesti ng for a better understa ndi ng of di ˜ra cti on phenomena and a further de-
vel opm ent of the di ˜ra cti on theo ry . In the practi cal aspect, i t can be used for the
determ inati on of the stra in Ùelds and the identi Ùcati on of defects existi ng in the
exam ined crysta ls.
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A num ber of papers were al ready devo ted to growth stri ati ons arri vi ng in
Czochra lski grown sil icon single crysta ls (as-grown and annealed) [1, 2] or doped
wi th carb on [3, 4]. The growth stri ati ons in quartz were observed and analysed
in [5]. Pl ane wa ve to pography in tra nsmission and/ or back reÛection geom etry ,
rea lized wi th laborato ry X- ray sources, were appl ied in these investigati ons.

In the present paper we report the observati on of interf erence fri nges con-
nected wi th growth stri ati ons in Si:Ge sing le crysta l in back-reÛection geom etry .
The interf erence fri nges related to growth stri ati ons in carb on doped Si were ob-
served in tra nsmission geom etry by Jenichen and K �ohler [3, 4]. The present ob-
servati on was perform ed using a very well col l im ated synchro tro n monochro matic
beam in Si :Ge crysta ls conta ining appro xi ma tel y 3% of germ ani um. The pra cti cal
aspect of the present inv estigati on is connected wi th the signiÙcant technological
di £ cul ty in obta ini ng Si :Ge bul k crysta ls wi th uni form Ge concentra ti on, caused
by the hi gh segregati on coe£ cient of germ anium in sil icon [6{ 8]. For thi s reason
the study of growth bands may pro vi de data for im pro vi ng the growth techno logy.
In the actua l case, the monochro mati c beam inv estigati on wa s com pleted by the
use of other to pographi c m etho ds and rocking curve m easurem ents.

2. E x per i m en t a l

The inv estigated sam ple was cut o˜ perpendicul arly to the [111] growth axi s
from an Si:Ge crysta l wi th 3% of germ anium . The crysta l was grown at the In-
sti tute of Electro nic Ma teri als T echnology (W arsaw) by the Czochra lski techni que
in argon Ûow wi th a growth vel ocit y of 2 ñ m / s. The sampl e wa s a 4 0 0 ñ m thi ck
pl ate, m echanica lly and chemical ly pol ished on both sides.

The observati on of the interf erence fri nges caused by stri ati ons was per-
form ed at the monochro mati c beam stati on E2 at HASYLAB. A hi ghly angular
col lim ated beam wi th a wavel ength of 0.11 nm was obta ined using a piezoelec-
tri cal ly stabi l ised doubl e crysta l m onochrom ato r wi th successive 333 and 511 re-
Ûections from silicon crysta ls. The asym metri c 224 reÛection wi th low glancing
angle was used. Together wi th taki ng to pographs, ro cking curves were recorded
usi ng the beam l imited to a smal l area cl ose to 5 0 È 5 0 ñ m2. Som e other inv esti -
gati ons were perform ed in 333 sym metri cal reÛection, where the natura l FW HM
is appro xi matel y twi ce narro wer.

The sam ple was system ati cal ly studi ed wi th the numb er of other X- ray to-
pographi c m etho ds empl oying both conv entio nal and synchro tro n sources of X- ray
radi ati on. The inv estigati on incl uded, in parti cul ar, La ng m etho ds (in tra nsmission
and reÛection) and whi te beam proj ection and section to pography . The tra nsmis-
sion La ng to pographs were obta ined in sym m etri cal 2 2 4 reÛection, a reÛection one
in hi ghly asym metri c 551 ( ˚ À ' ) both of Mo K ˜ 1

radiati on. The synchro tro n whi te
beam radiati on (SW BR ) back-reÛection to pographs were ta ken wi th low glancing
angle of 4£ and in the case of section to pography a Ùne 5 ñ m sli t was used.
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3. R esul t s an d d iscu ssio n

A characteri stic feature of an Si :Ge crysta l wi th a moderate concentra ti on of
germ ani um is the presence of growth stri ati ons connected wi th the segregati on of
germ ani um . The stri ati ons were dominati ng in the to pographi c images obta ined
wi th al l the appl ied m etho ds. Two Lang to pographs of the studi ed sam ple, being a
quarter of the who lewaf er, are shown in Fi gs.1a and b. The imagesof the stri ati ons
are regul arly circul ar close to the crysta l edge and lessregul ar close to the centre
of the wafer, where a ki nd of stri ati on | free \ core" is observed. The better
understa ndi ng of the Lang im age is pro vi ded by SW BR Bragg case pro jection
to pograph shown in Fi g. 2a. The Lang tra nsmission to pographs reveal m ainly the
contra sts corresp ondi ng to the outcro ps of the stri ati ons on the surf aces, whi ch
m ay be better disti ngui shed in the SW BR Bra gg case pro jecti on to pographs. The
last pro vi des pra cti cal ly onl y the im ages of stri ati on outcro ps on the exam ined
surf ace. Fi nal ly the Bra gg case section topography (Fi g. 2b) pro vi des the im age of
stri ati ons in the plane form ed by narrow inci dent beam inside the crysta l [9, 10].

Fig. 1. (a) Pro j ection transmissi on top ograph ta ken in 22 4 reÛection of Mo K ˜ 1
ra-

diation , (b) proj ection reÛection top ograph taken in 551 ˚ À ' reÛection of Mo K ˜
1

radiation .

The same sampl estudi ed in 224 reÛection of very well col l imated synchro tro n
m onochro mati c beam wi th a wa velength of 0.11 nm pro vi ded im ages very ri ch
in interf erence fri nges, shown representa ti vely in Fi gs. 3a and b. The image of
these fri nges was di ˜erent for two angul ar setti ngs corresp onding to to pographs
3a and b. It m ay be noti ced tha t the to pographs exhi bi t som e ki nds of interf erence
fri nges.One characteri stic ki nd are the fri nges para l lel to the stri ati ons whi le some
other system s form wavy patterns wi th interf erence maxi ma cro ssing the Ùrst
one. A correspondi ng exp erimenta l rocking curve is shown in Fi g. 3c. In thi s case
the i l lum inated area covered at least two stri pes being probably the reason of
bro adening and form atio n of two m axim a.
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Fig. 2. Synchrotron w hite beam radiatio n back- reÛection top ographs ; 224 reÛection,

Ñ = 0: 04 5 nm; (a) proj ection top ograph with superimp osed section top ograph, (b) sec-

tion top ograph.

Fig. 3. Synchrotron mono chromatic plane w ave back- reÛection top ographs; 224 reÛec-

tion, Ñ = 0: 11 nm; (a) angular crystal position marked as 3a in (c); (b) angular crystal

p osition marked as 3b in (c); (c) ro cking curve with marked p ositions 3a and 3b.

Co ntra ry to the results in the 224 reÛection, the inv estigati on in 333 reÛec-
ti on, where the rocki ng curve was much narro wer, did not reveal any f ringes. In
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thi s case the to pographs were strongly di sturb ed by the e˜ects of stra ins causing
repro ducti on of only narro w area of the sam ple. The presentl y obta ined fri nges
were also very sensiti ve to the angular col l imati on, whi ch coul d be easily spoi led
by greater heati ng of the m onochro mato r.

Im porta nt inf orm ati on about the stra in Ùeld connected wi th the stri ati on and
responsibl e for the form atio n of interf erence fri nges was pro vi ded by the Bra gg-case
secti on to pograph recorded at large Ùlm -to -crysta l di stance shown in Fi g. 4. It may
be noti ced tha t the upp er edge of the Bra gg-case secti on to pograph form s a char-
acteri stic saw-l ike pattern, whi ch corresp onds to the latti ce deform ati on, caused
by germ anium segregati on. The range of the angular m isori enta ti on f orm ing the
saw wa s evaluated as appro xi matel y 1500 . The upp er parts of the teeth correspond
to the greater glanci ng angle and thi s situa ti on should occur for obl ique reÛecting
pl anes in the com pressed germ anium ri ch regions. It m ay be also exp ected tha t
the \ saw" should be a good appro xi mati on of the germ ani um distri buti on.

Fig. 4. SWB R back- reÛection top ographs, 264 reÛection, Ñ = 0 : 033 nm; (a) proj ection

top ograph w ith superimp osed section top ograph, (b) section top ograph | the upp er

part of the image forms the characteristic saw.

The characteri stic bl ack contra sts in the Bragg-case section to pograph vi sible
in Fi g. 2a, whi ch often form s doubl e stri pes, are connected wi th the upp er and
lower parts of each to oth where the stra in gradient is the highest. It may be found
tha t the interf erence f ringes in the 224 plane wa ve to pographs are present m ainly
in the regions between teeth m axim a corresp ondi ng to the ri ght less steep slope.

The exact analysis of the observed fri nges seems to be very di£ cult in vi ew
of the com pl icated character of deform ati on Ùeld caused both by surf ace stra in
relaxa ti on and i ts parabol ic or less regul ar shape inside the crysta l. The pro ba-
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bl e interpreta ti on of the fri nges para l lel to the stri ati ons is the decompositi on of
the wave Ùelds, form ed in the Bra gg case di ˜ra cti on pro cess,by m ostly deform ed
surf aces corresp ondi ng to shorter steeper edges of the teeth. Af ter thi s decom po-
siti on the wave Ùelds are recovered in the Bra gg case sim i larl y as in the case of
di slocati on images discussed by Bedy¥sk a [11]. It is a lso much probabl e tha t the
other system s of fri nges are connected wi th weaker stra in gradients present in the
regions of lesssteeper slope. The character of thi s gradi ent is not well recognizable
in the saw pattern.

As i t was al ready menti oned, the im porta nt factor for fri nge form ati on seems
to be a relati vely large wi dth of the ro cking curve of 224 reÛection close to 400 .
Tha t causes smal ler sensiti vi ty to the stra ins. On the other hand, the great wi dth
of the rocking curve reduces the e˜ects of angular di vergence of the probe beam
on the di ˜ra cti on pi cture.

4. Co n cl usion s
The present paper reports an observati on and di scussion of interf erence

fri nges,composed of m ul tipl esystem s, form ed at stri ati ons present in Si :Ge crysta l .
The observati on of the fri nges was enabled by the use of reÛection wi th rel ati vel y
wi de rocki ng curve and a relati vel y large distance between the stri ati ons. Some of
the features of the deform ati on Ùeld of the crysta l causi ng form ati on of the fri nges
on to pographs, especial ly the existence of regions wi th high and low stra in gradient
and i ts locati on inside the crysta l were revealed by m eans of SW BR Bra gg-case
secti on to pography and other to pographi c investigati ons.
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