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Abs tract

The tar get of this pa per was to write and de scribe aux il iary
pro grams for vi su al iz ing re sults of dif frac tion ex per i ments
or im por tant in for ma tion such as pen e tra tion depth. Three
pro grams were cre ated: debye pro gram for a vi su al iza tion
of the so called back re flec tion ex per i ment, ab sorp tion co -
ef fi cient pro gram for ne ces sity to know the val ues of lin ear
ab sorp tion/at ten u a tion co ef fi cients and X-ray pen e tra tion
depth pro gram for be ing in formed about the ir ra di ated vol -
ume of the ma te rial. Re sults of these pro grams are of ten in -
cluded in pa pers and, more over, are avail able in free
ver sion on website.

1. In tro ducti on 

Be cause of re cur ring pleas of col leagues who are fre quent
us ers of X-ray dif frac tion re sults and who wanted to know
the rel e vant vol ume of ma te rial which was ir ra di ated, pro -
grams for cal cu la tion of pen e tra tion depth and lin ear ab -
sorp tion co ef fi cients of crys tal line phases were writ ten in
MatLab en vi ron ment. In ad di tion to it, we were of ten faced
with oddly po si tioned Debye rings ob tained in back re flec -
tion ex per i ment. Debye rings’ con ve nient lo ca tion on area,
2D, de tec tor was, thus, achieved by re peat edly per form ing
the ex per i ments. That had led us to cre ate a pro gram which
would vi su al ize the out come for se lected ex per i men tal pa -
ram e ters.

2. The o ry/ex pe ri ment

Debye pro gram was cre ated as a vi sual aid for us ers do ing
the so called the back re flec tion ex per i ment (or back scat -
ter ing Debye-Scherrer ex per i ment) [1]. It is a ba sic method
for qual i ta tive de ter mi na tion of real struc ture of ma te ri als.
In ma te ri als only planes, which are ori ented in the man ner
sat is fy ing the Braggs’ law, can dif fract. The dif fracted ra -
di a tion has a char ac ter of dif frac tion cones with the apex

an gle of 4q. If this dif fracted ra di a tion im pacts on a 2D de -
tec tor, the so called Debye rings are de tected. The user can
make a model of the ex per i ment upon chang ing the ex per i -
men tal pa ram e ters and also can check an ex pected re sult
for untextured polycrystalline fine-grained ma te ri als. This
is es pe cially help ful for set ting the right dis tance be tween
the ir ra di ated sam ple and 2D de tec tor when the di men sion
of the de tec tor is known. There is a main equa tion (1) rep -
re sent ing cal cu la tion of a Debye rings ra dii l:
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where 2q is the dif frac tion an gle of the given crys tal lo -
graphic plane and D is dis tance be tween the ir ra di ated sam -
ple and 2D de tec tor.

Ab sorp tion co ef fi cient pro gram was cre ated be cause it
is de ri gueur to know the val ues of lin ear ab sorp tion/at ten u -
a tion co ef fi cients when the pen e tra tion depth is to be cal cu -
lated since it de scribes the re duc tion of an en ergy beam
upon pass ing through a spe cific ma te rial [2]. For cal cu la -
tion of a lin ear ab sorp tion co ef fi cient it is nec es sary to
know the amount of each phase in ma te rial, den si ties and
chem i cal for mu las of the phases, see equa tion (2)
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where wi is pro por tional by mo lar mass of each el e ment in

the given phase, m is lin ear ab sorp tion co ef fi cient, r is den -

sity, or m/r is mass ab sorp tion co ef fi cient.
X-ray pen e tra tion depth pro gram was cre ated be cause

the us ers of XRD re sults must be in formed about the vol -
ume of the ma te rial to which the re sults are rel e vant. Ir ra di -
ated vol ume is given by ir ra di ated sur face, de fined by
ex per i men tal set-up and the in serted slits, mul ti plied by
pen e tra tion depth. Most com monly, the pen e tra tion depth
is rep re sented by val ues of the so called ef fec tive pen e tra -
tion depth Tef which de fines the thick ness of sur face layer
that gives rise to 63 % of dif fracted in ten sity [1].  Hence,
this pro gram pro vides the op por tu nity to fur nish us ers with
Tef val ues, or courses, for the given ra di a tion pen e trat ing
the ir ra di ated ma te rial. Fi nal val ues gen er ally de pend on an 
in ci dence, a re bound an gle and on an ab sorp tion co ef fi -
cient. The user can choose be tween four types of ex per i -
men tal set-up. Ex cept for stan dard Bragg-Brentano
ge o m e try (BB), see equa tion (3a), and graz ing in ci dence
dif frac tion (GID), see equa tion (3b), courses of Tef dur ing

re sid ual-stress-aimed dif frac tion ex per i ment for w  dif frac -
to meter (RS dif frac tion ex per i ment) can be vi su al ized for

all mea sured tilts and Tef for w-scans, see equa tion (3c),
can be plot ted as well [3]. User in ter face of this pro gram is
in Fig. 3 on the left.
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where q is dif frac tion an gle, a rep re sents in ci dence an gle

in GID and y is the in cli na tion an gle of the ma te rial sur face 
nor mal with re spect to the dif frac tion vec tor.
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3. Re sults/dis cus si on

It is im por tant to know the phase com po si tion of the in ves -
ti gated ma te rial and it is nec es sary to have the de ter mined
phases in the da ta base pro vided to the user as a part of
debye pro gram, see Fig. 1. The next step is to choose the
used ra di a tion (or in put the wave length), the size of the 2D
de tec tor and the sam ple-de tec tor dis tance. Upon press ing
“Plot” it is pos si ble to check the ex pected dif frac tion pat -
tern on the de tec tor. By chang ing the above men tioned pa -
ram e ters, it is pos si ble to ad just the ex per i men tal para -
me ters in or der to ob tain the dif frac tion pat tern in agree -
ment with the in ten tions of the user with out the need of per -
form ing any ex per i ment. In the de fault set ting, there is only 

the func tion to dis play al pha-lines (i.e.a-{hkl}), but it is

also pos si ble to al low dis play ing beta-lines (i.e. b-{hkl})
too. Rings are de scribed ac cord ingly (al pha-hkl or
beta-hkl). If the user presses the but ton “Print”, a list with
in for ma tion about the ma te rial will be dis played, i.e. name,
chem i cal for mula and all {hkl} planes, which dif fract for

the used ra di a tion with 2q dif frac tion an gles  be tween 0°
and 180°, with interplanar dis tances and dif frac tion an gles.
In Fig. 1, there is the re sult for aus ten ite steel in the dis tance 
of 30mm from the de tec tor with de tec tor 100mm in di am e -

ter when ra di a tion from X-ray tube with chro mium an ode
is used.

Ab sorp tion co ef fi cient pro gram, see Fig. 2, of fers the
choice be tween X-ray ra di a tions with dif fer ent wave -
lengths. Next, the pro gram re quires en ter ing phases and the 
amount and den sity of each phase in ma te rial. Press ing
“Cal cu late” the pro gram starts to cal cu late the par tic u lar
lin ear ab sorp tion co ef fi cient of each phase ac cord ing to
equa tion (2). At the end, the fi nal re sult of lin ear ab sorp tion 
co ef fi cient is cal cu lated us ing a weighted av er age where
the weight is the amount of each phase. In Fig. 2, there is
the user in ter face of the pro gram with the re sult – steel with

ox i da tion layer (again for CrKa ra di a tion). This con stant is 
sub se quently ap plied in the cal cu la tion of cor re spond ing
pen e tra tion depth as can be seen in Fig. 3. There are few se -
lected lin ear ab sorp tion co ef fi cients in Tab. 1.

Af ter start ing the X-ray pen e tra tion depth pro gram, see
Fig. 3, the user chooses type of the re sult, e.g. for which ge -
om e try is nec es sary to know the value of the pen e tra tion
depth, con crete in BB, GID, RS dif frac tion ex per i ment or

for w-scan. This choice, win dows stay vis i ble which con -
clude re quired pa ram e ters for the dis play ing graph: e.g. the
range of mea sur ing but mainly the value of the ab sorp tion
co ef fi cient. It is pos si ble to choose be tween the lin ear ab -
sorp tion co ef fi cient or the mass ab sorp tion co ef fi cient and
the den sity of the ma te rial. Press ing “Ex e cute” the cor re -
spond ing graph is dis played or the pro gram no ti fies of in -
con sis ten cies. User in ter face of this pro gram is in Fig. 3 on
the left while on the right; there are the re sults of Tef courses 
for lin ear ab sorp tion co ef fi cient cal cu lated above and for
each op tion of type of re sult.

There is ap prox i mate pen e tra tion depth for se lected ra -
di a tions into steel in Tab. 2. The val ues of pen e tra tion
depth for GID are with us ing in ci dence an gle 2°. The value

of in cli na tion y is 0.2 in this case. Gen er ally, it is ob vi ous
from Fig. 3d that mea sur ing with dif fer ent in cli na tions re -
sults dif fer ent pen e tra tion depths.
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m, cm-1 CrKa CrKb CoKa CuKa MoKa

Fe 890 682 442 2393 297

Al2O3 407 310 198 128 13

Ta ble 1. Lin ear ab sorp tion co ef fi cients for steel and alu -
minium ox ide.

Tef, mm CrKa CrKb CoKa CuKa MoKa

BB 4 6 9 2 13

GID 0.4 0.5 0.8 0.1 1

RS and

w-scan
5 6 10 2 15

Ta ble 2. Ap prox i mate ef fec tive pen e tra tion depth se lected ra -
di a tion into steel.

Fig ure 2. User in ter face of the ab sorp tion co ef fi cient pro -
gram.

Fig ure 1. User in ter face of the debye pro gram.
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Fig ure 3.  a. Op tions of the X-ray pen e tra tion depth pro gram and re sult for BB. b. Op tions of the X-ray pen e tra tion depth
pro gram and re sult for GID. c. Op tions of the X-ray pen e tra tion depth pro gram and re sult for RS dif frac tion ex per i ment.
d. Op tions of the X-ray pen e tra tion depth pro gram and re sult for w-scan.

a)

b)

c)

d)



4. Conclu si ons

The men tioned pro grams were cre ated as aux il iary pro -
grams for dif frac tion ex per i ments, in more de tail, for vi su -
al iz ing re sults of dif frac tion ex per i ments.

Debye pro gram is used mainly for ob tain ing suit able
ex per i men tal pa ram e ters in back re flec tion ex per i ment.
The out come of pro gram is a pic ture with Debye rings for
untextured polycrystalline fine-grained ma te ri als. There is
some ba sic in for ma tion about this pro gram:

• The pro gram was used for iden ti fi ca tion dif frac tion
plane in both untextured and tex tured, and in both
small-grained and big-grained ma te ri als.

• It is the aux il iary pro gram for check ing dif frac tion
an gles too.

• In Fig. 1, there is re sult for aus ten ite steel. This is one
of op tions to check qual i ta tively grain-size and tex -
ture of planes {311} in aus ten ite steel when ra di a tion 
from X-ray tube with chro mium an ode is used.

The pro grams, X-ray pen e tra tion depth and ab sorp tion
co ef fi cient, are of ten used in prac tice. Re sult ing graphs or
val ues of pen e tra tion depth are usu ally in cluded in re search 
pa pers for get ting in for ma tion of the rel e vant vol ume of
ma te rial which was ir ra di ated. 

• In Fig. 2, there is ob vi ous that lin ear ab sorp tion co ef -
fi cient of steel is dif fer ent com pared with steel with
ox i da tion layer.

• The well-known con clu sion fol lows from Tab. 1 and
2; the val ues of lin ear ab sorp tion co ef fi cient and pen -
e tra tion depth, re spec tively, de pend on ma te rial and
used wave length of ra di a tion.

• It is ob vi ous that GID is suit able for X-ray dif frac tion 
anal y sis of thin films as is shown in Tab. 2. These

val ues are smaller when smaller in ci dence an gle is
used.

• The value of pen e tra tion depth is im por tant to known 
if re sid ual stresses are de ter mined. If there is stress
gra di ent in the ma te rial, it is a huge dif fer ence in us -

ing CrKa and MoKa ra di a tion. The ex em plary ex -
am ple should be a hon ing (met al work ing) ma te rial.

There is pre sented stress gra di ent in 4 mm sur face
layer [1].

• It is pos si ble to de tect 1mm thin films in Bragg-

 Brentano ge om e try us ing CuKa ra di a tion due to
small pen e tra tion depth into steel in com par i son with 

MoKa ra di a tion.
The pro grams are avail able for us ers who have at their

dis posal MatLab from http://elec tron.fjfi.cvut.cz/drupal/
pro gram-laborator-strukturni-rentgenografie.
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