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X-ray Server is a public project operational at the APS since 1997 with
the goals to explore novel network technologies for providing wide
scientific community with access to personal research results,
establishing scientific collaborations, and refining scientific software.

The Server provides Web-based access to a number of programs
developed by the author in the field of X-ray diffraction and scattering.

The software code operates directly on the Server available for use
without downloading. Currently seven programs are accessible that
have been used close to 90,000 times.

http://sergey.gmca.aps.anl.gov




Software available through X-ray Server

X-RAY SERVER

This site has been online since 1997 and has served 89409 x-ray jobs

Xt on the Web interpolates dielectric susceptibilities x,
and xj, for some crystals and other materials in wide range of

w-ray wavelengths with the option to compare the data from
different databases [12]

Xth-search is based on Xk and it provides tool to search
for Bragg planes under various conditions.

. .., |GID_SL on the Web calculates x-ray diffraction curves of
G SLo t Weh | strained crystals and multilayers for any Bragg-case

ID ; " ]'ﬂ 5 diffraction with scans around arbitrary axis. It can be used for
usual symmetric and asymmetric diffraction, for extremely
-] [asymmetric diffraction, as well as for grazing incidence and

other non-coplanar cases [16], [19], [20], [21], [31].

TER_SL on the Web TER_SI on the Web calculates x-ray specular reflection
X-ray specular reflection from multiiayers from rmultilayers with interface roughness and transition
with rough interfaces at grazing incidence  JIECE e NN PG

Dynamicl 1 Tacten e sraned st muklayes
indsupetis sl nd rg ceangs

MAG_SL on the Web calculates x-ray resonant specular
reflection from magnetic multilayers with interface

K*rag resonant specular reflection roughness and transition layers [33] [36] NEW, added
mneﬂc w ﬁﬂ'ers Q72003

TRDS SE onthe Web calculates z-ray diffuse scattering
from interface roughness. It implements several different
models of roughness and can calculate such effects as skew
roughness transfer, dependence of interface-interface
roughness correlations on lateral size of roughness and x-ray

scattering from atormic steps [23], [24], [26], [29], [32].
BRE on the Web calculates multiple Bragg ditfraction of x-

rays by perfect crystals. Can simulate up to 12-wave
BRI— on the Web dynamnical Bragg diffraction of x-rays from a plate-shaped
K'Y&F multiple Bragg ILave diffraction crystal including the cases of x-ray waves grazing along the

plate surface and Bragg angles being close to 20°[18], [17],
11]. NEW, added 8772403




How it works

Web browser HTML form Windows computer
X Ray X Ray
on remote I ent Server on my desk. Seamlessly
computer cll HTIVlL results serves about 40 x-ray

— ‘ jobs per day 24*7

|

Apache.exe
(freeware)

CGl HTML
interface results

Zip.exe _Datafile Data file| gnyplot.exe

Zip file

(freeware) - <“ -~ (freeware)

LEGEND: GID_sl.exe:
the Bragg curves

research product (no extra work) calculation program

freeware (no extra work)

For more details see poster session!




Background algorithm

X0h calculates material susceptibilities y, and y,, for x-ray wavelength range
by interpolating data tabulated in the International Tables for X-ray
Crystallography and several other tables.

The highlight of X0h is the way it interpolates the dispersion corrections df’
and df* [1]. The dispersion corrections are calculated with the formulae given
by Don Cromer [Acta Crystallogr. vol.18 (1965) p.17-23]:

NS
df':ngP(Xk’ Ny)
k=1

N
df "= OSTCng(Nk _1)/ )(ka_:l

k=1

First, XOh applies the above equations to known tabulated dispersion
corrections and evaluates g,. Then, it uses calculated g, to find the
dispersion corrections of interest.

Once the y, and y,, are found, X0h can fulfill a lot of useful service tasks like
evaluating the HWFM of Bragg peaks, searching for Bragg reflections that
satisfy certain conditions, and etc.

[1] O.M.Lugovskaya & S.A.Stepanov, (1991) Sov. Phys. Crystallogr. 36, 478-471.




Web input form

H-rays:
" Wavelength (A):
" Energy (ke V):

&+ Characteristic line:

Target:
&+ Crystal:

i~ Other material: I - I &
" Chemical formula: I AN desTTy (2 /em)e I

Reflection:
Miller indices: 1 1 1

Datahase Options for dispersion corrvections dfl , df2:
* Use X0h data (5-25 ke Vor 0.5-2.5 A) -- recommended for Bragg diffraction.
" Use Henke data (0.01-30 ke V or 0.4-1200 A) -- recommended for soft x-rays.
" Use Bremnan-Cowan data (0.03-700 ke V or 0.02-400 4)
" Compare resulis for all of the ahove sources.




Example web results

[Structure :

[Fiticon

[Symmetsy :

D ensity (gm/om™ ;

[Unit cell constants (A)

[Unit cell angles (degr.) :

[Poisson Ratio :

[{Composition: Element - I _sites (Rites occupation)

Cubic

23293

54309, 5.4309 , 5.4309
50,000, 90.000 , $0.000
0.2800

Si-- 8 (1.000)

E-ray line

Wavelength (&7

Energy (keW)

|Closest absotption edge (ke'W) :

Cu-Eal
1.54056
204772
1.24for element 8i) .

iDatabase for dfl, d.f'2 :

|*** Z0h (Tnternational Tahle;jf e L

R SO ¢ Bl N AP o e POy I

delfa ,efa  (m =1 - delfa - i*%efa) :

? Absorption factor (1fem) and length (ung
2 Extinction length at TER (A

? Crntical angle for TER (degr., mrad)

-0.15127E-04,  034955E-06

0.75634E-05, -0.17477E-06
14256, 70144
A3.033

022237, GET THE CURVE !

32858

[Reflection :

(111

Bragz atigle (degt) :
Interplatiar spacing (47
sit B | cos(QE
tan(JE) , cotan(CJB) :
sin(2*0E) , cos(2*¥0B)

14221

313535

024566 , 0969346
025343 30459
047627, 027930

iPDlﬂ.tiZ&tiDn 7

|erJ i |x:’PJ !

Phase difference (x,- x50

[Felative mtensity (x, fx )

2 Synuretric Laue-case extiniction length (am) ¢
Symutetric Bragg-case extinction length (um)

Double-crwstal curve FWHDM (arcsec, urad)
Darwin curve FWHIL (arcsec., urad)

Sigma
0.79801E-05
1.0000 * pi
52765 %

12,705
1.5089
07797
9153,

02431 4E-06

A7 413

33526 GET THE CURVE !

Folatization

|erJ 7 |x:’PJ :

Phase difference (x - x50

Relative intensity (x, /x5

2 Symretric Lave-caze extinction length (am)
Synuretric Bragg-case extinction length (um)

Double-crwstal curve FWHDM (aresec, urad)
Darwity curve FWHL (arcsec, urad)

P
0.70169E-05
1.0000 * pi
A6 306 %

21.273
1.7160
259093,

0.21274E-06

41 6590

GET THE CURVE !

6.0806, 29479




Web input form and results

E-rays:
O Wavelength (A):

" Energy (keV): |
= Characteristic line: | Cu-Kal v | D

Crystal:
Select code | Silicon

=1

Bragg planes range:

From: |1 II:I

Bragg angle range:
From: ID—
Intensity conirol:
Minimum [xh/xl| (%0): |EI.
Database option for dispersion corrections dfl, df2:
{+ Vge X0h data (5-25 keVor 05-25 A) -- recommended for Br‘agg]jdiﬂi'acﬁun.

" Tlse Henle data (0.01-30 ke ¥V or 0.4-1200 A) -- recommended for soft x-rays.
" Tse Brennan-Cowan data (0.03-700 ke V or 0.02-400 4)

To: |3III.

Find only those Bragg planes which malze certain angles o the surface:

Surface plane indices: I1 ID ID

{* Planes make angles from Thetal to Theta2

" Planes make angles from Theial 1o (Bragg_Angle - Theta2)

" Planes make angles from (Bragz_Angle - Thetal) io (Bragz_Angle - Theta2)

Thetal : ID_ Theta2: I'IBI:I.

Find Planes! I Reset |

(Crarstal:

[Bymmetry group:
EDensitj.r (gmiem’) :
(Uit cell constants (&)
(Uit cell angles (dege) :
[oray wavelength (Angstron) ; [1.540562
[Z-ray energy (ke

[%-ray characteristic line :
[Bragg planes range :
[Bragg angles range :
Mlinimum irtensity (o) :
[Butface

[Plates angles to suface
[Thetal, Theta? :

(11 54.7356

'SEARCH CONDITIONS :
’Sﬂ.tc atL
ECubic
(23203

55.4309 . 54309 54309
{90,000, 90.000 , 20.000

(204777
[Cu-Kal

(lom-—-11
10,0000 -- 30,0000
(0.0000%

(1o
{From Thetal to Theta?
10,0000 -- 120.0000

SEARCH RESULTS :

Planes found: 4. Planes heing displayed: 4

hkl Angle to surface
(10m 0.0000
(101 45,0000
(11m 45 0000

Bragg angle
2.1540
11.5711
11.5711
142211




Background algorithm

GID sl (Grazing Incidence Diffraction from
Superlattices) was originally developed for GID
(Fig.1a) from multilayers, but then extended to
arbitrary Bragg case including coplanar (Fig.1b) and
non coplanar asymmetric diffraction (Fig.1c).

The program can calculate Bragg diffraction from
imperfect crystals with given profiles of normal
lattice strains da(z)/a, dielectric susceptibilities yy(z),
vn(2), and interface roughness height o(z).

The advantage of GID_sl over most of other Bragg
diffraction simulation software is that it takes into
account specular reflection and refraction of X-rays
at crystal surface and interfaces in multilayers.
GID_sl implements a "discrete" algorithm, i.e. the
crystal is subdivided onto "perfect" sublayers and
the reflection from the whole stack is calculated with
the help of (2x2) recursive matrix algorithm.

Bragg planes

Grazing incidence diffraction
(non-coplanar symmetric Laue diffraction)

" Bragg planes :'_"_Lp.'-‘:;('_!)}-,. )
Extremely asymmetric diffraction
(grazing-incidence case)

Bragg planes

Grazing Bragg-Laue diffraction
(non-coplanar asymmetric diffraction)

S.A.Stepanov, E.A.Kondrashkina, R.Koehler, D.V.Novikov, G.Materlik, and S.M.Durbin,

Phys. Rev. B, v.57, No 8, p. 4829-4841, (1998).




Web input form

E-rays: « Warelengthia) f C Energj.r(ke?)=l1-54':'552 - L:ine=|CU-Ka1 "! GQ-'J Pl:nla:izatian=l5igma "I
Crystal: | Gas 5] @ [x0h data 05254) 5] Sigme=l0- A WOt | wme|i-
Bragg Reflection: !4_ ID_ i'j_ Substrate da.-‘a=§':'-

Genmetryspel:iﬁedhy:l[ﬁ]. Surface orientation & condition of symmetric Bragy case _v_l (@J

-- Geotnetty parameter ([1,7]=incidence angle, [2,8]=exit angle, [6]=Bragg platies angle, [M=glighy: I I

-- Butface plane ([1-57: |1_ I':'— ":'_ Mlizcut ditection: !':'_ |1_ |1_ Mizcut angle: IE'- |degr. j
Scanaxis:l[kD ¥ h| _:j ? Indices, if other scan avis: !_ i_‘ I_ I Inwvert scan axis

Scan limits: fr-:-ml-ZDDD- to|+2DDD- |sec. jscmpumts=|‘*01 Plu:uta.rgument=iiﬂ8idence angle j

. r waich progress submit Query I(si.ngle click, pleasel)

: Axrailable codes:

Top layer profile foptional): [?] Crystals:
petiod= Alhs

t= sigma= dafe= code= = codel= 3= coded= 3= coded= wl= xh= xhdf= wi= wh= L1F

etid petiod 115k

B1¥O5
BEaTio3
Beril
Eervlliwumn -

I B
[?] Non-crysials:
B1203 .
B4cC

BeO

BN

CrZod

CsI

Fluorite
-
Y [ .'l_|

| 11 Flaments:

period=zZ0

£=100 code=Gals sigma=:z2

=70 code=Alis =igma=:Z dala=a
end period




Reflectivity

Reflectivity

014
001 4

1E-3 <

iInP (100), E=8keV
Symmetric Bragg diffraction,
?50 X (40A AlAs/InAs + 40A GaAs/InAs, 6=2A)

hkl=400

|
AlAs/InAs/GaAs

/o
i

I !'«W.W”‘W

W Mwﬂﬂwﬂ'

F
\

M’”"‘M W“ ’
m'l'lﬂ!mrmmww

] Symmetric Bragg diffraction

T T T
31.0 315 320
Incidence Angle [degr]

siu.edu

Cu (100), E=8keV

| GID | hki=022

GID from Copper

Scan Angle [sec]

infn.it

1 Si (100), E=8keV
, hkl=400
120X (5AGe +20ASi, O©=2A)

Reflectivity

T T T
344 346 34.8
Incidence Angle [degr]

rice.edu

GaAs (100), E=8 keV
GID , hkl=022
20 x (7T0A AlAs + 100A GaAs, 6=2A)

vual 1

T
5

Exit Angle [degr]

aist.go.jp

1 GaAs (100), E=8keV
4 Coplanar EAD , hklI=311

1 x (ZnS, t=1000A)
14

“Mf
I\l
”‘U“H‘\

NMnnn
TN

]

05 10 15 20 25 30 35
Incidence Angle [degr.]

snu.ac.kr

4.0

ZnTe, 4 ° off (111), E=8keV
Symmetric  Bragg-Laue
hkl=2-20

diffraction,

0 5‘0 160
Scan Angle [sec]




TER_SL on the Web
T =) e

= X-ray specular reflection from multilayers B aC kg rO U n d m O d el

with rough interfaces at grazing incidence

TER sl (Total External Reflection) software simulates X-ray specular reflection
from multilayers with the account for interface roughness or transition layers.

The advantage of TER_sl| over the well know Parratt recursive technique is a faster
convergence of recursions because TER_sl expresses the reflection from a stack
of N layers through the reflectivity of (N-1) layers, while the Parratt technique
expresses the reflectivity of N-th layer via that of the underlying (N-1)-th layer.

S.A.Stepanov, E.A.Kondrashkina, R.Koehler, D.V.Novikov, G.Materlik, and S.M.Durbin,
Phys. Rev. B, v.57, No 8, p. 4829-4841, (1998).




TER SL on the Web

X-ray specular reflection from multilayers.
with rough interfaces at grazing incide_nce

Xrays:  Wavelengthes) ¢ © Energgr(kevj=|1-540552 C L;i_ne=|CL|—Ka'| 'i O’QJ Polaiization=|5igma ';

Substrate: & | Database code: | Gads 7| 2 [M0h data (5-25keV, 0.52 54) ]

© Chemical forraala: I rh0=| afem’™3
© Susceptibility »0 = I y  Jformat: d=(Re(dl), ImGdT); note: d1=2*delta /
#ll correction: wil = il. fthisiz used asixl =wl * 0/

Roughness: sigma = i‘* i Angstrom OR Transition layer tr = |D . Angstrom

Incidence angle limits: fromlo- to§3- Idegr. ;! Scanpoints=|501

u watch progress Submit Quary [single click pleasel)

Top layer profile {opHonal): Awailable codes:
petiod= {use Copy'Pasie)
t= sigma= = code= tho= = coded= = coded= 3= coded= 2= wi=

etud period

t=20 wih=0.5 =sigmwa=5 !surface oxide, organic contamination or dust __:_I

period=zZ0
t=100 code=Gals sicgma=4
t=70 code=illi=s sigma=4
end period

E4C

Ba
BaTi03
Be

Bel
Beril

Beryllium
Il




TER_SL on the Web

X-ray specular reflection from multilayers
with rough interfaces at grazing incidence

Reflectivity

Reflectivity

samsung.co.kr

Quartz, o©=6A,
E=8keV

Substrate roughness effect

Example web results

aps.anl.gov

100 x (10A Mo + 20A Graphite) + Si,
o=3A,
E=1.5keV

|

\

100 period & low energy;
roughness accounted

1 2
Scan Angle [sec]

uni-muenchen.de

2 4 6
Exit Angle [degr]

iof.fhg.de

20A oxide + 15 x (20A'W + 80A C) + Si,
G=12A,
E=8keV

High interface roughness
destroys peaks

5A oxide ( ©=5) +
100 x (11A Cr + 12A Sc) + Si, =3A, ©

| E=.28kev

VARV
\/\/“\Nvﬂf\/ \

Reflectevity at 90

1 2
Incidence Angle [degr.]

60 65 70 75 80
Incidence Angle [degr]

zeus.kharkiv.net

300 x (10A Co + 12A C) + Si, 6 =2A
E=8keV

~

300 period;
roughness accounted

1 2 3
Scan Angle [sec]

siemens.de

100A AU [0=7.5A] +

Si[o=4A,
E=8keV

Oxide & cap layers

can be included,

as well as different
roughness of interfaces

30 x (50A Gd[c=9A] + 30A Co[c=12A]) +

0.5 1.‘0 1.‘5 2.0
Exit Angle [degr]




Background algorithm

The MAG_sl| program solves the problem of resonant X-ray reflectivity from
magnetic multilayers. The major application of X-ray resonant magnetic
scattering is to probe thin magnetic films and magnetic multilayers. This is a
hot topic related to studying magnetic heads for computer hard drives.
However, since in this case the media susceptibility is a tensor, the
conventional Parratt technique for calculating X-ray specular reflection is not
applicable. The problem is solved in MAG_sl applying a recursive algorithm for
(2x2) scattering matrices similar to that of GID_sl.

circularly
olarized
-rays

S.Stepanov and S.Sinha, Phys. Rev. B, 61 (2000) 15302-15311.




X-raﬁ,r resonant specular reflection We b fo m

from magnetic mul il

X-rays: { Wavelength(A) § g EnergyikeV) = I?-243 - L:i.ne=| 'I OQ-'J

Polarization: |4. Circular - _:I anigle to Sigma-plane for Option-3 ID-

Substrate: (= Database code: | Silicon | @ |¥0h data (5-25keV; 0.5-2.54) =l

" Chemical formula; I fh'3'=| glem™3

" Busceptibility 0 = I y I format: s=(RedD), Im(xID); note: d1=2*delta £
i cotrection: wil = F— fthis iz used as: = = wil * =0 f
Roughness: sigma = ID- Angstrom OR Transition layer tr = ID- Angstrom
Ilagnetic atoms % chare @--13 f i) density (1/om™3): iD-

Iiagnetic ofentation 3= !U ¥ = IU Z= !EI

Magnetic ampltudes F10=]0., 0. F11=0.,0. FiT=[0.0

Scan (incidence angle or qz): from ID- to I4. I degr. j Sean pni.nts=|4c|m

Magnetic model: ™ generic (may have numeric problems for hard xerays) f T hard erays (E>6keT)

I waich progress Subrnit Query (single click, pleasel)

Top .layerpmﬁ]e {optional): Availshle codes:
pe“0d_= (use Copy/Paste)
t= sigma= t= code= tho= x= coded= 2= code3= H= coded= = wi= i =
mshare= mdensity= mvector= Fl0= Fll= F1T= £
etud petiod iy
; ALl
period=15 _-__i a1203
code=Gd t=50 Fil=({-0.22,9.35] F1T=(0.37,9.65) mshare=1 mvector=(1 0O 0} i
code=Fe t=35

4 s L1P
[=hul PEr1O L1%h

A1¥O3
A
Ar
b=
it
Au

: B
Subrmit QUEry  |rzame "Submit" action as above; single chick, pleasel) E4C -

Wlore details




3 sl

reflection

Example web results

no magnetic resonance
— Gd L, edge resonance

— Cross-scattering at L, edge

2
=
4
[S]
2
Y—
)
o

PRI EEETITT MEEET!

o

Incidence angle (degr.)




Background algorithm - |

TRDS sl (Total Reflection Diffuse Scattering from Superlatices) was developed
for the simulations of X-ray diffuse scattering from interface roughness in
multilayers (Fig.1). This program implement a number of different models for
interface roughness and for correlations between roughness at different
interfaces in multilayers (Fig.2). Notable is the implementation of the model
allowing to study wavelength-dependent inheritance of roughness in layer-by-
layer grown multilayers (Fig.3).

Uncorrelated roughness

orrelated (repeated)
roughness

Intensity

Resonance

Sample rotation angle ’ scattering
Fig.1. Diffuse scattering of grazing . Wavelength-dependent
x-rays from surface roughness. 1: -0. - inheritance of roughnes.
specular peak, 2: diffuse scattering . .
for two different lateral scales of Fig.2. Maps of diffuse scattering Fig.3. Different models of
roughness, 3: Yoneda peaks at from vertically uncorrelated (a) roughness correlations in
critical angle for total reflection. and correlated (b) roughness multilayers

V.M.Kaganer, S.A.Stepanov & R.Koehler, (1995) Phys. Rev. B 52, 16369-16372.




Background algorithm - I

Another notable models implemented in TRDS_sl| are the X-ray scattering from
atomic steps on vicinal interfaces and the scattering due to inclined roughness
transfer in crystalline multilayers (Fig.4). Both of those effects provide asymmetry
of x-ray diffuse scattering (Fig.5), but each of different kind.

N
Atomic steps surface

on vicinal

: interf Miscut
Inclined eraces I ) .
\ ange ] m'sCUt
roughness A \ ic
transfer \ | at° \

experiment simulation

-0.002 0.000 o 0.000 0.002
Fig.4. Asymmetric rougness of a, (A}
vicinal interfaces and skew

: Fig.5. Simulations of inclined roughness
roughness transfer in crystals.

transfer in AlAs/GaAs superlattice.

E.A.Kondrashkina, S.A.Stepanov, R.Opitz, M.Schmidbauer, R.Koehler, R.Hey,
M.Wassermeier, and D.V.Novikov,

Phys. Rev. B, v.56, No 16, p. 10469-10482, (1997).




Web form

 Wavelength(s) £ Bretaylkel) =|1.540562 " Line=| Cu-Kal =]/ Pg1aﬁzaﬁgn=|8igma -]

Substrate: (+ Database code: | GaAs | @ [x0n data (5-25keV, 0.5-2.54) =1

€ Chenical fornule: | tho-| gfom’3

 Zusceptibility W0 = I y  fformat: di=(Re(xl), Im(x); note: d=2%delta /

il correction: wil = |1. £ this is used as: 3l = wi * 0/
Roughness: sigma= |3_ Angstrom £ thiz iz tms roughness height /

Type of scan: | O-scans at fixed 20 | Units forQ,zQ:ldegr. | Units forqx,qz:lﬂA -

Scan limits: from ID. to |2. poi.nts=|2m

Offset limits: from Iz- to |2- points=|1
Compute at specularrod:  © scattering  ©* reflection

Acceleraiors: | Use Kinstead of expB0-1 | Use semi-Bom approximation

Roughness: lateral correlation length=|1DDD_ A vertical cotrelation length=| & jagged.ness=|1 -

angle of skew transfeFID- I degr. ;I k
Models: | " Uncorrelated roughness

* Completely corelated roughness

| " Ming's model

| " Lagally's model lateral size of vertically correlated roughness=|

| " Holy's modsl

|Dam for all Pukite's models:

miscut angle=| Idegr- 2 I I &dd affine roughness

| " Classic Pukite's model

| " Smoothed Pukite's model effective rms height of steps=l

tetraces size spre ad=|

|
|
|
|
| " Spifler's model (*very slowl*) |
|

| " Pershan's model

[ watch progress Subrmit QUery | egingte click, pleasel)

Top layer profile {opitonal):
period= Available codes:
t= sigma= tr= code= tho= x= codeld= xi= coded= x3= coded= 0= wi= (use C gas:e)
end period By




Intensity

uni-duesseldorf.de

Example web results

iisc.ernet.in

rigaku.co.jp

978A Ag [ o=10A] + Quartz [=6A]

Replicated roughness model:

7 L=1000A, h=.08

E=15keV

AV LTVARN

20 x (17A Pt + 29A C) + Quartz, [c=3.3A].

Partial vert. correlation (Ming)
L=150A, h=.5, V=150A,

s

30 x (40A Mo + 50A Si) + Silicon[

Ac (Mo)=5A, (Siys4A.
Frequency-dependent vert. correlation
(Spiller): L=1000, h=1, V=100A,

E=8keV

(5:3A]’

T T T T
0.2 0.3 0.4 0.5

Incidence Angle [degr]

Incidence Angle [degr]

T T
0.5 1.0

Incidence Angle [degr]




BRL on the Web Background algorithm

X-ray multiple Bragg/Laue diffraction

BRL (Bragg/Laue) calculates multiple Bragg diffraction patterns with the algorithm
based on the extended dynamical diffraction theory.

Typically the calculations of multiple Bragg diffraction are reduced to the eigenvalue
problem for a 2N*2N scattering matrix. However, when the diffraction geometry

involves grazing X-ray waves, the calculations are reduced to the eigenvalue
problem for 4N*4N scattering matrix [Colella, Acta Cryst. A30 (1974) 413].

BRL implements an algorithm where the calculations are reduced to a generalized
eigenvalue problem for 2(N+Ns)*2(N+Ns) scattering matrix where Ns is the number
of grazing waves. Thus, if there are no grazing waves, the matrix size is 2N*2N and
if all of the waves are grazing it becomes 4N*4N. In some cases the calculations are
reduced dramatically.

S.Stepanov and A.Ulyanenkov, Acta Cryst. A50 (1994) 579-585.




BRL on the Web Web form

X-ray multiple Bragg/Laue diffraction

ISiIicon 'l 7

Base plane: K

Miscut direction: |’l

Miscut angle: 0.

Reflections:
Reflex-1: |1 |1
Reflex-2: |2 |2
Index search range: ﬂ

Min. Intensity filter: IU.’]

(pch/x0[*100% = ...)

X-rays:
 Wavelength (A): I
C Energy (keV): T
« Characteristic line: ICu—Ka’I | %
" Fixed by coplanar case
“ Fixed by Reflex-3: | | |

Database Options for dispersion corrections df1, df2:

# Use X0h data (5-25 keV or 0.5-2.5 A) — recommended
 Use Henke data (0.01-30 keV or 0.4-1200 A)
" Use Bremnan-Covwan data (0.03-700 keV or 0.02-400 A)

submit | Reset |




BRL on the Web

_ 8 4 Example web results
X-ray multiple Bragg/Laue diffraction
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Some maps produced by 10-wave case calculations

(Silicon, A= 0.6968004107A)
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Future Server plans

XOH structure factor Umvers_al recursive n]atrlx
solution for reflection

interpolation system from multilayers

GIDP_sl GIDS_sl
X-ray Bragg diffraction Scattering from Scattering from
standing waves in ML || |atticedefects in ML magnetic roughness

LEGEND:
ready |
needs interface layer

|task to be solved
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= Conclusions
L= o

We have given 7-years test to a new technology of

sharing research results. It was proven to be:

Complimentary to a scientific publication
Reaching wide audience with small extra effort
Great for refining scientific software

Helping to establish new collaborations

Very useful for scientific community
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