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This is a status report on the X-ray Server that has been operational at
the APS since 1997 and performed more than 80,000 numerical x-ray
experiments. X-ray Server is a non-commercial project with the goal to
explore novel technologies for establishing scientific collaborations,
sharing personal research results, and refining scientific software. The
server provides Web-based access to a number of programs
developed by the Author for simulating x-ray diffraction and scattering.
Unlike similar XOP project by ESRF/APS the software is not shared,
but operates directly on the Server. This philosophy brings numerous
benefits to both the developer and the users. Currently seven programs
are operational. They provide the calculations of:

1.The Bragg curves from strained crystals and multilayers,

2.The specular reflectivity curves from multilayers with interface
roughness,

3.The diffuse scattering patterns from correlated interface roughness in
multilayers,

4.The resonant x-ray specular reflection from magnetic multilayers,

5.The multiple Bragg diffraction of x-rays in arbitrary diffraction
geometries,

6. The dispersion corrections and scattering factors for various materials
in the x-rays range,

7.The orientations of the Bragg planes in crystals satisfying given
conditions.

The programs (4) and (5) were added in the last year and more
additions are on the way.
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X-RAY SERVER

This site has been online since 1997 and has served 81372 x-ray jobs
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X0k on the Web interpolates dielectric susceptibilities xq
and xp, for sorme crystals and other materials in wide range of

w-ray wavelengths with the optionto compare the data from | 39630
| |different databases [12]. jobs
7 Xh-search 15 based on X6k and it provides tool to search
for Bragg planes under various conditions.
GID SE on the Web calculates x-ray diffraction curves of
n GIn Sontheweh. A si;ramed crysi?als and multilayers for any Bragg-case
= ldiffraction with scans around arbitrary axis. It can be used for |20451
’."-‘n';- Wxﬁmmwm'mmw | psual symmetric and asymimetric diffraction, for extremely jobs
ey - C ] asymmetric diffraction, as well as for grazing incidence and
other non-coplanar cases [16], [19], [20], [21], [31].
TER_SL on the Web TER SE on the Web calculates x-ray specular reflection
ik poi e from multilayers with interface roughness and transition 2011
X-rdy specular reflection from multilayers jobs
with rough interfaces at grazing incidence  JIESSEIERIN RS
TRDS 5L onthe Web calculates w-ray diffuse scattering
U from interface roughness. Tt implements several different
. models of roughness and can calculate such effects as skew | 4307
5 roughness transfer, dependence of interface-interface jobs
* roughness correlations on lateral size of roughness and x-ray
scattering from atornic steps [23], [24], [26], [29], [32]
5 ontthe %@ LA G SL on the Web qalculat_es E-ray fesgnmt specular 2530
X-ray resonant speclar reflection reflection from magnetic rultilayers with interface e
E _FEQHEﬂC_WFFS roughness and transition layers [33]. NEW, added 07:2003
BREL on the Web calculates multiple Bragg diffraction of
w-rays by perfect ervstals. Can simulate up to 12-wave
BRL On the WEb dynarmnical Bragg diffraction of x-rays from a plate-shaped 364
crystal including the cases of g-ray waves grazing along the jobs

X=ray multiple Bragg/Laue diffraction

plate surface and Bragg angles being close to 907 [18], [17],

[11] NEW, added 6772603




X-Ray Server Technology

HTML form Windows desktop
XI Ra}(’ é(elfvag computer. Seamlessly
clhien j HTML results serves about 50 x-ray

[ —] jobs per day 24 x 7

L

Web browser
on remote
computer Apache.exe
(freeware)
CGl HTML
interface results
Zip.exe | Datafile Data file' gpuplot.exe
freeware > ]
( ) Zip file PNG (freeware)
Input Data 'mage
file file
GID_sl.exe:

the Bragg curves
calculation program

LEGEND:
(needs to be developed |
research product (no extra work)

freeware (no extra work) |




Statistics of X-Ray Server usage as of May 2, 2004
(total number of calculations: 81,372)

# of calculations

0 1000 2000 3000 4000 5000
1 desy
2
3 spring8
synchrotrons

4 aps
5 nsls

0 2000 4000 6000 8000
1 ucsd.ed!

wisc.edu

# of calculations

0 500 1000 1500
L Il Il 1

anl.gov

bnl.gov

lInl.gov

US government
laboratories

nist.gov

Ibl.gov

0 1000 2000 3000

kfa-juelich.c

univ-poities.

crys.ras.ru

4 [ nwu.edu 4 uni-linz.at
5 M columbia.edu US universities I 5 uni-essen.de foreign
' ' research
6 [ stanford.edu 6 uni-mainz.de centers
78 umich.edu 7 monash-edu.au
0 5000 10000 15000 20000 25000 0 100 200 300 400
1 .us 1 philips.com
2 2 sony.com
3 3 hitachi.com
countries
4 4 hrl.com business
research

bede.com



BRL on the Web

X-ray multiple Bragg/laue diffraction

BRL calculates multiple Bragg diffraction of x-rays from crystals. It is based on Ref. [8]. The Web
interface provides the possibility to simulate up to 12-wave dynamical Bragg diffraction of x-rays
from a plate-shaped crystal including the cases of x-ray waves grazing along the surface and Bragg
angles close to 90¢°.

Typically the calculations of multiple Bragg diffraction are reduced to the eigenvalue problem for a
scattering matrix. If there are no grazing waves involved into the diffraction geometry so that the
specular reflection effects could be neglected, then the size of the scattering matrix is 2N*2N for N-
wave diffraction. Here the factor of two appears due to the two polarizations (sigma and pi) of x-
rays. However, if the diffraction geometry involves an x-ray wave grazing along the crystal surface,
the task becomes more complicated. For this case R.Colella [Acta Cryst. (1974)] suggested a theory
where the calculations of multiple Bragg diffraction are reduced to the eigenvalue problem for
4AN*4N scattering matrix. This holds even if only one of e.q. 12 waves is grazing. BRL uses a more
effective algorithm and reduces the task to a generalized eigenvalue problem for 2(N+N,)*2(N+N,)

scattering matrix where N, is the number of grazing Example BRL results
waves. In some cases like only one of 12 waves is
grazing the calculations are reduced dramatically.

BRL has been successfully used to simulate the
applications of Bragg- and Laue-case Renninger effect
[9] to x-ray double-plane collimation and the multiple
diffraction effect in x-ray surface back diffraction [10].

Reflex (000)

Target:
Crystal: IWL, ?
Surface: Base plane: f1 f1 [1
Miscut direction: |1 f1 [
Miscut angle: o Jdear =]
Reflections:
Reflex-1: |1 f1 [1
Reflex-2: |2 |2 |0

Index search range: |5 -~

Min. Intensity filter: |01

(xt/x0[*100% > ...)

X-rays:

 Wavelength (A): li

« Energy (keV): T

& Characteristic line: Cu-Kal 'l ?

C 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 Brennan-Cowan data (0.03-700 keV or 0.02-400 A)

Submit | Reset |




o

MAG_sl simulates resonant x-ray specular 10 no magnetic resonance
reflection from magnetic multilayers with w0y 0\, Gd L, edge resonance
the account for interface roughness or T BN \k_\ffCross-scatterlng atL, edge
transition layers. It is based on the recent 10°4
paper by S. Stepanov and S. Sinha, PRB ,
61(2000) 15302. 2 1973 Y VL T
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0 1 2 I Cli I 4
Incidence angle (degr.)

X rays: " Wavelength(4) / % EnergyikeV)= I?-2‘13 - Lj.ne=l 'I ?

Polarization: |4. Circular - _:J angle to Sigma-plane for Option-3 ID-
Subsirate: (= Database code: | Silicon | %P |Dh data (5-25kev; 0.5-2.54) =
" Chemical fomala: I rh0=| glom™
 Husceptibiity A0 =1 I 3 { format: =0=(FexD), Imx); note: 20=2*%delta /
¥ correction: wi = I1_ Fthis is used as:x0 = wi * 20/

Eoughness: sigma = ID- Angstrom OR  Transition layer tr = ID- Angstrom
Ilagnetic atoms ' share -1 f o desity (1/cm™3): ID-
Ilagnetic orentation  X= ID ¥= iD Z= lD

Magnstic amplitudes F10=|0., 0. F11=/0.,0. FiT=/0., 0.

Scan (incidence angle or gz): from ID- to I"1- l degr. :] Boan poi.nts=|"mm
Magnetic model: * generic (may have numeric problems for hard xrays) 7 © hard erays (E>6keV)

I waich progress Submit Query (single click pleasel)

Top .layer profile {opHional): Availahie codess
penodl= (use Copv/Paste)
t= sigma= tr= code= tho= = codel= xi= coded= 8= coded= 0= wi= o =

mshare= mdensity= mvector= Fl0= Fll= F1T=
end petiod iy
period=15 _‘_J 11203
code=Gd t©=50 Fl1=(-0.22,59.35) FiT=(0.37,9.65) mshare=1 mvector=(1 0 0} L1hs
code=Fe t©=35 L1F
end period L15h
B1FO3
L
Ar
bz
e
hu
Submit Q | 2
ubmit Luery | game "Submit" action as above; single click, pleasel) B4C =l
Iiote details




GID_sl (Grazing Incidence Diffraction from Superlattices) was originally developed in [2,4,5] for
simulation of GID (Fig.1a) from semiconductor multilayers. In [4] this program was extended to
extremely asymmetric diffraction (Fig.1b) and non coplanar asymmetric diffraction (Fig.1c).
Finally, in [10] the symmetric Bragg case was also included and the algorithm was made
applicable to arbitrary number of layers.

At present the program can simulate the following profiles of structure parameters in multilayers:

1. Normal lattice strains, da(z)/a;

2. Variations of crystal polarizabilities x0(z), xh(z) including k. PSTL
the Debye-Waller profiles wh(z), w0(z); h=/ O \
3. The rms height sigma(z) of interface roughness in ko PT, O \
multilayer. Lol

. . o Grazing incidence diffraction
The uniqueness of GID_sl is that it is the only software (non-coplanar symmetric Laue diffraction)

capable of simulating Bragg diffraction from multilayer in N
the conditions of total external reflection of x-rays where \ / K (b)

the x-ray penetration into target reduces to 10nm providing N o\ /a, )
the possibility to study very thin layers. In addition, with ' @, @, \
GID_sl one can simulate x-ray scans around arbitrary axes.

&= =< o=
For example, one can design such scans in asymmetric Braggplanes (@=Ou
A . . . . Extremely asymmetric diffraction
diffraction geometries (Fig.1c) which preserve the small (grazing-incidence case)
incidence angle.

. o X ok (@
The program behaves well in usual x-ray diffraction |, N /ﬁ
schemes too. As shown in the comparison study by \
Grundmann & Krost [Phys. Stat. Sol. (b), 218 (2000) 417- S :,h'}, ‘:j-; ‘; R
423] it turns to be more reliable than some popular Bragg plancs @~5
commercial software for diffraction curves simuation. Grazing Bragg-Laue diffraction

({non-coplanar asymmetric diffraction)

Krays: © Wavelengihtd) ¢ C Energyrie¥y = |1. 540562 © Line=|Cu-ka1 [=] P Polasisation=| Sigma ¥

Crystal: [ Gars =] % [Ohdata 05254 =] Sigme=[0. A wo=[1. | w1
Bragg Reflection: |4 o o Substrate dafa=|0 -
Geometry specified by: | [5]. Surface orientation & candition of symmetric Bragg case Ea

e cichr preelci ([ fi=nitent s eraie [P Al et reie [N Eiaee ploves snete D= atiet | | =

-- Surface plane ([1-5]: il |D [al Miscut direction: !D 1 1 Miscut angle: |0 - Idegr’ he
Sean axis: [ [kO x h] 1212 Tnsices it othsr samn s | I Tnvert soan axis
Scan Limits: from |-2000- | to [+2000. | [sac. =] Seanpointe=|201 | Plot axgumeni=| incidence angle =]

| I waichprogress Submit Query  |(single click, pleasel)

Example GID_sl results

Awailable codes:

Top layer profile (optional): [2] Crystals:

period= Alhs ﬂ

t= sigme= dafe= code= x= codeZ= xZ= coded= G= coded= x0= xh= rhif= wi= whe 41P

end period L1%h

period=z0 ‘:_i AL1YO3

=100 code=Gals sigma=2 BaTi03

t=70 code=hlis sigma=2z dasa=a Beril

end period Berylliwm =
1 ;J‘J

[2] Nen-crystals:
AlzZO3 o
B4C

EBeO

EN

Crzo3

gaT

Fluorite
| LF‘

| 1?71 Flemenis:




APPLICATIONS OF GID_SL PROGRAM AT ONLINE X-RAY CENTER

sergey.gmca.aps.anl.gov

00 05 10 15 20 25 30 35 40
Incidence Angle [degr.]

0.0 0.2 0.4 0.6 0.8 1.0 1.2
Incidence Angle [degr]

psu.edu infn.it tu-berlin.de
1E-3
InP (100), E=8keV Si (100), E=8keV GaAs (100), E=8keV
, ]Symmetric Bragg diffraction, hkl=400 1] Symmetric Bragg diffraction , hkl=400 1E-44 Symmetric Bragg diffraction , hkI=600
50 x (40A AIAs/InAs + 40A GaAs/InAs, 6=2A) 20 x (5A Ge + 20A Si, 6=2A) 1£5] ~—quasi-forbidden reflection
o1 01l 66 x (2.8A AlAs + 50A GaAs)
’ ’ 1E-6
0.01 0.014 1E-79
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TRDS_sl (Total Reflection Diffuse Scattering from Superlatices) was developed in [6--9] for the
simulations of x-ray diffuse scattering from interface roughness in semiconductor 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)..Some of these model
are suggested in [6--9] and some are due to other authors. Notable is the implementation of
model [6] which allows to study the wavelength-dependent inheritance of roughness in layer-by-
layer grown multilayers (Fig.3).
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i‘fﬁ Uncorrelated roughness
d | |
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| | | | |
\/]\/l\/l\/f\./l\/h
= 0.00 V'I\/I\/IM
7 - 2 0.15 (Il s R Bl
T
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£ 5 roughness
___0.10
] << |
N
o |
0.05 o :

Sample rotation angle % Vo ' !
Fig.1. Diffuse scattering of grazing 0.00 sl==ie Wavelength-dependent
X-rays from surface roughness. 1: -0.002 0. 0.002 inheritance of roughnes.
specular peak, 2: diffuse scattering q, (A" ) .
for two different lateral scales of Fig.2. Maps of diffuse scattering Fig.3. Different mOQeIs 9f
roughness, 3: Yoneda peaks at from vertically uncorrelated (a) roughness correlations in
critical angle for total reflection. and correlated (b) roughness multilayers

Another notable feature of TRDS_sl is the implementation of models [6] for x-ray scattering from
atomic steps on vicinal interfaces and 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.

Atomic steps
on vicinal

(el interfaces
along mj
roughness Iscut
transfer \
— experiment _ simulation
-0.002 0.000 o1 0.000 0.002
Fig.4. Asymmetric rougness of ay (A7)

vicinal interfaces and skew Fig.5. Simulations of inclined roughness
roughness transfer in crystals. transfer in AIAs/GaAs superlattice.




TRDS_sl inut form

Xrays: ™ Wavelength() / © EnergyrkeV)=|1.510562 © Line=| Cu-Kal |z ,? Polarization=15igma -

Substrate: & Databasecode: | GaAs 2| @ [x0n data B-25kev, D52.54) =l
€ | Chemical formla. | tho=| et
C SusceptibityD=¢ [ j /fommat d=(Re(s), Inal); note: x0=2*delta /
il correction: wil = !T_ { this is used as: x0 = wi * %0 ¥
Roughness: sigma= ;?_ Angstrom £ thig is tms roughness height [

Type of scan: !qx scans at fived gz _'J Dnits for ,20: | degr. '; Units for gz | 174 >

Scan limits: i"mmi‘-DD3 to !-'353 pn;ms:]zm

Offset limits: from iD- 15 ta ;D- 15 poims=i1

Compute at specular rod: C scatteting @ reflection

Accelerators: || Use K instead of exp(i)-1 ™ Use semi Bom approxmation

Roughness: lateral correlation lengi.h=ilDDD = & verlical correlation length= 4 jaggedness=|1.
angle of skewr transfeFiD- IdEQr >

Mmle]s L

Uncorrelated roughness
@ Completely correlated roughness
 WMing's model
| = Lagally's model lateral size of vertically correlated roughness= A
C Holy's model
8 Spiflet's model
Data for all Pukite’s models: miscut ang1e=,_ m [ Add affine roughness
7 Classic Pubite's model
" ‘Smoothed Puldte's model effective rms height of steps=I_A
" Pershans model terraces size pread=f_A

u waich progress Submit Query  |(single click, pleasel)

| Top layer profile (optional): Available codes:
petind= (use Copy/Paste)
t= sigme= t= code= tho= x= codel= xl= codel= 3= coded= = wi= L -
end period

—’l] Beril

|5 2 Beryllium

Submit O - Lr_]
ubmit Quer i i !

I i (same "Submit" action as above; single click pleasel) More details

Download ZIPped results: TRDS1942.zip

(@ Get a freeware UNZIP utility)

Display INP file: TRDS1942.INP
Display TBL file: TRDS1942. TBL
Display DAT file: TRDS1942.DAT




“TER_SL on the Web

XQray ébecular.reﬂéctioh from multilayers
with rough inte___rfaces at grazing incidence

TER_sl (Total External Reflection from Superlattices) was designed as a by-product in the
course of developing GID_sl. It uses the same recursive matrix calculation algorithm as GID_sl
and very similar data input. The TER_sl can account for material density profile in multilayers,
the interface roughness, or transition layers.

Xrays: © Wavelength(s) / O Energy(keV)=!1-540552 o Lj.ne=!CU-Ka1 'i {@J Polaxization=18igma 'i

Substrate: © Databasecode: | Gads =] 2 |0k data (5-25keV, 0.5-2.54) =
© Chemical formola: I rh0=i lom’3
| Susceptibility xl = I 3 [ format: s0=(Re(ul), Imad); note: :0=3*delta /
#l correction: wil = il. fthisisused as:xl = wil * 0 f
Roughness: sigma= !4- Angstrom OR Transitionlayertr=l = Angstrom
Incidence angle limits: fromlD- to !3- Idegr. _'_j Scanpoi.nts=1501
u waich progress Submit Query (single click, pleasel)
Top layer profile (optional): Available codes:
petiod= (use Copy/Paste)
t= sigma= tr= code= tho= x= coded= 2= codel3= x3= coded= = wi= Ac .
end period Aoy
t=20 wi=0.5 sigma=5 !surface oxide, organic contamination or dust _:__i Al
period=2z0 Alzo3
£=100 code=Gals sigma=4 Llhk=
£=70 code=Llis sigrea=4 LiP
end period L1zh
A1¥O3
Am
Ar
Lz
At
hu
B
E4cC
Ea
BaTiOs
Ee
Bed
_! AJ;'I Beril
| x Beryllium
P T | l-!

Example TER_sl results




Intensity

Reflectivity

Reflectivity

APPLICATIONS OF TRDS_SL PROGRAM AT ONLINE X-RAY CENTER

uni-duesseldorf.de iisc.ernet.in rigaku.co.jp
0.01

978A Ag [6510A] + Quartz [=6A] 20 x (17A Pt + 20A C) + Quartz, [o=3.3A]. 30 x (40A Mo + 50A Si) + Silicon[ 6=3A]

Replicated roughness model: Partial vert. correlation (Ming) Ac(Mo)=5A,  (8H=4A. )
014 , _ _ L=150A, h=.5, V=150A, Frequency-dependent vert. correlation

L=1000A, h=.08 - (Spiller): L=1000, h=1, V=100A,

E=8keV
001y E=15keV E=8keV
1E-34 164 1631
1E-44
1E-5
1654
1E-64
: : : : . . : 1E-6 . . T " . . 1E-4 : : T
00 01 02 03 04 05 06 07 0 1 2 3 4 5 6 0.0 05 10 15 20

Incidence Angle [degr]

Incidence Angle [degr]

Incidence Angle [degr]

APPLICATIONS OF TER_SL PROGRAM AT ONLINE X-RAY CENTER

samsung.co.kr aps.anl.gov zeus.kharkiv.net
10
Quartz, 6=6A, 100 x (10A Mo + 20A Graphite) + Si, 300 x (10A Co + 12A C) + Si, o0=2A
E=8keV c=3A, E=8keV
14 L ] E=1.5keV 1]
0.1+
0.14
0.014
163 0.14 0.01+
1E-4+ 1E-34
1E-54 0.014 1E-44
1E-64
1E-54
1E-7+4
o] \ 1E-34 1E-64
1E-9- 100 period & low energy 1E-74 300 period,;
Substrate roughness effect roughness accounted roughness accounted
1E-10 T T T 1E-4 T T T T 1E-8 T T T T T
0 1 2 3 0 2 4 6 8 0 1 2 3 4 5
Scan Angle [sec] Exit Angle [degr] Scan Angle [sec]
uni-muenchen.de iof.fhg.de siemens.de
20A oxide + 15 x (20AW + 80A C) + Si, 5A oxide (0=5) + 100A Au [6=7.5A] +
6=12A, 100 x (11A Cr + 12A Sc) + Si, =BA, 30 x (50A Gd[c=9A] + 30A Co[c=12A]) +
1§ ETBkeV .| E=28Kev ] Silo=4A],
0.14 0.14
0.01+ 014 0.014
1E-34 /\ 1E-34
1E-4+ 0014 1E-44
1E-54 / \A 1E-5
1E-6% 1E-6+4
1593 /\/\/ \/ Oxide & cap layers
1E-74 /\/\/ erf o be i Ipd gll
High interface roughness V\/\/\/\I can elzllncg_ffe '
1E-84 . . 1e-84 as well as different
destroys peaks 1E-44 Reflectevity at 90 roughness of interfaces
1E-9 T T T T T T T T T 1E-9 T T T r T T
0 1 2 3 60 65 70 75 80 85 0.0 05 1.0 15 2.0 25 3,

Incidence Angle [degr.]

Incidence Angle [degr]

Exit Angle [degr]

0
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XOh calculates material susceptibilities y, and y,, for x-ray wavelength range. It was originally
developed in [1] for the needs of parametric x-ray radiation studies. Later on it occurred to be a
great tool for synchrotron radiation applications. The calculation consists of 5 steps:

1. Calculation of scattering factors f(s).

2. Calculation of dispersion corrections df' and df".

3. Calculation of dipole and quadruple absorption cross sections.

4. Calculation of Debye-Waller temperature factors.

5. Calculation of y, and y,, by summation of atomic scattering over crystal unit cell.

No guantum calculations of atomic wave function are used; basically the algorithm interpolates
the data tabulated in the International Tables for X-ray crystallography. There is however the
difficulty with Step-2 how to interpolate the dispersion corrections df' and df* because the
International Tables contain df* and df" for characteristic X-ray lines only (Cr-Kal, Fe-Kal, Cu-
Kal, Mo-Kal, and Ag-Kal) and any other tables provide the discrete data sets of df* and df" too.
XO0h implements the interpolation scheme suggested in [1]. The dispersion corrections can be
calculated with the formulae given by Don Cromer [Acta Crystallogr. vol.18 (1965) p.17-23]:

NS
dflzzgkp(xk’Nk)

k=1

NS
" N, -1

k=1
Here the summation is taken over the absorption edges, Ng is the number of absorption edges
taken into account, N, are known constants for different electron shells, P(X,, N,) is the known
integral evaluated by Parratt, X, = A/A, is the ratio of the x-ray wavelength to that of the
absorption edge, and g, are oscillator strengths at the absorption edges. 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.

The above process may work equally well both with the dispersion corrections tabulated in the
International tables and with any other source. We found very useful the tables composed by
Henke, Gullikson & Davis [Atomic Data and Nuclear Data Tables, vol.54 (1993) p.181-342]

and by Brennan & Cowan [Rev. Sci. Instrum., vol.63 (1992) p.850]. Both of them extend the
International Tables data to a much wider wavelength range.

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



" 4
X-rays: —‘
" Wavelength (A): ’7
€ Energy (ke V):
(*| Characieristic line: | Cu-Ka1 x|/ 9
Target:
& Crystal: Silicon | P
" Other material: v (@J
(" Chemical formula: | and density (z/em’):
Reflection: %
Miller indices: |1 |1 |'I
Datahase Options for dispersion corrections dfl, df2:
{* Use X0h data (5-25 ke Vor 052 5 4)-- recommended for Bragg diffraction.
(" Use Henke data (0.01-30 ke V or 0.4-1200 &) -- recommended for soft x-rays.
(" Use Brennan-Cowan data (0.03-700 ke V or 0.02-400 4)
(" Compare resulis for all of the above sources.
Get #0h! | Reset
Xrays:
T /. X0h+ Search Results
€ Energy (ke¥): : :
' Characteristic line: | Cu-Kal v| 9 SEARCH CONDITIONS :
Cryatal: [Bilicon
Crystal: : | :
N Siicon Bl Sititetty group: [Cubic
Density (gm/cm™) : 12,3203
Bragg planes range: (Uit cell constants (&) 54309 54309 | 54300
From: [1 [ b To: [i i fi [t cell angles (degt) Q0.000 , 20.000, 20.000
[F-tay wavelength (Angstrom) © |1 540562
Bragg angle range: (Heray energy (keW) - (2047777
From: |1, To: (90, {F-ray characteristic line [Ca-Kal
Tntensity control: [Bragg planes ratige [(10d--(111)
» [Bragg atigles ratge {0.0000 -- 30.0000
Mixdwum (/0] (%6): |0 IMinimum intensity by :0.0000%
Database option for dispersion corrections dfl , df2: R (1 0 |:|:]
i Use X0h data (325 keVor 0525 &) - recommended for Bragg Mftaction. || oo oyfes fo surface : [From Thetal to Theta?
Use Henke data (0.01-30 ke or 0.4-1200 A) -- recommended for soft x-rays. .ThEtﬂl Thatad: \0.0000 - 120,0000

(" Use Brennan-Cowan data (0.03-700 ke V or 0.02-400 4)

Find only those Bragg planes which make certain angles to the surface:

Surface plane indices: |1 |D |D

{* Planes make angles from Thetal to Theia2

(" Planes make angles from Thetal to (Bragg_Angle - Theia2)

(" Planes make angles from (Bragg_Angle - Thetal)to (Bragg_Angle - Theta2)

Thetal: |0 Theta2: |150.

Find Planes! | Reset |

hkl
(1o
(101
(11
(A1

SEARCHRESULTS :
Planes found: 4. Planes being displayed: 4

Angle to surface
0.0000
45.0000
45.0000
547356

Bragg angle
g.1540

11.5711
11.5711
142411




Planned Expansions of X-Ray Server

Universal recursive matrix
solution for reflection
from multilayers

XOH structure factor
interpolation system

GIDS_sl
X-ray Bragg diffraction Scattering from

; : Scattering from
standing waves in ML || [atti efects in ML

magnetic roughness

LEGEND:
ready |
needs interface layer

| task to be solved \
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