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We have commissioned a new instrument for high resolution inelastic x-ray scattering on the
inelastic scattering beamline of the Synchrotron Radiation Instrumentation Collaborative Access
Team on sector 3 of the Advanced Photon Source. So far, the instrument is set up at 13.84 keV with
a total energy resolution of 7.5 meV and a momentum resolutioss0f1 A~1. We present
technical details of the instrument, which includes an in-line monochromator, a focusing mirror, and
a focusing analyzer. The performance of the instrument was demonstrated in studies of phonons in
diamond and chromium. @998 American Institute of Physid$S0034-67488)04109-4

I. INTRODUCTION bandpas§&?® Changing the energy from an elastic peak to the
desired phonon peak is no longer time consuming. The high
Ehesolution monochromator follows a mirror, which focuses
the x-ray beam horizontally and vertically onto the sample
d position of a five-circle diffractometer. A focal size of ca.
0.5x 0.5 mnt can be achieved. The horizontal focal length is
fixed due to a fixed sagittal curvature of the mirror. A verti-
cal bending mechanism can focus the beam at different lo-
cations downstream. The photon flux at the sample position
ranges between 3 and5L0° photons/s a 5 meV band-

Inelastic x-ray scattering experiments with a resolution
sufficient to study phonons is a new field that has arisen du
to the availability of synchrotron radiatidnThe very low
scattering cross section and the narrow bandpass ndetle
the order ofAE/E=10"") require x-ray sources of high bril-
liance. The pioneering instrument for high resolution inelas
tic x-ray scatteringHRIXS) called INELAX developed by
Burkel, Dorner, and Peisl at the Hamburger Synchrotron
strahlungs LabofHASYLAB)?2 is not installed at such a o a . ; .
high brilliance source. INELAX and the more recent instru- pass. On the f|ve-C|rch diffractometer, a high resolution
ment at the European Synchrotron Radiation Faci”tybackscat_terlng analyzer is mOL_Jnte_d ata dlst_anc_e of 2.7.m. A
(ESRP* follow a backscattering geometry for their mono- schematic layout of the beamline is shown in Fig. 1.
chromators to achieve the narrow incident bandpass. The ad-
vantage of using backscattering geometry in x-ray diffractionl. MONOCHROMATORS
(an optical arrangement originally used in inelastic neutron
scattering experimermswas demonstrated by Sykora, Peisl,
Graeff, and Materlil;” A backscattering monochromator as
used at the ESRF and at HASYLAB limits the space near th
sample because the premonochromatized beam must p

close to the sample. Thus, there is not enough room for larg ooled. Details concerning the performance of the water-

size sample containmenfryostats, high pressure cellEn- — o104 iamong crystal are described elsewhA2teA high
ergy scanning .W'th a backscatterlng monochromator 'Jesolution monochromator limits the bandpass of the mono-
achieved by tuning the t_emperaturg difference between th({?hromatic photons from the HHL monochromator to 5.2
monochromator and a high resolution analyzer. Such Mg v/ at 13.84 keV2 Its design and performance have al-

surements of energy transfers require a continuous scanni%ady been detailed by Macrandatral 2 The four-reflection
of the crystal temperature. The large energy transfers need onochromator with one channel-cut crystal nested inside

t_o stuoéllyog ptical phohnonsA(Eéloofn(;e;/Ez taelsshlong di‘fn another uses asymmetric silicos22) and (884) reflections
tlme_s( . steps W't a stepsize of 0.25 m) ere am- (Fig. 2). Tuning of the incident energy is performed by ro-
CUI“?S n asce_rtammg the Z€ero of the energy arise. The .'nfating the inner crystal. A scan range of a few electron volt is
elastic scattering beamline in the Synchronotron Rad'at'o'?;\chievable

Instrumentation Collaborative Access TedBRI-CAT) of '

the Advanced Photon Sourd@PS) has instead employed

angle-tuned in-line monochromators to set a narrow!l- HIGH RESOLUTION FOCUSING ANALYZER

The primary high heat loaHHL) monochromator is a
double-crystal monochromator in-) configuration. It con-
sists of two diamond crystals employir@11) reflections.
She first crystal, which is exposed to the total radiation
Swer emitted by the undulator insertion device, is water-

Perfect crystals are required to achieve an energy reso-
dElectronic mail address: schwoere@aps.anl.gov lution approaching the intrinsic Darwin width. The current
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FIG. 1. Instrument layout at the AP&RM=high resolution monochro- Sample
maton.

crystal scattering

- . - . block i
setup uses silicon wafers obtained from Virgina Semicon- source size

ductors. Strain due to bending broadens the width of their
reflections. Various methods have been developed to solve
this problemt!* "

The contributions to the energy resolution of an analyzer ¥
separate into two major terms, the intrinsic and the geomet- o
ric: ‘ L ’

2 2 2
(d_E) :(dE,.) +(%) . 1 b) AgoJiv=\/m/|_

E E E

The intrinsic termdE not rticular x-ray reflec- . .
€ sic termdE, (7 denotes a particula ay retiec FIG. 3. Backscattering setup for HRIX$:=analyzer-to-sample distance

ti(_)n) of the enerQY_r950|Uti0n is mainly given by the_ DarWin_ (L>Rowland circle, D=analyzer diameter, andi=image-to-scattering-
width of the reflection used. In the case of propagating straiRource distance.

in the crystal, the intrinsic width is strain broadened. The
geometric termdE4 considers the divergences of the scat-
tered beam at nonzero deviation from backscattering 4
—60) (Fig. 3. Usually the detector sits very close to the

tion of fabricating such a ‘“sandwich” analyzer is given
elsewheré® So far, analyzers have been made for bending

sample to keep small. Thus, there are always contributions radii of 2.6 alnd_ 1 m,fwith the latter 02e intended for med?um
due to the geometric term. The contributions to the totafNergy resolutiora few 100 meV. The propagating strain

energy resolution do not necessarily add as do Gaussian difs{-o_rn the backwall is reduced_ because glass is softer than
tributions, but for our purpose it is a good approximatton. silicon. Furthermore, the strained glass backwall does not

To avoid strain broadening in the bent crystal, DornerContribUte to the scattering. .
etal? had the silicon wafers diced into a pattern of 0.8 We note that the magnitude of the intrinsic term depends
x 0.8 mn? blocks. The blocks were kept oriented by leaving on the material and on the order of the back reflection used.
a 200um-thick backwall. Nevertheless, this kind of prepared'_l"gh energy rﬁ_szlunon {1 mev) ;eqltnres h'ghh ordehr. rﬁ'
wafer still shows significant strain propagating from the benlf echops, 1.€., nigh energy x-rays20 keV). At these hig ,
backwall into the remaining blocks. Furthermore, the re-SNErgies, the penetration of the x-rays can exceed a few mil-

flected x-rays also probe the severely strained backwall e)Jl_meters, in which case the x-rays become even more sensi-
posed by the grooves. The current work was motivated b)tfve to strain. . L
the need to relieve the residual strain and avoid scattering The geometric term to second order is given by
from within the grooves. dE (Ae)?

The new approach is a silicon wafer bonded to a glass _gztar(s)A8+ I
wafer using epoxy. After dicing through the silicon into the E 2 cos{(e)
glass, a backwall is left in the glass only. A detailed descrip-

@

One can see that the magnitude of the geometric contri-
bution mainly scales witl. The divergencdce is given by a

13.84 keV convolution of contributions due to the source sigeatter-

ing volume and the block sizes of the analyZétig. 3(b)]

and is affected by the demagnificatig¢the Johann errdy

i.e., because the detector and the sample do not sit exactly on

the Rowland circle of the analyzfFig. 3(@)]. The size of the

detector aperture influences the degree to which these terms

contribute as does the perfection of the analy2dthe con-

tribution due to demagnification can be kept small by em-

ploying analyzers of large bending radidarge focal dis-

FIG. 2. The high resolution monochromator. tancg. Focusing the incoming beam onto the sample

(422)
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FIG. 4. Total energy resolution function of the monochromator and the
analyzer measured usirig) a flat crystal, andb) a focusing analyzer. The
elastic scattering is from a Plexiglas, and the employed reflection was the
Si(777).

minimizes .the source size. Besides the detector pixel SiZ‘:‘lt'IG. 5. Spectra at different momentum transfers representing longitudinal
the block size preferably matches the acceptance angle of thédes in diamonda) and chromium(b).

reflection used at the specified angleaway from back-
scattering. Choosing a large bending radius is a convenie
method to reduce the geometrical contributions dominate e mismatch of focus and detector aperture explains the

by the first order term in Eq2) (Ref. 13. 34% loss in the efficiendy Besides the high efficiency, the
The latest innovation in fabrication has yielded an ana-

; . . ... analyzer also performs with the same total energy resolution
lyzer with very good energy resolution and high reflectivity. y P 9y

T tify th flectivit h q ¢ of 7.6 meV (FWHM) as was achieved with the flat crystal

o guan ify the re eclivity we have done measurements .US('Fig. 4). The profile of the energy resolution function is not
ing the S{777) reflection. The elastic scattering from Plexi- purely Lorentzian. The line is the energy resolution calcu-
glas at 8.5° scattering anglenaximum ofS(Q)] was mea-

. . \ lated via ray tracing considering the intrinsic resolution of
sured using a strain-free flat crystal at a distance of 3 m. Thﬁ1e S(777 reflection, a block size of 0.9 minand a source
detector was positioned 0.6 mrad away from backscatterin%ize of 0.5 mr. Dur,ing the reflectivity meélsurements, the

which implies an acceptance angle of 0.6 mrad for th lux of the monochromatized incident beam was 3

_?'rf???) trefle_ctllgna The detztecttor faéaerturei /WE;SKZ mr?. x 10° photons/s. Finally, the use of a well-designed detector
is setup yielded a count rate of 6 counts/s for adlan) is essential to the efficiency and reliability of the instrument.

crystal positionedt8 m distancgFig. 4a). The acceptance The detector that we used is a CdZnTe detector specially

angle of 0.6 mrad implies a reflecting area of 1.8
% 1.8 mnt. But, the source size and the small aperture of theadapted by Amptek Inc. The measured background was 0.03

detect | it the detecti f ¢ d (founts/s at 14 keV.
etector-only permit the detection ot x-rays from a reduce To demonstrate the feasibility of our new instrument to
area of 1.&1.4mnt. Instead, with a focusing analyzer

. . high f h , longitudinal
placed at a distance of 2.7 m, this area reduces further tStUdy lgh frequency phonons, we measured longitudina

) . Scoustical and optical phonons in diamdidy. 5a].%8 Our
1.1>.< 1.1 mn?. The block sizes of current analyzers s@tmg atWork on phonon scattering big highZ element chromium
a distance of 2.7 m cover an area (_)f ca.>000 mnf, L€ yields intensities of 15 counts/s comparable with the intensi-
the whole area of each block cor?tr_|bu_tes o the reﬂeCt'\_/'tyties in diamond, i.e., the higher electron density compensates
However, one loses 20% reflectivity in the 0.1 mm W|dethe loss due to absorptidiFig. 5(b)].
grooves. The exposed area of our analyzer is 83 mm in di-
ameter, which encompasses 5411 blocks. Assuming all
blpcks are well aligned, we calculate an expected count ratg cKNOWLEDGMENTS
with the focusing analyzer of 213710 counts/s
(=(0.9/1.2%%6 counts/x5411). In fact, we measure a count The authors are indebted to V. I. Kushnir for assistance
rate of 14.% 10° counts/s[Fig. 4b)], which represents an and to SRI-CAT staff of sector 3 at the APS for the perfor-
analyzer efficiency of 66%. We note that this is a net gainmance of the beamline. We are also indebted to the manage-
provided by the analyzer of about 2400. The measured fulinent of the APS, the Experimental Facilities Division, and
width at half maximum(FWHM) of the analyzer focus of 2.6 the SRI-CAT for their support. Use of the APS was sup-
mm was larger than the detector aperture and indicates thgorted by the U.S. Department of Energy, Basic Energy Sci-

tresence of a slope error of about 1afad (Ref. 15 (i.e.,
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