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In conventional total reflection x-ray fluorescerld@RF), one glancing x-ray beam irradiates the
sample carrier for excitation of x-ray fluorescence. However, it is also possible to excite x-ray
fluorescence by multiple x-ray beams. We performed a preliminary TXRF experiment excited by
two independent glancing x-ray beams. The two x-ray beams excitation would be effective to
enhance the intensity of x-ray fluorescence and to improve the detection limit in TXRF. X rays from
both a rotating Mo anode x-ray tube and a glow discharge x-ray tube with an Fe target irradiated a
Cr thin film sample on a quartz glass. The x-ray fluorescence &f«from the sample was slightly
enhanced compared with the intensity measured by one x-ray beam excitatidi®9®American
Institute of Physicg.S0034-67489)01103-X

I. INTRODUCTION Moreover, Tsujiet al. have actually attempted “x-ray
fluorescence analysis by using multiple-glancing x-ray
Nowadays, total reflection x-ray fluorescen@XRF) is  beams as an excitation;® where the primary x-ray beams
recognized as one of the powerful trace elemental analyticatradiate the sample surface from many directions and excite
methods-? Since the TXRF method utilizes the x-ray total the x-ray fluorescence. As a result, it was concluded that
reflection phenomenon, an optically flat material is used as &-ray irradiation from many directions using multiple-x-ray
sample support, such as Si. There are many TXRF applicdkseams is effective to increase the x-ray fluorescence
tions on the analysis of silicon wafers. The commerciallyintensity/ which would promise highly-sensitive detection of
available TXRF instruments have a good detection limit atrace elements. Of course, it is also possible to irradiate the
the ppt levef However, a lower detection limit has been sample with the two x-ray beams of different energies. Nor-
required. One of the ways to improve the detection limit ofmally, MoK« is used for excitation of x-ray fluorescence;
TXRF analysis is to use more powerful x-ray sources, sucliowever, it is not suitable for the excitation of lavele-
as a rotating anode x-ray generator and synchrotroments. The x rays of W3 are more effective for excitation
radiation®® Synchrotron radiation is a promising source; of these element$in the conventional TXRF instrument, we
however, availability is one of the problems. have to change the x-ray target depending on the analyzing
We propose another approach to enhance the x-ray fluglement. If both MK« and WL x rays simultaneously
rescence intensity of laboratory TXRF analysis. Normally,irradiate the sample surface, the simultaneous trace analysis
one glancing x-ray beam irradiates the sample carrier for thef multiple elements would be achieved. In this study, we
excitation of x-ray fluorescence. However, it is also possiblgoerformed preliminary experiments of TXRF excited by two
to excite x-ray fluorescence by multiple x-ray beams. Thdndependent x-ray beams, which cross each other on the
idea of two x-ray beam excitation TXRF is illustrated in Fig. Sample carrier as shown in Fig. 1.
1. This new TXRF arrangement was considered from anal-
ogy of “the glancing-incidence and glancing-takeoff x-ray
fluorescence(GIT-XRF) arrangement.® In the GIT-XRF
method, the primary x rays irradiate the sample surface atthe Figures 2a) and 2b) show the illustration of an experi-
glancing incident angle and the x-ray fluorescence is alsgnental instrument viewed from two directions. One glancing
detected at the glancing exit angle. By changing the path of-ray beam-1 is from a rotating anode x-ray generator using
the measured x-ray fluorescence in the GIT-XRF arrangea Mo anode(Rigaku, RU-200, Japan; tube voltage: 40 kV,
ment with another path of the new irradiating x-ray beam,ube current: 100 mA The other(x-ray beam-2 is from a
the new arrangementillustrated in Fig. 1, is completed.  glow discharge x-ray tub@GDXT) with a Fe target? which
is a Grimm-type glow discharge tube normally used in opti-
9author to whom correspondence should be addressed: electronic maif@l €mission analysis. Details of the GDXT have been de-
tsuji@imr.tohoku.ac.jp scribed elsewher® 1 We applied high voltages of up to 10

IIl. EXPERIMENTAL DETAILS
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FIG. 1. The idea of TXRF using two glancing x-ray beams. 10000 | i
kV to this GDXT. The electrons, emitted from a cathode °r , ey . , . . L]
surface, bombard the x-ray target, and then x rays pass 08 06 04 02 00 02 04 06 08
through a Be window. The GDXT was operated at a dis- Incident Angle (deg.)
charge voltage of 10 kV, at a discharge current of 14 mA and
at a He gas pressure of 0.5 Torr. The distance between the

sample and the Mo anode was 300 mm. The x-rays from thg-ray detectoHoriba, Japap which was set in front of the

rotating anode were collimated with two perpendicular slits . ;
i . . sample carrier at a distance of 10 mm. The sample used was
of 0.3 and 0.1 mm in width. The distance between the L . o ;
. a Cr thin film, which was deposited in a thickness of 40 nm
sample and the Be window of the GDXT was 200 mm. TheOn a quartz alass by a vacuum-evanoration method
x rays from the GDXT were also collimated with two slits of q 9 y P ’
0.2 and 0.3 mm in width. Both x-ray beams were not mono-
chromatized in this work. Il RESULTS
The sample carrier of quartz glass (220 mnf) was Figure 3 shows the detected x-ray intensity ofGr as
perpendicularly attached on a goniometor head, which hag function of the incident angle. Only the x rays from the
two cross rotations and two cross-linear movements. Tw@otating Mo anode were used as excitation in this measure-
incident angles were manually adjusted with this goniometement. The CKa x-ray intensity showed a peak at approxi-
head. The x-ray fluorescence was detected with @ifSi mately 0.18°, which is the critical angle of Mo (17.4

keV) on the Cr film. Then, the intensity of the x-ray fluores-

FIG. 3. X-ray intensity of CKa as a function of the incident angle.

(a) top-view cence gradually decreased with an increase in the incident
(gzﬁ;’ﬂztgff:;d) angle. The result shown in Fig. 4 is a normal feature in
slits TXRF.
l I Mo Figure 4 shows a typical x-ray spectrum excited by two
x-ray beams emitted from both the rotating anode x-ray tube
. I [ rotating and the GDXT. The area intensity of &n was 62300
anode tube counts for a counting time of 10 s. Compared with the area

P— X-ray beam-1 ) > .
intensity that was measured by using only x-rays from the

rotating anode tube, it increased by approximately 1000
counts, which corresponds to approximately 1.6% of the to-
tal intensity. Since the x rays from GDXT were not origi-

nally strong enough, only the difference of 1000 counts
could be observed in this preliminary experiment. However,

(b) side-view
1200 L L} T T T T T T L3 T
sample holder ——
1000 - Cr Ka T
I SSD
800 | ]
-—-—-- g
slits
X-ray beam-2 i 600 - 1
— =
& - =
Be g 400
GDXT 200 H
Fe target )
ol o t ]
— 1 i 1 1 1 1 [} L 1
0 2 4 6 8 10 12 14 16 18
FIG. 2. lllustration of the experimental setup of TXRF apparatus excited by Energy (keV)
both x rays from a rotating anode) and x rays from GDXT(b): (a) top
view, (b) side view. FIG. 4. Typical x-ray spectrum excited by two x-ray beams.
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we believe that the excitation using two powerful glancing R. E. Van Grieken and A. A. MarkowictMarcel Dekker, New York,
x-ray beams is effective to increase the x-ray fluorescence1993. Chap. 9, pp. 453-489.
and to improve the detection limit in TXRF. We will under- '\i'ggc'aes' R. Van Grieken, and P. de Bokx, X-Ray Spectr@f).153

take more strict experiment as a next step using two power4c, Stréli, P. Wobrauschek, W. Ladisich, R. Rieder, H. Aiginger, R. W.

ful X-ray sources. Ryon, and P. Pianetta, Nucl. Instrum. Methods Phys. Re845 399
(1999.
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