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The energy distribution of a scanning X-ray probe for XPS, which is equipped with an elliptical mirror monochromator, has
been simulated by employing the optical ray tracing method with numerically described Al Ko X-ray and the rocking curve
of a-quartz estimated by dynamical diffraction theory. For the evaluation of the validity simulation results, Fermi edge and
3ds. photoelectron spectra of silver were measured by a scanning XPS apparatus. From the simutation results, it was found that
the peak energy of diffracted X-ray beam shifted to low energy region whei X-ray beam size is increased, however the peak
widths of energy distribution curves slightly increased with X-ray beam size. Using the simulated widths and an estimated appa-
ratus function, those results were compared with the experimentally obtained energy widths of silver Fermi edge spectra by
Al Ko excitation. The simulation results were in agreement with experimental resukts, In addition, the relationship between
X-ray beam position on the anode and diffracted X-ray energy distribution was also investigated. The shift of peak energy of
diffracted X-ray beam was proportional to the distance on the anade from the focal point of elliptical mirror monochromator
in energy dispersive direction. Since the simulation resulls were it good agreement with experimental data, it is concluded that
this kind of simulation is effectively used for estimating the beam shape and energy distribution of the diffracted X-ray beam.

oo

1. 8

EFEOXRIEBTA¥E (XPS) &, #/NERToT
BOIRTTARILRR M~ P iz LB, 55
WEMMEBAOEROMBIRBYAE I RAE—4
WRETIIE Sz Ay MR-~ BB LTHWS ™,
HNEBG A RET DHEE LT, £A L2 oA A
P SEY, BTHNXBEOANL Y AOEBR2HIEYS
FEES T, BAERERFIS-Tws o7y —h ALk
TLHEY, Al Ko XBREEERTIIS BT/ /w0

CERISERMREEERS (1SE1 A28 ~11 A30H)
-

A—FEFALEEARKGRE Y BEFERE, “h
LOFEOHRT, SEMXBREEAWDFHRREEE
NEXBEEFE—ADL S CEETEETIRR D,
HEERXPSERL LTHBAT 2 Z 2 TES, EEN
X, Kb binkc o3 0RATL 2 Lais
<, HEERRERBANEREO Yo —F L L TOKEo
MAERDZEEEFETHD, ZOHKSWTHE, 7/
— FloXBREOME T S 8kmRE (BT &
P—ABRicB+5d 32— aigld, 250um X
250 pm O EHEFIHEA TIBE KX 10 pme D [EIHT Xz — A
BRELNBZEHRFMESHAE" Y, £, BHVEDD
HERFECH AWM XBO T RA-F— 04013, FET

— 38 —



BIER - RE M- THEMR 407

DEE X AR O T RN — 5 b kR o TR g
THREEND, BTRNAF-HERTHET D XPSiz &
STXBODTRAFT 510, EFFRBOTRAF—
IMEREFREELRERETH B,

AT, 7/ - FLOXRY — AR+ EIFX
BROTZAAF -4, T/ — FLEOXEBEOHERELEHRX
BoOTFRAX—E—2 NECEBONREZFZL D, B
IXEOTRARE~FIOY I b —va b iy, &
Biz kv BEbhEEL HKEfToOT, FOHEET
L.

2. 8 & 7 &

FEITHWET AT XA, EERXREOY —
ABREVI 2l ~ra T A EHOREHEE (ray-
tracing} 7R FZ A" I, KgEHF I F g kxR
F—EOHELBM L bDTHS, Fig LIzFD7
AN A ERT, HELOSERTE R EEO
ZEEEFEMNEOh O L, BllE YEh, EiiE X, 2l
Ll EFL, REFEMAETIXROBE (ERTIEAL
Kofft) RO FERTRESRL S v /AL —
HTHEEAEHOLENDD, LEMR-T, BEEHO
7/ — R bR U X REEA 3 7 — TR EH
=N, HROBL 5 —FOERLE G cigshs,

Start )

F

Initial set up
Matrix
A(201, 207), B(201, 201}, C(201), D(201)
as double precision
Other variables as double precion except prefix nubmers

Definition
Rocking curve of w-quartz
Energy distribution of Al Ka X-ray — C(201)

¥

Main input Menu
X-ray beam size on the anode
Crystal size of the monochromator
Calculation step of crystal
efe.

¥

Calculation
X-ray beam shape on the ancde — Afj, j).

Wiz, T/ — RipbREAT 5 XRogEsFeRd
e, 2RILOTHEIES Marix A)e FTHOREZ L
RLNOER (7 ./ — FLEOAR) doE oL,
THIOBEENRT /- FEOFORETHBPbIL LS
W lin. B, EEMNW0 undE —5 08, 40X 40
{um) 21 um /¥ 27 EALTHHTH, FLULT, HI7R
S CIRGE L XER O ME R TR L, Marix AIDR
T n, e, RAREPLFRESRIXBOY — A
Y IR ORE O 2RTAF] (Matrix B) 5.,
frf|obik, HIOEBICEN L TR, &K, Marrix
ATHELET / ~ FEo&AEE® S, BE/FHI 5 —
RADOHP L FHENEME (GBI A7 v FREEEE)
TRHEL, AP EcBET 200 ME L RESRVIE
LEEET, BMERE A Marix BITRET 5, Lk
=T, B ECHESRIXBEOEY —ATBRIZ. Marrix
BOBMESRETMTHZ L THELND, BCELT
B, TR Y EBELTHEEE N,
TRAF-FHROEET S HE, Al KafEXED
TAAF-FRL, BREERTREShET I v /A
ORLICEEOIREF O RERE (0 ydr Fh—
T EEREARRTINE LR, oy Fh—F
B R L AR A ERT S LB ENE RGNS
LFoXRTHRERE? 9,

I

N Calculation
Incident vectors, reflection vectors and incident angles

}

Calculation
Reflected X-ray beam shape on the sample — B(k, )

)

Calculation
Energy distribution of the diffracted X-ray beam — D(m)

No

Ne

Save
matnix Bk, |) and D(m).

Fig. 1 Simulation algorithm of X-ray beam shape and energy distribution diffracted from elliptical monochromator.
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Fig. 2 FEstimated rocking curve in the case of Bragg diffraction
{equation 1~ 4). The absorption by crystal was ignored.
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Fig.3 The schematic of the experimental apparatus for the
evaluation of the energy distribution of the diffracted X-
ray beam.

— 40—



Hifmk  KE A THEM 409

WEIND. ZOUECTHRLNET = IWOIEE AN
T Yialb—iarHERROEERETo k.

4. BMRRUEE

4.1 EXBEOLRXILE—94HE Y~ AROBRE

Fig. 4 (a) (b) i, 7/~ FETOXEOLE —AEMN
20 um & 100 pm DBEIZ OV TR XIRO T R A ¥ —4
WEHE LIRS TRE . Fig 4 () PopA¥—54F
DEFERER, ) NEEFRSR LT A @) ©
HREBTRALF—DPBESRAAF— Wi THEY L
FERTH A, F—AEHY20 pm & 100 pm OH-EOET X
OTRAE~GHOE — 7 ZRAF—HEDBNL,
20meV Tdh B, Fig.d (b) s 12-88 % OEE T
i L =R ¥ —l@hL, #0027 eV &£ 0.30eV T,
XROE ~ARPRELRD L AAXF—EBIXAET LA
Bz LAbh %S, ZThHDER, FhSofA¥—>5
EREERIO T = b IO TR A EEEEAL TN,
LiedidoC, RERRS & et 2203, He TSR
FECAESNAEROZ o A IBDO AT P AOEE,
Fraf R EM S &5 0 EAH 5. Fig 51T He [EEM 8
FERTHE Lo 7 = A 3 A M A OHERE SR
T 12-88BDMETIM LA 7 = A SWOZRAF—
IBIZ0.13 eV ThE, LENRST, ZOELFESERD

(a) —— 20pm
— e 100PM
fad
=
=
g
&
7
=}
&
=
—
(b) — 20pm
.:'f ------ 100m
=
=
=]
g
T
P
=
@
=
2]
=}
=
L " 4 " N Ll
1486 1486.5 1487 1487.5

Energy (eV)

Fig. 4 Simulated energy distributions of diffracted X-ray beam
for 20 um¢ and 100 pm¢ primary X-ray beam on the
anode. {a) is the simulated peak shape, {b) is the inte-
grated curve of {a). The integration was performed from
high energy to low energy.
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Fig. 5 FExperimentally obtained silver Fermi edge spectrum
excited by He T ultraviolet line.
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Fig. 6 Experimentally obfained silver Fermi edge spectra by 20
umg (a) and 100 pwme (b) primary X-ray beam. The X-
ray beam positions were at the center of the scan area on
the anode.
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Fig.7 Simulated beam shape of the diffracted X-ray beam for 20 um¢ primary X-ray beam locat-
ed at the coordinates of (0, 125) (jum}) in the scan area on the anode. (a) is the contour display
and (b) is line profiles both in horizontal and vertical direction.
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Fig, 8 Calculation results of the energy distributions of the
diffracted X-ray beams which were starfed from the
coordinates of {0, — 125}, {0, 0), (0, 125) (um) of the
scan area on the anode, respectively,
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