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NCCIEAOBAHUE ITPO®NJIA PACITPEAEJTEHUSA
N KMHETUKHW ®OPMHUPOBAHHUSA TEPMO/JTOHOPOB B KPEMHHUN

HccnenoBanbl 00pa3ibl MOHOKPHCTAIUTHYC CKOTO KpeMHns n-Cz-Si, BEIpameHHoro MeToxoM Hoxpamsckoro. ToH-
KHH JICTHPOBAHHBIH CITOW HA TIOBEPXHOCTH 00pasnos co3masaica ObicTpor audysuei dopa, amomuHus, (hochopa
100 0JIOBA W3 MOBEPXHOCTHOTO MCTOYHHWKA Ipu Temreparype ~1000°C B teuenue 10 cexyna. Tepmomonopsr (T/1)
(hopmupoBanuces mpu omxure 450°C B TeucHne BpeMeHH 0T 3 A0 384 wacos Ha Bo3ayxe. [Ipouam KOHICHTpAIHH
3apSDKCHHBIX LICHTPOB OIPEICILIINCH IMTPH 00PabOTKE H3MEPEHHBIX BOJBT-(hapagHbIX XapakTepucTHk. OOHAPYIKECHO,
4TO B 00pasmax ¢ MOBSPXHOCTHBIM CJIOCM, JICTHPOBAHHBIM OOPOM JTHOO aTFOMITHHCM, BOTH3H MOBEPXHOCTH KOHICHT-
paums TJ] cyImeCcTBEHHO HIDKE, UeM B KOHTPOJBHBIX 00pa3nax u o0pasmax, JerupoBaHHbIX Gochopom wim OopoM, u
CPaBHHUBACTCS C 00BEMHOH KOHIICHTPALMEH TOIBKO HA IIyOHHAX 0T 2 10 15 MUKPOH B 3aBHCHMOCTH OT BPSMCHH OTKH-
ranpu 450°C. D¢ dexr HeoTHOPOTHOTO pacnpenenacHua T/] He CBA3aH ¢ 00CTHCHHCM MPHIIOBSPXHO CTHBIX CJIOCB KHC-
JOPOIOM M MOKET OBITH OOBICHEH YMCHBIIICHHEM KOHIICHTPAINH COOCTBEHHBIX MCKI0Y 3¢IbHBIX AaTOMOB, BBICTY IO~
IUX KaTajam3aropamu npouecca popmupoBanusg T/1. [Tpu 3TOM MPHUIIOBSPXHOCTHBIC CITOH, JICTHPOBAHHBIC OOPOM HITH
ATFOMHUHHEM, UTPAOT POJIb 3P PEKTUBHBIX CTOKOB JJII MEKI0Y 3¢ IbHBIX AaTOMOB.

Beenenne MPUMECEH, OTHAKO MAKCUMAJIbHBIN JHAMETP TIOIY-
MOHOKPHUCTATIUICCKUN KPEMHHH SIBASCTCS  YaOUICTOCsS MOHOKPUCTA/IIA OTPAHUIHBACTCS BEIH-
OCHOBHBIM MaTCPHAIOM MTOJIYMPOBOAHUKOBON /ICK-  YUHON ~75 MM, MeToa BRITSTHBAHUS U3 PaciuiaBa
TpoHuKH. Ero momy4aror U3 noJuKpUCTAIMUCCKO-  MMO3BOJIICT MOIYYaTh MOHOKpUCTALTH KpemHuus (Cz-
rO KPEMHHS IBYMsI OCHOBHBIMU criocoOamu: MeTo-  Si) Oombiioro auamerpa (Bmiors 10 300 mm), a0

JIOM 30HHOW OYHCTKH M METOJOM BBITSATHBAHUS M3  MOBBIIACT SKOHOMHUYE CKYIO 3 hexTuBHOCTD MTpon3-
pacmiaBa. B MeTone 30HHOM OYMCTKM MOAyYacTcess — BOACTBA. PacruiaBneHHBIN KpeMHMI 001813 T BBICO-
BBICOKOUHCTHIN KpeMHHUH (FZ-S1) ¢ HU3KUM COACP- KO PACTBOPSIOUICH CMOCOOHOCTBIO, B PE3YJIBTATS
anueM kuciaopoa (~101°-5x10' cm?) u apyrux  B3aUMOJCHCTBHS C MATCPHAIOM KBAPLICBOTO THIVIS
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Fig.1. The schematic cross-section view of the upper part the focusing system.
1- the inner cylinder , 2- the outer cylinder , 3- the boundary electrode with the entrance window (4),
5- the exit window, S- a charged particles source, F- the point focus

is very different from well known cylindrical mirror
field.
Calculations

The field used is a solution of the Laplace
equation V2U(R,Z) = 0 with boundary conditions:
UR,. Z)= UR 0)=U(R, L) =0, U(R,.Z) = V and
restricted by concentric cylindrical surfaces and two
boundaries along Z-axis (see scheme in Fig.1).

The potential distribution can be written as
follows:

LI rz R0
Vit n ;Sln(zmﬂ)z F (B)2m+1)

The lengths in (1) and below were scaled with
R, in order of introducing the dimensionless
parameters: »=R/R, z=Z/R,, = L/R, B=R/R,
r,=RyR,, h=H/R, Here F _(r) = (I,(k r)K,(k )-I,
k )K,(k 1) /K, k) k=Cm+Dr /1.1 and K -
are modified Bessel and Hankel functions
respectively. The central part of this field, displayed
the potential distribution the same as that in a
cylindrical mirror field when / is much greater than

B-1:
. In(r
- toetigge: o

The non-relativistic equations of motion in the
general field (1) are given by:

¥=—28U(r,z)/or 3)
m

Z:—E(?U(r,z)/éz )
m

The system of equations (3), (4) has been
integrated numerically to determine the trajectories
of charged particles of a single kinetic energy
entering into the cylindrical field within the beam
with central trajectory angle equal 0.

It should be noticed that there are two main
points, relating to accuracy of calculations in general.
Firstly, we investigated the effect of addends number
involved by calculation of the sum in (1). Direct
calculations of the sum in the right-handed members
in (3) and (4) were made to N = 90 addends.
Checking was made by comparison of the length Z,
for trajectories with the sum upper limits N and
N+10. If abs((Z ), - (Z))) < 0.001 was achieved
the value N was used. Secondly, it was also important
to find out the optimal criterion for precision of
numerical calculations of trajectory coordinates. In
order to establish the optimal value of calculation
time step we performed a comparison of calculations
with the results of analytical calculations in our paper
[3] for cylindrical mirror field with first order
focusing for a parallel flow. When simulating the
cylindrical mirror field, value / =31 was taken and
particles were started at z = 14. In this case the
trajectories locate entirely in the region of field given
by (2). Calculations were performed using Runge-
Kutta method , with absolute accuracy of the final
coordinate about 0.002. For the case of the field (1)
for particles entering at the entrance window (see
Fig.1) potential distribution (2) was found existing
near the exit window when calculation has been
performed by / = 31. Later it was established that
logarithmic ficld (2) near the exit window kept non-
distort until / was several times large than {3 -1.
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Fig.2. The illustration of refocusing ability
of the system in to different point by a constant value of z for some set of parameters.
1-8=60, E eV = 4.86 ; 2- S= 80, £ /e}'= 4.95; 3- §=100, £ /e}'= 5.0
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Fig.3. The typical Auger spectrum obtained from a distant surface

Regressions (5), (6) were obtained from
numerical calculations in order to predict effect of
increasing [ value on the main focussing parameters
in the case of parallel flow for configuration with
[ =31. Value of  was ranged in interval 1.8 — 3.0.

Z =3.665+2.903f - 0.775 ()
G=23.54-12.389B + 1.756 P> (6)

The regressions above relate to the central
trajectory parameters. Increasing the 8 value allows
to obtain the higher transmission but in that case it
is necessary to use larger values of /, in order to avoid
the disturbing effect of the right-side end-plate.
Calculations were also performed for lower value

of / in order to find out conditions for designing a
practical compact device without any end-field
correction system. For example, a compact shorten
analyzer without any fringe field correction system
canbe made with/=55nthecase h=8,G=FE/el'=3,
with focusing length equal to 5.43. It was established
that by 3 lower 2.3 aberration figure shape displayed
a second order focussing for this shorten
configuration without disturbing effect of the right-
side boundary.

When combining the large B with short length
it is necessary to use an end-field correction system
behind the exit window (it corresponds to calculation
with / =31).
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The system presented provides very useful
property - a distant /4 to source can be changed by
negligible variations of focussing characteristics by
the same value of z., which is commonly a parameter
of device, (Fig.2).

Corresponding values of G can be calculated
for the new /£ values in order to save the second order
focusing by a constant z

The energy resolution ability defined as D/ Az,
where Az, .as known very well, is a projection of the
part of aberration figure around a central point on
the z-z axis.

The dispersion D = (0z, /JE)- E for this system
was estimated numerically on average as large as
D =40.

Fig.3 presents the Auger — spectrum obtained
in testing experiments from the distant specimen. The
distance between the entrance window-plate of the
analyzer and the distant target point was equal nearly
16 cm.

Conclusion

The focusing characteristics of a cylindrical field
limited along the symmetry axis have been
numerically investigated for the case of a distant
source of charged particles. It was found out that
this configuration of a cylindrical field bounded
provides the second order focusing. The system
presented has been used for production the electron
energy prototype-analyzer with compact and simple
design , very suitable for experimental treatment.
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Pe3swome

KyMBbICTa KapbIK XbITTAMIBIFBIHAH GipIiaMa a3 Ko3ra-
JIATHIH 3aKbIMIAHFaH OOIIKTep (HepEeIsITUBTIK OOJIIIeKTeD)
YIIiH IMIMHAPIIK ©picTiH eKi eKapachHbIH, (hOKYCTallFaH
KAaCHETTepiHiH TEOPHUSIILIK 3epTTeyIepiHiH HOTUXeIepi
Kepceriired. IlIbirapaTeiH OoIIEKTEPIiH KO3i TAILIAYbIII-
TaH ( aHaJIM3aTop) OipliamMa KallbIK,, CAMMETPHSI OCIHIE Op-
HajlacKaH. EKiHmmi mppexeni (pokycTenymig, OipHelle Xar-
Jarnapsl TabpuFaH. PoKyCcHpoBKa MapaMeTplepiHiH Bapy-
aITMSICH 3epTTENreH XaHe GipIaMa perpecCUBTIK KaThIHAC-
Tap anbiHFaH. OChl TEOPUSUIBIK KOPHITBIHABLIAPIBIH, HeTi3iH e
AHAJIM3ATOPIBIH TOXIpUOEIiK YITici KyphUFaH. KallbIKTarsl
KA3BIKTHIKTAH 9K CIIEPUMEHTAIIBTH OXKe-CIIeK TpIIap AJIBIHFAH.

Pesrome

B paGote 1pejicTaBIeHBI Pe3ylIbTaThl TEOPETUUECKUX HC-
CcIIeIOBaHU (OKYCHUPYIOTUX CBOUCTB ITAITHHIPUIECKOTO OIS
C JIByMsI TPaHUI[AMHU, PACTIOIOKEHHBIMHU BJIOJIb OCH CUMMETPHU
JUISL 3apSKEHHBIX YaCTHIT, JBUTAIOIMXCS. MHOTO MEHBIIIE CKO-
POCTH cBeTa (HEPEISTUBUCTCKUX YacTull). MCTOUHMK HcITyc-
KaeMBIX YaCTHI] HAXO/UIICS BJIATIH OT aHAIU3aTopa, Ha OCH CHM-
MeTpuH. BeIIM HalijleHbl HEKOTOPHIE YCIOBUS (HOKYCHPOBKU
BTOPOTO IOPS/IKa. BBUIM M3yUeHBI Bapualluy IapameTpos ¢o-
KYCHUPOBKH U IIOTyYEHBI HEKOTOPBIE PEIPECCUOHHBIE COOTHO-
meHus. Ha 0CHOBE STUX TeOPETHUECKUX BBIBOJIOB OBLT IIOCT-
POEH OIIBITHBIHM 00pa3el-aHanu3aTop. [ 1oy ueHsl SKCIIepUMeH-
TaJIbHBIE 0Ke-CIIEKTPHI OT Y/IAIEHHO TIOBEPXHO CTH.

HUON 5TD KasHY,

2. Anmamut Hocmynuna 19.10.09 2.
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