BUODOTOHUKA

=

SKCUNAMMDbI -
NMEPCMEKTUBHDIN
WHCTPYMEHT ®OTOHUKU

3. CocHuH, 0.¢.-M.H.,

B. Tapacetko, 0.¢.-.M.H.,
HHcmumym cuabHOmo4HoU
3nekmpoHuku PAH

Cpeau 6onblioro pasHoo6pa3ms HeKOrepeHTHbIX
MCTOYHMKOB Y3KOMOJIOCHOIO U3y4yeHus B YO-

M BaKyyMHOM ynbTpadurosieToBom (BY®D) ananasoHe
CneKTpa 3KCUiaMnbl BblAeNaTCs yaaquHbIM
coyeTaHuem CBOUX pM3M4YeCKUX NapamMeTpoB

M yao6CcTBOM 3KCMyaTauMu. 3T KavyecTsa
No3BOJIAOT LWUMPOKO UCMOJ/1b30BaTb 3KCUIaMMbl
ANna 061y4eHUs NpoTAXKEHHbIX 06beKTOB: 6yAb TO
KIOBETbI C paCTBOpPaMM1 U rasamMu Ui noMeLLeHus
AN coaepXaHUs XUBOTHbIX, N ONMepaLUOHHbIe
KOMHATbI.

2015 ropy wucHonHseTcd 25 jeT ¢ MOMEHTa

Hadajla KMCCAef0OBAaHHUHM HOBOIO Kjacca raso-

Pa3spAaObIX HCTOYHMKOB H3JIyYeHMHS — IKCH-
namm - B 1abopaTOpUM ONTHYECKHUX H3Ty4eHHHU
HMHCTUTYTa CUIBHOTOYHOM 371eKTpoHMKH CO PAH.
3a 3T0 BpeMs ObLJIO cO3/1aHO 18 06pa3LIoB 3KCHIIAMII
1 GOoTOpeakToOpoB, a TaKKe IIPOJEeMOHCTPHUpOBaHA
HUX IIWPpOKas IMPHMEHHMOCTb B pelleHHH pa3aud-
HBIX 3a7a4 (poToxuMHs, oTOMeJUIIMHA, Ta30Basl
MIPOMBIIIJIEHHOCTb U T.1.).

CnoBo "skcunamma’ obobmiamiiee Ha3BaHHEM
KJlacca YCTPOMCTB, HM3JIy4YalONIUX CIIOHTAHHOE Y/b-
TpaduosneroBoe (YO) u/UIKU BaKyyMHOe yabTpadu-
onetoBoe (BY®) m3/nyyeHHe 3KCUMEPHBIX M 3KC-
UIIJIeKCHBIX MoJiekya. CeronHs uMmeeTcs 6onbinoe
pasHoobpasue TaKUX HCTOYHHKOB cBeTa (UC): ux
KJIacCHPULIHUPYIOT KaK 10 paboyuM MoJeKyl1am
(tabn.1l), Tak mo crmocoby Bo36Yy>KAEeHUS Ta30BOM
cpenbl U KOHCTPYKTHUBHOMY HUCIIOJHEHHUIO 1, 2].

BbI7I0 yCTaHOBIEHO, YTO HaKMbOMBIINX BeTUUYUH
pecypca MOXHO HOCTHYb IpU BO3OykAeHHUH be3-
371eKTPOSHBIM €MKOCTHBIM U 6apbepHBIM pa3ps-
OaMH, 5TO U CAeIaj0 TaKHe 3KCHUIaMIIbl KOMMep-
YeCKH IpUBJIeKaTeAbHBIMU. HampuMep, Ha OCHOBe
KCeHOHOBBIX OapbepHBIX 3KCHJIAMII pa3pabaTeiBa-
eTcs Lenbln psg BY® HC, a TakXe 6e3pTyTHBIX
JTMHEMHBIX WU IJIOCKHUX JIOMHUHeCIeHTHBIX JaMII.
[TepeuyucauM BKpaTLe psAl IIPEeHMYyLIeCTB 3KCH-
JIAMII C TOYKH 3peHUs UX IPUMEHUMOCTH:
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Among the large variety of incoherent sources

of narrow-band radiation in the UV and vacuum
ultraviolet (VUV) spectral range, excimer lamps
stand apart due to a successful combination of the
physical parameters and ease of use. These features
have made excimer lamps indispensable in solving
the problem of intensifying radiation of extended
objects, whether they are cells with liquids and
gases or premises for animals, or operating rooms.

2015 marks the 25th anniversary since the beginning
of studies of anew class of gas-dischargelight sources,
excimer lamps, in the optical radiation laboratory of
the Institute of High Current Electronics SB RAS.
During this time, it has been created 18 samples of
excimer lamps and photoreactors and demonstrated
their wide applicability in solving various problems
(photochemistry, photomedicine, gas industry
etc.).

The term "excimer lamp" is a generic name of a
class of devices emitting spontaneous ultraviolet
(UV) and/or vacuum ultraviolet (VUV) radiation of
excimer and exciplex molecules. Today there is a
large variety of these light sources (LSs): they are
classified according to both their working molecules
(Table 1) and gaseous medium excitation techniques
and design [1, 2].

It was found that the largest resource values
could be achieved when excited by electrodeless
capacitive and barrier discharges, and this has
made such excimer lamps commercially attractive.
For example, the whole range of VUV LSs has been
developed based on xenon barrier excimer lamps, as
well as mercury-free linear and planar fluorescent
lamps. We will briefly list a number of the excimer
lamp advantages in terms of their applicability:

1. Unlike fluorescent and thermal UV and VUV LSs,
the radiation flux of excimer lamps is mostly
focused in the UV or VUV ranges, in a relatively
narrow spectral region with a half-width of 2 to
15 nm for exciplex molecules RgX* (Fig. 1) and
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1.

B oTnuyuMe OT NMIOMUHHECIEHTHBIX U TeIlJIOBBIX
Y® 1 BY® HMC 6osbiras 4acTh TyYUCTOTO IOTOKA
3KCHJIAaMII cocpefoTodyeHa B YO unu BYD nua-
Ila30He, B CPAaBHUTEJBHO y3KOH CIIeKTPaJbHOM
30He nonymeHHoﬁ oT 2 go 15 HM [Ons 3KC-
UIIIeKCHBIX MosIeKysn RgX* (puc. 1) u go 30 HM
IJ1sl 3KCUMePOB MHEPTHHIX rasos X, [1-3]. 3To
obecrieurBaeT CeJeKTHBHOCTb IIPOBefeHUS
pa3Hoobpa3HBIX (OTOXHMMHYECKHUX PeaKLHUH
U, COOTBETCTBEHHO, IIHUPOKYIO IPHUMEHHUMOCTb
HC B 3amavax, rge HyXHa Y3KOIIOJIOCHOCTH
M He HYXHBl HAIPaBIeHHOCTb U KOTepeHT-
HOCTb U3/1y4eHHUs [4].

YIenpHBIM TYYUCTHIHN NOTOK (BT/cM3) 3kcuIaMI
IpeBbIIIaeT BeJIHWYHUHDBI, XapaKTepHble 4
PTYTHBIX JaMII HHU3KOTO AaBJeHHUS Ha pe3o-
HAaHCHBIX IIepexojaxX aTOMOB. DHepreTuyecKas
cBeTUMOCTh (mo 100 MBT/cM?2) M, B OT/IHYUE
OT 3KCHIIJIEKCHBIX KM 3KCHMEPHBIX JI1a3epoB,
OTCYTCTBHE CAMOIIOIJIOIIEeHH S Ha pabouux gau-
HaX BOJIH OOJIBIIMHCTBA SKCH/IAMII.
PasHoobpa3ue B KOHCTPYKTHBHOM HCIIONHe-
HUM, 0 YeM MBI OTJeJIbHO PacCKakeM fajee.
JIerkoCTh BKIIOYEHHUSI C OBICTPHIM BBIXOJLOM
Ha MaKCHMYyM MOIIHOCTH IIOCJe 3a>KHUTaHMS
(meHee 1 ¢), 4To yame Bcero He TpebyeT ocHa-
meHHUd HC mycKkoperyJlHpyoIler almapary-
pori. Tak, NMUTaHHe 3KCUIAMI OapbepHOro
paspsama (BP) ocymiecTBJsieTCSI UMIIYIbCAMHU
HAaIPSI)KeHHsl C aMIJIMTYAOH [0 HeCKOJbKHX
KHJIOBOJIBT M YACTOTOM 0 HECKOJbKHUX COTEH
KUJIOTepl], IO3TOMY 3TH YCTPOHCTBA He HYK/Aa-
I0OTCS B CIIeIIMaJIBHBIX CTapTepax. TO XKe olpe-
mensieT CPaBHUTENBHYIO 31eKTpob6e30IacHOCTh
3KCHIaMII BP, ITOCKOJIBKY pa3psih B Konbe orpa-
HUYeH OHU3IeKTPHUUYECKUM baprepoM, H TOK
pa3psna orpaHHYMHBAeTCSs AeCSITKaMH MHUJIIH-
amIep.

PaszorpeB Kko0ib [0 yMepeHHBIX TeMIIepaTyp.
3a 9T0 B 3apybesKHOM JTUTepaType 3KCHIAMIIBI
Has3bBalOT cold emission sources. 9To CBOMCTBO
I10/Ie3HO NPpHU 0671ydyeHUH OOBEKTOB, YYBCTBH-
TeJIbHBIX K TeDMHYeCKOMY BO3/IeHCTBHIO.
[Tone3HBIN CPOK CAYKOBL B nydmmux obpasmax
skcunaMil (t,X mepuozs BpeMeHu, KOrja pPoOUCX0-
OUT CHH’KeHHe I0TOKA U3/1y4YeHHUS SKCHIAMIIBI
Ha k mpouenToB) t!°20>10000 u gus XJI0p-
comepKalluX 3KCHJIAMII H tr5>10 000 4 - oaga
3aI0JIHEHHBIX HMHEePTHBIM rasom. 4HacTto 3TOT
IapaMeTp SIBJSeTCS pellalluM IIPU KCIIOJb-
30BaHMU HMC B Tex U/IH UHBIX IIPUJIOKEHHUAX.
9¢dekTHUBHOCTS (OTHOLIEHHE I10/Ie3HOM HU3J/y4a-
eMOM JIAMIIOM MOIIHOCTH K IHOJBOSHMOM K HeH
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Puc.1. Cnexmpbl usay4eHus 3kcunamn 6apbepHo2o pa3ps0d Ha
0CHOB8e 2aN02eHUB08 LIHePMHbIX 24308 [5]
Fig. 1. Spectral wavelength of barrier discharge rare-gas-
halogen excimer lamps [5]

to 30 nm for inert-gas excimers X, [1-3]. This
ensures the selectivity of various photochemical

reactions and, accordingly, wide application of

LSs in problems where narrowband is required
and there is no need in radiation directivity and

coherence [4].

Specific radiant flux (W/cm?3) of excimer lamps
exceeds the values typical for the low-pressure

mercury lamps at the resonant transitions of

atoms. Radiant emittance (up to 100 mW/cm?)

and, unlike exciplex and excimer lasers, lack of

self-absorption at the working wavelengths in

the majority of excimer lamps.

separately below.

tens of milliamps.

thermal stress.
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Diversity in the design concept is described

The bulbs are heated to moderate temperatures.
Due to this, in foreign literature excimer lamps
are called "cold emission sources". This feature
is useful for irradiation of objects sensitive to

Easy switching with a quick achievement of
maximum power after switching (less than 1 s),
that mostly does not require equipping LSs with
control gears. Thus, the power supply of barrier
discharge (BD) excimer lamps is performed by
voltage pulses with amplitude of up to several
hundred kilovolts and a frequency of up to several
hundred kHz that is why these devices do not
need special starters. This also determines the
relative electrical safety of BR excimer lamps,
as the bulb discharge is limited by a dielectric
barrier, and the discharge current is limited to
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MOIIHOCTH) OT 7 10 40% (B 3aBUCUMOCTH OT coprta

pabouen monexynel) (1, 2].

8. HakoHel Ba>KHEIM Ha CerofjHs CBOMCTBOM 3KC-
MJIAMII SIBJISIETCS OTCYTCTBHE PTYTH B Koiube
(MCcKJII0OYast SKCHIAMIIBI Ha TrajloreHUAax pTyTH
HgX*, KoTOpble He IOJYYH/IH PacIpoCTpaHe-
Hus). Kak clipaBeINBO OTMe4eHO B [6], TpH pas-
6MBaHUM PTYTHOM JIAaMIIBI, CofepKaler 80 Mr
MeTaslja, IIpH YCJIOBUH ero IIOJIHOTO UCIIapeHUsd,
IIPOMCXOOUT 3arpsi3HeHHe BO3AyXa [0 YPOBHA
I1K B momemeHuu 300 000 m3. [TosToMy B CTpa-
Hax EC 6pa mpuHSTAa OTUPeKTHUBa 2011/65/EU
0 IIOCTeIIeHHOM BBIBOJIe 13 X03KCTBeHHOro 060-
pota HMC, comepRalMX pTYyTh, U/UIH COKpalle-
HHMM HCIOJIb30BAHUSA PTYTH IIPU IIPOMU3BOACTBE
HC. Ilo psany HO3MLMI, HallpUMep, II0 CPaBHe-
HHUIO PTYTHBHIMHU JTaMIIaMH HH3KOIO JaBJIeHUS,
SKCHUJIAMIIBL CerOOHS y>Ke UMeIOT JIy4Ilre mapa-
MeTpsl (CM. II.2), HO He COAEepsKaT PTYTH, YTO
obecrieyrBaeT UM IepPCHeKTUBY [Jsl BBeJeHHUS
B pa3HOro pofa 6akTepHULIHUAHBIE YCTAHOBKH [7].
3a mocieqHee BpeMs CTaj0 3aMeTHO, YTO exKe-

FOAHO B MHPe IIOSABJISAIOTCS HOBbIe GUPMBI K HCCIIe-

Jl0BaTeJbCKHe TPYIIIBl, 3aHSAThIe MUCCIeJOBaAHHEM

M BBIIIYCKOM 3KCHJIAMII HJIH HCIIOJNb3YIONHEe KX

B KauecTBe KOMIIOHEHTOB [ pa3IU4YHOro obopy-

JoBaHU4A [8].

B nabopaTopuM ONTHUYECKHUX H3Iy4YeHHH
MHCTUTYTa CHIBHOTOYHOH 3MeKTpoHHKH CO PAH
HCCJIeJOBAHUS 3KCHJIAMII HayaJMCh 25 jieT Ha3an.
B 1990-1997 ronmbl IIpoBegeHBI IIepBble HCCIe[0Ba-
HHUSl YCI0BUHM QOPMUPOBAHUSA HM3y4eHHS SKCH-
MepHBIX H 3KCHIIJIEKCHBIX MOJIeKyJ. Jla/JbHeHIIee

Puc.2. Sxcunamna cepuu BD_P 6 pabome
Fig. 2. BD_P Series excimer lamp when in use

6. The useful service life in the best samples of
excimer lamps (t,* period of time when the radiant
flux of excimer lamps decreases by k percent) is
t,1520>10,000 hours for chlorine excimer lamps
and t,°>10,000 hours for the inert-gas excimer
lamps. This parameter is often crucial for the use
of LSs in various applications.

7. Efficiency (ratio of useful power radiated by the
lamp to the power supplied thereto) is 7 to 40%
(depending on the working molecule) [1, 2].

8. Finally, an important feature of excimer lamps
is currently absence of mercury in the bulb
(excluding halide mercury excimer lamps HgX",
which have not gained ground). As rightly
pointed out in [6], when broken a mercury
lamp containing 80 mg of metal and provided
its complete evaporation, it causes indoor air
pollution to MPC level of 300,000 m3. Therefore,

Tabnumua 1. MakcMMyMbl N0A0C U3YHEHMSA IKCUMEPHbIX (XZ*, Rg;‘) N 3KCMNAeKcHbIX (RGX*) Monekysn, nofyyYeHHble

B MHEPTHbIX rasax, rasoreHax u cmecax Rg-X, [1,2]

Table 1. The maxima of the emission bands of excimer (X,*, Rg,*) and exciplex (RgX*) molecules obtained in inert gases,

halogens and mixtures Rg-X, [1, 2]

NHepTHbIN ras /

) He Ne Ar Kr Xe
A 74 HM 83 HM 126 HM 146 HM 172 Hm
F 157 HMm = 108 HM 193 HMm 248 HM 354 HM
fanoreH
Halogen cl 259 HM - - 175 HMm 222 Hm 308 HM
(Xy)
Br 289 HM = = 165 HM 207 HM 282 Hm
| 342 HM - - - 190 HM 253 HM

*

OTBETCTBEHHO.

*
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)KI/IprIM U HAKJIOHHBIM lLIpH(I)TaMI/I BBIZI€JIEHBl KOMMeEpYeCKH 3HaY K Mble 1 06]1&1/:[3,10]].[1/16 KOMMepYeCKHM IIOTeHIIKMa/IOM MOJIeKYJIbI, CO-

The bold and italics fonts mark commercially important and having commercial potential molecules, respectively.



PasBHUTHe 3TOI TeMbl 6BIJIO CTUMYIHPOBAHO IIOSIB-
JTeHHeM MOIIHBIX, CePHHHBIX U HeJOPOTrHX IIoje-
BBIX M OUIIONSPHBIX TPAH3UCTOPOB /ISl J1eKTpUUe-
CKUX CXeM B030yskgeHHUs! BP, mony4deHHUs JOCTyIa
K Ka4eCTBEHHOMY KBapLEeBOMY CTeK/y OTeYeCTBEeH-
HOrO IIPOM3BOJACTBA [9] M BBHISIBIEHHUS PeXUMOB
paboThl 3KcHIaMII, 0becrieuHBAIONUX UX BBICOKHE
CPOKH CJTY>KOBL.

Co3maHHBIe 3KCHUJAMIIBl OKa3ajJMCh CpPaBHH-
TeJbHO HeJOPOTHMMH (LleHa 3KCHU/IAMIIbl IO KpamH-
Hell Mepe Ha IOPAJOK MeHbIIe LeHb Y®- unu
BY®-nasepa), mokasaau CBOKW IIPHMEHHMOCTh
IIpaKTHU4YeCKH BO BCeX M3BeCTHBIX doToIpoleccax,
B KOTOPBIX Heobxonumo Y- u/unu BYO-usnydenue.
TakuM obpa3oM, BO MHOTHX C/Iy4asix, KOrma Heob-
XoOUMO 067y4aTh Y3KOIIOJIOCHBIM HM3/y4YeHHEeM
npoTsisKeHHBle 06BekTsl [10], COOTBETCTBOBATH
COBpEeMEHHOMY 3KOJOTMYeCKOMY CTaHIapTy, a
KOIepeHTHOCTb U3/Iy4eHH s He Ba’KHa, SKCHU/IAMIIBL
BBICTYIIAIOT KaK aJIkTepHATHBA JIa3epHOMY H3jyve-
HHI0. B cpaBHeHHHU co YO cBeTogHOAAMH (B JHaTa-
30He IJIUH BoiH 200-300 HM) I10 CTOMMOCTH OLHOIO
BaTTa M3/Ay4YeHHUS KM CPOKAM CJIYKOBI 3KCHJIaMIIBI
Ha CerofHs TO)Ke BHE KOHKYPEeHIIHUH.

Japuc npuMepsl Mmonenern MC Ha OCHOBe 3KC-
MJIaMII, pa3paboTaHHBIX B MHCTUTYTe, IIONy4HB-
KX KOMMepUecKoe U II0OJIyKOMMepuyecKoe 3Haue-
Hue. [lof "monyKoMMep4YeCKMMH' MBI IIOHHMaeM
MOJeNX, BBIINYIIeHHbE MaJbIMH DapTUAMH
U HallleflIIHe CBOero noTpebuTes Ha PhIHKe.

Cepus BD_P (barrier discharge, portable) - mopra-
THBHBIEe KOAaKCHA/IbHbIe 00/IyUaTe/Nu C 9KCHIaMIIOH,
[IOMeIlleHHOM B KOXYX, CHab>KeHHOM BO3JyIIHBIM
OXJIaXXKZeHHeM H oTpaxkareneM (puc.2, Tabm. 2).

Ta6bnuua 2. NapameTpbl M3nyyatenen cepmmn BD_P
Table 2. Parameters of BD_P emitters

Pabouas

BIOPHOTONICS m
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Puc.3. Modyab BD_EL:1-konba; 2 - ompaxxamenb;

3 -cucmema 8030yWHO20 0XAAX0eHusl; 4 — kopnyc

Fig. 3. BD_EL Module: 1~ bulb; 2 - reflector; 3 = air cooling
system; 4 - housing

the EU- counties have adopted Directive 2011/65/
EU on the withdrawal of mercury-containing LSs
from the economic turnover and/or restriction
of the use of mercury for manufacturing LSs.
As compared with, for example, low pressure
mercury lamps, excimer lamps currently have
better parameters (see. P. 2), but do not contain
mercury that provides them with the prospect for
the introduction to various kinds of bactericidal
facilities [7].
It has recently became apparent that new
companies and research groups engaged in research
and production of excimer lamps, or using them as

MoTpebnsiemas [MAOTHOCTb MOLLHOCTU U3/TyHEeHUSs

Monekyna | (max), HM/nm .ra6apm.Tb|0|<|1a, MM MOLLHOCTb, BT MBT/cMm?
bR : G i O, (e Power consum 'tion W Power of density, mW/cm?
molecule P ' i

XeCl 308 60x90 40 18

KrBr 206 60x90 40 9

Krcl 222 60x100 30 10

XeBr 282 60x90 35 20

Br,* 291,6 60x100 35 4

15" 342 60x100 35 1,5

Cly* 257,8 60x100 35 2

Xe,* 172 60x100 35 30
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Takue HC uMeOT CpPaBHUTeNbHO HeboIbIIKe pas-
Mmephl - 240x80x80 mm, maccy 700 r, yno6H1>1 OJist
HAy4YHBIX HCCIeN0BAaHHU M IOJIb3YIOTCS IOIYIAp-
HOCTBIO B PoccHU U 32 pybeskoMm.

Jlns obecrmeyeHus: 6onbliert IIOMAAU obnyde-
HUs 6b1710 paspaboTaHo HecKonbko Mognener HC.
Tak B cepuu BD_2P B KOpIYC BMeCTO OJAHMHApPHOU
KOJIOBI yCTAHABAMBAaeTCs rapa Koub. dtoT UC u3Ha-
YJaJIbHO OBIJI pa3paboTaH /1 NIPUMeHeHHUS B lepMa-
TOJIOTHH, II03TOMY 3/,€Chb UCIIO/Ib3yeTCs HU3J/Iy4eHHe
Mosnekyn1 XeCl* u TaliMep O/ YCTAHOBKH BpeMeHH
dotoneueHusi. TakoM HCTOYHHUK IpU rabapurax
125x130x270 MM u pasMmepax okKHa 120x120 MM
obecrmeyrBaeT 3HePreTHUYeCKyl OCBeIleHHOCTh
1o 34 mBt/cm? npu notpebnenuu mo 80 BT.

Cepus BD_EL (barrier discharge, extra large) ] IC
C JJIMHHOM KOAaKCHAaJbHOM SKCHJIAMIIOM, IIOMEIIeH-
HOM B KOXYX, CHaOXXeHHOM BO3AYLIHBIM OXJIaskKIe-
HHeM U oTpaxkaTesneM (puc.3). Ha 6a3e aTol Mmomenu
BBINIYCKAIOTCS 9KCHIAMIIBL Ha pabounx Monekyaax
KrCl*, XeCl* u XeBr*. M3ny4eHHe BBIBOLUTCS Uepe3
bnaHen, uMelom U pa3mepsl 85x10 cM.

OZHUM M3 IIapaMeTpOB, BIHUIKIINUX Ha 3o Pek-
THUBHOCTb M PpeCcypc 3KCHUIAMIIbl, SIBJISETCS ee
TeMIIepaTypHbIM peXXuM. IIOBEIIIeHHe TeMIlepa-
TypPbl KOJOBI JTAaMIIBl IPUBOAUT K CHHKEHHIO KakK
3¢ PeRTUBHOCTHU, TaK H pecypca. ITO BBI3BIBAET
HeoOXOMUMOCTh NPUHYAUTEIBHOTO OXJIaKAEHHS
Ko6BI. B ciydae BBIMIEONHMCAHHBIX MOJeIeH IIpU
YKa3aHHBIX YPOBHSIX SHEpPreTHU4YeCKOH CBETUMOCTHU
JOCTAaTOYHO MCII0/Ib30BaTh CPaBHHUTE/IBHO IIPOCTOE
BO3AYIIHOE OXJa’kAeHHe. 3aMeTHM, YTO B IMpak-
THKe JPYTUX IIPOMU3BOAMTe/Ner OOBIUHO HCIIONB3Y-
eTCsd BOAAHOe OXJakJAeHHe. B 3ToM ciy4ae ymaercs
IOBECTH YHeNbHBIN Ny4UCTHIH IoToK KrCl- u XeCl-
3KCUIaMII 6apbepHOro paspszga o 0,1 Br/cm3. Hamu
[IOKa3aHoO, UTO B C/lydae MOILHOMN Xe, 3KCHIaMIIBI
JOCTaTOYHO MCIIOJIb30BaTh BO3AYIIHOE OXJIakie-
HHe, 4YTo OBIJIO peanusoBaHo B Moxenu BD_Cs (bar-
rier discharge, cascade), mpencraBnsiomun coboi
NpOTSKeHHBIM KC, comepKamHMH KOAaKCHaJIbHEIE
3KCHJIAMIIBI, CHab>KeHHBle BO3AYLIHBIM OXJIasKIe-
HHeM 1 o0IIKMM OTpaskaTeseM, COOpaHHBIE B KacKa/
C BBIXOOHBIM OKHOM 20x20 cMm (pI/IC. 4). DaHHBIHA
HMCTOYHUK CBeTa obecrevmBan JyYUCTBIA IIOTOK
usnydeHus 50 BT ¥ 3HepPreTuvYeckyro CBEeTHMOCTH
Ha IIojoce JuMepa KceHoHa (172 HM) mo 120 mBt/
cm2.

HMHCTUTYT TaKXe 3aHHMaeTcsi pa3paboTkon
Pa3nu4YHBIX (OTOPeaKTOPOB [ BO3LeHCTBUS
Ha PacTBOPHl U rasel. [ 1a60PaTOPHEIX LiesleH,
npu ob1ydeHUM CpaBHUTeNIbHO HebonbmIUX 06B-
€MOB JKMIKOCTH, JOCTATOUYHO UCII0/Ib30BATh MOAE/b
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Tabnuua 3. NapameTpol n3nyyatenen cepum BD_R
Table 3. Parameters of BD_R emitters

Paboyas monekyna

. XeCl*, KrBr*, KrCl*, XeBr*
Working molecule

A (max) cooTBETCTBEHHO MOJIEKY-

f1am, HM . 308, 207, 222, 283
A (max) respectively to

molecules, nm

rabapuTbl ¢0quea|<jopa, MM 250 x 100 x 420
Photoreactor dimensions, mm

labapuTol CMeHHO pr6}<m, MM 214 x 480
Replacement tube dimensions, mm

MoTpebnsiemas MOLWHOCTD, BT <150

Power consumption, W a

[AnvHa 061y4aeMom 30HbI, MM 300

Irradiated region length, mm

Macca, Kr

Weight, kg 4.6

components for various equipment appear worldwide
every year.

In the optical radiation laboratory of the Institute
of High Current Electronics SB RAS, the excimer
lamps investigations began 25 years ago. The first
studies of the conditions of excimer and exciplex
molecule formation was conducted in 1990-1997.
Further development of this topic was stimulated
by the appearance of powerful, serial, and low-cost
field and bipolar transistors for BD electric drive
circuits, getting access to high-quality quartz glass
of domestic production [9] and finding modes which
ensure long service life of excimer lamps.

Created excimer lamps have turned out to be
relatively inexpensive (the price of excimer lamps

Puc.4. Modyab BD_Cs: 1 - Konbbl; 2 - cucmema 8030y LH020
oxnaxxoeHus,; 3 - Kopnyc

Fig. 4. BD_Cs Module: 1- bulbs; 2 - air cooling system;
3-housing




Puc.5. ®omopeakmop BD_R:1- kopnyc; 2 - keapuesas
mpybKa 05 noda4u pacmeopa uau 2a3a

Fig. 5. BD_R Photoreactor: 1- housing; 2 - quartz tube for
feeding a solution or gas

BD_P [9]. [ina uHTeHCHUPUKAIIUMU OOIydeHUS Ppac-
TBOPOB M Ta30B IIPHMEHSETCS CXeMa IPOTOYHOIO
doTopeakTopa, B KOTOpoM obiydaemas cpeia IIpo-
IIyCKaeTCs 4epe3 KBapleByl0 TPyOKy, pa3MmelleH-
HYI0 BO BHYTPeHHEeH II0JIOCTH 3KCHIaMII. I1o 3ToMy
npuHIuny paboraer moaenb cepum BD_R (barrier
discharge, reactor). O6mu# BUJ M IIapaMeTph
MoOJe/TH OTpaskeHbl Ha PUC. 5 U B Tab. 3.

B HMHCTHUTYTe TaKXe HAKOIIJIEH YHHKaIb-
HBI ONBIT pa3paboTku GOTOPeaKkTOpPOB MJIs
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at least substantially lower than the price of UV or
VUV laser), have shown their applicability in almost
all known photo processes required UV and/or VUV
radiation. Thus, in many cases when it is required
to subject extended objects to the narrow-band
radiation, to meet contemporary environmental
standards while radiation coherence does not
matter, excimer lamps serve as an alternative to
laser radiation. In comparison with UV LEDs (in the
wavelength range of 200-300 nm), in relation to the
cost of one watt of radiation and lifetime, excimer
lamps are also currently beyond competition.

Here are some examples of LSs models based
on excimer lamps developed at the Institute of
High Current Electronics SB RAS, which received
commercial and semi-commercial value. By "semi-
commercial’, we mean models manufactured by
small enterprises and found their consumers in the
market.

BD_P Series (barrier discharge, portable) is
portable coaxial radiators with excimer lamps placed
in the casing equipped with an air-cooling system
and a reflector (Fig. 2, Table 2). These LSs have a
relatively small size of 240x80x80 mm, weight
700 g, are suitable for scientific studies and popular
in Russia and abroad.
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0651ydeHUs IJIOTHBIX ra3oB (o 40 aTM) Ha OCHOBe
Xe,-3kcunami [11].

OnucaHHe 3THX U APYTHX MoOZesleHd 3KCHJIAMII
MOKHO HAaHTH IIo ajgpecy www.hcei.tsc.ru B pas-
nene "texHonoruu' [12]. Bnaromapsi UX HCIIONb30-
BAHUIO yIaj0Ch MPOBEeCTH LIMPOKOMAacCIITaOHEBIe
HCCIeJOBAHUS II0 BO3JEHCTBHIO H3JIYUEHHUS 3KC-
MJIAMII Ha pa3/iMdHble CUCTeMBI (Tabi. 4), B 9acTHO-
CTH, Ha Pas3jIMvYHbIe BOAHBIe PACTBOPHl TOKCUUYHBIX
coeJUHEHHUH [Js1 UX ydaneHHs (4, 9]; HA MHUKpO-
OPraHU3MBI, IJISI UX UHAKTUBALUU [7, 12]; Ha mipu-
POAHBIM Tra3, AJsl ero OYKUCTKU OT IIPUMecel BOJbI
Ilepes 3aKa4uko¥ B rasomnposof [11]; mis mpobomon-
TOTOBKH B aHAJAMTHYeCKOM XUMHUHU [13]; Ha KoXy
4yesioBeKka, Ais GoToNevdeHHUs IICOPHAa3a, BUTHIIUIO,
ATOIIMYECKOI0 IepMaTHUTa U 3Kk3eMsl [13, 14] u np.

BoT mnpuMepbl pe3ylbTaToB, IIOJIy4YeHHBIX
B tocsenHee BpeMs. B 2012-2013 rogsl B COTPYAHHU-
yecTBe ¢ TOMCKUM CeJIbCKOX03SIHCTBEHHBIM MHCTH-
TyToM U 3A0 "Cubupckas ArpapHas I'pymnma’ 6s11
HCCIe0BaH BOIIPOC 0 GH3HOIOTHUYECKOM AeHCTBUH
usnydernus XeCl-axcumammnel Ha SKHBOTHBIX [15].
AKTYyaJIbHOCTb MCCJIeIOBAHHS CBsI3aHa C TeM, YTO
KUBOTHBlE B COBPeMEHHBIX KPYIIHBIX >KHBOTHO-
BOOUYECKUX KOMIIJIEKCAaX BeCh KHM3HEHHBIH IIMKII
IIPOBOJSIT B 3aKPHITHIX IloMelleHHUsIX. C OZHOH
CTOPOHBI, 3TO MPeIsTCTByeT PpacIpocTpaHe-
HUIO 3MIHJeMHYeCKUX 3ab0eBaHUM, a C APYrou -
JHIIaeT XUBOTHBIX JOCTyIa K COTHEYHOMY CBETY,
B TOM YHCJIe K KOPOTKOBOJIHOBOM YaCTH COJTHEYHOTO
Y®-usnydeHus (mpumMepHo 290-320 HM), YTO B ecTe-
CTBEHHBIX YCJIOBHSIX CTHMYIHpPyeT GHU3HOIOrHYe-
CKYI0 aKTHBHOCTh >KMBOTHBIX. PH3HOJIOTHYECKOe
oencTBUe H3Iy4eHHUs ObIo HM3ydeHO Ha becrio-
pomHBIX 6elBIX MBIIIAX M CBUHOMAaTKax. B pe3yins-
TaTe He BBISIBJIEHO TOKCHYECKOr0 U 3MOPHOTOKCHU-
YeCKOr0, KOKHO-[Ie30PITHBHOIO U a/I/IeprUYeCcKoro
NeNCTBUS U3JIyUYeHHUSs, HO IIOKAa3aHO yBeJIHYeHHe
SKHBOM Macchl Ha 2,6-3,1%. KpoMe Toro, HebopIIHe
Io3bl 00NydYeHMs CBUHOMATOK ITO3BOJISIIOT YMeHb-
IIUTh CMEPTHOCTHh CPegU HOBOPOXIEHHBIX IIOPO-
caT 6Gosee ueM B ABa pasa. HarpgeHHble QakTH
[I03BOJISIIOT HalesiTbCS Ha IIOC/IeAyIollee IIHPO-
Koe mpumeHeHHe XeCl-axkcunamn ans obecmedve-
HHS TeXHOJIOTMYeCKHX IIPOLecCOoB COAepsKaHHS
SKHBOTHBIX.

B 2002 romy COTpYAHMKHU HMHCTHTYTa B Xoje
HCCJIeIOBAHUIN II0 O6GJTy4YeHHIO SKHUBBIX KIJIETOK
H31y4YeHHUeM »3KCHJIaMII OOHApyXXHUIU IIOPOTro-
BB 3PPeKT BO3TeHCTBUS: 3aBUCHUMOCTh KOJIHU-
YyeCTBa BBIKMBIIKMX KJIETOK SHYHHKA KHUTAHCKOTO
XOMSIKa OT BBeJIeHHOH /03Bl YIbTPadHOIeTOBOIO
H371ydyeHUs] XeBr-sKCHIaMIIBI HOCHUT IIOPOTOBBIH

66 ®OTOHMKA N21/49/2015

Tabnunua 4. O61aCTV NPUMEHEHMS IKCMAAMN
Table 4. Application of excimer lamps

O6nactb
NpPUMEeHeHMSA
Application fields

Mwukpo-

M ONTO3N1eKTpo-
HUKa
Micro-and
optoelectronics

MpUMepbl NPUMEHEHMUS

Examples

DoTOTPaB/IEHWE MOBEPXHOCTEN
doTooCaKAEHME MNEHOK
MN3meHeHne PU3NYeCKMX U XuMmnye-
CKMX CBOWCTB NOBEPXHOCTEN MNJIEHOK
Photo-etching of surfaces
Photodeposition of coatings;
Change in physical and chemical
properties of surfaces, films

POTOXUMUS: yNPaB-
neHve GoToxXnumMm-
YeCcKMMM peakLm-
amu
Photochemistry:
photochemical
reactions control

M3yyeHne BYD-boToCTabmabHbIX
BellecTB

TexXHONOrMn OYNCTKM BOS,
POTOCHMHTETMYECKMNE peaKLmn
AKTUHOMETPUSA

Study of VUV photo stable substances
Water desinfection technology
Photosynthetic reaction

Actinometry

®OTOOUMNCTKA 31eKTPOAOB
PasnoxeHue aHaAMTUYECKMX NPO6

AHanuTnyeckas
Mpnbopbl ANA CNEKTPaNbHOMO aHa-
XUMmnS
. nmsa
Analytical .
. Photo cleaning electrodes
chemistry .
Instruments for spectral analysis
Decomposition of analytical samples
doToperynsauns XnsHeneaTebHOCTH
MWKPOOPraHM3MOB, BUPYCOB, XXMUBbIX
doTobuonoruns poop Py

K/1IeTOK, PACTEHWUW, )KUBOTHbIX
Photoregulation microorganisms,
viruses, live cells, plants, animals

Photobiology

JleyeHue KOXHbIX 3a60/1eBaHUN
KocmeTuyeckme onepaumum
Skin diseases management
Cosmetic surgery

doToMeanLMHA
Photomedicine

To ensure a larger area of radiation, several
models of LSs were developed. Thus, in BD_2P
Series, a pair of bulbs is installed into the housing
instead of a single bulb. This LS has been originally
developed for use in dermatology, so here radiation
of molecules XeCl and a timer to set photo treatment
time are applied. Such a source with dimensions
of 125x130x270 and a window size of 120120 mm
provides a radiant emittance up to 34 mW/cm? at a
power consumption of up to 80 W.

BD_EL Series (barrier discharge, extra-large) is
LSs with a long coaxial excimer lamps placed in the
casing equipped with an air-cooling system and a
reflector (Fig. 3). Based on this model, excimer lamps
on the working molecules KrCl*, XeCl* and XeBr*
are produced. The radiation rays escape through a
flange with a size of 85x10 cm.
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XapaKTep, 4ero HeT NPHU HHAKTHBALlUKM MHUKPO-
opraHusMoB [16]. Brarogaps 3Tomy IIOSBHJIACh
BO3MOSKHOCTH BbIOOPA TaKOM H03Bl 06JIyUeHH S IKC-
WIaMIIOM, IPU KOTOPOHM IPOMUCXOAUT MHAKTHUBA-
nus 6akTepun 6e3 HapymeHUsT QYHKIMOHATBHOM
aKTHUBHOCTH $uOpob1acTOB KUBOM TKAHU. DTO
Ba>KHO, HaIlpuMep, /1S XHUPYPLrHUHU, OJId 3aLauU
IoCIeoIepalMOHHON 00paboTku paH. B wacTHO-
cTtu, OblIAa BBIABHHYTA THIIOTe3a O CHHUKEHUU
pUCKa KaHIleporeHe3a B >KUBOM TKaHHU IOJ BO3-
neucteueM KrCl- unu KrBr-skcusaMIi. ITa TUIIO-
Te3a moATBepauiaack B 2013 romy, Korga COTPY.A-
HUKH MeAHUIIMHCKOro ILieHTpa KonyMGI/n?ICKoro
yHuBepcuTera (CIIA) mpoBenu ero 3KCIEpH-
MEHTAJIFHYIO IPOBEPKY C MOMOIIBI 3KCHJIAMIIBI
momenu BD P, a uMeHHO, ObLJIO IIOKa3aHO, 4TO,
BO-IIEPBBEIX, Y3KOIIOJIOCHOE YIbTPadUOIETOBOE
usnydeHue KrBr-skcunamnsl 3¢ peKTUBHO IPOTUB
AHTUOHMOTHUKOYCTONYHUBEIX GaKTepHUM; BO-BTOPBHIX,
M3/IydeHHe II0UYTH Oe3BpelHO [/is TeHeTUYeCKOIo
MaTepHalia KJIeTOK 4Yej0BeKa U, B-TPeTbUX, U3y~
yeHne KrBr-skcHaaMIIBl CpaBHUTeNbHO be3ormac-
Hee H3JIy4eHUS CTAaHOAPTHOU PTYTHOMU JIAMIIHI,
TPagHULIMOHHO IIPUMeHseMOU A/ Ae3uHPeKIHH,
[IOCKOJIbKY BBI3BIBAaeT HA IOPAJKH MEHbIIe MyTa-
uuu [17].

i g

One of the parameters that affects the efficiency
and service life of excimer lamps is their temperature
regime. Increasing of temperature leads to the
reduction of both efficiency and service life of the
lamp bulbs. This necessitates the forced cooling of
the bulb. In case of the above mentioned models and
specified irradiance emittance levels, it is enough
to use a relatively simple air cooling system. Note
that, in practice, other manufacturers usually use
a water cooling system. In this case it is possible
to increase specific radiant flux of KrCl- and XeCl-
excimer barrier discharge lamps up to 0.1 W/cm3. We
have shown that in case of a powerful Xe,-excimer
lamp, it’s enough to use air cooling that has been
realized in BD_Cs model (barrier discharge, cascade)
that is an area LS comprising coaxial excimer lamps
equipped with an air cooling system and a common
reflector, assembled in a cascade with an output
window 20x20 cm (Fig.4). This light source provides
a radiant flux of 50 W and a radiant emittance on
the xenon dimmer strip (172 nm) up to 120 mW/
cm?.

The Institute also develops various photoreactors
for irradiation of solutions and gases. For laboratory
purposes, when irradiating relatively small volumes
of liquids, it is enough to use BD_P model [9]. To
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IpencKa3blBaTh B 6yaylieM HIHMPOKoe MPUMeHeHHe
npubopoB GOTOHUKHU ~ SKCHUIAMII.
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intensify the irradiation of solutions and gases, a
flow-through photoreactor is used, in which the
irradiated medium goes through a quartz tube
placed in the internal cavity of the excimer lamp.
BD_R Series (barrier discharge, reactor) works
according to this principle. The overall view and
parameters of the model are shown in Fig. 5 and
Table 3.

The institute has also gained a unique experience
in developing photoreactors for irradiation of dense
gases (up to 40 atm) on the basis of Xe, - excimer
lamps [11].

The description of these and other models of
excimer lamps can be found at www.hcei.tsc.ru in
Section "Technology” [12]. Due to their widespread
use, it was possible to conduct broad-scale studies
of the excimer lamp radiation effects on different
system (tab.4), in particular, on various aqueous
solutions of toxic compounds for their removal
[4, 9]; on microorganisms for their inactivation
[7, 12]; on natural gas to clean it from the water
impurities before injecting into the pipeline [11];
for sample preparation in analytical chemistry [13];
on the human skin for photo treatment of psoriasis,
vitiligo, atopic dermatitis and eczema [13, 14], etc.

Here are some examples of the results obtained
in recent years. In 2012-2013, in collaboration with
Tomsk Agricultural Institute and ZAO "Siberian
Agrarian Group", the question of the physiological
effect of XeCl-excimer lamp radiation on animals
was investigated [15]. Topicality of the study is
connected with the fact that the animals of the
contemporary large livestock complexes spend
the entire life cycle indoors. On the one hand, it
prevents the spread of epidemic diseases and on
the other hand, animals are deprived of access
to sunlight, including the short-wavelength part
of the solar UV radiation (approximately 290-320
nm), that in natural conditions stimulates the
physiological activity of the animals. It has been
studied the physiological effect of radiation on
outbred white mice and sows during their farrowing.
The results revealed no toxicity and embryotoxicity,
skin-desorptive and allergic effects of radiation,
but showed an increase in body weight by 2.6-
3.1%. In addition, a small irradiation doses for sows
can reduce mortality of newborn piglets more than
doubled. The facts found give hope for the future
wide application of XeCl excimer lamps to provide
technological processes in animal breeding.

In 2002, the staff of the Institute in the course of
research on irradiation of living cells with excimer
lamps, a threshold effect was found: the dependence of
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the number of survived cells of Chinese hamster on the
administered dose of XeBr-excimer lamp ultraviolet
radiation has a threshold nature, that is absent when
inactivating microorganisms [16]. Due to this, now
it is possible to choose such a dose of excimer lamp
radiation that causes bacteria inactivation without
violating the functional activity of fibroblasts in
the living tissue. For example, it is important for
surgery, for post-operative treatment of wounds. In
particular, it has been hypothesized about reducing
the risk of carcinogenesis in living tissues under
the treatment of KrCl- or KrBr-excimer lamps. This
hypothesis was confirmed in 2013, when the stuff of
Columbia University Medical Center (USA) conducted
its experimental verification using BD_P excimer lamp,
in particular, it was shown that: 1) the narrowband
ultraviolet radiation of KrBr- excimer lamp is effective
against antibiotic-resistant bacteria; 2) the radiation
is almost harmless for the genetic material of
human cells; 3) KrBr excimer lamp radiation is much
comparatively safer than the standard mercury lamp
radiation, traditionally used for disinfection, as it
causes significantly less number of mutations [17].

All of the above review allows us to predict the
future widespread application of photonics devices
such as excimer lamps.
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