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YCTPONCTBO YNPABJEHUS
MOLWHOCTDbIO
NA3EPHOIO U3NYYEHUA

C. MukuHmac,
Altechna, sales@altechna.com, www.altechna.com,
Jlumea

Jlazep cnoco6eH BbINOJ/IHATb NpeLM3MOoHHbIe 3aa4u,
BO3[EeMACTBYS Ha MaTepuasibl B Npeaeniax oYeHb
MaJIoro NpOCTPaHCTBA, AaXe UMeIoL,ero pasmepbl
Ha ypoBHe ANPPaKLMOHHOIO orpaHnyeHuns. Tak

4YTO yrnpaBJjieHMe MOLHOCTbIO J1a3epHOro U3Jly4eHus
SIB/ISIETCS BAXXHOM cOCTaBsoWwen paboTbl
noontTuMmnsaymMm MOWHOIO U3ly4yeHns. B cTaTtbe
paccMoTpeHbl pas/iMyHble MeToAbl YIpaB/ieHUs
MOLLHOCTbIO U3Jly4eHUS TBEPAOTE/bHbIX J1a3epoB.

aMBIH ITPOCTOH CII0C06 yITpaB/IeHU S BEIXOJHOM

MOIIIHOCTBIO JIa3epa 3aK/II0YaeTcsl B HM3MeHe-

HUM MOLIHOCTH HaKauKHU. B TBepmoOTe/NbHBIX
nasepax ¢ JUOAHOM HakaukoM (DPSS) MOIIHOCTE pery-
NIHpyeTCs M3MeHeHHeM ToKa AuofAa. OJHAaKO TaKOH
criocob He MO>KeT 06eCIIeUHTh IITIABHOTO K HeIIpephIB-
HOT'O YIIPaB/IeHHsI MOIIHOCTBIO I10 HECKOJIBKUM IPHU-
YrHaM. [[e/o B TOM, UYTO M3MeHeHHe TOKa J1a3ePHOro
Oyofa UHULIMUPYeT B HeM TeMIIepPaTypHBIH CIBMUI,
a 9TO y>Ke MPUBOAUT K U3MEHeHUIO NIMPHHBL 3aIIpe-
IIeHHOM 30HBI. YTO COOTBETCTBEHHO BefleT K CABUTY
LIeHTPa/IbHOKM [AJIMHBI BOJHBI HM3/yYeHHs HaKadKHu
U BJIMSIET Ha TeHepaI|UI0 aKTHBHOM CpeJlbl TBEPHO-
TeJILHOTO JIa3epa. B c/yyae HempephIBHOIO PesKHMMa
paboThl 1a3epa 3Ta MOCIEIOBATENIBHOCTh COOBITHI
IPUBOAUT K QIYKTyallMsIM BBIXOJHOM MOIIHOCTH
H3/1ydeHHUs, 4To TpebyeT BpeMeHHU [/ ee CTabUIU-
3anuu. Eciu 1asep paboTaeT B UMITYIbCHOM pesKHMe
(HampuMep, B cxeMe C IIaCCHBHOH MOAY/IsSILMeHN
NO6POTHOCTH), TO IMOMHMO GIYKTYallMH BBIXOJHOM
MOIIHOCTH ITPOUCXOAUT U3MeHeHHe YacTOTHI IIOBTO-
peHHus U JJIUTeNbHOCTH HMIIYy/IbCcOB. Bonee Toro,
KOIJIa TOK JIa3epHOro AHOJa HaKauKH BapbUpYyeTCs
B Ipolecce paboTsl, BO3HHUKAIOT [OIOJHHUTeIbHbIE
3 deKTsI, co3malIue MNPefIoChUIKK IS yXyZllle-
HUS ITapaMeTpoB na3epa [1]. TakuMm obpasoM, criocob
M3MEeHeHHsI MOIIHOCTH ja3epa IIyTeM H3MeHeHHS
TOKa HaKayk{ AHOJA IpHeMJeM TOJBKO AJSL TeX
IIPUJIOKEHUH, Ihe pe3kue GIyKTyalluH MOIIHOCTH
He OKa3bIBalOT CyIeCTBEHHOrO BIAHSIHUS Ha pe3yib-
TaT paboTEI.
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LASER POWER
CONTROL UNITS

S. Milkintas,
Altechna, sales@altechna.com, www.altechna.com,
Lituva

Laser capability to accomplish extremely precise
tasks by applying high power impact within tiny
spatial domain, e.g. diffraction limited spot, has lead
laser power control to become an important variable
that helps to optimise yield and secure successful
completion of the task. There are various methods to
control the power of solid state lasers which will be
reviewed in this article.

he simplest way to control laser output power

is by controlling its gain medium pump power

and in DPSS lasers it means adjustment of the
current feeding laser diode. However such way of
power control cannot ensure smooth and continuous
laser power control because of several reasons. First
of all, changing laser diode current introduces
temperature shift in the diode which changes the
band gap between conduction and valence bands,
thus central wavelength of the pump is shifted,
altering the conditions in solid state gain medium.
In case of CW operation this string of related events
introduce fluctuations in laser output power and
it takes time to stabilize the power again. But if
the laser is pulsed (e.g. passively Q-switched), not
only the output power fluctuations are introduced,
but also PRR and pulse duration would be altered
with changingthe pump power. What is more, when
laser diode current is changed during the operation,
additional degradation mechanisms emerge [1]. Thus
this type of power control is only acceptable for the
least power-sensitive applications.

Extra-cavity laser power control is yet the most
popular method of laser power management, for
instance absorbing neutral density glass filters are
useful to discretely attenuate relatively low power
beams and are quite effective up to 1 J/cm? energy
densities within the nanosecond regime. ND filters
provide rather even attenuation over wide spectral
range from UVto NIR. Quite similar are reflective
neutral glass filters which are coated with metallic
layer that transmits a portion of the radiation while
reflecting and absorbing the rest of it. Advantage
provided by metallic semi-reflecting coating is the
possibility to deposit thickness gradient of metallic
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Eme 6osiee MONYJISPHBIM METOAOM YIIPaB/IeHHUS
MOIIIHOCTBIO JIa3epa CTaji0 MCIIOJb30BaHHE [OIION-
HUTeNbHBIX YCTPOMCTB. Hampumep, MOITOMIAIOMIUX
HEUTPaJIbHBIX CTEKJISHHBIX OQUIBTPOB, HCIIOIb-
3yeMBIX AJIsi ocinabjeHHs JydeH C OTHOCHUTEJIBHO
MaJIOM MOIIHOCTBIO. DTH QUIBTPEL CTAIU JOBOJIBHO
3QPeKTUBHBIMHU YCTPOMCTBAMHU YIpaBlIeHHUS [/
M3/y4eHHUs IUIOTHOCTBIO 3Hepruu no 1 [K/cm?
B ITpefie/laX HAaHOCEKYHHOTO pexkuMa paboTsl. Hel-
TpanbHble GUIBTPH 00eCIIeUHUBAIOT [OOCTATOYHOE
3aTyXaHHe B IIMPOKOM CIIeKTPaJbHOM JAHAIla30HE:
oT Y®- pmo 6mmskHero MK-muarasoHa. Cy1iecTByOT
OIM3KHe MM II0 CBOMM CBOMCTBAM CBETOOTPa’Ka-
I0Ill}ie HeHTpaJbHble QUILTPBI, KOTOpBle ITOKPBITHI
coeM MeTajia. 3TU GUIBTPE MPOIYCKAIOT JHIIE
YacTh H3Jy4YeHHSsI, OTpa’kasg MM IIOIJIOIas BCe
ocTajbHoe. IIpeMMyIecTBO MeTa/UIMYeCcKOro II0/Iy-
OTpa’kalolllero IMOKPBITHS COCTOMT B TOM, YTO CyIIe-
CTByeT BO3MOXHOCTb HAHOCHUTb MeTa/lZIMYeCKUH
CJI0H, UMEIOUUH IPpaJiueHT 10 TONIIKHe, YTO [103BO-
JsieT HeIIPephiBHO H3MEHSATH IIPOIIyCKaHHe BJOJIb
IIOIIePeYHOro ceyeHU s QUIbTPaA.

leHepaTopel C TIIOJNSIPH30BAaHHBIM BBIXOOHBIM
H3/ly4eHHeM I103BO/ISIOT YIIPABJISTh CBOEH BBIXOJ HOM
MOIIIHOCTBIO IIyTeM BapbUPOBaHUS IOASIPHU3ALIUU
(puc.l). YmupaBiieHHe OCYIIeCTBJISIETCS C IIOMOIIBIO
IIOJISIPU3ALIMOHHOTO BpalllaTesis K IOASpHU3aTOopa.
B KavecTBe MOISPU3ALMOHHOIO BpamaTessi 06BIYHO
KCIIONB3YIOT BOJIHOBYIO IIJIACTHHKY HMJIHM 3JIEKTPOOII-
THYeCKHH MOZLY/IATOP, KOTOPhIe I0BOPAYHBAIOT I1JI0-
CKOCTb BXOJHOH IIONIpHU3aliuu. [anee 1yd, IPOXOAs
yepes MOISIPHU3aTOP, pasfesisieTcs Ha [Ba OTHAe/IbHBIX
nayda ¢ S- u P- mongpusanuyer. OTHOIIeHHe WHTEH-
CHMBHOCTH MEXKIY BXOAHBIM H BBIXOAHBIM JIy4YaMH
KOHTPOJHPYeTCsl C IIOMOIIBIO BOTHOBOM IIACTUHKHU
WK 37IeKTPOOIITHUYECKOIO0 MOAYISATOpPA. DJIeKTPOOII-
THUYeCKHUH MOIYISITOP MOXeT II0BepHYTb IIOISIpH-
3allMI0 BXOLHOIO Jiyda Ha 90° B mpenenax HeCSaTHIX
Joney MHUKOCeKYHJ [2]. 9To mo3BonsieT NPUMEHSTh
ero B Tex C/y4asix, Korga Tpebyercs MOIyuYUTh OfHU-
HOUYHBbIe JIa3epHble KMIIYIbCHl HJIHM HeobXomHuMO
HCIIO0/Ib30BAaTh CXeMy TeHepaTopa C MOAY/ISALIHeH
nobporHocTH. OLHAKO TaKkoe YIIpaBIeHHEe IIPOUC-
XOOHT 3a CYeT BK/IKYEHHS B CHUCTeMY YyIIpaBIeHUS
CJIOKHOTO KOHTPOJIJIepa, KOTOPBIH [OJIKeH BBIAEPSKH-
BaTh HAIIPSDKeHHSI B HECKOJIBKO KHJIOBOJIBT. TaKHUM
0bpa3oM, 31eKTPOONTHYECKHUM MOAYISITOP HCIIONIb-
3yeTCsI TOJIBKO 151 IPUJIOKeHUH, e 00s13aTe/IbHBIM
yCJIOBHEM SIBJIsieTCsI TpeboBaHUe OBICTPOro IepeKiIio-
YeHUs MeXXIOY COCTOSHUSMH S- U P-TIoNIpHU3alluH.
Eciv B KayecTBe IIOJIIPU3ALIMOHHOIO BpalllaTess
HCIIONIB3YeTCsl BOJIHOBAs IUIACTHHKA (PHUC.2), TO ee
MOKHO BpalllaTh BPYYHYIO, HO 3TO 3aMeJJIseT II0BO-
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Fig. 1. Options of polarization manipulation based attenuator

layer allowing continuously variable density a long
filter cross-section.

Laser sources with polarized output provide
subtile attenuation option - output power control
through manipulation of the polarization (Fig.1).
Such method incorporates polarization rotator
and polarizer. Polarization rotator is usually a
waveplate or electrooptic (EO) modulatorthat rotates
input polarization. Then the beam passes onto the
polarizer, where orthogonal polarizations S and P
are separated into two separate S and P polarized
beams. Intensity ratio between the two beams is
controlled by polarization rotator which can be either
a waveplate or an EO modulator. The EO modulatorcan
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Puc.2. Pe3yabmamel, nony4eHHeble ¢ UCN0Ab308AHUEM
ammeHamopd, COCMosILLE20 U3 80AHOB0L NAACMUHbI
u noAasipusamopa

Fig. 2. Example of performance provided by attenuator
comprising a waveplate and a polarizer

poT mongpusanuu. OOHAKO CYLIeCTBYeT MeXaHHYe-
CKHI CII0COD, KOTOPBIK MOXKeT 06ecIIeuUTh II0BOPOT
MeKAy S- U P-COCTOSSHUSIMU B IIpefiesiaX HeCKOAbKUX
COTBIX JI0JIeH MUJIZIUCeKYHIBI. CyIlleCTBYeT OTPOMHOE
pasHoobpa3ue MoNsIpHU3aLMOHHON ONTHKH, KOMMep-
YeCKHU JOCTYITHOM Ha PbIHKE, YTO II03BO/ISET cobpaTh
ATTEHIOATOP C ONPeJeIeHHBIMU 0COOeHHOCTSIMHU AJ1s1
KOHKPEeTHBIX NPUIOKeHHH. Hampumep - monspu-
3aLIMOHHBIN CBeTOMe/NMTe/Nb, OH CIYXUT /sl pas-
JeleHUsl Iydka Ha Jy4W C S- U P-monsgpusanuet,
pacmpocTpaHsomecs mof yriaom 90°. Haobopor,
ecnu TpebyeTcsl MOMYUYUTh IIapalyIebHbIE YU C S-
U P-monsipusanyer, TO MOXKHO MCIIONb30BaTh [Ba
Iapaijle/IbHBIX IIOJSpH3aTOpa, HMEIIUX T'PaHHU
c yraom bproctepa. [ns peMTOCEKYHIHBIX Jjase-
POB - IIMPOKOIIOJOCHAS OIITHKA, K IIpUMepy, axpo-
MaTH4YeCKHe BOJHOBbIe IIJIACTMHBI MU IIONASApH3a-
TOPBI C YIJIOM IafeHus B 72° 6yayT criocobCcTBOBATH
COXPaHeHUIO AJHUTeNBPHOCTH MMIIyabca. I cpen-
Henl HK-06/macTU MOAXOOST COOTBETCTBYIOIIME BOJI-
HOBbIe IUIACTUHBI U IIPU3MBI [J1aHA, U3TOTOB/IEHHEIe
M3 BaHJaTa UTTPH, a TaKXKe U3 Tejl/Iypa, BBIIIOIHS-
IOllMe POoJib IIOJIIPU3ATOPOB. ATTEHIOATOPHI, OCHO-
BaHHBIE Ha IIPUHIMIIE YIIPaBAeHHUS MONIpHU3aLHel
,MMEIOT MHOTOYMCJIeHHbIe IIPeMMYILecTBa IO CpaB-
HEHHIO C APYTHUMH METOLAMHM YIIPaBIeHHS MOLIHO-
CTBIO JIa3ePHOr0 M3/yYeHHUs: IIHPOKHUI AHala3oH
ocinabneHus u3ny4yeHus ot 0,04 1o 99%, U, 4TO ABIA-
eTCsl He MeHee MajIOBa’kKHBIM, — IIOPOTr pa3pylLIeHHs
ONTUKH BBICOK M COCTABJISIET IIJIOTHOCTh MOIIHOCTH
20 Isk/cm? [3]. OmHaKo IMOmUYepKHEM, YTO HAHHBIN
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turn input beam polarization by 90° within tenths of
picosecond [2], which makes it applicable in pulse
picking/cavity dumping applications, but this comes
at cost of complicated controller which must cope
with voltage of several kV, thus it is used only for
applications were fast open-shut rates are mandatory.
If the waveplate is used as polarization rotator (Fig.2),
it must be physically turned which slows down the
polarization rotation but such scheme can be realized
in both - manual and motorized control and the
latter could provide MIN-MAX attenuation within few
hundredths of a millisecond. Polarizing optics come
in a huge variety readily available on the market,
which allows to assemble attenuators with distinct
features serving particular applications.

For instance: separation of 90° angle between
S and P polarizations can be realized by using
polarizing beamsplitter cube, if parallel output
beams are needed, two parallel Brewster polarizers
could be used, for femtosecond lasers - broadband
optics like achromatic waveplates and "ultrafast” 72°
angle of incidence polarizers would help to preserve
pulse duration, mid - IR region can be accessed
by employing appropriate materials and optics
production technologies, e.g. mid-IR waveplates and
Yttrium orthovanadate (YVO,) or Tellurite (TeO,) Gian
polarizers. Attenuators, operating under polarization
control principle provide numerous advantages over
other methods, firstly - the dynamic attenuation
range 0.04-99% can be achieved, and no less important
is laser damage threshold of the optics which can be
up to 20 J/cm? [3]. However, only polarized sources
can be managed in this principle, which means,
that unpolarised lasers need to befitted with another
power control solution.

Unpolarised laser sources also have several options
for attenuation. Attenuator principle relying on

%\/ |
\ /

Puc.3. MpuHyun pabomsl ammeHamopa — NpoxoxkoeHue
ceema 4yepe3s 08e NAACMUHKU, pacnoAOXKeHHble \VV-06pa3Ho
dpyz k dpyay (vacmb IHepzuU Udem Ha Hazpes onpasku, npu
3MOom 8bIXOOHOU Ay4 HAX0OUMCS Ha 0OHOU NPSIMOL € 8XOOHbIM
Ayyom)

Fig. 3. Principle of two plate based attenuator - two opposite
direction rotating plates dump energy to the housing while
maintaining collinear output
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MeTOf yTpaB/IeHHs MOIIHOCTbIO MOAXOAUT TONBKO
[/l Ta3epOB C TIONSIPH30BAHHBIM HU3/TyUeHUeM.
VICTOUHUKH C HEeTIONIPU30BAHHBIM CBETOM TaKKe
HMeIOT HeCKOTbKO BapHAHTOB, C MOMOIIBIO KOTO-
PbIX MOXHO OCTabUTh UX H3NyueHue. Huxe 6ymeT
PacCMOTpeH MpPHHIIMII aTTEHI0ATOPa, OCHOBAHHBIM
Ha QpeHeNeBCKOM OTpakeHUH. I[I[pUHHUMasi BO BHU-
MaHMe, YTO MOIIHOCTb OMpeJeNnseTcss KakK KBafpaT
aMIIuTyabl (P=A2), monydaeM, 4To MPH OTPaskeHUU
U3/yYeHHUs] HAa TPaHHIIe ABYX CPefi MOIIHOCTh OTpa-
XeHHOTO W3/1ydeHHs Ha TPaHHUIe Pasfena MexmIy
[BYMSI TPO3PaYHbIMH OTHOPOJHBIMH CPelaMH oI pe-
JlesIseTCs CleyoMUMH ypaBHeHUAMH [4]:
2
n, cosH, -1, cosh, | .
s _(nlcosel+nzcosez)
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R [D2C086, -1, COs6,
b
P \n,cos6,+n,cos0,

roe R u Rp ~ MOIIIHOCTH OTPasKeHHOT0 U3/IY4YeHH C S-
U P-monsipu3aliden, N, U N, - IoKa3aTeaH IIpeloMie-
HUS Cpef, I10 pa3sHble CTOPOHBI OT IPaHUIIBI pasiena,
6, - yron mazeHus, 6, - yroi npeaoMaeHH .

JaHHBIM aTTEHIOATOpP COCTOMT M3 [BYX CTe-
KISHHBIX IIJIACTUH 6e3 IOKPBITHUS, PACIIONOKEeH-
HbIX V-06pa3Ho APyT K Apyry (puc.3). Tak kak dppe-

i1

Fresnel reflection will be reviewed. Knowing the
Power - Amplitude relation P=(A)* reflected power at
the interface between two transparent homogeneous
media is defined by equations [4]:

2

R, -

S

’

n, cosH, -1, cosh,
n, coso, +n,coso,

2
~ (nz oS, —nlcosezJ
- ’

P \n,cos6,+n,coso,

were R; and R, is reflected power of S and P
polarizations, n, and n2 are refractive indices of
intersecting media, 6, is angle of incidence, 6, is
angle of refraction.

Such attenuator comprises two uncoated glass
plates which are positioned in a chevron configuration
(Fig.3).

As Fresnel reflections are dependent on angle of
incidence, changingthe angle between the plates also
changes the power of transmitted radiation.

Class plates being uncoated determine that laser
induced damage threshold of the attenuator is equal
to damage threshold of the glass material which
makes it, in principle, the most damage resistant
external attenuator. Another advantageous feature of
this product is operation in broadband spectral range,

PHOTONICs N23/57/2016 85



HeJIeBCKOe OTPa’keHHe 3aBHCHUT OT yI/a MaJeHusd
HU3y4eHU s, TO, H3MeHAS YIroJl MeXAYy IJIacTu-
HaMH, MOXHO HOOHTBCS M3MeHeHHS MOIIHOCTHU
IIPOXOAAILIero H3ay4eHHs. TaK KaK IIJIaCTHHBI
He MMEIOT IOKPBITHS, TO IOPOr UX IIOBPEXAeHUS
JIa3epHBIM H3JIyYeHHeM OIlpelesseTcs KaK IIOpoT
paspyuieHus CTeK/jla, U3 KOTOPOTrO OHU M3IOTOB-
JIeHBI, UTO Je/aeT NJaHHBIK aTTeHI0aTOp Haubonee
YCTOMUYHBBIM K Pa3pyLIeHHIO Ja3epoM. JIpyrum
OTIMYHUTE/NbHBIM IPHU3HAKOM 3TOM KOHCTPYKLHH
SIBJISIeTCS €ee MCIIOJIb30BaHMEe B IIMPOKOM [AHalla-
30He creKTpa. TakuMm ob6pa3om, CyLIeCTByeT BO3-
MOXXHOCTb YIIPaB/JIfATh MOIIHOCTBI HMCTOYHHKOB
C IIMPOKHM CIIEKTPOM H31y4YeHHs. TeM He MeHee,
OCHOBHBIM HELOCTAaTKOM TaKOro aTTeHIaTopa
SBJISIeTCSd TO, YTO OH He MOXKeT MCII0JIb30BaThCs
€O CBepXOBICTPEIMU HCTOYHHMKAMH H3-32 OTHOCH-
Te/IbHO TOJICTOM AUCIEePCUOHHOMN Cpefbl, KOTOpas
IIPUBOJUT K BpeMeHHOMY YIJIMHEHUIO UMIIY/IbCOB.
JApyruM HeJ0CTATKOM sIB/ISIeTCS IIOTePS MOIHOCTH
HU3y4YeHHUI IPU MPOXOKIEHHH 4Yepe3 IIJTaCTHUHBEI.
Tak kak 3pdpexTa ppeHeseBCKOro OTpakeHHUs u3be-
>KaThb HEBO3MOXHO (K HmpuMepy, YP-kKpeMHHeBbIe
IJIACTHHBI OTPaskaloT bosee 3% mamarouiero M3iy-
YeHHUs Ha [OJIMHe BOJHBEL 1064 HM IOJ HPSIMBIM
yriaom mnageHus (puc.4) [5]), To MakcHMalbHOe
IpOIyCKaHHe TaKOM CHUCTeMBl COCTaBlIseT 0OBIUHO
He 6omee 90%. Tak>Ke CTOMT OTMETHTBh, YTO IPHU
[IPOXOKIEHUH Yepe3 aTTeHI0ATOP /1y4 CTAHOBUTCS
IIOJISIPU30BAHHBIM, U YeM BbIlle ocnabieHre MOII-
HOCTH, TeM 6osbllle 05 P-IIoNsSpU3alluK U3JIyde-
HM S Ha BRIXOJeE.

TakuM o00pa3oM, BHEHNIHHMMH YCTPOMCTBAMH
yIpaB/ieHHWs MOIIHOCTBIO JIa3€pPHOr0 H3JIy4YeHHS
SIBJISIFOTCS:

* YCTpOWCTBa, He YYBCTBUTE/IbHbIE K MOAspusauum
najaroLero usnyyeHus:

* pas3JnyHble HeUTpasbHble QUIIBTPHI,

* aTTEeHIOATOPHI, OCHOBAHHBIE Ha QpeHeIeBCKOM

OTpa’keHHUH.
* YcTpoWCTBa, YyBCTBUTEJ/IbHbIE K nNonspusauum
najarolLero usnyvyeHus:

* 3JIeKTPOONTHYECKHH MOAYIATOP + IOIIpH3a-

TOP,

* BOJIHOBas IJIACTUHKA + IIOJIIPHU3ATOP.

Komnanusi Altechna mnpeapnaraer crenyso-
IMIKe aTTeHIATOPBl C IJIAaBHOM PperyaIHupOBKOM
MOLIHOCTH:

e KPYTOBble HEUTPAJIbHble QUIIBTPHL,
* BOJIHOBaf IIJIACTMHKA C PYYHBIM yIIpaBjJeHHUEM +

IIOJISIpHU3aTopP,

* MOTOpPH30BaHHas BOJHOBas IVIACTHHA + IIOJISPU-
3aTOP.
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Puc.4. Paboyue napamempbi d8yx yabmpaguonemosblie Kpem-
HUeablx NAACMUH 6e3 NOKpbIMus Npu OAUHE B0AHbI U3AYYEHUS
1064 HM: a — ocnabaeHUe MOWHOCMU 6 3a8UCUMOCTIU Om y2Ad
nadeHus usAy4yeHus:, 6 — 00451 S — u P-noasipuzayuu bIXx00H020
Ay4d 8 3a8UCUMOCMU OM y2Ad e20 NAOeHUS Ha NAACMUHY

Fig. 4. Attenuation properties of two uncoated UVFS plate
based attenuator operating at 1064 nm. a) attenuation
dependence on AOI, b) transmitted beam polarization
consistence

which means that even the power of supercontinuum
sources can be effectively controlled by the solution.
However, the main disadvantage of the product is
that it cannot be used with ultrafast laser sources
due to relatively thick dispersive media which leads
to pulse temporal elongation. Another drawback is
that the minimum losses of the setup are rather
high. As Fresnel reflections cannot be avoided (for
instance UVES reflects >3% at 1064 nm at normal
incidence (Fig.4) [5] thus the maximum transmission
of such system is usually no more than 90%. Also
it is worth mentioning, that the beam after this
attenuator becomes polarized and the higher the
attenuation, the more dominant is the P polarization
at the output.

In summary, external laser output control units
are:



Komnanus "03C Cneynocmaska" aAsemcs opuuuanbrbim nped- || o
cmasumenem komnanuu Altechna e Poccuu.
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Manually
attenuators

Incident polarization insensitive:
 Variable neutral density filters
 TFresnel reflections based attenuator
* Incident polarization sensitive:
Electro optical modulator+ polarizer
» Waveplate + polarizer
Altechna offers the following continuously
variable attenuation solutions:
 Circular Variable Neutral Density Filters
variable

waveplate + polarizer

Motorized wavepalte + polarizer attenuators

O PA3BHUTHH IKCIIEPUMEHTA "C®EPA-AHTAPKTHIA"

Mpoekt "COEPA-AHTApKTMAR" CO34AETCH C Leblo
WUCCNE0BAHMS HEPTETUYECKOro CTIeKTPa M XvmMuye-
CKOrO COCTaBA KOCMUYECKUX Nyyeit B 06racTi cBepx-
BbICOKMX SHEPTUI — 3MeMEHTapHbLIX YacTuL, U saep
atoMoB, 06PA30BABLUMXCS B FNAKTUYECKUX W BHera-
NAKTUYECKUX MCTOYHMKAX. NpoekT paspaboTaH Ha base
YCTIEWHO MPOLLEALLIEro KCMEpUMEHTA Ha o3epe baw-
Kan (puc), KoTopblii MPOBOAWACS B pamKax npoekTa
"COEPA"  (http://sphere.sinp.msLiru/).  SkcriepumeHT
6bin HanpaBneH Ha MconenoBaHua LUAN (wpokwii
atMOChepHbIA IMBEHb — “NIMBEHb" BTOPUYHBIX CyaTOM-
HbIX YaCTUL, (TIPEVIMYLLECTBEHHO JMEKTPOHOB), 06pa-
3yIOLUMIACS B pe3ynbTaTe MHOKECTBEHHDIX KACKZHbIX
peakLmi B 3eMHOM aTMoc(epe. JKCnepUMeHTabHAA
ycraHoska COEPA2 npeAcTasnsieT cobon OmTHYe-
CKYIO CUCTEMY, COCTOSILLYIO M3 Chepuyeckoro 3epkana
AvameTpoM 15 M C KoppekTupytowei anadparmoi
1 Mo3ankn 13 109 O3Y, pacnonoxeHHon Ha GoKaL-
HOW MOBEPXHOCTW 3epkania. YCTAHOBKA MOAHWUMAETCS
Ha MPUBSI3HOM a3POCTaTe He3nyHHON 3UMHEN HOYbIO

Snosepxrocrn = H2

Jlen, NOKPbITbIA CHErom

Puc.1. Cxema 3Kcnepunerma Ha o3epe batikan

HaZl MOKPLITOA CHEroM MOBEPXHOCTLIO 3eMAN M peru-
CTPUPYET YepeHKOBCKOe u3NyueHue LLIAJI, oTpaxeHHoe
OT CHera. B HacTosee Bpemsi NOZbeMbl YCTaHOBK
COEPA2 € NOMOLLbLIO MPUBS3HOMO A3pocTata NpoBo-
[STCS HZ, NOKPLITOI CHErOM NIEL0BOI MOBEPXHOCTbIO
03epa baikan Ha BbICOTY A0 TKM.

Jnq BbinonHenus npoekta "COEPA-AHTapkTva"
Co3aeTcs ycTaHoBka "COEPA-A' — efIMHCTBEHHbIN
B PO 1 YHUKANLHBIA C TOYKM 3peHMS MPUMEHSIeMOi
METOAVKY U3MEpEHUI MHCTPYMEHT A1s MOUCKa U 13y-
YeHUs UCTOYHUKOB MepBUYHDIX KOCMMYECKUX yqelt
(MKJT) B KOXHOM NoAyLLIAPUM HeBecHoi cdepbl 3emm,
KOTOpOE HEOCTYMHO AN HAbKOAEHNS C TEpPUTOPUM
Poccum.

YacToTa npuxoaa Takux COBLITHIA HACTONLKO M,
YTO €MHCTBEHHBLIM METOOM WX W3y4eHus SBASETCS
PerucTpaums BCTIbILEK CBET, BOHWKAIOLWMX Npu
nonagaHyi NepBIYHON YacTuLbl B aTMochepy emnn.
M3MepeHus MPOBOASTCS TONbKO B YC/IOBMSX SCHOM
11 6€3MIYHHOI HOUY M3-3a MaJION APKOCTY 3TIX BCTIbILLIEK.
HabniogarenbHbli KMMMAT B AHTapKTUae — AoAras
MOASPHAs HOYb, YncTas armocdepa, yCToiumBbIe Lp-
KyMTMONSpHble BO3AYLIHbIE MOTOKA W HaMuMe passu-
TON MHPACTPYKTYPLI MOAAPHLIX CTaHLMA PO — no3so-
NSET MPOBECTU 33yMaHHbII IKCTIEPUMEHT. YCTaHOBKA
"COEPA-A' (puc.2) crocobHa perucTpupoBarth /iga TMna
CBeYeHNs:  (yOpecLieHTHbIA CBET W OTPaXEHHbIN
OT CHEXHOW MOBEPXHOCTW YepeHKOBCKMI cBeT. Onyo-
PECLIEHTHDIA CBET reHepupyeTcs 3a CYET WOHM3aLMM
MOfeKyN atMOCdepbl OT KACKaga BTOPUYHDIX YacTuL,
Kackap 0bpasyeTcs B peynbTaTe B3auMOAeACTBMS Nep-
BMYHOW YACTMLIbI C YACTULIAMM 3eMHO aTMOCDepbI.

UepeHKOBCKMA CBET BO3HWKAET 3a CYET TOTO, YTO
YacTMLA Kackaja [BUKETCA €O CKOPOCTbIO, MpeBbl-
LwaroLLiev (:asoByio CKOPOCTb PACMPOCTPaHeHMs CBETa
B armocdepe. Mpn 3TOM (yOpeCLieHTHDLIA CBET M3AY-
YaeTcsl U30TPOMHO W HeceT MHGOpMaLMio 0 dopme

]

H=30km
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,/ "3onotas obnacty" \
4 5=400 kM2
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’
’

/
/

// ~5 KM Ans Eq> 101038

!

CHeXHas MOBEPXHOCTb
S=600 km?

OnionpecLeHTHbI cBeT

OTpaxeHHbI YepeHKOBCKMiA CBET

Puc.2. Cxema 3kcnepumenma "COEPA-AHmapkmuda”

Kackafid BTOPUYHbIX YACTWL, YTO MO3BONSET Onpese-
JUTb TN NEPBUYHON YacTULbl (MPOTOH, AP0 XKenesa
W T.N). YepeHKOBCKMiA CBET W3MY4AETCA HaNpaBfeHHo
BAOMb OCW PA3BUTUS KAckadd W [AeT BOMOXKHOCTb
OLIeHMBATb 3HEPIVIO 1 HaNpaB/ieHe MPUXoAA NepBiy-
HOM yacTuupbl. "COEPA-A" MOXeT 3ddekTvBHO peru-
CTpMpoBaTh 062 TMMA CBETOBOTO M3MYYeHWS OfHIM
[LeTeKTopoM.

[JleTeKTpYOLLYIM 37IeMEHTOM YCTaHOBKM SIBNSETCS
(BEPXYYBCTBUTENbHAS 1 CBEPXOLICTpas Buaeokamepa,
KoTopasi CnocobHa peruCcTpupoBaTb eanHULbl GOTo-
HOB € 4aCTOTON [0 10 MAH. KaZpOoB B CekyHay. Matpuuia
JeTektopa cocTouT W3 ~3300 KpemHuesbX hoToym-
HOXUTeNen. YCTaHOBKA MOAHMMAETCS Ha a3pocTare
Ha BbICOTY ~30 KM 11 PerucTpupyer BCNbILLKK OT nona-
[RIOLLX B aTMOCPEpy HacTuL,.

[To mamepuanam 3amemxu B. XKebum,

AHW "ONAH-undopm"
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