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CUCTEMbI SNIEKTPONMUTAHUS
MHOIFOKAHA/bHbIX A3EPOB
C AMOAHON HAKAYKOM

A. Temnuukos, A.Tatioco de noc Canmoc, 3. ITasaosa,
A. ®edopos, A. KoaecHuros, 000 Pedaa

OcCHOBHble cpepbl MPUMEHEHUS MOLLHbIX J1a3epHbIX
cucteM — GpyHAaMeHTa/lbHble U NPUKIagHbie
vccnepoBaHus B 06/1aCTU UHepLUMabHOIoO
TepMosAepHOro CMHTe3a, B3aMMOAENCTBUSA MOLLHOIO
Jla3epHOro Ussiy4eHus C Bel,ecTBOM. AHanus
pasBUTKA Na3epHbIX YCTAHOBOK CBUAETE/IbCTBYET

0 B3TOM MX NMPOU3BOAMUTENIAMU HaNpaBieHUU

B CTOPOHY AaJIbHENLLEro yBe/iM4yeHUs MOLLHOCTU.

B cTaTbe 1aKOHUYHO OMMUCaHbl OCHOBHbIE
NPUHLMIMbI MOCTPOEHUS YHMUBEPCA/IbHOW CUCTEMBI
3/1eKTPONUTaHUS MOLLHOIO0 MHOMOKaHaJIbHOro
/la3epHOro KOMrJiekca C AUOLHOM HAKAYKOM.

porpecc B 06;1acTu J1a3epHOM QU3UKHU U Tex-

HHUKH, C TOYKH 3peHHs IIOBbIIIeHUS 3ddek-

TUBHOCTH JIa3epHBIX CHCTeM, CBS3BIBAIOT
C Co3maHMeM MOILIHBIX JHHeeK U MaTPHUI] Ja3ePHBIX
OHOOOB U Ha UX OCHOBE — CUCTEeM HAaKAa4YKKU MOIIHBIX
TBEePLOTEbHBIX J1a3€poB, 00Jafarom KX BBICOKMMU
yIOeJIbHBIMH XapaKTepPUCTHKAMKU M HaJeXKHOCTBIO.
CornacHo maHHBIM >KypHasua LaserFocusWorld [1],
3a 2013 rof ;ma3epel ¢ IUOJHOM HaKauKOM COCTaBISIOT
49% ot ob1ero yuciaa J1a3epoB.

JUis 3/IeKTPOIMTAHUSA U YIIPABJIeHU S J1a3epHBIMU
CUCTEMAaMHU C MOIJHOCTBIO HAaKauyKM [0 5 KBT, Kak
IIPaBUIIO, UCIIONB3YIOT MOHOOIOUHYIO KOHCTPYKIIHIO.
Eciy MOIIHOCTh HaKadKH JIa3ePHOM CHUCTEeMBI IIpe-
BblIIaeT 5 KBT, 3¢ deKTUBHOCTL IPUMEHEHHsI MOHO-
67109HOT0 KOHCTPYKTHBA HAauHHAeT yCTyIaTb CHCTe-
MaM, OCHOBaHHBIM Ha MOAYJIBHOM IIOCTPOEHHH.
JIa3epHBIe CHCTEMBl BBICOKOM MOIIHOCTH B OCHOB-
HOM SIBASIIOTCSI MHOTOKAaHAaJIbHBIMU C MOIIHOCTBIO
HaKa4yK{ KasKOOTo KaHasa He 6osee 5 KBT. TakuUM
0bpasom, Ipu NpUMeHEHUH MOJY/IbHOIO IIPUHIIKIIA
KakJasg MOAYIbHAas eJUHHIIA MHTaeT CBOHM KaHal
HaKa4KHU JIa3epHOM CHUCTEMBI.

OCHOBHBIMHU IIPEHMYINECTBAMU IIOCTPOEHU S
CUCTeM 3JIeKTPOIIMTAaHHS BBICOKOMOIIHBIX JIa3€pOB
10 TAKOMY IIPUHIIHITY SIBJISIOTCS:

e IOCTYIIHOCTH 37IleMeHTHOH 6a3bl;
* BO3MOXHOCTb IIepeCTpauBaHHs CHUCTEMBI

HeobxoguMoe KOJTMYeCTBO KaHaI0B HaKAUKH;
* IIPOCTOTA TPAHCIIOPTHUPOBKH;

jufo)is
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ELECTRICAL POWER SUPPLY
SYSTEMS

FOR MULTI-CHANNEL
DIODE-PUMPED LASERS

A. Temnikov, A. Gayoso de los Santos, Z. Pavlova,
A. Fedorov, A. Kolesnikov, Fedal Ltd

High-power laser systems are mainly applied during
the fundamental and applied research activities in
the area of inertial thermonuclear fusion, interaction
of high-power laser radiation with the substance.
Analysis of the development of laser devices indicates
the orientation towards the further increase of
capacity by their manufacturers. The article briefly
describes the main principles of construction of the
universal electrical power supply system for high-
powerful multi-channel diode-pumped laser jet.

rom the point of view of enhancement of laser
systems efficiency, progress in the area of laser
physics and engineering is connected with the
creation of high-power rules and matrices of laser
diodes as well pumping systems of high-power solid-
state lasers which have high specific characteristics
and reliability. According to the information of
LaserFocusWorld magazine, diode-pumped lasers
accounted for 49% in the total amount of lasers in 2013.
As arule, for the electrical power supply and control
of laser systems with the pump power up to 5 kW
monoblock construction is used. If the pump power of
laser system is more than 5 kW efficiency of monoblock
construction application begins to be inferior to the
systems based on module construction. High-power
laser systems are mainly multi-channel systems with
the pump power of every channel of not more than 5
kw. Thus, when applying the module principle every
module unit feeds its pump channel of laser system.
The main advantages of construction of the
electrical power supply systems for high-power lasers
on the basis of such principle are:
 accessibility of element base;
+ ability to rearrange system for the required
amount of pump channels;
 easy transportation;
* repairability.
For the first time Fedal Ltd company faced the
necessity to construct the power supply system using
module principle when working with the solid-state
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*  PEMOHTOIIPUTOJHOCTb.

BrmepBble kKomIlaHUg OOO @epan CTOJIKHYIACH
C HeoOXOAMMOCTBIO IOCTPOEHHS CHCTEeMBI 3JIeKTPO-
IIUTAHUA II0 MOAYJIBHOMY IIPUHIMIIY eIle IIpHU
paboTe C TBepIOTeIBPHBIMHU JIa3€PaMH C JIAMIIOBOK
HaKauKou. JIazep 6blI IpemHa3sHaueH [/ TepPMO-
packojia CTekjaa, MMeJl TPH KaHaJla HaKayKH C JIaM-
namu HMHIT 16/2503. CucteMa OHUTAHUS IS 3TOrO
Jasepa BKJIIOYajaa TPHU BBICOKOBOJBTHBIX 3aPSATHBIX
MOAYIS C BCTPOEHHOM CHCTeMOH CHHXPOHM3aILHH,
TpH 6JI0Ka IOJIKUIA U TPU DaTaper KOHIEHCATOPOB.
BrmocsencTBUM KOMIIAHHMS CTPOMJ/IA MHOTOKaHaJIb-
Hble CHCTeMBbl IKUTAHUS )i j1a3epoB, HaKauyHuBae-
MBIX Tamnamu MHII 16/2503 1 MHIT 18/8503.

PoCT MOIIHOCTH JIa3epoB C AHUOJHOM HaKa4yKoM
II03BOJIMJI IIPUMEHUTHL 3HAHUS, IIOJy4YeHHBIE IIPHU
IIPOeKTHPOBAHHUU CHCTEM C JIAMIIOBOM HaKadKOH
B 00/1aCTH J1a3epHBIX AU0J0B (pHcC.1).

Hns penieHus 3azay NUTaHHS MOLIHBIX J1as3ep-
HBIX CUCTeM C JMOJHOM HaKauKou 6bl1 pa3paboTaH
HCTOYHUK NHTaHUA SF308 co cpefHel BBIXOAHOH
MOIIHOCTEIO 5 KBT (puc.2). Ha ero ocHOBe CKOHCTPY-
vpoBaHa Mogubukanusa SF308 masg MHOrokaHaIb-
HBIX JIa3€pOB, OTIMYAIO[AsCSI OTCYyTCTBUEM JHCILIes
1 OPTaHOB yIIpaBjeHUs [2-4].

HctoyHuk nuTaHus SF308 gaBisgeTcsa reHepaTo-
POM HMMIIy/IbCOB TOKa, OCHOBAHHBIM Ha IIPUHIIMIIE
YaCTUYHOTO pa3psja eMKOCTHOTO HaKOIIMUTe/IsI SHep-
ruu (EHD).

Ons 3apsaga EHD HcIonb3yeTcs pe30HaHCHBIU
TPaH3UCTOPHBIM HHBepTOp. CHCTeMa YIIpaBileHHUS
OTC/IeKHMBAaeT YPOBEeHb HAIPSIKeHHS HAKOIIHUTe/s
Y BK/IIOYaeT MHBEPTOP, KOrJa HaIpsiKeHHe HAKOIIM-
Te/Isl YMEHBIIAeTCS HIDKe 3aJaHHOro. i HCKIIIO-
yeHHUsT cb6oeB B CHCTeMe yIIpaBJIeHHUs Ha BpeMs

i

Puc.1. MHozoKaHanbHas cucmema 3nekmponumasus Aasepa
€ OUOOHOU Haka4kol

Fig. 1. Multichannel electric power supplied system for diode-
pumped lasers

flashlamp-pumped lasers. Laser was intended for the
glass thermal split, it had three pump channels with
the lamps INP 16/250E. Power supply system for this laser
included 3 high-voltage ordinary modules with builtin
synchronization system, 3 ignition blocks and 3 condenser
batteries. Afterwards, the company constructed multi-
channel power supply systems for the lasers pumped by
the lamps INP 16/250E and INP 18/850E.
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Puc.2. imnynbCHbIU UCMOYHUK NUMAHus Aasepa, modenb SF308
Fig. 2. Laser power supply SF 308

GOpMHUPOBaHMSA UMIIy/IbCAa TOKA B HAarpPy3Ke BKJIIOYE-
HHe HHBepTopa 67I0KupyeTCs.

®opma UMIIY/IbCOB TOKA, II0JIy4aeMBbIX B T'eHepaTo-
pax ¢ EH3, 61m3Ka K IPSIMOYTOIBHOM, IIIOCKASI YaCTh
HMITy/IbCa UMeeT 3KCIIOHeHIIHa/IbHBIM CI1a/l. O4eBH/IHO,
YTO BeJIMYMHA 3TOro craja OygeT pacTu C yBenude-
HHeM [JHTEIbHOCTH KMMIIy/ibca. KOHEUHO, IOBBIIIAS
CyILIeCTBEHHO eMKOCTb HAKOITUTe/Isl, MOXKHO HOOUThCS
MOYTH IJIOCKOM BepIIMHBI HMMITY/IbCa, HO TaKOH IIOA-
X0[ Helleslecoobpa3seH € 5KOHOMMYECKOH TOUKH 3peHHS.
Kpome 3T0ro, M36bITOUHASI SHEPTHsl OOJIBIIOr0 HAKOIH-
Tesl B aBapUMHBIX peKHMMax (IIPOIYCK Pa3sMBbIKaHHUS
KJI0Ya) MOYKeT IPHUBECTH K pa3pylleHHIO Harpys3KH.
B pesynbrare 3TOro BO3HHK/IA HEOOXOIHMOCTh KOPpeK-
UM GOPMBI MMIIY/IbCA TOKA C L@JIbI0 YMeHbIIeHUS
BeJIMYUHBI CIafa IUIOCKOM YacTH IIpH IpHeMJIeMOH
BeJIMYMHE HAKOIIUTEIS.

PemruTh 3Ty 3afayy YAAM0Ch C IIOMOIIBIO IIOJIHO-
CTBIO YIIPaB/I€eMOI0 TPAH3HUCTOPHOI'O K/TI04a, KOTOPBIH
[103BOJISIeT KOPPEKTUPOBAaTh GOPMYy MMILY/IbCA TOKA, a
TaK>Ke HUI'PAeT Pojb 3alIUTHL OT BHIOPOCOB TOKA, CIIO-
COOHBIX BBIBECTH [OPOTOCTOSIIHE JIa3epHble [IHOJBI
13 cTpos [5].

Jln1st 06beIMHEeHUSI HICTOYHUKOB ITUTAHUS B € IMHYIO
MHOTOKAHAaJIPHYIO CUCTeMY 6bLJI0 pa3paboTaHO yCTPOH-
CTBO CHHXPpOHM3aluu SF700. YCTpOMCTBO IpefHa3Ha-
YeHO Il OJHOBPEMEHHOIO HJ/IM Pas3[e/bHOr0 yIIpaB-
JIeHU I HECKOJIBKMMHM UCTOYHHKAMU [THTaHU S J1a3ePOoB
npou3sBozcTBa OO0 "Penan” (puc.3). YCTPOHCTBO cofep-
SKUT CHCTeMy YIIpaBJIeHHs ITHTaHHeM s obbequ-
HEHHBIX B CTeK UCTOYHHKOB, HHTepeNC yIIpaBleHHUs
MCTOYHHKAMH U CUCTeMY FeHepaliiy UMITY/IbCOB CHH-
xpoHusanuu. CBa3p Mexay SF700 M HMCTOYHHKAMU
[IUTaHUS OCYIIECTB/ISeTCS II0 OIITOBOJIOKOHHOM CeTH
nubo mo mHTepdericy RS232. K ofHOMY YCTPOMCTBY
CHHXPOHM3ALIMH BO3MOKHO OJHOBPEMEHHOE ITOIKIIIO-
YeHHe 10 BOCbMH HCTOYHHUKOB MNUTaHHUA. [1d yasep-
HBIX CHCTEM C KOJTHYeCTBOM KaHAJIOB 6oree BOCBMU
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Power increase of the diode-pumped lasers made
it possible to apply the knowledge obtained upon the
design of flashlamp-pumped systems in the area of
laser diodes.

In order to solve the tasks on the power supply of
high-power diode-pumped laser systems the power
source SF308 with the average output power of 5 kW
was developed. Modification SF308 was designed on
its basis for the multi-channel lasers; it differs by the
absence of display and controls.

Power source SF308 is the current pulse generator
based on the principle of the partial discharge of
capacity energy storage (CES).

For CES charge the resonance transistor inverter
is used. Control system tracks the voltage level of
storage device and turns on the inverter when the
voltage decreases below the given value. In order to
exclude the control system failures during the period
of formation of load current output pulse, turning on
function of the inverter is blocked.

2 PC [JESF308-1.1
g SF700-1.

SF308-2.1
¥'5F700-2 |
/
’ SF308-n.1
'5F700n |

Puc.3. lMpuHyun pabomsl MHO20KAHAAbHOU cucmemel
3/eKmponumMadus Aasepa ¢ OUOOHOU HaKa4vKoll

Fig. 3. Operation of multichannel electric power supplied
system for diode-pumped lasers
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IIpegycMOTpeHa BO3MOXKHOCTh ob6benuHeHHs SF700
B CeTh II0 MPOTOKONTYy RS485 nubo IO ONTOBOJIIOKHY.
TanpBaHMYeCKas U30JIALMS BCeX CBS3eH, a TaKsKe BO3-
MOSKHOCTb HCIIO/NIb30BaHMS OIITHYECKOI CBSI3U obecrie-
YHBAIOT BBICOKYIO ITOMEXO3alIMINEHHOCTh KOMILIEKCA
B LI@JIOM.

HcTouHUKM NHUTaHUS SF308 M yCTpOMCTBA CHH-
xpoHu3anuu SF700 IpencTaB/asiOT 3aKa3uMKy BO3-
MO>KHOCTb CO6PaTh YHHUBEPCATBHYIO CHCTEMY 3JIEKTPO-
IMUTAaHHUSA MOIIHOIO MHOIOKAaHAaJbHOIO JIa3€PHOI0
KOMIIJIEKCA C HOJHOM HaKa4KOM.
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The form of current pulses obtained in the
generators with CES is similar to the squared shape,
flat part of the pulse has exponential decay. It is
obvious that the value of this decay will grow with
the increase of pulse duration. Of course, practically
flat pulse top can be achieved by increasing the
storage capacity considerably, but such approach is
not reasonable from the economical point of view.
Besides, the excess energy of large storage device
in emergency operation (omission of key break) can
cause the load disturbing. Accordingly, the necessity
to correct the current pulse form occurred for the
purpose of decrease of the decay value of flat part
upon the acceptable storage value.

This task was solved with the help of completely-
controlled transistor key which allows correction of
the current pulse form and plays the role of protection
against current surges which can disable expensive
laser diodes.

In order to combine the power sources into unified
multi-channel system the synchronization device
SF700 was designed. This device is intended for the
simultaneous or discrete control of several laser power
sources manufactured by Fedal Ltd. Device has the
power supply control system for the sources unified
into the stack, sources control interface and system of
generation of synchronization pulses. Communication
between SF700 and power sources is accomplished on
the basis of fiber-optic network or interface RS232.
Power supply sources in the amount up to 8 items can
be connected simultaneously to one synchronization
device. For the laser systems with more than 8 channels,
the capability of SF700 combination with the network is
provided on the basis of RS485 protocol or optical fiber.
Galvanic insulation of all communications as well as
capability of usage of optical communication ensures
high interference protection of the jet in general.

Power sources SF308 and synchronization devices
SF700 give the opportunity to assemble universal
electrical power supply
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