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MpepcraBnieHbl AaHHbIe O NPOU3BOAUTENIBHOCTHU
M HaZLle>XHOCTU BbICOKOMOLHbIX ANOAHbIX
peweTok, paboTaloLmMX B KBasMHenpepbiBHOM
pexume (QCW). NMokasaHo, KaK MOXHO MOBbICUTb
3¢ $peKTUBHOCTb paboThbl U BbIXOAHYH MOLWHOCTb
npu noBbilWeHHbIX A0 45°C TeMnepaTypax
TenjiooTBoAa 6e3 aKTUBHOIO BOASIHOr O
oxnaxpaeHus n 6es NCNonb3oBaHUS 3/IeMeHTOB

MNenbTbe.
M MOBBIIIEHHOM MOIIHOCTH OBIIM Ppa3spa-

6oTaHBl IOJ 3aka3. BhlCOKas KOMIAKT-
HOCTb M HAaJeXXHOCTbh KOHCTPYKLUHH II03BOJISeT
yucrnonb3oBaTh QCW-MacCUBBL B YC/IOBUAX [JIH-
TeJbHBIX Pabouyux IUKI0B. OCHOBHOM 3JeMeHT
KOHCTPYKIIMKM MacCCHBa - IlepuoguyecKkas CTPYK-
Typa (OuUoLHas J/HHeHNKa), NpelcTaBasiomas
cOOpPKY K3 OJMHOYHBIX Ja3epHBIX AHOLOB. JTHU
371eMeHTHl HMMeIOT pa3Mep 1 CM, BBHIIIOJHEHEI
C 2JIeKTpoAaMH M3 cmiaBa AuSn. OHH PpacIo-
JIO’KeHbl MeXXJAY OBYMS TeIlJIOOTBOLAMH B BHJe
cimoeB u3 cmaBa CuW. MaccuB u3 15 OHIHBIX
MoOAyel, TaKke Kak U OJUHOYHBIN Oap, pa3me-
IIAIMCh HAa KepaMHUYeCKUX IJIACTHHAX C Pa3inuy-
HBIMU II0Ka3aTe/JIMHU TeIlJIOOTBOJA. Pe3yjbTaThl
[I0Ka3BIBAIOT, YTO BBIXOJHAas MOLIHOCTb jia3ep-
HOIO M3JIy4YeHHS CTPOro 3aBUCHUT OT [IJAHUHEI
BOJIHBI, HAa KOTOPOM M3/y4aeT JUOAHBEIE COOPKH,

cclmenyeMble MOAYIM OUOOHBIX CHOPOK
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The performance and reliability data of high-brightness
QCW arrays are presented.Operation at increased heat
sink temperatures up to 45 °C is possible without active
water cooling or conduction cooling with the help of
Peltier elements.

e present performance and reliability data of
W high-brightness QCW arrays with a custom,

compact and robust design for an operation
with high duty cycles. The general design is based on
single diodes consisting of a 1cm laser bar that is AuSn
soldered between two CuW submounts. Arrays of up
to 15 diodes are connected to ceramic base plates on
different heat sinks. The available optical peak power
strongly depends on the wavelength and fill factor of
the laser bars as well as on the duty cycle, the base
plate temperature and the thermal conductivity of the
applied ceramic materials. Operation at increased heat
sink temperatures up to 45 °C is possible without active
water cooling or conduction cooling with the help of
Peltier elements. Novel laser diodes allow for more
efficient operation and higher optical output powers.

INTRODUCTION

Quasi-continuous-wave (QCW) operation of a laser
diode means that it is switched on only for certain
time intervals being short enough to reduce thermal
effects significantly, but still long enough that the
laser process is close to its steady state, i.e. the laser
is optically in the state of continuous-wave operation.
Usually the duty cycle (percentage of "on" time) takes
only a few percent, thus, strongly reducing heating
and all related thermal effects, such as damage due
to overheating [1] or thermal lensing [2]. Therefore, the
QCW mode allows for the operation with higher optical
peak powers at the expense of a lower average power.
Thus, the cooling arrangement of usual QCW arrays
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IIJIOTHOCTH ynaKOBKH* OUOI0B B MacCCHUBe, IJIU-
TeJIBHOCTH PaboThl, TeMIIepaTypbl U TeIJIOIPO-
BOJHOCTH KepaMH4eCKOH IOAJIOKKH. [IoKa3aHo,
UTO 3KCIJIyaTal M IPU TeMIIepaTypax IIOAJIOKKH
Io 45°C Bo3MOXHa U 6e3 IpUMeHeHHUS BOOSIHOIO
OXJaXXAeHUsI UIH 31eMeHToB IlenpThe. HoBas
KOHCTPYKIIUSI MacCHBa CIoCcobCTByeT yBenudye-
HHUIO MOIIHOCTH U boiiee 3¢ dekTUBHOU paborte.

BBEOEHUE

TepMHH "KBa3HHeIIPepPhIBHBIN PesKUM PaboThl’ nasep-
HOIO [MOAA O3HAyaeT, YTO JIAa3ePHBIM MCTOYHHK
HaKa4K{ HAXOOUTCS B COCTOSIHUHU "BKIIIOUEHO" B Teue-
HHe KOPDOTKHX HHTEPBAJIIOB BpeMeHHU. WX IIHUTeNb-
HOCTb SIBJISIETCSI HACTOJIBKO KOPOTKOM, HACKOIBKO 3TO
HeOoOXOMMMO OIS CHMKeHHS 3)(PEKTOB, CBSI3aHHBIX
C BbIJIeJIEHHEM TeIlIa B CTPYKType, HO BCe Ke JOCTa-
TOYHO [AJHTEIbHBIMU IJISI CTAabHJIBHOTO HU3J1ydeHUS,
6JIM3KOro K HeIlpephlBHOMY. O6BIUHO KO3OUIILEHT
3aII0JIHEHUS] COOTBETCTBYET HECKOIBKUM ITPOLIEHTaM,
YTO 3HAYHTETBHO CHHKAeT HarpeB U BCe CBSI3aHHBIE
C 3TUM TeIlJIoBble 3¢pdeKThl, TAKHEe KaK TepMHUYeCKoe
NMUH3UpoBaHUe [l] M BBIXOA U3 CTPOSL B pe3yibIaTe
nieperpesa [2]. [ToaTomy paboTa B KBa3UHEIIPEPHIBHOM
pe>kKMMe IIPHBOAUT K IIOBBIIIEHHIO ITHKOBOM MOII-
HOCTH 32 C4eT [aJIeHUs CpeJHer MOIIHOCTH. TaKHUM
obpasom, MonyiIb oxnaxkaeHHss QCW-MaccuBa 0OBIUHO
paspabareiBaeTcst AT HeGONBIIMX TEIUIOBBIX Harpy-
30K. MICTOUHHMKH MOTYT pacIosnararbcsi 6oee 61m3Kko
K MOJYJIIO OXJI&SKJEHHSI C LeJIbIO IT0yYeHHUsI BBICOKOK
MOIIHOCTH H31y4deHHs Oimaromapsi 6osmee KOMITaKT-
HOMY PaCIIONIOKeHHI0. Takoe pellleHHe OKAa3bIBAETCS
fosiee BBITOLHBIM B CPaBHEHHH C MAacCHBaMH, Il
HCIIOB3YeTCsl MHUKPOKAaHAIbHOE OXJIaskAeHHe HIU
CS-xopmyc [3].

KBasuHenpephlBHEIE JIa3epHble THHEHKH M Mac-
CUBBI IIMPOKO MCIIONB3YIOTCSI BO MHOTHX cdepax:
B IIPOMBIIIJIEHHOCTH, MeJHLIMHe, HayKe, KOCMOCE,
obopoHe, BKIIOYasi JaJbHOMETPHIO, LleleyKa3aHHe.
B 3aBHCHMOCTH OT pellaeMbIX 33/1a4 SHEPrus U AJIH-
TeJIBHOCTb MMIIYJIbCA MOTYT BapbHPOBAThCSl B IIHPO-
KOM JUaIla3oHe, B COOTBETCTBHUM C HUMU MeHSETCS
M KayecTBO Jiyuya. TpeboBaHHSI K MOILIHOCTH H3Jy-
YeHUsI, 4acTOTe IIOBTOPEHHUSI HMIIYIbCOB U KO03b-
GUIIMeHTY 3al0oJIHeHHWs CYIIeCTBEHHO 3aBHCST

InotHocTh ymakoBku (fill factor) - oTHomeHMe MHUPUHBL Ta-
3epHOr0 371eMeHTa K PACCTOSHUIO MEeXAy LieHTPaMH Jasep-
HBIX CTEP)KHEH B MaccHBe ([I€PUOAY CTPYKTYPhl), BEIPAsKeHHOE
B [IPOLIEHTAX.

** KoapduimeHrt 3anonseHus (duty cycle) - oTHomeHHe AIUTENb
HOCTM HMIIYJIbCA K IIEPHOAY ero CIeLOBAaHHs, BbIPaskKeHHOE

B IIPpOLI€HTAaX.

i1

is designed for small heat loads, and the emitters
can be more closely packed in order to obtain higher
peak power densities resulting in QCW array sizes,
i.e. volumes, being much smaller compared to usual
stacks of micro-channel coolers or CS mounts [3].

QCW laser bars and arrays have found a wide
range of applications in industry (mostly for pumping),
in medicine and cosmetics such as surgery or hair
removal, in science for the generation of high-
energy ultra-short pulses, in space as pumps for light
detection and ranging or in the defense area for range
finding and target designation. In the last few years,
there is an increasing demand for compact and robust
QCW stacks operating at higher duty cycles and with
longer pulses beyond the classical QCW limit described
above. New applications require increased operation
temperatures and the option of reduced or no cooling
using water or Peltier elements [4, 5]. For this purpose,
we have developed a custom, compact and robust
laser diode array (LDA) design with large flexibility
regarding the number of bars, the size and the ceramic
material as well as the cooling concept.

GENERAL DESIGN OF THE QCW LDA
The general design of our QCW LDA for an operation
with high duty cycles is illustrated in Fig. 1 (left part).
It is based on a customized number of individual laser
bars (marked with blue color) sandwiched between two
thermal expansion matched submounts consisting,
e.g., of copper tungsten (shown in orange color).
A custom number of these sandwiches is arranged on
an electrically insulating ceramic base plate (gray color)
using a low-melting solder. The base plate can be easily
adapted to different active or passive cooling elements
(brown color) on the backside. The small elements
shown in red color on both sides of the LDA are NTCs
(Negative Temperature Coefficient Thermistors) for
temperature monitoring during operation. There are
several base plate sizes and layouts of the electrical
contact structure (yellow color) available at DILAS to
meet our customer’s demands. The improved cooling
via backside cooled ceramic plates is an important
benefit of this design. With respect to optimal cooling
and mechanical stability, we prefer a solder connection
between the base plate and the cooling element. The
photo in the right part of Fig. 1 gives an impression
of the original size of one identically packaged laser
bar sandwich on another custom base plate consisting
of the same materials. We have called LDAs with the
above described general design C-stacks.

Some important features of this compact and
robust LDA design offering scalability and modularity
are listed in the following:
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OT IIpUJIOKeH M. [10SIBUIMCh HOBBIE 3a[1a4l, pellleHHs
KOTOPBIX TPebyIoT 6oJiee MPOMOISKUTEIBHOIO BpeMeHH!
CJIy>KOBI, KOMITAKTHOCTH, IIOBBIIIEHUS IJIUTeIbHOCTH
HMMITy/IbCa, pabOTHI IIPU IOBBIIIEHHBIX TEMIIEPATYpPax
MIPY HATHUY KU 712600 0XJIKIEHU S KT Ia5Ke IIPU ero
OTCYTCTBHH [4, 5]. [/l 3TUX LieJiel MBI pa3paboTanu
creruanbabple QCW-MacCHUBBI, obafaoliye KOMIIAK-
THOCTBIO U HaJIe>KHOCTBIO, BO3MOXKHOCTBIO BaPbHPOBA-
HHS YHCIA Ja3epHBIX JIMHeeK B MacCHBe, rabapuToB,
MaTepHaja IMOAJIOKKH, a TaKKe ee KOHPUIypallMH
JIJISI COBMEIIEHU ST C CUCTEMOM OXJIaKIEeHU .

NMPUHUUTMTNATIDHAA CXEMA

JIA3EPHOIO MoAavans

Ha puc.1 cneBa mpefcraBieHa cxeMa COOPKH, COCTOSI-
Iler K3 Ja3epHBIX JHOAOB, HU3/y4YaIOUUX B KBa3HHe-
IIpepLIBHOM PpeskuMe. KiioueBasi 0COOEHHOCTb HaH-
HOM KOHCTPYKIIUH — 3aJaHHOe (10 UHAUBHUYaIbHOMY
IIPOEKTY) YMCJIO JIa3epPHBIX MoAayJel (Ha cxeme OTMe-
YeHbl CHHHUM LIBETOM), BCTaBJIEHHBIX MeXKIY ABYMSI
ciosiMu crvtaBa CuW (BbIie/IeHbl OPaH KeBBIM I[BETOM),
00/IaAI0OIUX CXOKUM TeMIIePaTyYPHBIM KO3POUITH-
€HTOM pacIIHpeHHUs. JJaHHble MOAY/IH PaCIIOIOKEHbBI
Ha 3/IeKTPOU30IHUPYIOIIe KepaMHUYeCKOH IIOAJIOXKKe
(BBIIENIEHA CepBIM LIBETOM) CO CIIelIMaIbHBIM KOHTAKT-
HBIM cjI0eM (BBIAEIeH >KeIThIM ILIBETOM) C HCIIO/Ib30-
BaHMEM JIeTKOIIABKOIO IIPUIIOSA. 3afaHHBIe pa3Mep
1 dopMa KepaMHUYeCKOH IOAJI0KKH I103BOJISIIOT JIETKO
A[ANTHUPOBAaTh MACCHB IIO[ pa3jIM4YHble aKTHUBHEBIE
W IIaCCHMBHBIE 3JeMEeHThI OXJIaKIAeHUSsI (BbIJeIeHbI
KOPUUYHEBBIM I|BEeTOM). Ba>KHBIM IIpeHMMYIeCTBOM
pa3paboTaHHON KOHCTPYKLKMHK SIBISETCS YIy4lIeH-
HOe OXJIaXKJeHHe Yepe3 3aJHIOI0 YacTh KepaMHYeCKOK
MIOAJIOKKH. MHHHATIOPHBIE 3JIeMEeHTBI, PAaCIIOIO’KeH-
Hble 110 OOKaM YIAKOBKH JIa3epHBIX MOZAYJIEH, SIBIIS-
0TCS TepMHCTopaMH* IJIS1 KOHTPO/IS U3MeHeHU S TeM-
Iepatypsl Bo BpeMs paborel. Ha doTorpaduu cripasa
(cMm. puc.l) mokasan QCW-MaccuB B HaTypa/bHYIO
BeJIMYHMHY C ONHUM JIa3€pHBIM CTep>KHEM H HeMHOIO
M3MeHeHHON OpMOH IMOAJIOKKH, COCTOSIIEHN M3 aHa-
JIOTUYHOI0 MaTepHaJa.

KoHCTpyKIUsl cOOpPKU obeclieurBaeT ee HaJeX-
HyI0 paboTy B KBa3UKMIIyJIbCHOM PeXHMe IIpH AJIH-
TeJbHOM 3KCII/IyaTalluH U IIOBBIIIEHHON TeMIIepaType
IIO/IJIOKKH. ITH NOCTOMHCTBA obecriedeHs! braromaps
C/IeIyIOIMM 0COD@HHOCTSIM COOPKH:

e JlasepHBl MOAYIM, IIOMeIIEeHHbIe BHYTPH CJIOEB
u3 craBa CuW, paszeseHbl Mexkay coboi orpe-

JeJeHHBIM BO3AYLIHBIM IIPOMEXYTKOM. ITO

Tepmuctop (Negative Temperature Coefficient Thermistors) - mo-
JIYIIPOBOAHHUKOBBIA IIPUGOP, Y KOTOPOTO [IPY [IOBBIIIEHUH TeM-

IepaTypbl IPOHCXOAHUT I1aJeHKe COIIPOTUBIeHH .
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Puc.1. Cxema c6opku nasepHbix 0U0008 K8a3UHENPepblBHO20
pexkuma pabomui (15 Ad3epHbix 6apos (AUHeek) ycmaHosAeHbl
Ha Kepamu4eckol NodnoXKKe, 3aKkpenaeHHol 0451 0meoda
menAd Ha MedHoM 6A0Ke paduamopa) U UAAKCMpayus pas-
Mepa aHano2u4Hol AUHelKu

Fig. 1. Schematic drawing of a QCW LDA containing 15 laser
bars on a custom ceramic base plate mounted on a massive
copper block for conduction cooling. The photographic inset
on theright side illustrates the original size of one identically
packaged bar sandwich on another custom base plate

 The use of laser bar sandwiches leads to a thermal
as well as mechanical decoupling of the laser bars,
but also to an increased bar-to-bar pitch. Each laser
bar sandwich can be measured and selected before
it is soldered to a base plate.

» The submounts act as heat spreaders, i.e. each laser
bar is thermally connected to the ceramic base
plate. Thus, the waste heat can be removed more
efficiently because it is spreaded to a larger area
resulting in decreased junction temperatures. This
allows for reliable laser operation at higher duty
cycles and with increased base plate temperatures.

+ Ceramic materials with improved thermal
conductivity and different heat sinks below the
base plate can be used. The improved thermal
management and the robust, lightweight design
make these arrays especially interesting for portable
and mobile applications demanding a minimum of
cooling.

+ Compared to other QCW stack geometries with poor
transition resistances, the individual contacting of
each laser bar cares for a minimum contribution of
packaging to the electrical resistance and leads to
a further reduction of the waste heat in this LDA
design.

+ The life time of our QCW arrays is not limited by
thermo - [6] and electromigration [7] of soft solders.

« Sandwiching each laser bar between two
thermal expansion matched submounts (e.g.
copper tungsten) reduces the packaging induced
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103BOJIsIeT U30/IMPOBATh UX APYL OT Apyra U Mexa-
HHYeCKH, U TePMHUYeCKH.

Cmorn CuW paboTaeT KaK TeIIopacCeHBaTeNlb
(TemI00TBOA), HPU 3TOM KaKABIM MOAY/Ib Tep-
MHYecKH coefHHEH C KepaMHYeCKOH MOIJIOX-
KOM. Bblfesnsiemoe Tersio (B pe3y/braTe ABHKEHUS
3apsiioB B IeTepPOCTPYKType U Oe3bI3ydaTeTbHOM
pekoMbuHAIMK) ymansercs 6onee 3$deKTHBHO,
TaK Kak OHO paccerBaeTcsl Ha 6oJibllre MJIOMALH,
YTO NPHUBOOUT K CHIHSKEHHUIO TeMIIepaTypsl Pl
rnepexoga. Kak pesynbTaT - IIOBBIIIEHHE HaAexX-
HOCTH U yBe/IMUeHUe BpeMeHHU JI0IIyCKaeMOH JJIU-
TEeJIBHOCTH paboTsl B 6oiee MIMPOKOM HHTepBajle
TeMIIepaTyp.

OTnenbHBle KOHTAKTBL JJISL Ka’KAOTO JIa3epHOIo
MOZYJISI CITPOeKTHPOBAHBI CIIELIHAJIBHO JI/IT MUHHU-
MH3ALUU IeKTPHUUECKOr0 COIIPOTHUBIEHHUS. JTO
BefleT K CHUKeHUIO BbIZIe/IeHUS TeIl/la II0 CpaBHe-
HHUIO C IPYyTUMH KOHCTPYKLIUSIMHU.

B cpaBHeHMH C MAacCHBaMHU C IUIOTHOM YIIaKOB-
KO 0e3 JOIOMHUTE/NbHBIX TeIIOOTBOSHBIX CJI0EB
Me>KJy JIa3ePHBIMHU H3/1ydaTe/IIMH, B JAHHOM KOH-
CTPYKLIMH Ka>KABIK MOJY/b, COCTOSIIUM U3 JIa3ep-
HOTO H3/ydarenss M JBYX 6okoBeix CuW-cioes,
MO>KHO OT/ZIe/IbHO IIPOTeCTHPOBaTh Iepe IIpUIlau-
BaHHeM K KOHTaKTHOM IJIOIaJIKe.

JlazepHBIe MOIY/IN UMEIOT 37IeKTPOAbI, BBIIIOJHEH-
HBble U3 CIIJIaBa AuSn. JJaHHBINM MaTepHas HUCIIOoNb-
3yeTcst AJIsL Lieiel 3alfUTBl 0T TepMo- [6] U 3nek-
TpoMHUTpallMu [7] (M3BeCTHO, YUTO 3THU SIBJIEHUS
IPUCYIIM JIETKOIUIABKUM IIPHUIIOSM, TaKHUM KakK
HMHJMI, YTO OTPaHUYHBAET CPOK CIYKOBI J1a3ep-
HBIX MAaCCHUBOB).

Ka>kgpIM J1a3epHBIM MOAYIb B MacCHBe PacIo-
JIokKeH MeXAy AByms ciaosmu CuW, obnagato-
IIXMMU OOHUHAKOBOM BEJIHMYHHOH K03dPHUIIHMEHTA
TeIlJIOBOTO PacCUIMpeHUs (UTO I103BO/ISLeT CHU3UTh
3¢ deKTBl MeXaHH4YeCKoro HaIPSKeHHS B CTPYK-
Type, a TaKKe YMeHBIIUTh 3QdeKT pacXoKIeHHs
LIeHTPOB JIa3€PHBEIX MOAY/IeH APYr OTHOCHTE/IBHO
npyra’).

CriennabHasi KOHCTPYKLHSI MAacCHBA II03BOJISIET
npocTo U 3pPeKTUBHO CHOPMHUPOBATH CeUEHMe
nyda TpebyeMor GpOpMBI, HCIIOAB3YSI KOIIKMATOP
6BICTPOIT OCH /151 BCeX 6apoB, a TaK>Ke KOJTHMATOP
Me[JIeHHOM OCH , B 0COBEHHOCTH sl CTePKHEMH

ok

sk

9¢deKT pacxokAeHHs LIeHTPOB JIa3ePHBIX CTePKHEH ApPyr OT-
HOCHUTeNIbHO Apyra (smile) BausieT Ha KayecTBo 1y4a. Yem 60I1b-
e JAaHHBIHA 3G deKT, TeM TPyAHee KaueCTBeHHO CKOLIMMHUPO-
BaTh U3JIyueHHe OT MacCHBa JTa3ePHBIX CTePSKHE.

TonKoBaHUe MOHATUH "ObicTpas” u "MenneHHass" ocu (FAC/SAC)

deformation stresses and leads to a bar smile less
than 1pm (peak-to-valley).

Our LDA design allows for wavelength stabilization
using volume Bragg gratings (VBGs) as well as for
an easy and efficient optional beam shaping using
fast-axis collimation (FAC) for all bars as well as
slow-axis collimation (SAC) especially for bars with
low fill factor. In the latter case, fiber coupling
becomes possible.

DILAS offers a broad variety of C-stacks with custom

base plate sizes for 1to 15 laser bars with cavity lengths
up to 2.0 mm (standard), in the wavelength range
between 766 and 1550 nm, with a minimum bar-to-bar
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C MaJIOH IIJIOTHOCTBIO YIIaKOBKH. Jlasiee CTAHOBUTCS

BO3MO>KHBIM 3aBeJIeHHe JIy4a B OIITOBOJIOKHO.

JyogHbIM cOOpPKaM C ONMHMCAHHBIMH BBHIIIE Xapak-
TEPHBIMHU O0COOEHHOCTSIMHU, OBIJIO LAHO Ha3BaHHUE
C-maccuBbl. Kommanusi DILAS Diodenlaser GmbH
IpemyiaraeT IMHPOKUM BbIOOp C-MacCHBOB MJISl IIO-
JIOKeK CO CIIeLIMJIPHBIMU Pa3sMepPaMHU, KOTOpble H3ro-
TaB/IMBAIOTCS IOM 3aKa3. MacCHUBBI MOI'YT BK/IIOYATh
B cebst 0T 171015 1a3epHBIX MOAY/IEH, IJIMHA pe30HaTOpa
MOXKeT OOCTHUIaTh 2 MM. CylllecTByeT BO3MOKHOCTb
BapbHUPOBATh MJIMHY BOJHBI BBIXOLHOIO H3JIyYeHHS -
Ovaria3oH oT 766 go 1550 HM. MOKHO H3roTaB/IHMBATh
MHOTOBOJIHOBBIE (MHOTOYACTOTHBIE) CTEKH, C MUHHU-
MQJIPHBIM IIarOM MeXAy pe3oHaTopaMHu B 1,7 MM,
C Pa3s/JIMYHBIM THIIOM OXJIAKAEHHS: K IIPUMEPY, eCc/Ix
IIPU 3KCIIIyaTallUk OTCYTCTBYyeT BoAa H/IM He IPHU-
MeHseTCsl TepMOYIeKTPUYECKHUN MeTof,. Bo3MokHa
pa3paboTka MHOTOBOJIHOBBIX MACCHBOB I10 HHIUBHY-
AJIBHOMY TeXHHUYeCKOMY 33JaHHIO0.

NMPON3BOAUTEJ/IbHOCTb C-MACCHUBOB

Hruke mpencrtaBieHbl JaHHBIE OTHOCHUTE/IBHO IIPOM3-
BOAUTE/IBHOCTH U HaJe>KHOCTU C-MaCCUBOB C YHCJ/IOM
na3epHbIX 6apoB [0 15 eNMHHULL IS PA3IUYHBIX [IPU-
nokeHUU. IIpu cbopke MaccHBa, pacrionarast H3Jy-
yaTejad II0C/JIedoBaTe/IbHO C Iarom 500 MKM, yao6Ho
BBIIIOJIHHUTh UX COIPSKeHHEe C OITOBOJIOKHOM. JTO
II03BOJISIeT MOJIYyYMTh Ha BBIXOZE BBICOKYI MOIIHOCTb
M3JIy4yeHUs. BEIXOLHAS MOIIHOCTD 3aBHCUT OT AJIMHEI
BOJIHBI M3/IyYe€HMs, IVIOTHOCTH YIIAKOBKHU JIa3epPHBIX
MOZIY/IeH, a TaKke OT ITPOJOJIKUTENIBHOCTHU PaboThl,
TeMIIepaTypbl U TeIJIONIPOBOLHOCTH KepaMMHUeCKOH
IIOMIJIOKKH.

MaccuBbl ¢ 15 nasepHbIMU IMHENKaMU

B paHHOM paspgesne pacCMOTPHUM IIPOM3BOJMTEIIb-
HOoCcTh QCW-MacCHMBOB, OXJIa’kKJAeMBbIX 3a CUeT TeIlIo-
IIPOBOAHOCTH. KOHCTPYKIIMS COCTOUT M3 15 jIa3epHBIX
JHMHeeK C IJIOTHOCTBIO YIAKOBKH 20%, IJIMHOM pe3o-
HaTopa 2000 MKM. [IJIMHA BOJIHBI U3TyYeHU s JaHHOI0
THIIA MacCHBa cocTaBisgeT 980 HM. MacCHB yCTaHOB-
JIeH Ha CIelHaJIbHYI0 aIIOMOHUTPUAHYIO KepaMUuye-
CKYIO IIOZJIOXKKY, H3TOTOB/IEHHYIO 1107, 3aKa3.

Ha pwuc.2 mokasaHo BAMSAHHE POCTa KOIQPHUIIH-
eHTa 3aIl0IHeHU (U, COOTBeTCTBEHHO, AJIMTe/IBHOCTU
HMIIy/IbCa) Ha MOIIHOCTh H3/y4eHHS. YBelH4YeHHe
JJIUTEIBHOCTH UMITy/IbCa 0T 400 MKC g0 10 MC IpUBO-
JUT K IaJeHUI0 MOIIHOCTH M3/yd4eHHs Ha 6,5% IIpu

HHe J1y4a CTAHOBUTCS IUIMITUYECKUM, IIPH 3TOM 1y4 6BICTpPO
(Ha 60O/IBLIMHE YIoJI) PACXOAUTCS B HAIIPABJIeHHUH BePTHKAIBHON
0CH, U MeJiJIeHHO (Ha MasblF yroji) B HallpaBleHUU TOPU30H-

TaJIbHOM OCH.
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pitch of 1.7 mm and different cooling concepts up
to the absence of water or thermo-electrical cooling.
So-called rainbow stacks with multiple wavelengths
due to customer’s requirements are also possible.

C-STACK PERFORMANCE

In the following, we present performance and
reliability data of selected C-stacks with up to 15 laser
bars for different applications. Using bars with an
emitter pitch of 500 pm provides the opportunity for
building small fiber coupled modules with high QCW
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Puc.3. TemnepamypHas 3agUcumocmp Onmuyeckux xapakme-
pucmuk J14-c60pku, cocmosiell u3 15 6apoa (20 °C - 3eneHble
AUHUU U 45 °C = KpacHble AUHUU): d) 3d8UCUMOCMb "MOLL-
HOCMb — MOK HAKAYKU»; b) cnekmp u3Ay4eHus npu moke
Hakayku 8 90 A

Fig. 3. Temperature dependence of the power-current
characteristics between 20 °C (green lines) and 45 °C (red lines)
for a LDA containing 15 laser bars (a); corresponding emission
spectra taken at 90 A (b)
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TOKe BO30Oy>kmeHHS (TOKe Hakauky) 60 A.Ha pmc.26
[I0OKa3aH CHeKTp TITpU TOKe BO3OyXKIeHHUS
55 A.YBenuueHHe KO3QOUIIMEHTA 3aIIONHEHHUS IIPU-
BOOUT K YBeJIHYEeHUIO CpefHeH MOIIHOCTH K Harpe-
BaHUIO MaccuBa. Habmiomaemoe cmeleHHe B "Kpac-
HyI0" 0671aCcTh BMecTe C yBeJIHUeHHeM Ko3QPUIIHeHTa
3aII0THEHHU S SIBJISIeTCSI MEPOH poCcTa TeMIIepaTyphl p-1
Iepexofa B JIa3epHBIX CTEPXKHSAX; TeMIIepaTypa yBelu-
YHBaeTCsd npuMepHo Ha 32°C. TeM He MeHee, Ha KpH-
BOM C/IeBa [/14 AJIUTe/IbHOCTH UMITyJIbca B 10 Mc coxpa-
HSIeTCSI pOCT MOIIHOCTH Ao 807 BT (Tok HaKaduKu - 60 A),
YTO II0JIOKUTEIBHO XapaKTepHu3yeT jla3epHBbIH MOIYIb
IIPU 3KCIUIyaTallMy B YC/IOBUSX IIOBBIIIEHHOTO KO3¢-
¢ULIMeHTa 3aII0/IHeHH .

Ha puc.3 mnpuBelieHBl 3aBHUCHMOCTH BBIXOJHOM
MOIIHOCTH OT TOKA HaKAa4yKH M CIIeKTPBI HU3/1y4YeHHs
IIPH YaCTOTe C/IeJOBaHUS UMITY/IBCOB B 15 I'ly, k03 Pu-
LIHeHTe 3aIloJIHeHUs 15%, B cly4dae C TeMIIepaTypou
nomiokku 20 °C u 45 °C. IIpu Toke HaKa4yku B 90 A,
MOIIIHOCTh HM3JIy4YeHHs IagaeT c 1252 Bt mo 1155 BT,
B TO BpeMs KakK KIIJ OCTaeTCs Ha ypoBHe BhIlIe 55%.
JIITMHHOBOJTHOBOE CMeIlleHHe, ITOKa3aHHoe Ha pHC.30,
06yCTIOB/IEHO OKHUJAeMBIM CY>KeHHeM 3allpellleHHOH
30HBI ITPH IIeperiaje TeMrepaTyp B 25°C,

JanpHerIlee yaydlleHHe IIPOHM3BOLHUTEIBHOCTH
paboTsl 1a3epHOM cOOpKU HabMI0NAIOCh IIPU HCIIONb-
30BAaHMHU aJIbTePHATHBHBIX KePaAMHUYECKHUX MaTepu-
asoB c 6oree BBICOKOM TeILIOIIPOBOAHOCTHIO (B 1,8 pas.
4yeM Y CTaHAAPTHOM AJIIOMOHHUTPHUAHON KepaMH4e-
CKOM IIOAJIOKKM). OKas3anoch, UYTO 3HA4UeHHUS BBIXOA-
HOM MOIIHOCTH H3/1ydeHus U KIIJ| IIpy TeMIlepaType
IIOBEPXHOCTH HOBOM IIOAJOXKKH 45°C COIOCTaBUMEBI
C pesynbraTaMH, COOTBETCTBYIOIIMMHM TeMIlepaType
20°C y CTaHAAPTHOU CTPYKTYPHI C aTIOMOHUTPHIHOM
KepaMHUUecKOU IMOAJIOKKOM (cM. (8] mnst Gonee metasns-
HOM UHPOpMaIIHH).

JaHHble, Mpe[cTaBjleHHBIe BBHIIIE, II0KA3BIBAIOT,
YTO pacCMoTpeHHble C-MacCHUBBI, COCTOosALIMe M3 15
Ja3epHBIX MOAYJEL, MOILYT 3KCIIJIyaTHUPOBAThCSl IIPH
MMHHUMAaJIbHOM OXJIQKI@HUHU IIPU IIOBBILIEHHBIX TeM-
reparypax. BmecTe ¢ IIpOYHOCTBIO U KOMIIAKTHOCTBIO
KOHCTPYKLJMHK, a TaKyKe BBHJY IIPOCTOTHl POPMHPO-
BaHUS TpebyeMoro ceueHUs Jyda 61aromapsi HU3KOM
IIJIOTHOCTH YIIAKOBKH JIa3epHBIX CTep>KHeM, MacCHUB
JIa3epHBIX JUOMOB JAaHHOIO THIIA IIPeCTaB/IAIOT HHTe"
pec B KayeCcTBe HAKAYKH JIa3ePOB, HCIIONb3YHOLIHXC
B 060poHHOM chepe.

MaccuBbl c BocemMbio Nla3epHbIMU NMHenKamm

B maHHOM pasfesie paCCMOTPUM TeXHHUYeCKHe XapakK-
TepucTUKH QCW-MaccHUBa, CoAepsKallero B CBOeH
CTPYKType BOCeMb JIa3epHBIX 0apoB, C IIJIOTHO-
CTBIO YIIAaKOBKU 50% u Oosee, OJIMHOM pe30HATOPA
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1500 MKM. MaccuB OBl YCTaHOBIEH Ha alIOMOHU-
TPUIHYIO KepaMHYeCcKyo IMOAJ0KKY. Ha puc.4 uso-
6paskeH MaCCHMB K3 BOCbMH KBa3HHeNpPepPhIBHBIX
7a3epHBIX OHOLOB, YCTAHOBIEHHBIM Ha CTPYKTYPY,
COCTOAINYI0 M3 MHKPOKAHA/JIbHOIO OXJIafUTesNsd,
PAacCIIONOKEHHOIO0 MeKAY OBYMs KepaMHYeCKHMHU
IUIACTHHAMU. [JIaBHBIMH IPeHMMYIeCTBaMH 3TOH
KOHCTPYKLIMK SBJISAIOTCA: 3QPeKTHBHOE MHKPOKa-
HaJIbHOe OXJIaXK/eHHe C MCII0/Ib30BaHHeM OOBIUHO
BOJOIIPOBOAHOKN BOABl KM OTCYTCTBHE IIOTeHIIHMaJsa
Ha IIOBEPXHOCTH OXJIaJUTeIs.

Jl1st 3aBUCMMOCTH Ha PHC.4a 4aCTOTA IIOBTOPEHUS
MMIIYJIbCOB cocTaBuia 3 I'l, Ko3QOUIIMEHT 3arioji-
HeHHs - 15%, 4YTO COOTBETCTBYeT [IJIMTeIbHOCTHU
uMIynbca B 50 Mc. IIpy JaHHBIX HapamMeTpax yaa-
JIOCh TOCTHYb MOLIHOCTH HM3/Iy4YeHMs mopsiaka 890 BT
IIPY TOKe HaKa4uKHU B 120 A. OTKJIOHeHHe OT JIMHEeHHOM
3aBUCHMOCTH MOIIHOCTH M3/1y4YeHMs 0T TOKa HaKayKHU
COCTaBHJIO OYeHb He3HAUYMTE/IbHYIO BeIUUHHY.

JIJ1s1 HeKOTOPBIX IPHJIOKEHHH, TaKUX KaK SIIHJIS-
11, TpebyeTcst yBeTMUeHHe ITUTeTPHOCTH HMITY/IbCa.
Ha pmuc.46 n306paskeHa 3aBUCHMOCTD BBIXOJHOM MOII-
HOCTH OT B036y>KIAIONIero ToKa C YacTOTOM C/IefoBa-
HHS KMITY/1bCOB 2 'l ¥ AT TeIBHOCTH MMITy/Ibca B 100
Mc. IIpy maHHOM KOHOUIYPAaLlMH BBIXOJHASl MOIL-
HOCTb cocTaBuIa 580 BT mpu Toke Hakauku 85 A.Kak
U B [IpeAblAylieM cly4ae, OTK/IOHeHHe OT JTHHeHHOU
3aBUCUMOCTU "MOILHOCTH-TOK COCTaBUJIO He3Ha4U-
TeJ/IbHYIO BeJIUYHHY.

CTOMT OTMETHUTb, YTO yOajoCh NOCTHUYb YBeJIH-
YeHU s MOIIHOCTHU B AHAIla30He IJIUH BoiaH 980 HM
C JasepHBIMH JUOAAMH, MeHee YyBCTBHUTEIbHBIMU
K HarpeBy IIO0 CpaBHeHHIO ¢ C-MaCCHBaAMM, M3/1y4alo-
IIMMH Ha JJIMHe BOJIHBI 808 HM, IIpeACcTaBIeHHEIMU
Ha puc.4. [IpyHIUIHAIBHOE OTPAaHHYEHHEe I10 MOII-
HOCTH H3/1y4eHHS U JIUTEeSbHOCTH HMIIyIbca (MIN
Ko3bouIreHTa 3amnonHeHus) aiass QCW-maccuBa CBsI-
3aHO He TOJIbKO C pa3pylleHHeM IPH BO3[eLCTBHH
M3/lydeHHUs, a IJaBHBIM 06pasoM C MaKCHMaJIbHO
JOITyCTHMOM TeMIIepaTypou p-Nl Ilepexofa.

Pe3ynpTaThl, IpefCTaBIeHHble Ha PHC.5, 6bLIH
[IOJIy4eHbl IIPH IIOCTOSHHOM BeJIH4YHHe TOKa.
DKCIIePHMEHT IIPOBOLMIICS IIPU CAeAYIOIIUX I1apamMe-
Tpax: MacCHUB HMMeJl BOASIHOe OXJIaXkKAeHHe, COCTOSI
13 BOCbMHU JIa3epHbIX 6apoB, HM3Tydaromux Ha 808 HM.
YacToTa C/ef0BAHMSA MMIIY/IbCOB COOTBETCTBOBAJIA
2 I' ¢ ko3dPpuULIeHTOM 3amonHeHUs 20%, JI0THOCTh
SHEPrUuu u3nydeHUs - 42 JIx/cm?. TIocie UCIIBITAHUH,
KOTOpBle Juauch 3000 wacoB, 6bUIO 3aperucTpu-
POBaHO CHHIKEHHe MOILIHOCTH Ha 6%. Hambombmias
II0TePS MOIIHOCTU IIPOM30II/Ia HA BpeMe@HHOM HMHTEp-
Bajse Meskay 0 u 800 yacamMuM, YTO JaeT OCHOBaHHE
IoJIaraTh, YTO BpeMsi PaboThl Ha OTKa3 COCTABIISIET
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output powers. The available peak power depends on
the wavelength and fill factor of the laser bars, but
also on the duty cycle, the base plate temperature
and the thermal conductivity of the applied ceramic
materials.

Arrays with 15 laser bars

In this section, we show performance data of
conduction-cooled LDAs containing 15 laser bars
emitting at 980 nm with 20% fill factor and a cavity
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Puc.4. 3asucumocmp xapakmepucmuk "MOoWHOCMb = MoK
Hakauku" (CuHue AuHuu), "3ppekmusHocmp (KM ) - mok
Hakauku" (KpacHble AUHUU) BAsl C60pKU U3 80CbMU 6ap08

HA NOOAOXKKE C NPOMOYHbIM 800SIHBIM 0XAAXKOeHuem 00 25 °C:
a) 14-c6opka pabomaem ¢ yacmomoli cAedo8aHust umnynp-
o8 3 'l U dAumenbHOCMbio UMnyAbca 50 mc; b) J1-c6opka
pa6omaem ¢ yacmomou cAedosaHus umnyAbcos 2 'y u dau-
menbHocmbto umnyabca 100 mc

Fig. 4. Power-current characteristics (blue lines) and efficiency
curves (red lines) at a heat sink temperature of 25 °C for a
water-cooled LDA containing eight laser bars: LDA operated
with a repetition rate of 3 Hz and a pulse width of 50 ms (a) ;
LDA operated with a repetition rate of 2 Hz and a pulse width
0f100 ms (b)
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6osee 10000 yacoB. [laHHBII IIOKa3aTe/lb IIPEBOCXOLUT
TpebOBaHHS 110 HaJEXKHOCTH B 0BJIacTH MemUIIHMHBEL
U KOCMETOJIOTUH.

JpyruM BO3MOKHBIM IIpHMeHeHHeM C-MacCHBOB
C BOCEMBIO JIa3€pHBIMU JIMHENKAMHU, OXJIaKJaeMbIMHU
3a CYeT TeIUIOIIPOBOLHOCTH, SIBJISeTCS HaKadKa TBep-
IOTeJIbHBIX Jla3epPOB, TeHepPHUPYIOIIUX YIbTPAKOPOT-
KHe HMIIYIbChl C YMEPEeHHON 4acTOTOM IIOBTOpPeHMUS
U BBICOKOM 3Hepruer $oTOHOB. TaKkHe Jia3epbl MOTYT
KCIIO/Ib30BATbCsl, K IIPUMEpY, A/ WHEePLHAJIBHOIO
TepPMOSIIePHOro CUHTe3a. B CBA3M C AIUTEeIbHBIM Bpe-
MeHeM >KH3HU B036y>KIeHHOI'0 COCTOSIHUSI B MAaTPUILIAX,
JIeTHPOBAaHHBIX UTTepbueM, Tpebyemasi ATHUTENTBHOCTD
HMIMITYJ/IbCa COCTaBJIsIeT 1 MC.

B cnenymoomemM 3KCIepHMeHTe MHUKPOKaHalb-
HBIN OXJIAJWTe/Nb ObUI 3aMeHeH MACCUBHOM MeIHOU
IUIACTUHOM. Pe3ylbTaThl, IIOJy4YeHHBle IIPH TaKOM
OXJIAKAEHUH, IIpefCTaBjJieHbl Ha pHC.6. IlokasaHa
3aBUCHMOCTb MOIITHOCTH M3/1y4eHH s OT TOKa HaKayKU
IJI MacCHBa C OXJIaKOeHHeM 3a CYeT TeIlIOIIPOBO-
IOHOCTH, COCTOSIIIETO M3 BOCBMH Ja3epHBIX CTep>KHeH,
M3/Iy4aIIUX Ha IMHe BOAHBI 940 HM, C IIJIOTHO-
CTBIO YIIaKOBKH 80% U1 IIMHOMN pe3oHaTopa 1500 MKM.
M3MepeHHsl IIOJIy4YeHBl IIPU YacTOTe IIOBTOPeHHS
UMIYyabcoB B 10 'y, koadpduneHTe 3amonHeHUs 1%,
YTO YAOBJIETBOpsieT TPebOBaHUSM II0 IJIHMTEIbHOCTH
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Puc.5. Pesyabmamebl 3KkcnepumMeHma no mecmuposanuto
HA0eXXHOCMU AA3epH020 MOOYAS! C BOOSIHbIM OXAAXOEHUEeM,
codepyauiezo 8oceMb Aa3epHblx 6apos (MoK Hakauku 85 A,
yacmoma nosmopeHus 2 U, WupuHa umnyabca 100 mc)
Fig. 5. Ongoing reliability test at a constant peak current of
I=85A (2 Hz repetition rate, 100ms pulse width) on a water-
cooled LDA containing eight laser bars

length of 2000 pm mounted on a custom designed AIN
ceramic base plate (see inset of Fig. 2) that are suitable
for fiber coupling.

Figure 2 (a) illustrates the influence of an increasing
pulse width (and duty cycle as well) on the optical peak
power. An extension of the pulse width from 400us
to 10ms leads to a drop of the optical peak power by
6.5% at a driving current of 60 A.The emission spectra
taken at 55 A are shown in Fig. 2 (b). The extension
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MMIIY/IbCA, YIIOMSHYTBLIM BbIIIe, /151 HAKAUYKH aKTHB-
HOH Cpensbl Yb3+:CaFZ. Yaanoch OOCTHYBL BBIXOTHOM
MOILIHOCTH M3/Iy4eHHs1 MaccuBa B 3500 BT mpu Toke
Hakadku 390 A (435 BT B mepecueTe Ha ONHH Ja3ep-
HBIH CTepsKeHb). Ha puc.66 MoKa3aHO IJIMHHOBOIHO-
BOe CMellleHHe IIPYU TOKe HaKadyKy B 300 A mpu yBenu-
YeHUHU KO3PPHUIIHMeHTa 3aloTHeHU S oT 1% 1o 2,5%, 4To
COOTBETCTBYeT YBeIHYEHHIO TeMIIepaTyphl Ilepexona
Ha 13°C.

Ha puc. 66 IOKa3aHBI Pe3yJbTaThl SKCIIEpH-
MeHTa II0 TeCTHPOBAaHUIO HagexxHocTu QCW-
MacCCHBa, OXJIA’KJAeMOI0 3a CYeT TeIlJIOIIPOBOLAHOCTH.
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of the pulse width causes an increase of the average
output power and heat load. The observed redshift
with increasing pulse width is a measure for the rising
junction temperature of the laser bars; it increases
by about 32°C. Nevertheless, the LIV curve for a pulse
width of 10ms remains linear up to an optical peak
power of 807 W illustrating the potential of our C-stack
design for an operation with higher duty cycles.

A comparison of the power-current
characteristics and of the emission spectra for a
repetition rate of 15 Hz and a pulse width of 10ms
at base plate temperatures of 20 °C and 45 °C is

5 35F e
S 7 160
2 30F ! -
5 : S
g E If_.l" 150 E—’
Fo25F S
oY =
g = { Ja0x @
% 2 20F | -5
© ) = .9
o ( ce
815} | 1072
= O ' S
SS90l 9.40 HM/Nm 120 5
&0 Fill factor 80% 2
% 05 | L.=1500 mkm/pm 410 =
5 10 Tu/Hz, 1 mc/ms, 20°C
O 1 1 1 1 1 O
0 100 200 300 400
CunaToka, A
Current, A
a)
- 3,0
e
E
82 25
I -—I—-——'L‘HP"--'-"'!T-'_""';.—I:—'-_T“!:;:‘-_.—:-—E:=
el
S B 20 F
[ 8 !
[0+
e
815}
= 940 HM/NMm
gz Fill factor 80%
go 10r L.=1500
E = MKM/pm
E 10 ru/Hz, 1 Mc/ms, 20°C
@) 0,5 1 1 1 1 1 1 1 1 1 1
0 500 1000 1500 2000 2500
Bpems, v
b) Time, h
Puc.6. Xapakmepucmuku maccusa u3 80cbmu 6apos
(A=940 Hm) c oxna>kdeHuem 3a ciem menAonpo8odHoOCMU:
a) - "MOLHOCMb — MOK HaKAuKu" (CUHUS AUHUS) U "3¢ ek~
MUBHOCMb — MOK HAKauKu" (KpacHas AuHus); b) - pesyab-
mamel 3KCNepuMeHma no MecmuposaHuro HadeXxXxHocmu
yemslpex Maccusos npu NOCMOSIHHOM moke Hakayku 280 A
Fig. 6. Power-current characteristics (blue line) and efficiency
curve (red line) for a conduction-cooled LDA containing eight
laser bars at 940nm (a); ongoing reliability test at =280 A
carried out with constant peak current on four conduction-
cooled LDAs containing eight laser bars (b)
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no mecmuposaHuto HadexHocmu mMmaccusa ¢ 00HUM Ad3ep-
HblM 6apom Npu HeU3MeHHOM moke Hakavku 400 A

Fig. 7. Power-current characteristics for a conduction-cooled
LDA containing one 940 nm laser bar measured for a pulse
width of 50 ps (a); ongoing reliability test carried out with
constant peak current at =400 A (b)
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DKCIIepUMeHT IIPOBOAMJICA IPHU HeHU3MeHHOM
TOKe HaKa4yKM. MacCHB COCTOS/I H3 BOCBMH Jiasep-
HBIX 6ap0B, M3/IyYaIIUX Ha JJIKHe BOJHBEL 940 HM.
YacToTa IOBTOpPeHHS HKMIIY/IbCOB COOTBETCTBOBAJIA
10 T, AAMTeNIBPHOCTH MMITYAbCAa - 1 mcC. BeIxomHas
MOIIHOCTh H3/JIy4YeHHsS MacChBa cocTaBuia 2400 Bt
(mnu 300 BT Ha KasKObIH JIa3epHBIU CTEp)KGHb) B COOT-
BETCTBUU C TpeDOBAaHUSIMH 3aKa3uuka. Ilocie 2500
4acoB paboTsl, MTafieHre MOILIHOCTH He 3adHUKCHPOBa-
JIOCh, YTO I103BOJISIeT TOBOPUTD O HaIeKHOCTH MaCCHBa
IIpH 3aJaHHBIX yYPOBHE MOIIHOCTH, YacTOTe M IJIH-
Te/IBHOCTU MMITYJIbCa.

MaccmB c o4HOM N1a3epHON INHENKOWN

B jaHHOM pasfesle pacCMaTpPHUBAaeTCs IPOU3BOAUTEb-
HOCTh C-MacCHBa, OXJIa’KJaeMOIo 3a C4YeT TeIUIOIpo-
BOZHOCTH U COAEPSKAILEro TOJIBKO OAUH JIa3epHBIH 6ap
(puc.l, mpaBas 4acTh).

Ha puc.7a mpexactaBieHa 3aBHCHMOCTb MOIIHO-
CTH H37IyYeHHS OT CHJIBI TOKa HaKauKH A1 MacCHBa
C OXJIKAEeHHEM 3a cYeT TeIlJIONIPOBOAHOCTH. MaccuB
OBI/T M3rOTOBJIEH C OJHOM JIa3epHOM JIMHEHKOM, U3/y-
YarolUM Ha AJHHe BOJHEL 940 HM. M3MepeHHUs IIpo-
BOAM/IKCE IIPHU YaCTOTe IIOBTOPeHU I UMITyIbcoB 50 I'1
U JIMTEJIPHOCTH MMITY/Ibca 50 MKC.

i1

shown in Fig. 3 (a). At a driving current of 90 A,
the optical peak power drops from 1252 W to 1155 W
while the power conversion efficiency stays above
55%. The redshift of the emission spectra shown
in Fig. 3 (b) corresponds to the expected band-gap

narrowing for a ATj,, =25 °C.

A further improvement of the stack
performance becomes possible when using
alternative ceramic materials with higher

thermal conductivities compared to standard
AIN. When using a ceramic base plate with a
better thermal conductivity (factor 1.8 compared
to the LDA in Figs. 2 and 3), the power conversion
efficiency of the improved stack design at 45 °C
becomes comparable to the performance of the
standard stack design with AIN ceramic at 20 °C
(see Ref. [8] for details).

The data, presented early, shows, that the
considered C-stacks can be driven with minimal
cooling and at elevated temperatures. Together
with their robust and compact design and with
the option of an easy beam shaping due to the
low fill factor of the implemented laser bars,
these stacks are very interesting for pumping
applications in the defense area.
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Bo3MokKHOe IIPUMeHeHHe IJIs JaHHOIO THUIIAa Mac-
CHBa COCTOMT B IeTOHALIMH JIETKOBOCII/IAMEH IO XCS
BelleCTB. B xome 3KCIeprMeHTOB 6blTa JOCTUTHYTa
BBIXOZHASI MOILTHOCTD B 710 BT IIpH TOKe HaKauKu 640 A.
IIpy1 JaHHBIX YPOBHSAX MOIIHOCTH pas3pyLleHHe CTPYK-
TYPbI CTEP>KHSI He Hab/T10/1a/10Ch.

Jpyroni MOTeHIMAa/lbHOK BO3MOXXHOCTBIO IIPH-
MeHeHHMs [JaHHBIX MaCCHBOB SBJIsSeTCS HaKayKa
TBEPAOTE/IbHEIX JIA3€pOB i [OaJTbHOMETPHH MU
CTpobUpyeMBIX CHCTEM BHIEHHS, Te TpedyeTcs oIu-
TeJIBHOCTb MMITYJIbCA IopsiAika 1-5 mMc. Ha puc.76 moka-
3aHBl Pe3y/IbTaThl 3KCIIEPHMMEHTa II0 TeCTHPOBaHHIO
HaJIe>KHOCTH MAacCCHBa JIa3epHBIX OHOIOOB, OXJIaKae-
MOrO 3a CYeT TeIlJIOIIPOBOSHOCTH, COAepsKalllero OOuH
NasepHbBIN 6ap mpu ToKe Hakaduku 400 A M gacToTe
cefoBaHUS UMITY/IbCOB 5 I, B Tevyenue 1000 vacos
3KCIIEPUMeHTA JTUTe/BHOCTh HMITyIbca OBIIA 2 MC,
3aTeM SKCIIepHMeHT OB MPOAO/IKEH C IJIHUTENIBHO-
CTBIO UMITyJIbCa 4 MC. B TeueHHe BCero SKCIepuMeHTa
IIPU YKa3aHHBIX ITapaMeTpax KMMIIY/JIbCOB ITaJeHHs
MOIIHOCTH He Hab/Ioanocs.

HoBble o6paswbl ¢ JJIMHOM pe3oHaTopa 1500 MKM
1 6oJIee yCOBEPIIEHCTBOBAHHOM KOHQUIYpaIHel Mac-
CHBa JeMOHCTPHPYIOT HaIeSKHOCTb PaboThI IIPH MOII-
HOCTSIX 0 500 BT M HIMPHUHOM MMITyJbCa MOpsKa 1
MC.

Ha pwuc.8a mpexacTaBieHa 3aBUCHMOCTb MOIIHO-
CTH HM3JIyYeHHS YCOBEPIIEHCTBOBAHHOIO JIa3epHOro
6apa, BBIIIOTHEHHOIO C IIACCHBHPOBAHHBIMH Ipa-
HSIMH, OT TOKa HaKauKH. JaHHBIM MOZAY/Ib OXJIaXK-
Jajcsi 3a CYeT TeIIONIPOBOAHOCTU. [IJIMHA BOJHBI
M3/Iy4eHHsT MOAY/Is COoCTaBisyia 940 HM, IIJIOTHOCTh
yImakoBKkY 50%, niarHa pesoHaTopa 4000 MKM. YIa/10Ch
OOCTUYb MHUKOBOM MOIIHOCTH H31y4eHHsS B 800 BT
Ipy TOKe Hakauyku 1150 A.Ha puc.86 mokasaHo pac-
rpeje/neHyue TeMIIepaTypbl B CTPYKType P MOIHO-
cTy u3ny4deHus 800 Br, TemmepaType momioskku 20 °C.
Pe3ynbTaThl 6bLIM II0/Ty4YeHbl METOLOM KOHEUHBIX 37e-
MeHTOB. PasHHIIa MeXIy CaMOM XOJOJHOM TOYKOMU
(Ha OIIO>KKeE) ¥ CAMOM TOpsiieli TOUKOH (Ha JIa3epPHOM
CTep>KHe) cocTaBuIIa Bcero 9,65 °C.

OBJTIACTU MPUMEHEHWMA 0719 C-MACCUBOB
OmnucaHHBIe Bbllle C-MacCHUBBI C yAy4YIIeHHOM CHCTe-
MOH OXJKAEHHS B CPaBHEHHM CO CTAaHIAPTHBIMH
QCW-MaccuBaMU OT/IMYAKOTCS HaLEKHOCTBIO IIPU
BBICOKMX YPOBHSX MOIIHOCTH H3JIyYeHHUS C [JIH-
HOM MMIIyJbCa B MIJIJIMCEKYHJHOM [HaIla3oHe.
JaHHBIE MacCHUBBl CTAHOBSTCS Bce boyee HWHTepec-
HBIMH [JJIS1 33Ja4 HaKa4yKH BBICOKOMOIIHBIX TBeEp-
JOTeJbHBIX JIa3epoB (DPSSL) [9]. B 1esmoM 0671acThb
npumeHeHus1 C-MacCHMBOB IIHMPOKAa - OT HaKa4dKH
71a3epoB C aTTOCEKYHIHOM IJIHUTe/IbHOCTBI0O HMIIY/IbCa
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Arrays with 8 laser bars

In this section, we present selected performance data
of LDAs containing 8 laser bars with fill factors of
50% and more and with a cavity length of 1500 pm
mounted on a smaller custom designed AIN ceramic
base plate. The inset of Fig. 4 shows an LDA of eight
laser bars with a macro-channel cooler between two
ceramic plates. The main benefit of this design is an
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Puc.8. NccnedosaHue nazepHozo 6apa: a) - 3asUcumMocmp
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6apa om moka Haka4xu (oxAaxxdeHue cmepyKHs ocyLecm-
8/510Cb 3d c4em menaonpogodHocmu; A= 940 HM, WuUpuHa
umnyabca —1mc); b) —uccaedosaHue pacnpedeneHus mem-
nepamypbl 8 CMpyKmMype memooom KOHeYHbIX 3AeMeHmos

0451 3a0aHHO WUPUHBI UMNYAbCA NPU NUKOBOU MOUHOCMU
usnydeHus P=800 Bm (memnepamypHblii duanda3oH oxeambi-
8aem 3Ha4eHus om 20,0 °C (cuHuli usem) do 29,6 °C (kpacHbiii
usem))

Fig. 8. Power-current characteristics for a conduction-cooled
LDA containing one novel laser bar at 940 nm measured with
a pulse width of Tms (a); finite element analysis of the LDA
for the given pulse conditions at Ppeak = 800 W.The shown
temperature range spans from 20.0 °C (blue color) to 29.6 °C
(red color) (b)




RERRR RN RN R N AR R AR R R R R N N AR N AR A AR RN NN
NN LASERS AND LASER SYSTEMS
RERRR RN RN R N AR R AR R R R R N N AR N AR A AR RN NN

[0 PEeHTITeHOBCKOIO0 aHauu3a H OQU3UKU 3jeMeH-
TapHBIX YacTHUL. B 3THx 067acTX y/IbTPaKOpOTKHe
BBICOKOSHEpPreTUYeCcKHre Jia3epHble HMMIIYIbCH CIIy-
JKaT KMCTOYHMKOM O4YeHb CHJIBHBIX 3JIeKTPOMAarHUT-
HBIX II0JIeH, OTKPBIBAIOIINX IyTh AJIS UCC/IeNOBAHUM
,JABHO IIPeICKa3aHHbIX, HO [0 CHX II0p He U3YYeHHBIX
30 $eKTOB B TeOpPHH OTHOCHUTETIBHOCTH M KBAHTOBOH
¢u3uKe. KpoMme TOro, MoIHbIE TBEPAOTE/IbHbIE J1a3€Phl
B HEKOTOPBIX MEXAYHAapPOAHBIX ITPOEKTAX O/ MCCe-
JOBaHHUS HHEPLHATBHOIO TEPMOSJEPHOIO CHHTe3a
JOJIKHBI UMETh OTJIMYHOEe KadyecTBO Jy4a M CTabH/Ib-
HOCTb reHepaluu. [Ipu BeI6ope TAKOTo posia Ta3epPHBIX
cuctemM ocoboe BHUMaHUe yaensieTca oueHke ux KIII
M 3aTpaT Ha obciaykMBaHMe. [lBa KPyIHOMAcIITab-
HBIX eBPOIeHCKHX ITpoeKTa — HiPER (Www.hiper-laser.
org) u ELI (www.extreme-light-intrastructure.eu), rue
KCITIONIB3YIOTCS JIa3ePhl C BBICOKMMM YPOBHSIMM MOII-
HOCTH, B HacToslllee BpeMs IIPOXOIAT CBOKO IIOATOTO-
BUTEJIbHYIO CTajguio. IlocnenHue OOCTHMXKeHHS B TeX-
HOJIOTUH H3TOTOBJIEHHU S THOAHBIX J1a3€POB II03BOISIOT
KOHCTPYHPOBaTh MOIIHBIE JIa3ePhl C JUOLHON HaKay-
KOH, obnajaoIye BbICOKOHM HAJIeXKHOCTBIO KM HMeIo-
IHe IpreMjIeMyIo CTOMMOCTb.

Momnbsie QCW-Moay/H, OIKMCAHHBIE BHIIIE, MOTYT
OBITh PACIIONOXKEHBI OMIM3KO APYr K APYry B OFHOM
IIJIOCKOCTH. Ha CerogHSIIHUM OeHb pa3paboTaHb
C-MacCUBBI C MOIIHOCTBIO 2,4 U 3,2 KBT /11 HAKa4YKH
Ha JJIMHaX BOJH 939 1 979 HM C IIMPHUHOMN HUMITy/IbCa
nopsinka 1 Mc (i1 akTUBHOM cpexbl Yb3*: YAG) u 2,8 Mc
(m71s1 akTUBHOM cpesibl Yb3*: CaF,). B kauecTBe mprMepa
Ha pHC. 9 MOKa3aHbl OCHOBHBIE IIapaMeTPhl CUCTEMBI
HaKa4yK{ IIPOM3BOACTBA Gupmbl Lastronics GmbH
(ropon Hena, TepmaHust), KOTOpasi HCIIONb3yeTCs
JUIS YCTAaHOBOK C MOIIHOCTBIO HM3/Iy4YeHHs IIOpsiiKa
101 Br. CucTeMa Hakauku cepur PM80 comepskuT 32

i1

efficient and potential-free cooling allowing the usage
of tap water. In Fig. 4 (a), the LDA is operated with a
repetition rate of 3 Hz and a pulse width of 50 ms. At
this operation conditions, we have reached a peak
power of 890 W at a driving current of 120 A; there is
only a slight deviation from the linear dependence of
the peak power on current.

For some applications like hair removal, longer
pulses and compact QCW stack designs are required.
Figure 4 (b) shows the electro-optical performance
for an operation with a repetition rate of 2 Hz and a
pulse width of 100 ms. For these pulse conditions, our
C-stacks reaches an optical peak power of 580 W at a
driving current of 85 A; again there is only a slight
deviation from the linear dependence of the peak
power on current.

Using this stack design, larger optical peak powers
can be achieved in the 980 nm wavelength range with
more efficient and less temperature sensitive diode
laser structures compared to the results for C-stacks
with 808 nm laser bars shown in Fig. 4. The achievable
optical peak power and pulse length of QCW stack
designs is not only limited by critical optical damage
(COD), but mainly by a maximum allowed junction
temperature of the applied laser bars.

Figure 5 shows the result of an ongoing reliability
test carried out in constant current mode on such a
water-cooled LDA containing 8 laser bars at 808 nm.
The LDA is operated with a repetition rate of 2 Hz and
a pulse width of 100 ms corresponding to an energy
density of the LDA emission of 42 J/cm?. After 3.000
hours of operation, we detected a power degradation
of 6%. The main power loss occurred in the time
interval between 0 and 800 hours giving rise to a
life time expectation of about 10.000 hours - more
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C-MaccuBa, oX/1akAaeMbIX 3a CYeT TeIJIOIIPOBOJHOCTH.
IIpu YacToTe OBTOPeHU S KUMITY/IbCOB 10 I'l] reHepuUpy-
eMasl MOILIHOCTh H3JIy4eHHs [/ JAHHOHM CHCTeMBI
HaKa4yKHM COCTaBjgeT 75 KBT a1 Toka HakKauku 300 A.
II¥pyHA CHeKTPaJbHOM JTHHHUH COCTaBHUIa MeHee
6 HM (IIMpHUHA Ha IOMyBbICOTEe). Ha puc. 96 n3obpa-
SKEHO ceueHHe Jlydya KBaJpaTHOM GopMbl, obramaro-
IIer0 BBICOKOH CTeIleHbl0 OMHOPOLHOCTH 10 HHTEHCHB-
HOCTH, KOTOPBIM HJEalbHO IOAXOOMUT [/ HaKadKH
MOIIHBIX TBEPIOTEIbHBIX JIA3€POB.

BbiBOAbl N OBCYXAEHWE PE3YJ/IbTATOB

B cTaTbe 6bLIM IIpe/ICTAB/IeHBL JAHHBIE O [IOKA3aTeJIsIX
IIPOM3BOAMTEIBHOCTH K HaJIeSKHOCTH MaCCHBOB JIa3ep-
HBIX KBa3WHEIIPEPLIBHBIX [HOM0B, TeHEePHPYIOIIHX
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Puc.9. Pe3yabmamsl mecmuposarus 0451 MOOYASI HAKAYKU
PM80 npouseodcmea Lastronics: a) - 3a8ucumocms 3Hep-
2UU U3AyYeHUs om moKd Hakauku; b) — munuyrbll npoguib
UHMeHCUBHOCMU Ny4Ka ¢ 0MAU4HOU 0OHOPOOHOCMbHO

Fig. 9. Optical energy vs. peak current for a PM80 pump
engine from Lastronics GmbH (a); typical beam profile with
excellent homogeneity (b)
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than usually demanded for medical or cosmetic laser
applications.

In the next example, the macro-channel cooler is
replaced by a massive copper heat sink for conduction
cooling. A possible application for such water-free
C-stacks is pumping of solid-state lasers generating
high-energy ultra-short pulses at moderate repetition
rates, e.g. for future inertial-confined-fusion facilities.
Due to longer upper-state lifetimes in Yb-doped host
materials, pump pulse lengths of about 1 ms for Yb3*:
YAG or 2.8 ms for Yb**: CaF, are required.

The power-current characteristics for a conduction-
cooled LDA containing 8 laser bars at 940 nm with 80%
fill factor and a cavity length of 1.500 pm is shown in
Fig. 6 (a). The measurement was carried out with a
repetition rate of 10 Hz and a pulse width of 1 ms. The
C-stack achieved an optical peak power of 3.500 W at a
driving current of 390 A, which corresponds to more
than 435 W per bar. At a driving current of 300 A, an
increase of the pulse width from 1 ms to 2.8 ms leads to
aredshift of the emission wavelength that corresponds
to an increase of the junction temperature of 13 °C.

The result of an ongoing reliability test carried out
with constant peak current on a conduction-cooled
LDA containing eight laser bars at 940 nm is shown
in Fig. 6 (b). The LDA is operated with a repetition
rate of 10 Hz and a pulse width of 1 ms. The test
power was chosen to be 2.400 W or 300W per bar
regarding customer’s requirements. After 2.500 hours
of operation we could not detect any degradation of
the peak power proving reliable operation of the stacks
at this operation conditions. One application of these
C-stacks will be described in Sec. 4.

Single laser bar design
In this section, we consider the performance of a C-stack
like conduction-cooled design containing only one
single laser bar (as shown in the right part of Fig.1).
Figure 7 (a) shows the power-current characteristics
for a conduction-cooled LDA containing one laser bar
at 940 nm. The measurement was carried out with
a repetition rate of 50 Hz and a pulse width of 50 ps
without additional cooling. A possible application is
laser ignition of several highly flammable substances.
At 1=640 A, a peak power of 710 W was achieved. Up to
this power level, no COD events occured. Other potential
applications of these devices demanding larger pulse
widths in the range of 1 to 5 ms are diode laser pumps
for range finding or gated imaging systems. Figure 7 (b)
depicts an ongoing reliability test on the same device
with a constant peak current of I=400 A and a repetition
rate of 5 Hz. After 1.000 hours of operation with a pulse
width of 2 ms, the test was continued with a pulse
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H3/y4eHHe BBICOKOM MOIIHOCTH. [laHHBIE MAacCHBBI,
H3rOTOBJIEHHBIE 110 MHANBH/AYATIbHBIM TPeOOBAHHUSIM,
OTIMYAIOTCS KOMIIAKTHOCTBIO, HAJIe’KHOCTBIO U IIPH-
TOZHBI /Il IPOLOJIKUTENIbHOM PpaboThl. ITH TaK Ha3bI-
BaeMble "C-MacCHBBL" COOEP>KAT OTAe/IbHBIE Ta3ePHbIe
nuonel (6apel) IIMHOM 1 CM C 3JIeKTPOJAMU M3 CIUIABa
AuSn, pacrono’keHHble MEXIY ABYMS TeIlJIOPACcCeH-
BAOIIMMH CJI0OSIMU H3 ciiyiaBa CuW. MaccuB us 15
nuHeeK ObUI pa3MellleH Ha KepaMH4YeCKHX IIJIaCTH-
Hax C Pa3IMYHBIM TEIIOOTBOJOM B 3aBHUCHMOCTHU
OT IIPHJIOKEHHUSI U COOTBETCTBYIOIIMX TpebOBaHHI.
[Toka3aHO, YTO MOIIHOCTb BBIXOZHOIO H3JTy4YeHHUSs
B CHUJIBHOM CTeIleHU 3aBHCHUT OT JJIMHBI BOJIHBI, IIJIOT-
HOCTH YIIAaKOBKH JIa3epHBIX DapoB, a Takke OT K03b-
buLIMeHTa 3aII0THeHH S, TeMIIePaTyPhl U TeIlJIOIIPOBO-
JHOCTH IIOJIOKKH.

CTOUT OTMETHUTh, 4YTO pa3paboranHble QCW-
MaCCHBBl MOTYT 3KCILUIyaTHPOBAThCS IIPH TeMIIepa-
Type MOoIAI0KKHU 45°C 6e3 [NOIMOMTHUTENBHOTO OXJIasK-
IeHUs (WHPKY/ISIHMS BOLBI UM 37IeMEeHTHI [1enbThe).
HoBasi KOHCTPYKLHS Ja3epHBIX AHUOAHBIX COOpPOK
I103BOJISIeT II0y4aTh O0ee BBICOKKE IIMKOBBIE MOII-
HOCTH H3JIy4eHHs. YBeJIHYeHHe JJIIMHB pe30oHaTopa
I103BOJISIeT YMEHBUIUTD 3JIeKTPUYeCKOe COIIPOTHUBIIEe-
HHe U C/AydalHble U3MeHeHHUs TeMIIepaTypbl Mac-
CHBa, YTO, KaK IPaBUJIO, IPUBOAUT K yIIHPEHHUIO

i1

width of 4 ms. Within the recent test duration, we could
not detect any power degradation at the applied pulse
conditions.

New research samples with a cavity length of 1500
pm that use more advanced diode laser designs give rise
for a reliable operation up to a peak power of 500 W with
pulse widths of a few milliseconds.

The power-current characteristics for a conduction-
cooled LDA containing another novel laser bar at 940
nm with 50% fill factor, a cavity length of 4000 pm and
passivated facets is depicted in Fig. 8 (a). The achieved
optical peak power at a driving current of 1.150 A was
800 W.Figure 8 (b) shows the temperature distribution
of the measured device for a peak power of 800 W at a
backplate temperature of 20 °C received from a finite
element analysis. The temperature difference between
the backplate and the hottest points is only 9.65 °C.

SAMPLE FOR C-STACK APPLICATION

Our compact C-stacks with improved thermal
management compared to usual QCW stacks allow a
reliable operation with high peak powers and longer
pulses in the millisecond range. They become more
and more interesting for pumping of high-energy
class solid-state lasers (DPSSL) [9]. Applications range
from pump lasers for attosecond pulse generation
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CIIeKTPa/IbHOM JIMHUU (TaK Ha3blBaeMBIH TeIlJIOBOM
IIyM, OITKCAHHBIH B pabote [10]).

KoHcTpyknuss C-MacCHBOB I103BO/ISeT IIPOCTO
U 3¢PpekTUBHO COOPMHPOBATH CeYeHHe Jiydya Tpe-
byeMort GOpMBI, HCIIONB3YSI KOJJIHMATOP OBICTPOM
OCH [IJISI BCeX CTEepP>KHeH, a Takke KOJTITMMAToOp MeJ-
JIEHHOU 0CH, B 0COOeHHOCTH [JISI CTEPSKHEH ¢ MaJIoHt
IIJIOTHOCTBIO YIIaKOBKH. Jlajlee CTAHOBUTCSI BO3MOXK-
HBIM 3aBeJleHHe JIy4ua B OIITOBOJIOKHO.

[IpefcTaBleHHas TeXHOJOTHS II03BOJISIeT H3Me-
HSTHh pa3Mephl, a TaKKe 0COOEHHOCTH KOHCTPYK-
TUBHBIX MOAY/IelN CO6OpPOK /1a3epHBIX THOMOB. DTO
II03BOJISIET M3TOTaB/JIMBATh MACCHUBBL 110 HHAUBU-
OyaJlbHBIM TPeGOBAaHUSIM HCXOHASl M3 KOHKPETHOM
3afavyd 3akasdyhKa. K mpuMmepy, CyllecTByeT BO3-
MOXXHOCTb MCII0JIb30BaTh pa3jIHU4YHBIe KepaMH4Ue-
CKHe MaTepHasbl ¢ 60ee BHICOKOM TEIJIOIIPOBOLHO-
CTBIO, a TAK’Ke BAPbUPOBATH TUII OXJIATUTEIISI HCXO S
M3 KOHKPeTHBIX 33/la4 3aKa3uyMKa. YIydlleHHBIH
Ter/I000MeH, IIPOYHOCTb, MaJjbll Bec pa3paborTaH-
HBIX MacCCHBOB CIIOCOOCTBYIOT HMX YCIIELIIHOMY IIpHU-
MeHEeHHIO /151 3a/1a4, IJe TpebyeTcs MOPTaTUBHOCTD
1 MOOKJIBHOCTB CUCTEMBI, B 0COO@HHOCTH B CJIydasiX
C MUHUMAa/IPHBIM OXJIaKAeHHEM.

PaboThl Haf ynydlleHHeM KOHCTPYKIMK MacCH-
BOB, IIpoliecca c6OpKH, a Takke M0OA6OP ONTHMAb-
HBIX MaTepHa/loB IPOAOKAITCS, M, BO3MOXHO,
B 6mmskaiimmee BpeMsl CTOUT OXHIAATh emé 6Gosee
YCIIEIIHBIX Pe3yIbTaTOB.
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to X-ray and particle physics. In this research area,
ultra-short high-energetic laser pulses serve as the
unrivaled source for very strong electromagnetic
fields opening the door for the investigation of long
ago predicted but so far not observable effects in
relativity and quantum physics. Moreover, the huge
DPSSLs for inertial confined fusion research facilities
planned for some projects worldwide have to provide
exceptional beam quality and stability. Such laser
systems are measured by their maximized wall-
plug efficiency and minimized maintenance effort.
Two challenging large scale European laser projects,
namely HiPER (www.hiper-laser.org) and ELI (www.
extreme-light-intrastructure.eu), are currently at
their preparatory phase. Recent developments in
high-power diode laser technology enable the set-up
of a new class of high-energy, diode-pumped lasers
with enhanced reliability at acceptable costs.

High-power diode laser stacks as described in Sec. 3.2
can be arranged close to each other in a planar geometry.
Today, 2.4 kW and 3.2 kW C-stacks are available for
pumping at 939 and 979 nm with pulse widths of 1ms (for
Yb3*: YAG crystals) and 2.8 ms (for Yb3*: CaF, crystals). As
an example, Figure 9 (a) shows some basic parameters of
a pump engine from Lastronics CmbH in Jena/Cermany,
e.g. used in Peta Watt (10" W) systems. In the PM80
pump engine, 32 conduction-cooled C-stacks (as shown
in Fig. 6) are combined. At a repetition rate of 10 Hz, this
pump engine achieves an optical peak power of 75 kW at
300 A.The line width is smaller than 6.0 nm (FWHM).
Figure 9 (b) shows a quadratic ultraflat-top, low-ripple
beam profile well-suited for pumping of high-energy
class solid state lasers.

SUMMARY AND OUTLOOK
We have presented performance and reliability data
of high-brightness high-power QCW arrays with a
custom, compact, robust and lightweight design. These
so-called C-stacks are based on single diodes consisting
of a 1cm laser bar that is AuSn soldered between two
CuW submounts. The improved thermal management
of the C-stack design allows for an operation with
high duty cycles and long pulses beyond the classical
QCW limit. LDAs of up to 15 diodes were connected to
ceramic base plates on different heat sinks fitting to
the requirements of various applications. The available
optical peak power strongly depends on the wavelength
and fill factor of the laser bars as well as on the duty
cycle, the base plate temperature and the thermal
conductivity of the applied ceramic materials.
Operation at increased heat sink temperatures up to
45°C is possible without additional cooling like active water
cooling or thermo-electrical cooling with the help of Peltier
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elements. Novel laser bars allow for more efficient operation
and higher optical peak powers. Longer resonators reduce
the electrical resistance and the in-pulse temperature
variation usually leading to a broadening of the spectrum
(so-called thermal chirp [10]).

The investigated C-stacks allow for an easy and
efficient beam shaping using fast-axis collimation
(FAC) for all bars as well as slow-axis collimation (SAC)
especially for bars with low fill factor. In the latter case,
fiber coupling becomes possible.

The presented technology also offers scalability
and modularity of the LDA designs allowing custom
products with respect to user applications. It allows
the use of ceramic materials with improved thermal
conductivity and different heat sinks below the ground
plate based upon the customer’s needs. The improved
thermal management and the robust, light weight
design make these arrays especially interesting for
portable and mobile applications demanding a
minimum of cooling.

The work on our C-stack design with respect to
materials, processes and structures is continued,
and even better results can be expected in the near
future.
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