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BbiCOKOMOLLHbIE AMOAHbIE Na3epbl o6napatoT
BbICOKOM 3(pPEKTUBHOCTbIO 3/1eKTPOONTUYHECKOrO
npeob6pa3oBaHuNs, KOMNAKTHbIMA pasMmepamMmu

M AJIUTE/IbHbIM CPOKOM CJ1yX6bl. [03TOMY OHU
LUMPOKO NMPUMEHSIIOTCS B KAYeCTBe MCTOYHUKOB
HaKayku1 AN TPAAULUNOHHbBIX TBEpAOTE/IbHbIX J1a3epoB
(DPSSLs). TexHU4eckune xapakTepuctuku DPSSLs
CUIbHO 3aBUCSAT OT 3HA4YEHUI pabo4ynx NnapaMmeTpoB
MCTOYHUKOB HaKa4yku. TeXHO/Orms KOMNOHOBKM
peweToK BbICOKOMOLHbIX ANOAHbIX 1a3epoB
3Ha4YUTENIbHO B/IMSIET HA OCHOBHbIE TeXHUYecKue
XapaKTepUCTUKU ANOAHOIO a3epa: BbIXOAHYIO
MOLLLHOCTb, AJINHY BOJIHbI, CNEKTP U3/TyYeHUs, CPOK
cnyxX6bl U faxke NONISpU3aLLMOHHbIE CBOMCTBA.

B cTaTbe coobuiaeTcs o nocaegHUX AOCTUXKEHUNX

B 06/1aCTM KOMMOHOBKM peLleTOK BbICOKOMOLLHbIX
AVOAHbIX 1a3epoB.

BBEAEHWE

BBICOKOMOIIHBIE AUOLHBIE Ja3epbl, baronaps BBICO-
KOH 3QPeKTHUBHOCTH 37IeKTPOOIITHYECKOro mmpeobpa-
30BaHMS, KOMIIAKTHBIM pa3MepaM, BBICOKOM HaJeK-
HOCTH W [AJIUTeNBHBIM CPOKaM CJIYXObI HaNIIH
IIpYMeHeHHe B KauecTBe UCTOYHUKOB HaKa4uKH IS
TPAaAUIMOHHBIX TBePHAOTENbHBIX J1a3epoB C IHOJI-
HOM HaKaukol (DPSSLs) M BOJOKOHHBIX JIa3epoB,
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With the advantage of high electro-optical conversion
efficiency, compact size and long lifetime, high power
diode lasers have found increased applications in
pumping sources for traditional diode-pumped solid-
state lasers (DPSSLs). The performances of DPSSLs
are significantly influenced by the main parameters
of diode laser pumping sources. The thermal
management, packaging process and optical effects
influence the performance of the kW-level diode
lasers obviously. The packaging technologies for

high power diode laser arrays significantly influences
major characteristics of the diode laser performance,
such as output power, wavelength, spectrum,
lifetime, and even the polarization properties etc.
This work reports on the latest advancements in
packaging of high power diode laser arrays.

INTRODUCTION

High power diode lasers with high electro-optical
conversion efficiency, compact size, high reliability
and long lifetime, have found increased applications
in pumping sources for traditional diode-pumped
solid-state lasers (DPSSLs) and fiber lasers, as well
as direct applications such as material surface
processing, illumination, medical treatment and
display etc. [1-3]. Pumping of solid state lasers is
one of the most important applications for high
power diode lasers. The performances of DPSSL are
significantly influenced by the main parameters of
diode laser pumping sources, such as output power,
wavelength, spectral width and beam quality etc.
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a TaKkXXe [J/s1 IMpPSIMOTO HCIIOJb30BaHUS, HAIpU-
Mep 06paboTKM IOBEPXHOCTH MaTepHasa, oCBellle-
HHS, MeJHMILIMHCKOTO JIeYeHU s, JUCIUIeN U T.[. [1-3].
Haka4yka TBepJOTe/bHBIX JIa3ePOB SB/SETCS OGHUM
13 Haubosee Ba’KHBIX ITPHMEHEHHM BBICOKOMOII-
HBIX AHUONOHBIX J1a3epoB. Ha HpOH3BOAUTENIBHOCTD
DPSSLS B 3HAUHUTEe/IbHOU CTeIleHH BIHSIOT OCHOBHbBIE
IapaMeTpbl HCTOYHHKOB HaKadKH OHUONHBIX Ja3e-
POB, TaKHe KaK BBIXOJHAasl MOIIHOCTD, AJIMHA BOIHEI,
IIMPHUHA CIeKTpa M Ka4decTBO Jayda U T.A. Kimode-
BBIMHU IIPeMMYIIeCTBAMH TBEPAOTeIbHBIX J1a3epoB
C JHUOJHOM HAaKA4YKOM SABILIOTCA: 1) 30 PeKTHBHBIN
[lepeHOC MOLIHOCTH Hacoca B YCHJIMBAIOIIYIO CPeay;
2) 3ddeKTHUBHOe IOIJIOUleHHe H3/Ty4YeHHsI HaKauKHU;
3) BbICOKas OJJHOPOJHOCTb IIOTHOCTH IIOIJIONIaeMOH
MOIIIHOCTH Hacoca W 4) BBICOKasl MPOYHOCTb B Pas-
JTUYHBIX YCIOBUSAX paborel [4-5]. ITo3TOoMy Heo6-
XOIMMO yYHUTBHIBATh BBIOOP HMCTOYHHUKOB IHUOMHOMU
71a3epHOM HaKa4yKH C IIPABH/IBHOH [IJIMHOHU BOJIHBI,
Y3KOH CIIeKTPaabHOM LIINPHUHOM, IIPaBUIBHBIM pac-
IpefieleHHeM IIy4Ka K BBICOKOHM HaJe>XHOCTBHIO.
JuomHble 1a3epbl KUJIOBATTHOIO YPOBHS IPHMeEHS-
IOTCA /151 HAKa4KHU BBICOKOMOIIIHBIX TBePAOTEIbHBIX
71a3epoB U COCTOSIT M3 HECKOJIBKHUX PeIleTOK OHO[-
HBIX JIa3epoB. OHHU OOBIYHO IIPeACTaBISIOT CO60
BepTHUKAJbHBIN CTeK, TFOPU30HTA/IPHYIO pelIeTKy
HMJIK II0OBEPXHOCTHYIO pellleTKy. KOHTponb TeMiIle-
paTyphl, IpoIecC KOMIIOHOBKH I OITHYeCKHe
3 deKTHI CyleCTBeHHO BIMAIOT Ha paboTy JUOLHBIX
71a3epoB KHUJIOBATTHOrO ypoBHA. ITo Mepe yBenuye-
HUSI CHJIBL TOKA U BBIXOJHOM MOIIHOCTH Ha/e>XHOCTb
K CPOK CJ1y>K6bI BBICOKOMOIIHBIX NHOJHBIX JIa3epOB
CTaHOBUTCS IIPob1eMoi, 0cO6eHHO B CJIOKHBIX yCJI0-
BUSIX paboThl, TaKUX KaK IIOBTOPHOe BKJ/IIOUeHHe-
BBIK/IIOYEHHEe MMUTAHUS C OONBIION AJIHTEIbHOCTHIO
MMIIyJIbCa W HHTEHCHUBHBIM PabOuYMM LIHKJIOM.
B pesynbTaTe TeXHOJOTHMHM KOMIIOHOBKH JJis pelle-
TOK BBICOKOMOIIHBIX LHOAHBIX JIa3epPOB CTAHOBSTCS
KPUTHYeCKHMHU.

Focuslight Technologies Inc (Focuslight) (Kutan) -
370 ObICTPOpPA3BMBAIOLLAACSA BbICOKOTEXHOIOIMMNY-
Has KoMMaHus, ocHoBaHHaa B 2007 rody v 3aHMMato-
Lascs mMccnenoBaHMEM, pa3paboTKOWM M MPOM3BOA-
CTBOM J1a3epHbIX ANOAHbLIX CUCTEM M BbICOKOMOLLHbIX
AVNoAHbLIX Moaynen. lpeacTaBfieHbl JAUMHEWKW oAuU-
HOYHbIX Jla3epHblX AMOAOB ANs Auana3oHa 808—
940 HM M MaTpuLbl, NOCTPOEHHbIE Ha HWX, pabo-
Talowue npu BbICOKMX Temnepatypax Ao 74 °C
C MOLLHOCTBLIO A0 300 BT Ha InHenKy. biarogapsa nHxe-
HEpPHOMY OMbITYy pa3paboTok B 061aCTU TepMOAUHA-
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The key merits for diode laser pumping of solid state
lasers are 1) efficient transport of pump power to
the gain medium; 2) efficient absorption of pump
radiation; 3) high uniformity of absorbed pump power
density and 4) high durability under various working
conditions [4-5]. Therefore, selection of diode laser
pumping sources with the right wavelength, narrow
spectral width, proper beam distribution, and high
reliability needs to be taken into account. Kilowatt
level diode lasers are used for pumping high power
solid state lasers and they are made of multiple diode
laser arrays. They are typically in the form of a vertical
stack, a horizontal array or an area array. The thermal
management, packaging process and optical effects
influence the performance of the kW-level diode
lasers significantly. With the increase of high current
and output power, the reliability and lifetime of high
power diode lasers becomes a challenge, especially for
the harsh working conditions such as the repeated
on-off power-cycling with long pulse duration and
high duty cycling. As aresult, packaging technologies
for high power diode laser arrays becomes critical.
The development of packaging technology
continues to improve the optical output power of diode
laser arrays. The quality of the packaging technology
significantly affects the major characteristics of diode
laser performance, such as output power, wavelength,
spectrum, lifetime, and even the polarization
properties. Current materials used in bonding high
power diode laser bars are commonly indium and
gold-tin solders, with the indium soldering still being
the dominant approach [6-10]. In order to obtain
higher reliability and longer lifetime, developing hard
solder bonding technology becomes a trend [5]. In this
paper, the key factors, such as thermal management,
processes development, failure analysis and reliability
evaluation are presented in developing kW-level diode
lasers for solid state laser pumping. This work also
reports on the latest advancements in packaging of

MUKW, ONTUKK U MexaHukK, Focuslight obecneurBaeT
KQ4YeCTBEHHOE BbIMO/IHEHWE TaKMUX MPON3BOACTBEHHbIX
MPOLLECCOB, KaK MOHTAX KPUCTaNNoB, C6opKa C KO-
MaLmen BbICTPOM OCKU, ONTOBOJIOKOHHOE COeAUHEHNE
N CNCTEMHaAa MHTerpauus.

KomnaHmnsa "O3C CneuynoctaBka" npeacTaB/isieT Becb
cnekTp npoaykuwnu Focuslight Ha Tepputopun PO
W npegnaraeTt Hanbonee BbIrOA4HbIE YCNOBUS MOCTABKMN
NpOAYKLUWW, MNOJHYK TEXHWYECKY MNOALEPXKKY,
a TaK>e npefocTaB/ieHne 06pasLoB.
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Pa3BUTHE TEXHOJOTHMHU KOMIIOHOBKH HaIleJIeHO
Ha y/IydlleHHe OINTHUYECKOM BBIXOLHOM MOIIHOCTH
pelleTOK MOHOAHBIX sa3epoB. KadecTBO TeXHOJIO-
TUU KOMIIOHOBKH CYIIEeCTBEHHO B/IHSIeT Ha OCHOB-
HBle XapaKTePUCTHUKHU paboThl AHOLHOrO Jjasepa,
TaKHhe KaK BBIXOAHASI MOIIHOCTb, IJHHA BOJHBI,
CIIeKTP, CPOK CIYKOBI M Jaske IIONSPHU3ALMOHHEIE
cBoricTBa. CoBpeMeHHBIe MaTepHasbl, HCIONb3ye-
MBble /IS COeJHHEHHSI CTepKHeH BBICOKOMOIHBIX
OUONHBIX J1a3epoB, OOBIYHO SBISIOTCS IIPUIIOSIMU
M3 UHAUS U 30/I0Ta-0JI0Ba, IIPH 3TOM IAaMKa UHIUS
OCTaeTCsl MPUOPUTETHHIM HoaxoAoM [6-10]. TexHoso-
IUSl CBapKU TBEpPABIM IIPHUIIOEM CTAHOBHUTCS 0bmie-
IIPUHSTHIM HaIlpaBiaeHHeM, obecieunBas O0JbLIYIO
Hae>KHOCTh U boslee MIMTENBHBIM CPOK CIYKOBI [5].
B HacTosIIer cTaThe IIpe/CTaBIeHBl KII0UeBble Qak-
TOPBI, TaKHe KaK KOHTPO/Ib TeMIIepaTyphl, pa3BUTHe
Ipoliecca, aHaAM3 OTKA30B U OlleHKa Ha/eXXHOCTHU
npu pa3paboTke OUONHBIX J1a3€POB KHUJIOBATTHOLO
YPOBHSL [JISl TBEPLOTEIPHOM J1a3epHOM HAaKa4YKH.
B Hactosimell paboTe Takke coobuiaercs o IOCIen-
HUX JOCTHKEHHSX B 0071aCTH KOMIIOHOBKH PeIlleTOK
BBICOKOMOIIHBIX JHUOMHBIX JIa3ePOB, BKIIOYAS CTEKU
IUOMHBIX J1a3ePOB C OXJIAKIeHHUEM 32 CUeT TeIlIONPOo-
BOLHOCTH, CTeKHM MHKPOKAHAJIBHBIX JUOLHBIX Ja3e-
POB C BOASHBIM OXJa’KIeHHEeM U TOPH30HTAJIbHBIE
pelleTKH AUOAHBIX Ja3epoB. BbIXxomHasi MOLIHOCTB
CTeKa AHOJHOTO Jia3epa, COCTOSIIIEro M3 HeCKOIbKUX
Ja3epHBIX CTepsKHEM, MOXKeT [IOCTUraTh HeCKOJb-
KHX THICSY BAaTT B HEITPEPHIBHOM Pe>KHMe U IeCSITKU
THICAY BaTT B MMIIYJIbCHOM peXXrMe. Ha ocHoBe Tex-
HOJIOTHH, PACCMOTPEHHBIX BBIIIE, H3TOTABINBAIOTCS
M IIPOBOASTCS HCIIBITAHUS Pa3NHUYHBIX PpeIIeToK
BBICOKOMOIIHEIX Ja3epoB. Pe3ynbTaTsl [IOKa3bIBaIoT,
YTO YCTPOMCTBA 06JIaIAI0T IIPEeMMYIIeCTBAMH BBICO-
KOHM MOIIHOCTH, Y3KOTO CIIeKTPa, BBICOKOH 3JIEKTPO-
OIITUYECKON 3QPeKTHUBHOCTU M BBICOKOM HaOeXX-
HOCTH, KOTOpble IIOAXOIST [JISI TBEpPAOTeNbHOMN
Ja3epHOM HaKa4yKH.

TEXHOJOI'MN KOMIMOHOBKUA

A1 BbICOKOMOLLUHbIX ANOAHDbIX
JTA3EPOB

OcHOBHasl CTPYKTypa KOMIIOHOBKH [HOJHOTO Ja3ep-
HOTO yCTPOMCTBA COCTOMT M3 JIa3epHOIO UMIIa, CKpe-
IIJISIONIET0 CJIOS ¥ MOHTAa>KHOM MOAJIOKKH. HasHadye-
HHUE KOMIIOHOBKU COCTOUT B TOM, YTOOBI 3aKPENUTh
OUOAHBIN JIa3epHBIM CTep’KeHb Ha MOHTA’>KHOU
IIOAJIOKKEe HMJIM Ha IIOJJIOXKKe C HaHeCeHHOM Ha Hee
MeTajlIM3aluel O obecliedyeHUs MeXaHMYeCKoH
MOAJEPKKH, KOHTPO/ISL TeMIlepaTypsl U QYHKIIHO-
HaJIBHBIX COeJUHEeHUN. KauecTBO KOMIIOHOBKM KPHU-
THUYHO B/USIeT HA OCHOBHBIE XapaKTepPUCTUKH JHO[-
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high power diode laser arrays, including conductively
cooled diode laser stacks, micro-channel water cooled
diode laser stacks, and horizontal diode laser arrays.
The output power of the diode laser stack fabricated by
multiple laser bars can reach several thousand watts
in CW mode and tens of thousands watts in QCW
mode. Based on the technologies discussed above, a
variety of high power diode laser arrays are fabricated
and tested. The results indicate that the devices have
the advantages of high power, narrow spectrum,
high electro-optical efficiency and high reliability,
which are suitable for solid state laser pumping.

PACKAGING TECHNOLOGIES FOR HIGH
POWER DIODE LASER

The basic packaging structure of a diode laser device
consists of laser chip, bonding layer and mounting
substrate. The packaging is to bond the diode laser
bar on a mounting substrate or a submount with
metallization deposited on it to provide mechanical
support, thermal management and functional
connections. The quality of the packaging critically
influences major characteristics of the diode
laser, such as thermal behavior, achievable output
power, wavelength, spectrum, lifetime, and even
the polarization properties etc. [10-12]. The thermal
management, structure design and materials
selection are very important in heat dissipation,
stress reduction and performance improvement. The
metallization is critical in achieving high quality
packaging and long term stability. The suitable solder
layer and mounting substrate should be selected
and optimized to meet the requirement of the
application.

Structure design

Package structure of a diode laser influences the
major characteristics, such as thermal behavior,
output power and polarization [13]. Mounting
material, metallization, bonding layer and bonding
process should be taken into account in designing
package structure. A typical package structure of
single-bar diode laser, in which a diode laser bar
is mounted on a heat-sink, is shown in Figure 1.
The heatsink could be a conduction cooled material
such as copper or a liquid cooled structure such as a
micro-channel cooled cooler. The laser bar is epi-down
mounted on the heat sink. For indium bar bonding,
the laser diode bar is commonly directly bonded
to the mounting heat sink with indium solder, as
shown in Figure 1 (a). To improve the reliability and
lifetime, hard solder bonding technology has been
developed in recent years. In this package structure,
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HOTO JIa3epa, TaKue KaK TeMIIepaTypHoe II0BefleHHUe,
IoCTUraeMasl BBIXOAHAsI MOIIHOCTb, JJIMHA BOJIHBI,
CIIeKTP, CPOK CIY>XObl M [Aaske IONSpPHU3alHOHHBIE
CBOMCTBA U T.[A. [10-12]. KoHTpo/ib TeMIlepaTyphl,
KOHCTPYKIMSI W BBIOOD MaTepHasoB O4YeHb Ba>KHBI
IJ1. pacCeMBaHHUS TellJla, CHUKeHHS HaIPs KeHHs
M IOBBIIIEHUS! IIPOM3BOJUTEIBPHOCTH. MeTannusa-
LIMsl MMeeT pelllafolllee 3HAUeHHe [JIs1 JOCTHKeHHUS
BBICOKOKaUeCTBEHHOIM KOMIIOHOBKH M JI0JITOCPOUHOL
CTabunpHOCTH. IIOAXOASIIIMKI C/I0OM IIPUIIOS M MOH-
Ta’kKHasi OCHOBA BBIOMPAIOTCS M ONTHMH3HUPYIOTCS
B COOTBETCTBHH C TPeOOBAaHUSIMH KOHQUTYPALIHH.

NMpoekTnpoBaHue CTPYKTYpbl

CTPyKTypa KOMIIOHOBKHY JHOJHOTO jia3epa BIIMsET Ha
OCHOBHBIE XapaKTePUCTHKHY, TAKHE KaK TeMIIePATyp-
HOe MOBeJeHHe, BBIXOMHAs MOIIHOCTh U IIOJSPH3a-
uus [13]. IIpu OpoeKTHPOBAaHUM CTPYKTYPhl KOMIIO-
HOBKU CJIeflyeT YUYHUTBIBaTh MOHTaKHBIH MaTepHall,
MeTa/IM3aL 10, CBS3BIBAIOIMM CJIOM M IIpoliecc
coeguHeHUs. [IppMepHas CTPYKTypa KOMIIOHOBKH
O HOCTEeP>KHeBOI0 JUOAHOTO JIa3epa, B KOTOPOU CTep-
SKeHb OHOHOTO Jla3epa yCTAHOB/IEH Ha TeIJI00TBO/eE,
IoKa3aH Ha puc.l. Term1o00TBOA MOXKET IIPeACTaBIIATh
coboll MaTepuasa C OXJa’kAeHHEM 3a CueT TeIlIo-
IIPOBOJIHOCTH, HAaIIpUMep Me[b, H/IH KOHCTPYKIIUIO
C SKMIOKOCTHBIM OXJIaXKAE€HHEM, a TaKKe OXJIaju-
TeJIb C MUKPOKAHAIBHBIM OXJIaKeHHeM. JIa3epHbII
CTep>KeHb YCTAHOBJIEH Ha TeIIooTBode. i coemu-
HeHHS CO CTepKHeM M3 HHAWS, LUOAHBIN Ja3ep-
HBII CTep>kKeHb 0OBIUHO HeIloCPeCTBEHHO COeJUHEeH
C MOHTa>XKHBIM TeIJIOOTBOAOM IIPHUIIOEM H3 UHAMS,
KaK I0Ka3aHo Ha puc.l (a). YToOkI IOBBICUTH HaJexX-

high power diode laser bars can be bonded on a CTE-
matched submount such as Copper-Tungsten (CuW)
or ceramic. Subsequently, the resulting subassembly
is soldered to a high thermal conductive heatsink
using other solders, such as SnAgCu or AuSn, as
shown in Figure 1 (b). Single-bar diode laser is the
basic structure to extend to different categories of
diode laser arrays, such as horizontal arrays and
vertical stacks. Horizontal array is packaged with the
single-bar diode laser horizontally arranged along the
cooling plated, while the vertical stack is assembled
with the single-bar diode laser vertically stacked by
clamping fixture.

Package structure of the conduction cooled diode
laser stack (G-Stack) is designed in different concept
as show in Figure 2 [14]. Diode laser bar is sandwiched
in the CTE-matched submount (e.g. CuW) with hard
solder layer (AuSn) to achieve the performances of
anti-thermal fatigue, higher reliability and longer
lifetime. The diode laser bars are isolated from the
cooling plate (or heatsink) with the insulator. The
ceramic material with high thermal conductivity
is chosen as the insulator. Compared with the
conventional indium bonding process, the application
of hard solder for bonding the diode laser stack will
significantly increase the reliability and lifetime of
the devices. In this configuration, double side cooling
is achieved as the heat can be dissipated through both
the anode and cathode of the mounting submount.
G-Stack structure can be directly used as the single
diode laser device, or it can be applied as the basic
unit for packaging the horizontal arrays and area
arrays.

[VOoAHbI Na3epHbIN CTEPXKEHb
Diode laser bar

MNopcTtaBka, coBmectumas ¢ CTE

N-KoHTaKkT (KaTtoa)
N-contact (cathode)

[NoAHbIV NasepHbIN CTep>KeHb
Diode laser bar

Mpunon nHams
Indium solder

TennooTtBog (aHoL)
Heatsink (anode)

a) b)

N-metann (katon)
N-metal (cathode)

CTE-matched submount

Puc.1. Cmpykmyp-
Has cxema oou-
HOYHO020 8bICOKO-
MOUW,HO20 OUOOH020
NA3epHO20 CMEPXKHS,
CKOMNOHOBAHHO020
C UCN0Ab308aHUEM
pazAu4HbIX mex-
Honozull natiku,

(a) npunoti uHdus;
(b) npunoti AuSn.
Fig. 1. Structure
schematic of single
high power diode
laser bar packaged
using different
bonding technology,
(a) indium solder;
(b) AuSn solder

Tennootsog (aHoa)
Heatsink (anode)
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HOCTb M CPOK CJIY>XObI, B IocC/lefHHe roabl 6bln1a
pa3paboTaHa TeXHOJOTHS TBePAOCIJIABHOM IMaMKH.
B 3TOM CTPYyKType KOMIIOHOBKH BBICOKOMOIIIHBIE
OUONHBIE JIa3epHBle CTePKHHU MOTYT OBITh HpHUIIA-
SHBI K IIOACTaBKe, COBMeCTHMOM I10 KO3)PUILIHEeHTY
terioBoro pacumupenus (Coefficiency of Thermal
Expansion - CTE), HanprMep U3 MeJHO-BOIbOPAMO-
Boro crtaBa (CuW) uiu KepaMHKH. 3aTeM IOTy4YeH-
HBIHM y3eJl IPHIIAMBAETCS K TeIJIOOTBOAY C HMCIIONb-
30BaHHEM [pyrux IpHIIOeB, TaKUX Kak SnAgCu
win AuSn, kak mokasasno Ha puc.l (b). OnHoCcTepsK-
HeBOM JUOAHBIN ja3ep siBiseTcss 6a30BOM CTPYKTY-
PpoH, KOTOPYI0 MOXKHO PAacIIMPUTh L0 Pa3MTHYHBIX
KaTeropHuH pelleTOK JHOAHBIX J1a3epoB, TaKHX KakK
FOPH30HTAJIbHEIE PeIleTKH W BEePTHKAJIbHbBIE CTEKH.
fopu3oHTa/bHAsl pelleTKa KOMIIOHYeTCs C OJHO-
CTep>KHEeBBIM [OHUOAHBIM Ja3epoM, TOPHU30HTAJIBHO
PacCIONIOKeHHBIM BJIO/b OXJIa’KAaeMOM IIJIACTHHEL,
a BepTHUKA/bHBEIK CTeK C OJHOCTEPKHEBBIM [AHO.-
HBIM J1a3€pOM KPEeIMTCS BePTHUKa/JIbHO 3a’KMMHBIM
npucrocobneHueM.

CTpyKTypa KOMIIOHOBKM [HOLHOTO JIa3€pHOTO
creka (G-CTeK) C OXJIaKIeHHeM 3a CHeT TeIlJIOIIpo-
BOJHOCTH BBIIIOJIHeHA HKHayve, KaK IIOKa3aHO Ha
puc.2 [14]. CTepskeHb NHUOLHOTO ja3epa 3a’kaT B MOJ-
cTaBKe, coBmecTuMmor mo CTE (HaHpHMep, CuWw)
C TBepAbIM IpUIIoeM (AuSn) A1 JOCTHKEHHUS XapaK-
TePUCTUK AHTHTePMHUYECKOH YCTaJOCTH, IIOBBI-
IIeHHOM HaJesKHOCTH U 6ojiee IIMTENTBHOTO CpoKa
c1yskOpl. CTep>KHHU JHUOLHOTO jla3epa H30THPYIOTCS
0T OXJIaKAAIOIIeN IIJIACTHUHBL (MM TeIlJIOOTBOMA)
M30/ITOPOM. B KadecTBe H30/14TOpa BbIOHpaeTcs
KepaMHUYeCKHUH MaTepHaJl C BBICOKOM TeIlIOIIPOBO-
OHOCTBIO. II0 CpaBHEHHIO C OOBIYHBIM IIPOLECCOM
[MauKH HHAHeM, [pPHMeHeHHe TBepIOoro IIPUIIOoA
OIS0 MaMKKA CTeKa JHOJHOIO jia3epa 3HA4YUTe/bHO
IIOBBIIIAeT HA/IEeKHOCTb U CPOK CIYKOBI YCTPOKCTB.
B 3ToM KOHQUIYpaLlUHU JOCTHUTAETCS NBYXCTOPOHHee
OXJak[AeHHe, TaK KaK TeII0O MOXKET pacCerBaThCs
KaK 4epe3 aHoJ, TaK M 4epe3 KaToJ, MOHTAKHOU IOJ-
cTaBKU. CTpyKTypa G-CTeK MOKET HeIlOCpeACTBeHHO
HCIIONIb30BaThCSl B KadeCTBe YCTPOMCTBA C OLHHUM
JUOIHBIM JIa3€POM HJIM MOKET IIPHMEeHATHCS B Kaye-
CTBe OCHOBHOIO YCTPOMCTBA MAJIsSI KOMIIOHOBKH KaK
TOPU30HTABHBIX PEeLIeTOK, TaK M IOBEPXHOCTHBIX
peleTox.

KoHTpo/Ib TeMmnepaTypbl

ILJISI IIPpOEKTHUPOBAHUSA U OITHMH3AIHH CTPYK-
Typbl KOMIIOHOBKM TeMII€paTypHBIHM MPOEKT BbICO-
KOMOIIIHBIX JIa3€pOB HMeeT pellalolllee 3Ha4YeHHe,
IIOCKOJIBKY IIOBBIIIEHHE TeMIIepaTyphbl Ilepexoaad,
BO3HHKaAKIIee HKH3-3a 6OJ'IbLI_II/IX TeIIJIOBBIX IIOTOKOB,
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Thermal management
Todesign and optimize the package structure, thermal
design of high power lasers is critical since the
junction temperature rise originating from large heat
fluxes strongly affects the device characteristics such
as wavelength, power, threshold current, efficiency,
and reliability [15]. Thermal performances are closely
related to the device package structure and solder
materials. The ability to design and employ high-
quality solder interfaces in high power laser device
packages, to understand the physics of the behavior of
these packages and interfaces, and to prevent possible
functional (optical) and mechanical (“physical®)
failures is of obvious practical importance. If the
accumulated heat cannot be easily dissipated, the
raised temperatures at the location of the p-n junction
adversely affect the output power, the slope efficiency,
the threshold current and the device lifetime.
Excessive heat could also cause spectral broadening
and wavelength shift. Thermal management of high
power diode laser devices becomes a major challenge
in laser design, manufacturing and application. In
general, the electro-optical conversion efficiency
of diode laser is about 55%, and, therefore, 45% of
electric energy is converted to heat by non-radiative
recombination, Joule heating, optical absorption, etc.
In order to decrease the temperature rise in the region
of active source, the thermal behaviors of conduction-
cooled diode lasers and liquid cooling diode lasers
need to be analyzed and the structures of different
diode laser can be optimized.

Liquid-cooled single-bar diode lasers: Micro-
channel cooler (MCC) has high efficiency of heat
dissipation for high power diode lasers, which can
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CHJIBHO BJIMSeT Ha XapaKTepPUCTHKH YCTPOMCTBaA,
TaKHe KaK JIJINHA BOJIHbI, MOIHOCTD, IIOPOrOBBIH TOK,
3¢ PeKTHUBHOCTDb U HaJle>KHOCTH [15]. TeMIlepaTypHBIe
XapaKTePUCTUKHA TeCHO CBA3aHBl C KOMIIOHOBKOM
YCTPOMCTBAa M MaTepHalaMH IIPHUIIOS. BO3MOXKHOCTD
Pa3paboTKHU U UCII0Ib30BAHUS BBICOKOKAUECTBEHHBIX
HHTepdercoB IMalKU NPH KOMIIOHOBKE Ja3epHBIX
YCTPOMCTB BBICOKOM MOIIHOCTH A/ MNOHMMAaHHS
GM3KMKK MOBeJeHHs KOMIIOHOBKH M HHTepdercoB
Y JJIs1 IIpeOTBpallleHH sl BO3SMOXKHBIX QYHKIIMOHAJIb-
HBIX (OIITUYECKUX) U MeXaHudeckux ('usmuyeckux’)
O0TKa30B MMeeT OYeBHHOe IIPAKTHYEeCKoe 3HAaUeHHe.
Ecnu HakomjaeHHOe TemJo He pacCerBaeTCsl JIerko,
IOBBIIIEHHBIE TeMIIEPATYPhl B MeCTe PACIIOIOKeHHU S
pn-coefMHEHHS OTPULIATEIBHO BIMSAIOT Ha BBIXOA-
HYI0 MOIIHOCTb, 3pPeKTUBHOCTb HAKJIOHA, IIOPOro-
BBIM TOK K CPOK CIYXOBI YCTPOMCTBA. Upe3mepHoe
TeIIJI0 MOXKET TaK>Ke BbI3BaTh CIIEKTPaJIbHOE pacIlu-
peHHe U CABUI IJIMHBI BOJHBIL. KOHTpoib TeMIie-
PaTyphl BBHICOKOMOIIHBIMM AHUOAHBIMH Jia3epHBIMH
YCTPOMCTBAMH CTAHOBHUTCSI CEpPbe3HON ITpobiemMon
[IPY IIPOEKTHPOBAHUHU, H3LOTOBJIIEHHWH WU IIpHMeHe-
HUU 7a3epoB. B obueM cnydae 3¢pPpeKTUBHOCTD €K
TPOOIITHYECKOro Npeobpa3oBaHUs JHOLHOIO Ja3epa
COCTaBJIsIeT OKOJIO 55%, M MO3TOMY 45% 3jexTpuye-
CKOM SHEpPruu ImpeobpasyeTcs B TeIJIO BC/IeACTBUe
HeM3/ydaTelbHON peKoMOMHALIMK, IpeBpalie-
HUS B JIXKOY/JI€BO TEIUIO, OITHUYeCKOro IIOIIOIeHMUS
U T.[. YTo6BI YMEHBUINUTD IIOBBIIIEHHE TeMIIEPATyPhI
B 00/1aCTH aKTHUBHOIO MCTOYHHKA, HeobXomuMo
[IPOAHa/IM3UPOBATh TEIJIOBOe II0BeJeHHEe NHOLHBIX
J1a3epoB C OXJIaXKAeHHeM 3a CYeT TeIlJIOIIPOBOAHOCTH
Y OUOLHBIX JIA3€POB C KUAKOCTHBIM OXJIaKIeHHEeM,
a Tak>Ke OITUMM3HUPOBATh KOHCTPYKILIMH Pa3THYHBIX
JHOIHBIX JIa3€POB.

OpHocCTepXHeBble AMOAHbIE Nasepbl C XWUAKOCT-
HbIM OXJlaX[eHWeM: MHKPOKaHaIbHBIH OXJIadu-
Tenb (MKO) obnamaeT BBICOKOM 3¢()eKTHBHOCTHIO
pacceMBaHMs TeIUIa [/ BHICOKOMOIIHBIX MHOJHBIX
Ja3epoB, KOTOpble MOTYT paboTaTh B HeIIPepHIBHOM
M MMITYJIbCHOM peXHMe C HHTEeHCHUBHBIM pabodum
OUKJIOM. MKO H3roTaB/IMBaeTCsI U3 OYeHb TOHKOH
MenHOH QoJIbIH C BbIpe3aHHBIMHU MHKPOKaHalaMH,
a pa3sMep MHMKpPOKaHaja COCTaBJseT OKOJIO COTHH
MHUKpoMeTpoB [5, 16]. CTpyKTypa MHKpOKaHasa
MoOskeT OBITH ONTHMM3HpPOBaHA /s obecredeHHUs
30 eKTUBHOrO OX/IakAeHHUs U 6oslee paBHOMEPHOTO
pacmpenenieHus TeMIlepaTypbl. Ha puc.3 mokasaHo
pacmpenenieHHe TeMIIEpaTyphl, Ieperaj OaBIeHHs
KU CKOPOCThH IIOTOKA BBICOKO3)EKTUBHOIO MHKPOKA-
HaJIbHOTO OXJIaJJUTeIs.

TemIlepaTypHOe IOBefleHHe ofHOro 6apa moml-
HocThio 80 BT, COCTaBJIeHHOI0O H3 JHOOHBIX

i1

operate under CW mode and QCW mode with high
duty cycle. MCC is fabricated by very thin copper foils
with micro-channel cut outs, and the dimension
of micro-channel is about hundreds micrometer
width [5](16]. The structure of micro-channel can
be optimized to achieve efficient cooling and more
uniform temperature distribution. Figure 3 shows
the temperature distribution, pressure drop and flow
rate of a high efficiency micro-channel cooler.

Thermal behavior of a single bar 80W hard solder
MCC-packaged high power diode laser array in
continuous wave (CW) mode is illustrated in Figure 4.
The thermal power of simulated device is 80W with
the flow of 0.3 1/m. Simulation results shows that the
maximum temperature of hard solder MCC packaged
high power diode laser array is 45.3 °C.

Figure 5 illustrates the correlation of junction
temperature and output power of high power diode
lasers at certain thermal resistance. For 808nm diode
lasers, a wall plug efficiency of 52% was assumed. The
lifetime of high power diode lasers is strongly related
to the junction temperature. Small designed thermal
resistance and low junction temperature are required
for long lifetime of the semiconductor device. If the
junction temperature of a diode laser is limited to
40 °C, the reliable output power from a hard soldered
CS (HCS) package is 60W and it can reach 140W for a
micro-channel cooled device. Because the thermal
resistances of HCS is about 0.7 K/W and that of a MCC
is normally below 0.3K/W.

Liquid cooled vertical stacks: Figure 6 shows the
simulation of the thermal behavior characteristics
of a 20bar micro-channel cooled vertical stack for CW
applications [13]. The maximum temperature on the
cooler of the 20bar MCC stack is about 37 °C at CW
2000W in steady state. It is contributed to the good
ability of heat dissipation from the MCC package
structure.

Conduction cooled diode laser stack (G-Stack):
Conduction-cooled diode laser stacks are mainly
operated at low duty cycle. The transient thermal
behavior of a G-Stack is important in achieving high
performance and reliability. Temperature distribution
and heat flux of a 5000W 12bar G-Stack diode laser are
shown in Figure 7 (@) and (b) [17], respectively. The
operation parameters, such as pulse width, duty
cycle and frequency, have great influences on the
performances of high power diode laser. When the
pulse duration is less than 300us, the temperature
influence between two neighboring bars is very small
and there is no "thermal crosstalk” behavior between
neighboring laser diode bars; On the other hand,
when the operation time is greater than 300ps, the
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J1a3epoB,U3/IyYalOIUX B HeIlpe-
PBIBHOM peXHMe K YIaKOBaH-
HBIX ¢ MKO ¢ IOMOIIBIO TBEPIOLO
IIpUIIOA, MOKa3aHOo Ha puc.4. Tem-
rmepatypHass MOIIHOCTE MOJe-
JTUPyeMOro YCTPOMCTBA COCTaB-
nset 80 Bt c motokom 0,3 /M.

MogaenvpoBaHue MogaenvpoBaHue MogenvpoBaHme CKOpocTu
Pe3yanaT1,1 MOJeTUPOBAHHUSA TemrepaTypbl nepenaaa AaBnieHus notoka
[IOKa3bIBAIOT, YTO MAaKCHMaJlb- Temperature simulation Pressure drop simulation Flow rate simulation
Hada TeMIlepaTtypa pelmeTKHUu

JuopHoro masepa ¢ MKO, mpu-
HassHHBIM TBePABIM IIPUIIOEM,
coctaBisiet 45,3 °C.

Ha puc.5 mokasaHa Koppe-

channel cooler

Puc.3. PacnpedeneHue memnepamypsbl, nepenad 0asneHusl u ckopocms NOMoKa
npumMepHo20 MUKPOKAHAAbHO20 0XAadumens
Fig. 3. The temperature distribution, pressure drop and flow rate of a typical micro-

AAUKA TeMIlepaTyphl Ilepexona
M BBIXOAHOM MOIIHOCTU BBICOKOMOIIHBIX JHOIHBIX
J1a3epoB IIPU OIpefie/IeHHOM TeMIIepaTypPHOM COIIPO-
TUBJIeHUHU. [yisg 808-HM SHOSHBIX 1a3epOB IIpenIIo-
Jlaraaach CTelleHb IIpeobpa3oBaHUs EeKTPHUUECKOM
3Hepryuu B OIITHYECKYIO 52%.

CpoK c1y>k6BI BBICOKOMOIIHBIX JHOLHBIX JIa3ePOB
B 3HAYMTe/IbHOM CTelleHH 3aBUCHUT OT TeMIIepaTyphl
mepexopa. [lIsi OIUTENBHOTO CPOKa CIY>KOBI IOy-
IIPOBOJHUKOBOro npubopa Tpebyercss Mmanasi pacuer-
Has TepMOCTOMKOCTb M HH3Kas TeMIlepaTypa Iepe-
xofa. Eciu TemIiepaTypa mmepexoma JHOSHOIO jIa3epa
orpaHudYeHa o 40 °C, HageskHas BBIXOAHAsl MOII-
HOCTBb OT KOMIIOHOBKH CS (HCS), criagHHOMN TBEpIOU
IMMaMKoM, cocTaBigeT 60 BT U MosKeT JocTUTaTh 140 BT
IJ151 yCTPOKMCTBA C MUKPOKaHA/IBHBIM OXJIaKIEeHHEM.
IlockonbKky TeMIepaTypHoe compoTuBaeHue HCS

temperature influence between two neighboring laser
bars is significantly increased.

Metallization

Metallization is required on mounting substrates,
heatsink and other parts when soldering process is
necessary. Metallization serves as a diffusion barrier
and wetting layer between the solder material and
the substrate material. It also prevents oxidation
or moisture from the atmosphere, decreases the
contact resistance, increases the soldering strength
and enhances the device reliability [5]. For a
mounting substrate on which the diode laser bar is
directly bonded, the metallization is generally more
sophisticated. Metallic layer coated on the surface of
mounting substrate consists of an adhesion layer, a
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22,84
TemnepaTypa, °C

20,04 Temperature, °C

Puc.4. TemnepamypHoe nosedeHue 00HOCMepXKHe8020 0u00-
H020 Ad3epa ¢ >KUOKOCMHbIM oxaaxxoeHuem ¢ MKO, npunasiH-
HblM meepobiM npunoem, MouyHocmbio 80 Bm

Fig. 4. Thermal behavior of a liquid cooled single bar diode
laser with 80W hard solder MCC package
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Fig. 5. Correlation of junction temperature and output power
of high power diode lasers at certain thermal resistance
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cocTtapisieT okoso 0,7 K/BT, a TeMIlepaTypHoOe COIIPO-
TuBIeHre MKO obb1yHO Huke 0,3 K/BT.

BepTukasbHble CTEKU C >XWUAKOCTHbIM oOxjaxpe-
HMeM: Ha pHC.6 IOKa3aHO MOZEeIHUPOBAHHe XapaKTe-
PHUCTHK TeMIIEPATYPHOI0 oBeaeHU I 20-CTep>KHEeBOI0
BePTHKAJIPHOIO CTeKa C MUKPOKAHAJIbHBIM OXJIaXK/e-
HHeM [JIsl HeIIpepbIBHOr0 peskuMa [13]. MakcuManb
Hasg TeMIlepaTypa Ha oxjajguTese 20-CTep>KHeBOIO
creka MKO cocTtasisgeT okoio 37 °C IIpU HeIlpephiB-
HOM peskuMe 2000 BT B yCTOMYHBOM COCTOSIHUH. JTO
criocobcTByeT Xopoulell CIIOCOOHOCTH PacCeruBaTh
TEeIL/I0 OT CTPYKTYPBI KOMITOHOBKH MKO.

CTeK AMOAHOro nasepa C OXJlaXxAeHueMm 3a cuer
TennonpoBogHocTy (G-cTek): CTeKU AHOLHOIO 1a3epa
C OXJIaKAeHHeM 3a CYeT TeIlJIOIPOBOAHOCTH B OCHOB-
HOM paboTalT ¢ HHU3KOMHTEHCHBHBIM pabodyum
nuKiaoM. IlepexomHoe TemIlepaTypHoOe IOBeJeHHe
G-cTeKka Ba>kKHO [J15 JOCTH>KeHHS BBICOKOK ITPOK3BO-
JUTEJIPHOCTH M HaleXKHOCTH. Pacipesenenye TeMIie-
PaTyphl U TeIlJI0BOM MOTOK G-CTeKa JHOMHOIO Ja3epa
MOIIHOCTEIO 5000 BT ¢ 12 cTep>kKHSIMU IIpeCTaB/IeHbl
Ha puc.7 @) u (b) [17], coorBeTcTBeHHO. [TapaMeTpsI
paboThl, TaKHe KaK IIHPHHA HMIIyIbCa, pabouuil
LIMKJI U 4acTOTa, OKa3bIBAIOT OosbIIOe BIHSIHUE HA
XapaKTepUCTHKM BBICOKOMOIIIHOIO LHOMHOTO JIa3epa.
Korga AMHUTENBHOCTh HMIIYIbCa MeHbIIe 300 MKC,
B/IMSHME TeMIIePaTyphl MeXXIy ABYMS COCeJHHMHU
CTep>KHSIMH OYeHb MaJIo U He HabnmomaeTcs "TeMIie-
PaTypPHBIX IIe€PEKPECTHBIX IIOMeX ' MeKIy COCeHUMU
CTEeP>KHSIMH [OHOJHOIO jas3epa; C APYyrold CTOPOHBI,
Korja BpeMs paboTsl mpeBsiniaeT 300 MKC, BIUSHHe
TeMIIepaTyphl MeXXY IBYMS COCeIHHUMH JIa3epHBIMH
CTepPKHSAMH 3HAUUTE/ILHO YBeJIMYHBaeTCs.

MeTannusauus

Metannusauus TpebyeTcs A1 MOHTaKa IOJJIOXKEK,
TeIJIO0TBOJA U APYIHX JeTaslell IIPU Heo6X0qMMOCTH
MalKkU. MeTannusauus CIy>XHT AUPOY3MOHHBIM
6appepoM M CMA4YMBAIOIHUM CJI0€M MeXIy MarTe-
pHasoM IpUIOS U MaTepHaJoM IOAJOKKH. OHa
TaKXe IIpefoTBpalllaeT OKHCIeHHe HJIH BO3Jel-
CTBHe BJIaTd U3 aTMocdepsl, yMeHbIlIaeT KOHTAKTHOe
COIIPOTHUBJIEHHE, yBeJIHYHBAaeT MPOUYHOCTh MaHKHU
1 IIOBBIIIaeT HaJeXXHOCTb YCTPOMCTBA [5]. [ MOH-
Ta’kKHOM MOJJIOXKKH, K KOTOPOM HeIoCpeACcTBeHHO
NIpPUIIaHUBAETCS MAUOLHBIM JIa3epHBIM CTep’KeHb,
MeTaJIIM3anusl 06bI9HO bosee cIOKHAs. MeTasyiu-
YeCKHUH CJIOM, HaHeCeHHBIM Ha II0BepPXHOCTb MOH-
Ta>KHOM IIOAJIOKKH, COCTOUT M3 aJATe3HOHHOIO
cinos, AUGPy3sHOHHOro OapbepHOro CjI0sl, a TaKKe
€105l NIpefloTBPAIlleHUs] CMauMBaHUS U OKHCIEHHS.
OYHKIMS aATe3UOHHOTO CJI0S 3aK/I04aeTcs B obecrie-
YeHHU XOpOIIeHr afiresdd K MOHTa>KHOM IIOZJIOKKe
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Fig. 6. The temperature distribution of liquid cooled micro-
channel diode laser vertical stacks

diffusion barrier layer and a wetting and oxidation
prevention layer. The function of the adhesion layer is
to provide good adhesion to the mounting substrate
and to the barrier layer that can withstand high
temperatures, low temperatures and temperature
cycling.
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Puc.7. PacnpedeneHue y G-cmexa 0uoOH020 Ad3epa MoL-
Hocmbto 5000 Bm ¢ 12 cmepykHamu: memnepamypel (a)
u menaogozo nomoka (b)

Fig. 7. Temperature distribution (a) and heat flux (b) of a
5000W 12bar G-Stack diode laser source
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1 K 6apbepHOMY CJI0I0, KOTOPBIF MOXKET BBIIEPKHU-
BaThb BBICOKKE TeMIIepaTypbl, HU3KHe TeMIIepaTyphl
Y UMKJIUYHOCTb TEeMIIEPATYPHI.

CyliecTBYIOT ABe oOINMe CTPYKTYPhl MeTaJIH-
3allMM, MUCIIOb3yeMble NPU H3rOTOBJIEHUM BBICOKO-
MOILIHBIX JHOJHBIX JIa3epoB, Kak [I0Ka3aHO Ha puC.8.
OpHa U3 HUX - CTpyKTypa Ni/Au, a apyras - CTpyk-
Typa Ti/Pt/Au. Ciion MeTasutu3anuy Ni/Au HaHOCATCA
Ha 4YacTH, HCIONb3yeMble B KOMIIOHOBKE BBICOKO-
MOIIHOIO JHUOJHOIO Ja3epa, HalpuMep Ha MOHTaX-
HYIO IIOAJIOKKY, OXJIAAKTe/Ib, TeIIJIOOTBOJ,, U30JISITOP
U 371eKTpof, (CM.pHc.8a). [isl moc/ieHel CTPyKTYpPhL
MeTaqnu3anuu TUTaH (Ti) MIKMPOKO MCIIONb3yeTCs
B KauecTBe aJre3lOHHOr0 CJI0sl, IIOCKOJIbKY OH obJa-
JaeT XOopolled ajresred CO MHOTHMMH BHAAMH
MeTaJUIM4YeCKUX MaTepPHaJIOB, TAKKUX KaK MeJb, IIja-
THHA 1 KepaMuKa. JupPy3uoHHBIF OapbepHBIH CJIOH
OCa’KJaeTCsl Ha aJiTe3HOHHBIN CJIOM JJISI IIpefoTBpa-
IIeHHs WIK 3aMefjieHUs IUdOy3nU MexXIy MaTepu-
aJIOM IIPUIIOS U CBSI3YIOIIEH IOJ/IOKKOH. XOPOLIHI
bapbep mpegoTBpalllaeT HHTepMeTaIHUecKoe obpa-
30BaHHMe MaTepHaJa IIPUIIOS U MaTepHUaIoB MOHTA K-
HOM ITOIJIOKKHU. Pt, Ni, W u Cr IB/ISIOTCS TUIIHMYHBIM
oudOY3HOHHBIM GapbepHBIM CJIOEM B KOMIIOHOBKE
OuonHoro nasepa. CIoi ImpefoTBpallleHHsl CMadyKBa-
HUS U OKHCJIEHUS IIpe/CTaB/sieT coO0M 3aIUTHBIM
CJIOM, KOTOPBHIM obecredrBaeT XOpolllee CMauHBa-
HHe MaTepHaJia IIPHUIIOS W IpefoTBpalllaeT BO3JAeH-
CTBHE BO3lyXa M OKMCIeHHS Ha OapbepHBIN CJIOH.
CroM mpefoTBpallleHUsI CMauMBaHUS U OKHUC]Ie-
HUS OOBIYHO PacXoAyeTcsi HJIM YacTHYHO IIOTpe-
6r1sileTcst BO BpeMsi IIpollecca ManKH. AU SIBJSeTCs
Haubosnee pacmpocTpaHeHHBIM C/lI0eM IIpefoTBpa-
IIeHHUsI CMAaYHBaHHS M OKHUCJIEHHS B KOMIIOHOBKE
ouomHoro nasepa. Ha puc.8b mokasaHa mpuMepHas
TpexC/I0HHasl CTPYKTYpa MeTa//IM3aL UK.

CeAsylouiMe matepuabl

Cnon npwunos: pas’iH4YHBIe IIPUIIOH, TaKHe KakK
OPUIIOM K3 HHAMS M 3070TO-OJIOBIHHBIM IIpH-
IIOM, SIBISIOTCS OOBIYHO MCIIONB3YeMBIMHU CBS3YIO-
MMM MaTepHajaMU. Belbop marepuana IIpUIIOS
06bI9HO 06YCIOB/IEH OrPaHHUYEHHUSIMU TeMIIepaTyp-
HOIO HaNps>KeHHS U TeMIIepaTypHBIMH MeXaHHUe-
CKMMHM XapaKTepPUCTHKaMH KOMIIOHOBKU HJIM IIO[-
JIOKKH. Eciy 3TO He Ba’kHO, TO BCTYHAIOT B CHUILY
baKTOpBl CTOMMOCTH H OKpY>KaIoIlel cpelbl. XOTs
IIPUIION HHAUS obnajaeT IJIACTUYHOM CII0COOHO-
CTBIO, B IIOC/IeHIEe OBl Pe3y/JbTaThl [IOKa3alaU, YTO
Ja3epsl, CHasHHBIe NIPUII0OeM HHIMS, UMeIoT boiee
HU3KYI0 HaZeXXHOCTb, YeM YCTPOMCTBA, CIAasHHBEIE
npuroemM AuSn, u3-3a GbICTPOM 3/eKTPOMHUTPALIUY,
OKMCJIEHHS U TeMIIepaTypPHOH YCTaJIOCTH. sl HeKo-

ALre3snoHHbIN cnom (Au)
Adhesion layer (Au)

ALre3snoHHbIN cnom (Au)
Adhesion layer (Au)

BapbepHbli cnor (Pt/Ni/Cr/W)

BapbepHbii cor (Ni) ’ !
Barrier layer (Pt/Ni/Cr/W)

Barrier layer (Ni)
ALre3voHHbIN ciown (Ti)

Adhesion layer (Ti)
MoHTaXxHas noanoxka
MoHTa)KHas NnoanoXxKa

Mounting substrate

Mounting substrate

a) b)

Puc.8. Cmpykmypa memanausauuu npumepHol MOHMAXxKHoU
nodnoxku: (a) cmpykmypa Ni/Au; (b) cmpykmypa Ti/Pt/Au
Fig. 8. Metallization structure of typical mounting substrate,
(a) Ni/Au structure; (b) Ti/Pt/Au structure

There are two common metallization structures
utilized in manufacturing the high power diode lasers,
as shown in Figure 8. One is Ni/Au structure and the
other is Ti/Pt/Au structure. Ni/Au metallization layer
is deposited on the parts used in high power diode
laser packaging, such as mounting substrate, cooler,
heatsink, insulator and electrode, as shown in Figure
8 (a). For the latter metallization structure, Titanium
(Ti) is widely used as adhesion layer as it has good
adhesion to many kinds of metal materials, such as
copper and platinum and ceramics. A diffusion barrier
layer is deposited on the adhesion layer to prevent or
slow down the diffusion between the solder material
and the bonding substrate. Good barrier prevents
intermetallic formation of the solder material and
the mounting substrate materials. Pt, Ni, W and Cr
are the typical diffusion barrier layer in diode laser
packaging. The wetting and oxidation prevention
layer is a sacrificial layer which provides good wetting
to the solder material and prevent the barrier layer
to be exposed to air and oxidized. The wetting and
oxidation prevention layer is generally consumed or
partially consumed during die bonding process. Au is
the most common wetting and oxidation prevention
layer in diode laser packaging. Figure 8 (b) shows the
typical three layer metallization structure.

Bonding materials

Solder layer: Different solders, such as indium and
gold-tin solder are the commonly used bonding
layer materials. The selection of solder material is
usually driven by the thermal stress limitations
and thermal mechanical performance of the
package or substrate. If this is not a factor, then
cost and environmental factors come into play.
Although indium solder has ductile ability, results
in recent years showed indium solder bonded lasers
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TOPBIX KOHQUIYpaLKE TPebyIoTCs sia3ephbl BBICOKOM
MOIIIHOCTH C BBICOKOM HameKHOCThbIO M boyiee Ojiu-
TeJIBHBIM CPOKOM CJIYKOBI 6e3 CHHSKeHHUSI BBICOKOU
BBIXOJHOM MOIIHOCTH [18]. UTOOBI ITOSYyYHUTH BBICO-
KYIO OIITHUYeCKYIO BBIXOJHYIO MOIIHOCTb U IIOBBICHUTD
HaJle>KHOCTbh, TEXHOJIOTH S ITal KU TBePAbIM IIPUIIOEM Rpo,2(brittle)
CTAHOBUTCS TeHIEeHIHeH.

[Tpumor AuSn YCIeIIHO KCIIONB3YeTCs AJISL BBICO-
KOHAJIe>XKHOI'0 KpeIlIeHHSI K MaTpulle U becroToy-

AuSn20 (brittle)

Rm(brittlE)

In100 (ductile)

HO MAMKH B IIPOLIECCe KOMITOHOBKY BBICOKOMOITHBIX R n(auctie

OUOAHBIX ja3epoB. IIpumont AuSn obnazaeT Xxopo- L

el TeIlJIONIPOBOAHOCTBIO U 3/IeKTPOIIPOBOLHOCTBIO, Oauctie

BBICOKOFM KOPPO3UOHHOM CTOMKOCTBIO, OTCYTCTBHEM = - ——
TeMIIePaTyPHOU YCTAJOCTU W BO3MOXHOCTBIO 6ec- 0.2% fractorte) fraclductie)

IIOTOYHOM IaKMKH. Kak MpaBUIO, PeKOMeHIYeTCs
MCIIOJIb30BAaTh COCTAaB AuSn B TOUYKe 3BTEKTHKH HIU
BOaM3M Hee ¢ 80 Mmac.% Au u 20 mac.% Sn.

Ha puc.9 mokasaHbl HaIPSKeHHO-TepOopMUPO-
BaHHbIe XapaKTePUCTUKU IIPUIIOL UHOKUSA U 30/I0Ta-
onoBa. Ilpumoi AuSn He paspymaercs O6BICTPO
OT YCTaJIOCTHOTO IIOBPEXKAeHUS M, KaK IIPaBUJIO, He

Puc.9. Xapakmepucmuku HanpskeHus u depopmauuu npu-
nos uHous u Ausn

Fig. 9. The stress-strain characteristics of indium and AuSn
solder

have a lower reliability than AuSn solder bonded

NeMOHCTPHUPYeT YCTaJOCTH Aa’ke IIPU TeMIlepaTyp-
HOM LIMKJIMPOBAHHH. DTO AejiaeT AuSn IMpenIiouyTH-
TeJIbHbIM BBIOOPOM IIPH HCIIONB30BAHUM AHOJHOIO
7asepa B CIOKHBIX YCIOBHSIX OKpY>KaloIleH cpefbl
WA B UMITYJIbCHOM peXXHMe.

devices due to the fast electromigration, oxidation
and thermal fatigue. For certain applications,
high power laser bars with higher reliability and
longer lifetime without decreasing high output
power are required [18]. In order to obtain the high

B mocnenHee Bpems 6bUIH pa3paboTaHbBl Ipy-
rve CBA3BIBAIOLIME CAOM O/ HaHKH BBICOKOMOII-
HBIX JUONHBIX Ja3epHBIX CTepkHeM. Ilacta HaHo-
cunbBep (Nanosilver), HOBBIF MaTepuasn KpeIUIeHUS
K MaTpulle, HCIIONb30BANACh IPU KOMIIOHOBKE
BBICOKOMOIIHBIX JHOAHBIX JIa3epoB. Pe3yabTaThl
HCIBITAHUN ITOKA3bIBAIOT, UTO I1acTa HaHOCHIIBBep
(Nanosilver) cipima MHOroo6emaoIUM MaTepHaIoM
KpeIlJIeHUSI K KPHUCTAJIJIaM B KOMIIOHOBKE BBICOKO-
MOIIIHOT'O TUOAHOTO JIa3epa, XOTs ee pa3paboTka elge
HaXOOMJ/Iach B HAYaJIbHOU CTagUH.

MoOHTaXHble MOANOXKA: XAPAKTEPUCTHUKU MOH-

Ta6nuua 1. TemnepaTypHO-MexaHMYeckme napaMeTpbl
0BbIYHO UCMOMb3yeMbIX MATEPUANOB MOHTaXHOW NOA-
JIOXKKMN

Table 1. Thermo-mechanical parameters of commonly
used mounting substrate materials

Tennonpo-
BOAHOCTb
(BT/(Mm-K))
Thermal

conductivity
(W/(m*K))

KoaddpuruneHT TemnepaTyp-
HOro pacLMpeHuns
(ppm/K)
Coefficiency of thermal
expansion
(ppm/K)

Matepwan

Material

Ta>XHOM TIIOAJIOKKH OT/JIHYAIOTCI B 3aBHCHMO- Cu 393 17

CTH OT Pa3HBIX MAaTepHa/oB, U Ka’KIbIHM MaTepHal Cuw 180-240 5.6-10.2

MMeeT CBOU ITPeHMYIecTBa B HEKOTOPBIX aCIeKTaX.

Bri6op MOHTa’>KHOM IIOAJIOKKH 06ycIoB/IeH Heobxo- CuMo 190-250 7,8-10,7

OUMOCTBIO COBMeCTUMOCTHU ¢ CTE uyuma muomHOro Cu-anmas

nasepa U o6ecrie4eHHUs BBICOKOM TeIIONPOBOLHO- T T 470 6.7

CTH [JIs OOCTHKEHHS BBICOKOI(PIEKTHUBHOM TeIlIO-

OTHAQYM M MHHHMM3ALMKN TeMIIepaTyphl IIepexoAa. gfa“:sgnd 900-2320 1-1,5

B Tabn. 1 mpuBemeHa CepHsl LIIMPOKO HCIIONb3ye-

MBIX MaTepHaJIOB [JISI M3TOTOBJIEHUS MOHTA KHBIX Si 83 7.5

moaJioKek [19-21]. AIN 170-200 43
Menp IIUPOKO HCIIONB3YeTCSI B KauecTBe MOHTAXK-

HOM IIOJIOKKM K3-32 BBICOKOHM TeIJIOIIPOBOAHOCTH Al,O5 30 73

M 3JeKTPOIPOBOAHOCTH. OZHAKO HM3-32 HECOOTBeT- BeO 550 ;

ctBusa CTE ¢ GaAs mpuMeHeHMe MeIU MO-IIpeKHeMY
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30/10TO-0NOBSHHbIV MPUMON
Gold-tin solder

NazeHbir ymn
/ Laser chip

—-

MopacTaska,
coBMecTumas c CTE
CTE-matched sub mount

Na3epHbIn cTepxeHb / Laser bar — &5
Cnow TBepforo npunos / Hard solder layer
MopacTaska, coBMecTnumMas
- ¢ CTE/ CTE-matched sub mount
Cnow npunos / Hard layer

Puc.10. MpumepHbili npouecc coedUuHeHUs npunoem AuSn 0451 KOMNOHOBKU 8bICOKOMOULHO20 AA3epHO20 CmepXKHS u MKO
Fig. 10. A typical AuSn bonding process of high power MCC-packaged laser bar

KaTtop / Cathode

M3onatop
Insulator

Tennootsog MKO
MCC heatsink

OTPaHHYEHO B KOMIIOHOBKE BBICOKOMOIIHBIX THOJI-
HBIX /a3epoB. CuW, KOTOPBIM SBJSIeTCS MeTaJlIH-
YeCKUM KOMIIO3UTOM, TaKXKe LIHPOKO HMCIIONb3Y-
eTCsl B KayecTBe MOHTA>KHOM IIOAJIOKKHU 61aromaps
TecHON CTE-COBMECTHUMOCTH C JUOLHOM Jia3epHOH
MHKPOCXeMOH Ha ocHoBe GaAs. TeIlJIOIIPOBOLHOCTD
CuW 3HaYMTe/IbHO HIMKE, YeM Y MeIH. [lJIg MOHTasKa
BBICOKOMOIIHBIX JIa3ePHBIX CTep>KHer CuW O06bIYHO
CIIY>KUT TOJIBKO KaK OydepHBIM CIOM AJISI CHSATHSA
HaIpsKeHUM, U OH CBSI3aH C BBICOKOM TeILJIONPO-
BOAHOCTBIO MefH, YTOObl YBeTHUYHUTb pacCeMBaHHe
Tema. Cu-ajiMas mpefjaraeT He TOIbKO 6ojiee BbICO-
KYIO TeIIOIIPOBOJHOCTD, HO TaKKe coBMeCTUM ¢ CTE
YMIIa OUOLHOIrO Jia3epa Ha ocHoBe GaAs. OpHako
CJIOKHBIM M HeOTPabOTaHHBIM ITPOLIECC K3TOTOBJIE-
HUS U BBICOKas CTOMMOCTBL He II03BOJISIOT CerofHs
IIMPOKO HCIIONB30BaTh 3TOT MaTepHall IIPHU KOMIIO-
HOBKe BBICOKOMOILHBIX II0JIyIIPOBOAHMKOBBIX Jla3e-
poB. Hutpupg anomunus (AIN) u BeO mpenctas-
ns0T cobort KepaMudveckre Mmarepuainel. Mx CTE
6oree 61M3KM K XapaKTePUCTUKAM JAHOAHOIO 1a3epa,
a TemJIOIPOBOJHOCTh MaTepPHUaJIoB AOCTATOYHA /IS
KOHOUIYypallMK C HU3KOM U CpefHEH MOIIHOCTBIO.
AJZIMa3 MOYKHO HMCIIO/Ib30BaTh B BHICOKOMOIIHBIX KOH-
dUrypanuax H3-3a BBICOKOHM TeIUIONIPOBOJHOCTH
UM BBICOKOTO 3JIEKTPOCOIIPOTHBJIEHHUS. ITH MaTepu-
Bl KCIIONB3YIOTCAd B KadeCTBe MOHTA>KHOM IIOJ-
JIOKKH ISl AUOAHBIX JIa3epoB, 0COOEHHO KOTJa Tpe-
byeTcst aneKTpou3onaLus [22].

Mpouecc nankum

IS KOMIIOHOBKH IIassHHOTO TBepPABIM IIpUIIOEM
MHUKpPOKaHaJlbHOro oxnagutens (MKO) u BvIco-
KOMOIITHOTO JIa3epHOTO CTepsKHS IIPOBOISTCS [Ba
3Tama. [lepBBIM IIAroM SBJISETCS COefHHeHHe
JIa3epHOrO CTEPKHSI K IIOACTaBKe, COBMeCTHMOM
¢ CTE, ¢ UCIONb30BAHHUEM TEXHOJIOTHMH IIAHKH 30710~
TOM U OJ7I0BOM. [lajiee cjleflyeT BTOPOM 3TAll - IakKa
3aBepIIeHHOr0 JIa3€pHOro CTePKHSI Ha TEIIOOTBOZ,
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optical output power and to enhance the reliability,
developing hard solder bonding technology becomes
a trend.

AuSn solder has been successfully used for highly
reliable die attach and fluxless soldering in the
packaging process of high power diode lasers. AuSn
solder has good thermal and electrical conductivity,
high corrosion resistance, no thermal fatigue and
the possibility of fluxless soldering. In general,
a composition of AuSn at or close to the eutectic
point with 80 wt% Au and 20 wt% Sn is commonly
recommended.

Figure 9illustrates the stress-strain characteristics
of indium and gold-tin solder. AuSn solder does not
quickly degrade from fatigue damage and generally
has no fatigue problem even under thermal cycling.
This makes AuSn solder the preferred choice when the
diode laser is operated under harsh environmental
conditions or pulsed mode.

Clampling

/|

Laser bar
n-electrode ‘
Isolator V
p-electrode

Clampling

Puc.11. Cxema Hoeoll KOHCMpPYKUULU OUOOHO20 Ad3epHO20
CMepPXKHS € PUKCUPOBAHHbBIM 3AXKUMOM 6€3 npuMeHeHUs!
npunos

Fig. 1. Schematic of a new non-soldered clamp-mounted diode
laser bar structure
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M MNopacraska, coeMmectumas c CTE
CTE-matched submount

M Cnow TBEpAOro npunos
Hard solder layer

M CTepxeHb ANOAHOrO nasepa
Laser diode bar

Puc.12. (a) Natixka
OUOOHbIX Aa3epos

C NOMOLWbIO NPUNOS
Ausn (b) Komno-
HO8KA 0UOOH020

W V3onaTop 1
Insulator Adsepa u nauka
Tennootsoz mennoomeoda meep-
Heat sink

OblmM npunoem

Fig. 12. (a) Diode
laser bars bonding
by AuSn solder (b)
Diode laser stack and
heatsink bonding by
hard solder

MKO c ucmnonp30BaHHeM APYroro mporecca MahKH.
AHop (MeTanau3allks P-CTOPOHBI) 3JIeKTPUUYECKHU
coefuHEeH C TermooTBogomM MKO, a katond (MeTas-
JAU3allksg DN-CTOPOHBI) 3AeKTPUUYECKH coeJHUHeH
¢ MegHOM N-donbrou. M3onaTop BIauBaeTCsl MeXIY
TeroorBogoM MKO m MemHoM N-Qoibpro, Kak
mmokasaHo Ha puc.10. Y3en TpebyeT TOUHOro IO3HU-
LIMOHKMPOBAHMUS, IPEBOCXOJHOTO TEIJIOBOIO M 3JIeK-
TPUUYECKOr0 KOHTAaKTa M HaleXHBIX KOHTAKTHBIX
CoelMHEHUN MeXAYy BCeMH 3a/lelCTBOBAHHBIMU
KOMIIOHeHTaMH.

[ToMHMMO TeXHOJOTHMH MauKH IpuIoeM AuSn
Y UHOK S, HOBbIE MaTepHaJ/Ibl U IIPOLIeCCHI M3yYaIOTCs
IIp¥ KOMIIOHOBKE BBICOKOMOIIHBIX AHOMHBIX JIa3ep-
HBIX cTepskHer. Coobmanoch 0 HOBOM KOHCTPYKIIHH
OUOLHOIO JIa3epHOro CTep)KHSA C GUKCHPOBAHHBIM
3KUMOM 0e3 IIpUuMeHeHU sl IIPUIIos. Moayib BKIIIO-
4YaeT, 10 MeHBbIIEH Mepe, OOHWH 3aXKHM [JISl la3ep-
HBIX YHMIIOB MeXAY IeKTPoJaMM, KaK II0Ka3aHo Ha
puc.11 [23].

[Ipouiecc coefHMHEHMHS CTeKa OHUOLHOrO Jiasepa
C oXJIaXkJeHHeM 3a CcueT TeIlJIONpoBoAHOCTH (G-CTeK)
II0Ka3aH Ha pHcC.12. IIepBeIM IIarOM sIB/ISIeTCS COeMH~
HeHHe JUOIHBIX J1a3epoB U U30/I5TOpa Ha IIOACTaBKe,
comecTuMor ¢ CTE, ¢ HMCIIONb30BaHMEM IIPHIIOS
AuSn. CJIOKHBIM MOHTa>KHBIM HHCTPYMEHT IIpH-
MeHSeTCs [JIsl TOYHOIO IO3HLIMOHHPOBAaHMS BCeX
KOMIIOHEHTOB IIpH MaMKe AHONHBIX 1a3epoB. Ciendy-
IOIIMI [IAr 3aK/II04aeTcs B KpellJIeHHWH CTeKa U0~
HOTO J1a3epa Ha TeIlJIOOTBOAE depe3 BTOPOM IIpolecc
IIaMKU TBEPIABIM IIpUIIOeM. H301ITOp HOIKeH OBITH
JBYXCTOPOHHUM MeTa/ZIM3MPOBAHHBIM KaK /sl Kpe-
IJIeHUS Ha MOMJIOKKY, TaK W KpeIJIeHHS TemIooT-
BOJa, C Pa3HBIM c/0eM Ipurmos [14]. B 3Tor KOHPUTY-
pallMH TeIlyI0 MOXKeT pacCeMBaThCs KaK 4epes aHOI,
TaK ¥ Ha KaTO[, IIOJCTaBKH.

IIpodonskerue caedyem

There are other bonding layers developed
recently in bonding high power diode laser bars.
The nanosilver paste, a novel die-attached material,
was used in packaging high power diode laser bars.
The test results show that the nanosilver paste was
a promising die-attached material in packaging
high power diode laser although it was still in the
infant stage.

Mounting substrates: The performances of
mounting substrate are different for different
materials, and each material has its advantages
in certain aspects. The selection of the mounting
substrate is driven both by the need of matching
the CTE of diode laser chip and by providing high
thermal conductivity in order to achieve the ability
of highly effective heat dissipation and minimize
the junction temperature. Table 1 lists a series of
commonly used materials for making mounting
substrates [19-21].

Copper is widely used as mounting substrate
because of the high thermal conductivity and
electric conduction. However, due to the CTE
mismatch to GaAs, the application of the copper is
still limited in packaging of the high power diode
lasers. CuW, which is a metal composite, is also
commonly used as mounting substrate due to its
CTE closely matched with GaAs-based diode laser
chip. The thermal conductivity of CuW is much
lower than that of copper. For mounting high
power laser bars, CuW is generally only served as a
stress relief buffer layer and it is bonded with high
thermal conductivity copper in order to increase
the heat dissipation. Cu-diamond offers not only
higher thermal conductivity but also matched
CTE with GaAs-based diode laser chip. However,
complex and immature fabrication process and
high cost prevent it from being widely used today
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in packaging of high power semiconductor lasers.
Aluminum Nitride (AIN) and BeO are ceramic
materials. Their CTE are more closely matched to
that of diode laser and the thermal conductivity of
the materials is decent for low to medium power
applications. The diamond can be used in the
high power applications due to the high thermal
conductivity and high electric resistivity. These
materials are used as a mounting substrate for
diode lasers especially when electrical insulation is
needed [22].

Bonding process

There are two steps applied to packaging the hard
solder microchannel cooled (MCC) high power
laser bar. The first step is bonding the laser bar
on a CTE-matched sub-mount using the gold-tin
bonding technology. Subsequently, the second step
is bonding the completed laser bar unit on MCC
heatsink using other soldering process. The anode
(p-side metallization) is electrically connected
to the MCC heatsink, while the cathode (n-side
metallization) is electrically connected to the
copper N-foil. Insulator was soldered between
the MCC heatsink and copper N-foil, as shown
in the Figure 10. The assembly demands precise
positioning, superior thermal and electrical
contact, and reliable contact junctions among all
involved parts.

Besides AuSn and indium bonding technology,
new materials and process are being explored in
packaging high power diode laser bars. A new non-
soldered clamp-mounted diode laser bar structure
was reported without applying any solder. The
module comprises at least one laser chip clamp-
mounting between electrodes as shown in Figure
11 [23].

The bonding process of the conduction cooled
diode laser stack (G-stack) is illustrated in Figure
12. The first step is to bond the diode laser bars
and the insulator on CTE-matched submounts
using AuSn solder. Sophisticated mounting tool is
applied for precisely positioning all components
together when soldering the diode laser bars. The
second step is to bond the diode laser stack on the
heat sink through a second hard soldering process.
The insulator should be double-side metalized for
both bonding the submount and the heatsink with
different solder layer [14]. In this configuration, the
heat can be dissipated through both the anode and
cathode of the submount.

To be continued





