i1

YCOBEPIMEHCTBOBAHME
KOMMNOHOBKH
BbICOKOMOLLHbIX AWOAHbIX
NA3EPOB KWIOBATTHOIO
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ANA KOHOUTYPALUWA DPSSLs.
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Bo BTOpOM 4acTu cTaTbn' NpeacTaB/ieHbl nocnegHue
AOCTMXEeHUS B 06/1aCTU KOMNOHOBKU peLleTok
BbICOKOMOLLHbIX AUOAHbIX J1a3epOB, PACCMOTPEHbI
Takue KarouveBble paKTopbl pa3paboTKu NpoLeccos
KOMMOHOBKM /1a3epHbIX pelleToK, Kak KOHTPOoJib
TemnepaTtypbl, aHa/IM3 OTKA30B M OLLeHKA HaAe>XXHOCT!.
Pe3ynbTaTbl NOKa3biBAIOT, YTO CO3AAHHbIE /la3epHble
YCTPOWCTBA C BbICOKOM MOLLHOCTbIO, Y3KUM CMEKTPOM,
BbICOKOM 3/1eKTpoonTuyeckom 3pPpeKTUBHOCTbLIO

M BbICOKOM HafeXHOCTbIO NoaXoasT Ans
MCNoJIb30BaHUA B KayecTBe TBepAOTe/IbHOM /la3epHOM
HaKaykKu.

YCOBEPWEHCTBOBAHUE
BbICOKOMOLHbIX ANOAHDbIX NA3EPOB
KNWNTOBATTHOIO YPOBHA

bnaromapsi IOOCTH)KeHHUSM TeXHOJOTHH Co3Ja-
HMS AUOJHBIX Ja3epHbIX 6apoB M Pa3sBUTHUIO Tex-
HOJIOTHH KX KOMIIOHOBKH, 3HAuUHTe/JbHO YIyd-
IIHUJIMCh XapaKTePUCTHKH KMCTOYHMKOB HaKadyKH
BBICOKOMOIIIHBIX [HOLHBIX J1a3epoB. DBOJIIOLUSA
BBIXOLHON MOLIHOCTH JIMHEMKH JIa3epHBIX [HO-
JI0B IIOCTOSHHO AeMOHCTPHPOBaja ee yBelU4YeHHe
(puc.13, 14). B MaccoBoM IPOHU3BOACTBE M3 KOM-
MepYeCKMX MaTepPHaJ/IOB BBHIIYCKAIOTCS OUOIHBIE

*  Yactpl, cMm. "®oToHMKA", 2017, Ne 5, c. 28-42.
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ADVANCEMENTS IN PACKAGING
OF KILO-WATTS LEVEL HIGH
POWER DIODE LASERS

FOR DPSSLs APPLICATIONS.
PART 2
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The second part of the work® reports on the latest
advancements in packaging of high power diode laser
arrays. In this paper, the key factors, such as thermal
management, processes development, failure analysis
and reliability evaluation are presented in developing
kW-level diode laser arrays. A variety of high power
diode laser arrays are fabricated and tested. The
results indicate that the devices with high power,
narrow spectrum, high electro-optical efficiency

and high reliability, are suitable for solid state laser

pumping.

ADVANCES IN KILO-WATTS LEVEL HIGH
POWER DIODE LASERS

With the advances in diode laser bar technologies
and the development of packaging technologies, the
performances of high power diode laser pumping
sources have been improved significantly over the
past years. The evolution of the output power of diode
laser bar is shown in Figure 13 and Figure 14. For
reliable operation in mass production from commercial
products, the CW output power of an 808nm single bar
is up to 200W, and QCW output power of a single bar is
up to 500W [24]. The output power reaches 250W in CW
mode and 600W in QCW mode in engineering level.
In order to further scale the output power, different
packaging technologies and structures is developed to
achieve KW-watts and even ten KW-watts level high
power diode lasers, including horizontal array, liquid
cooled diode laser stack and conduction cooled diode
laser stack etc.
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JIMHENKU C BBIXOAHOM MOIIHO-

cThi0 g0 200 BT ¢ omHOro 6apa,
M3/1yYaoIiero Ha AJIMHe BOJIHBI
808 HM B HEIIPEPHIBHOM pekXHMe,
a BBIXOAHAas MOILHOCTb OJHOILO
bapa, M3/y4yalomero B UMIIY/IbC-
HOM pexume, OOCTHUTAeT
500 Bt [24]. Ha ypoBHe HH>KeHep-
HBIX UCCIeJ0BAHHUH NOCTUTHYTHI
3Ha4YeHH S BBIXOJHOM MOIIHOCTH
250 BT B HellpepbrIBHOM peskKHMe
1 600 BT B UMIIyIbCHOM pekKHMe.
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na3epoB HeobxomuMo paspabaTsl-
B4aTbh HOBBIe TeXHOJIOTHH KOMIIO-
HOBKH QHOMHBIX PEIIeTOK U IIPH-

Puc.14. TeHOeHUUS ycosepLeHCMB08AHUS 8bICOKOMOLLHO20 OUOOHO20 Ad3epH020

/W_/

Enaineerina

—
Mass Production

MEeHSATb HUX O JOCTHIKEeHHUS

6apa, uzAy4aroulezo 8 umnyabcHom pexxkume (QCW-pexkume)
Fig. 14. Development trend of QCW high power diode laser bar

MOIIHOCTH Ha YypOBHE€ KHJIOBATT

Focuslight Technologies Inc (Focuslight) (Kutan) -
3T0 6bICTPOPA3BMBAKOLLANACSA BbICOKOTEXHOIOMNY-
Has KoMnaHwWs, ocHoBaHHasa B 2007 rogy v 3aHUMato-
anca uccnegoBaHMeM, paspaboTkor M MPOM3BOA-
CTBOM J1a3epHbIX ANOAHbLIX CUCTEM U BblCOKOMOLLHbIX
ANOAHbLIX Mopaynen. lNpeAcTaBneHbl JAUHEUKU OAWN-
HOYHbLIX Jla3epHbiX AMOAOB AN 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-

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

KomnaHmnsa "O3C CneuynoctaBka" npeacTaB/isieT Becb
cnekTp npoaykuwnu Focuslight Ha Tepputopun PO
W npegnaraeTt Hanbonee BbIrOA4HbIE YCNOBUS MOCTABKMN
NpOAYKLUWW, MNOJHYK TEXHWYECKY MNOALEPXKKY,
a TaKk>Ke npepocTasieHne 06pasuos.
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Single bar package structure
Based on the micro-channel liquid
300 1 cooler, diode laser array can be
250 . .
200 constructed with four important
200 b 180 parts: MCC, a laser chip, a cathode
3 . 150 Plate, and an insulator as shqwn
g ol 0 in Figure 15 [13]. The heat is mainly
S 30 dissipated through the MCC cooler.
15 20 In order to improve the performance
10 [ 1° } of the MCC laser array, it’s critical to
I l optimize the MCC structure with
sophisticated structure design.
Year 1990 1995 1998 2000 2004 2007 2012 2013 2015 2017 Figure 16 shows a typical PVI
Status  S~—— — — and spectrum data of a liquid cooled
Mass Production Engineering single bar diode laser packaged
p with improved MCC structure in
uc.13. TeHdeHLUs YCo8epLUeHCMB08AHUS 8bICOKOMOLWHO20 OUOOH020 NAA3epHO20 .
6apa, usny4arouiezo 8 HenpepbigHom pexume (CW-pesxume) CW and QCW mode. Figure 16 (@)
Fig. 13. Development trend of CW high power diode laser bar shows the output power of 200W
at 199.8A in CW mode. For QCW
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U IaskKe OecsITKOB KHUJIOBATT. OHU BKIIIOYAIOT B cebs
TOPHU3O0OHTAJIPHYIO pelIeTKYy, CTeK AHUOAHOTIO Jida3epa
C JKUOAKOCTHBIM OXJIA>XKAeHHEeM, CTeK C OoXJIaXnae-
HHEeM 3a cHeT TeIlJIOIIPOBOAHOCTH U T.[.

CTpyKTypa KOMMOHOBKMU C OA4HUM 6apom
B3sB 3a OCHOBYy MHKPOKaHAJIPHBIH >XHIKOCTHBIH
OXJIafUTe/lb, MOXHO COOpaTh yIMaKOBKY AHOJHOIO
nasepa, B KOHCTPYKLUHIO KOTOPOM BXOJST YeThIpe
BaKHBIX KOMIIOHEHTA: MHUKPOKAaHAJbHBIN OXJIaJH-
Tenb (MKO), ma3epHBIN YHII, KaTOAHAS IIJIACTHHA
u usonartop (cm.puc.l5 u3 paborsr [13]). Temmo
B OCHOBHOM paccerBaeTcs 4yepes oxjnaaguTenb MKO.
YTOo6Bl YIYUYIIMTh IIPOM3BOAMTENBHOCTh Ja3€pHOM
pemtetku ¢ MKO, KpaKHe Ba>XHO OITUMHU3HPOBATh
KOHCTPYKLIHIO CJIOKHOH CTPYKTypbl MKO.

Ha pwuc.16 mokas3aHbl cTaHzapTHee PVI-
XapaKTePUCTUKH U CIIEKTPBI U3JIy4eHU S YIIaKOBKH
Ja3epHOro AHofa B BUAe ofHOro 6apa ¢ >KHMIKOCT-
HBIM OXJIaXKAeHHEeM. YIIaKOBKa H3Jiy4yaeT B HeIpe-
PHIBHOM K MMITIYJIbCHOM pPeXHME M CONEPKHUT yCO-
BepILIEHCTBOBAHHYIO CTPYKTypy MKO. Ha puc.16(a)
II0Ka3aHO, YTO B HEIPEpPBIBHOM peXKMMe BBIXOH-
Hasg MoImHOoCTh 200 BT monydyeHa IIpH TOKe
199,8 A. [l MMITYIbCHOTO pPeXXMMa MaKCHMajb-
Has BBIXOOHAs MKMKOBas MOIIHOCTH 500 BT Oblia
OOCTHUTHYTa IIpH Toke 407 A, Ipu yciIoBUHU 8% pabo-
yero nukia: 200 Mxc, 400 ' (cMm. puc.16(b).

MaxkcuMasibHas BBIXOAHAs MOINHOCTh [HOJ-
HOTO JIa3epHOTO0 cTep>kHsI ¢ MKO orpaHuueHa nubo
TeNJOBBIM 3arubom, naub0 KaTacTpodUUECKUM
IIOBpesKleHUeM OIITHYecKoro 3epkana (KIIO3) [25].
HapgesxHas paboTa na3epHOro yCTpoKMCTBa B 3HAYU-
Te/IBHOM CTeIleHH 3aBHCHUT OT BeJIHMYHHBI TeIlIo-
Boro 3aruba u 3HaueHus KIIO3. MakcuManbHas
MOIHOCTb JUOMHOTO sa3epa ¢ MKO, u3snyvamuiero
B MMIIYJIbCHOM peXXHMe, TeCTHpPOBajach Ha Ilja-
CTUHe TONLMNHON 940 HM mpu Temmepatype 20 °C
(pI/IC.17). BrixogHasg MOIIHOCTB mocTturaet 1088 Bt/
6ap mo MOsIBlIeHHS TeIIOBOro 3aruba B yC/IOBHSX
MCOBITAaHUM: 600 MKc, 133 I'y, 1000 A. MakCHMAaJIb-
Has CTelleHb IIpeobpa30BaHU S 37IeKTPHUUECKOM SHep-
TUU B OINTHYECKYI0 COCTaBjIseT NMPUOIH3UTEIbHO
75% npu Toke 130 A. CremeHb Ipeobpa3oBaHUS
3JIeKTPHYECKON 3HePrHH B ONTHYeCKyI He3HayH-
TeJbHO YMeHbIIaeTCcs C 75% mo 58% Ipu yBeluue-
HHU ToKa oT 130 A 1o 1000 A.

Tak>Xke B XOme HCIBITAHUN OBLIN IIOTyYeHBI
DaHHBIe O CPOKe CJIY>KObl CTAaHAAPTHBIX JHOMHBIX
JIa3epHBIX JIMHeeK (A=808 HM) MomHOCTBIO 500 BT,
NasHHBIX TBepAbIM Impumoem (puc.18). TeMoH-
CTPUPYETCS OTCYTCTBHME CHU KeHHS MOIIHOCTH A/
MKO-0OHOCTep>KHeBOr0 jiadepa MOLIHOCThIO 500 BT,
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KpenexxHoe oTBepcTne
Fixing hole

Mopaya xnagareHTa
Coolantinlet

OTBOA XNlajareHTa
Coolant outlet

a)

M3onatop KaTop / Cathode

Insulator
NasepHbin 6ap
Laser bar
Cnou npunos

- Bonding solder
N MKO / MCC
b)

Puc.15. Cmpykmypa komnoHosKu MKO nazepH020 CmepiKHs
€ )KUOKOCMHbIM 0XAAXKOeHUem
Fig. 15. The liquid cooled package structure of a MCC laser bar

mode, the output peak power of 500W at 407A under the
condition of 8% duty cycle (200us, 400Hz) was obtained,
as shown in Figure 16 (b).

The maximum output power of the MCC diode laser
bar is limited either by thermal rollover or catastrophic
optical mirror damage (COMD) [25]. Reliable operation
of the laser device highly depends on high thermal
rollover and COMD value. The maximum QCW power of
the MCC diode laser bar is tested with the 940nm wafer
under the temperature of 20 °C as shown in Figure 17.
The output power reaches 1088W/bar before thermal
rollover in the testing condition of 600us, 133Hz, 1000A.
The maximum wall plug efficiency is about 75% in
the current of 130A. The wall plug efficiency slightly
decreases from 75% to 58% when the current increases
from 130A to 1000A.

The lifetime data of typical 808nm 500W single bar
hard solder bonded diode lasers were also characterized,
as shown in Figure 18. It can be seen that there is no
power degradation for 500W hard solder MCC single
bar after running 1.38x109shots. The performance of
the hard solder MCC single bar with AuSn bonding
technology is stable and reliable.

The non-linearity of the near-field of emitters (or the
so called "smile") in a laser diode array poses significant
challenges in optical coupling and beam shaping and
has become one of the major roadblocks in broader
applications of laser arrays. If near field linearity of a
laser array is poor, the coupling efficiency of the laser
array to a fiber array or micro-optics such as a fast
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PVI-xapakTepucTunkm (MOLHOCTb, HarMpsaXKeHMe, TOK)
PVI characteristics
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mode; (b) hard solder MCC liquid cooled package in QCW mode
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Puc.16. Tunu4Hble PVI-xapakmepucmuKu U cnekmpbl U3Ay4eHust AUHeliKu Ad3epH020 0u00a € XKUOKOCMHbBIM OXAAXKOeHUeM:

(a) MKO ¢ »udkocmHbim 0xAaXKOeHUem, KOMNOHO8KA C NOMOWbto natiku meepdbim npunoem (CW-pexkum); (b) MKO ¢ xudkocm-
HbIM 0XAAXKOeHUeM, KOMNOHOB8KA C NOMOLWbI0 naliku meepdvim npunoem (QCW-pexxum)

Fig.16. A typical PVI and spectrum data of liquid cooled single bar diode laser, (a) hard solder MCC liquid cooling package in CW
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[asiHHOTO TBEPABLIM IIPHUIIOEM, I[I0CJ/Ie BBHIIIOJHEeHU S
1,38x109 ummnynbcoB. TexHHUUYECKHE XapaKTepH-
cTuKU MKO-04HOCTep>KHEBOIrO Jjia3epa, IMasHHOrO
TBepABIM AUSN-TIPUIIOEM, IPOSBUIH CTabHIBHOCTD
Y HaJle>KHOCTb.

HelnMHeNHOCTb OIHKHEro IOl H3JIydaTesleH
(MM Tak HasbplBaemas 'Ayra’) B pelleTke AHOJ-
HOTO Ja3epa Co3/laeT 3HA4YHUTe/lbHBle IpobIeMBbl
npy GOPMHPOBAHMH Jiydya M HKCIIOIb30BAHUU €TI0
B ONTHYECKOH CBA3H. DTOT 3QPeKT IpeBPaTHIICS
B OFHO M3 OCHOBHBIX IIPEMSITCTBUH B pacIlMPeHUU
NpPUMeHeHHUH Ja3epHBIX pelleToK. ECIH THHeM-

axis collimation lens is very low. Increasing the near-
field linearity of a pumping laser diode array enables
the laser system manufacturer to improve the laser
system compactness, optical coupling efficiency, power,
and beam quality while at the same time reducing
manufacture cost in the laser system, such as diode
pumped solid state lasers and fiber lasers. Therefore,
the near-field linearity of a laser bar is one of the key
specifications of laser array products and improving
the near field performance is especially important in
order to increase production yield, reduce cost and gain
competitiveness [26].
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HOCTb OJIM>KHETO I107Is JTIa3epHOU

pelleTKM HeAOCTATOYHAS, TO 1200,00 80,00
3¢ PexRTUBHOCTL CBA3M Jasep-

HOM PeNIeTKH C BOJOKOHHOM 1000,00 70.00
MaTpulled HJIW MHUKPOONTHKOMN 60,00
(HanmpuMep C KONIHMallMOHHOH 800,00 5000
JIMH30H C GBICTPOM OCHIO) OUEeHb > '
Mmana. YBelWdYeHHEe JIMHEU- g 600,00 40,00
HOCTH OJIM>KHero IIOJsI Jiasep- < 30.00
HOTO AHOJAA TIO3BOJSIET IIPOM3- 400,00 '
BOJAUTENI0 Ja3epPHON CHUCTeMBI 2000
IIOBBICUTD KOMIIAKTHOCTbD 200.00 Pl o 25°C/0.15L/min-Pop e 25°C/0.15L/min-Eff I 10,00
na3epHoO cucTeM, 5pdEKTUB- 000 L 20°C/0.5L/min-Pop e 20°C/0.5L/min-Eff too
HOCTb OITHYECKOHM CBSI3M, MOII- 0 100 200 300 400 500 600 700 800 900 1000 1100
HOCTh M KadecTBO jayda. OLHO- Current, A

BPEMEHHO € STHM yBelIHteHHe Puc.17. MakcumanbHas MowHocmb duodHozo Aasepa ¢ MKO (QCW-pexum)
AMHEHMHOCTH II03BOJISeT CHH- Fig. 17. The maximum QCW power of the MCC diode laser bar

3UTH 3aTPaThl Ha IIPOU3BOJLCTBO

7a3epHON CHCTeMBbl, HallpPUMep

TBepAOTe/NbHBIX /a3epoB C AHUOLHOM HaKa4Kou
1 OIITOBOJIOKOHHBIX J1a3epoB. II03TOMY JINHEHHOCTb
O/IM>KHEro I0JIsl J1a3ePHOI0 CTeP>KHS ~ OfiHA U3 KJII0-
YeBbIX XaPaKTePHCTHK JIa3ePHBIX pelleTOoK. YIyd-
IIeHHe XapaKTePUCTUKU 6IUKHETo 110715 0CO6eHHO
Ba’KHO [JJIS1 yBe/lM4YeHUS BBIXOJA FOLHOM IPOAYK-
LIMH, 3TO CHH)KaeT ee CTOMMOCTD U IOBBIIIAET KOH-
KyPeHTOCII0CO6HOCTH [26].

YBenu4yeHHBle H300pakeHUs "Ayru" CTaH-
OapTHOM YINAaKOBKH NHOLHOK J1a3epPHOM peIlleTKH
IIOKa3aHbI Ha pUC.19. Bblsi0 06Hapy>keHO, YTO eC/lu
OOCTHYB JIy4lllel COBMeCTHUMOCTH K03 HUILIHeHTOB
TerioBoro pacmupenus (CTE) Mexny MoACTaBKOM
U 71a3epoM, TO "myra"’ 3HAYMUTeIbHO YMeHbBIIAeTCs.
Beln mpoBefeH CTAaTHUCTHUYeCKUH aHANIHU3 pe3ylb-
TaToB HabnrogeHU™ "myru" nns

The enlarged "smile" images of a typical diode-laser
array is shown in Figure 19. It was found that when there
was a better CTE match between submount and the
laser bar, "smile" was decreased significantly. For MCC-
packaged high power diode laser arrays, the statistics
of smile data of 898 samples were conducted. It is found
that the average smile value is 0.52pm. The result shows
that high power diode laser arrays using hard soldering
MCC-packaged technology have acceptable smile.

Horizontal arrays

For certain applications, such as side pumping of a solid
state laser, when higher optical power are required,
an array of laser bars are packaged horizontally. The
industrial water can be directly used, as the diode laser

898 06pa3LoB pemeToOK BHICOKO-

Cpok cnyxbbl / HMCC lifetime
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Puc.18. Pe3syabmamepl HApabomku Ha 0mMKa3 CMAaHAapmMHo20 Ad3epHo2o bapa
(A=808 HM) C MUKPOKAHAAbHbIM 0XAdOUMeneM, NPUNASIHHO20 MBepdbiM npLunoem

Fig. 18. Lifetime test result of a typical 808nm QCW single bar hard solder bonded
micro-channel cooler diode laser

CHWUMKM / Shots

62 ®OTOHMKA N2G/66/2017



I
S ASERS G- LASER SYSTEMS [ERUMA
I

i g

Puc.19. YgeauueHHoe uzobpaxkeHue «dy2u» 0UOOH020 Ad3epd,
C030aHH020 C NOMOLUbIO MBepA020 Npunosl
Fig.19. Enlarged “smile” image of the hard solder diode laser

HOIO Jla3epa), pellleTKa Ja3epHBEIX CTep>KHel KOM-
IIOHYeTCsS TOPHU3OHTAAbHO. B 3TUX caydasax O
OXJIaKAEeHHS MOXHO HEeIIOCPeACTBEHHO HCIIOJNb-
30BaTh IIPOMBIIIJIEHHYIO BOAY, TaK KaK peIleTKH
JUOLHBIX JIa3€pOB 3JIeKTPHUYECKH H30/JIHPOBAHEI
OT oXJaXJaloller IIaCTUHBI. s FOPHU30HTAJb-
HOI pelleTKH B KoHGurypanuu 3 x10 6apos (puc.20)
OUONHBIM Jla3ep TeHepHUpyeT B HMIIYJbCHOM
pe>krMe. JTa pelleTKa COCTOMT M3 HecsiTH 3-6ap-
HBIX MOAYJIeH, NPUMNasiHHBIX HAa MUKPOKaHa/JIbHOM
OXJIaJuTejie, OXHAaeMas BBIXOAHAs OITHYECKas
MoOIHOCTD 6000 Bt. CTE-coBMeCTHMBIe IMOACTABKH
NPUMEHSIOTCA [/ MaHuKH JUOJHOILO J1a3epHOro
CTEep>KHSI TBepABIM MpHUIIOeM A1 obecleueHUS
6osbIIer HageKHOCTH [27].

YucioBoe MOAeJIHPOBaHHE TOPH30HTAIbHOU
pemeTky u3 30 OGapHBIX SUOLHBIX Ja3ePHBIX CTe-
KOB IIPOBOAMJIOCH C MCIIONb30BAaHHMEM aHalMu3a
MeTOLOM KOHe4YHBIX 371eMeHTOB (FEA), pe3yabTaThl
IpeAcTaBleHbl Ha pUC.2l. Pe3ynbTaThl MOJEIHPO-
BaHHs II0Ka3a/JikM, YTO TOPHM3OHTajJbHAas pelleTKa
paboTaet B ycinoBuHU 6,6% oT pabodero nukia (200
MKC, 330 I'1) B UMIIYJIbCHOM peXXHMe C BBIXOJHOM
MomHOCTEIO 6000 Br. Temmepatypa OXJaaXkKgaro-
el BOABL cocTaBisieT 25 °C, pacxof BOJBL COCTaB-
nsget 2 1/MHUH. Ha puc.22 rokasaHo pacIpejeieHue

Puc.20. Cmpykmypa ynakosku 3x10 6apos 8 cmaHdapmHoli
KOH®U2ypauuu 20pU30HManbHol peliemku

Fig.20. Package structure design of a typical horizontal 3x10
bar arrays

stacks are electrically isolated from the cooling plate.
For the horizontal bar array of 3x10 package structure
illustrated in Figure 20, the diode laser is used in QCW
mode because of compact design. This array consists of
ten 3-bars modules soldered on a macro channel cooler
with the expected optical output peak power of 6000W.
The CTE-matched submounts are applied for bonding
the laser diode bar with hard solder to achieve higher
reliability [27].

The numerical simulation of a 30 bars horizontal
array of diode laser stacks were conducted using finite
element analysis (FEA) as shown in Figure 21. In

Temperature contour 1, °C

.

[H42,64
bl 4043

o 383
g 302

338
|

Bbixon / Outlet

560 Bxop/Inlet

2941
I 27,20
25,00

Puc.21. Yucnosoe modenuposaHue 20puU30HmManbHol
pewemku u3 30 6apos
Fig. 21. The numerical simulation of 30-bars horrizontal array
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— PacnpepeneHve Temnepatypbl / Temperature distribution

Puc.22. PacnpedeneHue 0AuHbl 80AHbI U memnepamypbl 800/1b
Maccugd 20pU30HMAnbHOU pelemxu

Fig. 22. The wavelength and temperature distribution along
the horrizontal array
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TeMIIepaTypbl 3-OapHBIX CTEKOB
BII0JIb OXJIaKAAIOLIeH IJIAaCTHHBI
OT BXOAa [0 BBIX0O4a. BUIHO, UTO
TeMIlepaTypa paclmpepensercs
HepaBHOMEPHO.

PaccesHHBIe BOTHBI pPa3HBIX
CT@KOB IIPUBOAAT K BO3HHUK-
HOBEHMIO IIKMPOKOro CIIeKTpa
(puc.23a), a KOHLEHTPUPOBAH-
Hble BOJHBI NPHBOAAT K IIONIY-

YeHUIO y3Koro crekrtpa (puc.23b).
I Ioy4eHMS Y3KOro CIIeK-
Tpa YU TOYHO 3aJaHHOHU ILIeH-
TPaJbHON AJIUHBI BOJTHBI U3y~
YeHHUsT OT TOPHU30HTATbHOH
pemeTku TpebyeTcss TOUHOE
yIpaBleHHe CIEKTPOM CTe-

cnekmp

spectrum

Puc.23. CxemamuuHblii KoHMpoAb cnekmpa: (a) wupokut cnexmp u (b) y3kudi

Fig.23. The schematic of the spectrum control (a) broad spectrum and (b) narrow

KOB, COCTOAIIMX K3 Tpex AHOM-

HBIX JTHHEeK, B JeCATH IT0JIOKeHUIX. Kak mpaBuio,
IJIs YCTPOUCTB C OUOAHBIM sasepoM (A=808 HM)
Ha ocHOBe GaAs KO3QOQUILIMEeHT CMellleHHS IJIUHBL
BOJIHBL OT TeMIlepaTypsl cocTasiasger 0,28 um/K. To
eCcTh IIpH KonebaHMHU TeMIepaTyprl Ha 1K giauHa
BOJIHBI cMmelnaercs Ha 0,28 HM. PacmpeneneHue
BRIOpAaHHOM U BBIXOLHOM [JIMHBI BOJHBI Tpex-
CTEP>KHEBBIX CTEKOB IIOKAa3aHO Ha PpHC.22. PaBHO-
MepHasl [JJIMHA BOJIHBI H3/1ydyeHHUs Habnromaercs
BJI0/Ib OXJIa’KAAeMOM IUIACTHHBI. KaK IMOKa3bIBAOT
pe3yabTaThl MOAEIUPOBAHMS, LIeHTpa/JIbHAaA JJIMHA
BOJIHBI XOPOIIO KOHTPOJIKpyeTcs 40 800 HM.

Ha pwuc.24 moka3saH OPUMEP H3TOTOBJIEHHBIX
FOPHM30HTA/JIBHBIX PeIIeTOK M3 JIa3epPHBIX JTHHEeK.
KpuBsle LIV MOryT OBITH IIOJy4YeHBl IIyTeM H3Me-
peHMS MOIIHOCTHU MK HAIPSXKeHHS BBIXOAHOTO
CBeTa B 3aBUCHMOCTH OT ABMKYILErocs Toka. I'pa-
GUKHM MOITHOCTHU [0 CPAaBHEHUIO C BXOAHBIM TOKOM
M COOTBETCTBYIOIIHMM CIIEKTPOM H3JIyUYeHHS CTeKa

Puc.24. TunuyHas KoHpu2ypauus maccusa u3 3 x10 6apos
8 8Ude 20pU30HMAnbHOU pelemku
Fig. 24. Samples of typical 3x10 horizontal bar arrays
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the simulation, the horizontal array operates in the
condition of 6.6% duty cycle (200, 330Hz) in QCW mode
with the output peak power of 6000W. The temperature
of cooling water is 25 °C and the water flow rate is 2L /
min. Figure 22 illustrates the temperature distribution
of the 3-bars stacks along the cooling plate from the
inlet to outlet. It can be seen that the temperature
distribution is not uniform.

The scatter wavelengths of different stacks lead to
wide spectrum in Figure 23 (a), while the concentrate
wavelengths lead to narrow spectrum in Figure 23 (b). In
order to achieve narrow spectrum and accurate central
wavelength of horizontal array, accurate spectrum
control is required for the 3-bars stacks on the ten
positions. Typically for GaAs-based 808nm diode laser
devices, the wavelength temperature coefficient is
0.28nm/K, which indicates the temperature change
of 1K results in 0.28nm change of wavelength. The
distribution of selected and output wavelength of the
3-bars stacks are illustrated in Figure 22. The uniform
output wavelength is obtained along the cooling plate.
The central wavelength is well controlled to 800nm
based on the simulation.

Figure 24 shows the example of manufactured
horizontal bar arrays. The LIV curves can be obtained
by the measurement of output light power or voltage as
a function of the driving current. The graphs of power
versus input current and corresponding spectrum of the
diode laser stack are illustrated in Figure 25. Based on
the hard solder packaging technology and the spectrum
control method the optical output power reaches as
much as 6000W in QCW mode. The spectrum value of
full width of half maximum (FWHM) and full width of
90% energy (FW90%E) is 2.36nm and 3.37nm respectively,
which is rather small for a 30 bars horizontal array of
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OHUOIHOTO JIa3epa IPOUJIIIOCTPUPOBAHBL Ha PUC.25.
Omupasich Ha TeXHOJIOTHIO TBEPAOTEIbHOMN IMaHKHU
M Ha MeTOJ, YIIpaBJeHHs CIIeKTPOM, MOXKHO IOy~
YUTh B MUMIIYJIbCHOM PeXHMe BBIXOAHYIO OITHYe-
CKYI0 MOITHOCTE 6 000 BT. 3HaueHHe MU PHUHEI CIIeK-
Tpa Ha MoNyBbIcOTe MakcuMyMa (FWHM) u nonHom
MIUPUHB Ha YypoBHe 90% >sHepruu (FW90%E)
cocTaBiager 2,36 HM U 3,37 HM, COOTBETCTBEHHO.
3To AOBOMBHO MaJo A/ 30-CTep>KHeBOM TOpPH30H-
TaJbHOM pelleTKH JHOAHBIX T1a3epHBIX CTeKOB. Kak
IIpaBuJIo, 3HaueHHe FWHM cocTaBiisieT 0Ko0JIO 3 HM,
a 90% sHepruH COCTaBJIgeT OKOJIO 5 HM.

BepTuKa/sbHble CTEKU C XXUAKOCTHbIM
oxnaxageHuem

MokHO MacmTabUpPOBAaTh MOIIHOCTbH BEPTHKAJb-
HBIX CTEeKOB IyTeM 0o6belHMHEHHS MHOLOYHCIIEeH-
HBIX CTep>KHell [0 BepTHKa/au. KauecTBo ly4da Bep-
THUKAJIPHBIX CTEKOB JIa3ePOB BL0/b MeJJIeHHOU OCH
OCTaeTcs TaKUM Ke, KaK Yy OJUHOYHOU Ja3epHOM
NUHEeHKH . [Io Mepe COBEpPIIEHCTBOBAHHUS TEXHO-
JIOTUH KOMIIOHOBKH, KOJIMYeCTBO JIa3€PHBIX CTePK-
Hell B BePTHKAJIbHOM CTeKe Jla3epa MOKeT COCTaB-
naTth go 70-80 6ap, a4 MaKCHMaJIbHAas BBIXOAHAS
MOIIIHOCTh BePTHKAJIBHOIO CTeKa Jja3epa CoCTaB-
JseT OT HECKOJIBKUX COTEH BaTT [0 JEeCATKOB ThICAY
BaTT [13].

JUuOOHBIM Ja3ep B KOHQUIYpAaLlUK BepTHU-
KaJIbHOTO cTeKa (V-cTeKk) € SKUAKOCTHBIM OXJIaK-
oeHueM MOXeT ObITb CKOMIIOHOBAH C AHUOJHBIMU
nasepamu ¢ MKO. Ha puc.26(a) mokasaHBl CTPyK-
TYpPBl KOMIIOHOBKM V-CTeKka C 15 AHONHBIMH Ja3se-
pamu ¢ MKO. BaskHBIe COCTaBHBIE YaCTH — KaToOX,
aHond, Iojavya K OTBOJ XJlaJareHTa M CKOMIIO-
HOBAaHHBIE CTEPKHH - OTMEUYEHBl Ha YepTeXkax.
bnaromaps xopollel TeIlJIOOTAade TOYHO CIIPOeKTH-
poBaHHoro MKO, nasep B KOHPHUIYpalUUKU V-CTeKka
criocobeH paboTaTh B HeIIPepbIBHOM M UMITY/IbCHOM
Pe>KHMe C BBICOKMM pabounM LIUKJIOM.

Puc.26(b) meMOHCTpUPYeT CTaHIAPTHBIN Bep-
THKAJIBHBIH CTeK C SKHUAKOCTHBIM OXJIa’KAeHHeM
MKO ¢ KOJIIHMMAIIMOHHOM JIHMH30H I1s pa60TLI
B HMIIYJIbCHOM peXHMe. ITOT KOMMepUeCKHH
IIPOAYKT MOXKET FeHepHUpOBaTh MOLUIHOCTH BCero 18
KBT ¢ 60 cTepKHSMH, CKOMIIOHOBAHHBIMH B Bep-
TUKAJbHOM CTeKke, KaK IIOKa3aHO Ha pHC.27(a).
Kaskablil JUOMHBIN JIa3epHBIN Oap JeMOHCTPHUpPYeT

[IprMedaHUe PefaKTopa: y CTPYKTYP C TOPLIEBBIM H3/TyueHHEeM
PaCXOAKMMOCTD [IyYKa JIa3ePHOTO AHOAA B IUIOCKOCTH SMHUTTEpPA
(tak Ha3pIBaeMas "slow axis" - MeJJIeHHas 0Ch) U B IIJIOCKOCTH,
[epIeHAUKYIAPHON IIOCKOCTH 3MutTepa ('fast axis" - 6w

CTpas OCI:v), Pa3/IHYHBI.
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Puc.25. Pesyabmamei ucnbimanul cmaHoapmHo20 0uoo-
Ho20 Aa3epa (A= 808 HM) 8 KOHpU2YpauUU 20pU30HMAAbHOU
pewemku ¢ 3x10 6apamu

Fig. 25. Test data of a typical 3x10 808nm horizontal array
diode laser

diode laser stacks. Conventionally the value of FWHM is
about 3nm and 90% energy is about 5nm.

Liquid cooled vertical stacks

Vertical stacks offer power scaling by integrating
numerous bars vertically. The beam quality of
vertical stack lasers along slow axis keeps the same
as a single laser bar. With the improvement of the
packaging technology, the numbers of laser bars
in a vertical stack laser can be up to 70-80 bars,
and the maximum output power of a vertical stack
laser is from several hundred watts to up to tens of
thousands watts [13].
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BBIXOLHYIO MOIIHOCTE Ooee
300 Br. Ha pwuc.27(b) mokasau
pe3ynbTaT MUCIOBITAHUH APYToH
CJIOKHOH CTPYKTypbl KOMIIO-
HOBKHM V-CcTeKa. IJTOT IIPOAYKT
criocobeH BBIJaBaTh B o060IeH
BBIXOQHOM MOIIMHOCTH 13 KBT
C 26 TMOOHBIMHU J1a3ePHBIMHU CTe-
KaMu ¢ MKO. Ka>kabii CTep>KeHb
MOXKeT 0becIiedYrBaTh BEIXOJHYIO
MOLIHOCTH 506 BT.

[TpobeMbI KOHTPOJIS CIIEKTPA
U yIOpaBjJeHUS JIYy4YOM OCJIOXK-
HSIOT COOPKY BepTHKAJIBHBIX CTe- a)
KOB. XOTs ja3epHble bapsl B Bep-
THKAJIbHOM CTeKe OXJIaXXIAKTCS
IpU KOMIIOHOBKE C >KHOKOCT-
HBIM MHUKPOKAHAJIBHEIM OXJIa-
JUTeIeM, MeXAYy CTepXHIMH
HabiaiomaeTcs IIOCTOSSHHAS TeM-

KaTton
Cathode

OTBOA XN1ajareHTa
Coolant outlet

Puc.26. BepmukanbHbili cmek: (a) cxema cmpykmypbl 6epmuKkaabH020 cmeka

€ XKUOKOCMHbIM 0XAaxdeHueM: dUodHble 6apbl ckomnoHosaHsl ¢ MKO; (b) o6pasey
C XKUOKOCMHbIM 0XAAXKO0eHUem

Fig. 26. (a) Schematic structure of liquid cooled vertical-stack packaged with MCC
diode laser bars, (b) The sample of liquid cooled vertical-stack

bapbl,
CKOMMOHOBaHHble
¢ MKO

Packaged

MCC bars

MoaBopa xnafjareHTa
Coolantinlet

b)

IepaTypHasd HeOLHOPOJHOCTh
M3-32 TePMHUYECKUX IIePeKPecTHBIX IIOMeX H/HIH
HepaBHOMEPHOCTH IOTOKA >KHUAKOCTH. [T AOCTH-
>KeHHS OIpefeleHHON IJUHBI BOJIHBL U OJHOPO.-
HOTO cIleKTpa TpebyeTcst 3KpaHHPOBATh AHOIHEIE
Ta3epHl.

CTeKku c oxsaxgeHuem 3a cyer
TennonposoaoHOCTU

CTPYKTypa KOMIIOHOBKH AHOAHOTIO jla3epa C OX/IaX-
IeHHeM 3a C4YeT TeIlJIOIIpoBOAHOCTH (G-cTek) MoKa-
3aHa Ha puc.28. Ha pHCYHKe TpH AHOAHBIX Ja3ep-
HBIX CTEP>KHSI CKOMIIOHOBAHBI B O K H Ja3ep B BUJE
G-cTeka, a KaTof, U aHOA JIa3epHOro CTeKa HaXo-
OSTCS cleBa M cropasa [5]. OxnmaguTenp 3a cyeT
TeIIONIPOBOJHOCTH HAaXOLHUTCS IOJ, Ja3epHBIMU
JAUHeNKaMH, a CJI0H, PaCIOJOKeHHBIH MeXAy
7Ma3epHBIMHU JHHeHKaMH M OXJaJuTeleM 3a cyeT
TeIlJIONIPOBOAHOCTH, — 3TO C/JI0M H30/asTopa. s pas-
IeneHHUs KaTola U OoXJaAUTess, aHOAA M OXJIALH-
TeJIsl MCIIO/Nb3YIOTCS ABa C/I0S H30/14TOpa. B cTeke
HMeeTCsl YeThIpe Kpelle>KHbIX OTBepCTUs. Ux QyHK-
LIMS 3aKJII04aeTCs B KpellJIEeHUH CTeKa U MO CoeIH-
HeHHS aHOAa M KaTofa ja3epa CTeKa K YCHUIUTEeNI0
MOIIHOCTH.

Onst cTpyKTypel G-CcTeKa ¢ OXJIaXKIeHHeM
3a C4YeT TeIJIONPOBOLHOCTH AHOAHBIE Ja3epHble
cTepkHU Kpensitcss B CTE-COBMeCTHMBIX IIOACTAaB-
Kax (puc.29a) [14]. JaH mpUMep YHCJIOBOTO MoOJe-
JTUPOBAHUS XapaKTePHUCTUK TeIJOBOro IoBeje-
HHUS 5-CTep>KHeBOr0 OHOAHOTO JIa3epHOro cTeKka
C Pa3IMYHBIMH BBICOTAMHU (pHC.29b). Jla3epHBIN
CTeK MOJeMHPOBAJCS M/l YCIOBHUH: [AJIHUTENb-
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The liquid cooled vertical-stack (V-stack) diode laser
can be packaged with MCC diode lasers. Figure 26 (a)
show the packaging structures of the V-stack structure
with 15 MCC diode lasers. The important constituent
parts, i.e. the cathode, the anode, the coolant inlet and
outlet, and the packaged bars, are noted in figures. Due
to the good heat dissipation capability of the precisely
designed MCC, V-Stack laser is able to operate in CW
mode and QCW mode with high duty cycle.

Figure 26 (b) shows a typical liquid cooled MCC
package vertical stack with collimating lens for QCW
application. This commercial product can deliver totally
18KW power with 60 bars packaged in vertical stack
as shown in Figure 27 (a). Each diode laser bar obtains
the output power of over 300W. Figure 27 (b) illustrates
the advanced result of another sophisticated packaged
V-stack structure. This product is able to work in the
total output power of 13KW with 26 packaged MCC diode
laser bars. Each bar can deliver the output power of
506W.

The major challenges in vertical bar stack packaging
are the spectrum control and beam control. Although
the laser bars in the vertical stack are cooled in micro-
channel liquid cooled configuration, there remains
temperature non-uniformity among the bars due to
thermal crosstalk and/or liquid flow non-uniformity.
The screening of the diode laser bars are required to
achieve specific wavelength and uniform spectrum.

Conduction cooled stacks
The packaging structure of a conduction cooled stack
(G-stack) diode laser is shown in Figure 28. In the figure,
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Puc.27. Pesyabmamel LIV-ucnsimaxuti: (a) cmek ¢ 60 6apamu ¢ oxaaxxdeHuem MKO; (b) cmex ¢ 40 6apamu c oxaaxxkdeHuem MKO
Fig. 27. LIV testing results (a) 60bar MCC cooled stack; (b) 40bar MCC cooled stack
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HOCTh umMmIiynbca 30 mc, vactorta 3 I'1, omTuye-
CKasl BBIXOAHAasi MouiHOCTH 100 BT/6ap, HMITyJIbC-
HBIM peXXHMM. BbICOTa J1a3epHOTO CTeKa COCTaBISeT
ot 0,4 MM 1o 4,0 MM OpH TeMIlepaType TeIlJIoOT-
Boga 20 °C. PesynbTaThl MOJEJIHPOBAHHUSA ITOKA3bI-
BAIOT, UTO IIHMKOBAasl TeMIlepaTypa OBICTPO yMeHb-
[IaeTCs B Hayajie I10 Mepe TOro, KaK yBe/TMYuBaeTCs
BBICOTA CTeKa OHOLHOrO Jjasepa. BricoTa MoKeT
OpITh BeIOpaHA B KadecTBe KaK IIapaMeTpa OITH-
MU3ALHUU OIS HaJjJeKalleH TeIJJIOBOM THCCUIIA-
IIMH, TaK ¥ IIapaMeTpa KOMIIAKTHOCTH CTPYKTYPhI
yCTPOMCTBA.

three diode laser bars are packaged in one G-stack laser,
and the cathode and anode of the laser stack are on the
left and right side, respectively [5]. The heat conduction
cooler is under the laser bars, and the layer between laser
bars and conduction cooler is the insulator layer. There
are two insulator layers used for separating cathode and
cooler, anode and cooler, respectively. There are four
fixing holes in the stack, and the functions of them are
to fix the stack and to connect the anode and cathode of
the stack laser to the power driver, respectively.

For conduction cooled G-stack structure, e.g. the
diode laser bars are sandwiched in the CTE-matched
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AHop, / Anode

OxnaxaeHune TeNA0NpoBoAHOCTLI0 / Conduction cooler

114 HanpasneHwve TennooTeofa / Heat conduction path

Puc.28. Cmpykmypbl KOMNOHO8KU G-CmeKa ¢ 0XAdXX0eHuem
3d c4em menaonposodHocmu

Fig. 28. Schematic of package structure of the conduction
cooled G-stack
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Puc.29. Cmpykmypbl KOMNOHO8KU G-CmeKa ¢ 0XAdXX0eHuem
3d c4em menaonposodHocmu

Fig. 29. Schematic of package structure of the conduction
cooled G-stack

BbIxogHasi MOIIHOCTb [JHOLHOTO JIa3epHOro
CTeKa, M3TOTOBJIEHHOIO K3 HEeCKOJbKHX JIa3ePHBIX
CTep>KHeH, MOXeT JOCTUIraTh HeCKOJIbKUX ThICSY
BaTT B HeIpepbIBHOM PeXXHMe K JeCSITKU Bauu
B UMIIy/IbCHOM pexkuMe. Ha puc.30 (a) u (b) moka-
3aH CTaHAAPTHBIM MoAynab G-cTeka C OXJIaXkzae-
HHEeM 3a c4yeT TeIJIONPOBOAHOCTH C KOJJIMMalu-
OHHOM JNHH30H B KOHOUIYpauUH 30 CTepkHeH
U 5-CTep>kHEBOH MOAY/Ib 6e3 KOMIMMAILIMOHHOM
JTHUH3BL. JIHOAHBIe CTEP>KHU 3/1eKTPUUYeCKH COoenu-
HeHBI [10CJIeI0BATeJbHO U U30IHMPOBAHBI OT TEIlJIO-
OTBOJla TEeNJIOIPOBOAHBIM K 3JeKTPHUUYECKH M30-
JTUPYIOIKM MaTeprasoMm. [Ing G-cTeKa ero MosKHO
HCIIOAb30BaTh TONBKO B HMIIYJIbCHOM peXHMe

submounts in Figure 29 (a) [14]. An example of the
numerical simulation of the thermal behavior
characteristics of a 5-bar diode laser stack with
different pitches were presented, as shown in Figure
29 (b). The laser stack is simulated with the pulse
duration of 30ms, the frequency of 3Hz and optical
output power of 100W/bar in QCW mode. The pitch of
the laser stack ranges from 0.4mm to 4.0mm under the
heatsink temperature of 20 °C. The simulation results
indicate that the peak temperature decreases rapidly at
the beginning when the pitch of the diode laser stack
increases. The pitch can be chosen as the optimized
pitch value for both good thermal dissipation and
compact device structure.

CTE-coBmecTnmasn
noacTaBka
CTE-matched
submount

[lnofaHble nasepHble CTepXKHU
Diode laser bars

M3onatop

Insulator TennooTtBof / Heat sink

a)

Puc.30. HYucnosoe modeauposarue memnepamypHbix xapakmepucmuk: (a) pacnpedeieHue memnepamypbl 8 KOHCMPYKUUU
5-6apHo20 Au0dHO20 AazepHozo cmeka; (b) nukosast memnepamypa 8 3agucumocmu om gpicomsl 6apa
Fig. 30. The numerical simulation of (a) 5-bar diode laser stack (b) peak temperature as a function of bar pitch
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M3-3a HeJOCTAaTOYHOTO IIOAXOAA K OXJIasKAeHHIO.
BepxHuil npenen pabouero muKIa CBSI3aH C BBICO-
TOU CTep>KHeH.

Kaxk moxkasaHo Ha puc.3l, moayas u3 30 muoa-
HBIX JHHeeK MoOXeT obecmedyuBaTh BBIXOJHYIO
MoIifHOCTh 4800 BT B yC/JI0BHSAX HCIBITAHUA 250
MKC, 40 'ty 1 TemmepaTypsl 60 °C. Moay/b C IATHIO
CTep>KHSIMU pPa3paboTaH C UCIIONIb30BAHHUEM TaKUX
Iepef0BbIX TEXHOJOTHH KOMIIOHOBKH M MaTepHa-
70B, KaK HaHeceHHe CuC ¢ BBICOKOM TeIJIOIPOBO-
nHoCThI0 U CTE-coBMecTHMOCTHIO [12, 28]. Moaynp
C ISATHIO CTEPKHSIMHU criocobeH paboTaTk B peskuMe
BBICOKOM HArpysku (200 mkc, 400 I'1, 8% pabouero
LKKIa) U obecredyrBaeT 06IIYI0 BRIXOAHYIO MOII-
HOCTH 2736 BT, IpX 3TOM Ka’>KABIK CTepskeHb obe-
CIleYrBaeT BRIXOMHYIO MOIIHOCTh 557 BT.

MaxkcuMMajnbHasl BRIXOAHAS MOIIHOCTh 5-CTepK-
HeBOTO MOJYJIS JOCTUraeT 3Ha4YeHU s 3655 B, mpu
3TOM KaXXIblH CTepKeHb obecmeunBaeT 731 BT
(puc.32). O6BIYHBIH monaynb G-CTeKa C OOHHAKO-
BBIM pa3sMepoOM KOHCTPYKLHUHU U YCJIOBUSMHU HCIIBI-
TAaHUA MOXKET OOCTHUraTh MomHOCTH 400 BT Ha
onuH 6ap. IIpuMeHeHHe HOBBIX YIAKOBOYHBIX
MaTepHhajoB W IepefoBbIX TEXHOJIOTHMH KOMIIO-
HOBKHM 3HAYMTEJbHO YJydIIAIOT TeXHHYECKHe
XapaKTepuCTUKHU G-cTeka.

i1

The output power of the diode laser stack fabricated
by multiple laser bars can reach several thousand watts
CW power and tens of Watts QCW power. Figure 30
@ and (b) shows a typical conduction cooled G-Stack
module with collimating lens of 30 bars, and a 5-bars
module without collimating lens. The diode bars are
electrically connected in series and isolated from the
heatsink by a thermally conductive and electrically
insulating material. For a G-Stack, it can be only used
for QCW application due to its poor cooling approach.
The upper limit of the duty cycle is related to the pitch
of the bars.

As shown in Figure 31, the 30-bars module can deliver
4800W output power in the testing condition of 250us,
40Hz and the temperature of 60 °C.The 5-bars module
is developed with the advanced packaging technologies
and material [12][28], such as the application of the
CuC with high thermal conductivity and CTE-matched
property. The 5-bars module is able to work in high duty
cycle (200us, 400Hz, 8% duty cycle), and delivers the
total output power of 2736W, with each bar delivering
the output power of 557W.

The maximum output power of the 5-bars module
reaches the value of 3655W with the single bar of 731W
in Figure 32. The conventional G-Stack module with the
same structure dimension and testing condition, can

PHOTONICS N26/66/2017 69



i g

JOuonHBIN Ja3ep B KOHQUIYpaLlMK MacCHBa
na3epHbIX pemeTok (MJIP) CKOMIIOHOBAH K3 MOAY-
ner G-cTeka, KOTOPBIM MacIITabHpyeT BHIXOTLHYIO
MOIIHOCTh JOHOAHBIX JIa3epOoB C KHJIOBATTHOIO
YPOBHS [0 YPOBHS [OeCATKOB KHIOBATT. CJIOKHOE
OXJIaXKeHHe C PaBHOMEPHBIMH OXJIaKAAIOIKMMU
TYHHEe/ISIMH U HU3KHM IlepenajoM JaB/IeHUs BOJbI
OT BXOZA [0 BBHIXOJA MpefHa3HauyeHO [Jisg claydas
KOMIIOHOBKH Mofy/nen G-CTeKa B KOHQHUIYpallHIo
MacCHUBa peleTok. Ha puc.33 nmpencTaB/ieH MacCUB
NTa3epHBIX pemleTok U3 96 6apoB, TpaduUK 3aBHU-
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only reach the power of 400W per bar. The application of
the new packaging materials and advanced packaging
technologies significantly improve the performance of
G-Stack products.

The area array (AA) diode laser is packaged through
the G-stack modules, which scales the output power
of diode laser bars from KW-watts level to tens of
KW-watts level. Sophisticated cooling plated with
uniform cooling tunnels and low water pressure drop
from the inlet to outlet, is designed to construct
the G-stack modules to a area array. Figure 33 (a)

Test:
Serial Number: VS93-000276 Operator: LJK
Part Number: 2014-3-11 Test Time: 3/11/2014 10:35:36 AM

L-1 Test Power-Current Curve
\E/ 20
S 15|
o
=
<
.10
n
G
<}
E|
o 51
>
0 Il Il Il Il Il
0 50 100 150 200 250 300
Tok, A/ Current A
Peak Pop(W) 18062,00 Slope Eff,(W/A) 68,64
lop(A) 280,00 Eff.@lop(%) 56,09
1th(A) 19,70 V@lop(V) 115,00
TC 22,00
CnekTp / Spectrum
5100
(%]
3 80
£
S 60t
G
o
I 40}
=
v
$ 20
P
I
s ) . , .
780 790 800 810 820 830
[nvHa BonHbI, HM / Wavelength, nm
Peak wavelength(nm) 806,07
Centroid wavelength(nm) 805,70
FWHM(nm) 2,71
FW90% Energy(nm) 3,82

a)

6apos, (b) G-cmex u3 5 6apos

Puc.31. Peayabmamsl ucnbimanuli LIV 6 8epmuKkaabHOM Cmeke ¢ 0XAdxkdeHuem 3a cyem menaonpogodHocmu: (a) G-cmex u3 30

Fig. 31. LIV testing result of conduction cooled vertical bar stack, (a) a G-Stack with 30bars (b) a G-Stack with Sbars

Test Condition: 400Hz 200ps  Test: ABI
Serial Number: FLOO0050 Operator: ZGF
Part Number: EOR0O001546  Test Time: 2/7/2015 11:45:29 PM

L-I Test

14

12

MouwHocTb, KBT / Power, kW
(o<}
T

0 L L L L L L L L
0 50 100 150 200 250 300 350 400

Tok, A/ Current A

Peak Pop(W) 13094,25 Slope Eff,(W/A) 32,21
lop(A) 430,00 Eff. @lop(%) 59,71
Ith(A) 22,69 Ve@lop(V) 51,00
TC 25,00
CnekTp / Spectrum
= 100
(%]
o 80|
]
£
S 60 -
G
o
I 40}
=
v
& 20 |
o
I
S 0 L L 5 L
780 790 800 810 820 830
[nvHa BoAHLI, HM / Wavelength, nm
Peak wavelength(nm) 805,97
Centroid wavelength(nm) 806,61
FWHM(nm) 3,18
FW90% Energy(nm) 5,62

b)

70 ®OTOHUKA N26/66/2017



RERRR RN RN R N AR R AR R R R R N N AR N AR A AR RN NN
Ny LASERS G LASER SYSTEMS m
RERRR RN RN R N AR R AR R R R R N N AR N AR A AR RN NN

i g

A el
o

0
50

MOLLHOCTb, KBT / Power, KW
N

110 170 230 290 350 410 470 530 590 650
Tok, A/ Current, A
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Fig. 32. The maximum QCW power test of the 5-bars G-Stack
diode laser

CMMOCTH MOIIIHOCTH OT BXOJHOIO TOKa M CIIEKTP
u3nydeHHUs. OCHOBBIBASICh Ha TeXHOJOTHUU TBepLOoH
MIaMKH ¥ 3KPAaHHUPOBAHHUH JJIMHEI BOTHBL JHOLHOIO
nasepHoro 6apa, onTHYecKas BHIXOJHAS MOIIHOCTh
JocTuraer 19 XBT B MMIIY/JIbCHOM pe>XHMe B yCJIO0-
BUSIX HCHOBITAHUS 5% pabodero LKMKJIA. 3HaueHHUe
CIeKTpa IIOTHOM INHMPHUHEl Ha II0yBBICOTE MaKCH-
Mmyma (FWHM) u 1mosHOM IHPUHBL 90% 3HEPrUH
(FW90%E) cocrtaBisgeT 2,44 HM #U 4,14 HM, COOTBeT-
CTBEHHO. JTO [IOBOJBHO y3Kas IIHMPHHA CIEKTpa,
MaJio JOCTMKMMaAas [JIsI MAaCcCHBA JIa3epHBIX pelle-
TOK K3 96 JIMHEeEK JIa3epHBIX JUOLO0B. Kak mpasuio,
3HavyeHre FWHM u 90% sHepruu cocTaBjisieT OKOJIO
4 HM ¥ 6 HM, COOTBETCTBEHHO. Pe3ybTaThl MCIIBITA~
HUU MOATBEPAHIH, UYTO CMellleHHe LieHTpa/bHOU
IUIMHBI BOJIHBI CIIEKTPa H3JIyYeHHS 3TOro Jjasep-
HOT'O yCTPOMCTBA OYeHb MaJIo.

PE3IOME U BbIBO bl

[TonBOAS HMTOTM NAHHOM paboThl, B KOTOPOM pac-
CMOTPeHBI U 06CY>KIeHBl TeXHOJIOTHH KOMIIOHOBKHU
BBICOKOMOIIHBIX JHOAHBIX J1a3epHBIX 6apoB, oTMme-
THUM OCHOBHBIe MOMEHTHI. IIpu paspaboTke nuon-
HBIX JIa3epPOB KHUJIOBATTHOTO YPOBHS KJIIOYEBBHIMU
bakTOpaMU SBISIOTCS KOHTPOJIb TeMIIepaTyphl,
aHaAM3 BAMSHUS paclpefeseHUs] TeMIIepaTyphl,
paspaboTka IIpoIeccoB KOMIIOHOBKH, aHAJIMU3 OTKa-
30B 1 OLIeHKa HaJe>KHOCTH.

JOMUHHUPYIONAs TeXHOIOT U MaKKH BEICOKOMOLI-
HBIX JHUOJHBIX JIa3epoB, HCIIOJNb3yeMas B KOMMep-
YeCcKHUX IIPOAYKTaX, IIO-IIPeKHeMYy CBsi3aHa C Mau-
KOH MHOHeM U AuSn. JIJis [IOBBIIIEHU S HaJeKHOCTH
Y yBeJIMYEHHUS CPOKa CIIY>KObI, 0COBEHHO B CIIOKHBIX
YCJIOBUSIX U IIPH JJIMTENbHBIX HMIIYIbCHBIX IIOfA-
Yax MOIIHOCTH, TeHIEHIIMS Pa3BUTHS TeXHOJIOTUU
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Fig. 33. (a) The area array packaged through the G-stack

module (b) The test result of the area array
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coeqUHEHHS IIaNKOM 3aK/II0YaeTCs B TOM, YTO COeIH-
HeHHe IMaMKOM HMHIHeM 3aMeHSeTCsS CoeJHHeHHEeM
AuSn-marnkon. IIpuMeHeHHe IepefOBbBIX KOMIIOHO-
BOUHBIX MaTepuasnoB (Hanmpumep CuC) U C/IOKHAs
KOHCTPYKIMS OX/IaskAAIoLell IIJIaCTHUHBI (HallpruMep
MKO) MOryT 3HAUHMTe/JIbHO YIy4IIMTh TeXHHUYeCKHe
XapaKTepUCTUKU CTeKa AUOAHOIrO Jjasepa. TOUYHBIU
KOHTPOJIb AJIMHBI BOJAHBI JHOLHBIX JIa3epoOB 3HAYH-
TeJbHO yJIyd4llaeT CHeKTP C TOYHO 3aJaHHOH LeH-
TPaJIbHOM BOJIHOKM U y3KHM CIIEKTPOM.

Beiu pa3paboTaHBl U HCHOBITAHBI Pa3IHYHBIE
pelLIeTKH BEICOKOMOIIHBIX JUOAHBIX J1a3€pOB, B TOM
4YKCjIe OJUONHBbIe Jla3epHble CTeKH C OXJIaKAeHHeM
3a CYeT TeIlJIONIPOBOAHOCTHU, OUOLHBIE JIa3epHEIe
CTeKH C MHKPOKAHa/JbHBIM BOASHBIM OXJIaXKIe-
HHeM U TOPHU30HTAJIbHbIe PelleTKU SUOAHBIX jla3e-
poB. MakcuUMaJbHAslT MOIIHOCTb CTeKa OHOLHOIO
Jla3epa, CKOMIIOHOBAHHOIO C MHKPOKaHaJIbHBIM
oXJagUTeleM, JOCTHUIraeT 3HaueHUH bosee 1000 BT
Ha onuH 6ap, B TO BpeMs KaK CTeK JHOIHOro Jia3zepa
B KOHOUIrypanuu G-CTeKa [OOCTHUraeT 3Ha4YeHH
731 BT Ha onuH 6ap.

MaccuBbl peleTok AHUONHBIX J1a3epOB MacIITa-
OUPYIOT BBIXOJHYIO MOIIHOCTb JUOLHBIX JTa3epPHBIX
CTEeKOB C KWUJIOBATTHOTI'O YPOBHS 0 YPOBHS JE€CSATKOB
KHJIOBATT C BRIXOAHBIM 3HaueHHeM 19 KBT. Hapany
C yCOBepLUIeHCTBOBAaHHEM CTepKHS OHUOLHOIO
nasepa HeobxoguMo pa3paboTaTh HOBBIM KOMIIOHO-
BOYHBIM MaTepHas, COBPeMEHHYIO U HOBYIO TeXHO-
JIOTUI0 KOMITOHOBKHU, UTOOBI MMOBBICUTH IPOU3BOLU-
Te/IbHOCTh yYCTPOMCTBA BBICOKOMOILHOTO JHOJHOTO
nasepa, obecmeuynBas BBICOKYIO MOILHOCTB, 607b-
IIYI0 IPKOCTh U BBICOKYIO HaJe>KHOCTb.
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shows a 96 bars area of array observed by the near-
field illumination. The graphs of power versus input
current and corresponding spectrum of the diode
laser stack are illustrated in Figure 33 (b). Based on the
hard solder packaging technology and the wavelength
screening of the diode laser bar, the optical output
power reaches as much as 19KW in QCW mode
operation under the test condition of 5% duty cycle.
The spectrum value of full width of half maximum
(FWHM) and full width of 90% energy (FW90%E) is
2.44nm and 4.14nm respectively, which is rather
small for a 96 bars area of array of diode laser stacks.
Conventionally the value of FWHM and 90% energy is
about 4nm and 6nm respectively. The result indicates
that the spectrum deviation of this laser device is very
small.

SUMMARY AND OUTLOOK

In conclusion, the packaging technologies for high
power diode laser bars are reviewed and discussed. The
key factors, such as thermal management, thermal
stress analysis, processes development, failure
analysis and reliability evaluation are presented in
developing kW-level diode lasers. The dominant high
power diode laser bar bonding technology used in
commercial products are still indium bonding and
AuSn bonding. To improve reliability and lifetime,
especially under harsh conditions and for long pulse
on-off power cycling applications, the development
trend is that indium solder bonding technology is
being replaced by AuSn solder bonding technology. The
application of advanced packaging materials (e.g. CuQ),
and sophisticated design of cooling plate (e.g.MCCO),
can significantly improve the performance of the
diode laser stack. The precise control of wavelength of
diode laser bars greatly improves the spectrum with
accurate central wavelength and narrow spectrum. A
variety of high power diode laser arrays are fabricated
and tested, including conductively cooled diode laser
stacks, micro-channel water cooled diode laser stacks,
and horizontal diode laser arrays. The maximum
power of the diode laser stack packaged with the
micro-channel cooler reaches the value of over 1000W
per bar, while the G-stack diode laser stack reaches
the value of 73IW per bar. The area of array diode
laser scales the output power of de diode laser bars
from KW-watts level to tens of KW-watts level, with
the delivered value of 19KW. Along with diode laser
bare bar improvement, new packaging material,
advanced and novel packaging technology need to
be developed to enhance high power diode laser bar
device performances to achieve higher power, higher
brightness and higher reliability.



