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CPABHEHME DBR-JIA3EPHDIX
ANOAO0B OT KOMIMAHUN
PHOTODIGM C DFB-JIA3EPAMU

JI.E. Cnencep, I1. SIne, Photodigm

DFB- n DBR-nasepbl UMeloT MHOIO 06Lwero: 3To, npexae
BCero, y3Kas crieKTpasibHas IMHUS 1 BO3MOXHOCTb
HACTpOWKM YacToThbl. B oTinume ot DBR-nasepa,
CTPYKTYpa KOTOPOro BblpalliuBaeTcs 3a OAMH Liar,

B DFB-CTpyKType pelueTKa A0/1)KHa pacrnoaaraTtbcs

rnop, CJ1I0eM C BbICOKMM NMoKasaTesieM rnpesioMmseHus,
BblpaLL,eHHbIM MoBepXx pelleTku. PasHuua B CO3aaHUN
CTPYKTYP BeAeT K KPUTUYECKUM OT/IMHUSM MeXAay
pabo4ynmMmu xapakTepucTMKamMm 1asepos.

BBEAEHWE

Cepus BBICOKOMOIIHBIX JIa3€PHBIX AHOMOB C BBIBO-
JOM H3JIyYeHH S BJIO/b CTPYKTYPhl Ha pacIipeseieH-
HOM 6p3rroBckom orpaskaresne (DBR) OT KOMIAaHUH
Photodigm ocHoOBaHa Ha COGCTBEHHOM TEXHOJIO-
ruu apxuTeKTyphl DBR-ma3epoB u Ipoliecce BhIpa-
IIHUBAaHUS 3MUTAKCaJbHBIX C/JI0EB 3a ONMH IIar.
B cTtpykType DBR- ja3epHOTo AMOLAa MOXXHO BBHIJE-
JIUTH 00/1aCTh YCUJIEHH S U OTAEIbHYIO obnmacts DBR-
pelleTKH, KOTOPYI0O HaHOCST I10BepX IpebeHYaTOro
BosHOBoAa (puc. 1). C IIOMOIIBIO TaKOro AM3aKHa
Kommanus Photodigm cymerna 3aHSTH MO3HLIHIO
IIPOM3BOJMTE/IS CaMBIX BBICOKOMOIIHBIX OJHOYA~
CTOTHBIX MOHOJHTHBIX JIa3€PHBIX OHOMOB B CIIEK-
TpanpHOM obnacTtu or 740 mo 1083 HM, BBIIyCKa-
eMBIX CepHHHO [JI IPHUMeHeHHS B MeTPOJIOTHH
U crieKTpockonuu. DBR-nmasepsl oT Photodigm une-
aJIPHO MOAXOASAT OJs INPHUMeHEeHHH, HCII0JIb3YyIo-
IIHX OJHOYACTOTHOe H3Jy4eHHe BBICOKOM MOII-
HOCTH B CTpPOTO OIpeJeJeHHOM CIIeKTpPaJibHOM
nuamna3zoHe. Kommanus Photodigm mnpomomskaet
paboTaTh BMecTe CO CBOMMHM 3aKa3uHUKAMH IS
TOro, 4TO6BI U [lajlee COBePLUIEHCTBOBATh CBOIO TeX-
HOJIOTHIO U MPOU3BOJUTH CTabU/IbHBIE, Ha/le>KHEIE
Y TOYHBIE MCTOUHMKH M3IYUYeHHS O/ IIPUMeHe-
HUHN B CIIeKTPOCKOIHH, aTOMHOM QH3HKe, HeIH-
HeMHOH ONTHKe U H3TOTOBJeHUH BOJOKOHHO-OIITH-
YeCKHX YCUIHTENeH.

DBR-na3epsl 6bIM OMHUMU M3 IIE€PBBIX OHOYA-
CTOTHBIX JIa3€POB, IIepBhle IIaru B CO3JAHUU U pas-
BUTHH KOTOPBIX OBIIN IIPeAIIPUHSTH B 1970-e rofbl.
B 1990-e roapl KommaHusa SDL cTana NpOU3BOLUTH
TaKHe Ja3ephl B IPOMBIIIIEHHBIX MacimTabax mmis
IIpUMeHEeHHs B UCCIeOBAHUSX, TPebyomux peso-

166 ®OTOHMKA TOM 12 N2 2(70) 2018

CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e
NA3EPbI N IA3BEPHbBIE CUCTEMbI I—
CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e

CONTRASTING THE
PHOTODIGM DBR LASER
DIODE ARCHITECTURE WITH
COMPETING DFB DESIGNS

J.E. Spencer, P. Young, Photodigm

DFB lasers and DBR lasers share many of the same
characteristics of narrow linewidth and tunability.
Whereas the DBR is fabricated on single growth epi,
the DFB requires that the grating be buried under a
high index layer, epitaxially regrown over the grating,
in order to form the waveguide. This fabrication
difference leads to critical distinctions between the
operational characteristics of these two architectures.

BACKGROUND

The Photodigm family of high-power edge-emitting
Distributed Bragg Reflector (DBR) laser diodes are based
on Photodigm’s proprietary single epi growth, DBR laser
architecture. The Photodigm DBR laser architecture
consists of a gain region and a separate DBR grating
region, monolithically fabricated over a continuous
ridge waveguide, as shown in Figure 1. With this design,
Photodigm has produced the world’s highest power
commercially available, single-frequency, monolithic laser

Gain Region DBR Region

Process Starts With:
« InP based EPI, or S
* AlGaAs EPI Wafers

= -

* Fabricate » Deposit  Fabricate e Polish Thin
the Ridge Dielectric the DBR Wafer
* Open Cratings « Add Backside
the Contact Metal
* Pattern * Ready for
the Metal Cleaving

Puc. 1. Cmaduu u32zomosneHus DBR-Aa3epos8 om Komnaxuu
Photodigm

Fig. 1. Fabrication steps of the monolithic DBR laser, as
produced by Photodigm
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HaHCa C aTOMHBIMH IlepexogaMu Ha 780, 852 u 1083
HM. ByM Te/eKOMMYHHKAaIlMOHHBIX TeXHOJOTHH
B no3gHHe 90-e u paHHHe 2000-e roAbl BBHIHYIHII
IpOM3BOAMTENeH Ja3epoB CPOKYCHPOBATH CBOe
BHMMaHHE Ha HX BO3MOXHOCTHU YIOBIETBOPUTH
HapacTaolike aNIeTUTH B 06/acTH TeleKOMMY-
HUKal UK. TpeboBaHUS B UCIIONb30BAHUHU Ta3€POB
C HHM3KOM MOLIHOCTBIO A/ CIeKTPaJIbHOTO yILJIOT-
HeHHs KaHaJIOB OBIIM BCTpPedeHBl TOIBKO C Hada-
JI0M IpPHMeHeHHS JIa3epoB C pacHpefeleHHOH
obpatHon cBsa3pio (DFB). Ilpu 3TomM DBR-71a3sepsl
JJIss MeTPOJIOTUM ITPaKTHYeCKH MCYe3JIM C pbIHKA
K Havany 2000-x romoB. Boee Toro, naseps Ha 1300
U 1550 HM, HeobxXxomMMBIe OJI TeJIeKOMMYHHKa-
LMOHHBIX TeXHOJIOTHMH, H3rOTaBJIMBAJIUCh U3 QoC-
éuna uunusa (InP) - martepuana, KOTOPHIM HMeeT
boslee MOAXONSIHMHM COCTAB MAJIS H3TOTOBJIEHHS
DEB-cTpyKTYyp.

B 2002 romy HeKOTOpBle W3 IPOU3BOJUTEsIEH
IIarHy/aK BIlepen, co3naBas DFB-masepsl, yCIIeLIHO
Hcronb3yeMble B 00/1acTH TelleKOMMYHHKAIIMH.
Ilpu 3TOM THHOHYHO A1 DFB-ma3epoB HMX yCTpoOM-
CTBa MMeJIM CPaBHHUTEJIbHO HH3KYK MOIIHOCTE.
Jlazephl Ha OCHOBe apCeHHJa aJIOMHHUSA-TANLIUSA
(AlGaAs), Hampumep, OTIMYANIHCH CJIOKHBIM IIPO-
LIeCCOM HM3TOTOBJIeHHUS MONYIPOBOSHUKOBOM CTPYK-
TYPbl U IIPOSIB/ISIM HU3KYI0 HaZle’XKHOCTb B pabore,
KOT[la [1ejI0 KacaJIoCh IIPHMMEHEHMSI B KOHTPOJIBHO-
HM3MepUTeIbHBIX IIpubopax U paboThl Ha 66mbIIel
OINTHUYECKOM MOIIHOCTH.

B 2007 romy xommaHus Photodigm mnpeacta-
BMJIa CBOIO JHHeNKy DBR-1a3epoB, B OCHOBe MPO-
M3BOACTBA KOTOPBIX JI@KUT TEXHOJIOTMS BBIPAIIM-
BaHHS SMHUTaKCHAJbHBIX CTPYKTYpP 32 OOUH IIar.
OJTH J1a3ephl CTAJIM OPIMBIMHA KOHKypeHTaMu DFB-
Na3epoB B CIIeKTpajabHOM obmacTu or 780 mo 1083
HM. llenpio KOMIAHUU 6BITIO CO3[aHHe MPOAYKTa,
KOTOPBIX 6Bl paboTan Ha 6onee BBICOKUX MOIIHO-
CTSIX U Cc Ooyiee BBICOKOM HaleXXHOCTbIO, yeM DFB-
JAasepel. Bella Takke M Apyras Lejlb - CO3gaHHe
TeXHOJIOTHUH, KOTOpasl IO3BOJMUT JIEFKO BBIMTHU Ha
IIPOMBIIIJIEHHBIe MacImTabsl B Ipou3BoacTBe DBR-
nasepoB. bojiee BBICOKAas IMPOU3BOAHUTEIbHOCTD
U HafeXHoCcTb DBR-masepoB ot Photodigm pana
UM CyIIeCTBeHHOe IIPEeUMMYIIeCTBO 10 OTHOLIEHHIO
K DFB-masepaM. 3TO IIPHBEIO K TOMY, YTO MM
KOMIIAaHHMH CTaJIO0 IIKPOKO MU3BECTHO B 06/1aCTH CO3-
JaHUS JIa3€PHBIX HCTOYHHKOB [/ IIPUMEHEeHUS
B aTOMHBIX JIOBYIIKaX, METPOJIOTHH, CO3LaHHUU
KOHTPOJIbHO-U3MepPUTEeIbHbIX NPUOOPOB, KOTOPHIE
TpebyI0T BBICOKOK MOIIHOCTH, CTaOM/IBHOCTH OITH-
YeCKOr0 M3JIy4eHUsS H BO3MOXKHOCTH (QHKCALUU
H3/Iy4eHH s Ha OJJHOM KOHKPeTHOM 4acToTe.
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diodes for instrumentation, metrology, and spectroscopy
in the wavelength region 740 to 1083 nm. Over the years,
Photodigm DBR lasers have proven themselves to be
ideally suited for applications requiring high-power single-
frequency performance within a well-defined operating
range. Photodigm has worked with its customers to develop
a family of products unmatched in the industry, optimized
for stability, reliability, and power for precision applications
in spectroscopy, atomic physics, non-linear optics, and fiber
amplifiers.

DBR lasers were among the first single frequency
lasers, with development beginning in the 1970’s. They
were commercially produced by SDL in the 1990’s for
research applications requiring resonance with atomic
transitions at 780, 852, and 1083 nm. The telecom boom in
the late 1990’s to early 2000’s forced laser manufacturers
to focus their capacity to meet the explosive demand
in telecom applications. The needs of low power signal
lasers for wavelength division multiplexing were best
met by distributed feedback lasers, and DBR lasers for
instrumentation and metrology disappeared from the
market by the early 2000’s. Furthermore the 1300 and
1550 nm lasers required for telecom were produced from
InP, which has a favorable processing chemistry for DFB
fabrication.

Several manufacturers stepped in to fill the SDL void by
2002, using the DFB architecture so successful in telecom.
Characteristic of DFB lasers, these devices had relatively
low power. Characteristic of AlCaAs lasers, they had a
difficult processing chemistry, and they experienced poor
reliability when operated at the higher power required in
instrumentation.

Photodigm introduced its product line based on its single
epi growth DBR architecture in 2007, directly competing
with DFB lasers in the 780 to 1083 nm band. The goal of this
new product was to offer a product that could operate at
higher power and with better reliability than the DFB, while
at the same time offering a production pathway that offered
improved manufacturing scalability though single growth
epi. Photodigm’s DBR lasers offered a distinct technology
choice for users of instrumentation lasers in the near IR
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Fig. 2. Cross sectional diagram of DBR laser showing main

features of the device
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DBR-J1IA3EP OT KOMIMNAHUUN PHOTODIGM
Cozganue DBR-maszepa ot Photodigm HaumHanock
C BBIpAIIMBAHMS 3MUTAKCHAIIBHBIX C/10eB Ha GaAs-
mogyioskke. MH>keHepel KoMmaHuu Photodigm cos-
Jay SIIUTAKCHAIBHYIO CTPYKTYPY, UCIIOIb3YsI OPUTH-
HaJIbHOe ITPOrpaMMHoe obecriedeHHe, pa3paboTaHHOe
[JISI BHYTPeHHero MCII0/Ib30BaHK . DIIUTAKCUATbHAS
CTPYKTypa COCTOMUT M3 OLHOM MK HeCKOIBKUX BBICO-
KOITPEJIOM/ISIOIIMX KBAHTOBBIX SIM, OKPY>K€HHBIX CJIO-
SIMH C HU3KHUM K03)OUIIHEeHTOM IIpeIOMJIEHH ST, KOTO-
pble 6ynyT GpopMHpOBaTh BOIHOBOA. [ajee, Clemom
3a BIpallMBaHKMEM 3IIHMTAaKCHUAJIBHOIO CJI0S, CO34AeTCs
Na3epHasi CTPYKTypa C 0COOEHHOCTSIMH I10OBEPXHOCT-
Horo penbeda, 06pas3yrOmMMHU MOHOJTHUTHBIA OFHO-
MOJIOBBIK TpebeHYaThll BOJHOBOJ, KOTOPBIM PacCIIO-
7araeTcs BAOJIb BCEM OIMHBI YCTPOKCTBAa. Pe30HaTop
Ja3epa COCTOUT M3 aKTHBHOM 00JIACTH YCHJIEHUS, BO3-
Oy>KIaeMOH 31eKTPUYeCKUM 3apsiioM, U MAaCCHUBHOM
DBR-obacTH, pacrosaramommxcss Ha BOJHOBOAHOM
rpebeHuaToi cTpyKType. O6/1acTh yCHU/IEeHHS BEITPaB-
JTeHa [0 HeoOXOAMMOM INyOHHBI AJISl TeHepalHuHU
OIHOYACTOTHOIO M3JIyYeHUsI IPU HHKEKIHUH 3JIeK-
TPHUYECKOro 3apsifia B KBAaHTOBYIO sMy. IlaccuBHas
DBR-061acTh — 3T0 Bp3rroBckoe 3epKajio C cesleKIHek
II0 JJIMHEe BOJHBI, KOTOpoe obecrieurBaeT o6paTHYIO
CBSI3b B Y3KOM CIEKTPa/JbHOM obnacTu. IIpu Hao-
SKeHHH II0JIOCHI OTpa’kaTelbHOM cIocobHocTH DBR
U 0671acTH yCHIeHHUs SMHUTAKCHATIBHOM CTPYKTYPEHI,
DBR-3epkajio BBHIOEASET OAHY IIPOAOJIBHYIO MOAY
C CaMbIM BBICOKMM 3HaYeHHEM YCHJIeHHS, I101ydas
IIPH 3TOM BBICOKOCTAOU/IBHOE JIa3epHOe H3/yueHUe
Ha OIpeflle/IeHHOH [JIMHe BOJHBI. Ha ogHOM KOHIle
06beMHBIN Pe30HaTOpP OIIpefesisieTCsl BHICOKOOTPaska-
TelbHBIM DBR-3epKajioM W IacCCHBHUPOBAHHOH CKO-
JIOTOM BBIXOJHOM I'PAHBIO C aHTHOTPKAIIUM (AR)
IIOKPBITHEM Ha [LPYyrOM KOHIIe. BhIXOAHAfA TpaHb
C ARTIOKpPBITHEM CHIY>KHT [Jisi BbIBOJA AUPPaKIH-
OHHO-OIPAaHHUYEHHOI0 U3/IyUYeHH .

XapakTepHOHN 0COOEHHOCTBIO TaKOIO YCTPOMCTBA
Jasepa SABJSETCS IIOBEPXHOCTHAas OHUPPaKIIMOHHAS
pelreTka, KOTOpasi BHITpaBJ/ieHAa B IIOJIYIPOBOLHHKO-
BOM IIOBEPXHOCTHOM CJIO€ HaJ KBAHTOBBIMHU SIMaMH
B IIaCCUBHOM o06acTH rpebeHYaTOro BOHOBOAA.
OgHaKo BOJIHOBOAHAsI MOJA CHJ/IBHO CBsi3aHa ¢ DBR.
OHa mHepHOJHYeCKH OTpa’kaeTcd Ha Pe30HAHCHOM
JJIMHe BOJIHBI pelieTKH. He pesoHupyiomue ¢ DBR
IIPOZIOTTIBHBIE MOMBI He HCIIBITBIBAIOT OOPATHYIO CBSI3b
U TepsaroTcsa. DBR-3epKajio COCTOUT U3 YepeayrIuXCs
CJIOeB MaTepHajoB C BBICOKMM M HH3KHUM KO3PPu-
LIMeHTaMU MpejsomaeHHsi. B DBR, H3roToB/IeHHOH
METOJIOM TPaBJIeHMsl, MaTepHaJl C BHICOKUM K03 Pu-
I[eHTOM ITpeJIOM/IEHHS SIBJISIeTCSI 3yObsIMHU PeIleTKH,
a MIPOCTPAaHCTBA MEXAY HUMHM 3aI0OTHEHBI [H3JIeK-
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band. Users soon came to value the higher performance and
better reliability of the DBR laser over the DFB laser, with
the result that Photodigm DBR lasers are now recognized as
the standard of performance for applications such as atom
trapping, metrology, and instrumentation, which require
high power, narrow linewidth, high reliability, and the
ability to lock and remain locked to a specific frequency.

THE PHOTODIGM DBR LASER

The Photodigm DBR laser starts on a GaAs wafer with
multiple epitaxial layers grown in a single growth.
Photodigm engineers design the epi using proprietary
software and backed by many years of laser design
experience. The epi consist of one or more high refractive
index quantum wells surrounded by low index cladding
layers that will form a waveguide. Following the precision
growth of the epi, the laser structure is fabricated with
surface features that define a monolithic, single mode
index-guided ridge waveguide that runs the entire length
of the device. The laser resonator consists of an electrically
pumped gain ridge region and a passive DBR ridge region.
The gain ridge is designed and etched to a precise depth to
operate in a single spatial lasing mode by current injection
into the quantum well. The separate DBR region is a
wavelength selective Bragg mirror that provides feedback
within a narrow spectral bandwidth. By overlapping the
reflectivity of the DBR with the gain bandwidth of the epi,
the DBR mirror will select the single longitudinal mode
with the highest gain, producing a highly stable beam at
a precise wavelength. The resonant cavity is defined by the
highly reflective DBR mirror on one end, and a cleaved exit
facet passivated and antireflectivity (AR) coated on the
other end. The AR coated exit facet serves as the outcoupler
for the diffraction-limited beam.

A characteristic of this design is the surface grating,
which is etched into the semiconductor cladding layer
above the quantum wells in the passive region of the ridge
waveguide. However, the waveguide mode is strongly
coupled to the DBR. The mode is periodically reflected at the
resonant wavelength of the grating. Longitudinal modes
not resonant with the DBR do not experience feedback
and are lost. A DBR mirror consists of alternating layers
of high and low index materials. In an etched DBR, the
grating teeth are the high index material, and the low
index grating spaces are filled with low index dielectric. The
Photodigm DBR may have as many as 2000 grating teeth
over a 500 micron long DBR mirror. The high index contrast
of the grating structure results in a resonant reflectivity of
the Bragg mirror that can exceed 90%.

THE DFB LASER
A competing architecture exists to produce a single
frequency laser diode, known as the distributed feedback,
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TPUKOM C HH3KHUM KO3QOUIIMEHTOM IIPeIOMJIEHHS.
DBR-cTpykTypa oT Photodigm moskeT umets 1o 2000
3ybbeB pemeTKH Ha DBR-3epkase pa3mepom 500 MKM.
BBICOKHI KOHTPACT B K03QPUIIHEeHTax MpeloMIeHU
CTAaHOBUTCSI pe3y/lbTaTOM Pe30HAHCHOM OTpa’kaTellb-
HOM CII0COOHOCTH BparroBCcKOro 3epKajia, KOTOpast
MOXKET IpeBbImaTh 90%.

DFB-JIA3EP

DFB-na3zep u DBR-1a3ep MMeIOT MHOro o6IIero: 3To,
IIpeKae BCEero, y3Kasi CIeKTpajbHas JIMHUS H BO3-
MOXKHOCTb HAaCTPOMKH 4YacTOThl. B To Bpems Kak
DBR-71asepbl MMeIOT Bp3ITOBCKHMM OTpa’kaTesb, pac-
[I0JIO’KeHHBIN OTHEe/IbHO OT 0b6j1acTu ycunieHus, DFB-
Ja3epsl UMEeIOT CTPYKTYPY C 0OPaTHOM CBSI3bIO, KOTO-
past cocTouT M3 caabooTpaskaiomero BparroBckoro
OTpaskaTesisi C HU3KKMM KOHTPACTOM, pacIipejelieH-
HOr'0 BZOJIb BCEHM IJIMHBI IpeGeHYaTOro BOIHOBOZA
B obnactu ycuneHusi. OTCIOa U IIPOMCXOAUT Ha3Ba-
HHUe Jjia3epa C paclpefe/leHHOM OOpPaTHOM CBSI3bIO.
B otnu4ne oT DBR-1a3epa, CTpyKTypa KOTOPOro BhIpa-
IIMBaeTCSA 32 OJHH IIar, B DFB-CTpyKType peleTKa
JOJI>KHA PacIojiaraThCs IO CJI0eM C BBICOKHMM IT0Ka3a-
TeJleM ITpeJIOMJIeHH S, SIIMTAKCHUAIbHO BhIPAllleHHBIM
[IOBepX PpelleTKH 1 GOPMHPOBAHHS BOJIHOBOIA
(puc. 3). PasHUIIA B CO3TAHUU CTPYKTYP BefeT K KpH-
THUYeCKUM OTAMYHSIM MeXIy paboumMH XapaKTepH-
CTHKaMH JIa3epoB.

SIUTaKCHAIBHBIK €10M DFB-masepa HauWHaeTcs
CO CTPYKTYPBl KBAHTOBBIX M C BBICOKHUM KO3QOHUIIH-
€HTOM IIpeJIOMJ/IeHH 1, PACIIONIOKeHHOM MeXKAY JBYMS
CI0SMH C HH3KHUM KO3QPHUIIMEHTOM IIpeJIOM/IeHUS.
O6macTh yCHIeHUS B BOJTHOBOJIE CO3/IAeTCsI BIOJIb BCEH
IOIMHBL JTa3epHOM CTPYKTYpPhl IIPU TPaBIe€HHH Bepx-
Hero cy1ost. O61acThb perieTKy Co34AeTCs CXOKUM 06pa-
30M BJIO/Ib BCEH 00/IACTH yCHJIeHHUs. [IJIsl TOro 4ToObI
JIOKAJIM30BaTh MOJY M IIOJIYYHUTD SKe/laeMbIH OTKJIMK
pellleTKH, CI0H C HU3KKUM II0Ka3aTe/leM [IPe/IoMIeHU S
JOJKeH OBITh BBIpAllleH II0BEPX CJI0SI C BEITPABIeHHON
B HeM peIlleTKON. TaKk>Ke BBIPAIIMBAETCS CHJIBHONET U~
POBaHHBIN BepXHUM 3aIIUTHBIM CJIOH /15 BBOAA TOKA.
OcHoBHas 4yepTa DFB-1a3epa - 3T0 CKpbITas SUPpak-
LIOHHAs pellleTKa B INy61HEe CTPYKTYPHL.

YuuteiBasg, 4To DFB-y1asep cosmaeTcs AJs IIOIyde-
HUs 06paTHOM CBSI3M BIOJIb BCeH 00IacTH yCHIIeHHS,
HeobXOIMMOCTH B HCIIOJIb30BAHUM TOPLIEBBIX 3€pKaj
HeT. OOHAaKO B C/ly4ae HIea/IbHOM CHMMeTPHH, IIPO-
THUBOIIOJIOKHBIE OTPaskKeHHs Ha Bp3rroBCKOM [JIHHe
BOJIHBI HaXOAATCS B aHTHPe3OHaHCe, U TeHepalius
JIa3epHOr0 M3/Jy4YeHHs He IIPOMCXOOUT Ha Lp3rros-
CKO¥ [JIMHe BOJIHBI. BmecTo 3Toro obpasyiorcs [IBe
3KBUIHCTAaHTHBIe MOLLL M FeHEPUPYeTCS H3TydeHHe
OKOJI0O Bp3rroBCcKO¥ AIHHBI BOJAHBL. [l TOrO YTOOBI

=

or DFB, laser. DFB lasers and DBR lasers share many of the
same characteristics of narrow linewidth and tunability.
Whereas DBRs have a Bragg reflector separated from the
gain region, DFB lasers have a feedback structure consisting
of a low-contrast, weakly reflecting Bragg reflector
distributed along the entire length of the gain ridge, hence
the name distributed feedback laser. Whereas the DBR is
fabricated on single growth epi, the DFB requires that the
grating be buried under a high index layer, epitaxially
regrown over the grating, in order to form the waveguide.
See Figure 3. This fabrication difference leads to critical
distinctions between the operational characteristics of
these two architectures.

The DFB epi begins as a high index quantum well
structure between two low index cladding layers. The
gain ridge is fabricated all along the length of the laser
structure by etching the upper cladding. The grating region
is similarly fabricated along the entire length of the gain
region. In order to confine the mode and produce the desired
feedback response of the grating, a lower index cladding
layer must be epitaxially regrown over etched cladding layer.
Alsoregrown is a highly doped cap layer for current injection.
The characteristic of the DFB is the buried grating.

Because the DFB laser is designed to experience feedback
allalong the gainridge, no end mirrors are needed. However,
in the perfectly symmetric case, opposing reflections at the
Bragg wavelength are anti-resonant, or destructive, and
lasing does not occur at the Bragg wavelength. However two
modes equally spaced and around the Bragg wavelength
are produced, the difference between the two modes being
known as the stop band. To achieve single longitudinal
mode performance, the laser is fabricated to destroy
symmetry. This is typically done by having an anti-reflective
coating on one end, which favors one mode over the other,
and the laser operates on the favored mode.

THE DIFFERENCES BETWEEN DBR LASERS AND
DFB LASERS

The distinguishing difference between the two architectures
is the location of the grating within the epitaxial structure.
The DBR uses a high index contrast, high reflectivity surface

/ 15t growth
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Puc. 3. lJuazpamma nonepe1Ho20 ce1eHust CmpyKkmypbi
DFB-nazepa
Fig.3. Schematic drawing of the DFB laser architecture
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IIOJIYYUTh OLHUHOYHYIO IIPOJOJIBHYIO MOAY, Ja3ep CO3-
IaeTcs C HapyllleHHeM CHMMeTpHH. OHO IOCTUTaeTCsl
C IIOMOIIBI0 AaHTHOTPAsKAOIIero IMOKPBITHS Ha OJHOM
KOHIIe, KOTOpOe BBIOMpaeT OLHY U3 IByX MOJI, Ha Hel
1 paboraet nasep.

PA3/TNYUNA MEXAY DBR U DFB-JIASEPAMU
[aBHOe OTIMYHE MeXAY OBYMs Jla3epaMH - 3TO pac-
[IOJIOKEHHe PelleTKH B 3MHMTAKCHAJIBHOM CTPYKType.
DBR-71a3ep HCIO/Ib3yeT BBICOKOOTPA’KAIOIIYIO IIOBEPX-
HOCTHYI0 OUPPaKIHOHHYI0 pemeTky, DFB-masep
MMeeT CKPBITYI0 OHUPPaKLHMOHHYIO PEIIeTKy B IJIy-
6rHe CTPYKTYPBI C HU3KOH OTpaskaTe/lIbHOM CII0COOHO-
CTBIO. MI3roTOB/IEHHE J1a3€POB 3THX TUIIOB HAYMHAETCS
C TIIATe/IbHOI0 M3TOTOBJIEHMS IIOIJIOKKH C SITUTAKCH-
AJIBHBIM CJI0eM, KOTOPO€ OIIMpaeTCsi Ha CJIOKHBIE TeX-
HUKH HM3TOTOBJIEHHS II0/1yIIPOBOAHUKOBBIX CTPYKTYP
MeTOJaMM TPaBJIeHUs, JTUTOrpadUu U XMMHUYECKOro
OCa’kAeHHUsI U3 Ta3oBor ¢a3pl. OOHAKO IIOC/Ie H3ro-
TOBJIEHUSI I'PebeHYaToro BOJIHOBOAA KU AUGPAKIIHOH-
HOH CTPYKTYPhl, AJISI U3roToBieHHs DFB-na3epHou
CTPYKTYPBI He0OXOAMMO CZIe/IaTh ellle OAMH IIar Jajib-
HEHI1ero BhlpalliBaHHU I SITMTAKCHAIbHOM CTPYKTY PBI
IJIsL TIONIy4YeHHUsI pellleTKH C pacIpefe/eHHOM obpart-
HOI CBSI3bIO C HU3KMM II0Ka3aTesieM IIpe/IoM/IeHUS.
IIpouecc BTOpU4HOro pocta B GaAs/AlGaAs mare-
pHaiax IJis J1a3epHbIX SJUOAO0B Mexay 740 HM u 1083
HM JOCTaTO4HO CJIokeH. Al 1 GaAs criocobHBI pearu-
POBAaTh C KUCIOPOAOM. SIIUTaKCHA/IBHBIHA II0OBEPXHOCT-
HBIM CJION IIOABEPraercss aTMOCHepHOMY OKHCIEHHIO
M KOHTAMHHALMH B IIpoliecce co3maHus DFB-ma3sepa
BO BpeMs IIePBOIO U BTOPOIO IIAroB BhIpalllMBaHMS
CTPYKTyphl. BIHsSHHe 3THUX SIBJIeHHH Ha IIPOH3BO-
OUTENBHOCTD j1a3epa OBUIO TIIATETBHO HCC/IEOBAHO
B MHCTUTYTe Ilayns Jipyne B Tepmanuu B 2001 ropy [1].
OHU 06HAPY>KWIHN yBelHuYeHHe BHYTPeHHHUX IIOTEPb
B pesy/ibTaTe BTOPUYHOI0 POCTa CTPYKTY Phl IIPHMEPHO
B 2 pasa B YCTPOMCTBAaX Ha KBAHTOBBIX sIMax U3 GaAs
(822 M) u InCaAs (986 HM). KoabPULIMEeHT yCUIeHH s
J1a3epoB Ha AlGaAs Taxke majgas B IBa pasa, a mns
nas3epoB Ha InGaAs yBelMYHBAJICA. YBe/lIHYeHHeE
B KO3QPUIIMeHTe YCUJIeHHMS B YCTPOUCTBAX Ha 986
HM OBLIIO CBSI3aHO C IIOC/IeYIOI[HM IIarom TepMope-
7MaKcalliM, KOTOPBIK He MMeJl HUKAaKOro BIHSHHA Ha
YCTpOMCTBa Ha 822 HM. HccenoBaTe/n 3aK/IIOYHIIH,
YTO HM3Kasi IPOU3BOAUTE/NBHOCTb YCTPOMCTB, H3IO-
TaBJIMBA€MBIX C IIarOM BTOPHYHOI'O POCTa 3IIMTAKCH-
QJIBHOM CTPYKTYPHI, CBSI3aHA C OCTATOYHOM KOHTaMHU-
HallMel BO BTOPUYHBIX CTPYKTYpax, KOTopas co3laeT
JedeKTHbIe COCTOSHHUS. DTH COCTOSHUS MOTYT BeCTHU
cebst Kak 6e3bI3ydaTebHble LIEHTPBl PeKOMOUHALIUH.
bonee HU3Kas KOHLEHTpALKsA HedeKTOB B CTPYKType
DBR-1a3epoB CTAHOBUTCS Pe3y/IbTaToM boree BHICOKOK
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grating. The DFB uses a low index contrast, low reflectivity
buried grating. Both architectures begin with carefully
designed epitaxial wafers. Both rely on sophisticated
semiconductor fabrication techniques of etching,
lithography, and chemical vapor deposition. However,
following the precise fabrication of the ridge waveguide and
grating structure, the DFB must undergo a further epitaxial
regrowth step to produce the low index contrast distributed
feedback grating prior to metallization. By contrast, the
DBR is finished with a simple CVD dielectric to encapsulate
the device and prepare it for metallization.

Regrowth in the GaAs/AlGaAs materials system used
for laser diodes between 740 nm and 1083 nm is a difficult
process. Al and CaAs are reactive with oxygen. In DFB
fabrication, the epi surface is exposed to atmospheric
oxidation and contamination during ridge and grating
processing between the first and second growth steps. The
effect on device performance was studied in detail on broad
area lasers by researchers at the Paul Drude Institute and
reported in a 2001 paper (1). They found an increase in the
internal losses by a factor of approximately 2 in both GaAs
(822 nm) and InCaAs (986 nm) quantum well devices as a
result of the regrowth. The gain coefficient of the AlGaAs
lasers also dropped by a factor of 2, while it increased for
the InGaAs lasers. The increase in the gain coefficient
in the 986 nm devices was attributed to a subsequent
annealing step, which had no effect on the 822 nm devices.
These researchers concluded that the lower performance
in the regrown devices was due to the fact that residual
contamination of the regrown interface forms defect states
what act as nonradiative recombination centers. Lower
defect levels in the regrowth-free DBR laser results in higher
powers and improved reliability when compared to DFB
lasers. Photodigm DBR lasers typically have lower threshold
currents, higher slope efficiencies, and rated power levels
two to three times higher than competing DFBs at the
same wavelength. Multiple users have reported narrower
linewidths for DBR lasers as compared to DFB lasers. While
studies have not been performed to determine why this is
the case, Photodigm believes that this is due to defects in
the epi that arise from regrowth. Cavity length, operating
power, and fabrication details may also result in higher
noise in DFBs over DBRs.

The regrowth problem has led to significant efforts
to fabricate DFB lasers that do not require regrowth. DFB
lasers using lateral gratings over the ridge waveguide have
been proposed (2) and are commercially available, but to
date, they have only been shown to deliver low power levels
(<25 mW), and thus are not competitive with DBR lasers in
the near IR band.

Another major difference between the two architectures
relates to mode selection. As fabricated, the DBR laser
operates only at the single longitudinal mode that has the
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MOIIHOCTH H3/Jy4YeHHsS M yBeJIHMYHBAeT HaJeKHOCTh
I10 CpaBHEeHUIO ¢ DFB-asepamu.

Tunuunele DBR-maseper or Photodigm wumeror
Oolee HHM3KUK IIOPOTOBBIM TOK M YPOBHU HOMHKHAJIb-
HOM MOIIIHOCTH, B TPH pa3a IIpeBhINIAIONIKe MOII-
HocTu DFB-1a3epoB Ha OfHOM U TOM >Ke JITMHe BOTHEL.
Bonplloe KOJIHMYeCTBO II0/Ib30BaTelel IIOATBEp-
Oouad, 4To y DBR-1a3epoB 6osiee y3Kasi ClieKTpajibHast
IIMPUHA 110 CPaBHEeHHIO ¢ DFB-mazepamMu. KoMImaHus
Photodigm yBepeHa, YTO IPUYMHOHN 3TOMY AedeKTHI
B 3IHTAKCHAJbHOU CTPYKType, KOTOPbIe IIOSBISIOTCA
B pesyJibTaTe IIPoLecca BTOPUYHOIO POCTa.

[IpobneMBbl, BOSHHUKAIOLIMe H3-3a Ipoliecca BTO-
PHUYHOIO POCTA 3MHUTAKCHAJIBHOM CTPYKTYpBI, IPH-
BeJIM K MHOIOYHCIeHHBIM IIONBITKAM CO34aBaTh
DFB-nasepel 6e3 sToro mara. beuin mpeoskeHs! DFB-
Ja3epsl, HCIOB3YIOIKe OOKOBBle IOPU30HTAIBHBIE
pelIeTKH BMeCTO IpebeHYaThIX BOTHOBOAOB [2]. OHU
CTaJIu JOCTYIIHBI Ha PhIHKE, HO 10 CerOAHSIIHEr0 Bpe-
MeHH, MPOAOIKAIOT PAabOTAIOT TOBKO Ha MOIIHOCTSIX
1o 25 MBT 4 M03TOMy He CIIOCOOHBI KOHKYPHPOBATh
¢ DBR-a3zepamu B bnrskHer HK-o6macTH.

Jpyrum CyIinecTBeHHBIM Pa3InyHeM MeKIY LBy Ms
JIa3sepHBIMH CTPYKTYPaMHU SBJISI€TCS CEJIeKLIMsS MOZ,.
DBR-1asep paboTaeT TOMBKO Ha OJMHOYHOM IIPOAOJIb-
HOM Mojle, KoTopasi o6/afiaeT HaMBLICIIKUM ypPOBHEM
yCUJIeHHU S B 06/1aCTH Ha/IOXKeHUSI KPUBOK OTpaskaTeslb-
HOM CII0COOGHOCTH Bp3IrroBCKOT0 OTPasKaTesist M IOIOCHI
YCUJIeHHS SMHUTAaKCHAIBHON CTPYKTyphl. Korma Tok
IIPOXOOUT yepe3 00MACTh YCHJIEHUSI BOJTHOBOIA, TOT
HCIIBITBIBaeT HAaTrpeB, NPHUBOSINIUH K II0C/IeyIomieMy
CIIBUTY KPacHOM 06/1acTH IONOCHl yCHIeHUs. [TaccuB-
Hasi DBR-06/1acTh YCTPOMCTBA KMeeT GUKCHPOBAHHYIO
CIIeKTPaJIbHYIO OTPaskaTeIbHYI0 CIIOCOOHOCTH. TaK KaK
paboTa asepa HaCTpPaHBaAETCs C TIOMOIIIBIO H3MEeHEHHU S
TOKA WM TeMIIEpaTyphl, [JIMHA BOJHBI MOIBI TeHe-
PUPYeMOro J1a3epHOro HU3l1ydeHUs 6ymeT MOHOTOHHO
MeHSITbCS, eC/IM KPUBasl YCHJIEHHS SIUTaKCUAIbHON
CTPYKTYPBI cABHHeTCA. OZHAKO CIeKTpajbHas OTpa-
KaTesbHasl CII0COOHOCTh DBR-peIIeTKH He MeHseTcs,
TaK Kak TOK He Te4YeT 4yepe3 Hee. Bo BpeMs CABHra
MOJBl TeHEePHPYeMOro JIa3epHOro H3JIyYeHHs OHa
cIBUTaeTcs K yacTu DBR ¢ 6o/ee HHM3KOM OTpasKaTeslb
HOM CII0cO6HOCTBIO. B HTOre, Apyras Mona BelbKpaeTcst
¢ momonipio DBR-3epKasia, 1 3Ta HOBasi Moza byneT ycu-
nuBaThCsl. TaKUM 06pa3oM, HACTPOHKA JTHHBI BOTHBI
SBJISIeTCS JeTePMHUHHUPOBAHHOM U IIpeCKa3yeMOH.

DFB-nazep paboTaeT Ha [BYX SKBHUIHUCTAHTHBIX
MOJAX OKOJIO Bp3rroBCKOM [IKMHBI BOJIHBI PelIeTKH.
J1s Toro 4TobHl 1a3ep paboTan Ha ogHOU Mofe, Heob-
XOAMMO, KaK Yy>Ke TOBOPHJIOCH paHee, ybpaTb CUM-
METPHI0. DTO HOCTHUIAETCS, KaK IPaBH/IO, C IIOMO-
IbI0 AaHTUOTPASKAIOIIEr0 IIOKPBITHS, HAHOCKMOIO Ha
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highest gain within the overlap of the reflectivity curve of
the Bragg reflector and the gain bandwidth of the epi. As
current is passed through the gain ridge, the gain ridge
will experience heating with a consequent red shift of the
gain bandwidth. The DBR region, being passive, remains
with fixed spectral reflectivity. As the laser is tuned by
varying current or temperature, the wavelength of the
lasing mode will monotonically change as the gain curve of
the epi shifts. However, the spectral reflectivity of the DBR
grating does not change, since no current flows through
it. As the lasing mode shifts, it moves to a lower reflectivity
part of the DBR. Eventually, another mode becomes favored
by the DBR mirror, and this new mode will grab the gain.
The laser will hop to the new mode and retrace the tuning
curve. Away from the discontinuity of the mode hop, the
wavelength tuning is deterministic and predictive.

As fabricated, the DFB laser operates with two modes,
each equally spaced from the Bragg wavelength of the
grating. Thisis not useful. To achieve single mode operation,
symmetry must be destroyed, usually by an AR coating
on one facet. The spectral gap around the missing mode
is known as the "stop band,” where the laser will not
operate. Because the grating and the gain region both
experience heating due to increasing current injection,
both will tune monotonically without a mode hop for a long
range. Eventually, however the gain is reduced sufficiently
that the laser becomes unstable, and a new mode appears.
The initial laser conditions, consisting of a finely tuned
combination of antisymmetry, facet reflectivity, epi gain
bandwidth and grating bandwidth are no present. The laser
will mode hop across the stop band, resulting in a spectral
exclusion zone.

Users of DFB and DBR lasers will experience significantly
different behaviors during laser operation. With increasing
current, a DBR will tune monotonically with approximately
a 0.002 nm/mA characteristic slope. On reaching a mode
hop, the DBR laser will predictably blue shift and retrace the
the normally occurring red shift. Typically mode hops occur
with a free spectral bandwidth of to 0.15 nm, depending of
the specific device. See Figure 4 for a typical tuning curve of
a DBR, showing the deterministic mode hop behavior. The
DFB will tune monotonically with a similar characteristic
slope. However, due to the concurrent shift of the epi and
the grating reflectivity, the free spectral range of the DFB
will be much higher than the DBR. This can be 2-3 nm
for the DFB as it red shifts across its operating range. The
mode hop free tunability in a DFB is generally higher than
in a DBR, and this is often cited as a clear advantage of
the DFB over the DBR. However, when it occurs it is not
deterministic, and it does so in such a manner that it leaves
a gap in the tuning range. As a result of this behavior,
DFB lasers as produced are often heavily "binned" as to
mode hope behavior, and the end user is offered multiple
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OIHOM M3 TOpPLOB. CIeKTpajabHOe OKHO BOKPYT IIPO-
IaBIlel MOJbl Ha3bIBAeTCs IIOJIOCOM 3aTyXaHHUs, Ha
3TOM I0JI0Ce J1a3ep He OyJeT u3ay4yaThb. YUUTBIBAS, UTO
06/1acTh pemIeTKy M 00/1aCTh YCHUJIEHHS HCIIBITHIBAIOT
HarpeB M3-3a MHXEKLIUH 3apsana, obe atu obmactu
6yZyT MOHOTOHHO HacTpauBaThcs 6e3 ckauka B Mofe
Ha 6osBLIOM AHAaIa3oHe. B uTore ¢ ymeHblIeHHEM
YCHJIEHHUS 71a3ep CTAHOBUTCSI HeCTAOMJIBHBIM, U I10SB-
JIIeTCS HOBas MOAa.

ITonp3oBaTtenu DFB-u DBR-1aszepoB mojy4yaroT
3aMeTHOe pa3jMvyue B IIOBeJeHUU BBIXOAHBIX Xapak-
TEPUCTUK BO BpeMs PpaboTsl yaszepoB. C yBenude-
HHeM Toka DBR-1a3ep bymeT mepecTpanBaTbCsl MOHO-
TOHHO C IIPUMEPHBIM HaKJIOHOM XapaKTePUCTHUKH
B 0,002 HM/MA. Kak IIpaBuJIo, CKa4OK B MOZe IIPOHC-
XOOMUT IpHU obnactu gucrepcuu mo 0,15 HM, B 3aBU-
CHIMOCTH OT YCTPOMCTBA. Ha puc. 4 moka3aHa THIIHY-
Has KpuUBas IepecTpoMKu DBR-masepa. BunHo,
JeTepMUHHPOBAHHOE IIOBeJEeHMEe CKayKa MOJIBL.
DFB-y1asep IepecTpaMBaeTCsl C IIOXOXKeH XapaKTepH-
CTUKOM. EC/IM yd4ecTb OTpaskaTelbHYI0 CIIOCOOGHOCTH
PelleTKH M CONMYTCTBYIOUHI CABUT 3IHUTaKCHAIbHOU
CTPYKTYPHI, TO 06/1acTh gucriepcuu DFB-nasepa 6ymet
HaMHOTo Bbllle, 4eM y DBR-7a3epa. 9To MOXeT ObITh
2-3 HM a1t DEB-71a3epa IIpH CABUTe B KPaCHYIO 0671aCTb.
Kak npaBuJI0, HAaCTPOMKa CKauKa Mofbl B DFB-a3epax
BhIlIe, YeM B DBR-1a3epax, 4To YacTO CUMTAIOT 3a IIpe-
MMYIIECTBO OOHMX Iepex ApyruMmu. Ho, xorma Ipo-
MCXOOUT CKA4oK, TO A DFB-la3epoB OH He ABJISA-
eTCA JeTePMHUHHUPOBAHHBIM. W IIpH 3TOM B JHalla30He
[IepeCTPOMKHU OCTAeTCs IIpoBajl. B pesynbsrare Takoro
IIOBeZleHM s, Hpor3BonuTenrn DFB-a3epoB 3a4acTyio
IpejsaraloT BbIOpaTh BapHaHT Jjla3epa C 3apaHee
M3BECTHBIM II0BeIeHHEM CKauKa MOJBI.

BpIiCOKHMEe IIOTHOCTH TOKa B JIa3epPHBIX OHOAAX,
IIpeBBIIIAONIe HeCKOMBKO A/CM?, BBI3BIBAIOT CTape-
HHe MaTepuasna obmactu ycuneHus. Co cTapeHHeM
MarTepuaja MIPOMCXOOUT yBelIHYeHHe TOKa, a 3TO
BeJleT K CJIBUTY B KPAaCHYIO 06/1aCTh KPHUBOK yCHIIEHHS.
Tak Kak pemleTka DBR-1a3epa M3rotaB/jMBaeTCs B Iac-
CHUBHOU 0b61acTu rpebeHYATOr0 BOJIHOBOLA, CIIEKTP
OTpaskaTelbHOM criocobHocTd DBR ocTaeTcs PUKCHU-
poBaHHBIM. Korma mosoca ycuieHHS SIMTAaKCHAIb
HOH CTPYKTYPBl CABHUIAETCSI 3HAUYUTE/IBHO B KPacHYIO
obnacTe, U MOJa, reHepHupyeMasi ja3epoM, He SIBJIS-
eTcst 6oyblle MOJOM C CAMBIM BBICOKMM YCHJIEHHEM,
IIPOMCXOOAT H3MeHeHMs. B pesynbraTe HOBas Mona
Ha 6ojlee KOPOTKOM J/IMHE BOJHBI IIOAXBATBIBAET YCH-
JeHHe WU CTAaHOBMUTCSI TeHepHpYollell MomoH. Jlasep
HCIIBITBIBAeT CKauYOK MOZBI B roybyi0 KOPOTKOBOIHO-
ByI0 0671aCcTh CIIeKTpa, KOTOPbIM BO3BpalllaeT IJIHHY
BOJIHBI IIPeJBIAYINeN MOABl, obecriedyrBasi HellpephIB-
HYIO [IePeCTPOMKY B OIpe/le/IeHHOM JHaIla3oHe. TOT
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"variants." These variants are selected for specific mode hop
behavior.

This non-deterministic mode hop behavior relates
to what Photodigm calls the "fatal mode hop" often
encountered with seemingly well-behaved DFB lasers used
in applications requiring locking to a specific wavelength,
as in rubidium resonance. High current densities in laser
diodes, exceeding several thousand amps/cm2, cause
aging of the gain medium. As the gain medium ages, the
current increases, which leads to a red shift of the gain
curve. Because the grating in a DBR laser is fabricated in
the passive region of the ridge waveguide, the reflectivity
spectrum of the DBR remains fixed. When the gain
bandwidth of the epi red-shifts sufficiently so that the
lasing mode is no longer the highest gain mode, a new,
shorter wavelength mode will grab gain and become the
lasing mode. The laser experiences a blue shift mode hop
that will retrace the wavelength of the previous mode,
providing continuous tunability within a well defined
range. The actual range will depend on multiple design and
fabrication characteristics.

The DFB follows a different path. Because current flows
through both the grating and the quantum wells, both
age at similar rates, red shifting as they age. Because the
reflectivity bandwidth of the grating is less than the gain
bandwidth of the epi, eventually the grating reflectivity
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Fig. 4. Typical tuning curve of a Photodigm DBR laser. With
increasing current, the wavelength of the laser red shifts as
the device heats up. Eventually a blue shift occurs to a higher
gain mode. As a result the tuning is deterministic, and a
specific wavelength can also be achieved
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Ouyara3oH OygeT 3aBHCeTb OT KOHKPETHOro AM3alHa
YCTPOMCTBA U IIPOLiecca ero U3roToB/IeHH .

B DFB-na3epax TOK TedeT OAHOBPEMEHHO dYepe3
peleTKy M KBaHTOBble SIMEL. II03TOMy OHH CTaperoT
C OJMHAKOBOM CKOPOCTBIO, IPHU 3TOM IIPOMCXOJHUT
COBUT B KPAaCHYIO IJIHHHOBOJHOBYIO 00/MacTh. YuM-
TBIBasl, 4TO II0JIOCA OTpa’kaTeJbHOM CIOCOOHOCTHU
pellleTKH MeHbIlle, YeM II0/I0Ca yCHJIeHHUs SIHUTAKCH-
aJILHOM CTPYKTYPEI, K OIpefie/IeHHOMY BpeMeHH OTpa-
>KaTe/lbHasl CIIOCOOHOCTH pelleTKH IIafiaeT [0 TaKOM
CTeIleHH, 4YTO MOJa Ja3epHOM TeHepalMHu Iepe-
CTaeT OCTaBaThCS MOJOM C HAUOOJBIINM YCHIEHHUEM.
K cokaneHuIo, IT0OKa He Hal[leH MeXaHHU3M [JIsl TOro,
4uTOOBI BEPHYTh FeHepalltIo JIa3ePHOro U3/1yuyeHUs Ha
Ooee KOPOTKHe JJIMHBI BOMH. IIPOMCXOAUT CKA4OK
B Mojle 4epe3 I0JIOCy 3aTyxaHHs fo 6osee ITHHHON
BOJIHBI M3Jly4eHHUs, B pe3yJbTaTe 4ero IIOSIBIISIETCS
HeKkasi JUCKPeTHOCTb B [Halla30He IIepecTPOHKU
nasepa [3] (puc 5). Korma, HanmpuMep, pe3oHaHCHas
NMUHUS pybuAus IolafaeT B 3TOT IPOBaJl B Iepe-
CTPOMKe AJIMHBI BOJNHBI, Ja3ep HadyHWHaeT paboTars
He3pbeKTUBHO.

KPATKUE BbIBO/1bl
DFB- 1 DBR-71asepsl SB/ISIIOTCS Ha AAHHBIK MOMEHT
Haubosee pacIpocTpaHEHHBIMH THUIIAMHU BBICOKO-
MOIIHBIX OAHOYACTOTHBIX IIOJYIIPOBOLHHKOBBIX
nazepoB. Oba THUIA IIpelaraloT BBICOKYIO 3pdex-
TUBHOCTb PabOTBl M BBIJAIOLIYIOCS CTAOMJIBHOCTB
YaCcTOTHl, 6/1aromaps 4eMy OHM HAaXOAST IIHMPOKOe
[IpUMeHeHHe B MeTpojoruu. HeBsupas Ha Oosnblioe
KOJIMYeCTBO CXOICTB, CTPYKTyphl DFB- 1 DBR-/1a3epoB
3HAUMUTEJbBHO OTAHMYAITCd MeXAy coboH, 4YTO BIHU-
sleT Ha UX KadyeCTBO PaboThl B Pa3THUYHBIX HAyUHBIX
IIPUJIOKEHUSIX.

3a mocyenHee BpeMsi DBR-masepsl ot Photodigm
[IPOIeMOHCTPUPOBAIN OTIHYHBle paboure XapaKTe-
PUCTUKH, 0COOEHHO B IPHJIOKEHUSX, TPeOyIIIHX
KCITI0JIb30BAHUS OAHOYACTOTHOIO M3/Iy4YeHMUs BBICO-
KOH MOIIHOCTH B CTPOTO ONpeJeJIeHHOM CIIeKTPaJIb-
HOM JuarasoHe., OTIHYMUTe/IbHAS YepTa B CTPYKType
DBR-1a3epoB, co3maHHBIX B KoMmaHuu Photodigm, -
OTZeNbHas MaccuBHas 061acTs DBR. ITo onpesenusio
ycilex M IpermyuiecTBo DBR-m1asepoB KOMIIAaHHH
Photodigm Hag DFB-1a3epamu.
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falls so that the lasing mode is no longer the highest gain
mode. However, there is no mechanism to bring back lasing
at a shorter wavelength. The laser mode hops across the
stop band to a longer wavelength, leaving a discontinuity
in the tunable range of the laser (3). See Figure 5. When,
for example, the rubidium resonance line falls within that
tunability gap, the laser has reached its effective end of life,
a victim of the "fatal mode hop."

SUMMARY

DFB and DBR laser are the two most common forms of high
power single frequency semiconductor lasers in use for
scientific instruments today. They both offer high efficiency
and remarkable spectral purity, thus enabling many
metrologic instruments. Despite their many similarities,
the two architectures exhibit distinct behaviors that impact
how they will perform in specific applications.

Photodigm DBR lasers have been shown in multiple
applications to provide high power, high reliability, low
noise, low linewidth, and stable operating characteristics
for long lifetimes. The single growth epi and separate
passive DBR region, which distinguish Photodigm DBR
lasers from competitive DFB lasers, are the primary reasons
for their success.
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Puc. 5. TunuyHas kpueas nepecmpoliku DFB-Aa3epa: ¢ yee-
AUYEeHUeM MoKa U nocAedyoWwUM Hazpesom ycmpolicmed,
0AUHA BOAHbI U3AY4EHUS Ad3epa co8u2aemcs 8 KpAcHyHo
0baacmb cnekmpa. B umoze moda ¢ 60AblwUM yCuAeHUem
cosuzaemcs 8 KpacHyro 06Aacmb cnekmpa, 0cmagAsisl npogan
8 duanasoHe nepecmpoliku Adazepa [3]

Fig. 5. Typical tuning curve of a DFB laser. With increasing
current, the wavelength of the laser red shifts as the device
heats up. Eventually a red shift occurs to a higher gain mode,
leaving a gap in the tuning range. This is a fatal mode hop if
the desired wavelength exists within the gap [3]

PHOTONICS \VOL. 12 N2 2(70) 2018 173



