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0.45 W diffraction-limited beam and single-frequency operation from
antiguided phase-locked laser array with distributed feedback grating
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A second-order diffraction grating placed below the active region of a phase-locked resonant
antiguided array selects the in-phase array mode in addition to its role as a single-longitudinal-mode
selector. This type of array-mode discrimination relies on the fact that the resonant in-phase array
mode has significantly better field overlap with the grating region than nonresonant array modes.
Furthermore, it eliminates the need for a conventional array-mode discriminator: interelement loss;
which can cause self-pulsations. Diffraction-limited beam and single-frequency operation is
obtained to at least 0.45 W peak pulsed power from 20 element, InGaAs/InGaP/GaAs structures
(A=0.97um) of 120um-wide aperture. Distributed-feedback operation is confirmed over the
20-40 °C temperature range. The results are in good agreement with theo99&American
Institute of Physicg.S0003-695(98)02531-3

The ability to produce high-power, single-frequency, from antiguided arrays, there is a need for a novel spatial-
single-spatial-mode light sources is of fundamental impormode selector that does not rely on interelement loss.
tance to applications such as coherent free-space optical Here we present the first experimental proof of the
communications, blue-light generation via frequency dou-concept® that a DFB grating placed below the active region
bling, midinfrared light generation via parametric frequencyof a8 ROW array selects both a single longitudinal mode as
conversion, and low-noise sources for high-fidelity rf opticalwell as a single lateral mode. Specifically we obtain pure,
links. Large-aperturé=100 um) devices such as the fanout- Stable single-mode operation to at least 0.45 W peak pulsed
type master-oscillator power amplifiéMOPA)! and thea-  power from 20 element, 12dm-aperture devices.
distributed-feedback(DFB) lasef have displayed high A schematic representation of the ROW-LDFB structure
diffraction-limited, single-frequency powers. However, suchis shown in Fig. 1. The structure is Al free, thus allowing for
devices, having weak or no lateral-mode confinement, poseasy regrowths over gratingsfor longitudinal-mode con-
sess inherent instabilitiés® thus raising serious issues of trol, and over patterned structutder lateral-mode stabiliza-
long-term stability and reliability. Therefore, there is a needtion and control. All layers are grown by low-pressure met-
for coherent large-aperture devices which not only selec@lorganic chemical vapor depositioflLP-MOCVD) at
fundamental-mode operation but also maintain a stable mod@ound 700 °C. After growing a 0.am-thick n-InGaP clad-
to high drive levels. ding Iaye.r on the GaAs sub§trate, a second-order siquso!dal

As in the case of single-element devices, large-apertur®FB grating, with a tooth height of 75 and 300 nm period, is
emitters can achieve lateral-mode stability only by introduc-made by holographic interference and wet chemical etching.
ing strong built-in index guiding4n=0.01). Resonant an- A GaAs “grating” layer is then formed by regrowth. The

tiguided diode laser arrayROW arrays’ with 100—200- rest of the regrowth consists of a 325-nm-thiokinGaP

um-wide apertures have demonstrated the ability to operatsP2cer layer, a separart](_e lfonfinementﬁeterostru(:ﬂﬁ_ﬁ)l
in-phase with stable, diffraction-limited or near-diffraction- incorporating 200-nm-thick InGaAsHE(=1.62 eV) optica

limited beams to record-high pulsed and cw OutputconfiltwementlIlayeri5s$Jrrou?#ingItVéo ;—nm-thiclls.i@q)_aAsd
powers’ =% Such performances are due primarily to the de'ggg?nlrjnr?ﬂ\]’;leksé:,o\ I -nT-TP;Qk-hinha ffspt?\fe-:nzyiri,n?nr Ia-
vices’ high effective-index stepAng~0.05) and inherent ck Lans fayer. The hign efiective-index intereie

o ; . ) . . . . ment(array regions are then defined by wet chemical etch-
stability against multimoding via gain spatial hole burning. . .

Mmoo . - : ing of the GaAs layer and regrowing InGaP[Fig. 1(b)]. As

(GSHB).™* Discrimination against higher order spatial modes A . .
is usuallv orovided by placing loss in the hiah effect e_a result a lateral effective-index step of 0.026 is obtained
! du U ty pl Vi ¢ y prf Itg ! - Nig d I'\t/h between the interelement and element regions of the array.
INdex Interelement regiorisin turn SUppressing modes With - o 5600 regrowth consists of aufn-thick p-InGaP layer
significant interelement field. However, it has been shidwn

hat th iy | | d tri Ifand a 0.2am-thick p*-GaAs cap layer. 20-element arrays of
t th t.e presence o mtelzre ement' 0SS Cr:)'uh trlggerl Selfwo different values for the element widtd; 4.0 and 4.5
pulsations due to saturable absorption at high power levels, ... \yere studied. In both cases the interelement wisitis

Therefore, in order to assure stable, coherent high powerg g um, which corresponds to the resonance of the in-phase
mode’
dElectronic mail: botez@engr.wisc.edu The modal behavior for ROW arrays has been previ-
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FIG. 1. Schematic representation of ROW-LDFB devi@:3D view; (b)
cross-sectional view for an array of /dn-wide elements. A second-order
DFB grating (A =300 nm) is etched into the-InGaP cladding layer prior
to the first regrowth.

AJg (Alem®)
W 20-25
N 15-20
W 10-15
@5-10
0o-5

AJa (Alem®)

0 4R (trad)

Opr (nrad)

Nesnidal et al.

d=4.0 ym; s=1.5 pm

P=0.13W P=040W
I=5xI,
- 0.55°=D.L. -ll« 0.55°=D.L.
; t t i } }
-10° 0° 10° -10° 0° 10°
angle (degrees) angle (degrees)
(@
= 967.0 nm
P=030 W f 967.6 nm
] 77 968.2 nm
~
=
<
e’
£z
w2
=
0
~Nd
A= T=40°C
. 30°C
Y ] T i T 20°C
800 850 900 950 1000 1050 1100
(b) wavelength (nm)

FIG. 3. Characteristics of 20-element, 3%/95%-coated AdPBaperture de-
vices: (a) Diffraction-limited (DL) far-field beam patterns up to the 0.4 W
power level.ly, is the threshold currentb) spectra at 2 Ai.e., 0.3 W
outpuy as a function of heat sink temperature.

ously discussed in detdilArray modes(i.e., spatial modes

are named according to the number of intensity nulls. For
20-element arrays, in addition to the desired in-phase array
mode 38, the competing spatial modes are the upper and
lower out-of-phase modes 57 and 19, and the upper and
lower adjacent modes 39 and 37. In the element regions the
field in the transverse direction is mainly located in the SCH
structureg[see Fig. 1b)], while in the interelement regions the
field is located primarily in the high-index GaAs passive
guides.

For DFB laser structures the grating is typically placed
above the active region at the upper confinement interface
for ease of regrowth and fabrication. For such configurations,
however, both element and interelement fields would signifi-
cantly overlap the grating interface. As a result, all array
modes would couple nearly equally to the grating. However,
when the grating is placed below the active region, as shown
in Fig. 1(b), coupling of the interelement field is insignifi-
cant, and the percentage of optical feedback for a given array
mode depends on the percentage of its field intensity in the
element region$® Because only the resonant in-phase array

FIG. 2. Difference in threshold-current density,)y,, between the closest mode has virtually all its field in the element regidnﬂ,
nonresonant mode and the in-phase resonant mode as a function of tthllOWS [see Fig lb)] that it Couples strongest to the grating

grating phase with respect to the AR-coated and HR-coated fatgtsind

6ur, respectively. The array has 20 elements, 3%/95% facet-coating refle€Ompared to the other array modes. Therefore, a DFB grating

tivities, and is 350um long.

placed below the active region acts simultaneously as a
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d=4.5um;s=1.5 um (5-us-wide pulses, 2 kHz repetition raterom 20-element
ROW-LDFB devices are shown in Figs. 3 and 4. In Fig. 3 we
show the beam patterns and spectra from a &@08long
P=010W P=045W device with 3%/95% facet coatings. The device emits in a
1=25x1, diffraction-limited (0.559 beam patterr{Fig. 3@] from a
110-um-wide aperture, to 0.4 W peak power and tresh-
old at 2.5 A drive current. Single-frequency operation is re-
- 0-52°=D.L. JF 0.52°=D.L. corded to 0.4 W as well. Figur® displays the spectrum at
a 2 A drive current as a function of heatsink temperature.
The temperature dependence is 0.6 A/°C, confirming DFB
J" _.J m ”‘ m ) behavior. The fact that only one longitudinal mode lases is
o ] validated by the fact that the longitudinal-mode spadirg,
t } } } } } 2.2 A from theory and subthreshold spettimsignificantly
-10° 0° 10° -10° 0° 10° larger than the spectrometer-limited spectral wittHl A).
In Fig. 4 we show the beam patterns and spectra from a
angle (degrees) angle (degrees) 750-um-long device with 3%/30% facet reflectivities. 0.45
(a) W diffraction-limited power is obtained, with 75% central-
lobe energy contertFig. 4@)]. At the 0.45 W power level
967.2 nm single-mode DFB action is confirmed over the 20-40 °C
P=045W 967.8 nm temperature ranggFig. 4(b)].

/7~ 968.4 nm These preliminary results confirm that the lower DFB
grating selects both a longitudinal mode as well as a stable,
lateral mode. Various optimization(®.g., adjusting the de-
vice grating coupling for maximum output power in a single
longitudinal modg* should allow for cw operation in a
stable, diffraction-limited beam to watt-range powers.

~ T=40°C In conclusion, we present the first demonstration of a
: SRS S = : gg:g phase-locked array for which a DFB grating acts as an array-
200 850 900 950 1000 1050 1100 moo!e selector. Slngle-frequency and single-spatial-mode op-

eration are achieved to 0.45 W peak power from unopti-
mized devices. Therefore, ROW-LDBF arrays have the
potential for stable beam, reliable operation to watt-range

FIG. 4. Characteristic of 20-element, 3%/30%-coated A@Gaperture de- ~ COherent powers.
vices:(a) Diffraction-limited (DL), far-field beam patterns up to the 0.45 W
power level;(b) spectra at 0.45 W output as a function of heat sink tem- This work was supported by NSF under Grant No. ECS-

perature. 9522035.
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