' High power gain-switched diode laser master oscillator and amplifier
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A lapered-stripe. traveling-wave semiconductor optical amplifier was seeded with 33 mW of
gain-swilched diode laser light s abtain aver 20 mW average power with jpulse widths= | (5 ps full
width at half-maxnmum (FWHM) and a pulse repetition rmie of 499 MHz comrerpunding 1o @ peak
pawer of 3.8 W, Sharier pubse widths were ohtsined when the amplifier was driven with less carment
at the expenss of reduced output power. Pulse widths as shor as 31 ps FWHM and an average poswer
of 98 mW comesponding 1o a peak power of 6.3 W were obiasined when a different. lower power
sced laser was used, © 895 American faninie of Phresics.

I ie advantsgecws io optically pump the Inser-driven
spin-polarized electron source’ ot the Continuous Electron
Beam Acceleration Facility (CEBAF) with shom-pulse lLuser
light having & pulse repetition rate egual ke ane third of the
14597 MHz resonant frequency of the superconducting radio-
frequency accelerator cavities.” Such a laser system will -
vile electron beam delivery 1o one of three nuclear physics
experiment halls; multiplesing of the optical pulses will pro-
vide electron heam delivery to three halls and allow indepen-
dent vanation of electron beam current 1o each hall, & pulsed
kaser system elimingies the need to chop & de eleciran beum
and enhances the lifetime of the spinspolarized cleciron
source photocsthode because the luser light illuminates the
photocathuode only & fraction of the fime. Diher applications,
such s buc-light generation and free-space optical comanis-
mication, also bemefit from the use of a short pulse, high
repetftion rbe, high average power laser lipht source.

Gain-swilched diode lasers are simple, compact, and re-
liable sources of short pulse, high repetition rate Lser light "
The primary advaniage of gain switching over the mode
locking sechnique is that the pulse repetition e is deter
mined solely by the diode baser elecirical drive frequency, I
&5 & simple mabier 40 sdjust the gain-switching freguency and
i lock this frequency to an external freguency of inleres.
Cain-swilched diode lasers are inherently stable devices re-
quiring no intmcavity elements; pulse stability (s dependent
only upon the stability of the elecirical drive circuiory.® It ix
true thai mode locked dicde lasey syslems can produce
shorter optical pulse widihs, however, for many applications.
the 10-100 ps pulse widths uvbiainable with gain switching
are adequate. As for the CEBAF application, cptical pulse
widihs less tham =30 ps will produce edeciron bunches that
are dominated by space charpe effects and a5 a consequence,
the eleciron beam will experience emitlance growih incom-
paiible with the aceelerator imjector requirements. The maost
seriows. disadvantage of gain switching is that the average
culput power from a gam-switched diode laser is low, iypi-
cally less than 10 m'W,

Semiconductor optical ampdifiers can be used 10 smplily
low power seed laser light.” Previous work with pulsed seed
Insers and optical amplithers has relied on the icchmigue of
mode locking wo obtain shon palse. high peak paes [aser
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light." In work reparied here, o semicanduchor optacal ampli-
fier was seeded with gain-switched diode laser light 1 obiain
over 20 mW average power with pulse widihe=105 ps
FWHM and a pulse repetition rute of 499 MHz comespond.
ing bo peak power af 3.8 W. Shoner pulse widths (=85 ps
FWHM) were obtsined at lower amplifier drive cormests s
the expense of lower average oulput power, Pulse widths as
shom &5 31 ps FWHM and an average power of 98 mW,
correspanding i a peak power of 6.3 W, wene obtained when
a different, lower power seed laser was used.

A schematic of the apparatus & shown in Fig. 1, The
seed laser was gain switched in the usual way:" shon elec-
trical pulses were combined with a de bias current using u
bins-see network, and then spplied 1o the cathode of a pre.
dominantly single-mode diode laser (lwo seed lnsers were
tested; DL 3410-C and Mitsubishi ML-2701). Shom ebectri-
cal pulses {=60 ps FWHM) were obtained with | W of am-
plified sanusoidal inpul defivered 10 8 comb generator (HP
FIMMM AL A AT 01 resistor in series with the diode luser
provides impedance matching to minimize optical pulse
broademing thal might reswlt from elecirical refleciion be.
tween the diode laser and the: biss-tee network. The shomess
oplical pulses were obinined when the diode laser was biased
within a narrow menge of de caments nesr the diode Laser
ihsreshold curent,”

The output of the guin-switched seed lassr was colli

FIG I A schaernaiic degram of the pEn-swiiched diodk laser moeder eagil
lmirer ara) semicosdecios optical amplites M, i L ko CL. vplifaliical
leres 5. slit; (ML, opiecal ladaine SR, siep sy dindefomh e e
L, dhaarscal pmplilicr.
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mated with & 4.5 mm focal lenmhh'm:ldpumdmrmgh i
optical isolator. The soed laser beam was then focused indo
the GaslAs mapered-stripe, raveling-wave semicondecios
optical amplifier” wing & 6.5 mm focal length lens. The
semiconducior optical amplifier was L5 mm leng. 5 pm
wide ar the input facet and |3 em wide at the oalpul facel
Both Facets of the amplifier were antirellection costed. The
amplified cutpur was collimated and shaped with spherical
and cylimdrical lenses as shown in Fig. | to obtan a nearly
circular beam =3 mm in diameter {1/¢* beam width), Am-
plified spontameows emissson (ASE)'™ tha originates from
within the smplificr was filtered from the culpul using a
simgle axis spatial Glter (ie., gli). The E!pl:i':i used i colli-
mate, shape, and spatially fileer the output of the s=micon-
ductor amplifier were those of the SO0 B630 external-caviry
tunshle diode loser, Temporal characteristics of the seed lnser
beam and the amplified owipui were monitored with, {11 a
fazt photodiods (Opto- Elsctromics Model PDSE 35 pu onse
time) and & sampling oscilloscope with & fast sampling-hent
plug-in (Tekironix 5-4; 25 ps rise time) and, (2] an awocar
retstor {Fembochrome FR- 103XIL),

Seeded-amplifier outpul power was measiared 65 a fune-
fion of amplifier drive carrent [Fig. 2(a)]. An open-beat sink
SDL 5410-C laser was used s the gaip-switched seed laser.
Galn-switched seed laser electrical drive conditions wene
chosen 10 yield clean, msmow optical pl.l!-l:: widths with very
lntle secondsry temporal pulse excitntion, (A slight after.
pialst coald be seen triling = 130 ps belind the main pulse.
The amplinsde of the afierpalss was —5% thar of (e main
pulse.} The wavebength of the seed laser light was 8352 nm
and the aversge ouipai power was 5.5 mW, Seed-laser beam
Hﬁﬂiﬂi mirroers with reflsctivity less than 100% asd a nar-
row diameter opgical solaor anenuated the input beam such
ihat omly 3.3 mW arrived & the amplifier, Moncollinear ao-
wcorrelation  messurements using o Lily  frequency-
doubling crysal indicaied thai the seed laser pulie shage was
Gaussian and the pale widlh was =85 ps PWHM. Amplifier
crilpul was composed of pubsed owipat and amplified spon-
tanesss emission, which can be thooght of as umwanted de
maise on which the palsed owtpul rides. ASE walues wers
measisned by blocking the seed laser input beam, The pulsed
caitpiit power plotted in Fig 2 was determined by subtracting
ASE wvaless from total amplifier colpul power valugs. A
muximum average pubsed power of T20 m'% was obiained m
an amplifier deive carment of 1.23 A, The ASE comtribution
beconees increasingly large nnd pulsed power falls for higher
ampdifier currenis.

Autocomelator measurements were perfosmed oo deper-
mine the pulse shape and pulse width of the amplified owpal
as & function of amplifier drive cament [Fig. 2k} For low
amplifier drive cuments, the amplified outpal pulse shapes
were Oaussian and the pubse width was roughly that of the
input seed laser (~85 ps FWHM) For higher amplifier drive
cuments, the pulse width was observed o Incresse. This
pulse-brosdening behavior is belisved o be related (o the
relmively long pulse width of the grin-swilched seed laser
input. The secd-laser inpul pulses have & free-space pulss
length of 25 mm FAHM. o walve oughly rwo times ibe
effective optical path kength of the optical amplifier (L.
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FIG 2. {ah Amglifier oupin powser and (20 pulse widdh as a fusstion ol
thes pdies 1o aidl e epe in deiermining e arsd dn ot represeni iheorciical
cures fis in ihe daia.

=f.m=135 mml iis pm.ﬁhle that amplifier gain was de-
pleted by the leading edge of the lomg inpal pulse, causing
reduced amplification at pulse censer and subsequent pube
hroadening. A slight pulse shape asymmetry can be seon
high amplifier drive curremts. consisient with the above hy-
pothesis.

Seeded-nmiplifier output power was also measured @ a
function of gain-swilched seed kaser input power (Fig 3
The smplifier drive comem (115 A} was chosen 1o yield
"rq;lliﬁ:pd qufpat confaining oaly 5% contamanalicn Frimi
amplified spontansous emission (with 3.3 m¥ (mput). Once
again, seed laser conditions were chosen o yichl namw
p-ulp: widths amd secondary tempoml pulses were minimazed
Then, the imput power inio ibe oprical amplifier was aitenu.
sted wsing neutrsl density filters inseried inlo the beam. For
low imput powers, pulsed amplified outpul power was ob-
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FIG. 4. Smocormebmen i of snpllel oepe ssing 8 pen-sweiiched
the FWHM of the irsce s —45 g& which coeapands 10 3 real pebe walth
of 31 ga.

served e increase sharply with increasing imput power. Be-
vond input powers of =025 mW, amplifier gain began 10
saturabe and 1he e of increase was lower. For 3.3 mW of
pain-swiiched seed lager inpul power, nearly 200 mW aver-
age oulpul power was shiained. The data suggest even higher
output powers would be obtainable with higher inpul powers.

A Mitsubishi ML-2701 laser was abso used as a gain-
swilched weed lassr for the optcal amplifier. Approgimarcly
| m% of pvermge output power was obtained from this seed
lnser with ~0.7 mW delivered 1o the optical amplifier. The
wavelength of ihe output was 58 am. Optimized seed laser
electrical drive conditions yield clean, namow optical palse
widlths wilhoul any mdicathon of secondary temporal il
excitation. The maximum pubsed-oulput poesr abixined
from the amplifier was 98 mW 21 an ampdifier drive current
of 125 A. An amocormelation trace of the amplified outpul
obtained umder these conditions is shown i Fig. 4, The pulse
shape is symmetric amd nearly Gaussian with a FWHM of
the 45 ps indicating a true pulse width of 31 ps (45 s
#0707}, comesponding to a peak power of &3 W, Contrary
in results obtained with the higher power 5D 510-C seed
Inser, the amplificd owiput palss widths did not increase with
increasing amplifier drive cumrenl. The Mitsubishi ML-2T01
seed-laser pulsed have a free-space palss length of 9 mm,
which is less than the effective optical path length of ithe
oplical smplifier. Perhaps pulie brosdening occars only
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wihen the Imee-space oplical pulse bength of the inpal pulse
Isecomes comparahle io the effective path lengih of the opei-
col amplifier. The samow spiies on the sulocormelalion race
indicale excitution of more than one loagituding mode, The
apikes are separaled by roughly 8 ps, the rounding time of
the laser cavity. Spikes were also evideni on awiccomelaiion
races obimined with the SDL 3410-C seed laser however, the
spike spacing is roughly I8 ps. The lomger rousdinip fime
anil associnlied phaton lifetime af the 50OL 34 10-C laser, may
explain why the gain-swiched polse widibs of ibe S[HL
S410-C baser were bonger than the Mitsshishi M1L-2701 laser.

In comclusion, a very simple and pelEble means 1o oltain
high average powes, shon palse, high repefition rale laser
hgh has been demoastrated using a gain-switched dicds la-
ser master oscillalor and & tapersd-aripe, semeconducton op-
Lical uqﬂlﬂ-:r_ This scheme prowvides an allernalive 10 moe
sophisticated systems that rely on made locking techniques,
Siable culpul power anil .wh: widths were abtsined over a
period of days. requiring only minee and infrequent adjus)-
meni of the seed-laser beam alignment mimrars, Fubure work
will be devobad 10 increasing the ostpul power of the system
by boosting the seed-laser input power and coupling =ffi-
ciency into the optbcal amplifier andior by wsing teo optical
amplifiers in series, Also, the wavelength tunability range al
e system will be mvestigated theouph sctive hesting!
cooling of the ssed kscr and optical amplifier,
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