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Abstract InAsP/InP stramed multiple quantun wells ( MQW s) were grown by gas source molecu hr beam ep itaxy
(GMBE). The effects ofH* ons mplantation on the photokm nescence ( PL) of mAsP/lP SMQW s and te effects of
rap il them al annealing (RTA) on the PL of mplanted InAsP/InP MQW s were mvestigated Our resulis show that the
quantum wells (QW s) PL tensities increase under bwerH* ins mp hntation energies ( doses) and the QW s PL. mtenst
ties decrease with the rise of mp lantation eneigies (doses). During the mphntation process some mnnellngH® ons an-
nhihte the nterface defects inside the QW s and sasmeH ™ ions intioduce san e dam age into the QW s structure The can per
titbn between these two processes nfluences the QW s PL ntensities AfterRTA, the mplanted QW s PL peak positbns are
blue shifted can pared w ih that of as-grown san ple at bw ten perature 10K and the quantity of blue shift ncreases with the
rise of mp hntation energies ( doses). It & attributed to the defects diffusibn and the ntem x ng of d ifferent elm ents be-
tveen the well layer and the barrier hyer during RTA.
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cation of optoe kEctronic devices , as it offersmore

In troduction
advantages campared wih other surface mod ifcation
Ions mplantatbn is extensvely used n the fabrr technijues It iswell known that ions mp lantation can
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selectivelymodify the material surface properties w ith-
out changing the bulk material and the concentratbn
profile of mplanted species can be easily changed un-
der different mp lantation energy. lons mp lantatbn is
also actng as a post-grow th techn que to tailor the ener
gy band-gap ofmaterials Butdanage can be ntoduced
nto m aternls durng the process of ions mplantation

which may deterbrate the device optical and electrical

ULl
properties .

It is mportant for device fabrication to
m inin ize or avoil the danage during m plantation

InA sP /InP QW s have beenw idely used as active
materials of optoelectonic devices such as lasers and
modulators n the wavelength range of @ 9~ 1 5
Um'* " I this papetr we present an nterestng re-
sult that the PL. intensities of InA sP/InP ;MOQW s can
be enhanced after H" ions are inp hnted into the QW s
structure  The mechanisn of these PL enhancement

phenanena is then analyzed n detail
1 Experin ents

InAsP/InP MQW s were grown on InP ( 100)
sem I hsulated substrate by GMBE. Firstly a 300 nm
InP buffer layerwas grovn on the substrate Then wo
QW s that are canposed of InP barrier layer and InA sP
well layers were follwed The InAsP well layers are 6
6 and 3. 2 nm, respectively ( fran bottam to top). Be-
ween the wowell layers therewas a300 nom InP bar-
rier layer Fmnall, a700 nm InP layerwas capped on-
to the structure

The asgrovn InA sP /InP SMQW s sanple was cut
nto 7 pieces for ions mplantation w ith different ener
a 200 m SN,
hin fim was deposited onto he surface of 6 samp les
( pieces) by P laan a-Enhancem ent Chem icatVaporDe-
posit (PECVD). H” bns inplantatbn was carried out
by a M-200 facility A fier mplantaton SN, hn filn
was removed by diluted HF solution ( 1 10). The PL

spectra were m easured under the excitaton of 514 5 mm

gies or doses Prbr to mplantation

lne of an Ar  laser w ith 50 mW pump ng power The
PL ntensities of all sanples are nomalized by he PL

ntensites of the asgrown sanple at wan tem perature
2 Reslts and discussion

Fr 1 shovs the change of InA sP /InP MQW s PL,

ntensities w ith different mplantation doses at the same
energy of 25 KeV. In curve ( a),

1L 21 and 1 3 Bm, corresponding to lun nescence fran

PL peaks are at

3 2mm well and @ 6 nm wel] respectively It can be
seen thatsign ificant enhancem ent of PL. intensity (w ith
a factor of2) is achieved in the samplew ih a w -
plan tation dose ( 10° /an’ ). Then the PL. ntensities of
QW s decrease a little bit but still higher than that of
the asgrovn sample (with an enhancement factor of
1L 6) when the mplantation dose increases to 10"/
an’. Further increase of the dose ( 10"/ an’ ), howev
er leads to the decrease of PL. peak mntensities to the
halfof the as grovn sanple

It is known that bns mplantation ntroduces ciys
tal lattice damage into the QW s structure W ith the n-
creasing of mplantaton energies or H' doses the
dan age becanes more serbus which is reflected by
the decrease of PL. mtensities of the QW s So it isnec
essaty to understand the mechanisn of P mntensities
mp lanted  InA sP /InP
MOW s It is known that surface wughenng of san-

enhancan ent of the ions
ples is benefichl to the escaping of photons em itting
fram QW's and thus to a certan degree results in the
enhancen ent of PL. ntensities due to light angular ran-
dam ization' . To study this effect n our bns mplan-
ted sanples we used atan ic force m icroscopy (AFM)
to measure the surface roughness which was character
ized by he rootmean-square (RMS) value, as shown
nkig 2 It is seen that the RMS of the as-grown and
pns mplanted QW sanpleswere 0 720 Q 753 Q 749

25

Pump power: 50 mW
Tem: RT b

a: as-grown

b: 25keV 10'%cm?
c: 25keV 10'¥/cm?
d: 25keV 10"/cm?

20pF
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Fig 1 PLmeasurements of he asgrown and H* ions m plan ted
san ples for diferent doses
1 H*
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wells by H*  bns inp lantation
ga20.0 nm 20.0 nm 25
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Fig 2 The AFM i ages of the sanple surfaces after H" ions
inp hntaton w ith different doses () as grown (b) 1x 10"/
an®(¢) 1x107% /an* (d) 1x 10" /an?
2 AFM
AFM  (a)
10?/an’® (d) 1% 10" /an’

(b) 1x 10° /an®*(¢) 1%

Q0 814 mm,
H" ions implantatbn does not sign ificantly change the

respectvely.  These results ndicate that

surface morphobgy n our sanples Thereforg contrr
bution of surface roughenng to PL. mntensities enhance-
ment of bns mplanted samples can be neglected
W e sinulated the concentraton distrbuton of H"

ions by Trin-2000 w ith mplantatbn energy of 25 keV
and the result shows thatH" ions is manly distrbuted
at35 m under the QW s surface (235 nm under the
SN, surface). Molecular smulatbns n both silicon
and III-V sem iconductors show that even at very low
enegies( ~ 100s &),

direction is possble Thus a snall fraction of he order

ions channeling along < 110>

~ Q Y% of the mplanted bns are scattered onto the

directions algned w ith the < 110> axes .

In our ex
perinents the snallest mplantation energy is 25 keV
hat s much higher than 100 V. In additbn themass
of H" is very snall and sane H" bns have enough
enegy to penetrate deeply into the QW s stmcture along
he low ndex directbn These H' ions can passivate
the interface defects msile the QW s structure which

. . L. [9
leads to the increase ofPL intensities .

However with
he ncrease ofH™ ions dose more and more H™ ions
wnnelled nto the quantum well layers and the hgh
densityH" ions n theQW smay damage the QW s struc-

ture and fom hih density nonrad atve centers which

Alum

Fig 3 PLmeasuranents of the as grown and H* bns m plan-
ted samp ks for different bn m plantaton energis

3 H*

. . . 10
results in the decrease of PLL Jntensr[yl I

Fig 3 shows themeasured PL. spectra of the QW
samples mplanted with different bns energies but
with a fxed dose ( 10° /(mz). It can be seen hat low
mp lantatbn energy leads to the significant ncrease of
PL mntensities As mplantation energy ncrease the
QW's PL ntensities decrease and it is only about halfof
the as'grown sample when the energy is at 85 keV. It
& known that the peak distrbutbn of he mplantedH"
pns under the samp le surface is proportbnal to the ion
energy, 1e te hiher the mplantation energy is the
deeper of he H" bns distrbutbn under the sample
surface is Then the peak position of H™ ions profile
n InA sP/InP MQW s gets closer to the QW layersw ith
ncrease of mplantation energy Thus more and more
H™ bnswill easily reach to the well layers and affect
the efficiency of PL. emissbn In the process of ions
inplantaton, H™ bns and the crystal lattice inter
changed energy as a result of collisbnwhich generated
same sorts of defects such as vacancy and interface at
ans n the sampks Therefore higher mplantaton en-
ergy introducesmore structural damage to the QW s and
then decreases the PL intensities

Fnally we sudied he annealng effect on the PL
an ission of the H ions mplanted WA sP/InP SMQW s
stmctures Sanples were themally annealed at 700°C
w ith duration 0f30 seconds To avoid material decan-
positbn  the surface was covered wih an InP sub-

strate It is known that ions mplantation ntroduces
crystal damage by generaton of the defects like vacan-
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Fig 4 10K PL measuran ents of the as grown and H* ions im-

p hnted san ples br different doses after annealing at 700C  for
30s
4 10K,
700C 30s

cy and mterface atom s Annealing process could trigger
the defects diffisng nto the well layers which leads
to the decrease of the QW PL mntensities On the other
sde¢ due to the concentration gradient between the
well and barrier the elments at around the nterface
w ill interd iffuse which leads to the narrow ng of quan-
tum well layer ( calkd quantum well ntem ixng). The
quantum well ntem kg resulis n the upper move-
ments of the bottan of conduction band and low erm ove-
ments of he top of valence band which is refkcted by
the blue shift of the PL. peaks n the annealed sanples
This QW ntem ixing phenanenon with PL. peak blue-
shiftwas observed in the InG A s/InGaAsP laser struc-
ture by using inductwely coupled argon p lasma pocess
'ngl "' The valie of he blue-shift increased wih the
rise of inp lantation dose Fig 4 shows the PL. m easured
at 10 K It is seen that larger blue-shift is observed in
hiher dose mplanted sanples When an mplantaton
dose of 10" /an® is used a senificant blue shift ( 33
m) of the peak position of he mplanted QW s is ob-

served in can parison w ith that of the as grown sample
3 Conclusion

IAsP/ P SMQW s were mplanted by H  bns
wih different mplantation enewgies and doses A fier
H™ ons implantation, the QW s PL ntensities firstly
ncreased and then decreased w ith the rise of mp lanta-
ton enegies or doses Durng the mplantatbn some

H” iong introduced damage into he QW s structire and

same wmnnellng H™ ions annihilated i terface defects
nside the QW s The canpetitbn beween these wo
processes detem ned the QW s PL. ntensities 10 K PL
peak positions of the mp lanted QW s w ere blue-sh ifted
upon hemal annealed at 700C with duration of 30
seconds And the quantity of the blie-shift was n-
creased under h gher implantation enewgies or doses It
was attrbuted to the defects diffusion and the intem r
xng of QW /barriermaterial during RTA.
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