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Abstrac t: InAsP / InP stra ined m ultiple quantum w e lls ( SMQW s) w ere grown by gas source mo lecu la r beam ep itaxy

( GSMBE ). The effects o fH + ions im planta tion on the pho to lum inescence ( PL ) of InAsP / InP SMQW s and the e ffects o f

rap id the rm al annealing ( RTA ) on the PL of im planted InAsP / InP SMQW s were investiga ted. Ou r results show that the

quantum we lls ( QW s) PL intensities increase unde r low erH+ ions imp lantation energ ies ( doses) and theQW s PL intensi

ties decrease w ith the rise of imp lantation ene rg ies ( doses). Dur ing the imp lantation process, som e tunne llingH + ions an

n ihila te the inte rface de fects inside theQW s and som eH + ions in troduce som e dam age into theQW s struc ture. The com pe

tition between these tw o processes in fluences the QW s PL intensities. A fterRTA, the im planted QW s PL peak positions are

b lue shifted com pa red w ith that of as grow n sam ple at low tem pe ra ture 10K and the quantity of blue sh ift increases w ith the

rise o f imp lantation ene rg ies ( doses) . It is attributed to the de fects d iffusion and the inte rm ix ing of d ifferen t e lem ents be

tw een the w ell layer and the barrier layer dur ing RTA.

K ey words: ions im plantation; photo lum inescence; quantum w ell interm ix ing ( QW I)

CLC num ber: O472+ . 3 D ocum ent: A
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摘要: 采用气态源分子束外延系统生长了 InA sP / InP应变多量子阱,研究了 H+注入对量子阱光致发光谱的影响以

及高温快速退火对离子注入后的量子阱发光谱的影响。发现采用较低 H+ 注入能量 (剂量 )时, 量子阱发光强度得

到增强; 随着 H +注入能量 (剂量 )的增大,量子阱发光强度随之减小。H +注入过程中,部分隧穿 H+会湮灭掉量子

阱结构界面缺陷, 同时 H+也会对量子阱结构带来损伤, 两者的竞争影响量子阱发光强度的变化。高温快速退火处

理后, 离子注入后的量子阱样品发光峰位在低温 10K相对于未注入样品发生蓝移,蓝移量随着 H+注入能量或剂量

的增大而增加。退火过程中缺陷扩散以及缺陷扩散导致的阱层和垒层之间不同元素互混是量子阱发光峰位蓝移

的原因。

关 键 词: 离子注入; 光致发光 ; 量子阱互混

Introduction

Ions implantat ion is ex tensively used in the fabri

cation o f optoe lectronic devices
[ 1, 2]

, as it o ffers more

advantages compared w ith other surface mod if ication

techn iques. It is w ell known that ions imp lantation can
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selectivelymodify the material surface properties w ith

out chang ing the bulk materia l and the concentrat ion

pro file of implanted species can be easily changed un

der different imp lantation energy. Ions imp lantat ion is

also act ing as a post grow th techn ique to ta ilor the ener

gy band gap o fmateria ls. But damage can be introduced

into m ateria ls during the process of ions implantation,

w hich may deteriorate the dev ice optica l and e lectrical

properties
[ 3]
. It is important for device fabrication to

m inim ize or avo id the damage during implantation.

InA sP /InP QW s have been w ide ly used as active

materials o f optoelectronic dev ices, such as lasers and

modulators in the w aveleng th range of 0. 9 ~ 1. 5

m
[ 4~ 6]

. In this paper, w e present an interest ing re

su lt that the PL intensities of InA sP /InP SMQW s can

be enhanced afterH
+

ions are imp lanted into the QWs

structure. The mechan ism of these PL enhancement

phenomena is then analyzed in deta i.l

1 Experim ents

InAsP / InP SMQW s were grow n on InP ( 100 )

sem i insulated substrate by GSMBE. Firstly, a 300 nm

InP buffer layerw as grow n on the substrate. Then two

QW s that are composed o f InP barrier layer and InA sP

w e ll layers were follow ed. The InAsP w e ll layers are 6.

6 and 3. 2 nm, respective ly ( from bo ttom to top) . Be

tw een the tw ow e ll layers, therew as a 300 nm InP bar

rier layer. F inally, a 700 nm InP layerw as capped on

to the structure.

The as grow n InA sP /InP SMQW s sample w as cut

into 7 pieces for ions implantation w ith d ifferent ener

gies or doses. Pr ior to implantation, a 200 nm S iN x

th in f ilm w as deposited onto the surface of 6 samp les

( pieces) by P lasm a Enhancement Chem ica lVaporDe

posit ( PECVD). H
+
ions imp lantat ion w as carried out

by a IM 200 fac ility. A fter implantation, SiN x th in film

w as removed by d iluted HF so lution ( 1: 10). The PL

spectra weremeasured under the excitation o f 514. 5 nm

line of an A r
+

laser w ith 50 mW pump ing pow er. The

PL intensities of all samples are normalized by the PL

intensit ies o f the as grow n sample at room temperature.

2 Results and discussion

F ig. 1 show s the change o f InA sP /InP SMQW s PL

intensities w ith d ifferent implantation doses at the same

energy of 25 KeV. In curve ( a) , PL peaks are at

1. 21 and 1. 3 m, corresponding to lum inescence from

3. 2 nm we ll and 6. 6 nm we l,l respectively. It can be

seen that sign ificant enhancement of PL intensity ( w ith

a facto r o f 2) is ach ieved in the samp lew ith a low im

plan tation dose ( 10
10
/ cm

2
). Then the PL intensities o f

QW s decrease a little b it but still higher than that o f

the as grow n sample ( w ith an enhancement factor o f

1. 6) w hen the implantation dose increases to 10
12
/

cm
2
. Further increase of the dose ( 10

14
/ cm

2
), how ev

er, leads to the decrease of PL peak intensities to the

half o f the as grow n sample.

F ig. 1 PL m easurem ents of the as g rown and H+ ions im plan ted

sam ples for diffe rent doses

图 1 未注入样品光谱及 H+注入样品光谱随注入剂量的变

化

It is known that ions implantation in troduces crys

ta l lattice damage into theQW s structure. W ith the in

creasing of implantation energ ies or H
+

doses, the

dam age becomes more serious, wh ich is reflected by

the decrease o fPL intensities o f the QW s. So it is nec

essary to understand the mechanism o f PL intensit ies

enhancem ent o f the ions imp lanted InA sP /InP

SMQW s. It is known that surface roughen ing of sam

ples is benefic ia l to the escaping of pho tons em itting

from QWs and thus to a certa in degree resu lts in the

enhancem ent o f PL intensit ies due to light angular ran

dom izat ion
[ 7]
. To study th is effect in our ions implan

ted samp les, w e used atom ic forcem icroscopy (AFM )

to measure the surface roughness w hich w as character

ized by the root mean square ( RM S) value, as shown

in F ig. 2. It is seen that the RM S of the as grown and

ions mi planted QW samples w ere 0. 720, 0. 753, 0. 749,

318
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F ig. 2 The AFM im ages of the sam ple surfaces a fter H+ ions

imp lantation w ith d ifferent doses: ( a) as g rown ( b) 1 1010 /

cm2 ( c) 1 1012 /cm2 ( d) 1 1014 / cm2

图 2 未注入样品表面的 AFM 图及不同注入剂量注入后

样品表面 AFM 图 ( a) 未注入 ( b) 1 1010 / cm2 ( c) 1

1012 / cm2 ( d) 1 1014 / cm2

0. 814 nm, respect ive ly. These results ind icate that

H
+
ions imp lantat ion does not sign ificantly change the

surface morpho logy in our samples. Therefore, contri

bution of surface roughen ing to PL intensities enhance

ment o f ions implanted samples can be neg lected.

W e simulated the concentration distribution ofH
+

ions by Trim 2000 w ith implantat ion energy of 25 keV

and the resu lt show s thatH
+
ions is ma inly d istributed

at 35 nm under the QW s surface ( 235 nm under the

S iN x surface ). M o lecu lar simulat ions in bo th silicon

and IIIV sem iconductors show that even at very low

energ ies( ~ 100s eV ) , ions channeling along < 110>

direction is possib le. Thus a sma ll fraction of the order

~ 0. 1% o f the implanted ions are scattered onto the

directions a ligned w ith the < 110> axes
[ 8]
. In our ex

periments, the sma llest implantation energy is 25 keV

that is much h igher than 100 eV. In addition, themass

ofH
+

is very sm al,l and some H
+

ions have enough

energy to penetrate deeply into theQW s structure along

the low index direct ion. These H
+

ions can passivate

the interface defects inside the QW s structure wh ich

leads to the increase o fPL intensit ies
[ 9]
. How ever, w ith

the increase ofH
+

ions dose, more and more H
+

ions

tunnelled into the quantum well layers and the h igh

densityH
+
ions in theQW smay damage theQWs struc

ture and form h igh density nonrad iat ive centers, wh ich

F ig. 3 PL m easurem ents of the as grown and H + ions im plan

ted samp les fo r d ifferent ion im plantation energ ies

图 3 未注入样品光谱及 H+注入样品光谱随注入能量的变化

results in the decrease of PL intensity
[ 10]

.

F ig. 3 show s themeasured PL spectra of the QW

samples imp lanted w ith different ions energ ies, but

w ith a f ixed dose ( 10
10
/cm

2
) . It can be seen that low

imp lantat ion energy leads to the sign ificant increase o f

PL intensit ies. A s implan tation energy increase, the

QWs PL intensit ies decrease and it is only about half o f

the as grow n sample w hen the energy is at 85 keV. It

is known that the peak d istribut ion o f the implantedH
+

ions under the samp le surface is proport iona l to the ion

energy, .i e. the h igher the implantation energy is the

deeper o f the H
+

ions d istribut ion under the sample

surface is. Then, the peak position ofH
+

ions prof ile

in InA sP / InP SMQWs gets closer to theQW layersw ith

increase of implantation energy. Thus, mo re and more

H
+

ions w ill easily reach to the we ll layers and affect

the effic iency o f PL em ission. In the process of ions

imp lantat ion, H
+

ions and the crysta l lattice inter

changed energy as a resu lt of co llision w hich generated

some so rts o f defects, such as vacancy and interface at

oms in the samp les. Therefore, h igher imp lantat ion en

ergy introducesmore structura l damage to theQW s and

then decreases the PL intensities.

F ina lly w e studied the annea ling e ffect on the PL

em ission of the H
+

ions implanted InA sP /InP SMQW s

structures. Samp les w ere thermally annea led at 700 

w ith duration o f 30 seconds. To avo idmaterial decom

posit ion, the surface w as covered w ith an InP sub

strate. It is known that ions imp lantation introduces

crystal damage by generat ion of the de fects like vacan

319
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F ig. 4 10K PL m easurem ents o f the as g rown and H+ ions im

p lanted sam ples fo r d ifferent doses after annea ling at 700 for

30s

图 4 低温 10K, 未注入样品光谱及经不同剂量注入后的

样品 700 快速退火 30s后的光谱

cy and interface atom s. Annea ling process cou ld trigger

the de fects diffusing into the w e ll layers, w hich leads

to the decrease o f theQW PL in tensities. On the other

side, due to the concentration g radien t betw een the

w e ll and barrier, the elements at around the interface

w ill inter d iffuse which leads to the narrow ing of quan

tum well layer ( ca lled quantum well interm ix ing) . The

quantum well interm ix ing resu lts in the upper move

ments of the bottom of conduction band and low ermove

ments of the top of valence band, w hich is ref lected by

the blue shift of the PL peaks in the annea led samples.

Th is QW interm ix ing phenomenon w ith PL peak blue

sh iftw as observed in the InG aA s/InGaAsP laser struc

ture by using induct ively coupled argon p lasma process

ing
[ 11 ]

. The va lue of the blue shift increased w ith the

rise of imp lantation dose. F ig. 4 show s thePL measured

at 10 K. It is seen that larger blue sh ift is observed in

higher dose implanted samples. When an implantation

dose o f 10
14
/cm

2
is used, a sign ificant blue sh ift ( 33

nm ) of the peak position of the implanted QW s is ob

served in comparison w ith that of the as grown sample.

3 Conclusion

InAsP / InP SMQW s were imp lanted by H
+

ions

w ith d ifferent implantation energ ies and doses. A fter

H
+

ions imp lantation, the QW s PL intensit ies firstly

increased and then decreased w ith the rise o f imp lanta

t ion energ ies o r doses. During the implantat ion, some

H
+
ions introduced damage into theQW s structure and

some tunnelling H
+

ions annihilated in terface defects

inside the QW s. The competit ion betw een these tw o

processes determ ined theQW s PL intensit ies. 10 K PL

peak positions o f the imp lanted QW s w ere blue sh ifted

upon therma l annea led at 700 w ith duration of 30

seconds. And the quantity of the b lue shift w as in

creased under h igher implantation energ ies or doses. It

w as attributed to the de fects diffusion and the interm i

x ing of QW /barriermater ia l during RTA.
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