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Interface defects and their roles in light-induced phenomena ira-Si:H/a-Si; _,N, :H multilayers
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The interface defects in tha-Si:H/a-Si; 4N, :H multilayer have been examined from photolumines-
cence (PL) and optically detected magnetic resonan€@DMR) measurements, particularly for
a-Si:H/a-Siy ¢Ng 4:H multilayers fabricated by varying the interrupting interval of alternating two gases, i.e.,
SiH, diluted to 10% in H and a mixture gas of SiH(10% in H,) and pure NH. The results of the PL and
ODMR measurements are discussed in terms of three kinds of interface defects, i.e., silicon dangling bonds,
T,0, separatd;*-N,~ pair defects E center$, and closeT;*-N, ™ pair defects E* centery, whereT;* and
N,~ designate the positively charged threefold-coordinated silicon atom and negatively charged twofold-
coordinated nitrogen atom, respectively. The light-induced effect on PL and ODMR was also discussed in
terms of creation of the interface defects by prolonged illumination. These investigations allow us to elucidate
the nature of the interface defects in those multilay$3163-182@07)04204-5

I. INTRODUCTION Il. EXPERIMENT

. ) - N a-Si:H/a-SiN:H multilayers were prepared by using the rf
The multllayer films con.S|st|ng od-Si:H as a well Ia'yfar' glow discharge decomposition of two types of gas mixtures.
anda-Si,_xN,:H as a barrier layer are one of the artificial p,1jng the interval between deposition of each layer, the
semiconducting films receiving much attention from thesystem was evacuated and hence the rf plasma was inter-
viewpoint of the quantum-size effect. This issue was disyypted. Therefore, this interval timg becomes one of the
cussed in a previous papeand also in more detail in & yery important factors in making a clear interface. We will
separate papéon the basis of measurements of photolumi-giscuss the effect of, on interface defects later. Sample
nescence(PL) and optically detected magnetic resonancepreparation techniques have already been described in more
(ODMR) in a-Si:H/a-SigN,:H multilayers. One of the detail in our previous papér.The characteristics of the
shortcomings of this material is that it contains defects cresamples used in this study are listed in Table I.
ated in its interface region. Such interface defects have been PL experiments were carried out at 2—400 K, using an
examined by means of electron spin reson3A¢ESR and  unfocused Ar ion laser light of 2.41 e\614.5 nm and/or

photothermal deflection spectroscof®DS.> 2.54 eV (488 nm and 0.2-500 mW (0.8—2000 mW/ém
We fabricated multilayer films by varying the interval for excitation chopped at about 80 Hz. The light intensity
time for depositon of each layer, t,, in | ox Of 500 MW was used for the light soaking. ODMR mea-

a-Si: H/a-Siy Np 4:H multilayers and optimizet} to prepare  Surements were carried out at 2 K. The detection system for
a-Si:H/a-SipNp 4:H multilayers containing less defective PL measurements and the ODMR measurements were de-
interfaces. We also preparedSi:H/a-SisN,:H multilayers ~ Scribed in detail in Ref. 7.

at an optimized condition. In a previous papeve discussed
all aspects of PL and ODMR properties of
a-Si:H/a-Si;N, :H multilayer films in terms of the quantum-
size effect. In those multilayer films, the interface defects In the following, we present the results of PL and ODMR
also play an important role in their PL and ODMR proper- measurements and discuss them in terms of three kinds of
ties, particularly in the multilayer films with thin well layers. defects, i.e., silicon dangling bondg;°, separatel;™-N,~

In this paper, we examine the interface effects on the PL angair defects E center$, and closeT;*-N,~ pair defects
ODMR properties for specially prepared films to enhance théE* centery, where Tz, T3~ , and N~ designate posi-
creation of interface effects as mentioned above and also fdively and negatively charged threefold-coordinated silicon
light-soaked multilayer films in which interface defects areand negatively charged twofold-coordinated nitrogen, re-
created together with bulk defects. We present the results afpectively. We pay particular attention to those defects cre-
PL and ODMR measurements as a functiom @fnd those of ated in the interface region. However, these defects have also
light-induced effects on PL and ODMR for such multilayer been either observed or suggested from the ODMR measure-
films. These measurements serve to consider the interfageents in bulk films ofa-Si; N, :H. Thus it is difficult to
defects in the multilayer films and lead us to reach someeparate the defects into those originated from the interface
conclusions about the role of interface defects in recombinaand the bulk. So, samples were prepared by varying the in-
tion processes. terrupting interval of two alternating gases to enhance the

IIl. RESULTS AND DISCUSSION
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TABLE |. Characteristics of sampled.,,, well-layer thick- e

. ) . / T " 'SPECTRAL DEPENDENCES |
ness;Lg, barrier-layer thickness; , interval time. HAINESCENCE OF ODMR SIGNALS
—[ 6Da-si: ) ey lex=80-100 mW
Number of Optical L h=0sec/ ;

Sample Ly (A) Lg(A) periods  t, (s) gap(eV)

NoSbEJS
. . . 1
a-Si:H/a-Siy ¢Ng 4:H multilayers - ==

(x10-3)

5005 20 40 205 1 1.90
5009 20 40 420 5 1.93 Nogg’gg
5010 20 40 420 10 1.94 _

5012 20 40 200 60 1.95

(8171 )geq

a-Si:H/a-SizN, :H multilayers -t

5103 6 25 350 5 2.36

5107 6 75 150 5

5109 12 25 300 5 2.09

5104 18 25 250 5 2.00

5106 18 75 135 5 (8) PHOTON ENERGY (eV) (b) "PHOTON ENERGY (eV)

5105 36 25 150 5 1.85

5112 7?2 25 100 S FIG. 1. (a) PL spectra andb) spectral dependences of enhanc-

5121 210 25 36 5 ing and quenching signals ia-Si:H prepared at 270 °C and

a-Si:H/a-Siy gNg.4:H multilayers prepared with varioug. Solid
a-Si:H curves and broken curves show the results before illumination and

1502 8400 ~1.80 after illumination(500 mW intensity of 30 min, respectively. Sym-
a-Sip No.4:H bols on the curves represent arSi:H film for solid circle and

2504 9000 2.40 multilayer films prepared with differeitf; triangle:t,=1 s, square:

t,=5s, star:t;=10 s, and open circld;=60 s. Each value in the
ordinates is plotted in arbitrary units.

creation of interface defects. Interface defects were also cre- . 8 . e
ated by prolonged illumination. These procedures serve t alence-band tail fok.y=10 A LEL has been identified as

C : ; ue to radiative recombination of trapped electrons in defects
highlight the interface defects affecting the PL and ODMRwith trapped holes mentioned above. We characterize HEL

roperties. . i
prop as the PL peak energ¥,, the width at half maximum,
AE, and thePL intensity atE,l,. These values are plotted
A. Effect of interrupting interval of alternating two gases as functions oft; in Fig. 2. E, andl, rapidly increase and

on interface defects show a maximum and then decrease with increasifigpm

=1s.AE shows a minimum at,=5 s. Both the increase

f E, and the decrease &fE are closely correlated with the

ecrease of the width of band-tail states. The decrease of

it is necessary that samples are fabricated using the longde IS indirectly related to the increase in the number of non-
radiative recombination centers in the gap. As the rf plasma

interrupting interval of the rf plasma, . In this section, the | : X , ;
effect of t; on interface properties is examined by PL angd's not mterrupted in alternating two gases in the case of
ODMR measurements before and after light illumination. Ast1=1 S, the alloying effects occur. Therefote=5 s is used

reported in our previous papéwe have observed enhancing
(Al)gsg and quenching | Al)ggg signals in ODMR mea- - L“; =204, ',_B =40A
surements. The intensity of the ODMR signal is proportional

Amorphous multilayers are prepared by alternating twotl
gases in our deposition system, as described above. The
fore, in order to achieve a sharp interface between each lay

to a change in the PL intensity at resonansé, The quan- 4 pLat T ]

tity of Al devided by the PL intensity is used to character- g

ize the spectral dependence of the ODMR signal, thus can- z 140 e

celing the spectral dependence of the detection system. = - -
Figures 1a) and Xb) show PL spectra and spectral depen- s 2 1 %

dences of ODMR signals taken befofsolid curve$ and 2 = _034\,

after (broken curvep illumination (l.=500 mW of W P

514.5-nm light, 30 minin a-Si:H and multilayers prepared Mo

with varioust,. Two emission bands, i.e., the low-energy

band (LEL) and the high-energy bantHEL) can be ob- "2 0 &0

served, peaked at about 0.9 and 1.4 eV, respectively. HEL t;  (s)

has been attributed to the radiative recombination of trapped
electrons in the conduction-band tail with ether trapped holes F|G. 2. Plots of PL peak energf, (solid circle, the width at
in the A centers(self-trapped holes in the valence-band)tail half maximum, AE (solid triangle, and PL intensity aE,, |

p
for the well layer thicknesk,,> 10 A or trapped holes in the (open circlg, as a function of, .



2380 MASAAKI YAMAGUCHI AND KAZUO MORIGAKI 55

in order to prepare the less defective multilayers in our depo- TS PEETRAL DEPENDENCES |

sition system. As reported previously, the valuesl gfof | OF ODMR SIGNALS
a-Si:H films containing 400 homo-interfaces by switching LUMINESCENCE - e T Ly =80mW A
the plasma on and off with,=5 and 30 s are almost the N:;gschA i ' I
same as that of aa-Si:H film deposited continuously with- LA /- 5l

out interfaces. These values are large and independent of _ [ -
t, within our experimental conditions, compared with those 4 k
of multilayers. In such films, LEL cannot be clearly observed
at 7 K, compared with that for multilayers. These results in- 18A
dicate that LEL is strongly correlated with defects created at - [ N
the heterointerface betweemSi:H and a-Si;_,N,:H and i “\
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that chemical and physical conditions of the surface of the T :3 A 1

deposited film that acts as a substrate for the next layer de- [ 124 7 3 ol I

pend ort, in the case of the creation of the interface between ~ | NNy lex=0.2-1 mW |

the a-Si:H well layer and thea-Si;_,N,:H barrier layer. No’sm; o [ i

Further details of the effect df for PL properties have been " 6A 1 L S —e _

discussed in a previous paper. - r e 5r i :
Next, we describe the results of ODMR measurements. = A i i TR 17 YRR IR

The resonance at th& center enhances PL intensity The (@) PHOTON ENERGY (ev) (D) PHOTON ENERGY (eV)

magnitude of Al/1)ggg at the A center increases with de-

creasing the PL photon energyanSi:H before illumination, FIG. 3. (a) PL spectra andb) spectral dependences of enhanc-

as shown in Fig. (). Therefore, it is considered that the ing and quenching signals ia-Si:H/a-Si;N,:H multilayers pre-
observed enhancing signal in multilaydsee Fig. )] is  pared with varioud.,. Solid curves and broken curves show the
composed of two enhancing signals, i.e., thecenter and  results before illumination and after illuminatigb00 mW inten-

E center resonances peaked at the photon enkrgy0.8  sity) of 30 min, respectively. Symbols on the curves represent
and 1.08 eV, thé andE spectra, respectively. The enhanc- multilayer films prepared with differerit,y; circle: Ly,=36 A, tri-

ing signal in a multilayer witht;=60s (open circl¢ is  angle: Ly=18 A, square:Ly,=12A, and star:L,=6 A. Each
mainly composed of th& spectrum. However, thA spec-  value in the ordinate is plotted in arbitrary units.

trum is mainly seen in a multilayer with =5 s (square.

This shows that the characters of the well-layer material ODMR signals ina-Si:H films anda-Si:H/a-SizN,:H mul-
a-Si:H, are kept in a multilayer prepared usifig=5 s. The tilayers withL,=36, 18, 12, and 6 A, respectively. First, we
value of (Al/1)gsg of the enhancing signal increases aftersummarize the results observedarSi:H. The ratio of PL
illumination over the wholehv. This is due to the light- intensity after illumination to that before illuminatiohy,, in
induced radiative center whose spectrum is peaked dhe low-energy region aroundr=0.8 eV increased by a
hy~1.08 eV, as clearly shown in the figure. Therefore, it isfactor more than 2. As mentioned before, the resonance at
considered that the nature of interface defects before illumithe A center enhancels The magnitude of £1/1)gsg at the
nation is similar to that of the defects created by illumina-A center resonance increases with decreasing the photon en-
tion. The value of £ Al/1)gsg Of the quenching signal after ergy. The values of{I/1)gsg of the enhancing signal taken
illumination becomes slightly smaller or indicates almost theafter illumination become small in high-energy luminescence
same value as that before illumination. However, the PL in-and increase arourftv=0.9 eV, compared with those taken
tensity decreases after illumination in the whale in mul-  before illumination, whilel; becomes large in the low-
tilayers. Therefore, we need to introduce another new nonraenergy region. These phenomena are associated with the cre-
diative center in addition to the Si dangling bond, Si db,ation of the new radiative recombination center in the gap
which acts as the nonradiative center, in order to interpret theggion; i.e., the spectrum ofA(/1)gsg of the enhancing sig-
above results. We name it tHe* center. When considering nal after illumination can be regarded as the superposition of
PL spectrum and the spectral dependence of ODMR signalsach spectrum of tha center and the newly created radia-
the defect-related PL is clearly correlated with the radiativetive center namede center, although th& center has not

E center, which changes easily to the nonradiaBE¥ecenter  been identified ima-Si:H. In multilayers, we have observed
with increasing the number of Si db’s in the presence of dwo peaks around 0.75-0.9 and 1.1-1.2 eV in the spectral
large amount of nitrogen and hydrogen atoms. It is suggestedependences of the enhancing signall/()esg, and called
that the existence of hydrogen atoms in the network of théd and E spectra, respectively. Th& spectrum due to the
lattice is closely associated with the lattice distortion, espeself-trapped hole A centej has been observed ia-Si:H
cially under and after illumination. The nature of teeand  films before illumination, as described above. ThBespec-

E* centers is discussed in the next section. trum due to a trapped electron affg™-N,~ pair defect E
centery has been observed ia-Si;_,N,:H films.° The
B. Effect of L, dependence on interface defects spectrum of Al/1)gsg in multilayers withL,= 36, 18, and
) 12 A consists of thed andE spectra when, of Ar* laser
1. Spectral dependence @DMR signals light is less than 100 mW. Wheln, is 500 mW, theE spec-

Figures 3a) and 3b) show the PL spectra taken before trum is clearly observed in multilayers with,=12 and 6 A
(solid curve3 and after (broken curvep illumination  with a g value (@=2.0045-2.0046) whose spectral depen-
(Iex=500 mW of 514.5- or 488-nm light, 30 mjirand the dences are different from that of th#e center, as shown in
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ODMR  SIGNALS  (No.5107) nation. This indicates that after illumination another nonra-
diative recombination path being due to tB& centers near

12500 mW the interface occurs along with Si db’s=QAl1/1)ggg oOf the
Eobm quenching signal in a multilayer with,,=6 A increased
d 1 1 L L after illumination. This result is accounted for in the follow-

ing way: As has already been reported, the self-trapping of
holes seems not to occur for multilayers wity,=6 A. Ac-
cording to a model for light-induced creation of Si db’s,
self-trapping of holes in specific weak Si-Si bonds plays an
important role in light-induced creation of Si db’s in

1 ] 1 1 1

094 eV Cl a-Si:H, so that Si db’s may not be created by prolonged

PN o t ' . e illumination for multilayers withL,,=6 A because of the
340 342 344 change from self-trapped holes to trapped holes in the
MAGNETIC FIELD (kG) valence-band tail with decreasirg,, less thanL,y=10 A.

After prolonged illumination at 2 K, however, some of the
trapped electrons af;* (positive U) and trapped holes at
T4~ (positiveU) appear to remain stable, because the tem-
perature is kept at 2 K after illumination and electron-hole
Fig. 4. We have not observed the anisotropy inEheenter. recombination at Si db’s is suppressed for this multilayer
After prolonged illumination, 41/1)ggg in multilayers with  owing to its two-dimensional nature. Such a stable Si db
Lw=236, 18, and 12 A increased as shown in Figh)3while  (T3%) contributes to the quenching signal whose intensity
(A1/1)gsrin multilayers withL,y=6 A decreased. This sug- increases by prolonged illumination, as shown in Figp) 3
gests the creation of both radiative and nonradiative centers
in the interface region. These centers are considered to con-
sist of the same kind of defects and whether they become the
radiative or nonradiative centers depends upon the distance The ODMR signal intensities in multilayers with
between each defect, as discussed below. Lw=36, 12, and 6 A are shown as a functionlgfin Figs.

The quenching signal,{Al/1)ggg, due to Si db’s is ob- 5(a)—5(c), respectively. Before illumination, with increasing
served under a wedlk,. After illumination, the Si db signal 1,.(Al/l)gsg0f the enhancing signal gt~2.0 increases and
is enhanced im-Si:H films and multilayers with.y=12 and  tends to saturate at stront., in the multilayer with
6 A, but its value is almost the same in those wlitl= 36 Lw=36 A (No. 5105. However, we could observe the en-
and 18 A. hancing signal only when we uségl=500 mW in multilay-

These ob_servations are interpreted in terms (_)f a def_qurs withLy,=12 and 6 A(No. 5109 and No. 5103and the
model described above as follows: As was previously disyglues of @I/1)ecr of the enhancing signal at
cusseq, when both-Si:H anda-SiN:H layers come in con- | —500 mw are small, compared with thosedSi:H and
tact with each other, electrons flow from theSiN:H layer  , iijavers with thickL,,. From the point of view of a rate

e e e o e erence o e enequaion modelof ODVIR signal s suggested tat e
. Yy : o .~ different behaviors in the enhancing signal between multilay-
7,0, in the a-Si:H layer b g, (positive U), whil Jsig y
3, IN In€a-sii fayer QFome 3 (POSI |ve+ ), while ers with thickL,y such asL,y,=36 A and thinL,, such as
some of the Si db in tha-Si:H layer become3 ;™ (positive - A ; T
U). Thus, as the twofold-coordinated nitrogen’Nseems to Lw= 12.an(.:i 6 A are due to the difference of the radiative
be presént in thea-SiN:H layer, the co’upled pairs recombination rate. Therefore, these can be attributed to two
T.*-N,~ are considered to.be forméd in the interface re(‘:]ionradiative recombination centers with different natures, i.e,
3 2 the A andE centers, respectively, as also suggested from the

especially the barrier layer side. Whdn™ and N,~ are ;
separated from each other, this pair defeEtdentey con- results of the spectral dependence of ODMR signals.

tributes to LEL and to the enhancing signal, while close_ 1he (—Al/1)esgOf the quenching signal gt~ 2.0 exhib-
T5-N,™ pairs E* center$ seem to us to contribute to non- it @ plateau with a limiting value at wedk, and then de-
radiative recombination in a similar way to the case ofcreases with increasint,. The values of {-Al/l)ggg in
a-Si;_ N, :H.X° During prolonged illumination, light is al- multilayers withL,,=36-6 A are almost the same and are
most absorbed in tha-Si:H layer because of the large opti- (5—7)x10 3, while those are increased ia-Si;_(N,:H

cal gap ofa-SizN,:H film, and the light-induced Si db is films with increasing the N conteflf;i.e., the values of
created in thea-Si:H layer. As a result, the neutral Si db (—Al/l)gsg before illumination are 410 2 to 1X10 2 in
becomed 3~ in thea-Si:H layer, whileT;" is formed in the  the films withx=0 to 28 at %, respectively. The increase of
a-SiN:H layer. Therefore, the number of separatg -N,~ the values with N content can be attributed to the increase in
pairs increases in tha-SiN:H layer near the interface. This the number of Si db’s. The result of the magnitude of
produces the increase iA (/1) gsg0f the enhancing signal in - (—Al/1)gsg being almost independent &fy may be due to
multilayers withL,,=36—12 A after illumination. Although the fact that the nonradiative recombination rate is not pro-
the value of ( Al/l)gggOf the quenching signal before and portional toNg, but to N¢Ly,, because its two-dimensional
after illumination in multilayers with_,,=36-18 A are al- nature is dominated particularly for multilayers witky, of
most the same, the intensity of HEL decreases after illumiless than 30 &.

FIG. 4. Enhancing signals observedhat=1.20, 1.08, and 0.94
eV, i.e. Eye=1.20, 1.08, and 0.94 eV, fa@-Si:H/a-SizN,:H mul-
tilayers withL,,=6 A, usingl .,=500 mW.

2. Excitation intensity dependence of ODMR signals
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0.01 ——rrrrrr—— T 100 T T T T T T
- No.5105 (LB=25A,LW=36A) ] R
- 2K E,_= total PL 2 0"
PRy ENHANONG 7 2 sl ]
. 0 1 1 1 1 ) 1 L s
0.001|  ° 500 mW. 0 min . 0 10 20 30 a-SiH
C * 500 mW, 30 min ] Ly (R)
i o 500 mW, 0 min
sl e vl 0 e FIG. 6. Plot of the ratio of PL intensity & after illumination,
0.01 0.1 1 10 100 (I'p)a, to that before illumination,I()g , as a function oty .
EXCITATION INTENSITY (mW)
R L in Fig. 6, where the ratio obtained in tleSi:H sample
© No.5109 (L =25A,L =12A) 1 1502 is also shown for comparison. This value of 80% is
_ B w i larger than that shown in Fig(d where thea-Si:H sample
s 2K B, =total PL ] prepared at different conditions is used. This difference
0.05} . comes from different experimental conditions for PL fatigue
s 3 § and also from different quality of the film, i.e., particularly
QUENCHING hydrogen content and Si db density. The experimental con-
| 9=~2.0045 dition for PL fatigue on sample 1502 was the same as those
for the multilayer films used for this experiment. The result
i o 500 mW 0 min i that the value of g decreases with decreasihg, as shown
' 4 in Fig. 6 is considered in terms of the model described above
. 500 mW, 30 min .
as follows: The PL fatigue occurs as a result of an enhance-
0.001L v vwwnl vl vl il e ment of nonradiative recombination due to light-induced cre-
0.001  0.01 0.1 1 10 100 ation of Si db’s, i.e., principally neutral Si db and partially
EXCITATION INTENSITY (mW) E’f centers. We consider mainly neutral_ Sidb’s as nanadi—
ative centers. We take a bond-breaking mddéf.° in
0.01 ———rrm——rrrr which a weak Si-Si bond adjacent to a Si-H bond is broken
No.5103 (LB =25 A, LW =6A) through nonradiat_ive r_ecombinat_ion_ of an electron with a
- 2K E = total PL ] self-trapped hole in this weak S_l-S| bond ar_1d t_hen two Si
0.05 | " Tobs ] d_b’s are separated t_hrough the Si-H bond swnchmg and hop-
I QUENCHING ping and/or tunneling of hydrogen coupled with further
i g~ 2.0047 1 weak-bond breaking. Thus, self-trapping of holes becomes
L i} one of the important key processes for the PL fatigue. For
multilayers, the ODMR measurement suggests that self-
L trapping of holes hardly occurs fdr,<10 A. This means
o 500 mW, 0 min that PL fatigue does not occur for multilayers with
e 500 mW, 30 min Lw=6 A. This is obviously inconsistent with the result that
the PL fatigue is enhanced for this film compared to those
0.001 L——wnnd vl ol ol with thicker Ly,, as seen in Fig. 6. Hence, for this film,
0.01 0.1 1 10 100

EXCITATION INTENSITY (mW)

FIG. 5. ODMR signal intensities,A1/1)gsr, taken before and
after illumination(500 mW intensity as functions of excitation in-
tensity in a-Si:H/a-Si;N,:H multilayers with () Ly,=36 A, (b)
Lw=12 A, and(c) Lyy=6 A. E s is total PL.

We have observed another quenching signa~a#.0 in

multilayers, which is attributed to the triplet exciton

resonance?® Its details will be reported elsewhere.

another mechanism seems to operate for light-induced cre-
ation of Si db’s. Capture of electrons and holes created under
illumination by positived, T;* and T3~ centers, respec-
tively, results in creation of neutral Si db’s being stable at
low temperatures such as 2K even after illumination is
turned off. It should be noted that illumination was done at
2 K. This is consistent with the observation that the quench-
ing ODMR signal intensity, ¢ Al/l)ggg, greatly increased
after prolonged illumination at 2 K for this film compared to
those withL,y=12-36 A. Charged Si db’s are thought to be
more dominantly created in multilayers with thir,, i.e.,
multilayers containing a number of interfaces. In the bond-
breaking model, the nonradiative recombination rate at weak

3. Photoluminescence fatigue caused by prolonged illumination Si-Si bonds is also one of the important key factors for light-
We have observed the light-induced PL fatigue in multi-induced creation of Si db’s. For multilayers with thir,,

layers. The ratio of ;, after illumination (500 mW, 30 min

to I, before illumination,Fg, is shown as a function of processes, as has been mentioned in our previous papers.

two-dimensional character is enhanced for recombination
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This results in a decrease in the recombination rate. Howtigue is rather complicated compared deSi:H bulk films.

ever, when the well-layer thickness becomes small, therhe above discussion is only of qualitative nature. Quantita-
electron-hole confinement effect is enhanced and this resultfe discussions are not so easy at present.

in an increase in the recombination rate. Thus, the above two | a-Si:H bulk films, the magnitude ofX1/1)gsr at the
effects compete with each other. The experimental resulbnhancing signal increases at the low photon energy region
shown in Fig. 6 suggests that the latter effect predominategfter prolonged illumination, as shown in Fig. 1. This is as-
over Fhe former one within the framevyork of the bond- gociated with enhancement of the low-energy PL by pro-
breaking model. The electron-hole confinement effect a|5q’onged illumination'® In contrast with this result, the en-
enhances the capture rate of electrons and holes bydhe nancing signal increases particularly around 1.1 eV in
andT;~ centers, which is essential for light-induced creationg-sj: H/a-Si;N, : H multilayers withLy, of less than 30 A, as

of neutral dangling bonds for a multilayer with,=6 A. shown in Fig. 8b). This may be due to creation &f centers
In the following, we consider light-induced effects on the y prolonged illumination, as mentioned above.

guenching ODMR signal due to neutral dangling bonds and
the enhancing ODMR signals. As mentioned above, the
guenching signal intensity,{Al/l1)ggg, greatly increases
after prolonged illumination for a multilayer with,,=6 A.

On the other hand, its increase for a multilayer with In this paper, three kinds of interface defects, i.e., Si db’s,
Lw=12 A is small, and it is not so much increased for thoseseparate T;"-N,~ pair defects E centery, and close
with L,y=18 and 36 A as seen in those withy=6 and T3*-N,  pair defects E* center$ are considered in the cor-
12 A. This is related to the weakness of the electron-holeelation of PL and ODMR properties ai-Si:H/a-SiN:H
confinement effect with increasirlgy and also to creation of multilayers. The effect of interrupting the interval of alter-
E andE* centers by illumination. Even for multilayers with nating two gases on their PL and ODMR properties is exam-
Lw=18 and 36 A, we can see the PL fatigue, as shown irined. Creation of interface defects by prolonged illumination
Fig. 6. This seems inconsistent with the behavior of thes observed, which also affects the PL and ODMR properties.
guenching signal as mentioned above, but it should bé&rom these investigations, it is concluded that the interface
pointed out that the PL fatigue also occurs by nonradiativedefects play an important role in PL and ODMR of
recombination aE* centers. So, the situation of the PL fa- a-Si:H/a-SiN:H multilayers.

IV. CONCLUSIONS
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