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The bilayer structures composed of hydrogenated amorphous s{e8nhH) and hydrogenated
amorphous silicon nitridea-Si;N,4:H) are prepared on fused-quartz substrates and their interfacial
Si dangling bond¢DBs) are evaluated by electron spin resonafi€8R. The ESR study reveals

that the bottom nitridgBN) structure(a-Si:H/a-Si;N,:H/fused quartz has a smaller amount of
neutral DBs in the interface than the top nitri(leN) structure @-SizN,:H/a-Si:H/fused quartez

The photoconductivity measurements also support this finding. A larger amount of charged DBs in
the interface, however, exist in the BN structure than in the TN structure. The larger amount of
interfacial neutral DBs in the TN structure is likely to be caused by the UV irradiation from the
plasma during the deposition afSi;N,:H layer. © 1995 American Institute of Physics.

Hydrogenated amorphous silicon nitrida-BisN4:H) is Both a-Si:H anda-Si;N4:H layers were prepared by rf
one of the promising materials for the insulating, the passiplasma-enhanced chemical vapor depositieBCVD) with
vation, and the isolation layer in Si devices. For examplepower density of 0.3 W/cfusing SiH, without dilution and
a-SisN,:H is often used as the insulating layer in the metal-a gaseous mixture of SjHand NH;, respectively. Fused-
insulator-semiconductofMIS) structure for hydrogenated quartz substrates were employed and the nominal substrate
amorphous silicorfa-Si:H) thin-film transistorg TFTS). The  temperature was 350 °C for the deposition of both layers.
interfacial defects, however, are a drawback to the electricalhe TN and the BN structures for samples used in the pho-
properties in TFTs. It has been reported that in the bilayetoconductivity measurements are illustrated in Fig. 1. The
structures composed af SisN,:H anda-Si:H, the electrical samples for ESR measurements are the same structure as that
properties depend on the order of the depositibhlamely,  shown in Fig. 1 without electrodes. The waiting time be-
the bottom nitride(BN) structure, in whicha-Si:H layer is  tween the deposition of both layers is 5 min with evacuating
deposited ora-SizN4:H layer, shows better electrical prop- the chamber. In the sample for ESR measurements, the thick-
erties than the top nitride(TN) structure, in which ness of thea-Si;N,:H layer was fixed to 60 A, and that of
a-SisN,:H layer is deposited ora-Si:H. Accordingly, the thea-Si:H layer was varied over the range from 50 to 2800
inverse-staggered-ty@eSi:H TFTs employing the BN struc- A. The samples for photoconductivity measurements have
ture occupy the mainstream. Such differences in the electrithe thickness of 60 A for tha-SisN,:H layer and that of
cal properties are supposed to originate from the difference$2 000 A for thea-Si:H layer. These thicknesses were well-
in interface characteristics of these bilayer structures. On theontrolled and confirmed using a stylus profilometry by mea-
other hand, the results reported by Parsons suggest the pasting the step prepared with the mask during the deposition.
sibility that the deposition order does not necessarily affect ESR measurements were carried out at room tempera-
the interfacial quality’. Tsai et al. investigated in detail the ture in the dark, and LESR measurements were done at 77 K
interfacial properties ob-Si:H/a-Si;N,:H multilayer using
electron spin resonand&SR), light-induced ESR(LESR),

and transmission electron microscog¥EM).* They re-

ported the larger charged dangling bofi@B) density than (8) TN structure (b) BN structure
neutral one in the interface of the multilayer. Their experi- Monochromatic light a-Si:H surface

ments, however, cannot distinguish the interfacial property a-SigNg:H/a-SiH ' Electrode
between the TN and the BN structures because of the use Ofinterface

the multilayer sample. This letter reports the interfacial-DB a-SigN,:H a-SiH

densities estimated utilizing ESR in the TN and the BN
structures. The relationship between the interfacial-DB den- Electrode a-Si:H a-SigNs:H

sity and the electrical properties reported up to now is also iFused quai[tz substratei IFused quarfz substrate]
clarified. The photoconductivity measurements with chang- a-Si:H/a-SigNg:H

[
ing the wavelength of the probing light also give a result ?r:ti:‘lf:éseumtrate interface
supporting that obtained using ESR. Monochromatic light

dResearch Fellow of the Japan Society for the Promotion of Science. FIG. 1. Schematic diagrams ¢&) TN and (b) BN structures for samples
bLaboratory for Development of Engineering Materials, Faculty of Engi- used in photoconductivity measurements. Arrows show the irradiation direc-
neering, Kanazawa University, Kanazawa 920, Japan. tion of the probing light.
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FIG. 2. aSi:H-layer thickness dependence of the neutral-DB density perg,g 5 a-Si:H-layer thickness dependence of the total light-induced-spin

area fpr botk: TN and BN structures. Length of the bar shows the degree (Hensity per area for both TN and BN structures. Length of the bar shows the
experimental errors. degree of experimental errors.

under illumination using a Xe lamp through an IR-cut filter _
with the power density of 200 mW/cm the TN and thg BN styucFures resemble.t.he typical LESR

ESR spectra obtained for both the TN and the BN strucSPeCtrum fora-Si:H, which is the superposition of three sig-
tures hadg-values of about 2.0055, showing that both of Nals, thatis, the signal due to Si DBsarSi:H and the two
their origins are Si DBs in tha-Si:H layer. The ESR signal 5|gna_ls from oj[her origins. Therefore, the signal due_t(_) Si
due to Si DBs in thea-SisN,:H layer, so-calledk-center DBs in thea—$|:H layer shpuld be separated by the f|tt|ng
with g-value of about 2.003, was not observed. Figure 2procedur€. It is assumed in the present study that Si DBs
shows the a-Si:H layer thickness dependence of the observed in LESR measurements consist of the light-induced
neutral-DB density per area for both the TN and the gNDBs, namely the charged DBs, and the neutral DBs observed
structures. The interfacial-neutral-DB density in the TN andi" ESR measurements in the dark. This assumption can be
the BN structures will be compared. The sum of the neutralfoughly valid, although our recent work set up a question on
Si-DB densities per area in theSi:H surface and heteroint- the precise propriety.It was also confirmed in the present
erface for the TN structure appears to be somewhat large&tudy that the ESR spectrum before the LESR measurement
than that for the BN structure. For example, those for the TNS recovered with the same intensity after the LESR measure-
and the BN structures both witeSi:H layer of 2800 A are ment. The charged-DB density can be obtained by subtract-
1.5X ]_012 Cm_2 and 1]?(1012 Cm_z, respective|y_ The neu- |ng the neutral-Si-DB density from the Si-DB density esti-
tral Si DBs in thea-Si:H layer for the TN structure originate Mated following the above-mentioned method. Since the
both from those ina-SiN,:H/a-Si:H interface and from LESR signals observed in this study were too weak to carry
those ina-Si:H/substrate interface. On the other hand, thos@ut the aforementioned fitting with high reliability, especially
for the BN structure originate both from those @Si:H/  for samples withe-Si:H layer thinner than 1000 A, the total
a-SisN,:H interface and from those ia-Si:H surface. The light-induced-spin density for the TN and the BN structures
sum of the neutral-DB density ia-Si:H surface without the ~are shown in Fig. 3. Total light-induced-spin density was
native oxide and that ia-Si:H/substrate interface f@-Si:H  estimated by subtracting the neutral-Si-DB density evaluated
films directly deposited on the fused-quartz substrate waby ESR measurements in the dark from the total spin density
estimated by our group to be about D0 cm 2.° Our  observed in the LESR measurements. It was also confirmed
group also reported that the neutral-DB densityaisi:H  that thea-Si:H-layer-thickness dependence of the charged-
surface is larger than that ia-Si:H/substrate interface®  Si-DB density deduced from the fitting described above ex-
These facts lead to the conclusion that the interfacialhibits the larger charged-DB density in the BN structure than
neutral-DB density in the TN and the BN structures can behat in the TN structure in the same manner as the total
obtained by subtracting 0.0-330" cm 2 and 3.5-7.0 light-induced-spin density although there is some ambiguity.
X 10" cm 2, respectively, from the sum of the neutral- Therefore, it can be concluded that the interfacial-
Si-DB densities per area ia-Si:H surface and heterointer- charged-DB density in the BN structure is larger than that in
face. Therefore, we can conclude that the interfacialthe TN structure contrary to the interfacial-neutral-DB den-
neutral-DB density estimated using ESR in the TN structuresity because the charged-DB density botraei®i:H surface
is larger than that in the BN structure. and in a-Si:H/substrate interface can be negligibl@he

The interfacial-charged-DB density estimated usinglarger neutral and charged DB densities in our experiments
LESR will be shown. Both of the LESR spectra observed inthan those in the multilayer sample reported by Testaal?
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a-Si:H films were deposited on the fused-quartz substrates in
the same manner as the samples hitherto shown. Next,
a-SigN,:H films were deposited under the same condition as
described above on two sets ®fSi:H films: one is covered
with fused-quartz plates and the other is covered with alumi-
num plates. UV light generated from the plasma is shut off
from a-Si:H by the aluminum plate, while it penetrates into
a-Si:H layer through the quartz plate. The ion bombardment
to a-Si:H layer is, on the other hand, avoided by both of the
plates. The plasma-irradiation time was 30 s, equal to the
deposition time fora-SizN,:H layer. It is found thae-Si:H

films covered with fused-quartz plates have a larger
neutral-DB density by about 40% than those covered with
aluminum plates. This fact suggests that the reason why the

TN structure has larger interfacial-neutral-DB density than

the BN structure is the UV-light irradiation during the depo-

FIG. 4. Ratio of the photoconductivity in the BN structure to that in the TN Sition of a-SigN,4:H layer.

structure o g/ opr ;s @S a function of thelwavelengt_h qf the proping light. On the other hand, the reason Why the interfacial-

‘S"r’%‘ﬁfngth dependence of the penetration deptharBiH layer is also  charged-DB density in the BN structure is larger than that in

the TN structure is still not so clear. Howeven situ
spectroscopic-ellipsometry study has revealed that the inter-

are possibly caused by our sample preparation without optiface in the TN structure is atomically abrupt, while that in

mization. However, it should be noted that our multilayerthe BN structure has the graded transition layer with a width

sample also exhibits smaller neutral DB densities although af ~15 A° The result suggests the possibility that such

present the reason is not clear. graded transition layer, namely N-dopa¢bi:H layer, is re-
The photoconductivity i-Si:H/a-SisN4:H interface for ~ sponsible for the larger charged-DB density in the BN struc-

the TN and the BN structures is compared using the followture because it is known that a large number of charged DBs

ing method. The photoconductivity measurements were caexist in N-dopeda-Si:H films.” It is possible that the above-

ried out at room temperature employing the probing lightmentioned larger photoconductivity in the BN interface

with the power density of 2 mW/ctn The wavelength of the originates not only from the smaller neutral-DB density but

probing light was varied over the range between 400 and 62&lso from the doping of N.

nm. As shown in Fig. 1 the monochromatic probing light was  The authors wish to express their sincere thanks to T.

irradiated from thea-SizN,4:H side for the TN structure and Minamikawa of Industrial Research Institute of Ishikawa
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shows the ratio of the photoconductivity in the BN structureFoundation of Promotion of Material Science and Technol-
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