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We present in this article a comprehensive study of rapid thermal annéRii#9 effects on the
physical properties of SiNH thin films deposited by the electron cyclotron resonance plasma
method. Films of different as-deposited compositiddsfined in this article as the nitrogen to
silicon ratio, x=N/Si) were analyzed: from Si-richx&0.97) to N-rich k=1.6) films. The
evolution of the composition, bonding configuration, and paramagnetic defects with the annealing
temperature are explained by means of different network bond reactions that take place depending
on the as-deposited film composition. All the analyzed films release hydrogen, while Si-rich and
near-stoichiometricX=1.43) ones also lose nitrogen upon annealing. These films were used to
make Al/SiN, :H/semiconductor devices with Si,deGa 4,/AS, and InP. After RTA treatments, the
electrical properties of the three different $ilMl/semiconductor interfaces can be explained, noting
the microstructural modifications that SiNH experiences upon annealing. #D03 American
Institute of Physics.[DOI: 10.1063/1.1592625

I. INTRODUCTION tors (MISFET9.2° Finally, in the imaging and display tech-
rpologies, TFTs using SiNH gate dielectrics, are already
using SiN.:H films as a protective barrier in integrated cir- Widespread as switching elements in active matrix arfays.
cuit manufacturing, etch stop layers for wet and plasma etch-  SiNx:H thin films can be grown by thermal chemical
ing, and to prevent oxidation of underlying silicon in the YaPOr deposition(CVD) or by plasma enhanced CVD.
local oxidation of silicon isolation technique. As a conse-Plasma deposited SiNH films are generally amorphous, but
quence, a substantial amount of research on its physical afty€ t© the bonding constraints its structure is much more
chemical properties has been ddn@But interest in Silj:H  Strained than Si@ Also, SiN,:H deposited films contain
has been recently expanded to its use as gate dielectric dRUch more hydrogen than Sjdilms. The source of the
silicon ~ complementary  metal—oxide—semiconductorhydrogen is Sid and NH-precursor gase¢employed in
(CMOS) transistors, in 1lI-V compound semiconductor de- Mmany deposition schemesThe amount of hydrogen can be
vices, and in thin film transisto@FTs) for imaging and flat as large as 20-30 at. % in conventional plasma deposited
panel display applications. SiN, :H films. The presence of hydrogen contributes to relax
In the silicon based CMOS integrated circuit industry, bonding constraints by lowering the average coordination
the necessity of finding an alternative to $i@s the gate number of the network. This is the reason that makes $iN
material is becoming imperative as device dimensions shrinkims the dielectric of choice for the gate structure of TF¥s.
towards the 0.1um range. At this channel length, oxide A conventional plasma CVD reactor may be appropriate
thickness should be in the order of 15-20 A. Such ultrathirfor most of the less demanding applications, but due to the
oxides may not be usable for the manufacture of high perdirect ion bombardment on the growing film it is not ad-
formance CMOS circuits due to gate leakage current througkquate for the production of gate dielectrics. For this purpose
the film and the effect of boron penetration from the poly-different alternatives have been investigated, such as remote
silicon gate contact. Therefore alternative highielectrics  plasmat? electron cyclotron resonan¢ECR) plasmat® and
are being investigated intensivélyAmong them, SiN:H jet vapor depositiod.
has produced the most promising restlthough its appli- In MISFET transistors with Sii:H gate, such as those
cation to a manufacturing process remains to be demorbeing investigated for Si devices and for IlI-V compound
strated. In the IlI-V compound semiconductor industry,semiconductor devices, there are two issues of concern that
SiN, :H appears as the most likely candidate as a gate diele@t the present moment limit their performance: the high hy-
tric for metal—insulator—semiconductor field effect transis-drogen content and the high density of interface states. On
silicon devices, some different approaches have been ex-
dAuthor to whom correspondence should be addressed; electronic maipIored to reduce the density of interface states to a level
imartil@fis.ucm.es comparable to thermal oxides: stacked dielectric structures

For many years, the microelectronic industry has bee
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such as oxide—nitride—oxidéO—N—-O* or oxide—nitride After the deposition, the SINH samples were rapid
(0-N),*® as well as nitrided oxide interfacéS.For IlI-V  thermally annealed in Ar atmosphere at temperatures be-
semiconductors, SINH seems to be preferable both to na- tween 300 and 1050 °C for 30 s. This was done inside a
tive oxides and to CVD Si@because it allows the elimina- graphite susceptor in a Modular Process Technology RTP-
tion of oxygen in the processing of 1lI-V devices, and its 600 furnace.
interface properties have been substantially improved by dif- The nitrogen to silicon ratioX= N/Si) of films was de-
ferent techniques like, for instance, the growing of an intertermined by Rutherford backscattering spectroméRiS
mediate pseudomorphic silicon interface control layerand averaged with the value obtained by energy dispersive
(IcL).t’ x-ray microanalysiSEDX). In order to study the evolution

A postdeposition rapid thermal anng&TA) may have of hydrogen in the film as a function of annealing tempera-
different effects on the SINH films depending mainly on ture we also use heavy ion elastic recoil detection analysis
the hydrogen content. Moderate annealing temperatures cdHI-ERDA). Details about these characterizations can be
provide the activation energy necessary to promote the paseund in Refs. 29-31.
sivation of defects by the formation of Si-H and N—H bonds  The bonding characteristics of the films was obtained by
together with a general relaxation of bonding constraints andheans of Fourier transform infrared spectroscopy. The infra-
stress, and hence produce an improvement in device perfored spectra were recorded with a Nicolet 5PC Fourier trans-
mance. Higher annealing temperatures may cause hydrogéorm spectrometer, and the density of bonded hydrogen was
or nitrogen release. If the evolution of hydrogen brings aboutalculated from the area of the Si—H and N—H stretching
Si—N bond healing then the device may improve itsbands applying the calibration factors obtained by Lanford
characteristic$*'® On the other hand, when the release ofand Rand®? The thickness of the samples was about 190 nm
hydrogen leaves unpassivated defects or causes a loss of for the Si-rich films, 240 nm for the near-stoichiometric se-
trogen atoms, then a degradation of the performance iges, and 300 nm for the N-rich samples.
observed’ To obtain information about the type and density of para-

In this article, we analyze in detail the influence of magnetic defects present in the films, electron spin resonance
the RTA on the physical properties of ECR deposited[ESR measurements were performed with a Bruker ESP
SiN,:H films in a wide range of compositions—from 300E spectrometer operating in tieband at a microwave
Si-rich films to N-rich—and analyze the RTA effects power of 0.5 mW. In order to obtain good signal to noise
on the SiN:H/semiconductor interface with &172! ratio, we perform the measurements on stacks of films of
INg.585a 4AS,2>?2and InP4~%7 1000, 2400, and 3200 nm for Si-rich, near-stoichiometric,
and N-rich samples, respectively. The unique defect detected
in the films was the well known Si dangling bor(dlso
known as theK centey.> This will be noted in this article as
A. SiN, :H deposition and characterization techniques Sipg. The density of such defect was quantified by compari-

To perform the nonelectrical characterization of theSON With the signal of a calibrated weak pitch standard.
SiN, :H, thin films of variable composition were deposited ] .
by an ECR plasma method directly on Si wafers withl) B Al/SIN, :H/semiconducor o
orientation and 8Q)cm resistivity. The deposition reactor Metal—insulator—semiconductor fabrication
was an ASTEX 4500 machine operating at 2.45 GHz. TheanOI characterization
wafers had been previously sliced in square pieces of 1 The electrical characterization of SifH films was per-
cmx1 cm. The cleaning of the substrates was done using thiermed on metal—insulator—semiconduct®IS) devices,
standard RCA procedure. Immediately afterwards they weresing three different semiconductors as substrése,
introduced in the vacuum chamber, which was pumped dowing s4G&, 47AS, and InB. The deposition conditions were the
to about 3< 10 " mbar before initiating the deposition pro- same than those previously described for, S deposition,
cess. except the substrate temperature, that was now 2082¢3

N, and pure Sij were used as precursor gases. Accord-The thickness of the SiNH film was between 20 and 50
ing to previous publication$?® the composition of the nm. After the RTA treatments, the samples were subjected to
SiN, :H was controlled by the Nto SiH, gas flow ratio R  additional processing in order to fabricate the metal contacts.
=N, /SiH,). The films analyzed in this article were depos- The front contact in all the devices was always Al, which
ited with five different values oR (R=1, 1.6, 5, 7.5, and)9  was thermally evaporated through a mask in order to produce
which resulted in different compositiorigefined in this ar- several squared contacts of 1420 2 cn? of area on each
ticle as the nitrogen to silicon ratia=[NJ/[Si]). The value sample. No mask was used for the back contact, which was
of x for each gase flow ratio was=0.97, 1.43, 1.5, 1.55, and different for each semiconductor substrate, as we detail later.
1.6, respectively, as we will see in the Sec. Il A of this After evaporation of both front and rear contacts, a postmet-
article. Noting the film composition, the resulting films will allization anneal was performed at 300 °C during 20 min in a
be referred in the following as Si riciR=1), near stoichio- conventional furnace purged with Ar. Specific details of MIS
metric (R=1.6), and N rich(R=5, 7.5, and @ fabrication with each type of substrat8i, Iny54Ga, 47AS,

In all depositions microwave power was 100 W and theand InP are detailed in the next paragraph.
total gas flow was set at 10.5 sccm, for a pressure of 0.6 For the Al/SIN,:H/Si structures, the substrate was
mbar. The substrate holder was unintentionally heated. n-type Si with (100 orientation and a resistivity of 8 cm.

II. EXPERIMENT
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The Si cleaning step was the same as we have described for
SiN, :H deposition. The back contact was thermally evapo-
rated Al. SiN,:H film thickness was about 50 nm.

For the Al/SIN,:H/Ing 54Ga 47AS devices, the substrates
used were commercial epilayers grown by metalorganic
chemical vapor deposition of100) InP substrate. Two dif-
ferent kinds of ternary semiconductor have been used:
N-INgsGay4As (S doped, n=6.6x10"cm %), and
p-Ing 5Gay 47AS (Zn doped,p=1.1x 10cm ). The semi-
conductor surface was ultrasonically degreased with organic
solvents, and treated in HCLB (1:3) just before being
transferred to the vacuum deposition chamber. We used 0 200 400 600 800 1000
AuGe/Au or AuZn/Au metallizations to form the back ohmic

. 23 RTA temperature (°C)
electrode ovem-type andp-type wafers, respectivefy:
SiN, :H film thickness was 50 or 20 nm in some devices. FiG. 1. Nitrogen to silicon ratidx) of the three types of SiNH films,

Finally, for the AI/SIN, :H/InP devices, wafers of unin- determined by RBS and EDX, as a function of RTA temperature. Lines are
tentionally doped InP {=5x10cm 3, (100) oriented @ 9uide for the eye.
were used as substrate. The samples were fist degreased with
organic solvents, rinsed in de-ionized water, and dried withy,,ceq 5 sudden and abrupt increase of current conduction
nitrogen. They were th_en superﬂqally et_ched in a solution Ofthrough the dielectrit®
HIO;:H,0 (10% at weightfor 1 min and in HF:HO (1:10)
for 15 s2®2” Because this device was the most difficult to Il RESULTS AND DISCUSSION

optimize, two different MIS structures were analyzed for op-
timization: A. RTA effects on SiN , :H film characteristics

0.64

Nitrogen to silicon ratio, x

0.4+

(i)  In the first type, the insulator deposition was per-  Figure 1 shows the average of the RBS and EDX values
formed in two steps: the first SiNH layer (bottom  ©f the N/Si ratio(x) obtained for three representative samples
layer, 10 nm thick deposited onto the InP, was cho- Of each as-deposited composition, as a function of RTA tem-
sen to have a composition gf=1.6 (i.e., deposited at Pperature. From this figure the three types of investigated
R=9) to minimize the interface trap dens?[%;?7 The films, determined by the value of the parameercan be
second layeftop layer, 40 nm thickwas deposited at Specified as follows(i) Si-rich films grown withR=1 hav-
R=1.6 (x=1.43) to improve thep and Eg values. iNg as-grown composition of x=0.97; (i) near-
The finalized gate structure will be referred to as dualstoichiometric films grown witiR=1.6 and having as-grown
layer. composition ofx=1.43; and(iii) N-rich films grown with

(||) In the second type, a£\|p|asma exposure was per- R=7.5 having as-grown Composition= 1.55. The films de-
formed during 30 s., with a 60 W microwave power Posited aR=5 andR=9, have as-deposited compositions of
and a N pressure of 0.6 mbar, followed by the depo- x=1.5 andx=1.6, reSpeCtiVEly. The behavior of these films
sition of a SiN.:H single layer insulator aR=9 (x  concerning the RTA effects is the same than those deposited
=1.6).?" Finally, an AuGe/Au back electrode was atR=7.5 (x=1.55).
evaporated. As the Si-rich and near-stoichiometric samples lose ni-

trogen above a certain annealing temperailfig. 1), we
Once finished, the MIS devices were characterized byhall refer each series by the as-grown composition. From
measuring the capacitance—voltagé—V) characteristics. Fig. 1 the most important conclusion is that the composition

Both curves—high frequencyQ,, 1 MHz) and quasistatic of the N-rich films is essentially not affected by the RTA

(Cq)—were measured simultaneously with a Keithley Modeltemperature, whereas the near-stoichiometric samples lose

82 system, and the interface trap distributiamthe follow-  nitrogen above 700°C and the Si-rich films experience a

ing, D;) was obtained by means of the well known similar N loss for RTA temperatures higher than 600 °C.

equatiori* Hydrogen, which is also present in the films but cannot
be detected by RBS and EDX, was analyzed by HI-ERDA in

1 11/ 1 1\-1 (1 1 \-1 the as-grown films. A typical concentration of the order of 10
Dy=-Cy=— [ ( A ) - (—— ) } (1) at. % was obtained. The HI-ERDA measurements were found
q q1\Cq  Caiei Ch Coel to be in good agreement with the results obtained from Si—H

and N—H bonds using the calibration factors of Lanford and
whereq is the electron charge ar@l, is the dielectric ca- Rand®** For this reason, we consider use the infrared ab-
pacitance measured in accumulation. sorption band areas as reliable values of the actual hydrogen

The MIS devices were also characterized by current-content of the films.

voltage measurements in accumulation using the same Kei- Three absorption bands are observed in the infrared
thley Model 82 equipment. This allowed the calculation ofspectra of our SiN:H films, corresponding to the Si—N,
the resistivity(p), in the region of ohmic conduction, and the Si—H, and N—H stretching oscillations. We detail next the
breakdown field Eg), defined as the electric field that pro- information extracted from each band.
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FIG. 2. Full width at half maximum of Si—N stretching absorption band as
a function of RTA temperature. As-deposited film composition is showed in
the figure. Lines are guides for the eye.

FIG. 3. Area of the Si—N band normalized to film thickness as a function of
RTA temperature. As-deposited film composition is showed in the figure.
Lines are drawn to guide the eye.

1. Si=N absorption band first case and 700 °C in the second. As we will see, this is in

~ This well-known band is due to an asymmetric stretch-agreement with bond network reactions that will be consid-
ing vibration of the Si—N bond. Depending on the nearereq to occur in this range of temperatures. For higher tem-
chemical neighbor environment, the maximum absorptioeratures the band area decreases together with the loss of

can occur for a wave number between 750 and 97Gitrogen, and as we will report in the following Figs. 5 and 6,
cm ™ .%°~*"Besides of the dependence on the electronegatiViith the loss of hydrogen.

ity of the surrounding atoms, the Si—N stretching band shape

is also affected by the dispersion range of bond anglesy si_t and N—H absorption bands
which modify the vibration frequency and therefore deter-
mine the width of the band. Thus, the full width half maxi- : .
mum (FWHM) of the band reflects the overall disorder of the5 for the three typ_es of films as a fgnt_:non OT the RTA t_e_m-
network topology, with a broader band corresponding to Joerature. The Si-rich and near-stoichiometric compositions

higher dispersion of bond angles and, therefore, a higher dise-Xhibit both Si—H and N-H bor_u_js, Wh”? for N-rich f_ilms
order. Figure 2 shows the evolution of the Si-N bandonIy N—H bonds are found. Additionally, in as-grown films,

FWHM as a function of annealing temperature for the threé" additional amount of hydrogen in atomic or molecular

types of films. A significant decrease is observed for theform is probably trapped in microvoids of the structure. This

N-rich composition for RTA temperatures up to 900 °C, andmight explain why at moderate annealing temperatures Si—H

at lower annealing temperatures also for the near@nd N—H bonds are formed and thus the density of bonded

stoichiometric films, indicating a thermally activated reorder—hydr_og(':‘n increases in this temp_erature range. For hlgh_er an-
ing of the network, with bond angles returning to their ther-n?allng temperatures hydrog_en s lost due to the breaking of
modynamically most stable values. On the contrary, the filmss'_H and N—H bonds. We will propose a reaction model for
with the Si-rich composition do not experience this Iatticethese Processes.

relaxation. Above a certain temperature, depending on the
composition, the band width increases indicating that some

The density of bonded hydrogen is shown in Figs. 4 and

process begins to produce a structural disorder. We will next G 59

relate this process to bond reactions involving hydrogen and Ng ]

nitrogen release, which are suggested by the results of com- =) 4

position and bonded hydrogen density. E 3_' °
The area of the Si—N absorption band is proportional to > ]

the density of these bonds. The calibration of this béred, 2 )

the determination of the oscillator strengtls not as well 3 1

established in the scientific literature as is the calibration of T 14

the Si—-H and N-H bands to obtain the total content of cho :

hydroger® For this reason, in Fig. 3 we have plotted the 0
area of this band versus annealing temperature without con- T - - -
verting it to bond density. Nevertheless, within each compo- ¢ 200 400 600 800 1000

sition series the plot indicates the trends of the Si—N bond RTA temperature (°C)

density evolution of these films. For the Si-rich and near- . , Density of bonded hydrogen for Si-rich films: Si—H bor@;

StOiChiome_triC s_amples th_ere is a significant increase Of_Si_NI—H bonds(CJ). Total content of bonded hydrogén). Lines are drawn as
bond density with annealing temperature up to 600 °C in theuides to the eye.
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3.0 films do not show this behavior. The decrease of the FWHM
“-’E 251 parameter points to a thermal relaxation process whereby the
o ' A distorted bond angles being present in the as-grown film net-
o 204 work return to a stable minimum-energy configuration ap-
X 151 a proaching their thermal equilibrium values. The absence of
% an equivalent relaxation process for the Si-rich case is attrib-
§ 1.0+ uted to a higher stress due to the higher coordination number
° i} of silicon (4) with respect to nitrogef3). It is known that a
c 05 i . . . - -
8 percolation threshold exists in SiNH at a composition of
0.0+ aboutx=1.138 For values ofx below x=1.1, i.e., for our

0 200 400 600 800 1000 Si-rich film series, there are continuous chains of Si—Si
bonds extending throughout the whole lattice. These chains
increase the connectivity of the network and make the struc-
Camples a8 2 fanction of RTA temperature. Near-soichiometi fims: N o1Y 11910 and stressed because of the high coordination
bonc?s(l:!); Si—H bonds(@®), and tgtal cont.ent of bonded hydrogeﬁ).. r?“mber of silicon. Th.ls explams Why the network of these
N-rich films only show N—H bondé®). Lines are guides to the eye. films does not experience a measurable thermal relaxation
process. For the other two types of films, the as-grown com-
position is above the percolation threshold and therefore un-

The wave number at which the maximum absorptioninterrupted percolation chains do not exist. The network of
takes place, contains information about the near-neighbor athese films has more flexibility because of the lower number
rangements around the vibrating bond. The higher the ele@f constraints presefit*and therefore a thermally activated
tronegativity of the surrounding atoms, the higher is the frefelaxation process may become active.
quency(or wave numberof the vibration. Peak absorption This interpretation of the Si—N band width changes is in
position of the Si—H stretching mode are shown in Fig. 6 forcomplete accordance with the results of the optical absorp-
the Si-rich and near-stoichiometric samples, as a function dion edge of our films in the visible regich.

RTA temperature. The Si—H band shifts to lower wave num-  Hydrogen redistribution at moderate annealing tempera-
bers as the annealing temperature increases. For the nedi#res. At moderate RTA temperatures, we observe that be-
stoichiometric samples this shift occurs above 700 °C, in perlow 600 °C for the Si-rich composition and 700 °C for the
fect coincidence with the of nitrogen and hydrogen losshear-stoichiometric films, the N/Si ratio remains constant
which will be discussed in detail in the next section. For the(Fig. 1) while the content of bonded hydrogen increases in a
Si-rich samples, the shift takes place between 300 an#nore noticeable way the Si—H than the N—H bond concen-
500°C. So, it is not related to the same process as for théation. Additionally, the latter begins to decrease at a lower
near-stoichiometric composition. All these results are distemperature than the former. We interpret these results as an
cussed in the following sections. evidence for the following chemical ordering reaction taking

Network relaxation.lt is interesting to remark the strik- place:

ing difference between the Si-rich samples and the other two e . .

types of films with respect to the temperature dependence of Si=Sk-N-H-Si-H+Si-N. )

the Si—N bandwidtlisee Fig. 2 While the N-rich and near- This is a well knowA? network bond process favored by the

stoichiometric samples experience an initial decrease of the&ndency to approach chemical equipartition, whereby the

FWHM parameter up to an annealing temperature of 900 °Gormation of Si—H and Si—N bonds is favored at the expense

in the first case and 400-500°C in the second, the Si-riclyf Sji—Si and N—H bonds. The formation of Si—N bonds also
explains the increase of the Si—N absorption band area ob-
served in Fig. 3. In the N-rich films this process does not

RTA temperature (°C)

{E\ 2240 take place because of the much lower density of Si—Si
L 22304 bonds, and therefore the Si—N band area remains unaffected
g 2990 by the annealing tem.perature apd no Si—H band appears in
S 0] the spectrum. A detailed analysis of how reacti{@n takes
I place can be found in Ref. 31, that is in agreement with the
22001 results published by other authdrs’ /4344
L 2190 Hydrogen release at high annealing temperaturébe
§ 2180+ - Si-rich and near-stoichiometric samples experience a loss of
§ 2170 % mtrog.en for temperatures hlgher than 600 and 700 °C, re-
g 2160 spectively(see Elg. 1 accompar_ned by the loss of bonded
. : . . : hydrogen(see Figs. 4 and)5 This does not occur for the
0 200 400 600 80G 1000 N-rich composition where a constant N/Si ratio is maintained

RTA temperature (°C) (Fig. 1. In the N-rich sample series the loss of bonded hy-

FIG. 6. Peak absorption wave number of the Si—H stretching mode for thed_rogen occurs mainly above 900 {Eig. 5. The process of

films that present this band in the infrared spectra. Lines are drawn as guidéﬁtrpg_en an(_j hydrogen release for Fhe Si-rich and near-
to the eye. stoichiometric samples can be explained by a cooperative
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reaction between Si—H and N—H bonds, and the effusion of
an ammonia fragment which is able to capture rapidly an ™
additional hydrogen atom to form an ammonia g 10"
moleculg®314° <

©

Si—H+H-NSi—H— Si—Si+ NH,1. €

Finally, the process of hydrogen release in the N-rich o 10™
film follows a different mechanism. These samples do not
exhibit any detectable loss of nitrogen in the whole range of
annealing temperatures. Therefore the process of hydrogen «—
out-diffusion cannot take place with a simultaneous release 5 10"

it.min

Si,, density (cm™) Si,, density (cm?) Si,, density (cm?)

of nitrogen as described above. Since there are no detectable S 110"

Si—H bonds the process can only involve N-H bonds. Asa 2 M - .

straightforward reaction to describe such process we £

considef®3! a10" 10"
Si—N—H+ Si—N—H—2(Si=N-)+H,1. (4) x=o.é7 ' ' ' A l1o™
As with the Si-rich and near-stoichiometric cases, the ”E 10" _\-\—)/

process also takes place with the formation of H-bonding _© . N

interactions, in this case between doubly occupied hybrid > . :10

sp® nitrogen orbitals and hydrogen atoms of a N—H group in ~ —

the next vicinity. Further details of this process can be found £

elsewheré? 010" 10"
A careful analysis of the activation energieg,f at 0 200 400 600 800 1000

which the hydrogen effusion takes place in the three different RTA temperature (°C)

types of films analyzet! gives the following results:
FIG. 7. Spg density(full symbolg andDy i, (empty symbolsas a func-

Ea(Si rich)=(0.950+0.016 eV, tion of RTA temperatures for the three SiNH compositions: N-ricHupper
s graph), near-stoichiometri€émiddle graph, and Si-rich(lower graph. Lines
E,(near stoichiometric=(1.22+0.09 eV, are drawn as a guide for the eye.

E.(N richy=(2%=0.19 eV.

Figure 7 shows the density of paramagnetic deffects i i
(Sing), associated with the well known Si-dangling bond creases. As we have explalr_led previously, the changes of
(the so-calledK centej?® for the three types of films ana- Si—H and N-H bond density at moderate temperatures

lyzed. The trends with annealing temperature indicate a siglloWer than 500°C for the Si-rich films and 700°C for the
nificant reduction of Sjs up to 600°C and an increase at near stoichiometricare due to the breaking of weak Si—Si

higher temperatures, except for the Si-rich films, in whichP0nds accompanied by a reaction of incorporation of hydro-
the initial decrease is much less significant. In this figure, we€" trapped in microvoids of the structure, taking place si-
also show the minimum of the interface trap densiy, () multaneously ywth a transfer Qf hydrogen from N—H to Si—H

of Al/SIN, :H/Si devices made with the same SiMi film bonds according to the reaction of chemical ordeiig In

composition. These results will be explained in the next secthe Si-rich film, the Iower proportion of N-H bo_nds limits
tion the extend to which this hydrogen transfer reaction can take

The decrease of Si can be due to three possible causesPlace and therefore can explain the less significant passiva-
(i) a real disappearance of the defects as a consequence of @ Of dangling bonds. Nevertheless, it is important to note
reconstruction of the networkii) a passivation by hydrogen thaztg Si-H bonds are not observed in the N-rich fil(fg.
atoms; and(iii) a charge transfer that renders the defects): . For this reason, and due to the parallelism between

diamagnetic. In Figs. 4 and 5 we have already shown théhe N-rich and near-stoichiometric samples with regard to the

thermal evolution of the bonded hydrogen content for the"®nd Of Sbe (Fig. 7), we propose that the observed decrease

three types of films. As we have detailed on the previoudS & consequence of charge transfer between paramagnetic

section, in the Si-rich and near-stoichiometric samples ther8€f€cts. This charge transfer would be in agreement with the
is an increase of the Si—H bond density up to 500 andiegative correlation energy that it is known to be a charac-

700°C, respectively. Although these graphs may seem tleristic Qf these centef’g.'l_'he consequence qf the negative
support the hypothesis of a passivation of silicon danglin orrelation energy model is that the intermediate charge state

0 - +
bond centers by the formation of Si—H bonds, it should be< (1) has more energyis less stablethan the loweiK™ ()
noted that a similar increase of Si—H bonds is detected fof"d higheiK™(71) charge states. The net process could then

the Si-rich and near-stoichiometric samples, but the defedf€ Written as
density does not show a comparable decrease for the Si-rich 5 (1) L k*( y+K~(1])-U, (5)

sample. This different behavior could be related to the
change in N-H to Si—H bond density, as N content in-whereU is the correlation energy.
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FIG. 8. (a) Breakdown field vs the RTA temperature for the Si-rich, near- FIG. 9. High frequency €y, solid line) and quasistaticG,, dashed ling
stoichiometric, and N-rich filmgb) Resistivity of the three types of flms as C-V curves vs gate voltage, normalized to the dielectric capacitance
a function of RTA temperature. The lines are a guide for the eye in both(Cge), for three devices made with N-rich films. The first deviceper
cases. graph had no RTA treatment, while the other two were treated at the tem-

peratures indicated in the figure.

As we have already explained, the as-grown composition

of the Si-rich films is below the percolation threshold ( . .
—1.1) of Si—Si bonds in the lattice of the SiNH, resultin and modeled by means of the network reaction shown in Eq.
' ' 9 (3). The consequence is the effusion of ammonia fragments

in a rigid and strained structure. This may be one of theand the formation of weak Si—Si bon@sThis leads to a

reasons why those films do not experience the structural " aterioration of the values of boff and p for this type of
laxation that takes place at moderate annealing temperaturﬁf,mS as Figs. &) and 8b) evidencBe

for the other two types of films, whose as-grown composi- In the N-rich case, no Si—H bonds were detected in the

tion is above the percolation limit. Results Bf; ni, as a .
. P ; . infrared spectra and therefore the process of hydrogen re-
function of RTA temperature showed in Fig. 7, that we will o :
lease can not be the same as for the near stoichiometric

ELT)SI::;tioI??OEe next section, seem to  support thISsamples. The N-rich films do not loose N atoms at any an-

The increase of §j at higher RTA temperatures is a Ineal temperature, showing a better thermal sta6ﬂ|ﬂ]heo

. ss of bonded hydrogen takes place mainly above 900 °C by
straightforward consequence of the hydrogen release th%cf] . . ) .
' . e interaction of nearby N—H groups with the effusion of a
films experience at these temperatures.

hydrogen molecule[Eqg. (4)]. However, at temperatures

S . lower than this 900 °C, part of the nonbonded hydrogen
B. AlISIN,:H/Si devices trapped in microvoids of the structure may be escaping from

The values oftg and p for the three series of samples the sample. This leaves empty cavities that produce an in-
analyzed are plotted in Figs(é3 and 8b), respectively, ver- crease of the surface to volume ratio of the film and therefore
sus the RTA temperature. The best electrical properties ar@n increase of current conduction through the dielectric, ex-
those of the N-rich films, which have the highest valuep of plaining the decrease of boghand Eg .?°
andEjg and the best thermal stability?° Although the dete- In Fig. 9 we plot the result of £—V measurement be-
rioration of the near-stoichiometric films begins at 400 °C forfore and after RTA processes at 600 and 800 °C for a MIS
p and 500 °C forEg, acceptable values are maintained up tostructure in which the SiNH layer has N-rich composition.
600 °C. Above this temperature the deterioration proces# is observed that the depth of the depletion dip of the qua-
sharply arises. These results can be explained as follows: Faistatic capacitance is enhanced by the annealing at 600 °C,
the near-stoichiometric samples, the loss of nitrogen anéhdicating a reduction oD ;. When increasing the annealing
bonded hydrogen above 700 °C has been already explaingedmperature above 600 °C the MIS structure deteriorates,
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causing a high density of charge states at the interface and an
increase of leakage current through the dielectric. Conse-
qguently, the dip of the quasistatic capacitance is less signifi- ¢y
cant. Such behavior can be appreciated in the third graph of 8’
Fig. 9, corresponding to 800°C. As we have previously
shown in Fig. 8b), the resistivity of the SiN:H films
sharply decreases for annealing temperatures higher than
600 °C, as the material becomes a leaky insulator. This is the
reason why the normalized value of the quasistatic capaci- D , , , ‘
tance Cq/Cgye) Of Fig. 9 is over 1 in the inversion zone 6 4 2 0 2 -4 -2 0 2
(bias voltage lower than-2 V) for devices annealed at v
600 °C (Fig. 9, middle graphand mainly at 800 °GFig. 9,
lower graph.3* For the near-stoichiometric films, the behav- FIG. 10. High frequency @, solid line and quasistaticG, dashed ling
ior is qualitatively similar to that described above for the C-V curves vs gate voltage, normalized to the dielectric capacitance
N-rich composition. Finally, the results @@V measure- (Cdie). for AVSINy:H/Ing 558, ;As capacitorsia) p-type semiconductor;
.o . (b) n-type semiconductor. The as-deposited SNl film composition was in
ments performed on Si-rich samples can be found in Ref. 24+ cases=1.5.
TheD;;, obtained from Eq(1), always showed the char-
acteristic U-shaped distribution, with the minimum;( ;)

located around midgap. their electrical performance and next, the influence of RTA

As we have already detailed, Fig. 7 shows Dignin 85 reatments performed on devices with exhibit the best elec-
a function of RTA temperature for the three analyzed comyyic51 pehavior before the RTA process.

positions of the SilN:H. We observe in the figure that in the Figures 10a) and 1Gb) present both C, and
N-rich and near-stoichiometric sampleg ,, decrease up to Ch,C-V curves of SiN:H/p-InysGa 47Asq and
an |?ter.med|ate temperatuf@00 °C in the first case and gjN :H/n-In, .{Ga, ,As interfaces, respectively, where the
400°C in the second This is not observed in the Si-rich jyqylator film was deposited with a gas flux ratio RFE5
case, which experiences a moderate increade;Qfi, UP 10 (j o x=1.5). As we will see next, at this insulator composi-

the temperature in which the quasistatic capacitance can Ny, \we obtain the better SINH/INg 5 Ga, 4As interface
longer be measurebove 500°C characteristics. The main differences betweetype and
There is an interesting parallelism between the trends, v ne substrates are in relation with the hysteresis values,
that both Sbg andDj; min follows with the RTA temperature, 5 the frequency dispersion in the accumulation zone: the
as Fig. 7 s_,hows. In fact, for the N-rich composmCurpper. hysteresis varies from 900 mefih the p-type MIS struc-
graph_ of Fig. 7 both parameters follow pargllgl trends, Wlth ture), to 240 meV(in the n-type ong, whereas the frequency
a minimum at around 600 °C. Therefore this is the optimunyisyersion is about 8% and 3%, respectively. It is worth not-
annealing temperature. In the near-stoichiometric serigg, Si jnq that these dispersion values are calculated as the relative
also has a minimum at 600 °C, whil®y y, have their best  percentage of the difference between @eand Cy, curves
(lower) value at 400°C. Finally, the trend for 3i in the i, the accumulation regime. If we use a less limiting criteria
Si-rich samples is almost flat up to 800 °C. A minimum value(fOr instance, the difference between 1 kHz and 1 MEz2V
occurs at 400 °C, but we see that this minimum is much IeSEurves), the dispersion measured amingsGa, ;As MIS
significant than for the other two cases. Furtherm@gy,, capacitors would be near zero, as Waétgal. feported‘fs

has no minimum f°£ this composition and it can O”I%’ be From the above data, it is clear that MIS devices made on
measured up to 500 °C, showing a slightly increasing trénd. \ joned semiconductor show minor bulk insulator charge

From Fig. 7, we see that in the N-rich films a reduction 5, 4 lowerD than those obtained gmtype ones.
of Sipg of more than 1 order of magnitude occurs in coinci- As in thle AlSIN, :H/Si devices, theD, obtained from
dence with the reduction ofDjimn,. On the near- gq (1) showed in all the analyzed structures the well-known
stoichiometric composition, a similar trend is observed. an-shaped form. Figure 11 shov, ., as a function of the

the Si-rich films, on the contrary, the minimum ofpgias @ 55 geposited SiNH film composition. It is clearly seen that
function of annealing temperature is barely significant. Thaty,o Dy min i always better for the devices grown over an

means that the relaxation process that causes the decreas%_q{,pe semiconductor, whereas the dependence withal-
Sipg for the other two compositions is not acting so well for ., et the same for both-type andp-type interfaces: higher
the Si-rich samples. The reason that explains the differenfg o of Dy i, are exhibited for Si-rich films or near-
behavior of the Si-rich films compared with the N-rich and ¢iichiometric ones. As the dielectric becomes N-rich (
near-stoichiometric compositions is, again, the strain caused 1.5), lower values oD, ., are obtained. In both cases,
by the percolation of Si-Si bond chains through the, SHl o values ofDit min measured (9410 cm 2ev-! for

lattice. p-type and 6.X 10" cm 2eV ! for n-type MIS structures
are among the lowest data reported for nonanneajesitu
SiN, :H/Ing sGay 4As interfaces®
In Fig. 12, we presenEg and p as a function of as-
For this type of MIS device we will first present the deposited SijN:H film composition, X, measured on both
influence of the as-deposited SiNH film composition on  n-type andp-type SiN,:H/Ings4G& 4AS devices. The MIS

diel

Ch/CdieI

gate (V) Vgate (

C. Al/SIN, :H/Ing 53Gag 47AS devices
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® Al/SiN_:H/p-In Ga, As
A AI/SIN:H/n-In_Ga, As a

11 n n = " - n -
100.9 1.0 11 12 13 14 15 16
Nitrogen to Silicon ratio, x

FIG. 11. Dy min Vs as-deposited SiNH film composition,x, for MIS de-
vices onp-Ing 54G& 47As (B) andn-Ing s4G& 4As (A). Lines are guides to
the eye.

Resistivity (©.cm)

structures obtained with SiNH film with the highest nitro-
gen contentX=1.6), showedeg higher than 4 MV/cm, that
could not been measured on 50-nm-thick samples due to
experimental limitations. However only for representation
purposes we plot these data as 4 MV/cm on Fig. 12. On
samples with thinner dielectrice=20 nm), we have mea- FiG. 13. (a Dimin VS RTA temperature, for MIS devices on
suredEg values of 6 MV/cm. This figure indicates that both p-InysGa sAs (W) andn-Ing sGa 4As (A). (b) Resistivity vs RTA tem-
Eg andp increase when the film composition moves from Sjperature, forp-Ing s§Ga sAs (M) and n-Ing sGa 4As (A). As-deposited
rich to N rich in bothn-type andp-type substrates. This Zgﬁgg{:&%’ﬂf;ﬁ?‘:J';;":nsézlifa';'\:‘iszs"’.“e guides to the eye. froom
behavior has already been described and explained in this

article (see Fig. 8 for the SiN, :H films deposited on Si and
it is also usually found in Sii:H films deposited by differ-
ent plasma techniqué®® Such behavior is directly related
to the densities of Si—H and N—H bonds present in the di

1015_ A (b) |

RT. 400 500 600 700
RTA temperature (°C)

SiN, :H when the nitrogen content of the dielectric increase,
is more significant fon-type MIS structures. On the-type
T , > g s4G & 47AS, the electrical properties of the dielectric are
electric film:™ As we have carefully explained in the previ- |oqq dependent on the as-deposited film composition, show-
ous section, on Si-rich samples, the concentration of Si—l—ilng a slight increase oEg with x, while p remains almost
bonds is high, denoting also a high concentration of Si-~Spqngtant at about #00) cm for all the values ok analyzed.
bonds. These bonds lead to an extremely rigid tetrahedral .o the previous results, we deduced that the bulk elec-
structure, promoting a high density of silicon dangling bonds.4 properties of the Si\H are dependent on the doping
that are electrically active defects. On the contrary, in N-rich; pe of the semiconductor substratdt should be noted that
films, the N—H bonds are predominant. These bonds ang,q only difference between the two types of JeGa, 4AS
gives a more flexible insulator structure due to the trigo”alapilayers used in this study is the doping eleh(&fdr the
coorgimanon of the N bonds. As we can also see in Fig. 12, type: Zn for thep type). The influence of the doping type
the improvement of the bulk electrical properties of the " ihe electrical properties of the SiNH/INg 5 Ga, 4AS
structures analyzed in this work will be clarified in the next
paragraphs.

FIG. 12. Breakdown fieldfull symbolg and resistivity(open symbolsvs
as-deposited SiNH film composition,x, for p-type (B) and n-type (A)

10 11 12 13 14 15 16
Nitrogen to Silicon ratio, x

SiN, :H/Ing s4G&, 47AS. Lines are guides to the eye.

4.0t Now, we will present the effect of RTA treatments on the
= O----m-=-mm=o- SiN, :H/Ing 54G&, 47/AS characteristics. These treatments were
E 3514 . -~ ’g‘ performed on structures in which the as-deposited, SiN
E 30t \‘\\ a film composition wasx=1.5, which results in the best
‘!5’ = - SiN, :H/Ing s4G& 4AS interface characteristics before the an-
& 25; | —#—pinGaAs = nealing.
% 20la —A—rmin GaAs % In Fig. 13a), we present a comparison betweq i,
ko) T 2 for both n-type andp-type SiN, :H/Iny 54Ga, 4/AS devices, as
g 15| o a function of the RTA temperature. It is worth noting that
vl A there is a continuous decrease f ., as the annealing
1.0 10" temperature increase up to 600 °C fetype MIS devices

(from 7.5x 10" to 3.5x 10t eV tcm 2), and a sharp in-
crease for higher temperatures. The behavior shown in
p-type devices is quite different, becauBg ., increases
from 9.5x 10! to 7x 10'2eV~ 1 cm 2 as the temperature in-
creases from 300 to 700°C. TH®y ., obtained for the
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n-type MIS device annealed at 600°C (3.5
x10eV-tecm2) is similar to those obtained in
INo.585a 4AS,%? or GaAs> MIS capacitors, with a Si ICL
deposited between the insulator and the ll1-V semiconduc-
tor. Thus, from theC—V measurements we conclude that an
increase of the RTA temperature up to 600 °C produces a
gradual improvement in the electrical quality of the interface
of SiN, :H/n-Ing s4Ga 47As devices. On the other hand, a
progressive degradation in the insulator—semiconductor in-
terface is observed whengatype In s4Ga 4/AS Ssubstrate is
used. FIG. 14. High-frequency;,, solid line and quasistatic@, , dashed ling

In relation with the electrical properties of the insulator, C-V curves, normalized to the dielectric capacitanc€yd) of
MIS devices made op—doped substrates exhibiteﬁg val- AI/SiN1_5:H_/SiN1_6:H/InP dual-layer gate structure after annealing at
. . . 500 °C during 30 s.
ues that increases up to 600 °C, reaching a maximum value
of 3.5 MV/cm. On the other hand, amtype substrates g
reaches values comprised between 7 and 8 MV/cm in th®. Al/SiN, :H/InP devices

400-600 °C range. At temperatures higher than 60EL, We will first analyze results on dual-layer gate struc-

decreases significantly. tures. In preliminary work4> we have shown that an inverse
Concerning the resistivity, Fig. 18 showsp for n-type  correlation between the value of and D i, holds. The

andp-type MIS devices, as a function of the RTA tempera-D,, ., value (3x102eV-'cm 2) was achieved in films

ture. Although nonannealep-type samples exhibit higher with the maximum value ok (x=1.6). For this composi-

values ofp thann-type ones (6 10'°Q cm compared to 1 tion, p andEg were, respectively, #0Q cm and 2 Mv/cm.

% 101°0) cm), the RTA treatment induces a gradual decreas8etter insulator properties pE4x10°Q cm and Eg

of this parameter down to 2210°Q cm for MIS devices =2.5MV/cm) were obtained with lowerx values &

deposited omp-In, s§Ga, 4 AS, whereas om-type substrates, =1.43). However, at this insu_lator compositio.n, the inter-

an improvement of up to 8x 10'°Q cm is measured. The face qua21I|tyJ/\1/as worse than with=1.6, now beingDit,min

general improvement with annealing temperature of both:4X1G ev-tem % _

bulk and interface properties atype MIS devices has been Taking into account these previous results, we have done

already described in the previous section to take place also ﬁ,tual-layer_ _gate str_uct.ur%ssto CO”_“_"”e the lower mtgrface
SiN, :H/Si interfaces and, as we have explained, it can btrap densities of SilNg:H compositions and the best insula-
X " 1 il

due 1o a th | relaxati q tructi f the insu" characteristics of the SiNs:H or SiN; 5:H composi-
ue to a therma rg a>.<a lon and a reconstruction of the Insut'ions. The behavior of both andEg with the RTA treatment
lator network and its interface.

) > ) was similar to that shown in Fig. 8 for S{NH/Si structures.
Evidence of the influence of the substrate doping type on Focusing on the interface quality of these

the SiN,:H bulk properties has been presented in Figs. 1%tructures, in Fig. 14 theC-V characteristics for
and 13b). In fact, bothEg andp are lower forp-type than  A|/SiN, ;:H/SiN; g:H/InNP  structures were annealed at
for n-type annealed structures. Similar result, concerning00 °C during 30 s, which is the best structure obtained. The
Eg, was found by Hugomt al.in Al/SiN, :H/Si structures: quasistaticC, curve presents a deep and well-defined dip,
deposited by distributed ECR. These authors attributed thimdicating the high quality of the insulator/semiconductor in-
lower critical fields obtained irp-type MIS devices, com- terface. In Fig. 1&8), we presenD;, for the following de-
pared to then-type ones, to the net fixed charge density thatvices: single layer Al/SiNg:H/InP annealed at 500 °C/30 s;
depends on MIS structures. dual-layer Al/SIN 5:H/SIiN; ¢:H/InP annealed at 500 °C/30
There are no references in the literature in relation withS; single layer Al/SiNg:H/InP subjected to a Nplasma
anomalous diffusion of S impurities in JgGa, 4As. How-  €xposure before the SiNH deposition, and finally, the same

ever, it is well known the Zn-diffusion problems exist in device but after annealing at 500°C/30 s. In all the cags,
-V semiconductor technologi#*® The diffusion of Zn has the characteristic U-shaped form. For the RTA annealed

impurities  from the semiconductor bulk towards thedgil'llgﬁer\?ﬁte st_rlz,lctlure,tthde dtlf)tr"l%u“\oln EXh'blts.g mmw_pﬁm
SiN, :H/Ing 54Gay 47AS interface during the annealing step( eV~ cm °) located at 0.45 eV above midgap. The

could conduct to poorest insulator—semiconductor interface N, plasma exposure of the InP surface gives a value of
. P B : ) %it,min=1.6>< 10*2cm 2eV 1. The effects of the Mplasma
explaining the higher values dd ., obtained inp-type

; X exposure together with an annealing treatment has been
MIS devices compared with the-type ones. On the other yemonstrated not to be a good option to optimize the de-

hand, a possible Zn loss through the insulator could explaijce | fact, the device exposed to the Mlasma and then
the degradation of the resistivity with annealing temperaturgynnealed at 500°C during 30 s exhibitedDg i, of 3
observed in Zn-doped structures. Therefore, we tentatively 102evLcm 2. The thermal treatment induces the de-
conclude that the postdeposition RTA treatment does not imsorption of phosphorous—nitroge®—N) and/or indium—
prove the interface and bulk properties of MIS structuresphosphorous—nitrogen (In-P—N complexes probably
deposited on the Zn-dopedylaGa 4AS semiconductor. formed on InP during the plasma cleaning, that passivate the

Vgate (V)
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10"

10" bonded hydrogen takes place mainly above 900°C. The
8 breaking of the N—H bonds takes place with the formation of
molecular hydrogen.

On the other hand, the RTA processes induce a thermally
activated charge transfer between paramagnetic defects in
the SiN,:H films for temperatures up to 600 °C when the
composition is above the percolation threshale,1.1. This

=
O_\
B

D, eV em?)
S,

oy . T is observed as a considerable decrease of the density©f Si
0001020304050607 00010.20304050607  defects detected by ESR. In the samples in which Si—H
Energy from midgep (&V) Energy from midgap (<V) bonds can be detected, this process takes place simulta-

FIG. 15. (a) Dy as a function of gap energy plotted relative to the midgap, r'_'eous'y with Chemmal reactlo_ns Of_ hydrpgen bond _forma'
for the following devices: dual-layer structure of Fig. (8); (A) single-  tion. The exception are the films in which percolation of
layer Al/SiNyg:H/InP annealed at 500°C/30 s(—) single layer  Sj—Si bonds occurs in the lattice. In that case the network is
AV/SIN, g:H/InP subjected to N plasma exposure{M) single-layer 54 rigid and does not permit defect relaxation. For higher
Al/SiN; ¢:H/InP plasma exposed and annealed at 500 °C/8b) dnterface l ¢ t the fil . . f
trap distribution as a function of gap energy plotted relative to the midgap,annea '”9 empgra ures the nim experiences an increase o
for the MIS structure showed in Fig. 145). (A) results from Landheer the density of Sig, due to the loss of hydrogen.
et al. (Ref. 57 for devices passivated with an ICL, ari¥) results from In relation with MIS devices, for Al/SiN:H/Si struc-
Kapila et al. (Ref. 5§ for devices treated in }$ atmosphere. tures, in the N-rich and near-stoichiometric cases, the density
of Sipg andDj; in €Xperience a significant decrease up to an
intermediate annealing temperature. The thermal relaxation

InP surface® This desorption process gives the InP surfacePf the strain of the Sif:H lattice at moderate annealing
unpassivated and, as a consequencepPthg,, increases temperatures produces a significant decreasb;gf,. On

With the comparison of data showed in Fig.(a5 we the contrary, the rigidity of the Si-rich structure impedes this
prove that the best solution to obtain gate quality MIS de-élaxation process, arid; i, increases in this case from the
vices is to use the dual-layer structure, as a gate insulatolower annealing temperatures. For higher annealing tempera-
with a RTA treatment of 500 °C during 30 s. This optimized tures, the release of hydrogen promoted the degradation of
device presents the loweBt i, the electrical characteristics. As a consequence, bcﬁ_lhd

To compare our results with those procedures that usEs decrease, an(_j the Ieakage_ current through _the insulator
chemical passivation and/or ICLs to improve the interfacencreases. The SINH network is damaged by this process
behavior, we present in Fig. (1§ the bestD; distribution ~ and bothDj;min and Shg increases.
obtained in this work (Al/SiNs:H/SIN; ¢:H/InP dual-layer Regarding Al/SIN:H/IngsGa 47/As  structures, the
gate structure annealed at 500 °C/30 the results from @s-deposited SiNH film composition plays a significant
Landheeet al* obtained in MIS structures passivated using’!€ in the interface and bulk properties of both
an Si ICL and the results from Kapiket al,? where the InP  SiNy:H/N-Ing 5§G& 47As and SiN :H/p-Ing 54658.4AS, with
surface was treated in8 plasma. Th®; i, value in our ~ Petter values oDy, p, andEg on those devices deposited
structure (9 101 ev-1cm™2), facing those obtained with S with N-rich films. The bulk properties of the SiNH are
passivation (2.%10%2eV-lcm 2% or ICL technique clearly dependent on the semiconductor type doping. In gen-
(4x102eV-cm 2),% indicates the excellent performance €ral, MIS devices grown om-type InysGa.4As present
of the RTA treated dual-layer gate interface without any agligher electrical performance thamtype ones, even after
ditional treatment of the InP surface previously to theRTA treatments. _
SiN, :H deposition. These dual layer gate structures were Finally, on Al/SIN,:H/InP devices, we have shown that

successfully used by us to make MISFET devices with goodhe dual-layer gate structure Al/Sily:H/SiN, ¢:H/InP has
performance? interface properties of device quality that allows us to use
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