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Charge-trapping defects in Cat-CVD silicon nitride films
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Abstract

We show that Cat-CVD silicon nitride films contain more thart®20 ~ém  nitrogen-bonded Si dangling bonds, similarly to the
case for conventional CVD films. However, the charge-trapping behavior of the Cat-CVD films is found to be quite different, in
spite of the same origin for the dominant defects. The difference is ascribed to a non-uniform distribution of defects that is
strongly depleted near the surface in Cat-CVD filr@s2001 Elsevier Science B.V. All rights reserved.
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1. Introduction obtain the highest growth ratg.5 nm/min) for mass-
production. Cat-CVD Sil\ films were deposited using
Silicon nitride (SiN,) prepared by low-temperature the process conditions given in Table 1. We also pre-
Cat-CVD (catalytic-chemical vapor depositibshows a  pared a conventional PECVD SiN film with the same
good electrical insulating property which is comparable gas source and similar growth temperature. Both films
to high-temperature CVD films[1]. In view of its  were nearly stoichiometri€N/Si=1.1:1.2 and free
application to passivation of high-speed GaAs devices, from oxygen(<0.1 at.%. The hydrogen contents were
it is important to characterize charge-trapping defects in 11 and 23 at.% for the Cat-CVD and PECVD films,
the films [2]. The fixed charges of defects greatly affect respectively[5]. In these films, no metal impurities were
the device performance through modification of the yetected by SIMS measurements.
electric-field distribution in devices. In a wide variety In order to study the charge-trapping behaviors, we
of conventional SiN films prepared either by plasma- ade double dielectric Si-MO&metal oxide semicon-
enhanced CVD (PECVD) or 8|0W-?I’3€SSUI’e CVD " ductop samples(Fig. 1). The thin thermal-SiQ layer
(LPC_VD), a high density(>10'® cnr3) of charge- enables capacitance—voltag@-V) analysis without dis-
trapping defects were commonly observi&i4]. How- turbance from the insulatgSi interface states. The areal
ever, no measurements on charge-trapping defects hav@iensity of the fixed charge was estimated from shifts in

been reported for Cat-CVD SN . Thus, in this report, o 5o called midgap voltage of 1-MHZ-V curves. We
charge-trapping defects in Cat-CvD SiN films are

studied and also comparison with those of conventional

; : Table 1
PECVD SiN, films. Cat-CVD conditions

2. Sample preparation and experimental

Parameters Set points
Our deposition system was described in a previous Catalyzer temperature 1700
report[5]. The deposition parameters were optimized to Catalyzer-wafer distance 75 mm
Substrate temperature 3
- . NH; flow rate 200 sccm
* Corresponding author. Tel.x81-298-50-1548; fax:+81-298- SiH3 flow rate 1.2 scem
4 .
56-6138. Gas pressure 20 Pa
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Fig. 1. Si-MOS capacitor structure and configuration for carrier-injec- o I
tion experiments. 20 10 0 10 20
carried out carrier-injection experiments by applying a VOLATGE [V]
bias stress to the capacitdisee Fig. ). The bias stress _ _ _
was set to be 60 and 40 V for the Cat-CVD and PECVD Fig. 2.C-V curves for the Cat-CVD SN capacitor.

samples, respectively, to avoid dielectric breakdown of
the capacitor and to maximize the midgap-voltage shift.
Electron paramagnetic resonandPR) was used to
identify the origin of the charge-trapping defects. EPR
spectra were taken with a JEOL X-band spectrometer
using 0.4-mT modulation at 100 kHz, a microwave
power of 0.01 mW, and a temperature of 20 K. The

and the generated charges can be removed by UV
excitation. This observation gives clear evidence for
charge trapping at point defects. The density of the
trapped charge was approximately< &0*> cm 2 for

both films. The actual density should be even larger,

becauseC-V measurements give an average density of
metal parts of the MOS samples were removed for EPRthe sheet charge which is weighted by the distance from
measurements. Furthermore, cleaved edges of the S{he insulatoy Si interface

substrates were etched by alkali solutions. This process The transient behavior for charge trapping is shown
completely eIi_minat_ed an “”d?s"ab"? EPR sig_nal of in Fig. 3. Both the Cat-CVD and PECVD films reveal
gd_2.005'5 W:{]g]:hla”stei ftr)omkS| dan_glmgt botr;dso:nfth? similar transient behaviors: the charge trapping is imme-
3 g€ regionsol. In €tc d ak(): experiments, he de E%Rdiately saturated within a period of 1 s, and more than
ensity was measure y room-temperature 10% of injected carriers are efficiently captured at the
measurements. defects. These features are related to the nature of the

We also applied ultraviolefUV) excitation to the ) - : - i
samples, using a deuterium lam8—7.5 e\). The icnhgarsg(:)ectti:;anpp|ng defects, and are discussed in the follow

illumination was provided for 10-30 min at room
temperature.

3. Results and discussion
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3.1. Carrier-injection experiments
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First, the charge trapping in Cat-CVD SiN films is
studied by carrier-injection experiments on MOS struc-
tures. Fig. 2 showsC-V results for Cat-CvVD MOS
capacitors. In as-grown samples, eV curve for the
Cat-CVD film (a dashed lingis quite similar to that
for a PECVD film, and a small amoufif X 10*? cm 2)
of positive charges are commonly obsen{&

However, after carrier injection due to a bias stress, a
drastic increase in the density of fixed charge is observed 2
in both films. In Fig. 2, the solid line show&-V results INJECTED CHARGE DENSITY [cm "]
measured after a bias stress. As is seen in the figure, a

flat-band voltage of theC=V curve is significantl Fig. 3. Transient behavior for charge trappin@at-CVD: as-
9 9 y grown— +60 V stress; PECVD: as-grown—40 V stress The Cat-

Shlfte_d’ Whlc_h clearly indicates the generation of a high CVD film shows the higher density of the trapped charge as compared
de.nS|ty of fixed .Charg.e. We found that the. observe_d to the PECVD film, which is due to the increase of positive charge
shifts are reversible with respect to stress-bias polarity in the as-grown Cat-CVD filn{7].
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3.2. Origin of charge-trapping defects — the K centers

6 iy ]
EPR measurements can reveal the microscopic origin as'%rro wn pﬁg'sve ”egigve

of the defects mainly responsible for the charge trapping "‘E 4| after UV stress stress —
in the Cat-CVD films. Fig. 4 shows EPR spectra for ﬁ" O
(A) as-grown Cat-CVD and PECVD films ar(@) for ° L _
those after UV excitation. As is clear in the figure, UV E Q
excitation greatly increases the EPR signal. The spectra & 0
(C) show the UV-induced changel.e. (B)—(A)], & \ |
which is clearly dominated by a single broad signal at S Py / -
g=2.003 (solid lines. This signal corresponds to the © reversible
well-known signal of electrically-neutral K centers. The < a4k |
K center is known as the dominant charge trap in o
conventional CVD SiN films[3], and our study dem- 6L O i

onstrates that it is also the case for the Cat-CVD films.

Based on detailed EPR-analyiéh itis Wel-l eStab-"Shed Fig. 5. Relationship between the polarities of bias stress and trapped

that th.e K centers are nltrpgen—bonded Si dangllng b.ondscharge. Solid and open circles are measured for the Cat-CVD and

(Na=Si structur¢. We point out that the K signal is  pgcvp films, respectively.

broader in the Cat-CVD film€2.7 mT) as opposed to

environments of the K centers in Cat-CVD QiN . ypintentional UV irradiation generate metastable neutral
The C-V and EPR results are consistently explained k centers in the as-grown films. We also speculate that

based on the ‘negative: nature of this defect. The  the g—2.0055 centers are formed in the Si-rich regions

apparent absence of net charge in the as-grown filmsof our SiN, films, because they have a:S8i structure

means that the defect occupation is stabilized by nearly[g]. Note that both centers are electrically neutral, which

equal numbers of negatively- and positively-charged K is consistent with the observation of negligible net
centers which are both diamagnef®]. However, such charge in the as-grown films.

charged K centers are converted to metastable neutral

(paramagnetic centers by UV excitatior{3], resulting ~ 3.3. Unusual charge-trapping in Cat-CVD films — non-

in increased EPR signal together with the removal of uniform distribution of the K centers

trapped charge. The transient behavior is also consistent

with the nature of the K centers, because the Coulomb Although Cat-CVD and PECVD films have the same

attraction of charged K centers can enhance their capturedominant defects, their charge-trapping behavior was

cross-section for injected carrief3]. found to be quite different. It appears as a striking
In both as-grown spectréA), a broad resonance at contrast in the polarity of the fixed chard€ig. 5). In

g=2.003-2.006 is commonly observed, which is tenta- PECVD samples, a negative bias stresselectron

tively attributed to a combination of a neutral K signal injection from the Al side generates negative fixed

(g=2.003 and a Si dangling-bond sign&g=2.0055 charge in the film. This behavior is quite reasonable,
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Fig. 4. UV-induced changes in EPR spectra. Two negative lines at both ends are Mn  marker signals. The spectra were recorded for magnet
field parallel to the[100] axis. The dashed lines indicate a signal from SiO —Si interface dangling bonds, which was confirmed by the angular
dependence of thg factor.
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because carrier injection from the Al side is dominant

in our MOS capacitors, from a potential barrier due to surface SiN,/SiO,

the thermal Si@ layer. Nevertheless, in Cat-CVD films, 20

a negative fixed charge is generated by a positive bias

stress, i.e. electron injection from the Si sifiéig. 5).

Namely, the charge trapping was largely suppressed for

carrier injection from the Al side. It means that the K

centers are strongly depleted near the surface of Cat-

CVD films. In contrast, in the PECVD films, the K

centers appear to be rather uniformly distributed across

the thickness. With stronger bias stresges60 V),

compensation of net charge was observed pronouncedly

for the PECVD samples. This indicates that the charge

trapping in the PECVD films took place rather symmet-

rically from both the Al and Si sides. In both films, 0 I l l |

positive fixed charge is appreciably compensated by 0 20 40 60 80 100

negative charge generated in the opposite side of the FILM THICKNESS [nm]

film (see Fig. 3. We speculate that this is due to low

injection efficiency for holes as compared to electrons.  Fig. 6. Defect density profiles estimated by etch-back experiments.
To confirm the defect distribution across the thickness,

we performed etch-back experiments using buffered HF found that Cat-CVD films contain K centeré\,=Si

(BHF) treatments. BHF-etching rates were approximate- defecd as a dominant defect, in a manner similar to the

ly 0.15 and 0.76 nryis for Cat-CVD and PECVD films,  conventional CVD Sily films. Th€-V and EPR results

respectively, which were measured by the spectroscopicwere consistently interpreted in terms of negative-

ellipsometry. Before etching, the samples were excited behavior of the K centers. The unusual charge trapping

by UV light to neutralize the K centers completely. was observed for Cat-CVD films, and is attributed to

Then, we measured the reduction in the EPR signal duethe non-uniform distribution of the K centers in the

to etching. These profiles are shown in Fig. 6. Consistent fiims.

with the charge-trapping behavior, the defect density in

the Cat-CVD film is very small in 10 nm thickness References
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4. Summary



