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Abs t r ac t

X irradiation induced oxygen-vacancy defect creation has been studied in SIMOX

produced by single step implantation and annealing. It is shown that SIMOX is

substantially more radiation sensitive (for these defects) than thermal or bulk oxide.

Irradiation in the presence of an electric field ~0.5 - 1 MV cm'1 is found to enhance the

rate of defect creation by > 2 times. Further enhanced defect creation is observed in

SIMOX samples whose substrate has been chemically thinned prior to irradiation. This

enhancement is attributed to modification of the network induced by hydrogen introduced

during the thinning process.



1. Introduction

The use of thin, single crystal Si films on insulating substrates such as amorphous

(a-) SiO2 on bulk Si is unquestionably a viable solution enabling manufacture of devices

with increased speed( through reduced parasitic capacitance), reduced latch-up (through

improved inter-device isolation) and reduced radiation sensitivity (in particular, single

event upsets). There are various competing processes for the manufacture of the Si on

insulator (SOI) structure including zone melting recrystallization (ZMR)[I], epitaxy on

porous Si followed by through window oxidation (FIPOS)[2], wafer bonding [3], high

dose oxygen implantation (SIM0X)[4], etc. The process emerging as technologically

the most "usable" to produce wafers in relevant quantities having complete single crystal

films with low defect densities appears to be SIMOX. As with all materials used as a

basis for technology a full understanding of its physical nature and variation with

processes used in its manufacture is required. For the SOI structure it is necessary not

only to characterize the superficial Si film but also the front and back oxide-Si interfaces

and the buried oxide itself. The interfaces in wafers manufactured using the SIMOX

process have been studied in detail using electron microscopy [5] and electrical

measurements [6], the situation concerning the buried oxide is less clear.

The results of recent studies on SIMOX [7] structures using spectroscopic

ellipsometry and infra-red absorption indicate that in high temperature annealed samples

there are microcrystalline Si precipitates buried in the a-SiO2 layer. Furthermore, the

main infra-red absorption peak (~ 1080 cm'1) is shifted to lower frequencies as compared

to thin films of thermal oxide. This latter result might indicate the presence of elastic or

inelastic stress [8] in the oxide. The presence of Si precipitates in the oxide layer has also

been evidenced by electron spin resonance (ESR) experiments [9] which have been

interpreted as indicating an amorphous state of the Si. For small particles which cannot

be clearly resolved in an amorphous network by electron microscopy, it is difficult to

make the distinction between the crystalline and amorphous state. It should be noted that

data on deposited oxides [10] indicate that precipitated Si panicles may be crystalline or

amorphous dependent upon panicle diameter. Chemical etch rate studies [11] suggest



that SIMOX etches about 20% slower than thermal S1O2, this may be interpreted as due

to densification of the dielectric or the presence of excess Si. The observation of Si

precipitates would be consistent with the latter explanation. In the following we report

the results of a study of defect creation, particularly oxygen-vacancy or oxygen-vacancy

like centers, in SIMOX subjected to X irradiation. We have explored, in this context, the

effect of electrical polarisation during the irradiation. This work is part of an ongoing

study using radiation induced defects to characterize the buried oxide layer.

2. Experiment

Samples used in the experiments were p type <100> Si wafers (4") single step

implanted with a dose of 1.8 x 1018 O+ cm'2 at an energy of 190 keV and at a substrate

temperature of 620 0C. Wafers were subsequendy annealed in Ar plus 1% O2 at 1320 0C

for 6 hours. To facilitate electrical contact the top Si film and substrate backface were

implanted with 2 x 1015 BF2+ cm'2 at an energy of 30 keV then rapid thermal annealed at

1150 0C for 12 seconds to activate the implant. In some cases the Si substrate was

thinned from 550|i to 30O)J. in a solution of KOH in H?O (33g:44g) maintained at 80 0C

in a thermostatic bath. For the ESR studies slices 15mm by 2.5 mm were cut from the

wafers.

X irradiation was carried out with or without electrical polarisation of the SIMOX

using an ARACOR 4100.source. The dose rate was 580 krad min*1 and the maximum

accumulated dose, 200 Mrad. ESR experiments were carried out at room temperature

using a Bruker ER 200 D X band spectrometer with noise averaging facilities. The

experimental derivative power absorption spectra were double numerically integrated and

the integrals compared wn. the same obtained from a Cr in MgO sample used as a

reference. The Cr signal had been previously calibrated with respect to a weak pitch

standard.



3. Results

The ESR measurements following irradiation revealed only a single derivative

power absorption signal characteristic in terms of its lineshape and g-factors of the

oxygen-vacancy center [12]. In figure 1 we present the results of the ESR measurements

on samples irradiated with zero polarisation (squares) and with an applied electric field of

1 MV cnr1 (filled circles). We represent the areal defect density because, a priori, we do

not know if the defects are uniformly distributed throughout the volume of the oxide. To

examine this point a sample was irradiated to an accumulated dose of 50 Mrad in an

electric field of 1 MV cm"1. A KOH etch was used to remove the superficial Si film and

the remaining oxide then slowly etched back in a buffered HF acid solution (B.E. 7:1).

At each etch stage the remaining oxide thickness was measured using a Nanospec

reflectometer and the remaining density of oxygen vacancies determined by ESR. The

results are shown in figure 2 - the straight line shows the behaviour expected if the defect

distribution is uniform throughout the oxide volume. Because the SIMOX samples

tended to load the microwave cavity and reduce spectrometer sensitivity some

experiments were carried out on samples whose substrates were thinned prior to

irradiation. In figure 3 we present the defect density versus accumulated dose for the

thinned samples. We include in the figure two points obtained for samples polarized with

an electric field of 0.5 MV cm'1 during irradiation.

4. Discussion

We have examined defect creation due to X irradiation in SIMOX and observed

oxygen-vacancy or oxygen-vacancy like (03 = Si°) centers. In thermal oxides subjected

to 2 x 104 Mrad of X rays the measured [13] defect density, PE, was 5 x 1O11Cm"2 < pg

< 8.3 x 1011 cm"2 suggesting a yield, f, of 2.5 x 107 cm"2 Mrad"1 < f < 4.2 x 107 cm"2

Mrad"1. From figure 1 the results for unpolarized samples yield f -1.1 x 1010 cm"2

Mrad'1 and from figure 3, f ~ 2.9 x 1011 cm"2 Mrad"1. The results for the SIMOX show

enhanced radiation yields of defects as compared to the thermal oxide case. We note,

however, that for such large doses as 2 x 104 Mrad, the defect density was probably
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increasing non-linearily with dose so that the true yield should have been higher. For

bulk, dry a-SiO2 (Suprasil Wl) it has been established [14] that

with D in rad. A dose of 150 Mrad results in a volume density of 1.8 x 1016 cm'3 or an

areal density of 5.3 x 1011 cm"2 for a 300 nm thick film. From figure 1 we see that this

value is still 3 times smaller than observed in SIMOX. Thus, irrespective of possible

differences in SIMOX sensitivity (figures 1 and 3) it appears to be a general rule that

SIMOX is more sensitive to radiation than its thermal or bulk counterparts.

Radiation induced charge buildup in a-SiO2 has been treated to include the effects

of applied electric field, E, during the radiation process [15]. We follow the same

approach and assume that hole trapping (or at least part of it) results in the creation of a

paramagnetic defect:

O3 s Si-Si = 03 + h «± O3 = Si0+Si = 03 (i)

We assume that electron-hole pairs created by the radiation recombine without defect

creation unless they escape it with a probability, (p. This probability will depend upon the

electric field. Then the spatial distribution of holes/defects is[15]:

pE(x) = [Noahx/(ahx-t-ae(toX - x))] exp(-tgoD9(af,x + ae(tox - x))) (2)

where N0 is the concentration of defect sites, ah and ae the hole and electron capture

cross sections, toX the oxide thickness, g0 the electron-hole generation per unit dose and

D, the dose rate. At short times (t -» O) we integrate equation (2) then differentiate with

respect to dose, D (=Dt) to obtain the initial slope of the defect density

S = dpE/dD = N0go«POhW2 (3)

The initial slope clearly depends upon N0. The results for unpolarized samples shown in

figures 1 and 3 suggest that as a result of thinning (figure 3), N0 has been increased over

the unthinned substrate value. An increase in N0 in SIMOX as compared to thermal

oxide can also be invoked to explain its enhanced sensitivity. Although ah decreases

slightly with electric field [15], (p increases as (p = q>0(l
 + ^E). where k contains

constants. The variation of q> with field is substantially greater than the variation in
t

Ch[15]. The presence of electric field during irradiation should, then, enhance defect



creation as is indeed observed as shown in figures 1 and 3 (although for the latter there is

only one data point). Taking the ratios (for a dose D = 50 Mrad) we obtain S(E=I MV

Cm-1VS(E=O) = 2.45 and S(E=0.5 MV Cm-1VS(E=O) = 2.02 from figures 1 and 3

respectively. We do not know the magnitude of 9(E) therefore we cannot say if these

ratios are "correct". Electrical measurements of the flat band voltage shift (proportional to

the trapped charge density) have been made [16] on MOS capacitor structures irradiated

with and without applied field during irradiation. Comparing the results obtained for E =

1 MV cm"1 and 0.5 MV cm"1 with those for E = 0 one has ratios of 10 (1 MV cm"1) and 6

(0.5 MV cm"1) indicating the order of magnitude of enhancement due to the electric field.

It must be noted, however, that comparison of these figures with the ESR results is

dubious because the ESR results apply to a specific defect whilst the electrical

measurements concern the total trapped charge which may be made up of different

trapped hole species and, indeed, compensating, trapped electrons.

5. Conclusions

The ESR data show strongly enhanced oxygen-vacancy defect creation in SIMOX

structures as compared to thermal or bulk oxide. The presence of an electric field during

irradiation enhances the defect creation as anticipated theoretically by increasing the

electron-hole escape probability. The presence of large numbers of neutral traps (O3 = Si-

Si =03) which transform to paramagnetic defects upon hole trapping is consistent with

the image of SIMOX as an ultra-dry, oxygen deficient oxide. Such a picture gives a

coherent explanation for the presence of Si precipitates. Further, enhanced defect

creation in samples whose substrates were chemically thinned prior to irradiation may

result from modification of the SiO2 network induced by hydrogen diffused into the

oxide through the substrate during the thinning process. This point is being further

investigated.
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Figure Captions

Figure 1. The measured oxygen-vacancy defect density created in SIMOX by X

irradiation as a function of accumulated dose. (•) samples unpolarized during irradiation

(•) samples subjected to an electric field of 1 MV cnr1 during irradiation.

Figure 2. Variation of the paramagnetic defect signal amplitude as a function of SIMOX

film thickness remaining in etch back experiments. The signal is normalised to unity for

the unetched case. The sample was initially irradiated with a dose of 50 Mrad in the

presence of an electric field of 1 MV cm"1. The solid line corresponds to the case of a

uniform defect distribution in the volume of the SIMOX.

Figure 3. Variation of the oxygen-vacancy defect density as a function of accumulated X

ray dose in SIMOX samples whose substrate thickness was thinned chemically from

55OjJ. to 300(1 prior to irradiation. The (•) data points correspond to a sample irradiated

in the presence of an electric field of 0.5 MV cm-1.
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