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Abstract — In this work, radio-frequency and traps properties of unintentionally doped polycrystalline silicon (polySi) deposited by
low pressure chemical vapor deposition (LPCVD) on high resistivity silicon (HR-Si) substrate are characterized. Both volume (i.e. inside
polySi) and interface traps (i.e. near polySi/HR-Si) are detected by photo-induced current transient spectroscopy (PICTS). A thermal
budget of 900°C during 2 hours is sufficient to observe trap densities reduction near the polySi/HR-Si interface, affecting the RF
performance of the fabricated substrates.

Index Terms — Radio-Frequency (RF), effective resistivity (pefr), second harmonic power (H2), figure of merit (FoM), photo-induced
current transient spectroscopy (PICTS), trap-rich (TR), polycrystalline silicon (polySi), grain boundary (GB), low pressure chemical
vapor deposition (LPCVD), boron contamination.

1. INTRODUCTION

g I Yhe formation of the parasitic surface conduction (PSC) layer below the silicon dioxide (SiO,) of a Silicon-on-Insulator

(SOJ) structure is detrimental for the SOI radio-frequency (RF) behavior as it decreases the substrate effective resistivity

(pefr [Q.cm]) [1] while increasing the power of the harmonic distortions (H2, H3 [dBm]) which are two important RF figures
of merit (FoM) [2], [3], [4]. This PSC layer can be induced by the presence of positive oxide charges Q¥ inside the SiO,, the
metal-semiconductor work function ¢ms, or simply due to the application of a DC bias on the top part of the SOI substrate.
Introduction of traps through the deposition of a trap-rich (TR) layer — usually made of unintentionally doped polycrystalline
silicon (polySi) — between the SiO» and the high-resistivity Si (HR-Si) handle wafer is an efficient solution to prevent the formation
of this PSC by the mechanism of Fermi level pinning (FLP) [5], [6], [7], [8].

From a technological point of view, two parameters can limit the efficiency of the TR layer. The first one is unwanted
contamination (especially boron) by the environment of the clean room during the layer deposition. The second obstacle is that the
TR layer should be thermally stable enough to prevent recrystallization during the SOI wafer manufacturing thermal-steps [9],
[10].

Even if there is a lot of interest in this material, trap properties like trap energy level introduced by such deposition process are
not well known. This is due to the presence of FLP, high traps concentration and low carrier density, preventing the use of
capacitive or electrical injection based techniques, such as thermal admittance spectroscopy [11] or deep level transient
spectroscopy (DLTS) [12]. To overcome this problem, we applied photo-induced current transient spectroscopy (PICTS) to
characterize such resistive layers [13], [14]. In PICTS, traps are filled by illumination following which the relaxation current is
monitored to extract traps parameters such as the activation energy Ea [eV] and the capture cross-section o; [cm?].

In this paper, we focus on a non-industrial TR layer (made of polySi) obtained by low pressure chemical vapor deposition
(LPCVD) and study the effect of annealing on the extracted traps. Prior to this PICTS study, we introduce the morphology analysis
of the deposited polySi, unwanted doping and the resistivity depth profile. These complementary studies are helpful in order to
interpret pesr and H2 results for the fabricated polySi/HR-Si substrates.

II. EXPERIMENTAL DETAILS

A. Samples preparation

The substrates were prepared in the clean room facilities of CEA-Leti (Grenoble, France). Unintentionally doped polySi was
deposited by LPCVD using SiHs as precursor, at 620°C and 220 mTorr on p-type HR-Si substrates with nominal resistivity
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psi = 5.5 kQ.cm (corresponding to Na = 3.25 x 10'2 at.cm™). Due to equipment constraint, polySi was obtained by two deposition
steps: a first layer of 1 pm-thick followed by a second one of 0.65 um, for a total thickness tyorysi = 1.65 pm. Then, polysilicon
surface was planarized using chemical-mechanical polishing (CMP). The samples were then annealed at 900°C (T900) for 2 hours
in N in order to test the thermal stability of the structure. Two references were used: TO with no anneal, and HRO without TR nor
anneal.

For RF measurement, a 400 nm-thick silicon dioxide was deposited by plasma enhanced chemical vapor deposition (PECVD)
of tetraethyl orthosilicate (TEOS) at 480°C on top of the wafers. Then, Coplanar Waveguide (CPW) line structures — made of Al
with a thickness of approximately 0.75 um — were patterned. An illustration of the RF structure is shown in Fig. 1(a) (front view)
and (c) (top view). The width of the central line S is equal to 26 pm, two planar ground lines G are of 280 um-wide each and the
distance between S and G lines equals 12 pm. The total length of the CPW structure is 2 mm. The CPW structures were fabricated
at Winfab clean room facilities from UCLouvain.

Schottky barrier diodes (SBD) were prepared for PICTS measurement by thermal evaporation of a 10 nm-thick Ti semi-
transparent [ 15], [16] circular contact using an MEBS550 evaporator from Plassys. Surface cleaning was performed using solvents,
Standard Clean 1 (SC-1) and hydrofluoric acid. Then, the samples were mounted on a ceramic (Al,Os) substrate. Silver paste was
used for the back electrical contact, after surface scratching with a diamond tip. A representation of the samples (without ceramic
substrate) is shown in Fig. 1(b).
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Fig. 1. Representation of the structures (side view) used for (a) RF and (b) PICTS measurement. (c) [llustration on the principle of RF
measurement for the extraction of harmonic distortion.

B. Set-up description

RF measurements (pefr and H2) were performed at UCLouvain (Louvain-la-Neuve, Belgium) using a PNA-X 2-port vector
network analyzer (VNA) from Keysight. During measurement, a sine wave with an input bias of Vpc + v [V], frequency f [Hz]
and power Pi, [dBm)] is applied at the input of S line while G lines were grounded (Fig. 1(a) and (c)). Vpc is the DC and vi¢ the AC
voltage of the input signal. Substrate non-linearity was extracted through the second harmonic component H2 (2 x f) of the output
signal of power P,y [dBm] at the end of the CPW lines for Pi, = 15 dBm and f= 900 MHz.

PICTS measurement was performed using an FT1030 Fourier DLTS system from PhysTech where the sample is introduced
inside a cryostat. The tested material is submitted to a reverse bias Vg (Fig. 1(b)). Two light emitting diode (LED) from Thorlabs
— whose beam was focused with an optical column — are employed to generate electron-hole pairs inside the sample. Three
parameters characterize each LED: the wavelength A, the pulse voltage Vp and the filling time t,. LED illumination power is an
increasing function of Vp. For the first LED, A is equal to 430 nm (corresponding to a photon energy Eyn of 2.88 eV) and V; can
vary from 0 to 5 V (corresponding to a maximum optical power of 600 mW). For the second LED, A is 940 nm (Epn = 1.32 V)
and V, ranges between 0 and 10 V (1,000 mW). Also, the number of photons received in the sample for each A was not evaluated.
For this study, we fixed V, =1 V when A = 940 nm and 5 V for 430 nm.

The relaxation current is recorded between times to and to + T, to being the cut-off time and T, the measurement period. Finally,
a Fast Fourier Transform (FFT) algorithm is employed to extract the different Fourier coefficients a, and b, [17]. In this paper,
PICTS spectra are represented using b coefficient with to = 5 ms and T, = 100 ms. Each measurement was performed between 50
and 300 K, in heating up mode. More information about the PICTS set up can be found in [18]. Like for DLTS, in a PICTS
spectrum, traps electrical responses manifest as peaks whose temperature position depends on associated E, and o,. Contrary to
DLTS, there is no simple formula to relate peak amplitude to trap concentration N; so we did not extract the trap density.
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To assess polySi morphology, transmission electron microscopy (TEM) observations were performed by Serma Technologies
(Grenoble, France) with a Tecnai Osiris (S/TEM 200 kV) from FEI. Boron and phosphorus contaminations were checked by
Probion Analysis using an IMS 6f secondary ion mass spectrometer (SIMS) from Cameca. Finally, polysilicon resistivity and

carrier polarity profiles as a function of depth were obtained from scanning resistance profiling (SRP) measurement realized by
Solecon Laboratories (Reno, USA).

III. RF PERFORMANCES OF FABRICATED SUBSTRATES

The effective resistivity pesr (a) and the second harmonic power H2 (b) as a function of Vpc, measured for HRO, TO and T900
samples, are shown in Fig. 2.

Regarding HRO sample, perr is only equal to 35 Q.cm despite using a HR-Si substrate with a nominal resistivity
psi = 5.5 kQ.cm (a). H2 (b) varies between -50 and -60 dBm for -15 V < Vpc < 15 V. Those high values are due to the presence of
the PSC layer below the buried oxide, conductive enough to strongly degrade the substrate resistivity and linearity seen by CPW
lines.

For the sample including a TR layer (HRO — TO), perr attains a value of 23 kQ.cm (a) and H2 decreases to -95 dBm (b).
Moreover, H2 becomes nearly bias independent. This is due to the presence of the TR layer preventing the formation of the PSC
layer.

After the 900°C anneal (TO — T900), pesr decreases by nearly a factor of two (a) while H2 rises by 10 dB (b). Both quantities
are independent of Vpc between -15 and 15 V.

Those RF FoMs are discussed in the following sections, based on TEM, SIMS, SRP and PICTS measurement results.
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Fig. 2. (a) Effective resistivity pefr and (b) second harmonic power H2 as a function of applied voltage Vbc for samples HRO, TO and T900.
In (b), measurement parameters were Pin = 15 dBm and f =900 MHz.

IV. Physical and Electrical Properties of Polysilicon Layer

A. PolySi morphology

Fig. 3 depicts the TR layer morphology obtained by TEM imaging for TR/HR-Si samples (T0 and T900). As can be observed
in (a), grains inside the polySi are columnar with an average width of 100 nm. In (b), we notice no major change in the morphology
of polySi.

This result aligns with Raman spectroscopy measurements (not shown), which reveal a crystalline-to-amorphous ratio of
approximately 78% / 22% for the as-deposited sample (T0), and 83% / 17% for the annealed sample (T900). These values indicate
that the deposition temperature used for TO is already sufficient to produce a highly crystalline film, with only a modest increase
in crystallinity observed after annealing. Consequently, the microstructure of both polySi layers is very similar, as confirmed by

TEM images (Fig. 3). For both samples, the amorphous fraction observed by Raman spectroscopy is likely associated with
structural disorder at grain boundaries.
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(b)
Fig. 3. TEM pictures of the LPCVD polySi for (a) TO and (b) T900 samples. Scale: 0.2 um. Dashed lines: polySi/polySi interface.

B. Boron and phosphorus contamination

The diffusion of unwanted (a) boron and (b) phosphorus atoms into the polysilicon layer during annealing has been characterized
and is shown in Fig. 4. The boron (phosphorus) SIMS detection threshold is equal to 3 x 10'3 (1.4 x 10") at.cm™.
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Fig. 4. SIMS concentration of (a) boron and (b) phosphorus as a function of depth for TO and T900 substrates. Undesirable integrated B
dose for each sample is 5.9 x 10'° (T0) and 6.7 x 10'? at.cm™ (T900). P dose was not estimated. Dashed lines: polySi/HR-Si interface.

In Fig. 4(a), for TO, we observe two boron peaks with 5 x 10'% at.cm™ of concentration near 0.6 and 0.6 pum, respectively. The
location of those two peaks should be related to the polySi deposition in two steps. The boron contamination source originates
from the cleanroom’s filtration system. During the 900°C annealing step (T900), boron diffuses into the polySi, reaching a
concentration of 4x 10" at.cm™. Both TO and T900 were contaminated with similar boron doses: 5.9 x 10'° and
6.7 x 10'% at.cm™, respectively.

Phosphorus SIMS results are more difficult to analyze because of the higher SIMS detection threshold (Fig. 4(b)). Nevertheless,
it can be seen that phosphorus contamination is also present at the polySi/HR-Si interface (and possibly at the polySi/polySi
interface) for TO. During the 900°C annealing step (T900), phosphorus also diffuses into the polySi (inset of Fig. 4(b)) even if the
final P concentration is difficult to assess.

C. PolySi resistivity

SRP measured for TO and T900 is shown in Fig. 5. Before annealing, polySi resistivity increases from 10* Q.cm near the
polySi/HR-Si interface to approximately 10° Q.cm close to the surface. This high polySi resistivity, despite the observed boron
peaks at the interfaces (Fig. 4(a)) means either that introduced boron is electrically inactive or that all dopant-generated carriers
have been captured by traps.
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Fig. 5. Resistivity as a function of depth for TO and T900 substrates. Dashed lines: polySi/HR-Si interface.

After the 900°C anneal, polySi resistivity falls by at least one order of magnitude and becomes lower than that of HR-Si. The
highest drop is located near a depth of 1.35 um, close to the polySi/HR-Si interface, where p = 420 Q.cm. It is worth mentioning
that the conductivity type measured during SRP (hot probe, not shown) is p, meaning that boron contamination is more important
than phosphorus one in that sample.

V. TRAPS PROPERTIES OF THE POLYSI LAYER

A. PICTS spectrum study of T0O sample
1) Traps detection and spatial localization

The PICTS spectrum, measured from t, = 50 ps to 20 ms when Vg = 10 V and A = 940 nm, is shown in Fig. 6. At least two
peaks are present: 1P whose maximum is located near 269 K and aP lying near 140 K. A third peak (2P) is also present at the low
temperature shoulder of 1P. Spectrum saturation is reached at around t, = 10 ms (inset of Fig. 6). 1P and 2P peaks are likely related
to discrete levels inside polySi bandgap (see discussion in Section V.A.2). We believe that aP originates from a trap with an energy
level continuously distributed in the gap and its maximum moves to lower temperatures (from 160 to 140 K) when t, increases

(inset of Fig. 6).
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Fig. 6. Effect of t, on PICTS spectrum of TO sample. Inset: focus on peak aP between 50 and 200 K. Measurement conditions are
Vr=10 V,A=940 nm and V,=1V.

The spatial localization of traps can be studied by varying A during the measurement. This is illustrated in Fig. 7 for two
wavelengths: 430 and 940 nm, at t, = 20 ms (for saturation conditions). We observe that 1P and 2P peaks are detected, whatever
illumination conditions. This is not the case for aP, visible only when A = 940 nm. This difference can be explained by the different
light penetration depths o' in polySi, associated to each LED. When A = 940 (430nm) nm, o' is close to 6 um (100 nm) in polySi
[19] (inset of Fig. 7). Since g onm > tpolysi, carriers are photo-generated throughout the entire TR layer. In the second case,
0z3onm <K toolysi and electron-hole pairs are only present in the upper part of the polySi layer.
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It means that 1P and 2P peaks are associated to polySi volume traps, while aP, detected only when A = 940 nm, seems to be
associated with one of the two interfaces: polySi/polySi or polySi/HR-Si. It cannot be related to an HR-Si bulk defect since it was
not detected on a bare HR-Si substrate (not shown). As it will be demonstrated in Section VI, we can suppose that this signal comes
from the polySi/HR-Si interface.
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Fig. 7. Effect of A on the PICTS spectrum of TO sample when Vi = 10 V and t, = 20 ms. Inset: illustration of the penetration depths o' inside
the polySi/HR-Si structure.

2) Traps parameters extraction and modeling

For sufficiently low t,, it is possible to separate 1P and 2P contributions. This is illustrated in Fig. 8 when A =430 nm, V,=5V
and t, = 20 ps. Associated Arrhenius plots for those defects are shown in the inset and extracted traps parameters are reported in
Table 1. Because both carrier types are injected during PICTS measurement, there is an ambiguity concerning the captured carrier
type for each trap (i.e. whether one is an electron or a hole trap). Consequently, we indicated both o, for electron and o, for hole
traps. 1P (2P) associated trap has an activation energy of 0.49 (0.40) eV and 6, = 107° (5.3 x 1071%) cm?.
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Fig. 8. PICTS spectrum of TO sample when Vk =10 V, A = 430 nm and t, = 20 us. Two peaks: 1P and 2P are visible from 200 to 300 K and
their Arrhenius plot are shown in the inset. Peak modeling using the discrete trap model of [17] is also presented.

In Fig. 8, we observe that 1P peak is well modeled with a discrete trap model from [17]. 2P is too broad to be represented by a
single level in the polySi bandgap. It could mean that 2P associated trap is not discrete but has a larger energy distribution in the
gap (e.g. Gaussian distribution [20], [21]). Another possibility is that 2P is linked to a sum of closely spaced discrete levels. We
think the second hypothesis is valid because it is possible to model PICTS spectra between 200 and 300 K using the same set of
discrete trap levels.

This result is shown in Fig. 9 on two spectra measured for t, = 20 pus and 1 ms when A =430 nm. In all fitted curves, only the
amplitude of each peak is allowed to change, the position for each peak is the same for all curves. Four peaks, named 1P, 2Pa, 2Pb
and 2Pc, are sufficient to model the spectrum. Fitting parameters are summarized in Table 1. Peak 2P was separated in three peaks
called 2Pa, 2Pb and 2Pc. 2Pb was modeled with the same trap parameters (Ea, 6;) as 2P. We made the hypothesis that 2Pa and
2Pc’s capture cross-sections were the same and equal to 6Z¥, which yields E22 = 0.38 eV, E2P> = 0.41 eV and EZP¢ = 0.44 eV.
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Fig. 9. Curve fitting of TO PICTS spectrum from 200 to 300 K for t, = 20 ps (inset) and 1 ms when A =430 nm. Four discrete peaks (1P,
2Pa, 2Pb and 2Pc) are used to model the spectrum.

Ei‘;gi‘;‘)‘(‘l’“ Tyea [K] E, [eV] o, [cm?] o, [cm?] Localization
P Arthenius plot 269 048520015 | 1.0£0.1x10° 33£02x107° polySi
2P Arthenius plot ~ 235 0399%0.015 | 5.3£03x 107 1.70.1x 107 polySi
2Pa Curve fitting 219 0.38 53x107° 1.7 x 107° polySi
2Pb Carve fitting 235 0.41 53x 107 1.7 x 1070 polySi
2Pc Curve fitting 251 0.44 53x 107 1.7x 1070 polySi

Table 1. Traps parameters associated with TO and T900 samples. Tpeak is only valid when to =5 ms and Tw = 100 ms.

B. Evolution of detected traps with anneal

The effect of anneal on the PICTS spectrum of LPCVD polySi is shown in Fig. 10 for (a) TO and (b) T900 when Vr = 10 V and
A =940 nm. Filling time was chosen in such a way that bulk traps (from 200 to 300 K) are saturated. Curve fitting for the different
discrete levels are also shown, using traps parameters of Table 1.

T900 spectrum envelope is also well modeled using the discrete traps parameters determined for TO sample. Only relative peak
intensities in each spectrum have changed. This suggests that neither the annealing process nor contamination (Fig. 4) altered the
trap signature of the detected traps (i.e. the peak position), meaning that these are the same defects. This is corroborated by the
similar saturation times observed for both volume traps — around 80-100 us for both samples — indicating that the capture cross-
section of these traps did not change during annealing. However, the reduction in peak intensities implies that the annealing process
has affected the concentration of the traps.
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Fig. 10. PICTS spectra measured on (a) TO and (b) T900. Other measurement conditions are Vr = 10 V and A = 940 nm. Curve fitting for 1P,
2Pa, 2Pb and 2Pc is also shown. Inset: evolution of (a) TO and (b) T900 polySi/HR-Si interface traps contribution as a function of t,.

The evolution of interface traps (T < 200 K) with anneal is illustrated in the insets of Fig. 10. In (a), a large peak labeled oP is
observed and saturates for a t, close to 10 ms. In (b), aP is significantly reduced and another defect, labeled PP, is dominant near
100 K. The peak position of BP shifts by about 30 K between t, = 50 and 100 ps, meaning it should also be a trap with energy
continuously distributed in the gap [22], [23].
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From the relative intensities observed in both spectra, it is likely that BP was already present in the TO sample but masked by
the much stronger aP signal. In T900, BP reaches an amplitude of approximately 0.06 nA, while in T0, the total PICTS signal in
the same temperature range is around 0.11 nA, suggesting a possible superposition of aP and P. In TO, aP likely extends down to
at least 100 K and the peak saturation time is that of aP, around 10 ms, whereas P saturates near 80 ps in T900 — two order of
magnitude lower.

These observations indicate that the interface traps are composed of at least two distinct defects: aP and BP. The annealing
process affects them differently: oP shows a stronger reduction in intensity after the 900°C treatment than P, suggesting a different
origin or passivation mechanism. It would be valuable to study the exact energy distribution of oP and P, as was done for volume
traps 1P and 2P.

The annealing result presented in Fig. 10 is particularly noteworthy because no apparent morphological modification was
observed within the polySi volume, or at the polySi/polySi and polySi/HR-Si interfaces in the TEM images shown in Fig. 3.
Further insight into the nature and passivation mechanisms of these traps would require a more detailed investigation, including
variations in process conditions (e.g., polySi deposition parameters, annealing conditions, or other fabrication-related steps), and/or
correlation with complementary characterization techniques.

VI. Discussion

A. About the origin of detected volume traps

In the literature, the electrical activity of grain boundaries (GB) inside Si has been studied by several means:
e in a polySi, where GBs are naturally present [24], [25], [26], [27], [28];
e on a bi-crystal with a unique GB [29], [30], [31];
e on two bonded Si with different crystallographic orientations creating also a unique GB [32], [33].
In the first case, depending on the size of the electrodes relatively to the grain size, it is possible to isolate the electrical contribution
of a unique GB [24], [25]. Otherwise, the trap activity consists on a sum of the different GBs participating in the monitored current
[26], [27], [28].

Several studies show that the origin of GB electrical activity is complex and depends on both intrinsic and extrinsic parameters
[34], [35]. Intrinsic parameters are related to the structure of the GB itself: GB plan orientation and misorientation angle. Those
two parameters define the electronic structure of the GB through the presence of dangling and distorted bonds. Dangling bonds
introduce deep levels inside the Si bandgap. Distorted bonds do not directly introduce deep levels but can attract contaminants (e.g.
Fe, Au or Cu) by acting like a potential well. Those contaminants, with their associated deep levels, will give an extrinsic
contribution to the GB electrical activity [30], [36], [37].

By comparing our results in the inset of Fig. 8 with the literature associated to GBs or deposited polySi, it was found that 1P
trap signature could correspond to the level signature detected by [24] for a particular GB structure (X9 in [24]) inside polySi. This
defect is a hole trap with an activation energy of 0.51 eV and a capture cross-section associated to holes of 2.7 x 10-'3 cm™. By
careful TEM investigations, [38] also highlighted the importance of both £3 twins (or nanotwins) and X9 grain boundaries to the
substrate RF performances. Even if no correspondence was found for the other detected levels in the literature, a plausible
hypothesis for the remaining detected levels in TO (and T900) is that they are related to different grain or twin boundaries structures
as there are no other sources of defects.

B. About T0O and T900 RF performances

TO RF performances are explained through polySi deposition that introduces several deep levels (1P, 2Pa, 2Pb and 2Pc¢ peaks)
inside the Si bandgap. Those traps pin the Fermi level inside the TR layer in close vicinity with those defects’ energies. This
prevents the formation of the PSC layer that strongly degrades both perr and H2 FoM (Fig. 2 for HRO). Moreover, because of FLP,
both pesr and H2 are nearly independent of the applied Vpc.

After 900°C anneal, the trap density is still sufficient to ensure FLP, as demonstrated by H2’s independence to Vpc (Fig. 2).
Observed RF performance degradation can be explained by combining SIMS (Fig. 4), SRP (Fig. 5) and PICTS (Fig. 10) data.
SIMS shows uniform boron contamination in the TR layer. SRP exhibits a stronger resistivity reduction close to the polySi/HR-Si
interface than in the polySi volume, suggesting a larger trap density reduction near the polySi/HR-Si interface. PICTS
measurements revealed that both volume and interface traps densities inside the polySi layer were reduced. Those observations
support the idea that aP and BP peaks originate near or at the polySi/HR-Si interface, and not from the polySi/polySi one. Moreover,
[38] also shows a distinct family of defects composed of nanosized grains (< 100 nm) just above the polySi/HR-Si interface,
contrasting with the larger grains (ranging from 100 nm to 1 pm) present in the polySi volume. Maybe it is possible that those
nanosized grains annealed faster than the larger grains, degrading SRP resistivity close to the interface.

T900 RF performance can thus be understood by separating the TR contribution in two parts:

e Inside polySi, near to the TR/oxide interface: volume traps density is still high enough for FLP, despite introduced
contamination, and ensures that both perr and H2 are Vpc independent (Fig. 2);
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e (Close to the polySi/HR-Si interface: interface traps and volume traps densities are not important enough to
counterbalance free holes coming from boron doping and a conductive layer is present. This conductive layer leads pesr
(H2) to lower (higher) values.
A similar result was observed in [39], [40] for a boron contaminated polySi (after anneal) and was reproduced by RF simulations
considering both FLP inside the TR layer and the presence of a conductive layer at the TR/HR-Si interface.

VII. CONCLUSION

Several TR/HR-Si RF substrates with different thermal budgets and contamination levels have been characterized by associating
different measurement techniques giving complementary information on the polySi layer such as morphology (TEM),
contamination (SIMS), resistivity (SRP) and traps (PICTS).

By varying light penetration depth, two traps’ populations were detected by PICTS: deep levels near the polySi/HR-Si interface
and deep levels inside the polySi volume. Trap parameters (Ea and o;) were determined by both peak position and curve fitting.
Detected levels were attributed to different grain boundaries obtained by the polySi deposition process. For interface traps, a 900°C
anneal is sufficient to observe an important density reduction of this defect population. A similar result was also observed by SRP
measurement. This non-uniform trap density reduction, in addition to boron and phosphorus contamination, explains TR/HR-Si
RF performances for different annealing steps (no anneal and 900°C, 2 hours).

To conclude, we showed that PICTS gives complementary results to the usually applied TEM, SIMS and SRP techniques to
help us explain TR/HR-Si RF behavior. PICTS non-quantitative aspect for N; determination could be overcome by curve fitting
between RF measurement and TCAD simulation.
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