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ABSTRACT

Hyperdoped silicon is a promising material for near-infrared light detection, but to date, the device efficiency has been limited. To optimize
photodetectors based on this material that operate at room temperature, we present a detailed study on the electrical nature of gold-hyper-
doped silicon formed via ion implantation and pulsed-laser melting (PLM). After PLM processing, oxygen-rich and gold-rich surface layers
were identified and a wet etch process was developed to remove them. Resistivity and Hall effect measurements were performed at various
stages of device processing. The underlying gold-hyperdoped silicon was found to be semi-insulating, regardless of whether the surface gold
was removed by etching or not. We propose a Fermi level pinning model to describe the band bending of the transformed surface layer and
propose a promising device architecture for efficient Au-hyperdoped Si photodetectors.
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I. INTRODUCTION within the hyperdoped layer (10-800 ps).””'” We have recently sug-
gested that the NIR light detection efficiency in Au-hyperdoped Si
devices at room temperature (RT) can be improved with an opti-
mized device architecture.'’ To achieve this, accurate knowledge of
the surface properties and RT electrical characteristics of the
Au-hyperdoped layer is required.

In terms of the surface properties, it is well known that some
- — ’ - : degree of Au surface segregation will occur during the PLM process
(PLM) to achieve the high 1mEur1ty concentrations required to due to the high interface diffusivity of Au and the low solid solubil-
form an IB (6 x 10" em™* for Si'). ity of Au in the solid phase of Si as compared to its liquid

Among the various transition metal impurities explored to phase.”'* This phenomenon is well evidenced by Rutherford
date, gold (Au) is the only impurity that can be homogeneously  packscattering spectrometry and ion channeling (RBS-C) and sec-

Hyperdoped semiconductors contain an intermediate band
(IB, a.k.a. impurity band) within the bandgap that can be employed
to efficiently absorb light with below bandgap energies and are
promising candidates for Si-based near-infrared (NIR) photo-
detectors.'” These materials are typically fabricated by ion implan-
tation of a suitable impurity followed by pulsed laser melting

hyperdoped in mono-crystalline Si up to concentrations of ondary ion mass spectrometry measurements.””'"'* It is also
10 cm™?, above which filamentary breakdown takes place.””  expected that the Si surface may become oxidized during the PLM
Other impurities qtend to segregate completely or exhibit filamen-  process. This will greatly impact the quality of metallic contacts
tary breakdown.”" Despite showing broadband NIR optical absorp- formed directly on the Au-hyperdoped Si. In turn, this can compli-
tion and photoresponse, Au-hyperdoped Si detectors have an cate interpretation of near-surface electrical measurements.

extremely low quantum efficiency (< 0.01%),” which has been As for the electrical properties of Au-hyperdoped Si, a
attributed to poor carrier transport and carrier lifetime properties number of reports have suggested that Au-hyperdoped Si is p-type

J. Appl. Phys. 135, 095704 (2024); doi: 10.1063/5.0196985 135, 095704-1

© Author(s) 2024


https://doi.org/10.1063/5.0196985
https://doi.org/10.1063/5.0196985
https://pubs.aip.org/action/showCitFormats?type=show&doi=10.1063/5.0196985
http://crossmark.crossref.org/dialog/?doi=10.1063/5.0196985&domain=pdf&date_stamp=2024-03-04
https://orcid.org/0000-0002-1238-0333
https://orcid.org/0000-0001-6932-8344
https://orcid.org/0000-0002-6953-7207
https://orcid.org/0000-0003-3421-7024
https://orcid.org/0000-0002-4113-8511
https://orcid.org/0000-0002-2174-4178
mailto:qi.lim@unimelb.edu.au
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1063/5.0196985
https://pubs.aip.org/aip/jap

Journal of
Applied Physics

at RT, displaying hole conduction characteristics.””'>'* The earliest
report was by Weman et al."” based on Hall effect measurements of
Au in-diffused n-type Si. More recently, rectifying current-voltage
(I-V) characteristics were reported on Au-hyperdoped Si fabricated
on a n-type Si substrate, while Ohmic behavior was observed when
it was fabricated on a p-type substrate.” The origin of this type
conversion remains poorly understood'® and appears to be in con-
tradiction with the established theoretical understanding of IB
semiconductors.'””™"” In the context of Au-hyperdoped Si, it is
well known that Au introduces two deep levels in the Si bandgap
(> 3kT), located at Epyq — E, =0.35eV and E. — Eay,
= 0.53 ¢V, respectively [where E,. are the Si valence/conduction
band (VB/CB) edges].'” These deep lying Au states are not expected
to ionize at RT and contribute to conduction. Rather, a Au-IB is
expected to form near midgap and the Au-hyperdoped layer’s
Fermi level is expected to be located within the IB."”

Here, we investigate the impact of the surface on the measured
electrical characteristics of Au-hyperdoped Si formed by ion
implantation and PLM. We first focus on the physical surface prop-
erties of Au-hyperdoped Si. Wet etching experiments are combined
with RBS-C measurements to gain a better understanding of the
Au-hyperdoped Si surface. Van der Pauw resistivity and Hall
measurements are then reported. Finally, we discuss the origin of
the so-called anomalous n-to-p type-conversion phenomenon
described above.

Il. EXPERIMENTAL METHOD

Au-hyperdoped Si samples were fabricated by ion implanta-
tion and PLM as described in our previous works.””'? Briefly, Au*
ions at 300 keV were implanted into a semi-insulating float-zone Si
substrate (sourced from Topsil Global Wafers, p > 10kQcm,
(100), 310-340um thick) held at 77K at an ion fluence of
10 cm™2. The high resistivity ensures that a doped surface
remains electrically isolated from the substrate. Indeed, this behav-
jor has been confirmed with implanted Bi on similar substrates.”’
During implantation, the Si substrate was tilted by 15° and rotated
by 7° to minimize ion channeling. PLM was then performed with a
single 6 ns pulse of the third harmonic (355 nm) of a Nd:YAG laser
(Ekspla) over a 2.5 x 2.5 mm? aperture to a nominal fluence of
0.85 + 0.05]/cm?. A schematic of the PLM process and sample
cross section after PLM together with the resultant Au concentra-
tion profile is shown in Fig. 1. The melt duration was monitored
using time-resolved reflectivity with a 488 nm Ar™ ion laser. The
PLM was tiled in a 2 x 2 configuration with a slight overlap to
create a single Au-hyperdoped Si sample with an area just under
5 x 5mm?. The sample was then diced along the perimeter of the
PLM region into a 4 x 4 mm? chip with an Oxford Lasers ALPHA
532-XYZ-A-A Laser Micromachining Tool to electrically isolate
it from the surrounding amorphous Au-implanted region. All
samples were then subjected to sonication in acetone, IPA, and
DI-H,O, followed by various wet etch procedures described in
Sec. IIT A.

The surface chemical composition of the Au-hyperdoped Si
sample was characterized with Rutherford backscattering spectrom-
etry with ion channeling (RBS-C). A 1 MeV He% ion beam was
directed onto the sample surface and the backscattered ions were
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FIG. 1. (a) Schematic of the PLM process. Rapid solidification and liquid phase
epitaxy (LPE) occurs within hundreds of nanoseconds following the laser pulse.
(b) Sample cross section after PLM, showing the O-rich layer at the surface
(blue), the Au-rich layer (orange) underneath due to Au surface segregation
from PLM, and the underlying Au-hyperdoped layer (yellow). The Au concentra-
tion [Au] distribution is shown as a black trace shaded white (data are the same
as that shown in Fig. 2 labeled “as-PLM’).

detected with a solid state detector placed at an angle of 6 = 170°.
The detector resolution is around 15 keV.

RT electrical resistivity and Hall effect measurements were per-
formed on companion samples (without any RBS-induced damage)
after various wet etching processes (described in Secs. III A
and III B). For contact formation, sample electrodes were placed at
the corners of the device in a van der Pauw configuration. The elec-
trodes were formed with electron beam evaporation of Al through
a shadow mask. All measurements were performed at RT under
dark conditions. The four-terminal I-V measurements were made
between + 1.0 1A with each possible contact combination to account
for any device asymmetries. All devices exhibited linear I-V curves
with a R-squared correlation value between 0.998 and 1.0, indicating
that the contacts are Ohmic in nature. The two-terminal resistance
extracted from the slopes of these I-V curves, Ry, ranged between
1.73 and 2.83 MQ.

The Hall measurements was conducted with B-field sweeps
between +1.0T, in steps of 0.1 T. The Hall parameters, Ry (sheet
Hall coefficient), n; (sheet carrier concentration), and u, (sheet
mobility), at a particular B-field magnitude are then calculated by
averaging over the positive and negative field values.

Ill. RESULTS AND DISCUSSION
A. Surface etching experiments

To electrically contact the Au-hyperdoped Si effectively, a
series of wet chemical processes were investigated. Figure 2(a) sche-
matically shows the samples after each processing step. A Si sub-
strate with a native surface oxide [Fig. 2(a)(i)] was implanted with
Au and PLM processed [Fig. 2(a)(ii)] as described above.
Afterward the sample was cleaned in Piranha (10 min in H,SO4:
H,0, = 4:1 at 90°C), dilute HF (5%, 10s), and RCA2 (10 min in
HCL:H,0,:H,0 = 1:1:5 at 90°C). A longer HF etch was performed
for 60s [Fig. 2(a)(iii)]. This was followed by a Au etch process,
which involves repeatedly etching (three times) in HF for 45-60s
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FIG. 2. (a) Schematic cross sections of samples after various processing steps:
(i) Si substrate with native oxide (pristine); (ii) after Au ion implantation and
PLM, i.e., “as-PLM” Au-hyperdoped Si [same as Fig. 1(b)]; (iii) Au-hyperdoped
Si sample in (i) after 60s etch in dilute HF; (iv) sample (i) after Au etch.
(b) Au concentration profiles of as-implanted, as-PLM, and Au-etched samples,
calculated from their respective RBS spectra with the RUMP RBS simulation
and analysis software package.”' The difference between the RBS random (ran)
and channeled (ch) spectra represents the fraction of substitutional Au in the Si
lattice. (c) Integrated RBS yield of the surface O and Au signals (normalized by
the total collected charge) after different stages of sample processing depicted
in (a). These O and Au integrated yields are directly proportional to the O and
Au concentration at the surface, respectively. The integration region used to
measure the surface Au yield is highlighted in orange in (b).

followed by an 8 min aqua regia etch (3:1 of HCl and HNOs3)
[Fig. 2(a)(iv)].

The surface Au depth profile determined from RBS is pre-
sented in Fig. 2(b). The as-implanted Gaussian-like profile has a
projected range of 110 nm. PLM causes a large concentration of Au
to segregate at the surface while the bulk Au concentration reduces
by a factor of two. After HF and Au etches [Fig. 2(a)(iv)], the Au
surface peak decreases to a concentration that is below the
maximum concentration in the bulk (4 and 7 x 10 cm~3, respec-
tively). Importantly, the surface Au is observed to be partially sub-
stitutional after Au etching (38 + 2%) as indicated by the
difference in the random and channeled RBS spectra [solid red and
hollow yellow data in Fig. 2(b), respectively], noting that in RBS-C,
a random measurement detects the total Au in the substrate while
a channeled measurement detects the non-substitutional compo-
nent of the Au. There are several possible reasons that may contrib-
ute to the apparent substitutionality of surface Au: (1) limited
depth resolution of our RBS-C instrument makes it difficult to
resolve Au that is between the surface oxide and underlying Si
from Au that is incorporated within the first few nm of the under-
lying Si, which may be partially substitutional; (2) a small amount
of surface Au that is not in the Si lattice may have agglomerated lat-
erally and these agglomerates (small precipitates) may be partially
aligned with the underlying Si crystal; (3) some of the Au atoms
may have formed small zones of Au-Si eutectic alloy at the surface

ARTICLE pubs.aip.org/aip/jap

which may also exhibit some alignment with surrounding and
underlying Si.” Substitutional Au is a key requirement for optical
and electrical activation of Au in the hyperdoped layer.”’ It is,
therefore, critical to develop methods to remove the surface Au
layer, which will enable direct access to the Au-hyperdoped layer in
the bulk component of the profile where the Au substitutional frac-
tion is substantially higher (79.8 + 0.4%). We further note that a
triangulation procedure along three crystallographic axes is typi-
cally required in RBS-C to determine substitutionality unequivo-
cally, and that the channeled measurement shown in Fig. 2(b) was
performed along the (100) direction only. Thus, the Au substitu-
tional fractions reported in our work serve only as a first
approximation.

Figure 2(c) shows the integrated O and Au concentrations at
the Si surface determined by RBS. It is observed that the PLM
process results in an increase in the surface oxide thickness
[denoted as a blue layer in Fig. 2(a)(ii)]. This is consistent with our
previous reports in Ag-hyperdoped Si.* Other than the high tem-
peratures experienced by the Si during PLM in atmosphere, oxida-
tion may also result from Au and Ag acting as oxidation catalysts
in Si.”>”’ A HF etch of 60 s is shown to remove this oxide. We find
that at least 45s of HF etching is required for its removal and
greater than 60s did not appear to reduce the O content any
further. The small persisting O signal is presumably due to near
surface O beneath the surface and/or oxide regrowth during sample
transport between the HF lab and the RBS sample chamber.

As observed in Fig. 2(b), a large concentration of Au also seg-
regates to the surface during PLM [orange layer in Figs. 2(a)(iii)
and 2(b)]. The depth resolution of the RBS detector is not high
enough to determine the exact composition of these surface layers
and whether they are intermixed. However, we find that, although
the 60 s HF etch is sufficient to remove the surface oxide, there is
no corresponding change in the Au concentration [Fig. 2(c) step
(ii) to (iii)]. This suggests that the Au is not necessarily embedded
in the oxide layer, but rather located underneath the surface oxide,
possibly near the Si/SiO, interface.

A Au etch process was then performed after the 60 s HF using
an 8min aqua regia etch, which is strongly oxidizing. This
HF-aqua regia etch sequence was repeated three times. The Au
surface concentration was observed to gradually decrease after each
successive step. The final surface profile after three etch repetitions
was found to reduce by a factor of over two, as shown in Figs. 2(b)
and 2(c).

Importantly, we find that a similar reduction in the surface Au
concentration is not possible with either HF or aqua regia alone, at
least for up to a 30 min etch duration as confirmed with RBS mea-
surements (not shown). Specifically, samples were etched in aqua
regia for durations ranging from 2 to 30 min. After about 8 min of
etching in aqua regia, the surface Au peak did not decrease further.
Simultaneously, the surface oxygen peak increased with increasing
etch duration up to the 8 min mark as a result of the strongly oxi-
dizing HNO; (this oxidation may also be enhanced by the presence
of the Au which may act as a catalyst for oxidation of Si****). This
further suggests that the segregated surface Au exists within the Si
rather than the surface oxide. Thus, etching the surface Au is
limited by the re-oxidation of the surface during the aqua regia
process after 8 min. Alternating an aqua regia etch with relatively
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long HF etching is therefore key to removing the surface Au. This
process allows fine control over the etching of the surface, enabling
direct electrical connection to the underlying Au-hyperdoped Si
layer. Finally, we note that our previous reactive ion etching experi-
ments'' were less successful at removing the surface segregated
gold than the wet etching process presented here, for reasons that
remain elusive.

B. Electrical measurements

Three van der Pauw samples were prepared for resistivity and
Hall effect measurements, including an intrinsic Si sample [sub-
strate control, Fig. 2(a)(i)], Au-hyperdoped Si sample after 60s
etching in dilute HF [HF 60's, Fig. 2(a)(iii)], and Au-hyperdoped Si
sample after the Au etch procedure [Au etch, Fig. 2(a)(iv)]. Before
the evaporation of the Al electrodes, these samples were further
etched in dilute HF to remove the surface oxide (otherwise, the
1-V characteristics of our devices become non-linear). In short,
after device processing, the surfaces of our three devices consist of
either a clean Si surface, Au-hyperdoped Si with a significant Au
segregated surface, or Au-hyperdoped Si with a greatly reduced Au
segregated surface.

The resistivity and Hall results are summarized in Table I. The
sheet values (cm~2) are shown instead of the bulk values (cm~3)
since the thicknesses of the conductive layers are not well defined.
We note that, for the substrate control sample, at a field of 1T, the
bulk resistivity is p = Ry x t = 37 kQ cm, and the bulk carrier con-
centration is n = ng x t = 1.33 x 10" cm™3, where t = 325um, in
good agreement with the supplier’s specifications.

We now focus on the sign of the Hall coefficients (Rp)
shown in Table I. For the substrate control sample, it is measured
to be negative, indicating that the free majority carriers are elec-
trons. Interestingly, Ry is also negative in our Au-hyperdoped Si
samples (both after HF 60 s and Au etch). One possible explanation
is that Au is acting as an ionizing donor. However, we do not
expect the Au deep donor level, (Epxuq — Ey = 0.35eV) to be
ionized under the experimental conditions applied (RT and dark
conditions). Another more plausible explanation is that we are
measuring the substrate. This is supported by similar van de Pauw
Hall measurements that we performed on Au-hyperdoped Si
samples fabricated on conductive n and p-type Si substrates
(p =1-10Q.cm) (not shown). In both cases, the sign of Ry was
observed to depend on the substrate (positive for the p-type sub-
strate and negative for the n-type substrate). In the context of the
Au-hyperdoped Si samples in Table I, measurement of the

TABLE |. RT sheet resistance and Hall parameters (at [B|=1 T) for substrate
control, Au-hyperdoped Si after 60 s HF [Fig. 2(a)(iii)] and Au-etched [Fig. 2(a)(iv)]
samples. A percentage error of 5% is assumed due to sample geometry correction
factors.

Parameter Substrate control HF 60 s Au etch
R, (kQ) 1130 870 829
Ry (x10% cm?/C) —14.4 —9.58 —9.45
1, (x10° cm™) 433 6.51 6.61
U (cm?/(V's)) 1300 1130 1160

ARTICLE pubs.aip.org/aip/jap

substrate implies that the Au-hyperdoped Si layer is, like the sub-
strate, also semi-insulating, irrespective of whether the surface seg-
regated Au is etched away or not. We note that, if Au-hyperdoped
Si is indeed semi-insulating, it would also imply that electrical iso-
lation from the substrate may not be completely achieved, and,
therefore, the values in Table I may not accurately reflect the exact
values for Au-hyperdoped Si. This lack of electrical isolation
between the hyperdoped layer and the substrate is a known issue
and has been reported in Ti-hyperdoped Si.”* Nevertheless, the
carrier mobility of the substrate clearly decreases after
Au-hyperdoping despite the 50% increase in n,. These trends are
consistent with observations on Ti-hyperdoped Si***’ and were
previously associated with the formation of an IB.”*** Another pos-
sibility is that the Au atoms (and a range of additional defects
introduced during sample fabrication) are acting as efficient scat-
tering and generation-recombination centers.””' "’

C. Fermi level pinning model

We propose a surface Fermi level pinning model and discuss
how it may adequately explain the aforementioned n-to-p-type
conversion phenomena in Au-hyperdoped Si at RT. The surface
band diagram of our Fermi level pinning model is shown in
Fig. 3(a). From theory,"” the Au-hyperdoped layer, which has a
peak Au concentration in the bulk of 7 x 10 cm™ in our work
[Fig. 2(b)], should result in the formation of a partially filled IB in
the Si bandgap located between the two Au deep donor and accep-
tor energy levels. At RT and under the dark measurement condi-
tions employed, we do not expect the IB to be ionized and thus,
the Fermi level will appear within the IB. Note that even though
this Fermi level model agrees well with our observation that
Au-hyperdoped Si is semi-insulating, we acknowledge that this

N @

N
—ofz =
20

(b)

Ec
Eri

______EF

Ev

e 5

FIG. 3. Proposed band diagram under equilibrium conditions (zero bias) of
(@) Au-hyperdoped Si with an interface layer of atomic dimensions (a few A,
either from a mildly oxidized surface or a vacuum layer’) and segregated Au
sandwiched between it and the metal contact (Al); (b) Au-hyperdoped Si directly
in contact with metal, assuming perfectly ideal conditions with no surface states
or band bending. Pink dots represent hole carriers, gray area represents elec-
trons in the Al metal, pink (dark red) area represents empty (filled) states in the
Au-IB, acceptor states due to interaction between Au and surfacefinterface
states are represented by black solid lines. The red solid line represents the
Fermi level (Er) while the intrinsic Fermi level in Si (Er) is represented by
dashed gray lines. The VB/CB edge is indicated by Ev/Ec.
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observation alone does not constitute evidence for the formation of
a partially filled Au-IB nor the location of the Fermi level, as will
be discussed later.

It is well known that surface states can pin the Si Fermi level
at the surface even before contact metalization.”® Furthermore, it
has been previously shown that the segregated Au at the Si/SiO,
interface interacts with surface/interfacial disorder defects to
produce acceptor states at this interface that are within 0.16 eV
from the VB edge,”” noting that these states are not the same as
the bulk acceptor state of Au located at E. — Epy, = 0.53eV. We
believe that Au-related surface acceptor states close to the VB
edge are also present in our Au-hyperdoped Si samples at high
densities. These surface acceptor states are expected in all of our
Au-hyperdoped Si samples before and after the various wet etching
processes described above [i.e., samples depicted in Fig. 2(a)(ii-iv)]
and vary in terms of the acceptor state energy level in the bandgap
and density. The former depends on the specific physical and
chemical nature of the surface, while the latter depends on thesur-
face/interfacial disorder defect and Au densities at the surface/
interface. Due to high density of Au from hyperdoping, these
Au-related surface acceptor states can result in the Fermi level
being pinned to near the VB edge at the surface and subsequent
band bending. This effect is illustrated in Fig. 3(a), where the Fermi
level is assumed to be pinned in the middle of a distribution of
Au-related surface acceptor states. We note that Fig. 3(a) is not a
simulation; it is a simplified sketch of the surface band bending in
our samples to help illustrate our model, and does not account for
other physical effects such as charges due to occupancy of acceptor
states and subsequently induced charges at the metal surface and Si
space charge region.”® A sketch of the band diagram in the ideal
case in absence of surface states and with intimate contacting between
the Au-hyperdoped Si and Al metal is also shown in Fig. 3(b).
Here, the Fermi level is instead pinned to within the Au-IB near
the intrinsic level, as established from theory.'7"9 However, due to
the presence of high concentrations of Au from hyperdoping, we
do not believe that it is possible to eliminate the aforementioned
Au-related surface acceptor states and unpin the Fermi level at the
surface, even after removing the surface segregated Au.

From Fig. 3(a), it is clear that Fermi level pinning causes the
surface bands to bend in the same way as if the surface was heavily
doped with shallow p-type dopants. This enables the formation of
Ohmic contacts to the semi-insulating Au-hyperdoped Si, as sug-
gested by our Hall effect measurements.”’ Furthermore, under our
Fermi level pinning model, it is expected that Au-hyperdoped Si
will be rectifying on n-type Si substrates and Ohmic on p-type sub-
strates, as observed in the literature.””'" In light of recent reports
on Ti-hyperdoped Si in the literature,” it may be beneficial to
perform further measurements on Au-hyperdoped Si at low tem-
peratures to achieve electrical isolation from the substrate and to
confirm the formation of a Au-IB. Additionally, x-ray techniques
may also be employed to elucidate the location of the Fermi level
and provide further evidence that supports the existing theory."”

Finally, in the context of fabricating Au-hyperdoped Si opto-
electronic devices that operate at RT,””" our results suggest that it
may be more fruitful to pursue a lateral device architecture where
Au-hyperdoped Si is fabricated on semi-insulating Si substrates
with separate p and n-type layers, much like a lateral pin junction
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diode. Electron and hole selective Ohmic contacts can then be
made separately to the n and p-type regions, respectively, as sug-
gested also by Ref. 18. Furthermore, considering the low carrier
lifetime and mobility in the Au-hyperdoped Si layer,'* it may
also be beneficial to implement a lateral pin structure with a closely
spaced, interdigitated pattern to reduce the carrier diffusion length
and thus improve photo-detection efficiency.

IV. CONCLUSION

To summarize, the extensive use of the RBS-C technique has
provided us with a better understanding of the surface properties of
Au-hyperdoped Si and has enabled us to develop a reliable wet
etching protocol that removes the enhanced surface oxide and
reduces the amount of surface segregated Au. This allowed us to
gain a better understanding of the electrical characteristics of the
Au-hyperdoped Si at RT and investigate the effect of the Au
surface segregation. Hall effect measurements indicate that our
Au-hyperdoped Si samples are semi-insulating at RT, in agreement
with theoretical predictions. Furthermore, previous experimental
observations of p-type conduction in Au-hyperdoped Si may be a
result of Fermi level pinning at the surface and subsequent band
bending, and/or measurement of the substrate. Additional X-ray
measurements and low temperature photoconductivity measure-
ments may provide a more robust confirmation of theoretical pre-
dictions about the formation of a Au-IB in our samples, the
location of the Fermi level, and whether Au-hyperdoped silicon
will lead to useful applications in optoelectronics. Our work pro-
vides insight into the surface properties of Au-hyperdoped Si and
proposes a method to fabricate Au-hyperdoped Si photodetectors
that operate at RT with improved reliability and efficiency.
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