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ABSTRACT: Metal halide perovskite materials have opened up a
great opportunity for high-performance optoelectronic devices owing
to their extraordinary optoelectronic properties. More than lead
halide ones, stable and nontoxic bismuth halide perovskites exhibit
more promise in their future commercialization. In this work, we
developed for the first time photodetectors based on full-inorganic
Cs3Biylg_(Bry perovskites and modulate their performance by varying
X in the composition systematically. Among those self-powered
photodetectors, those based on Cs3Bi;lgBr3 shows the best
performance with excellent photosensitivity of 4.1 x 10* at Zero
bias as well as the responsivity and detectivity reaching 15 mA/W
and 4.6 x 101! Jones, respectively. More strikingly, the full-inorganic
perovskite photodetectors exhibit excellent stability in the ambient

environment and can maintain over 96% of the initial value after 100 days owing to the high stability of the core
perovskite film. The paper definitely paves an alternative and promising strategy for the design of future
commercial photodetectors that are self-powered, stable, nontoxic, etc.
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INTRODUCTION

Among the important optoelectronic devices, UV detection plays an essential role in biological analysis, space
exploration, environmental sensors, and UV irradiation detections.'™ In the past few decades, UV photodetectors
with wide-band-gap semiconductors have been studied extensively owing to their suitable direct band gap and
low cost, such as (Al) GaN, AIN,*Zn0,>” Ti0,'*"12W0,% etc. However, Group III nitrides 23are usually synthesized
via relatively expensive approaches such as vapor-liquid-solid or epitaxy, which accounts for their high 14,15 cost
and hence hampers their commercial application. On the other hand, those photodetectors based on metal oxide
suffer from persistent photoconductivity (PPC) caused by the surface and bulk deep-level defects,'®'” resulting in
long response tails. Depending on the three-terminal thin-film transistor (TFT) device structure design with
amorphous oxide as a gate, Jeon et al. solved the problem of PPC to a large extent by developing gated
semiconductor photo thin-film transistor (photo-TFT), accelerating the recombination of electrons and ionized

oxygen vacancies with the application of a short (10 ns) voltage pulse to these devices.'® However, the complicated
three-terminal TFT-based devices suffer from high fabrication cost and narrow operation window, which exhibits
the demand to develop facile two-terminal UV detectors using novel optoelectronic materials.

On the other hand, for the past decade, lead halide perovskite materials have attracted extensive attention owing
to their unique optoelectronic properties including high carrier mobility, high optical absorption coefficient, and
long carrier diffusion length!®"?! and have achieved significant progress in photovoltaic devices,** %
photodetectors,?>™?’ light-emitting diodes,’® and so on based on these photodetectors. Interestingly, most
photodetectors based on those perovskite materials have a fast response speed.?®?° For example, the optimized
CsPbIBr,-based photodetector constructed by Bao et al. shows a measured detectable limit of around 21.5 pW/
cm?and a short response time of 20 ns,?’ which exhibit the huge potential of the perovskite-based photodetectors
for optical communication. Because most lead-based and tin-based perovskite materials have narrow band gaps
and their effective photon-to-current responses are limited in the visible and infrared region,””*’ the response to
the purple and ultraviolet light is really poor and it cannot realize a broadband detection covering UV light.>
Moreover, those perovskite materials suffer from severe instability, which remains a big obstacle in their
commercialization,®! in addition to the toxicity issue, especially for lead halide perovskite materials. To address
the above crucial concerns, bismuth halide perovskites were introduced to construct stable and environmental-
friendly UV-vis photodetector devices because of their wide band gap, nontoxicity, and high stability.??"3*
Generally speaking, all- inorganic halide perovskites show higher stability than the organic-inorganic hybrid
ones.* Cs;3Bi,lo, as an all-inorganic lead-free perovskite, has a suitable optical band gap for UV-vis broadband
photodetectors along with superior stability and structure and optoelectronic properties that can be tuned by
changing halide contents.?®3” For instance, replacing some I by Br can lead to interesting phase changes and tune

their band gaps and herein modulate the photoresponse to UV-vis light.>’~3? As far as we know, Cs Bi I Br -based
photo- 3 29-x x detectors are hardly studied and the performance of the devices based on them deserves to be
explored.

In this work, the Cs3Bi,lq_,Br, perovskite films were successfully synthesized and photodetectors based on them
were studied systematically in a device configuration of ITO/ PEDOT:PSS/Cs3Bi,lg_,Br,/Cso/BCP/Ag by varying x
from 0 to 9. The crystallinity, film morphology, and optoelectronic properties of that series of Cs3Biylg_(Bry
perovskite films were characterized systematically, and photodetectors based on them show typically self-power;
the key device-performance indexes were also investigated in detail. Among them, the Cs3Bi,l¢Brz-based
photodetectors show outstanding device performance. Its photosensitivity (S) reaches 4.1 x 10* at zero bias and

the responsivity and detectivity reach 15 mA/W and 4.6 x 10! Jones, respectively. Besides, the response and decay
duration of the device are as low as 40.7 and 27.1 ms, respectively. Moreover, the unencapsulated Cs3Bi,lBrs-

based devices show excellent stability such that its photocurrent remains over 95% after 100 days of exposure in
the ambient environment.

RESULTS AND DISCUSSION



In his work, a series of Cs3Bi,lq_,Br, thin films (x=0, 1, 2, 3,4, 5, 6, 7, 8, 9) were successively prepared via a typical
spin- coating method. The X-ray diffraction (XRD) measurement was carried out to investigate the crystalline

quality and phase transition of those Bi-based perovskite films (shown in Figures 1a and S1). As Figure S1 shows,
the Cs3Bi,lg film has a typical P63;/mmc phase (JCPDS 23-0847), while the Cs3Bi,I¢Br; film belongs to the P3m
phase (JCPDS 44-0714), which has been well analyzed in the previous report.>”*® Similarly, the Cs Bi I Br films
gradually change from the P6 phase of 329-xx3 Cs3Bi,lq (dark yellow line) to the P3m phase of Cs3Bi;I¢Brs (red line)
as the value of x increases from 0 to 9.3’ As our previous paper declares,®’ the kink point turns up at x = 3. That is
because three Br ions are required to occupy the bridging position in the cell and hence form a stable mixed
structure.’®3? Notably, the highest intensity of the (006) peak in the XRD pattern of those Cs3Bi,l¢Br; films
demonstrates the best crystallinity among the series of films. The enhanced crystallinity definitely leads to
improved optoelectronic properties. In the evolution with the increase of x, the obvious red shift of the main peaks
can be ascribed to the reduced lattice constant caused by incorporating Br into the iodine perovskite structure,
which is consistent with the previous reports.?’~3°

Figure S2 shows the typical optical photos of the Cs3Bi,lg_,Bry films. Their colors turn deeper when x increases
from 0 to 3 except for Cs3Bi,IgBr; and become lighter and lighter, which is clearly in accordance with the evolution
of their structure as discussed above and also well discussed.>” Among them, Cs3Bi,l¢Brs is the deepest one due to
the band gap shrinking caused by the phase transition from P65 to P3m.>” Some typical UV-vis absorption spectra
are shown in Figure 1b, while those of all the Cs3Bi,lq_Br, film are collected in Figure S3. Although we reported
already this absorption phenomenon,*” it still should be noted again that Cs3Bi,I¢Br; shows the reddest absorption
edge of ca. 590 nm other than Cs3Bi;lq. Also, the absorption edge of those samples has a successive blue shift when
x changes from 3 to 9. The law is consistent with the color change trend of their corresponding photographs
(Figure S2). The absorption onset of the Cs3Bi,lq_Br, film has an obvious red shift when the x increases to 3 and
then shifts back to ca. 465 nm (black line) as the Br/I increases to 9/0. Among them, the weaker absorption of the
Cs3Bi,lg and Cs3Bi,lgBr, films may suffer from the low crystallinity of mixed phases and poor film coverage.”®

As we know, the film morphology plays an important role in device fabrication and herein performance. The
typical scanning electron microscopy (SEM) images of all of the Cs3Bi,lq_,Br, perovskite films are shown in Figure
1c(l). As the typical hexagonal phase (P63), Cs3Biylg shows cross-composed hexagonal plates in morphology.
P6;/mmc hexagonal phase dominates Cs3Bi,lg and Cs;Bi,lgBry films and has zero- dimensional structure,®®3°
resulting in the growth of cross- grown hexagonal nanosheets in morphology and similar to previous
works.373840-42with [ is replaced by Br in the initial stage, the shape of plates changes from hexagonal to circle
and the vertical growth turns weak. When x reaches 3, the large size plates merge with each other and become a
dense and flat film along with the disappearance of gross nanorods and separate cross-grown flakes. This
unambiguously proves the phase transition at x = 3 (Figure S1) and the evolution of absorption spectra with the
increase of x (Figures S2 and S3). As we

know, the flat and compact film is the prerequisite for device fabrication. So, it is difficult for us to anticipate the
good performance of devices based on Cs3Bi,lg_,Br, with x = 0, 1, and 2. Owing to P3m phase structure, the films

are composed of different sized particles and turn flat (Figure 1f-1), which affords successful device fabrication.
The variation in the film morphology can be ascribed to the changing content of Br in the composition.

Based on those flat and compact films, photodetectors on them were fabricated with a typical device
configuration of ITO/PEDOT:PSS/Cs3Bi,lq_,Br,/Cgo/BCP/Ag (Figure 2a). The ultraviolet photoelectron

spectroscopy (UPS) and Tauc plots of the UV-vis absorption spectra were performed to determine the electronic
structure of the Cs3Bi,I¢Br; film. From the onset of the UPS spectra (Figure S5a), the work functions of the

Cs3Bi,l¢Br; film are determined to be -5.02 eV. Deduced from the tail of UPS spectra (Figure S5b), the

corresponding valence band maximum (VBM) position is located at —=5.72 eV. The Tauc plot of the absorption
spectra of the Cs3Bi,l¢Br; film reveals its band gap to be 2.07 eV (Figure S4). Also, then the VBM and the

conduction band minimum (CBM) of the Cs3Bi,I¢Br; film can be determined to be -5.72 and -3.65 €V,
respectively. The composed band- level diagram of a device based on the Cs3Bi;I¢Br; film is shown in Figure 2b.
The other end of the band gap of the series of films is 2.68 eV, belonging to Cs3Bi,Brg, which means this device
configuration can cover the evaluation of all those Cs3Bi,lq_,Bry films, although they have little difference in the
band-level offset. Figure 2c shows the variation law of photocurrent (I,,) and open-circuit voltage (V,.) with the
change of x in Cs3Bi,lq_,Br,, which are extracted from the corresponding current-voltage curves of those devices



tested under different bias voltages, as shown in Figure S6. Both V. and I,;, of those devices increase along with
the decrease of x. The correlating relationship between V,.and I, can be attributed to the natural relationship
between them, V. =k In(I,,/14), where Iis the dark current.*® The Cs3Bi,l¢Brs- based device shows the best
performance (Figure 2c), which can be ascribed to high crystallinity and compactness of the film obtained shown
in the XRD and the UV absorption spectra.**

As the key performance index, responsivity (R,) reflects the spectrum-dependent response efficiency of a
photodetector to an optical signal and can be express as eq 1

Ion—1Iq
P ()

To further test the device performance, Figure 3a shows dark current and photocurrent (under the white light
with an intensity of 75 mW/cm?) of the Cs3Bi,I¢Brs-based device in a forward scan between -0.5 and 0.75 V. The
dark current is as low as 0.11 nA at zero bias, which demonstrates our Cs3Bi;I¢Brs;-based device can detect weak
light signal, especially in such a broad wavelength. It also exhibits the maximum photosensitivity (S, S = (I, -
14)/14) of 4.1 x 10% at zero bias, which is comparable with the previously reported values of perovskites.**** This
Cs3Bi,lgBrz device shows a short-circuit current (I.) of 4.5 pA and an open-circuit voltage (V,.) 0.61 V under the
illumination of the white light with an intensity of 75 mW/cm? The corresponding dark current is 0.11 nA at an
aperture area of 3.14 mm?, and the dark current density is 3.5 x 10" A/cm? under a zero bias. To examine the
reproducibility of the Cs3Bi,lgBrs-based device, the photo- currents and dark currents of a batch of 12 devices
were collected and are shown in Figure 3b. The former varies from 3.5 to 6.1 pA, while the latter changes from

75 to 360 pA. The average values of the photocurrent and dark current are 145 pA and 4.7 pA, respectively, as
red and black dashed lines. This result confirms the good reproducibility of the Cs3Bi,IsBr3- based devices.

Figure 3c shows the light-density-dependent photocurrent. As we know, the photocurrent follows the equation
Iph= kP® where I is the photocurrent, k is the constant at a specific wavelength, P;, is the incident light
intensity, and the exponent 6 is found to be 0.61 for the Cs3Bi,I¢Br;-based photodetector. The departure of the
exponent from unity (0.5 < 0 < 1) indicates a complex process of electron-hole generation, separation, trapping,
and recombination within the device.>**® This result proves that our Cs;Bi,l¢Brs-based photodetector exhibits

apparent inten- sity-dependent characteristics, and a higher light intensity results in a larger photocurrent. The
intensity of each wavelength slot is different for the whole spectrum, which

where I, is the photocurrent under light irradiation, I4is the dark current, and Py, is the incident light intensity.
The responsivity test was conducted under a bias voltage of 0 V and stimulated by a monochromatic light source.

The responsivity of those Cs3Bi,lq_,Br,-based (x =3, 4, 5, 6, 7, 8, 9) photodetectors are shown in Figure 2d.
Beyond any questions, the Cs3Bi,[¢Brs-based device shows an outstanding R, compared with the other ones. The
R, intensity of the Cs3Bi,l¢Brs-based device reaches 0.015 A/W around 400 nm with a broad span of nearly 100
nm, which is 10 times that of the Cs3Bi;I;Br,-based device and even 2 orders larger than that of the following five
kinds of devices (x =5, 6, 7, 8, 9). That can be definitely attributed to high and pure crystalline, good film quality,
and well-matched band-level alignment in devices. If we check those responsivity spectra carefully, as the inset
shows, the peak of each spectra shifts from ca. 320 to 400 nm when x decreases from 9 to 3, which isin
accordance with the optical band gap of each Cs3Bi,lq_,Br, material (Figure 1b). Interestingly, their detecting

spectra turn broader and broader with decreasing x. Also, the optimal Cs3Bi,I¢Brs;-based device can detect

almost the spectra from 300 to 600 nm, which is the typical visible and near-ultraviolet light. This function
becomes more powerful because it is self-powered in their applications. definitely influences the detectivity of
each wavelength photon. As an important parameter, the detectivity (D*) reflects the detection capability of a
photodetector, which can be expressed as eq 2

R31/2



D*= A
(2ely) (2)

where R, is the responsivity, I4is the dark current, S is the effective area of light irradiation, and e is the value of
the electronic charge. Figure 3d shows the responsivity and detectivity of the Cs3Bi,I¢Brs-based photodetectors.
It is obvious that the detectivity follows the change in responsivity. When the maximum responsivity (~15
mA/W) stays at the wavelength of 410 nm, the detectivity also turns up at this point with a value of 4.6 x 10'?
Jones. The broad and high detectivity along the wavelength span from 300 to 600 nm exhibits its promising
application in the broadband region including both near-UV and visible spectra. Especially the result of the
detection of UV light shows that our Cs3Bi,I¢Brs- based photodetector is competent and even superior to the
traditional wide-band-gap photodetectors.®>”'>% A summary of the main device-performance parameters of the
Cs3Bi,lgBr; photodetectors is collected in Figure S7. As summarized in Table S1, the average values and the
standard deviations of the photosensitivity, responsivity, and detectivity of a batch of 12 1/2 Cs3Bi;I¢Brs

photodetectors are 3.86 x 10* (1.47 x 10%), 13.7 1111

The response speed is another critical parameter of photodetectors. As shown in Figure 4a, the photocurrent of
the Cs3Bi,l¢Brs-based photodetector is observed to be uniform and repeatable at a zero bias with the light on/off
switching radiation at an interval of 10 s under the wavelength of 375 nm, which indicates that the
photodetector has no degeneracy effect with the ability to work continuously. Figure 4b,c records the rise and
decay times of the Cs3Bi,I¢Brs;-based photo- detectors, respectively. The rise time (t,) is defined as the duration
of the photocurrent increasing from 10 to 90% of the maximum photocurrent, while the decay time (tg) is
defined as the time of the inverse course. The former and the latter are determined as 40.7 and 27.1 ms,
respectively. Because Cs3Bi,I4Brs-based photodetectors are not affected by the PPC effect, the response speed of
our detector is obviously superior to that of the metal-oxide-based UV photodetec- tors.>” Even among lead-free
perovskite-based photodetectors, it is still competitive.?”* In fact, the actual response speed of the
photodetector should be faster than the results due to the limitation of the reaction time of the switching light
source time. As illustrated in Figure 4d, the Cs3Bi,I¢Brs;-based photodetectors were radiated for hundreds of
on-off cycles at ambient conditions. The obtained photocurrents showed a negligible decrease, indicating that
the Cs3Bi,l¢Brs-based photodetector has a repeatable, stable response with good electrical stability.

To further investigate the reliability of our Cs3Bi,l¢Brz-based devices, the long-term stability of the devices and
the full- inorganic perovskite film were tested, and the results are shown in Figure 5. Here, it should be noted
that our device and perovskite film are without any encapsulation and stay in an ambient environment with the
humidity of 25-40% and the temperature around 25 °C. As shown in Figure 5a, the photocurrent of the
Cs3Bi,l¢Brz-based photodetector drops from 4.56 to 4.4 mA after 100 days, maintaining over 96% of the original
value, which indicates the excellent stability of the devices. Meanwhile, to discriminate the stability of the core
perovskite film, the absorption of the Cs3Bi;I¢Br; film characterized by the UV-vis spectrometer shows negligible
change after storage of 100 days in ambient conditions (Figure 5b). This exhibits the high stability of our Cs Bi
Br films and herein accounts for the remarkable stability of the correspond- ing devices. Besides, Figure S8
shows the typical absorption spectra of the pristine and the aged Cs3Bi,lq_,Br, films with x = 0, 3, and 9 after
storage of 100 days. The aged films show negligible degradation in absorbance under the ambient environment.
This shows that our Cs3Bi,lq_(Br, films are highly stable in an ambient atmosphere.

CONCLUSIONS

In summary, we successfully synthesized a series of full- inorganic Cs3Bi,lq_,Br, perovskite films by varying x

and investigated their optoelectronic property variations along with the evolution of their phase structures and
film morphologies. A highly crystalline and continuous flat film of the Cs3Bi,lq_,Br, perovskites with x changing

from 3 to 9 can be obtained, and Cs3Bi,lsBr; owns the best photodetecting performance among them. The
performance of the Cs3Bi,lsBr3;-based photodetectors was studied including responsivity, photosensitivity,
detectivity, on/off speed, etc. The Cs3Bi,I¢Brs;-based photodetector shows a short-circuit current of 4.5 pA and an
open-circuit voltage of 0.61 V under the illumination with the white light of 75 mW/cm?intensity, demonstrating
that it is a typical self-powered device. At the zero bias, the average photocurrent value is 4.7 pA, while the dark
current is 145 pA. The photosensitivity reaches 4.1 x 10* at the zero bias. Its responsivity and detectivity reach
15 mA/ W and 4.6 x 10! Jones, respectively. Besides, the response and decay duration for the device are as low
as 40.7 and 27.1 ms, respectively. More interestingly, the full-inorganic perovskite photodetectors exhibit



excellent stability in the ambient environment and can maintain over 96% of the initial value after 100 days,
which is attributed to the high stability of the core perovskite film. The Cs3Bi,I¢Br;reported in this paper

definitely offers an alternative and promising strategy for the design of future commercial photodetectors with
such merits

EXPERIMENTAL SECTION

Materials. All reagents and materials were purchased from Sigma- Aldrich or Alfar Aesar and used as received without any
further purification. Indium tin oxide coated glass (ITO glass) and bare glass were bought from Shenzhen Lihe Thin Film Co.
Ltd.

Film Preparation and Characterization. To synthesize of the series of Cs3Bi,lq_,Br, perovskite films with x ranging from 0 to 9,
10 kinds of precursor solutions were prepared according to the stoichiometric composition of each element, with specific
information shown in Table S1. The blended powder was added to a mixed solvent of dimethylformamide (DMF) and
dimethyl sulfoxide (DMSO) in a ratio of 4:1 and then stirred overnightin a N, glovebox at room temperature. Simultaneously,
the ITO glass or the bare glass was ultrasonically washed with deionized water, acetone, isopropanol, and ethanol
successively in a duration of 15 min and then dried with nitrogen gas, followed by the treatment of ozone plasma for 20 min.
The series of films were deposited on the clean substrates via spin-coating the above precursor solutions at a speed of 3500
rpm for 50 s in a N, glovebox, followed by postannealing at 200 °C for 10 min.

X-ray diffraction (XRD) spectra were collected using a Rigaku MiniFlex600 X-ray diffractometer (Cu Ka, 1.5406 A). The
absorption spectra were obtained from a UV-vis—-NIR spectrometer (Perkin Elmer, Lambda 950). The top-view and cross-
sectional morphology of the perovskite films were analyzed by a TESCAN MIRA3 scanning electron microscope. The UPS and
X-ray photoelectron spectroscopy (XPS) measurements were performed on ESCALAB 250Xi, Thermo Fisher (using an Al Ka
X-ray source) under a high vacuum (10~° mbar). For work function measurement with UPS, 10 V bias was applied and Au as a
reference.

Device Fabrication and Characterization. The patterned ITO glass substrates were cleaned in an ultrasonic bath using
detergent, deionized water, ethanol, acetone, and isopropanol for 20 min, respectively. Then, they were treated with UV-
ozone plasma in a duration of 20 min. After that, the clean ITO substrate was coated with the PEDOT:PSS thin film with a
thickness of around 30 nm at a spin speed of 6000 rpm for 30 s in the ambient environment, followed by 140 °C
postannealing for 10 min.

After that, the Cs;Bi,lq_,Br, perovskite precursor solution was spin- coated on the substrate at a speed of 3500 rpm for 50 s
and then annealed at 200 °C for 10 min under ambient conditions. Finally, the device was formed by thermal evaporating Cg,
(25 nm), BCP (8 nm), and Ag (100 nm) on the surface of the Cs;Bi,l,_,Br, perovskite film successively.

Electrical and photocurrent measurements were carried out by a semiconductor characterization system (Keithley 4200-
SCS) inte- grated with a monochromatic system (Omin-13005) and light source (LSH-500). The I-V curves were measured
with a sweep voltage from -0.5 to 0.8 V with a step of 0.01 V in the dark or under the illumination of the white light or
monochromatic light. The spectral response of the photodetectors was measured with wavelengths from UV to visible
(300-600 nm) at a zero bias. The time-dependent photoresponse curves of the device were measured using a chopper to
turn on/off the uniformly adjustable semiconductor characterization system under the voltage of 0 V with an interval of 10 s.
The devices were covered with some typical mask with an aperture area of 3.14 mm?, and all of the measurements were done
after exposure of the device to the atmosphere under ambient conditions.
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Intensity (a.u.)

Figure 1. XRD patterns (a) and absorption spectra (b) of some typical Cs;Bi.ls

«Br. films with x equal to 0, 2, 3, 4, and 9. (c) (I) Topographic scanning electron
microscopy (SEM) images of the Cs:Bi.l...Br. films with x equal to 0, 1, 2, 3, 4, 5, 6,
7,8,and 9.
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Figure 2. (a) Device configuration of the Cs;Bi.l,.Br.-based photodetectors. (b)
Energy-level diagram of the Cs;Bi.lsBr.-based device. (c) Open-circuit voltage (black
line) and the short-circuit current (blue line). (d) Responsivity of Cs;Bi.l..Br.-based
photodetectors with x equal to 3, 4, 5, 6, 7, 8, and 9, respectively.
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Figure 3. (a) I-V characteristics of the Cs;Bi.lsBr:-based photodetector under dark
and white light illumination of an intensity of 75 mW/cmz2. (b) Statistics of the dark
current and the photocurrent of 12 devices in a batch. (c) Power law fitting of the



relationship between the photocurrent and the incident light intensity. (d)
Responsivity and detectivity of the Cs;Bi.lsBr.-based photodetector.
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Figure 4. (a) Time-dependent on/off photoswitching test of the Cs;Bi.lsBr.-based
photodetector with the illumination wavelength of 375 nm at a zero bias. (b) “On”
and (c) “off” edge to determine the response and decay duration. (d) Forty-five
cycles of photoswitching test, followed by the other 25 cycles with an interval of 10
min of light soaking.
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Figure 5. Shelf-life test of the Cs;Bi.l:Br.-based photodetectors: (a) photocurrent
evolution of the devices after storage of 100 days and (b) absorption spectra of the
pristine and the aged Cs:Bi.lsBr: films after storage of 100 days.






