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ABSTRACT

SLiInSe, is a promising semiconductor candidate for thermal neutron detection due to its large
capture cross-section. However, the charge collection efficiency is still insufficient for high
resolution for the grown-in defects induced by the stoichiometric deviation. In this work, we
report photoelectric properties of stoichiometric LilnSe; crystal boules up to 70mm in length and
20mm in diameter grown by the vertical Bridgman method. Inductively Coupled Plasma (ICP)
measurements demonstrate the ratio of Li, In and Se of the as-grown crystal is very close to 1: 1:
2, which is optimized by low temperature synthesis processing. The obtained single crystals
display high bulk resistivity in the range of 10'!-10'> Q-cm and a direct band gap of 2.01 eV -
2.83 eV with a changeable color from red to yellow. The electronic structure of LilnSe> was
studied using first-principles density functional theory (DFT) calculations, which predicts that
the anti-site defects of Inr; and Lim are the dominant factor for the different crystal colors
observed. The stoichiometric LilnSe; crystal gives an improved energy resolution, for a
semiconductor detector when illuminated with a ! Am@5.48 MeV a source, of 23.3%. The

electron mobility-lifetime product (u7) is ~ 2.5X 107 cm?V!.



Introduction

3He based gaseous detectors have been used for thermal neutron detection for many years,
however, the widespread application is hampered by their large volume and the need to integrate
with compact handheld detection instruments. Coupled with potential future shortages of *He,
which is also of concern makes a significant and compelling case to develop novel neutron
detectors!. Currently, two mainstream categories of thermal neutron detectors are considered.
One is the scintillator detector based on the emitted visible light upon absorption of neutrons®*,
another is the semiconductor detector coated with neutron-active isotopes. The latter is usually
composed of thin-film coatings of neutron-active material (or ‘converter foils’) and charge
collecting part, such as SLi/!°B rich converter foils and Si, GaAs, diamond correspondingly>®.
However, the detection efficiency of the composite-type neutron detectors is determined by the
self-absorption effects of the converter foil’. By increasing the thickness of the films, the neutron
absorption efficiency can be improved, while the charged particles, the products of nuclear
reactions, tend to be trapped by the coated converter foils. It is difficult, however, to achieve high
efficiency of neutron absorption and charge collection simultaneously in this fashion. Hence, a
third type of detector based on homogeneous semiconductor materials which can absorb neutrons
and subsequently collect the resulting charge carriers is highly attractive.

LilnSe: is a member of I-III-VI chalcogenide family with a large nonlinear optical coefficient
and suitable transparent wavelength range that has been studied in the field of nonlinear optics
for over a decade!'®!2. In recent reports, °LilnSe; crystals exhibit promising ability to respond to
ionizing radiation through direct charge carrier transport by the nuclear reaction ®Li(n,a)*H!*!5,
The density of °Li atoms in ®LiInSe> crystal is sufficient to ensure > 95% absorption of neutrons

in a 3.4mm thick wafer'®,



Since the first reported single crystal growth of LilnSe; in 1981, the crystal quality has
improved enormously in recent years!’?2. However, the charge carrier collection efficiency is
still unsatisfactory for high resolution detection due to grown-in defects, such as Int;, Lim, Vse,
Vi, Lii and In;. The band gap of LilnSe; surprisingly appears to vary over a wide range of 1.6
eV-2.86 eV'7"1% 2 at room temperature, with color from red to yellow?’. Based on first-principles
theoretical calculations, the yellow crystal with a band gap of 2.86 eV at room temperature is
predicted to be almost free from the grown-in defects®*. The photoluminescence (PL) spectrum at
77 K shows the red crystal even has a higher-energy free exciton emission peak (3.065 eV)>,

*2* and Lin™*, reported as the dominant grown-in defects

which is close to the yellow one. Iny;
determining the color variation of the crystals, lead to the strong red shift of the absorption
edge®*?*. Vi and Li; are thought to be abundant in samples grown from Li-deficient and Li-rich
environment respectively?®. The cation rich conditions of as-grown crystals are probably

17.23 " electron donors in LilnSe;. Also, it is reasonable to

responsible for Se vacancies Vs
speculate that In; is likely to be present in In-rich conditions. These defects are closely related to
the stoichiometric deviation of LilnSe: crystals grown from a melt. Usually, excess Se and Li are
added to compensate the loss from evaporation and chemical reaction, but the obtained crystals
can still deviate from stoichiometry significantly, resulting Lio.gsInossSe>?!, Lio.74Ing92Se>*¢ and
Lioo1InSez'°. The huge Li stoichiometric deviation, even up to 25%, induces abundant vacancies
of lithium Vyi. Correspondingly, the carrier mobility-lifetime product (uz) of detectors is
relatively low of 3-7.6x10° ¢cm?/V'% 27, Therefore, it is still a significant challenge to properly
tailor the stoichiometry and the native defects during melt growth.

In order to reduce the stoichiometric deviation of grown LilnSe> crystals, in this work, we

guided the synthesis of polycrystalline LilnSe> at lower temperatures using a relatively slow



heating process. The transmittance, photoresponse, resistivity and alpha particle response of the
as-grown stoichiometric LilnSe> crystals were characterized. We also discuss the LilnSe>
detector performance as a function of various conditions such as excess amount of Li and Se and
their effect on the stoichiometric deviation. Moreover, the LilnSe; detector, as desired, exhibits
only a dull response to y-rays because of its relatively small mean atomic number. We also
present first-principles calculations of the electronic structure with new insight on the defect
behavior in the crystal structure of this material. We show that the yellow stoichiometric crystal
achieves an energy resolution of 23.3% for alpha particles of 5.48 MeV of *' Am source which is
an improvement over state of the art. These results impact the strategies for further improvement
of LilnSe: crystals by controlling the component deviation, engineering the native defects and

growing detector-grade crystals.

Experimental Section

The Synthesis of LilnSez Polycrystalline

Polycrystalline LilnSe, was synthesized from Li (4N), In (6N) and Se (6N). The element
reagents of Li, In and Se were weighed in a 1: 1: 2 stoichiometric ratio with an excess of Li and
Se, which was added to compensate the Li lost from the reaction with fused silica and the high
Se vapor pressure. The red and yellow crystals of LilnSe; will be referred to as LISe-R and LISe-
Y respectively.

LISe-R: In an argon-filled glovebox, 2.929 g of Li (with excess 5% Li), 46.143 g of In and

64.745 g Se (with excess 2% Se) were weighed.



LISe-Y: In an argon-filled glovebox, 2.895 g of Li (with excess 3% Li), 46.489 g of In and
65.228 g Se (with excess 2% Se) were weighed.

Then the raw material was loaded into a graphite crucible and sealed in a carbon coated fused
silica ampoule under the pressure of 5x10”° Pa. The ampoule was put in a rotating furnace. The
system temperature was raised from room temperature to 180 °C (the melting point of Li) rapidly
and then increased to 250 °C in 6 hours. After that, the system was soaked at 500 °C, 750 °C and
920 °C separately making the polycrystalline uniform. The furnace was kept at 920 °C and
rotated for 24 hours and then cooled 10 °C/h to 700 °C followed by cooling 50 °C/h to room
temperature. Finally, the obtained polycrystalline of LISe-R and LISe-Y revealed dark red and
yellow respectively.

Crystal Growth

The LilnSe> single crystals were grown by a vertical Bridgman method. The raw
polycrystalline materials were loaded into crucibles and sealed under the pressure of 5x107° Pa.
The temperature was then raised from room temperature to 950 °C at the rate of 80 °C/h and
soaked at the max temperature for 2 hours. Then the crucible was moved to the starting position,
and descended at the velocity of 0.5 mm/h. The temperature gradient of 10 °C/cm was realized in
the growth region of the furnace. After growth run, the LilnSe> crystal was cooled down to
ambient temperature at a rate of 5-50 °C/h.

LISe-R1: The polycrystalline samples of LISe-R were subsequently placed into a carbon
coated fused silica crucible. The inner diameter of the crucible was 20 mm with a wall of 3 mm.
The obtained crystal ingot revealed dark red and a wafer was cut from the crystal named LISe-

R1.



LISe-R2: The polycrystalline samples of LISe-Y were loaded into a smaller carbon coated
fused silica crucible with an inner diameter of 12 mm. The crystal ingot color in this case was
changed to light red instead of the polycrystalline color of yellow. The crystal ingots grown in
fused silica crucible were easily removed from the crucible.

LISe-Y: The polycrystalline samples of LISe-Y were loaded into a graphite crucible with an
inner diameter of 20 mm. The graphite crucible was inserted into a carbon coated fused silica
tube. Finally, a yellow crystal ingot of LISe-Y was obtained, however it was difficult to remove
it from the crucible because of interaction with crucible wall. The cut crystal wafers were
mechanically lapped with MgO powders mixed in deionized water for the following
experiments. The crystals are air- and water-stable, while the surface is easily oxidized in a few
days.

Characterization

In order to optimize the synthesis process, differential scanning calorimetry (DSC) analyses
were performed on the systems of Li-Se, In-Se and Li-In to confirm the reaction temperature of
these raw materials with Netzsch STA-449C thermal analyzer.

SHIMADZU UV-3150 UV-Visible-NIR and Nicolet Nexus Fourier transform infrared
spectrometer were used to extract the transmittance spectra at room temperature. The molar ratio
of Li, In and Se for as-grown crystals was identified by Optima 8300 Inductively Coupled
Plasma (ICP) Optical Emission Spectrometer (OES). The resistivity of LilnSe; crystals was
measured using an Agilent 4155C Semiconductor Parameter Analyzer. The resistivity was
measured with the bias range from -100 V to 100 V. The photoconductivity was performed
under the illumination of both ambient light and 365 nm LED light, and recorded by a Keithley

485 picoammeter.



For the characterization of detection properties, Au contacts were evaporated onto both faces
of the wafers after polish. Subsequently, passivation of the remaining bare LilnSe, surface was
performed to minimize the surface leakage current with a 30% H2O> solution. Finally, one face
of the detector was bonded by silver paste to a sample holder and the opposite electrode was
connected using a Cu wire for further measurements.

Alpha particle response measurement of LilnSe> detector was carried out at room temperature
using an un-collimated >*!' Am radioactive source producing 5.48 MeV alpha particles. The **! Am
source was mounted 5 mm above the sample. During the measurement, the sample was
connected to a charge sensitive preamplifier from Imdetek Corporation under a bias from a low-
noise Ortec 556 high voltage source. The preamplifier output signals were shaped by an Ortec
673 spectroscopy amplifier with a shaping time of 1us, followed by acquisition of pulse height
spectra using an Ortec multi-channel analyzer. For the mobility evaluation, the electron transit
time, recording the rise time from the preamplifier instead of transferring to the Ortec 673
amplifier, were collected by an oscilloscope with a resolution of 4 ns. Moreover, the y response
of LilnSe, detector was measured under the illumination of a ®®*Co@1.33MeV radioactive source

(attached in Supporting Information).

Results and discussion

Low Temperature Synthesis and Crystal Growth
Figure 1 shows that the vapor pressure of Li and Se increase significantly with temperature®®
2% The reported synthesis methods usually employed high initial temperatures, such as 400 °C!7,

500 °C?!, 600 °C* or 680 °C?®, which likely cause the large stoichiometric deviation. Although



the vapor pressure of Li is lower than Se, the Li loss amount is not negligible given its higher
chemical activity at a higher temperature. Unlike Se, Li tends to evaporate constantly from the
melt, since the gas-liquid equilibrium continues to break down from the reaction between the Li
and silica ampoule. Therefore, to effectively decrease the loss of raw materials, a relatively low
temperature for LilnSe, synthesis is preferable.
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Figure 1. Vapor pressure of Se and Li at various temperatures.

Differential scanning calorimetry (DSC) analyses were performed on the systems of Li-Se, In-
Se and Li-In to understand the combination reaction temperatures and optimize the synthesis
process. In, Li and Se melt at 157 °C, 184 °C (Peak 1 in Figure 2a) and 220 °C (Peak 2 in Figure
2a) respectively. Compared with the exothermic peaks above 400 °C in the Li-In system (the
forming of Liln, shown in Figure 2c), the intense exothermic peak observed at 220 °C (Peak 3 in
Figure 2a) indicates Li reacts with Se immediately when Se melts. The heat produced from the
reaction increases the system temperature in a short period of time and leads to continuous
reaction. In the In-Se system (Figure 2b), we observed one exothermic peak around 240 °C
indicating Se can react with In just above its melting point. Hence, Li2Se and InxSey (like InSes,

In,Se, InSe, InsSes) are believed to be obtained below 250 °C in a Li-In-Se reaction system?'.



Based on these results, we employed a slow heating process of 5-15 °C/h from 180 °C to 250
°C. The prolonged duration ensures the formation of Li>Se and InxSey, the chemical activity of Li
is reduced, and the Se evaporation is suppressed. Then, the system was kept at 500 °C and 750
°C respectively, causing the binary compounds to form the ternary target of LilnSe>. The powder
XRD patterns of the as-synthesized polycrystalline material show good agreement with the

calculated results indicating that the samples are single phases (Figure 3).
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Figure 2. Differential scanning calorimetry results of (a) Li-Se system (see violent exothermal
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Figure 3. Typical powder XRD patterns of as-synthesized polycrystalline LilnSeo.



The crystals were subsequently grown using the synthesized polycrystalline material. Figure 4a

and 4b show the grown LilnSe; ingots with red (LISe-R) and yellow (LISe-Y) polycrystalline

grown in fused silica crucibles. The dimension of wafers LISe-R1, LISe-R2 and LISe-Y are

5x5x2 mm? (Figure 4c). According to the chemical formulas determined by ICP and listed in

Table 1, the as grown crystals are rich in cations. The components are much close to the

stoichiometric ratio, thanks to the low temperature synthesis method.

T LI S

Figure 4. (a) Crystal ingot LISe-R1 grown with excess 5% Li and 2% Se (LISe-R); (b) Crystal

ingot LISe-R2 grown with excess 3% Li and 2% Se (LISe-Y); (c) Wafer LISe-R1 (left), LISe-R2

(center) and LISe-Y (right); (d) The fabricated LilnSe> detector.

Table 1. Chemical compositions of as-grown and reported LilnSe: crystals

Wafer  Excess amount (at. %) Li(at. %) In(at. %) Se (at. %) Formula
LISe-R1 5% Li, 2% Se 2.48 43.66 54.41 Lij 04lng.10Se2
LISe-R2 3% Li, 2%Se 2.40 41.25 55.44 Lio.9oIni 02Sez
LISe-Y 3% Li, 2%Se 2.41 42.21 54.93 Liln; o6Se2
Ref[19] 2.26 41.13 56.61 Ligo1InSe;
Ref]26] 1.92 39.44 58.66 Lio.74Ino.92Se>
Ref]21] Lio.gsIno.gsSes

Optical Properties and Electronic Structure calculations
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The as-grown crystals display various colors, as shown in Figure 4c, from dark red to light red
and yellow. Figure 5(a) (transmittance spectra extracted from UV-Vis-NIR) and Figure 5(b)
(transmittance spectra extracted from Fourier transform infrared spectrometer) reveal the average
transmittance is higher than 70% in the range of 0.8-9 um for LISe-R1, LISe-R2 and LISe-Y. We
derived the optical band gap of as-grown LilnSe, by fitting the (ahv)? vs hv plot according to

)30, 31

Tauc relation (Figure 5c , and a is the absorption coefficient. The optical band gap was

determined to be 2.01 eV, 2.15 eV and 2.83 eV for LISe-R1, LISe-R2 and LISe-Y, respectively.
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Figure 5. (a) and (b) show the transmittance spectra of LilnSe, wafers with different colors, (c)

is the plot of (ahv)’ vs ho.

Theoretical calculations of the electronic band structure of LilnSe, were carried out using the
Vienna Ab-initio Simulation Package (VASP) implementation of Density Functional Theory
(DFT) in conjunction with the projector augmented-wave (PAW) formalism®**. The Perdew-
Burke-Ernzerhof generalized gradient approximation (PBE-GGA) was employed for the
exchange-correlation potentials®>. Figure 6a presents the calculated band structure and shows a
direct band gap of 1.612 eV given both valence band maximum (VBM) and conduction band
minimum (CBM) located at the I" point of the Brillouin zone. This is lower than the experimental
value of 2.01- 2.83 eV, because the ignorance of excited states leads to the underestimation of

band gap*¢, a well known tendency of this kind of calculations. The contributions of Li, In and

11



Se to the density of states (DOS) are shown in Figure 6b. The highest occupied crystal orbitals

are constructed mainly by the Se-4p, Li-2s and In-5p. Interestingly, Li seems to play a very

limited role in the lowest orbitals of the conduction band. The lowest unoccupied crystal orbitals

are mainly composed of anti-bonding orbitals of In-5s and Se-4p suggesting that In broadens the

conduction band and narrows the band gap.
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Figure 6. (a) Electronic structure of LilnSez; (b) Projected partial density of states of Li, In and

Se and the total density of states.

(b)

Figure 7. (a) The selected plane for calculation containing In—Se bonds and their nearest-

neighboring Li atoms; (b) Electron density contour maps from —4.6x107% ¢/ A (blue) to 1.79 e/

A3 (red)
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In addition, a contour plot in the plane containing In—Se bonds and their nearest-neighboring
Li atoms with specific atom labels in shown in Figure 7a. The electron density distribution was
calculated, as shown in Figure 7b. The areas, with gained electron density, are shown in red
color, whereas the areas losing electron density are shown in blue color. It is clear from the
contour that the Se3-In4 bonds have significant covalent character, while the Se6-In4 and Se6-
Li4 bonds are prone to be more ionic in character. Because unlike covalent bonds, ionic bonds
are not strongly directional, they allow ions to move more freely, leading to the formation of
point defects. The anti-site defects of Inr; and Lim, the main cause of various colors of LilnSe;
crystals, might be related to the bonding state of Se6-In4.

Resistivity and Photoresponse

The electrical resistivity of LISe-Y at room temperature is 6.1x10'! Q-cm fitted from the I-V
curve, shown in Figure 8a. Such a high resistivity gives a low dark current and a high signal-to-
noise ratio and allows for a higher applied bias to increase the charge collection efficiency. The
resistivity of LISe-R1 and LISe-R2 are 1.7x10'2 Q-cm and 8.1x10'" Q-cm respectively, shown

in the Supporting Information.
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The photoconductivity was evaluated under the illumination of ambient light (~50 pW-cm?)

and 365 nm LED light (~1 mW-cm), shown in Figure 8b. Under an applied voltage of 10 V, the

dark current was as low as 5.45 pA. When LISe-Y was subjected to room ambient light, it
produced 40 times as much current, ~226 pA under 10 V bias. Under the illumination of 365 nm
LED, the current was 1111 pA under a bias of 10 V, 200 times the dark current. The main reason
of the difference between ambient light and LED 365 nm light is the different light intensity per
unit area. This observation indicates that our LilnSe; crystals have a good photoconductivity.
Alpha Particles and y-ray Response

Figure 9a shows the alpha particle response spectra for the obtained LilnSe, detectors of LISe-
Y at various bias voltages. The photo-peak was clearly resolved in the spectra. The alpha particle
response spectra of LISe-R2 and LISe-R1 are shown in Figure 9c and 9d.

Considering the limited range short incident depth (~20 pm, this value is obtained in CdTe
crystal calculated by the SRIM code) of alpha particles in the crystal’’”*, the electron-hole pairs
are generated in a shallow region near the surface. The spectroscopic response at different
applied voltages allows us to evaluate the mobility-lifetime product of electron carriers with a
modified methodology of single carrier Hecht equation*’. This method extracts the mobility-
lifetime product from the analysis of charge collection efficiency (CCE) under various bias

voltage applied. The CCE is written as:

(1)
where u is carrier mobility, 7 is carrier lifetime, V' is the bias voltage, d is the thickness of sample,
and CCE is proportional to the photo-peak centroid. The carrier mobility-lifetime products of

these three wafers were estimated according to the Equation (1), shown in the Table 2. The
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mobility-lifetime product of LISe-Y was fit across the range between 350 V and 1400 V, shown
in Figure 9b. However, not all the wafers (especially for LISe-R1) can bear the high voltage of
1400V like LISe-Y. Therefore, we fit the mobility-lifetime product of LISe-R1 and LISe-R2
across a lower voltage range, shown in the insets of Figure 9c and 9d.

Table 2. The 5.48 MeV alpha particle response of as-grown crystal wafers

Wafer Formula Ey (eV) Energy resolution  uze (cm?V?Y)
LISe-R1 Liz.04ln1.10Se2 2.01 43.1% 9.3+1.9x10®
LI1Se-R2 Lio.oeln1.02Se2 2.15 28.9% 1.5+0.2x10°
LISe-Y LilniosSe2 2.83 23.3% 2.5+0.2x10°°

The energy resolution of these three wafers to a 5.48 MeV alpha particle varies from 43.1% to

23.3% with a mobility-lifetime product from 9.3x10¢ to 2.5X 10 cm?V-!. The performance

variation is consistent with a lower electron mobility lifetime and a shorter drift mobility length,
mainly ascribed to the deep level trapping centers.

According to Figure 9a and 9c, LISe-R2 and LISe-Y show a relatively narrow FWHM with an
energy resolution of 28.9% and 23.3% respectively, which is better than the reported resolution
of ~38.2%?’. This is also in a good agreement with a higher electron mobility-lifetime product of

1.5-2.5X10° cm?V™! comparing with the reported product of 3-7.6 X 10 cm?V!1% 27 These

results confirm the good crystalline quality of LISe-R2 and LISe-Y and it is consistent with the
closer stoichiometric ratio to the ideal LilnSe, which reduces the concentration of some specific
component-associated defects of Vse and Lii**. The low charge collection efficiencies of LISe-R1
is possibly ascribed to the high density of grown-in defects associated with the deviation.
Additionally, LISe-Y displays the best response to alpha particles among the three wafers. A

shift of the photo-peak centroid over a wide range of applied electric field is observed in Figure

15



9a, indicating a steady growth of charge collection efficiency. LISe-Y is a yellow crystal with an
optical band gap of 2.83 eV listed in Table 2. The better response of the yellow LilnSe; crystal to
ionizing radiation is attributed to the lower density of defects as compared to those in the red
LiInSe; crystal*!. The red color of LISe-R2 is attributed to anti-site defects of In; and Lim, and
these defects act as scattering and trapping centers deteriorating the charge carrier transport and

degrading the performance of the red samples.
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Figure 9. (a) Alpha particle pulse height spectra of LISe-Y as a function of bias voltage; (b) the
full-energy peak vs applied voltage for L1Se-Y. The line is the fitting result using Equation (1);
(c) pulse height spectra of LI1Se-R2 at 1000 V and the inset is the plot of channel number vs
voltage, and the fit line using Equation (1); (d) pulse height spectra of LISe-R1 at 500 V, and the

inset is the plot of channel number vs voltage and the fit line using Equation (1).
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Finally, LilnSez> samples show potentially good neutron/y discriminating performance, because
no response to y-rays was found when illuminated under a ®°Co@1.33MeV y-ray source. This is

because of the relatively low average atomic number of LilnSe, (Supporting Information).

Conclusion

Single crystal LilnSe>, a promising candidate for neutron detectors, can achieve superior n/y
discriminating performance and a high resistivity in the order of 10''-10'? Q-cm. Our low
temperature synthesis method produces stoichiometric LilnSe> crystals, which suppresses the
formation of Li vacancies. Such crystals exhibit electron mobility-lifetime product of ~2.5x107°
cm?VL. A detector based on the yellow stoichiometric crystal, achieved an energy resolution of
23.3% when illuminated with a > Am@5.48MeV alpha source. This performance is better than
that of the previously reported LilnSe; crystals?’. Further improvements on LilnSe; crystals are
anticipated through improvements in the melt growth procedure which will further tailor the
stoichiometry of the compound for continued development of neutron detectors based on

semiconductors.
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With the help of low temperature synthesis processing, stoichiometric deviation is reduced and
stoichiometric crystals are obtained. Stoichiometric LilnSe; crystals grown by vertical Bridgman
method exhibited high resistivity of 10''-10'? Q-cm and a direct band gap of 2.01 eV - 2.83 eV.

The yellow stoichiometric crystal achieves an energy resolution of 23.3% for alpha particles of

21AM@5.48MeV.
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Resistivity

Usually, it is believed that the crystal with high resistivity enjoys lower leakage current, which
can decrease background noise and improve signal-noise ratio. The resistivity of LISe-R1 and
LISe-R2 are about 1.7x10?Q-cm and 8.1x10"'Q-cm respectively in dark environment, shown in
Figure S1.

150

100} = ||Se-R1
e |ISe-R2

50F

Current (pA)
o
n
n
‘\.
| ]
| ]

al " _o®
50f o o
[ ]
..
-100¢ °
| [ ]
-150

100 50 0 50 100
Voltage (V)

Figure S1. Resistivity of LISe-1601 and LISe-1602

Carrier mobility

Carrier mobility is a significant parameter of detector performance. In our work, it is estimated
by using the risetime #- of transient waveforms from the preamplifier under a **' Am@5.48MeV
source, which is a common method to estimate the carrier mobility of insulating materials. The

drift time of photo-generated carriers across the thickness is given by

s (1)

where U is the applied bias across the thickness d, and ¢ is the transit time of the carriers across
the sample.
Figure S2(a) shows the risetime of LISe-Y as a function of electrical field. The electron

mobility according to equation (1) is 255 cm?V-!s!,
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Figure S2. (a) Risetime of LISe-Y as a function of electrical field; (b) The distribution of

electron risetime under 500V bias.

LilnSe: crystal response to y ray

In view of neutron beam usually accompanied with high energy y ray, it is necessary to
measure n/y discriminating property of LilnSe>. The noise background was obtained firstly after
12-hours’ counting without illuminated by radiation source. Then the wafer was illuminated by
%9Co. And the response spectrum was collected for 4, 8 and 12 hours respectively. As is seen in
Figure S3(b), there was no obvious difference among 4, 8 and 12 hours-counting results from
channel 100. And the 12-hours spectrum is closed to the background when the wafer was
illuminated by ®°Co. As a result, compared with the high counts of alpha particles, LilnSe;
crystal exhibits a dull response to y ray which should be ascribed to the low absorption cross

section of y ray for LilnSe: crystal. According to the equation written below

r, = AZ5(hv) 2 )

where 7, is photoelectric absorption cross section, A is a constant, Z is the atomic number of

absorption material and /v is the energy of photon. The photoelectric absorption cross section is



determined by average atomic number and incidence photon energy mainly. The average atomic

number of LilnSe» crystal decrease hugely because of light element Li.
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Figure S3. LISe-1602 response to ' Am@5.48 MeV (a) and °Co@1.33MeV (b) under the bias

of 1000V

On the basis of experiment result, LilnSe> crystal is insensitive to y photons of 1.33 MeV.
According to equation (2), LilnSe: crystal will be also dull to those y photons whose energy is
higher. On the other hand, although the photoelectric absorption cross section of lower energy
photon (<1.33 MeV) is higher, the resolution of 23.3% is enough to distinguish the signal from
the lower energy photon and the triton and alpha particles of 2-3 MeV produced by the nuclear

reaction ®Li(n,o))°H.
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