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Fig. S1. XRD patterns of bulk and exfoliated samples: (a) InSe; (b) InSe(Ge).
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Fig. S2. The Raman spectra of bulk and exfoliated samples: (a) InSe; (b) InSe(Ge).
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Fig. S3. TEM images, and corresponding EDS mapping images of (a) Exfoliated InSe and
corresponding EDS spectra, (b) Exfoliated InSe(Ge) and corresponding EDS spectra.
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Fig. S4. PEC transient photoresponse of bare ITO under the illumination intensity of 160 mW
cm (blue LED, ~460 nm) in 1 M KOH.



Table S1. Time response paraments of InSe, InSe(Ge), and InSe/InSe(Ge) heterostructure in 0.1
M, 0.5 M, and 1 M KOH electrolytes at 0.5 V bias.

Device KOH concentration
0.1M 0.5M 1M
te/tr ti/te ti/te
InSe 0.65s/0.8s 0.5s/0.8s 0.25s/0.35s
InSe(Ge) 0.9s/1.5s 0.92s/1s 0.5s/0.65s
Heterostructure 0.188s/0.3s 0.138s/0.16s 0.128s/0.1s

Table S2. Time response paraments of InSe, InSe(Ge), and InSe/InSe(Ge) heterostructure in 0.1
M, 0.5 M, and 1 M KOH electrolytes at 0 V bias.

Device KOH concentration
0.1 M 0.5M 1M
ti/te ti/te te/tr
InSe 0.4s/0.45s 0.25s/0.38s 0.13s/0.185s
InSe(Ge) 0.6s/1s 0.45s/0.55s 0.2s/0.28s
Heterostructure 0.15s/0.2s 0.102s/0.15s 0.095s/0.091s

Table S3. Detectivity, EQE of InSe, InSe(Ge) and InSe/InSe(Ge) heterostructure at 0.5 V
applied bias potential and in 0.5 M KOH.

Detectivity(Jones) EQE
Power density Heterostructure InSe InSe(Ge)  Heterostructure InSe InSe(Ge)
(mWem™)
40 3.08 x 10! 4.07 x 10" 1.96 x 10° 21.2% 2.8% 0.13%
80 2.28 x 10" 426 x 10° 1.95 x 10° 15.7% 2.9% 0.13%
120 2.01 x 10" 3.73 x 10'° 2 x10° 13.8% 2.5% 0.12%
140 1.67 x 10" 3.7 x 10'° 1.33 x 10° 11.6% 2.5% 0.09%
160 1.08 x 10! 3.6 x 10" 1.3 x10° 7.4% 2.4% 0.09%

Table S4. Performance comparison of the self-powered photodetectors based on 2D materials.
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Configuration Materials Measurement Responsivity Response Refs.
type conditions time
o Junetion  p-WSes/n-MoS; 532 nm 10 mA W 1 s 4
p-GaSe/n-InSe 470 nm 21 mAW! 2 us 5
p-MoTe,/n- 410 nm 38 mA W NA 6
MOSz
p-MoSy/n-WS, 532 nm 436 mAW! 4 ms 7
p-WSe2/n-WS» 514 nm 40 mA W! 100 us 8
Schottky
junction Au-InSe/Au-In 365 nm 369 mA W! 23 ms 9
photodetectors
Au-BN/plasma 1
Schottky contact 250 nm 296 mA W 400 ms 10
Graphene/Si 532 nm 510 mA W! 130 us 11
UCNPs/graphen 980 nm 5.97 mA W-! 40 ms 12
e/GaAs
PEC-type Simulated sunlight 4
photodetectors Few-layers BP 0.1 M KOH 2.65 mAW 0.5s 13
2D Bi Simulated sunlight, 1 1
nanosheets M NaOH 0.152 mA W NA 14
Simulated sunlight,
MoS,/graphene 0.5 M Na,SO, NA NA 15
Simulated sunlight, 4
SnS»/graphene solid electrolyte 90 nA W NA 16
. Simulated sunlight, 1
WS,/TiO; 0.5 M Na,SO, 0.35mAW NA 17
InSe/InSe(Ge) 460 nm 1 M KOH 78 pA W'! 0.128 s VTVES(
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Fig. S5. Electrochemical impedance spectroscopy plots of InSe, InSe(Ge) and InSe/InSe(Ge)
heterostructure in the frequency range of 0.01 Hz - 100 kHz under illumination (1 M KOH;
blue LED: 160 mW cm™); Inset: Equivalent circuit.
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Fig. S6. LSV cycle stability test of pure InSe, pure InSe(Ge) and InSe/InSe(Ge) heterostructure
in 1 M KOH.
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Fig. S7. Temperature dependence of the local activation energy of the electrical resistivity for
InSe and InSe(Ge) crystals.

Supplementary note for Hall experiment analysis. For pristine crystal, the mobility was
determined only at 340 K where the resistance of the sample enabled the Hall measurement.
Here we summarize the peculiar observation consisting of (i) decreasing electron mobility with
decreasing temperature for Ge doped sample; (ii) lower electron mobility of pure pristine InSe
then doped sample; (ii1) the activation energy of the electrical resistivity decreasing with
increasing temperature for pristine InSe (Fig. S7) confronted with temperature-independent
activation energy of Ge doped sample which exhibits, however, higher mobility, and (iv)
extremely low carrier concentration detected by Hall measurement inevitably evoke the

scenario where acceptors and donors mutually compensate.

Most concretely being framed by the high chemical purity (below ppm contamination of used



constituent elements In and Se), we should consider the role of native defects on the formation
of donor/acceptor centers in InSe. The inspiration can be taken from the papers of D. Wang et
al.! and H. Wang? where authors theoretically analyzed the formation and ionization energies
of the native defects and substitutional impurities in mono- and few-layer InSe. Most
importantly, the authors claim that selenium vacancy Vs. is formed relatively easily and
represents the electrically neutral defect, while In vacancy Vi, is a deep acceptor with high
formation energy. Indium interstitial atom Inad stands, on the other hand, likely for the n-type
conductivity like donor center in “pure” InSe and, considering the low doping level induced by

Ge doping, also in Ge doped specimens.

Ge doped sample exhibits temperature-independent value of ~ 0.1 eV close to previously
reported 0.09 eV.> In the inset, we depict the temperature dependence of the carrier
concentration. In this respect, we presume that Se vacancy, which has the lowest formation
enthalpy and is likely relatively abundant and electrically neutral defect, should be responsible
for both the relatively low and mildly temperature-activated mobility. Considering the
theoretical temperature-independent evolution in the case of “pure” neutral impurity scattering,
we might accept that electron mobility observed in doped InSe(Ge) samples follows the
temperature evolution typical for “ionized impurity scattering” the scenario of charged
impurities takes place. Taking into account extremely low concentration of mobile electrons
detected by Hall experiment (n~10'* cm™) we should then reconsider the effect of “charge
compensation” of In vacancy (deep acceptor) and In interstitial (donor), which in combination
not providing mobile charge carriers can be, however, responsible for temperature activated

dynamics of electron scattering leading thus already below 350 K to ~T>2.

Considering the Ge doping, let us note that a part of Ge species introduced into the initial melt

can form a layered Ge-Se phase, contrary to the aimed In, Ge substitution in InSe. The minute



concentration of Ge-Se phase can be hardly discerned considering the analyzed Ge

concentration of ~ 60 ppm in the sample InSe(Ge).
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