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Sl. Microscopy analysis

The highly monodispersed feature of as-prepared PbS QDs is demonstrated from the bright-
field transmission electron microscopy (BFTEM) on a JEOL JEM-3000F field emission gun
TEM at 300 KV. The size of these patrticles is 2.8 + 0.2 nm (Figure S1a). The specific cubic
nature is evidenced by the cross-grating pattern that was captured by high-resolution BFTEM
through [001] zone axis (Figure S1b).! These patterns are formed by the 45-degree crossing
of the {200} and {220} planes, from which the lattice constant a can be directly extracted as
6.0+0.1 A2
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Figure S1. a, b) Bright-field TEM and atomic-scale HRTEM images of as-prepared PbS QDs.



Sll. fs-Transient absorption analysis (fs-TAS)

The excitation fluence was estimated by recording the excitation pulse energy through fixed-
size arises with a pyroelectric energy sensor (Ophir Photonics PE9). The charge densities in
Figure 1g are calculated by dividing the maximum of the transient absorption bleach signal by
the number of photons absorbed by the sample and the film thickness measured using a
DektakXT.
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Figure S2. (a) Stationary absorption spectra of as-prepared PbS QDs. (b) Representative
transient absorption spectra of PbS nanocrystals for a 2.4 eV excitation from 0.01 (purple&blue)
to 6.5 nanoseconds (red&brown). All spectra recorded for different excitation intensities and
wavelengths studied in this work showed similar spectral signatures and overall dynamics.



ad 3564/ 404 b
g i "
=) 3 20 -
— 3E4 7% >
£ o 7
5 04 w
< 15 20 25 30 35 %
g 2 5E4 1 “
n o u i
o 0
2E-4 - &
EX/EQ: o 310 290 2410 190 18 20 18,15,
10 100 1000 10000 10 15 20 25 30 35
Time (ps) Photon Energy (eV)

Figure S3. a, Exciton population decay dynamics recorded with different pump photon
energies for the QD oleic acid solution demonstrating the presence of multi-exciton generation
(MEG) in this sample. This is concluded from the appearance of picosecond Auger signal
relaxation at EX/Eg > 2, where EX/Eg is the ratio of the excitation photon energy and QD’s
optical bandgap. The kinetics were recorded at excitation intensities that generated the same
exciton fluences in the films. The solid lines are exponential fits to the data. The MEG yields
were estimated from the ratio of the amplitude of the TA signal at 3.5 ps (when MEG is
complete for all kinetics) and after 160 ps (when the Auger recombination process is complete
and only single-exciton relaxation occurs).® The inset shows the MEG quantum vyields as a
function of Ex/Eg. The error bars correspond to the standard deviation of the transient
absorption signal noise calculated from the residual of the exponential fits and the pump-
energy measurements. b, Interband transition and excitonic peaks of 2.8 nm PbS QDs
calculated based on the second derivative of its absorption spectrum. The inset of (b) shows
a schematic representation of the DFT calculated the relativistic electronic-band structure of
PbS QDs based on k-p perturbation theory.3>
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Figure S4. (a) A schematic for employing TAS to investigate the MPA process in solid QD
films and devices. 3D 1S.-1Sy bleach dynamics of films of (b) PbS-oleic acid (23.4 pJ.cm),
(c) PbS-TBAI (6.4 pJ.cm?) and (d) full devices (4.8 pJ.cm?), recorded using transient
absorption spectroscopy and an excitation wavelength of 526 nm. Peak shift for PbS-TBAI
and full device result from charge thermalization through the density of states and indicate
diffusion of charges through the films. Least square fitting of the peak shift of PbS-TBAI and
full device with an exponential function gives 6.8 (£1.1) ps and 15.7 (x3.2) ps for thermalization
process, while exponential fitting of the signal rise time gives 14.2 (x0.6) ps and 19.5 (£2.6)
ps, respectively. The peak shift energy was calculated to be 21.9 meV (£0.9 meV) for PbS-

TBAI film and 20.6 meV (£0.7 meV) for full devices, likely representative of the size dispersity
of the prepared films.



Sl Indoor QDSC parameters

Representative indoor lamp spectra with 200 lux and 1000 lux illumination intensity are shown
in Figure S5a, b respectively. There is a noticeable lumen counts enrichment (e.g., Figure S5b)
can be observed when the illumination altered from 200 lux to 1000 lux. The indoor
photostability was evaluated by exposing the QDSC under 1000 lux for 1824 hours. As shown
in Figure S6 a-d, there is no noticeable device degradation can be detected. Moreover, a high
photon flux induces a smaller shunt and series resistance was observed as illustrated in Figure
S6 e-f. Detail QDSC indoor light-harvesting performance parameters are listed in Table S1.

The ideality factor of a diode, n, can be extracted from the light intensity dependent and dark
diode curves.® The extracted plots and values of n are listed in Figure S7 and Table S2. The
values of n usually vary between 1 and 2 depending on charge carrier dynamics. For instance,
the n equals to 2 when the recombination current dominates, and n equals to 1 when the
diffusion current dominates. When both currents are comparable, n has a value between 1
and 2.7 Furthermore, we also note that analysis using different evaluating methods may yield
slightly different ideality factor values, particularly in the case of under dark or light
ilumination.®?®
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Figure S5. a) The spectra of the indoor lamp with 200 lux and 1000 lux illumination. b) An
enlarged view of spectra with photon energy ranging from 200 nm to 520 nm.
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Figure S6. a) J-V curves of QDSC during 1824 hours 1000 lux indoor light exposure. V. b),
Jsc €), FF d) evolution as a function of exposure time. e) and f) illustrate the evolution trend of
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power conversion efficiency (PCE)
fill factor (FF)
ideality factor (n)
short circuit current density (Jsc)
open circuit voltage (Voc)
series resistance (Rs)

shunt resistance (Rsn)

Table S1 Summary of indoor QD photovoltaic parameters

200 Lux 600 Lux

(0.0557 mWem™)  (0.1672 mWem')
14.9+0.3% (15.2)  17.0+0.3% (17.3)

66.2% 67.6%
1.36 1.36
44.6 pAlem’ 130.9 pAlem’
0.28 V 0.32V
776.3 Qcm’ 267.6 Qcm’

147051.9 Qcm’ 75777.7 Qcm’

12

1000 Lux

(0.2787mWcm’)
17.8+0.3% (18.1)

69.0%
1.36

213.3 pAlem’
0.34V
162.9 Qcm’

21696.5 Qcm’

1500 Lux

(0.4181mWem)
18.4+0.3% (18.7)
69.0%

1.36

315.3 pAlem’
0.35V
139.9 Qcm’

32584.9 Ocm’

2000 Lux

(0.5574mWcm’?)

19.2+0.3% (19.5)
69.4%
1.36

423.8 uAlcm’
0.36 V
95.5 Qcm2

13491 .4 Ocm’
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Figure S7. Plots for extraction the n factors such as semi-log dark diode curve a), different
irradiance from high-intensity light b), various irradiance from ambient indoor light c¢), and
different one Sun light intensity by employing ND filter d).
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Table S2 Summary of ideality factor calculated from different conditions

calculation High-intensity

condition light Dark diode Indoor low light ND filter
'dea"g)facmr 1.24 0.96 1.36 12
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SIV Indoor PV and IR sensor I0T circuit design and parameters

Figure S8a describes the distance-dependent irradiance variation measurement results. It
illustrates the feasibility of closely integrating QDSC with indoor illumination system to power
sensors. J-V curves and QDSC-Sensor integration circuit design are shown in Figure S8b and
c. By closely attach the QDSC with the indoor light system (e.g., Philips fluorescent light), an
IR motion sensor can be sufficiently powered. Detail power, potential, and capacitance
generation parameters during 1 hour indoor light illumination are listed in Table S3.
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Figure S8. a) The distance-dependent irradiance variation. It should be noted that we simulate
the indoor experiment as close as the usual ambient lighting conditions in an office.® Because
we only focus on obtaining the targeting flux number (such as 2000 lux), therefore, all the
lights in the office are switched on. The distance-dependent irradiance variation looks like
linear, which is because of the contribution from different light sources. b) J-V curve of QDSC
under different indoor irradiance. c) Real-time potential measurement in capacitors (20 mF)
which was charged by QDSC under different indoor irradiance.
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Table S3 One hour indoor QDSC charging parameters

Light Intensity [Lux] Capacitance Potential Q Energy Power
[MF] [V] [mC] [mJ] [uW]

2000 10 1.36 13.6 9.25 2.57
20 0.63 12.6 6.30 1.75

30 0.48 144 3.46 0.96

5000 10 2.35 235 27.61 7.67
20 1.3 26 16.90 4.69

30 0.74 22.2 8.21 2.28

10000 10 3.68 36.8 67.71 18.81
20 2.63 52.6 69.17 19.21

30 1.47 44.1 3241 9.00

17




SV High light QDSC parameters.

The QDSCs were evaluated by high standard AAA class solar simulator system (Figure S9)

under a solar concentration from 1 Sun to 30 Suns.

Due to the elevated surface temperature, a noticeable efficiency drop can be observed as
shown in Figure S10a (sample A and sample B). Therefore, a low concentration condition (i.e.,
1-5 Suns) as highlighted in Figure S10a was employed in the rest of our manuscript. Figure
S10b exhibit the general efficiency trend of QDSCs (sample 1 to sample 18) under the solar
concentration of 1 to 5 Suns. All the samples showed only small efficiency drop when the solar
concentration was increased. Figure S10c and Figure S10d provide more evidence of
efficiency evolution trend as a function of solar concentration with multiple time measurements.
It indicates that QDSC can sustain a high solar irradiance without noticeable efficiency
degradation.

In the range of 1 to 5 Suns, the power conversion efficiency can also be enhanced due to the
enrichment of photon flux. As the integration results are shown in the Figure S11a, the number
of photons with a wavelength between 280 nm to 500 nm can be dramatically enriched when
the solar concentration adjusts from 1 Sun to 5 Suns. The detail J-V and power output curves

are provided in Figure S11b, Figure S11c, and Figure S11d.

The power output and maximum power point (MPP) voltage ratio (e.g., essential parameters
for evaluating commercial PV products) are extracted and reported in Figure S12a.5° We
determined the ‘constant MPP ratio’ from our QDPV based on a fractional-voltage
methodology which was reported to be an effective way for prospecting PV under viable light

modulation.®*! Solar cell power conversion efficiency (n) is calculated from equation n =

FPxsexVoe o 100%, where Jsc denotes short-circuit current density, FF denotes fill factor, Voc

denotes open circuit voltage and Pi» denotes photon flux power input.*? In practice, without a
perfect cell cooling system, the increasing carrier densities and illumination flux will lead to a
high dark current density and high cell temperature which inevitably result in the decline of
photo conductivity.*?*3 Therefore, though the Js. displays a proportional enlargement, the FF
is showing a fast accession, saturation and degeneration trend which subsequently cause

deviation of a linear efficiency enhancement (Figure S12b).*?

By using a differential resistance approach, the series resistance and shunt resistance of
QDSC under different irradiance can also be extracted (Figure S13).2 There is a noticeable
decline trend in the parasitic cell resistance, and it is slowing down in the high solar
concentration ratio. Moreover, a high photon flux induces a smaller shunt and series

resistance was observed which is consistent with the results extracted from indoor light QDSC

18



as shown in Figure S6 e-f. The parameters of QDSC under different solar concentration,
including power conversion efficiency, fill factor, ideality factor, short circuit current density,
open circuit voltage, series resistance, shunt resistance are summarised in the Table S4.
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Figure S9. A chart of the concentrated solar simulator system.
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Table S4 Summary of low-concentration QD photovoltaic parameters (1-3 Suns)

power conversion efficiency
(PCE)
fill factor (FF)
ideality factor (n)

short circuit current density

(Jsc)

open circuit voltage (Voc)
series resistance (Rs)

shunt resistance (Rsn)

1 Sun
(100 chm'z)

8.52+1.03%
(9.55)

48.5%
0.82

29.55 mA/cm’
0.5V
4.12+1.5 Qcm’
213.3+7.7 Qcm’

1.5 Suns
(150 chm'z)

10.6+0.65%
(11.25)

52.87%
0.82

46.27 mAlcm’
0.52V
2.8+1.1 Qcm’
38.47+3.6 Qcm’

2 Suns
(200 chm-Z)

10.27+0.6%
(10.87)

54.3%
0.82

61.46 mA/cm’
0.53 V

1.620.03 Qcm”

400.2 Qcm’

2.5 Suns
(250 chm'z)

10.09+0.58%
(10.67)

54.43%
0.82

76.95 mA/cm’
0.53 V
1.35+0.01 Qcm’
47.3%5.6 Qcm’

3 Suns
(300 mWcm™2)

10.020.48%
(10.48)

54.58%
0.82

93.45 mA/cm’
0.54 V
1.27+0.07 Qcm’
47.07+4.9 Qcm’



Continue Table S4 summary of low-concentration QD photovoltaic parameters (3-5 Suns)

power conversion efficiency
(PCE)

fill factor (FF)

ideality factor (n)
short circuit current density (Jsc)

open circuit voltage (Voc)

series resistance (Rs)

shunt resistance (Rsn)

3.5 Suns
(350 mWem2)

9.93+0.48%
(10.41)
54.46%

0.82

108.65 mA/cm2
0.54V

1.16+0.01 Qcm’

46.050.59 Qcm’

4 Suns
(400 chm'z)

9.82+0.45%
(10.27)
53.49%

0.82

124.35 mA/cm2
0.54V

1.06+0.09 Qcm’

48.08+23.64 Qcm’

26

4.5 Suns
(450 chm-z)

9.7+0.45% (10.15)

52.46%
0.82

140.05 mA/cm2
0.54V

1.02+0.05 Qcm’

24.20+4.2 Qcm’

5 Suns
(500 mWcm™2)

9.545+0.46%
(10.01)
51.7%

0.82

157.35 mA/lcm’
0.54 V

1.01+0.05 Qcm’

28.94+4.28 Ocm’



SVI Polymer lens concentrator

Figure S14 a-e present the detail information about polymer lens concentrator simulations and
detail parameters used in the simulations are listed in the Table S5.* Figure 14f shows the
power output curve of as-prepared QDSC integrated with different polymer lens. The optical
absorption spectra of QD solid film together with a polymer lens are shown in Figure S15a.
The first exciton peak remains very well after covering by the polymer lens caption which
indicates exciton dynamics of QD film did not alter when the light rays were converged. The
photostability of QD concentrator PV (QDCPV) is evaluated by 6 hours continuous 1 sun
insolation. As shown in Figure S15b-f, there is no significant device performance degradation
during light exposure. Detail QDCPV device parameters are summarised in Table S6.
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Figure S14. a) The molecule configuration of PDMS monomer and two CCD images of
polymer lenses with different contact angles. 3D geometric profiles of 70° b) and 140° c) lens
and simulated concentration ratios (d, €) employed for polymer solar concentrator. f) Power
output curve of as-prepared QD polymer lens CPVs.
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Table S5 Parameters for polymer lens concentrator simulation

70° 140°

Total emitted power density (mW/cm?) 100 100
Total received power density (mW/cm?) 102.91 106.68
Active area power density (mW/cm?) 231.03 408.97
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Figure S15. a) Optical absorption of QD solid film, QD solid film capped by 70° and 140°
polymer lens. b) J-V curves of QDCPV capped by 140° polymer lens for 6 hours 1 Sun
irradiance. c¢) J-V curves of QDCPV before and after 6 hours of light exposure. PCE d), Js €)
and V. f) evolution trend as a function of exposure time.
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Table S6

Module power conversion
efficiency (MPCE)
fill factor (FF)

Module short circuit current
density (MJsc)
open circuit voltage (Voc)
series resistance (Rs)

shunt resistance (Rsn)

Summary of polymer lens QD photovoltaic parameters

Pristine QDSC
8.31%

0.56
28.42 mA/cm?

0.52V
3.84 Qcm2
337.52 Qcm2
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70° lens 140° lens
12.6% 21.3%
0.54 0.49

44.56 mA/cm’ 79.99 mA/cm’

052V 054V
2.9 Qcm2 2.21 Qcm2
141.2 Qcm’ 27.9 Qcm’



SVII Water lens concentrator

Mixers of H,O and ethanol were used to generate different curvature water drops on a
hexamethyldisilazane (HMDS) modified glass substrate (reverse side of ITO) to mimic the
function of the solar concentrator. Figure S16 (a-d) shows a series of water lens with different
ethanol volume concentration on hexamethyldisilazane (HMDS)-modified glass. It is well
known that the wettability of a surface can be modified by the adsorption of the ethanol
molecules on a liquid-vapor and liquid-solid interface.*® The increased ethanol concentration
changed the wettability of the HMDS-modified surface, resulting in a decreased wetting angle
of water lens. Therefore, by adding these solution drops on the top of QDSC, artificial QD CPV
can be easily fabricated. These water-based QD CPV show photon energy harvesting
enhancement as exhibited in Figure S16e, which produce prominent power output comparing
to bare QDSC (Figure S16f). Detail water-based QDCPV device parameters are summarised
in Table S7.
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Figure S16. a) Cross-section view images of water drops having a different amount of ethanol
on HMDS treated ITO substrate. b-c) enlarged CCD cross-section images. J-V e) and P-V f)
curves of water-based QD CPVs.

33



module power conversion
efficiency (MPCE)
fill factor (FF)

short circuit current density (Jsc)
open circuit voltage (Voc)
series resistance (Rs)
shunt resistance (Rsn)

Table S7 summary of water lens QD photovoltaic parameters

Pristine QDSC 25% 50%
8.64% 9.60% 10.10%
0.6553 0.6554 0.6629

26.38 mA/cm? 29.31 mA/cm? 30.48 mA/cm?
0.50 V 0.50V 0.50V

2.25 Qcm2 2.37 Qcm2 2.42 Qcm2
171.35 Qcm’ 529.43 Qcm’ 246.19 Qcm’
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75%
10.92%

0.6555
33.33 mA/cm?
0.50V
2.06 Qcm’

181 Qcm’

100%
13.28%

0.6423
39.76 mA/cm?
0.52V
1.49 Qcm’

179.48 Qcm’



SVIII A summary of the state-of-the-art PbS QD solar cells

Table S8 A summary of the state-of-the-art PbS QD solar cells

Fabrication Irradiance | Jsc Voc FF (%) PCE (%) | Reference
method (mA/lcm?) | (V)

Solution-state | 1 sun 29.1 0.64 |70 13 17

ligand

exchange

Solution-state | 1 sun 29.5 0.64 |66 12,5 18

ligand

exchange

Solution-state | 1 sun 30.2 0.65 |68 13.3 19

ligand

exchange

QD/OPV 1 sun 29.6 0.66 67 13.1 20

hybrid

Solution-state | 1 sun 26.1 0.53 |58.1 8.1 2

ligand

exchange

Solution-state | IR region 3.2 0.43 |65.2 0.9 2

ligand

exchange

Solid-state 1 sun 25.2 0.61 |59 9.1 2

ligand

exchange

Solid-state 1 sun 21.9 0.635 | 51 7.0 z

ligand

exchange

Solid-state 1 sun 25.3 0.633 | 66.8 10.4 z

ligand

exchange

Solid-state IR region 3.44 0.32 |61 0.67 24

ligand

exchange

Solid-state 1 sun 25.84 0.63 |68.8 11.21 %

ligand

exchange

Solid-state 1 sun 29.55 0.5 48.5 8.52+1.0 | This work
ligand 3

exchange (9.55)

Solid-state Indoor 0.4238 0.36 69.4 19.2+0.3 | This work
ligand (2000 Lux) (19.5)

exchange

Solid-state 1.5 sun 46.27 0.52 52.87 10.6+0.6 | This work
ligand 5

exchange (11.25)

Solid-state Polymer 79.99 0.54 49 21.3 This work
ligand lens (4.08

exchange sun)
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SIV Universal irradiance QDSC performance in different latitudes

The simulated QDSC performance among Hilo, Palm Springs, Seattle, Juneau are based on
their hourly statistics annual irradiance data which were extracted from USA National
Renewable Energy Laboratory (NREL) National Solar Radiation Database 1991-2010 as
listed in the Table S8. We simulate our QDSC performance from actual daily irradiance among
various latitudes (LA) to further quantify the emerging use of QDSCs under the different light
conditions. By using a least squares algorithm, the polynomial from these variables (Jsc, Voc,
PCE) can be determined and empirical regression equations correlated to the PCE (Figure
S17) can be computed (solid fitting lines). Therefore, given different LA insolation, the PV
power can be readily simulated. It should be noted that these approximations are based on a
constant FF (mean value 58.4%) and incident flux independent dark current condition.®'? As
shown in Figure 4c, mean daily annual solar irradiance as a function of the month from four
different USA cities are selected. These four towns (Hilo, Palm spring, Seattle and Juneau)
have represented latitude degrees across the northern hemisphere.? It can be seen that there
is a clear daily solar irradiance difference between these latitudes and they are all deviated
from one Sun condition. However, as highlighted from the periphery of the contour map of
Figure 4c, when we superimpose our QDSC into these cities, a similar PCE can be obtained
regardless of the LA difference.

Furthermore, simulated indoor QDSC power generation between 7pm-24pm among these
four cities as a function of irradiance is shown in Figure S18. Furthermore, QDSC
measurement protocols are provided in Figure S19 and Table S9. These protocols were used
for evaluating QDSC performance and stability under sunlight, indoor-light, and high-intensity
light irradiance.
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Figure S17. Least squares algorithm fitted lines for PCE evolution under variable ambient
(indoor) and solar (sunlight, high light) irradiance.
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Table S9 Annual hourly based solar irradiance (mW/cm?) Hilo, Hawaii, Latitude: 19.717, Longitude: -155.05, TZ:-10

Time 0(1{2|3|4 5 6 7 8 9 10 11 12 13 14 15 16 17| 18119 (20|21 |22 |23
Month
January (0|0 |0|0 |0 0 0| 5.8|21.3]|38.2 54 1 60.3|63.1|62.1|50.8|34.2|20.2| 4.2 0O 0| 0] 0| O O
February [0 |0 |0|0 |0 0/0.1| 6.8|22.6|41.9|58.7 70 | 68.6 | 68.8|56.6 |406|245| 98|03| 0| 0| 0| O| O
March |0|0|0[0 |0 0/05| 99|251|41.2|56.9|66.3|68.2|63.2|55.8 41 | 254 |125|05| O O O O] O
April |0 |0|0[0|0O 0|/34)|16.3|336|516|635|76.3|77.7|752|63.1|51.3(288|13.1|{06| 0| 0| O| O| O
May ([0O|0|0|0|0|0.1|75|235|405|62.7|68.9 789|774 |77.1|584|448 335|144 |17 0| 0| 0| 0| O
June |[0|0|0|0|0|02|7.2|21.7 36 | 56.2 768|784 |86.2845|71.2|555|346|158|28| 0| 0| 0| O| O
Juy|0[0|0|0|0|0.1]6.3|20.1|41.1 60 | 73.7 831808814 |71.6|56.6|39.4|20.2 4| 0| 0| O O] O
August |0 |0|0|0|O 0 4212|339 |53.8]|75.6 85 | 85.8 | 83.9 78 60 37.7(169|18| 0| 0| O| O| O
Septembe |0 [0 |0 |00 032|188 |37.2|57.1 74 | 78.9 | 85.4 81|71.6|52.6 32 10/03| O O O O] O
r
October |0|0|0|0 |0 0|1.3|13.4|305|43.3|53.5]|68.7 65|658(51.4|355|194 | 3.3 0|l 0| 0| O O] O
November |0 | 0|0 |0 | O 0|/05|125|28.7|43.3|58.3|60.8|56.5|55.3|44.6|30.9 16| 1.2 0|l 0| 0| O O] O
December |0 |0|0|0 |0 0]0.1 8 24 | 385 | 46.3 | 53.7 55504 (429|272 |144 | 1.4 0Ol 0| 0 O O] O
January (0|0 |0|0|0 028|148 |31.2 49 | 63.3 | 71.7 | 725 | 70.7 | 59.7 | 44.2 | 27.2 | 10.2 11 0| 0| O] O O
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Continue Table S9 Annual hourly based solar irradiance (mW/cm?) Palm Springs, CA, Latitude: 33.833°, Longitude: -116.5° , TZ:-8

Time 011(2|3]| 4 5 6 7 8 9 10 11 12 13 14| 15 16| 17| 18| 1| 2| 2| 2| 2
9| 0| 1| 2| 3
Month
January [0 0|0|0| O 0| 01| 81| 24.| 35.| 46. 53| 50.6 | 44.| 32.| 19.| 3.7 0Of 0| 0] O| O] O O
4 7 6 1 6 1
February [0 0|0|0| O 0| 0.7 13.| 29.| 47| 59| 674 | 689 | 58.| 47.| 31.| 12.| 0.7 0O 0| 0| O| O| O
4 9 5 4 2 9
March|0|0|O0|0O| O| 0.1| 81| 28.| 48.| 65. 78 | 81.7 81| 74.| 60.| 42.| 22.| 3.3 0| 0| 0] O] 0| O
7 6 9 7 3 7 8
April |O|O0|0|0| O 24| 19.| 41.| 62.| 78.| 89.| 955 91| 84.| 68.| 52.| 29.| 94| 0.| 0| O| O| O| O
6 3 4 9 9 1 4 6 2 2
May |0O|O0|0|0O| O. 9| 29.| 50.| 70.| 85.| 92.| 995 97| 90.| 76.| 58.| 36.| 15.| 1.| 0| O| O| O| O
2 1 6 2 5 2 7 8 1 2 5 3
June [0O(O|O|O| O.| 211.| 32.| 52.| 71.| 86.| 97.| 100.| 100.| 92. 80| 62.| 41.| 20.| 2.| 0| O| O] O| O
5 6 2 8 4 8 1 4 2 8 5 1 3 9
Juy|0|0|0|0| O.| 79| 25.| 46.| 64.| 77.| 86.| 953 | 96.2| 87.| 75.| 60.| 40.| 19.| 2.1 0| 0| O] O| O
1 1 5 2 2 4 3 7 3 2 5 7
August |0|O0|(0|0| O 32| 21.| 43.| 62.| 78.| 88.| 952 | 934 | 84| 72.| b5.| 33.| 12.| 0.| 0| O| O| O] O
7 1 7 4 8 5 3 8 2 8
Septemb |0|O0|0|0| O| 06| 15.| 36.| 55.| 72.| 82.| 86.1| 835 | 75.| 61.| 42.| 20. 3 0Ol 0| 0] O] 0| O
er 8 3 8 7 2 6 5 6 4
October |0|0|0|0| O| 01| 84| 26.| 46.| 61.| 68.| 71.3| 66.5| 59.| 44. 27| 7.3| 0.2 0Ol 0| 0] O] 0| O
5 9 1 3 2 8
Novembe 0| O0|(O0(O| O 0| 21| 19.| 36.| 51.| 58.| 63.2| 59.2| 49| 35.| 17.| 1.8 0Of 0| 0] O| O] O| O
r 1 7 2 3 5 6
Decembe [0[{0|(O0(O0| O 0| 0.3 9| 22.| 36.| 43.| 459 | 445 | 38.| 26.| 13.| 1.2 0Of 0| O] Ol O] O| O
r 7 1 7 7 5 4
January [0 0|0|0| O0.| 29| 13.| 31.| 49.| 64.| 74.| 795 | 77.7| 69.| 56.| 40.| 20. 71 0. O| O] O| O| O
1 6 3 7 7 2 9 8 2 9 7
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Continue Table S9 Annual hourly based solar irradiance (mW/cm?) Seattle Boeing Field, WA, Latitude: 47.68°, Longitude: -122.25°, TZ:-8

Time oO(1(2(3| 4| 5 6 7 8 9| 10| 11| 12| 13| 14| 15| 16| 17| 18| 19| 2| 2| 2| 2
O 1| 2| 3

Month

January [0 0|0|0| O] O 0 0| 28| 87| 12.| 15.| 15.| 14.| 10.| 69| 0.9 0 0 0y 0] O O] O

February |[0(0|0|0| O| O 0| 15| 10.| 19| 26.| 31.| 29.| 29.| 24| 18.| 7.7| 0.6 0| 0y 0] O O] O

March|0|0(0|0O| O] O 1| 87| 18.| 27.| 35.| 41.| 40.| 41.| 32.| 24.| 15.| 56| 02| 0| O O| O] O

Apri|O|O|O|O| O O.| 78| 17.| 27.| 37| 43.| 43.| 48.| 47.| 37.| 30.| 22.| 11.|, 25| O| 0| O] 0| O
9 5 5 4 8 6 7 4 6 5 2
May |O(O|O|O| O.| 4.| 13.| 26| 36.| 46.| 54.| 56.| 52.| 50.| 47.| 40.| 27.| 19. 8/ 0.l 0 0] O] O
2] 1 8 2 7 1 3 9 1 3 7 5 2 6
June |0 O0|O0|O| O.| 5. 16.| 26.| 34.| 46.| 53| 54.| 58.| 54.| 54.| 44.| 30.| 19.| 11.| 2.| 0| O O] O
6| 5 8 6 9 6 8 8 4 5 4 4 9 6| 7
July|0|0|0|0O| O.| 5.|] 15.| 25.| 39.| 49.| 56.| 70.| 76.| 71.| 65.| 58| 45.| 29.| 14.| 2.| 0| O] O| O
2| 6 4 7 1 9 9 3 4 2 9 2 9 3] 9
August | 0|00 |O| O] 21.| 9.7| 20.| 32.| 41.| 52.| 62.| 66.| 63.| 58.| 50.| 35.| 19.| 57| 0. 0| O] O| O
5 7 4 5 2 5 5 3 1 1 4 9 2
Septembe |0 |0 |0|O| O] O.| 39| 13.| 19.| 28.| 34.| 40.| 47.| 40.| 35.| 28.| 17.| 6.1| 03| O O] O] O| O
r 1 3 8 6 7 3 2 6 5 1 5
October {O|O0O|O|O| O| O] 05 8| 18.| 27.| 33.| 35.| 31.| 30.| 25.| 15.| 56| 0.3 0| 0| 0| O] O| O

November |0 |0 |(0|O| O] O 0| 13| 79| 12| 16.| 17| 16.| 15.| 11.| 56| 0.4 0 0| 0| 0| O] O| O

December |0 |0 (0|0O| O] O 0 0| 35 9| 11.| 16.| 17.| 13.| 10. 4| 0.1 0 0| 0| 0| 0| O| O

January (0|0 |0|0O| O. 57| 12.| 21| 29.| 35.| 40.| 41.| 39.| 34.| 27.| 17.| 94| 36| O0.| O O| O| O
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Continue Table S9 Annual hourly based solar irradiance (mW/cm?) Juneau INT'L ARPT, AK, Latitude: 58.35°, Longitude: -134.583°, TZ:-9

Time 0(1{2|3|4 5 6 7 8 9 10 11 12 13 14 15 16 17| 18|19 (20|21 |22 |23
Month
January (0|0 |0|0 |0 0 0| 5.8|21.3]|38.2 54 1 60.3|63.1|62.1|50.8|34.2|20.2| 4.2 0O 0| 0] 0| O O
February [0 |0 |0|0 |0 0/0.1| 6.8|22.6|41.9|58.7 70 | 68.6 | 68.8|56.6 |406|245| 98|03| 0| 0| 0| O| O
March |0|0|0[0 |0 0/05| 99|251|41.2|56.9|66.3|68.2|63.2|55.8 41 | 254|125|05| 0| O O O] O
April|0|0|0[0|0 0|/3.4|16.3|336|516|635|76.3|77.7|752|63.1|51.3(288|13.1|{06| 0| 0| O| O| O
May ([0O|0|0|0|0|0.1|75|235|405|62.7|68.9 789|774 |77.1|584|448 335|144 |17 0| 0| 0| 0| O
June |[0|0|0|0|0|02|7.2|21.7 36 [ 56.2 768|784 |86.2(845|71.2|555|346|158|28| 0| 0| 0| O| O
Juy|0[0|0|0|0|0.1]6.3|20.1|41.1 60 | 73.7 831808814 |71.6|56.6|39.4|20.2 4| 0| O O O] O
August |0 0|0 |0 |0 0 4212|339 |53.8]|75.6 85 | 85.8 | 83.9 78 60 |37.7(169|18| 0| 0| O| O| O
Septembe |0 [0 |0 |00 032|188 |37.2|57.1 74 | 78.9 | 85.4 81|71.6|52.6 32 10/03| O O O O] O
r
October |0|0|0|0 |0 0|1.3|13.4|305|43.3|53.5]|68.7 65|658(51.4|355|194 | 3.3 0|l 0| 0| O] O] O
November |0 | 0|0 |0 | O 0|05|125|28.7|43.3|58.3|60.8|56.5|55.3|44.6|30.9 16| 1.2 0Ol 0| 0| O] O] O
December |0|0|0|0 |0 0]0.1 8 24 | 385 | 46.3 | 53.7 55504 (429|272 |144| 1.4 0Ol 0| 0 O O] O
January (0|0 |0|0|0 028|148 |31.2 49 | 63.3 | 71.7 | 725 | 70.7 | 59.7 | 44.2 | 27.2 | 10.2 11 0| 0| O] O O
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Hilo Palm spring Seattle Juneau
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Figure S18. Simulated QDSC indoor power generation between 7 pm to 24 pm.
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SX Solar cell measurement protocols.
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Figure S19. Test protocols of the QDSCs. Instantaneous forward and backward scanning J-
V curves obtained under 1.0 Sun (a), 3.0 Sun (c), 200 lux (d), 1000 lux (e) and 2000 lux (f).
Representative EQE spectrum provided in (b) was obtained with the same aperture mask for
evaluating spectra and area mismatch (2.23 + 0.91 mA/cm?).?” There is no considerable
hysteresis effect observed in all QDSC devices under sunlight or indoor light. As widely
reported, the QDSC generally show hysteresis-free and stable in air under sunlight.?82° Under

high-intensity light irradiation, there is slightly hysteresis present due to thermal effect and the
only backward scan is extracted for the rest of discussion.3%-32
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Table S10. Comparisons of the spectral mismatch between EQE and solar simulator
system.?’

Jsc (MA/cm?) Jsc (EQE) (mA/cm?) Mismatch (mA/cm?)

27.55+1.15 25.32 + 1.43 2.23 £ 0.91
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