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Abstract 15 

Monolithically stacked tandem solar cells present opportunities to absorb more of the sun’s 16 

radiation whilst reducing the degree of energetic loss through thermalization. In these applications, 17 

the bandgap of the tandem’s constituent sub-cells must be carefully adjusted so as to avoid 18 

competition for photons. Organic photovoltaics based on non-fullerene acceptors have recently 19 

exploded in popularity owing to the ease of which their electrical and optical properties can be 20 

tuned through chemistry. Here, we report highly complementary and efficient 2-terminal tandem 21 

solar cells based on a wide bandgap amorphous silicon absorber, and a narrow bandgap 22 

nonfullerene acceptor bulk-heterojunction with power conversion efficiencies (PCEs) exceeding 23 

15%. Interface engineering of this tandem device allows for high PCEs across a wide range of 24 

light intensities both above and below “1 sun”. Furthermore, the addition of an inorganic silicon 25 

sub-cell enhances the operational stability of the tandem by reducing the light-stress experienced 26 

by the bulk heterojunction, resolving a long-standing stumbling block in organic photovoltaic 27 

research. 28 



Introduction 29 

Photovoltaics based on organic small-molecule electron acceptors and polymeric donors (OPVs) 30 

have shown great promise given their solution-processable nature, mechanical flexibility, semi-31 

transparency and rising power-conversion efficiencies (PCEs).[1–3] Much of this recent process is 32 

owed to the development of small molecule non-fullerene acceptors (NFAs). Combined with the 33 

engineering of other charge-selective layers, single junction OPVs now achieve PCEs of 18%.[4] 34 

As the efficiencies of OPVs creep ever-higher, new strategies have become viable to yield further 35 

increases in performance. One such approach is to combine multiple photoactive layers, with 36 

complementary light absorption profiles, into a monolithic tandem device. In doing so, a broader 37 

range of the solar spectrum can be absorbed without losing a significant portion of the available 38 

energy to thermalization, resulting in PCEs potentially in excess of the single junction limit.[5] The 39 

purpose of a series-connected tandem solar cell is to increase absorption range of the wide bandgap 40 

front cell by using a small-bandgap absorber, without sacrificing voltage to thermalization.[6] 41 

Therefore, the low bandgap sub-cell should have strong absorption into the near-infrared region.[7] 42 

In recent years, breakthroughs in the synthesis of non-fullerene electron acceptors has yielded 43 

molecules with such absorption characteristics.[8,9] In contrast to new wide-bandgap organic 44 

molecules, inorganic photovoltaic devices comprised of hydrogenated amorphous silicon (a-Si:H) 45 

have been under investigation and commercial production since the 1970s.[10,11] Processed through 46 

vacuum deposition, a-Si:H photovoltaics use earth-abundant materials and can be deposited onto 47 

large-area and flexible substrates. The typical bandgap of a-Si:H lies around 1.7 eV – far wider 48 

than that of bulk-heterojunction solar cells employing modern NFA materials.[12] The difference 49 

in photon absorption characteristics between these two photovoltaic technologies presents an 50 

opportunity for the fabrication of a thin-film monolithic tandem device to best utilise the solar 51 

spectrum for electron generation. Furthermore, the orthogonality of a-Si:H to typical solvents used 52 

for solution-processed organic layers greatly improves the manufacturability of the tandem 53 

compared to fully solution-processed tandems. In such devices containing organic-organic, 54 

organic-perovskite or perovskite-perovskite absorbers, underlying layers can be inadvertently 55 

dissolved by subsequent layers if pinholes are present within the device. One solution to this 56 

solvent ingress issue is to use thicker, more robust, and more conformal interlayers to protect from 57 

solvent ingress.[13–15] 58 



The series-connected nature of such tandems allows the voltage from each sub-cell to be summed. 59 

However, any mis-match in their current densities will limit the tandem’s output to that of the 60 

lowest sub-cell. This highlights the need for accurate current matching between light absorbers to 61 

produce efficient tandem solar cells. The adjustable nature of modern-day OPVs’ optical properties 62 

makes them ideal candidates for integration into tandem devices: Organic-inorganic hybrid 63 

tandems have been studied where an a-Si:H solar cell was used as a suitable “top cell” in tandem 64 

configurations with wavelength-tunable organic blends.[16,17] Initial work by Kim and coworkers 65 

employed, in a superstrate configuration, a blend of poly[2,6-(4,4-bis-(2-ethylhexyl)-4H-66 

cyclopenta[2,1-b;3,4-b′]dithiophene)-alt-4,7(2,1,3-benzothiadiazole)] (PCPDTBT) and [6,6]-67 

Phenyl-C71-butyric acid methyl ester (PC70BM) atop an a-Si:H sub-cell, yielding an open-circuit 68 

voltage (Voc) of 1.50 V – corresponding to a near perfect sum of sub-cells.[16] However, the overall 69 

efficiency was limited by the low short-circuit current of the organic sub-cell at longer 70 

wavelengths, at just 2.98 mA cm-2 for the tandem device. In later years, progress on recombination 71 

junction development and organic sub-cell absorption tuning increased the a-Si:H / OPV tandem 72 

performance to 13.2% in 2016.[18–20] The latter device employed a more complex triple-junction 73 

configuration, comprising a two a-Si:H sub-cells in tandem with a poly[[2,5‐bis(2‐hexyldecyl‐74 

2,3,5,6‐tetrahydro‐3,6‐dioxopyrrolo[3,4c]pyrrole‐1,4‐diyl]‐alt‐[3′,3″‐dimethyl‐2,2′:5′,2″‐75 

terthiophene]‐5,5″‐diyl] (PMDPP3T) and PC60BM organic bulk heterojunction.[16,20,21] 76 

In this article, we introduce a highly complementary, monolithic tandem device employing an a-77 

Si:H wide bandgap absorber (1.7 eV) in conjunction with a low bandgap (1.24 eV) PTB7-Th and 78 

IEICO-4F blend.[22] A robust recombination layer of tin-doped indium oxide (ITO) is used between 79 

sub-cells which protects the underlying a-Si:H layers from damage during the solution processing 80 

of the organic sub-cell. This relatively thick recombination layer (80 nm) is conductive enough to 81 

act as an electrode, thus allowing electrical measurements to be made on each sub-cell individually, 82 

as explored later. In order to maximise the tandem’s photocurrent, we modulate the current 83 

matching between sub-cells through optical management of the a-Si:H sub-cell by texturing the 84 

top electrode.[23,24] We find that this combination of materials exhibits higher performance over a 85 

range of light intensities compared to either sub-cell in isolation, with a 1-sun PCE of 15.1% - the 86 

highest reported so-far for such device configuration. Crucially, the tandem’s performance remains 87 

high across a wide range of light intensities (>14% PCE between 0.25-2.7 suns) – a significant 88 

finding for light-harvesting applications where a high dynamic range of natural lighting is present, 89 



leading to a greater overall energy yield compared to a device with a more light intensity-90 

dependant performance character. Further, the operational stability of this tandem configuration is 91 

far greater than that of an equivalent single-junction OPV: Whereas a single-junction PTB7-92 

Th:IEICO-4F cell degrades to 60% of its original performance in under 50 hours of illumination, 93 

the tandem reaches the same level after more than 800 hours. We employ a strategy of filtering 94 

highly degrative ultraviolet photons using the more photostable sub-cell (a-Si:H) which serves to 95 

protect the less photostable rear cell (OPV). In doing so, the light-stress experienced by the organic 96 

active layer is reduced and the tandem’s operational stability improved.  97 

 98 

 99 

Figure 1. Chemical structures of PTB7-Th donor (a) and IEICO-4F acceptor (b). Normalized 100 

absorption spectra of a-Si:H, PTB7-Th and IEICO-4F materials (c). Schematic energy diagram of 101 

the a-Si:H & OPV tandem solar cell (d).  102 

 103 

Figure 1a shows the chemical structure of the electron-acceptor molecule, IEICO-4F, alongside 104 

the widely used PTB7-Th polymer electron-donor (Figure 1b). The combination of PTB7-Th and 105 

IEICO-4F has been reported to yield extremely high photocurrents, in excess of 27 mA cm-2, given 106 

its ultralow absorption onset (1.24 eV)[22,25,26]. Figure 1c illustrates the highly complementary 107 



nature of this organic blend when paired with a-Si:H where light absorption is extended until 1000 108 

nm. A schematic energy diagram of such a tandem is illustrated in Figure 1d with HOMO & 109 

LUMO levels derived from ultraviolet photoelectron spectroscopy (UPS) and low energy inverse 110 

photoelectron spectroscopy (LEIPES). For these devices, a PEDOT:PSS hole-transport layer and 111 

Nb-TiO2+BCP electron-transporting bilayer were used, as demonstrated elsewhere.[27,28] This 112 

blend of PTB7-Th:IEICO-4F was selected over newer, higher efficiency blends such as PM6:Y6 113 

so as not to limit the current of the tandem device resulting from PM6:Y6’s blue-shifted absorption 114 

edge. A PM6:Y6-containing device was measured beneath a semi-transparent a-Si:H device to 115 

simulate its use in a tandem structure (Figure S2). The current-density contribution of this lower 116 

energy loss, narrower bandgap device proved significantly lower than that of the a-Si:H device, 117 

implying a current mismatch condition if such an absorber were used in a 2-termical tandem. 118 

Further transfer-matrix simulations revealed that organic absorbers with bandgaps even as narrow 119 

as 1.2 eV, such as PTB7-Th:IEICO-4F, are still able to be the limiting factor in tandem applications 120 

with regards to photocurrent: Figure S3 shows simulations of light absorption for both subcells 121 

with and without the parasitic influence of interlayers. When integrated with the AM1.5G 122 

spectrum, we find that a material with a-Si:H’s optical characteristics has 270 W m-2 available for 123 

conversion into charges, whereas a material with PTB7-Th:IEICO-4F has only 175 W m-2 124 

available. While this analysis does not take into account photon-to-electron conversion efficiency, 125 

it illustrates that narrower bandgap materials are preferred to wider in this tandem application, 126 

despite their improved efficiency in single-junction applications. 127 

 128 



 129 

Figure 2. a-c) Atomic-force surface micrographs of ITO-coated a-Si:H under different degrees of 130 

texturing. Each square is 2.5 x 2.5 µm in size. The green arrow illustrates the interface being probed 131 

in AFM measurements. Average root-mean squared roughness (Ra, r.m.s) is displayed within sub-132 

figures. d-e) Cross-section transmission electron micrographs of the full tandem solar cell (20 nm 133 

Ra) under different magnifications. 134 

 135 

Sub-cells within a tandem solar cell can be defined by their position within the device: In this study 136 

and in accordance with common nomenclature for other types of tandem solar cell devices, the a-137 

Si:H sub-cell is termed “top” as it receives incident light first, whereas the OPV sub-cell is termed 138 

“bottom”. In order to maximise the photon harvesting by a-Si:H, chemical texturing of the a-Si:H 139 

sub-cell’s front TCO (Al:ZnO in the case of this study) is often performed prior to a-Si:H 140 

deposition, allowing for greater light scattering into the absorber layer. This is achieved by acid-141 

etching the Al:ZnO electrode for increasing periods of time to develop roughness.[29] The 142 

conformal, vapor deposited nature of the a-Si:H sub-cell, however, causes this surface roughness 143 

to be propagated through the cell to the organic sub-cell. The effect of this propagation may be 144 



seen in Figures 2a-c, whereby different ITO recombination layer (green arrow in Figure 2) 145 

roughness is measured. The conformality and overall quality of subsequent organic layers, 146 

deposited through solution processing on top, are more sensitive to surface roughness: Issues 147 

including de-wetting, changes in surface energy and incomplete film coverage are known to arise 148 

when coating onto increasingly rough surfaces.[30,31] As such, a balance must be struck between 149 

the increase in a-Si:H sub-cell photocurrent gained by texturing, and any consequential reduction 150 

in performance from the OPV sub-cell. As a-Si:H solar cells adopt a p-i-n structure arising from 151 

the sequence in which their layers are deposited in a superstrate configuration, we employ 152 

PEDOT:PSS and Nb-TiO2 & BCP bilayer hole- and electron-transport layers, as shown in Figures 153 

2d-e. To extract the maximum performance possible from these tandem solar cells, we also employ 154 

a random pyramid textured antireflective polydimethylsiloxane (PDMS) film coupled to the 155 

tandem’s window glass to reduce reflection losses. 156 

Figure 3a. shows current density-voltage (J-V) curves for 2-terminal tandem solar cells with 157 

different degrees of Al:ZnO electrode texturing, with a root mean squared (r.m.s.) roughness Ra 158 

varying from 10-40 nm. Noteworthy is the increase in tandem short-circuit current (Jsc) upon 159 

texturing from 10 nm RMS to 20 nm RMS. The source of this increase is illustrated in the external 160 

quantum efficiency (EQE) evaluation in Figure 3b. In the case of the smoothest Al:ZnO layer 161 

(10nm), optical interference fringes are present primarily in the a-Si:H sub-cell owing to the short 162 

path-length of light through the device. Despite the peak EQE around 80% in all texturing 163 

scenarios, the presence of these fringes reduces the total photocurrent generated in the case of the 164 

flattest Al:ZnO layer. For textured ZnO with a roughness value of 20 nm, these fringes are largely 165 

removed, and the photocurrent generated by the a-Si:H sub-cell is increased from 10.2 to 11.1 mA 166 

cm-2. Interestingly, the photocurrent generated by the OPV sub-cell is largely unaffected by 167 

Al:ZnO texturing: Despite some flattening in the OPV’s spectral response resulting from increased 168 

texturing, the overall Jsc increases by only a small amount. This is a result of the a-Si:H sub-cell’s 169 

enhanced absorption reducing the light flux available to the OPV sub-cell. Further increasing the 170 

electrode roughness removes the presence of interference fringes entirely and yields the highest 171 

photocurrent from the a-Si:H in this experiment. At 40 nm RMS texturing, both sub-cells approach 172 

a near-perfect current-matching condition with photocurrents of 12.0 and 12.8 mA cm-2 for a-Si:H 173 

and OPV respectively: The increase in a-Si:H photocurrent somewhat erodes that of the OPV, 174 

leading to a reduction in OPV sub-cell Jsc when compared to that of less rough electrodes.  175 



However, at such a high degree of surface roughness, device performance becomes limited by fill 176 

factor losses, as seen in Figure 3a and Table 1. Whilst tandem Jsc is improved from 13.0 to 13.3 177 

mA cm-2, fill factor is largely diminished from 0.72 to 0.62, leading to an efficiency decrease from 178 

15.1% to 13.3%. Therefore, we determine that a slight reduction in current-matching in this 179 

configuration is preferable in order to maintain high fill factors. We attribute this reduction in fill 180 

factor to incomplete and inhomogeneous coverage of the ITO recombination layer with 181 

PEDOT:PSS (Figure S4-5), leading to a reduction in device shunt resistance.[32] 182 

 183 

Figure 3. J-V curves for 2-terminal a-Si:H & OPV tandem solar cells with different degrees of 184 

electrode texturing (a). External quantum efficiency of sub-cells within 2-terminal tandems with 185 

different degrees of electrode texturing (b). Box-plots of power conversion efficiency (PCE) for 186 

textured tandems and single junction solar cells (c) – data from 6 devices shown per variation. 187 

 188 



 Al:ZnO RMS 

roughness 

 (nm) 

Voc (V) Jsc (mA cm-2) Fill factor PCE (%) 

OPV single 

junction 
N/A 0.71 (0.72) 24.3 (23.0) 0.64 (0.65) 10.5 (11.3) 

a-Si:H 

single 

junction 

40 ± 3 0.90 (0.91) 11.7 (12.0) 0.64 (0.65) 6.8 (6.9) 

2-terminal 

tandem 

10 ± 2 1.59 (1.60) 11.4 (11.6) 0.68 (0.71) 12.3 (13.2) 

20 ± 1 1.59 (1.61) 13.0 (13.2) 0.69 (0.72) 14.3 (15.1) 

40 ± 3 1.57 (1.59) 13.2 (13.3) 0.68 (0.62) 14.0 (13.3) 

Table 1. Solar cell parameters for 2-terminal tandem devices. Average values shown from 6 189 

devices per variation. Highest performing device parameters in brackets. 190 

 191 

Figure 3c shows a statistical account of PCE for both single junction a-Si:H and OPV devices, as 192 

well as textured 2-terminal devices (A full account of device parameters may be found in Figure 193 

S6-8). It should be noted that, in the case of single-junction a-Si:H devices, these cells are semi-194 

transparent in nature (AZO front electrode, ITO rear electrode) to better simulate their 195 

configuration within the tandem solar cell. Because of the lack of metallic and back-reflective 196 

electrode, these performance values are expectedly lower than a-Si:H devices with opaque rear 197 

electrodes.   Encouragingly, the performance of all 2-terminal tandem devices exceeds that of 198 

individual sub-cells, proving the benefits of a tandem configuration between a-Si:H and organic 199 

photovoltaics. Table 1. Shows J-V parameters of the best-performing 2-terminal tandem solar cells. 200 

A contour diagram of device performance with respect to Al:ZnO texturing roughness, without 201 

any anti-reflective coating, is illustrated in Figure S9. 202 

The light intensity-dependant performance of tandem solar cells, of all varieties, is closely related 203 

to that of their constituent sub-cells. As a result, varying sub-cell performance over a range of light 204 

intensities has the potential to dramatically alter the overall performance of the tandem. This aspect 205 

of sub-cell performance is especially prescient given that the “top” cell (a-Si:H) will receive the 206 

full incident illumination, whereas the “bottom” cell (OPV) will receive only the light not 207 

attenuated by the top cell (corresponding to the top cell´s QE characteristics). Figure 4 shows J-V 208 

parameters of a-Si:H and PTB7-Th:IEICO-4F single junction solar cells, as well as the 2-terminal 209 

tandem (20 nm Al:ZnO textured) as a function of illumination intensity between 0.1 and 3 suns. 210 

In single-junction devices, insights into trap-assisted recombination dynamics can be garnered 211 



from changes in Voc as a function of light intensity: A slope of 1 kT/q is indicative of purely 212 

bimolecular recombination, whereas a slope of 2 kT/q suggests entirely trap-assisted 213 

recombination.[33] For the single-junction PTB7-Th:IEICO-4F devices, a slope of 1.18 kT/q is 214 

observed, compared to 1.49 kT/q in the case of the a-Si:H cell. The latter’s larger trap-assisted 215 

recombination behaviour is attributed to dangling Si bonds in the intrinsic a-Si:H acting as mid-216 

gap recombination centres.[34,35] While the Voc-light intensity slope of the 2-terminal tandem 217 

appears steeper than either of the two sub-cells, the additive nature of sub-cell Voc in tandems 218 

negates this conventional slope analysis. An illustration of the exponential decay of the subcell’s 219 

EQE is shown in Figure S9. In the case of the a-Si:H subcell, the slope of the absorption edge is 220 

visibly shallower than that of the organic subcell, indicating the presence of more traps around the 221 

band edge irrespective of their surface or bulk location, hence the lower performance of the a-Si:H 222 

subcell’s voltage as a function of light intensity compared to that of the organic subcell.[36]  223 



 224 

Figure 4. (a-d) Single junction a-Si:H, PTB7-Th:IEICO-4F and 2-terminal tandem (20 nm 225 

R.M.S) device parameters as a function of light intensity. 226 

The slope of Jsc as a function of light intensity illustrates the current limitation of a-Si:H within 227 

the tandem, as evidenced by the tandem slope closely following that of the a-Si:H single junction. 228 

In the cases of organic and silicon single-junction devices, as well as the tandem, the linear 229 

relationship between Jsc and light intensity (all slopes > 0.96) implies very low bimolecular 230 

recombination under short-circuit conditions. This is especially impressive for the tandem device, 231 

as it implies that all photogenerated carriers from either sub-cell are effectively extracted at a wide 232 

range of illumination intensities. This extraction efficiency is enabled by a recombination junction 233 

(ITO, in this case) with highly ohmic contact between both a-Si:H and the OPV’s PEDOT:PSS 234 

hole transport layer (HTL). Any electronic barrier at this interface would increase the rate of charge 235 



recombination, leading to a deviation from linearity at low light levels. As the tandem’s voltage is 236 

equal to the sum of subcell voltages, in accordance to Kirchoff’s law, we can assume that the 237 

contact between the ITO recombination layer and its adjacent charge transport layers is ohmic in 238 

nature.[32]. The high fill factor of PTB7-Th:IEICO-4F at low light intensities makes it a highly 239 

suited blend for tandem applications: As the “bottom” sub-cell, approximately half of the photon 240 

energy received by the OPV is filtered by the preceding a-Si:H top cell in a tandem configuration 241 

. Consequently, the organic sub-cell within the tandem operates at a more favourable low-light 242 

condition, leading to a high tandem fill factor over a wide range of light intensities (in excess of 243 

0.7 between 0.3-2.2 suns). The resulting tandem efficiency is greater than either PTB7-Th:IEICO-244 

4F or a-Si:H single-junction reported in literature, with PCEs greater than 14% across a wide range 245 

of light intensities (0.25 to 2.7 suns). The independence of efficiency on light intensity makes this 246 

organic-silicon tandem configuration suitable for outdoor applications where illumination can vary 247 

greatly over the course of a diurnal cycle. Looking towards routes of further a-Si:H & organic 248 

tandem efficiency improvement, one promising path may be to reduce the bandgap-to-VOC loss 249 

from the organic subcell: Recent developments on aforementioned “Y6” derivatives have shown 250 

energy losses of only 0.45 eV.[37] If new NFA materials with similar absorption characteristics to 251 

IEICO-4F were developed with similarly low voltage losses (VOC ~0.80 V) and fill factors (FF 252 

>0.75), a reasonable tandem efficiency of ~17% could be expected without any modification to 253 

the already deeply studied a-Si:H subcell. 254 



 255 

Figure 5. Operational stability of PTB7-Th:IEICO-4F and a-Si:H single junction solar cells, as 256 

well as a 2-terminal tandem under constant, full-spectrum metal halide lamp illumination in a N2 257 

atmosphere. 258 

 259 

The operational stability of organic photovoltaics based on NFAs and polymer donors has long 260 

been a stumbling block for an otherwise promising technology. Intrinsic molecular instability in 261 

the presence of external degradants such as light and oxygen reduces device performance on 262 

timescales of tens to hundreds of hours.[38–40] Furthermore, there are reports of thermodynamic 263 

instability of donor/acceptor blends, including the PTB7-Th and IEICO-4F materials presented 264 

here.[41] In order to counter this instability, we present the a-Si:H & PTB7-Th:IEICO-4F tandem 265 

as a potential solution for extended operational lifetime. Figure 5 illustrates the evolution of single 266 



junction and tandem solar cell performance parameters over 1000 hours of constant irradiation by 267 

a metal halide lamp. First, we emphasise the relatively high degree of stability demonstrated by 268 

the a-Si:H single junction device: A drop in Voc, Jsc and FF of around 5% in each case is observed 269 

within the first 100 hours. It should be noted, that for these a-Si:H devices to be used as top cells 270 

in a tandem, thickness was reduced compared to the normal single junction value, which would 271 

have shown somewhat larger degradation. The  degradation in a-Si:H cells is attributed to the 272 

Staebler–Wronski effect, whereby Si dangling-bond defects are formed under light exposure.[42] 273 

This increase in defect density has been shown to decrease conductivity in both light and dark 274 

conditions, hence the reduction in device performance.[43] While the Staebler–Wronski effect is 275 

reversible under heating to 150 °C for a few hours, it is likely that the organic sub-cell will undergo 276 

undesirable morphological changes under such conditions. In the case of the single-junction PTB7-277 

Th:IEICO-4F solar cell, a sharp decrease in all performance metrics is observed within the first 278 

100 hours followed by less severe degradation over the following 900 hours. Over the course of 279 

the entire experiment, OPV loses 87% of its initial PCE resulting from a combination of the blend’s 280 

inherent morphological instability exasperated by intense irradiation: Specifically, a ripening of 281 

the bulk heterojunction into pure donor and acceptor domains, as reported by Zhu and co-workers. 282 

[41] In a tandem configuration, however, a large proportion of the incident light is filtered by the a-283 

Si:H sub-cell, corresponding to a decrease in illumination intensity experienced by the organic 284 

sub-cell. The result of this light filtering is seen in Figure 5 whereby the stability of the tandem 285 

device is greatly improved compared to that of the single-junction OPV. To further investigate the 286 

reason for this improved photostability, we measured the PL intensity of bulk heterojunction films 287 

over time in the dark, exposed to 1 sun, and exposed to 1 sun with an a-Si:H optical filter, shown 288 

in Figure S11. We observed in increase in PL intensity at the donor’s peak emission of 18% and 289 

23% for dark and 1 sun conditions respectively, indicating a reduction in quenching and associated 290 

morphological changes. However, in the case of the optically filtered film (simulating conditions 291 

within the tandem) we observe only a 17% increase in emission, indicating a reduction in 292 

morphological damage induced by light stress. Jsc of both the a-Si:H sub-cell and tandem remains 293 

remarkably similar over the 1000 hour test, indicating the organic sub-cell does not degrade to the 294 

point of limiting the tandem’s current generation. Similarly, the tandem’s FF shows little 295 

difference compared to that of the a-Si:H sub-cell, indicating the slowing of organic photovoltaic 296 

degradation when employed in a tandem configuration. To summarise, single-junction PTB7-297 



Th:IEICO-4F organic photovoltaics under constant illumination show sharp performance 298 

degradation due to morphological instability accelerated under light-stress. When employed 299 

behind an a-Si:H sub-cell in a tandem configuration, this stress is alleviated and device stability is 300 

greatly improved from a T60 of 48 hours in a single-junction OPV, to 1000 hours in a 2-terminal 301 

tandem. 302 

In conclusion, we present an efficient a-Si:H & organic photovoltaic 2-terminal tandem device 303 

with highly complementary light-absorption characteristics. By utilising the narrow band-gap 304 

blend of PTB7-Th polymeric donor and IEICO-4F small-molecule acceptor, the tandem is able to 305 

harvest light up to 1000 nm, compared to only 750 nm for a-Si:H alone. The photocurrent 306 

generated from this wide-absorption organic blend is matched by an a-Si:H sub-cell using front-307 

surface texturing to increase light trapping and hence lead to a fine degree of current-matching. 308 

The result of this organic-inorganic materials combination is the highest reported PCE for a tandem 309 

employing a-Si:H and organic sub-cells, at 15.1%. Furthermore, the 2-terminal tandem is more 310 

efficient over a range of light intensities compared to either sub-cell in isolation: Tandem PCE is 311 

consistently in excess of 14% between 0.25 and 2.7 suns, compared to a-Si:H and PTB7-312 

Th:IEICO-4F single-junctions, which exhibit a strong performance dependency on light intensity 313 

and reach peak performance at 0.4 and 0.1 suns respectively. This allows a-Si:H/organic tandems 314 

to be used effectively in outdoor applications with its widely varying degrees of solar irradiation 315 

intensity. Finally, we have demonstrated a large improvement in organic operational stability when 316 

employed within a tandem, whereby the T60 time is increased from 48 hours, in the case of the 317 

single-junction PTB7-Th:IEICO-4F cell, to 1000 hours in the case of the tandem. This is a result 318 

of reduced light-induced degradation of OPV owing to the a-Si:H sub-cell’s absorption of the UV 319 

and much of the visible light. Given the recent resurgence in highly-efficient organic bulk 320 

heterojunctions spurred by material innovations, we hope to see further advances in a-Si:H-organic 321 

tandem devices given their promise in terms of efficiency, stability and potential for semi-322 

transparent photovoltaic applications.  323 
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