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Abstract

Perovskite solar technology has become a trend topic in the last decade, reaching promising 

efficiencies up to 25.7%. Researchers mainly focused on obtaining high performances rather than  

caring for stability under accelerated stress condition, such as thermal and light soaking tests. For 

this reason, we studied a standard triple cation perovskite (~1.58eV) and wider bandgap 

perovskite (~1.63eV) with the scope of finding a common strategy to build a robust device stable 

over time independently of the perovskite used. We use a combination of additives inside the 

perovskite ink: ionic liquids 1-Butyl-3-methylimidazolium tetrafluoroborate (BMIM-BF4), 

alkylamine ligands oleylamine (OAm) and benzylhydrazine hydrochloride (BHC). Our work 

reveals that the combination of these additives helps to improve efficiency and stability of the 

entire device, reaching a power conversion efficiency of over 20% on both types of perovskite 

and stability beyond 1000 hours under continuous light-soaking. The universal applicability of 

this method further applied to a more robust methylammonium free perovskite leading to an 

impressive stability both under light soaking and under 85°C, showing T90 >  1500 hours and T80 

> 8658 hours, respectively.  
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Introduction

New generation photovoltaics are gathering massive attention from the industrial and scientific 

community as a valid alternative to standard inorganic technologies thanks to the high 

efficiencies, suitability of printable deposition approach, low-cost and low-temperature 

processing1-4. The most impressive are the perovskite solar cells (PSCs) that have walked a 

milestone with a major report on high-performing PSCs passing from a power conversion 

efficiency (PCE) of 3.8% in 20095 arriving nowadays with leading efficiency of 25.7%6, 7. 

Perovskite semiconductors in photovoltaics are exploited in various permutable compositions 

due to their facile solution processible compositions, outstanding optoelectronic properties, and 

improvements in fabrication techniques8-10. The possibility to tune its bandgap permits it to be 

the perfect fit into tandem solar cells and overcome the single-junction theoretical efficiency 

limit11. The combination of PSCs as top cell with silicon bottom cell permits to achieve 

maximum PCE of 29.8% in monolithic configuration and similar efficiencies in different tandem 

configurations (mechanically stacked, 3T or 4T)12-17. Furthermore, PSCs have shown its superior 

power output at low-light conditions (200lux – 1000lux) compared with the commercial 

photovoltaics18. The low rate of non-radiative recombination allows to have high voltage output 

in indoor illumination, with the maximum PCE obtained of 40%, opening future applications for 

smart integration into low-powered electronics, such as sensors & IoT19-22. Despite high 

efficiencies of single-junction PSCs obtained on lab-scale and mini-module size (Active Area 

range = 10 – 100 cm2)23-27, stability under continuous working conditions (1 Sun) remains far 

behind that of the industrial Silicon devices28. While extrinsic degradation factors like moisture 

and oxygen, can be solved by proper sealing techniques, intrinsic phenomena due to illumination 

and heat such as  ion migration, non-radiative recombination, and perovskite bulk decomposition 

remains a challenge forachieving a stable lifetime of nearly 10 years for a perovskite solar cell 
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(PSC)29, 30. Considering different architectures, n-i-p or standard structure usually has higher 

PCE compared to the p-i-n or the inverted structure, even if, lately, p-i-n devices are closing the 

gap with PCEs reaching up to 25%6, 31-34. In p-i-n architecture, insertion of additives into 

perovskite precursors is demonstrated as an effective approach to enhance efficiency and 

stability by passivating bulk and GBs defects35. In the past couple of years, ionic liquid, which 

was formerly introduced to n-i-p structure for its energy band alignment of the perovskite and the 

charge extraction layer36, 1-butyl-3-methylimidazolium tetrafluoroborate (BMIMBF4) was 

adopted as an additive to the perovskite in p-i-n architecture leading to a more stable device with 

20.0% efficiency37. In addition to the library of additive passivation in p-i-n architecture38, the 

efficiency gap in comparison to n-i-p is improved using surface anchoring alkylamine ligands 

and an optimal amount of oleylamine (OAm) which proved to suppress nonradiative carrier 

recombination and showed 22.3% certified efficiency and no loss of efficiency for over 1000h in 

nitrogen atmosphere39. In 2021 Chen et al. addressed not only the stability of PSCs but the 

lifetime of precursor solutions for the fabrication of PSCs. Adding benzylhydrazine 

hydrochloride (BHC) the the perovskite ink reduces I2 formation from I-  in solution and 

prenvent the I2 formation in solid perovskite films during a light soaking stress test, improving 

the PCE to a certified efficiency of  22.62%40. In this work, taking note of the various passivation 

technique, we devised a strategy of combining those three additives to set a universal passivation 

approach for triple cation perovskites. In particular, we studied the effect of the triple additive 

doping on a narrow bandgap formulation (3C-NBg hereafter) and a wider bandgap perovskite 

(3C-WBg hereafter). We proposed the collective use of BMIMBF4 (IL), OAm, and BHC in the 

perovskite solution. These additives improved all the PV parameters which are ascribed to higher 

quality film, reduced non-radiative recombination, and allowed for a passivation of defects at the 

grain boundaries region. Upon inclusion of the additives, the 3C-NBg based PSC (Bg = 1.58eV) 
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shows a max PCE passing from 16.35% to 20.31%, mirroring the performance with 3C-WBg 

(Bg = 1.63eV) which shows a robust improvement in efficiency from 14.91% to 20.30%, with a 

FF of 83% and a PCE close to 30% in low-light condition. An impressive light stability 

improvement in air environment with a basic encapsulation (kapton tape) was observed for both 

the formulations. The additives enhanced more than 400% the time it takes for the maximum 

power point (MPP) trace to decay to 80% of the initial value41 (T80), reaching a T80 of 305h with 

the 3C-WBg. In addition, by changing the deposition technique of the electron transporting layer 

(ETL) from a solution process to an evaporated process the 3C-WBg shows a T80 that exceeds 

1000h under continuous illumination. To demonstrate the universal approach of the additive 

combination, we tested them on a more stable formulation, such as a methylammonium-free 

double cation formulation (CsFA hereafter). An outstanding stability was reached by the additive 

doping arriving at  T90 >1500h under continuous light stress in ambient air and a T80 > 6150h for 

thermal stress at 85°C. However, keeping in mind the applicability of wider bandgap perovskites 

in perovskite-silicon tandem cells, we checked our doped 3C-WBg with a semi-transparent ITO 

electrode and yielded a high-performing PCE of 15.5%. We demonstrate that this approach can 

be applied also for four terminal perovskite/silicon tandem to improve the overall efficiency of 

the cell. 
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Results and discussion

The choice of BMIMBF4, OAm and BHC as  perovskite additives (Figure 1a) lies in the different 

ways they improve the quality of the perovskite absorber when they are added to the perovskite 

ink.37, 39, 40 By acting on different aspects of the device passivation, we demonstrated that we can 

indeed combine them achieving a step-by-step improvement of the device performance (see Figure 

S1): IL helps improving Jsc and FF mainly, acting on the passivation of perovskite layer at the grain 

boundaries and to reduce the halide migation39. OAm improves the Voc, since it has been reported 

tocontrol of the crystal orientation, along with that minor passivation effects42. Finally, BHC boost 

Jsc and Voc as well, preventing the formation of defect sites associated to the oxidation of I− to I2 41.

Figure 1 (a) Scheme of the  device architecture used in this work, together with full device 
composition of narrow and wide band gap perovskite, named NBg and WBg respectively, and the 3 
additives adopted, named Add, which includes 1-Butyl-3-methylimidazolium tetrafluoroborate 
(BMIM BF4 or IL), Benzylhydrazine hydrochloride (BHC) and Oleylamine (OAm); (b) current 
density as a function of voltage curve of the best device fabricated per type; electrical performance 
statistics of 10 devices per type fabricated, power conversion efficiency or PCE (c), fill factor (d), 
current density (e) and voltage (f) box plot comparison.
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Table 1. Electrical parameters for the best devices and average on 10 samples ± standard deviation 
for each perovskite device type, extracted by the J–V curve acquired at 1 Sun irradiation.

Perovskite PCE [%] Jsc [mA cm−2] Voc [V] FF [%] Integrated Jsc [mA cm−2]a

Best 16.35 20.66 1.05 78.47
NBg

Average 15.45±0.55 19.95±0.62 1.04±0.01 72.56±4.53

        

20.48                                      

Best 20.31 22.45 1.11 82.52
NBg + Add

Average 19.47±0.81 22.11±0.61 1.10±0.01 80.97±7.24

                                              

22.31

Best 14.91 19.57 1.08 76.08WBg

Average 13.90±0.94 18.99±0.55 1.04±0.02 72.07±4.85
19.86                                            

Best 20.30 21.51 1.14 83.17
WBg + Add

Average 19.08±0.98 21.14±0.72 1.12±0.02 80.39±2.39
21.74

a) Integrated Jsc was obtained from the IPCE measurements of the best devices per type.1

To prove the universal benefit of the additives in the perovskite, we used two perovskite 

formulations, one with a narrow band gap (Cs0.05MA0.14FA0.81Pb(I0.9Br0.1)3, 3C-NBg, Eg~1.58eV) 

and one with wider band gap (Cs0.05MA0.17FA0.77Pb(I0.83Br0.17)3, 3C-WBg, Eg~1.63eV); we 

implemented them in a perovskite solar device choosing the inverted structure, since it has been 

proven to be more robust and stable under stress conditions38, 42, 43. The main photovoltaic 

parameters of both perovskite precursors with and without additives are shown in Figure 1 and 

listed in Table 1: both NBg and WBg perovskite improves their PCE starting from 16.35% and 

14.91% for pristine perovskite, up to 20.31% and 20.30% for perovskite with additives, 

respectively; all the PV parameters are improved, for both perovskites, with improved short circuit 

current density (Jsc), fill factor (FF) and open circuit voltage (Voc), with an average PCE 

improvement by 25% and 37% on NBg and WBg, respectively. Integrated current density has been 

also measured from IPCE (see Table 1) and compared with Jsc obtained from J-V curves: all 

integrated Jsc values from IPCE are within a 2% deviation from to Jsc extracted from J-V curves, 

valiating the calibration procedure for the measurement at 1 Sun (Figure S2). 
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Figure 2. Analytical results on the triple cation (3C) films. The label NBg indicates the 
Cs0.05MA0.14FA0.81Pb(I0.9Br0.1)3 formulation, while WBg indicates the 
Cs0.05MA0.17FA0.77Pb(I0.83Br0.17)3 formulation. All the films are deposited on glass/ITO/MeO-
2PACz substrates; (a) Transmittance (with integrating sphere) of the 3C perovskite films with and 
without the mixture of additives  ; (b) Tauc plot the 3C perovskite films with and without additives 
used to identify the bandgap of the films; (c) SEM and AFM analysis of the NBg perovskite with 
(c2 and c4) and without additives (c1 and c3); (d) SEM and AFM analysis of the WBg perovskite 
with (d2 and d4) and without additives (d1 and d3);  (e) XRD patterns of the 3C perovskites films 
with and without additives. Red and blue columns refer to theoretical alpha and delta perovskite 
phases respectively.
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To investigate why the combination of additives induces such a drastic increase in the performance 

of our 3C-based PSC, we investigated how they affect the film morphology and the optoelectrical 

properties. The scope is to verify whether the miture of additives induce a change in the 

crystallization itself (i.e. lower amount of pinholes or larger grain size) or if they act mainly in the 

passivation of electronic defects reducing the losses due to non-radiative recombination. 

 In terms of the optical properties of the films, the introduction of the three additives in the 3C 

perovskite ink has only a minor effect. If one looks at the transmittance of the perovskite films 

deposited on glass/ITO/MeO-2PACz (see Figure 2a) the additives seem to slightly increase the 

transmittance below the bandgap. We believe that this effect is mainly due to the change in the 

roughness of the films as evidenced by the results of the AFM analysis (see Figure S4 and 2cd) and 

to the minor reduction of thickness induced by the addition of additives. Similarly, the additives 

have also a negligible effect on the bandgap of the films as measured from the Tauc plot (see Figure 

2b), suggesting that they are not changing the crystalline structure of the perovskite films. On the 

other hand, the morphology of the films shows that the use of additives can prevent (or mitigate) the 

formation of grains of lead iodide as visible from the SEM images (see Figure 2c and Figure 2d). 

The images show a drastic decrease in the bright grains that are usually attributed to lead iodide 

cluster44 (and confirmed by XRD), while the change in grain size appears negligible. This analysis 

is giving a first evidence of the positive effect of the additives used in this work, as they can 

improve the phase purity of the films. It is worth noting that both our 3C formulations (NBg and 

WBg) contain a 4% excess of the lead salts in the perovskite inks as largely reported in literature45. 

The disappearance of lead iodide clusters from the surface of the perovskites indicates that the 

additives are either preventing the crystallization of lead iodide only on the surface, or they are 

promoting a termination of the perovskite grains with an amorphous film of lead iodide, or they are 

blending in with the lead iodide to form a perovskite structure. While we cannot exclude the third 

option (the IL might be act as a large cation with a pseudohalide as anion) the quantities used (about 

0.03 mol%) are too little to bond with all the lead iodide excess. For this reason, we believe the 
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additives are mainly changing the way the lead iodide grows in the crystals. The XRD patterns 

(Figure 2e) suggest that the effect of the additives on the crystalline phases are not too different for 

the two 3C formulations: in both cases we can observe a decrease in the peak of lead iodide (at 

12.7°) suggesting that its crystallization is strongly reduced, while the perovskite peaks position are 

not shifting, suggesting that the additives are not altering the perovskite lattice and therefore are 

mainly located at grain boundaries37. Furthermore, the beneficial effect of the additives is also 

visible in the reduction of the peaks associated with hydrated perovskite phases showing that the 

passivation is also increasing the environmental stability of the films46. Such effect is even more 

evident for the WBg formulation with additives, which is also showing a strong decrease in the 

peaks associated with hydrated perovskite or the unwanted δ-phase. The presence of hydrated 

phases is due to the storage, transportation and measurement of all perovskite film under 

investigation that occurred in a non-controlled atmosphere. Anyhow, this additional stress is useful 

to identify better environmental stability of the films when the additives are used. The same stability 

is also enhanced by the increase in the Br content as previously reported, making our WBg 

perovskite more stable under shelf-life condition with respect to the NBg. Later we will also verify 

this effect by noticing that the WBg formulation can increase the stability of the complete devices 

under light soaking in ambient condition. So, from these data we can conclude that the additives are 

indeed changing the phase-composition of the film, making it purer and more resilient to humidity. 

To prove the enhanced structural stability induced by the additives in more controlled environment, 

we performed XRD analysis on aged 3C perovskite films stored in N2 for 3000 h (Figure S3). In 3C 

WBg films, the perovskite structure is preserved, still being cubic alpha phase and no spurious 

contribution are detected. Quantitative analysis of crystallinity evinced that in the sample wituout 

additives PbI2 contribution is ehnanced of 330% after storage, while its growth is reduced to only 

50% in the case of doped film (Figure S3a). In 3C NBg compositions it is observed a change of 

crystallinity after more than 4 months of storage: in pristine samples ,  the crystallinity is reduced by 

30%, while when additives are added the crystallinity reduction is contained to less than 20%, even 
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if a strong comparable increase of PbI2 peak is observed in 3C NBg and 3C NBg + Add (Figure 

S3b). As discussed before,  AFM analysis is showing that the mixture of additives decreases the 

roughness of the film (see Figure S4 and Figure 2cd). This is beneficial when the perovskite must 

be coated with a thin layer of PCBM as in our case, promoting the full coverage of the perovskite 

grains. All the changes induced by the additives on the morphology indicate an improvement in the 

film quality, but even the sum of these results might be not sufficient to justify the large 

improvement of PCE shown in Figure 1. To further delve into the additives’ passivation effect, we 

measured the steady-state photoluminescence (PL) of the films (see Figure 3a). In this case, we can 

have direct evidence of the reduction of the non-radiative recombination, and indeed we can 

Figure 3. Optoelectronic properties of the triple cation (3C) films. The label NBg indicates the 
Cs0.05MA0.14FA0.81Pb(I0.9Br0.1)3 formulation, while WBg indicates the 
Cs0.05MA0.17FA0.77Pb(I0.83Br0.17)3 formulation; (a) steady state photoluminescence of the 3C films 
with and without additives deposited on glass/ITO/MeO-2PACz substrates; (b) electroluminescence 
of devices (with stack glass/ITO/MeO-2PACz/3C perovskite/PCBM/BCP/Cu) with and without 
additives. The forward bias value is indicated in the legend; (c) recombination time measured from 
fitting the transient photovoltage decay of devices (with stack glass/ITO/MeO-2PACz/3C 
perovskite/PCBM/BCP/Cu) with and without additives; (d) charge extraction measured from a 
fitting of the transient photovoltage decay of devices (with stack glass/ITO/MeO-2PACz/3C 
perovskite/PCBM/BCP/Cu) with and without additives.
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observe how the additives induce a major increase in the PL: the PL signals increase by about an 

order of magnitude for both formulations, proving that the additives are indeed passivating the 

electronic defects in the films. The same behaviour can be seen also in the measurement of 

electroluminescence from full devices (see Figure 3b). These measurements show that the 

passivation is responsible for the Voc increase of our devices. This is also confirmed by the transient 

photovoltage and photocurrent decay (TPV and TPC, see Figure 3cd): a longer recombination time 

means that the charges can travel for a longer time before recombining. We observed a clear 

enhancement of the recombination time (Figure 3c) when additives are included with respect to 

pristine samples. The enhancement of the recombination times at voltages close to the Voc of our 

devices is also justifying the high FF that we measured. A similar behavior is observed for charge 

accumulation, with a slight increase at higher light intensity for TPC (Figure 3d) which means 

superior extraction efficacy and, therefore, less surface traps. According to the data presented here, 

we can conclude that the mixture of additives is providing a major passivation effect while also 

improving the phase purity of our films. The combination of these two effects justifies the large 

improvement in device performance.

As examples of the improvement iduced by the additives in a wide range of application , WBg + 

Add based perovskite devices have been further measured under indoor light (Figure 4ab) and in 

combination with a Silicon solar cell in a 4Terminal (4T) tandem configuration (Figure 4cd). At low 

light condition the Perovskite low rates of non-radiative recombination and short charge carrier 

lifetime permit to boost the maximum theoretically efficiencies above 50%47. This has been verified 

by suppressing trap states of the perovskite film with a decrease of nonradiative recombination 

leading to a Voc enhancement19. Here it is interesting to notice that 29.7% efficiency has been 

achieved at 1000lux passing from a 24.6% for undoped perovskite mainly due to a boost of Voc 

even at lower light intensity (Figure S6). The best device provides a maximum power output of 

114.4 µW*cm-2 with an incident light power of 385 µW*cm-2, showing that this perovskite is able 

to work well at low light conditions, with a huge potentiality of its integration on low-powering 
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electronics to entering in the Internet of Things (IoT) world. For complementarity, a WBg + Add 

perovskite has been also measured as top cell with a standard commercially available Silicon 

heterojunction in a 4T configuration (inset of Figure 4c). In this case, Cu top electrode was replaced 

by sputtered ITO on top of BCP, achieving a maximum PCE of 15.5% for the semitransparent PSCs 

(Figure S7). In the 4T configuration, the semitransparent cell is used as an optical filter for the Si 

sub-cell, which decrease its efficiency from 20.8% to 8.2%. The overall combination of the two 

PCEs (semi-T PSC + filtered Si) lead to a final efficiency of 23.7% in tandem configuration (Figure 

S8), proving a boost in efficiency with respect to the single Si solar cell. It is worth noting that with 

further optimization of the transmittance of the perovskite cell above the bandgap will lead to 

further improvement of this structure. These applications are just few examples of the beneficial 

effect of IL, OAm and BHC in the perovskite, witnessing that such devices may easily go into the 

market delivering suitable output power for IoT devices and improving the current technology.

Figure 4. J-V curves under different indoor illumination  of a WBg + Add based perovskite (a), 
with thier corresponding photovoltaic parameters (b), and in combination with a Silicon device in a 
4 terminal configurations (c), with their corresponding photovoltaic parameters (d).     
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To further prove the beneficial use of additives in perovskite solar cells, we investigated the device 

lifetime stability under light soaking and thermal stress, using the standard protocols ISOS L-1 and 

ISOS T-148, as shown in Figure 4. In this study we included a methylammonium-free perovskite 

(CsFA hereafter), having the following formulation Cs0.17FA0.83Pb(I0.9Br0.1)3; the choice to include 

such dual cation perovskite relies on the stronger intrinsic stability of its structure, due to the 

absence of the organic cation methylammonium, a volatile material that is known to be the first 

responsible of perovskite degradation, especially under light and thermal stress32, 43, 49-51. It is worth 

to mention that light and thermal stress were performed in air environment and sealing the PSCs by 

only kapton tape, which is only partially resistant to moisture and oxygen permeation52. This means 

Figure 5. Stability test measurements following 2 of the most common standard tests used: ISOS L-
1 (a), where the test has been taken under continuous light soaking in air condition; ISOS T-1 (b) 
where devices have been stored at 85°C in air environment and taken out only to measure the trend 
over time. Statistical data have been shown for ISOS T-1 (b), with up to 8 devices on CsFA 
perovskite with and without additives. All the devices monitored during light and thermal stress 
were sealed only by applying kapton tape.
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than any improvemenet of the sstability can eb attributed to an enhancement of t bth intrinsic and 

extrinsic stability. The use of additives in the CsFA perovskite improves the photovoltaic 

parameters (see Figure S5) as well, confirming the wide application range of this perovskite 

“doping” process. NBg, WBg and CsFa with and without additives were compared first under 

continuous light soaking test (ISOS L-1). The T80, the time in which 20% of the initial efficiency is 

lost, of NBg + Add, increases by  ~ 400% compared to one of the pristine device without additives, 

passing from 27 to 135 hours; WBg + Add shown an improvement of the T80 by ~ 500% with 

respect to its pristine perovskite counterpart, passing from 56 to 305 hours; when using evaporated 

electron transport layer, such as C60/BCP, the improvement is further increased, showing a T80 over 

1000 hours. Finally, a very remarkable stability is shown for the CsFA + Add perovskite device, 

with T90, the time in which 10% of the initial efficiency is lost, improved by ~ 300% compared to 

pristine CsFA device, passing from 520 to over 1500 hours. Such results confirm that the use of 

additives improves the quality of different kind of perovskite device tested by limiting the 

degradation occurring under light soaking conditions. To further delve into the role of the addivie 

mix, a detailed assessment has been set it up for CsFA-based perovskite by adding the additives 

step by step (see Figure S9): the stability shows a T90 of 668, 1084, and 1528 hours, by using IL 

only, IL+OAm, and IL+OAm+BHC, respectively, proving that the higher stability is achieved by 

introducing the combination of the three additives.

To complete our stability assessment, we conducted a statistical thermal stress of CsFA-based 

devices: 4 devices per type (with and without additives) have been compared and labeled as device 

1, 2, 3 and 4. A tremendous improvement is observed for CsFA thermal stability when we add the 

additives: T80 increases form 1290 hours of the CsFa till 5532 hous of the CsFA+Add (~ +428%). 

The best device reached an impressive T90 and T80 of 3540 and >8658 hours, respectively, 

corresponding to ~1 year. These results prove the potentiality of the use of these additives in any 

perovskite precursors to further stabilize their stability under continuous light soaking and thermal 

stress. 
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CONCLUSION

In conclusion, we have reported an universal approach for obtaining stable and highly efficient 

devices combining 3 different additives in the perovskite precursor ink: ionic liquids 1-Butyl-3-

methylimidazolium tetrafluoroborate (BMIM-BF4), alkylamine ligands Oleylamine (OAm) and a 

reducing agent Benzylhydrazine hydrochloride (BHC). These additives improve the photovoltaic 

parameters with efficiencies passing from 16.35% to 20.31% for narrow band gap perovskite and 

from 14.91% to 20.30% to wide band gap perovskite, for pristine perovskite and perovskite with 

additives, respectively. Furthermore, we demonstrate the use of these additives in 2 main 

applications, for both indoor and tandem devices, delivering 29.7% and 23.7% efficiency under 

indoor (1000lux) and tandem configuration. Finally, the lifetime of the devices has been tested, 

choosing also a methylammonium-free perovskite, aiming to prove the universality of the 

perovskite passivation effect with the use of additives in the perovskite: tests under continuous light 

soaking and under 85°C (ISOS L-1 and ISOS T-1, respectively) showed impressive results, with T90 

> 1500 hours and T80 > 8658 hours, respectively. In conclusion, this study provides a universal 

strategy to achieving high efficiency and stability in any perovskite precursor, with the goal of 

paving the road for the commercialization of perovskite solar technology.
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ToC figure 

 A universal approach to enhance both performances and stability of inverted PSCs by 

introducing a combination of three additives.

 3 types of Perovskite tested, improving their performances from 14.9% up to 20.31% 

efficiency.

 ISOS L-1 and ISOS T-1 reached a T90 > 1500 hours and a T80 > 8650 hours, respectively.
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