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This work deals with the performance of a heterojunction with intrinsic 

thin layer solar cell by sputtering silicon on p-type crystalline silicon 

substrate in argon ambient without hydrogen addition. This first effort 

was an attempt to use cost-effective means to convert light into 

electricity and to find fabrication processes which use fewer and cheaper 

materials for the fabrication of solar cells. Since transport mechanisms 

of amorphous silicon/crystalline silicon heterojunctions are still under 

investigation, the aim is to examine the behavior of the fabricated 

samples under electrical and optical constraints. Initial cell 

characterization includes electrical behavior via current-voltage 

characteristics and optical investigation via reflectance and absorptance 

measurements. Results are analyzed in a tentative to follow the 

absorption, generation and collection processes in the fabricated cell. 

The heterojunction interface is found to be a limiting factor in the cell 

performance. Under sun illumination, the open circuit voltage was 140 

mV, the short circuit current was of 6 µA and the fill factor was of 42.56 

%. Dark current-voltage characteristics indicated a tunneling and/or 

recombination carrier transport mechanism, while 

aborptance/reflectance measurements showed a generation process 

occurring in most in the crystalline silicon-side of the 

amorphous/crystalline silicon heterojunction. A carrier collection 

limitation is a very probable origin of the decreased cell generated 

current. 
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1. Introduction

Algeria is a potential candidate to produce and use renewable energies due to its geographical 

location. In fact, the energies’ sector is being a priority for the public authorities which deploy 

a great interest to grow and exploit it. The development of this sector requires a new energy 

consumption model where an important part of renewable energy sources must be attributed. 

Despite it is trying to acquire the necessary experience for these sources development, several 

efforts are decisive in term of technological side for solar cells fabrication and efficiency 

improvement. One of the leading technologies in the solar cells market is the HIT 

(Heterojunction with Intrinsic Thin layer) solar cell which have gained an increasing attention 

since Sanyo used this concept in the fabrication of efficient low cost solar cells [1]. Composed 

of hydrogenated amorphous silicon and crystalline silicon, these heterojunctions combine the 

low cost and low temperature amorphous silicon fabrication process and the well-known 

crystalline silicon technology. As a consequence, a rapid industrial growth was observed due 

this simplified combination. As crystalline silicon is the dominant solar cells fabrication market, 

high efficiency cells are fabricated in large quantities for microelectronics market. Thin-film 

solar cells are fabricated using cheaper substrates to reduce the manufacturing cost and increase 

stability and robustness. Despite this maturity, several questions remain without answer and are 

still under disagreement concerning the transport mechanisms nature and the passivation effect. 

For these requirements, several aspects were taken in the design of a HIT solar cell. Some of 

these aspects are related to the current-voltage characteristics measured at different 

temperatures, others are inherent of optical properties. In fact, it is sometimes difficult to 

analyze and interpret measured current-voltage characteristics. One deals with several involved 

conduction mechanisms which influence the carrier transport. An overview of the dominating 

transport mechanisms in a-Si/c-Si heterostructures is detailed in [2, 3]. After the publication of 

HIT solar cells reports which had more than 20% efficiency [4, 5], several experiments were 

done to study the structure and explain the transport mechanism nature of solar cells with such 

thin layers [6, 9]. As reported in [10], these works debated that current was mainly dominant 

by either recombination current or tunneling current depending on temperature, and diffusion 

current in the crystalline region.  

This work is thus dedicated to the manufacture of a HIT solar cell by sputtering silicon on a p-

type crystalline silicon substrate without addition of hydrogen. The obtained results are 

presented and analyzed in terms of electrical characteristics via current-voltage characteristics 

and optical characteristics where reflectance and absorptance responses were measured in a 
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tentative to follow the absorption, generation and collection processes inside the cell. The paper 

is organized as follows: in section two, is provided the conducted experimental sequence that 

was followed in the sample fabrication. In section three, the obtained results and discussion are 

presented before conclusion is drawn. 

2. Experiment 

The structure of the fabricated solar cell is illustrated in Fig. 1. 1 cm2 area wafers were used for 

the cells fabrication. The substrate is a commercial (111) CZ silicon of 5-20 Ω.cm resistivity 

and a 500-550 µm thickness. The technological process began by the substrate back-side on 

which a successive deposition of intrinsic and p-type non-hydrogenated amorphous silicon (a-

Si) stacks was performed without breaking the vacuum chamber. This operation was followed 

by a 100 nm aluminum contact which covered the full cell area. The latter layer acts with the 

amorphous silicon p+ layer as a back-surface field [11] in order to have a reasonable low contact 

resistance and to block the minority carriers flow. On the front side of the substrate, intrinsic 

and n-type non-hydrogenated amorphous silicon stacks were successively deposited also 

without breaking the vacuum chamber. A layer composed of 75 nm of oxide silicon was 

evaporated on the n-type amorphous silicon as anti-reflective coating (ARC) for optical 

improvement of the cell in order to minimize reflection at its surface. Finally, a grid of 

aluminum contacts of 100 nm thickness was deposited to ensure a decent electrical contact for 

the solar cell. During e-beam evaporation, the power was adjusted so that the deposition rates 

were reached. A 13.56 MHz minilab 060 rf magnetron sputtering equipment from Moorefield 

was used for the stack deposition. A power of 90 W was used to conduct the deposition process 

without hydrogen addition in all experiments. A high chamber vacuum of ~ 7.29x10-7 mbar for 

back surface stack and ~ 7.66x10-7 mbar for front surface stack was set up in a room temperature 

deposition process to avoid defect creation and doping redistribution representative of high 

temperature processes [12]. The deposition rates of intrinsic and p-a-Si were, respectively, of 

0.60 Å/s and 0.47 Å/s for the back surface stack, and of 0.67 Å/s and 0.86 Å/s for intrinsic and 

n-a-Si, respectively, for the front surface stack. As inert gas, argon was used in a constant flow 

of 10 sccm. The working pressure was kept at 1.33x10-2 mbar. For back surface aluminum and 

oxide silicon ARC deposition, a conventional minilab from Moorefield electron beam 

evaporation system was used. The base pressure was kept at 1.2x10-7 mbar, the deposition rate 

was of 1 Å/s, and the working pressure of 6.5x10-7 mbar and 8x10-7 mbar, respectively. DC 

sputtering was used to deposit front surface aluminum. Base and working pressures were  
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Fig. 1. Fabricated cell structure. 

3.9x10-7 mbar and 9.37x10-3 mbar respectively. The deposition rate was of 0.53 Å/s. The target-

to-substrate distance was 14 cm for all measurements. To clean the targets, sputtering was 

primarily carried out with the shutter closed for several seconds. The measured characteristics 

are given without post-deposition annealing. The cleaning process began by using commercial 

detergent and ultrasonic bath. The later includes ethanol (25 min), 90°C heated deionized water 

rinsing, acetone (25 min) then demineralized water, and finally drying under nitrogen jet. Dip 

in hydrofluoric acid was used to remove the native oxide immediately before loading the wafers 

into the deposition chamber. To deposit front aluminum, cleaned metal shadow masks were 

used for the front metallization. Intrinsic-, n-type-, and p-type silicon targets (purity ~99.999%), 

SiO2 crystals (purity ~99.99%) and high pure (99.999%) aluminum were used in the fabrication 

process. The solar cell performance was characterized by current-voltage measurements in dark 

and at room temperature using the 4200-SCS source measure unit for semiconductor 

characterization system and under real conditions of sun illumination. Optical reflectance, 

absorptance and transmittance were measured using a UV-Visible-NIR spectrophotometer, a 

Filmetrics F10-RT-UV thin-film analyzer. Figure 2 illustrates sample prototypes of the 

fabricated HIT solar cells and the metal shadow masks used to deposit front aluminum. It also 

shows and an initial galvanometer functionality test which reveals the photovoltaic effect. 

3. Results and discussion 

2.1 Optical Characterization 

The deposited films were amorphous in nature. A discussion of this character is established in 

[13]. The photo-response of the fabricated cell was taken under sun illumination for a load 

resistance varying from 0 Ω to 10 MΩ. The photovoltaic effect was evident. The illuminated 

area was 0.928 cm2. 
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Fig. 2. Sample prototypes of the fabricated HIT solar cells (a), the metal shadow masks for front 

aluminum deposition (b), a galvanometer functionality test (c), 

and cell contact establishing for I-V measurements (d). 

 

An open circuit voltage of 148 mV and a short-circuit current of 6 µA were measured. Despite 

these low short circuit current and open circuit voltage, the fill factor was 42.56 %. Similar 

results were reported in [14] where cells having 100 Å of a-Si had low short-circuit current but 

high fill-factor. This can be attributed to shunt resistance and series resistance mechanisms due 

to increased recombination in the structure. Effectively, a reduced value of open circuit voltage 

Voc is usually interpreted as an increase in recombination effects, and as the short-circuit current 

depends on generation rate and carrier diffusion length, it depends on recombination effects as 

well. In a tentative to explain this behavior, the optical response of the cell was investigated. 

The measured absorptance and reflectance exhibited by the solar cell are illustrated in Fig. 3-a. 

Some corresponding values provided by the spectrophotometer are also shown in Table 1 for 
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illustration. The trends follow those of silicon as illustrated by Fig. 3-b which shows the 

absorption coefficient of crystalline silicon as a function of wavelength for intrinsic, p-type and 

n-type silicon with typical bulk doping and emitter doping concentrations, respectively [15]. 

Corresponding values are added in Table 1 as well. 

 
         (a) 

 
         (b) 

Fig. 3. (a) Absorptance and reflectance of the cell under study, (b) absorption coefficient of crystalline 
silicon as a function of wavelength for intrinsic silicon, p-type silicon with typical bulk doping  

concentration and n-type silicon with typical emitter doping concentration [15]. 
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Table 1. Some values of absorptance and reflectance delivered by the spectrophotometer of the 

fabricated solar cell, and absorption coefficients for i-, p- and n-type c-Si according to Fig.2 in [15]. 

 

The transmittance is negligible due to the presence of the back surface aluminum contact 

leading to a balancing relationship between absroptance and reflectance. According to this 

figure, the reflectance presents a minimum at 334.63 nm and another at 415.23 nm. At the solar 

cell front surface, reflectance is important because of reflection losses and optical losses due to 

the large refractive index of non- hydrogenated amorphous silicon [16]. As the crystalline 

silicon absorbs light in a wide range of spectrum, the absorptance for larger wavelengths is 

reduced because of the band gap limitation. The un-hydrogenated amorphous silicon 

thicknesses that are at least required to lead to a complete photon absorption calculated using 

the un-hydrogenated amorphous silicon absorption coefficient given in [17] are ~60 nm and 

~80 nm, respectively. These depths suggest a predominant absorption in the crystalline silicon 

side just near the intrinsic a-Si/p type c-Si interface. In [14], a depletion width at zero-bias 

voltage of 0.6 µm was reported for p type solar cells fabricated by sputtering of 1-10 Ω.cm 

substrate resistivity. For our 5-20 Ω.cm substrate resistivity, a narrower depletion width of 0.58 

µm [13] was found. As known, an increase in doping leads to a narrowing in depletion width 

Wavelength 

(nm) 

Absorptance 

(%) 

Reflectance 

(%) 

i: c-Si 

absorption 

coefficient 

(cm-1) 

p: c-Si 

absorption 

coefficient 

(cm-1) 

n: c-Si 

absorption 

coefficient 

(cm-1) 

300,51 57,2871 42,7239 2.2E6 2.2E6 2.3E6 

333,89 65,4998 34,5165 1.2E6 1.2E6 1.22E6 

334,63 65,5301 34,4937 1.1E6 1.1E6 1E6 

335,37 65,4322 34,572 1.05E6 1.05E6 1.05E6 

350,12 64,0567 35,929 1E6 1E6 1E6 

400,66 63,7066 36,2884 1E5 1E5 2E5 

414,5 64,3669 35,6215 2.4E4 2.4E4 1E5 

415,23 64,4913 35,4938 2.3E4 2.3 E4 1.1E5 

450,04 63,6185 36,3666 1.8E4 1.8E4 2.4E4 

500,48 61,2041 38,8003 1E4 1E4 1.1E4 

550,59 59,1351 40,8665 6E3 6E3 1E4 

600,41 58,0121 41,9873 2.2E3 2.2E3 2.8E3 

650,66 56,6882 43,3119 2E3 2E3 2.7E3 

700,62 56,0092 43,9925 1.8E3 1.8E3 2.6E3 

750,25 55,7249 44,2737 1.3E3 1.3E3 2.5E3 

800,2 55,1497 44,8501 1E3 1E3 2.55E3 

850,35 54,7594 45,2395 2.6E2 2.6E2 2.7E3 

900,59 53,5905 46,4086 2 E2 2 E2 5 E3 

950,08 52,4554 47,5441 1.5E2 1.5E2 7E3 

1000,6 51,3666 48,6345 8 E1 8 E1 8 E3 

1050,53 50,505 49,499 2 E1 2 E1 9 E3 

1098,95 49,9719 50,0084 2.6 E0 2.6 E0 1 E4 
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which explains the obtained reduced short-circuit current. In other words, as the absorption 

mainly occurs in the space charge region in the crystalline silicon side, recombination might 

have occurred before charge collection. The electric field should be weak because the cell 

emitter is not sufficiently doped (~7*1017-1018 cm-3) while doping of 1020 cm-3 [18] is required 

to get an effective separation and collection high electric field.  

2.2 Electrical Characterization 

Several conduction mechanisms models describe current-voltage characteristics in a-Si/p-c-Si 

heterojunctions. Among these mechanisms there are diffusion, emission and recombination. 

According to any of these models, the current density J and the applied voltage V are related 

by the following relationship [19]: 

𝐽 𝛼 𝐽0𝑒(
𝑞𝑉

𝑛𝑘𝑇
)
                  (1) 

where J0 is the saturation current density, k is the Boltzmann’s constant, T the measuring 

temperature, q the elementary charge and n the ideality factor. The later measures how much 

the cell deviates from the ideal behavior giving an indication on the location where the 

conduction mechanism occurs and the way in which this mechanism arises. If the transport 

mechanism is dominated by tunneling, (1) does not hold and it changes to [19]: 

 

𝐽 =  𝐽0𝑒𝐴𝑉                (2) 

where A is a constant independent of temperature.  

The literature disagrees on the dominant transport mechanism in HIT solar cells for low forward 

bias region. In fact, an un-hydrogenated a-Si/i-a-Si/c-Si heterostructure is a complex system 

which uses very small thicknesses of amorphous silicon. It therefore combines several aspects 

in terms of transport mechanisms. One deals with a set of facts: on one hand, with gap states 

and lack of passivating hydrogen due to the amorphous silicon material nature and a substrate 

doping type which highly dictates the dominant transport mechanism, and, on the other hand, 

with the band offsets which act as barriers, interface states, dipole layers, and discontinuities in 

bulk properties. Several processes are thus susceptible to arise like tunneling, 

recombination/generation and thermionic emission. Disagreements concern the activation 

energies of the low forward bias carrier transport regime which requires another investigation 

mean, usually the behavior of the saturation current as a function of temperature. While the 

most part agrees with a tunneling effect [2, 10, 20, 21], the other part predicts a recombination 
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current with an ideality factor of 2 [3, 22]. The investigation of a likely predominant transport 

mechanism in the structure under study is analyzed through the dark current-voltage (I-V) 

characteristic at room temperature. The diode-like behavior is shown in Fig. 4 in a semi-log 

plot for applied voltages varying from -1 V to 1 V. For the analysis of this behavior, it is 

necessary to determine the values of the saturation current Is and the ideality factor n in the 

linear part of the curve. Is is simply obtained by fitting the semi-log plot of the current as a 

function of the applied voltage. As can be seen, this operation leads to a one distinguished linear 

region for direct bias voltages. Deviation from the linear shape for higher applied voltages 

occurs at about 0.65V. This deviation is known to be caused by series resistance. A junction 

current-voltage plot showing a slope change at an applied voltage range, suggests that a 

different conduction process starts to dominate from this voltage range. Several studies on a-

Si/c-Si heterojunctions reported the presence of distinct voltage regions corresponding, each of 

them, to a particular mechanism of electronic transport depending on the ideality factor. In our 

case, the solar cell exhibits, besides this deviation, a low current level induced by a degradation 

in the a-Si/c-Si interface [13]. Series resistance which reflects material and electrodes 

resistivity, and metal/Si contact is thus high. As a consequence, it limits the current at 

high-forward bias regime. The calculated ideality factor n was of 5.53 for direct bias voltages 

and the saturation current was of 4.72x10-8 A. With an ideality factor greater than two it is 

difficult to relate the I-V behavior to a specific transport mechanism without temperature effect 

investigation. In fact, carrier transport in heterojunctions, as for any semiconductor device, 

depends not only on temperature, but on bias applied voltage and the component structure as 

well. To predict the electronic transport using I-V characteristics analysis, it was showed that 

the saturation current and the related exponential factor A depend on temperature according to 

the appropriate model. It is therefore useful to use another mean, generally the value of the 

ideality factor and the temperature dependence of the saturation current density. The Arrhenius 

plot (log J0 vs 1/T) allows the determination of the activation energy which helps, in turn, to 

distinguish the numerous mechanisms. As can be seen, the ideality factor deviates roughly from 

the values in the literature. Usually, values of n fall between 1 and 2. But values greater than 2 

were also reported and analyzed. In [23], recombination of the carriers at the junction are caused 

by defects that exist in the quasi-neutral region and in the junction which results in high values 

of ideality factor. Reference [24], for the interpretation of the commonly observed I-V 

characteristics of crystalline silicon solar cells showing ideality factor larger than two, revealed 

that the dark I-V behavior usually deviate from that expected by the classical diode theory by 

an unusually high ideality factor and magnitude at biases smaller than about 0.5 V. It indicated 
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that the recombination current is flowing preferentially in certain local extended defect 

positions like the edge or local shunts. For the cell under study, the obtained small slope (high 

ideality factor) can be explained by tunneling since this effect strongly depends on the density 

of localized states in the amorphous silicon layer [10]. This density was non negligible as 

estimated by capacitance-voltage measurements [13]. The computed value was of 6.93 1014 cm-

3 for a substrate doping of NA~2.1015 cm-3 [13]. For the same reason, carrier recombination can 

also be a non-negligible component of the I-V behavior as shown above by optical 

characterization. 

 

Fig. 4. Dark current-voltage characteristic of the fabricated solar cell. 

4. Conclusions 

In this work, a HIT solar cell was fabricated by rf magnetron sputtering method on a p-type 

crystalline silicon wafer in argon ambient without addition of hydrogen. The behavior of the 

obtained non-hydrogenated amorphous silicon/p type crystalline silicon heterojunction HIT 

solar cell was investigated. Analysis of the dark current-voltage behavior in association of 

earlier obtained capacitance-voltage measurements showed that recombination and/or 

tunneling seem to competitively govern carrier transport across the heterojunction. Cell photo-

response indicates that the major absorption takes place in the crystalline silicon side of the 

heterojunction. From technological side, further work is needed to improve the cell fabrication, 

namely the intrinsic a-Si/p c-Si interface properties, and to be accurate on the dominant 

conduction mechanism in a-Si/c-Si heterojunction. 
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