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We study the electrical and the optical behavior of HIT solar cell by means of measurements and optoelectrical simulations by
TCAD simulations. We compare the HIT solar cell with a conventional crystalline silicon solar cell to identify the strengths and
weaknesses of the HIT technology. Results highlight different mechanisms of electrical and optical efficiency losses caused by the
presence of the amorphous silicon layer. The higher resistivity of the a-Si layers implies a smaller distance between the metal lines
that causes a higher shadowing. The worst optical coupling between the amorphous silicon and the antireflective coating implies a

slight increase of reflectivity around the 600 nm wavelength.

1. Introduction

The heterostructure with intrinsic thin layer solar cell, so
called HIT, is the most promising monocrystalline silicon
based technology to enhance the cost/efficiency factor [1].
This assumption is based on the enhancement made by the
HIT with respect to a monocrystalline solar cell by the
cost reduction introduced by the lower thermal budget, and
by the increasing of the open circuit voltage thanks to the
heterojunction barrier that decreases the minority current
[2]. From the previous considerations we expect a strong
increase in the HIT performance with respect to the c-Si
technology. The base research-cell efficiencies reported in
literature tell us that the efficiency of the HIT solar cell is
slightly higher than the efficiency of the microcrystalline bulk
solar cell (25.6% of HIT against 25% of bulk microcrystalline)
[3]. Subsequent improvements have allowed HIT solar cells
to reach the efficiency of 25.6% [4]. Actually, the main focus
to increase the HIT efficiency is connected to the surface

recombination velocity at amorphous-crystalline interface
[5]. In order to further increase the cell efficiency we need
to understand the main causes of efficiency losses and how to
reduce them.

This paper focuses the attention on the physical aspects
that affect the HIT solar cells different from technological
aspects as surface passivation or defect densities. For this
purpose we compare measurements of bulk crystalline silicon
solar cell with the equivalent HIT solar cell. Furthermore,
by using a commercial TCAD simulator [6] tuned with
device measurements, we intend to investigate the main
loss mechanisms for both structures and identify the main
problems of the HIT technology.

The remainder of this paper is organized as follows.
Section 2 describes the process details of the realized samples
and the simulation setup. Section 3 reports the experimental
and numerical results and discusses the main phenomena
affecting the HIT efficiency. Section 4 reports the conclusions
of this work.
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FIGURE 1: Schematic cross section of HIT and crystalline solar cell.
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2. Experimental Details

The HIT structure is presented in Figure 1. Starting from a
p-type CZ wafer, by a HF etching process a front random
pyramids texturing is built. A highly doped p-type layer is
deposited on the back surface, which is crystallized by a
thermal process, forming the back surface field (BSF) layer.
The intrinsic and the n-type amorphous layers are deposited
by inductively coupled plasma chemical vapour deposition
(ICPCVD) on the top surface of the wafer. The aluminum
doped zinc oxide (AZO) is used as antireflective coating
(ARC) layer and is grown by sputtering. To finalize the
structure, the back metallization covers the entire device and
is a Ti/Pt/Au multilayer; the top metal is made by screen
printing of a silver paste. A double HIT structure was not
realized, since the amorphous BSF does not add enhancement
on a p-type HIT solar cell [7, 8]. For comparison purpose,
we realized the crystalline structure shown in Figure 1. The
device parameters of the HIT and the reference structures
are reported in Table 1. The key difference between the two
structures is the emitter region, which is crystallized by a
thermal process in the case of the crystalline structure.

The electrical simulation setup uses a drift-diffusion
model with Fermi statistics, with the Schenk bandgap nar-
rowing model [9] and the Slotboom model for free mobility
carrier degradation [10]. The Auger and Radiative recombina-
tion has been added as far as the SRH recombination for both
bulk and surfaces. For the crystalline solar cell, the surface
recombination velocity of c-Si/AZO interface uses the SRH
surface recombination model, tuned with literature results
[11]; the doping level for both emitter and BSF layers is tuned
with spreading resistance measurements on our devices. The
HIT solar cell is made by replacing the emitter with the
i/n a-Si:H layers. The HIT physical model requires adding
the thermionic current and the surface recombination at
the amorphous-crystalline interface [12, 13]. The amorphous
silicon density of states (DOS) is modeled by three Gaussian

TABLE 1: Measurements of electrical and geometrical parameters for
HIT and c-Si structures.

Unit HIT c-Si
Sheet resistance Q/sq 14 7.78
AZO thickness nm 91 88
Emitter thickness nm — 50
Emitter doping cm™ — 1x10%
n-type a-Si:H thickness nm 10 —
n-type a-Si:-H doping cm™ 1x10*® —
i-type a-Si:H thickness nm 5 —
Emitter/AZO SRV cm/s 8.7 x 10" 21x10*
i/n a-Si SRV cm/s — 10

Electrical measurements

Voc \% 0.563 0.552
Isc mA/cm’ 25.0 30.5
FF — 0.527 0.579
Efficiency % 7.4 9.7

distributions, two for the conduction and valence band tails
and one for the mid gap defect concentration [13]. The most
relevant a-Si:H electrical parameters used in the simulations
are reported in Table 2. The optical simulation solves an
extended version of the Transfer Matrix Method with diffused
and direct light to take into account surface texturing [14,
15]. The coherent light follows the direct path, while the
diffused ray follows a scattered function, the so-called angular
distribution function [16]. The ratio between the scattered
and direct ray is the haze parameter. In the simulation above,
the haze parameter has been set to 0.73 and the haze profile
follows a square cosine law. The values of refractive index and
absorption coeflicient for the materials used in the solar cell
are consistent with literature data [17].
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FIGURE 2: Simulated electrical parameters as a function of sun pitch length. The HIT shows a lower efficiency compared to the crystalline

silicon structure.

3. Results and Discussion

Figure 2 shows the main electrical parameters of HIT and
crystalline (subsequently c-Si) solar cells as a function of
pitch. According to literature, the open circuit voltage of
the HIT cell is greater than c-Si [2]; on the other hand,
the short circuit current and the fill factor are lower. This
translates into a lower efficiency value of the HIT compared
to c-Si, and the difference increases as the pitch increases.
Figure 3 shows the optimized pitch distance that reaches
the highest efficiency; this value reaches a trade-off between
the shadowing losses and the fill factor that show opposite
trends as a function of pitch length. Increasing the sun
concentration, the pitch distance decreases faster in the c-
Si solar cell compared to HIT, thus increasing the efficiency
of HIT compared to c-Si. In order to understand the fill
factor loss we analyze simulation results for both HIT and c-
Si structures at maximum power peak; results are shown in
Figure 4, where the black lines are the current path and the
color is the current density. It is worth noting that the current

flows vertically inside the bulk, while it goes in direction of
the contact in both the emitter and the AZO regions. The
current direction into the emitter causes an increase of the
density current near to the contact, thus increasing the elec-
trostatic potential loss inside the emitter. This effect depends
on the pitch width and the emitter resistivity. In order to
gain insight on the lateral loss effect, Figure 5 compares the
electrostatic potential along the c-Si/a-Si heterointerface for
the HIT structure and the electrostatic potential at the p-n
junction for the c-Si structure. Moving away from the contact,
the potential decreases due to the emitter and AZO resistivity.
The potential loss is highly close to the contact due to the
higher current density and is higher in the HIT compared
to the reference one, due to the higher resistivity of a-Si
compared to c-Si. The electrostatic potential at the interface
causes an increase in the dark current that decreases the
photogenerated current. This effect depends on the operation
condition. At short circuit current condition, the dark current
is low with respect to the photogenerated current, so the effect
can be neglected. By increasing the voltage, the diode current



TABLE 2: Main physical parameters for the a-Si material for simula-
tion.

Name Unit Value
Electron affinity eV 3.9
Bandgap ev 1.74
Electron mobility cm®V7'sT! 20
Hole mobility cm’V's™! 2
DOS in CB cm™® 2.5%10%
DOS in VB cm’ 2.5x10%
Conduction band tail
Traps concentration cm™ 1x10*
Standard deviation — 0.08
Capture cross section for e~ cm? 1x107'¢
Valence band tail
Traps concentration cm”? 1x10"®
Standard deviation — 0.08
Capture cross section for e~ cm™? 1x107"
Mid gap
Traps concentration cm™ 1x10"
Standard deviation — 0.15
Capture cross section cm™? 1x107'¢

becomes relevant with respect to the photogenerated current,
and the effect cannot be neglected anymore. At open circuit
voltage, the diode dark current is equal to the photogenerated
current, since the dark current depends on the lateral effect;
there is an open circuit voltage reduction. This phenomenon
is present in both HIT and crystalline devices. As can be seen
from Figure 5, the potential variation in the HIT structure is
higher than the crystalline solar cell because of the higher
emitter resistivity; the higher potential variation produces a
decrease in the fill factor and in the open circuit voltage.
In order to reduce this effect we need to shrink the pitch,
thus causing a higher shadowing that decreases efficiency.
The optimum value between lateral losses and shadowing
is shown in Figure 3. Because of the previous effect, the
HIT solar cell needs a smaller pitch than the c-Si, but with
increasing sun concentration this effect tends to decrease,
since the c-Si solar cell pitch decreases faster than the HIT
and when the two pitch values are the same the HIT efficiency
becomes greater than the c-Si one.

Figure 6 shows the reflectivity of the devices for both
simulations and measurements. As can be seen, the HIT
structure shows a higher reflectivity from 300 nm to 600 nm
with respect to the c-Si structure. This reflectivity increase
translates into a lower energy absorbed by the solar cell
and less energy. Figure 7 shows the difference of spectral
power density absorbed by the HIT and c-Si solar cell
with respect to the AML5G spectral density; this is an
optical analysis derived from the overall reflectivity and
transmittance; we cannot notice electrical issues and cannot
determine which layer adsorbs the light. The optical stack of
HIT structure differs from the c-Si structure by the addiction
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FIGURE 3: Optimized pitch for planar solar cell with metal line width
equal to 100 ym in HIT and c-Si solar cell. Lower values are observed
for HIT, unless at very high sun concentration.

of the two a-Si:H layers, the n-doped and intrinsic layers
(stack successfully called a-Si:H) in between the silicon bulk
and the AZO layer. From literature we know that a good
antireflective layer in between two materials must obey some
rules; in particular, the thickness of the layer must ensure
the destructive interference of the reflected wave and the
refractive index must be as close as possible to the square root
of the product of the refractive indices of the two materials.
If the layers are more than one, we must use the same rule
for the two neighbor materials. Figure 8 shows the refractive
index of the c-Si, a-Si:H, and AZO material compared with
the optimum refractive index for the case of 1 layer in between
¢-Si and the air and the case of 2 layers (like HIT structure).
As can be seen, the AZO is a good material to use as single
inner layer for c-Si solar cell; this ensures a low reflectivity
in c-Si solar cell. The a-Si:H shows a refractive index similar
to the c-Si for wavelength higher than 550 nm; then the
reflectivity in this wavelength range should be approximated
to the c-Si solar cell. For smaller frequencies, the a-Si:H and
¢-Si refractive indices are no more similar; this implies that
the optical behavior must follow the model with 2 layers
in between the silicon and the air. Under this range, the
AZO is still a good material, but the a-Si:H is close enough
to the optimum level for wavelength smaller than 400 nm;
before this value the worst index matching does not ensure
a low reflectivity. This analysis is in good agreement with the
optical measurements shown in Figure 6. The integral of the
reflectivity value is used as a figure of merit for the system and
Figure 9 shows this integral as a function of the a-Si:H layer
thickness compared to the structure with no a-Si:H layer.
The inset figure shows that the AZO reaches a minimum
of reflectivity when its thickness is 91nm and this value is
not dependent on the a-Si:H thickness. The a-Si:H thickness
affects the reflectance and there is a maximum of reflectance
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FIGURE 4: Cross section of HIT (a) and reference (b) solar cell for AM 1.5G illumination spectrum, at the voltage of maximum power peak,
the top image is a zoom on the emitter region. Lines are for the current and colors for current density. The emitter contact is on the right.
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FIGURE 5: Horizontal cutline of the electrostatic potential profile at
amorphous/crystalline heterojunction in HIT and at junction level
for reference solar cell. Both cells are at maximum power condition.
(a) For sun = 1 and (b) for sun = 100. The metal width is 10 ym and
the pitch is 400, 800, and 1600 ym.
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FIGURE 6: Measured and simulated reflectivity of c-Si solar cell and
HIT solar cell with AZO as ARC. HIT solar cell exhibits a lower
(higher) reflectivity at lower (higher) wavelengths with respect to
the c-Si solar cell. The minimum reflectivity value for the HIT solar
cell occurs at higher wavelength than the c-Si solar cell.

at 20 nm. This result tells us to use a very thin a-Si:H layer or
a greater one. But using a thick layer implies a bigger series
resistance and a layer thinner than 5nm can be a problem for
quantum effects [18].
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4. Conclusions

In this paper we compared the HIT solar cell with a c-Si solar
cell to identify the main problems of the HIT technology.
We made measurements and simulation and by comparing
the optimized structure for both technologies we noticed two
losses differences into HIT. A lower fill factor and a higher
reflectivity for the HIT solar cell. The fill factor decrease is due
to a higher potential loss along the p-n junction that causes
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thickness compared to c-Si. Inset figure for total reflectivity as a
function of AZO thickness for a-Si:H layer thickness of 8, 10, and
20 nm.

a higher diode current. To prevent this we need to shrink the
pitch, causing a higher shadowing. The lower short circuit
current is caused by higher reflection losses into HIT. This is
caused by the worst optical coupling between the amorphous
silicon and the antireflective coating in the wavelength range
from 400 nm to 600 nm; we cannot reduce this effect since
the reduction is related to optical properties of the amorphous
layer; to reduce the reflectivity we must shrink the a-Si layer,
but the thickness cannot be smaller than the value in use to
prevent quantum effects.
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