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A-6-5 Analysis of Silicon Solar Cell with Multi-Layer Structure
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A new class of silicon solar cell which has p+npn-—pn+ multi-layer structure has been de-
velopedl) In this cell, the p- and n-layers are paralleled to the surface, and electrodes are
attached to the top p1 layer and the bottom n layer as shown in Fig. l. The operation of this
solar cell is as follows., When the light generates holes and electrons, these carriers are sepa-
rated by electric fields in each p-n junction and holes are trapped by the p layers and electroms
by the n layers. Therefore, by these trapped carriers, each junction becomes forward self-
baised condition and the impeadance of each junction becomes low and current can flow across the
junction, Now we consider the case that a hole is generated within ng4 layer which is at a long
distance from the top pt layer. The generated hole diffuses to the junctionJ;and is collected into
the p; layer and becomes a majority carrier. As soon as it crosses the junction Jj, annther hole
is injected through the junction J, into the n, layer and at last collected into the pl layer.
This mechanism means that the diffusion velocity of the photo-generated minmority carrier increases
and the effective recombination rate is reduced. Thus, the minority carrier diffusion length of
the multi-layer solar cell is effectively longer than that of the conventional solar cells, and
the maximum coﬁversion efficiency of the multi-layer solar cell approaches 21 7% theoretically at

AM 0.,
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Figure 1 Table 1

The multi-layer silicon solar cell is theoretically analyzed at AM 0 by a simplified "ome
dimentional" first order solar cell model, which assumes a straightforward superposition of a
constant optically generated current with the diffusion model for a forward biased diode and neg-
lects depletion region recombination, high injection and drift currents,

In each layer of the multi-layer solar cell, the continuity equations for the excess minority

carrier concentration in the steady-state condition are expressed by
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where Di,jkand fi are the minority carrier diffusion constant, the minority lifetime and
the excess minority carrier concentration of the layer i, respectively; and )\,}C,Ci(}J and N (\)
are the wavelength, the upper limit of the useful wavelength, the absorption coefficient and the

number of incident photons, respectively.
The above equations can be solved with the following boundary conditions (2)-(5) and the

terminal voltage of the solar cell can be calculated by the following equations (6) and (7).

i
" L Janf!{" @ e [xu» -F f"'Lm, @ 0T wenie, Jul @
) : b ST 141

£ N . -
i (N -ty ¢ - Ei-{exp [(-1)i 1qVi/kT] -1} 6) vt v, ()
£i41 [Xi41 M1 xi41 i {=1

=147~



Where s ’ Niand V; are the electron surface recombination velocity, the hole surface

nt Spr i
recombination ve?ocity, the intrinsic carrier concentration, the impurity concentration of the
layer i and the self-biased voltage of the junction J;, respectively; and I and V are the terminal
current and voltage, respectively.

Table 1 shows the constant which are assumed in the multi-layer solar cell. Then, the calcu-
lated energy band diagram of the six layer solar cell under short-circuit condition is shown in
Fig.2. It is understood by Fig.2 that photo-generated holes tend to flow to the top p{ layer and
electrons to the bottom nT layer within the solar cell, because the hole potential energy of the
p layers becomes lower in the order, P5s Pgs p{ and the electron potential energy of the n layers
in the order, n,, n,, nz. Figure 3 shows the distributions of the minority carrier current densi-
ty of the multi-layer and the back-surface field p+nn+ solar cells, in which the same constants as
pHaat

Table 1 are used., The current density of multi-layer solar cell is larger than that of the p'nn

solar cell, which means that the multi-layer solar cell can reduce the series resistance loss as

compared with the p+nn+ solar cells,

Figure 4 shows the collection efficiencies of the multi-layer, the p+nn+ and the convention-
al p*tn solar cells, where each solar cell thickness is 120 pm. The collection efficiencies of the
multi-layer solar cell is higher than those of the p"':m+ and p+n solar cells in the longer
wavelength, 1In order to visualize this phenomenon, the quantum photo responces of the long
wavelength (({= 10/cm) are shown in Fig.,5 as a function of the solar cell thickness in the case
of Lp=Ln=50 pm, which shows that the effective minority carrier diffusion length of the multi-
layer solar cell is longer, Figure 6 shows the conversion efficiencies of the solar cells calcu-
lated by using the constants of Table 1 as a function of solar cell thickness, As shown in Fig.6,
the maximum efficiency of the multi-layer solar cell is about 21 % at AM 0, which is still higher
than that of the p'nntsolar cells having high efficiency previously desctibedZ).
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