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Capacitance measurements of solar cells are able to detect minute What can cause a thermally activated step in capacitance?
changes in charge of the material. For that reason, capacitance Is used in jgg @ (b) | | oA e [ x8p(x)dx
many methods to electrically characterize devices. Standard . . . Main Junction — Back Contact <x> 7 8p(x)dx
Interpretations of capacitance rely on many assumptions, which, if wrong, 500 o » Series resistance, such as a low pass RC filter [3]
can skew the results. We have focused on a non-ideal back contact and U&:gg ’  Series resistance determined from IV data.
the additional capacitance it adds to the cell. We work to distinguish the oo | ceseee® * Not at the correct f for this step.
Influence of a back contact from that of a thermally activated trap state on 100 Y Y « Back contact barrier [4]
capacitance data. We find the DLCP method most clearly distinguishes > ; | , W W « Capacitance step due to depletion region at back (W5).
between the contributions of the trap state and the back contact barrier. DC Voltage (V) » At low frequencies, carriers can travel over the barrier; measured
Figure 4. (a) Graph of CV data. Capacitance response rolls over in forward bias, indicating a back energy Eg; < x >yr —<x > p= Wp
I N t ‘o d U C'“ on contact barrier. (b) Equivalent circuit diagram of a solar cell with a back contact. « Trap state
- . e < x>yr—<Xx >rlsconstant as V is varied; Depends on N.
@ £ -6V (b) sy * Np; Is larger at low frequencies, when traps add to the response.
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film cells, including those we have o T o R - i @ (b) Iz
analyzed, are relatively cheap to make in e v T e o
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However, thin film materials have man a 1000 1900 100000 o o0 19000 100000 E 02 2 Eeis
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imperfections, or defects, which can trap el Figure 5. Effect of DC Bias on AC response for the CIGS cell in Figure 4. The emission frequency v “
Charge. We study these traps using Figure 1. Cross-section of a thin seems to shift to lower energies in forward bias (a) Data for AS across a full range of DC bias
diff fial it C i film Cu(In,Ga)Se, solar cell. values. (b) Focus in on reverse bias data, which show a constant AS peak position.
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which Is sensitive to minute changes in : ~ DCVoltage (V) © DCBias(Y)
Charge_ln the majte_”al’ allows _US to ® o conduction band ° i Figure 8. (a) The first moment of charge response <x> does not change significantly with DC bias,
determine the origin and location of trap —\\K‘ (& B ac k CO Nntact M 0 d el 1N g consistent with both the back contact barrier and the trap state models. (b) Increased N, at low
states in the bandgap. However, other | =@t frequencies indicates the presence of a trap state.
non-ideal device responses can also | |
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behave as trap states. For example, the os | @ . | () ,c [ _
series resistance and capacitance can VT 3 0 R R | Conclusions
combine to make a low pass filter. Or,a B o ow BT R R N
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non-ideal interface can create a thermally Figure 2. Schematic for a trap level in 15 - S s 15 - Samples clearly show both a bad back contact and a trap in the bulk
activated barrier at the back contact. the bulk material. e S material.
Distance from top junction (um) Distance from top junction (m) Distance from top junction (um)  DLCP allows the capacitance step to be associated with a trap state.
Fi@!l”es %A%‘S”‘;z(]jifgfay“s o EELED UEIE ”;_e eipe?;eddpafame;ﬁrstfm Ol;ftsaf?p'es- Cfea;edt »  Shift in E with DC bias suggests a non uniform density of states, a shift
- using O SOlIve FOoISSoNn'S equation 1or tne gevice. e trap State Stays a constan . . .
Ad m Ittaﬂ C e Sp eCtrO S C O py value from the edge of the depletion width as the DC bias is varied. (a) At -0.7V reverse bias. In trap energy as the quaS|—Fgrm| energy moves, or Overlap between
(b) At OV bias. (c) At 0.7V forward bias. the trap energy and back barrier energy.
S : 2 Eng * Numerical models of DLCP would be useful for further analysis.
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Figure 3. (a) Typical Admittance Spectroscopy; <19 Arbitrary Time App,ie;j AC Bias (P'P.) 0> Averase res 'Onse osition' 'fx>
results. (b) Derivatives of C-f data, clearly E g . _ . . oS TEREEEP :
showing the transition frequency. (c) Arrhenius S | E=120mev Flgur_e 7. (a) Method of varying V. during the DLCP measurement so the measu_rement location
olot of peak frequencies from (b). These data e )= 1,893 1x + 33405 remains (?onstant. (b)_ Capacitance dependence on |Vacl. Co, and C; are used to find Np, . W o f o ld 11
are consistent with a thermally activated trap at r | | | | (c) Variation of N, with average measurement location <x>. Q I ,1 n 1e ( :O e ge

120 meV 7 7.5 8 8.5 9 9.5
1000/T



