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The subgap trap states which are inherent in a-IGZO TFTs, due to the disordered nature of the material, play a key
role in determining the electrical characteristics of the TFT. Multi-frequency capacitance voltage (CV) method [1-
2] is one of the techniques used to obtain information about the trap states. The technique works on the assumption
that the frequency dispersion in CV curves is caused due to trap charges.

In this study we show that the resistance of a-IGZO channel is the dominant reason for frequency dispersion of CV
measurements on a-1GZO transistors. The effect can be modeled with a transmission line model (TLM) and is shown
to fit for all channel lengths. So extraction of the subgap trap density from the frequency dependence of CV
measurements should be done with great care. Fig 1 (a) and (b) show the CV characteristics of 2 TFTs in the
frequency range of 250Hz to 1MHz. The channel length is 50 and 250 um. As the channel length increases, the
amount of capacitance change also increases. If only the trap states were the cause for frequency response there
should not have been a channel length dependency. The presence of this dependency strongly supports the need of
TLM for dispersion analysis. From [3] for TLM analysis we get,
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Where ¢ = /wCM’S/ZG , Gen is conductance of the RC network. Cuis = ———>> , Cox = Cox*W*L and Csc = Cs*W*L,
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Csc'and Coy' is the semiconductor and oxide capacitance per unit area. The capacitance values at different voltages as a
function of frequency is show in Fig. 1(c) along with fits to equation (2) for L = 50 um. The extracted G is
compared with the conductance value obtained from DC lgs-Vg measurements (Gmeas) by calculating las/Vas. There
can be three contributions to Gen. One from voltage dependent contact resistance, another from channel resistance
and lastly from charging and discharging of traps. Transfer line method was used to check the importance of contact
resistance and was found to be negligible. As Gmeas is equal to Gen the impact of trap states is masked by the impact
of channel conductance, because if the conductance related to trap states was comparable to the channel conductance
the extracted Gen value would be lower than Geas.

—e— 250Hz
—&- 1.3kHz
1 TkHz
¥ 36.2kHz
—— 190kHz
—+— 575kHz
—+— 1MHz

47 [a]

4 0 4 8 12
Ve [V]

80
— 754

& 704

751
— 10
L

S65{

c

7 60

&)
O 55
'
504

.
80gu1p HEREA SRS
B

10 50um

H 100um

250um .

N

" slope=1

ld)-

. .
10t 10

Frequency [Hz]

T
10

6

Gmcas[us]

Fig. 1: CV characteristics as a
function of frequency for TFTs with
channel length of 50 pm [a] and 250
pm [b]. Legend is same for [a] and
[b]. Capacitance values at different
voltages as a function of frequency
for TFTs with channel length of 250
pm [c].Measured and extracted Gen
values [d]. Dotted line has a slope of
1.
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