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Oxide TFTs Through C'-V Characterization
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Abstract—Considering asymmetry caused by layout, process,
and device degradation, separate extraction of the source and
drain resistances, i.e., Rs and Rp, respectively, from the to-
tal resistance Rror is very important in the design, model-
ing, and characterization of amorphous indium-gallium-zinc ox-
ide (a-IGZO) thin-film transistors (TFTs). Due to the insulated
gate structure, however, separate extraction is difficult through
direct-current -V characterization. In this letter, we propose a
simple and useful technique for separate extraction of Rg from
Rp in a-IGZO TFTs through a two-terminal parallel-mode C-V
technique. We experimentally verified the validity of the proposed
technique by comparing the result with the source-to-drain resis-
tance from the I-V characteristics.

Index Terms—Amorphous, drain resistance, nonlinear model,
parameter extraction, parasitic resistance, source resistance,
thin—film transistors (TFTs).

I. INTRODUCTION

INC OXIDE (ZnO)-based thin-film transistors (TFTs) are

under active research and development for active-matrix
liquid crystal display and active-matrix organic light-emitting
diode display backplanes [1], [2] due to their attractive prop-
erties such as high mobility, large-area uniformity, low-cost
fabrication process at room temperature (RT), and compatibility
with transparent flexible display applications compared with
a-Si:H and low-temperature poly-Si TFTs. Among electrical
properties, accurate modeling and separate extraction of series
resistances of amorphous indium-gallium-zinc oxide (a-IGZO)
TFTs are important in the characterization for long-term per-
formance prediction and reliability assurance of TFT circuits
and systems [3]-[10]. The asymmetric property of the source
resistance Rg and the drain resistance Rp, which is caused
by layout, process variation, and long-term device degradation,
should be fully considered in the modeling for accurate char-
acterization and robust design of integrated circuits. Based on
the assumption of symmetric Rs and Rp, taking the half of
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Si substrate

Fig. 1. Cross-sectional view and equivalent-circuit model, including gate-to-
source and gate-to-drain C-V and drain-to-source /—V" measurement configu-
rations with parasitic Rg and Rp in a-IGZO TFTs.

the total resistance for the source and drain (S/D) resistances
(Rs = Rp = Rsp/2 at large Vig) is typical due to a difficulty
in separate extraction. The transmission-line modeling method
has been also used in a-IGZO TFTs, combining the output
(Ips—Vps) characteristics with multiple devices [11], [12].

In this letter, considering any possible asymmetry in the
S/D, we report a parallel-mode capacitance—voltage (PMCV)
technique for separate extraction of Rg and Rp in individual
a-IGZO TFTs through the gate-to-source terminal (I) and the
gate-to-drain terminal (I) PMCV measurement. In this tech-
nique, Rg and Rp are separately extracted at a high-frequency
region of the series RC model for a-IGZO TFTs.

II. C-V TECHNIQUE FOR SEPARATE
EXTRACTION OF Rg AND Rp

Cross-sectional view and an equivalent circuit for C=V and
I-V (current—voltage) characterization of a-IGZO TFTs with
gate capacitance C,y, channel capacitance per unit area Cyy,,
and parasitic S/D resistances are shown in Fig. 1.

In separate extraction of the S/D resistances, frequency-
dependent PMCV characteristics of a-IGZO TFTs are obtained
for two different configurations in Fig. 1. As shown in the inset
of Fig. 2(a), PMCYV characterization through the impedance an-
alyzer (HP 4284A) is employed for obtaining the experimental
capacitance C',, and resistance R,, from the device under test.
The admittance Ysy(w) of the equivalent-circuit model for the
a-IGZO TFT can be converted through
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Fig.2. (a) PMCYV characteristics for the measurement configuration I of the a-
IGZO TFTs with W/L = 100 pm/50 pm and equivalent circuit in a parallel-
mode (Cp, — Ry,) as an inset. (b) Frequency-dependent 1/[Y7, (w)|real] at
Vags =20V.

It should be identical to the measured admittance Y, (w) as

Vi (w) = Zm1<w)

1

R 2

with a dissipation factor D,, = 1/wC,,R,, for a practical
application to the extraction of parasitic resistances with the
gate capacitance C'ax in a-IGZO TFTs. Therefore, the series
resistance Rgy can be obtained from the real part of the mea-
sured admittance extrapolated to high frequency as

RSx = lim )) .
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For the measurement configurations I and II in the dispersive
C-V characterization of a-IGZO TFTs, parasitic resistances are
separately obtained through
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for the frequency-independent Rg and Rp in series with the
gate-to-source and gate-to-drain capacitances, i.e., Cqs and
Cap, respectively.

III. EXPERIMENTAL RESULTS FOR PARASITIC SOURCE
AND DRAIN RESISTANCES IN a-IGZO TFTs

Cross-sectional view with an equivalent circuit for a-IGZO
TFTs having a staggered bottom-gate structure is shown
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Fig. 3. (a) Ip—Vpg characteristics. (b) Vgg-dependent RroT at low Vpg.

(¢) Ip—Vgs characteristics of the a-IGZO TFT with W/L = 100 pm/50 pm.

in Fig. 1. An a-IGZO active layer (InyO3 : GasO3 : ZnO =
2:2:1 at.%) is sputtered by radio-frequency magnetron sputter-
ing at RT in a mixed Ar/O, and wet etched with a diluted HF
to get the designed thickness (Tigzo = 70 nm). Mo(200 nm)
for the S/D is sputtered at RT and patterned by dry etching. The
thickness T,y of the gate oxide and the overlap L., between
the gate and the S/D are processed to be t,x = 100 nm and
L, = 10 pm, respectively, for various combinations of the gate
length L and width W.

The threshold voltage and the subthreshold slope for the
a-IGZO TFT with W/L = 100 pm/50 pm were measured
to be Vp = 1.4 V and SS = 500 mV/dec, respectively, from
the Ip—Vgs characteristics shown in Fig. 3(c). Experimental
PMCYV characteristics for the configuration II (gate-to-drain)
are shown in Fig. 2(a). Cgp—V¢ characteristics in the ac-
cumulation regions for the two-terminal configuration show
strong frequency-dependent dispersion over the frequency f =
0.3—1.0 MHz due to parasitic resistances and slow response of
free charges. Fig. 2(b) shows Rp obtained from the a-IGZO
TFT with W/L = 100 pm/50 pm. By the proposed PMCV
technique through (4a) with measurement data for Vgg =
2—20 V, we obtained Rp = 16.9 k() extrapolating Vs ~ oo
in the gate-to-drain configuration. In the same way, the series
resistance for the gate-to-source configuration is extracted to be
Rg = 16.0 kS through (4b).

In order to verify the proposed PMCV technique for separate
extraction of Rg and Rp, we performed /p—Vpg measurement
for the same a-IGZO TFT, as shown in Fig. 3(a). In the linear
mode of operation under a small drain bias Vpg, considering the
voltage drop across the parasitic resistances, the drain current is
described by

~ Heff Cox w

I
P Leff

[(Vas = Vr)(Vbs — Ip(Rs + Rp)] ()
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TABLE 1
W - AND L-DEPENDENT PARASITIC RESISTANCES (NORMALIZED TO THE
GATE WIDTH) EXTRACTED FROM THE PMCV TECHNIQUE
FOR a-IGZO TFTs

W-dependent parasitic resistances in a-1GZO TFTs with L=50 pm

W/L [um] 100/50 50/50 30/50
Ve [V] 1.4 1.2 1.2
Parallel mode C-V technique
Rg [kQ-mm] 1.60 1.59 1.60
Rp [kQ:mm)] 1.69 1.92 1.41
R+Rp [kQ-mm] 3.29 3.31 3.01
Channel resistance method
Rsp [kQmm] | 3.54 [ 3.45 [ 3.27

PM C-V vs. CRM: ARsp=Rsp|crm-(RstRp)lemcy
ARgp [kQmm] | 0.24 | 0.14 0.26

L-dependent parasitic resistances in a-1GZO TFTs with #=100 pm

W/L [um] 100/50 | 100/40] 100/30 | 100/20] 100/10 | 100/8
VrlVI 1.4 17 1.5 17 3.1 1.1
Parallel mode C-V technique
Ry [kQ-mm] 1.60 1.35 105 ] 096 | 029 [ 012
Ry [kQ-mm] 1.69 1.47 109 | 1.01 038 | 0.15
RetRp[kQmm] | 329 | 28 | 214 | 197 | 067 | 027
Channel resistance method
Rep[Qmm] | 354 [ 317 [ 246 [ 220 ] 072 | 047
PM C-V vs. CRM: ARsp=Rip|crm-(Rs+Ro)lemcy
ARsp[Q@mm] | 024 | 035 | 032 [ 032 [ 005 | 020

where peg is the channel carrier mobility, and the effective
channel length Lo = L — AL, with AL as the channel length
reduction. Therefore, the total source-to-drain resistance Rtor
can be obtained by

LeH
Heff COXW(VGS - VT)

Vi
Rror(Vas) = %DS = Rsp +

=Rsp + Leg X Tcn (6)

with Rsp = Rgs + Rp, including the intrinsic and extrinsic
parts, and 7, as a Vgg-dependent channel resistance per unit
length, which decreases with Vg.

Experimental results for the Vgg-dependent Rror are
shown in Fig. 3(b) for the channel resistance model (6) with
measurement data for Vog = 2—20 V. As shown in Table I
for various W/ L combinations of a-IGZO TFTs, separated Rg
and Rp/ (normalized to the gate width), through the proposed
PMCYV technique are comparatively summarized as a function
of W and L, with Rgp obtained from the channel resistance
method, which does not allow separation of Rg from Rp (see
Table I). Extracted Rg with the gate length decreases due
to a reduction of the Vzs- and L-dependent intrinsic compo-
nent of the parasitic resistance. We note that the difference,
which is defined as ARsp = RSD|17V — (RS + RD)|PMCV,
of the parasitic resistances between the PMCYV technique and
the channel resistance method ARgsp is almost constant for
a-IGZO TFTs with the same gate width, whereas it is strongly
dependent on the gate width for a-IGZO TFTs with length
L = 50 pm. This difference is expected to be the intrinsic S/D
resistance in the a-IGZO TFTs because there is only a differ-
ence from the voltage drop across the intrinsic S/D resistances.

We confirmed its usefulness for separate extraction of Rg
and Rp with experimental results, fully considering asym-
metries caused by the variations in the layout, process, and
degradation.

IV. CONCLUSION

Separate extraction of the S/D resistances considering the
asymmetry caused by the layout, process and device degrada-
tion, is very important in the design, modeling, and charac-
terization of a-IGZO TFTs. We proposed a PMCV technique
for separate extraction of Rg and Rp in a-IGZO TFTs by
using a frequency- and gate bias-dependent C'-V' model. We
verified the validity by comparing the result with the to-
tal source-to-drain resistance from the /-V characteristics
in the linear region. This method allows separate extrac-
tion of parasitic Rg from Rp in each individual a-IGZO
TFT without employing multiple devices with various W/L
combinations.
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