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Characterization of density-of-states and parasitic resistance
in a-InGaZnO thin-film transistors after negative bias stress
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Instability mechanism of amorphous InGaZnO thin-film transistors under negative bias stress (NBS)
was investigated. After strong NBS stress, we observed a negligible change in the subthreshold swing
which is strongly dependent on the subgap density-of-states (DOS). On the other hand, there was
substantial increase in the drain current at above-threshold operation. Therefore, the dominant
mechanism of the NBS-induced instability is investigated not to be a change in the subgap DOS but a
change in the parasitic resistance caused by the reduced Schottky barrier of the metal contacts. This
was verified by the extracted source/drain resistance and Technology Computer-Aided Design
simulation. © 2013 American Institute of Physics. [http://dx.doi.org/10.1063/1.4800172]

Amorphous  indium-gallium-zinc-oxide (a-IGZO)-
based thin-film transistors (TFTs) have attracted much
attention for flexible displays due to possible fabrication at
a low temperature with high uniformity over large area at
low cost."? In real display operation, TFTs are most of the
time subjected to a negative gate bias stress, which main-
tains the “off” state of the pixel. Thus, characterization of
physical mechanisms on bias/current/temperature/illumina-
tion induced instabilities is recognized as a key issue for
mass production.’ The subgap density-of-states (DOS) over
the forbidden bandgap of the @-IGZO film is one of the
most important parameters determining both electrical per-
formance and reliability characteristics. There have been
many reports on the extraction of the subgap DOS in a-
IGZO TFTs by using C-V characteristics,*> the conduct-
ance measured at low tempelratulre,6 the Meyrer-Neldel rule
of the activation energy (EA),” a numerical simulation-
based ﬁtting,8 and the differential ideality factor tech-
nique.” For characterization of the negative bias stress
(NBS) effects, previous works mainly focused on the varia-
tion of the subgap DOS in the active channel region which
is fully depleted during the NBS stress.'*!!

In this work, the instability mechanism of a-IGZO TFTs
under NBS was systematically investigated. In particular, we
considered a variation of the source/drain resistance
(Rsp=Rs+ Rp) caused by the degradation of the Schottky
barrier at the source/drain contacts as well as the change of
the subgap DOS. Moreover, the NBS effect was examined
by experimental measurement and Technology Computer-
Aided Design (TCAD) simulation for the same a-IGZO
TFTs under identical bias conditions.

For characterization of instability mechanisms in
a-IGZO TFTs under NBS stress with the gate bias Vg <0,
we employed bottom gate structure with an etch stopper as
shown in Fig. 1(a). TFTs have a gate insulator with an effec-
tive oxide thickness T, =258 nm (SiNx/SiOx=400nm/
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50nm), the a-IGZO film thickness Tigzo=45nm, the
channel width/length W/L =50 yum/25 ym, and the gate-
to-S/D overlap L, =13 um. Negative bias stress at
Vosp=—10V, =20V, and —30V with a common source/
drain (Vpg=0) was applied at room temperature (RT).
For comparative analysis, characteristic parameters are
focused on the threshold voltage (Vr1), the on-current (/,, at
Vosp =20V, Vps=0.1V), the subthreshold slope (SS),
parasitic source/drain resistance (Rsp), and the subgab
(Eyv <E<Ec) DOS (ga(E)). The channel resistance method
(CRM)'? and the differential ideality factor technique
(DIFT)’  were employed for characterization of Rgp
and ga(E).

Ip-Vgs characteristics of a-IGZO TFTs before and after
NBS stress with Vggp=—10, —20, and —30V at RT are
shown in Fig. 1(b). Compared to the initial state before
exposing to NBS, [, in the linear region increases with the
stress time under a large negative bias. On the other hand, as
clearly shown in the semi-log plot of the transfer characteris-
tics, we experimentally observed no shift of the threshold
voltage and no change in the SS even after severe bias condi-
tion of the NBS for 20 000s at Vgs,p =—30V. We note, in
particular, that the NBS-induced increase of /,, is more sig-
nificant at a large negative bias stress. Ip-Vpg characteristics
before and after NBS stress are compared in Fig. 2(a).
Compared to the initial state before exposing to NBS, the
drain current I increases with increasing the stress time
(tNBs) under a large negative bias.

In the first, for a possible mechanism in NBS-exposed a-
IGZO TFTs, we investigated fygs-dependent change in the sub-
gap DOS. ga(E) can be obtained by the DIFT,® through the
subthreshold drain current /p g, and subthreshold slope SS as

. ’ n(Vas)Vin )’ ¢))
S8 =2.3n(Vgs )V for Vgs < Vr,
C V.
n(Vos) = 1+ DOé( GS)’ @)
ox
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FIG. 3. Subgap DOS (ga(E)) extracted
from the measured Ip-Vgs characteris-
tics through the DIFT before and after
NBS tests for 20 000 s.
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We confirmed that g5 (E) in the active channel region was in-
dependent of #ygs under NBS stress for Vggp = —10, —20,
and —30V as shown in Fig. 3. This is because the electric
field under NBS stress is confined only to the overlapped
region of the gate metal with the S/D contacts. There is very
small vertical field in the active channel region, and therefore
the NBS causes no stress on the active region of the channel.
Therefore, a negligible change is observed in DOS under
NBS stress.

In the second, the parasitic resistance effect is character-
ized through the I-V characteristics of a-IGZO TFTs under
above-threshold bias with Vgg > V1. The property of con-
tacts on the active a-IGZO layer depends on the Schottky
barrier, due to the inherent property of a-IGZO TFTs, the
voltage drop across the parasitic resistances should be con-
sidered in the modeling and characterization.'>'*
Considering the voltage drop across the parasitic resistances,
the drain current in the linear mode with small drain bias
(Vps < Vgs — V) is described by

I 22 2K{(VGsex — IpRs — V1) X [Vbs.ext — In(Rs + Rp)]},
(6)

with K= (uC,W/2L), u the channel carrier mobility, and
Cox the effective gate capacitance per unit area (F/cm?). We
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FIG. 4. (a) NBS time evolution (Vgsp = —10, —20, and —30V) of the para-
sitic resistance.
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note that there are parasitic source (Rg) and drain resistances
(Rp). They are strongly dependent on the process condition,
source/drain metals, and the doping and composition of the
active layer. In particular, the parasitic resistances are mainly
caused by the Schottky-like non-ideal Ohmic contacts at the
source and drain on the a-IGZO active layer.

As shown in the NBS stress dependence of the normal-
ized Ip in Figs. 2(b) and 2(c), there is considerable change in
the Ip-Vps and Ip-Vgs characteristics, especially under a
large gate voltage. This observation of increasing drain cur-
rent after large NBS stress is expected to be caused by the
change in Rg and Rp rather than the change in the subgap
DOS in the active region. Under a large NBS stress, there is
no conducting path over the active region. Therefore, there is
a negligible vertical field across the a-IGZO active region,
and this causes no influence on the active layer. On the other
hand, there is a strong vertical field across the overlapped
region of the gate metal with the S/D contacts on the edge of
the channel region. This may cause a considerable effect on
the contact property of the S/D metal on the active layer.
This causes a significant change in the S/D contact resistance
by the modification of the Schottky barrier. This suggests
that charge trapping at the metal-semiconductor interface is
dominant mechanism for Schottky barrier instability. As
shown in the above equations, the drain current can be
increased without change of Vr, if the effective gate voltage
(Vgs =Vagsext —IDRs) or the effective drain voltage
(Vbs = Vps.ext — ID(Rs + Rp)) is increased due to reduced Rg
and Rp, after NBS stress.

Rsp (obtained from the CRM through Rgp=Vpg/
IpllVgs > V) is expected to be mainly for the contact resist-
ance at the source and drain (Rs, Rp). Rsp is extracted to
decrease by ARgp=10.9kQ (from 39.2 to 28.3kQ) after
tngs =20000s under NBS at Vgg;p=—30V as shown in
Fig. 4. A cross-sectional illustration under NBS stress is
shown in Fig. 5(a) for a TCAD verification of the electric
field distribution under NBS stress. As shown in Fig. 5(b) for
the simulation results, we clearly observed that the electric
field is confined to the overlapped region while the electric
field in the active channel region with a floated back surface
is almost unchanged under NBS stress whatever the gate bias
is Vg=-30V or Vo= —10V. However, the electric fields
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TABLE I. Extracted acceptor-like DOS and parasitic resistance in a-IGZO TFTs after NBS (Vgs/p = —10, —20, and —30V).

Acceptor-like DOS
Stress condition tngs [S] Npalem3evV!] kTra [eV] Nyplem 2eV 1] kTrp [eV] Rsp [kQ]
Vesp=—10V Initial 1.97 x 10'° 0.016 9.16 x 10" 0.084 39.8
20 000 1.97 x 10'° 0.016 9.16 x 10" 0.084 38.7
Vesp=—20V Initial 1.92 x 10'® 0.016 9.39 x 10'3 0.082 38.8
20 000 1.92 x 10'° 0.016 9.39 x 10" 0.081 34.4
Vesp=—30V Initial 220 x 10" 0.016 9.21 x 10" 0.087 39.2
20 000 2.07 x 10'° 0.016 9.16 x 10" 0.087 28.3

right above the gate metal and right below the S/D contact at
the overlapped region are very strong as shown in Figs. 5(c)
and 5(d).

Extracted ga(E) and Rsp are summarized in Table L.
The parasitic resistance change ARgp caused by the NBS at
Vesp=—30V is larger than that under Vggp=-—-10V
while a negligible change in g(E) for both cases.

We investigated the physical mechanisms of the NBS
time evolution of a-IGZO TFTs. We observed that there is
negligible change in the subgap DOS for the active region
while a considerable change in the parasitic resistance. This
is characterized to be a Schottky barrier change due to a
large electric field across the S/D metal to the gate over-
lapped region. On the other hand, there is negligible change
in the subgap DOS over the active channel region. This is
due to a small electric field over the channel region with
floated back channel region even under a large NBS stress.
This doesn’t put any stress over the active channel under
NBS stress for the accumulation mode n-channel a-IGZO
TFTs. Therefore, the dominant mechanism under the NBS
stress is expected to be a reduction of the parasitic resistance

caused by the Schottky barrier reduction with a negligible

change in the subgap DOS.
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