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Positive gate bias stress-induced hump-effect in elevated-metal

metal-oxide thin film transistors™
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Under the action of a positive gate bias stress, a hump in the subthreshold region of the transfer characteristic is
observed for the amorphous indium—gallium-zinc oxide thin film transistor, which adopts an elevated-metal metal—-oxide
structure. As stress time goes by, both the on-state current and the hump shift towards the negative gate-voltage direction.
The humps occur at almost the same current levels for devices with different channel widths, which is attributed to the
parasitic transistors located at the channel width edges. Therefore, we propose that the positive charges trapped at the back-
channel interface cause the negative shift, and the origin of the hump is considered as being due to more positive charges
trapped at the edges along the channel width direction. On the other hand, the hump-effect becomes more significant
in a short channel device (L =2 um). It is proposed that the diffusion of oxygen vacancies takes place from the high

concentration source/drain region to the intrinsic channel region.

Keywords: amorphous indium—gallium-zinc oxide, thin film transistors, positive bias stress, hump

PACS: 81.05.Gc, 81.05.Ea, 85.30.Tv

1. Introduction

Metal-oxide—semiconductor thin film transistors (TFTs),
considered as the substitutions of amorphous silicon (a-Si)
TFTs, are widely used as pixel switching elements in high
resolution and large area flat-panel displays.!!! Amorphous
indium-gallium-zinc oxide (a-IGZO) TFT, first reported by
Nomura et al. in 2004,?! exhibits some superior properties,
such as higher field-effect mobility (Upgr) than that of a-
Si TFT, low off-state current (L), low sub-threshold swing
(8S), high on/off-current ratio, good uniformity, low temper-
ature processing, and high transparency in the visible light
range.['=]

Recently, a new TFT structure named elevated-metal
metal-oxide (EMMO) TFT (as shown in Fig. 1) was de-
veloped. The EMMO TFT is superior to the conventional
back-channel-etch (BCE) or etch-stop (ES) TFT.!'%l The BCE
TFT is criticized for channel damage during patterning the
source/drain (S/D) electrodes.!'!! In order to protect the chan-
nel, an ES layer is introduced. However, the ES structure car-
ries with it an extra mask.['?! The EMMO TFT tactfully makes
a tradeoff by elevating the S/D electrodes onto the passiva-
tion, and the passivation layer plays the role of an ES layer.
Next, a heat-treatment in oxygen induces n* S/D regions,
which cancels the requirement for an extension of the gate
electrode to underlap the S/D electrode contacts.!!% There-
fore, the device footprint and parasitic capacitance are re-
duced. The superiority of the EMMO structure is obvious.
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However, a hump in the subthreshold region of the transfer
characteristic is observed when the EMMO TFT is under the
action of large positive gate bias stress (PBS). The hump-effect
was already reported in low temperature polycrystalline sili-
con (LTPS)!3:14] and MOU>181 TFTs. As reported, the hump-
effect is mainly attributed to the edge effect!!>151 or back-
channel conduction. '] In this paper, we investigate the origin
of this PBS induced hump-effect by using TFTs with a fixed
channel length and different channel widths. It is found that
the humps occur almost at the same current levels, therefore
we exclude the back-channel conduction effect. We also in-
vestigate the relationship between the hump-effect and chan-
nel length, and the result shows that the hump-effect becomes
more significant in a short channel device (L =2 pm). In addi-
tion, the hump-effect becomes more severe under higher gate

bias stress (V; stress) and stress temperature.

2. Experiment

The EMMO TFT used in this paper employs a bottom
gate inverted staggered structure. The indium—tin oxide (ITO)
is first sputtered and patterned into a gate electrode on an
oxidized silicon wafer. Next, a 100-nm-thick silicon oxide
(SiOy) gate insulator layer is deposited at a temperature of
420 °C by low pressure chemical vapor deposition (LPCVD).
A 30-nm active layer of Inp03:GayO3:Zn=1:1:1 is deposited
by RF magnetron sputtering in a gas mixture of 10% oxygen

and 90% argon with the total working pressure being 3 mTorr
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(1 Torr=1.33322x10% Pa). After the a-IGZO active island is
patterned by using the dilute hydrofluoric acid solution, a 300-
nm passivation layer, deposited by LPCVD, is then covered.
The contact holes are formed by using the plasma enhanced
etching method, and a molybdenum/aluminum (Mo/Al) bi-
layer is sputtered and patterned, with a 4-um overlap of the
gate electrode to form the S/D electrodes (Fig. 1). Then an an-
nealing treatment is carried out under O? atmosphere at 400 °C
for 2 hours to form the conductive n™ S/D region and the
highly resistive intrinsic channel region, which ensures that
the EMMO TFTs can work properly.[!”]

passivation
layer

"overlap =4 pm

Source[intrinsic channel (a-IGZO)
i gate oxide i
/ gate electrode

Fig. 1. (color online) Schematic cross-section of an EMMO TFT.

The TFT transfer characteristic measurement and PBS
application are performed by using an Agilent 4156C semi-
conductor parameter analyzer. Some electrical parameters are
obtained from the initial transfer characteristics measured at a
drain voltage (V4) of 1 V. The threshold voltage (Vry) is about
0.4 V extracted by using the linear extrapolation method. The
SS is about 120 mV/dec and upgr is about 12 cm?/V-s, de-
termined by the maximum dlyq/dV, and d(logly)/dV, respec-
tively. In order to monitor the degradation, we measure the

transfer characteristics after each stress test. A fresh TFT is
used after each stress test series.

3. Results and discussion

Figure 2 shows the typical evolutions of transfer charac-
teristics of an EMMO TFT (W /L = 50/12 um) under V, stress
of +20 V and at 50 °C. Under the action of PBS, a hump ap-
pears in the subthreshold region of the transfer characteristics,
and the hump becomes more apparent as the stress time goes
by. The parallel shift of the on-state current occurs while the
variation of S§ and urgr is negligible (Fig. 2), which indicates
that the shift is induced by the charge trapping without gener-
ating any new defect states.[!6:18]
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Fig. 2. (color online) Time evolutions of transfer characteristics, mea-
sured at Vg of 1 V, of an EMMO TFT with W /L = 50/12 pm subjected
to PBS with V; stress of 20 V at 50 °C. The transfer curves are plotted
in both linear and logarithmic scales.
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Fig. 3. (color online) Time evolutions of transfer characteristics under PBS with values of Vj stress of (a) 20 V, (b) 25V, (c) 30 V at 20 °C. The TFTs have

geometry W /L = 100/12 pum. (d) Voltage shift of Vi versus gate bias stress.

Figure 3 shows the time evolutions of transfer charac-
teristics under PBS under different V, stresses at 20 °C. The
hump-effect is almost negligible against V, stress (< 20 V)
within 3000 s. However, as V, stress becomes larger than 20
V, the hump in the subthreshold region is clearly observed.
A reference voltage for the hump (Vi) is defined as the gate
voltage at a drain current (I ) of 1071 A for V4 of 1 V. It is

clear that the shift of Viy (AVy) increases with Vg stress ris-
ing (Fig. 3(d)), indicating that the hump-effect is gate voltage
induced. In Fig. 4, the time dependence of —AVy under PBS
with the same V; stress but at different temperatures is plotted
in log-log scale. The —AVy increases with stress time, follow-
ing a power-law, and the time exponent n increases from 0.48

to 0.75 with stress temperature varying from 30 °C to 70 °C.
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The hump-effect is enhanced at higher stress temperature. It

is found that the hump-effect is activated electrically and ther-

mally.
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Fig. 4. (color online) Plots of —AVyy versus stress time in log—log scales
under PBS at different temperatures. The degradations of —AVyy follows the
time-dependent power-law with the exponent » ranging from about 0.83 to
1.03.

As reported, the hump-effect could be due to the exis-
tence of more than one logical transistor, which are connected
in parallel in a single TFT device. There are two main ways
to form these parasitic transistors. One is the effect of back-
channel conduction,'® which is related to bulk effects, and
the other is attributed to the edge effects.!!3~15 In order to fig-
ure out the origin of the PBS induced hump in EMMO TFTs,
we carry out the experiments by using the devices with a fixed
channel length and various channel widths.
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Fig. 5. (color online) Transfer characteristics of the EMMO TFTs with chan-
nel width ranging from 20 to 100 pm under the condition without and with
the action of PBS.

Figure 5 shows the transfer characteristic curves of de-
vices with various channel widths, under the condition without
and with exerting the PBS. Obviously, the humps occur almost
at the same current levels and AVy is independent of W, indi-
cating that the hump is related to the edge effect!!>!3] rather
than the conduction in the back-channel, because the mag-

nitude of the hump varies proportionally with channel width

in the case of the back-channel conduction effect.!'] Tt is re-
ported in top gate LTPS TFTs that the hump is caused by the
edge effect of the gate insulator (GI). Owing to the thinner GI
at the edge sides, higher electric field at the edges will con-
tribute to trapping more charges and thus a hump appears. 3]
The thickness of the gate dielectric layer is ideally uniform in
the bottom gate structure. Whereas the a-IGZO island is pat-
terned by using the wet etching method, which is isotropic,
resulting in the edge effect of the a-IGZO active layer. The
parasitic transistor is located at the edges along the channel
width direction (Fig. 6(a)). Theoretically, they are indepen-
dent of channel width.
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Fig. 6. (color online) (a) Plane view of the device composed of a main
transistor and two edge parasitic transistors. (b) Positive charges trap-
ping at the back-channel interface and/or into the passivation induce the
transfer characteristic to negatively shift, while more positive charges
trapped at the edges lead to the formation of the hump.

Generally, the transfer characteristics of a-IGZO TFT
shift positively under the action of PBS, which is due to the
negative charges trapping at the interface of a-IGZO/GI and/or
into the GL.I'21 However, the contrary results are observed in
this study. Therefore, we propose that the dominant mech-
anism be due to the positive charges, which are repelled to
the back-channel interface by a vertical electric field, trapping
at the interface of a-IGZO/passivation and/or into the passiva-
tion. The accumulation of positive charges at the back-channel
interface will reduce the channel/source and channel/drain po-
tential barrier, which causes the drain current to increase, i.e.,
the transfer characteristics shift negatively. These aforemen-
tioned positive charges can be ionized oxygen vacancies (V%*)
or zinc.[?*-22] The edges are not covered by photoresist dur-
ing the etching of a-IGZO island. Therefore, the quality of
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back-channel interface at the edges is much poorer than that
of the bulk. In other words, the number of defect states is
much higher at the edges, and these states will contribute to the
trapping of positive charges, leading to the trapping of more
repelled positive charges at the back-channel interface of the
edges (Fig. 6(b)). More trapped positive charges at the edges
causes more negative shift of the parasitic transistor than the
main transistor, i.e., the parasitic transistor turns on earlier. In
the subthreshold region, the parasitic transistors are dominant,
and the main transistor controls the on-state region, thus the
hump appears.
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Fig. 7. (color online) (a) Transfer characteristics of the EMMO TFTs with
channel lengths ranging from 2 pm to 42 pm under the condition without
and with the action of PBS. (b) Oxygen vacancy diffusion model: oxygen
vacancies diffuse from the high concentration S/D regions into the intrinsic
channel region, forming a vacancy-diffusion region.
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Figure 7(a) shows the initial and stressed transfer charac-
teristics of devices with various channel lengths. It is interest-
ing to notice that the hump is strongly dependent on chan-
nel length. The hump occurs at a higher current level and
larger AVy is observed in the subthreshold region in the device
with shorter channel (L =2 pm) compared with those with the
longer channel devices. However, simple L reduction of edge
transistor can only lead to a higher current rather than a larger
AVg. Therefore, a diffusion model is proposed to explain the
AVy dependence on the channel length. The concentration of
oxygen vacancies (Vo) in the n* S/D region is much higher
than that in the intrinsic channel region.['®!”! This concen-
tration difference makes Vg diffuse from the S/D region into

the intrinsic channel region, which will build vacancy con-
centration gradients at the channel/source and channel/drain
junctions to form a vacancy-diffusion region (Fig. 7(b)). Be-
cause the diffusion mainly occurs at the junction, as the chan-
nel length decreases, the influence of the vacancy-diffusion re-
gion will be more significant, which means that more positive
charges (produced by the ionization of V) in a unit area will
be trapped under the action of PBS, leading to a larger AVy.
As aresult, the hump effect is more significant in short channel
devices than in long channel devices.

4. Conclusion and perspectives

In summary, the stress-induced hump in EMMO TFT is
caused by the edge effect of a-IGZO layer, rather than the back
channel conduction, which is confirmed by the independence
of the hump size of channel width. In other words, the fabrica-
tion process to profile the active area should be improved. In
EMMO TFT, the n™ S/D region will affect the intrinsic chan-
nel region by oxygen vacancy diffusion, and the influence is
more significant in the short channel device (L =2 pm).
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