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of a-Si:H Thin-Film Transistorsunder AC Gate Bias Stress
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This work investigates the temperature and illumination effects on the a-Si:H thin-film transistors (a-SiH TFTs) under AC gate
bias stress to find the larger threshold voltage shift and subthreshold swing change for the bias-temperature-stress (BTS) and
bias-illumination-stress (BIS). Excess carriers from thermal-generation electron-hole pairs or photoexcited electron-hole pairs
may significantly influence the instability of a-Si:H TFTs during bias stress. The instability mechanisms originate from the
carrier-induced defect creation enhanced by thermal generation in the BTS case and also emphasized by photoexcitation for the
BIS case. Both stress conditions will induce a larger threshold voltage shift and higher cutoff frequency than those for simple
bias stresses.
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Hydrogenated amorphous silicon thin-film transistorsvork systematically studies the behavior of a-Si:H TFTs un-
(a-Si:H TFTs) are now widely used as switch devicesler various signal frequencies of bias stress with temperature
in large-area electronic devices such as active matror illumination to determine the relationship between TFT in-
liquid-crystal displays (AMLCDs). In addition to their appli- stability and signal frequency.
cation in LCDs, a-Si:H TFTs are also used in image sedsors The a-Si:H TFTs used in the experiment had the con-
and monographic printing devicésincluding high-voltage ventionally inverted staggered structure. After depositing
TFT applications. Instability is a very important issue inand patterning the Cr electrodes on the Corning 7059 glass
a-Si:H TFTs, as it can degrade their electrical characteristissibstrates, three layers, i.e., silicon nitride, a-Si:H, ahd n
and affects the product lifetime. Hence, improving their staa-Si:H film, were deposited in a plasma-enhanced chemical
bility has become an important issue. vapor deposition (PECVD) system. After forming the Al

For instability analysis of a-Si:H TFTs, two important elec-source/drain contact electrodes, theaSi:H layers between
trical characteristics are extracted, namely, the threshold vothe source and drain were etched off by reactive ion etch-
age shift and subthreshold swing change after a prolongawy. Consequently, the passivation layer was deposited to cap
performance of the gate bias stress. The instability whicthe channel region. An HP 41501A pulse generator and an
causes the variation of electrical characteristics of the a-Si:HP 4156 precise semiconductor parameter analyzer were then
TFTs is attributed to two mechanisms. The first is chargased to apply the stress to the TFTs and extract the transfer
trapping in a gate insulator of S\ and the second is state characteristics after the application of AC bias stress. The bias
creation in an a-Si:H filnt) Charge trapping is caused by car-measurement was performed for up to 1000 s and the transfer
rier injection into SiN, when the bias is applied to the gatecurves at the drain-to-source voltage of 1V in the dark were
electrode. This instability mechanism occurs in high gate biaxtracted. The threshold voltag¥y) is defined as the gate
operations or for TFTs with bad gate insulators, and createsltage at the intersection of the tangent of the's V; curve
more trap sites in SiN State creation in a-Si:H films resem-at I3 = 0.15mA. The subthreshold swing) is defined as
bles the Staebler-Wronski effétand is thought to be due to the inverse slope of the drain current within the subthresh-
the breaking of weak Si—Si bonds and the formation of Si damid region in logarithmic scale. During the bias stress, the
gling bond defects associated with hydrogen mofiéhThe  source and drain electrodes were commonly grounded to pre-
dangling bond formation is attributed to the breaking of Si—Stent electrical field distortion. Additionally, substrate heating
weak bonds in the a-Si:H layer while the a-Si:H layer is bi{50°C) or illumination was applied as desired during the AC
ased toward strong accumulation. This mechanism dominatgate bias stress.
in low-bias operations and in a-Si:H with a higher density of The instability of a-Si:H TFTs reveals the frequency ef-
defects. In addition to two instability mechanisms, the defedects as different polarities of the AC bias were applied. Pre-
pool mode? was also introduced to explain the distributionliminary results from the previous experiment indicated the
of created defects in the energy band gap of a-Si:H. Thimain cause of the resistance-capacitance (RC) effect which is
concept, which describes the dependence of the energy pasused by the resistivity while electrons and holes were pass-
tion and the density of the dangling bonds in the equilibrateithg through the i source and drain. In other words, these
materials at the Fermi energy position during equilibrationeffects are attributed to the concentration of carriers induced
was incorporated to enable discussion of the instability mechy gate bias in the channel of devices per gate signal cycle.
anisms of the stressed a-Si:H TFTs. That is, a large density of carriers creates more metastable

Generally, the instability of a-Si:H TFTs is discussed undedefects than a low density
DC bias stres$.31%1)However, the TFTs used in LCDs are  Figure 1 illustrates the variation akVy, and AS versus
operated in the AC mode. Although this field has receivedignal frequency for a-Si:H TFTs stressed under various pos-
considerable intere$t1® the dependence of TFT character-tive bias stress conditions. Shifts in electrical characteristics
istics on the signal frequency has been little discussed. Thismain almost fixed with the variation of signal frequency,

revealing frequency independence due to a low RC vlue.
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Fig. 1. Threshold voltage shift and subthreshold swing change versus sig-
nal frequency for a-Si:H TFTs stressed under different positive bias condi-
tions, including bias stress (BS) and bias-illumination stress at 30°C, and
bias-temperature stress at 50°C.
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Fig. 2. Threshold voltage shift and subthreshold swing change as a func-
tion of signal frequency for aSi:H TFTs stressed under different negative
stress conditions, including bias stress (BS) and bias-illumination stress at
30°C, and bias-temperature stress at 50°C.

Additionally, the above phenomenon aso indicates that the
AVy and A Sfor TFTsstressed at BTSand BlSarelarger than
that at biasstress (BS). Figure 2 plotsthe relationship between
AVi, and signal frequency for negative bias stress conditions.
The figure reveals that the AVy, and AS of BTS and BIS
are larger than those of BS and show frequency dependence
with a distinct cutoff frequency. The Vi, and S shiftsof TFTs
stressed at BT S and BI S exhibit ahigher cutoff frequency than
BS. The instability mechanisms can be attributed to a greater
number of more created defect states owing to excess photoin-
duced carriers under illumination and thermal-enhanced de-
fect formation and/or charge trapping with temperature stress.

To clarify the temperature and illumination effectson TFT
instability, Fig. 3 shows the transfer characteristics of a-Si:H
TFTsmeasured at 30°C and 50°C, both in the dark and under
illumination. The current increase under illumination is due
to photoexcitation of electrons and holes (i.e., photocurrent),
and the current increase at 50°C originates from thermal-
generation electron-hole pairs. At 30V, the current increases
from 41.6nA to 65.1nA as the temperature increases from
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Fig. 3. 1d-Vg transfer characteristics of a-Si:H TFTs under different mea-

surement conditions. Measurements were performed under illumination
and in the dark at different temperatures.

Table 1. Currentsat Vg = £30V under different measurement conditions.
30°C Illumination 50°C
Vg =30V 416x 10°8A  611x108A  651x 10°8A
Vg = —30V 3x 107“A 434x10°8A 8 x 10714 A

30°C to 50°C, and increases to 61.1 nA under illumination.
On the other hand, at —30V, the current changes from 30fA
to 43.4pA under illumination but only increases to 80fA at
50°C due to holes induced by the negative gate bias being
blockedinannt aSi:H S/D. The differencein drain current
is found to be that the dominant carriers are electrons under
the positive gate bias and holes under the negative gate bias.”
Table | lists the currents under different measurement condi-
tions.

Figure 1 revedls that the AVy, and AS under BTS and
BIS are larger than those under BS. However, the instability
mechanism differs between them. Under BTS, the creation of
defect states viahydrogen motion is enhanced as the tempera-
tureincreases due to an increase in the rate of hydrogen diffu-
sion and a reduction in the formation barrier of defect states.
Meanwhile, under BIS, the same phenomenon is attributed
to the high carrier-induced defect-creation rate because nu-
merous carriers generated by the illumination accumulate at
the aSi:H/SIN, interface of TFT.1) Table | shows that the
current increases significantly under illumination. Thus, the
degradation of electrical characteristics of TFTs stressed un-
der BIS is also more serious than that under BS. In Fig. 2,
the AVy, and AS under BTS or BIS are also larger than un-
der BS and have ahigher cutoff frequency because of thermal
generation or photoexcited electron-hole pairs. However, the
currents at 50°C or under illumination differ under negative
gate bias. As the temperature increases to 50°C, the current
isonly 80fA. Hence, the mechanisms degrading the charac-
teristics of TFTs are both thermal-enhanced defect formation
and carrier-induced defect creation. For the BIS, the dom-
inant mechanism is carrier-induced defect creation because
of the large current (Iy = 43.4pA) that exists under illu-
mination. Due to the large photoexcited carriers under illu-
mination, holes can accumulate at the aSi:H/SINy interface
through the photocurrent, causing more defects to be created
in the aSi:H layers during each negative cycle.
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This work investigated how temperature and illumination
affect theinstability of aSi:H TFTsunder AC biasstress. The
AVy and AS under BTS and BIS were found to be larger
than those under simple bias stress, while the curves of the
AVi, and AS of TFTs stressed under BTS and BI S shift to-
ward a high frequency under negative AC bias. This phe-
nomenon is attributed to carrier-induced defect creation com-
bined with thermal-enhanced defect formation at BTS, and
more serious carrier-induced defect creation due to photoex-
cited electron-hole pairs at BIS. Thus, we conclude that the
larger density of carriersinduced by every cycle causes more
metastabl e defects, significantly degrading the electrical char-
acterigtics of aSi:H TFTs.
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