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Effects of Longitudinal Grain Boundaries
on the Performance of MILC-TFT’s

Gururaj A. Bhat, Zhonghe Jin, Hoi S. Kwok, and Man Wong

Abstract—Compared to conventional solid phase crystallized low-temperature 500 °C) variant of SPC using MILC has
(SPC) thin-film transistors (TFT's), metal induced laterally crys-  peen proposed [5]. While still high compared to that of ELC,
tallized (MILC) TFT’'s exhibit significantly enhanced perfor- the lower processing temperature (500) of MILC should

mance at reduced processing temperature. It is concluded that .
the major improvements in MILC-TFT’s result from the growth produce less glass shrinkage compared to the 8DBPC

of the crystal grains in a direction longitudinal to that of the Processes.

current flow, whereas in SPC-TFT's, the grain boundaries are

randomly oriented. It is also observed in this work that while the

MILC-TFT'’s are less sensitive to short-channel effects (SCE’s), I

their leakage current exhibits higher sensitivity to channel length

reduction. These differences again can be traced to the different  Four-in silicon wafers covered with 100-nm-thick thermal

arrangements of the grain boundaries in the two types of devices. gxjde were used as the starting substrates. A thin 100-nm
Index Terms—tateral crystallization, MMGB, nickel, thin-flm  a-Si layer was first deposited by low-pressure chemical vapor

transistors. deposition (LPCVD) at respective pressure and temperature of

300 mtorr and 550C. After patterning the a-Si layer to form

the active islands, a 100-nm thick layer of low-temperature

oxide (LTO) gate insulator and 200-nm thick a-Si layer gate

IGH-MOBILITY polycrystalline silicon (poly-Si) thin- electrode were deposi_ted. The wafers were thoroughly cleaned
H film transistors (TFT's) with low leakage currents aréiter the gate patterning and the exposure of the source and
desirable for integrating driver circuits and pixel transistordrain regions. About 2 nm of Ni metal was evapo_rated I an
on the same glass panel for liquid crystal displays (LCD's}!rahigh vacuum system, before the source, drain, and gate
The replacement of amorphous Si (a-Si) by poly-Si in the pixEf9ions were doged by self-aligned phosphorus implantation
array offers many advantages [1]. Among other things, proceds dose 08 10™/c* and energy of 40 keV. Subsequently,

complexity is reduced by eliminating potentially conflictingn€ dévices were heat-treated at S@for 9 h, during which
requirements for the fabrication of poly-Si and a-Si devic i induced crystallization of the a-Si layer was accomplished

and equivalent magnitudes of drive current can be realiz88d the dopants activated. No attempt was made to remove any

with smaller poly-Si TFT's, thus increasing the aperture ratig¢maining Ni metal after the MILC. Finally, contact patterning

in the displays. The main obstacle against a wider applicatigfd Al-1% Si sputtering was followed by sintering in Forming

of poly-Si TFT's is its relatively high processing temperatur@,as_at 400’C_f0r 30 min. For comparison, devices were also
ricated using SPC at 62%C for 10 h. The schematics of

which exceeds the upper processing temperature limit of b ; e
inexpensive glass substrates for LCD’s. the devices are shown in Fig. 1(a).

Large grained poly-Si can be obtained using a variety
of techniques: rapid thermal annealing (RTA) [2], excimer
laser crystallization (ELC) [3], and SPC [4]. RTA is a high- IIl. DEVICE CHARACTERIZATION
temperature %600 °C) process and the resulting films contain Devices with channel lengths down tq:2n were character-
high densities of defects. By localizing the high temperature iged using an HP4156A Semiconductor Parameter Analyzer.
the silicon layer, ELC can be considered a “low” temperatufehe threshold voltage§V;) of the devices were defined as
process. While it is capable of producing poly-Si films withhe gate voltage§V,) required to achieve a normalized drain
low defect densities, it suffers from high initial cost andurrent(Z,) of (W/L)x10nA, wherelW andL are the channel
high process complexity. Conventional SPC is a relativelyidth and length, respectively. The field effect mobiliiyrr)
inexpensive batch process, though at around 600 the was extracted from the maximum transconductafgg,).
processing temperature is still considered high. Recently,Ag8 verified by the current—voltagel{V’) curves presented

in Fig. 2, the performance of the MILC-TFT's is indeed far
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Fig. 2. Transfer characteristics of MILC-TFT and PSC-TFT.

TABLE |
COMPARISON OF THERELEVANT DEVICE
MMGB MMGB PARAMETERS OF MILC-TFT anD SPC-TFT's
Orientation Imaging Micrograph Vi (V) | S (Videc) | Tnin (PA) | ppg (e V's)
MILC-TFT| 6.2 12 29 74
SPC-TFT | 15.6 33 0.8 5

IV. COMPARISON OF SHORT-CHANNEL EFFECTS

Short-channel effects (SCE’s), indicated Byroll-off with
L, as shown in Fig. 3, commence at abdut= 10 gm in
SPC-TFT's, significantly longer than that of Bn observed
in MILC-TFT’s. This is very desirable from a scaling point of
view: devices can be made smaller to further improve aperture

Grain boundaries ratio and operating speed.
In SPC-TFT'’s, some of the grain boundaries and potential
Potential barrier formation across grain boundaries barriers are transverse thy, hence their associated electric
b) field is parallel to the length of the channel. It is obvious

that this electric field adds to the drain bias and causes an
Fig. 1. (a) Schematic of MILC-TFT structure. (b) SEM micrograph show:

ing longitudinal grains, grain boundaries, and conceptual potential barr%ﬁrher on-set of SCE's in SPC-TFT's, when compared to their

formation across grain boundaries in MILC-TFT and SPC-TFT. single crystal counterpart [8]. In MILC-TFT’s, the LGGB's are
largely parallel to the length of the channel. The enhancement

It is well known that SPC poly-Si has a columnar grair(l)f drain field penetration by the grain boundary electric field

structure with grain boundaries randomly oriented with respéétS'gn'f'Camly reduced, hence reduced SCE's are observed.

to the direction ofl, [7]. These grain boundaries trap charge

carriers and build up potential barriers to the flow of carriers. V. COMPARISON OF LEAKAGE CURRENT

The presence of the potential barriers and the additionalThe leakage current and its sensitivity fo(Fig. 4) have
scattering at the grain boundaries resultuipr degradation. been measured for both MILC- and SPC-TFT’s. Consistent
The high density of trap states deterioratesand increases with previously reported result [9], the leakage current of
V;. These problems are alleviated in MILC-TFT's becaus®JILC-TFT's was generally higher than that of SPC-TFT's.
as depicted in Fig. 1(b) consisting of SEM micrograph arldoreover, our results also indicates that the leakage current
potential barriers formation across the grain boundaries, tbEMILC-TFT's is significantly more sensitive to reduction in
longitudinal grains and their boundaries (LGGB'’s) are largelf than that of SPC-TFT's.

parallel tol;—hence less impeding to carrier flow and resulting The presence of grain boundaries and intragrain trap states
in lower Vi, smallerS, and higheprg. This explains the faster are responsible for enhanced leakage current in poly-Si TFT's.
turn-on and the higher on-current (Fig. 2) for the MILC-TFT’sDepending on the nature of the trap states and the biasing
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Fig. 3. Dependence df; and.S on L for MILC-TFT and SPC-TFTVi. is
the threshold voltage of the device with the longest channel length.
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MILC-TFT’s is highly nonlinear and show “diode”-like rapid
turn on at some applied voltage.

From a microstructural point of view, there is evidence
from transmission electron microscopy [13] showing that
a distinct grain boundary exists at the intersection of the
metal-induced-crystallization (MIC) and the MILC regions. In
the MILC-TFT’s realized in this work using a conventional
process [5], such MIC/MILC grain boundaries (MMGB's),
which contain trapped Ni or Nigj coincide with the source
and drain metallurgical junctions, hence located inside the
corresponding depletion regions. This is unlike in SPC-TFT’s,
in which grain boundaries are randomly distributed and may
or may not exist in the source and drain junctions. It is most
likely that this is responsible for the different sensitivity of the
leakage current td. in the MILC- and SPC-devices.

VI.

Compared to SPC-TFT’s, the improvements in device
performance in MILC-TFT's is predominantly due to the
LGGB’s. Reduced sensitivity to SCE’s makes MILC-TFT's
more scalable. The reason behind the enhanced leakage current
MILC-TFT’s could be the nonlinearity associated with the
junction resistance. This nonlinearity may arise from the
overlap of the metallurgical junctions with the MMGB's.

CONCLUSION
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Fig. 4. I,in versus channel length for N-channel MILC-TFT and SPC-TFT. [5]

conditions, leakage current is enhanced due to one or a
combination of emission mechanisms [10]. At low drain ande]
gate bias, trap assisted thermionic emission is the dominant
leakage mechanism [11]. In single crystal or SPC device
metal precipitate induced traps have not been considered for
obvious reasons. However, in MILC-TFT'’s, Ni is used to
induce the crystallization of a-Si. It is inevitable that small
amounts of Ni or NiSi precipitates are present and further
enhance the leakage current [9], [12].

It is possible to consider the total resistance to the flow”!
of leakage current as composing of two components: channel
resistance and junction resistance. Clearly the channel re$i§!
tance scales witl,, hence the leakage current increases with

reduced channel length. This has been observed in both SP@}

and MILC-TFT's. However, at sufficiently reduced, the
junction resistance may become dominant. If the behavior g]
the junctions in MILC- and SPC-TFT's is different, different
sensitivities toL (Fig. 4) in the two kinds of devices will

be observed. It is clearly implied from the measured Ieaka&lg]
current data that thd—V characteristics of the junction in

REFERENCES

1.-W. Wu, “Cell design considerations for high-aperture-ratio direct-view
and projection polysilicon TFT-LCD's,” irDig. Tech. Papers, SID'95
pp. 19-22.

R. Kakkad, J. Smith, W. S. Lau, S. J. Fonash, and R. Kerns, “Crystallized
Si films by low-temperature rapid thermal annealing of amorphous
silicon,” J. Appl. Phys.vol. 65, no. 5, Mar. 1989, pp. 2069-2072.

N. Kubo, N. Kusumoto, T. Inushima, and S. Yamazaki, “Characteri-
zation of polycrystalline-Si thin-film transistors fabricated by excimer
laser annealing method/EEE Trans. Electron Devicessol. 40, pp.
1876-1879, Oct. 1994.

E. Ibok and S. Garg, “A characterization of the effect of deposition
temperature on polysilicon properties]’ Electrochem. Socvol. 140,

no. 10, Oct. 1993, pp. 2927-2937.

S.-W. Lee, B.-l. Lee, T.-H. Ihn, T. Kim, Y.-T. Kang, and S.-K. Joo,
“Device characteristics of a poly-silicon thin-film transistor fabricated
by MILC at low temperature,” irProc. Flat Panel Display Materials Il
Symp. 1997, pp. 195-200.

G. A. Bhat, Z. Jin, H. S. Kwok, and M. Wang, “Effects of MIC/MILC
interface on the performance of MILC-TFT's,” B6th Annu. Dev. Res.
Conf, June 22-24, 1998, pp. 110-111.

1 A. Mimura, N. Konishi, K. Ono, J.-l. Ohwada, Y. Hosokawa, Y. A.

Ono, T. Suzuki, K. Miyata, and H. Kawakami, “High-performance low-
temperature poly-Si n-channel TFT's for LCDIEEE Trans. Electron
Devices vol. 36, pp. 351-358, Feb. 1989.

] S. Yamada, S. Yokoyama, and M. Koyanagi, “Two-dimensional device

simulation for avalanche induced short-channel effect in poly-Si TFT,”
in IEDM Tech. Dig, 1990, pp. 859-862.

T.-H. Ihn, B.-I. Lee, T.-K. Kim, K.-H. Kim, J.-W. Shin, P.-S. Ahn, W.-
C. Jeong, and S.-K. Joo, “Fabrication of metal-gate poly-Si TFT's by
metal induced longitudinal crystallization,” BID'97 Dig., pp. 188-191.

J. G. Fossum, A. Ortiz-Conde, H. Shichijo, and S. K. Banerjee,
“Anomalous leakage current in LPCVD polysilicon MOSFET $2EE
Trans. Electron Devices/ol. ED-32, pp. 1878-1884, Sept. 1985.

L. Colalongo, “Investigation on anomalous leakage currents in poly-
TFT’s including dynamic effects,TEEE Trans. Electron Devicewol.

44, pp. 2106-2112, Nov. 1997.

R. B. Lefferts, R. M. Swanson, and J. D. Meindl, “A recombination
model for the low current performance of submicron devicespProc.
IEEE Int. Solid-State Circuits Confl982, pp. 16-17.

Z. Jin, G. A. Bhat, M. Yeung, H. K. Kwok, and M. Wong, “Nickel
induced crystallization of amorphous silicon thin filmg,”Appl. Phys.
July 1998.



