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Abstract— This work applied, for the first time, plasma Il. EXPERIMENTAL

immersion ion implantation (PIll) for source/drain doping . . L
on low-temperature processed polysilicon thin-film transistors Conventional co-planai -channel poly-Si TFT's with PlIl

(poly-Si TFT’s). Experimental results indicate that Plll doping doping were prepared on silicon substrate. The 100-nm-thick
can provide adequate dopant concentration and junction depth active layer was deposited at 55 using low pressure
for source/drain. In addition, H.-diluted phosphorus PIll can  chemical vapor deposition (LPCVD) method and recrystallized
promote dopant activation more efficiently during RTA at 600°C o gog°C for 24 h. The 39 nm-thick gate oxide was then
than with conventional ion implantation (Il) technology. The by liauid-ph d o\ 131, After th id
excellent characteristics of PIIl doped poly-Si TFT's resemble grown by '9“' -phase deposition [13]. er the gate oxi _e
those of conventional Il doped ones. on S/D regions was removed, the S/D and the 300-nm-thick
poly-Si gate were doped (% 10** cm—2) in 5% PH/H, gas
for 5 s using the PIIl method. A negative pulse bias of 10
|. INTRODUCTION keV with a pulse width of 4us and a repetition rate of 12.5
ABRICATING polysilicon thin-film transistors (poly-Si kH.Z was applied to the sub_strate QUr|ng Plll doplng. Dopant
TFT's) on large-area glass substrates for active-matfx tivation was performed using rapid thermal annealing (RTA)
liquid crystal displays (AMLCD’s) applications hinges on degi1 68 0;?5021 Crei(;rre7n5(:es ();;#’Z}aviﬁhazzﬁsg:?ioita??fx dfgrm
veloping a low-temperature doping technique for source/dr ) ' bing

5 o2 i
(S/D). Conventional ion implantation (II) technology is in:i](l x 10" cm "2, 10 keV) and fumnace annealing at 60C

; , : . for 24 h were also prepared. Finally, aluminum electrodes

appropriate for AMLCD’s owing to the excessively lonqure formed and sintered at 40C for 30 min in N, gas

implantation time and the inefficient activation at a lo o . .

temperature. To avert these problems, a ion doping techniwmee r.f.S:IS“V'ty angl prggl)e_ of _ttf;]_e I? op?d_srgg?_llon Wa‘z Vfr:'f'ed

with low-temperature activation has been proposed [1]-] y initially prepanng stib-nm-thick poly-Si Tims and, then,
o : mploying the four-point probe method and the secondary ion

However, unresolved problems still arise regarding charge-HPass spectroscopy (SIMS)

on the oxide and heavy-metal contamination from grids. P Py '

A previous work has proposed another high dose-rate and

large-area doping technique utilizing plasma immersion ion Ill. RESULTS AND DISCUSSION

implantation (PIIl) [8]. In the PIIl system, oxide charge- Fig, 1 depicts the transfer characteristics for Plll doped
up can be avoided by applying a negative pulse bias 1¢T's under different activation conditions. Table I lists the
the substrate. The PIIl system’s design is relatively simplgnaracteristic parameters of these TFT's. For comparison, this
leading to a lower production cost. Moreover, Plll procesgple also contains the characteristic parameters of conven-
does not lead to any detrimental contamination. Owing to theggnal Il doped TFT's. Interestingly, the mobility of all PIII
merits, PlIl has been extensively applied in semiconductgbped TFT's is independent of channel length, indicating no
processing [9]-[12]. This work, for the first time, investigategarasitic resistance problem at S/D regions [1], [2]. Moreover,
the feasibility of applying PIII technology to low-temperaturéyo current crowding phenomena were observed in transfer
processed (LTP) poly-Si TFT's. and output characteristics, confirming that PIll doping and
activation have provided adequate ohmic contact [3], [4].
Notably, the PIll doped TFT with RTA activation at 60C
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Fig. 1. Typical transfer characteristi¢®qs — Vys) at Vas = 5 Vfor Pl ig 5 phosphorus concentration profiles in Pll doped poly-Si films under
doped poly-Si TFT's /L = 20 um/10 pm) under different activation RTA activation at 600°C for 75 s and under furnace activation at 600

conditions. for 24 h.
TABLE 1 13
DeviCE CHARACTERISTIC PARAMETERS FOR 4.0 1.5x10
PoLy-Si TFT's (W/L = 20mm/L0mm) UNDER PII only
DIFFERENT DOPING AND ACTIVATION PROCESSES. 3.5 - 1.4x1013 o«
8] o £
) o Vi SS. HFE 3.0 L 1.3x1013 G
Doping Activation V) (V/dec) Ton/loff (em2/V-s) 2 ’ B
RTA/600°C/75s |12.19 178 184x105  11.03 8 251 F1.2x1013 &
= U
Plasma RTA/725°C/75s | 994 159 193x106 1331 s A
=z 0] L 13 2
fmmersion [ RTABS0°CTSs | 962 153 121x10° 1419 z 2.0 LIxI0% 5
Implantati o 5 -4 7
mplantation RTA/900°C/75s | 871 1.51 1.46x10 15.63 S s L Loxion &
Furnace/600°C/24h | 8.90 136 2.69x106  15.19 & &
w
lon Implantation | Furnace/600°C/24h | 8.77 135 3.72x106  15.02 1.0 I 9.0x1012
0.5 : : : , A 8.0x1012
, . 600°C  725°C  850°C 900°C  600°C
of 15.19 cm/V -s, as Il doped TFT’s. These characteristics 75s 75 75 75s  24h
. . . . L 1
confirm that Pl doping can obviously replace conventional RTA Fumace
Il as doping technology for poly-Si TFT’s. Notably, under the Annealing Condition

same activation temperature of 600, Plll doped sample with ' _ o

75 s of RTA actvaton can neary achieve he characterstf, 3, Changes n siet sstare, of ) doee o 1 A o

as that of Il doped samples with 25 h of furnace activatiofy 75 s and under 66 furnace activation for 24 h.

This finding suggests that Pl technology itself is helpful

to the low-temperature activation. To elucidate this effect, ] ) )

hereinafter, we also investigated how activation conditiof@® changes in sheet resistan(de,) of Plll doped poly-Si

influence the resistivity of Plll doped regions. The influencdims under different activation conditions. The higher the

of S/D resistivity on TFT characteristics were analyzed as welfTA activation temperature, the lower th, is obtained.
S/D resistivity is related to the doped profile and the dopafi" TFT devices, the lower S/D resistivity implies better TFT

concentration, accounting for why we initially analyzed tw§haracteristics. Notably, th&, (3.55 K2/0) under 600°C

doped profiles after 600C activation. Fig. 2 displays the RTA activation for 75 s is nearly the same as that (3.26(K)

SIMS profiles of Pl doped films activated with RTA at 60o4nder 600°C furnace activation for 24 h. In addition, tiFe,

°C for 75 s and with furnace at 60 for 24 h, respectively. of Plll doped samples with 60C activation also resemble

According to this figure, the two profiles closely resembi#hat of conventional Il doped ones. This finding confirms that

each other due to the low activation temperature of 800 PlIl technology accompanying with RTA at 60@ for 75 s

The profiles also reveal that the peaks are located at abtsusufficient to provide excellent S/D resistivity for TFT's.

10 nm. The profile depths with the concentration exceedingAlthough the activation effects are comparable at 600

1 x 10 cm~3 reach 90 nm, i.e., nearly equal to the activéhe characteristics of TFT's with RTA activation obviously

layer’s thickness. According to these results, PllI doping witiliffer from those with furnace activation. In fact, the thermal

RTA activation at 600°C for 75 s can provide optimum S/Dtreatment also has a recrystallization effect on the channel

junction depth and dopant concentration for TFT's. region in addition to S/D activation. As Fig. 3 depicts, the
Next, we investigated the resistivity variation of Plll dopedrap-state densityNV,) is 8.15 x 10'2 cm=2 and 1.47 x

regions under different activation conditions. Fig. 3 illustrates0'* cm~2 for TFT's activated with furnace at 600C for
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24 h and with RTA at 600°C for 75 s, respectively. It
reveals that for TFT’s activated with RTA, the high largely

- 4
accounts for the poor characteristics. Therefore, as long as trgﬁ
states in the active layers are effectively reduced, PIIl doping

accompanied by RTA activation at 60C can yield excellent
TFT characteristics.

IV. SUMMARY

(5]

(6]

This work has successfully applied Plll phosphorus doping
technology to LTP poly-Si TFT's. Its depth profile and dopant
concentration can satisfy the requirement of thin active layer.
While possessing the implantation of hydrogen ions, PIII]
technology can promote activation. In addition, the doped re-
gions exhibit low sheet resistance without parasitic resistances]
and thus can provide excellent S/D regions. Moreover, the
characteristics of Plll doped TFT’s are comparable with thos[ag]
of conventional ion-implanted TFT's. Therefore, the novel
PIII technology is a promising alternative to conventional ion

implantation for large-area AMLCD's.

REFERENCES

[1] T. Aoyama, G. Kawachi, Y. Mochizuki, and T. Suzuki, “Effect of ion
doping process on thin-film transistor characteristics using a bucket-ty

ion source and XeCl excimer laser annealiniph. J. Appl. Physvol.
31, part 1, no. 4, pp. 1012-1015, 1992.

[2] G. Kawachi, T. Aoyama, A. Mimura, and N. Konishi, “Application of

(10]

(11]

b2

ion doping and excimer laser annealing to fabrication of low-temperature

polycrystalline Si thin-film transistors Jpn. J. Appl. Physvol. 33, pt.
1, no. 4A, pp. 2092—-2099, 1994.

[3] A. Mimura, G. Kawachi, T. Aoyama, T. Suzuki, Y. Nagae, N. Konishi,
and Y. Mochizuki, “A 10-s doping technology for the application of low-

[13]

IEEE ELECTRON DEVICE LETTERS, VOL. 19, NO. 11, NOVEMBER 1998

temperature polysilicon TFT’s to giant microelectroniciEEE Trans.
Electron Devicesvol. 40, pp. 513-519, Mar. 1993.

H. J. Lim, B. Y. Ryu, and J. Jang,N-channel polycrystalline silicon
thin film transistors using as-deposited polycrystalline silicon and ion
doping,” Appl. Phys. Letf.vol. 66, no. 21, pp. 2888—2890, 1995.

A. Yoshinouchi, A. Oda, Y. Murata, T. Morita, and S. Tsuchimoto, “For-
mation of sources/drains using self-activation technique on polysilicon
thin film transistors,”Jpn. J. Appl. Phys.vol. 33, pt. 1, no. 9A, pp.
4833-4836, 1994.

A. Yoshinouchi, T. Morita, and S. Tsuchimoto, “Crystallization phe-
nomenon induced by proton beam irradiation using large area ion
implantation for polycrystalline silicon thin film transistors,”\at. Res.
Soc. Symp. Proc., Materials Modification by Energetic Atoms and lons
San Francisco, CA, K. S. Grabowski, S. A. Barnett, S. M. Rossnagel,
and K. Wasa, Eds., 1992, vol. 268, pp. 383—-388.

Y. Mishima and M. Takei, “Non-mass-separated ion shower doping of
polycrystalline silicon,”J. Appl. Phys.vol. 75, no. 10, pp. 49334938,
1994.

N. W. Cheung, “Plasma immersion ion implantation for ULSI process-
ing,” Nucl. Instrum. Meth.vol. B55, pp. 811-820, 1991.

X. Y. Qian, N. W. Cheung, M. A. Lieberman, S. B. Felch, R. Brennan,
and M. |. Current, “Plasma immersion ion implantation of Sénd BR

for sub-100 nmP+ /N junction fabrication,”Appl. Phys. Lett.vol. 59,

no. 3, pp. 348-350, 1991.

C. Yu and N. W. Cheung, “Trench doping conformality by plasma
immersion ion implantation (PIIl),"JEEE Electron Device Lett.vol.

15, pp. 196-198, June 1994.

J. D. Bernstein, S. Qin, C. Chan, and T.-J. King, “High dose-rate hydro-
gen passivation of polycrystalline silicon CMOS TFT’s by plasma ion
implantation,” IEEE Trans. Electron Devicewol. 43, pp. 1876-1882,
Nov. 1996.

J. Liu, S. S. K. Layer, C. Hu, N. W. Cheung, R. Gronsky, J. Min,
and P. Chu, “Formation of buried oxide in silicon using separation by
plasma implantation of oxygenAppl. Phys. Lett.vol. 67, no. 16, pp.
2361-2363, 1995.

C. F. Yeh, S. S. Lin, C. L. Chen, and Y. C. Yang, “Novel technique for
SiO, formed by liquid-phase deposition for low-temperature processed
polysilicon TFT,” IEEE Electron Device Lett.vol. 14, pp. 403-405,
Aug. 1993.



