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A Novel Germanium Doping Method for Fabrication
of High-Performance P-Channel Poly:Si.Ge, TFT
By Excimer Laser Crystallization

Ting-Kuo Chang, Fang-Tsun Chu, Ching-Wei Lin, Chang-Ho Tseng, and Huang-Chung Cheng

Abstract—in this letter, a novel process for fabricating /poly-Si double layer. The grain size of the active layer was al-
p-channel poly-Si_.Ge, thin-film transistors (TFTs) with  most unaltered after Ge doping by excimer laser irradiation. We
high-hole mobility was demonstrated. Germanium (Ge) atoms 554 jnvestigate the effects of Ge atomic concentration and de-

were incorporated into poly-Si by excimer laser irradiation of . . ' .
a-Si_,Ge, /poly-Si double layer. For small size TFTs, especially vice dimension on the performance of the poly-SiGe, TFTs.

when channel width/length (W/L) was less than2 pm/2 pum,
the hole mobility of poly-Si,_.Ge, TFTs was superior to that Il. DEVICE FABRICATION

of poly-Si TFTs. It was inferred that the degree of mobility . . L
enhancement by Ge incorporation was beyond that of mobility 19 1 illustrates the key processes for fabrication of the

degradation by defect trap generation when TFT size was shrunk Poly-Sii_.Ge, TFTs. At first, a-Si with a 5004 thickness

to 2 um/2 pm. The poly-Sh.91 Gey.00 TFT exhibited a high-hole was deposited on oxidized Si wafers by LPCVD at 5%

mobility of 112 cm?/V-s, while the hole mobility of the poly-Si  Then, the a-Si was crystallized by a krypton fluorine (KrF)

counterpart was 73 cnt /V-s. excimer laser irradiation at room temperature with optimal
Index Terms—Excimer laser annealing, Ge doping, laser conditions, i.e., a shot density of 100 shots per area (99%

poly-Sii _»Ge, thin-film transistor (TFT). overlapped) and energy density of 280 mJcriio obtain
poly-Si,_,Ge,, 100-A-thick a-Si_,Ge, with 23% and 33%
|. INTRODUCTION Ge atomic concentration were deposited on the ELC poly-Si

. . by LPCVD at 450°C, respectively. The a-8i,.Ge, was then

L OW-TEMPERATURE poly-crystalline silicon (LTPS) gpjected to the second excimer laser irradiation with a shot

thin-film transistors (TFTs) have been widely StUd'e@lensity of 10 shots per area (90% overlapped). The second
b_ecause of their potential applications in high-perform_anq;gSer energy density was 240 mJ%mwhich was controlled
displays, such as AMLCDs and AMOLEDs [1], [2]. Activej the partially melting region of poly-Si thin film. The Ge
matrix displays with integrated circuits on a single-glasgtoms were diffused naturally into the underneath poly-Si
substrate can be implemented by high-mobility LTPS TFTgiring the laser irradiation. The RBS analysis revealed that
[3]. To achieve high mobility for high-speed operation, excimehe Ge atomic concentrations in the eventual poly-SGe,
laser crystallization (ELC) has been widely used to fabricajgere 5% and 9%, respectively. In addition, according to the
LTPS TFTs [4], [5]. Even though the mobility of ELC poly-SiAES analysis results, the atomic concentration of Ge atom
TFT can meet the requirements for many circuit applicationgas a little higher at the film surface than in the bulk of the
further enhancement of mobility is necessary for high-levgbly-Si, _,Ge, thin film after the second laser irradiation. After
system integration. Essentially, germanium (Ge) incorporateéfining the active layer, a 1008-thick TEOS gate oxide and
in silicon (Si) (i.e., Si—.Ge,) cannot only lower the process3000-A-thick aluminum (Al) were deposited by PECVD and
thermal budget but also promotes the carrier mobility. Henagermal evaporation, respectively. RIE was then carried out to
Sii_.Ge, seems to be a potential material for the active layéorm the gate electrode. A self-alignégit implantation with
of a TFT [6]-[8]. According to the results reported by Tsaa dosage of & 10'> cm~2 was performed to form source and
et al, poly-Si,_,Ge, TFTs have been found to have highedrain regions. Dopant activation was carried out by excimer
mobility than similarly processed poly-Si TFTs [8]. Howeveraser irradiation with 95% overlap at room temperature after
most of the poly-Si_,Ge, TFTs were fabricated by usingdepositing a 3000k-thick oxide as a passivation layer. Finally,
conventional solid-phase crystallization [9], [10]. Only a feveontact opening and metallization were performed to complete
studies have been conducted for the ELC poly-SGe, TFT the fabrication of the poly-$i . Ge, TFTs.
[11].

In this letter, we describe a novel laser process for producing [ll. RESULTS AND DISCUSSION

p-channel high-mobility poly-Si.,Ge, TFTs. Ge atoms were  pg ey process for fabricating the proposed poly-SGe,
incorporated into poly-Si by laser irradiation of the a-SiGe,  TrT1s is to dope Ge into poly-Si without degrading the grain
structure. During the second laser irradiation, the Ge would dif-
“Manuscript received November 25, 2002; revised January 13, 2003. Thefigse into the underneath poly-Si layer due to the high-diffusion
view of this letter was arranged by Editor J. Sin. o _coefficient of Ge in melting silicon and the Ge concentration
The authors are with the Department of Electronics Engineering and Institute . . .
of Electronics, National Chiao Tung University, Hsinchu, Taiwan, R.O.C. grad|ent- When the second laser irradiation was performed,

Digital Object Identifier 10.1109/TCSI.2003.811423 laser energy density was carefully controlled so that the poly-Si
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Fig. 1. Key process for fabricating p-channel poly-SiGe, TFTs. £ -0.04}
g 0.02
was partially melted. These grains could vertically regroo =4[
from the unmelted poly-Si. As a result, the grain size
. . . . 0.00 ' 1 A 1 A 1 A 1 A
poly-Sll_,:G_eI was almost identical to_ tha_t of poly-Si after 0 2 4 r 8 10
the Ge doplng process [12]. The grain sizes of the p(_)ly- Drain Voltage V__ (V)
and poly-Sj_,Ge, inspected by a scanning electron micro-
scope (SEM) were both about 5000 Thus, the direct-laser (b)

crystallization of a-Si_,Ge,, resulting in small grain size Fig. 2. -V curves of poly-Si TFT and poly-§i.Ge, TFTs. (a) Typical
poly-Si,_,Ge, accompanied by serious Ge segregation ddyansfer characteristics. (b) Output characteristics.
to the different melting points between Si and Ge, can also be
avoided. SUMMARY OF ELECTRICA-II:ACBHLAFT?AICTERISTICS OFPoOLY-SI AND

Fig. _2(a) shows the transfer _characterlstlcs qf poly-Si and poy-sj,_,Ge, TFTs WiTH W/L = 2 um/2 um. THE THRESHOLD
poly-Si_.Ge, TFTs. Several important electrical charac-voLtace WAs DEFINED AT I, = —(W/L) x 10~% A AND V4, = —0.1 V.
teristics are summarized in Table I. The hole mobility of THE MAXIMUM FIELD EFFECTMOBILITY WAS EXTRACTED FROM THE

. . . . TRANSCONDUCTANCE IN THELINEAR REGION AT V; = 0.1 V.

poly-Si,_.Ge. TFTs is higher than that of poly-Si TFTs. THE I... /I.: CURRENT RATIO WAS DEFINED ATV = —5 V
The higher hole mobility of poly-$i.Ge, TFTs might be
attributed to the incorporation of Ge atoms [8]. However, th

leakage current of poly-gi . Ge, TFTs was larger than that of

Poly-Si POly-Sio_g_r,Geu_os POIy-Sio‘mGeU.og

poly-Si TFTs. The leakage current of poly-Si TFTs is related t Threshold Voltage (V) 5.2 -4.25 2.5

the trap-assisted tunneling of energetic carriers [13]. Therefo Subthreshold Swing 867 633 461

the high leakage current should result from the narrow (mVidec)

bandgap of poly-Si.Ge, and slight defect generation by Ge Field :Effez‘;:, M;’b"“y 73 99 12
cm =S,

doping. Fig. 2(b) shows the output characteristics of poly-¢
and poly-Sj_,Ge, TFTs. In order to avoid the threshold
voltage difference, the applied gate driving voltage was keeping
at a constant value d¥;, — Vi5| = 8 V. The output current was reduced t&V/L = 2 pm/2 pm, the poly-Si_.Ge, TFTs
increases with the Ge concentration, which is an evidencestfowed higher hole mobility in comparison with the poly-Si
mobility enhancement by Ge doping. TFTs. It was inferred that the degree of mobility enhancement
Fig. 3 shows the mobility variation with different device di-by Ge incorporation was beyond that of mobility degradation
mensions and Ge concentrations. Twenty TFTs were measubgddefect trap generation when TFT size was reduced to
and the mobilities were averaged for each device dimensi@wm/2 pm. After the second laser irradiation, a portion of Ge
The poly-Si_,Ge, TFTs exhibited degraded hole mobilityatoms would segregate to grain boundaries due to the lower
when W/L was abové pm/5 um. As the device dimension melting point of Ge compared to Si. The segregated Ge atoms

Maximum lon/log 4.4x107 2.6x107 4.5x107
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Fig. 3. Field effect mobility variation for different device dimensions and Ge [5]
atomic concentrations.

resulted in a higher trap state density in grain boundaries, which
acted as potential barriers during carrier transport. Therefore,[
the device characteristics were degraded, even though the hole
mobility was enhanced by Ge atom incorporation. However, [7]
when the device dimension was shrunk, carriers suffered from
less defect scattering at grain boundaries in the channel regiorlsl
Consequently, the effect of mobility enhancement by Ge
incorporation became dominant. Therefore, the poly-36e,
TFT exhibited higher mobility than the poly-Si TFT only for
small-dimension devices.

(9]

[10]
IV. CONCLUSIONS

The poly-Si_,Ge, TFTs with high-hole mobility were suc-
cessfully fabricated using a novel laser doping process. During1l
the Ge doping process, no deterioration was found in the original
grain size of the poly-Si thin film. The poly-§;Gey.o5 and  [12]
poly-Siy.91Ge&y.09 TFTs both exhibited higher mobilities than
the poly-Si TFTs as the device dimension was reduced. Thﬁ3]
proposed new process is attractive for future small-dimensio
TFTs.
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