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High-Performance Low-Temperature Poly-Si TFTs
Crystallized by Excimer Laser Irradiation with
Recessed-Channel Structure

Ching-Wei Lin, Li-Jing Cheng, Yin-Lung Lu, Yih-Shing Lee, and Huang-Chung Ch&tember, IEEE

Abstract—High-performance low-temperature poly-Si (LTPS) thickness exhibit large source/drain series resistance, which in
thin-film transistors (TFTs) have been fabricated by excimer laser tyrn significantly reduces the current drive [14]. As a result,

crystallization (ELC) with recessed-channel (RC) structure. The nickness of thin film must be carefully determined in order to
TFTs made by this method possessed large longitudinal grains in L .
optimize the device performance.

the channel regions, therefore, they exhibited better electrical char- .
acteristics as compared with the conventional ones. The average [N this letter, we adopt the recessed-channel (RC) structure
field-effect mobility above 300 cnf/V-s and on/off current ratio  for ELC. The process is simple and large grains can be formed
higher than 10° were achieved in these RC-structure devices. In in the thin channel region with this structure. In addition, since
addition, since grain growth could be artificially controlled by this the thickness of source/drain region can be made thicker, the
method, the device electrical characteristics were less sensitive to . . . . . o
series resistance of these devices will not increase significantly,

laser energy density variation, and therefore the uniformity of de- f ;
vice performance could be improved. and device performance can be further improved.

Index Terms—Excimer laser crystallization (ELC), re-
cessed-channel (RC), thin-film transistor (TFT). Il. DEVICE FABRICATION

The key processes for fabricating LTPS TFTs crystallized
|. INTRODUCTION with RC structure are illustrated in Fig. 1. At first, a 50-nm

. L . amorphous silicon layer was deposited on an oxidized silicon
OW-TEMPERATURE poly-Si (LTPS) thin-film transis- . .
tors (TFTs) fabricated by excimer laser crystallizatio ubstrate by LPCVD at 558C with SiH, as gaseous source.

(ELC) have been widely studied for AMLCD applications hen, the amprphous silicon layer in the channg] parts was re-
[1]-[3]. Although high-performance LTPS TFTs with mobilitymoye.:d following by_ another 50-nm amorphous silicon layer (_Jle-
over 300 cri/V-s have been made by ELC, the laser anneali sition. Because it was not a self-aligned process, a margin of

conditions had to be precisely controlled near the super Iates(lel e/g mo,f“énalftgd f;’slzgi:;:t:ﬁ;{iﬁg'i&g'gg;}:’gﬁ;g&ﬁ; tlgr?:og(
rowth (SLG) region to acquire poly-Si thin film with large”. ' . . - i
9 ( ) regi quire poly-st thin im wi 9 mer laser & = 248 nm). During the irradiation, the samples

grains [4]-[6]. As a result, narrow process window and po 7 located bstrate i hamb 4d
uniformity of device performance were exhibited in ELC LTvaere ocated on a substrate In a vacuum chamber pumped down

3 o
TFTs. Although many methods have been proposed to solve (?10‘ ;rr? rr a?_d s_u:Jst:jate V;%% malr_}:tgl(r)lesd a: 4’(![0 dAfter d
above problems by artificially controlling grain growth, suc efining the active 1slands, a -m gate oxide was de-

as the SLS process [7], shaping the laser beam [8], and capp?ﬁ) ited by PECVD at 300C. A 150-nm amorphous silicon film

: . . : then deposited at 55C by LPCVD for gate electrode. The
reflective or anti-reflective layer [9], they always imposed somq orphous silicon and gate oxide were etched by RIE to form
g

complexities on device fabrication process or were not eas . . . .
P P Y ate electrodes. A self-aligned phosphorous implantation with

implement. ~ . .
Igrom the viewpoint of TFTs performance, devices Wiﬂqose of5 x 10*® cm~2 was carried out to form source and drain

thinner active layer exhibit better electrical characteristic§9'°"S: A passivation ox_|de layer was deposned_ and the im-
[10], [11]. However, for thin film crystallized by exCimerpanted dopants were activated by thermal annealing af 600

laser annealing, as film thickness is reduced, the average grr.%rrazo ? fi:orn(tjact r;]ct)les lj[(i)\/rrr:iatrl]orllzi?]nﬂ m_?'t:a_lllllzva\}u?n Wer(?vc::\r;j
size of the thin film crystallized at the optimal laser energ ed out after dopants activation. Finaty, S WEre passivate

density may become smaller due to faster quenching rate of e4'h NH plasma treatment to further improve device perfor-

thinner ones [12], [13]. Moreover, devices with thinner filnj1ance- For comparison, the conver_1t|onal ELCLTPS TFTs with
athickness of 50 nm were also fabricated. The laser energy den-

sities were optimized for both kinds of device structures.
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TABLE |

% | MEASURED ELECTRICALDﬁ:I-L/Ei,;(f\;ESRTIiEIngOREEFTS CRYSTALLIZED WITH

subthreshold| Imin (A) at on/off mobility

b W/L=10um/2pm Vth (V) nslwingc Vd=5V cl:!rrent= ratio| (em*/V-s)
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Fig. 3. I-V curves of LTPS RC-TFT (solid curves) and conventional
TFT (dotted curves) crystallized by excimer laser annealing. (a) Transfer
characteristics. (b) Output characteristics.

Fig. 2. SEM photograph of excimer laser crystallized poly-Si with RGhinder the extending grains. In this experiment, with laser en-
structure after Secco etch. " . . .
ergy densities between completely melting 50-nm silicon thin
film but partially melting the 100-nm one, we got similar re-
gradient could arise as a result of the heat generated at movéunds, that is, the process window could be broadened. Since the
solid-melt interface [15], [16]. Similarly, when a proper lasegrain size was less sensitive to laser energy density variation,
energy density irradiates the silicon thin film containing difthe device performance exhibited more uniform.
ferent thicknesses, the thin region is completely melted while Typical transfer characteristics and output characteristics
the thick region is only partially melted, leaving behind islandsurves of TFTs crystallized with RC structure and conven-
of solid material. As a result, grain growth will come up frontional one are shown in Fig. 3(a) and (b), respectively. Some
the residual, un-melted silicon islands in the thick region, anchportant device characteristics are also listed in Table I.
then stretch toward the completely melted thin channel un@wing to large longitudinal grains growth in the channel
small grains, which homogeneously grow in the channel regiaegions, TFTs crystallized with RC structure exhibited better
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