
US 20070037309A1 

(12) Patent Application Publication (10) Pub. No.: US 2007/0037309 A1 
(19) United States 

Nakamura et al. (43) Pub. Date: Feb. 15, 2007 

(54) SEMICONDUCTOR DEVICE AND METHOD 
FOR MANUFACTURING THE SAME 

(75) Inventors: Osamu Nakamura, Atsugi-shi (JP); 
Masayuki Kajiwara, Atsugi-shi (JP); 
Junichi Koezuka, Atsugi-shi (JP); 
Shunpei Yamazaki, Tokyo (JP); 
Hideaki KuWabara, Atsugi-shi (JP) 

Correspondence Address: 
NIXON PEABODY, LLP 
401 9TH STREET, NW 
SUITE 900 
WASHINGTON, DC 20004-2128 (US) 

(73) Assignee: Semiconductor Energy Laboratory 
Co., Ltd., Atsugi-shi (JP) 

(21) Appl. No.: 11/582,445 

(22) Filed: Oct. 18, 2006 

Related US. Application Data 

(62) Division of application No. 10/066,542, ?led on Feb. 
5, 2002, noW Pat. No. 7,141,822. 

108 

(30) Foreign Application Priority Data 

Feb. 9, 2001 (JP) .................................... .. 2001-034294 

Publication Classi?cation 

(51) Int. Cl. 
H01L 21/00 (2006.01) 

(52) Us. or. .............................................................. .. 438/48 

(57) ABSTRACT 

The TFT electric characteristic is ready to be in?uenced by 
the channel region in the neighborhood of an interface 
between a semiconductor and a gate insulating ?lm. The 

present invention provides TFTs reduced in electric charac 
teri stic deviations and a method for manufacturing the same. 

The invention forms a region or layer containing an inactive 

element, or rear gas element, in the channel region. As 
shoWn in FIG. 1, a rear gas element is contained at least in 

an upper layer of the channel region. 
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FIG. 7 

I02‘ .: - 1 - . - - - V‘ I .J; 

5 Ar dose amount 2 x 1015 ions/cm2 F 

1020 __ I 

"BE 
.2 

5 3 ? 

gm" 1 g I; 
8 -s 

E vi 

1018 _ 1,; 

‘on | - I i . ,i . , i . - . - . ‘ 

0 500 1000 1500 2000 2500' 

depth [A] 





Patent Application Publication Feb. 15, 2007 Sheet 9 0f 18 US 2007/0037309 A1 

‘FIG? ‘ii 

I 020 ,_.'--’. .;-.‘. -L-I-_‘.. .L - I. .‘..'...‘..|...‘. -‘.-L..'--L ._- '. .1. - 
- --------- -_- --------- --', ---------- -; -------- --------- ---, -------- _-_ 

_ ........ .: ......... u; ....... .. _ , . T111111: 

_ _ _ _ _ _ "J: _________ u; ___________ "' vefcre anneal ______ ___‘ 

_ . . . . . ; a'Frcr dnnéal 

E """" "."2 """" "Ar l0kV 251s ‘ 

550°C 4hours anneal 
1019 : 5 a 

Ni c0ncentration[cm'3] 
Illl'lljllllllilLllllLAli!lll 

0 500 i 1000 71500 2000 2500 3000 

dépth[A] 



Patent Application Publication Feb. 15, 2007 Sheet 10 0f 18 US 2007/0037309 A1 

................... -' 

FIG. 10A 

FIG. 108 

FIG. 10C 

FIG. 10D 

FIG. 10E 

FIG. 10F 

509 FIG. 10G 



Patent Application Publication Feb. 15, 2007 Sheet 11 0f 18 US 2007/0037309 A1 

...................... l ‘ 

FIG. 11A 501 

600 

FIG. 11B 

607 

FIG‘. 11C ' 

FIG. 11D 

(608 

FIG.11E i 
T 



Patent Application Publication Feb. 15, 2007 Sheet 12 0f 18 US 2007/0037309 A1 

'FIG. 12A ‘ 

‘ FIG. 12B 

706 

FIG. 12C 

)) (I D U FIG. 12D 



Patent Application Publication Feb. 15, 2007 Sheet 13 0f 18 US 2007/0037309 A1 

FIG. 13 

809 

811 

800 
‘ 807 

v 4011: 

401a 
8038 802 402 



Patent Application Publication Feb. 15, 2007 Sheet 14 0f 18 US 2007/0037309 A1 

901 

J 9900 FIG. 14A 

1 

I’! 
I 

I’ 

II 
II 

908 

903 

' FIG. 14B 

921 920 

903 52 2255 9626: 

902 



Patent Application Publication Feb. 15, 2007 Sheet 15 0f 18 US 2007/0037309 A1 

FIG. '15 
light emitting direction 

1017 
1016 



Patent Application Publication Feb. 15, 2007 Sheet 16 0f 18 US 2007/0037309 A1 

2001 
2002 i I 2106 

2201 2205 _ 

2301 

2503 2504 



Patent Application Publication Feb. 15, 2007 Sheet 17 0f 18 US 2007/0037309 A1 

2702 

FIG. 17A 

to screen 
2809 _ 

2808 ' 28102807 
2809 - . 2806 

/ 

FIG. 17C’ 

2814 



Patent Application Publication Feb. 15, 2007 Sheet 18 0f 18 US 2007/0037309 A1 

3006 _ . ~ 

FIG. 18B 

3002 

3005 

FIGi 186 \\\N x 



US 2007/0037309 A1 

SEMICONDUCTOR DEVICE AND METHOD FOR 
MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Technical Field of the Invention 

[0002] This invention relates to a semiconductor device 
having a circuit con?gured With thin ?lm transistors (here 
inafter, referred to as TFTs) and a method for manufacturing 
the same, eg an electro-optical device represented by the 
liquid crystal display panel and an electronic apparatus 
mounted With such an electro-optical device as a part. 

[0003] Incidentally, in the description, the semiconductor 
device refers to the device overall operable by making use 
of a semiconductor property, Wherein the electro-optical 
device, the semiconductor circuit and the electronic appa 
ratus, in any, are a semiconductor device. 

[0004] 2. Description of the Related Art 

[0005] Recently, development has being proceeded for the 
semiconductor device that thin ?lm transistors (TFTs) are 
con?gured With using a semiconductor ?lm (in a thickness 
of nearly several to several hundred nm) formed on a 
substrate having an insulating surface thus having a large 
area integrated circuit formed With the TFTs. The knoWn 
representative examples include active-matrix liquid crystal 
modules, EL modules and contact-type image sensors. Par 
ticularly, the TFT using a crystalline silicon ?lm (typically 
a polysilicon ?lm) in an active layer (hereinafter, described 
polysilicon TFT) is high in electric-?eld mobility and 
alloWed to form various functions of circuits. 

[0006] For example, the liquid-crystal module mounted on 
a liquid-crystal display device has pixel-circuit-controlling 
driver circuits, such as a pixel circuit for image display 
based on a function block, a shift register circuit on the basis 
of CMOS circuits, a level shifter circuit, a buffer circuit and 
a sampling circuit, formed on one substrate. 

[0007] MeanWhile, the pixel circuit of an active-matrix 
liquid crystal module has TFTs (pixel TFTs) respectively 
arranged in several tens to several millions of pixels Wherein 
each pixel TFT has a pixel electrode. The counter substrate, 
sandWiching liquid crystal, has a counter electrode to form 
a kind of capacitor using a liquid crystal as dielectric. The 
voltage to be applied to each pixel is controlled by TFT 
sWitching function to control the charge onto the capacitor, 
thereby driving the liquid crystal and hence controlling 
transmission light amount for image display. 

[0008] The TFT electric characteristic is ready to be 
in?uenced by the channel region in the neighborhood of an 
interface betWeen a semiconductor. and a gate insulating 
?lm. The present invention provides TFTs reduced in elec 
tric characteristic deviations and a method for manufactur 
ing the same. 

SUMMARY OF THE INVENTION 

[0009] The present invention is characterized by forming 
a region or layer containing an inactive element, or rare gas 
element, in the channel region. MeanWhile, the invention 
adds a rare gas element selectively or entirely by using an 
ion doping or ion implantation technique. MeanWhile, 
because the invention adds a rare gas element not to bond 
With other atoms to a semiconductor ?lm having a crystal 
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line structure, the rare gas element is inserted to betWeen the 
lattices in the semiconductor ?lm. It is possible to perform 
gettering by utilizing a strained site formed upon adding the 
rare gas element. By the anneal With a heating process at a 
comparative high temperature, laser light (pulse-oscillated 
laser light or continuous-oscillated laser light) irradiation or 
intense light irradiation, the strained site formed by rare gas 
element addition may be reduced or removed. Incidentally, 
the added rare gas element less diffuses Within or departs 
from the ?lm even if performing a heating process at a 
comparative high temperature. 

[0010] The silicon ?lm having a crystalline structure, i.e. 
polysilicon ?lm, includes lattice defects such as grain 
boundary defects and stacking defects. The lattice defect 
acts as a carrier trap to Worsen electric characteristics. 

Accordingly, in the TFT channel region, the volume or 
existence form of lattice defects forms the major cause of 
characteristic variations. In order to enhance homogeneity, 
the invention adds a rare gas element to distribute lattice 
defects evenly throughout the channel region Without local 
segregation. 

[0011] An invention disclosed in the description is in a 
semiconductor device having a semiconductor layer having 
a crystalline structure on an insulating surface, a semicon 
ductor device characterized in that: the semiconductor layer 
has a source region, drain region and channel region, 
Wherein the channel region contains a rare gas element 

(concentration range of l><l015-5><l02l/cm3). 

[0012] MeanWhile, another invention is in a semiconduc 
tor device having a semiconductor layer having a crystalline 
structure on an insulating surface, a semiconductor device 
characterized in that: 

[0013] the semiconductor layer has a source region, drain 
region and channel region, Wherein a rare gas element is 
contained betWeen the channel region and an insulating ?lm. 
Incidentally, this region, containing a rare gas element, is 
higher in electric resistance value than the channel region. 

[0014] MeanWhile, another invention is a semiconductor 
device comprising: a ?rst semiconductor layer having a 
crystalline structure on an insulating surface; a second 
semiconductor layer in contact With the ?rst semiconductor 
layer; an insulating ?lm in contact With the second semi 
conductor layer; and an electrode in contact With the insu 
lating ?lm; 

[0015] Wherein the second semiconductor layer contains a 
rare gas element. 

[0016] In the above structure, the semiconductor layer in 
section is in a tWo-layered structure, Wherein one layer is 
added With a rare gas element. The semiconductor layer in 
tWo-layered structure is used as a TFT active layer. Where 
a rare gas element is added by an ion doping or ion 
implantation technique, the semiconductor layer turns into 
an amorphous state though depending upon addition condi 
tions. MeanWhile, the semiconductor layer in an amorphous 
state, if re-crystallized by heating means (laser light or 
intense light irradiation, or heating process at a comparative 
high temperature), can be made in a semiconductor layer 
having a crystalline structure. 






























