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[CMOS TRANSISTOR AND CMOS-BASED 
DEVICE] 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the priority bene?t of Tai 
Wan application serial no. 92112792, ?led May 12, 2003. 

BACKGROUND OF INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a loW-temperature 
polysilicon (LTPS) thin ?lm transistor (TFT). More particu 
larly, the present invention relates to a complementary metal 
oxide semiconductor (CMOS) transistor consisting of tWo 
LTPS TFTs of different conductivity types, and a semicon 
ductor device based on the CMOS transistor. 

[0004] 2. Description of the Related Art 

[0005] With advances of high technologies, video prod 
ucts, especially digital video/image apparatuses, have been 
Widely used in daily life. In a digital video/image apparatus, 
the display device is surely an important component for 
displaying information. A user can read the information 
from the display device, and may further operate the appa 
ratus according to the information. 

[0006] The hottest display product in recent years is no 
other than the liquid crystal display (LCD), especially the 
TFT-LCD utiliZing active-matrix driving mechanism. In the 
?eld of TFT, the polysilicon-based TFT has been studied in 
much effort for possessing an electron mobility much larger 
than that of a conventional III-Si TFT. Therefore, polysilicon 
TFTs can be made smaller to increase the aperture ratio of 
the piXel and thereby enhance the brightness of the LCD. In 
other Words, using polysilicon TFTs in a LCD consumes less 
energy When the same brightness is achieved. Moreover, 
because polysilicon has high electron mobility, the driving 
devices of a LCD can also be formed on the glass substrate 
Within the polysilicon TFT process. Therefore, the perfor 
mance and the reliability of a LCD panel can be improved, 
and the cost for fabricating a LCD panel or a LCD monitor 
is loWered. In addition, a polysilicon-TFT LCD is thin, light, 
and has a higher resolution, and is therefore particularly 
applicable to a mobile terminal product that requires Weight 
reduction and electricity saving. 

[0007] In the beginning, a poly-Si TFT is fabricated With 
a solid-phase crystalliZation (SPC) process, Wherein the 
temperature is up to 1000° C. and a quartZ substrate having 
a high melting point is required. HoWever, since quartZ is 
much more eXpensive than glass and the siZe of a quartZ 
substrate is restricted to 2-3 inches, only a small-siZed 
poly-Si TFT-LCD can be made With this method. To solve 
this problem, the so-called loW-temperature polysilicon 
(LTPS) TFT process is provided, using laser crystalliZation 
or eXcimer laser annealing (ELA) to convert an III-Si ?lm 
into a poly-Si ?lm. Since the temperature of an LTPS-TFT 
process is loWer than 600° C., a glass substrate generally 
used in an III-Si TFT-LCD can be used to fabricate a larger 
LCD panel. 

[0008] In addition, since polysilicon has higher electron 
mobility, the driving devices of a LCD can be formed 
synchronously on the glass substrate around the display area 
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during the LTPS-TFT process. FIGS. 1A-1B illustrate a 
CMOS transistor as an eXample of such LCD driving 
devices, Wherein FIG. 1A illustrates a top vieW of a con 
ventional CMOS transistor including an N-type LTPS TFT 
and a P-type LTPS TFT, and FIG. 1B illustrates a cross 
sectional vieW of the CMOS transistor in FIG. 1A along line 
I-I‘. 

[0009] Referring to FIGS. 1A-1B, a conventional CMOS 
transistor 10 includes an N-type LTPS TFT 110 and a P-type 
LTPS TFT 120 disposed on a substrate 100. The N-type 
LTPS TFT 110 includes a gate 102 and a polysilicon island 
104 betWeen the gate 102 and the substrate 100, Wherein the 
polysilicon island 104 includes a channel region 105 and a 
doped region 106a and a drain region 106b beside the 
channel region 105. The P-type LTPS TFT 120 includes a 
gate 112 and a polysilicon island 114 betWeen the gate 112 
and the substrate 100, Wherein the polysilicon island 114 
includes a channel region 115 and a source region 116a and 
a doped region 116b beside the channel region 115. The 
N-type LTPS TFT 110 and the P-type LTPS TFT 120 are 
covered by an inter-layer dielectric layer 130, and the doped 
region 106a of the N-type LTPS TFT 110 and the doped 
region 116b of the P-type LTPS TFT 120 are electrically 
connected via tWo contacts 132 through the inter-layer 
dielectric layer 130 and a conductive line 122. 

[0010] The polysilicon island 104/114 is isolated from the 
gate 102/112 by a gate insulating ?lm 124, and is separated 
from the substrate 100 by a buffer layer 126. In the N-type 
LTPS TFT 110, a lightly doped drain (LDD) region 107 is 
located betWeen the channel region 105 and the doped 
region 106a/drain region 106b. In addition, source/drain 
contact metals 128 are disposed connecting With the source 
region 116a and the drain region 106b. 

[0011] As shoWn by the CMOS transistor layout in FIG. 
1A, since the N-type LTPS TFT 110 and the P-type LTPS 
TFT 120 are arranged in series in the lateral direction, the 
doped region 106a of the N-type LTPS TFT 110 and the 
doped region 116b of the P-type LTPS TFT 120 are sepa 
rated by a minimal distance in the lateral direction. Conse 
quently, When the contact 132 in FIG. 1A has a Width/length 
of 6|:Im/6Elm, for eXample, the overall Width 142 of the 
CMOS transistor 10 is up to about 56|I|m because of the 
design rule. Since the minimal Width of a conventional 
CMOS transistor is large, the conventional CMOS layout is 
not suitable for a planar display having a reduced piXel siZe 
and a higher resolution. 

SUMMARY OF INVENTION 

[0012] In vieW of the foregoing, this invention provides a 
CMOS transistor and a semiconductor device based on the 
CMOS transistor to decrease the layout Width, so that the 
peripheral area of a glass substrate is suf?cient for forming 
CMOS-based driving devices When the resolution of the 
display area is increased. 

[0013] The CMOS transistor of this invention includes a 
?rst TFT of a ?rst conductivity type, a second TFT of a 
second conductivity type, an inter-layer dielectric layer, a 
conductive line, a source contact metal and a drain contact 
metal. The ?rst TFT includes a ?rst gate and a ?rst poly 
silicon island under the ?rst gate, Wherein the ?rst polysili 
con island includes a ?rst channel region right under the ?rst 
gate, a source region on one side of the ?rst gate, and a ?rst 
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doped region of a ?rst conductivity type on the other side of 
the ?rst gate. The source region, the ?rst channel region and 
the ?rst doped region are arranged along a ?rst direction. 
The second TFT includes a second gate and a second 
polysilicon island under the second gate, Wherein the second 
polysilicon island includes a second channel region right 
under the second gate, a second doped region of a second 
conductivity type on one side of the second gate, and a drain 
region on the other side of the second gate. The second 
doped region, the second channel region and the drain region 
are arranged along the ?rst direction, and the second doped 
region and the ?rst doped region are arranged along a second 
direction that is perpendicular to the ?rst direction. The 
inter-layer dielectric layer covers the ?rst TFT and the 
second TFT, and has a plurality of contacts therein connect 
ing With the ?rst doped region and the second doped region. 
The conductive line is disposed on the inter-layer dielectric 
layer extending along the second direction, and electrically 
connects the ?rst doped region and the second doped region 
via the contacts. The source contact metal is disposed on and 
through the inter-layer dielectric layer to electrically connect 
With the source region, and the drain contact metal on and 
through the inter-layer dielectric layer to electrically connect 
With the drain region. 

[0014] The CMOS-based device of this invention includes 
at least one ?rst LTPS TFT of a ?rst conductivity type, 
second LTPS TFTs of a second conductivity type, an inter 
layer dielectric layer, conductive lines and source/drain 
contact metals. The ?rst LTPS TFT is arranged parallel to the 
second LTPS TFTs With a displacement relative to each of 
the second LTPS TFTs, and includes a ?rst gate line and a 
?rst polysilicon island under the ?rst gate line. The ?rst 
polysilicon island includes a ?rst channel region right under 
the ?rst gate line, a ?rst doped region on one side of the ?rst 
gate line, and a second doped region on the other side of the 
?rst gate line. Each of the second LTPS TFTs includes a 
second gate line and a second polysilicon island under the 
second gate line, Wherein the second polysilicon island 
includes a second channel region right under the second gate 
line, a third doped region on one side of the second gate line, 
and a source/drain region on the other side of the second gate 
line. The inter-layer dielectric layer covers the ?rst TFT and 
the second TFTs, and has contacts therein connecting With 
the ?rst doped region, the second doped region and the third 
doped region, respectively. Each conductive line is disposed 
on the inter-layer dielectric layer extending substantially 
parallel to the ?rst gate line and the second gate line, and 
electrically connects the ?rst (or second) doped region and 
a third doped region via the contacts. Asource/drain contact 
metal is disposed on and through the inter-layer dielectric 
layer to electrically connect With a source/drain region. 

[0015] Since the ?rst LTPS TFT and the second LTPS TFT 
in a CMOS transistor of this invention are arranged in 
parallel With a relative displacement in the ?rst direction, the 
overall Width of the CMOS transistor or the CMOS-based 
device can be remarkably reduced to apply to a high 
resolution display. 

[0016] It is to be understood that both the foregoing 
general description and the folloWing detailed description 
are eXemplary, and are intended to provide further eXplana 
tion of the invention as claimed. 
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BRIEF DESCRIPTION OF DRAWINGS 

[0017] The accompanying draWings are included to pro 
vide a further understanding of the invention, and are 
incorporated in and constitute a part of this speci?cation. 
The draWings illustrate embodiments of the invention and, 
together With the description, serve to eXplain the principles 
of the invention. 

[0018] FIG. 1A illustrates a top vieW of a conventional 
CMOS transistor including an N-type LTPS TFT and a 
P-type LTPS TFT. 

[0019] FIG. 1B illustrates a cross-sectional vieW of the 
CMOS transistor in FIG. 1A along line 1-1‘. 

[0020] FIG. 2A illustrates a top vieW of a CMOS transis 
tor according to a ?rst embodiment of this invention. 

[0021] FIG. 2B illustrates a cross-sectional vieW of the 
CMOS transistor in FIG. 2A along line 11-11‘. 

[0022] FIG. 3 illustrates a top vieW of a CMOS-based 
device according to a second embodiment of this invention. 

[0023] FIG. 4A illustrates a cross-sectional vieW of the 
CMOS-based device in FIG. 3 along line A-A‘. 

[0024] FIG. 4B illustrates a cross-sectional vieW of the 
CMOS-based device in FIG. 3 along line B-B‘. 

[0025] FIG. 4C illustrates a cross-sectional vieW of the 
CMOS-based device in FIG. 3 along line C-C‘. 

DETAILED DESCRIPTION 

[0026] First Embodiment 

[0027] The CMOS transistor constituted of tWo LTPS 
TFTs according to the ?rst embodiment of this invention Will 
be described With reference to FIGS. 2A-2B, Wherein FIG. 
2A illustrates a top vieW of the CMOS transistor, and FIG. 
2B illustrates a cross-sectional vieW of the CMOS transistor 
in FIG. 2A along line 11-11‘. 

[0028] Referring to FIGS. 2A-2B, the CMOS transistor 
20 includes an N-type LTPS TFT 210 and a P-type LTPS 
TFT 220 that are covered by an inter-layer dielectric layer 
230. The N-type LTPS TFT 210 includes a gate 202 and a 
polysilicon island 204 betWeen the gate 202 and the sub 
strate 200, Wherein the polysilicon island 204 includes a 
channel region right under the gate 202 and an N-doped 
region 206a and a drain region 206b beside the channel 
region. 

[0029] It is to be noted that the channel region is com 
pletely covered by the gate 202 in the top vieW and therefore 
cannot be labeled With a reference number. The drain region 
206b is connected With a drain contact metal 228 disposed 
on and through the inter-layer dielectric layer 230. The 
channel region, the drain region 206b and the N-doped 
region 206a are arranged in a ?rst direction. 

[0030] The P-type TFT 220 includes a gate 212 and a 
polysilicon island 214 betWeen the gate 212 and the sub 
strate 200, Wherein the polysilicon island 214 includes a 
channel region (not labeled With a reference number for the 
same reason) right under the gate 212 and a source region 
216a and a P-doped region 216b beside the channel region. 
The source region 216a is connected With a source contact 
metal 228 disposed on and through the interlayer dielectric 
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layer 230. The P-doped region 216b, the channel region and 
the source region 216a are arranged along the ?rst direction, 
While the P-doped region 216b and the N-doped region 206a 
are arranged along a second direction that is perpendicular 
to the ?rst direction. 

[0031] The N-doped region 206a of the N-type LTPS TFT 
210 and the P-doped region 216b of the P-type LTPS TFT 
220 are electrically connected via tWo contacts 232 through 
the inter-layer dielectric layer 230 and a conductive line 222 
extending along the second direction. Since the N-type 
LTPS TFT 210 and the P-type LTPS TFT 220 are arranged 
in parallel With a relative displacement in the ?rst direction, 
the overall Width of the CMOS transistor 20 can be remark 
ably reduced as compared With the prior art. For example, 
When the contact 232 has a Width/length of 6|:Im/6Elm, the 
overall Width of the CMOS transistor 20 is reduced to about 
45Elm, Which is smaller than the Width 142 of the conven 
tional CMOS transistor in FIG. 1A by about 20%. 

[0032] Referring to FIGS. 2A and 2B again, the polysili 
con island 204/214 is isolated from the gate 202/212 by a 
gate insulating ?lm 224, and is separated from the substrate 
200 by a buffer layer 226. Moreover, in the N-type LTPS 
TFT 210, a lightly doped drain 207 is formed betWeen the 
channel region right under the gate 202 and the drain region 
206b as Well as betWeen the channel region and the N-doped 
region 206a. 

[0033] It is noted that the above embodiment is provided 
to further explain the present invention, but is not intended 
to restrict the scope of the present invention. Speci?cally 
speaking, though the P-type TFT and the N-type TFT in the 
embodiment have the aforementioned structures, they can 
have any other structures as long as they are arranged in 
parallel With a relative displacement in the ?rst direction. 

[0034] Second Embodiment 

[0035] The second embodiment of this invention describes 
a CMOS-based device consisting of tWo P-type TFTs and 
one N-type TFT, Which is a semiconductor device based on 
the CMOS transistor of this invention. HoWever, the CMOS 
based device of this invention is not restricted to the one 
mentioned in the second embodiment, and the layout of a 
CMOS-based device composed of any number of P-type 
TFT and N-type TFT can be designed according to the rule 
of this invention. 

[0036] FIG. 3 illustrates a top vieW of a CMOS-based 
device according to the second embodiment of this inven 
tion, and FIGS. 4A, 4B and 4C illustrate cross-sectional 
vieWs of the CMOS-based device in FIG. 3 along lines 
A-A“, B-B“ and C-C“, respectively. The CMOS-based 
device 30 includes tWo P-type LTPS TFTs 320 and an 
N-type LTPS TFT 310 that is arranged in parallel to the tWo 
P-type LTPS TFTs 320 With a displacement relative to each 
of the tWo P-type LTPS TFTs 320 in the lateral direction of 
the ?gure. 

[0037] The N-type LTPS TFT 310 includes a gate line 302 
and a polysilicon island 304 under the gate line 302. The 
polysilicon island 304 includes a channel region (not labeled 
With a reference number for the same reason) right under the 
gate line 302 and tWo doped regions 306a and 306b beside 
the channel region. Each of the P-type LTPS TFTs 320 
includes a gate line 312 and a polysilicon island 314 under 
the gate line 312. The polysilicon island 314 includes a 
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channel region (not labeled With a reference number for the 
same reason) right under the gate line 312 and a doped 
region 316a and a source/drain region 316b beside the 
channel region. As shoWn in FIG. 4A, a source/drain region 
316b is connected With a source/drain contact metal 318 (or 
319). Each of the doped regions 306a and 306b of the N-type 
LTPS TFT 310 is electrically connected With a doped region 
316a of a P-type LTPS TFT 320 via a contact 332 and a 
conductive line 322a (or 322b), Wherein the conductive lines 
322a and 322b are parallel to the gate lines 302 and 312. 

[0038] The second embodiment of this invention is further 
explained as folloWs With reference to FIGS. 4A, 4B and 
4C, Which illustrate cross-sectional vieWs of the COMS 
based device in FIG. 3 along lines A-A‘, B-B‘and C-C‘, 
respectively. 

[0039] Referring to FIG. 4A, the substrate 300, the gate 
lines 312 and the polysilicon islands 314 are covered by the 
inter-layer dielectric layer 330, and a doped region 316a is 
connected With a contact 332 through the inter-layer dielec 
tric layer 330. A channel region 315 is right under a gate line 
312. Apolysilicon island 314 is isolated from a gate line 312 
by a gate insulating layer 324, and is separated from the 
substrate 300 by a buffer layer 326. 

[0040] Referring to FIG. 4B, the contacts 332 through the 
inter-layer dielectric layer 330 are connected With the doped 
regions 306a and 306b, and the channel region 305 is right 
under the gate line 302. In addition, a lightly doped drain 
(LDD) region 307 is formed betWeen the channel region 305 
and the doped region 306a as Well as betWeen the channel 
region 305 and the doped region 306b. 

[0041] Referring to FIG. 4C, the conductive line 322a is 
parallel to the cross-sectional plane, connecting the doped 
regions 306a and 316a of tWo LTPS TFTs of different 
conductivity types. 

[0042] Since the ?rst LTPS TFT and the second LTPS TFT 
in the CMOS transistor of this invention are arranged in 
parallel With a relative displacement in the ?rst direction (the 
lateral direction of the ?gures), the overall Width of the 
CMOS transistor or the CMOS-based device can be remark 
ably reduced to apply to a high-resolution display. 

[0043] It Will be apparent to those skilled in the art that 
various modi?cations and variations can be made to the 
structure of the present invention Without departing from the 
scope or spirit of the invention. In vieW of the foregoing, it 
is intended that the present invention covers modi?cations 
and variations of this invention provided they fall Within the 
scope of the folloWing claims and their equivalents. 

1. A complementary metal oxide semiconductor (CMOS) 
transistor, comprising: 

a ?rst thin-?lm transistor (TFT) of a ?rst conductivity 
type, comprising: 

a ?rst gate; and 

a ?rst polysilicon island under the ?rst gate, comprising: 

a ?rst channel region right under the ?rst gate; 

a source region on one side of the ?rst gate; and 

a ?rst doped region of a ?rst conductivity type on the 
other side of the ?rst gate, Wherein the source region, 
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the ?rst channel region and the ?rst doped region are 
arranged along a ?rst direction; 

a second TFT of a second conductivity type, comprising: 

a second gate; and 

a second polysilicon island under the second gate, corn 
prising: 

a second channel region right under the second gate; 

a second doped region of a second conductivity type on 
one side of the second gate; and 

a drain region on the other side of the second gate, 
Wherein the second doped region, the second channel 
region and the drain region are arranged along the ?rst 
direction, and the second doped region and the ?rst 
doped region of the ?rst TFT are arranged along a 
second direction that is perpendicular to the ?rst direc 
tion; 

an inter-layer dielectric layer covering the ?rst TFT and 
the second TFT, having a plurality of contacts therein 
connecting With the ?rst doped region and the second 
doped region, respectively; 

a conductive line on the inter-layer dielectric layer 
extending along the second direction, the conductive 
line electrically connecting the ?rst doped region and 
the second doped region via the contacts; 

a source contact metal disposed on and through the 
inter-layer dielectric layer to electrically connect With 
the source region; and 

a drain contact rnetal disposed on and through the inter 
layer dielectric layer to electrically connect With the 
drain region. 

2. The CMOS transistor of claim 1, Wherein the ?rst TFT 
comprises a low-temperature polysilicon (LTPS) TFT. 

3. The CMOS transistor of claim 1, Wherein the second 
TFT comprises a LTPS TFT. 

4. The CMOS transistor of claim 1, Wherein the ?rst TFT 
comprises an N-type TFT. 

5. The CMOS transistor of claim 4, Wherein the ?rst 
polysilicon island further comprises a lightly doped drain 
(LDD) region betWeen the ?rst channel region and the 
source region as Well as betWeen the ?rst channel region and 
the ?rst doped region. 

6. The CMOS transistor of claim 4, Wherein the second 
TFT comprises a P-type TFT. 

7. The CMOS transistor of claim 1, Wherein the ?rst TFT 
comprises a P-type TFT. 

8. The CMOS transistor of claim 7, Wherein the second 
TFT comprises an N-type TFT. 

9. The CMOS transistor of claim 8, Wherein the second 
polysilicon island further comprises a lightly doped drain 
(LDD) region betWeen the second channel region and the 
drain region as Well as betWeen the second channel region 
and the second doped region. 
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10. A CMOS-based device, comprising: 

at least one ?rst LTPS TFT of a ?rst conductivity type, 
comprising: 

a ?rst gate line; and 

a ?rst polysilicon island under the ?rst gate line, corn 
prising: 

a ?rst channel region right under the ?rst gate line; 

a ?rst doped region on one side of the ?rst gate line; and 

a second doped region on the other side of the ?rst gate 
line; 

a plurality of second LTPS TFTs of a second conductivity 
type arranged parallel to the ?rst LTPS TFT, Wherein 
each second LTPS TFT comprises: 

a second gate line; and 

a second polysilicon island under the second gate line, 
comprising: 

a second channel region right under the second gate line; 

a third doped region on one side of the second gate line; 
and 

a source/drain region on the other side of the second gate 
line; 

an inter-layer dielectric layer covering the ?rst TFT and 
the second TFT, having a plurality of contacts therein 
connecting With the ?rst doped region, the second 
doped region and the third doped region, respectively; 

a plurality of conductive lines on the inter-layer dielectric 
layer extending substantially parallel to the ?rst gate 
line and the second gate line, Wherein one conductive 
line electrically connects the ?rst doped region and the 
third doped region via a set of the contacts, and another 
conductive line electrically connects the second doped 
region and the third doped region via another set of the 
contacts; and 

a plurality of source/drain contact rnetals disposed on and 
through the inter-layer dielectric layer, Wherein each 
source/drain region is connected With at least one 
source/drain contact metal. 

11. The CMOS-based device of claim 10, Wherein the 
second TFTs cornprise P-type TFTs. 

12. The CMOS-based device of claim 11, Wherein the ?rst 
TFT comprises an N-type TFT. 

13. The CMOS-based device of claim 12, Wherein the ?rst 
polysilicon island further comprises a lightly doped drain 
region betWeen the ?rst channel region and the ?rst doped 
region as Well as betWeen the ?rst channel region and the 
second doped region. 


