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The present invention relates to a semiconductor
device, such as a thin-film transistor, having in its
main part a polysilicon thin film for transferring
carriers.

A technique of forming a thin-film transistor on an
insuiating substrate is known in a field of active
matrix liquid crystal displays (LCDs). The technique
allows a semiconductor integrated circuit to be formed
on a transparent insulating substrate formed of, for
example, glass, or a large insulating substrate which
cannot be formed of a monocrystalline semiconductor. At
present, a thin-film transistor generally includes an
active layer made of amorphous silicon or polysilicon.
Since amorphous silicon can be formed at a low
temperature, it is applicable to an active matrix LCD
which must be formed on a glass substrate having a low
melting point.

However, since amorphous silicon has a low electron
mobility, it has been used only as a switching element

" Semiconductor device

for charging a pixel capacitor electrode to apply an
electric field to a liquid crystal. An active layer
made of polysilicon must be used in a circuit element,

" e.g., a driver circuit, a ROM, a RAM or a CPU, which

must be driven at a high speed. For example, a driver
circuit of a high-quality, large-screen liquid crystal
TV or a high-definition office automation (OA) liquid



-1- Pol ysilicon thin film Sem conductor Device The present
i nvention relates to a sem conduct or device, such as a thin-film
transistor, having in its main part a polysilicon thin filmfor
transferring carriers. 5 A technique of formng a thin-film
transi stor on an i nsul ating substrate4s known in a field of active
matrix liquid crystal displays (LCDs). The technique allows a

sem conductor integrated circuit to be forned on a transparent
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semiconductor device, a field effect mobility upg of
50 cm2/V.sec or more, preferably 80 cm2/V-sec or more is
5 required. However, the field effect mobility upg of a
polysilicon thin-film transistor known to the public at
present is at most 30 cm2/V-sec.

It is accordingly an object of the present inven-
‘tion to provide a semiconductor device which allows the

10 mobility of carriers to greatly increase. To achieve

( the object, the semiconductor device of the present
invention has a polysilicon thin film in its main part,
wherein a grain size is substantially the same as a
crystallite size on the (111) plane and the crystallite

15 size is greater than a thickness of the polysilicon thin
film (EPC: 180 nm or greater).

This invention can be more fully understood from
the following detailed description when taken in con-
junction with the accompanying drawings, in which:

20 Figs. 1 to 6 are enlarged cross-sectional views
showing the steps of manufacturing a field effect thin-
film transistor as an embodiment of a semiconductor
device according to the present invention;

(= Fig. 7 is a diagram for explaining the definition

25 of a grain size;

- Fig. 8 is a diagram for explaining crystallography
by X ray Diffractor;

Fig. 9A is-a graph showing the grain size-field
effect mobility characteristic of the thin-film transis-

30 tor shown in Fig. 6;

Fig. 9B is a graph showing the crystal size-field
effect mobility characteristic of the thin-film transis-
tor shown in Fig. 6; and

Fig. 10 is a graph showing the grain size-

35 crystallite size characteristic of the thin-film
transistor shown in Fig. 6.
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pfesent, a thin-filmtransistor generally includes an active | ayer
made of anorphous silicon or polysilicon. Si nce anor phous silicon can
be formed at a | ow 15 tenperature, it is applicable to an active nmatrix
LCD whi ch nmust be fornmed on a gl ass substrate having a | ow
mel ting point. However, since anrphous silicon has a | ow
el ectron mobility, it has been used only as a swtching el enent 20
for charging a pixel capacitor electrode to apply an electric field to
a liquid crysta[BashcaCongeptagfrthe Inweﬂbi@m]polysilicon must be used in

acircuit element, 14 nfspeod ésggfaeféacggét edeg\%/fseéta CPU,

whi ch nmust be driven exanp ver

circuit of a hlgﬁbahéFYtyrElafgé B%l%%hli¢aﬂlﬁhé$y§%%m transigter is
hi gh-defini ti ongatéimenaat Bpegrain (§¥eesi 8P dilicon crystals constitut-

5 ing an active layer, i.e. a polysilicon thin film.
Although there is another determinant such as a trap of
carriers which may be caused depending on the state of
an interface between the polysilicon thin film and a
gate insulating film, it has been considered important

10 to form large and uniform grains, as far as the crystal

( structure is concerned. Under these circumstances,

' techniques for an enhancement of the electron mobility
by increasing the size and the uniformness of grains
have been studied. However, the present inventor dis-

15 covered throughout his researches that it is difficult
to enhance the electron mobility only'by increasing the
grain size of a polysilicon thin f£film. According to the
inventor's research, the electron mobility was not
increased beyond a predetermined value however the grain

20 size is increased, whereas it was satisfactorily
increased even when the grain size was not very large.

As a result of the research, the inventor found
that the crystallite size, as well as the grain size,

C’ must be increased to enhance the field effect mobility

25 upr of a thin-film transistor having a polysilicon thin

.  film as an active layer. It is desirable that the grain
size and the crystallite size are substantially the
same. In addition, the mobility was further increased
when the grain size and the crystallite size were

30 greater than the thickness of the polysilicon thin film.
This appears to result from the monocrystalization
effect due to the state that crystallites having a size
regarded as a substantially perfect monocrystal region
occupy the main region of the grain and decrease the

35 crystal defects in the grain.

An embodiment of the present invention will be
described in detail.
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cfystal display panel is [err] at a clock frequency of about 10 MHz.

If such a driver circuit is forned of a sem conductor device, a field
effect mobility [err] of 50 cnmferr]/V.sec or nore, preferably 80
cnferr]/V.sec or nore is 5 required. However, the field effect nobility
[err] of a polysilicon thin-filmtrangistor known to the public at
present is at nost 30 cnferr]/V sec. It is accordingly an object
of the present invention to provi de a sem conduct or devi ce which

al l ows the nobijEmlyodiment ]

Figs. 1 to 6 show steps of manufacturing a
thin-film transistor according to an embodiment of the
present invention. The structure of the thin-~-film

5 transistor and a method of manufacturing the same will
now be described with reference to these drawings in
sequence.

First, as shown in Fig. 1, an amorphous silicon
thin film 2 is deposited on the upper surface of an

10 insulating substrate 1 made of quartz or the like by an
( LP-CVD (Low Pressure Chemical Vapor Deposition) method
at a temperature of 550°C. Thereafter, as shown in
Fig. 2, XeCk excimer laser beams are applied to the
substrate, thereby polycrystallizing the amorphous
15 silicon thin film 2 into a polysilicon thin film 3 by a
liquid-phase growth. The crystal structure of the
polysilicon thin film 3 in this state will be described
later. Then, as shown in Fig. 3, a photoresist film 5
- is formed on the upper surface of the polysilicon thin
20 film 3, and patterned not to leave on the regions of
film 3 which correspond to source and drain forming
regions 4. Using the photoresist film 5 as a mask,
impurities such as phosphorus ions or boron ions are
(;ﬂ injected to a high concentration into the source and
25 drain forming regions 4 of the polysilicon thin film 3,
n thereby forming impurity-injected regions 6. There-
after, the photoresist film 5 is removed. Next, as
shown in Fig. 4, XeC§ excimer laser beams are applied to
the polysilicon thin film 3 again to activate the impu-
30 rities injected in the regions 6. Then, as shown in
Fig. 5, an unneeded peripheral portion of the polysi-
licon thin film 3 is removed. A central portion of the
polysilicon thin film 3 serves as a channel region 3a,
and side portions thereof as source and drain regions 3b
35 formed of activated impurity regions. Subsequently, as
shown in Fig. 6, a gate-insulating film 7 formed of a
silicon oxide film and the like is formed on the upper
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insulating film 9 made of silicon nitride or the like is
formed on the entire upper surface of the assembly.
Then, contact holes 10 are formed in those portions of
the passivating insulating film 9 and the gate-
insulating film 7 which correspond to the source and
drain regions 3b. Subsequently, source and drain elec-
trodes 11 made of aluminum and the like are patterned on
the passivating insulating film 9 and connected to the
source and drain regions 3b through the contact holes 10
are formed on the passivating insulating film 9 and in
the holes 10. Thus, a field effect thin-film transistor
of a coplanar type is obtained.

The crystal structure of the polysilicon thin film
3 shown in Fig. 2 will now be described with reference
to Table 1.

Table 1
Sample: LPCVD
Thickness of silicon film: 500 A
Embodiment of Present Invention

Polycrystal- Mobility | Grain size Crystallite

lizing method (HFE) (C) B size (hk%)

Laser anneal {111)

XeC% excimer 202 nm
laser 90 cm2/V-sec] 246 nm | (220)

250°C, 144 nm

P S ohas 311

i -phase
[grgwth]p (103Am

in

e
d
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by X ray Diffractor; Fig. 9A is a graph show ng the grain

size-field

effect nobility characteristic of the thin-filmtransis-

30 tor shown in Fig. 6; Fig. 93 is a graph showing the crysta
size-field effect mobility characteristic of the thin-filmtransis-
tor showmn in Fig. 6; and Fig. 10sis a graph show ng the grain
size- 35 crystallite size characteristic of the thin-film '

transi stor shown in Fig. 6.

5
10
.
15
20
.

25

30

35

Prior Art

Polycer stal~l Mobilit GCrain size| Crystallitel
1iz¥ngymethod (HFE) Y (C) B é sige (hkg)
Heart 111
treatment ( )

600°C 37 nm

48 hours 30 cm2/V-seg 1.2 um (220)
[Solid-phase 23

growth (3§%) m

As shown in Table 1, a polysilicon thin film
according to an embodiment of the present invention was
prepared in the following manner: an amorphous silicon
thin film having a thickness of about 500 A was depos-
ited on the upper surface of a quartz substrate, and
XeCy excimer laser beams were applied twice to the amor-
phous silicon thin film at a temperature of about 250°C
under an energy density of about 300 mJ/cmZ2, so
that the amorphous silicon thin film was poly-
crystallized in a ligquid-phase growth, to obtain a pol-
ysilicon thin film. To compare the present embodiment
with a conventional device, a polysilicon thin film
according to conventional art was prepared in the
following manner: an amorphous silicon thin film having
a thickness of about 500 A was deposited on the upper
surface of a quartz substrate; the substrate was heated
in a nitrogen atmosphere at a temperature of about
600°C for 48 hours, so that the amorphous silicon thin
film was polycrystallized in a solid-phase growth,
to obtain a polysilicon thin £ilm.

The crystal structures were analyzed by using a
(Transmission Electron Microscope) and an XD (X-ray
Diffractor analysis). 1In case of the TEM, grain size
was measured with JEM-2010 of JEOL (acceleration
voltage: 200 kV, magnification: 5 x 105 to 1.5 x 108).
The grain size of the embodiment was 246 nm, whereas the
grain size of the prior art was 1.2 um, which is 5 times
greater than the grain size of the embodiment. The
grain size refers to the size of a grain in the top view
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- 8- [ Basi ¢ Concept of the Invention] It has been
considered that the field effect nmobility [err] of a polysilicon
thin-filmtransistor is determ ned by grain sizes of silicon crystals
constitut- 5 ing an active layer, i.e. a polysilicon thin film

Al t hough-there is another determ nant suchyas a trap of carriers which
may be caused dependi ng on the state of an interface between the
polysilicon thin filmand a gate insulating film it has been

consi dered i nposfathelfolysalioom thigefahd, uandofs gepresendedf by aa the

o es 1or BSEHEE LRGRTER! RRE. cLPAE! oE ERBLALECIRLAN B ot size
of grains obtained by the following equation: ¢ =
(a+b)/2, where a denotes the length of a grain along the
5 major axis and b denotes the length of the grain along
the minor axis, for example, as shown in Fig. 7. Each
grain size C indicated in Table 1 is an average calcu-
lated based on the measured values at 30 points.
The crystallite size by use of the XD was measured
10 by detecting a diffraction intensity by using a low
¢ angle incidence method, wherein 6' = 1°. RU-200 of
' Rigaku Denki Company (radiation source: CuKa, maximum
output: 12 kW) was used for the measurement. 1In the
measurement, step scanning for 2 seconds was performed
15 three times (30 minutes in total) with a rotational
angle of 0.01° within a range of *1.5° on each of the
peak planes, i.e., the (111) plane, the (220) plane, and
the (311) plane, under the condition of the incident X-
ray intensity 50 kv and the current of 180 mA. The
20 crystallite size was calculated from the peak width at
half height by use of .the following equation of
Scherrer.
"Dhkl = A/ {(B-coséB)
( where Dhk1 denotes a crystallite size in a direc-
25 tion perpendicular to the (hkl) plane; A, a wavelength
~ of an X-ray beam; B, a half width; and 6B, a Bragg's
angle. The results of the measurement are shown in
Table 1. In the conventional device, the average values
of the crystallite size measured in the three-time meas-
30 urement were 37 nm on the (11l1) plane, 23 nm on the
{(220) plane, and 36 nm on the (311) plane, whereas in
the present embodiment, the average values were much
greater than in the conventional device, i.e., 202 nm on
the (111) plane, 144 nm on the (220) plane, and 103 nm
35 on the (311} plane.
Coplanar type field effect thin-film transistors as
shown in Fig. 6 were manufactured using the thin films



by increasing the size and the uniformess of grains have been

studi ed. However, the present inventor dis- 15 covered throughout his
researches that it is difficult to enhance the electron nobility only
by increasing the grain size of a polysilicon thin film According to
t he inventor's research, the electran gmbility was not i ncreased
beyond a predeterm ned val ue however the grain 20 size is increased,
whereas it- was satisfactorily i ncreased even when the grain size was
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was 90 cm2/vV-sec, which is three times greater than that
of the conventional transistor. The measurement result
represents that the field effect mobility upg is
correlated to the crystallite size rather than the grain

10 size. This appears to be based on the fact that a

(‘ thin-film transistor wherein the grain size is large and
the crystallite size is small includes a number of crys-
tal defects, while a thin-film transistor wherein the
crystallite size is substantially the same as the grain

15 size includes few crystal defects, even if the grain
size is small, since the crystallite is regarded as a
complete mbnocrystal region.

To confirm this, similar measurement was performed
with respect to a number of samples according to the

20 embodiment. Figs. 9A, 9B, and 10 show results of the
measurement. Although the sample indicated in Table 1
includes an amorphous silicon film deposited on the
substrate to a thickness of 500 A by a LPCVD method,

(. some of the samples indicated in Figs. 9A, 9B, and 10
25 are formed by a plasma CVD method or have various thick-
~ nesses (500 to 3000 A). Fig. 9A shows the relationship
between grain size C and field effect mobility upr, and
Fig. 9B shows the relationship between crystallite size
and field effect mobility upg on the (111) plane.

30 Fig. 10 shows the relationship between a grain size and
a crystallite size on the (111) plane. Although a crys-
tal size measured by a low-angle incidence method must
be corrected, the values of the crystallite size indi-
cated in Figs. 9B and 10 are calculated by the equation

35 of Scherrer and uncorrected. As shown in Fig. 9A, there
is a specific correlation between the grain size C and
the field effect mobility upg. Further, as shown in



30 'greater than the thickness of the polysilicon thin film Thi s

appears to result fromthe nonocrystalization effect due to the state
that crystallites having a size regarded as a substantially perfect
nmonocrystal region occupy the main region of the grain and decrease
the 35 crystal defects in the grain. - g - An enbodi nent of the
present invention wll be described in detail
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Fig. 9B, there is a specific correlation between the
crystallite size on the (111) plane and the field effect
mobility upg. Conditions for the correlations can be
understood from Fig. 10. The broken line in Fig. 10,

5 which makes an angle of 45° with the abscissa, repre-
sents a characteristic that the ratio of a crystallite
size to a grain size is 1:1. As is obvious from
Fig. 10, crystallite size approximates to grain size.

In the range that the grain size is 100 nm or smaller,
10 it is substantially the same as the crystallite size.

(- In the range that the grain size is greater than 100 nm,
the ratio of the crystallite size to the grain size is
slightly smaller than 1. 1In case that grain size is
about 300 nm, the crystallite size is about 60 to 70 %

15 of the grain size. If a thin film having the crystall-
ite size the same as grain size in the range of 200 to
300 nm or greater of the grain size by improving the
manufacturing method is obtained, the field effect
mobility upr can be further increased.

20 It is clear from Figs. 9A& and 9B that the crystall-
ite size of about 180 nm (measured value) or greater
and the grain size C of about 200 nm or greater suffice .
to obtain a field effect mobility upg of about

( 80 cm2/V-sec. If these conditions are satisfied,

25 a field effect thin-film transistor having a field

- effect mobility upg of about 80 cm2/V-sec can be

obtained. Accordingly, it is possible to form, using a
semiconductor device, a driver circuit which is operated
with a clock frequency of about 10 MHz. Conventionally,

30 it has been considered that the field effect mobility
UFE increases in proportion to the grain size C.
However, the conventional idea, in which the crystallite
size is not taken into account, is clearly incorrect in
view of Table 1.

35 Further, referring to Table 1, the crystallite
sizes on the (111), (220), and (311) planes of the
embodiment are respectively 202 nm, 144 nm, and 103 nm,



[ Enbodi nment | Figs. 1 to 6 show steps of manufacturing a
thin-filmtransistor according to an enbodi nent of the pr esent

i nvention. The structure of the thin-filmb5 transi stor and a nethod of
manuf acturing the same wll now be described with reference to these
drawi ngs in sequence. Firstipas shown in Fig. 1, an

anor phous silicon thin film2 is deposited on the upper surface of an
10 i nsulating substrate 1 made of quartz or the like by an LP- CVD
(Low Pressure Creichal avapall ppester obhamethedthicknass aof ether poLyei of

550[err] C. Therep{t&h  tRSnSEPIR, i D, e. sé:ngA 2, 1€ é}&féésgx HEJéhéagﬁé-

beans are applied to the substrate, thereb yCrys é I'zI'ng
anor phous 15 eentiopal rdevice m bhe rﬁ”éY%lt?)bH/ I$-‘t:@¢| omi bhei [k B)by a

plane, i.e. the maximum peak plane, is 37 nm which is
5 smaller than the thickness of the polysilicon thin film,
500 A. This proves that the field effect mobility upg
can be more greatly increased than in the conventional
device, if the crystallite size of the polysilicon thin
film is greater than the thickness of the polysilicon
10 thin film. According to the embodiment, since the
(— thickness of the polysilicon thin film is 500 to 3000 A,
the field effect mobility upgp of at least 50 cm2/v-.sec
is ensured.
The present invention is not limited to a field
15 effect thin-film transistor, but is applicable to any
type of semiconductor device having a polysilicon thin
film as its main part to transfer carriers.
As has been described above, if a polysilicon thin
- film has the grain size and the crystallite size sub-
20 stantially the same as each other, the field effect
- mobility ppg can be greatly increased, accordingly, a
driver circuit which is operated with a clock frequency
of about 10 MHz can be formed using a semiconductor
G device. Note that when the crystallite size is 60 to
25 70 % or greater of the grain size, these sizes are con-
#¢ sidered to be "substantially the same".
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| i*qui d- phase growt h. The crystal structure of the polysilicon thin
film3 inthis state will be described | ater. Then, as shown in Fig.
3, a photoresist filmb5 is formed on the upper surface of the
polysilicon thin 20 film3, and patterned not to | eave on the regions of
film3 which correspond to source and draia form ng regions 4. Using
the photoresist filmb5 as a nask, I mpurities such as phosphorus ions
or boron ions are injected to a high concentration into the source
and 25 dr ai nCledmsrig regions 4 of the palysilicon thin film 3,

thereby formng inpurity-injected regions 6. There- after, the

photoresist film5 is renoved. Next B? in Fi err]
exci mer | aser beans are &pf @m@&opguctor deNd <o PRYiL G 6n X?H%Héaﬁs agai n
t(r)\ activate thethipufidth (3)riiki étsi mMagot pdritn thersegerized inlldiat as
shown in

licon thin f|InFS%rélpgﬁ%&égn%%q%gﬁggéh%ggﬁi&o% rt%%%gpgsthe&%y Allite
size on the (111) plane and said crystallite size is
5 greater than.a thickness of said polysilicon thin film.
2. A semiconductor device according to claim 1,
characterized in that the average value of the grain
size on said (111) plane is at least 200 nm.
(, 3. A semiconductor device according to claim 1
10 or 2, characterized in that the average value of the
crystallite size is greater than a thickness of the
polysilicon thin film (3).
4. A semiconductor device according to claim 1, 2
or 3, characterized in that the polysilicon thin film
15 {3) comprises at least one impurity doped region {3b) in
which dopants are diffused and an intrinsic region (3a)
which does not include dopants.
5. A semiconductor device according to claim 4,
characterized in that the impurity doped regions (3b)
20 are arranged on both sides of the intrinsic region (36).
6. A semiconductor device according to claim 5,
C' - characterized in that electrodes (8, 11) doped are
respectively connected to the impurity region (3b) and
. the intrinsic region (3a) directly or indirectly.

R .
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polysilicon thin film 3 serves as a channel region 3a, .and side

portions thereof as source and drain regions 3b 35 formed of activated

i mpurity regions. Subsequently, as shown in Fig. 6, a
gate-insulating film7 fornmed of a silicon oxide filmand the like is
formed on the upper -1 - - 5-

surface of the assenbly. Thereafter, a gate electrode 8

Abstract: (Fig. 6}
"SEMICONDUCTOR DEVICE"

In the crystal structure of a polysilicon thin film
(3) having a field effect mobility upmr of about
80 cm2/V-sec, the grain size is about 200 nm and the
crystallite size on the (111) plane is about 180 nm.
5 The crystallite size corresponds to the size of a com-
pletely monocrystallized portion of a grain. The condi-
- tion of obtaining a field effect mobility ppg of about
80 cm2/vV-sec is that the crystallite size on the (111}
plane is at least 180 nm (measured value). By taking
10 the crystal size into consideration, it becomes possible
to achieve a high field effect mobility upg which cannot
be obtained merely by increasing the grain size.
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made " of chrone and the like is formed on the upper sur- face of a
portion of the gate insulating film7 which corresponds to the
channel region 3a, by nmeans of a 5 depositing and a patterning.
Thereafter, a passivating insulating film9 made of silicon nitride
or the like is formed on the entifféupper surface of the assenbly.
Then, contact holes 10 are forned in those portions of t he
passivating insulating film9 and the gate- 10 insulating film7 which
correspond to the source and drain regions 3b. Subsequently, source
and drain el ec- trodes 11 nmade of alum num and the |ike are patterned
on the passivating insulating film9 and connected to the
source and drain regions 3b throu?gtg 1)nt act holes 10 15 are forned
on the passivating insulating fil a the holes 10. Thus, a
field effect thin-filmtransistor of a coplanar type is obtained.
The crystal structure the polysilicon thin fAlm
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3'shown in Fig. 2 will now be described with reference 20 to Table 1.

Table 1 Sanpl e: LPCVD Thi ckness of silicon film 500
A 25 Enbodi nent of Present |nvention 25

Pol ycrystal - Mobility Gain size Cystallite l'i zi ng net hod
([err]) (C B si ze (hk[err]b/5 Laser anneal

(111) XeC[ err] excimer 202 nm

| aser 90 cnjerr]/ V. sec 246 nm (220) 30 250[err] C

144 nm 300mJ/ cnf err] Li qui d- phase

(311) é 3
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Hear t (111) 5 t r eat ment

600C 37 nm 48 hours 30
cnferr]/V.sec 1.2 [err]m (220) [ Sol i d- phase
23 nm gr owt h] (311)
36 nm As shown in Table 1, %golysiliconthinfilmlo
according to an enbodi nent of the prese { I nventi on was prepared in-
the foll owi ng manner: an anorphous silicon thin filmhaving a
t hi ckness of about 500 A was depos- ited on the upper surface of a
quartz substrate, and XeC[ err] excinmer |aser beans were applied tw ce
to the anor- 15 phous silicon thin filmat a tenperature of about
250[err] C under an energy density of abput 300 mJ/cnferr], so
that the anorphous silicon thin fil p_(gé
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o
b?ystallized in a liquid-phase growmh, to obtain a pol - ysilicon thin
film To conpare the present enbodi nent 20 with a conventional device, a
polysilicon thin film according to conventional art was prepared in
t he foll owi ng manner: an anorphous silicon thin film having a
t hi ckness of about 500 A was deposited ?Z t he upper surface of a
quartz substrate; the substrate was hea 8 25 in a nitrogen atnosphere
at a tenperature of about 600[err] C for 48 hours, so that the
anor phous silicon thin filmwas polycrystallized in a solid-phase
gr owt h, to obtain a polysilicon thin film The crysta
structures were anal yzed by using a 30 (Transm ssion El ectron
M croscope) and an XD ( X-ray D ffractor analysis). In case of the
TEM grain size was neasured with JEM 2010 of JECL (accel eration
vol tage: 200 kV, magnification: 5 x 10[err] to 1.5 x 10[err]). The
grain size of the enbodi nent was 246 nm whereas the

FIG.10
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. A .
35 grain size of the prior art was 1.2 [err]m which is 5 ti npeuws?

. greater than the grain size of the enbodi nent. The grain size refers
to"fhé size of a grain in the top view
-7- of the polysilicon thin film and is represented by an
average value of the total of average values c of size of grains

obtained by the fol | owing gquation. ¢ =
_ REPQAfEﬂ&ENT’SHEETS SG
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Polysilicon thin -film Semiconductor Device

o~

The present invention relates to a semiconductor
device, such as a thin-film transistor, having in its
main part a polysilicon thin film for transferring
carriers.

5 A technique of forming a thin-film transistor on an
insulating substrate is known in a field of active
matrix liquid crystal displays (LCDs). The technique
allows a semiconductor integrated circuit to be formed
on a transparent insulating substrate fotmed of, for

10 example, glass, or a large insulating substrate which
cannot be formed of a monocrystalline semiconductor. At
present, a thin-film transistor generally includes an

Q: active layer made of amorphous silicon or polysilicon.
' Since amorphous silicon can be formed at a low

is. temperature, it is applicable to an active matrix LCD
which must be formed on a glass substrate having a low
melting point.

However, since amorphous silicon has a low electron
mobility, it has been used only as a switching element

20 for charging a pixel capacitor electrode to apply an
electric field to a liquid crystal. An active layer
made of polysilicon must be used in a circuit element,
e.g., a driver circuit, a ROM, a RAM or a CPU, which
must be driven at a high speed. For example, a driver

25 circuit of a high-quality, large-screen liquid crystal
TV or a high-definition office automation (OA) liquid



‘(a+b)/ 2, where a denotes the length of a grain élong the 5 maj or axis

and b denotes the length of the grain along the mnor axis, for
exanple‘ as shown in Fig. 7. Each grain size Cindicated in Table 1

i s an average cal cu- | at ed based on the neas ues. at 30 points.
The crystallite size by use of the XD was atasured 119 a
diffraction intensity by using a | ow angl e ilngj , erein
[err]' = 1[err]. RU 200 of Ri gaku Denki Conpany ' oprce:
CuKa, maxi num Claimsutput: 12 kW was used for the neasurenent In the
measurenent, step scanning for 2 seconds was perforned 15 three tines
(30 mnutes in total) wth a rotat.i onal of 0.01[er ﬂ wthin a
range of 1.5[err] on eacﬁ'§Pmﬂﬁéndu°t°rpé&Nlﬁﬁaﬁéyinﬂ & PQAﬁﬁ yieon pl ane,

the (220) pl a”ethiﬂdfllm (3hhan( 3ts) mlalmngarlwdehatrlaet@mcyetd oth afhdthe
I nci dent X- X I nt résm 50 k# d g?( %ent Ofa518a cq:Astahlelizte
crystalllte5|z§%§8§l§lﬁt REL5dAY Fage y
size on the (11l1) plane and said crystallite size is
5 greater than.a thickness of ‘said polysilicon thin film.
2. A semiconductor device according to claim 1,
- characterized in that the average value of the grain
size on said (111) plane is at least 200 nm.
(» 3. A semiconductor device according to claim 1
' 10 or 2, characterized in that the average value of the
~crystallite size is greater than a thickness of the
polysilicon thin film (3).
4. A semiconductor device according to claim 1, 2
or 3, characterized in that the polysilicon thin film
15 (3) comprises at least one impurity doped region (3b) in
which dopants are diffused and an intrinsic region (3a)
which does not include dopants.
5. A semiconductqr device according to claim 4,
characterized in that the impurity doped regions (3b)
20 are arranged on both sides of the intrinsic region (3a).
6. A semiconductor device according to claim 5,
4 - characterized in that electrodes (8, 11) doped are
respectively connected to the impurity region (3b) and
« the intrinsic region (3a) directly or indirectly.
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+hal f- helght by use of-the follow ng equation of? Scherrer
Dlerr]. “ferr]/(B.cos[err]B) where Dhkl denotes a crystallite
si ze |pfa direc- 25 tion perpendicular to the (hkl) plane; [err], a
wavel erigt h of an X-ray beam B, a half width; and [err]B, a Bragg's
angle. The results of the measurenment arg shown in Table 1. In the
conventional device, the average values of the crystallite size
measured in the three- tlne neas- urenent were 37 nmon the (111)
pl ane, 23 nm(nhg act: g) ane and 36 nmon the (311) plane,
whereas in e present nboélnent t he average val ues were nuch
greater than in the conventional device, i.e., 202 nmon the (111)
pl ane, 144 nm FOLYSILICOP THIN|EFhM, SWMEKPBTMCE on the (311) pl ane.
Coplahar type field effect thin-filmtransistors as shown in Fig. 6
wer e manufactured using the thin filns

In the crystal structure of a polysilicon thin film

(3) having a field effect mobility upg of about
80 cm2/V-.-sec, the grain size is about 200.nm and the
crystallite size on the (1l11) plane is about 180 nm.

§ . The crystallite size corresponds to the size of-a com-
pletely monocrystallized portion of a grain. The condi-
(w : tion of obtaining a field effect mobility upg of about

80 cm2/V-sec is that the crystallite size on the (111)
- plane is at least 180 nm (measured value). By taking
10 the crystal size into consideration, it becomes possible
to achieve a high field effect mobility upg which cannot
be obtained merely by increasing the grain size.

REPLACEMENT SHEET
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8- of the enbodi ment and the conventional art, and the field

effect nobilities [err] thereof were neasured. As shown in Table 1,
tHe mobility in the conventional thin- filmtransistor was 30
cnferr]/V.sec, whereas the nobility 5 j,5in the thin-filmtransistor of
t he present enbodi nent was 90 cnferr]/V.sec, which |s three
greater than that of the conventional transistqg .

result
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represents that the field effect nobility [err] is correlated to the

crystallite S|ze rather than the grain 10 size. This appears to be
based on the Tk eepReplaced thin-filmtransistor wherein the grain size
is |arge and m allite size2¢s small includes a nunber of crys-
tal defects, | mtransi stor wherein the crystallite
size is substantlally the sanme as the grain 15 ' crystal
defects, even if the grain size is small, si rﬁSSGBEENt S
regarded as a conpl ete nonocr region. ‘REPLACED conf| rm
this, simlar nmeasurenent was perfo F{I&é W th respect To = er of

sanpl es according to the 20 enbodi nent. = Fi gs. 9A, 9B, and 10 show
results of the measur eng U mpl e indicated in Table 1
i ncl udes an anor phous sili conE &ﬁ'”\é\h@gg hﬁl\ﬂg Substrate to a

thi ckness of 500 A by g}l{Pq:\/PMt @qp* ,} ; ,} ;s?n? ,pf@ t&hfz Farrpl es indicated

in Figs. 9A, 9B, and 1

- i
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25 are formed by a plasma CVD net hod or have various thick- nesses

(500 to 3000 A). Fig. 9A shows the relationship between grain size C
and fi'el d ef fect mobi lity [err], and Fig. 9B shows the rel ationship
between crystallite size and field > fect nobi.llity [err] on the (111)
pl ane. 30 Fig. 10 shows the relationshi’p between a grain size and a
crystallite size on the (111) plane. Al though a crys- tal size
nmeasured by a | ow angl e incidence nethod mnust be corrected, the

val ues of the crystallite size indi- cated in 98 and 10 are

cal cul ated by the equation 35 of Scherrer and un oﬂws gl SDOWN N
Fig. 9A, there is a specific correl ation bet Béky¢ C and

the field effect nobility [err]. Further, as shown

FIG.7
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Fig. 9B, there is a specific correlation between the

crystalllte si-ze on the (111) plane and the field effect nmobi ity
[err] Conditions for the carrelations can be under stood fromFig.
10. The bro D, 5  whi makes a el Qf 45[err] W th
t he absci ss R@PLN‘E'MENTFSHEETHS a charatPeristic ft ) f,a
crystallite eg% ain size is 1:1. Asdi]

Fig. 10, cr stal?#t&f’-zps? gappr oximates to grain size. ange
that the grain size is 100 gmior smaller, 10 it Is substan t he
same as the krystallite size. In the range that the grain size is

greater thanl_ 100 nm

FIG.9(A)
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the ratio of the crystallite size to the grain size is slightly

smal ler than 1. In case that grain size is about 300 nm the
crystalllte size is about 60 to 70 % 15 of the grain size. If a thin
filmhaving the crystall - ite size the sanme as grain size in the
range of 200 to 300 nmor greater36% the grain size by inproving the
manuf acturing nethod is obtained, the field effect nmobility [err] can
be further increased. 20 It is clear fromFigs. 9A and 9B that the
crystall - ite size of about 180 nm (measured val ue) or greater

and the grain size C of about 200 nm or greater suffice to obtain a
field effect nobility [err] of about 80 cnferr]/v.sec. If these
conditions are satisfied, 25 a field effect il mtransistor having

a field effect nmobility [err] of about AS RELCEN be
obtai ned. Accordingly, it is possible to formj usin i conduct or
device, a driver circuit which is operated : :

FIG.10
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with a clock frequency of about 10 MHz. Conventionally,

cqonsi‘dered that the,field effect nmobility

pF’opo’rtlon to the grain size C However , { t heRERLAGRMENT AHEETSa, 5E '“g
whi ch t he _crystalllte

it has been
[err] jncreases in

size is not taken | rifl ®escrigdiont: paged cl.éapaged

I ncorrect
the cryst

aEPLAemE‘ﬁﬁ S|

enbodi nent

espectivelyi202 nm 1442/mm anf {1Qhsasat
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- 10 -. which are all greater than the thickness of the polysi-

li.con thin film i.g., 500 A. In contrast, in the con- venti onal
dévice, the crystallite size on the (111) pl ane, i.e. the nmaxi num
peak plane, is 37 nmwhichis 5 smal l er than the thickness of the
polysilicon thin film 500 A. This proves that the field effect

b

nmobility [err] can be nore greatly increased conye tiona
device, if the crystallite size of the %?$y5|llcon REﬁLAtEMENifI 5
greater than the thickness of the polysi

con 10 hin 1T m ACtof di ng
to the enbodi nent, since the thi ckness of thg %ohm;nptpgq6th nffilm
is 500 to 3000 A, the field effect nobility [fefr] of at |eas} 50
cnerr]/V.sec i s ensured.

FIG.7
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The pr.esent invention is not limted to a field 15 effect thin-film

transistor, but is .applicable to any type of sem conductor device
havi ng .a polysilicon thin filmas its main part _to transfer carriers.
As has been descri bed above, if a polysilicon th J he grain
size and the crystallite size sub- 20 stantia %%EQQEFNK%WESHEET h ot her,
the field effect mobility [err] c be greft]y ., ,

accordingly, a - driver circuit whi?ﬂsis opeLa.eJigﬁgﬁqgﬁgl C

frequency " of about 10 MHz can be fornmed us|n ] t gr

device. Note that when the crystallite size is p0O to 25 70 % qr greater
of the grain size, these sizes are con- Si | - antially
t he same". -

FIG.9 A
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-,11 -« C ai ns: 1. A sem conductor device having a

polysilicon thin film (3) inits main part, characterized in that a
grain size is substantially the same as a crystallite size on the
(111) pl ane, said crystallite size is greater than a thickness of
said polysilicon thin film and the average val ue~ef—~the
REPLACEMENT SHEET
5/5
18 DEC 1996
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grain size on said (111) plzénesdr@ﬁgﬁ bazat ngopgg&; - QBoARET 3

sem conduct or devi ce accg&rﬁjg&l&g)cl apggea,;ml& """ characterized in

that the average val ue off thBrawing(s ql fol eﬁz"é" is greater than a
t hi ckness of the p YASABéﬂ %% éﬁg T §ed """ 3. A
sem conduct or device accgrding to clafm1™" % characterized in that

the polysilicon thin fil | s&Bfent ast one i rrpurl ty doped
region (3pgryscal dismdd réé)lﬁ‘:ﬁr%ff%%s@dc FIEHeNFESi @F r egi on

(3a) atih €h glaes ”OtIferﬁléﬁea d@ﬁ%‘é? circuit o‘l“ecﬁ &£ conduct or
devi ce according to claim aracterized n at e I npurity doped
regi ons (MHQOO’*GL@&QI asvuimped ant beld %fﬂ%@ucﬂ‘xc@hbl IntrFmMsPE region (3a).
5. Asemc -15 | qg_cr =10 ) -LC dlnthat
el ect rodes (? 1}\5 éjnecy O&e e déf'& & atgj@?l vel ync{)v Sé‘c‘f%cai‘rr f%e P mpurity
regi oh (Sbjequdred r1owever, the rle'*d effect modbility upp of a

polysilicon thin-film transistor known to the public at
present is at most 30 cm2/V-sec.

It is accordingly an object of the present invention to
provide a semiconductor device which allows the mobility of
carriers to greatly increase. To achieve the object, there
is provided a semiconductor device having a polysilicon thin
film {3) in its main part, characterized in that a grain size
is substantially the same as a crystallite size on the (111)
plane, said crystallite size is greater than a thickness of
said polysilicon thin film, and the average value of the
grain size on said (111) plane is at least 200 nm.

This invention can be more fully understcod from
the following detailed description when tekean in con-
junction with the accompanying drawings, in which:

20 Figs. 1 to 6 are enlarged cross-sectional views
showing the steps of manufacturing a field effect thin-
film transistor as an embodiment of a semicopductor
device according to the present invention;

Fig. 7 is a diagram for explaining the dafinition

25 of a grain size;

Fig. 8 is a diagram for explaining crystallography
by X rey Diffractor;

rig. 9A is-a graph showing the grain size-field
effect mobility characteristic of the thin-film transis-

30 tor shown in Fig. 6;

Fig. $3 is a greph showing the crystal size-field
effect mobility characteristic of thre thin r

1

tor shown in Fig. &6; and

Fig. 10 is a graph showing the grain size-  [REPLACEMENT SHEET

35 crystallite size characteristic of the thin-film

transistor shown in Fig. 6. 08 MAR 1999
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the intrinsic region (3a) directly or indirectly.

L

- 11 -
Claims:

1. A semiconductor device having a polysilicon thin film
{3) in its main part, characterized in that a grain size is
substantially the same as a crystallite size on the (111)
plane, said crystallite size is greater than a thickness of
said polysilicon thin film, and the average value of the
grain size on said {111) plane is at least 200 nm.

2. A semiconductor device according to claim 1,

10 characterized in that the average value of the
crystallite size is greater than a thickness of the
polysilicon thin film (3).

3. A semiconductor device according to claim 1
or 2, characterized in that the polysilicon thin film

15 (3) comprises at least one impurity doped region {3b) in
which dopants are diffused and an intrinsic region (3a)
which does not include dopants.

4. A semiconductor device according to claim 3.
characterized in that the impurity doped regions (3b)

20 are arranged on both sides of the intrinsic region (3a).

5. A semiconductor device according to claim 4,
characterized in that electrodes (8, 11) doped are
respectively connected to the impurity region (3b) and
the intrinsic region (3a) directly or indirectly.
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