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Field The present invention relates to a thin filmtransistor, a solid

devi ce such psTHADSBR £ OHINC EOLM dFRANGe sTER di spl ay device such as a liquid
crystal display panel, and a manufacturing nethod of a thin film

transistor. More particularly, the present invention pertains to an
i nproved technique of electrical characteristics of a thin filmtransistor.

Background Art Technical Field
The present invention relates to a thin film transistor, a
solid device such as a semiconductor device, a display device such as
a liquid crystatl display pané1, and a manufacturing method of a thin
film traﬁsistor. More particularly, the present inventinn-pertéins to
an improved tachngque of electrical characteristics of a thin film

transistor.

Background Art -

. ) substrate.

In an active matrix fase of a liquid crystal display panel and
so on, a thin film transistor on board as its switching element is,
as is shown in Figure 20, for instance, formed in such a way that a
source area 2205 and a drain area 2206 are self-aligned, by after
foarming a gate oxidatiaon film 2203 aon the face af a silican layer

' substrate implanting . _
2202 on the surface of a base 2201, imJecttagions to it, with a gate
electrode 2204 on the surface of 2203 as a mask, to make a part of
the silicon layer electrically-conductive. A thin film transistor
having a structure shown in Figure 20, however, as is shown by a

solid line L3 in Figure 21, has a problem that an intense drain

current flows even when a negative gate voltage is applied (off state)
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opposite direction, a pn-junction breaks and a hale is rn;:ntzd The
In an active matrix substrate of a liquid crystal display panel and so on,
a thin fil rnteasstytof aaMrbdarduaBeﬂtstandbtchihg ds tEmaritneids pyathe svehiage i n
Figure 20, for instance, formed in such a way that a source area 220%epsiet
drain ar eaaaaﬂ)semrtm Setvsa iaggatle dlechfode Z20rnend = dyatie axel2D6n dnd @
2203 on the face of a silicon layer 2202 on the surface of a substrate
2201, i npl &repngnexcgls tayelt inwat &i b apat 8 agkeeccoocks MA0Y ngn tohe dra faco eaf
2203 as a mask, to make a part of the silicon |ayer
el ectri cal 2g0éorddcanvend fof d rgdtid miecinedet 3204 heat ngy drsin Laotasr &£28060wWn
in Figure 20, however, as is shown by a solid line L3 in Figure 21, has a
pr obl em t hdAccamdiingénseadsaracture emty fi o vesd @p/isd wieaT e anggatiiove fgatne-of f
voltage is applied (off state)

current is increased by employing a drain structure whose field

strength is weakened (LOD structure) by establishing a low
concantrafion area at an end of a drain area corresponding to an end
of a géte electrode. In order to manufacture a thin fiim transistor
with this LDO structure, a following manufacturing method has been
adopted conventionally. First, as is shown in Figure 22(a), after
forming a pattern 2402 consisting of a silicon film on the face of a
Substrote

brse 2401, its face is caovered with a gate insulation .film 2403, on
the surface of which an e\ectricé]]y-conductive film 2404, which is
to_constitute a gate electrode, is formed.

Second, as is shown in Figure 22{b), a regist pattern 2405 is
formed on the face of an electrically-conductive film 2404 by
émploying a photolithography technique. 8y performing an etching
selectively, with the resist pattern 2405 used as a mask, a gate
electrode 2406, thinner than a resist pattern, is formed.

mplantin
Third, in an ion implantation method, by indecting“mpurities

5
which are to be a donor or an acceptor, as much as 1 X 10%tm ~? for

instance, a source area 2407 and a drain area 2408 are formed in a
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which at the end of a.drain area 2206 whj i.s biased in the opposite

direction, a pn-j u%’n‘?:‘{ritgm ?)rreegﬂé"%a?é%ér o#@% 45 At eg{lb'p'i 'PrTg.e nt&fOrpyamy

a drain current tends to be determ ned hy the voltage dpBlaritng between a

gate el ect ridfe sﬂb‘ﬁg%ﬂ' 2%r1& AhaYRA ’Qfdé?rﬁn%izﬁbnsi yWﬁ%ﬁ‘“@HEFBWS

level in a silicon_| r corresponding to a'draiF,area 2206 and .an end of a
So0x hl%toa"s !

gate el ect rd}RUS20K r dith &y d& AL 1 IR ERF P Rgh§ ENGdst Mid%e 9A8R be
adopt ed wher

e rati
e1eé%ro%e 84&g as a mask, low concentration areas 2410 ar ™ 2411 are

formed in an area correspanding to an end of a gate electrode 2406.

in a manufacturing method of a thin film transistor with a
conventional LOO stfucture, however, because after -a gate electrode
2406 is formed, a source area 2407, a drain area 2408 and low
concentfation areas 2410 and 2411 aré formed, when a silicon film to
which impurities are gﬁg@ﬁ;&% is heat-treated at about 1000°C to
activate the impurities, a gate electrode 2406 is also heated.
Therefare, there arises a prablem that only materials having high heat
resistance such as a silicon compound can be used és materials of a
gate electrode 2406, at the expense of its electric resistance and so
on. |f signals are transmitted by employing wires formed
simultaneously with a gate electrode 2406, as in an active matrix
§¥B§§r3352 liquid crystal display panel, signals are retarded much on
account of the high electric resistance. There is an alternative

method in which the impurities are activated by irradiating a laser

beam partially without giving heat stress tg a gate electrode 2406.

. density of .
in this methad, .frap energy level is increased because the

: implan toTion
crystaliline state which was disturbed by the injeetin of impurities

cannot be restored sufficiently. Hence an off current increases, and



object of the present invention lies in realizing a thin fiJm
on- of f curreﬁt S |ncrea§E s%y enﬂ]oylng a draln structure ahose PI6|J

Strength igandpsined sof HPevSiceUshith ®s a @%m@é&ﬂ@ﬁééﬂﬁq%@vqchowé diplay

concentration area at an end of a draln area correspon g to ah end of "a

gate el ect yg¢s el E%f){, dgg 49 %%Eﬁ]?dﬁ%ﬁ‘;%#ﬂ%ﬁ?ﬂﬁtﬁéf& : teieré'm‘é

LDD structure, a ow ng turing

adopt ed COBY@E@?%B&%'EMaraJ%e&?Eticé”%FEﬁ 5%"3*?-Eﬂff%ﬁ¥JEﬁa?ﬁéf%ristQE%egy the

formng a pattern 2402 consisting of a silicon m on t ace o

substrate ?ﬁ’(ﬂnl?vérﬁé\tf g?eti\}\ii ﬁﬁwsggi)ﬁ,t& ARCE LAY iirP'&re?fs: %1”%4% g

on the surface ectrically-conductive .

which i's t@ygepsddd,UbfRd% Gfrabeet fififethdd’ &F B dhi RCEPTH trafs §ESPOWN 1N
Figure 22(b), a resist pattern

Oisclosure of Invention

In order to solve the above-mentioned problems, in & thin fiim
transistor according to the present invention, a channel=fmmiwy area
which.can form a chanﬁe] between a source area and a drain area, and
a gate electrode which confronts the channel-formig area through a
gate insulation film on the face of the channelfocrming area are set
up on the face of 2 bStr.m’eln a source area and a drain area, an area
which overlaps an end of a gate electrode through a gate insulation
film is a low concentration area farmed in a process prior to that of
a gate électrode, area whose impurity concentration is under 1x
ldgﬂcm", for instance. That is to say, a source area and a drain
area have a structure where the areas are formed in a process prior
to that of a gate electrode, and have a 1ow concentration area
uver1apping a gate electrode, or a source area and a drain area have a
structure where the areas as a whole are a low concentration area
farmed in a process prior to that of a gate electrode and its end

overlaps the gate electrode.



240;5 i s forﬁéﬁho?l 93¢ £lestrede seq EFch'ﬁ?ﬂ/ fc%tdl%g ggr?’?ihrﬁejﬁf By gate
g%&yl 22{;‘ ArtTpdd 487 8Fa ot ? G5 oL SRR DA e e
4 | | s o s
inplantat?gﬁ ﬁivﬁgaa %yé§%ﬁ)§?%éﬁé;ﬁ &%hn qﬁ§§“ﬂ€y Hgﬁre ?8%25f§950n6F oF
an acceptor gélmCQoagﬁ%hﬁéeo[isé tﬁ@gemLhoJigrbelngtla%Ic%eaoéjy qt(?\eali‘leat :
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resistance of components of a gate electrode. More partxcu1ar1y, when
a thin film tTanSIStDT is formed in a low—temperature process, since
implantaTio?
a channel area can be crystallized after the izgeetiton of impurities,
i density of
a trap energy level can be reduced in a drain area correspondlng to an
end of a gate electrode and its'neighborhood. Furthermore, as it is
a low concentration area of a source area and a drain area that
. electric

confronts the gate e1ectrode,Afie1d strength is small at the end of a
gate electrode. Hence, the improvement of an off current
characteristics of a thin film transistar can be obtaianed.

¥Yhen a thin film transistor accarding to the present invention
is formed in a low-temperature praocess in which the process highest
temperature is restrained under about 600°C, it is desirable that an
activation process to foarm a low concentration area serve as a
crystallization treatment of a channel area at the same time.

That is, after forming a silicon film to constitute a low

. . . e .%ed

concentration area and a channel-formHng area, impurities are
selectively, and then the crystallization treatment. is performed and
the impurities are activated at the same time. As a crystallizatian

treatment, the following methods can be adopted: a laser annealing

method, in which a silicon film is crystallized by irradiating a



- crystallized by annealing it for a long time at a low temperature and
self-aligned way, as in Figure 22 (c). An area where ions were not injected

on account iapuz igdled elrectacitieya A ahdkie resnstt pRet con d4Paphdcefermal
channel area 2409. Fourth, a resist pattern 2405 is renoved. In order to

form an LD@nft¢d Ligiguaethodd$RTA mdthot) ] NinFiwpicle 2223G0) con B 1innps adtyistal1ized
impurities about 1 x 10[err] cnferr] in an ion inplantation nmethod, with a

gate el ect pgdeap Gmn@d1 andgleitk andovamaiids ekl af ¢ L tAvased 24kl 1aadedddlly ar e
formed in an area corresponding to an end of a gate electrode 2406. In a

manuf act uri ng met has ahea pridgerdt |imvdmisdst oft W § hdes ¢paeet kenaledu@@ a

structure, however, because after a gate el ectrode 2406 is formed, a source

area 2407, pardeaiticareaig4@fcendyl ewteongenpr at new #eeds tahte anéal4hlichre
connects to a low concentration area with a high impurity
concentration, or a low resistance area which caonnects to a low
concentration area with a thick fiim respectively in a source aréa
and a drain area. It is also possible to form a channel=furming area,
a source area and a whole drain area or a part of it in a different
process.

[t is desirable fof a film in a low concentration area to have
an équa] thickness to a film in a channel—feerming—T8a. Or it is
desirable to set up the thickness of a film in a low cancentratiaon
area thin compared to the thickness of a depletion layer which is
formed in such a condition that the thickness is determined by the
impurity concentration in a low concentratian area when patential is
applied to a gate electrode. The thickness of a film in a low
concentration area is set up, for instance, under about 5004.

Such a thin film transistor can be used in various solid
qevices such as a three-dimensional integrated circuit (semicanductar
device) and an image sensor. |t is also possible to make a display

device such as a liquid crystal display panel, with a thin film
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transistor formed in a self-aligned way to a gate electrade. As
anather -combination, conversing the structure af an n-channel type -
thin film transistor and a p—-channel type thin film transistor, it is
passible fof the p-channel type thin film transistor to be of the
structuré according to the présent invention, and for the p-channel
type thin film transistor to be self-aligned. In this case, the
pixel part is constituted of a p-channel type thin film transistor.
in a pixel part, while a thin film transistor according to the
present invention is used, in a drive circuit formed on the samésggigvnfe
together with an active matfix array, for any thin film transistor
constituting a CMOS circuit, an n-channel type thin film t}ansistor
and a p-channel type thin film transistor which are formed in a self-
aligned way to a gate electrode can be used.
Whichever combination is employed to constitute a thin film
transistor in a pixel part and a drive circuit, the impurity
concentration of each area should be, for instance, over about 1 X

10§%cm 3 in a source area and a drain area of a self-aligned thin

. A
film transistor, and under about 1Xx loébcm‘“ in a 1ow concentration



drain areas of a self-aligned thin film transistor may sometimes be
of trap energy level is increased because the crystalline state which was

di sturbed byqule taPtRE &f @ fefini MU | tdweTonReReFabPor el @4 a non-self-
4 the adaptation of an

LDD struct ung i§RE®ERS nnEEIM RBRASHstofaki ng the above-nentioned problens into

sufficiently: Hence an off current increases, and

consi deration, the object of the present inve_nt_gfapa

filmtransistor, a 9qf igth @RWiGR T i3S aF re
device such as a liquid crystal display
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connected in series to a drain area of a thin film transistor

Storage Capacitance
constituting a pixel area. The tﬂt:é&igﬁ:ctnnnity can be formed, for

. - ) . prior Stag<
example, with a scanning line in ap—opper—cstats

as an upper
electrode, a gate insulation Tilm of a thin film transistar as a
capacitor insulation film, and an extended area formed by extending a
drain area of a thin film transistor as a lower electrode.

However, when a thin film transistor is made employing a
conventional technique, that is, when source and drain areas are
formed after a gate electraode is formed, after a gate electrode is

' 'mxp)a nted
formed, ions cannot be iwng=cted to the lower part, therefore a
process needs to be added tao form a lower electrode under a gate line
of the u;;g: stage. 1In a thin film transistor according to the
present invention, by contrast, since at least a low concentration
area is formed before a gate e]ectrode is formed, an extended area

can be made in a drain area to be used as a lower electrode thanks to

this process.

Brief Description of the Orawings
Figure 1 is a sectional view showing a structure of a thin

film transistor accarding te the first embodiment of the present



a thin film transist shown in Figure 1; Figure 2(b) i
panel , Mhléh can i nprove e et ri call characteri sticsdsuch gs)cki-%nﬂﬁig%

charact erdishi sy $¥p dl¥ered RLRYAIBRS 0] cs b PCaCOAPASKh AN t0h iSRS and
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drain areas and a gate electr a manufacturing nmethod o In-film

transi st %rc:cupﬁﬁ]ﬁ.ﬁdjlﬁ:ﬂaoémﬁd%‘f%ﬂtiilé’rbdb%d%gﬁ{:' to solve the above-nenti oned

problens, 1n a mtransistor accordiny to the present invention, a

channel area \Ahir_qgluggrb(fa r'?“s%fﬁ@%ra%?hﬂe%gﬂgﬁgﬁ%%é%% %ﬂaéi e

area, and a gate ctrode which confronts ar ea ough a gate

| nsulat i g T4 lyR QP #iRG, fﬁ%%sqfsgtogegﬁ'a%nqln #igard’§ ‘S?\t?;ﬁ:ﬁﬂ'eo'i tgpe ils2GG of a

substrate. I'n a source area an ain area, "an aréa ch o | aps an end

of -a gat Q'IQIJE'&LJ‘B%?I &r'ﬂ{»ﬂ‘:'@ha apag'%E?ti@%'ébﬁEjithcfei H’né Stha}nI PMm transistor
according to the comparative embodiment;

Figures 4(a) to (d) are process sectionaj views shawing a'part
of a manufacturing method of a thin film transistor shown in Figure
1;

Figures 5(a) to (c) are process sectional views shawing a part
of a manufacturing methaed of a thin fj]m transistor according to the
second embodiment of the present invention;

Figures 6(a) to {d) are prbcess_sectfona] views shawing a part
of a manufacturing method of a thin film transistor according to the
third embodiment of the present invention;

Figure 7 is a sectional view showing a structure of a thin
film transistor according to the fourth embodiment of thg present
invention;

Figures 8(a) to (c) are process sectional views showing a part
of a manufacturing methad of a thin film transistor according to the
fifth embodiment of the present invention;

Figure 9 is a sectional view showing a structure of a thin

film transistor according to the sixth embodiment of the present



part of a manufacturing method of a thin film transistor shown in
concentration area formed in a process prior to that of a gate el ectrode,

area whoseFijgpHeigy concentration is under 1 x 10 cnferr], for instance.
That is to say, a source area and a drain area have a structure where the

areas are formed i pjgui¥PCa93)Ptbo[e) tdre iPrakessl seéti@rile vieheckhofeng 2ANd
have a |ow concentration area overlapping a gate el ectrode, or a source

area and-ap@rd bfaRedanaracaupli hgChdtRodNEeT eat DROST €RSc1abt a( ¥\ Coder o OW
concentration area fornmed in a process prior to that of a gate electrode
and its endeyes) duipped Oeith al €8id ¥dem transistor accarding to the seventh
embodiment af the ptesent inventian;
Figure 12 is a black diagram showing a constitution of a
Tiquid crystal display panel;
Figure 13 is a plan view showing a constitution of each pixel
area in a pixel part of a liquid crystal display panel shown in Figure
12;
Figure 14 is a sectional view of a thin film transistor formed
Substrate
on an active matrix base of a-liquid crystal display panel according
to the eighth embodiment of the present invention;
Figure 15 is a sectional view of a thin film transistor formed
substratre
on an active matrix ba5e of a liquid crystal display panel according
to the ninth embodiment aof the present invention;
Figures 16(a) to (d) are pracess sectional views showing a
part of a manufacturing method of a thin film transistor formed on an
SubstraTe '
active matrix t@se of a liquid crystal display panel accarding to the
tenth embodiment of the present invention;
Figures 17(a) and (b) are process sectional views showing a

Storage Capacifor
part of a method of manufacturing a votumeITETSIIMO-PaTt in a pixel

part in a conventional liquid crystal display panel;
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area and a drain area are not formed by implanting inpurities with a gate
el ectrode ugkavandhaempadinepliofyther preganthdny¥eetwnjate el ectrode is fornmed.
Accordingly, when the inplanted inpurities are activated, a gate el ectrode
is not fornmed yet. FiGEFBEot (2} tta dejoase pPeoqassaderfioral nplans isBeWING hdut
being restricted by the heat resistance of conponents of a gate el ectrode.
More parti cRR%r 10F 2w TACEUT Hng imethed AsiasEBin & imoEReee istog formed on an
| ow-t enper at ur-e processsubsirwit® a _channel area can _be crystallized after the
i npl ant at i o#CH¥VE ARLF % Base- %r%i‘t‘ﬁubq orvstap 'é‘rﬁ?r‘@}' PRAR 2E5ATHENG dguthe
in a drain area corresponding to an end of a gate electrode and its

twelfth embodiment af the present invention:

Figure 20 is a sectional view showing a constitution of a
transistor;

Figure 21 is a graph showing'off current characteristics of a
conventional thin film transistor; and,

Figures 22(a) to (d) are sectional views showing a

manufacturing method of another conventional thin film transistor.
Best Mode for Carrying Out the Invention
A thin film transistor according to the present invention will

be explained belaw with reference to the drawings.

First Embodiment

Figure 1 is a sectional view showing a constitution of a thin
film transistor according to the present embadiment.

In this figure,-a thin film transistor 110 of the present

substrote
embadiment is formed on an insulation base 111 made from glass, quartz

) ) . substraTe
or sapphire and so aon, and has on the face of the insulation Bbase 111

an n - source area 112 and an n - drain area 113 consisting of an n -



of phosphorus is added, and a channel-¥r#wg area 114 which lies
nei ghbor hood. Furthernore, as it is a | ow concentration area of a source
area and a pgtwaenaatan thabueeafareat 312 end)ainenet edtaindere®! 9@ and ddrmetts
strength is small at the end of a gate el ectrode. Hence, the inprovenent of
an of f curreidse areas! erthet hcs sdureet &rar flil2n thansi-sdeain areae 10dtaidate
Wien a thin filmtransistor according to the present i.nvention is formed in

a | owt enpetihd el eraaeing iareahiiad bhe piveess hivhesiademerciiystalindzing
restrai ned under about 600[err]C, it is desirable that an activation

process to imdrpHousOwil pEeENtandl beba@se e nve saarde Gneat alk| zehé aIm drain
treatment of a channel area at the same tine. That is, after. formng a
silicon filaré® voBsind uttee aclaweCiomeantinal ianeaariad areé dedeanieedabgathe
impurities are _
presence of impurities, the thickness of fiims of the n ~“Source area
112, the n d rain area 113 and the channel-—forming area 114 are
approximately the same, that is, about 400A . Qn the surfaces of
the n - source area 112, the n - drain area 113 and the channel-
£y area 114, théra'are a gate insulation film 115 consisting of
an insu1ation film such as a silicon oxidation film to cover them
a1i, and a gate electrode 116 formed on the face of the gate
insulation film 115. This gate electrode 116 is made from materials
appropriate to the function of devices to be loaded with a thin film
transistor 110, such as metal and a transparent electrically-
conductive film. The gate electrode 1)6, the n - source area 112 and
the n - drain area 113 are not made self-alignedly, and the
overlapping area of one side end 117 of the gate electrode 116 and an
end 118 of the n - source area 112, and that of the other side end
119 of the gate electrade 116 and the end 120 of the n -~ drain area
113 are relatively large. Note that 121 is an interlayer insulatian

film,. through the contact holes 122 and 123 of which a source -

electrode 124 and a drain electrode 125 connect electrically-
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and the |npur|t|es are activated at th nq#nvftine As a crystallization
treat nent, aIEtraeeol &gl retorags . c‘&'hefbe’méd’“‘a“!'h"s’eﬁs avgeart hyahed nigy,

in which a silicon filmis crystallized by irradiating, a 6 | aser bean1to
it and i npfAMidE ANeNact FOATER 3TGRItIInSRdSRY, Ma sBFR§NphE.R 113, a gate
crystal lization nethod (SPC nethod in which a silicon filmis
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impurities are activated:
P area or a hlgh LCO is fabricated by employing a metal

electrode with 1ow sheet resistance, for instanca, on the gate

electrode 116, the heat resistance does not restrict the activatiaon

implan-ted '
condition of the impurities tegeeted to the n~ source area 112 and
. lanted
the n - drain area 113. In other words, as the impurities i ta

make the n - saource area 112 and the n - drain area 113 can he
activated suff1c1ent1y, and at the same time the crystalline state

implantation

which was disturbed by the ingeekien of impurities can be restored
dGnS;'C/ 0 _f

enough, .a trap energy level at the end 120 of the n ~ drain area 113

corresponding to the other side end 119 of a gate electrode 116 and

its neighborhood can be reduced. And as the n -~ drain arez 113 is a

electric
Tow concentration area,nfie1d strength is small near a gate electrode
116. Hence, the improvement of off current characteristics of a thin
film transister 110.

Moreover, an n- drain area 113 and its neighborhogd are th1n

densit 2Ner eveel

and are both about 400A thick. nnmhfr);f a trap Eﬂnréééiﬂi§4

which may cause an off current tends to increase as a film becomes

thick. Therefore, as the n -~ drain area 113 and its neighborhood are
densit

thin, the numbat of a trap energy level in the areas is decreased,

which makes the off current reduce more. As can be seen in Figure
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filmis crystalllzed by lanp annealing it and inpurities are activated

si mul t aneoyshyss£brid8nPRRPE N igPYPATdY ahll i 6s dRSigh8BFRod® #r@dYB804 as
parasitic resistance by setting up a | ow resistance area which connects to

a | ow concentaggid a3 t3veA Mt dd PndW N 4 FPUEHEWn COPCENEL RS HON i n@ 13| qvg is
resi stance area which connects to a | ow concentration area wth a "t hi ck

film respe%hwwed Bhat SO IFe a&ﬁeerﬁndsasﬂmé% 3hhe lelnbb@iméPt IMORRIAH @ tO
forma channel area, a source area and a whole drain area or a part of it

in a diffegerinPireLShd lits B ARHOrABLE 418 hifink® t&‘u@d Cﬁﬁ:“c‘?rjceﬂﬁ& agHan
area to have an equal thickness to a filmin a channel. O

of f current characteristics of a thin film transistor accerding to the
present embadiment are good.

Furthermore, in a thin film transistor 110 accoarding to the
present embodiment, an n~ drain area 113 neér an end of a gate

: electric

electrode 116 is flat, hence aAfield convergence occurs less aoften’
betweeq the other side end 119 of a gate electrade 116 and an end 120
of a drain electrode 113.

In a thin film transistor 110 in the present embodiment,

although an overlapping area of an n source area 112, an n Yfrain

area 113 and a gata electrode 116 is large, the amount of impurities
implanted

tageeted to an n~ source area 112 and an n~ drain area 113 is about 1
X 1019 cm -3 while the thickness is about 400A , therefore the

parasitic capacitance between a gate electrode 116 and an n ~ source
area 112, for instance, is minimum. In other words, in this
embodiment, noting that the thickness of a depletion layer created by
a potential between a gate electorde 116 and an n-°~ source area 112 is

determined by the impurity concentration of an n source area 112 if

the potential is fixed, the thickness of an n~ source area 112 is set
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caontrast, when an n- saurce area 112 is thick, as shawn in Figure
3(b), the lower face of a depletion layer 126 1ies halfway in the
thickness direction of an n- source area 112, and only the firs%
capacity C1 corresponding to a gate insulation film 115 and the second
capacity C2 corresponding to a depletion layer 126 are connected in
series, so their combined capacity is big. Note that here the
thickness of an n ~ source area 112 is set up at about 400A according

19
to the impurity concentration, 1X 10¥3 cm -® but that the thickness
of an n~ source area 112 can be set up so that a deplietion layer 126
substrafe
may reach the lower face of an n~ source area 112 (side of a Hase 111)
according to the impurity concentration. Concretely, an n- saurce
area 112 may sometimes be as thin as about 1004 , considering the
Timitation of a process on control of impurity concentration.
Next, referring to Figures 4(a) to (d}, a manufacturing method
of a thin film transistor in this embodiment will be explained.
Figures 4(a) to (d) are all process sectional views showing a

part of a manufacturing methad of a thin film transistor in this
embodiment. .

First, as is shown in Figure 4{(a), an the surface of an



_ in a low-temperature process, for instance, a sputterinq process ar
7 transistor gecopding to the present invention used as a pixel transistor
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exanple, it Is possible to constitute a thin filmtransistor according to
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CMOS circuit of a drive circuit area forned on the sane substrate together
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filmtransistor 'of the same structure as a thin filmiransistor an
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el ectrode. As anot her imphnfnThvx -
the irradiation of a laser beam, the ismjeetion of impurities causes
the crystalline state to be disturbed, therefore another restoration
treatment will be necessary. Accordingly, in this embodiment, after
implantation
the irdeedden of impurities, a crystallization treatment is performed,
which activates the impurities at the same time.

That is, after an amaorphous silicon film is patterned, a
resist pattern 203 is removed, and as is shown in Figure 4(b), after
anather resist pattern 204 is faormed, using 204 as a mask, by ian
implantin
ingeeding phosphorus, an n- source area 212 (1ow concentration area)
and an n - drain area 213 (low concentration area) having an impurity

-3
concentration of about 5 x 10¥8cm™* are formed. Of a pattern 202 of
an amarphous silican film, an area tao which phosphorus was nat

implanted
tndeeted becomes a channel—forming area 214.
yemo ved

Then, after a resist pattern 204 is sS+ipped, an amarphous
silicon film (pattern 202) is annealed by irradiating a laser beam to
‘polycrystallize the amorphaus silicon film and to activate the

implanted
impurities tojmefed to it simultaneously. Alternatively, an

nitrogen
amorphous silicon film is annealed for about four hours in a aifeiad

.atmosphere of the temperature of about 600 °C, for example, (saolid
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215 is formed on the surface of an amorphous silicon fiim {an n~
source area 212, an n - drain area 213, and a channel=furming area
214), a gate electrode 216 made from such a material as.meta1 an the
surface of the gate insulation film 215. The side ends 217 and 218 of
the gate electrode 216 confront the énﬂs 219'and 220 of the n -
source area 212 and the n - drain area 213. '

Subsequently, as is shbwn in Figure 4(d), after an interlayer
insu1atiqn film 221 is fofmed on the surface of a gate electrode 216,
contact holes 222 and 223 are made on it, and using these contact
holes 222 and 223, as shown fn Figure 1, a source electrode 124 and a
drain electrode 125 are connected to an n - source area 212 and a
drain electrode 213 respectively ta fabricate a thin film fransistor
110.

As is clear from the above discussion, in a manufacturing
method of a thin film transistor 110 according to this embodiment,

implan-ted
after impurities are iajectmd to a silicon film such as an amarghous

silicon film, a crystallization treatment is perfaormed on an amorphous

silicon film, and the crystallization treatment itself activates the



the silicon film after the crystallization treatment, whose
aligned way to a gate el ectrode can be used. Wi chever conbinationa%mﬁtqu
enpl oyed t ccnystisl] ing state hisnnpt|bnakeanky sther ingect ipnxef mpurisihes qaditrae
circuit, the inpurity concentration of each area should be, for instance,
over about energy[i@vell dofar npti hnersass cdenae aarthia didimntarpaiston 110
self-aligned thin filmtransistor, and under about 1 x 10[err] cnferr] in a
| ow concentwftasepff @imrent gharaptesidfics igredadd redn e tramsTfacbureds

tothin filmtransistors forned on a substrate, the thickness of a
efficiently. Note that the silican film can be a polycrystalline

Ssilicon film instead of the amorphous sjilican fi]m.used in this

embodiment.

Second Embodiment

With reference to Figures 5 (a) to (c), a thin film transistor
according to the second embodiment of the present invention and its
manufacturing method will be explained below.

Figufes 5 (a) to (c) are process sectional views shawing a
part of a manufacturing process of a thin film transistor in this
embodimeﬁt.

A thin film transistor in the present embodiment, 1ike a thin
film transistor according to the first embodiment, has a structure
shown in Figure 5(c) to improve on-off characteristics.

A thin film transistor 300 has, on the face of an insulation

Substrate

base 301 made from glass, quartz, sapphire and so an, an n - source
area 302 (low cancentration.area) and én n - draiﬁ area 303 (law
concentration area) to which about 1x 1020cm™? of phaspharus is added,

and on their surfaces the transistor 300 has a channel-forming area

304 consisting aof a thin film made from silicon such as
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a capacitor dﬁsgbﬁ‘gw l#{g 1@,@g]ggwg;<tqul,ge§b5ar ea formed by extending a
|

drain area o transi stor | ower el ectrode. However, when a
thin film tranS'Stofn'&?ngd€a manufacture a thin film transistor 300 of such a

structure, first, as is shown in Figure 5(a), after an n silicon
thin film made from such materials as polycrystalline silicon to which
about 1 X 16%% cm ~? of phosphorus, for instance, is added is built
up about 1500A on the face of an insulation$§§§gdgh1, the n -
silicon thin fiim is etched selectively to form an n- source area (low
concentration area) and an n - drain area 303 {low concentration
area). Subsequently, on the faces of an n~ ssurce area 302 and an n-
drain area 303, a Channe14$s:ming'area 304 consisting of a silicon
thin film madé from such materials as palycrystalline silicon of the
thickness of about 10008 is formed to connect 302 and 303. Then the
whole device is thermal oxidated to form a gate insulation film 305
consisting of a silicon oxidation film, on the surface of which a
gate electrode material 306 is formed consisting of metal, a
transparent e]ectricéﬁ]y-conductive film, a polycrystalline silicon
film to which impurities are added, and so on.

As is shown in Figure S(b), of the surface of a gate electrade
material 306, on the area on which a gate electrode is to be made, a

resist pattern 307 is formed employing such a technique as a



_ 308. An end of a gate electrode 308 overlaps an end of an n- source
enpl oyi ng a conventional technique, that is, when source and drain areas

are formed @fehefo2 Lt enedmrLlfode i S HPdieGreal 863 thrpagle £lgatkr plRiiagion
formed, ions cannot be inplanted to the | ower part, therefore a process

needs to berjq@dgdsio forma | ower el ectrode under a gate line of the prior
stage. In athin filmtransistor according to the present invention, by

contrast, since atTHemasatrdyilstwatidlf pattatn @u7aiSardmdvear e teef oiet,a agate
electrode is forned, an extended area can be made in a drain area to be

used as a |dmewin ¢hecigupdes{dpnisn §atdtiayepr PeaBRtiBRI £ 1aD@T0r EoRd L iag bhe
Drawi ngs Figure 1 is a sectional view showing a structure of-a thin film
transi st or z2@GqridoRJok Pdd thiod iflivh esbpskweRNtasOfin a usual process. After a
contact hole 310 is formed in an interiayer insulation film 309, a
source electrode 311 and a drain electrode 312, consisting of metal,
a transparent electrically-conductive film and so on, are connected to
an n - source area 302 and an n - drain area 303, respectively.
.As is clear from the above explanation, in a thin film
transistor 300 in the present embodiment, as in a thin film

transistor according to the first_embodiment, since an n sgurce
area 302 and an n; drain area 303 are formed before a gate electrode
308 is formed, an n - source area 302 and an n- drain area 303 can be
formed in an ideal condition without being restricted by the heat

resistance of materials to canstitute a gate electrode 308. Hence,

the improvement of off current characteristics.

Third Embodiment

With reference to Figures 6(a) to (d), a thin film transistor
according to the third embodiment of the present invention and its
manufacturing method will be explained below.

Figures 6(a) to {d) are process sectional views showing a part
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source area and a drain area. As is shown in Figure 6(d), the

transistor has, on the surface of an insulation bzseF:%1 made from
such materials as glass, an n+ source area 412 (low resistance area of
high cancentration) and an n - source area 405 (low concentration
area) on the sgurce area side, and an n" drain area 413 (low
resistance area of high concentration) and an n - drain area 406 (low -
concentration area) on the drain area side. An end aof & gate

electrode 409 overlaps an end of an n source area 405 and an end af
an n- drain area 406 of low gnncentration through a gate insulatian
film 408, while a source electrode 420 and a drain electrode 421
connect to an n~ source area 412 and an n- drain area 413 of high
concentration.
in order to manufacture a thin film transistor 400 of such a
structure, first, as is shawn in Figuré G(a). about 1500A of a
silicon thin film, made from polycrystalline silicon and sa on, is
substrate
built up on an insulation base 401 made from such materials as glass.
Subsequentliy, a resist pattern 403 is formed employing such a
technique as a phatolithography technique, and with 403 used as a

mask, a silicon thin film is etched selectively to form a silicon

pattern 402.



technique as a photolithography technique, and with the pattern 404

of athin filmtransistor according to theig\ I ve enbodi nent; Figures

4(a) to (d)uaeg & CRasksePiddphalrudi PS onh ) foPh &n TRNEbatardra

method of a thin filmtransistor shown in Figure 1 g Figures 5(a) to (c)

are process488Cihdnal nvi 6¥SiH RhewWaNg0& drakboat axnm'uetcacwr | 410 arebhedl vHich

thin f|In1tran5|st;r Ase3 Qi ng to the second enbodi ment of the present
&azaﬁidhpw

i nvention; Ehgides €) not PePf OERES beEGHdsD RALhy RSTERRIM graa AT,
of a manufacturing method of a thin filmtransistor according to the third

enbodi ment of the pghes@htafitBy edtde@nst Fpabiteen 74046 i@ sefdved)athyiviiviehes g a
structure of a thin filmtransistor according to the fourth-enbodi nent of
t he is thermal oxidated ta form a gate insulation film 408 consisting of
a silicon oxidation film, as is shown in Figure 6(c). This heat-
fmfldn'fed :
treating process also has an effect of activating the ingecte=d ions.
Then a gate electrode 409 is formed consistingiof metal, a
transparent electrically-conductive film, a polycrystalline silicon
film to which impurities are added, and so on. A gate electrade 409
overlaps a part of an n~ source area 405 and an n- drain area 406
through a gate insulation film 408.
Fourth, as is shown in Figure 6(d), after an interlayer
insulation fi]m 410 consisting of a silicon oxidation film is formed,
contact holes 411 are formed in it. Then with an interlayer

_ . implanted
insulation film 410 used as a mask, phosphorus is ion imgested. At

implanted , .
the same time the injected ions are activated by irradiating a laser
beam to form an n " source area 412 and an n+ drain area 413 of about
2f
5 X 102cm-3.
Subsequentliy, as in a usual manufacturing method, a source
electrode 420 and a drain electrode 421, consisting of metal, a

transparent electrically-conductive film and so on, are cannected to

their respective n° source area 412 and n * drain area 413.



present i nA&IfGipderidfF asepfarned Peforpeapgdteseleackrodnat0%i bl aTRAM ng
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drain area 406 can be activated sufficiently without being restricted

by the heat resistance of the material, and at fﬁe,game time the

implant+-
crystalline state disturhed by the hageségg impurities can be

denSity of
restored enough, hencihg trap energy level can be reduced at an end
R of an n- drain area 406 and in its neighborhood. And since an n-

electric
drain area 406 is a Tow concentration area, field strength is small

near a gate electrode 409. Hence, the improvement of off currenf
characteristics of a thin film transistor 401.

FUfthermore, of a source area and a drain area, the area which
can influence such features as on-off chargcteristics is a low
concentration area, while the area to which a source electrode 420 and
a drain electrode 421 connect is a high concentration area, therefore

parasitic resistance is 1ow and a strong on current can be abtained.

Fourth Embodiment

Instead of a thin film transistor according to the third
embodiment, a thin film transistor illustrated in Figure 7 can
achieve an improvement of on-off characteristics and an an current.

Figure 7 is a sectiaonal view of a thin film transistor in this
embodiment in the channel direction. A thin film transistor 430 has

a pattern consisting of a silicon thin film made from such materials



n * source area 432 and an n” drain area 433 containing about § X

showi ng a part of a manufacturing method of a thin filmtransistor shown in
Figure 9; ﬁngaem?orlbaasmr(ns) a @ predate seed i43dakny i AWa - s mgraa piss

of a manufacturing nethod of a circuit (seniconductor device) equi pped
with a thi echitbimtnganshaiors sadaoasdnny 60 btdweosewwant h enbadeensrofng herea

present invention; Figure 12 is a.bl ock dlagran1shomnng a constitution of a
liquid crysagal cd‘ltfaﬁhayg €1 L 1E|1@a4lem‘133 ofS bargt.an Ovi tve iTheurfiges, there is .
constitution of each pixel area in a pixel part of a liquid crystal display

panel showa gatéi gisudatPon Hignr 8371 4onsi ot Pertofoanl ivdiawtebnariin Buthl #8 a

transi stor formed on an active matrix substrate of a liquid-
silicon insulation film, on the surface of which there is a gate
electrode 438 cansisting of metal, a transparent electrically-
conductive film and so on. An end of a gate electrode 438 overlaps
ends of an n~ source area 434 and an n- drain aréa 435 through a gate
insulation film 437. On their face, there is an interlayer insulation
film 439 consisting of an insulation film such as a silicon oxidation
film, and contact holes 440 are formed in it. A source electrode 441
and a drain electrode 442, cpnsisting of metal, a transparent
electrically-conductive film and so on, connect to an n- source area
432 an n" drain area 433 through the contact holes 440 formed in 439.

In a thin film transistor 430 of such a structure, though the

explanation of its manufacturing method is omitted, since an n~ source

area 434 and an n- drain area 435 over]appihg an end af a gate'

electrode 438 are formed before a gate electrode 438 is farmed, if a

gate electrode 438 is made from such materials as metal, the

:n\lan
impurities lmgzctzd 0 an n - source area 434 and an n- drain area 435

can he activated sufficiently without being restricted by the heat
resistance of the material. |t also has an advantage that the

impla nred
crystalline state which was disturbed by the iajected impurities can
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Figures 17(a) and (b) are process sectional views showing a part of a
met hod of manufacturing a storage ..

Fifth Embodiment

Next, with reference tg Figures 8(a) to {(c), a thin film
transistor according.to the fifth embadiment af the present invention
and its manufacturing methad will be explained.

Figures 8(a) to (c) are process sectianal views showing a part
of a manufactdring process of a thin film transistor in this
embodiment.

A thin film transistor in this embodiment, compared to a thin
film transistor according to the secand embodiment, by forming areas
of different concentrations in a saource area and a drain area, the
.improvement of an cdrrent characteristics as well as the improvement
of off characteristics is intended. As is éhown in Figure 8(c), of

. substmate
the surface of an insulation base 453 made from glass and sa on, a

thin film transistor 450 has on the source area side an n source
a;eé 458 (high concentratian area) cantaining about 1 X ldé;cm" af
baron and an n- source area 452 (low concentration area) containing
about 11X 10£gcm" of baraon, and on the drain area side, an n ~ drain

) 2./
area 459 (high concentration area) containing about 1 X 10Zlcm™?® of

boron and an n~ drain area 451 (low concentration area) containing



capaci tor

through a gate insulation film 455, while a source electrode 462 and a
in a pixel part in a conventional liquid crystal display panel;

Fi gures 18drrihoelentrote H6IImestCtd @Min*vEeuscs Rpeangs8 f1ad tanoh~adrain
manuf acturing nmethod of a thin filmtransistor formed on an active matrix
substrate afrea 439 wifdhidh toatewtrakliay. panel according to the el eventh
enbodi ment of the present invention; Figures 19(a) to (e) are process

secti onal

vi ews shpiwidider Rar rashcaamrauftaehunng tefrwiGter asghen &dadtina

transi stor formed on an active matrix substrate of a liquid

structure, first, as is shown in Figure 8(a), a 5111con thin fl]m of
Tow concentration, made from pdlycrystalline silicon and so on, and aof
the thickness of about 15004, to which abaout 1X 1029cm‘3 of boron is
added, is formed aon an insu]ationgggzgnzga made from glass, quartz,
sapphire and so on. Thgn by etching the silicon thin filn
selectively, a p~ source area 452 and a p ~ drain area 451 are formed.
On the faces of a p -~ source area 452 and a p - drain area 451, a
channel - area 454 consisting of a silicon thin film made from
such materials as polycrystalline silicon whose thickness is 250 A
is formed in sucﬁ a way as to cannect 452 and 451. Then, a gate
insulation film 455 consisting of a silicon aoxidatiaon film is formed
on the whole surface by employing an ECR-CYD method. And a gate
electrode 456 is formed consisting of metal, a transparant'
electrically-conductive film, polycrystalline silicon film to which
impurities are added, and soc an. An end of a gate.e1ectrode 456
overlaps an end of a p~ source area 452 and an end of a p ~ drain area
453 through a gate insulation film 455.
Then, as'is shown in Figure 8(b), a resist pattern 457 is

formed to cover a fixed area of a p -~ source area 452 and @ p ~ drain

area 453 employing such a technique as a light exposure technique.
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conductive film and so on, are connected to a p~ source area 458 and
a p * drain area 453, respectively.

In 2 thin film transistor 450 fabricated in this way, because
ap- soﬁrce area 452 aﬁd a p - drain area 453 are formed before a
gaté electrode 456 is formed, it has effects similar to_those of a
thin film tranﬁistor according to the second embodiment. Furthermore,
since a p* source area 458 and a p ~ drain area 459 are formed, a
transistor 450 has small parasitic resistance and can get a sg:g:z an

current.

Sixth Embodiment

Figure 9 is a sectional view showing a structure of a thin
film fransisior aﬁcording ta the sixth embodimeﬁt of the present
invention.

In this figure, a thin film transistor 500 in this embodiment

. . . _SupStrate
is also formed on an insulation Base 501 made from glass, quartz,

sapphire and so on, and its saurce area 502 has a p source area 503,
which is a p ~ silicaon film of the thickness aof about 500A to which

8 _
about 1x% 1G¥8cm'1 of baron is added, and a p+ source area 504 (thick,



boron is added. A drain area 505, on the other hand, has a p ~ drain
First Enbodinent Figure 1 is a sectional view showing a constitution of a

thin filmtenesidéer vhighorigi agert sitlicopriétlanofebbe dihiekness roft igbouti 580 64 a

thin filmtransistor 110 of the present enbodinent is formed on an

i nsul ation $§abwhich abput Audé0 Femi’glodsborguais 2dsdtedsapphi rep ahdd®dimaraand

has on the face of the insulation substrate 111 an n source area 112 and

an n - drai hO%rEthick3 tewstagiistgnot aneanof hiigh toppeentratinnlii Whichoi® a p

concentration area) with the thickness 2/
* silicon film to which about 1X 102tcm~3 of boron is added and which
has the thickness af about 2000A . Between a source area 502 and a
drain area 505, there are a channel=forming area 508, consisting of a
silican film and so on, formed in such a way as to connect to the
areas 502 and 505, a gate insulation film 509, consisting of an
insulation film such as a silicon oxidation film to cover the whale
areas, and a gate electrode 510, constituted by such materials as
metal and a transparent electrically-conductive film formed on the
surface of this gate insulation film 509. A gate electrode 510, a
sogurce area 502 and a drain area S05 are not formed in a self-aligned
way, and one side end 511 of a gate electrode 510 and a p~ source
area 503 (end) of a source area 502 confront with a relatively large
overlapping area. Similarly, the other side end 512 of a gate
electrode 510 and a p~ drain area S06 (end) of a drain area 505
confront with a relatively large overlapping area. 513 is an
interlayer insulation film. A source electrode 516 and a drain

electrode 517 connect electrically~conductively to a p source area
S04 of a source area 502 and a p~ drain area 507 of a drain area 505
through contact holes 514 and 515 in the interlayer insulation film

513.
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of under aBtuf S0BI 3R WaanpPE, exaspie. AU d stEendiicsapaat! neariygate)
cnferr] of phosphorus is added, and a channel area 114 which |ies between
an n - sourfd&ckrede Fif. arkienge she PIOKemswh of 19T AT SRR cBRAT aGtES 65 B GRas

The n - source area 112, the n - drain area 113 and t he channel

area 114

are silicon fA Isﬁé"'ﬁﬁdé"?ﬁ/ 03 and Bi Fradn DRl adie PeSncoRAR Bietefisd @he

n - source area 112, the n - drai'n area 113 and the channel area 114 are

det er ni ned 3%/ t'ﬁé‘%‘?%%éﬁé’etﬂfalgﬁiﬁ el PEET 04§ Wi ckReRthegt word

dfsEen -

source area 112, the n - drain area 113 and the channel area“ﬂﬂﬂ”ﬁ#é“ﬂ

appr oxi mat @73t hY2 2Mged PRRHN AEea APUATAOMRE TERTERP% Gt 4B s IERCEREN ith

source area 112

t ain a
a gate ins# SFFBrFlchltﬁ?qa_Lélgoﬁ‘\%‘?élaFnﬁ W¥5Ka n DY R SQHTSH anernPe% @Rdag drain

area 505 are formed before a gate-e]ectrode 510 is formed, therefore
1mqunTeo(

impurities itmfscted to a source area and a drain area can be activated

without being restricted by the heat resistance 1imit of a gate

electrode, even if the heat resistance of a gate electrode 510 is as

low as 600°C, for instance. 'Accordlngly, since the crystalline state
lmﬂan'fa‘hm

~which was disturbed by the IJectiom of impurities can be restored

@Sﬁ_@i/
sufficientlyY a trap energy level of a drain area 505 corresponding

to an end of a gate electrode 510 and its neighborhoad can be
reduced. Hence the further improvement of off current
characteristics of a thin film transistor 500.

A manufacturing method of a thin film tranéistor of such a
structuré will be explained réfarring to Figures 10(a) tao (c).

Figures 10(a) to (c) are process sectional views showing a
part of a manufacturing method of a thin film transistor in this
embodiment. |

Substrate
First, as is shown in Figure 10(a), on an insulation baee 601

made from glass, .quartz, sapphire and so an, abgut 2000A af an

2.5
amorphous silicon thin film to which about 1X 1028cm~? of boron is

ea 113 and the channel area_ 114, there are



. 603 are formed. : '
silicon oxidation filmto cover themall, and a gate el ectrode 116 forned

on the face of thesgadmd, RaUkAL! &irfdceMbtler afdas @BRCakd C6dd Odboli62564
made from materials appropriate to the function of devices to be | oaded

with a thipdidmdddfcid’ s hlibor YoN s ol ithed LIAARA &tway as to
electrically conductive film The gate el ectrode 116, the n- source area

112 and t hedimeditatRes@lfRasll3Thahes viyistiadgonspattaitd BRdli%, foradd od he
over |l appi ng area of one side end 117 of the gate el ectrode 116 and an end

113 of thegpsg, source area 112, and that of the other side end 119 of the
gate el ectrode 116 and the end 120 of the n - drain area 113.are relatively

| arge. Note that 1ﬁ114'r4d5,, a8 iNisfbkvARYRl Fiiﬁﬁ#'é altd(‘Bg,foﬂ a %95’9@ ﬁé"lﬁ:e?ﬁné@@t
hol es 122 and 123 of which a source electrode 124 and a drain

used as a mask, p - areas 606 and 607 of the concentration of about S
implantation @ .
X 1og§cm‘3 are formed by ion gﬁ%zc##ng ﬁgrun, for instance.
A p - area 602 and a p~ area 606 become a source area 608,
while a p- area 603 and a p- area 607 become a drain area 609. And
o implan ted ]
the area to which ions were not isdected, because of the masking of a
resist pattern 605, becomes a channel<formiwg area 610.
Fourth, after a resist pattern 605 is stripped, in a stbreiging
atmasphere of the temperature of about 600°C , for instance, by
performing an annealing for about faur hours (solid phase
crystallization method: SPC method), an amorphous silicon film is
implanted -
crystallized, and at the same time the impurities iw=eessed to p+
areas 602 and 603 and p- areas 606 and 607 are activated.
Fifth, in an ECR-CVD method, a gate insulation film 611
consisting of a silicon oxidation film is fbfmed on the whole surface.
Sixth, a gate electrode material made from such materials as
metal is built up on the face of a gate insulation film 611, and by

etching selectively the gate electrode material employing such a

technique as a 1light exposure technique, a gate electrode 612 is



el ectrode 1¥erdapmena sédecend ofl py- areag36@oingctiVely to the n  source
area 112 and the n - drain area 113. In a thin filmtransistor 110 with
such a structure, Hibsesuently,- fablawiag A awudl PeReesan 36 -isdrheYD dnefigurs
are formed before a gate el ectrode 116 is fornmed, when inplanted inpurities
are activatdd9h fAfifAM@ i nEeriayarcd nguda tien £id b 1P cohsdist e L83,
a gate electrode 116 is not fornmed yet. Accordingly, if an LCD of a |arge
area or eiIﬁ‘dHCBPx@¥‘QE§4§Wt§‘1m’ and contact holes 616 and 617 are formed, a

source electrode which electrically-conductively connects to a high
-concenfratian area of a source area (p* area 602), and a drain
electrode which electrically-conductively connects to a high
concentration drain area of a drain area (p -~ area 603) are formed to

constitute a thin film transistor 500 illustrated in Figure S.

Seventh Embodiment

With reference to Figures 11(a) ta (e), one embodiment of a
semiconductor device equipped with a CMOS circuit consisting of a thin
film transistor accord%ng to the first to sixth embodiments will be
explained belaow.

As is shown in Figure 11(e), a CMOS circuit 700 of a
semiconductor device in this embodiment has an n-channel type thin
film transistor 700a and a p-channel type thin fi1m transistor 700b on
the surface of the same insu]ations%gggugéﬁ made from éuch materials
as glass, quartz and sapphire. In any thin film transistor, it is an

n source area 706, an n -~ drain area 707, a p - source area 708 and
a p -~ drain area 709 (low concentration areas) that ends of gate
electrodes 714 and 715 overlap through gate insulatiaon films 712 and

713. O0On the other hand, it is an n ~ saource area 719, a p- saurce



electrodes 726 and 727 connect to.
LCD is fabricated by enploying a netal electrode with | ow sheet resistance,
for instance, on théngardeel ot macmet fRbEutdhea hedBSresirsttdic§0@oed rmutch a
restrict the activation condition of the inpurities inplanted to the n -
sour ce areasstiri@tamd, t hib-at,- adr aé nsteawen ih1Biglre ot Har) , wondthe caurtflaee of an
i mpurities inplanted g, the n - source area 112 and the n - drain area
113 can be bduhadtied | 20 emddg fawa suchheatamiels ras tgiess,yguartznend
state which was disturbed by the inplantation of inpurities can be restored
enough, dersspgphiofe,aatsbbicorertyinl éveh at thee thidk4@9s odf tatwut 700kai made ea
113 corresponding to the other side end 119 of a gate electrode 116 and its
nei ghbor hootr zmnp bt ycredkadd.ineArsli 1 bsont hed so omdrais faread.113hears by
| ow concentration area, electric field strength is small near a

selectively etching the thin film, patterns 702, 703, 704, and 705 of

a silicon thin film are formed. Afterwards, in a well-known methad,
phosphorus is ion Q:ggg;ggdto patterns 702 and 703 of a silican thin
film to make the patterns about 5X 10§scm~= of an n- source area 706
and an n- drain area 707, respectively. On the other hand, baron is
ian izgigggsdtc patterns 704 and 705 of a silicon thin film to make
the patterns about 5x {JiScm‘T of a p -~ source area 708 and a p -
drain area 709, respectively.

Then, as is shown in Figure 11(b), channel-forming areas 710
and 711, consisting of a silicon thin film of the thickness of about
1000A made fraom such materials as polycrystalline silicon, are formed

so that an n sgurce area 706 and an n- drain area 707, and a p -
source area 706 and a p - drain area 709, are connected respectively.
And the whole device is thermal oxidated to form gate insulation
films 712 and 713 consisting of a silicon oxidation film. This
thermal oxidation treatment has an effect of activating impurities in

source area 706, an n - drain area 707, a p source area 708

implanted
and a p ~ drain area 709 to which ions were ingecte=d. Next, gate

an n



gate el ect r88ET115eS BESc2995%re AN PR Ve AT Bof OTNGY O FRRE TNERRLI 8D, Elimss
of a thin fjl,m | st %10 reoyver n_Ns ﬁrain ea 113 and.its
nei ghborhoglazaPéBt aﬁéd roef- lgtl\#ﬁ %ﬁ% m%ﬁﬁA” iad‘lg, 7$ﬁe°‘ﬂeérrj;‘§ipt 5“8? of tar"ap
energy level which ma se_an. .of f_current nds to_increase a_film
beconss. t Gk oureh s e cafiihc”drafiiarER’ 050 %) o5 sl ey 86 Brnant sbe
are thin, th ensi t trap e g . 1N tte as._.i creased,
whi ch nmakes ?ﬁgl{?)fq‘r%u‘r?ége%thrtoggﬁcgaqﬁo?fg.gwé’@gnfb mss?é% FH"‘;?‘ dre 14
As is shown in Figure 11(c), after an interlayer insulation
film 716 consisting of a silicon oxidation film is formed, contact
holes 717 are formed in it., Then employing such a technique as a
photolithography technique, a resist pattern 718 to cover the side of
a p- source area 708 and a p - drain area 709 (the side of a p-
channel type thin film transistor 700b) is formed. With the
registz:iﬁ:shpatfern 718 and an interlayer insulation film 716 used
2/
as masks, about 5 X 10%tcm~? of an n™ source area 719 and an n+
imp lanfatiom o
drain-area 720 are formed by ion iejecting phosphorus.
After a resist pattern 718 is removed, as is shown in Figure
11(d), employing such a technique as a photolithography technique, a
resist pattern 721 to cover the side of an n~ source area 706 and an n
- drain area 707 (the side of an n-channel type thin film transistor
700a) is formed. With the registrattesa pattern 721 and an interiayer
2f
insulation film 716 used as masks, about Sx 108tcm~® of a p+ source
implamtation of
area 722 and a p- drain area 723 are formed by ion ajecting baron.
After a resist pattern 721 is removed, respective impurities
. implonted o
which were ion tmieeted are activated by irradiating a laser beanm.

After that, as is shown in Figure 11(e), as in a usual process,

saurce electrodes 724 and 725 and drain electrodes 726 and 727,



an n * drain area 720 and a p* drain area 723, respectively.
2(a) where gate voltage-drain current characteristics of various thin film
transi stors in whi An arnchannglt dypeathin 113 mtdtansistet Jgidlar Rodda apechromal,
are shown by a solid line L1, and in Figure 2(b) - where gateyhstmte
vol t age- dr afipe whumr énlm irangdston JODbsfwfmedapnothe tsama fnsuhatiansket®781i n
which a drain area and its nei ghborhood are 2000A as a conparative
enbodi ment , havee shopnolgda abf | durirent 2cheraictevhstiesd amat oan wfrfrent
current is smaller in the enbodinent in which a drain area and its
nei ghbor hoodharacteriistiées( 400A thick), and that off current .
characteristics of a thin film transistor according to-the present
enbodi nent are good. Furthernore, in a thin filmtransistor 110 accordi ng

to the present enbodinent, an n- drain area 113 near an end of a
Eighth Embodiment
Substrate

A structure of an active matrix tsse with peripheral circuits

of a 1iquid crystal display panel built-in as a typical device
equipped with a thin film transistor will be explained below as the
eighth embodiment of the present invention.

Figure 12 is a block diagram showing a whole constitution of

Substrate :
an active matrix base in this embadiment. As is shaown in the figure,

substrafe
an active matrix ba=e B00 is divided into a pixel part 800a and
peripheral circuit parts Bunb'and 800c (drive circuit parts). In a
pixel part 800a, as is shown in Figure 13, a pixel area 803 is
sectioned by scanning lines (gate lines) B01a and 801b (801) connected
to a peripheral circuit part 800b (scanning line drive circuit), and
by a signal line B02 connected to a peripheral circuit part 800c
(signal line drive circuit). A pixel part 800a has a thin film
transistor 800d, which switches aver a state in which the side of a
signal line 802 and the side of a pixel efectrode 804 are connected

to the state in which they are broken, based on scan signals from a

scanning line BOla. The thin film transistor 800d must have a small



gate el ect r §9894a%iviidys apd thenEMOS, cirguit inust; Bpve Goiiah (RRRT@ tiRE 1FREAG:ss
often between the other_ side end_%19 of a gate electrode 116 and an,end 120
of a drain éFEEY‘f Yi1¥ isnPossiblg; ke use i thimfdin igiensigeer ggcofding to
resent enbodi nent, although, an overl apping area of an n - urce area 112,
e ne ™ arai Aha, GResarts AAYERELEN o b Pelt Kol rds BPOS) AT 2 S6 PaRDIGREGEN 1
Impurities inplapnted to an.n - source area 112 and an_n- drain area 113 is
about 1 x 16[{85‘%?"%‘@??]' Wiﬂ?‘?ﬁ%‘“?hi%l’(ﬁ@é Fi’as"ta‘t‘bggpbZRTUJS«B,'JI&Fherefore t he
arasitic capacitance bet n.a gate_electrqde 1 nd an n - source area
I212, for i nsltoance, nri?'g ﬁ?‘?ﬁ%ﬁh"_‘?ﬁ “b‘ﬁﬁel’e pg?,‘“?%%aﬁic’%"enbodi;rrent, not i ng
that the thickness of _a dephgfggﬁwkgygi createdt%¥ ﬁnpOtemt'al'bGHWESQ %f

gate el ectrode 116 'An 9 en 19, transis med in a pixe

) _ substrate ] ] ) )
an active matrix pese in this embodiment and three thin film

transistors 900a, 930a and 960a faormed in peripheral circuit parts are
shown in a row.

In Figure 14, shown on the right of the fTigure is an n-channel
type thin filim transistorPSBDa formed in a pixel part, shown in the
middle of the figure is an n-channel type thin film transistor 930a
formed {n peripheral circuit parts, and shown on the left of the
figure is a p-channel type thin film transitor 900a formed in
peripheral circuit parts. ln.periphera1 circuit parts, a CMOS circuit
is composed of a p-channel type thin film transistor 900a and an n-
channel type thin film transistar 930a.

0f these thin film transistors 900a, 930a and 960a, an n-
channel type thin film transistor 960a used in a pixel part, as was
explained in the first to seventh embodiments, a source area 961a and
a drain area 962a are formed in a non-self-aligned way to a gate
electraode 963a, and the transistor 960a confronts an end of a gate
electrode 963a with the n~ source area 964a (low concentration source

area) and an n - drain area 965a (low concentration drain area). P-



Note that in a liquid crystal display panel, a pixel electraode is
112 is determned by the inpurity concentration of an n - source area 112
I f the poteahnatted dliecta,ichhdytbondunssivedly &0 8 dradnraesards 23l b? s set
15 up so that a depletion |ayer may reach the | ower face of an n - source
area 112. Exphwenhitypei thietfiln twhesistqrotalti &h a pinell padt{ cbletbhaén ia
gate el ectrode 116 and an n- source area 112, as shown in Figure 3(a),
the firstthedpddoving Exptanatdesponit ng i dlestyattedi as @l atractumel im Mbicht e
second capacity C2 corresponding to a depletion |ayer serrate 126,

usual aluminum electrode is connected electrically-conductively to a

drain area, as in a source area 961a.
substrate
in an active matrix base 950a of such a structure, an n-
channel type thin film transistor 960a has an LDD structure in a pixel
density of
part, and has a structure in'whichA; trap energy level is reduced,
therefore its of f current is decreased. An n-channel type thin film
transiétor 900a and a p-channel type thin film transistor 930a formed
in peripheral circuit parts, on the other hand, have a self-aligned

structure with small parasitic capacitance. Therefore, the operating

speed in peripheral circuit parts is never sacrificed.

Ninth Embodiment

} SubStrate
A constitution of an active matrix bBasse with peripheral

circuits of &8 liquid crystal display panel built-in according tao the
ninth embodiment will be explained below.
Substrat€
-An active matrix bzse with peripheral circuits built-in in
this embodiment and an active matrix base with peripheral circuits
built-in accarding to the eighth embodiment have the same basic

structure, but they differ in the combination of thin film transistars

used in a pixel area and peripheral circuit parts (drive circuit
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Insulation film11l n C Lt ¥s i t | on
| ayer 126 are conngg?e%tﬁdr}&suz‘r%i gg,dﬂgeg&'?ﬁgi f]ﬁ)ﬁ?&gé@ggg‘é??‘y h%sgéﬁgg* ﬁ)q e
that here thg thickness of an n - source area 112 is set up at about 400A

according to theé inpurity concentration, 1 x 10[err] cnferr]. but that the

ltgi ckness of an n A " ¢8 Psr%aséé'@ioﬁé‘i‘ VPiew® Shottthe™ 3 Bt i2udelh ' Qthin |
yer 126 nay reac e Iower face of an n swbstrate
film transistor formed in a pixel part of an active matrix bese and a
thin film transistor farmed in peripheral circuit parts in a liquid
crystal display panel illustrated in Figures 12 and 13.
In Figure 15, shawn on the right of the figure is an n-channel
type thin film transistor 960 faormed in a pixel part, shown in the
middle of the figure is an n-channel type thin film transistor 930
formed in peripheral circuit parts, and shown on the 1eft of the
figure is a p-channel type thin film transitor 900.f0rmed in
peripheral circuit parts. In peripheral circuit parts, a CMOS
circuit is composed of a p-channel type thin film trnasistor 900 and
an n-channel type thin film transistor 930.
Of these thin film transistors 900, 930 and 960, in an n-
channel type thin film transistor 960 used in a pixel part and an n-
channel type thin film transistor 930 formed in peripheral circuit
parts, as was explained in the first to seventh embodiments, source
areas 931 and 961 and drain areas 932 and 962 are formed in a non-
self-aligned way to gate electrodes 933 and 963, and the transistaors

960 and 930 canfraont ends of gate electrodes 933 and 963 with the n-



A;f -channel type thin film transistor 900 formed in peripheral
source area 112 (side of a substrate 111) according to the inpurity

concentrat '@ﬁcu@%ngileﬁ@ ¥n &he btheP O ﬁéﬁaa 1564 rOBY i PRI SLPRStuE  Rate
thin as about , considering the linitation of a process on

control of tW@HrHEYaC@@ﬁﬁﬁHr%Wyﬁtaﬂ*ﬁ¢spféﬁeﬁ£h59 te pigenes18®rdde (fa
a manufacturing nethod of a thin filmtransistor in this enbodi nent will be

expl ai ned. Edrﬁ%&sedl(eﬂ)ectt%(:ﬂ)l19"—60&&&@{@&53!:03%0@&%' a\‘bﬁ"‘@&?hQW &8 na

part of a manufacturing nethod a thin filmtransistor in th

enmbodi ment . cifginngl e tAishewa hF‘arFshQ%P HP)in 2Mpildae Eé‘x‘tf,a_%ﬁtoéhém in the
following explanation, it is illustrated as a structure in which a
usual aluminum electrade is connected electrically~conductively to the
drain area, as in a source area 961.

substrate
In an active matrix kase 950 of such a structure, an n-channel
type thin film transistor 960 has an LOO structure in a pixel part,
and has a structure in whichxa trap energy level is reduced,
erSity o

therefare its off current is decreased. An n—channel type thin film
transistor 930 formed in peripheral circuit parts, on the other hand,
is not self-aligned, therefore it has larger parasitic capacitance
than a self-aligned structure, and there is a fear of its operating
speed being low. However, either an n-channel type thin film
transistor or a p-channel type thin film transistor has a self-aligned
structure with small parasitic capacitance (in this embadiment, a p-
channel type thin film transistor is self-aligned). Furthermore,
even in a non-self-aligned thin film fransistor, since source and
drain areas overlapping a gate electrode are low concentration areas,
the parasitic capacitance can be almost ignored when it is biased in

the direction in which a depletion ‘layer extends.

Taking that into consideration, if a CMOS circuit is formed to
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met hod in an_atnosphere. of the tenperature of 550[err]C to 600Bebf T8 =and
by patternifg tHa Jr’rgl'“pﬁﬁﬁgs S FIHRTE ffFH'E’BSf &P M W& Hag()?E ﬁ%s

silicon fil . te.that although jt i ossi.ble to inject _i rities .
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to be dist#HRRAUE 158 PERGEREOF &1 AShtiiVeh '“Fﬁ:é'df‘n?:ﬁ:ﬁgw fempzred to an

substrafe
active matrix bﬁi%-ééoa accarding to the eighth embodiment in which

three types of thin film transistors are employed.

Tenth Embodiment

Figures 16 (a) to (d) are process sectional views showing a
part of a manufacturing method of each thin film transistor in a pixel
part and peripheral circuit parts when tws types of thin film

subStraTe
transistors are formed on an active matrix b=se of a liquid crystal
display panel, as in the ninth embadiment.

First, as is shown in Figure 16(a), on the surface of an

substrat®
insulation bese 1001 made from glass, quartz, sapphire and so on,
about 500A of an amorphous silicon fiim 1002, for instance, is built
up. Resist patterns 1003, 1004 and 1005 are formed on 1002. With
implanted

these patterns used as masks, phosphorus is ian FJecded to form low
concentration areas 1006, 1007 and 1008 containing about 1X 10@90m'°
of impurities.

Second, an amarphous silicon film 1002 is annealed b& the

irradiation of a laser beam to polycrystallize the film and activate

the impurities injected to it simultaneously.



1010 and 1011, Siticon thin film patterns 1009 and 1010 become active
necessary. Accor di ngly, In this enbodinent, after t he

inplant ati QpeRE dfMPH-EhERne? tSp¥StRI A iAWl @Rahd ﬁﬁ-.torreahdl &n REIhBRABT. tyMel ch

activates the inpurities at the sane tinme. That 1s, after an anorphous

silicon filgmihsr PRl tPaRSEstR RSHSLi pRBFE P! & rddd ¢l §af@0¥69pe@ﬁ¢e¢§ | oh SfkowWn
in Figure 4(b), after another resist pattern 204 is formed, using 204 as a

mask, by | @ngifRkant tAdn PPPERNY ¢ rmdn ol 1- b%%HﬁtﬁS éﬁeéc@‘ﬂ-v?e(éroé’& of an n-

concentration area) and an n - drain area (I ow concentration area)
having an icgkBRWhET Vi @eh e’ ?ta'lh?”tpefnﬁtéctlétr 5n>< 19E>eéf JgHter 1 hndak ke FAHdRA.
O a pattern 202 of an anorphous silicon film an area to which phosphorus

was not i Mplkadi@tkdde6R EncentraniRg! aﬁéaﬁ@lﬂﬂlé T andf 0B Beé®ifd it H&ARr N

204 i s renoved, an
areas 1012 and 1013 (low concentration source areas) and n -~ drain
areas 1014 and 1015 (low concentration drain areas) of an n-channel
type thin film transistor. The area in an active areas 1010 and 1011
of an n-channel type thin film transistar to which impurities are nat
implan-ted | _
Ing=cted becomes channel=forming areas 1016 and 1017.

Fourth, after a gate insulation film 1018 consisting of a
silican oxidation film is formed on the whole surface in an ECR~CVO
method, respective gate electrodes 1019, 1020 and 1021 made from such
materials as metal are formed on the surface. O0Of respective gate
electrodes 1019, 1020 and 1021, ends of gate electrodes 1020 and 1021
to form n-channel type thin film transistors 1023 and 1024 confront n
- source areas 1012 and 1013 and n~ drain areas 1014 and 1015 through
a gate insulation film 1018. In an extended part 1015a (lower
electrode) in a drain area 1015 of a thin film transistor 1024 used

strag R capacitan (.
in a pixel part, a wlume—pebatndias—aant js composed of an
overlapping gate electrode 1025 in an upper state.

Fifth, as is shown in Figure 16(c), employing such a technique

as a phatalithography technique, a resist pattern 1026 to cover a



anor phous elksdtireda 10¥9 |im usgpaast ar mask02nd aj sourmeneakadl 035y aindr adiiea img
a |l aser beamto polycrystallize the anorphous silicon filmand o activate
the inpuritanss iRAGefedheoinpusi tulcaneenisiat.ionl pér abeiy el i, 1881 eor ET@US
silicon filmis annealed for about four hours in a nitro%en at nospher e of
t he tenper aianmedoseHradigsediverin) &, tirior fékmrfpaasigter 1@22. 17 phase
crystallization nethod: SPC nethod) to crystallize the anorphous silicon
film and sinultadbdils| §ften a zesistaratterr T02puis tnesevedpl tiuedtiesiare | n
this case, according to_ the
activated by irradiating a laser beam. The irradiation of a laser
beam is performed to activate impurities to lower their resistance,
implanted
not to restore the crystalline state disturbed by the imdested
impurities. A p-channel type thin film transistor 1022 used in
peripheral circuit parts need not have a small off current.
Accordingly, in this process, it is sufficient to lower the
resistance af the impurities by activating them by the irradiatiaon of
a laser beam. The restoration of the crystalline state is not
required.'

Seventh, as is shown in Figure 16(d), an interlayer insulation
film 1029 is formed. Making use of contact holes in 1029, a saurce
electrode 1031 and a drain electrode 1032 are connected electrically-
conductively to respective thin film transistors 1022, 1023 and 1024.

As is clear from the above explanation, in a manufacturing

] substrate )
methad of an active matrix base in this embodiment, as mask patterns

implantaTi o
used in the ted=ctton of impurities, two mask patterns 1003 and 1026
can be employed. By contrast, if both an n-channel type thin film
transistar and a p-channel type thin film transistar to form

peripheral circuit parts have a self-aligned structure, and a thin

film transistor used in a pixel part has a structure according to the



almost the same in the eighth and ninth embodiments. Hence, the

necessity, a plasma hydrogen treatment is perforned in an atnosphere of

the tenp@&T&dycd iogfcash[earn e reducedabyafigCcpRagingi theorunbamd S masks
rapi d-thermal -anneal ed both to crystallize the anorphous silicon film and
to acti vatd thawt i saaniifi F&8g ithe apeeating ispeefiesnd s@sons shown in Figure
4(c), after a gate insulation film215 is fornmed on the surface of an

anor phous si | i colleftp| iatarinnthis sabedingnda @1thinafiitn -tranai ster esed1®) aand
a channel area 214), a gate electrode 216 nmade fromsuch a material as
netal on PREELWRFTdcdSoRn tirehgane! ityeel abubrEhat! it 2eMmaitheinithe dnuzi®BF and
213 of the gate electrode 216 confront the ends 219 and 220 of the n -

sour ce ar &hezavesat dR¥entiondrifi ataiea Prghannel type. =

, In a liquid crystal display panel, as is shown in Figure 13,
Storag 2 acitan e _ _
to form a 4 805 gf—=ihmrge in a pixel part,-
there is a tendency that a structure in which an extended part is
established on the side of a drain area, and scanning lines in an
upper state overlap the extended part is adopted. In arder to form a
storage capacitahce
i i having this structure, in a conventional
manufacturing method as a'comparative example, as is shawn in Figures'
17(a) and (b), after a resist mask 1102, which was made by opening a
hole at an end of a polycrystalline silicon film 1101, is formed, ions
thMnﬁ?d
are iajected to make an extended part 1103 a low concentration area,
and then with a gate electrode 1104 used as a mask, impurities of high
. implanted
cancentration are ion imgected. According to & manufacturing method
in this embodiment, as is shown in Figures 16(a) and (b), in a process
. ) implanted
in which impurities of low concentratiaon are t=deesed, an extended
part 1015a becomes a low concentration area -automatically. In
subsequent processes, as is shown in Figure 16(b), when gate

electrodes 1019, 1020 and 1021 are formed, a scanning line 1025 in an

upper state formed simultaneously with the electrodes should be made



Subsequent | ¥ thjn if318L 5RANF S B9 ul 24 IgR, PiXedePakh YhHERPYLAGD iNE AtETON
film221 is forned on the surface of a gate el ectrode 216, contact holes
222 and 223 MPEeRA¥RR on it, and using these contact holes 222 and 223, as
shown in Figure 1, a source electrode 124 and a drain electrode 125 are
connected to an n - source area 212 and a drain el ectrode 213 respectively
to fabricate.,a thpn filmtransistor As is clear fromthe above di scussion,
in a manuf adt athin filmtransistor 110 according to this

amor phous. i 1 con fFF’ Hires dByBhare Tl s erasERareq s ol PorREC O A

Zg?{eg?gg tSI|IC% a maghrac%urlnéhgeghy§t§¥lIzﬁgééqugase Wi hléé%JJheral
circuits of a liquid crystal -display panel bui1t-in, in which a CMOS
circuit in a drive part is composed of an n-channel type thin film
transistor having a non-self-aligned structure and a p-channel type
thin film transistor having a self-aligned structure with small
parasitic capacitance which can operate at a high speed, and in which
an n-channel type thin film transistor in a pixel part has a non-
self-aligned structure.

In the figures, n-channel type thin film transistors 1300a and
1300c have a source area and a drain area cansisting of silicon films
of different thickness. Gate electrodes 1317 and 1318 overlap a part
of n- source areas 1310 and 1311 and n - drain areas 1312 and 1313,
which are thin and of under 1 X 10§§cm'3 of impurity concentratian
tﬁroﬁgh a gate insulation film 1316. In a p-channel type thin film
transistor 300b, on the other hand, a p~ source area 1323 and a p~
drain area 1324 are formed to be self-aligned to a gate electraode
1319.

The area consisting of thick silicon films in a source area

and a drain area of an n-channel type thin film transistors 1300a and



current on account of parasitic resistance is prevented.
18 inpurities at the sane tine. Fur t her nor gubstiwet@use in subsequent

processes, inpuritildsogdernte fapufastene prerlasidesegecoti sypeh 13 aEfrasdurfe
silicon filmafter the crystallization treatment, whose crysubsitréhe state
i s not brokBirks ta%e iEnghevn om 6 gunpuld (@)esondemsinspigt iopapeehcrdy) made|
does not increase, hence a thin filmtransistor 110 whose off current .
char act eri sfram glpesgov@rézn srRrphdnefand $oeanefn’ Gounce yaraqst é38%and 303
siltcon filmcan be a polycrystalline silicon filminstead of the anorphous
silicon filandigeddrain HreasnbdIt mmdt 1305, consisting of n* silicon thin films
such aé polycrystalline silicon with the thickness of about 200031
2/ ' ' :
to which about Sx 10#cm-?® of phospharus is added, are formed.
Silicon patterns 1306 and 1307 of the thickness of about 500A are
formed on the surface to connect 1302 and 1304, 1303 and 1305,
respectively. At the same time, a silicon pattern 1308 to form a p-
channel type thin film transistor 300b is farmed.
Then, as is shown in Figure 18(b), a resist pattern 1309 is
formed employing.a photolithography technique, and with 1309 used as a
mask, an ion injection is performed to make a part of silicon thin
film patterns 1306 and 1307 of about 5x 10'® cm ~3of concentration.
The area becomes n - source areas 1310 and 1311 and drain areas 1312
and 1313 of a thin film transistor of so-called GOLOD type (gate
overlap LDD type). " The area in silicon patterns 1306 and 1307 to
which ions were not injected becomes channel—=Sorming areas 1314 and
131S.
After a resist pattern 1309 is stripped, by the irradiation o
implan'f‘e4 :
a laser heam on the whale surface, ingected impurities are activated

and crystalline grains in channel~forming areas 1314 and 1315 are

enlarged at the same time .to improve the characteristics aof a



Second Emb&aNEEFEING Of #Rfidsuiadien Hilgupush Y @) sibig) oxddehian ffiilm is
transi stor according to the second enbodi nent of the present invention and
i ts manuf adSHPRAPHENROWHIA [SuUFEag&yploRi £BE BHTTARE ng‘!ﬂ’e@ gatg)eterirodes, e
process sectional views showi ng a part of a _manufacturing process of a thin
filmtransilStds 1318 AR é@ﬂ@dlﬂéﬁ? foom matafli,| M transratent il adte igadd¥nt
enbodi ment, like a thin filmtransistor accordln% to the first enbodi nent,
has a strGEﬂGHQ?‘W?hBW&W-|PH‘YFT¥ﬁEaé1‘ER(5‘]‘°PB i ﬁbFSvﬁh‘Qﬂ1‘GPFr‘t‘es are

characteristics. Athin filmtransjistor 300 has, on the face of an
added and so on, are formed. Gate electrodes 1317 and, 1318 overlap a

part of n- source areas 1310 and 1311 and drain areas 1312 and 1313
through a gate insulation film 1316. And a part of an n+ drain area
1305 of a thin film transistor used in a pixel part overlaps a gate
electrade 1320 in an upper state through a gate insulation film 1316
, strage capacitance
to form a .
Next, as is shown in Figure 18(d), employing a
phatolithography technique, resist patterns 1321 and 1322 to cover an
n-channel type thin film transistor 1300a and an n-channel type thin
film tran51stor 1300c in a pixel part are formed. With the resist
mplan-l-ed
patterns used as masks, boron is ion imjected ta form a3 p - source
-2/
area 1323 and a p - drain area 1324 of about Sx 102tcm~3. The area to
implanted

which ions were not ixjeeted becomes a channel-forming area 1325.
After resist patterns 1321 and 1322 are removed, impurities
are activated by tﬁe irradiation of a laser beam. Atter that, as in a
usual praocess, as is shawn in Figure 18(e), after an interlayer
insulation film 1326 consisting of a silican oxidation film is
formed, contact holes 1327 are made in it. Through these contact

holes 1327, source electrodes 1328, 1329 and 1330 are connected to an

n+ source area 1302, an n * source area 1303 and a p- source area,



" connected to an n* drain area 1305 of a thin film transistor in a

I nsul ati on substrate 301 nade from gl ass, quartz, sapphire and so on, an n
- source 8i¥&! AL ow concentration area) and an.n - drain area 303 (I ow
concentration area) to which about 1 x 10[err] cnferr] of phosphorus is
added, and on t héfrvagexgteinathabeysndnsthis sebodmend, cﬁh?ﬁﬁala"f Br g car ea
304 consisting of a thin filmmde fromsilicon such as

pol ycryst 8FBRnd3dil| 2REnaBf Mt hedFRiIBKAESE &B1dbBTE EGQGﬁPFHdsGEHUQEwaﬁtQS to
connect -an_n - source area 302 and an n - drain area_303. And on_the
surfaces Bieafrades i3t @pdaf3le ayg, formed, the material of a gate electrode

1318 can be se]ected.without being restricted by Eﬁe activation
condition. Therefore a gate electrode 1318 can be made from metal.

In setting up an n-channel type thin film transistaor 1300c
with a small off current in a pixel part, it has the same structure
as that of an n-channel type thin film transistor 13002 in peripheral
circuit parts, therefore its manﬁfactufing process can be simplified.

In this case, too, since a p-channel type thin film transistor 1300b
to farm a CMOS circuit in peripheral circuit parts has a self-aligned
structure, the operating speed is not sacrificed. And since there is
no need to consider off_current charactefistics, a p-channel type
thin film transistor 1300b can be composed of a source area and a
drain area of high concentration consisting of ane silicon pattern to

minimize the increase of the number of processes.

Twelfth Embodiment

In this embodiment, an n-channel type thin film transistor is
used in a pixel part of a liquid crystal display with peripheral
circuits built-in, and a CMO0S circuit is composed of a seif-aligned

thin film transistor with small parasitic capacitance which can



a channel #me3o®eh and an n - drain area 303, there is a gate insulation
film 305 such as a silicon oxidation film An end of a_gate electrode 308
on the surface of FI@sresectd(adstan(al sparpnocessaseuionsad wiews.- drain area
303 through a gate insulation film305. In order to manufact subst»ifRin. film
transi stor 300 of AsudR showry GBtliimiref 1968), 48 BB aiowe eatrxgbreesim)this
after ann - silicon thin film_ madeubstoafeésuch nmaterials as
pol ycryst alempadinent.j @8na gapmofhii vl afien: base B40110(erg |Picglepart ofthere
phosphorus, for .instance, is added is built up about 1500A on the face of
an insul at iiGnasupsehanne13¢ypet leim £ilg trapaistem ¥400% havépghecso-called
selectively to forman n - source area (low concentration area) and an
n - . draiGALDArebruciyze, (vipide in peripheral circuit parts, there is a CMOS
circuit composed of an n-channel type thin film transistor 1400b and a
p-channel type thin film transistar 1400c having & self-aligned
structure.
In order to manufacture these thin film transistors, first, as
is shown in Figure 19(a), about 10004 , far instance, of a
polycrystailine silicon thin film, is built up on the surface of an
substrmTe .
insulation bsse 1401 made from such materials as glass, and silicon
thin film patterns 1402, 1403, 1404, 1405, 1406 and 1407 are faormed

by selectively etching the silicaon thin film. Then, phosphorus is
ion 2;;22;2§dt0 the whole surface to make the silicon thin film
patterns 1402, 1403, 1404, 1405, 1406 and 1407 of about 5x 10 '8cm -3
of concentration.

Then channel—fornmitng areas 1408, 1409 and 1410 consisting of a
silicon thin film such as about 1000A of polycrystalline silicon
film are formed in such a way as to connect silicon thin film patterns
1402 and 1403, patterns 1404 and 1405, and patterns 1406 and 1407,

respectively.

As is shown in Figure 19(b), the whole surface is thermal



Laddd JLRA L B B atie

an effect of activating imjected ions. Next, gate electrodes 1414,
concentration area). Subsequently, on the faces of an n - source area 302

and an n -14draighdriea 63¢onsA sty aeda1304 aaisplaired tofe 12 ot iicyan y-hi n
filmmade from such materials as polycrystalline silicon of the thickness

of about E3@QAct$vé oFiMAd at PoP@itiRth1B0Re £NdcA3+i1d e wiiltd Whehei ey ce

I's thermal oxidated to forma gate insulation film 305 consisting of a

silicon oxirdabt@ed faddNsc0Bn| heré Woraee Ph tHY G xadJaF€a alreGheodarfacerdfl
306 is formed consisting of netal, a transparent electrically-conductive

film a pefater Wakahatnén st aeon afitl, M2 02 i M 4 1RQUN iAt GateakBeatifede BN SO
on. As is shown in Figure 5(b), of the surface of a gate el-ectrode materi al

306, on theedTHis ANpiPt OF a- 0816 coh et im0de 1h Spdttebfis "RIDZ, add r eSS thaidher n
307 is forned enpl oyi ng such a
a gate insulation film 1411. Gate electrodes 1415 and 1416, on the
gther hand, do not overlap n- silican thin film patterns 1404 and
1405, respectively.
As is shown in Figure 19(c), employing a phatolithgraphy
technique, résist patterns 1417 and 1418 are formed in such a way as
to cover at least ends of gate electrodes of a p-channel type thin
film -transistor and an n-channel type thin film transistor in a pixel
part. With the resist patterns used as masks, phosphorus is ion

implan-ted
iegernted to form n+ source areas 1419 and 1420 and n+ drain areas 1421

-

and- 1422,

After resist patterns 1417 and 1418 are removed, as is shawn
in Figure 19(d), employing a photo]ithﬁgraphy techhique and others,
resist patterns 1423 and 1424 are formed in an area to cover an n-
channel.type transistor and an n-channel type transistor in a pixel

_ implanted
part. With these patterns used as masks, boron is ion indeetsad to
form a p” source area 1425 and a p" drain area 1426 of about 5 X

2./ '

102tcm—3.

After resist patterns 1417 and 1418 are remaoved, as is shown
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respect1ve1y. An n-channel type thin film transistor 14003 having a
so-called GOLDD structure is formed in a pixel part, while n-channel

type and p-channel type thin film transistors 1400b and 1400c having

a self-aligned structure are formed in peripheral circuit parts.

Industrial Applicability

As is clear from the above exp1anatiﬁn, according to the
present ‘inventian, tﬁe area to overlap ends of a gate electrode in é
source area and a drain area through a gate insulation film is a low
concentration area formed in a process prior to that in which a gate
electrode is formed. Therefore, according to the present invention,

implanted

when impurities ungzctzu to a source area and a drain area are
activated, a gate e1ectrode is not yet formed. Accordingly, since
impurities can be activated without being restricted by the Heat
resistance of components of a gate electrode, and the d{sturbance of

implarrtation
the crystalliine state caused by the ﬁééﬁtf&en of impurities can be

density of
restored suff1c1ent1lea trap energy level in a drain area and its
neighborhood can be reduced. And since a drain area overlaps a gate

electrode in a low concentration area, field strength in that area is

small. Hence, the improvement of off current characteristics of a
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lican film is f d after t i iti tg a
process. Aftler a'contact hore 310°T & Formed n mterF’ayerp hbal & i oh

film309, &isqebperflLCl HOQEd?’@ﬂurﬁ% %hﬁrﬁépsgdﬂc:plrggﬁ?t \sl]% 3w198n§6 S{hd19

of nmet al , a transparent electrically-con so-on, are

connect ed tdéd?%a%e ofSQHECfE(Mﬂ tﬁgoggaegségs theﬁu7¥§1a%r§av§9§a?e of the

respectively. As |s cl ear ove explanation,” in at
transi stor R{GHdy ¢§H€ﬁt%ﬁb%¢ﬁﬂﬂwhréﬁ%'dhé?ééﬁé}ﬁéﬂ é”the
according to the flrst enbodi ment, . since an n source, ar 0 an
drain aread%?%t%ﬁ?159r§§5k$“¥énﬂ%tadg§§ggﬁéﬁcﬁ% fﬁF{Eles
source area 302 and an n- draln area can I n an |d
condi tion \yfttgpughéagy.ggtgﬂqtzgtp&,pq:rggtng _heat reS| stance of materials to
constitute a gate el ectrode 308. Hence ie i nprovement of off
When the thickness of films in a low concentration area is
equal to that of films in a channel=forwiwg area, the surface is
flattened and an electric field does not concentrate locally, hence
the improvement of off current characteristics. If films in a law
concentration area are thinner than a depletion layer detgrmined by
the impurity concentration, the depletion layer reaches the lower
cafnc:fa/1oe
face of the low concentration area, and the eapassty connected in
series increases, therefore the parasitic capacitance decreases.

If an area with a thick film which connects to a low
concentration area, or a high concentration area is set up in a
source area and a drain area, since the areas reduce the parasitic
resistance, the operatiﬁg speed is not sacrificed.

In a Tiquid crystal disp]ay panel with said thin film
transistor (n-channel type thin film transistor) built-in in a pixel
part, if the same n-channel type thin film transistor is employed in
a CMOS circuit in a drive circuit part and if a p-channel type thin

film transistor to constitute a CMOS circuit with an n-channel type

thin film transistor has a self-aligned structure, processes can be
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to (d), t In filmtransistor accordlng to the third enbodi nent of the

present i \é)‘?’t}t | 9 20dredS FRPHEBSLIWLIES aﬁpe.t e, M&dse@esﬁi‘%@'c@ﬁ%@ﬁim

Figures 6 (d) are process sectional views show ng a part a

’nanUfaCtl“§o”9h9rfﬁa?§§séﬁoﬁatﬁg'ﬂhﬁ%b#”ﬂﬁ'b?ﬂéééﬁéy'chﬁ BedimS neRPASH %?n?arm1ng
the transistor as dn integral high concentration area.
Furthermo;e, {f an extended area which is formed at the same

time with a low concentration area and so on, and which is to form a

s—tomze_ ca_fac: Tan ce
between it and a gate line in an upper state, is

Storag-e
formed in a drain area of a liquid crysta1 display panel, a n
vaoac:1a11c,e

vetume can be composed making use of other processes.



1. A thin fi]m'tfansistor characterized in that it has a
Athin filmtransistor in this enbodi nent, conpared to a thin film

transi st ochannet-dfugring &hea fulith eFROFbFEYE chahfiB1 e twBETOY BurEe GHdaent
characteristics in addition to the-inprov 23L of f characteristics by

form ng amedsaodrdid fageendn cOrHATaERt 4 PNE Haded SAY' £ YA L218B8rddé N ik
area. As is shown in Figure 6(d), the transi-stor has, on the surface of - an

i nsul at i opoatixsitsate i d Chatng b-£dAiBagUsPedBhebigh S8 3at8! RASu1aAonNFi1E QA Ce
area 412 (low resistance area of high concentration) and an n -

source areasdPbage mf candeohdtis DERERY 8Ped NarfPUNMCEhatC/nSssRy i canN N+
drain area 413 (low resistance area of high concentration)-rand an n - drain

area 406 grea smthcemnid afriadm ares)aRrardie wHidhhoePRaphdendfbed i¢f qatgate
el ectrode 409 overlaps an end of an n - source area
electrode through said gate insulation film is a low concentration
area formed in a process prior to that in which said gate electrade

is formed.

2. A thin film transistor according to claim 1 characterized
in that the impurity concentration of said low concentration area is

2.0
equal to or less than 1 % 1028 cm -3.

3. A thin film transistor according to claim 1 or 2

characterized in that said low concentration area is an area on which

s implaned
the crystallization treatment is applied after impurities are tafected
o ) : . Substrate
to a silicon film formed on the surface of said basee.
4, A thin film transistor according to any one of claims 1 to

3 characterized in that said source area and said drain area have a
low resistance area which connects to said respective laow

concentration area with a high impurity concentration.
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405 and aﬂu???e%flﬂh & drdiah yH £8h 408 ndfe d de £y eane gfdfqidér%‘e&'ﬂ 190h @ 9ate

i nsul ati on m 408 |Ie a source electro aln electrode 421
connect tg rat i3 aTeadl§ ’h e 2r AT an% Eh;ara %@af‘H@ %99 Taw
concentratlon n order to nanufacture I n mtransis 4 of such a

struct ur eggddenthat fith iageghown in Figure 6(a), about 1500A of a silicon thin
film made Tfrom po ycrystalllne silicon and so on, is built up on an

i nsul ati on substrate 401 made from such materials as gl ass. Subsequently, a
resi st pattern 403 is fornmed enploying such a technique as a

phot ol i t hpogr aphy te%“@h%‘eﬁ1ﬁl”€ré’ﬂsﬁ@toﬁfp:’ad&§:?9pﬁ¢ t3 Qﬁ?‘% eofl L1ARR ThEd

filmis etched selectivel orma silicon tern 402y yesitance area 6f
S characterized in that said channel-furming area, saidl'source area

and said drain area are areas formed in separate processes.

7. A thin film transistor according to any one of claims 1 to

6 characterized in that the thickness of the film of said Taw

thickness
concentration area is equal to that of the 5= of said channel-

forming area.

8. A thin film tran51stor according to any one of claims 1 to

(thickness of the.

7 characterlzed in that the' film of said low concentration area is

thinner than a depletion layer formed in a state in which the
thickness is determined by the impurity concgntraticn in said low
concenfration area when a potential is applied to said gate

electrode.

9. ' A thin film transistor according to any one of claims 1 to
8 characterized in that the thickness of the film of said low

caoancentration area is equal to or less than about 500 A .



22 Second, after a resist pattern 403 is renoved, as is shown in Figure
6(b), a naw.resist pAtsdrid dévlides charamréapd oin rthas uicth hast 2 dMUSquérasi ta
phot ol i t hography technique, and with the pattern 404 used as a mask,
phosphor usomposed ¢fr@ a&htiadf{m floamsastor -acommidagateaamonendfaclaims dr ai n
area 406 of about 1 x 10[err] cnferr]. An area on which an ion inplantation
was not peuof &,machdoacdiEn & idmatransdséa rdWh.i chhihad, aafdoary e see ®1se tpaitet er n
404 is renoved, the whole device is thermal oxidated to forma gate
I nsul at i owonduot#PBty type from said thin film transistor, and a source area
and a drain area thereof are formed self-alignedly to a gate

electrode.

12. A display device characterized in that - it has a thin fiim
transistor according to any one of claims 1 to 9 as a pixel transistor

in an active matrix array.

13. A display device according to claim 12 characterized in
that said drain area has an extended area which is formed

simultaneously with its cnmpdnent part and which is to farm a

Sforage. capacitance Prioy
nzt:aéien::zpas#ty between it and a scanning line in an apper stage.

14. A display device according to claim 12 or 13 characterized -
substrate .
in that in a drive circuit part formed on the same t2se together with
said active matrix array, a CMOS circuit thereaf has a thin film
transistor having the same non-self-aligned structure as said thin
film transistor, and a thin film transistor whose electric

canductivity type is canverse from that of the thin film transistor

and which is farmed self-alignedly to a gate electrode.



substrate
consi sti nginfthatsiipi @ oI iyei aixswit rrekfoxgedsor Hdin SpfRe fRsr 087 )eT YAER
heat-treating process also has an effect of activating the inplanted ions.
Then a gat 824 @atiyaenafyd xi array.madCM0S cdgRyi &t thegeol is gomposed g gn n-
a transgarent el ectrically-conductive film a polycrystalline silicon
filmto whFeannepubyRes dhidy £ idadéaanahstead s 3 Rrghandiedcttyfge thag film
overlaps a part_of an n - source area_ 405 and an n_- drajn area 406 through
a gate instrangigtor Fermerk sedfoat igneddyi to'shdate R1gFHiRde-6(d), after an
interlayer insulation film410 consisting -of a silicon oxidation filmis
formed, contact holes 411 are fornmed in it. Then with an interlayer
i nsul ation film 410 used as a mask, phosphorus is ion inplanted. At the

sane time {@e inpl anthedisBhy slexice according to claim 14 or 15 characterized
substrate
in that of thin film transistors formed on said be=e, the thickness

of a film of a source area and a drain area of said self-aligned thin
| d@cknm of the
film transistor is equal to that ofva film of said low concentration

area of said non-self-atigned thin film transistor.

17. A display device according to any one of claims 14 to 16
characterized in that.a source area and a drain area of said self-
aligned thin film transistor have an impurity concentration of over
about 1 X 1ag%cm", while said low concentration area of said nan-
self-aligned thin film transistor has an impurity cqncentration of

20
under about 1x 1028 cm ~3.

18. A manufacturing method of a thin film transistor according

to claim 1 charcterized in that a process in which said low
substrate

concentration area is formed on the surface of said b=se is performed

at least before a process in which said gate electrode is formed.

19. A manufacturing method of a thin film transistor éccording



applided on said silicon film after impurities are iadected to the
activated by irradiating a | aser beamto forman n + source area 412 and
n + drain aneidelnd sgidisdlticenxfillo] alsg antivptds thebdepueitties. as in a
usual manufacturing nethod, a source ‘el ectrode 420 and a drain el ectrode
421, consisting of netal, a transparent electrically-conductive film and
on, are connected to their respective n + source area 412 and n + drain
area 413. 20.23 |n a A mapufacturinamstdodrofial thinstidim &ransisdonr eccending

source area 405 and an n - drain area 406 overlapping an
to claim 18 characterized in that said crysta1112atlon treatment is a

laser annealing method in which a laser beam is |rrad1ated to said
silicon film to crystallize the film, and to activate the impurities

inside the film at the same time.

21. A manufacturing method of a thin film transistor according
to claim 18 characterized in that said crystallization treatment is a
s§1id phase crystallization method in which said silicon film is
annealed in a low temperature for a long time to crysta11IZe the film,

and to activate the impurities inside the film at the same time.

22. A manufacturing method of a thin film transistor according
to claim 18 characterized in that said crystallizatian treatment is a
rapid thermal annealing method in which said silicon film is lamp
annealed to crystallize the film, and to activatg the impurities

inside the film at the same time.
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end of a gate elHENr EHbMADBANPESTORwe8OLEPOPBVACHAt BISPBAY I DHEICRY S
formed. Accordi sebymanirRc@8keng! RETHEHCOAOR +AINBHeL’ PRARYEEGRI eI al s as
netal, the inpuritles - : _ n drain
area 406 can be activated sufficiently without being restricted by the heat
resistance of the material, and at tABSTB&GE tine the crystalline state
di sturbed by the inplanted inpurities can be restored enough, hence density
of trap energy |level can be reduced at an end of an n drain area 406 and in
its neighborhood. And since an n - electric drain area 406 is a |ow
concentration ared, tefecfiie trangisteengdhchscamaihpnese sugatel etecteode
409. Hence, the inprovenent of off current characteristics of a thin film
transi st ofhaxpcteristics as off current characteristics, and a manufacturing

method of a thin film transistor. A thin film transistor (110) has

an n - sogurce area (112) and an n~ drain area (113) consisting of an

n - silicon film (low concentration area) of about 400A , which is a

silicon film made by performing a crystallization treatment such as

an SPC method on an amorphous silicon, and the crystallization

) ) implantati o~ o

treatment is carried out after the isjesetian of impurities to activate

the impurities at the same time. A gate electrode (116) is a metal

electrode, and is formed after an n; source area (112) and an.n-

drain area (113) are formed. A gate electrode (116), an n- source

area (112) and an n° drain area (113) are not formed self-alignedly.



Furthernore, of a gbeace\area and a drain area, the area whi ch can
influence such tures on-of f characteristfi€s is a | ow
concentration area, while the area to which a source elfectrode 420 and a
drain el ectrode 421 connect is a high concentrati on/a#e/a, t herefore
parasitic resistance is | ow and a strong on current” can be obtained. Fourth

Enbodi ment | nstead of thin {4 Si hag to the third .
[ [ [ 1 us?”gr e?ql n g/rg?ﬁre T2%an achieve an

enbodi nent, a thin fil rans
|rrproverrent of on- offrhé.a.ﬁe |st| and(gn __C.LLL.I:_e.D. gure 7 is a
sectional view of at ?@"J?A%t ansi st or i8 8dﬁdblﬁ mendt in the channel

direction. Athin fifl'm o° . og 1/123
~—0° °
/

/////-'f V/////A
L)L
4

/ I _
112 118 1 120 113 M




I .1 { | |

[ w

Eatte n-¢ondi st ng| of |a giT1jcon TA{n fil m nade from
pol ycrhystial lii nel sillicdn _dn the b@r f ace of - an
i nsul ati on base 43 nt om|gl gss,| quprtz, dapdhirle ahd so on, and this
pattern has an nl+dalrke hre 32 and An n +1drdin areaw433 containi ng
about 5 x 10[err] cd{é(r] pf phogphgrus} an n- squrce afea 434 and an n-

transistor 430 hds 4
such nmaterials 2
1

o
[N
—

drain area 435 cﬁ g zbai{ B—x—101£+ eff-er—ef—b8ron, and a .
channel -form ng drea 4§§ cpnt ai nijng jabout 1 x |10[jerr]] cpferr] of boron. On
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A AR/

film 437 consisting of an i?suladion fyll f0¢h as a silicon .insulation
film on the-surface of whigh there is ﬂ%ate el ectrode 438 consi sting of
nmetal, a transparent electrlcally qoqdu tive[fiTmand so on. An end of a
gate electrode 438 overl aps ends of ra T soufce area 434 and an n drain
area 435 through @ gate insulation fii | mzmB1C2 their face, there is an
interlayer ‘insulation film 439 consiisting of &n insulation filmsuch-as a
silicon oxidation film and contact ihol es 440jare forned in it. A source

el ectrode 441 and a drain electrode: 44 onsisting of met al ,’ a
transparent electrically-conductive filmane,so on, connect' to an n source
area 432 an n + drain area 433 through fEé ntact hol es 440 formed in 439.
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Ina thin filmtrasistor 430 of such a structure,,l-hgug@@lle expl-anati on
of its manufacturing nethod igomtted—stnce—amrn ource area 434 and
an n - drain area 435 overlppping an end of a gate nlecgzgfe 438 are
formed before a gate electrode 438 is forned, if a ga rode 438 is
made from such materials as netal, the inpuritires 1nplanted to an n -
source area 434 and an n drain area 435 can be activated sufficiently

wi t hout being restricted by the heat resistance of the material. It al so
has an advantage that the crystalline state which was dlsturbed by the

i mpl anted inpurities can
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25 be restored enough. Furthergﬁ%, of a sourc 0% ea and a drain area, the
ar ea t hat can I nfl uence ch feature & as on- of f

characteristics is a | ow concentiation area, while there is also a high
. n + drain area 433),

urrent can be
_ es 8 (a) to (c), a

At of the pr esent
be expr(; negq. -
) '

thin filmtransi stor acd
i nvention and @ts manuf a

g nmet hod will
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Figures 8(a) to (c) are process sectional views showing a part of a

manuf acturing process of a thin fi
filmtransistor in this enbodi p‘o‘a’(u
according to the second enbodi nent

TS

’A’X“.

i s enbodi nent. A thin

ansi st or

|
Egr—n'glr%b em of on

current characteristics as well [as the I nprovenent o
is intended. As is shown in Figure 8 (c),

ff characteristics

of the surfgte.dfQdn insul ation

substrate 453 nade from gl-ass and—se—es;
the source area side an n - source area 458 (high concentfation.area)

o
A LA

+hi-A—-m-t+ ansi st or 450 has on

containing about 1 x 10[err] cnferr] of boron and an n source area 452
(I ow concentration area)
b
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cont ai ni ng abo ‘IE err] cnferr] of boron, and on the drain area side,
ﬁoro

an n - dra|n—1@r (high <concentration area) containing about 1 X
10[err]cnferr] of and an n- drain area 451 (low concentration area)
cont ai ni ng 26 about 1 x 10[err] cnferr] of boron. An end of a gate
el ectrode 456 overlaps an n  source area 452 and an n drain area 451 of
| ow concentration through a gate insulation film 455, whil-e a source
el ectrode 462 and a drain el ectrode 463 connect to an n + ce area 458
and an n + drain area 459 of high 14
' ] ‘ 438 442
\ 437 / 439
!‘og;°°ol ] °ee|'
4401 .- Wm/ | N ’/440
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mni9g.0
concentration. InJorder to fabri
structure, first,
concentration,
t hi ckness of about 1500A,

added, is formed on an insul ati

to whi

as is shown in Figure 8(a),
made from pol ycLpg alline silicofS5md so on,.

cate a thin filmtransi stor 450 of such a
a silicon thin filmof |ow
and of the
érr] cnferr] of boron is
3 made from gl ass, quartz,

about |x 10[

on substra 4%

sapphire and so on. Then by etc -\- :sh @ thin filmselectively, ap
- source area 452 and a :--::—:-:!Q?g.:-:;:-- ed. On the faces of a p
- source area 452 and a l?”‘(l&-‘ area. 454 consi sting
of a silicon thin filmnpde fyomsuch\materials a§ poljycrystalline silicon
whose thickness is 250A | s fofnmed in sogh a way as\ to|connect

452 454 453 45]




i 3
452 and 451. Then,Va gate insulation film 455 consi sti ng of a silicon
oxidation filmis fornmed on the whol e surface by enpl oying an ECR- CVD
nmet hod. And a gate el ectrode 456 is forned consi sting of
nmet al , a transparent electrically-conductive film
polycrystalline silicon filmto which inpuri®(0€ are added, and so on..An
end of a gate el ectrode 456 overl aps an end offa p source area 452 and an
end of a p- drain area 453 through a gate ianIation film455. Then, as is

shown in Figure 8(b), a r st pattern 457 i/s ggga% tover a fixed area
of a p - source area 452 E% ap- drain area 4 toyl ng such a .
techni que as a |ight expos re teaghni qu§io 512)

N

'smjj_if_\_\}/ﬁ_\‘l?\_(‘s

513 //[!.//I 3 w////
502 ] 508
504 [ =03 506 ( 507




\J

27 Wth the pattern 457 used5 S a

ged And
inmpurities are activated by [nragdl

I'st pattern 457

is removed. Afterwards, as ifnla usuel—proscess 2 Jare in Figure 8(c),
after an interl ayer i ns ATt oMM as0 TOMST StT Ty of—a—S7 I|C§E)oxidation
filmis formed, a contagt hole 461 is formed in it. The Je el ectrode

462 and a drain el ectroqge 463, consisting of netal, a trarsparent
el ectrically-conductiveffilmand so on, are connected to p+ source area
458 and a p+ drain areald453, rncnnrflvplv
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V)

In a thin filmtransistor 450 fabr&b?ﬁt?d :73 this vvay, because a p - source
area 452 and a p - drain-area 453 DOd before a QHBB(QKHBQrode 456 is
formed, it has effects s t hpse of mft ransi st or accordi ng
to the second enbodi nent V'@%é‘[]&??{o g Si nc?%ng?dsgar[e area 458 and a p+
drain area 459 agg forned.Zzzzp»ansise ARES. S madvTs

and can get |arge on currient. SIXth Enbodlnent Figure 9 Ls ectional view
showi ng a structure of a | o the sixth

embodi nent of the present irp@mgion. In this figure, a thin filmtransistor
500 in this enbodi nent Ir‘}B]?|( ’glolf med ‘7'@)'7” I nsul at»y?g sylﬁsgrate 501 nade
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from gl ass, quartl’1 SapLéZre and so on, and its source area 502 has a p -

source area 503, whieh is a - S|I|con film of the t hi ckness of about 500A
to which about 1 x 10[err] cn{err] of boron is and a p+ source area
504 ('t hi ck, - 28 | ow resistance area of ﬁ concentratlon) which is

ap +silicon filmof the thickness of about 2000A to which about 1 Xx
10[err] cnferr] of boron is added. A drain area 505 _on the gg@r hand, has
ap drain area 506, which is a p - silicoh filmof Jthe\fhickness of
about 500A to which about 1 x 10[err] cnierr] of

%\/801

/-\...—800(1

800¢

802



boron is ad%ﬁd, aAdEg p + drain area 507 (thick, |ow resistance area of
hi gh concentraMon), which i a p + silicon filmto which about 1 x 10[err]
cnierr] of boron is added andg-whi ch has the thickness of about 2000A:

Bet ween a source area 502 and@ a drain area 505, there are a channel area
508, consisting of a sikjcon%ﬁ | mand so on, fornmed in such a way as to
connect to the areas 502 and 5@5, a gate insulation film509, consisting of
an insul ation filn1such8§s a gjlicon oxidation filmto cover the whole
areas, and a gate eleg§rode 5&0, constituted .by such materi al s as

met al and a par ctrically-conductive filmformed on the
surface of this gate insulgtio
area 502 and a drain area 505 ar

509. A gate electrode 510, a source
bt formed in a self-aligned way,
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of a source onfront with a relatively |arge overl appi ng area.
Simlarly, the ¥ther side end 512 of a gate electrode 510 and a p - drain
area 506 (end) of a drain area 505 confront with a relatively |arge

overl apping area. 513 is an interlayer insulation film A source electrode
516 and a drain electrode 517 connect electrically-conductively to a p+
source area 504 of a source area 502 and a-p+ drain area 507 of a drain
area 505 through contact holes 514 and 515 in the |nterlayer i nsul ation

film513.
z
A

and one sidT;end 53é4gf a gate electrode 510 and a p- source area 503 (end)
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29 In a thin fil mty @nsijstor 500 of such a structure, since it is ap -
drain area 506 tHat gonfronts a gate el ectrode 510 on the side of a drain
area 505, for exanple, electric field strength is small near a gate

el ectrode 510. Hence the inprovenent of off current characteristics. A
source area 502 and a drain area 505 are not constituted in a self-aligned
way to a gate el ectrode 510. In other words, a source area 502 and a drain
area 505 are not formed by an ion inplantation with a gate el ectrode 510
used as a mask, but a source area 502 and-a drain area 505 are forned

before a gate electro 510 is forned, rleforelinpurities inplanted to a
source area and a drai rea can lje 7
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activated w thout ?F,‘I ng restkic y the he si st ance 008” of a gate
el ectrode, even if\the heat r sﬁggas;m a 319'[07} eI% A 510 is as
low as 600[err]C/L__for inst\ance. Ackolrdingly)y sin t he %rystalllne
state which was disturbed by Al et s en, /A oft /847 A  et00 2can

be restored suffLC| ently density of a trap energy level of a d%al n area

505 corresponding o an end of a gate electrode 510 and its neigiibor hood
can be reduced. Hehce the further inprovenent of bff current
characteristics of a thin filmtransi stor 500. A panufacturing nmethod of a
thin filmtransistor of such a structure will b¥)@kp! ained referring to
Figures 10(a) to (c). Figures 10(a) to (c) are process sectional views
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showi ng a part of a manufacturing nethod of a thjn fFI’mtransistor inthis
enbodi nent. First, as is shown-in Figure 10(a), pn ap insulation substrate
601 made from gl ass, quat}@2 sapphire and so on, | about 2000A of an

anor phous SI|ICOI’lthIan|(ﬂtO whi ch about 1 x [er\{] cnferr] of boronis

30 added, for instanee—sbuit—up—inA-alowtenperature f ess.
et chi ng the anor phous sili éon foigisftl msel ect|vely, p+ zfqg 602 and 603
are formed.
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l v l v § N\

Second, on the surface of p+ areas 602 and 603, about 250A of an anorphous
silicon filme604 is forned in such a way as to connect these areas. Then a
registration pattern 605 is forned on 604. Third, as is shown in Figure
10(b), with a resi Kg30Pat 1306 60530%ed BOE m@@;g 1307 136feas 606 and
607 of the goncentrat{ (of— gkout 5 ( 1@ cnferr are formed
by ion inplrantatio hnranFMdT_TﬁETEWFbﬂTﬁJn Ta a p area
606 becone a sourcejarea 608, while a p +, area 603 and g p - afea 607
becone a drain area ©09Andthe area o whiTh—Toms—were;not '? Iant ed,

because of the masking{g8fQ0@a esist pa3@Qb605, becongss@Qehaniel] area 610.
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Fourth, after a re5|st pattern 035 MQ" ]4, I n 1406t og]]é'07at nosphere of
the tenperature of aboyt 600[ery f/or |nsta ce, perfo mng an

anneal i ng f o about S I e EY St xet hod: SPC
met hod), an anor pholis silifon filmis cr stalllzed and at th(b sanme tinme
the inpurities inplanted To P+ areas ouz'and o603 and p-* areas 606 and 607 -
are activated. Fifth, ind4&h8ECR cvD netldo@9 a gate i nddi Hdion film 611

consisting of a silicon oxidation filmis formed on the whol e surface.

Si xth, a gate el ectrode rraterlal
up on the face of a gat

made from such materials as netal
lation film611, and by etchlng sel ectively

is built
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el ectrode material enploying such a technique as a |ight exposure

technique, a gate electrode 612 is 31 fornmed. In formng a gate
el ectrode 612 by etcl@20f one2gpde end 613 apgnihe other side end 614 of a
gate el ectrode 612 shoulld be nmage to overlap ofe side end of p - areas 606

and 607. Subsequently, f\ollow n§ a usual process, as i wn in Figure

10(c), after an interlsyer iNsulation fjAm 615 congisting of a
silicon oxidation film and\contdct ,hol es G Gj j
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and 617 are forned, 2403 sod?é@é el ect r ode whi ch

el ectrically-conductively conngc \centration area of a source
area (p+ area 602), and a drgi “e4 el ectricall y-conductively
connects to a hi gh piifTatTon drarn hidAdof a drain area (p+ area
603) are forned to cqgstitute athinfilmtransistjor 500 illustrated in
Figure 9. Seventh Enbodi ngnt W referefice to |Figures 11(a) to (e),
one enbodi ment of a semc i ' with a CMOS circuit

consisting of a thin filmtrafgpstor ac@f@ ng to the first- to sixth
enbodi nents wll be explained below As is shown in Figure '11(e), a CMOS
circuit 700 of a -

2405-—‘/3f06
[ 1
b
2406
2007 | 2408
N
liﬁancq 7 hséc£ﬁ
C

2409

2406 :
2410 2411
N e

N L
[ AN BH=ANN




BvorN deying lEthS&SQ@thlEﬁﬂIﬂEEDEMIGEPhaDmsbLAYpeUHVICﬁl|NND
®/00a and a p-channel ﬁge thin filmtransistor 700b on the
PANYFRCT! NEEHPDR  PBH A STHEN r BT RM 7BRANGEETPRom such materi al s

as glass ‘quart z. ‘and sapphire. In any thin filmtransistor, it is an n -
source area 706y an n - drain area 707, a p - source area 708 and a p -
drain area 709(I0m/concentration areas) that ends of gate el ectrodes 714

and 715 o rI qfqyg%fgate insulation filnms 712 and 713. On the ot her
hand, it i e e area 719, a p - source

The present invention relates to a thin film transistor, a
solid device such as a semiconductor device, a display device
such as a liquid crystal display panel, and a manufacturing
method of a thin film transistor. More particularly, the
present invention pertains to an improved technique of

electrical characteristics of a thin film transistor.

Background Art

In an active matrix substrate of a liquid crystal display
panel and so on, a thin film transistor on board as its
switching element is, as is shown in Figure 20, for instance,
formed in such a way that a source area 2205 and a drain area
2206 are self-aligned, by after forming a gate oxidation film
2203 on the face of a silicon layer 2202 on the surface of a
substrate 2201, implanting ions to it, with a gate electrode
2204 on the surface of 2203 as-a mask, to make a part of the
silicon layer electrically-conductive. A thin film transistor
'haﬁing a structure shown in Figure 20, however, as is shown by

:Th}é'solid line L3 in Figure 21, has a problem that an intense

drain current flows even when a negative gate voltage is

. applied (of/




hole is implanted. The intensity of a drain current tends to

32 area : iHd N i e L0 Ade + | fb @l 7 '
concent r%or@%ﬁ%ﬁrg) t at@soﬁrf ce el ectarago%)esacg 24{%%(1967’025%%‘5%%& na gate
el ectrodesletdradel 2204 cemdece tuvaihn agreder2206 mapbfacianssi ty OYESaci kxapt

700 of such a styuctur first,. as i.s.shown in Figure 11(a), opn_t.he surface
of an i neeRpoelal: Fa 8 Rrell TR Shifmdiiind 58 5 LK AN
and sapplg2s andi Bincand holf fd | gaeé ldledtraicne32304f nexauta 7A@A iR cErés om
polycrystalline silicon and so on, is formed, Then by selectively etching

the thin349%n ARAARFIRIIN00, 2 788TUGEUre AY7B8 gRoRTed) Whgra @ Fatimafe

formed. Afd-gygr darreAta 18! in/1QNEdE BOd, erifSPNAS US | @rhPA | SPhaRESFe O

patterns 702 and 703 of a silicon thin filmto '
whose field strength is weakened {L.DD structure) by
establishing a low concentration area at an end of a drain
area corresponding to an end of a gate electrode. In order to
manufacture a thin film transistor with this 1LDD structure, a
following manufacturing method has been adopted
conventionally. First, as is shown in Figure 22(a), after -
forming a pattern 2402 consisting of a silicon film on the
face of a substrate 2401, its face is covered with a gate
insulation film 2403, on the surface of which an ’

electrically-conductive film 2404, which is to constitute a

gate electrode, is formed.

Second, as is shown in Figure 22(b), a resist pattern
2405 is formed on the face of an electrically-conductive film
2404 by employing a photolithography technique. By performing
an etching selectively, with the resist pattern 2405 used as a
mask, a gate electrode 2406, thinner than a resist pattern, is

‘formed.

Third, in an ion implantation method, by implanting
impurities which are to be a donor or an acceptor, as much as
1 x 10*®* em™? for instance, a source area 2407 and a drain area

2408 are formed in a
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source ar

aag4@8 alhdcarpde @naien area 709, are connected respectively. And

the whole device is thermal oxidated to formgate insulation filnms 712 and

713 consi

sting of a silicon oxidation film This
In a manufacturing method of a thin film +transistor

with a conventional LOO structure, however, because after a
gate electrode 2406 is formed, a source area 2407, a drain

area 2408 and low concentration areas 2410 and 2411 are

formed, when a silicon film to which impurities are implanted -

is heat-treated at about 1000°C to activate the impurities, a

gate electrode 2406 is also heated. Therefore, there arises a

problem that only materials having high heat resistance such !

as a silicon compound can be used as materials of a gate

electrode 2406, at the expense of its electric resistance and
so on. If signals are transmitted by employing wires formed
simultaneously with a gate electrode 2406, as in an active
matrix substrate of a liquid crystal display panel, signals
are retarded much on account of the high electric resistance.
There is an alternative method in which the impurities are
activated by irradiating a laser beam partially without giving
heat stress to a gate electrode 2406. In this methdéd, density
of trap energy level is increased because the crystalline
state which was disturbed by the implantation of impurities
cannot be restored sufficiently. Hence an off current

increases, and

d

- s



the object of the present invention lies in realizing a thin
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and 715 overlag %nds of _an n - source area 706, an n_- drain area 707, a p
composition of source and drain areas and a gate electrode,

and a manufacturing method of a thin film transistor.
Disclosure of Invention

In order to solve the above-mentioned problems, in a
thin film transistor according to the present invention, a
channel area which can form a channel between a source area °*
and a drain area, and a gate'electrode which confronts the

channel area through a gate insulation film on the face of the

L

channel area are set up on the face of a substrate. In a-
source area and a drain area, an area which overlaps an end of
a gate electrode through a gate insulation film is a low
concentration area formed in a process prior to that of a gate
electrode, area whose impurity concentration is under 1 x 102
em™, for instance. That is to say, a source area and a drain
area have a structure where the areas are formed in a process
prior to that of a gate eleetrode, and have a low
concentration area overlapping a gate electrode, or a source
area and a drain area have a structure where the areas as a
whole are a low concentration area formed in a process prior

to that of a gate electrode and its end overlaps the gate

electrode.



but are formed before a gate electrode i1s formed. Accordingly,
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phosphorus. After a resist pattern 718 is renoved,_as i s shown .
impurities, density of a trap energy level can be reduced in a
drain area corresponding to an end of a gate electrode and its
neighborhood. Furthermore, as it is a low concentration area
of a source area and a drain area that confronts the gate
electrode, electric field strength is small at the end of a
gate electrode. Hence, the improvement of an off current -
characteristics of a thin film transistor can be obtained.

When a thin film transistor according to the present

L

invention is formed in a low-temperature process in which the -
process highest temperature is restrained under about 600°C, it
is desirable that an activation process to form a low
concentration area serve as a crystallization treatment of a
channel area at the same time.

That is,- after forming a silicon film to constitute
a low concentration area and a channel area, impurities are
implanted selectively, and then the crystallization treatmént
is performed and the impurities are activated at the same
time. As a crystallization treatment, the following methods
can be adopted: a laser annealing method, in which a silicon

film is crystallized by irradiating a



silicon film is crystallized by annealing it for a long time
in Fig 14¢d SR it hai S ot &n
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i npl antation of boron. After a resist pattern 721 is renoved, respective
inmpurities which were ion inplanted are activated by irradiating a
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source el ectrodes 724 and 725 and drain el ectrodes
parasitic resistance by setting up a low resistance area which

connects to a 1low concentration area with a high impurity
concentration, or a low resistance area which connects to a
low concentration area with a thick film respectively in a
source area and a drain area. It is also possible to form a
channel area, a source area and a whole drain area or a part °

of it in a different process.

It is desirable for a film in a low concentration area
to have an equal thickness to a film in a channel. Or it is
desirable to set up the thickness of a film in a low
concentration area thin compared to the thickness of a
depletion layer which is formed in such a condition that the
thickness is determined by the impurity concentration in a low
concentration area when potential is applied to a gate
electrode. The thickness pf a film in a low concentration area

is set up, for instance, under about 500A .

Such a thin film transistor can be used in various
solid devices such as a three-dimensional integrated circuit
(semiconductor device) and an image sensor. It is also
possible to make a display device such as a liquid crystal

display panel, with a thin film



a thin film transistor according to the present 1nvention of
34 consi gl NG -QhaiRial . t9p’ aRARAT eRL1Al egkahsabty¥rcondLibveidi ldn afbsO
on, are connected to an n + source area 719, a p + source area 722, an n
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of f curr enichamaredct typest thtin afifllontcanseatochafather isatiec s trnicyhire as a
EnbOdlneQ%in film transistor and a p-channel type thin film transistor
formed in a self-aligned way to a gate electrode. As another
combination, conversing the structure of an n-channel type
thin film transistor and a p-~-channel ¢type thin film
transistor, it 1is possible for the p-channel type thin film
transistor to be of the structure according to the present
invention, and for the p-channel type thin film transistor to
be self-aligned. In this case, the pixel part is constituted -
of a p-channel type thin film transistor.

In a pixel part, while a thin film transistor

* .

according to the present invention is used, in a drive circuit
formed on the same éubstrate together with an active matrix
array, for any thin film transistor constituting a CMOS
circuit, an n-channel type thin film transistor and a
p-channel type thin film transistor which are formed in a self
aligned way to a gate electrode can be used.

Whichever combination is employed to constitute a
thin film transistor in a pixel part and a drive circuit, the
impurity concentration of each area should be, for instance,

over about 1 x 10%° com™

in a source area and a drain area of a
self-aligned thin film transistor, and under about 1 x 10%° cm™

in a low concentration



transistor may sometimes be equal to that of a film in a low
A structure of an active matrix substrate wi th peripheral circuits of a
liqui d cr §OPEPNEFSRIAR papERAUi PE- | M asPENARIGI addignecequithpad wEidma
thin fil n]:%gﬁggis%%gr wi ||l be explained bel ow as the eighth enbodi ment of
the present Invention. Figure 12 is a bl ock diagram showi ng a whol e

constitution of In &n aethive mEtrix _a&héE&t,raé@oré%e Haba artedident.
As is shown in the figure, an active matrix substrate 800 iS divided into a
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peri pher atapaéttbahcRadarB B £6£mE8), NGol kkample, with a scanning line
in prior stage as an upper electrode, a gate insulation film
of a thin film transistor as a capacitor insulation film,
and an extended area formed by extending a dréin area of a
thin film transistor as a lower electrode.

However,  when a thin film transistor is made .
employing a conventional technique, that is, when source and
drain areas are formed afté.r a gate electrode is formed,
after a gate electrode is formed, ions cannot be implanted ‘!
to the lower part, therefore a process needs to be added to
form a lower electrode under a gate line of the prior stage.
In a thin film transistor according to the present
invention, by contrast, since at least a low concentration
area is formed before a gate electrode is formed, an
extended area can be made in a drain area to be used as a

lower electrode thanks to this process.
Brief Descripﬁion of the Drawings
Figure 1 is a sectional view showing a structure of a

thin film transistor according to the first embodiment of

the present



Figure 2(a) is a graph showing off

current
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circuit of peripheral circuit parts 8

capacitance of a thin film transistor shown in Figure 1;

Figure 3(b) is an illustration showing a parasitic capacitance

of a thin film transistor according to the comparative

embodiment;

Figures 4(a) to (d) are process sectional views showing

a part of a manufacturing method of a thin film transistor

shown in Figure 1 ;

Figures 5(a) to (c) are process sectional views showing °

a part of a manufacturing method of a thin film transistor

according to the secondlembbdiment of the present invention;

Figures 6(a) to (d) are process sectional views showing

a part of‘a manufacturing method of a thin film transistor

according to the third embodiment of the present invention;

Figure 7 is a . sectional view showing a structure of a

thin film transistor according to the fourth embodiment of the

present invention:

Figures B(a) to (c) are process sectional views showing

a part of a manufacturing method of a thin film transistor

according to the fifth embodiment of the present invention;

Figure 9 is a sectional view showing a structure of a

thin film transistor according to the sixth embodiment of the

present



showing a part of a manufacturing method of a thin film

and 8000t§5§8gg%9.$§ﬂ°9,;a’nglg{ h@eifgi ty.ansi stors of different types of

el ectric conductivity, Circuit must have a high operating
speed. Accordi ngFyguresi slpdadi bte t deliseazet hpmotebm t saediicharl acdeawd ng

to the present invention in a pixel rt_800a d self-aligned.thin film
transi st SFIA"Eer? pﬁgfgtl %ﬁr@ui’?a’b%“?%gtw aﬁlﬁ%ﬁgoﬁhé‘ g%bﬂ(g%]l T i 11
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shown in a row paqhkrguie 14, é@%l@rhitik?ra{ﬂ\ WMowinghg EbHYEEthtidR of
n-channel type thin filmtransistor 960a Tornmed in a pi xel
a liquid crystal display panel;

Figure 13 is a plan view showing a constitution of each
pixel area in a pixel part of a liquid crystal display panel
shown in Figure 12;

Figure 14 is a sectional view of a thin film
transistor formed on an active matrix substrate of a liquid ‘
crystal display panel according to the eighth embodiment of
the present invention;

Figure 15 is a sectional view of a thin film !
transistor formed on an active matrix substrate of a liquid
crystal display panel according to the ninth embodiment of the
present invention; )

Figures 16(a) to '(d) are process sectional views
showing a part of a manufacturing method of a thin film
transistor formed on an active matrix substrate of a liquid
crystal display panel according to the tenth embodiment of the
present invention; '

Figures 17 (a) and. (b) are. process sectional views
showing a part of a method of manufacturing a storage
capacitor in a pixel part in a conventional 1liquid crystal

display panel;



crystal display panel according to the eleventh embodiment of

part, shopRei pré&benti dei,eneiche figure is an n-channel type thin film
transi stor 930a formed in peripheral circuit parts, and shown on the |eft

of the figure is a pignaesell?(mpe ttie n(e)| mre arsictesms 966ationadd views

eri pher i it paLt |l peri ircuit rts, a jrcuit.is
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d 960a, - chan t thin film:¢t i stor 960a_used in a pixel part,
e as e TRLI RASPhaY! HATe) (*CERER RS citodent¥el ALBommBodiman HooE

and a dr athe PLresHPLaimrentDbRed in a non-self-aligned way to a gate
el ectrode 963a, and the transistor 960a _confronts an end of a gate
el ectrode 963a wit hFigure 20 is a sectional view showing a constitution
of a transistor;
Figure 21 is a graph showing off current
characteristics of a conventional thin film transistor; and,
Figures 22(a) to (d) are sectional views showing a
manufacturing method of another conventional thin film -

transistor.
Best Mode for Carrying Out the Invention

A thin film transistor according to the present
invention will be explained below with reference to the

drawings.

First Embodiment

Figure 1 is a sectional view showing a constitution of a thin
film transistor according to the present embodiment.’

In this figure, a thin film transistor 110 of the
present embodiment is formed on an insulation substrate 111
made from glass, quartz or sapphire and so on, and has on the
face of the insulation substrate 111 an n -~ source area 112

and an n ~ drain area 113 consisting of an n ~



1 x 10" em™ of phosphorus is added, and a channel area 114
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960a in |er art, but _that in the follow ng explanation, it is
|IIustrat ]a?DstF%t Bre fRain area 113 and "the channel area 114 are
determlned by the presence of impurities, the thickness of
films of the n ~ source area 112, the n ~ drain area 113 and
the channel area 114 are approximately the same, that is,
about 400A. On the surfaces of the n ~ source area 112, the n ~
drain area 113 and the channel area 114, there are a gate
insulation f£ilm 115 consist.:ing of an insulation film such as a
silicon oxidation film to cover them all, and a gate electrode
116 formed on the face of the gate insulation film 115. This
gate electrode 116 is made from materiais appropriate to the
function of devices to be ‘loaded with a thin film transistor -
110, such as metal and a transparent electrically conductive
film. The gate electrode 116, the n” source area 112 and the n~
drain area 113 are not made self-alignedly, and the
overlapping area of one side end 117 of the gate electrode 116
and an end 113 of the n -~ source area 112, and that of the
other side end 119 of the gate electrode 116 and the end 120
of the n ~ drain area 113 are relatively large. Note that 121
is an interlayer insulation film, through the contact holes

122 and 123 of which a source electrode 124 and a drain

electrode 125 connect electrically-



since an n source area 1l1llZ2 and an n draln area 113 are
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heat resistance does not restrict the activation condition of

the impurities implanted to the n ~ source area 112 and the n ~
drain area 113. In other wgrds, as the impurities implanted to
make the n -~ source area 112 and the n ~ drain area 113 can be
activated sufficiently, and at the same time the crystalline
state which was-disturbed by the implantation of impurities -
can be restored enough, density of a trap energy level at the
end 120 of the n ~ drain area 113 corresponding to the other
side end 119 of a gate electrode 116 and its neighborhood can !
be reduced. And as the n - drain area 113 is a low
concentration area, electric field strength is small near a
gate electrode 116. Hence, the improvement of off current
characteristics of a thin film transistor 110.

Moreover, an n~ drain area 113 and its neighborhood
are thin and are both about 400A thick. The density of a trap
energy level which may cause an off current tends to increase
as a film becomes thick. Therefore, as the n ~ drain area 113
and its neighborhood are thin, the density of a trap enerqgy
level in the areas is decreased, which makes the off current

reduce more. As can be seen in Figure



and in Figure Z2{b) where gate voltage—-drain current
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off current characteristics of a thin film transistor

according to the present embodiment are good.

Furthermore, in a thin film transisfor 110 according to
the present embodiment, an n” drain area 113 near an end of a
gate electrode 116 is flat, hence a electric field convergence
occurs less often between the other side end 119 of a gate -
electrode 116 and an end 120 of a drain electrode 113.

In a thin film transistor 110 in the present !
embodiment, although an overlapping area of an n ~ source area
112, an n " drain area 113 and a gate electrode 116 is large,
the amount of impurities implanted to an n ~ source area 112
and an n° drain area 113 is about 1 x 10* cm™ while the
thickness is about 400A , therefore the parasitic capaciﬁance
between a gate electrode 116 and an n -~ source area 112, for
instance, is minimum. In other words, in this embodiment,
noting that the thickness of a depletion layer created by a
potential between a gate electrode 116 and an n ~ sSource area
112 is determined by the impurity concentration of an n -~

source area 112 if the potential is fixed, the thickness of an

n - source area 112 is set
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layer 126 lies halfway in the thickness direction of an n -
source area 112, and oﬁly the first capacity Cl1 corresponding
to a gate insulation film 115 and the second capacity C2
corresponding to a depletion 1layer 126 are connected in
series, so their combined capacity is big. Note that here the
thickness of an n °~ source area 112 is set up at about 4004 -
according to the impurity concentration, 1 x 10'® em™ but that

the thickness of an n source area 112 can be set up so that

- .

a depletion layer 126 'may reach the lower face of an n -
source area 112 (side of a substrate 111) according to the
impurity concentration.  Concretely, an n -~ source area 112 may
sometimes be as thin as about 100A |, considering the
limitation of a process on control of impurity concentration.

Next, referring to Figures 4(a) to (d), a manufacturing
method of a thin film transistor in this embodiment will be
explained. ' |

Figures 4(a) to (d) are all process sectional views
showing a part of a manufacturing method of a  thin film
transistor in this embodiment.

First, as is shown in Figure 4(a), on the surface of an



instance, a sputtering process or LPCVD method in

|n Figur cadfiosSHEME f t Nehd | Hiimrdthird | G € 55920 echappel t R4t i,
fil m?ranmst%r 960 forned in a pﬁa;rel part, shown in tﬁe gdl:é g fih 9
figure i sPakterehagnéher yaroxphons i silicensifilo 880 ffamneal P& tierdrph202|

t ef f e f| .channel e thin
fC: Irfnwt raﬁgéllﬁ%(‘)?ﬁ%g% %Jgjr{\{]rr% i %EgeL pﬁg?'al p’@l r@w °ﬂ;‘g?‘[ §"P 1% %%??’ptﬂ‘g aFe
"circuit pemjegta ﬁ:!v@ﬁmltuelsl t aﬂtenrrp@sed afnospRotbannellioge t Winnd i | §%

t tor_ 900 n- cha t hin filmtransistor 930. O these
tL?ES:‘lsI R A AT ‘g B, 3:21? 5%%131:%“% Rfchaéhnel289Ee bgamfi| Hhe

transi st Cirmﬁﬂ'lt&ﬁbri Noft RinpAkiRdkk A nt}g‘aéfféti.‘{??néhb%aft'el nl]_o be

transistor. 930 formed in peripheral circuit parts, as was explained in the

first todisturbed, therefore another restoration treatment will be
necessary. Accordingly, in this embodiment, after the
implantation of impurities, a crystallization treatment is
performed, which activates the impurities at the same time.

That is, after an amorphous silicon film is patterned,

a resist pattern 203 is removed, and as is shown in Figure -
4 (b), after another resist pattern 204 is formed, using 204 as
a mask, by ion implanting phosphorus, an n -~ source area 212
(low ' concentration area) and an n - drain area 213 (low
concentration area) having an impurity concentration of about
5 x 10%cm™ are formed. Of a pattern 202 of an amorphous
silicon film, an area to which phosphorus was not implanted
becomes a channel area 214.

Then, after a resist pattern 204 is removed, an
amorphous silicon film (pattern 202) is annealed by
irradiating a laser beam to polycrystallize the amorphous
silicon film and to activate the impurities implanted to it
simultaneously. Alternatively, an amorphous silicon film is
annealed for about four hours in a nitrogen atmosphere of the

temperature of about 600°C, for example, (solid



necessity, a plasma hydrogen treatment is performed in an

sevent h eggggé'lgiggi. , ur, a d 1 rain_are 932 and 962
are formed ina no%-séelf)f-a |g%§ \‘/\a/a%:l:tu%ggatgg e e?:i:tériodesogwggnda@%ﬁp?g?iﬂﬁ
t he transs$ilieen 960lmnils928pidntthemmadrdanehlgat dodhe i astess €861 sl 088
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respecti viahplarted cbanive] type thin filmtransistor 900 formed in

peri pher al Ci rlg:éj}icé’ pgét Sis (s)plow%h'einot k}eirgurgan%,(c) 'hasafte}ar 2 gate
insulation film 215 is formed on the surface of an amorphous
silicon film (an n ~ source area 212, an n - drain area 213,
and a channel area 214), a gate electrode 216 made from such a
material as metal on the surface of the gate insulation film
215. The side ends 217 and 213 of the gate electrode 216
confront the ends 219 and 220 of the n -~ source area 212 and
the n ° drain area 213.

Subsequently, as is shown in Figure 4(d), after an
interlayer insulation film 221 is formed on the surface of a
gate electrode 216, contact holes 222 and 223 are made on it,
and using these contact holes 222 and 223, as shown in Figure
1, a source electrode 124 and a drain electrode 125 are
connected to an n - source area 212 and a drain electrode 213
respectively to fabricate a thin film trénsistor
As is clear from the above discussion, in a manufacturing
method of a thin film transistor 110 according to this
embodiment, after impurities are implanted to a silicon film.
such as an ambrphoﬁs silicon film, a crystallization treatment
is performed on an amorphous silicon film, and the

crystallization treatment itself activates the



treatment, whose c¢rystalline state is not broken by the
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With reference to Figures 5 (a) to (c), a thin film
transistor according to the second embodiment of the present
invention and its manufacturing method will be explained

" below. '

Figures 5 (a) to (c¢) are process sectional views
showing a part of a manufacturing process of a thin film
transistor in this embodiment.

A thin film transistor in the present embodiment, like
a thin film transistor according to the first embodiment, has
a structure shown _in Figure 5(c) to improve on-off
characteristics.

A thin film trans;stor 300 has, on the face of an
insulation substrate 301 made from glass, quartz, sapphire and
So on, an n - source area 302 (low concentration area) and an
n - drain area 303 (low concentration area) to which about
1 x 10*® em™ of phosphorus is added, and on their surfaces the
transistor 300 has a channel-forming area 304 consisting of a

thin film made from silicon such as:



a channel area 304 and an n -~ drain area 303, there is a gate
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which a depletion |ayer ext ends. Taki ng that into consideration, if a

circuit Ps formegitdcon thin film made from such materials as
polycrystalline silicon to which about 1 x 10*° cm™® of

phosphorus, for instancé, is added is built up about 1500A on

the face of an insulation substrate 301, the n -~ silicon thin
film is etched selectively to form an n -~ source area (low
concentration area) and an n ° drain area 303 (low

concentration area). Subsequently, on the faces of an n
source area 302 and an n "dréin area 303, a channel area 304
consisting of a silicon thin film made from such materials as
polfcrystalline silicon of the thickness of about 1000A is
formed to connect 302 and 303. Then the whole device is
thermal oxidated to form a gate insulation film 305 consisting
of a silicon oxidation film, on the surface of which a gate
electrode material 306 is formed consisting of metal, a
transparent electrically-conductive film, a polycrystalline
silicon film to which impurities are added, and so on.

As is shown in Figure 5(b), of the surface of a gate
electrode material 306, on the area on which a gate electrode
is to be made, a resist pattern 307 is formed employing such a

technique as a



end of an n- source area 302 and an end of an n ~ draln area
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insulation film 309, a source electrode 311 and a drain
electrode - 312, consisting of metal, a transparent
electrically-conductive film and so on, are connected to an
n -~ source area 302 and an n -~ drain area 303, respectively.

As is clear from the above explanation, in a thin film
transistor 300 in the preéent embodiment, as in a thin.film

transistor according to the first embodiment, since an n

source area 302 and an n drain area 303 are formed before a
gate electrode 308 is formed, an n -~ source area 302 and an n ~
drain area 303 can be formed in an ideal condition without
being restricted by the heat -resistance of materials to
constitute a gate electrode 308. Hence, the improvement of off

current characteristics.

Third Embodiment

With reference to Figures 6{(a) to (d), a thin film
transistor according to the third embodiment of the present
invention and its manufacturing method will be explained

below.

Figures 6(a) to {(d) are process sectional views showing a part



a thin rilm transistor according to the first embodiment, aims
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concentration) and an n - source area 405 (low concentration
area) on the source area side, and an n' drain area 413 (low
resisténce area of high concentration) and an n - drain area
406 (low concentration area) on the drain area side. An end of
a gate electrode 409 overlaps an end of an n =~ source area
405 and an end of an n - drain area 406 of low concentration -
through a gate insulation film 408, while a source electrode
420 and a drain electrode 42i connect to an n °~ source area
412 and an n' drain area 413 of high concentration.

In order to manufacture a thin film'transistor 400 of
such a structure, first, as is shown in Figure 6(a), about
1500A of a silicon thin film, made from bolycrystalline
silicon and so on, is built up on an insulation substrate 401
made from such materials as glass. _

Subsequently, a resist pattern 403 is formed employing
such a technique as a photqlithography technique, and with 403
used as a mask, a silicon thin film is etched selectively to

form a silicon pattern 402.
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consisting of a silicon oxidation film, as is shown in Figure

6(c). This heat-treating process also has an effect of
activating the implanted ions. Then a gate electrode 409 is
formed consisting of metal, a transparent
electrically-conductive film, a polycrystalline silicon f£film
to which impurities are added, and so on. A gate electrode 409

overlaps a part of an n - source area 405 and an n drain -
area 406 through a gate insulation film 408.

Fourth, as is shown iﬁ Figure 6(d), after an interlayer
insulation film 410 consisting of a silicon oxidation film is ‘!
formed, contact holes 411 are formed in it. Then with an
interlayer insulation film 410 used as a mask, phosphorus is .
ion implanted. At the same time the implanted ions are

+

activated by irradiating a laser beam to form an n source

area 412 and an n * drain area 413 of about 5 x 10* cm™.
Subsequently, as in a wusual manufacturing method, a
source electrode 420 and a drain electrode 421, consisting of
metal, a transparent electrically-conductive film and so on,
+

are connected to their respective n * source area 412 and n

drain area 413.
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type thin filmgtransistor to which inpurities are not inplanted becones
channel &els gﬁﬂgqaﬁﬁefofﬂs and in its neighborhood. And since an n °

electric drain area 406 is a low concentration area, electric
field strength is small near a gate electrode 409. Hence, the
improvement of off current characteristics of a thin film
transistor 401.

Furthermore, of a source area and a drain area, the -
area which can influence such features as on-off
characteristics is a low concéntration area, while the.area to
which a source electrode 420 and a drain electrode 421 connect
is a high concentration area, therefore parasitic resistance

is low and a strong on current can be obtained.

Fourth Embodiment

Instead of a thin film transistor according to the
third embodiment, a thin film transistor illustrated in Figure
7 can achieve an improvement of on-off characteristics and an
on current.

Figure 7 is a sectional view of a thin film transistor
in this embodiment in the channel direction. A thin film
transistor 430 has a pattern consisting of a silicon thin film

made from such materials
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containing about 5 x 10 am” of phosphorus, an n°- source area
Fourth, ahhennd gaf ¢  netbahi Qpehi 1Bl QLR oS iAoQf § i hiotonapei dati on
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gate el ectrode 1025 in an upper state. Fifth, as is shown in Figure 16 (c),
enpl oyi ngopduptive film and so on. An end of a gate electrode 438

overlaps ends of an n~ source area 434 and an n~ - drain area
435 through a gate insulation film 437. On their face, there
is an interlayer insulation film 439 consisting of an
insulation film such as a silicon oxidation film, and contact
holes 440 are formed in it. A source electrode 441 and a drain °
electrode 442, consisting of metal, a transparent
electrically-conduétive film and so on, connect to an n -
source area 432 an n * drain area 433 through the contact holes
440 formed in 439.

In a thin film transistor 430 of such a structure,
though the explanation of its manufacturing method is omitted,
since an n - source area 434 and an n - drain area 435
overlapping an end of a gate electrode 438 are formed before a
gate electrode 438 is formed, if a gate electrode 438 is made
from such materials as metal, the impurities implanted to an

.n ~ source area 434 and an n° drain area 435 can be activated
sufficiently without'being restricted by the heat resistance
of the material. It also has an advantage that the crystalline

state which was disturbed by the implanted impurities can
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Next, with reference to Figures 8(a) to (¢), a thin

film transistor according to the fifth embodiment of the
present invention and its manufacturing method will be
explained.

Figures 8(a) to (c) are process sectional views showing
a part of a manufacturing process of a thin film transistor in
this embodiment.

A thin film transistor in this embodiment, compared to
a thin film transistor according to the second embodiment, by
forming areas of different concentrations in a source area and';
a drain area, the improvement of on current characteristics as
well as the improvement of off characteristics is intended. As
is shown in Figure 8(c), of the surface of an insulation
substrate 453 made from glass and so on, a thin film
transistor 450 has on the source area side an n- source area
458 (high concentration area) containing about 1 x 10** cm™® of
boron and an n -~ source area 452 (low concentration area)

-3

containing about 1 x 10® cm™ of boron, and on the drain area

side, an n - drain area 459 (high concentration area)

-3

containing about 1 x 10% of boron and an n- drain area 451

(low concentration area) containing



source electrode 462 and a drain electrode 463 connect to an
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source el ectrode 1031 and a draln el ectrode 1032 are
which about 1x 10 cem™ of boron is added, is formed on an

insulation substrate 453 made from glass, quartz, sapphire and
so on. Then by etching the silicon thin film selectively, a
p ~ source area 452 and a p ~ drain area 451 are formed.

On the faces of a p =~ source area 452 and a p
drain area 451, a channel area 454 consisting of a silicon -
thin film made from such materials as polycrystalline siiicon
whose thickness is 250A is formed in such a way as to connect
452 and 451. Then, a gate insulation film .455 consisting of a
silicon oxidation film is formed on the whole surface by
employing an ECR-CVD method. And a gate electrode 456 is
formed consisting of metal, a transparent
electrically-conductive film, polycrystalline silicon film to
which impurities are added, and so on. An end of a gate
electrode 456 overlaps an gnd of a p° source area 452 and an
end of a p- drain area 453 through a gate insulation film 455.

Then, as is shown in Figure 8(b), a resist pattern 457
is formed to cover a fixed area of a p - source area 452 and a
p ~ drain area 453 employing such a technique as a light

exposure technique.



usual process, as 1s shown 1n Figure 8(c), after an interlayer
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respectively.

In a thin film transistor 450 fabricated in this way,
because a p- source area 452 and a p- - drain area 453 are
formed before a gate electrode 456 is formed, it has effects
similar to those of a thin film transistor according to the
second embodiment. Furthermore, since a p' source area 458 and
a p*' drain area 459 are formed, a transistor 450 has small

parasitic resistance and can get large on current.

Sixth Embodiment

Figure 9 is a sectional view showing a structure of a

thin film transistor according to the sixth embodiment of the
present invention. _

In this figure, a thin film transistor 500 in this
embodiment is also formed on an insulation substrate 501 made
from glass, quartz, sapphire and so on, and its source area
502 has a p ° source area 503, which is a P~ silicon film qf
the thickness of about 500A to which about 1 x 10*® cm™ of

boron is added, and a p* source area 504 (thick,



hand, has a p °~ drain area 506, which is a p -~ silicon film
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drain area 505, there are a channel area 508, consisting of a
silicon film and so on, formed in such a way as to connect to
the areas 502 and 505, a gate insulation film 509, consisting
of an insulation film such as a silicon oxidation film to
cover the whole areas, and a gate elecﬁrode 510, constituted
by such materials as metal and a transparent
electrically-conductive film formed on the surface of this °
gate insulation film 509. A gate electrode 510, a source area
502 and a drain area 505 are not formed in a self-aligned way,
and one side end 511 of a gate electrode 510 and a p  source
area 503 (end) of a source area 502 confront with a relatively
large overlapping area. Similarly, the other side end 512 of a
gate electrode 510 and a p ~ drain area 506 (end) of a drain
area 505 confront with a relatively large overlapping area.
513 is an interlayer insulation film. A source electrode 516
and a drain electrode 517 connect electrically-conductively to
a p ' source area 504 of a source area 502 and a p*_drain area

507 of a drain area 505 through contact holes 514 and 515 in

the interlayer insulation film 513.



strength 1s small near a gate electrode 510. Hence the
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a manuf acfermerd retfoce i |t hgstenbsbeoerdde as516@ is formed, therefore
impurities implanted to a source area and a drain area can be
activated without being restricted by the heat resistance
limit of a gate electrode, even if the heat resistance of a
gate electrode 510 is as 1low as 600°C, for instance.
Accordingly, since the crystalline state which was disturbed. °
by the implantation, of impurities can - be restored
sufficiently density of a trap energy level of a drain area
505 corresponding to an end of a gate electrode 510 and its
neighborhood can be reduced. Hence the further improvement of
off current characteristics of a thin film transistor 500.

A manufacturing method of a thin film transistor of
such a structure will be explained referring to Figures 10(a)
to (o).

Figures 10(a) to (c) are process sectional views
showing a part of a manufacturing method of a thin film
transistor in this embodiment.

First, as is shown in Figure 10(a), on an insulation
substrate 601 made from glass, quartz, sapphire_ and so on,
about 2000A of an amorphous silicon thin film to which about

1 x 102 cm™® of boron is



Second, on the surface of p*' areas 602 and 603, about
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scanni ng ¥e¥med 03 ¢04 an upper state forned simultaneously with the

el ectrodes shoul dnbframd%s 183 $Rowy eTiAPFRGueY! e19ed) Padi thP1aa. resist
Accordingly, it is possible to make a storagé capacitance naeking use of a

process tpattern 605 used as a mask, p ~ areas 606 and 607 of the
concentration of about 5 x 10 cm™® are formed by ion
implantation of boron, for instance.
A p* area 602 and a p  area 606 become a source area
608, while a p *, area 603 and a p  area 607 become a drain
area 609. And the area to which ions were not implanted,
because ofl the masking of a resist pattern 605, becomes a
channel area 610. |

Fourth, after a resist pattern 605 is stripped, in a
nitrogen atmosphere of the temperature of about 600°C, for
instance, by performing an annealing for about four hours
(solid phase crystallization method: SPC method), an amorphous
silicon film is crystallized, and at the same time the
impurities implanted to p’' areas 602 and 603 and p°~ areas 606
and 607 are activated.

Fifth, in an ECR-CVD method, a gate insulation film
611 consisting of a silicon oxidation film is formed on the
whole surface.

Sixth, a gate electrode material made from such
materials as metal is built up on the face of a gate
insulation film 611, and by etching selectively the gate
electrode material employing such a technique as a 1light

exposure technique, a gate electrode 612 is



607.

manuf acture a thindgil ISt ' | rt. W thag di

ot her processes. Elsféll\Pesrr% %%3& ?rfé?\][lpé'?igﬁeg ?gégk‘ %%O(?’ee)\glsdr eauéprg%egggwn
sectional ini elsgeshewil@(a), affpart aof dnteribyetrur ingulatthet ofiammaBLbXx
substrate with peripheral circuits of .a |iquid crystal displ el

bui 1 -1 n, CPASIAFERI OGS THHERT PR ERFRer ify  PEO GRRSE droLee 616

n- channel ahdpe tguin fi B r angbehed, havialg a gxirsee! f - alliegeddeat r uciHighand
a p-channel type thin filmtransistor having a self-aligned structure

with sneflegiFherii¥-eapdertaNetywnhrenneghsopbPat@ abighhi gangpeEratand in
which an prghappel 5 t e dal Naféd Mt andies! 002, 2 AN eh R a818cPP8de
sel f-aligned structure. -
which electrically-conductively connects to a high
concentration drain area of a drain area (p' area 603) are
formed to constitute a thin film transistor 500 illustrated in

Figure 9.

Seventh Embodiment

With reference to Figurés - 11 (a) to (e), one
embodiment of a semiconductor device equipped with a CMOS
circuit consisting of a thin film transistor according to the
first to sixth embodiments will be explained below.

As is shown in Figure 1ll1(e), a CMOS circuit 700 of a
semiconductor device in this embodiment has an n-channel type
thin film transistor 700a and a p-channel ¢type thin film
transistor 700b on the .surface of the sgme insulation

substrate 701 made from such materials as glass, quartz and

sapphire. In any thin film transistor, it is an n ~ source
area 706, an n -~ drain area 707, a p -~ source area 708 and a
p - drain area 709(low concentration areas) that ends of gate

electrodes 714 and 715 overlap through gate insulation films
712 and 713. On the other hand, it is an n -~ source area 719,

a p -~ source



In order to manufacture a CMOS circuit 700 of such a
in the f'QEEGéguEeCh%&%'t type {4 Qh&nlimi%xr FFu3lons, Jae,oo r‘:’mél?%?’ggefg@:\ée a
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1310 and 1 11 and _n_-.drain n4areas 312 and 131?& whi ¢ are gh n an th
under 1 xI108F8&r ] TRREFF 8PY nBEPPEY RencBnt PALESR™ hiB ate® ©
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other hand, a p + source area 1323 and a p - drain area 1324 are forned to
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formed. Afterwards, in a well-known method, phosphorus is ion

implanted to patterns 702 and 703 of a silicon thin film to
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make the patterns about 5 x 10®cm™ of an n - source area 706

and an n - drain area 707, respectively. On the other hand,

boron is ion implanted to patterns 704 and 705 of a silicon

2 of a p

thin film to make the patterns about 5 x 10%®cm
source area 708 and a p “drain area 709, respectively.

Then, as is shown in Figure 1l1ll(b), channel-forming
areas 710 and 711, consis;ing of a silicon thin film of the

thickness of about 1000A made from such materials as

polycrystalline silicon, are formed so that an n " source
area 706 and an n - drain area 707, and a p ~ source area 708
and a p ~ drain area 709, are connected respectively. And the

whole device is thermal oxidated to form gate insulation films
712 and 713 consisting of a silicon oxidation f£ilm. This
thermal oxidation treatment has an effect of activating
impurities in an n -~ source area 706, an n =~ drain area 707,

ap source area 708 and a p =~ drain area 709 to which

ions were implanted. Next, gate



films 712 and 713. Ends of gate electrodes 714 and 715 overlap
44 1300cgp, atC ' € @Bﬁ%el%%aa%% ?é?aﬂd ”d*réirrﬁ'é‘ré‘ée@@l?’g‘lﬁa”d

1305 of ﬁlgﬁ |npur|ty concentration ore the lowering o
current seuaceowarteaf 70 aantil car gsi stancdrasnpraveat 09 | thorcdrgh t gate

manuf acturgui Li¥s ;ubs ﬁf ch a structure, first, as is shown
in Figuf@ éga s n?ﬁ‘ at'on substrate 1301 made from gl ass,

quartz, sapphire andk storsdenlr sAuUrEiguread1l3)? anftd80Zmninterdages
areas 1304 and 1305, consisting of n + silicon thin filns_such as

pol ycrystBFPLAkien Eidm vikhh FIRSIFFENGNeRE Bf sildfempdation film is
formed, contact holes 717 are formed in it. Then employing
such a technique as a photolithography tedhnique, a resist

.pattern 718 to cover the side of a p source area 708 and a
p - drain area 709 (the .side of a p-channel type thin film
transistor 700b) is formed. With the resist pattern 718 and an
interlayer insulation film 716 used as masks, about 5 x 10%
cm™ of an n* source area 719 and an n' drain area 720 are
formed by ion implantation of phosphorus.

After a resist pattern 718 is removed, as is shown
in Figure 11 (d), employing such a technique as a
photolithography technique, a resist pattern 721 to cover the
side of an n - source area 706 and an n ~ drain area 707 (the
side of an n-channel ¢type thin film transistor 700a) is
formed. With the resist pattern 721 and an interlayer
insulation film 716 used as masks, about 5 x 10** cm™ of a p*
source area 722 and a p’ drain area 723 are formed by ion
~implantation of boron.

After a resist pattern 721 is removed, respective
impurities ‘;Jhich were ion implanted are activated by
irradiating a laser beam. After that, as is shown in Figure
ll1(e), as in a usual process, source electrodes 724 and 725

and drain electrodes 726 and 727,



123, respectively.
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time, a silic at t r,m - nnel type thin.filitransistor
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formed enghayacteripbbtsl andognaphyrénehnchaeacsesivitibs1309 used as a
mask, an ion injection is perfornmed to make a part of silicon thin film

patterns 1306 and 1307 of about 5 x 10[err] cnferr] of concentration. The

area bec h SEbeQimeéses 1310 and 1311 and drain areas 1312 and 1313 of

a thin f%%‘mmrso-cal | ed GOLDD type (gate overlap LDD type). The

area in silicon patferftrugberandof3oFnt caghivd matrix substrate with
peripheral circuits of a liquid crystal display panel built-in
as a typical device equipped with a thin film transistor will
be explained beiow as the eighth embodiment of the present
invention.

Figure 12 1is a block diagram showing a whole
constitution of an active matrix substrate in this
embodiment. As is shown in the figure, an active matrix
substrate 800 is divided into a pixel part 800a and peripheral
circuit parts 800b and 800c (drive circuit parts). In a pixel
part 800a, as is shown in Figure 13, a pixel area 803 is
sectioned by scanning lines (gate lines) 80la and 80lb (80t)
connected to a peripheral circuit part 800b (scanning line
drive circuit), and by a signal 1line 802 connected to a
peripheral circuit part 800c (signal line drive circuit). A

~pixel part 800a has a thin film transistor 800d, which
switches over a state in which the side of a signal line BO02
and the side of a pixel electrode 804 are connecﬁed.to the
state in which they are broken, based on scan signals from a
scanning line 80la. The thin film transistor 800d must have a

small



a high operating speed. Accordingly, it is possible to use a

i ons wer e ¢ifdth | # Brt edaR8¢8/Bs Ghaieli@f e 4%91,&_[1)5- r.esi st
pattern 13%%113 s?ﬁi gpgd,g bggt he irradli a igﬁ %ﬁéa | aser elé%@%{l]?{'ﬂg \k{i’olaz
surface, Pi¥ednteartnB@Oati candr e arlfralddyradt! thyst flilmetgansnstbr in

channel a%%tq&ﬁgrélaut%ﬁi ?)raqctesnlgad&e_dﬁhnac} é&?c.sams time to i nprove the
stics of a

character ansi stor. en, as is shown in Figure 18(c),
a gate oxiThet icmmsftiltati’dibb widnisikes igxplafimsd ivwlgwat i on fil m such as a
silicon In Figure 14, a thin film transistor formed in a
pixel part of an active matrix substrate in this embodiment
and three thin film transistors 900a, 930a and 960a formed in
peripheral circuit parts are shown in a row.

In Figure 14, shown on the right of the figure is an
n-channel type thin film transistor 960a formed in a pixel
part, shown in the middle of the figure is an n-channel type
thin film transistor 930a formed in peripheral circuit parts, °
and shown on the left of the figure is a p-channel type thin
film transistor 900a formed in peripheral circuit parts. In
peripheral circuit parts, a CMOS circuit is composed of a-
p-channel type thin film transistor 900a and an n-channel type
thin film transistor 930a.

Of these thin film transistors 900a, 930a and 960a,
an n-channel type thin film transistor 960a used in a pixel
part, as was explained in the first to seventh embodiments, a
source area 96la and a drain area 962a are formed in a
non-self-aligned way to a géte electrode 963a, and the
transistor 960a confronts an end of a gate electrode 963a with
the n ~ source area 964a (low concentration source area) and an

n - drain area 965a (low concentration drain area). P-



panel, a pixel electrode is connected electrically-
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forma storage capag!alie adbife Afatsi#holnkfsELaur ashaa (), gl OM ng

a photolithography technique, resist patterns 1321 and 1322 to cover an
n- channels tryggdcurie ,n &0 | mrchamsébt bype3badnarfii lam transistor 960a has an

LDD structure in a pixel part, and has a structure in which
density of trap energy level is reduced, therefore its off
current is decreased. An n-channel type thin film transistor
900a and a p-channel type thin film transistor 930a formed in
peripheral «circuit parts, on the other hand, have a -
self-aligned structure with small parasitic capacitance.
Therefore, the operating speed in peripheral circuit parts is

never sacrificed.

Ninth Embodiment

A constitution of an active matrix substrate with
peripheral circuits of a liquid crystal display panel built-in
according to the ninth embodiment will be explained below.

An active matrix substrate with peripheral circuits
built-in in this embodiment and an active matrix base with
peripheral circuits built-in according to the eighth
embodiment have the same basic structure, but they differ in
the combination of thin film transistors used in a pixel area

and peripheral circuit parts (drive circuit



number of masks used in a manufacturing process of an active

h I t rt are f J t
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area to which iops werge not inpl becones channpel -form ng area 1325.
After resist pat ?Eﬁns %@‘ﬁ&é’ﬁﬁ 1%*5 Eﬁ?ee r%g'ﬂ'ﬁ’ve% Impnphrappestare witiivaeed
by t he iré;qsniaainém vd1sw] aser beam After that, as in a usual process, as

is shown in Figure 18(e), after an interlayer insulation film 1326
consisting of a Figqurs’ bRi d&t idnsepERrnali sriesd, showingt ahqumrtmre

made inoftay tHiW 09I m E?Eﬁ@lfgggt%gkméaﬂfﬁ;a]SgQél §3§§o§feg%nr SO rce

1328, 1329 and 1330 are connec to an + source are
area 130%3atinix psubstrate aard, a - thin film transistor formed in

peripheral circuit parts in a liguid crystal display panel
illustrated in Figures 12 and 13. _

In Figure 15, shown on the right of the figure is an
e-channel type thin film transistor 960 formed in a pixel
part, shown in the middle of the figure is an n-channel type °
thin film transistor 930 formed in peripheral circuit parts,
and shown on the left of the figure is a p-channel type thin
film transistor 900 formed in peripheral circuit parts. In
peripheral circuit parts, a CMOS circuit is composed of a
p-channel type thin film transistor 900 and an n-channel type
thin film transistor 930.

Of these thin film transistors 900, 930 and 960, in an
n-channel type thin film transistor 960 used in a pixel part
and an n-channel type thin film transistor 930 formed in
peripheral circuit parts, as was explained in the first to
seventh embodiments, source areas 931 and 961 and drain areas
932 and 962 are formed in a non-self-aligned way to gate
electrodes 933 and 963, and the transistors 960 and 930
confront ends of gate electrodes 933 and 963 with the n-



A p-channel type thin film transistor 900 formed in

46 while ; tr 1 332 are ec o + drajn area
1304 and gégiéhg%ggn g$§23%§§4.§%%§£é piéél eiectr%gge%33gﬂ?£?bon%§%$ed5to
an n + drsebfaataghédb sdiruatiurien Ndte tthketsi $thor ilnauigl xetygptal . display

expl ai ned_aboye, in this_embodi ren i nce, an n_sourc rea_ 1311 and.an n
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formed, tésndBéeitvalyofta gatdrsglrecirede gkdl8ccammensehghhell Wyidouthkai ng
restricted by the activation condition. Therefore a gate
film transistor 960 in a pixel part, but that in the following
explanation, it is illustrated as a structure in which a usual
aluminum electrode is connected electrically-conductively to
the drain area, as in a source area 961. |
| In an active matrix substrate 850 of such a
structure, an n-channel ;ype thin film transistor 960 has an
LDD structure in a pixel part, and has a structure in which
density of trap energy level is reduced, therefore its off
current is decreased. An n-channel type thin film transistor
930 formed in peripheral circﬁit parts, on the other hand, is
not self-aligned, therefore it has larger parasitic
capacitance than a self-aligned structure; and there is a fear
of its operating speed being low. However, either an n-channel
type thin film transistor or a p-channel type thin film
transistor has a self-aligned structure with small parasitic
capacitance (in this embodiment, a p-channel type thin film
transistor is self-aligned). Furthermore, even in a
non-self-aligned thin film transistor, since source and drain
areas oveflapping a gate electrode are 1low concentration
areas, the parasitic capacitance can be almost ignored when it
is biased in the direction in which a depletion layer extends.
Taking that into consideration, if a CMOS circuit

is formed to



film transistor have a self-aligned structure. Accordingly, in
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concentration consisting of one silicon pattern to mnim ze
employed.

Tenth Embodiment

Figures 16 (a) to (d) are process sectional views
showing a part of a manufacturing méthod of each thin film
transistor in a pixel part and peripheral circuit parts when
two types of thin film tfansistors are formed on an active
matrix substrate of a liquid crystal display panel, as in the
ninth embodiment.

First,.as is shown in Figure 1l6(a), on the surface
of an insulation substrate 1001 made from glass, qgquartz,
sapphire and so on, about 500A of an amorphous silicon film
1002, for instance, is built up. Resist patterns 1003, 1004
and 1005 are formed on 1002. With these patterns used as
masks, phosphorus is ion implanted to form low concentration
areas 1006, 1007 and 1008 containing about 1 x 10*7 cm™® of
impurities.

Second, an amorphous silicon film 1002 is annealed by
the irradiation of a laser beam to polycrystallize the film

and activate the impurities injected to it simultaneously.



1009 and 1010 become active areas of a p-channel type thin
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types low concentratlon areas 1006, 1007 and 1008 become n~ source
areas 1012 and 1013 (low concentration source areas) and n;
drain areas 1014 and 1015 (low concentration drain areas) of
an n-channel type thin film transistor. The area in an active
areas 1010 and 1011 of an n-channel type thin film transistor
to which impurities are not implanted becomes chaﬁnel areas
1016 and 1017.

Fourth, after a gate insulation film 1018 consisting
of a silicon oxidation film is formed on the whole surface in
an ECR-CVD method, fespectivé gate electrodes 1019, 1020 and
1021 made from such materials as metal are formed on the -
surface. Of respective gate electrodes 1019, 1020 and 1021,
ends of gate electrodes 1020 and 1021 to form n-channel type
thin film transistors 1023 and 1024 confront n ~ source areas
1012 and 1013 and n ~ drain areas 1014 and 1015 through a gate
insulation film 1018. In an extended part 1015a (lower
electrode) in a drain area 1015 of a thin film transistor 1024
used in a pixel part, a storage capacitance is composed of an
overlapping gate electrode 1025 in an upper state.

Fifth, as is shown in Figure 16 (c), employing such
a technique as a photolithography technique, a resist pattern

1026 to cover a



source area 1027 and a drain area 1028 of the impurity

transist Oéénééﬁﬁﬁmeh% g>(f RIS ESs 1 dhoet 0ch®) AP PUORESS sBFELLRBBhaUI S

As is shown In an active matrix substrate In
enbodi nenin anthlnoﬂwmm tmanbastom goRgt.rate 1401, in a pixel part, t here

i's an n-channel typ éc?::nfl transi st or. % 00a hawnglg2 o-cal l ed GOL
t's,

structure, while in heP e&i r Bui ToBAPts, PARERED s Sci Feurt oo

conposed 9hp aﬂlﬁléhanﬁﬁé taeps e f ibym it&aanawhgl%oma&r& aljéaﬁrhanl’l‘hle
type thin f|In1tranS|stor 1400c having a self-aligned structure. 1n_ order

to manuf atrgrdiakése t 1t 3| mlBE&Hsi RS, #FrsPer{LreSshokih .ﬁcﬁﬂaelt&
19(a), aboy bu:l&?@gés f5 | [ShaRCesndr a A ML | it Sidd CoRsRrR | ith®

Is built up on
crystalline state disturbed by the implanted impurities. A

p-channel type thin film frénsistor 1022 used in peripheral
circuit parts need not have a small off current. Accordingly,
in this process, it is sufficient to lower the resistance of
the impurities by activéting them by the irradiation of a
laser beam. The restoration of the crystalline state is not
required.

Seventh, as is shown in Figure 16(d), an interlayer
insulation film 1029 is formed. Making use of contact holes in '
1029, a source electrode 1031 and a drain electrode 1032 are
connected electrically-conductively to respective thin film
transistors 1022, 1023 and 1024.

As 1is clear from the above explanation, in a
manufacturing method of an active matrix substrate in this
embodiment, as mask patterns used in the implantation of
impurities, two mask patterns 1003 and 1026 can be employed.
By contrast, if both an n-channel type thin film transistor
and a p-channel type thin film transistor to form peripheral
circuit parts have a self-aligned structure, and a thin film
transistor used in a pixel part has a structure éccording to

the



embodiments. Hence, the production cost can be reduced by
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and silicon thin filmpatterns 1402, 1403, 1404, 1405, 1406 and 1407 are.
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1403, patygens 1404 and 1405, and patterns 1406 and 1407, respectively. As
Is shown In Figure 19(b), the whole surface is
In a liquid crystal display panel, as is shown in
Figure 13, to form a stbrage capacitance 805 in a pixel
part, there is a tendency that a structure in which 'an
extended part is established on the side of a drain area, and
scanning lines in an upper state overlap the extended part is
adopted. In order to form a storage capacitance having this
structure, in a conventional manufacturing method as a
comparative example, as is shown in Figures 17(a) and (b),
after a resist mask 1102, which was made by opening a hole at
an end of a polycrystalline silicon film 1101, is formed, ions
are implanted ¢to make an extended part 1103 a low
concentration area, and then with a gate electrode 1104 used
as a mask, impurities of high concentration are ion implanted.
According to a manufacturing method in this embodiment, as is
shown in Figures 16(a) and (b), in a process in which
~impurities of low concentration are implanted, an extended
part 1015a becomes a low concentration area automatically. In
subsequent processes, as is shown in Figure 16(b), when gate
electrodes 1019, 1020 and 1021 are formed, a scanning line

1025 in an upper state formed simultaneously with the

electrodes should be made



: without adding other processes.

t her mal oxidated to formgate insulation filns 1411, 1412 and 1413
consisting of a silicon oxidation film This thermal treatnent process al so
has an efEkeventhaEmbodimegti npl anted ions. Next, gate electrodes 1414,

1415 and 1416 consi t|n a transparent electrlc du
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1411, 1412 and 1413. A gate el ectrode 1414 overlaps a Part of n - silicon
thin filnPpaEtERke visH mediPRSFalncaaghifs of = liquid crystdl alspiay

panel built-in, in which a CMOS circuit in a drive part is

composed of an n-channel type thin film transistor having a
non-self-aligned structure’ and a p-channel type thin film
transistor having a self-aligned structure with small
parasitic capacitance which can operate at a high speed, and
in which an n-channel type thin £ilm transistor in a pixel
part has a non self-aligned structure.

in the figures, n-channel type thin film transistors
1300a and 1300c have a source area and a drain area consisting
of silicon films of different thickneSs; Gate electrodes 1317

and 1318 overlap a part of n ~ source areas 1310 and 1311 and

n - drain areas 1312 and 1313, which are thin and of under
1 x 10*® m™3 of impurity concentration through a gate insulation
film 1316. In a p-channel type thin film transistor 300b, on
the other hand, a p * séurce area 1323 and a p ~ drain area
1324 are formed to be self-aligned to a gate electrode 1318.
The area consisting of thick silicon films in a
source area and a drain area of an n-channel type thin film

transistors 1300a and



is prevented.

gate insulation fil e 4 nd 1416, on the. ot her
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which about 5 x 10*' cm™> of phosphorus is added, are formed.
Silicon patterns 1306 and 1307 of the thickness of about 500A
are formed on the surface to connect 1302 and 1304, 1303 and
1305, respectively. At the same time, a silicon pattern 1308
to form a p-channel type thin film transistor 300b is formed.
Then, as is shown in Figure 18(b), a resist pattern
1309 is formed employing a _photolithography technique, and
with 1309 used as a nmsk; an ion injection is performed to
make a part of silicon thin film patterns 1306 and 1307 of '
about 5 x 10" cm™ of concentration. The area becomes n
source areas 1310 and 1311 and drain areas 1312 and 1313 of a
thin film transistor of so-called GOLDD type (gate overlap LDD
type). The area in silicon patterns 1306 and 1307 to which
ions were not injected becomes channel areas 1314 and 1315.
After a resist pattern 1309 is stripped, by the
irradiation of a laser beam on the whole surface, implanted
impurities are activated and crystalline grains in channel
areas i314 and 1315 are enlarged at the same time to improve

the characteristics of a



oxidation film is formed on the whole surface, on the surface

techni queofmghfﬁﬂeéﬁter giie%ttrgﬁte?serl@ﬁ?14?}%1@%%%?5 € r{é’c':’lgegrémn 1%2%:%5.??
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a pi xel parttralispatrémte ebéttricalbgdcasduaskee bfibm, i Spobgcryptabl £fet O

f . 1425 d + drain area 1426  of _about 5 x 1021 cm 3.
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After that, as in a usual process, source
source areas 1310 and 1311 and drain areas 1312 and 1313
through a gate'insulation film 1316. And a part of an n * drain
area 1305 of a thin film transistor used in a pixel part
overlaps a gate electrode 1320 in an upper state through a
gate insulation film 1316 to form a storage capacitance.
Next, as is shown in Figure 1 a (d), employing a
photolithography technique, resist patterns 1321 and 1322 to
cover an n-channel type thin film tr'ansistor 1300a and an n-
channel type thin film transistor 1300c in a pixel part are
formed. With the resist patterns used as masks, boron is ion

* drain area .

implanted to form a p * source area 1323 and a p
1324 of about 5 x 10** cm™. The area to which ions were not
implanted becomes a channel-forming area 1325. |
After resist patterns 1321 and 1322 are removed,
impurities are activated by the irradiatj.on of a laser beam.
After that, as in a usual process, as is shown in Figure
18(e), after an ihterlayer insulation film 1326 consisting of
a silicon oxidation film is formed, contact holes 1327 are
made in it. Through these contact holes 1327, source

electrodes 1328, 1329 and 1330 are connected to an n * source

area 1302, an n * source area 1303 and a p * source area,



film transistor in a pixel part.
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clear fromthe above_expl anation, according to the present invention, the
area to O9EPFERCARdL3HE G2pabe BRdet f5a® MRtalsource area and a drain area

through a gate In setting up an n-channel type thin film transistor
1300¢ with a small off current in a pixel part, it has the
same structure as that of an n-channel type thin film
transistor 1300a in peripheral circuit parts, therefore its
manufacturing process can be simplified.

In this case, too, since a'p—channel type thin film
transistor 1300b to form a CMOS circuit in peripheral circuit
parts has a self-aligned stfucture, the operating speed is not |
sacrificed. And since there is no need to consider off current
characteristics, a p-channel type thin film transistor 1300b
can be composed of a source area and a drain area of high
concentration consisting of one silicon pattern to minimize

the increase of the number of processes.

Twelfth Embodiment

In this embodiment, an n-channel type thin film
transistor is used in a pixel part of a liquid crysfal display
with peripheral circuits built-in, and a CMOS circuit 1is
composed of a self-aligned thin film transistor with small

parasitic capacitance which can



Figures 19(a) to (e) are process sectional views.
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In order to manufacture these thin film transistors,
first, as is shown in Figure 19(a), about 1000A, for instance,
of a polycrystalline silicon thin film, is built up on the
surface of an insulatioq substrate 1401 made from such -
materials as glass, and silicon thin film patterns 1402, 1403,
1404, 1405, 1406 and 1407 are formed by selectively etching
the silicon thin film. Then, phosphorus is ion implanted to
the whole surface to make the silicon thin film patterns 1402,
1403, 1404, 1405, 1406 and 1407 of about 5 x 10" cm™® of
concentration. )
Then channel areas 1408, 1409 and 1410 consisting of
a silicon. thin film such as about 1000A of polycrystalline
silicon film are formed in such a way as to connect silicon
thin film patterns 1402 and 1403, patterns 1404 and 1405, and
patterns 1406 and 1407, respectively.

As is shown in Figure 19(b), the whole surface is

thermal



gate electrodes 1414, 1415 and 1416 consisting of metal, a
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the inplantation of inpurities after the
part of n = silicon thin film patterns 1402 and 1403 through a
gate insulation film 1411. Gate electrodes 1415 and 1416, on
the other hand, do not overlap n ~ silicon thin film patterns
1404 and 1405, respectively.

As is shown in Figure 19(c), employing a
photolithography technique, resist patterns 1417 and 1418 are
fbrmed in such a way as to cover at least ends of gate
electrodes of a p-channel type thin film transistor and an
n-channel type thin film transistor in a pixel part. With the
resist patterns used as masks, phosphofus is ion implanted to
form n *

and 1422.

After resist patterns 1417 and 1418 are removed, as

source areas 1419 and 1420 and n * drain areas 1421

is shown in Figure 18(d), employing a photolithography
technique and others, resist patterns 1428 and 1424 are formed
in an area to cover an n-channel type transistor and an n-
channel type transistor in a pixel part. With these patterns
used as masks, boron is ion implanted to form a p' source area
1425 and a p* drain area 1426 of about 5 x 1021 cm-3.

After resist patterns 1417 and 1418 are removed, as

is shown



and 1432 consisting of metal, a transparent electrically-
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set up In a source area and a draln area, Since the areas reduce
self-aligned structure are formed in peripheral circuit parts.

Industrial Applicability

As is clear from the above explanation, according to
the present invention, the area to overlap ends of a gate
electrode in a source area and a drain area through a gate
insulation film is a low concentration area formed in a
process prior to that in whicﬁ a gate electrode is formed.
Therefore, according to the present invention, when impurities
implanted to a source area and a drain area are activated, a
gafe electrode is not yet formed. Accordingly, since
impurities can be activated without being restricted by the
heat resistance of components of a gate electrode, and the
disturbance of the crystalline state caused by the
implantation of impurities can be restored sufficiently,
density of a trap energy level in a drain area and its
neighborhood can be reduced. And since a drain area overlaps a
gate electrode in a low concentration area, field étrength in
that area is small. Hence, the improvement of off current

characteristics of a



implantation of impurities to a silicon film, in addition to
para5|t|c esi_st.ance the erati eed IS t, sact | ficed aliaguid
Cryetal atbR B sk &t PradleFEb 9 SPRRR, Bl Rt tR R chh By SR,
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filmtransistor is enployed in a CMOS circuit in a drive circuit part and
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processes can be 1 sinplified and a high speed operation of a drive
circuit cgnystalllzatlon treatment.

When the thickness of films in a low concentration
area is equal to that of films in a channel area, the surface
is flattened and an electric field does not concentrate
locally, hence the improvement of off current characteristics.
If films in a 1low concentration area are thinner than a
depletion layer determined by the impurity concentration, the
depletion layer reaches the lower face of the | low
concentration area, and the capacitance connected in series
increases, therefore the parasitic capacitance decreases.

If an area with a thick film which connects to a low
concentration area, or a high concentration area is set up in
a source area and a drain area, since the areas reduce the
parasitic resistance, the operating speed is not sacrificed.

| In a liquid crystal display panel with said thin film
transistor (n-channel type th1n film tran51stor) built-in in a
pixel part, if the same n-channel type thin film transistor is
employed in a CMOS circuit in a drive circuit part and if a
p-channel ¢type thin film transistor to constitute a CMOS
circuit with an n-channel type thin film transistor has a

self-aligned structure, processes can be



circuit part, off current characteristics are not imposed
be reali def;%' BEnkikhioHSe @o A3 DPREFESSe BECRNUEC runidi &f | Brbeanskst of
having a self-aligned structure Is in a drive circuit part, off current
char act ercani be minimdeednpysddrgimia ttheortiansdmtorS@as wn | irtegsal ohighe
nunber of processes.can_be mnimzed by formng the transistor as an
i ntegral ﬁ$ﬁﬁe%§ﬁ%§ﬁ?rr'a?F§%'ar ea. Furthernore, if an extended area which is
formed at the sanme Fufth#tihdre,| @ econcentdredéednasegawhtiidhsd sonforned wakch
is to forma storage capacitance_between it and a gate line , in an upper

state, istP®r @80 n“H U ¥ tarkalol LIMRNFTARN aPTEPsAYY Fndn/ a3nd
storage CQRPEht RBCELLHbAE £O0LRLTAGMRIGHAG I USH %Mgrpr PeCareb-a gate

line in an upper state, is- formed in a drain area of a liquid
crystal display panel, a storage capacitance can be composed

making use of other processes.



1. A thin film transistor characterized in that it has a
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concentration area formed in a process prior to that in which said gate
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area is eQHéE E& %%ﬂéﬁﬁhéga@lécfragéeEBLoﬁgLe@gid gate insulation film

is a low concentration area formed in a process prior to that

in which said gate electrode is formed.

2. A thin film transistor according to «claim 1
characterized in that the impurity concentration of said low

concentration area is equal to or less than 1 x 10%° em™.

3. A thin film transistor according to c¢laim 1 or 2
characterized in that said low concentration area is an area
on which the crystallization treatment is applied after
impurities are implanted to a silicon film fdrmed on the

surface of said substrate.

4. A thin film transistor according to any one of
claims 1 to 3 characterized in that said source area and said
drain area have a low resistance area which connects to said
respective low concentration area with a high impurity

concentration.



respective low concentration area with a f£ilm thicker than the

2. A t B3q of ijjr‘rnstariqiqqiqﬁ; gorﬁ:%ﬁfx@ﬂ%\/d}%féa{"‘i m 1 characterized in that sai d

| ow concentration area I's an area on ich the crystallization treatnent is
applied after inpurities are inplanted to a silicon filmfornmed on the
surface said substragte,. 3. -.Athin filmtransistor according to_any.one
of clai ng‘l to 2 charaé e?l'i”zrédfﬁﬁmt %a'%sésggosrou?%?ﬁ‘?%ﬁgaﬁ:& Y P8 Pl ea
have a | @uaigs Sianee S chadbictRrieeEcis thatdi shi@sedenned | oea. Low
concentratigon area with a high inpurity concentration. 4. A thin film
transi st Gleséféd’@l"d%%ga’f'%aaﬂf ofRd oadidyj dEain dreac aF e c fEePfedf PRMeRatiai d
source algepazdates rdbdlisdidy .area have a |low resistance area which connects
to said reSpective | ow concentration area with a filmthicker than the film
in said | ow concentration area.

7. A thin film transistor according to any one of
claims 1 to 6 characterized in that the thickness of the film
of said 1low concentration area is equal to that of the

thickness of said channel forming area.

8. ‘ A thin film transistor according to any one of
claims 1 to 7 characterized in that the thickness of the film
of said low concentration area is thinner than a depletion
layer formed in a state in which the thickness is determined
by the impurity concentration in said low concentration area

when a potential is applied to said gate electrode.
9. A thin film transistor according to any one of claims

1 to 8 characterized in that the thickness of the film of said

low concentration area is equal to or less than about 500A.

 (y



11. A solid device characterized in that it has a CMOS
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thin filmtransi stor, accqrding t ny .one of cl ai 1 to 5 characterjzed in
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t hi cknes§ogmedhselfraldonesily (towacsrtenel@qtdiedfea is thinner than a
depletion layer fornmed in a state in which the thickness is determ ned by

the inpurity concentration in said | ow _
2. A display device characterized in that it has a

thin film transistor according to any one of claims 1 to 9 as

a pixel transistor in an active matrix array.

13. A disp}ay device according to claim 12 characterized
in that said drain area has an extended area which is formed
simultaneously with its component part and which is to form a
storage capacitance between iﬁ and a scanning line in an prior

stage.

14. A display device according to c¢laim 12 or 13
characterized in that in a drive circuit formed on the same
substrate together with said active matrix array, a CMOS
circuit thereof has a thin film transistor having the same
non-self-aligned structure as said thin film transistor, and a
thin film transistor whose electric conductivity type is
converse from that of the thin film transistor and which is

formed self-alignedly to a gate electrode.

A



circuit thereof is composed of an n-channel type thin film
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Athin filmtransistor according to an ne clains 1 to

in that thaelfhatlkgsedlyf tbhe Galtm efles&irddeow concentration area i s equal
to or less than about 500 A. 9. A solid device characterized in that it
has a thin filmtransistor according to any one of clains 1 to 8 10. A
solid devige charactgrridespliayt haéviéehaacaoﬁa@sgci e6ui t1a@mpoged ek aishin
filmtransistor according to any one of cl ains to 8 and a thin film
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self-alignedly to a gate electrode. 11. A display device characterized in
that it hdsaint Breaf idfmagizhst¢el Hrabigoedi bhino fady dirandisten nkslequad as

a pixel tES”EkékoéfiEhéntﬁﬁékxsss of the film of said low concentration

area of said non-self-aligned thin film transistor.

17. A display device according to any one of claims 14
to 16 characterized in that a source area and a drain area of
said self-aligned thin film transistor have an impurity

concentration of over about 1 x 10 com™3, while said 1low

concentration area of said non-self-aligned thin film °
transistor has an impurity concentration of under about

1 x 10%° em™3.

18. A manufacturing method of a thin film transistor
according to claim 1 characterized in that a process in which
said low concentration area is formed on the surface of said
substrate is performed at least before a process in which said

gate electrode is formed.

19. A manufacturing method of a thin film transistor

* c L M S *

according



implanted to the inside of said silicon film also activates

matrix arr. . 2.« A display device according to claim11l
characteHéﬁ%ﬂﬁWPééh %ﬁzid drain area has an extended area which is forned

simul taneously with its conponent part and which is to forma storage

capaci tan bet ween it and sgcanning line [n _an prior st . 13. A display
dovi ce acclhding to & dnrasEinsngnaethad | o8d £nthitR FALE dAVIEESeR
formed on ddwrediRy Sukst r adEaimgetilger M t hortdb @t 81 MBtH X 8RABY, ghidMOS

circuit thereof has a thin filmtransistor having the sane no-self-aligned
st ruct ur e FYs&@Ald igAtian 1HH 3RS 1% 2 ah@sqr annealing method in which

a laser beam is irradiated to said silicon film to crystallize
the film, and to activate the impurities inside the film at

the same time.

21. A manufacturing method of a thin film transistor
according to claim 18 characterized in that said
crystallization treatment is a solid phase crystallization -
method in which said silicon film is annealed in a low
temperature for a long time .to crystallize the film, and to

activate the impurities inside the film at the same time.

22. A manufactﬁring method of a thin film transistor
according to claim 18 = characterized in that said
crystallization treatment is a rapid thermal annealing method
in which said silicon film is lamp annealed to crystallize the
film, and to activate the impurities inside_ the film at the

same time.

* c L L] S *



THIN FIIM TRANSISTOR, SOLID DEVICE, DISPLAY DEVICE AND

thin fil mﬁzﬁ?ﬂfﬂ Qe [ .Eé)ﬂg | M Aty converse fromt hat
of the thin m t raInlit?st orﬁéﬁfié%m#c 171 suf%ifﬁrre&' se??saﬁ)lﬁgnedl y to a gate
el ectrode. 14. A display device according to claim1l or 12 characterized
inthat in a driv CII‘CUI Ee hesrresubstrateto ethr i th said
active matrix arr%/ ’b\&i iﬁ‘?"f 8F cBP1FR  E5Rn JTRF FREFLC
type thin dHdradtearisd 51 ed aa@ a efehamigtrdnpe th&afddémtsrﬁrw st Oanfor ngd

self-alignedly to a gate el ectrode. 15. A display device accor di ng to_claim
13 or 14 mueﬁﬁ%mrzléwmeichaﬁ & tai thin filmndiransis togined $Higai film

substrate,g ”?ffo Thdsf4hMhOF éot'iPHéCSréﬁeekﬂ'ﬁ gaf alf @reaqplin

said self- aI | gned m transistor 1s equal to that the thickness of
the fil m fresai dﬂmmxmlm an ga ofsiddiapbmdit-lse| (1o i cprecentratioh m

tranS|StOEIea) of about 400A, which is a silicon film made by

performing a crystallization treatment such as an SPC method
on an amorphous silicon, and the crystallization treatment is
carried out after the implantation of impurities to activate
the impurities at the same time. A gate electrode (116) is a
metal electrode, and is formed after an n -~ source area (112)
and an n - drain area (113) are formed. A gate electrode
(116), an n ~ source area (112) and an n - drain area (113) are

not formed self-alignedly.

Figure 1
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which can form a channel between a source area and a drain area on a
16. A display device according to any one of clains 13 to 15 characterized
in that aswdHEeecofirpasalbstrate]r aind af egatel ebvttbde| whidh grmtiréits) ddidm
transi stor have an inpurity concentration for over about 1 x 55 10[err]

cnferr], amﬁﬁep%ieda h%\fgggra%ate%gam@aﬁm{ ofid gugggeas@gl Jaidldngaeklt hi n

filmtransistor has an i y concentration of un out 1 x 10[err]
cnferr]. 17. A npnutaciuring,nethod of a thinfiklmtransistqr acgording to
olaim 1 Al 13 26} I A SRunP afte Bnd i ardiy 4PR0WAIGH o85RES o
area is fornmed on the surface of said substrate is perforned at | east

ends of said gate electrode through said gate insulation film is a low

concentration area formed in a process prior to that in which said gate

electrode is formed, and a impurity concentration of said low

concentration area is equal to or less than 1 x 1020 cm-3.

2. A thin film transistor according to claim 1 characterized in that
said low concentration area is an area on which the crystallization
treatment is applied after impurities are implanted to a silicon film
formed on the surface of said substrate.

3. A thin film transistor according to any one of claims 1 to 2
characterized in that said source area and said drain area have a low
resistance area which connects to said respective low concentration
area with a high impurity concentration.

4. A thin film transistor according to any one of claims 1 to 2
characterized in that said source area and said drain area have a low

resistance area which connects to said respective low concentration

area with a film thicker than the film in said low concentration area.

qb6oa24f-8
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source area and said drain area are areas formed in separate processes.
before a process in which said gate electrode is fornmed. 18. A

manuf act urgng ngt ?ﬂﬂq ilrd trainidtol MaéEGrhE! 85 AF Wrsk N6l Chiiflsdi Mtb7 5

characteried by formng a silicon filmto format |east said | ow—

concentratipn area sq .that .crvstalli [ tr : ' '
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crystallization treatnent is a | aser annealing nethod in which a | aser beam
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the inpuriTies inside the filmat the same tine. 20. A manufacturing method
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area is thinner than a depletion layer formed in a state in which the
thickness is determined by the impurity concentration in said low
concentration area when a potential is applied to said gate electrode.
8. A thin film transistor according to any one of claims 1 to 7
characterized in that the thickness of the film of said low concentration
area is equal to or less than about 500 A.

9. A solid device characterized in that it has a thin film transistor
according to any one of claims 1 to 8.

_}_O_; A solid device characterized in that it has a CMOS circuit
composed of a thin film transistor according to any one of claims 1 to 8,
and a thin film transistor which has a converse electric conductivity
type from said thin film transistor, and a source area and a drain area
thereof are formed self-alignedly to a gate electrode.

11. A display device characterized in that it has a thin film transistor

according to any one of claims 1 to 8 as a pixel transistor in an active

matrix array.
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matrix array, a CMOS circuit thereof has a thin film transistor having

the same no-self-aligned structure as said thin film transistor, and a
thin film transistor whose electric conductivity type is converse from
that of the thin film transistor and which is formed self-alignedly to a
gate electrode.

14. A display device according to claim 11 or 12 characterized in that
in a drive circuit formed on the same substrate together with said active
matrix array, a CMOS circuit thereof is composed of an n-channel type
thin film transistor and a p-channel type thin film transistor formed
self-alignedly to a gate electrode.

15. A display device according to claim 13 or 14 characterized in that

of thin film transistors formed on said substrate, the thickness of a film
of a source area and a drain area of said self-aligned thin film transistor
is equal to that of the thickness of the film of said low concentration
area of said non-self-aligned thin film transistor.

16. A display device according to any one of claims 13 to 15

characterized in that a source area and a drain area of said self-aligned

thin film transistor have an impurity concentration for over about 1 x



1020 cm3.
17. A manufacturing method of a thin film transistor according to
claim 1 characterized .in that a process in which said low concentration
area is formed on the surface of said substrate is performed at least
before a process in which said gate electrode is formed.

18. A manufacturing method of a thin film transistor according to

claim 17 characterized by forming a silicon film to form at least said low
concentration area so that crystallization treatment applied on said
silicon film after impurities are implanted to the inside of said silicon
film also activates the impurities.

19. A manufacturing method of a thin film transistor according to

claim 17 characterized in that said crystallization treatment is a laser
annealing method in which a laser beam is irradiated to said silicon film
to crystallize the film, and to activate the impurities inside the film at

the same time.

20. A manufacturing method of a thin film transistor according to

claim_17 characterized in that said crystallization treatment is a solid
phase crystallization method in which said silicon film is annealed in a
low temperature for a long time to crystallize the film, and to activate
the impurities inside the film at the same time.

_21. A manufacturing method of a thin film transistor according to

claim 17 characterized in that said crystallization treatment is a rapid



same time.



