1 9 APR 2006 DRI VING CI RCU T AND DI SPLAY DEVI CE USI NG THE SAME. BACKGROUND
OF THE INVENTION 1. Field of the Invention 5 The present invention rel ates
to a sem conductor device. The sem conductor device nmeans any deV|ce whi ch
can function by using sem conductor characteristics. Further, thé 9 %H%@@ht
invention relates to a driving circuit of a display device. Addltlonally,
the present invention includes electronic equipnent fabricated by using
the driving circuit of the display device. Note that, in the present
specification, the display device includes a liquid crystal 10 display
device obtained by using a liquid crystal elenent for a pixel, and a |ight
emtting di spl apREENGCETRIT R AMBADISPLAS i DRYICE SBING Imumi sxems el enent such as
an organic electrolumnescence (EL) elenent or the like. The driving
circuit neans a circuit for carrying out a processing to input inage
signals to pixels arrand@dCKGROENIQETHE INVENITGNG to display an inage,
and includes a pulse circuit such as a shlft register or the like, and an
anpl i i ifidd of hednyantion such as an anplifier or the like. 2. Description of
the Related Art In recent years, a sem conductor device (a display device)

i ndwhi ch a Benpesond drtention trélates fio hrseirscondacted donceanThe serh@boductersfesieal | y
on a glass substrate, especially an active matrix type display device
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into wi de use remarkably. The active matrix type display device using the
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arranged so as to be forned into a matrix shape, and an el ectriCc charge of
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10 display device obtained by using a liquid crystal element for a pixel, and a light emitting
display device obtained by wusing a self-luminous eclement such as an organic
electroluminescence (EL} element or the like. The driving circuit means a circuit for carrying
out a processing to input image signals to pixels arranged in the display device and to display
an image, and includes a pulse circuit such as a shift register or the like, and an amplifying

15 circuit such as an amplifier or the like.

2. Description of the Related Art

In recent years, a semiconductor device (a display device) in which a semiconductor
thin film is formed on an insulator, especially on a glass substrate, especially an active matrix
type display device using a thin film transistor (hereinafter refer_red to as a TFT) has come

20 into wide use remarkably. The active matrix type display device using the TFT includes
hundreds of thousands to millions of pixels which are arranged so as to be formed into a
matrix shape, and an electric charge of each of the pixels is controlled by a TFT arranged in

each of the pixels, so that an image is displayed.




driving circuit is sinultaneously fornmed using TFTs in a region around a

pi xel portion, in addition to a pixel TFT constituting a pixel, has been
devel oped, which greatly contributes to the mniaturization of a g vice
and the reduction in consuned electric power, and as a result dd ﬁh 006 ¢ he
di spl ay device becones an indi spensable device for a display portion etc.

of a nobile information termnal an application field of which is

remar kably expanded in recent years. As the sem conductor device (the
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TFT and a P-type TFT are conbined is usually enpl oye The 10 CMOS circuit
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ch acteristics, thus the CMOS 15 circuit has advantages such that the
unelthaly the dlisnlay devdcs,hefomesiancinfispensablp dlevica fora, disphay POHigh eipefcp

dr|V|ng can be excellently perforned. Note that, the term "l ogic" indicates
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H level is changed to the L level or the L level is changed to the H

| evel . y@&Bs.As nobile el ectronic equipnent is mniaturized and is reduced in

wei ght, demand for a display device using liquid crystal sel f-1um nous
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level sififi ﬁf@rHIcBYa y[ié RS bliy, éwoa%@@mgﬁﬁfedﬁ@ s&ﬁg%ﬁqlbfe ugﬁ@er

rapidly 1 ncreased In 2 9 APR 2006 uture accor |ng esired
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when a logic is changed and a current does not flow during a period in which a certain logic is
held; and a current flows only at an instant when a logic is changed and there is only a minute
leak current during a period in which a certain logic is held (although the preferable leak
current is zero). The CMOS circuit has the foregoing two characteristics, thus the CMOS
12 circuit has advantages such that the consumed current in the whole circuit can be reduced, and
high speed driving can be excellently performed.,
Note that, the term "logic" indicates an H level or an L level. Also, the term "logic
change" indicates that the H level is changed to the L level or the L level is changed to the H
level.
20 As mobile electronic equipment is miniaturized and is reduced in weight, demand for
a display device using liquid crystal or self-luminous elements is rapidly increased, however,
from the viewpoint of the yield and the like, it is difficult to reduce the manufacturing cost to

the level sufficiently low. It is easily supposed that the demand is further rapidly increased in
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As a nmethod of fabricating a driving circuit on an insulator, there is a
common nethod in which patterns of active layers, wring |ines and the

| i ke are formed through exposure 5 treatnment and etching with a plurality
of photonasks. However, the nunber of steps during this processing SdARRelBibl y
i nfluences the manufacturing cost, therefore it is ideal to manufacture

the device at the nunber of the steps as small as possible. Then, the
driving circuit, which is conventionally constituted by the CMOS circuit,
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10 part of an ion doping step can be omitted, and the number of the photomasks can also be
decreased.

However, if the driving circuit is constructed by using TFTs the conductivity type of
which belongs to either of the N type or the P type, the following problem occurs. This
problem will be explained below.

15 Fig. 9A shows examples of a CMOS inverter (I) which is conventionally used in
general, and inverters (II} and (III} which are constituted by using TFTs of the polarity of any
one of the N type and the P type. The inverter (I) is a TFT load-type inverter, and the
inverter (II) is a resistance load-type inverter. Hereinafter, the respective operations will be
described.

20 Fig. 9B shows a waveform of a signal inputted to the inverter. Here, it is assumed that
an input signal amplitude has VDD-GND (GND < VDD). Specifically, it is assumed that
GND - 0 [V].

Note that, the foregoing term "VDD-GND" denotes a range from a potential denoted

by VDD to a potential denoted by GND. In the present specification, a range of the potentials
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denoted by GND to the potential denoted by VDDl. Also, in the present
specification, as an exception such as a gate-source voltage, there is a
case where the synbol "-" is given in the 5 mddle of a gate and ‘a source.
The gate-source voltage in this case denotes the voltage generatedppgpyeen
a gate electrode and a source of a transistor and does not denote the range

between the gate and the source. A circuit operation will be expl ai ned.
Note that, for clarification and sinplification of the explanation, it is
assunggd &ﬂgﬁg ; ol t. t g Clrcuit
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t hr eshol 0 e TFT form efl ned _as VthP When a
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t hat G%h 8 entlal f the IriPUt signal is at the H Level (VDD), a P-type
TFT 9genPedy GND terthe apigntialfleppted b3 ViRR1oddsq, 4n therprespnbppecifisatiomias pe |
potential of an output node conmes to have the L 15 level (GND). On the

cont r #XpeptigifeTich 18 apgstespaured valfagehibeieripatcasd yhate the smnbelhe” is gieereln thehe P-
type TFT 901 is turned ON and the N-type TFT 902 is turned OFF, so that the
potentmaldleobdf hhgate and pusounced e The rppte-sonrdeavaltdghein Hhisewst defrbtgs HRCyoltdiext ,
the operation of the TFT | oad-type inverter (lI1) wll be described.
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consi dered. First, en the input 20 signal is at the L |evel, an type

TFT 904t Sert HE BEE agglf'he dHd.he other hand, a |oad TFT 903 al ways operates
under saturation condition, therefore the potential of an output node |s

Pnet "8 b B o) Rl BLEL Nk 0 e Db
f th TO9 i R 2006 ff tl
b ahertts FamRich. Bs d53Gmpd [P e phesapeld géﬁaaqapﬁwﬁ@pgiﬁp EPATGIEA G put
ngge is onvere{j in a direction of the L level. Also with respect to the
i stah At rrgylar ¢ ars yiFqrayly defined assytN. ami arfys therfliresipld voltages of P-

type TFTs are uniformly defined as VthP.
When a signal as shown in Fig. 9B is inputted to the CMOS inverter in the state that
the potential of the input signal is at the H level (VDD), a P-type TFT 901 is turned OFF and
an N-type TFT 902 is turned ON, so that the potential of an output node comes to have the L
15 level (GND). On the contrary, when the potential of the input signal is at the L level, the P-
type TFT 901 is turned ON and the N-type TFT 902 is turned OFF, so that the potential of the
output node comes to have the H level (Fig. 9C).
Next, the operation of the TFT logd-typc inverter (If) will be described. Similarly a
case where a signal as shown in Fig. 9B is inputted will be considered. First, when the input
40 signal is at the L level, an N-type TFT 904 is turned OFF, On the other hand, a load TFT 903
always operates under saturation condition, therefore the potential of an output node is raised
in a direction of the H level. On the other hand, when the input signal is at the H level, the N-

type TFT 904 is turned ON. Here, the current capacity of the N-type TFT 904 is made
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resi stance value of an N-type TFT 906 is made sufficiently | ower than that
of a load resistor 5 905, when an input signal is at the Hlevel, the
N-type TFT 906 is turned ON, so that the potential of an output node is
lowered in a direction of the L level. Wen the input signal is &tg APHh&Eg-

| evel , the N-type TFT 906 is turned OFF, so that the potential of the
output node is raised.in a direction of the Hlevel. However, when the TFT
| oad type inverter or the resistance | oad-type inverter is used, 10 there
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the amount denoted by numeral 907. In the load TFT 903, when a terminal of an output node
side is a source, and a terminal of a power source VDD side is a drain, a gate electrode and a
drain region are connected to each other. Therefore, the potential of the gate electrode at this
[5  time is VDD. Also, under the condition allowing the load TFT in an ON state, the gate-
source voltage of the TFT 903 is larger than VthN, resulting in that the potential of the output
node rises to at most a value (VDD - VthN) obtained by subtracting VthN from VDD. That is,
the value denoted by numeral 907 is equal to VthN. Further, according to the ratio of the
current capacity of the load TFT 903 to that of the N-type TFT 904, when the output potential
20 is at the L level, the potential becomes higher than GND by the amount denoted by numeral
908. In order to make this sufficiently close to GND, the current capacity of the N-type TFT
904 has to be set sufficiently high as compared with the load TFT 903. Similarly, Fig. 9E
shows an output waveform of the resistance load type inverter, According to the ratio of the

resistance value of the load resistor 905 to the ON resistance of the N-type TFT 906, the
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driving circuit, the output has to be obtained without attenuating the
anplitude. 5 SUMVARY COF THE | NVENTI ON The present invention has been nade
in view of the above problem and an object of the invention is to provide
a sem conductor device (a driving circuit of a display device) vfnq gﬂgﬁﬁg
be fabricated at | ow costs by using TFTs of only one polarity of ‘e f
an N type 10 or a P type to reduce manufacturing steps and which can obtain
an out put without anplitude attenuation. In the foregoing TFT | oad-type

i nvert L | i A consideration w iven a_condition
under - G RS R oM, p Oy BR300 i &, i v RRE,
First, in.a.cjrcuit sho in Fjg. , en.the potential of an output
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source G\D and an output node has only to be sufficiently | ow as conpared
wi t h ak @sjostni sienghperirpistalize fo theemplitede abile deput yigprlana arde todeputhenode
so that the potential is caused sufficiently close to G\ND. That is, an

N- t ypediiEig to¢uihdbe outbyt has thbe phtamnd @Ffhost atesuaing thgamplt@dé.od i n whi ch an
N-type TFT 102 is in an ON state. Second, when the potential of the output
signal conmes to have the H 20 level, in order to cause the potential equal
to VDD, an absolute value of a gate-source voltage of the N-type TFT 101

has only to always exceed S{tMIMARYaOF TSIE INVERNUeEONt 0 satisfy the condition
under which the H | evel of the output node becones VDD, the potential of
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10 oraP type to reduce manufacturing steps and which can obtain an output without amplitude

attenuation.
In the foregoing TFT load-type inverter (II) shown in Fig. 9A, consideration will be
- given to a condition under which the amplitude of the output signal normally takes VDD-
GND. First, in a circuit as shown in Fig. 1A, when the potential of an output signal comes to
15 have the L level, a resistance value between the power source GND and an output node has
only to be sufficiently low as compared with a resistance value between the power source
VDD and the output node so that the potential is caused sufficiently close to GND. That is,
an N-type TFT 101 has only to be in an OFF state during a period in which an N-type TFT
102 is in an ON state. Second, when the potential of the output signal comes to have the H
20 level, in order to cause the potential equal to VDD, an absolute value of a gate-source volitage
of the N-type TFT 101 has only to always exceed VthN. That is, in order to satisfy the
condition under which the H level of the output node becomes VDD, the potential of the gate
electrode of the N-type TFT 101 has to be set higher than a value (VDD + VthN) obtained by

adding the potential of the power source VDD to that of the threshold value VthN. The power
6 .




Then, in the present invention, nmeans as described below is devised. As
shown in Fig. 5 1B, a capacitance 103 is provided between the gate and the
source of the N-type TFT 101. The gate el ectrode of the N-type TFT 101 has
sone potential and is brought into a floating state, and then tﬂg PR 7006
potential of the output node is raised, resulting in that with t Alse of
the potential of the output node, the potential of the gate el ectrode of
the Nntype TFT 101 is al so raised by capacitance coupling with the
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Vt hN. Thus, the potential of the output node |s all owed to be raised
sufflcﬁﬁﬁﬁp9 to VDD. Note that, with respect to the capacitance 103 shown °
in Fig. 1B, a capacitance portion 15 may be actually fabricated, or a
parasitic cdpeawiihalmcpresrat inventitrh encgas & dasdrilbddebedouisodevisbd.t As shaWAT il Big. may
be used. The structure of the present invention will be described

herei nhBl awap#ritaes €8 tusiboided deivesznahe gadiang the sburee pf @ReNityp VETLI0AN 1S
characterized by conprising: a first transistor having a first inpurity

regi onTaERARCAIEHrdde of the NsiypR AMEr 1GOHACSme g&eﬁlﬁ QRO r’@bfohgﬁtsmﬁi Qrﬂoﬁﬁﬁ(g ng a
first inpurity region connected to a second power source;

transi gLer SH@Y@%@HB&B&M SR Lot G R0 g&f; 0851 A mesasermﬁé

sour ce; ourt transi stor aving a urity reglion connect ted

to the sec ur he t to tor.s have
2 samePRGRATC fﬁ@.“?‘;tpyﬁ%%& tpegRRTaT Pt ey e & f%ﬁﬁﬁ@%f?ﬁ?bf 4R ot or
and a second i npurit jon qof the second tr re.co ected to one
Cer m nifiSoR by CPRGIINSY GV e e crpagtaace 193 3’@@ 18918?@@5 REFOBES t he

third transistor, a second inpurity region of the fourth transi stor, and a
gat® epets'etrle@éﬁeke heepatentipd ogfh&r@mlmtroalﬁ@féwéweaﬂd%mHem VBB ni nal

of the capacitance; a gate electrode of the second transistor and a gate
el ect r ovhee efcurately, than the value (VDD + VthN) obtained by adding the potential of the power

source VDD and the potential of the threshold value VthN. Thus, the potential of the output
node is allowed to be raised sufficiently to VDD.
Note that, with respect to the capacitance 103 shown in Fig. 1B, a capacitance portion
[  may be actually fabricated, or a parasitic capacitance between the gate and the source of the
TFT 101 may be used.
The structure of the present invention will be described hereinbelow.
.A semiconductor device according fo the present invention is characterized by
comprising: a first transistor having a first impurity region connected to a first power source;
20 asecond transistor having a first impurity region connected to a second power source; a third
transistor having a first impurity region connected to the first power source; and a fourth
transistor having a first impurity region connected to the second power source, wherein: the
first to fourth transistors have a same conductivity type; a second impurity region of the first

transistor and a second impurity region of the second transistor are connected to one terminal
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the fourth transistor are connected to an input signal line; and a gate
el ectrode of the third 5 transistor is connected to the first power
source. A seni conductor device according to the present invention is
characterized by conprising: a first transistor having a first iinAaPR {00
region connected to a first power source; a second transistor having a
first inpurity region connected to a second power source; a third

transi stor having a first inmpurity region connected to the first power
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and a gate electrode of the first transistor are 15 connected to the other
t er mi nek foprth fangisienara epnected t¢an dnputesignab dige;ofnd: hgatscdentidde ohlsd ik and
a gate electrode of the fourth transistor are connected to a first input

si gnal trimsigr ianonrectedao thedirsicpavanieowtet he third transistor is connected to
a second input signal line. BRI EF DESCRI PTI ON OF THE DRAW NGS 20 Figs. 1A

and 1B are wi emaicbaductorpleviod ngedriihgopeiad ippesel im@hibe i0f charasmize@ngluct or
device (a driving circuit of a display device) of the present invention.
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wherein: the first to fourth transistors have a same conductivity type; a second impurity region
of the first transistor and a second impurity region of the second transistor are connected to
one terminal of the capacitance; a second impurity region of the third transistor, a second
impurity region of the fourth transistor, and a gate electrode of the first transistor are

15  connected to the other terminal of the capacitance; a gate electrode of the second transistor

and a gate electrode of the fourth transistor are connected to a first input signal line; and a

gate electrode of the third transistor is connected to a second input signal line.

BRIEF DESCRIPTION OF THE DRAWINGS
20 Figs. 1A and 1B are views for explaining the operation principle of a semiconductor
device (a driving circuit of a display device) of the present invention,
Figs. 2A to 2D are views showing an inverter of a basic mode of a semiconductor

device (a driving circuit of a display device) of the present invention and waveforms of its

input/output signals.




5 sem conductor device (a driving circuit of a display device) of the
present invention and waveforns of its input/output signals. Figs. 5A and
5B are views for explaining the operation of a |evel shifter and showing a
structural exanple of the level shifter, respectively. Fig. 6 iq.@AMigm%
showi ng a structural exanple of a two-input type level shifter in”a

10 where an inversion signal is included. Fig. 7 is a schematic view
showi ng a display device fabricated by applying the present invention.

Figs. 8A to -ews_showi ng. exanpl es of el.ectroni c _equi pnen 0.whi ch
= Semi condubles: Sadercat v PR R DRRcsPn SraribIfy Y iGE sl BSBFT e bt
present invention.is appligd, 5 Figs. 9A to 9E are vjews show ng

st ruct J°88 aaseeﬁ?ﬂ}’élﬁgtigﬁrﬁfgl‘”c@l\&d’il 8reiEuitapfya dizgpley degpice) oF dhe giesentng
wavef orns of respective input/output signals. Figs. 10A and 10B are views
for exBIVERHOHS userblY coyingptanga plyerldy pEeingesdprseadt i ons of a four- TFT type
inverter and a three-TFT type inverter. 20 DETAI LED DESCRI PTI ON OF THE

PREFERRED ENBSDIAVENT SHE e Pidws hahwwimn aehdvoldishiftat sbéwa sve ai comohpdd of aevi ce
(a driving circuit of a display device) of the present invention, which is

a Ci r csdrhicbndtorodivitg @S déving it eif. a BiwplayCdaviae) tof ithe @oddshi invegbbynd\- t ype
TFTs 201 to 204, and a capacitance 205, and a portion surrounded by a

dot t edwliv&@rhé 8MRs RBGY/bEp@GsENAR. ent to the circuit shown in Fig. 1A A
portion 9 1 9 APR 2006 surrounded by a dotted line frame 210 forns an

out put anpl 'F?%dﬁérca%eﬂﬁ%@t\%% fir re%ﬂfah??%glt%ioiggl%igﬁ”of AR LA %;%g)gvﬁﬁ%i ng

circuit 210 rrnging a g state to a gate de of
(ne UG BRI A BRI RRGRY Lo, L oPkaned the
F g 2A, an Fllgn %L;g a%iie%]?llloxisirirslg Iars] rgct:tlt.lr% e)t:agnp g E)fe a ?v!me-(l;r}pru?gy%g lg\;el gk?i?terl\{ntaycpage
10 where an inversion signal is included.
Fig. 7 is a schematic view showing a display device fabricated by applying the present
invention.
Figs. 8A to 8G are vie;vs showinig examples of electronic equipment to which a
semiconductor device (a driving circuit of a display device) of the present invention is applied.
15 Figs. 9A to 9E are views showing structures of a conventional CMOS inverter and
load type invgrters, and waveforms of respective input/output signals.

Figs. 10A and 10B are views for explaining input signals and circuit operations of a

four-TFT type inverter and a three-TFT type inverter.

20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Fig. 2A shows an embodiment of a semiconductor device (a driving circuit of a
display device) of the present invention, which is a circuit functioning as an inverter. The
circuit is constituted by N-type TFTs 201 to 204, and a capacitance 205, and a portion

surrounded by a dotted line frame 206 is equivalent to the circuit shown in Fig. 1A. A portion

9




TFT 202 and the N-type TFT 204. The N-type TFT 201 functions as a |oad, and
an output given froma circuit constituted by the N-type TFTs 201 and 202
is inputted to the gate electrode of the NNtype TFT 203. Note that, in
Fig. 2A, an output node given fromthe circuit constituted by tthegﬁ$§e
TFTs 201 and 202 is referred as a. 10 The operation of the cichi be
descri bed in sequence. Note that, power source potentials are referred as
VDD and GND, and the anplitude of an input signal is referred as VDD (H

| evel ) ; | the potential..of the input signpal.is at
the H Pt bk glteg Tt Hhne SR IolSabBLE dbrifhe tiEr  Bifle SIS Ga e
el ectrode and %grai n regi.on .are ﬁ)nn ct ed, t{ue N-type TFT 201 operates in
a sat uP4PRGAERILPES € fing erenit afQ dntormad ey broeing aiilqatae s jsed Brte 202
is set sufficiently higher than the current capacity of the N-type TFT

201, relseirqdersy the W@?gﬁm"ez%taéﬁtaﬁ dongoss thp same denciion és pimeddhe oiredieisGND.
Accordingly, the N type TFT 203 is turned OFF, and the output of the L

| evel a@pinited tatthe $fectwre pliFigadde. Subsequently, when the potential of the
input signal is at the L level, the Ntype TFTs 202 and 204 are turned
OFF. Thus, Ihthepmtcentdfdlig oA} fieinpadsighaliis inpitts@do kateteletdBE of te Nayst 20
when the potential becones the value (Vvdd - VthN) obtai ned by subtracting
the t hreshobdndahs &-NpB NI 902.1 TRe POWBE TFAUSTLINMBRNs RS fda@24ddvh Sitphe 1S

once obtained. On thé other hand, when the potential of the node a starts

e T R L e T
the 11 8LAgR AL R PIERONETIAL o, 35 L B RS LOmLT L cantl e

is raised, the tential_of the naode a in the floating state also rises by
the exPSHR t&&%ﬁ‘@@&t@&?ﬁ@@@ﬁ%%ﬁ%@és2’05 of the N-type TFT 203.
Accordingly, the potential of the node a is allowed to be higher than a

vallue (vDD The gpempionypf shendieruiywilkie described fosegierasuriete v, powder $purce
threshol d value VthN. Thus, the 5 output of the H |evel appears at the
out put petoatinls anedefered pot\EPDI sk GINDY hnd thei amplivedsonfem inguiadignal is referred as
VDD (H level)-GND (L level). First, when the potential of the input signal is at the H level,
the N—type TFTs 202 and 204 are turned ON. Here, since a gate electrode and a drain region
are connected, the N-type TFT 201 operates in a saturated state, however, the current capacity -
15 of the N-type TFT 202 is set sufficiently higher than the current capacity of the N-type TFT
201, resulting in that the potential of the node o is lowered to the GND. Accordingly, the N-

type TFT 203 is turned OFF, and the output of the L level appears at the output node.
Subsequently, when the potential of the input signal is at the L level, the N-type TFTs
202 and 204 are turned OFF. Thus, the potential of the node o is raised to the VDD side, and
20 when the potential becomes the value (Vdd - VthN) obtained by subtracting the threshold
value VthN from the power source VDD, the floating state is once obtained. On the other
hand, when the potential of the node a starts to rise, the N-type TFT 203 is turned ON before

long, and the potential of the output node is raised to the VDD side. When the node o. is

brought into the floating state, the potential of the output node remains to continue its rise.
| ' 10




to VDD. By the above operation, the anplitude of the output signal can be
obt ai ned without attenuation relative to the anplitude of the input

signal. A nmethod of raising the potential by using the capacitance

coupling that is conducted between two positions as stated above'ngﬁ@Fmﬁ
called a bootstrap nethod. Fig. 2B shows a waveform of the input signal of
the circuit shown in Fig 2A, Fig. 2C shows a waveform of the potential at
the node a, and Fig. 2D shows a waveform of the output signal. In Fig 2C,

a pot efMhe@fordemoitethbdintAUE TR 02PBt hédeisPRisedl tha!potdaMBDof thét kil Mih GRe | S
| ower than VDD by VthN, and the potential of the node a is raised by the

anount fiRemes ﬁgtetél/sorﬁ!s@?[)?lthez&ﬁtéﬂéglg% égﬂ@-s&ﬁgé @Hé;pﬁgieag]c&?%gf %E&bﬁeﬁ hown

in Fig. 2D, 15 when the” output no Is at t i ses

obt ai ndS Pe-PRAAE G oRleAHR o tﬁeé%)@fl% aﬁi?%gi‘%% b ﬁgﬁfmﬁ%} a%eﬁ@”taﬁim ay
. | Bhdict o t
the out'pi PG Biitbine B EhricBaowte VD Hhe o wbtoky v VD taos. ihe °

constructed as the base of the operation, at that tine, it is assuned that
20 1 he Yprbokihs fygbappeatsié therqutpel nages ansl the paisptial it this Hmsi beagmesequal t he
floating state. Figs. 10A and 10B show structural exanples of circuits
usi ng th¥dotstrap nmethod. Fig. 10A shows a basic structure of a
sem conductor device (a driving circuit of a display device) of the present
i nvention, By thhiabbva opaddom the amplieudel sfatht Qtpat 3ighal ¢ Bebaingd rvakisrt t he
potential of the node a by using a gate-source capacitance 1005 of a TFT
1003; anehuatien rd MRRCBIBE Bmbhifida BP kel PR sidhal & r‘ﬁ&ﬁo@@pﬁi&ﬁ_[g 8o oo bf' gnal
by that. Fig. 10B shows a circuit constituted by three TFTs, and sim ar:y,
in whigh ! lRat:i 1A i a
&Bin tﬂggﬁ%&ﬁaﬁ& (':d?lg nk 1RALE MBSl @ ELhethRed RS %?%188@0?&? Esl%\gé%_rzlg%wgg%ﬂ

of the node 13 by using at e-sou][ce capaci tance | 3
i t i at . Xt ,
cobl; o SECTRERA A SplG) ST DRG] sle i the BRH nal Se i Rinee R S 1 ovier

in Fig 2A, Fig. 2C shows a waveform of the potential at the node o, and Fig. 2D shows a

waveform of the output signal. In Fig 2C, a potential denoted by numeral 208 is a potential

(VDD - VthNN) which is lower than VDD by VthN, and the potential of the node « is raised by

the amount denoted by numeral 207 through the bootstrap. As a result, as shown in Fig. 2D,

[o when the output node is at the H level, the potential rises to VDD, and the output signal
having the amplitude of VDD-GND can be obtained. |

In the semiconductor device (the driving circuit of the display device) of the present

invention, afthough the amﬁlitude compensation pf the output signal that is carried out by the

bootstrap method is constructed as the base of the operation, at that time, it is assumed that

20 the gate electrode of the TFT using the capacitance coupling is in the floating state. Figs. 10A

and 10B show structural examples of circuits using the bootstrap method. Fig. 10A shows a

basic structure of a semiconductor device (a driving circuit of a display device) of the present

invention, in which a node « is in a floating state, (o thereby raise the potential of the node o

by using a gate-source capacitance 1005 of a TFT 1003, and then compensate the amplitude
11




source potential. Now, a power source potential at a high potential side is
referred as VDD, a power source potential at a | ow potential side, G\D,
the anplitude of an input signal (in), VDD-GND, and inb, an inversion
signal of the input signal. Here, consideration will be given t QtArPR mﬂP
states of the node a and the node (3 in the case where the anplitudes o
the signals in 10 and i nb have respectively VDD3- G\ND. The power source G\D,
t he power source VDD3, the power source VDD, the threshold value VthN, and

the Vax%]f% c(u\\;@r?sisgcr)lgf W%af?bﬁigg?@;' fs{gé’vgshﬂi‘il?é iﬁ&énisﬂ?tgtehfbg\t‘%&'éqflﬁ@ ghd'@hniigryt NN

I
fromthe po rce VDD e relation of < VthN < VDD3"’< (VDD
- VthN). Jl.n Fig.. 10A en.t he si | pnb.is,at th l.evel e otenti al
of 't nebigdhieh ande Ptin AR Rey BBorehy Tueried volshBal Qs Bous R 2881 <
15 satisfied, with the resuli th t N-type TFT 1001 is turpe , the
ot ont BSOS REparBRECal G 0f oo T (107 and Bsnssotnnchsaie s P RRGe QLA 1 g
state is obtained when the potential becomes the value (VDD3 - VthN)
obt ai nedpyysigabby 8@t ng the threshold val ue VthN fromthe power source
VDD3. That is, if the Hlevel of the signal inb exceeds VthN, the node a
carb be secNex gohwidargfinn iwmill det giwerf kodhtd agpktude of anrdputhugopemdtd power

raising the potential of the gate 20 electrode of the N-type TFT 1003 is

enabl egbulye pdienthboNs v apowensddie: pithsital hamdighipotentigl sidiS refetrad ap¥EMtd al  of
the gate electrode of the NNtype TFT 1006 is al ways VDD. Therefore, when

t he si i i ; ; tth@lar@plitddb &Nt piBsibsal ((@)sed to
%@ér dokeel Sor@itial %%gﬁg%%%%ltx_al \B/i?ﬁpgm thé larlit Fﬁt sikBal (@)

VDD3. wever, now, V N) is satisfied, resulting in that
pot ent S ST Bt el (e [RLELERE, LEGZEORRIGHEIIT T D, 1o
be i Gce STt RO fp0 el pdn A SR BH s iple RS P ERE R, T
i S PR HAGY W1DRA VD) oL D orca SitD) hecp s SHBree YA (DD
- VthN) when the L_|level of the signal inb is G\D. Accordingly, it is
di sady dstRRgEaseues WDDy ihe hissbald el ¥ e a8 Fif Ve XP P - Y dossinecby
characteristics of TFTs.
subtracting the threshold value VthN from the power source VDD satisfy the relation of GND
< VthN < VDD3 < (VDD - VthN). In Fig. 10A, when the signal inb is at the H level, the
potential.of the gate electrode of the N-type TFT 1001 becomes VDD3. VthN < VDD3 is
15 satisfied, with the result that the N-type TFT 1001 is turned ON, the potential of the node o is
raised to the VDD side, and then the floating state is obtained when the potential becomes the
value (VDD3 - VthN) obtained by subtracti_ng the threshold value VthN from fhe power
éource VDD3. That is, if the H level of the signal inb exceeds VthN, the node o can be
securely brought into the floating state, and the operation of raising the potential of the gate
20 electrode of the N-type TFT 1003 is enabled by the bootstrap. On the other hand, in Fig. 10B,
the potential of the gate electrode of the N-type TFT 1006 is always VDD. Therefore, when
the signal inb is at the H level, the potential of the node f is raised to VDD3. However, now,

VDD3 < (VDD - VthN) is satisfied, resulting in that the N-type TFT 1006 always takes the

ON state irrespective of the potential of the input signal. Thus, the node B does not enter the
12




As stated above, in the case where the anplitude of an input signal is
smal l er than a power source voltage, under a certain specific condition,
there is a fear that the floating state can not be given to the node. P in
the structure as shown in Fig. 10B. On the other hand, in the st} OdPRrZ8)6of
the present invention shown in Fig. 10A, there is a nerit that enables the
node a 10 to securely bring into the floating state. The present invention
havi ng the structure as descri bed above can provide a semnm conductor device

whi ch ciadhh staat&r i&%e&ﬁ thOWokaghl &ythe ‘gﬁsn&fbe%is&i %peh@%@t&tr&y

ei ther of t N type or e Ptypeto re e manufacturing steps and

whi ch Cﬁﬁtq?pge ¢ &P oPUPULH LRt 1 AER) 1950'%1% SEHA 8 Yodt B F@feﬂ%' after,

exanpl es of present 1 nvention Wt e5CT b Fhi s

exanpl e in.which a Lity O erters nnect ed
Usi g %@ngﬁﬁ%ﬁfeﬂﬁf bR ER P et ?%Sﬁwwh? B Eyeie Botlgver fen s
to 3C.. Fi ows a circuit in which a urallt of stages._ of i nverters
each of(\(mgcﬁ]tf@) Whep theglp dvebef the sigapldah e %legldaﬂéﬁ 153dygniageQusi t  of
a di splay device) of the present invention are connected In the driving
ci r ui tinglew helaw eqitagy drievigomd dluctuation inkeharastegistics ofi FEEsi t s of ten used as
a buffer. In the sem conductor device of the present invention shown in
Fig. 3A neAsbacidubong iattepsaserehdare thecanplitydaisi aginpkd signdl iogipllantan a
polarity of either of the N type or the P type, so that it can be

fabri cajebr abulcoWoR&Sd, unfdi’d fifain SRciietdddbitioh! thetétis h¥edr tHatABRISQ@Hr state

anplitude attenuation can be obtained. However, in the case where the

circui tcaﬁ%o?ﬁ@ eh o thEiddde %}nltﬁe ﬁﬁ%?e/edshoyaqﬂfﬁé oli: raﬂlme'omerﬁwhme

noted in Vi ew consunmed él'ectric povver 0 e CI rcuit. I'n Fig. 3A when
an inp el E L 3 d Her e,
o NP Mt BRBE Sy lent R ehlidrP3thin BT {0 tnclE Ty SREnt thel SAAFA ¢ s Bnggda

sholrt Ctbrsg(l:ﬂrglequm into the floating state,
y g g

The present invention having the structure as described above can provide a
semiconductor device which can be fabricated at low cost by using TFTs of only one polarity
of either of the N type or the P type to reduce the manufacturing steps and which can obtain
the output without amplitude attenuation.

15 Hereinafter, examples of the present invention will be described.

[Example 1]

In this example, circuits in which a plurality of stages of inverters are connected using
the present invention will be described with reference to Figs. 3A to 3C..

Fig. 3A shows a circuit in which a plurality of stages of inverters each of which is a

20 | mode of a semiconductor device (a driving circuit of a display device) of the present
invention are connected. In the driving circuit of the display device or the like, such a circuit
is often used as a buffer. In the semiconductor device of the present invention shown in Fig.
3A, manufacturing steps are reduced by using TFTs of only one polarity of either of the N

type or the P type, so that it can be fabricated at low cost. Further, an output without
13




and al ways operates in saturation. Thus, when the N-type TFT 302 is turned
ON, a through current flows between VDD and G\ND. The sane applies to TFTs
303, 304 and 305, 306 of respective stages. As a result, consunaglgﬂ(@@pt
beconmes | arge. As an exanple for avoiding such a problem as sho 1 g.
3B, a nethod of using a 10 two-input type inverter can be nentioned. In
the case of such a circuit, in TFTs arranged between VDD and G\D,
polarities of input signals are always opposite to each other. Therefore,
an exchiiplivde apematibs kah He ObEinedld HMokevesOint thalcast Whdre g cietiif &dhod@emh not
fl ow. However, in the case where the circuit of Fig. 3B is used, it is
necesspioy 300s BBRALE, tht WOIIIWIAS Boi aﬁﬁhéb@ﬁotb@miawm,caﬁsdmwbudw{;éwan as

i nput signals. 15 Then, as the configuration of conbination of both the
senicogﬂgégg&ﬁgevice shown in Fig. 3A and the sem conductor device shown
in Fig. , as shown in Fig. 3C, the one-input type inverter of the

present invention,is.,used for, the fir , a th -Jnput ty
Pivercers afbrifad: Pt aRdnS il it ke BnG%hal RopE e 08 st e s o
t he. second stage, _the output signal of the former stage is inputted as one
of % hekfread N—%@ei Tplie0ktepeiipnyps 2 feaddp whiclhitp 2ate 98 dir%miafﬁpﬁhqrgalr%tefihe
other. Thus, the circuit can be used as a buffer which is of one- input
type afefl alivaxkoperatel dn sifpmtigh. diins.emien the Nipipe d35e302 &5 turmed INumthrowght he
sem conductor device of the present invention having the structure as

descr i becnt dloorschetweanc e DChandn@NI. afhaisanngapgliep o THOs BE3,130d and BOby3Wsohg t he
TFTs of only one polarity 14 1 9 APR 2006 of either of the Ntype or the P

type, tdsp&tive Bgbabas &adsal, @inskavd €@dnt bédehek gg@ut put wi t hout anplitude
attenuati on can be obtained. [Exanple 2] A sem conductor device (a driving

circuit of asdhsRhApldeybeGtinglsuts Rﬂfbﬁ‘é&’}x‘s shOWE M FRN3B2a GRMRA skhe a

function as a level "shifter by giving a potential which is different” from
23}0 %m&%‘;’#g’%é t}?}l%'; @Sléx'tt&' ﬁf%e)?%ﬁ%:ﬁ'og{é@“ fi%%ﬂé"ca?c%ﬁu%%%r&x%‘ 5f SERQLEAhLA
between VDD and GND, polarities .of input signals are always opposite to each other.
Therefore, an exclusive operation is catried out, so that a through current does not flow.
However, in the case where the circuit of Fig. 3B is used, it is necessary to prepare
two-phase signals of inversion and non-inversion as input signals.

19 Then, as the configuration of combination of both the semiconductor device shown in
Fig. 3A and the semiconductor device shown in Fig. 3B, as shown in Fig. 3C, the one-input
type inverter of the present invention is used for the first stage, and the two-input type
inverters are used for the second stage and the following. As the inputs of the second stage,
the output signal of the former stage is inputted as one of them, and the input signal of the

20 former stage is inputted as the other. Thus, the circuit can be used as a buffer which is of one-
input type and in which the through current is suppressed to a minimum.

In the semiconductor device of the present invention having the structure as described

above, since the manufacturing steps can be reduced by using the TFTs of only one polarity

14




be described below. First, as power source potentials, three potentials
such as G\D, VDDl, and VDD2 are considered, and it is assuned that they
have the magnitude relation of G\D < VDD1 < VDD2. 10 At this tine,
consideration will be given to a case where a signal having an ahpIAPR dele of
G\ND-VDD1 is inputted and is converted into a signal having an anplitude of
G\D-VDD2, and then the signal is extracted. Fig. 4A shows an exanple. The
structure of a circuit nay be the sane as the enbodi nent and the exanpl e

1. Theppgmlet bEdR Nftyddol HRUE ¢ E,gﬁ‘f%Lm BaSatiliReyPlow 269, antPtn YuGiit bitheuOf

power sources connected to erds of Inpurity regions of N-type TFTs 401 and

4Q3 arﬁné@ﬁjgé Bt‘?&ugﬁov%be (‘?Ig'{%n&ﬁ)erati on of the circuit will be described.
0

Fig. 4 WS a wavetorm of an it nput signal. The signal having an

anpl i tude OLI#G\DV 1 is inputted to gate el ectrodes of N- type TFTs 402
and 404. W ée put signal is at the Hlevel, the Ntype TFTs 402 and
404 20 are turned ON, the potential at a node a is |owered to the G\D side,
and the N-tPpemiopdagiar dewcs (3 dradngripcuitief acdisplpp deidesd of itha prasent Byesfinthut
node cones to have the L |evel. \Wen the input signal is at the L |evel,

t he? N- eaprasilFiunction anadevabshifierdn givinga pormtial whigh ishdiffsreme frofmadn amplithde node
ais raised to the VDD2 side. Accordingly, the Nntype TFT 403 1is turned
ON, angpottitéal pdte idpuakigahl dshepowdrpotren pdentidlsepplicd@totahdreaithém dxamgle will t he
node a, 15 1 9 APR 2006 when the potential becones the value (VDD2 -

absol upgedasrltibed Bdlowhr eshol d vol tage of the N- type TFT 403) obtai ned by
subtracting the absolute value of the threshold voltage of the N type TFT

403 from t he; ROYeL,$QULERe YaAtials! thtd pGHARuENLOGNTE \fﬂt)ﬁii,tain'agvﬁbéta

Thereafter, a$ the potential of the output node rises, e potential of

bet vooro PR ah el L 15keshfled B eRads SRIRE R AR O R0, V0.

PO et @il e coliAbration awill 6 givesto a (ASS whett aRogmal hirskng A amigtivade BE"

GND-VDDL is inputted and is converted into a signal having an amplitude of GND-VDD?2,
and then the signal is extracted.
Fig. 4A shows an example. The structure of a circuit may be the same as the
embodiment and the example 1. The amplitude of an input signal has GND-VDD1, and.
13 | potentials of power sources connected to ends of impurity regions of N-type TFIs 401 and
403 are referred as VDD2.
The opération of the circuit will be described. Fig. 4B shows a waveform of an input
signal. The signal having an amplitude of GND-VDDI is inputted to gate electrodes of N-
type TFTs 402 and 404. When the input signal is at the H level, the N-type TFTs 402 and 404
20 are turned ON, the potential at a node o is lowered to the GND side, and the N-type TFT 403
is turned OFF. Thus, the potential at the output node comes to have the L level.
When the input signal is at the L level, the N-type TFTs 402 and 404 are turned OFF,
and the potential at the node « is raised to the VDD2 side. Accordingly, the N-type TFT 403

is turned ON, and the potential of the output node rises. On the other hand, at the node a,
15




comes to have the H level, and the signal having the anplitude of GND-VDD2
is outputted (a solid line of Fig. 4D). As the reason why the circuit
shown in this exanple can be easily used as the level 10 shifter, it is
possibl e to mention a point that a signal input of a |ow voltagel ABRi2%Gde
is not. applied to gate el ectrodes of the TFTs 401 and 403 connected to
the high potential side power source (VDD2). In a two-input type circuit
shown in Fig. 5A even if a signal of a low voltage anplitude is inputted

to a Thhe®@t FRONRCbEchnidd the RAIBB (WDDENT Ablusd GudOMBleshOld Vifftagd YORR)N- t he
potential of a node (3 can rise at nost to the vicinity of Vd%l.

Accor diyBgiT a0 btiide B setcinl (RPaSHlAL EHRELE hel M Qs Pidse %ﬁth—and

t he gat'e el ectrode potenti can not be raise usi ng
capaci i h l. eration thereof n t

o ov e TRl e $0ul Sorl DRIER, SREARH! % e ol BRerdenr o
the level shifte shown in this exanple an structure such as a buffer

i s reqti fhgcﬁm%glai ﬁ’(’;\ﬂﬂe PRtPEf 59‘?&5353% ﬁ“’i %C’te@@? ﬁgé]é"sg ey oip fprthapgaised fya of
one-input type circuits are used and all anplitudes of input signals

t het eafinasitaice CRERIENE O exisling Betwasmb thet gateand poures of thspN-tyeTEFT §03hamwsh a
signal of a lowvoltage anplitude is inputted are limted to TFTs of a
port i othes tialtes mpetentinl haghtotthad VDD (Figr 40 T06s, thapotahiéal dfvibe stipgeaodd
one-input type circuits are connected, signals of high 16 1 9 APR 2006 -
vol t ageomentbiliavelés: Hilevel,nipdithedgiab hhiviag ideathslitede ¢lUGNDE VDI i€ ottpaeed gdes of
TFTs 507 and 508) of a third stage, so that the normal operation can be
carriegﬂmuhm(HQﬁghgjpase where signals for perform ng anplitude conversion
include inverted signals, a structure may be adopted in which nutual

out put si gNAkSpAtEsbS gg@e ici}&gﬁ LR &ggﬁg %a?nﬁ;é o BEXhsift lr?]sgﬁéarsghglevgl shows

an exanple. Input sig are denot ed n I'nb™, “a

[ B . . d f. TETs. 602 614. ..The . f

PP st Y SRR o S T i, Bl anP 7 208 el ot € 68 ana”
617, and IQ? outth of, a hr
applied to gate'electrodes of the

§t489 gnd 403 connected to the high potential side power
source (VDD2). In a two-input type circuit shown in Fig. 5A, even if a signal of a low
voltage amplitude is inputted to a TFT 501 connected to a high potential side power source
(VDD?2), the potential of a node §3 can rise at most to the vicinity of VDD1. Accordingly, a
15 TFT 503 can not be sufficiently turned ON as well, and the gate electrode potential of the
TFT 503 can not be raised by using capacitance coupling, so that a normal operation thereof

can not be achieved.
Thus, in the casc where heavy load is applied immediately after the level shifter
shown in this example and a structure such as a buffer is required, as shown in Fig. 5B, it is
20 necessary that two stages of one-input type circuits are used and all amplitudes of input
signals thereafter are made high voltage arnplitﬁdes. In Fig. 5B, TFTs to which a signal of a
low voltage amplitude is inputted are limited to TFTs of a portion surrounded by a dotted line

frame 506, and when two stages of one-input type circuits are connected, signals of high
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| evel shifter 660 is inputted to second stage TFTs 605 and 618. Both of the
signals inputted to the second stage are ones of high voltage anplitudes,
t herefore, subsequent |evel shifters 10 normally function as buffers, and

t hen output signals "out” and "outb" are obtained fromthe flnal1guggqm%|n
t he sem conductor device of the present invention having the structure as
descri bed above, the manufacturing steps caa be reduced by using the TFTs
of only one polarity of either of the Ntype or the P type, resulting in

t hat itolege abplifudes aedhpettedtto low igRsd qm;]angl tdt fie eldSraalel PETFMS 50PuAd 80%) 1 t ude
attenuation can be obtained. [Exanple 3] In this exanple, a description

Wi T ber Dih#@Rt28, Rth&XAERbE BpiBiishics KH GRfi@Yofdevice is fabricated by
usi ng a sem conductor device (a driving circuit of a display device) of the

present | nvﬁﬁlntﬂ? ORase2QnEled 31 al!s Sof p%%%m?xtg' gmé 1@1\&’6 Ocjona? glloﬁp n gei}ﬁllgr?cd

source signal Tine driving~“circurt I ne r|V|ng CIrCUIt

702, and pi xe ort| n 703 abricated. s to be |nte ra a :
subst Stens B SriES Tay BR 2dePtpdin whRE myS B s Birk Simded By ATGS R | | ne
illustrates one pixel. The exanple of Fig. 7 shows a |xe of aliquid
?ﬁst Pt ARSI SiEBed IR R Shovshan S¥EnpET m%rsanﬁléf%fiemdew inba, #dcel
TFT) controls an electric charge applied to one 17 1 9 APR 2006 el ectrode
of a |quespeetivedy alputice tegate cBryadds afiifilissO@oandHE 4s Slhecantpitgfal finsi stage
driving circuit 701 and the gate signal line driving circuit 702 are
suppl i kdelfshifiertd’e ioirpaiteld td decond)stage TFTek0bbrd p17, ahd the aupat (flAHGst stéde  The
substrate having the pixel TFT and the driving circuits may be manufactured

in 5 ReCIGhHRGE0NM npuekdReboniatdpe A FIsW056Xa B8 . BofSofdhs SieAslS thpuftedtcS.
Patent 5,889,291 issued to Koyamm et al. Also, it is possible to

ﬁ[ Iylslt ?Ihh' se€ortl §f§g@: GRNEHG Qf hf@h' a8t aﬁgylﬁﬁ&ésv&e}éfbﬁ%{ sﬁ’tﬁsegﬁéﬁ? 1éve T%hﬁ%rs

g a el enent pro crystallization although ot her

knﬂ)’m normally function as buffers, and then output signals "out" and "outb" are obtained from the
| final stége.

In the semiconductor device of the present invention having the structure as described
above, the manufacturing steps can be reduced by using the TFTs of only one polarity of
either of the N type or the P type, resulting in that it can be fabricated at low cost, and the

15 output without amplitude attenuation can be obtained.

[Example 3]

In this example, a description will be given on an example in which a display device is
fabricated by using a semiconductor device (a driving circuit of a display device) of the
present invention.

20 Fig. 7 is a schematic view of a display device. A source signal line driving circuit 701,
a gate signal line driving circuit 702, and a pixel portion 703 are fabricated so as to be
integrated on a substrate 700. In the pixel portion, a portion surrounded by a dotted line 710

illustrates one pixel. The example of Fig. 7 shows a pixel of a liquid crystal display device,

and one TFT (hercinafter referred to as a pixel TFT) controls an electric charge applied to one
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met hods can be used for crystallization. Such a nethod of using the netal
elenment is disclosed, for exanple, in U S. Patent 5,643,826 issued to
Ohtani et al. The entire disclosures 10 of these U S. patents 5,889, 291
and 5, 643,826 are incorporated herein by reference. The display ?§Vi§?05
shown in this exanple is constructed by using the sem conductor * é@ g
(the driving circuit of the display device) of the present invention, and
the driving circuits constituting the whole display device including the
pi xel phtirbdmef anuidsiseptiethedy Sigshingip@RIty tHddsuréd SenANBRIUBind\ch¥RE
TFTs) of one polarity sane as that of tﬁe pi xel TFI7. 715 Thus, an ion

dopi ng 761 @Rdf@E Hite/kiddal B Bril ecifcﬂit%@fﬁiiec%gyg& Plon] WL HuSRY ¢ u%ﬁ‘e} ted,

and this can contribute to a réduction Iin m acturing cost an

i nprovenent. L0 viel. ough the polarity of the TFT constituting the
di spl a@gglg%%rgmﬁrg%ﬁ?@‘x%l e is the Ntype, according to the present

i nventi on, edless to sa it. be s.possihle to constitute _the driving
cireuit and RGURTIAL Bapng the pixel Ho and JAoPSRRE ciresits may, Pm@u@ggg?dd &h i on

dOﬁéng 20 step to be omtted is one for giving the Ntype to a

sent coAgkpedasce Wiihed knows methads foyr example, jap disslosethincHiS. Bateappidpadot dssued onl y
the liquid crystal display device but also any device as long as it is

f abri c& Kdyya ehtledilad,|iyisfpossibledo arydtallideragseiicandiztton filma dor amsadtiat dayer of

[ Exanple 4] 18 1 9 APR 2006 A sem conductor device (a driving circuit of a
di spl ayhed€¥Ts )y wiflizidrea piaslesibmemvidn tprenotigatryerllzpnd adhduzhf @hérd Regvnon of
a di splay device used for various electronic equi pnent. Such electronic

equi pMeihd B CemdBs Bed Tt 2B/sRI1iAOHR MTRIUCPh hREHIdNSE ubigbeht NRALE cRelaP ok,
nobil e conputer, portable tel ephone, etc.), a video Canera, a digital

caer agisAoRe 3 elopERTRLAL P 5 i3 sON S0l OniRfd) ! Pud EiEPHRDGRADY L e

like. Figs. 8Ato 8G show exanpl €5 0 ose. 8A shows a I'rquid crystal

9008, 24 GREEEh SASSAR A 68 06 f DRSRR-ERY gy BIRRLL L 10,1 e
AAATECRCRE ARG I TG MR WA e
&evice (the dri\{ing circuit of the display device) of the present invention, and the driving
circuits constituting the whole display device including the pixel portions are fabricated by
using only TFTs (for example, N-type TFTs) of one polarity same as that of the pixel TFT.
15 Thus, an ion doping step for giving the P type to a semiconductor layer can be omitted, and

this can contribute to a reduction in manufactuiing cost and an improvement in yield.

Although the polarity of the TFT constituting the display device of this example is the
N type, according to the present invention, needless to say, it becomes possible to constitute
the driving circuit and the pixel TFTs by using only P-type TFTs. In this case, an ion doping
20 step to be omitted is one for giving the N type to a semiconductor layer. Also, the present
invention can be applied to not only the liquid crystal display device but also any device as

long as it is fabricated by integrally forming a driving circuit on an insulator.

{Example 4]
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of the display portion 3003. 10 Fig. 8B shows a video canera which is
constituted by a main body 3011, a display portion 3012, an audi o i nput
portion 3013, an operation switch 3014, a battery 3015, an inmage reﬁﬁh%dng
portion 3016, and the like. The sem conductor device (the driving1&4' 6
of the display device) of the present invention can be applied to the
fabrication of the display portion 3012. 15 Fig. 8C shows a notebook
personal conputer which is constituted by a main body 3021, a housing

3022, a di splRmiefidhéeP 33 RiviRy aRAhr304 a}?@a{ié Bf gﬂeﬁﬁcse;[eﬁve tio

|
sem conductor device (the driving Circuit ofﬁ%he di splay devic of the

g{)gg?n Ing&vﬁ%ﬁiiseﬁgov\ga%gic%%ﬁ g%oglgﬁ% tg?ﬁ%?ﬁsgd fjvgr%lf.s%ﬂac erIﬁ*%ﬁgl%'m%Bl f%} ortion

on tTern nal Irc cons ed by

a main_body. 20 3031, .a, stylus 3032 _a display.pqrtion 3033, an operation
but t oncI3ghic ZRUBRPR HEM:N adRr Bl NGaERton fiRY (irRonicrAgicbat Bkt or
device (the driving circuit of the display device) of the present

i nvent FUPPWET PRE2RIE StleRhene octehed Yidpe cemeiaon difital RN shPeyoOnsd COMPREBGR3.
Fig. 8E shows a sound reproduci ng system specifically an on-vehicle audio
appar atelgyisiomai poitabls telopluniet andelie bive.aFigai $A o8y sbow txareplds sfthase. porti on
3042, operation switches 3043 19 1 9 APR 2006 and 3044, and the |ike. The
sem conduct Big. 8Avihoers (at liygidl tiygiah displiay UCD) afhitths dhsthhiey befevicueing 30011 he
present invention can be applied to the fabrication of the display portion

3042. , Adliokti:nahhd/ 3068, & RINMHY $droPBO0E RhE iR [akediTheaRRAdOANGOr evide (Rl I at ed
in this exanple, the invention can also be used for a portable or

househgl:finguft-At apﬂer%ydg%@af ga%gqrgéaﬁmv@mwn%we (REVELS MO ESichon

constituted by a main play portion 2, an eyepi ece

port o ARG Ben Sui e 3054 2 display portion (8) sost, a
o e O splaxpisee) Of o the br cRents LONSRLLOD, SRR BRI Bty
~ portion 3012, an audio input portion 3013, an operation switch 3014, a battery 3015, an image
receiving portion 3016, and the like. The semiconductor device (the driving circuit of the
display device) of the present invention can be applied to the fabrication of the display portion
3012.

15 Fig. 8C shows a notebook personal computer which is constituted by a main body
3021, a housing 3022, a display portion 3023, a keyboard 3024, and the like. The
semiconductor device (the driving circuit of the display device) of the present invention can -
be applied to the fabrication of the display portion 3023.

Fig. 8D shows a portable information terminal which is constituted by a main body

20 3031, a stylus 3032, a display portion 3033, an operation button 3034, an external interface
3035, and the like. The semiconductor device (the driving circuit of the display device) of the
present invention can be applied to the fabrication of the display portion 3033.

Fig. 8E shows a sound reproducing system, specifically an on-vehicle audio apparatus,

which is constituted by a main body 3041, a display portion 3042, operation switches 3043
19 ‘




(A) 3052 and the display portion (B) 3055. 10 Fig. 8G shows a portable

t el ephone which is constituted by a main body 3061, an audi o out put
portion 3062, an audio input portion 3063, a display portion 3063, g@h
operation swtch 3065, an antenna 3066, and the |ike. The sem c nd 46
device (the driving circuit of the display device) of the present

i nvention can be applied to the fabrication of the display portion 3064.
15 Note that, the exanples set forth above are nerely exanples, and the

pr esentand B0&Atdndrhe like.NThe lsbiicoBudi@r dRERYIRPRIViIRA LI QISof tﬁ@‘ﬁ?g@ﬂi 'Hbv;&? the
sem conductor device (the driving circuit of the display devi ey of he

presentyri Ry eRtdeAN indehtiBF G porﬁﬁll?@db{c? e 5?02%?%& gk Shé d‘?{?'lé?u ggn@b%i{zt of a

di spl ay device and a pixe on of evi ce by onl'y TFTs

of one ¢ |, Vi ps.. Al sa.. 20 fabricatjng st.eps.of .the displ evi ce
are r e&(@gg%h%pg’ ¢ #%%Or @éy%g O%q—y%ﬁg}geal{dio ép%fah‘é tgiiS olhugﬁ“tfig{)éq %ﬁﬁ&aﬁ‘ﬁ@’/ S

i nprovenent, in yield. As a result, the display device can be supplied nore
| ox e dRTEptpy Canttisg i pActr & RRTUNE Ahall aGlnPRRGERL | on. t ho

senj conduct or device capable of obtaining the output w thout anplitude

at t enuat i on F&rShehqyysoy disigl camera vehiglpis caysgtuigddy & sain hpdEBO Is:a display

sem conduct or device conprising: a pixel portion conprising at |east one

pi xel usionaAMEEr an eyepaecdrhovtiony3@33; enicpemtion stiteh 30HE tardispday powtion (B)
electrically connected to the pixel, the driving circuit conprising: a
first sb5s 4 ibkneryr3056] ahdrthd@kengrige §eimiebndu¢wﬂrdemcer(|&@i &nivigk efchit Gl thy

connected to a first power source; a second thin filmtransistor having a
first lqupldyl dewideRof @8 pedsestinl&tohtak 88 BESRdo therabriGRoR R IR Ia P RMHIER:
(A) 3052 and the display portion (B) 3055. |
10 Fig. 8G shows a portable telephone which is constituted by a main body 3061, an
audio output portion 3062, an audio input portion 3063, a display portion 3064, an operation
switch 3065, an antenna 3066, and the like. The semiconductor device (the driving circuit of
the display device) of the present invention can be applied to the fabrication of the display
portion 3064.
15 Note that, the examples set forth above are merely examples, and the present invention
1s not limited to these applications.

According to the semiconductor device (the driving circuit of the display device) of
the present invention, it becomes possible to constitute a driving circuit of a display device
and a pixel portion of a display device by use of only TFTs of one conductivity type. Also,

20 fabricating steps of the display device are reduced, to thereby contribute to a reduction in cost
and an improvement in yield. As a result, the display device can be supplied more

inexpensively.  Further, by employing the present invention, the semiconductor device

capable of obtaining the output without amplitude attenuation can be provided.
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athird thin filmtransistor having a first inpurity region electrically
connected to the first power source; a fourth thin filmtransistor having
a first inmpurity region electrically connected to the second power source,
wherein: the first to fourth thin filmtransi stors have a sanme cqn Eﬁghméty
type; a second inmpurity region of the first thin filmtransistor la

second inpurity region of the second thin filmtransistor are electrically
connect ed WalAhE CAAKMED I8t a capacitance; a second inmpurity region of
the third thin filmtransistor, a second inpurity region of the fourth
thin filmtransistor, and a gate electrode of the first thin film

transi stor are Iez&ricall onnected to.the other termnal of the

at

c

capacitance; a S@F&‘é‘l"r‘%ﬁfgr T HERBEYRd thin filmtransistor and a gate
el ectrode of the . thin fi I i .ically connected to
a first input o ﬁ%ﬁ?ﬁ#ﬁ&%ﬁ&%@%&ﬁe gﬁ’%agér%fs%ﬁgatt{’hi rd thin film
transistor is elegiihE bt SRRMRS bR hR, nd SIRELIRSLY BRikcred €D dle ﬂikélethez; A
sem conduct or devi ce according to claim1, wherelin the second input signal
line is theiviigdiduiticon@risdgwhi ch an inversion signal of a signal inputted
to the first input signal line is inputted. 21 1 9 APR 2006 3. A

seni conduct or deMirsiethacitlor thamsisterchaving anfirkt inyheite repidrheleddpdlyi doanotedtoes  a
capaci tance_between the gate el ectrode of the first thin filmtransistor
and one of2 fIEPOWHSOVICEY regi ons. 4. A seni conductor device according to

O R BRSSP S il s ™
el ectrodes, ;and a pw'wre'} Q&I&%t erial.

a third thin film transistor having a first impurity region electrically connected
to the first power source;

a fourth thin film transistor having a first impurity region electrically connected
to the second power source, wherein:

the first to fourth thin film transistors have a same conductivity type;

a second impurity region of the first thin film transistor and a second impurity
region of the second thin film transistor are electrically connected to one terminal of a
capacitance;

a second impurity region of the third thin film transistor, a second impurity
region of the fourth thin film transistor, and a gate electrode of the first thin film
transistor are electrically connected to the other terminal of the capacitance;

a gate electrode of the second thin film transistor and a gate elec&ode of the
fourth thin film transistor are electrically connected to a first input signal line; and

a gate electrode of the third thin film transistor is electrically connected to a

second input signal line,

2. A semiconductor device according to claim 1, wherein the second input
signal line is the signal line to which an inversion signal of a signal inputted to the first™

input signal line is inputted.
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5. A sem conductor device according to claim1l, wherein the one
conductivity is an N-channel type. 6. A sem conductor device according to
claiml, wherein the one conductivity is a P-channel type. 7. A -

sem conductor device according to claim1, wherein: the one condpggpgqmg
is an N-channel type; a potential at a tinme when the input signal

Hlevel is equal to a third power source potential, and a potential at a
time when the input signal is at an L level is equal to a fourth power

source potential d arel]ati n .of a second pomer source potential < the
fourth power sourc 1??6‘318‘?& “Eﬁor EViEH accp g pdner LsuiEes the taReiiance Bses 1 r st

f di
Clarm 1, i BeiEet bRt LB ABlond o e T RBRR AR aRR PR M ERERERE 27 ot

atine “hQthﬂ§nb HE signal is at a Hlevel is equal to a third power
source potenti and a potential at a time when the input signal is at a L
|l evel is equal to a fourth power source potential; and a relation of a
first power source potential < the fourth power source potential <22 1 9
APR 2006 the t hi4 d fpsasicostuotos depiot acdordihg to alaie dondeRiVbe cGpatitatcg@taent i al
is satisfied. 9. A sem conductor device according to claim1, wherein the
seni conducwprcitades ¢apstifuteddryeusiteg @t tew thatorials béayadive layen siastriahp roftedal
inverter, a buffer, and a | evel shifter. 10. A sem conductor device

accor di ng PaEEthsate elgperdss andievisiaginederilct or  device is applied to an

el ectroni c equi pnent selected fromthe group consisting of a Iliquid
crystal display, a video canera, a notebook personal conputer, a portable

5. A semiconductor device according to claim 1, wherein the one conductivity

is an N-channel type.

6. A semiconductor device according to claim 1, wherein the one conductivity

is a P-channel type.

7. A semiconductor device according to claim 1, wherein:

the one conductivity is an N-channel type;

a potential at a time when the input signal is at an H level is equal to a third
power source potential, and a potential at a time when the input signal is at an L level is
equal to a fourth power source potential; and

a relation of a second power source potential < the fourth power source potential

< the third power source potential < a first power source potential is satisfied.

8. A semiconductor device according to claim 1, wherein:

the one conductivity is a P-channel type;

a potential at a time when the input signal is at a H level is equal to a third
power source potential, and a potential at a time when the input signal is at a L level is
equal to a fourth power source potential; and

arelation of a first power source potential < the fourth power source potential <

22




information termnal, an on-vehicle audio apparatus, a digital canera and a
portable telephone. 11. A display device conprising: a pixel portion
conprising at | east one pixel over a substrate; a driving circuit over the
substrate, and electrically connected to the pixel, the drivingidiAPRuUild
conprising: a first thin filmtransistor having a first inpurity region
electrically connected to a first power source; a second thin film

transi stor having a first inpurity region electrically connected to a

second power .source; a third thin filmtransistor having a first inpurity
regi on el \gﬁ? F}F’g‘aﬁqwr E‘E}Hﬁ%ﬁ‘i’tﬁﬁla?tfﬁ TR PO SPR PoteRA! &qes;at‘ﬁft“"fd;urt h thin

filmtransistor having a first inpurity region electrically connected to
t he second power source, wherein: the first to fourth thin filmtransistors

have a same conauctd YdrdikoddRer &&E%@@&gh@%@i&%ﬁ 1. 29h@Bin%he SiRicbhddkord M N

filmtransistor and a second I npurity edi on of t’he second thi Im

transi st ordedfce i¢lopetseleerll! frorh QRO @edRcdRisAng of @hMhidHer 04 baffeC ARAG fedEICe; a
second inpurity region of the thirdthin filmtransistor, a second inpurity

23 1 9 APRh®06 region of the fourth thin filmtransistor, and a gate
el ectrode of the first thin film transistor are electrically connected to
the other termnal of the capacitance; a gate el ectrode of the second thin

filmtransistor %nd a gate electrode of the fourth thin filmtransistor
are el ectrical | y0cofnts@iierndugion deyiee acqorting tasrlaimal, Wherein the gemicgagustor
eIectrode(Pf.the thﬁéptthin fhjn:transistor IS, ecaﬁically conaect?%'to a

evice IS app 0 an electronic equipment selecfed from the group’ consisiing o
liquid crystal display, a video camera, a notebook personal computer, a portable
information terminal, an on-vehicle audio apparatus, a digital camera and a portable

telephone.

11. A display device comprising:

a pixel portion comprising at least one pixel over a substrate;

a driving circuit over the substrate, and electrically connected to the pixel, the
driving circuit comprising:

a first thin film transistor having a first impurity region electrically connected to
a first power source;

a second thin film transistor having a first impurity region eleétrically connected
to a second power source;

a third thin film transistor having a first impurity region electrically connected
to the first power source;

a fourth thin film transistor having a first impurity region electrically connected
to the second power source, wherein:

the first to fourth thin film transistors have a same conductivity type;

a second impurity region of the first thin film transistor and a second impurity
region of the second thin film transistor are electrically connected to one terminal of a

- capacitance; -

- a second impurity region of the third thin film transistor, a second impurity -
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second input signal line. 12. A sem conductor device conprising: a pixel
portion conprising at | east one pixel over a substrate; a dr|V|ng circuit
over the substrate, and electrically connected to the pixel, % %gﬁ*ﬁm g
circuit conprising: a first thin filmtransistor having a flrst @
region electrically connected to a first power source; a second thin film
transistor having a first inpurity region electrically connected to a
second power source; a third thin filmtransistor having a first inmpurity
region electrlcally connected to the first power source; a fourth thin

film trandegienrofhthei fegrth thin Bim  trmgistory apd g E#'ie slestods OAthe fugnthir i@ o

th wh t he f t. to f th thin fil

Lr anst ot oGRS ot Qeracls AT o e e tre%lﬂg@?ﬂéﬁﬁﬂ”%%ﬂ@ﬂ%@ tegion of the
first thin film téa@@% eﬁ& e Wﬁe%eﬁc?ﬁ:doﬁlg egxg%rants%é%orraﬁg' Ogatg b1 iGaSGEARD thin

filmtransistor a r| ca connec to ou nal” 1T ne, a second
purity rgghRhiRih 'ﬂ%n&élbf ﬂ'etetycﬁicfall B2 1S h Blst ﬁ%;@dadd”pu“ ty
region of the fourth thin filmtransistor are elect yconnectedtoa

gate el ectrode of gaté BRclrodssbf tHel thirlli thif filnd M@h§E®F is aie&ﬁbm}el:@ﬁlteéteai@o of the
second thin filmtransistor and a gate electrode of the fourth thin film

t ransi st orseesnsl iepwiignatlidd. y connected to a first input signal line; and. 24
1 9 APR 2006 a gate electrode of the third thin filmtransistor is
electrically connected to a second input signal |ine.

12. A semiconductor device comprising;

a pixel portion comprising at least one pixel over a substrate;

a driving circuit over the substrate, and ¢lectrically connected to the pixel, the
driving circuit comprising:

a first tlﬁn film transistor having a first impurity region electrically connected to
a first power source;

a second thin film transistor having a first impurity region electrically connected
to a second power source;

a third thin film transistor having a first impurity region electrically connected
to the first power source;

a fourth thin film transistor having a first impurity region electrically connected
to the second power source, |

wherein:

the first to fourth thin film transistors have a same conductivity type;

a second impurity region of the first thin film transistor and a second impurity
region of the second thin film transistor are electrically connected to output signal line;

a second impurity region of the third thin film transistor and a second impurity
region of the fourth thin film transistor are electrically connected to a gate electrode of
the first thin film transistor;

a gate electrode of the second thin film transistor and a-gate electrode of the

fourth thin filim transistor are electrically connected to a first input signal line; and.
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13. A display device conprising: a pixel portion conprising at |east one
pi xel over a substrate; a driving circuit over the substrate, and

el ectrically connected to the pixel, the driving circuit conprisin%: a
first thin filmtransistor having a first inpurity region el ectr] 84FR 006
connected to a first power source; a second thin filmtransistor having a
first inpurity region electrically connected to a second power source; a
third thin filmtransistor having a first inpurity region electrically
connected to the first wer .sourge. . a-fourth thin film.transistor, _having
2Tt Tmpur ¢y b BReBRESE pROiR DAl bl i kGG RIS kE o 50 oo
wher ei n: ts@@oﬂéﬂihﬁ%ﬁ@af%t h thin filmtransistors have a sanme conductivity
type; a second Inpurity region of the first thin filmtransistor and a
second inpurity region of the second thin filmtransistor are electrically
connected to output signal line; a second inpurity region of the third thin
filmtransistor 18nd Aadisaypdeicengouiprising: r egi on of the fourth thin film
transistor are electrically connected to a gate electrode of the first
thin film transiagtixgl podiogaompeisingtat tedet ok pixed overaoubisttats;n il m transi stor
and a gate electrode of the fourth thin filmtransistor are electrically
connected to a f ffré‘tmg RiseHit ayeythe syhshate, apdclgctysplly egnuetted de ther pikele theni r d
thin fil mcklr ansi.stor is electrically connected to a second input signal
line. 14. AOEFESHFGEPEF  devi ce conprising: a pixel portion conprising at

least one pixel .Oyefm fiAPRLLIN:G heothghs st o Cegion electrically connected to

a first power source;

a second thin film transistor having a first impurity region electrically connected
to a second power source;

a third thin film transistor having a first impurity region electrically connected
to the first power source;

a fourth thin film transistor having a first impurity region electrically connected
to the second power source, wherein:

the first to fourth thin film transistors have a same conductivity type;

a second impurity region of the first thin film transistor and a second impurity
region of the second thin film transistor are electrically connected to output signal line;

a second impurity region of the third thin film transistor and a second impurity
region of the fourth thin film transistor are electrically connected to a gate electrode of
the first thin film transistor;

a gate electrode of the second thin film transistor and a gate electrode of the
fourth thin film transistor are electrically connected to a first input signal line; and

a gate electrode of the third thin film transistor is electrically connected to a

second input signal line.

14. A semiconductor device comprising:

a pixel portion comprising at least one pixel over a substrate;
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a driving circuit over the substrate, and electrically connected to the
pixel, the driving circuit conprising: a first thin filmtransistor having
a first inmpurity region electrically connected to a first power f§§F$?MBa
second thin filmtransistor having a first inmpurity region electri y
connected to a second power source; an output anplitude conpensating
circuit having an input termnal and an output termnal, wherein the
output termnal is electrically connected to a gate electrode of the first

thin filmtr ansiascétﬁ)‘g%% ?@%ggpﬁ S MRS, 1;19((53 giﬁg%g@ﬁg L(?rgl%ft%% é{) 'rlge éiiéé% &'}%?and

second thin film rs have~a same [ y

Ppurity regiiciffiddgphisingt thin filmtransistor and a second inpurity
region of the second thin filmtransistor are electrically connected to an

out put signal la fitet theh Gl @aNi @6t K68 Hfirst BEpEREOESot Abdribillyednhanad &t or
and the input termnal of the output anplitude conpensating circuit are

el ectri cald §rstpowabaate 0 an i nput signal line. 15. The seni conduct or
device according to Caim 14 wherein the output anplitude conpensating
circuit conpri siafgeons thin fileh trhnisistér havingraafisst snpwitheegiongelectfi¢allytconngsted t y
region electrically connected to the first power source; and a fourth thin
filmtrandP&SEFOMPMEESAIESr st i mpurity region electrically connected to

th d .16 Th onduct or, devi ce . ding,to.C aim 15
wherein a gate dfietiPHamPEpde EMBEINE il bvins 4RJREYtolTiibiagt 3 cal 1y

connect ed c;u@plﬁ téﬁ‘r[iﬁ&l, WRB thY 0{1&9& Ritmal Eshﬁectltiégllrydcoméc@ec{ tiol Ef%e[té %ﬂ:éiiré&eor :
of the first thin film transistor,

wherein:

channel] forming regions of the first and second thin film transistors have a same
conductivity type;

a second impurity region of the first thin film transistor and a second impurity
region of the second thin film transistor are electrically connected to an output signal
line;

a gate clectrode of the second thin film transistor and the input terminal of the

output amplitude compensating circuit are electrically connected to an input signal line.

15. The semiconductor device according to Claim 14 wherein the output
amplitude compensating circuit comprising:

a third thin film transistor having a first impurity region electrically connected
to the first power source; and

a fourth thin film transistor having a first impurity region electrically connected

to the second power source.
16. The semiconductor device according to Claim 15 wherein a gate electrode
of the third thin film transistor is electrically connected to -a first impurity region of the:

third thin film-transistor.
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26 1 9 APR 2006 17. The sem conductor device according to Caim15 wherein
a gate electrode of the fourth thin filmtransistor is electrically
connected to the input signal line. 18. The seni conductor device according
to Claim15 wherein a second inpurity region of the third thin fi9lARR 2006
transi stor and a second inpurity region of the fourth thin filmtransistor
is electrically connected to the gate electrode of the first thin film
transistor. 19. A display device conprising: a first thin filmtransistor
having a first inpurity region electrically connected to  a first power
source; a second’t hiThe BEpigprdustesidsyise apeprding to Glaimskd Wheseinia gate elgptande

el ectrically, connect.e to a second power source; an output litude
conpensat i(}féhecg’ilgﬁiﬂ%m% TR SIEheT ?%’iﬁg‘fai@ﬂ)ﬁ’&‘fd%ﬂ ﬂéerfnp'&f’?%lﬂ ﬁ’i‘ rminal ,
wherein the output termnal is electrically connected to a gate el ectrode
of the first thin filmtransistor, wherein: channel form ng regions of the

first and secondgt hiqfef &épﬁl};%{ed%?&}rsaé%{%i E@(%()?(?lﬁ% S8Rl OTS URldrdh Ly sbYRRE 2

second inpurity region o Irst t transi stor and a second

inpurity infeitieiregiontof ehetBiz@ Bn i rahbikidt hﬂi@ﬁl%c%h@{né@[rﬁ%r edgasit 6f thakduyth
connected to an output signal Iline; a gate electrode of the second thin

film transhit il andsistbeis ¢petticdlbr comattedfto e gato WlgpubdanpPlliet fugde thin film
conpensating circuit are electrically connected to an input signal |ine.
20. The ditsgmsstprdevi ce according to Caim 19 wherein the output anplitude
conpensating circuit conprising:

19. A display device comprising:

a first thin film transistor having a first impurity region electrically connected to
a first power source;

a second thin film transistor having a first impurity region electrically connected
to a second power source;

an output amplitude compensating circuit having an input terminal and an
output terminal, wherein the output terminal is electrically connected to a gate electrode
of the first thin film transistor,

wherein:

channel forming regions of the first and second thin film transistors have a same
conductivity type;

a second impurity region of the first thin film transistor and a second impurity
region of the second thin film transistor are electrically connected to an output signal
line;

a gate electrode of the second thin film transistor and the input terminal of the

output amplitude compensating circuit are electrically connected to an input signal line.

20. The display device according to Claim 19 wherein the output amplitude
. compensating circuit comprising:

a third thin film transistor having a first impurity region electrically connected
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athird thin filmtransistor having a first inpurity region electrically
connected 27 1 9 APR 2006 to the first power source; and a fourth thin film
transi stor having a first inpurity region electrically connected to the
second power source. 21. The display device according to C ai m 20 3AFRR-BNn a
gate electrode of the third thin filmtransistor is electrically connected
to afirst inpurity region of the third thin filmtransistor. 22. The

di spl ay depiteelintporeisaurceoand ai m 20 wherein a gate el ectrode of the

fourth thin filmgf{ra si_st?r is electrically connected t%:the i nput sidgnal

line. 23. The diaioral thiafilodrapsisty dpkige adire] mmprdoregiay degiocpllysopnestc

inpurity LE9d Q0.0 ('ghestlrllricrd thin filmtransistor and a second inpurity
regi on of e PSP RYHISRYFi Im transi stor is el ectrically connected to the
gate electrode of the first thin film transistor. 28

21. The display device according to Claim 20 wherein a gate electrode of the
third thin film transistor is electrically connected to a first impurity region of the third

thin film transistor.

22, The display device according to Claim 20 wherein a gate electrode of the

fourth thin film transistor is electrically connected to the input signal line.

23. The display device according to Claim 20 wherein a second impurity
region of the third thin film transistor and a second impurity region of the fourth thin
film transistor is electrically connected to the gate clectrode of the first thin film

transistor.
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