SH FT REGQ STER AND METHOD OF DRI VI NG THE SAME BACKGROUND OF THE | NVENTI ON
1. Field of the Invention The present invention relates to a shift

register. Specifically, the present invention relates to a shift register
‘conposed of thin filmtransistors (hereinafter referred to as TFTs) and to
a nethod of driving the shift register. 2. Description of the Related Art
Shift registers, which receive a clock pulse and a start pul se to output

pul ses (sanpli&ﬁqu{ > *ﬁ% ﬁie in.various circuits. In a
di spl ay deviceS i ch ﬁ§§k3§ﬁ§#§@% '@ﬁ8¥?ﬁﬁ&@ ¥ |g:dﬂﬁﬂfforn1a mat ri x,
shift registers are particularly used as a gate signal line driving
circuit and a gate signal line driving circuit for selecting pixels and
inputting signals to the sel ected pixels. An exanple of the structure of a
general shift register iBASKEFDT THE INVMENJWONt  register has first to
r-th (r is a natural nunber equal to or larger than 3) stages. Each stage
is cdnpedédl e laventipst cl ocked inverter CKINV1, a second cl ocked inverter
CKINV2, and an inverter INV. The i-th (i is a natural nunber equal to or

| ess than r)Tist@eent sovepfi@l fedtdled @ AshiBiRebistef $hdcHicantl OGK PebskMVBLLRIon
second cl ocked inverter, and an inverter that constitute the i-th stage
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first stage SR |, a start pulse SP is Inputte romthe externa

i nput ' b St eC d inverter CKINV1_1, and an out put
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term nal I TSt verter CKINVI _1-is connected to an input
term of .the i.nverter INV 1 and to an output termnal of the second
c|ockgngﬁWHFPBPf %&vﬁfﬂpuhn input termnal of the second 1 clocked

inverter CKINV2 | is connected to an output term nal of the inverter [NV 1.
The Shitt Tegisters, which receive a clock pulse and a start pulse to output pulses

(sampling pulses) sequentially, are used in various circuits. In a display device which has a
plurality of pixels arranged to form a matrix, shift registers are particularly used as a gate

~ signal line driving circuit and a gate signal line driving circuit for selecting pixels and
inputting signals to the selected pixels.

An example of the structure of a general shift register is showﬁ in Fig. 5. The shift
register has first to r-th (r is a natural number equal to or larger than 3) stages. Each stage is
composed bf a first clocked inverter CKINV1, a second clocked inverter CKINV2, and an
inverter INV.

The i-th (i is a natural number equal to or less than r) stage is referred to as SR_i. A
first clocked inverter, a second clocked inverter, and an inverter that constitute the i-th stage
are referred to as CKINV1_i, CKINV2_i, and INV-i, respectively.

In the first stage SR 1, a start pulse SP is inputted from the external to an input
terminal of the first clocked inverter CKINV1_1, and an output terminal of the first clocked.
inverter CKINV1_1 is connected to an input terminal of the inverter INV_1 and to an output

terminal of the second clocked inverter CKINV2_1. An input terminal of the second




output termnal of the inverter INV 1 serves as the output term nal of the
first stage SR-1. In the second stage SR 2, an input termnal of the first
cl ocked inverter CKINVI 2 is connected to an output term nal of the
inverter INV.1 in the first stage SR I, and an output termnal of the
first clocked inverter CKINVI _2 is connected to an input termnal of the
inverter INV.2 and to an output termnal of the second cl ocked inverter

CKI NV2{ked\thve HEPGK I €D rtatoreltcttmo ﬁﬁ%ﬁﬂﬁljt o] %‘f&‘t% y YRULEL RS YV2

connected to an output term nal of nvert he ‘output ernlna
of th a ut, termnal . the second stage
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inverter INVMJ-1 in the (j-1)-th stage SRj-1, and an output term nal of
the fily<ngstad ke Plﬁpetrtﬁféﬂam@@fm yveger tnetfie figst atage SButl. arskan maputof t he
inverter INVJ and to an output term nal of the second cl ocked inverter
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connected to an output termnal of the inverter INVJ. The output term nal
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Wen a start pulse SPis inputted to the first stage, the shift register
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that are structured as above sequentially outputs S |ft ulses

S_r o fyomy, t ci.rcuit SR r-th
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pul se whi ch | tained by inverting the polarity of the cl ock pul se
CK. Tﬁgﬁgl8%ﬁpﬁﬁﬁg§ “and inverted clock pulse CKB are inputted to the
first clocked inverters CKINVI and second clocked inverters CKINV2 of the
first to r-{kueielycs a pthrds apapugalopprebesparel forderesr feg %iand wapaldioayr am of

the first clocked inverter CKINVI,
smaller than 1) stage, an input terminal of the first clocked inverter CKINV1_j is connected to

an outputted terxtlinal of the int;erter INV_j-1 in the (j-1)-th stage SR_j-1, and an output
terminal of the first clocked inverter CKINV1_j is connected to an input terminal of the
inverter INV_j and to an output terminal of the second clocked inverter CKINV2 j. An
input terminal of the second clocked inverter CKINV?2_j is connected to an output terminal of
the inverter INV_j. The output terminal of the inverter INV_j serves as the output terminal
of the j-th stage.

| When a start pulse SP ts inputted to the first stage, the shift register composed of the
first stage circuit SR_1 to the 1-th stage circuit SR_r that are structured as above sequentially
outputs shifted pulses S_1 to S_r from the output terminals of the first stage circuit SR_1 t.o
the r-th stage circuit SR_r in sync with a clock pulse CK and an inverted clock pulse CKB
which is obtained by inverting the polarity of the clock pulse CK. The clock pulse CK and
inverted clock pulse CKB are inputted to the first clocked inverters CKINV1 and second

clocked inverters CKINV?2 of the first to r-th stages.




second cl ocked inverter CKINV2, and inverter INV that constitute each stage
in the shift register with the structure as shown in Fig. 5. Vvdd
represents a high power supply electric potential and Vss represents a | ow
power supply electric potential. Here, the high power supply electric
potential Vdd is set higher than the | ow power supply electric potenti al
Vss. The electric potential difference betmeen the hi gh power supply

el ectric po&gng{ Vdd and the | ow power supply electric potential Vss
" corresponds t'& ﬁ@“ﬁé%@Peéﬁﬁ%‘?w GFP%@éméﬁntW@l%ﬁFﬁFkEE@1§WE¢ﬂW3KHNVlJst
clocked inverter CKINVI is conposed of p-channel TFTS 50la and 501b and
n- charffgmdrepekedoipyesgidCERIY 2, rrd divestes BN fiac avristifyte aagh shenirethel Bifrand
n-channel TFT of the first clocked inverter CKINV1 that receive a clock
" pul se r@Kstor with thensterctied ag$lackn indtigs® CKB t hrough their gate el ectrodes are
denoted by 501a and 501d, respectively. Then gate el ectrodes of the
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termnal of the first clo d inverter CKINV f a clock pulse CKIs to be
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cl ock "pul se i npu to the gat hannel™

501d if,an inverte se CKBis to Db |nputted
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|nput &?ﬁﬁ at e electroggeof the n-channel TFT 501d. The source

el ect eer g‘bPEH’ﬁhﬁléPpﬁ‘ g Pofentiple dd And; the lowneOWRBIPPYS clepichi gh
power suppl electric potential Vdd and the drain el ectrode thereof is
conne®PERtp VETROrEERATES to Bicaromep geppdy veltrgepf HivaahifelegiBRT. 501b. The drain

el ectrode of the p-channel TFT 501b is connected to the drain el ectrode of

t'he n- channdheTiET godkedaindetdreCKBNVEds ebmposeddd pofhanhe TRFcHEANS THH 501c
is connected to the drain el ectrode of the n-channel TFT 501d. The source

el ect noden-cdfanhéleTFREcS@ERNald JFkc. 5QAd dhisSpk&fitatah, b heclean® Tevahd aScHahgell ow
power supply
TFT of the first clocked inverter CKINV1 that receive a clock pulse CK or an inverted clock
pulse CKB through their gate electrodes are denoted by 501a and 501d, respectively. Then
gate electrodes of the p-channel TFT 501b and n-channel TFT 501c¢ are connected to the input
terminal of the first clocked inverter CKINV1.
If a clock pulse CK is to be inputted to the gate electrode of the p-channel TFT 501a,
an inverted clock pulse CKB is inputted to the gate electrode of the n-channel TFT 501d.
On the other hand, if an inverted clock pulse CKB is to be inputted to the gate electrode of the
p-channel TFT 501a, a clock pulse CK is inputted to the gate electrode of the n-channel TFT
501d.
The source electrode of the p-channel TFT 501a is kept at the same level as the high
power supply electric potential Vdd and the drain eleqtrodc thereof is connected to the source
clectrode of the p-channel TFT 501b. The drain electrode of the p-channel TFT 501b is

connected to the drain electrode of the n-channel TFT 501c¢ and the source electrode of the

n-channel TFT 501c¢ is connected to the drain electrode of the n—cha_nnel TFT 501d. The




el ectric potential Vss. The gate el ectrodes of the p-channel TFT 501b and
the n-channel TFT 501c serve as the input termnal of the first clocked
inverter CKINVI. The drain electrodes of the p-channel TFT 501b and the
n- channel TFT 501c serve as the output termnal of the first clocked
inverter CKINV1. The second cl ocked inverter CKINV2 is conposed of
p-channel TFTs 502a and 502b and n-channel TFTs 502d and 502c. In this

speci n n- channel TFT of the second cl ocked
i nvert Lé‘?‘%k:&f%%ﬁ/%g?ﬂﬁ‘i@ Q@gp?}eﬁg& g&é@ﬁ kep %2}‘ Ry leys] a5 teelopeRpW eI SSERLYpul se
CKB th h thelr,?ate el ectrodes are denoted by 502a and 502d,
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n-channel TFT 502c are connected to the output term nal of the inverter
I NV. BT S5@loekrvpudsside GRputsterminhe of npetfirstdeibcketihinv gadreCEINYH r odee afrainhe
p- channel TFT 50l1a that constitutes the first clocked inverter CKINV1, an

i nver ekdtrolleckf phd pechet@li BFT ridubted the nich@nghtiETeberd Eade of tht hGurput
p- channel TFT 502a that constitutes the second cl ocked inverter CKﬁJNVZ and

a_cl oedenphdl 9 tKEidsb cloBRdtih @t CRING/19at e el ectrode of the n-channel TFT
502d. On the other hand, if an inverted cl ock pulse CKB is to be inputted

to the gategle g&gﬁqghﬁggedgmftcpﬁggﬁ@ggg 8{5?05%9%? B ??{gn&?%ﬁt tesd §&% first

cl ocked inverter e ga

| ect el that constit econd ocked
sy P08 B e T SRR P B RSBt e S SR 2R i
el ectr ?fgtfhﬁéﬁgongpdgﬂ@gnel "TFT 502d The source el ectrode of the p-channel

TFT 5 SRYRIter SFIN Vs Wikl it a gk pulsaspk pr an devaricd
potential Vdd and the drain el ectrode thereof is connected to the source
el ect FigE pytset GEBpthepnaindciriae gectiindeThee dermiad by 8024 antk 502, trbspeptictignnel
TFT 502b is connected to the drain el ectrode of the n-channel TFT 502c and
t he sdurtber, ghtectiactmdendt thh@-channat TAHTNE2bTnd b8R2anélST KO fRCire dohtectdieodr ai n
el ectrode of the n-channel TFT 502d. The
the output terminal of the inverter INV.
If a clock pulse CK is to be inputted to the gate electrode of the p-channel TFT 501a
that constitutes the first clocked inverter CKINV1, an inverted clock pulse CKB is inputted to
the gate electrode of the p-channel TFT 502a that constitutes the second clocked inverter
CKINV2 and a clock pulse CK is inputted to the gate electrode of the n-channel TFT 502d.
On the other hand, if an inverted clock pulse CKB is to be inputted to the gate electrode of the
p-channel TFT 501a that constitutes the first clocked inverter CKINV1, a clock pulse CK is
inputted to the gate electrode of the p-channel TFT 502a that constitutes the second clocked
inverter CKINV2 and an inverted clock pulse CKB is inputted to the gate electrode of the
n-channel TFT 502d.
The source electrode of the p-channel TFT 502a is kept at the same level as the high
power supply electric potential Vdd and the drain electrode thereof is connected to the source

electrode of the p-channel TFT 502b. The drain electrode of the p-channet TFT 502b is

connected to the drain electrode of the n-channel TFT 502c¢ and the source electrode of the




source el ectrode of the n-channel TFT 502d is kept at the sane |evel as the
| ow power supply electric potential Vss. The drain el ectrodes of the

p- channel TFT 502b and n-channel TFT 502c serve as the output term nal of
the second cl ocked inverter CKINV2. The inverter INV is conposed of a

p- channel TFT 503a and an n-channel TFT 503b. A source el ectrode of the
p-channel TFT 503a is kept at the same |evel as the high power supply

el ectrj ¢, | i vdd and Iectrode of the p-channel TFT 503a is
connec}f_%%%%tepwrggo “n ng%‘}C?gd{Q CFI Aewsr 9 therpehgomgh TEA 8024 celhe

el ectrode of the n- channel TFET 503b is kept at the sanme |evel as the | ow
power U5 §eqtiode of the hehagne BT $82d iscppbatahe samoliwel ssithe idveppwehsupall  TFT
503a and n-charnel TFT 503b serve as the input term nal of the inverter
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serve as the output termnal of the inverter INV. If a gate electrode of a
p- chan¥¥lc sTRE a5 Olieeotitpwfterrtisal foff kst secbiat i ecketinv@ifeCKOKWNVI -1 of the i-th (i
is a natural number) stage receives a clock pulse CK, an inverted clock
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5012, 3 GRRLANRAD o e RNREle T Sy ROAC AT fn% g:gh‘%ye* SR Bt age

first clocked inverter IS a natura

S mi | g o Rlis Ak ﬁ“ﬂ}e?fpdd@g%flﬁ’ragw@@s)ﬁoiﬁw HOaRRLl T PR Faotea S0z

that conpstitute th ec ked inverter CKINV2-i of the i-th stage are
denot e%lH ‘%‘S%Oqt Ogﬁﬁe l%ﬁﬁéﬂébzcﬁsoawa elpgbpdg of the asghaargl i T 503
n- channel TFT 503a and p- channel TFT 503b that constitute the inverter
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7 1is atimng chart showing an ideal nethod of driving the shift register 5
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descri bed bel ow.
INV.  The drain electrodes of the p-channel TFT 503a and n-channel TFT 503b serve as the
output terminal of the inverter INV.
If a gate clectrode of a p-channel TFT 501a_i of the first clocked inverter CKINVI i
of the i-th (i is a natural number) stage receives a clock pulse CK, an inverted clock pulse
CKB is inputted to a gate electrode of a p-channe!l TFT 501a_i-1 of the first clocked inverter
CKINV1_i-1 of the (i-1)-th stage.
P-channel TPTS 501a and 501b and n- N-channel TFTs 501c and 501d that constitute
the first clocked inverter CKINV1_i (i is a natural number) of the i-th stage are denoted by
501a_i and 501b_i, and 301c_i and 501d_i, respectively. Similarly, p-channel TFTs 502a
and 502b and n-channel TFTs 502¢ and 502d that constitute ‘the second clocked inverter
CKINV?2_i of the i-th stage are denoted by 502a i and 502b_i, and 502c_i and 502d_i,
respectiveiy. An n-channel TFT 503a and p-channel TFT 503b that constitute the inverter
INV_i of the i-th stage are denoted by 503a_i and 503b_i, respectively.

Fig. 7 is a timing chart showing an ideal method of dfiving the shift register




The shift register receives a clock pulse CK, an inverted clock pul se CKB
obt ai ned by inverting the polarity of the clock pulse CK~ and a start pul se
SP. Inthe first clocked inverter CKINVII of the first stage SR I, an
inverted clock pulse CKBis inputted to the gate electrode of the

p- channel TFT 50l a-1 and a clock pulse CKis inputted to the gate

el ectrode of the n-channel TFT50Id-I. A start pul se SP is inputted to the

gate P h TET 501 b-1 and, n-c 501 c-1 of
Phe r FHEFALRLERRbn 1 Bfeobs ENER R Soheriie Spekv i ity ot Reocaibad bl se o
and the clochﬁf%ﬁfe CK and |nver E clock pulse CKB is as shown in the
timng chart GEBISHer IRCEIV ey ¢ Ctﬁl‘i é’é‘lSSFCKsaq myetekalotl pukse G @btairadni nal
of the first clocked inverter CKINVI-1 of the first stage. SR- 1. In other
wor ds, b3t Weertingshe pplogieat thevepele PulskIGKA amd 2 sadepuisss SPH I @k dist ¢locked
potentlal upon input of the start pulse SP, and receives a clock pulse CK
and annyerteeGIRINE1 dedf thalfssg ©B SB_ivedd invatel codhaaselCKIETs idpatted ko and

501 d-1 of the first clocked inverter CKINVU are turned ON. The electric

pot entgatd elettrédrcofditeppithanher TFTad01af 1 the o tibsit palseakieds iinpelcl a6 t%'g’é‘%éU i's
thus set to the | ow power supply electric potential Vss. That is, an
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"Lo" electric potential. I'S pol nt, e p-channe

n- cha h secQn I nyer f th sane
stagerlg? tIlEarnfrr\lgd%%g]%)% i %Idogk&ﬁg d ?ﬁ g ﬂ\fnv’ge%%g%{\'vi?(&(ﬁgl DY t hat
are i rﬁﬁ to the gate el ectrodes of the TFEs 502al and 502d-t. On the
ot her th t he p-channel TFT 501a2 and n-channel TFT 501d2 of the
first clocked inverter CKINV12 of the second stage are turned OFF by a
cl ock pul se 0k ghgonofvky stad milsckP pod shee chrek pulae Cdk end nputteddlack pibe gat e
el ectrodes of the TFT.s 50l a-2 and 6 501 d- 2.

CKB is as shown in the timing chart of Fig. 7.

A start pulse SP is inputted to the input terminal of the first clocked inverter
CKINV1_1 of the first stage SR_1. In other words, the first cl_ocked inverter CKINV1 1
receives “Hi” electric potential upon input of the start pulse SP, and receives a clock pulse CK
and an inverted clock pulse‘ CKB as well. The n-channel TFTs 501¢_1 and 501d_1 of the
first clocked inverter CKINV1 1 are turned ON. The electric potential of the output
terminal of the first clocked inverter CKINV1_1 is thus set to the low power supply electric
potential Vss.  That is, an output SB_1 of the first clocked inverter CKINV1 1 of the first
stage is “Lo” electric potential. At this point, the p-channel TFT 502a_1 and n-channel TFT
502d_1 of the second clocked inverter CKINV2_1 of the same stage are turned OFF by a
clock pulse CK and inverted clock pulse CKB that are inputted to the gate electrodes of the
TFETs 502a_1 and 502d_1.

On the other hand, both the p-channel TFT 501a_2 and n-channel TFT 501d_2 of the
fifst clocked inverter CKINV1_2 of the second stage are turned OFF by a clock pulse CK and

inverted clock pulse CKB that are inputted to the gate electrodes of the TFTs 501a_2 and




The p-channel TFT 502a2 and n-channel TFT 502d2 of the second cl ocked
inverter CKINV2-2 are both turned ON by a clock pulse CK and inverted cl ock
pul se CKB that are inputted to the gate el ectrodes of the TFlI's 502a2 and
502d 2, and "Lo" electric potential is inputted to the input term nal of

t he second cl ocked inverter CKINV2-2. Therefore, the high power supply
electric potential Vdd is outputted fromthe output termnal of the second
clockgﬂ)hnyerter CKINV2-2. In other words, the second cl ocked inverter
CKINVZ-2 oltputs."Hi " electric potential. Next, a clock pulse CK and an

i nverted clgﬁr Eulse B turns the n-channel TFT 50ld-1 into OFF in the
first clockedS RFBRPRs HRY NOZL brand heschannst THIHGE2ZER of ton seerd etoslsed hand,
the n-channel TFT 502d1 is turned ON in the second cl ocked inverter

CKI Nv2ngerter IR Pt arsoth sirnech@Nf by s iclack quikedCK nne ritreqrte@hdl MU pulses CKiput t ed
to the input termnal of the second clocked inverter CKINV2-1 through the
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polarity of the output SB-1 of the first clocked inverter CKINVI-1 is
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This input signal turns the n-channel TFT 502cl of the second cl ockel
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pot ent | Vss. .That, i t he B 1 of the second cl ocked jnverter
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pot ent i i,s inputted fromthe first stage SR-1 to the input termnal of
tfuafi¢éﬂNYﬁ;é@@B“$ﬁg%r@%@“ﬁk?ﬁﬂﬁ@-of the second stage. A clock pulse CK
and an inverted clock pulse CKB turn the n-channel TFT 501d 2 ON. Thus, the
out put t er 4 a gtock pailsei CBrand| apcikmertichelock pnlsCIIHNNItu@s ohe phbased GFd st age
is set to the | ow power supply electric potential Vss, and the output SB 2
of theUiilrkintol QLK éd thenfisst thrk@Kinvtte2CBINVhe FahofidststtageSRbr. ai s thd 0"
electric potential. '

other hand, the n-channel TFT 502d_1 is turned ON in the second clocked inverter
CKINV2 1.

The output SB_1 of the first clocked inverter CKINV1_1 is inputted to the input
terminal of the second clocked inverter CKINV2_1 through the inverter INV 1. In other
words, a signal obtained by inverting the polarity of the output SB_1 of the first clocked
inverter CKINV1_1 is inputted to the input terminal of the second clocked inverter
CKINV2_1. This input signal turns the n-channel TFT 502c 1 of the second clocked
inverter CKINV2_1 ON. In this way, the output terminal of the second clocked inverter
CKINV2_1 is set to the low power supply electric potential Vss. That is, the output SB_1 of
the second clocked inverter CKINV2_1 is “Lo” electric potential.

On the other hand, “Hi” electric potential is inputted from the first stage SR_1 to the
input terminal of the first clocked inyerter CKINV1_2 of the second stage. A clock pulse
CK and an inverted clock pulse CKB turn the n-channel TFT 501d 2 ON. Thus, the output

terminal of the first clocked ih\{erter CKINV1_2 of the second stage is set to the low power




A clock pulse CK and an inverted clock pulse CKB again turn the p-channel
TFT 501a | of the first clocked inverter of the first stage ON. At this
point, a start pulse SPis not inputted and therefore the p-channel TFT
501b_1 of the first clocked inverter is also ON. Accordingly, the output
termnal of the first clocked inverter CKINVI 1 of the first stage is set
to the high power supply electric potential Vdd and the output SB 1 of the

first ryQbt 8 tenti h f the
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chang descri b ahove., The outputs S of the respectlve stages are thus
out put%? &% S R tﬁm(%ufﬁ ?leftélceol‘#efn@éii sequentially fromthe inputted start

pul se SP by alf a cycle of clock pulse CK. The shift register shown in
Fig. 4 outpuyt<SIgsH @é%e 2 w%wwrteql slash rwsgsEKR again hen ¢ pchawgl JEdT
structured as shown in Fig. 4, there is a shift register that outputs a
pul se ¥Beal abtheffishringiNg iopettataiche GirsiottgeudNsi gnalis pBirofa sidjtgmént SBisages.
An exanple of this shift register is showmn in Fig. 10. In Fig. 10,
conponehinmsitiediand ttereford We ptihaahe ViRThS0T0d e fithe Fisg clodkal @veedat edolyNt he
sane reference synbols and explanations thereof will be omtted. An out put

S_i of AddagiihgllyNths todgsut Ghrfritl tof SR Firsd b REd AHREL cgnﬁv% Plof bilterids} a‘ﬂage th

((|+I) is a natural number equal to or smaller t ) stage circ

SR_I +Le Ak MR h&geﬁ %pg[}ll éle&gwﬁfé}lﬁa%/@ﬁ gil flti'l\éb‘%ut shhe kit 1r§fA‘ND Giffcui t

NAND i out puts a I's an ou eIdse of
the shjft jsier ,,F#%t latlm'ng chart for a nmethod of driving the
repgénf

shi ft 1?%%?% Eh The operation in Fig. 10 is identical

W|th the op atlon in Fig. .7 until sequentially outputting shifted pul ses
to Sr ?#ft?rrP't‘tﬁétSo?ﬁ Hist ﬁf‘%r‘f’r?ﬂ(éﬂsmé?“%rhg(fm}(@t a%??é@@“él ¢leghed BRerer o t he

r t h 8 st age circuit SR-r is conpleted. Thereafter outputs of adjacent
st age CBIEV? aputhaaged gs ﬂh@nbpé@b@m i viheNaNte iS eflifhe SeSINAND: dtagas AANIDs -
and pulses SMPI to SMP-r-1 are

outpuited while each output is shifted sequentially from the inputted start pulse SP by half a

cycle of clock pulse CK. The shift regiéter shown in Fig. 4 outputs pulses in this way.

In contrast with the shift register structured as shown in Fig. 4, there is a shift register
that outputs a pulse obtained from NAND operation of output signals S of adjacent stages.
An example of this shift register is shown in Fig. 10. In Fig. 10, components which are
identical with those in Fig. 4 are denoted by the same reference symbols and explanations
tﬁereof will be omitted.

An output S_i of the i-th stage circuit SR_i and an output S_i+1 of the (i+1)-th ((i+1)
is a natural number equal to or smaller than r) stage circuit SR_i+1 are inputted to an i-th
NAND circuit NAND_i. The i-th NAND circuit NAND_i outputs an i-th pulse SMP_i.
The pulse SMP_i is an output pulse of the shift register.

Fig. 11 is a timing chart for a method of driving the shift register shown in Fig. 10.
The operation in Fig. 10 is identical with the operation in Fig. 7 until sequentially outputting

~ shifted pulses S_1 to S_r from the output terminals of the first stage circuit SR 1 to the r-th




outputted sequentially. In this way, the shift register shown in Fig. 10
out puts pul ses. The shift register shown in Figs. 4, 5 and 10 needs a snmal
nunber of elenents to construct a circuit. Accordingly, only a small | oad
capacity is required and the operation at high frequency is relatively
easy. In general, a shift register operates wth the power supply voltage
set al nost equal to the anplitude voltage of signals of clock pulse and

tart : . | hift register i Iy set
o abshEe syt Rtk enHEPL AR Pl o Pacert e B LD 16 e
[ tted t £t . [ | | tputted b | [ |

cont r drner < NPANDL cif il Nl Fuan SARD Sl st st e os S rat 2 e

pul se signal controlling circuit normally outputs a control signal with an
anpl i YHRIHGE seqsatighy. atp this yag the Thil regipicr shoow indlig. d§evafutapylsdsse si gnal
outputted froma pulse signal generating circuit is usually increased by a
| evel shi ft éhehift megistekshaver meBigh. 4bDutd 1Hhecdsamembivambas of blereanesn
supply voltage of the shift register before inputted to the shift

r egi steenstrivow,ciasisunBctdidingtyhensi gaahll Voldt @geeiaf is fedqUie8 @nd iN@derhtorPa
inputted to a shift register is not increased by a |level shifter or the

Iike.hﬁﬂiﬁmﬁghépgg@@ggdygaépe case in which the power supply voltage
(corresponding to the electric potential difference between the high power

supply el ecti te 'ﬁ} nd, the..l ow power s l.y el ectric potenti al
Vas) ot 1 he th gfuchah Bahirple i B Y R hosbl Pt ARG A R y,
the power s I | ectric potential . of the shift register is |larger than
the and PRaHG; Splasersrenlticlons Rulsedm gty Bylatr ThsradvedRummle vBIGeRAG on of
the shift register in this case will be described with reference to a
ti m ng SOHaFaeINT ighytally settgabewdlOcYr cui t structure of the shift register,
Fig. 4 is referred to. Assune that the power supply voltage of the shift
regi ster is Pufsevignalsesunh ghclookenlseuqppl syart phlegstto ibe ingettiedts akhilddgiser 4@ V and -
the | ow power supply electric potential Vss is 0 V) and the anplitude
vol t agsualy puthsigedsbygrapudsessighnl asinabilg @rduiakataRdostal dn pUings chysta3.[0 V for
t he sake _ .

substrate. The pulse signal controlling circuit normally outputs a control signal with an

amplitude voltage of about 3.3 V. The amplitude voltage of a pulse signal outputted from a

pulse signal generating circuit is usually increased by a level shifter or the like to reach about

the same level as the power supply voltage of the shift register before inputted to the shift

register.

- Now, assume that the signal voltage of a pulse signal to be inputted to a shift register

is not increased by a level shifter or the like. This corresponds to the case in which the

power supply voltage (corresponding to the electric potential difference between the high

power supply electric potential Vdd and the low power supply electric potential Vss) of the

elements that constitute the shift register of Fig. 4, namely, the power supply electric potential

of the shift register is larger than the amplitude voltage of start pulse SP and clock pulse CK.

The operation of the shift register in this case will be described with reference to a

timing chart of Fig. 6. TFor the circuit structure of the shift register, Fig. 4 is referred to.




of explanation. Then the electric potential which is corresponding to "Lo"
of the pulse signals (the lowest electric potential) is set to 3.5 V and
the electric potential which is corresponding to "H " of the pul se signals
(the highest electric potential) is set to 6.5 V. The first cl ocked
inverter CKINV1 is focused. There is considered a case in which a clock
pul se CK and an inverted clock pulse CKB are inputted thereto. and the gate

el ect rQgamechat e g@uc‘ehaﬁﬁl.ﬂ!y vBEI%éQﬁ%erﬁﬁﬁ'r¥§§eE Heldf'vefcﬁ{ hghpl%v&‘é?tdu (ywhi ch

is corresponding to "H ", i s case V and same ti t he

gat e Qi'l@(glrl(l: (g{@nt?efl \}d;thﬁ s ,'[()G\I??{E@ﬁ{e XEE/TI%(%%{'%ué@g% )\fﬁ% R?ttg]nl‘?xﬁt?k/%sc }Srd 95%}2& ﬁ}nt I al

1S CO respon thi s st

channel F nnel TET are ideal F.
Homevem% O RaRiongu e shirahanap S asR ouliedoit ueE Byl Gard wbIAEE g ol ock
pul se and inverted clock pulse CKB is snmaller than the power supply
vol tag(g( explanaHen.p- Erpan el eifr@fw&@it‘dma% Feie &cEoresPorstiahie alloofol| he mdser ce
el ectrode exceeds the electric potential of the gate electrode thereof. In
this esignaf Ehe tlhwess| deetric cogpattieht isaset o6 3.héV agduhe evlaiinie pobadalofvhidie s
p- channel TFT 50l1a is 10 V that is the high power supply electric
pot entdoalespdaairgid “Hirtoihe pllst signals €iticihdghesf clédnéc gateixt) iesttrtodes Vher eof is
6.5 Vthat is "H" electric potential of. the clock pulse CK or inverted

cl ock pul se GBispadckdicinebes TN WPIeRbhRl,  Bhit & encricRANERPL it hdigour ce
el ectrode and the gate electrode is 3.5 V. If the threshold voltage of the

p- charwabcﬁﬁ}ﬁﬁ klaat{dtﬁlem%ﬁ&f&b&( @ﬂgfﬂk?z{re(ﬁfl B8 fas aRh Bt a%igxeewrs&hannel

respect to tric potenti a rce e ectrode I

TFT th t | t.h

Chr esiS e pattadl TR S Bekdnhe RS eefaid & %%h%"@%re?@%%w‘% %"fw e
p- channel TFT'?g%a S ndeS|rany turned ON to ke its source-drai.n 10
condudfisya@se. 6g né‘rﬁty AT G e Eleotreste e n-cpHaned 8dt 101 56t i al

of its source electrode is below, the electric potential of the gate
el ect ribei&lochis pesential phiph & eorsavpdusing ke “bo’adn this case, 3.5 V. In this state, the

p-channel TFT 501a and the n-channel TFT 501d are ideally both turned OFF.  However, the
following éroblems arise because the amplitude voltage of clock pulse CK and inverted clock
pulse CKB is smaller than the power supply voltage.
In the p-channel TFT 501a, the electric potential of its source electrode exceeds the
-electric potential of the gate electrode thereof. In this example, the electric potential of the
source electrode of the p-channel TFT 501a is 10 V that is the high power suppiy electric
potential Vdd and the electric potential of the gate electrode thereof is 6.5 V that ié “Hi”
electric potential of the clock pulse CK or inverted clock pulse CKB, and the electric potential
difference between the source eh_actrode and the gate electrode is 3.5 V. If the threshold
voltage of the p-channel TFT 501a (the electric potential of the gate electrode with respect to
the electric potential of the source electrode in the p-channel TFT) is -3.5 V or more, in other
words, if the absolute value of the threshold voltage of the p-channel TFT 501a is smaller

than 3.5 V, the p-channel TFT 501a is undesirably turned ON to make its source-drain
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potential of the source electrode of the n-channel TFT 501d is O V that is
the | ow power supply electric potential Vss and the electric potential of
the gate electrode thereof is 3.5V that is "Lo" electric potential of the
clock pulse CK or inverted clock pulse CKB, and the electric potential

di fference between the source electrode and the gate electrode is 3.5 V. If
the threshold voltage of the n-channel TFT 501d (the electric potential of
t he gaténdekges.rode with respect to the electric potential of the source

el ectrode in the n-channel TFT) is 3.5 V or |ess, the n-channel TFT 501d

i's undesirab t broken lines in the tim.ng
chart shom/tﬁgn%%r g?ﬁ%ﬁL%éhﬁﬁ I?ﬂg?ﬁﬁtgeafépgfoﬁﬁgﬂ(ﬁHg’%ﬁ??‘%ﬂﬁ?ﬂgﬁ%uld
be CFF rob] ens descri bed above. At this point

if a s'? P‘f" hﬁ| 9@5 IR efﬁw%d’tft E%l &pﬂ L?étfPﬁinalief%%r mithallis gpeampis, fihe s@clecgﬂl@cked

i nverter CKINVI-l of th? first stage SR-1 as shown in the timng chart, the
first BYGRUALPL thepepice eleskefs/of “%f’uflmhﬁl@lf-‘é THTgadld SBO IV jthet Sy e livt Ipotvhe

clock pulse CK and inverted clock pulse CKB. The output fromthe inverter
| NVI  ofuppheckrtristposeniigk VeRand (tetlentdd pbiengallofi the tghte eleltavdi nbdreafsisi NPt t ed
to the first clocked inverter CKINV1-2 of the second stage SR-2. If the

pul se BiagmallLe dlearitputdnddl 6f tr dldek Hulss CISbageeSRi Lidck JulUCKEd ahg thde
input termi.nal of the first clocked inverter CKINV12 of the second stage

SR 2 agldctiib @otentinpditRlencd bdiweld d ddaale abarad alélg t %té %16%!115(?:‘%6&1 Ayduge to

the probl ens described above, leak current flows rough

501c2 ardhRsshanagh Tgﬂ- th%(HS%l %nel %0; tﬁ{a eifi% Fckégéﬁ’tledr[]%f e g%‘ﬁ_ogﬁ[} ﬁﬂﬁ the.

out put electric pot ntia Imverter

BecOmd it R e D A Bt SR L e G POt BT O
S| Oulteé)smtteer(ljI c;xannn} ’H*J’F 5615 fstungés?rablystﬁ;n%dlgN not '

Areas indicated by broken lines in the timing cha‘rt show the operation of the shift
registcr when the TFTs that should be OFF are turned ON due to the problems described
above. |

At this point, if a start pulse SP is inputted to the input terminal of the first clocked
inverter CKINV1_1 of the first stage SR_1 as shown in the timing chart? the first clocked
inverter CKINV1_1 outputs a signal SB_1 in sync with the clock pulse CK and inverted clock
pulse CKB.

The output from the inverter INV_1 of the first stage SR_1 (denoted by $_1 in the
drawing) is inputted to the first clocked inverter CKINV1_2 of the second stage SR_2.

If the pulse signal S_1 outputted from the first stage SR_1 is inputted to the input
terminal of the first clocked inverter CKINV1 2 of the second stagé SR_2 and the n-channel
TFT 501d_2 that should be OFF is turned ON due to the problems described above, leak
current flows through the n-channel TFT 501c_2 and n-channet TFT 501d 2. While this

leak current. is flowing, the. output electric potential SB_2 of the first clocked inverter

i1

channet TFT




inputted to the input termnal of the first clocked inverter CKINVI._ 2 of
the second stage SR 2 and the p-channel TFT 50l1a_ 2 that should be OFF is
turned ON due to the problens described above, |eak current flows through
t he p-channel TFT 501a_2 and p-channel TFT 501b_2. Wile this |eak current
is flowi ng, the output electric potential SB 2 of the first clocked

i nverter CKINV12 becones higher than the | ow power supply electric

t e . er supply electric
Phenorenon, aiae Rt S8V E A U b Ser BBLLALAgk Boleh o T et Bevfges

and t ciN.rent.. causes the output electric potential SB of the first
cl ocktrab Oﬂl(ér?]lslé}et%qlm%kf%\l@ﬁ of the stage in question to fluctuate fromthe

i deal operatjion shown in the timng chart of Fug. 7. As described above,
if a pulse i'&® ﬂﬁp%lﬁ?fe‘&?nfiolftth%wlﬁﬁp&gﬂ%ieﬁﬁ Piputiet frome th fiest stakoSRed is haver t er
CKINVI, while the p-channel TFT 50l1a and n-channel TFT 501d that should be
OFF dpputtedrt9etdic dnputciarmianpl of thevirst kloskgh intvesen CKidRel ofRfis s&@hd swgt 501d
(this current is hereinafter called as |eak current of n-channel TFTs) to
out putSH 2 awethegl-eleinnelcTHD 564 _i2athat ftanld bh©FMisenged GNIdpto eleesiobietns
potential Vdd. Also, if a pulse is not inputted to the input term nal of

the fidestritedaskes leaweid&lt fld NMughhthb @-¢RandiFTFPOd 8y 3NgthdTFEnaitsd t
should be OFF are turned ON, current flows through the TFTs 50la and 501b

(this ggHprentyinge Pﬁirsq.lf:aﬂ@fsﬁr%nt qg"!ﬂ'o%@ip\é ?Eé)u?lé{ekﬁggpdﬂ%nd@%% NGl e.-lz-?lFr;;rts) to

out put a higher electric potenti al nten —€lectric

tent} k _curr.ent 1 , 1t is | ible 't K
ol sos! St B LERINGR, o BEETRER ihh OFHET ot el BRRe esfnbel W for m

~output.nornmally to be likely tgo 12 mal function when the TFTs that should
r emai r("&‘—‘?i“rt% 1 UrekeyientOiindi@dy- to prepare against the mal function
caused from the reason above, a conventional shift register receives pulse
si gnal s suchfgssimilgr pbrnguinoe @kesapldce istthe thiplistige SR 3 and its subsequent

stages and the leak current causes the output electric potential SB of the first clocked inverter
CKINV1 of the stage in question to fluctuate from the ideal operation shown in the timing
chart of Fig. 7. |

As described above, if a pulse is inputted to the input terminal of the first clocked
inverter CKINV1 while the p-channel TFT 501a and n-channel TFT 501d that should be OFF
are turned ON, current flows through the n-channel TFTs 501c and 501d (this current is
hereinafter called as leak current of n-channel TFT5) to output a lower electric potential than
the intended output electric potential Vdd.

Also, if a pulse is not inputted to the input terminal of the first clocked inverter -
CKINV1 while the TFT 501a and TFT 5014d that should be OFF are turned ON, current flows
through the TFTs 501a and 501b (this current is hereinafter called as leak current of p-channel
TFTs) to output a higher electric potential than the intended output electric potehtial \}ss.

When the leak current is large, it is impossible to make pulses of outputs SB shift.

In this way, the shift register cannot perform output normally to be likely to
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after the anplitude voltage of the pulse signals is increased by a | eve
shifter to the level of the power supply voltage of the shift register, A
di splay device with a driving circuit that has a shift register including a
| evel shifter is taken as an exanple here. The level shifter in this case
may be formed on a substrate on which the driving circuit with the shift
regi ster and a pixel portion which receives signals outputted fromthe

V1 gl cishiuteR 1 2P ABOL RIS R QTR substrate is  called a

panel substrate). Alternatively eve er may be forned on a

single crystal ubstrate which is separate fr t he, panel substrate. If
the | evel shllﬁf P l(ﬂadreg;i % 2 R tép‘gf’g'frgc%gﬁb%atuffﬁfg}q‘? 6Pr$trﬁ%5°Baﬁ ve, a
substrate, cir Lés .on the periphery of the pixel portion occupy a |arge
ar ea i‘??“f’ﬁ%ﬂ%ﬂggv JERIUGH EeSivePultici Eabysuch g aelock grise it rrsha piartpabsgSP
because the wiring capacitance and wiring resistance are large at a
connecatics thpampligde yettogeedl thheulsesignakshis firarasahdy tahlevdishiftirtte tionlavheopanel
substrate. On the other hand, if the |l evel shifter is forned on the panel
subst rthe gpwthaippbl vadiage gf thorsbifl episeri ses. Signal lines to which a clock
pul se CK and a start pulse SP are inputted are large in |oad capacitance.

Therefore, pald&eplay govks vaiuch cﬁﬁvi@% ehagk i 188 aGhiRNdgiges ididiRY S RveSP are
dulled in the buffer output after Tevel shifting to cause timng deviation

due t ap$hGnR! takdEL@Wn elx'al‘n?ﬁud filrel OTRE gé’xﬁaﬁltsh{fﬁg ig Lf{;u? gﬁrﬁ%‘,gﬁ'@ Be bR P EL NG

dul l ed, the current supplying abilif of S“to bé enhanced. As

descri . hift.register. ich.has. a |evel.shifter formed.on a
pane!  Suose By Funich, B felle Rl S 0t SRl Rt P PepliPhed R R Ry
frequenc noi ses. i.n wer . supply lines, and a |large area for glacenent.
13 I'n 9% OP‘QUF%iﬁ"@élgg’etq’fé"‘%ﬁﬁ?‘flh&édiﬁB'aﬁ’a?@emEﬁgeiaﬁ‘blﬁ?”é@d (shis SUOErRA s, a
shift register can enploy a level shifter formed on a panel substrate or a
| evel SHES @éranﬁbw\aéaatgﬁ azlé%p%tr\@be thesiglyelt shifies maobs fdraeganmed siggleseysiele. | n
ei ther way, however, the shift register has problens

IC substrate which is separate from the panel substrate.

If the level shifter is formed on a separate substrate from the panel substrate, circuits
on the periphery of the pixel portion occupy a large area in the display device. In addition,
power consumnption is large because the wiring capacitance and wiring resistance are large at
a connection portion between the level shifter and the circuits on the panel substrate.

On the other hand, if the level shifter is formed on the panel substrate, the following
‘problem arises. Signal lings to which a clock pulse CK and a start pulse SP are inputted are
large in load capacitance. Therefore, pulse signals such as a clock pulse CK and a start pulse
SP are dulled in the buffer output after level shifting to cause timing deviation due to signal
delay. In order to prevent the pulse signals from being dulled, the current supplying ability
of the buffer has to be enhanced.

As described above, a shift register which has a level shifter formed on a panel
substrate has problems such as difficulties in operating at high frequency, noises in éower

sui)ply lines, and a large area for placement.
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including difficulties in operating at high frequency, noises in power
supply lines, and a large area for placenent. SUMVARY OF THE | NVENTI ON An
obj ect of the present invention is therefore to provide a shift register
that is free fromthe above problens and a nethod of driving the shift
register. Ashift register of the present invention receives a clock pul se
and start pulse which has a smaller anplitude voltage than the power

I | t ] i f i.ster., Therefore, it becomes unnecessary to
form out oi aaeSrt b At e LERMRRE yoadiFt PRl plibe, RGrAG. 5 6HE. SRpIar ulle

vol t age. of cl pc se and start pulse and to input to the panel the

cl oc k%%% F@Bﬁ’ya%@vétg‘ﬁefgﬂ'{r%f‘é’ QAhi EARGh Svlestisierr & lenplediltar fpunedorp Sseprirtitei ng t o
raise their anplitude voltage to the level of the power supply voltage.
Accor 8#giRie, frpm the paaelsiubsteate.o laotither wee, howiieanthefshifi ngisased groems
consunption due to the wiring |line capacitance and wiring |ine resistance
bet weércludieg difficuliitsinapetdiieg pahizh fsapsheyaneisenid fober keyal liakd, hhe fa-lafpyr t her,
according to the present invention, it is -unnecessary to formon a panel
subst ashadoppihengdnt.shi fter for raising the anplitude voltage of a clock

pul se and start. pulse and to input to signal lines the clock pulse and
start pul se which have been subjected to |l evel shifting. Therefore, an

i nfluence of dulling due to the load of the signal lines is suppressed and
the shift register can o ' An influence of noises of
the power supply lines i Aﬁﬁ’@k .% addi tion, according to
the present ,nventi e area required to place a shift 14 register is

reduced si né¥ %bj?cé\f’gl?hesi[’ﬁ%?et“ér‘“‘iegu% h%%%“é%ﬁeig DEGYV g shifispgiser o dreaf
driving a shift register at _high frequency with |ess power consunption is
pr ovi O REiaPave preblsmsisnd gsndbethofadiving dieshiforegistasower supply line and a
| arge area for placenent are sol ved. _
A shift register of the present invention receives a clock pulse and start pulse which
has a smaller amplitude voltage than the power supply voltage of the shift register.
Therefore, it becomes unnecessary to form outside a panel substrate a level shifter for raising
the amplitude voltage of a clock pulse and start pulse and to input to the panel the clock pulse
and start pulse which have been subjected to level shifting to raise their amplitude voltage to
the level of the power supply voliage. Accordingly, it is possible to solve the problem of
increased power consumption due to the wiring line capacitance and wiring line resistance
between the circuits on the panel substrate and the level shifter.
Further, according to the present invention, it is unnecessary to form on a panel
substrate a level shifter for. raising the amplitude voltage of a clock pulse and start pulse and
to input to signal lines the clock pulse and start pulse which have been subjected to level
shifting. Therefore, an influence of dulling duc to the load of the signal lines is suppressed
and the shift register can operate at high frequency. An influence of noises of the power

supply lines can also be suppressed.

In addition, according to the present invention, the arca required to place a shift
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In the case of enploying the above driving nethod, if a second cl ocked
inverter that constitutes the shift register has high current capacity, it
is possible to reduce fluctuation in output electric-potential of a first
cl ocked inverter due to current (leak current) caused to flow by a TFT in
an ON state of the .first clocked inverter that should be OFF. Then, the
gate wdth of a TFT that constitutes the second clocked inverter is set

Wi de. regiser asdent smoak lshki EHiftteigush@essabjne only task of a second cl ocked
inverter CKINV2 in each stage is holding a signal outputted froma first

cl ocked convgrhgrwiKaNbthod ¢ @ g\r;'mg glifiﬁtsljeg%sperr %ﬁ%&%ﬁéﬁ%%ﬁ vvtit%ele%sce) S‘g\ﬁgru eto

the second cl ocked ‘inverter, gate stitu

secon j.nverit | NV2, nmel -channel TFTs 502a an 502b and
e charecr R kO EUEL N ordRER: et a7 B g1 b Bl drdene. o
TFTs .that canstitute the Lirst cl ocked inverter CKINV1, nanely, p-channel
TFTs 56785 AAJOEH I8 G 2vol¥¥dnnel TFTs 501 ¢ and 501d, with respect to the
respective polarity. For instance, gate w dths of the TFTs that constitute
the second dRdekeseiohymptasingihe abeve duving noetiefd, ifat sconndtloskaf inveter EETS
that constitute the first clocked inverter. Note that all of these TFTs
have tdeestgaire thrashaftlregigteh had highheirpnesgntity, ivanpdseible mnrctibe: Hhdiestidand, a
shift register receives a clock pulse and start pulse with a snaller

anpl i tantgut etictritgtéhanof HerPeiRkesd Uity KR! hadfef (1dakeuaBh balseQistB% tO
cause a problemof the |leak current. Therefore, the |leak current is reduced

by setdyl aqraedean WNItRg & thd st &lBaEedQQOértértthsetesh?Hﬁieﬁé) peeC! @GkEdnk %Yl%r ter

wi der than those in the prior art. For exanp ere i s considered a case

i n whig; X f I ric.15 tential difference between
t he elvg{(}p{r&éa ’g%]fsfeﬂrz\l'ttl %(grf'SYIO t&gthggﬁcﬁogg Cechg PyEEeTds E%r‘fv i®channel TFT that
constitute ) first clocrqg inverteL of thﬁ(é&ift regi ster .and the | onest

el ectric potBht§oRVentonat sl Jo&gehdhe gnlv sk @f aegqop ghinvartst 6KINVE ock
pul se .or inverted clock pulse inputted to a gate electrode of the

n- charfRefaCkFass 1 dIUERS t hanghaheowpsrutieny al gé%toqﬂo@ﬁ:é eprvesthiol GKbY t.age

Accordingly, in order to reduce the l.oad due to the second clocked inverter, gate widths of
TFTs that constitute the second clocked inverter CKINV?2, n.amcly, p-channel TFTs 502a and
502b and n-channel TFTs 502¢ and 5024, are often fairly smaller than gate widths of TFTs
that constitute the first clocked inverter CKINV1, namely, p-channel TFTs 501a and 501b and
n-channel TFTs 501c and 501d, with respect to the respective polarity. For instance, gate
widths of the TFTs that constitute the second clocked inverter are set to 1/10 of gate widths of
the TFTs that constitute the firs.t clocked invérter. Note that all of these TFTs have the same
gate length.

In the present invention, on the other hand, a shift register receives a clock pulse and
start pulse with a smaller amplitude voltage than the power supply voltage of the shift register
to cause a problem of the leak current. Therefore, the leak current is reduced by setting gate
widths of TFTs that constitute a second clocked inverter wider than those in the prior art.

For example, there is considered a case in which the absolute value of the electric
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of the n-channel TFT. By setting wde the gate width of a p-channel TFT
that constitutes the second clocked inverter, it becones possible to
reduce fluctuation in output electric potential of the first clocked
inverter due to current (leak current) caused to flow by the n-channel TFT
in an ON state that should be OFF. In addition, there is considered a case
the absolute value of the electric potential difference between the

el ect rjotendial @ifferdtlce ®btviech QHE R cHIESIERHE oPh 8 5l !
constﬁiute a first clocfed invgrfgﬁiof tﬁe 5@?@?%?§3?§%8§M5H§H?E§1EF8hest

el ect ry J ale o S; i YHLU electr] otenti.al). of a .clock
pul se tgér:t %%%@Eée% fgftoggé%gl lgg&?éﬁgﬁt {hgcf hm) r%tglgt%ra?%d gﬁeglﬂvlf"%deée%%lc tpﬂ%emlall
. p-channel TFT..is.|larger, than the absol yte value of the threshold voltage

of t ha preRaniiar <k Hycdgplsiafiola ek eilicconinuertedcpiogh s manited toTRT
that constitutes the second cl ocked inverter, it becomes possible to
r educé FAUREHERdCHH thnshinst TEN delarges thasgthe absolute galug o thej theeshail yoktegt
“inverter due to a current (leak current) caused to flow by the p-channel
TFT i ke oxbanngt EFThaBy stibin ovide therate Width héa pohennchfigibat cHRStitues added to
the first clocked inverter. The power supply electric potential is

out putseewhdt docked anrequist, it Bedvinmalposdiblehe réducstiluehadketh bivyer diedtrit Poawah! -
source-drain of the added TFT. A signal which has an anplitude voltage of

the safehd fxetlockdl nber@QiB o SURBNY(ICHR Ichﬁgxﬁ)reiusk@eo 864 Tty theBleph el HFT
inputted to a gate el ectrode of the added FT. The addéd TFT 1s turned OFF

when tihen akaeUhieRbugdd a problem Thus, current (the |eak current)
whi ch flows |n the&?i‘#st clocked inverter is cut. Thus obtained is a shift

“register th - no fear_of | function. 16 Wth the above structure, a
shift regi stei éra%% {C8t, thBe ds ﬁ%‘%sr{‘ﬁfé?#'an%ﬁs?g%e a?ﬁd’w ivéh’ec%fﬁt?‘e BHaE @OLHNURG gh
frequep with | ow power supply voltage is provided as well as a nethod of

dri vi r'ig&%lfﬁ’éces PHHCCR dgF sHeiTiC priqetaDEEERFpIFFONlcofHR! DRAWINES! TFT that

constitute a first clocked inverter of the shift register and the highest electric potential
(corresponding to “Hi” electric potential) of a clock pulse or inverted clock pulse inputted to a
gate electrode of the p-channel TFT is larger than the absolute value of the threshold voltage
of the p-channel TFT. By setting wide the gate width of an n-chanﬁel TFT that constitutes
the second clocked inverter, it becomes possible to reduce fluctuation in output electric
potential of the first clocked inverter due to a current (leak current) caused to flow by the
p-channel TFT in an ON state that should be OFF.

Furthermore, another TFT is added to the first clocked inverter. The power supply
electric potential is outputted io an output terminal of the first clocked inverter through
source-drain of the added TFT. A signal which has an amplitude voltage of the samé level
as the power supply voltage of the shift register is inputted to a gate electrode of the added
TFT. The added TFT is turned OFF when the leak current causes a problem. Thus, current
(the_leak current) which flows in the first clocked inverter is cut.

Thus obtained is a shift register that has no fear of malfunction.
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In the acconmpanying drawngs: Fig. 1 is a circuit diagram show ng the
structure of a shift register according to the present invention; Fig. 2
is atimng chart showing a method of driving a shift register according to
the present invention; Fig. 3 is atimng chart showi ng a nethod of
driving a shift register according to the present invention; Fig. 4 is a

di agram showi ng the structure of a shift register; Fig. 5is a diagram

showi ng t he WithWgd e Qbrudusd)iaf dhiff ?é%“ %r?&hlcﬁ'dgeq Rotl Iﬁalg?urfci[ig?.m N84 Q\J'ﬁ[%ht ce§1howi ng

a method of driving a conventi onal regi ster;

ci ot TR TRy RNy Pl penp ol | foe’iﬂ%diti‘?élg& %Pbﬁ%gds?tﬁ the

prese 9 is atimng chart showing a nethod of driving a
sh.ftQ$%3@§$ PhEUt%“ggng to the present invention; Fig. 10 is'a circuit

di agram showi ng the structure of a shift register; Fig. 11 is a timng
chart showing a nethod of driving a shift register according to the
present invention; Fig. 12 is a circuit diagramshow ng the structure of a
shift register accor diBi DERE RIFTIGN OFAIFHE MRyAMISGS Fig. 13 is a bl ock
di agram of a di splay device haV|ng a driving circuit that uses a shift
regi ster of Ihile premeatyingientingn; Fi gs. 14A to 14F are diagrans show ng
el ectronic equi pmrent to which a display device with a driving circuit

having a shiFig. 1 @0 sfalit Bfaghie SRIGIBENhe sRAY@RNEI @M bt 30RbELcording to the

present invéntion;

Fig. 2 is a timing chart showing a method of driving a shifi register according to the
present invention;

Fig. 3 is a timing chart showing a method of driving a shift register according to the
present invention;

Fig. 4 is a diagram showing the structure of a shift register;

Fig. 5 is a diagram showing the structure of a shift register;

Fig. 6 is a timing chart showing a method of driving a conventional shift register;

Fig. 7 is a timing chart showing an ideal method of driving a shift register;

Fig. 8 is a circuit diagram showing the structure of a shift register according to the
present invention;

Fig. 9isa timing chart sﬁowing a method of driving a shift register according to the
present invention;

Fig. 10 is a circuit diagram showing the strﬁcture of a shift register;

Fig. 11 is a timing chart showingl a method of driving a shift register according to the
present invention;

Fig. 12 is a circuit diagram showing the structure of a shift register according to the
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Fig. 15 is a top view showi ng a nmanufacture exanple of a shift register
according to the present invention; Fig. 16 i's a top view show ng a
manuf act ure exanple of a shift register according to the present
invention; Fig. 17 is a sectional view showi ng a manufacture exanple of a
shift register according to the present invention; Fig. 18 is a circuit

di agram showi ng the structure of a shift register according to the present
i nventgredent fivEatiok® 1S a circuit diagramshow ng the structure of a shift
regi ster according to the present invention; Fig. 20 is a timng chart

how : f [ Vi i fty i st ding.to.th t
Tvent Pon: Aig ot ¢ ek ettt Lk &G R TR Rl bR R 11

regi st cor di to the resent invention; Fig. 22 is a circuit diagram
showi rfgl{f{ %élss rroﬁg%&rgs%?méfe@thqnﬁt regi ster according to the present |

invention; Fig. 23 is a circuit diagramshow ng the structure of a shift
regi ster achdg%ilr@ o 1R are giagsant showieat slegironki gquipmentstoawbich cuidisptliyagr am
showi ng the structure of a shift register according to the 18 present

i nventGewiee Withga d2@ng sireuithaving 4 shdftaggister shthwiprgedthisvestiongtappiedf a shift
regi ster according to the present invention; Figs. 26A and 26B are

di agranms shdignig isheopaiay Mokibg afmanuTithire ekhlpR brSNAWS réidiolegaaof the
shift register according to the present invention, .

the present invention;
Fig. 16 is a top view showing a manufacture example of a shift register according to
the present invention;

Fig. 17 is a sectional view showing a manufacture example of a shift register

according to the present invention;

Fig. 18 is a circuit diagram showing the structure of a shift register according to the

present invention;

Fig. 19 is a circuit diagram showing the structure of a shift register according to the
present invention;

Fig. 20 is a timing chart showing a method of driving a shift register according to the
present invention;

Fig. 21 is a circuit diagram showing the structure of a shift register accolrd‘ing to the
present invention;

Fig. 22 is a circuit diagram showing the structure of a shift register according to the
present invention;

Fig. 23 is a circuit diagram showingAthe structure of a shift register according to the
present invention;

Fig. 24 is a circuit diagram showing the structure of a shift rcgistér according to the
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taken fromthe upper surface; and Fig.28 shows waveforns in operating a
shift register according to the present invention at the frequency of 5
MHz. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS [ Enbodi nent 1] A
circuit diagram which is equivalent to the circuit diagramof Fig. 4 as an
exanple of prior art, is used to describe a shift register according to
Enbodi nent | of the present invention. ldentical conponents with those in
Fig. 4raes idesnioad by the same reference synbols and expl anations thereof
are omtted. The shift register of the. present invention receives a start

pul se SP an(i?g% Z?Clg PUlEE d IWISE'IQWﬁ'I t%n%lrueture #g?egl%/f?l%; %mage it h n pover

supply vol ta rrespon 0" 8 el ecrr ween a
high n IR%% electrlc potentlal vdd and a Iom1pomer suppl y electric
poten tVSS§ the shift register, Here, each stage of the shift

reglster has,.a first clocked inverter and a second clocked inverter. The
second cl ocké%- 2odand ePBers Aivgrapsshpwindhe ante PRdts @& Tand 502b and t hei r
gate width is set to 1/2 or nore of the gate width of p-channel TFTs 501la
and 501b of Fi$e7 shews a phbtwgkaph ohthershet reditier gabalivg dt the gfrenT Mvehese
refers to a length of a gate electrode portion, that 19 overl aps a

sem cdoakdudtom theatppeesurfayerandf the TFT, in the perpendicular direction to
the noving direction of carriers. A gate width Wis described mﬁth

reference t Fig28SshorSAvandordBBin Apesinh i £ It e a-a’
of Fig. 26A gg%resgonds to Flgin ge D%no?ggtgeﬁﬁ%%%éﬁﬁga QB b t g?éﬂmnth

an |n%Hkﬁh&pgjﬁg5%%&§my%@§§d a2 sem conductor active |ayer; 3004 a gate

el ectrode; and , gate i nsulating film The sem conductor active |ayer
3005 has regions 3002a and 3002b which function as a source region and a
drain region, and has a

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

. [Embodiment 1]

A circuit diagram, which is equivalent to the circuit diagram of Fig. 4 as an example
of prior art, is ﬁsed to describe a shift register according to Embodimentr 1 of the present
invention. Identical components with those in Fig. 4 are denoted by the same reference
symbols and explanations thereof are omitted.

The shift register of the present invention receives a start pulse SP and clock pulse
‘CK with a smaller amplitude voltage than power supply voltage (corresponding to a electric
potential difference between a high power supply electric potential Vdd and a low power
supply electric potential Vss) of the shift register.

Here, each stage of the shift register has a first clocked inverter and a second clocked
inverter. The second clocked inverter CKINV2 has p-channel TFTs S02a and 502b and their
gate width is set to 1/2 or more of the gate width of p-channel TFTs 501a and 501b of the first

clocked inverter.

The gate width of a TFT here refers to a length of a gate electrode portion, that -
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channel region 3006. The gate width is indicated by Win the draw ngs. Each
stage of the shift register is conposed of a first clocked inverter and a
second clocked inverter. The second cl ocked inverter has n-channel TFTs
502c and 502d and their gate width is set to 1/2 or nore of the gate width
of ‘n-channel TFTs 501c and 501d of the first clocked inverter. The current
capacity of a second clocked inverter CKINVZ in the circuit of each stage

i s enhaveriags b Bethitoadwadyr. aciivé byt et RO TETCRANE HEmHEMic @R tYn td 8 11'36'\'}15
el ectric potential (high power supply electric potentlal Vdd) output from

the segipadioslopCk@rtrd. NVELAR Wi WM deS@ibeli & l%f(“fr% ttH%tt gfnﬁ% A

electric potential SB due to |eak current o annel

cl ocke I 1 r that re es st se SP
o e Hl‘fagat%t Beriaiend Bl s of ik bR Ut tﬁ%nﬁ B blopi y
vol t ag t he .s i ster In t nanner as above, the "Lo"

el ect r?% t§t3eﬁlttisgflte(‘lvﬁﬁ/%ﬁdﬂ§’rlat§|§pﬁt %}‘C‘él |acge“‘b‘éﬁ“€H?tPéPCW§‘s5dy%fut3QQﬂ #rom

t he second, cl ocked inverter CKINV2.can reduce fluctuation in output

el ect r #e SlCERLG: AndSE0dua 2oty insyrting) filnent The sgmishadusédr aREYs lafer 3005 thes

cl ocked inverter CKINV1. The operation of the shift register structured as
above iegiatieSEPRbedd H00Rb wdfigr &mcdon @s a soutawi regionhardt a dfaifrirggiosd, arfd hisen
lines indicate fluctuation in output electric potential SB due to |eak

cur r enthanhel rEgign 3806.2 Dok widings id0ikated BOWS if EHthrhl\aiden in output electric
potential 20 SB-2 due to |eak current flow ng through n-channel TFT:s 501c

‘and 501d of - Ghh dehgesbe @k @ﬁff?ﬂ:gtstéi‘\@ Eérﬁﬁos@ﬁldﬁ\élf%spi‘m&m HECLN taa%gmé&‘

broken |ine 301p shows fluctuation in output el ectric potentla

t.o | ealoQuariahered;! Om?ec?hﬁ ?HﬁEecpm(\;/gtq s ok Ehanﬁgspl;’ﬁ; apl dﬂ%lquﬁ eana 4 % IN: (rjf L

cl ocked T nverter- e second stage AcT easi ng
R R R T A e N e
clocked inverter.

The current capacity of a second’ clocked inverter CKINV?2 in the circuit of each
stage is enhanced in this way. With the enhanced cun'ent'cat)acity, the “Hi” electric potential
(high power supply electric potential Vdd) output from the second clocked inverter CKINV2 _
can reduce fluctuation in output electric potential SB due to leak current of n-channel TFTs of
a first clocked inverter CKINV1 in a shift register that receives a start pulse SP and clock
pulsé CK with a smaller amplitude voltage than the power supply voltage of the shift register.

In the same manner as above, the “Lo” electric potential (low power supply electric
potential Vss) output from the second clocked inverter CKINVZV.can reduce fluctuation in
output electric potential SB due to leak current of p-channel TFTs of a first clocked inverter
CKINVI.

The operation of the shift register structured as above is described with reftzrence o a
timing chart of Fig. 3. Broken lines indicate fluctuation in output electric potential SB due

to leak current. In Fig. 3, a broken line 301n shows fluctuation in output electric potential
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potential SB-2 due to the leak current of the exanple of prior art shown in
Fig. 6. Also, by increasing the gate width of n-channel TFTs of the second
cl ocked inverter CKINV2, the fluctuation 301p is made snaller than the
fluctuation 401p of the output electric potential SB-2 due to the |eak
current of the exanple of prior art shown in Fig, 6. According to the above
structure, fluctuation in output voltage due to |l eak current of the first

cl ockegB i &S {oqkalCAR &@ﬂ@@%gc § ‘?E;k A aof- the .ex of prior
art, the” p-channgél Tlr:T 501a aﬁﬁ’“ﬁ?}éﬁ%‘éﬂ“ @61%183folpﬁéf%e?€%l 818%60 ed

i nverter. | t of the, shift register. c swtch _their osi tions.
The pr el CREDYE B0 b 0% SkL" AddbRemling G0unPhn b Geion b Subek o
an inyerted clo | se CKB.is inputted. The p-channel TFT 501b has a gate
el ect r'otdlt H%ﬁﬂ““*@msdsugéo {5 qurﬁsa{)ﬂ@@m& thegueh p-¢haangl i TTgs Plverdd0lneker ter .
What exactly switching of positions of the above two TFTs neans is defined
here. thedistelogked @Yeféerfqlﬁg‘svkﬁ@fdh@lB@Onéstag&TFTl and a TFT2 and a second
structure is obtained by switching positions of the TFT1 and .t he TFT2.

Si gnal s i npuBy eucrewinge pegite veidgaing p-chaatly GHEs odfthé BecodTtloaid TRERed N t he
second structure are the sane as those in the first structure. In the

. SecondCKIN V2] the Sluctoh im0 lnSis ¢ Yaia8er Han tRAfluchuR0H 108N 8F BRlAGIR etfeuide
TFTI has an electric connection relation which is identical with an

el ect ridertRANSBCH HAN 1B Petak%rr@ﬁm@t@&aﬁ?pflghﬁ@g&%g&g%@mtm%@ T2 of the first

structure, a source electrode of the TF- el ectt¥ic connection

relati on whi S, 4 | i . | ectri n ion relatjon.of a
source el ec@?g’(}% fgg leetIa lggwtép’ “?tﬁeo(%fnf&satm%tﬁﬁ%toﬁﬁé? S%"B&&ﬁ’ﬁl‘%fré‘c"ﬁ%fde of
the TE n.electri connection relation which identical with an

el ect r&é‘[@g’nﬁﬁﬁ” (A gQ]ipo’ﬁ eé“’d‘ﬂ&ﬁ ﬁ‘a’éltl?cfﬁ]‘f%‘éf’él%f‘“”? ﬁéthFlf’F‘Z’%quCHéc first
structure,, and a drain electrode of the TFT2 has an electric connection

rel at iR?ﬁeIWﬁ‘F gﬁ—? dug Wahe isakicusieatiol sbe etasmnle pEpriwrmnetioworin Fad 4t i on of a drain

el ectrode of the TFT1l of the first structure.
According to the above structure, fluctuation in output voltage due to leak current of

the first clocked inverter can be reduced.
As shown in Fig.4 of the example of -prior art, the p-channel TFT 501a and p-channel
TFT 501b of the first clocked inverter in each stage of the shift register can switch their
- positions. The p-channel TFT 501a has a gate electrode to which a clock pulse CK or an
inverted clock pulse CKB is inputted. The p-channel TFT 501b has a gate electrode that
serves as the input terminal of the first clocked inverter.
| What exactly switching of positions of the above two TFTs means is defined here.
For example, a first structure has a TFT1 and a TFI2 and a sccond structure is obtained by
switching positions of the TFT1 and the TFT2. Signals inputted to respective gate
electrodes of the TFT1 and TFT2 in the second structure are the same as those in the first
structure. In the second structure, wiring is conducted so that a source electrode of the TFT1
has an clectrié connection relation which is identical with an electric connection relation of a

source clectrode of the TFT2 of the first structure, a source electrode of the TFT2 has an
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Al so, the n-channel TFT 501d and n-channel TFT 501c of the first cl ocked
inverter can switch their positions. The n-channel TFT 501d has a gate

el ectrode to which a clock pulse CK or an inverted clock pulse CKB is

i nputted. The n-channel TFT 501c has a gate electrode that serves as the
input termnal of the first clocked inverter. In the sane manner as above,
the p-channel TFT 501.a and p-channel TFT 50th of the second cl ocked

i nver t dectrin coandttish agetiaf whhd is hdntichlogits beklce@R o%%éc%@n trEl‘?xh(Sn 83 's&ir%ﬁs
The p-channel TFT 50l1a has a gate electrode to which a clock pul se or

an i nveetiesicChogk PRt Ser thekBrdt SthuBRL t £raid QEC s&hePne! TR h? E%&%na gate

el ectrode that serves as the input termnal of thée second
invertgy 0lc of

. TF
second cqmé&ﬁl eliaﬁli\IE/! gﬁmé‘%b?%ﬁgéa\}maf%har{ %113@““: 68%“6"?{]%1?’1%‘3?3“’%60%? Cgﬁla r‘?ﬂ@tm‘f‘??f 501d
has trode to whi a_.cloc ul se CK or an inverted clock pul se
e 1 o e RS B g ShseBOnE §° gire v amapes enmocten ves
as the fUt termnal of the second clocked inverter. In Fig. 4, the TFTs
consti Fﬁﬁ‘ Agvhich If iidetical watken phegisict eannexiauvielationcafm dodin clkastrodé might er
CKINV2, and inverter INV of each stage of the shift register have-a single

- gate EFFUef thedirstisometnes., the TFTs are not linited thereto and may take a
doubl e gate structure or a nulti-gate structure with nore than two gate

el ectrodes. ARo[ Erhodhdmesl TR] 561¢and n-chadndli TEUSG1bragE R WbKBd SRS t he
structure of a shift register in Enbodi ment 2. Cbnponents of this shift

regi stein dWitdh @ER posiedhd.Catheh haddeP ST S01 iths o4 e @Iecggcﬂéh) R@{tat fgsane

ref erence synbol s and expl anati ons thereof are o itted. T reglster

2 o PSCEROL Al HERHLO L SRIN Ao B 0NcRY B Penaf TACHIBULES cld W10

a smalTer anplitude vo Ver suppl ¥ Vol ng to

e s Gk ggx%g;gsa'hggég& SRS oA EETAIC AL POVET SUPPIy et

In the same manner as above, the p-channel TFT 501a and p-channel TFT 501b of
the second clocked inverter in each stage of the shift register can switch their positions. The
p-channel TFT 501a has a gat-e electrode to which a clock pulse CK or an inverted clock pulse
CKB is inputted. The p-channel TFT 501b has a gate electrode that serves as the input
terminal of the second clocked inverter. Also, the n-channel TFT 501d and n-channel TFT
501c of the second clocked inverter can switch their positions. The n-channel TFT 501d has -
a gate electrode to which a clock pulse CK or an inverted clock pulse CKB is inputted. The
n-channel TFT 501c has a gate electrode that serves as the input terminal of the second
clocked inverter.

In Fig. 4, the TFTs con.stituting the first clocked inverter CKINV1, second clocked
inverter CKINV2, and inverter INV of each stage of the shift register have a siﬁgie gate
structure. However, the TFTs are not limited thereto and may take a double gate struc_:ture- or

a multi-gate structure with more than two gate electrodes.
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power supply electric potential Vss) of the shift register. The above
causes leak current of a first clocked inverter. This enbodi nent reduces
the leak current by the follow ng structure. In Fig. 1, an n-channel TFT
101 is added to the first clocked inverter CKINVI in the third stage that
constitutes the shift register and in each of the subsequent stages to the
third stage. The n-channel TFT 101 in the k-th (k is a natural nunber
equal f{Hmboditnangr than 3, and equal to or smaller than r) stage is
denoted by 101-k. A gate el ectrode of the n-channel TFT 101k is connected

to an output Figerminad @fcul dibjpfas whiolkk@dwisnMer blfcuKl MVL- Eﬁiﬁz Plgidtle in

(k-2)-th stage. A source electrode of the n-channel TFT 101k i $ connected

to t heEh@WIRAUED. SR POnBhE Ok FiS SR ggﬁsieg'ma}(%e %ﬂti@ﬂ%ia’{ osl‘\fgilue " f’age of

thereof is connected to a source e ode "of an n-channe

the fi ked iLnverter | NVU., Wth the above structure, a signa

SB- k- 2@‘%“?@8&?‘? g%“? & ‘i?%geg%’t‘% ol i ol RSt i Trr 1ok T the
first clockeghingfrter CKI NV1-k of the k-th stage. When the n-channel TFT
501d- k shoul dMhENLHAERISET GEfERC plrgendjipyrationmeqeives jassian gulse SEcand doglopelat i al .
The "Lo" electric potential of the signal SB-k-2 is about the sane |evel as
t he | oWKpwitlra smalysl ympliteds Fpitagsahemthapowvessuppherveattaeecomspnnding b Lthé.
electric potential of the signal SB-k-2 is inputted to the gate el ectrode
of t heelpctohantstialidiffetsfidbitwetheherhiginpowel suppll 2&t3Obstekti DRI 439 the GRS €

vol tage (a gate-source voltage Vg,,) of about 0 V and is turned OFF

Wi t houpovweri suppllyreléddiis pv@itial Vi) bealks st fcegmter_.of The hARNGLsctIER GRRnPEEa
avoided in the first clocked 1 nverter INVI -k of the k-th stage circuit.

Fi 9. 2fitss cRckd Pt Nafhisfedboinh b utc&eth? I tcafrgxgti t@«itﬁé f&fo&{n%s&r%mghe

fluctuation in output SB 1 of the first clocked inv er of st stage

due Lo Lhe heaf SA01ebhyit 0L 17 RLELET e Gr2lpiiuhiloe SRl i =
dOCkedthiirﬁvs?z{gteetfxatogongtri]t%tgsitﬁg ghi?ttrg gt’er tagg iII Lgc%tol%iit%lé gt?bsiecr;uent stages to the third
stage: The n-channel TFT 101 in the k-th (k is a natural number equal to or larger than 3,
and equal to or.smaller than r) stage is denoted by 101_k.

A gate electrodé of the n-channel TFT 101_k is connected to an output terminal of a
first clocked inverter CKINV1 k-2 of the (k-2)-th stage. A source clectrode of the
n-channel TFT 101_k is connected to the low power supply electric potential Vss and a drain
electrode thereof is connected to a source electrode bf an n-channel TFT 501d_k of the first
élocked inverter CKINV1 k.

With the above structure, a signal SB_k-2 is inputted to the gate electrode of the
n-channel TFT 101_k in the first clocked inverter CKINV1_k of the k-th stage. When the
n-channel TFT 501d_k should be turned OFF, the signal SB_k-2 is “Lo” electric potential.
The “Lo” electric potential of the signal SB_k-2 is about the same level as the low power

supply electric potential Vss. Thercfore, when the “Lo” electric potential of the signal

SB_k-2 is inpuited to the gate electrode of the n-channel TFT 501d_k, the n-channel TFT
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output SB 1 of the first clocked inverter of the first stage due to the

| eak current is not a problemif the output SB_1 of the first clocked
inverter CKINVII1 of the first stage is a signal obtained by inverting the
polarity of the inputted start pulse SP. The output SB 2 of the first

cl ocked inverter of the second stage is fluctuated due to the |eak
current. On the other hand, the structure of this enbodi nent is capabl e of

pr evemiagk tdneaiful RSy oL st inverters in.the thi st age
and its subsequent I%lést‘zf;lgeg f(??%%b%:u%% ¥(ﬁ{ﬁig§{}§t%e#q%ugg ﬁoﬁtaﬂg 1 85?”@6{ ent of
- n-char FEIs. Ac .09l ;..outputs of the I.rd stage and its subsequent
st ageswgig%ar%gar ﬁs‘egﬁgag&d ’nleh%I 156 tcflﬁﬁ?te‘)tgﬁ'tcbﬁ‘f[@ 3'11:‘[& tcﬁ’é%glﬁ"ﬂd%fje‘gi e dpst As
descri he bove, i the n-channel TFT 101 to the first clocked
inver teP¢ e%@ﬁitq%ﬁ&q&ﬁ%mw&‘gbﬁawcéﬁch of its subsequent stages, the
| eak current_is prevented and the shift register can operate normally. _
Now, a diff efi8nt 1st3/thaingichgtiifer diivdng dreehifi wgdesof Flged. Wi th reference to Fig.

12. This shift register outputs a signal obtained from NAND operation of

out put si gnallses Suahati acemut $B_dgeSthe Qusiptibcked infertehef tRSpECithMedsd goes
are electric potentials of those shown in Fig. 1. Conponents of this shift

regi stie lédkadurdne iy AQN pedlennift D stahosifsd O F thpulte AILHISRARE I theS2ITE
reference synbol s and egpl anat i ons ther eof lar guofr;n' tted. 24 Tﬁlga‘ﬁ%g%hlfati on

SR, i b oSS e AL Bl R BB,

due. to t eak current 1S.no

inth | h L m chart. Although the output SB 2 of the
et SfBTRSE 1 AOBATGSL gholfod WVelE ARG tigh stepfidfnan 2% Bk Rbentni Tdia
current, the.f huct uat i ofe

d t interf ith ti f th hi ft
regi stipPPIEmEdhg Oélf%‘ﬁaﬁ%n—&b? a'i%ﬁgngS‘f ;ﬂgﬁgqp\%gﬁ%}negmg e{)gf It‘ﬁ(*)Fg fi?ﬁﬁtsﬁﬁﬁ%sig HIS- I

and S-2 of the first and second stages is output as a sanpling pul se SMPL
By addigiy! obtaied bynayisidng thepolrgity efothe frputted startgiubseS®d i nverter CKINVI in.
the third stage and each of its :
- The output SB_2 of the first clocked inverter of the second stage is fluctuated due to
the leak current. On the other hand, the structure of this embodiment is capable of
preventing the outpuis SB of the first clocked inverters in the third stage and its subsequent
stages from being fluctuated due to the leak current of n-channel TFTs. Accordingly,
outputs of the third stage and its subsequent stages are regarded as the legitimate.outputs of
the shift register.
As described‘above,_by adding the n-channel TET 101 to the first clocked inverter -
CKINV1 in the third stage and each of its subsequent stages, the leak current is prevented and
the shift register can operate normally.
Now, a different type of shift register is described with reference to Fig. 12. This
shift register outputs a signal obtained from NAND operation of output signals S of adjacent
stages. Outputs S of the respective stages are electric potentials of those shown in Fig. 1.

Components of this shift register that are identical with those in Fig. 1 are denoted by the

same reference symbols and explanations thereof are omitted.
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subsequent stages, the leak current is prevented and the shift register can
operate. normally. - Note that, no new p-channel TFT for preventing the |eak
current of the p-channel TFT without fail is added in. this enbodi nent.
General ly,. n-channel TFTs have better characteristics than p-channel TFT,
and therefore, it is inportant to ensure prevention of |leak current of
n-channel TFT in particular. Accordingly, the above structure for

preventing |Bakfluauatienin ¢Bpmesy 1ebf getfiveclobirtdtingedd: g 1Sec@adist ages
of the shift register of this enbodi nent, the p-channel TFFs 501a and 501b

f th
of theshgd dlic & Mekesk baYSH tiehoCK! %ﬂle g?':éiens_gz{rt g@lg e S ik qulh@ﬁllfl t %ﬂatﬂlnﬁp_n:_r

To elaborate one structure that can sets, as a p-channe

501a, t SO ct e h h po suppl y
el ect r| c 6}oltne{r§l? |mPE%o%§rtas %s[ﬁg%ﬁl fhe &EP& §ﬁr§l ﬁ%]h Ef'*?lct? Fﬁ‘?é‘g’@ggremﬁ

p- chann T 50la i riall nected t channel TFT 501b in this
or der ngﬁli é?%@iﬁﬂﬁéco clﬁ&‘ﬁ”@ﬁ%hﬁg?%kg?m§9ﬂ5k§§HV%§H§§hFh@“8Utput
terninal of the first clocked inverter CKINV1. Another structure that can
be enpPRSFEWNsR e shyk regisiercingne sigrrtoaingd fnT NAND apertion »f Jbeiootputs

el ectrode connected to the high power supply electric potential Vdd. In
this clslkeand he? of tbhdmsieind FEONEGHYeS & @epitas laysamphineptled SMP_ 4.  Bychidime!

TFI501a in this order and a drain el ectrode of .the p-channel TFT 501la

ser vesthasi-clizhee HIDUO1 foetheifitglcldtked htveftbr SKINVOGK aR thitd 1alg€ anCKAMNAE its AS
has been nentioned in the above, there are two ways to place p-channet

TF-Ps sub eﬁtﬂﬁag'é@iltﬁe 13k BRedtlif plevEdiOF KROihE INBI & Ete%ﬂ%emté Hor‘f'ﬁaqﬁ of the
C Ca ei

two ways pl acenent, n-channel TFTs 501d and 01 swtch t

posi ti ons TQok! @hona t,%\_yr B%ﬁal?& Llﬁ?tl'ufo? ug@etntmggig R& %”He;?tyetdtth &%ao nFIh e | ow

n- channel TFT 501d a rce € ro € connec

Case, THENhd Sf‘é%%re‘s"aﬂ@%% 02t svERprR- "Corib: auere PR B eerey

501c i thls Qrd r an qraln el ectrode of the n-channel TFT 501c serves
as the® {S“‘E“e itk Haﬂ apgel (Ihd s fanddhereloge Lbig 1mpQEat & ensure prevention of leak

current of n-channel TFT in particular.  Accordingly, the above structure for prcventing leak
current is very effective.

In the first and second stages of the shift registerr of this embodiment, the p-channel
TFTs 501a and 501b of the first clocked inverter CKINV1 thereof can switch their positions.
To elaborate, one structure that can be employed sets, as a p-channel TFT 501a, a TFT that
has a source electrode connected to the high power supply electric potelntial Vdd, as shown in
‘Figs. 1 and 12. In this case, the p-channel TFT 501a is serially connec.ted tb a i)-channel
TFT 501b in this order and a drain electrode of the p-channel TFT 501b serves as the output
terminal of the first clocked inverter CKINV1. Another structure that can be employed sets,
as a p-channel TFT 501b, a TFT that has a source electrode connected to the -high power
supply electric potential Vdd. In this case, the p-channel TFT 501b is serially connected to a
p-channel TFT 501a in this order and a drain electrode of vthe p-channel TFT 501a serves as

the output terminal of the first clocked inverter CKINV1.
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CKINV1. Another structure that can be enployed sets, as an n-ebannel TFT
501c, a TFT that has a source el ectrode connected to the | ow power supply
el ectric potential Vss, and the n-charnmel TFr 501c is serially connected
to the n-channel TFT 501d in this order and a drain electrode of the

n- channet TFT 501d serves as the output termnal of the first clocked
inverter CKINVI. In the first stage circuit and the second stage circuit,

simlarly toAshasfbeésmeatiogdderh the n¥eYd 8he N e - tB p anhEll TER012
and 501b of the second clocked inverter CKINV2 ca tch elr positions.

The n- sbannel sOT6 Ts 108 ARk A06ecRE ihRnpeoa)d ) aft@e? o gt'ag,ghgpgaﬁ%tm,ﬂ can

al so switch their pos|t|ons stage C

register, and th ircuit of the subsequent
stagesgt(l)l£l LHFﬁFsg? g?ﬁitﬁglEwgﬁhﬁﬁgnxtﬁt%65o %EQHBWSE£B66FUFH§3ﬂwtst
cIocked inverter CKINV I reof _can switch their positions. To el aborate,
one st PR FRPIKed Set%aﬁafbé AR FEd 0dds2 THE that hag i soies cleeodsapanecied Ff

that has_a source el ectrode connected to the high power supply electric
pot ent {%athe \@i possr supphnelcpiricipgéential Herd a3 showmirt Rigs. cask]2.t hia this-cabanhel TFT
'501a is serially connected to a p-channel TFT 501b in this order and a

drai n nehauket $6E 50 d iheritlg kammeted T6 Thh-thate! VBT 58%c thaioetdpuind £amginal  of
the first clocked inverter CKfNV1. Another structure that can be enpl oyed

sets, dsctande-cfhienfiehanket TEPGLDe s@vddak thdalt aﬁteﬂﬁﬁlaﬁotst@tlﬂ rfﬁﬁ FOREN 58S er
connected to the high Power supply electrlc potentla Vdd. In this case,

the p-clanwa! I\Bbtté@%@?uétﬁ esaaeal 'a/e gﬁp@gg annﬁt ngttﬁ,ggitst%Ec59 Férin

this order and a drain e ectro serves as the

t put f t .
ment | oeg i (et elbdde c%ﬁt%c?%ﬂ?%ktﬁm&é% %Jpgﬁ‘éefsaac&ﬁiw?fwwd b1
and 501b Lngﬁé;ast cIo&ked invgrter In each of the two ways of
pl acenléﬁpanne (hers SeERLY panecisg 1y theafﬁah%@@cTE]aﬁUstt @ edes andybdiaEn ons.

To el ahorate, one structure
electrode of the n-channel TFT 501d serves as the output terminal of the first clocked inverter

CKINV1.

In the first stage circuit and the second stage circuit, similarly to the first clocked
inverter CKINV1, the p-channel TFTs 501a and 501b of the second clocked inverter CKINV?2
can switch their positions. The n-channel TFTs 501d and 501c of the second clocked
inverter CKINV?2 can also switch their positions.

In the third stage circuit of the shift register in this embodiment and the circuit in
each of the subsequent stagcs to the third stagc, the p-channel TFTs 501a and 501b of the first
clocked inverter CKINV1 thereof can switch their positions. To elaborate, one structure that
can be employed sets, as a p-channel TFT 501a, a TFT that has a source electrode connected
to the high power supply electric potential Vdd, as shown in Figs. 1 and 12. In this case, the
p-channel TFT 501a is serially connected to a p-channel TFT 501b in this order and a drain
electrode of the p-channel TFT 501b serves as the output terminal of the first clocked inverter

CK[NVI. Another structure that can be employed sets, as a p-channel TFT 501b, a TFT that
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t hat can be enpl oyed sets, as an n-channel TFT 101, a TFT that has a source
el ectrode connected to the | ow power supply electric potential Vss, as
shown in Figs. 1 and 12. In this case, the n-channel TFT 101 is serially
connected to n-channel TM 501d and 501c in this order and a drain

el ectrode of the n-channel TFT 501c serves as the output term nal of the
first clocked inverter CKINVI. Another structure that can be enpl oyed sets,

as an RasChanied eteZEEJdelenneéteE[ Rd tﬁﬁhﬁfg[hrlgo%v& s%BHtf&eﬁhé%te%ﬁt ¢agnegt

the | ow power supply electric poten VSs the n-c anne

IFT 1Q%ﬁ%§§§§?§?ﬁk%ﬁ%§??§,ggq?iﬁwﬂmﬁﬁ anne fEf"ﬁgﬁﬁ%sgﬂﬁé% 1§°{ EBQ 3tput

t k ter CKE* . Still th t
thar cafree i iahe B Rlahd S herhar bemgttrminr o His caged

sour ce, elect ﬁﬁﬁ%fonnected to the |ow power supply electrlc potential Vss.
I n thlgwﬁﬁg n-channel TFT 501d is serially connected to n-channe
TFTs 101 and 501c in this order and a drain electrode of the n-channel TFT
501c serves A hanbeyumsntionedrim thalaboeve, tthere fare $wo otays ke PplicevierhamelCRFRY/I .

Yet still another structure that can be enpl oyed sets, as an n-channel TFT
501c, ZDTBERERdtIAL ihde fast dockeddanedriee (CKINE/ IcorMneatieds he t\tvh eviy9\0f pRvemesUppl Y
el ectric potential Vss. In this case, the n-channel TFT 501c Is serially

conneci-eHartnel TFTH a0nN &l01dFindssi@keaarehieR kit Poditidr. Orfdeadide, %ne@'ﬁ%’cﬁre
el ectrode of the n-channel TFT SO d serves as the output termnal of the

first ghoekede én’fﬁ{@fetd%etfﬂnw Tﬁ f:z El(;i' 16?,?_&?@1;]%(& uetu QoJrQéitele%?rpd? e

enpl oyed sets, as an n-c at has source electrode

I | ectr.i [, V'
¢ ﬁQ”ﬁ%ﬂ%&ﬁ%ﬁ%ﬁl HF@*? 88 PRSP HE S B R R b Mo Bin B 1aed 2n0 Te b g
101 in th| %qﬂ%ﬁ SLaln el ectrode of the n-channel TFT 101 serves as
t he outaa&t aﬁat 1Phes serially coppeatesta prebanngt TEKS ROLd andp0Lg in fhis

anot her structure t hat can be enployed sets, as an n-channel TFT 501c, a
TFT t heifenhard a dsynredestrefie of thsge-c @méa"fa"dsma seres|aovihp owput temppil ywfghectri c
potential Vss. In this case, the n-channel TIT 501c is serially connected
to first clocked inverter CKINV1. Another structure that can be employed sets, as an n-channel

TFT 101, a TFT that has a source electrode connected to the low power supply electric
potential Vss. In this case, the n-channel TFT 101 is serially connected to n-channel TFTs
501c and 501d in this order and a drain electrode of the n-channel TFT 501d serves as the
output terminal of the first clocked inverter CKINV1. Still another structure that can be
employed sets, as an n-channel TFT 501d, a TFT that has a source electrode connected to the
low power supply electric potential Vss. In this case, the n-channel TEFT 501d is serially |
connected to n-channel TFTs 101 and S01c in this order and a drain electrode of the n-channel
TFT 501c serves as the output terminal of the first clocked inverter CKINV1. Yet still
another structure that can be employed sets, as an n-channel TFT 501c, a TFT that has a
SOurce electrode connected to the low power supply electric potential Vss. In this case, the
n-channel TFT 501c is serially connected to n-channel TFTs 101 and 501d in this order and a

drain electrode of the n-channel TFT 501d serves as the output terminal of the first clocked
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n- channel TFTs 501d and 101 in this order and a drain el ectrode of the
n-channel TFT 101 serves as the output termnal of the first cl ocked
inverter CKINVI. Simlarly to the second cl ocked inverter CKINV2 in the
first and the second stages, the p-channel TFfs 50la and 501b of the

. second clocked inverter CKINV2 in the third stage, or each of its
subsequent stages can switch their positions. The n-channel TFTs 501d and
501c ofvelte SREOYIL cYaokdnbieesitetur€ihadd¢an banmplsod sub t:ehntoh@iahndlosit | ons.
In Figs. | and 12, the TFT:s constituting the first clocked inverter

CKI NVI 501siea arRt thed R@keshuray €eétesde@shhiMEed BNGe IOV GWRE sd Yy OfeceRGihiShage of
the shift register have a single gate structure. However, the TFTs are not

i mi t egsd, ha efig cad : : gat e,
ST uct e O e TEAAE PEFSUR) B BRaly SIEEL G Bilinf Tk s 9ThR

conbi nga f.r.eel i I Enmbodi Thi s enbodi nrent descri bes
a shif?ﬁT%éﬁgfﬁ?&%%pﬁgggggg%ﬁﬂb?égg%f?@“??%ﬁﬁ%ﬁi%b?ﬂ%ﬁ%MQRBPPTH%@P&F@ in
Fig. 1..The. description w iyen wth reference to Fig. 8. In Fig. 8~
idgnti@gﬁeggﬂﬁiﬁﬁﬁﬁénﬁ??ﬁC#h%@&‘? ‘?FBﬁ%WO%?%ﬁﬂgﬁﬁﬁéﬁﬁﬁ?nPﬁ@“@&%@dﬁﬁﬁerence
synbol s and explanations thereof will be omtted. 28 The shift register of
the pr¥s@hi-chavashiitdn5¢ks i TEE thatshasra sputs elesodmeprabock puhstow Qewai t h a
smal | er anplitude voltage than the power supply-voltage (corresponding to
the etupplyrélectpotpetential Vek. f fle ki cesd ehaveehaitree THTQH lpavesridlyp@inie&b&ed ri ¢
potential Vvdd and the | ow power supply electric potential Vss) of the

shift s-eimtETFTIEOI@beY 0T aISES oflck @Al aCthimedlbct@ide oF the hthaslePakadio1
inverter. This enbodi ment reduces the |eak current by the follow ng

St ructderes as tHe ddght t&mibd1 @ tLARNABEKHREvA AT digpaaded to the first clocked
inverter CKINVI in the second stage that constitutes the shift register and

in each of tfﬂﬁliﬁH?%S W05 BRLRd ivtE: CKINV?2 in the first and the second stages,
the p-channel TFTs 501a and 501b of the second clocked inverter CKINV2 in the third stage

or each of its subsequent stages can switch their positions. The n-channel TFTs 501d and
501c of the second clocked inverter CKINV2 can also switch tﬁeir positions.

In Figs. 1 and 12, the TFTS constituting the first clocked inverter CKINVI, second
clocked inverter CKINV2, and inverter INV of each stage of the shift register have a single
gate stracture. However, the TFTs are not limited thereto and may take a double gate
structure or a multi-gate structure with more than two gate electrodes.

This embodiment may be combined freely with Embodiment 1.

[Embodiment 3]

This embodiment describes a shift register structured differently from Embodiment 2
illustrated in Fig. 1. The description will be given with reference to Fig. 8. In Fig. 8,
identical components with those in Fig. 1 are denoted by the same reference symbols and

explanations thereof will be omitted.
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second stage. The n-channel TFT 101 in the k-th (k is a natural nunber

equal to or larger than 2, and equal to or smaller than r) stage is
denoted by 101-k. A gate electrode of the n-channel TFT 101k is connected
to an output termnal of the first clocked inverter CKINV1-k-2 of the
(k-2)-th stage. A source electrode. of the n-channel TFT 101k is connected
to the low power supply electric potential Vss and a drain electrode

thereof is crRNBeR eehifter of SRUYrERNEIRELARIRCEE ed NER Bk kof
the first clocked ﬁ%verter I NV1-k. A soﬁrcg el éct@ﬁgp o?ngﬁkﬁ§ gﬁhel

TFT 1 syppl y

el ectrig ‘*E‘%?é%“?ﬂq’tm BERERE OISR M the SERRRSERHE sBpbe TooBSniRiTe e 1
sourc f afirs n TFT 501d2 of a first clocked inverter
o MO GHEE RS RE Yir e by RS M pobal svrRLY cleRbic Postniph¥ad prficdpmige. | <
inputted to ate electrode of the n-channel TFT 1012 of the second stage
t hr oudA™&" aléfrpég clertriciatentinh Vsoipd theyghiffyregipter uithebove sausenp bslsduokntof
pIurallty of inverter circuits connected longitudinally. However, the

pr esert fitsiveatkedninvertant Thisi eralbdimente reslugerd the ddakc oirennd thih thmyfokla\@mg _
structure can be used freely as the delay circuit 110. 29 Wth the above

st ructstrueturea si gnal obt ai ned by delaying the output S 1 of the first stage
(the output of the inverter INV_1 of the first stage) is inputted to the

gate el ect r i@, tHehechmabarmehoTKThadkod er
CKI NV12 of thelgecond gtage when fzé n- g)%ﬁ£%§%¥%%E?gngggﬁggggygggﬁ%ﬁ

The sisgRalg ']h§g€| {}ﬁp%&%@nﬁé# %He ft g tgt%li_é}fgqn %X 89 %e Su% lchegt %r%é%%,ﬁet(? Fl‘g\(/:\/: ﬁgk

pul se. The | eak current o ann us prevente

inth ) | o d ihvert he second s e circuit. The

gat e g éedéltd rStct)oé F ReCHBH A m%ir ﬂieoli%’ gk ?Bﬁté!fd@ém@&)ﬁg?q% L §hAT L568i ch
are ot the SI obt aj ned by del-aying the output S 1 of the inverter

I NV_ 1nlbﬁ]=ﬂ é ﬂgdﬁﬂ tto 8% %[5% e&l’,han ¥stage 15°denoted by 101_K

A gate electrode of the n-channel TFT 101_k is connected to an output terminal of

the first clocked inverter CKINV1 k-2 of the (k-2)-th stage. A source electrode. of the
- n-channel TFT 101_k is connected to the low power supply electric potential Vss and a drain

electrode thereof is connected to a source electrode of the n-channel TFT 501d_k of the first
‘clocked inverter CKINVI k.

A source electrode of an n-channel TFT 101_2 added to the second stage is
connected to the low power supply.electric potential Vss and a drain electrode thereof is
connected to a source electrode of a first n-channel TFT 501d_2 of a first clocked inverter
CKINV1 2.

In Fig. 8, the output of an inverter INV_1 of the fitst stage is inputted to a gate
electrode of the n-channel TEFT 101_2 of the second stage through a delay circuit 110. The
delay circuit 110 is composed of a plurality of inverter circuits connected longitudinally.
However; the present invention is not limited thereto and a circuit with any known structure

can be used freely as the delay circuit 110.
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about half a cycle of clock pul se. For exanple, a signal obtained by
inverting the polarity of the output SB 1 of the first clocked inverter
CKINV1 1 of the first stage and then delaying nay be input. A signal
inputted to the gate el ectrode of the n-channel TFT 1012 is not limted to
t he above signals as long as the n-channel TFT 1012 is turned OFF when the
| eak current._of n-channel TFTs causes a problem and as |long as the
n-channel TF¥ithgho apeve siruseite GNsignhleobtained by afedayived (hEFspAGLA eitte F33d of
the second stage are both to be turned ON. In the first clocked inverter of

t he k-stdge((kheoBpuarofl the garcjtesigel of kieuiitst sthl® iPiGRaRNed thelfle 4@dkddd St
turned OFF by inputting a signal SB k-2 to the gate el ectrode of the

n- channeh-chhidel B kowhen hbeis-ghannahvelel A8t b (;Cfst]b& Qec%gp UG GFF.

The | eak current of n-channel TFTs is thus prevente romflowng in the

' out b PG T R0 pER IR PR o AR P el ohiatoue ™ e

in output SB 1 I'rst clocke i t he

| eak t 4s t a probl if a start pulse SP_is inputted in the manner
shown T ?%é("fet?fgﬁﬂ&k ERIsPr . TH 1N ST 0 d-chagnel TFTY jssthug imseveaied fowr t er

of the first ajt@a%ge, the fluctuation in output SB 1 of the first clocked

i nver téFV1BE 11 Hig firstcdecked yertguie KN Vilng of gisecandstage cirsuihot a 30 probl em i f
the output SB-1 of the-first clocked inverter CKINVII of the first stage is
a signal obthe geselelegtrodovelt the mechanecl B RADT \2 ofn teheive nit tigdals tvattich prel se
SP. Therefore, by adding the n-channel TFT 101 to the first cl ocked

i nver et tEKiphAl obtaineidhy dtaong thetagsutaNd Eachibrtl VS UbsEay et ssipagss, the
| eak current is prevented and the shift register can operate normally. A

ot el A L Ry
Sl R L Ry LBy b B 4o
may be input.
A signal inputted to the gate electrode of the n-channel TFT 101 2 is not limited to
the above signals as long as the n-channel TFT 101 _2 is turne_d OFF when the leak current of
n-channel TFTs causes a problem, and as long as the n-channel TFT 101 2 is turned ON
when the n-channel TFTs 501c and 501d of the second stage are both to be turned ON.
In the first clocked inverter of the k-th (k = 3 or larger) stage circuit, the n-channel
TFT 101_k is turned OFF by inputting a signa1 SB_k-2 to the gate electrode of the n-channel
TFT 101_k when the n-channel TFT 501d_k is to be turned OFF. The.leak current of
n-channel TFTS is thus-prevented from flowing in the first clocked inverter CKINV1 k of the
k-th stage circuit. |
The fluctuation in output SB_1 of the first clocked inverter of the first stage due to
the leak current is not a prdblem if a start pulse SP is inputted in the manner shown in the

timing chart. In other words, in the first clocked inverter of the first stage, the fluctuation in

output SB_1 of the first clocked inverter of the first stage due to the leak current is not a
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the signal SIRto avoid the |leak current of the first clocked inverter
CKINVI -2 of the second stage. No new p-channel TFT is added for preventing
the | eak current of the P-channel TFT wthout fail. Generally, n-channel
TFTs have better characteristics than p-channel TFTs, and therefore, it is
inportant to ensure prevention of |eak current of n-channel TFT in.
particular. Accordingly, the above structure for preventing |eak current

|5 ver proefdhedt itveouthl Sier b iRl 68t AuRi0] 6111\1%%1?&‘1{]&\/&99'%%%111‘ el LS

embodi nent, the p-channel TM 501a an e frrs nVelt er

CKI NVI &; nﬁgﬂtﬁx‘(@dté‘}hn%}ﬁhéc ﬁﬁ%ﬁf}t%ﬁéﬁe@a&% prate flt ne structure that can

be enpl sets, “as a has a source

electrode conpnected.to the po electric potential Vdd, as
shown in Fi gﬂ?fg el % byﬁﬁ!id@gctg%g ﬁéﬁﬁ ﬁﬁn‘@lthel'ﬁfﬁt sloeied vedin GKINVI in
connected to p- channel TFT 501b in this order and a drain el ectrode of
the p-CRSATRAA “T“FgF ang 199k eF e subssquans segesp the tedr pirrmalt ioprevénded andsthe shifocked
inverter CKINV1-1l. Another structure that can be enpl oyed sets, as a

p- chanisgister pETOBYAts nogmd BT t hat has a source el ectrode connected to the

hi gh power supply electric potential Vdd. In this case, the p-channel TFT:

501b is seriAlrhgthedohédtiag tHeshit Peggdi@ieebrdiigho (59 dAabbintdht & REdfSedans a
drain el ectrode of the p-channel TFT 50l1a serves as the output h term nal

of t herefdréisde t6l206KRE daM T tFeg. SCKIFW! 9 dhowhSa Qgﬁajl_%egﬁ Jﬁggiﬂrﬂﬂﬁt@d by h?ase?bove

there are two ways to place p- channel TFTs

| ock h I
THTe EaguRe, E‘%ﬁ’?@’é%ﬁﬂé%ﬁéF’s%ir?ﬁt e T ﬁ%%fﬂfﬁ?urgﬁéoﬁﬁ Miet ur e
t hat d TF d, TFT t h
soﬁr Cg@n %?%cf @Oégygoﬁ\{s{gés%% e'tsaga{]‘ﬁémfé’aﬂg%\%?‘ Jﬁéﬁ?g{yn‘é‘%@th g&%%ﬁsltgff Vss,
as shown HP%FIQ 8. In this case, the n-channel TFT 501d is serially.

conneci®e®™ Y28%he n-channel TFT 501c in this order and a drain el ectrode of

the n-channel TFT 501c serves as the output termnal of the
No new p-channel TFT is added for preventing the leak current of the p-channel TFT

without fail. ~ Generally, n-channe! TFTs have better characteristics than p-channel TFTs, and
therefore, it is important to ensure prevention of leak current of n-channel TFT in particula;.
Accordingly, the above structure for preventing leak current is very effective. |

In the first stage of the shift register of this embodiment, the p-channel TFTs 501a
and 501b of the first clocked inverter CKINV1_1 can switch their positions. To elaborate,
one structure that can be employed sets, as a p-channel TFT 501a, a TFT that hés a_sour;:e_
electrode connected to the high power supply electric potential Vdd, as shown in Fig. 8. In
this case, the p-channel TFT 501a is serially connected to a p-channel TFT 501b in this order
and a drain electrode of the p-channel TFT 501b serves as the output terminal of the first
clocked inverter CKINVI_i. Another structure that can be employed sets, as a p-channel
TFT 501b, a TFT that has a source electrode connected to the high power supply electric
potential Vdd. In this case, the p-channel TFT 501b is serially connected to a p-channel TFT

501a in this order and a drain electrode of the p-channel TFT 501a serves as the output
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first clocked inverter CKINVI _|. Another structure that can be enpl oyed
sets, as an n-channel TFT 501c, a TFT that has a source el ectrode
connected to the | ow power supply electric potential Vss. In this case, the
n- channel . TFT 501c is serially connected to the n-channel TFT 501d in this
order and a drain electrode of the n-channel TFT 501d serves as the output
termnal of the first clocked inverter CKINVI 1. In the first stage

Ci r cuitérmifaloflid fidt E@ckda@n{drics'Crahaekgd inverter CKINVI |, the p-channel
TFTs 501a and 501b of the second cl o¢ked inverter CKINV2 1 can sw tch their

positions. T d.n of the s cke erter
CKI NV2 1 cé%e 5 s%&gvr:ﬁﬂ gljgho-ﬁgﬁg? r%)%g%ﬂgi (t)hr?gggfe qungdgqg dC%Pafglé‘“% Frcutst of
the s g thi s enbodi ment circuit in each of the
subseggfégntangt ‘Z% i 3{1? fasts oGk é‘l"?ﬁf@r %&—éhaﬂﬁédcﬁﬁ’fsthﬁﬂ‘é’ AFYS5¥1b of

t he rst clocked inverter CKINVI thereof can switch their positions. To
el aborp cemephd-ghanaek LFE SPHhrnd 2915 ecan ipvithedieis arositions. algp cearate] otEFT
501a, a TFT that has a source electrode connected to the high power supply
el ect SITECIHE Byt icalt bdunplayedsbrsswrasi an Biapang:l THT 6Ald < J%4, that hes p-whennel
TFT 501a is serially connected to a p-channel TFT 501b in this order and a
dr ai n elicgode odeneofedtthehpiahpowet subiply BlRApicsRItaeEl ¥8s,t-RGhEWhANTFiES M Ral  of
the first.clocked 32 inverter CKINV1. Another structure that can be

enpl oyigid ca&d, she aschanl cianBeld I Qérﬁﬂ%tbonﬁectgd: o fRag- cltf‘cﬁﬁePTW Wi gl Gkt rode

connected to the high power supply electric potential Vdd. In this case,

the poshanaala 3Gk éﬁé@oaes ek 2k asﬁngwg?%foﬁg sér@eéﬁcpﬁ%@gg@ terminalat fhe! N

this order and a drain ectro - channe a’‘serves as the
out pu e f.th clocked inver CKI NV1. as been
ment i tcf)lrrléetda?hget%h e B%vc;%Kﬂ ]rsﬁtel k% g"‘r? &L?:)tl % Bp- %@H SEI{F—"T? 01la
and 50 ‘f?’f" lt,ﬂgce]FI hiu Eﬁﬁ 3_% nverter CKI NVI. L.n each of the two ways of
pl acefennac a %Ia dhafgips asyppace elpRirosis 1onReted i eHOWHRIWwer SaPki ons.
To el aborate, one structure

electric potential Vss. In this case, the n-channel TFT 501c is serially connected to the

n-channel TFT 5014d in this order and a drain electrode of the n-channel TFT 501d serves as
the output terminal of the first clocked inverter CKINVLI. |

In the first stage circuit, similarly to the first clocked invefter CKINV1 1, the
p-channel TFTs 501a and 501b of the second clocked inverter CKINV2 1 can switch their
positions. The n-channel TFTs 501d and 501c of the second clocked inverter CKINV2 1
can also switch their positions.

In the second stage circuit of the shift register of this embodiment and the circuit in
each of the subsequent stages to the second stage, the p-channel TETs 501a and 501b of the
first clocked inverter CKINV1 thereof can switch their positions. To elaborate, one structure
that can be employed sets, as a p-channel TFT 501a, a TFT that has a soufce electrode
connected to the high power supply electric potential Vdd, as shown in Fig. 8. In this case,
the p-channel TFT 501a is serially connected to a p-channel TFT 501b in this order and a

drain electrode of the p-channel TFT 501b serves as the output terminal of the first. clocked
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t hat can be enpl oyed sets, as an n-channel TFT 101, a TFT that has a source
el ectrode connected to the | ow power supply electric potential Vss, as
shown in Fig. 8. In this case, the n-channel TFT 101 is serially connected
to n-channel TFTs 501d and 501c in this order and a drain electrode of the
n- channel TFT 501c serves as the output termnal of the first clocked
inverter CKINV1l. Another structure that can be enployed sets, as an

n- channetrer CRINWGL, Andthdr duaturd gt aarswaﬁﬁl_o%@gétg,%% SennRel terse16.he | ow
power supply electric potential Vss. In this case, the n-channel TFT 101

I s sertt hye: GROREHURA &1Q:tfdE Q@Hxﬁ%%slg$@gt§i &?@éﬁo@&dsuggﬁfélie&ritc rBS?en%'ép §qqand a

drain el ectrode of the n-channe ves a out'put term hal of
the figst.clacked invert 1. Still another structur can be

enpl oylélclt !sse%asq?’ktgg péﬂjaﬁgﬁéﬁglnfngbw%ﬁ“g%ﬁ L&,Coangfgﬁe{oh‘éf)‘#'dgneéegﬂg@ea 8 85 r ode
connected to, the. | ow power supply electric potential Vss. In this case,
Che. n-CHgE) a%ﬁﬂfﬂ%ﬁ%ﬁ% 0§ g ﬁb%mebiﬁﬁe‘éqlécﬁef\@s [#S dhARENt el of thed
501c in this order and a drain el ectrode of the n-channel TFT 501c serves
as t heigtelpekedtinyaren&KIDV1lihe first clocked inverter CKINV1. Yet still

anot her structure that can be enpl oyed sets, as an n-channel TFT 501c, a

TFT that hasAshasbencmentieetiriodbe aboveg chard ato twhevayouo piaverp-chiappely TETeCt ri C
potential Vss. In this case, the n-channel TFT 501c is serially connected

to n- cJtaarall SOET sn 4R Yirando&Rdniditct KINVIJENn 35¢h & (BS o6 ¥as 6f prabéneR, of
the n-channel TFT 501d serves as the output termnal of thé first clocked

i nvert NV iyl : . K c I , as
an n-éﬁgﬁﬁék TFfSN%%fﬁﬁaﬁh¥%¥ﬁ%2§%SﬁggH§k§£ ﬁ@@ﬁﬁle??ﬁ%ﬁgﬁggﬁﬁégﬁggﬁki t he

| ow p upp! tric potential t hi ase, the n-chanpel TFT
so1d” el B enelO RS € BB e Rineh T abD At B s o tes ARG e
and a drai | ectr.ode of the n-channel TFI' 101 serves as the oyt put

t er ni ncé’lnnecg?‘ﬂ% efIPWROVr SRR q(ferﬁ'}ré‘? pateniagl Xg5s as iwis iy Fie- éno!lh S &¥fucture
that can be enpl oyed sets, ~as an n-channel TFT 501c, a TFT that has a

sour cenePerABY b AN sially coneectishjopabmnck TER 0k ad POt wobhisneidal Vs,

In this case, the n-channel TFT 501c is serially connected to
and a drain plectrode of the n-channel TFT 501c serves as the output términal of the first

clocked inverter CKINV1. Another structure that can be efnployed sets, as an n-channel
TFT 101, a TFT that has a source electrode connected to the low power supply electric
potential Vss. In this case, the n-channel TFT 101 is serially connected to n-channel TFTs
501c and 501d in this order and a drain electrode of the n-channel TFT 501d serves as the
output terminal of the first clocked inverter CKINV1. Still another structure that can be
employed sets, as an n-channel TFT 501d, a TFT that has a source electrode connected to the
low power supply electric potential Vss. In this case, the n-channel TFT 501d is serially
connected to n-channel TFTs 101 and 501c in this order and a drain electrode of the n-channel
TFT 501c serves as the output terminal of the first clocked inverter CKINV1. Yet still
another structure that can be employed sets, as an n-channel TFT 501c, a TFT that has a
source electrode connected to the low power supply electric potential Vss. In this case, the

n-channel TFT 501c is serially connected to n-channel TFTs 101 and 501d in this order and a
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n- channel TFTs 501d and 101 in this order and a drain el ectrode of the
n-channel TFT 101 serves as the output termnal of the first cl ocked
inverter CKINVI. Simlarly to the second clocked inverter CKINV2 1 in the
first stage circuit, the p-channel TFTs 501a and 501b of the second

cl ocked inverter CKINV2 in the second stage and each of the subsequent
stage to the second stage, can switch their positions. The n-channel TFTs

501d andn3likkeodé of iR #LRANRE TFOCHAM JRKSES e (IhIMELGAN & & BU Ll hhel r

positions. In Fig. 8, the TFT:s constltutlng Stec i hve

CK| NVl SREQRING0CE i gegq%é&em% Aod getc{ﬁ?pgs;qtqg{%g?var%ﬁ S dFle

the shift register have re not

limt the e, oubl e gate structure or mul ti-gate

st ruct%(éllg rl"ﬁ(%p%:]‘@s h*éH \ﬁgecgaa%cw@& cAdades lowgwweaeﬂwrﬁéwwgteb@al

conbi r{?d freglll w th Enbodinent 1. [Enbodinent 4] This enbodi nent descri bes
a shi £'t55r et Gi%sasetthe archprepl JIFT ¥Hdns seridlhyorwnn@ntsbigi nrelmnngl BRTs330184nThe
shift register of this enbodinment is a nodification of the shift register
st r uct!f éu thiggrdshanha draiFelgetrade afitble nschatrch TREA MR seresay tRgutfie tdnthannel
TFT 501d to which a clock pulse CK or an inverted clock pulse CKB is

i nput toédhe firsonioeahinobridrheKiNId Yeoga éiﬁﬁhdrts&uctﬁfébtﬁﬁﬂéh%rﬁe é%@e?@d that have
the n-channel TFT 101 in the first cl ocked inverter he structure

of thesshid-thdngei stersmt, & HEr epPadi qentd.Siahgup cbﬁ'nfl@e% tOJT%e 18%93%;0 et%“ts of

this shift register that are identical wth those I'n ed by
t he s. Is | anat ions .t areo

exarrpI% ?%ic%h rg&entf%ckg {nﬁ{\}er SQ t% ‘E)‘ffﬁgff[%l* ‘ﬁ“@ ﬁ%“r}eﬁteﬁl t@ 18
does not ha . 1d3 of F| i mng of outputtlng
pul sed" ]E'%i l{;ﬁi%@dr ain]gﬁelfl tglsr‘ﬂ sy 3&31% ﬁ@ﬁfr‘io‘ilenoﬁ:'ihﬁ n-glginpel THE 184ne

serves as the output terminal of the first clocked inverter CKINV 1.

Similarly to the second clocked inverter CKINV2 1 in the first stage circuit, the
p-channel TFTs 501a and 501b of the second clocked inverter CKINV? in the second Stage
and each of the subsequent stage to the second stage, can switch their positions. The
n-channel TFTs 501d and 501c of the second clocked inverter CKINV? can aléo switch their
positions.

In Fig. 8, the TFTs constituting the first clocked inverter CKINV1, second clocked

'inverter CKINVZ, and inverter INV of each stage of the shift register-have a single gate
structure. However, the TFTs are not limited thereto and may take a double gate structure olr
a multi-gate structure with more than two gate electrodes.

This embodiment may be combined freely with Embodiment 1.

[Embodiment 4]

This embodiment describes a shift register structured differently from Embodiment 2

or 3.
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as the shift register structured as shown in Fig. 1. The structure shown in
Fig. 18 has the sane nunber of TFI~ that constitute the shift register as
a conventional shift register has. However, the structure of Fig. 18 can
reduce fluctuation in output electric potential of the first clocked
inverter due to the leak current when the shift register receives a clock
pul se and start pulse with a smaller anplitude voltage than the power

supply volt et L & regl st . Jned i s shi.ft regqgister
whi ch oper Z?gsmégt rﬁ%ﬁﬁﬁp ﬁ;%éfuegﬁsc@@mé?tﬁgpg@%&%%al Pogghesﬁ.?ﬂ%f‘?géﬁlierasﬁrd'%%?‘ﬁ his
free f e. pe-obl ens, . such _as, noi ses. of. power s |y _lines and a | arge
ar ea f%s?mg}yglclgpn%%t ll %ﬁdelss(#)ﬁ?l{le(fgﬁir%‘flgﬁlmgtﬂ?‘gﬁﬁf‘wvﬁpf T)s/ﬂg\?%[oi ibigh g cleclean be
nodi fi eq tﬁgﬁbt ain a different structure bcé renovi ng the n-channel TFT
501d tI*WhHEhORAR kel plock RKsoF-Rdh IS inpaiteds drome leadtk ob testbirkBigesaridniput t ed,
fromeach of the second stage and its subsequent stages that have the

n- chanR@Feaprtsstagep that hawe thermsthannokc KET iviar therfir@Ktibbited HhbsersCKUNVAr e i s
shown in Fig.- 19. Conponents of this shift register that are identical

with tHeosgricurEiof thg skifteregiden of elds ynbohenar e sHRfEeRee 18y n@@rhEoﬁé]ﬁs of
expl anations thereof are omtted. For exanple. the first clocked inverter

CKI NVI thisf shifo e siste O Bicht Sk@@RntiBal Fvh tHRe 4983 NPhr@UB NGy RicCHANN TET
501d2 of Fig. 8 The timng of outputting %ul sres of thgy ?ﬁ’l? rgééF% er

str UCtd-j/h%i@%nd %%ah&thF ggreé)%gafhsorhﬂéd.saﬁgr %§%&1h1%, %[Qe' Ersgtr 8%%1{561%6@'8@];{8% t he

structured as shown in Fi : e structure shown’ in
same noFRel ‘(tiot constit the .shift regist s_a conventi onal
shift regi s}cebrf : %Asﬂ.ug e O ,ﬁg'h@t gqe[sl}bqt&age e ﬁcg?mfgtfé’i\nS Rt 1.
fl uct ugt iton. i n_out put eéﬁct ric potential of the first clocked inverter due
to t hel fedRINEQE I tiRghRsqsif thpshift regigiprstaictyreda Shosmandiindd ip theswmnad
start pulse with a snmaller anplitude voltage than the power supply voltage
of t hetsdhg Fhift regystex ructurpd as diowaiinddzils a shift register which operates at
hi gh frequency with | ess power consunption and which is free fromthe
probl ens suchheagrugbirs slsovaf impbigei 8 sapihk yahe nesibane’ ‘BF lsathgecoakgatel e shift
pl acenent . '

register as a (;onventional shift register has. However, the structure of Fig. 18 can reduce

fluctuation in output electric potential of the first clocked inverter due to the leak current

when the shift register receives a clock pulse and start pulse with a smaller amplitude voltage

than the power supply voltage of the shift register. Thus obtained is a shift register which

operates at high frequency with less power consumption and which is free from the problems

such as noises of power supply lines and a large arca for placement.

The shift register structured as shown in Fig. 8 can be modified to obtain a different

structure by removing the n-channel TFT 501d to which a clock pulse CK or an inverted

clock pulse CKB is inputted, from each of the second stage and its subsequent stages that

have the n-channel TFTs 101 in the first clocked inverter CKINV1. This structure is shown

in Fig. 19. Components of this shift register that are identical with those in Fig. 8 are

denoted by the same reference symbols and explanations thereof are omitted. For example,

the first clocked inverter CKINV1 of the second stage in Fig. 19 does not have the n-channel
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Thi s enbodi nrent may be conbined freely with any of Enbodinents | to 3.

[ Embodi ment 5] This enbodi nent shows an exanple of a shift register, to
which a start pulse SP and clock pulse CK with a smaller anplitude voltage
t han power supply voltage (corresponding to electric potential difference
bet ween the high power supply electric potential Vdd and the | ow power
supply electric potential Vss) of the shift register are inputted, and

whi ch TERSOtNE of Bid. AM MheShhlipt o8 @utb@ttlhgcb\h%%s logale Ghier l%gfsté?f%trﬁctiﬂ'édsés
cl ocked inverter due to inputting these pulses. The shi register in this

enbodigxBik 1h?1%t19l1§3¥h‘érs§ﬂ %Qtﬁer@lfft ke%?%er%%Eﬁ%d afs.s%\évggnu gSQOUQh p- channel

TFTs 50l1a and of a |rst C inverter isre Fig. 21 shows

t he structur e shift. hi s _enbodi

tining char tﬁloefsftEUﬁ Ure phgvm o g%s? {88&‘ eﬁfim]f’ ym iOt hds tﬂg“r‘rf:?l'bgnlt‘ﬁfz
|nputh%ﬂ? .start pulse SP anpd cl ock | se. CK here is simlar to that for
the sHPPE [Faigrseen PSRRI 8 gt register o FIATESNED, he SHaeluRchek Bitrld, can
detail ed description is omtted. 36 However, the polarity of a start pul se
i nput tileduacotligdieation; it oytayf @?@Flcsllqiwwloédhaérstmmd|1n\/d¥teg dug Ko athe theviks
enbodiment is reverse to the polarity of a start pulse inputted to the

shi ft queghtwben dtershift trpiterascatavncliock pulge add sthrt potse divitten smaller BagplBidd t
register of Fig. 21 and the shift register of Fig. 1 receive the sane

cl ock voltage tHaK tﬁdilgow&\/ﬁfpfpgdwﬂtag@ lof e siaftGKRstel. N THIE obliddd &GSk edgisown in
Fig. 21, the first clocked inverter CKINVI in each of the third and its

subs eqwﬁeﬁ opERBRSat hﬁ@'ﬁ ﬁe&u&%?%ﬁ{ 156 BO%P %OHS-EH'&JUBII %ﬁg%ﬁkh [Eked Hihy 0l the

kth(klsanatura nunber equal to or and equal to or |ess

th Th t t f t
el cot PRl AR SpliEas 1 AR b 8L o BEEELY Che gfre:
| ectrode of..th hannel TET 1101 of t th tput of
o ectrode ofyte gghanrel [T 40L,eC 8 °”\§w§a§y§oefbé;€§oecis%§§sst H83stage.

* [Embodiment 5]

This crﬁbodiment shows an example of a shift register, to which a start pulse SP and
clock i)ulse CK with a smaller amplitude voltage than power supply voltage (corresponding to
electric potential difference between the high power supply electric potential Vdd and the low
power supply electric potential Vss) of the shift rcgis;cer are Inputted, and which uses the
following structure to reduce leak current of a first clocked inverter due to inputting these
pulses.

The shift register in this embodiment is structured so that leak current flowing
-th_rough p-channel TFTs 501a and 501b of a first clocked inverter is reduced,

Fig. 21 shows the structure of the shift register of this embodiment. Fig. 20 is a
timing chart of the shift register shown in Fig. 21. The timing for inputting a start pulse SP
and clock pulse CK here is similar to that for the shift register shown in Fig. 1 in Embodiment

1, and therefore, a detailed description is omitted.
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Wth the structure shown in Fig. 21, the shift register can reduce | eak
current flowing through the p-channel TFTs 50l1a and 501b of the first

cl ocked inverter. Thus obtained is a shift register which operates at high
frequency with | ess power consunption and which is free fromthe problens
such as noi ses of power supply lines and a |arge area for placenent. In the
structure shown in Fig. 21, another p-channel TFT 1101 nay be added to the

first clockeéthvdvwegrtherpoislt st BuseGANALeat BUBe shitl Scoid l1S,sShown
in Fig. 22. In the s#}ucthg shomnan FiQQCZZ, i%én?iEgﬁ&%g%%gﬁﬁﬁpgmmjth

- 1) Fig2 | i er | 1 sl LS
nooe sk EVAR IR BI Y  08 cR R SBRTES SNTHE e o,

expl anations thereof are omtted.

Ci rcui.t of the first.clo d, i nverter I NV1 of the first stage
is | nS&'tfi ;er?%%t%t“?‘#é”egja?ses QLT '@elo&kﬁrﬁgogﬁiﬁéhﬁp-%aﬂﬂ regipier 96 B 2ddded
to the Birs .cl ocked inverter, %g&NVI of the second stage through the del ay
ci r cuitfd eehifrreeisien of Figi T regrive thecamelcifek nuks Cls peshiaverssd elbelupulbaCKBa cycl e
of clock pulse. Wth the structure shown in Fig. 22, the shift register can
"reduce the [Bake ehiftrregister showim iy Fish2dutfie fitseclpeker dnyreter TN GO racanhchf501b
of the first clocked inverter. Thus 37 obtained is a shift register which
oper atthss thand dridgiks $ubscprentstagist tuslags-shameb TFTANSUNPT O p-chithel WRTCHLO1Soff 1 ee
fromthe problens such as noi ses of power supply lines and a | arge area for

pl acenisnk-th (I ig Haatahil itimbegeglae s ob lareG e AY é:ahﬁl% driessitsh nPdag@d 22,
t he p-channel TFT 50l1a to ich a clock pulse or an inverted clock

TP o N R G L S e R AL
2, Shasesie lF I S99t DR S onpdl S50 Ry 8! Ivert SO, elag pul se
T 10l OF s et e RPL i ErBERTY Tt eSS hkfigm o Sheer exanpl 0.t e
first clocked, inverter CKINV1 of the third
With the structure shown in Fig. 21, the shift register can reduce leak current flowing
through the p-channel TFTs 501a and 501b of the first clocked inverter. Thus obtained is a
shift register which operates at high frequency with less power consumption and which is free
from the problems such as noises of power supply lines and a large area for plécement.
In the structure shown in Fig. 21, another p-channel TFT 1101 may be added to the
first clocked inverter CKINV1 of the second stage. This structure is shown in Fig. 22. In
the structure shown in Fig. 22, identical components with those in-Fig. 21 are denoted by the
samc.referer.lce symbols and explanations thereof are omitted. In Fig. 22, denoted by 110 is
a delay circuit. The output of the first clocked inverter CKINV1 of the first stage is inputted
to the gate electrode of the added p-channel TFT 1101_2 added to the first clocked inverter
CKINV1 of the second stage through the delay circuit 110. The delay circuit 110 delays the
signal by about half a cycle of clock pulse.

With the structure shown in Fig. 22, the shift register can reduce the leak current

flowing through the p-channel TFTs 501a and 501b of the first clocked inverter. Thus
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stage in Fig. 23 does not have the p-channel TFT 501a_3 of Fig. 21. In Fig.
22, the p-channel TFT 50l1a to which a clock pulse CK or an inverted cl ock
pul se CKB is inputted may be renoved fromthe first clocked inverter CKINV1
in each of the second and its subsequent stages to which one nore
p-channel TFT 1101 is added. This structure is shown in Fig. 24. For
exanple, the first clocked inverter CKINV1 of the second stage in Fig. 24
does nidtaih@vi o hert Pegghianigich Eﬁa%aéé%améhqieﬁlfé&g With ﬂéb@ &%E%ﬁﬁ iothgwn in

Figs. 23 and 24 have the sane nunber of stltute 1Tt

regi Stv@i{lcﬁ‘% fre€ HOAE @ltié nﬁ%ﬂcch A5Gt e g F&Wf \{1%6%' 2hd %&?gﬁ?ﬁcé‘r rf(grfs ,? L o

Fi.gs. 23 and 24 can re uce uctuation in outpu ectric

first QC%&I%eP inverter due to the |leak current when the shift register
recei ves a cl'ock pulse and start pulse with a smaller anplitude voltage

t han t he pover. S y vol tage of the shift ister., Thus obtained is a
shift regi st'8¢ hﬁm&ﬁe%‘ﬁt@ﬁaﬁtré@t”&id’fﬁ“@ﬁwnfl}agdﬁﬁeaéﬁnwz%ﬁh? esthaprhdd T 501a
consunption and which is free fromthe problenms such as noi ses of power
suppl yoMhietsa glngkpulseré oareanvesed glogk et CKB ieinphitéd map gk streosedofroffi gs.
21 to 24 may be nodified so that a signal obtained from 38 NOR operation of
out putthe BrstlogkigdinentierdtRBNEE] tcswbich put tete pehameDUEPUL(Bisgded.i n each
stage. Fig. 25 shows a shift register obtained by nodifying the shift

regi ster of THa@is, ZlFp021,haé p&hasicOTAT Nk b RAkh 4 &B&H\m@@ﬁr&tahQHvé}fed
out puts of adjacent stages Is outputted as -an output signal. Note that,

in Fi giodGuldeherh v Sqagt H%U'HE refﬂww roia-the Bfst LQKLd fn%értt&;@ﬂi@g} LY tef

CKI NVU of the first e to the eak current Is no eml

tart d h F
o e ﬂﬁmﬁts BEHbEE Yedh 1 R PRS e Pt ‘fﬁ@eﬁlp?e%”%}de kcond®
st age LTPUCt uat dueII-L é{, eak current, the fluctuation does not
i nt er PEPEU {SI"F P& Bt 8n=of THEEHP &}cefg‘iS%F]é?ka’éle‘@&’ﬁféfé GIRENYI oE tha théngt put s

as a sanpl.ing gul se SMP_1 a signal obtained from NOR operation of the
out puts?ggﬁlf“%a doos gt haKe thejp-gtannel TFT 501a_3 of Fig. 21.

In Fig. 22, the p-channel TFT 501a to which a clock pulse CK or an inverted clock
pulse CKB is inputted may be removed from the first clocked inverter CKINV1 in each of the
second and its subsequent stages to which one more p-channel TFT 1101 is added. This
structure is shown in Fig. 24. For example, the first clocked inverter CKINV1 of the second
stage in Fig. 24 does not have the p-channel TFT 501a_2 of Fig. 8.

The structures shown in Figs. -23 and 24 have the same number of TFTs that
constitute the shift register as a conventional shift register has. However, the structures of
Figs. 23 and 24 can reduce fluctuation in output electric potential of the first clocked inverter
due to the leak current when the shift register receives a clock pulse and start pulse with a
smaller amplitude voltage than the power supply voltage of the shift register. Thus obtained
Is a shift register which operates at high frequency with less power consumptjon and which is
free from the problems such as noises of power supply lines and a large area for placement. |

The shift registers of Figs. 21 to 24 may be modified so that a signal obtained from
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and second stages. By adding the p-channel TFT 1101 to the first clocked
inverter CKINVI in the third stage and each of its subsequent stages, the
| eak current is prevented and the shift register can operate normally.
Thi s enbodi mrent may be conbined freely with any of Enbodinments 1 to 4.

[ Enbodi nent 6] A shift register and a driving nethod thereof according to
the present invention can be used in a driving circuit of a display

devi ceNORapernimhaioaipuss 8ot wdjagent stages fs datpuad Bb ab SuBft ERnhlURiA8S SGBEE)

di splay device using an EL elenment and a driving circuit of a |liquid

cryst aigdp s Rh@ys §QUIfE Legilibbtaintd BYi oSS Ale s SES 89@&%"3&' QY iy Shi f 1
to e nt

regi ster and a driving nethod thereof accordi ng pre I nventi on.

¢ Conu Peebied RUEARTR, R SOh e ThER P bR § PRl Rbe R b

eleneqﬁ %ffers to an elenent that emts |light when a voltage is applied to
a 39 pa?}‘of el ectrodes (an anode and a cat hode) that sandw ches an EL
layer. The EL |layer m be formed from an organi c conmpound or ‘an inorganic
compound, orN9tEd ta“hf%%&ﬁét@?ﬂaﬁumﬁﬁgahP@PébgBobﬁﬂthﬁdhﬁn@ﬁ@@dibwc@mpound.
An el enment including an EL | ayer that contains an organic conpound as its
‘mai n i GG ehof the fisestegd Hye batheddalanui@iEDs @or g pootderhiifhatstare pulst iSRyisdi ode)
el ement here. A display device using an OLED is call ed an OLED di spl ay

devi cenpwtedbh thayennafshohe iGltEDisligmeirt irsFigeber r athéghame YugRPISB cospound
| ayer. An organic conpound | ayer usually has a |lam nate structure. A

t ypi cahe higfcRRked BivEMEL 3TtRe sdcBRd 88fe HEctAREs BIORORE ERYeul2R Rl i@ aatRh
East mran Kodak Conpany and consisting of a hole transporting layer, a |ight

itti - : [ I » h I .of th
o neeg St B B 6L RO e SO RBRL oRB s el B R i, "

tr anSpp(;ﬁ'isteI ﬁ%Pl_fl%%rignal obtained from NOR operation of the outputs S_1 and S_2 of the first

and second stages. By adding the p-channel TFT 1101 to the first clocked inverter CKINV1
in the third stage and each of its subsequent stages, the leak current is prevented and the shift
register can operate normally.

This embodiment may be combined freely with any of Embodiments 1 to 4.

[Embodiment 6]

A shift register and a driving method thereof according to the present invention can
be used in a driving circuit of a display device. |

For instance, a driving circuit of an EL (electro luminescence) display device using
an EL element and a driving circuit of a liquid crystal display device using a liquid crystal
element can employ a shift rcgis_tcr and a driving method thereof according to the present
invention. By employing the present invention, a highly reliable display device which is
small in size and which consumes less power can be provided.

An EL element refers to an element that emits light when a voltage is applied to a
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alight emtting layer, and an electron transporting |layer are |layered in
order on an anode, and one in which a hole injection |ayer, a hole
transporting layer, a light emtting |layer, an electron transporting

| ayer, and an electron injection |ayer are |layered in order on an anode. A
light emtting |ayer may be doped with a fluorescent pignment or the |iKke.

The above-nentioned hole injection layer, hole transporting |ayer, I'i ght
e ttipady dfedensoded @atanode hﬁ@m&maaé)rtgatlS@M&&i,cheseérﬁﬁmgyfbr.' WE&ELQE&ér%XaﬁI , and
other layers are all included in the organic conpound |ayer. A Tqgive

VoL 2dR fotmBddcs dn Pedic AN 6O DL USRS SE Y ARR0R G L om @

pair of electrodes (an anod a ca oI nduce reco

carri -0 1 j e tt.in | ayer. aresult, the |jght emtting
Layerq%.m?gc?#éﬂ#bgﬁgﬁﬁgé&P%C%%p%?égn#¥ﬁ§8WﬁWdﬁ “F@ﬁépﬁﬂabgﬁﬂﬁa%gmﬁvﬁbys
clearly distinguisheq from ane anqther, and an organi c_conpound |ayer nay
have, %‘ef’{fv’é’éﬁ RRUBAL 28 4y dpan 1getedipat isvirgcaalbnealipgh an iQLED oforganéc dighacent
| ayers are m xed. An OLED elenent in this specification refers to an

el enerfiniftigdigdoclemet hgreet Adisphayi devivetusingnart OLEGhts daflkdien €Xdebtdidplght ) |
an elenment that uses a triplet exciton to emt |ight (phosphorescent

| i ght )devige. an el enent that uses the both. Fig. 13 is a bl ock diagram

showi ng an exanpl e of the structure of a display device. In Fig. 13, a
di spl ay deviAwe EI0RytSofOBTOEED @émans@lféféﬁeéIt&@@!orédn&ec&ﬁwddagiagéﬁ CP]N:} 701,
a gate signal line driving circuit 702, and a pixel portion 703. The

sour C%rgz'lrﬁl@%brdpbﬁﬁd qé)ie\‘ilﬁgai Oglfﬁy;aﬁ] éan?igg‘tei ﬁr%%.?i%dtl Ec:ﬁli?lfxlx%%ﬁ 56 itﬁ}eer

704, ‘a first latch cirtcuit _ a secon circuit e gate
o ot Bor sk gkl bEahe E0f b7 EGPRE KRR G i SR RE of Bhales Tar o
o m COPCHAGPE ok & THGFERTING T G S0 GHAN TRHEYURS IR CIORPCARDIES o
inputted fﬁOﬁ]the gate signal line driving circuit 702 are arranged to
f or m rRE lamimats gtrugtare ingledsong inggliph aholehajcctior tayet ribolstratsperting layer,
a light emitting layer, and an electron transporting layer are layered in order on an anode, and
one in which a hole injection layer, a hole transporting layer, a light emitting iayer, an electron
transporting layer, and an electron injection layer are layered in order on an anode. A light
emitting layer may be doped with a fluorescent pigment or the like- The above-mentioned
hole injection layer, hole transporting layer, light emitting layer, electron transporting layer,
electron injection layer, and other layers are all included in the organic compound layer. ~ A
given voltage is applied to an organic compound layer structured as above from a pair of
electrodes (an anode and a cathode) to induce recombination of carriers in its light efaitting
layer. As aresult, the light emitting layer emits light.
Layers in an organic compound layer may not be always clearly distinguished from
one another, and an organic compound layer may have, btheén adjacent layers, a layer where

the materials of the adjacent layers are mixed.

An OLED element in this specification refers to an element that uses a singlet
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the source signal lines and the gate signal lines cross each other. If the
di spl-ay device 700 is an OLED display device, each pixel has an OLED
elenent. If the display device 700 is a liquid crystal display device, each
pi xel has a liquid crystal elenent. In accordance with a signal fromthe
shift register 707, the gate signal line driving circuit 702 outputs

signal s sequentially to the gate signal lines to select a pixel row of the
pi xel emoitdr aneA3ighifiBoRs@hgNah) & ERRIE Bl EE%WAU Sl dibhn 5 Ghiit Bne’ 04
the source signal line driving circuit 701 holds video signals

sequerbhdphirctidnt e, idf ah ol AGRGl LV gif: The  video signals held in the

first Tatch circui are transfterre 0 the second latch circuit 706
and i nputteg: the rce signal lines. In this way, signals are inputted
to one row g:f‘ é'g%BxlgIasag&l'ﬁiagra&ggl?%%ﬁmie§a?’8f5’e t‘EEi SHprtumg q'gf pfisplak dpyige! rows
to digpl ne i e, For_exanpl e, each pixel of an OLED display device is
conpozgﬁ%flgaa Q{ﬁﬁnﬁgrﬂewe?ﬁﬁ 15 ehapesad of EePwer vigay e rivikgcisoit EHi aga®FT
serves,as a switch for deciding whether to 41 input a signal of a source

si gnaPignghiéng drivngriteyit 702, and emiehpertignt?3a  Thgnalrcosigaaldatalrsimgnatculti ne.

The OLED driving TFT controls current flowng into an OLED el ement of a

pi xel 70k is crmamsednt 2 shifttdagistes 7@ al firsniptehtogduit 7050 aad SQUEGR] 15icERALu 7O When
the switching TFT is turned ON. Any known pi xel structure can be freely

enpl oyied gaithgpimhiiné di@ak shevit A08istcBmpdsd VoM Hie tdede tAgr eof according to
the present invention can be used for the shift register 704 of the source

si gnal |1 ne rglthd/iphek] ikt 70308 gyhily of RBusce Nidilat 154L 36 SEnid0 T80, B8 3at e

signal line driving circult enbo may be” co N (
A R TRR o SR BT i SR e 50 0
plurality o.f gate signal lines to which signals are inputted from the gate signal line driving
circuit 702 are arranged to form rows. A pixel is placed at each of the intersections where
-the source signal lines and the gate signal lines cross each other.

If the display device 700 is an OLED display device, each pixel has an OLED
element. If the display device 700 is a liquid crystal display device, each pixel has a liquid
crystal element.

In accordance with a signal from the shift register 707, the gate signal line driving
circuit 702 outputs signals sequentially to the gate signal_lines td select a pixel row of the
pixel portion 703. When a signal is inputted from the shift register 704, the source signal
line driving circuit 701 holds video signals sequentially in the first latch circuit 705. The
video signals held in the first latch circuit 705 are transferred to the second latch circuit 706
and inputted to the source signal lines. In this way, signals are inputted to one row of pixels.
This operation is repeated for all of the pixel rows to display one image.

For example, each pixel of an OLED display device is composed of a switching TFT

and an OLED driving TFT. The switching TFT serves as a switch for deciding whether to
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actual ly assenbled. A top view thereof is shown in Fig. 15. The top view of
Fig. 15 shows a portion which is corresponding to. one stage out of the-
third and its subsequent stages of the shift register in Fig. 1. The top
view of Fig. 15 shows as the k-th (k is a natural nunber equal to or

| arger than 3) stage SR k. The k-th stage SR k has a first clocked inverter
CKINV1_k, a second clocked inverter CKINV2k, and an inverter |NV_k.
Conponipitg signabpfa saBce fighaldine to d@intel traiconidahce whdasidnal & Deatd s@h& [fiRNOt ed
by the sane reference synbols. The first clocked inverter Og<| NVI™_k has

p- charftel OTETs d5®kmr AFaNcormsld cirreniiib®thedifo 8N g5 l%yenl?éh@TcETa 44 _f, and
pchTFT 501b_k, respectively, in the drawing. The first clocked Inverter

CKI NV @52 B T, . 504 - k. i ch
Gonot o pauie ks SRSARDel IS RtaSisBl e thealit Skt TEEICOARLE,

the dggw ng. The n-channel TFT 101_k is provided as a counterneasure
agai nst |leak 42 current. CK and CKB respectively denote a wiring line to

whi ch a cl oc ul se i.s .inputted and wiring line to which an inverted

cl ock pul se MW&&R%@.“&H@W%& eeféceg‘f geRlopel se is  obtained by inverting
t he pol ari tyrof t he cl ock pul se. Vdd denotes a power supply line to which
a hi gh poverhs Bgl jeetiecand; he goiving mgthodl shiregfiaccerding\iosthd st ®sinaepivaer
supply line to which a | ow power supply electric potential is inputted. In
t he dEamibagsedarithe shiftegistie 7Ot ed thy sduremsighaldie drbrineeirad: 701 Ad antheB'  of
the preceding stage (the .(k-1)-th stage), respectively. In the circuits
of t hehifr registr (197 afithe daad digil tige atiai@pittineod k- 1) -th stage and the (k+l)-th
stage), awiring line CKinl for inputting a signal to a gate el ectrode of '

the TFT SO discrignnRehadad Be tdigvinkd ey Wiﬁ?ﬁﬂﬁﬁgnﬁdégirg%% fiDg 1ine CKin2

for inputting a signal to a gate el ectrode i's"connected to
the wring line CK '

[Embodiment 7]

This embodiment describes a shift register of the present invention which was
actually assembled. A top view thereof is shown in Fig. 15. The top view of Fig. 15 shows
a portion which is correspohding to one stage out of the third and its subsequent stages of the
Shift register in Fig. 1. The top view of Fig. 15 shows as the k-th (k is a natural number
equal to or larger than 3) stage SR_k. |

The k-th stage SR_k has a first clocked inverter CKINV1 k, a second clocked
inverter CKINV2_k, and an inverte; INV_k. Components in Fig. 15 that are id(-entical-with
those in Fig. 1 are denoted by the same reference symbols.

The first clocked inv;:rte: CKINV1_k has p-channel TFTs 501a_k and 501b k,
which are denoted by pchTFT 501a_k and pchTFT 501b k, respectively, in the drawing.
The first clocked inverter CKINV1_k also has n—chﬁnnel TFTs 501c_k, 501d_k and 101_k,
which are denoted by nchTFT 501c_k, nchTFT 501d_k, and nchTFT 101_k, respectively, in

the drawing. The n-channel TFT 101 _k is provided as a countermeasure against leak .
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A gate electrode of the n-channel TFT 101k added to the first clocked
inverter CKINV 1 k of the k-th stage receives a signal SB k-2 which is
corresponding to the output of a first clocked inverter CKINV1 k-2 of the
preceding stage (the (k-2)-th stage). (Note that a signal and a term na

or wiring line fromwhich the signal is outputted are denoted by the sane
reference synbol.) In Fig. 15 SB k-2 denotes an output term nal of the
first @wkegked inverter of the (k-2)-th stage and an output term nal of the
second cl ocked inverter of the (k-2)-th stage. Fig. 16 is a top view which

shows the st s. of .the shift. regjster. .Conponents in
Fig. 16 thatélg(rég&litg%}gh)hség{tﬁ%yts#}e%tg eo%glﬁln o viHchp EIOSEHB{SEE)G lﬂggftt?'?ea%dane
reference.synbol s apd, expl.anati,ons .thereaf .are amtted. Fig. 16 shows the
k-t h (o RIS (RSP P Rick A #iriegk Slogie, Pk R ntegne Ashinierisbgiosk aralse & gat e
'electr%pe of an n-channel TFT 101k+2 of a first clocked inverter CKINVI k+2
of t h&Piangdhy juvering gepomityof the slackamlss. siVgidadensis k pawgrupply limeom an
output termnal of a first clocked inverter CKINVI_k of the k-th stage SR
k. | nvrighahigh @B supplyteéstimpdantpaltis inpetterd. nd¥ssafentthea pbwst suppbchesio
inverter of the k-th stage and an output term nal of the second cl ocked

I nver tveliiclo ldwh powet supplyadectrit potehigaldbinpltté®gi sters structured as shown in
Figs. 15 and 16, the n-channel TFT 101 can prevent fluctuation in output

el ectric potignhd atavdh€ WRinkNeek %@Kot@&':bﬁf%ktan@‘ﬁeﬂe%ﬁ PRt Aeghd UL)? ﬂl?av e a

signals (a clock pulse, aninverted clock pulse, and a start pulse

ol | g W atold e, M, oot PRl S we s SR
S LA AL I LTSGR
a signal to a gate electrode of the TFT 501d is connected to the wiring line CKB, and a wiring
line CKin2 for inputting a signal to a gate electrode of the TFT 501%1 is connected to the
wiring line CK. |
A gate electrode bf the n-channel TFT 101_k added to the first clocked inverter
CKINV1_k of the k-th stage receives a signal SB_k-2 which is corresponding to the output of
a first clocked inverter CKINV1_k-2 of the preceding stage (the (k-2)-th stage). (Note that a
signal and a terminal or wiring line from which the signal is outputted are denoted by the
same reference symbol) In Fig. 15, SB_k-2 denotes an output terminal of the first clocked
inverter of the (k-2)-th stage and an output terminal of the second clocked inverter of the
(k-2)-th stage.
Fig. 16 is a top view which shows the structure of three stages of the shift register.
Components in Fig. 16 that are identical with those in Fig. 15 are denoted by the same
reference symbols and explanations thereof are omitted.
Fig. 16 shows the k-th to the (k+2)-th stages, SR_k to SR_k+2 of the shift register.

A gate electrode of an n-channel TFT 101_k+2 of a first clocked inverter CKINV1_k+2 of the
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A sectional view taken along the line a-a' of Fig. 15 is shown in Fig. 17.
Conponents in Fig. 17 that are identical with those in Fig. 15 are denoted
by the sane reference synbols and expl anations thereof are omtted.
P-channel TFTs (pchTFTs in the drawi ng) 50l1a k and 501b_k and n-channel
TFTs (nchTFTs in the drawi ng) 501c_k, 501d-k, and 101 _k are fornmed on a
substrate 800 with an insulating surface. Denoted by 801 and 802 are a
gat e {kEirthtstags SR m2aregeiaes b eigmal SPek outmstall dtanmgn fdukput tepEpacss ¥ @iyt  The
p- channel TFT 50l1a_k has in its active layer inpurity regions 881 and 885
that claghed imrertas GJIdVIe krefgiheristh sagk SRgkONE BRL 18NIB8RAchHAL ah Wigpdon as
channel regions. Inpurity regions 882 and 884 function as drain regions.

~ The i tgmindlyofriRgifien Befkedl SnvedlceoF HCR ¥ta609RE 6L 8t d P ) | l'ine
vVdd through a wiring Iine 810. The p-charal‘%el 44 TF#USE)([B(am%EMﬁ{sf tgyggét?éfje gate

TFT t BRdckbPmveAE S IehERLH thgf 803 and 806 electrically connected in a
portion which does not overlap the active layer. The gate el ectrode 803 is

el ectricall onyr Q.awring.line CKB thro wiring line CKin2.
The p-channg t#&%%ﬁ%ﬁ%ﬁ S ng’ha%ff‘ilv%ﬁag}gﬁ“?ﬁguﬁﬁet%@a@@ﬂoﬁ@éﬁé and
884 t hat funtc ‘%gn as .source regions, an inpurity region 883 that functions
as a S?IélPWVF%gtﬁ HatigRdn opipy} pissiggetcatal guoithalcak gheent siemavhen anpysted
regions, The p-channel TFT 501b_k is a double gate TFT that has gate

el ect PBiSE S fh@lebspdsean inyarteyd cashnpase dindna stasoptilsen hawhiacémaltees not
to overlap the active layer. The gate electrode 804 is electrically
conneémplitude yoliageetham tel poSrek sippiTheltdgepuri ty region 883 that functions as a
drain region is connected to a termnal SB k. The drain regions of

p- channel THRhissMdmdimantdndy e GMisa! &Iy 98 anf of PELBAGRANEl, 6. TFT 501b_k
are directly connected to each other at” the active layers. The n-channel

TFT 501c_k has in its active layer an inpurity region 886 that
[Embodiment 8]

This embodiment describes a shift register of the present invention which was
actually assembled with referring to a sectional view thereof.

A sectional view taken along the line a-a’ of Fig. 15 is shown in Fig. 17.
Components in Fig. 17 that are identical with those in Fig. 15 are denoted by the same
reference symbols and explanations thereof are omitted.

P-channel TFTs (pchTFTs in the drawing) 501a_k and 501b_k and n—chan.nel TFTs
(nchTFTs in the drawing) 501¢_k, 501d_k, and 101 Kk are fbrmed on a substrate 800 with an
mnsulating surface. Denoted by 801 and 802 are a gate insulating film and an interlayer
insulating film, respectively.

The p-channel TFT 501a_k has in its active layer impurity regions 881 and 885 that
function as source regions, and regions 891 and 894 that function as channel regions.
Impurity regions 882 and 884 function as drain regions. The impurity region 885 is

electrically connected to a power supply line Vdd through a wiring line 810. The p-channel
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functions as a drain region, an inpurity region 887 that functions as a
source region, and a region 895 that functions as a channel region. The
~impurity region 886 that functions as a drain region is connected to the
termnal SB k through a wiring line 811. A gate electrode 807 is connected
to the termnal S -k-1. The n-channel TFT 501d_k has in its active |ayer an

i mpur i ion 887 that functions as a drain region, an inpurity. region
888 t ﬁf’RﬁF % @ﬂ’e@ilﬁ)ﬁéi‘)&@eéa@om@# ba se clegaodes 808 gind 80898 ctrivatly fconotciahs as
a channel region. A gate electrode 808 is connected to a wiring line CK
t hr oudh 2PARHeR HEieh ¢ees kit piverlaphidiernctatayet. THE gibd ckechade 808 istdeadtilue
| ayer an inpurity region 888 that functions as a drain region, an inpurity
r egi ogo888techiata winingtline (3K B shrauglonmdeng B@d ORin2and a regi on 897 t hat
functions as a channel region. A gate electrode 809 is connected to a 45
term nal SBRed-cldn@el TPDSOIY KRG iANts88AvE DL, i_fnkmﬁf\t/& o:ﬁsgg% adWEGHEE | ONn
is clectricalIN connected to a power supply line Vss.” The source regi on of
t he ntghanpe - k .an i 0j f.the n-channel . TFT 501d-k
ks Ididrce 5%&15, a4 Elrhﬁdgf?%qégbﬁ' §8§ {20 {lﬁ'lCtlE)]I]S alls dra;ll:h éegé%r‘}f@s

are directly connected to eac er“at the active ' Tavers.
recio n-,chanpel -TET. 501d-k and the drajn regio f.the n-channel
TFT 1 fiéi Ensatrggfaainfjeé(}?jl - il é%thIlé)&lt aegdcqaémg]aﬁ%l%’tgheﬂ%tp"f n‘%cfﬁesqlgy]érlg 2 G ven

above js a description on a sectional view of a shift register of the :
pr eseﬁPub%%n%Pz‘?nf‘{@ﬁf%?% gilgsclstiadss 1904 aad ey dactricaily rennsiietlt inr @ gogicr of
t he present invention, the n-channel TFT 101 can prevent fluctuation in
“out putvideledess; rot po vEerapathe dglive lyehe Theadetecelectande 80dvie plonhranlly oputdoed pul se
signals (a clock pulse, an inverted clock pulse, and a start pulse) have a
snal | é a&erplinalddé- ol Tregenputignreplon §80wait fan@iny ay oA esgidihisscoanheei ment

may be conbined freely with any of Enbodinents 1 to 7. f Enbodi nent 9]
' a terminal SB_k.

The drain regions of p-channel TFT 501a_k and the source regions of the p-channel
TFT 501b_k are directly connected to each other at the active layers.

The n-channel TFT 501c_k has in its active layer an impurity reéion 886 that
functions as a drain region, an impurity region 887 that functions as a source region, and a
region 895 that functions as a channel region. The impurity region 886 that functions as a
drain region is connected to the terminal SB_k through a wiring line 811. A gate electrode
807 is connected to the terminal S_k-1.

The n-channel TFT 501d_k has in its active layer an impurity region 887 that
functions as a drain region, an impurity region 888 that functions as a source region, and a
region 896 that functions as a channel region. A gate electrode 808 is connected to a wiring
line CK through a wiring line CKinl.

The n-channel TFT 101_k has in its active layer an impurity region 888 that
functions as a drain region, an impurity region 889 that fﬁnctions as a source region, and a

region 897 that functions as a channel region. A gate clectrode 809 is connected to a -
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In this enbodi ment, an electronic device. which utilizes a display device
conprising a driving circuit including shift register according to the..
present invention will be described in HP.-14A to 14F . . Fig. 14Ais a
schematic .view of a portable information term nal using the displa% device
of the present invention. The portable information termnal is conposed of
a main body éﬁ%& an operational switch 2701b, a power source sw tch
2701c, dﬁ”ﬁ%"c‘ -5 704, impuripy waioayS8nhet BRgines sapdoanc extier adleduigils por t
2701f. The display device of the present invention can be used for the
d|splayCBWFF“@?@QQOWFi@WP&4B€ﬁ§€a schematic view of a personal conputer
using the display device of the present invention. The personal conputer
is composed oflhasemtarelivdyf #20Pehanacl BTl 8t _k inddbe 3Z0RReiod of iiBR]-ainkai t
2702c. an operational switch 2702d, a power source switch 2702e. and an

ext er nalTHInpUd_bare dizz02fconiEhed db s;pdhagthﬁav itteeacOibve IR@rsPr ERERSurbdMERII AN can
be used for the display unit 2702c. Fig. 14Cis a schematic view of an

i mage r eipr odhairiedMFTes(1dek uad N then digd ay thedla\éhﬁ%eloi“ﬁ e PE §REMecily
i nvention. The image reproduction device is conposed of a main body - 2703a,

a cabi nebnéRale ehloBeehOho BctiVRThsery. 2703c, a display umt 2703d, a voice
output unit 2703e, and an operational switch 2703f. The dlsplay devi ce of

the present igyeatiHele %aQ dB&ri Hér?gnfaogec%ﬂ%! gt&%@x eVI Zeéfo ithe, & b 5 4D is

a schematic view of a televiston usi ng sp ay ent

i nventi S f 2704a cabin ‘
2704b, gﬁg?@fgﬁl&ﬁﬁg AC ggsdq anq%ghera ?% tex %@8@@%‘4‘8"8“?% rE’fsspl ay

devi ce qf i nvent i use for the display unit 2704c.
Fi chglrh%l .
g 1ab i BERORT e RSl f@%wa?ﬂféaa%ﬂ sl DG e curapl oy
Vi . .
de Ce gven when mputted pulse signals (a clock pulse, an inverted clock pulse, and a start pulse)
have a smaller amplitude voltage than the power supply voltage.

This embodiment may be combined freely with any of Embodiments 1 -to 7.

[Embodiment 9}

In this embodiment, an electronic device which utilizes a display device comprising a
driving circuit including shift register according to the present invention will be described in
Figs. 14a to 14F.

Fig. 144 is a schematic view of a portable information terminal using the display
device of the present invention. The portable information terminal is composed of a main
body 2701a, an operational switch 2701b, a power source switch 2701¢, an antenna 2701d, a
display unit 2701e, and an external input port 2701f. The display device of the present
invention can be used for the display unit 2701e. |

Fig. 14B is a schematic view of a personal computer using the display device of the

present invention.  The personal computer is composed of a main body 27024, a cabinet
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the present invention. The head nounted display is conposed of a main body
2705a, a nonitor unit 2705b, a head fixing band 2705c, a display unit
2705d, and an optical system 2705e. The display system of the present
invention can be used for the display unit 2705d. Fig. 14F is a schematic
view of a video canera using the display device of the present invention.
The videg caner a (S conposed of a main body 2706a, a cabinet 2706b, a
connect i 6A U EIPROBEI N F-ragperatiorivAiigh BAP2d. 2 708! samceeyeEhaFs2a nint!
2706e, a battery 2706f, a voice input unit 2706g, and a display unit
2706h. TH%CHF@BY'@WUWE TE26f Theeliplasdavice df thegmtsconineaniobeanbedsetidor thhe

di splay unit 2706h. Applications of the present invention are not limted
to the abovkeyehie@?®lni c equipments and nmay al so applied to various other
el ectroni c equi pments. This enbodi nent can be enbodi ed by being freely
conbi ned with Bigy1ot 4% fmbadidrerRtsof ah 0m8ge [dprdRdiiseatvidOLisidy BN 8lspiay
equi pped with a conventional shift register and a shift register of the

present déviseestithO©presdnt Qﬂ@mwbsUfhati;%aéesregmu&ﬁﬁtdébféé id ®drifds& SMPRGHRAL- 1IN
this embodi ment, the nmeasurenent result of operating above nentioned” panel

ill b } B il i i<Sia itt rhe mh
Wi e ommari basae Thead, nREL &hga@hlum#dﬁgsdgﬁ;a Z%f‘g r%gogds,taogtoﬁce\ésllﬁ?]?g fne

anpl i tude of power supply voltage is Increase

register r JBL Yewilpt a [ egu .S ; - WMHz_at this
o 2R e QR Rk ok LA SRVRLSI Rk bR B

-1.5 Vto.ga he. B r supply voltage, and the anplitude was 7.0 V.
On the ofeeﬁéﬁgﬁg%p?%gggﬁﬁ‘t'register of the present invention operated

normally int r e of .- 5.0V to 7.5 V.of the power supply voltage, and
the anplit udehﬁﬁsﬂ}g}%" VReRRUG Vg 4 be??vﬁséoréb%%thﬁéﬁg’ﬂﬂ)e%é’ﬁg ‘}I%é UPES he
i nfl uencg_of. an H%re ularity of TET_ characteristics can_be suppressed

si nce t PSRRI n 18 5 %’&%%‘H‘S%éa?@@?ed\ﬂ%rﬁa‘? s Of - 4 @it gf04bsa display unit

2704c, and an operational switch 2704d. The display device of the present invention can be
used for the display unit 2704c.

-~ Fig. 14wrisa scﬁematic view of a head mounted display using the display device of
the present invention. The head mounted display is composed of a main body 27052, a
monitor unit 2705b, a head fixing band 2703¢, a display unit 2705d, and an optical systern
2705e. The display system of the present invention can be used for the display unit 2703d.

Fig. 14F is a schematic view of a video camera using the display device of the
present invention. The video camera is composed of a main body 27064, a cabinet 2706b, a
connection unit 2706¢, an image receiving unit 2706d, an eyepiece unit 2706¢, a battery
27006f, a voice input unit 2700g, and a display unit 2706h. The display device ot the present
invention can be used for the display unit 2706h.

Applicati.ons of the p-resent invention are not limited to the above electronic
equipments and may also applied to various other electronic equipments.

This embodiment can be embodied by being freely combined with any of
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used than when the conventional shift register is used. Further, the shift
regi ster of the present invention can accurately supply signals to other
circuits fromthe shift register. [Enbodinment 11] The phot ograph of the
shift register according to the present invention, taken from the upper
surface, is shown in Fig. 27, The anplitude voltage of input signals is set
to 3.0 V and the power supply voltage is set to 8.0 V as a concrete
speci fhingtandiroents Mo 8over, waveforns in operating a shift regi ster according
to the present invention at the frequency of 5 Miz is shown in Fig. 28.
Fig. 28 shows the wavefornms of a start pulse. a clock signal, and a signal
outputted fromthe shift register. Note that, although the . 48 waveform of
t he fi[Eﬁfboéih?cQ@lbf | arger by a half pulse in the signals outputted fromthe
shift " register, there is especially no problem since NAND operation is
performed w,h t second. . stage. A cl oc ul se and start pulse wth a
smal | er arrpl‘d} E’%“&gg%i’?e ghitp ﬁé:ﬂg‘(%loﬂé\ﬁg‘fé(r%ﬂfﬂﬁl %?g\?oﬁh?fééeél%?f‘gtgﬁpfeﬁem

regi ster are in utt%d to.the shift register. There is provided a nethod of
dri vi MY CRULROAUNCYOSTAF ISMaRpRtusE LB gmipdimenes s T dhie embhedinuenst then,
which is free fromthe problens such as a noise of a power supply line and
a | ar gecagiemenioiesyf ateprspiing aheee Inecaitiooed pared will be deuribdd by Thetnbungiggdt e

wi dt hs of TFTs that constitute a second clocked inverter w der than prior
art i Noliageng sthe Gbo$ &/, dad vhimgmpitidodf pbwet Aapipvaliaganoimesasddds ishgadded to
the first clocked inverter. The power supply electric potential is

out putheeshift eegficipeRisds ﬂ(ﬁﬁlﬂi&f}m N6k thdi@hd fr_éc?kn@}l RGk@ad s YBr & @ifis fifeough the
source-drain of the added TFT. A signal with an anplitude voltage of about

e FATS | YR oo R SR AR L ) €4 i o
e, R S P TR BB Y- S P RS 28
of the present invention operated normally in the range of — 5.0 V to 7.5 V of the power
supply voltage, and the amplitude was 12.5 V.
According to the above-measurement result, the influence of an irregularitj,; of TFT
characteristics can be suppressed since the margin is caused larger when the shift register is

used than when the conventional shift register is used. Further, the shift register of the

present invention can accurately supply signals to other circuits from the shift register.

[Embodiment 11]

The pﬁotograph of the shift register according to the present invention, taken from
the upper surface, is' shown in Fig. 27. The amplitude voltage of input signalé issetto 3.0 V
and the power supply voltage is set to 8.0 V as a concrete specification.

Moreover, waveforms in operating a shift register according to the present invention
at the frequency of 5 MHz is shown in Fig. 28. Fig. 28 shows the waveforms of a start pulse,

a clock signal, and a signal outputted from the shift register. Note that, although the

48




Wth the above structures, an operation at high frequency with | ow power
supply voltage and reduction in size can be achieved in a shift register.
49 WHAT IS CLAIMED I'S: 1. A shift register conprising a plurality of
stages, wherein at |east one of the plurality of stages outputs pul se
signals in sync with clock pulse signals serially, and wherein an
anplitude voltage of the clock pulse signal is smaller than a power supply
vol t ageavsfortthef pleufial stage of lasgerdnsa half plshinf the QLR QUp @R RY st]'iiftst ages
including a k-th stage, wherein r is a natural nunber equal to or [arger

than JegieREnRimd iK cigrcRllpalousableAUshes NaGWaloptQi8s id nd,gaual
to or smaller than I% \?\hetﬁei n the k-th stz;) e olut E)u gg:gueggag %ﬁ%ﬁgoni%n sync

with glkfek pul se signals serially, wherein an anplitude voltage of the
cl ock pul se signals is smaller than a power supply voltage of the shift

regi ster, a r el ul se.signal s tputted from é -1)-th stage and

pul se si gnalr]g C\(()gl}'? pﬁ{l’?eegﬁq f oSr%ﬁ?rztst%u S&-‘ﬁﬁﬁtahs@?@éémaﬁ'é”(?% ‘éf"tgédhi“bﬂ’teh%o%@t h

- stage. 31_A %%ft re hﬁtEr.according to claim?2, wherein the k-th stage
does 8PP 5u¥°§ etq#eaS S EeesitgnaiesInphited te the shiflorrgistul sdheeghairevided a
outputted fromthe (k-2)-th stage. 4. A shift register according to claim
2, whérethed gf drixingp shifjaesgister b high Gequengn atith losst puwdrewnfuophidrheviicti 5 st age
is controlled by the second pulse signals outputted fromthe (k-2)-th

st age fre8 from gt froblemgisstless mosior of mpowe sappliyMing anteirgé fred féralddeR@nedge of
“the pul se signals outputted fromthe k-th stage is in sync with an

The leak current is reduced by setting gate widths of TFTs that constitute a second
clocked inverter wider than prior art in using the above driving method.

Furthermore, another TFT is added to the first clocked inverter. The power su.pply
electric potential is outputted to an output terminal of the first clocked inverter .through the
source-drain of the added TFT. A signal with an amplitude voltage of about the same level
as the power supply voltage of the shift register is inputted to a gate electrode of the added

TFT. The added TFT is turned OFF when the leak current causes a problem. In this way,

current flowing in the first clocked inverter (leak current) is cut off.

With the above structures, an operation at high frequency with low power supply

voltage and reduction in size can be achieved in a shift register.
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ending timng of the second pul se signals outputted fromthe (k-2)-th
stage. 6. A shift register conprising: r stages including a k-th stage; a
first power supply line supplied with a high power supply electric
potential; a second power supply line supplied with a | ow power supply

el edtHATS TSotCEATMED ]%vmerei nr is a natural nunber equal to or larger than
3, wherein k is a natural nunber equal to or larger than 3 and equal to or

smal | er thanArshift MRS BmbRGink - . uts pulse signals in sync with
clock pul ?@Fslgn he ser | Ia?}pl yngam@fé@gﬁg%géﬁpl i tude vol tage of the clock

| S V
pul se si ghafEh} %tal%f’?%?f the Rlyrality of singssautpiits pesesigmlbistsyeewithicockipglsepower
suppignalekeitdllyl endpot enti al and the | ow power supply electric potential,

wherein t +th sta 0 ises: 50 a first circuit for selectively
out put ti naﬁgllr%len af @ gﬁ#g@{?ﬁ?\é’? the,flock nuisecsignad iy smakhari than arpewer Isepplyw

powdeltagged ithe plzabity ofcstames.enti al fromthe k-th stage in accordance with the
clock pulse signals, a first pulse signals outputted froma (k-1)-th stage
and second pul se signals outputted from a (k-2)-th stage; a second circuit
for inverti ngShifiyspisicr comprising estegesgncltdigg arkethatagthe hi gh power suppl y

el ectric whéeitdiak n@&@altnhﬁb@%ﬁpt@ﬁfr l§r#91ptjh%{n gl ectric potential and
t he one of high power supply electric potential and the |ow

outputtin
power su p%*‘?e]é'i kts@agur of gfiuabfo gilnegst thaa e sawalyo pesmallsethanicnver t ed;
and a t hi whiercinrtbeikith slagmbitphtstpaie Qighpld ik Sehcaien Qbcit ﬁﬁséﬂiﬁhiw}lﬁﬂy’s uppl y

|l ectri t I | y. el ect tial whi ch
The. pol ar' o neer pnaat DBieecitt B ool bRk ks @ e b piovr gupRdbwcr

supb‘i’lgl"_gépgﬂlersh'tﬂ wetstaitandl  and the | ow power supply electric potential is
| 2|E|r ect v Sl Neroi! Pl g di§ BFphites BT £ (G J-GHbh PRt pHBVELEs LOlSs $S500d
ﬁ('ilﬁ)-th stage are inputted to the k-th stage.

3. Ashift register according to claim 2,

wherein the k-th stage does not output the pulse signals while the second pulse signals is
outputted from the (k-2)-th stage.

4. Ashift register according to claim 2,

wherein a rising edge of the pulse signals outpuited from the k-th stage is controlled by the
second pulse signals outputted from the (k-2)-th stage.

5. Ashift register according to claim 2,

wherein a falling edge of the pulse signals outputted from the k-th stage is in sync with an
ending timing of the second pulse signals outputted from the (k-2)-th stage.

6. Ashift register comprising:

r stages including a k-th stage;

a first power supply line supplied with a high power supply electric potential;

a second power supply line supplied with a low power supply electric potential;

wherein r is a natural number equal to or larger than 3,

wherein k is a natural number cqual to or larger than 3 and equal to or smaller than r,
wherein the k-th stage outputs pulse signals in sync with clock pulse signals serially,
wherein an amplitude voltage of the clock pulse signals is smaller than a potential

difference between the high power supply electric potential and the low power supply electric
potential,

wherein the k-th stage comprises:
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7. A shift register according to claim®6, wherein a polarity of the pulse
signals outputted fromthe (k-2)-th stage and a polarity of the pul se
signals outputted fromthe k-th stage are opposite. 8. A shift resister
according to claim1l, wherein the pulse signals outputted fromthe k-th
stage are delayed fromthe clock pulse signals by half a cycle of the
clock pulse signals. 9. A shift resister according to claim2, wherein the
pul se signals outputted fromthe k-th stage are del ayed fromthe cl ock

pul se sigfiet sirdnjt fmalséleetiwcejocblﬁputting lee of teliglupercrsugplyl dectdOpotentphndd

ot o , th
B R L g S S A T
cl o@gnq@|asferstsmga¢aﬁlglalswwuﬂedfmmaAkaDélmtagf: @@W@@d@%@ﬁ@ Uépttlé

Ci rgpi-by-hexideg the shift resister according to claim2.12. A display deV| ce

conpri sing adr|V| circuit havi shi ft si ster .accoydin | ai m
6.13. A dl%afrcgp &gwﬁ’éorcmﬁmnmgofé? te/fh?gm&wt i?ﬂeh%{/m‘?ghlg @oufy piovy

r esélsdteic pﬁfbﬁlﬁﬂdﬂnﬂgh& lbv5 poddr supplyedleatic pﬂﬂeﬁtlaﬂ.pﬁdm&tpu_air(gaﬂm ohs ofifjigh pawieri ng
clrcu es| st er + t
ol cibpbrf1Bo dalelfor i the 57 by SpBresmie Pt g 0 WHishom BORHE. fsiplen

por inabited; amhformatlon termnal, a personal conputer, an inage reproduction

devi ce, a, felRY ek Awhidh MRSt mrﬁn@%f %ﬁﬁ%@g ot dudpl§ 2IERER: polémamd the

el ectroni c apparatus conp, I‘ISI€ drivin cuiit having the shift resister

achW‘tSBP@VﬁleﬁV@ pofgéiakbefiv lﬁ’éﬂ@ll@&fﬂbhﬁscbeﬁbb‘&ie&?ﬁés ’F‘B”‘b“rﬁ’e sel ected from
t he groupwh&ss dilei IghOhigh g@%t &iﬁéﬂ‘y elcafh@rpasvdntﬂnadd&hmmalpowar agipsocladtric
v

Cong&%ntla’l is selcc{m qu 0{lte TS (9 Prg 'R third dircit and 11:r161'\)|u &d &' e Seconcr!] 01r9u1t

7. A shift register according to claim 6,
wherein a polarity of the pulse signals outputted from the (k-2)-th stage and a polarity of
the pulse signals outputted from the k-th stage are opposite.

8. A shift resister according to claim 1,
wherein the pulse signals outputted from the k-th stage are delayed from the clock pulse
signals by half a cycle of the clock pulse signals. '

9. A shift resister according to claim 2,
wherein the pulse signals outputted from the k-th stage are delayed from the clock pulse
signals by half a cycle of the clock pulse signals.

10. A shift resister according to claim 6,
wherein the pulse signals outputted from the k-th stage are delayed from the clock pulse
signals by half a cycle of the clock pulse signals.

11. A display device comprising a driving circuit having the shift resister according to

claim. 1.

12. A display device comprising a driving circuit having the shift resister according to

claim 2.

_ 13. A display device comprising a driving circuit having the shift resister according to
claim 6. '
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mpunt ed di splay and a canera. 16. An el ectronic apparatus conprising a
driving circuit having the shift resister according to claim 6, wherein
the el ectronic apparatus is one selected fromthe group consisting of a
portable information termnal, a personal conputer, an inmage reproduction
device, a television, a head nounted display and a canera. 52

14.  An electronic apparatus comprising a driving circuit having the shift resister
according to claim: 1,

wherein the electronic apparatus is one selected from the groﬁp consisting of a portable
information terminal, a personal computer, an image reproduction device, a television, 2 head

mounted display and a camera.

15.  An eleciropic apparatus comprising a driving circait having the shifi resister
according to claim- 2,

wherein the electronic apparatus is one sclected from the group consisting of a portablé
information terminal, a personal computer, an image reproduction device, a television, a head
mounted display and a camera.

16. An clectronic apparatus comprising a driving circuit having the shift resister
according to claim. 6,

wherein the electronic apparatus is one selected from the group consisting of a portable
information terminal, a personal computer, an image reproduction device, a television, a head
mounted display and a camera.
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