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. APPARATUS, . AND PORTABLE 5 TERM NAL Technical Fi el d SThe pUgseatximuention
relates to a level shift circuit, a display apparatus, and a portable
termnal. Particularly, 10 the present invention relates to a |level shift
cisrcuit formed on an insulating substrate using transistors with |arge

characteristic variations, a display apparatus using the QWIWMHIWH
circuit as a peripheral driving circuit, and a portable t mding
the display apparatus as a 15 screen display unit. Background «fse.An
exanple structure of a level shift circuit of the related art is shown in

Fig. 9. The level shift circuit in 20 this exanple Ievel-shmmmﬂmmmmwwmm
(level -converts) an input signal INwith a |ow voltage anpl r
exanple, 3.3 Vto a signal wth BERCHAPFSPNage anplitude of, f owossanpl e,
6.5 V. As is apparent fromFig. 9, the level shift circuit includes two

bias shift units 101 and 102, a level shift unit 103, 25 and an output unit
104.
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The present invention relates to a level shift circuit,
a display apparatus, and a portable terminal. Particularly,
10 the present invention relates to a level shift circuit
formed on an insulating substrate using transistors with
large characteristic variations, a display apparatus using
the level shift circuit as a peripheral driving circuit, and
a portable terminal including the display apparatus as a

15 screen display unit.

Background Art

An example structure of a level shift circuit of the
related art is shown in Fig. 9. The level shift circuit in

20 this example level-shifts (level-converts) an input signal

IN'with a low voltage amplitude of, for example, 3.3 V to a
signal with a high voltage amplitude of, for example, 6.5 V.
As is apparent from.Fig. 9, the level shift circuit includes
two bias shift units 101 and 102, a level shift unit 103,

25 and an output unit 104.



1 -2 If the level shift circuit of this type is forned of transistors
with large characteristic variations, for exanple, TFTs (Thin Film
Transi.stors), in addition to the input signal IN, a reverse-phase signal
XIN of the input 5 signal IN nust be input in order to reliably activate
the circuit. Alternately, in place of the reverse-phase signal XIN, a
reference potential Ref having an internediate | evel of the anplitude of
the input signal IN nust be input. The input signals IN and XIN (or Ref)
must be input directly to 10 a sourcexof the input stage of the |evel shift
unit 103. As described above, in the structure in which, in addition to the
I nput signal IN, the reverse-phase signal XINis externally input, an

on the i nput1A6TEF GHEret EPbhe TRECRENEEr BIT Pt Spra t e i hal s
required for.,the level shift circuit is.,two. On_the.other _hand, in the
structu EaPﬁlﬁgPﬁﬁ Vﬁéhrg?ﬁ?@n&éaﬁSFEﬁF?ﬁﬁgﬁpyaF§agﬁﬁﬂ?{ fR%ext ernal Ref
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input signal IN, a reverse-phase signal XIN of the input
5 signal IN must be input in order to reliably activate the
circuit. Alternately, in place of the reverse-phase signal
XIN, a reference potential Ref having an intermediate level
of the amplitude of the input signal IN must be input. The
input signals IN and XIN (or Ref) must be input directly to
10 a éource of the input stage of the level shift unit 103.
As described above, in the structure in which, in
addition to the input signal IN, the reverse-phase signal
XIN is externally input, an external IC is required for
generating the reverse-phase signal XIN based on the input
15 signal IN, and the number of input signal terminals required
fdr the level shift circuit is two. On the other hand, in
the structure in which the reference potential Ref is input,
an external Ref power supply is required.
If the externally input signals IN and XIN (or Ref) are
20 input directly to the source of the input stage of the level
shift unit 103, a current flows in an external input
terminal, thus causing overcurrent into the external IC when
the power supply is turned on or the like. This may induce
latchup on the external IC.

25 The present invention has been made in view of the



“shift unit 103, a current flows in an external input termnal, thus causing
overcurrent into the external |1C when the power supply is turned on or the
I'i ke. \This may i nduce |atchup on the external IC. 25 The present invention
has been made in view of the - 3 foregoing problenms, and it is an
obj ect of the present invention to provide a |evel shift circuit which can
reliably level-shift a single-phase input signal when it is forned of
transistors with |arge characteristic variations, 5 a display apparatus
using the level shift circuit, and a goctable term nal including the

di spl ay apparatus as a screen display unit. Disclosure of Invention 10 A

| evel shift circuit of the present invention is forned on an insulating
substrate, and includes a conplenentary generator_unit driven by a first

pover sUHISEHAE Ry AH SAifpl it e tv dist &de C0geAt &F dheamAiss&ide vol tage of a
signal input fromthe outsjde of the sybstragte for 15 generating a

conpl eneftERF Gy Br¥mMmThe éierYgﬁle-sB‘eré:e qwltsi“ﬁﬂéﬂ%, d a level shift
unit driven, a secand .power supply havi ng .a higher vaqltage than the first
power SIS ST A e R AE doHpl SRy "ahds Hhe | evel
shift ciycuit.is_ used for a display apparatus 20 havi.ng a l.evel shift

i roui ¢ TR T R LR AT aROa (ORI e S ch a

di spLay unjt_ is forned for shifti the. | evel . an input signal fromthe
out SPae Ddsras s, WY e deisth Sl Bt A Lsed ac
this le i f | Leuit (The A t i 25 ch a level shift
circuit 9 di slp%)s%d{ngllr#gal plorté’gilzggl a%e?%%rpflgﬁ‘ia@a{}%suc Sagss r‘1:la PDA
(Personalc QA tlspfiss) siants) or a cellular phone, as a screen display unit
thereof. A circuit formed on an insulating substrate, such as a gl ass
substrate, using transistors with |arge characteristic 5 variations, for
~exampl e, TFTs, exhibits |lower TFT

Disclosure of Invention

10 A level shift circuit of the present invention is
formed on an insulating substrate, and includes a
complementary generator unit driven by a first powér supply
having an amplitude voltage equal to an amplitude voltage of
a signal input from the outside of the substrate for

15 generating a complementary signal from the single-phase
input signal, and a level shift unit driven by a second
power supply having a higher voltage than the first power
supply for shifting the level of the complementary signal.
The level shift circuit is used for a display apparatus

20 having a level shift circuit formed on the same transparent
insulating substrate on which a display unit is formed for
shifting the level of an input signal from the outside of
the substrate so as to drive the display unit, and is used
as this level shift circuit. The display apparatus using

25 such a level shift circuit is disposed on a portable



“ characteristics than that formed on a silicon substrate. Thus, a |evel
_shift circuit is required for shifting the level of an input signal to a
hi gh ol tage anplitude. In a case where the level shift circuit is forned
on the 10 insulating substrate, when a single-phase signal is input from
t he outside of the substrate to the level shift circuit, a conplenentary
generator unit of the level shift circuit formed on the substrate a
generates conplenentary signal fromthe single-phase signal, and supplies
it to a level 15 shift unit. The Ieueu shift unit level-shifts the
conpl ementary signal fromlow vol tage anplitude to high voltage anplitude.
Brief Description of the Drawings 20 Fig. 1 is a circuit diagramshow ng an
exanpl e structure of a level shift circuit according to a first enbodi nent
of the pregertal nveaih gre FiRPA 2(Rersond Inilhg idiesdr Asstietiamg shheiar cui t
operation of the |evel shift circuit_according to the first enbodinent. 25
Fig. 3 i %igthhonst agram sHiey Htkbahpirdt themofstructure of a | evel
shift circuit according to a second enbodi nent of the present invention.
Fig. 4is aty ﬁilﬁéfu&li'ra% TERSWCRg aPhé NSt AR Jo SEPSLF 8 Cof SHRE PEvel shift
circuit ggl(r:?csce)%(di to the second 5 enbodinent. Fig. 5 is a block diagram

show ng AT tUF D E RN G T idthal L edi 9 ISR TR e A id ©
according t.0 the present inventi Fig. .6.i,s a.circuit diagramshow ng an
exarr%l e o rlt%teloﬂfo’pi%eﬁ SR %’rgﬁTﬁ 'g.gexf”ibsl%? BI&E difdgr am showi ng a

SpeCificéﬁQgHggé%fgtics than that formed on a silicon substrate.
Thus, a level shift circuit is required for shifting the
level of an input signal to a high voltage amplitude. 1In a
case where the level shift circuit is formed on the

10 insulatipg substrate, when a single-phase signal is input
from the outside of the substrate to the level shift circuit,
a complementary generator unit of the level shift circuit
formed on the substrate a generates complementary signal
from the single-phase signal, and supplies it to a level

15 shift unit. The level shift unit level-shifts the
complementary signal from low voltage amplitude to high

voltage amplitude.

Brief Description of the Drawings
20 Fig. 1 is a circuit diagram showing an example
structure of a level shift circuit according to a first
embodiment of the present invention.
Fig. 2 is a timing chart showing the circuit operation
of the level shift circuit according to the first embodiment.

25 Fig. 3 1s a circuit diagram showing an example



~the internal structure of an interface circuit. Fig. 8 is an external view
_schematically showing the structure of a PDA according to the present
i'nvention. 15 Fig. 9 is a circuit diagramshowi ng an exanple structure of a
| evel shift circuit of the related art. Best Mdde for Carrying Qut the

I rventi on Enbodi nents of the present invention are described 20 herei nbel ow
in detail with reference to the drawings. [First Enbodinent] Fig. 1 is a
circuit diagram showi ng an exanple structure of a level shift circuit
according to a first enbodi nent of the present invention. It is assuned
that the 25 level shift circuit according to this enbodi ment is fornmed t

- 6 on an insulating substrate, such as a gl ass substrate, using
transistors with large characteristic variations, for exanple, TFTs with

hi gh t hresHetHarae df AslevehpptEhtCireom Fizccarding tevaelsesrdd circuit
according to this enbodinment 5 includes a conplenentary generator unit 11,
two bi aseepedimenttQf 1ohenprasenty IeNMts®Rft unit 14, and an output unit
15. These units are formed on the insulating substrate using TFTs. The

“level shift d¥&uit e FFHahFrEEDsShei i hdRe el myid ARG I hput
termnal 17, t power. supply termnals 18 and 19, and a circuit output
t er mi na|°éo?h9\\'$?Y%¥E%ﬁ£€ SEPPEYEVATE RECEREAF TO°HE anpl i t ude
vol t age fordexa le, 3.3 V) of a signal input fromthe outside of the
substrat @23 HpPited to the power supply terminal 18. A

Fig. 5 is a block diagram showing an example structure
of a liquid crystal display apparatus according to the
present invention.

Fig. 6 i1s a circuit diagram showing an example of the

10 pixel structure.

Fig. 7 is a block diagram showing a specific example of
the internal structure of an interface circuit.

Fig. 8 is an external view schematically showing the
structure of a PDA according to the present invention.

15 Fig. 9 is a circuit diagram showing an example

structure of a level shift circuit of the related art.

Best Mode for Carrying Out the Invention
Embodiments of the present invention are described
20 hereinbelow in detail with reference to the drawings.
[First Embodiment]
Fig. 1 is a circuit diagram showing an example
structure of a level shift circuit according to a first
embodiment of the present invention. It is assumed that the

25 level shift circuit according to this embodiment is formed



~ 15 second power supply voltage VDD (for exanple, 6.5 V) higher than the
first power supply voltage VCC is applied to the power supply term nal 19.

" The cqnpl enentary generator unit 11 is fornmed of two cascaded inverters,
for exanple, a first CMOS inverter 20 having a PMOS transistor @l 1 and an
NWOS transistor nl1 connected in series between a VCC power-supply line
(hereinafter referred to as a VCCline) and a G\D |ine, each having a gate
connected with the circuit input termnal 17, and a second CMOS i nverter
having a PMOS transistor ol 2 and 25 an_NMOS transi stor Qnl 2 connected in
series between the VCC , - 7 line and the G\D |ine, each having a gate
connected with the common drain node of .the MOS transistors Ql 1 and nl .
In the conpl enentary generator unit 11, when an input signal INis input to
t he ciroui &ni hpetileeingnahbsTrates sovhrse- phasassi gnhptxpNeof UEABTI nput
signal INis output fromthe output end of the first CMOS inverter, i.e.,

t he contwandiatarmowétbf lehgeMcBarpaRSrE66LS URFLathanenl £°Tand a signal I N
that is in-phase with the input signal INis output fromthe output end of
t he seconamples THFerwath high thpesheldsmidh-dr PnlﬁoagpéFePﬁef%ﬁg
transistors Qpl2 and Onl 2. I n other words, the conpl epentar ener%tor uni t
11 i s dFidenlbythRelfVedt SBéheEr CSLEBLY 95FP£8&“9C%B t&he éogdﬁﬁp to the

anplitude voltage of a_signal input fromthe, outside of the substrate, to
gené?aténFﬁédéénﬁl€ﬁ@ﬁ9§?§n§?§ﬁa9§nﬁﬁafgraHBlﬁlhifr WPtHéaFnﬁﬁﬁ%éignal I N.

The bi hift it i d of _PMCS, i st | d 4
coﬁnegﬁgaiF% %@Egbg éévhéeag&giDﬁgbgﬁePﬁé%LgP;I%PﬁggPﬁngpﬁnggﬁkreferred
t DD || d.the GND line. A . Of . i | 3
Connect &8 wi PRE36 PREtenp<r Ae-raiyof eaFc:feuralifERebbalEatl 313 12

connectgg.ﬁﬁtQF§Ssignal line (hereinafter referred to as an INIline) for
carrying fha i n-phase signal of the input signal IN. The bias shift unit 12

shifts a DC N’&é‘sl@@eihghg.ﬁtpbﬁx?@uﬂ:gﬂéé LNgrdtndhechbastsbinthaunib, 13 is
formed of P transistors

10 a circuit input terminal 17, two power supply terminals 18
and 19, and a circuit output terminal 20. A first power
supply voltage VCC equal to the amplitude voltage (for
example, 3.3 V) of a signal input from the outside of the
substrate is applied to the power supply terminal 18. A

15 second power supply voltage VDD (for example, 6.5 V) higher
than the first power supply voltage VCC is applied to the
power supply terminal 19.

The complementary generator unit 11 is formed of two
cascaded inverters, for example, a first CMOS inverter

20 having a PMOS transistor Qpll and an NMOS transistor Qnll
connected in series between a VCC power—suppl& line
(hereinafter referred to as a VCC line) and a GND line, each
having a gate connected with the circuit input terminal 17,
and a second CMOS inverter having a PMOS transistor QplZ2 and

25 an NMOS transistor QOnl2 connected in series between the VCC



_ g Ql5 and l 6 connected in series between the VDD |line and the G\D
line. A gate of the MOS transistor Ql5 is connected with the G\D |ine, and
" a gate of the MOS transistor Ql6 is connected with a signal |ine _
(hereinafter 5 referred to as an XINIline) for carrying the reverse-phase
sisgnal XIN of the input signal IN The bias shift unit 13 shifts a DC bias
of the reverse-phase signal XIN The level shift unit 14 includes two PMOS
transistors Ql 7 .and Ql 8, and four NMOS transistors nl 3 through Ol 6. 10
The two PMOS transistors Ql 7 and Qo_l? have sources connected with the VDD
| ine and gates commonly connected, and the gate and drain of the MOS
transistor ol 7 are connected, thereby formng a current mrror circuit.
The NMOS transistor nl 3 has a drain connected with the 15 drain of the
PMOS t r ansistand Qohd,GND gatres c crage thedy ind e tdeetoutgnuite el of i tiheths as
shift unit 12, i.e., the drain-source common node of the PMOS transistors
Qpl 3 ancca@phen drrfia sede cef cometd®dmansi S XIQP1 3 rmend Trel NMOS
transistor nl4 has a drain connected with a drain of the PMOS 20

transi stor Q8 the gemplesemdarad dRineratior ydtiputl lendhen e iFivad shift

unit 13, i.e., the drain-source conmon node of the PMOS transistors Ql5

and Qpl 651 N otF cERYhiet e it He IMPYE feermea NVEE t& ansi stor Qnl S
has % drain connected with the 25 output, end of the bias, shift unit 13, a

gat e corfRtt e whase signpl (hiN Qb pdte P T3t N ohi FRUtRHE 12, and a
source connected with the XIN Iline._The NVOS transistor Onl6 has a drain
connect edf Wt H'¢ h%uﬁﬁhﬁn%(n# o8 Het 15 MR FAN{Fi €12, 1 yat € % onnect ed

ith th t put d of th [ ift. 5 it 13 ted
win e gt e s e an File e g
-1 {- t, m. Ldat g s, ) - [ | XIN
and che ey T LA T A AL N Tane stor s

I 3 and, Qe af rdherh OPYL+ 56 A0Ena 10 T RREELEYRLY cMOS inverter, i.e.,
10 the common drain node of the MOS transistors Qpl2 and QOnl2.
In other words, the complementary generator unit 11 is

driven by the first power supply voltage VCC, which is equal
to the amplitude voltage of a signal input from the outside
of the substrate, to generate the complementary signals IN
15 and XIN from the input signal IN.
The bias shift unit 12 is formed of PMOS transistors
Qpl3 and Qplé4 connected in series between a VDD power-supply
line (hereinafter referred to as a VDD line) and the GND
line. A gate of the MOS transistor Qpl3 is connected with
20 the GND line, and a gate of the MOS transistor Qpl4 is
connected with a signal line (hereinafter referred to as an
IN line) for carrying the in-phase signal of the input
signal IN. The bias shift unit 12 shifts a DC bias of the
in-phase signal IN.

25 The bias shift unit 13 is formed of PMOS transistors



- The output unit 15 is forned of a first CMOS inverter having a PMOS
transistor Qol9 and an NMOS transistor Qnl 9 connected in series between the
" VDD power -supply line and the GND |ine, each having a gate connected wth
the output 15 end of the level shift unit 14, i.e., the common drain node
of« the MOS transistors Ql 8 and 1l 4, and a second CMOS inverter having a
PMOS transi stor 20 and an NMOS transi stor Qn20 connected in series
between the VDD |ine and the GN\D | ine, each having a gate connected with
the common 20 drain node of the MOS transistors Ql9 and Qnl 9. The circuit
operation of the level shift circuit 5%cording to the first enbodi nent
havi ng the above-described structure is described herei nbelow with
reference to the timng chart shown in Fig. 2. In the follow ng

descri ptowhy 25 tdel 6 npainesttarhlid Mesies dtseai griad VI Mane gfndexanpl e.

- 10 When a single-phase input pulse with 0 to 3.3 V anplitude is input
“via the Tie cGNR Iihpat tlrgdtmlofl the MOS onpEresdeticar oRjdndraat or unit 11
generates conplenentary (in phase and reverse-phase) pulses of 0 Vto 3.3 V
from t hisomnegprd itk etharH@Nehigrat eahd engadiemfarsho¥d&es, whose DC

bi ases are shifted by the bias shift units 12 and 13 by certain vol tages,
arei|nmﬁrQQ§%$ﬁp©d@@%6CﬁStQanwﬁxyd with a signal liné (hereinafter

5 referred to as an XIN line) for carrying the reverse-phase
signal XIN of the input signal IN. The bias shift unit 13
shifts a DC bias of the reverse-phase signal XIN.

The level shift unit 14 includes two PMOS transistors
Qpl7 and Qpl8, and four NMOS transistors Qnl3 through 0Onlé6.
10 The two PMOS transistors Qpl7 and Qpl8 have sources
connected with the VDD line and gates commonly connected,
and the gate and drain of the MOS transistor Qpl7 are
connected, thereby forming a current mirror circuit.
The NMOS transistor Qnl3 has a drain connected with the
15 drain of the PMOS transistor Qpl7, a gate connected with the
output end of the bias shift unit 12, i.e., the drain-source
common node of the PMOS transistors Qpl3 and Qpl4, and a
source connected with the XIN line. The NMOS transistor
Onl4 has a drain connected with a drain of the PMOS
20 transistor Qpl8, a gate connected with the output end of the
bias shift unit 13, i.e., the drain-source common node of
the PMOS transistors Qpl5 and Qplé6, and a source connected
with the IN line.
The NMOS transistor Qnl5 has a drain connected with the

25 output end of the bias shift unit 13, a gate connected with



“transistors Qnl3 and Ol 4 of the level shift unit 14. The conpl enentary

_ pul ses, which have not been bias 10 shifted by the bias shift units 12 and
13, ar.e crossed and input to the sources of the NMOS transistors Qnl 3 and
Ml 4. Specifically, the reverse-phase pul se, which has not been
bisas-shifted, is input to the source of the NMOS transistor Qnl 3 whose gate
the bias-shifted in-phase pulse is input to. 15 The in-phase pul se, which
has not been bias-shifted, is input to the source of the NMOS transi stor
nl 4 whose gate the bias-shifted revepse-phase pulse is input to.
Accordingly, conplenentary pul ses, which have not been bias-shifted, are
crossed and input to the sources of the 20 NMOS transistors @l 3 and Ol 4
formng a current mrror anp, thus allowing rapid |level shifting to a high
vol t age thaepluttpte €nd i $hexddpise shd % Vit 1Zhe apgvél SOMEFE circuit is
formed of TFTs with Iar?F characteristic variations and high thresholds
Vth. Theoneesiteshimfitthyie XAN25 imgs a Ther dROF & 1am SHStoR e c B8Pl Bnent ary

pul ses are input - 11 directly to the sources; haowever,, the D.C
cur r ent STRILBWCRFIRCHRG e thoFhee SUAPE ts GRS iodd o Miafe SPvdr 81 d of the

conpl enment ary gener at or lting in ng D. .flomﬁn%tin an

11, res . curren
ext er nalt%l GclEdte&Eorg et ech& YRy dRS RIS héc\ﬂengllﬁfcﬁhal current
oveh e sARited b0 40 See AR FEHE el ot | oot ket o FREREESF R0 as a
The'ci 1 de ToTaiE i Y St 38 ViISFSE St toh e AR ST ped O
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for examplee.cnl T WAL il AAr aAAS e It Ry itk dd o RaelS
conpl enentary generator uni 1 driven by a first power
NMOS transistors Qnl3 and Onl4 at the input stage,
10 respectively.

The output unit 15 is formed of a first CMOS inverter
having a PMOS transistor Qpl9 and an NMOS transistor Qnl9
connected in series between the VDD power-supply line and
the GND line, each having a gate connected with the output

15 end of the level shift unit 14, i.e., the common drain node
of the MOS transistors QOpl8 and Qnl4, and a second CMOS
inverter having a PMOS transistor Qp20 and an NMOS
transistor Qn20 connected in series between the VDD line and
the GND line,'each having a gate connected with the common

20 drain node of the MOS transistors Qpl9 and Qnl9.

The circuit operation of the level shift circuit
according to the first embodiment having the above-described
structure is described hereinbelow with reference to the

timing chart shown in Fig. 2. In the following description,

25 the input signal IN is a pulse signal, by way of example.



supply (VCC) having an anplitude voltage equal to the anplitude voltage of
ca signal input fromthe outside of the substrate to generate conplenentary
signal.s froma singlephase input signal IN, and it is therefore no | onger
20 necessary to externally input a reverse-phase signal XIN. Thus, no
external 1Cis required for generating the reversephase signal XN based on
the input signal IN, and one termnal of the level shift circuit can be

el imnated. Mreover, the input signal INis not input directly 25 fromthe
outside to the sources of the source-jighput |evel - 12 shift unit 14, but
is received by the inverters of the conplenentary generator unit 11 so as
to convert the signal into conplenentary signals, which are then input
thereto. This results in no D.C. current flowing in the input 5 term nal

17, and el inWhekes $heolanpgeasefinpahi Pgleceretfr@ntoidtd Bn external

signal line, which carries the input signal |IN, when the power supply is
turned 8MPSituHe nﬁkénpstnaéatﬁée|évéPU§ﬁiﬂppﬁﬁréﬁwmlaééogapnahﬁo this 10
enbodi nent uses the level shift unit_ 14 of the source_i nput type, some

Ci r cui t CABPaFTERNAEY cAPReRaReFe Mt ithild PEREFasRPT CORPLERRPtREYall8 t o

| evel -shift the input signal IN and output it as th ut put signal OUT in

r eal tiHh?sﬁh6§daE%V§6Fﬁgp$8F§)hpﬁg585eg§tPo& §8eédg %hF ops%bgﬁtable f or
15 | evel.-shi fti hi gh; oper ation-f.requency clock signals. se where a
or it RREL Phad o0, aner BRR Skt ERtPRtheha T pLaRe; whBsR PRSC U
vol t age it R .S | e, 3.3 Vr.is.suffi,chent..to drive the
circu?tpﬁgﬁgfeggge%héfkggePgéﬁggt%8F%cégﬁ%FoP¥ﬁgﬁeEézskghﬁ?t%Xg t he i nput

signal 10,2.htabovabbage arel ibyde s ARk BEGESSY cHENie Ofher hand, a

S
circuit forned on"an”insulating substrate, “such as a gl ass substrate, using

TETs exhiBits o:ouer oRTE. Gher achar i3t ihe 1B3R.t ek chokied a2 silicon

substrate. Such a circuit nust therefore include a 25 level shift circuit

for Ievel-shrhti BgmphembARHLySHEN8bst OwBich- hdde Rb8hp¥ehtpggsanplitude in
order to correctly activate the circuit. The level shift circuit according

t 0 1dhi ssanlFedidmert the Bukkakhe fas uauels a2l ewd 13hi farecicrouisieds anhded on an
i nsul ati ng substrate using TFTs. 5 [ Second Enbodinent] Fig. 3 is a circuit
di agramispow ng aheexanplessorfucher &MOS araesdls tohisf ©Ondidr eanidt Caddording to
a second enbodi nent of the present invention. It is assuned that the |evel.
shift cBpegitfigeddydi nhet oevieirseepbedienpml sies Wovipdd has not been
bias-shifted, is input to the source of the NMOS transistor
Onl3 whose gate the bias-shifted in-phase pulse is input to.
15 The in-phase pulse, which has not been bias-shifted, is
input to the source of the NMOS transistor Qnil4 whose gate
the bias-shifted reverse-phase pulse is input to.
Accordingly, complementary pulses, which have not been
bias-shifted, are crossed and input to the sources of the
20 NMOS transistors QOnl3 and Onl4 forming a current mirror amp,
thus allowing rapid level shifting to a high voltage
amplitude (in this example, 6.5 V) if the level shift
circuit is formed of TFTs with large characteristic

variations and high thresholds Vth. The level shift unit 14

25 has a structure in which the complementary pulses are input



~ 10 on an insulating substrate, such as a glass substrate, using transistors
. wth large characteristic variations, for exanple, TFTs with high
thresholds Vth, like the Ievel shift circuit according to the first

enbodi ment. As is apparent from Fig. 3, the level shift circuit according
to this 15 enbodi nent includes a conplenentary generator unit 21, a first

| atch unit 22, and a second latch unit 23. These units are forned on the

i nsul ating substrate using TFTs. The level shift circuit has a control
termnal 24, a ground (GN\D) terminal 35,_a circuit input termnal 26, two
20 power supply termnals 27 and 28, and a circuit output termnal 29. A
sanpling pulse SPis input fromthe outside of the substrate to the contro
termnal 24. A first power supply voltage VCC equal to the anplitude

vol t age difGctdyafkpl &he3d sgurgesgt hawevgial thgplt Cf-r SRS tSutdiodengf t he 25
substrate is applied to the power supply termnal 27. A - 14 second
power sdppry thel £24& CoBDaEE B VERAAS e fXOMs the AnyREtetFar it APSf i rst power
supply voltage VCC is applied to_the power, supply term nal 28. The

conpl enERTRIFIGBAEE N FeNgRettoFl ils FESNEFiBP tho ™S LaScadddLiemrerters, for
exanple,_.a first CMOS inverter having.,a PMOS transistor 21 and an NMOS
transi stdP"&ng1 1oAReEFEG PR s P % gépﬁeen a VCC line and a G\D |ine, each

havi t ted.with_th i if_input t inal 26 d a~ d

12159 2 925 conpertedy MAL LG ek oyl Lbonul L ebnal 28, andcspecond
i i h [ i d.th I_i ' h i

commect sl 56 LBRRBLIESA MG NEE ! s, ab Lhe 9O e, cspeh aving o

@21 10 g el ereRLALY, 19eReLARSN AL 2L WWIER1ARYATLS Gl N i S

input to the circuit inp term na 6, a 15 reverse-phase signal XIN of

the inpyhesi 8R2bulNalsS 204liRl LRSS @PRUL ARG QT Ref gt 1GMOS
inverter, i.e., the common drain node of the MOS transistors Q21 and 2|,

and a sipgddle WNthhahe $npRtPPage eWrih firbe ithulcisicgnal c¥pu: out put from
t he out put end of the second CMOS inverter, i.e., 20 the conmon drain node

of 1the Mbrniinansiet ois Qned2 carghu@nAitl nsqt her words, the conplenentary
generator unit 21 is driven by the first power supply voltage VCC, which is
equal to thehRanpéstuileedobbayge, 0d aavsigebbifinpitchdiomtbhmedubsi de of the
substrate, to generate the conplenmentary signals IN 25 and XIN fromthe
i nput sigsalalthing substrate, such as a glass substrate, using
transistors with large characteristic variations, for
example, TFTs with high thresholds Vth, is provided with the
15 complementary generateor unit 11 driven by a first power
supply (VCC) having an amplitude voltage egual to the
amplitude voltage of a signal input from the outside of the
substrate to generate complementary signals from a single-
phase input signal IN, and it is therefore no longer
20 necessary to externally input a reverse-phase signal XIN.
Thus, no external IC is required for generating the reverse-
phase signal XIN based on the input signal IN, and one
terminal of the level shift circuit can be eliminated.

Moreover, the input signal IN is not input directly

25 from the outside to the sources of the source~input level



- 15 The first latch unit 22 is forned of a CMOS inverter 221, a CMOS

| atch cell 222, and an inverter circuit 223. The CMOS inverter 221 is

" fornmed of a PMOS transistor Q23 and an NMOS transistor Qn23 connected in
series between a 5 VDD Iine and the G\D |line, gates thereof being comonly
connected. The CMOS inverter 221 inverts the sanpling pulse SP with O to
3.3 V anplitude input via the control termnal 24, and also level-shifts it
to a sanpling pulse SPwith 6.5 to 0 V anplitude. 10 The CMOS | atch cel
222 includes a first CMOS i nverter a]}/%ng a PMOS transi stor Q24 and an
NMOS transi stor @Qn24 connected in ser gates thereof being comonly
connected, and a second CMOS inverter having a PMOS transi stor 25 and an
NMOS transi stor Qn25 connected in series, gates thereof 15 being comonly
connect exhifihemmitpuid andto i e caidedfbyt hdse ICMeS ieneerdferthear e
cross-connected. Mire specifically, the input end of the first CMOS

i nvert ergomplementidhey cemoratgat exmiddd lofsd lees MOS dararesits tidres s(mrhland Qn24,
is connected with the output end of the 20 second CMOS inverter, i.e., the
common diteion avoE esfertter YWES drvadrssi sttorah @5 tdrah @Qasit it nette i nput end
of the second CMOS inverter, i.e., the coomon gate node of the MOS

transi st@yiss sz larid i a® iDs. Gormuatendt Vit e suttha iewmitof the first
CMOS inverter, i.e., the conmon drain node of 25 the MOS transistors 24
and @124termmaﬂ6 lx Pk elighigiasiesy 2 elangedormfe iy 156t ween t he

power supply side of the CMOS | atch cel| 222 and the VDD |ine. The PMOS
transi stOIERPHEF - tltf’rtr%cfrbr?’ﬁﬁrr@% I lel T IR sdigh tor?errs"zﬁ?plth?g pul se
SP input, via the cantrol ternl 24 5 to sup Iy t he vol t age
VoD to TG TE Lo DoAHe T (T o7 e Ry B per o
of the |ing pulse SP to interrupt the supply of the power supply
voltage to the CMOS latch cell 222. Therefore, the latch unit 22 of the

saml 19 | 2t LhebEPecs 169Nt Luatead 1083 12 Rrelgly L Wit An VDS

transi st or 'S connected tween theé input en the first CMOS

invept erenfﬂo&ﬁ?enqv%ésatiﬁ{k ol e 1224, 8d &rﬁec oy R &l Qudde seeand CMOS

inverter of the conplenentary generator unit 21, and an NMOS transi stor

27 15 dypreondiied ad haimeeiethe ddipBeand ofudhsssecant LM dinverter of
the CMOS lTat'ch cell 222 and the out put end of the first CMOS inverter of

the conyrErENtardgenarataildinid ke IHh NS He atihst o igr@i2Granchdn27 are
turned on for the high-level period of the sanpling pulse SP to sanple the

20 conpleamnitarit Sgndles,odtiait isigridle OUT phassesl griade anthushe
reverse-phase signal, and supply themto the CMOS latch cell 222.
achieving very high operation speed. This is suitable for

15 level-shifting high-operation-frequency clock signals.

In a case where a circuit is formed on a silicon
substrate using TFTs, a signal of a low voltage amplitude
(in this example, 0 to 3.3 V) is sufficient to drive the
circuit. Therefore, a level shift circuit fof level-

20 shifting the input signal to a high voltage amplitude is not
necessary. On the other hand, a circuit formed on an
insulating substrate, such as a glass substrate, using TFTs
exhibits lower TFT characteristics than that formed on a

silicon substrate. Such a circuit must therefore include a

25 level shift circuit for level-shifting the input signal to a



" The inverter circuit 223 is formed of a first CMOS inverter having a PMOS
_transistor Qp28 and an NMOS 25 transistor On28 connected in series, gates

t her eaf being - 17 commonly connected, and a second CMOS inverter
having a PMOS transi stor @29 and an NMOS transistor Qn29 connected in
series, gates thereof being comonly connected. The inverter circuit 223 is
driven by the power supply voltage 5 VDD which is supplied via the PMOS
transi stor Q@26. In the inverter circuit 223, the input ends of the first
and second CMOS inverters, i.e., thp]gpqpnn gate node of the MOS

transi stors Q28 and n28 and the coriion gate node of the MOS transistors
Q29 and On29, are connected 10 with the output ends of the first and
second CMOS inverters of the CMOS |atch cell 222, respectively. The out put
ends of hitlk ¥pitaggndmpédsndeCiBSoirdeer tter sorireetlyt hetéwabentleai n node of
the MOS transistors 28 and n28 and the conmmon drain node of the MOS
transi sEdrsuip29 Fhe OYSl shéf15cisnuédt edorirdAndr 4Pnshds NMOS transi stors
Q30 and On3l, respectiyelg. The NMOS transistors Qn30 and Qn31 are turned
on for &@mhpghmpatef spepibabde Bkesyghpki AGVELl s8iSk révebshi foeneBy t he
CMOS inverter 221 to transmt the conplenentary signals |atched in the CMOS
| atch cBP| 2p22neYlaliprge S¥RBSEqkEntSd8EoRG TBat ch unit 23. The second | atch
unit_ 23 _1Ls forned. of .a latch 231 and a CMOS inverter 232. The CMOS

| at ch 283SR9BIEMPPEEm inverter having a PMOS transistor Q32 and an

NMOS transi st or 32 connect ed iﬁﬁ%eries ﬁetmeen t he VDQLIine and 25 the
G\D line, gaied thetBot BefRg:EofHBRAFS™ cBRRELPRA" P EPLe - 18 second

Qs | NEELEL D89, R L 05LBLOC, 003 et a0 WES Lagshgtor 1S,
bei ng coppBRL¥eRENBECLAL: pTASLAPYL AN 11t PULe0dS QL kRS En PV e
level shift circuit according to this embodiment is formed
10 on an insulating substrate, such as a glass substrate, using
transistors with large characteristic variations, for
example, TFTs with high thresholds Vth, like the level shift
circuit according to the first embodiment. As is apparent
from Fig. 3, the level shift circuit according to this
15 embodiment includes a complementary generator unit 21, a
first latch unit 22, and a second latch unit 23. These
units are formed on the insulating substrate using TFTs.
The level shift circuit has a control terminal 24, a
ground (GND) terminal 25, a circuit input terminal 26, two
20 power supply terminals 27 and 28, and a circuit output
terminal 29. A sampling pulse SP is input from the outside
of the substrate to the control terminal 24. A first power
supply voltage VCC equal to the amplitude voltage (for
example, 3.3 V) of a signal input from the outside of the

25 substrate is applied to the power supply terminal 27. A



5 inverters are cross-connected. Mire specifically, the input end of the
_first CMOS inverter, i.e., the cormbn gate node of the MOS transistors Q32
and On32, is connected with the output end of the second CMOS inverter,
i.e., the common drain node of the MOS 10 transistors 33 and 33, and
the input end of the second CMOS inverter, i.e., the comon gate node of
the MOS transistors Q33 and n33, is connected with the output end of the
first CMOS inverter, i.e., the comon drain node of the MOS transistors
Q32 and n32. The input ends of the ? first and second CMOS inverters are
connected with the sources of the N transi stors 130 and n31 of the
first latch unit 22, respectively. The CMOS inverter 232 is fornmed of a
PMOS transistor Qo34 and an NMOS transistor On34 connected in series
bet ween sz arite pedbR Y isverdnd wdiga@ND Vel f gatessntiey edf . Hél)ndrigdremnl y
connected. The input end of the CMOS inverter 232, i.e., the common gate
node of thee MR thrigrst graorer @Eplahd Qi3we V& ormneatrdd ad tie tihe out put end
of the first CMOS inverter of the CMOS |atch 231, and the output end of the
CMOS 25 HOvieer tseiPr2an terminal W8 .conmon drain node of the MOS - 19
transi stors 5334 and n34, is connected with the circuit output term nal
29. The circidtf 6PPPIEMNERLELYt HENREGELTsHPAL &ilr d§i f£oxBESr @ifn§Weo t he
second enbodi ment, havi ng the above 5 described structure is described

her e? nb@3GWaRSh WeteF éifce @1 IRFAMRlSy THartS SHIRP ihvsTEen. 1n the
el ¢ TR 7 BN d-ntas S b st it DS E oG B tode i s
I Vg e Ly e, B i copl oty g et
Lur ni g T M Monn R ENA A Shd O ST A P SR RIS BT S o

of the SApld iUl RN o2 ALY Hilod SLEMals il NG Ay L hen

input to the CMXS latch cell 222 of the second latch unit 2 en the
sanph i NG PV IR HRCTRY |2 [l d AN s YRk andfacar e

turned off to interrupt the 20 input of the conplenentary pulses to the

CMOS | atigheCeidd 2% AND tihevssamadd Mavide PR ravisisdtdd 26 s dHy ned on
to '

common drain node of the MOS transistors Qp2l and QOn2l.
In the complementary generator unit 21, when an input
signal IN is input to the circuit input terminal 26, a
15 reverse-phase signal XIN of the input signal IN is output
from the output end of the first CMOS inverter, i.e., the
common drain node of the MOS transistors Qp2l and Qn2l, and
a signal IN that is in-phase with the input signal iN is |
output from the output end of the second CMOS inverter, i.e.,
20 the common drain node of the MOS transisfors Qp22 and Qn22.
In other words, the complementary generator unit 21 is
driven by the fifst power supply voltage VCC, which is equal
to the amplitude voltage of an signal input from the outside
of the substrate, to generate the complementary signals IN

25 and XIN from the input signal IN.



" supply the power supply voltage VDD to the CMOS | atch cell 222. The first
latch unit 22, nanely, the CMOS latch cell 222, stores (latches) the data
at the time when the sanpling 25 pul se SP becones | ow. - 20 In the sane
period, the sanpling pulse SP inverted by the CMOS inverter 221 becones
hi.gh, and the NMOS transistors Qn30 and Qn31 of the first latch unit 22 are
turned on, so that the data latched in the CMOS latch cell 222 is 5
transmtted to the second latch unit 23 and is also witten to the CMOS
| atch cell 231. The witten data is_s{'l_l stored in the CMOS [atch cell 231
for a period in which the first latch unit 22 |atches the next data. The
| atched data is inverted by the CMOS inverter 232, and is then output as 10
a singl e-phase output pulse QUT that is in-phase with the input pulse IN
fromthe circdiet fovspullatehmunale 22. iAs fdesedi bédaabdog, iaveavelr shift
circuit formed on an insulating substrate, such as a glass substrate, using
transi steans i tdmdsange: athareddt é¥d%t iandsam dniversed erirtigx@dd e, TFTs with
hi gh thresholds Vth, is provided with the conpl enentary generator unit 21
driven Ihea OMOSstimpmmsrers gl yig Vegmethving MG pibanfde tadl QR equal to
the anplitude voltage of a signal input fromthe outside of the substrate
t 0 generatde agonPasmamansi g Q12 ¥ rerRne shaty i AR HIREs LS HRRR S gnal I N,
t hus achieving siml|ar advantages to .
5 VDD line and the GND line, gates thereof being commonly
connected. The CMOS inverter 221 inverts the sampling pulse
SP with 0 to6 3.3 V amplitude input via the control terminal
24, and also level-shifts it to a sampling pulse SP with 6.5
to 0 V amplitude.
10 The CMOS latch cell 222 includes a first CMOS inverter
having a PMOS transistor Qp24 and an NMOS transistor Qn24
connected in series, gates thereof being commonly connected,
and a second CMOS inverter having a PMOS transistor Qp25 and
an NMOS transistor Qn25 connected in series, gates thereof
15 being commonly connected. The input and output ends of
these CMOS inverters are cross—-connected.
More specifically, the input end of the first CMOS
inverter, i.e., the common gate node of the MOS transistors
Op24 and On24, is connected with the output end of the
20 second CMOS inverter, i.e., the common drain node of the MOS
transistors Qp25 and Qn25, and the input end of the second
CMOS inverter, i.e., the common gate node of the MOS
transistors Qp25 and Qn25 is connected with the output end

of the first CMOS inverter, i.e., the common drain node of

25 the MOS transistors Qp24 and Qn24.



“the first enbodinment. Specifically, it is no |onger necessary to input a
_reverse-phase signal XIN fromthe outside of the substrate. Thus, no
external ICis required for generating the reverse 25 phase signal XN
based on the input signal IN, and one - 21 termnal of the level shift
cirrcuit can be-elimnated. Mreover, the input signal INis not input
directly fromthe outside to the first latch unit 22, but is received by
the inverters of the conplenentary generator unit 21 so as to 5 convert the
signal into conplenentary signals, mQ|ch are then input thereto. This
results in no DDC. current flowing in the input termnal 26, and elim nates
t he danger of flow ng overcurrent into an external signal |ine, which
carries the input signal IN, when the power supply is turned 10 on or the
like. In thed IRNGS shirdsistiorOp2@ccorabmpedted hstvedodimemqwdsasi cal |y,
the level shift unit is inplemented by a sanpling-latch-type latch circuit,
whi ch deesprhpt stdasefathe CCMESrteheht oell od22oardanheyVDBnlire. t he | evel
shift 15 circuit according to the first enbodiment, thus reducing the power
consunp?h@nPM@ﬁetréVéns§ﬁrf@p%ﬁréautuae@@r@nnéoroathpg avedi reRLods
therefore suitable_for the purgo$e of | ow power consungtlon In_the

f oregoi A§ ERBOBRMBALRY BAtASOP th%pEBnﬁF% he afgnbpoyeheraiBAludftts 11 and
21 is fornmed of two cascaded inverters, exa The merit of

thi © st FAcEWPBLY sthRaPOUED, BUPRLY r ¥Rt tRge nzPDcsasEaetg%gbé\eFﬁht he i nput
o oL 147098 28 hueyer chheceopRL eIl Sy, gener Aol okl dheor 211
oI TE LA LS LEO AR e BB PR MAES o0
fron]thgubﬂfytvéiggggngDBUEBUEhé'eﬁogflgp&ﬁ EQYfrEEQ. Therefore,
the latch unit 22 of the sampling latch type is constructed
10 as a level shift unit.
An NMOS transistor Qn26 is connected between the input
end of the first CMOS inverter of the CMOS latch cell 222
and the output end of the second CMOS inverter of the
complementary generator unit 21, and an NMOS transistor Qn27
15 is connected between the input end of the second CMOS
inverter of the CMOS latch cell 222 and the output end of
the first CMOS inverter of the complementary generator unit
21. The NMOS transistors Qn26 and Qn27 are turned on for
the high-level period of the sampling pulse SP to sample the
20 complementary signals, that is, tﬁe in-phase signal and the
reverse-phase signal, and supply them to the CMOS latch cell
222,
The inverter circuit 223 is formed of a first CMOS
inverter having a PMOS transistor Qp28 and an NMOS

25 transistor Qn28 connected in series, gates thereof being



" The level shift circuits according to the above 5 described first and

_ second enbodi nents can be used as, for exanple, level shift circuits for
use in an integrateddriving-circuit display apparatus having peripheral
driving circuits integrally formed on the sane transparent insul ating
substrate on which a display unit having a matrix 10 of pixels is forned
for level-shifting a | owvol tageanplitude signal input fromthe outside of
the substrate to a high-voltage-anplitude signal. [Application Exanpl es]
Fig. 5is a block diagramshow ng an;exanple structure 15 of a display
apparatus according to the present invention, for exanple, a liquid crystal
di splay apparatus. In Fig. 5 a display unit (pixel unit) 32 having a
matrix of pixels is formed on a transparent insulating substrate, for
exanpl ecommghgsceubsttade 31d FheegbrdsCNAUbsireeete HaAcERI ahokt¥es 20

gl ass substrate with a predetern ned spacing therebetween, and a liquid
cryst al tnaeei$BPTi @PYP spoE edin EMGR chr #0¢ hs 5ehseral esonridetebyi® orning a

di spl ay panel (an LCD panel). An exanple of the pixel structure of the

di spl aySeHhi€s 3207 5eShERATEAT FPRLnG. CREBANLY ¢PRRpF%efs 58M@rranged into 25
a matrix includes a TFT &Thin Film Transistor) 51 servi as - 23

pi xel t#+BRSFEEHr CIECHLHurdS ct§sEalVERI PY5Eh R4 ?%@ra§$P&£§ ¥PLEEE9Bde
connected with a drain el ectrode o% the TFT 51 .aEd a ségrage capacitor 53
havi‘ng BRB Whaeh, b8eSvBRAEEE U Ri Fhet PO, LY AREI REPT 0BR%®f the TFT 51. The

l'i quid t al 11 52 the |i.guid t al it t ed
between the DT X1 cHEEET bl GHECS Bt e CRR BoE oo Uor 8 n i o pi xel
t t h FT 51 t i1 h [
{scanni Rt EngposacCdnt RsuFhEErEEr ] oheeConnie sy oAt Bar 2 i n

(signal oLi be) 0558, T0e<Eayat Bpo8! SEA OB ohnaNenti Bllofr ystal cell 52 s

connected wth a s is common to the pixels. common vol t age

VCOM ( VEONLpgEephbalpsi $raRRhkedrkoohbhe sRUNbARboC! g6kl 8denettile |iquid
crystal cell 52 via the VCOMIline 56, as is conmon to the pixels. The ot her

el gt rogetdSththeut gt BALsOBt RReCOUREEr agbieskeofle cMds) intetberst orage
capacitor 53 is connected with a CS line 57, as is conmmpn to the pixels. In

a case whetgel bMOB La€tBatesiazhbori zespattpeeilod) Theeostpotdendsng or 1F
(F indicates a field period) 20 inversion driving is performed, a display
signal b6 BRewWfiikse€nahd eacbnpi KMDS|I $npekaerby- ineert edebasmwdoonn t he VCOM
potential. In a case where VCOM inversion. driving in which the polarity of
t he VCOkponhenbidel ofsthrv¥PSedreneigtoksoRp2f rpdpenkdraed theconbi nation
with IH inversion driving or 25 1F inversion driving, the polarity of the
CS pot eapi@pn drain node of the MOS transistors Qp29% and Qn29, are
15 connected with drains of NMOS transistors 0On30 and Qn31,
- respectively. The NMOS transistors Qn30 and Qn3l are turned
on for a high-level period of the sampling pulse SP level-
shifted by the CMOS inverter 221 to transmit the
complementary signals latched in the CMOS latch cell 222 to
20 the subsequent second latch unit 23.
The second latch unit 23 is formed of a CMOS latch 231
and a CMOS inverter 232. The CMOS latch 231 has a first
CMOS inverter having a PMOS transistor Qp32 and an NMOS

transistor Qn32 connected in series between the VDD line and

25 thé GND line, gates thereof being commonly connected, and a



- 24 applied to the CSline 57 is also inverted in synchronization with
the VCOM potential. However, the liquid crystal display apparatus according
"to thiis enbodinent is not linmted to VCOMinversion driving. 5 Referring
again to Fig. 5, formed on the same gl ass substrate 31 on which the display
unit 32 is forned are, for exanple, an interface (IF) circuit 33, a timng
generator (TG 34, and a reference voltage driver 35 on the left of the
display unit 32; a horizontal driver 36 on the upper 10 side of the display
uni.t 32; a vertical driver 37 on the f&% ght of the display unit 32; and a CS
driver .38 and a VCOM driver 39 on the Tower side of the display unit 32.
These peripheral driving circuits and the pixel transistors of the display
unit 32 are made of | owtenperature polysilicon or 15 CG (Continuous G ain)
si | i con.seapnch&MUSquind eortyest dlawdirgplaa P Mixsh drratnsst saod ip3Bhenabeve- descri bed
structure, a |lowvoltage-anplitude (for exanple, 3.3-volt-anplitude) nmaster
cl ock MBRIOShdmaneritselo 15 yaTeh creouse qieds € rHsyats e sy dretivean dyecidBnous pul se
Vsync, 20 and R (red), G (green), and B (blue) parallel-input display data
Dat a ar & i@ emehitie iAPUtLINS + 18 tRsashenass RaieB Comem v | exi bl e cabl e
(substrate) 40, and are |evel-shifted (level-converted) by the interface
circuit C%qe&ttﬁdghvdqqead@%ﬁ”(%d%lw Bdte, thesse \%4%) signals. 25 The
| evel -shifted master clock MCK, horizontal - 25 synchronous pul se

Hsyne, aiy SFthit AT Sy oS $iisE Vsync are suppl ied to the timng
generator 34, The tim, erat or 34 ner te pul ses
necessary f of'°4Ffi \?Pﬁ&#ﬁ&g‘ﬁgﬁ’er%ﬁ el\I?B a&é1 e3 lrts% %8% zont al

driver 3 ,vetrhce vertl caI river dr| ver 39

r| v,
based on'the mast er' ¢l'oc Wmﬁd a(lgcrei Zont=al® fe r%jc%rm%gus pu seoﬁsync and
t he ver (o] e lay data Data
is s\ljpp}dp%? £0 tﬁjg{ or ﬁiso%géﬁjeecﬁl ver %%hq:fk& V'ﬂi‘ltqimr |e§nﬁt$ sc%n zer
incl udege dlg IR Gy -t | zond al §i Tdorf] W8l Bhbad HalideS 'Ing

latch circuit 362, and a DA ‘(digital-to-analog) converter circuit (DAC)
36310 Thétﬂ‘;h@{sllzsw&ﬁﬂ T tad TSI E 23R SHAlInpA: i to ORGIAILDE response

to a horizontal start pul se HST
CMOS inverter, i.e., the common gate node of the MOS
transistérs 0p33 and Qn33, is connected with the output end
of the first CMOS inverter, i.e., the common drain node of
the MOS transistors Qp32 and On32. The input ends of the
15 first and second CMOS inverters are connected with the
sources of the NMOS transistors QOn30 and On3l of the first
latch unit 22, respectively.
The CMOS inverter 232 is formed of a PMOS transistor
Op34 and an NMOS transistor Qn34 connected in series between
20 the VDD line and the GND line, gates thereof being commonly
connected. The input end of the CMOS inverter 232, i.e.,
the common gate node of the MOS transistors Qp34 and Qn34,
is connected with the output end of the first CMOS inverter

of the CMOS latch 231, and the output end of the CMOS

25 inverter 232, i.e., the common drain node of the MOS



15 supplied fromthe timng generator 34, and generates sanpling pul ses,
_Wwhich is sequentially transferred in one horizontal period in

synchr.oni zation with a horizontal clock pulse HCK al so supplied fromthe
timng generator 34. In synchronization with the sanpling pul ses generated
20 by the horizontal shift register 361, the data sanpling latch circuit
362 sequentially sanples and | atches the display data Data output fromthe
interface circuit 33 in one horizontal period. The |atched digital data
corresponding to one line is further tgansferred to a line 25 nenory (not
shown) in a horizontal blanking period. The - 26 digital data
corresponding to one line is converted by the DA converter circuit 363 into
an anal og display signal. The DA converter circuit 363 is, for, exanple, a
r ef er end@apsiisdgass Pdd iadst QnRSé DA Sc SPERCEL L Wil theoCi8 Sdditect i ng a
reference voltage corresponding to the digital data fromreference voltages
corr espOHFPNG ftE @ adurffer of grayscal es supplied fromthe reference

voltage driver 35 and . for outputtin tge el e teg. |t age._.as an anal og

di spl ay si gnafe ﬁﬁrSHéFo§p8F§8F89 Qggﬁ P %FﬁegoF éggoﬁa?ﬁﬁl?o one 10 Iine
output fromthe DA cqnverter cjrcuyit..363 1S Qutput .to | ines 55-1 to
55-|r[1) corarcé:soﬁ(Sﬂﬂignd:ot 8:@}? ﬁ&qoi@nteg\%oﬁlflglnéc iﬁa"tlhr% |hseplaa3a/ot‘ﬁerﬁt 32. The
vertical, driver 37 .s formed of, a vertical shift regi and e
buff%r. dler‘?c(rk}% ertiT e TS Ve dff,cﬁﬁ?eeﬁglevreeﬁqbceéo‘%grﬁtﬁ%regl srtaee%%z,‘t arts a
shi ft_oRer abjoon i [eSRANSE Jitfh UGl GRSt ants AYSG ST suppl i ed from the

ti mng generat or and ‘generates scarni ng pul ses to be sequentially

transferyed. i ong ventd calpnerdihdin By NGO Aald Wygidi, &y eidy cal clock
pul se V(c,jll(; a sl%tg'o s’uprﬂtél egl%romlt e timng genrﬂer ator 34. The %ener at ed
scanni ng, P sk e sequentially output via the gate buffer to gate |ines
54-1 to 54-mcorresponding to mvertical pixels of the display unit 32.

When the scaphieRgap4lised eaphasequapiitakbhy seutyptth o0 tiohe .35vgate |ines 54-1
to 54-m by vertical scanning of the verti cal - 27 driver 37, the pixels

of tbe dirgflimudeniis Ihpre wel eted oy -imgwi [tewrinal i2fe) the turn. The
anal og di splay signal Sig corresponding to one |line output fromthe DA
conver t efon remértt 368 genawdtdrenuratt tHe gamerdtier canplend watectiad pi xel s
corresponding to one line via the data lines 55-1 to 55-n. This
| i ne- by-dhase wri tiewpopereshdor imksgeafd ¥ Hus 33 ohiferanth¥mge of one
screen to be ‘di sprayed.
input pulse. The generated complementary pulses are sampled -
by turning on the NMOS transistors Qn26 and Qn27 for the
15 high-level period of the sampling pulse SP input via the
control terminal 24, and are then input to the CMOS latch
cell 222 of the second latch unit 22.
When the sampling pulse SP becomes low, the NMOS
transistors Qn26 and On27 are turned off to interrupt the
20 input of the complementary pulses to the CMOS latch cell 222.
At the same time, the PMOS transistor 26 is turned on to
supply the power supply voltage VDD to the CMOS latch cell
222. The first latch unit 22, namely, the CMOS latch cell
222, stores (latches) the data at the time when the sampling

25 pulse SP becomes low.



" The CS driver 38 generates the above-described CS 10 potential, and applies
it to the other electrode of the storage capacitor 53 via the CS |ine 57
shown.in Fig. 6, as is common to the pixels. Gven that the anplitude of
the display signals is, for exanple, 0 to 3.3V, the CS potential is
imverted alternately between O V (ground level) 15 as the m ninum | evel and
3.3 Vas the maximumlevel in a case where VCOM inversion driving is
performed. The VCOM driver 39 generates the above-descri bed VCOM potenti al .
The VCOM potential output fromthe VMdriver 39 is once output to the
outside of the glass substrate 31 20 via the flexible cable 40. The VCOM
potential output to the outside passes through a VCOM adjusting circuit 41,
and is again input to the glass substrate 31 via the flexible cable 40. The
i nput VCOM péRehhPaFams REPAPEd thet RampdingepudrecBPodaverterebli quid

crystal cell 52 via the VOOMI|ine 56 25 shown in Fl%aqG as is common to
t he pi xéhe CMOS dgvexrsaised lhdesonest ﬁ’ém“&ot’@fﬁ 03 $ramsAstonfol t age
havi ng \?aé\%stantl aII the sanme_anplitude as the CS potential. In practical

use, p angd Lagd d‘rhc?p ISl 435 M HFP 5 A& dWTISY By, %6 due to
I k 5 h tt to th I
Ef‘éif'réi;zﬂ %a%?w;tc%‘i TR dn Ghe BB T The e 24 e 54 vi a ghid?ﬁe
51, d.the Vi t.enti al t A C. t vvh DC t
the SmIRETST U Eage dVBp S “J‘Fﬁ@oﬂ BG4 e i 'Z R Ve
adj usti ng, g CLH\%{? AL ]c% T chg\f adj.ﬁ]lstl r}:thqce C”data L J lClI‘ med of a
or ht hatth

capacit potent| "SI nput e vari abl'e resi stor VR

connect e ety tth%e.%soqﬁ & & ot DRcanactl gre.§ Andanerapl pover

supply a resistor nnect bet ween

capaci t%&@&%&rﬂf&ﬂr{d 2278t MO A st | 'd}z&ac' r G d 1%%&@&1%&4 he DC

|l evel of the VCOM potential applied to the counter electrode of the Iiquid

crystal igelinedtdddy ithe aMds affattdrs saddedidd thandeOMupghantdsal . I'n
the liquid crystal display apparatus having the 20 above-descri bed

st rugt ume s it dr@hazentaltdrd verl s36 o dhee iey tircalhadid werth3theas wel | as
peripheral driving circuits, such as the interface circuit 33, the timng
gener at dnp3d, puise dierforee tha tegewdrtd vert 38, demi@aldradver 38, and the
VCOM driver 39, are integrally fornmed on the same panel (the 25 gl ass
substrat e 31psodewhicéhethebdivepl aylemefl 8Rifd fdreedt formed on an
insulating substrate, such as a glass substrate, using
transistors. with large characteristic variations, for
15 example, TFTs with high thresholds Vth, is provided with the
complementary generator unit 21 driven by a first power
supply (VCC) having an amplitude voltage equal to the
amplitude voltage of a signal input from the outside of the
substrate to generate complementary signals from a single-
20 phase input signal IN, thus achieving similar advantages to
the first embodiment.
Specifically, it is no longer necessary to input a
reverse-phase signal XIN from the outside of the substrate.

Thus, no external IC is required for generating the reverse-

25 phase signal XIN based on the input signal IN, and one



- 29 Therefore, a display panel wth all the driving circuits integrated

. can be constructed without any external substrate, IC, or transistor
circuiit, thus reducing the size and cost of the overall system 5 In the
integrated-driving-circuit liquid crystal display apparatus, |evel shift
cisrcuits formng the interface circuit 33 are inplenmented by the |evel

shift circuits according to the first and second enbodi nents. As descri bed
above, the master clock MCK, the horizontal 10 synchronous pul se Hsync, the
vertical synchronous pulse Vsync, andgqthe R (red), G (green),, and B (bl ue)
paral |l el i nput display data Data are input fromthe outside of the substrate
to the interface circuit 33. Were one color is represented by, for

exanple, 6 bits, the display data Data 15 is 18-bit_data £ 6 bits x 3).

Fig. 7 §H@ménalspéc¢hﬁc1€Y§ipﬁbiét chscuhteranl bet pLEPLPRTEE - t he interface
circuit 33. The interface circuit 33 in this exanple includes 21 | nput

| evel sKiokeoyes) &hecdnpytqpignpd AY- 2% eeFrégsﬁﬁdﬂhﬁeFBWhér@%t EPﬁa| ly 20
i nput master clock MCK, horizontal synchronous pul se ¥ verﬁlcal
synchr oR8S 166l € vél;?nélraﬁdl%%u pndits pay Pt 4Spaeget ﬁé P¥pGel evel
shift circuits 42-1 to 42-21 are nggenented b¥ t he I? shle circuits
accordlﬁQVFEtFﬁé Py e FETRLEBRT LEREoIEREREECT SPREE FheSPed8I *8hift 25

t di first and d.emhodi ment 13 t
Cint e BRASESmBIE SRgRAT 78 ﬁ%ﬁgl%ﬁ%‘)%ar?gﬁipngzﬂ DU RBLEES a1 of the

| nput t%\ategr;h#y BEEALES fandel 2edgadh shhus o7 eat Lu cedickagulfg number

of inpu the dlsp mast er ock

much- h'QQ?& #ﬁ&g% ?h&ﬂ%h E%anaﬁﬁyquggﬁa%bgn%heoﬁahegr of

| ow vol tage- anpl nthi s éxanpl € signal's input from

the OUt%}%%}%%hBQ%r%HH§%E%tﬁptbtahse&E%Eﬁ%qbggghQQtlEﬁ% | GRYEnl evel shift

circuit ich level-shitts the master cloCk MCK be 10 inpl enented by

the |evel $hidt +¢id qututa%qg,hqllnqm 0 wihiag fth@sboa@t@odnugspny ikhatirhed a

sour ce-input-type | evel shi circuit having a high operation speed. It is
pref @r abhe drhathecaghkeaf the input level shift circuits 42-2 to 42-21 which
| evel -shift the remaining signals be inplenented by 15 the | evel shift
circuit accondithg tleviehe stddand ierdhddi rerdgrditeg tics, tlai saepbodigmeéatch-t ype
| evel shift circuit with | ow power consunption. Accordingly,

sanpl i ngpalsatoai-lyy,peHeeelvedhisthii fti meuditt 3 swiitp llemempede bycénsunpti on are
used for the signals other 20 than the master clock MK, i.e., the

hor i zontsampdyimehrleries fywes & afsyin €1 nowe: ty e MhiLeHy d@?ﬁcﬁt"@n@@@sﬁulase vsync,
and the 18-bit display data Data. Therefore, the_power consqutlon of the
over al | D.iCquicrrarapst glo diloy prgfgartdtus uidii Kse theqdeygl shi

15 circuit according to the first embodiment, thus reducing the
power consumption. The level shift cirduit according to
this embodimeﬁt is therefore suitable for the purpose of low
power consumption.

In the foregoing embodiments, each of the complementary

20 generator units 11 and 21 is formed of two cascaded

~ inverters, by way of example. The merit of this structure
is that a D.C. current is not caused to flow in the input
terminal 117 or 26. However, the complementary generator
unit 11 or 21 is not necessarily formed of two inverters as

25 long as it can generate complementary signals from a single-



25 In the application exanple, a liquid crystal display - 31 apparatus
. using liquid crystal cells as display elenments is used, by way of exanple.
However, the present invention is not limted to this application exanple,
and may be applicable to any display apparatus having a | evel shift 5
circuit formed on the sanme substrate on which a display unit is forned,
such as an EL (el ectrol um nescence) display apparatus using EL el enents as
di splay el enments. A display apparatus, such as the liquid crystal display
apparatus in the above-described appghfalion exanple, is 10 suitably used
as a screen display unit of small an i ght portable term nals, such as
cel lul ar phones and PDAs (Personal Digital Assistants). Fig. 8 is an
external view schematically showing the structure of a_portable term na
accor di mase tineyr esamalls anty amy &ie fogmesk efpite SIAIPPAIPYREESBA in this
exanpl e has, for exanple, a folded structure in which a cover 62 is
openabl & narhigho swFird epentars fdamals £amaibe K5k 16ed AFoFpdt&tion unit 63
havi ng vari ous keys, such as a keyboard, is disposed on the top 20 surface
of the rdivthddydes andriputgversistE afctides lélvseéjrot@én di splay unit 64. The
screen display unit 64 is inplenmented by tge Iiguighcrxgtal_display
appar at us havitfig LENELl EVef tsRAFCUL LS BPES T ECBEr dPnG Eo®PRESTi rst and second

enbodi nepts fQrned .on the same supstrate on which the displ it is 25

f or ned. dqesqrjgfrge,@rcfets&qoﬁesf EMRGHOEY e qainqtt?led u@regtag%x iSpl ay

appar atus_ _usi,ng the l.evel. shift ci.rcui ccor.dj t.Q, .t f.Qr £goi ng

enbodi mEHtE"R pcgﬁveal sﬁ%}fgqsce- Hase tSSI génozli %lsne pujtq'l Tr‘lj‘?) 0 n:%q’[tﬁgﬁ gl}t%;dlede of the
substratg,. X1 |, C{srGuit i aqui r f vldNg & iBvVeYS se- phase
si gnal . %Dlr%%\/(iﬁl%{ﬂgitnur%b%igoyf alsp pulrta ter rﬁa@éf tEe diaspl ayl p\zfl%rel can be

greatly Lgayps q:@e AU oS AamPRaAldturiehtused as the screen
di spl ay cirjlnl t gééjls lt us(J n%thiiﬁgﬂ%t pososi bl e toa achi eveéi)t%he PDA with a sinple

overal | Siduiciul &y athd @sscd GV th M GBI RUTRS, iy & Mefiidl on in
size and cost. Although an application to a PDA has been described, by way

of eyanle, pihel Prasermirmdy it revSl i d4iHd ed Tow-thulstaamH i cation
exanple. The liquid crystal display apparatus according to the present
i nvent i gt dde sstidredl eidmit afword Stlssredd tsaindk |6 fhthepontiedti ma tteervd nal |
such as a cellular phone, in particular.
a high-voltage-amplitude signal.
[Application Examples]
Fig. 5 is a block diagram showing an example structure
15 of a display apparatus according to the present invention,
for example, a ligquid crystal display apparatus. In Fig. 3,
a display unit (pixel unit) 32 having a matrix of pixels is
formed on a transparent insulating substrate, for example, a
glass substrate 31. The glass substrate 31 faces another
20 glass substrate with a predetermined spacing therebetween,
and a iiquid crystal material is disposed between both
substrates, thereby forming a display panel (an LCD panel).
An example of the pixel structure of the display unit

32 is shown in Fig. 6. Each of the pixels 50 arranged into

25 a matrix includes a TFT (Thin Film Transistor) 51 serving as



" Industrial Applicability According to the present invention, therefore, a

_level 20 shift circuit formed on an insulating substrate using transistors
with lLarge characteristic variations is provided with a conpl enentary

generator unit driven by a .first power supply having an anplitude voltage

equal to the anplitude voltage of a signal input fromthe outside of the

substrate 25 to generate conplenentary signals froma singl e-phase i nput

- 33 signal. It is therefore no |onger necessary to externally input a

reverse-phase signal. Thus, no external 1Cis required for generating a

reverse-phase signal of the single-phase signal, and one term nal of the

| evel shift 5 circuit can be elimnated. Mdreover, the input signal is not

input directly fromthe outside, but is received by the conpl enentary

gener at & pimietl $oraas itsd cgonderlt i@ sirgisdiali wed o Sphevdmoasy PSxgaal s,

which are then input. This results in no D.C. current flowing in a 5|gnal

i nput 1Glestrosd coamecdigdnividtes dreigard@ctaodd ofi f§ovEicerdrent into an

external signal line, which carries the input signal, when the power supply

i s turnéd®dor GtoUAgY igepacitor 53 ha@LlAqugnf eAelCé:\Fé’IdesfﬁoF‘tne&tle@wt f or med

on an |nsulat|ng substrate, conprising: conpl enment, aré penerat runit

driven By il drddRers &IOS & ﬁ&‘earTFé['nﬁ%tuaj@ev& &G¥E3o an
Goncd at (g 5 Forecte %3“""'@?2"”%%% AR S80I o) gnal - and
10,2 ARl b Vel B 2 BN UL U e
Conplenentar¥nskggglplxel structure, the TFT 51 has a gate

electrode connected with a gate line (scanning line) 54, and

a source electrode connected with a data line (signal line)

10 55. The counter electrode of the liquid crystal cell 52 is
connected with a VCOM line 56, as is common to the pixels.

A common voltage VCOM (VCOM potential) is applied to the
counter electrode of the liquid crystal cell 52 via the VCOM
line 56, as i1s common to the'pixels. The other electrode

15 {the terminal on the counter electrode side) of the storage
capacitor 53 is connected with a CS line 57, as is common to
the pixels.

In a case where IH (H indicates a horizontal period)
inversion driving or 1F (F indicates a field period)

20 inversion driving is performed, a display signal to be
written to each pixel is polarity-inverted based on the VCOM
potential. 1In a case where VCOM inversion driving in which
the polarity of the VCOM potential is inverted every 1H or
1F is performed in combination with IH inversion driving or

25 1F inversion driving, the polarity of the CS potential



2. Alevel shift circuit according to claim1l, wherein the level shift unit

_includes a current mrror circuit, and has 15 a source-input circuit
structure in which the conplenentary signal is input to sources of

i nput-stage transistors of the current mrror circuit. 3. A level shift

civtcuit according to claim1l, wherein the level shift unit has a

sanpling-latch circuit structure in 20 which the conplenentary signal is

sanpl ed in synchronization with a sanpling pulse and is |atched. 4. A

di spl ay apparatus conprising: a displ,gy unit having a matrix of pixels
formed on a transparent insulating substrate; and 25 a level shift circuit
formed on the transparent - 35 insulating substrate together with the

display unit for shifting the level of an input signal fromthe outside of
t he subsppatedstoatheoCariliset hé desplay unvertedetrwin the |level shift
cireuit includes: 5 a conplenentary generator unit driven by a first power
suppl y ﬁﬁvphgoahzéﬁépntUééhv@h?aﬁgoﬁqnateﬂﬁiah-anﬁPW@M@é,v§K?age of a
signal input fromthe outside of the substrate for generating a

conpl enéafHig sryasrlf ddAPAayi AgPerphusearaptfiBpghal thafd 10 a | evel shift
unit driven by a second power supply_having a higher voltage than the first
power sBPPPFLiRERtshEf PPkglifétravEP BEOMhANUBRPLRRAFAV Y Eignal . 5. A
disgtay appara%us accordipg to clain%4, wherein the | evel shift unit

i ncludes a cRFFeRtIRFr?dtiei FRuF19: and FREM% A0 BT cR2TRpI 2T rcui t

StrUCtuggb%@rg@Ecgltg% %ggEkEQEgtgﬁ¥play unit 32 is formed are, for

example, an interface (IF) circuit 33, a timing generator
(TG) 34, and a reference voltage driver 35 on the left of
the display unit 32; a horizontal driver 36 on the upper

10 side of the display unit 32; a vertical driver 37 on the
right of the display unit 32; and a CS driver 38 and a VCOM
driver 39 on the lower side of the display unit 32. These
peripheral driving circuits and the pixel transistors of the
display unit 32 are made of low-temperature polysilicon or

15 CG (Continuous Grain) silicon.

In the liquid crystal display apparatus having the
above-described strugture, a low-voltage—amplitude (for
example, 3.3-volt—amplitude) master clock MCK, horizontal
synchronous pulse Hsync, vertical synchronous pulse Vsync,

20 and R (red), G (green), and B (blue) parallel-input display
data Data are externally input to the glass substrate 31 via
a flexible cable (substrate) 40, and are level-shifted
(level~-converted) by the interface circuit 33 to high-
voltage-amplitude (for example, 6.5-volt) signals.

25 The level-shifted master clock MCK, horizontal



" signal is input to sources of input-stage transistors of the current mrror
circuit. 6. A display apparatus according to claim4, wherein the |evel
shift .unit has a sanpling-latch circuit structure in 20 which the

conpl enmentary signal is sanpled in synchronization with a sanpling pul se
and is latched. 7. A display apparatus according to claim4, wherein the
| evel shift unit uses a conbination of a source-input-type |evel shift
circuit and sanpling-latch-type level shift 25 circuits for input signals
including a master clock, a w- 36 ori zontal synchronous pul se, a
vertical synchronous pul se, and display data, and the master clock is

| evel -shifted by the source-input type level shift circuit, and the

hori zontal synchronous 5 pul se, the vertical synchronous pul se, and the
di spl ay sdaichzomeysewsllsshifayed by nch & e3dmsaln gynahatenopse HUdwd®  shi ft
circuits. 8. A display apparatus according to claim4, wherein the |evel
shift citoia dze fommd ash thehe Fdpaesenarsioat idfy 1P ub<sfi@% usi ng
| ow-t enperature polysilicon or continuous grain silicon. 9. A portable

t er mi nal9SHRIAUAN G B HREHERL S PFEFAUSs TSR % AESE UiNGASRF ARy t£°% he

di spl ay apparatus conpri si ng:
P ydéﬁ%ing the rg%erené% voltage driver 35, the horizontal

5 driver 36, the vertical driver 37, the CS driver 38, and the
VCOM driver 39 based on the master clock MCK, the horizontal
synchronous pulse Hsync, and the vertical synchronous pulse
Vsync. The level-shifted display data Data is supplied to
the horizontal driver 36.

10 The horizontal driver 36 includes, for example, a
horizontal shift register 361, a data sampling latch circuit
362, and a DA (digital-to—analog) converter circuit (DAC)
363. The horizontal shift register 361 starts a shift
operation in response to a horizontal start pulse HST

15 supplied rrom the timing generator 34, and generates
sampling pulses, which is sequentially transferred in one
horizontal period in synchronization with a horizontal clock
pulse HCK also supplied from the timing generator 34.

In synchronization with the sampling pulses generated

20 by the horizontal shift register 361, the data sampling
latch circuit 362 sequentially samples and latches the
display data Data output from the interface circuit 33 in
one horizontal period. The latched digital data
corresponding to one line is further transferred to a line

25 memory (not shown) in a horizontal blanking period. The



~a display unit having a matrix of pixels forned on a 15 transparent

i nsul ati ng substrate; and a |level shift circuit formed on the transparent
“insulating substrate together with the display unit for shifting the |evel
of an input signal fromthe outside of the substrate so as to drive the
dissplay unit, 20 wherein the level shift circuit includes: a conplenentary
generator unit driven by a first power supply having an anplitude voltage
equal to an anplitude voltage of a signal input fromthe outside of the
substrate for generating a conplenegt$éy_signal from a single-phase 25

i nput signal; and .y . - 37 alevel“shift unit driven by a second power
supply having a higher voltage than the first power supply for shift the

| evel of the conplenentary signal

CAQ@ . A AINLEAL Alath A A(SIndkBiA APt A cheAQWL.NAL Y.sASIONARY TAS DASEAS. A@ AS. AQ@
AY. Al . AY. AF Y. ALyl .A"E. A" (E.ALY. A'y. AY. AL A2. A2. AH&. AOR] nTT, a& F5| wr mhc”Y] ca]

ca] ca] cdicajanicod]ea]catesll T drns] cal caladax alicaled] edlarallca] ca] ca) cal ca
]calcaljc<a]cTalca]calcalbg T
The DA converter circuit 363 is, for example, a

reference-voltage-selection-type DA converter circuit for
5 selecting a reference voltage correspondihg to the digital
data from reference voltages corresponding to the number of
grayscales supplied from the reference voltage driver 35 and
for outputting the selected voltage as an analog display
signal. An analog display signal Sig corresponding to one
10 line output from the DA converter circuit 363 is output to
data lines 55-1 to 55-n corresponding to n horizontal pixels
of the display unit 32.
The vertical driver 37 is formed of a vertical shift
register and a gate buffer. In the vertical driver 37, the
15 vertical shift register starts a shift operation in response
to a vertical start pulse VST supplied from the timing
generator 34, and generates scanning pulses to be
sequentially transferred in one vertical period in
synchronization with a vertical clock pulse VCK also
20 supplied from the timing generator 34. The generated
scanning pulses are sequentially output via the gate buffer
to gate lines 54-1 to 54-m corresponding to m vertical
pixels of the display unit 32.
When the scanning pulses are sequentially output to the

25 gate lines 54-1 to 54-m by vertical scanning of the vertical
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is common to the pixels. Given that the amplitude of the
display signals is, for example, 0 to 3.3 V, the CS
potential is inverted alternately between 0 V (ground level)
15 as the minimum level and 3.3 V as the maximum level in a
case where VCOM inversion driving is performed.
The VCOM driver 39 generates the above-described VCOM
potential. The VCOM potential output from the VCOM driver
39 is once output to the outside of the glass substrate 31
20 wvia the flexible cable 40. The VCOM potential output to the
outside passes through a VCOM adjusting circuit 41, and is
again input to the glass substrate 31 via the flexible cable
40. The input VCOM potential is applied to the counter
electrode of the liquid crystal cell 52 via the VCOM line 56

25 shown in Fig. 6, as is common to the pixels.
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" h& ()-J/W\=@0% h& ()-L10% h& ()-M 10t 10 t 10 t 3(#10%
t& ()-1s 3(#10%h& ()-! 3(#10% ; & ()-~z[9{\=! %0 h& ()-s #10%
&+()-y!s #10%h& ()-y!'#10% h h& ()-!#10%+& ()-y1l0%
h& ()-~7Yxj\ N, MLO%V&' ()-M 10 h h 10 h h 10 h h!19- %40% h h& ()-!09-
%UWO%R () - 9- %iO%X&'() )!"%0% & ()-.aodE\N, MLO%VBY10%V&' () - &y
109V () - MLO%VE: () - _ _
lO%W&f()-&nﬁO%W&f()-SlO%W&f()-O&:rdEi%g,NMO%WHO%W&T()-glO%W&f()-lO%W&f()-lO
B ()-& MLO%E' ()-LMLO%E' ()-r GWE\ N, MLO%WH10%VE' ()-& (: 10%VE () - @
108 ()-& $: 10%w& () -1"@O0%E ()-& @O0%K ()-NdE\N , MLO%W7! 10%VE' ()-y5
10%v&' () - 3102&RubpdlL héQedk, (the@COM potential is an A.C. voltage
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51 shown in Fig. 6 due to parasitic capacitance or the like
5 when the signal is written to the pixel electrode of the
liguid crystal cell 52 from the gate 1line 54 via the TFT 51,
and the VCOM potential must be an A.C. voltage which is DC
shifted by the amount of voltage drop. The VCOM potential
is DC shifted by the VCOM adjusting circuit 41.
10 The VCOM adjusting circuit 41 is formed of a capacitor
C to which the VCOM potential is input, a variable resistor
VR connected between the output end of the capacitor C and
an external power supply VCC, and a resistor R connected
between the output end of the capacitor C and a ground. The
15 VCOM adjusting circuit 41 adjusts the DC level of the VCOM
potential applied to the counter electrode of the liquid
crystal cell 52, that is, a DC offset is added to the VCOM
potential.
In the liquid crystal display apparatus having the
20 above-described structure, the horizontal driver 36 and the
vertical driver 37, as well as peripheral driving circuits,
such as the interface circuit 33, the timing generator 34,
the reference voltage driver 35, the CS driver 38, and the

VCOM driver 39, are integrally formed on the same panel (the

25 glass substrate 31) on which the display unit 32 is formed.
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10995;;;;;<Z| fthe integrated-driving-circuit liquid crystal
display apparatus, level shift circuits forming the
interface circuit 33 are implemented by the level shift
circuits according to the first and second embodiments. As
described above, the master clock MCK, the horizontal
10 synchronous pulse Hsync, the vertical synchronous pulse
Vsync, and the R (red), G (green), and B (blue) parallel—'
input display data Data are input from the outside of the
substrate to the interface circuit 33. Where one color is
represented by, for example, 6 bits, the display data Data
15 1is 18-bit data (= 6 bits x 3).
Fig. 7 shows a specific example of the internal
structure of the interface circuit 33. The interface
circuit 33 in this example includes 21 input level shift
(LS) circuits 42-1 to 42-21 correspoﬁding to the externally
20 input master clock MCK, horizontal synchronous pulse Hsync,
vertical synchronous pulse Vsync, and 18-bit display data
Data. The input level shift circuits 42-1 to 42-21 are
implemented by the level shift circuits according to the

first and second embodiments. Since the level shift

25 circuits according to the first and second embodiments
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"109%&' ()COPREQAOPY gie- all of the input level shift circuits 42-1
to 42-21, thus greatly reducing the number of input
terminals of the display panel.
5 The master clock MCK is a much-higher-frequency signal
than any other signal of the low-voltage-amplitude (in this
example, 0 V to 3.3 V) signals input from the outside of the
substrate. It is preferable that the input level shift
circuit 42-1 which level-shifts the master clock MCK be
10 implemented by the level shift circuit according to the
first embodiment, that is, a source-input-type level shift
circuit having a high operation speed. It is preferable
that each of the input level shift circuits 42-2 to 42-21
which level-shift the remaining signals be implemented by
15 the level shift circuit according to the second embodiment,
that is, a sampling-latch-type level shift circuit with low
power consumption.
Accordingly, sampling-latch-type level shift circuits
with low power consumption are used for the signals other
20 than the master clock MCK, i.e., the horizontal synchronous
pulse Hsync, the vertical synchronous pulse Vsync, and the
18-bit display data Data. Therefore, the power consumption
of the overall liquid crystal display apparatus can be
reduced.

3

25 In the application example, a liquid crystal display
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used, by way of example., However, the present invention is
not limited to this application example, and may be
applicable to any display apparatus having a level shift
5 circuit formed on the same substrate on which a display unit
is formed, such as an EL (electroluminescence) display
apparatus using EL elements as display elements.
A display apparatus, such as the liquid crystal display
apparatus in the above-described application example, is
10 suitably used as a screen display unit of small and light
portable terminals, such as cellular phones and PDAs
(Personal Digital Assistants).
Fig. 8 is an external view schematically showing the
structure of a portable terminal according to the present
15 invention, for example, a PDA.
The PDA in this example has, for example, a folded
structure in which a cover 62 is openable and closable with
~respect to a main body 61. An operation unit 63 having
various keys, such as a keyboard, is disposed on the top
20 surface of the main body 61. The cover 62 includes a screen
display unit 64. The screen display unit 64 is implemented
by the liquid crystal display apparatus having the level
shift circuits according to the first and second embodiments

formed on the same substrate on which the display unit is

25 formed.
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foreg01ng embodiments support a single-phase signal input
from the outside of the substrate, no external circuit is
5 required for generating a reverse-phase signal. Moreover,
the number of input terminals of the display panel can be
greatly reduced. The liquid crystal display apparatus is
used as the screen display unit 64, thus making it possible
to achieve the PDA with a simple overall structure and less
10 wiring, which contributes to a reduction in size and cost.
Although an application to a PDA has been described, by
way of example, the present invention is not limited to this
application example. The liquid crystal display apparatus
according to the present invention may be suitable for any

15 small and light portable terminal, such as a cellular phone,

in particular.

Industrial Applicability
According to the present invention, therefore, a level
20 shift circuit formed on an insulating substrate using
transistors with large characteristic variations is provided
with a complementary generator unit driven by a first power
supply having an amplitude voltage equal to the amplitude
voltage of a signal input from the outside of the substrate

25 to generate complementary signals from a single-phase input
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required for generating a reverse-phase signal of the
single-phase signal, and one terminal of the level shift

5 circuit can be eliminated. Moreover, the input signal is
not input directly from the outside, but is received by the
complementary generator unit so as to convert the signal
into complementary signals, which are then input. This
results in no D.C. current flowing in a signal input

10 terminal, and eliminates the danger of flowing overcurrent
into an external signal line, which carries the input signal,

when the power supply is turned on or the like.
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1. A level shift circuit formed on an insulating substrate,
comprising:
5 a complementary generator unit driven by a first power

supply having an amplitude voltage equal to an amplitude
voltage of a signal input from the outside of the substrate
for generating a complementary signal from the single-phase
input signal; and
10 a level shift unit driven by a second power supply
having a higher voltage than the first power supply for
shifting the level of the complementary signal.
2. A level shift circuit according to glaim 1, wherein the
level shift unit includes a current mirror circuit, and has
15 a source-input circuit structure in which the complementary
signal is input to sources of input-stage transistors of the
current mirror circuit.
3. A level shift circuit according to claim 1, wherein the
level shift unit has a sampling-latch circuit structure in
20 which the complementary signal is sampled in synchronization
with a sampling pulse and is latched.
4. A display apparatus comprising:
a display unit having a matrix of pixels formed on a
transparent insulating substrate; and

25 a level shift circuit formed on the transparent
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insulating substrate together with the display unit for

shifting the level of an input signal from the outside of

the substrate so as to drive the display unit,

wherein the level shift circuit includes:

5 a complementary generator unit driven by a first power
supply having an amplitude voltage equal to an amplitude
voltage of a signal input from the outside of the substrate
for generating a complementary signal from a single-phase
input signal; and

10 a level shift unit driven by a second power supply
having a higher voltage than the first power supply for
shifting the level of the complementary signal.

5. A display apparatus according to claim 4, wherein the
level shift unit includes a current mirror circuit, and has

15 a source-input circuit structure in which the complementary
signal is input to sources of input-stage transistors of the
current mirror circuit.

6. A display apparatus according to claim 4, wherein the
level shift unit has a sampling-latch circuit strﬁcture in

20 which the complementary signal is sampled in synchronization
with a sampling pulse and is latched.

7. A display apparatus according to claim 4, wherein the
level shift unit uses a combination of a source-input-type

level shift circuit and sampling-latch-type level shift

25 circuits for input signals including a master clock, a
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5 pulse, the vertical synchronous pulse, and the display data
are level-shifted by the sampling-latch-type level shift
circuits. |
8. A display apparatus according to claim 4, wherein the
level shift circuit is formed on the transparent insulating
10 substrate using low-temperature polysilicon or continuous
grain silicon.
9. A portable terminal including a display apparatus as a
screen display unit, the display apparatus comprising:
a display unit having a matrix of pixels formed on a
15 transparent insulating substrate; and

a level shift circuit formed on the transparent
insulating substrate together with the display unit for
shifting the level of an input signal from the outside of
the substrate so as to drive the display unit,

20 wherein the level shift circuit includes:

a complementary generator unit driven by a first power
supply having an amplitude voltage equal to an amplitude
voltage of a signal input from the outside of the substrate
for generating a complementary signal from a single-phase

25 input signal; and
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a level shift unit driven by a second power supply
having a higher voltage than the first power supply for

shift the level of the complementary signal.



