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1 &DA Converter'mnth a Gamma Conpensat’ion and a LI%%i Crys D spl ay
Device Field of the Inventin 5 The present invention 0 an
apparatus for driving a liquid cryst.al display device (LCI» s and-- .
particularly to a DA converter (DAC witf a gama conpensati on. Background
of the Invention Since, in a dlsplay deV|ce such as a CRT or LCD, the input
vol tage and em ssi on out pudbiLL 0F 3 ATImA 4.0 :=44°'onsh|p a gama
(y) conpensation is performeds@k ) s ANERG vie0d data. A digita

met hod is known in which digital data is cdnpenSateo by a ganmm
conpensation using a | ook-up table or the like (for instance, PUPA
5-80713), le1d 1o (Hich nvefdigh conpensat ed by a gamma conpensation is input to

a DAC. This.ogt ha t d t hat racy
deor caset by Eararens Hy¢oR § Aiked b gn ibpldaR fhr UsiviGY ATHEAF S Rl
gray scal es device GLCE), mnimtpmdaﬂ]ed) a /At donvertes f(DACHUWILS algamma Qgnpenkatinn.
there is a nethod in which digital data is decoded and switches for

out putting reference voI t.ages, conpensated by a gamma conpensation ares
turned on/ ofR&ss : $BYHB B esyul t. This nethod is effective if the

nurmber of glsmbeﬁiﬂé ﬂi‘s 1 @v&hlsuclbaﬁaOHTMWECDuﬂi&hpﬁtfvcﬂﬂthaﬁﬁéﬁ)ﬁmon ou

I ncr eases,
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or analog data.

A digital method is known in which digital data is compensated by a gamma
compensation using a look-up table or the like (for instance, PUPA 5-807 13), and the

15  data compensated by a gamma compensation is input to a DAC. This method has good
stability, but has a disadvantage that accuracy decreases by about 2 bits. That is, even
if a DAC of 8 bits is used, the gray scales which can be expressed are those of about
6 bits.

20 Also, there is a method in which digital data is decoded and switches for outputting
reference voltages compensated by a gamma compensation are turned on/off by the
decoding result. This method is effective if the number of gray scales is small, but, if
the number of gray scales increases, the number of reference voltages increase or
several bits of the input are discarded, thereby reducing the effective accuracy as in the

25  above described method.

An analogue method is known in which non-linear elemenis are used to implement a
gamma compensation of analog data after a D/A conversion by a DAC. Gray scales
are maintained if the gamma compensation is successfully performed, but it is difficult

30 to accurately perform the gamma compensation because analog elements are used. In
addition, there is a disadvantage that it is difficult to acquire the stability against
temperature.

Summary of the Invention
.-'.i-‘.‘l'l.'t; st ¥

35  According to-the invention there is provided a D/A converter for converting digital data

read from a frame buffer for each pixel of a display screen to analog data compensated

by a gamma compensation, wherein a curve of the gamma compensation is divided to a
plurality of ranges sufficient to approximate the curve, comprising: -
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- The invention also provides a D/A converter for converting digital data read from a
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by a ganma conpensation, wherein a curve of the gamm

nal:éns_@e{n\ficgﬁ@mté?)g?cgpl urality of ranges sufficient to approxi mate

conpri Si ng: >decoder having a plurality of output Iines

ng to a nunber of digits of said digital data, and generating an

eaipicinshst confiedtel 5 Giid abnstiak dudentssdutbeot pRdvidivg ah duthuR Woltage
al?co?ftant current source; output means connected to said &
r PR HORARE B by ovi di ng an out put vol t age

a plurality of driver transistors, each connected to one of said plurality of output lines
of said decoder and to said constant current source for conducting a current from said
constant current source when said connected output line is active;

a plurality of limit transistor, each connected to one of said plurality of driver
transistors; and

wherein said plurality of. output lines of said decoder are grouped correspondingly to
each of said plurality of ranges, and a common reference ;voltage in each group is
applied to control terminals of said limit transistors associated with said output lines in
each of said groups. '

frame buffer for each pixel of a display screen to analog data compensated by a gamma
compensation, wherein a curve of the gamma compensation is divided to a plurality of
ranges sufficient to approximate the curve, comprising:

a decoder having a plurality of output lines corresponding to a number of digits of said
digital data, and generating an output corresponding to said digital data on said plurality
of output lines;

a constant current source;

output means connected to said constant current source for providing an output voltage
by a flowing current;

a plurality of driver transistors, each connected to one of said pl\irality of output lines
of said decoder and to said constant current source for conducting a current from said
constant current source when said connected output line is active;

on é‘ﬂﬁﬁﬁﬁ provided a D/A converter for converting digital ig:ata
urter for each pixel of a display screen to anal og data
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by & flow ng current; 10 a plurality of driver transistors, each
connected to one of said plurality of output lines of said decoder and to
said constant current source for cenducting.,a current from sard conhstant
current source when said connected output lihe is active; a plurality of
limt transistor, each c¢qopnected.to one of said plurality of- driyver
transi stors; é‘nHIWePﬁ lupit fragsistor, j gagh O?ODBE"E%BOI?%yéa‘ eﬂl‘éFaHQ’CGGe‘Fm&Fe
gr ouped corresﬂm@ﬂumgl dt o each of said plurality of ranges, and a commbn
reference voltage in each group is applied to control termnals of said

l+mt transistors associated with said output lines in 20 each of said
groups. The mv,lmmcsalchphwalﬁy@flmtdmnﬂsoﬂv@cp@r drergroupedecariesponilingly ab

data read § f&ﬂ:%féé]& éfmu #Rireftle @cl&bé%ﬁ&eﬁpﬁfﬁ’l: ubnf iglifd
dat a corrpensat ama corrpe satlon erein curve

conpensat i on {b¥ %ﬂl i rEcent dimit Sragpigiors ypssopiaed withnssids output lineg rip ‘Eﬂ&‘h group is
appr oxi mat e t R@ppliedo saiicsaphiigdupy: a decoder having a plurality of output

l i nes correspon ing to a nunber of digits of said digital data, and -
generating an output corresponding to said digital data on said plurality
of out put | i ndde iftentionaisstpravidesia liqukd ysialalisplayudgvide cvegprisingonnect ed to
sai d constgnt current source for providing an output voltage by a flow ng
current;

a D/A converter for converting digital data read from a frame buffer for each pixel of a
display screen to analog data compensated by a gamma compensation, wherein a curve
of the gamma compensation is divided to a plurality of ranges sufficient to approximate
the curve, said D/A converter including:
15

a decoder having a plurality of output lines corresponding to a mumber of digits of said
digital data, and generating an output corresponding to said digital data on said plurality
of output lines;

20  a constant current source;

output means connected to said constant current source for providing an output Véltage
by a flowing current; '

25 a plurality of driver transistors, each connected to one of said plurality of output lines
of said decoder and to said constant current source for conducting a current from said
constant current source when said connected output line is active;

a plurality of limit trapsistor, each connected to one of said plurality of driver
30 transistors; and

wherein said plurality of output lines of said decoder are grouped correspondingly to

each of said plurality of ranges, and a common reference voltage in each group is

applied to control terminals of said limit transistors associated with said output lines in
35  each of said groups; and e
a liquid crystal panel including a circuit which drives each data line using the output
voltage of said output means. I



35sa plurality of driver transistors, each connected to one of said
plurality of output |lines of said decoder and to said constant current
source for conducting a current from said constant current source when said
connected output line is active; 3 a pldrality of linmit transistor, each
connected to one of said plurality of driver transistors; and wherein said
plurality ofThainventidn alss prfvideaiadiqhid cxystal d:splagdeupedompmmg.pondl ngly to 5
each of said plurality of ranges, and a reference voltage for defining a
current limted by said current limt transistors associated with said

out put |inesd P HOlgP o FomEeriss for icenvertng digitab date tgad from wrfgame buffer or
al so pravi degach pixelUofta cpbmdnabf & disp1fy sétesr € afiA0P das étﬁnpeh@atéd By/a gasmna
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corrpensatiomang&senuéﬁmemtouppmxnﬁatemmgnmmacbaajéw&cmem idcladibgd to a
plurality of ranges sufficient to approxi mate the.curve, said D/ A converter
i ncl udi ng:

15 _

a decoder having a plurality of output lines corresponding to a number of digits of tsaid
digital data, and generating an output corresponding to said digital data on said plurality
10  of output lines;

a constant current source;

output means connected to said constant current source for providing an output voltage
15 by a flowing current;

a plurality of driver transistors, each connected to one of said plurality of output lines .

of said decoder and to said constant current source for conducting a current from said

constant current source when said connected output line is active; !
20 '

a plurality of limit trans:stor, each connected to one of said plurality of driver -

transistors; and

wherein said plurality of output lines of said decoder are grouped correspondingly to

25 each of said plurality of ranges, and a common reference voltage in each group is
applied to control terminals of said limit transistors associated with said output lines in
each of said groups; and

a liquid crystal panel including a circuit which drives data lines associates with the each
30 portion of display screen by using each output voltage of said plurality -of D/A
converters.

The invention also provides a liquid crystal display device comprising:

35 a plurality of D/A converter for converting digital data read from a frame buffer for
each pixel of a portion a display screen to analog data compensated by a gamma
compensation, wherein a curve of the gamma compensation is divided to a plurality of
ranges sufficient to approximate the curve, each said D/A converter including:



a glecoder having a plurality of output |lines corresponding to a nunber of
digits of said digital data, and generating an output corresponding to said
digital data on said plurality of. output |ines; 20 . a constant eurrent
source; output nmeans connected to said cofstant current source for

provi di ng an output voltage by a flow ng -current; 25 a plurality of
driver transidacoder, hma@hn tafchutpt dimes mrr@saondm l;q annthpen df digits wf Saldnes

of said decqfgy i Gitputdtiesiin QiAW 51 8 plarali
current from% const nt %‘g‘r%r]entaﬁs)%urce en salcﬁ(él %lnected out pg ! e

IS active; é’ﬁWﬂFﬁlF@? of limt transistor, .each connected to one of said
plurality of driver 30 transistors; and wherein said plurality of output

| i nes of sald decoder are grouped correspondingly to each of said plurality
of rangeé &F B *@F&Fence voltage in each group is applied to
control tern1na|s of said limt transistors associated with said out put
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means. 4 by a flowing current;

10 a plurality of driver transistors, each connected to one of said plurality of output lines
of said decoder and to said constant current source for conducting a current from said
constant current source when said connected output line is active;

a plurality of limit transistor, each connected to one of said plurality of driver
15  transistors; and

wherein said plurality of output lines of said decoder are grouped correspondingly to
each of said plurality of ranges, and a reference voltage for defining a current limited
by said current limit transistors associated with said output lines in each group is

20  supplied to said each group; and a liquid crystal panel including a circuit which drives
data lines associated with the each portion of display screen by using each output
voltage of said plurality of D/A converters.

Preferred embodiments of the invention will now be described, by way of example
25 only, with reference to the accompanying drawings.

Brief Descrintion of the Drawi

Figure 1 is a block diagram of the general construction of the present invention;
30  Figure 2 is a graph showing a gamma compensation curve;
Figure 3 is an example of the circuit for generating reference voltages;

Figure 4 is a figure showing the first variation of the present invention;
35

Figure 5 is a figure showing the second variation of the present invention; and

Figure 6 is a graph showing an example of the gamma compensation curve when the
present invention is applied.



The invention also provides a liquid crystal display device conprising: a
plurality of DA converter for converting.digital data read froma frane
buffer for each pixel of a portion of -a d&iplay screen to anal og--data
conpensated by a ganma 5 conpensati on, erein a curve of the ganmma
conpensation is divided to a plurality of ranges sufficient to approximate
the curve, each said D/A converter including: a decoder having a plurality
of output |i18S fAIRWIRS PSBRnEI niuBerlsuiBRassd Mftheldeickiptiod. sai d digital data,
and generating an output corresponding to said digital data on said
plurality 10 of output lines; a constant current source; output neans
connected tolsai d Peesdeant current source for providing an output voltage -
15 by a Iogﬁng Cé&ﬁﬁfi; a plurality of driver transistors, each connected
to one of said plurali -of output lines of said decoder and to said
constant curfent s6u for conducting a current from said constant current
source when gai d cgphfgemed output line is active;~20 a plurality of limt
transi stor, §ach nnected to one of said plurality of driver transistors;
and wherein Said p P4 SOPIGSE out put |ines of said decoder are grouped
correspondi ngl y t oT&msistvech of said plurality of ranges, and a conmon

C
C

reference volg age 0. h group is applied to control termnals of said
limt tr}slonsigit ors gg%%@fat ed with said output lines in each of said groups;
and 15 Frame buffer

17 Output section

19 Liquid crystal panel

100 DAC (embodiment of invention)
15 200 DAC

Preferred Embodi f the | .
In Figure 1, a schematic diagram of the present invention 100 is shown. The n-bit
digital data from a frame buffer 15 is input to a decoder 1. Since the input is an n-bit

20  input, the outputs of the decoder 1 are 28-1 (there is no output when the input is zero).

* In this instance, they are Dol to Do20-1. These outputs are connected to the gate of
one transistor, respectively. 28-1 trapsistors are arranged in the conventional DAC as
described above, and a necessary number of transistors of these transistors are
sequentially turned on. In the present invention, current limiting transistors (in

25 Figure 1, Qi, where i is an integer from one to 21-1) are connected to those transistors,
respectively. The set of two transistors represents one bit. A predetermined number of
the sets of two transistors are collected, and treated as a group. The predetermined
number is described later. :

30 [0018]

The same voltage is used as the gate voltages of the current limiting transistors in the
same group. In Figure 1, the gate voltage of the group 1 is Vrl. Similarly, the gate
voltages of the groups 2 to m are Vr2 ... Vrm (M: the number of groups). The gate

35 voltage is also described later. The outputs of the groups _ar_e_all__t_:_c_)_nnected to the
‘emitter of a transistor 11. To the emitter of the transistor 11, a current source 9 is also
connected. A bias voltage is applied to the base of the
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aliquid crystal panel including a circuit which drives data lines
associates with the each 30 portion of display screen by using each output
voltage of said plurality -of DI A converters. The invention.al so-provides a
liquid crystal display device conprising:. 35 a plurality of DJA converter
for converting digital data read froma frane buffer for each pixel of a
portion a display screen to anal og dat ay conpensated by a ganmma
conpensation, wherein a curve of the gamm conpensation is divided to a
plurality of ranges sufficient to approximte the curve, each said DA

converter indGisHgELor &lgy d@@bd@rrﬁﬁuﬁﬁﬁra%ﬁtﬁﬁlFpﬁﬂﬁcqﬁirﬁﬁ Ehges

correspondi nQ:dlflébtf&!rfThﬁfeﬁoﬂl OhkStRE Satgutligi tie thaly, taedvgaesagati ng an
out put corres ondl o said, di ﬁ% data said plurality of output

lines; 5 a Qﬁu?%ﬁ& %kr %ut *means connected to said

const ant current source for providing an_output vol tage by a flow ng
current; rality of driver transistors, .each connected to one of
sai d pIurdrtR/(% tutput | i nes of said decoder and to said constant cyrrent
source for conducting a current from said constant current source when said

connected outgid du¢Put SoRCLth¥E€DAC is connected to a liquid crystal
pahel 19. The liquid crystal panel 19 includes a circuit
for passing the analog data from the DAC to the
respective data 1lines (signal lines) of the liquid
crystal panel. There are a method in which the outputs
of the DAC 100 of the present invention are passed to the
all data lines of the liquid crystal panel, and a method
in which the outputs of a plurality of DACs 200 and of
the DAC 100 are passed together to the data lines. The
latter method is effective, because it can apply to
elements (including the DAC) whose operation frequency is

low.
[0020]

The operation of the present invention is as follows.
The n-bit output from the frame buffer is input to the
decoder 1. Decoding is performed in the decoder 1, and
from one of the 2°~1 outputs, the outputs in a number
corresponding to the value of the n bits are turned on.
The outputs of the decodexr 1 are turned on, the
transistors connected to them are also turned on and a
current flows from the current source 9. However, the
current flowing through the transistors is limited by the
current limiting transistors.  When the transistors
belonging to the groups 1 to m are turned on,

- et
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aplurality of Iimt transistor, each connected to one:of said.plurality of-
driver 15 transistors; and wherein said plurality of output lines of said
decoder are grouped correspondlngly to each of said plurality of--ranges,

and a reference voltage for defining a current limted by said current

limt transistors associated with said output lines in each group is 20
supplied to said each group; and a |iggid crystal panel including a circuit
which drives data |lines associated with the each portion of display screen
by using each output voltage of saldﬁflurallty of D)A converters. Preferred

embodi nent s SPSPRELENGANLI 6n SHAHSNHO IRived ddt HHRSE HRARBIS T exadifle 25 .

only, with rehgsepre d@rider Bﬂﬂﬂb WhagaraﬁéhetoEesmrh$$iﬁ@ of the
aw ngs g e I S 0oC I gram of eneral construct t he

Dr awi Fi ﬁﬁ 1 a bl ock. d ; dg | f th
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curve; Figurehad bat@mtexmm:ﬁae;eofalm rowenst fBy passiag rthe ebetpute
volLages:  FLgdifadel oAkl Ui fn ALY G Uicl 1E5hUALLGLERT BlhnLiey 97 sent

i nventi on; rgure s second*variatrion o
pr esent |nventdeﬁlraddlmag@r@a@|b§ dl@mdshmxhomnng an exanpl e of the ganna
conpensation curve when the present invention is applied.

[0021]

For the description of tﬁe above described pfedétermined
numbexr of transistors and gate voltages Vr, Figure 2 is
referred to. This figure is a gamma compensation curve
which shows the relationship between the applied voltage
and the transmissivity of liquid crystal. The dotted
line a is a curve showing the actual transmissivity. On
the other hand, to approximate .the gamma compensation
curve using stkaight lineé, the line segments D1 to Dm
are connected. That is, the gamma compensation curve a
can be expressed by dividihg it into m groups, and each
group corresponds to each of the groups. The number of
the transistors in each group corresponds to the
potential difference representéd by that group. That is,
the required transistors increase as the voltage which
must be covered by a group (for instance, in Figure 2,
the voltage between V0 and V1 is covered by the group 1)
increases, and less transistors are xequired if the
voltage is small. Since the gamma compensation curve is
approximated by straight lines, the range which can be
épproximated by a straight line must be defined as one
group. In consequence, the number of the transistors
varies among groups. For more accurate approximation,
the trénsistors should be divided into more groups, but

b e oot



6,.The followi ng reference nunerals are used in the description. 1

Decoder 5 3 . QGoup 15 Goup 2 7 Group m9 Current
‘source 11 - Transistor 10 13, -. Resistor 15 Frame buffer 17
Qut put section 19 - Liquid crystal panel 100 DAC (enbodi nent of

invention) 15 200 DAC Preferred Enbodi ments of the Invention In Figure
1, a schematic diagram of the presentidnmnuion 100 is shown. The n-bit
digital data.froma frame. buffer 15 is input to a decoder 1. Since the
input is an n-bit 20 input, the outputs of the decoder 1 are [err] (there

is no. out put thReRURRET] APLUBLPRSBEROTO PR IR HLPANRCTRIRSS 48 to
[err]. ThesenaibpittSf adBvriime cfrshp® inftregdled Otaaséngr ansisbbem in

respectivelygpLerpl LANSLSHAS are ariangegdshniife eaayentional; JHC as

transistors form one group. .
[0022]

As the gate voltage Vr, a voltage corresponding to ﬁhe
slope of the straight line in Figure 2 of a particular
group (actually, the absolute value of the slope, usually
the absolute value of the differentiated value at a
point) is used. That is, for the group 1, it is a
voltage corresponding to the slope (absolute value) of
D1. If the gate voltage of a current limiting transistox
is set in this way, the voltage varies in the group
without departing from that straight line. For providing
the Vr in a mounting, there is also a method in which the
decoder and the portions after the decoder are
implemented by an'IC, one I1/0 pins is provided for each
group, and. voltages set by a technique such as resistive
division as in Figure 3 are given to the I/O pins,
respectively. However, any method for generating
predetermined voltages may be used, and the inputting
through I/0 pins is not always needed. Howevexr, if the .
voltages can be set by I/0 pins, change of the gamma

' compensation curve can be served.
[0023}

If the transistors are divided into groups and the gate
voltages of the current limiting transistors are set for
each group, as described above, the all current limiting

S e e————



dascri bed above, and a necessary nunber of transistors of these transistors
are sequentially turned on. 1In the present invention, current limting
transistors (in 25 Figure 1, Q., where i is an integer froamone to [err])
are connected to those transistors, respectively. The set of two

transi stors represents one bit. A predeterm ned nunber of the sets of two
transistors are collected, and treatedy@s a group. The predeterm ned nunber
is described later. 30 [0018] The same voltage is used as the gate
voltages of fhe current limting transisiors_.in the.sane group.,.In Figure
1, the gate %/5??3@5#81’:% h%arbrié’ﬁp cf‘%sr%ﬁe.é SERFI SASP ER8UBare Pt ages of
t he groups 2bedng arconirolled Vr im@ivitdheldynberwhddrapwupthe Thyeamges e 35
voltage is a i hed r h

connect ed t oo PRECREREBR‘cuyE cad 1 Aubpiidnlcel By E OURRTL A Hice.

transi stor 1Howgveygpr 69mes RAXEL NG sax@ seausedervhigh Aamged wifiRr i s

applied to tpgohagke AridYamma’ compeistitQlonl durdld arH&S! Y¥reckicn
connected to the, collector thereof.” As the qutput of the DAC, the voltage

drop in the PestieBr 183Ppsigeagd pyotye following two variations.

[0024]

The first variation is shown in Figure 4. This is a
figure in which the decoder 1 and the output section 17
in 100 of Figure 1 are omitted. In this case, a set of
four transistors forms one group. The number of the sets
of transistors is arbitrafy as described above. A
reference voltage Vrl is input to the gate of the least
significant current limiting transistor Ql in the group
1. Similarly, a reference voltage Vr2 is input to the
gate of the least significant current limiting transistor
Q5 in the group 2. A resistive division using resistors
R1, R2, R3 and R4 is performed between the two current
limiting transistors. To the gates of the current
limiting transistors Q2 to Q4 lying between the above
gates, the voltages produced by the respective resistors
are supplied, respectively.

[0025]

By this, the voltages given to the gates of the current
limiting transistors gradually change. The voltages are
as follows if the resistors R1l, R2, R3 and R4 are set to

the same value for simplicity.



The output of the DAC is connected to a liquid crystal panet~19. The |iquid:
crystal panel 19 includes a circuit for passing the analog data fromthe.
‘DAC to the respective data |ines (signal lines) of the |iquid crystal
panel. There are a nmethod in which the .outputs of the DAC 100 of the
present invention are passed to the all data lines of the |iquid crystal
panel, and a nethod in which the outputéjof a plurality of DACs 200 and of
the DAC 100 are passed together to the data lines. The latter nmethod is
effective, because it can apply to elenents (including the DAC) whose
operation fr8den®FY s low [0020] The operation of the present invention
is as foll 0\/\@2:Thq3na*b'mtr10ut Ut fvm;&e frame buffer is input to the
decoder 1. quigg S RErfor éj%#kiﬁf decoder 1, and fromone of the
[err] outputs™"th outpdis inan r~ corresponding to the value of the n
bits are tur@dd ol Fh&mutpd st Sir2 et decoder 1 are turned on, the

transi stors ggnne to themare also turned on.and a current flows from
the current sSource 9. However, the : ' 5
{0026].

-Naturally, in this case, the respective gate voltages are
at equal intexrvals. The intervals may be changed by
adjusting the resistors R1, R2, R3 and R4. Since the
admittance of successive transistors linearly varies in
this way, the resultant input/output characteristics have
the envelope of a gquadratic curve. In addition, the
reference voltage Vr is a voltage which corresponds to
the absolute value of the differentiated value at a point

. in the corresponding range of the gamma compensation
curve.

[0027]

In Figure 5, the second variation of the present
invention is shown. In this figure, the decoder 1 and
the output section 17 in Figure 1 are also omitted.
Further, in this embodiment, a set of eight transistors
forms one group. The number of the sets of transistors
is afbitrary'as described above. A reference voltage Vrl
is supplied to the gate of the least significant current
limiting transistor Q1 in the group 1, and also to the
gate of the second least significant current limiting
transistor Q2. Further, a reference voltage Vr2 is
supplied to the least significant current limiting

P G



current flow ng through the transistors is [imted by theg current [imting
transi stors. Wien the transistors belonging to the grouips 1 to mare :
turned on, 8 respectively, a current flows in these transistors, and
thus the current flow ng through the transistor 11 havi ng the output

term nal gradually decreases. Accordingly, the output voltage also | owers.
By passing the output voltage to the data lines of the liquid crystal panel
19., a desired image can be displ ayed.. F@OZl] For the description of the
above descri bed predeterm ned nunber of transistors and gate voltages
[err], Figuretransisbder@®din c-he friong i2guasdi alaogtonrhe ayrpeen i itdve curve
whi ch shows txﬁ@sf%§&h@@§ﬁhﬂtb%§1‘ﬁ%‘ﬂﬁ NRRRI P YOR4 AEoRNGR! B]. the |

transmssivity of liquid.c line a 1s a curve shomnng

ryst
the actual tr&FRWPsdi viBg. t%t’(‘ﬁe ‘-’tﬁq‘%’}d h&ﬁGStt S PP biFaRt e MHEFIM
Conpensat|on limiting transistor Q10 in the group 2. In addition,

between the gate of the second least SLgnlflcant current
limiting transistor in the group 1 and the most

i

significant current limiting transistor Q8 in the group
1, a resistive division is performed using resistors R1
to R6. To the gates of the current limiting transistors
Q2 to Q7, the wvoltages generated by the respective

resistors are supplied, respectively.
[0028]

In this way, there can be provided portions where the
gate voltége is linearly changed, and portions where it
is "changed in a curve. The gate voltages of the
respective current limiting'transistors are as follows if
the resistors R1 to R6 are set to the same value for

simplicity.

Q1: Vvrl

Q2: Vrl

Q3: (5 * Vrl + 1 * Vr2)/6
Q4: (4 * Vrl + 2 * Vr2)/6
Q5: (3 * Vxl + 3 * Vr2)/4
Q6: (2 * Vx1 + 4 * Vr2)/4
Q7: (1 * Vrl + 5 * vr2)/4
Q8: Vr2

Q9: Vx2

Qi0: Vr2



cyrve using straight lines, the line segnents D1 to Dm:are connected. That -
I's, the gamma conpensation curve a can be expressed by dividing rt into m
‘groups, and each group corresponds to each of the groups..The number of the
transistors in each group corresponds to the potential difference
represented by that group. That is, the required transistors increase as
the voltage which nust be covered by al3roup (for instance, in Figure 2,
the voltage between VO and V1 is covered by the group 1) increases, and

| ess transistors are required if the voltage is small. Since the ganmma
conpensation[&&gﬁﬂ i s approximated by straight lines, the range which can
be approxi mated by a straight Iine nust be defined as.one group. I n

Conseavence, MR fle WA OIS SGH 61 QT8 HEES oI
but 9 t he imbebvalss. el Bhenintesvedscoanr dld cchdngedadiugtingethe
values of the resistors. Since, in the admittance of the
successive current limiting transistor, there are
alternately appearing portions where the admittance is
constant and portions where it linearly changes, as
described above, the @ resultant input/output
characteristics have the envelope synthesized by straight
lines and quadratic curves. In addition, the reference
' voltage Vr is a voltage which corresponds to the absolute
value of the differentiated value at the start point of
the corresponding range of the gamma compensation curve
(for instance, V0 in the group 1, V1 in the group 2).

[0030] f

In the second variation, the same reference voltage is
supplied to the least significant current 1limiting
transistor in a certain group, the second least
significant current limiting transistor, and the most
significant current Jimiting transistor in the
lower-order group adjacent to the certain group, but the
same reference voltage may be provided not only to both
sides of the least significant current limiting
transistor in the certain group in this way, but also to
a predetermined number of adjacent current limiting
transistors according to the gamma compensation curve.



nunber of division groups increases, causing a problemip the -
nanufacturlng Thus, wusually four to eight transistors formone
group. - [0022] As the gate voltage Vr,

of the straight line.in Figure 2 of a particular group (actually, the
absol ute value.of the slope, usually the absolute value of the
differentiated value at a point) is usebé That is, for the group 1,

a voltage corresponding to the slope (absolute value) of - D1.
fgbéggt limting transistor is'set in this way, the voltage

vol tage of a

varies in the

wi t hout departing fromthat straight |ine. For

It

If the gate

.a vol tage correspondi ng to--the sl ope

is

providing the Vr in a nounting, there is also a nethod in which the decoder

and the port'Rasdéfs%ﬂbgaeasssgdeererﬁetﬁahs"gg%s%gg Andin LAIGR P! NS

i's provided for eac .
resistive duvtbeogaa@auﬁompgnsetsoareugveehStQpn¢@x4mq;$ﬁmhy staepight vel y.

tages set

group, y a tech ni que such as

However, anYIﬂBéQOdqué&:Eatﬂér@Eﬁéé‘g é{@@%&%&@n&emﬁaétaﬁ&ﬁm&@wsed
and t he |nputt|ng th roug % pins is nottg ways needed. However, |f the

curves, not only ese methods are used

approximate the ‘gamma compensation curve, but also
approximation methods suitable for the respective ranges
are used when the gamma compensation curve is divided
into ranges, more preferred approximations can be

performed.
[0032]

Figure ©6 shows how the above three types of
approximations . are different. . "a" shows the
approximationi! by straight 1lines, "b" shows the
approximation by quadratic curves, and "c" shows the
approximation by the envelope of straight 1lines and
quadratic curves. Since there are differences as in
Figure 6, combination of them gives an approximation
closer to the true gamma compensation curve than the
approximation by only one method. Howevexr, the
construction is simple for the approximation by straight
lines and sometimes there is no problem with straight
lines, and thus consideration should also be made from

the viewpoint of cost.

[0033]

Furthexrmore, although, in the first and second
variations, a re&sistive division is made to provide a

. e e—



voltages can be set by I/0O pins, change of the gamma conpensati on curve can .
be served. [0023] If the transistors are divided into groups and the gate
voltages of the current limting transistors are set for each group, as
descri bed above, the all current limting 1 10 transistors can be
controlled for each group w thout being controlled individually, whereby
t he ganmma covgitags 4o ithe gate rof eacta nuitrentdjpitiog i tramsistdr the swalugs gifitthe resistors in the
However, so [ r | ' t

MFesidfibd d?i}ﬁgﬁ Gn BRIAGd B Fest rG%:)s/y girér{ 5 r&g ﬁg&{sgleal %Hgg

conpensati on .curve. 1hen, correction of themis performe 011 ¢
two ‘vari at i ofiEcult. odp histease.r thesshogigircgited, segtions prwx:m%cyéws.tralgmi linegss o
figure i n wWhiThis,t i emshe Gedesnsidepett] that ethexet RUL HRE IcoAtfoll of ieRtetiily0prdviditg €a 1

ﬁLrerbgT E)]Ese? hxg'fé‘rg%cg 301 %g,e and"‘ a Ssgéon%fcofn?r_%{ o} 3vrs}. 6%1’8% e ftt%r r@ergxrllc% \%lt%lég to ee

gate of each current limiting transistor.

-

As described above, in.accordance with a preferred embodiment of the inventio;i, a
DAC is provided which is highly stable and can perform an accurate gamma
10 compensation with a high effective accuracy.

A liquid crystal display device is provided which uses the DAC that produces the
remarkable advantages as described above. :
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of. transistors is arbitrary as described above. A reference voltage Vrl
is input to the gate of the least significant current |limting transistor

®L in the group 1. Sinmlarly, a reference voltage Vr2 is input to t gate
of the least significant current liniting transistor Hm mﬁm MBEE A
resistive division using resistors Rl, R2, R3 and R4 A p en
the two current limting transistors. To the gates of the current
limting transistors @ to 4 lying between the above gates, the voltages
produced by the respective resistors ar%ssupplied, respectively. [0025] By
this, the voltages given to the gates of the current limting transistors -
gradual |y change. The voltages are as follows if the resistors Rl, R2, R3
and R4 are set to the sanme value for sinplicity. Q: vrl @ (3 * vrl
+1* Ww2)/4

Claims:

1- A D/A converter for converting digital data read
from a frame buffer for each pixel of a display
screen to analog data compensated by a gamma
compensation, wherein a curve of the gamma
compensation is diwvided to a plurality of ranges
sufficient to approximate the curve, comprising:

a decoder having a plurality of output lines
corresponding to a number of digits of said digital
data, and generating an output corresponding to
said digital data on said plurality of output'
lines;

a constant current source;

output means connected to said constant current
source for providing an output voltage by a flowing
current;

a plurality of driver transistors, each connected.
to one of said plurality of output lines of said

e e e—————



QB (2 *Vrld

-

R2, R3 and R4.

Since the admittance of .successive transi

+ 2% r2)/4 Q4 (1% Wrl o+ 3% Vrz)/4.'c35~—v|=2+9926]_\

-thurally in this case, the respective gate voltages
- nterval s. The intervals may be changed by adjusting m Eﬁmﬁw”ﬁ!"

varies in this way, the resultant input/output characteristics have the
envel ope of a quadratic curve. In additipn, the reference voltage Wr

is a

vol t age whi ch corresponds to the absolute value of the differentiated val ue

at a point in the corresponding range of the gamm conpensation curve.

[0027] In Figure @ec?ﬂérs@é'%dtﬁ?arﬁaahq _ORORFLERE [UEFERt | BOBREROrEIS shown.

In this figure,

also omtted. Further

tB@ndﬁ@QE!ﬁ& Ja apdrikBatout e segll Ofoddtaft F'cﬁiﬂ.l:&.%zilt are
i stors forns

f ht. t
e aroun “The nubBEFest wned Safd” spnpﬁgﬁ;efispﬁgu% 13n8 e Aot er | bed

above. A reference voltage Vrl

a plurality of limit transxstor? each connected'to N

one of said plurality of driver transistors; and

wherein said plurality of output lines of said
decoder are grouped correspondingly to each of said

plurality of ranges, and a common reference voltage

in each group is applied to control terminals of
said limit transistoxrs associated with said output
lines in each of said groups.

A D/A converter for converting digital data read from

a frame buffer for each pixel of a display screen
to analog data compensated by a gamma compensation,
wherein a curve of the gamma compensation is
divided to a plurality of ranges sufficient to
approximate the curve, comprising:

a decoder having a plurality of output lines
corresponding to a number of digits of said digital
data, and generating an output corres ponding to
said digital data on said plurality of output
lines; '

" a constant current source;

output means connected to said constant current
source for providing an output voltage by a flowing

current;



I's supplied to the gate of the |least significant currentilimting
transistor QL in the group 1, and also to the gate of the second |east
significant current limting transistor Q. Further e”“ﬂll(ﬂu '“H"m I”“P
Vr2 is supplied to the least significant current

transistor @ in the group 2, and also to the gate of the nost S|gn|f|cant
current limting transistor CB In the gr 1 and to the Second | east _
significant current limting transistor 2&% in the group 2. In addition,

bet ween the gate of the second |east significant current limting
transistor in the3grdFalidny ehedrb¥ersitgansisierseusath sommerhed

transistor B in the cﬁ'{é)U@flsaidr %ﬁlnﬁ:tdl\i&yd'df shbebpht Denler el §8iag
resistors Rl to % S%’ t%e current I|n1t|ng tran5|st£rs @ to
Q7, the voltagenggﬁ @1 e T2LPeEOPFEANES| U TG VTSR

respectively. [OOE&hducthg a current from said constant current

source when said connected outplit line is active;

a plurality of limit transistor, each connected to
one of said plurality of driver transistors; and

wherein said plurality of output lines of said
decoder are grouped éorréspondingly to each of said
plurality of ranges, and a reference voltage for
defining'a current limited by said current limit
transistors associated with séid output lines in
each group is supplied to said each group.

3 A D/A converter according to Claim 2 wherein said
reference voltage corresponds to a differentiated
value at a point in said each corresponding range
of said curve.

4 A:D/A converter according to Claim 3 wherein said
reference voltage corresponding to one of said
groups is applied to a control terminal of said
current limit transistor associated with the least
significant output of said decoder in said one of
said groups, and

the respective adjacent control terminals between
its current limit transistor and said current limit
transistor associated with the least significant

output of said decoder in the higher-order group

P ——
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In this way, there can be provided portlons where the gate voltage is_

l'inearly changed, and portions where it is changed

voltages of the respective current lLimting transistor

the resistors RL to R6 are set to-the sane val ue for

I n a curve.

TRl mmmiﬁ%ﬁ“

Q: vrl @: (5* Wrl +1* Vr2)/6 Q4 (4 * vrl + 2>+ r3) /8 &
*\Vrl + 3 * Vr2)/4 Q6: (2 * Vvrl + 4> Vggy/4 Qr: (1 * vrl +5* Vr2)/4
@B Wr2 @:  Vr2 Quo: w2 13 [0029T

adjacent to said one of said groups are connected
through resistors, and a respectively generated
voltage is supplied to the control terminal of each
said current limit transistor.

A D/A converter according to Claim 3 wherein the
reference voltage corresponding to one of said
groups is applied to a control terminal of said
current limit transistor associated with the least
significant output'of said decéder-in said one of
said groups, to the control terminal of said
current limit transistor associated with the second
least significant output, and to the control
terminal of said current 1limit transistor
associated with the most significant output of said
decoder in the lower-order group adjacent to sald
one of sald groups, and

the respectivé adjacent control terminals between
said current limit transistor associated with the
second significant output and said current limit
transistor. associated with . the most significant
output of said decoder in said one of said groups
are connected through resistors, and a respectively
generated voltage 1is applied +to the control
terminal of each said current limit transistor. |

A D/A converter according to Claim 3 wherein the
reference voltage corresponding to one of said
groupé is applied to a control terminal of said

current limit transistpr associated with the least

significant output of said decoder in said one of

C e e
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Naturally, the gate voltages from Q@ to B are at equal i nt ervars:

i ntervals may be changed adjusting the values of the ﬁesyﬂma | in -
the adnittance of the successive current limting transist ,ﬂl[’”i@?{i’,ﬁ,”l
al ternatel y- appearing portions where the admittance is constéantta s 18
-portions where it linearly changes, as descri bed above, t he

resul t ant i nput/out put characteristicsdpave the envel ope synthesized by
straight lines and quadratic curves. In addition, the reference voltage Vr
is a voltage which corresponds to the absolute value of the differentiated
val ue at the star62p8i n§reRPEhe €Qr rtdosetFHanfersingps gafmesaid

conpensation curveukehti NStanse, VErhAsibBeogsoupfdr Vigdidt heigiwap 2).
[0030] In the second variation, the s ref erence voltagf is supplied to
the Ieast signifiCEARSIGERER SORRAGERT (RS SR GHREGEE £ GrdTh, t he

second | east signhfighett thanemsaild nieasy tsiansificant amthtphe: nbyt a

S mcens 1o e -EEBler TN Ry il Vo, o corli) BRG0P

provi ded not onl yofo sigdidh current limit transistors for said driver
transistors connected up to the output of an order.
lower than said most significant output of said
decoder by a predetérmined number in the
lower-order group adjacent to 'said one of said

groups, and

the respective adjacent control terminals between
said current limit transistor associated with the
outéut of an order higher than said least
significant output by the predetermined number and
sald current limit transistor associated with the
output of an order lower than said most significant
output of said decoder by the predetermined number
in said one of said group are connected through
resistors, and the respectively generated voltage
is applied to the control terminal of each said

current limit transistor.

7 A D/A converter according to Claim 2 or 3 wherein
one of following supply states of said reference

voltage is set for said each group:

a common reference voltage in said each group is
applied to control terminals of said current limit
transistors associated with said output lines in

said each group;



v = \\
sides of the least significant current limting transnstor @ﬂﬁﬂf’ ertaln

group in this way, but also to a predetermn ned nunber -of ﬂ"fwu"
Timting transistors according to the gamma conpensation cur

[ 0031] As described above, the nethods have been shown in which the ganna
conpensation curve is approxi mated by straight |ines, quadratic curves, and
straight lines and quadratic curves, but,,if not onIy t hese nmet hods are
used to approxi mate the gamm conpensatigﬁ curve, but also approxination

met hods suitable for the respective ranges are used when the ga
conpensati on_cur v&hes IGLEREEFS MY HagR) SOTTSRRNPAS & Pt o%hit i ons

can be performed. g0d3e] fgupplied twva d&ﬁ’w::dlheteﬁ:bﬂﬂél Ufresm&ypes
of apprOX|nat|ons ar%ené“fﬁﬁit'lranSistoééggsocigted w1t the least
significant output of said decoder in said one of
said groups, and the respective adjacent control
terminals between its current limit transistor and
said current limit transistor associated with the
least significant output of said decoder in the
higher-order group adjacent to said one of said
groups are connected through resistors, and a
respectively generated voltage is supplied to the
control terminal of each said current limit

transistor; and

the reference voltage corresponding to one of said
groups is applied to a control terminal of said
current limit transistor associated with the least
significant output of said decoder in said one of
said groups, to the control terminals of said
current limit  transistors for said driver
t;ansisfors connected up to the output of an order
higher than said least significant output by a
predetermined ﬁumber, and to the control terminals
of said current limit transistors for said driver
transistors connected up to the output of an order
lower than said most significant output of said
decoder by a prédetermined number in the
lowex-order group adjacent to said one of said
groups, and the respective adjacent control
terminals between said gurrent limit transistoxr
associated with the output of an order higher than
said leést significant output by the predetermined

[ ——
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approxi mation by straight lines, "b" shows the approximatiomby————

gquadratic curves, and "c" shows the approximation by the”'

straight |ines and quadratic curves. Since there are d "mum@'[m'ﬂjum
Figure 6, conbination of them gives an approxi mation closér %o i ha *
gamma conpensation curve than the approximtion by only _one nethod.
However, the construction is sinple for the approxi mation by strai ght

| i nes and sonetinmes there is no problem weeh strai ght lines, and thus
consi deration should al so be made fromthe viewpoint of cost. [0033]

Furt her nor e, alﬁﬁﬂﬁﬁﬁfaqq1saﬂﬁbchFP§F 1éﬂ6tm£§€BﬁHs§8Fi3??6ﬁ§?t§d

resistive divisiORilth MEkle batpueVide #n ordeért agwekO thah 064 £d Omosgach
current limting tr.ans.if;i':]or- t he g__a.l es of the.resi tor‘iei n tcbhe rggi stive
di vi si on can be v&iBHEEFEesi SPSPE P vef2EE r eMBYRIT 0 Fise“R®short -
circuit. In this gaeslettdmnighad tnumbeni irdsabdtonasofirsadgpgorupaaee by
e I Msmdde B ehEoRgRS kR1SEoLRI! P ehd Srashbbeivety! O O
generated voltage 1is applied to the control ’

terminal of each said current limit transistor.
8 A liquid crystal display device comprising:

a D/A converter for. converting digital data read
from a frame buffer for each pixel of a display
screen to 'analog data compensated by a gamma .
compensation, wherein a curve of the gamma
compensation is divided to a plurality of ranges
sufficient to approximate the curve, said D/A

converter including:

a decoder having a ‘'plurality of output lines
corresponding to a number of digits of said digital
data, and generating an output corresponding to
said digital data on said plurality of output

/
lines;

a constant current source;

output means connected to said constant current
source for providing an output voltage by a flowing

current;

a plurality of driver transistors, each connected
to one of said plurality of output lines of .said

e e —————
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5 . reference.voltage, and a second control of how to provide the Teference

voltage to the gate of each current linmting transistor. |, '
above, in accordance with a preferred enbodi nent of the i ﬁqéﬂmmﬂljmmn'lm
provi ded which is highly stable and can perform an accurate garmatlOn s =«
conpensation with a high effective accuracy. A liquid crystal display
device is provided which uses the DACIJR§3produces t he remarkabl e

advant ages as descri bed above. 16 Cains: A DA converter for converting
digital data read froma frame buffer for each pixel of a display screen to

anal og data conperf®8PHyaRdgifm SdfpIERATNH; GHEFENE LAWSR &PT he
gama conpensat i Oncdrsdlkiimed al Oc@rpbilt alfirdnm ObaianRshsttdt Ceafreh®
approxi mate the curve, cor r|5|ng' a_decoder haV|ng ,glutallt¥_of out put
li nes correspondi PPFS "ﬁg?fbe?a ¢ GPRRested QuFpu iS?‘ &l L8af5ERd
generating an output corresponding to ‘
a plurality of limit transistor; each connected to
one of said plurality of driver transistors; and

wherein said plurality of output 1lines of said

decoder are grouped correspondingly to each of said

piurality of ranges, and a common reference voltage

in each group is applied to control terminals of

said limit transistors associated with said output
lines in each of said groups; and

a liquid cxrystal panel including a circuit which
drives each data line using the output voltage of
said output means.

9 A liquid crystal display device comprising:

a plurality of D/A converter for converting digital
data read from a frame buffer for each pixel of a
portion a display screen to'analog data compensated
by a gamma compensation; wherein a curve of the
gamma conmpensation is divided to a plurality of
ranges sufficient to approximate the curve, each

said D/A converter including:

a decoder having a plurality of output lines
corresponding to a number of digits of said digital
data, and generating an output correépondiﬁg to



'said digital

data on said plurality of output |ines;

source; output neans connected to said constant current

providing an output voltage by a flowing current; a pl m mﬂmbu HI'
transistors, 'duc |

each connected to one of said plurallty of
sai d 17 decoder and to said constant current source for conducting a

current fromsaid constant current sourc

en said connected out put

i ne

wh
is active; a plurality of limt transistgﬁ each connected to one of said
plurality of driver transistaors; and mhereln sai d plurallty of out put |ines

of sai d decoder

Faldr digd-alor %ﬁon&ﬂng??“@o RHGFRBFEX 3

ity of

ranges, and a commmes ef erence voltage I n each group IS applled to control

term nal s of

10

a constant current source;
output means connected to said constant current
source for providing an output voltage by a flowing

current;

a plurality of driver transistors, .each connected
to one of said plurality of output lines of said
decoder and to said constant current source for
conducting a current from said constant current
source when said connected output line is active;

a plurality of limit transistor, each connected to
one of said plurality of driver transistors; and

wherein said plurélity' of output lines of said

decoder are grouped correspondingly to each of said

plurality of ranges, and a common reference voltage
in each group'ié applied to control terminals of
said limit transistors associated with said output
lines in each of said groups; and

a liguid crystal panel including a circuit which
drives data lines associated with the each portion
of display screen by using each output voltage of
said plurality of D/A converters.

A liquid crystal display device comprising:

<.
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said limt transistors associated with said output |ines—+A—-eachof—<sard
groups. 2 A D/ A converter for converting digital.data

"buffer for each pixel of a display screen to anal og dat jmg;i@ﬁml “ﬂmﬁ
gamma conpensation, -wherein a curve of the garmm atlen sisx
divided to a plurality of ranges sufficient to approxi mate the curve,
conprising: a decoder having a plurality of output |ines corresponding to a
nunber of digits of said digital data, and®enerating an out put

corresponding to said digital data on said plurality of output lines: a
constant current séur@duralignt mfand/Ponmoaverter sdiar coreneenting r ent

source for providi pggdtaQUidiita VRLhader m %al FoWndd KU £6P! for déch
pixel of a portion a display screen to analog data

compensated by a gamma compensation, wherein a
curve of the gamma compensatidn is divided to a

plurality of ranges sufficient to approximate the
curve, each said D/A converter including:

a decoder having a plurality of output: lines
corresponding- to a number of digits of' said
digital data, and generating an output
corresponding to said digital data on said
plurality of output lines;

a constant current source;

output means donnected to said constant current
source for providing an output voltage by a

flowing current;

a plurality of driver transistors, each connected
to one of said plurality of output lines of said
decoder and to said constant current source for
conducting a current from said constant current

source when said connected output line is active;

a plurality of limit transistor, each connected to

one of said plurality of driver transistors; and

wherein said plurality of output lines of said
decoder are grouped correspondingly to each of
said plurality of ranges, and a reference voltage

.- REE—
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a plurality of driver transistors, each connected to one of said plurality

of output lines o d to said const ant flor
conducting a currlmmmumg"muﬂnﬁ-am current Szlng(tgélM H%ng%qun:ﬂect ed
output line is active® a-pl'urdl ity of |im* transi dto
one of said plurality of driver transistors; and wherein said plurality of-
out put |ines of sdfod d¢Givingea cmm@nmﬁ%bbyeaﬂrmmhdim@ﬁmmhmaashomﬂedavm
plurality of rangegiq af u@lﬁl@i%%&&?gi’dﬂp qga{hﬁé%ﬂﬁm'eashgr&q "l a i

te

by said current limt t I stors as sal d out i nes | each
group i s supplied $stahpancd dpefuding LF}JCES‘“ whicly drives, (ata lines assoniaiegh gvith, the

Cl ai m 2 wherei n sadadh peitivieoCdisplay saxgén bp mmgleamla @t@olﬁgéfoﬂsﬁﬂtplmfaﬁg of
val ue at £2 poi nt i /88 d S%Ch correspondl ng range of said curve

converter® accor di ng fi*3 wherein said reference vol t age correspondi ng
to one of said groups |s applied to a control termnal of said current

limt transigtor agspghalgiedbs BubstmiiafitShks hereinbefore described with reference to
' Figures 1, 2, 3 and 6, and Figure 4 or 5.

10. 12 A liquid crystal display device comprising a D/A converter as claimed in
claim 11.

This Sheet Has Been Replaced '
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significant output of said decoder in said one of said_groups, and the.
respective adjacent control termnals between its cur eﬂﬁfs'ér—@Etfﬂﬁ@@@m r
and said current limt transistor associated with thej|l eaStgspOiten cant |
out put of said decoder in the higher-ordef?group 1 ' rek=bne
of said groups are connected through resistors, and a respectively
generated vol tage i s supADR Converter witina GaimmaCompessatién embh sai d current
limt transistor. 5 A DA co (l.aim 3 wherein the

Sal o T gy DRvice 2! .
reference vol tage correspondi ng sald groups is applied to a

control termnal of said current Iimt transistor associated with the |east
significant AHstiaest of sai d decoder in said one of said groups, to the

control LR Bic o) Lomprises § Yecodel (1) féndfiting a0 oufiint Lotdbponatig' & the Vatue
of the digital data on plurality of output lines, a constant current source (9), a plurality
of driver transistors each connected fo one of the plurality of output lines of the decpder
(1) and to the constant current source, and conducting a current from the constant
current source (9) when the connected output line is activated, and a plurality of current
10 - limiting transistors (Q) each connected to each one of the plurality of driver transistors,
the plurality of output lines of the decoder (1) being grouped correspondingly to each of
the ranges of the gamma compensation curve, and a common reference voltage for each
group being applied to the control terminal of the current limiting transistors associated
with the output lines in each group.
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| edst significant output, and to the control terninali of sai d current
limt t ransistor associ ated with the nost significant. output of said
‘"decoder in &ﬁeghaﬂﬁﬁBam laced oup adj acent to said one of $Said groups, and

the respecti troI termnal's between said current |imt
transi stor vﬁmﬂ the second si gnificant offt: d WQQBEE rient
limt transis SOCIated W th tjysnnst significgn d‘ _ é sal '
decoder in said one of said groups.-dre connected th e a
respectively generated voltage is applied to the control termnal of each
said current |imt transistor. 6 A D/ A converter according to Caim3
wherein the reference vol tage corresponding to one of said groups is
applied to a control terminal of said current limt transistor associated
with the | east significant output of said decoder in said one of

[Figure 1]
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20 said groups, to the control termnals of sai-d current limt
tfansi stors for said driver transistors connected up to the output of
an order higher than said |east significant out put by a predet

-nunber, and to the control term nals of said cur
said driver transistors connected up to the out 0
sai d nost significant output of said zlecoder by .:---;- nunber
in the |lower-order group adjacent to said one o groups, and the
respective \?ﬂ, 5@: é %Entrol term nal s between said current Tmt tranS|stor
. associ ated HHTth tput of an order higher than sai dhisSbestHasi mKeﬂll

output by the predeterm ned nunber and said current |in !lllﬁm llm

associ at edTsasnieatviddt, put of an order |ower than sai d

out put of said decodd® j)py the predet erm ned nunber in sald one of sald
group are connected thn resistors, and the respectively generated
vol t age . - '
: el ¢
T RD x DI = dT/dV '
12 _.:g .
LR St et

Vo 1w vz

Vs !Vm,:
Grou i ‘Group i
F Group 2 + Group m
, Voltage
[Figure 3] _ i
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is applied to the control termnal of each said current limt transistor. 7
A:D/ A converter according to Claim2 or 3 wherein one of follow ng supply.
states of said reference voltage.is.set for said each group: a cenmon
reference voltage in said each group is applied to control term nals of
said current |imt transistors associated wth spRFsatput—ii-nes—i-n said
each group; 21 the reference vol t aggs corr espdhdHi®)SHEBEDHASEEES@Ald gr oups
is applied to a control term nal of said currentj|im (REBALAGEDSt or
associ at ed vvi[tﬂ(?t‘_{}ﬁe I@Est significant.output of TSard decoder—ra—satd one of
sai d groups, an e respective adjacent control term nals between its
current limt transistor and said current limt transistor associated with
the | east significant output of said decoder in.the
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hi gher-~er der group adj acent to said one of said groups are connected

t ht ough resi sﬂ‘hﬂ;%heetathe): tively generated voltage is supplied to the
control termn I mnﬁ current limt transistor; and fhe reference
vol t age corres of said groups is applied to a
term nal of said curren iMmt transistor associ at ag=wt Lhe.
significant output of said decoder ird/aid one of gi
control termnals of said current limt transi sfjors

der hi gher than sai d

driver tranS| ors copnected up to the output of an-or
| east signi fL ? Eﬁtgﬁt by a predeterm ned nunber, and to the control
termnals of said current limt transistors for said driver transistors

connected up to the out put_,,ot.,,an,,,o_[,Qer | ower than said nost significant
out put of said decoder t;y a - mnedﬁt:eim ned nunber in the |ower-order

group adj acent to S8l .eqe_n.f_;zu g b 5'_&§Qgcgéc\£§°@dj acent
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associ ated with the output of an order higher than sai:d | east significant
otit put by the predeterm ned 22 nunber and said current linmt transistor
associated with the output of an order |ower than said nost significant
“out put of said decoder by t he predet erm ned nunbef=a=S3 one of sai d
group are connected through resistors, and the rqg ena
voltage is appl ied to the control te|5yf5nal of eag
transi stor. Ali qU| d crystal display device COMpr=+ag: chnverter
for. convertlg.gg it data read froma frane buffer for each pixél of a
di splay scr eé & r%ngalog data conpensated by a gamme conpensatiom, w'm—rrei n
a curve of the gamma conpensation is divided to a pl umislsltiﬁtﬂésﬁe

sufficient to approxi mate the curve, said D/ A converter ”ﬂ"m”'”"’
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o
a-deé¢oddr . having a plurality of output |lines corresponding to a nunber
of digits of-said digital data, and generating an output corresponding.to
said digital data on said plurality of output |lines; a constant current
source; output neans connected to said constaf“‘““"“-—~nr-s;- r
provi ding an out put voltage by a flow ng curr:nﬁ, %ﬂﬁﬁMﬁMﬁSngnf
transi stors, each connected to one af/ssai d pllrﬁjigy1cﬁ MAR|QQBI nes of
sai d 23 decoder and to said constant curre '%utggztoL;cmnd ting a
current fromsaid constant currént source when sai d conmectes=s=t put |ine
Is active; a plurality of limt transistor, each connected to one of said
plurality of driver transistors; and wherein said plurality of output |ines
of said ' : :

driver
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decoder are grouped correspondingly to each:of said plurality of ranges,
ahd a fconmon reference voltage in each group is applied to control .
terminals of said linmt transistors associated with said output lines in
each of said groups; and a liquid-crystal panel including a circuit which
drives each data |line .using the output volta - neans. 9 A
liquid crystal display device conprising: a ﬂﬂﬁw46§mgnrgﬁ verter for
converting digital data read froma fr ach pixellf of a

48, gy

_ ( 3yg buffer f
portion a display screen to analog data co ﬁ@&vggi
conpensati on, wherein a curve of the gamra conpe

: dlded to a
plurality of rahggereulficient to approximate the curve, each said DA
converter including: a decoder having a plurality of output |ines

correspondi Ng-iosnB BT of digits of said-digital
out put correspondi ng t o

data, and generating an
T4

T2
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J——
— 24 said digital

data on said plurality of output lines; a constant current
., &our.ge;

out put means connected to said constant current source for

provi ding an output voltage by a flowing current; a plurality of driver
transi stors, each connected to one of said pl urpty—oft—ctutput—ges of
sai d decoder and to said constant current sourcig RERLACEMENTISHIEETa [icur r ent
fromsaid constant current source when said con ecte¢5p¢ugpﬂ;§ine i S
active; a plurality of limt transist%k5 each qqﬁnectedmtauog .of Isaid
plurality of driver transistors; and érein safd plural-i'ty of "&#put |ines
of said decoder are grouped correspondingly to each of said plurality of
ranges, and a

& eference voltage in each group is applied to control
terminals of sard limt transistors associated with said output lines in
each of said groups; and _
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a 1§ quird crystal panel including a circuit which drives data lines"
associated with the each portion of display screen by using each out put
voltage of said plurality of DJA converters. .10 d di spl ay

devi ce conpri si ng: 25 a plurality of DA co ﬂ gttt ng

digital data read froma franme buffer for each p%BElon a di splay
screen to anal og data conpensated by a gamma c ] W@ﬁt@! a curve
of the gamma conpensation is divided tol/s plur ‘;, """""" icient to

approxi mate the curve, each said D/ A converter cludi ng: a decoder having
a plurality of output lines corresponding to a number of digits of said
digital- data, Figwge 5generating an out put corresponding to said
digital data on said plurality of output |ines;
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a cénstant current source; out put means connected to said constant -current
source_ for providing an - output voltage by a flowng current; a
plurality of driver transistors, each connected to one of said plurality of

output lines of said decoder and to said constas : “";L"—EQELEF for
QEHLAQE g=qonnect ed

conducting a current from sajd constant current M@ 2 ;
output-line is active; 'a plurality of limt trgnsiste Rﬁ§ ﬁ”ﬁﬁmn:cted to
[dDMbere|

one of said plurality of driver transis S; a'

output - lines of said decoder are grouped Correspo ng£¥,ta_each pf sai d
plurality of ranges, and a reference voltage for defining
limted by said Edgueet 6l imit transistors associated with said output.lines
in each group is supplied to said each group; and a liquid crystal panel
including a circuit which drives data |lines associated with the each

portion of display screen by u5|ng each out put voltage of sald plurality of
D A

Transmissivity
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e o .
converters. 11— ADFA converter for -converting di ¢ T TE [T a
frame buffer f | f di splay screen to aﬂ@?‘e‘&?% g pengat ed
by a ganma conamm"lumnmmm"ﬁ a curve of the ga C ripe %n IS
divided to a pluralsity of* raénges sufficiengéto app oQ?tﬁgg_em rve
conprising: a decoder having a plurality of output Ftmnes ¢orresponding to a
nunber of digitsfef dephibgdd Guirht diatited BNEaigaerent lingt arnsisopsiassociated with
corresponding to said digital data on said plurality of output lines; a
const ant current sgiduoeput dineplh erehngroopnneopptdt v sad cachreroupt andira diquid
source for providing an output voltage by a flowing current; a pluralirty of
driver transistocsystagunekinchuiingd dirsuisvehigf dgygsian lingg assgcigied guilth fhe eaghes
of said decoder and to said constant current source for cond cﬁ}ign a
current from sai @OEAPhAISPEAY $ERED BY YFRE SRARL AUPH H"]é"lﬁ"?n%tgfaé P ?BM of &
Is active; a plurality of limt transistor, each connected to one of said
pluralty of drivEePRYFERSi stors; wherein said plurality of output |Iines
of saiddecoder are grouped correspondingly to each of said plurality of
ranges; and

11 A D/A converter for converting digital data read from a frame buffer for each

pixel of a display screen to analog data compensated by a gamma mmpemaﬁon,
wherein a curve of the gamma compensation is divided to a plurality of ranges

sufficient to approximate the curve, comprising:

" a decoder having a plurality of output lines corresponding to a number of digits
of said digital data, and generating an outpﬁt _cbrresponding to said digital data

on said plurality of output lines; i
a constant current source;

output means -connected to said constant current source for providing an output

voltage by a flowing current;

a plurality of driver transistors, each connected to one of said plurality of output
lines of said decoder and to said constant current source for conducting a current

from said constant current source when said connected output line is active;

a plurality of limit transistor, each connected to one of said pluralty of driver

transistors;

wherein said plurality of oufput lines of saiddecoder are grouped

correspondingly to each of said plurality of ranges; and
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27 for each said group, neans for outputting each control voltage to a
control term nal__of correspondl ng one of said limt transi stors associ at ed
with said output lines in one group. 12 Aliqg wq.

om0+ SRR " <

for each said group, means for outputting each control voltage to a control

terminal of corresponding one of said limit transistors associated with said output

lines in one group.

12 A liquid crystal dispiay device comprising a D/A converter as claimed in

claim 11.
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A D/A Converter with a Gamma Compeénsation and
a Liquid Crystal Display Device

Abstract

A DAC (100) comprises a decoder (1) generating an output corresponding to the value
of the digital data on plurality of output lines, a constant current source (9), a plurality
of driver transistors each connected to one of the plurality of output lines of the decoder
(1) and to the constant current source, and conducting a current from the constant
current source (9) when the connected output line is activated, and a plurality of current
limiting transistors (Q) each connected to each one of the plurality of driver transistors,
the plurality of output lines of the decoder (1) being grouped correspondingly to each of
the ranges of the gamma compensation curve, and a common reference voltage for each
group being applied to the control terminal of the current limiting transistors associated
with the output lines in each group. '

Figure 1



