€ 3 October 2005 . ACTI VE MATRI X TYPE DI SPLAY APPARATUS, ACTI VE MATRI X TYPE
" ORGANI C ELECTROLUM NESCENCE DI SPLAY APPARATUS, AND DRI\4 NGoN&HdgeS THERECF
" BACKGROUND OF THE | NVENTI ON The present i-nvention relates to an active
matrix type display apparatus having an active device in each pixel and
controlling display in the pixel unit by means of the active device, and a
driving nmethod thereof, and particularly to an active matrix type display
apparatus using an el ectrooptic'device that varies brightness according
to a current flow nACHIEIMATRIX AMRE OTSELIAX ARpARADUYANi ¢ EL di spl ay
apparatus using an organic- material electrolum nescence (hereinafter

described as or gerTVEEMAfTRIRCTYOEUORERAGEN &L EXTRO UM NES e €] ectrooptic
device, and driving methods thereof. A liquid crystal display using a

liquid crystal pekbrag apﬁhﬁﬂb@y dﬁﬁbCﬁa%xﬁephﬁ%hon%%n‘ﬁi&%%' e, has a

| arge nunber of ‘pixels arranged inh a matrix manner, and controls Iight
intensity in each pixel according to infornmation of an image to be
di spl ayed, thereby effecting driving for image display. The same. display

driving isy dE ﬁ@ﬁ&ﬁ DbgpggHﬁrgﬁgéﬁﬂg%qdisplay usi ng-an organi c EL device as
a display device of a piXxé
The present invention relates to an active matrix '
type display apparatus having an active device in each
rixel and,controlling‘display in the pixel unit by means
of the active device, and a driving method thereof, and
particularly fo an active matrix type display apparatus
using an electrooptic device that varies brightness
‘according to a curfent flowing therein, an active matrix_
typelorganic EL diéplay apparatus usihg an organic-
material electroluminescence (hereinafter described as
‘organic EL (elect;oluminescence)) device as the
electrooptic device, and driving methods thereof.
A liguid cr}stal display using a liquid crystal
cell as.a display defice of a pixel,'for example, has a
-}arge nﬁmber_of pixels arranged in a matrix manner, and
- controls light intensiﬁy in each pixellaccording to
informatioﬁ of an image to be displayed, thereby
_effecting driving fér image displayﬁ The same‘dispiay
" driving is effeétedwa an organié:EL display using an

organic EL device as a display device of a pixel and the




YV 3 Cctober 2005 like. Since the organic EL display is a so-called self-

| um nous type display using a light emtting device as agodiobBt sonsdevi ce of
a pixel, however, the organic EL display -has advant ages- such as hi gher
visibility of inmges, no need for a backlight, and a higher response
speed as conpared with the liquid crystal display. Moreover, brightness of
each light emtting device is controlled by the value of a current flow ng
therein. . That is, the organic EL display differs "greatly fromthe.

liquid cryddde.display or the like of a voltage- controlled type, in that
the organic EL device is of a current-controlled type. As with the liquid
crystal display, $imcerthei crghnidi gpl aysp3sag @spassbvealibhi xemet hod and
an active matrix method as its driving nethod. Al though the forner has ‘a
sinpl e consumiinbusntybewaiepl avheshioiar 11an tPpll@Thy 4ol cas odi G i cul ty

-in realizing a large high-definition display. Thus, the active matrix

met hod hasdigﬁgaylgepggg nggiﬁgkgédehgbgggg'w@hghogggbgg;ﬁLa current

flowing through a light emtting évice wi'thin pi f nmeans. ?f an
Rt s PRI R G A
' images, no need for a backlight, and a higher response
speed as compared with the liﬁuid_crysﬁal display.
Moreover, brightness of each light emitting device is
controlled by the value of a current flowing therein.
That is, the 6rganic EL'display differs‘greatly from the
ligquid crystal display or the 1like of a voltaée-
controlled type, in that the organic EL device is of a
_current-controlled type. |
As with the liquid crystal display, the organic EL
display uses a passive maﬁrix method and an active matrix
method as its driving method. Although the former has a
‘simple construction, however, the former has problems
such as difficulty iﬁ realizing a large high-definition
displaf. Thus, the active matrix method has recently been
- actively devéloped which controlé a current flowing
through allight‘emitting device ﬁithin a pixel by means
of an active device; for example“an‘insulated gate field-
- effect transistor (tfpically a thin*film franSistorj TFT)

also disposed within the pixel.




V 3 October 2005 FIG 1 shows a conventional exanple of a pixel circuit
(circuit-of a unit pixel) in an active matrix type orgapigetdser gagpl ay (for
nore detail ed description, see U S Patent 5,684,365 and Japanese Patent
Lai d-Open No. Hei 8-234683) As is clear fromFIG 1, the pixel circuit
according to the conventional exanple includes: an organic EL device 101
havi ng an anode .connected to a positive power supply Vdd; a TFT 102 havi ng
a drain .connected to a cathode of the organic EL device 101 and a source
connected to a gr&8ilifid Lhehewrafit epnttestivbed axamplgr afndegixela capacitor
103 connected between a gate of t,ie TFT 102 and the ground; and a TFT 104

havi ng a drdirmeuiconreatead t @ ft e ugdtte pdfxdine iF &l Q2 t Pre ara &€ ;e onnect ed
to a data line 106, and a gate connected to a scanning |ine 105. Since the

organi ¢ ELtgpei 6eghas carredlisbiiaRy (EFRAORRYrY ddt ST GRS JdigPr ganic EL
- device may be referred to as an DEED (Organic Light Emtting D ode).

Therefore, skB §l&. $a2BHtO5NER4f B@ur %ﬁd %ai\é'ﬁ%%l (%jfaolﬁntd 4% é)é)c'ﬁsed to

denote the organi ¢ EL device as the Q. I'h t he ow ng d r|pt|on
however, ay BeCE%Eyhng3 Qggferty i s not necessarlly requi red of the OLED.
The operatlon 0 ormed pixel circuit is

As is clear from FIG. 1, the pixel circuit
according to.the conventional example includes: an’

_ organic EL device 101 having an anode connected to'a
positive power supply Vdd; a TFT 102 having a drain
cqnnected to é cathode of the organic EL device 101 and.a
éource connected to a ground (heréinafter described as-
“grounded”); a capacitor 103 connected between é gate of
the TFT 102 and the groupd; and a TFT 104 having a drain
connected to the gate of the TFT 102, a source coﬁnectea
to a data line 106, and a gate connected to a scanning
line 105. |

Since the organic EL device has a regtifying‘
property in mﬁny casés, the organic EL device may be
referred to as an OLED (Organic Light Emitting Diode).

Therefore, in FIG. 1 and other figures{_a symbol of a
diode is used to denote the organic EL device as the OLED.
In the following deécription, however, a fectifying
property is not necessarily required of the OLED.

The operation of the thus formed pixel circuit is




3 3 COctober 2005 as fol l-ows. First, when potential. of the scanning l'ine
105 is brought to a selected state (high level .in this gaggbheppshsa Witing
potential VWw.s applied to the data I|ine-106, the TFT 104 conducts, the
capacitor.103 is charged or discharged, and thus a gate potential of the
TFT 102 becones the writing potential Vw. Next, when the. potential of the
scanning.line 105 is brought to a non- selected state (low level in this
case), the TFT 102 is electrically disconnected fromthe scanning line
105, whi | est lfeldaws .poFtntial whknt betBntikQ2ofi $het allaynimet aijmed by the
capacitor 103. A current flowi ng through the TFT 102 and the OLED 101

assunes a. 198l i¢ BPEOLGBRORA RY e FAUER-UEOUEYh VI $S06 VO of the TFT
102, and the OLED 101 continues emtting' light at a brightness

correspondiagef OahReaVakye ifly LR HWilANtyy,. Erkeiagj%%gigd el Q:fheseaaq%;i ng the

- scanning’ line 105 and transm{ting to the ins t he pixel i ght ness

dat a SUpplifgetfbkb?ngtégEia%41ggnﬁhb%s,h%%g E?wﬁ%i%a% ﬁ%kﬁﬁ%ﬁdFT%_ai

"witing." As descri ove. oOrice the 'pixe rcuit "show _
I neen B A2 ol AR TS SELGIR AT e
(organic qgﬂ“ﬂ&i”ﬁ%Qo&@Q Qﬁef32?%9n3yp322%@9299v3.|aﬁggtPuﬂggﬂ gge
| potential of the écanning line 105 is bréught.to a non-
selected state (low level in this case), the TFT 102 is
electrically disconnected from the scanning line 105,
while the gaté potential of the TFT 102 is stably
fetained by the capacitor 103.

A current flowing through the TFT 102 and the OLED
101 assumes a value corresponding to a gate-to-source
voltage Vgs of the TFT 102, and the OLED 101 continues
emitting'light‘at a brightness corresponding to the value

of the current. The operation of selecting the scanning'

line 105 and transmitting to the inside of the pixel

"

brightness data suppiied to the data line 106 will
hereinafter be referred to as “writing.” Aas described
- above, once the pixel circuit shown in FIG. 1 writes the
potential Vw, the OLED 101 continues emitting light at a
fixed brighfness until next writing. |
An active matrix‘type'display<apparatus (organic EL

dispiay) can be formed by arranging a large number of

4




4 3 Cctober 2005 such pixel circuits (which may hereinafter be described
sinmply as pixels) IlIl in a matrix manner as shown in Fl G octhbhepPhs’ €peati ng
witing froma voltage driving type data-line driving circuit (voltage
driver) 114 through data lines 115 -1 to 115-mwhile sel ecting scanning
lines 112-1 to 112-n sequentially by a scanning line driving circuit 1
13. A pixel arrangenment of mcolumms and n rows is shown in this case. of

course, in this case, the nunber of- data lines is mand the nunber of
scanni ng | iswesh ipmixel Eachchi ght (wlnd ¢himgy degreéenaptarppesdeeconbedx type
- di splay apparatus emts light only at an instant when the 1|ight

emtting-devingAy SSYPPEdBsh WErBRsSs andt 8% me&héli 88 SR¥WACIhNFES. active
matrix type display apparatus continues emtting |ight even after

conpl eti on 2 Olantf el i Sx ¥ PELYR ANIE] Eadd Por LY 2R g&ﬁgg@@{@t us is

- advant ageous especially for use as a large gh= niti ay in that

the active ﬂ?ateri 1@&9’% : Irscglr?i ytﬁﬁonlatz?g%éjsdlcﬂperd)eciffs%%g?%hPéléegar‘]t ness and

peak current of "the d I ce ‘as conpare _ passive |
T P AP PR e Wl S e B LA S
genérally used_as an active devige. it is known, however, that anorphous
'silicon-an&OpapgéplF@@Hentlally by a scanning line driving circuit
| 113. A pixel arrangement of m columns and n rows is shown

in this case. 0Of course, in this case, the number of data

lines is m and the number of séanning lines is n. |

Bach 1ight emitting device in a passive matrix type

display apparatus emits light only at an instant when the

light emitting device is selectéd, whereas a light

emitting device in an active matrix type dispiay

apparatus continues emitting light even after completion

of writing. Thus, the active matrix type display
‘apparatus is advantageous egpecially for use as a 1arge'
high-definition display in that the active matrix type

aisplay apparatus éah decrease peak brightness and peak

current of the light emitting device as compared with the
passive.métrix.type display apparatus.

| In an adﬁive.matrix type corganic EL display,ra TFT

(thin film field-effect transistor) formed on a glass

substrate is generally used as an active device. It is

-known, however, that amorphous silicon and polysilicon



3 Cctober 2005 used to formthe TFT have inferior crystallinity. and
inferior controllability of the conducting nechanlsn1to;3@bﬁgégxggystal
silicon, and thus the forned TFT has great variations in characteristics.
Wien a ponS|I|con TFT is fornmed on a relatjvely large glass substrate, in
particular, the polysilicon TFT. is generally crystallized by a | aser
annealing nmethod after formation of an anorphous silicon film in order to
avoi d problens such as thermal deformation of the. glass substrate.
However, i tusiedl dicf ficatn ttHed THT dthad elriferidar@eyplsskimitbstamde W th
uni.form |l aser energy, and thus the crystallized state of the polysilicon

is varied jdeReRdiNG 110091 Dy Wi hink tdh S AtecimBsm agll t,  the
threshol d value Vth of even TFTs forned on the sane substrate can 'be

varied frog&ﬂ{;xs'—c&%@ﬁe' Vﬁylc% e hundied ., ﬁoque]d VR HEY §ddhSOnE

. cases. In tha

case, even en the sanme potential Vwis wittén to

di fferent r.ex l.e, reshold value Vth of the TFTs varies
§§£§10F1% ga %'ﬂ%reactlte{}ei JeY &S .

from pi xel o prxe resu I great variation frompixel to plxe

in the current S flomnn th ougnf&Eﬁ]g%Egé§ ani ¢_EL eV|ce

hence devi ati on o he? cﬁ? ¥Rt oﬁa?uﬁe ?ﬁéyﬁlgre hi gh

pi cture qualltg cannot b% expected of the %lspla This i,s . true for not
onIy varla}?ﬁﬁ Iﬂlass substrate, in particular, the polysilicon TFT

is generally crystallizgd by a laser annealing method
after formation of an amorphous silicon film, in order to
avoid problems such as thermal defofmation of the glass
sﬁbstrate. Hdwever, it is difficult_to irradiate the
large glass substrate with uniform 1a§er energy, and thus
the crystallized state of the polysilicon is varied
depending on a location within the substrate. As a result,
the threshold value Vth of even TFTs formed on the saﬁe
substrate can be varied from pixel to_pixel by a few
hundred mV, or 1 V or more in some cases.

- ' In that case, even when the same potential Vw is

N

written to different pixels, for example, the threshold
value Vth of the TFTs varies from pixel to pixel. This
results in great variation from pixel Fo pixel in the
current Ids flowing thfough the OLED (organic EL,dévice),
aﬁd hence deviatioﬁ of the current Ids from a desired
value. Therefore high picture quality cannot be expected

of the display. This is true for not only variation in




'3 Cctober 2005 the threshold value Vth but also variation in carrier
mobility /2 and the like. In,order to renedy such-a prob}edobthsopr esent

i nventor has proposed.a current witing type pixel circuit showm in FIG 3
as an exanple (see International. Publication Nunber W001/06484). As is
clear fromFIG 3, the current witing type pixel circuit includes: an

O, FD 121 havi ng an anode connected to a positive power supply Vdd; an
N-channel. TFT 122 having a drain connected to a cathode of the OLED 121
and a sourtkegtbuadbdldaveapacktbr bi23 adeoneairded t ibat imeraaxrdatre of the TFT
122 and the ground; a P-channel TFT 124 having a drain connected to a data

line 128, meehiifrPaieae@niee addeo a scanning line 127; an N-channel TFT
125 having a drain connected to a source of the TFT 124, - and a source

grounded; and a Fhthannel o dRfayarhin & pHoRldnCopREchedstcthe drain of
- the TFT 125, a source connected to the gate of the TFT 122, and a gate

ted 0.1, i i 127 hys . I . Gl it
cructal ly SRR SopobEals [pulbent e SIS ExBE Braghl [V S
fol | owi . t: Jin th th i xel ci it ~in,Fl 1,
p?i g(rjl\t,\llnggscr:-L a g&l ssé?rj‘”brblll‘e%gﬁfgbo% h%sie)?gleégfnﬁg %ﬁ g?‘c‘ifﬂﬁgﬂfgr{}%?fgﬁg} wher eas
-+ the cage, 9 LS R RIS SWEPE) 0 £982)

As is clear from FIG. 3, the current writing type

pixel ecircuit includes: an OLED 121 having an anode
connected to a positive power supply Vdd; an N-channel
TFT 122 haviné a drain éonnected to a éathode of the OLED
121‘and a sdﬁrce grounded; a capacitor 123 connected
between a gate of the TFT 122 and the ground; a P-channel
fFT 124 having a draip connecfed fo'a-data line 128, énd
a gate connected to a scanning line 127; an N-channel TFT
125'having a drain connected to a source of the TFT 124,
and a source grounded; and a P-channel TFT 126 having a
- drain connected to the drain of the TFT 125, a source
.connected to the gaté of the TFT 122, and a gate
connected to the scaﬁning line 127.

Tﬁe thus formed pixel circuit is_crucially
different.from tﬁe pixel circuit shown in FIG. 1 in the
following respect: in the case‘of the pixei circuit shown
in FIG. 1, brightness data is gsupplied to the pixel in

the form of voltage, whereas in the case of the pixel



circuit shown in FIG 3, brightness data is supplied-to the pixel in the
formof current. First, when brightness data is to be Wi bgBer 3d18
scanning. line 127 is-brought to a selected state (low level in this.case),
and a current |w corresponding to the brightness data. is passed through
the data line 128. The current Iw flows through the -TFT 124 to the TFT -
125. In this case, let Vgs be a gate-to-source voltage occurring in the
TFT 125. Because of a short circuit between the gate and drain of the TFT
125, the TEIréd5t showat és FaAGa 3Jat brdghenesegidana TRUsuppadear dong to a
‘wel | -known equation of a MOS transistor, the followi ng holds: lw =

Al Cox1W/ Ldne $¥ge1- iNt Bhe2form( &f) cukRehlte equation (1), Vthl is the
threshold value of the TFT 125; 9.1 is carrier nobility of the TFT 125;

Coxl i's ~gale capacid@ncemdieniiledlen ®led hes 6T g25eds, ghannel
- width of the TFT 125; ‘and L1 is thannel Tength of Tthe T+ %55. en, |
letting | dryhe 2, CHyLeni 4! oul g u %he OLED 12% t he- current val ue %
of the current }%ﬁv |s§ coit?%1$gaa §9tgg Fﬁeiaﬁgggnﬁ %FSd?%ﬂwseries W th
the CLEDfUMélln the, pi xel fircua: shown in fIG. 3, a gaée t 0- source '
~‘vol tage of %Wmel*ﬁ'ﬁhﬁéc%ﬁ%% Hel Wi T hCHheS s % ERTHBEPORBHRI | hot he
t'g d.h 1 that the TFET 122
" equation a ence, ' _assumn a e
q (épé bgkghtnesé data_{g é%ssed through the data line 128.
The current Iw flows through the TFT 124 to the TFT 125.
In this case, let Vgs be a gate-to-source voltage
occurring in the TFT 125. Because of a short circuit
between the gate and drain of the TFT 125, the TFT 125
operates in a saturation region.
Thus, according-to a well-known equation of a MOS
transistor, the following holds:
Iw = {41CoxiWl/L1/2(Vgs - vVth1)? ... (1)
- In the equation (1}, Vthl is the threshold value of the

TFT 125; M1 is carrier mobility of the TFT 125; Coxl is.

gate capacitance per unit.area of the TFT 125; Wl is

o

channel width:of the TFT 125; and L1 is channel length of
the TFT 125.
Then, letting Idrv be‘a current flowing through the
OLED 121, the current vélue of the current Idrv is
controlled by the TfT 122 connected in series with the
' OLED 121. 1In the pixel circuit shown in FIG. 3, a gate-~

to-source voltage of the TFT 122 coincides with the Vgs



bperates in a saturation region, Idrv = 92Cox2W2/L2/2 (Vgs - Vth2) 2 ...
(2) Incidentally, a condition for operation of a MXS t4aaghsifosi N @
.-saturation region is generally known to -be: Jvdsl > |vgs - vt ... (3)

The neanings of the paraneters in the equation (2) and the equation (3)
are the sane as in the equation (1). Since the TFT 125 and the TFT 122 are
formed adjacent to each other wiwthin a small pixel, it nmay be considered
that actually Al = X22, Coxl = Cox2, and Vthl - Vth2. Then, the follow ng

s readlIy1dlerﬂh\ée¢cfdaqmotme(1qquaéﬂ@mex{éa %uﬂlﬁ%'%(@T ddrv/iiw =
(We/ W) /(L2/ Li ,) : 4) Speci fi caI ly, even when e val ues thenselves of

the carrieg |tg , %@_ QQ%I Ance Cox per unit area, and the
t hreshol d vglue th vaP’ n a pan h surface or from panel to panel,

the current Idrv fLow ng throu h,t QLED 121 J N exact proportion to
. the witing curr%%f Imr“&ﬁﬁ’ entV9s 1uniT s brightnd€d  of the. OLED
121 can be controlled accur at el artlcular when a deS|gn is made

such that Ve o winfiaersailyy i srndis PefoF gPREFRELOR Of nat! t he
witing 3 Cbtober 2005 current 1w and the current Idry flow ng through t he
OLED 121 EFQHSFSFH§ iand ﬁ&FﬁéaﬁﬂPésﬁégﬂP@eléfg@mﬁr&ﬂﬂdh§npwn to

be:
Ivds| > |vgs - Vt| o (3)
The meanings of the parameters in the equation (2) and
the equation (3) are the same as in the equation (1).
Since the TFT 125 and the TPT 122 are formed adjacent to
eaoh other within a small pixel, it may be considered
‘that actually #1 = 42, Coxl = Cox2, and Vthi = Vth2.
Then, the following is readily derived from the equation
{1) and the equation {2): -
Idrv/Iw = (W2/W1)/(L2/L1) ' o ... (4)
Specifically, even when the values themselves of‘
: {f | fhe carrier mobility M, the gaoe capacitance Cox per unit
area, anhd the threshold value Vth vary within a banel'
'_surface or from panel to panel, the current Idrv flowing
through the OLED 121 is in exact proportion to the |
writing current Iw, and consequently luminous'brightness
of the OLED 121 can be oontrolled accuratély.. In

particular, when a design is made such that W2 = W1 and

L2 = L1, for example, Idrv/Iw = 1, that is, the writing




the TFT characteristics.
.exanple of a current witing type pixe
‘according to the present circuit exanple-is in
of a transistor conduction
according to the circuit exanple shown in FIG 3.
TFTs 122 and 225 in FIG 3 are replaced with P-channel

circuit
t he N-channel

132 and 135, "and the P-
- CRYR/IN LTS abdt A hidGentha @iy %Hvﬁ@:g“ttﬁ%@?ﬁ%ﬂé W prand the

mﬁth N-

"like are also different.

XRLTE X HY B!

ove descm

sane. An ag%hvg
arrangi-ng

confi gurat FBR OFT, FERRSRETE TRILER

scanni ng I|nes 142-1 to

FIG 5,
current witing t
colums 10 3 Cctober

FIG 4is a di agram show ng anot her circuit

circuit. The pi X§'cho%b{§dﬂ5t

opposite relation in terns
type (N channel /P channel) fromthe pixel

Speci fically,
TFTs

channel TFTs 124 and 126 in FIG. 3 are replaced

operating principles are exactly the

?s%&%vea%&a%t:‘i%u%% tl formed- by

Xeél” ¢€ircui as shown

a natrlx manner . FIG. 5 shoms an exanple of

X type organic EL display apparatus. In
142-n are, arranged one for each of rows of

f)l&%lacﬁi?'%%?"?‘g ﬁlﬁ‘iw’c%?r%%‘b%]hﬂ?n@l?%“hﬁn%’é‘f‘mm?h m

2005 X n rows and disposed in a manner of the matrix.

However,

9ANe Bl

current

The -

R

gate of RhBUTFIRE2NTifipgGtyBe(Bixehecdacuibt (e THRaB4

circuit acco;ding tp the present circuit example is in-.
opposite relation in terms of a transiétbr conduction
type (N chéhﬁel/P channel) from the pixei circuit
according to the circuit example éhéwn in FIG. 3.
Specifically,rthe N-channel TFTé 122 and izs in FIG. 3
‘are replaced with P-channel TFTs 132 and 135, and the P-

channel TFTs 124 and 126 in FIG. 3 are replaced with N-

channel TFTs 134 and 136. The direction of current flow

However, operating

and the like gre'also different.
principles are exactly the same.
An active matrix type organic EL display apparatus

can be formed by arranging the above-described current

writing type pixel circuits as shown in FIG. 3 and FIG. 4

in a matrix manner. FIG. 5 shows an example.of

configuration of the active matrix type organic EL

display appar%tus.
in FIG. 5, scanning lines 142-1 to i42-n are

arranged one for each of rows of current writing type

pixel circuits 141 cofresponding in number with m columns

10




in FFG 4) and the gate of the TFT 126 in FIG 3 (or the gate of the TFT
136 in FIG 4) are connected in each pixel to. the scanngagkbbpgxg42 lto
142-n. The scanning lines 142-1 to 142-n.are sequentially driven by a
scanning line driving circuit 143. Data. lines 144-1 to 144-m are arranged

- one for each of the colums of the pixel circuits 141. One end of each  -of
the data lines 144-i to 144-mis connected to an output termnal for each
colum of a current driving type. .data line. driving circuit (current

driver CS) >445.,:I48 adataikbBgedr iyi Hgmﬁhh(é&” bfléﬁe%atﬁxb“ ness data
to *each of the pixels through the data Iines 144-1 to 144-m en such a

circuit suagltlee@ﬂmttﬂ’é t&rfl.lgt]}w q,?fea jn(c;pq:l{]é)\ﬂ?% ‘% gﬁrs ¥ |\é1% ue4 ;tgat

s, a currént writing type p|x circuit

used as a ci rGui er r.qbl |ff| mmltlng | ow
.~ bright nessgha?IG I I’%SWI’%[I ng‘ e %fﬂoltglw ?P nes? «5&1 re I(f? eto -

bl ack, for r ur r ent extrenely close to zero is

wri tten. |ﬁa$ 3? ﬁﬁ%ﬂa @ﬁi égaﬁﬁﬁec8pn@FéFdBln eR58dance of the
TFT 125 becones h| gh and it takes a Iongltlne for potential of the data

li ne havi n§i%ehi §R- f?eSSGEPGBQQ 3408 gdradi ttoc 1é8pacei t Bre eStanping

stabilized. .This.is also true for internal operation of the data line
drIVIng CI%EB?F 142-1 to 142-n are sequentlally driven by a

scannlng line driving eircuit 143,
Data lines 144-1 to 144-m are arranged one for each
_of the columns of the pixel circuits 141. One end-qf each
of the data lines 144-1 to 144-m is éonnected to an
output terminal for each column of aicurrent driving type
data line driving circuit (current driver c8) 145. The
data line dfiving circuit 145 writes brightness data to
each of the pixels thfough the data lines 144-1 to 144-m.
When such a circuit supplied with brightness data
in the form of a current value, that is, a current
{”; ‘writing type pixel circuit as shéﬁn'iﬁ FIG. 3 or FIG. 4
is used as a pixel circuit, there is a problem of
 difficulty in writing low brightness data. In writing
‘data of low brightness extfemely close to black, for
examéle, a very small gurrent extremély close to zerd is
written. In this case; in the circuit example of FIG. 3,
impedance of the TFT 125'beCOmeé high, and it takes a

long time for potential of the data line having a'high

11




145 of FIG 5. Therefore, it is generally difficult to supply a very smal
current quickly and accurately. The witing of black datgppegasedogat the
value of the witing current is zero, and the witing of conplete black
takes. an infinite tine in theory. Mre specifically, when high brightness.
data (greater current), for exanple, is witten in-a scanning cycle
i medi ately before the witing of black, the data |line 128 in FIG 3 and
the data.lines 144-1 to 144-min FIG- 5 are at a relatively .high
pot enti al . péress iltliac caips cdrbatiicen ton Hehes tamiediwddel y rhigcdeedilzg seaeni ng
cycle, the potential of the data line is lowered as a result of action of
the TFT 12%okkniblterndl opdiet ildie dRlfrd Ga3QUGR &/ Artidtegvasi \fuitthe TFT 125
i's - decreased-as the potential is lowered, the driving current is
decreased apg bheprevesi NgrRE-ERSrROt ¢RL 2l gleﬁerahweaiﬁfaephx- eghen, in
- theory, after passage of an infinite time, 'the potential of the data |ine
becones th eshql.d. Vv % Vth s F - +2-Nce a practica
writing ti%%p#2§f?n??gy(%gﬁﬁén?§&§%%g §@§%%ﬂ g%ﬁgrES%%%?téggg), t he
gate-to-source vqltage .of the TET 122.ip. FIG 3 | i gher_than the
threshol d valueq%%ﬁgﬁﬁﬁ-kﬁ% o Rhac ang§5m3?nfhtﬁ%adg€? Y# “iz°g Cct ober
2005 wwit%gg. As,descri bed earlier, since thg_TFT,lZZ is dis%osed adj acent
to the TFT-125¥Xt haRgnPBERGRE V5| g&¥©, and the writing of complete

black takes an infinite time in theory. More spécifically,
when high brightness.déta (greaterlcurrent),‘for example,
is written in a scanning cycle immediately béfore,the
writing of bléck, the data line 128 in FIG. 3 and the

data lines 144-1 to 144-m in FIG. 5 are at a relatively
‘high potential. When black is written'in.the immediatelf
succeeding scanning cycle, the potential of the data line
'is lowered as a result of action of the TFT 125 in FIG. 3.
Since the gate-to-source volﬁage Vgs of the TFT 125 is
‘decreased .as the potential is lowered, the driving

current is decreased and the lowering of the potential is

S
1

slowed quickiy. Theh, in theory, after passage of an
infinite time, the potential of the data line becomeé the
threshold value voltage Vth of the TFT’125.

S8ince é practical writing time is finite (commonly
one scanning period or less), the gate-to;source voltage
of the TFT 122 in FIG._S is higher ﬁhan the threshold

value voltage Vth of the TFT 125 at the end of the

12




voltage of the TFT 122 is substantially Vth. Therefore, the gate-to-source
vol tage of the TFT 122 being higher than the threshold yg@.gevaidsage Vth
means that the TFT 122 is not conpletely cut off.. A characteristic (A) in
FIG 6 shows this situation. As a phenonenon, a pixel to which black was
to be witten actually-enits weak light (this phenonenon will hereinafter
be described also as "black floating'). One great advantage of the organic
EL di sptay which. advantage is not possessed by the liquid crystal display
is high centitasg.rats odedteibhedhegnbienst siate othesTFTsit2zonst he -
.capability to display conplete black by not passing a current through the
light enit@isgodedi adjatieneven, teeerrrshizght thbaekrbbBatitngasugni ficantly
conprom ses the contrast ratio of an inage, and this represents a problem

that cannofobeahdngretne! frerdet 19 50b%eahRis1PLOPLEM FherPESSENt -
-~ inventor has al so proposed in the above-nentioned patent application (see

i nternati opgL Fubll £a1L o UMDEE o Y000E0BAB4Y R | 22 NDLANG &ﬁ.{%ﬁf’ﬁg'f ng

hi gh-contrast Trmage display by providing a. “device ( _
rer o L Shpal A8 P40 oy U 0L P AR Bhaf AETERD o 13,
circuitt coﬁé qur a&éé)néomApnlé\té: 39”91? C',I'JL_:E' 129 connected
| | A characteristic (A) in FIG. 6 shows this situation.
‘As a ﬁhenomenon, a pixel to which black was to be written
actually emits weak light (this phenomenon will
hereinafter bé described also as "bléck floating”). One
‘great advantage of the organic EL display which advantage
is not posseésed by the ligquid crystal display is high
contrast ratio. The high contrast ratio results from the
capability to display comﬁlete black by not passing a
current through the light emitting device. However, even
s8light biack floating significantly cémpromisés the
{“3 contrast ratio of an image,.and'this represents a problem
that cannot be ignored.
In oxrder to solve this problem, the présent
inventor has also proposed in the abovg-mentioned patent
application (see International Publiéation Number
Wd01/06484) a techﬁiqﬁe~for enabkbling high-bontrast image
display by providing a,;eak'device (which may hereinafter

be referred to as a current bias device or current bias

13




between a data liné 128 and a ground in FIG 7 is the leak device. In a
sinpl est case, a fixed potential. is supplied as a gatesppipatidgls Vg of
the TFT. 129. The TFT 129 feeds a bias current Ib in a direction of
canceling a driving current Id froma data |ine driving circuit (data line
driving circuit 145 in FIG 5). Therefore; a rate at which the potential -

of the data line is lowred at the tine of witing black as descri bed
above is fast, and in particular, the potential of the .data‘line beconing
| ower thandikeutitnesal dactl Wrtwolitiage VFbel n7ashowit ent ExBmpRANSEL he
capability of conplete black witing. Thus, provision of the |eak device

for each gakachirdaienabh?s dur@ti6ant r a8t yl FREEn 6 SPFaY 124 csﬂﬂé@‘e&&“ stic
(B) in FIG 6 shows this situation. Fbwever the conventional technique of

- providing beﬁwgeakadaga;gelme 938nadal 3 gwﬁnﬁ 19340y QW R4 problems.

- As shown'in Fi s practi caf as the "eak Vi ce
(current bias d V|ce . descri bed at.the b | the TFT
has great hgarlg ons i n cH%r%%T gLt %Se'é%dggﬂﬁg %Ee%th--%%rrent I b-

tends to be vai Areal witing current |w omnng to the plxel_ln
FIG 7 at TWBPL{RE 3F ﬁwFFFﬁgPBFﬁgﬁfﬂ%sgglﬁfStQEtSBEr 2805 data is a result
of subtraction of the bias current fromthe current Id_driven by the

data |ine drIVIn&me TFT 129 feeds a blas current Ib in a direction
7 6f canceling a driving current Id from a data line

(' .— driving circuit {data line driving circuit 145 in FIG. 5).
_Therefore, a rate at which the potential of the data line
is lowered at the time of writing black as described
above igs fast, and in particular, the potential of the
.data line becoming lower than the threshold value voltage
VFh in a finite time means the capabilitf of complete
black writing. Thus, provision of the leak device for
each data line enables high-contrast image display. 2

‘characteristic (B) in FIG. 6 shows this situation.

However, the conventional technique of providing

ey
i

the leak device for éach data line hés the following
.problems._ As shown in FIG. 7, it is practical to use a
TFT as the,léak device (current bias device). As
described at the beginning, however, the TFT has great
variations in charaétéristics; and thus the bias current.
ib tends to be varied. A real writing current Iw_flowing

- to the pixel in FIG. 7 at the time of writing brightness

-
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"~ circuit, so that brightness of the light emtting device is varied anong
data lines and actually appears as variations in a fornme@iuskreajss (streak
variations) of a display inmage.. The streak variations appear as a.
noticeable problemparticularly as the current value of the bias current
Ib is set higher. It has therefore been inpossible to sét the bias current
Ib to a high current value. Incidentally, while a sinple resistive
conponent - maybe used as the current bias device, it is generally

‘difficult Batprawi derasudppb@pEubteaceiont aRCehYah s Wl hregPOgpaccUr acy
-and in a small area, and thus the resistive conponent is basically no

different frem the EhFréftt Bat drilehSp E?Efgé&at iﬁ8né£§{r);‘rﬁe(§;iati°”5- The
e. ] ,

present invention has been nade in view o above pr and it is

accor di ngl y4 | e . Qv i on { rovide an active matrix
. type .digp?éigggggrg%ugﬁaggﬁg%§§€§8§%t??xggépgl $§d%?%t ngd@?ﬁ“ﬁ?
appar at us, ; | Vi t hods thereof that ar capabl e of high-quality
d!ogpl ay ofj'%lmg%ﬁ{é%n%goﬁwgag?i%ﬁ?%gsgnér%‘aﬁT?ﬁWvﬁ BRATS VAt iations of a

di spl ay i mage, and capabl e of inmage disglay W thout variations in 15 3

Cct ober 20€ Jb%b?ﬂ%e’s"s Y %ﬁr?’éﬁ? i (§Epak peamiatdionsy @fi 2 is used.

SUMMVARY OF, THE | NVENTI ON
display image.

Thé streak variations appeér és a noticeable

(— ‘ problem particularly as the current value gf the bias
current Ib is set higher., It has therefore been
impossible to set the bias curreﬁt Ib to a high current
value. Incidentally; while a simpie resistive component
may”be used as the current bias device, it is generally
difficult to provide an appropriate resistance value with
good accuracy and in a-smali érea, and thus the reéistive
component is basically no different from the TFT in that
it is difficult to control variations.

{f" . The present invention has been made in view of ﬁhe.
above problems, and it is accordingly an object of the
present invention to provide an active matrix type

* display apparatus, an active matrix type organic Eﬁ
display apparatus, and driving methods thereﬁf that are
capable of high-quality dispiaY”of'black‘énd"iow
bfightness gradation without variations of a display

image and capable of image display without variations in

15




According to a first aspect of the present invention, there is provided an
active matrix type display apparatus conprising: a plXGﬁ(MﬂﬂkriGU5ﬁed by
arranging pixel circuits in a matrix manner, the pixel circuits each
having an el ectrooptic device that changes brlghtness t hereof according to
a current flowing therein; a data line driving circuit for supplying a
writing current of a nagnitude corresponding to brightness to each of the
pi xel circuits via a data line and thereby witing brightness data; and a
current driving circuit provided for each data line for feeding the data
li ne mntbragdtnasﬂgwhemr&ﬁuurnqnuawﬁlméngloyp@fpmﬂabeéifmpiﬂuismuﬁédng
current.- The current driving circuit corresponds to current bias circuits
in enbodinents bel ow. The current driving circuit includes: a converting
unit supplied with information of a value of. the driving current to be

- fed i n astBMAROfOR THE rINMENTION converting the supplied current into a

formof a voltage; a .retaining unit for retaining the voltage obtai ned by
the conversimgrdwithe eonvertiirgtunidpednd oF dEh¥i NG-doH: 1@n§e§€i&@er

2005 for converting this voltage retained by the retaining unit into

current, tH@ﬂefe@ﬂl@gohﬁaedat@n||dBtﬂMdihmbbﬁlﬁurE§§E 3 dfiey débﬂéﬁ&tus
current. According to a second aspect of the invention, thére is provided

a dri vi ngomgt hethpf @npﬁﬁélV@nﬂatf@%mé&pﬁydhﬁﬂéﬁdingaﬁpﬁéﬁiéﬁrcéiﬁ§’fﬂt'Ve

-natrlx type di spl ay apparatus including:

a matrix manner, the pixel circuits each having an electrooptlc
device that changes brightness thereof according to a current
flowing therein; a data line driving circuit for sﬁpplying a
writing current of a magnitude corresponding to brightness to
each of the pixel circuits via a data line and thereby writing
brightness data; and a current driving‘ circuit provided for
each data line for feeding the data line with a driving current
in a direction of canceling the writing current. The current
driving circuit corresponds to current bias circuits in
embodiments - below. The current driving circuit includeé: a
converting unit supplied with information of a wvalue of. the
driving current to be fed in a form of. a current, for
converting the supplied current intola_férm of a voltage; a
.retaining unit for retaining the Véltage cbtained by the

conversion by the converting unit; and a driving unit
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a pixel unit formed by arranging current witing type pixel circuits in a
matri x manner, said pixel circuits each using, as a di sphagb&eoose, . an

el ectrooptic device that is operable to <change brightness thereof
according to a current flowing therein; a data line driving circuit for
supplying a witing current of a nmagnitude corresponding to brightness to
each of said pirxel circuits via a data line and thereby witing

bri ghtness data; and a current driving circuit provided for each data |ine
for feeding the data line with a driving current in a direction of

cancel i ngogakdnwerting this endltafereitnisriad bydrhel recaehhad charachesi zed

in that said current driving circuit is supplied with information of a

val ue of at heirdeinti, NgincC Urdenitng e d£6ai Difel QHMMOR R CUIeR: A i pge
period when the brightness data is not witten to said pixel circuits and

~said cura@mgig?igﬁfﬁbﬁﬂfcuit retains the current in a formof a voltage;

and subsequently a current corresponding to the 17 3 Cctober 2005 retained

voltage is fed-dihe data lineas gapd.Arigy ”Bhetc%%t%gftifyﬁomt%aé | cpgrent

driving circuit when the brightness data is wittéen salfl pixe

Ci reui tsprAeqrdi B 41 fid i&l@tﬁéeeca of it @céi%enhg?gﬁ;fﬁiggepﬁ%?ﬁis&yi ded

an active matrix type orga i c electrol um nescence

COMPI | ST Apa fa Ph el s Lo LONVEPG L 13 LARAI UG ScREXCLOBLLEPLLSs hD BalBLT | X

manner, said pixel circuits each havi an ofba i cTelectrol umnescence

dEVice'V%ilbf%eﬁiréﬁit formed by arranging current writing type pixel
circuits in a matrix manner, said pixel circuits each using, as
a display device, an electrooptic device that is operable to
change brightness thereof according to a current flowing
therein; a data line driving circuit for supplying a writing
currént of a magnitude corresponding to brightness to each of
said pixel circuits via a data line and thereby writing
brightnesé data; énd a current driving circuit provided for
eaéh data line for feeding the data line with a driving current
ih a direction of canceling said writing current, wherein said
driving method characterized in thét sald current driving
circuit is supplied with information of a value of the driving
curreﬁt to be fed in a form of a current during a period when
 the brightness data is not written to said pixel circuits and
said current driving.circuit retains the current in a form of a
voltage; and subsequently a current correSpoﬁding to the
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el ectrode, a second el ectrode, and an organic layer including a |ight
emtting |layer between the first electrode and the second electrode; a
data line driving circuit for supplying a witing current of a magnitude
corresponding to brightness to each of said pixel circuits via a data |line
and thereby witing brightness data; and a current driving circuit
provided for each data line for feeding the data |ine @fFﬁ) raxpving
current in a direction of canceling said witing current; wherein said
current driving circuit includes: a converting unit supplied wth

i nfornat irenaehea Vadueigf the fedVvieg eHer eicd o 1heef edsinsy i@y faem,9fqa
current, for converting the supplied current into a formof a voltage;, a

retai ni nguekhtf rometsaiifl NGiihe v ot a6 g obtAlned Med heh@om@ﬁm@s@y
said converting unit; and a driving unit” for converting. the voltage

retai neddlyasakdwdieeh &d ey #3Ge1retaipipg, unit into a current, and
feeding the data line with the current as said driving current. According

geding the | . the . | en! ing
Lo 2 i Puct h AsRacdi bl EDe d NRBLLOLeldiar eoks o OVhIEH: 28] Mg 100 O

an active matrix type organic .elect nescence ay apparatus, said

active nmatri pe,, or i.c e .ol upj. nescence .di spl.ay . apparat us

includigg: a§d%?xeIluﬁ%ﬁﬂﬁ%rné§%%§gar?gﬁgiﬁ§Qﬂﬂ¥%nF Ff%ﬁ&mf§ﬁécﬁ?§%l
manner . sai d. pi xel circPits,ea h usin a di spl ay

circuits i mat ri x , as
devi ce, %%Q%?ae%t%%%%ﬁ%usde%?%%mt 9cHangEe! P hht hageet h}gYeBFr%‘éb?%i ng
s 1n a matrix manner, said pixel circuits each

to acurrent, floung.Lherein a
having an organic electroluminescence device with a first
electrode, a second electrode, and an organic layer including a
light emitting layer between the first electrode and the second
electrode; a data line driving circuit for supplying a writing
current of a magnitude corresponding to brightness to each of
said pixel <circuits via a data 1iﬁe and thereby writing
brightness data; and a current driving circuit provided for
_each data line for feeding the data line with a driving current
in a direction of canceling said writing current; wherein said
current driving circuit -includes: a converting unit supplied
with information of a value of the driving current to be fed in
a form of a current, for converting the supplied current into a
form of a voltage; a retaining unit for retaining the voltage
obtained by the conversion by said converting unit; and a

driving unit for converting.the voltage retained by said
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data line driving circuit for supplying a witing current of a magnitude
corresponding to brightness to each of said pixel .circuits via a data |line
and thereby witing brightness data; and a current driving circuit
provided for each data |line for feeding the data line with a driving
current in a direction of canceling said witing current, wherein said
driving method characterized in that: said current dri¥Peigbeiz0fdit is
supplied wth information of a value of the driving current to be fed in

a formof a current during a period when the brightness data is not

written EQt§§ﬁﬂn@iﬁﬁﬂt(yn&%ugt%ugggaﬁ?;gngu%%%%%ggug%% t i&gﬂgtwﬁﬁkains the

current in a formof a voltage; an subséquently a

current_Egérgéfggﬁg{g%té&i%h%rggéﬁgpeﬁ¥¥g%%§ge is fed to the data line as

said driving curren rom sai riving circuit when the brightness
In the thyus forped active nmatrix

data is witten to said i xel c¢ircuits. [

type displ ayACézﬁjﬁédgéltgfust%rg tﬁoélrgc@ti@%p%?riof tye OPYSRFLOEL dh§pPay's

appar at us ush%%ian <9rq?nic EL device as the el ectrooptic device, when
first sEPPrHEd wit HEhidIhalRebiods of difviasd o reatrisal Gomen erJanis of a

current during a period when no data is witten to pixels, the current
drivi ng e}3ElEHREScescendisplrenteARRrE tash orsmic ackive teger iandt et ai ns
the voltage. Then, when data is witten to the pixels, the current driving
circuit eeMeEre s elrctnodugilnedcenteagdisplava sppeaeatuandiicbadsitdie dat a
line with
pixel wunit formed by arranging current writing type pixel
circuits in a matrix manner, said pixel circuits each using, as
a display device, an  electrooptic device that changes
brightness thereof according to a current flowing therein; a
data line driving circult for supplying a writing current of a
magnitude corresponding to brightness to each of said pixel
circuits via a data line and thereby writing brightness data;
and a current driving circuit provided for each data line for
feeding the data line with a driving current in a direction of
canceling said writing current, wherein said driving method
characterized in that: said current driving circuit is supplied
with information of a value of the driving current to be fed in
a form of a current during a period when the brightness data is
not written to said pixel circuits and said current driving

circuit retains the current in a form of a voltage; and
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the current as the driving current in the direction of canceling the
writing current, thus using the current as a bias curreﬁtO,ctdharZWSs case,
t he constant driving current based on the informati on of the driving
current value flows through the data line, and therefore the bias current
is not varied anong data lines. BRIEF DESCRI PTION OF THE DRAWNGS FIG 1
shows a circuit configuration of a voltage witing type pixel circuit
according to a conventional exanple; 17c 3 October 2005 FIG 2 is a bl ock
di agram show ng an active matrix type display apparatus using the voltage
writing sybeepuometlyia cuitreadcardingdonding convert ireralineyamplieageFi& 3
shows a circuit configuration of a current witing type pixel circuit
accordi ngetiota thestiacanventi apakaexanphieinkl Gurdeahowsod s8hiACHBLErent
configuration of a current witing type pixel circuit according to a

second  geRveRy i enakbuexanpled; FAG prigh$nasb! ogldi agr am;show ng, ?‘Qa?&“ ve

matrix. type display apparatus using the current witing type pixe
circuit geeor ding. a4 he conventional exanple; FIG 6 is a di agram of
assistance 1n explaining effect of a current bias circuit; FIG 7 shows a

circuit Confféﬂ%ﬁgifﬁh§ﬁfékﬁéﬁr§%%ive matrix type display apparatus or

‘the active matrix type organic EL display apparatus using an
organic EL device as the electrooptic device, when first
supplied with information of a driving current value in a form
of a current during a period when no data is written to pixels,
the current driving circuit converts the current into a form of
a voltage and retains the wvoltage. Then, when data is written
to the pixels, the current driving circuit converts - the
retained voltage into a current and feeds the data line with
the currént as ﬁhe driving current in ﬁhe direction of
canceling the writing current, thus using the current as a bias
current, In this case, the constant driving current based on the
information of the driving current vaiue flows through tée'data

line, and therefore the bias current is not wvaried among data

lines.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shows a circuit configuration of a wvoltage writing

type pixel circuit according to a conventional éxample;
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Wi ti ng type pixel circuit according to a conventional exanple using a |eak
device; FIG 8-is a schematic diagram of a confi gur ati on3 Gkctoban2ast | ve
matri x type display apparatus according to a first enbodi ment of the
present invention; FIG 9 is a sectional structure diagram show ng an
exanpl e of structure of an organic EL device; FI G 10 is a circuit diagram
showi ng.a first .concrete exanple of a current bias circuit; 18 3 Cctober
2005. FIG 11 is a timng chart of assistance in .explaining operation of

the active matrixrtgpezoigag Elglekdh§alt;§¥magﬂafvi‘hﬁsa&Sia%giRtgemg%iﬁnt bi as

_circuit accord| ng to the first concrefe exanple ok b s
circuit- d| 0 e cyrrent
circuit; 13§Pgw§9gﬁ? %%%ggau%gﬁggﬁ%ﬁiﬁéﬂq% & it |%?P§t|on of the

n1n char.t of the first
;iggfpfcggpgrggglggégghﬁ agcg P&BPLialééﬁ WSHF&Q“& 1s&X3M@ L eindi fi cation
f the second co e anple FIG 16 is-a circuit diagramshow ng a
1(:)hi rde concrete re]’ii];cﬁp O¥ et TFTeH t P REEFREAbOn 6 a 1quFBeRt t i i ng

hart of the,third concrete
.C writing type pixel circuit according to a first:

conventional example;
FIG. 4 shows a circuit configuration of a current

writing type pixel circuit according to a second

N

conventional example;

FIG. 5 is a block diagram showing an active matrix
type display apparatus using the current writiﬂg type
pixél circuit according ﬁo the conventional example;r

FIG. 6 is a diagram of assistance in explainiﬁg
effect of a current bias circuit;

FIG. 7 shows a circuit configuration of a current
ﬁriting type pixel circuit according to a conventional
A example using a leak device; ’

FIG. 8 is a schematic diagram of a configuration of
an active matrix type display apparatus accordiﬁg to a
~ first embﬁdiment of the ﬁreSent invention;

FIG. 9 is a sectional structure diagram shoﬁing an

example of structure of an organic EL device;

FIG. 10 is a circuit diagram showing a first

concrete example of a current bias circuit;
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exanple; FIG 18 is a schematic diagramof a configuration. of an active
matri x type display apparatus according to a second enbdOcweat2006 t he
present invention; FIG 19 is a circuit diagram show ng a concrete exanple
of a current bias circuit; FIG 20 is a timng chart of. assistance in
expl ai ning operation of the active matrix type display apparatus .according
to the second enbodi nent; 19 3 Cctober 2005 FIG 21 is' a characteristic

di agram showi ng a gradation display characteristic generally considered to
be. desirabl e; andFEGG 122 iisS aa tdRdhac chkirst o€ disadkdameleownng a gradation
di splay characteristic according to the present invention. DETAILED

DESCRI PTI O35 RRERRRRISL RN MNTS Prafi8ivee thaA1edi vl Sofadilte g3l esent

i nvention will herel nafter be described in detail with reference to the

draw ngs. [fidgilaeril BNl JdiGe & & : S&mi)tiia% &334 of a

- configuration of = .an active matrix type ay apparatus according to a
T e e ey MY, RGN on [ the fol lowi s
] FIG. 12 is a circuit diagram sﬁowiﬁg a second .
concrete éxample of the current bias circuiﬁ;
FIG. 13 is a circuit diagram showing a first
modification of the second concrete exampie;
FIG. 14 is a timing chart of the first
modification;
FIG. 15 is a circuit diagram showing a second
{modification of the second concrete example;’
"FIG. 16 is a circuit diagram showing a third
concrete example of the éurrent bias circuit;
FIG. 17 is a timing chart of the third concrete
example; |

FIG. 18 is a schematic diagram of a configuratibn-

v,

of an active matrix fype display apparatué according to a
' secdnd embodiment of the present invehtion;
FIG. 19'is a circuit diagram showing a concrete
example of a currept bias circuit;
FIG. 20 is a timing chart of assisﬁance in
explaining operétion of fhe active matrix type display
‘épparatus according to the second embodiment;

LT
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where an organic EL device' is used as an el ectrooptic device of each
~pixel, and.a field-effect transistor, for exanple a pol $€icldbeoZa0BFT i s
used as an active device -of each plxel so that the present invention is
applied to an active matrix type organic EL display apparatus obtained by
formng the organic EL device on a substrate where the -polysilicon TFT is
fornmed. In FIG 8, current witing type pixel circuits 11 20 V 3 Cctober
2005 correspdnding in nunber with mcolums X n rows are arranged in. a
matri x manner. A @iliccui2li dfs’ @ chagdict erd@nfiicy @idlgrah SRewAngnaFl G 3, for
exanple, is used as a current witing type pixel circuit 11. Scanning |ines

12- 1 to 1vadeite o 'Angacth Y eid:Qlc 1Rachs Of ¢ tdien &8 Picdiia adtiaelc£ircuits .

11. The scanning lines 12-1 to 12-n are sequentlally driven by a scanning

line drivi pg GideGYidpild. s a |ines 14-1 to 14-mare arranged one for each
~of the colums of the pixel circuits 11. Cne end of each of the data |ines

14-1 to 14-mis ¢ ected;to.a aI for each,colum of a
current driving tggg dg? %lneEJ g?é?ﬁar%F i ?EEPWeﬁ SWiF9e?) 15. The
data line Ligki Ag CIFCUIt 15.wr %s hrightness data to each of the pixel

circuits 1?9?ﬁﬁgﬁg HEPASFaCPPﬁss PRI RS ﬁfqﬂrQAnchPréﬁﬁ BrsseBtrcuit -

~(current_dtlv ng, CIFCUIt) 16 forned
inventio

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will
hereinaﬁter be described in detail with reference to the
cdrawings.
VIFirst embodiment]

FIG. 8 is a schematic diagram of a configuration of
an_active matrix type display apparatus according to a
first embodiment of the présent invention Descrlptlon in

the folloW1ng will be made by taking as an example a case

-

N

where an orggnlc EL deV1ce is usedAas an electrqoptlc
device of each pixel, and a field—éffect transistor, for
example a polysilicpn TFT is used as an active device of
each pixel so tﬁat the present invention is applied to an
;ctive matrix type‘organic EL display apparétus'obtained
by-fo;ming the organic EL device on a subétrate where the
polysiiicon TFT is formed.

In FIG: 8, current writing type pixel circuits 11

20




by current bias circuits 16-1 to 16-m arranged one for each of the data
lines 14-1 to 14-mis provided on a side opposite from setobettodsdata |ine
driving circuit 15 is disposed, for exanple. A control line 17 is di.sposed
common to the current bias circuits 1671 to 16-min the current bias '
circuit 16. An exanple of structure of an organic EL device will be
described in the followng. FIG 9 shows a sectional structure of an

organi ¢ EL device. As is clear 21 V 3 Cctober 2005 fromFIG 5, the organic
EL devi ce i diddRddhd "SR HuMber Wil t15 n AGUNIIEX (f Ofofxappl e anode) 22

made of a transparent conductive filmon a substrate 21 nade of a

Lranspar enle QlnB Ol e sl hiAL CROBEEDAL Ao 0R GBgLEuLBYEr 27 on the

first electrode 22 by ep05|t|ng a hol e carrying layer
emtting | I on cankying l.ayer and an_el ectron
“.injection %%%fl%%gé%qo %% ge F1 g%d%the fgﬁégﬁ 4 sgcgﬁ&% gFegtrode
(for exanple cathod ani ¢ Fayer
appl yi ng aS#FFERE- EE%FéHEWESPF éxﬁqeﬁéfﬁﬁéﬁ Eﬁe ?%?nﬁﬁ%c %%%% ﬁ% and t he
second electrode 28, ght is enltted when an electron and a hole are

r econbi nedtwitfh @aEhaSFhéFrPHQFHeOPPgﬁPr &afrPt PhgthayEPYB40ECbHeret e

configurati-ons _of the current bias circuit
plxel circuits 11. The scanning lines 12-1 to 12-n are

sequentially driven'by a scanning line driving circuit 13.
Data lines 14-1 to 14-m are arranged one for each
.of the columns af the pixel circuits 11l. One end bf each
of the data iines 14-1 to 14-m is connectad to an output
terminal for each column of a current driving fype data
1line driving circuit (current driver) 15. The data line ;
driving.circuit 15 writes brightness data to each of the
pixel circuits 11 through the daﬁa lines 14-1 to 14-m. A
- current bias circuit (current driving cirnuit) 16 formed
by current bias circuits 16-1 to 16-m arranged ona for

a

each of the data lines 14-1 to 14-m is provided on a side

o

opposite from where the data line driving.circuit 15 is
dispbsed, for example. A control line 17 is disposed
common to the current bias circuits 1671 to 16-m in the
current biasg circnit 16. | |

An example of structure of an organic EL device
'will be described-in the foilowing. FIG. 8% shows a

sectional structure of an organic EL device. As is clear
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16 (16-1 to 16-m will be described in the followi ng by" taking a few
examples. (First concrete exanple) FIG 10 is a circuit diCogpbereeisow ng a
first concrete exanple of the current bifas circuit 16. In FIG 10, an
N-channel TFT 31, for exanple, is connected between a data line 14 and a
ground. A P-channel TFT 32, for exanple, is connected between a' drain and
a gate of the TFT 31. A gate of the TFT 32-is connected to -a control
line 17. -A capacitor 33 i's connected between the 22 3 Cctober 2005 gate of

the TFT 31fabd Flie.gpouRHe Grgauiic Enedaviee 9k tbemedrbentrb@sngi rcuit 16

according to the first concrete exanple will next be described. First,
during a verkieat biaekkaeepemdexﬁhhbllegaﬁfea@h 59 faka by written, ‘the
.control line 117 is set to a low level to thereby bring the TFT 32 into a

conductl not 2hALBarGRE BofiHhEEIeSAYIGeolSa  EEATe A LU S Fhaqbly g;oggg the

“data line .14 IS case ecause of a Cl r Cul cause

32 betmee nd, drain TFT_31,.the TFT-31 operates in a -

saturation }£§5§9%§n€'%1%%%t%f|§$emﬂ Fg tﬁ%rﬁﬁfﬁ_?f%&ﬁiﬁ$ Mg circuit 15 in

FIG 8 can_be usegﬁgs t he current gou ce CS for feeding the current Ib, a
f

current sAFERPHEetPEXEI46i ORI Fher BETPEcB ROt TR An roht9eBOsREIRY cour se

be prOV|ded . .
hole carrying layer 23, a light emitting layer 24, an
electron carrying laver 25, and an electron injection
layer'zs in that order, and then forming é second’
electrode (fo; example cathode} 28 made of a metal.on the
- organic layer 27. By applying a direct-current voltage E
- between the first_electrode 22 and the.second electrode
28, light is emitted when an electron and a holeraré
recombined with each other in the light. emitting 1ayer 24.
Concrete ébnfigurations of the current bias circuit
16 (16-1 to 16-m) will be described in the following by
taking'a féw examples. i
{“ {(First concre;e example)
FIG. 10 is a circuit diagram showing a first
concrete example of the current bias circuit 16. In FIiG.
10, an N-channel TFT 31, for example; is conngcted
between a data line 14 and a ground. A fJChannel TFT 32,
for exaﬁple, is connected between a drain énd a gate 6f
the TFT 31. A gapé of the TFT 32 is connected to -a

control line 17. A capacitor 33 is connected between the
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separately fromthe data line driving circuit 15. The .same is true for

ot her concrete exanples to be described |ater. As the cusiCetdbet 2005 ows
between the drain and source of the TFT*31, then a .gate-to-source voltage
Vgs corresponding to magnitude of the current Ib occurs according to a
MOS transi stor characteristic: Ib = ,u CoxWL/2 (Vgs - Vth) 2 ... (5) where

- the nmeanings of the parameters are the same as in the equation (1). 23 v 3
- Oct ober 2005 The gate-to-source voltage Vgs of the TFT 31 is stored in the

capaci t or xteWodn tihe (THHTS 34t ainel, dhee greamid.ol line 17 is set to a high
level to bring the TFT ,32 into a non-conducting 'state, the capacitor 33

retains the gateeidcadurépertiofieo¥genefl chhgedEThdds Eheraakt g6, . When
data is witten to each pixel, the TFT 31 converts the voltage retai ned by

the. capackhbebraddg Bt end QEEE%”EOﬂ%Q@t@eﬁgémFEQ GYnhenl ddhpqugh the data
“line 14. In this case, when the' TFT 31 operates in -a saturation region,

the TFT 3150ReL-abe] . aSpArLU! T QY 3 FQU CPard A1) TSRS A in C“r:r:ené of a val ue
equal to a vaFue o? the witten %rre #% , accor % PGB tH :
equation’ (ghy; [9e,REEATELChS L "1 LG £E éﬁloghé5loar30969§L%'E¥ is

set to a low level to thereby bring the TFT 32 into a
conducting state, and a current source C8 féeds a current

Ib through the data line 14. In this case, because of a
. short circuit caused by the TFT 32 between the gate,and

drain of the TFT 31; éhe TFT 31 operates in a saturation
region. Incidentally, whilerthe data line driving circuit

15 in FIG. 8 can be used as the current source és for

feeding the cufrent Ib, a current source used excluéively

for feeding the current Ib may of course be provided

" separately from the data line driving circuit 15. The

same is true for other concrete examples to be described

e

later.

As the current-Ib flows:between the‘drain and
source of the TFT 31, then a gate-to-source voltage Vgs
cbrresponding to magnitude of the cufrent Ib occurs
-according to a MOS transiétor characteristic;
Ib - fCoxW/L/2(Vgs - Vth)? ... (5)
where the meanings of the parameters are the same as in ) N

the equation {(1).
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‘varied anong data lines or manufactured panels. However, theeval ue of the
current fed by the current bias circuit according to thgOkiobst2008ncr et e
exanpl e i s not dependent 'F on val ues of these paraneters, "and is equal to
the value. of the witten current Ib. Thus, the value of the current fed
by the current bias circuit according to the first concrete exanple is not
vari ed anong data lines or nmanufactured panels. in order for the TFT 31 to
operate -in a saturation region, it is required that the equation (3)

hold, that is, potiatidteofo!Heusldé avditydergs Iéf athyetyrhighis24 3
Cct ober 2005 Cperatlon of the active matrix type organic EL display

appar at us he,c e [ ui t rdi t f t concrete
pp whspelihen the BhpRkatofi 58U gl o s tsgt%eemflhgléﬂ conerete

exanple is used as the current bras circuits f
be d t I to t
IS 5 RS ipel 00 HE APELPANARGRCLSHANCEe e BHSERERY L L

' FIG. 11. Firs
the c $%rol I ne 17 0 he current S circuitfs 16-1 to 16-mis

selected (T oW T EQ eF ?ﬂntﬁ?gauggé%g ?&a??ﬂs§ i FRPA¢hECHat A FRRR1BFi vi ng
circuit 15 feeds the current Ib to the current bias circuits 16-1 to
'16-m  ThetRord3 bt~ FonEounce svehtpear et fe-the JTET nph. Sheseaddattat e

(hlgh level in this case) Unless there is. . _
when data is written to each pixel, the TFT 31 converts

the voltage retained by the. capacitor 33 into a current
and feeds the current through the data line 14. In this
case, when the'TFT 31 operates in a saturatiqn region,
the TPT 3i operates as a current source:that feeds a
current of a value equal to a ealue ef the written
_curfent Ib, according to the equation'(s).
The parémetefs in the equation (5) are generaily

-vafied among data lines or manufactured panels.. However,
the value of the current fed by the current bias circuit
aceording to the first concrete example is not dependene

'

on values of these parameters, and is equal to the value-

B

of the written current Ib. Thus, the value of the current
fed by the current b;és circuit according to the first
cbnc;ete example is not varied amongldata lines er
manufactured panels, In order for the TFT 31 to operate
in a saturatioh region, it is required thaf the equation
(3) hold, that is, potential of the data line be

.relatively high.
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“for witing brigh

a special reason, the current value Of the current Ibis comon to the
~data lines 14-1 to 14-m Then, data is witten while the3Scmbaixupsl i nes

12-1 to 12-n of the pixel-circuits 11 are sequentially -selected. In this

‘writing operation, the current bias circuits 16-1 to 16-m keep feeding the

current- I'b, as .described above. Thus, the active matrix type organic EL
di spl ay apparatus shown in FIG 8 is capable of high- quality black|evel
di spl ay, -as described with reference to FIG 7, and is also free from

streak vari-ationsogératidhSeEaynhé neeei fauasey DY vapbabigRsitngihe
characteristics of the TFT. 25 3 Cctober 2005 In addition, when witing a

bi as Curreﬁisﬁ@h?eaﬁﬁarsﬁﬁscHh@ﬁn%hgi@ﬁf%%h%ubﬁéglQE}CBQtlgbgbrﬁﬁggorganiC

EL .di splay apparatus according to the rst e diment “i's con red to

: | LYi ' i d, th | i 14-1 . to, 14- d
or writingoorpEnERbaY Bnprety! bt TRls s HER U R R N Bus AN BUBE G opi ay
nt . has another = advantage in that

t din o . the first, enhodi
?ﬁgaggnrfgﬁfggﬁbhsgggh%rE?ygébﬂp}?c%f%dngaglkanEFEdbﬁﬁgﬁsFﬁébﬁﬁgéﬂic EL
di spl ay apparatus. according to the conventional exanple shown in FIG 5.
IncidentaJE@? F?l}%w+%$i8ﬁ58 reiGrrrEcathi as timimdetbarst R tBHIG helturrent

bias circuits 16-1 to 16-m - '

: ' First, prior to the writing of data to each of the
pixel circuits 11, the control lipe 17 of the cufrent
.bias éircuits 16-1 to 16-m is sélected (low level in this
case). At this.point, the data line driving circuit 15
feeds the current Ib to the current bias circuits 16-1 to
16-m. The control line 17 is thereafter set to a non- .
selected state (high level in this casé).' Unless there is.
a sgpecial reason} éhe current value of the current Ib is
common to the data lines 14-1 to 14-m.

Then, data is written while the scanning lines 12-1-
to 12-n of the pixel circuits 11 are sequentially - |
(“j selected. In this writing operation, the current biasf

circuits 16-1 to 16-m keep feeding the current Ib, as
described above. Thus, the active ﬁatrix type organic EL

" display apparatus shown in FIG. 8 is capable of high-

quality 51ack level‘display, as descriﬁed with reference
to FIG. 7, and is also free from streak vafiations of a

display image caused by variations in the characteristies

of the TFT,
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for each frame using a vertical blanking period, during which no data is
witten to the pixel circuits 11. (Second concrete exanpDelpb&d XH0512 is a
circuit diagram showi ng a second concret'e exanple of the current bias
circuit 16. In FIG 12, a gate and a drain of a TFT' 31 are connected to a
common point. A P-channel TFT 34, for exanple, is connected between the
drain (gate) of the TFT 31 and a data |ine 14. A source of a P-channel TFT
35, for-.exanple, is connected to the gate (drain) of the TFT 31. Gates of
the TFTs 34 and 35ArLIGNEE! 6hdP A1 GUHY TPl 1d 6 r 2005 A
capacitor 33 is connected between a-draigﬂ%f the Tﬁ%ﬁé aﬁ?éﬁ%ﬁ%ﬁnd. A
gate of an dyehappeln,dH;i36. : le . ls,connected to the drain of the
TFT 35. The TFT 36 has & %r%%%%%ﬁ%?c?e‘ﬁ E% Jt‘fﬁelp'da‘f S 1PhEREEC afd a source

grounded. The. TFT 3 the TFT 36. are disposed adjacent, to each other, .
| AR Al T 1 37 Sorr et (i Gigl SHERGERERs o1F o5, t hus

and t hereby

.form ng a,cu%@gnt myrror cirguit, Circuit operation of the current bias
B SR '

circuit 16 SACSHHiITH O e oncYetd B | E Kaui t nekransd
described. First, the control line 17 is set to a low .level to thereby
bring the FEF $2%hd inee #eT 399 drdom used for writing brightness

‘data as they are. . Therefore, the organic EL display
apparatus according to the first émbodiment has another
advantage in that the configuration is hardly complicated
as ¢ompared with the‘organic EL display apparatusl
accofding to the conventional example éhown in FIG. 5.
Incidentally, it is rational to write a bias
‘current value to the current bias circﬁits 16-1 to is-m
for each frame using a vertical blanking period, dufing
“which no data is-written to the pixel circuits 11,
{Second concréte exaqple)
FIG. 12 is 5 ci;cuit diagram showing a second
(“ concrete examplevof the current biaé circuit 16.

In F;G. 12, a gate and a drain of é TFI 31 are
connected tg a common point. A P-channel TFT 34, for
example, is connected between the drain (gate) of-the TFT
31 and a data line 14. A sourée of a P-channel TFT 35,
for example, is connected to.the géte (drain) of the TFT
31. Gates of the TFTS 34 and 35 are connected to a

control line 17.
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eonducting state, and a current source CS feeds a current. Il w through the
data-line 14. Because of a short circuit between the. gad@®camher 26085 n of the

TFT 31, the TFT 31 operates in a saturation region.. The current lwis
divided into a current 11 and a current 12 at a node N. Then, the. current
11 fl.ows through the TFT 34 in a conducting state to the TFT 31, while the
current 12 flows to the TFT 36. Since the gates of the TFT 31 and the TFT
36 are allowed to be at the same potential by the TFT 35 in a conductlng

state, the foll owangaggedtiogns hglsdeconhectedCpEWelel 2 -@VQS aﬁfahéz
(6) 27 3 Cctober 2005 12 = ,uCoxV®/ L2/ 2 (Vgs -- Vth)y 2 ... (7)

8) wh t paga rssa h a he uatlon
() where v s Yo PIRAGELE 5258 MIENHIEL T ] é—’% " ot her

1S aSSUmRAh e coTRLHL ARG WA EFMG@% qg;a.iq, L. agh obfer i

Lhe carélerlnnbl I Vth eThatfof?gaCItanCuatlon can be readily derived
from the éﬁuat.ﬁﬁsﬁ?gﬁn 5opayotes’ to A SRTPWHADE T ARGy ouree o) A
gate to- SoggggngelEagfhé@%%éﬁ3{rﬁhnghngég §é°§§3 égsposed adjacent
to each other, and thereby have substantially the same
transistor characteristics, thus forming a current mirror
ciréuit.

Circuit operation of the current bias circuit 16
according to the seccnd concrete example will next be
‘described; First, the control line 17 is set to a low
‘level to thereby bring the TFT 34 and the TFT 35 into a
conducting state, and a current gsource C8 feeds a cﬁrrent
Iw through the data .line 14. ‘Becausge of a short circuit.
betweeﬁ the gate and drain of the TFT 31, the TFT 31
operates in a saturation region. The current Iw is

rd

divided into a current I1 and a current I2 at a node N.

ey,

Then, the current I1 flows through the TFT 34 in a
conducting state to the TFT 31, while the current I2

flows to the TFT 36.

Since the gates of the TFT 31 and the TFT 36 are
allowed to be at the same potential by the TFT 35 in a
conductihg state, the following equations hold:

I1 = #CoxW1/L1/2(Vgs - Vth)? ... (6)
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the capacitor 33 via the TFT 35. When in this state, the control line 17
is.set to a high-level to bring the TFT 34 and the TFT 3B®cidbko2005 '
non-conducting state, the capacitor 33 retains the gate-to-source voltage
Vgs of the TFT 31. Therefore, when the TFT 36 operates in a saturati.on
region, the TFT 36 operates as a current source that feeds-the current. 12
given by the equation (9). Thus, although the nobility /.L, the gate
capaci tance Cox, and the t hreshol d val ue voltage Vth in the equation (6)

and the equation t7)=apue G@en geard eggrong data | i pgs or manufactured
panel s, the value 28 3 Cctober £g05 of the current fed by the current bias

circuit accordingryto the.sggond concrete exanple is notgdependent on these
parameters, and is equal to the current 12. Since the current 12

representSwﬁeQbaﬁth&@gﬂan al e {égeR??hEQW%Qg aE% %ggalg%g %ﬁﬂfﬁggfgba?Ll

“the current 12 in the eq ua I on current

+ W2/ L2) - 1 0).The urrent, v does _not_vary_ anong data
. lines or manuFé‘(% %%8 69?1el s§ R4 | s atﬂﬁvr#f ﬁc’ﬁ}?? eﬁﬁl%f cdTfci des with
the bias §urrent Ib.in the currenﬁ bias circuit accordlnghto %hg first --

concrete eXARBPESTnPRIECeRb, EPnBAEH, PERGL D 4§ 15 assumed

- TFT 31 and the TFT 36 are equal to each other in the
garrief mobility &4, the gate capacitance Cox per unit
'éfea, and the threshold value voltage Vth.

The'following'equation can be ;eadily derivéd from
the equations (6} to {8).

I2 = (W2/L2)/(W1/L1 + W2/L2) -Iw ... {9)
A gate-to-source voltage Vgs of the TFT 31 is stored in
the capacitor 33 via the TFT 35. When in this stéte; the
control line 17 is set to a high-lefel'to bring the TFT
34 and the ?FT‘BS intb a non-copductipg state, the
capacitor 33 retains the gate-to-source voltage Vgs-of

a | the TFT 31. Therefore, when the TFT 36 operates in a :

saturation region, the TFT 36 operates as;a current
source that feeds the cuirgnt_lz given by the equation
(9). o

Thus, although the mobility 4, the gate
capacitance Cox, énd the threshold value voltage Vth in
the equation (6) and the equation (7) are genérally

varied among data lines or manufactured panels, the Value
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circuit according to the second concrete exanple in FIG 12 is
characterized in that a ratio between the witing currehOctbbesrabdst he bi as

current | b can be controlled by setting-channel |engths and channel w dths
of the TFT 31 and the TFT 36 form ng- the current mrror circuit, that is,
by setting a mrror ratio. Incidentally, in order for the-TFT 36 to
operate in a saturation region, it is required that the equation (3) hold,
that is, .potential of the data Iine be relatively high. (First

nodi fication ohesegppencopsdche examehereMPi beakheicblhienhchbagifhrcuit
according to the second concrete exanple is configured to controf the TFT

20 3 Oct obes 005 o dierdEd Spadiyr LNeacagP SoPLERLOL B8 Heelhe

current bias circuit according to t -concr exa

- configure I JFT 34 and the TET 35 by _separate cqntrol |ines
~17A and 1 BEtl crgérz%% i I%l-ir:cgs“’ll: %%’qag)?oa‘gh%h%%r?ﬂpﬁ 309% ¥ s case, as

shown in a,_tim art of FIG 14, ,the control line 2 (17B) for
'controlIi%ﬂ“?ﬁgﬂgﬂﬁpﬁ§3§?§ﬁ9ﬁﬁﬂﬁ O G IoRt sk bt edtBaf @l IRV BRIt 0 t he

control li.ne LL@ for controlling the TFT.34. Thus, since the TFT 35 is
"brought it tf‘?o‘dl- G o FERYRS iRttt g rqwrrent the TFTts emtkioont rol by

t he separ%te control lines 17A and 17B.of the 'A FT 34 and the
9) with a current Ib.

Ib = (W2/L2)/(W1/L1 + W2/L2) "Iw ...(10)
The bias current value Ib does nét vary among data lines
or manufactured panels. |
While the writing current Iw coincides with the
bias current Ib in the current bias circuit according to
the first concfete exémple in FIG. 10, the current bias
circuit acco;ding to the second concrete éxample in FIG.
12 is characterized in ;hat a ratio between'ﬁhe writing
current Iw and‘the bias current Ib can be controlled by
setting channel lengths and channel widths of the TFT 31
(“3 and the TFT 36 forming the current mirror circuit, théé
is, by setting a mirror ratio. Incidentaliy, in order for
the-TFT 36 to operate in a saturation region, it is
" reguired that the equation (3) hold, that is, potential
’of the data line be‘relatively high.
(First modification of second concrete example)
While the current bias circuit according to the

second concrete example is configqured to control the TFT
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TFT. 35, there is no fear that,. as in the case of the current bias circuit
according to the second concrete exanple, inpedance of 3beol&084 is

i ncreased and the predeterm ned current “l w does not flow to the TFT 31 at
a nonment when the control line 17 is brought into a non- selected state.
Hence, a nore reliable operation can be perforned. (Second nodification of
second concrete exanple) The current bias circuit according to the second
concrete.exanple is configured such that the gate and drain of the TFT 31

are direct 3By ahdrthei new 3sdbyvanthd hant-todtds 1R tied hgiaveen the gate
(drain) of the TFT 31 30 3 Cctober 2005 and the gate of the TFT 36.

However, agughew® biakl Girldic Q¥eR MG efiHULLd o dat. dhe gate ' of
the TFT 31 and- the gate'of the TFT 36 are directly connected to each ot her

and Lhe TEExifpla WESSELodohlbRRRal NG GG 0 9 Ll L 5L, the

current bias circuit”according second concre exa

exactly th S peration. (Third.concret xanml FI.G 16 i.s a circuit
diagran1shgafngggbﬁhg?aarggﬁcgg?%rgia P&SoR7 hggguﬁbgnﬂcﬁP§§°3|rCU|t 16.

In the third congret anple,.in additigon to the conpfiguration according
to the fi SingR ol e tfﬁn"gf Fhgvn in FIG. 13. In this Case, as

shown in a timing chart of FIG. 14, the éontrol line 2
(17B) for controlling the TFT 35 is brouéht into a non-
‘selected state prior to the control line 1 (17a) for
controlling the TFT 34.

Thus, since the TFT 35 is brought into a non-
conducting state prior to the TFT 34 under control by the -
separate control lines 17A and 17B of the TFT 34 and the
TFT 35, there is no fear that, as in the case of the
-current bias circuit according to the second_conqrefe
example, impedénce of the TFT 34 is,increased and the
predetermined current Iw does not flow to the TFT 31 atra

.(_ ‘ moment when Fhe control line 17 is brought into a non-

selected state. Hence, a more reliable operation can be

performed.

7

{Second modification of second qoncréte example)

The current bi#s circuit according to the second
‘concrete example is configufed such that ﬁhe gate and
drain of the TFT 31 are directly short-circuited, and the

TFT 35 is inserted between the gate (drain) of the TFT 31
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second concrete exanple, a P-channel TFT 37, for exanple, s :
i nserted between the data line 14 and the drain of the IBttoB6;2ca8d the TFT

37 is controlled by a control line 17C (control line 3). As shown in a
timng chart of FIG 17, the control line 3 is set to a high |evel when the
control line 1 is set to a low level. Thus, when the control line 1 is set
to the low level' to thereby bring the TFT 34 into.a conducting state for
writing, -the control line 3 is set to the high |evel to thereby bring the
TFT 37 intend wbe- ganeuoti thestrare,36 SOHbhavea, Wast sRBwEUR hEBTg1W, goes not
flowto the TFT 36. Hence, 31 3 Cctober 2005 lw = ILCI»N%/LI/Z(VQS --

Vth)2 ... e¥éh when=cbfei¥arkd BuCHI%a tVithe FPS 31 .
fol?omnng Fs %bralﬁeg Ib\'l‘&g (V@/EQ)/(VEFL%)IW%?F,(13) % S neans ?ﬁat whi |l e

as is cleagntr hgregpat pfp 3610) o | b is inevitably
"l ower than ?%egﬁk%t§ﬁgggungnt3§m?%ﬁ Egegﬁﬁ %l%%eg'Fguﬁﬁcgccordlng to

the first . i i second concre e exa the current bias
circuit acggg%%ngﬁ%oeg %%né?é e ﬁ6F893|F geh& PAHi 0 bet ween

e i R B BT e
to the second concrete example can perform exactly the
same operation. |
{Tﬁird concrete example)

FIG. 16 is a Eircuit diagram showiﬁg a thira
cdncrete example of the current bias circuit 16.

In the third concrete example, in addition to the
configuration accofding to the first mddification of the
second concrete example, a P-channel TFT 37, for example,
is inserted between the data line 14 and the drain of the
TFT 36, and the TFT 35 is controlled by a cdntrpl line
17¢ (cbntrol line 3). As shown in a timing chart of FIG;

o - 17, the control line 3 is set to a high level when the/

control line 1 is'seﬁ to a low level.
Thus, when the control line 1 is set to the low

" level to thereby bring the TFT 34 inﬁo_a conducting state

fsr writing, the control line 3 is set to thé_high level
to thereby bring tﬁe TFT 37 into a non-conducting state,

so0 that a writing éurrent Iw does not flow to the TPT 36,

Hence,
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“polysilicon TFT is u

-

stopped as required b setting the control line 3 to the high level. In
thepgoncrete gxanplesyof the current ‘bias circuit 16,‘a3dxmmﬂtmy5atlons

t hereof as described above, the circuits are forned by using mainly
P-channel MOS transistors as switch transistors, and using mainly N
channel MOS transistors as the other transistors. However, this is a nere
exanpl e, and application of the present inventionis not limted to this.
(Second .enbodi nent] FIG 18 is a schematic diagramof a configuration of

an active matrix tiwpe di 8BkRY/BRPRIRLHS_agepjding to a leéngtober 2005 |

second enbodi nent of the present invention. Also in the  'Sécond enbodi nent,

as in the first eEBOQiQPE&xW2Fﬁ§F%kP%LOD %{ﬂgzbe made by(ggging as an

exanpl e a case where an organic evice TS used as’an ctrooptic

eVi f eagly pi : %ﬂg: . f1eld- ransi stor, for exanple a
iRy plt)h%l sfe as"?larfnd eisd'oeﬁga Eé so that the

active device of each pixel

resent invention_js_applied to an active matrix type organic EL display
gpparatus Obtaineﬁ by R@ %P%&fﬁﬁépbﬂéaﬁwc EL device on-a d¥dstrate where

" the polysilicon JET is formed. In FIG 18, current witing type pixel
~circuits 41

1s means that while as is clear from the equation
(10), -the'bias current Ib is inevitably ;ower than the
writing‘current Iw in the current bias circuit according
Eo the first modification of the second concrete example,
the.current bias circuit according to the third concrete
example allows the ratio .between the bias current Ib and
the writing ;urrent Iw to be selected freely. ‘Furthermore,
-operatioq of the present current bias 6ircuit can be
stopped as required by setting the control line 3 to the
high level.

In the concrete examples of the current bias
‘circuit 16 and modifications thereof as described above;
the circuits are formed by using mainly P-channel MOS ’
transisﬁors as switch tramsistors, aﬁd using méinly N-
channel MOS transistors as the other tfapsistors. However,
this isla mere example, and application of the pfesent

'invention is not limited to this.
" [Second embodiment]

FIG. 18 is a schematic diagram of a configuration

of an active matrix type display apparatus according to a
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second enbeg stHe Aata d 1\ ircuit 45 is faorned by. two rows |
‘ ; b&&ﬁ}gr‘{{i aildrﬂuévg'?aséj‘{ CEB§ 7%’59 t% ABATHERT 458 °F%0 45B-m o

-

'corresponding in nunber with mcolums X n rows are arranged in a matrix
-manner. A circuit of a circuit configuration shown in FB@cteber PO05 exanpl e,

is used as a current witing type pixel circuit 41. Scanning lines 42- 1 to

42-n are arranged one for each of the rows of the pixel circuits 41. The

scanning lines 42-1 to 42-n are sequentially driven by a scanning |ine
driving circuit 43. Data lines 44-1 to 44-m are arranged one for each of
the colunms of the pixel circuits 41. One end of each of the data |lines

44-1 to 44-sedoand milesd Bied® &h Ehé PoiteséRE M ednf Hbn €aGH s0liuMmpf a

.current driving type data . line driving circuit (current driver) 45. The

data |ine drdedni eridsdidedtS, V4 LES Did 0L PESS i ach of the 33 3
Cct ober 2005 pixel circuits 41 through the daf% ﬂ%%%ﬂld-l to 44-m In-the

|

(two systens) o (
The two rg f_current .driver, circuits 45A-1 to 45A-m and 45B-1 to 45B-m
are ex‘terng’\lﬂl‘%l/%s&%ploirg it FlodgiTeds dHied &5 30 ALeGtreRetifo rows of
current driver circuits 45A-1 to_ 45A-m.and 458-1 to 45B-mare controlled
for driving® 558r 8Ei §ACHy Pis sy diéh@ driedd-gfif@ctonersrisitgnal Eorhat are
reversed in polarity in a,cycle of one scanning line period and are

opposi te tﬁxgﬂeﬁeoﬁhBPlyﬁlﬁﬁﬁgé.TFT is used as .an active device of

'.each pixel so that the present invention is applied_fo an
active matrix type organic EIL display apparatus obtained
'by forming th¢ organic EL device on a_substrate where the
polysilicon TFT is formed.

In FIG. 18, current writing type pixel circuits 41
-corfesponding in number with m columﬁs-x n rows are
arranged in a matrix manner. A circuit of a circuit
configuration shown in FIG. 4, fér exaﬁple,'is used as a
current writing type pixel ciréuit 41. Scanning lines 42-
1.t0 42-n are arranged one for each of the rows of the_.

-

pixel circuits 41. The scanning lines 42-1 to 42-n are

e

seQuentially.driven by a scanning line driving circuit 43;
Data lines 44-1 to 44-m are arranged one for each

of the columns of the pixel cirduitsr4l. One end of each

of the data lines 44-1 to 44-m is connected tp‘an output

terminal for each column of a current driving type data

line driving circuit {current driver) 45. Thé d#ta line

driving circuit 45 writes brightness data to each of the
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“two rows o

A horizontal scanner (HSCAN) 46 i.s provided for. horizontal -scanning of the
two rows of current driver <circuits 45A-1 to 45A-m and 4%RBtobet 20at5B-m The
hori zontal scanner 46 is supplied with a-horizontal start pulse hsp and a
hori zontal clock-signal hck. The -horizontal scanner 46 is formed by a

shift register, for. -exanple, and sequentially generates one system of.
witing control signals wel to wemin such a manner as to correspond to
transitions (rising edges and falling edges) of the horizontal clock :
si gnal hck pafdesr dietogi tssupipltiachubt tHdeidwy iFasals stiardo "quugse hsp. The -
system of witing control signals wel to wemis supplied to the two rows

of current driver 6l kdi kEcaBd inbBadién®), aRleI4a?aCrinler: 209Rg45B 1 to
45B-m Thus, by forming the data line driving circuit 45 Wt he two rows

(two systeggkcg&th%rggtg@yd@%rg oligk%hﬁan f@%QTﬁé§ %E5%u Ry the

current rivers 45A—1 to m can be

oper ated" 9%9v%§stQC%|tﬁrﬂaﬁe bet ween a 4§%ngk tat Faggngﬂ?eg%gg szzﬁﬁg

each tinme thée scanning I'ine i & cﬁanged
i ving. o\ FRUFC Ofs CARGnELAETIRE: GRS UGS dhnni 1§ PON-BAZBA EoRefor
driving the data lines 44-1 tq _44-m -whereby reljable operation
: 5B-m are externally supplied with brightness data sin.
Also, the two r&ws of current driver circuits 45A-1 to
45A-m and 45B-1 to 45B-m are controlled for driving
-operation by two éyStems of driving control signais_that
'afé reversed in pola;ity in a cycle of one scanning line
period and are opposite to each other in phase.
¢ : ' A horizontal scanner (HSCAN) 46 is provided for
'hérizontal sqanning of the two rows of current driﬁér
circuits 45A-1 to 45A-m and 45B-1 to 45B-m. The
horizontal scanner 46 is supplied with é horizontal start

‘pulse hsp and a horizontal clock signal hck. The

-horizontal scanner 46 is formed by a shift register, far-

example, and sequentially geherates one system of writing
control signals wel to wem in such a manner as to
correspond to transitions (rising edges and falling
edges) of thé horizontal clock signal hck after being
éupplied with the horizontal start pulse ﬁsp.. The system
: of writing control signals wel to wem is supplied to the

two rows of current driver circuits 45A-1 to 45A-m and
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" TFT 51, for exanple, is connected tot

-

can be perforned. in the second-enbodinent, a current bias circuit 47
provi ded on a side opposite fromwhere the data |ine driyOngbeiaoosit 45 is
di sposed, for exanple, is also fornmed by two rows (two systens) of current
bias circuits 47A-1 to 47A-mand 47B-1 to 47B-m arranged two for each. of
the-data lines 44-1 to 44-mso as to correspond to the tw rows of current
drivers 45A-1 to 45A-mand 45B-1 to 45B-mfornming the data line driving
circuit 45. Two systens of control lines, that is, a witing 'control |ine
48 (48-1 a4%8B4B-29 4abB-m.driving control line 49 (49-1 and 49-2).are each
provided for the two rows of. current bias circuits 47A-1 to. 47A-m and
47B-1 to 35 3 Cctrofey, 2R0XMBNG héidsuh tiple ALl a4 to £OAL{ QU ati on

shown in FIG 19, for exanple, 1s used as the current” blras circuit 47

TET 51, o e of ot (T Bhetofinl 81, Srr BnE it NGhar b i fhe er

51 is connegt rj i n | _1i 48. A P- channel TFT 52, for
exanpl e, ir}'lsad:cétg':ﬂ;n-te"gt"iee}1 b %/]%/\/'en%ngé)l iéghl}'be&g? Eﬂ% S =i ﬁgaﬁ‘ﬁrﬁe’&ound. An
N-channel IET B3, ,,..far .examl e, is.connected between a drain and a gate of
.the TFT gf.”vﬁ]'-gsat“leSAcﬁ91 t%fe %’%Ba?g onnbctRd 1 B CaR iRe rRPeEREedl | ine

49. A capacitor 54 is. connech'E ed )
80 as to alternate between a written state and a driving

stgte'each time the scanning line is changed. This makes
it possible to secure substantially one séanning reriod
of time for w;iting to the data line driving circuit 45
and substantially one scanning period of time for driving
the data lines 44-1 to 44—m, whereby reliable opefation
can be performed. |
In the second'embodiment, a current bias circﬁit 47
_provided on a sédé opposite from where the data line
driving.circuit 45 is disposed, for éxample, is also
-fofmed by two rows (two systems) of current bias gircuité
47A-1 to 47A-m and 47B-1 to 47B-m arranged two for each
of the data lines 44-1 to 44-m so as to correSpond to the
two rows of current drivers 45A-1 to 452-m and 45B-1 to
" 45B-m forming the data'line'driving-éircuit 45. |
Two systems Qf control linés,lthat is, a writing
‘control line 48 {48-1 and 48-2)-and'a driving control

_ line 49 (49-1 and 49-2) are each provided for the  two

rows of current bias circuits 472-1 to 47A-m and 47B-1 Eo
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bet ween the gate of the TFT 52 and the ground. Fundanental configuration
and operation of the current bias circuit 47 according 3Octobher Zopve
concrete exanple are the same as those of the current bias circuit 16
according to the first concrete exanple as shown in FIG 10, but a '
direction of flow of data current of the <current bias circuit 47 according
to the above concrete exanple is different fromthat of the current bias
‘circuit 16 according to the first concrete exanple. . Correspondi ngly, the
current bi 4¥Bemr.cubtcilifcubtiof apposthetr ebakigirkDibR! BhoWh fnlFpESi stor
‘conduction type (N channel/P channel) fromthe current bias circuit 16

according 19,1t Berf exampgencigt 8s8¥amBl @heAbs@rehtep3h 3 95‘:%9?%%%005
current bias circuit 47 is different in configuration Fron1 he "Ccurrent

bias circuiiy7A61ag606¢h0g LRat heplir ngrete exanple in that the TFT 51
"is inserted between the data ??ne 4§Baﬁzgtﬁ2'current bias circuit 47. '

"Qperation of the orsged active rix type organic EL display
‘appar at us accor dilﬁldg;%tsloé't hlrel'a'%seacodtnll me%ocﬁrhelﬁn%qqeﬁe@&q' bsel'deés‘ﬁlroi bed with
2 First, during a period when the

f - i ni ~har t FI G, 20
reterence 4, 1‘%21?%\@%‘%%’?‘%% Con t8 FhE F2FaiI1be Sfe A @AFauak te otate

. current drlver . _ ! _

N @ VRGP OSSR RS % LD AL 160 . a e

| channel TFT 52, for example, is connected between a
source of the TFT 51 and a ground. An N-channel TFT 53,
Vfor'example, is connected between a drain and a gate of
the TFT 52. A gafe of the TFT 53 is connected to a
writing control line 49. A capacitor 54 is connected
between the gate of the TFT 52 and the ground.

Fundamental configuration and operation of the

current bias circuit 47 according to the above concrete
example are the same as those of the current bias circuit
16 according té the first cdncrete example as shown in |
FIG. 10, but a direction of flow of data current of th;
current bias cirecuit 47 according to the above concrete
example is different from that of the current bias _

"~ circuit 16 according to the first concrete example.
Correspondingly, the current bias circuif 47 is in
.opposité relation in terms of a transistor‘conduction

type (N channel/P channel) from the current bias circuit

16 according to the first concrete example. Also, the
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of brightness data sin) is witten to the current drivers 45A-1 to 45A-m
The bias data may be supplied in a form of vol tage or i®&Catober 7008f .
current. Subsequently, by bringing the current drivers 45A-1 to 45A-min
the first rowinto. .a data. line driving state and setting both the
witing control line bw (48-1) and the driving control [|ine bdl (4'9-1)
to a high level, a bias current Ibis witten to the current bias circuits
47A-1 to-47A-. min the first row Simlarly, during a period when-the
current dricrerenti3g-as tol BB m4h thelisEeontht dw ayom fiywdawiicnt en state,
the bias current is witten to the current drivers 45B-1 to 45B-m

Subsequent IfronbytHer ingirem tf el s rdigtu idf i16ela%cd 73 neC tRPehe2@92545B-1 toO
45B-min the second row into a data line driving state and setting both

the Witingoeeatete exanf 1N Ac&-atzwealet Be dui viad cant pal. Lipe bd2

" (49-2) to a high level, the bias current Ibis witten to the current bias

circuits 4¢Rel gh@ad 1B iR ta%%t %ﬁ%gigr#fgﬁtt hgé . ég?@ﬂiiregmgycl e for dri VI ng

' Ey_tﬂte currgg'{a AR 45?'- d..fthe driyvin o-nlt:gs)l IriO\rllve tl;g: nig set to a
hlrlg% I g\e/ZIS, ~ t hat V\éés%f?gie&gué?e%?ébl $° %??@%%t%CWA‘? 1“_‘?51':‘!??,0?3?9? n the first
row are seb f0n; 8PRLAhSsp) By a58AR0EY USSRy E51 ¥hD9, DY, Lhe current
embodiment will next be described with reference to‘é
timing chart of FIG. 20. |

First, during a period when the current drivers
45A-1 to 45A-m in the first row are in a written state
within a vertical blanking period, bias data {high level
of brighﬁness data sin} is written to the cufrent drivers
45A-1 to 45A-m. The bias data may be supplied in a form
éf‘voltage or in a form of current. Subsequently, by
bringing the current drivers 45i-1 to 45A-m in the first
row into_a~d§ta.line driving state and setting both the.
writing control line bwl (48-1) and the driving controi
line bdl (49-1) to a high level, a bias cuirent Ib is
Qritten'to the current bias circuits 47A-1 to 47A-m in
the first row. |

Similarly, Quring a period wheﬁ.the current drivers
45B-1 to 4SB-m‘in the second row are in a ﬁritten state,

the bias current is written to the current drivers 45B-1

to 45B-m. Subsequently, by bringing the current drivers
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. during the witing of brightness data, the

v

.driVers 45B-1 to 45B-min the second row, the driving control line bd2 is
set to a high level, that is, the current bias .circuits3&&bbér2@s47B-min

"the second row are set to operate. The data line driving circuit 45
generates the bias current Ib in correspondence with the given bias data.'

A current value of the bias current Ib, however, may vary anong the
circuits (data lines) due to variations in the characteristics of the TFT
and the like. On the other hand, in the first enbodinment (FIG 8), the

bi as currerk>Brid SedS -anti@ dire arrcond npnhdrdiced Wata Hans riglieridat a. | i ne
driving circuit 15, and therefore an error in the bias current value is

cancel | ed. s38t&® Gudolsert tAMQYS BoFpedifd catiting hongewar atied Bwas (Qer-rent

value tb is -first witten to the current bias circuits 16-1 to 16-m
di sposed or¢ kad ehehdefivihe dehaddinasntdbhat qaddom ¢3nd nhighai ned by the

current bias circuits 16-1 to 16-m Subsequently,. when bri ghtness data

equal to tmgvemhaﬁhdabiabscﬁEY%HttthH%-@@Hg;%%nﬁfﬁghgg??ggkgﬁgﬁﬁgéﬁt 45

generates a;jgdriYeR046HeR g4aHdal, § e hi current value Ib. In this
case, sincelthe current bias ci#chﬁtgh%69%0?§d1g9%ffeed the current for

.canceling the .dr 'fﬂ ng sCéHr{xﬁ‘ng téycc,)ﬂ,ghféxhedidﬁ;iaﬁg} ibrigstlil'eél-c%lrrent

drivers 45A-1 to 45A-m in the first row.within a
brightness data wriping period, the driving control line
bdl is set to a high lével, that is, the current bias
circuits 47A-1 to 47A-m in the first fow are set to
operate. In a scannin§ cycle for driving by the current
,drivers_4SB-1 to 45B-m in the second row, the driving
control line bd2 is set to a high level, tﬁat is, the
current bias circuits 47B-1 to 47B-m in the second row
are set to operate.

The . data line driving circuit 45 generatéé tﬁe bias

current Ib in correspondence with the given bias data. a

o

current value of the'bias current Ib, however, may vary
amogg the circuits (data lines) due to variations in the
- characteristics of the TFT and the 1ikef
| On the other hand, in the first embodiment (FIG. 8),-
-the bias qurrent and image dafa current are generated by
the.single data line driving circuit 15, and therefore an

error in the bias current value is cancelled.
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.to 14-m the value of a current witten to the pixel circuits 11 is zero
regardl ess of the bias current value | b. Thus, when bri ghtOweser gedsa equal
to the bias data is given to the data line driving circuit 45, it is
possible to realize accurate black |levels and gradation around the bl ack
level s throughout the data lines A.. regardless of variations present in
the data line driving circuit 45, and. thus display an inmage with snaller
variations in brlghtness The second enbodi ment can provide the sane

effects betRrECigrlMe ddhe veemeratad thims qrwardt Btaldispllayis appar at us
provided with the two rows of current drivers 39 3 COctober 2005 45A-1 to

45A- m and 4SBslt twr Y3 tas the cdatredt rteiagdrd Miougtd rigH t46,16-/e t wo- r ows
of current bias circuits 4.7A-1 to 47A-m and 47B-1 to 47B-m are provi ded

to retain dikediedd ony Iyt amdhiess ganer@ited 10 dda 4.W0 dPwa -@f, angur rent
~drivers 45A-1 to 45A-m and 45B-1 to 45B-m and the two rows of current

bi as. ci r cuirekad bl tho cheAdudnh . $isl ia ATRamara 38/ donoperate in
ri

synchronismw th opérations of the current vers 45A.1 t0 45A-m and 45B-

1 to 45B-m respeghb¥Elh¥ent¥l! NgndnPhl00hPESSs I8k 8 BELLL NG, PERL OO

bias data is given to the data line driving circuit 45
during the-writing of brightness data, the data line
driving circuit 45 generates a driving current equal to
the bias current value Ib. In this case, since the
current bias éircuits 16-1 to 16-m fééd the current for
canceling the driving current through the data .lines 14-1
‘to 14-m, the value of a current written to the pixel
circuits 11 is zero regardless of the_bias current value
Ib.

Thus, when brightness data équal to the bias data
is given ﬁo the data line driving circuit 45,'it.i§
possible to realize accurate black levels and gradatioﬁ _

| -around the black levels throughout the data lines
regardless of variations present ig the data iine driving
circuit 45, and thus display an image with smalléf
variations in brightness.

The secOnd embodiment can provide the same effects

because in the active matrix type organie¢ EL display

apparatus provided with the two rows of current drivers
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It is to be noted that while the second. enmbodi ment has been described by
taking as a concrete ‘exanple of the current bias circuis Obbehgoosi rcuit
whose fundanental configuration and operation are the same as those of the
current bias circuit 16 according to the first concrete exanple of the
first enbodi nent, the second enbodinent is not limted to this exanple,
and circuits of circuit configurations corresponding to the other concrete
exanpl es .of the first _enbodinent or nodj fications thereof may also be
used. A 'gréﬁ%t?oﬁodﬁ§ﬁr§yaﬁ€tﬁéﬁ"éftan4ﬁﬁagead|Sbbaﬁatapmanatys typified
by the active matrix type organic EL display apparatus according to the
first and s@ebwing ewboauitnds, deber thedrabsves Wt regkt bbgs deseeabes. 40 3

Cct ober 2005 Description in the following will be made by taking as an
exanpl e a cétl- Whew ed DA ightn@ss7rlal atd S4B ViRNa Py FodtPed v gii, Signal .
"FIG 21 is a characteristic diagramshow ng a gradation display

characteri stle mﬁwr@lﬁﬂeﬁﬂﬂﬁéﬂﬁéﬁ%érﬂa@@t&??xf Q?{ee't{cl Goylot S 2
characteristic diagram showing a gradation di'splay c araé*erlstlc _
accor di ng teurteit RIASAMs | DVENT Q.4 Adhedigyes. theaxis of abscissas
.indicates digital input value (0-255%, whereds t he axis" & & nates
I ndicates Rihedhuesowdldte Ur @Y Y’ ¥iY80its 47a-1 to 47A-m and |
| 47B-1 to 47B-m are éet to ope:afe in synchrbnism with
operations of the current drivers 45A-1 to 45A-m and 45B-
1 to 45B-m, respecti#ely, during a brightnesé data
writing period.
It is to be notéd that while the second embodiment
‘hag been described by taking as a concrete example of the
current bias circuit 47 the circuit whose fundamental
configuration and operapion are the same as those of the
" ¢urrent bias circuit 16 according to the first concrete
example of the first embodiment; the second embodimént is
not limited to this example, and circuits of circuit
configuratioﬁs correéponding to the other'céncrete
examples of the first embodiment or modifications thereof
- may also be used.
| A gradation display method of an image disﬁlay
aﬁpératus typified‘by the active matrix type organic EL

display apparatus according to the first and second

embodiments described above will next be described.
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corresponding to the digital input value. In the characteristic diagram of.
FIG 21, when brightness data is given by an 8-bit digisakctcbediims, the -
val ue of displayable brightness is limted to 256 (= 2a) steps at a
maxi mum In this case, as shown in FIG 21, display with smaller
bri ght ness steps at |ow brightness is known to be advantageous from a
vi ewpoi nt of F characteristics of human vision. Also, in order to enhance
perceived contrast of an inmage, it is often better to set a few steps at a
| owest bri PeEeadd tion jign the Fedsoarimigamiyl 17 dreo nardieg fitvn dsd dingr espeat | ve of
the input. FIG 21 shows a characteristic resulting from these A
consi der at iegag\pleo-ac @lased wheaw be ighinectedatta ds @iviehebet aar shadd, in the
characteristi'c diagramof 41 i 3 Cctober 2005 FIG 22, the current at a
m ni mum i nddyipant is@enag . substantially zero, as in FIG 21, but the
~current at the other portion has a characteristic obtained by raising the

characteristic. of pfts G 2211 Bya achh RScEa¥ {8 c | Bi 2 AL o Dy bl as current 1b
to the characteristic of FIG 21). In the active matrix type organic EL

di spl ay aﬁ?&&étwénaﬁﬁgPQB9QCLQrBEEe%k£§£ca§9n§§8?29 £8R99L0BAES L, the
-current obtalned by subtracting the bias current

be desirable. FIG. 22 is a characteristic diagram showing

a gradation display characteristic'according to the

preseﬁt invention. In the figures, the éxis of abscissas
_indicates digital input wvalue (0-255), whereas the axis

of ordinates indicates brightness valﬁe or current value
¢orfesp6nding to the digital input value. |
In the characteristic diagram_of FIG. 21,Awhen

-brightness data is given by aﬁ 8-bit digital signal, the
value of displayable brightness is limited to 256 (= 2%
sﬁeps at a maximum. In this case, as shown in FIG. 21,
display with smaller brightness steps at low b:ightness'
(“ Iis known to be advantageous from a viewpoint of g
characteristics of human vision. Also, in order to
enhance perceived éontrast of an image, it is often
better.to set a few steps at a lowest brightness portion

to substantially zero brightnéss irrespective of the

~input. FIG. 21 shows a characteristic resﬁlting from

these considerations (so-called Y curve characteristic).

On the other hand, in the characteristic diagram of
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fromthe driving current Id of the data line driving circuits 15 and 45 by
the foregoing current bias circuits 16 and 47 is the renOctobétd0og current
lw for the pixel circuits 11 and 41, so-that the characteristic of the
witing current Iw coincides with the characteristic of FIG 22. In the
active matrix type organic EL display apparatus according to the ‘
conventional exanple in FIG 5 lumnous brightness of a pixel at least at.a
| ow brightness region is substantially in proportion to the witing current
Iw. Theref®t®; 2he Fhfi AvusedFi ght Aewsnimum thputhmeatieni $sic of FIG 21,
thus realizing desirable gradation display. In this case, a m ninmum
current toswestinvealby theeodata innEIdri gingbatr ebet sudbengndc4bnef the
active matrix type organic EL display apparatus according to the first and
second entmidieperSide had LCERDLic2OPDstSct BBLhiAsa Y I 8t siRgexcept for

" black (zero current). It is therefore not necessary to handle a very snall

current vallie ExdrerBdyi st oSt Opf@.rcelpﬁydfﬁsﬁi%bbe&xﬁb&ﬁ{ 7N the active
matrix type organic EL display apparatus according to the first and second

.enbodi nent@adiiey datd dide-did Y9 i rlfr.l:” tnd %naracteristic of FIG.

21}. In the active matrix type organic EL displey
apparatus accofding to the firse and second embodiments,
the current obtained by suﬁfracting the hias current Ib
from the driving current Id of the data line drivihg
circuits 15.aed'45 by the foregoing cﬁrrent bias circuits
16 and 47 is the real writing current Iw for the pixel
circuits 11 and 41, so that the characteristic of the
writing current Iw coincides with the charecteristic of
FIG. 22.

In the active matrix type organic EL display
apparatus accordiﬂg to the conventional example in‘FIG..S,
luminous brightﬁess of a pixel af_least atea low ’

brightness reéion is eubstantially in proportion to the
jwriting current Iw. Therefore, the luminous brightness
- has the characteristic of FIG. 21, thus‘realizing |
desirable gradation display. . in this case, a_miniﬁum
current to be driven by the data line driving circuits 15

" and 45 of the active matrix type organic EL display

apparatus according to the first and second embodiments
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feeding the data lines with a current of.a nmagnitude corresponding to
brightness data feeds the data lines wth a current obtaiOuethebzotsddi ng
substantially the value .of the bias current Ib to the brightness data for
di splay.. Thus, even when the bias current Ib is set large, variations in
an image as in the conventional exanple do not occur. It is therefore
possible to reproduce .gradation accurately at a Iom/brlghtness regi on by
adding in advance substantially the current value of the bias ~current |b
to the witPngheuPiaft cukbeRts cfRFenf| forvhback hezgrascenreahl .| b is
added to the witing current 1w corresponding to the original brightness
to be dispFhytd bherefienewrotteecesherycue rkmdbe as céryushsll6 and 47 feed
a current of a magnitude Ib in a direction of canceling the bias current

| b, so thaturbhentuvakbuné dxtidéroebytcldde o xedreijrcuits 11 and 41-for
“display of the original gradation. In this. case, as viewed fromthe data

‘line driving 43 2¢ Feirabed 200¥i iaUithe A2tand 43cthat tfy%%d the witing
current 1w, |Ib is a mninmumcurrent |evel except for black (zero

_current) . okt O, AN A I gUE S Rlcd AU WS 1. 034 0 bl ack,
it-is not necessary to ha a very
second embodlments,,the data line driving circuit for

feeding the data lines with a current of .a magnitude

corresponding to brightness data feeds the data lines

P

with a current obtaihed by adding subétantiqily the value
o0f the bias current Ib to the briéhtnéss daté'for display.
Thus, even when the bias current Ib is set iarge, |
variations in an image as in the conventional examble do
not occur. It is therefore possible to reproducé

- gradation accurately at a low brightness region by adding
iﬁ advance gubStantially the current value of the bias
current Ib to the writing current. |

More specifically, when the bias current Ib is

o——,

added to the writing éurrent Iw corresponding to the
oriéinal brightness to be displayed and then written, the
- current bias circuits 16 and 47 feed é‘current of a
" magnitude Ib in aAdirection of canceling the bias current
VIE, go that the curfent Iw flows to the pikél circuits 11
' and 41 for display of ‘the original gradation.

In this case, as viewed from the data line driving
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’ . . . .
| current value close to zero, whereby high-speed and high-precision
zggiation can be readily realized. when thg. Witing cusOembet¥005S s?t to
zero, the effect of the relatively great bias current Ib allows conplete
black to -be witten to a pixel quickly. It .is to be noted that the
foregoi ng enbodi ments have been described by taking as an exanple a case
' I c EL device is used as a display device of a pixel, and a

e | P AR b9 11 ot s dat steribdtless wrirt dat iouermbmat v, ofIht he pi xel

Loy [od
ol ysilicon : : _ _
go ?hat the present invention is applied to active matrix type organic EL

[ ' ' ' bstrate
di splay a & 5 Toiva g uen if drevely dxveepdr gani GlElck dewiree on a su
m%e?e ¥hepg§Tysilicon thin film transistor is fornmed; however, the

resent, i rMENdn .i sThenefokien whdnt aribifiy andatde PHESERighENEHL I ON iS.
gpplicable to an active matrix type display apparatus in genera? us!ngthe
current wiicliong trppblAcks! { cCiiiC oltS nevulBkirgl eyl Ll EOD! fegy data in the
formof current. As described above, according to the presen I nventi on,

driving cusmanl cdrgefler 96448NcAbseaREeLELNG, 44y B3, 0C) 0ber 2005 a
b:;éh?%ess data current is fed as s bias curren?r ?ﬁfoﬁﬁﬁ 888A%F ¢ he data

| i nes, andhi@ﬁ-ﬁﬁé@fs?&ntBﬁeggﬁioﬁuggﬁnbei§e95?Y$n£gg1££ggrv%ﬁ¥;Pg among
the, data Iines. ~ ' _ |
the writing current Iw is set to zero, the effect of the
relatively great bias cprrent Ib allows complete black to
Cl be written to a pixel quickly.
It is to be noted that the foregoing embodiments
have been described by taking as an example a case where
an organic EL device is used as a display devicé of a
'pixel, and a polysilicon thin film tfansistor is used as
an active device-of the pixel so thaf the present
invention is apﬁlied to active matrix type organic EL
dispiay apparatus obtained by formipg'thé organic ﬁL
device on é substrate where the polysilicon thin film |
Q‘ . transisfor is formed; however, the presentfinvenﬁion is
not limited to this, and the preéent invention is
applicable to an active matrix type diéplay apparatus in
general usiﬁg current writing type pixei circuits
supplied with brightness data in the form of current.

Ag described above, according to the present

invention, a driving current in a direction of canceling
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L4 .
It is therefore possible to realiize high-speed witing of |ow brightness
data including black data and display an inmage w thout S&@dtadetr 2005 | N
bri ght ness. 45 3 Cctober 2005 CLAIMS: An -active matrix type display
“apparatus conprising: -a-pixel unit forted by arranging pixel circuits-in
a matrix manner, said pixel circuits each having an electrooptic device
that is operable to change brightness' thereof according to 'a current
flowing therein, a data line driving circuit for supplying a witing.
current of aael?‘r’é’gﬁ"f%%l%s cd Fesperteny 1o fed e redsid® ceacdnof said pixel
circuits via a data line and thereby witing brightness data; and a current
driving ci rdiugh Aadedf ctheatdtaatimed i nmd athd eeding dhedatg Jd ne with
a driving current-in- a direction of canceling said witing current-;
wher ei n saichrentents driesergeal rivont valGHHIL Smoh o HHETdd 1P U ds suppl i ed
"wWith information of ar value of the driving current to be fed in a form of
a current Itf ds chedesfidng Iidl%i’!ill%o'tioe@e%‘irirz%nhiiglﬁt-%pgeeffwit-i%f acvol tage;
a retaining unit for retaining the voltage obtal fed y thé con ergi on by

said‘COnVEEBMHQrH@hEhe%@ddata,including black data and display an

- image without variations in brightness.
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a driving unit for converting the voltage retained by said retaining unit

“into a current, and feeding the data line with the currgoktobsr Zmsd drivi ng

current. 46 3 Cctober 2005 2. An active matrix type display apparatus as
claimed in claiml, wherein said converting unit includes a first
insulated gate field-effect transistor for generating a voltage between a
gate and a source thereof by being supplied with the information of the
val ue of -said -driving current in the formof the current in a state where
a drain and the gate of ‘said first insulated gate field-effect transistor
are electrlcalkg short-circuited; said, retaining unit includes a capacitor
for retaih ‘he vol t age generated between the gate and the source of :
said first |nsulated gate field-effect transistor; and said driving unit
incl udes a second:i vl A biveanetTis| tveef 8ispla¥nabBebatedr feeding the

~data line with said driving current on the basis of the voltage retained

by said capupirising3. An active matrix type display apparatus as cl ai ned
inclaim2, wherein said converting unit includes a first. switch device
for selectlvely ‘suphkyl ngnsai dotipe8t by arranging pixel circuits in

‘a matrix manner; said pixel_ciréuits each having an

electrooptiC-devicé that is operable to change brightness

thereof according to a current flowing therein;

a data line driving circuit for supplying a'writin§ 
‘currenf of a magnitude corresponding to brightness to
each of said pixel circuits via a data.line and thereby

'.Writiqg brightness data; and

a current driving circuit provided for each data
l;ine for feeding the data line wi;h a driving‘current'in
a direction of canceling éaid writing current;

wheréin said\current driving citcuit includes;

a converting unit supplied with information of a;
value of the driving current to be.fed in é form of a
current, for converting the supplied cur?ent into & form

.0of a voltage;
a retaining unit for retaining tﬁe véitage obtained
'by'the conversion by said converting unit;'and_ |

a dfiving unit for converting the voltége retained

by‘Said.retaining'unit into a current; and feeding the

_ data 1ihe,with the current as said driving current.
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_i nsul at ed gate field-effect transistor with the information of the val ue
of said driving current in the formof the current; and3 &é&oBefXgogber 2005

said retaining unit includes a second switch device for selectively
suppl yi ng said capacitor with the voltage generated between the gate and
the source of said first insulated gate field-effect transistor and going
into a non-conducting state prior to. said first switch device. 4. An
active matrix type dispiay apparatus as clained in claim2 or 3, wherein
said first |nsulated gate field-effect transistor and said second insul at ed

gate field- effect tr n5|stor are an identical transistor. 5. An active
matri x type di spI Ghike Jatrdxn; haee i B s kaynapraratushes ei n sai d
first |nsul ted ate fleld effect transistor -and said second insul ated

ate fiel dSePABEE APafdpdlol - are two different transistors disposed
g P
~adj acent t-o each other. 6.. An active matrix type display apparatus as
j yp play app
.claimed in any OHe%#in e if comtient thai wsi t whes Rided he #049¢MaLi on of the
val ue of said driving, current is supplied to said current-driving
circuit V.gngaldtd@tgaterﬁﬂeld effect transistor for generating a
_ voltage between a gate and a source thereof by being
supplied with the information of the value of said
driving current in the form of the current in a state
(_ where a drain and the gate of said first insulated gate
field-effect transistor are electrically short-circuited;
said retaining unit includes a capacitor for
: ;etaining the voltage generated between the gate and the
source of said first insulated gate field;effect
transistor; and
said driving unit includes a second insulated gate
field-effect transistor for feeding the data line with
said driving current on the basis of the voltage retained
by said capacitor.
3. 2An active matrix type display apparatus as
.¢laimed in claim 2,
wherein said converting unit includes a first-
sw1tch device for selectlvely supplylng said first
<1nsulated gate field-effect transistor with the

‘information of the value of said driving current in the

form of the current; and
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7. An active.matrix type display apparatus as clained in any one of the
preceding clains, wherein the information of the val ue of e&ibdr AR53

Cct ober, 2005 driving current is suppliedto said current driving circuit
during a period, when no data is witten to said pixel circuits. 8. An
active matrix type display apparatus as clained in any one of the preceding
clainms, 'wherein two of said data |line driving circuits are provided for
each data line, and while one data line driving circuit dri.ves the data
line, the other data line -driving circuit captures inmge information; and

two of said curr emstiddietaithiGid GiHiltS 138 udeQvided for ach.data |ine, and
- the two current driving ci rcuiS{s opéLr at (‘aﬂle% say(r%%ﬁrc%r% ssﬁ’?\i\tﬁctlh

&t i ons of
said two dadmr@ gdi sQyd 14 i its ing a.rightness data writing
period. 9'. An acé{tiecvlg;ér%a\ﬁ}t %@%@%i?&]@f%ﬁﬁ&&%&’a@ hs el tagany one

~of the preeed i wherein said.data line driving circuit feeds the
data |i ne%\%i%t #&g:ev% ?)ﬁrzﬁrgeeéluftrhe%tga;rﬁ_ zi’i“%ecf SQ8dickg o fs dditdarftizdt y t he

val ue of i Living, current to the brightness data to be displayed. 10.
A drivingiﬁgg%gﬁeéfggﬁeagﬁﬁag'ﬁﬁﬁQQ% typ@sistor and going into a

non-conducting state prior to said first switch device.
4. An active matrix type display apparatus as

cldimed in claim.z or 3,

( | wherein said first insulated gate field-effect

transistor and said seéond ingulated gate field-effect
Fragsistor are éﬁ identical transistor.
| 5. An active matrix type display apparatus ag
claimed iniclaim 2 or 3,
whereinlsaid‘first insulated_gate field-effect
.transistof and said second insulated Qate field;effect
trangistor'ére two different transistors disposed

adjacent to each other.

L ] 6. An active matrix type display appératus as

-claimed in any one of the preceding claims,
wherein the informatioh of the value of said
‘ériving.currént is supplied to‘said cufrént'driving
circuit via said data line.
7. An.active.matrix type display appératus as
‘claimed in any éne of the preceding élaims,

'whergin the information of the value of said
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di spl ay apparatus, said active matrix type display apparatus including: a
pi xel unit formed by arranging current witing type pixe$Oetobet2d0s in a
matrix manner, 4.9 3 Cctober 2005 said pixel circuits each using, as a

di spl ay device, an electrooptic device that is operable to change
brightness thereof according to a current flowing therein; a data line
driving circuit for supplying a witing current of a nagnltUQe .
corresponding to brightness to each of said pixel circuits via a data line

and. ther ebgrividd NGurPeh 8Nl Besipdpl 85 889:23 §ULLE %ngrhvin gircuit
provided for eé%h data line fo?g?ee |ng f%e pla{'a9 | e-ﬁf?ﬁaﬁ drhygggd.
current in.f-diy ' f.c ng, sai iting current, wherein -
driving metho %fg%g§9@$i%e@gﬁﬁééhg?ens%?gé%ﬁ?r_ tYBtFePRgtei peidt is
supplied\giiblirﬁor tion of a value of the driving current to be fed in
~a form of & cur (ehCHurs ng. a -peri od when the -brightness data is not
witten to said, pixel circuits and said current driving circuit retains
the current in asfor%?o?°51V6IFa§§}x'tﬁh@ dibplaveapbgratuar agnt _
- corresponding to the retained voltage'is fed to the data line as said
driving CdPt8Rd fnoangabuecofrtim prévédingi¢Taidswhen the bright ness
data is witten to said pixel circuits. _ ) -
'wherein two of said data line driving circuits are
provided for each data line, and while one data line
driving circuit drives the data line, the other data line
driving circpit capﬁures image information; and
two of said current drivi_ng circuits are provided fbr :
each data line, and the two current driving circuits
operate in synchronism with operations of said two data
- line driving circuits during a brightness data writing
beriod.
9. An active matrix type digplay apparatﬁs as
claimed in any one of the preceding claims,
wherein said data iine driving circuit feeds the
data line with a writing current obtained by adding
substantially the value of said driving current to the
'brightness data to be displéyed.
10. A driving method of an active matrix type
display apparatus, said active matrix.type display

- apparatus including: a pixel unit formed by arranging

current.writing type pixel circuits in a matrix manner,
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: : : . : ar at us
11. An active matrix type organic electrolun nescence display appara _
conprising a pixel unit fornmed by arrangi ng pixel circui 8©Odabeb20® COct ober

5 a matrix manner, said pixel circuits” each having an organic.
ngctroluninescence'device aﬁth a first electrode, a second el ectrode, and
an organic layer includinga light emtting |ayer between the first
el ectrode and the second electrode; a data line driving circuit for
supplying a witing current of a magnitude corresponding to brightness to
each of saﬂdﬁ@inﬁietictnbﬁstyiaaahdaggng;ngsagddigﬁigpydg@igéngagr|ghtness
data; and a current driving circuit provided for each” data. [ine for
feeding theleletodptie wevica shaltVifgopaiabant tb ety 8eLiRMmds GaREELENY
said witing current; -wherein said current driving circuit includes: a

Corront 1o hOIASPRN o MARALPLIRAN e fin U1k s Pl I Lol e

“current to be fed1n aformo curtT

current i formf . of voltage: a retaining unit for retai'ning the
vol t age ogrgivﬁélgo ét?yljct%‘let gfocfﬁ/esr‘éqq%ryw _saal"b“ct'o’rﬂﬁércf‘-}lﬁ@e%mfé and a.driving
unit for %%ggggﬂdg]the volt%ge ret ai ned

corresponding to brightness to each of said
pixel circuits via a data line and thereby wri%ing
brightness data; and a current driving circuit provided
for each data line for feeding the data line with a
driving éurrent.in a‘direction of canceling said writing
current,
wherein éaid driving method characterized in that '
said current dfiving circuit‘is éupplied ﬁith
information of a value of the driving current to be fed
in a form of a qﬁfrent during.a period when the
brightness data-is not'written to said pixel circuits and
-said currenf driving circuit retains the current in.a
form of a voltage; and
subsequently a current correspéndinglto the
retained voltage is fed to the data line as said driving
‘current from said current driving circuit when‘the
brightness data is written to said pixel circuits.
11. An active matrix ty@e organic’
 e1ectro1uminescehcé‘display apparatus comprising:

a-pixelIUnit formed by arranging pixel circuits in
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‘the gale of metdifinshnbRsUbRlecaae oikebdvel Legh pransisior are

~data |ine

by said retaining unit into a current, and feeding the data line with the

“current as said driving current. 12. An active-matrix typecRbgarios

el ectrol um nescence di splay apparatus as~-clainmed in claim51 3 Cctober 2005
11, wherein said converting unit includes a first insulated gate
f|eId effect transistor for generating a voltage between a gate and a -
source thereof by being supplied with the information of the value of sai
driving current in the formof the current in a state where a drain and
electrically short- circuited: said retarning un| capaC|to¥

ai e etmeen ate, and the source of
ol d ¥?ﬁst“*.%%%ﬂtz%gbg?gfaﬁfﬁ%@@%ﬁsst e ot ¥ o 2 S apHogEFoing uni
i ncl udes ulate gate, field-effect transistor for feeding the

vmsseeﬁ sai g'lsa‘%tr’{ﬁ AT it YrEamke phayer o-‘rn@l\@di/@gtage ret ai ned

| ectrol um nescence
by sai'd cagpagi,to 13. An active nmatrix type organic e
dYspIay agﬁghﬁlﬁ9¥£§%ﬂﬁn%ﬁﬁfqr?Qﬂ%QQﬁJEhe Qﬁrﬁkﬁ@tﬁ@@mvwmdlngeumt

i ncludes a first
sécond electrode;

a data line driving circuit for supplying a writing
current of a magnitude corresponding to b:ightness fo
-each of said pixel circuits via a data line and thereby
wfiting brightpess data; and
| a-curreﬁt-driving circuit provided for each data
line for feeding thé'data line with a driving current in
a difection of canceling said writing cﬁrrent;

wherein said current driving ciréuit includes:
a converting unit supplied with information of a
value of the driving current to be fed in a form of a

current, for converting the supplied current into a form

-

of a voltage;.
a retaining unit for retaining the vﬁltage obtained
by the conversion by said converting unit; and
a driving unit for converting the voltage fetained
by said retaining unit into a current, and‘feeding the
data line with the current as-said driving current.
| 12. An activé-matrix type organic

electroluminescence display apparatus as claimed in claim
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.Switch devi ce for sel ectively supplying said first .insulated gate
field-effect transistor with the information of the val3iecebesaiod drivi ng

current in the formof the current; and-52 3 Cctober 2005 said retaining
unit includes a second switch.device for selectively supplying said
capacitor with the voltage generated between'the gate and the source of
said first insulated gate field-effect transistor and going into a

non- conducti ng-state prior to said first switch device. 14. An active
matri x typgigrganic electrol' um nescence display apparatus as clained in
claim 12 or 13, wherein said first insulated gate field-effect transistor

and said second iﬁﬁggégﬁmgg@%e jeld-effect, transistor are an identica
_transistor. 15. An active na r?é#f%% LR gt & 1%$£E$?6Iﬁnﬁﬁ§§@ence di spl ay
appar at us fﬁsg% .oed i cgai 1% or'13, wherein said first insulated gate
“field-effect ?%%gi%?g‘? hﬁféa? feetohBaprRsatar efoganentraltdnaf feect
transistqnvggg tmn#different transi stors- di sposed adjacent-to each other.
16. An act] Ve " riSEY§PR-dr gabe cand| @ cseereei hesrenfebgi bpliay appar at us,
as claimed in any. | , -
supplied with the information of the value of said
driving current in the form of the current in.& state
where a drain and the gate of gaid first insuiated gate
field-effect transistor are electrically short—circuited;
gaid retaining unit'includes'a_capacitor for -
retaining the voltageé generated between the gate and the
source of said first insulated gate field-effect
transistor; and
. said driving unit includes a second insulated gate
fie1d~effect transistor for feeding the daté line with
said driving current on the basis of the voltage retained
by said capaciter.

;o 13. An active matrix type organic

‘/-—

electroluminescence displéy apparatus as claimed in claim
12, .
wherein said copverting unit inclu&es a first
switch device for se;ectively supplying.said first
iinsulated gate field-effect transistor with the
-information of the value of said driving current in the

form of_the cufrent; and
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laims 11 to 15, wherein the information of the value of said
93?'?Ligg current:is supplied to said current driving c3Octeber3008 said
data line. 53 3'Cctober 2005 17. An'active matrix type organic _ "
el ectrol um nescence di spl ay apparatus as cl ai med in any one of claims
to 16, wherein the information of the value of said .driving currgnt i's
supplied to said current driving circuit during a period when no data is
wittE~n-to said pixel circuits. 18. An active matrix type organic

. : : S : : : 11
: I escerzel dli BiPaiRd USin @y gl Jefe 8N¥%w1 00 f _clains :
'Sgeg;fonglgiﬁ t wo oflggFgMéata l'i ne %ﬁiving C|rc%|€% arer g g?gﬁFﬁed f or

e, ‘The SrhercBattifele Aieoniay bafa dbLbRTRE' WL chorvEiraBRon. . and

line, the other data |ine drivi Fcuit

| | t Vi Lreujts ate provided for-.. each data lin6,
-'éﬁgotﬁg.fﬁﬁggﬁfiiﬁﬁl%ﬁgﬁgéﬂg%féc%? S %%ér%ﬁ% PRUEGRCAfofirdth RittRtoper ati ons

of ot VA ed IR SUID SHEH S A 00,2 Db oL iess data witing
' non-conducting state prior to said first switch device.

14. 2An acﬁive matri# type org;nic
electroluminescence display apparatus as claiﬁed iﬁ claim-
12'or 13,

Whereinrsaid first insulated gate field-effect
transistor and said second insulated gate field-effect
ﬁransistor are an identical fransistor.

15. 2n active métrix type qrganic
electroluminescence display apparatué as claimed in claim
12 or 13,

wherein said first insulated gate field-effect
transistor and said second insulated gate field-effect
transistor are two different transistors disposed
adjacent to each other,

16. An active matrix type organic

electroluminescence display apparatus.as claimed in any

one of claims 11 to 15,

wherein the information of the value of said
-driving current is supplied to said current driving

circuit via said data line.

53




.19, An active matrix type organic elect-rolumnescence Q splay apparatus
! as clained in any . one of,clains 11 to 18, wherein said dactober peosdri vi ng
5 circuit feedb the data line with'a currenht obtained by adding - '
| substantially 54 3 Cctober 2005 the value of said driving current to. the
brightness data to be displayed. 20. Adriving nethod of an active matrix
type organic efectrolum nescence display apparatus, said active matrix
type organic el ectrol um nescence display , apparatus i-ncluding, a'pixel
unit formed by arXBNngiamg actUhie Ma tWiiqd | \ jxel circuits in a matrix
manner, said pixel circuits eacﬁ%ﬁ%%mf¥%é‘%§ﬁﬁgéfay devi ce, an
el ect r ooptéLe@erd g Lgh ss_thereof _agcording to a current
f1 owi ng therein; g@%%?ﬁ%f%ﬁgg g?f@#% %Eﬁ@ﬁ? UPof Ss GppiRedy & @ i ng
current oforee aagridimde xorigesppndi ng to brightness to each of said pixel
"circuits via a data line and thereby witing brightness data; and a current
driving circuit o] ovided .for, each data I'ine for feeding the data line with ;
a driving curreRCSESR dPeedBiormertiomed ithe saldiewef ismgidcurrent, |
wherein sajd driving nethod characterized in that: said current driving
circuit i rggaaq<gy & is supplied to said current driving

circuit during a period when no data is written to said
pixel circuits.
18. An active matrix type organic

electroluminescence display apparatus as dlaimed in any

~ ong" of claims 11 to 17,
wherein two of said dafa line driving circuits are .
provided for each data line, and while bne data line
driving circuit drives the dat% line, the other dété line
. driving cigcuit céptures image information;-and
two of said current driving circuits are ﬁrovided for -
each data line, and the two current driving circuits |
operate in synchronism with operatioﬁs of said two dat;
line driving circuips during a brightness data writing
period.
19f An active matrix type organic
electroluminescence display apparatus as claimed iﬁ any
one of claims 11 to 18,

wherein said data line driving circuit feedt the

data line with a current obtained by adding substantially
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i nformation of a val-ue of the driving current to be fed in a formof a
current during a period when the brightness data is not 8Qctdben200s sai d
said current driving circuit retains the current in a

formof a voltage; and 55 3 Cctober 2005 subsequently a current
corresponding to the retained voltage is fed to the data |ine.as said

driving current from said current driving circui't when the brightness
data. is- witten to said pixel circuits. 21. An active matrix type display

apparat s oheraslas! o ASSATB2IGE Y W aR e EL 00 0L AR O gl 17 a0,

or 20. 22. An active matrix ‘type pl ay apparattus
4e in accordance with the nmethod of any one of

to 9 and 1ﬂot5b1é5%¥@§£Q
claims 10 or 20. 2 el ectronic device including an active matrix type
di spl ay apparatu% g one of clains 1 to 9 and 11 to 19. 56 ACTIVE
" MATRI X TYPE DI SPEAY APPARTXERS REFHPOE METRAXEPHAE GRGANPC type
' ELECTRCLU NESCEN ; DI SPLAY APPARATUS, AND DRI VI NG METHODS THEREOF
Abst r act qﬁﬁﬂkymlnescence display apparatus, said

pixel. circuits and

active matrix type organic electroluminescence display

apparatus including: a’ pixel unlt formed by arranglng

Current writing type. pixel circuits in a matrlx manner,
said pixel circuits each using, as a display device, an
electrooptic davica.that changes brightnecs thereof
according tc a current flowing therein; a data line
dr1V1ng circuit for supplying a wrltlng current of a‘
magnltude correspondlng to brlghtness to each of said
plxel circuits via a data 11ne and thereby writing
brlghtness data; and a current driving circuit prov1ded
for each data llne fcr feeding the data 1ine with a

driving current in a direction of canceling said writing

current,

o

wherein said driv1ng method characterized in that:

sald current dr1v1ng circuit 1s supplied with
'information of a value of the driving current to be fed
in a form of a current during a period when the
.brightneas data-is not written to said pixel circuits and
-said current.dfiving circuit.fetains the current in a

form of a voltage; and
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In an active matrix type organic EL display apparatus, a current bias
circuit for feeding a data line with a current in _a dir&6kcicbar 2005cancel i ng
a witing current is provided for each data |line. The current bias circuit
includes: a converting unit. supplied with information of a value of the
driving current to be fed in a formof a current, for converting the
supplied current into a fromof a voltage; a retaining unit for retaining
the vol tage obtaiedubyride, copvaLsi on by the converting unit; and a
driving unit for convertllhng t he Vo tag%m;j_eestpé’lnﬁléagbyt‘i hégFet%ﬁfrﬁlﬁ@dunit
into a cuieahe agdeigedi ng,d tdafatﬂ lLine w tg the current as the driving
current. The current bias ci rc[}?at ceds, “&s “3Bi 5TERT eTHEreDfke TAPPVI ng

current insatife @ikl o Qfi gangeld t right ness d%tea current through
each data line, and the vallt?g’a ojfellét]'ﬁg b‘?}g%rpcﬁg?e Thaesdefiadd £ ivm

" varying armefgtéhesakag pifnes ciFays.bi gh-speed witing of |ow brightness
data including black data can be realized and an i mage without black

floating can beidi sphayeetive Fl3+i8 type display apparatus operable in

accordance with the method of any one of claims 10 or 20.
22. An active matrix type display apparatus of any one

of claims 1 to 9 and 11 to 19 operable in accordance with thei'

method of any one of claims 10 or 20.

SN

23. BAn electronic device including an active matrix

type display apparatus of any one of claims 1 to 9 and 11 to
19.
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ACTIVE MATRIX TYPE DISPLAY APPARTAUS, ACTIVE MATRIX TYDE
ORGANIC ELECTROLUMINESCENCE DISPLAY APPARATUS, AND DRIVING

METHODS THEREOF

Bbstract of the Disclosure

In an active matrix type organic EL display apparatus, a
current bias circuit for feeding a data line with a current in
a direction of canceling a writing current is provided for
each data line. The current bias circuit includes: a
- converting unit supplied with information of a value of the.
driving current to be fed in a form of a current, for
converting the supplied current into a from of a voltage, a
retalnlng unit for retaining the voltage obtained by the:
conversion by the converting unit; and a driving unit for
converting the voltage retained by the retainiﬁg unit into a
current, and feeding the data line with the current as the
driving current. The current bias circuit feeds, as a biae
current, the dr1v1ng current in the direction of canceling - the
brightness data current through each data llne, and the wvalue
of the bias current is prevented from varying among the data
~lines. Thus high-speed writing of low brightness data

including black data can be realized .and an image without

black floating can be dlsplayed
‘ Fig. 8
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