»e3e/,/.t6T,-s ACTIVE MATRI X TYPE DI SPLAY APPARATUS, ACTIVE MATRI X TYPE

ORGANI C EL NCE DI SPLAY APPARATUS, AND DRI VI NG METHODS THEREOF
BACKGROUND! ‘ | ON The present invention relates to an active
matrix type drg apparatus having an active device in each pixel and

controlling display in the pixel unit by neans of the active device, and a
driving nethod thereof) and particularly to an active matrix type display
apparatus using an el ectrooptic device that varies brightness according to

a current flow ng thesife ﬁﬂbi&ﬁiT@%ﬁ“ﬁféﬁ%ﬂfPﬁP?ﬁﬂﬂ@ﬁﬁ EL di spl ay

apparatus using an organic nmateria ectrol um nescence (hereinafter

descri bed as orgagni K 1 VA ectrooptic
devi ce, and drivﬁﬁgﬁﬁgéﬁ%§?&?%§§2§$1 gﬁﬁﬁgﬁﬁ%h%#ﬁhgéghéﬁﬁﬁéékﬁﬁwing a
liquid crystal cell _as I.SRI device qf a pixel for ex e, has a

| ar ge nunber of &%@I@Ya?ﬁ?%ﬁég‘a%l%ﬁ E‘NPB%%Y%M%:H% Td'gqﬁa%r% s |ight
intensity in each pixel according to information of an imge to be

di spl ayed, thereby effecting driving for inmage display. The sane displ ay
driving is effected by an organic EL display using an organic EL device as

a di splay @#AGKERQIND, Qfi XHE JAYENYE ON V like. Since the organic EL
display is a so-called self [um nous type display using a light emtting

device as a di spl @hedpyvegensf invphkébn heweres, toha@noegadive BRtdiigpl ay has
advant ages such as higher visibility of inmages, no need for a backlight,
and a hi gheypeesiiepdays peed ras uso paried Wit ladthierd idpnicerirstedchdi spl ay.
Mor eover, brightness of each light emtting device is controlled by the
val ue of apdwelerind loowsitng ltliergeidisplay in the pixel unit by means

of the active device, and a driving method thereof, and

particularly to an active matrix type display apparatus

using an electrooptic device that varies brightness

according to a current flowing therein, an active matrix

type organic EL display apparatus using an organic-

material electroluminescence (hereinafter described as

organic EL (electroluminescence)) device as the

electrooptic device, and driving methods thereof.

A liquid crystal display using a liquid crystal

cell as a display device of a pixel, for example, has a

large number of pixels arranged in a matrix manner, and

controls light intensity in each pixel according to

information of an image to be displayed, thereby

effecting driving for image display. The same display

driving is effected by an organic EL display using an

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

A
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Jdhat is, the organic EL display differs greatly fromthe liquid crystal
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,
the organic EL display uses a passive matri x nethod and an active matrix
method as its driving nethod. Although the forner has a sinple
construction, however, the fornmer has problens such as difficulty in
realizing a large high-definition display. Thus, the active matrix mnethod
has recently;jagcen actively devel oped which controls a current flow ng
through a light emtting device within a pixel by neans of an active

devi ce, for exanpl iasul .gate fi. faect. t | Sit ically a
vi ce, MP's§ n %qlq,qaﬁdegﬁq[ﬁ[esc AN St ddp) y
thin fil mtran5|storn; réTlir'?') éﬁsgga |sposed1 intHe p1 xel". e%{ ]FqOG 1
shows a co %Pnlugpal exa ig fg a ixel c'rcu'teﬁﬁégcgit 03.a unit_pi xel)
in an acti Vet TYS tRe SHRHY H LW 5B AV LT oF M hbE R Ged 2l 1 €8 @Bs3ri pti on
see U. S. Patent. 5,684,365 and Japanese Patent Lai d-Open No._ Hei 8-234683).
As is cl eard SRR Vﬁset?é;?ﬁgigéiﬁr?ﬁﬁ?v%ﬁco? néP?%n}ﬁeEEonventional
exanmpl e includes: an organic EL device 101 havi ng an, anode connected to a
positive pSHSPlApAas \RRVantages 19 hRF n Sheff af hs thhkkY e®f t 0 a cat hode
of the organic EL device 101 and a source connected to a ground
(her ei naf t dmagesor iMsedi1ged "igohdearylightapard tdrh 19T oFerRIRYE bet ween a
gate of tie TFT 202 and the ground; and a TFT 104 having a drain connected
to the gat ensfed v TOMPEOXEd o stdurtdee colmeid eckrytal ddtsplane 106, and a
gate connected to a scanning line 105. Since the organic EL device has a
rectifyi ng Monoerdry, ibrimhneeseas, ddwh ok gaing cerll t ievd ckevge bisreferred to
as an OLED (Organic Light Emtting Diode). Therefore, in FIG 1 and ot her
figures, aconthwelllefd &y the value of a current flowing therein.
That is, the organic EL display differs greatly from the
liquid crystal 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, the organic EL
display uses a passive matrix 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 in realizing a large high-definition
display. Thus, the active matrix method has recently been
actively developed which controls a current flowing
through a light emitting device within a pixel by means
of an active device, for example an insulated gate field-

effect transistor (typically a thin film transistor; TFT)

also disposed within the pixel.



di ode is used to denote the organic EL device as the OLED. In the foll ow ng
description, however, a rectifying property is not necessarily required of
the OLED. The operation of the thus forned pixel circuit is 3 as
follows. First, when potential of the scanning line 105 is brought to a
selected state (high level in this case) and a witing potential Vwis
applied to the data line 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 pf@. NeXhowden ddity it id Bl eximphe sEabigel i ne 105 is
brought to a non selected state (lowlevel in this case), the TFT 102 is

el ectrical | y; dhscON & € rom 4 hen s€apDk oY) | iﬂeaﬁoéct\.ﬁ%' Ratpgxoate
potential of the TFT 102 is stably retained by the capacitor 103. A current

to a gat e (RO o f‘“e %P%%i’%oé‘é%%S%ﬁ#%ké%p&%&ﬁiiﬁﬁi‘ﬂhzg
itti l'i gh h d h f :

The. operatiTi o o e%ﬁ%h%”fséssé"a%?%@ Tagea8e afatEpknkt ot PReti o ¢ ne

i nsi de of the pi xel r%&#gapess data supplied to the data line 106 will

her ei naf t e%e 1% e} | as "witing." As descri bed above, once the pixel
circuit showmm in FIG, 1 wites the potential Vw, the OLED 101 conti nues
enitting |ight at?& FFX@&eBF'§HFﬁb§pQNu¥I s tP3FS Y i HigF CUWF active matri x
type display apparatus (organic EL display) can be formed by arranging a

| ar ge numberCITUNg kR )@n‘t‘l’fﬂé{ﬁ“ﬂ%l (SFRERL PP AEYRPAAf 2RI be descri bed
sinply as pixels) 111 in a matrix manner as shown in FIG 2, and repeating
writing fromeenist tBlgedeiicd Pk iy g can | 3reode | v@nge@W@ui:@ ¢vol t age

driver) 114 through data
positive power supply Vdd; a TFT 102 having a drain

connected to a cathode of the organic EL device 101 and a
source connected to a ground (hereinafter described as
“grounded”); a capacitor 103 connected between a gate of
the TFT 102 and the ground; and a TFT 104 having a drain
connected to the gate of the TFT 102, a source connected
to a data line 106, and a gate connected to a scanning
line 105.

Since the organic EL device has a rectifying
property in many cases, 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 description, however, a rectifying
property is not necessarily required of the OQOLED.

The operation of the thus formed pixel circuit is



{ines 115-1 to 115-mwhile selecting scanning lines 112-1 to 112-n
sequentially by a scanning line driving circuit 113. A pixel arrangenent of
m colums and n rows is shown in this case. O course, in this case, the
nunber of data lines is mand the nunber of scanning lines is n. Each |ight
emtting device in a passive matrix type display apparatus emts light only
at an instant when the light emtting device is selected, whereas a |ight
emtting device in an active matrix type display apparatus continues

en tting |ixghte Qe Af t 4 re@MLAkn0Rotlentill 1E tHWS i RF i matrix
type di splay apparatus i s advantageous especially for use as a |arge

hi gh- def i ni,tjizon .dikspl i n. that i tfil y. i S par at us
can decreaétgspggk bg'%u h ener{:sosrélansdetlt[;legcatﬁecci:uér/éraae'{r%i {)l#fq}%ef)%g%t%ﬁ% I ng device
as conpared wth the passive matrix type displa aratus.. In,an active
a1 CypEabeyared & viing, Paf et i o e ERE e Tent "4t ot or)

f ormed on a,gl ass substrate is general I%/ﬁYused as an active device. It is
known, howdd8f, 10Rat tafoSifodd 4iqanBif Ghd Pt yARFITHPS 103 yk®d to form

the TFT have inferior crystallinity and inferior control|lability of the
conduct i ng“RBEE&R &% OF sshiqigecer PhtdIthig i FRrtamPi&siahe | ofted TFT has
great variations in characteristics. Wen a polysilicon TFT is forned on a
rel ativel yTF3r §82gbgsomesofhreatritingpaatieanfiidl Whe PeREsi Mhesn theT is
general ly crystallized by a | aser annealing nethod after formation of an
anor phous pePkteoshafli lofy tihe srcdeming avigied Yol erisrenglit dwo theramd
deformation of the glass substrate. However, it is difficult to irradiate
the | arge gkadsstsdbsttagiee (Miowh Levieflorim |tdsiey w@rsarigy, trendlRTuls0 2 hiss
crystallized state of the polysilicon is varied depending on a | ocation
W thin theelgbstriatélyAdiscoasidddted Merdmrdsha chnainge Mire afoeven TFTs
formed on the sanme substrate can be varied frompixel to pixel by a few

while the gate potential of the TFT 102 is stably

retained 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 supplied to the data line 106 will

hereinafter be referred to as "writing.” As described

above, once the pixel circuit shown in FIG. 1 writes the

potential Vw, the OLED 101 continues emitting light at a

fixed brightness until next writing.

An active matrix type display apparatus (organic EL

display) can be formed by arranging a large number of



Rundred mV, or 1 V or nore in sone cases. In that case, even when the sane
potential Vwis witten to different pixels, for exanple, the threshold
value Vth of the TFTs varies frompixel to pixel. This results in great
variation frompixel to pixel in the current Ids flow ng through the OLED
(organic EL device), and hence deviation of the current Ids froma desired
val ue. Therefore high picture quality cannot be expected of the display.
This is true for not only variation in 6 the threshold value Vth but al so

vari aiion | BugArpigEy TBOLLLE ol AYCHNB it Hed demip ich 2

problem the i nventor has propos current witing type plxel
circuit shown in FIG _ 3. a a & e Internatlonal Publ i,ca n Nunber
W01/ 06484)° 1%8P¥sa8| Bé?‘eiﬁgn%grxtengs ﬁir&&r FERESEr P $8 M Ppé %J)}g;
circuit |ncludes an OLED 121 hayi ng _an anode _connected to ay§93|t|ve power
suppl y vdd; anaﬂgcﬁ%ﬂﬁ%FI?ﬁwaiﬁlﬁﬁvFﬁﬁm ag VRt ag8n AEdVdd % §Y®ec fefkdde of
the OLED 121 and_a_ source grounded; a capacitor 123 connected between a
gate of thelifs dpdving FhécgaéurﬁaolaapecﬁaﬁﬁéwT|1¢412brﬁa1\9#1n§a&adra| n
connected to a data line 128, and a gate connected to a scanning |line 127;
an N-channelin@s 19%- havpnglé or hileomréecsédngo sgagsinge 1dheshd 12FT 124,
and a source grounded; and a P-channel TFT 126 having a drain connected to
the drain ofothk2 TFTsé¢@8enhigdblycbkyconrneensdngoliihe datiwiol checBET 122,
and a gate connected to the scanning line 127. The thus fornmed pixel
circuit is rr1uci & Ipixdl faarenigdmant tdi2 pi celunns camd showmsi his FHEXowd i n
the following respect: in the case of the pixel circuit shown in FIG 1,
bri ght ness tatthis capel i af taodtee pixel this tdesé proneofnwebéngef Adeseas in
the case of the pixel 7

lines is m and the number of scanning lines is n.

Each light emitting device in a passive matrix type

display apparatus emits light only at an instant when the

light emitting device is selected, whereas a light

emitting device in an active matrix type display

apparatus continues emitting light even after completion

of writing. Thus, the active matrix type display

apparatus is advantageous especially for use as a large

high-definition display in that the active matrix type

display apparatus can decrease peak brightness and peak

current of the light emitting device as compared with the

passive matrix type display apparatus.

In an active matrix type organic EL display, a 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



eircuit shown in FIG 3, brightness data is supplied to the pixel in the
formof current. First, when brightness data is to be witten, the scanning
line 127 is brought to a selected state (lowlevel in this case), and a
current Iw 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 TFT 125

oper at es '”u@e&aEHVEEkH”tHQQTQ& hIQ%San%%QQBQ'@Q Qa8 148likykagwn equation
of a MOS transistor, the | owi ng S: FCox MA/LlyZ(Vgs - Vthl)2

(D tpggsgygglepnegzl+gga;ég§ égefkgr%%Rﬂh@tXﬂg“ﬁe%LaBEEmT%E 125; -1

is carrier at e capdci tance unit area
of the TFT 125:. WL is nel .wi dt h_of e TET 1 d s chann

Cength of tHAH" iﬁgsg%ﬁeﬁﬂﬂs% nanédﬁgusetae %Pmﬁ? Fﬁm}“ﬁa BRPBEGh the
OLED 121, the current yalue of the current Idrv is controlled by the TFT
122 connect¥RETHtLRRF eiPWFPATRAECEEEDIE51. In the pi xel circuit shown in
FIG 3, a gate to-source voltage of the TFT 122 coincides with the Vgs 8
in the equation (#hemml prhvell ey ihaformed T asvelpeively in a

saturation region, ldrv = ,u2Cox2We/ L2/ 2 éVgs - Vvth2) 2 . . (2)
InC|dentaII&ar%PCQhﬂﬁﬁléhbﬁéraéperaplgﬁré calpos £hanspadveilimoa EEFuration
region is generally known to be: ~Vds~ > ~Vgs - Vt~ ... (3) The neani ngs of
t he paranetis sgémerableqoaviballi2redndyt Aelagaat eonegdingrwethedsane as in
the equation (1). Since the TFT 125 and the TFT 122 are forned adjacent to
each ot her aftéw nfarsabibénppfebp amommhiobe edhstder €dlm, in order to

avoid problems such as thermal deformation of the glass

substrate. However, it is difficult to irradiate the

large glass substrate with uniform laser 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 same

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

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 to pixel in the

current Ids flowing through the OLED (organic EL device),

and hence deviation 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



that actual Iy ,ui - ,u 2, Coxl - Cox2 , and Vthl = Vth2 . Then, the
followwng is readily derived fromthe equation (1) and the equation (2):
rarv/irw = (w2/w) / (L2/L1) . . . (4) Specifically, even when the val ues

t hensel ves of the carrier nobility ,u, the gate capacitance Cox per unit
area, and the threshold value Vth vary within a panel surface or from panel
to panel, the current Idrv flowing through the OLED 121 is in exact
proportion to the witing current Iw, and consequently |um nous brightness

of the OLERHR L 1adske1 E0Md 19t | eehasgur at 8byvatDaBabhi ¢4l ahrrvBen a design
is made such that W - WL and L2 - L1, for exanple, ldrv/lw ~ 1, that is,

the witin L2 UL en w,and,t current Idrv flow ng through the OLED
121 are of q?%ellsl;'#é ’\%aigﬁ!ei itir%rgeég%selgt'i ve of variations in the TFT

characteristics. EILG i i agr i ther g j nple of a
current witing t;;}:r)le Oﬁi%ferls % gce%ﬁnﬂg%é;%%ﬁ% t%%g%%%sleﬁg@to t he
present cir,cuit exarcxljgl eisin o(gposi te reLnati op, in f:erms of a transi stor
conduct i on T N HEhRT IR THAnRer Y FFBM VhEChI e YRErRUFE according to
the circuit exanple shown in FIG_3. Specifically, the_N-channel TFTs 122
and 125 in GGV FROWRpEEC wi f @ P- LRafkeTPIET{S§82IBRETRREICRAY the P
channel TFTs 124 and 126 in FIG 3 are replaced with N channel TFTs 134 and
136. The difddticatiom Nunker YOO/ ehtBthe ike are also different.

However, operating principles are exactly the same. An active matrix type
organi ¢ EL di spl apsapparcdess daemnd ¥or r%d Bie SWEERI thg e b dwdedescr i bed
current witing type pixel circuits as shown in FIG 3 and FIG 4 in a
mat ri x manwpdxe 1IF|ad r B isth ovise rd escangh eObED cbai | iy 8¢y omn ofnede acti ve
matri x type organic EL display apparatus. In FIG 5, scanning lines 142-1
to 142-n arenaeciheyedorre dofishach péweowsupplyuyd@ntanr Nt ¢mgnnghe

TFT 122 having a drain connected to a cathode of the OLED
121 and a source grounded; a capacitor 123 connected
between a gate of the TFT 122 and the ground; a P-channel
TFT 124 having a drain connected to a data line 128, and
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 hgving a
drain connected to the drain of the TFT 125, a source
connected to the gate of the TFT 122, and a gate
connected to the scanning line 127.

The thus formed pixel circuit is crucially
different from the pixel circuit shown in FIG. 1 in the
following respect: in the case of the pixel circuit shown
in FIG. 1, brightness data is supplied to the pixel in

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



pi xel circuits 141 corresponding in nunber wwth mcolums 10 X n rows and
di sposed in a manner of the matrix. The gate of the TFT 124 in FIG 3 (or
the gate of the TFT 134 in FIG 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
scanning line 142-1 to 142-n. The scanning lines 142-1 to 142-n are
sequentially driven by a scanning line driving circuit 143. Data |ines
144-1 to 144-m are arranged one for each of the columms of the pixel

circuits 14%L.-dng aib &GO §hefdadReAl885qdd4- Ls touddfi b i 8o connect ed

to an output termnal for each colum of a current driving type data |line

driving cirgu t_.(current i 4 The data line driving circuit 145
éﬂg:ﬁiﬁ%} fﬂ‘tﬁg f%?qég? Ju;}en

writes brightn ata to eac he pi Xel's through the data |ines 144-1

to 144-m Wen sugh_a circuit. supplied w.th _brightness data in the form of
a current val ue, ﬁﬁtgti'sy%gncﬁ’rrrlg EARE St idr?gzat ﬁﬁe%’l %@I wc:‘ilrtgtﬁnt’ d&%hown in
FIG 3 or FIG 4 is used as a pixel circuit, there is a problem of

di fficul tySCRANS g H%w o i ghtRRUeMat e 3 FSursThey Sate ofl 9w

brightness extrenely close to black) for exanple, a very small current
extrenmely éedsd tig Advif ic@s@lit el a rruientade, cCorreRend ¥ %o exanpl e of
FIG 3, inpedance of the TFT 125 becones high, and it takes a long tine for
potential &het e ightadsshdata iify ragfeth thirougnrtdse tdata dplard tldfce to be
stabilized. This is also true for internal operation of the data |line
driving ci Pbgi cursendf IW Glos THerafa hd (TRB lgehetalthe RMEF ilAABL to
supply a very small current quickly and accurately. The witing of bl ack
dat a nmeansIknh&hitsheass,ud edf Vidwe har iat igef eciha-arurice zerld;agend the witing
of conplete black takes an infinite tinme in theory. Mre specifically, when
hi gh bri ghtress rdaiga ifgxtdst aF Tcw2sent pechaseewdnpl @hors wikrtién in a
scanning cycle imedi ately before the witing of black, the data |line 128
in FIG 3 aedwkla ditea dgatreantd4rh iro ofddta iTFTFI1@S5 5 tdee THT a 2%l ati vel y
hi gh potential. When black is witten in the imediately

operates in a saturation region.

Thus, according to a well-known equation of a MOS
transistor, the following holds:

Iw = U1Cox1Wl/L1/2(Vgs ~ Vthl)? ...(1)
In the equation (1), Vvthl is the threshold value of the
TFT 125; (1 is carrier mobility of the TFT 125; Coxl is
gate capacitance per unit area of the TFT 125; Wl is
channel width of the TFT 125; and L1l is channel length of
the TFT 125.

Then, letting Idrv be a current flowing through the
OLED 121, the current value of the current Idrv is
controlled by the TFT 122 connected in series with the
OLED 121. In the pixel circuit shown in FIG. 3, a gate-

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



succeedi ng 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 voltage
Vgs of the TFT 125 is decreased as the potential is |owered, the driving
current is decreased and the |lowering of the potential is slowed quickly.
Then, in theory, after passage of an infinite time, the potential of the
data |line becones the threshold value voltage Vth of the TFT 125. Since a
practical witing tine is finite (comonly one scanning period or |ess),
the gate-to-source voltage the TRI 122 in_Fl i i r a he
threshol o vt de ettt Chl - (Rrdhetess Sedtiindnbial PHE 157 1481t ng.
As described earlier, since the TFT 122.is disposed adjacent to the TFT
125) the t IR viF 12 SAFIERRIOF TR&GET 122 is substantially Vth
Therefore, the gate-to-source volta%e of the TFT 122 being hi gher than the
t hreshol d val ue v@drage Vi ACarans/LR4R (VEe TFTth2d is not- cOibpletely cut
off. A characteristic (A) in FIG 6 shows this situation. As a phenonenon,
a pi xel to which Bnsgidendalily b \dandidn orctisdl lopesdttiomesk 4 iIMM (this
phenonenon wi Il hereinafter be described also as "black floating"). One
great advantmge idteheimrgasa cuBLt tospreyiomi th aevand by ksownt tpossessed
by the liquid crystal display is high contrast ratio. The high contrast
rati o resuldes: fromthe capability to display conplete black by not passing
a current through the light emtting device. However, even slight black
floating significawdsy conmmgam-sazx|the contrast ratio of, .an3)yrage, and this
represents a problemthat cannot be ignored. In order to solve this

probl em t ey masaing HVeNt e hesr ahsSoe P OPDSERk | Eglidei GbOVEy nEmd i oned

pat ent application (see International Publication Nunmber WO01/06484) a

t echni que fafe enal]diwh hiDh-Lont RSt sdm@0es dis Pty &yudEDyhding. a | eak
devi ce (which may hereinafter be referred to as a current bias device or

current bi @Snce the TFT 125 and the TFT 122 are formed adjacent to

each other within a small pixel, it may be considered

that actually 41 = 42, Coxl = Cox2, and VvVthl = VvVth2.

Then, the following is readily derived from the equation
(1) and the equation (2):

Idrv/Iw = (W2/W1l)/(L2/L1) ... (4)

Specifically, even when the values themselves of
the carrier mobility 4, the gate capacitance Cox per unit
area, and the threshold value Vth vary within a panel
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 controlled accurately. In
particular, when a design is made such that W2 = W1 and

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



13 circuit) for each data line. FIG 7 shows an exanple of the circuit
configuration. An N-channel TFT 129 connected between a data line 128 and a
ground in FIG 7 is the leak device. In a sinplest case, a fixed potenti al
is supplied as a gate potential Vg of the TFT 129. The TFT 129 feeds a bias
current Ib in a direction of canceling a driving current Id froma data
line driving circuit (data line driving circuit 145 in FIG 5). Therefore,
a rate at which the potential of the data line is owered at the tine of

t bl ack d bed_.ab f [ i cul tenti al
of the dat TR bbb Y 1 ORer ERRC( FeHY r ekird b Sk orbagtlh T 2
flnlteterE nmeans the capability of conplete black witing Thus provi si on

of the |eakl%ke\d%e Cf%rtlé%lc‘hafﬁl%lt‘éalr‘l“ﬁel’éﬁ%{%ﬂ"’e%thY%hOEo\ﬁ?Fh§Fl?%gbnd| spl ay.

A characteristic (B) in FIG 6 shows this situation. However, the

convent i onathe bFhi ¢hrRrafteF bRt H¢Mg the | eak device for each data |line has
the followi ng problens. As shown in FIG 7, it is practical to use a TFT as
the | eak device (&UG.ert ilsi @s ddengiree) .shay idas @amididee rate itrlvar e gixanipig,
however, the TFT has great variations in characteristics, and thus the bias
current |b dferedscuordyet ward eithg Aymalpixel | ogrcwi t entThevpfilx®M ng to t he
pixel in FIG 7 at the tine of witing brightness 14 data is a result of
subt ract i orciafcdite ddEsr Cing et the fpoes die cirdent éxbhmisleels bynt he dat a
line driving circuit, so that brightness of the light emtting device is

vari ed anongppiatid s Bith agi Usdts aPPeRr Sr &%s Vot b At dAidud thién f or m of
streaks (streak variations) of a display inmge. The streak variations

appear as aypd | Qeailsn ol endiaidl Cuf i Ve1es gieecUsieAli val ue of the
bias current Ib is set higher. It has therefore been
according to the circuit example shown in FIG. 3.
Specifically, the N-channel TFTs 122 and 125 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
and the like are also different. However, operating
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 apparatus.
In FIG. 5, scanning lines 142-1 to 142-n are

arranged one for each of rows of current writing type

pixel circuits 141 corresponding in number with m columns
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i‘nmpossi ble to set the bias current Ib to a high current val ue.

Incidentally) while a sinple resistive conponent may be used as the current
bias device. it is generally difficult to provide an appropriate resistance
val ue with good accuracy and in a snmall area, and thus the resistive
conponent is basically no different fromthe TFT in that it is difficult to
control variations. The present invention has been nmade in view of the
above problens, and it is accordingly an object of the present invention to

id t t . di spl t t t
or gani ¢ EL Cg'pryf% R AN T TR e “en‘é‘rfaet% nalhr o Sapabl e
f hi gh- lit Kk t
Vari ations $1°8 o E»ayﬂ"?%a@%?;ﬁaa@ﬂgab o o “PhEGR T <Br aphi FhBuLSY
variations jn 15 bri ght ness when a_current witing §¥§b §IX6| circuit is
0

used. SUMMQ@(Qiﬂ'HﬁﬁI?R@mﬁ?%»ﬁ?ﬁeo?Hth?OTEEh?%@el?h e(9bj Be,

according to the present invention, there is provided an active matrix type
di spl ay apptiR U3 celdrTET ng3 6 aipi KEF - uh) taFer peanegted r bhgeagh pi xel
circuits in a matrix manner, the pixel circuits each having an el ectrooptic
devi ce t hatpicteindges biké g$1¢msn9 hkieeflé2cbrtdnidtona dhre ewtaniigd ng
therein; a data line driving circuit for supplying a witing current of a
magni t ude daimress godli hgt¢ 0142 t gha nessequerbtdl by dhevenXey circuits via a
data line and thereby witing brightness data; and a current driving
circuit prowvaadidiorl seehddbvingi obréwitfeedling the data line with a
driving current in a direction of canceling the witing current. The
current driving cibatu 1 ie@e asjaondsd @ 4un eitte Rirasamad wirteS fidY each
enbodi nents bel ow. The current driving circuit includes: a converting unit
suppl i ed widfh tH¥ cfdimod of ehyapieeDfciheudEs ving. cunleerind @theafed in a
formof a current, for converting the supplied current into a formof a
vol t age; of the data lines 144-1 to 144-m is connected to an

output terminal for each column of a current driving type

data line driving circuit (current driver CS) 145. The

data line driving circuit 145 writes brightness data to

each of the pixels through 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 shown in 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 extremely close to black, for

example, a very small current extremely close to zero is

written. 1In this case, in the circuit example of FIG. 3,

impedance of the TFT 125 becomes high, and it takes a

long time for potential of the data line having a high

11



a retaining unit for retaining the voltage obtained by the conversion by
the converting unit; and a driving unit 16 for converting the voltage
retained by the retaining unit into a current, and feeding the data |ine
with the current as the driving current. In the thus fornmed active matrix
type di splay apparatus or the active matrix type organic EL display
apparatus using an organic EL device as the el ectrooptic device, when first
supplied with infornation of a driving current value in a formof a current
during a peri e.curren

w? at%a wei % DI X ﬁt the, cur ; dr{ving
circuit coneﬁf?g he SﬁPPgﬁt Phfo -8 8rﬁ18P & 58 : Ahd P ePaPRs The
vol tage. Then, when data is witten _to_the pixels, th current driving
circuit con@%?t%nFﬁEnFét8Pﬁ63t68Pt8§etPﬁtSaﬁac&FP&nFréNdnge€d§cPH§ dat a
line with the current as the driving current in the direction of canceling
the witinglé¢dr®&nFIGthbs uBRreeiPeecutteht @enaralby ELffbemlt|®othis
case, the constant driving current based on the information of the driving
current val serplowe varpughalhecdaranti aeickay ehdr efonzathéybi as current
is not varied anong data |lines. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1
shows a circuit cdife guratinmn of lalack t@gea wednsngtliaipetipe xedlwe refii t
according to a conventional exanple; 17 FIG 2 is a block diagram show ng
an active neheiwriypegdeapragtappacakrds asdnghthervelitggefwebinphgteype
pi xel circuit according to the conventional exanple; FIG 3 shows a circuit
configuratipraekt eakesrent infihing type RinXeheohyCuUi MoBECOpEtNgit@LByfirsSt
conventional exanple; FIG 4 shows a circuit configuration of a current
witing typehéh Xelgki beubhtAe66r dhbg (§raace€0Bdrrent), for example,

is written in a scanning cycle immediately before the

writing of black, 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 immediately

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 voltage Vgs of the TFT 125 is

decreased as the potential is lowered, the driving

current is decreased and the lowering of the potential is

slowed quickly. Then, in theory, after passage of an

infinite time, the potential of the data line becomes the

threshold value voltage Vth of the TFT 125.

Since a practical writing time is finite (commonly
one scanning period or less), the gate-to-source voltage

of the TFT 122 in FIG. 3 is higher than the threshold

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

12



conventional example; FIG 5 is a block diagramshow ng an active matrix
type di splay apparatus using the current witing type pixel circuit
according to the conventional exanple; FIG 6 is a diagram of assistance in
explaining effect of a current bias circuit; FIG 7 shows a circuit
configuration of a current witing type pixel circuit according to a
conventional exanple using a Leak device; FIG 8 is a schematic di agram of
a configuration of an active nmatrix type di spl ay apparatus according to a

first enmbodi nent_of the present nven tion; FIG 9.is { onal structure
di agram sho\’/'\nrhg 3 efarrp & Of ﬂ)?é ucatrurleero‘f En ergtgln‘? ﬁl&‘f_e]gie%/ijtse FIG 10 is

a circuit déa ramg XM ng a fi rsthconcrete exaﬂg a current bias
circuit: 3djacenti RPnghentff 4f°ask t'éh’é‘ésbﬂlgx}ﬁ?éllﬁl ng
operatlon of the actlve matri x tgpe organi ¢ EL di spl ay apparatus using the
current bi a%otteeei pfatk®rGFRgled ihesEpFsantdbativt Bthxaiiexemue, 12 is a
circuit diagram show ng a second concrete exanple of the current bias
circuit; Flthelgate-toctéeenfe vphtaaen showhagTBTf123tbabadfheéakédn of the
second concrete exanple; FIG 14 is a timng chart of the first
nodi fi cati othairl Gre 16hrgsholdrvealte dvalytage sholn mgams sebcandtiredrFTcat i on of
the second concrete exanple; FIG 16 is a circuit diagramshowng a third
concrete exandl ks afot heowpreealybetas cffcuit; FIG 17 is a timng chart of
the third concrete exanple; FIG 18 is a schematic diagramof a
configuration of an apidaedmigtdc t e i spi@y apgledwd Ush Be CoOT e agh 610. a
second enbodi nent of the present invention; FIG 19 is a circuit diagram
showi Nng a co$cd ebleenomenon, a pixel to which black was to be written

actually emits weak light (this phenomenon will

hereinafter be described also as *“black floating”). One

great advantage of the organic EL display which advantage

is not possessed by the liquid crystal display is high

contrast ratio. The high contrast ratio results from the

capability to display complete black by not passing a

current through the light emitting device. However, even

slight black floating significantly compromises the

contrast ratio of an image, and this represents a problem

that cannot be ignored.

In order to solve this problem, the present

inventor has also proposed in the above-mentioned patent

application (see International Publication Number

W001/06484) a technique for enabling high-contrast image

display by providing a leak device (which may hereinafter

be referred to as a current bias device or current bias

13



exanple of a current bias circuit; FIG 20 is a timng chart of assistance
in explaining operation of the active matrix type display apparatus
according to the second enbodi nent; 19 FIG 21 is a characteristic

di agram showi ng a gradation display characteristic generally considered to
be desirable; and FIG 22 is a characteristic diagram show ng a gradation
di splay characteristic according to the present invention. DETAILED
DESCRI PTI ON OF PREFERRED EMBQODI MENTS Pref erred enbodi nents of the present

invention willl hereipafter be.described i etail,. with reference tp the
r i ngs. | FHFSHSBRbERF rBnEn BRER 8IRE o ERfenh i df avearbie of
configuration of ,an active _matrix type diﬁglay apparatus according to a

first enbodFR8ntiBFUtheCBRELBRFAELGRNE i%h. N TN ot i DAL i 121 nePaRt F o9 ng

w |l be made by taking as an exangle a case where an organic EL device is
used as an kfbteeBopt fatdeliee bPBeaRA pi gBEPUNEnEnaFIfel d- &6f EBE
transistor) for exanple a polysilicon TFT is used as an active device of
each pi xel teakhdevihe.prisentsinmdast orrds applixet teotentabald vies mat ri x
type organic EL di splay apparatus obtained by form ng the organic EL device
on a substratephhedecashe patygspbiteonidFTvgsofothedTFTN1EPG 8) current
witing type pixel circuits 11 20 v corresponding in nunber with m
columms X n rows are aremnges ferds natbias aneInt Akiicw tdiofed on cui t
configuration shown in FIG 3, for exanple, is used as a current witing
type pi xel &freahéelingSeafpitgngi 6€srdrtlidofddmnaasgear 1anged one fox
each of the rows of the

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 is fast, and in particular, the potential of the

data line becoming lower than the threshold value voltage

vth in a finite time means the capability of complete

black writing. Thus, provision of the leak device for

each data line enables high-contrast image display. A

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

However, the conventional technique of providing

the leak device for each data line has the following

problems. As shown in FIG. 7, it is practical to use a

TFT as the leak device (current bias device). As

described at the beginning, however, the TFT has great

variations in characteristics, 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

14



pi xel 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 colums of the pixel circuits 11. One end of each of
the data lines 14-1 to 14-mis connected to an output term nal for each
colum of a current driving type data line driving circuit (current driver)
15. The data line driving circuit 15 wites brightness data to each of the
pi xel circuits 11 through the data lines 14-1 to 14-m A current bias
circuit (current dr|V| CIFCUIt 16 formed by current bias cirguits 16-1
to 16-m ar P&fde etﬂg“leta&f FRHR P 19hdd e Lips SUEASRY D% ovi ded on
a side opposite fronlmhere the data line driving circuit 15 is disposed,

for exanpl €rom ddvet roirnente I8y dus vgns gus ddhve slafon kg e istimdent bi as
circuits 16-1 to 16-min the current bias circuit 16. An exanpl e of
structure ofirmmidr.gas chElt devicddnedd dfe tdes driidied emi tttieof dlevdwieng. FI G
9 shows a sectional structure of an organic EL device. As is clear 21 W
fromFI G 4s tvee iedanongEldadeyildmdss drof nectuay 1or egfpeagsa afsi r st el ect rode
(for exanple anode) 22 nade of a transparent conductive filmon a substrate
21 made of vartiraispar dft aglfassm @f tdwerddiee, (Stidarevaarieatiiong )amw forgani ¢

| ayer 27 on the first electrode 22 by depositing a hole carrying |ayer 23,
a |ight emditsipnay ayRige24, an el ectron carrying layer 25, and an el ectron
injection layer 26 in that order, and then form ng a second el ectrode (for

exanpl e cathode) @8eMBEBegk daPBhakonn tBBelrIaBi & ha¥ekedB1eBY applying a
direct-current voltage E between the first el ectrode 22 and the second

el ectrode %%ﬂlleahtpalﬁl%watrq@ when an &Jﬁ%rmaq% 2£Nhe @lig s €conbi ned
with each other in the light énmtting |ayer 24. Concrete configurations of

the curr enbudl@s CirkCUis! <18 whonbil0 $0-AheWhhbrBEofESEELREd TN the

follow ng by taking a Wexarrp es.
impossible to set the bias current Ib to a high current

value. Incidentally, while a simple 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 small area, and thus the resistive
component is basically no different from the TFT in that
it is difficult to control variations.

The present invention has been made in view of the
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 EL
display apparatus, and driving methods thereof that are
capable of high-quality display of black and low
brightness gradation without variations of a display

image and capable of image display without variations in
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¢First concrete exanple) FIG 10 is a circuit diagramshowng a first
concrete exanple of the current bias 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 is connected between the 22 gate of the TFT 31 and the
ground. G rcuit operation of the current bias circuit 16 according to the
first concrete exanple will next be des¢ribed. First, during a vertical

bl anki ng pePT bR EREFRGVIMRRCA RBTESRE Y’El'v'vFP?tEMPetHéXEEmFFBguFFnéS 17 is set
to alowlevel to thereby bring the TFT 32 into a conducting state, and a
current soub®®dCS feeds 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, the TFT 31 operates in a saturation region.
Incidentally, while the data line driving circuit 15 in FIG 8 can be used
as the curreUMMERYIreE TEf ONVERRIONMg the current Ib, a current source used
exclusively for feeding the current Ib may of course be provided separately
fromthe data |inamrdnddly « radtfevid. thhasange d18j ddte dadoraiiiiry woncrete
exanples to be described later. As the current Ib flows between the drain

and source @fe theedEdt 3lnvéheior, JekhErd 01 §OPF R §OK t 29 Ca ¥ESVE Ok espoNdi Ng
to magni tude of the current Ib occurs according to a MOS transi stor

characteri s¢yge dPsp1ay G4 ALY/ 0SompM Mg - a (Pixdheigi t heo ARAMI Kgs of

the paraneters are the sane as in the equation (1). 23 \%
arranging pixel circuits in a matrix manner, the pixel
circuits each having an electrooptic device that changes
brightness thereof according to a current flowing
therein; a data line driving circuit for supplying 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 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 the converting unit; and a driving unit
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The gate-to-source voltage Vgs of the TFT 31 is stored in the capacitor 33.
When in this state, the control line 17 is set to a high level to bring the
TFT 32 into a non-conducting state, the capacitor 33 retains the
gate-to-source voltage Vgs of the TFT 31. Thereafter, when data is witten
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 saturation region, the TFT 31 operates

as a current source that feeds current. of a,value e to, a val ue of the
o en Cortet oot (R Y fHes Shedingh (18 i Bta it B Dhe

equation (5) are generally varl ed anong data |ines or manufactured panels.
However, thE%QIUECHITeHe @RS ehgedire bihe e turk ¥ Wik B9 cuit according
to the fi rst concrete exanple is not dependent on val ues of these

par anet er s, cureelts agudie tarininy durrerit the witten current Ib. Thus, the
val ue of the current fed by the current bias circuit according to the first
concrete exanpl e iIa nbe tausedcamedg agatiael mags icr typreufddetpdred panel s. In
order for the TFT 31 to operate in a saturation region, it is required that
t he equati aipdadathad dhr tited dcstiypotrenitiat tofpd hergtaiic |IEmedisp Yoy ati vel y

hi gh. 24 Operation of the active matrix type organic EL display apparatus

when the cug@iMathifudidg i GEf i ML tdedive fdd sSthe d @i ol e i s
used as the current bias circuits 16-1 to 16-min FIG 8 will next be

described idedite f oidaiM Mg tdugel Sseneee i O e d ke dibit o ta ofritiag 11.
First, prior to the witing of data to each of the pixel circuits 11, the

control | i n&rhiedf V&S U eNtr RS L€1d Midrferkb-dudihd & Bdsieharded (1 ow
l evel in this case). At this point, the data line driving circuit 15 feeds

the currentyd it Lhe GUITEn & a5 A TSI Widdft Wei0i e gantol | ine

17 is thereafter set to a non selected state (high level 1n this case).

Unl ess thergdved SRS dudRas0hndd& Cszfn?Q}f Al fgd N F WdEnd b 15

the voltage. 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 current

ag the driving current in the 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 value flows through

the data line, and therefore the bias current is not

varied among data lines.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shows a circuit configuration of a voltage
writing type pixel circuit according to a conventional

example; -
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common to the data lines 14-1 to 14-m Then, data is witten while the
scanning lines 12-1 to 12-n of the pixel circuits 11 are sequentially
selected. In this witing operation, the current bias circuits 16-1 to 16-m
keep feeding the current |Ib, as described above. Thus, the active matrix
type organic EL display apparatus shown in FIG 8 is capable of high
quality black |evel display, as described with reference to FIG 7, and is
also free fromstreak variations of a display inage caused by variations in
the characteristics of the TFIT. 25 _.In addition, when witing a hias
current value to FRE-cdriént BleskcOiagrad FHOYiInG £E- RCLENE %Pééﬁ?c EL

di spl ay apparatus according to the first enbodinment is configured to use
the data | i@adrdisH@xiarRatatls gfdnhehmterltass Wlbing tRem used for
writing brightness data as they are. Therefore, the organic EL display
appar at us ademldioigraud tt Rec ddrdsitn ge ritwo di hree morhiean taimotale rexeankalet;iage i n t hat
the configuration is hardly conplicated as conpared with the organic EL

di spl ay appar at usraccosdshgwisoat bé readtepbndiglirexdopl efshowmrirenkl G 5.
Incidentally, it is rational to wite a bias current value to the current

bi as circuiwrs tlifrgl typel riRd10rciaathi f rayep Bl to erdixal bl anki ng peri od,
during which no data is witten to the pixel circuits 11. (Second concrete

exanpl e) Fldanvkd tiomiCidx@gdl i agram showi ng a second concrete exanpl e of
the current bias circuit 16. In FIG 12, a gate and a drain of a TFT 31 are

connected to a COopHBN ROkRbwsAaPrehanne! cbhFidtrak@bne¥@Mal eurk&ngonnect ed
between the drain (gate) of the TFT 31 and a data line 14. A source of a

P-channel TFT 3% ft_‘l?[pee}ﬁ@le’ciir%ucﬁn%%féo%‘ﬁi?x& the Datk oy a! n) of the TFT
31. Gates of thegTF S 34 and 35 are connected to a control line 17. 26
conventional example;

FIG. 5 is a block diagram showing an active matrix
type display apparatus using the current writing type
pixel circuit according to the conventional example;

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

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

FIG. 8 is a schematic diagram of a configuration of
an active matrix type display apparatus according to a
first embodiment of the present invention;

FIG. 9 is a sectional structure diagram showing 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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A capacitor 33 is connected between a drain of the TFT 35 and a ground. A
gate of an N-channel TFT 36, for exanple, is connected to the drain of the
TFT 35. The TFT 36 has a drain connected to the data |line 14 and a source
grounded. The TFT 31 and the TFT 36 are di sposed adjacent to each ot her,
and thereby have substantially the same transistor characteristics, thus
formng a current mrror circuit. Crcuit operation of the current bias

circuit 16 according to the second concrete exanple will next be descri bed.
First, the control_line 17 to a Jow leyel to therebﬁﬁbring the TFT
34 and the TFT 35 F%@o 31 bﬁdﬁcF?ﬂbngtﬁP%rtaﬂﬁ 35837 Fte stlirce CS feeds a

current Iw through the data |ine 14. Because of a short circuit between the
gate and dr 8¥R18RNERE PPEratiophefiTrhe3pcsprpaMasrix &YB&t QrgeRdR Eégi on.
The current Iwis divided into a current 11 and a current 12 at a node N
Then, the cdispheyl apbReyasushusdgl the TETr8anti hiascohddgotiitng state to the
TFT 31) while the current 12 flows to the TFT 36. Since the gates of the
TFT 31 and aheofBIng6tar ¢hal fawed tonbecat ekempdae potential by the TFT 35
in a conducting state, the follow ng equations hold: 11 - ~ CoxW/L1/2(Vgs
- Vth)2 ...(6) 27 F142 12, i€0oxVRitd Pt (Vpsgravtdhdwing a 4&doddv = 11 + |2
(8) where the neanings of the paraneters are the sane as in the equation

(1). Since tbfcTEte3éxangilehefTkEhe3Guaiendi Bpasediadhacent to each ot her,
it is assunmed that the TFT 31 and the TFT 36 are equal to each other in the

carrier nmobility ,pgg!hes 0p €a CAPACHT @NEELad M P¥owid AreBrs@nd the
t hreshol d val ue voltage Vth. The follow ng equation can be readily derived
from modification of the second concrete example;
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 current bias circuit;
FIG. 17 is a timing chart of the third concrete
example;
FIG. 18 is a schematic diagram of a configuration
of an active matrix type display apparatus according to a
second embodiment of the present invention;
FIG. 19 is a circuit diagram showing a concrete
example of a current bias circuit;
FIG. 20 is a timing chart of assistance in

explaining operation of the active matrix type display

apparatus according to the second embodiment;
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the equations (6) to (8). 12 - (W/L2) / (W/L1 + W/L2) ~lw. . . (9) A
gate-to-source voltage Vgs of the TFT 31 is stored in the capacitor 33 via
the TFT 35. When in this state, the control line 17 is set to a high | evel
to bring the TFT 34 and the TFT 35 into a 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 saturation region, the TFT 36
operates as a current source that feeds the current 12 given by the
equation (9) . Th CAR C|tance Cox,

al.t.ha ,
and the threshold vaﬁ 20a Vol aageq\ﬂﬁact%e?h%tlecqua]ta}%raq’l d-1 Ife equation

(7) are genera var | data |ipes, or manuf tured nel t he val ue
b8 Pof Che TN LHE L RIAY nEnere CERE IBEAS SFRCLRE ThCCOPBNAG ED Hhe second

concrete exanple i S not dependent on these paraneters, and is equal to the
current |2.b&idReirHeleur2®t 12 represents a bias current value, the
followng is obtained by replacing the current 12 in the equation (9) with
a current |b. |'b FIGARLQ)Ys \Al/ahpraogyuiBtiqydiaqrey sheeisidas current
value I b does not vary anong data |ines or manufactured panels. Wiile the
witing curgmedativrolieptes ehabacberbsbbec caccendind to the muesamt bi as
circuit according to the first concrete exanple in FIG 10, the current

bi as circuiinwacoighi ng to the second concrete exanple in FIG 12 is
characterized in that a ratio between the witing current Iw and the bias
current Ib can be controlled by setting channel |engths and channel w dths
of the TFT 31 and the TFT 36 formng the current mrror circuit, that is,

by setting pETAITEY DEECRIPTICH dent PREyERRED ofesDfeNtde TFT 36 to operate
in a saturation region, it is required that the equation (3) hold, that is,
potential of the @#3zechirt@a R&poAiMdM) BNt present invention will

hereinafter be described in detail with reference to the

drawings.

[First embodiment]

FIG. 8 is a schematic diagram of a configuration of

an active matrix type display apparatus according to a

first embodiment of the present invention. Description in

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

where an organic EL device is used as an electrooptic

device of each pixel, and a field-effect transistor, for

example a polysilicon TFT is used as an active device of

each pixel so that the present invention is applied to an

active matrix type organic EL display apparatus obtained

by forming the organic EL device on a substrate where the

polysilicon TFT is formed.

In FIG. 8, current writing type pixel circuits 11
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¢First nodification of second concrete exanple) Wiile the current bias
circuit according to the second concrete exanple is configured to control
the TFT 29 34 and the TFT 35 by the sane control line 17, the current
bias circuit according to the second concrete exanple may be configured to
control the TFT 34 and the TFT 35 by separate control |ines 17A and 17B

(control lines 1 and 2), as shown in FIG 13. In this case) as shown in a
timng chart of FIG 14, the control line 2 (17B) for controlling the TFT
35 is brought into a non selected state prior to the control line 1 (17A)

for control ¢or¥eshendy 3in mupker syhtle MheoIWMS5%| & BPYEgATei nto a non
conducting state prior to the TFT 34 under control by the separate control
lines 17A aayiran@edfin he METr8y maenehe PFTi3®uitthafe § wikrfidar that, as
in the case of the current bias circuit according to the second concrete
exanpl e, i npemfigerofiomesHeAn 3ini BIG nc? cafed examphe, piedeted msmed current
| w does not flowto the TFT 32 at a nonent when the control line 17 is
brought i ntauearewon welethi@edtgpat pixdenceycai ol . r edablimgpeanrais arz can be
perfornmed. (Second nodification of second concrete exanple) The current

bias circuit w©scprdi Ngré Oathen$EL 0ot CORET €4 Eh eXBNMhE +tSwE0hf | gg ed such
that the gate and drain of the TFT 31 are directly short-circuited, and the

TFT 35 is igsedt edh haineem 1 he 9! & aiing 18hesha 2ThT 31 1300 sard the gate

of the TFT 36. However, as shown in FIG 15, even when configured such that

the gate Ofsé&I?enTtFiTaﬁl_]ly aadi tog B9t8 QkahhendFlide 8 dinedilseaannestied to

each other and the TFT 35 is inserted between the gate and drain of the TFT

31, the current bias Cingud 13CGORY NY 4P LR SE6RRLCARY ¢t 5Pl e can

perform exactly the
of the columns of the pixel circuits 11. One end of each
of the data lines 14-1 to 14-m is connected to an output
terminal for each column of a current driving type data
line driving circuit (current driver) 15. The data line
driving circuit 15 writes brightness data to each of the
pixel circuits 11 through the data lines 14-1 to 14-m. A
current bias circuit (current driving circuit) 16 formed
by current bias circuits 16-1 to 16-m arranged one for
each of the data lines 14-1 to 14-m is provided on a side
opposite from where the data line driving circuit 15 is
disposed, for example. A control line 17 is disposed
common to the current bias circuits 16-1 to 16-m in the
current bias circuit 16.

An example of structure of an organic EL device

will be described in the following. FIG. 9 shows a

sectional structure of an organic EL device. As is clear
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gane operation. (Third concrete exanple) FIG 16 is a circuit diagram
showing a third concrete exanple of the current bias circuit 16. In the
third concrete exanple) in addition to the configuration according to the
first nodification of the second concrete exanple, a P-channel TFT 37, fox
exanple, is inserted between the data line 14 and the drain of the TFT 36,
and 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]evel. Thus, when the control

line 1 is g8toM §FliGe Yokhedgard & et ARV 158 nig thormadT by, Gufar ing

conducting state for witing, the control line 3 is set to the high |evel

t o t her eby abrfiifg tt Ied eFtE BiE | (i e¥rRleomfddngsmade ofo a hat a witing
current Iw does not flow to the TFT 36. Hence, 31 lw = ~ CoxWL/L1/2(Vgs -
Vth)2 ... (XkpnslparentCemoiud/iXeVdsi Im rh)e2 substk)t eTtus madee dfold owi ng i s
obtained. Ib - (W2/L2)/(WL/L1)~Iw ...(13) This neans that while as is clear
fromthe egquanisparehd) jglidss Rrasheurlridd, Ifurthdmedidaaling lamwer than the
witing current Iwin the current bias circuit according to the first

nodi fi cati @tgahnildaaSRE0NY INWHRL & i@s TR 18 ¢ tirltRleC @2 &t deipasss idd imali t
according to the third concrete exanple allows the ratio between the bias

current | baaméith@ awriviiindd 1GYdrents,| W G it salieatied fiaglyy 24Lurdher nor e,
operation of the present current bias circuit can be stopped as required by

setting theieeRircdl c'air&%zi%gt QhRe Bisgh dreveln diRdth®nCangieis sxanpl es of
the current bias circuit 16 and nodifications thereof as described above)

the circuitgyahe fouied iy W3idag Mind ¥Rt Ry MBS sblcdRd Stors as switch
transistors, "and using nmainly N
electrode (for 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 hole are
recombined with each other in the light emitting layer 24.
Concrete configurations of the current bias circuit
16 (16-1 to 16-m) will be described in the following by
taking a few examples.
(First concrete example)
FIG. 10 is a circuit diagram showing a first
concrete example of the current bias circuit 16. 1In FIG.
10, an N-channel TFT 31, for example, is connected
between a data line 14 and a ground. A P-channel TFT 32,
for example, 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 is connected between the

22



c¢hannel MOS transistors as the other transistors. However, this is a nere
exanpl e, and application of the present inventionis not limted to this.

[ Second enbodinment] FIG 18 is a schematic diagram of a configuration of an
active matri x type display apparatus according to a 32 second enbodi nment
of the present invention. Also in the t second enbodinent, as in the first
enbodi nent, description will be nmade by taking as an exanple a case where
an organic EL device is used as an el ectrooptic device of each pixel, and a
field-effect transistor, for exanple a polysilicon TFT is used as an active
device of ¥ fikethectihatl ¢ "r%%e?ﬂ?mi”ﬁenti onis applied to an active
matri x type organi ¢ EL di spl ay apparatus obtained by form ng the organic EL

devi ce on a subst CArevitec@erivd igd wdi [theo Furrents bgsned raud tF1l€ 18,
current witing type pixel circuits 41 corresponding in nunber with m
colums X recowsding to rtimgetirtat comeréete neaterle Ak gxt ddea circuit
configuration shown in FIG 4, for exanple, is used as a current witing
type pi xel ddscwilbedll. FSgatni dyrlinges 42rtitcal4dlankiegapreariged one for
each of the rows of the pixel circuits 41. The scanning lines 42-1 to 42-n
are sequentdwding dfhven by datscaiiwgi ttere, dheicuntiolcUiingl3l7 Dad a | i nes
44-1 to 44-m are arranged one for each of the columms of the pixel circuits

41. One entsed @G iw theveBtes | iN@Se-Br 110y 4hdnier cnngei@ca t o an
output termnal for each colum of a current driving type data |ine driving

circuit (cWdfilctidyedidatdd, ale fdahwrtdie sHid T Lifddid AWk Fdes
bri ghtness data to each of the 33 pi xel circuits 41 through the data

lines 44-1 10 Af-dligH Neddeases anchepdi mantohikkheadat aplca s iod 39 circuit

45 is fornmed by two rows (two systens) of current
short circuit caused by the TFT 32 between the gate and
drain of the TFT 31, the TFT 31 operates in a saturation
region. Incidentally, while the data line driving circuit
15 in FIG. 8 can be used as the current source CS for
feeding the current Ib, a current source used exclusively
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
later.

As the current Ib flows 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 transistor characteristic:

Ib = (4 CoxW/L/2(Vgs - Vth)? ... (5)

where the meanings of the parameters are the same as in

the equation (1).

23



drivers (CD) 45A-1 to 45A-m and 45B-1 to 45B-m The two rows of current
driver circuits 45A-1 to 45A-mand 45B-1 to 45B-m are externally supplied
with brightness data sin. Also, the two rows of current driver circuits
45A-1 to 45A-mand 45B-1 to 45B-mare controlled for driving operation by
two systens of driving control signals that are reversed in polarity in a
cycle of one scanning line period and are opposite to each other in phase.
A horizontal scanner (HSCAN) 46 is provided for horizontal scanning of the
two rows of current driver circuits 45A-1 to _45A-m and 45B-1 to 45B-m The
hori zontal scanner 6 GatesFISCaT R VR 1&3M6r VESnLhl Learf hitlséshsp and a
hori zontal clock signal hck. The horizontal scanner 46 is forned by a shift
regi ster, foFOR8GNN etharrRrRAGUQTH i3 1 y heRedat dhisnstafserihsf witing
control signals wet to wemin such a manner as to correspond to transitions
(rising edgesntargl flaine niy edygesdt dfo tehehilgl ilzomlaltallocingsi gral THEK aft er
being supplied with the horizontal start pulse hsp. The systemof witing
control si gitalisntweta troomwermndaciipry | sdchtey ttiee taapacwo0f3 T ureeatngri ver
circuits 45A-1 to 45A-mand 34  45B-1 to 45B-m Thus, by form ng the data
l'ine drivi ghe€idatd {tdSsomtde tvid dae naws f Whe YIFens) . ofrhewdadtierdri ver s
45A-1 to 45A-mand 45B-1 to 45B-m the two rows of current drivers 45A-1 to

45A-m and 4Afenl dax &5 MGt e tPale i@ 1S tHe aleriatebairesn a
witten state and a driving state each time the scanning Iine is changed.

This makes e PRESIAY L Ak SFAH ByS W FUPA 10608 SGAI NG PeFdpd of tine
for witing to the data line driving circuit 45 and substantially one

scanni ng pPeiP% ad | e fAQlr HdeViddd it dHA ddties 4k L 40 44 mnuher eby
reliable operation can be perforned. I'n the second enbodi nent, a current

b o S, R o B e s | dRA e da, | e
the TFT 31 operates as a current source that feeds a
current of a value equal to a value of the written
current Ib, according to the equation (5).

The parameters in the equation (5) are generally
varied among data lines or manufactured panels. However,
the value of the current fed by the current bias circuit
according to the first concrete example is not dependent
on values of these parameters, and is equal to the value
of the written current Ib. Thus, the value of the current
fed by the current bias circuit according to the first
concrete example is not varied among data lines or
manufactured panels. In order for the TFT 31 to operate
in a saturation region, it is required that the equation

{3) hold, that is, potential of the data line be

relatively high.

24



formed by two rows (two systens) of current bias circuits 47A-1 to 47A-m
and 47B-1 to 47B-marranged 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 45A-m and
45B-1 to 45B-mformng the data |ine driving circuit 45. Two systens of
control lines) that is, a witing 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 47A-1 to 47A-mand 47B-1 to 35 47B-m A circuit
of a circuit configurati,on shown in FIG 19, for exanple, is used as the
current bias circQPETRFICR7RE e ZAFAIVE MR AR £YRE PASARIC IFF FIG 19, a
drain of an N-channel TFT 51, for exanple, is connected to the data line
44. A gat e DRIy BPPIFRLES CHifTfectRel TWrEeRt iRidy ebnenbt #Fperd8nga p
channel TFT 52, for exanple, is connected between a source of the TFT 51
and a grourc the Nigtehmnqrat & Exdnpl exbhpl eed | 35 copeectedehbt hkas a
drain and a gate of the TFT 52. A gate of the TFT 53 is connected to a
witing comtinaluilianad 649 th cafpaciimrFiE. & wilhatded hetdeearibed ghte of
the TFT 52 and the ground. Fundanental configuration and operation of the
current bi anheifcllidwidig agtet didflet ontébecabaveimaner eharaxamlear el he
sane as those of the current bias circuit 16 according to the first

concrete exanple asrshoWpriiBrFike th@, wRdlkidgdioredhitan tof ddcaw s wat a
current of the current bias circuit 47 according to the above concrete

exanpl e i s gdiddier@nicdintamitnateyf ddif O neife biASo €1 #di dudbegecording to
the first concrete exanple. Correspondingly, the current bias circuit 47 is

i n opposi t gl i iy 1167 B f 1& tf aNSi 1 AN AU ONed & P81k Nghannel / P
channel) fromthe current bias circuit 16 according to the first concrete

exanpl . AlsQe)t head6p;iGuULLent bias GhiGUt n47 gbg Wbkl @uentysicn 15

configuration fromthe current bias circuit 16 according to the first

concrete el vy g i T b ke ISR R VRS uits 16-1 to
16-m. The control line 17 is thereafter set to a non-
selected state (high level in this case). Unless there is
a special 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
selected. In this writing operation, the current bias
circuits 16-1 to 16-m keep feeding the current Ib, as
described above. Thus, the active matrix type organic EL
display apparatus shown in FIG. 8 is capable of high-
quality black level display, as described with reference
to FIG. 7, and is also free from streak variations of a
display image caused by variations in the characteristics

of the TFT.
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the data line 44 and the current bias circuit 47. Operation of the thus
formed active matrix type organic EL display apparatus according to the
second enbodi nent will next be described with reference to a timng chart
of FIG 20. First, during a period when the current drivers 45A-1 to 45A-m
inthe first roware in a witten state within a vertical blanking period,
bi as data (high level of brightness data sin) is witten to the current
drivers 45A-1 to 45A-m The bias data nay be supplied in a formof voltage
or in a formof current. Subsequently, by bringing the current drivers
45A-1 to 45A-m i n Fheaddision.oher ¢ &l EiS 3 iRV FRREt ¥ EuantiCset ti ng
both the witing control line bwi (48-1) and the driving control |ine bdl
(49-1) to atheéghureenk, K bhabi esrewitenibtb te hpimi ehheoorbenddgr Eént bi as
circuits 47A-1 to 47A-min the first row Simlarly, during a period when
the currentdilspVeysagb8rdtte d&58omiingt he tkeofitlrsowembedimeatwistten
state, the bias current is witten to the current drivers 45B-1 to 45B-m
Subsequent | yonbyghrédgtagutbethelrdens dingeds8idTing 42Bclit0145Bnm i n t he
second row into a data line driving state and setting both the witing
control |inenéwWgat4812neandsthecdriyingusoat ter wirneihg2pe48nehete a high

| evel) the bias current Ibis witten to the current bras circuits 47B-1 to

47B-min the, £COOUthOW. a1 8. @ THAWHIYE CHHE Jfarfid ENG Dypidie current
drivers 45A-1 to 45A-min the first roww thin a brightness data witing

period, the,glrlvipgs CQOLEPL1hd NEo Pelel Bi58E LRLEahoR:! BYE! anbbRbyi s, the

current bias circuits 47/A-1 to 47/A-min the first row are set to operate.

|0 a scanning, gyclef o Bl od Dok PeagilEent AT NELS) §5Bodpl PdbBam i 0

t he second Tt ow, driving contro Ihe bd2 1s set to a hig el’, that

Is, the curfenl Bl 25e§ &t tond Frdad Po B §1LMh L PCa 555008, OW are set to

oper at e.

according to the conventional example shown in FIG. 5.

Incidentally, it is rational to write a bias
current value to the current bias circuits 16-1 to 16-m
for each frame using a vertical blanking period, during
which no data is written to the pixel circuits 11.
(Second concrete example)

FIG. 12 is a circuit diagram showing a second
concrete example 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
example, is connected between the drain (gate) of the TFT
31 and a data line 14. A source of a P-channel TFT 35,
for example, is connected to the gate (drain) of the TFT
31, Gates of the TFTs 34 and 35 are connected to a

control line 17.
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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, nmay 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 bias current and i mage data
current are generated by the single data line driving circuit 15, and
therefore an error in the bias current value is cancelled. 38

Specifically) the generated bias current value Ib is first witten to the
current bias circdi ((@PEEIF, 3P64f (ﬂ%&&doﬁ’tftfw&enea?c oth Héé d&?% li nes
14-1 to 14-m and retained by the current bias circuits 16-1 to 16-m
Subsequent | JFT whe2 bt | YHEFRERA datta I&dealoft ¢ A Bieaddat™F T S&i Vit to t he
data line driving circuit 45 during the witing of brightness data, the
data |ine dexammbeci¥eutenuer yehetatdve dxhin ol the rBAT 2PualThe B8R bi as
current value Ib. In this case, since the current bias circuits 16-1 to
16-m feed tIe kasrendrdin oanmost ted) tdietlk idatrey Lime ehd ahd oaighotheedat a
lines 14-1 to 14-m the value of a current witten to the pixel circuits 11
IS zero regarsallmdsd of Thize THTAS 1¢ wmide thev giFae 3l6b .arBhudb, spdsd id jgideratss dat a
equal to the bias data is given to the data line driving circuit 45, it is

possi bl e t ocd edd ¢z o B adrfl bl ke e Vied we afh Ot fthed 4 DIy af weinglahde bl ack
| evel s throughout the data |lines regardl ess of variations present in the

data |ine didatdWsteds CGidrddreriigt 1d8ls chep! @ormihg @IS éNt SHBE L 6F
variations in brightness. The second enbodi nent can provi de the sane
effects becausq,ith, the active matrix type organic EL di spl ay apparatus
provided with the two rows of current drivers 39

Circuit operation of the current bias circuit 16
according to the second 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 source CS feeds a current
Iw through the data line 14. Because of a short circuit
between the gate and drain of the TFT 31, the TFT 31
operates in a saturation region. The current Iw is
divided into a current Il and a current I2 at a node N.
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

conducting state, the following equations hold:

I1 = WCoxW1l/L1/2(Vgs - Vth)? ... (6)
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45A-1 to 45A-mand 45B-1 to 45B-mas the data line driving circuit 45, the
two rows of current bias circuits 47A-1 to 47A-m and 47B-1 to 47B-m are
provided to retain the bias current val ues generated by the two rows of
current drivers 45A-1 to 45A-mand 45B-1 to 45B-m and the two rows of
current bias circuits 47A-1 to 47A-mand 47B-1 to 47B-mare set to operate
in synchronismw th operations of the current drivers 45A-1 to 45A-m and
45B 1 to 45B-m respectively, during a brightness data witing period. It
is to be noted that while the second enbodi ment has been described by
taki ng as a concr &2e =e*bGpx®2 652 { héeVesrrehthbias circuit (47 the circuit
whose fundanent al confi%uration and operation are the sane as those of the
current bias circdmt =18lac¢cdRding to the first concrete- &&hnple of the
first enbodi ment, the second enbodinment is not limted to this exanple, and
circuits ofwhgreuile cmdnipgatobithe varapoiriingEre the Mmeragoirret e
exanpl es of the first enbodi ment or nodifications thereof may al so be used.
A gradati orchth sgahest inet hidd of Sdmcienade GFSPI3ay aaygharhet IFT B fared by t he
active matri x type organic EL display apparatus according to the first and
second enbariispided deBiiddind tabas-mMdihdextitbel desesumadl. t e tHescription
inthe followng will be nade by taking as an exanple a case where
brightness ndat &1 S ok rmeBS-ddd sl ddo Sl ot S ilths a
characteristic diagramshowi ng a gradation display characteristic generally

consi dered £q he desiyahle, [Fl Gind24hteacaparathaticsths fbaguameshowing a
i sp

gradation ay characteristic according to the present iInvention. In the

figures, theaxi $f BRsEmAHIIMIwales HOidal vaput val ue (0-255),
whereas the axi's of ordinates indicates brightness value or current val ue

correspondi ng to hhe @bghbaknbNRYLa¥IbHe cahNblNe aRaNFC e HelC £dioggr am of
FIG 21) when
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 state, the
control line 17 is set to a high level to bring the TFT
34 and the TFT 35 into a 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
saturation region, the TFT 36 operates as a current
source that feeds the current I2 given by the equation
(9).
Thus, although the mobility &4, the gate
capacitance Cox, and the threshold value voltage Vth in

the equation (6) and the equation (7) are generally

varied among data lines or manufactured panels, the wvalue
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brightness data is given by an 8-bit digital signal, the value of

di spl ayabl e brightness is limted to 256 (= 28) steps at a maximum 1In this
case, as shown in FIG 21, display with smaller brightness steps at | ow
brightness is known to be advantageous from a vi ewpoi nt of 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 brightness portion to
substantially zero brightness irrespective of the input. FIG 21 shows a
characteristic resulting fromthese consideratjons (so-called curve

char act eri & e GRERRD tf[f’é{nWa T R N o o R R A 2 A G‘F%\%%/%H’%f 41
FIG 22, the current at_a mninuminput portion is substantially zero, as
in FIG 21t%the feqand aancae eheXxamehe pbt thoh fererdenbrert EResei c
obtained by raising the characteristic of FIG 21 by a bias current Ib
(addi ng t heeariaae tens.e@nd bst eausd divartdeg eumtént of2 F| @ingzE) .thlen t he
active matrix type organic EL display apparatus according to the first and
second enbaoirentts)I2t hepmesestts @btlaiae duyrenubtvalie ngthdefdl aswing rent | b
fromthe driving current Id of the data line driving circuits 15 and 45 by
t he foregoiing cbtaisdd hivasyepilfatiiiniss tfe aukreht SIZ hien ricted agud ¢ gh curr ent
Iw for the pixel circuits 11 and 41, so that the characteristic of the
wWiting curfegntyilod GOichiGir@@x wd.h the characteristic of FIG 22. In the
active matri x type organic EL display apparatus according to the

convent i onal exarrpt,e_:ir(lw!jl/§2)g,(whyﬂ?lnqug,zpmgh&gess of a p(%@j at | east at

a low brightness region 1s substantially in proportion to the witing

current | wrnhefiglOlrrlehe MaTRous RIJANRASS 38 dlsnFhiacteiisdic of
FIG 21, thus realizing desirable gradation display. In this case, a

M ni mum cuhent nh¢ ke uHelaV §AnkY st he data line driving circuits 15 and 45 of
the active matrix type organic EL display apparatus according to the first

and second enbOdiﬁﬁfié the writing current Iw coincides with the
bias current Ib in the current bias c¢ircuit according to
the first concrete example in FIG. 10, the current bias
circuit according to the second concrete example in FIG.
12 is characterized in that a ratio between the writing
current Iw and the bias current Ib can be controlled by
setting channel lengths and channel widths of the TFT 31
and the TFT 36 forming the current mirror circuit, that
is, by setting a mirror 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 line be relatively high.
(First modification of second concrete example)

While the current bias circuit according to the

second concrete example is configured to control the TFT
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42 is the bias current Ib except for black (zero current). It is
therefore not necessary to handle a very small current value extrenely
close to zero. As described above, in the active matrix type organic EL
di spl ay apparatus according to the first and second enbodi nents, the data
line driving circuit for feeding the data lines with a current of a
magni t ude corresponding to brightness data feeds the data lines with a
current obtained by adding substantially the value of the bias current Ib
to the brightness data for dis Iag.8 Thus, even when the bias current Ib is
S

P )
set large, varpati bhe TRTaASi RigEhgs SpRet RentdMedtifénadl” -extdi®pl e do not
occur. It is therefore possible to reproduce gradation accurately at a | ow
bri ght ness fegrentbhiaddrihgcratadeansdisgbsoarthieasieyonide comar@te val ue of
the bias current Ib to the witing current. Mre specifically, when the
bi as currenéexdbple mavedet confiéguretdi ng contepil tivec@FTesgomdidnghteo t he
original brightness to be displayed and then witten, the current bias
circuits 16TEnd387byeedparater eahtpblalimegsi tddeahld i1nBa (dioheatoilon of
canceling the bias current Ib, so that the current Iwflows to the pixel

circuits 111 ands 41l 408 g) sphaysBbwhhenoFirginab . gragathos. chBef has case, as
viewed fromthe data line driving 43 v r circuits 15 and 45 that feed the

Wwiting curggdim!h 4dbcifiAgtRhAENbeUrEaNt 1hevehee¥eaRkohion jhlkagk (zero
current). Therefore, when witing data of |ow brightness close to black, it

wher eby i oh Eober B hr S bt 281 S on et ot fon SanoS T oadi Iy "Foal | zed.
wWhen the wiiling Eoriete! ¥eis-SeL LReZE6RcrbRe18hEeEt (2hahNeor
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 contreol 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 concrete
example, impedance of the TFT 34 is increased and the
predetermined current Iw does not flow to the TFT 31 at a
moment when the control line 17 is brought into a non-
selected state. Hence, a more reliable operation can be
performed.

({Second modification of second concrete example)

The current bias circuit according to the second

concrete example is configured such that the 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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relatively great bias current Ib allows conplete black to be witten to a
pi xel quickly. It is to be noted that the foregoing enbodi nents have been
descri bed by taking as an exanple a case where an organic EL device is used
as a display device of a pixel, and a polysilicon thin filmtransistor is
used as an active device of the pixel so that the present invention is
applied to active matrix type organic EL di splay apparatus obtai ned by
form ng the organic EL device on a substrate where the polysilicon thin
filmtransistor is forned, however, fhe present invention js not limted to
this, and t g Rt Rentions s %é)pl i %o &Hh %HWQ/&MWX 43me

di spl ay apparatus in general using current witing t¥pe pi xel circuits
suppl i ed WEDHMIR et dtzed Fide tortn Brecogrtentt pBedBEErPbedndbove,
according to the present invention, a driving current in a direction of
cancel i ng 4de gate o g ddRT dii caxerdenectly fednnechedi bg earhent through
each of the data lines, and the value of the bias current is prevented from
varyi ng anorithdrherdhttthd iTRS.39 tis sindereddriee posenbtketgateadnde

hi gh-speed witing of |ow brightness data including black data and di spl ay
an i mage wddwmit ofaritat iTRTS 3In, Whghtuesent 4bias Gt Mol t lacddrdthigve matri x
type di splay apparatus conprising: a pixel unit formed by arrangi ng pi xel
circuits irno vmi rdecdmNBncstidl iamhl i d4ni poSr EoEM Syt Oy athe

el ectrooptic device that is operable to change brightness thereof according

t~ a curredanfd ¥¥d¥adiarein, a data line driving circuit for supplying a
writing current of a nmagnitude corresponding to brightness to
(Third concrete example)

FIG. 16 is a circuit diagram showing a third
concrete example of the current bias circuit 16.

In the third concrete example, in addition to the
configuration according to the first modification 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 37 is controlled by a control line
17C (control line 3). As shown in a timing chart of FIG.
17, the control line 3 is set to a high level 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 level
to thereby bring the TFT 37 into a non-conducting state,

so that a writing current Iw does not flow to the TFT 36.

Hence,
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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 current driving 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 formof a voltage; a retaining unit for retaining the voltage obtai ned by
the conversion by said converting unit; and a,driving unit for converting
the vol t age retaiﬂéﬂ=by“§8FU1/éig?ﬁVE§ anVthinto a currerdttlland feeding the
data line with the current as said driving current. 46 2. An active
matrix type di spl &p appafexdd/aad/el(¥omed Vahéfaim 1, wherld2d said
converting unit includes a first insulated gate field-effect transistor for
gener ati ng Thusl ttye bellweina patebbatnadsource thereof by being supplied
with the information of the value of said driving current in the form of
the current in a gbate wehne )y driginr)ard t he gate of sajd(fiyst insul ated
gate field-effect transistor are electrically short-circuited; said
retaining unit inchidesmeamapatid (hifly dLtid dlnghdt her ool diag e feneirad ed
between the gate and the source of said first insulated gate field-effect

transistor;(iand said WHdyi dgrrent iWclydeseqi sgeondlowerl ehed grée
field-effect transistor for feeding the data line with said driving current

on the basiygjofiddrecwetdRgery el figd bYrsehel S8PaCti PEui B adPopgihye Matrix
type di splay apparatus as clainmed in claim2, wherein said converting unit

includes add ndfe st ALO HOY] £6L P05 8 LCLAY CL Y SHPPEYH BB B&1 Exd b BE,
the current bias circuit according to the third concrete
example allows the ratio between the bias current Ib and
the writing current Iw to be selected freely. Furthermore,
operation of the present current bias circuit 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
transistors as switch transistors, and using mainly N-
channel MOS transistors as the other transistors. However,
this is a mere example, and application of the present
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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tnsul ated gate field-effect transistor with the information of the val ue of
said driving current in the formof the current; and 47 sai d 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- conducting state prior to said first switch device. 4. An active matrix
type di splay' apparatus as clained in claim2 or 3, wherein said first
insulated gate field-effect transjstor and said second insul ated gate

field-ef f ecteFIRhsFRROFIMPRE AL | EBAt PEGPERFanBYEREFODE, ANF AT V&St ri x
type display apparatus as clainmed in claim?2 or 3, wherein said first

i nsul at ed geeon]d ctmpedimert(ransist bheahidrshi ambeddmantnsul ated gate
field-effect transistor are two different transistors disposed adjacent to
each ot her .dexcriipaioen viel bt ¢ xmagpebHdi spkangapparnt examplel ai e@sei n any
one of the preceding clains, wherein the information of the value of said
driving curwlente ian sappaned Eb davilceuisentedrawi ag electirdoptiacsai d data
line. 7. An active matrix type display apparatus as clainmed in any one of

t he precediawrideaidts, eadtereixet heahaf ar fel@nedfetbetvahses obr safélr 48
driving current is supplied to said current driving circuit during a period

when no datgkdnfp ¥ id tedn § i Saéén Priel 161 i6HEt 8 8n ABtocéi deviwérdK type
di spl ay apparatus as clained in any one of the preceding clains, wherein
two of sai ¢a Giide B vidg ChéCPrbSeRfCinvention is applied to an
active matrix type organic EL display apparatus obtained
by forming the organic EL device on a substrate where the
polysilicon TFT is formed.
In FIG. 18, current writing type pixel circuits 41
corresponding in number with m columns X n rows are
arranged in a matrix manner. A circuit of a circuit
configuration shown in FIG. 4, for example, is used as a
current writing 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 line driving circuit 43.
Data lines 44-1 to 44-m are arranged one for each
of the columns of the pixel circuits 41. One end of each
of the data lines 44-1 to 44-m is connected to an output
terminal for each column of a current driving type data

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

driving circuit 45 writes brightness data to each of the
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provided for each data |line, and while one data line driving circuit drives
the data line, the other data line driving circuit captures inage
information; and two of said current driving circuits are provided for each
data line, and the two current driving circuits operate in synchronismwth
operations of said two data line driving circuits during a brightness data
witing period. 9. An active matrix type display apparatus as clained in
any Une of the preceding clains, wherein said data line driving circuit

feeds the dat [ it L bt ai,ned ddi bstanti al |
the val e cvi2at (OGP FULRG 40r FBROU6E FRE BrrandaBes dkrd 18 B4 Hreplayed.
10. A driving method of an active matrix type disglay apgaratus, sai d
active matrix~typetiiSHt SLFreRRIITRI i MRe S b xbinend 1Y %ed by

arranging current witing type pixel circuits in a matrix manner, 49 sai d
pi xel circufiscebth4bsifgionsed Bysprayra¥gi dEWoaRYELemss o8t FErdenitce t hat
is operable to change brightness thereof according to a current flow ng
therein; a dmivetrsnéCHii¥bAglctocébh-hoanduppByilngoadbBi-mi.ngThertemt of a
magni t ude corresponding to brightness to each of said pixel circuits via a
data |ine aows hef ebyrnenti dgibergbinesstdatfp-andoadBarmennddd 6B Mg
circuit provided for each data line for feeding the data line with a
driving curtendsBmaater exitie@nadll ycaugalliingl Saitth iy idhgn €48 r @aita wherein
said driving nethod characterized in that said current driving circuit is

suppl i ed wigted hferaatwoONr&s do¥atuerehtt eidervengccutsentato be fed in a
formof a current during a period when the brightness data is not witten

to said pixplachrgnatssangd eai gsslnr 8Pt dbhvipg16HT e¥Et akel@hgs the current

in a formof a voltage; and subsequently a current correspbnding to the
operation by two systems of driving control signals that
are reversed in polarity in a cycle of one scanning line
period and are opposite to each other in phase.

’ A horizontal scanner (HSCAN) 46 is provided for
horizontal scanning of the two rows of current driver
circuits 45A-1 to 45A-m and 45B-1 to 45B-m. The
horizontal scanner 46 is supplied with a horizontal start
pulse hsp and a horizontal clock signal hck. The
horizontal scanner 46 is formed by a shift register, for
example, and sequentially generates one system of writing
control signals wel to wem in such a manner as to
correspond to transitions (rising edges and falling
edges) of the horizontal clock signal hck after being
supplied with the horizontal start pulse hsp. 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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retained voltage is fed to the data line as said driving current fromsaid
current driving circuit when the brightness data is witten to said pixel
circuits. 11. An active matrix type organi c el ectrol um nescence di spl ay
apparatus conprising: a pixel unit fornmed by arranging pixel circuits in 50
a matrix manner, said pixel circuits each having an organic

el ectrol um nescence device with a first electrode, a second el ectrode, and
an organic layer including a light emtting | ayer between the first

el ectrode and the second el ectrode; a data line driving circuit for

suppl yi ng éiﬂi%iQ&)%iﬁ?%nt of a magni tude corresponding to brightness to
each of said pixel circuits via a data line _and thereby witing brightness
data; and a currefPu§ri PWndoemiag tther Gfitded iMG FddH Dgatcd 16U #8r f eedi ng
the data line with a driving current in a direction of canceling said

Wi ting cumrdddt ;thehdrws rraves d e renstensviog eirrent dmictemesddS 1
converting unit supplied with information of a value of the driving current
to be fed itw @SRommaofd & 5ANT etrd ,4FBm carbvertwaigrave sfupplreshtcurrent into
a formof a voltage; a retaining unit for retaining the voltage obtai ned by
t he conver sirdveiys AL IcH ordA g and t45BI o dISRingratnibe fa@seOtacert i ng
the voltage retained by said retaining unit into a current, and feeding the

data |ine wd kst e GUrdertiavs Hadwkdh ia/ing Ctld edatd Zand\e atdiwihdmat ri x
type organic el ectrol um nescence display apparatus as clained in claimb51

11, wherei i t3@led QRN il A i deddiPidiflesi e fid Inddtpdd at ethigah@kes
field-effect transistor for generating a
it possible to secure substantially one scanning period
of time for writing 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 operation
can be performed.

In the second embodiment, a current bias circuit 47
provided on a side opposite from where the data line
driving circuit 45 is disposed, for example, is also
formed by two rows (two systems) of current bias circuits
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 45A-m and 45B-1 to
45B-m forming the data line driving circuit 45.

Two systems of control lines, that 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 47A-1 to 47A-m and 47B-1 to
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vol t age between a gate and a source thereof by being supplied with the
information of the value 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 electrically short-circuited; said retaining
unit includes a capacitor for retaining 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 Iine wiith said drivi.ng cyrrent, on_the basis
of the vol (It ot 21 Fad iy ts Rifd 2c SpFiticy O 1 RT AT SRR P ¢y e
organi c el ectrol um nescence di splay apparatus as clajnmed jn claim12,

wher ei n saild cHFREraFaRP L t1§ HIebeR® Bt rSirEeR § dniarVi B ot Lol ectivel y
supplying said first insulated gate field-effect transistor with the

i nf or mat i on(4FfA thetovdll The ofarghi4dl Bird viogd BRiritlent in the formof the
current; and 52 said retaining unit includes a second switch device for
sel ectively suppl ynngIsai d9capadirtadm wift lant e channade TFgnérat €drbet ween t he
gate and the source of said first insulated gate field-effect transistor
and goi ng igaingEl €0 Ni-C areindd 4] stattcherdara tloimsai4h f i Asasw bch tdevi ce.

14. An active matrix type organic el ectrolum nescence di splay apparatus as

clai med i nq@misn 1% Gorheotel &id Saddi FidFtcomswdatiexthgate. f aelpd- ef f ect
transi stor and said second insulated gate field-effect transistor ire an

identical Wansist arr 52, Abriatp @l riX doHfe G &ewactd ol uni nescence
di splay apparatus as clained in claim12 or 13, wherein said first

insul ated gahfs-dd &lfd-18fd @GiT 51 and a ground. An N-channel TFT 53,

for example, is connected between a drain and a gate of
the TFT 52. A gate 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 to the first concrete example as shown in
FIG. 10, but a direction of flow of data current of the
current bias circuit 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 circuit 47 is in
opposite 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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transi stor and said second insulated gate field-effect transistor are two
different transistors disposed adjacent to each other. 16. An active matrix
type organic el ectrol um nescence display apparatus as clainmed in any one of
clainms 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
17. An active matrix type organic el ectrolum nescence di splay apparatus as
claimed in any one of clainms 11 to 16, wherein the information of the val ue
of said driving current is su Ii?d,to sg'd current driying circuit during
2 period WHEHE FERHabiaF sCRFFRLbnd{ ot 8aflif EPXERE cif cEPPEI9YBa IR act | ve
matri x type organic el ectrol um nescence di splay apparatus as clained in any
one of cl ai fECM1the 9yrroperRiRsSt Gb¥ERIEal 8 deERr RS BPi thagitTskuits are
provi ded for each data |line, and while one data line driving circuit drives
the data |i¢eicxeke oexampleat dn| thetdehei BHT ch cls tivaprtedsbe hegrn
information; and two of said current driving circuits are provided for each
data line, tnel ddeatWwneus4 canddthei agreentubiss operatieti 47synchronismwith
operations of said two data line driving circuits during a brightness data
witing period. 1%9peAmatacin wef nEte | thusy i raregR ot islee elatad imtygrcence

di spl ay apparatus as clained in any one of clains 11 to 18, wherein said
data |line dfigdmic CETL CaiépiLpdsphéita thas aaddtdedimd he@ €néreoéowdt ai ned by

addi ng substantially 54
embodiment will next be described with reference to a
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 brightness data sin) is written to the current drivers
45A-1 to 45A-m. The bias data may be supplied in a form
of voltage or in a form of current. Subsequently, by
bringing the current drivers 45A-1 to 45A-m in the first
row into a data line driving state and setting both the
writing control line bwl (48-1) and the driving control
line bdl (49-1) to a high level, a bias current Ib is
written to the current bias circuits 472-1 to 47A-m in
the first row.

Similarly, during a period when the current drivers
45B-1 to 45B-m in the second row are in a written 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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the value of said driving current to the brightness data to be displ ayed.
20. A driving nethod of an active matrix type organic el ectrol um nescence
di spl ay apparatus, said active matrix type organic el ectrol um nescence

di spl ay apparatus including: a pixel unit fornmed by arrangi ng current
witing type pixel circuits in a matrix manner, said pixel circuits each
using, as a display device, an electrooptic device that changes brightness
t hereof according to a current flowing therein; a data line driving circuit

Ior suppl y‘[%-gl W L4 U el Pieé‘oxg@gr”é\? uﬂ?tgogrﬁegngmg &fi@ﬁ&ht ness
0 each of said pixel " circuits via a data Iine and ereby witing

bri ght dat a; t i vi ' it i ,f h data |
For 'f eedi ng THE dHih 15 FE1 010 Eh i Po1 oL EY erER TTOL PR TOnBE .
canceling said witing current, wherein said_drivi ‘rll\ig)( nmet hod characterized

in that: said % rdit iAMY <9Reirt 1sneppti &P Wit nte g ofd@tti on of a

value of the driving current to be fed in a formof a current during a
peri od wherta¥fd brifkghthiess arrzent Hotiswwriklrer ot atke pruerent rkirss and
said current driving circuit retains the current in a formof a voltage;
and 55  subisanpuers (47 Br lure ehitB corimspomdi expend xdme. ret ai ned voltage is
fed to the data line as said driving current fromsaid current driving
circuit when the Bni ghtoessidgt &yicd evfidxt @iy itvd ngaiby pibeelcugirequri ts. 21. An
active matri x type display apparatus operable in accordance with the nethod
of any one afivadm N5l afo ABA AR. irAntleet £ es trat dw xwityhpien i spl ay appar at us
of any one of clains 1 to 9 and 11 to 19 operable in accordance with the
nmet hod of amigheds daidrevdik ig ber 234, Ahel ®eivinyg Cedslestale 11w udi ng an
active matri x type display apparatus of any one of clainmns 1 to 9 and 11 to
19. bdl is set to a high level, that is, the current bias

circuits 47A-1 to 47A-m in the first row are set to

operate. In a scanning cycle for driving by the current

drivers 45B-1 to 45B-m in the second row, the driving

control line bd2 is set to a high level, that is, the

current bias circuits 47B-1 to 47B-m in 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

among the circuits (data lines) due to variations in the

characteristics of the TFT and the like.

On the other hand, in the first embodiment (FIG. 8),
the bias current and image data 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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is known to be advantageous from a viewpoint of

characteristics of human vision. Also, in order to

enhance perceived contrast of an image, it is often

better to set a few steps at a lowest brightness portion

to substantially zero brightness irrespective of the

input. FIG. 21 shows a characteristic resulting from

these considerations (so-called Y curve characteristic).

On the other hand, in the characteristic diagram of
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21). In the active matrix type organic EL display

apparatus according to the first and second embodiments,
the current obtained by subtracting the bias current Ib
from the driving current Id of the data line driving
circuits 15 and 45 by the foregoing current 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 characteristic of
FIG. 22.

In the active matrix type organic EL display
apparatus according to the conventional example in FIG. 5,
luminous brightness of a pixel at least at a low
brightness region is substantially in proportion to the
writing current Iw. Therefore, the luminous brightness
has the characteristic of FIG. 21, thus realizing
desirable gradation display. In this case, a minimum
current to be driven by the data line driving cilrcuits 15
and 45 of the active matrix type organic EL display

apparatus according to the first and second embodiments
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is the bias current Ib except for black (zero current).
It is therefore not necessary to handle a very small
current value extremely close to zero.

As described above, in the active matrix type
organic EL display apparatus according to the first and
second embodiments, the data line driving circuit for
feeding the data lines with a current of a magnitude
corresponding to brightness data feeds the data lines
with a current obtained by adding substantially the value
of the bias current Ib to the brightness data for display.
Thus, even when the bias current Ib is set large,
variations in an image as in the conventional example do
not occur. It is therefore possible to reproduce
gradation accurately at a low brightness region by adding
in advance substantially the current value of the bias
current Ib to the writing current.

More specifically, when the bias current Ib is
added to the writing current Iw corresponding to the
original brightness to be displayed and then written, the
current bias circuits 16 and 47 feed a current of a
magnitude Ib in a direction of canceling the bias current
Ib, so that the current Iw flows to the pixel 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). Therefore, when writing data of low brightness

close to black, it is not necessary to handle a very

small current value close to zero, whereby high-speed and

high-precision operation can be readily realized. When

the writing current Iw is set to zero, the effect of the

relatively great bias current Ib allows complete black to

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 device of a
pixel, and a polysilicon thin film transistor is used as
an active device of the pixel so that the present
invention is applied to active matrix type organic EL
display apparatus obtained by forming the organic EL
device on a substrate where the polysilicon thin film
transistor is formed; however, the present invention is
not limited to this, and the present invention is
applicable to an active matrix type display apparatus in
general using current writing type pixel circuits
supplied with brightness data in the form of current.

As described above, according to the present

invention, a driving current in a direction of canceling
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a brightness data current is fed as a bias current
through each of the data lines, and the value of the bias
current is prevented from varying among the data lines.
It is therefore possible to realize high-speed writing of
low brightness data including black data and display an

image without variations in brightness.
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1. An active matrix type display apparatus
comprising:

a pixel unit formed 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 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 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 retaining unit into a current, and feeding the

data line with the current as said driving current.
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1OWM&f()'51OWM&f(%hé}g%ﬁ&ﬁgla'%hgggqging 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 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
retaining the voltage generated between the gate and the
source of said first insulated gate field-effect
transistor; and

gaid 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. An active matrix type display apparatus as
claimed in claim 2,

wherein said converting unit includes a first
switch device for selectively supplying said first
insulated 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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4. An active matrix type display apparatus as
claimed in claim 2 or 3,
wherein said first insulated gate field-effect
transistor and said second insulated gate field-effect
transistor are an identical transistor.
5. An active matrix type display apparatus as
claimed in c¢laim 2 or 3,
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.
6. An active matrix type display apparatus as
claimed in any one of the preceding claims,
wherein the information of the value of said
driving current is supplied to said current driving
circuit via said data line.
7. An active matrix type display apparatus as

claimed in any one of the preceding claims,

wherein the information of the value of said
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provided for each data line, and while one data line
driving circuit drives the data line, the other data line
driving circuit captures image information; and

two of said current driving circuits are proyided for
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
period.

9. An active matrix type display apparatus as
claimed in any one of the preceding claims,

wherein said data line driving circuit feeds the
data line with a writing current obtained by adding
substantially the wvalue of said driving current to the
brightness data to be displayed.

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,

49



10&! GLO%G&' () - 310%G8 () -, 10%3&' () - &MLOYGE () - S10%:& ()-Y 10%38 () - . fdEMDC
10" - MLO%G&' () - F+10%6G&' () - @ 10%6&' () - & 109%6G&' () - 394095 () -, #1098 () - NdE: /
10G 104 : 10%4G&' () -7

109638 () - 5Z10%3&' () - 3310%G&' () -yl 1109638 () -/ 10938 () - 8qg: xY: /

10GLO%Z&' () -z109%Z& ()- 10%Z& ()- @O%Z& ()- | 109%Z& ()-- 10%Z& ()-

10G kF| dE:/ 10G

1092Z& () - m0%Z& ()-10%Z& ()-10%Z& ()-109%Z& ()-109%Z& ()-|1j dE:/ 10G3+

109@& ()-,)109%& ()-f & 109%& ()-F% 109%& () -, #s109%& () - & 109&& () - 9r dE: /
10G7 109%zZ&g)d e iycsibsyeach - 4ing 00Fe’ ¥ )dEeriavrdeyice, 10928 () - MbC
10GL0%Z&' ()- 109%&Z& ()- 109%Z& ()-,109%& ()- 10Z 10Z 10Zl :; 10%Z& ()-"WIEbC
10G8109%Z&' €¢)ecthBUPEI ) d90U@E P @O IR 1APL81 D9z anass PodgRtrgsyitderect
1030 109Z&' () - 39409%&Z&' () - @ml0%Z& () - & 109%Z& () - 3- 109Z& () -,

109Z&' () - Rkl AP Qs 4 0 ént 1f 1O¥Eg (RhétedDIZR datd-1line

109Z& () - F+10%Z& () - @ 109%Z& ()-0ebC 10G 10%:& ()- 10%& ()- 10Z 10Z

10ZI : 10W8éx(i)vi7r§é)(@&édit5@&w§ﬁﬁ% i UEDEriting current of a
10G, 10%%’ () - &LOUK () - MLOYR! () - MLOYR () - - 10%3% () - 10%3& () - D} dEBC

10GaH 10"/@% f&lé@"/&a‘?h(és-}?o&é"’/@' £d -bril{(h‘)’{&?ééa S0 b4 SBaia
1096&' () -} EbC 10Gy/ s10%=& 3- -109%6%" 1) - F+
109 () - @O [ 2 O {) a S04 OPEK (dna “LHYNSY NG 10(3,40C 10G
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
subsequently a current corresponding to 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 type organic

electroluminescence display apparatus comprising:

a pixel unit formed by arranging pixel circuits in
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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 retaining unit into a current, and feeding the
data line with the current as said driving current.
12. An active matrix type organic

electroluminescence display apparatus as claimed in claim
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insulated gate field-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
retaining 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.
13. An active matrix type organic
electroluminescence display apparatus as claimed in claim
12,
wherein said converting unit includes a first
switch device for selectively supplying said first
insulated 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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& dEbC 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.

14. An active matrix type organic
electroluminescence display apparatus as claimed in claim
12 or 13,

wherein said first insulated gate field-effect
transistor and said second insulated gate field-effect
transistor are an identical transistor.

15. An active matrix type organic
electroluminescence display apparatus 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.
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wherein the information of the value of said
driving current is supﬁlied 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 claimed in any

one of claims 11 to 17,

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 circuit captures image information; and

two of said current driving circuits are provided for -
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
period.

19. An active matrix type organic
electroluminescence display apparatus as claimed in any
one of claims 11 to 18,

wherein said data line driving circuit feeds the

data line with a current obtained by adding substantially
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20. A driving method of an active matrix type
organic electroluminescence display apparatus, said
active matrix type orgénic electroluminescence display
apparatus including: a pixel unit 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 circuit 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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23. An 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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