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Abstract

Active marie orgmc g emiring dipde (AMOLED) diplms
are Mo erering the muwder place. TFT acoive mardc ailos
QLED displavs ro be larger in Righer inresolunion aad lower
71 ponger dirziparion tham i poss S a passiie mmric A4
rumber gf TFT aciive mumric pivel cirowdts hove been developed
Jor Jumingnce conreod while corescrivg e TFT parawmersr
variations. The corowis and driving methods are ravinwed 4 new
driving method i presevted

1. Introduction

Ths hich brichmez: snd afficiencies of orgamic hzht emining
diodaz (OLED:} hava craatad conziderable imterast for diplays’
Imirial OLED display productz ware first commercizlized
incorporating passive matix addressing’. While passive matix
addrazzine simplifies the dizsplay fabuim the mmiber of rows
are limitad to fow bundred Sinca the OLED i on only whils
beinz addrezzed, hish peak oxnranis ars reguired to obtain avarazs
brizhimesz lsvals. Fow lme resstancs, cohmin line resistance
OLED resiztance, OLED capacitance and OLED of cuorrent
Testmict dJ.p]al hmumamcs, :ize, and fonmat and  reduces
afficeincy™

I.m:atpumun thim film  wamsitors (TFT:), acimve  maimx
addrazzing iz uzad to maks larss sizs and ]uah rezohution Hoguid
crvatal d.l.plx'_n {LCDs). The mpadanca of the liquid crvetal
materials uzed iz thar of & capacitor thar vares with applisd
voltazs as the reffacove mdsw chamzes. Applisd LC voltages
altemate from frames to frams to avoid maze stiddns dus to iom
plating. The pixsl circudt consists mimply of & sinzls wansisor and
sworage capacitor. The data voltagss and row simmsl: allows
alternating TFT temmingl voltazes that tand to stabilize wransizor
characteristics ;uch as threzhold voltaze.

OLED= are zomewhat difimlt to drive wmiformby with active
matrc TFL:. The most important reasons are: (1) lominsnce iz
current, not voltaze, dapendemt, (I) CLED capacitamcs i3 vary
hizh, {3) TFT dirnensions ars relamvaly larzs, (4) effecwvs TFT
Eate to drain capacitence {Czd) and zats to zourcs capacitance
{Cg=) are high and {3) TFT thresheold voltazes and mebilitiss may
vary from ome device toe snother. The drve TFT must provids
current for an OLED o light up. The large TFT dimsnsions tend
to limit wansconductance such that OLED iz dowven a large
parcentage of a frams tima. The largs TFT dimensions also Hmit
the number of TFT that can fit in the available pixel arsa. Lowr
temparanys polyzilicon (p-34) has an advantazs ovar amorphous
slicon {2-31) =nce mobility can be ons o two ordsrs of
ma_ammd-: hizher. Polvzilicon transistor widths can be mmallar In
addition, the tenminal voltagss can be lower giving more power
afficiant operaton. The OLED capaciancs L@ 3o large thar the
OLED cwrant and voltazs can't be driven o to egulibrem in a
row time. Thiz coupled with the larzs TFT terminal gats to souncs
and drain capacitance may result m hminancs that depends upon
the previgus OLED state. Vanston:s in threshold volase and
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mobility depanding upon mmplsmentation may add to hminancs
varatons. With p-5i, mitis] varistions are hizhsr dus to gram sizs
and boumdary vanatdons. With a-31 tims related slectrical smas:
cam zive largs threshold voltags varations. AC tenmins] voltazes
ara nzafill in mmimizing tims related alscrical sresz varations.
An important diztmction betwesn differsnt pizel drosts =
wihather the data being written to the poel & ourent or voltage.
Another distincrion iz whether the drivine methed or the circuit
aftsmpts to comect for drive wansistor vanadons. The different
circuits and driving metheds are reviewed. A new driving method
iz prazented.

2. Simple Pixel Circuits

Two relativaly =impls pimel coouns, a8 volaze followsr and a
owrant sowrcs, ars shown m fizurs 1. In fizure La, data veltaze iz
written onto the data storazs capacitor, C, by T1 when the zats
line iz brought hish. Transistor T3 operates a5 3 voltzge or soumce
followver to provida OLED cwrrent. T3 drain to sowrce oamenr, I,
i proportional to (Vdata-Volsd-Ve) for Vdata= Vdd -+t whers V-
iz the TFT threzhold voltzzs. It iz desirsbls for OLED dnoving
Tanzisior 0 OpsSrsle I SRtOration o 8@ 1o minbmizs Ccumant
depandencs on dram to source voltage. A drewhack of thiz ciroar
iz that the cwrant dspsnds wpon the OLED voltazs. The OLED
voltaze may vary Tom pimel to pizel and increass slewdy ot
nzags. ~0.1-lmVhour, providing addifional szources of non
um.ﬁurm

Tha OLED wolazs depandence on owmant i climinarsd with the
cirowit shown m fizars Lk, T3 iz 2 pfst device comnectsd in &
cormmon sourcs amangament. T3 operstes as a curremt source. The
cumann.—.pcrupummalm (Wdd-Vdats-Vi)" for Vdats~Voled-Vi

Laiza ime

Fizure 1. Simple AAIOLED piel civcwits.

In both cirouits, noming T1 off will increazs the volieas acroz: O
due to T1'z gate to spurcs capacitancs, This i a systamanc sffect
that can be comracted with the applisd dara voltases. As the OLED
hminsnce iz chanszed from oms frame to the next, the OLED
volraze will chanzs, which meodifiss the volaze aaesz C© dus
T3s Cgz coupling m fgurs la and T3": Czd couplms in figurs
1h. Zaversl addressing frame: may be nsedad for stabilize the
himimanca.
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An iszue with both cirowits &= the current depemdence upon the
threchold voltage. With p-3i and 3-3i, thrashold varistions can
sisnificantly impact the pixel 1o pixel uniformity. Ons sxcspion
ray be the cirouit in Szues 1b thet has beaan be drivan hard
anouzh for T2 to oparats as 3 switch. For sray level operaton,
I:u.llupls sul frame addreszing iz required”.

3. Current Data Pixel Circuits

Smcs the OLED himinancs is proportionsl to ourrent, it i logical
to considar current data powsl cirowits. Sony iz using 8 p-3i ouTent
pirror pival circwt ®. An sguivalant circuit disgram iz shown in
fizurs 2. Tio st the OLED current, the row line mpur 1= broughi
hizh whils pulling or sinkms the dats oorent out of the data lins.
T1 and TZI are twmed on by the row line. Transzistor T1 opsratss s=
a dara switch allowing current to flow fom the pimal cirouir o
the data line. T2 fancoons 23 a '\\indichan:ipapeﬂtim of T3 to
that of & diods, which allows adjuztment of the capecitor voltags
for matching T3's drain to source cumsnt to I, T4 drives the
OLED bazed upon the capacitor veltage. T4 izolates the OLED
from the data wiitng procss:. The width of T3 iz larger than the
width of T4. Thiz allows ths data curent 1o bs largsr m order to
=t the pinal corret within a row times for low lominancs levels.

Figure 1. Current mirror circuit incorporating data current

Whilz the thrazhold voltage of T3 hss been compsmeatsd by
writmz mathod, T4z threshold voltazs may differ from T3's at
tims of fabrication or with usage dus to difsrant elecrical sress.

Other current writing ciroaits have bean p.mpn.ed.ﬂmt direcily zst
the current in the OLED driving transiztor Equns]antclmm
dizgrams ara zhowm in fizurss 3 and 4 incorporamg p-31 and a-51
TFT, respectively. Thess ciouits divectly compsnsate  for
threzhold voltaze and transconductsnce variations m the drve
transizar. The driving mathod and devics fimctionally are similar
to curremt wirmor. However, the T3 mstzad of T4 dmves the
OLED. T4 oparates a= an off switch for izolsting the OLED or the
power while writng data. hﬁzmaJa.ﬂ:lsdmhn: suppliss
current dara to the pixel cirouit. T4 isplates the power supply lma.
In fizure 3b, the daa lins zink: cwwrant owt of the pixsl comowit
whila T4 izolates tha OLED. The choice of b and p Tvpe davices
uzed allows the 5T input to be connected to the row lna.

Ev uzing the W mput on the gate of T4 in fgures 3 and 4, it iz
pozzibls 10 uze hish dats lne cwrvemts for fast writnz. The 5T
input would nead 1o be modulated by & surtable dury factor.
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o lins

Fizure 3. p-5i corrent data pivel circoit.

Fizurs 4 shows an 8-31 poel drouit using only ofsts. Display
febrication iz simplifiad if the pixs] ciroait drives the snoda rather
than the cathods. Smce the drain and source current ars Mentical
it 1= omby @ mattar of perspactive for using nfst= to form et
sourcas. The 3W mput can be eliminated by connecting it to Widd.
Thiz allows T4 to function like a dieds and =ull provids soma
power supply 1zolaton whan wattne.

row lins

DCataline

Fignre 4. An a-5i current data pivel ciromit.

TWhils a-31 &= abls to producs stssdy ststs curents switsble for
reazonabls brighness levals, the termmins] voltaze: are fairly large.
Az g result, the cirouir in fisurs 3 may pot be suisbls for larze
format dizplays havms 3 wids lwminance rangs.

Unliks LCDr cohwon drivers incorporeting voltass date omrent
data ANIOLED drivers do not exdst conunercially. The masnituds
of cumenr depends wpon displsy fopmat and pimsl design.
Standardizing ourent column drivers may be difficult and mmay
Yt use of oumrrent data circusts.

4. Voltage Data Pixel Circuits

If LCD cobwmm voltaze data dovers could bs used, then pamel
design for differant formats and panel sizes vould be simplar and
very similar to LCD=.

Whils fizurs 1 zhows 2 zimipls voltazs data pinel circuits, fizurs 5
shows 3 voltazs data pimel that providss compsmsatien for
thrashold voltsze of the driva ransiztor™. The fmctionality of T1
throusgh T4 function i idenrical to that in the cwrent data pixel
circwstz. However, the driving methed iz mors complsx i that
T3z thrazhold woltazs must be extablizhed on the capacitors
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before writing data. With the 3W mput low the row line is
brought bow with Vdd on the data line. Them AT iz set lo*n
tummz T2 on A voltszs acros: capacitor iz developed that T3
forces to conduct. The 51 input i= brousht kish tomine T4 oﬁ'm
isolsts the circuit from the OLED. With T2 on, s.mhnma that iz
proportionsl 1o the treshold voltaze of T3 iz developsd acros:
bath capacitors. The AT mput iz brousht hizh tuming T2 off The
dats voltage for hominancs i= then prezanted on the dais lines. A
pontion of the dara woltaze &= coupled omto the capacitor C by
capacitor . The row line is brought high followsd by 2 bow on
the SW ingut turming T4 on. The OLED current iz, to a frst ordar,
proportional to the square of the T’z coupled data voltags.

o ling

Data lins

Figure &. Data voltage pixel with threshold compensation

Aznmms conventonal addreszing, thers needs to ke a pair of 5W
and AT mputs and drivers for each row. Simulations have showm
that thers iz mot sufficent tms w acoaraely ot trashold voltags
and write data within a row time.

5. A New Driving Method

It iz desrable o have mimplar Vi correcting cirouie: with a :ipls
drivinz methed. In addion, it iz deswabls o have opposits
polarity device tenminal voltagss in ordar to raducs the affects of
alacmical mirs:s and prolonszms lifs of the TFT-OLED pancl

Fizwre § zhows a modified voltaze follower circuit zhown in
fimure la that with the proper siznal: and trming can comsct for
threzhold volizze. The sorage capacitor i= placad acress the zats
to source tenminals of T3 for storing both T3's threshold voltazs
and the data voltaza.

Fizurs 7 zhows a zet of mignals and timing for threzhold voltzse
compenzstion. Capadtance coupling dus to swirching i=s not
shown to simphify disouzzion. Alternatns the cathods voliaze Vea
polarity astablizhes ahtsmating TFT temmmal voltazss.

The frames tims i3 broken up info 3 periods. The first pariod &= for
semimz the threzhold volazs on the pimsl capacitors and i1z thiz
exampls ~1.5ms lonz. The sacond pened iz for wittng data and iz
~7.5ms lonz. The rest of the fTams time, ~7_3ms, iz for exposing
of dl.plalmz ths mags.

Thers ars thres seps to estsblizhing & threshold woltazz on the
sorage capacitor . Firs, whils the cathods woltazs, Via, 1z at -
18V, the AF inpnt = hizh for a zhort period. Thiz establishe: &
capacitor voltage that is larzsr than the threshold voltazs. Second,
Wea = brought hizh to =10%. T3 conduct: remltne m -10V
across the OLED. Third, Vica is then sst at 0V and the AF jmput iz
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brousht high. T3 conducts umiil 2 voltaze that iz spproximately
T3z threzhold voltags iz establizhed on the capacior. A negaie
thrazhold voltazs iz establizhed aoos: the OLED.

Diata Ims

Viza
Fizured. Modified voltage follower pixel circuoit

write Vi write data L]
f.1a%e
data
v
420
rew line |
Ly -0V
AT
-1V
i ov L
Ve
13y
Vi A AT
_"L'
Valed e ~Wt
Lo 206 zits
Luminanrs
0 L

Figure 7. Signal timing disgram for Vi compenzation
Diata iz written into the pixel circust whils Viea iz at 0V and the AT
mput &2 low. Aszsomins that the OLED voltaze deemn’t chanze
wiils data iz beinz writsn, the soraze capactor voltazs iz
Wiata+Vi. Afier data has been written to sl the rows i the
dizplay, Viea iz broushe down to -18V. T3": current iz proportonal
to (WVdata +Ve -V or just (Vdata)®.

Fimms B shows the simmlsted hominance 2= 2 fimction of data
volraze for the vohtzzs followsr m fizwrs 1z drven i the nzoal
mannar and for the drowit shown in fzwrs § wung the driving
method showm in fimwe 7. The nsw driving mesthod produces
higher himinance by accountms for WVt

A model for a 100dpt coler OLED having = luminous aficiency
of -4cd/A and ~500cdm” at ~TV iz used. The OLED off and
reverss bias curents are low enouzh so a: not o misrfere with the
piel cincuit oparation.
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3. Luminance with data volfage for the modified
voltaze follower (z0lid) and standard voltage follower (dashed)
circuit:
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Figure 8. Luminance difference with data voltage for the
modified voltage follower (solid) and standard voltage
follower {dazhed) circoitz

Frzura © zhows the sirmulated parcentase differsnce m hmunance
dos to @ 2V changs in threshold woltaze. A =sismificant
improvement iz shoen over all of the data volaze rangs. Whils
the srror moreases for data voltaze below 2.5V, the heminancs i=
o and below 30cdm”. The luminance eror ramsins constant st
~20%% for data voltages sbove 2.5V. Moz of the emor ocomrs
whils writing. T3 conducts wymg to drve the OLED voltags o
0%, T3 operates in the linear regims and current iz proportionsl to
T3's Vi, Vdara and T3 wensconductance. Another sourcs of
arrar goours when Voa is brousht low for ilhmmstion. The OLED
voltaze change: fom -Vt o beme forward bissed Different
threshold voltazes coupls a differam amournt of charzs onto the
Torags capacitor remaltng fom the sray TFL capacitancs at nods
3. The resulting error bars is ~20% of the diffsrsncs in threshold
voliazs.

Improvament m the thresheld compenszadon iz poszible. Wit
hizhar OLED hmmninous efficiency, for eacampls 10cd'A, the
current wonld be 2.5 times kower. This would allow raducing the
T3': WL mmuuuldsJ;.amdummelummummrbl 15
timez. In addition, other pos:ibls pimel cirowt confisurations may
raducs the WV, companzation srrors 1o less than 3%,
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6. Summary

A maw, not previously repartad, AMOLED pixsl doving method
1z shovm. Feadily availsbls LCD colwnn drivers can be uzed
With medified voltazs follower pixel cirouits, the hrminance smar
duz 1o thresheld voltazs variatons iz significamtly redoced. For
tha mest part, the prsl TFT and OLED terminals have opposite
polarity  voltazs: applied which tsnd to reduce wansstor
paramstar varztions dus to elscmical srass
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