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Abstract|

Flat-panel display (FPD) technologies such as LCD and plasma suffer from limitations such as low
contrast and high power consumption under speed conditions that are unacceptable for three-
dimensional displays. To overcome these limitations, organic-electronic displays based on organic
light-emitting diode (OLED) technology have been developed; however, they suffer from several
technical problems. To this end, aA rew-novel prepesed-compensation driver circuit ef-flat-panel
display{FPB}-based on erganictight-emitting-diedes{OLERs)-OLED and en-poly-crystalline silicon
thin-film transistors (pely-Si-TFTs) is presentedproposed here for FPDs. This driver circuit is
developed specifically for an active-matrix organic Iight-emitting{diode (-A-MOJ:ED-)—HispIay ahd-ts-Its
efficiency is verified by comparinged it with the-a conventional configuration with-using two2 TFTs.
%eee{-dmg—ée—Fesuk—sThe results indicate that the power consumption of the proposed; this-circuit is
suitableteachieve-at an acceptable level and that the circuit can achieve ferpowereonsumption;
high contrast, maximum graey levels, and bet-ter—gmbnghtness\. Andto-shew-this;-In addition, to
demonstrate the feasibility of the proposed circuit, a stable driving scheme is developed for the

circuit with muech-compensationsueh-compensation as-agairstfor the-data degradation, the
threshold voltage dispersions of the TFT drive, and suppression of the TFT leakage current ‘effect.‘

‘Kevwords‘: compensation driver circuit; poly-crystalline silicon thin-film transistor; AMOLED; pixel
driver scheme

{1_.Introduction

‘Display technologies such as LCD and plasma suffer from limitations such as low contrast and high
power consumption \[1, 2] \under speed conditions that are unacceptable for three-dimensional \
displays because of the ‘addressing phase‘. Fhe-new-generation-of-displayorganie-Organic-electronic
displays; based on organic Hghtlight-emitting diodes (OLEDs) technology have been developed-has
established- to eliminate-overcome these I|m|tat|ons¥he—ée¥eets—Fepe#ted—fe+=ﬂ4e—et—heHeehneleg+es

Ihﬁ—new—teehnelegy-OLED
d|sp|ays can meets-satisfy user requirements the-reeds-efusersintermsofsuch as pure-high picture
quality and ffunctlonlng levels, particularly espeeialy-for mobile devices;-. In addition, because of the
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low temperature of the OLED treatments, theyit offers new possibilities that were previously
considered previeushy-unattainable (such as -asthe-deposition on large surfaces or en-flexible

substrates)-because-of-low-temperature-of the OLED-treatments [3, 4].; alse-Moreover, the [vision

affects reality in terms of quality].

W%%he#handﬁﬁheewmnt—current—driven of-OLED device can be previded-realized using
passive-passive-matrix or aetive-active-matrix backplane architecture [5]. In the latter, ease-the

eolodrcolor adjustment is determined-achieved by-using a command based on a thin-thin-film
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transistor (TFT) -[1, 5]. This solution is preferred;-espeeiaty,- particularly when the size of the display
inereased-increases, which can often result in wh%eweha#eﬁechnical problemsl The backplaneof
the-active--matrix backplane is fike-a-similar to a group of switchers or circuits which-that can
controls the current intensity flowing through each OLED pixel and dees-netletlimit electrieity
electric flow to only when this-it is necessary.

Fhes&e%%—Clrcult designs are developed to complement desighs-are-based-en-amorphous silicon
(a-Si), polycrystalline silicon (poly-Si) [2], and organic TFTs (OTFTs),are-ciredits—desighs

eemplementaﬁmess] lAccordlng to the-manufacturers, several teehnolegiestechnology backplanes i
terms-of-consider the structure and level of fitness, which are used to determine the used-fer

uniformity and stability sufficientfor-of brightness; these whieh-backplanes differ in their driving
speed, power consumption, area occupied, and the accuracy needed-required to set the current

programming modes m—aeee#denee—wﬂ-h—based on the data type: voItage -programmingcireuit and

current-programming circuits. Howeverforbeth-types-ofcireuitsat the-drivingscheme;the
vHowever, in both these types, variations in the threshold voltage of the TFTs;due-te- attributed to
the-changes in mobility under the influence of operating time and under abnormal thermal
conditions whieh-can attain,respeetively-lead to 10-%-te-50%;-the- data degradation;-; vand-the
ehange-ariation in the supply voltage, the-leakage current, and the-speed;- can result in the gererate
degradation and nonuniformity ia-of brightness over time in the pixel-itself. anre-in many cases,
there-isa-fluctuation-in-the brightness in the surrounding pixels also fluctuates. These disturbances
add up over time and }may—be—the—eause—cause ef-poor V|5|on] - To-avoid-theseproblems; the
manufacturers have started using are-usingthese-transistors with adequate compensation methods
to avoid these problems [5}-].

M&%Several drlvmg transistors per pixel are reqwred to compensate for the major

technical problems, high . improve the
nonuniform brlghtness and %hehefflaency of the dr|ver circuits, and realize high-quality dlsplavs W|th
low power consumption
reehaberbarahlas, VﬁpeerﬂeaJ«Ly—usmg—eCompensatlon circuits based on poly Si technology has—been
have achieved a-considerable progress in providing stable and uniform brightness with a greatlong
Iifetime]. Alse-it-Although this approach is is-not as cost-effective in-as eomparison-with-other TFT
technologies {such as a-TFT and O-TFT)}, and-it ear-provides a constant current to the OLED and
achieves excellent mobility;. The eempensation-compensation circuits reached-can satisfy the
requirements of the OLED driving current under the minimum power supply respecting-while
meeting the the-speed condition and alse-assistsing in the direct integration of the driver circuit on
the-flexible substrates [2, 5].

lln hhis paperstudy, we privilege-the-use of-a poly-Si transistor for the proposed driver circuit. TArd

generaly-we-can-say-thatthe choice-ofone-ofthese-transistors is selected considering is-elosely
related-te-the manufacture-manufacturing method, which has i#s-ewn-separate parameters, the and

#s-driving schemes, and the technology used to make-fabricate the AMOLED screenH

Z;I:Fhe-Proposed }Dﬁiver—Pixel Driver Circuit

As-we-have-said-before,-As explained previously, we used a we-have-choesen-the-use-of-poly-Si

transistor for the proposed driver circuit. Are-te-It is preferable to use ensure-high-speeds-it-wiltbe
preferable-to-use-N-type transistors ratherinstead of than-P-type ones to ensure high speed-; Alse

forapplicationsofhigh-frequency-itisbetterto-use-thoseofN-type transistors are also preferred for

high-frequency applicationsinstead-of-P-type. Forthesereasonswe-Therefore, we used an ehoese
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usiag-an-N-type transistor as a scan transistor. lAnd—fer—For its application, )we used enrichment
improved MOSFET models tharks-te-because of their excellent the-performance, especially s-that
they-give-especialy-under abnormal thermal conditions. Figure 1 shows the Fhe-propesed-designis
explained-compared-with-the-conventional circuit based on 2-two TFTs;- and the proposed

circuit.Figwe—]:(—aH
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Figure 1: AMOLED: (a) conventional pixel circuit and (b) proposed pixel circuit.]

IThis last Fs established to depart from the approach of the passive matrix and te-better enhance the
performances of the pixel with-using one transistor, where a high current;- (Iowepr-) With te-achieve
thedesired-brighthessisrequired-with-nonuniform levels is required to achieve the desired
brightness where the pixel is almost always active. [It kontains an embedded memory;- (Cstg;-) and
tow-two transistors (TFT1 and TFT2). FTFTl is used to select a specific pixel and te-transfer the-data
through the data line. The data }make—the—leadmg—ef—@hhe storage capacitancey (Cstg;-) during one
period of operation when the scan line is in the high state. The current is injected into the organic
diode whiech-that emits light-, and it is then #s-adjusted by the-TFT2, i.e., the driver transistor; and
is expressed by-as [5]:

K TFT2

2
I(}I,]i]} =

X {V(JS-']']?'I'E - TLJ"lh-']'[-'['z)_ d 1

where KTFT2, VGS-TFT2, and VTh-TFT2 represent the KFEF2isthe-transconductance factor of TFT2,
VGS-TFR-isthevoltage applied to the TFT2 gate-source terminal, and ¥Fh-FFF2-is-the-threshold
voltage of TFT2, respectively. The simulation for the current delivered to the OLED of this
conventional circuit is presented-shown in Figure 2. Frem-the-eurve£The maximum value of Iowep is
3.798 uA-; Fhis-this value fast-vatue-does not representtruly represent the data voltage because the
voltage level representing the data has-droppeds,and-thisis- duete-because of the threshold
voltage VTh-TFT1 of TFT1;-. anre-The the-recovered voltage is VData — VTh-TFT1. Alse-Additionally
this conventional configuration presents a variation in the threshold voltage of TFT2 and TFT1. Al
tThese problems lead to a nonuniform brightness during the display phase and se-have-a-directly
influence-on-affect the gray-grey levels. Se;Therefore, we must think-consider using abeut
compensation methods to avoid these problems.
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Firstly, to well compensate the loss in data voltage, we add another transisteref-P-type transistors,
i.e., the a-restoration transistor TFT3, as shown in Figure 1(b)Figure-dib}. With-£tThis transistor;
ensures that the the-eharge-stored charge stored-inthe-capacity-is exacthr-the same as the data

voltage;; however, the butthe-most important issue-factor is the size of this restoration transistor. -
In reality, it acts as the capacitance, and theirits limited size is directly related to the loading time of
Csig With TFT1 and its theirinternal capacitance; Cgb, (gate-bulk capacitance);-); this-this is a very
important condition for calculating theirits capacitance. Therefore£This transistor provides the a
load current in capacitance Csgand decreases the charging time to make it equal to the |oading time
of leading-capacitance-Cagthrough TFT1,-. Therefore, se-it-there is a need to mustreduce its internal
resistance (Rsh: drain, source diffusion sheet resistance), resulting from an increase in theirthe ratio
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Figure 2: OLED current during the display phase in the conventional configuration efthat uses P—two
TFTs, conventional driver circuit with the restoration transistor, and final model of the proposed

driver circuit.

Subsequently, -we-have-ttwo conditions that-must be respectedmet: we-irerease-W/L should be
increased to reduce the resistance and we-inerease-Wx L should be increased to te-increase the
internal capacitance; Cgp-of this-transistor. FThe-oOptimal values that allow us to offset the-data
degradation are-include the threshold voltage Vinters = =Vinaerr and W =4 x L. fa-Under this-these
conditions, eendition,-the maximum current delivered to the OLED becomes 7 puA;see-, as shown in
Figure 2;-. and-therefore-Thus, we we-have-successfully corrected the-data degradation and
increased the-eurrent-loep. Haddition-Ddespite the-cempensatien-ef-compensating for the-data
degradation, we have-always-thepreblem-efsuffer from the threshold voltage variation of TFT2 with
increased energy consumption due-te-caused by the the-presence of artheranother capacitance
whieh-is-represented by the-transistor TFT3. Se-we-Therefore, we seek to develop a amethod that
can te-resolve these problems.
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First-to-minimize-powerconsumptiontThe OLED is only activated aetive-enty-if-necessaryfor
minimizing power consumption. For this, a new transisteref-P-type transistor; (TFT4); ordered by a

new control line, Scan2line, is added as shown in Figure 1 b)'—ﬁ_this transistor does not leave-allow
the driver circuit to work wedes—en+y—+f—when thatis-necessary even if theVData is a#eady—stored in the
capacitance Csg. S Wi
another P-type transwtoref—P—type— (TFTS) to avoid the problem of the threshold voItage variation
of TFT2, as shown in Figure 1(b). The simulation givesan-increases #-the maximum current to 9 uA;-,
as shown in see-Figure 2-; Fhis-this increase of 2 yA is due-in-attributed to the faetto-the-storage of
the threshold voltage Vrhrer2 of TFT2 in the-capacitance Cs. Moreeverthe-The presence of a leakage
current in the OLED during the reset phase requires us to add another transistor to eliminate it;
because this current becomes critical for the lifetime of the OLED. Thus, -se-ir-sereen-overtime
where-the-screen esleurscolors wilkbecome darker over time if we exceed certain hours of the
operation, and this has a -and-has-a-direct effect on the contrast and en-the-stored charge in Cs.
Therefore, thereSe- iust-is a need to reduce the bereducing-leakage current. Fo-de-thisTo this
end, -we add another P-type transistor-P-type (TFT6); to block the emission current through the
OLED during the reset phase and ensure greater stability for the pixel-, as shown in Figure 1(b).

pR-CREIALALARNIL

r'l'herefore, the final proposed driver circuit isable-te-can reduee-avoid the problem of renunifermity
efbrightressnonuniformity in brightness;-. In addition, it has a i+-has-a-large output current with a
faster response time, it can block the current circulating in the OLED during the reset period where

an increase in the contrast ratio is guaranteed;-, and ard-it can reduces energy consumption.]W&eL
Tthe OLED is placed between the drain of TFT6 and the ground to cancel the transient

characteristics. Se-Twe-can-say-thatthe proposed eiredit-pixel circuit is suitable for the AMOLED
screeny; however, butit requires more-precision-by-the insertion of the-a new control signal,
Scan2line, to achieve better precision.

Scan lin&'4 |
Data line 4|—‘

Scan2line

(1) (2) (3) (4)
Initialization J, Display i
Compensation Disabling

Figure 3: Timing scheme.
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Figure 4: Equivalent circuits in each step of operation of the proposed design.
\?L.Driving Scheme

In the proposed design exposed in Figure 1(b) TFT1, TFT4, TFT5, and TFT6 function as switches, TFT3
is the restoration transistor, and TFT2 is the driving transistor; it operates in saturation regime when
it is in the passant state. The timing or the driving scheme for this proposed driver is defined as
shown in Figure 3. Figure 4 shows the operations steps with the main compensations. From these
figures we find the following.

Initialization Phase of Data. It is the activation phase. During it, the signals scan line and data line

are in the high state; the TFT1 and TFT3 are passers. The capacitance, Cs, loads up a specific value
which is Q = C-Vpata. But it must pay attention to the threshold voltage of TFT1, Vnrer1, because the
output of this transistor is also Vpata = Vn-er1, SO the presence of TFT3 is verified, because it enables
making the correction for the loss of Vpats, S0 during this phase the capacitance Csiloads to Vpataas

shown the relationship
(2)
2

|

Compensation Phase of the Threshold Voltage of TFT2. During this phase the signal Scan2line is in
the high state, TFT4 and TFT6 are blocked, and data line is in the low state to make the loading of the
threshold voltage of TFT2 in the capacitance Cst. At this time the gate of TFT2 is connected with their
drain through the transistor TFT5, where we have a diode type connection, and so the voltage across
the capacity Csigbecomes Viata + Vinterz. This technique allows cancelling the threshold voltage
variation when the TFT2 commands OLED.

Vg = Viata = Vinrem + [Vimrers| -

Display Phase. After the scan time of pixel and the step of initialization and compensation for the
data voltages and for the Vrh1erz, the signal Scan2line becomes in the low state. During this period,
the TFT2 provided to the OLED the current:

[Commented [A43]: No changes required here.

Commented [A44]: As requested, | have excluded the
text highlighted in yellow.

Commented [A45]: Please delete “(2)” in the equation as
| have separately inserted it here following the journal
guidelines.




K

2
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I(}LE[) X U’ GS-TFT2 — TLJr']h-']'li'l'z)

2
K K ©)
2 2
7 X (Vbata + Vinrrrz — Vinrrr) ™ = 3"’1}m .
As indicated in this expression, the drain current of TFT2 is independent of the threshold voltage of

TFT2 and is only affected by Vpata; therefore uniform brightness of the image can be defined
according to the desired gray levels.

Disabling Phase. This is the nonoperation phase of the pixel. It is applied if we want to avoid the
operation of the pixel. It is obtained by forcing the signal Scan2line to be in a high state, even in the
case where we have a charge stored in the capacitance Csg. This charge remains constant until the
next reset phase.

4«.}Pe#e¢manees—Results hnd Discussion

In the proposed design of the driver circuit, the OLED current depends only on data. Alse-there-Tisan
inereaseinthe contrast ratio is increased by inserting the-transisterTFT6 as-when the OLED is
disconnected from another part of the circuit during the initialization and compensation phase;;
therefore, se-it does not emit light during the addressing phase, and therefere-a perfect black
eolodrcolor is displayed. #-the-etherhandtMeanwhile, the circuit is thermally stressedstressed,

and its operating temperature increases over time. Ard-to-assess-how-this-cireuit-operatesunder
abrermalthermalconditionsw\\e alse-perform the-simulations at different temperatures to assess
how this circuit operates under abnormal thermal conditions. The results are shews-illustrated in
Figure 5 at-for 27 and 100 °C°€.
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Figure 5: Influence of abnormal thermal condition on Ioep.
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As-aresult-thereisaA slight variation is observed in Ioiep under thermal conditions, and this can be
duetetheattributed to changes in mobility in the-driving-transistor-TFT2. radditien-Further, a
reduction in energy consumption is accomplished by inserting the-transistorTFT4. Ard-generalhy
tThe driver circuit behaves |as a multitude of capacities that ‘need to load and unload. Energy
consumption can be classified as Hr-general-we-have-the-twe-energy-static or dynamic energy
eontributionsconsumptionsstaticand-dynamie—; However-the staticeonsumptiondis-former is
almost zero;-. Thus, we se-we-need to enty-consider only the-dynamic power consumption, which is

given-bythefollowingformulas

1
Pd}rnamiquezixaﬂ—:lXCLXVdd2fo (4)

where C;, V4, and f represent €.is-the equivalent capacitance of loading and unloading in the
driver circuit, ¥sais-the-supply voltage, and f-is-the-operating frequency of the driver circuit:
position set by Scan2line, respectively. Further, Fhe-qos1is-represents the ‘probablllty of having
consumptlonl during one clock cycle. This ;this-parameter is determined aceerdingto-based on the
driving scheme used, and its value is between 0 and 1. This expression of power explains the
continuing efforts of the-circuit designers to reduee-minimize the size of transistors, which helps
reduces the value of parasitic capacities; and reduee-the-supply voltageir-erder to increase the
working frequency of circuits. For the proposed pixel circuits, we take-consider the values a = 0.33
and (=1 pF—; hence,Henee-Paynamique = 2. 0625l ]10 W. If we calculate this consumption for a screen
with the-a resolution of 176 x 220 glxel we obtam P= 79 68 mW. And—Thls when—a—eempansems

decrease eensumpﬂeﬁ—has—deemased—by—of abeu{—approxmatelv 60°o in consumptlon when a

comparison is drawn between a 2.2-inch AMOLED screen with a resolution of 176 x 220 [1] and
another AMOLED screen with the same resolution using the proposed circuit. Furthermerewemust
aetethattThis consumption is calculated without resistive and capacitive couplings for a-the total
screeny; se-therefore, te-make-cleareconsumption-we must consider takeinteaccountthese
capacitances to obtain \an accurate consumption\. Further, we We-must alse-take-into-account
consider the overlap capacitances of TFTs (Ces, Cop, and Cas). Alse-these-In addition, these
capacitances have a direct influence on the loading of the data voltage (Cpataline) in the-capacitance
Csigand on the speed of circuit (Cscanline and Rscantine) for the AMOLED screen. But-generally-Tthese
values generally depend on the manufacturing process of TFTs, and therefore, we can neglect them.
Moereoverwhenwe talkabeutgraylevelstThe parameter which-directly affeets-affecting these-the
grey levels is the [snze\ of thecapacitance-Csyg; because with-a-veryprecise-adjustment-we can employ
precise adjustments to ensure that eblige-the-capacitances rette-do not make-produce an error that
exceeds the voltage necessary to pass from one gray-grey level to another IIeveIL‘F

5. Conclusion

In this work, a new compensation driver circuit based-enusing the-technelogy-TFT poly-Si technology
as a support effor the organic matrix thankste-because of its speed and its-thermal stability is-was
proposed with #s-a driving scheme;-. The proposed circuit comprises eensisting-ef-6-six transistors
TFTs, and-having-three input lines (data line and scan line plus one additional control signal:
Scan2line), plus-and ene-a storage capacitance. Byresultsef-The circuit teststest results indicated
that Hitisfeund-thatthe proposed circuit can be suecesstully-operated successfully under the
optimal timing scheme;-, and it offers a stable output current of a high value while keeping
maintaining a respense-time-relatively fast response time and minimal power consumption. It is
compatible with the requirements of AMOLED displays under minimatpewerconsumptionand
abnormal thermal conditions. The We-have-shown-forthisproposed-<cireuita-driving scheme
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designed for the proposed circuit is based on a restoration technique for the-data degradation and
compensation efthe-for the threshold voltage variation of TFT2-griverby-using-the-method-of
loading-this-voltage-in-the-capacitance €. On-theotherhand,-Tto reduce energy consumption,
increase the contrast ratio, and suppress the TFT leakage effect, we have-introduced two other
transistors with an additional signal line to prevent the leakage current and allow the pixels are-to
rake-thispixeloperate as reededrequired. Fhis-The proposed circuit isswas compared with the-a
conventional circuit of two2 TFTs;-. The results anrd-we-—can-simplysay-thatitconfirmed that it is very

extremely suitable ferin terms of its contrast, power consumption, speed, and stability of
brightness.
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