
A New Voltage-Programmed Pixel Structure Compensating 
for Threshold Voltage Shift of Organic Thin Film Transistor 

Jongchan Choi, Aram Shin, Jae-In Lee, Bongno Yoon and Man Young Sung1)

Department of Electrical Engineering, Korea University 
5-ga Anam-dong, Seongbuk-Gu, Seoul 136-701, Korea 

E-mail: 1)semicad@korea.ac.kr 

Abstract: A new voltage-programmed pixel circuit using 
soluble-processed organic thin film transistors (OTFTs) for 
an active matrix organic light emitting diode (AMOLED) is 
proposed. The proposed circuit is composed of four 
switching TFTs, one driving TFT and one storage capacitor, 
which is simulated by HSPICE. The proposed circuit can 
compensate for the non-uniformity of OLED current caused 
by the threshold voltage degradation of the OTFT. The 
simulation results demonstrate that the variation of OLED 
current corresponding to a 3V threshold voltage shift is 
decreased by 30% compared to the conventional 2-TFT 
pixel circuit. 

1.  Introduction 

Active-matrix organic light emitting diode (AMOLED) 
has considerable advantages for flat panel displays for a 
variety of reasons. As the OLED is a self-emitting device, 
AMOLED display can represent various colors without any 
color filters and it has a wide viewing angle, a fast response, 
light weight and low power consumption [1]-[5]. 

For AMOLED display, each pixel has switching and 
driving transistors for driving the OLED. Thin film 
transistors that are based on amorphous silicon (a-Si TFT) 
and polycrystalline silicon (poly-Si TFT) have been used 
typically [1]. Recently, organic thin film transistors 
(OTFTs) have been favored as the pixel driving transistor 
because the organic material can be used to create low cost, 
flexible displays using low temperature fabrication methods.   

It has been reported that the mobility and on-off ratio of 
pentacene-based OTFTs are comparable to a-Si TFTs [6]. 
However, the performance of the OTFT is influenced by 
various external conditions, e.g. ultraviolet (UV) light, 
temperature, wafer dampness, and oxygen [7]. As with the 
a-Si TFT, the application of a DC bias to the gate of the 
OTFT results in a threshold voltage (Vth) shift, which 
causes a reduction of the OLED current after long time. 

As a result, the threshold voltage shift generates a non-
uniform brightness since it is proportional to the OLED 
current [8]. To achieve good uniformity, we need to use a 
Vth compensation circuit, and various methods have been 
introduced to solve this problem. 

In this paper, we will propose a new pixel circuit that is 
available to compensate for the degradation of the OLED 
current. Also, we will use the p-type soluble-processed 
OTFTs in the simulations. Although soluble-processed 
OTFTs show unstable electrical properties compared to 
OTFTs that use vacuum equipment to deposit pentacene, 
research is being conducted because of the potential for 
producing good OTFT displays at a much lower cost [9]. 

TABLE 1
PARAMETERS OF SOLUBLE-PROCESSED ORGANIC TFT DEVICE

Parameter Value
Mobility 0.2 cm2/Vs

Threshold Voltage -5V 

Sub-threshold Slope 2.28 V/dec 

On-off ratio 1.03E05 

Gate Dielectric thickness 100nm 

First, we will perform p-type OTFT device modeling by 
using an HSPICE simulation. Also, we will verify the 
suitability of the modeled device by applying it to the 
conventional 2T1C circuit. Due to making the pixel circuit 
out of p-type OTFTs exclusively, we have problems with 
designing the pixel and the timing diagram. Also, since the 
characteristics of the soluble-processed OTFT are inferior 
to the characteristics of the pentacene deposited OTFT, the 
output current levels are lower than those of the pentacene 
OTFT, so the OLED current is controlled by the size of the 
device [3]. 

Despite the disadvantages of the p-type soluble-
processed OTFT, we will propose a new voltage-driven 
pixel circuit that composed of five p-type soluble-processed 
OTFTs and one capacitor for compensating for the Vth 
degradation. Finally, the effectiveness of proposed circuit 
for dealing with the Vth sensitivity will be discussed.    

2.  Conventional Pixel Circuit for AMOLED 
2. 1 OTFT Device Modeling 

First, I-V curve fitting of the OTFT was performed for 
the pixel design. To obtain the reference model, we 
measured the electrical characteristics of the soluble-
processed OTFT by using HP4156B to extract the model 
parameters. The measured value of threshold voltage and 
mobility of the OTFT are -5V and 0.2cm2/Vs, respectively. 
The electrical characteristics are poor since the active 
region is composed of the soluble-processed organic 
material [3],[9]. The device parameters of the soluble-
processed OTFT are listed in Table1.  

Fig. 1 shows the measured output curve of the OTFT 
along with the output that was simulated using HSPICE. 
SPICE level 61 RPI a-Si TFT model was used for curve 
fitting because the physics of a-Si are more similar to the 
physics of the organic material than polycrystalline silicon. 
Because of the difference of material characteristics 
between a-Si and the organic material, and because of the 
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technical limitations of modeling, a small error occurred in 
the high gate-source bias region. Since no large bias (like 
the -40V) is applied to the device, this modeling result is 
reasonable for this particular pixel circuit simulation. 
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 Fig. 1. Measured and Simulated output characteristics of soluble- 
processed   organic thin film transistor for gate-source voltage. 

2. 2 Simulation of Conventional Pixel Structure  

Fig. 2 shows the conventional structure of an AMOLED 
pixel circuit (i.e., the 2T1C pixel circuit) driven by OTFTs. 
The pixel circuit is composed of a switching TFT (M1), a 
driving TFT (M2), and a storage capacitor (Cst) [1],[5]. 

The OTFTs that were simulated previously were used in 
this pixel structure. Table2 shows the specific circuit 
parameters. The simulation was performed for a QVGA 
(320x240) resolution with a frame rate of 60Hz. The scan 
time is about 70 s because 240 row lines are processed 
during a period of about 16.7ms [2]. 
                       

Fig. 2. Conventional pixel structure and timing diagram. 

TABLE 2
PARAMETERS OF CONVENTIONAL PIXEL CIRCUIT

Parameter Value Description
M1 (W/L) 60u / 6u SW Tr. 
M2 (W/L) 180u / 6u DR Tr. 

Cst  500fF Storage cap. 
Vdd 20 V VDD
scan -20 ~ 5 V Scan
data 5 ~ 15 V Data input 
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 Fig. 3. OLED current versus data voltage of 2T1C pixel structure. 

Fig. 4. Variation of OLED current by Vth shift at 2T1C pixel structure. 

Fig. 3 shows the simulation results for the data voltage 
versus the OLED current. The OLED current increases 
proportionally to the data voltage, so we can conclude that 
the simulated OTFT is accurately representing the pixel 
circuit, but the conventional pixel structure is sensitive to 
the Vth shift. Fig. 4 shows the OLED current when the Vth 
shift is implemented at a data voltage of 5V. When Vth 
increases by 0.6V, the OLED current decreases by an 
average of about 130nA which causes a degradation of the 
brightness.  

Attempts have been made to create Vth compensation 
circuits using 2TFTs and 1Capacitor [4], but the 2T1C Vth 
pixel compensation circuit has complicated driving 
schemes and that are difficult to realize. For this reason, 
many compensation circuits that added some switching 
TFTs to 2T1C structure have been proposed and we will 
propose a new pixel circuit.  

3. Proposed Pixel Circuit for compansating 
Threshold Voltage Shift 
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3. 1 Operation of Proposed Pixel Circuit 

Fig. 5 shows the new voltage-programmed pixel 
compensation circuit using five OTFTs and one capacitor 
and driving scheme. The circuit is comprised of four 
switching OTFTs (M1~M4), one driving OTFT (M0), and 
one storage capacitor (Cst). The operation of the proposed 
circuit is divided into the four stages that are shown in Fig. 
6 and the compensation principle is described as follows. 

Fig. 5. Proposed 5TFTs and 1Capacitor pixel structure and timing diagram. 

1) Initialization 

In the first period, SCAN2 and EMI go to a low voltage 
and   SCAN1 goes to a high voltage. The equivalent circuit 
is described as stage (1) in Fig. 6. The gate voltage of the 
driving TFT is initialized to Vdata. 

2) Vth generation 

In the second period, SCAN1 and EMI are set at a high 
level to yield current to the OLED until the gate-source 
voltage of the driving TFT comes up to Vth. With this, the 
charge corresponding to the threshold voltage of the driving 
OTFT is stored in a storage capacitor and Vth is generated.  

3) Voltage programming 

In the third period, SCAN2 is sets at a high level and  

Fig. 6. Operation of proposed 5T1C circuit for compensating Vth shift. 

SCAN1 is set at a low level, the programming voltage Vp is 
added to the stored Vth by capacitive coupling, resulting in 
a gate voltage of the driving TFT that is Vp-Vth. 

4) Emission 

In the final period, SCAN1 and SCAN2 are set at a high 
level, M2 and M3 are off. Nevertheless, the driving TFT 
generates an OLED current due to the difference of 
potential between the gate and the source of the driving 
TFT, so the current is sustained uniformly. 

If we assume that the OTFT is an ideal switch that does 
not have any voltage drop, in the emission period, the 
OLED current is evaluated as follows.  

where,  

From the calculation, we know that the OLED current 
becomes insensitive to the threshold voltage shift.  

3. 2 Simulation Results 

The simulation of the proposed pixel circuit was 
implemented by using the OTFTs that were modeled   
previously. The specific values of parameters used for 
simulation are listed in Table 3. Because we selected the 
value of the threshold voltage shift induced bias stress to be 
an average of 3V [8], the simulation was implemented by 
increasing the increment of Vth from 0 to 3V. 

Fig. 7 shows the simulation results for a threshold 
voltage shift from Vth to Vth+3V at a data voltage of -5V. 
The variation of voltage at the anode of the OLED is small 
compared with the 2T1C pixel circuit and the maximum 
OLED current variation corresponding to the Vth shift is 
about 30nA. We can see the improved uniformity of the 
OLED current as a function of the threshold voltage 
variation in Fig. 8. The error represented in the graph in Fig. 
8 is defined as the ratio of the change in current caused by 
the Vth shift to the total current as follows.  
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The proposed pixel circuit improves the uniformity by 
about 30% compared to the conventional 2T1C structure 
when the Vth shift is 3V. 

TABLE 3
PARAMETERS OF PROPOSED 5T1C PIXEL CIRCUIT

Parameter value Description
M0 (W/L) 360u / 6u DR Tr. 

M1 (W/L) 60u / 6u SW Tr. 

M2 (W/L) 60u / 6u SW Tr. 

M3 (W/L) 60u / 6u SW Tr. 

M4 (W/L) 60u / 6u Vth programming Tr.

Cst 500 fF Storage cap. 

Vdd 20 V VDD 

SCAN1 -20 ~ 5 V Scan 1 

SCAN2 -20 ~ 5 V Scan 2 

EMI -20 ~ 5 V Emission 

Vdata 15 ~ -5 V Data input 

 Fig. 7. Variation of current and voltage at anode of OLED with Vth shift 

4.  Conclusions 
A new voltage-programmed pixel circuit using OTFTs 

for AMOLED has been proposed to compensate for the 
threshold voltage shift. The pixel circuit is composed of 
five soluble-processed p-type OTFTs and one storage 
capacitor. By applying a coupling capacitor through the two 
switching TFTs, the proposed circuit compensates for non-
uniformity caused by the bias stress induced Vth shift. This 
circuit demonstrated an improved uniformity of brightness 
of about 30% when the Vth shift is 3V. 

Fig. 8. Comparison of error rate between proposed circuit and 
conventional 2T1C circuit 

Acknowledgment 
This research has been supported by Industrial-

Educational Cooperation Program between the Korea 
University and LG Display.  

References 
[1] Arokia Nathan, Reza Chaji, and Shahin J. Ashtiani. “Driving 

Schemes for a-Si and LTPS AMOLED Displays”, Journal of Display 
Technology, vol 1, no2, December 2005, invited paper. 

[2] Sang Jun Hwang, Aram Shin, Yohan Kim, Man Young Sung, “A 
New Organic TFT based Current Programmed Pixel Circuit for 
Driving Active -Matrix OLEDs”, Proceedings of Asia Display 2007 
Volume 2, pp.1499- 1503 

[3] Aram Shin, Jong Chan Choi and Man Young Sung, "Design of an 
Organic TFT Pixel Electrode Circuit with Enhanced Current 
Programming Method for Active-Matrix OLED Displays”,  ISDRS
2007, pp.1-2. 

[4] G.R. Chaji, P. Servati and A. Nathan, “Driving scheme for stable 
operation of 2-TFT a-Si AMOLED pixel”, Electronics Letters, 14th

April 2005, Vol.41 no.8, pp.499-500 
[5] Dawson, R.M.A.   Shen, Z.   Furst, D.A.   Connor, S.   Hsu, J.   Kane, 

M.G.   Stewart, R.G.   Ipri, A.   King, C.N.   Green, P.J.   Flegal, 
R.T.   Pearson, S.   Barrow, W.A.   Dickey, E.   Ping, K.   Robinson, 
S.   Tang, C.W.   Van Slyke, S.   Chen, F.   Shi, J.   Lu, M.H.   Sturm, 
J.C. J. Wang, “The impact of the transient response of organic light 
emitting diodes on the design of active matrix OLED displays”,  
Electron Devices Meeting, 1998. IEDM '98 Technical Digest., 
International, pp.875-878 

[6] DJ Gundlach, CC Kuo, S. F. Nelson, and T. N. Jackson, “Organic 
Thin Film Transistors with Field Effect Mobility > 2 cm2N-s”,
Device Research Conference Digest, 1999 57th Annual, 1999,
pp.164-165 

[7] C Pannemann, T Diekmann, U Hilleringmann “Degradation of 
organic field-effect transistors made of pentacene” Journal of 
Materials Research, 2004, Vol.19 no.7 pp.1999-2004 

[8] D Kawakami, Y Yasutake, H Nishizawa, Y Majima, “Bias Stress 
Induced Threshold Voltage Shift in Pentacene Thin-Film Transistors 
“, Japanese Journal of Applied Physics, October, 2006, Vol.45 
No.42, pp. L1127-L1129 

[9] Nack-Bong Choi, Dae-Won Kim, Hyun-Sik Seo, Chang-Dong Kim, 
Hochul Kang, Min-Joo Kim, and In-Jae Chung, “Fine-Patterned 
Organic Thin Film Transistors using Solution Organic 
Semiconductor Materials” , Japanese Journal of Applied Physics,
Vol.46, No.3B, 2007, pp. 1333-1336 

1560



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


