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Abstract

A low power consumption scan driver using depletion-mode n-type InGaZnO thin—film transistors is proposed. The
proposed circuit uses 2 clock signals and generates the non-overlap output signals without the additional masking signals
and circuits. The power consumption of the proposed circuit is decreased by reducing the number of the clock signals and
short circuit current. The simulation results show that the proposed circuit operates successfully when the threshold
voltage of TFT is varied from -3.0V to 1.0V. The proposed scan driver consumes 4.89mW when the positive and negative
supply voltage is 15V and -5V, respectively, and the operating frequency is 46KHz on the XGA resolution panel.
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Fig. 1. Measured transfer characteristic curves vs.
modeling transfer characteristic curves of the
InGaZnO TFT.
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Table 1. DC characteristics of InGaZznO TFTs

(a) Measured characteristics

(b) Modeling characteristics.
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Table 3.  Simulation conditions.
Resolution format XGA (1,024 x 768 )
Frame rate 60 Hz
Line time 21.7 us
Gate line | Resistance 5 kQ
load Capacitance | 75 pF
VDD 15V
VSS -5V
VSSL -10V
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Table 4. Performance comparison of other scan drivers.
Atk 27 F5
Jx =5 [15] [16] [17]
h=s r_z]i
=4 Az overlap non-overlap non-overlap non-overlap
w7 A 48 gl 25 A3 o] & 25 AT o] & ge gl
25 MsF 3 6 6 2
T A9 VDD,VSS,VSSL VDD,VSS VDD,VSS,VSSL VDD,VSS,VSSL
jd 2= 75pF, Bk 50pF, 5ke 100pF, 25kS T5pF, Bk
g s, A7) XGA, 5814 - VGA, 7914 XGA, 581X
=Hd & 10 480 480 763
AR A= (mW) 0.085 39.12 10.1 4.89
45 250
40
35 '\ __ 200
% 30 \\ g 150 ’__—\‘\
£ 25 >
g 20 \\ g 100 \‘
L 15 g
10 \\ £ 50
5 S — -
0 1]
-3 -2 -1 0 1 -3 -2 -1 0 1
Vth (V) Vth (V)
a% 8 Aot XGAE AZHEZfo|He| EEMet| a3 9. Hotst XGAS AZMEZ|o|v{e] 28 Metol|
2 2| M= 2 & Fa
Fig. 8. Power consumption of the proposed XGA Fig. 9. Operation frequence of the proposed XGA
resolution scan driver as a function of the resolution scan driver as a function of the
threshold voltage. threshold voltage.
37t clock skew AlE#E OIS 17l 7o YER ST M dEAgA S ZEa 9l 4 AEEs Y
CLK A1&o] ta)4] CLKB A58 & 719 -25%] & AW olfe 34, vhag A7t hge 2% 4
A 30%7H A =& ol AlEEel S Mt A¥ = 35 ol§gomy naF AEE THEY] % o)
2 syo] gaHon sage e o 25 457 WA %o} 25 A5E E7) W
Rolty, 22 AsE B3 ¥ dulg AskE 4
2. 4H| M2 Y Foip £4 al7] wie] Aeo] wol avlHnt weh 2H A&
E 3] e XGA 2 24 Ak 2 ¢ 7 ZOlEW av] AYe] FolEth B4, Y A5t
T 32 M AHL 46KHzo A 4.89mWoltt FE stojglo A Ze-YEa "ojza b & F5 2a7}
Atel wh A A=8S a7 8 YERATE 19 8 EZ & o Node 27} AEH 9S4 =5 Node
A 5 9lo] ISl ZrbetAA A7) Skl 10] EMAAE NIOL 53 Node 28 M o2 2%
Mol zm) A FolErh ma BEdgel 2 H e golFo] v WFE glgomA v Adg
o 52 FIkee 29 94 eI Fak AlE =9 7 Ak
o] A3} nGaZnO vHt EWAAEHZ A7 75 3=
T 785t XGA o9l aldeE 2t dEe = V.2 &
AL F A5S FAeTh
2 o=RdlAE 271 25 AlsE M A HAAA
3. Mot A% T8 5|2 M5 W Y AIE UE 22 75 RS AN
Akd 2 75 B2 A5 E 40 feftdny AR A2E FF FF oL 9 ARE Fo] A



20124 28 MX3es| ==X M 49 A SDHAH 2 5 21
2HdE s&o] JheshAl etk ek HAA A &= matrix OLED displays,” IEEE Trans. Electron
FY 20 $8e wEo] yy) wie] 95 vpag Al Devices, 43, pp. 845-851 (2001).

- . e s - [8] C.-K. Kang, Y.-S. Park, S.-I. Park, Y.-G. Mo
1;% 27 JEJJOJ_—-;( gl—o ol=l %E%EO 7__.% i ’ y - y y

= % . t o 3 :}E/E] ° - . 14l ]: B-H. Kim, and S.-S. Kim, “Integrated Scan
3 & == = 7 . . . . .

Sesh & o sk Akl 2 e SR 5914 Driver with Oxide TFTs Using Floating Gate

XGAY I EE Ztv ddS gt o 2 46KHz T3 Method,” in Proc Soc. Inf Display, 2011, pp.

ol 489mWe 4M] HEe zH=th Vth=-30V 7} 25-21.

-/—\—ZH %E—ﬁ] }diﬂ’ Xé}‘o]';%]_o—i %—1%% /‘]Eﬁﬂ ]/E% [9] D. C LOOk, G. C Farlow, P. Reunchan, S.

8 Az Limpijumnong, S. B. Zhang, and K. Nordlund,

&l 275 O

(1]

[2]

[31 2

(5]

[6]

[7]

S.-H. Ko Park, C.-S. Hwang, J.-I1. Lee, S.-M.
Chung, Y.-S. Yang, L.-M. Do and H.-Y. Chuy,
“Transparent ZnO thin film transistor array for
the application of transparent AM-OLED
display,” in Dig. Soc Inf Display, 2006, pp.
25-28.

S. Masuda, K. Kitamura, Y. Okumura and S.
Miyatake, H. tabata and T. Kawai, “Transparent
thin film transistors using ZnO as an active
channel layer and their electrical properties,” J.
Appl. Phys., Vol. 93, No. 3, pp. 1624-1630, Feb.
2003.

NEHA), W5,

IH, Mo
vtk E g %] A~

o
=
=iy, 470~

o]+,
o|l=7, “EUAIE IGZO7|HkY] F
B dausges e s
471%, 20093 7¢

J. Y. Kwon, K S. Son, J. S. Jung, T. S. Kim,
M. K. Ryu, K. B. Park, B. W. Yoo, J. W. Kim,
Y. G. Lee, K C. Park, S. Y. Lee, and J. M.
Kim, “Bottom-gate gallium indium zinc oxide
thin—film transistor array for high-resolution
AMOLED display,” IEEE Electron Device Lett.,
vol. 29, no. 12, pp.1309-1311, Dec. 2008.

T. Osada, K. Akimoto, T. Sato, M. Ikeda, M.
Tsubuku, J. Sakata, ]. Koyama, T. Serikawa,

and S. Yamazaki, “Development of driver
Integrated panel using amorphous
In-Ga-Zn-Oxide TFT,” in Proc Soc Inf

Display, 2009, pp. 184-187.

J-K. Jeong, J.-H. Jeong, J.-H. Choi, J.-S. Im,
S.-H. Kim, H-W. Yang, K-N. Kang, K.-S.
Kim, T.-K. Ahn, H-J. C, M.-K. Kim, B.-S. G,
J-S. Park, Y-G. Mo, H-D. Kim and H.-K
Chung, “12.1-inch WXGA AMOLED display
driven by Indium-Gallium-Zinc Oxide TFTs
array,” in Dig. Soc. Inf Display, 2008, pp. 1-4.
M. Stewart, R. S. Howell, L. Pires and M. K
Hatalis, “Polysilicon TFT technology for active

“Evidence for Native-Defect Donors in n-Type
7n0O,” Phys. Rev. Lett. 9%, 225502_1-225502_4,
2005.

[10] o] 29

, Jd, “t]x~Z o] Backplane

erﬂ AEHE W] S8

= ﬂ%f&?ﬁx}%fﬂﬁ AAg83] %), A3BE A-E,
|

[11]1 J-H. Shin, J.-S. Lee, .C.-S. Hwang, S.-H. Ko
Park, W.-S. Cheong, M. Ryu, C.-W. Byun, J.-L
Lee, and H. Y. Chu, “Light effects on the bias

stability of transparent ZnO thin film
transistors,” ETRI J., vol. 31, no. 1, pp. 62-64,
Feb. 2009.

[12] ¥s], S, 2749, F97], &4%, ¥Ed,
S, “UlskEs EWRAAHE o] &3 FHLAE
dol” digtAztaers] s stEdld =i, Al
334 1%, 1996-1999%, 2010\ 6¢

[13]1 B. Kim, C.-L. Ryoo, S.-J. Kim, J.-U. Bae, H.-S.
Seo, C-D. Kim, and M.-K. Han, “New

Depletion-Mode IGZO TFT Shft Register,”
IEEE Electron Device Lett. 2010.

[14] Y.-S. Park, B.-Y. Chung, C.-K. Kang, S.-L
Park, K-J. Im, J. H Jeong, B.-H. Kim, and S.
S. Kim, “Oxide TFT Scan Driver with Dynamic
Threshold Voltage Control,” in Proc. Soc. Inf.
Display, 2011, pp. 718-721.

[15] S.-J. Yoo, J.-S. Kang and O.-K. Kwon, “Low
Power Consumption shift Register using
Depletion Mode Amorphous In-Ga-Zn-O TFTs,”
to be published in IMID DIGEST 2011.

[16] JE. Pi, M\W. Oh, BH. Kim, R. Tao, HK. Leem,
JS. Kim, HS. Oh, and KC. Park, “A Scan
Driver Compatible with Oxide TFTs Operating
in Depletion-Mode,” IMID DIGEST, 2010, pp.
118-119.

[171 T-H. Hwang, S.-I. Hong, W.-K. Hong, W.-H.
Cu, I-S. Yang, O.-K. Kwon, C.-W. Byun,
S.-H. Ko Park, C.-S. Hwang, and K. I. Cho, “A
scan driver circuit using tranparent thin film
transistors,” in Proc. Soc. Inf Display, 2009, pp.
1136-1139.



=
Ho
o

22 SH ZE InGaznO =9 EMXAEE 0|88t HAaH|MH A 15 3|2 J

o & (AH3)¢)

2005 stk st H 7] A4 5
H 2o AL 4.

2008 g AR EAIH ST
H 33t ML £,

2008 ~ & A} A A Al 2~ E
LSI AdAT¢.

cold R 3R W AdY 32 A 19873 ~1992\d Texas Instruments,

A, Display Driver IC A4 > Semiconductor Process and Design
Center, AT+,

1992d ~@A S Fug, R, WG,

ok

2011 ~& A shefojsta FFA
2010 ~2011d A B o 2~Zgo]sts| 34
2011 ~& A st=rFstePd 34
<FHAECE HI gaZde] 5 U H
T 32 A NT IJ7 ATy 1Y 3
2 9xsg #AA77, aEF 3
Interconnection % 7] % =

A

(73)




<<
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


