US008531618B2

a2 United States Patent (0) Patent No..  US 8,531,618 B2
Koyama et al. (45) Date of Patent: Sep. 10, 2013
(54) LIQUID CRYSTAL DISPLAY DEVICE, 5982471 A 11/1999 Hirakata et al.
METHOD FOR DRIVING THE SAME, AND g%i‘z‘gﬁ g} ggggi imlth et al~t |
,294, awazoe et al.
ELECTRONIC DEVICE INCLUDING THE 6452579 Bl 92002 Ttoh et al.
SAME 6,563,174 B2 52003 Kawasaki et al.
(75) Inventors: Jun Koyama, Sagamihara (JP); Shunpei (Continued)
Yamazaki, Setagaya (JP) FOREIGN PATENT DOCUMENTS
(73) Assignee: Semiconductor .En(?rgy Laboratory Eg ?;g%ﬁi 2 ﬁgggg
Co., Ltd., Atsugi-shi, Kanagawa-ken ,
apP) (Continued)
OTHER PUBLICATIONS
(*) Notice:  Subject to any disclaimer, the term of this
patent is extended or adjusted under 35 Fortunato.E et al,, “Wide-Bandgap High-Mobility ZnO Thin-Film
U.S.C. 154(b) by 464 days. Transistors Produced at Room Temperature,”, Appl. Phys. Lett.
(Applied Physics Letters) , Sep. 27, 2004, vol. 85, No. 13, pp. 2541-
(21) Appl. No.: 12/955,078 2543.
(22) Filed:  Nov. 29,2010 (Continued)
(65) Prior Publication Data Primary Examiner — Richard Kim
, Assistant Examiner — David Chung
US 2011/0128461 Al Jun. 2, 2011 (74) Attorney, Agent, or Firm — Eric J. Robinson; Robinson
(30) Foreign Application Priority Data Intellectual Property Law Office, PC.
Nov. 30,2009 (JP) wevreorircerecvcnrcencens 2009-272545 7) ABSTRACT
Dec.8,2009  (JP) oo 2009-279003  The liquid crystal display device includes a pixel portion
including a plurality of pixels to which image signals are
(51) Imt.CL supplied; a driver circuit including a signal line driver circuit
GO2F 1/136 (2006.01) which selectively controls a signal line and a gate line driver
52) US.CL circuit which selectively controls a gate line; a memory cir-
(52) y 2 ry
USPC vt 349/42; 345/87 cuit which stores the image signals; a comparison circuit
; ge Sig p
(58) Field of Classification Search which compares the image signals stored in the memory
L0153 L O 349/38,39, 42,43, 139, 149 circuit in the pixels and detects a difference; and a display
See application file for complete search history. control circuit which controls the driver circuit and reads the
image signal in accordance with the difference. The display
56 References Cited control circuit supplies the image signal only to the pixel
(56)
where the difference is detected. The pixel includes a thin film
U.S. PATENT DOCUMENTS transistor including a semiconductor layer including an oxide
5,731,856 A 3/1998 Kimetal. semiconductor.
5,744,864 A 4/1998 Cillessen et al.
5,844,535 A 12/1998 Itoh et al. 22 Claims, 19 Drawing Sheets

[ ] 1008 1002 1000
Data | Q v
Ij i
1003
1004
1005 10078
Ve 1006
Pt M 001
10074




US 8,531,618 B2
Page 2

(56)

6,727,522
7,049,190
7,061,014
7,064,346
7,105,868
7,211,825
7,224,339
7,282,782
7,286,108
7,297,977
7,321,353
7,323,356
7,385,224
7,402,506
7,411,209
7,453,065
7,453,087
7,462,862
7,468,304
7,501,293
7,674,650
7,732,819
7,791,072
7,791,074
2001/0046027
2002/0056838
2002/0132454
2002/0140685
2002/0190940
2003/0189401
2003/0218222
2004/0038446
2004/0127038
2005/0017302
2005/0199959
2006/0035452
2006/0043377
2006/0091793
2006/0108529
2006/0108636
2006/0110867
2006/0113536
2006/0113539
2006/0113549
2006/0113565
2006/0169973
2006/0170111
2006/0197092
2006/0208977
2006/0228974
2006/0231882
2006/0238135
2006/0244107
2006/0284171
2006/0284172
2006/0292777
2007/0024187
2007/0046191
2007/0052025
2007/0054507
2007/0090365
2007/0108446
2007/0152217
2007/0172591
2007/0187678
2007/0187760
2007/0194379
2007/0252928
2007/0272922
2007/0287296
2008/0006877
2008/0038882
2008/0038929
2008/0050595
2008/0055218

References Cited

U.S. PATENT DOCUMENTS

Al
Al
Al
Al
Al
Al
Al

4/2004
5/2006
6/2006
6/2006
9/2006
5/2007
5/2007
10/2007
10/2007
11/2007
1/2008
1/2008
6/2008
7/2008
8/2008
11/2008
11/2008
12/2008
12/2008
3/2009
3/2010
6/2010
9/2010
9/2010
11/2001
5/2002
9/2002
10/2002
12/2002
10/2003
11/2003
2/2004
7/2004
1/2005
9/2005
2/2006
3/2006
5/2006
5/2006
5/2006
5/2006
6/2006
6/2006
6/2006
6/2006
8/2006
8/2006
9/2006
9/2006
10/2006
10/2006
10/2006
11/2006
12/2006
12/2006
12/2006
2/2007
3/2007
3/2007
3/2007
4/2007
5/2007
7/2007
7/2007
8/2007
8/2007
8/2007
11/2007
11/2007
12/2007
1/2008
2/2008
2/2008
2/2008
3/2008

Kawasaki et al.
Takeda et al.
Hosono et al.
Kawasaki et al.
Nause et al.
Shih et al
Koyama et al.
Hoffman et al.
Tsuda et al.
Hoffman et al.
Tsuda et al.
Hosono et al.
Ishii et al.
Levy etal.
Endo et al.
Saito et al.
Iwasaki
Hoffman et al.
Kaji et al.

Ito et al.
Akimoto et al.
Akimoto et al.
Kumomi et al.
Iwasaki

Tai et al.
Ogawa

Ohtsu et al.
Yamamoto et al.
Itoh et al.
Kido et al.
Wager et al.
Takeda et al.
Carcia et al.
Hoffman
Chiang et al.
Carcia et al.
Hoffman et al.
Baude et al.
Saito et al.
Sano et al.
Yabuta et al.
Kumomi et al.
Sano et al.
Den et al.

Abe et al.
[saetal.
[saetal.
Hoffman et al.
Kimura
Thelss et al.
Kim et al.
Kimura
Sugihara et al.
Levy et al.
Ishii

Dunbar

Shin et al.
Saito

Yabuta

Kaji et al.
Hayashi et al.
Akimoto

Lai et al.

Seo et al.
Hirao et al.
Furuta et al.
Hosono et al.
Ito et al.

Kim et al.
Chang
Mardilovich et al.
Takechi et al.
Chang
Nakagawara et al.
Tsuda et al.

2008/0073653 Al 3/2008 Iwasaki
2008/0083950 Al 4/2008 Panetal.
2008/0106191 Al 5/2008 Kawase
2008/0128689 Al  6/2008 Leeetal.
2008/0129195 Al 6/2008 Ishizaki et al.
2008/0166834 Al 7/2008 Kimet al.
2008/0182358 Al 7/2008 Cowdery-Corvan et al.
2008/0224133 Al 9/2008 Park et al.
2008/0254569 Al  10/2008 Hoffman et al.
2008/0258139 Al  10/2008 Ito etal.
2008/0258140 Al  10/2008 Lee etal.
2008/0258141 Al  10/2008 Park et al.
2008/0258143 Al  10/2008 Kimet al.
2008/0284970 Al  11/2008 Ishitani
2008/0296568 Al 122008 Ryu et al.
2008/0308797 Al  12/2008 Akimoto et al.
2009/0006915 Al* 12009 Gomez etal. ..o 714/727
2009/0068773 Al 3/2009 Laietal.
2009/0073325 Al 3/2009 Kuwabara et al.
2009/0114910 A1 5/2009 Chang
2009/0134399 Al 5/2009 Sakakura et al.
2009/0152506 Al 6/2009 Umneda et al.
2009/0152541 Al 6/2009 Maekawa et al.
2009/0261325 Al 10/2009 Kawamura et al.
2009/0278122 Al 11/2009 Hosono et al.
2009/0280600 Al  11/2009 Hosono et al.
2010/0065844 A1 3/2010 Tokunaga
2010/0092800 Al 4/2010 Itagaki et al.
2010/0109002 Al 5/2010 Itagaki et al.
2011/0090204 Al 4/2011 Yamazaki et al.

FOREIGN PATENT DOCUMENTS

EP 2226847 A 9/2010
Jp 60-198861 A 10/1985
Jp 63-210022 A 8/1988
Jp 63-210023 A 8/1988
Jp 63-210024 A 8/1988
Jp 63-215519 A 9/1988
Jp 63-239117 A 10/1988
Jp 63-265818 A 11/1988
Jp 03-114030 A 5/1991
Jp 04-255822 A 9/1992
Jp 05-251705 A 9/1993
Jp 06-202077 A 7/1994
Jp 08-264794 A 10/1996
Jp 10-240191 A 9/1998
Jp 11-505377 5/1999
Jp 2000-044236 A 2/2000
Jp 2000-150900 A 5/2000
Jp 2001-282206 A 10/2001
Jp 2002-076356 A 3/2002
Jp 2002-289859 A 10/2002
Jp 2003-086000 A 3/2003
Jp 2003-086808 A 3/2003
Jp 2004-103957 A 4/2004
Jp 2004-273614 A 9/2004
Jp 2004-273732 A 9/2004
Jp 2006-165528 6/2006
Jp 2007-194594 A 8/2007
WO W0-2004/114391 12/2004
WO WO-2011/046032 4/2011
OTHER PUBLICATIONS

Dembo . H et al., “RFCPUS on Glass and Plastic Substrates Fabri-
cated by TFT Transfer Technology,”, IEDM 05: Technical Digest of
International Electron Devices Meeting, Dec. 5, 2005, pp. 1067-
1069.

Ikeda.T et al., “Full-Functional System Liquid Crystal Display Using
CG-Silicon Technology,”, SID Digest *04 : SID International Sym-
posium Digest of Technical Papers, 2004, vol. 35, pp. 860-863.
Nomura K et al., “Room-Temperature Fabrication of Transparent
Flexible Thin-Film Transistors Using Amorphous Oxide Semicon-
ductors,”, Nature, Nov. 25, 2004, vol. 432, pp. 488-492.

Park.J et al., “Improvements in the Device Characteristics of Amor-
phous Indium Gallium Zinc Oxide Thin-Film Transistors by Ar
Plasma Treatment,”, Appl. Phys. Lett. (Applied Physics Letters) ,
Jun. 26, 2007, vol. 90, No. 26, pp. 262106-1-262106-3.



US 8,531,618 B2
Page 3

Takahashi.M et al., “Theoretical Analysis of IGZO Transparent
Amorphous Oxide Semiconductor,”, IDW ’08 : Proceedings of the
15th International Display Workshops, Dec. 3, 2008, pp. 1637-1640.
Hayashi.R et al., “42.1: Invited Paper: Improved Amorphous In-Ga-
Zn-O TFTS,”, SID Digest *08 : SID International Symposium Digest
of Technical Papers, May 20, 2008, vol. 39, pp. 621-624.

Prins.M et al., “A Ferroelectric Transparent Thin-Film Transistor,”,
Appl. Phys. Lett. (Applied Physics Letters) , Jun. 17, 1996, vol. 68,
No. 25, pp. 3650-3652.

Nakamura.M et al., “The phase relations in the In203-Ga2Zn0O4-
Zn0O system at 1350° C,”, Journal of Solid State Chemistry, Aug. 1,
1991, vol. 93, No. 2, pp. 298-315.

Kimizuka.N et al., “Syntheses and Single-Crystal Data of Homolo-
gous Compounds, In203(ZnO)m (m =3, 4, and 5), InGaO3(Zn0)3,
and Ga203(ZnO)m (m =7, 8, 9, and 16) in the In203-ZnGa204-
ZnO System,”, Journal of Solid State Chemistry, Apr. 1, 1995, vol.
116, No. 1, pp. 170-178.

Nomura K et al.,, “Thin-Film Transistor Fabricated in Single-Crys-
talline Transparent Oxide Semiconductor,”, Science, May 23, 2003,
vol. 300, No. 5623, pp. 1269-1272.

Masuda.S et al., “Transparent thin film transistors using ZnO as an
active channel layer and their electrical properties,”, J. Appl. Phys.
(Journal of Applied Physics) , Feb. 1, 2003, vol. 93, No. 3, pp.
1624-1630.

AsakumaN et al.,, “Crystallization and Reduction of Sol-Gel-De-
rived Zinc Oxide Films by Irradiation With Ultraviolet Lamp,”, Jour-
nal of Sol-Gel Science and Technology, 2003, vol. 26, pp. 181-184.
Osada.T etal., “15.2; Development of Driver-Integrated Panel using
Amorphous In-Ga-Zn-Oxide TFT,”, SID Digest *09 : SID Interna-
tional Symposium Digest of Technical Papers, May 31, 2009, pp.
184-187.

Nomura K et al., “Carrier transport in transparent oxide semiconduc-
tor with intrinsic structural randomness probed using single-crystal-
line InGaO3(Zn0)5 films,”, Appl. Phys. Lett. (Applied Physics Let-
ters) , Sep. 13, 2004, vol. 85, No. 11, pp. 1993-1995.

Li.C et al., “Modulated Structures of Homologous Compounds
InMO3(ZnO)m (M=In,Ga; m=Integer) Described by Four-Dimen-
sional Superspace Group,”, Journal of Solid State Chemistry, 1998,
vol. 139, pp. 347-355.

Son.K et al., “424L: Late-News Paper: 4 Inch QVGA AMOLED
Driven by the Threshold Voltage Controlled Amorphous GIZO
(Ga203-In203-Zn0) TFT,”, SID Digest 08 : SID International
Symposium Digest of Technical Papers, May 20, 2008, vol. 39, pp.
633-636.

LeeJ et al., “World’s Largest (15-Inch) XGA AMLCD Panel Using
1GZ0O Oxide TFT,”, SID Digest *08 : SID International Symposium
Digest of Technical Papers, May 20, 2008, vol. 39, pp. 625-628.
Nowatari H et al., “60.2: Intermediate Connector With Suppressed
Voltage Loss for White Tandem OLEDS,”, SID Digest 09 : SID
International Symposium Digest of Technical Papers, May 3 1, 2009,
vol. 40, pp. 899-902.

Kanno H et al., “White Stacked Electrophosphorecent Organic
Light-Emitting Devices Employing MOO3 as a Charge-Generation
Layer,”, Adv. Mater. (Advanced Materials), 2006, vol. 18, No. 3, pp.
339-342.

Tsuda.K et al., “Ultra Low Power Consumption Technologies for
Mobile TFT-L.CDs,”, IDW *02 : Proceedings ofthe 9th International
Display Workshops, Dec. 4, 2002, pp. 295-298.

Van de Walle.C, “Hydrogen as a Cause of Doping in Zinc Oxide,”,
Phys. Rev. Lett. (Physical Review Letters), Jul. 31, 2000, vol. 85, No.
5, pp. 1012-1015.

Fung.T et al., “2-D Numerical Simulation of High Performance
Amorphous In-Ga-Zn-O TFTs for Flat Panel Displays,”, AM-FPD
’08 Digest of Technical Papers, Jul. 2, 2008, pp. 251-252, The Japan
Society of Applied Physics.

Jeong.J et al, “3.1: Distinguished Paper: 12.1-Inch WXGA
AMOLED Display Driven by Indium-Gallium-Zinc Oxide TFTs
Array,”, SID Digest "08 : SID International Symposium Digest of
Technical Papers, May 20, 2008, vol. 39, No. 1, pp. 1-4.

Park.J et al., “High performance amorphous oxide thin film transis-
tors with self-aligned top-gate structure,”, IEDM 09: Technical
Digest of International Electron Devices Meeting, Dec. 7, 2009, pp.
191-194.

Kurokawa.Y etal., “UHF RFCPUS on Flexible and Glass Substrates
for Secure RFID Systems,”, Journal of Solid-State Circuits , 2008,
vol. 43, No. 1, pp. 292-299.

Ohara.H et al., “Amorphous In-Ga-Zn-Oxide TFTs with Suppressed
Variation for 4.0 inch QVGA AMOLED Display,”, AM-FPD 09
Digest of Technical Papers, Jul. 1, 2009, pp. 227-230, The Japan
Society of Applied Physics.

Coates.D et al., “Optical Studies of the Amorphous Liquid-
Cholesteric Liquid Crystal Transition:The “Blue Phase”,”, Physics
Letters, Sep. 10, 1973, vol. 45A, No. 2, pp. 115-116.

Cho.Detal., “21.2:AL and SN-Doped Zinc Indium Oxide Thin Film
Transistors for AMOLED Back-Plane,”, SID Digest 09 : SID Inter-
national Symposium Digest of Technical Papers, May 31, 2009, pp.
280-283.

Lee M et al., “15.4:Excellent Performance of Indium-Oxide-Based
Thin-Film Transistors by DC Sputtering,”, SID Digest "09 : SID
International Symposium Digest of Technical Papers, May 3 1, 2009,
pp. 191-193.

Jin.D et al., “65.2:Distinguished Paper:World-Largest (6.5") Flexible
Full Color Top Emission, AMOLED Display on Plastic Film and Its
Bending Properties,”, SID Digest *09 : SID International Symposium
Digest of Technical Papers, May 31, 2009, pp. 983-985.

Sakata.J et al., “Development of 4.0-In. AMOLED Display With
Driver Circuit Using Amorphous In-Ga-Zn-Oxide TFTs,”, IDW *09
: Proceedings of the 16th International Display Workshops, 2009, pp.
689-692.

Park.J et al., “Amorphous Indium-Gallium-Zinc Oxide TFTs and
Their Application for Large Size AMOLED,”, AM-FPD *08 Digest of
Technical Papers, Jul. 2, 2008, pp. 275-278.

Park.S et al., “Challenge to Future Displays: Transparent AM-OLED
Driven by Peald Grown ZnO TFT,”, IMID *07 Digest, 2007, pp.
1249-1252.

Godo.H et al., “Temperature Dependence of Characteristics and
FElectronic Structure for Amorphous In-Ga-Zn-Oxide TFI,”, AM-
FPD ’09 Digest of Technical Papers, Jul. 1, 2009, pp. 41-44.
Osada.T et al., “Development of Driver-Integrated Panel Using
Amorphous In-Ga-Zn-Oxide TFT,”, AM-FPD ’09 Digest of Techni-
cal Papers, Jul. 1, 2009, pp. 33-36.

Hirao.T et al., “Novel Top-Gate Zinc Oxide Thin-Film Transistors
(ZnO TFTs) for AMLCDs,”, Journal of the SID, 2007, vol. 15, No. 1,
pp. 17-22.

Hosono.H, “68.3:Invited Paper:Transparent Amorphous Oxide
Semiconductors for High Performance TFT,”, SID Digest *07 : SID
International Symposium Digest of Technical Papers, 2007, vol. 38,
pp. 1830-1833.

Godo.H et al., “P-9:Numerical Analysis on Temperature Dependence
of Characteristics of Amorphous In-Ga-Zn-Oxide TFT,”, SID Digest
’09 : SID International Symposium Digest of Technical Papers, May
31, 2009, pp. 1110-1112.

Ohara.Hetal.,*21.3:4.0 In. QVGA AMOLED Display Using In-Ga-
Zn-Oxide TFTs With a Novel Passivation Layer,”, SID Digest *09 :
SID International Symposium Digest of Technical Papers, May 31,
2009, pp. 284-287.

Miyasaka.M, “SUFTLA Flexible Microelectronics on Their Way to
Business,”, SID Digest 07 : SID International Symposium Digest of
Technical Papers, 2007, vol. 38, pp. 1673-1676.

Chern.H et al., “An Analytical Model for the Above-Threshold Char-
acteristics of Polysilicon Thin-Film Transistors,”, IEEE Transactions
on Electron Devices, Jul. 1, 1995, vol. 42, No. 7, pp. 1240-1246.
Kikuchi.H et al., “39.1:Invited Paper:Optically Isotropic Nano-
Structured Liquid Crystal Composites for Display Applications,”,
SID Digest *09 : SID International Symposium Digest of Technical
Papers, May 31, 2009, pp. 578-581.

Asaoka.Y et al., “29.1:Polarizer-Free Reflective LCD Combined
With Ultra Low-Power Driving Technology,”, SID Digest *09 : SID
International Symposium Digest of Technical Papers, May 31, 2009,
pp- 395-398.

Lee.H et al., “Current Status of, Challenges to, and Perspective View
of AM-OLED ,”, IDW 06 : Proceedings of the [3th International
Display Workshops, Dec. 7, 2006, pp. 663-666.

Kikuchi.H et al., “62.2:Invited Paper:Fast Electro-Optical Switching
in Polymer-Stabilized Liquid Crystalline Blue Phases for Display



US 8,531,618 B2
Page 4

Application,”, SID Digest *07 : SID International Symposium Digest
of Technical Papers, 2007, vol. 38, pp. 1737-1740.

Nakamura.M, “Synthesis of Homologous Compound with New
Long-Period Structure,”, NIRIM Newsletter, Mar. 1, 1995, vol. 150,
pp. 1-4.

Kikuchi.H et al., “Polymer-Stabilized Liquid Crystal Blue Phases,”,
Nature Materials, Sep. 2, 2002, vol. 1, pp. 64-68.

Kimizuka N et al.,, “Spinel, YBFE204, and YB2FE307 Types of
Structures for Compounds inthe IN203 and SC203-A203-BO Sys-
tems [A; Fe, Ga, Or Al; B: Mg, Mn, Fe, Ni, Cu,Or Zn] At Tempera-
tures Over 1000° C,”, Journal of Solid State Chemistry, 1985, vol. 60,
pp- 382-384.

Kitzerow.H et al., “Observation of Blue Phases in Chiral Networks,”,
Liquid Crystals, 1993, vol. 14, No. 3, pp. 911-916.

Costello.M et al., “Electron Microscopy of a Cholesteric Liquid
Crystal and Its Blue Phase,”, Phys. Rev. A (Physical Review. A), May
1, 1984, vol. 29, No. 5, pp. 2957-2959.

Meiboom.S et al., “Theory of the Blue Phase of Cholesteric Liquid
Crystals,”, Phys. Rev. Lett. (Physical Review Letters), May 4, 1981,
vol. 46, No. 18, pp. 1216-1219.

Park.Sang-Hee et al., “42.3: Transparent ZnO Thin Film Transistor
for the Application of High Aperture Ratio Bottom Emission AM-
OLED Display,”, SID Digest 08 : SID International Symposium
Digest of Technical Papers, May 20, 2008, vol. 39, pp. 629-632.
Orita.M etal., “Mechanism of Electrical Conductivity of Transparent
InGaZn04,”, Phys. Rev. B (Physical Review. B), Jan. 15, 2000, vol.
61, No. 3, pp. 1811-1816.

Nomura K et al., “Amorphous Oxide Semiconductors for High-Per-
formance Flexible Thin-Film Transistors,”, Jpn. J. Appl. Phys. (Japa-
nese Journal of Applied Physics) , 2006, vol. 45, No. 5B, pp. 4303-
4308.

Janotti.A et al., “Native Point Defects in ZnO,”, Phys. Rev. B (Physi-
cal Review. B), Oct. 4, 2007, vol. 76, No. 16, pp. 165202-1-165202-
22.

Park.J et al., “Electronic Transport Properties of Amorphous Indium-
Gallium-Zinc Oxide Semiconductor Upon Exposure to Water,”,
Appl. Phys. Lett. (Applied Physics Letters) , 2008, vol. 92, pp.
072104-1-072104-3.

Hsieh H et al., “P-29:Modeling of Amorphous Oxide Semiconductor
Thin Film Transistors and Subgap Density of States,”, SID Digest
’08 : SID International Symposium Digest of Technical Papers, 2008,
vol. 39, pp. 1277-1280.

Janotti. A et al, “Oxygen Vacancies In Zn0O,”, Appl. Phys. Lett.
(Applied Physics Letters) , 2005, vol. 87, pp. 122102-1-122102-3.
ObaF et al, “Defect energetics in ZnO: A hybrid Hartree-Fock
density functional study,”. Phys. Rev. B (Physical Review. B), 2008,
vol. 77, pp. 245202-1-245202-6.

OritaM et al, “Amorphous transparent conductive oxide
InGaO3(ZnO)m (m<4):a Zn4s conductor,”’, Philosophical Magazine,
2001, vol. 81, No. 5, pp. 501-515.

Hosono.H etal., “Working hypothesis to explore novel wide band gap
electrically conducting amorphous oxides and examples,”, J. Non-
Cryst. Solids (Journal of Non-Crystalline Solids), 1996, vol. 198-
200, pp. 165-169.

Mo.Y et al., “Amorphous Oxide TFT Backplanes for Large Size
AMOLED Displays,”, IDW *08: Proceedings ofthe 6th International
Display Workshops, Dec. 3, 2008, pp. 581-584.

Kim.S et al.,, “High-Performance oxide thin film transistors pas-
sivated by various gas plasmas,”, 214th ECS Meeting, 2008, No.
2317, ECS.

Clark.S et al,, “First Principles Methods Using CASTEP;”, Zeitschrift
fur Kristallographie, 2005, vol. 220, pp. 567-570.

Lany.S et al, “Dopability, Intrinsic Conductivity, and
Nonstoichiometry of Transparent Conducting Oxides,”, Phys. Rev.
Lett. (Physical Review Letters), Jan. 26, 2007, vol. 98, pp. 045501-
1-045501-4.

Park.J et al., “Dry etching of ZnO films and plasma-induced damage
to optical properties,”, J. Vac. Sci. Technol. B (Journal of Vacuum
Science & Technology B), Mar. 1, 2003, vol. 21, No. 2, pp. 800- 803.
Oh.M et al., “Improving the Gate Stability of ZnO Thin-Film Tran-
sistors With Aluminum Oxide Dielectric Layers,”, J. Electrochem.
Soc. (Journal of the Electrochemical Society), 2008, vol. 155, No. 12,
pp- H1009-H1014.

Ueno K et al., “Field-Effect Transistor on SrTiO3 With Sputtered
AI203 Gate Insulator,”, Appl. Phys. Lett. (Applied Physics
Letters) , Sep. 1, 2003, vol. 83, No. 9, pp. 1755-1757.

International Search Report (Application No. PCT/JP2010/070064)
Dated Dec. 21, 2010.

Written Opinion (Application No. PCT/JP2010/070064) Dated Dec.
21, 2010.

Furopean Search Report (Application No. 10833077.0) Dated Jun.
13, 2013.

* cited by examiner



U.S. Patent Sep. 10, 2013 Sheet 1 of 19 US 8,531,618 B2
FIG. 1
1002
oma I8 1000
: [ 5
: ] L
/
|
10031 ; |
1004 "_1005
P 10078
L S
| |
el 1006
P 1001
1007A




U.S. Patent Sep. 10, 2013 Sheet 2 of 19 US 8,531,618 B2

moving
image

still
image

partial
moving
image

D12 D13 D14 D15



U.S. Patent Sep. 10, 2013 Sheet 3 of 19 US 8,531,618 B2

FIG. 3A
1(}075 a0

L o v
b

304\§,’_‘, . .
|
[
[
[
[
[
[
[
B 1 =~
1 J02 303

g

\_1 301 U .D‘
; 300 /




U.S. Patent Sep. 10, 2013 Sheet 4 of 19 US 8,531,618 B2

FIG. 4A

Clb
C2bes

G3b
C4bC4

FIG. 4B

Sout? |Soutd |Soutd
Cout1l Cout? Cout3d Coutd




US 8,531,618 B2

Sheet 50f 19

Sep. 10, 2013

U.S. Patent

FIG. 5

302

300
[

502

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

501

504

||||||||||||||||||||||||




U.S. Patent Sep. 10, 2013 Sheet 6 of 19 US 8,531,618 B2

FIG. 6A

x\\\\\\\\\\\\\\w /

101

FIG. GB

104




U.S. Patent Sep. 10, 2013 Sheet 7 of 19 US 8,531,618 B2

|
400 411 430 | 402 421
R I AN o




US 8,531,618 B2

Sheet § of 19

Sep. 10, 2013

8A

U.S. Patent
FIG.

262
\_:.\}

67

2

A
AW
~\‘

\/

i

"

LAY
Rt )

260

N

N

AN

DA
4

9

\
N\

2

1
:

ARY
I.___________/.____-__-__.l ﬂu

242
T
N

q
\\\\\\\\ﬁ.ﬁ\\“ ANNNN

240

A

7

~ t--_---_--?_----------‘

203 246

~y

FIG. 8D
FIG. 8E



U.S. Patent Sep. 10, 2013 Sheet 9 of 19 US 8,531,618 B2

FIG. 9

""""""""""" /
Y

B2 M)

]

]

S
N
\
“\;k\ /
N
B
N

471 470 472
400






U.S. Patent Sep. 10,2013 Sheet 11 of 19 US 8,531,618 B2

FIG. T1A FIG. 11B

9630

L .
——

e~ -

S e Y T T A
R o
= > s




US 8,531,618 B2

Sheet 12 of 19

Sep. 10, 2013

U.S. Patent

FIG. 12

T T
o
S i
P \A\\\ o
b (e
I ) RN N —— _
-~ _
%\.ﬂ.\\ I_
ﬁ/ﬁ/
<+ —————————— IIW//\}/%




U.S. Patent Sep. 10,2013 Sheet 13 of 19 US 8,531,618 B2

FIG. 13A os

| A
on = x

&ﬁHTT""_""“""T"”“"“jﬁﬁ§

] A

FIG. 138 o

“Tr7T




U.S. Patent Sep. 10, 2013

FIG. 14A

Sheet 14 of 19

Sl

(=GND)

FIG. 14B

GI

OS

ST —

(=GND)

US 8,531,618 B2

, +Ve

TTTTT

/1111 j




U.S. Patent Sep. 10, 2013 Sheet 15 of 19 US 8,531,618 B2

FIG. 15

\ T vacuum level

o) X

“THITIT | .
el I

Ev




U.S. Patent Sep. 10,2013 Sheet 16 of 19 US 8,531,618 B2

FIG. 16
» 10078 .,
SP 4
e )
b
1603 [ =
AT 1
LT 3
| I3 n
T k
[ '
[ *
[
[
[
17 :
L] [301 ”?
7 §

1007A 1006



U.S. Patent Sep. 10, 2013 Sheet 17 of 19 US 8,531,618 B2

FIG. 17A

FIG. 17/B

FIG. 17C




US 8,531,618 B2
time

W

W

W

W

W

Sheet 18 0f 19

W

W

W

W

W

W

W

Sep. 10, 2013
H

W

W
W

W
W

W
W

W
W

W
W

W
W

W
W

W
W

W
W

W
W

W
W

W
W

J
WiW
Wiw

W
W

image
region

moving
still

FIG. 18A
FIG. 18B

U.S. Patent

image
region

still
Image

moving
region

time



U.S. Patent Sep. 10,2013 Sheet 19 of 19 US 8,531,618 B2

FIG. 19

L/W=10.0/1000000um (1m)
TFT ID-VG characteristics

IE-02 & —— ID(VD=1V)

1E-03 o — ID(VD=10V)
2 IG (VD=1V)

1E-04 g ““““““““““““ EUNRER IG (VD:1 OV) :

1E-05 oo " T _________________________________ ___________________________________

1E_O6 é ................................ ‘ .................................. : .................................. : ................................ ...................................




US 8,531,618 B2

1

LIQUID CRYSTAL DISPLAY DEVICE,
METHOD FOR DRIVING THE SAME, AND
ELECTRONIC DEVICE INCLUDING THE
SAME

TECHNICAL FIELD

The present invention relates to liquid crystal display
devices. Further, the present invention relates to a method for
driving liquid crystal display devices. Furthermore, the
present invention relates to electronic devices including the
liquid crystal display devices.

BACKGROUND ART

A thin film transistor formed over a flat plate such as a glass
substrate is formed using amorphous silicon or polycrystal-
line silicon, as typically seen in a liquid crystal display device.
Although a thin film transistor including amorphous silicon
has low field effect mobility, it can be formed over a larger
glass substrate. In contrast, although a thin film transistor
including polycrystalline silicon has high field effect mobil-
ity, it needs a crystallization process such as laser annealing
and the threshold voltage greatly varies, so that such a tran-
sistor is not always suitable for a larger glass substrate.

In contrast, attention has been drawn to a technique by
which a thin film transistor is formed using an oxide semi-
conductor and is applied to an electronic device or an optical
device has attracted attention. For example, Reference 1 dis-
closes a technique by which a thin film transistor is formed
using zinc oxide or an In—Ga—7n—O0-based oxide semi-
conductor for an oxide semiconductor film and is used as a
switching element or the like in a liquid crystal display
device.

REFERENCE

[Reference 1] Japanese Published Patent Application No.
2006-165528

DISCLOSURE OF INVENTION

A thin film transistor including an oxide semiconductor in
a channel region has higher field effect mobility than a thin
film transistor including amorphous silicon in a channel
region. A pixel including such a thin film transistor formed
using an oxide semiconductor is expected to be applied to a
display device such as a liquid crystal display device.

In each pixel included in a liquid crystal display device, a
storage capacitor for holding the potentials of opposite elec-
trodes which holds a liquid crystal material for a certain
period is provided in part of the region of the pixel in order to
control the alignment of a liquid crystal element. In order to
hold the potentials of the opposite electrodes which holds the
liquid crystal material, it is necessary to reduce leakage of
electric charge from the opposite electrodes which holds the
liquid crystal material. It is important to reduce the off-state
current of a thin film transistor connected to a pixel electrode
provided in each pixel.

In addition, when a still image is displayed or a moving
image part of which is a still image (such an image is also
referred to as a partial moving image) is displayed, even when
image signals in a series of periods are the same, operation for
rewriting the image signals into the same image signals as
image signals which have already been rewritten is necessary.
Accordingly, even when the image signals in the series of
periods are the same, power consumption increases due to
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rewrite operation of image signals plural times. In this case,
even if power consumption is to be reduced by the decrease in
the frequency of rewrites of image signals, it is difficult to
hold the images signals in pixels due to the increase in off-
state current or the like. Thus, there is concern that display
quality will decrease.

Note that in this specification, off-state current is current
which flows between a source and a drain when a thin film
transistor is off (non-conducting). In the case of an n-channel
thin film transistor (for example, with a threshold voltage of
about 0 to 2 V), off-state current is current which flows
between a source and a drain when negative voltage is applied
between a gate and the source.

In view of the foregoing problems, it is an object of one
embodiment of the present invention to reduce the off-state
current of a thin film transistor and the power consumption of
a liquid crystal display device capable of displaying moving
images and still images.

One embodiment of the present invention is a liquid crystal
display device including a pixel portion including a plurality
of pixels to which image signals are supplied; a driver circuit
including a signal line driver circuit which selectively con-
trols a signal line and a gate line driver circuit which selec-
tively controls a gate line; a memory circuit which stores the
image signals; a comparison circuit which compares the
image signals stored in the memory circuit in the pixels and
calculates a difference; and a display control circuit which
controls the driver circuit and reads the image signal in accor-
dance with the difference. The display control circuit supplies
the image signal only to the pixel where the difference is
detected. The pixel includes a thin film transistor. A gate ofthe
thin film transistor is electrically connected to the gate line; a
first terminal of the thin film transistor is electrically con-
nected to the signal line; and a second terminal of the thin film
transistor is electrically connected to a pixel electrode. The
thin film transistor includes a semiconductor layer including
an oxide semiconductor.

One embodiment of the present invention is a liquid crystal
display device including a pixel portion including a plurality
of pixels to which image signals are supplied; a driver circuit
including a signal line driver circuit which selectively con-
trols a signal line and a selection line and a gate line driver
circuit which selectively controls a gate line with decoder
circuits; a memory circuit which stores the image signals; a
comparison circuit which compares the image signals stored
in the memory circuit in the pixels and calculates a difference;
and a display control circuit which controls the driver circuit
and reads the image signal in accordance with the difference.
The display control circuit supplies the image signal only to
the pixel where the difference is detected by control of the
decoder circuit. The pixel includes a first thin film transistor
and a second thin film transistor. A gate of the first thin film
transistor is electrically connected to the gate line; a first
terminal of the first thin film transistor is electrically con-
nected to the signal line; and a second terminal of the first thin
film transistor is electrically connected to a first terminal of
the second thin film transistor. A gate of the second thin film
transistor is electrically connected to the selection line, and a
second terminal of the second thin film transistor is electri-
cally connected to a pixel electrode. The first thin film tran-
sistor and the second thin film transistor each include a semi-
conductor layer including an oxide semiconductor.

One embodiment of the present invention is a liquid crystal
display device including a pixel portion including a plurality
of pixels to which image signals are supplied; a driver circuit
including a signal line driver circuit which selectively con-
trols a signal line with a shift register circuit and a gate line
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driver circuit which selectively controls a gate line with a
decoder circuit; a memory circuit which stores the image
signals; a comparison circuit which compares the image sig-
nals stored in the memory circuit in the pixels and calculates
a difference; and a display control circuit which controls the
driver circuit and reads the image signal in accordance with
the difference. The display control circuit supplies the image
signal to the pixel where the difference is detected by control
of the decoder circuit. The pixel includes a thin film transistor.
A gate of the thin film transistor is electrically connected to
the gate line; a first terminal of the thin film transistor is
electrically connected to the signal line; and a second termi-
nal of the thin film transistor is electrically connected to a
pixel electrode. The thin film transistor includes a semicon-
ductor layer including an oxide semiconductor.

In one embodiment of the present invention, the concen-
tration of hydrogen in the oxide semiconductor in the liquid
crystal display device that is measured by secondary ion mass
spectroscopy may be 1x10'%/cm? or lower.

In one embodiment of the present invention, the carrier
concentration of the oxide semiconductor in the liquid crystal
display device may be lower than 1x10'*/cm?.

In one embodiment of the present invention, the liquid
crystal display device may have the following structure: the
pixel portion includes the pixel electrode in each pixel and is
provided over a first substrate together with a terminal portion
and a switching transistor; a counter electrode is provided on
a second substrate; a liquid crystal is held between the pixel
electrode and the counter electrode; the counter electrode is
electrically connected to the terminal portion through the
switching transistor; and a semiconductor layer included in
the switching transistor is formed using an oxide semicon-
ductor.

One embodiment of the present invention is a method for
driving a liquid crystal display device including a pixel por-
tion including a plurality of pixels to which image signals are
supplied and which are provided with thin film transistors
including semiconductor layers formed using oxide semicon-
ductor, a driver circuit including a signal line driver circuit
and a gate line driver circuit, a memory circuit which stores
the image signals, a comparison circuit which compares the
image signals stored in the memory circuit in the pixels and
calculates a difference, and a display control circuit which
controls the driver circuit and reads the image signal. The
method includes a step of reading and comparing image sig-
nals in a series of frame periods that are stored in the memory
circuit in the pixels and calculating a difference in the com-
parison circuit and a step of controlling the driver circuit so
that the display control circuit supplies the image signal only
to the pixel where the difference is detected in the comparison
circuit.

According to one embodiment of the present invention, the
off-state current of a thin film transistor including an oxide
semiconductor can be reduced, and power consumed in dis-
playing moving images, still images, or the like can be
reduced without the decrease in display quality.

BRIEF DESCRIPTION OF DRAWINGS

In the accompanying drawings:

FIG. 1 illustrates a liquid crystal display device in one
embodiment of the present invention;

FIGS.2A and 2B illustrate aliquid crystal display device in
one embodiment of the present invention;

FIGS.3A and 3B illustrate aliquid crystal display device in
one embodiment of the present invention;
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FIGS. 4A and 4B illustrate a liquid crystal display device in
one embodiment of the present invention;

FIG. 5 illustrates a liquid crystal display device in one
embodiment of the present invention;

FIGS. 6A to 6C illustrate a liquid crystal display device in
one embodiment of the present invention;

FIGS. 7A to 7E illustrate a liquid crystal display device in
one embodiment of the present invention;

FIGS. 8A to 8E illustrate a liquid crystal display device in
one embodiment of the present invention;

FIG. 9 illustrates a liquid crystal display device in one
embodiment of the present invention;

FIGS. 10A to 10C illustrate electronic devices in one
embodiment of the present invention;

FIGS. 11A to 11C illustrate electronic devices in one
embodiment of the present invention,

FIG. 12 is a longitudinal cross-sectional view of an
inverted staggered thin film transistor including an oxide
semiconductor;

FIGS. 13A and 13B are energy band diagrams (schematic
diagrams) in an A-A' cross section in FIG. 12;

FIG. 14A is an energy band diagram (a schematic diagram)
illustrating a state in which a positive potential (+V5) is
applied to a gate (G1), and FIG. 14B is an energy band
diagram (a schematic diagram) illustrating a state in which a
negative potential (-V ;) is applied to the gate (G1):

FIG. 15 illustrates a relationship among a vacuum level, a
work function (§,,) of a metal, and electron affinity () of an
oxide semiconductor;

FIG. 16 illustrates a liquid crystal display device in one
embodiment of the present invention;

FIGS. 17A t0 17C illustrate a liquid crystal display device
in one embodiment of the present invention;

FIGS. 18A and 18B illustrate a liquid crystal display
device in one embodiment of the present invention; and

FIG. 19 shows 1,-V characteristics of a TFT in one
embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

Embodiments of the present invention will be described
below with reference to the drawings. Note that the present
invention can be implemented in various different ways and it
will be readily appreciated by those skilled in the art that
modes and details of the present invention can be changed in
various ways without departing from the spirit and scope of
the present invention. Therefore, the present invention should
not be construed as being limited to the following description
of the embodiments. Note that in structures of the present
invention described below, reference numerals denoting the
same portions are used in common in different drawings.

Note that the size, the layer thickness, or the region of each
component illustrated in drawings and the like in embodi-
ments is exaggerated for clarity in some cases. Therefore,
embodiments of the present invention are not limited to such
scales.

Note that in this specification, terms such as “first”, “sec-
ond”, “third”, and “N-th” (N is a natural number) are used in
order to avoid confusion among components and do not limit
the number.

Embodiment 1

In this embodiment, a block diagram of a liquid crystal
display device and a procedure for determining a moving
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image, a still image, and a partial moving image are
described. First, FIG. 1 illustrates the block diagram of the
liquid crystal display device.

A liquid crystal display device 1000 illustrated in FIG. 1
includes a display panel 1001, a memory circuit 1002, a
comparison circuit 1003, and a display control circuit 1004.
An image signal Data which is supplied to each pixel is input
from the outside.

The display panel 1001 includes, for example, a driver
circuit portion 1005 and a pixel portion 1006.

The driver circuit portion 1005 includes a gate line driver
circuit 1007 A and a signal line driver circuit 1007B. The gate
line driver circuit 1007A and the signal line driver circuit
1007B are driver circuits for selectively driving a plurality of
pixels included in the pixel portion 1006. Specifically, the
driver circuit portion 1005 includes a signal line driver circuit
which selectively controls signal lines and a gate line driver
circuit which selectively controls gate lines. For example,
decoder circuits may be used as the gate line driver circuit
1007 A and the signal line driver circuit 1007B. Alternatively,
a decoder circuit may be used as the gate line driver circuit
1007A and a shift register circuit may be used as the signal
line driver circuit 1007B.

Note that the gate line driver circuit 1007 A, the signal line
driver circuit 1007B, and the pixel portion 1006 may be
formed using thin film transistors formed over one substrate.
Alternatively, the gate line driver circuit 1007A and the signal
line driver circuit 1007B, and the pixel portion 1006 may be
formed over different substrates.

Note that as a thin film transistor provided in each pixel of
the pixel portion 1006, an n-channel thin film transistor
whose semiconductor layer is formed using an oxide semi-
conductor is used. An oxide semiconductor used for the semi-
conductor layer of the thin film transistor included in the pixel
portion 1006 and a thin film transistor whose semiconductor
layer is formed using an oxide semiconductor are described.

Note that as the display method of a pixel circuit, a pro-
gressive method, an interlace method, or the like can be
employed. Further, color elements controlled in a pixel at the
time of color display are not limited to three colors: R, G, and
B (R, G, and B correspond to red, greed, and blue, respec-
tively). For example, R, G, B, and W (W corresponds to
white); R, G, B, and one or more of yellow, cyan, magenta,
and the like; or the like can be used. Note that the size of
display regions may be different between dots of color ele-
ments. However, one embodiment of the present invention is
not limited to a color liquid crystal display device and can be
applied to a monochrome liquid crystal display device.

As the oxide semiconductor, an oxide semiconductor such
as In—Sn—Ga—7/n—0, In—Ga—7Zn—0, In—Sn—7Zn—
0, In—Al—7Zn—0, Sn—Ga—7n—0, Al—Ga—7n—0,
Sn—Al—7Zn—0, In—7Zn—0, Sn—7n—0, Al—7Zn—O0,
Zn—Mg—O0, Sn—Mg—O, In—Mg—O0, In—0, Sn—0, or
Zn—O0 can be used. Further, Si may be contained in the oxide
semiconductor.

As the oxide semiconductor, a thin film expressed by
InMO,(Zn0),, (m>0) can be used. Here, M denotes one or
more metal elements selected from Ga, Al, Mn, or Co. For
example, M can be Ga, Ga and Al, Ga and Mn, Ga and Co, or
the like. Among oxide semiconductor films whose composi-
tion formulae are expressed by InMO,(Zn0O)  (m>0), an
oxide semiconductor which includes Ga as M is referred to as
an In—Ga—7Zn—0-based oxide semiconductor, and a thin
film of the In—Ga—Z7n—O0-based oxide semiconductor is
also referred to as an In—Ga—Zn—0-based film.

FIG. 12 is a longitudinal cross-sectional view of an
inverted staggered thin film transistor including an oxide
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6

semiconductor. An oxide semiconductor layer (OS) is pro-
vided over a gate electrode (GE1) with a gate insulating film
(GI) provided therebetween. A source electrode (S) and a
drain electrode (D) are provided thereover.

FIGS. 13A and 13B are energy band diagrams (schematic
diagrams) in an A-A' cross section in FIG. 12. FIG. 13A
illustrates the case where the voltage of a source and the
voltage of a drain are equal (V,=0 V), and FIG. 13B illus-
trates the case where a positive potential (V,,>0V) is applied
to the drain.

FIGS. 14A and 14B are energy band diagrams (schematic
diagrams) in a B-B' cross section in FIG. 12. FIG. 14A illus-
trates a state in which a positive potential (+V ) is applied to
a gate (G1) and a carrier (an electron) flows between the
source and the drain. Further, FIG. 14B illustrates a state in
which a negative potential (-V ) is applied to the gate (G1)
and the thin film transistor is off (minority carriers do not
flow). Note that in FIGS. 14A and 14B, a GND potential is
applied to a gate (G2).

FIG. 15 illustrates a relationship between a vacuum level,
the work function (¢,,) ofa metal, and the electron affinity ()
of an oxide semiconductor.

A conventional oxide semiconductor generally has n-type
conductivity, and the Fermi level (Ey) in that case is apart
from the intrinsic Fermi level (E,) positioned in the middle of
the band gap and is positioned near the conduction band. Note
that it is known that part of hydrogen in an oxide semicon-
ductor serves as a donor and is a factor which makes the oxide
semiconductor have n-type conductivity.

In contrast, an oxide semiconductor of the present inven-
tion is an intrinsic (i-type) or substantially intrinsic oxide
semiconductor obtained by removal of hydrogen, which is an
n-type impurity, from the oxide semiconductor and by the
increase in purity so that an impurity other than the main
components of the oxide semiconductor is not included as
much as possible. In other words, the oxide semiconductor is
a highly purified intrinsic (i-type) semiconductor or a semi-
conductor which is close to a highly purified intrinsic semi-
conductor not by addition of an impurity but by removal of an
impurity such as hydrogen or water as much as possible. In
this manner, the Fermi level (E) can be equal to the intrinsic
Fermi level (E,).

It is said that in the case where the band gap (E,) of the
oxide semiconductoris 3.15 eV, electron affinity (y) 1s 4.3 eV.
The work function of titanium (T1) used for the source elec-
trode and the drain electrode is substantially equal to the
electron affinity () of the oxide semiconductor. In this case,
the Schottky electron barrier is not formed at an interface
between the metal and the oxide semiconductor.

In other words, in the case where the work function (¢,,) of
the metal is equal to the electron affinity () of the oxide
semiconductor and the metal and the oxide semiconductor are
in contact with each other, an energy band diagram (a sche-
matic diagram) like that in FIG. 13A is obtained.

InFIG. 13B, a black circle (@) indicates an electron. When
positive voltage is applied to the drain, the electron is injected
into the oxide semiconductor over a barrier (h) and flows
toward the drain. In that case, the height of the barrier (h)
changes depending on gate voltage and drain voltage; in the
case where positive drain voltage is applied, the height of the
barrier (h) is smaller than the height of the barrier in FIG. 13A
where no voltage is applied, i.e., half of the band gap (E,).

In this case, as illustrated in FIG. 14A, the electron moves
along the lowest part that is energetically stable on the oxide
semiconductor side at an interface between the gate insulat-
ing film and the highly purified oxide semiconductor.
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Further, in FIG. 14B, when a negative potential is applied
to the gate (G1), the amount of current is extremely close to
zero because the number of holes that are minority carriers is
substantially zero.

For example, even when the thin film transistor has a chan-
nel width W of 1x10* um and a channel length L of 3 jum, an
off-state current of 107*® A or less and a subthreshold swing
(an S value) 0of 0.1 V/dec (the thickness of the gate insulating
film is 100 nm) can be obtained.

By the increase in purity so that an impurity other than the
main components of the oxide semiconductor is not included
as much as possible in this manner, the thin film transistor can
operate favorably.

In order to prevent variation in electrical characteristics of
the oxide semiconductor of the present invention, an impurity
that causes the variation, such as hydrogen, moisture, a
hydroxyl group, or hydride (also referred to as a hydrogen
compound), is intentionally removed from the oxide semi-
conductor layer. Additionally, the oxide semiconductor layer
becomes a highly purified electrically i-type (intrinsic) oxide
semiconductor layer by supply of oxygen which is a compo-
nent of the oxide semiconductor that is simultaneously
reduced in a step of removing the impurity.

Therefore, it is preferable that the amount of hydrogen in
the oxide semiconductor be as small as possible. It is prefer-
able that the amount of hydrogen in the oxide semiconductor
be 1x10'%/cm? or less, and hydrogen contained in the oxide
semiconductor is removed as much as possible so as to be as
close to zero as possible. Note that the concentration of
hydrogen in the oxide semiconductor may be measured by
secondary ion mass spectroscopy (SIMS).

Further, the number of carriers in the highly purified oxide
semiconductor is significantly small (close to zero). and the
carrier concentration of the oxide semiconductor layer is
lowerthan 1x10"*/cm?, preferably 1x10"%/cm? or lower. That
is, the carrier concentration of the oxide semiconductor layer
is as close to zero as possible. Since the number of carriers in
the oxide semiconductor is significantly small, the off-state
current of the thin film transistor can be reduced. It is prefer-
able that the off-state current be as low as possible. The
amount of current per micrometer of channel width (W)in the
thin film transistor is 100 aA/um or less, preferably 10 aA/um
or less, more preferably 1 aA/um or less.

Here, the case where the number of carriers is significantly
small (substantially zero) and the off-state current is signifi-
cantly low in the highly purified oxide semiconductor is
described in detail with reference to numerical formulae and
measurement data.

If the Fermi-Dirac distribution holds true, E_ of the highly
purified oxide semiconductor is 3.05 to 3.15 eV; thus, the
number of intrinsic carriers is much smaller than that of Si
(also referred to as silicon). Further, the intrinsic carrier den-
sity n, of Si is approximately 10'° cm™, and the intrinsic
carrier density n, of the highly purified oxide semiconductor
is approximately 1077 cm™. In other words, the difference
between the intrinsic carrier density n, of Si and the intrinsic
carrier density n, of the highly purified oxide semiconductor
is about a 17-digit difference, and it is found that the intrinsic
carrier density n, of the highly purified oxide semiconductor
is much lower than that of silicon.

The intrinsic carrier concentration of the highly purified
oxide semiconductor can be easily estimated.

It is known that the energy distribution fof an electron in a
solid is based on the Fermi-Dirac statistics expressed as
Numerical Formula 1.
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1 [Numerical Formula 1]

F e e
1+ exp(E/:TEF )

The Fermi-Dirac distribution of a normal semiconductor
which has not so high carrier density, i.e, a normal semicon-
ductor which does not degenerate can be approximated by the
following numerical formula.

|E-Eg|>kT [Numerical Formula 2]

Therefore, the Fermi-Dirac distribution expressed as
Numerical Formula 1 can be approximated by the formula of
the Boltzmann distribution expressed as Numerical Formula
3.

E—-FEr [Numerical Formula 3]
FE) = exp|-——]

When the intrinsic carrier density (n,) of the semiconductor
is calculated using Numerical Formula 3, Numerical Formula
4 is obtained.

[Numerical Formula 4]

E,
n; = VNcNy exp(—%)

The intrinsic carrier density was calculated by substitution
of the values of effective density of states (Nc and Nv) and
band gaps (E, ) in the conduction band and the valence band of
Si disclosed in the reference and In—Ga—Z7n—O (hereinaf-
ter abbreviated as IGZ0) into Numerical Formula 4. Table 1
shows calculations. Note that as the band gap of IGZO, a
reference value of 3.05 eV (IGZ01) and a measured value of
3.15 eV (IGZ02) are shown.

TABLE 1
Si IGZO(1)  1GZO(2)
Ne (300K) [em™] 28%x10%  50x10%  50x10%
Nv (300K) [cm™] 1.04x10%  50x101%  50x10%
Eg (300K) [eV] 1.08 3.08 3.15
n,(300K)  [cm™ 145x 10 12x1077  1.7x107

The results in Table 1 show that the intrinsic cartier density
of IGZ0 is much lower than that of Si. In the case where 3.05
eV is selected as the band gap of IGZO, the difference
between the intrinsic carrier concentration of Si and the
intrinsic carrier concentration of IGZO is about a 17-digit
difference.

Next, the significantly low off-state current of the highly
purified oxide semiconductor is described in detail.

As described above, the number of minority carriers in the
highly purified oxide semiconductor is sufficiently small. In
order to estimate the lower limit of the off-state current, the
off-state current of a thin film transistor having a channel
width W of 1 m and including a highly purified oxide semi-
conductor in a semiconductor layer was measured. FIG. 19 is
a graph showing drain current when gate voltage is applied.
As shown in FIG. 19, the off-state current is 1x1072 A or less
that is the detection limit of a measurement device. In this
case, when the channel width W of the thin film transistor is
estimated to be 1 pm, the off-state current is 1 aA or less
(1x10"® A orless).
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As one of the factors that helps the off-state current of the
thin film transistor to occur, it is known that a carrier supplied
to a channel through generation and recombination of an
electron and a hole flows. As the generation and recombina-
tion, there are direct generation and recombination where an
electron is excited from the valence band (Ev) to the conduc-
tion band (Ec) and indirect generation and recombination
caused via a localized level (Et) in a band gap. In general, in
the case of a semiconductor with a small band gap, such a
semiconductor has a higher carrier concentration than a semi-
conductor with a large band gap; thus, generation and recom-
bination caused via a localized level are actively performed.
In contrast, in the case of a semiconductor with a large band
gap, such as a highly purified oxide semiconductor, such a
semiconductor has a lower carrier concentration than a semi-
conductor with a small band gap; thus, generation and recom-
bination are not often performed and minority carriers are not
likely to be supplied. Accordingly, off-state current caused by
generation and recombination of carriers is low.

Note that as wide gap semiconductors, for example, SiC
(3.26 eV) and GaN (3.39 eV) are known. These materials are
expected as next-generation materials because they have
breakdown electric field strength which is one digit larger
than that of Si and high heat resistance. However, in a semi-
conductor process using these materials, treatment at 1000°
C. or higher is performed; thus, it is impossible to form a
device over a glass substrate. In contrast, as a highly purified
oxide semiconductor, a thin film is formed at room tempera-
ture to 400° C. by sputtering, and dehydration, dehydrogena-
tion, and excessive oxidation can be performed at 450 to 700°
C.; thus, the highly purified oxide semiconductor has a less
adverse effect in a semiconductor process than SiC or GaN
with the same or substantially the same band gap.

By drastically removing hydrogen contained in an oxide
semiconductor as described above, in a thin film transistor
which includes a highly purified oxide semiconductor in a
channel formation region, the number of minority carriers
and the amount of off-state current can be significantly
reduced. In other words, in circuit design, an oxide semicon-
ductor layer can be regarded as an insulator when the thin film
transistor is off. In contrast, the mobility of the oxide semi-
conductor layer is approximately two digits larger than that of
a semiconductor layer formed using amorphous silicon when
the thin film transistor is on.

On the other hand, a thin film transistor including low-
temperature polysilicon is designed on the assumption that
off-state current is about 10000 times as high as that of a thin
film transistor including an oxide semiconductor. Therefore,
in the case where the thin film transistor including an oxide
semiconductor is compared with the thin film transistor
including low-temperature polysilicon, the voltage hold time
of the thin film transistor including an oxide semiconductor
can be extended about 10000 times when storage capaci-
tances are equal or substantially equal to each other (about 0.1
pF). Further, in the case of a thin film transistor including
amorphous silicon, off-state current per micrometer of chan-
nel width is 1x107** A/um or more. Therefore, when storage
capacitances are equal to or substantially equal to each other
(about 0.1 pF), the voltage hold time of a transistor including
a high-purity oxide semiconductor can be extended 10* times
or more as long as that of the thin film transistor including
amorphous silicon.

Specifically, an image signal can be held in each pixel for a
longer period of time in the case of a thin film transistor
including an oxide semiconductor layer. Thus, for example,
an interval between rewrites of image signals in displaying
still images can be 10 seconds or longer, preferably 30 sec-
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onds or longer, more preferably one minute or longer and
shorter than ten minutes. In other words, the hold time can be
extended and the frequency of supplies of image signals and
common potentials to a pixel electrode and a counter elec-
trode can be reduced particularly when still images are dis-
played. Thus, power consumption can be reduced.

Note that in displaying still images, refresh operation may
be performed as appropriate considering a retention rate of
voltage applied to a liquid crystal element in a hold period.
Forexample, refresh operation may be performed at timing of
when the level of voltage is decreased to a certain level with
respect to the level (initial level) of voltage immediately after
a signal is written to a pixel electrode of a liquid crystal
element. The certain level of voltage is preferably set to a level
at which a flicker is not perceived with respect to the initial
level. Specifically, in the case where a display object is an
image, refresh operation (a repetitive rewrite of an image
signal) is preferably performed every time the voltage
becomes 1%, preferably 0.3% lower than the initial level.
Further, in the case where a display object is a character,
refresh operation (a repetitive rewrite of an image signal) is
preferably performed every time the voltage becomes 10%,
preferably 3% lower than the initial level.

Note that, for example, in the case of a pixel including a
transistor formed using low-temperature polysilicon, a mov-
ing image is generally displayed at 60 frames per second (16
msec per frame). The same can be applied to the case where
astill image is displayed because if a refresh rate is decreased
(an interval between rewrites of image signals is extended),
the voltage of the pixel is lowered, which adversely affects the
image display. In contrast, in the case where the transistor
including an oxide semiconductor layer is used, the hold time
per image signal rewrite can be extended to 160 seconds
which is about 10* times as long as that of the transistor
formed using low-temperature polysilicon because off-state
current is low.

Since the hold time per image signal rewrite can be
extended, the frequency of each image signal rewrite can be
reduced particularly when a still image is displayed. For
example, the frequency of rewrites of image signals in a
period during which one still image is displayed can be once
or n times. Note that n is greater than or equal to 2 and less
than or equal to 10°. Thus, the power consumption of a liquid
crystal display device can be reduced.

Note that the resistance to flow of the off-state current of a
thin film transistor can be referred to as off-state resistivity.
The off-state resistivity is resistivity of a channel formation
region when the thin film transistor is off, and the off-state
resistivity can be calculated from off-state current.

Specifically, if the amount of off-state current and the level
of drain voltage are known, resistance when the transistor is
off (off resistance R) can be calculated using Ohm’s law. In
addition, if a cross section A of the channel formation region
and the length L of the channel formation region (the length
corresponds to a distance between a source electrode and a
drain electrode) are known, off-state resistivity p can be cal-
culated from the formula p=RA/L (R is off resistance).

Here, the cross section A can be calculated from the for-
mula A=dW (d is the thickness of the channel formation
region and W is the channel width). In addition, the length L.
of the channel formation region is channel length L. In this
manner, the off-state resistivity can be calculated from the
off-state current.

The off-state resistivity of the transistor including an oxide
semiconductor in a semiconductor layer in this embodiment
is preferably 1x10° Qm or more, more preferably 1x10*°
€'m or more.
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Since an image signal can be held for a longer period of
time, the frequency of rewrites of image signals can be
reduced particularly when a still image is displayed. Thus, the
power consumption ofa driver circuit portion can be reduced.

Note that a high power supply potential V ,, is a potential
which is higher than a reference potential, and a low power
supply potential is a potential which is lower than or equal to
the reference potential. Note that both the high power supply
potential and the low power supply potential are preferably
potentials with which a thin film transistor can operate.

Note that voltage is a difference between a given potential
and a reference potential (e.g., a ground potential) in many
cases. Thus, voltage, a potential, and a potential difference
can also be referred to as a potential and voltage.

Note that in the case where an image signal Data for dis-
playing a moving image or a still image which is input to the
memory circuit 1002 is an analog signal, the image signal
may be converted into a digital signal through an A/D con-
verter or the like to be input to the memory circuit 1002. When
the image signal is converted into a digital signal in advance,
detection of a difference of the image signal that is to be
performed later can be easily performed, which is preferable.

The memory circuit 1002 includes a plurality of frame
memories 1008 for storing image signals for a plurality of
frames. The number of frame memories 1008 included in the
memory circuit 1002 is not particularly limited to a certain
number as long as the image signals for the plurality of frames
can be stored. Note that the frame memory 1008 may be
formed using a memory element such as a dynamic random
access memory (DRAM) or a static random access memory
(SRAM), for example.

Note that the number of frame memories 1008 is not par-
ticularly limited to a certain number as long as an image
signal is stored every frame period. Further, the image signals
stored in the frame memories 1008 are selectively read by the
comparison circuit 1003 and the display control circuit 1004.

The comparison circuit 1003 is a circuit for selectively
reading image signals in a series of frame periods that are
stored in the memory circuit 1002, comparing the image
signals in pixels in the series of frame periods, and calculating
differences of the image signals. Note that the difference of
the image signal may be any difference as long as it can be
obtained by calculation of a difference between gray levels of
the image signals in the series of frame periods, for example.

By calculation of the differences of the image signals in the
comparison circuit 1003, when differences are detected in all
the pixels, a series of frame periods during which the differ-
ences are detected are judged as periods during which moving
images are displayed. In addition, by calculation of the dif-
ferences of the image signals in the comparison circuit 1003,
when differences are detected in some of the pixels, a series of
frame periods during which the differences are detected are
judged as periods during which partial moving images are
displayed. Further, by calculation of the differences of the
image signals in the comparison circuit 1003, when differ-
ences are not detected in all the pixels, a series of frame
periods during which the differences are not detected are
judged as periods during which still images are displayed. In
other words, by detection of differences through calculation
of the differences in the comparison circuit 1003, the image
signals in the series of frames are judged as images signals for
displaying moving images, image signals for displaying par-
tial moving images, or image signals for displaying still
images. Note that a difference obtained by calculation in the
comparison circuit 1003 may be set so as to be judged as a
difference when it exceeds a certain level. The comparison

15

20

25

40

45

60

65

12

circuit 1003 may be set so as to judge detection of differences
by the absolute values of the differences regardless of the
values of the differences.

Note that by switching of a plurality of images which are
time-divided into a plurality of frames at high speed, the
images are recognized as a motion image by human eyes.
Specifically, by switching of images at least 60 times (60
frames) per second, the images are recognized as a moving
image with less flicker by human eyes. In contrast, unlike a
moving image and a partial moving image, a still image is an
image which does not change in a series of frame periods, for
example, in an n-th frame and an (n+1)th frame though a
plurality of images which are time-divided into a plurality of
frame periods are switched at high speed. Further, by switch-
ing of a plurality of images which are time-divided into a
plurality of frames athigh speed, the images are recognized as
a partial moving image by human eyes. The partial moving
image has a region where an image signal in each pixel is
changed in a series of frame periods, for example, an n-th
frame and an (n+1)th frame and a region where the image
signal in each pixel is not changed in aseries of frame periods,
for example, the n-th frame and the (n+1)th frame. Note that
when the difference of an image signal is calculated in the
comparison circuit 1003, the image signal is preferably a
digital signal.

The display control circuit 1004 is a circuit for reading the
image signal Data from the memory circuit 1002 in order to
supply the image signal Data to a pixel where the difference
is detected in response to detection of the difference of the
image signal in the comparison circuit 1003 and for supplying
a signal which controls the driver circuit portion 1005.

In order to describe the specific operation of the display
control circuit 1004, a simple model of a pixel in the pixel
portion is illustrated, and the change in an image signal when
an image is a moving image, a still image, or a partial moving
image is described.

First, FIG. 2A illustrates a schematic diagram of a pixel
portion 201 including pixels in three rows and three columns.
A pixel in a first row and a first column is denoted by A1, and
pixels up to a pixel in a third row and a third column are
denoted by A1 to A9. Note that as a matter of course, in an
actual liquid crystal display device, the number of pixels ina
pixel portion is often several tens of thousands, and the fre-
quency of supplies of image signals to the pixels is increased.

Next, in order to describe a series of moving images, FIG.
2B illustrates the change in images in a plurality of periods,
for example, in each one frame period, i.e., the change in
image signals in pixels that corresponds to FIG. 2A. In FIG.
2B, image signals which are input to the pixels are illustrated
while the frame periods are referred to as first to sixth periods
T1 to T6. FIG. 2B illustrates the change in the image signals
in the pixels when a moving image, a still image, and a partial
moving image are displayed. Note that gray levels expressed
in the pixels with the use of image signals are two gray levels
for purposes of illustration and are indicated by non-shaded
regions and shaded regions in FIG. 2B. Further, FIG. 2B
illustrates differences D1 to D5, differences D6 to D10, and
differences D11 to D15 as the change in images in periods.

In the first period T1 of a moving image illustrated in FIG.
2B, image signals are supplied so that A1 in the first row and
the first column, A3 in the first row and the third column, A5
in a second row and a second column, A7 in the third row and
the first column, and A9 in the third row and the third column
are shaded regions, and A2 in the first row and the second
column, A4 in the second row and the first column, A6 in the
second row and the third column, and A8 in the third row and
the second column are non-shaded regions. Further, in the
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second period T2 of the moving image illustrated in FIG. 2B,
image signals are supplied so that A2 in the first row and the
second column, A4 in the second row and the first column, A6
in the second row and the third column, and A8 in the third
row and the second column are shaded regions, and A1 in the
first row and the first column, A3 in the first row and the third
column, A5 in the second row and the second column, A7 in
the third row and the first column, and A9 in the third row and
the third column are non-shaded regions. That is, the image
signals supplied are switched in a series of periods in all the
pixels; thus, the difference D1 calculated in the comparison
circuit 1003 is detected in all the pixels. In other words, the
display control circuit 1004 controls the driver circuit portion
1005 and reads the image signals from the memory circuit
1002 so that the image signals are supplied only to pixels
where the difference D1 is detected.

Similarly, in the second period T2 and the third period T3
of the moving image, image signals are switched in all the
pixels Alto A9. Therefore, the difference D2 calculated in the
comparison circuit 1003 is detected in all the pixels. In other
words, the display control circuit 1004 controls the driver
circuit portion 1005 and reads the image signals from the
memory circuit 1002 so that the image signals are supplied
only to pixels where the difference D2 is detected. Similarly,
in the case of the moving image, by detection of differences of
image signals in all the pixels, the differences D3 to D5 can be
obtained by calculation in the comparison circuit 1003. In
other words, in the case of the moving image, a difference
between a series of frames is detected in all the pixels by
calculation in the comparison circuit 1003; thus, the display
control circuit 1004 controls the driver circuit portion 1005
and reads the image signals from the memory circuit 1002 so
that the image signals are supplied to all the pixels.

In the first period T1 of a still image illustrated in FI1G. 2B,
image signal are supplied so that A1 in the first row and the
first column, A3 in the first row and the third column, A5 in the
second row and the second column, A7 in the third row and
the first column, and A9 in the third row and the third column
are shaded regions, and A2 in the first row and the second
column, A4 in the second row and the first column, A6 in the
second row and the third column, and A8 in the third row and
the second column are non-shaded regions. Further, in the
second period T2 of the still image illustrated in FIG. 2B, the
image signals are supplied so that A1 in the first row and the
first column, A3 inthe first row and the third column, A5 in the
second row and the second column, A7 in the third row and
the first column, and A9 in the third row and the third column
are shaded regions, and A2 in the first row and the second
column, A4 in the second row and the first column, A6 in the
second row and the third column, and A8 in the third row and
the second column are non-shaded regions. That is, the image
signals are not changed in all the pixels; thus, the difference
D6 calculated in the comparison circuit 1003 is not detected
in all the pixels. In other words, the display control circuit
1004 neither controls the driver circuit portion 1005 nor reads
the image signals from the memory circuit 1002 because the
difference D6 is not detected.

Similarly, in the second period T2 and the third period T3,
image signals are not changed in all the pixels. Therefore, the
difference D7 calculated in the comparison circuit 1003 is not
detected in all the pixels. In other words, it is not necessary to
supply image signals to the pixels, to control the driver circuit
portion 1005, and to read the image signals from the memory
circuit 1002 because the difference D7 is not detected. Simi-
larly, in the case of the still image, since differences of image
signals are not detected in all the pixels, the differences D8 to
D10 calculated in the comparison circuit 1003 are not
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detected. In other words, in the case of the still image, a
difference between a series of frames is not detected by cal-
culation in the comparison circuit 1003; thus, the display
control circuit 1004 does not control the driver circuit portion
1005 and reading of the image signals from the memory
circuit 1002 can be omitted. Accordingly. power consump-
tion can be reduced.

In the structure of this embodiment, by provision of a thin
film transistor including an oxide semiconductor in a semi-
conductor layer in each pixel, the supply of an image signal is
controlled. As described above, the off-state current of the
thin film transistor including an oxide semiconductor in a
semiconductor layer can be reduced. Therefore, if the same
image signal is used, a still image can be displayed without
additional supply of an image signal.

Note that in displaying still images for a long time, refresh
operation may be performed in such a manner that an image
signalis supplied every certain period and a potential which is
based on an image signal held in each pixel is supplied again.
Forexample, refresh operation may be performed at timing of
when the level of voltage is decreased to a certain level with
respect to the level (initial level) of voltage immediately after
a signal is written to a pixel electrode of a liquid crystal
element. The certain level of voltage is preferably set to a level
at which a flicker is not perceived with respect to the initial
level. Specifically, in the case where a display object is an
image, refresh operation (a repetitive rewrite of an image
signal) is preferably performed every time the voltage
becomes 1.0%, preferably 0.3% lower than the initial level.
Further, in the case where a display object is a character,
refresh operation (a repetitive rewrite of an image signal) is
preferably performed every time the voltage becomes 10%,
preferably 3% lower than the initial level.

In the first period T1 of a partial moving image illustrated
in FIG. 2B, image signals are supplied so that A1 in the first
row and the first column, A3 in the first row and the third
column, A5 in the second row and the second column, A7 in
the third row and the first column, and A9 in the third row and
the third column are shaded regions, and A2 in the first row
and the second column, A4 in the second row and the first
column, A6 in the second row and the third column, and A8 in
the third row and the second column are non-shaded regions.
Further, in the second period T2 of the partial moving image
illustrated in FIG. 2B, image signals are supplied so that A3 in
the first row and the third column, A5 in the second row and
the second column, A7 in the third row and the first column,
and A9 in the third row and the third column are shaded
regions, and A1 in the first row and the first column, A2 in the
first row and the second column, A4 in the second row and the
first column, A6 in the second row and the third column, and
A8 in the third row and the second column are non-shaded
regions. In other words, in the case of the partial moving
image, the difference D11 between frames is detected in one
of the pixels, and the difference D11 between the frames that
is calculated in the comparison circuit 1003 is not detected in
the other pixels. Specifically, the difference D11 is detected
only in Al in the first row and the first column by calculation
in the comparison circuit 1003. Thus, the display control
circuit 1004 controls the driver circuit portion 1005 and reads
the image signal from the memory circuit 1002 so that the
image signal is supplied only to the pixel Al in the first row
and the first column.

Similarly, in the second period T2 and the third period T3,
animage signal is switched only in the pixel A3 in the first row
and the third column. Therefore, the difference D12 calcu-
lated in the comparison circuit 1003 is detected only in the
pixel A3 in the first row and the third column In other words,
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the display control circuit 1004 controls the driver circuit
portion 1005 and reads the image signal from the memory
circuit 1002 so that the image signal is supplied only to the
pixel where the difference D12 is detected. Similarly, in the
case of the partial moving image, by detection of differences
of image signals in some of the pixels by calculation in the
comparison circuit 1003, the differences D13 to D15 can be
obtained. In other words, in the case of the partial moving
image, a difference between a series of frames is detected in
some of the pixels by calculation in the comparison circuit
1003; thus, the display control circuit 1004 controls the driver
circuit portion 1005 and reads the image signals from the
memory circuit 1002 so that the image signals are supplied to
some of the pixels.

As described in the examples of FIGS. 2A and 2B, in order
to determine whether an image is a moving image, a still
image, or a partial moving image, differences of image sig-
nals between frames are calculated in the comparison circuit
1003 so as to be extracted in pixels, and the display control
circuit 1004 performs control so that the image signals are
supplied to the pixels where the differences are detected.
Therefore, when operation for inputting the same image sig-
nal to a pixel to which an image signal which is the same as the
signal in the preceding period is input again is omitted, the
number of additional supplies of image signals to pixels can
be significantly reduced. Accordingly, the number of opera-
tions of the driver circuit portion can be reduced, so that
power consumption can be reduced.

Next, each structure of the driver circuit portion and the
pixel portion in this embodiment is described. FIG. 3A illus-
trates the display control circuit 1004, the pixel portion 1006,
the gate line driver circuit 1007A, and the signal line driver
circuit 1007B. The pixel portion 1006 includes a plurality of
pixels 300. A gate line 301 which extends from the gate line
driver circuit 1007 and a signal line 302 and a selection line
303 which extend from the signal line driver circuit 1007B are
connected to each of the pixels 300. Note that in FIG. 3A, the
gate line driver circuit 1007 A and the signal line driver circuit
1007B include decoder circuits 304, and signals output from
address lines of the display control circuit 1004 are con-
trolled.

Note that when it is explicitly described that “A and B are
connected”, the case where A and B are electrically con-
nected, the case where A and B are functionally connected,
and the case where A and B are directly connected are
included. Here, each of A and B is an object (e.g., a device, an
element, a circuit, a wiring, an electrode, a terminal, a con-
ductive film, or a layer). Accordingly, another element may be
interposed between elements having a connection relation
illustrated in drawings and texts, without limitation to a pre-
determined connection relation, for example, the connection
relation illustrated in the drawings and the texts.

FIG. 3B illustrates an example of the decoder circuit. The
decoder circuit inputs address signals to NAND circuits 311A
and 311B from address lines C1, C15, C2, C256, C3, C3b, C4,
and C4b and outputs the outputs of the NAND circuits 311A
and 311B to an output terminal OUT1 through a NOR circuit
312. With the structure in FIG. 3B, the potentials of the
address lines can be controlled in the display control circuit
1004, and the potential of the output terminal can be selec-
tively controlled.

FIG. 4A illustrates an example of the gate line driver circuit
1007A including the decoder circuit. Specifically, FIG. 4A
illustrates a structure where the gate line driver circuit 1007A
includes a buffer circuit 490 in addition to the structure of the
decoder circuit 304 in FIG. 3B. Inverter circuits 491 and 492
may be connected in series as the buffer circuit 490 so that
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signals are output to gate lines Gout. FIG. 4B illustrates an
example of the signal line driver circuit 1007B including the
decoder circuit 304. Specifically, FIG. 4B illustrates a struc-
ture where the signal line driver circuit 1007B includes a
switch 493 in addition to the structure of the decoder circuit
304 in FIG. 3B. The output of the NOR circuit 312 may be
used for switching on/off of the switch, and the image signal
Data may be output to signal lines Sout and the output of the
NOR circuit 312 may be used as the output of selection lines
Cout.

When the decoder circuits 304 are used in the gate line
driver circuit 1007A and the signal line driver circuit 1007B
as described above, a given gate line, a given signal line, or a
given selection line can be selected, that is, the supply of an
image signal to a given pixel can be controlled when an
address is specified by the display control circuit 1004.

FIG. 5 illustrates an example of the structure of the pixel
300 in FIG. 3B. The pixel 300 includes a first thin film
transistor 501, a second thin film transistor 502, a liquid
crystal element 503, and a counter electrode 504. A gate
terminal of the first thin film transistor 501 is connected to the
gate line 301. A first terminal of the first thin film transistor
501 is connected to the signal line 302. A second terminal of
the first thin film transistor 501 is connected to a second
terminal of the second thin film transistor 502. A gate terminal
of the second thin film transistor is connected to the selection
line 303. A first terminal of the second thin film transistor is
connected to one electrode (also referred to as a first elec-
trode) of the liquid crystal element 503. The other electrode of
the liquid crystal element is connected to the counter elec-
trode 504. When the pixel is selected, the first thin film tran-
sistor 501 and the second thin film transistor 502 are turned
on, so that an image signal can be supplied to the first elec-
trode side of the liquid crystal element 503.

Note that in FIG. 5, a storage capacitor may be connected
in parallel to the liquid crystal element. The capacitance of the
storage capacitor may be set considering the leakage current
of a thin film transistor provided in a pixel portion or the like
so that electric charge can be held for a certain period. The
capacitance of the storage capacitor may be set considering
the off-state current of the thin film transistor, or the like. In
this embodiment, since a transistor including a high-purity
oxide semiconductor layer is used as the thin film transistor,
it is sufficient to provide a storage capacitor having capaci-
tance which is ¥4 or less, preferably 5 or less of liquid crystal
capacitance in each pixel.

The specific resistance of aliquid crystal material is 1x10'2
Q-cm or higher, preferably higher than 1x10"* Q-cm, more
preferably higher than 1x10™* Q-cm. Note that the specific
resistance in this specification is measured at 20° C. In the
case where a liquid crystal element (also referred to as a liquid
crystal cell) in which a liquid crystal is held between elec-
trodes is used, the specific resistance of the liquid crystal is
1x10*" Q-cm or higher, preferably higher than 1x10"* Q-cm
in some cases because there is a possibility that an impurity
might be mixed into the liquid crystal from a component such
as an alignment film or a sealant.

As the liquid crystal material, a thermotropic liquid crystal,
a low-molecular liquid crystal, a polymer liquid crystal, a
polymer dispersed liquid crystal, a ferroelectric liquid crystal,
an anti-ferroelectric liquid crystal, or the like is used. Such a
liquid crystal material exhibits a cholesteric phase, a smectic
phase, a cubic phase, a chiral nematic phase, an isotropic
phase, or the like depending on conditions.

As the specific resistance of the liquid crystal material
becomes higher, the amount of electric charge which leaks
through the liquid crystal material can be reduced, so that the
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decrease over time in voltage for holding the operation state
of the liquid crystal element can be suppressed. Accordingly,
the hold time can be extended, so that the frequency of
rewrites of image signals can be reduced and the power con-
sumption of the liquid crystal display device can be reduced.

Further, as the liquid crystal material, a liquid crystal mate-
rial exhibiting a blue phase may be used. A blue phase is one
of liquid crystal phases that is generated just before a choles-
teric phase changes into an isotropic phase while the tempera-
ture of a cholesteric liquid crystal is raised. Since the blue
phase appears only in a narrow temperature range, a liquid
crystal composition containing a chiral material at 5 wt % or
more of is used for a liquid crystal layer in order to improve
the temperature range. A liquid crystal composition contain-
ing a liquid crystal showing a blue phase and a chiral agent has
a short response time of 1 msec or less and is optically iso-
tropic; thus, alignment treatment is not necessary and viewing
angle dependence is small. In addition, since an alignment
film does not need to be provided, rubbing treatment is not
necessary. Thus, electrostatic discharge caused by rubbing
treatment can be prevented and defects and damage of the
liquid crystal display device in a manufacturing process can
be reduced. Therefore, productivity of the liquid crystal dis-
play device can be improved. A thin film transistor including
an oxide semiconductor layer particularly has a possibility
that electrical characteristics of the thin film transistor might
fluctuate significantly due to the influence of static electricity
and deviate from the designed range. Therefore, it is more
effective to use a blue phase liquid crystal material for a liquid
crystal display device including a thin film transistor having
an oxide semiconductor layer.

The structure of this embodiment is not limited to a liquid
crystal display device and can also be applied to an EL display
device including a light-emitting element such as an elec-
troluminescent element (also referred to as an EL element) as
a display element.

In the structure of the pixel 300 illustrated in FIG. 5, the
first thin film transistor 501 and the second thin film transistor
502 in a selected pixel are turned on by control of the gate line
301, the signal line 302, and the selection line 303 so that an
image signal can be supplied to the liquid crystal element 503.
Therefore, when a moving image or a partial moving image is
displayed, an image signal can be supplied only to a pixel
where a difference of the image signal between a series of
frames is detected.

As described above, in this embodiment, when thin film
transistors including oxide semiconductors are used as the
first thin film transistor 501 and the second thin film transistor
502, off-state current can be reduced. Therefore, it is possible
to obtain a liquid crystal display device in which voltage can
be held in a storage capacitor for a longer time and power
consumption when a still image is displayed can be reduced.

This embodiment can be combined with any of the struc-
tures described in the other embodiments as appropriate.

Embodiment 2

In this embodiment, in addition to the structure described
in the above embodiment, a structure with which voltage can
be held for a longer time when a still image is displayed is
described. In this embodiment, a schematic diagram, a circuit
diagram, and the like of a liquid crystal display device which
can be described in addition to the structure in the above
embodiment are illustrated, and advantageous effects of the
structure in this embodiment are described.

A liquid crystal display device illustrated in FIG. 6A
includes a first substrate 101 and a second substrate 102. The
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first substrate 101 includes a pixel portion 103, a gate line
driver circuit 104, a signal line driver circuit 105, a terminal
portion 106, and a switching transistor 107. The second sub-
strate 102 includes a common connection portion 108 (also
referred to as a common contact) and a counter electrode 109.

It is necessary that the first substrate 101 and the second
substrate 102 have light-transmitting properties and heat
resistance high enough to withstand heat treatment to be
performed later. A glass substrate used for electronics indus-
try (also referred to as a non-alkali glass substrate), such as an
aluminosilicate glass substrate, an aluminoborosilicate glass
substrate, or a barium borosilicate glass substrate; a quartz
substrate; a ceramic substrate; a plastic substrate; or the like
can be used.

Note that the pixel portion 103, the gate line driver circuit
104, the signal line driver circuit 105, and the switching
transistor 107 which are illustrated in FIG. 6 A may be formed
using thin film transistors formed over the first substrate 101.
Note that the gate line driver circuit 104 and the signal line
driver circuit 105 are not necessarily formed using thin film
transistors formed over the first substrate 101 and may be
formed using thin film transistors formed over a different
substrate or the like which is provided outside the first sub-
strate 101.

Note that as in the description of FIG. 5 in Embodiment 1,
a gate line, a signal line, a selection line, and a pixel are
provided in the pixel portion 103.

Note that a switching transistor described in this specifica-
tion is a thin film transistor in which conduction or non-
conduction between two terminals, i.e., a source terminal and
a drain terminal is selected in response to a potential applied
to a gate so that switching operation is realized. For example,
a potential which is applied to a gate terminal of the thin film
transistor may be controlled so that the thin film transistor
operates in a linear region. Note that a potential which is
applied to a gate terminal of the switching transistor 107 may
be supplied from the terminal portion 106. One of a source
terminal and a drain terminal of the switching transistor 107
that is connected to the terminal portion 106 is referred to as
a first terminal. The other of the source terminal and the drain
terminal of the switching transistor 107 that is connected to
the counter electrode through the common connection por-
tion 108 is referred to as a second terminal Note that a com-
mon potential which is supplied to the counter electrode 109
is supplied from the first terminal of the switching transistor
107, and on/off of the switching transistor 107 is controlled by
a potential supplied to the gate terminal of the switching
transistor 107.

Note that the switching transistor may have any of the
following structures: an inverted staggered structure; a stag-
gered structure; a double-gate structure in which a channel
region is divided into a plurality of regions and the divided
channel regions are connected in series; and a dual-gate struc-
ture in which gate electrodes are provided over and below a
channel region. Further, a semiconductor layer included in
the switching transistor may be divided into a plurality of
island-shaped semiconductor layers so that switching opera-
tion is realized.

Further, a signal (an address signal) for controlling decoder
circuits in the gate line driver circuit 104 and the signal line
driver circuit 105, an image signal (also referred to as video
voltage, a video signal, or video data), a common potential
which is supplied to the counter electrode 109, a signal for
operating the switching transistor 107, and the like are sup-
plied to the terminal portion 106.

The common potential may be any potential as long as it
serves as reference with respect to the potential of an image
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signal supplied to a pixel electrode. For example, the common
potential may be a ground potential.

The common connection portion 108 is provided for elec-
trically connecting the second terminal of the switching tran-
sistor 107 in the first substrate 101 and the counter electrode
in the second substrate 102 to each other. The common poten-
tial is supplied from the terminal portion 106 to the counter
electrode through the switching transistor 107 and the com-
mon connection portion 108. As a specific example of the
common connection portion 108, a conductive particle in
which an insulating sphere is coated with a thin metal film
may be used, so that electrical connection is made. Note that
two or more common connection portions 108 may be pro-
vided between the first substrate 101 and the second substrate
102.

It is preferable that the counter electrode 109 overlap with
the pixel electrode included in the pixel portion 103. Further,
the counter electrode 109 and the pixel electrode included in
the pixel portion 103 may have a variety of opening patterns.

In the case where the pixel portion 103, the gate line driver
circuit 104, the signal line driver circuit 105, and the switch-
ing transistor 107 are formed over the first substrate 101 or in
the case where the pixel portion 103 and the switching tran-
sistor 107 are formed over the first substrate 101, an n-channel
thin film transistor including a semiconductor layer formed
using an oxide semiconductor is used as a thin film transistor
included in each circuit. Note that the advantages of usage of
an oxide semiconductor for the semiconductor layer of the
thin film transistor are as described in Embodiment 1.

In other words, in the case where a switching element or the
like is formed using a thin film transistor having significantly
low off-state current, the amount of off-state current is small
and leakage hardly occurs. Therefore, leakage of electric
charge at a node connected to the switching element can be
reduced as much as possible, so that the time for holding a
potential at the node can be extended.

Next, FIG. 6B illustrates a schematic diagram of the liquid
crystal display device in FIG. 6A, where the structure of the
pixel portion 103 is particularly illustrated in detail.

The liquid crystal display device illustrated in FIG. 6B
includes the first substrate 101 and the second substrate 102,
as in FIG. 6A. The first substrate 101 includes the pixel
portion 103, the gate line driver circuit 104, the signal line
driver circuit 105, the terminal portion 106, and the switching
transistor 107. The second substrate 102 includes the com-
mon connection portion 108 and the counter electrode 109.

InFIG. 6B, aplurality of gate lines 111, aplurality of signal
lines 112, and a plurality of selection lines 114 are arranged
longitudinally and laterally in the pixel portion 103, and the
gate lines 111, the signal lines 112, and the selection lines 114
are provided with pixels 113 each including the first thin film
transistor and the second thin film transistor illustrated in
FIG. 5 in Embodiment 1 and a liquid crystal element in which
a liquid crystal is held between a first electrode and a second
electrode. Note that the first electrode of the liquid crystal
element corresponds to the pixel electrode, and the second
electrode of the liquid crystal element corresponds to the
counter electrode 109.

Note that the semiconductor layers of the first thin film
transistor and the second thin film transistor included in the
pixel are formed using oxide semiconductors, as in the
switching transistor 107. With the use of oxide semiconduc-
tors, off-state current which flows through the first thin film
transistor and the second thin film transistor included in the
pixel can be significantly reduced, so that the hold time of a
potential supplied to the pixel electrode can be extended.
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Next, FIG. 6C illustrates a circuit diagram of one of the
pixels including pixel electrodes. FIG. 6C focuses on the first
thin film transistor 501, the second thin film transistor 502,
and the switching transistor 107. The gate terminal of the first
thin film transistor 501 is connected to the gate line 111. The
first terminal of the first thin film transistor 501 is connected
to the signal line 112. The second terminal of the first thin film
transistor 501 is connected to the second terminal of the
second thin film transistor 502. The gate terminal of the
second thin film transistor 502 is connected to the selection
line 114. The first terminal of the second thin film transistor
502 is connected to a pixel electrode 121. The gate terminal of
the switching transistor 107 is connected to a terminal 106 A
in the terminal portion 106. The first terminal of the switching
transistor 107 is connected to a terminal 106B in the terminal
portion 106. The second terminal of the switching transistor
107 is electrically connected to a counter electrode 122
through the common connection portion 108. Note that a
liquid crystal 123 is held between the pixel electrode 121 and
the counter electrode 122. The pixel electrode 121, the
counter electrode 122, and the liquid crystal 123 are collec-
tively referred to as a liquid crystal element in some cases.

Note that any element can be used as the liquid crystal as
long as it controls transmission or non-transmission of light
by optical modulation action. The optical modulation action
of the liquid crystal may be controlled by voltage applied to
the liquid crystal, arrangement of the pixel electrode and the
counter electrode, or the like.

Next, the operation of the switching transistor 107 is
described. In a period during which a still image is displayed,
the switching transistor 107 is controlled so as to be off. In
that case, in the period during which a still image is displayed,
the first thin film transistors 501 and the second thin film
transistors 502 are off in all the pixels. In other words, by
making opposite electrodes of the liquid crystal 123, i.e., the
pixel electrode 121 and the counter electrode 122 be in a
floating state, a still image can be displayed without addi-
tional supply of'a potential. Further, when the operation of the
gate line driver circuit 104 and the signal line driver circuit
105 is stopped, power consumption can be reduced.

Note that in a period during which either a moving image or
a partial moving image is displayed, the switching transistor
107 is preferably controlled so as to be on.

Note that the resistivity of the liquid crystal 123 in FIG. 6C
is approximately 1x10'* to 1x10"3 Q-cm. In the period during
which a still image is displayed, the opposite electrodes of the
liquid crystal 123, 1.e., the pixel electrode 121 and the counter
electrode 122 are made to be in a floating state by a thin film
transistor having significantly low off-state current, i.e., a
high-resistant thin film transistor. Therefore, current flowing
through the liquid crystal 123 that is generated by voltage
applied to opposite ends of the liquid crystal 123 can be
reduced.

Accordingly, it is possible to provide a liquid crystal dis-
play device in which power consumption is reduced and
image distortion is suppressed when a still image is displayed.

As described above, with the structure described in this
embodiment, off-state current can be reduced in a pixel which
includes a thin film transistor including an oxide semiconduc-
tor. Therefore, it is possible to obtain a liquid crystal display
device in which voltage can be held in a storage capacitor for
a longer time and power consumption when a still image is
displayed can be reduced.

This embodiment can be combined with any of the struc-
tures described in the other embodiments as appropriate.
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Embodiment 3

In this embodiment, structures which are different from the
structures of the driver circuits and the pixel portion in
Embodiment 1 are described with reference to drawings.

AsinFIG. 3A, FIG. 16 illustrates the display control circuit
1004, the pixel portion 1006, the gate line driver circuit
1007A, and the signal line driver circuit 1007B. The pixel
portion 1006 includes the plurality of pixels 300. The gate line
301 which extends from the gate line driver circuit 1007 and
the signal line 302 which extends from the signal line driver
circuit 1007B are connected to each of the pixels 300.

In addition, the pixel 300 in FIG. 16 includes a thin film
transistor 1601 and a liquid crystal element 1602. Note that
when a semiconductor layer of the thin film transistor 1601
includes an oxide semiconductor as in Embodiment 1, off-
state current can be significantly reduced and the frequency of
supplies of image signals when a still image is displayed can
be reduced.

FIG. 16 illustrates a structure where the gate line driver
circuit 1007A includes a decoder circuit 1603, the signal line
driver circuit 1007B includes a shift register circuit 1604, and
an image signal supplied to the pixel is controlled by an
address line from the display control circuit 1004 or a control
signal (e.g., a clock signal or a start pulse) of the shift register
circuit.

Note that any circuit can be used as the shift register circuit
1604 as long as it sequentially outputs pulses such as a clock
signal, an inverted clock signal, and a start pulse SP from an
output terminal of a first stage. For example, a shift register
circuit to which a pulse output circuit (also referred to as a
flip-flop circuit) is cascaded may be used.

FIG. 16 differs from F1G. 3A in that a selection line is not
provided, the number of thin film transistors in the pixel is
reduced, and the signal line driver circuit 1007B includes the
shift register circuit 1604. Thus, in this embodiment, the
differences in FIG. 16 and advantageous effects of this
embodiment that are different from those in FIG. 3A are
described in detail.

Asin FIG. 3A, in FIG. 16, a gate line connected to a pixel
where a difference is detected by calculation in the compari-
son circuit 1003 is selected by the decoder circuit 1603
included in the gate line driver circuit 1007A. Unlike FIG.
3A, in FIG. 16, the signal line driver circuit 1007B includes
the shift register circuit 1604, and pixels where differences
are not detected by calculation in the comparison circuit 1003
are also sequentially selected by the shift register circuit 1604
included in the signal line driver circuit 1007B. However, in
the structure in FIG. 16, the selection line is not provided and
the number of thin film transistors in the pixel is reduced,
thus, the number of wirings and the aperture ratio of the pixel
canbe improved. Further, even in the structure of this embodi-
ment, when a gate line is selectively driven by the decoder
circuit 1603 included in the gate line driver circuit 10074,
power consumption can be reduced.

The structure of this embodiment where the selection line
is not provided and the aperture ratio of the pixel can be
improved is preferable when a high-definition liquid crystal
display device is manufactured. Note that in the structure of
this embodiment, selective driving per pixel cannot be per-
formed by the signal line driver circuit 1007B; however,
power consumption can be reduced when the gate line driver
circuit is selectively driven by the decoder circuit 1603
included in the gate line driver circuit 1007A. Thus, the struc-
ture of this embodiment is particularly preferable when a
liquid crystal display device in which an image is switched in
a row direction is manufactured.
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As described above, in this embodiment, when a thin film
transistor including an oxide semiconductor is used as the
thin film transistor 1601, off-state current can be reduced.
Therefore, it is possible to obtain a liquid crystal display
device in which voltage can be held in a storage capacitor for
a longer time and power consumption when a still image is
displayed can be reduced.

This embodiment can be combined with any of the struc-
tures described in the other embodiments as appropriate.

Embodiment 4

In this embodiment, examples of advantageous effects
when the liquid crystal display device described in the above
embodiment is used in a monitor (also referred to as a PC
monitor) for an electronic computer (a personal computer)
are described.

FIG. 17A illustrates an example of a liquid crystal display
device which includes a display portion 1702 in a housing
1701 and a window-type display portion 1703 in the display
portion 1702. The liquid crystal display device in Embodi-
ment 1 is used as the display portion 1702.

Note that although the window-type display portion 1703
is provided in the display portion 1702 for purposes of illus-
tration, a different symbol such as an icon or an image may be
employed.

InFIG. 17B, the window-type display portion 1703 in FIG.
17A is moved from a dotted line portion 1704 to a solid line
portion 1705. With the movement of the window-type display
portion 1703 in FIG. 17B, a partial moving image is displayed
in a period of this movement as described in Embodiment 1,
and a region 1707 illustrated in FIG. 17C is a region where a
difference of an image signal is detected by a comparison
circuit and a region 1708 illustrated in FIG. 17C is a region
where the difference of the image signal is not detected by the
comparison circuit. Note that the region 1707 can be regarded
as a region in which a moving image is displayed in accor-
dance with the movement of the window-type display portion
and is referred to as amoving image region in some cases. The
region 1708 is a region in which the window-type display
portion does not move and the image signal is not changed
and is referred to as a still image region in some cases.

FIG. 18A schematically illustrates the frequency of
rewrites of image signals in the moving image region and the
still image region in the examples in FIGS. 17A to 17C every
frame period, for example, where the horizontal axis indi-
cates time. InFIG. 18 A, W indicates a period during which an
image signal is rewritten, and H indicates a period during
which the image signal is held. In addition, a period 1801 is
one frame period; however, the period 1801 may be a differ-
ent period.

As is clear from FIG. 18A, in the liquid crystal display
device in Embodiment 1, in the case where differences of
image signals between a series of frames are detected by the
comparison circuit, i.e., in the case of the moving image
region, image signals supplied to pixels are rewritten every
frame period. Thus, in the moving image region, image sig-
nals are frequently rewritten. Further, in the liquid crystal
display device in Embodiment 1, in the case where differ-
ences of image signals between a series of frames are not
detected by the comparison circuit, in the case of the still
image region, image signals supplied to pixels are rewritten
only in a period during which the image signals are switched
(the period 1801 in FIG. 18A), and the other periods corre-
spond to periods during which the supplied image signals are
held.
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Note that FIG. 18B illustrates the case where imagge signals
are periodically rewritten regardless of a moving image
region and a still image region as in FIG. 18A for comparison.
In order to display an image where amoving image region and
a still image region are mixed, image signals are periodically
rewritten in pixels.

As described above, in the still image region and a still
image region in a partial moving image, frequent rewrites of
image signals can be eliminated. Rewrites of image signals
more than once might cause eyestrain. With a structure where
the frequency of rewrites of image signals is reduced as
described in this embodiment, eyestrain is reduced, which is
advantageous.

As described above, in this embodiment, when thin film
transistors including oxide semiconductors are provided in
pixels, off-state current can be reduced. Therefore, it is pos-
sible to obtain a liquid crystal display device in which voltage
can be held in a storage capacitor for a longer time and power
consumption when a still image is displayed can be reduced.

This embodiment can be combined with any of the struc-
tures described in the other embodiments as appropriate.

Embodiment 5

In this embodiment, an example of a thin film transistor
which can be applied to a liquid crystal display device dis-
closed in this specification is described.

One embodiment of a liquid crystal display device of this
embodiment and a method for manufacturing the liquid crys-
tal display device is described with reference to FIGS. 7A to
7E.

FIGS. 7A to 7E illustrate an example of a cross-sectional
structure of a liquid crystal display device. Thin film transis-
tors 410 and 420 in FIGS. 7A to 7E each have a kind of
bottom-gate structure called a channel-etched structure and
are also referred to as inverted-staggered thin film transistors.
In FIGS. 7A to 7E, the thin film transistor 410 is a switching
transistor and the thin film transistor 420 is a pixel transistor.

Although the thin film transistors 410 and 420 are
described as single-gate thin film transistors, multi-gate thin
film transistors each including a plurality of channel forma-
tion regions can be formed when needed.

Steps of forming the thin film transistors 410 and 420 over
a substrate 400 are described below with reference to FIGS.
7A to 7E.

First, a conductive film is formed over the substrate 400
having an insulating surface. Then, gate electrode layers 401
and 451 are formed in a first photolithography process. Note
that a resist mask may be formed by an inkjet method. When
the resist mask is formed by an inkjet method, a photomask is
not used; thus, manufacturing cost can be reduced.

Although there is no particular limitation on a substrate
which can be used as the substrate 400 having an insulating
surface, it is necessary that the substrate have at least heat
resistance high enough to withstand heat treatment to be
performed later. A glass substrate formed using barium boro-
silicate glass, aluminoborosilicate glass, or the like can be
used

In the case where the temperature of the heat treatment to
be performed later is high, a glass substrate whose strain point
is 730° C. or higher is preferably used. For the glass substrate,
for example, a glass material such as aluminosilicate glass,
aluminoborosilicate glass, or barium borosilicate glass is
used.

Note that instead of the glass substrate, a substrate formed
using an insulator, such as a ceramic substrate, a quartz sub-
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strate, or a sapphire substrate, may be used. Alternatively,
crystallized glass or the like can be used.

An insulating film serving as a base film may be provided
between the substrate 400 and the gate electrode layers 411
and 421. The base film has a function of preventing diffusion
of an impurity element from the substrate 400, and can be
formed to have a single-layer structure or a layered structure
including one or more films selected from a silicon nitride
film, a silicon oxide film, a silicon nitride oxide film, or a
silicon oxynitride film.

The gate electrode layers 411 and 421 can be formed to
have a single-layer structure or a layered structure including
a metal material such as molybdenum, titanium, chromium,
tantalum, tungsten, aluminum, copper, neodymium, or scan-
dium; or an alloy material which contains the metal material
as its main component.

As a two-layer structure of the gate electrode layers 411
and 421, for example, a two-layer structure in which a molyb-
denum layer is stacked over an aluminum layer, a two-layer
structure in which a molybdenum layer is stacked over a
copper layer, a two-layer structure in which a titanium nitride
layer or a tantalum nitride layer is stacked over a copper layer,
or a two-layer structure in which a titanium nitride layer and
a molybdenum layer are stacked is preferable. As a three-
layer structure, a stack of a tungsten layer or atungsten nitride
layer, an alloy of aluminum and silicon or an alloy of alumi-
num and titanium, and a titanium nitride layer or a titanium
layer is preferable.

Then, a gate insulating layer 402 is formed over the gate
electrode layers 411 and 421.

The gate insulating layer 402 can be formed to have a
single-layer structure or a layered structure including a sili-
con oxide layer, a silicon nitride layer, a silicon oxynitride
layer, a silicon nitride oxide layer, or an aluminum oxide layer
by plasma-enhanced CVD, sputtering, or the like. For
example, a silicon oxynitride layer may be formed using
SiH,, oxygen, and nitrogen as a deposition gas by plasma-
enhanced CVD. Alternatively, a high-k material such as
hafnium oxide (HfO,) or tantalum oxide (TaO,) can be used
for the gate insulating layer. The thickness of the gate insu-
lating layer 402 is 100 to 500 nm. In the case where the gate
insulating layer 402 is formed to have a layered structure, a
first gate insulating layer having a thickness of 50 to 200 nm
and a second gate insulating layer having a thickness of 5 to
300 nm are stacked.

In this embodiment, as the gate insulating layer 402, a
silicon oxynitride layer is formed to a thickness of 100 nm or
less by plasma-enhanced CVD.

Further, as the gate insulating layer 402, a silicon oxyni-
tride layer may be formed using a high-density plasma appa-
ratus. Here, a high-density plasma apparatus refers to an
apparatus which can realize a plasma density of 1x10*!/cm?
or higher. For example, plasma is generated by application of
amicrowave power of 3 to 6 kW so that an insulating layer is
formed.

A monosilane gas (SiH,), nitrous oxide (N,0), and a rare
gas are introduced into a chamber as a source gas, and high-
density plasma is generated at a pressure of 10 to 30 Pa so that
an insulating layer is formed over a substrate having an insu-
lating surface (e.g., a glass substrate). After that, the supply of
a monosilane gas is stopped, and nitrous oxide (N,O) and a
rare gas are introduced without exposure to the air, so that
plasma treatment may be performed on a surface of the insu-
lating layer. The plasma treatment performed on the surface
of the insulating layer by introduction of at least nitrous oxide
(N,O) and a rare gas is performed after the insulating layer is
formed. The insulating layer formed through the above pro-
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cess is an insulating layer whose reliability can be secured to
some extent even though it has small thickness, for example,
a thickness less than 100 nm.

When the gate insulating layer 402 is formed, the flow ratio
of the monosilane gas (SiH,) to nitrous oxide (N,O) which
are introduced into the chamber is in the range of 1:10 to
1:200. In addition, as the rare gas which is introduced into the
chamber, helium, argon, krypton, xenon, or the like can be
used. In particular, argon, which is inexpensive, is preferably
used.

In addition, since the insulating layer formed using the
high-density plasma apparatus can have a uniform thickness,
the insulating layer has excellent step coverage. Further, as
for the insulating layer formed using the high-density plasma
apparatus, the thickness of a thin film can be controlled pre-
cisely.

The film quality of the insulating layer formed through the
above process is greatly different from that of an insulating
layer formed using a conventional parallel plate PCVD appa-
ratus. The etching rate of the insulating layer formed through
the above process is lower than that of the insulating layer
formed using the conventional parallel plate PCVD apparatus
by 10% or more or 20% or more in the case where the etching
rates with the same etchant are compared to each other. Thus,
it can be said that the insulating layer formed using the high-
density plasma apparatus is a dense layer.

An oxide semiconductor (a highly purified oxide semicon-
ductor) which is made to be intrinsic (i-type) or substantially
intrinsic in a later step is highly sensitive to an interface state
and interface charge; thus, an interface between the oxide
semiconductor and the gate insulating layer is important.
Thus, the gate insulating layer (GI) which is in contact with
the highly purified oxide semiconductor needs high quality.
Therefore, high-density plasma-enhanced CVD using micro-
waves (2.45 GHz) is preferable because a dense high-quality
insulating layer having high withstand voltage can be formed.
This is because when the highly purified oxide semiconductor
is closely in contact with the high-quality gate insulating
layer, the interface state can be reduced and interface proper-
ties can be favorable. It is important that the gate insulating
layer have lower interface state density with an oxide semi-
conductor and a favorable interface as well as having favor-
able film quality as a gate insulating layer.

Then, an oxide semiconductor film 430 is formed to a
thickness of 2 to 200 nm over the gate insulating layer 402.
The thickness of the oxide semiconductor film 430 is prefer-
ably 50 nm or less in order that the oxide semiconductor film
be amorphous even when heat treatment for dehydration or
dehydrogenation is performed after the oxide semiconductor
film 430 is formed. When the thickness of the oxide semicon-
ductor film is made small, crystallization can be suppressed
when heat treatment is performed after the oxide semicon-
ductor layer is formed.

Note that before the oxide semiconductor film 430 is
formed by sputtering, dust on a surface of the gate insulating
layer 402 is preferably removed by reverse sputtering in
which an argon gas is introduced and plasma is generated.
The reverse sputtering refers to a method in which, without
application of voltage to a target side, an RF power source is
used for application of voltage to a substrate side in an argon
atmosphere and plasma is generated in the vicinity of the
substrate so that a substrate surface is modified. Note that
nitrogen, helium, or the like may be used instead of the argon
atmosphere.

As the oxide semiconductor film 430, an In—Ga—Z7n—
O-based oxide semiconductor film, an In—Sn—O-based
oxide semiconductor film, an In—Sn—~7Zn—0-based oxide
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semiconductor film, an In—Al—Zn—O-based oxide semi-
conductor film, a Sn—Ga—Zn—0-based oxide semicon-
ductor film, an Al—Ga—Zn—O-based oxide semiconductor
film, a Sn—Al—Zn—0-based oxide semiconductor film, an
In—7n—0-based oxide semiconductor film, a Sn—Zn—0-
based oxide semiconductor film, an Al—Zn—O-based oxide
semiconductor film, an In—O-based oxide semiconductor
film, a Sn—O-based oxide semiconductor film, or a Zn—O-
based oxide semiconductor film is used. In this embodiment,
the oxide semiconductor film 430 is deposited by sputtering
with the use of an In—Ga—7n—0O-based metal oxide target.
A cross-sectional view at this stage corresponds to FIG. 7C.
Alternatively, the oxide semiconductor film 430 can be
deposited by sputtering in a rare gas (typically argon) atmo-
sphere, an oxygen atmosphere, or an atmosphere including a
rare gas (typically argon) and oxygen. In addition, in the case
where sputtering is used, it is preferable to deposit the oxide
semiconductor film 430 with the use of a target containing
SiQ, at 2 to 10 wt % such that Si, which inhibits crystalliza-
tion, is contained in the oxide semiconductor film 430 in order
to prevent an oxide semiconductor from being crystallized in
heat treatment for dehydration or dehydrogenation which is
performed in a later step.

Here, deposition is performed using a metal oxide target
containing In, Ga, and Zn (In,0;:Ga,04:Zn0=1:1:1 [mol %]
and In:Ga:Zn=1:1:0.5 [at. %]). The deposition condition is set
as follows: the distance between the substrate and the target is
100 mm; the pressure is 0.2 Pa; the direct current (DC) power
is 0.5 kW; and the atmosphere is an atmosphere containing
argon and oxygen (argon:oxygen=30 sccm:20 sccm and the
flow rate ratio of oxygen is 40%). Note that it is preferable that
pulsed direct-current (DC) power be used because powdered
substances (also referred to as particles or dust) generated in
deposition can be reduced and the film thickness can be
uniform. The thickness of an In—Ga—7n—O-based film is 5
to 200 nm. In this embodiment, as the oxide semiconductor
film, a 20-nm-thick In—Ga—7n—O-based film is deposited
by sputtering with the use of an In—Ga—7n—O0-based metal
oxide target. Alternatively, as the metal oxide target contain-
ing In, Ga, and Zn, a target having a composition ratio of
In:Ga:Zn=1:1:1 (at. %) or a target having a composition ratio
of In:Ga:Zn=1:1:2 (at. %) can be used.

Examples of sputtering include RF sputtering in which a
high-frequency power source is used as a sputtering power
source, DC sputtering, and pulsed DC sputtering in which a
bias is applied in a pulsed manner. RF sputtering is mainly
used in the case where an insulating film is deposited, and DC
sputtering is mainly used in the case where a metal film is
deposited.

In addition, there is also a multi-source sputtering appara-
tus in which a plurality of targets of different materials can be
set. With the multi-source sputtering apparatus, films of dif-
ferent materials can be deposited to be stacked in the same
chamber, or a film of plural kinds of materials can be depos-
ited by electric discharge at the same time in the same cham-
ber.

In addition, there are a sputtering apparatus provided with
a magnet system inside the chamber and used for magnetron
sputtering, and a sputtering apparatus used for ECR sputter-
ing in which plasma generated with the use of microwaves is
used without using glow discharge.

Further, as a deposition method using sputtering, reactive
sputtering in which a target substance and a sputtering gas
component are chemically reacted with each other during
deposition to form a thin compound film thereof, or bias
sputtering in which voltage is also applied to a substrate
during deposition can be used.
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Next, the oxide semiconductor film 430 is processed into
an island-shaped oxide semiconductor layer in a second pho-
tolithography process. A resist mask used for forming the
island-shaped oxide semiconductor layer may be formed by
an inkjet method. When the resist mask is formed by an inkjet
method, a photomask is not used; thus, manufacturing cost
can be reduced.

Then, the oxide semiconductor layer is dehydrated or
dehydrogenated. The temperature of first heat treatment for
dehydration or dehydrogenation is higher than or equal to
400° C. and lower than or equal to 750° C., preferably higher
than or equal to 400° C. and lower than the strain point of the
substrate. Here, after the substrate is put in an electric furnace
which is a kind of heat treatment apparatus and heat treatment
is performed on the oxide semiconductor layer at 450° C. for
one hour in a nitrogen atmosphere, water and hydrogen are
prevented from being mixed into the oxide semiconductor
layer by preventing the substrate from being exposed to the
air; thus, oxide semiconductor layers 431 and 432 are
obtained (see FIG. 7B).

Note that the heat treatment apparatus is not limited to an
electric furnace, and may be provided with a device for heat-
ing an object to be processed by thermal conduction or ther-
mal radiation from a heater such as a resistance heater. For
example, an RTA (rapid thermal annealing) apparatus such as
a GRTA (gas rapid thermal annealing) apparatus or an LRTA
(lamp rapid thermal annealing) apparatus can be used. An
LRTA apparatus is an apparatus for heating an object to be
processed by radiation of light (an electromagnetic wave)
emitted from a lamp such as a halogen lamp, a metal halide
lamp, a xenon arc lamp, a carbon arc lamp, a high pressure
sodium lamp, or a high pressure mercury lamp. A GRTA
apparatus is an apparatus with which heat treatment is per-
formed using a high-temperature gas. As the gas, an inert gas
which does not react with an object to be processed by heat
treatment, such as nitrogen or arare gas such as argon, is used.

For example, as the first heat treatment, GRTA may be
performed as follows. The substrate is transferred and put in
an inert gas heated at a high temperature of 650 to 700° C., 1s
heated for several minutes, and is transferred and taken out of
the inert gas heated at the high temperature. GRTA enables
high-temperature heat treatment in a short time.

Note that in the first heat treatment, it is preferable that
water, hydrogen, and the like be not contained in nitrogen or
a rare gas such as helium, neon, or argon. Further, the purity
of nitrogen or a rare gas such as helium, neon, or argon which
is introduced into the heat treatment apparatus is preferably
6N (99.9999%) or higher, more preferably 7N (99.99999%)
or higher (that is, the impurity concentration is 1 ppm or
lower, preferably 0.1 ppm or lower).

Further, the oxide semiconductor layer is crystallized and
the crystal structure of the oxide semiconductor layer is
changed into a microcrystalline structure or a polycrystalline
structure depending on the condition of the first heat treat-
ment or the material of the oxide semiconductorlayer insome
cases. For example, the oxide semiconductor layer might be
crystallized to be a microcrystalline oxide semiconductor
layer having a degree of crystallinity of 90% or more, or 80%
or more. Further, depending on the condition of the first heat
treatment or the material of the oxide semiconductor layer,
the oxide semiconductor layer might become an amorphous
oxide semiconductor layer containing no crystalline compo-
nent. The oxide semiconductor layer might become an oxide
semiconductor layer in which a microcrystalline portion
(with a grain diameter of 1 to 20 nm, typically 2 to 4 nm) is
mixed into an amorphous oxide semiconductor. In the case
where high-temperature heat treatment is performed using
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RTA (e.g., GRTA or LRTA), a needle-like crystal in a longi-
tudinal direction (in a film-thickness direction) might be gen-
erated on the surface side of the oxide semiconductor layer.

In addition, the first heat treatment for the oxide semicon-
ductor layer can be performed on the oxide semiconductor
film 430 before being processed into the island-shaped oxide
semiconductor layer. In that case, the substrate is taken out
from the heat apparatus after the first heat treatment, and then
a photolithography process is performed.

The heat treatment for dehydration or dehydrogenation of
the oxide semiconductor layer may be performed at any of the
following timings: after the oxide semiconductor layer is
formed; after a source electrode and a drain electrode are
formed over the oxide semiconductor layer; and after a pro-
tective insulating film is formed over the source electrode and
the drain electrode.

Further, in the case where an opening portion is formed in
the gate insulating layer 402, the formation of the opening
portion may be performed before or after the oxide semicon-
ductor film 430 is dehydrated or dehydrogenated.

Note that the etching of the oxide semiconductor film here
is not limited to wet etching, and dry etching may be
employed.

As an etching gas used for dry etching, a gas containing
chlorine (a chlorine-based gas such as chlorine (Cl,), boron
trichloride (BCly), silicon tetrachloride (SiCl,), or carbon
tetrachloride (CCl,)) is preferably used.

Alternatively, a gas containing fluorine (a fluorine-based
gas such as carbon tetrafluoride (CF,), sulfur hexafluoride
(SFy), nitrogen trifluoride (NF,), or trifluoromethane
(CHEFE,)); hydrogen bromide (HBr); oxygen (0,); any of these
gases to which a rare gas such as helium (He) or argon (Ar) is
added; or the like can be used.

As the dry etching, parallel plate RIE (reactive ion etching)
or ICP (inductively coupled plasma) etching can be used. In
order to etch the film to have a desired shape, the etching
conditions (the amount of electric power applied to a coil-
shaped electrode, the amount of electric power applied to an
electrode on a substrate side, the temperature of the electrode
on the substrate side, and the like) are adjusted as appropriate.

As an etchant used for wet etching, a solution obtained by
mixture of phosphoric acid, acetic acid, and nitric acid, an
ammonia hydrogen peroxide mixture (a hydrogen peroxide
solutionat 31 wt %: ammonia water at 28 wt %: water=5:2:2),
or the like can be used. Alternatively, ITO-07N (produced by
KANTO CHEMICAL CO., INC.) may be used.

The etchant used in the wet etching is removed together
with the etched material by cleaning. Waste liquid of the
etchant including the removed material may be purified and
the material contained in the waste liquid may be reused.
When a material such as indium contained in the oxide semi-
conductor layer is collected from the waste liquid after the
etching and reused, the resources can be efficiently used and
cost can be reduced.

In order to etch the oxide semiconductor film to have a
desired shape, the etching conditions (an etchant, etching
time, temperature, and the like) are adjusted as appropriate
depending on the material.

Next, a metal conductive film is formed over the gate
insulating layer 402 and the oxide semiconductor layers 431
and 432. The metal conductive film may be formed by sput-
tering or vacuum evaporation. As the material of the metal
conductive film, there are an element selected from Al, Cr,
Cu, Ta, Ti, Mo, or W, an alloy containing the element, an alloy
film containing some of the elements in combination, and the
like. Alternatively, one or more materials selected from man-
ganese, magnesium, zirconium, beryllium, and thorium may
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be used. Further, the metal conductive film may have a single-
layer structure or a layered structure of two or more layers.
For example, a single-layer structure of an aluminum film
containing silicon, a two-layer structure in which a titanium
film is stacked over an aluminum film, a three-layer structure
in which a titanium film, an aluminum film, and a titanium
film are stacked in that order, and the like can be given.
Alternatively, a film, an alloy film, or a nitride film which
contains Al and one or more elements selected from titanium
(T1), tantalum (Ta), tungsten (W), molybdenum (Mo), chro-
mium (Cr), neodymium (Nd), or scandium (Sc) may be used.

When heat treatment is performed after the formation of
the metal conductive film, it is preferable that the metal con-
ductive film have heat resistance high enough to withstand the
heat treatment.

A resist mask is formed over the metal conductive filmina
third photolithography process; a source electrode layer
415a, a drain electrode layer 4155, a source electrode layer
425a, and a drain electrode layer 4255 are formed by selective
etching; then, the resist mask is removed (see FIG. 7C).

Note that each material and etching conditions are adjusted
as appropriate so that the oxide semiconductor layers 431 and
432 are not removed when the metal conductive film is
etched.

In this embodiment, a Ti film is used as the metal conduc-
tive film, an In—Ga—Zn—O-based oxide is used for the
oxide semiconductor layers 431 and 432, and an ammonia
hydrogen peroxide solution (a mixture of ammonia, water,
and a hydrogen peroxide solution) is used as an etchant.

Note that in the third photolithography process, only some
of the oxide semiconductor layers 431 and 432 are etched so
that oxide semiconductor layers having grooves (depres-
sions) are formed in some cases. The resist mask used for
forming the source electrode layer 4154, the drain electrode
layer 4155, the source electrode layer 4254, and the drain
electrode layer 4255 may be formed by an inkjet method.
When the resist mask is formed by an inkjet method, a pho-
tomask is not used; thus, manufacturing cost can be reduced.

In order to reduce the number of photomasks used in the
photolithography processes and to reduce the number of pro-
cesses, an etching process may be performed using a multi-
tone mask which is an exposure mask through which light is
transmitted to have a plurality of intensities. A resist mask
formed using a multi-tone mask has a plurality of thicknesses
and can be changed in shape by etching; therefore, the resist
mask can be used in a plurality of etching processes for
processing films into different patterns. Therefore, a resist
mask corresponding to at least two or more kinds of different
patterns can be formed by one multi-tone mask. Thus, the
number of exposure masks and the number of corresponding
photolithography processes can be reduced, so that the pro-
cess can be simplified.

Next, plasma treatment is performed using a gas such as
N,O, N,, or Ar. With this plasma treatment, absorbed water
and the like which attach to a surface of the oxide semicon-
ductor layer exposed are removed. Alternatively, plasma
treatment may be performed using a mixture gas of oxygen
and argon.

After the plasma treatment, an oxide insulating layer 416
which serves as a protective insulating film and is in contact
with part of the oxide semiconductor layer is formed without
exposure to the air.

The oxide insulating layer 416 can be formed to have a
thickness of at least 1 nm or more by a method by which an
impurity such as water or hydrogen is not mixed into the
oxide insulating layer 416, such as sputtering, as appropriate.
Whenhydrogenis contained in the oxide insulating layer 416,
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entry of hydrogen to the oxide semiconductor layers or
abstraction of oxygen in the oxide semiconductor layers by
hydrogen is caused, so backchannels of the oxide semicon-
ductor layers have lower resistance (have n-type conductiv-
ity) and parasitic channels are formed. Therefore, it is impor-
tant that the amount of hydrogen used in deposition is as small
as possible in order that the oxide insulating layer 416 contain
as little hydrogen as possible.

In this embodiment, a 200-nm-thick silicon oxide film is
deposited as the oxide insulating layer 416 by sputtering. The
substrate temperature at the time of deposition is in the range
of from room temperature to 300° C., and 100° C. in this
embodiment. The silicon oxide film can be deposited by
sputtering in a rare gas (typically argon) atmosphere, an oxy-
gen atmosphere, or an atmosphere including a rare gas (typi-
cally argon) and oxygen. Further, a silicon oxide target or a
silicon target can be used as a target. For example, silicon
oxide can be deposited by using a silicon target in an atmo-
sphere including oxygen and nitrogen by sputtering. The
oxide insulating layer 416 which is formed in contact with the
oxide semiconductor layers whose resistance is lowered is
formed using an inorganic insulating film which does not
include impurity such as moisture, a hydrogen ion, or OH~
and blocks entry of such an impurity from the outside, typi-
cally, a silicon oxide film, a silicon nitride oxide film, an
aluminum oxide film, or an aluminum oxynitride film.

Next, second heat treatment (preferably at 200 to 400° C.,
for example, 250 to 350° C.) is performed in an inert gas
atmosphere or an oxygen gas atmosphere. For example, the
second heat treatment is performed at 250° C. for one hour in
a nitrogen atmosphere. Through the second heat treatment,
some of the oxide semiconductor layers (channel formation
regions) are heated while being in contact with the oxide
insulating layer 416.

Through the above steps, after the heat treatment for dehy-
dration or dehydrogenation is performed on the deposited
oxide semiconductor film in order to lower the resistance of
the oxide semiconductor film, part of the oxide semiconduc-
tor film is selectively made to be in an oxygen excess state.
Accordingly, a channel formation region 413 overlapping
with the gate electrode layer 411 becomes intrinsic, and a
high-resistant source region 414¢ which is in contact with the
source electrode layer 415a and a high-resistant drain region
4145 which is in contact with the drain electrode layer 4155
are formed in a self-aligning manner. Through the above
steps, the thin film transistor 410 is formed. Similarly, a
channel formation region 423 overlapping with the gate elec-
trode layer 421 becomes intrinsic, and a high-resistant source
region 424a which is in contact with the source electrode
layer 4254 and a high-resistant drain region 4245 which is in
contact with the drain electrode layer 4255 are formed in a
self-aligning manner. Through the above steps, the thin film
transistor 420 is formed.

In a bias temperature test (BT test) at 85° C. and 2x10°
V/em for 12 hours, if an impurity has been added to an oxide
semiconductor, the bond between the impurity and the main
component of the oxide semiconductor is broken by a high
electric field (B: bias) and high temperature (T: temperature),
so that a generated dangling bond induces a shift in the thresh-
old voltage (V,,). As a countermeasure against this, the impu-
rity in the oxide semiconductor, especially, hydrogen, water,
or the like is removed as much as possible so that a high-
quality dense insulating film having high withstand voltage is
formed by the high-density plasma-enhanced CVD and the
properties of an interface with the oxide semiconductor are
improved. Accordingly, it is possible to obtain a thin film
transistor which is stable even when the BT test is performed.
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Further, heat treatment may be performed at 100 to 200° C.
for 1 to 30 hours in an air atmosphere. In this embodiment, the
heat treatment is performed at 150° C. for 10 hours. This heat
treatment may be performed at a fixed heating temperature.
Alternatively, the following change in the heating tempera-
ture may be conducted plural times repeatedly: the heating
temperature is increased from room temperature to a tem-
perature of 100 to 200° C. and then decreased to room tem-
perature. Further, this heat treatment may be performed under
areduced pressure before the formation of the oxide insulat-
ing layer. When the heat treatment is performed under a
reduced pressure, the heating time can be shortened. Through
this heat treatment, hydrogen is introduced from the oxide
semiconductor layer to the oxide insulating layer; thus, a
normally-off thin film transistor can be obtained. Thus, the
reliability of a liquid crystal display device can be improved.

Note that by the formation of the high-resistant drain
regions 4145 and 4245 in the oxide semiconductor layers
overlapping with the drain electrode layers 4155 and 4256
(and the source electrode layers 415a and 4254), reliability of
the thin film transistors can be improved. Specifically, by the
formation of the high-resistant drain regions 4145 and 4245,
a structure can be obtained in which conductivity can be
varied stepwise from the drain electrode layers 4155 and 4255
to the high-resistant drain regions 4145 and 4245 and the
channel formation regions 413 and 423. Therefore, in the case
where operation is performed with the drain electrode layers
415b and 4255 connected to a wiring for supplying a high
power supply potential VDD, the high-resistant drain regions
serve as buffers and a high electric field is not applied locally
even if the high electric field is applied between the gate
electrode layer 411 and the drain electrode layer 41556 and
between the gate electrode layer 421 and the drain electrode
layer 4255, thus, the withstand voltage of the thin film tran-
sistors can be increased.

Further, the high-resistant source region and the high-re-
sistant drain region in the oxide semiconductor layer are
formed in the entire region in a thickness direction in the case
where the oxide semiconductor layer is as thin as 15 nm or
less. In the case where the oxide semiconductor layer is as
thick as 30 to 50 nm, the high-resistant source region and the
high-resistant drain region where parts of the oxide semicon-
ductor layer, 1.e., regions which are in contact with the source
electrode layer and the drain electrode layer, and the vicinity
thereof have lower resistance are formed, and a region of the
oxide semiconductor layer that is near the gate insulating
layer can be intrinsic.

A protective insulating layer may be formed over the oxide
insulating layer 416. For example, a silicon nitride film is
formed by RF sputtering. Since RF sputtering has high pro-
ductivity, it is preferably used as a deposition method of the
protective insulating layer. The protective insulating layer is
formed using an inorganic insulating film which does not
contain an impurity such as moisture, a hydrogen ion, and
OH™ and blocks entry of such an impurity from the outside,
typically a silicon nitride film, an aluminum nitride film, a
silicon nitride oxide film, or an aluminum oxynitride film. In
this embodiment, as the protective insulating layer, a protec-
tive insulating layer 403 is formed using a silicon nitride film
(see FIG. 7D).

A planarization insulating layer for planarization may be
provided over the protective insulating layer 403. As illus-
trated in FIG. 7E, a planarization insulating layer 404 is
formed over the protective insulating layer 403 in the thin film
transistor 420.

The planarization insulating layer 404 can be formed using
a heat-resistant organic material such as polyimide, acrylic,
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benzocyclobutene, polyamide, or epoxy. Other than such
organic materials, it is possible to use a low-dielectric con-
stant material (a low-k material), a siloxane-based resin, PSG
(phosphosilicate glass), BPSG (borophosphosilicate glass),
or the like. Note that the planarization insulating layer 44 may
be formed by stacking a plurality of insulating films formed
using these materials.

Note that a siloxane-based resin corresponds to a resin
including a Si—O—Si bond formed using a siloxane-based
material as a starting material. The siloxane-based resin may
include an organic group (e.g., an alkyl group or an aryl
group) as a substituent. Further, the organic group may
include a fluoro group.

There is no particular limitation on the method for forming
the planarization insulating layer 404. The planarization insu-
lating layer 404 can be formed, depending on the material, by
a method such as sputtering, an SOG method, a spin coating
method, a dipping method, a spray coating method, or a
droplet discharge method (e.g.. an inkjet method, screen
printing, or offset printing), or a tool such as a doctor knife, a
roll coater, a curtain coater, or a knife coater.

Next, a resist mask is formed in a fourth photolithography
process and some of the oxide insulating layer 416, the pro-
tective insulating layer 403, and the planarization insulating
layer 404 are removed by selective etching, so that an opening
which reaches the drain electrode layer 4255 is formed.

Then, a light-transmitting conductive film is formed. The
light-transmitting conductive film is formed using indium
oxide (In,0;), an alloy of indium oxide and tin oxide
(In,0,—Sn0,, abbreviated as ITO), or the like by sputtering,
vacuum evaporation, or the like. Alternatively, the light-trans-
mitting conductive film may be formed using an Al—7n—
O-based film containing nitrogen, that is, an Al—Zn—0—
N-based film, a Zn—O-based film containing nitrogen, or a
Sn—7Zn—0-based film containing nitrogen. Note that the
composition ratio (at. %) of zinc in the Al—Zn—O—N-
based film is less than or equal to 47 at. % and is higher than
that of aluminum in the film; the composition ratio (at. %) of
aluminum in the film is higher than that of nitrogen in the film.
Such a material is etched with a hydrochloric acid-based
solution. However, since a residue is easily generated particu-
larly in etching ITO, an alloy of indium oxide and zinc oxide
(In,0,—7Zn0) may be used in order to improve etching pro-
cessability.

Note that the unit of the composition ratio in the light-
transmitting conductive film is atomic percent (at. %), and the
composition ratio is evaluated by analysis using an electron
probe X-ray microanalyzer (EPMA).

Next, a resist mask is formed in a fifth photolithography
process; unnecessary portions of the light-transmitting con-
ductive film are removed by etching so that a pixel electrode
427 is formed; and the resist mask is removed (see FIG. 7E).

In this embodiment, the step of forming the opening in the
gate insulating layer is performed in the same photolithogra-
phy process as the oxide insulating layer and the protective
insulating layer; however, the step of forming the opening in
the gate insulating layer may be performed in a different step.
In this case, the photography process corresponds to a sixth
step.

With a combination of a liquid crystal display device
including the thin film transistor having the oxide semicon-
ductor layer described in this embodiment and the structure
described in Embodiment 1, power consumption can be
reduced and image distortion can be suppressed when a still
image is displayed.

This embodiment can be combined with any of the other
embodiments as appropriate.
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Embodiment 6

In this embodiment, another example of a thin film tran-
sistor which can be applied to a liquid crystal display device
disclosed in this specification is described.

One embodiment of a liquid crystal display device of this
embodiment and a method for manufacturing the liquid crys-
tal display device is described with reference to FIGS. 8A to
8E.

Although thin film transistors 240 and 260 are described as
single-gate thin film transistors, multi-gate thin film transis-
tors each including a plurality of channel formation regions
can be formed when needed.

Steps of forming the thin film transistors 240 and 260 over
a substrate 200 are described below with reference to FIGS.
8A to 8E.

First, a conductive film is formed over the substrate 200
having an insulating surface. Then, gate electrode layers 241
and 261 are formed in a first photolithography process. In this
embodiment, as the gate electrode layers 241 and 261, a
150-nm-thick tungsten film is formed by sputtering.

Then, a gate insulating layer 292 is formed over the gate
electrode layers 241 and 261. In this embodiment, as the gate
insulating layer 292, a silicon oxynitride layer is formed to a
thickness of 100 nm or less by plasma-enhanced CVD.

Next, a metal conductive film is formed over the gate
insulating layer 292; a resist mask is formed over the metal
conductive film in a second photolithography process; source
electrode layers 245a and 265a and drain electrode layers
245b and 26556 are formed by selective etched; then, the resist
mask is removed (see FIG. 8A).

Then, an oxide semiconductor film 295 is formed (see FIG.
8B). In this embodiment, the oxide semiconductor film 295 is
formed by sputtering with the use of an In—Ga—7n—0O-
based metal oxide target. The oxide semiconductor film 295 is
processed into an island-shaped oxide semiconductor layer in
a third photolithography process.

Then, the oxide semiconductor layer is dehydrated or
dehydrogenated. The temperature of first heat treatment for
dehydration or dehydrogenation is higher than or equal to
400° C. and lower than or equal to 750° C., preferably higher
than or equal to 400° C. and lower than the strain point of the
substrate. Here, after the substrate is put in an electric furnace
which is a kind of heat treatment apparatus and heat treatment
is performed on the oxide semiconductor layer at 450° C. for
one hour in a nitrogen atmosphere, water and hydrogen are
prevented from being mixed into the oxide semiconductor
layer by preventing the substrate from being exposed to the
air; thus, oxide semiconductor layers 296 and 297 are
obtained (see FIG. 8C).

For example, as the first heat treatment, GRTA may be
performed as follows. The substrate is transferred and put in
an inert gas heated at a high temperature of 650 to 700° C., is
heated for several minutes, and is transferred and taken out of
the inert gas heated at the high temperature. GRTA enables
high-temperature heat treatment in a short time.

An oxide insulating layer 246 which serves as a protective
insulating film formed in contact with the oxide semiconduc-
tor layers 296 and 297 is formed.

The oxide insulating layer 246 can be formed to have a
thickness of at least 1 nm or more by a method by which an
impurity such as water or hydrogen is not mixed into the
oxide insulating layer 246, such as sputtering, as appropriate.
Whenhydrogen is contained in the oxide insulating layer 246,
entry of hydrogen to the oxide semiconductor layers or
abstraction of oxygen in the oxide semiconductor layers by
hydrogen is caused, so backchannels of the oxide semicon-
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ductor layers have lower resistance (have n-type conductiv-
ity) and parasitic channels are formed. Therefore, it is impor-
tant that the amount of hydrogen used in deposition is as small
as possible in order that the oxide insulating layer 246 contain
as little hydrogen as possible.

In this embodiment, a 200-nm-thick silicon oxide film is
deposited as the oxide insulating layer 246 by sputtering. The
substrate temperature at the time of deposition is in the range
of from room temperature to 300° C., and 100° C. in this
embodiment. The silicon oxide film can be deposited by
sputtering in a rare gas (typically argon) atmosphere, an oxy-
gen atmosphere, or an atmosphere including a rare gas (typi-
cally argon) and oxygen. Further, a silicon oxide target or a
silicon target can be used as a target. For example, silicon
oxide can be deposited by using a silicon target in an atmo-
sphere including oxygen and nitrogen by sputtering. The
oxide insulating layer 246 which is formed in contact with the
oxide semiconductor layers whose resistance is lowered is
formed using an inorganic insulating film which does not
include impurity such as moisture, a hydrogen ion, or OH™
and blocks entry of such an impurity from the outside, typi-
cally, a silicon oxide film, a silicon nitride oxide film, an
aluminum oxide film, or an aluminum oxynitride film.

Next, second heat treatment (preferably at 200 to 400° C.,
for example, 250 to 350° C.) is performed in an inert gas
atmosphere or an oxygen gas atmosphere. For example, the
second heat treatment is performed at 250° C. for one hour in
a nitrogen atmosphere. Through the second heat treatment,
some of the oxide semiconductor layers (channel formation
regions) are heated while being in contact with the oxide
insulating layer 246.

Through the above steps, after the heat treatment for dehy-
dration or dehydrogenation is performed on the deposited
oxide semiconductor film in order to lower the resistance of
the oxide semiconductor film, the oxide semiconductor film is
made to be in an oxygen excess state. Accordingly, intrinsic
(i-type) oxide semiconductor layers 242 and 262 are formed.
Through the above steps, the thin film transistors 240 and 260
are formed.

Further, heat treatment may be performed at 100 to 200° C.
for 1to 30 hours in an air atmosphere. In this embodiment, the
heat treatment is performed at 150° C. for 10 hours. This heat
treatment may be performed at a fixed heating temperature.
Alternatively, the following change in the heating tempera-
ture may be conducted plural times repeatedly: the heating
temperature is increased from room temperature to a tem-
perature of 100 to 200° C. and then decreased to room tem-
perature. Further, this heat treatment may be performed under
areduced pressure before the formation of the oxide insulat-
ing layer. When the heat treatment is performed under a
reduced pressure, the heating time can be shortened. Through
this heat treatment, hydrogen is introduced from the oxide
semiconductor layer to the oxide insulating layer; thus, a
normally-off thin film transistor can be obtained. Thus, the
reliability of a liquid crystal display device can be improved.

A protective insulating layer may be formed over the oxide
insulating layer 246. For example, a silicon nitride film is
formed by RF sputtering. In this embodiment, as the protec-
tive insulating layer, a protective insulating layer 293 is
formed using a silicon nitride film (see FIG. 8D).

A planarization insulating layer for planarization may be
provided over the protective insulating layer 293. In this
embodiment, as illustrated in FIG. 8E, a planarization insu-
lating layer 294 is formed over the protective insulating layer
293 in the thin film transistor 260.

Next, a resist mask is formed in a fourth photolithography
process and some of the planarization insulating layer 294,
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the protective insulating layer 293, and the oxide insulating
layer 246 are removed by selective etching, so that an opening
which reaches the drain electrode layer 2656 is formed.

Next, a light-transmitting conductive film is formed; a
resist mask is formed in a fifth photolithography process;
unnecessary portions of the light-transmitting conductive
film are removed by etching so that a pixel electrode 267 is
formed; and the resist mask is removed (see FIG. 8E).

In this embodiment, the step of forming the opening in the
gate insulating layer is performed in the same photolithogra-
phy process as the oxide insulating layer and the protective
insulating layer; however, the step of forming the opening in
the gate insulating layer may be performed in a different step.
In this case, the photography process corresponds to a sixth
step.

With a combination of a liquid crystal display device
including the thin film transistor having the oxide semicon-
ductor layer described in this embodiment and the structure
described in Embodiment 1, power consumption can be
reduced in displaying a still image.

This embodiment can be combined with any of the other
embodiments as appropriate.

Embodiment 7

In this embodiment, an example of a thin film transistor
which can be applied to a liquid crystal display device dis-
closed in this specification is described.

In this embodiment, an example of a thin film transistor
whose manufacturing process is partly different from that of
Embodiment 5 is described with reference to FIG. 9. Since
FIG. 9 is the same as FIGS. 7A to 7E except for part of the
process, the same portions are denoted by the same reference
numerals and detailed description of the same portions is
omitted.

Gate electrode layers 471 and 481 are formed over the
substrate 400 and the gate insulating layer 402 is stacked
thereover.

Next, an oxide semiconductor film is formed and processed
into an island-shaped oxide semiconductor layer in a photo-
lithography process.

Then, the oxide semiconductor layer is dehydrated or
dehydrogenated. The temperature of first heat treatment for
dehydration or dehydrogenation is 400 to 750° C., preferably
4250 750° C. Note that in the case where the temperature of
the first heat treatment is 425° C. or higher, the heat treatment
time may be one hour or less. In the case where the tempera-
ture of the first heat treatment is lower than 425° C., the heat
treatment time is longer than one hour. Here, after the sub-
strate is put in an electric furnace which is a kind of heat
treatment apparatus and the oxide semiconductor layer is
subjected to heat treatment in a nitrogen atmosphere, water or
hydrogen is prevented from being mixed into the oxide semi-
conductor layer by preventing the substrate from being
exposed to the air; thus, the oxide semiconductor layer is
obtained. After that, a high-purity oxygen gas, a high-purity
N,O gas, or ultra-dry air (having a dew point of -40° C. or
lower, preferably -60° C. or lower) is introduced into the
same furnace and cooling is performed. It is preferable that
water, hydrogen, or the like be not contained in the oxygen
gas or the N, O gas. Alternatively, the purity of the oxygen gas
or the N,O gas which is introduced into the heat treatment
apparatus is preferably 6N (99.9999%) or higher, more pref-
erably 7N (99.99999%) or higher (that is, the impurity con-
centration in the oxygen gas or the N,O gas is 1 ppm or lower,
preferably 0.1 ppm or lower).
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Note that the heat treatment apparatus is not limited to an
electric furnace. For example, an RTA (rapid thermal anneal-
ing) apparatus such as a GRTA (gas rapid thermal annealing)
apparatus or an LRTA (lamp rapid thermal annealing) appa-
ratus can be used. An LRTA apparatus is an apparatus for
heating an object to be processed by radiation of light (an
electromagnetic wave) emitted from a lamp such as a halogen
lamp, a metal halide lamp, a xenon arc lamp, a carbon arc
lamp, a high pressure sodium lamp, or a high pressure met-
cury lamp. In addition, the LRTA apparatus may be provided
with not only a lamp but also a device for heating an object to
be processed by thermal conduction or thermal radiation from
a heater such as a resistance heater. GRTA is a method for
performing heat treatment with the use of a high-temperature
gas. As the gas, an inert gas which does not react with an
object to be processed by heat treatment, such as nitrogen or
a rare gas such as argon, is used. Heat treatment may be
performed at 600 to 750° C. for several minutes by RTA.

In addition, after the first heat treatment for dehydration or
dehydrogenation, heat treatment may be performed at 200 to
400° C., preferably 200 to 300° C. in an oxygen gas atmo-
sphere or an N, O gas atmosphere.

Further, the first heat treatment for the oxide semiconduc-
tor layer can be performed on the oxide semiconductor film
before being processed into the island-shaped oxide semicon-
ductor layer. In that case, the substrate is taken out from the
heat apparatus after the first heat treatment, and then a pho-
tolithography process is performed.

The entire oxide semiconductor film is made to be in an
oxygen excess state through the above steps; thus, the oxide
semiconductor film has higher resistance, that is, the oxide
semiconductor film becomes intrinsic. Accordingly, oxide
semiconductor layers 472 and 482 whose entire regions have
i-type conductivity are formed.

Next, a resist mask is formed over the oxide semiconductor
layers 472 and 482 in a photolithography process; source
electrode layers 475a and 485« and drain electrode layers
475b and 4855 are formed by selective etching; and an oxide
insulating layer 416 is formed by sputtering. Through the
above steps, thin film transistors 470 and 480 can be formed.

Next, in order to reduce variation in electrical characteris-
tics of the thin film transistors, heat treatment (preferably at
higher than or equal to 150° C. and lower than 350° C.) may
be performed in an inert gas atmosphere or a nitrogen gas
atmosphere. For example, the heat treatment is performed at
250° C. for one hour in a nitrogen atmosphere.

Further, heat treatment may be performed at 100 to 200° C.
for 1to 30 hours in an air atmosphere. In this embodiment, the
heat treatment is performed at 150° C. for 10 hours. This heat
treatment may be performed at a fixed heating temperature.
Alternatively, the following change in the heating tempera-
ture may be conducted plural times repeatedly: the heating
temperature is increased from room temperature to a tem-
perature of 100 to 200° C. and then decreased to room tem-
perature. Further, this heat treatment may be performed under
areduced pressure before the formation of the oxide insulat-
ing layer. When the heat treatment is performed under a
reduced pressure, the heating time can be shortened. Through
this heat treatment, hydrogen is introduced from the oxide
semiconductor layer to the oxide insulating layer; thus, a
normally-off thin film transistor can be obtained. Thus, the
reliability of a liquid crystal display device can be improved.

The protective insulating layer 403 is formed over the
oxide insulating layer 416. In this embodiment, the protective
insulating layer 403 is formed using a silicon nitride film as a
protective insulating layer.
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A planarization insulating layer for planarization may be
provided over the protective insulating layer 403. In this
embodiment, as illustrated in FIG. 9, the planarization insu-
lating layer 404 is formed over the protective insulating layer
403 in the thin film transistor 480.

Next, a resist mask is formed in a photolithography process
and some of the planarization insulating layer 404, the pro-
tective insulating layer 403, and the oxide insulating layer 416
are removed by selective etching, so that an opening which
reaches the drain electrode layer 4855 is formed.

Next, a light-transmitting conductive film is formed; a
resist mask is formed in a photolithography process; unnec-
essary portions of the light-transmitting conductive film are
removed by etching so that a pixel electrode 417 is formed;
and the resist mask is removed (see FIG. 9).

With a combination of the liquid crystal display device
including the thin film transistor having the oxide semicon-
ductor layer described in this embodiment and the structure
described in Embodiment 1, power consumption can be
reduced in displaying a still image.

This embodiment can be combined with any of the other
embodiments as appropriate.

Embodiment 8

In this embodiment, examples of electronic devices each
including the liquid crystal display device described in the
above embodiment are described.

FIG. 10A shows a portable game machine, which can
include a housing 9630, a display portion 9631, a speaker
9633, operation keys 9635, a connection terminal 9636, a
recording medium reading portion 9672, and the like. The
portable game machine illustrated in FIG. 10A can have a
function of reading a program or data stored in a recording
medium to display it on the display portion, a function of
sharing information with another portable game machine by
wireless communication, and the like. Note that the functions
of the portable game machine illustrated in FIG. 10A are not
limited to those described above, and the portable game
machine can have a variety of functions.

FIG. 10B illustrates a digital camera, which can include the
housing 9630, the display portion 9631, the speaker 9633, the
operation keys 9635, the connection terminal 9636, a shutter
button 9676, an imaging reception portion 9677, and the like.
The digital camera having a television reception function that
is illustrated in FIG. 10B can have a function of photograph-
ing a still image and a moving image, a function of automati-
cally or manually correcting the photographed image, a func-
tion of obtaining a variety of information from an antenna, a
function of displaying the photographed image or the infor-
mation obtained from the antenna on the display portion, and
the like. Note that the functions of the digital camera having
the television reception function that is illustrated in FIG. 10B
are not limited to those described above, and the digital cam-
era can have a variety of functions.

FIG. 10C illustrates a television receiver, which can
include the housing 9630, the display portion 9631, the
speakers 9633, the operation keys 9635, the connection ter-
minal 9636, and the like. The television receiver illustrated in
FIG. 10C can have a function of processing a radio wave for
television and converting the radio wave into an image signal,
a function of processing the image signal and converting the
image signal into a signal which is suitable for display, a
function of converting a frame frequency of the image signal,
and the like. Note that the functions of the television receiver
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illustrated in FIG. 10C are not limited to those described
above, and the television receiver can have a variety of func-
tions.

FIG. 11A illustrates a computer, which can include the
housing 9630, the display portion 9631, the speaker 9633, the
operation keys 9635, the connection terminal 9636, a point-
ing device 9681, an external connection port 9680, and the
like. The computer illustrated in FIG. 11 A can have a function
of displaying various kinds of information (e.g., a still image,
a moving image, and a text image) on the display portion, a
function of controlling processing by various kinds of soft-
ware (programs), a communication function such as wireless
communication or wired communication, a function of being
connected to various computer networks with the communi-
cation function, a function of transmitting or receiving a
variety of data with the communication function, and the like.
Note that the functions of the computer illustrated in FIG.
11A are not limited to those described above, and the com-
puter can have a variety of functions.

FIG. 11B illustrates a mobile phone, which can include the
housing 9630, the display portion 9631, the speaker 9633, the
operation keys 9635, a microphone 9638, the external con-
nection port 9680, and the like. The mobile phone illustrated
in FIG. 11B can have a function of displaying various kinds of
information (e.g., a still image, a moving image, and a text
image), a function ofdisplaying a calendar, a date, the time, or
the like on the display portion, a function of operating or
editing the information displayed on the display portion, a
function of controlling processing by various kinds of soft-
ware (programs), and the like. Note that the functions of the
mobile phone illustrated in FIG. 11B are not limited to those
described above, and the mobile phone can have a variety of
functions.

FIG. 11C illustrates electronic paper (also referred to as an
e-book or an e-book reader), which can include the housing
9630, the display portion 9631, the operation keys 9635, and
the like. The electronic paper illustrated in FIG. 11C can have
a function of displaying various kinds of information (e.g., a
still image, a moving image, and a text image), a function of
displaying a calendar, a date, the time, or the like on the
display portion, a function of operating or editing the infor-
mation displayed on the display portion, a function of con-
trolling processing by various kinds of software (programs),
and the like. Note that the functions of the electronic paper
illustrated in FIG. 11C are not limited to those described
above, and the electronic paper can have a variety of func-
tions.

In the electronic devices described in this embodiment,
power consumption can be reduced when a still image is
displayed.

This embodiment can be combined with any of the struc-
tures described in the other embodiments as appropriate.

This application is based on Japanese Patent Application
serial no. 2009-272545 filed with Japan Patent Office on Nov.
30, 2009 and Japanese Patent Application serial no. 2009-
279003 filed with Japan Patent Office on Dec. 8, 2009, the
entire contents of which are hereby incorporated by refer-
ence.

The invention claimed is:

1. A liquid crystal display device comprising:

a pixel portion including a plurality of pixels arranged so
that at least a first image signal and a second image
signal are supplied;

a driver circuit including a signal line driver circuit config-
ured to control a signal line selectively and a gate line
driver circuit configured to control a gate line selec-
tively;
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amemory circuit configured to store the first image signal
and the second image signal;

a comparison circuit configured to compare the first image
signal and the second image signal stored in the memory
circuit in the pixel and to detect a difference between the
first image signal and the second image signal; and

a display control circuit configured to control the driver
circuit andto read the second image signal in accordance
with the difference,

wherein the display control circuit is configured to supply
the second image signal only to the pixel where the
difference is detected,

wherein the pixel includes a thin film transistor,

wherein a gate of the thin film transistor is electrically
connected to the gate line, a first terminal of the thin film
transistor is electrically connected to the signal line, and
asecond terminal of the thin film transistor is electrically
connected to a pixel electrode, and

wherein the thin film transistor includes a semiconductor
layer including an oxide semiconductor.

2. The liquid crystal display device according to claim 1,
wherein a concentration of hydrogen in the oxide semicon-
ductor that is measured by secondary ion mass spectroscopy
is 1x10'%/cm?® or lower.

3. The liquid crystal display device according to claim 1,
wherein a carrier concentration of the oxide semiconductor is
lower than 1x10"*/cm?.

4. The liquid crystal display device according to claim 1,

wherein the pixel portion includes the pixel electrode in
each pixel and is provided over a first substrate together
with a terminal portion and a switching transistor,

wherein a counter electrode is provided on a second sub-
strate,

wherein a liquid crystal is held between the pixel electrode
and the counter electrode,

wherein the counter electrode is electrically connected to
the terminal portion through the switching transistor,
and

wherein a semiconductor layer included in the switching
transistor includes an oxide semiconductor.

5. The liquid crystal display device according to claim 4,
wherein a concentration of hydrogen in the semiconductor
layer of the switching transistor that is measured by second-
ary ion mass spectroscopy is 1x10'%cm? or lower.

6. The liquid crystal display device according to claim 4,
wherein a carrier concentration of the semiconductor layer of
the switching transistor is lower than 1x10"%cm?>.

7. An electronic device comprising the liquid crystal dis-
play device according to claim 1.

8. A liquid crystal display device comprising:

a pixel portion including a plurality of pixels arranged so
that at least a first image signal and a second image
signal are supplied,

adriver circuit including a signal line driver circuit config-
ured to control a signal line and a selection line selec-
tively and a gate line driver circuit configured to control
a gate line selectively with a decoder circuit;

amemory circuit configured to store the first image signal
and the second image signal;

a comparison circuit configured to compare the first image
signal and the second image signal stored in the memory
circuit in the pixel and to detect a difference between the
first image signal and the second image signal; and

a display control circuit configured to control the driver
circuitandto read the second image signal in accordance
with the difference,
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wherein the display control circuit is configured to supply
the second image signal only to the pixel where the
difference is detected by control of the decoder circuit,

wherein the pixel includes a first thin film transistor and a
second thin film transistor,

wherein a gate of the first thin film transistor is electrically
connected to the gate line, a first terminal of the first thin
film transistor is electrically connected to the signal line,
and a second terminal of the first thin film transistor is
electrically connected to a first terminal of the second
thin film transistor,

wherein a gate of the second thin film transistor is electri-
cally connected to the selection line and a second termi-
nal of the second thin film transistor is electrically con-
nected to a pixel electrode, and

wherein the first thin film transistor and the second thin film
transistor each include a semiconductor layer including
an oxide semiconductor.

9. The liquid crystal display device according to claim 8,
wherein a concentration of hydrogen in the oxide semicon-
ductor that is measured by secondary ion mass spectroscopy
is 1x10"%cm’ or lower.

10. The liquid crystal display device according to claim 8,
wherein a carrier concentration of the oxide semiconductor is
lower than 1x10"%cm?.

11. The liquid crystal display device according to claim 8,

wherein the pixel portion includes the pixel electrode in
each pixel and is provided over a first substrate together
with a terminal portion and a switching transistor,

wherein a counter electrode is provided on a second sub-
strate,

wherein a liquid crystal is held between the pixel electrode
and the counter electrode,

wherein the counter electrode is electrically connected to
the terminal portion through the switching transistor,
and

wherein a semiconductor layer included in the switching
transistor includes an oxide semiconductor.

12. The liquid crystal display device according to claim 11,
wherein a concentration of hydrogen in the semiconductor
layer of the switching transistor that is measured by second-
ary ion mass spectroscopy is 1x10'%cm? or lower.

13. The liquid crystal display device according to claim 11,
wherein a carrier concentration of the semiconductor layer of
the switching transistor is lower than 1x10™*cm?.

14. An electronic device comprising the liquid crystal dis-
play device according to claim 8.

15. A liquid crystal display device comprising:

a pixel portion including a plurality of pixels arranged so
that at least a first image signal and a second image
signal are supplied,

a driver circuit including a signal line driver circuit config-
ured to control a signal line selectively with a shift
register circuit and a gate line driver circuit configured to
control a gate line selectively with a decoder circuit;

a memory circuit configured to store the first image signal
and the second image signal;

a comparison circuit configured to compare the first image
signal and the second image signal stored in the memory
circuit in the pixel and to detect a difference between the
first image signal and the second image signal; and

a display control circuit configured to control the driver
circuit and to read the second image signal in accordance
with the difference,

wherein the display control circuit is configured to supply
the second image signal to the pixel where the difference
is detected by control of the decoder circuit,
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wherein the pixel includes a thin film transistor,

wherein a gate of the thin film transistor is electrically
connected to the gate line, a first terminal of the thin film
transistor is electrically connected to the signal line, and
asecond terminal of the thin film transistor is electrically
connected to a pixel electrode, and

wherein the thin film transistor includes a semiconductor

layer including an oxide semiconductor.
16. The liquid crystal display device according to claim 15,
wherein a concentration of hydrogen in the oxide semicon-
ductor that is measured by secondary ion mass spectroscopy
is 1x10"%cm? or lower.
17. The liquid crystal display device according to claim 15,
wherein a carrier concentration of the oxide semiconductor is
lower than 1x10"%/em’.
18. The liquid crystal display device according to claim 15,
wherein the pixel portion includes the pixel electrode in
each pixel and is provided over a first substrate together
with a terminal portion and a switching transistor,

wherein a counter electrode is provided on a second sub-
strate,

wherein a liquid crystal is held between the pixel electrode

and the counter electrode,

wherein the counter electrode is electrically connected to

the terminal portion through the switching transistor,
and

wherein a semiconductor layer included in the switching

transistor includes an oxide semiconductor.

19. The liquid crystal display device according to claim 18,
wherein a concentration of hydrogen in the semiconductor
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layer of the switching transistor that is measured by second-
ary ion mass spectroscopy is 1x10'%cm? or lower.

20. The liquid crystal display device according to claim 18,
wherein a carrier concentration of the semiconductor layer of
the switching transistor is lower than 1x10**cm?.

21. An electronic device comprising the liquid crystal dis-
play device according to claim 15.

22. A method for driving a liquid crystal display device
including a pixel portion including a plurality of pixels to
which image signals are supplied and which are provided
with a thin film transistor including a semiconductor layer
formed using an oxide semiconductor, a driver circuit includ-
ing a signal line driver circuit and a gate line driver circuit, a
memory circuit configured to store the image signals, a com-
parison circuit configured to compare the image signals
stored in the memory circuit in the pixel and to detect a
difference, and a display control circuit configured to control
the driver circuit and to read the image signals, comprising the
steps of:

reading and comparing first image signal and a second

image signal in a series of frame periods that is stored in
the memory circuit in each pixel and detecting a differ-
ence in the comparison circuit; and

controlling the driver circuit so that the display control

circuit supplies the second image signal only to the pixel
where the difference is detected in the comparison cir-
cuit.
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