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57 ABSTRACT

A display device including a display part including a pixel
of a first series having a first horizontal pixel width and a
pixel of a second series having a second horizontal pixel
width smaller than the first horizontal pixel width, the pixels
of the first series and the pixels of the second series being
arrayed alternately in each of a horizontal direction and a
vertical direction, and a light beam control part that controls
a light beam from the display part or a light beam toward the
display part.

3D DISPLAY DEVICE

,,,,,,, 30 BACK LIGHT
| ..-20 DISPLAY PART
| 10 BARRIER PART

o1 SECTION

5 SECTION
{

Sdisp?

....... 43

BARRIER DRIVE
SECTION




US 2017/0208322 Al

2dsips

)
e NOILOAS | )
TOHINOD | §
,,,,,,,,, ‘ (
Ly~ ds |1 pg
TYNODIS JOVAI

. NOILO3S
IAIYA Y3V
- - Bz
3 ----- )
- T NOILO3S
E N AAIMA AVdSIa
e iy
# —
Z Luvd ¥3ive o1 [ 04
= LVd AVIdSIq 02 |
= HoMovg 0t~ L NOILD3S JAINT
] LHOM Move
E A
p— m
|~
30IA3A AY1dSIa ag

I E

Patent Application Publication



Patent Application Publication  Jul. 20,2017 Sheet 2 of 31 US 2017/0208322 A1

TIMING CONTROL

SECTION -
: PR 7 L, | i L
DATA DRIVER |

5o GATE 1, DISPLAYPART |30

' . - [+ Pix PIXEL

FIG.3A

TFTELEMENT | +— "7
o || | RETENTIVE CAPACITY ELEMENT
LIQUID CRYSTALELEMENT | | 1 .




X1ds

) (3QIS LNdNI LHOIN)

. SR

31Y1d NOILVZI¥Y10d 290z ~f " e
ALVHLSENS AMA £0Z 4 31vH1SENS INTUVASNYHL 10T A_ - Sy
30080313 TaXid 202 — TS T

¥IAVT TVLSAYD QINDI £0Z |

US 2017/0208322 Al

moomHOMI_m mml_lz Doo w:n_mm“ .. . ,,ﬂ & y J.w., ;.f ;../, x!i N N,/,.. f,.,/ :U, N, ,,./ ., ,”/
i L y -
-~ Vs

Jul. 20,2017 Sheet 3 of 31

ALVILSENS HALNNOD 80Z < 31vH1SENS LNTHVASNYYL 502 - yay “ yarayd \,
31V1d NOILVZIYV10d 490% - ,a Y T Ny <3

(3QIS LNdLNO LHOIN)

g€'oOld

Patent Application Publication



US 2017/0208322 Al

FIG.4

Jul. 20,2017 Sheet 4 of 31

Patent Application Publication

o

e
et

y._r_.r.u,u A DR
./,M, M?ca ”Zm,,,m,/,,
o wv, DA

DR
,,,”,c,ﬂnm
ERNMATAR T

u...,'l.eﬂla.jlﬁn.ﬂ,‘:- ] .n.,n.n,wﬂaﬂ..u._. ,An.,w..ﬂﬁ.m
;....n....l.........m..‘“....“... | RO
Ty
z A,
AR , e / TR I e T T A
SN 2 A s A i
“ﬂ”ﬂun_nn ,._:ﬁ””,,, _\ s Yy !
2 gy ”ﬂ”u;nﬂ ,”#uf; bl bl bl ol el al 1 1
[ nﬁ_ ENSHRRDIRNG T
] o T 1__3. ospmgunon },5 ,..n”.,x"",“" ,,.Gw.,;., Nt ey
e B R R .//.,., s .\ »
ALK N2 ﬂi.i,n,. 7, ,”f/..c/c. L m
0 N v O G ,”, DRERERIINAN  Ferbioatieekn rvbsemabanart
\...,, SRR ? lzm,
£X SRR SRRSSL, nc,..”._n.,éﬂ.nu..é..n._n._"ﬁ._..
,n._,._ <“..... - T .ﬂwuum: R ,,.,,“ ,f/f””m..., “Mrmmm/_,””",", u.,mm_'.,.\q..“uu-.“w.,n“‘lﬁ
e B o “, N ,,,”,,?;,,”./..”..7/,; o
- udnedislechdredomhordusdend u.,.,,”MM;,,..,G,/,”",ni)ﬂ”",,ﬂ% bl it
e 4 R RN prs am.muﬁinaﬂmuﬂ%i‘.n
I FTTTEETTTT) AR
XN RN AN mﬂwwmﬂmnmw%mm,m,,, R
, unyvuvy”rru f.r/w".vnu...nuv
oy
G .cﬂ,.n.‘nn",:m..miu.g.n ress L I
T T R T
Gl ol IRROSHI G SRR Vd B 0 e A R 0 A8 {
g M F
- S — R RO
e ;m \“\ e A
faet] o “.....l.;“.l?,{n.,.n\!,,.: AP RIANAAN
SN
g
VAT RN ChAN
Vo a7 R
WA A oW A A .vvbuyuwpvrr.rrnyurrv
eanese s o
s [———— " 3.}./1 SRR ,,”_}/; e 11
et ) 7: H 4 ﬁ u ,,N, ,Z 5 ,._.,,”uu""”a _m av u.xu:“. \ L -
bbb o4 RO TR A .n o
) ﬂ,) N,
....:r.s"_.L.r.rr:z;... AR
O ,. e g
AT : \\V
% 5% ¥ U 50 U 4 ,,AW, oedlresiioenitaeedind

.,,;,,M NN
N J” §GH i R

)
SRR I

LTI

:,.H.E.EH 1

=
7
s

..,._,........
S
N
SRR




Patent Application Publication

Jul. 20,2017 Sheet 5 of 31

FIG.5

! 1
T ~—t— .
i T ¥
H 3
] 1
i i
i t
i i
i ;
i H
H H
i I e 1 D
H i i
i s §
H Wi ]
! i
H H
i H
i £
3 i

i3 T2

-

US 2017/0208322 Al

¥
s

A
:
H
7]
Y

5

I

H

Vi

OPEN/CLOSE PART  OPEN/CLOSE PART



US 2017/0208322 Al

Jul. 20,2017 Sheet 6 of 31

Patent Application Publication

_.__

J1VH1SANS 3AMA L0 J

ALVY1SANS ¥31NNOJ 8O _T—

J1VH1SHNS INJHVASNVYL ¢
31V1d NOILVZIYY10d 4

30010313 INJHVHSNYHL
oL
'

\

300Y19313 LNFUVISNVHL
02l
i

NN
fr /; Ny
y

7! o
/

3 :
S S S S

’

I

f

g9'9l4d




US 2017/0208322 Al

Jul. 20,2017 Sheet 7 of 31

Patent Application Publication

7

FIG

Lt

.

ey

o~

e

A

A
apvra

L

qpn

oy

it

e e e

ey
T AR
PRIRINN]
| BN
B
Til R
s
s
L]
WS- 7 »
TRy v
SN y
IR e e . s Ay y
LTI Jw.v PRV I I o gl vt
SR e e _ S A
e - A I O g
D TN S o b b et e o
T u.wmn”unm”;”&".,m»)uﬂwﬁm,”uﬁ R 1 \
R i _
1
v
(
9 R R oteonod 1w nnasvvy | _‘
o —
1 ¥
| t
t
LAY oy |
RN
e ) e g
,N.A..a A NG
i e o i "M””."x R s Y
o ERRTEVEEYERY RPN TN S
e ,
R . S5 08 N A W U N R O S O S [ o
A 4 B L . -
”m/_..;n o e o e % | e dinclfnd F . . %
,."”wy”,
AN
La2RLe) trap At
Lt a N S TR A
Rl o
Ao Nens L7 O 4 it
) R R ] I
"y DRI
A g datinns. . orirbt . SASARI s _ i |
H \\ \\ __ o p o !
v
! / ! M |
: 9 |
A
_ R
! . SRR S
(PP ) . AR
, R b JIIIIIIIIIIRIT
Ly i n ] ,u_”m_,.wﬂ %
- f ST o
s RN
B T s ro o o et v o - w"vf”u””w”w”éz._”” o o
N VR N WP N P, g 4 ,u}“ - ,%fynuxuﬂ? A "
,, ’ PRy
- N\ bountt IR ,

apres

(]

el

i

ki et



Patent Application Publication  Jul. 20,2017 Sheet 8 of 31 US 2017/0208322 A1

N b Y

{ { _E.
g : o i :
- H b L es
i Saag- ~ T =
: — T
ol
P | K-
; e - i ;e
| o

FIG.8A
FIG.8B



Patent Application Publication  Jul. 20,2017 Sheet 9 of 31 US 2017/0208322 A1

o

FIG.9

PG

21

¥
&




Patent Application Publication

FIG.10B FIG.10C

FIG.10A

Jul. 20, 2017 Sheet 10 of 31

1\\\}\\\&&\\\\{‘{‘

US 2017/0208322 Al

N —
"

ey
E&}}}&&b}‘&\&}}l‘}&"

ereereeee et
ma&a\\mm‘a\ \\&.\\‘?_

RN
FROEREERCENN AR R

M
y

(

r«\\'~\\x\\ = Ni\'&\v

!\\\‘-\\‘\.\\,\\\'\.\\\\\\\\! N

h.'\\\'\.\\\\\\\\\'\“‘\\'—!

G

N \\Q.\\@Q}}ﬁ

m\\\\\\\\\\\'-S\ N0

space R NN R

L
£

T
gv-\\‘&\‘t\‘w?%v\v‘%w =

i \\\\\'-A“xy RN

R\\\‘\}\’\.\\\\\"\.\\‘\\\‘\.\‘I

ORI,




Jul. 20,2017 Sheet 11 of 31  US 2017/0208322 A1

Patent Application Publication

FIG.11

BRIGHTNESS DISTRIBUTION ~ CROS

k13

STALK RANGE
E, IT TOTAL BRIGHTNESS

BRIGHTNESS |




Patent Application Publication

Jul. 20, 2017 Sheet 12 of 31

US 2017/0208322 Al

FIG.12

<

BRIGHTNESS |

.j; _ j‘i\ . /“a‘\ - ‘“\ e
Y 7 VIEWING ANGLE a




US 2017/0208322 Al

Jul. 20, 2017 Sheet 13 of 31

Patent Application Publication

FIG.13

o

7 Ao
/ SR SN S A 7

S A SR , L
v e NI 2 / A
Lot DONHENRNANAN . Lol T

AT
PRI
RN

il

i

T

Y

NN
SN
AR

THERERA

AN

RN
DAY
R

I CRRASY

R RPN
3 AR
IR AR
ARG DERTARNRR:

RE—— S—

e A ”mmau,wmm”#
X o e

A g S

AR

B ——
R
R MR
AR e S AN
SRR

e
S
A
]

i

4 L _ _ _ _
Vil

e

RN NI
. R
{ AN
AR i ,
RN ERNNRYA N
AN ERRITNARY AR AR LA
~Mm,m"%MN,,,””"""M.M””M%HM”M”“, 7] ERE
B AN AN N
A S SR AR AR
S A N S ORI RN N
R N ey ARPRENEANKENR 3

whaewas




=
(o
2 :
grny prnong R —— prpy
) o o, ., Mm\mﬂmw
S g b 7 ,
A r
o . W“K“mm 1
e o
~ - prey
wers
Y 25
S ml N
o " iy v
o ; preegy o - -
o 7 e B ) ) 7
- 2 7% [~ e e
ol i AR ] ““.“\W ..Q.w :
o g 0 Y ) %
7 14 i £ oty 20
4 2 mm_;m mmw_ :
2 e ot e
—_ 7 | 7 7 7
en 7 | % o P
. | 7 ) %
S % | &z 4l i
0 n 1
= ", w
-+ ~ 7 :
- 2 ey .
S mm o |
] 7 [
7 A I k
i h, N
) g oy peosnsy psn
= o 72N i
7 — e
= IINI==1 T NN .l o 7
= 7 Mo 7
g 7 iga ““m 7 74
- 7 - /
- ““. o rereed [ "
7 v 7
& mm I .
4 o Ry ) ST
— % et Ul L2000
= I 7 T (EY B
ey h, N 7 e Mww :
fo Vi A i 1M
o N Mm = {alle ’ : “mm ; o ._~p
- N 7 o
e 3 7 i A
S 7 2 (o
7 - . 7 W4
2 \ - 2 i 22
2 N z . -l , -
i Sonaa - if _m,,: ,n. . ez -3
. s WP Py K
77/ I\ 7 7 77 7
T [ 7 7. 7 %
INN . 7 - LY 7 .
2 [N 7 z i o7 7
Al 7 7% 7 7
Al r. *w“» 1 A
i e 7 2 o
ey 5 i e W
Ay g v vt °F,
e s i o e
77 v % 7 i
e I i (77 B ey M_k

014 B E | ari oid Vv1'Old

Patent Application Publication



Patent Application Publication

BRIGHTNESS |

e

Jul. 20,2017 Sheet 15 of 31  US 2017/0208322 A1

FIG.15

VIEWING ANGLE a




Patent Application Publication

Jul. 20,2017 Sheet 16 of 31  US 2017/0208322 A1

FIG.16

P
Fapw

BRIGHTNESS |

< Y i“’ Y F 5 L ] T
A 1 T 7 VIEWING ANGLE a
kY | /
"\". "' .": :f
kY t f /




Patent Application Publication  Jul. 20,2017 Sheet 17 of 31  US 2017/0208322 A1l

}
e,

&3

™

o

FIG17A

i
s

FIG.17B




Patent Application Publication

BRIGHTNESS |

Jul. 20,2017 Sheet 18 of 31  US 2017/0208322 A1

FIG.18

o VIEWING ANGLE a



US 2017/0208322 Al

Jul. 20, 2017 Sheet 19 of 31

Patent Application Publication

P4

A

S

e
L
{1

-

[ onn

ST——

e

apusepnrster™

oo

s ARR AN,

M s ssnr s i

o ek s s s

S

RS S AR AR SR

s
Vi,
Er e,

T AT O

i

et e

e ﬁ _
am s ok m e

e

(oA NN A A

s nessnnl

H-.wmm}.»:._55_..5;5.—
) T B

{ ]

}

s d

H.}.-\!f{‘

o
oy A
ot

FIG.19A

e

!

IS ,

o,

.

iR A
RS

m....I....-l...-.l:...l_

= -.i,.._...r..._;t \
o,
a]

el
e

g
4

A

S
..!.._.,..u“--. A.v..-..

et i..:._....u.n...
i {u““.... g
o’ t
et ‘
1\:.9...\
"
=

ey ot
i P
“ S T

L
‘unnn\!‘

oy
. £
L RS
T

A
J e
\ T -
e
e
‘.‘.u e AR A ‘
ot kA ibin,
e ot N,
et st .

e rm——s



US 2017/0208322 Al

.20

FIG

Jul. 20, 2017 Sheet 20 of 31

Patent Application Publication

x, TS DTSN
X SRR SREER
¥ ,""wm:n_...(w,”ﬂ : IR
3 e AINEES

] o ok o

O— , ..,...
B 1% BTN
IR A AR T
RN e RN
NN NN
VAN ~ AN
S X TR
BRI N
AR RO o ShRhuaa

)

e il e R

< i
el o
Ny oy Y
Vv
e gl
BANIIANA wsnbewanl
AN
PR
oS
R
A

N AN ARG F NN BEAON
A L SIS NN AN
R RN AR Y AN TN NN
A e NN
ahsOn A s AN RN A
HRinaRbRER e AT
ORI NS i shata
el ~ ) -, |
‘. ._L »
eﬂ-\u I\w
LY | I S I
oty
pam i

[




US 2017/0208322 Al

FIG.21

Jul. 20, 2017 Sheet 21 of 31

Patent Application Publication

P

]

G
e ]|
(= 2 = e]
Pt T
opanns, vl

[} ]

Ve o

f R A ) f sy Nirrdera V//.f’)’ﬂ'/t'/’(l NS AT

A




US 2017/0208322 Al

Jul. 20, 2017 Sheet 22 of 31

Patent Application Publication

£

A R

q o

-._.l-...

...-..A.....A.....ﬁ.....&.-...nl- ln-...A-..a.lj!.j,__.‘n.}‘.-: ..i.......nl.,n..c.n..)....‘.n.q_.n;..

]
I
o ,. 5 . R . ,
N ,,, ., ,ﬂm_ / h, /x :, v ., _,/ / ", \ ", //,. ., /m \, ,7,/ .AW " M _ﬁ N f ,,: ,/ M _ . : ,_f ™,
ORI , ", \ S, N , N,
u“MrEw.:.,.,ivsg..ir..ur“ A s W Bt I SR T B ,..r.,,v\..,..i.._.......u....y...” ...r..u...n.....-...v...v.....__....w

NN DDA RS 3OO DY IEENNT, ey i)

:
i
t
i ..v.‘.‘.éqa.“:xa&v‘
e “c @:, s
i \w. S
s e
e Catatpi
]
1
_

poneransnsrenmanelhll asemuansaunnszar ..,r....)\}....._ ittt

T T e

T
iy .,“w\v s
“mmuw\_l%m.\“\ “&“?

/. .
.krn

ol 4
GHIeC T,

.r.a..a.:k:&u

T T

k! N, ", 3" ,
", T Ny, ', .,
N, L N N,
m ng /.. //, /, L ,./
hdn,

i
e
: -
NN

",
,...,s{...,.iv.:.yz‘.,,.!u

g

IR

o g
N Y s

/t

., M
N
_ N, s IR

..
.
e TSI T b e W W

T N N WO W . ..,.r..y.....r:

m....nﬂ.‘n...)..“..”.....:l......_n..‘
s

1 I T D OPIOUBE ¥ DRNBOD P DUCEN br BNsANsS ¥ SAAGES: dn SSAAHISS o 1
AN N2 20 O R R I e P AT [ A St et e nnuu-nunuu“"unu _ UE RS R K A A R A R3] EESSEE S L uu.nnmuu‘"nu-u DR SR AN CH IR NN
1 ' = Py y ¥ 3 p I J t
VOR— S ) D RAUUIRRINIS 4 Dm— . 11.::1..1:1_,uv...}....}z..: LY —_— M
S— e o anacn. « I o e e SAOUNSUN v SUn————— devmeeres v B
e S e S S UARUAAMREA o S s oeecoses
B N T mx“ e BT
s :a“?vc. xw“\ i Se_. i :‘“&. e . B \\ .\“‘.‘“}“S\“‘ i &:_‘Em\ | TN ““.emx“‘“\“\“‘
4 gk, v it V \\ s 45 x\ S \\.. Y \ \ /. AN G o c \.. e AR
e il e ol 2 g L e beeni s
' i P, iz el e Galal 1 .“““ bav&hx mwkn .n..a.m.“e. 2. (R v
i
- 1. /
. | U e g ) i
i ]

m_n_ﬁ

¢c’OIld



Patent Application Publication  Jul. 20,2017 Sheet 23 of 31  US 2017/0208322 A1l

FIG.23

”
]
[ n]
woaddy
P
[e]

i\‘\‘ \\‘ \\\ ™
,‘t_;\“ N "‘\ N
NN
i ., \\ \\‘
{ LS
; L
:i'? N \‘\_\ \"\1‘ =

e
[ JE
v

D o



US 2017/0208322 Al

Jul. 20, 2017 Sheet 24 of 31

Patent Application Publication

vd|€d|2d ]| td]|pd |€d Lel | b | B | Od Ed | d | oo

]
07 ~

- onc) e TR P : ooy
_Cv _ RISTOITR NN ~ _ﬁ _,n._, Q Wf,” N ,,,w ,,”, ,“, N~ ?!, N :.”!, /M N ;N ,,,_ m,,,} 4 renesna

Ny

qal

l m‘“
}

K A e S SR SRR & AR N Y e SRR 6 SRS & RS L (SRR SO P AR R SR\ VNSRS e ¢ v e o poeees = e A&.: e mprn e

bd|bd | Ed|Cd | id | Wd | Ed | 2d | bd | pd | Ed | 2d ] Id| Pd

]

R R S R T ogeaga

e SIS

S Ty s e ia_. N v .:a._v Jems: 3 marner € 10N ¢ cxREAE @ WG E

,M A
Yil Vel

// “, ,u—.f” “,:

o harbuitn

areold

Ve Old



US 2017/0208322 Al

Jul. 20, 2017 Sheet 25 of 31

Patent Application Publication

NOILD3S
| JANA Y3V
...... 1 ey Zds1pg|
e r povern Uw .
. s NOILO3S 4 NOILO3S |
R JNHAAVISIA [T TOYLINOD |
LHvd AV1dsSIa 0z~ | 05 i dsipg
LHYd H3AMvE 0L~ | ‘ TYNOIS JOVNI
LHOMMOve 08~ NOILD3S JARA
LHOI YOV
Zy
A
31
3OIA30 AV1dSIA Qg

T IE |



Patent Application Publication  Jul. 20,2017 Sheet 26 of 31  US 2017/0208322 A1l

)
10

FIG.26

F):

P2

P1




US 2017/0208322 Al

TIT

111

R
— ,..”
,n_.nv

Ly

‘..,,u‘-su.:uj—

A
st ﬁ,”,“,m.m,m w

RN,

AN
PR

R
,ﬁﬂ/x,. m/,,
:..v.u..yvr.u,z
..,1 AN n”
A
S /
5../7; N
AR

[11]

s

7
i

s

.;nl..m......n....u..._.,‘.........._...m

S
3 SR 3
AR
Rt RtTe o)
AN, _.,:/ N
SRR "mz"”,r,
AR W
IR
R R AR

FIG.27

unaeaupns
—‘ ....ﬁ‘

JIE:

v

"..iu..:‘ ..\u...,.,.m....,.,“.{.,u-!é.,

PR _
vurnr_(rv.;w

Jul. 20, 2017 Sheet 27 of 31

ﬁ HisEciin

7

. ]

SRR

o

“a 4..2 Ly ‘ﬂ- ‘uw-nnzn o,
m.,,a,,,fn RN e m

I

[

]

Patent Application Publication

Sy _..r.,,e,.,i.n.n..ﬂe.e.,
TR, AvAReh AN

ey Zﬂé ,,,,,,,, ”,é,, 7 éé:a AT ,,.n,z.ﬁsn
7 AR
ﬁuf ,_,S AR LAl TR AGRRIRTNOY
r «.., EERANRARN ﬂ;.s.e e
% SRANIALS
T g ... ”/,ﬂ,._.,”,Nunu.,"”,u../uﬂfmun.,
m i :u..; ARRARINY
¢ 2SS c X ”‘.,., .,f./m HF SR
edesdbrshan loitlnsslinntlinnd .,,,./f, ../,,Uu?ﬂn V.”ﬂyl
...r.u.v HPEATAR RN
" pecgeeprengregpsgpegpooy

_ MM _ _\\ \\\ \ \\..
[T P AR A A W




US 2017/0208322 Al

FIG.28

Jul. 20, 2017 Sheet 28 of 31

Patent Application Publication

Rt [P —
R O]
AR AR LIS SRS N A 0 O
R i " "
.,/,, ,./f,/, .ﬂ,,/, 23 phise) “.
e AN A -~
R 5,”,.. ,;/, R o Py
o B ”ﬁﬂ,ﬂ_,w/q_.”,m,yw sbanhantes bt
", T— ‘...._ut. - e 1
: u,.\ e _mn Ty |
vy s .:........n........“..i:..n i u..y.u.. ]
e ALY e N !
I RTINS s, ,”,
g N _{",”,/”...”ﬂ" N i ,”U,.ﬂ _ % _ M — N H ﬁ _
- ARSI N ,h.,ﬁﬂn ,”,, i LA L
b s e
un, g R A
T ol R pemgreagrspacgpegpaccposey 5..4;7,..,,../,.?, ,”u._. ,,”“”n”
N (11T 8777 RN
o anlvvionsbosten aknabassmsiss Fomsbronsbonsiimantimmatinsth ,””,, ,,,Z" y.m”””%, S
g RARRRIGIEARRY VVVVV NI
e, 1 R — T
=] P SIS L.
Ol ] ln..,..n..{“‘!? :m,..-.s..:.. ARSI L Ry
o U] , ol
AN RANSENA A e.n - - megimnpsaprmsanta o
o AT (IIOET
.,.._“ ] U SRR IR NS O 8 S 1O N G A oy
[N " .
', Gn‘ :n_..ndnan.-dn‘. [® §
s & ,.....,,.u.:.,”ﬁ//uu.u,,.,... - ..__...H. WO—— - Gy g
3 :
o, " ,"..5 ,,,..1"_"“ T ] uﬁ — w uﬁ u ﬁ”m H _ _ H_L Gl o
oeer i - e bmrdvnsbosdanton
g DR RRANR cox
L
™ man. ..,., e i e o, o s i weme! e,
R VAP .,\u,\\_v_ X _mmmmhmﬂ,._n T o
......‘....h...-nl..:i....ni. NYENRAN v,,mz,u.vuuu“"vvu_h. §d _m.\u_w
e s g
””..%u.,”m”wnﬂ,,, ”nnyﬂ, Y panga B u._n.“ n‘...w
R AR N
&/u:m”ﬁ””/, o Mf””””u hdsnebendundeninenbusderdhodhredun

AN f,-, LN
ERERRER

,,,f/. DO ...;,/ ,..r

g ’ .. PR e %
[ _ _ T : T : _ ol RS R
50 R 00 YR 9 1 1 1 A rl..,...n..,..ns,‘.....S..,.i i ,,”” o ,”uu..,",n..“, o o
RSN g _m_ ,w

Pt
B

. s o
o 3 e
AN AR

ekl ansionsstimnonsdnetiossdion

SRR
NASRY

-._n‘nﬁn.u}n‘.n‘nﬁn #n_nn..n‘m.._

lu._.._..1._.,n.l._....v.._...-!.u.s_u eqounas A‘H..n.m
"~y
"

e,




US 2017/0208322 Al

FIG.29

Jul. 20, 2017 Sheet 29 of 31

Patent Application Publication

..l}..,'__w s

A‘nnJAA‘JnanﬂA "

N s A ! g
%mmwwmmmmm _»mm,.,nﬂ,mm%,,ﬁ,ﬂ S u T ‘: T
ﬂmﬁu ”nm,”/ R | ¢ ] e ...., I
BERTRSNHARA .

p
VA A A A

ot boatmsilnnils

(L1118

_h...u:_..v.:.v.,{-..,,-‘..,-‘::u

v a...n.,mm,n N

(S AR A A S A Ty

s “. ral \‘ e \ ra ""“”,,””,.,N .
S Ve Py ,Ev,,;,“,, IR ;,,,,.,” NS
o iimuilamnivnsiinnsiinssonnd SANTAN N ,,,.. 5,

SRR

SR

. RS
,,,,,3,2

\ !
e _H_E.,_

,“U“‘.,u,u“\.u!‘.W..{u..l..m}ru“

s ) \ g
oy ...nni.,x...,.n(..r..;n..k.
i o ‘u‘ ﬁnnun‘.n ..,
" :...-:d.."m“uﬂuus._..amnﬁ 4‘n...:n,.::.a.n..n..in, e r/..f DN
e 077 A e
prosry et et wuz..r PR TN "”mﬂu#
g A e e 3
[t} 154 msnmc J”mu,mun w i e
L B
g w, Mm”m,n ””H”m”m "wwvv.mnmrr,v urrvu;., T PP o S
e ikt i
el Ns - ...M.‘_.uﬁ..m.u:_ﬁﬂ. -
i
JRE U W JO U 0 A
” # " N
ey "ﬂ. ,,,"M,,u”ﬂm%,, e ——
. S eSS
ST RN BRI RN A
y N
EARANENA

A_i,_..EHE. 1171

M—
Ly ys

_\\ _
- ..,_“...‘....n.........“..i.

A
) ,!. /, NN
/..,.,”a..n

2:..2 NN
R

o
LAV 4y iy

s
yss s pepearanzy “\m




Patent Application Publication  Jul. 20,2017 Sheet 30 of 31  US 2017/0208322 A1l

- 80 LENS PART

— iy
: { i
i i H

FIG.30




Patent Application Publication  Jul. 20,2017 Sheet 31 of 31  US 2017/0208322 A1l

FIG.31

e k-

e _~t+—% 512 FILTER GLASS

.,
\,
foe

1t

\
5
s 4

»10  IMAGE DISPLAY SCREEN PART

{511 FRONT PANEL




US 2017/0208322 Al

DISPLAY DEVICE IN WHICH MULTIPLE
IMAGES ARE DISPLAYED USING FOUR
NEIGHBORING PIXELS, DISPLAY PANEL
AND ELECTRONIC APPARATUS USING
SAME

RELATED APPLICATION DATA

[0001] This application is a continuation of U.S. patent
application Ser. No. 15/057,692 filed Mar. 1, 2016, which is
a continuation of U.S. patent application Ser. No. 13/609,
416 filed Sep. 11, 2012, now U.S. Pat. No. 9,313,480 issued
Apr. 12,2016, the entireties of which are incorporated herein
by reference to the extent permitted by law. The present
application claims the benefit of priority to Japanese Patent
Application No. JP 2011-214867 filed on Sep. 29, 2011 in
the Japan Patent Office, the entirety of which is incorporated
by reference herein to the extent permitted by law.

BACKGROUND

[0002] The present disclosure relates to display devices,
display panels and electronic apparatus for displaying
images.

[0003] Recently, display devices capable of performing
3D display are spotlighted. A 3D display displays viewpoint
images including parallax (difference in point of view).
When a viewer views viewpoint images different from each
other with right and left eyes, the viewer recognizes a
stereoscopic image with a depth sensation. Also, such a
display device has been developed in which three or more
images including parallax are displayed, and more natural
3D images are provided to a viewer.

[0004] As such display devices, for example, a parallax
barrier system and a lenticular lens system are available.
These systems are configured to simultaneously display
multiple viewpoint images and a viewer watches images
different from each other depending on the viewing angle
with right and left eyes. For example, JP-A-3-119889
teaches a display device of parallax barrier system in which
liquid crystal elements are used as the barrier.

[0005] With respect to these display devices of such
system, various techniques for improving the image quality
have been disclosed. For example, JP-A-2008-249887
teaches a display device which reduces moire caused from
relative positional relationship between pixels array and lens
or barrier in a display part. Also, for example, JP-A-10-
186294 teaches a display device capable of increasing the
aperture ratio. Also, for example, JP-A-7-005420 teaches a
display device which is capable of displaying images includ-
ing continuous parallax.

SUMMARY

[0006] However, these display devices are desired to fur-
ther improve the image quality. For example, in a display
device capable of 3D display, it is desired to reduce, so-
called crosstalk in which left eye image and right eye image
are mixed. Also, in addition to 3D display, when a display
device is configured to provide ordinarily 2D display, it is
desired to enhance the image quality of 2D display.

[0007] The present disclosure has been proposed in view
of the above problems.

[0008] Accordingly, the present disclosure is intended to
provide a display device, a display panel and an electronic
apparatus capable of increasing the image quality.
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[0009] A display device according to an embodiment of
the present disclosure includes a display part and a light
beam control part. The display part includes a pixel of a first
series having a first horizontal pixel width and a pixel of a
second series having a second horizontal pixel width smaller
than the first horizontal pixel width, the pixels of the first
series and the pixels of the second series being arrayed
alternately in each of a horizontal direction and a vertical
direction. The light beam control part controls a light beam
from the display part or a light beam toward the display part.
[0010] A display panel according to an embodiment of the
present disclosure includes a pixel of a first series and a pixel
of a second series. The pixel of the first series has a first
horizontal pixel width. The pixel of the second series has a
second horizontal pixel width smaller than the first horizon-
tal pixel width. The pixels of the first series and the pixels
of the second series are arrayed alternately in each of a
horizontal direction and a vertical direction.

[0011] Flectronic apparatuses according to an embodi-
ment of the present disclosure includes the above display
device; for example, mobile terminal apparatuses such as a
television set, a digital camera, a personal computer, a video
camera and a mobile phone are applicable.

[0012] In a display device, a display panel and an elec-
tronic apparatus according to an embodiment of the present
disclosure, a light beam passes through the light beam
control part thereby an image displayed on the display part
is viewed and recognized by a viewer. At this time, in the
display part, the display is performed on both of pixels of the
first series and pixels of the second series having horizontal
pixel width different from each other, which are disposed
alternately in the horizontal direction and the vertical direc-
tion.

[0013] With the display device, the display panel and the
electronic apparatus according to an embodiment of the
present disclosure, since pixels of the first series and pixels
of the second series are arrayed alternately in each of the
horizontal direction and the vertical direction, the image
quality can be enhanced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a block diagram showing an example of
the configuration of a 3D display device according to an
embodiment of the present disclosure;

[0015] FIG. 2 is a block diagram illustrating an example of
the configuration of the display drive part shown in FIG. 1;
[0016] FIG. 3A s a circuit diagram illustrating an example
of'the configuration of the display part shown in FIG. 1; FIG.
3B is a cross-sectional view thereof;

[0017] FIG. 4 is a plan view illustrating an example of the
configuration of the display part shown in FIG. 1;

[0018] FIG. 5 illustrates a detailed disposition of the
sub-pixels shown in FIG. 4;

[0019] FIG. 6A is a plan view illustrating an example of
the configuration of the barrier part shown in FIG. 1; FIG.
6B is a cross-sectional view thereof;

[0020] FIG. 7 illustrates a relationship between a barrier
part and the display part shown in FIG. 1;

[0021] FIGS. 8A and 8B are schematic views illustrating
a relationship between the barrier part and the display part
shown in FIG. 1;

[0022] FIG. 9 is a schematic view illustrating an example
of the operation of the 3D display device shown in FIG. 1;
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[0023] FIGS. 10A to 10C illustrate a characteristic of the
3D display device shown in FIG. 1;

[0024] FIG. 11 is a schematic view showing an example of
a brightness distribution in the 3D display device shown in
FIG. 1,

[0025] FIG. 12 is a schematic view showing another
example of the brightness distribution in the 3D display
device shown in FIG. 1;

[0026] FIG. 13 is a plan view of an example of the
configuration of a display part according to a comparative
example;

[0027] FIGS. 14A to 14C illustrate a characteristic of a 3D
display device according to a comparative example;
[0028] FIG. 15 is a schematic view illustrating an example
of a brightness distribution in the 3D display device accord-
ing to the comparative example;

[0029] FIG. 16 is a schematic view illustrating another
example of the brightness distribution in the 3D display
device according to the comparative example;

[0030] FIGS. 17A and 17B are plan views illustrating an
example of the configuration of a display part according to
a modification;

[0031] FIG. 18 illustrates a characteristic of the 3D display
device;
[0032] FIGS. 19A AND 19B are plan views illustrating an

example of the configuration of a barrier part according to
another modification;

[0033] FIG. 20 illustrates a relationship between the bar-
rier part and the display part according to another modifi-
cation;

[0034] FIG. 21 is a plan view illustrating an example of
the configuration of the display part according to another
modification;

[0035] FIG. 22 illustrates a relationship between the bar-
rier part and the display part according to another modifi-
cation;

[0036] FIG. 23 is a plan view illustrating an example of
the configuration of the barrier part according to another
modification;

[0037] FIGS. 24A and 24B are schematic views illustrat-
ing a relationship between the barrier part and the display
part according to another modification;

[0038] FIG. 25 is a block diagram illustrating an example
of the configuration of the 3D display device according to
another modification;

[0039] FIG. 26 is a schematic view illustrating an example
of the operation of the 3D display device according to
another modification;

[0040] FIG. 27 is a plan view illustrating an example of
the configuration of the display part according to another
modification;

[0041] FIG. 28 is a plan view of another example of the
configuration of the display part according to another modi-
fication;

[0042] FIG. 29 is a plan view of another example of the
configuration of the display part according to another modi-
fication;

[0043] FIG. 30 illustrates a relationship between the bar-
rier part and the display part according to another modifi-
cation; and

[0044] FIG. 31 is a perspective illustration showing an
external configuration of a TV set to which the 3D display
device according to an embodiment is applied.
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DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0045] Embodiments of the present disclosure will be
described in detail below referring to the appended draw-
ings. Description will be made in the following order:

1. Embodiments

2. Application Example
<1. Embodiments>
[Configuration Example]

(Example of Entire Configuration)

[0046] FIG. 1 illustrates an example of configuration of a
3D display device according to the embodiment. A 3D
display device 1 is a 3D display device of parallax barrier
system. Since a display panel according to the embodiment
of'the present disclosure is achieved by this embodiment, the
description thereof will be made accordingly.

[0047] The 3D display device 1 includes a control section
41, a back light drive section 42, a back light 30, a display
drive section 50, a display part 20, a barrier drive section 43
and a barrier part 10.

[0048] The control section 41 is a circuit that controls the
back light drive section 42, the display drive section 50 and
the barrier drive section 43 based on an image signal Sdisp
supplied from the external. In particular, the control section
41 is configured to supply a back light control signal to the
back light drive section 42, to supply an image signal Sdisp
2 generated based on the image signal Sdisp to the display
drive section 50, and to supply a barrier control signal to the
barrier drive section 43. The image signal Sdisp2 is an image
signal S2D when the 3D display device 1 performs ordinary
display (2D display) which includes one viewpoint image;
and when the 3D display device 1 performs 3D display, the
image signal Sdisp2 is an image signal S3D which includes
multiple (in this example, 4) viewpoint images as described
below.

[0049] The back light drive section 42 drives the back
light 30 based on a back light control signal supplied from
the control section 41. The back light 30 has a function to
output surface-emitted light toward the display part 20. The
back light 30 is configured including, for example, an LED
(Light Emitting Diode), a CCFL (Cold Cathode Fluorescent
Lamp) or the like.

[0050] The display drive section 50 drives the display part
20 based on the image signal Sdisp2 supplied from the
control section 41. In this example, the display part 20 is a
liquid crystal display part, which is configured to drive the
liquid crystal display and modulates light output from the
back light 30 to thereby perform a display.

[0051] The barrier drive section 43 drives the barrier part
10 based on the barrier control signal supplied from the
control section 41. The barrier part 10 allows the light,
which is output from the back light 30 and passes through
the display part 20, to pass therethrough (open operation) or
blocks (close operation) the same, and has multiple open/
close parts 11 and 12 (described below) which is configured
by using liquid crystal.

[0052] In the 3D display device 1, the back light 30, the
display part 20, and the barrier part 10 are disposed in this
order as shown in FIG. 1. That is, it is arranged so that the
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light output from the back light 30 reaches to a viewer
through the display part 20 and the barrier part 10.

(Display Drive Section 50 and Display Part 20)

[0053] FIG. 2 is ablock diagram illustrating an example of
the display drive section 50. The display drive section 50
includes a timing control section 51, a gate driver 52 and a
data driver 53. The timing control section 51 controls the
drive timing of the gate driver 52 and the data driver 53,
generates an image signal Sdisp3 based on the image signal
Sdisp2 supplied from the control section 41 and supplies the
same to the data driver 53. The gate driver 52 selects pixels
Pix within the display part 20 in order on the line basis in
accordance with the timing control by the timing control
section 51, to performing the scanning on the lines in order.
The data driver 53 supplies a pixel signal based on the image
signal Sdisp3 to each of the pixels Pix of the display part 20.
In particular, the data driver 53 performs a D/A (digital-
analog) conversion based on an image signal Sdisp3 to
generate an analog pixel signal, and supplies the same to
each of the pixels Pix

[0054] FIGS. 3A and 3B illustrate an example of configu-
ration of the display part 20; FIG. 3(A) illustrates an
example of a circuit diagram of a sub-pixel SPix constituting
a pixel Pix; and FIG. 3(B) illustrates a configuration of a
cross-section of the display part 20.

[0055] Each pixel Pix has three sub-pixels SPix corre-
sponding to red (R), green (G), blue (B) respectively. Each
of the sub-pixels SPix includes a TFT (Thin Film Transistor)
element Tr, a liquid crystal element LC and a retentive
capacity element Cs as shown in FIG. 3(A). TFT element Tr
is made of, for example, a MOS-FET (Metal Oxide Semi-
conductor-Field Effect Transistor); the gate thereof is con-
nected to a gate line GCL; the source is connected to a data
line SGL; and the drain is connected to one end of the liquid
crystal element LC and of the retentive capacity element Cs.
One end of the liquid crystal element LC is connected to the
drain of the TFT element Tr, and the other end thereof is
grounded. One end of the retentive capacity element Cs is
connected to the drain of the TFT element Tr, and the other
end thereof is connected to a retentive capacity line CSL.
The gate line GCL is connected to the gate driver 52; and the
data line SGL is connected to the data driver 53.

[0056] The display part 20 is constituted of a drive sub-
strate 207, a counter substrate 208 and a liquid crystal layer
203 sealed therebetween as shown in FIG. 3(B). The drive
substrate 207 includes a transparent substrate 201, a pixel
electrode 202 and a polarization plate 2064. The transparent
substrate 201 is made of, for example, glass or the like
formed with a TFT element Tr. On the transparent substrate
201, a pixel electrode 202 is disposed for each sub-pixel
SPix. On the surface opposite to the surface disposed with
the pixel electrode 202 of the transparent substrate 201, the
polarization plate 206« is stuck. The counter substrate 208
includes a transparent substrate 205, a counter electrode 204
and a polarization plate 2065. The transparent substrate 205
is made of, for example, glass or the like. On the surface at
the liquid crystal layer 203 side of the transparent substrate
205, a color filter and a black matrix are formed; and further
thereon, the counter electrode 204 is disposed as a common
electrode for the sub-pixels SPix. On the surface of the
transparent substrate 205 opposite to the surface disposed
with the counter electrode 204, the polarization plate 2065
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is stuck. The polarization plate 206a and the polarization
plate 20654 are stuck to each other so as to be crossed Nichol
prism or parallel polarizer.

[0057] FIG. 4 illustrates an array of sub-pixels SPix in the
display part 20. In FIG. 4,

“R” represents a red sub-pixel SPix; “G” represents a green
sub-pixel SPix; and “B” represents a blue sub-pixel SPix.
[0058] The display part 20 includes two different sub-
pixels SPix (21, 22) each extending in a vertical direction Y
and each different in width in the horizontal direction X of
the display screen. In particular, the display part 20 includes
sub-pixels 21 (21R, 21G, 21B) which have a larger width
W21 in the horizontal direction

[0059] X, and sub-pixels 22 (22R, 22G, 22B) which have
a smaller width W22 in the horizontal direction X. The
sub-pixels 21 and sub-pixels 22 are disposed alternately in
the horizontal direction X. In particular, in this example,
sub-pixels 21R, 22B, 21G, 22R, 21B and 22G are repeatedly
disposed in the horizontal direction X in this order. Also, the
sub-pixel 21 and the sub-pixel 22 are disposed alternately in
the vertical direction Y of the display screen. The sub-pixel
21 and the sub-pixel 22 neighboring on each other in the
vertical direction Y are arranged so that the central coordi-
nates thereof coincide with each other in the horizontal
direction X. In the boundary area between the neighboring
sub-pixels 21 and 22, a black matrix (not shown) is formed
to prevent color mixture among red (R), green (G) and blue
B).

[0060] FIG. 5 illustrates more precisely the disposition of
the sub-pixels 21 in the display part 20. In the display part
20, the distance S21 between the neighboring sub-pixels 21
in the horizontal direction X is arranged to be equal to a
width W21 of the sub-pixels 21 itself. With this arrange-
ment, for example, the coordinate of the right edge (for
example, right edge SR1) in the horizontal direction X of a
sub-pixel 21 is arranged to be equal to the coordinate in the
horizontal direction X of the left edge (for example, left edge
SL.2) of the sub-pixel 21 which is disposed neighboring at
right upper. And for example, the coordinate in the horizon-
tal direction X of the left edge (for example, left edge SL.1)
of'a sub-pixel 21 is arranged to be equal to the coordinate of
the right edge (right edge SR2) in the horizontal direction X
of the sub-pixel 21 which is disposed neighboring at the left
uppetr.

[0061] With this arrangement, when the 3D display device
1 performs a 3D display, which will be described later, the
sub-pixels 21 display four viewpoint images, and the sub-
pixel 22 displays a black color. When the 3D display device
1 performs an ordinary display (2D display), both of the
sub-pixel 21 and the sub-pixel 22 displays a two dimen-
sional image. With this, when the 3D display device 1
performs the 3D display, which will be described later,
moire and crosstalk are reduced resulting in a enhanced
image quality; and when the ordinary display is made, the
image quality is enhanced by increased brightness.

(Barrier Part 10)

[0062] FIGS. 6A and 6B illustrate an example of a con-
figuration of the barrier part 10; FIG. 6A is a plan view of
the barrier part 10, and FIG. 6B shows a cross-sectional
configuration of the barrier part 10 taken along a line VI-VI
as viewed in a direction of arrows.

[0063] The barrier part 10 is so-called a parallax barrier
including multiple open/close parts (liquid crystal barrier) 11
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and 12, which are light-transmissive or block the light as
shown in FIG. 6A. In this example, the open/close parts 11
and 12 are provided extending in the vertical direction Y. In
this example, the width W11 of the open/close part 11 and
the width W12 of the open/close part 12 are different from
each other; in this case, for example, W11>W12. However,
the width relationship of the open/close parts 11 and 12 is
not limited to this; it may be W11<W12 or W11=W12.
[0064] The barrier part 10 includes a drive substrate 107,
a counter substrate 108 and a liquid crystal layer 103 sealed
therebetween as shown in FIG. 6B. The drive substrate 107
includes a transparent substrate 101, a transparent electrode
layer 102 and a polarization plate 106a. The transparent
substrate 101 is made of, for example, glass or the like, and
the transparent electrode layer 102 is formed thereon.
[0065] On the surface opposite to the surface which is
disposed with the transparent electrode layer 102 of trans-
parent substrate 101, the polarization plate 106a is stuck
thereto. The counter substrate 108 includes a transparent
substrate 105, a transparent electrode layer 104 and a
polarization plate 1065. The transparent substrate 105 is
made of, for example, glass or the like, and the transparent
electrode layer 104 is formed thercon. On the surface
opposite to the surface which is disposed with the transpar-
ent electrode layer 104 of the transparent substrate 105, the
polarization plate 1065 is stuck thereto. The polarization
plate 1064 and polarization plate 1065 are stuck with respect
to each other so as to form crossed Nichol prism or parallel
polarizer.

[0066] The transparent electrode layer 102 has multiple
transparent electrodes 110 and 120. The transparent elec-
trode layer 104 is provided as so-called a common electrode
over the positions corresponding to the multiple transparent
electrodes 110 and 120. Each of the open/close part 11 is
configured including the transparent electrode 110 and the
portions corresponding to the transparent electrode 110 in
the liquid crystal layer 103 and the transparent electrode
layer 104. Likewise, the open/close part 12 is configured
including the transparent electrode 120 and the portions
corresponding to the transparent electrodes 120 in the liquid
crystal layer 103 and transparent electrode layer 104. With
this configuration, when a voltage is selectively applied to
the transparent electrode 110 or transparent electrode 120, in
the barrier part 10, the liquid crystal layer 103 has a
liquid-crystal molecular orientation corresponding to the
voltage; and thus, the open/close operation of the respective
open/close parts 11 and 12 can be performed.

[0067] The open/close parts 11 and 12 perform different
operations depending on the display mode that the 3D
display device 1 performs; i.e., the ordinary display (2D
display) or the 3D display. In particular, when the ordinary
display is made the open/close part 11 gets into the open
state (transmissive state); and when the 3D display is made,
the open/close part 11 gets into the closed state (blocking
state) which will be described below. In both of the ordinary
display mode and the 3D display mode, the open/close part
12 gets into open state (transmissive state).

[0068] FIG. 7 illustrates a relative positional relationship
in the display part 20 between the sub-pixels 21 and the
open/close parts 11 and 12 in the barrier part 10. Note that
the sub-pixels 22 in the display part 20 are omitted in the
figure in FIG. 7.

[0069] That is, the sub-pixels 22, which display a black
color when the 3D display is performed, are omitted in FIG.
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7. Within neighboring two lines, one open/close part 12 is
provided for four sub-pixels 21 (sub-pixel group PG) in the
horizontal direction X. This corresponds to the fact that,
when the 3D display device 1 performs the 3D display, four
viewpoint images are displayed.

[0070] FIGS. 8A and 8B schematically illustrate the state
of the barrier part 10 in a cross-sectional structure when the
3D display and the ordinary display (2D display) are made.
FIG. 8A shows a state when the 3D display is made; and
FIG. 8B shows a state when the ordinary display is made. In
FIG. 8, the open/close parts 11 marked with slashes repre-
sent the state that the light is blocked.

[0071] When the 3D display is made, an image signal S3D
is supplied to the display drive section 50, and the display
part 20 performs the display based on the image signal S3D.
In particular, as show in FIG. 8A, in the barrier part 10, the
open/close parts 12 get in the open state (transmissive state);
and the open/close parts 11 get into the closed state (block-
ing state). In the display part 20, the neighboring four
sub-pixels 21 (sub-pixel group PG) disposed at the positions
corresponding to the open/close part 12 displays four piece
of sub-pixel information P1-P4 each corresponding to the
viewpoint images; and every sub-pixel 22 (not shown)
performs the black display. With this arrangement, the
viewer views viewpoint images which are different from
each other on the left eye and the right eye as described later;
i.e., stereoscopic image.

[0072] When the ordinary display (2D display) is made, an
image signal S2D is supplied to the display drive section 50,
and the display part 20 performs the display based on the
image signal S2D. In particular, in the barrier part 10, both
of the open/close parts 11 and 12 get into the open state
(transmissive state); and in the display part 20, every sub-
pixels 21 and 22 display one viewpoint image (two dimen-
sional image) as shown in FIG. 8B. With this, the viewer
views an ordinary two dimensional image displayed on the
display part 20 as it is.

[0073] Here, the sub-pixels 21 (21R, 21G, 21B) corre-
spond to a particular example of “first series pixels” accord-
ing to an embodiment of the present disclosure; while the
sub-pixels 22 (22R, 22G, 22B) correspond to a particular
example of “second series pixels” according to an embodi-
ment of the present disclosure. The open/close part 12
corresponds to a particular example of “liquid crystal barrier
in first series” according to an embodiment of the present
disclosure; and the open/close part 11 corresponds to a
particular example of a “liquid crystal barrier in second
series” according to an embodiment of the present disclo-
sure.

[Operation and Working]

[0074] Subsequently, the operation and working of the 3D
display device 1 of the embodiment will be described below.

(Entire Outline of the Operation)

[0075] Referring to FIG. 1, entire outline of the operation
of'the 3D display device 1 will be described first. The control
section 41 controls the back light drive section 42, the
display drive section 50 and the barrier drive section 43
based on the image signal Sdisp which is supplied from the
external. The back light drive section 42 drives the back light
30 based on a back light control signal supplied from the
control section 41. The back light 30 outputs the emitted
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light from the surface thereof to the display part 20. The
display drive section 50 drives the display part 20 based on
the image signal Sdisp2 supplied from the control section
41. The display part 20 modulates the light output from the
back light 30 to perform the display. In particular, when
performing the 3D display, the sub-pixels 21 on the display
part 20 display the pixel information relevant to the four
viewpoint images, and the sub-pixels 22 perform the black
display. When performing the ordinary display (2D display),
the sub-pixels 21 and 22 display a pixel information accord-
ing to one viewpoint image (two dimensional image). The
barrier drive section 43 controls the barrier part 10 based on
the barrier control signal supplied from the control section
41. The open/close parts 11 and 12 in the barrier part 10
performs the open/close operation based on an instruction
from the barrier drive section 43 to allow the light, which is
output from the back light 30 and passes through the display
part 20, to pass therethrough or block the same.

(Detailed Operation of the 3D Display)

[0076] The operation for performing the 3D display will
be described in detail.

[0077] FIG. 9 illustrates an example of 3D display opera-
tion in the display part 20 and the barrier part 10. When the
3D display is performed, in the barrier part 10, the open/
close parts 12 get into the open state (transmissive state); and
the open/close parts 11 gets into the closed state (blocking
state). The display part 20 displays the pixel information of
the image signal S3D. At this time, the four sub-pixels 21
(sub-pixel group PG) disposed adjacent to the open/close
part 12 display the pixel information P1-P4 corresponding to
four viewpoint images respectively as shown in FIG. 9. The
respective beams of light output from each of the sub-pixels
21 in the display part 20 are output with an angle restricted
by the open/close part 12. With this, the viewer views, for
example, the pixel information P2 with the left eye, and the
pixel information P3 with the right eye. Thus, the viewer
views different pieces of pixel information in the pixel
information P1-P4 with the left eye and the right eye.
Accordingly, the viewer senses the displayed image as a
stereoscopic image.

(Image Quality)

[0078] Subsequently, a description is made on the image
quality of the 3D display device 1. The description is made
on the image quality of the 3D display, and then on the
image quality of the ordinary display.

[0079] First, a description is made on the moire and the
crosstalk in the 3D display.

[0080] FIG. 10A-FIG. 10C illustrate relative positional
relationship between the sub-pixels 21 in the display part 20
and the open/close parts 12 in the barrier part 10. Note that
the open/close parts 11 and the sub-pixels 22 are omitted in
these figures. That is, in these figures, the open/close parts 12
which get into the open state when the 3D display is made
and the sub-pixels 21 that display the image are illustrated;
but the open/close parts 11 that get into the closed state when
the 3D display is made and the sub-pixels 22 that display
black color are omitted. The positional relationship shown in
FIG. 10A-FIG. 10C is caused by, for example, a viewing
angle when the viewer views the display screen. In particu-
lar, for example, when the viewer views from the front side
perpendicular to the display screen, the positional relation-
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ship shown in FIG. 10B is obtained; when the viewer views
from at the right side with respect to the front side perpen-
dicular to the display screen, the positional relationship
shown in FIG. 10A is obtained; and when the viewer views
from at the left side with respect to the front side perpen-
dicular to the display screen, the positional relationship
shown in FIG. 10C is obtained.

[0081] For example, in the positional relationship shown
in FIG. 10A, the viewer views a portion A1 in the sub-pixels
21G corresponding to an open/close part 12 in the open
state. In the positional relationship shown in FIG. 10B, the
viewer views portions A21 and A22 corresponding to the
open/close part 12 in two sub-pixels 21G Also in the
positional relationship shown in FIG. 10C, the viewer views
a portion A3 corresponding to an open/close part 12 in the
open state in the sub-pixels 21G At this time, in the 3D
display device 1, since the sub-pixels 21 are disposed so that
distance S21 in the horizontal direction X is equal to the
width W21 between the sub-pixels 21 as shown in FIG. 5,
the area of the portion Al in FIG. 10A, the total area of the
portions A21 and A22 in FIG. 10B and the area of the
portion A3 in FIG. 10C are equal to each other. That is, the
area of the viewed sub-pixel is constant regardless of the
viewing angle a when the viewer views the display screen.
With this, since the 3D display device 1 maintains the
brightness at a substantially constant level regardless of the
viewing angle a, the generation of moire is suppressed; and
thus and the deterioration of the image quality is suppressed
different from the case of comparative example, which will
be described later.

[0082] Also, for example, the relative positional relation-
ship between the sub-pixels 21 and 22 and the open/close
part 12 may displace from a desired positional relationship
due to the differences of manufacturing conditions or the
like, and there may be a case that the states shown in FIG.
10A-FIG. 10C cyclically appear on the display screen.
However, even in such case, the 3D display device 1, in the
states shown in FIG. 10A-FIG. 10C, since the brightness is
equal to each other, the brightness on the display screen is
maintained uniformly.

[0083] FIGS. 11 and 12 schematically illustrate the bright-
ness distribution relevant to a sub-pixel group PG FIG. 11
illustrates a case when the width W12 of the open/close parts
12 is large; and FIG. 12 illustrates a case when the width
W12 of the open/close parts 12 is small.

[0084] Multiple light beams relevant to four viewpoint
images, which are different from each other are output from
each sub-pixel (in this example, two sub-pixels 21R and two
sub-pixels 21G) in the sub-pixel group PG and each of the
multiple light beams proceeds in the respective directions
passing through the open/close part 12 in the open state
resulting in a brightness distribution ID. The brightness
distribution ID reflects the width W12 of the open/close part
12. That is, in the brightness distribution 1D, the larger width
W12 of the open/close part 12 (FIG. 11) obtains the bright-
ness | higher than that of the smaller width W12 (FIG. 12).
And the smaller width W11 of the open/close part 12 obtains
the overlapped portion in the neighboring brightness distri-
butions ID that is larger than that of the larger width W11
(FIG. 11).

[0085] The total brightness IT, which is the sum of the
brightness distributions 1D, becomes substantially constant
regardless of the width W12 of the open/close part 12 and
regardless of the viewing angle o as shown in FIG. 11 and
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FIG. 12, thus the generation of moire is suppressed. This
agrees with the fact that the area of the viewed sub-pixel is
substantially constant regardless of the viewing angle o as
described referring to FIG. 10. That is, since this character-
istic is caused from the disposition of the sub-pixels 21 as
shown in FIG. 5, this characteristic is ensured regardless of
the width W12 of the open/close part 12. In the 3D display
device 1, since the total brightness IT has a flat characteristic
with respect to the viewing brightness a regardless of the
width W12 of the open/close part 12, the generation of moire
is suppressed.

[0086] In a range where neighboring brightness distribu-
tions overlap with each other (crosstalk range act), the
beams of light relevant to the viewpoint images, which are
different from each other, overlap with each other. When the
viewer views the displayed image at a viewing angle o
within the range, a crosstalk occurs, in which different
viewpoint images are displayed being overlapped with each
other. The crosstalk range act can be made smaller by
reducing the width W12 of the open/close part 12 as
demonstrated in FIGS. 11 and 12. That is, different from a
comparative example, which will be described later, in the
3D display device 1, the crosstalk can be reduced while
suppressing the generation of moire by reducing the width
W12 of the open/close part 12.

[0087] As described above, in the 3D display device 1,
since the sub-pixels 21 and the sub-pixels 22 are disposed
alternately in the horizontal direction X, the generation of
moire can be suppressed regardless of the width W12 of the
open/close part 12, and thus, the degree of designing free-
dom is enhanced. In particular, for example, to reduce the
crosstalk, width W12 of the open/close part 12 is reduced; to
enhance the brightness 1, the width W12 of the open/close
part 12 is increased.

[0088] Subsequently, a description will be made on the
image quality in the ordinary display (2D display).

[0089] When performing the ordinary display, the 3D
display device 1 controls the open/close parts 11 and 12 in
the barrier part 10 to get into the open state (transmissive
state), and the sub-pixels 21 and 22 in the display part 20
display a two dimensional image. That is, when performing
the 3D display, only the sub-pixels 21 in the display part 20
display a viewpoint image and the sub-pixels 22 perform
black display. When performing ordinary display, both of the
sub-pixels 21 and 22 display the image. Compared to the
case where the sub-pixels 22 are not provided, the 3D
display device 1 enhances the brightness during the ordinary
display. As described above, when performing the 3D dis-
play, the 3D display device 1 effectively utilizes the sub-
pixels 22 performing the black display during the ordinary
display; to thereby enhance the image quality.

[0090] Also, in the 3D display device 1, the sub-pixels 21
and 22 are repeatedly disposed like 21R, 22B, 21G, 22R,
21B and 22G in this order as shown in FIG. 4. The
sub-pixels, which are relevant to the same color (for
example, sub-pixels 21R, 22R), are disposed uniformly at
the constant distance in the horizontal direction X. Com-
pared to the case where, for example, the sub-pixels 21R,
22R are disposed being neighboring on each other, smooth
display with little sensation of dots is achieved.

Comparative Example

[0091] While comparing with a comparative example,
advantageous effects of the 3D display device 1 according to
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the present embodiment will be described below. A 3D
display device 1R according to the comparative example is
configured including a display part 60R in which the dis-
position of sub-pixels SPix is different from that of the
present embodiment. Other configuration is identical to that
of the present embodiment (FIG. 1 or the like).

[0092] FIG. 13 illustrates the array of sub-pixels SPix in
the display part 60R. The display part 60R includes sub-
pixels 61 (61R, 61G, 61B) each of which has an equal width
in the horizontal direction X. That is, in the display part 20
according to the present embodiment, two different kinds of
sub-pixels 21 and 22 each having a width different from each
other are included. However, in the display part 60R accord-
ing to the comparative example, the width of every sub-
pixels of 61R, 61G and 61B is equal each other. The 3D
display device 1R is configured so that every sub-pixel of
61R, 61G and 61B performs the display in both modes of the
3D display and the ordinary display (2D display).

[0093] FIGS. 14A to 14C illustrate a relative positional
relationship between the sub-pixel 61 and the open/close
part 12 in the 3D display device 1R. When the 3D display
is performed, for example, in the positional relationship
shown in FIG. 14A, the viewer views a portion R1 corre-
sponding to the open/close part 12 in the open state in a
sub-pixel 61G. In a positional relationship shown in FIG.
14B, the viewer views portions R21 and R22 corresponding
to the open/close part 12 in certain two sub-pixels 61G In a
positional relationship shown in FIG. 14C, the viewer views
a portion R3 corresponding to the open/close part 12 in a
sub-pixel 61G In this case, for example, the area of the
portion R1 in FIG. 14A and the area of the portion R3 in
FIG. 14C are larger than the total area of the portions R21
and R22 in FIG. 14B. In this example, in the positional
relationships shown in FIG. 14A and FIG. 14C, compared to
the positional relationship in FIG. 14B, the brightness of
green is higher. Thus, in the 3D display device 1R, the
brightness changes (moire) depending on a viewing angle o
and the image quality may be deteriorated.

[0094] Also, for example, when the relative positional
relationship between the sub-pixel 61 and the open/close
part 12 is deviated from a desired positional relationship due
to differences in manufacturing conditions, and when the
states shown in FIG. 14A-FIG. 14C cyclically appear in the
display screen, in the states in FIG. 14A-FIG. 14C, the
brightness is different from each other, the viewer may view
uneven brightness on the display screen and the image
quality may be deteriorated.

[0095] FIGS. 15 and 16 schematically illustrate a bright-
ness distribution relevant to a sub-pixel group PG in the 3D
display device 1R. FIG. 15 illustrates the case where the
width W12 of the open/close part 12 is larger. And FIG. 16
illustrates the case where the width W12 of the open/close
part 12 is smaller.

[0096] The total brightness IT which is a sum of the
respective brightness distributions ID changes depending on
the viewing angle a as shown in FIGS. 15 and 16. This is
caused from the fact that area of the viewed sub-pixel 61
changes depending on the viewing angle o as shown in
FIGS. 14A-14C. Particularly, when the width W12 of the
open/close part 12 is made smaller as shown in FIG. 16, the
total brightness IT largely changes depending on the viewing
angle a. As describe above, in the 3D display device 1R,
when the width W12 of the open/close part 12 is made
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smaller, the brightness I changes depending on the viewing
angle o, and this may be recognized as a moire.

[0097] The crosstalk range act can be reduced by reducing
the width W12 of the open/close part 12 as shown in FIGS.
15 and 16. That is, same as the case of the 3D display device
1 according to the present embodiment, the crosstalk can be
reduced by reducing the width W12 of the open/close part
12.

[0098] As described above, in the 3D display device 1R
according to the comparative example, for example, when
the width W12 of the open/close part 12 is made larger,
although the moire on the display screen can be reduced, the
crosstalk gets worse. Also, for example, when the width
W12 of the open/close part 12 is made smaller, although the
crosstalk can be reduced, the moire is generated. That is, in
the 3D display device 1R, the moire and the crosstalk are in
a relationship of trade-off Therefore, both characteristics are
hardly improved simultaneously.

[0099] On the other hand, in the 3D display device 1
according to the present embodiment, since the sub-pixel 21
and the sub-pixel 22 are disposed alternately in the horizon-
tal direction X, generation of moire can be suppressed
regardless of the width W12 of the open/close part 12. That
is, in the 3D display device 1, the moire and the crosstalk are
not in a relationship of trade-off. Therefore, the crosstalk can
be reduced while suppressing the generation of moire by
reducing the width W12 of the open/close part 12.

Advantageous Effect

[0100] As described above, according to the present
embodiment, in addition to the sub-pixels 21, the sub-pixels
22 are provided. Therefore, the brightness in the ordinary
display (2D display) can be enhanced resulting in an
enhanced image quality.

[0101] Also, in the present embodiment, the distance
between the sub-pixels 21 in the horizontal direction is
arranged to be equal to the width of the sub-pixel 21 itself.
Therefore, the generation of moire can be suppressed during
performing the 3D display and the degree of designing
freedom can be enhanced. In particular, for example, when
the width of the open/close part 12 made smaller, the
crosstalk can be reduced while suppressing the generation of
moire.

Modification 1-1

[0102] In the above embodiment, the distance S21
between the sub-pixels 21 in the horizontal direction X is
arranged to be equal to the width W21 of the sub-pixel 21
itself. However, the embodiment is not limited to this.
Detailed descriptions will be made below.

[0103] FIGS. 17A and 17B illustrate the disposition of the
sub-pixels 21 in the display part 20A according to the
modification 1-1. FIG. 17A illustrates the case where the
distance S21 between the sub-pixels 21 is smaller than the
width W21. FIG. 17B illustrates the case where the distance
S21 between the sub-pixels 21 is larger than the width W21.
When the sub-pixels 21 are disposed as shown in FIG. 17,
different from the case of the above-described embodiment
(FIG. 10), the area of the viewed sub-pixel changes slightly
depending on the viewing angle o when the viewer views
the display screen. With this, for example, the smaller the
width W12 of the open/close part 12, the fewer the crosstalk
results in. However, the moire may be generated. That is, in
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the modification 1-1, although not so considerably large as
the above-described comparative example, a relationship of
trade-off is generated between the crosstalk and the moire.
Therefore, in the modification 1-1, it is necessary to arrange
the distance S21 between the sub-pixels 21 and the width
W12 of the open/close part 12 within a range where the
image quality is not deteriorated by the crosstalk and the
moire.

[0104] A description will be made on the amount of the
crosstalk and the moire under which the viewer does not
recognize the decease of the image quality. A description is
made first on acceptable amount of the crosstalk.

[0105] FIG. 18 illustrates the brightness distribution of the
neighboring multiple sub-pixels 21. In an area adjacent to
the both sides of a viewing angle range Ra. in which mainly
the light from a sub-pixel 21 can be viewed, the light from
a sub-pixel 21 neighboring on the sub-pixel 21 also viewed.
In particular, for example, at the viewing angle al, in
addition to the light of brightness 11 from the desired
sub-pixel 21, the light of brightness 12 from the neighboring
sub-pixel 21 is also viewed. At this time, the crosstalk
amount CT is expressed by the following formula:

CT=12/1x100 o)

[0106] That is, the crosstalk amount CT is a value such
that the larger influence from the neighboring sub-pixel 21
(the larger crosstalk), the larger value results in. Personal
difference is found in recognition of the decease of image
quality due to the crosstalk; and the sensation is different
depending on the content of the displayed image. The
crosstalk amount CT is preferred to be approximately 10%
or less.

[0107] Subsequently, a description is made on acceptable
amount of the moire. In the case when the sub-pixels 21 are
disposed as shown in, FIGS. 17A and 17B the area of the
viewed sub-pixel changes depending on the viewing angle o
when the viewer views the display screen. Therefore, the
brightness I changes depending on the viewing angle a. In
particular, it is assumed that, for example, at a viewing angle
a, the brightness [ is maximum (brightness 13); and at
another viewing angle ., the brightness I is minimum
(brightness 14). At this time, the moire amount MO is
expressed by the following formula:

MO=(1-I4/I3)x100 )

That is, the moire amount MO is a value such that the larger
difference of the brightness 1 due to the viewing angle o
results in the larger value. Personal difference is found also
in the recognition of the image quality decease due to the
moire. The moire amount MO is preferably approximately
30% or less.

[0108] Accordingly, when disposing the sub-pixels 21 as
shown in FIGS. 17A and 17B, the sub-pixels 21 are pref-
erably disposed so that the crosstalk amount CT is 10% or
less; and the moire amount MO is 30% or less, for example.

Modification 1-2

[0109] In the above embodiment, it is arranged so that,
when performing the 3D display, the sub-pixels 22 display
the black color. The embodiment is not limited to this.
Alternatively, for example, gray may be displayed. With
this, compared to the case where sub-pixels 22 perform the
black display, the brightness of the display screen can be
enhanced during the 3D display.
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[0110] In this case, the crosstalk amount CT also can be
reduced. When the sub-pixels 22 display the gray, the
crosstalk amount CT is expressed by the following formula:

CT=R/(I1+IG)x100 3)

Wherein, IG is a brightness of gray display. Thus, when the
sub-pixels 22 performs the gray display, the crosstalk
amount CT deceases. Thus, the possibility that the viewer
recognizes the decease of the image quality due to the
crosstalk can be reduced. In this case also, the brightness IG
of the gray display may be set so that the crosstalk amount
CT is, for example, 10% or less.

Modification 1-3

[0111] In the above embodiment, the open/close parts 11
and 12 are provided so as to extend in the vertical direction
Y However, the embodiment is not limited to this. Alterna-
tively, for example, open/close parts 71A and 72A may be
formed in a step-like configuration as a barrier part 70A
shown in FIG. 19A. Or, open/close parts 71B and 72B may
be formed so as to extend in an oblique direction as a barrier
part 70B shown in FIG. 19B.

[0112] FIG. 20 illustrates a positional relationship between
the sub-pixels 21 and the open/close part 72A in the case
where barrier part 70A is used shown in FIG. 19A. Note that,
the sub-pixels 22 and open/close part 72B are omitted in the
figure. Receiving an identical control signal, these open/
close parts 72A perform the open/close operation simulta-
neously. One open/close part 72A is provided for four
sub-pixels 21 in the horizontal direction X. This agrees with
a fact that the 3D display device according to the modifi-
cation performs the 3D display by displaying four viewpoint
images.

Modification 1-4

[0113] In the above embodiment, the sub-pixels 21 and 22
are formed to extend in the vertical direction Y. However, the
embodiment is not limited to this. Alternatively, the sub-
pixels 21 and 22 may be formed to extend, for example, in
the horizontal direction X. Detailed description is made
below on such modification.

[0114] FIG. 21 illustrates an array of sub-pixels SPix in a
display part 80 according to a modification. The display part
80 includes two different types of sub-pixels SPix (81 and
82) that extend in the horizontal direction X but the width in
the horizontal direction X is different from each other. In
particular, the display part 80 includes sub-pixels 81 (81R,
81G, 81B) that has a larger width (width W81) in the
horizontal direction X and sub-pixels 82 (82R, 82G, 82B)
that has a smaller width (width W82) in the horizontal
direction X. The sub-pixels 81 and the sub-pixels 82 are
disposed alternately in both of the horizontal direction X and
the vertical direction Y In particular, in this example, sub-
pixels 81R, 82G, 81B, 82R, 81G, 82B are repeatedly dispose
in the vertical direction Y in this order. In this case, the
sub-pixels 81 and the sub-pixels 82 neighboring on each
other in the vertical direction Y are arranged so as that the
central coordinates thereof in the horizontal direction X
coincide with each other. Also, in the horizontal direction X,
the sub-pixels 81R and 82R are disposed alternately; the
sub-pixel 81G and 82G are disposed alternately; and the
sub-pixel 81B and 82B are disposed alternately. In the
display part 80, the distance S81 between the sub-pixels 81
neighboring in the horizontal direction X is equal to the
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width W81 of the sub-pixel 81 itself. With this configure,
when the display device according to the modification 1-4
performs the 3D display, the sub-pixel 81 displays four
viewpoint images, and the sub-pixel 82 displays a black
color. When performing the ordinary display (2D display),
both of the sub-pixel 81 and the sub-pixel 82 display a two
dimensional image.

[0115] FIG. 22 illustrates a positional relationship between
the sub-pixels 81 in the display part 80 and the open/close
parts 12 in the barrier part 10. Note that the open/close part
11 and the sub-pixels 82 are omitted in this figure. One
open/close part 12 is provided for four sub-pixels 81 (sub-
pixel group PG) within two neighboring lines. This agrees
with the fact that the 3D display device according to a
modification displays four viewpoint images when perform-
ing the 3D display.

Modification 1-5

[0116] In the above embodiment, when performing the 3D
display, the open/close part 12 is constantly maintained in
the open state. However, the embodiment is not limited to
this. Alternatively, for example, by dividing open/close part
12 into multiple groups, and the groups may be driven to
open/close in a time-sharing manner. Detailed description is
made below.

[0117] FIG. 23 illustrates an example of a group configu-
ration of the open/close part 12. In this example, the open/
close part 12 is divided into two groups; i.e., group-A and
group-B. Open/close parts 12 included in the group-A and
open/close parts 12 included in the group-B are disposed
alternately being interposed by the open/close part 11.
Hereinafter, the open/close parts 12 included in the group-A
are appropriately referred to as open/close parts 12A as a
collective designation; likewise, the open/close parts 12
included in the group-B are appropriately referred to as
open/close parts 12B as a collective designation.

[0118] FIGS. 24A TO 24B illustrate an example of the
operation of a 3D display device 1E according to a modi-
fication when performing the 3D display. FIG. 24A illus-
trates a first state; and FIG. 24B illustrates a second state.
The 3D display device 1E performs the operation while
switching between the first state and the second state alter-
nately.

[0119] In the first state, each of the sub-pixels 21 in the
display part 20 displays a piece of pixel information P1-P4
corresponding to four viewpoint images respectively as
shown in FIG. 24A. At this time, the respective pieces of
pixel information P1-P4 are displayed on the sub-pixels 21
disposed adjacent to the open/close part 12A. In the barrier
part 10, the open/close part 12A gets into the open state
(transmissive state); the open/close part 12B gets into the
closed state. The respective light beams output from the
respective sub-pixels 21 in the display part 20 are output at
an angle regulated by the open/close part 12A. With this, the
viewer views, for example, a piece of pixel information P2
with the left eye and a piece of pixel information P3 with the
right eye; and thus, the viewer can view a stereoscopic
image.

[0120] In the second state, each of the sub-pixels 21 in the
display part 20 displays a piece of pixel information P1-P4
corresponding to the four viewpoint images as shown in
FIG. 24B. At this time, the four pieces of pixel information
P1-P4 are displayed on the sub-pixels 21 disposed adjacent
the open/close part 12B. In the barrier part 10, the open/close
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part 12B gets into the open state (transmissive state), and the
open/close part 12A gets into the closed state. The respective
light beams output from each of the sub-pixels 21 in the
display part 20 are output at an angle regulated by the
open/close part 12B. With this, the viewer views, for
example, a piece of pixel information P2 with the left eye,
and a piece of pixel information P3 with the right eye; and
thus, the viewer can view a stereoscopic image.

[0121] By displaying the image while causing the open/
close part 12A and the open/close part 12B to open/close
alternately in a time-sharing manner as described above, the
viewer views images displayed at positions displaced from
each other while averaging the images. The 3D display
device 1E achieves a resolution two-times higher than that
of the 3D display device 1 according to the above embodi-
ment.

Modification 1-6

[0122] In the above embodiments, the back light 30, the
display part 20 and the barrier part 10 are disposed in this
order. However, the embodiment is not limited to this.
Alternatively, the back light 30, the barrier part 10 and the
display part 20 may be disposed in this order as shown in
FIG. 25. FIG. 26 illustrates an example of the operation of
the display part 20 and the barrier part 10 according to a
modification 1-6. In this modification, the light beams output
from the back light 30 enter into the barrier part 10 first. In
the entered light beams, the light beams that pass through the
open/close part 12 are modulated by the display part 20 to
output four viewpoint images.

Modification 1-7

[0123] In the above embodiment, the display part 20 and
the back light 30 are used. However, the embodiment is not
limited to this. Alternatively, for example, a display part
such as EL (Electro Luminescence) may be employed.

Modification 1-8

[0124] Inthe above embodiment, the sub-pixels 21R, 22B,
21G, 22R, 21B, and 22G are repeatedly disposed in this
order in the horizontal direction X. However, the embodi-
ment is not limited to this. Alternatively, the sub-pixels may
be repeatedly disposed in order of 21R, 22G, 21G, 22B, 21B
and 22R for example, as shown in FIG. 27; or the disposition
of'the sub-pixels 21 and 22 may be changed on the line-basis
as shown in FIG. 28.

[0125] Also, for example, the sub-pixels 21R, 21G, 21B
may be disposed adjacent to each other; and likewise the
sub-pixels 22R, 22G, 22B may be disposed adjacent to each
other as shown in FIG. 29. In this example, for example, the
sub-pixels 21R and 21G are disposed neighboring on each
other being interposed by one sub-pixel 22 in the horizontal
direction X, and the sub-pixel 21B is disposed neighboring
on the interposed sub-pixel 22 in the vertical direction Y.
Likewise, for example, the sub-pixels 22R and 22G are
disposed neighboring on each other being interposed by one
sub-pixel 21 in the horizontal direction X, and the sub-pixel
22B is disposed neighboring on the interposed sub-pixel 21
in the vertical direction Y. With this arrangement, the color
balance during ordinary display (2D display) is improved.
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Modification 1-9

[0126] In the above embodiment, the barrier part 10 is
configured by using the open/close parts 11 and 12 capable
of changing the transmissive ratio of the light beams.
Alternatively, for example, the barrier part may be config-
ured by using a fixed barrier which blocks the light beam at
a portion corresponding to the open/close part 11, and opens
the portion corresponding to open/close part 12 to allow the
light to pass therethrough. In this case also, 3D display can
be performed same as the above embodiment (FIG. 9 or the
like). When performing ordinary display (2D display), for
example, the four sub-pixels 21 (sub-pixel group PG) and
four sub-pixels 22, which are disposed adjacent to the
opening, display one piece of pixel information; thereby 2D
image can be displayed.

Modification 1-10

[0127] In the above embodiments, the 3D display device
of parallax barrier system is configured. However, the
embodiment is not limited to this. Alternatively, for
example, a 3D display device of a lenticular lens system may
be configured. Detailed description is made below.

[0128] FIG. 30 illustrates an example of the operation of
3D display by a 3D display device 9 of a lenticular lens
system. The 3D display device 9 includes a lens part 90
having a plurality of lenses 99 that refracts the light beams
which are output from the back light 30 and pass through the
display part 20. When performing 3D display, in the display
part 20, the four sub-pixels 21 (sub-pixel group PG), which
are disposed at the portions corresponding to each lens 99,
displays four pieces of pixel information P1-P4 correspond-
ing to four viewpoint images, respectively. The light beams
output from the sub-pixels 21 in the display part 20 are
refracted by the lenses 99 and are output in the respective
directions.

[0129] As for the lenses 99, a lens with a fixed refraction
index or, for example, a lens configured so that the charac-
teristic such as refraction index is variable like a liquid
crystal lens or a liquid lens may be employed.

2. Application Example

[0130] A description is made on an application examples
of'the 3D display device described in the above embodiment
and modifications.

[0131] FIG. 31 illustrates an appearance of a television set
to which the 3D display device of the above embodiment or
the like is applied. The television set has, for example, an
image display screen part 510 including a front panel 511
and a filter glass 512. The image display screen part 510 is
constituted of a 3D display device according to the above-
described embodiment or the like.

[0132] The 3D display device of the above-described
embodiment or the like is applicable to, in addition to such
television set, electronic apparatus used in various fields
including digital cameras, note type personal computers,
mobile terminal apparatuses of mobile phones or the like,
mobile game machines, video cameras and the like. In other
words, the 3D display device of the above-described
embodiment or the like is applicable to every electronic
apparatuses for displaying images used in various fields.
[0133] It should be understood by those skilled in the art
that various modifications, combinations, sub-combinations
and alterations may occur depending on design requirements
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and other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.

[0134] In the above embodiments, it is configure to dis-
play four viewpoint images in the 3D display. However, the
present technology is not limited to the above; but viewpoint
images of three or less, or viewpoint images of five or more
may be displayed.

[0135] Also, in the above-described embodiments, the
present technology has been described while giving the 3D
display device as an example. However, the present tech-
nology is not limited to the 3D display device. For example,
the present technology may be applied to a multi-display.
That is, in place of multiple viewpoint images, multiple
images for multiple viewers may be displayed. For example,
by displaying different images; i.e. an image to be viewed at
the left side with respect the front side perpendicular to a
display screen different from an image to be viewed at the
right side with respect the front side perpendicular to a
display screen; it is possible to achieve a multi-display.
[0136] Additionally, the present technology may also be
configured as below.

[0137] (1) A display device, including:

[0138] a display part including a pixel of a first series
having a first horizontal pixel width and a pixel of a
second series having a second horizontal pixel width
smaller than the first horizontal pixel width, the pixels
of the first series and the pixels of the second series
being arrayed alternately in each of a horizontal direc-
tion and a vertical direction; and

[0139] a light beam control part that controls a light
beam from the display part or a light beam toward the
display part.

[0140] (2) The display device according to (1), wherein

[0141] the display device has a plurality of display
modes including a first display mode and a second
display mode,

[0142] in the first display mode, the pixels of the first
series and the pixels of the second series display a
single image, and

[0143] inthe second display mode, the pixels of the first
series display a plurality of images and the pixels of the
second series display a black color.

[0144] (3) The display device according to (2), wherein
the distance between the pixels of the first series in the
horizontal direction is equal to the first horizontal pixel
width.

[0145] (4) The display device according to (2), wherein
the distance between the pixels of the first series in the
horizontal direction is smaller than the first horizontal pixel
width.

[0146] (5) The display device according to (2), wherein
the distance between the pixels of the first series in the
horizontal direction is larger than the first horizontal pixel
width.

[0147] (6) The display device according to any one of (3)
to (5), wherein a central coordinate in the horizontal direc-
tion of each pixel of the first series is equal to a central
coordinate in the horizontal direction of a pixel of the second
series neighboring on the pixel of the first series in the
vertical direction.

[0148] (7) The display device according to (1), wherein

[0149] the display device has a plurality of display
modes including a first display mode and a second
display mode,
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[0150] in the first display mode, the pixels of the first
series and the pixels of the second series display a
single image, and

[0151] in the second display mode, the pixels of the first
series display a plurality of images and the pixels of the
second series display a gray color.

[0152] (8) The display device according to any one of (2)
to (7), wherein the light beam control part operates

[0153] inthe first display mode, in manner to allow light
beams from the single image or light beams toward the
single image to pass therethrough, and

[0154] in the second display mode, in a manner to
regulate light beams from the respective images dis-
played on the display part or light beams toward the
respective images in a corresponding angular direction.

[0155] (9) The display device according to any one of (1)
to (8), wherein

[0156] the light beam control part is a barrier part that
allows light to pass therethrough or blocks the same,
and

[0157] the barrier part includes a plurality of liquid
crystal barriers of a first series and a plurality of liquid
crystal barriers of a second series which are switchable
between an open state and a closed state.

[0158] (10) The display device according to (9), wherein

[0159] the plurality of liquid crystal barriers of the first
series and the plurality of the liquid crystal barriers of
the second series get into a transmissive state in the first
display mode, and

[0160] the plurality of liquid crystal barriers of the first
series get into the transmissive state and the plurality of
liquid crystal barriers of the second series get into a
blocking state in the second display mode.

[0161] (11) The display device according to (10), wherein
the plurality of liquid crystal barriers of the first series and
the plurality of liquid crystal barriers of the second series
extend in a predetermined direction.

[0162] (12) The display device according to (11), wherein
a width of the liquid crystal barriers of the first series is
smaller than the first horizontal pixel width.

[0163] (13) The display device according to any one of (1)
to (8), wherein

[0164] the light beam control part is a barrier part that
allows light to pass therethrough or blocks the same,
and

[0165] the barrier part has a plurality of fixed openings.

[0166] (14) The display device according to any one of (1)
to (8), wherein the light beam control part has a plurality of
variable lenses capable of changing a refraction index.
[0167] (15) The display device according to any one of (1)
to (8), wherein the light beam control part has a plurality of
fixed lenses.

[0168] (16) The display device according to any one of (1)
to (15), further including

[0169] a back light, wherein

[0170] the display part is a liquid crystal display part,
and

[0171] the liquid crystal display part is disposed

between the back light and the barrier part.
[0172] (17) The display device according to any one of (1)
to (15), further including

[0173] a back light, wherein
[0174] the display part is a liquid crystal display part,
and
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[0175] the barrier part is disposed between the back

light and the liquid crystal display part.
[0176] (18) A display panel, including:

[0177] a pixel of a first series having a first horizontal
pixel width; and

[0178] a pixel of a second series having a second
horizontal pixel width smaller than the first horizontal
pixel width, wherein

[0179] the pixels of the first series and the pixels of the
second series are arrayed alternately in each of a
horizontal direction and a vertical direction.

[0180] (19) An clectronic apparatus, including:
[0181] a display unit; and
[0182] a control unit that performs operation control by

using the display unit, wherein

[0183] the display unit includes

[0184] a display part in which a pixel of a first series
having a first horizontal pixel width and a pixel of a
second series having a second horizontal pixel width
smaller than the first horizontal pixel width are
arrayed alternately in each of a horizontal direction
and a vertical direction; and

[0185] a light beam control part that controls a light
beam from the display part or a light beam toward
the display part.

[0186] The present disclosure contains subject matter
related to that disclosed in Japanese Priority Patent Appli-
cation JP 2011-214867 filed in the Japan Patent Office on
Sep. 29, 2011, the entire content of which is hereby incor-
porated by reference.

What is claimed is:

1. A display device, comprising:

pixels of a first series including first pixels and second
pixels;

pixels of a second series arranged between the pixels of
the first series in a first direction;

a parallax barrier comprised of (a) first series barriers and
(b) second series barriers that are arranged between the
first series barriers in the first direction,

wherein,
the first series barriers are configured to be in a trans-

missive state,

the second series barriers are configured to be in a
non-transmissive state,

the first pixels of the first series are configured to
display a plurality of first viewpoint images via the
first series barriers,

the second pixels of the first series are configured to
display a plurality of second viewpoint images via
the first series barriers, and

the pixels of the second series are configured to display
a black color or a gray color.

2. The display device according to claim 1, wherein the
distance between the pixels of the first series in the first
direction is substantially equal to a width of the pixels of the
first series in the first direction.

3. The display device according to claim 1, wherein the
distance between the pixels of the first series in the first
direction is shorter than a width of the pixels of the first
series in the first direction.

4. The display device according to claim 1, wherein the
distance between the pixels of the first series in the first
direction is larger than a width of the pixels of the first series
in the first direction.
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5. The display device according to claim 1, wherein the
pixels of the second series are arranged between the pixels
of'the first series in a second direction which crosses the first
direction.

6. The display device according to claim 5, wherein a
central coordinate in the first direction of each pixel of the
first series is equal to a central coordinate in the first
direction of a pixel of the second series neighboring on the
pixel of the first series in the second direction.

7. The display device according to claim 1, the second
series barriers are switchable liquid crystal barriers.

8. The display device according to claim 1, wherein the
first and second series barriers are switchable liquid crystal
barriers.

9. The display device according to claim 1, wherein the
first series barriers and the second series barriers extend in
a predetermined direction.

10. The display device according to claim 1, wherein a
width of the first series barriers is smaller than a width of the
pixels of the first series in the first direction.

11. The display device according to claim 1, further
comprising an illuminator, wherein the pixels of the first
series and the pixels of the second series are present between
the illuminator and the parallax barrier.

12. The display device according to claim 1, further
comprising an illuminator, wherein the parallax barrier is
present between the illuminator and the pixels of the first and
second series.

13. The display device of claim 1, wherein, for a given
group of four neighboring pixels of the first series, two of the
pixels are a one color and two of the pixels are of another
color.

14. The display device of claim 1, wherein:

the display device is configured to perform a first display
mode and a second display mode,

in the first display mode, each of the pixels of the second
series is configured to display a same color with each
of the pixels of the first series which is adjacent to the
each of the pixels of the second series in the first
direction, and

in the second display mode, the pixels of the second series
are configured to display the black color or the gray
color.

15. The display device of claim 14, wherein:

the display device is configured to perform a first display
mode and a second display mode,

in the first display mode, each of the pixels of the second
series is configured to display a same color with each
of the pixels of the first series which is adjacent to the
each of the pixels of the second series in a second
direction which crosses the first direction.

16. A display device, comprising:

pixels of a first series including first pixels and second
pixels;

pixels of a second series arranged between the pixels of
the first series in a first direction;

a parallax barrier comprised of openings and barrier parts,
the openings being arranged between the barrier parts
in the first direction,

wherein,
the barrier parts are configured to be in a non-trans-

missive state,
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the first pixels of the first series are configured to
display a plurality of first viewpoint images via the
openings,
the second pixels of the first series are configured to
display a plurality of second viewpoint images via
the openings, and
the pixels of the second series are configured to display
a black color or a gray color.
17. A display device, comprising:
pixels of a first series including first pixels and second
pixels;
pixels of a second series arranged between the pixels of
the first series in a first direction; and
a lens,
wherein,
the first pixels of the first series display a plurality of
images via the lens;
the second pixels of the first series are configured to
display a plurality of second viewpoint images via
the lens; and
the pixels of the second series are configured to display
a black color or a gray color.
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