12 United States Patent

Wayama et al.

US009270903B2

US 9,270,903 B2
Feb. 23, 2016

(10) Patent No.:
45) Date of Patent:

(54) IMAGING APPARATUS, RADIATION
IMAGING SYSTEM, AND METHOD FOR
MANUFACTURING IMAGING APPARATUS

Applicant: CANON KABUSHIKI KAISHA,
Tokyo (JP)

Hiroshi Wayama, Saitama (JP); Chiori
Mochizuki, Sagamihara (JP); Minoru
Watanabe, Honjo (JP); Keigo
Yokoyama, Honjo (JP); Masato Ofuji,
Honjo (JP); Jun Kawanabe,
Kodama-gun (JP); Kentaro Fujivyoshi,
Kumagaya (JP)

(71)

(72) Inventors:

(73) CANON KABUSHIKI KAISHA,

Tokyo (JP)

Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by 528 days.

Assignee:

Notice:

(%)

Appl. No.: 13/683,182

(21)

(22) Filed: Now. 21, 2012

Prior Publication Data

US 2013/0162833 Al Jun. 27, 2013

(65)

(30) Foreign Application Priority Data

Dec. 21, 2011  (IP) 2011-279752

(51) Int.Cl.
GOIT 1/24

HO4N 5/30
HOIL 27/146

(2006.01
(2006.01
(2006.01

(Continued)

Lo N

(52) U.S.CL
CPC .. HO4N 5/30 (2013.01); GOIT 1/24 (2013.01);
GOIT 1/2928 (2013.01); HO1L 27/14612
(2013.01); HOIL 27/14643 (2013.01); HOIL
27/14663 (2013.01); HOIL 27/14692 (2013.01):
HOIL 31/18 (2013.01)

(38) Field of Classification Search
CPC GO1T 1/24; GOIT 1/2928

See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

12/2003 Guidash 348/308
4/2007 Ishu et al.

4/2007 Watanabe et al.
(Continued)

0,657,665 Bl
7,205,547 B2
7,205,568 B2

tttttttttttttttttttttttt

FOREIGN PATENT DOCUMENTS

2/1993
8/2000

(Continued)

JP
JP

HO05-015454
2000-232216

OTHER PUBLICATIONS

JPO Office Action 1ssued on Sep. 29, 2015, 1n counterpart Japanese
patent application 2011-279752, with partial translation.

Primary Examiner — David Porta

Assistant Examiner — Hugh H Maupin

(74) Attorney, Agent, or Firm — Fitzpatrick, Cella, Harper &
Scinto

(57) ABSTRACT

An 1maging apparatus includes: a plurality of pixels each of
which includes a conversion element and a first transistor of
which one of a source and a drain 1s connected to the conver-
s1on element; and a second transistor which 1s shared by the
plurality of pixels and has a gate connected respectively to the
other of the source and the drain of the first transistor of each
of the plurality of pixels. At least one among the gate, a
source, a drain and a channel portion of the second transistor
1s Tormed to be extended over the plurality of pixels, and the
conversion element 1s arranged over the first and second
transistors.

12 Claims, 21 Drawing Sheets

SIGNAL PROCESSING CIRCUIT UNIT

4

~—3

12 . /
1? K ) 3A~ 4A r SOURCE VOLTAGE
Y 1l\1 I T L —
113 —Q—"‘- —<H - alle Sl
=L .. o —L Y
% 14_“"‘\1_11 = = = m
L ¢ g ¢ M.y Mg 9 4 1
o T 1 i 1 -
T el - < - - = .
= s
o2 2
3 ba T = 1 | %
S ¢ 'S tHH - 5
e = = T—.?__I—-l e = | =
T i A 1
8A sl - < ealle
COMMON ELECTRODE| S | | 4
i—_aﬁwws UNIT e 1

; |

RESET VOLTAGE SUPPLYING CIRCUIT UNIT

)
6

OVERALL CONTROL UNIT




US 9,270,903 B2

(51) Int.CL
HOIL 31/18

GOIT 1/29

(56)

7,435,968
7,470,908
7,488,948
7,535,506
7,541,617
7,557,355
7,629,564
7,645,976
7,812,313

U.S. PATENT DOCUMENTS

B2
B2
B2
B2
B2
B2
B2
B2
B2

(2006.01)
(2006.01)

References Cited

10/2008
12/2008
2/2009
5/2009
6/2009
7/2009
12/2009
1/2010
10/2010

Watanabe et al.
Ishii et al.

Ishii et al.
Nomura et al.

Mochizuki et al.
Mochizuki et al.
Mochizuki et al.

Watanabe et al.

Mochizuki et al.

Page 2

7,897,930 B2 3/2011 Mochizuki et al.
7,932,946 B2 4/2011 Ishu et al.
8,067,743 B2 11/2011 Ishu et al.
8,217,330 B2 7/2012 Sakaietal. ................ 250/208.1
8,253,836 B2 8/2012 Tsuchiya ........cc.oeeeennn, 348/311
8,308,027 B2 2/2013 Ishi et al.

2009/0302229 Al* 12/2009 Watanabe et al. ........ 250/370.08

2010/0294942 A1 11/2010 Mochizuki et al.

2013/0162859 Al 6/2013 Wayama et al.

FOREIGN PATENT DOCUMENTS

JP 2006-345330 12/2006
JP 2009-290659 12/2009
JP 2011-009354 1/2011

* cited by examiner



U.S. Patent Feb. 23, 2016 Sheet 1 of 21 US 9,270,903 B2

3]
&),
<~ 5
O M
~
O
= RESET DRIVING CIRCUIT UNIT
| B

/A

IE 'l'll

OVERALL CONTROL UNIT

FIG. T

SIGNAL PROCESSING CIRCUIT UNIT

RESET VOLTAGE SUPPLYING CIRCUIT UNIT

TRANSFER DRIVING CIRCUIT UNIT

(N

DRIVING UNIT

COMMON ELECTRODE



US 9,270,903 B2

Sheet 2 of 21

Feb. 23, 2016

U.S. Patent

FIG. 2

4A

2A

i L E |
{

___.l._...._............._.!.___..._...._____.....-_..._l._ln.l..l..*..l._..__._._.i___.-___....___.__._i____..._:_iF___l.._.__..___.I.....lln.l_Ill|Illlll-'llllﬂr‘:!"i!ttttll

L 3
ﬂl!til!liil!i!l!ltllll _;!.il:*it‘h.tttl III.IIII_IIll'lIi_l.l.l.’r.:.-..ll!!lllhlli!l—ﬂ.lt‘['[llll‘]l ll.ﬂ.-.ll..ﬂ.-.I.
_ ﬂl ¥ II.-.H.-.H..HH.I.
A Frd Mok B W WA ek mie e et b ke bl ohbL ek e miek ek e mw -IIIIIIIIFII]J!.—-‘.I..i..lllliill.‘l;I_.:t‘l.lllII‘-!!!EF#I[IIIIIIIII‘ I.I.-.l.l..-..ﬂﬂ-.
[ L K

...lI.i.l.l.ll_l...I-.-.l.li.lli.illlfi.:.Ii.I.I..-t-.l

I E E B B & & & % § 4 b BN & B b & ofr & & a ) i
fx & 3 = &% & F B B B B B B K B B N W N & B B E W N A W B B N+ b 4 A = =R FARSETFTAREFEETNRFREFRERNEFERSANRN R N B W & s K & 4 ir b F F B 2 0 A 38 3 )

- E N kA& & & 5§ BN &k W P e i e i T e N N N N AN AN R R RN N N RN R E NI I T e T I T e .

H & FF & ¥F F F F R F F FAF S F P42 F R P EFEREFEEKFFBFE SR T Q1

W R E W b oW b 1 :
N N R N N N R N N A AN NN AN N N NN N N A NN TN NN E N AN AR RN AN N N E AR Rt o T LN DL NG UL N N L L N
A4 R & & % & FE VAR AR % A S F KA KEEFEEL K FF B WY =W 9 FFFSTIT1TA T 0 R EEREENEF A kKb 1 AN ¥k 1 4 d B 8 B 8.8 #0308 F 4 =5 K & F L BER LA K H# M4 4 kndk o y " A AR FEES T ARER RN
t £ W B % W E K KN R NN KANR®AEEERNERNKEE#®# 4 4 4!!1---1-_----- WEE R RN R L RN R N N N NN E kAR LY E L AR E e el e s e
B m e K F
..-_.!.l..l. ﬂlt!t't'llllll'lllll'l .lll_lll_ll -I!I]i!lt‘.ll.ﬂ.:tl.ilt .l‘..l.‘il!illIl..l.lI.lEtll'l!I’II.‘.I:.I.[IIJI-IIII'IIIIII
a R & moE oK

-tl.i.illl!‘!l_."l.[lIhll!i’.!II_E'tlt“[lllIIIIII'II‘:’I‘!F!II[!I’!"I“

'II'Illl'dlll.__l.-—p.l____..____...:..i.__!..___.l.____!lwl.l..._ltlI_._Ii_l_..lull._.____t_l_.tl_.Ill.llllll:l!iirtlt:.ultllrlrlll.llllll

_n i | | ;
3 | I
1§ ' _ i b

102




US 9,270,903 B2

Sheet 3 of 21

Feb. 23, 2016

U.S. Patent

k3 o 5 ®

F & £ B B & W % & ¥ b b F F 5% 0@ & F B &% # & oo b £ m bk & F 0 H & £ 388 3% 3 & | I B B I |
A A N N N N AN EE R IR NN R R E NN TR R E R E R TR N
ER E B A N B & & B e @ 0 bk & & b & 4 8 K i B F 8 ol & b & ok b k£ B 0 4 @ 3 0 % 3 ok F k¥ hm b b HWR
A EE N R EE E R E NN N E R E NN E N E R N R o T N N
NN E N ETT EEEEE R EE EE T EEEE T A R E R E YT T R s T T T T
N N E EE EE R I E Y N EEE E E R E I E E E N E E EE  E E E T T T E E S
Y EEEREETE E EEE R R A E T R I E Y E T R R T A T T Ay T
N EFE IR EEEE R R I E Y A R T E R E O N I A T YT YT E e
A N EE E EE E AR E N I N E N R R T R T T e E TN T T T
ELE N AN EEREEDNBEENEREESI A I 1 IR B 0 26 E Bk B L % b E BN B 3 5 3 2 & B % &% 4 % 3w B b & &3
E o b & BN N BN W R R N MR F S E & & N N N N & E N N M ko E M ¥ %k b B N N Mo M N R ME L RN B W R koMM
E S B b T B BE X A N B KNS F ¥ 3 F a3 1 18 5 08 5B 5 % % 5% b B KB B B % % 3 3 3 N S 3 3 % k6 b K K & B &
EFE B N A& B2 5% B B R F & & & E R 4 0 B3 2 B 4 &k F & b J & B K F B & % 3 3 8 &% & K 1L & 5 o B & K= X
BN NEEELELEEREIERNRL I EEESEREEREIAIREERILIELEEENYINIAERELAEREELEEERDLREEEEERELER R IEER
LB # & 4 ¥ BN 4 § 8 % B F & L & & E 4 §F F 4 & F 8 & 9 4 & kK 5L br W & & B & o & § 8 & & B A 5808 8 B ¥ a ¥
[ I IR A L NI NN AN NN E AN YR NERNEEEERREEN N LEN N EN
LI NI NE RN NERELERE RN NEREEE SRR RS N R R R AN W A
(R IR RN NEEEEEEREIEILR I E EREREEEEYEERERNRILEEERNFEILIRAENRNENENRRENEREIEIEX RN NIE N
] X B f A B B X ok A N B N M. b A W

L L R N B O NI e Y

E" moam
 E R m oA
& X2 R X
P & ® 84
E E X a4 A
*E & a2

]
1

-
L |

L]
]
F F & & i1 & WM

¥
L]
[
-
- 5
F ]
]
=
-

L I T O B |

»
&+
o
| &
¥
x
L]

[

4 = & w & o F r ¥ wx

L

ki X F R
l.r.rl.l_ . l.i*l.l.il..lil

B x we ==

i
[ 3
[ 4
| ]
r
| 3
.8
[ 3
L ]
[ 3

[ Y

o d m o o sk oo o hom

o % i b N
LN TR N NN S T BN B |

i
-h..'.l.l.l .I_'.

n.-.#l.l-.-.......-.lu_.alti.!-.wnt.unuil#il...:-wnluni-lll&..nllu-I.I.-.llll.-_n.lh-.-.

%H.-.H.-..llli.l--.-.-.-.F.llﬂ.-_.-hi-l.-.l.I..I.ii.Illu..!i.III.-!-.q!nn.. uullllll'.l.l .II'.I Iﬂn-..- Er R .!.l.l AN ®» kY R FEFrT 1448 % F I &I T ETF®TERJIE

¥ & A R F i 1 I B F E R AEEEE K B kN o kbd RoE kW i...t_ - I.Il W !-.nﬂml.ll.l III-.l.II‘iﬂIﬂHﬂ.ﬂI.I.Iii.-"-.-"-i-ll.l.-.:._l.lI.I.I.I..nﬂ.!.!....!.l.ﬂ!-"--H-

* % A N kR F F 1 I B & % 8 452 8 8 b % & B F £ E & Wl b o od e b &l kB kDK O R E YN YR X YT RN EE AN EAE SN FWE®F FREFT A
= N o

A A 5 Bk E i % 18 e s AEEEF K K B S R E N X ool o omh i N S ok F B W 3P EE@®E T EFFEY RS YW AR AW T EEFEEREL B




U.S. Patent Feb. 23, 2016 Sheet 4 of 21 US 9,270,903 B2

FIG. 5

¥
i
L3 r
=~ w
= 4
# & =
lii‘I# [}
l‘t‘i [ |
3
‘l‘I ¥
L
L™
-

4 E 1 A A 3 3 &
LI X B R B I O
E i M N 3 ¥ Kk
L IR N R N
% 4 N N 2 % F FR

|
|
L
M M
L

4 3 L |
& . i.-.-.‘.'l

N o R E ow 1'1
a

]
i ok b w2 BN

(A A AN N EEEN
T ENFILF:TEXT1 1

LA A AN EEEENIENEENFERNENERNFEREREN.
L A A AN AAEE

LN
N ¥ i % ke & & b N EFE kb EFE W W MM W s ko Wk ks

l'l.l.I-I-I.I.Ili‘i‘lil.lilil;l

A N & 4 F & & ir [
e P L i’i.-h _l-!'l 1 # % 1 1 0§ B ¥ X
]




US 9,270,903 B2

Sheet 5 of 21

Feb. 23, 2016

U.S. Patent

h, |

ok LI ) LT N ] ) TR AEENEFEEYXERE:
4 2 § B g N ] k kb FF & EREN F & £ ¥ N § 488 d 3B EE S AR B i B F k= gy q E FER YT FFR A B R * 4 K ¥ E K b hd m & 5 F 3 A ®
¥ » 14 4 4 8 E % R EE N = R N NN BN NN R L EREREENEL LI RN E R R R T N I N s (L B EE N EEEEREEE T EENFNEEFNFEFEFEEYE RS
T EEEE R u *» --nw- li# L nlﬂlllwiilﬂrltil::s::k- ] llhhi £ F R E & & X ll-t-:rnp = B W B PR F R EE ] nvwiittttlitnur Hl M --ll ] -tltn - R 3L
da & M o3 sk w3 ok o E N EEE X e SR PR EE@N | ¥ ¥ L I | £ ® B K F ¥ & ir " B 5 H FE W EF R ¥F F LR _ N » » a N L I B
| ] oa ko3 ok Mok LA oW N 44 MMk kE )N EKEEXERF [ ) L E L2 A0 3 30 b * & 1 LI & L | A" ) ] 1 | ]
IR NEN N EREEREEAEREERENEELEERENENEERNENEEERE R 1 E X A F N2 3 i3 | I |
R ERNEEEREERELERENEERENNERE R NEN NN 1 F BN FE R ENN N L4 % 08 B 3 40 0 &8 B0 B3 L B 0 0 b mda b bh R B % 4 + & L]
N o W ek s % N4 3 4 Ak s AaEE " FREAEEEMEFRET RSN Y W OR kel AL N RE R A EEE Y SRR »
# & 4 Kk kK g b E A L ¥ N b A4 3w b b i re s sEER R T N R A F & FWEF K& R E N K 4% W skl E AN FE PR E AR B AR
LIE R N N I NN IEEIENNIEFEEREEEREFYEERDR B L X B & F & A & W & 3

..H..‘.“...".l'! | I ] ‘....I.H.I.III.I.'.'....'."Il""l.-..l' fd s T a s s e

& 4 A B K [ ]
BT EREE lhn-II.-l_-_-_-_u-:tttitlililﬂiii#lll-

* .n.-_.-..-.'ll".-..nt... +
lfltti X bk m ok ldlik -

E Bk E b vy m & =
Bl NN KN K WA
....H“H-IIIIIII.I.I"I!.-I
SN O WO U
FEE AW AN
fx & B B § & N = A
& 8 F B B0 & &
- = E R NAwS
.I.I_'ll . L] » ] l I..I.I.I.Ib L)
FE 1 EBEKFEQRLRA
(= & BB L0 B & 1
FE B FE K A& 3

2

D
N

/




U.S. Patent Feb. 23, 2016 Sheet 6 of 21 US 9,270,903 B2

FIG. 7

LI E NCRENE I N
E R N % 7 5 2 M
" A R 4 8 5 BN
AR M A & 7 7 AN
li:ll:l‘ Yl
t:u:il

ok oW E Yl
E ok o W w_W oW
ok ow W -

B E N KN

F Kk N &
itt'lill.l

F kB F R
LrE

» kKRN
res T m

31

-._ll'liil!lll'll'lld

i

= w a3 P R OM W X

H
¥




US 9,270,903 B2

Sheet 7 of 21

Feb. 23, 2016

U.S. Patent

<I
<t

3A

N
-

e dam e
Lo B

N R AR kel RN Bl Wl el e Byt ik Nel e el vl el o S BT B By ey Mok A e eyl W e e T EEE T FEE BN AU Bek gl e wew vy wnl T EPW SN ET AN TEN NN ENN NN NN INN BN BN 3NN EEN B E ot
h

A E B & e ! *

| S B | ﬁl‘llI.‘.i___._l_-_I.Ill.lll!_l_l_.llIl".’.'i!.‘.:!tl'llIllll'lllllll!l!it‘tﬁi‘l!t l.l.l.ll.ﬂ.ll.l..ﬂ-.-lll.l.l‘l
i lllllwb | lflt iulhull-lﬂi

oM A | N LN BT

l_l.lllll v b

I.I_l.lllii L T NN B E NN B NN NN NN EENEEEEE EEEEE Y EEEE EEEE YT E T NN R R A BRI NN & NN R d R l'llll

W mdiml E B AR FRE SR NN AN YR RN EE FEEREE NN F M MNES R M ES & ULk E N AN W E &N ENEBRERNDE N F A A A RN E E SRR R

e T
. ] IllbIllilliiilllrﬁl-nnnntii
AR EENRNEERNENRNEN:

& A d M 4 & ¥ Ok = b b
4 & & & B & ¥ & b ok
4 ¥ 4 &6 #H F ¥ & & b od
4 1 i A EFILK®S

| N B B ]
e

1*:!:‘::!!!‘['_"

ﬂl1!I.’il.{l_:ll-.l.!.lnl_l.tlll_l!lili'lll'lll’li!llllllllIIIIIIIII.I.I‘

]
]
]
" w.l.tIl.llllllIIIIIII-II."I‘I‘{II‘I_l.l[ll‘]l‘!!["llli‘]_l!!!llII...IF‘
]
-t':!t!'ttt'll[' .

Wi W ek B B ket B WA R o Min omek dek mm e m

S 3 H W N EE N

tiiil#i'lllliildi.

1 B E K & N R %
LU N NE BC I LR P
A 0 h BN NN

E N Rp & 5 W ¥ Fn

. mar ma
T T

W Y4

11
0A
13
33




US 9,270,903 B2

Sheet 8 of 21

Feb. 23, 2016

U.S. Patent

i
§
$
4

Lo

. S W N PR Y R R B N W RN R R WS W R AR e WA ek ek el

ﬂltllll.“lltlllllllll‘

M T R N PR W PR W R W N RN AT B BA R B e e ek el

N N ¥F 4 # " F FF & F ®F F F 5y F % A f BB Wy &S5 B EX &S 8 1 70

A E BT FEFRERTFREEEE RSB NERR KRN NN H AN

1:‘.:!!!*!!“[["""1'

bk ol hbw mbbk e dmbic bkl ek e 3 e b Ea Er A O B O EE S

i e W cjebde el by Skl i ek oy bk e ek MR R ET BW P MR R W R Rl

_V -

E T
LI R
L |
* Kk 0
L N

W TR WD D OWED DL W W S SRR WS WA R W W aph el bl oy et R P ANy wink v el ek bl wpl mie s o g P B e b B B dnb shbh Bl e JBb SEK NN BN EEN BB BNC DER B EEK BN 3 BRR

| J
LI

HI.##;I A dmb e e e b ol sk s by e mE W R W bl el il bk mly mml e R RS PR RN g B bk bk A bk bk amk e mm me EE N EE EE ST EE EE I W W A DL B T R ek e

ﬂl_ltll"’.’_.’!].it.l-.:i_!i_l..lI‘IIIIIIIIIIIIIII.‘.#:‘IIE']Illlllil-lttl.[ll‘

¥
- O .

L
=
W ox # = ix =k

T I N e e e e . . Ta .
e AU U e D e L I e e o e o o o o N N N N N N N N N NN N N N RN s

Tk E = nﬂ
FB R & 1
.I“.I“.- “ 4 . 4 b Ililﬂ.t.ﬂﬁ.i.t.i.l'..l.i l'll .'..II_I.I.F ' f ] ' 4 .IIH.H_H F ] : ] n ] II!I.!HI u I..I.I.I.-I I.l_l.l I.I '.I -.I.- [ ] 1 a 1 a ! Ill.-.ﬂt.ﬂ.l.ﬂl.‘l.ﬂ S

2 1 & 01 HE ks rE RS ERRER N Y ARy E Y rE N
[ | l.-.-.I..I I- 1 .l.lll.ﬂ.ﬂﬂl.i..-.ll.l_lt.i.t.t.iIHHI.#.I.-.: :.-.-.:.I!Iﬁ..-. .I.n.n...l. "t
A R R N R R K B R R N E R A ke l‘lll#lﬂ

ql.rl - D D Em T D TSmO R O S D D oms W MR W ekt al dwl okl ey ol ek omm oay by A B i bk el wmin e om| a e A W M b bk ok bl ek e Em Ee e Ew

ﬁ W W B B H P s cimh o ek om e e T WA SR M Bl W mh mig e e W W W R Wb s b wmk ek i ki N A BN W BN B IET BT N N AN W R A B N B W W e e W

- e O .
Tl B A ey e

N\
i

- N RN N A R

34, 35




US 9,270,903 B2

%

'
1y

Y

- e vy

Sheet 9 of 21

el /.74 Rt T ettt 7 |

" i
i ]
I

H
‘ '

-l we e sl

bk wmbish dmiwbh
- . . .
it

ik e

ﬂlll'll'lllllll'llll-l

ke R AE B B R R R M B Y EE BS de A B el ek ieh e e

IIII-II#IIII I I 3NN SN EN I I JEy SEC 3EN BNy By S SN AL EE- 3Ry PN BN O EET PR B S O R MR et e e B ek e el el e skl b o el ek et bk
F B "1

mtl.l..ll..lltlnl...l“l.l.ll-lu-l-llrll.__I..__:_.._.__.i..._I_____Il.__.-..__.____..___.-___ru_lr.____._____II_I._.....____l-f[tt:lrlt-lrllrlill_.llll.l.]l.illil!-

¥ F R RN EWRFTEREFEFFE t_-..l.l.l.n..-_llljInll.ﬂill.llj.illfffli.i.:ll.li'l.lllltwllillillllllt
- mem W W W W EEEREW A F A& 4% F F A F & EF F FEEI I FEE S F W EFE S RS EK§ R FRE & VA WS NPT RN REE SR R MR R R

4 = 2 P B E A FER F B BB W A4 F 3 H & &£ & F A B E F F & 2 ¥ &% & & & ¥ % % iu i £ &L k ok b o oo b s 2o m 3 & 9 0 ®m F 9 ¥ = B u nq pgm g e yvwuxr i

* B % M » F & 8 B R
# b % B o owm ok d ¥ B EEERE W A4 ¥ E_EH E & B E B E N N B W 4 &k & B B B R i & b ok ¥ & k¥ R -
N AN AR AN RN RN A E R A A A N E A E A E A AN A N N R R R E N R E N E N N

ﬂtlll[‘l!i!ltflitli#it‘

g omis il gk pep mmk el gmh o gEn W R R R O R A S W R

.n_:{.l;ililitl.'_ﬂlllll.l N T TE Bk B S B R okl EE R Bk kb Sl bk BN Bh B MM Bk By by mir Wk dmly ek e W T B E Y B B B BN BN BN BN B B EEE G

-t___..._.....__.___._.__...il.t.-ﬂll._l._lIn____.n___l__l_I..llr-_ll.lll..__llllll|||||llllllllllllllllllllll_

- O EE N R O S N Y Ny O A S BN R O B S BN B W WA e

I EX N =N
- W

NN

!
I
I
|
i
]
j
i
1
3
1
|
1
i

-y e

Feb. 23, 2016

U.S. Patent

3 ¥
¥ | i
H 3 ¥
- p i

" . A

4N

4
(-



U.S. Patent Feb. 23, 2016 Sheet 10 of 21 US 9,270,903 B2

FIG. 11A

TR | I\ e AN

7
2

3

2 33 01 24 92 95



US 9,270,903 B2

Sheet 11 of 21

Feb. 23, 2016

U.S. Patent

12

FIG.

4A
3A
14

|

\\k\\\\ﬂﬁ\\
.

[ ]
--_.I.H‘I
1 N E B
S
(] B &
[ I B |
[ ] | ]
[ ] | B ]
A KRN
-.-.I.I.I.I
] =
| [ . |
| E 1
I E |
I B |
N N
:..i.l..l.t \
N N
n-_- \
CJE o h
# 2 B N i
4 F R N
LI .
q % w8 ’
LI N ’
4 s & W
h & & &
L & & & B N
-.l.lIIlll-
[
l.l..i..ii-.
. w_b_R
L NS
R EDND
4 % f B
- ]
W)
[ ]




U.S. Patent Feb. 23, 2016 Sheet 12 of 21 US 9,270,903 B2

FIG. 13

lllllllllllllllllllllllllllllllllllllllllllllll
-----------------------------------------------
llllllllllllllllllllllllllllllllllllllllllllllll
lllllllllllllllllllllllllllllllllllllllllllllll
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu
-----------------------------------------------
-----------------------------------------------

....

IIII '
IIIIIIIII 4
lllll
L2 N I

llll
lllll
LR S B

4 = = =
----
.- .




US 9,270,903 B2

Sheet 13 of 21

Feb. 23, 2016

U.S. Patent

FIG. 15

@)
)
_..._

M

;

]

-39




U.S. Patent Feb. 23, 2016 Sheet 14 of 21 US 9,270,903 B2

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
--------------------------------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------
-----------------------------------------------------------------------------
------------------------------------------------------------------------------
------------------------------------------------------------------------------
------------------------------------------------------------------------------
-----------------------------------------------------
lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

N\

_ yara4




=T

US 9,270,903 B2

N
4

7
R | NN /// ////////////////////////m
: ~ ....................................

g ™~ s
= m
u _....... ;;;;;;;; A
O T
TN /W/v/”
N\
. N

Feb. 23, 2016

| H { 1 m - i
 ; I [
$ i k I
| i m — i

N
«— <[
O

U.S. Patent




US 9,270,903 B2

Sheet 16 of 21

Feb. 23, 2016

U.S. Patent

FIG. 18




US 9,270,903 B2

l‘jill'll.{Iill-..lnI‘.I:!tl..ll..ll.II..I!I.ll.lII.’-.Il.ll..!l.i_lll_I.-...I_.’..Ililill‘lhillllrlillllr-lil IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

%22%1%2%%

Sheet 17 of 21

FIG. 19

llllllllllllllllllllllllllllllllllllllllllll

il NJ
) -
1 1.

Feb. 23, 2016

U.S. Patent




U.S. Patent Feb. 23, 2016 Sheet 18 of 21 US 9,270,903 B2

lllllllllllllllllllllllllllll
lllllllllllllllllllllllllllll
lllllllllllllllllllllllllllll
llllllllllllllllllllllllllll
lllllllllllllllllllllllllll
llllllllllllllllllllllllllll
lllllllllllllllllllllllllll
lllllllllllllllllllllllllllll

hhhhhhhhhh
= >
‘‘‘‘‘‘‘‘‘‘‘‘‘

A7 S
1w

A%

71 RN

(LN LS

"7 ’é’// //////




US 9,270,903 B2

Sheet 19 of 21

Feb. 23, 2016

U.S. Patent

FIG. 21

O
=
T
-
—
L1

\\—'/

11

14

37

2A



U.S. Patent Feb. 23, 2016 Sheet 20 of 21 US 9,270,903 B2

FIG. 22

EXOGENOUS
NOISE

NENRE ¢] REEEXR

11

A 2A 3/ 33



]
0
34
=) | NOOY TOHLNOD
= ole e
2-..,,
)
% HILNIYd 9ISV~ .
- .
3 NN S S BhC
=
~
7 1SIHD
GG

\O Ael-X
=
~ G
b |
- ul. i

4vS N_m : h

NOOY HO L1000 INSLVd ooy fei-x

&¢ Ol

U.S. Patent




US 9,270,903 B2

1

IMAGING APPARATUS, RADIATION
IMAGING SYSTEM, AND METHOD FOR
MANUFACTURING IMAGING APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to an 1maging apparatus, a
radiation 1maging system, and a method for manufacturing,
the 1maging apparatus.

2. Description of the Related Art

In recent years, a technology for manufacturing a liquid
crystal panel using a TFT (thun film transistor) 1s used 1n an
imaging apparatus such as a radiation 1imaging apparatus 1n
which the TFT 1s combined with a semiconductor conversion
clement. In the imaging apparatus, a technique 1s proposed
which uses a source follower circuit (SF'TFT) when reading a
signal accumulated 1n the semiconductor conversion element
to a signal line (see Japanese Patent Application Laid-Open

No. 2006-345330).

SUMMARY OF THE INVENTION

However, 1n the case 1in which the source follower circuit 1s
applied to an 1maging apparatus, when the signal 1s read, the
delay corresponding to a time constant occurs which 1s
defined by a product of the resistance of the source follower
circuit and the wiring capacitance of the signal line. In the
case of the radiation 1maging apparatus, the size 1s approxi-
mately 40 cmx40 cm, the time constant 1s extremely large,
and the speed of reading the signal results in not being suifi-
ciently adequate. Thus, 1n a method of reading the signal 1n
Japanese Patent Application Laid-Open No. 2006-345330,
the speed of reading the signal causes the delay due to the
resistance that the source follower circuit has, which causes a
large problem, particularly, 1n high-speed driving.

The present invention 1s designed with respect to the above
described problems, and provides a highly reliable 1maging
apparatus and radiation 1imaging system which enhances the
speed of reading the signal even when the signal 1s transterred
by the source follower circuit and can sufficiently cope with
the high-speed driving as well, and a method for manufactur-
ing the 1maging apparatus.

According to an aspect of the present invention, an imaging
apparatus comprises: a plurality of pixels, each including a
conversion element and a first transistor, wherein one of a
source and a drain of the first transistor 1s connected to the
conversion element; and a second transistor being shared by
the plurality of pixels and having a gate connected respec-
tively to the other of the source and the drain of the first
transistor of each of the plurality of pixels, wherein, at least
one among the gate, a source, a drain and a channel portion of
the second transistor 1s formed to be extended over the plu-
rality of pixels, and the conversion element 1s arranged over
the first and second transistors.

According to a turther aspect of the present invention, a
radiation 1maging system comprises: the above described
imaging apparatus; and a signal processing unit for process-
ing a signal outputted from the i1maging apparatus.

According to a still further aspect of the present invention,
provided thereby 1s a manufacturing method of an 1imaging,
apparatus comprising: a plurality of pixels, each including a
conversion element and a first transistor, wherein one of a
source and a drain of the first transistor 1s connected to the
conversion element, wherein the method comprising steps of:
forming a second transistor being shared by the plurality of
pixels and having a gate connected respectively to the other of
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the source and the drain of the first transistor of each of the
plurality of pixels, such that at least one among the gate, a

source, a drain and a channel portion of the second transistor
1s extended over the plurality of pixels; and forming the
conversion element over the first and second transistors.
Further features of the present imvention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a circuit diagram 1llustrating a whole equivalent
circuit of a radiation 1maging apparatus according to a first
embodiment, in a simple way.

FIG. 2 1s a magnified layout chart illustrating two adjacent
pixel regions 1n the radiation 1imaging apparatus according to
the first embodiment.

FI1G. 3 1s alayout chart 1llustrating a manufacturing process
of the radiation 1maging apparatus according to the first
embodiment.

FIG. 4 1s a layout chart which follows FIG. 3 and 1llustrates
a manufacturing process of the radiation imaging apparatus
according to the first embodiment.

FIG. 5 1s a layout chart which follows FIG. 4 and 1llustrates
a manufacturing process of the radiation imaging apparatus
according to the first embodiment.

FIG. 6 1s a layout chart which follows FIG. 5 and illustrates
a manufacturing process of the radiation 1maging apparatus
according to the first embodiment.

FI1G. 7 1s alayout chart which follows FIG. 6 and 1llustrates
a manufacturing process of the radiation imaging apparatus
according to the first embodiment.

FIG. 8 1s a layout chart which follows FIG. 7 and 1llustrates
a manufacturing process ol the radiation imaging apparatus
according to the first embodiment.

FIG. 9 1s a layout chart which follows FIG. 8 and 1llustrates
a manufacturing process of the radiation imaging apparatus
according to the first embodiment.

FIG. 10 1s a layout chart which follows FIG. 9 and 1llus-
trates a manufacturing process of the radiation 1maging appa-
ratus according to the first embodiment.

FIGS. 11A and 11B are layout charts including the cross
section of FIG. 10.

FIG. 12 1s a magnified layout chart 1llustrating N pieces of
adjacent pixel regions in the radiation imaging apparatus
according to a second embodiment.

FIG. 13 1s a layout chart 1llustrating a manufacturing pro-

cess of the radiation 1imaging apparatus according to the sec-
ond embodiment.

FIG. 14 1s a layout chart which follows FIG. 13 and 1llus-
trates a manufacturing process of the radiation imaging appa-
ratus according to the second embodiment.

FIG. 15 1s a layout chart which follows FIG. 14 and 1llus-
trates a manufacturing process of the radiation 1maging appa-
ratus according to the second embodiment.

FIG. 16 1s a layout chart which follows FIG. 15 and 1llus-
trates a manufacturing process of the radiation 1maging appa-
ratus according to the second embodiment.

FIG. 17 1s a layout chart which follows FIG. 16 and 1llus-
trates a manufacturing process of the radiation imaging appa-
ratus according to the second embodiment.

FIG. 18 1s a layout chart which follows FIG. 17 and 1llus-
trates a manufacturing process of the radiation imaging appa-
ratus according to the second embodiment.

FIG. 19 1s a layout chart which follows FIG. 18 and 1llus-
trates a manufacturing process of the radiation imaging appa-
ratus according to the second embodiment.
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FIGS. 20A and 20B are layout charts including the cross
section of FIG. 19.

FI1G. 21 1s arepresentative layout chart of a radiation 1imag-
ing apparatus according to a third embodiment.
FI1G. 22 1s a layout chart for describing a function of the

radiation 1maging apparatus according to the third embodi-
ment of FIG. 21.

FIG. 23 1s a schematic view 1llustrating a schematic con-
figuration of an X-ray diagnosis system according to a fourth
embodiment.

DESCRIPTION OF THE EMBODIMENTS

Preferred embodiments of the present invention will now
be described 1n detail 1n accordance with the accompanying
drawings.

Embodiments of the present invention will be specifically
described below with reference to the attached drawings.
Incidentally, 1n the present application, an electro-magnetic
wave means radioactive rays having a wavelength in a wave-
length region from light such as visible light and infrared light
to X-rays, a rays, {3 rays, vy rays and the like.

(First Embodiment)

The present embodiment discloses a radiation imaging
apparatus as an 1imaging apparatus. FI1G. 1 1s a circuit diagram
illustrating a whole equivalent circuit of the radiation imaging
apparatus according to the present embodiment, 1n a simple
way.

This radiation i1maging apparatus 1s illustrated by an
example of an indirect type of radiation imaging apparatus,
which converts an electro-magnetic wave into an electro-
magnetic wave having another wavelength and then indi-
rectly converts the electro-magnetic wave into an electrical
signal, but may also be 1llustrated by an example of a direct
type of radiation 1maging apparatus, which directly converts
the electro-magnetic wave into the electrical signal. In the
direct type of radiation imaging apparatus, a so-called wave-
length conversion element (GOS, Csl or the like) becomes
unnecessary, which 1s different from the indirect type of
radiation 1maging apparatus. The radiation 1maging appara-
tus has a plurality of pixel regions 10 arranged on a glass
substrate 1 1n a matrix form, and includes a transier driving
circuit unit 2, a signal processing circuit unit 3, a source
voltage 4, a common electrode driving circuit unit 5, a reset
voltage supplying circuit unit 6, a reset driving circuit unit 7
and an overall control unit 8.

For information, in addition to the structure of FIG. 1, a
selection driving circuit unit may be provided, to which a
selection thin film transistor 1s connected. The selection thin
f1lm transistor can more arbitrarily set a driving timing, and
turthermore has a function of 1ntercepting a leakage current
which flows into a signal line 3A from a source follower thin
film transistor 14.

The pixel region 10 includes a photoelectric conversion
clement 11, a transier thin film transistor (first transistor) 12,
and a reset thin film transistor 13. In addition, the source
follower thin film transistor 14 (second transistor) that is
common 1n the two adjacent pixel regions 10 1s connected to
the plurality of the pixel regions 10, which 1s two adjacent
pixel regions 10 1n the present embodiment.

The transier driving circuit unit 2 has transier driving lines
2 A each ofwhich 1s connected to each gate of the transier thin
f1lm transistors 12 1n each row 1n pixel regions 10, which are
aligned 1n a row direction, and drives the transfer thin film
transistors 12. The signal processing circuit unit 3 has signal
lines 3A each of which i1s connected to each source of the
source follower thin film transistors 14 in each column, which
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are aligned 1n the column direction, and performs the signal
processing. The source voltage 4 has source voltage supply
lines 4A each of which 1s connected to each drain of the
source follower thin film transistors 14 in each row, which are
aligned 1n the row direction, and supplies a drain voltage to
the thin film transistors. The common electrode driving cir-
cuit unit 3 has common electrode lines 5A each of which 1s
connected to photoelectric conversion elements 11 that are
aligned 1n the column direction, and drives the photoelectric
conversion elements 11. The reset voltage supplying circuit
unit 6 has reset potential supply lines 6 A each of which 1s
connected to the reset thin film transistors 13 in each column,
which are aligned 1n the column direction, and drives the reset
thin film transistors 13. The reset driving circuit unit 7 has
reset driving lines 7A each of which 1s connected to each gate
of the reset thin film transistors 13 1n each row, which are
aligned 1n the row direction, and drives the reset thin film
transistors 13.

The overall control umit 8 includes a central processing
circuit (CPU), ROM and RAM, 1s connected to each of the
transier driving circuit unit 2, the signal processing circuit
unit 3, the source voltage 4, the common electrode driving
circuit unit 5, the reset voltage supplying circuit unit 6 and the
reset driving circuit unit 7, and drives and controls the units.
Incidentally, FIG. 1 omits the illustration of connection wires
between the overall control unit 8 and each of the transier
driving circuit unit 2 to the reset driving circuit unit 7, for
convenience 1n 1llustration.

Incidentally, the functions of each component (overall con-
trol unit 8 and the like) constituting the radiation 1maging
apparatus according to the present embodiment can be real-
1zed when a program stored in the RAM, the ROM or the like
of the computer built 1n the radiation 1maging apparatus
works.

The photoelectric conversion element 11 1s illustrated by
an example of a so-called PIN type formed of a p-type semi-
conductor/semiconductor/n-type semiconductor, but may
also be a so-called MIS type formed of a metal/insulating
film/semiconductor. The transfer thin film transistor 12, the
reset thin film transistor 13, and the source follower thin film
transistor 14 are each illustrated by an example of a transistor
using polysilicon, but may be formed of amorphous silicon.
In addition, the form of each of the thin film transistors 1s
illustrated by an example of a form of a top gate, but may be
a form of a bottom gate.

As for the pixel region 10, FIG. 1 1llustrates only a matrix
of 4 pixelx4 pixel, but the number of the pixel regions 10 1s
arbitrary. In the present embodiment, one source follower thin
film transistor 14 i1s arranged in each two adjacent pixel
regions 10 1n parallel with a signal line 3A. The gate of the
source follower thin film transistor 14 1s connected to a source
or a drain of each of the transter thin film transistors 12 in the
two adjacent pixel regions 10, and the gate (channel portion)
1s Tormed so as to be extended over the two pixel regions 10.
Not only the two pixel regions 10 but also the three or more
pixel regions 10 may share one source follower thin film
transistor 14, and the gate (channel portion) may also be
formed so as to be extended over the three or more pixel
regions 10.

FIG. 2 1s a magnified layout chart 1llustrating two adjacent
pixel regions 1n the radiation 1imaging apparatus according to
the present embodiment. Here, the respective pixel regions
shall be represented by pixel regions 10, and 10.,. One source
tollower thin film transistor 14 1s formed so as to be common
in the pixel regions 10, and 10,. One source follower thin film
transistor 14 1s arranged so that the gate 14aq (and channel
portion 1n lower part) and the source/drain 145 of the source
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tollower thin film transistor 14 are extended over the pixel
regions 10, and 10,. In FIG. 2, each contact hole 15 1s 1llus-
trated.

The radiation 1maging apparatus usually has a rectangular
shape with 1ts one side of approximately 20 cm to 45 cm (for
instance, approximately 40 cmx40 cm), and accordingly the
length of the signal line 3A 1s also approximately 20 cm to 45
cm. In this case, the parasitic capacitance of the signal line of
the signal processing circuit unit becomes approximately 50
pF to 300 pF. In addition, the electrical resistance of the thin
film transistor to be used as the source follower thin film
transistor usually becomes 10 k€2 to 100 k€2, when the tran-
sistor 1s prepared from polysilicon, and becomes approxi-
mately 1 M€2 to 10 M£2 when the transistor 1s prepared from
amorphous silicon. A transfer time constant 1s expressed by a
product of the resistance value of the source follower thin film
transistor and the resistance value of the signal line, and
becomes such an extremely large value as approximately 1
second to 500u seconds, 1n the above described case. It 1s
difficult to realize driving for a moving 1mage by a transfer
speed corresponding to the transier time constant. In order to
realize the enhancement of the transier speed, there 1s no
other way except to lower the resistance of the source fol-
lower thin film transistor or lower the parasitic capacitance of
the signal line. It 1s equivalent to reducing the size of the
radiation 1maging apparatus to largely decrease the parasitic
capacitance of the signal line, and 1s impossible. Accordingly,
the resistance of the source follower thin film transistor
should be decreased.

For this purpose, the source follower thin film transistor
may be formed so as to be extended over the plurality (in the
present embodiment, two) of the pixel regions. In the present
embodiment, as is 1llustrated 1n FIG. 2, the source follower
thin film transistor 14 1s arranged so as to be extended over the
pixel regions 10, and 10,,. This structure results 1n allowing
the source follower thin film ftransistor 14 to have an
extremely large channel width (gate width). The resistance
value of the source follower thin film transistor 1s generally
inversely proportional to the channel width. In other words,
the source follower thin film transistor 14 of the present
embodiment has twice as large channel width as the maxi-
mum width of a channel which can be formed in the one pixel
region, by being extended over the plurality of the pixel
regions, and accordingly the resistance value becomes a half
of the value. Furthermore, when the source follower thin film
transistor 1s formed so as to be extended over desired three or
more pixel regions, an arbitrarily large channel width can be
realized, which can suificiently decrease the resistance value.

In addition, 11 the flexibility of the layout for the radiation
imaging apparatus is enhanced, not only the channel width 1s
enlarged, but also the channel area (channel widthxsource-
drain space) of the source follower thin film transistor 14 can
be greatly increased. In the source follower thin film transis-
tor, a fluctuation (1/1) noise 1s generally a dominant compo-
nent of a noise, and this 1/1 noise 1s inversely proportional to
the channel area. When the source follower thin film transis-
tor 1s formed so as to be extended over the plurality of the
pixel regions, the greatly increased channel width and the
greatly increased channel area are obtained, and the low resis-
tance and the low noise are realized.

FI1G. 3 to FIG. 10 are layout charts illustrating a manufac-
turing process of the radiation imaging apparatus according,
to the present embodiment, 1n order of the steps. Here, only
the two adjacent pixel regions 10, and 10, are 1llustrated.

Firstly, as 1s illustrated in FIG. 3, abuffer layer 22 1s formed
on a cleaned insulation substrate 21. This butier layer 22 1s
tformed of a silicon oxide film (S10,) or a silicon nitride film
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(S1N). The film thickness 1s desirably approximately 200 nm.
Next, amorphous silicon 23 1s film-formed on the butfer layer
22 with a plasma CVD method or the like. The film thickness
1s desirably approximately 50 nm to 200 nm. After the film
has been formed, the amorphous silicon 23 i1s crystallized
with a laser annealing method, and polysilicon 24 1s formed.
Next, this polysilicon 1s etched 1nto an 1sland shape so as to
leave only a necessary portion.

Subsequently, as 1s 1llustrated 1n FIG. 4, a gate insulation
f1lm 235 1s formed, and a high-melting-point metal 26 1s {ilm-
formed. The gate insulation film 23 desirably has a film thick-
ness of approximately 50 nm to 200 nm. In addition, molyb-
denum, tungsten, an alloy thereof or the like may be used for
the high-melting-point metal 26. After that, the high-melting-
point metal 26 1s patterned into an 1sland shape by wet etch-
ing. After that, the polysilicon 24 1s doped with 1on while
using the high-melting-point metal 26 as a mask. In addition,
in this process, an impurity layer of semiconductors 1is
formed, which becomes respective sources/drains of the
transfer thin film transistor 12, the reset thin film transistor 13
and the source follower thin film transistor 14. At this time,
there 1s also the case 1n which an LDD region (that 1s abbre-
viation for Lightly Doped Drain and has function of alleviat-
ing electric field between source and drain) 1s formed in order
to suppress a leakage current flowing from each of the thin
film transistors 12 to 14 or to enhance the characteristics
thereof.

Subsequently, as 1s illustrated i FIG. 5, a first interlayer
insulation film 27 1s formed. The film thickness 1s desirably
approximately 300 nm to 600 nm. After that, each contact
hole 28 1s formed 1n the first interlayer isulation film 27 by
using a dry etching technology.

Subsequently, as 1s 1llustrated in FIG. 6, a first low-resis-
tance metal layer 29 1s film-formed. After that, the first low-
resistance metal layer 29 1s patterned with an etching tech-
nology, and a transfer driving line 2A and a reset driving line
7A are formed. An electroconductive material having as low
resistance as possible 1s satisfactory for the first low-resis-
tance metal layer 29. The film thickness 1s desirably approxi-
mately 300 nm to 700 nm.

Subsequently, as 1s illustrated in FIG. 7, a second interlayer
imnsulation film 31 1s formed. After that, each contact hole 32
1s formed 1n the second interlayer insulation film 31 by using
a dry etching technology.

Subsequently, as 1s 1llustrated 1n FIG. 8, a second low-
resistance metal layer 33 1s film-formed. After that, the sec-
ond low-resistance metal layer 33 1s patterned with an etching
technology, and a signal line 3 A, a source voltage supply line
4 A, a reset potential supply line 6 A and the like are formed.
By the above steps, the transfer thin film transistor 12, the
reset thin film transistor 13 and the source follower thin film
transistor 14 are formed.

Subsequently, as 1s 1llustrated 1n FIG. 9, an interlayer 1insu-
lation film 34 1s formed, in order to protect these thin film
transistors 12, 13 and 14, and an organic planarized film 35 1s
turther formed thereon. The interlayer insulation film 34 may
have a film thickness of approximately 500 nm, and the
organic planarized film 35 may have a film thickness of
approximately 3 um to 5 um in order to decrease the parasitic
capacitance between the signal lines and a photoelectric con-
version element which will be film-formed later. After that, a
contact hole 36 for connecting the drain of the transfer thin
{1lm transistor 12 with the photoelectric conversion element 1s
formed in the organic planarized film 335 and the interlayer
insulation film 34.

Subsequently, as 1s 1llustrated 1n FIG. 10, a material of the
photoelectric conversion element 1s film-formed, the film 1s
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separated on a space between the pixel regions by etching,
and the photoelectric conversion element 11 1s formed. A
common ¢lectrode line SA and the like are connected to the
photoelectric conversion element 11. The photoelectric con-
version element 11 1s formed of the PIN type. In addition, a
protection film such as SiN, and a GOS or Csl which 1s a

wavelength conversion element are arranged on the photo-
clectric conversion element 11.

By the above steps, the radiation imaging apparatus having,
a layout illustrated in FIG. 2 1s formed.

In FIG. 11B, FIG. 11B 1s a sectional view of the layout of
FIG. 2, and corresponds to the cross section taken along a

dashed line I-I' 1llustrated in FIG. 11 A which 1s a part of FIG.
10. The transfer thin film transistor 12, the reset thin film
transistor 13 and the source follower thin film transistor 14 are
tormed on the upper side of the msulation substrate 21, and
the photoelectric conversion element 11 1s formed on the

upper part thereof through the organic planarized film 35 and
the like. Though being not illustrated in FIGS. 11A and 11B,
the wavelength conversion element of the electro-magnetic
wave such as GOS or Csl exists on the photoelectric conver-
sion element 11.

As has been described above, the present embodiment
realizes a highly reliable radiation 1imaging apparatus which
shows an enhanced signal transfer speed even when the signal
1s transferred through a circuit using the source follower
circuit, and can sufliciently cope with the high-speed driving
as well.

(Second Embodiment)

The present embodiment discloses a radiation imaging
apparatus as an 1imaging apparatus, similarly to the case of the
first embodiment. Fach thin film transistor in the present
embodiment 1s 1llustrated by an example of a bottom gate type
of a thin film transistor which uses amorphous silicon. In
addition, the components and the like corresponding to those
in the first embodiment will be denoted by the same reference
numerals, and the detailed description will be omitted. FIG.
12 1s a magnified layout chart i1llustrating N pieces (N 1s an
arbitrary integer of 3 or more) of adjacent pixel regions 1n the
radiation 1imaging apparatus according to the present embodi-
ment.

In FIG. 12, the respective pixel regions shall be represented
by pixel regions 10, 10,, . . . 10,. Each of the pixel regions
10,,10,,.. .10, 1ncludes a photoelectric conversion element
11, a transfer thin film transistor 12 and a reset thin film
transistor 13. Furthermore, one source follower thin film tran-
sistor 14 1s formed so as to be common 1n the pixel regions
10,,10,,...10,. The one source follower thin film transistor
14 1s arranged so that the gate 14a (and channel portion 1n
lower part) and the source/drain 145 of the source follower
thin film transistor 14 are extended over the pixel regions 10a
and 1054. In FIG. 12, each contact hole 15 1s 1llustrated.

Asthe value of N 1s larger, the flexibility of a layout 1s more
enhanced, the channel width (gate width) of the source fol-
lower thin film transistor 14 can be more enlarged, and lower
resistance can be realized. For instance, 1t 1s understood that
if the source follower thin film transistor 14 1s formed so as to
be extended over approximately 10 pixel regions to 30 pixel
regions by assuming that the size for one pixel region 1s
approximately 150 um and by devising the layout, the radia-
tion 1maging apparatus can manage to drive a moving image.

FI1G. 13 to FIG. 19 are layout charts 1llustrating a manu-
facturing process of the radiation 1imaging apparatus accord-
ing to the present embodiment, 1n order of the steps. Here,
only two adjacent pixel regions 10, and 10, out of N pieces of
the adjacent pixel regions 10, 10,, . . . 10, are 1llustrated.
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Firstly, as 1s illustrated in F1G. 13, atransfer driving line 2A
and a reset driving line 7A are film-formed on a cleaned
insulation substrate 21. The resistance of the driving line of
the thin film transistor may be low, and the film thickness may
be approximately 200 nm to 500 nm. The material may be a
low resistance metal such as aluminum, copper and neody-
mium, or may also be an alloy thereof. Next, a first gate
insulation film 37 1s formed. The material may be silicon
nitride (SiN), and the film thickness 1s desirably set at
approximately 200 nm to 400 nm.

Subsequently, as 1s illustrated in FIG. 14, an electrocon-
ductive material 1s film-formed and 1s etched into an 1sland
shape to form the gate 14a of the source follower thin film
transistor 14. It 1s determined in this etching process how
many pixel regions the source follower thin film transistor 14
1s Tormed so as to be extended over.

Subsequently, as 1s illustrated 1n FIG. 15, a second gate
insulation film 38 1s formed. The material may be silicon
nitride (SiN) similarly to that of the first gate mnsulation film
37, and the film thickness i1s desirably set at approximately
200 nm to 400 nm. After that, each contact hole 39 1s formed
in the second gate 1nsulation film 38 by using a dry etching
technology. The contact hole 39 1s a hole through which the
gate 14a of the source follower thin film transistor 14 1is
clectrically connected with the source of the transter thin film
transistor 12.

Subsequently, as 1s 1llustrated 1n FIG. 16, amorphous sili-
con 1s fllm-formed, and an 1mpurity semiconductor layer 1s
further film-formed which becomes a source/drain. The
amorphous silicon and the impurnty semiconductor layer
shall be referred to as a film stack 41. The amorphous silicon
1s used for forming each channel portion of the transier thin
film transistor 12, the reset thin film transistor 13 and the
source follower thin film transistor 14. The amorphous silicon
1s film-formed with a plasma CVD method or the like, and the
f1lm thickness may be approximately 100 nm to 200 nm. The
impurity semiconductor layer 1s film-formed with the plasma
CVD method or the like, similarly to the method for the
amorphous silicon, and the film thickness may be desirably
approximately 15 nm to 60 nm. After that, the film stack 41 1s
ctched 1nto an 1sland shape.

Subsequently, as 1s illustrated 1n FIG. 17, a low-resistance
metal layer 42 1s film-formed by film-forming and etching the
metal layer. After that, the impurnty semiconductor layer
which 1s film-formed 1n the upper part of the film stack 41 1s
formed by etching the impurity semiconductor layer while
using the low-resistance metal layer 42 as a mask. By this
low-resistance metal layer 42, a signal line 3A, a source
voltage supply line 4A and areset potential supply line 6 A are
formed which are connected to the source follower thin film
transistor 14. Furthermore, the drain of the transfer thin film
transistor 12 and the gate of the source follower thin film
transistor 14 are connected to each other.

Subsequently, as 1s 1llustrated 1n FI1G. 18, a protection layer
of the thin film transistors 12, 13 and 14 1s film-formed. The
protection layer may be film-formed from silicon nitride
(S1N), and the film thickness may be approximately 200 nm to
700 nm. After that, a contact hole for connecting the drain of
the transfer thin film transistor 12 with the photoelectric con-
version element 11 which will be film-formed later 1s formed
in the protection layer. Next, an organic planarized film 1s
formed 1n order to decrease the parasitic capacitances of the
thin film transistors 12, 13 and 14 and the photoelectric con-
version element 11. The film thickness 1s desirably approxi-
mately 3.5 um to 5 um.

Subsequently, as 1s 1llustrated FI1G. 19, the material of the
photoelectric conversion element 1s film-formed, the film 1s
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separated on a space between the pixel regions by etching,
and the photoelectric conversion element 11 1s formed. A
common electrode line SA and the like are connected to the
photoelectric conversion element 11. The photoelectric con-
version element 11 1s formed of the PIN type. In addition, a
protection film such as SiN, and a GOS or Csl which 1s a
wavelength conversion element are arranged on the photo-
clectric conversion element 11. By the above steps, the radia-
tion 1maging apparatus having a layout illustrated in FIG. 12
1s Tormed.

In FIG. 20B, FIG. 20B 1s a sectional view of the layout of
FIG. 12, and corresponds to the cross section taken along a
dashed line I-I' illustrated in FIG. 20A which 1s a part of FIG.
19. The transfer thin film transistor 12, the reset thin film
transistor 13 and the source follower thin film transistor 14 are
formed on the upper side of the msulation substrate 21, and
the photoelectric conversion element 11 1s formed on the
upper part thereof through the organic planarized film 35 and
the like. Though being not illustrated 1n FIGS. 20A and 20B,
the wavelength conversion element of the electro-magnetic
wave such as GOS or Csl exists on the photoelectric conver-
sion element 11.

As has been described above, the present embodiment
realizes a highly reliable radiation 1imaging apparatus which
shows an enhanced signal transfer speed even when the signal
1s transferred through a circuit using the source follower
circuit, and can sufficiently cope with the high-speed driving
as well.

(Third Embodiment)

The present embodiment discloses a radiation imaging
apparatus as an 1imaging apparatus, similarly to the case of the
second embodiment. Fach thin film transistor in the present
embodiment 1s 1llustrated by an example of a bottom gate type
of a thin film transistor which uses amorphous silicon. In
addition, the components and the like corresponding to those
in the first and second embodiments will be denoted by the
same reference numerals, and the detailed description will be
omitted.

FI1G. 21 1s arepresentative layout chart of a radiation 1imag-
ing apparatus according to the present embodiment. Similarly
to the case of the second embodiment, when the source fol-
lower thin film transistor 14 1s formed so as to be extended
over the plurality of the pixel regions, there exist a part having
the pixel region 1n 1ts upper part and a part (portion between
adjacent pixel regions) having no pixel region on its upper
part. A threshold value of the source follower thin film tran-
sistor 14 1s different between the former part and the latter
part. As 1s illustrated in FIG. 22, the photoelectric conversion
clement 11 has also a function of protecting the channel
portion of the source follower thin film transistor 14 from an
exogenous noise such as an electro-magnetic wave. In other
words, sensitivities of the source follower thin film transistor
14 with respect to the exogenous noise are different between
the portion having the photoelectric conversion element 11
ex1st on 1ts upper part and the portion having no photoelectric
conversion element 11 existing on 1ts upper part, and as a
result, the threshold values are different between the portions.
I1 the threshold value varies 1n the one source follower thin
film transistor 14 depending on the portions, the reliability
concerning whether the obtained signal truly reflects the
light-recerving mformation or not is lowered.

In the present embodiment, as 1s illustrated 1n FIG. 21, the
channel portion (amorphous silicon 41) of the source follower
thin film transistor 14 is etched in the following way. In other
words, 1n the channel portion, the part (portion between adja-
cent pixel regions) having no photoelectric conversion ele-
ment 11 existing on its upper portion, 1n other words, a part
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which becomes a path for charge trans{er, 1s partially removed
by etching. This structure enables the 1maging apparatus to
read the signal without causing the dispersion of the threshold
value and the like and without impairing the information of
the photoelectric conversion element 11, even when the
source follower thin film transistor 14 1s formed so as to be

extended over a desired plural number of the pixel regions.

Incidentally, 1n place of a method of etching a predeter-
mined part of the channel portion of the source follower thin
film transistor 14 as in the present embodiment, the source
follower thin film transistor 14 may be etched 1n the following
way. In other words, the part (portion between adjacent pixel
regions) may be etched which has no photoelectric conver-
sion element 11 existing on 1ts upper portion, i the source/
drain of the source follower thin film transistor 14. In addi-
tion, 1t 1s also possible to form a metal layer 1n the upper
portion of the part having no photoelectric conversion ele-
ment 11 existing 1n 1ts upper part, in the channel portion of the
source follower thin film transistor 14, and shield the light to
the part which becomes the path for charge transfer, by this
metal layer.

In addition, in F1G. 2 of the first embodiment and in FI1G. 12
of the second embodiment, there 1s a portion at which the
channel portion of the source follower thin film transistor 14
crosses a transter driving line 2A and a reset driving line 7A,
on the upper part of the transfer driving line 2A and the reset
driving line 7A. In this portion, it 1s considered that the switch
ol the source follower thin film transistor 14 results in turning
on when a voltage 1s applied to each of the thin film transis-
tors, and that the charge 1s transferred. In order to prevent this
phenomenon, the intersection (crossing position) may be
etched and removed at which the source/drain of the source
follower thin film transistor 14 intersects with the transfer
driving line 2A and the reset driving line 7A.

As has been described above, the imaging apparatus
according to the present embodiment shows an enhanced
transier speed of the signal even when the signal 1s transferred
through a circuit using the source follower circuit and can
suificiently cope with the high-speed drniving as well.
Thereby, a highly reliable radiation imaging apparatus 1s real-
1zed which can surely read a signal without impairing the
information of the photoelectric conversion element 11.

(Fourth Embodiment)

The present embodiment discloses an X-ray diagnosis sys-
tem as a radiation 1imaging system provided with one type of
a radiation 1maging apparatus selected from first to third
embodiments.

FIG. 23 1s a schematic view 1llustrating a schematic con-
figuration of an X-ray diagnosis system according to the
present embodiment.

This X-ray diagnosis system includes an X-ray tube 51, a
photoelectric conversion apparatus 52, an 1mage processor
53, displays 54a and 54b, a telephone line 55 and a film
processor 36. The X-ray tube 51 1s a radiation source for
generating an electro-magnetic wave which 1s X-rays here.
The photoelectric conversion apparatus 52 has a scintillator
mounted on 1ts upper part, and 1s one type of a radiation
imaging apparatus selected from the first to third embodi-
ments. The image processor 53 1s a signal processing unit for
digitizing a signal which has been output from the photoelec-
tric conversion apparatus 52. The displays 54a and 54b are
display units for displaying signals which have been output
from the image processor 53. The telephone line 35 15 a
transier processing unit for transferring the signals which
have been output from the 1mage processor 53 to a remote
place such as a doctor room that 1s another place. The film
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processor 56 1s a recording unit for recording the signals
which have been output from the 1mage processor 53.

When this X-ray diagnosis system 1s used, X-rays which
have been generated 1n an X-ray tube 51 transmit through a
chest of a patient (subject), and 1s 1ncident on the photoelec-
tric conversion apparatus 32 which has the scintillator
mounted on 1ts upper part. Here, the photoelectric conversion
apparatus 32 having the scintillator mounted on its upper part
constitutes one type of aradiation imaging apparatus selected
from the first to fourth embodiments. These incident X-rays
include the information of the inside of the body of the
patient. The scintillator emaits light 1n response to the incident
X-rays, and the photoelectric conversion apparatus converts
the light to an electric signal to obtain electric information.
This information 1s converted into digital signals, the signals
are processed into an image by the image processor 53 which
becomes a signal processing unit, and the image can be
observed through the display 54a which becomes a display
unit of a control room.

In addition, this information can be transferred to a remote
place through a transfer processing unit such as the telephone
line 55, can be displayed on the display 5456 which becomes a
display unit in the doctor room or the like that 1s another place,
or can be stored 1n a recording unit such as an optical disk.
Based on the information, a doctor 1n the remote place can
also diagnose the disease. In addition, the information can be
also recorded on a film 57 which becomes a recording
medium, by the film processor 56 that becomes a recording
unit.

As has been described above, the present embodiment
realizes a highly reliable X-ray diagnosis system which
shows an enhanced signal transfer speed even when the signal
1s transierred through a circuit using the source follower
circuit, can suificiently cope with the high-speed driving as
well, and can take 1images 1n a desired moving image mode
and a desired still picture mode.

While the present invention has been described with refer-
ence to exemplary embodiments, it 1s to be understood that
the invention 1s not limited to the disclosed exemplary
embodiments. The scope of the following claims 1s to be
accorded the broadest mterpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2011-279752, filed Dec. 21, 2011, which 1s
hereby incorporated by reference herein in 1ts entirety.

What 1s claimed 1s:

1. An 1maging apparatus comprising:

a plurality of pixels, each including a conversion element
and a first transistor, wherein one of a source and a drain
of the first transistor 1s connected to the conversion ele-
ment; and

a second transistor being shared by the plurality of pixels
and having a gate connected respectively to the other of
the source and the drain of the first transistor of each of
the plurality of pixels,

wherein at least one among the gate, a source, a drain and
a channel portion of the second transistor 1s formed to be
extended over the plurality of pixels, and the conversion

clement 1s arranged over the first and second transistors.

2. The 1imaging apparatus according to claim 1, wherein the
second transistor 1s partially removed at a part of the channel
portion over which the conversion element 1s not arranged.

3. The1imaging apparatus according to claim 2, wherein the
part removed 1s positioned at an 1ntersection between a driv-
ing line of the first transistor and the second transistor.
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4. The imaging apparatus according to claim 2, wherein a
metal layer 1s formed at a position of the channel portion of
the second transistor over which the conversion element 1s not
arranged.

5. The imaging apparatus according to claim 1, wherein the
second transistor 1s partially removed at a part of the source
and/or the drain over which the conversion element i1s not
arranged.

6. The imaging apparatus according to claim 5, wherein the
part removed 1s positioned at an intersection between a driv-
ing line of the first transistor and the second transistor.

7. The imaging apparatus according to claim 1, wherein the
first transistor and the second transistor have a top gate struc-
ture formed using a poly-silicon.

8. The imaging apparatus according to claim 1, wherein the
first transistor and the second transistor have a bottom gate
structure formed using amorphous silicon.

9. A radiation 1imaging system comprising:

an 1maging apparatus according to claim 1; and

a signal processing unit for processing a signal outputted
from the 1maging apparatus.

10. The imaging system according to claim 9, further com-

prising

a recording unit for recording a signal outputted from the
signal processing unit;

a radiation source generating an electro-magnetic wave;

a display unit for displaying based on the signal outputted
from the signal processing unit; and

a transier processing unit for transierring a signal outputted
from the signal processing unit.

11. A manufacturing method of an 1maging apparatus com-

prising:

a plurality of pixels, each including a conversion element
and a first transistor, wherein one of a source and a drain
of the first transistor 1s connected to the conversion ele-
ment, wherein the method comprising steps of:

forming a second transistor being shared by the plurality of
pixels and having a gate connected respectively to the
other of the source and the drain of the first transistor of
cach of the plurality of pixels, such that at least one
among the gate, a source, a drain and a channel portion
of the second transistor 1s extended over the plurality of
pixels; and

forming the conversion element over the first and second
transistors.

12. An 1maging apparatus comprising:

a plurality of pixels, each including a conversion element
and a first transistor, said first transistor of each pixel
having a source and a drain, wherein one of the source
and the drain of the first transistor of each pixel 1s con-
nected to the conversion element of that pixel; and

a second transistor being shared by the plurality of pixels

and having a source, a drain and a channel portion, and
the second transistor having a gate connected to the other
of the source and the drain of the first transistor of each
pixel of the plurality of pixels,

wherein at least one among the gate, the source, the drain
and the channel portion of the second transistor extends
over the plurality of pixels, and the conversion element
of each pixel 1s arranged over the first transistor of that
pixel and over the second transistor.
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