


Ro Ro Ro Ro






9% IS s 8

@A <I!"$ B " < " ! P 'C! '3
< 't ' 4 + M+
$ " [ + ! $C $ 0! C !
II+ ] $ IIIII 1] n . 1
+ | + ! $C
< 0 $ $ " ] $ '
4 " 9 C 4 rr"C %
0 $ + %% C
$ $ o
l D E $
5 ;003%C " 4 + $ F
5 " "¢ $ n o1
| C 4 ! 9 C
I + 0 1o
"$ C 0 0%
. 10 " .
+ C $ C I
0 + 0% " ! I <' C
I 6 $ $ 14
' Il Il 4
0O 2 $"
0 ' ' 0 ! $ !
0o '+" 0% !
+ ' " "$ C !
0 I C+" ro " 0O 0 +
C C $ < % cC o0 ! $
5 I Il c"
+ ] 0 ! + " 0 6
* C $ [ I I C
5 1 4 C
* | [ rtrc + $ $!
I C + + 0 "< $ 4 c"
$ 0 4 0 !'+%$C
0 % + " ! 4 C
+ " ! 12 ! 0
D "=GE )$ 5 + + 0 cC !
4 ' 0$ + + 0 $C 0
@! $BC ' "1 14
C L | ! o ! C
I 4 . 0 ! I .0 D! +
@ .0 BEC O 4 0 C 0 ! F I$
oo |
5 P ! ' 0 0% 4
! + $ ! C + + "
0 8 C $C 0 3 $



"D9H E '$
" 0 $ 5" !
"C O
" "$
Cprgon g
0% $ o0 + !
n ll$ Oll
$ "0 0
C < "
c"!1cC "10
' l+$ C
10 o "
' "o
5 1 o'
" | "
51
o C
< + '
. I +C "
+ I I
c" 0
$ $C*" 0
$ 0 4 $ !
'$ !
! + < 0
o" "™ 0 . %
0O 4 @ B) 4
4 "> $18
1 II$ + n
4 0 4 ! 0%
$
$C +' + " %
! ! $ 1
4 " + I C 0
c " c "
0 6
"0 4 CcC O
60 C"140 $!"0 4
"$ ! 0% "
#
5 O 0

%

C +



' " .'$!"% o+

: 00% "

+ . $! C

C. ! $ !



" C++ 01% 0 * 4 DO*EC "
'+ < " + $ "+ A + "0 |
" cr - " I+ "o 0+
"C+ + "0 1" 0
I to" P 5 R !
! ! e '$ 1% " I + 0

co * , D()*EC " =L . "0
"F - 0 " 0s

1 0* " 4C | TR
Cll $F !" < <

o P " C+" "+ . ! C

' ! rgo*C - ' " 4% C oo

0*" ! 5 " < '
| 4$' D 1 Tt <
or * E " c" et
" D MEC " 4% 0 0
$ " ' 44
S IR o N ‘o Cc
£ Lo "4 Lo
L C $ *0
*0 $ 'DAM &E L4me o meg o
Nt 00 $
$! 4M D4 4%  EC 0 0 *0
$IJK """ C



$ L0 Fu #S
$ "N 4% "+
0 *0
AM 4% ! *0
BRTREE
"1 Cox v
'$ S "UO0 +
"o ryrox Cc o
g " C"
$ c " v
£ R $
C! o*

O n n
J,K

" 0 "
4" 4% + " "

<+ ' 0 1Q* 1o
() * 4% 0 0"
10 A" 4 c(*
0 J&C3K " I $
I 4 0
4 + D 10
"1+ 0 E
'$ |
10 " @' B ! "
00" " 6
A
" 0 I 49 $ !
" 'Y + <C +
o" 0
|
$! 0 0 !

Hole doped
300
Underdoped Overdoped
% 200
. Pocudogap
100
0y
ot
0 0.1 0.2
Charge doping (per Cu atom)
4%
DE4M *0 *0 $F DOE 4!
C ' '4FDE
*0 $ E"
nox noon I
' D:' E
"o | |
! 0 $ A"
1 " 4
I
0 " n $ 5
4 %
C + "
n ' C "
1 ! " +
n + n
+ B
+ n * * | ||$ 4
o "+ + +3$
C 1
!
0 4 0
1 F $ "
n 1 0$ n
03 Fr
1 |$ | n " 4$|
" 0+ "I
6!0
5 1 L}
+ " 1 | " ]
+II

0.3






! T T T
T
05k - 2 -
| | | 0 | |
B w % m e DEg 9 180 270 360
< F DOE " || DE" "
C +
+ 4
$ 1
C "0 |
$ $! "+
"0 C
1 n $ ! n
c" 10
'$ 0 !
"4 J K
! s %! " $' *
' "'CO $CcC " 3 D C
E 9 'S % $
+ J-C C CK " ! (O)*C
0 % $C + 4 "3
cC+"" +
C o$L $ J K
+ < $ 0%
"I +'C+ + !
" "1
D E J D E D
'$
|O + n
$ $C O ! M
! -
C R



ot <

"1+ 0
"o e

+ 1 " "2 "Q
L 0* £ |

80 0~

Qr 3

QD E =

0* " c-

%

n % n !! +

"4 L #
n O O $ n (1]
nomon O +
% " C C
O + n 1
nomon O + n

9% 4
% " N +
$ !
C n

ODE - Qe

" 180C C

! '+ % " 6 !

6

S T 7 R T 'S !
JC3Ks "

C +" +
$ D! C+< <EJK $
""C+ + 0 '$ " !

n + < 1

4 "o +

C n n

0 +9%

$E

0%



0% " " $C

U +<$% + " C
" P J 3K

. "I 0$

! A " "5 "I+ S

"4
P P
4

D



+" # P 1. D,E O+ C

—_— — D &E

1. DE D& <+ % " . $
5 'C . D &E' R | o+ " ! C
$5 F n I | $ | + n m o 0 n n
P % " N '+  $ ' %C I + !

D&E " " " c" ! ' c+"

D 3E

% 4"0 ' "0" @2 B " re b

0 ' ! r"r % "o !

% " I ! ! JC K

R 2 ! $$"" "S
r"$ " " e !

I T



x .o crrom

D/)E / $C +
J-KF " C 4

" 0 C 0

$1" ! (
1] C "
U
@' B " ! c
D :' &E

DE D&E"! +' !

0 D!



&< "1 DE " e
| DOE
/1 3E
# c —
won " ! $
0 C I O ¢
" ! ' . ! o Cc "
| 0$ " "1 + 0 0 0% "
|
ce L P |
$ $ | P |
SO B IR c" "0 ! 0 1"
T n m 1 11} II+ 1 &
"0 0 0% D-E " F + 0! $
+" 1 $ 10 + + "y "1 4" Coo"
I S T " "
o 411
%% $ (
% " 0 '@ $ " BC
+" " + ! ! I+ < < A + . [
D:' 3E % + IC
6 C C L
J3C =K
3 P $ P
+ $ ! ' DTE " 0 o
" A ! " <Q" CI "
P cC"+'"$ 0" C Lo

D E
D -E
D =E



N

o =

D E

o " I
o E " '

C n 1

! [ ¢C "

" 5 D
o "+ "0
+"+"0 C"

D ! E + C !

" I

- o$ o' "
c"! !

"$ |

" 9H
$!!

N

!I
D + +
5
D &EC+ 0O

!ll!+

C 1

ll+ "
+ <

4



! ! ! 6

1 OsNN C " R R
" c" o+ 0"
n D n n

u$* | n
. Cc
#Cl 4 C" +
6 ' +'" 5

,,,,,,,,,,,,,,,,,,,,,,,,,,,,

I %
"\.0 66 J K "ol

+ $ 9!
$ n

+ <C

Os]]



2 Twist %

]__
Titt (Ix10)
< 0.
&
-1_/—
2 /E)
30 -15 00 15 30
VimV)
. " 10 4 ' 0 $(O* % " "oy
I+ DIE "™ D"E $ o" "
L 4 " ID"E | O

D*E604 " + C $



I | I +' +
C "0 C
0+ + | " <
o+ " + ! A"
! (O "% C
4% !
0 D#)E #) o+ $
S L c"l
$IJIK " $ Il
| + C " "

0 C 0 $ +<$ <
+$ 0$!0
I+ " "0
$ ! co '! 0%
0 $ "0
C + 0 0O 00
+$ A" + "
+ 0 "+ "+EC + $ %
0 $ " 0 C
Ll C
! C+
" C | |
'l +<' " D
+ 0 L#) +
" #)0
<$! $! #
R T R
" C $" !
%
" C+ + 01!% +
!
"0
$ $! <$!
"t + 0 Il I
"oy 1#)6 " $
+ 1" 4
" (
# 0 0 +

30+

n + 0 A
| "+ '
+$ 5 +«< '
: %
+toCco $
" '""C
+ | |
Il 0O $
] $ ]
c " ' $C
""" $ 5 "0
' " -G
| | +
0 + 0 0 "
C ! $C
0 ! cC !+
r"# C c' 0% "
! 0
! D " 4 o
! cC'+'! !
4 ' 0 $!'#
+C " M
0 %
P "0 <
+ 0 00$% !
00$% 5 0 E
$0 + $ $!
) + 0 "+ "
!
#) D
! E
#) "
cC' !
$ $ #) C
. !
I+ O
| +
4 C 4



I
" I '#) DE " 4 CDOE " 4 CDE +
4
+ !
L $ ! <
"o | -
I+ C $ s
""" $! C+ " e
! rn$ | J=C &K
! + CO0<0 " c o <.
° ¥ ' $ "0 0
4 + " " C N 3 s
c $ ! I Cc" <
I"#0 '+
" . +$ 0 #) + c % -
+ I A + 0 0
0 > + <+ ! |
|IO $ "_ n +$ #) 0
0 A $ +" U
e Sree P+ ! 0 C
L#+ 0 ! .
. E $ 00$ O L g c
* CO9*C % 05 5 C 2 * 0 - 5 |
J =K
#) C"DE . " I sc
0% &3GD E D E o eF
"$ e ! ! $ 11 | wm
$J3K
" '0® $ 4 0 $
"t ", C"0$
$ N
0 $ 8 nooom -
14 1 0 S <1140 s
I $|
)
" 4 4 4 N v A"
0*! o Cc " o :
$' )8



10 -&
107} n
N
10“—D v gs
g . \ v i
$ 0 ]
< 10 i v ﬂl
L9 3 ? ‘
e
] v
10° 4
: [l Grain boundary angle
10 g T0 20 30 40 50
$ 1 $ !
! 0* C 4 " " C+
8 3 3 ¥ ga )* $J=K
0 R "0 $ $C+
"0 0 C 0 "
0 D:' ,0EJ =C &K
" A T N ¢ " 0
$+" o Ccn"m 1 " " $140 " '
"o P '$ " T
s 0r S
"0 10 " ! c "o D+ "
8 0 $E 0 D N E
*
"0 4 " e ! I+
0 o . C 0$ " +<
J KC "o $ 0% o*C " *  P)*0 $ +
'+ "o 1&3G " * " 1 C &3G
JK ' 0 $+ ")
9 $C "0 4 ." 0 4 M C
+* " P " 4 JC-C =K "
I c 9+ = $ '+ *D ? * ED E O
"C()*! " o Cc
D E R $ D .E "+ "0 D:'
,E " "+ C"DE "D ,E cC O
" + +" " "0 c o*"" 5 I &3G
&3G + " 0 4 F" A" * C
&3G L ()% < npom 0!
4 o< T+ $ 9
n J-Cc,C,K
*»0 0 4 "0 5 "+ < cC+
+ " ' B C '
$ 1 "4
T ] ! n < ' n n O $ n






1l I 0 %$ !0
+ " L
I +C + " !
+ Lo 0" C + C
nm +$ 0 4 C 0 +
! + 0 / 0 $
|
0 +$ 0 1#) " #)
o = C 11#) 0" ' 0 F C
I 6 0O +% ' 0
o+ + $ $ 0 0 #)
0 5 + L #)
! ! ! + <C+
0"+$ + " 10 ! 0 4 B
" c"< " 'C $0
00 " + 0 + " P "1 C
0o + " ! $* o $ '0*0
" + 4 I /1 J=K J&K D . - " E :
106 " e ' s* I C
"o % " ! % " 0%
| | : + " $*
0 0 ! $ * ! 0
1" #)0
s* DTE * DY E
) $ “a
) 4 3 a °
4a
I 0 & “a -~
0 ! $ 1(0* I
. | #)
(
P I#)C $ " "0
# 0 ' +"C 0 $ ! C-"
e | # ) " " 00
I +" $ !
$ c " ' !
F $ !
I 0 0
C ! + 0 ; 003$C
| #) | $ ! 1" C! 0$"0
r" $ % 0%
| I | ' [
! I C C
J&K " + !



Filament Model = grain boundary 1SJ Model (Halbritter) 1SJ Model (Gross et al.)
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