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#9$& #(+H)%H&" (& &HWS! 1 H) ' #' 1H) 1 HH&
%& % &!"
Property Graphite Diamond Diamond-like carbon
Composition Pure carbon <1 at% hydrogen 50 at% hydrogen
Microstructure crystalline crystalline amorphous
Atom bonding state sp sp Sp’ Sp Spt
Bond energy (kJ/mole) 680 370
Stability Stable Stable Metastable
Electrical conductivity Conductor Insulator Insulator
3x10™ ¢
Resistivity ( . cm) 10*-10' 10°-10"°
2.2-5x10 ab
Band gap (eV) -0.04 5.48 0.8-3
Thermal conductivity (W/ 398¢
> 1300 400 - 1000
cm. K) 2.2ab
Density (g/cnd) 2.26 3.515 1.8-2.8
Index of refraction 2.6 2.4 1.8-2.4

Raman spectrum (cni)

Sharp peak @1580

N

Sharp peak @135

Broad humps @ 1330
and 1550

10



#$4 4& &"

&H%S SH # O/ " # $3# # #)+ "& + &1 % (
PLV#E )N+ %# L #) S+ 0SS H # I+ O#&#H) & (6-48D )#'
LR & T ($3# # "% S E YO (

&1 "LU&I%Y% ( H#)- HSH )+ 4+ $& #&" 1$ &"1
oIl $ " "L+ # " SH U%HEH $) #'"1"#+ (B8-BG
- S HE&H#H ) &" " (&) $ "% Y RNH (& T
+& 1+ &I#- <13 $ &H%S B "B el ol T 3

0 & +#& # ) #' $I" L& L & "L #

&HNS  +&IH#  + '+ DIg "+$)I+ ($ '"&+ & I"#

"$0 0! ! & 44

4
4 s 9 #$<
9 9
#9
# *
$& "
A#H & +
[1] ,*#
9 #3$"
, & +$)+ ("% YE &I+ & (&H%S 'S0 $
;'E!)J)# H'S A% (& +& "OH , #' 0$")W# & KW#:

11



) &0# #%$4 4& &"

$)+SH I+ & % &!" (

H)N+(&+ )N+&"+% +# "' Y#' &
"0 ' &H%S 1 %&'+'  3( #! P # &" ( &H#%NS$! & %$ /
I$ &#%$!+# (1" & +$" ! "I+ 13" )y #M+ " U&H -
%& ™! Ol'$ # +#!1&# ' "W&! +"# | $ N+ &+ H&"+% $
"%&! +"# ($ "¢ "+ &L- & #O! # &H#NS$ ( $ (&*

&H%S " " #' |
# &) -# " (Bl

3&"' $ 1% ,&"" $ 1%#+) ($
" ( RHOL S ((+), "%&! + "# +

G ?)(&" $I+ ™(&)4 F)O& (' S s (#
+#H)%' H#H) F1I&I) OIS H"# I+ ( &+ #' '&#3H M 1#
# (& R")' "(6-G #+# '&l," 1BG),
( 0& *#$ % '
<I$ $ + 1" H&H# L ( +& I+ T # T H& A
T™%#! %0&" " ! 'O"+# 'HE&+!I"L $&!"# # &0%! $
N6 &#+ (W &#" $# +# + '+ $# ((+ L # o+ ##
&H%$ % &(&)" $ &" ( $ +#& # # N &#"L 0S #

" 9G-76\6-8F: 1 B6 Ty !

$&)# +'+1! &# (98-F8\6-88:]1B6
B=B #'7G66 <-) B=F(&

B=B +)yo#&' $ # " (7666 <-)

<# '#& # "9</ #'! [<# ' #& #  "9</
&%+, - S [+ #HE + ()& #HH# "% +E&"+ % +#
YH' & $ $&)H + '+ 1 &) I $'% '+ ($
& &#%$ 1 $#,! $'$

W %# (&* + $ 3HH#! #'& %O

$&H + 111" ) S &*I&) (&, L H#) S
$ 7TON#&I(#SO)$'L (& !1"#+1 &*1&" BB ) %&H &
&% & $ B+ ™ (S 3 () # $ $&)H% &' I
+$  4# & +$# | IBDJ

5 $& 8 % '4 4& &"

gl &) (< #

&HNS H& "+&) ' #"
Y# S # ((+-
& H HSH(N & (!

$ +& 1+ %&W&!" () &IH"HE +))
UHE 1+ - $ +SH&M &I+ ( 1&#+ (&) "
(0" &H%S$ +# 1M1 I'$' (&) &T#&

$ 1 &*# ) H ((+ 9! &H%S

12



# & !, '+ %! 0 %" "% #'&I# ) 1&" !

D# "SI $ %$#' ($*# )"+ #] - EHUSIHH S K# ) #

((+ ( &H%S$ $#' # #'& ((*!'"# "% " # o+ T+

$& $ $  &#! 91&H#HH %! 903& $ +$# & +HH&&!" +$# (&)
+& " $ " B &S # I+ # )1 S $
%H# &, #" 3%" | O#& #% & & 7 #" W #'
‘%! &"%b+!, - &HUS W& W &!" +#  + & 'S HN% I+ (
$ +&+ (1 )" S (1) 0$1+$ #& "#o- " S#H1 &
&") "t (S H( " ((+!' ") I+ '+ & $&I" L&
+HHE & #THEOS S &) - $&# I"SH ! I"%

1Y S # H%- % ) # &) # 93+ 1 &HWS$):
$#' "$0 3 # l+# (1 ((+ 1# $& +&#! #
THE ) # I & 1BEL.

SH%S$ SH'# #)1% #& +&I+ (1 '"+$ $# +SHE&  +HHR&! &" +#
+1" 0 +&"H# $ "I+ + &1 " # $!'$ #' B6
+) A $1& ) 1 +# 3+ ' BG1666 +) 4L BBy g #)1
+0" Tl D #8 *# 1 &# S & $# &"M"#+
B+ H#- L &#" O#) 1)) # +&&"% 'l

$ o+l *H ) 981 , 03 $ +HR&I& + + &#!
& & "+E 0+ I # #) #N"# & &H#M! # 0
)% &t &" (S &M S "&,'1 &H%$ 0

IS 1) )% &H# &- $ + '+#+ +# $#H+' % % ' %!

( &H#%S$)- $I" "' %% $ (1)! $ L o/+$ & 9 2 (& #
$ & # &ML IMEH L MG # (P - L) #" S
A rgH 0 )%&H & HH" S )# + & ( +& "I
B666 )" &# & $ +&IH# &""#+ "] %' ($ )& (
D& #' $&(& $ W&H# +# "' # "SI$% T +& I+
"OL+$L IO # 1M1+ &#MI &™ IF1B8.BR).

- 0 8&%& 4 4& &"

1&#+ (&)! " +#&& | ( +&I+ +$H& # T HI% # #

+&)M 1+ (- S/ +& " #& ) &) W & # & $
#U&%! (& (&) +&N# 1+ 9: & #1011 $ &#IH!
&* + I"#, $ $&"$ ' (&* + "% +(+ $# % ( "&H+

W &IH- $ +$& T KHL I ke # S %S/ + &1+ ((+ !
0 #&" (&H%S!I - $ 1 " ($ +#" %S | +&I+ ((+ "% #

13



I $ 1&+! ($ +&+,+& ($ 0# - # I+ &H#H
%$ "0 +&"I" %™ | # #t) (&%! /1 +& "> 1 I"
%™ L #))# & #H& #" 3+ Lrmgn ( +& ")
M) &) )%&H# & $ &#IH! " "# # $&(& $ %S /

+ &I+ ((+ +# &#1.' ,&"$& #&% " (&) &H%S
U+ S &H#IH#H# (10$I+B & LE)IHED (S %S/

+ &I+ ((+ B < &#%$S 1" 3% " #  +&)H 1+ (! " $
HHE&&! &" #+*1& #)#™ ( #H%%& 3)# B6 By - & n#&l+ " #& &
Y S #9% % ! 1462

6 $& *#,& 4 4& &"

" # ' &HNS # &+ HH")% # (&% +) 1%!&
0'$ %&H#! (&* + #H&IH# | # &# &#H 1 (&) )N+& O#, " | (&#& -
<$ # &HWNS # &I"I&Q’HIH'0I$H# +& Y# 1+ 0# Ol $(&* +
VI &I &#I#! # $1$& $#&) I+ V1 0$ & "# "l &
Q) 4 ") S#, # %H&#H 1+ & '1"%&" -- %, + 3 #'
+&& @3 #H& W& &!'# $)) )W #' $&(& & "% " # $
W) (&* +-  &HNS $ ., H 1" # L#& (+! (% 3 #'
$&(& $H'# $HR) +&"% " IH14B)_

&H%S ?% )& +)%" " +# +)) &+# #O((+!, #'
1$01$ "$! 1 W &H" (& +&)# I+ EH#HIH#H! - $" +)%" "
"BO# 0 %&+ #! $&"$' (6-G4,-P-$ $'s" ($
+)%" "+ #1 BGO POF-F, -P: I" Y#' &' # 4B 1 $ U/
#'OF-4/B4-8 0% $ #& # ($ (& +)) &HH
H%% |+ "1"H#H& 46" 1B6J
# &) " IQEHH T &HNP! & H #H& " &H " &0 S YoH&H# $ +
#HI"H+ &+ OIS S HH U# - &&H TH %&'+" L &I #
M+ (+" 9&  WHI&™- $" (+" (&) "& o+ H# &'

0 # )+ #&" #' %& ) + '+ %#$" I $I"N&+1 1 0&
$ &ML - &M &IIH" % $ Tl ) | BAT_ ttagt 1
%& '+ I&&HH! #& "#I1.' +&#! % # I$%#H (+"#'

# S ) %S & #) (S 8HNS % # - +& I+
JHH#I"HE " &% M (&S (+" (&)#! 1

S&HNH#! W " %&)N ! & ' % &H%S$ "$ | % ##&
"$ o O# (' BH 46 ;%S "H& )& "+l B $IS& &

14



%$ " HH" #H OH& & #H&H#H HH# 1&&HH ' #"
&+ ,&" # #! | # ) &H#H&

+t$& & +4# $& # #
4 4& &"

)+$0 & $#" $ ((+ ( +&
%8 %&!" ( 1$& &HNS & &HW$ 3'-
UH& |+ 1&&HIH#! $H,  W&" '! $ %&
$ 1&H#H& &)0 $ +$# "1 $ %&WN&!"
1% H+ )  # $ N%# ' "%+ -
+$# THH O (& +&M
"0 "% T &H#M (HH& # )+ #1 &+, &'
$ 1S 18K H% "1 W& ) $H $ "
SHWS! ' #! )% &# &- 0,&1 $ $!$'"
+ " & O+ HE $HE' & H# H# - $ "%
%& % &!" ( &H%$ &'+ 1" $&H +°
+&I+# &N 1 $'& & 1 #'M)
$&H + '+ #1+&# ($'& &
(1&"/0# &#%$! ,& "$&1 OBI+$ #(+" "
&H%$ ""1"4 "&+ & $ &+,& "
H" S HH%H" " $I& & #' S
$ # 1+ M 1 (& 1) 1 N&&#H# "
# &+ $ &H#I#! &#
$ +#H& 1'"&
$ %S+t #' S S+ & W& !
( &H%NS$! ) 11 +#H& #
H) ML 1&&HIH! BH, &% & -
(&& W 1) &' %& N&&## ' $'$
9 1 (& OIS ) $ & 1+# #' 3%&!) #
11 $ &1 ((&&W I"N! %& /1&&#
$#H'# +& "% &" H#H+ " $H'
%&'+' S %& 1&&H#! | &+
HR&I &' " M #N&+ 9 )1 1 &+
## & (S (&&)H ") %& N&&H!
# UI&H Yt 1+ +1&+ #&T+$&IM) " 1 SH#" "
$ AL X +& " IM&"% M (& $

" I+

+!

+
)+$ #
HOOHE (&) !" HUY% 14+H#! "
1% #1

&#"( &)# !

15

1-$ 0 & ##
#) "%$ & -

, #40 &
WO+ I&&HH " $

$# 1"0$ $ ((+" (

)" o8 8HWS- ++ &'l
#& $ #+
$&(& $ 3%+

I&EHIH] 1 " I#1 - $
$& $# #! (

% "#& % #& 0 $
I&&HIH# " "H)% " (&) %
"W T &#EM I( +" S
#OLH&H 1"
THEHSE - T+ (
Lo s (1) (
L+ #& & H+ &
LI "&+ & 1"+
R

4

+1,!

+

&H#H"H#' "
+He ) # &I SH
) ((+H& ) &M
11" # ,&"#!
" HHE Y &I B
COEHUS!I I H) (# ]
L&t

(&

$

& ' %& 1+ &H%S!
Ut GH, -

I &HY%S! &) + H&-
0 $# $ +#1. %"
oS $ "%6l" ( +$H#&

I 0 $ 410t

#' - $ $&H#H'1

"SH "% % H&IH! (
(&&)H 1 1 %& |/



1&&H## " +H#H& - & $&) &1 # URH# %N$ + & "%+&"+% 9U ;"'
%& N&&HEH ' % +&"# !  &H%$ "$0 H TR HE ("%
$ &AL "L # %ML $# )3 $ &NH ("% CH %

&"% " (&S &&[+H& " 12526)_

#40& & "0&& " #44%$ # "

$ 0%&'+! +" ) " &HNS [#''+)%" | Y& H &HH, (&
#H& (" LM ($#10 #oOHAS S ) +SH 1

"& S (% # " & I"#+1 &HNS %0 & ()+& /.
+&H O T %& (& " # (! &1+ "1, %H I #

Do+ &I+ # &ML # (# (&ML +# "I HE &, )

&#! #' SIS+ L] - &HNS 1" HHNH  ( #"& H& #) " (
$'& 1" $# +# " (&$'& " &H# - #) o+ ) H&H

H(+ $ +& I+ B&%WE&!" ( &H%S$)- " o (&
%& '+ #'" &N OBI+S H& " NI, # #)&) + -

& BILL (& %N% & )& # # %+ @+H %% &
))& " (& &HMI™MI +& YH&"+ % - 0' ! &&0$$

N #' T (17,8 "% +&H# &+ & IR"+ &1 +# #'

DU# (&) N(@&H! %H# &I $ " U&H - &H%S !
&'NH HHE W WNO&( HHMHH# "G # $& (&I
HUH) HHHEHE HH & # S %& + Lo+ #] - &HNS

TUH&HMM &ML " &HNS 1" $ $# IR+ "+, H#

+ &S HNW I (# &I ( 11 1S H( $&
)% 1L,) # O HEHET #T) T % HH&I! Y &IH + 1"
(! &+ &#%$ 3" " 1"l $)+BH I+ I T

$ #+ (O H" MIEL (& 3! S &H%S +# 1 &'+
0'$ $'& %S I+ & %" #' +# 0 /1%&"" ! #o# " (&
'L& (O# &N & - <$l +HE  # "OH& &
#1%"#' (&) '"0$ "L &HNS  #” $ & "IN O (HH"
# MR GHNS  HH #" HH SR W) )# &I 11
% +& I+ %S 4+ #11 &1+ (1" SS $&M
AL gt gt S &H (& S ) &#!  ( &H%$ O!'S$
#)&M# "I+ 1 +)% ) #& ) #/3 "N+ '+ &9
MO el (™ S & #& ML +S# " &)L L+
SIS *#l OH& W&+ # 1+ &1 WH o (#&" (&
&%&'HIL - &M %& #I! ( +& "1 &H%S

16



($ % # #&'& $'$ #orsr&" ! $

# 1'%
+ L) LI+ $ # , # ST M (&
Ho6% 1441 |

&0 "+ 4 ,,#40& & "0&& "

&0# #$&3+$# +,#40 &

"$ (&) &H%S! -

IS % ) ST (& M &H%S
%& I+ &H%N$ 1 "

&HNS 1" &%H ' %H' (&) $I$ &

+ %$H# H%1H "% #MI+ T &#t - +S#I+# 3(1#! (

7 &H#N$! +&"#" " S +&MHHE N& W& " ($! &#%$! (1)
$ H#H' # 1" & (&HNS " % & 4 +&"#"0& 0
$")y$ImeHE I

#' %&") - s H " (M
(&) ") $'#& 3&) O#'l, , "#& +$!
"SUH) #) () 1#H&(#" 4R

$"&H (&M

4 #3#%$, .0

&#%N$ # #0OSH! "+ +H#&) $!'$ )% &# &" 9BB66
w:1 $" (% &0 "% "% $ ! "&# M-
$(# ($ ! "(& &H%$ &0 $S 1 +" % S+ "1

YUl # 4HR&I&' M ($ &H%S 129

3+$# 8&8 & #$# &34#" +
,#40 &

(9D6 " $#! B666 W
& "L &/ &+##'OS$
J1H# S & #) )

) &H# 3%#'#H  &HWS! 1" 3( 1 &
L # (&) #-$ 3( ' &H%NS$ " $
) 9() " (&!+ #+' 01'$ 46P (&

$'&3' 9 18P " | | Of& I"1"&" ! Y1 &t #
&H%H 11 M S (&M $ N"& YT &HEH
&H%S! 1" I+ # ) S (& " I ( BL4M" #& '/

17



+&ITI%S %S $# #)! /1) $39% $

) ((&D6)Y " (&HS) """ M &I #Lom
&), #& %Wl+" (W &# (&) $ "%&# # 1--# 09)
# S )($ "% B)S # HH& #) " (
SH%$ " " "% 'l # S S "+ E#"(&&'
$& FI"LI+ 'l O# &#' &#!1+", " 1769 _
( 3# +,#40 &=I*&"*&0 >
SH%S! "M @+ ' # 3'#, &#) O $ % #") % &YW H##t
9= gl + + &# T %S &I+ HH- S &H%S! 94 1Ol #&
) (#'- + &H# " %$ &I+ #+!' 98D ) : | "HUUH S N3 &I
+ L # I #S #T) %W HE " S #'$ 1+/+

N3 & ! M %&!" ,&T76) " O

N3 & I""IR&'H TG & " (&4 $ & (

OHA): I"#" ' #'"1&&! 1"+ | ' (& BG)

% &' ! AE6 ) (O# & #' $ 3+™ (% #"
&#HI #HT #T(H #H (0% &

%&3'- &H%$! 3 I"&+, &' (1 &#!

O#'$'0I$# " | 9OB6BO# &+ + &#
&'+ # #&I)4$ &' "- S &H%
#+)(&48% &" 78y

S$IHHEH ()" S S
#'$'&3 O#' #, #+$ +#& #& 0'$
TH S TS+ # HH#S 3
#O<#H L &HFI" 0 $ #H&- +

)& $# B )" ( "&'(&#" "$

$& I H HIE) H S +&

$ 0 " & NSS!
# 1 &), $ 3 (+'# &%"
"HOHHTT S S T #&# T S #
A& H $&WSIIH L& T L (

(''0$ 3 ' #H# )N+ (& )NHE&E"+ N
#" # & # & b HWEH! %N&+"1'&!
& ($ "% -

18

+ :/G666J9 /

$I"HNI L $ &#]

&$ 03$&%&'LO# &

I 1# 1$)38& "
") % &) ##
| 976P: ($'&

2% (1 &' &HU%S!

3

I %$# " #&

$ o3It g &l

"HE '+ &H

‘&

% 3!
+H&  #' +#& 3

(+1#11"# & $

&I+ # "% SIS (
10$1+$ 1" #8 & $# $

I+# %& % & ! -

&#! #' $ &'+
L I

&#+!, (&+ 0 # &"

$ "% "

0&!

9 - * "M1H&T"

"% H#&]

$

" &



5 & *&0 "

$)$ L, L, (8 S & ($ !
L) PS&EL LTS (&B) 9

$ S "M% "HE 3% H$'& %HWHO
)#H&: (& GIB6 " # &) )%&#H &
&#"(&&'! #& 1#'&H%!' $#' B6G6
'@#! &#+"01$ 3 "0 $ ! I+

$ )%&H & IH&H""- 0 )%&H &"! "
H) WO H H T&E &) 1+ 1% &

1783 _

$ &#+! 1"

9 $%&"+ (3 1

4 8 Q NI 4 4 Q
9: $!$ )%N&H & &! $ W&" + (+H#H#
7 4 gl 4Q8 4

19

14FJ _

T %%& 'S "1 #B
# F6 W (& 48 $-
76 <# #%&™& (6-F

T# % &H#W$! 3" I

6

133

(S &HH! THEA A"
&HY%!' '+)% "
+HHH#E"" S "+)% "



) O## & 1# &0 28&"

) * & "4'= >
$# )+ (& )+&"+% !"# % ("+# ! %
$# #)+ ., &" 1 $& $$ Il#
#HHE" &S &N +& N+&"+%
# % ("&@+ ! $ # & 0%1+$ &*1&
&)W+ T+l - #T# 0" (&
#'UEH+ & M "DH!I <SS (&
"+ | POY+&"™% 9 1 | +#)
#+H#! 0&" (#)-9% o', %'
$&&! $ #& FO6R"# $ &"#&+$ # &#
$ +HIF I H#T &T&I+ + &!+#
3 ("SI )+ &t !

-1l - H - & &S #T

## .- $ #' + I &

) - " HLE#MH "$H&% W& ! 1% " "+#
"W "&MWH+- $ 1"H+ 0 $ 1%#'$
$# #)H&H (&+"#+ 0 $) #
() L&D && )H'& $" (&+
+H# 3% &N T+l $
VH'&) (B ! L &T( ! +#
THE H RN - $U1IS &

$ # )+ H&&H ) (&MHH"HH W& -
"HI+ %&H#! )11 O$I+S B "#I+ ( +]
&# 1 $ (&+"#H+! $ %0 +#"
O &" I # ((+!, #)&I&H# (#

0 $ 1%# $"H)%- DI# $#
T+ (& )H&"H% )T - $I
J&H# " '& S %&H! - $ H#)+ )"
&" #+ (&* + #'$ % ($ +# !,

+ 4]

9% "

"(+!

20

& (& % &HY%$!+ )H#!
I(#)+$#1+# %& - $
9 " S# | W

"$ & 1$&
$1$ #'7 " &(H+ %& (1)
D O%& N+&+ %L $

! l$
& L1 #1848

&! 0.&#'- 0,&1
+ '+ "&H+ -
+&"+% 9 10#"', %'
# 01" #1 )# &
*1& % l+# (+M
L&+ #E&™ S
"% " &#H+ 1" H
1# 1% !"# #+$'  $
-8 (&t #+] $ 1%
( $" +#! &
+ & $ 19%5" &#H+
HHOH+$,1 " $#
S"VH&) "+ ' #
(% +#!1,&M" "
"#% % "#)% 10%$+$
(% %1 #' (&+!
&) ! "%& )1 $
)'1 $ +#! L&
1 +8# "1 $ (&
& 1 &#! +#"$



(&+" 0 & 1%#'$ +#! ,&+# ) #&"# " & #

S 1%65H)% 1H4+-  #$, # )+ &" | 1 &+ # #' (#
"G W& UWHE' | SIS TSIl # ) "y H& -
&S ML)H&) "I H&HE 1 "( & (& 41+

& H# "&(HH- DE (S "&EH " HH1 & $ "#)%
"EHH 1 S UH#' &+ $ W% &+ & Iy 1" o

&+&1 $ % ($ SIS+ & %#H H(+ (S 1% %"
17G136137_

21



Control
electronics

9.3yn Byn

, &)8 B1&OIS (41 T+l ") | $ "H% - $
"% ND# OI"1"%# # +)% & 0SI#H "'+ " (0#& 0%1+$
& +" $ R ( 17DJ _

N
wn
(="

Height (nm)
o
=3

R
(3}

01 2 3 45 6 7 0 1 2 3 00 05 10 15 20 25
Distance (pm) Distance (um) Distance (pm)

, & )8 %ol +# D#E" #' $ +&&"% "1 $!$ %& o ($

&H%$ - $ S+ ™" ($ &H%S$ "#& B-H5 4-7 )1 B-754-B )1 #'B-B 5

B-7 )1&"%+!, 'B7" $ %& +'& $™I"#& ' "% T+

%! (+"1 $ HH&  # 1+ $# " 0& L ($"$ " "7HI

22



) # , $& "4 = >

$ HHL +& NH&"H% &, #" | (&H! #0% )&%n$ 1
+8)+# +)% M1 1 + &I+ + T+ H# O+ &"# ! "&+ & ( $
W% " L $ &MH+ OIS # $IS & #H o +& "
K& S 1S ) S (& & # SH #,& H&
"% ( (1 OBHS LM # +SHEHE &I+ T #U% He#+ (S "&(#H+
"&+ &L# S S I# # #A - $ #U 4 (+8H&1 &
P'+# " $# $ 0&" ( &H#%NS$ /#''"$ "HE  + &M+ '+ -
$ +& %&'+"H#"&#) () +P&)H !+ +& "- $ "&#H) "
N+'"'0 $ (1&" +'"& " $I" " M $(&) S #H
# )OS H (+&& ! $ #H-$ HIHE &+ $
+'"& #%& &1 DI#! ") #&/# +& " $ "+
+0U& (&) S +& T # P! $1+%$& #- "&
" @+, #%& & (&$& N#" # &It +&" (&) $
B- " (#1"S HET &0 %" $ #H# & #'S! 10 |

%! " (& H#%W& ()& $ "+ # "% 9"# 1 $
N+&"+ " &# - S (I# "1 S N@+!,0 1(+"" $ "+# ! #)

$ %HE ($ "%H) M&-<$ S # )& TS "H% 9#
0 "(&H#(O)H&"+ " &HF] " 4+ & $ "M% #'H& '+
YH" (H& MI"&) -

(& $ #)," 1" 30 %! $" 1"g) "+ $
) & (! &#+! "#H'1"%0H# #%3  # (05 T Y B A L

$" )& 9% )& &#+HI " F &I & $ %!3 - $I" %&+"™ I"
&%#' 1 S &"+#HI"(II"$'"#'$ & %#'- $ 1& WH & +#
HHOT6 )" %&"+ 17638

23



Wirtual Source

- First Condenser Lens

Condenzer dperture
Second Condenser Lens

Objective Aperture

- [Objective Lens

Sarmple

, &)8) 1#&H) ( +& HUHS! # 9+ & " ( -

L& )8 %lHH )& &HUS" ( &H%S (&) (& &HUP! W &I#"

24



) ) gremo$8 " 4g= >

#&H#")I™  +& &+ %L $ % ( $ "H% "It
%™ # H) ( +&" $& S H  &H# $! "%+ - St )™
+& N+&"+% "+ "l ' (9B: 0 & $& +'"& " (+"
$ +& # $ "M% 194# @+, "(&) B N((&H!
$ #+ (+# %# #' SN (S "H% $ ) %#197:")
L&)M# "t IS &S &tt+! %# & $ "+& -
($"#)% 1" $! OM 466 ):#'+ "1 ' ( 1$ +$)+# ) "1 $
D %&" "#,& 0+ &#' 03 ! I"(+" H# #+ &
W 1# @+, "H%N$&H)I"1"& H#H $ # + (+H %# "+ $
SH#M T #) 9# %™ ) (&t #H) - H&TH L %H&" !
&# & #H! HNUH& H& #' $ #)&WS$ " & &# & ' %H&"
HN%H& &1 S- " SHL $ 14 #))" 1 $# $ (&t
HI"%M S @+!, "#3" # I3 # &&H - I
Y I TS HRI( ) 9% &S (1r9# ) "H&
& NDHD ) &M #) & "+ - 1$"&+ # $ % ($
W&+ % NS +& " S &#H, $& $ A) $+ ) (%
Y&+ % - 1 1 # 1S )+&"+% 0$& #" (S 1S
+&W I+ "M (+" % +&" I #,& $ #)- %
+& #H)$ &H# "$& $$ "% +) "ML T $
(S WMAH " 1") (S +& TOHE "+ &' #
TH%% H& (&) $ #H- $ ) ( $)+& "+% $ ['+# &'
+& " S #( &"+ "+& 1081+ 1" &" #USHON (S
"Y+) OIS 1" (& %HE&" "% # ' #&I THE M #++ &1 $1&
I ) N A T T (R I & + $ %&# & &
%$  &#%S$' 0! $ # +#) &#- @+" $ &&( MHHH#) &I
B6C ) +# "0 #H&# )N+ , " $ " HE H#1HY%SEH )
4 %t& (S ¥ "% 1(& 3)% #%H#& !+ & #
%& H%I# - $I" ) I+ H&H 4+ & ((&#+! - $
NS &IHH # &&H#! " (S @+!, ") $HEH(S" +' @+
(0$ &' #)&" ,&$ ™11 1"%™ #OI(&H! Wt &"
(#" )% & @+ (+" $ +& #O0 1$$ N&@+ &
#HHAEY "% . $ @+ "&#H+ 94/B 6 )-$ "% " (
+)1MT0ST &H#IN'% T S+ & H%B&H ) #')N+& ]
W((&H+! %o &" (H#+&"# % &) #H S ") & (! # I+
HUAt+ # 1 QI%HHK N HA L) ($ &# #0 I7H186,_

25



Flartran
=il IFre

Cl=ckran

bearn
pPeEcimh=n
E =ctro-
Hi=gnielic
lense
] SSimaing
[ Elect ot M onosahpy 1L
SCFS=h
, &)85 )# ( +# | +& H+&"+% " %-9 %&!. - & |3g.]:
+& I+ #
3/8#" & )
#+ &t
& +&" & +&
'$
+$&  #'I+
+H &' +& "
+$&  #'+
+3$& +# R +R "
LA+
e &+ #)
, & )8- Q#+1" 0 &M #' +&" 9+ $+&" (
143! &" +$#%7:

, & )86 %l +# D" (9% ™M /19" #' 9+ &% /
#& &H%$ "$ "OIS( T o# +$)I+# 3( 1#! RS

26



) ( & #'+* +H&

>

& & &#"(&) | (&H&' "% +&"+% " #
)+ ML - (1 H & % #) +
0'$ ! (&#&" &HI#! 9 :- +&)#
& $# $# (M 1$1 "$& & $#
e $ & "
SR M & (&) H ]
#"&%! "%+&) $# I" # %H& 1+ #&
g $#Hr S M&# #,
$ ) #' $&(& $0# S (!$#
$ +$)+# #H ) - (&#& '
&+ B H#)%HEM" $& $H# #%& &0
& %&" $ "W% 9l N 1
& $ ! &(&) & 08& $ N'%+&#
&" 11 && &HM#E $ 3"F! &
W% +)%#&) 0$& ! 1" &#") ' $& $1
(S "H% 1'% $ % (##""
"0 +I(1+ (&* H" (& 1 0$!+$ #&
H& #"& - $ #)(#
" & HE "% +I#
$)#& LA ML g $ +
H"(&)H! #"%Hr- $ (1# | (&H&' "%+
"& (& &%& #! #' %™ (&$& W%
#& #!,"+# (& $ #"&%! | " 1#
YH'&'- BIMIM & #)#'&) 0%
HOH)WHE' $)#'&) 0% $ W%
$ N%&+ &H" #+-0 $I" +$1x &" "
$ 1"&) # +SH&H+ &M+ &),- $1 #

+HT L+ o

1*

!*
%" $ !

VH#' & $

+

%& " H& "&I+ $ "M% - " #
(& "H)% )HU&) M " $IM %+
$1"&) 1" (-

&1& &H#H"(& |(BH&' &#W! ##"" 9

SHOHL AR T $ & $ (S #
b BHI - S&(& HAHIHL VK& (
N3 & ) # 288142143y _

27

4& " 4

I %" (

1 1&&H#H! S "%

+ &HH! (#O#, S
$# ()+&0#"-$ 1$

+$# "1 1&#! &
&(& + %# & # !(&H&'

) + 11 #( &%& -
H& (& M

"E UM +SHEH &I+ (

& ") (&)# O #+/
$+$+ & " $ #H (
$ o+ & $ #)
+ 1O #" %#- $
(&) & $ # &' $
&&(+'(($ "&H+
I TR
+$H&HF &1+ (S "B% 1
& (& (1# & +8&1 - $

" +HH ! &(& &) #-
% & 0$& $ &&
&)!"$ %&" $
#1 - +H" $&
# & ""%+&))" #"
"% ! $ #H- "
I'$ #) ' &)
P #"%+&)0$I+S $#" #  (
"%+ &H# (# &" 03+$ #&
+& H'&) +H
&) 1" +$H&H+ &I" 1+ (

Ho#" ' (&
"&%! 1"%&%&! # $
+)% " (# O



100

Spectrometer

1 Source

2. Interferometer

3.Sample N I‘
| [
.’ |
I |
I Interferagram
|
4 Detector @
, & )8/ & &/ &#"(&) ! (&H&'
$&) 1+ -+)

| -> A [lh— =

(L} [{]
o 3]

Transparency (%)
=]
[4)]

|—— GS as-made

T
80 . ? =
75F o
1000 2000 3000
Wavenumber (cm™)
L &)8 "0 + &# 9866/8666+)

# B866 BH66 +)

B g0l

4000

B(#
$ " # (+H#& 31+ & %"
+)BI# " $ %&"+" ($$8&3 9 & %t

#'BE46+)  Bll+# " $ %&" + ($ +H& #'+#& 3

{

] Po\ysryrenerunasﬂm__‘ O
sy
I \‘.:1‘\" i
0 L \ [
1 1 | |"
e wmd s i '
b S
1 “‘ ‘ \
0 ‘
o —— 1 : | |
| || am EW W0 50 A0 0 00 A
ey Wavenumbers (cm)
®
FFT Spectrum
5. Computer
II% + & ll+ % 1} % 9+ & " (
100 -
d — GO as-made
o5} '

(]
o

Transparency (%)
o]
"

oo

L | B [
ao S
80 ™ O 1 I
! I =)
75} o
1000 2000 3000 400!
Wavenumber (cm™)
YO# - S B &1 1M (&)
1300 ¢ 4 g0p! # 77H6
#'# #0#, )& (BD4H +) B
&"% + 1, 1747 -

28



) 5 ## 4& " 4

(BH&' O #' ## "%+&"+% $)H#' &
) R T B W& "o+
) ! #118$1% )) ($)
"+t# & I"#%0& '$ "+# & +$!*
"G+ & () + " # H&“HT 14
) +$&)HI+ 1S " &+ O#'& #): ! $ I
&#) &# - 1"H#H+)% ) #& +$!*
Y%" S [## #+1, 3+ #] - 1S
% HEIH! "+ &' (&)H"H% - " $ !
" (&% /I I OSE M) & I
&"+ + "L HLNIHE  H)# &HIH) 1 #
(&* +1#'" +# I+ "%H&H# (&)
HI&H! (S "%+&) &&"% " #" &+
.%o, ST L(&#! 1" $
(&* +721 " OP+$ I"#4# . # $
O/(&* + )'" "%+I(I+ ( $ +$)l+# -
Y#' &) "LO# &'" | &(& OI$ $
+HEO)H'& "%H" %" I #,) ™ $# B
B %+ &# ((&HNS 1 $& #& W (# &"
"0 H(+ %S )" #'0!S$ "% +H(I+ #HF "+
"o+ & ( &H%S$ +# %& ' " OIS ! (&)#!
%& % & (+H& Y &IH"L"+$ #' $1& %$
"+ &1 H# 0 # V(& # "% )%
)+$H I+# %& W &!"L #'1+ %& U &!"#' $&)
I+ %$ "1 #H# "%+&H#F W&, &t
"&+ & #' W& % &!" ( &HNS - H)H "+t &
('$- & #"+# & , 1# +& !"
#' S+ '+ & #' O#"&! #%
& #3" $ # + #' NI #%$ -
(% "+# &" %S "9!$:1 $#! &

%$ 11" &~ )H& $ ! (
(+! ((&* +'0"$1( 9" &: ($
% L HHE "%+&EL 0 H# # Hr&H )

(&* +" (% YW &#HE-  +)IL g I(
) &I+# "&+ & (# +&"# 9& ) + 10
T%H&' & #!"9& &# ) (&* +"™-

29

$ ! &#! &!" (
I & " & # ) &#!
+ )" +SH - B
"t &#
(# 1" #
1 #& ! (&H#H&' & #&
+#H" #"&%!
(# 0 (&* + #'

$ 1 &H+"O0IS S "#)% 1!

%S W% -
& #" "SI (&) $ H'&
$ $&"H™- $&(& #
OI$# 0 "%+&)!"

+,& "'
L&H#I 1 & #! #' $&
I+ (&

#H B "NHE"+N
a! ' & $
$#+# ' 1(1'0'S
&' %&+"™"- $ #H)#
# $ 3+%!'# B
"&+ & #' PI& +& I+
&(+! "9 (+"- 1+
# %N&WE!"H" H& " &
I(&#! #  $
PImg 1 #1+ "+ &

3H"(&) S H#H + &

$ - $ 3+ +&
&# $ H# "W+&)
"SH $HE (S 1+
$ "H# & IS ##
"t &' 1$1 90$!+$ I"
#& (% %$
&#! 0$ $ &I#
+H# '+ $ S
Het "+ & +H#



VH#' &' (& %S NEOF R TH L & (&S #" &Y% I #'

$" 0 %&+™" H& +H 'S " %&+™ # CH" %&+™
&"%+!, -1+ #H)# "+# & &(&" $ o#tt & (181
%$ "1 # ) #& 3+ #! 9"+$# "HW 1 %#) 4
L, # & %&+™ 1 0B+ $ ) #& 3+1#!
"IN & 5)) )+ "&#! S &l Y&+ 1SCME
Si (subs.) —— Thin (~1 Layer)
—— Thick (~10 Layers)
i
c [
=
: 10x
=
S
= M "
—
0
=
[T
-
E 10x
D
G 2D
1000 1500 2000 2500 3000
Raman shift cm )
,& )8 % & H# "%+ &# (& # " I #) 1 [ #&'
&'+ &#H%$ 3! DI $& M@ &+#& (# &"91 #'
4 %#"# 0$S$ 1%#"(&)S$""&# "HE # - $
%N&)  %# IS #)# "%+ &#I"H# 1+ ($ W&"

(1"&&! $ "H)% " 18DJ

30



&"% +!, -

31

HOS&  HH J&H#! # )" ( &H%S! 18D

#5& * 8 &" # & =#> &"

IOl /% # &#" &" AFF B L()'1! &## "+ &)
#+ "+ 9*S4 :

9 I I# #+ "I 8G7 B Y1 &Hl "+ &

9*S4 :
0&#1# &#$! 4A8F #oom ) &#!I (&#1"
)
91 &)1# EG6 4 T#1 )" | 9*S4:

(&* + %$
)

9 /% # FD6 B #+1,) 1 &H%S$!

S#" &" Y l+:

Q HD6 4 Yl#1 ) | 9*S4:

91" &!"+" B7G6 B & )'1 &I# "+ &
9 I'# %!+  B8G6 B )l &) H "+# &! 9*S4:
< BGG6 #) )'1 ) # & "

BGF4 Y #+1,)" ( &H%S!

! BE74 4 K ()

Q BEGG 4 & ()
! BHG6 4 ME: DN

R 4E66 4 & ()
4 4H66 4 & ()
4 /BF6 4 & ()
1" &'&1 B #' 4 #& #' 0 %$ &" #+




) - 7% #8@ $& # @ "9%& 9" 4

4& " 4

&#)  #' M #"&%! "%+&"+% ! $ )y#'&) ( $
#o#! (# #) (!$08$&* + &# &) $ #& ;1 %& $
$ M1 $ H/L)-- & S &# 746ZB666 )1 #( & | Y%H"'
$& SH"H% - $ "1 SI"O#, b &# +# % &

3t & +&" $I$& & " $ H#H& #"& - $ % l+#
"%+&) & &+&" $ 0#, $# 03+ #"8&% I ++&" $&0'$
$'& (#"&%! # #+$0#, $-$ & "0+ &)+
(& +SH&H+ &I#) (S %!+# #' +& I+ %&%&!" ($ W &1 (&
I"#+ (& &N % # #% (&) $ +/ ( %' # $
++ &#H!I 1 #H%% ! $ &I#H) & #0 IBEJ

#HUHE Yo " L+ GHIH! $H#) (&* +H"orgl $ I
& 3H " +&"1 $  ++%' & "#H#, $ &)
& - "t S L &HIHD 1M &'- # #"&W! #"
%#+ O #,& $ & # &L "H# ™ $# 6-Bb) $I+1 $"
Y# I+ (1) $! & $# 6-B b) #H& +#%#  ( &#MIL M 1$-
(&* +H" (M 1S H& H"& ) #" +H#" ($ + !
#HMH# Y% +& "#'"1 03+ % &) + & &HM"I - #" #&
%t #  +&WM 1+&HIH#!  $ 0 (% &* f%+&)
(&) &#'1 O#," $& $ $ ! (&H#&'L $ 1" #10# s (

$ &#! & - #"H&E &H'WHE $ 1$(&* + &H#1#! QU #' g
E#"- <$ &HIH! 1"#"& L) ($ #" &' & IM&IN
(&) $ "&#H+ ! $ (& (M !'$ (% "#) O#, $1 0$!+$
HOWHE #' & (+ ' 1$- ) # 1+ ) &#" Y % & &#"%HE
S #I(&HUHE 1S ( #%% #He& + &'- 1S &#lg! I
#'& ' $I" & % ()# &#" 0 )+$#!" ) Osi+$ #" 1( + $
S#MIM ASHEH+ &M+ (S ) #- ( $" " +& I+
% #&IH! 1 0$+S " N%&# # 1S (&* HUL$ (8
& #3#! (&* + (($ +"1  #)- 3 $& )+$#IM) 1, "
&I ($ +&"(&) S # + # $+'+1 #-$
++&+ (3" WE&+M"T'U " S +& & #'"&+ & (
$W&MH-3$ %™ +& #'"&+ &" RN AN
0! ! & 7/BB- Figure 3-11 The possible electron band structuresiids at O

K. (a) The one outermost band is only partiallie@lwith electrons. This energy band

32



structure is typical of metals with a single s wale electron. (b) The electron band
structure of metals, wherein there is an overlafilled and empty outer bands. (c)
The electron band structure of insulators. Thedilyalence band is separated from
the empty conduction band by a large band gap ¥§2(d) The band structure found
in semiconductors with a narrow band gap (<2-eV&#+! "0'$ |'$ &#'!#!

HEAET HH & +&+ T IMSH O #% "L, $& $H O H O+
#+ 0+ # +& &HMI - (D% & & +&I4# #+1,
(U H&E W& 1 +& L, OIS $ # "HW)E 1 &'+'1"4$
# S &H#E HH+W & , " 1S &HIH] ("% +1(+ 0#, $")#
WOrHHE&" ( +& &H#MIMI, $" ,"0S $ o#
#%-
"&%! (#%$ (!'$ W ++& $ W& Y1 & 3+1#! (#
+& (&) $ #& (' # + #H'1#+&" "S H# HN! # )%
"# OO S+l #- (& +& $+ '+ #'#'H
$ 1S H# 4+ H#HHL +&H# - $" 3H# L"0lS $ #++)%# |
#U"8&%! +# # %H#+ (S WS & "&# & $# $ #' #%-
$NNY0H, S(&M IS I"# 6 -8 h)- $ 3N #°
#% & (&O$I+S#"&%! ([ 1$ I %™ 1"7-B 1# +#+ #°
0
. _ ho
E,(max) = Py
<$& +S73B6 ")?"1$S8-B73B6 B¢ ;-"1#' ") &
$ $&SH' S H3))0#  $ (&, I$1"# 6-EDb>$
NH) #' #% & (&O0$I+S $& 1"#"&% ! (M 1% I"B-F ;
#+#+ #' 0
_ _ hc
SgameEL T (max))
$"&" "N% $## )N 1S I"#"& Ho+ # O+ T+
#'O+& &H#"IML(& $" ")+ ] Y &IHT $H# SH, #' #%
&!" ™ $## BF;-$"$" & "HE, Yo - HU&!
($ " "%+&) M H"&'  )H&H" $# Jo# #% &I
0 BF#'7B;-$! " ($ # "&&HH! 1" %

$ +EH&H+ & (S )1)H#'0 #' S WHS

(&™) "&HH! H&A""0IS $ 1"H#+

33

$OI$ -1

148)

$# $ IS &# &""



$ # H%" (S () &) $& $+8& (1! " $

"W )%I&IHE #+##IS )1 # $HI#'&) (%!+#
#"&%! # $ [ #' #H& | (&H&' &# - s & #
%lt+ 1+t %! (& $ ' &NH#H! (#' # %" (& &H$ (1) 0$"
%#"+# 0 &" ' #"&%! "%+ &# 18HY
Band gap

Band gap Band gap

O#: 9: O+: 9"

, &)8 $ %™ +& #'"&+ &"! " IMH =-9# $

&)" #'1I" %H&# (I "0 +& -t & #'"&+ &

" O+ () #" 0SS # " "H O+ +& -9: % +& #'
"&+ & ()H"LO$&! $& !"# ,&#% ( (" H )% & #H™-

9+ $ +& #'"&+ & (!'"#H &S (" H A+ HIN%HEE
(&) $ )% + '+ #' # #& #' #% L4 ;- 9: $ #
"&+ & (I M)I+ "+ &"0'SH H#R&O # ' #% 9M4 ;-

&)
-
qv)
O
} -
@)
n
O
< Band gap (eV)
Wavelenath (nmr
, &)8 H+% (& "DH! S %I+# #' #% ( $ oy

34



( 348 *& #$4 & &

&) # $ "% %N& %H&H! +$I* U T+

) $ 08 48" "L $IN0&1 +4”
H& TR HEHW- &" 1 01" $ %&+
%&'+ &HNS 'S "1%E&"! O# &

( | %8 " *& 0

=#>3 # +,#40 &

# (G ( &H%S$! %0 & O# )I3'0!'$
I+ #$- $ BDH) (+ + &' " 0% &I+ #+]
#'"1&& I $) L'- 3 44-G (% #
&#'#  #'' $" ! L &# $ &0
&), (&) S 1+ #SH &AS &H' S "
&0 "+ "" && -
$"&&OFH G66)# """ 1 (

& H#E S &0 T+ "IR&T #!
$ &"-

Q4 4+ g — » 4Q4 4, Q4
‘&  %&3" 76 OP # " " 1 O#" #''
188 (& H#(&$&AS & &H). $ =

=0>: +# +*3 &

$ " && O#" 1'% &" " #' %&+1%!# ' # G66

s+ g#'6-G70P 4 04 T &I(!H#H S "N&HEF "

$I"%8& +'& O#" &% # 'B6 1)

$6G) ($"&& O#" "1"%&"' | G66) '
T L& L L #+ H& 0 "%

$ HN%I+#! (3&# & ! $ &
(" T &HWS! 3 4 &H%S$ 3
$ &H%S$ 3"+ """ (%3 #'$'&3
IR "™ $" 3 (+1#11"# &

35

"#,1 8 )&
P# 0" (&'%"!
& "'l $I"0&

7-F ") 1&# | #
To#H $ )3 &

") % &) H#H# Of"

"Ig&I - $ "1 o#”
18&' (&G '#"1&" | | #

GOP 4, g9&! #
$ "18&' (& # (&$& 4

$ )3 & #'
o
)y # "" | (70P
I &),
n L H#'S &H

( 3( %' &H#%S$ 3I'-
I+ 1 &#1 & $&# "$+

1 n$ "_

O'$ +#& #'+#& 3
$ # " <#H" ] &HHI "



0 $ #&"! '&%$ I+ &H+!" - "1 O# &
#0001 &#! $'&# #' 3( 1 | # ") (&) ##
+ %1% &M (&H%S! "$ "1 O# &-

( &
$ o+ MH UM (INI# &H%S 3 TS ) O# & OIS #
B+ % ST O#" )I3' OIS # % #™) $'&3I' 9= LI
L+&#T $ $($""% " #)& #'+ $SBB- $ " | O#'$
188 (&AS &"# & ) )% &# & #( & 0$!+$ $&H#] $'&H OH"H"
# S "L O#" $ "I&&'# TG W (& # ( &$& DS &" | | # #+
ngy 1G6J_
"o T (1" #) "o Ml (4 '+
&
L& (8 &H#H"(&H! (+#& 0 &H%S$ 3 # &H%S ' "
" gh )

36



() $&# , +" 9" #&"

$+# (#FHA I+ 3 e o#'' " $( O
#+$" #' # ) 1 &#" ( B4 ) " $# 1 #+ 1
&H+$ & $ 1#+ 1) S# #''N L O# &-

( ( H*A$& 4 &AM #

#>4 #

$ "1 OF "N&H #HH&™ $ "&H+ ( $ #" g "y 3
"U&H A "H)% "0& $ O # $+ &0'$'& 1& 0%

") # "% L $ )% # 8666 &%)-

9> 4 #
$ "r&#" 0& (& $& $ O#S " $ o+ #H! %N&+'&
YL #, #& 0 0$ & #-$ 0& $ $#'
#DGW (&#+ % () " H%&# #' | # O &#' "1$ $#
$"&H#H (& &+H!-$" 1 OB $ &N " &H
OIS $ #' (#%I% #'# 0' '& (&# $ &
> $

1 "0& ## ' Yle# | # I+ 1 +ULO(HEME O+ # &
Y (&) # 9& $& /&H"UHE ) &# 0 Bl+S+H#E (1 OIS IxI-
$I" +&#" # & WHS  $ (& $ "W 1 # o L&
NN ?7HA
(5 &#S$ !
#> &H#S , +,#40& & 3 &# & & ,#40& & 3 &"0&&"
$ &H#%$ 3" (1)'0& $#'# BGEW (& BG) " '&# #&
J&) -$ &'+ &H%S$ 3'"$ "0& $#'# G66W (&D$
| # ) 151

37



( - & & #40& & 3 & # #
$ %&" $ &'+ &#%$ 3" "#H) % O#" 1&&## 'Ol $ #
8G6 ;%& #) " $# ' &HH(H#HH+ & #&H#HIP)H 0 $#
( + &# |, # 7- & $ 0% 3%& N $ +&& 0#' %
+"# #G6 #'$ #)'#) &(13' 4 )- 0,& % 1) o#"
H&!'(&)76 BF6) " $ & (1)'0& # "I&&HIH OIS # &/
) % "' #'& 9 /467 L&' ( "+$: # # T6F )
O#, $1 " #D))'"#) &# )!))#" - $, # o'H@"
(&)BH ; 4G ; #' #+$ "% O#"1&&## ' 0! $B6% """ $ "&+ &#
"%+ ($ &HWNS "$ " 0§ 3+ #! %0&0#" )# &' "
#%$ '%+&) &9 :# GB8)9& !$: 0$#G6U @+!, # 1
"#H)% ‘#H)# C&I(+M S #)1 #' # B66U @+!, hH $
" #'&) "0& BW&(E&)'(&)G 86)< I+' %0&# &)
)% &# & -
#9$&) # ('" HH+ #] (& %N& &&HH '& "+ (1)
. Charge Dose
Spot Time (s) ©) (ions/cn?)

1 1800 9.00E-05 1.79E+16

2 3600 1.80E-04 3.58E+16

3 5400 2.70E-04 5.36E+16

4 7200 3.60E-04 7.15E+16

5 9000 4.50E-04 8.94E+16

6 10800 5.40E-04 1.07E+17

38



5 &"$"# "™
5 409
$)8&WS  ($ &H%S 3I' 9 #'&' +' &#H%$ 3! 9& :
(o0& " S #"+% #1$) ##'$ #"&
# o+ 4 3 "U)# S L& ( Sl [+
)'- 1& GBL | & Gl4#' | & GI7T #& # "+%  ## "
SH%$ 3 9/ %Mt # U &# " #' 1& GI8I" (&
&'+' &H%S 3" 9& /- $ $" "H% " 0& ""#'+ & &
&(& +"1)% "- $ 0& W& WH&' # & % (& ) $ ) &I# "H + #
L& H&) # & 1,&"1T &(™& $O# #
D (% )&%S$ O +#% &' #I'# ($ #1) #
TOHE! ($ " - S!S W& (I O#H" : # s (& + !
$IS#OS (S 0N ™-$()0& %& %ott&' %! +#! $
I " # GG66 &%) +)%#&! | & G/7 0'$ | & G/8 | +#
"&, S S HT%M T &HWNS (1) $# # )+ & $&"&MH+ OIS
## &% & $™ (E-TF )+)%#&' B-HH ) ($ & +' &H%S$
A () o #" (O #%%& 3\t o+ $ $+ ™ (%
&'+ "H)% - BIMINHE T $# S &'+ H) % S$# MUH#+ ' # &
HOSHH)HS") S& &M 1--0#" )& 3( #1444 $ 3
$#  &),-$ & SO H& $ "%’/ '+ &"
# %I (+" %&'+ & 3H!I 1 $ & #1+1 +#"
0& 1 (($ " ™ $ &#')##+8) ( 3 % H#'H# P
)& A& H HN&&OIS S H%Y # & #'%& &" -
1 & G/G1 | & G/ID #' | & GIE #& # "&( D & (& + "#)% "
O I+ T3 T U&H T &Y+ L-$ g+ ™" ($
SOt H& #H & S )& (" (&) B-B8B ) 8 ) $
S+ ™ (#INIHS &) #1 #$1$ %&( (
$ "% # $ 'L +#" S S " H& 1&& H&  SH% ' #'
&l - % " & "% )& # $&(& $ S+ ™
(#1N0# S +# &) ) # & $"%".-

39



HE % F&"+% +# #T (& S

$ %#H ($) U#H& &'+ &H%S$ 3

#' L HE)NHE S SH% %# ($)
GIF-$) U#& "%+&) " +$H&#+ &I" 1+ (#

T REHEI" 9466D:1 ' B (& + ! +& I+
"&+ & ( &H%S #' &HNS! -

#OS&H )% I"# B &HUN$ 3 (! s 9$)#

%8 Y6#&" " 1 O#" #+ )( &# ' OIS $ #) &#"(& $ &H%S
() #HH& ("U&H" S &" "($ 3%&!) #& "$0

| 1& G/H- 1+ $ 11I'#"$ " ( #& O H& & $H S
%& )M 1 &0$ ++& +&#! # (&) + ") (#
OH&(&H# S I ## #& $ %l+,& $
))&# " "&MF- 1+ $ %&" H& I( &) mel
))&# #'S 'S "H& 18&& #& "$#%' 0 I$ #1811
"AH S "(&) S H& % & +H ,&H® |, L& &

() 1% #&"#) $) /#8&-

1 & G/B6!"# I (#"&% ( &H%S$! BD))!  $0$I+$ 04"
Q&M OIS #4 ; %& #) OIS H#'M & (4)) # Cog

&# ! (&) G-H3B6 BF
1&&H#1# (& GHT "+ ™ #+$1 01 $# +8&& !+
O 1&&H#I1# "# #+8&& (G6a#'$ #' #
"% +#"' S +H& 0" 0 S #)
SH"(&H! ($ +&"# &HW$+"&+ & (
#H)E&%NS ""&+ &-

40

4H-83B6 BH 1 "2+)

(+#] ( &H%S # &'
I' $#' 0 +)%
HE&"H% ! 1 &
Wl+# &HWNS! "H)% #

L "% " 7)) #%H#& 0&
&) (Gba-$ (1&" "%
4G6a- $ 1&&H#MH! ($
&# &" 1 1 $
$ "&I%" (&) H#+&"# |



, & 58 708 (&H%NS 3 &(& + "H)% ‘%" Copm
"%l +#1 # GG66 &%" - $ "&#H+ (S ()!".& & $' %
W&+ ($ 3 (+!'# & %'H'"% TSR+ &

1
0.0 1: Height 5.0 pm

, & 58 D#( &H%S 3 9/ "% +#' # o
"rgH OISH #&F & $ ™ (E-TF )- $ IS % " S
M E L $ 31 %& U OGHE I+ -

41



- =
Pan DataZaam m E:E
k] TR

i i e

5 N O
0 : !
Ll
Lo
R

100 200 300 400 500 600 700 800 900 nm

Spechal Period 1.00pm Spectal Frequency 1,000 um
Spectral RMS Ampitude 5,39 nm  Temporal Freqr 0.00 H2

2
1

m m\‘mmm‘mm“
) 10 15 2 fym

1
(] 1: Height 100 im

Pait Horizontal Distance | Vertical Distance | Suface Distance | Angle | Amax Rz Pz Count | Rims Ra [Freguency Cutof|
0 0.116 9.8 0.119 9 0 0 8
0.064 0 0.06 9 0 0 4 b
0.060 b 0.06 | 0 0 8

,& 58 I$ %&( (& $ &H#%$ 3 9 [:%M T #
"&# OIS # # &% $I+ "™ (BF-EG)L!' ] #) U# & %
$ S+ oM HH+ H#' H#] #$1S W& ¢ ($& (& "$ "
H%H S RIS (-

Section

e Pan Data Zoam

100 200 300 400 500 EOO  pm

Spectral Period 0,536 um Spectial Frequency 1.4 um
Spectial AMS Ampliude 265 nm  Temporal Freq: 0.00 Hz

o
25,

)
15

1]
03
nm

Ml“‘u‘lu [ 15
5 10 15 M B N % 4 fum |

1
00 1: Helght 5.0 pm

Ra [Freguency Cul

, &58( IS %&("(& $ &'+ &HNS 9& /:" %! +# ' # GG66 &%)

#o#maH 01 # #&#F S+ ™ (E HG ) #'#,&# & $™ (
BHH ) - $ &) # ($ %3 # $&3 " o#' #, $
& O H&'& &'+ SH&" I # &) "AEH S H &M

& $ "

42



, & 585

Oum

A4 A Som

£
c
]
0
-
3
u
&
]

e e L]

T opogaraphse ranas

e e aa]

¥ 53]|.|m

+& men ' ')#

-11.7nm

-47 .Snm

, & 58-

1?16 4" "&# 0'$ $l+
ll$ "

0 , & #%%!

L
1216 " "&# 0OI$)N)) S+

&#N$ 3" & (&
" (B-7GF )

$&S$-

Topography - Section

+ ||#)%

R awe data

dpm

&

"

Section

(&'+' &#%$
" (B-B8B )

3

3.99um

&(& + "

43

1)#" &'

‘&% +#' #
#' &) (&) $
1]
o
C
E
e
L
o
E
8]
u}
o
u}
-
#)%
$Nu %Ol (



Topagraphy- Sean farward

E==1=1aa]

= e Clert =
T opography ranoe

Topography rangs

3
C
i
Vi i
I M 154 5 m i i
, & 58 '+' &#%$ 3" & (& + "H)% 1?16 s " "&# 03
LLU# 'S S+ ™ (8 )#)# &' (&) $ 48] HY &
400 —

300

A
* 200
:d 4
100
0 -
1200 ' 1400 ' 1600
#*# "0+ = * ® >
, & 58 #H# "%+&# (& &' +' (&MN((& )& ( &#%S$
#&"- #+ #&&W" "#) # & +$HE&H+ &' #" "$HEY
%#H-3 & HE&EEWE" "H#) 1# & "B #" +H&H+ &' $

0 +)% % # -

44



il DataZoom

1
5.0pm

2: Amplitude Error

Section

150 00

Spectial Period 0177 ym
Spectial AMS Ampliude 390 mY  Temporel Frey 0.00Hz

Spechal Frequency 563 /ym

, & 58

0 0.057 (um)

1 0.054 (um)
] 0.063

))&# 1+ "I"1

() 1%

Suiface Distance | Angle

11.922 (mV) 11.92... 89
18.419 (mV) 18.42... 8
21.295 (mV) 21.29...

P &#%N$

#&"H) )

89. .

)

. 0.00...
0.00...
_0.00...

4.52...
6.85...
7000

N00my

300.0 mV

+$

(&)

0.0 2: Amplitude Error 5.0 pm
Graphite Protoninadiated
FeLddny Graphite Proton iradiated
, & 58 7 IM# &" "(&4 c%&  1&&HIH T &HWSP! "&I%0'$
# #,&# & $™ ( B7-7 &)" 1&&## "' 0!'$ # o&#H |
G-H3B6™  4H-83B6 B"1"+) - $ &+ "W&( ' & $'  $
&'+ (+&"# 1 "L & I&&HH! -

45



&$&)&YWS 1+, IH " (S &HNS

A (1) 0& #H 'S vl +&
886 # $ 1& (#% 01 %B&#! # #
A# HPSE&" I HHD +& )&
e+ &H!  # (4:#$ ! & &

H%%& 3 M. (SN HES (S (
"g-  + M (HBIS K& #HE

&' 0 $ +'+!1 &/ () # $
+# " S %&" + ( +,& & ! "0$!

% (#+$ $& $)+& &H%S (& / #" "
(OR""&@#+- | & G/BA"$0" # N (#
&(& + "#H)% #"I1+ 3" "&# &0
$ "% "0& %" OIS S H) (%&'H

+$# 0 (1$) "% "1 %& #

HE& I S " #& %" "M% # I
) TH& "% - S W% " 0& %& %H&E '
)$'0$I+$ L, " 6 3HD ( &H%I!

& S %&I(+H! %N&+™ # S H ")
@&)$S & % ($"S "o
G/BS "$0" #  )+& &HWNS ( # &' +' &H%S$

%"’ "t &H ‘&% +#"'!l - $

%& %H&" " 1" %H # & | $ + )&H!
%Ml -$)&T TS $$S

'S %M. + & 1S, (1

"$ "+ + & -1 & G/IBG!" )+&
W&'+'#  #''%"' #"0'$ (&

G/BG 9#: | "&# "# +#" ( "% "l
+H"0$& $" ! 0%, )"

HE& %ML S $I+ &L & $&H SHEE !
PLH (B8 ) TH& % I

Wa(+ (& &H"%& )#'&) " +#" ( $
&H#O0& "HH&™ $ ()" &(H+- $ #'1%E& %

% B66 " %&'+ #+#X" | O $
0#& $ )& (#& %" $
%ML #T S+ + &#I (S "
Bt - (ST 1THE o+ &#

&" V#"HE ("S-

46

' #'&"+' &HNS
+&"+%1 & +#

)

#++ &#
% 1 9A

#&)S$ NHE""$0
9" 1 & G/BB ), (/1 9(:# &/ 98'$: $ )&N$ #

)%l FH# T H H
( &H#%$ 3 # &"
TR F ]
$ /() H8 HE
WoH" M H"H S
&'+' &H%S$ 3

‘&

%+ -, $ S
(& $+ ML

&I+ () 1%

"o

& $ W& #!!

#'"¢ " |
$ ) )&"

. # (46
D %&H # #

$

$ L& I (B
&'+'0& "M L

I & G/B7
3r

)-1&

ettt (% #

(88" &

($"H%"$ )& (
&HNS ($" 1 (&1

0$!

)& (#&- 1 &

(11 #

I & G/BG 9:"$0" #

‘&% H"l - $ )&

N L)
(& +SHE&H+ &) # ! !

3" o0& ( 1

#&'"g "o

#

"% $
#H & +"M&'&
# o1
H&'%"! +#



D#E ($ +O&HWS 39 " %M #

&#+ +$))&# 0'$6-7b)%&"!""1%#" I 1& G/BD . The figure
"$0"$ S N(&MT& ! (S W&"H % & " H" &H#"

$# #) #& ( &HNS +H# "% " #H&" "% ))&# (&
"HES )# &) -

47



,& 58 N# " (& I 9 # & I 9&1$: "% +# #

CEH - [+ (SIS &&HE ( &H%S 3 # &'

, & 58 "+' &#%$ 3!' B6/BG ) $I+ 9 (& #' B/7 ) $I+ 9&!'$:
$ "M% " 0& '%" OIS # | | #o(& S+ @
)l UHRI& (B UB&+) T (+)+ #&'+I I"S#&H# (S

#&' SHE&HH (& 0 $ # &'

48



, & 58) "+ &H%$ 3ot et R

"+ &HI S "$ R & - S OHE 1+ "HE +SHE | H' 14
$1& &S ™1 S # H F)%NHE' S "+ +1
&H%NS " -
L&  58( '+ &H%S$ 3 "$ "#' ) "R+ &H%S
3 g " Q% +H] 1" %%&! $ # + $H S
$ HI%EIHE' " 1 "+ &&H' $ ) & (%" # &

49



(&M1& | ($%&" $))&#

, & 585 D# (&1 "1 HT &% +#
N"9&I$:-<$ $ )& (# & +#"
(#&"#" 1 +&#" -

,&  58- N+& &H%S ( &H%S "$

50

+ 9(:#
$"&H 14&H S ) &

&#+ +$  ))&# &,



3 (&) #
"%%& $ #& " (& $
+,&" # 8§ #& (

(0'&%" ($ &H%S$ 3" #' &'+' &H%S$
"hh Ml 0& H' S +%%& &M "

&HMI™ +& N+&"+% " $# $ 0&
+#8 (1) $ &H%S$ 3' #'&'+' &HUNS 3 "0& (

$ &MH &S ", H%&H - $ &) H'H)US& '&
0514 $ (1)"0& &0 $## N+ $ "& +&($S ™S

&0 "H)% "$O' # +)%H+ #)&%S$ " "&+ &1 +SH&H+ &)
"$H%' (& "&+ &"1# "$0 ! | & G/B E, "I #8  $# &%& '

- #%% ! # | 466E 1SV vt AT H&H &S

H% &H#! %&+™ #' 1 "&H#' | & GIBF- 1$ &" 1 NE" (
&H%S 3+ MM (0 H&#'&'+' &H%S$ 3+ M1 (

$& # &"#& "1"%#'! | & G/BH LOI$ S )& (#& 1N+

$H& 1 #I4 (& "HE& #" I $ ' (& ™
$"oHe#! 0 $ IS & (& "0& )#'&' 68 )1
031+ 1" #& & $# $ | &% HH& "W+ ( & #%S$! 96-78 )- 1" 1"
#8& S %&"+ (3 (+'# & %' $  &H%S 3

HE&H#'0 #$%™ 1+ (I & #) #&) + -

1 & G/BH "$0" $ +& '((&#+! %# & ( &H%$ 311 10 # !
$ B3 # &+ & (&HWNS - $ " I(+# "&+ &# +B# " ++ &&l

&S 4B)+H# W&+ (&) &H%S$! 1 #'$ $&'+ 1
| 1 & G/46- $ H)#

+$ 9466E:1 "% #" # % #

H& #" &(+ ') $1& H)H "%+ &# %&"
"%+&) ($ &M% 1#' & %& '  # |
# B7GH +) ® #'#%&)  %# # BGFE +) Bl1+&8&"% "1 $ (1&"/
Y- S #HB# "%+&) (1S #

&& "+ & ($ s
+)"0&) LIM+#] $ &'+ 1M ($1/%# "% )l
%™ ' $ 3", 3! - #1 1$ #'1"&# '#

"$I(' BGHH+)  B-$ ## "%+&) ($ &'+ #" + #
#' #" # B7GH #' BGH6 +) B&"%+1, 1$0,& 0% # " +&#"

21 " &1 +)%HE' SH ! - $I"+$ BRI H
$ #&#t " (% "% Syt oo &'+l (S 3(' 1

U+ $# 0 &HW%S! I+ W " 0& +&# &l S &TH! %&+™
1G6J

51



, & 586

, &58/

rGO

DE (] "$HY Y6H& I+ " (+#& (1)

D# ( &H#%S$ 3 "$0! # & #!

52

"% #

('s "



GO

rGO

, & 58 D#" ("% ' &H%NS - % # +& (&
wH &1 ) (& # &S .)& ' (0 # $& #&"
NHT OO #H $& HE& ! "&"W+], -

53



0] &#%$!
90

80

70 4

=# >

60 o

&n

50 4

40

30 4

20 . , ' .
1000 1500 2000

&#%$ 3
450 —

400 —

# >

350

300 . : ' .
1000 1500 2000

700 Reduced graphene Oxide

=# >

&n

T 1
1000 1500 2000

Raman shift (cm ™)

, & 58 B "%+ &% ( &H%S$! - #' &'+ Ty
"&&" %# # B7GH +) B#'# %# # BGFE +) Bl +8&"%
$(&"/&&"+# & ($ 2 ) -

54



5) 4 #$4 4& &"

W% ("% &H%S 3 #' &'+ &#%$ 3' 0&
) U&H S %I+ %&W&!M ($ " $ - S &+
%&+™ " B# )+ (v S %I+ %& WaI" (# I'#
"S- S &HWS 3 #' &'+' &H%S 3! () #& S (#H&

&H"UHE ' S 0 # (+H& 1&,# I $ +%%& &' " "
03148 $ "M% "0& '%" - $ )& ("$ "1$0,81" #(+ $
% 1+# %&%&!™ " $ )& (S "I+&#" "1 S &HNH& + (B
"$ UL HTH 4+ " (&) ! & G/4B- ( $#')& $# G # &"
L1 & &H%$ &% 1#' $&(& $ %&WE!" ($ "H%
o &") $# ( &H%NP - $"$ " "#O#$
# 0 (1 & & 0& 9!& G/a4: 08! )" wH&" (($ S 1
VoHE I+ H& S + &# HEHLH& $) "#' 1 $-
&S LTH S H% % # "91 & G/A4 )1 &#l)
B H& ! (RHE Yo+ &% Y H &) " 0& ' - O#'( 'S$#
# S v+ &K (S "B "L 1M O# & ", 1+&#" $
&H YHE + H&H- S #' 9&HWS 3 O#' $ )" + + &# '
L- O#"1 'OI$'/N 1 O# & L $ / 031+$ 0#" $
+$)+# &'+ &/-$ " 1"& /BL& AL #' #' +$)l+#
&'+'10& "#" ($ ") " | # #H &S $& "H#
"8l $ & IASH #S S& &H") #H+ +# "$ S SHHE
%& %I # - $ (1# " | O# $ &(& + "L O3l + 1
((0&"$ "I $" | #' $&(& O#" $)" &#H"WHE #) $
&H%$ 3 1 Il ($ " Lo, o# o8
YHE S &'+ "M% " S &'+ "H)% "HE Y - ($
L"SH #+)) #"8%! %# # H%%E 3) # HE4+) Bog+g!m
$$'&3 & %#H)) &+"& +$! - $ #"&%! %# # BD76+)
4B6G +) B #' 7767 +) P #& ' % %&"+ ( S1 S #' /
(+1# & %" &"%+!, | $" 1 "%& "1 & GI4T-
$ # H%" (&S $ (1)0& " &) S & $+& (! "M $
"N )%I&IHE HA+##I5 ) 1 # $)#'&) (%I+#
W # S 1M H#' H& | (H&' &H# # ""$0 1 1 & G/48- $
%! 0$& $ "&HS$ | | &+%" $ 3y#3" O# &) #H' S

+,&" & "M $( O *#!

55

/Bl



£ =—
= A

$! &+%! O#, $0#7B4 )(& $ &/ "1 #'76B ) (&
$&1# # /- &' $ & # CH% $" " H&
7-HF#'8B4 ;1&"%+!, - $ (1) $# $I1&# #% &!" &# &

$# 7B ;- $&(& M 1§ 1"# & $"()1L# (S #&
($!$%& 1 $ (1) 0 #%%H& &# "UH& # &M S # H%
# PIS& B $"&W& ' | &H#H & 4+ "OS# (&H#WS # G-D ;1
O$1+$ 1" Ypl+# (# 1" # &

$"H% "(&S$ | )#'&) "9 ! & G/AG) 0& %& %o#& '
&%+ (&)1(& Tt nE&H# M-S L I

$ "1 0B+ O#' %&WH&' M S )" N&" ) $- (&

%8 %oH#&#! 1 O#"'l ' %&'+ $ /" - 4G 1" %& '+
(&) $ #71 " 1 &% (L, D" $ #""&#1( 0O
#9$& (&!-%"%N+&H# # (&) #'& #& ™ # S

"H) 3+% S$# S H"&%W! %# ! "MI"#& +"E&H# &'+'1 $
HO($&-3% (&$G#H&"H% " %N+8&)&,H#" $ %N&" +
(/1S "&+$ ($ 9+#& 3 1+ & wIHH S (

$ - #""$0"S+ @ #! #' 4 # TTH6+) ®1 BEAG+) ®1 BGF6+) ®
#'B877+) B &%+, -$#" "+ ($ /#' S N#H" (& $ &
P+# " $ &) # ($ $'&3 #'+#& 3 & %" '& $ &'+!
%&+"™- 1 & G/AD $ &#")I™ "% +&# (& &HNS (& #' #( &
# #! # G66 6 (&DS$ '&#t #+ ) $ &) #H+ ($ &H%$
(1)"+&# "01$# #! ' (&$& &'+ L($()# 1+&#"

)& ((& +& ™

56



, & 58 $ #'& ' &"%+! '
&#l‘)! #+ ("',l'# l'$ " $ &#l')(') ; _ $ &l+! n(u :. ) #((+ $
Sy #+ "H&HH S )& (#&"

57



g

$UU(SUS HE H # $&(&

Co(# o

HOS& ( H& ("H)% '"+&1%!

#A$& 8" 4

" + &# ' &H%S 3" |

/ QU to# &91 't 1 ( "

& /B &'+ &H%NS 3"

& 14 & /B & 1) 9%& +1%! # ' & /B:

/ (& +" 1 9+ &" (&(- $$0 ## & %
&/ &'+ &H%S 3"

4G L, #&TE& %

58




"48 & " $8& #H&

90
80
70
60- [
504 _
” j
& 40
#* j
*
H 30 = i ‘v"
** | L
]
20
10 T
i » 4
2 ﬁ
I I
200 400 600 800 1000 1200
#%&$& , 0= *>
—m— As-GO
—m—rGO
S B9 # & —m-GO-G
100 - —m—rGO-D
80
60 -
an}
3 T
#4047 -
.
W ¥
20
[}
E
i
O -
T T T T T T 1
200 400 600 800 1000 1200
#%&$8& , 0= *>
, & 58) (&#") #+ P# #(+! (0# $ (& &#H%$
3 H#&HNS S &HI  #' M &# -

59



| -
2.0 4 ul
1.5+ —m— asGO
1o iy —m—GOG
] ~m GO
0.5 - —m—rGOD
< i
35 0.0 4
o <
o -0.54
: e
-1.0
_1.5 -
_2.0 -
_2.5 I T I T I T I T I T I
200 400 600 800 1000 1200
#%&%$& , 0= *>
, & 58( "&% ! "%+ &# (& (& &HWN$ (1) (S ()

$# S "H) #' #% (8B4 ;0 $# (S
7-HE > ,&$ ™ $ #& $#, $ )43
#"&%! (MM 1$-

60

TON&H &H%S I
YH H% & (& $



"4& "& " $%& H# &

+) B(& $ (& +$)+# &# '"#H)% "-

61

m
3
F*
¥
H*
5
( T T T T T T T T T T 1
5 5 ) )5 ( (5
#%& *9& = * >
AN O
o)
38
100 - _
] < 8 o
=4 Q = 3 @
[s2] D AN
80 A Q &
< |
8
c 604 10 ® —m—as-GO
g M o N o o
E | @25 N S —u—GO-D
@ - S (CO)
§ 2404 —m—as-GO dcb
l glass
20
0 . T . , . |
1000 2000 3000 4000
Wavenumber (cm )
, & 585 & #+ P % # #(+! (O#

) & !



—m— rGO annealed

—m-rGO
100+
e ot e e st it
80 o
L
:
o
60- ../—
m |
o3 | E
.-/
N I
0 "
.
4
20- |
i
: p
| |
O-_A T T T T T T T T ]
200 400 600 800 1000 1200
#%8$&,0=">
, &58- $ &H")™ "% +&H# (& &HNS (& #'# (&# #! #
G66 ° (&DS$ '&# #+ ) $ &H#") #+ (S &H%$ (1) +&#""
0$# #! ' (&$&&'+! ($ () #rea# )& ((&

+& "

62



5 ( & S@SH& OHH# & " "

$ (" ((+ ' +"08& %&'+' ‘&% +#" I(# & +' &H%$

3r # 434 +) Y1 ,m&#L( 0+ #+! 0I$M,&

"&+[ #'O&H +&'" % ( $ &H%$ "$ - $
)#'&) "0& +#&&!"' | #83B6 E && #+)"$ )%&H & O#"
l+&#"' (&) 88 = 4F6=1$ , # #'+8&& HHO& &+&'#'

% -$&" "H&E W&" '! | & GJ4E- "$0"$# /% $#! &

O#' "&'# , #"&# ! (&)6 [BD;# "% $#! & ++&'

05 $ % #&! O# +$# '#' #&" ( +& (1 %! - ++ &

$+, 1 # Y'10$ # #!, # % 1# 1" H#%% '] #
%"l '+ +& & 0O &+,& +& " ™ # &" & $ |+$#

S#M" & #1, '+ 1# 0 $#+ $ %l+ $# )N#' $H) &

#)" ")) &I+ H#S" &M (& $H! & ( & $ +& #'$
"%l &I &Ll $# &, $0# A - 5% 0%
$ 3%" S &HWNS$ 3+ &) & ) & O# & #% &-
<$ $ (1)0& 3%" O#& #% & $& O #o# 1+&H# 1 $
$" & I+ &"% " #O# % % $ #&') + "
+) % #&L' S H%N% ! +&I+# (1 - $&,8&" W, #"$
&#'0, #103& # #& ) & (+$H& + #H&&!&"0&  &# 'L O#"
0& # 4F6 = $# # 0& )%&H &" )% &# &" 04F6 = $
&""#+ O#' $IS # AF6=$ &"I"#+ &H% ' 1+&#0$ #&,&"
#, # O #%%!'- $IM)# $#, #$1$&$ )!! #

PP& )N&H &" (&$&!,"I#!I ™ "o-

| & GIAE! "&# " $# 0 "& '#+8&& (/18D ##, # (/8-GF

1 OB+$ 1" # %&,) +)%H&' $ 4G &%& "' - @ "y o#

"G+ #U&H  # (IG &)H&) " 08 ' # + "'&#

#8 & +$# S S S E ) (1@- $I"+)H&I 1MW & #H& ™

($ (& + ! +8#  $1 +#" ($ &" "&%& "' - 178

N($ )&"OLB66: 'J+"0 "'l# "$0" (&) &#"(&

FSHRHE &I & #& ™ (S +$# $O- N#&&" "0& &% &

$0# A SO NS L +&THE 1'% ($ + #t #& # &
$($ +& UL 1 (& # 4%& + (0 &#! - $H&

&H"% & | &HWS 3 1" $" 4 #+/1) R R

+$#& ) -0 &S$&" 1T )& "% (&

+4& + 4+ -

63



, &
(+!

1.0x10° A
8.0x10™
6.0x10™
4.0x10™
2.0x10"
0.0
-2.0x10™ A
-4.0x10™ A
-6.0x10™
-8.0x10™ A

-1.0x10°

-20

T T T T T T T T T 1
-10 -5 0 5 10 15

@ $#,&=@>

586 $ +&& #', # +$#&#+ &I"+" ( &H#%S$ #' #

( Yo&# &-

64



55 #H#"4& "4 " &" + #H#HE&
, #40& &

# )Y &+& $ H)H "%+&H# () ' # &' "1 H)H "% +&#
(& $ "# (""" s "ru# "1 1& G4 0&
YH &' S "% &' S 1S )+& "+ % +)% ($ ##
") 1% # L | & GIAF L %&, - $ &S HRH (S "

M+t $ S+ & &I S N# OB B @ &l $

$ &&!"I S W% - &S &HEH] | & G/AF 9#: 9:0&

("#$ " (%" "(&)0$1+$! + ++ ' $# B 0&

(" S ETY% ! 1M (&S & %% &' $"%w!! ($

%H H &W&' - )H# Mg et g 148 (g
"N L L O# C# S #HE " %+&H#"$0 ! 1 & G/
AHO#: 9:1"%# $ "H) (#&"!--#1 " Qupu-$ #I

'+ $ (18" &&"+ & %&+™  $ %&" + ((I! M. ((+"1
HHEH"L & H&IM +1#  (0$1+$ 0 & S$"N& ($*#

ey #14+-3$ %# ! $ &t . + & 2 )1
OBl+$ 1" +#"  $ 1/%# ' "& +$! ) I $ W& (+#&

#)- 1 & G/4H L %8S "%+&) (& $ N&&HWM ' "$ 1
I S#H S I# (& A+ (0) #H )% "l %# #

BD68+) B9 %u#'$ $&# BGB6+) Bg - ¢ QU# & "™ +1# 01 $

HH&  #) J&#! " # $ #  #3" 9 LT# %I+ %$

)'- % P(# &+ & ITHTHE OIS ) &H# (+#& #)"

#0$ H&H)& &+ ($ < 9# 1# %1+ %S )i

$&" (HHIH'&) " $ W&, "" #H% 0&' 1 $"

ND# $+ & ($) #&" " $ ) (S )HE& S "

#& "% # ' | & GIT6- ! & GITB +)%#& " $ GB8 ) #)# "% +&# (
"$ "IREHIH# OIS (& ( +™-$ O )Lt (#&HE S
HOGH"H IR H# - S +&H# L O#" +#+ #' " $
1"&HH = | & #) 15%

D) C(4)

1G) L.
0$& 9GB8-G ):c8-8 )#' TS HETHL M-S (B
# O%#"0& "D (1! $ "% +&#L #) 1% & (-
$ N&&MMH ()P H#+&"H# ! M. (D B )> "L &+ %

1&&H#1# |

1&&H## " #' 1&&H#H ' "H)% " #& (&

d 8B ) $ +$#&#+ &"I+" ( $

B %+ &# (& |
$ "%+&H (& $ (&

65



(4" ASH - L TR#E S # % ($ &#! (%

oM (S #' %#tH # (1 ( $ %N& I&&HIH#!
"$0 ! ! & G/74 , & NS HA&II+H + + &H#! ('(+"- &$&
(+ %&'+! 1M (# & #' S #I #(+"H& +&- $
(), B H#EHL L #) $ %H& (S &HWS  # I+
%& &' Plgrras 1 $1 M gl &) $ 18RI $
I&EHH " "H I+ " H A& H | +&"# | "L($ 1&&HIH T H% -

$ & S +&THD LM $ L&' +1 ('(+"  $
I&8H#IH] - " $ %& "%H™ $& $ $ &HUS$ (1)$ ! &#+ 0'$ $

(1 +#" ™ &#1 $ (&#! (O S +&H! (
HHEH"- S &L (+" #& ' %& No# #! | $
SHNS (1) +#" +#& SH'# O [# 1#' $ /# 1"W&%E&! #
$ " %% %0& $I"0& 8F6 ; %& " 0& "'1 03!+$ $#, #

+H+#'% &#! '%$ (HB46 ) $&(& $ ™ &S $& B
$ (1) ($M3+H& #)#H)# (& YHS3 # "&+ &1 S

"% 0! & # 1""% ‘% &IN#! 16D,

$&" " (S HH "%+ &H +SH&HT &I" I+ ( & $ ;1&&H#IH ' "H% I

HE S (S W& 1&&H#IH "B - +H $&(& + + ' $#

$ "% (S #H N+ HD < I $H$

"% " 0& &IT# ")+ '+l 1 +#" B "l #"
"&I S I&#HMS - " S S #H& 1&8H#H OIS $
#E&L# &H#HMI (&) ")+ '+ )& ) # 1+ ++&"1 +#" $

I "$#% I"$I$ "M, 0$$& S < ") # 1+ &)+ T+ -
$IH%! 1"H" %% & $ "%+ (D" 1 & GIT71 $
NE&EH#H "% 9:1"1$ 1 + & $ I&&HI# ' "% " H&  #H+

OH(: #' $ "#H) 1" & # $ ' (18&&#H I#1 O#- $I" +$# |

+ & (S "I"#E "&'! S &'+ L &-"1$

%& 1&&HWH ' "H)% "1 $ 1+&# 1 $ | &#! (&) S/

I&8#H S I&&HH W% |1+ "H# &' +1 L s#eHr " ($

6t % 18&HIH#! - $IM 1 3% # ' ( 0 &H%S$! I+ )# "0 &

+&H# T SH HE W &L )& )& I ) &0$ $ "H)%

O#" 1&&#1# ' OB g & t#& | #&) 0O S "&," -

#$0 - OBV (8 &HNS! "H)% "1 1&&H#HH ' 4-4G Qg #

( + (43B6 BEl m24) A

$ HH "%+&)(#&" (&S (1) 1&&H#HIH# TS T #

$# ($ W& #';I&&HH "% + &H#1 0$1+$ $# #&#  3%#H "

#,- I $(&& $ +&"# ! " | +&#'" (&) B-F4 ) #

#,&# (4G )0$H+$ ) ' $ "#IL# L+ %8+

66



IR&HIH! 1 +&H] % # I$%#H (+ HH S H) )

%Sl +#& #) ($ &HNS % # - "1 H &M

0 !'$ & &#%$ #&"!"(&'N $) #+$ $& 1
$ $&S#'0 O $# &HWS " &H "%H& IS # 3% H !
I'$ %!+# %&%&! """+ #'$ +$# 1" $# " I(1+#

(a)

(b) (©) (d)

(e) ® (9)

, & 58/ W " (%& &&H##'"$ " O# N&&#H '"$ 9: 9:
% B "% D&"%+! - $ &% #&# ( $ H#"II+H S BI+
&'l $ "M% 03! $ #'&!"I'+# $ B! & &!
"H% -

67



300

N
% 250
1]
e
200
150 H
T T T T T T T T T T T T
1200 1300 1400 1500 1600 1700
#*# "0+ = * &>
— &
1 c ———"% B
8 "0 4
—" 7
300 "0 8
—"% G
] "% D
N
# 200+
2
T T T T T T 1
1200 1400 1600 1800
H# 0+ =% >
, &58 Bt "%+ & (&1 (1) 1?) A U&H O I&HIH 01D W& - $
QU#t & "#™+1# 01 +#& # ), &#! " # S # #3I-$ "(# &
D+ &' 1"#M I 01 S &#E (& #)# S HE&Y) (& #1&+! (

$ <-$"%!I 1 (S %H"INHE" SH $)#&) "0& " #HH("

68



(@) (b) (c)

(d) (e) (f)

, & 58 W " ( %& 1&&#H1H " $ " o % B B-EH3B6 °° 1| "?24) ¢
9: % D B-6E3B6 BE 1 "2+) ‘-

69



400 -
500 unradiated
q’; spotl
n spot2b
= spot3b
2 004 spot4
spots
spotéc
! ’ %‘_,m,v:m«@%
100 MMWWWMWW% N
o ot s
1200 1400 1600 1800
#e# "0+ =+ °>
, & 58) Het "%+&# (&1 ()" 1?1 s " & 1&&HHE T O!'S
%& "OIS#" "$H&% %# + (1&)! 1 $ "#E 1%+ (& G/
7Bl $# $)#'&) "0& "' ) #&™
1.1 4 -
- -
1.0 H -
A
A 0.9
N
1
0.8 -
0.7 - "
0.00EI+000 I 5.00EI+013 I 1.00EI+014 I 1.50EI+014 I 2.00EI+014 I
"&= "D * >
,& 58 ($&H#! ($1 "1"($ #OGHH
H(+1 (S %& 18&HWMI - $IH&H | S &#! (&)
$ |/ 1&&## $ IR&H " "H)% VI+# " # '+ &#" !
+&"# "L (8 1&&H#H % -

70



(a) (b) (c)

(d) (e) ®
L& 58) )" (:1&&HM 'S " O#: H& 0 1&&HW ' H#'
IR&HIH ' - S #+ % &! 1" $ #H&# 0BI+$ 04" 1&&H1H# OIS #H) (+" S

#-9+ % BSBH ; 9(: % 8S48 ;-

71



BH ;

] 4B ;
400 475
4G ;
4 /
/
300 — .
", A,
i ﬂpﬂﬂ %“MWAWM
N
200 ; I, Moy oA
" M WW”\WW,MWW M %\x e
ot e tas Y " oo
100
[
1000 1500
#*# "0 + = ¥ RS
300 H unirradiated center
A
H*
_II
<
T T T T T T
1200 1300 1400 1500 1600 1700
#*# "0 + = * LS
, & 58)( Het "N+&HE (& (1) 1?! 4" " &H - (& ;1&&H !
$ %# #"+ """ (0 +)% "#'D S H( $ %& &&#H# '
&#%S$ -

72



, & 58)5 B %E&H (&1 (1) #1721 2" U&H (& (&

# " ($ 1+ %0& &0 I'+'HE ($S # G
< O#, " H O S& O HELH L& H#E S )HE " (
$ #)-
0 &9)<:

m

o3

F*

*
L &5 8- #)# "%+&# (& Iy 121 Ry #H(+ (S
[+' %0&1 #&! (&)G 86)<10$ 1&&# #01$ M 9& :1$-

73



2.3

2.2 1

2.1+

2.0

194

=>D=>

184

164

154

vt

, & 58)6 #'O%# 1 " &H!I HH(+! (S 1+ %0& $
+$# 1S &H I"#H&H $& 1" W@ & +$# -

74



; $"
H& "+ %&'+! (M &H%S$ "$ "1 +

(& &%&'+ 11 #'$) " #&' %"

"SI %&+™- S 1UIHE S " H& 18&
&H)IMG L (ML # (S THH

" SHH&HL LS H# # S

#E&HH), (&F O H#H&"#''+&H# 1S

) S SH )& " THHEH S $
0& '&('LH A&+ H#" %S$IS

", (& HM S - B HR & B# S
$'8&3 #' %3 & W H H#&H! ($

03 '&! $" 1-$# &#!,)$"!

#'OSH! ("M1+ & # SIS )%&H# &1 03

THEHE (01 H& "HE %&'+!
% & # (#+ & (& $ #%6% 1+#] " ( &H%S -
#O&H! )" %&'+ SIS *H!I &H%$ O
%&'+" (+], &H#%S 1 OIS $ (+" #H(+
QHWS) L #" | "&# ' S HH "YU+ &HH
&#) %&+™-$0&' <-&H# 1 -#
HOIS $1& & %" %&," $# B WN&W&!" (
NE") S H& #H& & %E&'+H#H #'&")

Ol S )& IMHEHH LI #4

$& #& # )& ( WHEH) & + "'& 0%
&H%S " - 1&" 1$ + + &#! ($
(#8& %&'+- $"0& $ )&%WS$  (
&0 ‘&% +#'! 0& "1'OIS $ #H' (

$ )& (%M #& 1+&#L $ "#+
L+&#"'1  $ 1 &"! #%+ O#" $#

o +OEEl 4+ 8&&- $ "
%M (L, D" &% +#'1 - O#"
+( #&SHITH#S "10$! !
Lo+) )& I+ O H Y &H%S

%&" " #" O+ + " B +&#

75

&

& I 1MIH (#&"

#& S +8# " (8
#& "$H% ' #' $H#, #

#"($ )&") s’

S H&H S

& %P+ - 1

S U HE (
"()& $# B )#H& (
$& I+ H#

"$U&L HY% &

+ ) HSH I+ 3( 18

+$ $ $# %

(" &HNS " "I"#

$ S +$)+#
'3 %&%&

AL I"@" HD)%&H - S

&
"

(& ," (% +)+#

#hl=- " #
&HNS %&'+'
$" ( &H%S$!
Cl%&T+! ) S

%o

L& "$ )&

$

I'#

(& #&' "H% "

$ - 0o#" ' H#

(8 "s " #"

(& $ "®)% S$#
o#' ' ' 463
$# S "%
($ )& (#&"1+&#"
IR S
$ )& (H#& %"

o#"
.
0$!+$



$# $ "H) ((+ # O#" #H ' L+&#
-+ $ & %&# & "% &

1% &' "1 1"0# &#''& % +#" '

%#+'1 S -8, (¥

o# & $ "o &'+ % 0 &

&H%S - &'+ &HWS 3 | #" % #

$#+" S N&WE&!"  $# ( &HWS | +)%

$" 1S )&H & H" H#" $ S "

$(T ($" - 3$& $'%")

%&'+"") $&1 $! &#' M $ 1

ORI #T L (# HU%& W& + + &

" +&"+% O#" I I($ ) "
$& 1" SH MI&H H# O H& " (&* H"
' # $&(& $0#4 $($ !9
$ 4 H' ) %&" - $ "%+ &H

#& "™ # S "H) $ %# ! NI S
"%%&™'! $ +H' ($ &- $ "N+&#
S"&+$! ($ O+#& 3 1+ & %" "

S +@ #! #'

&"%+1, - S H"+ ($ | #'S %#"
&) # ($$'&3 #'+#& 3 1+ & %" &

$ %IH# & %N&!" ($ &HNS #' &HNS

&#! #'IM #"8&%! "%+&"+%- $
H'SISHHEP (& $& #' I I"#
"B o+ &HI("S "IN I4&H S &#

&'+ (% "$ " #" +#" $ &H#"WHE +
&#H"%NHE& + ($ &'+ +# #'$EH# S
+ o+ &HI ") & HH&( - $&"

$"H) " L OISHEN &# O )#
$ &H H+ LH&HH &M (S
&" (S #H&#! ($"$ " S
$)-

$ # #%" (&S $ (1)0&" &) 'S
N)%I&IHE #A#H#IS ) 1 (S %
#'OH& ) (BH&'&H - $ | &+%! O,

| #'76B ) (& $ & 1#7 #' /10$

76

$ ++ &H#! ($
#-$ " "H#H& I#

#UoE T RH # S

$ HW&H#H $ 3+ (

#%$ 3!

"# & - $ %!

H#Ht

&) S &H"UWHE + (

"HOH#&"

$ HE"H#& - %l +#]!

S+ )H+S!

%&" 1 $ W% - $

1'%t $ )"
HU& " +SH&H &M+ (
&) #'&
#, + T &H

"$0 $ %&" + (/1

#'# 8% ($

(& $ & I'+# " $

$&"+! %&+"-

3"0& !, 1# 0SB

EH") #H+ % &+ # +#

"H(H!D (++ &H#I -

"UHE + ' +&H#'"
& #
# (% ($"$"

(#'&) "0&"
&) " o S#
I &, # " $# ! o#
(&+ (# &+

& $+& (11

I+# #U &% # $ I
$0#" 7B4 ) (& $ & /

+$ + ,& "'

#
0

$

&

$

. # T7H6+) B1 BE4AG+) 1 BGF6+) ® #' B877+)

$

/B



#'H% # " (7T-HF #'8-B4 ; &"%+!, - $ (1) $# # #%

&1"&# & $#H# 7B ;1%&(& IS IMH& T S
()~
EH"%& )#'&) "0& ' &H%$ %" Co# A" &H
< "& W % BH!&#H , HU&H#H! (& )6 /BD;#' /%
$#! & 05 $, # % # O# +$# ' #" #O((+ ( +&+(
%l - 0 $ o+, ! # )'1 0% #O#, #
% 1 1"H%% T H %!, ++&& O & +,& +& " MH'&" &
$ HSH &HM" & #H'# #1, '+ 1% 0 $#+ $ %H+S#
WHOSH & $&,&" I, H#" $ &#'0, #10%&
#H& ) & (+SH& +HR&!"#&  &# '1 O#" "&," 0&# 4F6
=$#H# 08& )%&H# &'
#it MBI g NS %& %" # 0)' (&! &%& #!
SHH #H H#] Y&+ $") 1% T 1 %&+!
$ 1% Hr)  ((+- $!" "% T # 0$!l"+"& &0 #'
&I # I $ S +#" (&HM! ((+" "+ H & + ($ #'#
%# "1, ) 3%#" I&R&HIH#H! #' "$&! # ##11" (
$&H + '+I11 1 1+&#" ( +&I+# &M #' $& ((+"O- #
" S 4SH " S %N&WE!"HE $ # 1+ TU%HE) #'
$N%# ""%H"-$&" " H#HHE I #&) 0'$ $I")
, $ %% 08 &(&&!  &HNP! - $ "# Y " 0& 1&&#1# ' 01'$
%& "1 &H#) #' " &# &HWH! 1 # L# S 1&&HIHI " S
(+ O#" 1+&#"'- $ #H)# "% +&# +$H&H+ & "I (S $& W% "
#& "NHKL+ MM (S #')'- $ MU $ (8
& &+ & %&+™ $ %W&" + ((!! (L T &
H&I"L# (0$+8 0& $ ") & ($ UL #1+- B
%# " $ " &H# .+ & 2 )l S 1 /%#
& ASL ) (S WM& (+H& # ) -$&" (S B
"0 + &t +SH&H+ &IMI+ (& $ ; I&&H W ' "H)% M#E $# ($ W&
I&&HH W% | $H#H | S+ $& I"# "%l ($ )'-$
(#& " #"+1#" 01$ +#& #) &H#! " # $ #  #3"
9 I'# %l+%$ ) $ P(# &1 + &#"1LI"#™"+1#'01'$
J&HI T (& H ) # S HE&H )& # &+l (% <
O# # %l+# %S )'- +# $&(& ++ " S# S %!
($ #'# 1 ")+ '+ < Mg 1+ #1OS# S W% " HE
"N+ LD H+#T $& 1M "%, ) $  N&&#WH ' (1)-
0,& $ g% 1"$IS "L, 03 $& $ < ") # 1+ &
"Nt 4l # S I&&HH T "% $& M o# &#M! (&)

77



D )& ) # I+ CELSIM M) 1MH "%%& ' $

"L L& GITT- $ &&HIH " "H)% 9 IS+ & $
IREHH " W% " H&  H+ OH(C #' S M) I "&H# S (
IR&HH1 Ot BI" +$# 1 + & (B "$ gt gl $
&'+l ( &- $%N& #';#E& I8&HH " "L $& O#"
BIHA&H 1S 1M # L &#) &) $ N&&#H' $
IREHH W% N+ # &'+ | $ # &# M. (% "% Ay
% 1&&HIH! - $I"+# 3% # I 0 &H% S+ )08 +&# " B
& W & M. )& )&"! )&l 0% $ "M% " 0&
Q&M - $ 1M 1S 1&&HIH 'S "1 $+&"H L L TH&H (&)
B-F4 ) # #&%F (4G ) O0$+$ )¢ $ "#ILHEL (
HHEHT 008+ 1&&HIH] 1 +&#H! % #IS%H (+"H#
$ "W D) %"$! e #) ($ & H%S Yo # -
kL # 4™ 0 1$ & &# %S #&" 1" (&'
$) #3$ $& $ $&$#'0 O $# &HNS 1" &# "VoH&
OIS IHOH 3% M ' $ %IH# % &%&!I""+] #' S +$#
(R

78



- &t+& & &"

B &1IA--= "&# 1-#$ 0&"#' -- AA-#'&# -
- # (O H& !+
#' | & 7D9F:1 B68H/B6GF 9466H:
* 000-" #&- & 2 +$ " &? &H#%$ C)) &# "?!'3 $) 9 &#&
466H:
T= D#=- " - ! - # & # &#"D1BF7/
BHBO466E:-
Bry g -r2) "2#& )2 1 -$)9 & #& 466H:
CA + 1 M- -
I+#1 1 AOBHHT:
P61&" - "# $ $ 3 %
$ $ " I+#1 "1 A9BHHT:
Fzo " 1= 1)1 --&.,1-A#1 !
S-&! & HL .- H# --1&" - &' o
) ! -# & 87F1 BHE/466 9466G:-

Pz * % ) o+
F8 7E66B9466F:
Foigy - , % -

- $"I+# 86 14DAD54D4AH9466F:
BS o &# 1 - 1" #'=--(,

- $" - EF168G86E 9466F:

BBAIH@! # 1 # <# - ,

. /0 - #& 8E1 H44/HA79466H:
BU 1L - )&HS ##1 #! %" $1 $# -A- WeH#H
#1'S $$0# #- )

%% ! %$ "I+ &"H71 477G64 9466F:

79



BT ¢ /$#<l<+# 11 #11! 11$ #1A#1 !
$ - 10 + 0 &

0 - #& B8E18H758HHI466H:

B8 1 o4& 1 &H#H"+ | ##' | & &

- $"+" < & '9466D:

BC < &#t 1--# #W1--#'&# TH - -+

( A- #+- +1- +$ - 49D:
9466E:

BD_g#11l - $"$1< #1-#1.1- 0" &$#1  #1$

| #- 1 20 1 30! # &

97:1 H64/H6E 9466F:

BE=— . " 1 -=11-- &.,1-A#1 -S#1 - "1
--& & # - 18" 2, ) 4 0 )
+! + 44 94668:
BForwr /11,1 &1 S!S 1<U# 1#' #1"$
$$ 0 #-

I* - %% I+ &" H4 9466F:
BH g m st 4G 0 - #&U!,

6E6E-4DDF 4 I$ %/%$J 9466F:

® A-e%./&ef 1 -- #)"
&2 % -

#8&U!, 6F6H-84F8,7 + '/)#-) & /"+! 79466H:

B sH - - -

#&U!, BE68-BHBH,B I+ '/)#-) "/$# J- 9466E:

Moo 110" -- JHRHR # -- 1 5

)# FED 94667:

80



oH& WMHLI&H g# gl ! W& $#' #U= ) -
0 & 00

A&# (%%!" $"+" HF1 9466G:

B gy o ' (
6 o1 $"I+# +&1% #-; - D81 E/BDIBHHD:
T @1 1 ( 6 "0
* -A&# ($=&# $"+# + D148DF/48E B9466H:
DL HRISH H 1= - &M H) 1 -- - #- -2
% 6
A- $"- $)- 1 BB7 947:1 HHF45

HHFG 9466H:
UL #1UH# $# 1 (11 #( #L1 #1008
$ ", 03 '
"0 / -A- $" $)- 1BB41 BEGGS85BEGGF 9466F:
Fad - 1#S$0A 1 # # # 1+$H&' - =# &-

- 74H9466F:
Moo, -# & )# &I#"F97:19466H:
U1l # $#1U #HLUR) LU &# <# 1
<#1 @ #- "0 Pl 3 7
) #& # +$ $G7F/G84 9466H:
BRIV H#H#ASIIL #I"S $SSO# # )

/ /
-# & # +$  714E6/4E8 9466F:
o3 <# 1l I<# 1A HRLIA# # 1U# %! $ LA# #-
0 0 0 /

0 2 +#& 8E1 DF/E4 9466H:

81



TOA&)Y1- 1M1 ## 1 1A-< #0 1- 01 <l1

$SH1# - " - 5 L%

- ) - # &' F9B6:1788B/788G 9466F:

og#= 1--SH#SHL A S @# #' SHH
Hel1)& # $1 ' "0 2 -

+$1+# % & - < 9BHHT:

©000- # "+ +-+)9)H&+$466H:

D # &(- 01 ) /4)(* -,&" 4-B1& " 4-
B #+SH& - 4 ) (O , B9G:19BHHD:
TOoA U OLA- )%$& "1- &# #'1 ., (0 0 -7%

'l B44/BDD & #' &+!" & % 9466B:

MG 06 2?  %&L-&?'+#! #C#) "?%S$ "+"?)1+ &"+% "?B-$) 9A 466H:
8 1A 0- . ( o 0
( 7% 111 %&! & &! I' & 9466F:

88 $ 06 22000-0+#" # -+)? 2 +$4-$) 9)#&+$466H:

B 1 - +S0H& - 1 0% 0
S l- + &1 - H&HLHE - &- 2)
4 1 08 1 1 - %% - % + & "+- 8G1
7H6/7HE 9BHHB:
Bug! #1UuUs# $#1 (11 #( #L#1 'S
$ ", 03 /0
/ -A- $"- $)- 1 BB41 BEGG85BEGGF 9466F:
8¢ 06 22%$ "I+"-1"- 211" "? 1 F88?'1,F889)# &+$466H:
B g H"L - &M S - # 1 -A& - 0

$"+" % & 86H1 8E/HH 9466G:
BE g - 8 2 9 4 1 0 89 9 -#l#

$"I+" # &# & 9466H:

82



SFe g 1"QIA-# & + +#' | & # &'+! -D $ o
A$ < #' "1 +-94667:

Bty 11 0!'$ 1AI*# <!1= I <# 1&# ULS$ 1#
$# < -
J2 - %%! S+ # &M H + K &+™
HE 9466H:
G @ #&1AIS 1 14$#&' - ! &1 $O0#A 1 3 #1&¢#
; HR# - -4+ 1
( ' 1 -$)- # & 461 94B: DGH4/DGH8 9466F:
CBA-- 1"1-= &I" - 01 <!'#' - $ t#
L% 1 -- 3 F 9B6:1 7B7E/7B86 9466F:
G4l H% 11 - &#'1:- &H'11 - &1'&!1 -4 B -

& / 0 - %:4!

A &# (%$"+" GH1 DBD/D48 9466E:

ST SO#A 1 )& - 111 1+$H#& - | &#' S
' 20 2 ! *! 1 <3 &=

#  &F1747574E 9466F:
G 1@1-#1--<#1=-<# KI - ha 4

2 -#  &E177H8577HF 9466E:-

GO 1gH# A-- = | 1A &# (($)+# $"1+'G71 BB4D 9BHES:
. #$01 -A"%SL -- $H&HH' - -0

(9 - + #&
"&) "#' $™I $"+" " #8&+$ 9 4DD:1 748B/748D 9466F:
CE L # 481 - 111 -1 &1=-=$$u#"1 - = I$#)" -Al#l -<1
- 1 (C 10 2

#& 8G1BGGF5BGDG 9466E:-

83



