a9y United States
a2y Patent Application Publication o) Pub. No.: US 2018/0083013 Al

US 20180083013A1

Bao et al. 43) Pub. Date: Mar. 22, 2018
(54) THRESHOLD VOLTAGE MODULATION HOIL 21/8258 (2006.01)
THROUGH CHANNEL LENGTH HOIL 27/088 (2006.01)
ADJUSTMENT HOIL 27/02 (2006.01)
(52) U.S. CL
(71)  Applicant: INTERNATIONAL BUSINESS CPC .. HOIL 27/1104 (2013.01); HOIL 21/823431
MACHINES CORPORATION, (2013.01); HOIL 29/7842 (2013.01); HOIL
Armonk, NY (US) 27/0207 (2013.01); HOIL 27/0886 (2013.01);
_ HOIL 27/1116 (2013.01); HOIL 21/8258
(72) Inventors: Ruqiang Bao, Niskayuna, NY (US); (2013.01)
Dechao Guo, Niskayuna, NY (US);
Derrick Liu, Albany, NY (US); Huimei
Zhou, Albany, NY (US) (57) ABSTRACE
A method of forming an arrangement of long and short fins
(21)  Appl. No.: 15/273,224 on a substrate, including forming a plurality of finFET
_ devices having long fins on the substrate, where the long fins
(22)  Tled: Sep. 22, 2016 have a fin length 1n the range of about 180 nm to about 350
C _ _ nm, and forming a plurality of finFET devices having short
Publication Classification fins on the subs%ratg, wherz the short fins have a ﬁnglength
(51) Int. CL in the range of about 60 nm to about 140 nm, wherein at least
HOIL 27/11 (2006.01) one of the plurality of finFET devices having a long fin 1s
HOIL 21/8234 (2006.01) adjacent to at least one of the plurality of finFET devices
HOIL 29/78 (2006.01) having a short fin.

201

- ald




US 2018/0083013 Al

. m e . s mm o e m m w mw mommoa . e " FRTFR O R %W RS AR oA R ETFROFRYOF R %W RS WK oa R ST OFATEN T " e w e " oa - . e m m w mw Eommoa e m o W e wow PR

ot W Wy e Ao A B .._.n ol e g e, S L T I ak  aky ak .._.a > gfom e o il el g AT
Ny ﬂ_.,__ﬂ,m,,m._.m,.mﬂuﬂm,,..u..,.,wm.,.w.,m..mu.m‘ 71t R R A A LA A ,,.h..h..%.,.u.,,..n..,.,h.,.h.._.ﬂ...ﬂ.ﬂ AR
u .u .f .t. l. u .f .t. l. u . . . .

ﬁ

L& - a - B a2 = = .= - a N = &k d = a - .= &= = . - [ ] = & d . a - - ﬂ.:ﬂﬂ.ﬂ"ﬂ" . 'H.’.ﬂ.‘ﬁ‘“"ﬂ" . .“ 'H.’.’.‘..‘.l". 4 - a2 N = &k d = a - . = = . - [ ] = & d . a - = 2 = = .= - PR = & o
t‘! ‘.ﬂ:‘n ﬂ:‘ﬂ;‘u Et‘! ﬁ t.ﬂ ‘n! ﬂ:‘ﬁfu Et‘!tﬂ".ﬂ ._..-_ L S LI +« = 4 t N R T LA A | LI L T B I ] .__.-_ L L Eﬁ‘ﬁ"“t‘!‘ﬁ"--“ !?ﬂ:‘ﬁfﬁ"“t‘!tﬂ’tﬂ:‘n! ﬂ:‘ )‘ + = 4 & W F OO % K & 70 LI 4+ = 4 & ¥ < F % F % ¥ & 70 LI | + B 4 & ¥ T
-‘I'. n L7 .'I.“. .I.lu.l..!.n‘ = n “.l..f.."....ﬂ.... .l..!.“_‘ - A g . & .4 =B s & F + B o F o 0 a4 w HE . & . ® r Ek F& 1+ E a2 F 4 1 a 0w " . & . = 1 "] .I.lu.l..!.n‘ ‘.-l-.- i.-. "H'.lﬂ.‘lﬂ‘l.ﬂ‘ﬂ'.‘ﬂ‘..’.ﬂ:.‘ .f..‘ " 2 o o & a4 w E . & . ® r kL F& 1+ E a2 F 4 1 a 0w " . & . ® r & F L B a4 F o 1 a

.l.
. u_________u____:u_:_.__.. ey TR Lk :w

.1
s
u
'ﬂ
L
5,
L
%
|
-,
e
)

4
I
[}
o
L |
'ﬂ
L
<
LY
"
a

"
=3
.
W
N
o

w3,
™
I
%
| ]
Y
A
aY
A
"
=3
“
W
N
o
[
N
2
%
| ]
4
A
n"
A
"
o

. o . . . .
H,!'.g #ﬂl!ﬂ!%.ﬂ".ﬂ[‘. .‘.’. !.i‘..ﬂ%.ﬂr".u-.ﬂ)ﬂ l.a y r w . ¢ p & & = 7 g 4L =2 woa n = y r ® ¢ =m i = = F g 4 = B =- = LI T
ﬂ.l.l.‘fﬂﬂ .l‘ﬂ.ﬂiﬂﬂ]ﬂﬂ a ﬂl.‘fﬂﬂ'ﬁ ‘ﬂl‘ﬂﬂ]ﬂﬂ"ﬂﬂlﬂﬂl‘ﬂﬂ!ﬁﬂl. TF AT T N E W aF RS ETF N TR T NN W MF KT FT N e

!.. :’ "H'E‘H‘-ﬂ" " . [ ] [ [ ] . ] [] - - L | ] - ] ol [ ] [ ] ] [ ] ] - - - [] [ ] Fl ] [] & ol [] [ ] ] [ ] . [ ]
m o #. m .. . , o
Ilﬁtﬁ ﬁ:lﬂ!!ﬂﬂlﬂﬁ Ef’“llﬁ H‘lﬁ:lﬂ!lﬂﬂlﬂﬁ)‘ Jl“.lli‘ﬁ.ﬁtﬁ I T R I R N R N R I e L LR I T B N BRI T A

Mar. 22, 2018 Sheet 1 of 5

.
l.r " m W m " mom W mm oW E m S mom l.ll - l.l.l l.l.l " = 0 & 58" s =8 W s "R W E w l.! " 8 W 8 =2 ¥ = l.!l - - - = - - ~ ’ - " - " 4 . - . " - - ar W = r = - - " - 1 . . " - - = - L]
.
4 R F L F ; E J 4 E W 4 § = | =B J R F L F , 5§ Jg & W 44535 = L =5 J R FL F .
.
- B = % 2 L'z W & = F = 8 &4 § 4 'k E » % 3 & 2 W' F = F = 8 4 1 A kb E » % ' L' . .
.
. i %N F % B o 8 g R F UL OFY ¥ § % od B F % a " W OFUFR T RN KN F WA g . .
. .
- A m 4 = % 3 =m = ®=m r m 42 m b w m A m 4 =2 & = m = m r m 4 m L = m A =m 4L = = = - b
.
" E % & % F . F K " 5 % F & " 4. % 0 % @ & F & F F@F." F % F B ®* d %01 WP & F B " .
. .
L] = & 1 F =« &k d =« & 1 & = = =m = =« & 1 F =« &k d =« & 1 & = = =m =m =« & 1 F = &k L] - [ ] = = =m = = & 1 F =« &k d =« & 1 & = = =m =m =« & ¢« F =« kb o =« & 1 & [_ I B ]
#A 4 F. 4 & ¥F - §¥F 7 & H F. F - EF 4 F 4 E 4 & ¥ .- F 3 k. F F . @ .7 F 4 E. 44 & ®W ” o B 3 NF. @& -~ E ¥4 g 4 ® &g & W .+ ¥ 3 E.% K & . § -4 F 4 BB. @ & W T K O s ¥ F. & -~ N
- *~ B o ® 4 § 4 Kk H®H . & . ®H r &k F . E - ¥ 4 1 &  E .. & . B r Ek F . E o 1§ 4 1 L - ” . & . B r Kk #F -~ ® - ¥ 4 1§ 4 ¥ ®E . & . ¥ r k F L E s I 4 § 4 kE E . & . F r k
. .
L] - m oW & W m} N 4o F Ly E g E W AR m] N-g oW F L E N a8 mW Wy = . . - LA oLy E g & EW O ER m], Ny oW F L ® N g & EW Wy mL N g R F L ® roE
. .
- II--.l_r.II..I.I.I'.I‘WlI..-.l_r.II.ll.l.l'.l-lﬁlI--.lr " - » = % s &% = 'mw & = F = 1 4 & 4 = HE = ¥ s & g w Ff = F = 1 & k 4 = A = ¥ 5 & =
. .
b w F W F R ¥ § %W R F W R oa " g R FY T hR % R F W F . " g FRLTFER ¥ . 3 R F %" B a ® g "F R FRY ¥ h % d R JF WK a " g FRLTFR F pg %Y R F % FE oan
= r wm 4 m & w m A =m 4 p W 3 m = §g r m, 4 mp b w = H g 4 =2 B 5 m o3 m r m 4 om " m 4 p W = ®m = m r m 4 m bW »w m H g 4 =2 B 3 m = m r @ 4 m b w m A m 4 p B oz 0m
] . "
- " F % F " d W E wWF R F BF EF"F AT E T4 %W E wWE dF MF T FWF T o " . W F & F »F K" F % F & T d %W % F O dF F TN F N F T A %N D NF R F O RrF
.
" [ T B a2 = = .2 & a2 B = k W = A . & B. s = =m .. k.1 B = & o = A& 1 & @ E . " 4 a4 B = & W = A .0 & B.s =2 m . k.1 B = & o = A 1 & B a2 = = .« & 4 B = & o
x .
- LA I DL T B f & 4 & ¥ - F 7 OF % ¥ & @ ¥R 4 & 4 & N F O O % F & - f & 4 & ¥ - F 5 OF % F & @ ¥R f & 4 & ¥ - F 7 B % ¥ F K VR 4 & 4 & §F
. E . & .4 B r & & +» EH a2 F o § 4 & E . &-. B r k F +» E a2 F 4 4 4 ¥ E . & . B . E a4 F & § 4 & E . &-. B r h £ + E a2 F 4 4 4 & E . & 4 B r & 4 + E o F &4 1 4
. ™ .
d &R & R F , ¥ J 4 JF W & § = | = J R F L F 5B J & =5 W 4 3 = | =B g /R F L F - - . A W & 3 = | F J R F L F 5B J & =5 W & 3 = | =B J /R F L F 5B Jg 85 Jgw # 35 = L
.
- B = ¥ = L g W f = F = I ~ § 4 k& E =& ¥ s L'y W Ff = F = § ~ 1 4 &k E = ¥ =« 1 - " F = 1 » § A4 &k HE =« ¥ s L 'sg =W f = F = 1 4 1 4 Lk E = ¥ s L s = & = F = 1 ~ 1 4
. w
. i.% & % F g " g FRL W ¥ § %P B F % FE g gE FRNFR TR % i WS wE . . F L ® W ¥ § % Jd W F % F g " g W FROFR T % P M S A g N g FRNEFAR T
.
n " A m 4 m W o= 'm = m r m 4 m b ow m A m 4 = & o2 m o= 'm fF m 4 m b & m oA om 4 ox wom " . r m 4 m b o= m A m 4 m o= m o= ‘m f m 4 m bk F m & m 4 & @ o= ‘m = m r m 4 m & ow
.
" H % ¥ % F & F K " F % F & . 4d % 8 % F 32 F & F © " FF 5% F & * 4 % 1 % ¥ 3 F B L " F % F & " 4 % B % F 3 F & F K© " FF % F & * 4d % 1 %W ¥ & F & F K " F & F & ." 1
O s & 1 F = &k Wb = & 1 & & = = = s« & 1 B = k d = & 1 & - = = = s« & 1 F = & " " T s = = = = & 1 B = K d = & 1 & W = = = =« & 1 F = &k o = & 1 & T
.
L] 4 ¢+ & 4 & ¥ - F W F.k K O F @ F 4R 4 S FTOE W N & S0 3 R 4N ” - - F:% . & < K .% § 4 & 4 & §g < §¥F 7 & % F & .0 L F 4 Fr §g & ¥ F Wok.H KO F =0
.l ] ~» E 4 § 4 1 4 ¥ E . & . ® r R # + E a4 I 4§ & ¥ EH . & . ® r kR #§ + E a1 4 1 . . h . & . ® »r R # o E 4 I 4 1 4 ¥ E . & . ® s R F + E a2 1 4 @1 4 8 E . & . ¥ r Rk
.
t E . 4 AW 4 % ® y E J 8 @F 4 F , F g & §EW 4%y =L, ¥ Jg KL F L F ;@ Jg88 @W Af = r ] L L F g & §EW 4% EL, E g R F L F ;yE Jg 4 EW S8 =Ny E g %@L F o8
.
= = F = & &4 5 4 x» E & % = % = W & = F a2 I 4 &k A L E x % » %L 3 w F = F = 1 & 1 . - - » % = % = W & = F a I & & 4 kb H a» * = L 3 w f = F = 1 & § 4 x E = % =1 % 1 W
. .
" " T, W F R ¥ g % Jd R JF %W ER a B g AFR ¥ kg %Y R F %WE g B TR O FR W R F % B a ®B g " F u'rF 8§ ¥ h %°d R JF % OF 4 8 gFUF R FRy ¥ p % Jd R F R KE oa0n
. . o
- - » r @m .4 mp & = = H g 4L =2 = 2 m = 3w r W 4 m b = m A g 4 =2 w2 m o= wgor @m_ 4 0m - - ¥ 4 = W= 2 m = 3 r @w 4 m bt w m F g 4 =2 & 3 m = g or @m, 4 mp hk - m ¥ g 4 = W a2
™
" " " T F % F §E * 4 % 1B W F & F & F K@ " O F 5% F & * 4d % B %W F &% F ¢ F K" F % F BT = " " " F & F & F K@ " F &% F §& T 4 %W B %W F % F ¢ F Fr " F % F & **d4d % 1 "W F EhF s-r
u . .
.l . . PR T T T T T B 2 m = o= A 4 R om ok W om ko ™ b P T A T B a2 = m o= A 4 R om ok W om ko - = om m w. k.1 B & &
. .
l . ) LI T O D B I B B R NS e D e DR B B D T O . . . LN I A N R T D T D I D B I L R LT O L D D I DR R B
” ” . H . & . B r &k F +. HE & F 4 4 4 & E . & - K- r k F L B o F &+ 4 4 & E . & . = ” " ” @ = F 4 4 A Kk H®E . & J- F - r Ek F . ®E o ¥ &+ 4 4 ¥ B . & . F v EkE F -~ HE i F 4 4 a4
- - - 4 B F | F ;y E J A =5 W & § = L = J R F L F , =B g & FpW 453 =, =5 J KR FL F - AW & % = L =B J KR F §F , B Jg & FpW 4% = L, =B J R F L F ;B g 85 59 =5 =
. . . .
r E = ¥ 2 s W & = F = 8 & § 4 'k B = ¥ 3 % x W' F = F = § & 1 4 k E = ¥ " L . - F = 1 & § 4 'k B & % 3 % 3 W' F = F = § & 1 4 k E = ¥ 3° s W & = F = 1 & 1 4
o . w
““ . . I . % F % F g " FER oA Y T § %o BoF BF oaBgygwm o opFpmoFRy T g% NS WA g . . F L ® W T § % o R F % F 4" W OFROFR T RO P N F WA g g oFRNEY W)
.
o o f m 4 =2 w2 m o3 mor m 4 m % & m & m 4 =2 w s % : = or m 4 m % ow om A m 4 ox W om " - r m 4 m & & ®m o2 ®m 4 =2 % 3 m = ®m r m 4 m & w m £ m 4% = w = m = ®m r m 4 m & w
- " - .
- B W F WS P KX %woF T AW E %W 3 r oI XA F R T 4N WA RS R - . % F 4 * 4 . % B %N ¥ 3 F & F K@% F % F & * 4 %1 %W F B F »F K "X F R
. .
b . - = T T T T 1 s = m m = & 1 F x k4R =« & 1 & b = m = = & 1 F = & o " & = m = = & 1 F = b d = & 1 & b = m = = & 1 F = bk W = & 1 & T
. . .
- i .I.-l_.-.__.l..-i.,_.-_x.__...-_.n-u.I.-l_.-.__.l..-uiu.-_.{__..-_.ﬂ-..:.-il_.-.__.l ” . B % V. & - 1 4§ 4 8 4 & ¥ F Ok F OF .f - F 4 K-8 4 F S OF Ok G K. 0
” ” . ~» B 4§ 4 1 4 & E . & . B r R F + E - F 4 1 P B . A . B s kR F +» E a2 1 4 1 . . . . & . B s R #F o~ E - F 4 1 4 & EH . & . B s kR F +» E a2 1 4 1 4 & E . & . B 5 Rk
. . .
““ . . 4 AW 4% ® L § 4R F L ®F ;8 ga g9 ang =miLie-g o8 roF 8 g8 gy a2 = L] . . L F L F ,E J & E W AR EN L E-Jg @8 F L F ;B 44 mEW A% EN L E 44 L FyEF con
. . .
» - II--.l_r.II..I.I.If.IfﬁlI..-.I_rlI.ll.l.l'.l-lﬁlI--.lr - . " = % s &% = 'mw 4 = F = 1 & k 4 = HEH = ¥ s & g w F = F = 1 & k 4 = A = ¥ 5 & =
.
- - " o F W F | ¥ g %) R F % B 5 B g u F AL F % ¥ g g8 Jd R F W F & = g @ F LT F R ¥ " - R % F a B g = F L F % ¥ g % Jd KR F % F 5 = g @ F LT F H ¥ g % °'d KR F % F & B
- L] - N N N N N N §E §E §E § §E §E E E E E E N S N E N N N S N N E S N N N N S N §E §E N N N S N N N N S S E N N N N N N N N N N N EN® " L] N 5 N N §E N §E §E N §E §E E § §E E E E N S § N E N N S S N §E E E N N N S N E N N N S S H N N N N S H N N N N N N N N N N ER®m
. :
& ] : . .
.
. . w
t . "
. .
. . -
. . .
a .
", . .
. .
. . "
.
. . . .
. "
. . .
& : '
. . .
.
. . . .
.
u . . .
.
. .
-
. .
p " . .
. . .
. .
. .
ﬂ .

H1(, 2



US 2018/0083013 Al

Mar. 22, 2018 Sheet 2 of 5

Patent Application Publication

ﬁ \l ! ‘H’ .:..ﬂ: j_ﬂ.ﬂ ﬂ
L e ...ﬂw...ﬂ...ﬂ.__._ﬂ o,
L R T
ALY

”.%,._..uf__.mﬁw__.

1

1

]

1

1

1

fn. » & ® ;@ 2 2 m W AR E LR g oW F L N A m EW AR NN 4 ONF L ;N AW EW AR m Y E oW R E ;N a2 mwW omR

L F W F ‘a B F R OF W OFR ¥F'hR % KRS W E a4 E R OFRFR F g %' RS %W E'a N g W OFROFWY ¥R 4R SF WE 4" gworunorFuf

“« & . K "

o WA A
a & | =

E l! H.ﬁ .ﬂ: ﬁ.ﬂl. . E o
n_tlﬂttua_.__lnci..\ni :__.... ___.ﬂ_....rn_.. -
u:unn-wnlwufunxu_nnun ¥ At By o By o AR
nutnulalnunrwaru- u#ﬁu b el Rk Tk et Pl g Eu_ Alentuyts
N SN S NNV
5 &

u__.__ s___ .__.__ __._._. %P N E____ s___ s.__.:_._..._n

=
:_._.._n

? .?

]

1

L



Patent Application Publication Mar. 22, 2018 Sheet 3 of 5 US 2018/0083013 Al

501 e 502

150

510

L] u = » . . [ ] u n '. E FT ] [ ]
) ifi“fh,":r:”:{‘a n;"': n:‘,-':.:n_"a n ;' AT

A l"'l""n"‘l"n"r""l""n Bge g

140
150

511

210

LA 0 A T N A %y 0% % 2 Sk e B 0%y
S
" .IF‘v"n"".l'."\“:n"lu"ﬂn""-ﬂ"n“'tn“u"l"".l"

140

SV

FIG. 5



US 2018/0083013 Al

Mar. 22, 2018 Sheet 4 of 5

Patent Application Publication

JLECE L RN $#EEE NN DR :  EEF GEEF EEE $2EEF e

DBV FANRAN R favonas i
S — . )

gﬁrﬂ NOCONRENN 272 SOMNNN B SOCCRONGNN B

FT T T m e mmemememmmmmm_ppgrm e m

110

FIG. B



.u.n

US 2018/0083013 Al

*
- a4 - L.—.
X a Jr TR e s ey ey Lk ey O T N L X LA b s A N e A " A s "y 3 Jr e A N & ¥
iy e e e B e e e e B e e el e e e e e i e g e e B e e e e Ay e e e e iy e e e e Tt e e e e Tl e e e e o e e e e .r.r.r.r.........r.r.r.........r.r.r.r.-..r.r.rt.-.tt.rt.-..rtt.rl.r.r.rtl .r.r.r.r.r.....r.r.r.r.-..r.r.r.r.-..rt.rt.-..r .r.-_.r.r.r.rl.rt.rt.-..rtt.rlt.rttl....t.rt
» r r r Foror r * For hor I r ror r rror o ror r r hor - .r
", .1 . " .o b . . "u . 'y a .
" momomomomom . . .4 . - N r - - - "u'
r, m A r A ® ®m = m r m Fr m r m F B F E F 5 F 5 = 5 %5 5 2 8 F S F 5 E S = = E =SS FEF S E S = =2 E =S E = =58 =S = ® =583 E= = ® == E=EE " = momomomoEoEEEEEE R . - om .
W A R T i ...._.._.-.1._.._ ' .._._.....-_l......_.._.._..._.._.._.._..-.l..._.._...l. Y l.._l..u-...l.._l. aRNY AL UL R R R A AR LR LR R AR LR SRR R R R R C T AU AR SRR TR e 2L U A o Ltk ol aF ol i ot ol il ol T e e 2 T . .r.._..._
I & r ' .. - . & ._. ] .__ . . I I r 1 k- B L F r 3 _. b —. . I
W at . - & . . ) . .__ .._ - ._. . .o . - . . A a' . v o Y e rl - [ . b . e . gt e r R r PR AR R R B E R R R e A r . L .....
-".-_.......__....._...._..rl....._.._........_..... .rl..... .... ._.. Y .rl..... 'y .... ....._.....-.”.__._..__....._....__....t.-___....._....__....—_....t..........._.....-...._.....—..-.._.._..-....—.....-...._.....l....._.._..-....—....._.._..t....._...._....... —......-.._..__....._....__._.....r.-.....__._..__....._....__._..-.E—_....._...._......_.....-_...._.....—_....._._.._......1‘._......_....—.....-._..T.-_l....__._..r....__....__}l.....-...._.._..-....—..rl....._......_...._......_.r.-......_...._.....-...._..r.-.....—.....-._.._.....-....r}._.....—.....-._.._......-..-.._.._..._....—......_._...1.-.—....._......_....—..... .._....._...._.._..._....—..-..._._.._......_...._.._.._..rl......_._.._......_...._..rl.....—......_._.. 'y .r.-.._.. ....—_....-._.._.....-_E_.._..-....—.....-._...-..-.b...._.._..-....—.....r.-__......_...._.._..._....t .._._.._......_...._.._...1._ ._._.._......_...._.._..l.....—....._.._..__....—_.rl._..._....—_....._._..__.....-....._.._..._....—......_....-.“—....._......_....—.....-.”_......_...._..-.T i ir ik & ....._._..__....._....._.-_l....—_....._._..__....._.rl.._..._....—_....._....__.rl_...__....-...—_..._.}.-.}.-..._.._..-...—.....-_}._......_...._.._..._.....1.-..._._.._......_...._.._..T”.—......_._.._......_....r.-_l....—......_...._.....—..-.l._..._....—......_._.._..”
a . . a . . ' . . e - . - .. a . . . .. - .
‘n = N 'y & ¥ v & N ¥ ] b & b Ny ¥ . - & b . [}
-
.rntl.rl.r.__.l.n.rl.rntl.r.__..-.....rntl.rntn.-_.__.rn.rltl.rnl .rl.rn.rl.rl.....-tn.rl.rn.rn......_.....ntl.rltnt.__.tl.rntn.r.__t.__..-.ltl.rntn.r.._.....n.rltl.rntn.-_l.rn.rntl.r.__.-.l.rltn.rntl n.rn.rltn.rn.-_.._tntn.rltn.ri.tl n.rl.r.f.rntl.rntn.r.._..-.....rntl.rnt.__..-.ltn.rn.rl.rnln.rl.rn.rlt.._.-..__tn.rl.rn.rn.-_.._.rn.rn.rltnl.._tl.rntn.rl.r}t.__tl.rntn......_.....n.rntl.rn.r.._.tltn.rntl.r.__.l.n.rl.rn.rnt...-....rn.rltn.r.__.-_.._.rntn.rltn 1.rl.rn.rn.rl.-..._.rn.rl.rn.rn...ltn.rntl.rnl..._.tltn.rntl.r#tn.rltn.rn.r.._..-.ntn.rltn.r.__..-.l n.rltnl.__tl.rntn.rl.-.}.r.__.r S ...tn.rltn.rn.r.rtntn.rltn.r.__..-.l n.rlt.__..-.n.rl.rn.rn.r.._.-.n.rn.rl.rn.r.__.-_.._.rn.rntl.rnl.._tltn.rntl.r.-.tn.rltn.rn.r......ntn.rltn.r.ftl.rntn.rl.r.rll.._
r rror rxe rrrrdrrrrdorcror A rrrrkrrrr krocr rkror rkror rrd rrrrkororor r 11.-.1 r rkeror rkrrrrerrkbrrerredrrrr¥rrrrherrrrhocrr r*rrrrXkrrrrerrrrrkrrrerredoereocrr r r r rkror r r r rrkor r r rkoror rr kror rF For 11.-.1111._11111.-.1111.-. rrr B rror B
.._ I - r o . & - Xy & r 1 - i . b . . . ' . & - i r . - ' .1 .__ . ' a .1 i - b E a i -
Coy al W .. N ] Co - o sl . - ... N - 5 a N N - N, Ty e . - N - . . . .. a > - . - . i N .... - .
. . . r . . i . r . . . -
.__. X .... .._.._.r .._.._.._. X .... .r.-.l. .._. .._. X .._..-.l. X .... ¥ .._..-.l. .._. .._. .... ¥ i. .._. X .._.._.._.ri....._. x .._....._.._i.._.._. .._. ¥ .._.r.r.-......_.._. i .._.._.rt.._.._.... .._. i .._..-.l. i .._. X L .._. .._. ¥ .._.-... xox .._.._.._..-.l.._.._. .._. .._. x I .._.._.._. .._. X i .__. .._. X .._. L .._. .._. i .I.r.._.._.._. .._. X .._..-.l. .._. X ....._.._..-.l. .._. X .._.._.._.-_l....._.._.._. .._.._.._..-.l..._.._. .._.._.._. X .. .._. X .._.._.._.ri.._.._.._.._. .._. .._. i .._. .._. .._. X .r.-.l. .._. xx .._..-.l. .._. .._. X .__..-.l. xx .._.._.._..-_l.._.._.._.._. .._.._.._..-.l..._.._. X .._.._.._.ri..._.._.._.._. .._. X i .._. .._. .._. .._. i .._. .._. X .._.._.rt.._.._.._. .._. x .._.._.._. ¥ ...........4}.._.._. i .._.._.._..-.l.._.._. X .._.._.._.-_i..._.._.._.._. .._. .._. - .._. X .._.._.._.ri.._.._.._.._. X .._.._I.r.._.._.._. ¥ .._.._.r.-..._.._.._. X .._.._.._..-.l. .._. .._. i .._..-.l. xx .._.._.._..ri.._.._.._.._. .._. .._. i .._. X .._.._.._.ri.._.._.._.._. .._. .._. .f .._. .._. .._. X .-..l -
- P a ] . a o . I s ... . . & bt I .. B - a & I et py . . I . r .. o . & .... I .
.._ - - r N ' ' a’ “r b b ", " X . - - . s’ - L N W .... & I r l e o a. ' "r * l " N . . "r & - b . .. . . -
i' ._..__.__._..__.__.__.t”__.__.—_._..__.__._..__.r.-_._..__._..__.—..__._..._._.”._.._.._..__._..__.__.__ __”-_.__.—_.__.__.._._..__.__._..4.__.__.__.—_.__.__.._.__.__...1....__.__._..__.__.-.__.._.-.....—_...__.._.__...__.-.r...._....—_...__.._.__..-.....__.._._..__.__._..__.._.__.-_.—_.__._..._._..__.—.._. T”._....—_...__.._.__...—_.rl.._.__..._.._..__...__.r.._.. __.._.__.__.—_.__.__.._.l.._.__.__.__.._.__.__.—_.__..-.._..__.__.—_._.._..__.__.__.r”__.._.__.__.—_.__.__.._.T”__.__.__.._.__.__.—_.__ __.-___.__.—_.__.__.__._..__.—_.....__.._.__.__.—_.__.__.._.__.rl._..__.._.__.__.—_.__.__.r.__.__.—_.__.__.._.__.__.—_.__.l..._.__.__.—_.__.__.._.__.__..-.....__.._.__.__.—_.__.__.._..-.... P r”__.__.—_.__.__.._.__.__.._.-..__.._.__.__.—_.__.__.._.T”.—_.__.__.._.__...—_...__.rl...—_...__.._.__...—_.rl...__...—....__.._.__.__.l_.__.__.._.__.__.—_.__.__.._..-.....—_.__.__.._.__...—_....-_....__.__.—_.__.__.._._..__.r...._..._._....—...._.i .1....—_.__.__.._.__.__.—_.__.__.-_.__.__.—_.__.__.._.__.__—_.rl..___...—..__.__.._.__.__.l...__.._.__...—_...__.._.n... —_.__.__.._.__.__.—. " .__.__.._.__.__.-_....__.._.__.__.—_.__.__.._._1....—_.__.__.._.__.__.—_...t”__...—...._..._._....—......_..._._....—...._..._.__.....—_.__.__.._.__.__.—_.__.__.rt.__ —_.__.__.._.__.__.—_.1.-.-_.__.__.—_.__._..._.__.__..-_....__.._.__.__.—_.__.__i -.....—_.__.__.._.__.__.—_.__. ‘_l . ]
., ' . » ' . . a . N ' s “x 'y i - . T Y » N . . a Y N W . “a “a ¥ M . . e ' o - .
L 'y i - Jr "R & . . & bR kN Rk bk k h k F ok h k kA k k k& 3 3 TN R N P Y T oa i e e T T T T T T T T T M T . - T P T T T e T
.r.r.r.r .__.r.r.r.r.-_.-..r.r.r.r.r.r.-..r.r.r.r-_.....r.r.r.r.-.t.rttltt.rti.rtt.r.-_.__.r.r.r.rl.r.rt.rt-.....tttt.r....tttt.-.ttt.rl..r.r.r.r.-_.r.r.r.r.-_ttttl.-tttt.-..-.rtt.r....r.r.r.rl..r.-. ttt#tttt#.r.r.r.r.-..r.r.r.rl.r.r.r.r.-..r.r.r.r.-_.r.r.r.r.r.....-..r.r.r.r.r.-......r.r.r.r.-..r.r.r.r.-..r.r.r.rl..r.r.rt.-..rtt.rlt.rttltt.r.r.-..r.r.r.r.r.-..r.rt.r.-.t.rttl.tt.rt.-..rt.r.r.-_.-.-tlttttitttt .__.r.r.r.rl..r.r.r.r.r.....r.r.r.r.-..r.rt.r.-_t.rttltt.rti.rt.r.r
. ' ' ' ' ' o . ' ' ' ' ' ' ' ' '
. a . a - & . . a . e ' . - - ¥ . . . o . a - - & . N - r E a a - & - . . . a - [ i - r- . o a - I ar r
5 N '3 .a & y & . . . a N N ] N . . .a . - 5 ar - .. * . a . L . - . .a
-"....r...t._..t..k...l....r.._.r...t._..t.ql....t....1.._..1.__._1.__.1....._1....1._...1.__..1.__!.....1.._..1.__._1._.._1.__._1.-...1.__..1.._..1.__._1.__.t.-..t.__.r._..r.__.r.__.t....t.._.!.__.t.__..1.__..1.__.1.._.._1.._._1.__._1.__.t.a.l.....t....t.__.r.__.?.__l..._.T.__.t.__.t.._.r.__.l.._..t.._.T.__.T.__.r.._.fE .__..1.__..1.__..1 l..-.. .__._1.__..1.._..1..._1??.__..1.__._1..._1.._._1....-1....1.._..1....1....1.._.1..__._1.__._1.._._1.__._1.__.4.__..1.__._1.__..1.._..1.__.1..__._1.._._1.__..1._...1.._.1..__._1.__..1.._..1.__._1.__.-..-.._1.__._1.__..1.._..1 .-..... .._._1.__._1.__..1.._..1.-.._1.__..1.._..1.__._1.__._1.-.-1.__._1.__..1.._..1.__._1.-.-1.._..1.__._1.__._1.._._1.__.1..__..1.._..1.__._1.__..1.._.1..__._1.__._1.._._1.__._1.__.l.._..1.__._1.__..1.._..1 l... .._._1.__._1 ..1 .-..... 4 a4 a4 .__..1.-...1.__._1.__._1.._._1.__._1....-1.._..1.__._1.__..1.._..1....-1.__._1.._._1.__._1.__..1.._.l..__._1.__..1.._..1.__._1.__.!.._._1.__._1.__..1.._..1 ........1.._..1.__ .f- ._1.._._1 = .-..-. 4 4 a4 & a3 .._..1.-. 4 a4 .__._1.__..1.._..1.__._1....!.._._1.__._1.__..1.._..1.__.1..__..1.._..1.__._1.__._1.._.1..__._1.__..1.._..1.__._1.__.1..._..1.__._1.__._1.._._1.__.-.....-1.._..1.__._1 ..1.._..1.-_ 4 a4 a4 ....r.-..?.__ L] .._..1.__._1....-1.._._1.__._1.__..1.._..1.-_"
' T T R T T R R e R R ' ' ' ' ' R B Ao 0 o o oo o N ' O B T e T e e N o P ' e I - N ' ' . o r T O '
.__ 5 N r o ' "a - v & B . a N ¥ ] “u . . ' I N i - . - . - & . - - . . - “u N . E. . a a .-
. ™ . . - ] . . - . ! s - - ¥ " " o ' a . - Xy " = . - . & b . . . a . & y . - . = r . r ' . I ar r N
a . ' . =
ﬁ?##kt#####r################:#i##k#i####i##########*###k#########k#####i####i....._...........-_.r.............-.............._..........._..........._..........._..........._..........._.......-..................-......_...........-_........._.......-.._..........._...-_....._..................................._..........._..........._..........._...-......_...........-.........._.......-..................-_....._...........-_.r....._.......f*###################ik###i####i-b#i*k##i####*#:##*###ti####i####it###i####i
- [ i X [ Fak x b x FFor rF b [ [ Forb R F rFF - X »* Frkor FFF FFE F FaF FOROE kb [ A Y - [ b ¥ FF FFOF
a a N L . - - ¥ . . ' N - - B . a N - . . - I N - A P 5 -
‘n ._. .__ r ' "a . .. __ . a N ¥ b " - ' .__ .__ r - . ' - "u - - - . - o ‘u __ E. . a a
R R . . 3 ax v oa . ) . . . “u ey [ i N T . 3 i X . L. 3 & R R ra . . [ I i i ax T . 3 i Jr T . . .
tttt#:ttittttIttttl»tttttbttttt-ttttt-ttttt#tttt4!tttItttt.-_.r.r.r.r.-..__.r.r.r.r.-_.r.r.r.r.r._..r.r.r.r.r....r.r.r.r.r.-..r.r.r.r.-..r.r.r.r.-_.r.r.r.r.-..r.r.r.r.-_.r.r.r.r.-_.r.r.r.r.r.__.r.r.r.r.r.r.r.r.r.r.r....r.r.r.r.r.-_.r.r.r.r.-..r.r.r.r.-_.r.r.r.r.-_.r.r.r.r.-..__.r.r.r.rtbttttt-tttttrttttt#tttt!ttttlttttirttttlbttttlﬁtttttr:tttrtt .-..r.r.r.rl..r.r.r.r.-..r.r.r.rl.r.r.r l_.r.r.rt.r.r.-..r.r.rt.r.r.rt.rttrtttt Il_. T
. . ' ' . ' ' ' ' . ' ' ' ' ' ' ' . o . ' ' ' . - ' P owa ' ' . .
! Yt ! ' - ! r N o . & - x & ", r a. . - - ] - . . . N v Y & - r e o ' ' - - T ", N N ! a & "a . et e W . i
kjkjkxkxbﬂxk&k&k&lﬁt&k&k&kjk#ljkjkxkxkt?xkxkjkxkﬁ#&kxkxkjk*#jhjkxkjkj#xkxkjkxkj#&?xkxkjkx#}tjkxkjkjk#l_.__..1.._..1.__._1._..-_....-1.__._1.__..1.._..1..._1.11..._..1..._1._.._1..._1....!....1.._..1..._1....1.._.4.__._1.__.r.._.T...t...l-_.T...t._..t.__.T..l......r.._.T...t....1.._1....-1.__..1.._..1.__._1.__.-_.-..-1.__._1.__.t...t...t....l.....!...?...r....!...l..-.t.._.!...t....1.._.1..__._1.__._1.._._1.__._1.__.4.._..1.__._1.__..1.._..1.__.1....._1.._._1..._1....1.._!.__.-..__..1.._..1.__._1.__.-..-.-1.__._1.__..1.._..1...-.....-1.._..1..._1..._1.._.-.#-1....1.._..1..._1...tll.xkxkjkxk##&kxkxkjk*#xkjkxkxk*#xtxkjkxkxllkxkxkjkx#&tjkxkxkj#&kxkjkxkxk#!xkxkjkxkl#&kxkxkjk*ﬂkjkxkxk*ix .__.r.._.-..__ .__.l.._.T.__ ....1.;..1..!._..1.._..1.__._1.__..-. . .__t.._.T.__.t.__.-_”?.__.t.__..1.._..1.__!”-1.._._1.__._1.__..1.._..1.”.!.__..1.._..1.__._1.__._1.._.1..__._1.__..1.._..1.__._1.__l.._.T.__.T.__.r.._.T.__.l.....t.._.T.__.t.__..1.._!...._1.__._1.._._1.__._1.__."1
, . . a . a N Iy . . a . Ca ' .__ .__ I v .. . . . e "a N i § " . E a a "u i ' . - .. e “u s i s’ - " .. - a ' I > -
& - - ¥ o ' & * b - . a . * ] b . . ' . & - r r . * r - . ' a . . - - b E . a
e T e e e e e e .-_.._.r-.r...r-.r......... ...r-.r...r.............. I L o T T T i e g S B U R i .-.... ...r..r...r-.-_.._.rn.r...r-.r...r.-. ...r..r...r-.r.....r-.r...r-.r...r.._..-....r-.r...r-.r.__.....i.r...r e e e e e e e e e .-_... ...r-.r...r-........r..r...r-.r................ -.r...r..r........- ...r-.r...r__..-_....r-.r...r-.r-.-.n.r...r-.r...r-.-_i.r-.r...r-.r...-_....r...r..r...r...-.....r-.r...r-.r..........r...r-.r...r-........r-.r...r-.r...r....._.....r-.r...r-.r.._.-.n.r...r-.r...r.__..-....r-.r FRarar .r...r-.r...r-.-.....r-.r...r-.r...-_....r...rn.r...r-._......r-.r...r..r..........._.... -.r...rn.r........- N L = T i i iy iy U NSy .r...r-.r...r-.r...r-.rr.r-.r...r....?...r-.r...r-.r......... ...r-.r...r.__..... )
"
___.__r__—____.r....____—_____._____.____...a_—____.__h_.—__._..-_ L L N O L LN B A L R B R FEEEFE R R R R R RS R P E R PR E R R R AR E R PR E R EEFREE R PR EE R R EEE R R E R ER SRR A EE R R R »* FFFEEFEEFEEFEFFRE] AL L N L DU R A N
i ' - - . a ' . . - - a . . a - = I E . a a
. N ] . = r "u N § N & b . & I N - . - N i r
l.r....rnt...l}?..?lt....tnl”tlt....rntrt”.r..tlt...t....r.”.-.n.r...tlt...t._..-....tnt...tlt.__l._.t....rnt...t .-..__.rn.r....rnt-.-_....r...tntrt...l.._tl.r...tlt....-.”t..tlt...t...t”.-.-t...tlt...t.l.-....tnt...tlt.__.l....trtnt...t....l...tnt...tnt..-....t...tlt...t...l..._.rl.r....rn.r...-.}.r....rl.r....rn.r”.rn.r...tlt...l..”..-....tnt...tlt.__.l.lt...tnt...t....-....tnt...tnt__.-.lt...tnt...t H.rl.r....rn.r...-..__.r....rl.r....r....-_i..rn.r...tlt....-_Ht..tnt....rl?”.-_nt...tnt...t.._..-....tntrtnt.....-.nt....rn.r....r.__l.....rl.r....rn.r.._.-..__.r...tlt...tn.-_ltnt...tlt..l..__t..tnt....r....-..._tn.r....rn.r....r”.-.....rntrtnt.....-....t...tntrt...l....tlt...tnt._.-.nt...tlt...t.__..-_.._tnt...tlt...l.__t...tnt...tl.-...tntl P .r...rntrt....-_.”.tlt...tnt...t.”.l_...tlt...tnt....-....t...tlt...t...lrtnt...tlt l.-.t...tnt...t....-.}tnt...tnt...ll.._ .
P s i a - . . .o . ) o . - - ._.. . . . o a a - ‘u "u N - r - i - ' & .. . .- . i - e "% - r r . ro a - I & r
[] - 5 '3 ' & & - N * ] . . - 5 * - - . . a .-
.I.__ P T .r.__.l..__ L ._1.__.1..__ P l... PR .r.-. P P .-_.rt.__ LI .t....t.._ T .r.._.l..__ L l..._ P l.._. P .-..- P I.-...T.__ L .ttt.__ L .T.rt.__ P T T T T P P l..__ P l..-. P l_....t.._ L ._1.-.._1.__ P .-_.-..l..__ L .t.rt.._ L ._1.__.1..__ P .r.._.l..__ L .t...l-_ P I_... P l..-.?.__ P .-_.-.-1.__ L .-_.-.t.._ L ._1....-1.__ P .r.._.l..__ AT l.__ P I} R .-_.-.._1.__ L .-_.-.t.._ L .-..-.l..__ P .r.r?.__ L .t.rl..._ L ..1 - .r.._.l..__ AT .-_.-.t.._ L ._1.-_-1.__ P .r.r?.__ L .t.rt.._ L ..1.-_'.-_
' Y "y v .y . ..__. - Iy » - - ._.. v, -.__ "u . .__. ., - .y v, N 'y - o ..._ .._. . - ..__ . - N A o i - 'y - .__. __. o . o - T
L ks aia s voxa L L ath e noa Al PR A o o a ...__....... . L "a i A b e e L e ke .o ......._... . e ate a ha omta e at . P b 4 b e o oboa ...__....... [ L oaa el P ...__...... . __.... . x L e n aa s P " T TR, ...._....... . e L .....i!..
?1¥1#1¥1il#¥##ié#tﬁ#*########i####i*##u#i#*##iquk##b*###tk#*##?.—.#1}.¥}.¥}.q}.1}.ri_}.}.}.}.i}.}..........-_.._.rq....._.......-.l.............r....._1._..1....1....1._....1....1....1._..................q.............-.............._...-......_...........-_.rq....._.......-.._..........._...-_.....................-.....1....._..}.}.h}.}.}.}.}..-.}.q...}.}..-.}.}.}.}.i_}.}.}.....i###*i#*##i##*#i*##*t#qu####1¥#T##1#1¥#i*##*i?u*##ié#kiTq1-- ‘.}.1}.1}.1}.1}.&}.1}.1}.}......-.._..........._...-_....._...........-_............ .-..rq........q._...-_l.
. a 1 N - . . L ' . - - ¥ . . - N N - y . N I N . .. . I i N . .. . N 5 o> -
I I N 'y o & § & - B a "u N ] b . . a & I Ny - .. . a N - a . . a & O e . a
""|.r.__.r._..r.__.r.__.l..__.r.._.r.__.r._..r.__..-.n.r.__.r.._.r.__.r.__.-..__.r.__.r._..r.__ - .._ .._.r.__.r._..r.__.r.-.r.__.r.._.r.__.r.__.r.._.t.__.r._..r.__.r.__.r...t.._.r.__.r.__.r.__.r.__..-.._..r.._.r.__.r.__.r.._.t.__.r._..r.__.r.__.r.__.-..._.r.__.r.__.r.._.r.__..-.._..r.._.r.__.r.__.r.._.-. .__.r.__.r » .-_.._ P ..1..._1.__._1.__..1.__..1.._..1..._..1.__..1.._..1.__._1.__..1.._..-.|..1.__..1.._..1.__..1.__..-..__._1.__..1.__..1.._..1.__.-.|..1.._..1.__._1._.._1.._.-..__..1.__..1.._..1.__..1.__.-..._..1.__..1.__..1.._..1 .4.._. .._.r.__.r.__.r.._.r. S .__.r.._. 4 4 & .__.r.._.t.._ - .__.r.._.r.__.l..__ A 4 a4 .._..-..__ .__..1.._..1.__..1.__.-_.._..1.__..1.__._1.._._1.__.-_.._..1.._..1.__..1.__..1 .-..._ .__.r.._.r.__.r.__.ri.t.__.r.__.r.._.r...r.._.t.._.r...r.__.r.._.r...t...r.._.r...r...r.._..-..__.r.__.r.._.r.__.r.__..-..._.r.__.r.__.r.._.rnl....r.._.r.__.r.__.r.._.-.. .__..1.._..1.__..1 .-_i .__.r.__.r.._.r.__.r.-.t.._.r.__.r.__.r.._.-...t.__.r.._.r.__.r.__.r.rt.__.r.__.r.._.r.__.r.__..-.l.r.__.r.__.r.._.r.__.l..__.r.._.r.__ 1-. .__.r.__.r.._.r.__.r.__.-..._.r.__.r.__.r.._.rn.-..._.t.._.r...r...r.._.r.-.t.__ A4 4 4 ka9 .__.r.._.t.._.r.__.r.__.r.._.r.-_l-.
' Voo a e ..r... N a" ook ' vk oo o o o oo o R . Voo L . ko B I N N ' T I O L e ook . N O Vo ...1...-.__...1—_.....__.....-......_1...._1.. Bk
5 r o ' “a L r . . a .__ “w' b . . . ' ' i I .._. r . - ' .1 - - r - . ' a - & . . et . a [}
N ] . - 5 ¥ N N ] y N - . - 5 N - : 5 ] - "
ijkjkxkxhgkxhttjkxkxkjbtijkjkxkxkt?xkxkjkxkﬁ#&kxkxkjk*##kjkxkjk*#xkxkjkxkﬁh*kxkxkjkxh#kjkxkjkjbtt.__..1.._..1.__._1._.._1.-.!.__._1.__.t.a.T...t.rl_.a.T...r.-.r...T.rl_...t.._.T...t...t.ll..__.r.__.r.._.T...t...l.-..T...t.-.t...T....-_.-..r.._.T...t....1.._..-..-...1.__..1.._..1.__._1.__.-_.-..T.__.t.__.t...r...-_.-.l..._.T...T...r.._.T.__.l..-.t.._.T...t...t.rl..__.?.__.r.._.T.__.t.__.l..._.T.__.t.__..1.._..1.__.1......_1.._._1.__._1.__..1.._1....._1.__..1.._..1.__._1.__.-..-.-1.__._1.__..1.._..1...-..-.?.._..1..._1..._1.._.-..-.!....1.._..1..._1..k.r!xkxkjkxktijkxkxkjk*!xkjkxkxk*#&kxkjkxk*#}kxkxkjk*!#kjkxkxkjb#kxkjkxkxk#!xkxkjkxk&#&kxkxkj%kxk*#x .__..1.._..1..._1...4.-...1..._1..._1.._._1...!.....1.._..1..._1...t.a.l......?.__.r.._.T.__.t.__.-..-..T.__.t.__.t.._.T . .._..1.__._1.__._1.._.-..-.!.__..1.._..1.__._1.__..1.._.1..__._1.__._1.._._1.__._1.__.4-_..1.__._1.__..1.._..1.__.1......_1.._._1.__._1.__..1.._#...._1.__..1.._..1.__._1.__.1'1
: - A a . » N . . . -, . . o “a - N i - . . .. . a " » N § - T a - ..__ N » . . . . . . “a ‘a y . ' - - . . - a ...__. X - - r.-.
l & - - r ' ' & * b & r . . a - * ] b r . ' ' .._ - L - ' - * r r - ' a - .._ b . a a
ORI RN L . oa a LA 5 i O T R M - IS - P L e oa A . .y i i . " Cxe e Y e A o e oa i 5 o Y . . i ar N LT )
".' r*#rt*tlkr:iktkrkirTbrtb¥ert-t¥ttkrkktt¥rkktt?rt?iTkrtirTkri?.r.r.r.-_.r.r.r.r.r.r.r.r.r.r.rr.r.r.rr.-..r.r.r.r.-_.r.r.r.r.-_.r.r.r.r.-..__.r.r.r.r.-_.r.r.r.r.-_.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.-_.r.r.r.r.-..r.r.r.r.-_.r.r.r.r.-_.r.r.r.r.-..r.r.r.r.r.r.r.r.r.r.r?ktk?t?ktt?t?k#k?rTir**r#-tr**#*tr**r*trkkktTbtt??t:tk?t?ltk?t .r.r.r.-_.r.r.r.r.-_.r.r.r.r.r.r.r.r.r.rr.r.r.r.r.r.r.r.r.r.r'.-
' 5 » . e . "' - x & - - . ke » 1.._. - » . .. r f - 1.._ - - - r f . - -.._. . . P * . ¥
A N O R L T T T T ' I k. . . T T T 1 . . . .. I . N .. . = L N I T T T
L L N N R B R T Tt i nt._..-.lt.__ - .._.rn.-_}.rl.r.__.rl .._.r.._.t.__.rlt.__.rl.r.._.tnt.__.rlt.__.r.l A nt._..rlt.._.l.n.r.._.rn.r.__t....-.n.rnt...rnt....-_l.r.__.rlt.__.rnll..rlt.__.rntl.-.}t.__.rlt.__.rnt.._.tn A lt.__.r.._..-_l.rnt.__.rlt.__.tlt.._.rn .__.r.._..-..__.rnt.._ n.r.__.-.lt.__.rnt.._.r It I I t...rnt....rn.-_.._.rnt.__.rlt.__l....r.._.rn.r.__.rl.-.}.rn.r.._.rn.r.__.r.._..rn.rnt...rnt.i.-.lt.__.rnt...r....l.n.rlt.__.rnt.._..-.n.r.__.rlt.__.r.__..-_.._.rnt.__.rlt.__l._.r.._.rnt.__.rl.-.}.rnt.._.rntn - n.rn I "a .rnt..t.....-.....rlt.__.rnt.._..-.nt.__.rlt.__.rn ity .__.rl.-.}.rnt.._ S .
koo K N oo * ........ & e .o r ol o ' .r.....__ P o ' L T e e R R I R R R r ' a a . * r - ' .o r . I ' = = BRI P
' i - - . . a . ' i i - v - . . o a n - & Xy r N & "a . - . . i & x s’ l . . . - . a . - r .
5 Vv & a N N & 5 N 'R - . a

E
JjjixJJjixJJx*}Jj:}Jxjj11JJJ#xjjJtjJJJtjjJJlxjjx*JJJJ*jjxxJEJJJ.__.-...__.__.._.__I.__.__.__.._.r.__.._.__.__.r.__.__.._.__.__..__.__.__.._.__..__.._.__._..._.....__.._.__.__.-..__.__.._.__......_.__.__.._.-..__.._.__.__.-..__.__.._.__.-..._.__.__.._.__..__.._.__.__.._..__.__.._.__.__..-..__.__.._.__-.._.__.__.._E.__.._.__.__.-..__.__.._xfjJJJtxJxx#JJJJljxxJJ}JJJJExJJJEJJJxijijtxj:txxjxtjxxjixjxx* LBl 4 o & ._1.__..1.._..1.__.-..-.-1.._._1.__._1

kk!kkkk4&&kk4:&klkkkkkkkkkktkkkktkkkk!kkkk!kkkk#kkkk#kkkk#kkkk.—..v.r.r.T.rt.T.r.r.T..t.r.r.r.rl..r.r.T.rl_.T.r.r.Tl..r..1._1.rl..r.r.T.r.-..r.r.t.T.-..r._1..1..1._1..1.r.T.r.rt.r.r.T.r...t.T.r.r.Tl..r.T.r.rl..r.r._1..1l..T.r.r._1.-...1..1..1.r.-..r.t.T.r.-...1..1..1..1..1t.T.r.rktkkkk!kkkk!kkkk#kkkkbkkkk#kkkkk#tkkkbtkkkkték!kkkk#-tk# N \ Y .
- A, . r o ' - - e & - - . a - & & b . .. ' . M N x, - .. - o - N - - - . . o - - + K- . E. . a i .-
[ ¥ ¥ .... . . x5 ¥ X * . * 5 [ Xx i .._ . . N [ i ¥ .._ . . 5 X .._ . A .._ "a P - .._ ¥ *
4 4 = 4.4 4.4 4 4 4 = e P I | I R T R R I P I P O P I | P I P O N | 4.4 4.4 L T I I I T I I P R P P N | L | 4.4 4.4 4.4 4 = P I R R T T R P T P R N I P P N O P 4.4 4 = P P I | I I R I I T T I T T T T T I P T I P P P P | L | e I T I I I T I T I TR T R R R I I R R R P R I R 4.4 4.4 = M I P P | L P T | a4 4 4 =
ﬁ?rt?i??rt:??rtttt?rt?tt?#f?tTltt?ri?t??ittt?irt?ttlrf?tl?.r.r.r.-..r.r.r.r.-..r.r.r.r.-..r.r.r.r.-_.r.r.r.r.-_.r.r.r.r.-..r.r.r.r.-_.r.r.r.r.-_.-_.r.r.r.r.-_.r.r.r.r.-..r.r.r.r.-..r.r.r.r.-_.r.r.r.r.-..r.r.r.r.-_.r.r.r.r.-..r.r.r.r.-..-..r.r.r.r.-..r.r.r.r.-..r.r.r.r.-..r??ri?t??iTtt?irT?ti?rf?tt?rf?#T?rf#tT?ti?t??i?éti?t?? .r.r.r.r.-_.r-.-..r._.-_.r.r.rt.-..r.r.r.r.-.?.r.r.r.-.t?.r.r.-..rt?.rll_.__.__.
.
. s W . N . . .om .- . L - - - ¥ . .. o ©t a - N - y B - o - N - . . .- . - N > y . N - -, - S - a N 5 o> - . .o
s I & Xy a N * . & 53 * . . b [} .-

t"‘t‘*“lt‘t"‘*‘-‘l*‘".Tl"-‘l."-'"‘."‘”.Tj'l.'"‘.'.-‘lt"‘*“*‘l"t"‘.‘*‘j.‘"‘.T‘.'l-“.".'"‘.T‘-‘l.'"‘.'"‘*‘.".""t‘-“.‘"‘.‘l".'..".T"‘*"**"‘t"‘*l' A ) .T'-' i b b o S e O e o e B e O o b e 0 e o b O e O ‘ F B e ‘ [ R .T FoRN e .T [ B .'" i S e b o S e O e o S S e O ‘ B I . R ‘ FoRN e .T o A A .' ke A o A ' O ) .T i ke b e b M o M e ‘ F ) .r.' [ ) .-. [ B .'.'-' [ ) .-. [ ) ' i A o A ‘ drodr dr b o o e W O o N L]
.._ - x ¥ L ' » - v . A r . a o x " “a - - x, N » “a v l - . . - .1 o l A - x, . .1 » x . u a ']
“x . w . A Ty "o’ i ‘u N T e Tl A M "v "« T i o xal Ny “a T . T Taia .._ "o "x v w a * : M "o " “x ' - Ny oAl

“malaa w A PN w A NN NN, PN ] PN ) wa A PN w A wa A PN NN w A PN w A wa A PN w A .__.__.._.__.__..._.__.__.._.__. .._.__.__.._.__.__.._.__.__ wa A PN w A wa A .._.__.__.._.__..__.._.__.__.._.._.__.._.__.__ wa A PN w A wa A .._.__.__.._.__..__.._.__.__.._..__.__.._.__.__. wa A PN w A wa A PR - .__.._.__.__.._..__.__.._.__.__.._.__.__.._.__. PN w A T

N h.r* F o h. i b o dr o dr o drodr Jr o Jr o dr o dr e O 0 0 o Jr o O 0 0 0 o O 0 0 0 l- I h. A h. o dr odr o Ao b W N *r‘ o b o N o0 o0 * i b o dr b ok brokrodr o oS o oS h. o o dr b o & oS ok oo * i A oA oM * [ * ir b o Jr b b b ok b o o0 .. drodr dr o Jr F b b - b F 0 o0 o0 * [ I ‘ P B -. dr odr e br o b odr b e f b e b ) b ko 0 l. P h. P B h..—.* P B * drodr e e ot b e e e F b b b i i ok 0 i l. P ' P B l- o h.r* e h. [ LI i b o dr oM bk o o N l. o odr odr e b o oA o0 * o b o i ok

.. . a a
. .
111tajaaAa1j1*111111j1aAa.__.._.__.__.._.__.__.._.__.._..._.__.__.._...__.._.__.__.._..__.__.._.__.-..._.__.__.._.__..__.._.__.__.._..__.__.._.__.__.._.__.__.._.__.._.._.__.__.._...__.._.__.__i..__.__.._.__.._..._.__.__.._..._.__.._.__.__.._..__.__.._.__.__..._.__.__.._.__.__.._.__.__.._-.__.._.__.__.._..__.__.._.__-..._.__11#1111#1111#1111*1111*11 .__..._.__.__.r.._.r.__.-_...r.._.r.__.r.__.r.._.r“.r.__.r.._t...r...r.._.t..t.__.r.._t.__.r...t.._.r..t...r....r.-.ll-_

'4-

Lt

i

r
r
-
'r
r
Ll
E
.

a a X I . . a . a ' .r & ¥, . - - .__ X .._ N, .o - a a X I X - .. . - .._ .._. L . . .. - KR X 5 >
ey ¥ I X 4 el I 4 a5 s A I e I a5 ) r T Ce e a . & I A T O T
_-"....f... i .....-... w ....-... e ....-.... i ;..4”. ar i ” w ...,...r...,._._._....,....,...f...r._..»...,... e .....__.... a ...,..__.”.. ur ....4”. i a .....-.”.. a uy i ” e ....,...-....,...r...,...,...rlf...,...r...,...fnm...,... e ._._.r... e ....__... i a .....-... w a .....—.”.. wla u. ' ...,....,...r...,....,...r...,....,.-_r...,....,...r...r.._.__...r...,...,...r.".»... i a .”_.-... w aa .......... e ....-.... i a ...-u. a ...r...,....r...r...,....,...r...r.-_,...r...,....,...._.-..,....,...r...,....,.-_.r...,...,... w .”. i a ...r..__.”.. i i b ...-u. i i ....—” waw et ” ur i a H.,....,...r...,...r.-_.r...,...,...r...,._._.,...r...,... ' .”..__.... i a ......_... w aa .....—.”.. w i .. ....,...r...,....,...r”.,....,...r...,....,”.r...,....,...r...,.-_.__...r...,....,...r._...__...,...r...,..., tl,
.._ ... & [ L ' .._ .._ ... & - - . - .._ s Y 3 . - . a .-. “a .... -, - - - n - & - - - - " - - .._ & . - a a
1] . a . . a § ' ¥ . P . I § X I X I . a . . X . Y . " . "
._1._...1.__..1.__..1.__.-_.-...1.__..1._...1.__._1.__.'.-...1 - .r.__.r.._.r.-.t._..r.__.r.__.r.__.r.-_.r.__.r.__.r.._.r.__.r._...-..__.r.__.r.__.r.._.r.__..-......r.__.r.__.r._..r.._..-..__.r.__.r.._.r.__.r._..h.-..r.__.r.__.r.._.r.__..-_.._..r.._.r.__.r._..r.._.r.-_t.__.r.._.r.__.r._.r.-.t.__.r.__.r.._.r.__.r.....-..._.r.__.r._..r.__.r.....-..__.r.._.r.__.r.__.r.._..-..__.r.__.r.._.r.__.r.__..-..._..r.__.r._..r.__.r.__..!.-..r.._.r.__.r.__.r.._.-..-..r - ..1.__..1.__..1......1 PR .!.-..r .r.__.r.__.r.._.r.__..-_._..r.._.r.__.r.__.r.....-..__.r.__.r.._.r.__.r.__..-..._.r.__.r.__.r.._.r.__.l.....r.._.r.__.r.__.r.._..-....r.__.r.._.r.__.r.__ -_.-...1.__..1.__..1.._..1.__.-_.-...1.._..1.__..1.__._1..__1.-_.!.__..1.._..1.__..1.__..1.....-..__..1.__..1.._..1.__..1.....-_.._..1.__..1.__..1.._._1.__..!.__..1.._..1.__..1.__..1.._..-.......1.__._1.._..1.__..1.__..-......1.__..1.__..1.._..1.__..!......1.._..1.__..1.__..1.._..-..-...1.__._1.._._1.__..1.__..1.-..-..__..1.__..1.._..1.__..1.....-..._..1.__..1.__..1.._..1.__..-..__..1.._._1.__..1.__..1.._..-..__.1.__..1.._..1.__..1.__..-......1.__..1.__..1.._..1.__..-..._..1.._..1.__..1.__..1.._..-.......1.__..1.._..1.__..1.__.'.-.._1.__..1.__..1.._..1.__.-..-...1 w1 .r.._.r.__.r.__.r.._..-..__r.__.r.._.r.__.r.__..-..._.r.__.r.__.r.._.r.__..-..._..r.._.r.__.r...r.._.-.....r.__.r.._.r.__.r.__.l-_
A R L, ., N . . o ;.r. . A .._ “a 'y ._. - .._. e ., ‘a "a N a' L) - A - " a N . h . -.r. ..__ __. “a .._ ¥ a l 1._. S o . ...._. . x .r. 1.

r
L]

& 5 N 5 R N, L -
}**ﬁ*#*%#****ta***#*ﬁ********#***a1********1I****.-_.__.._..__..__..r.__.__..._..__..r.__..__..__..._..__......_..__.._...._......__..._..__..__.-...__..__..._..__......._..__..__..._.-..__..._..__..__..r.__..__..._..__.-..._..__..__..._..__..__..._..__..__..._........4......}.......1....}..4......1..-....1........-..41.1....r.._..__..__..._..r.__..._..__..__.#****t*****#****&***a#***Ji****t****#%x***##**J L] :....4....-.1........4.-.....4......‘......4....-..4.4...1..-_
rkkkk:kkklkkkktkkkklkkkb!tkkk#kkkbl-kbkbkkkkbbkkktkkkkklkkkk!kkkk!kkkbl..r.T.r.rl..r.r.T.r.-.r.r.r.v.-..r.v.r.r.v.._.r.T.r.rT.r.r.T.rl.T.r.r.__l..r.T.r.rl..r.r.T.._l.__.r.r.T.-.r.T.r.r.-..._.r.T.rr.__.r.r.T.rl.T.r.rTt.r.T.r.rl..rkkb!kkkk#kkkkbﬁ-kkkbkkkkkbkkkktbkkklkkkk!kkkk!kk:!tkkk = IEREE AL RE I E N L L A e L e A

a

o
&

- 5 .
-".....r....t.-..t...k.rl.....r.._..r....t.-..-.ll.} .1.__...1.._...1.__.._1.__. o .__...1._....1.__..._.__.

lrllJr

-_ . . v a N . .. a o . Lz . . . o ' N I y B - . - N I . . . - § . N . ' r N I ]
-_ .._ 2, * R n ' - - . . A L N . - .__ ] N v, . R n .. i A . - e “u . . - 2 - " a . iyt . iy - R -1 a R . .. __..
i.I__.._.. ...._..__.—_....r.-...—_....—_._..—_...._..__.r.-_._..__._.....—..__.—..-..r.-_.__...._..__._..... - ”.__.__. x ok ._...-..... P .....-..... x oy .._..-..... P .__.—_....r....._.....—_.__.—_.-..—_.__.-_....—_.._._.....—.._..—..-..r.-_.__...._..._._.....—.._..r.-_._..__.—..... P .-..-..-.. P .-_.__.__. x o .._..-..... P .....-..-.. x o ....—_.__.r...._..._. X o ” oo W ....—_.__._.....r.-..__.-..—_.__.—....._..._._......__._..—..-.. P .-...-..... P .....-..._. o .....-..... P .._..-..... i o ” P .... .-. x ...—_....—_.._.r.-_.r...—_.-..—....—....._..-...__...—...._..-_. - .....-..-.. o .....-..... P .-...-..... x ok .y .-.. P .... .... X o .... P .__.—_....—_.-_.__....—..__. x e o .-_.-..... P .-...-..... x ok .__..-..-.. P .....-..... x o .y .... P .... ” oy .-..__.._. i o .-..r._- .... - .-...-..... x ok .__..-..-.. P .....-..... x o .._..-..... P
-_: 2 4, A 1 » a' .’ - s . ., .. "x ' ... - . - .-. T ‘. . » a' N - . ...;. k b -.._ » a' -. -.1. -.1. " -.._ “a ¥ 'S - 1.1. o .l. . e 'S - .
I I N 'y o . & - § & - B ' & I ¥ . a . a = - a

.__.r.__.r._..r.__.r.__.l.__.r.._.r.__.r._..r.__..-..__.r.__.r.._.r.__.r.__..-.....r.__.r._..r.__.r.__..-.-.r.._.r.__.r._..r.__.!”.r.__.r.._.r.__.r.__.-”.t.__.r._..r.__.r.__.r.-.t.._.r.__.r.__.r.__.r.....-._..r.._.r.__.r.__.r.._..-..__.r._..r.__.r.__.r.__..-..._.r.__.r.__.r.._.r.__..-.._..r.._.r.__.r.__.r.._.-.”.r .r.__.r.__.r.__.h”.r.__.r.__.r.._.r.__.!”.r.__.r.__.r.__.r.._.r.-.t.__.r.._.r.__.r.__.r.....-..__.r.__.r.._.r.__.r.__..-.__.r.__.r.__.r.._.r.q.-..__.r.._.r.__.r._..r.._..-......r.__.r.._.r.__.r.__h.._.r.__.r.__.r.._.r.__.!”.r.._.r.__.r.__.r.._.r”.r.__.r.._.r.__.r.__h”.t.__.r.__.r.._.r.__.r.-.t.._.r.__.r.__.r.._.r.__..-..__.r.._.r.__.r.__.r.._..-..__ r.__.r.._.r.__.r.__..-.....r.__.r.__.r.._.r.__.!!.r.._.r.__.r.__.r.._.-.”.r.__.r.._.r.__.r.__.-”.r.__.r.__.r.._.r.__.!”.t.._.r.__.r.__.r.._.r.".t.__.r.._.r.__.r.__.r.._..-..__.r.__.r.._.r.__.r.__.t.._.r.__.r.__.r.._.r.__.a..._.r.._.r.__.r.__.r.._.-.”.r.__.r.._.r.__.r.__h”.r.__.r.__.r i .r.-..r i .r.__.r.._.-.”t.__.r.._.r.__.r.__.r”t.__.r.__.r.._.r.__.r.....-.._.r.__.r.__.r.._.r.__..!.__.r.._.r.__.r.__.r.._..-..__.r.__.r.._.r.__.r.__..-. "L t.._.r.__.!”.r.._.r.__.r.__.r.._.r.-_t i .r.__.r.__.r”t.__.r.__.r.._.r.__.r....t.._.r.__.r.__.r.._.r.-_tl-_

¥ 1.._. . ..._. ..._l L o ' ..__ .._. .._. L - . _... -.__ 1._. . .__. . . N ' 2 N . - .. ' ..._. l. A < H .. a . N N M o .... a -__-
r .
i - i

,.._.,....T.._.,...r”,.._.'.._.,....T.._..1.-_»....,...'....,...._.”.._....,...T...,.._.,.___.__....'.._.,.._.T...,.....__.._.,....'.._.,.._.,....—....,...T...,....,.._..—...'...,.._.,...,....wuv...v...,...,...-...,...v...,...,......_»...,....,.._.,.._._.”......'...,....,... ._...._.... ....,....,.._.,.._._...,...,...'...,.r.q...,...,....,...v....q....,.._.'.._.,....,...r”,....,.._.'....,....—.._.,....,....,.._.'....,.___»...'....,....T...r..___..._.._.,....'.._.,.._.,......_....,.._.,....'.._.,.._.t...'...,.._.,....'.._..-.._.,....'.._.,.._.,....-...,...,...'...,.........v...,....,...v...r”,.._.'....,....,.._..ﬁ»....,...'...,...._.H.._...,....,.._.'....,.___.._...'...,...,...'t-...,...'...,...,....- ,....,...'...,.....—...'...,....,.._.'.....-....,.._.'....,....,.._.r....,....,...'...,...r”'...,.._.,....'.._.,.___.__....'.._.,.._.,...'.r-...,...'...,...,.._-...,...,...'...,...... .... .... ¥ L ¥ .... X .....4.._. ....,...'...,.....—...'...,....,...'....r”,...'...,...,...r”»...,...'...,...r.”.._... .- .4....,.....—.._.,...,....,.._.'....4....,.._.'....,....,....-...,....,...'...,.._.—...'...,...,..., .___-.
» . “ .. “. » . o a . .. . “a - o ¥ . N - .__ » .__. L) " . .. - 'y o .__. - - v .__ .__ N .__. - - St RN . . e ' a” - r .

C e v oa 4. - r Ca T a .. P T T T T T T e
_-"....f... xa ....._... x ax ....-... x oy o x o e Fr gy ...r._._._.... aoa oy * ki x .....r.... x .....__... aoa oy i xoa i x ....—... x ....,....-....,...r...,...,...rl.,...,...r...,...,.-r... x axax .....—... xx .... xaxax ....-... x iy o e .... ¥ ...,....,...r...,....,...r...,....,.—r...,....,...r...r._._.__...r...,...,...r.-.»... xoa ....-... x .....—... x oy i xoa ...-... x ...r...,....—.__.r...,....,...r...r.-,...r...,....,...r...»...,...r...,...,._._.._...,...,... ¥ .... xoaax ....__.... xoa i x axaa - xx ...r...-.._.,...r...,....,...r.-..,....,...r...,....r.-_.._...,....,...r...,._._.__...r...,... ¥ ke x i x o x oy i o IR e Bk e bl e ke Bk e g kR dr ko ke R
" P a a - . . . a . . a o . ¥ . . a v Xy r - . a - . - . a *a I . a . N a « ¥ I & . r N .

- ‘' N r o ' & ¥ 5 & - - . a N u . . . 2 ' I 5 r - - . . . - N r - .1 A " - - N . . . . a a [}
B T . . a I & e I I ¥ . | N & § A a - N P Cod . I A - (I . T T
.r._..r.__.r.__.r.__h”t.__.r._..r.__.r.__.-_”t.__.r.__.r.__.r.._.r”t._..r.__.r.__.r.__.r."t.__.r.__.r.._.r.__.r._...-..__.r.__.r.__.r.._.r.__.l.._..r.__.r.__.r._..r.._.-..__.r.__.r.._.r.__.r._..-_.._.r.__.r.__.r.._.r.__.a.....r.._.r.__.r._..r.._.r.-.t.__.r.._.r.__.r._..r.-__.t.__.r.__.r.._.r.__.r.__.t.._.r.__.r._..r.__.r....l.__.r.._.r.__.r.__.r.._..-..__.r.__.r.._.r.__.r.__..-_._.r.__.r._..r.__.r.__l..-..r.._.r.__.r.__.r.._.-.”.r.__.r.._.r - .r.”.r - ..1.__..1.__..1”.'.._._1.__..1.__..1.._..1.__..-_._...1.._..1.__..1.__..1.....-..__..1.__..1.._..1.__..1.__..-..._._1.__..1.__..1.._..1.__..-......1.._..1.__..1.__._1.._.-..__..1.__..1.._..1.__..1.__.-..-...1.__..1.__..1.._..1.__..1”..1.._..1.__..1.__._1.._._1”..1.__..1.._..1 - .r.....-. .r.__.r.._.r.__.r....t.._.r.__.r.__.r.._.r.__..-..__.r.._.r.__.r.__.r.._..-..__.r.__.r.._.r.__.r.__.-.....r.__.r.__.r.._.r.__.-_....r.._.r.__.r.__.r.._.-..-..r.__.r.._.r.__.r.__.r.”.-..__.r.__.r.._.r.__.r.....-..._.r.__.r.__.r.._.r.__.l..__.r.._.r.__.r.__.r.._..-..__.r.__.r.._.r.__.r.__..-..._.r.__.r.__.r.._.r.__l....r.._.r.__.r.__.r.._.-.....r.__.r.._.r.__.r.__.-..-..r.__.r.__.r.._.r.__.!”t.._.r.__.r.__.r.._.r.”.t.__.r.._ . .._..-..__.r.__.r.._.r.__.r.__.-..._.r.__.r.__.r.._.r.__..-.....r.._.r.__.r.__.r.._.-.....r.__.r.._.r.__.r.__.-_l._.
. . W N 4. .._. N l.__ . ¥ - . at -.._. N N L) o~ o .. b ..._. ‘n .__. - ..__ 1.._ ¥ N . = o -. h.._. .... .r. -
T
_.".._.T....,....,...,....-...,....T...,....,....q...,...,.... wr N ¥ .... X .....4.._. .._.,....'....,...T.-,...,....,...v...,._._»...,.._.,...v...v...»....,...'...,...T......._.,....,...'..., .__....'....,.._.T '.._..4.._.,....'.._.,.._.T.....-....,....,...'...,....—...v...,...v...,...-....,.._.'....,....,.._.r_-,....,.._.'....,....,.___»....,....T.._.,....,......_...'.._.,.._.,...'...._...,...'...,...,....-...,...,... i g ¥ ....,...'...r....v.._.,...,....,...-...,....,...'...,....,.-_'...,....,...v __”».._.'....,....,.._.'.-.»....,...'...,....,.._.-...,....,...'...,.r......v...,.... ¥ L wr .... a ....-.._.,.._.,...'...,...r.-_'...,...,...v...r.-_,...v...,....,.._.'.__.»....,.._.'....,....,.___»....,....,.._.'....,......_.._.'....,....,.._.'.__..__....,...'.._.,.._.,....4.._.,.._.,...'...,...r.-'...,.._.,....'.._.-.-,....'.._.,.._.,...._..-.,.._.,...'...,.._.r”»...,....,...v...,._.r...v...,....,.._.'.__..__....,.._.'....,....,.._..._....,....,...'...,....—...'...,....,...7....-....,...7..., . _-_ a ....'....,.... .-_».._. ....,....'.._. .___.._.... .... .... ¥ ._..».... .... ¥ .._.,.___t-.,
s N 'y ....__ L "a e s s’ - - v, "a "r u ' . S ) ' " "u N Ny - . ' - ' . - ¥ ' A - ' s v ... . A
tktt#ttktikttkitkttlttkttbk.t.t.k#tkttt*t.tkttl..r.r.r.r.....r.r.r.r.-_.r.r.r.r.-..r.r.r.r.-.....r.r.r.r.-_.r.r.r.r......_.r.r.r.r.r.....r.r.r.r.r.-..r.r.r.r.-..r.r.r.r.-..r.r.r.r.-.n.r.r.r.r.-_.r.r.r.r.-..._.r.r.r.r.r....r.r.r.r......_.t.r.r.r.r.....r.r.r.r.rl..r.r.r.r.-..r.r.r.r.-_.r..r.r.rltttt4&!ttk#&tttt#attktt#t.ttkt#tttk#tkttlttkt ....r.r.r.r.-_.._.r.r.r.r.r.._.t.r.r.r........t.r.r.r.r.._.t.r.r.r.r.....r.r.r.r.-..r.r.r.r.-..r.r.r.r.-..r.r.r .-.r.r..r.r.r...t.r.r.r.r.._......r.r.r.r__.t..r.r.r.r
LA LEPC LR RN rdr oo r rForor L r rrdrorrer ko [ r e r Rk r LR LN r r rkor > e rkroror * rrr ko r S & or ror r ror r ke r [ & r ke » rFor r e ] roe b - LR N » rFroror
'y - 2 ' . Xy & r - a " - L ' I “u i . . . v . - " a ' a . Wt . a a
.. xl W .... N - . ..__. - W . - - » 2 -.__ ..__ o .... a N N * N, Ty al. s - "u - ._. B . . a - > " L - - ..._. o .... - x - -

.__.r.__.r._..r.__.r.__..!.__ .r.._.r.__.r._..r.__..-..__.r.__ .r.._.r.__.r.__.t.._.r.__.r._..r.__.r.__.l.._ .r.._.r.__.r._..r.__.r”.r.__ .r.._.r.__.r.__ .r”.t.__.r._..r.__.r.__.r....t.._.r.__.r.__ .r.__.r.....-._..r.._.r.__.r.__ .r.._..-..__.r._..r.__.r.__.r.__..-.....r.__.r.__ .r.._.r.__..-....r.._.r.__.r.__ .r.._.-.”.r.__ .r.__.r.__.r.__.h.....r.__.r.__ .r.._.r.__.r”t.__.r.__.r.__ .r.._.r.-_t.__ .r.._.r.__.r.__ .r.._..-..__.r.__ .r.._.r.__.r.._.t.__.r.__.r.__ .r.._.r.__..!.__ .r.._.r.__.r._..r.._..-..._.r.__ .r.._.r.__.r.__ h.._.r.__.r.__ .r.._.r.__..!.._..r.._.r.__.r.__ .r.._.r”.r.__ .r.._.r.__.r.__ .r”t.__.r.__.r i .r.-..r .r.__.r.__ .r.._.r.__..!.__ .r.._.r.__.r.__ .r.._..-..__.r.__ .r.._.r.__.r.__..-.....r.__.r.__ .r.._.r.__.!... .r.._.r.__.r.__ .r.._.-.”.r.__ .r.._.r > .r”.r Fiaiieit .r.-.t.._.r.__.r.__ .r.._.r.”t.__ .r.._.r.__.r.__ .r.._..-..__.r.__ .r.._.r.__.r.._.t.._.r.__.r.__ .r.._.r.__.-.... .r.._.r.__.r.__ .r.._.-.”.r.__ .r.._.r > .-”.r Fiaiieit .r.-..._ i .r.._.r”t.__ Pl ie s .r.”t.__.r.__ .r.._.r.__.r.._.t.._.r.__.r.__ .r.._.r.....!.__ .r.._.r.__.r.__ .r.._..-..__.r.__ .r.._.r.__.r.__.t....r.__.r.__ .r.._.r s e .r”.r.__.r.__ .r.._.r.__.._.._.t.._.r.__.r.__ .r.._.r.-_t-. .._
¥ .._ a ..1 r . "a " t ‘a A 1 .. “. s "s s - - . . R L s Y ..1 l = ‘u . ' "a "s l A A “ N a "a "a' v - ” ¥
i.'__....—_...._.....—_....t.-..__....—_....__...._......1.-_.—_....—_....—_....—_.-..T.-_l....—_...._.....—_....__.-_l....—_....—_.-.._.....—_.rl.....—_....—_....—_.-..__.....-....._....._....._....._..-...-.....—....._..-.._....._.....t...._.....—....._..-.._.....-....._..-.._....._....._..-..__.-_I...._..-.._.....—....._1.-_.......—....._..-.._..... #!#v#v#v#vi?#v#v#v#v#ﬁ#v#v#v#v##*v#v#v#v#!f—_.-..__....—_....__.-..-.....—_....—_.-..—_....—_.....1.-_.—_....—_....—_...._....._1.-..__.-..—_....—_....—_.-..—_.rl....—_.-..—_....—_....—_.rl.....—_....__.-..—_....—_....l_.-..—_....—_....—_.-..__.....-_....—_.-..—_....—_....__.-...-.....—_....—_.-..—_....—_....-_I_.....—....._..-.._....._1.-.._..-.._.....—....._..-..T.-_I...._..-.._.....—....._..-..l....—....._..-.._.....—..rl..-.._.....—....._..-.._.....l....._..-.._.....—....._..-...-.....—....._..-.._.....—......-..-.._.....—....._..-.._....._1...._..-.._.#v#vkvﬁv#v#v#v#v#l#v#v#v#vil#v#v#v#v#!*v#v#v#v##& .... .-.. 'y .rl..-.. i .-..—_.....-_....—_.-..__....—_....__.-...-.....—_....—_.-..—_....—_.....1.-.—_....—....._..-.._....._1.-.._..-.._.....—....._..-..T.-_I...._..-.._.....—....._. . .—_.-..—_....—_....l..-..__....—_....—_.-..—_#h}.v#v#v#v#!}.v#v#v#v##”»

a a

I a y - . . a ' I . ' -

X b * I I ¥ "u X b 1 I I 1 I “u i X - . x5 b -
a2 aahaaaadaasaayaaaadaaaanaaa s qaaaaaaaa adaa s aaaaaakasaakaasanxaaaaxaaaay 4 a2 a'maaa sl aaa ayaaaax a a'k'sa a aa gfama s s a s aa s aaaa g aaaa'aaaa adkaa s akaaa s kaaaa g a s a s LA a A E A EaE S N A A A a A A a A a AN ma s sl A S a s NE A E A X s a s s A E s a A a s A e s s s s A AN s s s sl aaaadaasakanaa g aasa s s a s sl aaaa “
de e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ek e e e e e e e e e e e e e e e g T N Y e R e e e e e e e e e e e e e B e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e B i o o e b e A A i o A i
' e ¥ ' ' ' ' ' ' Fioao1 a1 ' g o ok o0 ' koo e o ' T ' ' ' ko ' ' ' ' ' ' = e N

A * e 1 "a' at . - ;. . a ' .._ .._ “» Y, .. . 2 a I 'y "t ._ - - a . by s "t - S - a .._ s ¥ "a l 1. . 2 o e e I - -

- 3 X ¥ - X - x x . . - X o I - X . o
rnrian...n....__....n...n-.__...i...n.__i...i........i...n._..n...i....__....n...i.__.i...n....._.ni...nni...n...nii...n........i...n._.n...i....r...n...i.rn...n....._....n...n.__.i...n....__ni...i-.__...i...n.._nrirb P T T T T T o T oo v o o T o ot S = TP I N N
tktt#ttkt#kttt#tk:lttkttkttkttkttkttktt#tttt!tttkthtt#ttkt#kttk#t.r.r.r.r.r.r.r.r.r.r.r.r.r.r.-..r.r.r.r.-_.r.r.r.r.-..r.r.r.r.-..r.r.r.r.-_.r.r.r.r.-..._.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r-..r.r.r.r.r.-..r.r.r.r.-..r.r.r.r.-_.-..r.r.r.r.-_.r.r.r.r.-..r.r.r.r.r.r.r.r.r.r._.r.r.r.r.rr.rttkt!kttt!tttt#ttkt#kttk#tkttk#ttkttbttttttkttkttk:ittkt#kttt#ttttht ..._.r.r.-.t.r.r.r.rt.r.r.r.rrt.r.r.r.r-_'

. Lea T a . . * . . . . . . X e . ... ' ' . . . e . r ' . . ' e . . . - e . . . . .

. I X r o a & - X & " " . a X I § ] . .. ' . I X ) r .. .. a - - N " r . W a i * X . Ea - IR . a i []

2 a a X u . .. - a ' ) - ¥ . a X X - 1 - . a - X - . . . a ..._ .._ x5 - - - N X r x5 > ...

-
ﬁ*v#v#v#v#!*v#v#v#v#!#v#v#v#v#b&v#v#v#v##*v#v#v#v#r”v#v#v#v#tlb#v#v#-.....—_.f.__.-..v....—_.._.v...._..rl_._..vb.v....—_....—_.'l....—_._..—_...._.....—_.....-_}.—_....—.....—..-..-..rl.}.—..-..—_....—_....—_.-..-.t.—_....—_...._.....—_.....-_.-..—_....—_....—_.-..—_.._.Tl.—_....—_....—_....—_.-..Ti!....—_.-.._.._.._....._..-..l..__.—....._..-.._.....—..rl...._.._..—....._..-.._......-....._..-.._.....—.....—..-...-.....—.....—..-.._.....—.....-..-_._.....—....._..-.._.....T.....—..-.._.....—.....—..-..T}.—....._..-.._.....—.....ti.__....—.....—..-..—.....—.t._..#v#v#v#v#!*v#v#v#vkbkv#v#v#v#‘*v#v#v#v#!*v#v#v#v#ﬁ#v#v#v#v#t}v#v#v#vkt .__.-..—_....—....._..-..__ .__....—_.-..—_....—_....—_.rl....—_....—_.-_.—_....—_.rl.-..—_....—_....—_.-..—_....-_....—_.-..—_....—_....__.-..-.E—_....—_.-..—_....—_....-_i.—_....—_....—_.-..—_....Tt.—_.-..—_....—.....—..-..Ti.......-..-..—.....—.....—.ll....—.....—..-..—.....—.....l.....—.....—.._.._..-.._..rl....—..-..—.....—.....—..r.-.....—.._.._..-.._.....—......-..-..—.....—.....—..-..—.....1‘.—..-.. L .-.. ¥ ....—..-..—.....—..... i .... .... .-.. X .fl.-..—.....—.....—..-..—..f.‘!

Mar. 22, 2018 Sheet S of 5

P L] E - L] L] L] L] E L] L] - .r
& X r ' & * 1 1 - - v, I * b 1 . ' v, X . ' r - r ' "' .. . .... a a
- - - - .
.__.r.__.r._..r.__.r.__.l. .r.._.r.__.r._..r.__.-_ .r.__.r.._.r.__.r.__.-_.__.r.__.r._..r.__.r.__l...r.._t.__t._.t.__t.-t.__t.._t.__t.__.'.._..r.__.r._..r.__.r.__.r.__..r.._t.__.r.__.r.__.r.__..-.._..r.._.r.__.r.__.r.._..-. .r._..r.__.r.__.r.__.-....t...t...t...t..l....r.._t.__t.__t.._l.. .__.r.__.r.__.r.__.-_.._ .__.r.__.r.._.r.__.-_i..r.__.r.__.r.__.r.._.r.._..r.__.r.._.r.__.r.__.r.._..-..__.r.__.r.._.r.__.r.__..-. .r.__.r.__.r.._.r.__.-_.__.r.._.r.__.r._..r.._l.__.r.__.r.._.r.__.r.__.-_.._.r..t..t.._t.__l..t.._t..t..t.._.-..t...r.._.r.__.r.__t...t..t..t..t..t.-.t..t..t..t..t.ql...r.._.r.__.r.__.r.._.-..__.r.__.r.._.r.__.r.__.-....t...t...t...t..l..t...t...t...t...l.. P LI ..t..t..t...-....t...t..t..t...t...t..t.._ a4 4 .._..-..__ .__t..t..t....-...t..t..t..t..l..t...t..t...r.._.-..._ .__.r.._.r.__.r.__.-_.._ .__.r.__.r.._.r.__.-_.-..r.._.r.__.r.__.r.._.-.....__ . 4 .__.r..__.r.__.r.__t..t..t....-...t..t..t..t....-...t..t..t..t..l..t..tjt..t...-...t..t..t..t..l.. . .r.-..r.__.r.._.r.__.r.__ dr o4 a AT
' R oo L N A N N N N N L L N ' S oo LR N L R N R R ' S L R R A el Ce ke .1..-.......1....-.....
.._ I W T, . .1 x & r r a N . - o ' - I l .. . ) n ._. r - ' a I I . « a .
.-. .r. .... .r . . N . LT . .... ... ....n .... & .....i. . ox ... ¥ . .... ... e .... . - & . .-.... [ .-. e .r .r ......_ F . - . ... .-. .-.. & . P Y - & . A N " " x Y = I .-.... . " .
w A w A PN PN .__.__.._.__._...__.__.__.._.__.._..__.__._..._.__.__.._.__._. wa A PN w A NN NN NN NN I NN PN w A wa A .._.__.__.._.__.i.._.__.__.._..__.__.._.__.__..._.__.__.._.__. PN ENENEN wa A PN w A wa A .._.__.__.._.__..__.._.__.__.._..__.__.._.__.__.._.__.__.._.__ PN w A NN NN NN NN 4 4 A 4 4 4 4 P | 4 4 4 A A (B 5 a4 a4 8 3 A A4 4 & 4 4 A 4 -
kktkbtktthtkktklkkkkrtkktkitktt#ttkk4&&kk!tktk#ttkkktkkkktk.t.r.r.—.r.r.r.r.!.r.r.r.r.-..r.r.r.r.-_.r.r.r.v.-..t.r.r.t.-..t.t.r.r..1..1..1.t.r.r.—.r.r.r._1..1._1.r.r.r.-..r.r.r.r.-..v.r.t.r.-..t.r.r.t.-..r.t.r.r.-_..1..1.r.r.r.r.r.r.r.rt.r.r.r.rl..r.rk.r.-..rkkk#ktkt#kttk4kkkk!kkkt#ktkkttkkkk#kkkt#ttkt# oy .-..r.r.r.r.-_.r.r.r.r.-..r.r.v.rb.v.r.t.r.-.r.r.r.t.r.r.t.r.r.r.-..r.r.-.r.r.r.rl.r.r.r.r.-..r.r.v.r.-_ul
- . . . B . .
- a L a 1 X - . . . a . . a L I I - w ¥ .. . .o 2 a .o .k & X . e a a & - . .- .. a I I ¥ X r .. .. ra a X o > - .
.r E L] T 1 & .—. [ ] & l l - L] .—. [ ] [ ] L] l. 1 . .r L] .T - - .r - - El - ) Fl El E L] [ ] - - ) Fl L]
' Ty P T T T T T I T ' i M P T i i P T e T T T T T T T T S " . P TR ) s
t.r.r.r.-..r.r.r.rl.r.r.r.r.-_.r.r.r.r.-_.r.r.r.r.....r.r.r.r....._..r.r.r.rt.r.r.r.r.-..r.r.r.r....r.r.r.r.-_.r.r.r.r.-..r.r.r.r.-..r.r.r.r.-_.r.r.r.r.._.t.r.r.r.r.r.r.r.r.r.-..r.r.r.r.-..r.r.r.rl.r.r.r.r.-..r.r.r.r.-_.r.r.r.rl T T N N N s .r.r.r.r.....r.r.r.r.._.....r.r.r.rt.r.r.r.r....r.r.r.r.-..r.r.r.r.-_.r.r.r.r.-..r.r.r.r.-_.r.r.r.r.._..r.r.r.r....r.r.r.r.r....r.r.r.r.-..r.r.r.r.-..r.r.r.r.-..r.r.r.r.-_.r.r.r.r.f.r.r.r-:..r.r.r.r....r.r.r.r....r.r.r.r
v_.vtvvv_.r...»vv71.._»v_.vqrmvv_.v..vvvvhv_.vv-.vvvvr_.vvvrv_.vvv.bvvvq._.vvvq CELL N A FE R R R R R R R R R R R RS R R R FFEFF kP F R OEEF [ 3 FE R R R R R R R R E e b E R R R R E R FE R R R R R ER R R R R R R R R R R R e R E b [] FoFoaF X » L AL R LR R A A NN L A - LR LA FE R
L . a .. ' . . e - a . ' a - .. . a
= a a A . . a ' .r ._. R ' I e .._ N - - . a o I .._ 1 . . a I .._ N e - ' X - r - "
Py i ) X Y ) 4 L aa W oy el I - A . I 'S ) Loara . I X L . Ty Cal I 'R " I T T
"""""‘.‘"'lﬂf}.""‘*"" """"'"'""""'"'*'*'"*b*""E"*'"'"""h"'"'"'"'"*""l..rl.""l.'"'Tl.""l."'"'"'"'"‘I""l..-.'"".-.l.""l.""Tl.""l.'"'""""'"'""b""'T*""‘""*":"'"‘"'""""""""*""*T*"" i i i L] "".—.""‘.—."" ....
- ' ' ' ' ' r ' ' ro- ' ' . - o r ' . ' ' r ' - ‘e - e oo - s
. P a a I N r . r . . T - I L N . . o a - I & LN r - a - & . . - .. . i . I I - -, . r I . - - w .
* A ta * * ' » » ;! .. .__ q_w " w . .._ » *y i "x * ' » * A ¥ "a v w x » * "o " ‘v ) * » » * . . i - w » »
e T T T T T T T T T T O P A a4 4 A 4 4 A 4 4 4 4 4 P | RN EEEEE NN 4 4 A 4 4 4 4 a4 a4 4 A 4 4 4 A4 A A A .__.__.__.._.__..__.._.__._..._. 4 4 A 4 4 4 4 P | 4 4 A 4 4 4 4 PN P | 4 4 A 4 4 4 4 P | .__.._.__.__.._..__.__.._.__.__..._.__.__.._.__ P | 4 4 4 4 4 4 4 ERE P | 4 4 A 4 4 4 4 N N I N N N N N N N S N N I | .._.__.__.._-.._.__.__ 4 4 4 P | -
dr e e e e e e e e e e e e ktklh:kkkkktkttkttktkkktlkkkt!kttk#kkkk#kkkk#kttkitktkktk.r.r.r..t.r.r.t.r.-..r.r.v.r!.r.r.t.r.-..t.r.r.t.-..r.t.r.r.—.r.r.r.r.!.r.r.r.r.r.r.r.r.r.rt.r.t.r.r..t.r.r.t.-.-..t.r.r.t.-..r.r.r.r.-_.r.r.r.r.-..r.r.r.r.-..r.r.v.r.t.v.r.t.r.r.r.r.r.t.rt.t.r.r.r.-..r.r.r.._.—.r.r.rk#tkkt#bkkk#kkkth#btkttttkkttkkkk!kktk!tkkk#kkkk#tkk:ttkt ....r.r.r.r.r.r.r.._.r.v.r.r.v'
. P - . . . . . e . ' . . . r . . . . . . . . R . . . .
I X r o ' X & " " . a X I N X .. L ' X ) - .. . a r " r E a - - . . . *, *
' - f] & 3 . . a ' & i - r r . " ' & & 3 N . a & i § a & i i & - & . of I -
L odr ow o - o= O I T T T R R R T R T S N T I I S 4 L & L & s s L om s l aom Lo yoa o O L & o a L E L A A L oE a N L A L A E A LA L oa droa o i ..i.._.......i...__.ii R R e L L I I T N I L I T L A s oam o .-.i..ii......i.. .... . T « IR .
i dp e i de i 0o W e b b i W b de b de By i e e b e e e e e ey de de dr dr dp de de de de O dr dr dr b O e i B e e e e e e W e e i .r.r.r.r.._..r.r.r.r.._.....r dr dr dp e dr e de 0F e e de de OF e de e dr Bf Jr e e e O e 0 e 0 .r.r.rt.._..r.r.r.r.r.._..r.rt.r.-..r.r.r.r.-..r.r.r.r.-..r.r.r.r.-..r.r.r i e dr ot de dr e e de de o e de e dr B Jr e de e O e de de dr O e de e de ) 0 0 0 .r.r.rt.._..r.r.r.r.r.._..r.rt.r.-..r.r.r.r 1.....1.-_.....1.......-.........1... .
r®orr N r&xrocrr e rrr ko rr rkrrrrdr rrka1or rkerorr rrror ¥ rrorr rr r r r rrrrrrrrkorr Froror LEEE S » roeror r r ror rro1 B rr k1 rrrrerrr r rr r rrkoror rrarr v vk r rrdr
' . oa Fl & - - ' .._ .._ ... - . .. - & n [ - a' "a - a .._ Y i - - ... l -
._. X r 1 & I * 1 X r - I s’ v .. a
T 4 a a na LA oa I ey T " aoa a Ty AL ah an X A L o - A LA N A LA . a4 a A ma L AL aaa At h L AL el a A a ¥ RN " aa AL sy a e a L ake b A n ke oAy P AL ah AL ay ‘x P T RN RN I X I X o R e P
t*.f.Tl..T.T.T.Tl..T.T.T.Tl..T.T.T.T‘.T.T.T.T.T.r.T.T.T.T.TT'.T.T.T.Tr'.T.T.T.Tl..T.T.T.Tl..T.T.T.Tl..T.T.T.Tl..T.T.T.T.'.T.T.T.TI..T.T** ****#'*t*******T‘E************t****'****b*****T'***.T-.'.T.T.T.Tl..T.T.T.T‘.T.T.T.T‘.T.T.T.T‘.T.T.T.Tl.'.T.T.T.T.r'.'.T.T.Tr'.T.T.T.TT'.T.T.T.Trl..'.T.T.Tl..T.T.T.T‘.T.T.T.T.'.T.T.T*#******'****b'****T'*********‘*é*****hﬁ'****ﬁ' - .T.T.T'.T.T.T.TT'.T.T.T.T"
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' . ' ' ' ' ' . ' ' . .
I I I r o a & - I & r r . a I I § ] . .. a . I I ¥ r .. .. a Fl I N r - . W a i I I . et - o a . L)
P ...-.. Ak A A .-.; P ..r. e T T -.—.. P ;.... - . ..rn - . ..-.. P ..ri T - T -.—. P -.-. aa kA ..-.. e e T -.-.. A A ..rn e T e T -.... P -.... - . ..r. e e e P C e e . -.... - . ..—.. Ak A A ..-.. C e e . P T . .._... ... »
LI | LI I | I N | LI | CINC INC N I N T N N T N G I N I I I B LI I I | I | LI N | LI IC N NI N N | LI T I N N T N I I N I N | I | LI I | LI I | LI T B I N N I I I I DT I O T I I O T L N I I B I I O O O | LI I I | I | LI I N N N N N N I I I T INC N I I N N N I N I N B B | I | LI I | EICIC N N T N N T O I T T I I O I G O O I T L O I B ) LI I | LI I I | I | 4 A 4 4 4 4 4 5 4 g 5 4 T PRI a aaa
Hkbhhbbthbhhbtbhbbb:hhtr!hbhhibhbbikhhb#hbbh!bthbb#»thhbb.!bbhbb!hbbh!bhbtib.-..-.—.-..—.—.-..-.-_.-..!.—.-..!.._.r.-..m.v.-.».rb.-..mb..thbhh..!.—.hb.r!.—.-..-.—.-..-.—.-..r.-..-..!.v.-..-..v.-..!b.-..-b.-..-b.._.-..-b.-..-.._t.-..-.—.-.r.-.—.-..-.—.-..!.—.-..r.-.bhbb#bbhb#hbbh.—.bhb.—.!&t.—.hb!»!bbhkr!hbbh#bhbk!bbhb#kbbh#bhbbltbhb4»tbbhbbthbb!btbh:.!bbhkihbbhib.t# A R r
. . - - . a . . ' ' - . ' ' - a B a r - - a
- 2 a a X & . .. .- . a L i - I ¥ N .. .o a A X & X " 2 a i X & X . .- .. it i - X X - -, .. 2 a x . x . - 1
E E L] r & [ ] [ ] - L] ¥ [ ] E L] r L] ¥ E [ ] [ ] L] Fl
iiii.__.iiii.__iiii.__iiiii...iiii.-iiii.-..iiii.__.iiii.__.iiii.._.iiiii.._iii.__._.iiii...iiii.-.iiii.-.iiii....iiii.._.iiii.__.iiiii iii.._.__iiii.._iiii iiii......iii.-..iiii....iiii.__.iiii.._iiiii.._iiii.__iiii iiii.-.iiii....iiii....iiii.._.iiii.__.iiiii.__iii....-iiii.-.iiii.-.iiii....iiii.-.....iii.__.iiii.__.iiii.._iii... 2 a2 a2 a sl s s s aka . .-..iiii.__.iiii.-_.
Ak bk e e ke e de ke e e e e e e e e e e e e e e e e ke e e e e e ke e e e e e b e e e e e ke e e e e e b M e ke e e e e ke e e e e e e e e e e e el e e e ke e e e e ke ek ke e ke e e e e e ke e e e e e e e e e e e e e e e e e e ke el ke e e ke e e e e e e e e e e e e e e e e e e ke e e e e e ke e e ke e e ey e e e e e e e e e e e e W e b e e e e ke e e b e e e e e e e e e e e e b e ke e S b e e b e ke e de b bk ke e ke e b ke e de [ e ke i e ki de ke b i
L .1._.. + 1 ' ' .r.. ' T r ok ' ..-... .r....r.. rF o ' R T I r .1.-.. ' ' ' ' ' X oo ' ' ' ' ' ' .r... r * ..-... - o ' ' ] .
& r ... __. - [ & - - . .... - & a " ' ... Y X - - o ' " - - ._. - ..__ ... R a - & 3 “y ... -i.__. a -_.-
T C e e e a e a . .
- - - - - - - - - - - - - - - - - - - - - - - - - - a’a - - - - a’'a - - - - - - - - - - - - - a’'a - - - - - - - - aa - - a’'a - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - a’a’a - - - - -
-"..r o .r.__.-_“t.__.r o .-_”.r - .r....r”.r.__.r i .r”.r i .r.__.r.__..-..r.r.__.r .r.__.lH.r.__.r i .r.r.._.r .r.__.-.lt.__.r oS .-_}.r i .r.._.r”.r.__.r .r.__.r.__.r”.r i .r.__.r.l.-..._.r i .r”l. oS .r.__.r.._.l..r.r.._.r .r.__.-_-_.r.__.r oS l.”.r .r.__.r.r.-.”.r.__.r - .r”.r i .r.__.r”.-..._.r oo it .r.__.r.._..-..__.r oS .r.__.-. - .r.._.r “.r .r.__.r.r.-..__.r.__.r .r.__.r .-_i..r .r.__.r .r.__.rH.r.._.r .r.__.r .r.”.r .r.._.r .r....r”.-..r.r.._.r .r”.-..._.r.__.r .r.._.r.__.l..r.r.__.r .r.._..-..__.r.__.r .r.__.r .._.r .r.__.r .r.__.-_“t.._.r .r.__.r .-.}.r .r.._.r .r.__.r”.-..__.r .r.._.r .r.l.-. .r.__.r .r.._.r.__.l..__.r .r.__.r .r.._..-. .r.__.r .r.__.r.__..-_.._.r .r.__.r .r.__.-_._.r.._.r .r.__.r.._.-.}.r .r.._.r .r.__.-.l.r.__.r .r.._.r .-_”.r .r.__.r .r.._.r.”.t.__.r .r.__.r .r.._..-. .r.__.r .r.__.r.-_.r.r.__ " .;.r.._.r .r.__.r .-.}.r .r.._.r .r.__.-_ll
. - r - =N a . r a r ' ' ro. a - N r ' r .
. a e a I . a . . a ' I - I ¥ .. .. o . a a - I X . - a a & "a . N S a I I x I . - - 2 a s’ . n 1 -_.
Y & & -..... . ..-... . & - 3 & l& l.-.. . .rn & * n 3 -.-. -.-.. . .-.. - Y 3 r l} .... - . .r. - * ._... l- .E . .r. .r. - Y 3 3 ...-.. - = W .r »
I N N B B N I N N I O O L O B I | a4 a4 4 a EIC N | LI C | E I I N N O I O I A O IRC B O I A O B B | EIC I B | EIC I I | R P | EIC I N N I N N N N I I R I O O N L I B B | EIC I I | R | EIC N | EIC I | CIE I N R B N N N N I B L N I | R | EIC N | EIC I I | P | EIC I N B N N N N N N N N B | R | EIC N | EIC I I | R | EIC N | EIC INC I N I I I N I I I I O I A O IO O O O B | R | 4 4 4 EEEE A 4 8 3 R | -
NN Y AN A A NN Y N N N A N N N A N A Y N NN NN A Y N N A N T N N N A Y N A Y A Y N Y N Y N N N A N A T N N A N N T N N - ._.___._.._._._._._l
- ' . a Fl & n . . a . - ' * - & ¥ - . . . - - & & n [ . - - a & Y 3 [ - . a & Y i & [ . . . - " - & X . N .
- I +, L3 o ' - - 4, & " " . a - X & ] . .. a . I X ) r .. - a - X r " r . ' a F & X ] . . " m "
& 3 + i - r & & 3 N . - . a ) -k i . § - . " a -k i " & - - . . — ' & " N = -
rbrrbrrbr#brrr................-..............._..............__._............................................__...........................................__..............__..............._..............................................................-..............................__.............qrrrr-rrrrxxrrr T e e T T S T T T e e T TR T S T T T I T T T S S O T T e T L T T T T T T T T T . T T T T T T S o i I R PR = I U R )
de i e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e U e e e e e e e e U e e e e e e e e e e e e e e e e e e e e e e e e B e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ey e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e o e e e D e e e e i e
1 1 ) 1 - L R I e R e N I e e I e R e e N e L I e R L R R I N T L e R I L T B e L e I e I R R L A T T R R I N S R R R D R I T I R D D e B} - s a0 = ¥ - a
. Y a a "a . . . . -, - oa A .._ - & .... - . . N a K .._ "a .._ ... .. - oa - & Y A . - . . . & .._ X & .. -, o - & X r -
s I I ) & X & a I ¥ I ' X ) ¥ I ] o]

] -
.r.._ o .r.__ .r.._..-..__ .r.__ » .r.__ it .r.._ .r.__ .-_i..r.._ .r.__ .r.__ .r.._ .ri.r.__ .r.._ P e Lo .r.__ .r.I.r.._ .r.__ a1 .r.”'
' .o '
i

.r.__ .r._. .r.__ .r.__.l..__ .r.._ w1 .r.__..-..__ w1 .r.__ .r.__..-..._ .r.__ .r._. S .-_.._ .r.._ o .r._. o .r. .r.__ .r.._ .r.__ .r.__ h.._.t.__ " .r.__ .r.__ .r.._.t.._ .r.__ .r.__ .r.__ .r.__..-.._. .r.._ .r.__ .r.__ .r.._..-..__ .r._. o .r.__ .r.__..-..._ w1 .r.._ .r.__..-.._. .r.._ .r.__ .r.__ o .-..._ .r.__ .r.__ .r.__ .r.__ .-..._..r.__ .r.__ .r.._ o .ri..r.__ .r.__ .r.__ o .r”.r.__ o .r.__ o .r.._..-..__ .r.__ S .r.._..'.__ w1 .r.._ .r.__.l..__ .r.._ .r.__ .r._. .r.._..-..__ o .r.._ .r.__ .r.__ .-..._ .r.__ .r.__ .r.._ .r.__ .4.._...1.._ .r.__ .r.__ .r.._ .r...r.__ o .r.__ .r.__ .r.._.t.__ .r.__ S .r”.r.._ o .r.__ Py S .r.__ .r.._..-..__ w1 .r.__ .r.__..-_._ .r.__ .r.__ .r.._ o .-_.._ .r.._ .r.__ .r.__ .r.._ .-..._..r.__ .r.._ .r.__ .r.__ .ri..r.__ .r.__ o .r.__ .r.._.t.._ .r.__ .r.__ .r.._ .r.._..r.__ .r.._ .r.__ .r.__ .r.._..-..__ .r.__ AT .r.__ o .r.._ o .-..._ .r.._ .r.__ .r.__ .r.._ .-.!.r.__ o .r.__ o .-..._..r.__ .r.__ .r.._ o .r”.r.._ o .r.__ .r.._ .r.._.t.__ .r.._ .r.__ .r.__ .r.._..r.__ .r.__ .r.._ o .r”t.._ w1 .r.._ - %
e . L . . . . L o A e r . . . e . e r L . e . . ' e . . . 1 ' ' . e e -
I W ._. N * “r .._ & 1 o . a I I N I - L * I I v l .. . ' . "a I ._. o - o . I “u ] 2 .
i - " - A Ny " i " " - » » . M " "« - i » » Ny ..... “a ‘a . » » .._ A "o " * » » * : M u .... v - " » - TaTh
I | I o A a4 a4 a4 8 4 A 4 4 4 4 A A4 A A A A a4 a4 4 A 4 A 4 o 4 4 4 A a4 4 A LR N | 4 4 4 a o 4 A 4 4 4 A4 A A NN T 4 4 4 4 P | 4 4 A 4 EIE I | P | 4 4 4 4 4 4 A A . A A A P | 4 4 A 4 4 4 4 P | 4 4 A 4 4 4 4 I A N N L N I 4 4 4 P | 4 4 A 4 4 4 4 I N N B N N N I 4 4 4 N a4 4 o 4 4 A 4 4 4 4 P | 4 4 A 4 N S L N 4 4 4 4 A 4
Hkkkbkkkkhlkkkk:kkklkkkk#rkkk#kkkk#kkkkhkkkkbkkkkrtkkkktkkkk!kkkk!kkk.—.-..r.r.r.r.-..r.r.r.r.!.t.r.r.r.-..t.r.r.t.rl.r.t.r.rt.r.r.r.rt.r.r.r.tl..r.t.r.r!.rk.r.r.-.t.r.r.t.-..r.r.r.r.-.r.r.t.rr.t.r.r.r.r.r.r.r.r.r.-..r.t.r.r!.r.r.r.r.-.r.r.r.t.-..r.t.r.r.-.r.t.r.r.-.t.v.r.tbkkkkrtkkkk!kkkb!rkkk#kkkk#rkkk#kkkk!kkkkbkkkkhtkkkékkkk#rkkk#- r.r.-.r.r.r.r.-.!l_. . .

N ' y - . . a . ' .. ' . - . Ee O
1.._ .._. e . ..... N x . oE . .... .__ .__ = L3 -._. - . - N N, 1... ..... ..... a N a . N . . -.._. - I i N -.._. o a - L = -
. . I - 2 2 E
l".lrl.b.l..{ll.b.l.b.ll.}.l.b.l.b.h.}.#lf #!#1¥###1#*##ri&###.:.i.:.l..:.l.—.l.-l.—_bfl..:.I.:.l..:.l..:..-.l..:.}..:..f.-_l.l..:.}..:.E.:.l..:.}.i.1.:..:.l..:.'.:.l..:.l.i.:..:.l..:.}.:.}..:.l.il.:..:.}..:.l.}.l..:.l..l.-.l..:.l..:.}.l.l..:.l..:.i..:.l..:.l.'}.###i####i####l‘#*###ﬁ# *#ih*r##*#T?#l..:.l.i.l..:.l..:.'.:.l..:.l.i.:..:.l..:.i.:.l..:.l.—_}.-.:.—_b.l..:.i.-l.l..:.l..:.-.?—_.:.l..:.l.El..:.l..:...:.l..:.l.i.:..:.l..:.i.:.l..:.l.i.:..:.l..:.1{.-.:.—.}..:.l.lll..:.l..:.}.Tl.l.b.l..fhl.#l.b.l.i*###1ih#r¥##i -17#111#11.1
a a N . . ' . - ¥ . . . . a - N - y . - a a . - - .. . - i - . . . - a - 5 x> B
.._ 5 N r R C ' .._ - ... & - - .. v .._ N - N . - W Y - N x, - e - -n - N - - - “ . . - - R . Y X L -
. P . LA .a .. ' . . ..
I-..r._..r.__.r.__.r.__.-.”t....r._..r.__.r.__.-.”t.__.r.__.r.__.r.._.r”t._..r.__.r.__.r.__.r.rt.__.r.__.r.._.r.__.r._...-..__.r.__.r.__.r.._.r.__.l.._..r.__.r.__.r._..r.._.-..__.r.__.r.._.r.__.r._..-.”.r.__.r.__.r.._.r.__.a.....r.._.r.__.r._..r.._.r."t.__.r.._.r.__.r .r”.r.__.r.__.r.._.r.__.r.l.-..._.r.__.r._..r.__.r.._.l..__.r.._.r.__.r.__.r.._..-..__.r.__.r.._.r.__.r.__..-_-_.r.__.r._..r.__.r.__.-.”.r.._.r.__.r.__.r.._.-.l.r.__.r.._.r.__.r.__.r.”.t.__.r.__.r.__.r.__.-..".t.._.r.__.r.__.r.._.r.__..-.._..r.._.r.__.r.__.r.._..-..__.r.__.r.._.r.__.r.__..-..._.r.__.r.__.r.._.r.__. .__.r.._.r.__.r.__.r.._.-..__.r.__.r.._.r.__.r.__.-.”t.__.r.__.r.._.r .-..._..r .r.__.r.__.r....r”.-_.__.r.._.r.__.r.__.r.l.-..__.r.__.r.._.r.__.r.__..-..._.r.__.r.__.r.._.r.__.l..__.r.._.r.__.r...r.._..-..__.r...r.._.r.__.r.. .._.r.__.r.__.r.._.r.__.-.”.r.._.r.__.r.__.r.._.-.”t.__.r.._.r.__.r.__.r”.r.__.r.__.r.._.r.__.r.l.-..._.r.__.r.__.r.._.r.__.l..__.r.._.r.__.r.__.r.._..-..__.r.__.r.._.r.__.r.__..-..._.r.__.r.__.r.._.r.__.-_l.r.._.r.__.r.__.r.._..-.l.r.__.r.._.r.__.r.__.-.”t.__.r.__.r.._.r .-.”.r PiL i .r.”..-..__.r.._.r.__.r.__.r.._..-..__.r.__.r.._.r.__.r.__..-..._.r.__.r.__.r.._.r.__.l..._.r "
. N W ”. - ] . L a . W W .._ - - L . e .o oy a - - N, " ! e - - & ] . . . . . i - I - r r, L . . - i * Th
. . .
-"..__..r....t._..-....-.rl_.....t.._.r.__..r._..-.__.l.._.._.__...1.._.._.__. .__.l..... .__.__._...r.__.__.__.i“. ._.._...1.__.__._...r.__._1.-..._....-.....T.........t.-..?.....r....-.....t....?.-.t.._.-.__.._1.__.._.__...1....!._..._1.._.__.__.._1.__.._.rl..__.__._....1.__....__.._1.__..-..-..._1.__.-....t....-...l.....-.....!...-....r.....-.&.t...-....r.q._.__..-..-...._.__.._1.__.__.._.._1.__._1I.._.__.._....t...-.a..!.-_l....r.._.r....t...-.rl....__....t.._.-....T.rl..__..T.__.__.__..t.._.._.__.l..__ -*k*-ik###k*-*k*-*b*-*k*-*k*b*k*-*kﬁ.......!.-..__.__..r.._.__.__.._1.__...1.-_-1.__.__.__...1.._.._.__.._1.-.-_.._.._1.__.__.__...1.._.._.rl....-.._..T...-....r.-..l.....t...-.._..T...-...l.}..-...._1...-.4.1....-_.....-.._.-...._1...-1..-......-...._1.4-.__.._1.__..1.-..._.__.__.__...1.._.._.__.._1....-_.._.._1.__.__.__...1.._..1....-_.__.._.._...1.__.__.__..r.rl..__..t.__.._.._..T.__.__.rl..._.._...._1...-.._.._1....-.......1.._.-...._1...-.._..-.1-...._1.4-.__.._1.__.-..-...1.__.__.__...1.._.._.__.._1.-..-.._.._1...__.....1.._..1.-_-1...-.._...1...-*?![*k*-*k*tt!*-*k*-*kt!*k*-*kﬁ-##& .__. .._. r .__.l..-..._1.__.__.__...1.._.._.__..-_.-..._.._...1.__.__.__.._1.._._1.-_-_.__.._.._...1.__.__.__...1.-_-1.__.._1 "
.__. N .__; .r . L} \ . -.__. . . . ..n . ..__ i - . L -.__ . . -.__. . S .__. - - . S - 1.__ . N . ..rn . - - .- . - . . -.__ . ._. - b i . \ W A - . e . iy . - R .
-4 L] 4 L] 5 i N 4 4 4 L] ] 4 L] Ll i - L] LI N 4 4

o o o - o e E .T o o o o ar i
v .'.—_l.—.b.—_l.fl.—_l.—_b.—_l.—. r .—_.:.—_l.—_b.—_l.—_‘.—_l.—_b.—.l.—_b.—_.‘ —_l.—_.:.—.l.—_.fll.—_b.—_l.—_.'.—_l..-_l.—_l.—.b.—_l.—_ -.l.—_b.—_l.—_b.—_l.fl.—.l.—_b.—_l.—_ -_l.—_.'.—.l.—_.'.—_l.—_‘.—_.T—_.'.—_l.—_.'.T‘.—.b.—_l.—_.'.—_l.—_‘ll.—_b.—_l.—_b.—_‘.r —_l.—_.:.—_l.—_.fl.l.—_b.—_l.—_b.—_l....l.—_l.—_b.—_l.—_ "—_.'.—_l.—.b.—.l.'l.—_l.—_.:.—_l.—_b.—_‘—_.:.—_l.—_b.—.l.—_‘.—_l.—_b.—_l.—_b.—_‘I.'.—_l.—_b.—_l.—_*‘l.—_b.—_l.—_b.—_b.l —_l.—_.:.—_l.—_.:..-_l.—_.'.—_l.—_b.—_l....l.—_l.—_...—_l.—_ T‘—_.:.—_l.—_.'.—_l.r‘.—_...—_.:.—_l.—_b.—_“_.T—_l.—_.:.—_l.—_‘ll.—_b.—_l.—_b.—_‘ll.—_l.—_b.—_l.—_b.‘l.—_.'.—_l.—_b.—_l..-.l.—_l.—_b.—_l.—_ .'l.—..:.—.l.—.b.—.l.'l.—_l.—_b.—_l.—_ T‘—_.T—_l.—_b.—_l.—_‘.rl.—_b.—_l.—_b."l —_l.—_.:.—_l.—_."l.—_b.—_l.—_b.—_.fl. —_l.—_.'.—_l.—_.f‘l.—_.:.—_l.—_...—_l.-_l.—_l.—_.:.—_l.—_b.-.l.—_b.—_l.—_b.—_l.fl.—_l.—_b.—_l.—_ T‘.—_.'.—_l.—_.:.—_l.—_‘.—_l.—_.'.—_l.—_b.—_{l.l.—_l.—_b.—_l.—_ ... —_.:.—_l.—_.'.—_b..-_l.—_l.—_

5 ] ' " - " . a = ' ' " .. ' - 3 . - a
. . L . .rL ..L L] E L] l L . . :L L .r .r E r l . l P - L . .r L] & . [ ] l . .. . .TL L L] E L] L] l . l - L I .r E L] l l - l . - L .r .: .T
a
ﬁ..__ a9 ._.__.I.__ 1, r.__..-..__ L ._.__..-..__ L1 r.__.a.” G ”__.__ G101 r”.r.__ VI r.-..__.._ L r.__.l._. V11, ._.._..-..__ L1 ._.__..-..._ V1 ...__.l._. L1 -.!._.__ 11 r.__.-_”.._.__ L1 r”.__.__ L r”.._.__ A r.._..-..__ ML r.__..'.__ V1 ._.__..!.__ L1 ._.._..-..__ W1 -_... L ._.__.-_”.._.._ L r”.._.__ A r”.r.__ ML r."..r.._ LI ._.__..4.__ G101 ._.._..-..__ L1 ._.__..-.._ L ._.__.!n V11, r.._.-.”.r.__ V11, r”.._.__ ML r”.r.._ V1 r."..._.__ G101 r.._..-..__ ._.__ G ._.__..'.._ L ._.__.4._ V1A -.”._.__ A -_”.._.__ ML r”.__.._ a0 -.”.r.__ G101 r.....r.__ L1 r.....'.._ L ._.__.I.__ V11, ._.._..-..__ ML ._.__..-..._ V1 !”.__.._ V1 r”.._.__ G101 r”.r.__ W1,
. ' L a . a . T ' . . L - .. . a . . . . - '
- & . I x L ' & I ] & - r . a I I § ] - .. a ' & Tu ¥ . . . a "r I . r - E " "a & I ] . W W

L] T T T e T e T T e N e T L T T T T T T S e e T T e T T I T T e I PR ....1....'.—.
r l. .-..T.-..-..a..-..-..T.'..T.-..-..-..T.-..-..-..T.r..-..-..T.-..-..a..T.J..T.'..T.-..-..J..T.-..-..a..T.'..-..-..-..-..-..J..T.i.-..-..TJ .-..-..T.a..-..a..T.-..T.r..-..a..-..-..T.-..-..J..T.- h***~*******h***~*******h***~***h***h***h***h***h***.-..a..T.-..-..-..T.'..T.-..T.J..-..-..T.-..-..J..T.-..-..a..T.J..-..-..T.a..T.'..T.-..-..-..T.a..-..-..T.T.-..J..-..-..-..-..T.J..T.'..T.-..-..J..T.-..-..-..T.'..-..-..T.-..-..-..-..a..T.T.T.J..-..a..T.-..-..J..T.a..T.-..T.J..-..a..T.-..-..'..T.-..-..-..T.J..-..-..T.a..T.J..T.-..-..a..T.J..-..-..T.T.-..J..T.-..-..a..T.J..T.-..T.-..-..J..T.-..-..-..T.'..T*h*h*******~***h***h***~***h***‘***‘*******‘***‘**& h***h*******h***h***~***h*.T.-..-..T.-..J..-..a..T.-..-..J..T.'..-..-..T.J..-..a..T.-..-..'..T.a..-..-..T.J..-..-..T.T.T.J..T.-..-..a..T.J..-..-..T.a..-..J..-..-..-..a..T.J..T.-..T.a..-..J..T.-..-..-..T.'..-..-..T.-..-..J..-..-..T.T.T.J..-..-..T.-..-..J..T.'..-..-..T.J..-..a..T.-..T.'..-..a..-..-..T.J..-..a..T.T.-..J..T.-..-..-..T.J..T.'..T.a..-..J..T.-..-..a..T.J..T.-..T.a..-..J..T*h***‘***‘*******‘***‘**b .-..-..T.J..-..a..-..- .-.-.‘ .

Blep buioddng

Patent Application Publication



US 2018/0083013 Al

THRESHOLD VOLTAGE MODULATION
THROUGH CHANNEL LENGTH
ADJUSTMENT

BACKGROUND

Technical Field

[0001] The present invention generally relates to varying
the threshold voltage of a fin field efect transistor (finFET)
by adjusting the fin length, and more particularly to con-
trolling the finFET device threshold voltage by configuring,
the fin dimensions to have a predetermined length corre-
sponding to the intended threshold voltage.

Description of the Related Art

[0002] A Field Effect Transistor (FET) typically has a
source, a channel, and a drain, where current flows from the
source to the drain, and a gate that controls the flow of
current through the channel. Field Effect Transistors (FETs)
can have a variety of different structures, for example, FETs
have been fabricated with the source, channel, and drain
formed 1n the substrate material itselt, where the current
flows horizontally (i.e., in the plane of the substrate), and
finFETs have been formed with the channel extending
outward from the substrate, but where the current also flows
horizontally from a source to a drain. The channel for the
finFET can be an upright slab of thin rectangular Si, com-
monly referred to as the fin with a gate on the fin, as
compared to a MOSFET with a single gate parallel to the
plane of the substrate. Depending on the doping of the
source and drain, an n-FET or a p-FET can be formed.

[0003] Examples of FETs can include a metal-oxide-
semiconductor field effect transistor (MOSFET) and an
insulated-gate field-eflect transistor (IGFET). Two FETs
also can be coupled to form a complementary metal oxide
semiconductor (CMOS), where a p-channel MOSFET and

n-channel MOSFET are coupled together.

[0004] With ever decreasing device dimensions, forming
the individual components and electrical contacts become
more diflicult. An approach 1s therefore needed that retains
the positive aspects of traditional FET structures, while
overcoming the scaling issues created by forming smaller
device components.

SUMMARY

[0005] In accordance with an embodiment of the present
invention, a method 1s provided for forming an arrangement
of long and short fins on a substrate. The method includes
the step of forming a plurality of finFET devices having long
fins on the substrate, where the long fins have a fin length 1n
the range of about 180 nm to about 350 nm. The method
turther includes the step of forming a plurality of finFET
devices having short fins on the substrate, where the short
fins have a fin length 1n the range of about 60 nm to about
140 nm, wherein at least one of the plurality of finFET
devices having a long fin 1s adjacent to at least one of the
plurality of finFET devices having a short fin.

[0006] In accordance with another embodiment of the
present invention, an arrangement of long fin devices and
short fin devices on a substrate 1s provided. The arrangement
of long fin devices and short fin devices on a substrate
includes one or more short fins on a substrate where the one
or more short fins have a fin length 1n the range of about 60
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nm to about 140 nm. The arrangement further includes one
or more long fins on a substrate, where the one or more long
fins have a fin length 1n the range of about 180 nm to about
350 nm.

[0007] In accordance with another embodiment of the
present invention, an arrangement of long fin devices and
short fin devices on a substrate 1s provided. The arrangement
of long fin devices and short fin devices on a substrate
includes one or more long fins on the substrate where the one
or more long fins have a threshold voltage in the range of
about 260 mV to about 220 mV. The arrangement further
includes one or more short fins on the substrate, where the
one or more short fins have a threshold voltage 1n the range
of about 450 mV to about 280 mV.

[0008] These and other features and advantages will
become apparent from the following detailed description of
illustrative embodiments thereof, which 1s to be read in
connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0009] The disclosure will provide details 1n the following
description of preferred embodiments with reference to the
following figures wherein:

[0010] FIG. 1 1s a side view of a fin field eflect transistor
(inFET) along a long axis of the fin, 1n accordance with an
embodiment of the present invention;

[0011] FIG. 2 1s an end-on view of a finFET device, 1n
accordance with an embodiment of the present invention;
[0012] FIG. 3 1s a top view of a inFET device having an
active gate on a central portion of a plurality of fins and

dummy gates on each end of the plurality of fins with a
non-tucked structure, in accordance with an embodiment of

the present invention;
[0013] FIG. 4 15 a top view of a inFET device having an
active gate on a central portion of a plurality of fins and

dummy gates on each end of the plurality of fins with a
non-tucked structure, in accordance with an embodiment of

the present invention;

[0014] FIG. 5 1s a top view of a plurality of long fin
devices on a first region of a substrate and a plurality of short
fin devices on a second region of a substrate, in accordance
with an embodiment of the present invention;

[0015] FIG. 6 1s a top view of a plurality of n-type and
p-type long fins on a first region of a substrate and a plurality

of n-type and p-type short fins on a second region of a
substrate, 1n accordance with an embodiment of the present

invention; and

[0016] FIG. 7 1s a graph of threshold voltage, V , 1n volts
(V) on the Y-axis, and fin length, L, , in nanometers (nm) on
the X-axis, 1n accordance with an embodiment of the present
invention.

DETAILED DESCRIPTION

[0017] Prnciples and embodiments of the present disclo-
sure relate generally to the formation of one or more vertical
fins having a predetermined length to obtain an intended
threshold voltage for the finished fin field eflect transistor
(inFET) device. The value for the threshold voltage can be
correlated to the length of the fin, as well as an induced strain
that can aflect charge mobaility and/or band gap. A change in
fin length can directly aflect the electrical characteristics of
the finished finFET device, where a longer fin length can
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correspond to a lower threshold voltage, V,, and a compa-
rably shorter fin length can correspond to a higher V..

[0018] Principles and embodiments of the present disclo-
sure also relate generally to determiming a threshold voltage
resulting from a finFET having a particular length and
material composition, and laying out the fin fabrication to
have the predetermined length to achieve the intended
voltage. Providing a {in with a comparably longer length for
tabrication of a device can provide a finFET with a lower V
whereas providing a fin with a comparably shorter length for
tabrication of a device can provide a finFET with a higher

v

.
[0019] Principles and embodiments of the present disclo-
sure also relate generally to fabricating a combination of
long fin device(s) and short fin device(s) on the same
substrate, where the long fin devices can provide certain
types of devices having improved performance from a lower
V. on a region of a substrate, and the short fin devices can
provide different types of devices having improved perior-
mance from a higher V, on a region of the substrate adjacent
to the long fin devices. One or more long fins can be adjacent
to each other on a first region of the substrate, and one or
more short fins can be adjacent to each other on a second
region of the substrate, where the first region can be adjacent
to the second region on the same substrate. Alternating long,
fin devices and short fin devices can also be fabricated on the
same region of the substrate to form denser device configu-
rations.

[0020] Principles and embodiments of the present disclo-
sure also relate generally to high mobility channel silicon-
germamum (S1Ge) {inFETs having induced strain due to
lattice mismatch with the substrate material being config-
ured with predetermined fin lengths to vary the finFET
device’s threshold voltage without changing germanium
concentration in the fin material and/or doping concentra-
tions. The present principles and embodiments can also be
directed to utilizing different channel and/or substrate mate-
rials to control the amount of induced strain and fin/substrate
compatibilities to control the finFET device’s threshold
voltage.

[0021] Principles and embodiments of the present disclo-
sure also relate generally to obtaining finFET devices with
different threshold voltages, V,, at the same time without
changing material compositions or doping concentrations
during a fabrication process, by forming fins of different
predetermined lengths to achieve different intended V,’s.

[0022] Exemplary applications/uses to which the present
principles can be applied include, but are not limited to:
formation of complementary metal oxide silicon (CMOS)
field eflect transistors (FETs) formed by coupled finFETs,
digital gate devices (e.g., NAND, NOR, XOR, etc.), and
memory devices (e.g. static random access memory
(SRAM), dynamic access memory (DRAM), etc.).

[0023] Itisto be understood that the present invention will
be described 1n terms of a given 1llustrative architecture;
however, other architectures, structures, substrate materials
and process features and steps can be varied within the scope
of the present invention.

[0024] It should be noted that certain features may not be
shown 1n all figures for the sake of clarity. This 1s not
intended to be iterpreted as a limitation of any particular
embodiment, or illustration, or scope of the claims.

[0025] Reference to source/drain layers, regions, etc., 1s
intended to indicate that the particular device feature can be
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implemented as a source or a drain except as expressly
indicated otherwise. In addition, the role of source and drain
for an active device may 1n some 1nstances be reversed, so
a previously indicated drain can instead be a source and vice
versa. Reference to a source/drain 1s, therefore, intended to
encompass the broadest reasonable scope of the term.
[0026] Referring now to the drawings i which like
numerals represent the same or similar elements and initially
to FIG. 1, a side view of a {in field eflect transistor (finFET)
along a long axis of the fin 1s shown, 1n accordance with an
embodiment of the present invention.

[0027] In one or more embodiments, a substrate 110 can
be a semiconductor or an insulator with an active surface
semiconductor layer. The substrate can be crystalline, semi-
crystalline, microcrystalline, or amorphous. The substrate
can be essentially (1.e., except for contaminants) a single
clement (e.g., silicon), primarily (i.e., with doping) of a
single element, for example, silicon (S1) or germanium (Ge),
or the substrate can include a compound, for example,
Al,O,, S10,, GaAs, S1C, or Si1Ge. The substrate can also
have multiple material layers, for example, a semiconductor-
on-insulator substrate (SeOl), a silicon-on-insulator sub-
strate (SOI), germanium-on-insulator substrate (GeOl), or
silicon-germanium-on-insulator substrate (SGOI). The sub-
strate can also have other layers forming the substrate,
including high-k oxides and/or nitrides. In one or more
embodiments, the substrate 110 can be a silicon wafer. In
various embodiments, the substrate can be a single crystal
silicon (S1), silicon germanium (S1Ge), or I1I-V semicon-
ductor (e.g., GaAs) waler, or have a single crystal silicon
(S1), silicon germamum (S1Ge), or III-V semiconductor
(e.g., GaAs) surface/active layer.

[0028] In one or more embodiments, a fin 120 can be
formed on at least a portion of the surface of a substrate 110,
where the fin can be made of a diflerent material than the
material at the surface of the substrate.

[0029] In various embodiments, the fin 120 can be single
crystal silicon (S1), single crystal silicon-germanium (S1Ge)
or a single crystal I1I-V semiconductor material (e.g., GaAs,
InAs, etc.), and the material at the surface of the substrate
110 can be single crystal silicon (S1), single crystal silicon-
germanium (S1Ge), or single crystal III-V semiconductor
(e.g., GaAs, InAs, etc.), where the fin material can be
different from the substrate. The difference 1n materials can
provide a diflerence in crystal lattice constants that can
induce a lattice strain in the fin 120.

[0030] In one or more embodiments, the substrate can be
a silicon-germanium (S1_Ge,_ ) active material layer on a
single crystal silicon (S1), single crystal silicon-carbide
(S1C), single crystal silicon germanium (S1,Ge,__), or single
crystal silicon phosphide (S1P) carrier material, as well as
other semiconductor materials that can provide a crystal
lattice mismatch between the active matenal layer and the
carrier material. The crystal lattice mismatch can provide a
stress/strain to the fin 120.

[0031] In one or more embodiments, the lattice constant of
the S1Ge fin can be 1n the range of 5.431 A to 5.47 A, which
could results 1n a V, shift as high as about 100 mV, where

different lattice mismatches can result in different shifts 1in
v

;
[0032] In one or more embodiments, the fin can have a
length, L4, in the range of about 50 nm to about 1250 nm,
or in the range of about 128 nm to about 400 nm, or 1n the
range of about 128 nm to about 250 nm, or in the range of
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about 250 nm to about 375 nm, where the length of the fin
120 can correspond to a specific threshold voltage obtained
for a finFET device. In various embodiments, the length can
be about 2xCPP (i.e., Contacted Poly Pitch (CPP)), where
CPP 1s the dlstance between one gate and the nearest
adjacent gate) to about 6xCPP, where 6xCPP=400 nm,
where the mimmum length can be with a tucked structure,
where the end of the fin does not extend into the body of a
dummy gate.

[0033] In a non-limiting exemplary embodiment, a S1Ge
finFET device can have a V, of 230 mV with a fin length,
L;,. of 400 nm. In another non-limiting exemplary embodi-
ment, a S1Ge finFET device can have a V, of 300 mV with
a fin length, L,,, of about 100 nm, where the V, increases
with decreasing length (all other parameters being the same).
[0034] In one or more embodiments, the fin can have a
height 1n the range of about 10 nm to about 100 nm, or in
the range of about 20 nm to about 70 nm or in the range of
about 25 nm to about 60 nm, where increasing the fin height
can result in a lower V,, holding fin length, L., and material
ol the substrate and fin the same.

[0035] In one or more embodiments, the germanium con-
centration of a silicon-germanium fin 120 or substrate 110
may be changed to adjust the resulting threshold voltage, V
where a change 1n germanium concentration that produces a
larger difference 1n lattice constant results 1n an increased V
and a change 1n germanium concentration that produces a
smaller difference in lattice constant results 1n a decreased
V.

[0036] In various embodiments, a change 1n germanium
concentration of the fin 120 or substrate 110, and/or a change
in {in height may alter the relationship between fin length,
Ls,, and threshold voltage, V,, where the germanium con-
centration and/or fin height can make V, more sensitive or
less sensitive to changes in L,

[0037] In one or more embodiments, a gate structure 140
can be formed on at least a portion of the fin 120, where the
gate structure 140 can wrap around at least a portion of three
sides of the fin 120. In various embodiments, the gate
structure 140 can include a gate dielectric layer, a gate metal
{111, and optionally a work function layer between the gate
dielectric layer and the gate metal ill.

[0038] The gate structure 140 can be fabricated on the fin
120 by methods and processes known 1in the art, where
layers can be deposited using known chemistries and param-
cters, and patterned and etched, using known processes and
masking techmiques to form a finFET device. In various
embodiments, a plurality of vertical fins can be formed by a
sidewall 1mage transfer (SIT) process, seli-aligned double
patterning (SADP), or self-aligned quadruple patterning
(SAQP) to provide a tight pitch between vertical fins.

[0039] In one or more embodiments, the gate structure can
include a dielectric layer on a fin 120, where the dielectric
layer can be an insulating dielectric layer, for example, a
silicon dioxide (S10,) or a high-K dielectric.

[0040] In various embodiments, the gate dielectric layer
can be a high-K dielectric maternial that can include, but i1s
not limited to, transition metal oxides such as hatnium oxide
(e.g., H1O,), hafmium silicon oxide (e.g., HIS10,), hainium
silicon oxynitride (Ht, S1 O N_)), lanthanum oxide (e.g.,
La,0,), lanthanum aluminum oxide (e.g., LaAlQ;), zirco-
nium oxide (e.g., ZrQO,), zircontum silicon oxide (e.g.,
Zr510,), zirconium silicon oxynitride (Zr, S1. O N ), tanta-

Xy 'z

lum oxide (e.g., TaO,, Ta,O.), titamum oxide (e.g., T10,),
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bartum strontium titanium oxide (e.g., BaTi0O,—=SrT10;),
bartum titanium oxide (e.g., BaTliO;), strontium titanium
oxide (e.g., Sr110,), yttrium oxide (e.g., Y,0;), aluminum
oxide (e.g., Al,O,), lead scandium tantalum oxide (Pb
(Sc_Ta,_ )O;), and lead zinc niobate (e.g., PbZn,,, Nb, ;
O,). The high-k material can further include dopants such as
lanthanum and/or aluminum. The stoichiometry of the
high-K dielectric materials can vary.

[0041] In various embodiments, the gate fill layer can be
a conductive metal, where the metal can be tungsten (W),
titanium (11), molybdenum (Mo), cobalt (Co), or a conduc-
tive carbon material (e.g., carbon nanotube, graphene, etc.),
or any suitable combinations thereof.

[0042] In various embodiments, a work function layer can
be a conductive metal, including but not limited to, alumi-
num (Al), titanium (T11), tungsten (W), a conductive metal
alloy/compound, including but not limited to, titamium-
aluminum (TiAl), cobalt aluminum (CoAl), a conductive
nitride, including but not limited to, titantum nitride (T1N),
titanium aluminum nitride (T1AIN), hatnium nitride (HIN),
hatnium silicon nitride (HIfSiN), tantalum nitride (TalN),
tantalum silicon nitride (TaSiN), tungsten nitride (WN),
molybdenum nitride (MoN), niobium nitride (NbN); and/or
a conductive carbide, including but not limited to, titanium
carbide (T1C), titanium aluminum carbide (T1AIC), tantalum
carbide (TaC), tantalum aluminum carbide (TaAlC), hat-
nium carbide (HIC); or combinations thereof. The work
function layer can include multiple layers of work function
materials, for example, a work function layer can be a

TiN/T1Al stack.

[0043] In one or more embodiments, a source/drain 130,
135 can be formed on opposite sides of the gate structure
140, where the source/drains 130, 135 can be epitaxially
grown on exposed portions of the fin 120 by processes
known 1n the art. A first source/drain 130 can be located on
a first side of the gate structure 140, and a second source/
drain 135 can be opposite the first source/drain on the
opposite side of the gate structure, where current can tlow
from the first source/drain 130 passed the gate structure 140
to the second source/drain 135 1n a direction essentially
parallel to the plane of the substrate surface. FElectrical
connections can be made to the source/drains 130, 135 and
gate structure 140, as would be known 1n the art.

[0044] FIG. 2 1s an end-on view of a finFET device, 1n
accordance with an embodiment of the present invention.

[0045] Inone or more embodiments, the gate structure 140
can be on at least a portion of three sides of the fin 120. The
source/drains 130, 135 can be formed on a top surface of the

fin 120.

[0046] FIG. 3 1s a top view of a inFET device having an
active gate on a central portion of a plurality of fins and
dummy gates on each end of the plurality of fins with a
non-tucked structure, in accordance with an embodiment of

the present mvention.

[0047] In one or more embodiments, each of the one or
more fin(s) 120 forming a finFET device can have a long fin
length, L, in the range of about 180 nm to about 350 nm that

can provide a threshold voltage, V,,, 1n the range of about
260 mV to about 220 mV, where L,>L,, and V <V ;. A long

fin length can be the lesser of 6xCPP or 400 nm, but larger
than 3xCPP (Contacted Poly Pitch).

[0048] FIG. 4 15 a top view of a inFET device having an
active gate on a central portion of a plurality of fins and
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dummy gates on each end of the plurality of fins with a
non-tucked structure, 1n accordance with an embodiment of
the present invention.

[0049] In one or more embodiments, each of the one or
more fin(s) 120 forming a finFET device can have a short fin
length, L., in the range of about 60 nm to about 140 nm that
can provide a threshold voltage, V., in the range of about
450 mV to about 300 mV, where V,, decreases with the
increasing fin length. A minimum fin length L, , can be
2xCPP with a tucked structure. The fin length can be about
half the gate dimension for a non-tucked structure. A short
fin can have a minimum length of 2xCPP, where the short fin
length can be 1n the range of about 2xCPP to about 3xCPP.
The V, value can be larger i1 the channel Ge percentage 1s
increased, and smaller 1f the Ge concentration 1s decreased
in the fin 120.

[0050] In one or more embodiments, a long fin can have
a maximum fin length, where the fin has a fully stressed fin
length, L;,, beyond which V, does not appreciably change
with increasing length. A maximum fin length can be equal
to or less than 400 nm.

[0051] In various embodiments, a plurality of fins having
a shorter fin length can provide a higher pattern density with
a higher V.. A higher V, can provide lower threshold current
leakage with lower resulting power consumption. A longer
fin length can provide a lower V, resulting in faster device
speeds.

[0052] FIG. 5 1s a top view of a plurality of long fin
devices on a first region of a substrate and a plurality of short
fin devices on a second region of a substrate, 1n accordance
with an embodiment of the present invention.

[0053] In one or more embodiments, finFET devices 511
with longer fin lengths can be arranged on a substrate 110
adjacent to finFET devices 522 with shorter fin lengths to
provide a combination of finFET devices on the substrate
with higher V, and lower V.. One or more short fins 520 can
have a threshold voltage at least 100 mV greater than the
threshold voltage of the one or more long fins 510.

[0054] In one or more embodiments, one or more long fins
510 can be fabricated on a first region 501 of a substrate 110,
and one or more short fins 520 can be fabricated on a second
region 502 of a substrate 110. The first region 501 can be
adjacent to the second region 502 on the substrate, such that
a long fin 510 can be adjacent to a short fin 520. In other
embodiments, long fins and short fin can be interspersed on
the same region of the substrate, where the long fins and
short fins may alternate. The long fins can have a greater {in
length than the short fins 1 the same or neighboring regions
on the substrate.

[0055] A plurality of fins can be formed on the same
regions of a substrate, where the plurality of fins are adjacent
to each other. The fins can be same length when initially
formed on the substrate, or different sized fins can be formed
on the substrate utilizing processes known in the art. Por-
tions of some of the fins can be removed to adjust the fin
lengths to provide long fins 510 and short fins 520 on the
substrate. The lengths of different fins can be modified to
provide fins with two or more different fin lengths.

[0056] In various embodiments, a dummy gate 150 can be
tabricated on one or both ends of a long fin 510 and/or a
short fin 520, where the dummy gate can protect the ends of
the fins and/or provide for a more uniform fabrication of the
source/drains 130, 135 on either side of the gate structure
140. A dummy gate 150 can cover at least a portion of a long
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or short fin 510, 520 to form a non-tucked structure, or the
dummy gate 150 can be against the endwall of the fin 510,
520 to form a tucked structure. The fins in FIG. 5 illustrate
a tucked structure, where the fins do not extend under the
dummy gates 150, but instead are in contact with the
sidewall of the dummy gate 150.

[0057] In one or more embodiments, one or more of the
long fins 510 can be included 1n a long fin device 511 on a
first region 501 of the substrate. In various embodiments, a
multi-fin device can include a plurality of long fins 510
clectrically coupled together and sharing the same gate
structure, where the multi-fin device can be a finFET device.
A plurality of long fin devices 511 on the same substrate
region can be coupled together to form a logic device. In a
non-limiting exemplary embodiment, multiple long fin
devices can provide finFETs for a logic gate (e.g., two long

fin devices can form a NAND gate, four long fin devices can
form a NOT gate, etc.).

[0058] In one or more embodiments, one or more of the
short fins 520 can be 1ncluded 1n a short fin device 522 on
a second region 502 of the substrate. In various embodi-
ments, a multi-fin device can include a plurality of short fins
520 electrically coupled together and sharing the same gate
structure, where the multi-fin device can be a finFET device.
One or more short fin devices 522 on the same substrate
region can be coupled together to form a memory device. In
a non-limiting exemplary embodiment, a single short fin
device can be a finFET for a DRAM storage cell, where the
higher threshold voltage of the short fin device can provide
lower leakage current for the memory device compared to
lower V. DRAM memory cells. In another non-limiting
exemplary embodiment, a plurality of short fin devices can
be finFETs for an SRAM memory cell (e.g., two short fin
devices for a flip-flop, six devices for a CMOS SRAM

memory cell, etc.).

[0059] In one or more embodiments, a plurality of
memory devices can be formed adjacent to a plurality of
logic devices using the same fabrication steps by forming a
plurality of long fin devices 511 1n a region 501 on the
substrate adjacent to a plurality of short fin devices 522 1n a
region 502 adjacent to region 501. The fins 510, 520 can be
formed at the same time, and the lengths adjusted during an
ctching step to provide long fins 510 and short fins 520
together on the substrate, such that a plurality of long fins
and a plurality of short fins are formed on the substrate at the
same time.

[0060] In one or more embodiments, a plurality of finFET
devices having long fins forming one or more digital logic
devices can be on a first region of the substrate, and a
plurality of finFET devices having short fins forming one or
more memory devices can be on a second region of the
substrate, where the first region 1s adjacent to the second
region on the substrate. A plurality of long fins 5310 formed
on the same region of the substrate can be made of different
materials and/or have different dopants to form one or more

B

n-type finFETSs (1.e., nFETs) and one or more p-type finFETs
(1.e., pFETSs). The nFETs and pFETs having long fins 510 can

be coupled to form one or more complementary semicon-
ductor-on-metal (CMOS) devices on the same region of the
substrate 110.

[0061] FIG. 6 1s a top view of a plurality of n-type and
p-type long fins on a first region of a substrate and a plurality
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of n-type and p-type short fins on a second region of a
substrate, 1n accordance with an embodiment of the present
invention.

[0062] In one or more embodiments, a plurality of n-type
long fins 516 and a plurality of p-type long fins 518 can be
formed on a first region 501 of the substrate, where the
n-type long fins 516 can form an nFET and the p-type long
fins 318 can form a pFET.

[0063] In one or more embodiments, a plurality of n-type
short fins 526 and a plurality of p-type short fins 528 can be
formed on a second region 302 of the substrate, where the
n-type short fins 526 can form an nFET and the p-type short
fins 528 can form a pFET.

[0064] In one or more embodiments, the nFET can be
formed by one or more short fin(s), whereas the pFET can
be formed by one or more long {in(s).

[0065] In one or more embodiments, a plurality of dummy
gates 151, 152 can be formed on either side of an active gate
140, where the dummy gates 150 can be separated by a
predetermined distance, such that fins formed between a first
two dummy gates 151 closest to the active gate 140 would
be short fins, and fins formed between a second two dummy
gates 152 further away from the active gate would be long
fins. In various embodiments, one or more short fins 526,
528 can be formed by removing the fin material between the
first dummy gates 151 and the second dummy gates 152,
whereas long fins can be formed by leaving the fin material
between the first dummy gates 151 and the second dummy
gates 152. The fin material between the first dummy gates
151 and the second dummy gates 152 can be removed by a
masking and etching process.

[0066] FIG. 7 1s a graph of threshold voltage, V ,, 1n volts
(V) on the Y-axis, and fin length in nanometers (nm) on the
X-axis, 1 accordance with an embodiment of the present
invention.

[0067] The V., data obtained for the graph in FIG. 6 was
obtained using an Agilent® Semiconductor Parameter Ana-
lyzer for finFET devices having varying fin lengths. In
taking the measurements, 1, (1.e., drain current) 1s set at a
small voltage level, and the gate 1s swept through a range of
voltages, while V, 1s measured at a constant drain current.

[0068] It can be seen that a large change in threshold
voltage occurs from about 100 nm to about 250 nm for L.
A smaller change occurs 1n threshold voltage occurs from
about 250 nm to about 375 nm for L4,,. The threshold voltage
remains substantially constant for fins having fin lengths,
L;,. above about 375 nm to 1 um and greater.

[0069] It will also be understood that when an element
such as a layer, region or substrate i1s referred to as being
“on” or “over” another element, 1t can be directly on the
other element or intervening elements may also be present.
In contrast, when an element 1s referred to as being “directly
on” or “directly over” another element, there are no inter-
vening elements present. It will also be understood that
when an element 1s referred to as being “connected” or
“coupled” to another element, it can be directly connected or
coupled to the other element or intervening elements may be
present. In contrast, when an element 1s referred to as being
“directly connected” or “directly coupled” to another ele-
ment, there are no intervening elements present.

[0070] It should be understood that use of descriptions
such as top, bottom, left, right, vertical, horizontal, or the
like, are intended to be in reference to the orientation(s)
illustrated 1n the figures, and are intended to be descriptive
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and to distinguish aspects of depicted features without being
limiting. Spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper,” and the like, may be
used herein for ease of description to describe one element’s
or feature’s relationship to another element(s) or feature(s)
as 1llustrated in the FIGs. It will be understood that the
spatially relative terms are intended to encompass different
orientations of the device 1 use or operation 1n addition to
the orientation depicted in the FIGs. For example, 11 the
device 1in the FIGs. 1s turned over, elements described as
“below” or “beneath” other elements or features would then
be oriented “above’ the other elements or features. Thus, the
term “below” can encompass both an orientation of above
and below. The device may be otherwise oriented (rotated 90
degrees or at other orientations), and the spatially relative
descriptors used herein may be interpreted accordingly. In
addition, 1t will also be understood that when a layer 1is
referred to as being “between” two layers, 1t can be the only
layer between the two layers, or one or more intervening
layers may also be present.

[0071] It will be understood that, although the terms {irst,
second, etc. may be used herein to describe various ele-
ments, these elements should not be limited by these terms.
These terms are only used to distinguish one element from
another element. Reference to first, second, third, etc.,
feature 1s intended to distinguish features without necessar-
1ly implying a particular order unless otherwise so stated or
indicated. Thus, a first element discussed herein could be
termed a second element without departing from the scope
of the present concept.

[0072] The present embodiments may include a design for
an integrated circuit chip, which may be created 1n a
graphical computer programming language, and stored 1n a
computer storage medium (such as a disk, tape, physical
hard drive, or virtual hard drive such as 1n a storage access
network). If the designer does not fabricate chips or the
photolithographic masks wused to {fabricate chips, the
designer may transmit the resulting design by physical
means (e.g., by providing a copy of the storage medium
storing the design) or electronically (e.g., through the Inter-
net) to such entities, directly or indirectly. The stored design
1s then converted into the appropriate format (e.g., GDSII)
for the fabrication of photolithographic masks, which typi-
cally mnclude multiple copies of the chip design 1n question
that are to be formed on a waler. The photolithographic
masks are utilized to define areas of the water (and/or the
layers thereon) to be etched or otherwise processed.

[0073] Methods as described herein may be used 1n the
fabrication of integrated circuit chips. The resulting inte-
grated circuit chips can be distributed by the fabricator in
raw waler form (that 1s, as a single wafer that has multiple
unpackaged chips), as a bare die, or 1n a packaged form. In
the latter case the chip 1s mounted 1n a single chip package
(such as a plastic carrier, with leads that are athxed to a
motherboard or other higher level carrier) or 1n a multichip
package (such as a ceramic carrier that has either or both
surface interconnections or buried interconnections). In any
case the chip 1s then integrated with other chips, discrete
circuit elements, and/or other signal processing devices as
part of erther (a) an intermediate product, such as a moth-
erboard, or (b) an end product. The end product can be any
product that includes integrated circuit chips, ranging from
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toys and other low-end applications to advanced computer
products having a display, a keyboard or other imnput device,
and a central processor.

[0074] It should also be understood that material com-
pounds will be described 1n terms of listed elements, e.g.,
S1Ge. These compounds include different proportions of the
clements within the compound, e.g., S1Ge includes S1, Ge, _,
where x 1s less than or equal to 1, etc. In addition, other
clements can be included 1n the compound and still function
in accordance with the present principles. The compounds
with additional elements will be referred to herein as alloys.
[0075] Reference 1n the specification to “one embodi-
ment” or “an embodiment™ of the present principles, as well
as other variations thereof, means that a particular feature,
structure, characteristic, and so forth described 1n connection
with the embodiment 1s included 1n at least one embodiment
of the present principles. Thus, the appearances of the phrase
“in one embodiment” or “in an embodiment”, as well any
other variations, appearing 1n various places throughout the
specification are not necessarily all referring to the same
embodiment.

[0076] It 1s to be appreciated that the use of any of the
following */”, “and/or”, and *“at least one of”, for example,
in the cases of “A/B”, “A and/or B” and “at least one of A
and B”, 1s intended to encompass the selection of the first
listed option (A) only, or the selection of the second listed
option (B) only, or the selection of both options (A and B).
As a further example, 1n the cases of “A, B, and/or C” and
“at least one of A, B, and C”, such phrasing 1s intended to
encompass the selection of the first listed option (A) only, or
the selection of the second listed option (B) only, or the
selection of the third listed option (C) only, or the selection
of the first and the second listed options (A and B) only, or
the selection of the first and third listed options (A and C)
only, or the selection of the second and third listed options
(B and C) only, or the selection of all three options (A and
B and C). This may be extended, as readily apparent by one
of ordinary skill in this and related arts, for as many items
listed.

[0077] Having described preferred embodiments of a
device and method (which are mntended to be illustrative and
not limiting), i1t 1s noted that modifications and varations can
be made by persons skilled in the art in light of the above
teachings. It 1s therefore to be understood that changes may
be made 1n the particular embodiments disclosed which are
within the scope of the invention as outlined by the
appended claims. Having thus described aspects of the
invention, with the details and particularity required by the
patent laws, what 1s claimed and desired protected by Letters
Patent 1s set forth in the appended claims.

1. A method of forming an arrangement of long and short
fins on a substrate, comprising;:

forming a plurality of fin field effect transistor (finFET)
devices having long fins on the substrate, wherein the
long fins have a fin length in the range of about 180 nm
to about 350 nm, and wherein the plurality of finFET
devices having long fins have a threshold voltage 1n the
range ol about 260 mV to about 220 mV; and

forming a plurality of finFET devices having short fins on
the substrate, where the short fins have a fin length in
the range of about 60 nm to about 140 nm, wherein at
least one of the plurality of finFET devices having a
long fin 1s adjacent to at least one of the plurality of
inFET devices having a short fin.
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2. The method of claim 1, wherein the plurality of finFET
devices having long fins forms one or more digital logic
devices on a first region of the substrate, and the plurality of
finFET devices having short fins forms one or more memory
devices on a second region of the substrate, where the first
region 1s adjacent to the second region on the substrate.
3. (canceled)
4. The method of claim 1, wherein the plurality of finFET
devices having short fins have a threshold voltage in the
range of about 450 mV to about 280 mV, where the threshold
voltage decreases with increasing {in length.
5. The method of claim 1, wherein the substrate 1s single
crystal silicon and the plurality of finFET devices having
short fins have fins made of single crystal silicon-germa-
nium.
6. The method of claim 5, wherein diflerence 1n lattice
constants between the substrate and the short fins imparts a
strain to the fins of the plurality of finFET devices having
short fins.
7. The method of claim 1, wherein the substrate 1s single
crystal silicon and the plurality of finFET devices having
long fins have fins made of single crystal silicon-germa-
nium.
8. The method of claim 7, wherein diflerence 1n lattice
constants between the substrate and the long fins 1imparts a
strain to the fins of the plurality of finFET devices having,
long fins.
9. The method of claim 1, wherein the substrate 1s a single
crystal silicon, and the plurality of finFET devices having
long fins have fins made of single crystal III-V semicon-
ductor material.
10. An arrangement of long fin devices and short fin
devices on a substrate, comprising:
one or more short fins on the substrate, wherein the one
or more short fins have a fin length 1n the range of about
60 nm to about 140 nm; and

one or more long fins on the substrate, wherein the one or
more long fins have a fin length 1n the range of about
180 nm to about 350 nm, wherein the one or more long
fins form one or more long fin finFET devices, and the
one or more long fin finFET devices have a threshold
voltage in the range of about 260 mV to about 220 mV.

11. The arrangement of long fin devices and short fin
devices of claim 10, wherein the one or more long fins are
at least two long fins adjacent to each other on a first region
of the substrate, and the one or more short fins are at least
two short fins adjacent to each other on a second region of
the substrate.

12. The arrangement of long fin devices and short fin
devices of claim 10, wherein the one or more short fins form
one or more short fin finFET devices.

13. The arrangement of long fin devices and short fin
devices of claim 12, wherein the one or more long fin finFET
devices form at least one digital logic device, and the one or
more short fin inFET devices form at least one memory
device.

14. The arrangement of long fin devices and short fin
devices of claim 13, wherein the at least one digital logic
device 1s a NAND gate device, and the at least one memory
device 1s an SRAM device.

15. The arrangement of long fin devices and short fin
devices of claim 10, wherein the one or more long fins
alternate with the one or more short fins within the same
region ol the substrate.

16-20. (canceled)
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