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In one embodiment, a power amplification system of a radio-
frequency transmitter includes a digital signal source that
provides a digital input signal to an interleaved-bit-stream
generator, which outputs a digital switching signal to a
switching power amplifier. The interleaved-bit-stream gen-
crator has an eight-path interleaving architecture that helps
reduce the effective clock-rate requirements of the inter-
leaved-bit-stream generator. The interleaved-bit-stream gen-
erator includes an array of fractional-delay filters for receiv-
ing the digital mput signal and outputting eight fractionally
delayed digital output signals to a bit-stream generation array
adapted to output eight corresponding bit streams to a serial-
1zer block that interleaves and combines the eight bit-streams
into the digital switching signal. The relative phases of the
interleaved signals may be adjusted to achieve certain desired

15, 2013. effects.
Antenna
405
Analog
RF Output
Signal
4042
. . Interleaved L
Digital Signal Jit-atream Switching Power Bandpass Filter
Source Amplifier
401 L,, Generator L 403 L_,,_’ 404
Digital 402 Digital RF Amplified
Signal Switching RF Signhal
402a




US 2014/0269978 Al

Sep. 18, 2014 Sheet 1 of 21

Patent Application Publication

20l

YOl
19114 ssedpueg

€0€E

leznueny [€===| 514 doo7

BEO|
leubls 4y
paldwy

F\J

boleuy

Gol
BUUSIUY

(1HV HOIHJ)
& Dl
2ol
20¢g 102
J la|dwesdn _\_
BZ0E BLOS el0}
(1YY HOIHd)
| DI
0l
20|
[eubls
Bulyolms
o 44 [eubIg L
SOl rJ 201
laljidwy lolelausn)
J8MOd BUIy21IMs Lwealls-1ig

(1HY HOIHd)
¢ Dl
cor
702 —
|_ 202
@omP MI
BEO|
r\J

2LO}
leubis
e1big

F\J

101
82/N0S

[eubis [enbig




US 2014/0269978 Al

Sep. 18, 2014 Sheet 2 of 21

Patent Application Publication

707

J18]|I{ ssedpueg

9 Dl

009

-..__ - [T
.__.
i\.\l.\.\\h.\....t.\l.t\\ .—..*.\.....l.\. \.l...q.-......l.\w.l.\.___-l.\.

13 sy e o
By 1 -

H. .y

|||||

kY

N\u\u!\u\u\.‘\u\ul\u\.!\u\.\\u\u‘.ll.

B+ 4 F+F+ .—. .-. - .1 + 1 F —. —. .-. _ F .—. 4 ".IL pP=-++ =%+ 1" FFAFFAdF+dF++=-++ t -
' ' e - - -
1-.....1._...'.'..__....- - +..\.-.1‘ L. _. v _ F +1._ -.-._ .-1-............. "+ ._-..- iy u—.v '+ v . +1+1-...+-+._._ L L k. -
] 1. -_____- [ P -!r TP
—.l.—.—.—..—.—. - l_- .-.—.1 .1 l.-._ .-1|+.1|.1+|+ 1+| —.. .-.1 -—.1 v -11.1 |+.1|.-..‘-
" N X B . NS o e PR
v + 4 _. ] -l 1_...__ .ﬂ r -.-._ - -_.“.-ﬂ (e IR | [ ] -
LT . e e AT

(0)109

BEOY
leubls 44
payidy

F\J

+
| ]
-

........ e SN 0 Sy L Ot W s
—.l._...—...+1._...|...+|+.1|.-.+|+...|...+|.-....|...+|+1._.-.—...+1._...—....-. .-1|+...|.1+|+.-.|...+|+1._...—...+1._.1—..-+1._.1—...+1._...—....+|+.1|.-.
o e o e e o e e ol
..-mu.h.umu‘\._...\_-.ﬁ.-‘ H\\\\\lﬁl . . .\H\ﬂﬂﬁ\lﬁl‘.ﬂ\lﬁ!\ﬁﬂ\ﬂ\t

(1)109 (z-1109

.. ....._1.._. ..
-__ ) ; .. l_-..._ . _
: - ) } x
...._-r&... o . . i N " i .....-.-_...-.......q.._...-..t. ..alr..\......__i.t.n.....l.....-_ daaiaadna »
" ) ; .
r ] B .l.m_ i

._ L
-_“... LA ..-1-.._.

\11%51\51\\&\\&1\11\11&

F o+ 4 + + + + F 4 F +
c BAdF ket + * * 4 F+dFEAF LI

g

’
’
r
1|
’
r
L

£

LICIE I IR | EER I BTN |
LW LW N E LR LR

E ol st at st nl pt s il ol mbrlat st ol ot it il ot o il
St N N e e N R
.-_....-....“. .“..... e ._...r...r ...“.:.Up...“.— +.+.“. r.....“..“-
- LR Y
- a "

Py |

H._....“_.”....1.. ettt et :

.-.I.-..-. L] 1--Il.- llllllll ) ) )
+-+.......+.+........—.+1._...v..+1._...v..+1.....v..+-+1-...+ +....|.
O e
W‘H\‘H‘m‘l‘ﬁ‘“‘\h&‘\‘\\h‘hﬂ.

(1-1)109

hﬁt...__ﬂ__..\..___..__..\..___..__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..\.___.41\..___..__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.___.41\..\.._1\..-_.._1\..___.41.__1.___...__1.__1.___...__1.._1.___...__1ﬁﬁt.#.\.t.;l\.t.#.\..\.#.i.‘ﬂi.ﬂﬂi.ﬂﬂ‘

7 Ol

£0t

INdiNO 44
Bojeuy

GOv
BULDIUY

a1y duwy
JaMOod buIlyolmsg

00%

220V
eubis

Bulyoms

44 renbiq

F\\J

.____.

R T o &
ATt

AN

A0
Jojelsusn

weal}s-jg
paABalIaU]

eubls
121161

r.\\J

107
80IN0S

leubis [eubig




US 2014/0269978 Al

Sep. 18, 2014 Sheet 3 of 21

Patent Application Publication

~

20t
leubls
buiyo1lms

44 |eubig

€06

YO0|d
EVAIITELS

8L5Gy

a Y

\L)¥08

S|NPON
IEYA|IEDRS

vmmrx

G Old

c0¥

£y

(7)70S
IN o|NPO
19Z1|BlI8Q

(9)¥0¢

O|NPOA
19ZIel1as

@mx

(€706
3|NPOIN
IEV4IAPETS

(C)¥0G
S[NPON
IEYA|IZIIETS

(G708

O|NPO
19Z|[BlI8S

(1)%0G
8|NPOIN
19Z]|B119S

(8)20G
5S4

(7)2065
0HSd

(9)206
DHSd

(G)206S
5HSd

(¥)208G
0S4

(€)206G
HSg

(2)206S
HSd

(1)20G
NS4

(8) 106G
404

(Z)10G
404

(9)10G
404

4 |2

(G)10G
104

() 106G
404

(S) 106
404

(1)T0G
404

~J

B0t
leubls
[e10i1Qg



US 2014/0269978 Al

Sep. 18, 2014 Sheet 4 of 21

Patent Application Publication

(e
N

T

i
-
LS
rk
nF

W

LI .

e

F s Y
T

r=-

L |
-

h

e

3

A vEL AL

i
¥
k

—

]
1ﬂ.._

ek W

faa fve i

o=

e

.

I

1l a

n
L

R
Pt

gy

b

£Lr
(i
ot
_|-..“.
1”.”*

.
.

L] n
W gTem -y
h"f“-:ul"q_i al..-:.l.h.h.

'y

T
bat

L0 g 0 g

N

b

il e e
S AL i S =
] ._rrn_ ﬂ-hv ._H_u_ ﬁ.hv ._h.,u_

TS

3

-

-

™t

-
yro-- -

=1

-

n'.'.ﬁ'

e
A

5

-

o
L

4

1-.1'. o

(1]

-md

L ]
-

b -=- -

'I"i-lr"l

2

-;
.

L]

E ﬁ'r-._':..-j_'.!' _;F'

L
]
b

_'J'n.'-_u--.-.

Lyl

—

%

=i
-

-y
-

F i ™

Lol
o
'

a
-

gy

-

»

4= FL

LS

i

i

o b e
g ]

£

e
kg

" m

L]
L]
L.

™

oy o

i

f.

il

"

ey

e

-
_L”r

3

e

()

g

<f
PRV R R I R P B S
Wi

i

Y
_..j...._ u.-.r:
S

rdy
= 1
Thr
LI
r 1
“ 1
R % ot
] P |
Lot B
[ L L
iy ..__-.._-._
s m
iy
o
oY ]
u, - 1w m_ m ol
a a
P LR R g
=y, | K] | -y
.-l.ln 1 "y amy Wy . Fary
" rm -4
A I B ¥
- [ K (M + 1

.
Ll B ]

%S U .

o™
NS
o

n 1 -..-._.._LL e I e R | _...u..M ™
uu-“ ﬁ_iu ._...q..!- -._u.” ...“...-.- “......M .-__“..“..
R . re J._.H e . .._n
r - '3
arp ol I A L “.”__
3 T z
lv_. I“- . r . '
ﬂl__.._m -_.-.-.M ra L rm . e
T War fr, Fr, Fr, ._lt.—. e
- - L LT S| LA
<, R T L
cf e T e e
- 1
P LT " Sl !
ey §g oas o kv
4 - - - H -~
Ho B o ol o
Fa | Fa . .
[ T L e .__u e
n ' [}
LT T T il
I - 33 e
[ (A 1k et it
—— e et L s
i rd Fa e )
e-f el [ LI r
! ' el b e N =i
! 1 ’ r r . d
U i I P Fdpd e 4

TR
i
e

3
g

}
i

T I ry “ror " L”..t—. b o

B ) _..-m - _u..m

ot ln 5% ot &) N
A Tm T re,
e r [ ] - - [ ]

ds
+
=
i
e
i"*;
o

- lw 1Im im In dm [ o
' ! e e s B . -
‘l”‘ l.UU afr-—y, F ™ afer-mry H o -
. - =T - ] . - i o Oh i
FE e e TR VI, T I A i Gl il
- ] L. ) . o ) ) L L S ol !
syt -, nnﬁ .\ﬁ o] .\ﬁ o] ..."___.u = I Y B S 1
M Moot o1 i
SN M . . . . . . e T BT R '
o el ol oem oWl et g = ow = oo Fa
“. |_ﬂ i rr rd ' X
im. fu. dm .|__.w o,
—i = 'Ll i o b ol
r 1 . . . -
I 1 S R Y e ’ ?-
4

-y i I i r 1!

o it H FR !
" e v L h oy L
o LN ) ] L Al
. A A A G
L] L] - -y L]

. _ Fr, - e - ! »
) J T R R ._,.U...w ——
P ' - - ! "

M
-
X

repor= ix e bl e el

"L
[
-

)

-

- L o —l i~

T d & - T (L [k o .“u_..“ _-.H.."
T g LN Lo L .1.!.. .nln -"..._1. .uu.n “...-..._ :“.1"
T T R TR T T TR L« s . —ra SR o Pk i
MRS e ee e s 0L o ar, [ e 2, el 1D T TR P g1,
L LA .”....._“ -l....‘i _._.“H _HH”. “_-n utu L Fr, Pr, Jox., PFr., PFr, _ao, ll.l-_._ fr, v, aa, Fu, fr, am, 1-““1 .I.-ﬂ_ __1.-.1."_ ._.._.”..- mv-u ...1...1. h..ﬂn
R o e L T T T e el e G el
et Rt 4o = YT e - A L - 2 T+~ B L T = e =d ) -
e S B ¥ LY B R I L S Y Y R T PR L Ghonh B il
Vo e T i MM M M M RN AR AR AR AR o r o R
H ”_.ﬂ H .-...n E .-..-.n "_.n tar %ar Twr Far TtmF Tar Yawr Emr wm’ Emr Yat har Tat  matt Ckat E .ﬂ._.-w e .u.-.“ _-..l._
e gmd et TRt et Rl Rl RS s T T P R N B PR o i I O Y L R, f
e Ghal Rl G Red Gha Rl G bpd G b hd g apd G [
A H e e C L e R e L L R T T TR P T HY
R N S S I I R w4 Tm4 ces Ced Ces Ced Ces ad Ces tar Ces ek Cer er cer o
3 S TR TR (TR TR TR TR F I OB B OB 5 I OB+ S (LR W (L W OB S <
SR - N - S 4 4R T - B - e R (S, - g R - Wl -
VRN ¢ B T B B ¢ I B < LB r B LB r B B BB S B S B B4 S b
e EE R 2
L, i amd pad gmd pad gmd pad el L - T A R N " pa e
T I T T P 2
Ao b o4l G 4 b G B ged gt £ e ged D0 R e es O g ed S mB S oed Oy ooed Ga oo
ST T, B S, By S B R ORT MY RYL MT IN RN LR KR AR R f
S O I £ T B T T T N T T I SR
n_..-m_._ _u.n...“ T R T R Yo F=i F=8 F=i F e ofT e e e e e e e et e (HA
__ﬂ_ J-.”.w w r=a ll._..*_.
T A R A A O R I o <l
nonon o= -
i i
- (A
L Ly in da
i 4 Lt o o
wi iR owr o HE-- " .
sy im e o Lo O =i al
£ S B D S, i e _. g Lge ge r P

i

[+
[
4
1
4
1

=-rit Ta

I‘-.ll'a.
ml ur
]
™y e
- .
"
4
i
X
L

R E P

PRI VIS S .

|
1
'
wh
-
.
L
wh
T
_I -
[
-
-
ok

.
x
A
=
pA
X
X
v
3
X
%

SIEC IR

i
700

e

2y

da
o~ ra

F e
!
1
=il
i

Lt |

Tm

FIG. 7

[} F I
_.....II_._ _1.1U__
AT
e

" n

i i

rH [l
_".. -
o l
[ o
o Fa
e, [
._I‘.l“. LA
. r

LI
LG
oo
LA

L R -
L g
L
ﬁl.— 1
[} ] El
l— L--—
1™ ]
I
o
ida Fay
LR
T
= rad
LW Rl
re b
"~ C
®
] -
N

-
P R
i “..1.._
e dat
LR
vl ol

ta} 1D
. T,
— oy
" -
1
LV O
e, Ay
ST i

=1 W07
“ -
oo

LI

-

4

M A



Patent Application Publication  Sep. 18, 2014 Sheet 5 of 21 US 2014/0269978 Al

-
> > o | o
LL LL
D ® a -4
1 L % ft 3
H 4
L L
T T
m U) ............... N AR N
LL LL EU Eﬁ
........ m FEARSER f_ﬂ
LL LL
0D
o & S
o ™ . o0 LD
Py > M [~ <t
T oy (D 3P
4 L) o
< >

FIG. 8(A)
FIG. 8(B)
FIG. 8(C)
FIG. 8(D)
FIG. 8(E)
FIG. 8(F)
FIG. 8(G)



US 2014/0269978 Al

Sep. 18, 2014 Sheet 6 of 21

Patent Application Publication

e006
eubis
Buiyoums

44 [eubig

6 Ol

€06

#90|d
IEVANIPELS

(£)¥0G
S|NPOW
IEYAl|PELS

8L85y

ﬁmmrx

(9)¥0G
9|NPOW
12zl|el1es

(G706
9|NPOW
18Z||ell8sg

3Ly

mmx

Pey

mvx

\P)70G
S|NPOA

IEFACITED

(£)¥0G
S|INPON
19ZIellag

(2)¥0G
S|NPON
IEYAlIELRS

(1)%0S
S|NPON
EYAETS

(8)20G
NS4

(/)20%

054

(9)20%
054

(G)c0S
054

(¥)20G
OSd

(£)206G
£Sd

(2)20G
0Sd

(T)20S
5G]

mmjmj

Al
ﬁmvmom“lﬂ _m_w|_m_.._ G106

(#2065 y

dsl1En

mm:fz

N

(12065 x

(CLII06

LEL)LO6

mmej

mmjvj

mquj

B0V

[eubis

1e1101Q



US 2014/0269978 Al

Sep. 18, 2014 Sheet 7 of 21

Patent Application Publication

(@2l oI

354

(D)2L Ol

354

8/9GVET)
X

|5

(g)ol oI

dsMbn

8LOSVEZ
X

()21 oI

354

\4

8/9SVEZ
X

(V)0 "Dl

|5

8/95VET)
X

ds Thn



Patent Application Publication  Sep. 18, 2014 Sheet 8 of 21 US 2014/0269978 Al

A A A A A A A
~I <I ﬁrl
. L L L ot ot O i

|
|
VLQ
4
m ,.
Al
.

1% o ] »
Ll LL %;J_ —— —— -
& & g L
—ES5 —&5 — &y —Ey —ly —>
< ~
~ Y S \4 N Y N Y - \4 © Y
» b = < ><1_ E %
2 &
= pod

FIG. 11(A)
FIG. 11(B)
FIG. 11(C)
FIG. 11(D)
FIG. 11(E)
FIG. 11(F)
FIG. 11(G)



US 2014/0269978 Al

Sep. 18, 2014 Sheet 9 of 21

Patent Application Publication

b

2

e

Ay ke

S

L -
Sl

Ty N -
.

-
Y
.-

ha'he oy
1

b

e

by

S, P

ab
L LW

&
-t

. [

e e

e RSP

L

)
SR e A

ol
==

oy

«

55

s
[ Y

17

&

()

4

wy
.

Ty
A

[ I Y

TrTr T
.

ie o] gy

tal epnghiy

L]
-

==

-

g

A3

' .-n T . . .
. —aer
: Latm . o
”“ g -
“” .I- .-|| 1.II-1|1
: et ,
Tx e LT -
~r : o T
1 T r
ﬂ.._. ..”.-..__._-.ll
L
Lo, .“ iy, L
470 daa
s .” hE - -
.r..l“-u._m_. “_- ) .....u..!.l .
o el
- LA
.mlJ. ' 1 r
drm .
oo
r. .n- ’ ..
Lol . il
o ; e d
R
ﬁ : - el ._
u._un u....” -
. P
" ...1-.-
B
RS
& T ,
T el
P iy . }
“ul..-.m _. - l_.__”- . -
- “T -
: e
3 PR
N L _r
! e
' - h
Y .y T
. At
i
S
.
I R I A i’
W] .
e 3T 3 i
' d
e )
n

.
.
]
]
.
.

-
.
.
.
.
]
]
.
.
.
]
]
.
.
.
]
]

=

o

%

T
oA

15

R

=
[
ol

SRR ot

-

e i
T . 1-1_
AR
un.
e

- s “ .._._.1-._-
i
1
L
"1

“ -

oA

1 =

T r L "o
...“.-.... i
R
......-“q
A
L e -.l... Y
T -
i

FIG. 13(A)



............. e e e e e e e e e e M 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 A
&N : ’ : , : ’ o : b e : ! o . :
" .-le“_- " ‘ !.. ! d l"- 1
“ 4 ! d il 1 “ ”.-l.-...._r ]
6 - ..-...I-...-L.L..l 1 el - ! a et
al _ Lagr " : Far T ; : S .
Foroar 1 T " O
1 . . 3 T 1 ‘ LobF ]
et | - g _ : i :
. s . ' . " - . a'n - . . . . - . . v . . .o e
_ i L Lo , ___-.W__ X I . n_mw ) i I
f 1 .-.”“x - 1 d F-Li _" . .-..—....“ . ”-
- . ' 3 ' . - =
- _ ¥ | : e ; u e :
_ s i : o ; : - :
1 .”.-u.u.— - " . _“ ‘ WonE ] P
1 _ 224 5 : ot . -y
1 il".__. ! -n..”._- ‘ T ! ....q fl e 1T l.u_.-“n_
- ﬂ "R =4 ] Fa _l-. . = -1 ] - P “a ™
I o~ ! ._” r d ! ! W F ‘ 1 ”_.u.r r n - - .
: s " o : L ¢
v | X 4 L.__-..I [ d it n . -____
2 ’ ..|“”“ “ d .“.._.m _" ‘. .."._".. " .
v A . ity - -
_ e i : Z ; : - ey
S _ £ i | : - ! : e A
! _ Fax ' - . -
1 .ll_-_n_.. ! u_.._- r I n.“- ! __."_.l.___. i l.."..." L] ..nﬂ H Ly
o ﬂn. - " -4 -3 s ot oLEg - - O - - o - .
i e ¥ a K N Y . L n il -”_-l"
i e = a .‘...."..‘1 __ 1 l“.....”... . ' -._.
“. i “ .._.-.sm “ “ ”.1.. = W
; La- : w“. : v : .
i .-.w._ I i n i a - .-l-l._.._.“... ] .vu..ﬂ
. * - T mtam "
! Py * ' Mw\_ n L= L o . L

&
W
ot
. r-.
w3
F
nn
%
St
L]
40
RS

Rt

Al
Au‘:"-
e
Hed
- 1‘3-
-
-
.y
Lol |
"=
.
-
<
| B |
iy l.'l

1
1
1
1
1
1
1
|
1
1
1
"
1
! L} -
_ 4 " : & ! O warrrn W
1 - ! a 11 ' d rr bl ....r“-.- " ]
e _ : - s P,
o _ b5 " : : : : i B
_ - i ! ; ﬂ - ; _ e TS
Lo v : L+ Yo : L - sy
- ._.“H - A - A _ ALY . e Ign O
_ - : | e “ 7 1w : i Do
Ll ! . . . U . e
S _ i : _ . o __ : SN P
n ! . e . . a4 . -l
1 _‘...”- " N ﬁ _“ . I“-“T n .-””
E . y . s - o'
& _ 5 “ : , : , __ . . 2 . LI
_ " : 3 : : e P
' L ! o a K A . e . x -
" i .‘u.“_-. i I" ﬁ...“ . R " . _ |._ o . l”..-.-._ n ﬁ " ...H_
; o P ; SL - : St i
: T _ : N ; , i ! .
yo—( ! = " : oy ! : s ;
: " : . ! : e ;
_” -ﬁ_...\“ B “ [ .‘.."_.h _" . n.q_....”_. ”
- ; i ; " : Ty . ! : ; e : !
aP) - o g - P - B
' LA . ! IM a E 4 ' o' a . att, LI
: n“__...l\__. " : A __ d NG "
e 1 ....ul...._.lu...-u.. - at - " . . ..._I.-i.rl.._.._.-ﬁ 1 ' : n..-..._..._...” -
.____...L..-n-.... - - 1 : .ﬁ.u..__. -~ ' f ] 3
h _ e R ) o~ ! : - ey " : l1.” :
T, M . . " -
_ - m . s __ . 5 .
1 I T 1 i Ak ]
7 _ 5 m ; _, .._. , ;L . . i . :
................. o e e T 2y R L e S g e R o
re i/ e i re e e nM o - o £r £ s "
r ' ] ] 1
2 i , = o ﬁ cx @ :
.4 i f '
L
o - - n » 1 .
F ¥ ar r r "= ¥ 4 g L l.m.- I - P e . _ll. -
it frigh Fiermsstimy it somictiay e e G,
.
y— . .
B, d J I 4. e et e eemn e ot eem e e >
. .“-ll.l - " l-_-r..1 b d h ' RN _“ 'H. ! L rpramamam= =" - - . -_“1_“1
' o a ' “on " a PR A - - -
. _ L __._....-. " "ras . " u ' i .I-.lh..i l...-lulm.-.L- __ u -..“..-. YT e . -...1.|“. r ...l-.._."...1. . "
- L - * - ' [ - .
p X ., . " : PR~ Sl ; : S T :
- - . . ' - " m m o -
iy | : T : ; . D III T e ;
: e e _ T R il - .
_” . - .-_L.ui.u.. 1 L i - g ..__..-._.. - m - - I."......l-..__.-.l__.... . .
' - .-..\\_.__.__. ! - - .....- I N I e R e ‘. g
" . . L. L -.-.-.._- ! -b-__. W0, & -_l-_ﬂ.- ll_“-._luln.._..- I tdm s m s m s mam= - - -.._..-l 1 o
o ' ' - . . S . ' - ' .ut-__.‘ ! - s e . T FERETTE -
" Aol R PR ERER L istbiieeieleeiaull La
“ - .!l..‘_-u.... | h m. !1“._-_ amaar .v...._.._h...l.. ll...ln-”.“ ."“ “ A L] B - ....-l. -_.l.-_.l.._1 ._"
1 ...“l‘ﬂ.-_- ! 1 i - ! TTTmAmaaa— - ST AT -_.-L" - ]
e L P 1 . 1 m.ll.-..ll- -------------- AT ' LA
Tt ..1._.1..L_| " , - = B . “.._
.-.-l.....-_-.lj L".“_- . | ..“-Flll..r.-l _ . _-1.1.—_. ||||| P T
_ (53 | . i | : o e * .
= m a T ' =" oaa- -
e cep T .- L p I L g i i s o pro A i
“.. ) ”~ l-..\_ln1 ' i - 1o ’ ”u ' ' T ' i ' it -.l.!.-. ' “. ﬂ .." 5 H - TUTesre o S A mem o YN IR EEER n L"._.!.l
" o : . g, S LTnnnns T
L - | : _ T PR I I e
< : | : 7 oo e TN T O
- i “ o) S e ewesvnIIT T .
& “ror o " , o bl S e LT e
o D e - ' oo . \F...nm.." K Lz T e e e e L .
. l lll-“:l 'a I.du].....r h.-.-”“-l - - " .-.r.lt m R T . 1 [ t.ﬂ..lludl ' " -_" j.-_H-_”“_ ! ‘m - - ..” L= -1 l|-_lll- r - .ﬂ“—l.“.ﬂ
. _ d ' | . -
~ coo B CET ;¥ : n..T_...r.......i. “ b - e » W
' - ' - L
a I ..l“r.-.ll...l . " L_-.“M [l ..ql.l.!._ i _" -.n.l| i _-....l-l..l... P et o \ ] “..._.I.-..l_._i
. BLE b = L - e L ] T -
a r o _ ._..ﬁl L . " [ W ‘ .....l_..l_l_ ..1.‘. __ - u " ”- ....... A e e m apppFpy--T=rom .-.-l-l.....__......._...u.- " la..-rl.nn
1_.-L.l ' i L-li-1|"1 i . .m‘”l.m.tri r 3 _“ -h”.ll.l‘ 1.-;.. e T ._L |||||||||||| T PRI L --l--l‘-!ll...-..!...-.._-..”_ |._- L
n ‘ 1. -y . H . ] e e e oy rrTas nnmaErerw - - (PR S
l..-lln. ._..1_ ”t. r e a 1 -.n..r-...“ W77 P e - - L R R T T e L..H..I..
o i 7y Lo T GE . BT Lo Tt el
e P : . ] A ot g - ) ! e L A ARt Sty PP R o R
L ' = .. a b . - e e T e
1 - . i.TI - !.....L.... L " L) .__.u 1l .I-}I...rl.l.m ! -" = 4 _....l..-l Lida FE J - . ”_ ------- » v ] .._..i.“ l“h_._
» - LN PR - . Rl AN -
e o P “ R e S : % | N .
_ " ......-...___.. N " . |lﬁ..w||:ll1:_.: . ..-._.--V . k. ' ] . m
Lo A - " y el e ; oo el T e . . 2
A PR ! : i S " e , ~ e ITIIIV 5
-y v l..;\-.t...- " ] hjﬂ.ﬂw ! 1?-_“-- i ._.... r __.........l..-.-l--ll1-...|1“...H...-_.|.“ ..... iy - -L-.-_
" . - - - o i . - - e e A e mm oo —a .
P .“-lu. L-\.-ﬂ.i._._. . . . " u..-. ’ ._...u.“_ . . . J\l‘-.“w__ .__-...-..... F“.-l 4 ..._”—.- R L I IR B p Fy-"--rRmEE R R R anir -..-.-.-u T H " ..l...l- L“..I“I
—-— - L ' — - fa r 0 e ms medmoa sl oammemm komeoe = s s -
e " . 7y == U S S AL TR LR A
. ' P gy =-®mranmwrar~ m e -
e ...I-.._.r__._. “ i . . ..1.\“"_.. h PO T winala oo ST - e K4 e a e e N
n ! l...‘...muuluu._ll " “ . ' . L..ﬁ-. ““ -__” “ .-_. ““.lluull-...._ --..l.-.-ull--.“%.-.uhuu..u..rl.-..i. ................... ”..__ 4 a “
1.!.!._11 [ ] r [ [ - - ) . -- ] . L i ...||||I Ca A mr . n
_ .1n_l-.|.1 St Foru y 3 m u .l.......ll.ll.-. __ x : ._.....”.--l ..ﬂ. : “.-...-.”. " ' :
' r_ - - o AL
0 _ L-l-ﬂl.l...ﬂ..l....l--_ " - : - lﬂ.ﬂl‘l‘ __ - _-.-..“-._U. . - R -r |1....l-__....”.lu__ . ']
- r 1 . -
& | " _ . Traall, ey P . : AT . L SR e s S S AT RRLE RN, R
“ - - try s, " - . - |I.-.-|L.J_| “_ W i “ ! u._. T - “- FAT-mamaman r"..1 -...- . -“. .
[ —.—-lﬁ ' Fl . - . - - ..‘l—h- . L. e mm == e mamaa LI I-.-lll. - -.- .--. :
” T N .1“..........‘. ﬂ-ﬂ-ﬂ-u\ ) . 1. m_ - -u.-lnn...l_.l.-._..-...-il.-il-.._._.- -._.l-_-._.l.q.l...w...“ |”._. T r AR - “ uwu_unn..__...-.-. M maaa ..h .”“_"1.
T sag . - ' . ! T e A T R L R - y o
s ) . - S e e e e .
! o l."|1.-1 " H#_J:l . r . __ " ..__ “.-. O e AR EEEE b " alatitenemn -..“.. "
.-H.U....”rx\t. | a ._-.._l_.f...!l. ' a - ...Ll“..-.. ..... .|.|.....||.1....__. i lq..._”...”..... =
o T 1 ”._..”_ - e e == =T
& | _ AN : N L' . e Lo ! D T ..._.-...._..._
- ! " o - . - a
e _ g | . I L , __ . R x
Fl ' F] F IR I R . L]
| L " : e SO ; . . i e :
: frr - - ) . }.m.w-r.f " : R I et == o T -
L . ! . . E Tam, ! g - AL R BT R P R
_““-“ . | ‘. \ . .__m“-. n LR R IR i apet o ”..”.“...1. . = -.-1.
; - _ : ; N e aaaaa vao s LLILLLLASASSS LS
v <) | " e LI e
LG 1 . i R R T M am dm A
e w .-Jﬂh.-.-l 1111111111111111111 e ararrrrErer Erarsrrererer ! H..-I“.J Ewrerrerersramr e errreraras Mewrwerrerernra e arrerers T ! ﬂw e ..-.l -------- R e oL /L UL L Sl ”_l ”.”. ra'ale u””-_..
o -m L. [ ] -
wa P! i ) wa mr o £h e we s o rem ol .
1 [
o ol " e Zhi ¢ -’ 5 '
4 | .
[ a
£, g R B oy A
p e dy £ w =L LTl H n g i FIL
n T4 2 BT LA RTR el A aprnptiie

FIG. 13(8)



US 2014/0269978 Al

Sep. 18, 2014 Sheet 11 of 21

Patent Application Publication

et

£y

SN

."‘\..“-

;
T

TRIINGRNRENN

___t.
o
1...1
%
%
7

1..”..”-..!.-._-.-.Ln.-..-.ll._lq... -
L ikl B ..1_|.n|.-.|..____.

] A Gt
L Y

r¥y, - d
. - ._.n.-.n.l....lnl._qnll..-.-.l.l.-..nhr|||..||1...\.l.

ﬂm“\ T - e

. S S T rrm m ..

-

L]

TIFTER Il Ak e E R r RN e ru .

;T

. . — .li.

ey " ...._“....1._... e e,
. I

” _.1.-..1.1\.r T.S.Ta =g o or u-l.l.1|....“u.11__.1. ”.1

. ..._.I\_...._u..._.. g e

" 1! & .11 ]

) __l.-_-.h...l-.I-jl......qI. ..-.-..._h

: o aa st A

e e -...__L.L.\tr\\.__ﬂth” TEr TS s

. .._-..“"- R .-.-..l.u_in.-...-...-.-.h-...lllll-ﬁ.ﬂ__-1nu1..
— ol

[ Ton.d

LA - 2y
_“.hﬁﬁmmn.n.hhhu.. L e

. -."I._"__.-_llhul..h...h..!-.il.nn.-lui mimd A XIS EFTY

L e ...-ll--Ljul..lhlhl...l..l.._.._._.ln..n.ll
" “l-.-. Tr P rma sy - - .
1] i -1‘-‘-‘.‘.&-& ‘Il
. R R . Lo an AT Ry
g
' [Pt
e -

-
o W M.__-.____.m.h

ol I
.__-.H-_-.Ith e Frrawrmn AL e

1= [ L ah
ol M
'.q“..JI..! |__.1n__.__..1.1-....._.l.||.|..-...-|...|..

rrrroraa
L s et

T

._._..-.1 A mEmr .
o

' .-1..!...__.-.......1___..1.._..\. e

am - f— i 1 - 1 - - -t

m ey g<n
u sk l“. LA h“m .-“
A v

1
'
'
v
'
'
v
' Y

e
' LI TR,
—-
'

e
.-...L.L-.Ll.ll.lhh._.._..” |]ﬁ.-.___

.ll.l.-‘lllr.l.l_.l- .lu.—
AL T .qq._.....ll.L-Lk._.m.-.

-~
-ra_m_ s rmaraa hﬂ.ﬂ-ﬂlﬂu-.ﬂ.._.nh.\tu_ﬂ_u.ru.

Tt .._-._.-..1..1.....n1n.-..._......_"._...!|

- - - - _——a Bl g PP F
.._“ a ...u-a.q...L.......-.l..u.n...l..-.-_..-_.n_..__.._-....._..._..._......_.... S

l“

TSR I F s e -
Fr S F S EmmrwrlfEEFFEECT

P e e g

Lol SNl o e R A ey, l.-_...1.-1.-111.vii.-.”._-._..

.
SRR

B "y
M LI T

St e e T TP REE A P

-.._...huu mmm o aa R EE
.......l..\l it i A .1;.-1.-._\. “."_u
i, N b=

- Fl
W -..qu..__....u_..._._....-.._-._pnt._”_” 4

T

ol

S

'F-I*
1

A R R A R N N N N N T AN AN AN AN S AN SIS T A T aAXTaxra

[

1

'

'

1

'

'

1

'

'

1
i
L.—.

o
el e ﬁh

-
.l.i.i.h-.lL.-.l-.lHllllll\.\..._.i..\.l-.-Lll o,

TR ob
L .

I.“.n_ r 1
1 .‘.
T e

-

ak

.

Far
r

L
[ wham -
. Rt 5, 5 .\..h__._.h....u.."qwnM

I.ﬂ.1lh-.ll-u-.lll.l.l.l.l .L.”ﬁ."-t

a S A e e o . P
S Ll T A ey
P T Y r o el b A P * PR .r..-."
g ..—.in-_.........ﬁ.ﬁlhlllull.\.-u.hh-u._.\....!.....l. it

"n..-w....__ ..-...:1_.1._..._]._.......|||..|||....-..l.-....._....._.......-_.-_.._.......
1

= e AN I R A e e .

£ g
i pily

e T e
§ - rr el A

- e e AP L F A e s A

1 Yo
h...-_u'.l-l- -1.-—1..-1..-.!-..-|.I-.11.-l|-.-l.lll.r.lll.-l!!11

R T l+..q...1 +Fa

~rr I rraAs s "
. -_u.-_u.u..s....l_---...__-.._.1 L.

- e et

AT -

u o T .”_._.___

L A A
il

(

[
[
1
[
[
1
[
[
1
1
- '
'
1

4 ——— e TE s w o ,..r
o N IR s e
R T L TE LT AL Ak it '
.._..-._ih P o o e P . £
. - = [ Splatuiyongru iyt JH o ottt N

[ | " -.hn.l..ll.-_l.l-q.!.-......-].-. 3 B s

LPL B L KRR

= ey L At E e e g

1
: 5 -

" -_... .l-.l. i I-L...l-..h.l “___1.
“ ' 1...“ll-l.-_ " .1.—_tﬂ.|l-_-‘.

. e e N e s,
1

1

e — W e

Y
n.-m_..l F o o N

g — = R a Fara wlTE FT A

H “h-..-. ol L-..ll.I-...-n...__.

hm——— -..n[u_n.._...-..l....___
=
='» 11lh.-_.|.rqlll|lu.|.|...1n__..1-q-q
.

o .....u.._._:.._...n_.m“u

FEEE i) Ak rrr e pn m . -
AL ANEE LS SRR ._1._"_.__

¥

'
&
'
'
1
'
. [
1
1
[
1
[
[
1
'
'

A e e A PR P A o o .

“._.-.q._.__.l.l.._...-..\n.-_.. -..-.-.....n.l..-...-..l...-..ltl.l.l.l.llllllﬁq

Y o e g e PR LT TR

e P P

raawrrerr e e

F
"

-
g

L

2

<=
h
_t

42

o
"Erl_
wy

L

B

By

r

7

gk

r
-~

o
wr

4

s

T

EL 'L
A,
rn

RS

e T

¢!

LT
1

2o
a

o
\:"l-}

T

g
3
i
3

I R R R T T T T T o N LI SR T TR
'
' .
P Lo - . . . P
' .
. '
' .
1 .
'
'
'
]

A
i

,
:
:
:
.
DR U LI E Ik B N
5
" r
L}
n
[ ]
:
:
.r-'r'r-'|'r-'|'|--'|'r

1
nn‘h?ﬁ
A

-

PP i,
Llr.l.__“- P hud
-

“ .uw Ry ALEFFTT ....,...jl-.wj.]u].l.l,...-.l.l T ___
...l A ......._..-I-._.|1..-.l..lttl.l.lll..1..1..1....:__ - “.._-...
. e -l o F R S T )
.er. ...-. . .
F..l.ﬁﬁ.ﬂﬂi?.n.a_..c.,.:::- ﬂ

- ——— kA R T
.

2
o
rh
b
1
1
:
b
h
f
.
\
'
1
I
1
1
1
"‘

.ﬂ.-l . " L e = e e
j.uu.-l!t.-—l.\ Il...l..-.|]|.-|.lal.!llll.l.....-.nn.-_..n.l.___l-__.
R -—......“li.llur.lul.m_-lmﬂlul.l.ﬁ R “.!ﬁ
L -.-1..-..]|rﬂ”lﬂ....
|-_r."*.l.
e :
- ﬁmmq._._ﬂ_._..__.tﬂ.n - 1\..-.?.-_,-_1_... Lyt .Nl.ll;ﬁ... __.._

T\Eﬂ]{i&.!.uuu el e -
-__._. ! ST T R el e R & .I.l_-.ﬁ_...qu-.-%. Frys T

AR AR i = o e AR B n ST

oy .
gl [
w_.v L [ I R R

o

atry

L B LU B I B |
=aTraTeaTr

et
' aawrr
P T T IR N & b ittt

S et K g s e i - .a_._
- P - . . B T ek gt - -
w1 n”\_-I.I.I. . e 2 AR A = = lﬂ..\.\%‘\mﬂ_\.
. =y TG nmmpp S R e I.I.H.\(-l“l-
" e el F e o o
' t.._w.‘.._ul I..-..H“lll. [ | :
' Ll l-...._..._._NMML .4“ .
. -%."‘\“ | I S I..”..._...-...-I_.....I dn_hni
"__._nWl ...H;Jl.l.nnq....,..r..t._..ﬂh..uln...ﬂ...._.
._1 lrL

“TErridmmmmsmsrracr:

|

!

a - X
.IU.-T \*gﬁnhllli-l.l.l.l L ol g ——
g k . il - - - - - -
el |1.|1|H_.._n1__.__.._-ll.l.l..-_.lrl it
._..-J..n111l.__11..........1.|.|.|.r|.. ....l....ﬁ....lr__._..._..__.._....-.....

R T A it o PR F F Ll m s s
[P —— nl.hi..-..llllllﬂlnlnlll.l.ﬁlf o
iy T S PP ety Ll TS 5y

[
[ ]
k
'
3
F
r
3
F
r
3
F
r
3

-111.-.11.-.11.-.-\.1.

Tﬁr
i,
o

' . = L .
. Sl F L I Y
n.v-u... .........".F..._.ru.......-n.-._n....ﬁ_._u!hrmv. - . .
i L i o Pl
i L
S a - Ll B !-...l..1.|....:1__|-|]|_l.._l.lll.l.ll.““.-1._.$.‘ o il
(W e d & 3 4 g F v p e il i e - o
- mmmm——
plyingl® o o P

a0 et e e LT T T T T

L AT

1

R &
o
]
b
[ ]

[ ]
L |
%
'
?
b

{

;
¢
4

"
e

A RS dhr - -, - .
L e e I o el AR, L

..rJ.i-_.. -
- L‘...\Lr..i-. -.ﬁ_.-_l -
q_...lq -.-1 Flmmmm e s n Ty gy [ E TR

|

4

- s Y ¥
et o o "
Ll - -
NI " + P M ' |[-|...-..|I.I.l”".“...- U.. - * r ] r 1”_ ﬁ
] -___.”mh(_ﬁl. v
‘ S :
. ' — e ol ikl !
: A A L ) h
. T A sl e o D VT B AN L o
| P ._....-I-.-_L_..-_..-_ul.l.l...lll.l.ﬂ....in-...i-.h ._n.__“.v h
a J....“ e W T el - [ ——
aATe Illl.ﬂl.-l.b.l..l....-ql-._.h..-.-rl-.lll..l.l!l T 1.1% A

e " il e - W - v

-

i

A - [ —— - N et
o w-.fqv e .l-..l..l..l_u..._uu.q-._..nu..._.luil.l I.l.l.l.i-..l.-.”l..lrt..,ﬂ.i:}‘ “_n_ r ¥ 1_ iu._-ﬂl._..m
b b - W | » -
: o T ;
“ R iy — A WET T .—_“
- ' 1
r . it oF T " ._..l. .1.
’ F ooty Y i e -._._M v
. L e e S m .. T 1_
H P e s P e Ed "

,.-i:..
_f
.s
il
l.'t

Ll

-5, e . :

J-.-\.-.ll.....-...-...-...-.hl-.l-..-‘.. ipipied el e e s 2L Ty e R

ﬁ,....m-___..l.llll{._n.ﬁ . e T it F R AR e
phopliniegingl 1m

n”‘“.__...v..u_.u.-_-....

LRE T B TRETRE B TS

i

(AL apridary

ql.l.l.-l.ll..l. [ I..l.l. I..I - qllI - I..l L3 I..l.l. I..lll. I..l...l. [ I..l.l. I..I - I..l -

k

a2
- T
1-1
e
.

1
r 'r‘r ":.'r r

L]

S

"
Ll
L]

'\.\,\I|
r'l

N

ey
"x

m

L]
.
&

TR
"\"\."-"\.-"1"'\.-':."\.-
NN L ]

-

BRI

_Il'l

o

s

X

L]

'-:-;'..

A NRREEY
S K RN LK

-
N .-
-l

2w
|
..U.:'\-"'\.-'n -

B T A e

S e

P N
s ma m e s mr s B Fd N

e

I_s
o

t_...__n-

{n

R R R e N N N

L

&4

-_.L.1.1.1.1.1.1.1.1....1..-.qun.qunﬁhhu....u.u.....q.q..-.qun...un.q.._.__.h...uhu.....q. .ﬁ_._..-.
' . . ' A i
‘ L= PPt For nn m w AR [
. i r_.m am s B s s mes ok bhed =T T L . T
o -l..l-.n__.-ll-..-.....-......-l-l-qll............ .r -t ¥
- gEAtTERmRR R REAL T - TN e kAt e
__......-..._.. WA [ i i 2 r'n
.._“.-...._ T L LR TP o A g e e e m e e - [
- L] - T T B Em R EEE
Y B e T L aomor N T AT .
P I e L SN -na - -.”..“ - "
[ .
i T e e T
a -.__....1__.1.|...|-...-.-........LL....1-.....t|-.|..nn-...n--n-.........l-. - r
....1.! .-..U.-...............ll-...l-l-l-l-n._.-...._..-....._.-..-l Fer ‘n u u_
- # o r s s me'e s mEE s == " S e
e . - L e TP T L A T m_q
' [ ..H-..l-l-l-_”-.__... ..... __.”.-
P e CETER AT RN RFrman R .
“. R .l.-.l...uu.ln.nnniiu-.l-.....1........... ............. ...-“11- ...1_..L.-...“.|1“
o .l..__... B I et i I R PR ) .-.-.............l...n.l..- 1, ‘n
K - P P LT -.1.-|l1-.l.1-l-ll-l-u-.&l. . -
o R AL T L T
[ L e B ]
P S rar s rasmmssmsdm i EEET - A
L T .
e e T e I e e e

O ’ =
L R L L N T T T -u 1 “.
=a_r n -.1-l.llllll1‘.‘Il - .l
- S P s e ad o S
o .—_-.“..l-_.-. LR R T N T T . .-L
ST I A S P Ao
2 el R |,._“.h.....---|.---__|--.-.|.........|.-,.“__.m.n-..-.. ..__.

. " PRI i s i = !
..”..1..1..............11.|..|..._.|1.......-q.... TS T me AR -t
R B e L e e L ., o
ot LN A R mm ki m s sk Bd "Fa o .-||--.-|.|."

LN N i et i R R R =" " =
. L .- . - LR L R W o -
- —_._...“I.L_ o . Sraaniavdmr . L...l...--”li . -
-l .-.. .-.I'.. - - e .I-.-.1-II.-|.1I1I.|.|.I-._. rri 1A ldimnnm iam I.l 1 .- .".I.-
.- - - . At Sl
B e L I b ) - A
.. . - L T T e . . . - - . |
..... o
4 AR 2 LI TSNS 2
..-'l.-.n-. - - lll.ll\ll-ll1l—1l—.—|ll . A . .L e e o I..I.. . - S .l. o -
a [ Ty T T e ey
il " R e R SN RN NN .ll...__...u.. r o,
-“ “.JH-.II.!.‘I.I._. ..1-..11I.11l.llllllllll.|.1l-l.lm-.ll.1.1‘... ."
“. “.. -....lr.-...._l [ -.-....-.-..-.....”-” ....................... .= -..-._..l.--. - n
N . e e SR R R N N R N O N N SR S bl
ol " e . conorRl L e e e e e e
ML |l-.1-l.‘-.1.-.1|.-.-ll-.l.l.-—..1-.1|.-|.1|-.- IIIIIIIIII - - LS .l .lI .
e al P e e R e LI |
| E il 1r . R PR o I R ]
- o ra s menmnr - T b
A
--
IC
A
d

-
v, - , s
A P .

o - - . e a4 SRR -

R L A L L L "—_.-. mor L r -

O I i FALP A e Pt |

e 0 RErEE T e ma e man e

A ot e e s e I N RN R i e .

S b PR T e G

L ="y =y e BN T I R ISR

K - ..1"..L_.t..ququ...ul..|..l1-lqtl..--....._.. - 'a".

.“ .-1.“....... i - "

CRE A TR A i

. .. B . A R IO R L L

e L aat R T e m B LE 1.-...-|.-- T . ) -

ran S e T maa m e ........-.-1-11-._.|.........||.......|1-.1.w..._”_..__

et I.-.-I-;;I-Prn.l [ R o L P “II =t SR

.““- iannEr .H--. eI L B O T T T I "

; A B et R PP RO R

, e T S LI S LW R . T .

' I G R B ....l--lu_.._...l.. ‘.

" T re .....-.1..1.-l-l-l-l-ll-..-|--l at ‘n

R T e L e " i e

Sat i il e e e

..___.._..|.__.__|1_._......_....|-|..|...-_........--.-l..1-..._ -.-._.-.-. T LI

S WY ra T s mEsmEnTrrm [ -

-I L} - A I1I1-11.-..II.1.-.1‘I‘.“‘.1I

PR I it - - -

i rq.ullu.“.-...-_l._...._- -..-f l_l.-l.-l-.l--JL-..._......_...--l... -_." “.-.-.l-.-... i . .-”-I

K T L ¥ N R P Ll . .ﬂ.u.

. I R R e i a ..". 1._.. -

...l.“.. AT ra -“--..-.l........._............ BRI R kel __..... "

T e e L L e e . A

o r T T e o w Wm g omaaa

- -l-_1.1....|.|-|._.“...1..l-l-l-.-....._.|-.|.- LR

] I e el P . .

) Lt S resmramEEw e el

' 4. B i a s n e mm e . .

o P L QS S - Ll LEL I

K el o L R c

- Hu.lu-_l....-.. tgemmammm e s AR r e p Ay oo AT RTR .

O T AT -.". u.u..|.1..1.1|-|1|”-...”-|-”._...__..-_-.ll-“-_l-....-._jl.u.ul...ll u -"...1.-'

L -..-..1......l...l-lﬂ-l1.1l._.._...-... =emmEER Iy

D i e T U S L A" “d

L - T 1::..1-&........-..-....1-..-|1|L|||- .

LI e BT e N N AR RN - T

IR .-._._ll-..-......-........|1...|....._.L.||.....-L....L..11.-. ........ Wl S .

.“ - n..-..._.u._.ull-..-..-.a.”l”-”-”lnuu.u lllll o= == - aa .....l...-.-.....-:..l-:._. “

S S e T S e s e amrm e ey

R e e -k

am" B U b L I I A IR T ST NN R NN N oy

e I st FE T AR mR Ty TR -

e T T e T L T T e e e ————ple a,n

" - - A T I T I ..

K = e e e mm A E R PR kA rr arn

e

A.l.-

Lwh onap.
b

e

g om

e T

FiIGs. 13{0)



US 2014/0269978 Al

Sep. 18, 2014 Sheet 12 of 21

Patent Application Publication

s ﬁ............ ..::::.: .:::::: e n.....:..... ,::.:..:. ._....:::: _..::::: v E _..:..::.: _..:..:.: AR _.::::.: L
e o Y

o= "4

y .

-
1
1
4%
[ ]
o

: P2 : s : : : . "
“. w -11.1 ” -”..-.-m.ufu. - - “. “ l.....
N e, T : - ~ . . g : T
" i, G L . T A N« . . ..1_..“
_“ - .= ] ____1 . _“ r= “_ . ”._“
".. . “ r 1 "_ ." . —“ _-.—. .
4 . . 1 . [ -
" Iy . ! R o s

o

‘ . g "
‘i - -- -I- L]
e . AR s y ; . T . T ;
4 P o e _. ..
1 1 1 o "
1 f r ] I i i) LR 1
4 1 . I ' . .
i .,.____””,_.“ . ‘ ] % X C1 Y
0 . ’ L 1 A wr L.
' . 1 ' ' el P L
W r r . I . i e “ -
_.- . _- -_ -r .- 1
_ %, ;i . ol . : 4
B . . ' .
: z . : e | : _
. i I8 . . s "
- r r N . ' " " K]
" Fu r : 11T-_ i “_ T i
g _ ' , ; ; e ! ; )
g ’ r - I ! ~ Y ' “... "
b r r . ) ' " . )
'a . r - r | Yol i S A .
i ’ se v S .w.m - O il m._.m h < " ﬁﬂ_..
' . ' ' . ' 5
' r r . | ' o ' T '
' r r M ' Y et '
: ey : : s ; g ;
o 4 ' . " " C u
; ; ; : : ; : oY :
1 [} - 1 ] .
-l r u-_l—-.'. -_ - R -
.- X o : SRR : R : 7 o
v r r . I ) o A b
' r [ ] \ Kl e A !
. » -_ - . “Il.t.
. ._“____m““ ’ : ._._“____._..” . g -
' . ' ' e
L} F o " -- - e
_“ .m. " . " _" "_ ._.___“_. 1
_i K M ’ __ -_ Ir. 1
+ \\\r . i : , SrEe : g ! 3 :
' Pl ' K e '
N ' t . - o
" a r . ' -
! - ] wur . [ o .ﬁ\l
: o2 " {% ; e
: : , : 2
F ' ] ' ; .
‘4 "y [ ] Hu‘-L_l 1 ' T .
1 ’ 1 -_ JdF .-
"“ N b\-__-......-H.. . =¥ H.. n-.\\fn.r_ . . "" wr . ._."_...“ ;
M - ] " . ! " L n "
' .y r }\-\ " . "
-.- T r e -
. u\u.____.._q.... ' <, v .
' r . e '
- : ., . T - 4 Ad
- e s ] 'a . " . -
Ve . - . o - a - . T - - - "
i . p.._"..._. ' | : Jm..___ . L ) : ] | o .
N . . " i s 1 -.qu-u a
0 " 1 " 1 e a
" #re : L . ' 2
M b ’ = .
r ] 'R '
” r 1 1 [
r r r f
ey r _.1L_.._u Yy . ..-.. . .
------------ e s mmm s s s s s g s g mmm s E s ! u. s s s mmmm s s s s s mE i s mmm s s s s s s i s mmm s LA s s s s s mmm s s s s s s s mmm s rs A s e e e m sl s s m
. A ¥ T Lot .“ -_T rL . R oy’ ' ; a .ﬁ.”.l
b ] il o L o te » i - - e Ly i -
O Cr " < el ﬁ z e, *
4 r i
u '
a o i *r 4 -
L e | ALY 2 VA A r ] r T T AR 1lr-. N3 -...-.n ‘N
ohaie PPN winf spngisrey AR R AT D P
~~~~~~~~~~~~~ . P, USSR 4, U 5.
el : - ; . N - . L ' N
; : : : ; : Cl ) : ;
1 -.\.-..ls. " “ -M..- . “" 1 ) T “n . “
g At P ; : T ; " R PR ;s
n s — . . T - ' . 1 L I 1
e . LT o : . _ STy L L e
" ] ] '
i P ST . N, Lo . 1
] i ..r__-.l ' . ] s
i r : > ; i IR {r
: Hnﬂ\a : . e RO
0 - 11..-....1 . ' " . -....,L-....1 T “ 1 iy w- f 1
g o : ‘ — _" _ L . :
i e g 3 g _ TRt _
' ra " ..._...11. 1’ L "
' .1» ] .1...1_-.h : : s :
' ) r - . " R f
L . . L .n.._.-.
: S . : : : L v : . o b
: " m Ef | : = R . L
" .-.- . . . Y - . . . " . ”.
- ”_"_-.... H ‘ W .o . ¥ “ i
2 i TR ‘ L - ) ‘ﬂ\.v . _ e e " .
' r A m o T K
- ] d . 2w .
' i .o ol a
: .___...w.. : < = . :
, il il S - '
. - r u_._.__u - . .
r " r -q-..._u o .-...-ll-v - - s
“ . J. L] P . . .ul - - I“ w-
. LI BNl . i - .j..1. . L f L]
_“ - . 1-‘"¥hm1 ." A .-u. . * .m%vl . ' r -" -". . ._..-__ “_ “.- i
1 o - wWr - ’ - . 1, mEn i ' . _ 1
_“ T L " .l."_ ’ . ._.-_Enll I ar IS | i
' Fa=, . ) . “ﬂ_ ln_....__.-.. n J-.Nul. a . ”...__.l .- ) ..
" I|Ih.. iqu.. . L -)Iﬁ“._}l ". " ety "
' lI. ] " L ' _- - -_ . -. L] 1.- .-
. ey ’ ama o . - L .
: ", _— m : R S e m__,r.._“ . PR
v ] R o - e = ] - i a L
y P AL Y . s v R T
1 - n , : 1 i ' - )
"“ ......q.-..q.]......_. " T ._n_. k..-.____- "" -.m-_l,. _" L .q_“... ”"
rrm L . - PR N
' .-.L.n..-.__-.ll-._._._-."ih " ar .lqi-.l.....l.rﬂlul.“ﬂ.- HIL.”_I-. " . R --.”.. "
- - ' e . - o
- .....-.....1..... - " 1 lJl|.-1__._.......-._.||.|t.1. -.J.l....l. " - ...-UH - "
" . - [] ' . - _ " -7 " '
£ - A L o - - A - : . . o
" . oy - N . oy
. e, ' T : o N L T ) e e e g =
_“ U " "l” . _" - ”_ b ..lrl.- KN 1 "
: DI ; < ! R SE :
b Ty r - Ty ' £ - ..
: e " , et _ 2 e T
el R Ca : - h.-.qltm"l.“ S . o L iy
A ' T . T I .
- : : e ; A" o ;
F] ' ' ] L]
_“ LA ' . |J__.l..I1..I..-. ! C N -.-.- a_ L“-Il
f ! 1 . ﬂ.’_ il “-.._... L 1 roaa ' -
a \\\_ ' . ! K ra" 1 5
-.- F r -- - L] I.I -
. 7 ’ . .\n.\ . :
1 - - | - ST~ T 5 - :
' 1 ' - "
- ™ ' . N o X
- d " r . d T "
- : e - ; " ; N = .
1 - ’ . 1 j u i .
; - " : 4 ; - e R
o o : . ' ." —n h - " K
b ] 2 . : l.__.i_.mu L ._ o .
. - ’ - . N . .
- - . ' . o
. — ' - ! g o .
" e . ay e . N - - .
: e " : . 4 : : - :
e \-.i._l ' r . .._.l....-_.... ' ! "_ .....M-.._. - 1
e a, ' . — ! [ 1
s . ' ) .Hl.!.r.l ' I " “-.q- 1
. -.h.ln._u-..l-_ 1111111 Aaerrrrrrrra e rrerrrrrraa Awrwwrwrrrrraaas ' _H“”J e ﬁr.uai-_l._.” 11111 e sarerrerrr issswrrrrrrrr b sawwrrrrrrr " .-”-. "+ 1“.” “u- 11111111 e rasawrerrerer Arssswrrrrrrrr o asawrrrrrer 1 ._..“.!...1

Tt TRy Eat sty fa3 spntidaey

"am

Dok

1 ':.|“‘

=

b Teinbhoy

-

E3 LA

-
buy
wer

FIG. 14{A)



r - -

=
1.

amt
.

1] - ..— N L]
: . ol - L :
: -l A . '

=

US 2014/0269978 Al
3

T R e Pt BT P TR e R
- '\.tl'\. .:

] -._-ﬂ. ]
- LA
: g . _ . : i :
.-.—______._ i ) . lHu = -u-” h. .
1“.-“- —Jﬁ.‘”‘h hl “ ' ‘& : ) -. ! -Ik”h1 '
n - a ' P - .
! oo - - R = Poa = i O
_-_\. H ' a ' r r . L-"..- r . ' r . . e m " l.nu Kl - X .-. ' - " noa
A - ey . L > P L S r
: . ' g ; ..‘uuul N - ] “n aw - l..... ]
1 ma 1 L T . __...... LA
1 --“.- 1 .. H-.-..__-. - ...“..“

1

r

r

.‘i
I
1
-
Tai
mem
M
- [
r

[ ]

- .'r
i
"y

1
".:"l -"L'
F
-l
o0

N
-+
il
o

1 d l.“- ! “ Er r ”“- - ]

. ar
] LY " - 1 “ % . ..ﬂl. .
: LI ' . *.1 .-..“..ln.

1..-! d |f- (] F -Iil L ]

! LA= ! a* -\'Hh- - . ...._...1.l..._. -
. . . ..1._..."._ . IR ‘" - B . . -+ id - P . - .__m.u.uu
4 .._.-“._.‘ 1 bl i ” - ' o

R

-
-

- n =
nw
1
4 b '
. EHDEHNL
- '\.-':
L Y

- Ll
I B T
] .

-
-

AL P N

. L]
1
: £
wh

l':'l I-:‘:"i.hl‘ L

e e e e ._u.-...q._

jrpnt spmistiog LR ey,

.
[
LF )

L i_r

..1.1.1.1.1.1.1...1...1...1.[hl.u.!.u.!.n.l.q.1.1.ll\I\Ihlhlh!l\h\h\h!l!lhl. .__..1.1.1.1.1.1.1.1.1.1.ll__.ll.ll.q.l.q.l.q.1.1.1.-..1.1.1.1.1.-.1.-.ll.q.lq_..!.q.l.q.l.n.lh.ll.l.‘

] . » 1 Ipu. .

: r "y ' “ r &J»— r ' Pl ok dop T - ]

14 Fap T 1 ) . LRI R et . -

. el Ty - . . . ..-...___1..1[!.-. o ' . LI e i Iy e . -

: e Ay ; . Lm...a.tt ' . AP S .
. - - . . _ -

1 .__-._.\..l. 1 . - = A N v vy arem A .
. = e . . - -

-u.-
l1l._|.l.-..|.1".l.- f , " - . ! . s e memel-, . e .
- LT ; ‘ o . _ ' n AT S R R L S oo

= - - . . IR . . .

.1-.....-.|1....-

I i I I e i e I N e I I N A I
. [ [ e

3

4 . - Fl 1
.
1

Sep. 18, 2014 Sheet 13 of 21
ﬂ'-‘:l'

.“ . - ..._..“.-_. - . ., - . v - . aTETeTATiT.TL T R R R ER I —

e . . .- P . . h.t_n‘--..h -t -.-._- .._.- u.ﬂ t\-._?. .- F. oo o . -, Lo R " llu .u. ..1:4. L. A ....1. PPl s .. l|--H|”- ”..- ............. y |.-.|l|._.|-_|...|-.|h ........" ._-.r.__.

1 i l.....!.-. = 1 _.w..-. -.._..._-ﬁ"___-. A . . -.4.- " A N R dmw AT _ - . jl

. - . . . - - - - B T T T . - ar

; : s : : ey . : S AL R R ) :

\ L prl . o . e =T .

1 ._,.-I..__.. - 1 ” .]L.-.._l“ ) _..__._.... e - a" ”

4 - .-1-..{\_‘._. [l ._..H.......-_lml 1
___._..Ul..-._.l.q ! . G . .
..._._-..-..._- i T v, [

ﬁ1 __' i - U. e . - . e .y r '
‘ " . Lo “ i = L R i
r .\m_-__-- UK, a7 [ T -7 T ) e " " T : ' Wy
L] F. Tf._.:- r LI ‘. -..l.- ”. . d_d e 1.”"""-..-1!.["- | r . L"._ll
- - . . P L " .
i 1-1%..1... ! i .l_.“.lh 0 .-...-.uu Fmce ey . “ " ]
‘ A - ! o Pl

{AF BRvGny bt aprainiory L prde

_.l.l._ 1 _-___-....-. . 1 1uu|l“_ .—.-..1.-_ . “redmarr I .
0 ...-.l.n..u.l - - ’ . ..._..“H-H ' - -l —.n-ru- - ‘. i - - T ap et LwWre B H..-. 111-.- . .n-ﬂ1.|-.
. __-..bﬁ...- H..-.Fu | “ PR R e s m.“- “ .‘l_.!.l
] l . o \ r= Vo, e mar [ . "
. " . ﬁ.ﬂ.{: . e H- MR .
- £ - a . - < .
A . I..-m._..“--‘. T, . -wll“ ' ' - ! " i mam = -._.“ﬂ”. y r 1
o~ ‘ _ Sreesigts _ : e S e e ™ :
- - - e, f s \ r 2 KRS -” ||||||||||||||||| N .
ﬂi.ﬁ .n . - " Fu, L ! \-.-_ i l_-..l_r_l.._-1. L) U . "._.-nl--...l1-l Tt e w e m e A |...... - . -... " u_ .
c l.u._ 4 . - “ﬁ 1 - -.I“ * ‘-E. 1 .uJ..._ .__1..-|..-.....- ||||| LI s rrrramama 'FEERE =y ......._.l..-.-.-_l.q.-.._ .ﬁ.l:
) ! ' - + ' . ’ il A L T T reEs e T I T T P N
® 'y W . . . . . .- T _-_...._.-".H.“.-.lu %,Wm ﬂ.u”_ ”lﬁﬁ.n. .- g ”.l-_-- R .u....d..ln.....”.u ”1|.|....|..|-.1..u....1_-.|.|-1." .__”.. -
l ) . .-.-.l-h.-..qﬂl...l . L i . v » -.H-_._..l P e e, P - hememan . - [ o
p— el - _ et : PO O Qo S I e T :
. N : .‘-..-l.____..l..-..-ull1 ! " 4 ’ Temy L R L S "
. - - ' ' ' -
' - r - f " Agr e i ]
b { Fuewmem 70T : P & -
. " A “n . A e o '
u _“ 1 y .I--“E .II‘.-.I |M ' ! “ “l.‘ . L] S . ” - m ” “ “- L] |1-I.l.11l.l- . .l-I r ]
T . - - ' A 1-.“ o AT T T i v .- -
T L yr o L ek SRV F A S TN
- -_..-..w-. ' 1 F P - F v . ' Fo_ o s N u..._.u ﬂ..u-.r_ - F _...m. S a ._.-_. R SR T N ACe et - 1 r e e, . e ;”._I.!
T " aAea Vo - ‘ ™ Kl i R N r ] ._._I'-_
' ] l..-_.-_..H-. 1 ._.L\-i. “ ".-l- 0 " “-l.. . rrraa mm k-4 nom T P “en
K LN '
.“ - ﬁ.li.-.-]il|li.-lulh . a h . ' ...1...|“.- . -.-“-I:..Il.-..-n.u
.“ i .l”.l.l‘.l.-_.__. r 1 4 n.....-.. “. ) r “l“.1 ” - '
T .. - N . . -
] - L—_..t 1 ‘ ' . r 1 e '
F L T T o L D I B B B rwr
n : ﬁ.._nni... . : ‘ . : .....__.“.M-u. . . . . P TR - ..U__. . ...._..._.q . '
. - ' . . E ' - B .- -
: o~ L : . . | r oo A CaweTiii T T
” - ) . . ’ “-\_ . Ce . .. “ 1Ll|l P . a .—..- . . T - . ' - .J“I|- ML ”.i a . - . ...“_- i 1 T r”.. ” .. . .4 ._“.._..h
& | : wnu\ . _ : = . T T L e :
Yl oy o aatmr T s .
t 1l - ..MI 1 . xlq_ ' ..1.....-.-... L -..-l . .
‘..._..-l_._ - - e - .
! L ! i .qltﬂ“ ¥ oot .“ _ . [
< ‘ 29 _ “ ; ”
: o : : ; P = X
i i o e
& L p S L LA 5o 3 . e
. l p -.i_.u” . L i r ) 2 PRI R . [T )
. 5 T R A e . -
p— ; ot _ : C oM : gt :
“ . .‘-.-....1 L8 . 4 JI.”“ 1 = “.-...-l-.. .
. ._..._........u - . -t -t . -._..__.L..
. l_-.l.-...ln..._. r - d . .-1.-_hI.I.'ﬁlr_ 3 - e Fmamama r -.“.-_ n
“ - o l..U..,. ) - ! i ql..“II._...rln-.. ¥ o T e e LRICI 1.........1....-.-__ - [
. -.._.ﬂa_l.... ) ! M PP ' -....l PR RS L...l--l-l-........-.q.l..l b -
r - |.\-_.._- -t Ffefidamemurn - K ams amamaEr 1|1._.-_-_-_|.H."
. LM“u. ................ e a e e hr e i T A e = .wﬁ.u.w* o SV EEEEErYY A T e e e W
- i o P v - DT 4 - s e H- i i "
- ” - :
F r ! [ ] ]
o] ul , £ o 1 3 o .
i n i

I (T

HELNY

w

L
LS

FIG. 14(8)



SN e e -
el e e e e -
" .“_H_. i p ._u.LH_ - o e e T =T R et ot I.u-. L ..-_.._..I
.._ .-“" M - [] ." -”r”.t Fe A .|.|-.| R R ST |.I.l.- T e .
~ | Z " ” | | | | % S &
i r - g : 8 - )
; ’ - . e .
. ) ' - ! e :
= | : " “ i | 1 . “
'y ] ﬁ..r ] - -
: R : : " =
S ) % rF : - M : R : uu% . hw
a _ . ] '] - - =
1 _% L] - __ a l--. -
L - r - ' ‘ l-.-... ———
w.m " : * ; : = P
1 T r - ] A
y— ! e . : : ; =e :
— __ [ ; : : : 2% :
s . . r 4 - ! .“ . a .
N o 1 “...\_ ‘ _" o - RN =i .
' kFF ar - 1 ' . . R o I
T .“.\ " - 1 "_ u.n - 1 llu-... T
e : 2 " “ ; : L L o
i o ' : 4 g P e -
¥ 9 : 7 " “ ; : 77 :
.-.... .-\.\ ) . - a m l- lr [ ]
: 7 4 - Lo s ; “ _
i K ;e : : S - S - nrh i
. ' . e a o S i,
: el " . m ! | ; = Lo
; oy ; - o o _ ; : = .
o Eel " s A ; &l o :
b I S : iy - i . ; rO s -
I P ' re. ¢ ; r s :
o = & R = by ut : =
. et ' ' Lo - R . .
B i .nn.u__..n_ﬂ”“.n.-._._-.n” ' “Fﬂ.-. - N T — . " __-._u._ o H._\...m g i
" 1.-1“.|W_.|.I l.”....u... " N “ -..-l.ﬁ“rl.l._ﬂ“ .“ .u.i.-....ﬂ ” lnu.“-.-. " L-I.-”t
Falia A ’ r : L . “. - - -
P NM ' - . ...”_”___m..nu.. J_ : ._msn . uum .
" #rr : p ' . ; ey :
- CE— . B, P . | . n 4 i :
_“ 7 : S L . D ey : = :
: A4 P - A ol p = .
P u.__m ' : . N - . uv.u ) 1
.“ r - .“ “ o' [ ] .‘_I_.”!
; 7 ' : h X . ; : = :
; ' ’ - . ; : . = :
““ rn ] - r . “" U-....-.- .
1 .-...-ﬂ....\_ : i " a L] l”wu... .
B s wh ) o - . Tl :
““ .R.“.J.h r @.—“rm Hl " ' LI T 1 L - a 1“" ol ... 3 l.-....-...
; o ; : ﬁ R - : e . L
4 o r - ) o -y
b bt " n .u ] 1-.. .
; % : : : : : u“m...
: e " : _ ”_ 7 .
: A 4 : P ._ vy : o
: 5 " : . S S o Ly
'a t " H | . __ “- lﬂ...-... - -
: 7 : : _ ! : 3 0
m“_ 7 : : | mm : 25
- I : .“W\.n..“ ' . [ETT _m nn..”....“” .
....... EETTTEIPRY . FPPRPEPPEIE PPPPRPPRPR I L. d g : il :
-..ll...-. ..h.."r e fasmunnmens A s s mEEmEE TR EEE LY ! -1.-_“-. _.. . lﬂ.-“...
BT "-.n_“.._ -\.-.‘UA» T "= mERmEmRIREmRE== mEsmsssmEnna - ! .
- - 4 - o ire ..___.“.u- .......... LEmmremmrames S
h 44 .

2 . . i} . 3
|||||||| . Hﬂ.r.l

Sep. 18, 2014 Sheet 14 of 21

...|...|..||..||--||..|...|
L] T T TmEm T Em s s m = Il|||I||||II
' r A - Crr o
' rd ] - e |
a - - —ma a Ty s — W g h.h.lh - r aeL,- =" - "= eem s mEEE .=
Y 1..”u.l...q.......-|L._.u_._.ﬂ.HI .-_llrlun.u_.. - - - - " - _....|.&...:__J. . . ' 1 N R
" ety o ' . - et T S i 1, LrA a - IR P Pl r=-==--
; et . - T Dk ; : LT Wi
i : Y Ty . - e il n T -l D
) . A Ty ‘o p - R .._lm_ . " - .
 fmevemermmitflII Tt ; : et s ; :
4 - i ST, - 3 - ' ! -
_._ .“._...._-”_.._._- L T N .H..H.“H FrpE = . e .-ll_..-__.\_..._-..\.\.i.-n....n._.- " i - X .-..-_...-nt Ll ol ah . . .
.u- el - - rre e N R voaa . ] .."...Hu n .-...H.n e i - ¥y }.ﬁm . Y “
! ¥ .=, == & . el s - - A oA Pl e F . i , pied . .
B illl... \L-..LII!-.-‘.-_...‘- e . K . r P . L Sy T .lll..l‘.-h‘.q r‘fh‘l o -
! L. S L .l.ll'..l..l-%‘l L - I|..—_I.|\| ‘-.Illl.lnl.-.l‘-. = .1!-. T e T e -rn__-. . .u 1.“_
__ e . : i L L 9F
a - - - B -
. - Bt < P ' - __1|._. T " - ey
. - - - K
; P4 : . e, ; :
i ....-“\.ﬂ.i.l-.lh-..-.\- ....lli-.l...l r - b..l__. l..ll-l-u.__l__.-lrul.l.l.l.._’"..._ : ! -
it Il SRS T NN e bl ___.-_u r ' ol I”M!}E}-I-l-l - = . -
n ﬁ-.ul_-_-.--i.u.”. L L LN " am . . EEN S e w —  anen “_ . ]
' et 1r.l.1lh..1n....uﬂ.. - r -’ AR gLy Y e - g i ﬁ-a.. . .
T L ot o R = ol T ity - ! ;
L P " wwaan . - p et = e A Ml ey . N '
ﬁ.....u_-lq..u.q-_....nu._....hitn.uu_ " fam u-h.u‘fl._r.-{fl._\..-.l.rlr.rl.lau_.r. "y p__...-..v....f.....f..-,.h. aaiel Tl .._.-._.m.“. mn. u . .
1 - = - P —|
_“ . l..ji“"..- ll..l.nun HLI .\hil.-q.. " “ ril h..Ll-.-.l-.-..i-.llili.r-_-lllui.i - —— l.l-.“l.lil"ﬁ-.ln. Srpas u._..- _” - H “ .ﬂl-ﬁ
”.. . ”__ﬂ.ﬂ.lllun..-.“l ".II". M - “ . el - ‘I.ﬁlllh-k-tih..l“.lﬁ.l!._ . ”. LI
K .1._.|.|| . I.u.l.-u..,__...u » - A - N . r
. (it . : . _ __ .
o l. - - - -_
ulv Kl oL .........Uu”ll!-._..-l.-_- * “ - L Bt e ' "
n.ﬁ_. g . ...-.._..ﬂ.h..n...q.n..u -r wat . irs D -_._n = —_ I \ “. .
A . - LI T Y - = . L . Ly 1 -
i . —a " - F . siabe ot ol ol F T LT A C e = '
0 S T R R (1P 8 A= e = gy s G s e ¥ L .
Nt o P e e ’ w____.“__. .o ) T T e W K g . r Ve . pw e T .
.l i I ._.....uu-.n.. T Lo ;o Faw A s e -.i.1ﬂiuanh.hhllllnuln.ﬂu_r11-.l!}\.llm._.____.ﬁ__ L T e s Rt I T e I
o 4 Fu - r lu.___u n.. . .....__h - e T P T NEY - .H.H. E i I uu.__ ..... R L ) q._r_ . |l..1.
- u Ty - . - -~ - . LRt R mammmE w1 Ce .o LR
t . o T ' I~ ____..“._. R eratin Hﬂill-é _ wo - . - LR RN PR _ o Lo
[ ' h.l:..l.l. il Ii.h. ' ol ll.n..l ol - 1 L] .._1. o R N ] N " ofam
et et L . : ’ .l i ; e 4 el e '
1 - TR XA n - [ ] - . = - - 4 . .
a 5 SR S SN YPT Ve L L S At L . o : e _ 3 d Vs
: i -t T TR AR L S L L T Ty ) - " e - rm ! 7 - i -
.-__-.V _“ ...-_.”._.. R gl n o BT EREE T PR R i .h-nn.\..lpir.q.l..._-.“._.. . -r....-_ H * - h.r“nh.l..\ﬁ.l-_ ._ ..-.-...__- .u 1 - " - L N N L T
'a -..-. - ikl AL A r v Il.l... “ - H_-l“- » 1 l!”llr.l‘..‘\.“-‘r ...‘_ ] - _-_ ‘a - 1w E == FrlTTEREE - . ranre - .
e . .-__._”_...l.-l-.-...-lllrun..... e wd e E e e — ok t.-..-ﬂulw-...f..l...l.hh.l....ﬂ- -r __.-..ﬂl._ " - -— .ll-“......n.nl..ui..ﬂ-. .._-lrL. | [ £ LR d .... T EEEa A maa e .|-.” ..... e .
.l P _“ LI il 2t £ F I Y - - R - . - w..n‘-.mlﬂ..ﬂ.tl.lt.. .. - ._ » -“-...l.__ .”q.- T e e N UL U N R LA - ...-_.. .
K e : ...-.-.llll...-ﬂ.\%-.-llm._ ' i - Rl . " .Jimu ray - " T e " _—“1
p— [ - e - ' e oo Ao gt T y L i a g e eenma g et PR - Al
;o y L ' : P e _ ¥ R iy R : : < A
[ s o s --lll_.-.-l.-.l o ] 1 » e " ] = R | - et e e ]
d . " .\.\Ll...”..11u._..\.nln......|.__u.| ﬂﬂ.._. ] A . L . h .-.I" . P l.U.-....... wmmee -
-n“. “ o ..t.__\. e . . 1 - .n..-.. t.-.ilu,:.nq....ﬁ..-n” . Bl o ....-.M.....uu.“....l e .
T P e K T e ek N e - r . - e r— . - “ma - et ek el .
iy o0 ...u- B T T et ol : el a ...___Ll._l.l...l.H o " -.“... 2 AR ICIC R e i Y o ' .
L W e ———. = a L . o f“*_l!ll e - - ! . et e I e - .
- n“ 4 —T”l‘ ll-..l..-l.-l...l......-“-.-..i..ili-ﬁ i..!”h!-.”.ll....!-.-..-ﬂ-\.\..l.- e = --_...-"1\ .‘.-Il“i.- ' ““l.u = o Ll Sl - Fom - - " _” "._...- .“ o “.__.l L AR Forp T mm BT ._..“ ¥ e
L h - T T L -, Loy .-1‘-.- - - L" A h———_ r _ Y gy o - N Bt .. " L' ]
" . “u - .-1Il|1.L-..lll-li..-..-..-.-..-..l.l.rl.l-lll.-.-....-.._-l.-ll.ﬁ u " " - o I“?-‘__.QH-._ - ._lh__u - L ' ¢ = - L L . "
PR 4 - - . van - e N e I T mi'r
s ' 4= Fr s - - o " ] ] c |]____.1l.n.tlrl.w 1 o Fa LU L N - Pe oy TERRE .&..-r
3 Lﬂhnlﬂ.\uuﬂ.u...n.._.l.h..-.._. p T - -.I...._‘H.u_..ﬂ......ul.h....-___..l o o ."l“. 9 0N - tn..“..“....nu.... e P
. .-l.u___d”\_.” === L " . fw b .1.11 . " M_.. e - Foimm s p e e . .-....r-.__
Siwp, - . - . .M.n’. ] o | - L .ll...... wr
-.___._-. — - ol e 1 i .- . S
f - - A .-__...-.._...._.1.._. " : ﬂ..._—_ i..l......-l_.._...“._-.-.|.1.-l_. " qﬂ!.l ’ 1 s LIS u_i - ._“. .
A e - ; : - I . i Nt
.- o a \L.l“nhlw..qln..ll.\.-...“. r hl Hl"i“.l.l.‘f__..-.-h”-ﬂll_.l.l l o J B ~r - - - o H...u S meatam e et
_H -__. “-.-_..1...‘.-. 1l._.-_.I.lL- \ -_.___-n.-.-_. r . - - W S mm A g , a .+.|-.|_...-|lH- ..““-. .......... .....---....-..“ e -
1 1 1 ”_-.__.._ . _.l......_.q_.ﬂnnul.‘.ll-ll. . (I Tt - Ql...ﬁ..ﬂ.-_rl. - e = T o Y e e = . . .-.N__-._-. S - . 1”..| ..... Tt i meenm L "
—_...ﬂ..-l..t-_.um..l-.ll i hlu .“ A1.._. e R R T | - l-‘d_ll _.uuL-_.lr!-..l..l....-.ﬂ._-nllIIl “-}.. vor Ty 4 -, A e T mmmm e e ...l.qull-1-...-l.-.-_.- -
- L " - y L N e T ' 1 .“lr__ ' L e - .. a .
i/ T el 1:._....__..1...._.__.... ) ’ - _u...-.m...-...l_l_......-. Lo, ol ponmmm m——— oty i ol o o e - L TETI PR e o -
y .u-.l_..inul.-.d - A 1 - -~ T S W m A " LI 2 Temdeaa PRI AmrrEmEama dan's pram T Y -“..l-
.l I e Tre=a .‘l-.l I - ..1. I..ll.-u.l...-__ln.u L-.l].-ll—.l.l.l-iﬂ‘“l.leu- ! .—I..-. : - 1-l.."|”_.-|1 ||||||||||||| ”u.lu.. ' - ﬂ-lu
s - R . - .%ﬁ u ! . - - r PRCE N ]
t I E‘!Jl“‘hl. hL...,,.l. r T T lw . ! L ‘ L Hj...-..l.-..tll I-““ ST - it -
3 e 1 M - a - “. m L] __Hl " dm u 1" .
. ' .__..._.1“_...-1._._1.I|w1n1.....-q ..1-‘ ] Fl ,r T o . Fadl .1.H__. e
e o k-.lil_l..l.l.ll.-l .-h-. n....l_ r - r.l TI T ha I“I..- .l.“ - __ -._n__“. e |-i|L|| - a - o'
- T . . - - 1 . . -
_“ . u-“ull..-.nﬂwuﬂ....l\ﬁ.h-r- .&._..u.l. " - ol T\lﬁhq!t\qllth‘i!lﬁhﬂiu ' [ .” - e ....-.--._..._.u...l- —aw. Ak .
. . . . ' E N e —n . — i et ' = . I N A SRS LR } .
_t "7y oo, o .......un......;..-...._l_.m...r__.- a oL u...n.. ; ~r r.ﬂi.-......-nun..u e T ey nana Y = . o T S Py I o .
_“ lj..q.‘_.. ey |.111-_|..1“-l " LA “ k A et uf stolee 1 ari 4's o N . - - » i o ) ."L“ ”.ul - iwdlrd e PEp= .|1.1..1...w|..-...- lnl..-.__.nll......__.._..._.__. v “
! . P . . ' - . . A YRR LR 'R F LR " - .
.l N .m-.-".I.-...ﬁl .-.ll.- ' - "Ml- .‘I.-‘.I”-l'.h.!.!'.i-..- - B E%‘l‘ﬁ K b Y a . - - s e L L L L - ﬁl‘
B ._l._”. - r - TN e ) " a B IR .._..._..-_ .............. et R e = e LI . . .u.|_.|
it Ly T .__..._11-_ ' - J.Pn.‘i.ﬂ.“__.!.v . 4 -r T B e ] T L '
l v tr Amm LR - ' Il ' ﬁ“m i — — A et T " . - . e R n
. \.__u..._-_l..__....._.m._...unﬂ...._..-..nn r b r . .-.,.]_.IN_.”___.. ) i ! 4 |................u-..|... v e
; e P r - - . 1 A * LA e .
! - B —n - - e L . " ' - LI -
p § T DT : e L : : R S e S :
' - T rarmm e . - - - . - .l [l ’ . - y
...-...__.”......n..rl..l_.q...._.l.!\..q....\. |||||| H.u..uﬂ........r...q..-_..._. ..".-.....i..-.........._.__..:._. * . ..l...r.q-.l.)m.._...__ . ' R . ......u T . . .
P Lkt e e L ) - - . m = o Lo rm=ar -, ] a - A e TR - .
ra ”_!._ . . I S o e I e T O K LI S L R I . . e o LI ]
a l- ) ‘LI-T LT T T T e - “% ----------------------------- ' e - - . .I..... ----------- = e e ]
- - ' e 2% o . -y e e e e m i P iy I R
.nln_._ . ¥ ' .\._ .__h._“_ iy Lt T T T AR AAE RS A e B .-"H...__
: ol d _r . 2t o v o __._
A £ “ { = ’ e W
Lo - 1
r R r 1
R R !
. PN .
u'}_.__u T34 .__...“.._u._..u_._..._.“-._«%. T._m.__ L SIS .Lih < _
~— R HAM iy N T
. IR 9T e S
n -.-“ o - _-“H

Fraseney, T

L=

gy

i py i

g

-7

|

T

L

FIG. 15(4)



US 2014/0269978 Al

Sep. 18, 2014 Sheet 15 of 21

Patent Application Publication

ol
. L
. _. e R %

AT rINEEEEEE G EEEEEEEEEEEEEEEEEEEEEEES
W-M - ' _n._u_ LR RRE __...............
o : : gy -
% ’ : i, 0 gummmmmemmssassesssseses
: L5 = .
1‘. r - I.l-l [ ]
. mw.l.rn.u -" m.“._ r lll.“r "
\-\. r . a - .
' - .
T : : 3 o :
= ; 1™ - Sy . ™
_..___uu._. ' £T# e i
o : = AT
o ] T L
;- A " E :
- e - .
Wn\ roMgd o . i .
7 : _ & 2 S :
£ Sl mr » ek |
_ ; : : s B g
; s : Che -
' ot ] T - BT
' .n.-l\-\ r T m - n
i " . - »
.M‘_...._M ] K __.ﬂqu.__ _Mm = .
=3 r ' r mr- -
r 1.“_ . %l . Ly = L]
- r ! - [ lnl“.. .
- L.ﬂ.-_..... * roLre ' ey o
L : H = : L
...-W...“-....Ll.-..._..-l..—_-ﬂ-l r a ._-.lf ..Lm_ "....1.“”. “u ﬁr
S : : AT L
..__...ju L r ra . ) " - . -
u...i. " -.ﬂ-u ] _-.l.-#..l.”.\l. % 1."”1“1 ll”l” "
i - [ . — ", mru n
- P L2 i | % e :
. H *. [ .l'.' L]
P 5 D & - x :
Tl : 3 : F N o e :
i . . s . % & o
ralr A ' A . . ..vr..ﬂ. . e .- w
“u.n ' \.ﬁn . r L. . et - O
o . ; g . ” v i . oot .
: ; g : :
e - ;L2 _ : : ket :
o w r = - - »
% P - f e - o :
h : Wm - m.._H_ . ) e .
. r = o .
e : : 5 : .. P
. r = = . '
4 . : : = D i
l..l.-l . 1 r u - M
1 - r ] -
e " ra r ”- - "
\ = m"Hm - R P r - - .
! : L n_J-u i r - - .
Lt o i " . - el
. . : : : boe- = . o .
_ ﬁ . : T ' A .
_ o8 : : o ; A - :
1 ] k A
1 - . . ﬂl ¢ " u i
" : : ¥ " : = .
1 t.."-r . " N r a "
L - ] “ r- r o ]
1 - . . -
_ ﬁ v “ % ‘ - y .
1 Fy a= !
_ alncr ' v : Bl b= ; .
1 . M u b " a .
" ﬁ ' N " A “l. .
n [ ]
1 . i [
_ o ] : ,.. ; , : . - -4 42
1 . i F A . ] ..ﬂ...L
1 ¥ “ r A [
e : . F ' “ ! '
R R R R R e e e E. !
L r....ﬂ... meme= l. F N N N M " “ ¥ ¥ i "
oy - e e _H.u.w._u P r ' g .
-_-_r-l j...l]- L e e TS e s EEEEEE® k " “ .
e T ' e - ﬂl|..m.. ........... LaCRC RO R R R ] " I - H.- :
.-u..-.-_- ] m.. " ! .-_ﬁ.n - L 4 e e e . ..n ...... ; ]
R = S+ u
a . PR d 1 e e e T e e T e e e e e e e e e e e -
- . \J .u._,-l.._-._ .._ * lh_..-..n ._.“_ _h..... et ..ll.u.ll
" P - ! rax nwn
R P R e . r L o \
"___.__Hm“..w __ va m__.. ...___..
e ..._ e g
[}
- r
L L) Il—.-. L=r
Baser ) e ﬂhr.__.““w_ﬁ_u
g B N P PPN P TEE 2
. mul.l.l...-........lln.ﬂnnnnl..qil}\.__.._..nl|lnn.1\ti.i.¥...1.-ﬁ.....ﬁ\ ] ___u...ﬂ_ e )
K T |||.ﬂ.-...1 et s ' : T TEEEETEE Iyt m e . -.”-u_
. e ¥ r P f\. [———_ E——— L - 1 -
." _-.I.ill.Imr\IuWH\.-Wul-.L}i. - " ﬁ L= ..\-.‘.uir.\l.t.‘.‘i.‘.l_.\“u.“lll.lll.lﬂl. ol .u. “ -..H.-l. ”. i e g - a _luu
N - aaan . - l..‘. o . : o e T [P T
“. “:‘. !r!r!r.‘h.:...l....u.ﬂ“-“-“-“]” - .-‘......-ﬂ.-‘“l.-—l.-—.r I 1 " “.lu.r_.l E..‘l-.‘].i.\.‘"”“.“.ll .‘l.‘l.nﬂnﬂn—dlllu!ﬂll‘n o llrﬂuil.“ ' . |.“.1l e .|ﬂ H H H Sos-tbrrAnEEmT atatat.ta “lu Tamm lu“.... “ .ﬂm.lh.
, - aaa a Rl I b e — et Toel.
e wa s . R _-_I Lululﬂﬁ.!il\l.t.t ..1...1.IILI[L.H.HH.\!I.II‘\\H.”I.!IFI;HPPH;L T e ST DA R T L A R A bl
“..‘..-..-.l.- ..-.L.llll.lﬂ__.UU””JHth.tlll.. |||||||||| li.\.\..-..l..-l.l-.ﬁi-.-‘- " 1-...ll.-|.|||.l-.l..1..ll.l-.11!- LY T ows T .|.||.|||.......11ll|1-.||||........ ) v “
" N - - o ' 4 7 e e e ST e e s -
. ..-_ .......r .l..__..u..u.l-...l_-......... ...“._.n. |||||| o o 1..1...1..1....r....|..qrwl|||ri111 e - ..." _.-_.._..l...___ : F.-l..t-.....\d.l.l...-l.”“.\. st e ke ST 3 ' b T ._“.._ Al Al
B e " r . —r ' b - ...“l - et e & a'n s
_1|.11_-.-ll e H.H-”-“ H.U.Hln..-_-_-i-_[-i-. t_ . Frew 4 Hlufhm\.#.n_ . . ' —l.“_ R . SIS ..-_.-.-..;.n..u -
- - . r oL . . - A amamm LR L RN et -
..... . (i A DT e LI
.\all. A Fafmllargr . | L . - T rrraa— - 4 Foo- -
I“nu... ’ G%\tl.h.lt.\‘l.l\h.\.| h'_-t»“»l.-_lw . bl a o L Ch o A Lo 1
AT ] L il ! L] 4 mm—— wa eI B S P
i Y. " - .ll..l..qll\\..qlll _ ! roG e TTTTTIIIIIIIILLLY A et m_-“_l
gty ....u- _-WI.I__.. r - r— e - .l.-.._l-l.i...._r....___l.l,_l,_lﬁ. = : Ry .u...u::.u:.:.:........::............ aji, .
..E.h“ LD " Dﬁ rrer ey 2 : v IR e O -
A - “m 4 — e - ' 4 LR R ] I L I L L - -
e L ..-lm.... i ' o : a R pstemptalel \l.!ng.!.;mm_ : "_..“_.. .. R AL LR s s m e e T sttt -
A : : —r s . Y IR s
b e x.L_ : m L . ¢ w._..rl.u...:lﬂ_..._.ﬂ._._ . - R L bbb b P e
e e L P : . s 5 B R = e e
e - r . L T .._.__._ a2 R T
= "= faa im - 5 ' ] e - . . T ar mmat e L Il
o r PR : L i el =
A TR reeax, L " L - r e T ot L...u_
.n-lu.qlhlllq.-ﬂ.lllllll-l r s u T T T . L
N b P - ' P Iy et L
-.-.l u e .1I|H|L.|_.1lllll ilt-“ e SR " -t “ ] E .. - “llllu -l”l” ) v
-5 ..u...::... D ey L2 v , : B O A
g nx.q.uq.u.u. BF o . : 1 - aa " . e T e
o - po ._..w-." : v ol H“ql..-. L. r .__“....- = . rmmer L
i ’ ia. = - .-.lIJmm.... - " . ..l - Lt T ' ! -
d fal - -t r rmE- e - " e e wma's e [y -
..11.Ll.f.-h.llli...|1ll.H-11 " l!h..- “ n!.n“.lillh.l".".l.hhl.”“ * r "_Hl.ﬂn__ _.“m“- - L - e ll”lull.l”l..f”-”. l.l-”.- ) - - .n__r
nﬁ.-.__ lni.....llll.-h.k-. r . .l.r_- .I-ﬁ-HIIH-.- .. ﬂ_ r L - A= = ||ll----l...-.-.. (] o r o . - o
fore .1...-_..-._....".n smmma=- Ta e EFEE _-..._._u_ ’ -...-..N.-q i Wl-l-l-t. I|h.ql....l..HﬂHuI.F.q....1...ﬂ.qlll.q.1..|1| .-.-Ii.li._. - “.“_.1“_”. . L e AL EEE L H L e |
L " S e aaa . > o TIIIIIIIER : fob el TTRETLLm eeess X
..- le“-hLHw\\l\l.‘lhl.l\.l\iﬂﬂﬂlluhHH.ﬂ“ llllllll pt .I.Lululllll__. . .._Hl.l . " L . " ll.l.-..-..uﬂ”.l.ll.l.-l.-..l.l..-.?..- l.ﬂr_.ﬁl-u....-...!\lmu. - i - e e Llllll == ”....“1....... v O
s T w i F l.._. . - ”“ . ' e T LRI e .
rq.n-n-n-..h.._.“u-n.ql..l...._.unﬂu......-u-q.....ul.u ------- e auwaale s ' o - . ' n“w\l...-..n““..”_.mt.l e _.m r u_._..h i B T T LT Y ..“........
Fiessssmmn - g T . - - . r L =l .-lllll...l...lll.......q.-......1.11.....................(. '\
.-1. lli..n.-11.”-_l|.1.1!~k1..ll11ﬂ : i, a L _mq.._.._ r . ' ' wl.lm_ r pmg [d L] - CIC I I . L
e il . g Il ' . . . . . e T . Salel TTTTTREIE S S L L S "o
] ...-.“...h“.lhi _-.nl-. Lr " .r.ﬂ_.-...- . ._-ln .mr...._-_._-u‘...t-.l.l..-.l I.IH.-...-..l —— r L] LN ﬁ “-.-_-__."- I mEmm l l Frrrrmaa o a T ....-...- N awa .t-.... -
- == - - H_ » - ' gy r ' .ll - - - L] A ﬂlll|11- R : .
1 .ﬁh-._. R e elietin .q.1._."..|un....1l.-n__._. n ' 1 laled .....F.ﬂ.UH..I-I-:I.-LL.-.ll.IIl.........l-l.I .nu{...u..u.mln r . = T S e ' _.1”.”.._.._.............1......... : R e
1 - l-\l [N H _“-l_. TN S o el ——— — - . I o - - i rEErrrE s e s . -.--.-.-..l
TrTEEd - o -~ - - - == - T T T T - ..............._ T M ' .
" ﬁxm -...-.uuﬁhnu.:m.u-::;ﬁ.;ﬁk..uu.u.n.n.uﬁﬂ.a....‘.?.% . : W.niiii.lﬂ..}qﬁ:.it:.ulq\..nl.]u...qnnhh - o w u.w_ s TR SrriTionoloo 000N T ;o
I e YT T T T . . - A e e pms . r el e T TEmEEEEE A ' .
b _“."..-_.l.lqlqlqh".......-_u_...l...q_. oy ismnren L piepspepsoagapiipl v BT B e Kagp ! f“EI.HHﬂ:ulh:.h:h”:ﬂnﬂlthhu . LLL.].I.I.»I..-EEH._...-_...-__-.-__-__.._.__.,_.ﬂ“ ok o B T T mmmmm . o R FEER RECE R I - .
' ; pe i el N U .l.lju]u]u]ul._.. ™ A 1&. . ey AT N : H.._____ n . ”hll.____...“h-... rrmm e AT =
=T=TeTe e A ' ' T O o i yttiyayayaiepelepupujuluiini iy RO RN S PR
! ...muv..._.l._- Pl AN - ....-..--J.J_.;-un.nnr | Ll-mn". v - . AR R LR EEEEYE S
. - 11!1“lllj|]|]...l...._-llii-. |]Llll - " n " 2 P . - Foprs ”._l... ..“ -.-..“illll-l...l...l.........i......l.lllllnl.ll ;;;;;;; ...._n.._-- q.-__ [ "
. BN L= =" . . s _nr._.ill_.11 . . .ot ﬂ PR |+||.__.__.__-l-" aesdrrr- - - - ._._- L .___- .
| Ill...lu]l!l]”llll‘ll . - d ) Iiﬁhl.‘.!ﬂahl.n]nll.!.l‘d b "‘m o e I, l-“1l“.l.-.-|-|-|.|.|.l L] P |
. lr .-I- . i N, —r e P ."_.... a .-._- dammmm ﬂll...l.lulu1l1l.l..-”- e S N ._._._.__-_- R L
1 l-.jl..._-lr-. r ] . L — oy P mm " k rr a ' o T Ay e e v LTy .ﬁ.r.“r
! e ...lr]ll.-llf ] . - I|.F,.-...-...l._lll.1!-I-|IL.|...-.Ll..ll " r e " _-.-............1...1...1.1.1.1nlnl-ll- TR _H"
' :1“"1 “"" ’ - ] ' Ll e i el ] LA - __.-“__. e T e "t - .....-....”...-.... M ._H-._.”.-__
' ] e T ' p .w.-.-_-.!-ﬂh:{...-i.u}...:.-u.._..q-kq._.ﬂ. h“. v P A s ] P .
1 v -...-. 1 == 4 -4 "u e TR R Ty e N
P 1 . ' l-.H-_lL-li__.Ill-l-lr M L] TN B e ¥ = A ! -."l-. === ' M
] b, T ,. . AT . ar — e ar 1...?....\.-&.% r T4 ' .._.. TR R M i ..... AENNC TR .... ‘ -.q.q..?. .
1 . q1.|“1.-....-l1h...Ll|lll__.__. L] e . oa I-.“_ L] o T k P b " e " ._.l._. == -.._ ]
1 -r]-_-ll.l_-ui O | gty ' 1._...,.". 4 .._. .-..._____........n......m_.-.._._._.- N .
1 -l#l- maaRT nl”nv - ¥ u A..-..H.l.q._.. " P opra . roa L i -._._.._.. n [
! piye L WL . . i _..-M. ' L U L TR _n.._ : A AN .
! ot . : : p o e = e "
' ' W, . 41 L] F . u Ll
_  fmmeasge i : : : T f
__ - TE N - ..ll_ ' F v ln ’ ..u .
3 At . “ . " el .
' - . - - Ry w ] a . ]
; .Uu.. L i h!_..-..l._..n.__... : ﬂ-u . - o ) * qn ._“ a .
! ' l-. Fr -— = . P K -q k L I 1
ooty ;Y c ; 2 AN Lo o :
- r . - - . y : L .
e | . . I R “ .
e A " r it L LT g . o -
r i g ;
: ”.._:..L..h.P.qn s “@: - . p - e T :
i) A . * o et e g 2 B
T e aieieiel PRARAALLEEEEL L SR e o s SN S sy
“. R L) T T maraT Tt g, - - R aieiingefeitaie —ar -,
- -.__m_.n.----..............u.........-u-n._.“._.“._.“._.“._. ..... L r e S ' : [ e el " uinm
A n - Uhl“ ||“l|: |||||||||||||||||||||||||||||||||||||||||| ..‘- * n..lu b . \ﬁl”ﬁ\.ﬁ\l-ﬂ‘.\ﬁ“
......... r & - . - .
- v ol Lo T ﬁw.lmh_h... ....... . . :
._.|[-. P’ Tr 1 Hre S o e BT T o 3
...uu.__ ' [} ] mﬂ“ gl o e R e
* ﬂ.-l”..- “. i - -..--q-
q
. y _..m_
P4 BETIS ALY -
r
1____ 1ﬁ Lw!\n.n.hn_ __.‘.____1__.....~ﬂ_-.

aafhpes i e

L
b

FIG. 15(B)



L

L]

&
b
L3

l.‘.:H

o
i R

R
e s
#O
e nn
A

]
ALl

.I .'I.I:I.I'.l.‘.

e

3
"
{i

n
= C

US 2014/0269978 Al

S
~

]

A1

.,Jh .
L

-:':: E"u'-
QR
1

78
fiass

l
Py
r:l.

L

X
T
'l'ln.
h
"
s
l‘l
o

o 0
1 11
L
o

20 A
o

g b
Y

...'.l. n :rl...l nn nn l.. lll'l.l.l. .l.‘.'. n Il n
R A SRR e

A7) R

LS

"

3 R L .

L ]
=

-
ek

R

o PRI

LN,

LR
JHA'AH.:E“‘I!
-
"'
L ]
b
1
v
o
‘h
LN EEE N EEE N EEENEREEN EERE FEENE FEEE FEEE EEE N EEE N EEEN EEEN EEENEEE N EEE FEENE FEREE EEEN EEEN EREN EERE N EEEN EERE FNEENE FERENE NENRN]
rl:tl'
.
e
-
L
) .
: .. - . - t:| -. .. I.
“m}fl
L]
|-
it
q.h"'_-fq
J"hq\‘..:?.
-
..|.|...l.|'.l.‘.|. ." l.lll
AN
s
-n

b

X

:
Ay

1

1

-
A

-
o

Sep. 18, 2014 Sheet 16 of 21

........................................... Sl e P S
Tt - st
) ra r FL d 1]
re iy T x o ke o ¥ & o S - i wee
A . -
- e - - { o '
i - ' i ...m_.u Lo A
- ' !
.“. - - L H.T‘”I..ﬂ_. “‘l - l-“.I.m.“ . . “—a—l 51. rEe -n.ll. 1 r
PRafa) R e 0 TR g e Ve IR, R RO
1y
. - b
l +
e R e e R -....-.H.h_ = T T A T T T T A N A A N P N N NN T S NS Ty r.._-: Fasrsrorassrosass o rr A s axss B ”1. o 4 ._"._ﬂru...
. .__. ' lIlIh......nHL.I..I."I . . _‘.“..-_ i ll“.qih.!nhilﬂ!ul.ll.l ¥ ' _” "._w-..‘ ' -‘_”.! -------- R T -l-_-ll-.-.ll- : hd
‘-\-._-_..!..-._._.l-...ﬁ.ll.-.nu.-.-.lln.._...._..\...l - " N H_ " .Il-.-.-.....:i.l.lu_lh.u.ﬂ-q..-..l: “.IF " . AL A et rmm =k Meawr===d +-"a . T
~r, - FFr e - rrea ...._l_“.l-_ r b .-_....__. L o i~ = LR S i . -a ! A A e e e s a R a A Ea A - .|.-.-.r”|m.|.|..... - T LA
1 i .-lu-.ll.uu. -y 'l _.-_" .._.._.u_ il .lll]...-....-...ju..r.__r._....11”1|.-...llqll lllllll . I..Il.rw ..”...1._1 . .l...-.l...hm.”.-. .. ..._._-.- - .....11..._.|l.....|.ﬂu..n............n1ﬂ..
- . e r r T — o oL Nl o O AT i e I R N - ...
.“ _-M...ﬂ.-\MI I.I.1...1.l..1-1 &L |....|.-|.1....-1 = " ..-ﬁ Hr.r:l......:ﬂ.:ll.ﬂ.“”..lrh.l.l FdTiTa o & & T HH- a ll*ﬁ _- ." B -"4 ! o llﬂ.._... |||||||||||||||| .||.|..-....l__-_.......|||.- ._..T no
. q_-.-.t..-nln .l.lll\.l.ll.-!.-ﬂ....iwl.l:.l]h.lll-.11._.1 |l.|l.1|‘_-l-1 . ’ ” .-..l__. .ﬁh—ll.l.l...-.ll-..-i__i-l-l]u]..l.l.l..lrl.-. Y g _. ” -...”.-..“1“.”““““““”””””"““.””1.-1.. ...... 1.-“__“-. “. ”
e . o e P A e it st | : G e e e e | S, I A e e
.._m...u“rn.u.n.ﬁ...u._.h.u.n.nn.u eielieeipnin - R : Y it iuainiiainininl N s e e e T e
r " .-1.. . r r ..1i.I'l-.....-Juminn.._.u.nhﬂ......r..r-nhlblllul.-..-lh_..-t-\ K N | H:.._u_ SRR - y fent ot P ' . LN _-...q- Kl e - . . 2T ”_. L L RN N ...ul..-..... 1, rw.
. > B epeepe———— ] . . - X e mp u hoame = . g ma S E s mm o .
A il l.-l..-....._t..-.n-_ui....!-r.rlln..........inii....i.....||| - H.- r : e .lrr.l..-.l...-....-...-...-.ﬁ.-ul__l.-..‘lﬂ.._. ' N a Rt : T e L el w.. ..... el e N
! . .m_E“. e A m_mrad T e ﬂnL__ " . ) -lu%-l.l- T LS m ey o . .r_mnw ! qu.m._.. J - L) e Bt e .
' 1.|.-1 - l...l..-.l.-..ﬂ-.. r. ”.“_____ r . .-.-.w i o i i ! el o - " - . R ”.-.-. ) . - .
.._-“r r . - T T A o e A - " . T . AL A, Wb R I ‘u
“ o .h.qul..h.‘....-: i " . ._.“.._ g ik b B Ty Ilﬁ..-lall_-\._ﬂr.l_- _" . . .“.._...q.l...l.-..... LE "”-" ” -. ““ “1|___q1 ] - " "
' " “-01-!.1...”........1.-.._“—. r . ;...lm- 1.1&|II|..-.LL...-..J...I.-...|.._.I| .._.,u. [ ir . - . ........uu...._.....ﬁ-.. ' .
a ' e aw S [ » -, 'l of el ' . w'aa - s mmaa g -
Ry s . “v.._-u.il..h N Lt - T :
: i ' " e , e o b “ i YL '
.- C L e AT T T p ,_-._..xu_ . . . .n.- u.....”ﬂlu. Y L Con ..u._-._v.. _n.rn e ,mn... ta oA
p o LT E r 303 I . . T . - e ;o
: RSt e P 1l : L4 . it i e T b e
" 1.-...|-._-... .lh-...q.luunu..r\l.m_ " " -...|n .....-.l...- e el “u
- n...---ﬂlﬁ-.-ln_.l..nl * ._Iu.l.-. r 4 “. __H.._...-.__. 4 1 “-u “lﬂ-” i --.__ “
1 - 1.!!..1.-1.].1..1."_. " 4 ! 4 rat e .-.-- 1 .
v ,r -l ¥ " . . - ur [
. L N L . . - Bl -
£ P Ao " o . ; S AT S5 ;
."-l_. v . ..l.-h.-.l.!n!ﬂl!lll-i..-.l-ih\\ll .tl-..nl . -ﬂ\.l- : H\J._ I.n. " : -”l- - n.-.l.”_kun. uuuuu iy 1
Ll oL e ST r S Sy o, OO N e ; R DA o s i
. -.xu“ 4 LT ...Il.]l..-.....h“..i..-.l....lll.-“......h ’ H.ru_ ) a u .-\- ﬂ“ﬂhl“‘lhﬁl-_ _. l-. “ -U._ ' n..q.l!l Eesmmssmror, .l”...-qn... N ' M”"
l - - - g mw - r [ . - w e 'y n ol L T U ] .
- .__H_.....W.__._..u..u e r e ) o ar # I-n.lh..nﬂ-.tl-\.l.-.n-..rT . iy NPT AT - -1 - .
' == Ko : el L il e o ; A ca R R T A :
. . . HH.‘..\u..qtll.ﬁiqlillHHr‘ r . “ - i -l.l.-l-ll‘ﬂﬂn.—lhlnl!hll.l.ll bl ". “_-L.u- . -..-.u. “-“1."”.”””””- Pt - r
I Ay e rraa - r L P n e A e L s e L el £ e
1 1 -__..-. 1....-.I-|-..-.-.|.1.__L-q..q._.._.l-...lxljl].n..-_.ll-.-!-ﬂﬂ.h__ . = F -....l_ﬂ. - _—1-|-.]|1.I..-...-.-H...._.___1||1II. ...\M. " ?-_.. F P ..__H._.M -ui e L ﬂ1..__-._......1.-. .
- 1 .-....V.u_-_-._.._._i...._..ﬁnl [ I L. r T L | n .I..-.I-..-..-.l.l._..l.-.-l.-n___... Y . ! s - “....1- Aat e c e s mEEETr- At R ‘.
&) I AT ELIRETERLLEY A B - - P i : R R AL
T o T - ! - LA ' s, PEEE * : Yoo B st A ati tiaial i L
H o eV VPO R A R B 0otV N e R AL SR S
.l e \ ____.r..-.-l-ir-.ﬁ..ﬁ|......||..1.-....-.-..|._..."...-...."...1...|.|I.Ili..1l. e L .___l.._—l . - . . wa l.l.l.l..-.tr_...-ut..-.. Y ' ..rul " ..___" . lu..._. oo L L. el m e e S L =
By a ...I.. A S A A F . aa o e - r il b lll\ . i — = T ' f o -.-....“.... ................. - “u —
! : : Rttt A T ol ] B EY T = : - . . . b g b At B P .
l - 1 .-I..l . a e ' u s 4 L Fldmmeme s 'y oy ma PR LE I . . . - Al g e ey
, 4 . 3 _..H-.l -_ulﬂl..-_. '] -r oL o e et far s g b 1 UI“ L e T imrrTm™ =fyf-"-rer.EmLmoRRE 1. ...
' - Tra ] 1 \.U!u“llﬂi - ! P - e e A e L
r a . l““._.-n .|”|U.|.-u_". i M 1 it L I ittt L T ry .!..-...-..!I..ﬂnhl. ...-.I.-._.n.. L ”lu..-n..- oo “.ln.” . .. U.u..-.”.” ........ e
_" F] ........1 P L e L .!___ ] 1 P l__-..!..'.II o P e ok ol A 1._-_3 e b Ll_u- - LN RIS lll.-_.-..-..-. - - L - .
T - el T 4y a—. o 4T, ’ . A et s m r =y : W bl rrammseea S am
< i .-.ﬂ.-l...l...!-l-.ﬂ.ﬂ.tu.ﬁ |-r|-h-.-_ s e s .l. a o= - r -.....-u...iﬂ “ o T il st il - . .-..tr#..-.m “. ”-._n. d P lhl--_-...hUh-_. : l H ........... ”..-.“ ............ - n
- 4 T, e e e e N - - - FabaF il | ., TN o r. P 1 . | L e e - TEPF A A AN a ke o "
1 U . s AL I " .-.....-.-.-.1....-...!..!.!.-..!.!5..-___.- rqn-_ - ! ........_.-.-I.m..-.- ', rFra ﬂ ‘ o s e aam e L e b HT
0 . L] = r T r a3y m s s era F o Bk o [ - L] - ' A - L] - Imr E s mEEEEEEFF -
.“...1“ . ...H..ﬁ..-h.hm._m..-”._..u.‘ﬂu..l..._...mﬂ.-!-_.r.|....|”|..1.._....1........“..ll..1-_. R . e ._"._-u 1._-.__“- PRI . . - e . . . ' LRy “11 fa L N e ey e s e
- “ ' . .lll-a.i........-u-.l]t-..lnl-h...ﬂrlll.!-_-.i-.ﬂnlnlh. " ". ! N . 1“_r]_ .li.hl.l.]l-}.-l..-rl . 3 _“ - ’ N ? o e ] - |......--l-l-“““H”“Hn.L .q...lnl.-ﬂ-..Ih- ' e
. : . III..-_L_...Hun.uhunn.“.-.l . . y s . .t ] . . - i, o - ) P N T M Ee e T T TS, 1 . - '
' . ..-.1..|..|ll.l_| l.!-..._..._...__- . ot . Ilnhr-llni-llh..lnu.l..-l_. b - ' [ . " et R N ) Sy a. .
-~ — - N - T T Tt X - W N e I Tt e T e T .
“ thll.ﬂ.._.‘.-q - il ) " i .-1“.___”____. ..”l-.t-..ll. wamrre—’ e Hﬂ%sm _“ -.-..w i _. “.h-..-.l.....-._.l..-l--_- -l.-.“”-”..u”!“._...rn.l"ﬂ s --... ' N
- _ s, 2 . : W e e e b . ~ e . L y : e i SR r -
b -4 PRl o Figih a =y  — o w o ' a P N e il . .
n “ ' 1”.1-..._._.nln T, H.l._-i-..__..m.._.q. " M -_...“v .l..\....ﬁ......“hhll]r]lr.....l —_ ’ ' _“ ..-...-ﬂ”_“ N ‘" ...“” . AL I R N I H_.._.m.u-. L
- = cro mma s o r . ' L SRR T - ho " O L e . -
: L AR e ) e R e T e P
0 ] . 1-_..1_.1.__‘ ot e -.-._.__ '] ﬂ..._.q._. b ' .ﬁ !.__- _. .1-._.._..-. _"L..I-_- ‘ i _“.-.. w ' - - ' .J.-...l_
: B oy . : ‘ | i TR
' . e - r A i . A - -t T
. l M -.illl\l..lr.-.u.-.l - ' i ) ) ! o i -..HI.-.. ..._._.wl-.._.- " .
1 ' o > .l.-..-”-..l.l.\_-.‘ r . = - ' = . . L
t . e ot . ' . 5 Pl e T
: ....1._-1 il .....|..H-...l.- iy P ] ._-_....L" . ! .-.lnl._ e
“ H“-.L. - 5.111.....-..- .-”-l-.. . i _" k i ; ".._ e ..-.” -- .. er _ [
\ . e mrn A, " . ﬁ..- . L Tl . . SRCI LIk .
. S PP o) : : e - w o o i R TR D
R o g e i s, S .. 2y oo _.-.‘#.\.1.1....- e g “ .. . B T e T T T T 1"
_“. --.H. .\...._u-_.l...‘_.lll._.-.._.u..-. v__..-u.. " - . [y .-rll.l_..._..ll.l.\.l.__- .-_h_._.- .” - . - l”..un. 1|||._.|....|-...ln”-mn-. . ._-l_nu
: .__.-...-.“___.. - !rI.H-L-.“”WhT r “ -_lw = T LR ' . ". “ ..-..l...ﬂt.-...ll.-. ..... T -..”. L . “ o e " 3
. l 1 . ._._-1.-._-. P . i By ..-.....Lji_.i...l..l.!__.l..ll.].-.;. ! i u ’ B L LR n
: s r . .M il RS ——— -l A _ﬂ..“.l " . S e e e e e T T 2 " e ‘.
l n. -!_.._.I.__.l-.ll.||1.1-_..-_1 .-...._-. " * it I.‘.h"uiﬂirluﬁ.lll..rulul I e XX i”“v. .“ b fa |U - e B U._u T |_.|I|l.k....|1|-|. nnnnnnnnn .i- -
- o r ~romina X d - sk . 1 d LI T N A R ame o ATy K 1a L
: or SELe e . : P et ! . HE AR T e
. T = = A ' . - o |._.1..._....-.t..n._n.-|n " L . TN e .
r l._-..I|1.I".-1.-1..-... lll.-h.-jl.-.\.l.l --—%m= - -~ r 4 E - [ " T T Ea L m_ .u....luluu.u - - - Ty " .
TN . ST e Il...ﬂ..l-.l.mll.-.ll..-.-u-!.luluh.h.ll.“ ra u T H.- - . ". u —.-!-. TEoaAs b T " -_1 T e i L LR L L R e Hﬂ."
- - . A maA A mEwmeran o e 1 . ' e R R wre'm e e v L -
p g e T R el T iresereceresshessccasccar e U-.- .................................... £ Lep e e s e e TR R A eefegin, i o
ou 1aw Ly Fr v e by Ca Rl 'y o g8 a vl .
- 1 r . .
A o o . - e ¢ - 3
r 1
L] ]
] . . i M
F] .__1|._.1.- .-..__.l...._ ] E [T 2w P Ay \um...x.q.
~ AL ST TR R E ety R S

Ty

F‘I

T

ot

:

DEREN 0 NN

\:.
L

13, 16{C)



US 2014/0269978 Al

Sep. 18, 2014 Sheet 17 of 21

Patent Application Publication

e poteretatatte e v e -
. g e e e L
' . .nb.- ...........
: _ e T e e e _
y h b - : " o
: . . e
Y . - i
. ] A T O L At
| Z " ‘ _ g s %
"n I.- r . L]
. "y p : o
i : : : i _
T - - B “ﬁ . . o . . - _
' L r MIIlh H . “.“"l
: “.u.\, P T : - ; Pt
g A - : o : s
" w ] T : .".._."""
2 A ] . L i .- or 1
1 o - 1 . Toom mr 1
_ o : H . . o
. . aTu
“n l._.- " r . ' .-.“l“r
; : : _ e
_...u - m“ . . " - g . T !
0 - ’ - n..._. . S . .-l”l” !
: ! P - ; “ et
‘s . . 1 B ._". ! - -
“.. -“-... ] . L Y .“ -
_“ - " a " . 1 - -m"w 1
. ' . ) : - )
" - F r ! e
M ]
4 - [ ] - ]
".. .-“...ll b - “ "-lq..lu ) .”-_1 - "
" or . bl . i : e
7 : : : £ _ o
PPvr + : 2 ! o
".. LR .l..lu_ - " " """m
2 PR : - : e |
" 1.-_."“| Fr g . " “ .._."ﬁ . .-.”-.“l
' o " ra . - .-u-u."- ’ . Ll )
; v r = - - ' . iy !
T - ﬁ . i _HIHT s o, ey .“..n.llr K
- iy e . ' ..
_“ ...1- " jﬂ# r..._..“- r -..._.hﬂ . . -ulr"" . a
- Ear r L ' iR . i i . o ,
' ji.-ﬁ.-lll.lr.-... "a r IL.I- a oo ., - .-.I”l.l ' "
. - - r : - ' = oo - . . L
' .._-__....-‘...1 - " “rﬁi =y —ll ..."_1._- ' ’ ) .-.nlﬁ . '
- [ r -l A ' _— A ) o
1 - r e ra " [ WY . L
N ﬁM r . 0 - - ; -n_...-u A
; . : ; el v . e . !
.“ b T - ] . ”mlu\- g iy !
: 27 Lo : L i
" “‘... - 5 " s :
. - ' .
_.. “ " ! M. . - . .-!.& il
: Nl. i ' : pei i} s !
' . r - = 3 o .
' [ B iy . +
° .ﬁ " ..Wrur S
_ .
s % : : Pt _
- * . . s _
. m“u. - LI : -
Kl u -r -H- e
_“ - " -u Y r oy
i ' o . K 1 S -_-H“ 1
; : . LA s !
' & : : : el ;
' 1ar r " . i - |
T ﬁ " r . w...... . ...|-.“r
s " ] - ._." '
T % . : : _ | = "
' - . - B . -
: “M..__.._. - - i ’ . : ey . :
e ' ol . T _. . e ' "
o = : L tat . ’ [ n g
: 7 : : o - S :
] - . . . . : e SR
: ¥ " , = . _
-l L] " v .l-I
'3 w-_.H " 1 .“.._.lr = .
I m'm s's & ='m == .
......... TR - S " | _
- LL._.u._ . .._____.“ e e ta .....[....J. P r ooy 1
- ' L-."r U STy e EEE'E = o= .-.“l“
£+ ma . L2 3 Ly _ o
r - < S T . .
A.E.. SR e . U, S
: ol . e b o e
F l-_ll.l\ < ' L ' koo .-
1 L . - i
nﬂrl.q.l-___ m.- .._.._.._...-_1._“_-. ﬂ.ﬂ:-l_...M N |“_ ﬁ.“._..- I
Al o ng ‘.Wﬂ .
sern] BRn IRy . _
: :-J_.-._.._— —_— )
e m M 2t A e .0
".. hhhhhhhhhhhh e
: : errarna S+~
W ku-. gk A o e 4 FEF oy r F Frrrraxmrrrr
.“ el .-1”1......1.1:].“.111 s 4FvTF i g Lm ; T LR e roraaa .-Hn.ln-
L] ey " . _. " .11.1“. Pl 1
e ETTTET . : M.w.?u.u:.ri.....}.._..;_. N L it SEEEEE
: Fprn? 75T : e " : rrne sz s symaaass .
: ) . - . i - T Ay e :
"“ .Hh H.ﬂ.ﬂ.l-.l..-l.l.lﬂ-.l . ‘H-i.i-i..t_.n_.ul.l il .-1!...-.-:\!...-1-..1.-\-”1! L " lh-!. !...-1- -}."-.-l-. 1 1. ._.l“.-...!- d -J._“..lﬂ1”1 --------- "r” s i ”.
e . R N e . . e o gt - THL 1 L |.....-l—.—. " = K
B Frara I f- - Bt . - .TWH.‘M .1{-_ . . L ..-l1l11|...-.l 1 a
._......u__‘.... “..!.-. .\..L.Ll ~ |.1..__.-_.HH.H.H .u:”ln_.n.-.‘...-\....._.....h +aum q-q-:.__r_-.._....]..l-_.q. " H n L L.ul._-..-..r...-..-_. ”.- . - - - nu... . e e K
X L o LT : R - . : - R - " : . ||l.-||”-| T 7
- a ...|n.r g P = i, ity B L L R L Yoo _H-H__ . L LET T i oAy ' a ' P R NN e T T e A .
i ) i P . L [ T . ; Lo H.H .11*&‘![‘.1.‘.{'!.-..“ . il “ L L gt il e I skrrE F= T _.“|I-I - r .-
_.. .m_ll e o .-...l.........-.-..l...-1-.l-lllli ..__ ] a Jl.. Pl i - .. . o .-”-I . im . e T ..|." . - "
. -l"rrl-.-.l.-l..lu ul Tm r . . - el A —p " . . Lo . X W e wwg . T FFo AT rmsss s s mmar - AR |._..nn-.1-l-|l“....._- "
- _-l.-_hun._....l-. ] . . 1W Hi.l.l.__-ll-.ll..l-ﬂll ha__ a U._..- P IR frmoaa t.-ll-....-”1 .....1-l|...-... L - T
. \sﬁmﬂ“ ¥ . LH oty - - . .. m.l..- t. i.ul.uu. - -- uuuuu R -
- PR Ll ’ - - At T, ' ' O P R L) " q....--.:::...........u......
: _ A S . e ! £ : LU ST TA S
'y o A i.l-lun_l-lll_-.l-m.r . F Fom .-.h.-..rl ! - ' By .-..jH}l- P o i ..|...-|-“-|n.l.l.“l o »
1 —1I-IIA|1.1 LT r - e el B ll ' ) s AL B < .
i e T h . d e - ' . [ -, R S A
e o B A : e PORRYET T tnrig 4 , e . SRt A ) .
" r v P -r ’ e " 2" ateglep - gy L] E e v .. .
Fr- - ._-.nu.."" - i r iy L L] _u”r.. . M._ 1 .. A ; Ly . -"ln_.. _._._u.n._. e ma e mE === e A L._-. “ r
- - et T P .o e Mg i, A e RS s S R o - R e e s :
' ] sl wr = [ r .._I.u " i " . . Frddim = - IR A - ". = . e ...-h-H . i - '
i . S r I G e o o L i U U
h . __.“_.-... ...I.-.l..‘ h.u]". . . - T P . . " “ -MII. .“1 ..-.-..l \ . L h. - LE o ....._..._.h "|- . 1 ran "
s l.l. -k E - . . e w—— l.\.‘..i.l w .ll...r.-u..‘\}m ' - r . .. .I”L-L-L-_-L-Illlutu | " ”l -------- ‘o Er S .l.-llllﬂnqn.- o om “ .- "
.-___....1_ n“..-.-.n.-.l.-_ -..__..ﬂ." " . __._.v__..l_._ “ W - o . .-. “ _-.__.pu- . == L |.” ....... e - e - -_-” ” o - . ..-.....
- ot el i : o . : g o e RRE SRR :
Ll i .l-l- .l.Illﬁ == 4 o " - . - T , ”_ - .“ — I-.-u . e e . [
"“ . ._-.lllll r'rdm P 1-“._...._.- . ul__.u.u i _‘.-. i %.i.\.ﬂ.tﬁ:l .-I!.-_n..-”..-. K T ' - - 1"1.-..--nnlnu1.-"m £ R :
M- r - - . .. L - r ) a b Piptiiinie st L i r
: e A S P e b e LI Cakianana & . EORTISITEN. i _
1 . Fama - [ ] - —— ' " ra 4 Mmoo m s == e
! g el . P, - ¥ TR g - . B i T
; g T Py B e e i Pl W eewemininyie T AT >
_“ - - I‘-.“..-_.‘ tar r “-..-l.t.. .1. o - it r .1.1!..‘.l ll.l.lh . . o “.-“I. " l” N —““ [N Ty ==t .- e .““ .l. s . - .
r. Ma ! - [Rep—— o = N Ve ee N Rl SA.mmEEEEE - o . P B - - S
_.. i ._.“I1.1 -....l.q__.ﬂl-l...-_._.“”“-__. " = “ .-.-..l\l.l.l..“ﬁ””ﬂh .I|l|-|1-._.-.-.I.I-...-. A .-_ -”_n.”- L r ..___....-._.-.-ll...1....u-. _H._.l1| EN RS |-l.-__“."
b I“ TTYTEAkagraa . u Il L . I..Ill.l”.-ll.!.ﬁhru_&q. . L. e mm .. e 1...1--l.l-. ....... At L.
nh...-...-..m.n_lll.-l.l-.--.-_.uiuun...".l [epepe— ._-\ﬂ.....r-.q.-.-llhll.\-luinﬂ_“‘ " Hluluﬂ. a ll“-lll.lﬁ”- o . .-.ﬂ- “ M..LI-.;. " ...._.- T Ihu-.l.... --------- " hl-...- ' ek - "
"“ .__....U.....l. PP T e e w_. - f e b . .. ru a - : s ..-..-...L.. e :
I et |.||.|H.|HHH..-....-_..|.| el m AR R ar s . u“ -a r . I L I ca wat . ...-_.. N .- y
".. T L | -.}l‘il.-.l..l.l-l-lnl-.-..-..-._\ .. .-...1 " - rh - - w Tl — e _ . - ?_l... K . _..“-ln.-..-l-..-."uﬂun.uln._. _ i
- .r1.t.q L g iy .-.l.-.l-nﬂ._ﬂ - H..........F...-.-...-.-.-..-..l..__ as'mmrw ...ﬂ-.....jﬂ-..l..lnl.l.l..h..._. el mn...‘. - “ ! .._-__.. e . ..I.-.i....LlI._L:..l___ - LI ‘- R R ..” ........ gt b R
' s mmara ' . - . e g e - l.|1 - .
f e i Lk e . ¥ - il N, :
: .1.1.-_.....||l.1.1 - _-.l.uh. .n..i ] ' < ..-..!_..__F]L-.:.-..t.q-!l]..l.._u..lu. - u . ey et i § P LI IR . e I g .
- - . ’ . s - Bl o LA - -y A e
. ua . et u Arramm ! [ =y " et SRt mm I ’- !
"._ - -.l-‘l. gy T - L] . = l.i.l.- ll.-n"lh.l."l- Y - ﬁ ! - l._. . ; ! P .“I - ' ) 1.I - |.| - 1- i o - -
R A AT |.......-ull.__ - 1 . : k il —=* ’ LY LT e A e LIS R L
s, __.m-\... T e e e e e . 3 : v Ehﬁw_ . Pl L et
PR i L. - 1 - - . ' Ta = r
N _-inm.u..-..-...-...__.uunﬂl.u.ﬂl.u..u..l..; A AEEEr s m...1...1....-..._......_.._-.IIIJﬁT " - - . l u.T.\.....- ", . .u..-m.. . .n-n.”..... - ....... O
a -I‘- . g e - - -—.11 [} " [ ] 1 -— .ﬁ - " - : ll IIIIIIII - .
g S e oo ] ity - 1Wﬂ._|..l|-1..1.ﬁﬁ".”_ . i L T
“.. -_.-I.-I alaiia® .l.-l-.-j.-..._.._\_!-ql - ..!nl.”“. -l.“l-l?l”.-n.-n -ul.luﬂ.l - ﬂ lli\i"_..\t-..‘.l..\.[..ﬁr " _1-l..u. F_ - ) - L-. .I-.ll.ﬂ.-l.._|l.|l * _ Lﬂl-.- - ”-.1.. | B _r “ -.....-_-_-. u
'y . . P L N T o ..._.-"- - L . Fe .I!l.l;ltn.llrﬂ"u}tﬁ ' " - Lt _..."”"” - .."In 1
L I“.w._.riﬂhh..-”.lhnnun.lll-1!._.._.-.-l|1.|1.-1..l.ll.llll.-.-_-....l...-.ﬂ.l.1_1 M ﬁIJ "“.U_.lu- .o |I.|.I.|3|l.lll.l.-.ll . - o ..- “.-...ln.-.un.un. 1111111 .-”...h ----------- - creem LN "
h el T - ' ot ) u...{\..._”ru.\._.r_._u_....-_..n. o T Load s TlerwliIIIIIIE 4 ThTITRTS -
H‘Huh-."- T = .-ﬂ.-..\ " .-..J“ . ' e Bmp . - ) L." .L‘il- o 1 ._.u. “ni [} L.-_.-_.-un.u.u [ | S - ...|.“.I1_ 1 aome— - - ! -
.....\...r.--. " - b ES - e lll’h“”— il T v "a " N = .I-u.-”luunuuun. IIIIII "
) .l....._-..-l.l.l u - r 1 ._nlln.-l - R T . T e ra- T S IR R S e 4
W “_- u.- T [ n_l..ﬂnn__.lh. " a Ly Y " ' -"-_.q. b kAR ...I”I_.k”|1._ ------ ko ._."l 11..u1-.--.--.-lilll1..l.1. n._ o
.“ - ST Eepag - - Bl el i - .L.L.mif L ' -:......l 1111111111 L - I
' “-I.- .-1-.-1u.l.\ mm Fr Lnil.llllki.-r-“.\“ " L] F 1“‘.'."”..“].1. la.l-.l- ’ . MII k”.”.--. L”l T -._. e ”.
. R L o : . e e e m _ ; = T :
. - - et T ey r F..-.r._H-n------ll......-.Ill.ql.._..n..n.-l_.ﬂ.l..-LH.-. ApdmarrrTT ﬂ.ﬂ-ﬁn.}.!h&“w . v NN R e e PO .
".. " g —a o o .. i ' A e r r E - —-—— N - - T . et e . N
: e ) e g Tl ot Seaaic R e e :
".. Inq..w.-\l!ll.\ull K - l-_. - " “ r ’ e gty 1 e ! L v “ ."_-II._ .ﬂl{.uu . _..”.u..llllun.un.._ - |..|..n1.” |...| -—. .-.l l....- - ....1. H-” ".” T “ “ ] ! .
. .y e .1.-.1.“1.11.”-_ . p M bl Wity lu.n.u.......-..-_.. -...._-.___..._..._..._.nl.l......ir.-u--.-__..-l.l._...\ - A e _T AT T Sl ...._..||1 n-_ ..... = L L R
'a A errraa T - . " ’ 7 ST e lla.\u-.-ﬂ . \ .-..1. ' ..._.U._ rrrrr cA ...” e T e M - =" " )
'y [ et T " r P ' A L -...-.1 T R
) S : . L ; 0 . e T S
- - - Brm - a Al Rl . ! oy R ' - S n AP B A 1
! o oty i . -, - a ' ] . r - LI Tara .
e - ._.q-.___.,_.. Rl ki WL . . o wulieie S wr et ...;Tw K el . Sl lioan e "
7 . . - - -, N .|.|h..1...l....h......ll-1___-ﬂ.__. " j F a - ikl o I P, o “ s . . ML I R T - E
- ' n_.- “‘!\.i..l-.ﬂ.rnﬂll o ..- L ’ oo L | - .1. ﬂ.u-"..h% ol ol il ”.Il.l R T il o e - 1 - N e mm e = P Tt " e 1
. : e r o ;v S it e b s C i Lo
_“ .. .\lﬁdﬂ. - \-\.“...-Jh—. " “ -ﬁm..___ i Hr.lﬂh-r_.-...l.i iy -..-h.-n.ll-..l - ..r”.rh P l..l{._ll““-“-..liL.lﬂ.-...-ir..- L“ *ai vl. . . ..- =T ”. . H..- U“.-“_-.l EREERE L AR it 'ttt ..-..1”_. !
B -..“...I__..-.l-_...lli.._ , . . o = T L e e -.-.lll.l-t....\- - & K = .ui |.-.h.n.. . 1|U| -1111..-1 - - ....1.1”.1: . =" 1
-t A : —rr —ar o __-.I__l..l..““. ' - R N T O e i mm s D e LRSS T
; T T .{m..\.......__...-.nm_._ - ; : _ E2 s it by i o LM T s mop AL
N T s LI " o = T : " . AR TR e S "
"“ lMlMﬂ.-nl.l-l-lllllﬂ.—...l!.l!.“.ﬂllll.”“ e |-|........1-..u.l-.l...-u-k|.1. |||HllH-I-l-|.._._\..1“uT " n.j J.“lnul.!_.. ._.I-. . K K 'y "- ATy -“.“._-_.“ ”.“..1|._. . __“..H. - L )
. - e - - -~ . ' ' o lad '
D - e rr m . . - ' - .. dresiFran A
AR EEELLE e L e R L LR - h-...n.u......u_l._u...._...-.q.-.n..-.-.lu.“ ' R - i gty K ! i e ....._...“...“ﬁ et ' 1
1111111111111111 o " l‘ ’ ' rp 'yt . .. . Lo et A r LA
R S , St : . e
....... P e S . i . ...._..n.......-_n__...n -t aad s e
rrrEfra'errrrraerrreas ' - b T TTANFARE aan r - bt
.-hlu! L REr. -.1"| lllll |””1...|.”|1_-..ﬂ .lll-uw. LI
B W 1.11-lh”1 ----- -w!.n.l.l.._ﬂ”_

e - .
Wiy ) i
12k - i - u_]
- "-J|_1| 1 - .“ -n.h-l-.- .-.H._ “. Iy . o
€3 - o s -
: : .n L .|.”..m —1.;..-._ ol _..-
L
T el
- " !

a7 Byl :
il mpsanithey L
EAR= Sstola s

i

EL:

=
:'l."l.qr'

L

-

SO EAL Y 3

4

it
.

5. 1610

-



e e ettt e . e TSR e et e ettt e eetattate et e e e e e m et m ettt a R I L P e e mtettetata ot Attt e eteatata R LD R R T pre ettt ettt , .11“._
' r - . " ' r 1
' ' ' : r - . . ' . : . ' . ' !
1 - -
' - - - '
! L] L ] - [ = L} " L}
1
“ . r F] - 1 r . 1
1 1 ] ' 1 + 1 -L...h._
ot - - " ' " ' ' " =" - . _
! 1 - - 1 1 1
1
1 - - '
| ' 4 ' . ' * '
: - | AR R L, - : .
. . " = -ar r e - AT = rrem ) _ . ) - ) .
' -y o r e T e . T
_ . e oy T : _ _ . . _
d P L e . i
" . _ : e : _ : _
. - - _uu. o AL NN -5y . - ' r . '
_ _ PP e 2 v Lt : _ . _
. - A A T A R

US 2014/0269978 Al

ety h
. il ." - ! .i__....“._-”.__...._!.‘ Bt ._.-ln.-.._ ...-._- - 1 . '
. . et T P . ) . . .

h..?.

' . - ' s '

- - eral e - P
. s
" - . - ' = ' ' - n a - _..lll-n_lll |...l. ".
' ' o L-ﬂ-..-.l_-. ' - ' " ' ._.Jﬂ.
. . * = g Y - .

LN
£
E‘C:I:

. . i . L e, - .
- ket RN N 1..__...1.1._&. +__tu ..

f ' . -n.."I..........f.v.. o ..-_n..n.un.ﬁ_.....iu-_-.__. - a2 et

' ' .-..__-..._l A o' l:n.._vq-u._q._h...-._.."._..-.q o ﬂil-”-”._.u.._ |||||||||| w1 . ' '
1 1 N .-.___.-....n'.-u- u._”...”.v‘__..-...uu-_-. __-1 ._____.- \..n..:ﬂ._.. ' ' - ' . 1
- - AT e __ﬂ.__.. I
B il i A e b . : :
' ST e Pl el ol A R Y= 1 " e . _ -
e _.-_.“.-_..._.H-ll.-q._-.m.nr...ﬂ. e e aa s et
X _._-..h..__-..- -.“.”AH-.H—‘....__.'H.- JEREF R S -L."._

L]
r
.

- - - - - - - - - - o |I.L -‘l.r —.—.lrll .—.Ii.‘.-. - e Tate L . - . . - . . - - . . . - - - - - - ko 1
P 7 o e L - "
o ..“..I...-q..l.T.TH..“...-..u T T .
- o NN ol i . : -
' ' AL Ay ' - ' . .
. . - : . . . .
.L....”h.. s _ -
i} i} e \ .
: kﬁ.,ﬁ. ...... ’ : : :
' F r r o F 1 r 1
] r
. . A rpnit . . .
o - ! !
e - -
[ r - » 1|I -... - 1 r 1
. Bk . " i i _
. . . = . . . .
: ! T : ! ! !
-..-.‘.Ll e ; il ftta ) ] ] .
T A RPN TR e : ; : ‘
R A ) * )
' S maran Ty ' L] '
L e ul- \ . \ .

™

.. ' - - 't ] - - ' . ' PO
'
- —p e - oy
' ' AAadaaar's r ' - '
. . e >, . ' ' . '
' ' o o ' - i i ' - '

g Yl e

¥ F=-=-4+0 L N ]

. Mg A )
. . . . N - e e - ] ' r . . - ' - '
: . o ey, i?—.lu..._._._ Sl 7 e _.ld...- .

Sep. 18, 2014 Sheet 18 of 21

.__ .
o Ryl
r r -_..."...-.l.l.. 1 r
' e N ' ' 1
-

. Aammas .
R N

2

L
'
[
'
'
[
[

'
'
'
L

bI 'll‘ L} r L} - L}
. . . el e, . . . : .
el o .-....u..._l..l._-..t_..__ i ..l... s . . . -

e o P T - . .

= e e e e e e e e T e T T T T T T g e T T T T e T T T e T e T T T T T T T T e T T e T e T T e T T e T T T T e T T T T T e T e T T T T T e T T T T e T T T T T e T T T T T T e T T T T e T T T T e e T T T T T T e T T T T T e T T T T T T T T T T T T T T T T T T T T T T T

N e

: F e 1.1......&. hﬂ..ﬂr#&hﬂh\%?.ﬂ“sﬂ ’ .

-
1
: - e e i - : :
' . __...u.uln.,__...-.. ... " r . " . \
. - - . ‘ N
1 . " i ' "
P PR .ﬁ . ) :
. ’ LA
- - ' v - - . - - - - 1 " ' - r re ._.“ ._...
' ' . R
- - ' .-l- " 1 - 1 --
- , :
' r -+ '+ r ' ' ' i
' ' A T i . i . :
| , , v : _ _ _ y
. ' . e ul11”lll-ll.1 ' r \ . : _
: d e gt g . . . :
' r [ PR . : : .
- = P P oF N E . & - " . - i
- - . - . - . . - - B A I 11“4“ !.-._-...lr_-. - - . - l.u." Ll
' . . o uin k . ) g
. . L ' ] ' '
' 1 rerea e oy 1 1 1 "
' - - . o r ' ' ' 0
' LRy ' .
, \ . - . -
1
1

)
: . : : . : . . e R

—

- L} - '

i ) :

1 1 ' ' ' £ A

r

' '

Fmmmmm A e e e mm M - m e e e e m e e e - R e e e e e e e e o S o !

h.Ll.-.IIlu__. IIIIIIIIIIIIIIIIIIIIIII .-I.r IIIIIIIIII e o o o m —  — — — — — — — —— —— — ——_———— = ———— o ——— I.- IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII e e e k — —  — — — — —  — — — — — — — — ———— = ———— - ——— ”.

1 1 d 1 r 1 - ._

i

' r r r ' ' '

...... '

= N i o o n o au ma L F m SRS L}

- - - o o o

' - - - 1 r . 1

! ! i ] a ' " * " 1 r A * i
11..11111.quq1.11111...1111-1111.1-11111.111.1..11111.11111.11111-11111-11.-_.-.........1..._.........11-..........1.-........1.1--........1._.-|....|...1...........1--.......11-........11.............1--..........--;1111...H\1-..ilqlqi h ithq..llq.n.-.--.

A ok Y3 ik o o o e Kat ' 7 e o o K oy 4
3 o x“a N i ri £ g o e rm. Wy - . iy .m“ f
p ! ' . il : i ' . v { \

Patent Application Publication

s

s

R

-

RN

-

L

i TR
AT

Ty

1

L

e,

3

-

RN nE
- A r
- = e

s

3t

[

.
bl

0

=
L3
L)

S

L
1

Lk

LI

R

"ﬂ
L

5

=,

IR

b

%

b

o

hl

T

._l :.
-

Tas 5 AN

[ II'_F'

v,

v i

*
L]

e

FIG. 15(A)



o

Ay .

ik

US 2014/0269978 Al

Sep. 18, 2014 Sheet 19 of 21

R L s o ut e S A
R W s - - ok

U lefangoscs =L L R
r

..._.u.

et B - k S
AR
- uw .ﬂhml.._.l ..- o . .
e e e
il q..- ..-_“-_-..
: LY A :
R --l—. &
- ' . u s Pl .
- . . A ] Nl ; R
e

ol

L sl

.-.....-l“__....ulu]u.“

o

LR s R S P Y

|l g, o, DO N

" = e e e e e e e

Aepr gt

S

[l
o

Aol AR BT - -

L

oy
[+

L]
e
-

3

a
-

F-H

1

PP

Patent Application Publication

‘" - .- III— LI N -II.- Tr . -
mEmmmm— e 0 R e A i

LT r - o - - . . . . . . . . - .. . - P . . - . . . . . . . . v d e i
. . g =TT ¢a

1

1

1

RN (NN RN Y Ny Y T Y reny e
.-.hl.ll]l]l]l.l]. IIIIII.-.IIIII]I]I]IIIIIIIIII.-..IIIII]I]I]'.IIII IIIIIIIIIII]I]I]IIIIIIIIIIIIIIIII]I]I]IIIII]IIIIIIIIIIIII]I]I]IIIIIII]‘III]III]I]I]I]IILL*. B e e e i S P

.-llll-...l-lll..........uuu........uuu........ll|.....l...lll--u--lll--..--llll..1_.....|||........||||........|||..".....llll-l---lll-l.----lll........|||.........|||1.......|||."JI.
“ . ._ .. _ . ”.
. - _
“ __
._ .. ._
_ . .. _c..
:- . -- -- --- . - -- - -- ----_..
. ._.u..
. . . - . . .._-..lu
._ . . . 1 . .. - 1 ..|..|..__m..._.-..|..l.-.._ "
._ . . - . . . ._
“ . . . 1 . .. - 1 ”_
“ . . llhhr
. . . . .__..|
..1.1 . . . . . . . . . . . . . . . . .... . . ..1.|“ .._.”..L.__
. .. ._.
“ -l-ﬂ_.. .t ”.
“ . “lh.-llnui.!l!!l!lll!A!!..l.l-.lh.lrl.h... .__.___!___..... ..m.u.n-._-. n.u.m."..nl.-.._" ".__-vnnn.h ......-.._.._.._.l......l.l_-.uL__ll-..I.I--l-.._..\.”..-.:-.q.-.l..1.\. . “
Hl . ._._.W... - - _
“ -| ..li....-ll..-l-llutJ.___i_..l- ll"l" .I....._.-ll...—_—_-...|-...l..l..h.-1.-| | ”_
“ .Il...111|?..| ..-.“n...L.UInI. -ll | .--..-..‘... 1‘”‘“{.11.—1\.—... .| . -|I|.._ . . | ”“
.. | ....l. . . . ..--l...- .. - ..
... ...x.”.p...._..____.__.wn..w.h.n........1..;._.1.....\;-.,-..ﬂ.-._..._..\. . :__Lu
_ .....-_-....,.u__._..n.n.h.. - _.H
. . -.....ulu.......l.nl.....q_.u.u..u..n..-.u.... ..
. -.....IIII.-!III ..ln..l.l... .l.u._....m_.U__u......."....-_-h.- |..|.. . ..
. ........._..l ._-.i--l..lulu.__.._...._;_..... 1.“._..L|Il.1ll.. . ..
“ l" i-..nn- ... -h_-.l”....-.l"-—.t-—.._.u __-._ t“"“[?..._. . ”_
... .. _-.....h.._..._._... |- _
“ ..:..‘..........“.....h.,,“.“.H.“.“,.J.”.n....:“ . __
. x h ._
.. .. .
...-.- ......-...u:..n.__. . ||.n|
. _.-......f.-.-.-...- _ . _ ._.u
. 1-._...-..-__.-_-. - .
“ .__.....n -.-nﬁl ”.
. |.n.. . ..
._ _L..............n...... . "
“ ....._... !.-.“_-.. ...__._ .. ”_
. -... t.. . .".
.: }....n.k.d - - :b.b
.“.n . ...._...l........ ..“...-.... . .. . .|.
. . .1h..||.| .ﬂ“.ﬂl l.....l.l-...‘. .-_...u..-_1..._..-1._1.|..1.. .-.. .._ﬂ.u
. -.....l.h-..:.i.i. ..1 | - ..
. .1.. .ﬁ. 1 . .-..li. ..
._ - ”.
._ "
“ - ”_
“....- . :.,",Hu
. .. ._
._ .
._ - . "
._ . | - - .. uL._-—
“ . .-....“....v...____n“ﬂ. . ..r-.
. . ;-..- ” ._,._,."
_ t.q...q...q.ﬁ...,.-- - _
“ 1...1.1.1,_. . ”.
.._.i-l - ..
“ .._._-. . ._
._ L |. - "
.. . - ... . .........Hrl
.. ...._......_.u . ._
_ h.-..in.w,., - _
“ a...q. ”_
“ _.L-q-q-q .. “
Q-I..Il-.ll- ”_
._ ._ l... -
. "_-..Hu.. l.i.i__.-.-.._ -i-_" . ” -.-..-.." L-...m
“ __iu_. ”.nn.
.. ..l.l.- . - ..
. .1...||.l1 . .
. ....1-.-.-..... . _
. 1...........hh-_...l||.. .__1. .
. ......nnn...._..u . ..
. L-....l.......__.... . ..
._ .
.. .l. . "
u - . .I.... .___. .-1.1_. .- |.|.”_ -.--_.l_
.. .r...!ll.-.. ..
“ k.-..-.\.\ht..-..lhh“.-.-... 1 .
. .............-.ll- .
. ..-T..... - .-..m.._.\__. . ._
“ . .... ..r.-.l.-..-. ..
. .. |.. . ._
“ ...a._C_ ._.-.-__.-.:..u..”... ......_ -.._..u
._ -_ . ._-
. , ..ﬁn .-.-....uh.-..:_“.hh.u.u.._._.rr.r . ._ H.n
“_ rm._._.wx,_ .4.3._. _ . ."
. Ln.. -.____.._______.._... - _
. ﬂwq... n..- - .
. .-.Ll..l..l . l| . ..
. !11 ; ..... LL - ..
._ .l......l...........-.-.n.- M-_.....-.-_l hﬁﬂiﬁl..l-.--_\.\._ -_. . .
- ._ 1 . .. - .1 .. |..- .1" -_.u.u.
._ .. .
._ .-_ ..._.-h 1 ._
.. -.-.-.1._-..- .-_..h ..
. .... .... . ."
_ _...._ T. . "
“ 1___ ."
. ,. ”_5
. _a.........r.ﬁ. . .. F_;
‘ _ . .".ﬂ.
“ ............1 . __
. .“..IIL.L.L......ru.r.r. "
. ._._...I.l.\.._-....w-.. .-.L-.L..n...r . .
“ ... |ﬂl. - | |“ l-.-_-
. . . ._
._ I I .
“ ..1.n....u__+.. . _"
.. -a....l“l-W-..-_nmI “
.. T+|1 1 _
" .~.-.L.l|.__..”.._... . _
“ ”.,._ﬁ_
n |1.I1._...._1|¢1 I I.“ .._|1r
“ . .q._ .__l".“ “. h_.I...I....I_“.-...h.._............-___...._..—_-.-__.- . . ...... . . ”_ r_._
“ . .D-- ..-.__.-1._...”_-“_...H+“+.._+.._-- -.--- .;l . "
“ . . . ....”_ u-.__..-
L 1 ._
._ .
“ . ”"
__ . . ._ f-_..
“ ”.n..q
._ - - ._
‘ .ﬁ”...u?u-..- .-.... ._
“ ... .:.*. . ”_
. .u.u-..q.....:.1.1.__..-..-."“...".“.“..-..n..&.. . ."
._ “_:..,-_.;......m.w , _
. .-_..l.-..l. \_. ... -.. q-..-||1. . .
. - ..-_....||||L_.. .. .r.Lr L.._....qq...-w. ||.1....
.. .\-__-..__-._.. tv“.n_-.-.-_?l\.ﬂ..t.-...r............n.-..r.. ...M._ .‘_u . ....q h
. .-1......_..1 -..1.. ...........in...-.r-.. ..
. ..r....1...|..... .-ll_._..I-l... --...-_.......r...._-.t...-_....... - ..
“ ...,|11._1.1n-1 .r!u ﬂlu..hﬂ“m”““"Hh”-._.-..u.!.“. . ..l"._“.._ .__.L. .. . "
._ -.-.- -1r l._.._.._.._.._..11|._ 1 _
“ a___h.-w._,.._..m.p....._n._n.”n..h__”u......m: ”.
.. .- . ...1._.__.-1 ....ul_ ..F-.” 1 "
._ ..
._ "
._ .
._ _
. ._
._ .
._ "
._ ”_
._
._
._
: . _ : ; ; _ : : : Byt o,
b 1 ' o - . v r ! ' r . r ! . e

. ' . r 1 - ' ] .
.-.1.1.1.1.1-1.1.1.1.-_..-.-.l.l.lu1u1u1|1.1.1.-.-.-|l|l|l|1|1|1.1.1.|.-.-.1|1|1.1|1|1|1.1.-.-.-.- .1.1.1-1.1.1.1.l.-.-.-.1.1.1-1.1.1-1.1.1.-.-.-.l.l.luq.l_._...|.|.|........1..-.......1.1-1...-...........|...|...|...|1|1|1..1............1:...1..:.1:1:1:...........................1.1--.....-.......................1-.1.1.:.:......................1-1.1.:.:.|.......................... ““... -.-.-..._.-.-.l.l.l-. .__.ﬁ-nJ

..u., _;._." u“. :.__ n 1._ .h_, 5 _ﬂun ...._. ._“ ._._,._. ..u. :_ ru, .....- ._..:
-.._.. ..1._ ,_ha. “..ﬁ “..,u.n _4u. _..n ...a. ._.___.,._ ._1. n-“_ G._. ._,.{ n... .Q". . 1._____1
4 g } ' ' [ ' q v ’ v ( 1 i : r 1

FiG. 16(B)



US 2014/0269978 Al

Sep. 18, 2014 Sheet 20 of 21

Patent Application Publication

..................................................... PR N E N moEE R Em R E N E NN EEEEEEEEEIEEEEEEE FEEEEEEEEEEEEEEEEEEEIEEE N NN EEEEEEEgEEEEEEEEEENEIEINIIEIEIEEIIEIEIEIEEIEEEEEEE I EIEIEEEEEEEEE ¥
1 1 L ] - F 1 L L]
_ : H _ | : : : " : e ;
]
: ﬁ...ln-.UPEbUUUU.I..L.H...I..H._.LH._.l.uln-_.hut..-_l.l..-.l.ln-_ﬁ-_-h|-_..-_|.ln-_|.ln-_.h|1..-L-.-_l.l.n-_..ln-_.h|1.h||l.h|.ln-_|.-|t|.-|t|.l|.ln-_|.lnl.h|l.hL..-_l.ln-_l.ln-ﬁ.l.h\.|-_1|\.ﬁ\.ql..h\.ql..h\.n-_nln-_nln\uln\.:ln\.|l1|l.|n1|l.|\.|l.h\.|-_1l\|-_1|I.|\.h\.:l.h\.n-_nln-_nln\.nlﬂ\.:ln\.:lnl.H:ﬂnﬂhnﬂlﬂﬁln\b:lﬂﬁﬂ\n—ﬂlmﬂlﬂﬂhHAAAM|Hhmhﬁh -
L ]
. . . . . - - . ] ﬁ.l'!“f.‘f. . [ ”-
Y YR -y e o o EPRPLPRILPL LU L el -.__-...-l.n...l.-."-_...-.iq_.-.-._.luul-.-._. .._-__.l-l.-l..-.___-. : -
- Pl gl i Ll ol ol L i .
Ll .‘nII..-_ A ...__“._-.-. l...-'-.__u__.-_ oy - . . , 0
" i Faw e e ~ .
..l...l.-..l..k..il-.h.__. . +.‘_l_.h+._ ] .._ ] lﬁ_-l-u._._l.-.- . "
L - e a0 ...._...... L Par] * g
._.ll_...l. AR C 1 n
e - .
1 r  ap 4l ..L.._.....l““m.”.“.‘.nh_._-._h.-h " 1 + 1 ”
L rm) .._u\..‘....ﬂnnu_.m”q"t o “
_.n.I.L.._‘.I._I.-.‘. * —_.*.._‘1-.. ......_.....__-..- ") .ul\. a2 . r L
Auaaly :._._.. - »
o vt B .
P " L 11 .
. " q.-l._......-. Pl = l“ n
el : :
- 1" » -
Bl e . ;
E 'aTm g .
- - s A :
p T .
.-.-.-H.-....-...-.l_.” Frame, .__-...-tll. L
: . ..1...--_”. n.....n...u..__-\... . . , “
1 1 F 4 + 1 ”"
r ]
e _ s -
.
‘n
a
.. .
- R
. . . . . e
a “
. “
. g
] . ] r 1 n
- .
res g ....u..ﬁp.”,.."n"._._qt._u.... DI . E -
) e . " .
___-..‘.___....l..l...“ﬂ......” u...l-.l.rl n
) - L]
e =+ P sty n
vt s -
.l...l.- NN ] . N
L .ht..._n.,n‘lﬁ_ i - - .r“_. :
L= .-‘.._...-I..h.“.‘..l.__._.! Ca P -
- .
RN - .
: . AR RN - : !
-__l _-..l.-...___l..l._.l L ._ ll! . “
...lﬂ.-!........‘.“_l_..l._l."- -y . “
Iy ¥ ¥ r ¥ 1 4 ! Y .H._- ....-. L..._l_.._.ﬂ L4 ¥ 14 4 * r Il -.“
! TrlaTe e ] -
L4 e
1 1 . . .v...“ﬂu”u__.”._“__.l... . vy . 1 "
> My o' .
T R i ;
. .-_._.. At Lt ) .-
A . . ]
R :
e P ‘ '
..H.nxﬁ\.. - .
Co AR A - . -
- PPl O e M....__ - -
. - n PR Wy ] 1
- NS ; -
Lo N ...l.llﬂ.__-..l—..-ﬂ.l”r.."_ . - v a "
w—— ﬁ.-“._.-........r.....” i “ "= l ] r n
- a " __..H..ﬂ_ e -nl..ﬂ.‘m* - .
W . -
1 A - = + " . ] r 1 n
- . W L T ..qﬂ_ i Frd S R NI PR R A gy e A -« i . L
. . g
T “
. - .
' _ X "
L s e e R oyl .
s . r . ' - . . B . . . - e ....”. s "
' e e A N LI - o i o .
.
.
‘n
[ ] - 1 L ] * * 1 - ‘n
- n
.
L ]
f .
. - .
e w 3 - TN
‘n
- [ ) L ]
N ll-.L_l ._-la._."...i_. r ) n
r \ “
e : . : _ >
. g
n
- .
n
: .
‘n
1 ] 1 1 1 1 "
) Fl a .
: ..ﬁ”.w, .“u.,,_i Ao , _
= [y A -
uh Lk o) L ]
' o g .
.._il - n
: ....r...._“__.._. g
i ,.‘_H..”w.,...*... o - ¢
AR . _."..H_ H-l..—_l...h.h”!“._ o - - - l"
- A cal -
A gian e .
Dl p R
(X = L] ] .
e R £ 1 i
. ] 4
|II. » -_.\."w.lh..l...—_“.__”i.un“‘1 . e - “
T S O T et m ' n ] .
e w - .ﬂ-.“.-..".._lwl.__...-._... » ol -_.- - - dha
" A ; . a
! FeTat et et il ' ! ! x
. ” e e - n
...h.uﬂ e . .
T rn .
e - ¢
rTT " -...1- ._......l..nnu... * ._....."
i a1 - i
P :
T :
. ...-_...-_.‘-..n.-.. T "
" . P e -~
' B, "y ._-...-. .
n ] + ..H.__ Lol 1 ”
N ' ook .
1 e g
, il e .‘H._..l r ]
- ~F. - . . . . .-
lLﬂL-..L._....-.-.n.q.l. e sl samra .._-...1...”. 11111 i gl ...1 ERN I S R R _ . . "
. - e atae o RN "
. e — ? .
. . ' . ' r ' : . .- Vit '
N errrarrerw e arrrrera L i e rereer e reracarrerdramamemrnrr ke rrreraramr e rerarcas -k e rawa LT L e s FrrrrawrroTaariT T dar-rrrraT- - - [ ——— ...lIIIm'III-.IIIIIIIIIII 1111111111 .
= L3 iy 'y .R_.._M. Uy i W't Vel L 3, oA Tat ¥ Ly gy .
- o ey Em ; e £ ~r i 'y’ . W o 0 £ o ;
r - b 4 - : 1 . 1 u .
S “. 1 ‘ 1 . L d 1 ﬁ ] o 1 1

“

e

T3

-

<

L

L]

LH

it

it
L LA

et wh Eal TEARS Bad

L
]

F e

QPG B

g3

e

I
I

B P e

(5, LN, MY

LI
LI |
al :

& frix

ol

Frd

i, 16{C)



US 2014/0269978 Al

Sep. 18, 2014 Sheet 21 of 21

Patent Application Publication

e e e R R R T TR TR E R R R R R R R R R R R EE R EE R EE R R R ETEEEEEETEE R R TR R T e e e e e e e e e e e e e T T T T TR R TR R R R R R R RN R R R R R EEEEE R ETEEEEE R 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,

1 1 » 1 r
K i i I I 1

" ' 1 i i 1 -. - ¥ [ 1

. .

! . L N I B HE E A NN T T LR PR N Tammm e, Tt -

e r r ' a ' a a ' A . we e n s n l...-_.-n ' r r ' . . .

h . . . 5_" h...-ﬁ.."lu...”.—..-llllllllr u N A

1 a a e [ ] :1_-.___-._..._....-.....—. n a - - ) '

' i o

' S - - -

! - - A

e - - - - - -- Iy ...-..-n..._-........l... - - r

: e - :

' Bl P e e

' - - N e -

'

'

1

1

1

1

1

1

1

1

. . . . - el AR AN . .

'\ . e - R e i . .

. - - - B L iy

S - - - ' a . -4 .. L - - B '

" DR e - u

2 . . : : P - . x

__ . . . - - - .

2 L

" A -

e - .. -

" - N

“. Pl

R e ]

' w

. -

' a

. i i ' i i aem i . i i i

p : _

. T :

e o, - - - - - h - - - ]

: . o - . . ) . Dy -

. a P i ] n [

Yeer 4w e o . C e e e sy PR A .._n.n___.h.._n....m._nn:..__..: Cama e 0 " W A ey e e et s 2 gt -en t sy

' 0 o

-“ ] . . - L] - - - -“- l—.-ll 3

_m ' _.l....r..r...... ...-..-h-..._ml.-.-...-.i.huhu.‘.ﬂi..li...f...n........n...n.. o b R N N R RN R LR, _ .“w._..- Wﬂ

. . . R - : . >

. iR g 4T . . 5 i

e s e a s e e o v e e e e e o S e e e e L e e e e e e e B e T

.“ g ”. Ly

; g . ; pAK |

N n : : KR

" - . . RH | .M_uw

. N g

! Fll |

e .. . S S ST S : L. L

! : : . . . . . . . A B

N A . n

N a a ' L. -

i a a ' . ' A E L

"_ ' ¥ r - 1 + ] " —

! ' ' L ' 1 hﬁ

1 . AR

""-. - 3 3 r I - ' 1 1 ' -—r ' r "r 3 r ' 1 PRI >, ! r 3 r -”" .ﬁ. -

N ' ' " ' A rr...n i

__ ' . . ' a a . o

1 ' —

! Dy B

Y. Sl . - M . ." - N

e - . . N ' - ' . . . et N N . N ' ' ' . . . N - - - . - e e

p . . - L

! : : : _ : : : ; 7

' - - " - K

p vt : : j ) - oy a,

: . . . s

" e - - - ; - ) A

e - - - - - - , - L - - PR

; cees , . , Db

' . '

." " 7 ......IlH.!...ll.-liI- ' o ey E0 |

“. ra " .. r . . . . ..” “ .W u.r-.

. ' . a R R i ar = m w] r ' Y S

: R L i

" ' . AL A b o .h;-...*n.-.?.-_..ﬁl_...----l----------..l----._..._-------..-uuu..........-.........-...............-..q.-.._n_l.v-_h._.-.....-_.l.............-._....._..-.l.w-l..1 ; ! —

; . . . . . . . A . - Noaa A

" - R N R NN N N 1l1l1l1l1l1l1l1l1l1.__- 1L"_. - r i

; _ : : _ : _ ~ L fep W

" ' . . r . T . : —t

" e T a— P R LR R R R R A LT I LFRRRR AR N 1..1.-. A efaa el .__u.... P i S i ' ! ."..-u_

““I - - - - - - - . .. - . . . . . I.II“ "l“ Il."ll

; : : : _ L .

; . : : . : : . ) ) . : . oTx %

-_ L) L) ' .l‘.‘ t.

“. r ' " ] ' “ .Nu-.

.. : i . i : S S . .o R 2

' ' —_ e

; P

0y . - - - - ' wan

K A .-“ L ‘e

”1 - a - - ' ' ' - - ' ' - - ' - - - - ' r a ' - - » ' T - - - ' read lm.-”

; T

N s - - - - . e

e . : : . L

K " " T " " " " " ’ - T " " ' " - - 0T -7 " " " u....-.. -y

: : : Lo

_”... i .. T v } L . , , ) L ...._ w -

T : _ T _ _ . - T o T

) ' " £

" ..._L__...-_”_I.-..L"-. " ' ' . - .

““ ' ' ' ' ' ' ' hoAm -“nu_.

Her r r ' ' ' M - ' . r r r ' ' - - . a . r r g R

. . ; ; : . osFeor

." R R R _ . ' %

0y v P

; - - - Doy

I = om o= - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - L.

. = = = = = Y x

N . . . S St |

: : : : - : S

_" . . ' . a _ r ' , _ o ﬂ-..k \

! : _ . : R

_" a ' _ _ 1 il

" -l r . . . 1 (A

N - r . 1 e '.f.

".. T . . r ' r ' Vo e ' . ' . . N o 5 ...._Jh.-.-.nh..qf.-. B e i a Uy T bl PR TLRREL LS SRR IR, & R R N T lﬁﬁ - - roa m" . e

1 . . I ) ==

"" ' r ' . 1 1 o o PO . " -u.u-.

g _ _ . e, Y

_"-1 - . r r r . _ - ' a a a . . ror r r ’ . . . . ' LI T ' C et 1-llldn.ldﬂl__.-ll = ) =l

"_ . . ML l.q.!.-.-...!..-.-.-.-11. ............ e m - - ....__._......_1........__.......-.._.............-..._-.I-L-n.-..-..l-.----_-l-.lju. " =ry

1

"_ 1 " [ r u - ] " . lu_.u_

1 -
' " " - ' i) .

""I L] - 1] 1] r . - 1 4 4 ' .—‘ - 1] 1—. 1] r . ' 4 4 - 4 - e II r 1] r L " .-.l‘ r I“ ".

" _ : .. _ _ SRCI

! . w11 . : . . . =

; ' . . . . . N

' ' " e

. K a

. r ' " - Ve arm

" - . I .

; , L

K . ol

" " Y

. . . LT

; y _ _ . am M

0y ' . . ' ' ' r

N . . . - ' C

. : . . . : L HY n4

rrr r . ' ' r r ' ' croa s

; . _ : : . , : _ . - . ek

. . . . . . . . .

" P LT

[ . . F . . . £ . . . r ' . . . . . . i Ll —_

; S e

“. N - - “

. . |

-_I = ] ' = = - " ’ = " e " - F] ' == -

" ' . Do

“. ] 'l [ - - Fl 1 “

s .o . S S . - L o

' r ' ' - ' -

" o

] [ [ Fl n . Fl Fl [ '

" ghigls - x, T

oo . - - . . . . ... . - . - - . . [ T !..._... A |.q.-”._......_. - . . . - - - . .. . . . .. - - - - . . . . - . . . [

' L e ! R . - R . '

X ) n o I A e Mt oty -, . Rl

" . ! . “ “ . - | .

' 1 . u .

L a T 4 mmmaaaa N NP, g e e e T T T e e e e T T e e e ' r.ﬂ-...._.

FiG. 16(D)



US 2014/0269978 Al

INTERLEAVED MULTIPATH DIGITAL
POWER AMPLIFICATION

[0001] This application claims the benefit of the filing date
of U.S. Provisional Application No. 61/791,328 filed on Mar.
15, 2013, the teachings of which are incorporated herein by
reference 1n their entirety.

BACKGROUND

[0002] 1. Field

[0003] The current disclosure relates to digital power
amplifiers, and more specifically, but not exclusively, to digi-

tal power amplifiers for radio-frequency transmission sys-
tems.

[0004] 2. Description of the Related Art

[0005] Radio-frequency (RF) transmitters communicate
with RF receivers using radio-irequency electromagnetic sig-
nals. A typical RF transmitter includes a processing module
and an antenna. A digital processing module uses relatively
low-power digital signals. The signals transmitted by the
antenna, however, need to be relatively high-powered and
analog 1n order to be picked up by antennas 1n the RF receiv-
ers. Consequently, a power amplifier 1s typically used by RF
transmitters on outgoing signals between the processing
module and the antenna.

[0006] Conventional power amplifiers that use analog com-
ponents provide relatively low power elfficiencies. Digital
power amplifiers, such as so-called class-D and class-S
amplifiers, can be significantly more efficient than analog

power amplifiers. Increasing the power-use efficiency may
reduce 1nitial costs, operating costs, and maintenance costs of
an RF transmutter. The design and operation of various analog
and digital power amplifiers are described 1n Stephen Ralph’s
“Class-S Power Amplifier For Use In Mobile Phone Bases-
tations,” National University of Ireland Maynooth, 2007,
incorporated herein by reference 1n 1ts entirety.

[0007] FIG. 1 shows a simplified block diagram of conven-
tional power amplification system 100 of an RF transmuitter
with a digital processing module. System 100 comprises digi-
tal signal source 101 which provides multi-bit, relatively
low-Trequency, digital baseband (BB) signal 101a to bat-
stream generator 102. Bit-stream generator 102 may be, for
example, a pulse-width modulator or a sigma-delta modula-
tor. Bit-stream generator 102 generates a digital, low resolu-
tion (e.g., 1-bit), radio-frequency switching signal, or bit
stream, 102a, which 1s derived from digital signal 101a based

on a transfer function implemented by bit-stream generator
102.

[0008] Switching signal 102q 1s at a higher frequency but a
lower resolution than digital signal 101a, because the trans-
formation of signal 101¢a into signal 102a mtroduces quanti-
zation noise 1nto signal 102q. The transfer function of bit-
stream generator 102 may be used for spectral shaping and
may be set so that the location, on a frequency scale, of the
quantization noise 1s moved away from a frequency band of
interest to an outlying frequency band. Bit-stream generator
102 performs frequency up-conversion from a baseband fre-
quency to a radio frequency and transforms high-resolution
digital signal 101a into low-resolution digital signal 102a
while maintaining a high signal-to-noise ratio (SNR) in the
frequency band of interest.

[0009] Switching power amplifier 103 acts as a high-fidel-
ity RF digital-to-analog converter that outputs amplified RF
signal 103a based on signal 102a. Signal 1034 1s then pro-
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vided to bandpass filter 104, which substantially passes
through the frequency band of interest while substantially
blocking other frequencies, thereby substantially filtering out
the quantization error introduced by bit-stream generator
102. Bandpass filter 104 outputs analog signal 104a, which 1s
provided to antenna 105 for transmission. Note that system
100 uses oversampling, where the sampling frequency of

bit-stream signal 1024 1s several times higher than the desired
bandwidth of the analog RF output signal 104a.

[0010] FIG. 2 shows a circuit diagram of one conventional
implementation of switching power amplifier 103 of FIG. 1,
which functions to provide output signal 103a, an amplified
analog version of 1ts digital input signal 102a. Amplifier 103
comprises n-channel field-effect transistor (FET) 201 and
p-channel FET 202, both of whose gates are controlled by
input signal 102a. FET's 201 and 202 may be power transis-
tors using, for example, GalN, LDMOS, or GaAs technolo-
gies. The drain terminal of FE'T 201 1s connected to voltage
source 203. The drain terminal of FET 202 1s connected to
common (1.¢., ground) voltage 204. The source terminals of
FETs 201 and 202 are connected together to generate output
signal 103a. Protection diode 205 1s connected between the
drain and source of FET 201, while protection diode 206 1s
connected between the drain and source of FET 202. Output
signal 103a may go through a broad-band RF band-pass filter
(not shown) before being output by amplifier 103. A broad-
band RF band-pass filter may be implemented as an RF tank
circuit, also known as an L.C circuat.

[0011] FIG. 3 shows a simplified block diagram of one

implementation of bit-stream generator 102 of FIG. 1. Bit-
stream generator 102 of FIG. 3 1s implemented as a sigma-
delta modulator and comprises upsampler 301, loop filter
302, and quantizer 303. A sigma-delta modulator, as its name
suggests, performs a summation of differences. Upsampler
301 recerves mput digital signal 101q at sampling frequency
Fs, increases the sampling frequency by a factor P, and out-
puts digital signal 301q at sampling frequency P*Fs. Signal
301a 1s one of the mnputs to loop filter 302 with the other being
signal 102a, the 1-bit output of bit-stream generator 102.
Loop filter 302 comprises a comparator and an integrator (not
shown) and performs a summing of differences between input
301a and mput 102q and outputs the result as signal 302a to
quantizer 303. Quantizer 303 outputs a high or low value—
corresponding to a positive or negative value, respectively—
depending on whether 302a 1s above or below a set threshold.
1-bit output signal 102a has a sampling frequency of P*Fs.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Other aspects, features, and advantages of the dis-
closure will become more fully apparent from the following
detailed description, the appended claims, and the accompa-
nying drawings i which like reference numerals identify
similar or identical elements.

[0013] FIG. 1 shows a simplified block diagram of a power
amplification segment of a conventional transmiutter.

[0014] FIG. 2 shows a circuit diagram of one implementa-
tion of the switching power amplifier of FIG. 1.

[0015] FIG. 3 shows a simplified block diagram of one
implementation of the bit-stream generator of FIG. 1.

[0016] FIG. 4 shows a simplified block diagram of a power
amplification segment of a transmaitter 1n accordance with one
embodiment of the disclosure.
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[0017] FIG. 5 shows a simplified block diagram of an
exemplary implementation of the interleaved-bit-stream gen-
erator of FIG. 4.

[0018] FIG. 6 shows a block diagram of an exemplary
implementation of a Farrow structure.

[0019] FIG. 7 shows exemplary source code for simulating
the generation of a band-pass bit-stream signal.

[0020] FIGS. 8(A)-8(G) are a series of frequency graphs
illustrating the exemplary generation by the serializer block
of FIG. 5 of a band-pass bit-stream output signal of a single
tone.

[0021] FIG. 9 shows an alternative implementation of the
interleaved-bit-stream generator of FIG. 4.

[0022] FIGS. 10(A)-10(B) help 1llustrate how the FD filter
pairs and corresponding adders of FIG. 9 generate their cor-
responding outputs.

[0023] FIGS. 11(A)-11(G) are a series of related frequency
graphs 1illustrating the processing of signals using substan-
tially the same arrangement as used 1n FIGS. 8(A)-8(G), but
for narrowband (and band-limited) signals.

[0024] FIGS. 12(A)-12(D) show four variations for the
spectral components for the signal of FIG. 11(G).

[0025] FIGS. 13(A)-13(C) show time and corresponding

spectral plots of simulations using single tones 1n generating
low-pass, high-pass, and band-pass signals.

[0026] FIGS. 14(A)-14(B) show time and corresponding

spectral plots for exemplary scenarios of FIGS. 11(A)-11(G)
using dual tones 1n generating low-pass and high-pass sig-
nals.

[0027] FIGS. 15(A)-15(D) show time and corresponding
spectral plots for exemplary LSB/USB scenarios using dual
tones 1n generating band-pass signals.

[0028] FIGS. 16(A)-16(D) show spectral plots for exem-
plary scenarios ol FIGS. 8(A)-8((G), incorporating bit-stream
generators, and using dual-tone bit-streams 1n generating
various signals.

DETAILED DESCRIPTION

[0029] Cellular telecommunication systems include base
stations that include subsystems similar to power amplifica-
tion system 100 of FIG. 1. Cellular telecommunication sys-
tems typically communicate at radio frequencies of approxi-
mately 2 GHz. In order for a transmitter using a bit-stream
generator to output a radio signal at 2 GHz with satisfactory
noise characteristics, the frequency of the bit-stream provided
to the switching power amplifier should be at least 8 GHz.
Conventional bit-stream generators are not able to operate
and provide outputs at such a high frequency.

[0030] FIG. 4 shows a simplified block diagram of power
amplification system 400 of a transmitter 1n accordance with
one embodiment of the disclosure. System 400 1s similar to
system 100 of FIG. 1, but with interleaved-bit-stream genera-
tor 402 replacing bit-stream generator 102 of FIG. 1. Note
that digital signal source 401, switching power amplifier 403,
bandpass filter 404, and antenna 405 may be substantially
similar to the corresponding elements of power amplification
system 100 of FIG. 1. Interleaved-bit-stream generator 402
generates digital RF switching signal 402a, which is used as
the mput to switching power amplifier 403. Interleaved-bit-
stream generator 402 uses a plurality of fractional-delay fil-
ters operating at a relatively low frequency and connected to
an interleaving serializer to generate a relatively high-fre-
quency output. Switching power amplifier 403 outputs ampli-
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fied RF signal 403a to bandpass filter 404, which, in turn,
outputs analog RF output signal 404a to antenna 405.

[0031] FIG. 5 shows a simplified block diagram of an
example implementation of interleaved-bit-stream generator
402 of FIG. 4. Interleaved-bit-stream generator 402 of FIG. 5
1s an 8-path bit-stream generator. First, n-bit digital signal
401a, where n 1s an 1nteger greater than 1, 1s applied to an
array of eight parallel fractional delay (FD) filters 501(1)-501
(8). In any particular processing cycle, each of FD filters
501(1)-501(8) recerves the same sample. Note that digital
signal 401a 1s also referred to herein as u.

[0032] FD filters 501(1)-501(8) are substantially identical
to each other 1n structure, but each one introduces an inde-
pendent fractional delay to the signal. Namely, FD filter 501
(i) introduces 1nto its corresponding signal a fractional delay
represented by @.. The fractional delay of each FD filter
501(i) should be set so as to account for the total number of
signals being interleaved, account for the desired signal
mampulation, and compensate for any delays introduced by
serializer block 503, which interleaves the signals. The delays
tor the FD filters 501 of one embodiment of interleaved-bit-
stream generator 402 are discussed 1n detail below. Note that
varying the fractional delay values of any of FD filters 501
will vary the signals output by FD filters 501 and, conse-
quently, the resulting interleaved output of interleaved-bait-
stream generator 402, which 1s digital RF switching signal

402a.

[0033] Fach FD filter 501 may be implemented using a
Farrow structure, which 1s a tunable fractional delay filter
used to estimate the values of an 1input signal between existing
discrete-time samples. In other words, FD filter 501 1s an
interpolation filter that can be used to compute new sample
values at arbitrary points. A Farrow structure may be imple-
mented as a polynomial-based digital filter. Note that each FD
filter 501 may operate at the base-band rate of digital signal
source 401 of FIG. 4, which may be, for example, 128 MHz,
rather than at a radio-frequency rate such as, for example, 1
GHz. Operating each FD filter 501 at the lower rate would
reduce power consumption of interleaved-bit-stream genera-
tor 402. Note that reducing power consumption would be
particularly useful for power amplification systems that are
powered by batteries and/or solar panels, since those power
sources are generally not as robust as connections to the
clectric grid.

[0034] FIG. 6 shows a block diagram of module 600, which
1s an example implementation of a Farrow structure. Module
600 comprises L FIR (finite impulse response) subfilters 601,
where L 1s a positive integer and each subfilter 601(¢) has a
transfer function H_(z), where q 1s an integer between 0 and
[.-1, inclusive. All L FIR subfilters 601 have the same input.
The output of subfilter 601(LL—1), whose transfer function 1s
H, ,(z), 1s scaled by a factor o—an adjustable gain param-
cter—and the result added to the output of subfilter 601(LL-2),
whose transier function1s H; ,(z). That sum 1s then scaled by
the factor a and the result added to the output of subfilter
601(L-3) (not shown), whose transfer function 1s H, _;(z).
This pattern repeats until the summation of the a-scaled pen-
ultimate sum with the output of subfilter 601(0), whose trans-
ter function 1s H,(z). As would be appreciated by a person of
skill in the art, there are known systems and methods for
generating a Farrow structure having a particular desired
fractional delay.

[0035] Referring again to FIG. 5, the output u, of each FD
filter 501(7) 1s provided to a corresponding bit-stream genera-
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tor 502(7). Bit-stream generators 502(1)-502(8) form an array
ol bit-stream generators corresponding to FD filter array 501
(1)-501(8). Bit-stream generators 502(1)-502(8) are substan-
tially i1dentical to each other 1n structure and each may be
implemented similarly to bit-stream generator 102 of FIG. 3.
Note that other implementations of a bit-stream generator
may be used instead. Each bit-stream generator 502(i) per-
forms the up-sampling and quantizing functions described
above and outputs a corresponding, relatively high-ire-
quency, bit-stream X,, which 1s provided to 8-to-1 serializer
block 503. The bit-streams x,-X, are at a first frequency such
as, for example, 1 GHz.

[0036] Senalizer block 503 comprises a funneling cascade
of serializer modules 504(1)-(7), wherein each serializer
module 504 1s a 2-to-1 serializer that may be implemented as
a switch. Each serializer module 504 takes two bit-stream
inputs x , and x5, where A and B represent signal identifiers,
cach of which has a first sampling frequency. Serializer mod-
ule 504 then outputs a combined bit-stream signal X , », whose
sampling frequency 1s double the first sampling frequency.
The 1nterleaving 1s performed on a bit-by-bit basis, wherein
serializer 504 goes back and forth between outputting a bit
from the first input bit-stream and a bit from the second 1nput
bit-stream.

[0037] The funneling cascade of serializer block 503 may
be viewed as comprising three stages. In the first stage of the
cascade, (a) bit-streams x, and X, are combined to generate
bit-stream X,,, (b) bit-streams X, and X, are combined to
generate bit-stream X, ,, (¢) bit-streams X. and X, are com-
bined to generate bit-stream X, and (d) bit-streams X- and x4
are combined to generate bit-stream X-,—by four respective
serializer modules 504(1)-(4) operating at a second frequency
such as, for example, 2 GHz, that 1s twice the first exemplary
frequency of 1 GHz.

[0038] In the second stage of the cascade, (a) bit-streams
X, and X, , are combined to generate bit-stream X, 55, and (b)
bit-streams X. . and X4 are combined to generate bit-stream
X 4-a—DY tWo respective serializer modules 504(35) and 504
(6) operating at a third frequency such as, for example, 4 GHz,
that 1s twice the second exemplary frequency.

[0039] In the third stage of the cascade, bit-streams X, 5,
and X. .~ are combined to generate bit-stream X, ,345475—DY
one serializer module 504(7) operating at a fourth frequency
such as, for example, 8 GHz, that 1s twice the third exemplary
frequency. Bit-stream X, ,,45<+5 18 Used as output signal 402a
ol interleaved-bit-stream generator 402. The serializer mod-
ules 504 of the various cascade levels (1) may be structurally
identical to the serial modules 504 of the other cascade levels,
but operating at different frequencies or (2) may be structur-
ally different from sernializer modules 504 of other cascade
levels to allow for optimization of performance at particular
operational frequencies.

[0040] Note that alternative implementations of an 8-to-1
serializer may be used for serializer block 503. Serializer
block 503 outputs digital RF switching signal 402a, which, as
noted above, has a frequency eight times the frequency of the
bit-streams output by bit-stream generators 502.

[0041] FIG.7 showsexemplary MATLAB source code 700

for simulating the generation of band-pass bit-stream signals
as shown 1n and described below 1n reference to, for example,

FIGS. 8(A)-8(G). MATLAB 1s a registered trademark of
MathWorks, Inc., of Natick, Mass. The source code shows
particular coelficient values that may be used for correspond-
ing modules of, for example, interleaved-bit-stream genera-
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tor 402 of FI1G. 5. The bit-stream generators are bypassed in
this source code (in other words, x=u, for 1=1 to 8), but the
fractional delays are implemented. In other words, the u,
signals are obtained using the array of fractional delay filters
shown 1 FIG. 5. Also implemented are the series of inter-
leaving operations, resulting in the final output of signal
X 345672 1h€ time-domain signals are converted into fre-
quency domain information using the fast Fourier transform
(FFT) and plotted to create FIGS. 13-16, described turther
below. These simulations illustrate how the signals are up-
converted via the interleaving process implemented by a
series ol serializer modules.

[0042] Source code 700 simulates a two-tone signal—in
other words, a signal having two distinct frequency compo-
nents. IT multiplier a2 1s set to 0, then source code 700 would
be a single-tone signal as represented 1 FIGS. 8(A)-8(G).
Source code 700 presents the fractional delays of FD filter
501 as sums of constants. For example, @, , the delay of signal
X,, applied by FD filter 501(1),1sphl__ 1+phl12_1+ph1234__
1, which equals 0+0+0, or 0. The delays applied by the other
FD filter 501 are shown below, where 11s the digital frequency
and N 1s the number of samples 1n a sampling period of signal

401a:

[0043] 501(2): ®,=4/4*x*{/N.,

[0044] 501(3): ®,=24*T*{/N+7,
[0045] 501(4): ®,=6/4*n*{/N+,
[0046] 501(5): @ =Va*m*{/N—-7/2,
[0047] 501(6): @ =5/4*x*{/N-7/2,
[0048] 501(7): ®,=3/4*n*{/N+7/2, and
[0049] 501(8): D =7/4*n*{/N+7/2.

Note that source code 700 uses the terms N1, N2 (which
equals 2*N1), and N4 (which equals 4*N1). For greater sim-
plification, N has been used above mnstead of N1 and substi-
tuted 1nto the formulas using N2 and N4. Note that alternative
implementations may use different delays. In particular, alter-
natrve implantations may add or subtract ditlerent fractions of
it in order to generate high-pass, low-pass, or band-pass inter-
leaved signals within serializer block 503.

[0050] Forexample, as noted in source code 700, one of the
phase shiit elements for signals x.-X4, indicated by the con-
stant ph3678__1, may be either mw*1/(4*N)+m/2—tor high-
side sampling—or n*1/(4*N)-mn/2—1or low-side sampling.
The above-listed delays are intended for low-side sampling.
In accordance with source code 700 and the above-described
simplification, the applied delays for FD filters 501 for high-
side sampling would be:

[0051] 501(1): ®,=0

[0052] 501(2): @,=4/4*g*{/N,

[0053] 501(3): @ =24**{/N+r,
[0054] 501(4): ®,=6/4*x*{/N+r,
[0055]  501(5): ®.=Va*m*{/N+m/2,
[0056] 501(6): @ =5/4*x*{/N+m/2,
[0057] 501(7): ©.=34*T*/N+37/2, and
[0058] 501(8): @, =7/4*x*f/N+37/2

As noted above, for greater simplification, N has been used
above mstead of N1 and substituted into the formulas using
N2 and N4.

[0059] Below 1s an analysis of simulated exemplary opera-
tion of interleaved-bit-stream generator 402. Note that since
the bit-stream generators 502(1)-502(8) act as high-fidelity
radio-frequency digital modulators at the frequency band of
interest, converting a higher-resolution multi-bit (e.g., 8-bit)
signal into a lower-resolution fewer-bit (e.g., 1-bit) signal, the
information 1n the frequency band of interest represented 1n
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cach mput signal u, 1s very close in detail to the information 1n
the frequency band of mterest represented 1n 1ts correspond-
ing output signal x., even though their respective sampling
frequencies may be far apart. Consequently, the symbols u,
and x, may be used interchangeably 1n the below analysis of
interleaving of signals 1n the frequency band of mterest.

[0060] FIG. 8(A) shows the frequency spectrum for exem-
plary bit-stream signal x,, having a nominal frequency 1 and
sampled at frequency Fsl, showing frequency components at
close to zero frequency, or DC (1.e., direct current, which has
a Irequency of zero), and close to the exemplary signal’s
sampling frequency of Fsl. Note that single-tone signal x,
shows two frequency components because of the aliasing
caused by sampling, as would be appreciated by a person of
ordinary skill 1in the art. Also note that frequency components
are sometimes referred to as spectral components.

[0061] FIGS. 8(A)-8((G) are aseries of simplified simulated
frequency graphs illustrating the exemplary generation by
serializer block 503 of FIG. 5 of a band-pass bit-stream output
signal X, ,3.454-¢ that represents a single tone near a desired
output frequency ol Fs8/4. Note that the sampling frequencies
of the signals illustrated in FIGS. 8(A)-8(G)are Fs1, Fs2, Fs4,
and Fs&, where Fs2 1s twice Fsl, Fs4 1s four times Fs1, and
Fs8 1s eight times Fsl. Output bit-stream signal X, ,54<4-5 15
generated by interleaving eight mput single-tone bit-stream
signals, namely, X, X,, X5, X,, X5, X4, X, and X4, each sampled
at sampling frequency Fs1 of, for example, 1 GHz.

[0062] Note that in actual operation, the truncation of least-
significant bits 1n various arithmetic operations performed
will result in some truncation error, which 1s similar to quan-
tization error. As would be appreciated by a person of ordi-
nary skill in the art, the location along the frequency spectrum
of the truncation error may be shaped using mathematical
operations so as to have the truncation error located at fre-
quencies away irom the frequency band of interest so that the
truncation errors may be filtered out by an appropriate pass
filter (e.g., a low-pass, high-pass, or band-pass filter). Note
that any shaped truncation error components of the bit-stream

signals 1n FIGS. 8(A)-8(G) are not shown.

[0063] Bit-stream signal x, of FIG. 8(A) 1s an exemplary
output of bit-stream generator 302(1) of FIG. 5, whose 1nput
1s signal u,. As noted above, the frequency spectrum for
signal x, includes spectral components at close to 0 Hz (or
DC) and aliased components close to the signal’s sampling
frequency of Fsl. Bit-stream signal x, of FIG. 8(B) 1s an
exemplary output of bit-stream generator 502(2), whose input
1s signal u,. Exemplary signal x, also shows spectral compo-
nents at close to DC and alias components close to the signal’s
sampling frequency of Fs1. Note that the input signals u, and
u, of FIG. § were generated tfrom the 1nput signal 401a by
passing input signal 401a through fractional delay filters 501
(1) and 501(2), respectively, with corresponding fractional
delays @, and @, respectively.

[0064] FIG. 8(C) shows the frequency spectrum of bit-
stream signal X, ,, sampled at sampling frequency Fs2 (e.g., 2
(Hz) and which was obtained by interleaving x, and x,, each
sampled at sampling frequency Fsl (e.g., 1 GHz). As can be
seen, the interleaved signal x, , has four frequency-spectrum
components, one of which, at the lowest frequency, 1s con-
sidered the actual signal and the other three are considered
aliases 1n the 0—Fs2 frequency range. The spectral compo-
nent close to 0 Hz (or DC) 1s referred to as the low-pass
component. The alias of the low-pass component resulting
from sampling appears close to Fs2. The spectral component
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just below Fs2/2 1s called a high-pass component, and its alias

due to sampling 1s just above Fs2/2. In the particular case of
FIG. 8(A) and FIG. 8(B), x, and x, are low-pass bit-streams.
Also, the respective fractional delays, @, and @,, forx, and x,
are selected so that X, , becomes a low-pass bit-stream where
the high-pass component and 1ts 1image in x,, cancel out
because they are generated to have opposite phases. This 1s
done by setting the appropriate parameters for the corre-
sponding fractional delay filters, as described elsewhere
herein. Note that the canceled-out segments are shown as
grayed out 1n FIG. 8(C) and subsequent figures. Note that @,
and ®, can, instead, be selected so that signal x,, would,
instead, become a high-pass bit stream where the low-pass
component and 1ts 1image in signal x, , would cancel out.
[0065] FIG. 8(C)illustrates the use of the method described
elsewhere herein for constructing signal x,, as a low-pass
bit-stream from the two low-pass bit-streams x, and x..
[0066] FIG. 8(D) shows, similarly to FIG. 8(C), the result
of the use of the method described elsewhere herein to con-
struct signal x,, as a low-pass bit-stream from bit-streams X,
and X,,.

[0067] FIG.8(E)shows the subsequent generation of signal
X, ~+4, Which 1s constructed to be a high-pass bit-stream gen-
erated from the two low-pass bit-streams x,, and x5,. The
grayed out spectral components represent the canceled alias-
ing components. Note that the sampling frequency used for
signal x,,5, 15 Fs4 (e.g., 4 GHz).

[0068] FIG. 8(F) shows, similarly to FIG. 8(E), the result of
the use of the elsewhere-described method to construct signal
X475 as a high-pass bit-stream generated from bit-streams x .
and X-4. Signal X, (not shown) was generated from single-
tone signals X and X, (not shown) 1n a manner similar to the
generation of signal X, ,, as described above. Similarly, signal
X, (not shown) was generated from single-tone signals x-
and x4 (not shown) 1n a manner similar to the generation of
signal X, ,, as described above.

[0069] FIG. 8((G) shows the result of the use of the else-
where-described method to construct signal X, ,5.5+-5 as a
lower side band (LSB) band-pass sine wave, having a spectral
component by Fs8/4 (e.g., 2 GHz), as desired. Note that the
sampling frequency used for signal X, ;45475 1S Fs8 (€.g., 8
GHz).

[0070] The following 1s an explanation of the setting of the
fractional delays implemented by FD filters 501 1n FIG. 5 and
enumerated above. These fractional delays are applied to
input signal 401a 1n order to obtain the spectral plots shown 1n

FIG. 8.
10071]

x=A*sin(2n*f*r+D)

An analog sine-wave X can be described as

where A 1s constant coeltlicient, 1 1s the frequency, tis the time,

and @ 1s a phase shift or delay. A digital sine-wave x can be
described as

x=A*sin(2*a*{/Fs*[1:N]+D)

where N 1s the number of samples and Fs 1s the sampling
frequency (using standard Matlab syntax). Therefore, 1/Fs 1s
the normalized digital frequency and [1:N], which represents
theset[1, 2,3, ..., N], represents the normalized digital time
samples occumng durmg cach sampling period Ts, which
equals 1/Fs.

[0072] Ifx, and x, are low-pass sine waves of frequency I
sampled at Fs1, then X, ,, which 1s obtained by interleaving x,
and x,, will be: (1) a low-pass sine wave (with high-pass
components cancelled) 1if ®,=0 and ®,=1*n/Fsl or (2) a
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high-pass sine wave (with low-pass components cancelled) 1T
®,=0 and ®,=1*n/Fsl+m. (Note that 1t 1s the relative phase
difference between (D1 and @, that matters, not the absolute
phase values of @, and ®.,,.

[0073] Similarly, 11 X5 and x, are low-pass sine waves of
frequency 1 sampled at Fs1, then x,,, which 1s obtained by
interleaving x, and x,, will be: (1) alow-pass sine wave (with
high-pass components cancelled) 1if ®©,=0 and ®_,=1*n/Fs] or
(2) a high-pass sine wave (with low-pass components can-

celled) 11 ®,=0 and ®,=1*m/Fs1+m.

[0074] Ifx, and x, are high-pass sine waves of frequency I
sampled at Fs1, then X, ,, which 1s obtained by interleaving x,
and x,, will be: (1) a lower side band (LSB) band-pass sine
wave (with upper side band (USB) components cancelled) 1T
®,=0 and ®,=1*n/Fsl+m/2 or (2) or an upper side band
(USB) band-pass sine wave (with LSB components can-
celled) 1t ®,=0 and ®,=t*n/Fsl-m/2. As noted above, the
fractional delays implemented by particular fractional delay
filters may be modified 1n accordance with the above descrip-
tions to obtain different desired outputs as signal X, 534575

[0075] FIG. 9 shows interleaved-bit-stream generator 900,
which outputs digital RF switching signal 900a and 1s an
alternative implementation of interleaved-bit-stream genera-
tor 402 of F1G. 4. Bit-stream generator 900 splits input signal
401a 1nto sixteen signals provided to sixteen corresponding
FD filters 901(1)-(16). Fractional delay filters 901 are sub-
stantially similar to FD filters 501 of FIG. 5. The outputs of
corresponding pairs ol FD filters 901(21-1) and 901(21),
where 1=1 to 8—such as 901(1) and 901(2 )—are provided to
corresponding adders 902(7). The output of each adder 902(7)
1s provided to corresponding bit-stream generator 502(7),
which, together with serializer block 503, operates substan-
tially the same as the corresponding elements of interleaved-
bit-stream generator 402 of FIG. 5. Using the additional FD
filters and adders allows for increased signal bandwidth, as
explained below.

[0076] FIGS. 10(A)-10(B) help 1llustrate how the FD filter
901 pairs and corresponding adders 902 of FIG. 9—such as
FD filters 901(1) and 901(2) and adder 902(1)—generate
their corresponding outputs—such as signal x,. Note that
signals X,-x, are similarly generated. In interleaved-bit-
stream generator 900, signal 401a, or u, 1s mput to, among
others, fractional delay filters 901(1) and 901(2). The frac-
tional delay implemented by fractional delay filter 901(1)
(e.g., ®, )1s different from the fractional delay implemented
by fractional delay filter 901(2) (e.g., @, , ). The outputs of FD
filters 901(1) and 901(2)—u,,; .5 and u, /5, respectively—
are added by adder 902(1) to generate signal u, which 1s then
provided to bit-stream generator 302(1) to generate signal X, .

[0077] FIG. 10(A) 1s a frequency graph that shows—as
upside-down U’s—the spectral components—primary and
aliased—ol exemplary signal u, ; .5, which was generated to
be a lower-side-band component signal. FIG. 10(B) shows—
as upside-down V’s—the spectral components of exemplary
signal u,,,.5, which was generated to be an upper-side-band
component signal. After the interleaving of signal x; and
similarly generated signals X,-X4 by serializer block 503, the
resulting interleaved bandpass signal X, ;.- COntains use-
tul signal information on both sides of the target frequency,
thereby effectively providing double the bandwidth of signals

X,-Xq 01 FIGS. 8(A)-8(G). This 1s further described below.

[0078] FIGS. 11(A)-11(G) are a series of related frequency
graphs 1llustrating the processing of signals 1n iterleaved-

bit-stream generator 900 of FIG. 9. The signals 1 FIGS.
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11(A)-11(G) are similar to the signals in FIGS. 8(A)-8(G),
but are narrowband (and band-limited) signals, where the
resultant signal X, ,;.4<4-< 15 @ band-pass signal constructed by
interleaving signals X, X,, X5, X,, X5, X4, X4, and x,. Note,
however, that as described above 1n reference to signal x,,
cach signal X, 1s generated using two fractional delay filters
901. Accordingly, the spectral components of each of signal
x, 1n FIG. 11(A) and signal x, 1n FIG. 11(B) are represented
by both an upside-down U—corresponding to the lower-side-
band (LSB) component—and an upside-down V—corre-
sponding to the upper-side-band component (USB). Note that
the LSB and USB signal components in X, (and x,) overlap in
frequency but are discriminated by phases. FIGS. 11(A)-11
() illustrate use of the above-described methods of selecting
fractional delays and interleaving the signals x, to cancel
aliases. F1G. 11(() shows that the resultant signal X, ,345¢-4
has double the signal bandwidth of the individual mput sig-
nals by placing the LSB and USB components side by side.

[0079] FIGS. 12(A)-12(D) show four variations for the
spectral components around Fs8/4 for signal X ,54<+-¢ O FIG.
11(G) resulting from alternative implementations. The par-
ticular resultant variation depends on X, ; oz and X, ; 5, Which
depend on the particular delay settings of the corresponding
fractional delay filters that output the signal. FIG. 12(D)
shows the variation shown in FIG. 11(G) and described
above. FIG. 12(A) shows another variation that provides
double bandwidth by the frequency (Fs8)/4. FIG. 12(B) and
FIG. 12(C) show variations where only the regular bandwidth
1s available and USB and LSB overlap 1n frequency, which
may not be desirable.

[0080] FIGS. 13(A)-13(C) show time (on the left) and cor-

responding spectral plots (on the right) of simulations using
input single tones X , and X, , 1n generating low-pass (FIG.
13(A)), high-pass (FIG. 13(B)), and band-pass (FIG. 13(C))
signals x , , respectively, where A and B are signal identifiers.
Note that (1) low-pass signals refers to signals whose 1ire-
quencies are predominantly close to zero, (2) high-pass sig-
nals refers to signals whose frequencies are predominantly
close to Fs/2, where Fs 1s the sampling frequency, and (3)
band-pass signals refers to signals whose frequencies fall
between low-pass and high-pass (e.g., close to Fs/4).

[0081] Inputtone x , 1s illustrated in the top two graphs and
input tone X, 5 1s 1llustrated in the middle two graphs of FIGS.
13(A)-13(C). The resultant signal x , 1s illustrated in the
bottom two graphs of FIGS. 13(A)-13(C). Specifically, FIG.
13(A) illustrates the interleaving of input signals x,; and x,, to
generate low-pass signal x,,. Low-pass signal x,, would be
similarly generated. FI1G. 13(B) illustrates the interleaving of
input signals x,, and x5, to generate high-pass output signal
X,~44. High-pass signal x..,, would be similarly generated.
FIG. 13(C) 1llustrates the interleaving of input signals X, 5.,
and X. .-, t0 generate band-pass output signal X, »345¢475-

[0082] FIGS. 14(A)-14(B) show time and corresponding

spectral plots for exemplary scenarios of using dual tones 1n
generating low-pass and high-pass signals, respectively. The
dual tones may be generated as described above 1n reference
to FIG. 9 and FIGS. 10(A)-10(B). FIG. 14(A) and F1G. 14(B)
show simulations illustrating scenarios similar to those
shown 1 FIGS. 11(A)-11(F).

[0083] FIGS. 15(A)-15(D) show time and corresponding

spectral plots for exemplary lower-sideband and upper-side-

band scenarios using dual tones in generating band-pass sig-
nals. FIGS. 15(A)-15(D) show simulations 1llustrating sce-
narios similar to the variations shown in FIGS. 12(A)-12(D).
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[0084] FIGS. 16(A)-16(D) show spectral plots for exem-
plary scenarios ol FIGS. 8(A)-8((G), incorporating bit-stream
generators, and using dual-tone bit-streams 1n generating
various signals. FIG. 16(A) shows a sample spectral plot for
low-pass dual-tone bit-stream x,. FIG. 16(B) shows a sample
spectral plot for low-pass dual-tone interleaved bit-stream
X,~. FIG. 16(C) shows a sample spectral plot for high-pass
dual-tone bit-stream X, ,,4. FI1G. 16(D) shows a sample spec-
tral plot for band-pass dual-tone bit-stream X, ,34< ¢4

[0085] Exemplary embodiments have been described
where n=8, 1n other words, using arrays of eight FD filters and
bit-stream generators. Alternative multi-path embodiments
use different values of n, with corresponding numbers of FD
filters, bit-stream generators, and serializer inputs. In some
alternative embodiments, the fractional delays of the FD f{il-
ters are spaced 1/n of a sample period apart. For example, in
one four-path embodiment, the fractional delays are V4, 14, 34,
and 1 of a sample period. In another four-path embodiment,
the fractional delays are O, Y4, 14, and 34 of a sample period.
[0086] An exemplary embodiment has been described
where all of the FD filters of interleaved-bit-stream generator
402 of FIG. 5, and of interleaved-bit-stream generator 900 of
FIG. 9, respectively, are 1dentical to each other 1n structure. In
alternative embodiments, interleaved-bit-stream generator
402, or interleaved-bit-stream generator 900, includes two or
more FD filters having different structures.

[0087] An exemplary embodiment has been described
where all of the bit-stream generators of an interleaved-bit-
stream generator, such as interleaved-bit-stream generator
402 of FIG. 5 or interleaved-bit-stream generator 900 of FIG.
9, are i1dentical to each other in structure. In alternative
embodiments, interleaved-bit-stream generator 402, or inter-
leaved-bit-stream generator 900, includes two or more bit-
stream generators having different structures.

[0088] An exemplary embodiment has been described
where all of the serializer modules of serializer block 503 of
FIG. 5 and FIG. 9 are 1dentical to each other in structure. In
alternative embodiments, serializer block 503 includes two or
more serializer modules having different structures.

[0089] As used herein i1n reference to data transiers
between entities 1n the same device, and unless otherwise
specified, the terms “receive” and 1ts varniants can refer to
receipt of the actual data, or the receipt of one or more point-
ers to the actual data, wherein the recerving entity can access
the actual data using the one or more pointers.

[0090] Exemplary embodiments have been described
wherein particular entities (a.k.a. modules) perform particu-
lar functions. However, the particular functions may be per-
tformed by any suitable entity and are not restricted to being
performed by the particular entities named 1n the exemplary
embodiments.

[0091] Exemplary embodiments have been described with
data flows between entities 1n particular directions. Such data
flows do not preclude data flows 1n the reverse direction on the
same path or on alternative paths that have not been shown or
described. Paths that have been drawn as bidirectional do not
have to be used to pass data 1n both directions.

[0092] Signals and corresponding nodes or ports may be
referred to by the same name and are interchangeable for
purposes here.

[0093] References herein to the verb “to generate” and 1ts
variants 1n reference to information or data do not necessarily
require the creation and/or storage of new instances of that
information. The generation of information could be accom-
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plished by identifying an accessible location of that informa-
tion. The generation ol mformation could also be accom-
plished by having an algorithm for obtaiming that information
from accessible other information.

[0094] The present mvention may be implemented as cir-
cuit-based systems, including possible implementation as a
single itegrated circuit (such as an ASIC or an FPGA), a
multi-chip module, a single card, or a multi-card circuit pack.
As would be apparent to one skilled in the art, various func-
tions of circuit elements may also be implemented as process-
ing steps in a software program. Such software may be
employed 1n, for example, a digital signal processor, micro-
controller, or general-purpose computer.

[0095] The present invention can be embodied in the form
of methods and apparatuses for practicing those methods. The
present invention can also be embodied 1n the form of pro-
gram code embodied 1n tangible media, such as magnetic
recording media, optical recording media, solid state
memory, floppy diskettes, CD-ROMs, hard drives, or any
other non-transitory machine-readable storage medium,
wherein, when the program code 1s loaded 1nto and executed
by a machine, such as a computer, the machine becomes an
apparatus for practicing the invention. The present invention
can also be embodied 1n the form of program code, for
example, stored 1n a non-transitory machine-readable storage
medium including being loaded into and/or executed by a
machine, wherein, when the program code 1s loaded 1nto and
executed by a machine, such as a computer, the machine
becomes an apparatus for practicing the invention. When
implemented on a general-purpose processor, the program
code segments combine with the processor to provide a
unmique device that operates analogously to specific logic cir-
cuits.

[0096] The present mvention can also be embodied in the
form of a bitstream or other sequence of signal values stored
in a non-transitory recording medium generated using a
method and/or an apparatus of the present invention.

[0097] It will be further understood that various changes 1n
the details, maternials, and arrangements of the parts which
have been described and illustrated 1n order to explain the
nature ol this invention may be made by those skilled 1n the art
without departing from the scope of the invention as
expressed in the following claims.

[0098] Reference herein to “one embodiment” or “an
embodiment” means that a particular feature, structure, or
characteristic described in connection with the embodiment
can be included 1n at least one embodiment of the invention.
The appearances of the phrase “in one embodiment™ 1n vari-
ous places 1n the specification are not necessarily all referring
to the same embodiment, nor are separate or alternative
embodiments necessarilly mutually exclusive of other
embodiments. The same applies to the term “implementa-
tion.”

[0099] Unless explicitly stated otherwise, each numerical
value and range should be interpreted as being approximate as
if the word “about™ or “approximately” preceded the value of
the value or range. As used 1n this application, unless other-
wise explicitly indicated, the term “connected’ 1s intended to
cover both direct and indirect connections between elements.

[0100] For purposes of this description, the terms “couple,”
“coupling,” “coupled,” “connect,” “connecting,” or “con-
nected” refer to any manner known 1n the art or later devel-
oped 1 which energy 1s allowed to be transferred between

two or more elements, and the interposition of one or more
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additional elements 1s contemplated, although not required.
The terms “directly coupled,” “directly connected,” etc.,
imply that the connected elements are either contiguous or
connected via a conductor for the transierred energy.

[0101] The use of figure numbers and/or figure reference
labels 1n the claims 1s intended to 1dentify one or more pos-
sible embodiments of the claimed subject matter 1n order to
facilitate the interpretation of the claims. Such use 1s not to be
construed as limiting the scope of those claims to the embodi-
ments shown in the corresponding figures.

[0102] The embodiments covered by the claims in this
application are limited to embodiments that (1) are enabled
by this specification and (2) correspond to statutory subject
matter. Non-enabled embodiments and embodiments that
correspond to non-statutory subject matter are explicitly dis-
claimed even 11 they fall within the scope of the claims.
[0103] Although the steps in the following method claims
are recited 1n a particular sequence with corresponding label-
ing, unless the claim recitations otherwise imply a particular
sequence for implementing some or all of those steps, those
steps are not necessarily intended to be limited to being
implemented 1n that particular sequence.

We claim:

1. A system comprising:

an interleaved bit-stream generator adapted to receive a

first digital input signal and output a switching signal,

the interleaved-bit-stream generator comprising:

a fractional-delay array adapted to recerve the first digi-
tal 1nput signal and output a plurality of fractionally
delayed digital output signals;

a bit-stream generation array adapted to recerve the plu-
rality of fractionally delayed digital output signals
and output a plurality of corresponding bit-streams;
and

a serializer block adapted to recerve the plurality of
corresponding bit-streams and interleave the bit-
streams to generate the switching signal, wherein the
frequency of the switching signal 1s higher than the
frequency of the first digital input signal.

2. The system of claim 1, wherein the frequency of the
switching signal 1s higher than the frequency of all of the
plurality of corresponding bit-streams.

3. The system of claim 1, wherein:

the fractional-delay array comprises M fractional-delay
filters, where M 1s an 1nteger greater than 1;

the bit-stream generator array comprises M bit-stream gen-
erators;

cach fractional-delay filter receives the first digital input
signal, introduces a corresponding fractional delay @,
and provides a corresponding fractionally delayed digi-
tal output signal u, to a corresponding bit-stream genera-
tor;

1 corresponds to the integers from 1 to M;

cach bit-stream generator receives the corresponding frac-
tionally delayed output signal u, and generates a corre-
sponding bit-stream X..

4. The system of claim 3, wherein:

the first digital input signal has a sampling frequency of Fs;

the first digital mput signal has a sampling period Ts,
wherein Ts=1/Fs; and
fractional delay ®, of the ith fractional-delay filter 1s
(1—1)/M of the sampling period.
5. The system of claim 4, wherein the output switching
signal has a sampling frequency that 1s M*Fs.
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6. The system of claim 3, wherein the respective fractional
delays of the fractional-delay filters are set such that the
switching signal 1s a band-pass signal.

7. The system of claim 3, wherein M 1s 8.

8. The system of claim 3, wherein each of the M fractional-
delay filters 1s a tunable interpolation filter comprising a
Farrow structure.

9. The system of claim 3, wherein:

M 1s an even 1nteger;

the serializer block comprises a funneling cascade of
2-to-1 serializers:

the first stage of funneling cascade comprises M/2 2-to-1
serializers;

every subsequent stage of the funneling cascade comprises
half the number of serializers of the previous stage; and

the final stage of the funneling cascade comprises one
2-to-1 serializer that outputs the switching signal.

10. The system of claim 9, wherein:

M 1s 8;

the serializer block comprises a funneling cascade of 7
2-t0-1 sernializers 1n three stages;

the first stage of the funneling cascade comprise 4 2-to-1
serializers;

the second stage of the funneling cascade comprise 2
2-to-1 serializers; and

the third of the funneling cascade comprise 1 2-to-1 seri-
alizer.

11. The system of claim 3, wherein:

A and B are integers between 1 and M, inclusive;

B=A+1: and

bit-stream signals x , and X, are interleaved to generate
interleaved bit-stream signal X ..

12. The system of claim 11, wherein the fractional delays
® , and @ are selected so that the high-pass components 1n
X ,» substantially cancel out to make x,, a low-pass bit
stream.

13. The system of claim 11, wherein the fractional delays
® , and @ are selected so that the low-pass components 1n
X ,» substantially cancel out to make x ,, a high-pass bit
stream.

14. The system of claim 11, wherein:
the first digital input signal has a sampling frequency of Fs;
the first digital input signal has a frequency of 1;

® ,1s 0; and

® 15 I*m/Fs.

15. The system of claim 11, wherein:

the first digital input signal has a sampling frequency of Fs;
the first digital input signal has a frequency of 1;

® , 15 0; and

D, 15 I*m/Fs+m.

16. The system of claim 11, wherein:

the first digital input signal has a sampling frequency of Fs;
the first digital input signal has a frequency of 1;
® , 15 0; and
1, 1s I*m/Fs+m/2.
17. The system of claim 11, wherein:
the first digital input signal has a sampling frequency of Fs;
the first digital input signal has a frequency of {;
® , 15 0; and
D, 15 I*m/Fs—m/2.
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18. The system of claim 1, wherein:

the switching signal 1s a radio-frequency switching signal;
and

the system further comprises:

a digital signal source adapted to generate the first digital
input signal;

a switching power amplifier adapted to receive the
switching signal and output a corresponding ampli-
fied radio-frequency signal;

a bandpass filter adapted to receive the amplified radio-

frequency signal and output a corresponding analog
radio-frequency output signal; and

an antenna adapted to receive the analog radio-ire-
quency output signal and transmit a corresponding
wireless radio-frequency signal.
19. A method comprising:

receiving, by an interleaved bit-stream generator, a first
digital input signal, wherein the interleaved bit-stream
generator comprises:
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a Iractional-delay array;
a bit-stream generation array; and
a serializer block;

recewving, by the fractional-delay array, the first digital
input signal;

outputting, by the fractional-delay array, a plurality of frac-
tionally delayed digital output signals;

receving, by the bit-stream generation array, the plurality
of fractionally delayed digital output signals;

outputting, by the bit-stream generation array, a plurality of
corresponding bit-streams;

recewving, by the serializer block, the plurality of corre-
sponding bit-streams;

interleaving, by the serializer block, the plurality of bit-
streams to generate a corresponding switching signal,
wherein the frequency of the switching signal 1s higher
than the frequency of the first digital input signal; and

outputting, by the interleaved bit-stream generator, the
switching signal.
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