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FIG.47 
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FIG.49C

ANALOGDEVICES ADGOSAR0GDEVICES TOKO 8500.541.003.VI5.01[NC7S04M5NATIONALSEMICONDUCTOR AD8052ARANALOGDEVICES
TK11235BMAD1982  



U.S. Patent Sep. 19, 2006 Sheet 66 of 349 US 7,110,444 BI

FIG.50 
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FIG.OS 
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FIG.S/ 



US 7,110,444 BlSheet 88 of 349Sep. 19, 2006U.S. Patent

alS‘OUOL .OLG°9HOL

VLGOld  y84

 
1-0-06-XONNZ8(MIZISSHINIS)B06¢YOLVYINIDTWNOISTOdLNODHOY

£0%-06169
 

(NOGNAGt

 
td?

  

8259OL



US 7,110,444 B1Sheet 89 of 349Sep. 19, 2006U.S. Patent

gZS
C

“Old

(SOYOL  
WAS+

00-10-col-a“Bf$dl

 
 

AGtYESOUHONS
WSSUNOY



US 7,110,444 BISheet 90 of 349Sep. 19, 2006U.S. Patent

OLS9UOL
¥COlr

bA"azd

 

 YiSOUNOS 00-10-$01-dldl00-10-S01-dl

cy| chia[Tones¥oiseH0f-+490001wfounSse
JLO14

COLS(yOOT)3S¥BWOYdL4NSTOHINOD)YOLYYINID01oldSL-Ol-0-d0V¥pOLS  inwns(ND"|
 

 

  



US 7,110,444 B1Sheet 91 of 349Sep. 19, 2006U.S. Patent

¢

af&0F00-10-S01-dl .iedCHINOJ]O2dLOLYIdNAP00-10-S01-dl901¢balBNNYHD1<<p<

Z

¥I99y

&ynyg|e61)

 QZS°Ol9WOU

Qf9l4

95°93HOY



US 7,110,444 B1Sheet 92 of 349Sep. 19, 2006U.S. Patent

I

85°93
creeVIVal<<

¢

60

(Gt

 

 7208S(Sya4ing)S30vINGINIONINOLIGNOD¥i¥d
3100

 
 

66%

1-0-0S-XOWNZ8our

vivo
1-0-06-XOWACE6f

VIVO"!

(o)rr6e<sO+
|



US 7,110,444 B1Sheet 93 of 349Sep. 19, 2006U.S. Patent

i-0-0S-XOMNC8if

6SldGNDNOino/Ni4n0/NI
  

JerSN0N  
OllyYINIGHOD06

<TANNVHODBOlY



U.S. Patent Sep. 19, 2006 Sheet 94 of 349 US 7,110,444 BI

F1G.60 



U.S. Patent Sep. 19, 2006 Sheet 95 of 349 US 7,110,444 B1

 
 

 

TO FIG.60B

N_BULK 2>-—---------/$2$72="+—>

+5VQ

R69

1K TO FiG.608

P22

  

  

TR-105-01-00 ar
1.1K

C63 une
Q_CLK LO 5704A 1.2 5 1 R86

>

COMMON_CLK 39208  10000F , $9 TO FIG.608
C61 287

R80 21

RESISTOR | 1000pF 0 10 FIG.60B

FIG.60A



U.S. Patent Sep. 19, 2006 Sheet 96 of 349 US 7,110,444 B1

FROM FIG.60A

 

 
 
 

PLACE THESE ELEMENTS
CLOSE TO U7

‘L043

| iI 22pFFROM FIC.60A

C47

 
_1 c46

iI O.fuF | 1000pF2

R37 233 +5VQ
R40 1K

10K 10K ,
C51 C52

L V | O.1uF | 22pF
U?

FROM FIG.60A

FROM FiG.60A

P15 f

1P
TR-105-01-00

P18

HP
TR~105-01-00

FIG.60B



U.S. Patent Sep. 19, 2006 Sheet 97 of 349 US 7,110,444 B1

+5V0Q

 
 
 

R101 TO FIG.600

TO FIG.60D

U6B 8 1.5KADBOS2AR |
TR-105-01-00

+5VQ R39 1
10K C53

uF 1
FROM
FIC.60B

7058 9659 , TO FIG.600
}-

1pF 0 OHM

FIG.60C



U.S. Patent Sep. 19, 2006 Sheet 98 of 349 US 7,110,444 B1

TPH

TR- 4105-01-00

 

 
 
 

  

FROM FIG.60C

FROM FIG.60C

1 C86 ;
2 O.1uF

C87

1000pF

TR- 105-0 1-00

>> QREF

$$$$$$$$$$$$__—>> CHANNEL 4108
FROM FIG.60C

FIG.60D



US 7,110,444 B1Sheet 99 of 349Sep. 19, 2006U.S. Patent

SINOSYNYd|QOYOASINS LOS)AN3EfYSxG*t L000SH3¢'H3XG
 

CO“l-WbCCExJINOSYNYdLp09syaeryspoTYDINOSTIVECOOLS]SCO   

Lay'yeyu

OO1Y'S6YOrubr

  
    

 

  



US 7,110,444 B1Sheet 100 of 349Sep. 19, 2006U.S. Patent

  
 

   

  
|CNSOAeO'legoocgy|ee —“(i*d:SC“(ti‘i‘~SLINQUIO-ININGi-Ol-e-dOV]|GE-Ol-e-dVPAYPCNAIBSAINOF|SHIAVAY|OGY]eB t“(‘(‘CSC(+SIAT:COOC*d‘*CPCNTOOTSKECNC|COOTZN]Cen]NTet|_NOISIAYad|‘indcatAeTCNANT|__S301A30_SOT¥NY|wvesosdy|sssveGogdv}INONIN|IGEPORaedbOa|Po||reeeeee|Pe000-0|“Gad"Gh“bad"Cdd"Cdl"[BLPE|INOSWNYd|O66raNaerua]CB]LCM[EE|COINOSWNVd|sbeOvavaerea]OTTOLZ[UeJINOSWNYdlechayaerya};EElOlNS6yeyseyfFLIE|POcaeeutbeTor]PESSHaeOBUTZfe|OINOSYNVd|FONTARCPUSTSuTeBe|INOSWNVG|tOOLaNaCreaTMLte_|pO|_||_OTNOSYNYd|OMAP|92|QINOSYNYd|olsrASocruatAS[Se_|



U.S. Patent Sep. 19, 2006 Sheet 101 of 349 US 7,110,444 BI

FIG. 62

  
 

 

 



US 7,110,444 BlSheet 102 of 349Sep. 19, 2006U.S. Patent

g29'9UOL

¥C9Old

Je99OL
sf

o6f=OEE
JeFOUOLose4Soseie=6OfdBeBYLeyPd[aOgiOsO8toegySlYwlhy

081ly

9A

O6¢O06O06|O6F069cGlew|SCN081O08!08«608!8hey6OGYNBLLN



US 7,110,444 BISheet 103 of 349Sep. 19, 2006U.S. Patent

 

gé9Old

MNCZTho

dfAINGOW310000580203A303Y

 
cdf

 

__.TINGONyeoOCOSeyO02rYOLVINGOW3A

TINGOH*x000068ava-XL

 

 
YooWOW



U.S. Patent Sep. 19, 2006 Sheet 104 of 349 US 7,110,444 B1

TOFIG.62D

[foPE TOFIG.62E

FROMFIG.62A :iBx=j

Br12

FIG.62C
FROMFIG.62A V

|__|||, TOFIG.62E

 
 TEST-CLOCK

EMT—1-10-0-S-D



U.S. Patent Sep. 19, 2006 Sheet 105 of 349 US 7,110,444 B1

Vcc
CON? 

8500002CMODULE FIG.62D
LNA/PA 4212

s{ |g

FROMFIG.62C



US 7,110,444 B1Sheet 106 of 349Sep. 19, 2006U.S. Patent

429OldZS7x01sgOVaH
YSINODACC+afMs————QVVHINAS802b810HINAS

TINQOK8800008YAZISIHINAS Je99NOI

99°91OYJ



US 7,110,444 BlSheet 107 of 349Sep. 19, 2006U.S. Patent

2A

GVI8Aaaa

429Sid

 H29°OOL

 
ce



US 7,110,444 B1Sheet 108 of 349Sep. 19, 2006U.S. Patent

  
W933OL

TAS)"o)|490HOL 
ABe

YsSLyo-9197ePLYampyl47sto0069AroyNOD
l

Z30UNOS2AzLinATEéLiemit
zn

——dA

Noo

|Z0YNOSSA

 bJOUNOS9A

309°NOY



US 7,110,444 B1Sheet 109 of 349Sep. 19, 2006U.S. Patent

 

JADOLzip
48001

 

BLS1OdN

 
 

 

H29ls

GL-01-¢-KNV

 

@Lu0dONON
éND140dWNSfo

4099WOU 
 



US 7,110,444 B1Sep. 19, 2006 Sheet 110 of 349U.S. Patent

Jé99NOUS

C994

96993HOUS
 



US 7,110,444 BISheet 111 of 349Sep. 19, 2006U.S. Patent

eoIls

 

kovonezo'tyo"ooseis]|      TWNOLLYNWAZORESOJayyng“|zooesg] tC~=«STCNPTSLINOMIOININS-Ol-Z-d0¥JayyiidSW)Gi-e-dvEAYCLJoy|/nbayaboy0A‘9]LIQ)ZA"on}2/22|JINABLES1OdN4ajjng4‘OI849}9dNin'cnlZitz|pococck“Be“ect   SINOSYNYdLECPASK-0H9¢090‘ys‘wyOBS“Sey;BET“eu‘Seu‘ezy‘CZM‘ZulOLO2|SINOSYNYdIShASH-PH3ogo‘yo‘wuOg)‘Say“OYSIN‘blyCLM‘ZAeLOLBE| '

gins]Z0S100N96zZ¢|QINOSYNYd|——_OZBFASORPUINOSYNVdOL6PASS-PUINOSVNVd

woh‘wg‘seyJon)STBL£090‘YG“wWuO7g‘SayHa"oly'Syme
£090“YG“WUDOFZ‘Sey£090“YS“UYO16‘Sey

 

        
 

 

 

  
£090“sey

OL]Hee1077S00“ZOl“Huore“pulvive]SIZIVIZAG|Gogo“poagmaeaAeYaNHSOeORrapaTnenatewainvS|C-S-10-Ol-I=1H3|wae“UiazxO}“woqq!4“JepOH|G-S-10-01-BlftOrWGIAWS|ES-LSOI-ONSBde]Lt6][_MaINYS|-S-1FOL-Onasidf{12|aNeeeeeereL 934€0%-06169|6]2]WALAYS|-S-1-Z01-OWSS|219|LLNS]SYOZONGZ491601|sail
GAD|

aee‘gol2]¢||__JINOSYN¥d|——_AOPLOLHLA-f03|9]2VIVA]CVOLOZGOLASAOPHNDG080"%02-08+“hl“doyaYOGNIAYSGNNNL¥dNOLdYISICLidWOT 



U.S. Patent Sep. 19, 2006 Sheet 112 of 349 US 7,110,444 B1

FIG.64 



US 7,110,444 BISheet 113 of 349Sep. 19, 2006U.S. Patent

 TIVESOOTHOLSL2G15aN£89914sou{IOl100'0=SS3NNOHLIDTz‘VUJ=VAGINA49dnuCOL=M‘wwLOC=Mh2991jg‘00Z=7“WHO004‘4QOZ=1‘WHO29OL4+t—toaerePTDltaihwwygay62S}‘utQOL=1‘WHOOS42ZZTn\

WwW=
41OLA1.2‘t40221‘RHO201

 

 

LAafe)ELGNOOND”)65|

 

  
Ino/NINO/NI

1-0—-0S-XONNZ8
3rSHON|Zer4400|k$001ke20T,1207;00!

<WINOOA2

vy340011249001he91)|Go}00}

<TINOOA2

cy

0XIAGt

YLOSVIZANG

Tee<XIAGtZ
n440,StLWNO,SILud

NOWONOD=|OddivKL|
KddAVXL2



US 7,110,444 BISheet 114 of 349Sep. 19, 2006U.S. Patent

gr

 

avoOld
pifQNSONO

 

 

J0vS4Gn=U INO/NI1N0/NI;

Gyre

OLOZZAWH
aNdir9¢+hALie4

9y

HUzz1

K2XUAGt2
OCXUAS+

Siri

OlozZznWH
ONOon9g+AALyey

cy

HUGG$1

<UXYASt7
OLXMAG+

WOUWOusido}é4929



US 7,110,444 BlSep. 19, 2006 Sheet 115 of 349U.S. Patent

 A4tTylsiev]sla 11gly¥y4%OLOZZHYYHavOLOZZNWANangLt61yenzn4619bYoe9c9aly¥¥9'D4tyfyWOMd¥
zy

 



U.S. Patent Sep. 19, 2006 Sheet 116 of 349 US 7,110,444 B1

FIG.65 



US 7,110,444 BISep. 19, 2006 Sheet 117 of 349U.S. Patent

 
    

¥S9°9)4Agcg'OL!OL;

{Me?r400111teGHPOSLON|Thageesanpin|OxUSt<«;Pe;0#10#01é
pz?voZTFz089G+¢

-

SHCIVLING|¢|SIZIVLINTG|¢|sy!ot
LOXUAS+$001IAtBT)gacesons1'0LLAst<<£59AH£0SIZIVLINTen!

 

In999

  

SIZVLINTEAGphy
 

 
XUAS+CO



U.S. Patent Sep. 19, 2006 Sheet 118 of 349 US 7,110,444 BI

>
Ye)
©

~ f=mn
+ 2

C) babes
—_— ~
a
3a

a kK
co

CO°

we cS
BS Liu

~f >
—_— NN

= |
o >

a

2 | OOO OOO 3
><
nm
ox

1a
— Pr) Ss

— ND 2 bid
8 8

FROMFIG.65A  



US 7,110,444 BlSep. 19, 2006 Sheet 119 of 349U.S. Patent

JS9°Ols44001h069J,

  
GXUXLUAd=ASODWOU

XUAG+
ro

1ENO
c

yoZ(
CHPOSLON4001iAStMt,ainp19gr|gWo71d@CCSON410ZhLXLAGt<<PyHrsf)z541-0849-1DLsOSIZIVLINI|¢y12AGt61|||OddNYXL<zedLy.rc|MIOQVIZHTG|¢

011L.b
|

4AGt
AGE



US 7,110,444 B1Sheet 120 of 349Sep. 19, 2006U.S. Patent

[ITfy4SIZIVLINT|Ty!
Att

iz
||

qS9°l4

IOGOSTHXL==PHD 
FIASTAVEUES@LL)|eu

{g

chy

AG+

AS+



US 7,110,444 BISheet 121 of 349Sep. 19, 2006U.S. Patent

|

499°94
ZLNOOA<:

 

GAPOSLONctf

¥ 
4

 

GXYXLMS 



US 7,110,444 BlSheet 122 of 349Sep. 19, 2006U.S. Patent

[|_SINOSWNVdw+
  134TANNVHO-dTWNOLLYNdOetSON|_VLVUON]—SIZIVIINT SYNVd

N9t/1'%G°O01'C090|—OINOSYNYd
dLUN¥G'(Z102)SaGOBO'HUZZ]LVADTIOHuz PO

|__SINOSWNvd|¥iW

=9YbOSVIZNIG[GYROTMTYYOOSZHNOOL@SNHO009]VIVEYLoovIZNTorlZt+t|F

L-0-0S-XOWNGBYO.LOINNOO44.-H10-LO-HS14WOUYadSNId2‘MOYTwhd
=

|a|SIZAVLINTE|HE|__ylog¥i2H1g)|_____—«SNO||$-0-0S-XONNC8||__OXL¥OV3H||=ACPOUON|ag

2090"4\909'¢090"4
aie

   
6|9b|eaead

#lgh|—~[ofc

 299°099'6s9'469'9S9}||"GGO'8b)#bO'1¥0'ObO'BSO}||"£€9'9¢9'°SE0'829'070'619,||FONGYIATY|ALOEWAL}



US 7,110,444 BlSheet 123 of 349Sep. 19, 2006U.S. Patent

g99°9I4
 

“WA_¥20"19°00S8

  

 
 

 

  

 

YLTIGAYUVSNTTYavOdW034
dB1034YORCULYL

 

|OME]BORCEINMEi1OF
GRYOSLN——YaSANTTTWNOLLYN|GNPOSZONvecochHOLINSTSO

 

eeeeGydacie]
 

       WlestodnTWCBCINORENcn}ytle|

 

  

 
 

TIA201KIW00.

 
   

 
 

C90-fASHEPHA

 
 

MOL/L'ZS"99°¢£090

  

 

TIN_#S=MTIMOOI=1'HO0S)TIN45-4

areelt4

     

é

TTIW001=7'NHO_0S 
TIN_OC=A'TINOOI=TAHO08]TIAOC=K'TIN00!

  

=1'hHO08

 



US 7,110,444 BISheet 124 of 349Sep. 19, 2006U.S. Patent

VL9Old 
 

G0c6eWNOISTOYLNODYOZ6EWNOISTOYLNOD

 
 



US 7,110,444 B1Sep. 19, 2006 Sheet 125 of 349U.S. Patent

GOZELTWNOISTONLNODVOC6EWNOISTOYLNOD

G29
Js 



US 7,110,444 B1Sheet 126 of 349Sep. 19, 2006U.S. Patent

¥89°Ol4

WNOISTOXLNOD
vOZ6E.TWNOIS“TOYLNOD 



US 7,110,444 BlSheet 127 of 349Sep. 19, 2006U.S. Patent

826¢0

q076EWNOISTOYLNODvOC6LTWNOISTONLNOO

g89
IIs 



US 7,110,444 BlSheet 128 of 349Sep. 19, 2006U.S. Patent

V69ld

WNOISTOYLNODVOC6EWNOISTOMLNOOD 



US 7,110,444 B1Sheet 129 of 349Sep. 19, 2006U.S. Patent

G6993
d062WNOISTOYLNOOWOZ6EWNOISTOMLNOO5

 



U.S. Patent Sep. 19, 2006 Sheet 130 of 349 US 7,110,444 Bl

 
7082

7000

7004
\

|

pa4-7

| 7007
|

|

7030|| 7020
|
|

7032||
i | BASEBAND
| OUTPUT SIGNAL
1} 7084

7034 |
LLL

Tee

1PD7009

|

7042

|

| 7008
7044 !

/

Lf
7046

|
{

nn

 
TO FIG.70A-1

-FIG.70A



U.S. Patent Sep. 19, 2006 Sheet 131 of 349 US 7,110,444 B1

FROM FIG.70A

7014

7052 7005 
7000

7012
\

]

p---4-5

| |770N
| |

| |

| 7054|| 1022
| |
| j

| 7056||
| \ Q BASEBAND
| ||QUTPUT SIGNAL
| i| 7086
| 7058
Leee
cr”

| 1Pe7013

| |

, 7066||
| i

| 7016
7068||

/
ly

| Ke

| 7070 |
| |
| |
|



US 7,110,444 BISheet 132 of 349Sep. 19, 2006U.S. Patent

 

6C0d

CF0L9602TWNOISYOLWAINGS610dTOMINOD0IvanCALAN!4
Ta

|yonyaango
$601TWNOISTOMINOD04$ind

1Z0LLeod

1609)

0d

Z60LTYNOISOIA)7OUINOD|IvanCULNIANI4
ova

0602TyNOISoneJOUINOD|/20LLNOL

ecoe

SZ0L

YSIHSJSVHd90816202
GLOL

YOLVTNOSOW007G20



U.S. Patent

LOCAL OSCILLATOR

SIGNAL 7015

HALF FREQUENCY LO
SIGNAL 7017

PHASE SHIFTED LO

SIGNAL 7019

HALF FREQUENCY
PHASE SHIFTED LO
SIGNAL 7021

| CONTROL SIGNAL
7090

INVERTED | CONTROL

SIGNAL 7092

Q CONTROL SIGNAL
7094

INVERTED Q CONTROL
SIGNAL 7096

COMBINED CONTROL
SIGNAL 7045

Sep. 19, 2006 Sheet 133 of 349

woeeeetetoe

FIG.70C

US 7,110,444 BI



US 7,110,444 BlSheet 134 of 349Sep. 19, 2006U.S. Patent

ceAtaaeynceAAhetteAAH iaApe OeTa

Q02°9l4SUC’ELSUg"OLsuy‘OlSUD'O!$u9"6Suc’6SU0'6
t

—
l

S 5—

weanennfeenen 1

 
jt

I
5
|

SN

 

 
t
i
J

S
ae)

fa ee ne ee eefeee

1
ii
t
i

2 thtrwae foe

UINYVOJYLNdNIOLSdIHSNOLVISY3SWdGONIAD!(¥)
||
I
t
t
I
}
r

&ms



US 7,110,444 B1Sheet 135 of 349Sep. 19, 2006U.S. Patent

1302914

302'9YJANILNOD

ba}czy

¥Sdd  0.dg19=dLcP vsistadga)natNCHEZAO=1A
C=0=01ah?verSze=e=00z=Md‘gco,SETroad|eT

ACCHEZA
||O=IA

Poeq(/
LO0L(284MOL/ye/OESST7ecuocd=

¥802

oO
é»

0002

SU606LUIS
=

0fs\)

GOL6¥0ZPrins
SU06OLIHS=]

0

LeOLAQOn!(«)rXL 1LG0ZO¢A©)BOL



US 7,110,444 BISheet 136 of 349Sep. 19, 2006U.S. Patent

ba,Gey
()

Oxe |9802

C40L
ls 

LLOzC902

np'g=by.4.nOS=PMfs¥0=5uy)cH|S+35Ind0\noc=pa_J#(7|002\vy|\~~ \\\®~drdoWydo}A-\a"\,woldS12\a1O10L=7I~~groz
1302°9U0802

WOuS

?gine?0,c?un?¥b0L

dpZ6=C1UgPGZZL=YGddo0z=MdUlO=4LUIO=ULANC+=ZAO=1Adooc=aLUGRSZCb=Y3ddooz=MdULO'=4LUlO'=ULASE+—ZAO=1A



US 7,110,444 BISep. 19, 2006 Sheet 137 of 349U.S. Patent

  NOLldIwiShysnZ'tsno'}sng'osng'Qsnp’snz'0SQ-~+4+—---—--—+——---—+—----—4+—-----+—---—-—+-----—+———~———+Awnoz-,(O7XDA°oe—poue
{

||||\........|LbNOL4029sIwiShyksno}SnO’LSng’sng0sny'dSnZ"0S80b-+4+----—$Aete++——-—--—+—----—+~{AWQOZ-
(MxDA2

_AOL
||||—/Aol

LY¥OL



US 7,110,444 BISheet 138 of 349Sep. 19, 2006U.S. Patent

    
 

(OX)Ae

50042"T809227sngoe'}=AILS081ogySH
>AwQOT-

VivO0HLTAINdINOGOWSACONTROHSOORSOOT(W)Aesngye'ysnge2"tsoe]SILSNOGI'Tsrogy'ySH
°MOL“O4

ABDI

(00H)Ae

sngpa'tsng22"tsngge|=WILSMOG"sm0grESB
ABOOT

; SSOL ~¢S0LVIVOQOH)HLIMiNdLA0COWXSd0SNTAOHSOOW30OI(HDAcsngee"tsmog}AIL.S08TTSngT'SSIGHTS
OZ94

 
 
 

1$0.VIVOGOHTHLTA{AdiNdGOW¥SdOSNTMOKSCOWIOOLS0dseo!Asngye'ySNg2eTSNGO?*TWtSAQETTSnggtTSH
tia“

Awoot

 

IndiooHxS40ovTAOHSowz00)°°°!280L



US 7,110,444 B1Sheet 139 of 349Sep. 19, 2006U.S. Patent

ILCOAe(Olesnp]snetsng'ysng’)sng"snp"sn?"$0
e

_Padriéad0La)|JBToet,u 
ty

WHINSUISIIGVVOIAISIIY040dIHSNOLLYT3UGOW300!itWUCUjAeGiveSO’sn2"ysnotsng")5A9°0G07.5440sn"5)
AOOOELemtommmmirem|OLJd

 peers,;BeEyCiressWHINWAISIIOVIVOOSATSIY40dIHSNOLLVSYGOHIOOTHI(XdIAesnp}sn?"*BnQ'Tsng)9°snp"gsn"30
NOZOld

  MST4IVSHYWLINGUSIILOUSLAYCGONSJTONTSIIINGURIII0VIVOO3A13038040aIHSNOTIVIZYCOHXOTAP00eWIL(TYalheshy’sn]sng'ysng"sng"sny"Dse)0.
Auooe-

HILALTaAVWIINdUIGI10USLdyOSINIJTONISWIINSEIGIIOVIVOGINIOIM130dINGNOIIVIGHGONKOIAvO0e



U.S. Patent Sep. 19, 2006 Sheet 140 of 349 US 7,110,444 Bi

  
FIG.70Q



U.S. Patent Sep. 19, 2006 Sheet 141 of 349 US 7,110,444 BI

7089

| BASEBAND
OUTPUT SIGNAL

7084

7072.

  
  
 

 7022[

i CONTROL Q BASEBAND
| SIGNAL OUTPUT SIGNAL

7069 7086
 
 
 

 |
i
|
|

FIG.70R =”



U.S. Patent Sep. 19, 2006 Sheet 142 of 349 US 7,110,444 B1

 
 

7000

7004
_- 7002 \

7 }

Nee ee eeee a
7098 1}

7074 : 7007

td 07026 | 7030 | 7020
tiHo}
I

7032
70994 | | | BASEBAND
\/ | OUTPUT SIGNAL

| 7084
7001 «=|! 7034Bn ee et ete en me nn ete te ett manele se weeee wees ed

CTee — Ome ~

| | 7009

7076 1 |

1} 7042
{ |

7038 ! ! 1 7008
ACA 1, 7044 i: /

I ly

7099A | i.
YY 1 | 7046 1

| {
I] |

weed

 
TO FIG.70S~1 FIG.70S



U.S. Patent Sep. 19, 2006 Sheet 143 of 349 US 7,110,444 B1

FROM FIG.70S

7003. |

 |

7050 |
|
I

|

709A. |
|

|

7005 |
Lee|
TTSOTe |

|

|
|

|

7062 |
I

I

|

70998 |
i
|

wud

7000

7012
\

]

r---4-4

| 77011
| I

| |

| 7054|| M22
| “|
| |

(7056 |
||Q BASEBAND

| | OUTPUT SIGNAL

| | 7086
1 7058 |
tL
cy

1PS7013

i |

| 7066 !
| |

! | 7016
; 7068) | |

/
ly

{ be
| |
; 7070
| |
| |
Ln nee ee ee ee ee



US 7,110,444 BISheet 144 of 349Sep. 19, 2006U.S. Patent

ceemennratene4
|Lbbe

 

YOLVYINGDISN

 
Orbe

WNOISo¢t/
Lfdino

nas;Loe\901L—
BOLL

vOLL

COLL



US 7,110,444 BISheet 145 of 349Sep. 19, 2006U.S. Patent

AONANDIYS
UPSZ

AONSNOIYS

VTUCGIL
Sy/uSifu

 
Si/¢HGLLL--49C1/scisecis79eSbLoz

JILSlsQrS1Zdt/°9l4qeStZ
51/2

DyGtDéSIZ
Si/t

Si/¢Si/ZSi/t
OLLLOlle

JONIAVJQALNdAV



US 7,110,444 B1Sheet 146 of 349Sep. 19, 2006U.S. Patent

qb2°9l4

||erli~_ALeleWNolsIND

 aeeeeeereeeee~LLL.obe‘Gs

 
 



U.S. Patent Sep. 19, 2006 Sheet 147 of 349 US 7,110,444 B1

i 7145

FORLA.
TME

FIG.72A

7123

|ee||||
wie TE

‘ FIG.72B
7127

i

TIMEae] be
T

FIG.72C

7202 fo710

| | ——
TIME

FIG.72D

oo
-| 7204 arit4

FIG.72E



U.S. Patent Sep. 19, 2006 Sheet 148 of 349 US 7,110,444 Bi

+1 7206 7116

1 ~ yo
ty

FIG. 72F

7130
fo

7209 7208

Vp :

7113 | i,

FIG.72G

VR

7113 j | | | | iP, in
nM 7210

NN 134
FIG./2H

7209a 7209b 7212

VR

7113 t
ss 72110  -7211b

TA 7133

FIG.72I

 



US 7,110,444 BISheet 149 of 349Sep. 19, 2006U.S. Patent

  
 

    
   AQNANO3Ud——— GAVATuyndS)A[7]A(ByAHOLtZHOOG'|2HO00'|ZH90S°0ZHOAT/_N\W/\/TCCLILPTUleiulrry™whedAyeasodnhVaalhiiierY-poateytPOZe/aR.learpopeOpBeEAPlFiFtSererpferppttAwoospaee4}eeeeeePoeeTd|qwpzz(OINOMVHENSw)S)24N002=YOOTDTWINAAVONNS:ZUNOOZ=ADNANOIYSJAVAJUYNDSsdogg=Junlyady



US 7,110,444 BISheet 150 of 349Sep. 19, 2006U.S. Patent

CCELWNOISIndino

)v1eae*Lootpeety\90LZ—
BOLL

 

VEL

 

Jld  
YOLVWYINIDWNOISTOMLNOD



US 7,110,444 BlSheet 151 of 349Sep. 19, 2006U.S. Patent

AQNANDIYSUpecd

   

UgZeLO2EL|
rm

eze/OcELS
Si/¢

aeLOld
Si/@

49CLLPeel
Si/l

OlLZ

JONNY



US 7,110,444 BISep. 19, 2006 Sheet 152 of 349U.S. Patent

VL

“OlsOCR.

 



US 7,110,444 BISep. 19, 2006 Sheet 153 of 349U.S. Patent

AONINOSYS
ugoc/

Sj/u
zine7AONSNDIYS

UPOGL
atinAONINOA

SufiSifu

9P0SL

 

YZOSL
oe

9C0G2
Si/e

40SL9Z0S2
S1/2S1/Z

OI

DyOGLDZOSL  
Si/tSi/|

0S2°9143ONINdAYgS/°OldJONIAY

vOrl

WS/°9l4
COvL

JONNY



US 7,110,444 BlSep. 19, 2006 Sheet 154 of 349U.S. Patent

Ob:TNOaNvaIS¥a
Ge

I$
0r092

ATAUND

 



US 7,110,444 BISheet 155 of 349Sep. 19, 2006U.S. Patent

%0b2“WNOISGNvdasva0
,|

G709/TE

roleOfindifo
AJeltY|

Woobey
)Sled8192

 



US 7,110,444 BISep. 19, 2006 Sheet 156 of 349U.S. Patent

OLL

 



US 7,110,444 BISep. 19, 2006 Sheet 157 of 349U.S. Patent

8/94082

 
082

ooaementesenamesaumamtweensteencnmeneGnAAMSenhST—RsutnySemmeRuWeGmenStentssti
97082POLTWNOISGNVAISVO

LelLLN

 



US 7,110,444 B1Sheet 158 of 349Sep. 19, 2006U.S. Patent

erbd

V6L914 
YO.WYANIDWNOISUNO

  

 
mg

°ro--4n 
Of6L=9262

 

 

9C6LCC6L
WHOISINdlNO

)YeOTosLoo(r\90Lf—
BOLL

WIG5

 

8262

 vL6L
00621062



US 7,110,444 BISheet 159 of 349Sep. 19, 2006U.S. Patent

J6L94S5SSyonanozuyVeYeVi  
 

UZG6L92G6LL,——q2S6Z0262S6206,7SSSSyonanoay4WsYeviUOS6L20S6LqOS6ZDOSBL206Lvt617

AGALIdAVSONLAdWY



US 7,110,444 B1Sheet 160 of 349Sep. 19, 2006U.S. Patent

9f6LTWNOISIndino

“ytcc7sLoe|y\901L—
BOLL

0062

Cre

06/913)
MOLWYINIOTWNOIS“UND

   
wig

0rom Of6L9262  862
/\O

   9C6/

m8STIL
LIND

 
 

8062=FBZ

 

LO6Z



US 7,110,444 B1Sheet 161 of 349Sep. 19, 2006U.S. Patent

O8°Ol4

 



US 7,110,444 B1Sheet 162 of 349Sep. 19, 2006U.S. Patent

AONINODSYA
49018

Sy/u
1108-7ANANDSYS

UF01L8
00g7AONANDANS

UZOL8
s00¢7

Sy/uSy/u

9701892018
Si/¢

99018901892018
S1/Z1/2S1/Z

D9018P401852018
Si/\

 
St/tSi/t

J8°OldJQALNdAVG8olsJONLNAAY

9008

VISOld
2008

JCALAY



US 7,110,444 BISheet 163 of 349Sep. 19, 2006U.S. Patent

C8Old
3108TWNOISIndl

“A|deyLtyr\NLunnapenine
/+1080028

W13020699028

“HIND

 



US 7,110,444 BlSheet 164 of 349Sep. 19, 2006U.S. Patent

$8Old
o0¢a

9r028

“ele

 



U.S. Patent Sep. 19, 2006 Sheet 165 of 349 US 7,110,444 B1

8400

RECEIVE AN INPUT BASEBAND SIGNAL|
8402

DIFFERENTIALLY SAMPLE THE BASEBAND SIGNAL ACCORDING TO A FIRST AND

SECOND CONTROL SIGNALS THAT HAVE PULSE WIDTHS (OR APERTURES) B404
ESTABUSHED TO IMPROVE ENERGY TRANSFER TO A DESIRED HARMONIC IMAGE

MINIMIZE DC OFFSET VOLTAGES BETWEEN SAMPLING MODULES DURING THE
DIFFERENTIAL SAMPLING IN STEP 6204 8406

SELECT A DESIRED HARMONIC (OR SUBSET OF HARMONICS) OF INTEREST
FOR TRANSMISSION

AMPLIFY THE SELECTED HARMONIC(S) B10

TRANSMIT THE SELECTED HARMONIC(S) OVER A COMMUNICATIONS MEDIUM

FIG.84

8412



U.S. Patent Sep. 19, 2006 Sheet 166 of 349 US 7,110,444 B1

8500

RECEIVE AN INPUT BASEBAND SIGNAL
8402

CONVERT THE (SINGLE-ENDED) INPUT BASEBAND SIGNAL INTO A DIFFERENTIAL
SIGNAL HAVING FIRST AND SECOND SIGNAL COMPONENTS, WHERE THE 502

SECOND COMPONENT IS AN INVERTED VERSION OF THE FIRST COMPONENT

 

ADD A OC REFERENCE VOLTAGE TO BOTH OF THE DIFFERENTIAL

SIGNAL COMPONENTS, RESULTING IN A FIRST COMBINED SIGNAL AND SECOND B504
COMBINED SIGNAL

  GENERATE A FIRST CONTROL SIGNAL AND A SECOND CONTROL SIGNAL THAT HAVE
A COMMON FREQUENCY BUT ARE PHASE~SHIFTED WITH RESPECT 10 EACH OTHER,

AND THAT HAVE PULSE WIDTHS (OR APERTURES) OF Ta THAT ARE ESTABLISHED 10
IMPROVE ENERGY TRANSFER TO A DESIRED HARMONIC OF THE CONTROL

SIGNAL FREQUENCY

 

  8506
8404,

8406

 
  

SAMPLE THE FIRST COMBINED SIGNAL ACCORDING TO THE FIRST CONTROL

SIGNAL TO GENERATE A FIRST HARMCNICALLY RICH SIGNAL 8508

SAMPLE THE SECOND COMBINED SIGNAL ACCORDING TO THE SECOND CONTROL

SIGNAL 10 GENERATE A SECOND HARMONICALLY RICH SIGNAL 8510

COMBINE THE FIRST HARMONICALLY RICH SIGNAL AND THE SECOND
HARMONICALLY RICH SIGNAL TO GENERATE A THIRD HARMONICALLY RICH

SIGNAL THAT HAS MINIMAL CARRIER INSERTION IN THE HARMONIC IMAGES B312

SELECT A DESIRED HARMONIC (OR SUBSET OF HARMONICS)
FOR TRANSMISSION 8408

FIG.85



U.S. Patent Sep. 19, 2006 Sheet 167 of 349 US 7,110,444 B1

8600

 

RECEIVE AN INPUT BASEBAND SIGNAL
8402

CONVERT THE (SINGLE-ENDED) INPUT BASEBAND ‘SIGNAL INTO A DIFFERENTIAL
SIGNAL HAVING FIRST AND SECOND SIGNAL COMPONENTS, WHERE THE BbO2

SECOND COMPONENT IS AN INVERTED VERSION OF THE FIRST COMPONENT

 GENERATE A FIRST CONTROL SIGNAL AND A SECOND CONTROL SIGNAL THAT HAVE
A COMMON FREQUENCY BUT ARE PHASE~SHIFTED WITH RESPECT TO EACH OTHER,

AND THAT HAVE PULSE WIDTHS (OR APERTURES) OF Ta THAT ARE ESTABLISHED 10
IMPROVE ENERGY TRANSFER TO A DESIRED HARMONIC OF THE CONTROL

SIGNAL FREQUENCY

  8604
 

 

SHUNT THE FIRST DIFFERENTIAL SIGNAL COMPONENT TO GROUND ACCORDING 10 ;

THE FIRST CONTROL SIGNAL JO GENERATE A FIRST HARMONICALLY RICH SIGNAL 8606 n404
8406

SHUNT THE SECOND DIFFERENTIAL SIGNAL COMPONENT TO GROUND ACCORDING TO

THE SECOND CONTROL SIGNAL 10 GENERATE A SECOND HARMONICALLY RICH SIGNAL 8808

COMBINE THE FIRST HARMONICALLY RICH SIGNAL AND THE SECOND
HARMONICALLY RICH SIGNAL TO GENERATE A THIRD HARMONICALLY RICH

SIGNAL THAT HAS MINIMAL CARRIER INSERTION IN THE HARMONIC IMAGES 8610

SELECT A DESIRED HARMONIC (OR SUBSET OF HARMONICS)
FOR TRANSMISSION 8408

FIG.86



U.S. Patent Sep. 19, 2006 Sheet 168 of 349 US 7,110,444 BI

 

  
  

 

  

  

8700

RECEIVE AN | BASEDBAND SIGNAL AND A Q BASEBAND SIGNAL

8702

DIFFERENTIALLY SAMPLE THE | BASEBAND SIGNAL ACCORDING TO A FIRST AND

SECOND CONTROL SIGNALS THAT HAVE PULSE WIOTHS (OR APERTURES) ESTABLISHED
TO IMPROVE ENERGY TRANSFER TO A DESIRED HARMONIC IMAGE IN THE RESULTING[~~gyQ4

| HARMONICALLY RICH SIGNAL

DIFFERENTIALLY SAMPLE THE Q BASEBAND SIGNAL ACCORDING TO A FIRST AND
SECOND CONTROL: SIGNALS THAT HAVE PULSE WIDTHS (OR APERTURES) ESTABLISHED
TO IMPROVE ENERGY TRANSFER TO A DESIRED HARMONIC IMAGE IN THE RESULTING[~8796 
 Q HARMONICALLY RICH SIGNAL 

MINIMIZE OC OFFSET VOLTAGES BETWEEN SAMPLING MODULES DURING
THE DIFFERENTIAL SAMPLING STEPS 8708

COMBINE THE | HARMONICALLY RICH SIGNAL AND THE Q HARMONICALLY

RICH SIGNAL TO GENERATE AN iQ HARMONICALLY RICH SIGNAL 8710

SELECT A DESIRED HARMONIC (OR SUBSET OF HARMONICS)
OF INTEREST FOR TRANSMISSION 8712

AMPLIFY THE SELECTED HARMONIC(S) R714

TRANSMIT THE SELECTED HARMONIC(S) OVER A
COMMUNICATIONS MEDIUM 8716

FIG.87



U.S. Patent Sep. 19, 2006 Sheet 169 of 349 US 7,110,444 BI

8800

RECEIVE AN | BASEDBAND SIGNAL AND A Q BASEBAND SIGNAL
8802

DIFFERENTIALLY SHUNT THE | BASEBAND SIGNAL TO GROUND ACCORDING TO FIRST AND
SECOND CONTROL SIGNALS THAT HAVE PULSE WIDTHS (OR APERTURES) ESTABLISHED
TO IMPROVE ENERGY TRANSFER TO A DESIRED HARMONIC IMAGE IN THE RESULTING

] HARMONICALLY RICH SIGNAL
  

8804  

 

 

 DIFFERENTIALLY SHUNT THE @ BASEBAND SIGNAL TO GROUND ACCORDING TO FIRST AND

SECOND CONTROL SIGNALS THAT HAVE PULSE WIDTHS (OR APERTURES) ESTABLISHED
TO IMPROVE ENERGY TRANSFER TO A DESIRED HARMONIC IMAGE IN THE RESULTING

Q HARMONICALLY RICH SIGNAL

 
 8806 
  

. COMBINE THE | HARMONICALLY RICH SIGNAL AND THE Q HARMONICALLY

RICH SIGNAL TO_GENERATE AN IQ HARMONICALLY RICH SIGNAL 8808

SELECT A DESIRED HARMONIC (OR SUBSET OF HARMONICS)
OF INTEREST FOR. TRANSMISSION 8810

AMPLIFY THE SELECTED HARMONIC(S)
8812

TRANSMIT THE SELECTED HARMONIC(S) OVER A
COMMUNICATIONS MEDIUM 8814

F1G.88



US 7,110,444 BiSheet 170 of 349Sep. 19, 2006U.S. Patent

¥068

AVT30
V6S°9l4088

¥068

O688068WNOISLAdNIYaLSANtsasind

nee

J68°9l4d68°Old



U.S. Patent Sep. 19, 2006 Sheet 171 of 349 US 7,110,444 Bi

8912

~

f fl

RISING EDGE PULSE GENERATOR

FIG.89D

8915

™

FALLING EDGE PULSE GENERATOR

FIG.89E

JL



US 7,110,444 BISheet 172 of 349Sep. 19, 2006U.S. Patent

¥

 664

1-0-05-XONAC8OMe

¥i¥O"|

i-0-08-XONNCS6f

viva

<Jil
¥\



U.S. Patent Sep. 19, 2006 Sheet 173 of 349 US 7,110,444 Bl

FIG.90B 



US 7,110,444 B1Sheet 174 of 349Sep. 19, 2006U.S. Patent

TAs06'914  00-10-S01-di44001979190
  

40000

M1Btdl76)
1~0-05-XONAZ8

SUl¥Lig

Acct

I

ettenm:43aiqi$0+-06169
GNDNdAtt

 

2-8069Ofkd?

OAREHUES ALEt



US 7,110,444 BISep. 19, 2006 Sheet 175 of 349U.S. Patent

€-406WINN
Js

b-06'91OL   
MOL

00-10-S0i-di“oy

 
IAG+

 00-10-90dlQ|ONE
 

1-906OUROU



US 7,110,444 BISep. 19, 2006 Sheet 176 of 349U.S. Patent

DBZLL‘Ove
¥-8069HOL

—_

Ln\—4.

 
O0-10-S01~dl48dl00-10-C01~diGdl\0oY

}-€06StdNOI

 ¢-§06Old 
 

‘A

=m|pu?
Z

zLtzloycin490001129
BOLSISIY 

»ATO-NONAOD



US 7,110,444 B1Sep. 19, 2006 Sheet 177 of 349U.S. Patent

  £8zeciay%coFP,HOISIS3Y._ ,anaNy-40693INAoN|¢
Cot

rin

(AYINDIY4OZdLOLYBaNNe00-10-S01-di£0066dl
|TANNYHO1

$-806'9H

zAy«NousA.ItPy994a1900-10-Sol—di|soonr[2angfetpCH)=8)ott
S>
i

We6Yg
2-€06'913NOM



U.S. Patent Sep. 19, 2006 Sheet 178 of 349 US 7,110,444 B1

FIG.90C
.
©
OQ
mn
eo)
G

 



US 7,110,444 BlSheet 179 of 349Sep. 19, 2006U.S. Patent

C0069OL

 00-10-S0l~dl

ffOLOVSININTTIISSHLJOVId 
t-H69UOL

|

J06
e

IIs



US 7,110,444 B1Sheet 180 of 349Sep. 19, 2006U.S. Patent

 7-906°914e0069HOL gt¢
AOL00-aneey|dl  00-10-S0l-dL

Idi

|1-906°9LOdd



US 7,110,444 BISheet 181 of 349Sep. 19, 2006U.S. Patent

¢-9069l4  

G81“AyZbL00-10-S0l-dl{di]00690OLOldl
00~10-S01~dlSidi

0184YOLSISTY440001£29oLy|pry

"boiTo-WoRnD0etyLizioyLin$0001129ea 
b-O06°91L4NOU



US 7,110,444 B1Sheet 182 of 349Sep. 19, 2006U.S. Patent

A8006ti7TANNYHO0 Ny

8)28)YOISISIYzestav¥h_ .roldaNV-006OldINO’NIA|c
One'0-

aTCHYINDIY41OZdLOLYauHNe
dNd¥)

ti9012dNVO;
40190106Wyo0)'4ago|

TNNVHD0x

Prypire[.Busco12|£90691LSAmeDane_—or'e-a00-10-S0I-dl:8fi;fe)8sngooO@dl00-10-S01-dl
i|8wyecuRdyye9¢u9

2-906914NOUS



US 7,110,444 BISheet 183 of 349Sep. 19, 2006U.S. Patent

  q06'9I4eyQLbl491neIno429£Y3NianOd|-0-05-XOHNZ8ss*AZ106ifZrb7sy|YSonLinJU
12
t402Z29

 

asez
12

SYwoe19
Otel

AgC+

(z

iaauaaauaaecyoria:©010677<TENNYH0\25CTINNYHD|
£006

 

GHBSZOdBEeHO4d=«FYezJac]¥2foe{61BtJct[94|Gl~~80¢/~~
Viel



US 7,110,444 B1Sheet 184 of 349Sep. 19, 2006U.S. Patent

164

 

9146INdNIGNVGASVE0vLt6INdNICNVG3SVE|

 
0008MALUNSNYULOI

 
Y3axTdid

 

CLLELNdLNOGNVE3SVd0OLL6LAdLNOONVEISVE|



US 7,110,444 BlSheet 185 of 349Sep. 19, 2006U.S. Patent

C6OldNOUWIBYYOOWALAWNOISONVERSYE43N3034ONIONSSYTWNOISONVESSYEUSLLIASNVRLnnanNOLVTSYYO9TYNOISJYOI3ETWNOISCNYGISVEY3NIISYONIGVSEdSWNOIS340338TWNOISONVEASVESaLINSNVALWNALIIdSYSAIGIIYAAMLOIdSLINSNVYL
Olw3d

 
 QYOMYduvE||SdH11|fiJO00!11011040001!FOL101YOLVINGON,ratesC((300NaWaVGUG1Y30G¥AYYNIG|||GOM3dLdt|Z-7INGOR7,VIVOMidd0

026zug”GTIAWYYOS
 

 



U.S. Patent Sep. 19, 2006 Sheet 186 of 349 US 7,110,444 B1

 



US 7,110,444 BlSheet 187 of 349Sep. 19, 2006U.S. Patent

YOLOSNNOSVIOWOd8176

9Lv6vLy6sone

YOSSIO0UdC16

O1v6 
20¥6



U.S. Patent Sep. 19, 2006 Sheet 188 of 349 US 7,110,444 B1

 

         
 
  

      
   
    

at titve | dogd
ot <
in o>

“SET 3=aoal ie=
“SHTTA eee= ie -S
= Ly | rey||Lo at =:
ss FO Ua:= eal4Ac Fee =
ea=nee

dieaRyaiae]PTxiF j
 leaFeaL



U.S. Patent Sep. 19, 2006 Sheet 189 of 349 US 7,110,444 Bl

 
 

SisStoofet
oS USJS sfe
  = En a)

= fae
=e oF 

FIG.95B



U.S. Patent Sep. 19, 2006 Sheet 190 of 349 US 7,110,444 B1

000 0 Q 0 0

 

 
 
 

  
 

  

    
 

 

100 00 QOU0  UUQ
Saree

ere oeie SieclesoSoe:AT SHE
Ui oc] Po3 SSS ~ Ts +o3 ea Ss
| SrDeesAE A (EYEEess[et4 ATL = =[HiBe7,boSSa| 2

——4 Vv po

= — ‘ 2
ceeepeeS:S:LSHitaoP

0050 4 600.000 00 Q

FIG.95C

a



US 7,110,444 B1Sheet 191 of 349Sep. 19, 2006U.S. Patent

  9/001-ZXG00WVO-1S.°—aneoHa=96°Dis<>NS—>reFaHaydinoMenp'o=buytdNOTACZ=PM
9/001-ZXG00NVO-{SLNino |aHeu|<>ginoNyz

zy; 
>

dino'13s\|GGAHay
ygWy

 np'Q=yjnG'Z=PM7A
nyg=buyyAOS=PMCN

rovl



US 7,110,444 B1Sheet 192 of 349Sep. 19, 2006U.S. Patent

VL6Dla 
vOCXPOECNra)

 
 

-

  

pOCXPORZN| SXvO82N+)

se09
/O0A

  

rGCxXbOGZNG10

 



US 7,110,444 BiSheet 193 of 349Sep. 19, 2006U.S. Patent

G46Dis

POZXPORNrO2XP08ZNPOCXPOGEN)£f0oO9¢0 
 

 
 

 
POCXPOGLN-qzxyGazN

"|£0

pQZx08ZNVOCKPOSCNaysq7yrcazNbeThyseoA“auph0es[4vOCXPOBENee

 

GXPCOCN£20 
SXPORCN220

Gx*C8¢N  
POCXPOGZN810

b0¢XPOSN61D

CUX¥GN
¥

60POIXPON
620

  

bOCXPOECN920

  

pOZXpOZNQ2XPCGZNdHGYdHaYatane
YGMS

z1yLy8LY



JL6Sls

US 7,110,444 BlSheet 194 of 349Sep. 19, 2006U.S. Patent

ny"g=bu}np'Q=buyngo=byyngg=by"G=PMnGe=PMO1NSN

 
nz=bujngO=PMcn

 
nz=byngO=PMin



US 7,110,444 B1Sheet 195 of 349Sep. 19, 2006U.S. Patent

 .ngo=byncg=byjq£6o|4BCC=PMNC=DAtinZi

np'g=byAGC=PASin

 
QA



U.S. Patent

BxxON 8 =
|

a2<=ooCa

x3 2 ~~Sec =

TXCLK270_IN

RXCLKO_IN
a

RXCLK90_IN
CC

IVSS

QVSS

Sep. 19, 2006 Sheet 196 of 349 US 7,110,444 Bl

V00 TXCLKO_OUT
CLK=PULSE <>

VSS PULSE_GEN2

YOO TXCLK180_0UT
CLK=PULSE ons}sgzEox2aoo

VSS PULSE_GEN2

vod TXCLKS0_OUT
CLK PULSE on

4iS)

VSS PULSE_GEN2

VOD__ TXCLK270_OUTCLK PULSE Cua u
ro~ oo

VSS PULSE_GEN2

VOO_- ——RXCLKO_OUT
CLK PULSE oT
~Pa =~o

<So oO

VSS PULSE_GEN2it
RXCLK90_OUT

CLK=PULSE

RX_TXB

YSS_PULSE_GEN2

FIG.98



US 7,110,444 BlSep. 19, 2006 Sheet 197 of 349U.S. Patent

66Olds 



US 7,110,444 B1Sheet 198 of 349"Sep. 19, 2006U.S. Patent

 
oeOCXPGOZ8936N

wal
cy

02x-70928935NO2x#002893SN.OeerN06dHOydzycpadcu9

OCXPIDZE9ISN

¢O.
AQGE6'L

<in0>dHaY
XS

iBEs
ey

OOLSIs

<i>-

  

enAgc=PA
tHne'o=bunS=Piem

npo=bu)cwnOv=PMNyg=bu

rondo.r
AG=PMnyg=by

<A>



US 7,110,444 BlSheet 199 of 349Sep. 19, 2006U.S. Patent

 
LOLOld

<>+0NIA<>dHdy-ONIA

‘———<>CTny-g=6u)
LyAGZ=PM

CCA: Hi7H
\

yer?  
JOA



US 7,110,444 BlSheet 200 of 349Sep. 19, 2006U.S. Patent

<-1no><n>

cOlOld 
tOO@NC2}1ZSH

scoOZN-Ged|Z2SH

<>

m9SSA}-—0410-—+<>|W—SSAF-—-O-—SSAld .ldtOO2N020|61SH

0O2N020|0ZSH

GISNd»<>

 >
<i>



US 7,110,444 BISheet 201 of 349Sep. 19, 2006U.S. Patent

dHadBlvyOeXPOICE9IGN
10

OCXP0SZ89ISN
40

 
 O@XPOOZ89.ISN

EOLOld



US 7,110,444 B1Sheet 202 of 349Sep. 19, 2006U.S. Patent

yONVN£00068
<>ISU<>MOY

6¢n

VOLSls
NOLVINNIS803YOLSISZYSSA

YOYNOOdOTIT”+L00068
931dy

HOVNOOdOIIT200068

¢

NVN£00058
 

ginCONY#200068



US 7,110,444 B1Sheet 203 of 349Sep. 19, 2006U.S. Patent

GOL’OIs

 
 

 asoMSVSH1801Olseeawohaicio-oo*soeL°ardsideeetaswritCaeas<tc

FSOLOld
 

 9901Sid“seqeetebee



US 7,110,444 BlSheet 204 of 349Sep. 19, 2006U.S. Patent

VGOLOld 

NOOdOIG™#200068   CONWN”¥Z00068O21)
-ZYONX™P0009 

WAR©
WANOd

ONY#200058

  

Od013d#200068

 
 

ZHONX™¥L000G8



US 7,110,444 B1Sheet 205 of 349Sep. 19, 2006U.S. Patent

 gSoldls

AYONHI§O-—CNOOo)YONHOSO©SNHNOOdOTIT£00068
GONHISO-—-O

ONHOG

ANI”#200058
©8x4  ©¥jA08

ZONYN£00068

©YONHOE©4ACg

CGNYN”7200068

OQWANOd

YAAKO©SunolOd013T#200068©ING8SONYN”£00058©800¥bONYN”#200068

 



US 7,110,444 BlSheet 206 of 349Sep. 19, 2006U.S. Patent

9G0L'DI4veardO<aANT

¥£00068
     Sea48#200068 
<fee>

BuO<a<n<ai>AN™6200058S$ng™7200068BLOoe<i<a>aniT¥200068se”»L000¢8sna”pz00068ni"rco00ss1S
O

VO<con>nab200068



U.S. Patent Sep. 19, 2006 Sheet 207 of 349 US 7,110,444 Bi

RSTB O

 

 
 

 

 

  

— 8500074_AND4
BRIBO

wean | ul4 © BORIBO

BR3BO ||
Pr 8500074_AND4

BRIO

nono || ui5 © BWIN
BR3BO |

; — 8500074_AND4
BRIBO

nC P| ut6 © BWOF
BR3BO |

ro 8500074_AND4
BRIO

BR2O

BR3BO |
8500074_AND4

BRIBO

apo|| Ut7 © BD1UB
BRIO

‘ 8500074_AND4
— BRIBO

BR2O

BRIO
© BOUSR

BRIO

u19 © 8D4UB 8500074_0R3
BR2O ~

BRIO 8500074_AND4

FIG.105D



U.S. Patent Sep. 19, 2006 Sheet 208 of 349 US 7,110,444 BI

8500074_AND2 ACOIO

ACOSO
U28 ,

1028 O Acad O

8500074_AND2

8500074_NOR4
BDIVR ©

UIS1

BCHNGR © O

BDNF O
ACQI2 © U149

TOUT2B O

8500074_ANDS

 

 
 
 

  

 
 
 

 

RXO
BCHNGR © 152

BOVE O

8500074_AND2

BWDR O 8500074_AND2

BCHNGR ©

8500074_AND2

BDMFR ©

TOUT2B O | 8500074_NOR4

8500074_AND2

8500074_AND3

FIG.105E-1



U.S. Patent Sep. 19, 2006 Sheet 209 of 349 US 7,110,444 Bl

8500074_AND2
8500074_INV

 
 

8500074_NAND2

8500074_DFLOPQ

FIG.105E-2



US 7,110,444 BlSheet 210 of 349Sep. 19, 2006U.S. Patent

AGOLSIs
240600068Od01Id#200058

cu0200068

 

040140"#200068#40200068

CONY#200068

  &
ZONY#200068

ONY7200069 ©yam©GM©ddAIGE©YAdg©POYOay©usnos



US 7,110,444 B1Sheet 211 of 349Sep. 19, 2006U.S. Patent

240”¥L000S8GOLOIA —OYONHOE

   
 

  

ONone

ZONW™¥00068

gZ0LO—C)Nom4Clnoyo¢72SH|P7SH0a"QZino,-«CANWN_£00088NOOdO1UG-¥L000S8wood0140¥200068
©)gzINOLOOOcanaZiNOLZNO!100Wit

ANI#200068
LINO0gNoLOOOzenBLLNOLNOLé0ANI7¥£00069~ >S1NOJNUCONWN$2088ANI£00068

OOMI)©LAOINL
<>INOINL



US 7,110,444 BiSheet 212 of 349Sep. 19, 2006U.S. Patent

GYyNiaMgC-—-C)NO414UNIMG©

NOOdOTIA6200068

HSOLSIsZONYN6200058
CONYN”#200052

 
©UNI©suas©40Ng©gudag©ghinolONG©SyNiad



US 7,110,444 BlSheet 213 of 349Sep. 19, 2006U.S. Patent

ISOLOld
CONYN$L00068

OCten
CONYN”£00068

econ

Oex,8y0MdC-——C)NO4104ZONYN¥/000G8C1LSH3CMgO0aOOnn
OLen

NDODdOTUA200068
CONYN200068

©uGnd©8x8©NHSOXY©JOMaOdlINO©YNING



US 7,110,444 BISheet 214 of 349Sep. 19, 2006U.S. Patent

asnidgdO

Od01407200068

FSOL‘Sls
FONYN¥L000S8

Cm
CONVN”#20008 

 

SONY#200068bONWN#200068 
©¥sntddCOXY©YyONKIG©WANOdOSNIGEO8cinol©gxy



US 7,110,444 BlSheet 215 of 349Sep. 19, 2006U.S. Patent

usnzdd©

Dd0140#200068

AGOL‘OldSONWN$Z00068

CONYN™#200068
Cm

FONYN¥200068 

 

PONYN”¥£000S8 
©YSfedg©8Xxy©YONHO8©)WANOd©snzogO82101©8Xy



US 7,110,444 B1Sheet 216 of 349Sep. 19, 2006U.S. Patent

YsnrddO

Od010#200068

ISOLOIs
FONWN”#200068SONVN”+2006

Cw
8

 

CONYN+£000S9PONYN#200068
 

  

©asnrdg©oxy©YONHOd©WANDd©SAPOEO821N0l©Oxy



US 7,110,444 B1Sheet 217 of 349Sep. 19, 2006U.S. Patent

INGOLDid

CONV£00058

CONYN”#200058    IDOOwONHoa—ZONYN™P0008O¢s9 
Od0lId#00068

 
 

©ysnbdgCONV¥L00068
 

ZONWN”#00068
ZONWN#200068



US 7,110,444 BISheet 218 of 349Sep. 19, 2006U.S. Patent

NGOL‘Sls

vONY7Z00069~©059SONYN#2000680pongSeOFignC)FDOYeiinWD4Ors)91SH~ Os)pOWO-0aeLinOMONHOg ZONVN#400068©$$9=COO.Od01I0+2000S9ainC)SAedg- mn©989ZONYN#200058

fONY#£00068

CONVN#400068

©08S)O18soOFA)

Z00¥O-40ZONYN+0008Osas9od0130"bzo00se_ousniesTsunO180CONN+LO00¢8cany>00068CONYN™7200068

  



US 7,110,444 BlSep. 19, 2006 Sheet 219 of 349U.S. Patent

OGOLSIs

O440

 

OdO1S0#200068

 

ZONWN#200068 

4H0LO

O021Sd

ZONY£00068OWANOdANF7200068ZONYN”7.00068
ZONYN+200058



US 7,110,444 B1Sheet 220 of 349Sep. 19, 2006U.S. Patent

ax©XY©

GND44OLSH0qNDOdOTIT#200068

dGOLOlds

740”#200068|©JN08ZONYNP0005|i©aio

OQisin

©YONHI8CONYN620008PONYN™PL.00058©30aOgingenon©)ONHog
: .OnoypaNyNb£00068095none

O600¥

sgn

CONNPL000S8
Onn

$f—OatinO)eenooOSinoanil(mn|Ouneg
©yAOasndg

 
YIAIE~-YAIIE~-USNOE©:

£YO$L00068



US 7,110,444 B1Sheet 221 of 349Sep. 19, 2006U.S. Patent

OSOL‘DId
CONYN”#200068

‘e
CONYN’200068

©yAa

  
©YONHO8©WANId©Add©axa©a2z1nol

YAIOB©

Qa01I0600068

 

CONYN7200068



US 7,110,444 B1Sheet 222 of 349Sep. 19, 2006U.S. Patent

YSGOLOld

OlLAOLO9024

 
ZONW00058 

©3401O§isy

ZONYN2000689000©ayo
©)8u0ov©CHIANI

 NOOd0140¥/00068

 

ONYN#20008

FONYN”¥L000G8



US 7,110,444 BISheet 223 of 349Sep. 19, 2006U.S. Patent

 
S02VO

Od014d6200068

SSOL‘Sid
CONVN£00068

CONVN#200068

 
©YIAG8-YAIa-YSNGE



US 7,110,444 BlSheet 224 of 349Sep. 19, 2006U.S. Patent

CONYN’#/00068O89NHO8 .OnOQPBNOLAOLOcrin©JOM©Z0OVZONY$/00068©ONHOECONVN”¥/000¢8CONYN#200058Sein©anolOrill©900V
©ING8

©2x1WD4ZONYN”#20006861SH©AgZL0WODgCGiin©sang~©ogo1s0°¥Z000G8AfonTO ane#CNYN”#200068CHOPZ000¢8
280”#200069

©ONHOGO)é6n©)8x4©AGCONYN7200058©snag



U.S. Patent Sep. 19, 2006 Sheet 225 of 349 US 7,110,444 Bl

8500074_INV 8500074_INV

> © cso
O CSB0
 

8500074_INV 8500074 _INV

8500074_INV 8500074_INV

8500074 _INV 
8500074_INV

  
 

O (S5

8500074_INV 8500074_INV .

© CSB5 
8500074_INV

<606>O C56

8500074_INV

  O C37

FIG.105U



U.S. Patent Sep. 19, 2006 Sheet 226 of 349 US 7,110,444 B1

8500074_BUF
AIG

ACQ12 ©

8500074_BUF

ACQI2 ©
All

ACQE OC

ACQI O

ACQIZ © B500074_OR?

  
 

 

 
 
 

ACQI O Al3

ACQI2 O 8500074_0R2

<0>

CAN>

CAI2>

AIS>

8500074_BUF

CAI>

8500074_BUF

ACO9O

ACQ6 ACQS 8500074_OR2

8500074_BUF
Al?

ACOS O <A>



US 7,110,444 BISheet 227 of 349Sep. 19, 2006U.S. Patent

V9OLDls

0<a<>ing#10
~£00068

  

SONY~¥200068
82n

B¥FTDO

 
NAY©g0v01O(WO!O

 

ANI~£00068

“£00068



US 7,110,444 BISheet 228 of 349Sep. 19, 2006U.S. Patent

IY

88O—INDW4¢-—O

 

§O0SHaci~¥i00069NOOdO1IT#200068
INT)

BYo—1NDWO¢—O

 

yO0sy0Ci700062NODdO1ID6200068

g90LSls
©uvd10OOH©NAYOwat)DONVNO&01H

 

zenPOadvo)O8©(v0)<li>OwapOMHONNWOWIO§H©davaiOYOao<ol>

 
 

CONYN{9200068.~¥£00068
6n

CONVNCl400068
Bn

   
O8dOOYO70OJOVO4OBYO89Oa009O§©a0©89©44



US 7,110,444 B1Sheet 229 of 349Sep. 19, 2006U.S. Patent

Wo
t0)<>

go896
703<>

30

GUND¥194Dish0NOOdOTIA™2.00088GND410407H4NODdOTIG”p.00069

 9901Old
©wva1)©OH©NAYOwa©@giH©§av0lOd©O¥01<i>©wiOGHONNYOwit)©aqiH©8avorO?©Qv01<>éN

 

©a0O§QO8VO9©dd.O29OV

 
C{#00068 



US 7,110,444 BlSheet 230 of 349

G90L"DI-
pu”200068

OO O00 00
<M GOOwa or

93HO

a3

=CHOgow
740¥200068Ca( 

01HO—O{771000681-onnyPHO#200068
 

CONV

ANI¥Z00068~#200068
Sep. 19, 2006U.S. Patent

  
 sid0 NOw4SH0NOdOUG+200068° 

gn

bYON¥£00058

qpoqa



US 7,110,444 BISheet 231 of 349Sep. 19, 2006U.S. Patent

CHND1040gsyaNOOCO1IO”700068ONDwn40¢sy4NODdO1I07#200068

 

LydO

 

 
 

  
 
 

 

©wad¥GNYN©9MCi ~#200068
©NNYelof~rz0008©wvaVONYN=LOGH.~4¥200068

O3CONYN©0¥01“£00068

99<>GW©¥yv3a19/YONNLOganH$200068

ONAYonof~z00098©ava
/YONVNO01H7200068

gonr-O80volO7f O(volcy#200068

<>WW

 

 



US 7,110,444 BlSheet 232 of 349Sep. 19, 2006U.S. Patent

gH6HO86<909>
JO

OHNOx1940goshOGNOOdOUa¥L00068CND410¢0ysH4NOOdO1I0™b200068

 

LyTO

 

O£00068

A901DIS
©wan©§(1HONNWANDOHgdv0)

H
©

SSosweneed

 
SN

Z

O
2<<
oOoaed

SONYNOC£00068

 

8H

 



US 7,110,444 B1Sheet 233 of 349Sep. 19, 2006U.S. Patent

VZOL'DIdid:np'o=buynG=PMOWN

nyQ=5ujfpQ=bySAC'2=PMAG’c=PM,yIWctwSnyp=buy

ny=buyinS)A=pMno=pHHayclLINCZ 
GOA



US 7,110,444 B1Sheet 234 of 349Sep. 19, 2006U.S. Patent

S

S

nyQ=byjAOL=PINnyg=bu;AOZ=PMenw

qgZ0L‘Sls
ny'p=6u)AG’Z=PMea

np'p=buySng=pMSIN

npQ=buynG=PALew

nyo=byySAGZ=PMO2NnyQ=6uyy§NC=pmBIN

np'g=bu;nG'7=PAecwS
npg=byAG=PMLew

LyRTy



US 7,110,444 B1Sheet 235 of 349Sep. 19, 2006U.S. Patent

JLOL'DIA

|__SSA

$5ny'g=bunpg=bu|n7=0Hn2=0MiNoN
wD

ny'g=buyng=PM6A

SSnyg=by
og=PM

IT*

np'g=bu;ng'c=PASN



U.S. Patent Sep. 19, 2006 Sheet 236 of 349 US 7,110,444 B1

FIG.107D
|M25 Wd=2.5u Ing=0.4u



US 7,110,444 B1Sheet237 of 349Sep. 19, 2006U.S. Patent

80L'Dls
  

;fYON™#200068 -LYON[4.Od01I0#200058OIZYON”#00068~44AN!¥/00068
|

0”019HOI<(ogn~OLONYeeSONY720008
 

Od0140#200068

ANIpzoc0ss©ZBONX200068
a

(Cx
430

ZYONX”200068

<uésn CONV7.00068

x10<><>



US 7,110,444 B1Sheet 238 of 349Sep. 19, 2006U.S. Patent

V60L‘DIA|=fUngy=byy|ng"=6uyng"=6uysor=OhAOZ=PMAOL=PM.-AOZ=PK6hL2NGINcH+—|ny=u
NOP=PM 

S

ny‘o=bulRG’C=PMOW

Gdnyg=byng

=PSNQ0A



US 7,110,444 BISheet 239 of 349Sep. 19, 2006U.S. Patent

 ng’,=bu|NOL=PMZA

ng")=u902=PK9IN

L

g60LOldn¢=buya.OLWCoN



US 7,110,444 BISheet 240 of 349Sep. 19, 2006U.S. Patent

 

A96=PMcn

J6O0LDis didd|oy=6yWOl2AO\=PLyCIN
ny=byAOL=PiA5ZIN

Ts

SSA+NIA~NIA



US 7,110,444 B1Sheet 241 of 349Sep. 19, 2006U.S. Patent

   
S

>2=bunc’=bu+abnp=byeeGy=bu101-9?nC=Ph&no=PMn2c=PKBNn¢e=byScH|sSSENIcgLONYaa.‘rio4ny=buy
ne=PM

ny=buy4OCWNnO=PM}qCNny=byny=bunyZ=PMnj=byAZL=PM262| MOCL=PMBcNif4
es1

<>

1NOA1-64ny=bu)ny=bu]sSmnAZL=PAAOS=PM
schIEny=bu

AQO=PMOCW



US 7,110,444 B1Sheet 242 of 349Sep. 19, 2006U.S. Patent

VOLL‘DIS

   
  

npg=5uy|AGC=PMon

JHA

NG=PM

LIN|spoA
<>



US 7,110,444 B1Sheet 243 of 349Sep. 19, 2006U.S. Patent

GOLLSls
a

oSXPCECNLOcysagen 



US 7,110,444 BISheet 244 of 349Sep. 19, 2006U.S. Patent

 
 ‘0dSL20'0cok

05

dsz069bd)99
ood¥)

dHaYcrt;WZ.;dSLZ0'0td4649SXbOOZN
yodHBY ood29

9y

DOLLSls
dH@yXIcyXPO82N0

YSZ GXPOGEN
|

dSL200
dcz'0ood0)

Sd)

LNOAV)YOd10NAINOOULISVUVd“ddTV
NIA



US 7,110,444 BiSheet 245 of 349Sep. 19, 2006U.S. Patent

dHBYx0LSXPQGCN040

nyQ=buAOZ=PMolW

   

COLLSls
 dHydHaydH8e¥gx0149diyecuSlySXPGRCNGXPOGZN210

HoyHeoly

§

np'd=buyAOZ=PM6h
dypod

GxPCGZN
60

SXPOdZN80

 



US 7,110,444 B1Sheet 246 of 349Sep. 19, 2006U.S. Patent

ny=byMOOZ=PMSALAOA
 

  ny=6y|QS=PMIN

Lh

np'p=by6h

SSAQdaA



US 7,110,444 B1Sheet 247 of 349Sep. 19, 2006U.S. Patent

npQ=buyA000=PMLi

nyq=buynG=PMen

‘nyg=buAOOL=PMcH

ny'o=buyng=PMON
 

 

 
VellSidny'p=buyynpg=buy

AG=PMbnS8ny=5yS
A0S=PMcn

Snpg=buy
AQZ=PMinJjchit



U.S. Patent Sep. 19, 2006 Sheet 248 of 349 US 7,110,444 B1

FIG.112B

 
R8 1.2K RBHP 
R? 1.2K RBHP



US 7,110,444 B1Sheet 249 of 349Sep. 19, 2006U.S. Patent

 POCKPCEZN10

SXPCRCN
vOCXPOSEN60010

ARES

-vOCXPCACN
|

POCXPOBN

20ncgg
dayWycy

 nochdHay¥Olzy

ngedHayM0rPyneldHaYHLly

 

<A>

JelLbSls



US 7,110,444 BISheet 250 of 349Sep. 19, 2006U.S. Patent

 dHEYurHaydHaydHayVzGXPOGZNSX+O82NHosWIZgg00ban710.¥G'LyC'L21yHyolyeyqnegngs7ni9z
”dBY

2Nenlgy
SXPdsZNCXFOOZN|AY6D

OXPOSZN
SD

OXPOBZN90

GXbOSZN
80

SXPOSZN
Lo



US 7,110,444 B1Sheet 251 of 349Sep. 19, 2006U.S. Patent

S

ngg=buyAGe=PM+N

igh

ngp=byQL=PiAa)

ngg=bu"02=PMch

VellOld



U.S. Patent Sep. 19, 2006 Sheet 252 of 349 US 7,110,444 B1

 
FIG.113B

 



US 7,110,444 BlSheet 253 of 349Sep. 19, 2006U.S. Patent

ngg=by06=PMOIA

VELLSIs
neg=bu;AQG=PMSIA

 



US 7,110,444 BlSheet 254 of 349Sep. 19, 2006U.S. Patent

nc'g=bu;nQ2=PMSW

SVI8

wm

GellOld 
neg=6ySnge=PALW

—~—

ny'9=byAG'C=PMvenny'g=buNG=PMAttn



US 7,110,444 BlSheet 255 of 349Sep. 19, 2006U.S. Patent

 

Len

 s§Sngg=byng=buyne=by|nod=PAAL=PMA=PMvIW9fNCOW
ngp=by

ngg=byNO01=PAAOOL=PAtein
<n>a

$sS

ng'g=byROL=PHt

cenng-o=bu
AQL=PA

8SSPN



US 7,110,444 B1Sheet 256 of 349Sep. 19, 2006U.S. Patent

ngg=6uyAGL=PAMOLINngo=6yAGL=PFSIn

ngg=bu|AO1=PMCHIN

 

  
 g4N9SELLDOI

S|§

eedHay
xOLied

<0>

SdHay
#01

anAN
*=

wsane=byLVINAOL=PM
9ZW

d+'0oad

dHay00S 
ng‘g=by|AGL=PM1cng'g=6ycn



U.S. Patent Sep. 19, 2006 Sheet 257 of 349

aSQo

IN
w Oo

2 C2ar
o_Ww?

 
US 7,110,444 B1

 
FIG.114



US 7,110,444 B1Sheet 258 of 349Sep. 19, 2006U.S. Patent

ny=by09=PM+A

VSLLOld
 

ny=buyNO9=PMfw

ngy=u5 ML=PMgon

ny=byni=bunQZ=PMO¢=PMScWoN
S

#01S5np"g=buydHdyAG=PMbYCSA
<>QGA<->Qd



US 7,110,444 BISheet 259 of 349Sep. 19, 2006U.S. Patent

 

HSGll’Sis 
 

np=byAQS=PMON

nj=buyny=byyny=un01=PMAOL=PMnO=PASINSINSiN$$$Sny=uN0F=PMLIN

 

 



US 7,110,444 BlSheet 260 of 349Sep. 19, 2006U.S. Patent

<>OAOCXvO8ZN

nexraed

80

‘ony|8

 

OGLLSls
 

OZXPOg2N

8OCXPOGZN
90

 
 

HOtdHgyOt"ee|TT
ny'Q=bu)nG=PMOSH



US 7,110,444 BISheet 261 of 349Sep. 19, 2006U.S. Patent

  
+NIA<>=NIA<>ISNA

weWZWZdHaYHaydHaY21yMy2

<->

SSSA
ny=Buy

4

ASSdey
ce

ny=buy,rteNINOZ=PHa=by|wwN0Z=PMA
iW



US 7,110,444 BISheet 262 of 349Sep. 19, 2006U.S. Patent

ny=buyn07=PAecw

AGLLSlsny=buny=by|ny=bu)NOC=PMROC=PMNOZ=PMizOcW61h$S$
nj=6uyAOOL=PM:bin

O2XPOEN
20

402dHOyty

ny=byO01=PMci
OCXPGEeN

10



US 7,110,444 B1Sheet 263 of 349Sep. 19, 2006U.S. Patent

g0A

np=buyNOS=PMly

at=byANG=PMOPW

ny=buyOv=PAOGcN

AGLLSlsny=buyny=buyyNOb=PMAQ}=PMTA]Gen
ny=buyAOL=PA174

nt=buAOC=PMten

 
5un



U.S. Patent Sep. 19, 2006 Sheet 264 of 349 US 7,110,444 BI

o S oLae)

=f Kf = Shyvy OY W

o
ny
x

Faas) a
e\ s!

NF©
w

a

<> FB

FIG.116 



US 7,110,444 B1Sheet 265 of 349Sep. 19, 2006U.S. Patent

 

 

  ¢Oeeeeeeeeeee=<AOLnyBu

n|=Buyng=buy55ap=byddd101=OAOOT=PA| AL=PMny=6y)AOL=PA1aclBh—+LINerenSya¢Sny=buy

rc¢NOL=PM
FIN

Cc+NIA

<>+<>LNQAny=buyS“NIArooz=on |"ni=bunyo=by}rt"O02=PMNGZ=PMch5g|_OINnj=by

np=b

°nol=PCoNng=buy0SNNL=pR|.55sun[9ny0=6yny=buyAS=PImQ9=PM6h
SIA

<>GOA



US 7,110,444 BISheet 266 of 349Sep. 19, 2006U.S. Patent

n¢=6uyQ02=PM\2W

n¢=Bbyy"=P6IN 
n¢=buyOZ=PMcw

V8LL‘9Sldnp=bynGZ=PM6A

L

 
ny=buyhOP=PA,BN 

np'g=buyAGC=PAOLN

nyg=byAG=PMGA



US 7,110,444 BISheet 267 of 349Sep. 19, 2006U.S. Patent

 

n¢=buy"01=PMLIA

n¢=buyQ7=PMIW

G8ll°OilsLn¢=byyne=yyAL=PM-Obvon

ne=buyAQZ=PNcon 
cL



US 7,110,444 BISheet 268 of 349Sep. 19, 2006U.S. Patent

  
nz=buny=PAIW

 digd |ny=6y |46<901=PAlgttn
nj=buynOL=PM

ZIN.So7

SSA+N~NA



US 7,110,444 BlSheet 269 of 349Sep. 19, 2006U.S. Patent

 LAGA

IN

rel§Lonnnm

Q8ltlSls
 

$

ne=6ynz=ujng=buyne=buyNOL=PMAC=PMA"9=PMn7c=PM6CHn¢=buyS$CnSScrn5SLanasnz=buy
ng=PM

ng=buOch
nQ=PMny=6y mn5nz=bu|5Nb7v=nz=buAZL=PMON

MOZL=PM5Anatnz=byy.nz=buybINARL=PAAOG=PM
Senitnng=6uy

NOS=PMOc



US 7,110,444 B1Sheet 270 of 349Sep. 19, 2006U.S. Patent

<>DULG<>SBYLNI

jasjur

HYHOI\y

AdH
HSPI'¢CYSSA

jad}Xa

aA

 

b1~9¥d0-
(GA

6LL°Old
ny}=buOb=PMOLNS

daa  nj=buy-OF=PMAIN

LOXSCECN

 
920

 
5



US 7,110,444 B1Sheet 271 of 349Sep. 19, 2006U.S. Patent

OclOla

<—o<}oc
o<(uyo<<>On

<>O<o<GuOcunlCun
o<(ao<<>onmninIOWd9d

 
 



US 7,110,444 BISheet 272 of 349Sep. 19, 2006U.S. Patent

LoL
4nd¥200068

ofS<I>LSYN<>SHmmeg|~~|Ia
bOO¥

aq90909209009oNavc¥OW
YaINNOD20008

 

Toe

LC
IfM08|vog

SH¥yD+IdNOD+2000690SSHQ<> 
<a

NOOd01304200068NOOdO1J07#200068IMNO404dioW10t—~<Lyoak,sais|£1SH

up£02S02£09

 

109iNCiy

fv2WOdrT"o>
<>

w3qo030-#20008‘Nd



U.S. Patent Sep. 19, 2006 Sheet 273 of 349 US 7,110,444 B1

:
a
o

=Ssa
m

- |i2
> «18uw

oo

2 ww Oo

==
Qo

=
a 4 & a %S% & N> o SS 5 Oo 5D

|ft| .
a G)—

—
> 5S

x£| So ¥£ o F£=

=oO

= wa] tS
z © @& z € &

CIN><UIND REED <0» CoD <> WCRST



US 7,110,444 BISheet 274 of 349Sep. 19, 2006U.S. Patent

 VeclOldny=uAOL=PA£cW

dHgy409

tanyQ=buy—ny‘g=buyMQOZ=Pih AC=PMnz=6uyconGCA
AQL=PM+2N



US 7,110,444 BISheet 275 of 349Sep. 19, 2006U.S. Patent

ny=by01=PM92N

 

ag=buyQ|=PiCIN

decOld
vOLXHON10

vOXON

ne=BbyyFOO)=Pvi

ra)

 

n¢=buyn¢=6y|M\L=PMNOOL=PMSINSIN
ng=byALL=PMLin

ny=buyAOL=PMBIN

dco2

 
nyby101=PBIN



US 7,110,444 BlSheet 276 of 349Sep. 19, 2006U.S. Patent

JEclOld
LETGIT]Tes 
 

ar=buy901=PMftw

.nybu,POLXPONny=byNOS=PM90
AQG=PM6KLWiN

ny=by;NLL=PM¥CN

—|n¢=Buy||nj=bynz=PMroNOL=PRitncon

ne=byne=buyn¢=byA001=Pn?=PMNOOL=PMOchGN62N
  

Idng=buyNLL=PM8Cn

doo$93

ny=buy"OL=PALZ



US 7,110,444 BlSheet 277 of 349Sep. 19, 2006U.S. Patent

Gecldls==]||7]ie
ny=by

ny=bu|NOS=PAAQG=PAsAA
ZW

ZONY#200068=|
apsby

ies"Sp
ny=byyALL=PMct

ny=buNOL=PM

nyp=buyGen
NG=PMLGWnpg=buynpg=buyny'p=bu|ny=buAG=PMAG=PMn¢=PM19|=PMSW6SSSW9CN



US 7,110,444 B1Sheet 278 of 349Sep. 19, 2006U.S. Patent

dECcLOlsdi¥dOny=buynp=buny=6uynG=PAnG=PMAQZ=PMGyn¥en74)SSS fleit
SWIG

nop=buyOL=PMASen

SYIENSANI2np'g=byynG'e=PMOPN

|SSA

np‘g=buyAG'C=PMiere
BYny=byny=buy;HOYn0G=PAnos=PANCzWioi.s{_oN

zy

aloo

<u>



US 7,110,444 B1Sheet 279 of 349Sep. 19, 2006U.S. Patent

unosdéclOld
 AYdOINZYUNDdavdOMOHS3YHL

ny=byny=bynG=PAnG=PiALYNoy XHONSSpOLXPON60|
GO

CO
ie)

xe Gepaag
~~ &we

3&2
24? W.=u

wn

2moS
mu
= a
=



US 7,110,444 BlSheet 280 of 349Sep. 19, 2006U.S. Patent

diydO
ny=buny=buyy

VET|
 

“DISzounosINTYYNDSISSUSISAH 

 ng=bydHayAG’)=PAYibQ¢ncy
ny=by|AG=PM6yNa



US 7,110,444 B1Sheet 281 of 349Sep. 19, 2006U.S. Patent

SHILUSANIbnyo=buyny'Q=byny=buynge=PMNGC=PMAG=PM19OLNcHSly5SSrtSnpg=bynp'p=bysAG'C=PMnC'Z=PMO9WySWN

a=byM=Plfon

 

dNVdO

ny=buyNG=PMech

NINd



US 7,110,444 B1Sheet 282 of 349Sep. 19, 2006U.S. Patent

 

velOls
 

  YOYNDOdO1IG™+200068  
cYOX£00068FANN+00058 

ANT#200068

CONYN™#200068 
2yOx200068

 

CHON£00068
OM

ay<>WN



US 7,110,444 BlSheet 283 of 349Sep. 19, 2006

|

U.S. Patent

 $

ny’)=Bu}nGZ=PMCINny=bynG=PALW

ny'o=buyyAG'C=PAGCN

 VGZL‘Dls
ny'g=buyng'2=PMbon

npg=bynG=PA{cn 



US 7,110,444 BlSheet 284 of 349Sep. 19, 2006U.S. Patent

 

 ny'g=5uyAG=PMS$:

ny9=byy

ny'p=u)7nG'2=PMmo
Ocn

s

$

np‘o=by|S

NG=PA5nposby)en|AG=PM
cin 



US 7,110,444 BISheet 285 of 349Sep. 19, 2006U.S. Patent

UG¢LDIA
Ap‘p=5uy"OC=PMcn

 npQebyNG=PiA9c5

nyg=buyn=lS
cin

npg=byngc=PMOCWnp9=5uyng=PMiN

ny'o=byng’e=PMctn



US 7,110,444 BISheet 286 of 349Sep. 19, 2006U.S. Patent

 
 
|SSA

ny'p=bung-=PMOnWd

nyp=bulG=PAGN

 
GSZ1lOld



U.S. Patent Sep. 19, 2006 Sheet 287 of 349 US 7,110,444 B1

FIG.125E



US 7,110,444 BlSheet 288 of 349Sep. 19, 2006U.S. Patent

nyg=bu40\=PMvA

np'g=6u}AOe=PMen

 

 

4G¢1°9ls

 

npo=byAG=PAASIN ny'd=bung’c=PMSCN

 



US 7,110,444 BISheet 289 of 349Sep. 19, 2006U.S. Patent

np'g=6u|ng’Z=PM$9)

npp=byAG=PA9c

s

npq=byngz=PM|Sbon

GCLOlda

Apo=buyyG=PMCCN



U.S. Patent Sep. 19, 2006 Sheet 290 of 349 US 7,110,444 B1

FIG.125H



US 7,110,444 B1Sheet 291 of 349Sep. 19, 2006U.S. Patent

V9CL‘Old
 nyg=bu|nyQ=buyfG°7=PMAG’Z=PMCIN8cN¢-——HHnpg=by

agZ=Pm|S
SGCN(oyo=buyySC=PMLON

 npQ=buyng’c=PMvonnp'g=byAG=PMcon 



US 7,110,444 BISheet 292 of 349Sep. 19, 2006U.S. Patent

G9clOld
npo=byAGC=PMOchnpp=byAG=PAew 
ny=bu|AG*C=PM

 NG=PiA np'g=bu

| np'o=burng2=PASnpg=buyAG=PMau

TT



US 7,110,444 BISheet 293 of 349Sep. 19, 2006U.S. Patent

 

J9CLOlas
np'g=bu)QL=P\W

S

0

npq2buy
npg=by|5AGEDS/NOZ=PAMsia

en

  ny'g=buyAG=PMgen

nyd=by;ngc=PMOcny'o=byng=PiABIN

np'g=buyAG'c=PMcon



US 7,110,444 BISheet 294 of 349Sep. 19, 2006U.S. Patent

 ny’p=bu|ng2=PM9W9

SSnp'o=by
ng=PA

|
 

|__Ssh__|

d9¢1Sis



U.S. Patent Sep. 19, 2006 Sheet 295 of 349 US 7,110,444 B1

  
poLJ FIG.126E



US 7,110,444 B1Sheet 296 of 349Sep. 19, 2006U.S. Patent

d9¢LSIs

np'o=byAOL=PPA

 



US 7,110,444 B1Sheet 297 of 349Sep. 19, 2006U.S. Patent

 
O9¢CLOld

>>nyg=byyny'Q=bungz=Pm|Sngz=PK|Sconaon
a0

S

ny'o=buyG=PM

StnS

nyQ=buynG=PMCen



U.S. Patent Sep. 19, 2006 Sheet 298 of 349 US 7,110,444 B1

FIG.126H



US 7,110,444 B1Sheet 299 of 349Sep. 19, 2006U.S. Patent

VZclOla
ng’|=buyng’=u)ng,=buybasesnQ¢=PMAQ,=PAAnOZ=PA6hI2N6INcHs—|oy=buy

n0b=PMnM   

nyq=5uynG'c=PMOW

ny'g=byAG=PMSnQaA



US 7,110,444 B1Sheet 300 of 349Sep. 19, 2006U.S. Patent

nc’=buyAOL=PMLin

ng’|=byAQZ=PKgIN

:

|OW GLEOldn¢=6yjoe
room|ucZN

5ng’|=bu)
MOZ=PM|con

©



US 7,110,444 BISheet 301 of 349Sep. 19, 2006U.S. Patent

JLE1Old

 ny=6uyAOZL=PMcon

  ny=bu

ne=Png",=byOcN95=PH
LA

nc’|=buyngg=

mndidd|y=6y
40)<90\=PAMaCt

ny=buyAOL=PMS
ny=buycinAe=PMSgina

+NIA~NIA



US 7,110,444 B1Sheet 302 of 349Sep. 19, 2006U.S. Patent

QZclSls
  

S

neny=byny=ung’|=6y)ann=PIK"=Pne=PMBCHng=buyy§SoH|eSSNJcsLEN"s-P,ny=64
n¢=PiA

ny=buyOch
NQ=PKA

venny=bu;ny=byMye=PAny=buyACL=PMd6ZN
nQZ1=PMCin

§

<>

LAOAAeny<5ny=buSFINNCL=PMAQS=PM
GcWLCNny=6y

NQ9=PMOc



US 7,110,444 BISheet 303 of 349Sep. 19, 2006U.S. Patent

 

la
dg"19ng=byROOS=PM5Ct

nz=buNOL=PK|5cn

day6'|

tre
 

nz=buNOL=Pnz=buyyAOOZ=PMTIA
nz=buyN0¢=PMLW

 .ny=u}nyp=buynpg=by8clOlasnOL=PAnG'Z=0MmG=PZISINLW$dH5§SCA6S
nz=by;24AOL=PM+ASny=buyAO{=PMin

5ng=byjAL=PM

oN+NIApf
<>

Spt!ng=byy“NIA
nO00Z=PMvin

nyQ=buyyNOOZ=PM
ng=bu3IK

A0Z=PM

QINOdS<>
5S5

ny'g=bycAAg=PMZN



US 7,110,444 BlSheet 304 of 349Sep. 19, 2006U.S. Patent

ny=bung=Pé
.ac

ny=buynge=PMLIN

dg
LNOA19<_>+

spt|ay=byNOL=PM
nj=buyLyOvK

NOZ=PMsin|Sf 

 

 Cc.>

nl=byS5SSA
SADL=PMny=uOCnOZ=PAgnyo=buyAAG=Png=byWycen

n@=PK

CthSny'g=6uy

AOZ=PMny'g=buyGennC=Pi
Ai)—

=TNIA+NIAan<>ny=buy5Sny=u)~NIAcitiN09=PA
OL

<>

nj=y|Qd
101=P

venny=by
NOL=PM

SCenaon
<>

 
 



US 7,110,444 B1Sheet 305 of 349Sep. 19, 2006U.S. Patent

O€lDidoNSn¢=PMnyo=bycin0}=PMnp'o=by

 
 

  



U.S. Patent Sep. 19, 2006 Sheet 306 of 349 US 7,110,444 B1

S FIG.131

/\

 



US 7,110,444 BlSheet 307 of 349Sep. 19, 2006U.S. Patent

npo=byAQZ=PMCi

S

<>GA
a

celOld 
ny'p=buyAQZ=PALIN==-S

ny'o=buy|SAG=PMOWnp'g=buyPOL=PMcA|sr
  



US 7,110,444 B1Sheet 308 of 349Sep. 19, 2006U.S. Patent

CEL
Old 



US 7,110,444 BISheet 309 of 349Sep. 19, 2006U.S. Patent

VEL
OIA 



U.S. Patent Sep. 19, 2006 Sheet 310 of 349 US 7,110,444 Bi

=

3 Sx.> Nm ©
ou <u 7

mam NSO Om
= il i =e

um —
==

Ww)

FIG.135
VSS



U.S. Patent Sep. 19, 2006 Sheet 311 of 349 US 7,110,444 B1

s

wm=~

om S19
-_ KS 2=>=u =

= 2

a

FIG.136
VSS



U.S. Patent Sep. 19, 2006 Sheet 312 of 349 US 7,110,444 BI

Bt
233 a)

=25 #25
=i Fe

= 2

wow

FIG.137
VSS



U.S. Patent Sep. 19, 2006 Sheet 313 of 349 US 7,110,444 B1

as
Tons

> os

Bx 279
Su? oO mM
SLT =e

=e

wn

FIG.138
VSS



U.S. Patent Sep. 19, 2006 Sheet 314 of 349 US 7,110,444 B1

Bs
aS Nw ©

~ u=3s =i 0
= lt il =c

= 2

w”

FIG.139
VSS



U.S. Patent Sep. 19, 2006 Sheet 315 of 349 US 7,110,444 B1

Bt
3s GN oSa ss ll ii

-=VoO Ve
=o il Fe

Fe

5

FIG.140
VOD VSS



U.S. Patent Sep. 19, 2006 Sheet 316 of 349 US 7,110,444 B1

n_BULK

FIG.1413915p

C2



U.S. Patent Sep. 19, 2006 Sheet 317 of 349 US 7,110,444 BI

n_BULK

FIG.14215p

C1



US 7,110,444 B1Sheet 318 of 349Sep. 19, 2006U.S. Patent

EvlDis
|ing4| 



US 7,110,444 B1Sep. 19, 2006 Sheet 319 of 349U.S. Patent

S  

ginAOZ=PMny'g=by
S

 

61nG=PMnpo=by
S

SIAng=PAnp'o=buy

vrlSlseany=buyS|AQL=PiKnyg=by)

AQ)=Anp'g=bubnAOL=PMnpg=bu
$S

 
;GGA



US 7,110,444 B1Sep. 19, 2006 Sheet 320 of 349U.S. Patent

GvlOld
did’-401cy  

 uz'9=090u7'Q=03s0K OdGSN

 

¥0

uz'Q=0as0uz'()=0350  
¢dngg=by

 



US 7,110,444 BISheet 321 of 349Sep. 19, 2006U.S. Patent

9VLOldOWAG=PMnp'g=buy  



U.S. Patent Sep. 19, 2006 Sheet 322 of 349 US 7,110,444 B1

n_BULK

FIG.147.14p

Ci



U.S. Patent Sep. 19, 2006 Sheet 323 of 349 US 7,110,444 B1

FIG.148

>

 



US 7,110,444 BISheet 324 of 349Sep. 19, 2006U.S. Patent

6VLDis
 

nyo=byynGZ=PM6Hny’o=bu

am)[satsOW

|=

  §NO}=PM$SW
-I2nyd=butee|noiPh<i>rO=b|ayebu|aeanonnO=P:<u>S|m0Z=PM|SMG=PM)Sf"nOL=PMnp'n=bunyQ=bylnyQ=buyny'g=5u)rosD|S



US 7,110,444 BlSheet 325 of 349Sep. 19, 2006

|

U.S. Patent

 S

npg=buynge=PMCINnyo=bujAG=PAtA

np'g=by]ng°2=PM6¢n

S

VOGL‘Sls
Pp

nposbuyAG’o=PMPen
ny=64AG=PMcen  



US 7,110,444 B1Sheet 326 of 349Sep. 19, 2006U.S. Patent

 

g0S1L‘Sls

np'p=6uAG=PmM|

npg=buynyo=bynC'Z=PMeee
OC

S

9

npQ=buy$

Snyo=by

g=PM,
cIW

AG=PA)ion|

 



US 7,110,444 BISheet 327 of 349Sep. 19, 2006U.S. Patent

JOGL‘Sls
np'Q=buyAQC=PMch

 
ny'p=byynG=PAcI

npo=byng=PM9A

nyg=bynG'C=PMOZnp'g=byyAG=PMBIN

ny'o=buyAGZ=PM|Scon



US 7,110,444 BISheet 328 of 349Sep. 19, 2006U.S. Patent

qTGogl"Sid[|SSA

 npo=buNG’Z=PMin

 np'g=by)ngc=PMgw



U.S. Patent Sep. 19, 2006 Sheet 329 of 349 US 7,110,444 B1

 FIG.150E 
M8 =2.5u =0.4u .

Wd Ing |

 



US 7,110,444 BISheet 330 of 349Sep. 19, 2006U.S. Patent

dOGL°DIAnpg=buyny=u)N01=0RAGZ=PMAvnSIN
 ny'p=bynG’c=PHSen



US 7,110,444 B1Sheet 331 of 349Sep. 19, 2006U.S. Patent

mp9=buyng2=PKecn

ny'o=by=PMoch

fy'g=byngz=PA|Syn”

YOGLSlsap

npg=bynG=Pmctn



U.S. Patent Sep. 19, 2006 Sheet 332 of 349 US 7,110,444 BI

FIG.150H



US 7,110,444 BISheet 333 of 349Sep. 19, 2006U.S. Patent

LGL
Vid 



US 7,110,444 BlSheet 334 of 349Sep. 19, 2006U.S. Patent

S

cGlOlds
 

nyg=bu;AG=PMPLNCinNOC=PKnyo=8u
$

 

 

np'g=butAG*C=PMiW

 

LEWNG=PMnp'p=by
L

 
S

Ny’O=buAG=PMOWiWng=PMnp'p=6uy

cnNOl=PMnyg=BuyonO1=PMny'g=buytN01=Pnp'g==6uyycnNOL=PMny'Q=bu;

 

NGC=PA8A

F<>

CU1ittit7

<>



US 7,110,444 BISheet 335 of 349Sep. 19, 2006U.S. Patent

S

SinAQZ=PMnpo=bu
§

GtAC=PMAnp'g=by

CGlOlds|
ny'g=bulnG'Z=PM6\N

 

np=SunG'c=PM

AHNOL=PMnyg=buyOch"1=PMnp'g=buyiWAQL=PMny'g=byyPNNOL=PMnp'g=by

 
 

<i>



US 7,110,444 BISheet 336 of 349Sep. 19, 2006U.S. Patent

 

LINnG=PMnp'o=bul

vol
ols 

<o>
 



US 7,110,444 BlSheet 337 of 349Sep. 19, 2006U.S. Patent

GGLDId
 
 

 np'g=by  
Np'D=bryNG'C=PMcn

 
 

 

 

 



US 7,110,444 BlSheet 338 of 349Sep. 19, 2006U.S. Patent

$ 

npO=buAG=PM6H

 

S$

np'g=byAGT=PMiW

$

OGLnp'g=buyAG'Z=PMch

ols

 

npQ=6uyAGC=PMiNNy'g=buyAG’C=PMcnny'g=bujNGZ=PMtNnpp=buyng’e=PM 
|SSA








































































































