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14 March 2007 WD 2004/025417 PCT/ US2003/ 028856 1 |14 March 2007
THE UNI TED STATES PATENT AND TRADEMARK OFFI CE 5 CLOCK

RECOVERY METHOD FOR BURSTY COMMUNI CATI ONS TECHNI CAL

FI ELD OF THE | NVENTI ON [ 0001] This invention pertains

WO WeHesHlr to cl ock recovery nethods and, noP@I/US2003/028856
particularly, 10 a nmethod for recovering the clock in

a comuni cati ons system havjng Bursty signa

transitions, e.g., USB. S- REFERENCE TO RELATED

APPLI CATI ONS 1S [0002] This present application IS

related to U. S. Patent Application Serial

O e s P RO 0

Dkt. No. CYGL-25,768 ), which is incorporated herein
by reference and is co-pending of even date hereof

wi t h WOCKBREOYERY VMETROR FOBRBVRSTK S OMMUNK ATIQNS

" PRECI S| ON OSCl LLATOR FOR AN ASYNCHRONOUS TRANSM SSI ON
20 SYSTEM " Atty. Dkt. CYQ.-26,116, which is also

_ TEGM@ME@IMEiTMMNEI@Nce BACKGROUND OF THE

RN BO0Tr SRE bn o SOTIAL G311 AMAPLOL AGQ! Bcicutary,

en u conmuni cat1 ons
4 neeilddvioe e&ov&hngsths e:idchl in C0 Bminingedtiond system jhavivg Marsty signal
Ion rang yg@ short range 25 communi cation between

e es and can either be "synchronous" or
asynchronous " For asynchronous transmission, there

are provided two independent clocks, one at the mast er
Gﬁ@sgr%E%@R?NQEﬁ QRELAIFD ARBLICARIING { her devi ce on
either end of the communi cation path can be either

the master or the slave) that are each operable to
W@%i Laisgresernt apminitiondanciatadds U . Baens hpplicapomSariabNe. 09/885,459,

Bpgolpe W 2 O R, S RED RO AL SRR

W'HEGMTHECMEHP (Aliyt Bkt. NorCHE128468 1), hﬂhc&n@hmm’ps:ated ketinby

nchro ous co cati,o elth ar at e .cl
SR S G o he et (il SR S PAEh e aatn SN,
&Epad apm@ism d)SOJIELAQORSFOR ANDRS?NCH’!RQE\K)IU@WSMISSION
synchronous serial transm ssion

utilized.

¥ |Atbhla¥t G{’%M%ésl‘saw@@bﬁralﬁ’ éncerpgesked hieygin fygreference.
referred to as 1zC. 14 March 2007 WO 2004/ 025417
PCT/ US2003/ 028856 2 1Ina clock recovery system the
BAGKGROYNBIOF THHANVENPEIN Wi t h t he data on the sane

f()b&ﬁ’ §el'f1%pbus communication protocols have long been utilized for communications

between two devices. This serial communication can provide long range or short range
communication between the two devices and can either be “synchronous” or “asynchronous.”

For asynchronous transmission, there are provided two independent clocks, one at the master

- and one at the slave node (note that either device on either end of the communication path can

be either the master or the slave) that are each operable to receive or transmit data based solely
upon their clock. Asynchronous communication tends to be somewhat slower than
synchronous communication since there will naturally be a finite error between the two clocks.
For synchronous communication, either a separate clock signal is provided between the two
devices on a separate clock line, or some type of clock recovery is utilized. One type of

synchronous serial transmission protocol that utilizes a separate clock line is referred to as PC.
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that the clock informati on can be recovered from dattt March 2007

transitions. One type of such clock recovery protocol
is Manchester coded PSK. Another type, that associ ated
with the present disclosure, is Universal Serial Bus
Wgsmp4/0284170004] I n order to maintain sync bePUEB$20q3/0238856
two systens, the receiver will typically "lock" onto
the received data and extragt the clock information
therefrom There will typically be provided a receive

0 ' i) | : fr engy. . a t her eof
LG et PO S SRR AT BASRE MBERRE soon
thbt the tloal mifdrmatidroek balrecokiered frentdaaciaatidnso 0dsgpeldd such clock

recei ve data.. One techni for providing this.receive
RO ERY RIPo0l of MERBARFTRLPOr oG AR BRE o) AssoR et HE Ghe present
ﬂjgd@sum;igw{r@@kggiaig@%]sﬁq,r conti nuous transm ssion
systens, such as Manchester coded PSK, data
transm ssions are present on a substantially continual

y ; f " s . fi L]
(7828, 12400 o blaid Qi RAREA (No e RAPRE foc B G ARG Aok
oo therrecivieg deih andrextract the clodk infornatbnftioarefrddp WEheee willviypibally be

respect to.th SB .t.rransm,ssi gn 15 syste t hese have.

BREREF & HEala oo UL VAT HEE B9 23R R nerc HeeE icd 1o
fub atald:ﬂﬂﬁ ed'llﬁl the figpucase m}d %hafbhif tasiafsmif Eletlefhite is extracted from the
suhst ant i continual. . data transition re nqt _
paeie. | Qe RS F PrayAiE s Teesivectpor gadadistipg e figategey and
s deheof A4l fhdsd i0dRsE RLPO RoraREHDEd @Bnsnlifeon SRRIEEsuch as

clock may drift in phase and frequency and, upon

Mapebeiier RfcdRSE. fx FASHHSSIOnI RISTR! OnjasERstapfiRlly cpugl base, such
fhaMBe {3]_9\3@51(1 B HHcY 8HoORIAGR e} Eockyalcidkiah tfirah8it BBLiand be
reception can be guaranteed. 20 SUWARY OF THE

¢apmily aninimizedpr egweted fov.e Mioivoverdwitle respest taathd WBIB iramsthission

eﬂé}%&/@(?slehgvet%ﬂ'igt fg?ég%ﬁetd fté ﬂe‘[){frgt&"e co%gnr@ugg a1§§1%ss athélﬁ%%tg %donIy%E'esent

roma celve ream
inboyatsi Tharefole subdtatiolly ebatimaldatdirandbormareast ésent in order for a phase

bstantially no data,between the bursts of data. A ]
PEa1R o P st (s AP 0 Ja T SOty e Feveclodk may drif
hohsse el SedueRF 400 GPbRAGEpt of FR nkktBRrsbet RS cH diBagain have to be
transitions in the received data_is then neasuring

egpizgd hefore the nteerifefdhs datageerplion sgnbe g #tesdt i on i s t hen

made if the neasured tinme is substantially an

integral of the receive clock. If not a substantial
SUMMARY QF THENNWVENEBIOM cl ock, the frequency of the
receive clock is adjusted to conpensate for the 30

di fference. 14 March 2007 WO 2004/ 025417

PCT/ US2 3¢ 2888 JiscBiidBRd EIMBERMEYEINCN OF ashiclt thAA dNeBprises

amethod for recovering the clock from a received data stream comprising bursts of data with
zones of substantially no data between the bursts of data. A receive clock is provided that
operates within areference frequency range. The time between data transitions in the received
data is then measuring relative to the receive clock. A determination is then made if the
measured time is substantially an integral of the receive clock. Ifnot a substantial integral of
the receive clock, the frequency of the receive clock is adjusted to compensate for the

difference.
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For anore conpl ete understandi ng of the present 14 March 2007
i nvention and the advantages thereof, reference is

now nmade to the foll owi ng description taken in

conjunction with the 5 acconpanying Drawi ngs in

W 2b4/02B41GURE 1 i |l lustrates an overal |l bl ocke@li/agpoesopssss

of a m xed-signal integrated circuit wutilizing a USB

port; FIGURE 2 illustrates nore detail ed di agram of

the integrated circuit of FITGURE 1; FIGURE 3

] 1S ' the UART; 10 FI GURE 3A

irﬂl2 #ﬁgpz{?gl%g@tn#%‘g\ﬁ%&st he baud rate

generator; FIGURE 4 ill ust rates a bl ock di agram of

the precision OSCI| at or,; GURE 5 .illuystr &lesam)

det ai °é?amﬂ'ieﬁﬁ‘%lﬁﬁe6‘? efsf‘f’é‘d‘ﬁﬁe SRR igLErtLne the givapiaggsiiereot,

AierdibEdREoR nlabis! g6 riad %llﬁﬂn%l&&ﬂ'gtlw\tﬁéﬂ rim einpAeAdA §fith the
a precision oscillator IGURE 7 illustrates a

aseprapRaying Duavapesdpwhicht he t enper at ure conpensat ed
r ef eng@ Vv E t
di agr am ot oﬁggtﬁ%gfau o}’ %ﬁe Ogﬁ?ls \A‘g\%elﬁ% Eﬂﬂ StBHAEd circuit

wilizingiatUSHp@JRE 9 il lustrates a schematic

di agr, 0] [_one res t )
20" RASHRE gl it Blaitd o B8 pRiY iired @ thhhgeonas
i | UHIGERES ilushialee frblbotlcdidgraglofithe (fARTe pr ogr anmabl e
capagj o R GURE | il]ustr a, schemat,i c di agram

of " ¢ HCEBR A LS Rplepkaiad3in o s Db G B

di agrR@EURE'4 itifkdraiel Rolodlt dibgrhid of MieRrddRion @BciNdtéh t h e
conparator; 25 FIGURE 13 | I lustrates a schematj

di agrAAVBE Sillustraiss agnors dstaded dipgppf the Prqq%w%llaégr o FIGURE
gchematic diagramfor an offset circuit for the
Conparator; FIGURE 15 illustrates a bl ock di agram of

t wo ﬁﬁ@ﬂ@lll@ntephm@ﬁ sevifomsdiagran @'REreg_ision oscillator;

illu

17 FIOCRET et Busbh ek of Rl gl ogence
‘fod:nge' ecover i ng the clock 30 fromthe bursty

O R P B A Ao 81620 RS, g

dmeyl o-K count; 4 14 I\/arch 2007

FIGURE 9 illustrates a schematic diagram/layout for one of the resistors illustrating
the mask programmable feature thereof;

FIGURE 10 illustrates a schematic diagram of the programmable capacitior;

FIGURE 11 illustrates a schematic diagram of the comparator;

FIGURE 12 illustrates a logic diagram for the S/R latch in combination with the
comparator;

FIGURE 13 illustrates a schematic diagram of the delay block;

FIGURE 14 illustrates a schematic diagram for an offset circuit for the comparator;

FIGURE 15 illustrates a block diagram of two computer peripheral devices;

FIGURE 16 illustrates the data stream for the USB port;

FIGURE 17 illustrates an overall block diagram for the system for recovering the clock
from the bursty communication;

FIGURE 18 illustrates a diagrammatic view of the SP counter operation relative to the

PH modulo-K count;
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WD 2004/ 025417 PCT/ US2003/ 028856 4 FI GURE 19 14 March 2007

illustrates a diagram of the SP count val ue; FIGURE 20
illustrates a diagranmatic view of the receive data
transitions relative to the SP count; FIGURE 21

WQ Wet25418s a di agrammati c vi ew of the oper aR¢wS203/028856
the SP counter and the 5 BP counter; FIGURE 22
illustrates an overall block diagramof the bursty
conmuni cations clock recovéery nethod; FlIGJRE 23

illu i_ed \/\@gp\rt delctlngthe basi c
cont %&p?éﬁélgalugwn‘{%ﬁ%dlaﬁ@sc{f% @gute1 ons net hod; 10
FI GURAGRRE 10 ilisdttiag e&agahhﬁﬁ&wdwagma maceifve Gat@transitions relative to

i n%&)antl ation of the oscillator; and FlI@GJRES 25 and
Wirate tables for the oscillator controls.

DETAIl iiEDRPFF QIR Rtk Wi A Frant i) HMEN thLdNerhBod QP counter and the

Referrlng nowto FIGURE 1, there is illustrated an
BReeytat ed circuit that is conprised of a fully

| Nt ik Ak 1 R0 B er R Blifhnfo ng%g({lnawa%o&&mk

bi t rTU|tI-C annel a progra
prevegpbthéd;er s12, two 12 bit DACs 114 and 116, two

bo, | R BRI T R P A b REbogE pGo] 5o ot
bmkﬂyc&ﬂk;hmbﬂﬁmoﬁzeiﬁbd\SH rrermry 126. There is al so

gggVi 'f"g@h“r{'ﬁ ngaféf)‘%F ﬁg?%ART ]ﬁgg%q%g%qsgﬂl?ﬁ%nand
" bi t -Heueed 25 aﬁmeaﬁ@gm&qﬁmm&ﬁﬁm Bl kol

Progranmmabl e Counter/ Timer Array (PCA) 134 with five
capt ure/ conpare nodul es. There are al so 32 general

ﬁEMﬁED%ﬂSéﬂPﬁGNOF&% INVENRRGNO9 side further

I ncludes a nultiplexer 113 as operable to interface
ei ght analog inputs to the progranmable anplifier 112

s 3 AP T i

ofufelly iategrelted ﬂ:inredksignali &(stamﬁh aCHipalithaernSys bt taudihclenfdiAMC 110

MCU ef f tlvel esad es .th nal o
Rl R e B R e H 2r Vo B CGP R4 @ad AAC o WOtage
ESRTaRrA ITRRE] ezoe@vdnmce%fe@huetzz an@maswc&g ﬂi@[&ﬁﬁ@ﬁoa&ﬂtﬂoﬁer core
data storage, and al So al | ow ng field upsr ades of the

ith Pt ef ls*’@ﬂwemmﬂéaﬁhaﬁ%mmpv el [PG/SRIYS 128, a

r, f »
PRUG, POy bl L A S ASOBR N (R “Bmne

nnuser $ofearsgias hwellles 4 Proggmatebld CauntedTimer roydRCAY 1kAmith five
ga%%e/compare modules, There are also 32 general purpose digital Port I/Os. The analog

side further includes a muiltiplexer 113 as operable to interface eight analog inputs to the
programmable amplifier 112 and to the ADC 110.

[0006] With an on-board V,, monitor 136, WDT, and clock oscillator 137, the integrated
circuit is a stand-alone System on a Chip. The MCU effectively configures and manages the
analog and digital peripherals. The FLASH memory 126 can be reprogrammed even in-circuit,
providing non-volatile data storage, and also allowing field upgrades of the 8051 firmware.

The MCU can also individually shut down any or all of the peripherals to conserve power.

[0007] AJTAG interface 142 allows the user to interface with the integrated circuit through
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of JTAG inputs 144. On-board JTAG debug support all ows
non-intrusive (uses no on-chip resources), ful

speed, in-circuit debug using the production

M WHREEA circuit installed in the final PCI/US2003/0283856
application. This debug system supports inspection and
nodi fication of nmenory an%.registers, setting

br eakpoi nt s, matchpoints ngl e stepping, run and

sapn oty S B ricoRats R el Rl bE, o ARG tnraive

(b<2008n-dilieresiuededchall speat, e tirddi@ebuy uﬁmg thy prodogimhiittégeated circuit
| ns andard 803X

th.th t t.
il e B eplicutos 101 GoRuR P BEPs OFRAE P odiBodtion of
ﬁéﬁﬁdry\%ﬁ rega@rs,c B Qn@lvl;at&hbsm@e kinplaediedptng, run and halt

i nclud W th a standard 8052, |nc uding three 16-bjt

cemmw@q /«Ml araleg and digital perinbriels arpitly fonsiopa) when debugging using
g%frnal RAM 128 byte Special Function Register (SFR)
address space,. and four byte-wde |I/O Ports. A

Uni versal Serial Bus (USB) interface is provided with

T S mBrocaipabt Pioys MY SRSEoEIAA PR dlbion st

Srid6AdiSOR/ 80P xte BB RAL NG bmpﬂem bared @ db%{isbﬂwmee’l[‘hame has

164. The trans e|v r A5 i.nt Wt .

i norp b Fadetog st P O e dE Bk bfrtipers, -
dlples AR 2s§bﬁe@fo%feﬁﬁ1 RANE$28 byRiEpetid] FRASABAR cBitcr GFR) address
[ 0009] Réferring further to FIGURE 1, the core 141 |s

spreetofl AuE 8y AGUENPerts- iridey sl 8%19?5‘31151@(539 terfage i grovidgd with
\

daér}ﬂltfﬁxéééti b8 ot ’%ﬁ%%r?“ ﬁz%é@ﬁg EZT 130 SPI BUS&Ll% on ﬂ_le

iptegrated ginaittahiid ﬂm cgntradler mommnmivg ji64. The transceiver 164 will

.CO U nterf

Hie ‘éﬁeq’hg]dg dpggt urg”F% IEL? ' |‘?1a§ar égkgses | {S%fgngd to as
‘bastyrcesiivaitatidni”oughput over the st andard 8051
architecture. Ina standard 8051, all instructions

except for MJL and DIV take 12 or 24 system cl ock

[GN e&{er&n@@ﬁh@r@o WAURF, MRdof 1 Sy mitcefradl tRekgld igfernal BUS
By contrast, the core 140 executes seventy

1;5@ i@ varopgputismipu Bogkss Actrstbe switeinl 53 peovidss ag Wf-rface between

r
GYPARTISO PR EUILE S, Uhd e AR O, ML ARablointrface
140 has a total of 109 instructions. The nunber of

' ti th {
R e e T SRR Ayl BE R Rthe ofoi BRushts s mspypion
tiro8gtbuovkr thehtamisal 8061 dEtutues. luQstaﬁ:/dﬁ‘d%OSll 41l theehichions dkeept for

14 March 2007 O 2004/ 0%{ ]17 PCT/ USZQt%S/ 028856 6
MUL and DIV take 12 or 24 system clock cycles to execute with a maximum system clock of

12MHz. By conirast, the core 140 executes seventy percent (70%) of its instructions in one
or two system clock cycles, with only four instructions taking more than four system clock
cycles. The core 140 has a total of 109 instructions, The number of instructions versus the

system clock cycles to execute them is as follows:

| Instructions 26 50 5 14 7 |3 1 2

Clocks to Execute 1 2 2/3 3 3/4 4 4/5

h
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Wth the core 140's maxi num system cl ock at 20VHz, 1414 March 2007
~has a peak throughput of 20MPS. [0011] As an

overview to the systemof FIGJURE 1, the cross-bar
switch 152 can be configured to interface any of the
P 2084641 he 1/ 0 side thereof to any of the PCKEINGH28856
bl ocks 5 128, 130, 132, 134 or 136 which provide
interface between the cross:bar switch 152 and the

core 140. Further, the cros&-bar switch can al so

W He P54 °“%§g§he§ee S SR D0 iR ierpifor 20vrps.

FIGURE 2, there is illustrated a nore detail ed bI ock

di ram of the 10|nte r at uit, Fl GURE 1.

f’g efS A FEHESW o th&é g%@ﬁ%mﬂﬁlalt thefgoss bagé“%%m can be
mg&u %%erf&e&ﬁgaéﬂtye Isoﬂts %fﬁlar?@%ﬂe%&eo%%@ﬂrﬁ@%n@@&la1 blocks
t hrough the BUS '150. The BUS 150 is a BUS as operable
128, hioo b ¢ @ Iiwhtcb prmc@rmtalé@e\hm@en i@ cipay-has gwitch 152 and the

| PR |4
P, Bl B Firo F l ug ReR ARGR ik 108
13tdidectly t@ 12 BUSLWS0and 216. The cross-bar switch 152 is
configured with a configuration block 220 that is
configured by 15 the core 140. The other side of the

0012 S RBRErip\Wot COFIGRRE 1, ieerclis Dlusitaiid,a mdie dakiRdbrek ﬁiiag{aﬁlbfthe
varloeﬁs port drivers 22 ich is_ controlled by

ipisereted SirEt FIGIRE o s cbpdiient, paevpe o35 Uit be crpsgbar ich 152

Aediy h@é}facéshs a%ﬁs{t&n B 403 198 L 8Uka 5000kt U sbh€a BUS as
anal og side with an anal o%g?n erface ~configuration in

@sTPlede allsmerore 9 ¢ infeefageppiiighe vasieueigneionaldlqeks 128-134 in addition
t%%ﬁﬁr&ﬁt& Sfmﬁéfs 0£h66 Fpﬂh& 1b} i18dB8n toTlh‘é‘e fald fl&é&lbszm and 216.
select ed rom as ustrate one of ocati1ons

Thet dnosa-ban swtiiclp L &ie pomedmth " qonﬁgumtmnéiach 2@ that is configured by

sci | l.gt.or., Ci 7 and, t he.se i nt.

(38 Epe113p oo ol e of F RREPISAB FEY hd B0 Bty B'55RBpq witn
ﬂmoﬁ)&r]ﬁﬁﬂ driverd 227 Rqhiechad m&oMWQ@saum 24 chat inddrfaces with the BUS
| descrl bed _ herei nbel ow, Th e 140, is al sq

Ie%rﬂw%% agksé’Pel‘P 6E&°° e g isfossicsayithgm anafggdnterface

gogﬁglha@ngﬂagmﬂopblaémﬁgener ated by the 23 wat chdog

timer (WDT) circuit 136, the clock and reset circuitry
all controlled by clock and reset configuration block
q%ﬂfbg Vﬁ%%‘m 130 £t ehﬁga@écﬁ Bfa i 821448 cﬂilil?%%él%&t from, as
t can be seen at user can configure st
illostairdy aeeftwd lbcaamnmﬂea muelkiplexer 884l The ﬁmt isleatennal cumﬂanor CIIcult

ter lsian n r n ab|I|z

o 1 asp e RN 356 2he gL gy pcouit 236 is o
Meddidd talhpé’ratﬁﬁﬁomp&smd dscilligtof] @Swilllibb @skclitesd traimBelow, The core 140
]gﬁ erate t.he tlmn for bot hé%fre core 140 agid 30 f

eﬂé?datr?ﬁqﬁlﬁ SRargset el bEYasFt siEBali® sq gspgated by the
S5 o T 5 g0
pEdadEsation ek 248 200d o pe8mlled by the agye 1 #n Brerséde jitoan be scen
wgcﬁ% ?nge? c% %ggglgg %{eﬁsgstgﬁ% "Blfe witlfanBt&ia R4 9&511aPr or an
internal precision non-crystal non-stabilized oscillator that is basically “free-running.” This

oscillator 236, as will be described hereinbelow, generates the timing for both the core 140 and
for the UART 130 timing and is stable over temperature.

[0014] Referring now to FIGURE 3, there is illustrated a block diagram of the UART 130.
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line 304 and a receive clock on a line 306. The 14 March 2007

transmt clock is input to a transmt control bl ock
308 and the receive clock is input to a receive

control block 310. A serial control register (SCONO
3V02004025413vi ded that is operable to provi de BOHU$2003/028856
signals to the control 5 blocks 308 and 310. The
transmt data is received tfon1a bus 322 and is i nput

t hrough agate 324 to a serial data buffer (SBUF) 326.

The ou t of ata, is in a zel ecl
At Sie: Gl it efonPh e b RIS EbBE Bhoion me
128804 Qﬁ@ﬂf_j&u&ve éld;dk: on?lblﬁiea% SBlid tBinstid hocldB\hpme to aﬁﬂfﬂi}sﬁmOmrol

associ at ed speci a unction regi,st se
bieskt308 and gheiregeiie clogaRmIPUs $3 R ve canp] Biock éLﬂc 54 gpnirol
r@&ﬁ @2(%3 PV ded L isHpRMbIRAS proDﬁfeQ:oh@olrs%Qﬂs Y the @Bhntrol

I ne 312 and i's input to 10 an |ngut shi f HJIlglster

tdacks 30%vind 31@ Thormmansshit deip isyeceived fkame @328%‘1:46 thyqygh a gate
t

A e SR b Bl

afdtien kcsa con&déicmk 808, IiheswstenSF B dsyach3hous fvdl duplsy serial port device

A PeHrs s St e et B e RO RG 376 aseria

da@WustaSBBR0) (@bt shvou) drbprogided. Muta i keeeikedBdth lidel31 Daghs mput to

A g S I O kDl 0,0 BB o 30 TR e in
&9&'}5 b @Jtéheﬁz Qﬂd &B@ﬂ]ﬁﬁl@ﬁ b Qhie B3OGlan SER bui 131 Elﬂ-trﬁﬁﬁﬂtrmddégiata is

now to FI QU hereis illustrated a bl ock diagra

regeivert érona@oSEPabt@ 32@ apfbinpwidhrongiva gate$24 194 fepnprgit éh1ﬁ§eglsfer 326
WAL @gt %ya ﬁn&ﬁf@iﬁ&?ﬁ?%@ﬁl%@re sRPSI8 &r fediR Bt doﬁtrol block 308

gener at and the receive clock 1s
thyengh ait AHDtgyxtea%& wbichad inputdo Tt inpuit bofiat ORigald 34@ tocthe RS line

o Tb bl e. Both
e Thp e by Bt RosB RS over  Fove ar e i vi ded

by two for the transn1t cl ock and the receive clock

=t

BRA)) o anancoa B s R o et S Rigkdasg gf e B e

%eﬁér@l%% 02V &hid GandHRWEMESoratdl by Rfinldr WREER! aQ@EsthiS clock is generated by
orcedwhen Start Condition'is detected on the recejve

pblack Thi endaihe eeivaclpdeisigerertted Begrepyaafifbs bl dlugralpd asiap RX
”ﬂﬁ}me %]ﬁﬁb BAfg dﬁ Mot %Eertap&sﬁﬁlﬁt %\J&Eﬂl&nﬁmﬁ o ahfl 3R bimer

eferring now to e1Is
avietflosits et dmlideﬂ Uy a@rfarrﬁwatnransmt dwko@dﬁhmreml&dqudmd rates. The

rig{:]etrive . aelr rq?aﬁ%: gr:ldfz gG & | u es?tga s@.wg?%é Vglue,%legéﬁ?é g reload
heleHoabayen RD(SI‘lﬁieﬁélﬁ’ﬂlﬂE ﬁjr@ki Wexa&tant Cedlithori inde@tedion the receive
circuit t hat i hcor par at es t recision 30 Qs i at or

g hipallongaascapt 95 SR anaine 1okt doteried gfré%@ﬁngr) G ftpte of the
PheMitdesy t he capability of selecting a crystal
oscillator wherein a crystal is disposed between two

crystal ports, selecting an external clock signal or

PO AR 1 AR 45854 BB 7B i D i

iBfEiiﬂaUﬁ‘sBﬂE&t Q%lﬁﬁﬁs 8isposed on integrated circuit. The integrated circuit, as noted

hereinabove, is a commercially available integrated circuit that incorporates the precision

oscillator 236 in association therewith. The integrated circuit provides the capability of

selecting a crystal oscillator wherein a crystal is disposed between two crystal ports, selecting

an external clock signal or selecting an internal free-running oscillator. The free-running
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oscillator is illustrated in FIGURE 4 as the precisif@@March 2007

oscillator 236. At the center of the woscillator are
two conparators, a first conparator 402 and a second
conparator 404. A tenperature conpensated voltage

MT WPE8H7circuit 406 is provided that proviRIEEUS2063/028856
at enperature conpensated voltage reference (the trip
vol tage VIw) to the negativg i nputs ofthe conparators

5 402. The outputs of the conparators 402 and 404 are

copnect ed | S ly,

GPIMARF i R R FERORA s RS wioh SR n 1B A A R of
@scidlaion ptet two comparatowd, @UirstRGmphtatong02 la:nd: gistcodd Oompeasior 404. A
operable to def t he.peri od the a |.at or

EppAR g PRI B SR Bt peraurs
é‘dngﬁhsaﬁd %Ilﬂige refdi'ﬁlc@ (lﬁdlﬂﬁ vilfagd Vi 3) t6¥ke bé gﬁhﬁé]n}ﬁiti ¢fthielcomparators
is fed back to the positive inputs of th

@Bﬂpﬁ%%?‘&s gbthesempanters 4feand A Are Reaneptad .thﬂlfo%f and Reset,
eQﬁ'Geﬁy, f%)@g 02‘ aR SAO 1 ARE! Ghe! Qean@mm&@ther%%f B lu‘lpufi( to an

descrl erel nbel ow, the voltage reference
m@@l’f @deds circuitrid that i eptreiplordafing the pasieffof the esrillator, the output
r /. o
e R Lt B e
@]ﬂds feld ®ackitd fhetpodve itiputs &bfghemon@amtorsﬁlm apd 404. (the autput RC timing

erature coeffigcigent. er.al l. nbi.ned
B8k R ol TRrrer e Sttty oF Ses PGl Rt RR R Bimee
Resait Block 406 pRivideed mghtivh Yenifdfiiubd cd3ericint, wh@refiilie doguparators 402
FIGJRE 5, there is illustrated a nore det

| ed
LR T A0 coppimiongroR R ROFIEKS @mawawgffcqora%&%e& angftbe output RC
t'ﬂ]ﬁgﬁgrcﬂrt éﬂ[heprb’ﬁhé %gﬁasftﬁfe QEBPEAwe! doeHictenftO6rheSoverall combined
rised of vol tage divider that divides the
e}ntwﬂlhe@gpromtqlbzqo,\a@mlhlgeedescnbe@\h@ﬂnhd%de 502.
The vol tage divider is conprised of a top resistor
504 | abel ed R3. The bottom half of the voltage 20
[00Y7T]d ReférsngomwpioiFSEURBH, thee iyitinsilated b moesdeatdiled diagmmmatic view

£k b RSoR R AR LB £ SolieR o Bl BB R aiec oo
Véfags diofePHatRBvidEB3nangpRivoliagdd0 ] 8b aRORARIVLS off3 nadel50R4 The
are fabricated fromthe sane_material to gqow a?f

half of the voltage

YRiters divider i eompraisad ofrador Feisior di4dalieled fye Lhe
&ﬁﬂ&f & 2bRPrddaPelb padthd irfhidistd, %eﬁa&esdeqhbewﬁm Chd uqém%)zr 508

positive tenperature coefficient. By nparlson
labelﬁhhufl*‘a»cmm wdlafuraprpeses Sreyesistirs wilkbe rgferrp‘erzs R aH&,.
first layer which is referred to as Polyl material,
and which also has a positive tenperature
[oo#3]f | (Rieﬁstb:s mdeiMamhﬁfﬂ feom fht ssheulattribicto provide a positive

(ipPrgkteoettengh Jhise g iratied o P AT pep Boigieh, ih hes

pEEive ttéiﬁlﬁaraﬁ‘@ﬁ cogdficlbdt! ByeampardseANE is ahefa&oel fios Rilcstalline
not apart of this disclosure, Polyl material

Al t hough
1*13%35 g@ﬁrw%r il js referrad-Ag a3 Pelyl matesiely andvidyigh aiso has a positive
RldpbaRit {dRBcidn® bl v?‘ﬂ@l? BN 1 M6u1d BB ShdeRdtSodAMA diferent materials

protective oxi de l'ayer, fromwhich such structures as
edvdd Yetudilizedf it oty deing gregessare thehhere AE dwo 1edistprsthaming different

{%ﬁl?)%llaﬁﬂ{ci ﬁoeitﬁgfmt? r gﬁ%[u ]g&g E%rk gftlﬁ@&iﬁcl%tn poqylr rﬁ&%ﬁ’atl ﬁrbﬁswally the

a negat
fidst Teporoff prﬂ@cfﬁstalhne sﬂlcon that is d15posed on the substrate over a protectlve oxide

layer, from which such structures as the gates of transistors are fabricated. With the positive

temperature coefficients of the resistors, this will result in the voltage V5, having anegative
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w || be descri bed hereinbel ow, the resistors being of
different materials facilitates adjustnments between
the two resistors R2 and R4 to varythe tenperature
Yaefpdigbdnt . This is primarily due to the fREVUI2MH028856
they are of differing materials. 5 [0019] The out put

RC timng circuit 410 is comprised of two RC circuits.
The first RC circuit is co%r'grised of a P-channel

g
faaibateeddjﬁéml&rhﬁ)m&bﬁﬂmewdrebhmmfandRgmnmthe@bmparaaumﬁﬁiment
524, Node, 524 i onnect ed to, one si d 0f a capacitor
Bgis primariyidyg fo tg?é’é t thefrtheyiage %@H%E’F’g 2%‘ connected to
V. - channel transistor 528 has the source/drain path

10 thereof connected across capaC|tor 526, and the
9819t Feer aitifug B iéreing gireuit 410ds epmunsisert ol aﬁﬁw@lrculfs The first RC

SERRY S50 R, R0 0 MY DR ey oo
toneectanEiwan Ofp, 408 . on&'rmies:é mdstmﬁiibtawdmk R, @%@hgrdndébbr%f
P-ch t t h h in
Bty B e ek e R amaEn VBb i DRt IR Gl sic
tﬁsfggé Sdpaditod 326d ccfﬂnathﬁi v @)5 5 Xhﬁﬁgmmemtos s hafthe atmlr?fcbﬁnn path
connecte 0O a no C cite
thereqficannertgdacgpss aape%}wagf@ g thoggte they Bftﬂﬁs?*efgtPﬂ:tsgﬁfﬁ 8#%%?*““161
ARRRE R hnl Asd/Bihe AdufnCITARIER 1atdhaos | §6RI524 B3BpritasSihe fitive

source/drain path thereof connected between node 534

inpt ofths comppazatged02. Fhe secpndRE aetwprkisepmntisedefiid-ehenng HaBSIStOI

Oy 53y s o . il B8t 2

(d:absleﬂ RY¢hd otipn side bf resigiocBapamsetod toagude TiHe Node piftis connected to
m for.. | i1l 1
T

$38rhae $hea?ro&rcb/'di'ausﬁa‘thlttedeof esnneaahbafednhmdRG34 hud Vigt sThe gate of

The od of ea waveformis, d

ngﬁﬁ% larcmtnﬁ?tﬁff b %40 foof tapiger 0 %nd glso ?Ostlhag?gl??f Jibpipof SR
ia{&ﬁ 409811"&5 fde334 E&nﬁﬁb%s ﬂx@'pﬁ@lth‘hﬁfnﬂ of&isd Solnfparaldr aD4.t Mee output
other of the RCcircuits is tamed on. There wll

yeiefoge fortthe eifrit of BIGUREYS isillysipicdCHRE G whmen convantional RC
ﬁéeraﬁli! ed1B eurl @SRE flubttRldYfor LRE o? H:{@IQ{Z chbifis! e REid O SalSoutput

to the period for the oscillator. TranS|stors
ﬁ'm;forﬁs‘@defm@ framdhesiB#iabiva-eri poind wherstvoltagetis apliedoi the resistor R

DSR4l B SR8y A, A oo

T hbd ptied T fareaddodfthe BE tiecuita respeively. The sunowf the two penods is

t enper at ur,e. ¢o ent._ The SCi I I
AR e Hns GG s eigrn 40, 950, 329 39 %5 that
{hbiFRsistaiees R salstaribilf RS tBAN B M fFesistdds b %@]5 32. The resistors

Referring now to FIGJRE 7, there is illustrated npre

W2l Py feEkate] Hefn Aeiyd material due i e lsniempsraraoekigient. The
ﬁy«ﬁoﬂ 8ftie 5&%%1%{0? 0GR Ao tHEHRrEEPT e oprégéd T@blﬁ@hﬁcﬁmes the delay

ustrated 1n FIGURE 5 "as bel ng connect ed
efthanipgratighinect ed t hrough t he source/drain of the
P- channel

[0020] Referring now to FIGURE 7, there is illustrated more detailed block diagram of the
implementation of the voltage reference 406. The resistor 504 which is illustrated in FIGURE

5 as being connected to Vpp, is actually connected through the source/drain of the P-channel
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resistor 702 to VDDwith the gate thereof connected to

a bias voltage. Simlarly, the bottomend ofresistor
506 is connected to Vss through the source/drain path
B0 RONR2BHANNel transistor 706 to Vss, the geERiEs26(3/028856
both transistors 704 and 706 connected to a bias.
Transistors 702, 704 and7 are sized such that their
resi stances are substanti al y | ess than the val ue

L7 5 T R e I ER Y o

vh'bshﬂ@ﬁ OE/iEEomﬁ:cﬂeﬂ P00y throgh thekourtdidraia pphloya Ma:lhﬁlﬂ!gﬁranmstor 706

F’o qs,etg%gpthffé” bpth; t /1 %}%{p{syég A{ %Gﬁcgnﬁ%ﬁ%ﬂg gﬁnaqrsrﬁ grzinmstorski%i 704

SRDOL BN shéh (BM RRINEIERPRREEAIBstdnBiallyIBssihan e vaRie Ofksistors R,,
This is one reason that the RCtimng circuits are

Bt md Bee At rordss aawer pply dfepadencs somentiprg itifagt that the trip

CARACYL OfsproifditfoRalde i R, 28, Y held E4fro, in the tim

can T“&ts;poalya 1OaVT§)?S%X/ % \};' Q/T({hlgj 'ﬁ{e r m o e

i (akeaﬂtb reackethy trip Toltage avha inguk of thﬁ't}(ﬁlpﬂ@@)s surmimmdep‘ﬁmdwt to the first
l. Ero oAk Ul

Ord‘li‘.ln (Iﬂ]llss al% ﬁ%‘gﬁg%s al[tgg ﬁ% mlh%%cﬁlégragrgg nun_g t]?er acurren% source

(ifargfuliﬁ capatitbng gmcm@bam piovide tedirt Oﬁﬁﬁcdnbﬂlatlﬁlﬁn be

utilized to provide te?pera ure cqQnpensati on.

Commonly, the resistor Trl;aav DI §‘ét?0var| ation with

respect to tenperatgpre_ 0l tor R2 has a

tenperature coeffi cplzl"’é"ht il ég ﬂ reas the

N-di f fused resistorél Rs-ﬁ’ﬁhl(m v/eVDDQ t enper at ur e

coefficient of 800 ;3 th,;* s%ft ?I sclosure, it

is desirable to have a’ negat |l e coefficient of 462

ppm [0022] To anal yze how a negative tenperature

fi S
G SRS A DA B v
dﬂifagm ederasce RE:'@BRZM Réut chef %@ﬁm&d to Bovideviemgerhifusy eomiipensation.

erature .coefficients with, TCR3>T hen_t he .

o R Aoy oo ISP/ R, e olyL resistor

Roek b kdipehture b@ﬁ%éﬂt b2589p ﬁ%bﬁ@%@ﬂ-&ﬂ{lde@?ﬁlsto%anﬂ/ R, have
R3+REQV~ 1 dVTR p.1 dREQ R3 1 dREQ R3. | dR3. 30
WHRE@UWQQ@@E@ POGprm- e fhe Ressentigelosis, ffis desiraple to have a
SRR oA i ReFJpriR3+ REQ ~TCREQ - TCR3 *

[0022] To analyze how anegative temperature coefficient is created with the resistors R, R,
and R, consider that R, and R, are a parallel combination defined as REQ=R,//R,. fREQ and
R; have different temperature coefficients with TCR,>TCREQ, then the trip voltage will have

a negative temperature coefficient. Vg, will be defined as follows:

REQ

Vier= RstRE Q Voo

| dPme 1 dREQ R, 1 dREQ R [1 dRs
Vme dT  REQ dT  Rs+REQ| REQ dT | Rs+ REQ|Rs dr

1 derp Ra
Vime dT ~ Rs+ REQ

[TCREQ - TCR;|
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[0023] For REQ is nust be assuned that VIxs is a

fixed value, such that R2 and R4 can be varied to
target a specific tenperature coefficient. This can be
WG4 he fol | owi ng equations: 1 dREQ 1 BRAUSL0RASSS6
R2 1 dRz R4 1 dR4A 5 REQ AT [R2 dT + 1 dT] R2+R4[R2 dT
R2+R4A[R4 dT -1 TCREQ = TGR2+ TCRA- R2 TCRZ2 - R4 TCR4
Rz + R4 Rz+ R4 The results 01‘;1 equation 5 can be

t:b f| Cl enEz gq}lfmw l%bed%gg?fi‘]m Egpe%drﬁ]gtﬁfégv agﬁgn%ﬁﬁnbe

Baried e taeget & spbdifis termpemcira cakfli@ernt.e Thili @griershokn bipahe following
%ﬂ%' enentation of one-half of the charging structure
flO0#i s as with the case with respect to the

vol t age &@Qr E%; 406, E’x @I §rJi1S pRgpwEiedng
P- hW 3%3@
of Ct el st %q ﬁéé 2
connegt ed to a bLE;‘EQ’(IH s%y 'Rrhl S P-Ehaﬁnel é};anm stor
t uces TEREQ kTR e er—t—?’ﬂﬂm 4e
Iogeﬁg_tl on 15 thereof. Capacll‘)t2 4526 i 34 Rfari abl e
PRGN S couBt5 8k whbEe HAULGR IH £Po TR B Bhleetricient

eri
&b b fabri cat ed froman insul ator di sposed bet ween

85, ¢ Resliop” B MGUTAR S, Sttt s HBEEL Reseor e

ﬁ@%nﬁzﬁho@@f?onb&aﬂﬁfthb diafg‘hhgssuﬁaufeeﬁo STIEE, -as #ith [HQZ%R]withRespect
resistors R2 and R4 1 n the voltage ref erence

foithe erplﬂtﬂgadefema@e YRR A0, thesy & pRogided jaR-chagpel feanpigiey 802 for
&l &Eﬁ%‘iﬁ@%ﬁeﬂd‘?ﬁ"‘rﬁé@ﬁé@r §2834 919 fmﬁhé gaté‘ HetebZ &fintBedS6h bias

the value of VIw and resistors R R4 are utilized

wpplye ThistP-ghanuehiensistor intredyedsf versl lifle errglt indbe tempyrahise eperation
A bl PRPRBUAE ph0oE ol G013 d 08B B o
TAe phritdafor the wtbillser.i #8e capacitve (Stzéds fabs¢atddofiran an énsutator disposed

5 e 0 B LS B R RS e

th&%ﬂnﬁtfiébhs TRE fdisRe 52D ivas K-pffeghassi@él e set of
connections 904 to allow one or nore resistors 902 to

be added into the resistor string, they being
ﬂoﬂiﬂ | gl Yes:%ﬁa?d'ﬁ ﬁ ﬁlﬁt& if¥nb m&g@reféféncé B 408 e HEridb% resistors

al so provided the abil Ity to sSh
that can be mask programmable resistors. Resistor R, is utilized to set the value of Vg, and

resistors R, and R, are utilized to select a temperature coefficient, since they have dissimilar

temperature coefficients.

[0026] FIGURE 9 illustrates a layout for one of the resistors R,-R,. A plurality of series
connected resistors are provided that are fabricated in either the substrate with an N-type

diffusion or in the Polyl layer. These resistors provide a mask programmable set of

connections 904 to allow one or more resistors 902 to be added into the resistor string, they -

being initially shorted out. Although not shown, there is also provided the ability to short
additional ones of the resistors to decrease the value. This is mask programmable and is

utilized to “tweak” the design at the metal level.
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value This is mask programmable and is utilized to
"tweak" the design at the nmetal |evel. 14 March 2007
WD 2004/ 025417 PCT/ US2003/ 028856 12 [0027] Referring
MOZOPP2HHIGURE 10, there is illustrated a di SR{ITAVRIBN3I028856
view of the capacitor 526, which is a register
programmabl e capacitor to i&l ow for adjustnent ofthe
center frequency. There is“provided a nom nal

LSRRl IS8 AL SR bl e o e
d@lﬁhﬁﬁ&\lﬂ% hﬁlcfﬁi@i egiktSr j2b @'ﬁtg]%&?ﬂwt;?ﬁdtoﬂto aRskK fob ?djustment of the center
ogramTa e capacitor, 1004 t es
RaBEY-of hegi 5 BTOARRY REPTAa et aneE B 5 vatp pfIeble whionis
doBSH-RH BEtwRER B RMPBRI 6V C 2 RAGAAIR thefhn@thPihenéii§l €go Phokiled a mask
capacitor 1006 of value "C' that is connected between

mogmma@mpaﬁ@r 04 that @@V&es for eigblotape ef ppSRHMing iR ingremepts of

R L o S o

‘T,U(lﬁat i gposia tptrsseamotit 6246 widt alisig of ﬁlmr@u:@t/d:aulﬁﬂg of an N-

sl P BOE TR0 Lo ehs Ulicbe KB o R, i oBntguration ofhe

dapdeaed 1006 dispistd bdiwée thesswstohing RaBistor 1 008and tepads 124 iy used

h |ntroducdfromt soul ce/draln of
brES; Tt B s heiet of G FBAIG e RS, i e is some non-
un%mhﬁyciﬁﬂmee.hﬁ%&e&@e@ﬁmmets&&&/m 0B 6 BrafRia I DGSRakd caﬂsa the
capacitor 1010 which s connected between_ Vss and

wirehendsy Thewemsiineseleeiable (ipsaon arscadisompiised Afpappacitor 1070 which
itk %ﬂégtg& BetwectO% 2 and B Q%M the scRifeldREl Eélﬁ of ATRERLBRL ﬁ'ﬁ]Slstor

4 and th& gate thereof connectéd to the bits
][01¥ ;tthey ey lside FhereDficonpedtedgo odet 4 audiba gite drerepbacgnected to the bits

DR PR b P o Y B v

the xS Seﬂécfablegﬁpaizitoﬂtme Gitveinly the agsheiathd transisidr gete <@nneetadlio the bit

ey e eCorhe, Pl cameh 1910 hiia et B gSociated

tPinbistoPconAditbddo Wl bite<ddfand 4 vilue HB25C.T Thidis Wiadry treé, ®8th the LSB
with the LSB providi n&/an LSB of approximately C/ 2.

rovidiop e} Sikef %ppqur%fgatms 20 FIGURE 11, there is
illustrated a diagranmatic view of the differential

i nput structure for each of the conparators 402 and

[0028] TBefemzw:@“ptooEKﬂBtE 1 acherel isf #losteatad] o iagraminatia glew of the

NSl sLor.s 1102 4 havin

PRl G e PP AP E 4R 1%, Tk R pregiced oo
diﬂ'dazt{hll%hmehmmsﬁbrst Hop unh 1 4daving ohe sideiofthe d0&/drain paths
VDD._ 2S The oth i.de .o he sou ain ath

s ereors o790 YOS RAS OB (UG AT TSRS HYS to Voo
THeREHer SASE 1Rf sohldg/ddBHadf Gaddisforl 20 is 0bnrkéad B iabas 1110.044 the
is connected to anode 1112. The gate of transistor

othey side efpe Fayses/draa b of wangistor AN isaprneptdiogaiode b2 The gate
SFaRt1962 dohstiseLAPHosARS irfpfdfand the gate of transistor 1104 comprises the

negative input connected to Vg Node 11101s connected to one side of the source/drain path

O:

of an N-channel transistor 1114 and the gate thereof, the other side of the source/drain path of
transistor 1114 connected to V. Node 1112 is connected to one side of the source/drain path

of an N-charmnel transistor 1116, the other side thereof connected to Vg and the gate thereof

comneeted to a node 1118, node 1118 connected to one side of a resistor 1120, the other side
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negative input connected to V. Node 1110 is connecteld;March 2007

to one side of the source/drain path of an N-chann
transi stor 1114 and the gate thereof, the other si de

of the source/drain path of 30 transi stor 1114
PEhWer28d7t o Vss. Node 1112 is connected to REFEUSPGH28856
of the source/drain path of an N-channel transistor
1116, the other side ther ecié connected to Vss and the
gate thereof connected to node 1118, node 1118

ERRRFSh et B 0% o fisPlb ) oS st b0 BbE e e of

zin’N chin@eléafisigaring? tiedotrce/dhin pathtieraf cdnnesal tetvosen Addb4 118 and

de.1112 is .al SO connecte he t f..an .

e iAo R ST 3 50010 FOga e i Sishingepoppartor which
ﬁx’?ﬁﬁ&?@eﬂﬂéﬁ@ﬁ@t&l@ﬂﬁ@%‘é@ﬁ%ﬁ@ d&cﬁﬂe&& El?xﬁ:\ M\ﬁého]ﬁﬁlsl 13 “Al 2um
structure is referred as

M umgncenmpaled Grilighr SRFEE }9%161@1 Qa" 6@11@33%@#@&5%1 %? 18% 7 July
ydgbh dynami c | ogic, described in Flynn M LidholmS.
U, "A1l.2m5 CM3S Current Controlled Gscillator, |EEE
Jour nal of Solld state Grcuits,” Vol. 27 No. 7 July

AR OB 5] S AR §80F| TFdfa SHELES viepy of e

mrrﬂaam4bmhﬁd omé-hb.llﬁeftﬁé SRl 1at:1c¢084m&tmﬂ1ﬂgm¢ Q;ﬁar ogpith®he one-half

RS R R g 18 PRSP oot et s fpet SlPpmtogr 02 and
BPIRAHRL Qe 0A RUABhnhAREhsikter 1702, ﬁ@ts&lr&f/drafﬁ Pkch@BeRlonnected

transi stor 1202, the source/drain at h ther eof

besvirraamede 1204 et ¥ A Brehwanel transisios d 2Qashas the spures(drainapth thereof
Ecﬁlﬁ&%d%teﬂsfeeﬂ-g&@ 1@@%& h’e e Et‘é ﬁ{e%ﬂ‘oﬁn&?éd% Hft%% @568 Node 1204

connect ed bet ween node”¥20 VDD, the gate thereof
i cenessted dot the dnpub @é al@oﬁennmb emrrzmmﬁsandmet@t @ side of the

%@%e@%atféfaﬁﬁ%ﬁ%#ggﬁg L ] 1 étﬁ{{ 51](1% ﬁa%re%ﬁé%nﬁée?e‘a t‘fa Ypp and

the gaisihsteof cohebd td duede i by melﬂmodeﬂéttbsﬁls@mnnﬁmddedﬂiwutput of

R P10 coas 1 oo T RE PG et o Bt thoreot

proviging ede J-BiLouthie. dﬁocﬂaZﬂZ‘M biSo & @BiR6Me® thrdu@h hlelay B]Bél& 128 to the
an |nverter 1216 t he out put thereof lé%zlxg)row di ng the
npef 2 Hldi gate aheiem 1’0 NAND g5t £2240d8 campriserhef adP-channel

tgﬁllsé%r fﬁz@ EKwﬂgtﬂx@sch&efdp& pa'ﬂf‘tﬁ&&of%gmﬁc@%&ﬁtves oA £ node 1208
l'abel ed "NDL." NAND gate 1220 is conprised of a

deh Mrehannch ansiston éwth@ma@z soupiep(draig path thereof comlected between the

01900 oS8 BRI RAUSANERDIFP g i s

thereofivgnricaied $0Vig, c Ehalgats of mfntotsiﬂe@fk afd I2ah mectmecbdtotbeutput

T R e R T N By

£ah R REsilooMESS/RTTRCh 968, 8%0d0 11209 i8 06inséied & teidgutdP &h inverter
1224 are connected to the output__qf the delay bl ock

1239 gthe 1oyl dhegecst drivingnbp fatsr of1 31y d1-¢hanned iiqadtierd 1233 havig the
Joﬁﬁ@)ﬁrérgpgaﬂi the:%f@om?e@tefl bRl QiR iRl cgﬁapgfatotr e ?{G%ET input

| at ch I's connected to the |nput 0
¢fdatelr 4085 and the other 31de of the source/drain path. of transistor 1232 connected to V.

The parallel structure to that associated with the output of comparator 402 in FIGURE 12 is

(l)

O

provided for the output of comparator 404 for the Reset input.
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1230, the output thereof driving the gate of an 14 March 2007

N-channel transistor 1232 having the source/drain

pat h thereof connected between the output of the
conparator 402, the SET input of |latch 408, and the
hWp4esd@ of the source/drain path of transPGUEs20BAIB56
connected to Vss. The parallel structure to that
associated with the out put f conmparat or 402 in Fl GURE
12 is 30 provided for the ]out put of conparator 404

5 o G B RN

it ghy dsiitrpachesahe hresipdd *aﬂiﬂge Vlﬁ}ﬁf tr:EBistor (41218 Q@ir bEinsSéedo low

G P4 R i e tohe B0 Y Hab e NATIEAS AP B RADL

aéghs téfo b&%& dBWHRSTtW%e@RQTP{s ﬁn&ﬁo% thid@ncha&iethe Q- -output
whi ch has aNA ate ND2 sim|ar to NDL, begins to

Tréfipllsnitis gerumed RS setiRervaRe LK’ ana KiecQroutgiris set b ¢ P with

Fﬁf@qu%ﬁﬁg Pl c&éﬂx’ﬁt&%& an ﬂ'“]ﬁ 54 tﬁ{a ﬁé(slmlg‘intq%l o@ﬁg 5%631‘ 404 bemg

that " Q IS se toava
itially get'tg“ W with SEB|= %thRS’ﬁ g=1 (The delay blmplaﬂm&nfe%E I‘ﬂhbl from

E‘-ﬁﬁ}lé) \‘fn {fa%de.\.s%fm% gogéll) G0 ﬁal%r]g&i.ens&regqnﬁ&he pull down

ohphidy lood (ocNDl 2idh) forreandtit 5 syideific procespior SEMERIIOWN t he
SET val ue before RST goes | ow. RST going | ow ensures
that the pull down input is low (or NDL high) to

[0831]| tRdfBrifg HOWEEEIGUREPIIOHERSs fRktraRi b seRnatid Qlahﬁﬁﬁilﬂthe delay
Referring now to Fl GURE 13 there is_ illustrated

Glosle AatS: c This glearblosk it Remersea ! aihwsalicy pf peries ‘PapEecisd) igyerters
Snfifised Sf t70 IRek SGMeQd :ilsthsai PLcHanRél n%ﬁﬁét 39@ RRERNE Shannel

Inverters conprised of two Series connecte
irangistor $309y with the Rteitizaeétonnecdigpgsthsr and300sidand tk@mource/dram path

%I%Qia&gfégtedttg g F??ldesl% 85 13595%& 1 Oéjflect?%igjes g% é/g? and %Sr

connec o R s AT
path 15 thereof connected to a node 1306, tranS|stor

oA, BoRRe ool e lflubaRar daamheiicy anpaReplised

c\ﬂnﬁﬂ‘a@fr iBusEhtif Holv sapply ﬁﬁema@t:@fs ehlhalnbbiit TRk béiﬂpaﬂa%&‘ of FIGURE
suppl y |ndependence i s enhanced. The conparator of

H isilimptratedwitha qupreniseyres 1462 émqﬁe@eﬁmen ¥t anggnpdel 404,arpde 1404
S RARH o REl WS8R0 ;@g@ glc%ﬁﬁ’éi%d%%%meﬂ% st%éqﬂ(}@zgld J408. The

connected to one ferentla connecte
D¢ bhasistor ridH6 ltssqomn@teﬂd@@mamumﬂ&reaér te gagya!fetranﬁlstor 1408 is

onﬁ&?éd%& i éjr%]}fsl ngﬁlaf er s&% O(H’gig% oarcg}érafl}%aﬂb s1gtgre 1406
IV commettepiota nodd1B410f \hlﬁbh is bﬁtﬁie@:téd blee sddifalRy dume/brapfiakh ¢ffan N-
ode, 1410, which is

CBAD 120 e s e PO nnerind 66 Groued SRLRe e et cogaeored to

B¥th 0 adaieherddt dtnode NE1 QLN R thedatb@ Mﬁfcﬁﬁﬁeﬁﬁﬁﬁﬁ&tl@@l t'lQan&stor
round and the_ gate thereof connected to 25 both

14hes therepise/iragipathdbrscof aargedertbotwron s ot sidesi Ransistor 1408 and
RONAGRARDRAY, dnlofBet hidsMord it 6 ofh8PSh&B type has the source/drain path

thereof connected across the source/drain path of transistor 1408, the gate thereof connected

to Vypepand also to the gate of transistor 1408. Transistor 1416 represents selectable transistors
that are mask programmable to select 2 predetermined offset in the comparator. This offset
at the input of the comparators aid in the supply independence. Without offset, the following
would be true:
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1414 has the source/drain path thereof connected

bet ween the other side oftransistor 1408 and Vss. 14 March 2007
Additionally, an offset transistor(s) 1416 of the

P- channel type has the source/drain path thereof

- YUhHeEEEH7acr oss the source/drain path of trBERUSNEG028856

1408, the gate thereof connected to V1 , and also to
the gate oftransi stor 1408.-.Transi stor 1416 represents
sel ectabl e transistors 30 g%at are mask programmabl e
to select a predeterm ned offset in the conparator
This offset at the input of the conparators aid in
Whigoffseipl y i ndependence. Wt hout offset, the follow ng
woul d be trye: 14 rch 2007 004/.025417

PCT/ US2003/ 428858 ZJI\.%- ’fv’(‘vlpglbﬁr;\?{%o)ﬁr enieun 2 * (- Z
* In(l- VIrip / VDD) + TDelay(conp) ) ) 5 T Peiod
=2*(-a*In(l-ratio) +T Delay(m) VIrip = ratio * VDD

Wt hout of f selrawuk@ YT+ p i0lligatioyeT sigeekod = 2 * (-
v * In(1- ratio - Vas / VDD) + TDel ay(conp) ) 15 From
these equations, it can be seen that VDD dependence
has been added. Power Eﬂppﬂyﬁ&ﬁ@ﬁgﬂdence can be added
or subtracted by varying the transistors 1416, noting
that there could be variable transistors across

Withows bffter 1406 al so. This way, the offset can be nade
negative or positive. , Agaiph, this is a mask

progr ammabl e system i@m{ﬁ@gﬁT* erring now to FlI GURE
15, there is illustrated a bl ock diagramof two
conputer peripheral devices, a transmt device 1502
and a receive device 1504, separated fromeach other
and connect t Q nek: L 1 rialr co ni cation

| ine 1506. W"dé‘?‘?‘t a g’dhjui(? R@’P%b?gmﬁy“%

uni directional transm ssion path wherein information

i 1t o f sii ‘ t

Pl A BAHRE QB haR ek 405 M Bhee 2 HeiPhEea, SokBSupply
dependsmictacherdéed b5 OB raGed kytyelving tRSunsisigisd4itendingdrat theg gould

has . i at ed therew.th Ly ]
YR s ok ety Pl 1o fET i w A St g I ptte negative
orpesieve) Adabi misis @ nasipprogranivhle sfsteiat a bur sts 1602 t hat

occur over a tineline at different tines although
t heymaybe repeated with a given periodicity. However,

[0633] P Weriin IHIGBRE QB Stherk §s 1il§stdated b bioBP Sk frailof two computer
noté that the conmunication

peripheral devices, a transmit device 1502 and a receive device 1504, separated from each
other and connected together through a serial conuntmication line 1506. Illustrated in FIGURE
15 is a unidirectional transmission path wherein information is transmitted from the transmitter
1502 over to the receiver 1504. Associated with the transmitter is a transmit clock 1508
labeled T,,;. The receiver 1504 has associated therewith a receive clock 1510 Ty, The data
transmitted is iflustrated in FIGURE 16 wherein there are a plurality of data bursts 1602 that
occur over a timeline at diﬂ'erenf times although they may be repeated with a given periodicity.
However, for bursty communications, it is just important fo note that the communication

actually disappears for a finite amount of time between bursts 1512, such that the receive clock
1510 has a more difficult time capturing the clock information from the receive data.

[0034] Referring now to FIGURE 17, there is illustrated an overall block diagram for the
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actual ly di sappears for afinite amount oftine betvveem March 2007

bursts 1512, such that the receive clock 30 1510 has
nore difficult time capturing the clock informtion
fromthe receive data. [0034] Referring now to FI GURE
WO 2004@FH7i s illustrated an overal |l bl ock diREespd3orssss
the 14 March 2007 WO 2004/025417 PCT/ US2003/ 028856 16
system for recovering the féOCk fromthe bursty

communi cation. The receive tlock 1510, as

bedh i bl f
S RateoTRRerraRoEaey SrBpac iRl DR 15w
v dﬁ:nﬁddh&feﬁﬁifovdﬁﬁ avdrieblafbducuygloakshadert kavathe ﬁ“eqlfem*,ymd phase

| ock ut | ock first t 7
Gt P ThRCIp ook Gite bR and S 1Y ovhion: gt lag g st
cohité 1767 is ?ﬂ)&eﬂ R18éh &rtRomit&Q 90 B fdferrclif Bs £UPHeEbd ¢3ﬁﬁ?er (SP

is operable to receive as |nputs the data transition

cownter).| Tharcoumignl 703 isppetable tarresiveas ivivts B data grapsitigagon a line 1704
r e e

e

dperatetl et golighser mite ﬂluas thie dmusngt, cloak, pKow fhe @I@ﬂlt dtsvlem rﬁ‘p])reﬂlde an

d
SRR B ROV b B I i
of iR tﬁhﬂ:@xt Beck Tg. Qe Slip Perlofouintr 0PI ia bpeattlotol initibtie atcourd at a

u 0. val.ue of "0" on t det ec n.of the
GBEatoP i B e e Yoo HE R LB Do o coumt
@wat mﬂy Panhékt Wishificind BitdWeh ofilydhd b REs: s@nﬁﬂiaﬁ‘tﬂitb pRviding a

he two | east significant bits providing nodul o- 4

reesiyierd cqunt,tibaire whsigtost @yaﬂgmqulq Be éﬂYdBa‘Musk}@sea e Smodulo-s,
I{]T%ea}blr ejf’bg ol aﬁ’ﬁ&ﬁetbreeﬂw P@géé{ s canﬂﬂﬂ Wik ekt £&h 60~ through —

st sfgnificant bits wll count
tﬁammmt Overtaain figi “03'Thanalue efleaiwodemstsigpifisantdgisismefeuasiie as the
The v t WO [
pieatp daborte Phef asfEleaR e sRuHRL bRER! me chiinkiron wa
edviéchur dobsisalueefos tach wiclsofgin ﬁranemntzlobk.t s of the
counter 1702 will provide four count values for each
cycle of the transmt clock. [0035] As will be

0635 hBes bedRinRe h&'@lﬂbéldﬂﬁ tﬁd th Besd BSinkP14REsef onlthe occurrence
reset on the occurrence gHase slip and is then

of| ﬁe}haflﬂ stiptagd uis ¢hentpperpple \mzqﬁéhq Jelue i fistermpprewhanifhe next slip
L Bli Rint %EP&C&%% -snfsiRnttatd tra!ﬁéia&?ﬂ sHABRIBG Ahd the value c}f the

sequent a transition 1s sanpled and the value o
BIheDuEHr sootvesy. This mdu:tatesz‘éntdhe fftﬂl‘eﬁdldnfd finderva ¢s nohart inteier multiple

receiyve atalnte noQ l.1.i-pl f
BB TR NeC 6 i e FALERT 0 M bR il
teapsitibein the Beived tah.t Thk edll vpen tite dahtavaltertarbsiitdrenentad by the

e EErhe Nt c bt A itien T BRGER S G5Ok aleh o7 gy 1 e

kit tloa hd teRllvdblbék 26 IdtkePindathE iCh® BkquéadyUi@roBfand Ghe data
If the 25 transmt clock and receive clock are | ocked

teeitiom Bftavals aguipgas quidiRiss @frthe PH derk neried @yergfour, then the data
%500@ fo)ﬂw &Y a+ Bodthyal dato? ol e PHRIOEE @hwdvBeifd ifel of the

perlo over four, e data transition
@dokawsln@mgmlaww te theoother Oﬁﬂiem@n@mﬂmelﬁmloqméhﬁ-ﬂmrb oclk come a

plelg)n\@exﬁ/ e + wher V%Iuetolf%he PH clock associated with the occurrence of a data

transition may be either “1” for a transmit clock that is slow relative to the receive clock or a

“3” value for a transmit clock that is running faster than the receive clock. The SP counter

1702, upon determining that a data transition occurs on PH counter value of other than “0,”
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clocks is drifting relative to the other of the 14 March 2007
oi nt

transmt/receive clocks, then there will conme a p

in time where the value of the PH cl ock associ at ed

with the occurrence of a data 30 transition maybe
NAW0254T for a transmit clock that is sl oWw@RURNG3PRESSE
to the receive clock or a "3" value for.a transmt
clock that is running fast?5 than the recei ve clock.

The SP counter 1702, upon-determ ning that a data

t,ransi tion QGGUr.Ss PH.c t I

it Sl BLSEow A o BRI St B bBrRbedohap shiRy e P
chuntenitTOZ kesetonstitutes a "slip,” wll be noted and

output to a processor 1710 and then the SP counter

1702 reset. [0036] A second counter, a counter 1708 is

[Wﬁr | dededd BRMEY a bduBteP LUTUZEE prafidéEBRbe tiel fiGiber of receive clock
cycles associated with a "bit period," this referred

cyelessrssopiatgipwitie s it RariodT ks mierepds ot PR cowtprer Frsdbit Beriod is
B8l d'E b Hﬁtﬁﬁﬁlbéif 05 L&t (Ylgckccl,ygﬁé(thg’é’&l:ﬁ%eﬁ%ﬁ tH2 &% Bata transitions
etween the two data transrtions that occur between
that headalbedweandMthhiata Mnd thed-4 datednassiticned thefrecetve datacdietain the Mth
a, .wherein.t ta, transiti copsty.t ut
LR b M ron Bl Ul A8 b1 00 GRS bA 43 abd e sp
cattlert1762 Gh reea UFHe@tiplidd the\BP ot arelt70R ik kien tatthpdiin adftch 1A 2, the

BP counter 1 is then lLatched.in latch 1712 the
SRR do o700 Asal B B ferd b, i Sontents
oftHel1atBiecHAgHTEE tH @6t Edr@hd 1R bR Peridd Yor KoBihe Bhirent Sifp dpeimd and the
latch conprise the count for the last bit period for
ipgedistcherensysshp Peiodp period and the inmediately
previous slip period. [0037] In addition to

determi ning the SP and BP count val ues, there wl|

[8035b Beadditonitel defermiBngthmaB tan¢ BB cownt v{IME) thiteyd Rl alsg beprovided

ich is {4, k . n.error R o TR
shffelisE o bt 1S YRR Bl Bld ek alfR, Tiblfizestons
thd dna krameitidn andshd d10¢k ggchl dn GiGes M0 snd 47¢%. oVhisl édprbaidédie the
processQr 1710. [0038] The processor 1710 will wutilize
Hﬁﬁﬁﬁngﬁoindication fromthe SP counter 1702, in 20
addition to the value thereof, the contents of the
latch 1712 and the contents of the NME block 1716 in )
[8938kr Ths nyecasoml W wibrwilien ke glip &diqetion Bemdhe DR epynfes ldp2, in
A& EbFh %@el%frédﬂstﬁe Y nﬁ%@ﬂkﬁéﬂgﬁlﬂ.@fmcf tﬂ@&on@eﬁlfsro?ﬁ{f'sl\?%block

require ect a change in the receive cl ock
1766 inediecio determifie mthutbexdiyectiay of an odsdletee enreriion and gled themagndtude

ansmt.clocks., This i,s then out {0 ose¢l | l.ator
LB RpH sk M3 et S SR o L0 PR R Rhency
efrofatwdenttioe febedverand bnsmitclcekk TG thelbiitpui 8 ait osciiRto? borrection

ontrasted wt standard phase_l ock.l o t .
effef 1758 gl rdvies ic\‘?@“ﬁ’%&%‘gqﬂ? 3 sareii ek 3. dhigdso be
cOftraict QFithod Stat &N PRk ok 14WQ RR Gkilik At iterdtive Bfocedure wherein it
direction or the other to again determ ne he error.

crkelates anypsropand thpsicpsthe gscillsios inspe diseeipaor thepthes o again determine
R &&koﬁ%te%m%p%ﬁ§ constft st 8 O ¥ Hisclosed embodiment, the processor

1710 actunally determines a value and a direction for the step. The correction block 1720 is

comprised of a signed adder. This includes a summer 1721 that receives the error ¢, on an
input 1723, the output of the summer 1721 input to a calibration register block 1730. The
output of the calibration register block 1730 is then input to the other input of the summer

1721 and provides the frequency input to the oscillator 1510.
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1710 actually determ nes a value and a direction foﬁ4lﬂanﬂ12007

the step. The correction block 1720 is conprised of
signed adder. This includes a sunmer 1721 that

receives the error sue, on an 30 input 1723, the

MR PM028417t he summer 1721 input to a cal i br akG¥S2003/028856
regi ster block 1730. The output of the calibration

regi ster block 1730 is thegéinput to the other input

of the summer 1721 and provides the frequency input

to the oscillator 1510. 14 March 2007 WO 2004/ 025417
PCT/ US2003/ 025856 18 [0039] In the clock recovery of
[0D%9] pr daehd cldils edcowuy ef itk hﬁesﬁﬁtrdl@tbsﬁel e q:fefuxh blétWeét%] incoming
tranS|t|ons [ ssujre ap. inte nmul tiple o

TR p B%“IB‘F‘IQ' ff’%& a ’é*feéFfé’HE%PelE PUE‘RPEFPQ offhp Efécfe%?e clock T since

4 RautnRABHL c16tk r6doV& id |6 AVififYio gSnedi€a AlBbbIE tbadu®s of a frequency
generate a reliabl e neasure of ‘a frequency 5 error

Peor hretwaen thelord egpillages and tha tefsrensa gr tranamit escallagqac Ehepresent system
lBEEL Qg e nbe@i e the HUGmRlEIRAHor b BT okt s dVicnsure
qitlebesrror. &* og @mﬂp&t ¥eahpfthsmceming fraistilensis maaaurelaosmg the SP counter

f N
03 MR trck TS B8 AT B S BBl AR e 1 g
thininld-Hdmhnddpeithis SResudadiol wansiht resive htltahs@ft ¢lock @l at the

t he same dul o- K bou is SP cou

SRINE TepRcy- HRWENST 27 B°tF g‘?{%’ﬁ?“’c""%llg@ﬁ regriye 516’ ﬁe"hé]ﬁg’sfa% the
dotfieitl eA16e/ motaWeRY SdinpledSat @%}ﬁﬂc&ﬁhg irAdewilll fend BE“walk” in the
receive clock is Sll%htl faster, the counter val ue

nesie dirsetionnbikewisadt Ba sgcive elovk 1 glightxslomer. die mpdulo-Kagapled
ORI tohdioli inifESckhiR afibaiga! 1 On.  Li kewi se, if the
receive clock 1s slightly slower, the nodul o-K sanpl ed
transition will tend to walk in the negative

'ﬁg‘{‘ﬁ IC flle@ Q'lngt \g[to%fl@ggﬁﬁ? hﬁlilie :isgﬂusrﬁ'gygd % &a%ré%x%?ﬁ%\:}i%g ohlilo%vr the SP

coontat peranpeclaiveso the [PEl mydnld-K dottterPlit ¢ib B kéen Ithat HérSPesounter is
i nitiated at

JL., can be se n.,that the SP coun a
gty alugeor i pg Fhh CQUSTi P @E? %f{ cqypter Bi3lyogeRst tezerogt the

sainé €mic @SBk SP BouhRF, Qindé thisihEsicalle B@nﬁﬂs@ﬁh@&a& Reo seRiificant bits of the

counter, since this baS|caII conpri ses the | east two

S T 150720 bpinsgPTRIRg FompS OF dupEsy .1 0 confiemltyeyeies, such
GAUBE &:afhple! QEh m&hpfe%‘f@%?res&t ina vl usof@@ Ak cﬂle@%ltltﬂe values “8” and

recycl es, such 20t hat or exanpl e, eac of
“A2%i 1l result in a value of"0," such as at the values
"8" and "12" [0041] Referring now to .FIGURE 19, there
is illustrated a diagram of the SP count value froma

[oed1jie Rmferﬁng o @ RIGURE 16 thefe.i§ illubtrateder disgas of he 8PicBunt value

I ,Subsequent | 25 transition is
Elnrate Gro B zatog o SPy o Paricin en o sraned ) RHeR ] g Sbsequent
tihtiGsh ik Bphglatat PAY, (hibR rdfa iy R “PhRsHipl"Sviidsh Eﬁesttﬁh@fﬁe receive
the reference clock. How much faster is not known

cdqeh defeapidhaths refeence clepls e Fuch fasignis spdlgloemygiugectven a slight
b |¥1rﬁ§%ﬁ’§1 ¥ Gk WBulibvent iy URlatP s difatfdnCIREIEYRE US the first

transition is illustrated as occurring at the beginning of the SP count, this having been initiated

by detecting a slip in a previous SP count value, as will be described in more detail
hereinbelow. At a first count cycle 1902 for a count value of “0,” the transition could have
been sampled anywhere within the clock cycle between the beginning of the count cycle to the

next clock edge that will increment the counter. This is measured as a distance from the initial
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transition is illustrated as occurring at the d14March2007

begi nning ofthe SP count, this having been initiate

by detecting a slip in a previous SP count val ue, as
will be described in nore detail 30 hereinbelow. At a
QO 2043847t cycle 1902 for a count val ue of PQI/US2013628856
transition could have been sanpled anywhere within

the clock cycle between the £pegl nning of the count

cycl e to the next clock edge that will increnent the

SR R e 0D RO B3 2o UTID0E, detina by e

M@Mﬂm@w@ m&aigvahmi'g]atwean t]:&dqxelvg ok, ge{é ofed, b Sl‘h% receive
r [ve tranlt on.e 1 ,. defj.ne
B B Bt B SO0 it pie Y bl i posoar

tbtht kst vabedh ¥ elithiol, SPT lkiranitio T908Kagaihl¥Ris k@SsRiohQletermined by

temvvl nueto sanple the transitions until a
atgf’éls@}t CF Fg‘ide rapsitiags 190 wd 4903 argsepprated by whintqggrpumber of

Vidhsu@t d16bka, 1 lplvingd@iht@dal 0P T AU THAS steﬁcﬁﬂstfaﬁélﬁ’& v}i?lQ@cur somewhere

agalnthlstran5|t|on det er i ned by 5 the transmt
féaelqﬁt equnt opelgAS A af B SP rowder AeR. Hoosvearagaivdhepasitiod witlin the

S By, MR G SERRD b O oy ol st

sehativettrethe recaive bliock @ alvabie ofbum Knpoligg thefifle bétwelrephak slips and
r ver t he 03|t on, within the

AR AL ot b ped P Bt den HHH B reBr0 Rty R Gt T Bt Grer e

dizinge tnrtiins i[-lowefer,l iistoled ehana plake d:lﬁ) piel’t crtl refredent juy @edt@ than
L@ eg? vg]ﬁlcl: ;a:éjéas a val ue of b-Tel k. Know nﬂ t he

R TR TRt Bt sSSP S S ey i RGOS o W gmow

Blakifgl @rdE tHoRdork! i thld BARNHERE b far efough bl if %@9 éltﬁ‘at the
phase. over the change in tinme. However, it is note

Plh'*é% slip wiH kg bodargqpngd pxoeqd thxs@gprdthp@@tse@e@mrelpw wijt eedigmared. This
thafion o e dﬁéjtatth icEﬁELII a’ﬂﬂ@of ﬁlﬁ{]&ﬁ%ﬁ ;:Joltéﬁa.?.(l fgrulgrgg Qead times,

the uncertainty he oScl
resydting im the Ptﬂw:ntla}rﬂtil; top Hmfg@é ‘@me betwfeen transitioan IF mtagmranlp thisrcould

o AP Breclch e TRl Y S ot GRS e

measur enent Wi II be |gnored Th| s 15 condition can

I, St de.tothe ture of the data and the
E@# %JP"W afﬁﬁﬁéé%% 'flter% ustrafed appars defailed diagrammatic view
mhﬁﬁédnétl dafa®fandifis L'éi’d'tﬁ@ tofthd Sﬁ%uﬂ%f e Qoﬁlfe?ﬁ%s%i £8%a1ud df zero

not_ignored, this cou result in a frequency

#3 i eoyné pyclaPRP2 whigh is cbecléwwb theroevgreneeii 2 rageiwe datal frasition
her

P AR TS 0T Pty b R Brob DGR o o0, e

ravgition 2696/t lehated T r dmsﬂk tramztlon@IOﬁﬁt labeled @, stidusBited as occurring

SO OB 5P SR e B B 4 T cor
Getindicainga pbise alip me.b SRcldél. ahl trationi 2004 is ARPEscl Baistahde b T,

sdavlue aTClk fromthe | eading edge of the
% Birite EW?“% rf-‘é’umt evales3 408 ot S elorks Werp dpekad, Teuch that

EEBNKTHkrvﬂihﬁiotrélﬁﬂre %ésﬂlﬁ l?l?én@lgs w;;oulﬂ 1%31!11{ 1&1? ﬁ%l?]sg&o %094? forannth

occurri pg duri ng he count
EBeifieR i 2 @zcowa\ﬁwﬂg bipck 20U a xmlue tw‘ﬁﬁ” andPH Rﬁlvahe of “0,”

iddcatthg no Hgé &g’i RO dia RS & gﬁjaﬁsg}ogfzogﬁ ﬁon@fh dge K the' Qnt cycle

tranS|t| n 20 I's di spose stance
block 2010 would be equal to a-T,,, such that the time between transition 2006 and transition

2004' would be NKT, . However, since there is a phase slip of the clock, then the value from

the leading edge of SP clock 2002 would be N+ (b - a+ 1) « T,y , esulting in an error 2012.
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fromthe | eadi ng edge of the count cycle 2008. If t
cl ocks were | ocked, such that NInrNKTclk with no hﬁlMarchZOOT
rel ati ve phase shift, then this would result in a

transition 2004' for an nth transition T'" in a count
ARMISHIK 2010 with a value of "40" and a PET/YSA0E28856
of "0," indicating no phase slip. The distance of the

transition 2004' fromthe edge of the count cycle 30
bl ock 2010 woul d be equal t0 aTel k, such that the tine

RREF Lo SR el OhRE R R0, 1 AT 3l of Gl Wror Yl n Ut

wignitkde dfitewnerrdrés knatvo.eTlhereason fonthid eadisiist el encomingRransition in

| agk 2002 | d be Nel kf b - +,1) Tel
{5586 oy ol ool Bt 2 8 Stk s i 7ero o ome. e
m e ek bétvded (ORI 0 BE88&ve@f: This error can be
utilized to adjust the clock, if both the sign of that
krror is known and the magni tude of that error is
known. The reasonaﬁ-%{;g\hjpme_fgpr,f,ks_}_gm each incom ng
transition in the counfer "1 ncf'udes®t he uncert ai nty
%actors (a & b) which range fromzero to one. The
measured error between.the clogks can be derived as: 5
1. aTctk + N Tref = Sg_"’k'.gr.k_-l-_blcrk 2. Ka N Tref SP
+ b - a 10 3. Tref(1+7h) NSPKB-gP+b- a 4. KN
KN- SP-b+a s= -1=is SP+b-a SP+b-a 5 PH b+ a SP+b-
a 6. PH1 PH+ 1 20 SP+1 << SP-1 [0043] Note that, in
Y. hese equations, PH iB,{inegted ag a 2's conpl enent

value, i.e., 3 =-1, e~ “gpip_g4

4.
KN _KN-SP-b+a
= SP+b-a SPtbh-a
5. ' _PH—b-]—a
€= SPrb-a
6.
PH-1__ PH+1
sP+1 ¥ sp1

[0043] Note that, in these equations, PH is treated as a 2's complement value, i.e., 3=-1, etc.
In equation 6, it is noted that for small absolute values of PH (-1,1), that only the sign
information is known and the error magnitude is still unknown. The BP counter 1708 is -
utilized to help recover the magnitude information. In addition, using the BP counter and the
SP counter, it is known that there are either two positive phase changes in a row or two
negative phase changes. If there is a positive and then a negative or just the reverse, then the

error is ignored.

[0044] Referring now to FIGURE 21, there is illustrated a diagrammatic view of the
operation of the SP counter 1702 and the BP counter 1708. The value for the BP counter

comprises the last Bit Period that occurred prior to and up to the resetting of the SP counter



10

15

20

25

30

In equation 6, it is noted that for small absol ute 14 March 2007

values of PH (-1,1), that only the sign information

is known and the error magnitude is still unknown. The
BP counter 1708 is 25 utilized to help recover the
MY i nf ormation. I n addi ti on, using t heCTARs2003/028856
counter and the SP counter, is known that there

are either two positive phaie changes in arowor two
negati ve phase changes. here is a positive and

1R R AP Blon 1R Mool S mes A 4 8 sy b naving
d Valiledrdnbzdrd (o8P, mal eecand@lip Pendd tiving awalawfrof Ztlveo SP,. The first
ration. of th%FSP cou ter. 1702 and t he BP

riod [l hayp ifs fiped coyng & B?SS%&&?W-@POH %WWP’% uné%}rﬁaﬁﬁfiﬂ that

d%bﬁrsE@EPHdraﬁlQﬁfat;Q&tﬁéi—&KﬁG*O’%b&hom @ﬁlgwﬂpo&ﬁlﬁggount cycle 2104
resettln%@ﬁP the SP counter 14 March 2007

p@tp;t@;s@@@ 39 155% 458 valye of B’ ;_such:@at the count cycle 2104
I
ng%tilﬁgt dJ E&?c cdudt F%?tbrgts&%hg Sﬂgﬁeﬁdd alld Iﬂe%ﬁg ;r’ﬁ irkdtBro will

eri o a value from zero
HesetSPH0. A Atis anli@mmlcb t&:mpt Bepi amdnth@:all lmg]tllde vétheteankmigiglock until

ero.to RS
SRR Beopt] i idsfeiars i A Sty ple B o i coum e
ZIE& Agdif, thddrst traﬁﬁﬁmﬁiﬂof). Qtcuds aR:lh‘Ttmb tifa-T ) @ilom the Rhding edgle of the
t han shown This w occur | coun ycC .
o yeis 2 o 3 a4 ariepee B rogt B dsativg e of
ghaahugdyQHM) such that the count cycle 2104
constitutes the first count cycle of the second Slip

Peri od and the value of PH therefore wl|l be set to
[09159 %’ﬁe&tl to R BPIBH e 19083 II 102 Mt teBififel irPesetting of
iple of the transmt cloc un | a transition

t@dfﬂilsc cyutent )2 1fd1 dte firgg Sth@mﬂamctedwn mteglhhmﬁﬁp lgaf th@TgﬁIo ck from
e A1 hesfiS tid

e A
dahaetrdnaﬁ&l ap2e (Hme/eﬁacr, it ﬂﬁuﬂiﬂ:e@lﬁﬂhﬂitoc&l}tﬁit&hﬁ d4d trasttiohlRenld occur
transit.i 106 occur t a_distance bTlk . fromthe

at é%Yd‘PH]&P]gd’ﬁ ﬁ‘eé‘fam%‘hé %‘o 3?&611@% e ?)‘é’m‘?‘%%gjm piefogol utilized.

TIREPSIntE0 705 R B8 meht tRhsiddit ihddaR, dublpiStahéifeh 2140 %or the last
that resulted in resetting of the SP counter 1702 for

RipyRerfod i the &jrst §lipBeriqddn éé@mt exsle A2, atisiapea pf ¢luntliop) e leading
;é Yand dRhC,0E 51 1d, O BERofutb 1708 i s eflém&ﬁe@%pkg 2 vhlik BP in

lor transi'tion 2110 is the I mre y prec
& croamts:ytlﬁ @14 hatcatresppndsrig el SPreoRdiGFcle Rbie vihis wilt besmmttmte of
¢ ond t th [a could 0
2 SRGHE Ry 8B et Y181 B L RRRB 2O ot R drcten
théBP cmnmumeclatmomﬂ apd ihisoatie 1s.lItihlz®dZIB dalculﬂih meﬁilfbck @trod. Similar to
708 .is res t Qn ea r n3|t|o he, dat such as
(5 BRGP R B 8 e asleck A3 caaPe RGNS 11 1 o1
Slip Period in a count cycle 2112, a distance of
cT(c)]k fromthe | eading 20 edge of the count cycle
»110. The BP counter 1708 mnll be |ncrenented up to a
val ue BPl

At I toe O ds to
the SP counghCyc 510%616 Fhi s mf?PigggaT agce of
8,

jlm._ M+ N
Ter BP+SP2+b-c
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aTO k fromthe | eading edge thereof. Wen the 14 March 2007
transition 2102 occurs and a slip is detected, the BP
count value is stored and this value is utilized to
calculate the clock error. Simlar to the previous
MHBWO4426417t hi s case, the clock error can be RGH/EIDE0E$56
as follows: 25 7. cl +Mrref+NT. ef= BP Tr k+SPZTak+bTci k
8. 30 Tclk M NTr ef BP,+ SP2 + b - ¢ 14 March
2007 WD 2004/ 025417 PCT/ US2003/ 028856 22 9.

Tref (1+6) MtN KTref BP + SP2 + b - ¢ 5 10.
gkl\/H-KN— BP- SP2- b+c s BP+SP2+b-c 11. PHI +PHz-b+c 10
BP+SPz+b- ¢ It cargbe shpwn thaly  KN- SP2) =PH2 and

(KM BP) =PHI , such —=E£2—+PH+PHz-1 | | PH +

Pzl + 1 15 BP+SPZ+%§B¢+SPzBf+ PEe+&UCPH2 are those
val ues associated with SPI and SP2, respectively.

0046] Equation 12 defines the bounds of the error as

t he magni tude thereof. The sign has 20 al ready

been det.erm ned and I S ugdp Oy f any non-zero
val ue of PHI and RHZ Fefy) Tﬁﬁ'ﬁ%})ﬁ_%\tdero | ower
limt on a clock error tBEt &Bnt+be cal cul at ed.
Therefore, a frequency correction of up to twice this
lower Iimt can be made to the | ocal clock w thout
nisking an increase inpghg pgsul pirg absolute error.
The reason for this FSW ned error of, for
exanpl e, +1.5%on the | oker” ¥ %t ¢ "c¢oul d be adj ust ed
byup to 3% in the opposite direction that 25 woul d
result in the clock then having a -1.5%error, which

Tyesibg shovethat (KN-$To)-Rbk g0d GM-SE)=PHhesuch that:
12,

| PE+ PH2|“1<|5|< |PH1+ PHA+ 1
BP+SP2+1 BP+ SP2-1

PH, and PH, are those values associated with SP; and SP,, respectively.

[0046] Equation 12 defines the bounds of the error as to the magnitude thersof. The sign has
already been determined and this equation, for any non-zero value of PH, and PH,, results in
a non-zero lower limit on a clock error that can be calculated. Therefore, a frequency
correction of up to twice this lower limit can be made to the local clock without risking an
increase in the resulting absolute error. The reason for this is that a determined error of, for
example, +1.5% on the lower limit could be adjusted by up to 3% in the opposite direction that
would result in the clock then having a -1.5% error, which would result in no worse error, The

correction factor that is generated is as follows:

13.

|PH + PHA -1
BP+ SP2+1

gos0 = SIGN(PH1+ PHz)( ](1+ 0)

where o is the maximum allowed overshoot and the sign of the correction is the same as that
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correction factor that is generated is as foll ows: haqmanﬂ12007

30 eose = SIGN(PH + PHz) JPH + PH21 - 1 ) (1+0) BP+
SP2+ 1 ( where o is the nmaxi num al | owed over shoot and
the sign of the correction is the same as that 14

VEG 20p4/26007 WD 2004/ 025417 PCT/ US2003/ 02885 6PCIBUS20/3/028856
the PH values. This equation 13 therefore provides '
both the sign and the magnlgude for a given overshoot
factor "o." [0047] The derlvatlons above use the

SR Db Blach Ly ST fontHFhe oh B S Fhagtindo or

givdnasenbpat &otootetir t hus making this relationship

invalid. The rate of change of PHZ relative to edges

on TYef is equivalent to the clock error over KTTI.

(Ot tIine ddratibrs tabdvienisd the lbitiohsp itk N-SP)=PHL OHbwevkr, since we

BPTl, k KT., Were BP is_the nunber_ of Tdk perlods

Wﬁe@ﬁ vialte i G 9 BGQIg Jrrasitions, giaTmeatan qoRy this making this
f [

B e o P R RO Ry T, sl o the

qleskcpanor even i ThhiThusthobinquist Bk teqbiessiteptor ed to avoi d

errors. Notice that in order to know when to reject

incomng transitions, an upper limt on the clock

Brror nmust be known. Although a worst-case error could

be used based on the starjing ogcillator tolerance,

this would tend to decr Pﬁgig?ndmndth of the

tracking | oop byrejectl transitions, thus

increasing the tine reqU|red to reduce the clock error

to wwthin acceptable limts. An alternative is to

mai ntain an upper limt for the clock error cal cul ated

fromincomng transitions (named ME). This |imt can

When Bt isuthe umbercef| Eulpatiedst teoveen|ineomitg tr@mitions. Thiggneral, the

rHBBﬁl?l'daf{E%fﬁﬁ%Qﬁ &g&hé Alf%luh%ﬁ%n}eﬁb he worst-case

oscilTator er Incom transitions are

observed, ME can be reduced, thus increasing BP,,. and

1851 | owm ng | arger gaps

BP <—lE

X 2g

Transitions which result in a BP count longer than this amount should be ignored to avoid
errors. Notice that in order to know when to reject incoming transitions, an upper limit on the
clock error must be known. Although a worst-case error could be used based on the starting
oscillator tolerance, this would tend to decrease the bandwidth ofthe tracking loop by rejecting
more {ransitions, thus increasing the time required to reduce the clock error to within
acceptable limits. An alternative is to maintain an upper limit for the clock error calculated
from incoming transitions (named ME). This limit can then be used to calculate the value of
BP,,.. This upper limit can be initialized to the worst-case oscillator error. As incoming
transitions are observed, ME can be reduced, thus increasing BP,,,, and allowing larger gaps
between. useful transitions. This is of particular importance when dealing with bursty

communications systems, such as USB. Calculation of ME will be described hereinbelow.
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30 between useful transitions. This is of particul ang March 2007

i nportance when dealing with bursty comunications
systens, such as USB. Calculation of ME will be

descri bed herei nbel ow. 14 March 2007 WD 2004/ 025417
MOr20085286013/ 028856 24 [ 00481 Al t hough the abRERIUS2003/028856
equation is correct in general, further considerations
can be used to refine the BP,,,. calculations. For
exanpl e, since the SP and nce PH values are reset to

0@% :ncAEl ou%ﬁlgégagog e%gﬂtpo% ({ﬁrn%ﬁi ée%ﬁrﬁ]l, I’L{Hhél’ C%Ml e%tio\ﬁg(L,aY'lbe used

wirviae (babP) pdlcuitiots. br Bbinph, Sipe thef SPcand Aknoe HHWalﬁE’,are reset to

can_be cal cul.at ed whi ch eve ts 5 aliasi for
sﬂpééPrreP ipgpyig Gansiton,tas Peclal .29?@656@3 @ﬁcfgaﬁthﬁ&fore
B sRIpARIS A RE bOPH, &%&Mﬁﬁhlue for BP, . can be calculated which prevents

- TYegandPHaccunuIatesovertlne hi s "accunmul ated error

#Hasing frthahsneeific £ valuey Ehig is a@tf?@apélahﬁélbé gonpisieries kewoiap plage error
WRRRIZ dﬁh‘a&%ﬁﬁt&s By BRE fikis éclaﬁ:gulht@@é&&ﬁmm% 1&9@&@ prevent

error remal n | ess nan egr ees Sl nce
tha @hl@llbdaﬁabte pﬂé[i HomurdnpihgoAlteaugh lrtgemnd ithi§ iplies thephase error must

grror ean excee 180 .de
R B RICT B 78 o B0 B RSO oo Bpitin.
glowed pinge drfor cilexeeed TBKdeghdekih skme dases. fThe érEor\attﬁlﬁmlamdl oser M T,
the .initial phase error. To avoid aliasing, this error
PRIOMS 81VeRQ¥eed the cardinal distance between K and
PH (named D). Therefore: 17. aTk+M KTk-Tef) <DTk 20
where Dis given by: 18. 25 K-IPH of IPI3k K D= K

WCIPH if TM= 2 KTtk | (1+S d
sol vi ng ;or M g.V859§§29@§92W%§$5 ma (L ) o

-

where a is the initial phase error. To avoid aliasing, this error must not exceed the cardinal

distance between K and PH (named D). Therefore:

17.
| aly+MET, -1, ) <DL,

where D is given by:
13,

K-|pH| if |PH| <-12g

2K-|PH| i |PHI=%
Using:
19.

:Z;'ef =KT,/(1+&)

and solving for M gives:
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(1+s) K s Using the relationship between the clocks
and a worst-case value of "1" for a, this can be 5
witten in ternms of BP,,,ax 7 % periods as: 21.
B 2004/925447D1 E 10 Note that this val ue of RBEMS20E/028856
the largest value allowed which rejects aliasing
transitions. However, due tqQ the quantized nature of
PHval ues, a lower limt on“BPm can be cal cul ated

ich guarantees no valid transition for a given

anpl ed value of PH wi || rejected. This is
obt ai nedbyrequiring theys it error always
exceedt he cardinal distanceletweenPH and O plus 1,
witten as: 15 22. a2tk+M KT,k -Te f)>(PH+1) T,k
T8hs ﬂfé@élatlﬂﬁslﬁg b¥i@der fRe CREIBAS WilTst-case Wafietd “8 FRlaUhiOdan be
0 for a as: 0 23. BP > P14+1 nmax.B For a given
VA REang of B..ofx Piods & ock recovery al gorithm using
any value ofBP,,,. which 25 satisfies both limts
wi Il prevent aliasing without rejecting acceptable
1lnconming transitions. The actual val ue used can be
chosen within these lim i n -lranner whi ch reduces
hardware conplexity. [O <K§£ di scussed above, a
nmeasure of the maxi mum cl ock error is required for

roper .30 rej ion of aljasing transifions. Starting.
e Rk vasic Y i esb Gt i PBieh S Alasing transtions,
Mbwivet Qudk® thelfhalBEE Ratvd@ 8T PH values, a lower limit on BP,, can be calculated
which guarantees no valid transition for a given sampled value of PH will be rejected. This
is obtained by requiring the accumulated error always exceed the cardinal distance between PH

and 0 plus 1, written as:

22.
aly +MKZ, ~1, )>(PH+Y) T,

This can be solved in terms as BP, . using a value of 0 for a as:

23.
PH+1
B }:r)n o > _lﬂ___
&
For a given implementation of this clock recovery algorithm, using any value of BP,  which
satisfies both limits will prevent aliasing without rejecting acceptable incoming transitions.
The actual value used can be chosen within these limits in a manner which reduces hardware

complexity.

[0049] As discussed above, a measure of the maximum clock error is required for proper

 rejection of aliasing transitions. Starting with Eqn. 6, the maximum absolute error can be

written as:
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SP+1 em~ < PH+1 if PH> 0 5 SP-1 In order to sinplif
the hardware, this can approxi mated w t hout |oss of
generality as: 25. 10. |IS-nxkIP14+1 SP-1 The nmaxi num
&G WPH28Yi’ st er (named ME) can be initializedPGR/E$20¢31928856
worst-case initial oscillator error. On each valid '
incomng transition, the CUfr ent val ue of SP can be
used to 15 calculate a nem1abso|ute value of 4... If
iﬂis new termis less than Mg, ME can be reduced to
this new value. BP,. can then be cal cul ated using

MEME. This measure of th na i mum error inproves over
time, thus all ow ng Iar gdps. bg%ﬁEﬁn i ncom ng
transitions before _pglcdﬁ Note that if a
wor st - case osci |l | at G rl_gquer time is known, the

val ue of ME can be incrlegse 3Prection factor

at regular intervals in der to account for this
drift. 20 [00501 Referring now to FIGURE 22, there is
ilTustrated a block diagramillustrating the counters
Breader kresiinpily diphardaara hipgan aprsoximeied wsthewfless iob geenbivas:
her ei nabove that are required to inplenment the clock
recovery algorithmof the present disclosure. A
2feneral control block 2202 is provided that is
operable to receive the data,transition on a
transition |ine 2204 anqdﬁi E?ﬂérate on an out put
therefrom an oscillator rquLpn request on a line
2206. The BP counter 1708 is illustrated as having an

~accumul ating regi ster 2208 that receives as an input

TREm@idbib efdr 1'3%1&\910 (daPRE ki 1R BRIz fh N Sorst-case itial

mul tiplexer 2210 is control'led by the data transition
psgillatgp emony Kan esele Hlidapecaing tralswaﬂ,athp ewrEi vilehof Sa¢aade uged to

&.]m aftepe[ neiy Eﬁsﬁﬁ&e &mﬁro‘?gl Onyy E:WI t&m 1% EE@T @191? $17%an Be reduced

ta transition, a feé&ffback 1 ncrement Toop |é sel ecte
Wﬁlls hqw m‘lnfn Bfag hamtherche damulaged Iuang)lt—MEeThe oEhsneEs aﬂﬂmkaxmum
n.the BP.latch.2208.
eorb"é r“?%"i 08 ﬁs ?"ef %"ﬂlc?h E"“’i ﬁ}g‘iw‘% EE6Ph BERS REPEFR NSO, ‘é‘a“éﬁ“’m before

Alakiaf cad2Q8urWiNbte the if Mﬁ@gkeﬁisaﬂﬁﬂﬁdﬂfﬂmf i@k isknown, the value of
Do teaSiervediancomalign o #ppeal Bieryanit GopnEe-DmE o i it

fromthe

[0050] Referring now to FIGURE 22, there is illustrated a block diagram illustrating the
counters and the implementation of the various equations noted hereinabove that are required
to implement the clock recovery algorithm of the present disclosure. A general control block
2202 is provided that is operable to receive the data transition on a transition line 2204 and
generate on an output therefrom an oscillator correction request on a line 2206. The BP
counter 1708 is illustrated as having an accumulating register 2208 that receives as an input
the output of a two input multiplexer 2210. The multiplexer 2210 is controlled by the data
transition to, upon the occurrence of a data transition, select a “1” for a reset operation and, in
the absence of a data transition, a feedback increment loop is selected which, upon each clock
cycle of the receive clock, will increment the value in the BP latch 2208. The operation is such

that the value stored in the BP latch 2208 will be loaded into one input of a multiplexer 2212

on the “1” input which multiplexer 2212 is controlled by a slip detection output 2214 from the
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control block 2202 that wll cause the value of the
| at ch 2208 to be | oaded into a BPseve I|atch 2218. In
the absence ofthe Slip Signal, the output of the latch
MO B4/@3£18d back to the "0" input of the mREIPI2e0sHe8sse
2212, such that it is continually nmaintained in the
| atch 2218. 5 [0051] The Sg counter 1702 is realized
with an SP | atch 2220 t hat ?eceives as the input

f t
CoREOLBHo 28 B ool o VagleS? B0 lrgbt B B Laod 36 e,
Tatch 2218hn tmﬂbserpb efithe Sln:r&bgﬂalj thegui@uirod thedatoli 2248 {stied 8kk o the “0”

Signal, is_indic n e 2 In the,a

by e prite 2218 o e o dbahabg R RR gl
i ncrement bl ock 2224 that is fed back to the "0"

i nput of nultlplexer 2222 such that, for each

I ck
e, TheriP cpantgl 1 403 is Fephesd Spthea 1 leich Qé%ﬂﬁa%recewes as the input
th&%f%ﬁ@ﬂl?ﬁx@ Rf ti'rpﬁ%t C]ﬂRZZZ EEHB8 R <12 @u’t Ebﬁé&é&% 2 filBreset

output o |S|nput to gOI‘It
@h@@lﬁ“lz’m muliplexeruredding aesét wien Be Ship M@ﬂ&mﬁeatcm line 2214.

1\8121? | lse%% 04 otIE e?lﬁnggi gtglleg J ulqg fa%ﬁ%g%%ls ?é]sdnt}';% mcfe%aehpﬁock 2224

thﬂllsuiéﬁb‘&keo the 0’1 ingd of muldiplek @202 dmmﬂmpﬁ:tmadh&lnck tgrle, the value

e oo R emopled msEintaaip s ipus ofne

Mh 2230 ishepR @k obate Pldcly abaen aeant HE €3 b Hétbralik the
to determne if a slip has occurred. is SP out put

opaiflefer pesiog P%1‘€P°P?be§9t°’f»és Felhasdbayaies eﬁth% BF gefegipler? 13, These

o Qe BitiZb@t Rk BHh HiofefiodiBXi UM error val ue, the
out put of bl ock 2228 input to the A-input of block

2234. This is input to the "1" input of a two input

%Zt]' plfﬁg(g@gé%?%e épﬁtc‘ﬁ%?{%' Es aggo 1)%@.& %Q({‘IJ t%etﬂé ﬁn@mﬁﬁo@@zzoz o

rster rovi
detepdine @@kl \tahlet: ‘(herefdi) ThaspPE vﬂﬁestahﬂvham’e htﬂmieé Yoedete2RRO if a slip

The out t he cal cul ati,onbl ock2228 i s n

g oot AR bl Saus sl it S e ar Hgae o 228
16 ch1BRAE tHeSn & RNBE & akud, thd iyt bBlbckan28 B@uﬂVEﬂieai ﬁiput of block
2232 it being understood that the initial val

i s i Enpetio $B4D" MEutoRe RS TGl 2200 Miso VbR Whl@ feeds
Rnge ?ég?ﬁé?h@%h&t%oﬁ&b@ ﬂ%m%mpuﬁ%é% ol 1%31% th§ 0" imput of the

operable to determine I1f the value of Ais
mﬂapﬂexdn 8230a Tbeouwput Bf the faleyltaiion bk 2228 Iselgh bant ty a m@@tatorblock

3% gzm&]%A %Jiuﬁg t%ﬂpf&'ts%u hgig;ht Pﬁl n%e%%}%to?%te Jﬁ&)&{t gﬁ:he ME latch 2232,

it bednpamtiératnodibattiiesinisinl viatve ofthaRlEtlatche2230 huthe misimumeausedie that

the val ue cal cul at ed 2228 t.0 be | oaded. into \
e RE e S ey B o R e S Gpas s gnq G of Al
TeRein itk ialueoPBATE) thid isdbdigiy ANIFE wABI6: tdbkiEibn BlpSI®2 so, if both
recei ves the out ut of the SP latch 2224 cal cul ating

theeondition et Ads leﬁ@th%li‘@ed HrdlagdrepsiianfoRgs ehige W%@n%fthen this
Bhises the Yalus caAQildtsa bRtk 2088 {8 1At R thOMER16235, a'i“ﬂe,r output

bl'lock 2238, the B-input connected to the output of
BME ktchR23D s ghenfifput foen calcuiapiort blpek 2286 shichnalsd receiviethe elﬁsut of

§I§] Ia{cﬁ 32& caﬂ:@féx{mg ‘[&1@ an%bzilﬂghg Qath% nd H&éﬂfhﬁﬁé fhe value of BP,,,,. This

is input to the A-input of a comparator block 2238, the B-input connected to the output of the
BP latch 2208. ifthe A-inputis determined to be less than the B-input, this indicates that there

is an alias condition, which is indicated back to the control block 2202 for the purpose of
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is an alias condition, which is indicated back to thﬁdﬂanﬂ12007

control bl ock 2202 for t he purpose of 14 March 2007
WO 2004/ 025417 PCT/ US2003/ 028856 28 possibly
determining that the slip indication has not actually
PPy @H1And it will be ignored. [0053] RefRGHVSIGO3(428R66
to FIGURE 23, there is illustrated a sinplified
fl omchart depicting the bgﬁic control steps. The
programis initiated at a Start block 2302 and then

I S 4
;g)fsﬁ%gﬁdc mﬁﬁ%&hﬁh’cﬁ}?n ip in t@hggs};%o?g’cg% S(%ﬁaﬁlte?mt%ﬁ %qgnored
function block 2306 to malt for an incom ng

b ki ore SURE Abh ARt s o iyt debpine e
54310 Bontfd StefN. Oﬂie%}bérﬁﬁ s fnltRWE at @ S@arﬁc MB&H 2300 an® 1R6 proéddi8 to a

to wait for next transition. Wien the next

fupcdien bkopléﬁﬁodé% éﬁt &he wlye R Mﬁéo smaxiggihniiel g aadieno 2 function
lggc%?t}@t%_% oWt ﬁ%h@o%m e n 9110%@151&9 Ync@mﬁﬂéq&hélﬁ& &'cﬁ’t% khe BP

e program ows to a decision bl ock
@B1t4r i oescle amdmated byf fundtion blocki @308 TP pragranethen fibvemntotatfunction

’t}.’lalk a? ﬁo wa1t thel fxtssrah ockﬁ’%‘%%h%%% 1!1'%15{11019 ﬁ(ﬁ’{rso %e SP

unc 1 on tou
cﬁbimtkﬁnﬁ (1173 Hﬁmtbmrasad@d)adsasmmldaltadw a’iiiiibﬂoﬂ ocket3g2.n tm@ro gram

if the val,ue .of, PH to.zero., | t, this
thon Ao 3 S ok A RO i B Satne b AR by he g value of
Biecl 3 Nthebgten?wADflow hi¥®sa “Y’h{ﬁﬁl totalfendtion GlodX DM tb update the
f|OM/baCk to the input of the function block 2308.

Ygiof M apd thep tosyflepisian blagk 3738 tesleerming e velpe g RH papal to zero.
ﬁﬁétetﬁi@]ﬂ&ﬁ;qteg Qsl{i’)%n&‘@lten ﬁn@ﬁl%gfaﬁﬁﬂoc%?ﬁ%(a sk 97p0b tf?@éﬂhen

2314, then th programw || flow to a function bl oCk
thgpragfmayH] diembgqﬂ@n tis] lmomqﬁnn@twnrbwb 2345 Sirgiarlyoif mtis¢liasing

gbe%eﬁéh%dﬁﬁ bRty MR Ybe 108 o ddes. O aBLiGH1EA0R 4, thon the

egram will oy twa Sihetipndioel 282200mm ﬂdsmesmxntm@:kﬂﬂ béroaesct tho B counter

SR ERS Breial sparen ROk Her o el T dptsimined

1k tHd Ry €e.f HEp24dn8itioR, thdnGhe profRAl flowhHed ReRPhaRI2BL0, and a
flow to function bl ock 2322 |n order to reset _the

P
desision éymadgig tq Whedher acpgenh vt e RHnd the pigvious vy of RE heve the
satfie m@tlﬁn& %@pr&%’ﬁlﬁ%ﬂ’ Ao ditkctiés BBl 28 A dr8&ho 1@se|t ﬁ]ﬁ 8P counter

osci Il at or m ni num determ ned error.

qngpl sertbmragfﬁmnmwowwbna thyo¥ | pathiakeiyagtiopdlpcly 0 pagrect a local
SFS EBE glng 25 guanti zati on and
‘%aﬁggtﬁﬁﬁg Ister (%EMEQS or exanple, the oscillator

correction factor nust be specified as an |nteger

(OHd | BrfigRentitges of B sy deSerb B o Vets LS fspereisg frumanasing

duaBtiAagdrPdnd RiteFdgRer offdtes. PEEdrhamaleOthe Sscilfudr BbMRCHOS BB} Bust be
uniit step size nust be used in the calculations, This

spagified 45 4n indreprreeltiplg of the opetlfatas s dehegsst pesid sgsoluion. Also, since the
IN@E(%Q%E@ T increase the relative error, the oscillator’s maximum possible unit step size

must be used in the calculations. This value is defined in the RTL code as:

26.

MAXOSCSTEP =

Estep
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Estep 14 March 2007 WO 2004/025417 PCT/ US2003/ 02885§ march 2007
29 The initial worst-case oscillator error (Enj) i
defined as a multiple of Estee, i.e.: 27. Einit 5
MAXI NI TERROR = ceii( ) = ceil (MAXOSCSTEP emt) Estee
WR20AH025HAmM al | owed overshoot is defined as RBCTAR2003{23856
of 25% i.e.: 28. 10 OVERSHOOT = 40 Finally, the
Maxi mum Error (ME) is nainE?ined as an integer

multiple of C (a fixed fraction of 4tep), defined by
ERRORSTEP as: 15 29. ERRORSTEP = Esrep = 1 avlE

GV ER-cadd &cillker &dii&?,-m-, {s deffeduR b nRlSHIE QBT €F 8. 1 S

Imted I n general by the xi mum val ues for Whi ch a
non-al i asi ng cal cul ati on woul d be performed. 20 The
remai'ni ng i npl enmentation issue is howto avoid the
2ii.vi sion inherent in nost of the equations described
herein. For the value of K= 4 used in the

i mpl eme | 1, _of tih@m lequal.} e, gi ght
o cnel A B sl LRSS
be preconputed. For exanp &, consider the cal cul ation
of the oscillator correction factor: 25 30.

R aBm hilléwad ovelsESot ks BRiRE 1 nudtigld ofobodlech 2007 WO
2004/ 025417 PCT/ US2003/ 028856 30 This can witten as:

31. PH, +PH2-1
28.

OVERSHOOT = 4o

Finally, the Maximum Error (ME) is maintained as an integer multiple of &34{a fixed fraction

of Ey,,), defined by ERRORSTEP as:

29.

Estep ~ 1
o MAXOSCSTEP- s

The width of the various counters is limited in general by the maximum values for which a

ERRORSTEP =

non-aliasing calculation would be performed.

The remaining implementation issue is how to avoid the division inherent in most of the
equations described herein. For the value of X = 4 used in the implementation, most of the
equations only have eight or fewer unique values. This allows the divisions to be

precomputed. For example, consider the calculation of the oscillator correction factor;

30,
_(PH1+PH2—1)(1+O)
BP+ 5P, +1

gOSC
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5 BP+ SP2=l | | (1+0)-1 1 Ease Now, for K=4 the onlyg march 2007

interesting cases correspond to (PH +PH2) = 2 (the
case of (PH +PH2) = 1t3 is approximated as 4:2 to
simplify the hardware). Therefore, the equation can be
WQ 10p4954110 as: 32. BP+SP -11+01_1 15 IEpscl’C'l)’USF!Iﬂ@’OZSS36
val ue of ECSecan be quantized to 3 bits since
23eS,tep>E, , ,, . Therefore,3bhe oscillator correction
factor can be calculated as: 33. 20 7 if BP+SP2 <I
1+01_1 else |7Estep /1 6 if BP+SP2<1+01 1 el se 6Esty
J 5 if BP+SP2 <1+01 else |I\SEstep J 25 4 if BP+SP2
Hide@vrdlen@s: | eascl = 4estep J 3 if BP+SP2 <r1+01 el se
I\3Et~J 2 if BP+SP2 <(1+0)-1 else 2Estep 30 1 if
BP+SP2 < | +0 -1 else 1lEstep 0 14 March 2007 WO
2004/ 025417 PCT/ US2003/ %%?5 Z} his corresponds to .
a set of sevengggggggato 25T %6& qEng logic in
hardware. [ 0055] ?errlnngé$; E there is
& of

illustrated a diagrammatic one

Now, for K=4 the only interesting cases correspond to (PH;+PI,) =<2 (the case of (PH;+PI,)

=13 is approximated as+2 to simplify the hardware). Therefore, the equation can be written

as:

32,

BP+SB = (“’"J 1

Igoscl

The value of &, .can be quantized to 3 bits since 2’ Eyep = Enir.  Therefore, the oscillator

correction factor can be calculated as:

33.
£ )
7 if BP+SB<|2Yol 1 else
7€step)
(1+0 )
6 if BP+SP < -1 else
6g@/
(1+a
5 if BP+SE < -1 else
ks slep)
(140
P _J4 if BP+SR< -1 else
oS¢ \4 step
(140
3 if BP+SE< -1 else
3a@)
(1+0 )
2 if BP+SB< -1 else
25@)
1 if BP+SB< “") 1 else
\lgsa‘ep
0
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instantiation of the precision oscillator. In the 14 March 2007

oscillator inplenented on the integrated circuit, 5 a
programmabl e i nternal clock generator 2402 is provided
that is controlled by a register 2406 and a register
MVOYPMEREout put of the internal clock generE@EwSmﬁmnwﬁﬁ
input to a divide circuit 2410, which is also
controlled by the register %408, t he out put thereof
bei ng i nput to one i nput oP a nultiplexer 2410. This

T840 B B R e

which is input to the baud rate generator 302. In

A e e R

as&itlatid dthe pfecBionSballaterORithdtstiBsto xﬂipmaied Qﬁth@&tégmtd@i circuit,
oscillatqr 2412 is provided that is interfaced

TP ERRabIA inteipal plogl geperpior FW7 is nreyides that isgpairopled by aimgister 2406
411 4 Roolofer M0 AhEE AR oPtﬁé’ ﬂeﬁlal aéﬂ(%en%&& is Hﬁt%‘ﬁ diffae Lt 2410,

oscillator 2412 is in one
wiltith is plse gentrofiad gy, th Ster 2)40@1 thy outpwt th@mf écmainpuﬂ to ofe ingut of a

. t
ﬂﬁlﬁ%l%)ge? ?4@& il ﬁ%%{%g{e(r ezr%i‘@ %g%%tgc%d %¥ rggxstgxpﬂﬁbs Ref& 2410
cmd;mtsrthﬂ dystein obcl'rr:] (ISIY{&C(EK),Z?ﬂ]ll& is mplll.t ld:trt:le Imiukzi Zzgez gbyleratof K:1v] giagdmon
2422, 056] The i nternal  osci or I S .provide
38 Hotpmal gk gEprplof TR D 48 S bovBep B STt Coa Grtplid
SYHEOMA @€l conlioled iRfeaTvRbn-GiEE biciiRkd@ 24 1295 provideéBRat Renterfaced
tgawg{anned W th the regjster 2406 the follown

anspput sEoyE24l4 4o tiybinals 24 16nand 34 éﬁ¥o al crystal §416 The
MR 6f the B 948 iBALB 06 i E‘ﬁt delag hithgieng! hms CAddlltﬁ)thﬁy,

follomed by a reset, IS the change in 1nternal
steanal ¢legkds prozded m@@m;al 24204has kralggdnnudtorome inpad af themmailighlexer
t 2406
M? | O onaf duby B obuatod W B A0 S
in one exanple, 12.0 25 N%h [ 0057] Referring now

| GURE. 25 ' |IIu e, f
b@sgf Th oSk eGP ot et ol oo fefatiguagem ek
aBEIts 5EAeésal dlle Witdrhal bivlla6 belhfdafan Bprof@ingiee wﬁfthetr@gester 2406
osci|]ator and its value can be changed internally.
by ths dpdtovwige pqYalietr at es the control register 2408

illustrating 30 the controls provided therefor. 14
March 2007 WO 2004/ 025417 PCT/ US2003/ 028856 32

[ 0058] Al t hough referﬂed enbodlnent has been
described in dét |=I (?3 %PTO ard {faller st ood t hat
vari ous changes, subst i t uf M8hs and alteratlons can be

made therein without departing fromthe spirit and
vﬁiléﬁﬂ% B istaRqhidiep bt thtchfl 6RftiaRe tblldWed BPa RBASNES the change in
cl ai ns
internal oscillator, and AOSCICE is a change to the value held in the register 2406. Typically,
theregister 2406 will be factory calibrated to a defined frequency such as, in one example, 12.0

MHz.

[0057] Referring now to FIGURE 25, there is illustrated a table for register 2406 wherein it
can be seen that bits 6-0 are associated with the calibration register of the oscillator and its
value can be changed internally. FIGURE 26 illustrates the control register 2408 illustrating

the confrols provided therefor.



14 March 2007 0 -33 WHAT IS CLAIMED ISt 1. A nethog march 2007
for recovering a clock froma received data stream
conprising bursts of data with zones of substantially

no data between the bursts of data, conprising the
SYQRHRHPF41T provi ding a recei ve clock oper at i PGI/V§R063/028856
reference frequency range; neasuring the tine between
data transitions in the recgived data relative to the
recei ve cl ock; determ ning e difference between the
measured tinme and a closest receive clock interval as

a phase shift value and determ ning a frequency error
{0968lef ralfhongh thediréfPredeensimdiment bialsen diescriiedlirbgetdihdt should be

r [ ver which.the difference i h was .
PRI o e Rl e G FERET sl Rt wicnow
tiepariing oy the spirit 4D koupe Bf thi thvédtiod de define® by the @ph@&kclaims.
associated with the recei ved data stream and t he

frequency of the receive clock; and if a frequency
error is determined to exist, adjusting the frequency
of the receive clock to mnimze this frequency
error. 2. The nethod of claiml1 wherein the step of
adjusting the frequency of the receive clock is
inhibited if a previous step of calculating the phase
shift value for a previous step of adjusting the
frequency of the receive clock constitutes a phase
shift value that is opposite to the sign of the phase
shift value of a present calcul ation of phase shift
value. 3. The nethod of claiml1l wherein the step of
provi ding a receive clock conprises providing an
oversanpl ed receive clock of Ktinmes the frequency of
the transmt clock, TCLK, and wherein the step of
determ ning the phase shift value therefor conprises
determining if the tinme between data transitions is
different than an integral nultiple of K cycles of the
oversanpl ed clock. 4. The nmethod of claim1l wherein
the step of adjusting conprises adjusting the
frequency of the receive clock by a step value. 5. The
met hod of claim4 further conprising adding a
predet erm ned overshoot value to the step value. 6.
The nmethod of claim4 wherein the step value has a
sign equal to the sign phase shift value. 7. The

met hod of claim 1l wherein the data is non return to
zero binary data. 8. The nethod of claim1 wherein the
step of neasuring the tinme between data transitions




i's quantized on the data transitions. 9. The nmethod f march 2007

claim1l, and further conprising the step of
determining if the neasured tinme is substantially an
integral nultiple of the receive clock, and wherein
the tinme 14 March 2007 O -34- between data
transitions is neasured from@& first data transition
to a second data transitiomd3wherein the second data
transition conprises a data transition that occurs
mﬁ the step of determining if the nmeasured tine is
WH4 bé?aHPﬁQMF dR‘integral nultiple of the receive
clock determ nes that the nmeasured tine is
subst amk ieihby fup @éco@dding ALRGE BbmAMbdelvied Bat® btrdaRofmBEEh Y Bursts of
dataelithezkines bOsubdtagialte hi Osla BItebeaniths Burstd $¥ldedacokdpBtify ﬁn@@tepseofa
nunber of internediate datatransitions betweéen the

fi providingd receive Bldcidlictating AirefeledBSreqhdncy Fiige; et hod of
claim9 wherein the first and second data transitions’

can eXinsdasiridg Bl fifhe %&%eﬂ@&@trﬁftﬁﬁs‘sm thé rccyugd Hift‘zti pe?ﬂxvg to the

cl atdvd clgdrer ei n the receive clock has a known
“error value, and further conprising the step of

deter mc@!eﬂﬁniné tﬂehhffer&ﬁ@ﬂ&w Mgﬂsgxreﬁ Bne\s %i' @log’egeonje!:ewe clock

OVigferal$ a JRRRSHIRSA Ik AR Pl s 4 dife
t hi@ phise Blsﬂfedhf‘ﬁle E]ﬁ:;éﬁféd' qz\é%%chatﬂ dxf(;tf Qn pﬁase Wiy iif;gﬁi?

t POhicH b fekddes € r en c
cl ﬁ%:ate%%wtﬁ&@re% éaQi l£ é?ld@le]tg] tfoc\]/ll te reﬁelve coc?(:gﬂl(?ifcm ‘

provi |ng a receive C conprls

f .
?\é;; j{ E@HEHJIJ ﬁ{% uEx?c %h\’nels Eﬁg;n&if ta \%ﬂ @E&mghe %%gp)g the ceive

uen
detern1n|ng t e phase iift val ue therefore conpri ses

dq er mIﬂé H’lg b& OF(Q f crei S Q a %S ztnr A OnS I e recelv
cIoclil 5 :&ﬁ%&ﬂ ifh EQ: i ﬁm? pm%E?% ?19152: ség %}gﬁl t‘é/lcz‘lﬁ p 0:‘
utii Pl erbqag ook B E\ oy Ol gl gevin

of thE asured tlne an%lgﬁaﬁuonoe%zmeSh |%H§ cl ock interval
as; a p €t dfothYﬂnlfwand al cul t|n a frre ue X .
oot SR LT gﬁtﬁﬁ b gt gy
;«e};? i ;E??ot .tﬁfél_\iff hhé E%SS 6 valéla ég Frémlelag if the time
A e Bl o o AL o ek o8 ok
f f the st
et AETRET S R a3%&&9”@F%%%QEWP@§aEdjﬁﬁlng

SF e Rsery N HEPENEUred tine is substantially an
cl ock jn accordance

| tegr (0] t he recelve
Wt ey e PP Ry a4 TS e epryeringaygtoot vl

to the step value

6. The method of claim 4 wherein the step value has a sign equal to the sign phase shift
value.

7. The method of claim | wherein the data is non return to zero binary data.

8. The method of claim 1 wherein the step of measuring the time between data transitions
is quantized on the data transitions.

9. The method of claim 1, and further compnsmg the step of determining if the
measured time is substantially an mtcgral multiple of the receive clock, and wherein the time



PH+1 SP-1 if PH > 0 where PH=the phase shift error 414 march 2007

and SP=t he nunber of cycles ofthe oversanpl ed cl ock

between data transitions froma first data transition

to a second data transition. 14. A nethod for

receiving serial data transmtted froma renote

transmtting | ocation whereinothe data is conprised

of a data stream of bursts of- data with zones of

substantially no data between the bursts of data,

conprising the steps of. 14 March 2007 O -35-
betwe atrangjtierses rokaswedinonaa St dagal trapgitidn to b ewend/dangradsifbm Gerein
the s¢qopdiaia ransition euhmlia¢sa dsta trewsitionyhat dveurs w@sthedtep of determining if the
meaquragivingtiissybaantielyeinvee grd] amkipbypé tha tdceige ¢l6ckalefeBHiAENE Bie measured
timefiy wystenislly netag éyegr asiltiplend tehecelviekbcket ween dat a

transitions in the received data relative to the

r etlei verhe hothilsd of cthérh @ whareinh tigretcrebeamBm bér obhiteth@tiate data transitions
betwelerf the finnae shehdweantiigioneasured tine and a cl osest

receive. clock interval as a phase shift val ue and

detier mThe Ii’tg:tlﬁ:dfolf eRLIe N GsheRIT BE fitdn eNPict M A% @ansitions can exist in
diffectinf daerl@it@e in phase divided by the neasured tine over

whi ch the difference in phase was determ ned, which

f r equermby methbdst claRt KR8 6Hh tekdgive ElSQ&lﬁ@&%o%ﬁan&mhﬂ Aot Vatue,
and fuflier EERH4RREE sRP of leferlnGHF (RS RAKHALSEW Eior viR€ applied over the
measiRQ GinéRould adsal: HlahBMtRRdhd fig JTHRGHSR ? pQ:Ise Euthe if's& é) 1 i ng the
step 6f ddfitingAndfréduerty lof REWRBIGY c164K OF 1S determ ne d'to ex

adj usting the frequency of the receive clock to

M i M T8 mbthSd b RAHAD GHedfnf OF; and decoding the data
usi ng the adjusted frequency receive clock. 15. The

MekdWh Ahrdviddlgm ré&ﬂ)ékﬂﬁ{:l@éd%ﬂn@% p%v‘?cﬂngg‘}iy ng}s&aélépgcei@eeclock of

K tinfeb 8@ B QYcy0df thet@nér E’&békeTCE ) hase
shift PAEMhQERreTbRPriRE dGahiiil fﬂf ﬂh@ng ﬁﬁ@ﬁ}%ﬁﬁ él ions ¥ %tlf;!]eéent an an

integfhl &ﬁﬁ‘ﬁie@f'ﬁ SEBPofMe oveld Ed c{f requency o .
recei ve clocCk constltutes ase shift value that iIs
ORRAR} ddtnphiSink mgst@ﬂ &Hal ng];t hl% aﬂ fedren Of th
time $HIQBLN st M e élelpthegfal & %e% ?j; crlezlf 11(1ﬁ n q;er:cf;ssr;i?
therefibih Q@ﬁdlﬁére&:leﬂ ;ma.ge \Wﬁlﬂ:%rb k t1 e o o 1c t nce in phase

o RENE AL °f"?5“*‘**§%f§ o Aty ag“eggge%w f‘*r"s‘ﬁ%ﬁ*‘ﬁiz;

e £en oLk
eI L L e
he tine betmeen a a'transitions is different that

an integral nmultiple of K cycles of the oversanpl ed
cl ock. ﬁ;_I e nmethod of claim 14 wherein the step of
adj ust i ifi sRE <ddj usting the frequency of the
r edeide }PLf( by a step val ue.

Sp if PH>Q

where PH=the phase shift error and SP=the number of'cycles of the oversampled clock between data
transitions from a first data transition to a second data tfransition.

14, A method for receiving serial data transmitted from a remote transmitting location
wherein the data is conprised of a data stream of bursts of data with zones of substantially no data
between the bursts of data, comprising the steps of:



18. The nmethod of claim 17 further conprising addlnq4g“anﬂ12007
predet erm ned overshoot value to the step val ue.

The nmethod of claim 17 wherein the step val ue has a
sign equal to the sign of the phase shift value. 20.
The nethod of claim 14 wherein the data is non return
to zero binary data. 21. The ngthod of claim 14
wherein the step of measuriiy-the ti ne between data
transitions is quantized on the data transitions. 22.
The met hod of claim 14, and further conprising the

St eqgeevingdiat dataminr sadalipbrtt he neasured tine i s
substantially an integral multiple of the receive

cl ekivingdidoh ebiatedeh@d HitiBrehdh yictepe 007 - 36-

between data transitions is neasured froma first data

t r pREvidingYedePred]1ctR 6 alind At Rreldr@ds frbdueiby fperein - the
second data transition conprises a data transition

t h@deadEifEhs timEBRwERQats irBRitRhs ifl e RchivEd Atk rélfitl\tet&?the eceive clock,
measured tinme is substantially an integral nmnul tlpﬁ
of HaemliMAL Y BmbhR 6Kihe @itﬂ%femer’lﬁﬁvctelli‘ ﬁﬁ: rﬂegs%r ?% clogésﬂ%cewe
clock $nt&VR1 85 ApHak At vaRlan@Beté i cgr kb £% a difference in
phadeQRHEeyCthO Rl asued timb Wel RhibR the Ql ff n@é iR & &tePmined, which

freqiiﬁgggngégi%tgt&@ W&cﬁ&m‘r Bgféeg‘% o g Pthe cIock associated with
thetranS|dt|ons Th g ne?h&g cf a?é?%ﬁ%@ mhereln t he

t _
mmﬁﬂ i?éfg%%ﬁ?%‘}&ﬂ &ﬁg&gneh é@@aﬁéﬂagﬁﬁﬁlg E}%gf eg?érﬁg of ﬁlui iece:vc clock to

wherein the rece€ive clock has a known nmaxi mum error

valillSding HaQath EihPBE aﬁ?@ﬁeﬁh&g ¥438v§&§& of deternmining

if this known maXi num error val ue a i eéd over the

measur etrﬁe%d% Ullagn f@v?llxgrél h@ s%{mf %ﬁ]‘ﬁflg hQ frt huencsy g—ﬁ receive

VAt e step of

clock R€in %ﬁ r'a éﬁ%@ Batch 199 eh
h é L ?%:2@*@;:5 T b il s
ve ¢ ﬂp ' 8V d? %H oversanpled

r e?ﬁel Vel"h% c%f(i%? Ul &Egemlﬁlee ftf:rpe TGl lock
step ot proyidige, reg(?lve clock comprises
provs n?gr}i 5113?1 fﬁ recel t:ko tu%l?s feﬂ en{:%% E %ngn 61:}:#? g LK, and
ngdf the time

whe

terr 1&\!
betsi ’%‘?"ea??feaﬁflp M fe“tt‘*ﬁ?%@lptgsm i 5?@‘% L sappled cloc.

t he, ov cloc rth rising the step
o §7a| QE‘ ST ERorE e i PEPUREES BRSBTS GHtane e
cmﬁ@ggu cﬁmﬁve H P8 ¥%sest receive cl ock interval

B L e .

ﬁ%%sured time over which the difference in phase
usting operable to

t he
phasz\aﬁ) st b ﬁ&“’%"gaﬁ weyf of "f‘ﬂ'éthFé{Eé Viue Bas gskentegual to the sign of the

The method of claim 14 wherein the data is non retum to zero binary data.

21, The method of claim 14 wherein the step of measuring the time between data
transitions is quantized on the data transitions.

22.  The method of claim 14, and further comprising the step of determining if the
measured time is substantially an integral multiple of the receive clock, and wherein the time



mnimze this frequency error and further conprising4 march 2007
the step of adjusting the maxi num frequency error on
each determnation if the measured tinme is
substantially an integral nmultiple of the receive
clock in accordance with the follow ng equation |PH 11
if PHO SP+l |Emaxl < PH+L if g’H>_O SP-1 where PH=t he -
phase shift error and SP=th# munber of cycles of the
over sanpl ed cl ock between data transitions froma
first data transition to a second data transition. 27.

betweer lataikansitiomisnsasaed froe a fict datacnyition 106 second dutkirfnki@ioh, avherein

the seennd idute tlardtion cotprises datauayiticgitiag odouits Sithen i stehpd Rletdirhibing if the
meaguperd gned$ substirgiaBywni istb gyl nndriphadfshelbative elock de® riaiab Sha the measured
timeg§ gldvstantiallp nytran itepgal mudkipledfeherecele@bdckoperating in a
reference frequency range; i'. 14 March 2007 0 -37- a
mesur effenhethlel 6 eai022 WRaSII thétg chl @e tal MBRE LIBRGMIGLR data
tranditican Setivieande fint dndeedofC Sty shsitiahsa rel ative to the
recei ve .cl ock; a phase shift detecting device for
dez4er nmThe mg:thok @f alaizy, whbreinfe Ghsf 4n8 EREE JASIWRARNE BB exist in
differemadats Bstt.i me and the cl osest receive clock interval

as a phase shift value and determining a frequency

erznr tiehreihb@®sncRin Bt whctdifh&REBvechcRPRAS Rudhnth A8 Hul ¥ror value,
and fuRRer @B:aisRAhd skaFRf Q@MY iEfisikhéwn Hifih85 8BGS alul 2 1R Ever the
meadtiRel el &8 in Akbigilty i ROUEIGn e Ping PRRE %ﬁ&% Ms3, ihiBiting the
step bf REL4EMENe BEJuRhicyRRINAB&RIve EIR&:. f r equency "of the cloc

associated wth the received data stream and the

f reguenay n@fhod 8f daimeS&iRiIn: Cl OCk; and a control device
for adjusting, if a frequency error is determned to

eXths btep peoidi QAT Riek t riséﬁﬁ&iifﬁg &l &fé%‘sa&&élg}'}fﬁéi% &Sekc of

K tinied iife e @ABLHGNe BInbhH clodS TCIR Can WA R QM @61 6 €10
shift 0418¢ tRrefbreMagHakdl dét@rhgntzﬁé)imh'é 95:@%&%2&%2}?&%{ !isga%@efiﬁﬁf:ﬁ
integPdl i Eiple W Kt H€1ef Efecﬂéj@@f‘s){mﬁ%d Lb&; erve clock 11 a

previous stép operation of calc¢ulating the phase shift
v eplukder ESHifis Tl B¢ kOl St cAPALAHE R B line BFhE Rk B b DG cen the
) { measured

time AddRBYQRGY r@fivk DRI RERY S o hQ&%&%ﬂ& ! djcfa?cul in, f %5 QY grror
thereftinkl a di¥iBYeH& i Didibe disia 'ntlﬁ s }fdﬁt'}h Sover \?lg}ctgt ¢ difigrencen phase
w-fzs.&.?érfnﬁ_ne&athé‘ ?l%p g acﬂusﬁﬁgﬁﬁ ztibieca adjlis 'c%q@enc:)p of the receive clock to
minimize this frequency error and further comprising the step of adjusting the maximum frequency
error on each determination if the measured time is substantially an integral multiple of the receive
clock in accordance with the following equation

’8 I< SP+1
max PH+1

SP-1

if PH<0

if PH>0

wherf: .PH-——the phase shift error and SP=the number of cycles of the oversampled clock between data
transitions from a first data transition to a second data transition.

‘ 2_7. A clock recovery device for recovering a clock from a received data stream
comprising bursts of data with zones of substantially no data between the bursts of data, comprising;

a receive clock operating in a reference frequency range;




val ue. 29, The clock recovery device of claim27 14 March 2007

wherein said receive clock conprises an oversanpl ed

receive clock of Ktinmes the frequency of the transmt

cl ock, TCLK, and wherein said phase shift detecting

device is operable to determine if the time between

data transitions is dlfferent o than an integra

mul tiple of K cycles of the %Versanpled cl ock. 30. The

cl ock recovery device of claim27, wherein said

control device is operable to adjust the frequency of

t he megmeameat dvioe bor lnyeasariag tp timabet@cenidbia tfﬁhﬁtl&ls%fﬁe received data
relathegotherscetteviocle of cl aim 30 further conprising adding

a predeterm ned overshoot value to the step val ue.
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cloceeagsur enent device is operable to neasure e
bet ween quanti zed data transitions. 35. The cl ock

T eE@BENeHBY PR Rfing: 18 By MRBF i dTerinflied
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transition to a second data tranS|t|on, wherein the
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adjudtit@the DeGuthSy dPﬁﬁ?ecElb@ClQ ; i %Q tlt: : lllfits‘.ﬁrf?
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a nunber of |nterned|ate 14 March 2007 -38 dat a
trAnsi ThoRR PRI Jf' fofih 23 WheRBC lddr g
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error val'ue app | 6d ove# Fﬁ% neasured time coul d

s;;%;' * ThEBTR el RS ST BB srPrghe bnecdsdesrined
over usulngh%#]%%% frequency of the receive clock by
sen é?éf I SR B O B B TR s i et oo

over sanp ed recelve cl ock of K tines the frequency of

t
S |3§ The clock recovery device of claim 27 wherein the data is non return to zero binary
atfa,

34.  The clock recovery device of claim 27 wherein said measurement device is operable
to measure the time between quantized data transitions.

35.  The clock recovery device of claim 27 wherein the time between data transitions is
measured from a first data transition to a second data transition, wherein the second data transition
comprises a data transition that occurs when the phase shift detcctmg device determines that the
measured time is substantially not an integral multiple of the receive clock.

36.  Theclockrecovery device of claim 35 wherein there can be a number of intermediate



transmt cl ock TCLK, and said phase shift detecti nq4 March 2007

device is operable to determne if the tinme betwee

data transitions is different than an integra

mul tiple of K cycles of the oversanpled clock; and

sai d phase shift detecting device operable to

cal cul ate the amount of the difference between the

nmeasured tinme and the cl ose®-receive clock interval

as a phase shift value and calculate a frequency

error therefromas a difference in phase divided by
datattiassitioma betwech the fimt odecconddathtrankitionsdi f f er ence i n phase

was determ ned, said control device operable to adjust

t ha7.f r etjeehel reodvehhizvice efudiime s elhereln therigl and BicdRd A4 tFansitions
can éxie qrudifferynteiatadursand furt her operable to adjust the

maxi mum frequency error on each determnation if the
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recefv¥ Glocisbypfalden@iesasTpl ed clock between data

transitions froma first data transition to a second

dagq t rasiokk RBevedievite BRlAmI38GRALNE: for receiving

serial data transmtted froma renote transmtting
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and Serial port for receiving recove
device for recovering a clock froma recelved dat a
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1 a t emaxun equency
SasdaeE

a phase shi value ern1n|ng a frequency error
therefron1as a dlfference i n phase divided by the
nmeasur e Ld; over which the difference in phase was
determ ii€hPIFe@uency error represents the
frehud wwgf}or bet ween the frequency

— if PHZ=0
SP-1 4

where PH=the phase shift error and SP=the number of cycles of the oversampled clock between data
transitions from a first data transition to a second data transition.

40. A data receiver for receiving serial data transmitted from a remote transmitting
location wherein the data is comprised of a data stream of bursts of data with zones of substantially
no data between the bursts of data, comprising:

a serial port for receiving the data;

a clock recovery device for recovering a clock from a received data stream and including:

a receive clock operating in a reference frequency range,




of the clock associated wth the received data stre March 2007

and the frequency of said receive clock, and a contro

device for, if a frequency error is determned to

exi st, adjusting the frequency ofthe receive clock to

m nimze this frequency error; and decoding the data

usi ng the adjusted frequen;%%keceive cl ock. 41. The

data receiver of claim40 Tein said control device

is inhibited fromadjusting the frequency of the

receive clock if a previous step operation of

Cc & oedsatinerg deHe: Phhes 8ms bétivienwdtaundi®dns irbthP FRMb QUG taSERINVe to
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the oversanpl ed clock: 43. The data recelver of claim
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shi ft ‘val ue.
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receid Rk bER GiméSihe Sh M saxc{ phase shift
detecﬂjtfgvdegﬁe s Qa% tw
s ey B a&"“fﬂ&ﬂ?%&éf Grepitan an
mwg@ a|%$@g wh }%fﬁh?ﬁ§&1rﬁ£ ‘%(Meen data transitions is
L
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conpri ses ?lon t hat occurs when sald

pQ,ase da@aré%%ﬂgrotfcla }-?_"ef\l/l{t e det erm nes tha %elt
I's Substant Tt al TYP ROE 291§ Hi's egimned overshoot
Vﬂue&ﬂﬁéﬁg?glof t he recelve cl ock. 49. The data receiver
og cI (éér&p [en { e can be a nP .
t AR EE Ml £ o 8R 3ef KUTRS e et osesion of
meﬂﬁ%ﬁ%ﬁgéﬁgta tranS|t|ons 14 March 2007 -40-0 50. The
48 wher.ein the first and second

d@éi Iﬁ%ﬁdé.%?%%ﬁgf o SpettF % P sar e v b g
recelflé of cl aim40, wherein the receive

W said measurement device is operable to
measu‘l:é %CF een quan 1Ze ranpsrlltlélff dr
48.  The data receiver of claim 40 wherein the time between data transitions is measured
from a first data transition to a second data transition, wherein the second data transition comprises
a data transition that occurs when said phase shift detectmg device determines that the measured time
is substantially not an integral multiple of the receive clock.

B 49, The data receiver of claim 48 wherein there can be a number of intermediate data
transitions between the first and second data transitions.




val ue, and further conprising an inhibit device for 44 march 2007
determning if this known maxi num error val ue appliec}wI
over the neasured tine could result in anbiguity in
the sign of the resulting phase and, if so,

i nhibiting said control device from adjusting the

frequency of the receive clock, 52. The data receiver

of claim51 wherein: the retive clock conprises an

over sanpl ed receive clock of Ktinmes the frequency of

the transmt clock, TCLK, and wherein said phase

def®ect Thedita cectiveropepinitdevhersinitht Ershandeedond Gdietrarisitions can exist
in diferentaleta bdestsa transitions is different than an integra

mul tiple of K cycles of the oversanpled clock; and -
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as a difference in phase divided by the neasured tine

ovEr whihe dath beecidirfof elantlewhetein:phase was det er m ned,

said control device operable to adjust the frequency

of tht heeivededkwempriRs in dv@rsaiped focdife E16dkSof T BELIRCHKe@Ec) bf the
transaiickidelt] TOEK, 200 WhereRi sad phite dSlc@lictibe Bdperable ROddidMine if the time

- betwBEvdatiahditi R (SiTeyent o & in@EraRAdipld 611 Ey¥ldd 8f thO& ekhmbRE clock;

and measured tine is substantially an integral nultiple of
the receive clock in accordance with the follow ng
e iRl phast: detelHtidvice oftatlie tof caldulal tht ERBEH: off (1R ieridce BEween the

measired Bite indvhediGseflibctivecipbiantervaiik i phass that vaARAnPERRNE: a frequency
error(ThUMRTERN d3fa dORdreSinPhade ARidRY 8Y 2 ARh R AGINRDRLVARE difiBleAee in
phasé W& RickhDBE il 6ohral ddvics bpdlidio bl e te@Beref ofithd REAM L 10ck to
minifi@ thid freAl&icy bfdd and further comprising the step of adjusting the maximum frequency
error on each determination if the measured time is substantially an integral multiple of the receive
clock in accordance with the following equation: '

|PH -
SP+1
PH+1

SP-1

‘ if PH<0
&,

max

if PH20

where PH=the phase shift error and SP=the number of cycles of the oversampled clock between data
transitions from a first data transition to a second data transition.




