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WD 2004/ 025417 PCT/ US2003/ 028856 1 IN THE UNI TED
STATES PATENT AND TRADEMARK OFFI CE 5 CLOCK RECOVERY
WORIHORSAOR BURSTY COMMUNI CATI ONS  TECHNI CAL FPELMSLNH3/028856
THE |1 NVENTI ON [ 0001] This invention pertains in
general to clock recovery nethods and, nore
particularly, 10 a method tor recovering the clock in
a comuni cati ons system havi ng Bursty signal
transitions, e.g., USB. CROSS- REFERENCE TO RELATED
APPLI CATI ONS 15 [0002] This present application is
r el ayROrge YNETEPSITESPATIONT IAND SRAPEMWRK OFFICE
09/ 885,459, filed June 19, 2001 and entitled "FIELD
PROGRAMVABLE M XED- SI GNAL | NTEGRATED CI RCU T" (Atty.

by LAk RIEOSHRY Srtpethh fom BrELL OIENIE TS
with U S Patent application Serial No. , entitled
"PRECI SI ON OSCI LLATOR FOR AN ASYNCHRONOUS TRANSM SSI ON

TEZCHEYSR&EJ\FIEWQFTHEINWNIIQN 116, which is al so

0o R P BB P get o ERRR iRAPLSY FEATSr By s pericularly
a ﬁ@&%dl BPFeRRBAg! thd bReR hod 6RAMMMaESAd Sfem %Qﬂ%eBursty signal

two devices. This serial conmmunication can provi
trahotions; agg®SH. short range 25 conmuni cati on bet ween
the two devices and can either be "synchronous" or
"asynchronous." For asynchronous transni ssion, there
CEOSSOMERRN PO ﬁﬁi&%%})ﬁﬂ@%ﬂoﬁ@e at the master
and one at the slave node (note that either device on
either end of the communi cation path can be either

lO(ﬁﬂgieF\ﬁgpgﬁgseﬁa&{%Q%@LZ%ﬁ%@t 18 LLS Ersat SopBaGRA Srainde. 097885459,
ﬁlé‘q Jafie if% ggo REHUHFED OpROBRISVIVABEE S ISIGNAL

sync ronous conmuni catl on since there
INTEGR AR CERCUUE (Atfyl Dkt. NoeCNGIL-DET6E @,thbiﬂshm@rporated herein by
cl ocks. . For nchronous comrunj catjion, eith

Tefé@B%Fr 3dds €9-B @fr?é{Pn flage hergod ‘H’é‘HUb%?W@BWPPHéat%WeHal No.__
é’d CERECRIBNE 6%%1’@1 gbl{ﬁﬁ\? ASYNERRNY PRANSMISSION
ock Tecovery Is ut |ze e type o sync r onous
SMIEMJ” Att}amrncsasﬁbmﬁmﬁt which id 4l&d indbripbtateishedeis dpaciatece.
clock line is referred to as 12C. WO 2004/ 025417
PCT/ US2003/ 028856 2 Ina clock recovery system the

B %ﬁ@kéb@ﬁﬁbFiﬁ{E\imﬁgNWth the data on the sane
ATRERAE

[0003] Serial bus 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 I*C.
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that the clock information can be recovered from data
transitions. One type of such clock recovery protocol
woodMmmshnest er coded PSK. Anot her type, that aBeoaiSaiosd28856
with the present disclosure, is Universal Serial Bus
(USB). 5 [0004] In order to maintain sync bet ween t he
two systenms, the receiver w2ll typically "lock" onto
the received data and extract the clock information
In & bleclefacovary Sistens thi dld)ckt sygriatisloverldpped Wﬁth\thej@da on the sahe bne, such

| oc whi.ch ve the uenc and e 1 hereof
the 415 Shck BrSBiahion 57 o FreyV Gt GOt S FAS e s YPE RESteh clock
re&fve FrbBOR MahbiReter WhdealPIrS ﬁﬁ&tﬁ@ﬂ&ﬁéﬂ tﬁd’t Q88obAR kit the present
recéi've data. One technique for providing this recelve

disclosute, midhiwatpal SerialPusi®/SB).equency and phase t her eof
is a phase | ocked | oop. For continuous transm ssion
systerrs such as Manchester coded PSK, data
n 113 33
O e bt v B DL R s AL LKL “lock
ontohthe lrmeened felatal and lextrad tlhdf]dod:l{ mfiemation tletdrand There w111 typlcally be
continually minjm zed or_corrected for. However,

Provedsdeg roebve RoCkiSENaREhitaxs dhe fisqusney il phves éh?xs«e/fevaned to
su%%%&%? g&llf‘afl ﬁ%ent?g]ugﬁcgzé‘ld 191%5@6 a trﬁ'%ﬁm'%;lg K eFRﬂsis edthilted from the

ur st

receiviestatn Ol téchnizme lfmlfpxahdd@tﬂas tgcaive ictock Bad adjastii@ithe frequency and
present in order fqor a phase |ocked |oop to |ock

phigier Gherend i dcPhasellpeiied lophe st pRNtIMARS HRRSRSHON (sygems, such as

MR SRR TR i DS S L6 NG Kb,

thadgad phabawel frequetcy aedtbetvectntibd muceive Bibckning ghd transﬁﬁt ¢16€k and be

data reception can be guaranteed. 20 SUWARY OF
coptppyahr pranimiped By eerEgeted; Meﬁqwemvgl@r EsBert 40 dh%U§iBn%nSHnsswn

53 e PR RSB 058D AR5 BB RES Al o

in B@BBYr Tﬁdrél@rd;)wb‘étaﬁtlﬂfy odatidualiith tramshtiche mooéresent in order for aphase
substantially no data between the bursts data. A

logked kjop éo lorlemtoj As prchviwing tinresiof B iansmassiay, theirpceave clock may drift

n {)ﬁasg ! c? uen&ﬂé{}%ggf{ od 20 I%nggf ocﬂﬁ' F%Jt gﬁrsp %1 ae TOC?(%I% algam have to be

ransi recei en’neasuri
acqlﬁfedtlieﬁﬁ.e the mﬂagnt@zeffq&e\/@tﬁe@@ﬁuon/éaﬂeé eidthitadd.on i s t hen
nmade if the neasured tinme i s substantially an
integral of the receive clock. If not a substantia
| ' cl ock, the frequency of the
Slh@@@&éﬁ“%ﬁggié?gviﬁfﬁgﬁid to conpensate for the 30

di fference. WD 2004/ 025417 PCT/ US2003/ 028856 3

The present invention disclosed and claimed herein, in one aspect thereof, comprises
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 a reference 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. If not a substantial integral of
the receive clock, the frequency of the receive clock is adjusted to compensate for the

difference.
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BRI EF DESCRI PTI ON OF THE DRAW NGS For a nore conplete

under st andi ng of the
wadvarnesges t her eof

present invention and the
reference i s now nmade toPCHAIS2003/028856

foll owi ng description taken in conjunction with the 5
acconpanying Drawings in which: FIGURE 1 illustrates
an overall block diagram of3a nixed-signal integrated
circuit wutilizing a USB port; FIGURE 2 illustrates a
BRIBFDBECRIPEHON| QF TIhE DRAWINGE egrated circuit of
FIGURE 1; FIGURE 3 illustrates a bl ock diagram of the
UART; 10 FIGURE 3A illustrates a bl ock diagram of the
baugy zﬁh@reQ@ﬁﬁfe@étﬁlﬁérstaﬁ!iﬁg@ﬁhépfekélﬂ siveAlGRand th ¢ kntages thereof,
di agram of the precision oscillator; FIGJRE 5 )
referehess iy anows nzadeotoe thde falidvadg ddeagpiptiono fakeh einp cengitgétiom with the
oscillatar of FIGURE 4; FIGURE 6 illustrates an
ACCoTPATYI: %‘V’é‘ﬁ?ﬁngi‘;iﬁﬁ am of a precision oscillator; 15
FI CEREURE 1 {1SEA18S 85 o fer I BRIR idprah 39 %QHTX@(&—S%H@I integrated circuit
tenperature conpensated reference voltage; FlIGURE™8
utilitihg s ifSB pst;a schemati ¢ di agram of one-hal f of the

out ve shaping circuit,. FIGURE 9.illustrates )
sonElwRE Fhikg e g eia st gmmnyet pintsasdpd el o FIGURE 1;
T iR E P'8ustéRed 0 us'?%rg{nggftm’le feature

thereof; FIGURE 10 1| a scheratic di agram of
t he FEEOBEanHhisieatespblocht diagranFofGRRBaridirate denetataat es a

hepatic dj f the - FI GURE 12
OEEEAR LG O n GRA esnH R
@t@@kﬁ%ll‘ﬁ@t}ﬂ%&more% | ag ?%1%&(1)1% 8?@55%&%&%%1&0; of FIGURE

illustrates a schematic

4; FIGURE 14 illustrates a schematic diagramfor an
offset circuit for the conparator; FlIGQURE 15 )
i || GREVRESgsttesan QutRy maveiorm diagran Ap PEFISHEY sgilistox)

devi : GURE.16. :

e PR PR R 1 80 B bR Rl e
voklagegr am for the system for recovering the clock 30

fromthe burst%; comruni catign; FIGURE 18 il]Justrates a

di afFaHRE S dlusiralgs amschomatioplizggamiad ongheliAfithe, opeptvays shaping
cir&ﬁt;t he

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 capacitor;

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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PH nodul o- K count; WD 2004/ 025417 PCT/ US2003/ 028856 4

FIGURE 19 illustrates a diagramof the SP count val ue;
WOhWIRESQAD il lustrates a diagrammuatic view of PO®US2003/028856

receive data transitions relative to the SP count;

FIGURE 21 illustrates a diagrammatic view of the

operation of the SP counter4and the 5 BP counter;

FIGQURE 22 illustrates an overall block diagram of the

bur ﬂ@U&E‘riﬁJiﬂiusimto’:smcﬁa@ammf the B8R ont yalwer hod; Fl GURE

s a sinplified.flowhart depicgting t.he .
bas FCHERH Riefiucia Baeromaract i of o EP Rt gRG Hons relative t
thd"8b Boght; 10 FI GURE 24 illustrates a block diagram of
one i nstantiation of the oscillator; and FlIGUREs 25
and F26URH isitlnsitatestaalid geamietic vibe of ﬁmlolpblatmm ofthaSPebenter and the
DETAI LED DESCRI PTI ON OF THE | NVENTI ON 15 [ 0005]
VW8I ng now to FIGURE 1, there is illustrated an

i nt g9 fﬂl‘h lids énr@)terd IS’DIGME%I%%&BJ btﬁst}'lébhhumcatmns clock

integrate mxe - si gnal ystemo Ip W true
recb¥efyithethod;t i - channel ADC 110 w th a progranmabl e gal n

pre-anplifier sl12, two i.t DACs_114 and 116,

vol t& é@@%&ﬁ%@%ﬂ@éﬁs@w it %emfémsélgeebas@f@ngﬁkséeps of the
ﬁ@gi@ atl ble nicrocontrol ler core 124

bufsE{% 3%%%@(]}? ASH nenory 126. There is al so

pr o\HIGERB2¥ ﬂlﬁﬁftﬁéﬂlﬂodlé&agﬂnﬁﬁ ddéRistdndidtiomofithaws@Ritor; and

132 serial interface 140 | enented in hardware (not

" bi tFIQHR;é@ and g6 e%@tra&e&ﬁblﬁh@é}hea&sw\l@tor CQro]s.

Progranmmabl e Counter/ Timer Array (PCA) 134 with five

capt ure/ conpare nodul es. There are al so 32 general

DIPDAPOEP DESCRIPTIONtOF THE INVENTIONg side further
includes a nultiplexer 113 as operable to interface
ei ght analog inputs to the progranmable anplifier 112

B
of b AllBdhREREEd ik éd-biichal iS?st@m&il&fmn@Mtﬂe Oy $2-ebit ratiltischehn g ADC 110
The MCU effectively configures and nanages the anal og

witihal P gimaeblggeimpieraapifieT RE2, FVASR-bi ﬂﬁﬁ@s 112063%111635% voltage
copgRERE: TR BT e B P A Rl oyfrotter ore

128GAth $214bWB 1€ FLASH memory 126. There is also provided an I2C/SMBUS 128, a
UART 130, and an SPI 132 serial interface 140 implemented in hardware (not “bit-banged”

in user software) as well as a Programmable Counter/Timer Array (PCA) 134 with five
capture/compare modules. There are also 32 general purpose digital Port I/Os. The analog
side further includes a multiplexer 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] A JTAG interface 142 allows the user to interface with the integrated circuit through
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30 The MCU can al so individually shut down any or al
of the peripherals to conserve power. [0007] A JTAG
wonv@roesae 142 allows the user to interface w POTHISE003/028856
integrated circuit through WD 2004/ 025417
PCT/ US2003/ 028856 5 a conventional set of JTAG inputs
144. On-board JTAG debug support allows non-intrusive
(uses no on-chip resources), full speed, in-circuit
a calwbniforabsat of TG papmecd Em-bomwré @TAG@@bng supppit allows non-intrusive
installed in the final  a pllc on. de
(o550 G100 ERBEACL A B RGP SshB B e PRHE G g ot circuit
t hah
1ns{aﬁ9d i tﬁ% ’ﬁnal ltld gg% b’Fﬁ@ meﬁlﬁbﬁémg%é%%ﬁan &dification of
meﬂllogy l‘aﬁzﬂ 1pgiktersh eemlng laegkploirts, ywhtahdinton singlehetepping, run and halt
debuggi ng usi ng _JTAG 0008 The rocontrol |l e
comaRds | 411 cBRBRARS R PHRIREINES T8y ORICASLFICRs e bUggng using
JTﬁﬁandard 803x/ 805x assenbl ers and conpil ers can be

used to devel op software. The core has 10 all the
peripherals included with a st andard 8052, i ncl udi ng

three 16-bit counter/tiners, a full pL $|§1
[008§} e sThsr micreeopmallerRAl) is folky Beﬁpgat@g)%zéfil It Mé n fratruction set.
R i
O

all ﬂfe@\éﬁﬁﬁ%ﬂalﬂ\drkfhde@wﬁﬁ Alsta@lr@ 18035 Gndliiig tlhl’etearéf-lﬁt&mnm/hkners a full-
162 (of which all or a portiaon _nmay

duplm E 886 bytexafiintergat RAMyd 28 biie ﬁ@W@rFuye@)n %%S%Y @EB) address
t 4 t
o ARG5S e, SRR g osca v

a coffréller 160 $hal adtdrfhces MefhemeRenyt 1623®{ whinhr £I yr a portion may be on the
communi cations."” [0009] Referring further to Fl GURE

int‘tgﬁ@e@@iﬂéﬁtmtlh theconitodler k0 and 1798 Fanseaivent o The trawselverm will

oS BIREHR Bt HPTR o
“bukst comBlunBldords32, etc., and the digital 1/0 output.

Thi's is a configurabl e interface. [0010] The core 140
enpl oys a pipelined architecture that gr eatly

oSS mb i A R DKkl e B

150 f5%hé Véﬁdu@ ﬂ?puﬁ&&t?@ttblf)&rs ANebssaadlsviakct 1152 iﬁ@oﬂ@es@h iRrface between

system cl ock es to execute with a maxi num system
thedJARK 136, SEIBIIS\/HZ etBy aghthe digétal /@ hetpuio rTdislis @ cendegyatdginterface.
seventy percent (70% of its instructions in one or
two systemclock cycles, with only four instructions
! ase®{t€instruction
(00195 e BB DLOR R Tl Mkl Bt R ily Bt
througputiovter thestandard |8§51 trehltepgwe eimactandird 8961 ,edl ingructions except for

te th '
e CciDgV 1akg TZ Io? 21? system logf cyc?e(s) toI er:]xsetclrltlé %&1 hoanr%ale?nu%g sy%te%nélclock of

12MHz. By contrast, 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 5
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Clocks to Execute 1 2 2/3 3 3/4 4 4/5 5 8 WO
2004/ 025417 PCT/ US2003/ 028856 6 Wth the core 140's
woani4mmisyst em cl ock at 20MHz, it has a peak PCT/US2003/028856
t hroughput of 20M PS. [0011] As an overviewto the
systemof FIGURE 1, the cross-bar switch 152 can be
configured to interface anybof the ports of the 1/0
side thereof to any of the functional blocks 5 128,
WitlBie cd3240s3daxamud G stain ddckmt B0MiE, itheea peakethinaighpnd of 20MIPS.
the cross-bar switch 152 and the core 140. Further,
the cross-bar switch can also interface through these

t Pt
54195 o gl Lo A A 5 o
coréfigipgdeto detbifhdeatly bf thelports aftha iCpdidé thereoll® anytod treafiactional blocks

12§D, Vit |4 L IODHHICR WD MSEOCa R o PREEbRIRRET2 and he

oo SRR R 08 oS U R i 2
136 Bieeotlyro ieBWHING0.i onal bl ocks 128- 134 in addition to

a plurality of timers 204, 206, 208 and 210, in

addi tion to three | atches 212, 214 and 216. The

S i
o357 RPN BRSO ReHk. Bale ok gagam o
int@%at@d didé€hit Fm@RE hem this @@beflintdnt itan BS sdeaths \thet@dslss;uﬁzswmh 152
e 110 side, is interfaced with various port drivers

staely il o iy BUSE92hrongh i BUSISA. 208 BS S0 is a BUS as
opqgL %% eai:o%vsco\{rm Mb ‘[toqnteggJ % Wl'h’?ﬁ)le V%IE]OlgqﬂIIllctthﬁQL bé&ﬁg lgﬁ N §4 in addition

opera conti1gure thé ana

to @gﬁhﬂﬁy bﬂﬁlﬁéﬁs@oe 2060008 gad 20, ﬁnaddmdmettmé 1dudiee KlZZﬁzl and 216.
[0013] The core 140 is controlled by a clock on a

The crpss-baxswitthd 58 ipedafigyredavigra eenfigueation dlocki 220 ihatige@digured by

e M e

vaiddusipoteiivets 223 CivhicRisMon#dfed Biepdrifath?2y (R GhtbHaded fvith the BUS
circuit 236 is a precision tenperature conpensated

15 slviafiditivosthe eoze W0 is op@rableﬁwdrﬁedreﬁber alalgsidaitinneanalpgdnterface
co$f$%m;s Sk%ﬁgﬁ$g§kg ed by a reset input on a reset

lgnal is al so generated by the 25
wat chdog tinmer (WDT) circuit 136, the clock and reset

circuitry all controlled by clock and reset
[003hf iTharcate 80 ibtadtollzd by awhicktoniadined32r dihestbclsyis sdlected from, as
core 140. Theiefore it ca

GO TPHE [y e il BRBeT Ak O ATt SR osolator crcut

138U UR seefkd id At RlterRhl @sréﬂla't&tf%n afh@frﬁéi’hﬁ' &illator circuit 236 is a
non-crystal non-stabilized oscillator that is

predomssindepsratife @eapeosatedgyclllatin; as w1lbbcddsb1ab@iheﬁﬁﬂqelm The core 140
. wll be _descri bed her ei nbe oW, lfS%et}flr ates.th

i s copBoHET WGt oo aneil 01 A et 5 1B 10 Gt AigraL g spiesrgted by the
watdhdof Snit ARDAT) QUekit 1 SETRES AbLK £nd reset circuitry all controlled by clock and

reset configuration block 240, which is controlled by the core 140. Therefore, it can be seen
that the user can configure the system to operate with an external crystal oscillator 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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[0014] Referring nowto FIGURE 3, there is illustrated
a bl ock diagram of the UART 130. WO 2004/ 025417
wOCTi#0$2003/ 028856 7 A systemclock is input POTASh®EM28856
rated generator 302 which provides a transmt clock on
the line 304 and a receive clock on a |line 306. The
transmt clock is input to7a transmt control block
308 and the receive clock is input to a receive
A sysmh cloick b inpikt t8 itbaudﬁraﬂﬁelrgeabratm 302 whichrpagyidess trgsmanedyck on the

ines} st T h 0B P s 300 Bhresnsont SRk b 61 1 Wnsmit conro

1
ol 88T SRS L L P4 P g, it v

regi3®6 (SCOMOP B2 Pist provideditlmt tadperabde forgruvide sontrolerignals to the control
det ect or 328 and thtdﬂrto a Coq"i] r ol

blogkssi08 gnel 314 nThesiAnemitshELIS TecriYPe Mot SR arap IBB‘%mugh a gate
324dt8\é' sgﬁal by fépgs%ﬁlﬁgcﬁ@t ?ﬂ? g@%\lo(?thlg WG §d BPut 18 AizeERletector 328

seri con edi ster 0 and a seria
anddﬁérato hu:bﬁ‘@dsl H&RIBE) Theststeahizan hsynahmenouso filibglexBatial post device

e T RS0, BB 0O gt
D358 GAPRPO B R S0 e i o L i

an inpaYEBIT: fegltoe 814.dBHiRIS dntrokakbykelcdntobblack SHRobwmpud 2 shifted-in
and i nput through a gate 324 to a trgnsn1t shift

da ot 3330 thepitRuglsa gele 3o tqf@ SFR Purias (0 RRgmigmpde, data is
€ 3 r:gl
1‘eci:1hr i gﬂl %ﬁﬁ I &@j@ﬁ%ﬁﬁﬁk an 83:%4 tt8 g. tgc{rrllgﬁllktnsg%greg%ster 326

whith iSbupat ® ﬁﬂf&lshﬁt Life3 19 Aomnthé rdzgma' 32550r3&&n t]?[dn centio block 308
all controlled by the control bl ock 308. 15]

threughenrAND W&SGNMP@REMAO onp Pt plan; PR @é&er de the transmit line
315ga Ck}sda'tllac%r 09 e}gtlg? gﬁggb&%%oggenerator 302. This

gen y a tiner wherein a transmt
clock is generated by a block TL1 and the receive

clock is generated by a copy of the TL1 illustrated as
[004A] RRefeprimg nesw fo WGQ]%E é@p@em isfllystiated,gdylock diagram of the baud rate

us si, bl Bot h t
sl RBaa g et S et b A REM VhdP St tidek Bfenerated by
a bR TIhealeme ryRivel Q6dk # ﬂerﬁt@ﬂ a ddpe ofrthe @il dlitistimyd as an RX
runs when tinmer 1 is ena d, and uses the sane TH 1 .
Timer, mehicht bony @%Thg ia nok Iusmcaccasatblﬁe. Bphwihgelransgyt gpd receive timer
s forced when

Ti.mer re d t ar dition. i
oveiBRRE eBRiBAcd RS PG s MR Rk TG ke belsbaye . The
recBR Y tithed F&hstvﬂﬁﬁ tidneptl 3§ EndbfeddidGbethe shiid FPENGAN, tl@sf bdifi€a reload
state of the 25 transnit timer. L0016 Referring now

valie HO‘G-;RE af RX Tiames rélgad ik farsedshandbtart Gpm@tlmdpﬁegted paihe receive
ping T’J%m‘é){]é@ rsglf{lecfselm(% é%l)éoﬁrl]lté g{}gt?rll;l%anart uﬁﬁ tﬁ(f élbc}eg?r?&(fn{ 3f the state of the

trafdnii€ Wiy, @s noted herei nabove, is a comercially

aval l abl e integrated circuit that incorporates the
preci sion

[0016] Referring now to FIGURE 4, there is illustrated a diagrammatic view of the precision
internal oscillator 236 that is disposed 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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30 oscillator 236 in association therewmth. The

integrated circuit provides the capability of
weebmaks41g a crystal oscillator wherein a cryspai/uss003/028856

di sposed between two crystal ports, selecting an

external clock signal or selecting an internal

free-running oscillator. Th& free-running WO

2004/ 025417 PCT/ US2003/ 028856 8 oscillator is
osdillatmsisriﬂumwdninmlGﬁm 4 sash¢ hecisiacossiltatorodisi | Atthercenter of the

2 At the center OSCI|| 0 r
sty i Ry ccompapisy » Al rapapgtor 2 el Seco sppoarator 404 A
n';&?ﬁﬁlre%Bﬁ’l beftQttd véita %%Y@Fe‘h@é éifcﬁltqggﬁ%?@@&&ﬁhé‘%ﬁm atemperature

reference circuit I's provided that provides a
compensetcd voltage rafarepen(fmtepivolbie Sge) toghenegative inphte of the pomparators

4@%;9;%@5@%;@3@5 AL A Sr Sl obiatar RS PR Reset,
res ?(R ﬁ% soot{aﬁ Z(geltatcﬁ s R%@g} and BSBACSUtMAS YherddRH fiput to an

The Bar out puts thereof
ou‘@uﬁRCnnmhg tivcuatd 1 Cothbis bpeﬁ?ﬁble tmtilefgle ¢herpemiot] of 11 dsbidlator,ghe output

L e AR e L i i
4165 581%5 b§c’fk918 ﬁte é)o-gﬁﬁfe %tﬁle P Rd ¢ &113521?&59 4bb Qh(? gOf} | Tiedudtput RC timing

k'to posi ti I nputs
cirodtPE) @laloSeripétaarscobtiensalee Asitvillibe B&Sctibed hrgeiﬁﬁelow the voltage
circuit 410 is also tenpperature co nsat%é Aﬁj@
refgrenerdek @é@r%Vé%.aﬁsatwemma%w ient, gyheregs Calinaerﬁwfs 402

w35, BSOS PRI MO i o cupui

tindagivirnait 410 prosidede mm&sn&:mperahﬁmeﬁcwne cOied foiveraB ndombined
and the_output RC timng circuit 410 provide a

cogffisient Wl hetpperdmately zsw s Mell bﬁ tiescmh%d g@ﬁ@lﬁhﬁlpwc: onbi ned
coefficient will be approxinmately zero, as will be
descri bed hereinbel ow. 15 [0017] Referring now to

[00A7PURE Ering hew o FEGURE sthertieillusirared & nbes aéthibed diagrammatic view
di agrammatic view_ of the precision oscillator of
of tHe@urisian osml-;atf»szﬂ@w efleen\@éta%ﬁ; Tefgprceqtiguit 406 is comprised of a

ed..o s t
oSS BL iogt e 9B ot T B Pyt so2. he
volthe chvlabltlaa@m i86dAFT thiSresRIR 505 EMelRl Ra. tme bbmmtambfthe voltage
504 | abel ed . The bottom half of the volt

a
diddegriig @pmpgsqﬂoqoﬁjirwospaja](lﬁl r@amorlg,aa Bsistar ﬁ%slpml@c? R, a.gd a resistor 508

r esi.st 506 I el ed R2 a resis el
et B For B e 0o SERT Ce 2 g BRE e R,
referred as R2, R3 and R4. [0018] Resistors R3 and R4
are fabricated fromthe sanme material to provide a
OGS t ResstotseRmmdaRum@ f@b@cfamdcfr@lntthe FThpe maggrial to provide a positive

fabricate e u whi ch _has
e TR B R B RGReY B Erihe Nog B aPR R, Wash has 2
pobifivaBiRa ﬁt‘érc%gfffc‘iéhm B@l déﬁfp)iﬁ&?ﬂ IR, ”@maﬁhﬂabﬁ%@l ﬁ&ntﬂ%@ycrystalhne

first l'ayer which is réferred to as ol yl materi al
sileod imthie dirstdbyso which iargfeséd fovae Polyl matenal and which also has a positive
temperature coefficient, but which differs. It should be understood that different materials
could be utilized, it only being necessary that there be two resistors having different
temperature coefficients. Although not a part of this disclosure, Polyl material is basically the
first layer of polycrystalline silicon that is disposed on the substrate over a protective 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 Vzp having a negative
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tenperature coefficient, but which differs. It should

be understood that different materials could be
wobRbd4zed; it only being necessary that there BeTUS003/028856

resistors having different tenperature coefficients.

Al t hough not a part ofthis disclosure, Polyl materi al

is basically the 30 first |@yer of polycrystalline

silicon that is disposed on the substrate over a _
cog¢fficierict Aw evitlxbeddesctibgdehereinbelmwywiiectesisiorh being iodtdiffersntamaterials

Fac e F B R B PR s (RO BRAET RIS [y PR P coefiicient.
T A e T R e R e ©

wi |l be described hereinbel ow, the resistors being of
different materials facilitates adjustne bet.
(008 e PTG FG1IRG B 49 B 5oPRRFHE N PaRpSFaLi olhe st RC
. e Thins. Ny 1y ‘ . -
coFRELY L 1D o L L S LA e, o

coSctell riehgeeni Vi ad 64O side afoapasisterd522f labeled RC the rother tegd thereof
The first RC circuit s conprised qof a.P-chan

copnegieditat BrADRG. NNYGP Agt tstrenassindde Pie %ﬂ%O%a%aﬁé%lwg%fthe other side
of i n&ﬁ&é&)& 59? RGO 3nd ~o&1§1n1§éfl denQktof 55 € gl'a§ M sorreé/drain path
Mabered , the ot F]

er end thereo connected to a node
thed @ coMiRered 2ddsd Gpaditons24, aal the gatathesdodeomfectad tethagite of P-channel

526, the other side of the capacitorigéﬁgéégwnected ho "
traggistor S20amdaiselto thedhenigpin! iy Riakh AHE grprises the positive

. t f1,§0 r j } :
T
530 havisg St 06urbe!@ragyshiledhsof @nhbeeddevureqnN ,indbhesifé & a resistor 532

| at ch 408. Node 524 conprises the positive __input .of
(labeled Ry hraptheraidesfzesistore 2econpretaddo aaodp e k4 Igo%o%’ﬁrl? quppected to

¢ ' el : ; . -
T i
538 @9k HeOdouRRAirain! pakte tieetoRkonidod Hebedensiodle 34 andsVg!t drhe gate of

532 connected to a node 534. Node 534 is connected to
trangiston&3&isdenesicted to Ahmgdte of trametor538 agd plse ta theQag ogtput of SR

0 cted t An: N-chann t. S| t
tiBAPE TR apfe ¥t ve ek R B e bR s b bomPioR 3, e output
waBFYIS thd BRCEASEFICIURE b aiflusiatdd iDISGURE6wWiegsia dodventional RC
the gate of transistor 530 and also to the Q Bar

risoang dall odrvey ®e illngteatedsfps cachhel thediC sBamitse e REdrafeach output

wigiish¥ Aet R o e Piiar FFBh Bhiaf Ot vl kPl to o posistor R
to e e wheroVB8E®E R of Bb\hYrio@fhaIR (RErclhks id taehedd. Thbre will be period
curves are illustrated for each of the RC circuits.

T1Tdnd qqm_dio_ddfzcﬂor exbivfdha %@Wifcm edspeativily. agxﬁisn@@fﬁh@mo periods is
cado e e pSARt phraRHShEAD: F2E2h 3plRBY LA such tha

th&t RE1stAbed 116 siffstantihlbyickSthh® tHeWallRhfPEkistdRSNE awdl 582.bBhe resistors
period Ti and a period T2 for each of the RC

52@iand 4B sre frlrigaéast from Rply I Thaterialrduefto itk tow impseatingocitisient. The
period of the oscillator is the sum of the period T1 and the period T2 plus two times the delay

of the comparators.

[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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equal to the period for the oscillator. Transistors

520, 530, 528 and 538 are sized such that 25 their
woesigesnces are substantially | ess than the vatuwaseio3/028856

resistors 522 and 532. The resistors 522 and 532 are

fabricated fromPolyl material due to its |ow

tenperature coefficient. Th period of the oscillator

is the sumof the period Ti and the period T2 plus two
redistorsFO2 td ¥ cheitlathe gate thdneofcomeated twa sias Bdtage09iefilarly, the bottom end

Referring now to FIGURE 7. there js.illustr d re .
of Faiciar PR PR 8 Yoo U RSO Gr HRBHRE P DGR fgnsisior 706
| 2 . y . _
o ) SRR A ER IR T30 385 ShRlecBRo SN g 702 704
andtaousad $iyedasacingat thelir tdsistamgés drdiibstantiaiby/lessdhan thé valheofresistors Ry,

P- channel WO 2004/ 025417 PCT/ US2003/ 028856 . 10 )
R 28d iRt ohlsen0rst ordgpsw esuppy laéjﬂpen WeF somes Grmetbe dertthpt the trip

ias e t Mg f | i
Bl P KSR Bl 0 DN 16881 v
it taltes 3o Nacththe tred vdltagastitlsd iaput 6 the compasyr it dupplyatdependent to the first

both transistors 704 and 706 connected.tqQ a_bias.
orcr ot Bisdt Oresree9p, hatdae RGfimnios CHFEE o wilize safhethigs § purant source

: . | ;
bRl AESRs VB RUSIRPRAldglo Fop PRkt e ©
suppl y i ndependence copes £ rpom#hgidact that the trip

voltage VIRp is pro orLPBnaID o the supply voltage,
i.e., VDD*(1-e(t/t¥y), =Thertflore(-Th/ehe time it

takes to reach the ip vektagerat the.input of the
conmparator is suppl {Fnﬂgpéﬂ@e_nﬁrwcfﬁhqﬂg first order.
This is one reason ypgal. yhe BeAln(l Dggig)cuits are

utilized rather than a current source charging a
capacitor, which does not provide the first order

cellation. rip. = * .0, rip, = * (-
(067877 3523) 3 PlppbrdFoleBesal i gndilty e o b el of the
voltidel reféréhdeOdirck® 4D} chii 8 AilizedRe hedWde tagispaneaddngiensation.
standpoi nt, there are a nunber of aspects of the

Conghoulgethe resistasnbaved set variatignwithirespeetdn tavepaatine Adg Polyl resistor

Rzl%rgg%{ iegrﬁ}ega%\%égfg}%geg{ § iepgf’r}a\g e%gﬁ'xstth&&g%g@% d rfa%igtgrs R, and R, have

a feRIPBRARRE W68 ficiERCoPROY bprh & Th $iPpresdR? dikRfosare] NP Iesitdbl€to have a
coefficient of 255 ppm whereas the N-diffused

neg@piespelficieRBoA? ;Rn.have a tenperature coefficient of
800 ppm In the present disclosure, it is desirable to
have a 20 negative coefficient of 462 ppm [0022] To

[06922] Y3 &nd 1PN R WERRhtiVEhPERAabEBciemal Elosib@Rhthitie resistors Ry, R,
created with the resistors R2, R3

and R,, consider that R, and R, are a parallel combination defined as REQ=R,//R,. IfREQ 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:

Ve dT  REQ dT  Rs+ REQ| REQ dT | Rs+ REQ| Rs dT

1 dVrrr _ R
Ve dT ~ Rs+ REQ

1 dVmre 1 dREQ R [ 1 dREQ} Rs { 1 dR3'|

[TCREQ - TCRs|
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and R4, consider that R2 and R4 are a parallel

conbi nation defined as REQ=R2//R4. |1fREQ and R3 have
wdaizbdsament tenperature coefficients w th TCR3>PCREQ003/028856

then the trip voltage will have 25 a negative

tenperature coefficient. VIR w ||l be defined as

follows: Vzrsrr REQ = DD 3+REQ 1 dVTRIP 1 dREQ R3 1

dREQ R3 1 dR3 30 VIRIP dT REQ dT R3 + REQ REQ dT R3 +
[0RBY) [FoRREQTismust be wFsuafed fzat Wik} i adfmészalweesychtmmand R,canbe

WD 2004/,025417 PCT/ US 03/ 02 002
S ok PO JEBhrrE FOTTGPPR | LNB S ORn by ¥ following
e @iﬁ%ﬂ that R2 and R4 can be vari ed to target a
speC|f| c tenperature coefficient. This can be shown by

the ﬂol&@g@nng%l nstCkz RRE g}{ﬂ%_l dR4 R2 HR4}
f R4 E%E ﬁ 2d R+]§7R4i @@W

R2R4R4 TCR4 The results of equgtion 5 cap,be utilized
i n equati ONCREDe: $ER: ¢ TER- mﬂﬁa%e—eﬁe'ml ci ent
of VIR 10 [0024] Referring #owRto FI GdRet B¢ there is
illustrated, a detail ed. diagram. of_the nment ati on
ThefesBReoteartion S pHH fege Hras iRt st ﬁlfgﬁla*er'm@eraage coefficient
of i th the case with respect to the voltage reference
stficture 406, there is provided a P-channel
[00243NSi Réf@fm&Oﬁoxi/ab FIGU’R\E(&; ithgre tib allbsipateeina @ftaileklediagram of the
resistaor 522 to th the gate t her eof &1 ﬂnec

implsmgnigfig of %ry;p‘tﬁﬂlgpf tﬁq}(pl@rgmg;ﬁgwﬁgp 410Q. s Fhus,as gyith the case w1th respect
to tﬁg L& ?alég er@ge\é&{% sltlqu: ee rtﬁére i ;&ggd%ggple Etransmtor 802 for

operatl ereo aCI tor a varila

cofrpand thertop emt bf the atésﬁtdSIGSMab 08,5} ngthethé gatathdpeof\canneeted to a bias
to set. the period for the oscillator. The capacitor
sumle E@Sf%shmak BepsisterinEpdycas erytlBHe grepas g topBerREH operation

theﬁg)ef Ea{)%ctltoi a6elg AVa Xble E%iam Ssutcﬁ (?haa? ﬁfe%ﬂle tRAEOS d%ﬁle wvaried to set

the period for the oscillator. The capacitor 526 is fabricated from an insulator disposed

between the first layer poly, P1, and the second layer poly, P2, with a layer of oxide disposed

therebetween. The resistor 522 is an N-diffusion resistor.

[0025] The resistors R, R, and R, in the voltage reference circuit 406 are variable resistors
that can be mask programmable resistors. Resistor R is utilized to set the value of V. 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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t herebet ween. The resistor 522 is an N-diffusion

resistor. 20 [0025] The resistors R3, R2 and R4 in the
woabdwagsiir ef erence circuit 406 are vari abl e r eBCSUS2@3/028856

that can be mask programmabl e resistors. Resistor R3

is utilized to set the value of VIRIP and resistors

R2 and R4 are utilized to délect a tenperature

coefficient, since they have dissimlar tenperature
[002OEf f Refeetiigs no’ Fo [FIGRIE FO,GURE 19 illhdtrasadr adigranmatjouiew of the

for one of the resistors R2-R4. A plurali f serie
capagi S e-ThiFhis pigediie Pé?%aramabliea%mtﬁ% aflpve i aflpsfsog ffthe conter
fre('illfén?)ht’h'%'f? & E??\ﬁmﬂ iﬁal‘@aé:ﬂ:it,@f‘l A2t WiREh hal J a4 SFB8OKF, which is

n e Poly ayer. ese resistors provide a mask

corlectgd denvrbh @odel4 ahd Vganile paratieish@ewithpthatd iswwlwnmovided a mask

nore resistors 902 to be. d(iied,i nto the resistor. .
prograsEpghle ppagItoTIODA Shatprowides 17 Siefl sieB ERFP SRR iyfRcrements of
39335 TP Mbistby o alrineBlERpRIGK HEBroifeait b LipdeRo Rt value
«C¥ #lat & cohib&@ed Betw@sk aplodg 5S24mamnd bee aidd off she siuirde/drenh path of an N-

"tweak" the design at the netal | evel. 2004/ 025417,
chapgyl/ tassistys 1 60% dlsbgatq therad oonepisd & ﬂierfrgﬂ?xgw %’ae 9 tion of the
10, t . S i - [ i i thg ; d
corp BB i el a4 R RO M 08 oy s
fordqPACTHIO btriicdui@| allows flgr usa dif vt sieailer ofit chygciten bet there is some non-
frequency. There is provided a nom nal capacito

r 100
linggnicatectignse thay winfEodicedom;the sopffeciain ot t@éﬁﬁ@é@éboolg and, also, the
.bet ween, n .2 | ' .
iRl 15 R BRAL S g0 whicn
is §dmAkctbd BYtn@es stgénd?'b@‘liidé beMS sofircpidexin aathi ofgniN-channel transistor

i ncrenents of 9.5 if. The regi ster pr og%r amrab

| .
10k frecathesisidesherepf eppnensel ipinofe 824 ahibp gate thaey copnestad g the bits

"Coth LS. conn e 24, Lo@cros
igop R SRS S BRAOD By Por Bacaf e i
thelidRBselddidd] Qadpcitdiera 0thaciap mecdsestidted tringsidt&@Byand tonndtted to the bit

configuration of the [I)aci tor 1006 di sposed between

Ca - .
valup e2awindcth dest ©of des sedectrdlel omaciindl G1Rehavgeths zate; of thpjagsociated
used 10 for . dhi s structur [ A oms. t:
walfiion Pmedthe gl s g A B2 G YL R pHRE (e, Wi the LB
pr&ﬁtﬁﬁ%hﬁgsg%f_ta xinsatélRig/pduced from the source/drain
of the transistor 1008 and, also, the wre bonds. The
remai ni ng sel ectabl e capacitors are each conprised of

apaci.tor 1010 ' [ annect.e ef ween V. .
W@ﬁi s:%&ter%’?g {HY @%%1121 eﬁethlﬁlggrag% ReCtanne a8 Giew of the
difedrafisl sihaf strubikd forlehigh SttheEongpfigofsiBD @l 40P MGt @ prévided two
node 524 and the gate thereof connected to the bits 15

diffetgntiah Peighnd] @lansigtoss VAR pad dfl 04 heviog paeisidgrof 1l gpurce/drain paths
associ ated with hit <1> i valye of "' with th

oy powara phelecpscs: TaGrsrld: Ripveha cubildrupEfios o Voo

The bAHRpidL Of the 86RO QRANESHIESK thRshtd® 1902 is connected to anode 1110 and the

other side of the source/drain path of transistor 1104 is connected to anode 1112. The gate

of transistor 1102 comprises the positive input and the gate of transistor 1104 comprises the
negative input connected to Vg Node 1110 is connected to one side of the source/drain path
of an N-channel transistor 1114 and the gate thereof, the other side of the source/drain path of
transistor 1114 connected to Vg. Node 1112 is connected to one side of the source/drain path
of an N-channel transistor 1116, the other side thereof connected to Vg and the gate thereof

connected to anode 1118, node 1118 connected to one side of a resistor 1120, the other side
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val ue <2> and the last of the sel ectable capacitor
1010 having the gate of the associated transistor
woaongesad to the bit <6> and a val ue of 32 C. PTHiIUS2003/028856
a binary tree, with the LSB providing an LSB of
approximately C/ 2. 20 [0028] Referring now to FI GURE
11, there is illustrated a ¥ agranmatic view of the
differential input structure for each of the
therarfisanadctadgo 42z df Wdsistofiéi4 Noéde pl s disd comeected to the gate of
jfferential P-channel transistors 1102 and 1104
an e Grratsionb s (e oo iRt PO Feepnécted R gesynode 118 and
co i r which
Ve T g R AR LR FcBtlnf Comptptor wis
provides aSetR edenlaphtwithafynamirisgis tdescribed ih FlgnrcdnhigbokadS b, A 1.2pum

node 1110 and the other_side of .source/drajn p
CIOS Gt Gabrolled Baciflarog E%Eﬂ%qulpggfﬁ@%%&ﬁ% Yoled? No. 7ty
te of transistor 1102 conprises the positive input
and the gate of transistor 1104 conprises the

negati ve i nput connected to VREF. Node 1110 is
connected to one side of the source/drain path

f.
10049 ha frebirring 279 O BOURE 420 Mers 17l gBeeed Refasrmmafi Viow of the
coffpRiflos 08 Ening e GRUY SRR Bkl HOO AR P one half

of #iedR ddtch HeS Bathe Bétdnputthepedflieonmdctedto Mrecduamn el comparator 402 and
transistor 1116, the other side thereof connected to

inpyg do Hreazatenaf gaNechanesl densision AA s tthesquscedrpath fhgeol connected

e s AP SR B8 BT 1 5B Bl By bt e
cohneefe@ Bbtviei N6dd EXD4tadd VRS tigadae thérebf @nBe@édd ahddeé 2080 Mede 1204
1112 is al so connected to the gate of an N-channe

is eoresiedt or theipput ohe copuentional @verigsalH O sk alsp to one side of the
soﬁgg/aga?l%ﬁaglé g?%nvﬁ%ﬂa&%ﬁﬁ%%#?ogéﬁg{ )t/lhe\n/o:ct%r g@%’tﬁer?&fogﬁeﬁgﬁ to Vpp and

0 ds a no olmTlatc

th e@bPEorBEtedto ddode i1 IEE whichaiodRe3 Bt is hkb ebnnwicield to the output of
_dynam c |ogic, described in Flynn M LidholmS. U, "A
invertei Sl CoNesteCld Iddp comsaied ¢0 thednmg@f|apagsrter | Eis the output thereof

Jouwrnal of, Sol i d a L reui.ts,. "V 27 .No, .7 I
preh A58 B R Oudo VR A7 6 e syt bl 1218 o he
ingut bP8 NAATBhate HIOAABFRIREENIDL.VI ANDS odté €22 (CRIEBADHALGY ofH02 channel
and one-haltf of the S/IRlatch 408 illustratin

th
tragyigiar 1293theuing thRrseutsaidraimpath thegeod conngetedberwiean }%hg a.mg thenode 1208
s Rt gt 1A Pk PGS Efta b e otk between the

noli€ BIRl a5t Bhe didOSFthé M&%ﬁiﬁ?&t@fo@ hiNRbfind] Beiebr 1226, the other side
connected between a node 1204 and Vss. A P-channe

thereafironiactad t0 36 Hessgatdsef vonsiders d2a? andpBA24 arhieqraested to the output
of %«ﬂ%& @gfﬁi?ﬁ%&%@@%ﬁ%&g%gg@ cotnrr]lgctfa:ld?l %oethte rllees%? 1‘1)1;)ut “RST”
from the other side of the S/R latch 408. Node 1208 is connected to the input of an inverter
1230, the output thereof driving the gate of an N-channel transistor 1232 having the
source/drain path thereof connected between the output of the comparator 402, the SET input
of latch 408, and the other side 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
provided for the output of comparator 404 for the Reset input.
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is connected to the input of a conventional inverter

1210 and al so to one side of the 15 source/drain path
woho@m2Michannel transistor 1212, the ot her si @8eT/US2003/028856

t hereof connected to VDD and the gate thereof

connected to a node 1214, which node 1214 is al so

connected to the output of 4 nverter 1210. Node 1214

is connected to the input of an inverter 1216, the
[0@A0] pir oﬁdmiimofvherpﬂlepbsiiivajnptht@f@mﬁmratouﬂ% FB1Nchheges 20 ASET starts

oSLER. e R L a0 BN IR Bt 1o
%%@ﬁle sémﬁ AR #ns gglfpgldéof{?ﬁé:l ﬁﬂ n\@fucﬁﬁ dIRRRIDS a‘?é’Nﬁ% 4#nilar to ND1,

aving the source/drain pat hereof connec bet ween
bedias teagudlotviaad palled h2ORST awthen RSI‘IHspﬂtadeiom ﬁmssthen wts the Q-output.

hu%‘éz%gﬁva'@qqgned@a@%% SS@%%)I fg I?ég%t h,er (Soorl]lntpeu% Eseset to “0” with
0
FBl etﬂ']gﬁﬁé%d‘ c?a"o‘ﬁ o&?elﬁylar ?cfr élgg ﬁ@% tﬁg H‘?llle Jsﬁﬂ%' ugg%’ CoTi: atbP£04 being

1n1t1aH}7| s¢tsd 08 WIR2FEBAd0 ARPRSAT=¢l. Cﬁhm ddaye Hldck) 12h& poavepatND1 from

of the delay block 1218. The gate_of transistor
pullizdomndhe SHT valve heforediist 058P RREEOINEAOW CRTHIEH, & the pull down

o LN Syl . SR e,

out put thereof driving the gate of an N channel
transi stor 1232 having the source/draln path there

(004 n refersing aoicle i LEHE oL here il W@te@cﬁmawa@féﬁ dla@fzm othe delay
blé&elzgl'%r Psu&el%}? ﬁloc t%'@oﬁlig dagfji%gg‘aﬁgho%{s g?rg"fe\fse{sﬁnverters

sourcefdrain rran nnec

coﬁpﬁs@%f&bvlo&bnéd doufiédtecEtrimistdrgta lamgelafaﬁ@hsm (il 3102 411 an N-channel
out put of conparator 402 in FIGURE 12 is grOV|ded
trapgitor hE04pwithithe g9tes sngod cenmseted tgethsy andipme F!é@ et thp peyjge/drain path

R A TSR S R Ok e
FB 1, charges up, SET starts to go high. As it ’

r eaches the threshold voltage VTH of transistor 1202,
[OQ%aRe@@mww ) FgGUPdiAH thet is Hiustrated 8 dizgrammatic vi¢yweof a simplified
her S| he | atch, . which has a e
coffpfietanaliieRios 1OV shf RisePeheReq S ip Bnbchur R Ruitouf FIGURE
14\emstedd w&h%{u&aﬂ s@k&wmdzfah%osém%t@&hw 1, a8d &h&18 1201, node 1404

5 Initially, i s assuned that QBarls set to a

copagdcias topne gide gﬁ*t@/otdhféeregnt@mcq;mpctp@ Pshannebtrampistoys 1 406 g0d 1408. The

402 d . .FB2
o0y COMRE A 403 00,8290 LE PASLLLI 1is s
co%éc'fbdstg-fhe—otgela‘{ﬂR%F B%ﬁt “fihe ot siRl hddcRede/dkaihPat SBRMLiStor 1406

from pul down the SET val ue before RST goes
is tqmect%m agmd@gl 441 avw}anls isrcegndcheatto bhesige f thd seurce/iirapupath of an N-

I S r 1 hi to result in a tr| r ocess
chprfet S, By Sty RbrepP eerFEred i Bl Y FlectopePor Sohmected to
botHYBE BrairSthreb B Ak 841 Pand 66 @RBhA 6 S RUh &M Phrartsfifordal &Y Transistor
1414 has the source/drain path thereof connected between the other side of transistor 1408 and

Vs Additionally, an offset transistor(s) 1416 of the P-channel type has the source/drain path
thereof connected across the source/drain path of transistor 1408, the gate thereof connected
to Ver and also to the gate of transistor 1408. Transistor 1416 represents selectable transistors
that are mask programmable to select a 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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bl ock 1218. This delay block is conprised of a
plurality of series connected inverters conprised of
woOwrw4gesdies connected transi stors, a P-channel PCT/US2003/028856
transi stor 1302 and an N-channel transistor 1304,
with the gates thereof connected together and one side
of the source/drain path 18 thereof connected to a
node 1306, transistor 1302 connected between VDD and
Vss. [0032] Referring now to FIGURE 14, there is
Jdllustrated a diagrammatic view of a sinplified
Wi st at or illustrating how supply independence is

enhanced. e conparal.af _ GqﬁE 7is illustrated
with a curﬁgﬂpd§ggrge%148gfd?%ﬁbséﬂi%gtﬁ%@ﬁmv and a
node 1404, node 1404 20 connected to one side of two
differential connected Pkig nnel transistors, 1406 and
1408. The gZpgo.of 2T6EnEi - Haise) + D@W»@G)ed to one
i nput, whereas the gate of transistor 1408 is
connected to the other VREF input. The other side of
the source/drain path p;ikfamﬂb§¢2% 1406 is connected
to a node 1410, which i$”connected to one side of the
source/drain path of an N channel 1412, the other
S reof connected to ground and the gate thereof
“hg%ﬁﬁ%% gd to 25 both the drain thereof on node 1410
and to the gate of an\-chdgnnek Jtyansi stor 1414,
Transistor 1414 has Jﬁ%’sggg%e/é%ain pat h t her eof
connected between the other side of transistor 1408
and Vss Additionally, an offset transistor(s) 1416 of
the P-channel type has the source/drain path thereof
connect ed agr 0ss otxhie ;8 ceugbaim maLh+af trangi stor
1408, the gﬁ?%ithegeof%ggnnected to VMF and ‘al so to
the gate of transistor 1408. Transistor 1416
r epr . sel. I St k
51{3#? tRASY SndRcd Rt bRh QdA&E KPower suppl
Fh%?@ﬁ%%%ﬁ%%végfggse %%?La pré@é%%r&?%%d of fset in the i

depRiB@e@hbe adibi sr abfracéd byatargihethienpangistofs 1¢4he, noting that there could
conparators aid in the sugé)ly [ W

be TR FansiEOTs BYTPEARGEIORGRIRA s TRUEAES TSP e negative
PCT/. US2003 . ' : | TPeriod - 2 \-
°IE°51{1‘ELL‘J°'( r‘g’g@'*\??ﬁr%gﬁsﬁs@%%‘s%%’iﬁ%ﬁi n%fl{ /' 5 TPeriod 2 *
(- T* Irl(1- ratio) + TDelay(conp) VTrip - ratio *VDD
W thout offset: 10 VIrip = VIrip + VOS TPerjod = 2. *
(00831 2 Referripa now e FSUREAS, el Risiroes aplask GEras o pipomputer
penﬁ&i@%@ éi%ﬂﬁl:g% I& X na%sn’sggtf/\c}ée%%g ulgg% ?/u?c? B i dRfe PR 4868 HFAER from each

other and connected together through a serial communication 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
Jabeled T, The receiver 1504 has associated therewith a receive clock 1510 Ty,. The data
transmitted is illustrated in FIGURE 16 wherein there are a plurality of data bursts 1602 that
occur over a timeline at different times although they may be repeated with a given periodicity.
However, for bursty communications, it is just important to 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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dependence can be added or subtracted by varying the
transistors 1416, noting that there could be variable
wORengRs41or s across transi stor 1406 al so. Thi sPa@YS2M08828856
of fset can be nade negative or positive. Again, this
I's a mask progranmmabl e system 20 [0033] Referring now
to FIGURE 15, there is illl6trated a bl ock di agram of
two conputer peripheral devices, a transnit device
systbﬁﬁt%r andvainegahetloek domi thebm‘é@&pnmpmaﬁbad The moeeivaclock 1510, as
ot her and connected together thro a se
Wawﬂmﬂ@aﬁemhw%ﬁ@vm% %fFfﬂUreB@f flag dC?Plﬁqu?lﬁéfeq}}%nﬁyéndPhase
thex%o Il fE c%r#i&gg‘kraa{cﬁl s fioRardittetbrifii £inB clobk féro'ﬁ%f 186k, a first
IS ansn1 ron1t e transmtter 1502 over to the
counfet @ T0EKs pidided, Abivhdirsticethted 1702 tiswefdrrediis as 4 Bip PersodCounter (SP
transm t clock 1508 25 | abel ed TLef he recei.ver
coume), SRR 4TI HE PRRRIR I SFRRANIEP S R0t ghaon 2 ne 1704
r r F
and, 15 SR el PPtk il ot O S PREC LR, IR g gk 1510

opeRsied!ht @Mgher&aﬁeltlmi the erassmitlclotier420in thie meﬂl disvbosgte, to provide an
t hey be repeated with a given periodigc

overrmm esmylitionrrhlaTesere, thers Wikl pe fauricyales ¢ 199& {? Wr edch cycle
VTR SO SRS A Bt o

valhd'6f 08 b1y e Gbteetion citheldairdnsision. The eudiek 1 70Axvill d:ontmue to count
capturing the clock information fromthe recslve

up‘f’@d%l}h et wpsti Smguﬁ@mt biss mithy gty {he twonlepd significant bite prov1d1ng a

N e

moa%%e Blch E’Fh&ﬂéﬁ)ré | tRe kv d [eaikhigichntbsts Wikl o0 filoaet0 alrough “3” and
The réceive cl ock 1510, as was descri bed herei nabove
theh sownt waier aghingrdm &) éﬁwa@ﬁ oEthe dyia leestrignafjeant bits is referred to as the

fre uen ,, pha he of var r C
o S SR B8P S YRBR Tl Y B B0t Sogon wi
provfekiouedubt $dluesdBEdcRcydld 82thb$raﬁ§rﬁi«t icidel, which first
counter 1702 is referred to as a Slip Period Counter

(SP 5 counter). This counter 1702 is operable to

ORE S R, 305 b R ool mmene

hi els]1f}36andﬂiketh%§ %Eéfé@le% Qlﬁé‘ thboHE vafie t6REfcAhiE vﬂien&he next slip
ate than the transmt clock, 4X in the present

occ:hrs chus wik happen pyleniagebsequent deﬁamtlem 1@@1’1@&6@ a@d the value of the

PR coniga oL bl i Pdicntes b EAreETvER Gate PR pARr & pfRdtmulipl
of ﬁfer PI@ @lqgﬁgﬁhgﬂ o¥éPRut. S FOPSIAE the chuitdrl 1@"0@ 1§l 1@@&%@& updn a data

upon the detection of the data
traﬁslaams irt therrecéihedl dauntléis wilOQuss [He ont value ta be dwsugmented by the

upward wt ni.ficant bits t hes o »
recelis Skl 101 chher FRLoRs BIESORY SOl ernb ot PHORIR o e St <07 1t the
traﬁﬁ%@tclocktanﬁ%&@vé"aga{ %gqg&(ehhaﬁﬁ thée Sis 78 lﬂeﬂu&ﬁy%r and the data
nodul us ba I.e , nodul o- 16,
trai$igieie inerwalstdre itoger |maltiples iof PHacdbclhptrg)d/\Mdr foauthen the data
from"Q" through "3" and
transition will always occur on a count value of “0” for the PH clock. However, if one of the
clocks is drifting relative to the other of the transmit/receive clocks, then there will come a
point in time where the value of the 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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then count over again from"0." The value of the two
| east significant bits is referred to as the 15 phase
webhkb@/mesdine "PH " In effect, these | east two PCT/US2003/028856
significant bits of the counter 1702 will provide
four count values for each cycle of the transmt
clock. [0035] As will be déZcribed hereinbel ow, the
slip period counter is reset on the occurrence of a
which asastihiep adishp,’ svitliemaied ambbetptiotous processoPH Maindethey the SP
determ ne when the next slip 20 occurs. This wll
couﬁg’ﬁé@ WEh a subsequent data transition is sanpl ed
and the value of the PH counter is not zero. This
indicates that the received data interval is not an
[00B6It eg@‘eccmdl douptes, a cimteh &7(Hs ptavidedpe cowd tlmnmm‘tfem ©f receive clock
For exanple, the counter 1702 is initjated u %gtlg g
cyclaaRsciatshvith o bis ROBEST VA Tefamed (T & Ry | §0 t Period is
rord23b ol sl BEycbdle ABRLRSbs Mot HefEGh ffe 2“‘% transitions
thatdc@aibetabetEMaf ddtd and the Mt1alaBfirdnsition of theabaile dated wherein the Mth
receive clock are locked and there is no frequency
datgtransitiongenstitiies thedata tipsitien determings tapg ¥) grodhes r?ﬁ@géﬁnd the SP
cougkJI tlb@% Was 1%E t IT‘ﬁe lﬁpﬁlj o??ﬁ% ﬁecgduﬁ’lgerqy@g is A TatchdGR atleﬁ& %712 the
Fansit al'ways occur on a count value o
outp® thdre6f ﬁr@ﬂdéﬂ'&o@lﬁ@ﬁkcesmmv@ rAs will W&s@fbeﬂ hereinbkloek the contents
Is drifting relative to the other of the
of the éﬁﬁ@hwmm@@éh@/@@t & itk lagtrvitparied fer ith fhecymrentslippsriad and the
; i te{re \e’:\’fr}eﬁs ! n\éﬁl ue of the PH cl ock associ at ed
m%e(%ﬁ He 8curlpepnce of a data 30 transition nay be
either "1" for a transmt clock that is slom1relat|ve

to the receive clock or a "3" value for a trans
[0087bc kn addlition & detpmminiag thesPeandiiiheoung @aliu@s@ drayewel] @a‘é‘k be provided

am@%g%mqr%@#?bgghllzfg th}grlf]' 1%11 é?o cr:ﬁ rl‘ﬂartlcg %ﬁ@}lgf‘ﬁﬁs utilizes both
the'dhta t:¥2iHO0 MO ARAIECKPGINAVDA00 s Q28$ Qﬁd 112(_0'6 WTihéhis provided to the

constitutes a "slip,” wll be noted and output to a
propesseekBdr 1710 and then the SP counter 1702 reset.

[ 0036] A second counter, a counter 1708 is provided to

count the nunber of receive clock 5 cycles associated

[0048] h Phe ﬁ‘o&es@&r 1@ w1lltlﬂil§e ied Sy BdidafoR $rosh thBFSP counter 1702, in
counter. The Bit Period is referred to as the nunbe

adchﬁor[ edbe vaue therdof,dhetantenthefitholatalrl 762 eogthe Cphf@nflswﬁthe ME block

t bet
e S b RSB B
of b bordatich def @b th bkt ﬁ@ﬁ‘ﬁ{g\e ‘ir&'ﬂh@ seceli@ chRk QS ! G t@riéddcb EHe frequency

etermned to be where the slip occurs and
errmdlﬁmveem the 62 eiva and gremsimit dlbekso Ui theh oubpait &Fam@aqﬁlamr correction

blach e 20 s 0V cex 06 GO By BRBSL 6t (5 Feeivergionk 1P| G This is to be
coflBSel Wi 2 Nl f&iﬁ@{ ?cllvloc‘i(rlgo A0k Rliges &f itéhfvd ﬁitoegﬁure wherein it

conprise the co or the ast bit period for
caltinetes an ¢reotand kliep steps ihe ds@laiot inene direction or the other to agam determine

the error. The steps are typically constant steps. In the disclosed embodiment, the processor
1710 actually 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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i mredi ately previous slip period. [0037] In addition

to determning the SP and BP count val ues, there wl|l
wabhew@/estipr ovi ded 15 a master error (ME) bl ocRCTTS5)03/028856

which is utilized to calculate an error value. This

utilizes both the data transition and the cl ock

signal on lines 1704 and 1786. This is provided to the

processor 1710. [0038] The processor 1710 will wutilize

the slip indication fromthe SP counter 1702, in 20

AR ARt ST R —
ol PRI IR PP e

a réqdreineatiof clock feeterpiscthanbiity 1o gdneratees milidbleaheaskre I hfrequency
to reduce the freq uenef error between the receive and

errpy behwesny the Jasakascillater and the refengnen ar fiansmis O%ll%greﬁheé’ﬁfﬁnt system
utlﬁgers rtl? nida?ﬁz%dﬁ‘lg%r%g 81;?1% glcé %%&@%%%ﬁ%%ﬁé(%q? gﬂitreg ehglgte ameasure

oft;he etrmaitoe elxamyile) iPeash aftaindophgsenbicioks ik arpsurédiising the SP counter
utilizes an iterative procedure wherein it cal cul ates
17Qén resping atalfdtimere fresloea) clegke theicsach tapsitipm, sheydd occur on the same

mo%ihfoeﬁtboﬁﬂd %{Hfs b Qﬁ?l][nggérq 799 %ﬂ%{lqﬁ% leecgkfg ?nd trgl?snﬁ{ L188k are at the

te S const an

sarflé &@J;ﬂbsleyl H@h@dtx{r&mﬁoted hereabeRS Hhe rebzllze ciekua lslhghtly faster, the
deternmnes a value and a direction for the step

cowrr i sredplodkisampled gt cack dnepming tragsition Willb#@éi f@d‘d@l in the

pos1 Ve d1r 81' Udﬁ]fewigez gﬂﬁ% e]cziza/l% tcioll? i ?1?%‘:% 'gvs?o%vetr ht%e Mfc sampled

trahsmi’cbﬁ wilPtedd @cﬁbvhikrﬂ'themégﬁtﬁ&l cﬁie@ﬁoﬂp | ock 1730. Th e
out put of the calibration register block 1730 is then

input to the other input of the sumer 1721 and

vides.the fr e C|Ilat 1510
03Py b psator o Rty B HRts HR\54 amuihdlc ¢t Stnow te s
colt&dpef £EVERLiYe & the PEl REGHEK colinté! USdanDe staaﬁthaﬂhe@ counter is
between inconmng transitions is assuned to be an

inifigted gfer valud afi“91’ endthen penmpeurivoadd.oThe Pl cowfterie alse reskidolzero at the

son i o5 1P ol s i gbecnied 8% BASir Vot abeypits of e
SPRoBELT8 ek irsRBukieatorP 501 thkdlaf™3 aNthit BetIRARY RAGHes, such

or transmt osCillator. The present system utilizes
that,Her exavopid, 2andh matipleof éfvill hesult mcpvalwep it O Asuch asot the values “8” and
“uggriods in order to generate a neasure of the error.
‘or exanple, if each of the incomng transitions is
nmeasured using the SP counter 1702 running at K tines
the local clock, then each transition should occur on
[004ih th‘ingmdwl to FRGOBIEN Iy therofs illhstmt<d diogmtest thy 8P count value

when .t he n rapsmt clock are at t 0 sa
from&%%%ﬂfog wjefr fq§i’ + Beowaty H%?%‘?’Héﬁ%%le& P&gﬁﬁ@aﬂds 2 Subsequent
trah &E6H 14 Sarfih 186 ¥t PLE= § |t1'119 Rttt @R8 FphasBQip,” which implies that the receive

clock is faster than the reference clock. How much faster is not known, since even a slight

mismatch in the clocks would eventually create this situation. In FIGURE 19, 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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counter val ue nodul o-K sanpl ed at each incom ng

transition will tend to "wal k"™ in the positive
wdizomoesan. Li kew se, if the receive clock is BCT@isdoy/028856

sl ower, the nodul o-K sanpled transition will tend to

wal k in the negative direction. 15 [0040] Referring

now to FIGURE 18, there is 1Plustrated a di agranmatic

view of how the SP counter operates relative to the
edpe] anoetige d-9R4 defimadely, the trecsine dlecks ea tiahsition bdgeSP06, defined by the

oG Lol S Rl EgeRES o B roeiy® plod: L Zifey Thoreceive
sy.tst@ﬁ wiBBRtihhdR fhpldife BRnGQoHIREL a ?hzﬁ% Qlip N Getdasd. Qﬁhé Will occur

conprises the |l east two significant bits of the
at (t'tmﬂmte/tahmaﬁz shp pelridxk $Pnst a:immsttlong 908 cugaihﬁhstttmmhgin determmed by

th%ff Cf'fé% ;e 16%88 5862 1904 8 apaaryid by g tpieegrmumber of

fr thcwcm@ @h aﬂﬁltéfaélt&mf% TARY Y h
al%efclarrl ng nf)gvlv t% FI GURE 19, There F%onlal%iall}%l%r at&féﬂocgzursomew ore

wmagﬂath tyete ISRO oﬁt]nnSP\caimter 1702 oHowevea)] againythe' p@éitibm within the
a valu "ot tranS|t|on|s sanpl ed at
CO&WcPYalei%%%s?ﬁV %%teﬁ&% ithe THPFIYS aéaamsé@na% “IﬂﬂqQWS} Itis defined
(% S
L1 it R R, Sy S IR s s

the Ivaiuk of tmplmase bliff peotvales it flequekeyosmor, fe.nthe churge ia phase over the
slig mat ch . i.n tféj cl ocks uld eventually crea

cl%g%ma% éf QVEsYer firis pptedidiat @ ghaseislip pf 15t could EenEdsentgpt grsater than
s | as» I g

154183 RE B, WRSYHAER 00,5 BOALTE b s oo
maximanpereoriand sth&eforginthe tahsidonsascut faf eliigtl apat ibigxde lsﬁbh that the

Qf’i detail 30 hereinbelow At a first count cycle
phesgspiprgH by t%bla?gﬁ ag@exseedihisamor, thepthisragesinement widiiedgnored. This

COE&IY iBn cglr? é ﬁlg bﬂg%)g?a oﬁﬁelﬁ aﬁlﬁ‘% 5 eﬂ’chglh{aﬁ go% 1%5()3( flead times,

t ween eglnnl e COUﬂ cycC

resﬂlm%metﬂgpoﬁsh@dl fovd tob ldrpe s einRetw e temiditions.. If Hat fnbofed, this could
nmeasured as a di stance from t he initial W) 2004/025417
regutin BdERINSIY 28G5 EIonthataRdd baaf e gaonpmaskbie sad/opgign.
the receive clock, to a transition edge 1906, defined
by the transmt cI ock Tref, which has a val ue

[0043] aRiefeerih@né e FISTARE 20, che6 ks, illTatated aQﬁora'ﬁeﬂaﬂed difgrammatic view
receive systemw |l continue to saglp e the
of thegpesitq datstransitions eelasivg swths SPsoimger dthe cowder iTreset aj value of zero

|
o R oy A g il by Bh R Pl etiendie By ansiton
2006 €hdt ﬁ@ﬂﬁmsted &l egke o &, ﬁroanﬁietwamsg é@g%famc&&%y@lé Qooz The

separ at ed %an i nt eger number transmt clocks, N,
tragﬁlwh g0a¢ 15 labeled d);- dm INJT fteafisitipn QO%labnldd tTnl anslusiraiad as occurring

ogeur S0 e t hi.n st. cou C
s S xR TPV S 5 5P b /202 Ratjnf RV B IS P vatueof
“1 M ihdlicAtire EphaSOsliptofeME BB cocRMTRE R aksBsc M04 qé &a@ﬂfoseégalsE&ce by
the receive data transition is unknown. It is defined
from the leading edge of the count cycle 2008. If the clocks were locked, such that
NT,.=NKT, with no relative phase shift, then this would result in a transition 2004' for an nzh
transition T'; in a count cycle block 2010 with a value of “40” and a PH value of “0,”
indicating no phase slip. The distance of the transition 2004' from the edge of the count cycle
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, , resulting in an error 2012.
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relative to the receive clock as a val ue of bTel k
Knowi ng the time between phase slips and 10 the val ue
wofhodhesqahase slip provides the frequency erroPCTiUS2003/028856
the change in phase over the change in tinme. However,
it is noted that a phase slip pf "1" could represent
jut greater than "0" to j@6t |less than "2" phase
slips, due to the uncertainty aclk. The oscill ator has
Thia ektoo'van baiiliashte ndjost the dl,oclt h&bath direesign 6f ﬂlhteerror is known and the
transitions occur far enoug apart i

magpfide gf daperspriplagwn. He rpasgn f%ﬁ@‘é e%il)irds w%g ugcﬁ)grgng 28 bransition in
theXP u{atetr Buded e %Mﬁ%%rs"!‘al& bPGhicANah&Ironk %fb tbone. The

condition can exi ue’to the bursty nature of the

meakaral ard betvecepdiieeciddkalcar be déraredasdead ti nes,
resulting in the potential for too large a ti ne

L. petween transitions. If not i gnored, this could
result in a frequ recti ul d be of the
wrong magni t ude éﬁf orﬁgfg 04@%@¢? errlng now to

2. FIGURE 20, there is ill ustrated a nore detailed
di agrammatic view 20 of the receive data transitions
relative to the SP coudtier. ThéVcounter is reset at a
val ue of zero at a fi C Ie 2002 which is
coincident with the ocffreﬁgﬁlg'ya recei ve data
transition 2006 that is disposed a value of aTelk
fromthe | eading edge of the count cycle 2002. The

3. transition 2006 is | abe(ldde)rl. AdVnth transition 2004
| abel ed T" is illustratged,as @gruprigng during the
count cycle 2008 of the SP counter 2202 having a val ue

4, 0f "41" with a PH value of 25 "1," indicating a phase
slip of one SP clock._ The tranzﬂklo 2004 I's di sposed
a di stance bTcl k frerﬂyt he a Bf the count
cycle 2008. |f fﬁegphogk%l vvére I g}kﬁ@,_guch t hat
NTre=NKTel k with no rel ative phase shift, then this

5.would result in a transiti gg2094', for an nth

transition T'" in a cow&ch 2010 with a
val ue of "40" and a PH val bP~0," indicati ng no

phase slip. The distance of the transition 2004 from
"the edge of the count cycle 30 bl ock 2010 woul d be

equal to aTcl k, such t 1t he ti tween transition

2006 and transition 1 MKH ef However,

since there is a phas&8Pstip of tH-cl ock, then the

value from the |eading edge of SP clock 2002 woul d be

Ncl kf + (b - a + 1) Tclk 5 resulting in an error
[0043] ZNO%ﬁoiQ‘MéQ@ %ﬁoﬁ@%@@ﬁ&i A2885&mplénditivaluefiled)3 =-1, etc.

cah be utilized to adjust the clock, if both the sign
In efjuativat6,dt isonoted that donsmald abméute nva@,ws tofid 6f1, Dnhet only the sign

i S .known € reason f r that each
infBieSian s HPahcin s e npgunds 1 ahifl Blhfhn T BBLogREF 1708 5 -
ut1HQ&ﬁBth@1é)r}EyovE%E HaBnit@eSnRImWWL Nn badiBEn, sRFHEEBP chbénter and the

one measured error between the clocks can be

SPdaninteedit as kndwi 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
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aT ik + N Tref = SP Tcrk + bT ik 2. Telk N Tref

SP+ b- a 10 3. Tref(1 + 6) N KTrer SP + b- a 4. KN
wél04BRs41b+ a 15 SP+b-a-1 SP+b- a 5. PH b+a BEFws23/028856

6. PH 1 PH+ 1 20 SP+1 SP-1 [0043] Note that, in

these equations, PHis treated as a 2's conpl enent

value, i.e., 3 = -1, etc. 2n equation 6, it is noted

that for small absolute values of PH (-1,1), that only
17 QZh @osﬂkystratlamfpurpmd:s therease iKlnsivatecimo Slip@etiodson firsb§lip Peritsl having

avilge %@H&% S reng ﬁ-érgﬂﬁgrﬁhﬂ’ FEof i GRRAFPIG Foppyero (6F,. The frst
Shﬁg%fad i n 1&9’hﬂah@olﬁP v 8 e&cc?ﬁ%nch@tran@ﬁoﬁ@‘l 0% Ghd theldata that

nown t ere are eit positive phase
ocauiafog @ BHivalue thizn iy ottier than “Oh@mastiova) plisds wilt bamges conﬁt cycle 2104.

there is a 03|t|veandthena gative or
At fluy Bpose therespuntra 178¢ ipesstdo |ad’ﬁg}"ég SFuED 64@2?16 ot cycle 2104

(I erd kSl &b i1l

cof LB R8NAe L HRE Rhp 5 SR A st v

be det &2‘ 0eth T hishell BBhtirme nd erunl @ Rr ad heegrallomdtipleof tHadaraBEinit clock until
counter conprises the last Bit Period t

a trgpsiten 3 kD6 a¢auts Fhaf 15 apsnsiatesowith the §Hovalyapd Ogrﬁt SRR %ﬂn‘t cycle
21 (%10 Oﬁé ?&%ﬁé‘ﬁrs? ClisHRAOA % %ﬁ&ﬁ? g dlsga}lc?lglgaz’f Fm the lead edge of the
i1rustra é]il%

I 0N purposes, ere are I1Tustfated two

colrg ciy€lel 3 10Marfd the trailifign Pt cedub ava digtanee b a“lclyﬁoﬁlrtmsrlezdmg edge of
to SP1 and a second Slip Period having a value from

thecoppt ¢61eSH98. The first Slip Period will have its
final count value SPl occur upon a transition 2102 and
t he data that

[0045] With respect to the BP counter 1708, the transition 2102 that resulted in resetting of

the SP counter 1702 for the first Slip Period occurred an integral multiple of the T, clock from
a prior transition 2110. This prior transition 2110 is the immediately preceding transition to
data transition 2102. However, it should be understood that this data transition could occur
at any multiple of the transmit clock, depending upon the communication protocol utilized.
The BP counter 1708 is reset on each transition of the data, such as transition 2110 for the last
Bit Period in the first Slip Period in a count cycle 2112, a distance of ¢-T;, from the leading
edge of the count cycle 2110. The BP counter 1708 will be incremented up to a value BP in
a count cycle 2114 that corresponds to the SP count cycle 2104. This will be a distance of
a'T,;, from the leading edge thereof. When the transition 2102 occurs and a slip is detected,
the BP count value is stored and this value is utilized to calculate the clock error. Similar to

the previous case, for this case, the clock error can be calculated as follows:

cT, + M -Trer+ N-Tres = BP- Teti+ SP, - Teix + bTcik

Tczk_ M+ N
Trf BP+SP2+b-c
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occurs for a PH value that is other than "0" (not
shown). This will occur in a count cycle 2104. 5 At
wohbs/ef4are, the SP counter 1702 is reset to a varws2mB/028856
"0," such that the count cycle 2104 constitutes the
first count cycle of the second Slip Period and the
value of PH therefore will 22be set to "0." This wll
continue to count up for an integral multiple of the
9. transmt clock until a transition 2106 occurs that is
associated with the PH value of other than "0" in a
count cycle 21087TrAdati &) the fﬁfét transition 2102
occurs a di stance QRT glk‘fr _Lgad'ng edge of the
10 count cycle 2104 and the tranS| Ion 2106 occurs at
a distance bTclk fromthe | eading edge of the count
cycle 2108. [0045] Wth respect to the BP counter .
10.1708, the transition 2102 that resulted in resetting
of the SP counter t Peri od
occurred an integ La%i2ﬁ1%$% egg?‘$%§ %f%fpclock from
15 a prior tranS|t|on ZlB@LPEﬁha-@Lupr transition 2110
is the imMmediately preceding transition to data
transition 2102. However, it should be understood that
j1this data transition cozkg oz%g%_ia{ any nultiple of
the transmt clock, de communi cat i on
protocol utilized. he BP cgWteh-1708 is reset on
each transition of the data, such as transition 2110
for the last Bit Period in the first Slip Period in a

c apg t he | eadi ng
It % Vynj?h% ﬁé\} E?nip (?g&g[ll?%)_%ﬁ gﬁéllf}’ cg]unter 1708
12mn|| be i ncrenented up to a value BP in a count cycle
2114 that corresponds to the SP count cycle 2104. This
will be a dist|@der®PH> Ttgﬁg&q OPHhe REadi hg edge
t her eof . V\henW OZ—EC'C——dasllpls
det ect ed, he Tt balue is & d}@@s ﬁg this val ue
is utilized to calculate the clock error. Simlar to
the previous case, for this case, the clock error can
PHpend BHg atedhesg valies aispeiaisd vath SP; and SPi raspRetiveRef + N
Tref = BP Tclk + SP2 Tclk + bTclk 8. 30 Tclk M+ N
Tref BP+SP2+b-c WO 2004/ 025417 PCT/ US2003/ 028856 22

[00%6] TE@lia(tﬂm 12 B21idds t]Y bounds of the error as to the magnitude thereof. 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.

PH1+ PHo|- 1
I : 2| J(1+ 0)

Eosc = SIGN(PHI+ PHZ)( BP+ SPa+ 1
. 2

where o is the maximum allowed overshoot and the sign of the correction is the same as that
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KTref BP+ SP2+ b- ¢ 5 10. KMtKN- BP- SP2-b+c BP+ SP2+
b- ¢ 11. PH, + PH2 - b+ ¢ 10 E BP+ SP2+ b- c It can
woeosthasel7t hat (KN- SP2) =PH2 and ( KM BP) =PH1, seci/ushaB/ 028856
12. | PH1+PH2I - 1<W | PHi +PH21 +1 15 BP+ SP2+ 1 BP+ SP2-
1 PH1L and PH2 are those val ues associated with SP1 and
SP2, respectively. [00461 Eduation 12 defines the
bounds of the error as to the magnitude thereof. The,
of thie L vedes. Thisdquetiatyl biberefare prrvides ddthahe sighiagd the magnitude for a
. equati.on, f?r .any non-zero value of PHL and PH2,
BIVFR QYS! £ “Aon- zero lower linit on a clock error
that can be cal cul ated. Therefore, a frequency
correction of up to twice this lower Iimt can be made
[0043] t ke Hertakiond aboke wid tho tlatidnskip migpt SAN-SMT s dlowevehsince we
resul ting ab te error. The.reasqn for this is. that.. .
sergpla e At ael b R Bromp, agitia SESIPg b pypuf fate Miking this
rel LSRR lihtygéi'ii. U} Qﬁ%lﬁﬂgé@f PH, RatHR tb @AgH Tt Reequivalent to the
opposite direction that 25 wolil'd result-in tHé clock
cloth errohewer KT, Fhibs 5% Nyquist, Limftireduines thatt result in no
worse error. The correction factor that is generated
is as follows: 13. ~PH2I 30 FOSC = SIG\N(PH1 + PH2) Pm
147 - 1 BP + SP2 + 1 (1 + o) where o is the maxinum
al | oned overshoot and the_,sign of the correction is
the same as that WD 2004/ @)254;5 PCT/ US2003/ 028856 23
of the PH val ues. This.gﬂua%iongy%:therefore provi des
both the sign and the magniTude fo6r a given overshoot
factor "o." [0047] The derivations above use the
rel ati onship that (KN SP2)=PH2. However, since we 5
sanpl e the value of PH2 on incomng transitions,

al i asi ng can occur_thus making this relatianship
Whete d5 & thpnaumber ofof. d1sEAgE beffveppngogling it%sqlgnsedgégeneral, the

ma?cﬂm]:m 'Valufe oif %Pev%iElY %&H& aﬁagin%rfg given by:

15.

BB, <—
2&

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 of the tracking loop by rejecting
more transitions, 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

max*

This upper limit can be initialized to the worst-case oscillator error. As incoming

transitions are observed, MFE can be reduced, thus increasing BP,,,, and allowing larger gaps

max

between useful transitions. This is of particular importance when dealing with bursty

communications systems, such as USB. Calculation of ME will be described hereinbelow.



10

15

20

25

30

clock error over KTclk. Thus the Nyquist Limt

requires that: 14. 10 1 >2 BPTlIk KTl k Were BP is
woOhersaser of Tal k periods between incom ng PCT/US2003/028856

transitions. In general, the 15 maxi mum val ue of BP

whi ch avoids aliasing is given by: 15. BP,,,. < 2s 20

Transitions which result ir24a BP count |onger than

this anobunt should be ignored to avoid errors. Notice
[0048%t Althoughdke atiove kquationtistortect in gpmral, funbemrdongiderations can be used

o SRR o B0 o B0 st

D ifi i Loy T, L\0it8 PH. Therefore,
0 B8 oIt in 2 2800 P PRkl B Moks HPRAIT O P, Therefore
forl aogipertyantpdddecihiensd P2 anspedfit valns fariBdt) s can beisalculated sdiahgprevents
the time required to reduce the clo error to. wt
aligsingefor gt sperificififd valup "Hig raeseTlished EY EOTRAHEE A ﬂe phase error
|1 Bipkr f ke I, -
SR P bl 18Rt Bt v
thedsamipfeddatue of BHdnatveapphie. Withoegtah geriyl this inflies thegyhese error must
[imt can be initialjzed to the worst-case oscill ator

reragipdess than il BQ dagTRe: sincarsr ibAY e Phatsslorkedyon preh: fppsition, the
| 104 PR, 80d W 3Bk @fa8@over M T,
o8l F5E o ol 4o P P SR BAT TR LY B BaRover M T
pefédstik glileAbyi npor t ance when dealing with bursty
comuni cat1 ons systens, such as USB. Cal cul ati on of ME
wi || be described hereinbel ow. WO 2004/025417
cPCT/ US2003/ 028856 24 [00481 Al though the above
equation is correct AP=ggnerpyKuL consi derati ons
can be used to refine th%kBP};,c%alﬁ | ati ons. For
exanpl e, since the SP and hence PH val ues are reset to
"0" after each incomng transition, this effectively
| ocks .t he. of _TYe- fw Ther :
A SARPIERG el o rogol dlestng RS st poigfid tho cardinal
distance be@eeR & dl A (rlned DY iTHergfsrevent s 5 al iasing for
that specific PH value. This is acconplished by
consi dering how t he phase error between TYefand PH
accunul ates overtine. This accunul ated error nust be
limted to prevent the sanpled value of PH from
wr appi ng. Al though | this i i es the phase
error nust renmain ?Z@ggpﬁ§2;1 G ég?gks, since T,, ,f
and PH are phase-|ocked on each transition, the

17

where D is given by:
18.
K
, K-|PH| if |PH| <3
B K
2K-|PH| if |PH] =7
Using:
19.
];ef :K];lk / (1+‘9)

and solving for M gives:
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al | owned phase error can exceed 180 degrees in sone

cases. The error accunmul ated over MIYe f 10 peri ods
wogimeen7by: 16. O = aT,11 +MKTik -Tef) 15 woems2@3/028856

is the initial phase error. To avoid aliasing, this

error nust not exceed the cardinal distance between K

and PH (naned D). Therefore&5 17. aTl,c +MKT"1 -Tre f)

<DTIk 20 where Dis given by: 18. 25 K-1PH of |PH

20< D2 =2K-1 PH if I PH = Using: 30 19.
Tef =KT" 1/ (1+s) and sol vi nd+a) (IM®i ves: WO
2004/ 025417 PCT/ US2003/46 25—20. Mk (D-a) (1+6)

K e Using the relationship tweeh the clocks and a
wor st -case value of "1" for a, this can be 5 witten
Using the retstiafshiBfebyechigh& cloeks amdisa aerst-24se BRue<of11 formaxth$ can be

written in terms of BP

max

T, periods as:

21.

Note that this value of BP,, is the largest value allowed which rejects aliasing transitions.
However, due to the quantized nature of 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 O plus 1, written as:

22.
aly +MKT,-T1.)>PH+])-T,

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

23.

BBnax>%
&

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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10 Note that this value of BP, is the |argest val ue

al | owned which rejects aliasing transitions. However,
wdueodioas4ihe quanti zed nature of PH val ues, a | BGEMUS2003/028856

limt on BP,,,,,,, can be cal culated which guarantees

no valid transition for a given sanpled value of PH

will be rejected. This is ¥btained by requiring the

accurmul ated error always exceed the cardinal distance
24between PH and 0 plus 1, witten as: 15 22.

aTl k+M K111- Tef)>(PH+1) Tk This can be solved in

terns as BPusing a valu Q for a as: 20 23. BP. >
PH +1 max For a given i njat ppn.pf this clock
recovery algorit hm|gu ingSAmyt val ue of BP,,,,.,, which

25 satisfies both I'I'fii't s RHIH1 pg}pvg&% I iasi ng w thout
rejecting acceptable inco‘g?rfq‘t ansttTons. The actual
val ue used can be chosen"Wwthin these limts in a
manner whi ch reduces hardware conplexity. [0049] As
di scussed above, a neasure of the maxi num cl ock error

In bsler eogiinpBfy the hardwapethis &M appjoxdrhated withowtl losssofiggnerality as:
transitions. Starting with Eqn. 6, the naxi num
absolute error can be witten as: WO 2004/ 025417

75PCT/ US2003/ 028856 26 24. ]PH 11 if PHO < SP+1
lmaxl PH+l if PH>-0 5 SP-1 In order to sinplify the
har dware, this can approxi rrat{py‘wilthout | oss of
generality as: 25. fgmax‘<—:§1—)—1

The maximum error register (named ME) can be initialized with the worst-case initial
oscillator error. On each valid incoming transition, the current value of SP can be used to
calculate anew absolute value of & . If this new term is less than ME, ME can be reduced
to this new value. BP,,,, can then be calculated using &=ME. This measure of the maximum
error improves over time, thus allowing larger gaps between incoming transitions before
aliasing can occur. Note that if a worst-case oscillator drift over time is known, the value of

ME can be increased by a correction factor at regular intervals in order to account for this drift.

[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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10 (m~-c | PI+1 SP-1 The maxi mum error register

(nanmed ME) can be initialized with the worst-case
wonoda4ioas41osci | | ator error. On each valid i nconmPaguUs2003/028856

transition, the current value of SP can be used to 15

cal cul ate a new absol ute value of 4na. |If this new

termis less than ME, ME c&@d be reduced to this new

val ue. BP, naxcan then be cal cul ated using 4=ME. This
contehblock 2002 thae withxiusa the educof theBPdatsh 2308 o be lnaded itz a BP,,,

| | owi | ar ger b [ ' it w2
terghed b tas fhsice s TS IgSIgRT Sestiot Rl L2415 €3 pagio the 0
mpﬁ{s&f thé AuRip1&iel ﬁﬁl?‘éﬁéh fhhieisl c%nﬁl'i\fh‘m} mdif@inéd ﬁtyﬁle%tch Mg,

can be increased by a correction factor at regular

intervals in order to account for this drift. 20

(005RT wothectE feg&é@'t%glae%%e%g%%t 1 SPABER 220 Rt sz oo input

thefdd@ el F@TeRh u@ﬁmﬂi 1ERe 2R 'tl%u‘i”gﬂgﬁkblﬁféétea% £@xed reset

erel na ovet at aereq ired t0 1 npl the cl ock
valoeofeTt the aludtipletdrprofidihg erqsemlmmtthﬂSH;p:Srgnaﬂnemdkated on line 2214.

. g‘gé@g::%gﬁo fg\g ,rsﬁle é%pgi K@:—’eglégééf iq,t QIthigg dg Q9 an increment block 2224

tha% a{ck%] el @8 11‘31%]9 é{ %{r}ﬁg?&e@ﬁ i f&%a&%le cycle, the value

ere rom an oscl orrection request on a line
of 3288 couther BP0 isdaeisinetited.7UBor the bédutieheed fad lpsSi paaljthgowput of the
accumul ati ng register 2208 that receives as, an_in

lateth 22 Asgaputdp ax elgerithap block 226 e exerute sqeptionnld to Ee_termme the
osctWAt&] L}%ln%é %hrrgc%l]o% ﬁt&mc gy%ﬁ laé ﬁ% \Q}ﬁe oﬁ?oﬂﬁé ®p t E@*?éﬁiﬁ@. These
0, pon a elect a

e occurrence o ata transitioff)®

two aluésQfre atilizgad pegemathiospeatidn. i N the absence of a
data transition, a feedback increment |oop is selected
whi ch, upon each clock 30 cycle of the receive clock,

o REREPENLc AR Aoy 0o B 3 B8 o 202

deteAhiab the29Bvathdsl th&efor OBERE PHR e iR whpbite ubilizéd to determine if a slip
mul tiplexer 2212 on the "1" input which nultlplex r

hapoctarred ElainSP ouirad vilye i alsoiippude @maxunuram@n galoylataon block 2228

W0D.2004/ 0254 / U
o kS DB aRAR G Ak BEORRITIek 7 o g Bl o block
2232 0fhid 8 ikt toaBsler” ihpitdf a i mpitiemultiplegbr 2208he biﬂtphm which feeds

absence of the Slip Signal, the output of the |a
an MR gegisterf23a2 Beat Rravides iee ME outpuip Thisds inpwébaal to |t1pﬁ é&énput of the

Bt 450 %ol o SR REB R 274 Doy o i
223\4 hdvighA 3Rd |Baﬁ1?ﬁ‘tsm B Riddut [€oRhdRS] RIhd B@plidTithe ME latch 2232,
thereot the output of the two input multiplexer 2222,

it betng mersnon@matﬁnma@hvemeto@tm ME Sesch 2?é§es thev‘@lxueumferror value that
a re e[n t.he.
€

is gpc&qﬁqfnn?eélr%ﬁ@le Systery A a‘ﬁ fa)VI d&gglfﬁ opera e to deterning if the Value of A is
less than the value of B. If so, this is logically ANDed with the transition input 22 so, if both

the condition that A is less than B and the data transition occurs at the same time, then this
causes the value calculated in block 2228 to be loaded into the ME block 2232. The output
of ME latch 2232 is then input to a calculation block 2236 which also receives the output of
the SP latch 2224 calculating the anti-aliasing value and determining the 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-input is 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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In the absence of the Slip Signal, the output of latch
2220 is fed to an increnent block 2224 that is fed
woaode/estithe "0" input of nultiplexer 2222 sucRCThaRg03/028856
for each clock cycle, the value 10 of the SP counter
2220 is increnmented. Upon the occurrence of a Slip
Signal, the output of the 2Batch 2220 is input to an
al gorithm bl ock 2226 to execute equation 13 to
posiibledetemening ¢hat theciliplisdicatiopdyas et ashrally océuaredfaad itovill hgggnored.
wel |l as the value out of the BPsave register 2218.
These two values are utilized to performthis
[00‘3?]e rl@éfél?i‘?ig néw tb PRPZRE DRSOt Pisthied NEmpRAbEN R Rpicting the
al so i nput back to the control block 2202 to
basnketcm’mi sieps. hEh&progaim ésinittatededtor Stafitigeek B92vaiduben progeeds to a
what are utilized tq de ne if a sli has .
funghr g2 08 o556 bt Vil dansimirai g ang then o a function
blodRSBOBAD it RF aft CSi‘Hll?% tgacﬂgltf&lo HheAdRS 1ncB%u%4r£ﬂéitﬁﬁ1%cEﬂ§ the BP
max! mum error va e out put of bl ock I nput t
codﬂn@ 1sAl=athp aid 1Iﬂfcamﬁdgflﬁmc2i2>ﬁlblockm3§81 he pmgrarh dldnrfh)st]Ib a function
nput of i nput mul tiplexer 2230, the, output o
bloghPgho feadi 96 Bt traggian.e M hendbe Pk ?}}SH%H ugsp goth the SP
1]341?? H& Bp J&Jy@eé Feﬁwe aHpidd Qﬂﬁlﬁc%ﬁc@d Bpgfm{%tloh Bk 2912. t’flﬁ": program

tlp exer 2 ouf put of the calculation block
theA ZRB/sits aalkesision ik 2304 2o derempanatidhe bhloe of BPASeshtman tigp value of

BPous e B ProameIgenelonss Y pran i Raon o apdate the
Valhp &t Mﬁ' a&xP ‘a{en;fﬁ g ?@cmﬁgn f)llagk M‘:l 8I tgh&gla‘l%?lé %’th élﬁ]@ofmis %#IF]% 1o zero.

error val ue IS predetern1ne or t e system

If ok, tlei K indZ:3 s a Slip pet tAbi the bﬂ) gﬁ&lﬁ pfoﬂbemle to 4 ddchﬁorvlﬂbmlezm Kyes, then
is 25 less than the val

theingegram will flarask i the e of ‘ihﬁ ﬁmctlp% hlach 6698 232@@15/4 if anti-aliasing
is 1%?&1?6(1 z{nlaeBIQ %ncgétérln dt tg %te dA‘t ie§s h%ﬁ BB hap d@mﬁfdﬂ bid 2@31‘11 %hen the
ansitron occu "he I'S ~cause

prdgheen wall aewaa b(fuﬂoﬁbﬁ @ldch ZBRZJﬁer%BBldn(bldir& 230Ad@tbsetﬁh®SP counter
the ME bl ock 2232. The oqutput of M latch 2232 js
and Wh@mbaoﬂipsmhetl@w%%mem@ﬂM@QBoHRWQ%@Nm thePH valye is determined

notttﬁ ze 0, 1%h% s? tcBH&m Ifl '[hél‘h%l ?Q%%Cﬁo%ggcfﬁééﬁ%a#bﬁ)tckPg% and a

ari ng va rmnrn

deﬁﬁﬁﬁi@ m:IdH & t3 themet BRuitrert ¥alub&f AH dhduhe plevidbus OaRA bﬁPHrhave the
bl ock 2238, the B-i wzut connected to the output of the
sarpgsi g t 1§ potpthe grogrgm flpw tm@m@thlgblg@q ?é’y%lm@l@le{ tg resst the SB counter

ancg}t}fs‘g, %@ﬁ)gra{n? gfﬂi flo Igioﬁlg t}[]edlYG aﬁis 0 ag’a%%t%: 'ﬁ%trlgck[%ﬁ’;zS #correct a local

'S indi

osRatbF thbhﬁﬁkn@ﬁa&eﬁmmed&eqmur pose of WO 2004/ 025417
PCT/ US2003/ 028856 28 possibly determ ning that the
slip indication has not actually occurred and it wll

red 00 Ref. n w,to Fl GU 2 e .
0031 | AREleFPupit 8PP AP ERLARAaTs SRR R dhorbiE I managing
quiAhGorCAMt fifle-1S5i8IRE effdddE HV: SLAANE the bitilldtel @redfiorfactor must be
Start block 2302 and then proceeds to a 5 function

spdvifisdias Zﬁﬂmegfm n@é‘llplts Ioéthsca)lsu atof’s ivherent periasbaesalwbiamiAlsgsince the

error a,funct
logic must never 1ncrease tﬁe relative error ?"e oscillator’s maximum possible unit step size

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

26. 1
MAXOSCSTEP =

Estep
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bl ock 2306 to wait for an incom ng transition. \Wen
the incomng transition occurs, the BP counter is

woes@t0254% i ndi cated by function bl ock 2308. TReET/US2003/028856
programthen flows to a function block 2310 to wait
for the next transition. Wien the next transition
occurs, both the SP counteé® and the BP counter are
sanpl ed, as indicated by a function block 2312. The
program 10 then flows to a decision block 2314 to

The gtibalrwarei-Gase osvdllajer amor 6F; B defined 8 a tHEDIE BE Sual ikt of
BPmax If so, the programw |l flow along a "Y" path to
a function block 2316 to update the value of ME and
then to a decision block 2318 to determine if the

27value of PHis equal to zero. |If not, this indicates
a slip and then the prongnwﬁLoceeds to a decision

[

bl ock ., then | &he| pro i bac
Lo t ndaRTGRRRR F il on Poel GOS80
anti-aliasing 15 is requir€d and BP is deternined to
be not | ess than BPmax at decision bl ock 2314, then

e . i) 1 f ] i 2322 from
Th% g%alxg?%rﬁ %%{%g‘%ﬁ%# ¥)¥ &reglg gt} gst%glglh Ii]ec%[luér%'tqa}(?(:’rl'?e' ‘and t hen
back to the input of function block 2308. However,
when the PH value is determned not to be zero, i.e
28a slip condition, then the programflows to decision
bl ock 2320, and a deg¢q5 ' de, as to whet her a
current value of PH aﬁyﬁ?ﬁgzg?ggﬁﬁu‘)value of PH have
the 20 sane sign. If not, the programw Il flowto
function block 2322 in order to reset the SP counter

.and if_so, the programw.l |, flow along the "Y' pa t .
Firgly,JheMagimish Gelor DBy PURARBnFL 6t T e CBle o Fhigieed faction

by the m ninmum determ ned error. [0054] | nplenentation

of the algorithm described above is |argely an
Oféke%ékﬁﬁﬁéayfﬁﬂﬂiﬁﬂﬂﬁP5@5 quanti zati on and
finite-register effects. For exanple, the oscillator
correction factor nust be specified as an integer
multiple of the oscillator's inherent period
resolution. Also, since the |1|ogic nust never increase
the relative error, the osgcillator's jﬁxinun1possible

|

unit step si rEie= #d_in the calculations. This
value is defl?ﬁgéﬂlaﬁ the Rk coMEAIOSCESTER: s

MAXOSCSTEP =, Estep WD ,2004/ 025417 PCT/ US2003/ 028856 .
Thogideoh B ¥ HAUS\OPUEIS s DB 6 &1 FSEBY SF5 GRTBEE Yees for which a
noH%iih&?fcﬁ&lﬁiMSﬁl@ b€ p@lfforﬁ{eﬁ.p’ i.e.: 27 ~inft

29

The remaining implementation issue is how to avoid the division inherent in most of the
equations described herein. For the value of K = 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
% BP+SB, +1

)(1+0)

OS
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5 MAXINI TERROR = ceil = ceil (MAXOSCSTEP é&ntt) &tep
The maxi mum al | owed overshoot is defined as a nultiple
woRoREG417. e.:  28. 10 OVERSHOOT = 40 Final |y, PCIAIS2003/028856
Maxi mum Error (ME) is mmintained as an integer
mul tiple of EME(a fixed fraction of Step), defined by
ERRORSTEP as: 15 29. ERRORSPEP = step = 1 al E
MAXOSCSTEP SME The wi dth of the various counters is
limted in general by the maxi num val ues for which a
non-al i asi ng cal cul ati on would be performed. 20 The
This£an Wi 2 npl ement ati on i ssue is how to avoid the
di vision inherent in nost of the equations described
herein. For the value of K= 4 used in the
31i npl ement ati on, nost of %ﬁf ti,ans only have ei ght
or fewer uni qupp/aldges. 5™ Z@Eg“ws} gi@ cﬂi-—ViSi ons to
be preconputed. For2exanpl el,g clonsi der the cal cul ation
of the oscillator correction féctor? 25 30. PHL + PH2
- 1 (1+0) BP+SP2+1 WD 2004/ 025417 PCT/ US2003/ 028856
30 This can witten as: 31. PH, + PH2 - 1 5 BP+SP2= |

Nopa 8 Kifhs lp Biren e sian eostippondss (PHHPHLS 22 it of (P, PHL)

— P _: - 1 . | 1 1 . 1 -
b e o REIHINET ety LU v
as:10 as: 32
32,
BP+SB, = [ILO-J -1
8050

: o 3 :
The value of &, .can be quantized to 3 bits since 2 Estep = Einir-  Therefore, the oscillator

correction factor can be calculated as:

33.
7 if BP+SB<| 2| -1 else
7gstep
6 if BP+SP < 1t+o -1 else
68step
5 if BP+SP <|-T2|_1 eise
&Sgstep
4 if BP+SE < 1t+o -1 else
Eosc =1 48step
1+0\
3 if BP+SPE < -1 else
3gstep
1+0\
2 if BP+SE < -1 else
\zgsiep)
1 if BP+SP<|1F2|-1 eise
18step
0
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BP+SP2 | +0 _1 15 16.1 The val ue of Eos, can be

guantized to 3 bits since f6stp >girtft Therefore,
woOhev4ogsiil | ator correction factor can be cal cetaseno3/028856

as: 33. 20 7 f BP+SP2 < 140 _1 else 7~step 6 f BP+SP2

< 1+0 _1 else 6 step 5 f BP+SP2 < 1+0 -1 el se 5step

251 1 - 4 if BP+SP2 < 1+0311 el se ~osc 4Estep 3 f BP

+SP2 < 1+0 _ 1 else 3step 2 if BP+SP2 < 1+0 _1 else
Thig sprregpoBds th ai set BFseSHL campardtordples seme dfodinglogh®in hardware.

2004/ 025417 PCT/ US2003/ 028856 31 This corresponds to

a set of seven conparators plus sone encoding logic in
[0088f I'RERmind Alkp3) FROURTY 21nGe e iifslibfetRERGrantliRIc®ib of one

iTlustrated a diagranmati ¢ view of one ins t1ation
instahtistion of t}mprmmm aseillatdraindhe oscillatdr an]smehiedbn the integrated circuit,

i npl ene edo i nt egr at dC|rcut
ap@g@@%\ Bitgng ﬁi%ftrgsnler%%%@ g%l?rem%Fhaéwegnﬁr%ﬂeﬂrbw.r%%}er 2406

antfz%glsfe ARl {ﬁ)q SinfeBi@l 51{)2% g&fé ri§fBufto a(ag}u;i"é dleuit 2410,

e out put O e Intern ge erat or

whichgislsd (‘Jorﬁro(lille& bd dlecrlegleﬂdt 240848, outpain t@bedf ﬁemgsmput to one input of a
controlled the reglster 2408, the qutput the

muflergr 24 s IEREPIEFRE A4 B s %smtrﬁUFd Pbﬂté‘o(égwt?ﬂi@g %@%Ster 2410

A e T
to whircdinalsclockopénetator, tigerd iislsa atpeovdeivafat af ed@al tiystal controlled
addition 10 to an internal clock generator, there

oscalfadey- A gpysialicanteled dnterpl o epwhipscitialps 2412 2 brawidsf fltys interfaced

through an input circuit 2414 to terminals 2416 and 2418 to an external crystal 2416. The

e =l

ou

output of the oscillator 2412 is input to one input of the multiplexer 2410. Additionally, an
external clock is provided on a terminal 2420 that is also input to one input of the multiplexer

2410. The crystal controlled oscillator 2412 is controlled by a register 2422.

[0056] The internal oscillator 2402 is provided such that it will be the default system clock
after a system reset. The internal oscillator period can be programmed with the register 2406

by the following equation:

AT = 0.0025x x AOSCICL

BASE

wherein f; ¢ 1s a frequency of the internal oscillator followed by a reset, AT is the change in
internal oscillator, and AOSCICL is a change to the value held in the register 2406. Typically,
the register 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 controls provided therefor.



oscillator. A crystal controlled internal or on-chip
oscillator 2412 is provided that is interfaced
woOhomoghuian i nput circuit 2414 to term nal s 2426TA82003/028856

2418 to an external crystal 2416. The output of the
oscillator 2412 is input to one input of the

mul ti pl exer 2410. Additional3dy, an external clock is
provi ded on a term nal 2420 that is also input to one

i nput of the rmultiplexer 15 2410. The crystal

06555 Aitsbaa ¥ plefirih, arediue iRa bhRh s550rd T EGH G ks Fhoutd be
und&Slod BBk vhiiotd dhbn®8, dUbSHHBERAUIND Rk e&pggmaaé Eh;efeiﬁl without

systemreset. The internal oscillator period can
departing &rmettie wpitihanidssopegf the arveidd@tas defined by fhel dppmided claims.
equation: 20 AT= 0.0025x x AQCSCI CL BASE wherei n f BASE
is a frequency of the internal oscillator followed by
a reset, AT is the change in internal oscillator, and
ACSCICL is a change to the value held in the register
2406. Typically, the register 2406 wll be factory
calibrated to a defined frequency such as, in one
exanple, 12.0 25 MHz. [0057] Referring now to FlI GURE
25, there is illustrated a table for register 2406
wherein it can be seen that bits 6-0 are associ ated
with the calibration register of the oscillator and
its value can be changed internally. FlIGJRE 26
illustrates the control register 2408 illustrating 30
the controls provided therefor. WO 2004/ 025417
PCT/ US2003/ 028856 32 [0058] Although the preferred
enbodi mnent has been described in detail, it should be
under stood that various changes, substitutions and
alterations can be nade therein w thout departing
fromthe spirit and scope of the invention as defined
by the appended clai ns. WO 2004/ 025417
PCT/ US2003/ 028856 33 WHAT IS CLAIMED IS: 1. A method
for recovering the clock froma received data stream
conprising bursts of data with zones of substantially
no data between the bursts of data, conmprising the 5
steps of:
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providing a receive clock operating in a reference

frequency range; neasuring the tine between data
wonremgRsd1ons in the received data relative to PO®US2003/028856

receive clock; determning if the neasured tine is

substantially an integral of the receive 10 clock;

and if not a substantial iBABegral of the receive

cl ock, adjusting the frequency of the receive clock
WHATAdASGIeABMED ¥or t he di fference. 2. The nethod of

Caim1l and further conprising the step of cal cul ating

the 15 anmount of the difference between the neasured

timp andathgngd fiGetoveRhE HEC16dLORKmI A HeBEVad d@E stram comprising

phase shift value and calculating a frequency error
burkth ef ddta sithazonas off Substartiedly niordaprHzetwea the bersts dfylataheomprising the

ne%sured time over which the difference in phase was
steRpeter mi ned, the step of adjusting operable to adjust

frequenc . ' : LA-dH ' .

f equench it FrepGegbg B AR Ao rbg Ry range:

step of mejsusihg tig tinkebdtwenpdatatyansitionhin theweeived dath teddtive to the

is inhibited if the previous step of calculating the
recgiNagleckial ue for a previous step of adjusting the

fr equenc&et%nihﬁllg if BReSh¥Rufeddiie FORDSahiIBSarPinbAASS the receive

value that is opposite to the sign of the phase val ue
cloclf; ahlbe present cal cul ati on of phase value. 25 4. The

nmet hod of Claim2 wherein the step of prqvidin

recei ve €|ne&4<8®éwﬁw1§@§grabqf§m it e%\]ﬂcg\?a%ﬁ%&@%‘equemy of the

. i c tq R frequency of the transmt
recéﬁ%ggig}éﬁﬁo&%&ng%%%\/\rﬁléér’rgllﬁfr?}%g% step of calculating the

phase val ue therefore conprises determning if the

tine between data transitions_ is different than aq )
i nt &gr al Theimethadeofoflaim dygdefurther popapiayig Signyipr gt caloulating the

amgéﬁ%% %he:%ﬂfférenc;rg‘t?et\ggetnr{ggmg%s dacirﬂé gncwﬂg blosékt HE@]fV% tcﬁ;@k Hterval as
adj usting conprises adjusting the frequency of the
a ph#6 shif&afile@ad cdiyulaimt Sfequahdyerroy¥BeRfiod] 425U fTetence in phase divided
PCT/ US2003/ 028856 . 34 6. The nethod of Caim5 wherein, .
by theancagired Bme oyarpyhish the diffraeneg nphasewat datormirgl the step of adjusting
ovier shoot I 1 T
o B L Y et e g e AR S,
sign of 5 the phase val ue.

3. The method Claim 2 wherein the step of adjusting the frequency of the receive
clock is inhibited if the previous step of calculating the phase value for a previous step of
adjusting the frequency of the receive clock constitutes a phase value that is opposite to the

sign of the phase value of the present calculation of phase value.

4. The method of Claim 2 wherein the step of providing a receive clock comprises
providing an oversampled receive clock of K times the frequency of the transmit clock, Tk,
and wherein the step of calculating the phase value therefore comprises determining if the time
between data transitions is different than an integral multiple of K cycles of the oversampled

clock.

5. The method of Claim 2 wherein the step of adjusting comprises adjusting the

frequency of the receive clock by a step value.
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8. The nmethod of Claim1l wherein the data is non
return to zero binary data. 9. The nethod of Caiml
wohewn@mithe step of neasuring the tinme betweeRCUAS2003/028856
10 transitions is quantized on the data transitions.
10. The nmethod of Caiml1, wherein the tinme between
data transitions is nmeasuréd froma first data
transition to a second data transition, wherein the .
second dEhemethad of Claim 5 whotejsy dnd derther eemprisingadding agredetermined
%éﬁ? 0 CU{S when the step of determining if the
overshooh v e {9 HE SR 48 st anti al Iy an integral of the
recei ve clock determ nes that the neasured tine is
substantially not an integral of the receive clock. )
11. 7The h¢ hsthodfof Cllaiims Whereihtbe sien velwehes & signisqual to the sign of
nunber _of internediate data transitions between the
ﬂ“ﬂ#?%?“%ﬁﬁ second data transitions. 20 12. The et hod
of Claim 10, wherein the first and second data
transitions can exist in different data bursts. 13.
The8net hdte ofeth@daif Glgmihwheicin the datrecrinasturh tekerd hinary data.
known mexi mum error 25 value, and further conprising
the step of determining if this known maxi mum error
val ye apRt hiRfhRAERCILRE] MRS G sfe?'@nféﬂ!sﬂrﬁlgr t88 e befveen data
anbiguity 1n the sign of the resulting phase and, if
trasitjorisnditrintizedjon the datadprnsitionslj usti ng t he frequency of
the receive clock. 14. The nmethod of C aim 13 wherein:
30 the step of providing a receive clock conprises
proypdi ﬁqlealguﬂ?:ﬁﬁ@m ?,theﬁ'Tqﬁ B bR ePiatk rhhdishs i Beasured
frequency of the transmt clock, TcLK, and wherein the
froat @ firgfdatacahmsitioat tonegysechrd Jitasmnsidiboewhéreinethersecond data transition
conpri ses determ ning if?%he time betfween .dat

WO L.

OB @ B RLTATSEPP RS GRQID SREE BIe 4 qldeien{TipRY themeasured time is

bl i HaLi i S461e8 9infis idStantiall
sulf b B i ind B o Bl AL SO Bl Rt iU Bnf fe hfantally
notcal iateleed ofthetrbeivaodovkt of the di fference between the

measured tinme and the cl osest receive clock interval

as a phase shift value and calculating a frequency

err gy, t il 15! $h&GBHnd e diate dat

the Thieadne Sipepa o Gl 10y PAEBE g o PP & sl FPEinimediate data
traMéiSordecer danrtBel first bied sscepd dta aaksitidnsng operable to

adj ust frequency of the receive clock to mnimze

this frequency error and further conprising the step

of j ustli [ - " .

o 30 o PP 5 B8 PP Rlong o i
in different data bursts.

13.  The method of Claim 2 wherein the receive clock has a known maximum error
value, and further comprising the step of determining if this known maximum etror value
applied over the measured time could result in ambiguity in the sign of the resulting phase and,

if so, inhibiting the step of adjusting the frequency of the receive clock.

14.  The method of Claim 13 wherein:
the step of providing a receive clock comprises providing an oversampled
receive clock of K times the frequency of the transmit clock, Tk, and wherein the step of

calculating the phase value therefore comprises determining if the time between data
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integral of the receive clock in accordance with the

follow ng equation: 10 PHIIl if PHO Iml < Sp +1
weoered4/nf41PH>-0 SP-1 15 where PH = the phase sRCT1US2003/028856

error and SP = the nunber of cycles of the oversanpl ed

clock between data transitions froma first data

transition to a second data&3ransition. 15. A method

for receiving serial data transmtted froma renote
trapsithorsis diffenent thapeatintegralvnstipleoilh eyales of the ovesayriledeloek; and

gﬁt @ﬁ%rﬁc%ﬁ%sﬁ%%ﬁ%%@p g Faglig%it\lgqt Qﬁﬁ}%ﬁﬁéotgge gégage’nce between the

meaS§ifed ‘iﬁ'{b REd eSS céibe clb@C@Riertd1ds b pRadahft PiluPand calculating a
serital port; recovering the clock froma received data

fregtienen errbythetedrost aysdifferenceinghist digidad by thei measuted dime over which
0 ating in a referenc reguency. range, asur i
they PR SRR e Fp e i R er e pepsiapency of

the 1Bl &bk 18 Thihithib i REGBEN eﬁbpﬁi&mﬂﬁér%ﬁ?ﬂgipg %Hﬁ‘;ste&)rb?adjusting

nmeasured tinme 1s substantially an integra

thereadamue ftqpekey et onfeach deersutioant thalmdamired)tinie infublstantially an

. receive clock, adjusting the fre ncy of the receive

integrelcal Besteeeivp tloci baoeprinsravidh e dp AV cdiiiiozt
decodi ng the data using the adjusted frequency receive
clock. 16. The nmethod of C aim 15 and further
conprising the step of cal culating the WO 2004/ 025417
PCT/ US2003/ 028856 36 a iﬁHP&bf, hgégigference bet ween
the measured tinme and,t é“E‘Se t eVPve cl ock
interval as a pha 'énaflﬁi flgﬂ\ﬁr ue and cal culating a
frequency error therefrdmas—a ifi fPEFefice in phase
di vided by the neasured #Pmd over which the
difference in phase was determ ned, the step of
adjusting operable to adjust frequency of the receive

whStOST < Be %ﬂe@hﬁ? efrdl Sind SBIRBCYBES OF cycles of the oversampled clock

between data transitions from a first data transition to a second data transition.

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

receiving the data on a serial port;
recovering the clock from a received data stream by the steps of:
providing a receive clock operating in a reference frequency range,
measuring the time between data transitions in the received datarelative
to the receive clock,
deteﬁnining if the measured time is substantially an integral of the
receive clock, and
ifnot a substantial integral of the receive clock, adjusting the frequency
of the receive clock to compensate for the difference; and

decoding the data using the adjusted frequency receive clock.

16.  The method of Claim 15 and further comprising the step of calculating the
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5 17. The nethod Claim 16 wherein the step of

adj usting the frequency of the receive clock is
wonbodsad i f the previous step of cal cul ati ngPCiaIS2003/028856

phase value for a previous step of adjusting the

frequency of the receive clock constitutes a phase

value that is opposite to tle sign of the phase val ue

of the present cal cul ati on of phase value. 10 18. The
amoedthod theafiff@lencabetGeantthe miemsurdudinae apl the closest rateivg chck interval as

ecei ye clock conprise rovi di n overs | ed .
avhase higarafiegag capul king %’%ﬁu?w P HEHOR 15 G AECIGE I EAsp divided
; i | B irSERe Whs EAL AL 1H3GtebBBadjusti
by Bl oL i oy B B TrbdoE LR, Bl Fermlihed I ich OPadjusting
opdrabie to aftstdequeanyaf theansitd dodk tosnidirhize tlanfrequracy ewor.
integral multiple of Kcycles of the oversanpled 15
clock. 19. The method of Claim 16 wherein the step of

adj ywstin [ ' i . -

e 4 IR 0 oL e o
clotk & imhibkedtiithe ippevamd stapr dfvatcutaving the pirge adhie ifor a previous step of

pr edet ermi ned overshoot value to the step val ue.,

.21,
adjysing e Reauey of fierraetvameskaionsiities emdass, wlifthats ogposite to the
Sl | - . 25 22. Th
s of RsPHR s S e Plefth Bhicwlbeldh JBRE V™. e (o

zero binary data. 23. The nethod of C aim 15 wherein
the step of nmeasuring the tine between data

tr ah$i ti Jhemedod abrleinkavhsscin e steaoapiovithig a eestys clagk comprises
proggc%i%g %}r? oviria qed)gec%@&l&lééf%mé glr%r%etqplgx}cér{%eﬁgaﬁl\é‘ﬁﬁ%bck, Teorko

ansiti‘ons 1S neasure

and WBASintthédlep ¢f calcBRbANMMe gRdsa valuanrtdfoeRompHsss@erRrihihing if the time
second data transition WO 2004/025417

betpen (g2 0BByibosds diffegent themgn integrabmuhiple ok peslesiof tha qygrsampled

clolgeurs when the step of determining if the nmeasured
ttme is substantially an integral of the receive

cl ock determ nes that the nmeasured tine is

substantially not an integral of the receive clock. 5

25. 19he e msthodof Glammovhersip thestap of pdiusting-gonyaisgs adjusting the

ﬁe&&e‘ﬁ%}g of 81fe r'ec%'iveercqgcq(' b%lt aestgpa\tra"ilue.

20. The method of Claim 19 wherein and further comprising adding a

predetermined overshoot value to the step value.

.21.  The method of Claim 19 wherein the step value has a sign equal to the sign of

the phase value.

22.  The method of Claim 15 wherein the data is non return to zero binary data.

23. The method of Claim 15 wherein the step of measuring the time between data

transitions is quantized on the data transitions.

24. Themethod of Claim 15, wherein the time between data transitions is measured

from a first data transition to a second data transition, wherein the second data transition
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transitions between the first and second data
transitions. 26 The nethod of C aim 24, wherein the
woiomt2snd second data transiti ons can exi st i RCT/US2003/028856
different data bursts. 10 27. The nethod of Claim 16
wherein the receive clock has a known naxi mum error
val ue, and further conprisiBig the step of deternining
if this known maxi mum error value applied over the
conmmries & ddtattiamsition tHatl opasuivheri the stebiod deteymining if thegnepsursfl time is

subssentigl s T eedtiesiesk dotctiings Pk o et Qe iifostantially
notzagmgg 1 9BhbB oL RE cgcﬁl m 27 wherein: wherein the step
viding a receive clock conprises providing an

oversanpled recei ve clock of K tlnes t he frequency of

ol 2hl athegeting S e FhraErn LEE GinbethhpSad iermediate data
tra:%l?c d;ﬁé'%ﬂ&é%ﬁ thel ﬁlfs{‘aﬁldtéeE%dhﬁEaW?ﬁﬁltﬂﬁE a 20 transitions is

rent than an integral nultiple of K cycles of the
oversanpl ed cl ock; and further conprising the step of

cal cul ating_ the f fference het ween
ot Bie et SR AL ot ket e sty Sond SR PR g oan existin
hift value and calculating a frequency
d1ﬂ%?erng§193ti%éfs(tes?r omas a difference in phase divided by
the neasured tine over which the difference in phase
was det erm ned, the st f adj usti.n rab eto
ad] 3t fifbamethegi oplabm T8 where Bitbe TeciEPIOR g2 Kapy i gmum error
valﬁ?'aig nﬁfngocﬁe &e oi’#iét‘eﬁﬁl Rk ®RhoOn bl&imb@Rrror value
jUS e “maxi| requen error on each
appletieven tﬂaheasurddftlrmé‘@ul‘chasﬂ’rm dmblgmty irsths silgs b ftht realiltipg phase and,
|nte%wsl of the recejve clock in cordancgﬁ*ﬂth t he
if spoinhibjingthe sigaof e@ust]@#hq&eq@ecw RRREFIVE Clg8Kq | max~
PH+1 if PH>-0 SP-1 WO 2004/ 025417 PCT/ US2003/ 028856
38 where PH = the phase shift error and SP = the
nunpgr ofTheuetted TCliihe2owkesianpl ed cl ock bet ween

data transitions froma first data transition_to a
sechareinihs stapgigreyigimg a receive clock comprises providing an oversampled

receive clock of K times the frequency of the transmit clock, Te g, and wherein the step of

calculating the phase value therefore comprises determining if the time between data
transitions is different than an integral multiple of K cycles of the oversampled clock; and
further comprising the step of calculating the amount of the difference between the
measured time and the closest receive clock interval as a phase ‘shift value and calculating a
frequency error therefrom as a difference in phase divided by the measured time over which
the difference in phase was determined, the step of adjusting operable to adjust frequency 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 of the receive clock in accordance with the following equation:

|E¥J ” if PH<O
me SP+1
PH+1 if PH20

SP-1
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29. A clock recovery device for recovering the clock
froma received data stream 5 conprising bursts of
wdav@/oas4ih zones of substantially no data betweenuSkm3/028856
bursts of data, conprising: a receive clock operating
in a reference frequency range; a neasurenent device
for measuring the tinme betw8en data transitions in the
received data relative to the receive clock; 10 a
whpded3® =ghé phasd ehificerrargandeSP e¢hé oumbletadroytles nfjthefovetsampled clock

nmeasyred ti.nge i sybstanti al.l. n i ntegral  of .f.he
beiigan e Uaptinns g 2 Arg GARD f SRERT G 8O ne

frequency of the receive clock to conpensate for the

difference if the neasured tine is determ ned to not

be 3%bst Antlocki regovary demtce doratecoveringedhe cleckefrom agtesived dat stream

30. .The control deyice of C ajm. wher ei.n _sai d as
corgprising HWECe e Haldi oBe of S‘%@Pﬁéfyen? G et b PRt of data
Mﬁﬁ? . of the difference between the neasured tine and

the cfosest receive clock interval as a phase shift

val ue andr&ealveulakeperafingouertyceefmquetvgnraigepm as a

di fference i n phase, dj vided by .the neasured tjnme over .

whi ch t hd RAFFEREHISVIC f%a%aé%&&lﬁ PRV AR Urefipns in the
rec9Bd % riEY B (OPREADL Bob adi ust frequency of the

receive clock to mnimze this frequency error. 31.

The cont aophaskeshifie déleating 36vivd dore detesminthge ifnthe alneasured time is

device step is inhibited from adjusting the frequency

substantiplly seingispdl of fhsarediye Aok BRévi ous step of
cal cul at h@gl}d‘(g ge\m}]&?ﬁﬁ zédﬁ?%’%gl%fthgée@%fé?ﬁog?{eﬁﬁbe%@clock to compensate

operatio Justi requ e recelve
forehodiffetnbsifithdihesuedpingsie deetmied tadot bs seppmsallyart mtegral of the

the sign of the phase value of the present calcul ation
fﬁ@$@ﬁkﬁ e value. 32. The control device of Caim 30

wherei n said receive clock conprises an oversanpl ed

receive clock of Ktinmes the frequency of the transmt

cl ogB, TaThKcomrd deties of Tladd A9hwhaainckafihpisee sldfieletecting device is
device is operable to determne if the tine betwee

n
opefalla te ealemate itherrsnquat ofthe didicsmnce beftiser teinpragyed fime and the closest

e BB 0 e BNPLROBA S ERY P o s

difteatice 8n @hadel @lided By \Whemehdir&iafitle 098t whlchdRy difRrdi®e in phase was
operable to adjust the frequency of the recejve clock, . .
detgymined; saig opafrelalevice operable to adjust frequency of the receive clock to minimize

this frequency error.

31.  The control device Claim 30 wherein said control device step is inhibited from
adjusting the frequency of the receive clock if the previous step of calculating the phase value
for a previous operation of adjusting the frequency of the receive clock constitutes a phase

value that is opposite to the sign of the phase value of the present calculation of phase value.

32.  The control device of Claim 30 wherein said receive clock comprises an
oversampled receive clock of K times the frequency of the transmit clock, T, and wherein
the said phase detect device is operable to determine if the time between data transitions is

different than an integral multiple of K cycles of the oversampled clock.
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34. The control device of Caim33 wherein and further

conprising adding a 5 predeterm ned overshoot val ue
woaodhesatrep val ue. 35. The control device of eCaiuse®@3/028856

wherein the step value has a sign equal to the sign

of the phase value. 10 36. The control device of Claim

29 wherein the data is non3eturn to zero binary

data. 37. The control device of Claim29 wherein said )
meaddr endhe cahipl deyidesf Cpama3p wereisapdconirokdeyise igapgeable to adjust
h tyveenoc?f ntized dmtr%n%iti ons. 15 38. The control
CHERANEREY ISPAYSYOCKhe? SR VEHE ti me between dat a
transitions is measured froma first data transition
to a second data transition, wherein the second data )
tr aB4i t i She contpeli dawiceofd@laim t3Bawkéreinomd: fusthen eerupmsing adding a
ﬁgen Ih@ ?h setdelte t,,device determ nes that the
prefetgupingd oY sTiReot YallG PSSP XIS ot an integral of the
receive clock. 20 39. The control device of C aim 38,
wherein there can be a nunber of internediate data
t r al8i t i Ghs ciystohdevice bEClaim 88 whwerkisthesteg vdhitedas a sign equal to the
. trgﬂ%iﬂﬁﬁi ons. 40. The control device of C aim 38,
sighRd Eiah 148 r st and second data transitions can 25
exist in different data bursts. 41. The control device
of Caim30 wherein the receive clock has a known
maxBéum dhe oontvadlderedce afi@lafm 20hvererein tipr daga isgroaneturthiolyieto binary
device for determining if this known naxi num error
datgal ue appl i ed over the neasured tinme could result in
anbiguity in the sign of 30 the resulting phase and,
if so, inhibiting adjusting of the frequency of the
recéfve ahecntin} dsdtelof Clah 29 whdein said méd@BuPdieht 026dd & operable
PCT/ US2003/ 028856 40 42 The control device of Claim
to npgasfe s tme Reiwieen auankized date EPSEINSock conpri ses an
over sanpl ed receive clock of Ktinmes the frequency of
the transmt clock, TcLK, and said phase detect device
I S BPRer afhecdmrod dtwceroMElairh 291 Wherkinnthe hintewetveedalata transitions is

R Fiotn bt SATBY R e e frangian, Whereih the Second data

transition comprises a data transition that occurs when the phase detect device determines that

the measured time is substantially not an integral of the receive clock.

39. The control device of Claim 38, wherein there can be a number of intermediate

data transitions between the first and second data transitions.

40. The control device of Claim 38, wherein the first and second data transitions can

exist in different data bursts.

41. The control device of Claim 30 wherein the receive clock has a known
maximum error value, and further comprising an inhibit device for determining if this known
maximum error value applied over the measured time could result in ambiguity in the sign of
the resulting phase and, if so, inhibiting adjusting of the frequency of the receive clock by said

control device.
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sai d phase detect device operable to calculate the

amount of the difference between the neasured tine
wana4siicl osest receive clock interval as a pRasmS2003/028856

shift value and calculate a frequency error therefrom

as a difference in phase divided by the neasured tine

over which the difference4Pn phase was determni ned,

said control device operable to adjust the frequency

10 42. t h€he exndiol devi¢eodfiClain A1 wheiere t hi s frequency

error and further operable to adjust e nmaxium .

Fr e s P AoBE A o SO 5L epRIES FIBGR o Kfimes the

. . otial oy An i . -
B o Dy P nd R0 A e U BBl i, torm
if th&tiimk betd@n dataSPantitiofsris| diffetedt thin RiintégralSRultiplehef & cpeles of the

= thlﬁ%‘{)aase shift error and SP = the nunber of cycles
ovegtant Qe 8l ed clock 20 between data transitions

fr Oggi@?ﬁdsé dtedAbAcd 5RRBHIL o QRchBicAhS SHAM o FHRE Bifference between the

transition. 43. A data recelver for receiving serial
meskaral timanaditlic ddsebtriemeive clonbtimetvabhasaphdse shift Yabemsndoerlculate a

wherein the data is, conprised a data, stream of bursts .
Freqengn POV PR TaB 6.8 GHOToMRISP HeidiyifsA Pothg Freasyed g pver which

t t riaSi O TRV oA &
el O B PSSO v
of thet@cdte eak hy minimizt epis fedquecyr @owi and fnlthekoppahlatto mdjust the

in a reference frequency range, a measurenent device .
magRITR FEHEIGY SO B SACHAPETRIERST § (BR SearhTEd e s SHpyerially an
. i: j e shift
B e B R Tl BlBRE ' e

is substantially an integral of the receive clock,

and a control device for adjusting the frequency of

the receive clock to WD ﬁ%) 4/,025417 PCT/ US2003/ 028856

41 conpensate for the di r_élncl? |45}|L1Q1(§a neasured tine

is determned to n?gawgg sgpstiantialTy an integral of

t he recei ve cl ock; PH +1

if PH>0

SP-1

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.

43. A datareceiver forreceiving serial data transmitted from a remote transmitting
location wherein the data is comprised a data stream of bursts of data with zones of
substantially no data between the bursts of data, comprising:

receiving the data on a serial port;
recovering the clock from a received data stream by the steps of:
areceive clock operating in a reference frequency range,
a measurement device for the time between data transitions in the
received data relative to the receive clock,
a phase shift detecting device for determining if the measured time is
substantially an integral of the receive clock, and

a control device for adjusting the frequency of the receive clock to
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decodi ng the data using the adjusted frequency receive

clock. 5 44. The data receiver of Claim43 wherein
wead/phase shift detecting device is operabl eBCTas2003/028856

cal cul ate the anmount of the difference between the

nmeasured tinme and the closest receive clock interval

as a phase shift value and 4al cul ating a frequency

error therefromas a difference in phase divided by

t he compsseedortthaiffencace ifithie oleasured tiiné fsdetermmed o nphbssibstantially

was determ ned, the step Qf adjusting operable to

ad

j g8 integral Rfdhgieegiye ‘Elﬂﬁkhaé‘gei ve clock to minimze 10,
this fre A4S thel: t I M&vddigium 44
wherein gg‘?ﬂ ot%?%?ugggi%ee%%%i?es@%ﬁrbi t“éd from
adjusting the frequency of the receive clock if the

previ ous_step of cal cul at.ing the phase value. for a .

pr edfous The &ptagPoeher Gb i el deiicass Selilﬁéi%te_ctmg device is
op&rEBIE 1Y EalGlIAE St I)HP@ 8]}#%1‘8{%@5%@1{1 He i dA8lred fithe' afid the closest

opposite to the sign of the phase value of the present

receecldcitintervabds pptaseshifilvale adb calthlatingh feqeney weor thérefrom as a
Cl ai m .44 wherein_said receive cl ock co_ngrd';ses an

diffyence dmphaty diwded by the mepsusrd me o™i the difrerncy ipphase was
celelifinbd MR ofSlfiStng ol BRI ALy of B8 ARNE AR Fminimive
thib&egwemoy e@dra transitions is 20 different than an

integral nmultiple of K cycles of the oversanpl ed

clock. 47. The data receiver of Caim44 wherein said

cont;k ol [ LS: I ] I :

t e "Focers ar s B CLEE A it band] Bl kB A RAKRled from
adjusiiryl the fre@ieny off the reéeivb Eloek IT titg e Fivnid &Y ofealeplatiap @ phase value

adding a predeterm ned overshoot value to the step

forpgreraousstep of pdjugtingahe fseguenerof die regeavaplork copditepsa pligge value that
. | . i i an. of
B R e

the data is non return to zero binary data. WO
2004/ 025417 PCT/ US2003/ 028856 42 51. The data _
recébver The dafaaraerivgr ahéreim 44 avkpreinaseist eaveive deck eemprises an

o358 B i TR0 BB DS 2 o v

theMART StiaRe HbtBctideMRe hebpieile thaddlerhli@dFithd M8 bebiveeh data transitions is
measured froma first data transition.-to a second dat a

diffarem shan aprntograd maitivle pEK saelonef theprersampled tlotkon
conprises a data transition that occurs when the phase
detect device determ nes that

47.  The datareceiver of Claim 44 wherein said control device is operable to adjust

the frequency of the receive clock by a step value.

48.  The data receiver of Claim 47 wherein and further comprising adding a

predetermined overshoot value to the step value.

49. The data receiver of Claim 47 wherein the step value has a sign equal to the

sign of the phase value.

50.  Thedatareceiver of Claim 43 wherein the data is non return to zero binary data.
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the neasured tine is substantially an integral of the

recei ve clock determ nes that the measured tine is
weoeubsamtiral | y not an integral of the receive eCoais2003/028856

53. The data receiver of Caimb52, wherein there can

be a nunber of internediate data transitions between

the first and second data t42ansitions. 54. The data

recei ver of Claimb52, wherein the first and second

dat &1t r aT&e tate neceivanof @gring 43 whemdinf shisimaessungateat dayvicstisoperable to

15 55, The.,data receiv of Cl.aim 44 wherein the
mqa%‘trsutl}%“me&&ﬁ‘”%@“@l W'Tg\ﬂﬁ aMf‘lﬁﬁ?ﬁ' error val ue, and

further conprising an inhibit device for determ ning

if this known maxi mnum error value applied over the

meas$ar ed Thiendetacecdivkr rof $ihitm 43) velreoéig tbe gimbl’metvif@nsiagartrmfsitions is

the uIt| hase.and, if so, .inhibitin
meapeq #@% d3f EMSIDCD; 4 Beopnh diea bapsitign, g‘Yﬁi‘éJe 'ils scond data
trah 8660 Ythp r%fes S h ffﬁrﬁﬁldﬁ}ﬁe{t%béhrs whel @b gha{sg @etreé"t%'vié@ determines that

cl ock conprlses an oversanpl ed recei ve clock
thetrhenssret] hime 1§ substaﬁmilyf anintégdrel df thenmsaeie c&dckdktenﬁfﬁleb(thaﬁhelmeasured
wherein sa hase de devj ce | operable to
timge é‘#rﬁ%aﬂsfn 96 el BERGERANESIOEKs r ansi L ons i s
different than an integral nultiple of Kcycles 25 of
the oversanpl ed cl ock; and said phase detect device
opeisabl &ht data ad:aeiﬁeabﬁCtalim SQUWhatelmheﬁerwn dbie faf renebree f intermediate

between the ne redﬁ% nd the ¢l osest receive
datatrRgitipng batyygn % geoond date tgBsiNSand cal cul ate a

frequency error therefrom as a difference in phase

di vi ded by the nmeasured tinme over which the

di f 5¢r dihe dafareqeinas of Ghimd2t eheiciethe fSsiadd sesvndalata transitions can

devi ce operabl e to adjust the frequency 30 of the
exisppelifferent dagaburefS.ni ni ni ze this frequency error and

further conprising the step of adjusting the maxi num

frequency error on each determi nation if the neasured

tings5i s Thubsthamntival dfC]dm 44viepsiatheaécetvieelockbed slown maximum
clock in accordance with the' follow ng equation: WO )
erron Ay 2k rtheropmus s EsnapE b deviator pejermining 1Filisdsnown maximum

erroy Valde alpBT'ed St the measured time could result in ambiguity in the sign of the resulting
phase and, if so, inhibiting adjusting the frequency of the receive clock.

56.  The data receiver of Claim 55 wherein:

wherein the receive clock comprises an oversampled receive clock of K times the
frequency of the transmit clock, T¢;x, and wherein said phase detect device is operable to
determine if the time between data transitions is different than an integral multiple of K cycles
of the oversampled clock; and

said phase detect device operable to calculate the amount of the difference between
the measured time and the closest receive clock interval as a phase shift value and calculate
a frequency error therefrom as a difference in phase divided by the measured time over which
the difference in phase was determined, said control device operable to adjust the frequency
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 of the receive clock in accordance with the following equation:
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if PH>>- 0 5 SP-1 where PH = the phase shift error

and SP = the nunber of cycles of the oversanpl ed cl ock
woetmmesidat a transitions froma first data tr2asiUS2mB/028856

to a second data transition. 10

43
|Pe - if PH<O0
l6,] <4 SP+1
lef*ll if PH>0

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.



