2204467 * + -1-M - METHOD AND APPARATUS FOR GENERATI NG A DATA
RECOVERY ‘W NDOW BACKGROUND OF THE | NVENTI ON 11. FIELD ?:z @.N:?El\ﬂ'l ON
This inention relates to the field of data synchronizer %@n@ al and

Ci rcuiWy for adjusting data synchroni zer Wwrndows i'n particular. 2

BACKGROUND ART | nformation i s gfty dubapeAratisedoreENeRaBmaed in bit stream
format. A bit *tream consi stsWﬁgor "Q |
presented i.n serial fashion. To accurately decode a serial bit stream bit

frames or bit w ndows nust beBARCKGROMND| OF IME BNVENDIIONNe to one
~correspondence exists between each bit and each frane or window. If the

w ndow is top | an it of information nay be contai ned
within the wﬁhdo&ggﬁgqggggg$§ may be lost. If the bit windowis too
smal |, no detect gnis imfentiidhi selatiesl toecd itisk@rdhAntal synalirohiters in

I nformation at point |locations nay |ead to error roggga&ion t.hr oughout the
decodi ng pr o¥tRaxalrgpd cizeultry fir adiusting daka synchrppizer wWadevsdNge a
degree of "jﬁﬁﬁéTéﬁlﬂ@lCh tends to fores a data bit near a bit w ndow
boundary, To maxim ze the efficiency of the data recovery system it is
desired to p2ovi GACKGROUNDIARTEl y centered decode wi ndow as | arge as the
theoretical wi ndow for the given data rate. To acconplish this in the

prior art, the a/&fageablomidanotian &ransnitied or pxqhanged ol ikifcatesan
oot et ORI A bV Uin S5hRL 0P WAKED & 1GLER SEVCEr
“9'a" presented in serial fashion. To accurataly decode a serial

. bit stream, bit frames or bit windows must be accurétoly defined.
A one to one correspondence exists betwsen each bit and each
frame or window. If the window is too large, more than one bit
of information may bhe containad within the window and one or all
bits way be lost. If the biﬁ window is too small, no detectable
information will result, Further, loss of bit information at
point locations may lead to error propogatioh throughout the
decoding process. | _

For a varisty of reasons, datn.bit streans may include a
~ degree of vjitter" which téngl to !oréc a data bit near a bit
i window boundary. To maximi:;:tho sfficiency of the data rscovery
(N system, it is desired teo provid;-ln acourately centered decode
: window-as large as ths theoretical windew for the given data
- rate. To accomplish this in the prior:art, the average or mean
center bit position is established or estimated. A decode window
is then defined having a nomiﬁal-ccnﬁyr coinciding with the mean
center bit position of the data nt:udh} However, such prior art
schemes have disadvantages. For inﬁpanco, if the mean bit
position of the data does not coincide with the nominal center of
the decode window, the jitter may extend over one or the other

‘window edge. Further, if the peak jitter about the mean center



center bit position of the data stream However, such prior art schenes

have .di sadvant ages. For instance, if the mean bit position of the dat®a does
not C¢oincide with the nominal center of the decode wi ndow, the jitter*ummy -
extend over one or the other wi ndow edge. Further, if the peak jitter about

t he nean center is not symetrical, data may occur outside of the decode
w ndow. A second di sadvantage of prior art schenmes is a difficulty in -
defining a decode windowin integrated circuit and nonolithlic

applicattons, Prior art systens utilize phase | ooking to generate one edge

of a data wi ndow and utili.ze a quarter cell delay line to generate the

other *dgge hoNu@metridal NeR¥RM&AF dochf bdtsARR! b2 XA dacods ailmiowcel |
delay lines are subject to |arge process variations. As a result, the

decode wi ndow acsseadydisadventage s Prior: sut ascheves) iwmoacditdiaudsya decode
w ndow ar Qun expected, ti os,j ti,opn of bits,within data stream so

that any Sf'tg?%qnacguﬁ °‘%-‘[ H?:ﬁd “d%éﬂgwm Fé’%‘é& &Pgd. Therefore, it
in an obj gehoPfer13@ H?ﬁﬁfé&ti’o%?m#ﬂ%ﬂ frO'dpetdas futiRliFeSyRass ONi zer which

accurately centers bit w ndows around a nmean center position of a bit. It
‘is a furt hoekimg &t geherika onesedgs iafy andats wiadpvandiatdliize 4 synchroni zer

2bout ¢ he MHBFEHELANEFSY kiRe €y enasBEn ShE BIBRF 454 EgVEEhN: Fhvent| on
L0 provi dgngegiltads GREEE0N w£R LUEE Che TR} LR TROEITN XYY 1Andd dxd 0T at ed-
circuit independent of delay |1ne accuracy,
subject to largs process variations. As a result, the decode
window acouracy is ccmpromised, | W,
It is desired to establish a decode window around the
expocted'timo position of bits within a data stream so that any
bii that ocours within a given window is captufed. Therefore, i£
is an object of the preiont invention to prdvido a data
synchronizer which accurately caenters bit windows around a mean
center position of a bit. _
It is a further odbject of the present invention to provide a
~ data synchronizer which allows a data window to ba shifted to
compensate for unoquglljiﬁtnr about the nominal center.
It is yet anothgr_objocﬁ of the present invention to provide .
a data synchrdnizcr wvhich may b‘ implemented in an integrated- k‘)
circuit independent of delay line accuracy.



SUNNARY OF ZHE PR3SENT | NVENTI ON A data synchroni zer is provided to

est abti;sh a decode wi ndow around the mean center position of bits within a
vdatanézfean1‘Any bit occurirg within a given decode wi ndow i n captured and
assuneld to occur at the window center. A phase |o6oked |oop including a

vol tage controlled oscillator clock (V0O Ls used to generate a decode

wi ndow. The rising edge of the VCO clock windowis |ooked to the rising
edge of a delayed read data (DRD) signal. The edges of the decode w ndow
are defined by the falling edge. of the Vco clock. By phase | ooki ng one

edge of the decode wi ndow SGMMARY OXt THE (PRESENT ZMVENRI@N opi ng t he ot her edge

off a VCO clock, the present invention 1li not dependent on quarter cel
delay line accuracy. As a result, the present invention has particular use

in integrated Ci RCadds %@hﬁ'&iﬂdﬂ F‘.hcpﬁi%ﬂhh&aﬁd Ystanis faaa%aa. Waadyt Y

cycle of the VCO clock, the nomnal center of the decode w ndow may be
shifted t owaxbandi tMmMQeemﬁun besNEMdo!\/\bhtbwi\thihwtduEf streawy t he
c is utilized so

d of the degod D ff | |
i “the of (AT, BIE. GERMRIIS. K itz b 7L, AdaPad [vieaN  Fnsured S o
cancel | ed. = asstithi tdodck"dt ey Bibw JenEhptS fgauae lodiead1bégt Ng

d|agran1lllustrat|ng vol t age wave orns sent 1 nventio
including a voltage controlled oscillator slock (VCOo) is used

to generate a decods window. Tno rising edgs of the VCO clock
window is locked to the rising edge of a delayed read data (DRD)
W, aigpnl. The sdges of ﬁhc decode window ari defined by the
falling edges of the VCO clock, By phase looking one edge of the
decode window to the data stream, and devaloping the other edge
off a VCO clock, the present invention is not dopandcntlon
quarter cell delay line acouracy. Aa & result, the present
invention has particular use in integrated ciroqitc and
monolithic applications. By changing the duty cycle of the VCO
clock, the nominal center of thcidouedc windoﬁ may be
shifted towards either edge of the decods window without
effecting the period of ths decode window. Differential digital
logic is utilized so that the effect of output voltages rise and
A fall time Aifferences are cancelled.



Flgure 2 is acircuit diagramillustrating a voltage control osoi | | at,or,

_ clock,of the present invention. Figure 3 is a circuit dlagran1lllusth&t|ng )
t he mlndOM/shlftlng circuitry of the present -invention. Figure 4 is as ¥
timng diagramillustrating the relationships anong a plurality of si gnal s.
Figure 3 is a circuit diagramillustrating an alternate enbodi nent of the
present invention. -5- DETAILED'UESCRZPTICP QF THE PRESENT | NVENTI ON A
data synchroni zer for establishing a decode wi ndow around the expected tine
position of bits within a data streamis described. zZn the foll ow ng
description, numerous specific details, such as edge |ocations, signal :

| evel s, etc., are descri bBRIED M 9Fr GHE RRAMIYBS descri ption of the

pr esent inventlon It will be obvious, however, to one skilled in the art,
that the present invention may 'be practiced mﬁthout these specific details.

In other instangggurysy 'iskﬂo?ﬁ‘{hir?h%gﬁngfl‘i‘iu%hm@”vdfé 4dé Wadel Fostad ai |

in order not to unnecesasarl scureé the prsent 1nventioh. Reférring to
figure 1, tofrithe ﬂrcgnntniubentﬁuna<3us signals utili zed |n t he present

i nvention are shown.. A vol tage controlled osci | | ator clock 10 is

ut| lized to- gen!'l"&t‘ﬁ'd’ec’ddé R RIS 4 mmé&é“ﬁmq §u\5 £age8eRERP I ndow
i ook APARARE S P b FRRAEDItsgRN-eLL e [l 0 edoes o
Figure 3 is a circult diagram illustrating the window
shifting cizéuitry of the prcloni 1dvcntiod.
 Figure & is a timing diaqram iliustrating the relationships iui
among a plurality of siqnall.
riqura 3 is a olrcuit dinqram illustrating an altcrnato

exbodiment of the proccnt invention.



at falling edge 12A of VCO clock 10. The next wi ndow 31 defines decode

wi ndow Tpr +1 and extends fromfalling edge 12A to falling edge 123 of the.
YCO cl-0€k™ 10. <A del ayed read data (DRD) line 13 in also shown in figure 1.
DRD 13T’s a gquarter cell wie pul se whose | eading edge is defined by the

| eadi ng edge of the cow enment of data pulses in the data stream As can be
sean, the failing and rising edges 14A-ahd& 15A (nean center) of DRD 13 nmay
ulitter" as 4 result of the data jitter. In other words, the data
transition point may be shifted ahead- in tine so as to be defined by
falling and rising ed 14B and 15B or shifted back in tine so as to be
defined by falling ar&%ﬁ%%ﬁﬂdm.m Ximumijitter
ar ound -6- any nean center point 15A is shown by line 16. Although the
peak jitter (edges 15B and 15C) is shown to be symetrical about the nean

center (edge 15An, aste synShioniAlr\@uf éstant28Bing A d6¥6HE WA ndB® drduniat er
may be greater to the left of nean center |ISA than to the right. It is

desired to Udieamxpectad tdnprpositilcovasd kitsi vithinve: fata stxieami iy of the
Dresent | SiBIRL, QSR oS oGRS AR BL g g0 nal bl
cdge |1 LA Th e e oL ane e O o oan
center 15A ctesbribed to pxopldesa morkcthermughrdestrdptibom oy hhinr prasaintg
circuitry | Siri\_rlolhgigrrz? t Gﬂ iw?.).{ ibgeuqsgvféus, however, to one skilled in the
axt, that the present invention may be practiced without these
— ~ specific details, In other instances, well known features have
not baen described in detail in order not to dnnccessarily
obscure the prsent invention.
- Refarring to figure 1, timing diagrams for variocus signals
utilized in the present invention ars shown. A Qoltage
~eontrolled oscillator (VCO) oclock 10 is utilized to generats
decode windows. A decode window, such as decods window 30, is
defined in the preferred embodiment by'consccutive falling edges
©f VCO clock 10. Window 30 defines a decods window Tn and ends
~ at falling edge 12A of VCO clock 10. The next window 31 defines
- decode window Tn +1 and extends from falling edge 12A to falling
edge 12B of the VCO clock 10. |
A delayed read data (DRD) line 13 is alsc shown in figure 1.
DRD 13_1- alquartor cell wide pulse whose 1oadin§ edge is defined
by the leading edge of the complement of data pulses in the data
stream. As can be seen, the falling ind rising edg-l'14h anéd 15a
(mean center) of DRD 13 may "jitter" as a result of the data
Jitter, 1In other wordé, the data transition point hay be shifted
ahead. in time so as to bas dotiﬁed by tallinq and rising edge 14B
and 15B or shifted back in time so ai to be defined by falling
and rising edge 14C and 15C. The width of maximum jitter around



DRD 13 is coupled to the clock input of flip-flop 24. The dat a i nput 28 of

_flip-flop 24 is hold high. The Q output 17 of flip- flop 24 s coupl €& 'to

the data input of flip-flop 23. Flip-flop 23 is clocked through-node Rg by =

VCO cl ock

in a feedback manner to AND gate 25.6 AND gate 25 is al so coupled to node 26
k signal 10). The output 29 of AND gate 25 is coupled to the rest

(VCO cl oc

signal |I. The Q output 20 of flip-flop 23 at node 27 .is coupled

i nput of «flip-flop 24. Referring to figures 1 and 2, we see that a rising

edge on the DRD 13 causes the output 17 of flip-flop 24 to go highs This is
Wy Rehh Wiirfter pmﬁ ﬁgoiiwtﬂ%ut A¥enoubn! 8hé i ng edge of
I op 2 cau5|n

illustrat
Q0 ocl ock

triggers out put 20 to go high as

shown

at rising pege)j2ttaf «:dbputl&l)auﬁ ﬁBngﬁl Bhovs ¥4CDec bywatxiignd| akiitgoes

hi gh (suc
resets fl
Falling e
causing o

h as at rising edge 113), the outggt of AND gate 25 goes high and

$ gane- |n§°%dge 19.
-7- 23,

ithe meap center, (sdge 1hA) s sudly I8, 708 ALWAY St

Pambin ook JFSRF e Bl dide B5, B 343° 8 adl| Sllfper

of

where DRD m anafn to Qﬁhd gigreode geni®weilrednts balance ek makiman spl aced

to the falling edge of VCO clock 10 at wi ndow 31 by

t he phase | ooking -

circuitry. Glﬂﬁyﬂbiﬂeﬁiﬁﬁagé"étht#h& Gbébéﬁy\anabﬁ/Eﬁ‘ﬁg&ﬁeiéﬁﬂﬂfﬂﬂprﬁﬁtIy of f

B39 ool KRR it 60588 o ARBSEOEIL voRIERUACT |

the VCO c
not depen

defl ne a deCOdQnWtﬂdqwoﬂbHid ‘ﬂ)ﬁd@ﬁiwtoﬂlthiepi’ﬁdrﬂ: &mﬂm,atmnd the .

_nominal center of a decode window is the rising edge of VCO clock

10 such as rising edge llA. Thus, it is desired to synchronize

rising edge 11A with mean center 15A of DRD 13 in a phase locked

manner. _

The data synchronizing circuitfy is illustrated in figure 2
Dnb 13 is coupled to the clock input of flip-flop 24, The data
input 28 of flip-flep 24 is held high. The Q output 17 of £1ip~-
flop 24 is coupled to the data input of tlinthp 23, PFlip-flop
23 is clocked through node 26 by VCO olock signal 10, The @
output 20 of £lip-flop 23 at node 27 is coupled in a feedback
manner to AND gate 25. AND gaﬁc 25 is also coupled to noda 26
(VCO clock signal 10). The output 25 of AND gate 25 is coupled
to the resst input of flip-flop 24, _

Raferring to figures 1 and 2, we see that a rising edge on

the DRD 13 causes the output 17 of flip-flop 24 to go high. This

is illustrated in figure 1 by rising edge 18A of output 17. A
falling odqc.ot VCO clock 10 triggers zlip-tlbp 23, causing

output 20 to go high as shown at rising edge 21 of output 20 of
figure 1. As VCO clock signal 10 goes high {(such as at rising
edge 11B), the output of AND gate 25 goes high and resets rlipf
flop 24, pulling output.;v low as.shown by falling odqélls;

Falling cdqe_léﬁ of VCO clock signal 10 then triggers flip-flop

-



Fising edge |ib of VOO clock 10 and occurs in time w ndow 31. The VCO cl ock
signal* is a symmetrical clock signal running at twice the data bit cel
rategwﬁ?the preferred enbodi ment of the present invention. If the peak
jitter~Ts not symmetrical about the mean center p03|t|on it is desired to
shift the noninal center of the decodd Wndow to assuré€ bit capture. In

ot her instances, (e.g. testing purposes) it may be desired to shift the
nom nal cent'er position left or right as desired. -Rowever, the period of

t he decode wi ndow should remai n constant. As descri bed above the centering

of the data WhdRAWANgheUtRUES2Rtta gockew B8 shoumas Salling ”ne%?r-y of vCO

cl ook period. Shif t t VE P CleQc e

shifts the relati \#e %%gli?l o%%%‘@% IDSRD{?)L#Ee ﬁni)? ﬁ ?ﬁé&(feyéga dow The
wi'ndow shi f t i exgise aiuingi é3gd dei didpTacadats et !Elﬂaiql Bagé lwvcwcmu aergi n
testing, error recovery, and systenatic error cancellation. The ~w ndow

shifting circe¥twindew PR by tﬁhat E@P!h 199@1»93 cirepitayr aFhe \otderendge ot

(V00 suppr b A eBCethddy 1 abrfhr BT fraeil F5rE 301 0 BB Tkl
58, 55, 47, 46a1iKe mo&h:e/%viéu S tﬁeugimnkhmm:%ode ot @e Fﬂmﬁt50

and node 50 IS coupl ed t hrough r'esistor 5l to nods 52 (the coll ector of
transi stor 669D FhfARYrpey H% She ATEET: ”Hugbllﬂsﬁélﬂopw@-& Gonédéiml(t he

col | eotor of ah8al ileol®) mila?"Bhe 'Whud S 48 A SehBSSeFUBLEE IR
rising edge 11B of VCO clock 10 and ocours in time windew 31.
‘The VCO elock signal 1- & symmetricel clock signal running at
twice tha data bit cell rate in the preferred .mbodiment of the

present invontion,

U

If the peak jitter is not symmetrical about the mean center
'poliﬁioﬁ, it 15 desired to shite the nominal center of the decode
window to assure bit capture. In other instances, (a.g. testing
purposes), it may be desired to shift the nominal center position
left or right as desiro&. However, the period of the decode
window should remain constant,

As dolcribcd ibovo, the centering of the data window of the

) present invention depends on the symmetry of VCO ¢lock period.
\ | IShittihq the duty cyols o2 the VCO clock 10 effectively shifts
the relative position of the DRD pﬁlsn within the decode window,
The window shifting capability facilitates automatic calibratien,
window margin testing, error recovery, and systematic exror
: cancellation. '

“The window shifting circultry is illustrated in figure 3. A

plurality of emitter coupled transistors are utilized to form &
"voltago controlled ouéiilator_(VCO). supply voltage VCC 44 is
‘coupled to the collsctors of transistors 58, 55, 47, 48, 73 and
67. VCC 44 is.coupltd through diocde 45 to node 50 and node 350 is



The enitter of transistor 48 and bass of transistor 55 are coupled to nod
52. The emitter of transistor 47 and base of transistor 73 are couplett to
noge 54. The enmitter of transistor 73 is baes coupled to transi-stoz & and
67 *t node 65. The emtter of transistor 55 is bass coupled to transistors
56 and 58 at node 57. Node 65 is coygl__ed t hrough resistor 62 to ground at
nods 64. Node 57 is coupled through resistor 61 to ground. The am ttersof”
transistors 58 and 67 are coupled to ground at nods 64 through resistors do
and 63 respectively. A capacitor so is coupled to the emtters of

transi stors ShyAld SRrdighedssator 310td hoaesSHPCithecbyliditde é8 i s coupl ed
to D/A converter 135 anc? represents a current 1699 Node 72 is coupled to
D/ A convert etrardsgnd ¢&pr c¥ode S dsr eleo TP0pled\ thecongh asistor &3 kaken at

ds 59 f ' f ' 55, Th Of _VeD
lgnal 10 RR9E (6t SRIeRFeF, of Feantintr af1Y | arurainyons; st G
represents a.yplgme?yﬂ,ﬁptaod&g o 98r§$ents a voltage VS. VA and VD are

timng voltage wave fornms and are I'llustrated in figure 4. VA and VS are
| dentical with VAhmcenjtesr ofctiranaiutorf 4t andibans iafdtrangistor ST s o

clock signal 10 has a periqd 32 defined by consegcutive,risi " p11C nd
11D This cPMﬂ?eFPoﬁggQ 53 c'é%rﬂ“é&g‘ﬁf‘y%g‘“a'f'ﬁ?’f §7'dnd &‘?Sgiﬁge 11C .
to falling edggngidtcdNys AP EREpLIEY o ABaé Bd.i "hedaittes op transiercrdge
11D Seqgnent 33 Is inversely proportional to 270 while segnent 34 is

i nversely progois ibmmal coupladt tontreodstoes 66 iand 67 ialy npde 8% gFhe 3, we see

that current im}&?.f‘ Qad! ggnffn%or 88 is base ccupled to transistors 86 and 58

at node 57. Node €5 is coupled through resistor 62 to ground at o/

node €4. Nods 57 is coupled through resistor 61 to qrouhd,

The emittersof transistors 56 and 67 are coupled to ground
at node 64 thfough resistors €0 and €3 rcipeﬁtivcly. A capacitor
68 is couplbd to the enmitters of transistors 66 and 56 at nodes
71 and 72 :.-pcctlv-ly. Node 71 is coupled to D/A'cohvorter 138
and :cbée--nta a current I69. Node 72 is coupled to D/A
converter 136 and represents current i?b. A VCO signal 10 is
taken at node 59 from the emitter of transistor 58, The -
conplement of VCO cleck signal 10, VCO 38, is taken from the
enitter of transistor 67. Node 71 rapresents a voltage VA and Q;)
node 72 represents a voltage VB, !

VA and VB are timing voltage wave forms and are illustrated
in figure 4. VA and VB are 1dongieh1'w1th vn'bainﬁ shifted one
half clock pericd frem va, The ¥co olock signal 10 has a period
32 datined by consecutive :1sg§ edges 11C and 11D, This clock
pericd 32 is comprised of iqéﬁ?ﬁk §3ltron rising 04g0_11¢ to
falling edge 12C and soqmigéuatftrem f;lling odgollzc to rising
idge 11D, Segment 33 is inversely propo:ticnnlléo 170 while
segment 34 is invo:sdly proportional to current I69. naté:tinq
b:ia:ly to giqurc'ﬁ, we see that currents ISS-.ad_I?o are

(o]



-9- controiled by digital control inputs 137 and 138 respectively inputted
to D/ A converters, 135 and 136 respeotively. in this manner, |t segment 33
l-s i(mfﬁhged tcurrent Z70 is decreased), current 1S6 can be inoreased o
that'.s®gnment 34 is decreased. - The sane cl ock periiod 32 can then be

mai ntai ned while fine tuning the adjustnent of period segnents 33 and 34.
Referring to figures 1 and 4, It the daBa litter .is such that the peak
jitter of the data is shifted to the left of nominal center position 14A
and 13A, the window shifting circuitry is utilized to | engthen period

segment 33 and PEG | ' : el hadt; ri¢ayt he
mean center t o°§ﬁ?élﬁgﬁtsgfﬂr%%ﬁga pgglﬂt‘l' r‘f‘ t&4£’£%§blpA‘ ﬁ]‘? \?\Ak%dov’\;t :
shifting circuibpytted tbi b/k abnvertérn 138 et 104 s=mapeotively.andn| thig hen

period segnment 34. Typicall error correction code | nsgrted in the
serial data st?%%’?ﬁ‘f'o%i‘eﬂ#m‘ 380%? Anpreaspd gﬁ't'fﬁﬂ"ioir’ﬁl #ﬁ-fﬂ"&'ﬁ‘ i’s
moni tored and phrAdntS7e9" chi Ba'AnBEésieds 86  Ahit BOgHIite 3USidlddiretied 2

m croprocessor Inputs digital control inputs 137 and 136 to D/ A converters
.35 and 336 recThecssneiolock paricd: 32 esmsben e mainkpinedcuniley fing uning

utilized to repgsitipn.,the, nopinal, center of th de ' wi ndow. Alternate
wi ndow shi fti nggsi,%ﬁ'}'[wnf;s°ﬂt1'!f§?§afw'f‘ 'f#’gﬁf‘g. .* The vol tage control
oscillator in genergiferringles Higueds! 1 snaos| S5 ¢1e tdntagie¥6L s Sich hat

capacitor 74 lo coupled to the emtters of transistors 73 and 5 at nodes
65 and 57 respsbatvthey peaBapittaxofcthe datacis whitted Ko ther tell of

transi stors 66, 200ng0 daor B 1af! i DAL ok Shidd ehielly! ded for
U/ circuitxy is utilized to lengthen pericd segment 33 and shorten

~ period segment 34. If the peak jittor'lhizg; the mean
center to the right of nominal position 14A and 15A, the window
shifting ocircuitry is utilized ¢to shorten period segment 33 and
lengthen period segment 34.

Typically, errer correction codes are inserted in the serial
data stream to tast for acouracy. ihe output of flip=-fiocp 23 is
monitored and if an error in the error correction code is
detacted, a microprocessor inputs digital control inputs 137 and
138 to D/A convarters 135 and 136 respectively so that the .
windew shifting circuitry may be utilized to fcpouition the
nominal center of the docod; windov, '

Alternate windew shifting circuitry is illustrated in figure
5. The voltage control oscillator is gsnerally as described in
‘figure 3 with the cxoaﬁtion that capacitor 74 is coupled to the
enitters of tranaistors 73 and $5 at nodes 65 and 87
respectively. (Cap‘eitor 68 coupled to the emittars of
transistors 66 and 36 is eliminated.) Alternate circuitry is
provided for adjusting currents I€% and I70.

- In the alternate srxbodiment illustrated in figure 3, current
169 is taken from node 785 and current 170 is taken from node 76.



In the alternate enbodinent Illustrated in figure s, current 169 is’taken
fromnode 75 and current 170 io taken from node 76. Nods 75 i s coupted
tg[the col l ector of transistor S2. The base of transistor 82 is-VA t'gg
vol.tage signal. 41. The emtter of transistor 82 is coupled through resist
- 64 to ground and through resistor US %0 nods 69. Nods 89 is coupled to

| nput pad 94. Node 76 is coupled to the collector of transistor 53. The
bass of transistor 53 Is VD tinming voltage 35. The enmitter of transistor
i's coupled through resistor.15 to ground and through resistor 86 to node

07. Node 67 gsue 94Phglcdupida £8%KeS cotteitor aeléﬁeﬂwérr% | Spre Wilsld

or

13

through node 77 to the emtters. of transistors 60 and . The collectors of

transi st ors &0 txstafstor B deple kindngoveitags WISRl;ﬂ.esrﬂm snktter Bbde 7

7

(VCC 44) is also,c Ied throu des 78 and 79 to,the ba e o transi stor
saF,84 i conaled g

a0 and el r SRS Tpugh Kesigtors 84; ko grAY t he

col l'ect or  of e deigd §m.aﬁ~ -Emtfaa.lgﬂ Ofyelae 286 | 53 Rbu gﬁ.& %ocaug&@%.ho node

101. Node 1l 1s coupled to emtter of "transi stor Node 1l is also

~. coupl ed throgh resistor 104-to ground Emtter 140 of transistor g0 |s

coupled to node 114. Nodg 114 |(s.coupled to emtte f transistor
andpt hrough resi og® 'ﬁ6f! gﬁﬂo‘%&“ﬂoﬁ%‘@fﬁ“l\?ﬁi@”ﬁ'?&“%& reFi% the

‘col | ector " of pig@ns %&aﬁ.meﬁwwvnl%&n Vedfays sy, 9%nd ﬁw{:e&to node

100. Nod* 100 Is ceoupled to emtter 121 o tranS|stor 97. T e Cco
. transistor 9%rdnsimtep| @3 i® coupled through resistor 85 to ground and

through resistor 86 to node 87. Node 87 is coupled to RF pad 93.
supply voltage VCC 44 is coupled through node 77 to the
senitters of transistors 80 and 31. The collectors of trchlistor-

80 and 81 are coupled to nodss 87 and 8% rospoctivcly. Node 77
(VCC 44) is also coupled through diodes 78 ‘and 75 to the base of
tranlistori 80 and 81 respectively. The base of transistor 80 is
coupled to the collector of tranaistor $0. Emitter 139 ot.
transistor 50 is coupled to node 101. Node 101 is coupled to
enitter 122 of transistor $7. Node 101 is also coupled through
resistor 104 to ground. | |

Emitter 140 of transistor 90 is ocoupled to node 114. Node

214 4s coupled te emitter 132 of transistor 108 and through _

resistor 118 to ground at node 112.' xoao 75 is coupled to the
callcctor'oz transistor 96. Emitter 133 of transistor 96 is
coupled to node 100. Node 100 is coupled to emitter 121 of
transistor 97. The collector of trnnllatof 97 is coupled to
voltage vcc, ‘Node 100 is coupled through resistor 103 to ground.

Emitter 124 of transistor 96 1i coupled to noda.ll!a' Nods .
113 is coupled to snmitter 131 of transistor 108. .The collector
of transistor 108 is coupled to voltage VCC., Node 113 is coupl‘d
through resistor 117 to ground at nods 112.

The base of transistor 81 is coupled to ths collector of

| ect or of



Vol t age VCC. .Node 100 is coupl ed through resistor 103 to ground. Emtter
124 of' transistor. 96 is coupled to node 113.--Nods 113 Is coupled to enitter
131 pf %ransistor 106. The col lector at transistor 106 is coupled to

vol t dE‘VCC. Node 113 Is coupled through resistor:*117 to ground at node
112. The base of transistor 6l is coupled to the collector of 1V-
transitor 91. Emtter 125 of transi$ﬂ&ﬁ791 is Coupled to nods 102. Node
102 In coupled to emtter 130 of transistor 98 and it hrough resistor 105 to
ground. 2mtter 126 of transistor 91 is coupled to node 115. Node 115 is

coupled to emtter 134 of transistor 109 _and throu resistor, 119 to ground
S hots 192° NbEERRYar B3 BRVEERE (125 B8, YRRty b AR.pefibtgte RN Uor
127 of transis 95¢d p - & g tter
129 of transi s?g?'9?dadr?ditegr%ﬁ&ﬁ%’éﬁ?%t%o?gﬁ%%gsg%o%ir}?gTﬁieﬁc*olblgect or of

transi stor 98 khroogiplmiistorollosgte \{RGuni Endtte2 Q2K ofr tranaister 33 As

coupled to node 116. Node 116 La coupled to emtter 133“@& tr -sis?or 109 -
and .t hr ough r eSPYPI#A £ NEde A1 Nade A38cin eourind tQ emitter PFansi st or

109 in coupl ed ol gnyold 805 XChna ViZoldh Tadlat@AasStR Grofha 80 ncdl 851 95

are coupled to no I'STcoup hr oug esistor 92 to supplty

vol tage VCC and threoge 1 deccduplednto il sbIleckbr 60 ramsistor 8Sads 112.
Transi stors 62 and 63 are current mrrors which formthe major_sourogo, of

current 169 an¥mkBEeni1at@sstranaintorcos, isgaunisdy §° neAR 99 Mefe 9318 ana
rFs3 My be COQQES&EQ {4 Rar 129 of transistor 98 and through resistor 106

to ground. The collector of transistor 98 is coupled to voltage
\~) : vcC. Emitter 128 of transistor 95 is coupled to node 116, Node
116 is coupled to emitter 133 of transistor 109 and through
resistor 120 to ground at node 115. The collector of transistor
109 is coupled to voltage VCC. Tha base of transistors 96, 90,
91 and 95 are coupled to nods 107. Nede 107 is coupled through
resistor 92 to supply veltage véc ‘nd through diode 110 and
resistor 111 to ground at neds 113.
Transistors 83 and 83 aro'curr;nt mirrors which form the
major source of current I69 and I70 at nodes 75 and 76
respactively. Output paas xsy4 ana arﬁa nay bs connected through.
external resistors to ground so that small systematic erroxse can
“be cancelled. Output pads RS94 and RF93 also provide means of
determining £hu state of the vindow shifting qireuitry.
IZ the ﬁaso voltage of cuter transistors 91; 58, 108 and 109
- are higher than the base voltages of inner transistors 96, $0, S1 .
and 93, the inner transistors are off and ne window shittinq
occurs. If transistor 92's base voltago'il lower than tha base
- voltage of transistors 91 and 95, transistors S1 and 93 turn on
and produce currents I70B and I70A. Current I70A adds directly
to current I70 at node 76. Current I703 is mirrored at
transistor 61 and coupled to node 85. This current I70B at node



external resistors to ground so that small systematic errors can be _.
‘cancel l ed. Qutput pads E994 and 1RF93 al so provi de neans of: detern1nrng
the state of the window shifting circuitry. Xf the bass voltage -of odker i
trangi'stors 97, 988 0SO and 109 are hlgher t han the base vol tages of inner
transistors 96, 90, 91 and 95, the innérldransistors are off and no wi ndow
shifting occurs. It transistor 9ts base voltage. in | ower than the base
voltage of transistors 91 and 95, transistors 91 and 95 turn on and produce
currents X703 and 70A urrent 170A adds directlY to current X70 at node

76. Current ¥309£f§eﬁvre&9rﬁ§bﬁigcﬁ ﬂq&@k 9 &CURdRd 780 NS ii? 16Thi's

current 170B at node eotlve subtracts from curren 9 at
nods 75. ThRscemphinhadpby mqéyqrﬁwmgenh eirc transistior 82ansiwirant 82.

Current X70B node 39 f{lo t hyough resi stor. 88, producing a voltage
change at aRéif’%ﬁP&& g cﬁ’é’&tgwﬂ‘ﬂ?‘ Fﬂéf 8 %I'F cdng 8 ¥eltage, 97
|'s | over thaanahe-hﬂsezs\ﬂlm% ShniBéMutebeed, 95 and 90 transistor. 96 end
90 produce currents 169A and | 693 respective y Current 169A adds to

current 169 at nolit €@ beasreaktageost itransistorxd7bistlavexi than €Hd dade
1693, —coupl cJoREHRA STRREuier® 18Uand dg. EFUTPLAtPEE-IE 0P8 PIRAEA ch
R e e Al A Lt B T HE
magi t udes of current 169 at node 75, cutront 1698 is mirrored by transistor 80
and reduces current I70 at node 76 by acting through transistor |
83. Current 1693, coupled to node 87, causes s voltage drop v/
scross resistor 86 which may be detected at output pad RF93.
Transistors 108 and 109, acting in cthunqtion with inner
transistors 96, %0, 91 and 95, allow different magitudes of
window shift. oOf eoﬁrlo, if desired, any number of lavels of
magitude control could be utilized without departing from the
scope of the present invention. |
The base voltaqa- of transistors 97, 98 108 and 109 are set
by digital logic such as frem a microprocessor. As with the
enbodiment of tiqurc 3, the data is tracked for acouracy of error
~ code fhscrtl and the decode window is shifted left or right
ueco;dinqu by mnnipulnting the buuc_voltsgo- on transistors 97
and 98. The magnitude of such window shifts is controlled by the
base voltages of transistors 108 and 109.
The wipdow shifting circuitry of the present invention

resulte in a programmabla decode window. An previously

discua-cd, prior art decoders set & nominal center based on an
assumption of nymmagr;ua1 jittor in the data strean, 1In the
present inventien, however, the mean center of the jiﬁtgr of the
data gtrean il'ditg:mined and the nominal center of the Gecode
window is shifted to coincide with peak jitter shifts. In this



wi ndow shift. OF course, if desired, any nunber of |evels of magitude
control_soul d-be utilisod without «departing foromthe scope of the present
iinventjoh. The base voltages of transistors 97, 98 108 and 109 are let by
digital 1ogic such as froma moroprocessore A with the enbodi nent of
figure 3, the data is tracked for accurgcy of error cods Asorts and the
decode window |Is shifted left or right accordingly by manipul ating the base
vol tages on transistors 97 and 9g. The magni tude of such wi ndow shifts is
controll ed by the bass voltages of tT&#sistors 108 and 109. The wi ndow
shifting circuitry of the present invention result. in'a programmable
decode wi ndomﬂmcpmxiiaasa;tdiﬁww%ogihggl?r& siqders sot a nom nal
center based on an assunption of symetrical |Ti ?er 'l the data stream in
t he present invention, however, the nean center of the jitter of the data
streamis deternined and the nom nal center of the decode wi ndow in shifted
to coincide with peak jitter shifts. In.this - 13 - manner, serial data
may be accurately decoded. - 14 - CLAIMS 1. Acircuit for

provi ding a programmuabl e decode wi ndow generator conprising:



cl oek—generating neans for generating a first clock signal having a’'first
tran ach period of said first clock signal; data = %"
syncE hﬂgﬂﬁg‘%ﬁg oupl ed to a del ayed read data (DRD) signal and _sagg
*sai d DRD having a nean center position, said data-
synchroni zi ng means being for |ocking said DRD signal to said first clock
signal, said data synchronising neans_oufputting said decode w ndow,
programmi ng neans coupled to said clock nerating neans for shifting said
first transition point and synchronizi G§AIMBd first transition point with
said nmean center position. 2. The circuit of claim 1l wherein said
cl ock generating neans conprises a voltage controlled oscillator
(VCO) . 3. 1." The C|ACQtiﬂitcfaFnP£°Wﬁé#BBnasRFegﬁamwa?}ﬁbﬁﬁGﬁﬂfing
means COﬂprIS@ﬁn@oﬁhgﬁﬁefﬁﬁbﬁdcbﬁﬁﬁising‘ The circuit of ckaim3
wherei n said phase Iocke? gog HBF ses stfand secon%i Iig—&lg@& _
wherei n the output of sGrfc 5] ated FﬂngSBnPs 85u§F8&ra 28 8 ﬁ | oop
to the reset ehopck ofignald havingf ki Eitalp. tfansition Pointiinuiemch of
claim 4 mheégffods€fdsgi&gffgghCg}ggﬁngigﬂggr|ses first and second

-~control signals coupled_ to sai irst and second control sjgnals
for controlling the posietanspachspaieing: meangs coupledoits dayed

altering sai dedgdi Adtd €DRD)f igigngl OghdSigdd - First clock signal,
said DRD having a mean center position, said data
synchronizing means being for locking said DRD signal
to said first clock signal, said data synchronising

means outputting said decode window;

programming means coupled to said clock
generating means for shifting said first transition
pdint and synchronizing said first transition point
with said mean center position. -
2. The circuit of claim 1 wherein said clock
generating means comprises a voltage controlled
oscillator (VCO). |
3. The circuit of claim 2 wherein said data
synchronizing means comprises a phase locked loop.

4, The circuit of claim 3 wherein said phase
locked loop comprises first and second flip-flops
wherein the output of said second flip-flop is coupled
in a feedback loop to the reset input of said first
flip-flop.

5. The circuit of «claim 4 wherein said
programming means comprises first and second control
signals coupled to said VCO, said first and second
control signals for controlling the position of said
first transition point without altering said period of
said first clock signal. .



-15- 6. ) A circuit for providing . a decode- w ndow conprising:
cl ock gggeranﬁng means for generati-ng a first: clock signal having rising
and faldj-ng-edges, said first clock signal having a period dﬁl“ﬂaﬁllmmﬂ‘l‘”“‘
consecufive'falling edges; data synchronizing neans coupl ed t RN DN RRASHEE WL
clock signal and to a delayed read data (DRD) signal, said data _
synchroni zing neans being for detecting i ri sing edge of said DRD signal
and said falling edge of said-first cIock'S'énéI,;;said data synchroni zi ng
means out putting6sai d decode eilmdadtwhdoei nproivdddagoda widedodehasiadoksSi Ng
edge | ocked to sgpfl Egbhhgg edge of said first clock signal; w ndow
shifting nmeans coupPe fo~sSaid first clock signal for shifting said rising
edge of said first clock scdrgk genpsatinghmennss far: generazingent £irst

position of saidePBPkSi 808hal’ havi | gt fL1figEm I el ai d
cl ock generati ng:ﬂrarg%ns_ gtarrpri:{esngar \%nt%age cont%oﬁil%d egiégllﬁ at'cra;ria
ci o

(VCO) . 8. gnal having ci 8 speriod o defitnedn; byng
means conpri ses tonsécabdvecfaddihgi pdgbbgps, said second flip-flop having

an output coupled to a resgp,gf §9hghLBBi%iLhiphLL%B' coupled to said
- first clock signal and to a delayed read data (DRD)
signal, said data synchronizing means being for
detecting a rising edge of said DRD signal and said
falling edge of said first clock signal, said data
synchronizing means outputting said decode window
wherein said decode window has a rising edge locked to
said falling edge of said first clock signal;
window shifting means coupled to said first
clock signal for shifting said rising edge of said
first clock signal to be synchronous with a mean center
position of said DRD signal.

7. The circuit of .claim 6 wherein said clock
generating means comprises a voltage controlled
oscillator (VCO). '

8. ' The circuit of claim 7 .wherein said data

W, synchtonizing means comprises first and second flip-
flops, said second flip-flop having an output coupled
to a reset of said first flip-flop.

9. _ The circuit of claim 8 wherein said window
shifting means comptises first and second control
signals coupled to said VCO for shifting said rising
edge of said first clock signal.

10. A circuit for providing a decode window
having at least first and second edges comprising:

_ clock genetating meané for genefating a'f1rst
clock signal,



Fhe—et+reuit of claim8 wherein said wi ndow shifting means

conpri- i ~second control signals coupled to said VOO for shifting
ST, 3257 o ook 3me 2218 2 52 %lee” 1ol
br | e window havi ng -alé [-east first and second edges’ -~

conprising: clock generating neans for generating a first clock signal,
111 1 -.16 said first clock signal having a period conprising a .
first segment and a second segnent separated at a transition point, said
first clock signal having at least third and fourth edges in each of said
periodsl a Wa‘gemro&ksaowsopimnmmm saperied qonprisding gnfkredd to a

posi L1 on ariPSRet, B p; PRAC SemAnt AegeEscedSF |8 gy anpibaeh: FRLES o
i1 edy ot esi AR pldndd tabviBORsClede MG ARA o8URM Sadfl Ay

decode W ndgagH @fsamddf pEkibaggge of said first clock signall shifting
means coupled to said first clock signal and said DRD signal, said shifting

means for shiftisnphesedlockedi léam conpled: bobsatd itirethaleock shgnel camban
center position 11. The circuit of claim 10 wherein said clock generating

means corrpr\"%&. %Wﬁaﬁﬁl"ﬂoﬁﬁ%l(%i signal, %A%y DRD signadehevingid of
_.Cl aim 11 Wigdfl hedted PEhLOfof amd st 1east £ifth and sixth edges, said

loop outputting said decods window and locking said first edge of

said decode window to seid fifth edge of said DRD signal, said :
loop locking said second edge of said do_cbdn windoﬁ to said bt
fourth 'odqe' of said tirst clock signal;
shifting means coupled to said first clock signal and said
DRD signal, said shifting means for shifting said transition

point to be lynohrohouu with said nean center positien.

11. Ths circuit of claim 10 vherein said clock generating

‘means comprises a voltage control oscillator (Vo).

12. The oircuit of oclaim 11 wherein said pericd of said .
VCO is approximately twice tﬁat of sald decode window. e
13. The circuit of claim 11 vwherein said phase locked 1oo§
is comprised of first and second flip-flops, said girst flip=flop
having a tirst data input coupled to a logical ons, sald firet
£lip-tlop having a £irst oclock input coupled to said DRD signal,
said second flip-flop having a sacond input coupled to an output
of sald first flip-flop, sald second flip-flop having a second
clock input coupled to sald first clock llﬁnal, said second tlip-
flep having a second output outputting said decode window, said
second output coupled to a first logic gate, said first clock



Vco is approxi mately twi ce that of said deaode w ndow. 13. " The circuit of —
claim’l1l wherein.said phase | ooked | oop is conprised of fir ﬂm

fli f—f[_g,ps said first flip-flop having a first data input imﬂ' imgm””", -
| ogical* one, said first flip-flop having a first clock input codpléd ¥ '
said DRD signal, said second flip-flop-hawng a second input .coupled to an
out put of said flrst flip-flop, said scond flip-flop having a second cl ock
i nput coupled to said first-clock signal, said sécond flip- flop having a
second out put outputting sai d decode MﬂndOM/ mai d "second out put coupled to
;a first loglﬂqsﬁtxecoagxdafeé Yald Qih? 161136733 i, Sidld AUl Gatd REVEhd ol St
logic gate, said logic gate having a firs uf coupl’ed to'a rcset  knput
- of said firsireti putpup. cévpled Tocacraset tinphtobal sai® ghrwteiglipatiop.
shifting zsans conprises first -and second control signals coupled to said
VCO, * said first control signal for altering the length of said first

Second sognent, Ard Ans PRI RE el T eRaeEd afe Al mpfb,

ol ock signalgempilises 20P8t 4Md second centrel signals coupled to said Vo,

- fi ~~~~~~~~~ salda first control signal to: altering the length of sald first
-?gm-nt and said sscond control signal for altering the length of
lnid second segment, said shifting means such that said pericd of

. said first clock signal ramains constant.
-/




