1 - ¢ o 2204467 NMETHOD AND APPARATUS FOR GENERATI NG A
DATA RECO\/ERY W NDQN BACKGROUND OF THE | NVENTI ON FI ELD OF 2‘ Zl%giﬁgl
This i vé‘ht ion.relates to-the field of data synchronl zers and
circuitry for adjusting data synchronizer -wt rdows i n particul ar.

BACKGRClJND ART Information is ofpegiinpt Ax@n pdrasl ngg ceneehamged i n b| t stream
format. A bit stream consists omﬁgmfmﬁgl cal " 1" Qr, "0's" presented
in serial fashion. To accurately decode a seria It stream bit franes or

bit w ndows nust be accurat el y BAeKGROUND OF CTHE INVBNEIGNOI r espondence exists
bet ween each bit and each frane or wndow It the wndowis too |arge, nore

than one bit of .i | tained wthin the w ndow and one or
all bits may g'e w&-mww too small, no detectable
information will rrde tnvéntidreiblites ¢o thé fishar ontdava syn@aidiii 2686 adr on.
may | ead to error propagation throughout the decoding process. Jor a
vari ety of redeRMalyang E*Tmtit‘lré’aﬁ%r mdjuping data W“&F‘rj‘f&@él" i ch
tends to forcE ﬁtﬂg} 3gPit near a bit w ndow boundary. To maxim ze the

t a

efficiency of ta recovery system it is desired to provide an

accurately cepter cBAOKGROUND VRTUOW as | arge as the theoretical w ndow for
t he given data rate. To acconplish this in the prior art, the average or
nmean center bit poBiforsation dax astmrm:mmima memham-detnddwnam| S

(e, def 10, PRl a"BEL T BRThSta lToE O et ok NSlBRE L
10'a" presanted in serial faqhion. To accurately decode a serial
. bit stream, bit frames or bit windows must be accurately defihed.
A one to one correspondence exists betwsen each hit and each
frame or window. If the window is too largs, more éhan'onc bit
of information may be containsd within the window and ons or all
bits may be lost. If the biﬁ window is too samall, no detectable
information will result, Fuxther, loss of bit information at |
point locations may laad to error propogation throughout the
decoding process. .
For a variety of reasons, data hit streams may include a
_ degrae of “jitter" which téngl to force a data bit near a bit
window boundary. To maximiz;ﬁthc efficliency of the data recovery
.. systoﬁ, it is desirea teo providi-an agourately cantered decode
window as large as the theorstical window for the given data
rate. To acconmplish this in the pkior art, the average or mean
center bit position is established or estimated. A decode window
is then defined having a hominal ccntpr coinciding with the mean
center bit position of the data stream. However, such prior art
~ schemes have disadvantages. For instance, if the mean bit
position of the data does not coincide with the nominal center of
the decode window, the jitter may cxtand'over ona or the other

‘window edga. Fui'thar, if the peak jitter about the mean c_nnte'r




schemes have disadvantages. For instance, if the mean bit positiof of the
data does not coincide with the nomnal center of the decode w ndow=f{ he
jitter may extend over one or the other w ndow edge. Further, if the._p)eak
jitter about the nean center Is not symmetrical, data may occur outside
of the decode wi ndow. A second di sadvantage of prior art schenes is a
difficulty in defining a decode wi ndow in integrated circuit and '
aonolithlic applications. Prior agrt systens utilize phase locking to :
generate ono edge of a data window&and utilize a quarter cell delay line to

generate the other edge. Xoweor,. in integrated circuit applications,
quarter §g! hot!Gyiikets I 208t UL Shohf ditialdePssaaR® axeaa@wmasw. As a
resul t, e decdde w ndoWw accuracy is conprom sed I's desired to

establish a deastendi diimdvantagsl dmprtapam:edahem ﬁ.usatdmm:tbyt *within -
a data stream sQ that _any bit that oicurs withiggg,r*%l ven w ndow. i s
capt ur edin de%ndng, & deqodas windey,in. fntsgnated,p PR%ention to provide a

data SynGOREMY e Rbely AR te'ﬁeisgnm S-aﬁtmﬁwmq% SpRayy! a mean center

posi tion her "obj ect resent” 1nvention to
- provi de accheimy tpnqhﬂmwuu/md‘d‘h ot avdata ubalhdowl (mburtﬂ.bitze shifted to
conpensate for unequal_jitter about the nom nal center. &- ywapanot her

obj ect oRUEFESH) A8dd delay, d4ne ke enerate Jhe, ofhey %%ﬂ?chrﬁﬂ‘l' ch may be
| pl emenygda b b idd bEEH P aEH2 Coditns, | FEERARIIGE11 UaldF Fintsd HreACCUraCY.

subject to laxge process variations. As a result, tha decods
window accuracy is compronised. - S q;)

It is desired to establish a decods window around the
expected time position of bits within a data stream so that any
bit that occurs within a given window is captured. Thctetorc,'ié
is an objoct of the present invention to provide a data |
synchronizer which accuritoly'contorn bit windows around a mean
canter position of a bit, |

It is a further object of the present invention to provide a

data synchronizer which allows a data window to ba shifted to
compensate for unequal jitter about the nominal center.

It is yet another object of the present invention to provide
a data synchronizer which may b( inplcnoneid in an integrated
clrcuit.indqpondtnt of delay line accuracy.



-3 SUMVARY OF THE PRESENT | NVENTI ON A data synchroni zer is provided to
est abl.i sh- & decode_ w ndow around the mean center position of bits within a
data str®Am Any bi t occuring within a given decode wi ndow in captured and
agsumed™o occur at the window center. A phase | ooked | oop including a
vol tage controlled oscillator clock (VCQ _is used to generate a decode
w ndow. The rising edge of the VCO clock windowis |locked to the rising
edge of a del.ayed read data (DRD) signal. The edges of the decode wi ndow
are defined by the falling edges of the VcO cl ock. By phase | ooki ng one
edge of the decode wi ndow t oSUMMARYAOR THE GRESENT ENVENTIONi ng t he ot her edge
off a VCO clock, the present invention is not dependent on quarter cal
delay line accuracy. As a result, the present invention has parti.cul ar use

in integrated ci rCHioéit,:@t nEROGA] J gmm?al ﬂg%ggggéfmwuaaowm%w

cycle of the VCO ¢ € nom na e W ndow may be

shifted towar dgectindhehe vk eéntére mmﬁm wEnpbte wﬂthdntada‘ucutngpn.he
period of the decode window. Differential digital logic,is utilized so that
the effect of AnY pdt gesuniny withimajoiven W%Odriﬂ#gveﬁee%‘%“é'ea Il ed.

Al ES DRSCR PT'.g%gng G2l MO hiod denede! | A Biala 206 Abtpt L1 N0

vol t age waverf he pfe _
' including a voltage controlled oscillator clock (VCO) is used

to generate a decods window. The rising edgs of the VCO clock
~ window is locked to the rising edge of 2 delayed read data (DRD)
U _ sigpnl. The edges of ths dacode window are defined by the
falling edges of the VCO clock., By phase locking one edge of the
decode window to the data stream, and devaloping the other edge
of? a VCO clock, the present invention is net dependent on
quartesr cell delay line acouracy. As & result, the present
invention has particular use in integrated cirouits and
monolithic applications. By ehanging the duty cycle og the VCO
clock, the nominal canter of the decode windoﬁ may be.
shifted towards either edge of the decoda window without
effecting the period of the decods window. -Differential digital
logic is utilized so that the effect of output voltags rise and

'kul _ £all time differences ars cancelled.



_Figure 2 1s a circuit diagramillustrating a voltage control osci’llator
cIoFk'of the present invention. Figure 3 is a circuit diagramillus#rating
t hel wi ndow shifting circuitry of the present invention. . Figure 4Xg a ~
~timng diagramillustrating the relationships anong a plurality of Signal..
Figure 3 i. acircuit diagramillustrating an alternate enbodi nent of the’
present invention. -5- DETAI LE[» BESCRIPTION OF T RESENT | NVENTSON A -
data synchroni zer for establishing a décode wi ndow around the expected tine
position of bits within a data streamis described, In the follow ng
description, nunerous specific detailse such as edge |ocations, signal

l evel ., etc., are descrBRIEF IDESCROPTION OFNTHE DRAWINGgh description of the
present invention. It will be OEVIOUS, however, to one skilled in the art,
~that the present invention may be practiced w thout these speciflo details.

in order not FH9Ee & S Vithy BRGHEP (I FllRund 0 SR b ool O1 U

figure 1,of tReNSréberd ARVer®onyari ou, signals utilized in the present
i nvention are shown. A voltage controlled oscillatot (vCO clock 10 is

utilized to gEhgure & .dpc@@ﬂ&i&oﬁt@ﬂﬂmébmmmm widagascentrede wi ndow
VGO ci oc PRI LB oSS 8 NI ERPRE ARTSF ot T and ends 0 oo
Figure 3 is a circuit diagram illustrating the window '
shifting cirégitry of the present inventien.
| . Filgure 4 is a tiﬁinq diagram illustrating the relationships ;J)
among a plurality of signals. ,
Figure 3 is a circuit diaqrgﬁ'illuatrating an alternate

snbodiment of the present invention.



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

wi ndow Tn +1 and extend. fromfalling edge 12A to falling edge 123 of the
VCO cl oak#10. A delayed road data (DRD) line 13 is also shown in figure 1.
ORD 13 is*a quarter cell vide pul se whose |eading edge is defined by the

| eadi ng edge of the conplenent of data pulses in the data stream As can be
seen, the falling and rising edges 14A amrds £5A (nean center) of DRD 13 may
"Jitter" as a result of the data jitter. In other words, the data
transition point nmay be shifted ahead in tinme so as to be defined. by
falling and rising edge 14B and 153 or shifted back in tine so as to be

defined by falling and DETAIEED DRECRIPTION OF THE MRESENE IMVENTIONXi num jitter
around - B - | -6- any nean
center point 15A is shown by line 16. Although the peak jitter (edge*s 153

and 1SCG) is shown hoahea %ﬁ}éﬁf{ﬂg 2BP WntlahS 15ROy aCRRSSAd SAARCY HPoundUCh

s not always the case. For exanp peak jitter may be greater to the left
of nmean cent erthibaxpaated timiacpositiion of bittsi witleln mcdato stxieanctst he
naxinun1a||omableg itter with the ability of .th resent inventigf to

& % the-

accuratel y cerfi®AS¥4P88e ok FRACERILAVADN FesSTIRFILH: DHPeEENs psHRi
preferred e”boﬂ'éﬁgk,Oiuém‘inpégif&tocx"%&g,1)‘3'19%1165.&%%”3&&.?,”%95 of a

decode window Is the'rising e ck such a8 risi'ng edge | Al.
Thus, it is deddscrdbaa typriovias z0 more tigsrigh ddsordptiontsth thenpresertA of

DRD 13 in a. phase | ocked manner.
invention., It will be obvious, however, to one skilled in the
| art, that the present invention may be practiced without these
N7 - specific details., In othexr instances, well known rcaturoi have
not been described in detail in order hoé to unnecessarily
obscure the prsent invention.

Refarring to figure 1, timing diagrams for various signals
utilized in the present invention ars shown. A voltage
controlled oscillator (VCO) oclock 10 is utilized to generxate
decode windows. A decode window, such as decode window 30, is
defined in the preferred smbodiment by consscutive !allihg edges
of véb clock 10. Window 30 defines a decode window Tn and ends
at falling edge 12A of VCO clock 10, The hext windew 31 dafines
decods window Tn +1 and oxtohdl zfom falling edge 12A to falling
edge 12B of the VCO clock 10.

A delayed read data (DRD) 1line 13 is also shown in figure 1.
DRD 13 is a gquarter cell wide pulse whose 1oadin§ edge is defined
by thofloading edge of the complement of data pulses in the data
stream. As can be saen, the falling and rising edges 14A and 135A
(mean center) of DRD 13 may "jitter" as a result of the data
jitter, 1In other wbrdé, the data transition point hay be shifted
ahead in tinme so as to ba do:iﬁed by fallinq and rising edge 14B
and 158 or shifted back in time so as to be defined by falling
and rising -dge 14C and 15C. The width of maximum jitter around_



The data synchronising circuitry is illustrated in figure 2. DRD*13 is
coupl.ed to the clock input of flip-tlop 24. The data input, 28 of flip- glop
24 i's held high. The Qoutput 17 of flip- flop 24 is coupled to t héy .
input of flip-flop 23. Flip-flop 23 is clocked through node 26 by-V clock
signal- 10. The Q output 20 of fILa}iIop 23 at node 27 is coupled in a

f eedback manner to AND gate 25. AND'gate 25 i1l al so coupled to node 26 (VCO ;
clock signal 10). The output 29 of AND' gate 25 is coupled to the reset

i nput of flip-flop 24. Referring to f#qures 1 and 2, we see that a rising

edge on u oytp 7..0Of | R=f | O high. This
is ill us’tt"‘l}efugg@éé} %%u?sfrlé E\?Ar #é #&f’é’dag @é Hfs ?J.ﬁ{bu%g Q‘X"fm | ing edge
of VCO gearkyitrdy i(@agas {38 Ankl 05cXIs SRoM D Bt mm&(ht-.al Ofbdutgh as
shown at r|S|ng edge 21 of output 20 of figure 1. As VCO cl ock signal 10

goes hi gihe( mean cantex KF&mdSAdgeﬂMﬂ)“ noe alweyet the oww®.gafex 25 goes hi gh
d ts f fl || t 17, b d

To0 For raipbanl peIS s r by bAoA ca tiq daBE SE R bpnded | 0O ©90°,

23, causjgpdtREh Pl tHQ LOgNe, | szﬁsiﬁm\ﬁ'lraé {3 aliflc€ AR fdximapar dl ess of

- where DaD" 13 goes high In decod. window 30, this rising edge is displaced
to the falllowablediitter wikh dihechbility ofi theo\pxabebd 1maar¢liaaet¢ ooki ng '

Ch U aogTREaPy e SE0R, dhoh S S X o BRSO
Sg} | ggp:ndenknoﬂd 'ﬁc%ﬁﬁﬂ@%%ﬁiﬁm G22EhE 'prewantdChPant bR &P 13 to
.nominal center of a decode window is the rising edge of VCO clock _
10 such as rising edge 11A. Thus, it is desired to synchronize o/
‘rising edge 11A with mean center 15A of DRD 13 in a phase locked
manner. _ _ .
The data synchroniginq circuitry is illustrafod ig figurs 2.
DRD 13 is coupled to the clock input of flip-flop 24. The data
input 28 of flip-flop 24 is held high. The Q output 17 of fiip-
flop 24 ii coupled to the data input of flip=-flop 23. riip?flop
23 is clocked through node 26 by VCO clogk iiqnal 10. The @ =
output 20 of flip=-flop is-at node 27 is coupled in a feedback
manner to AND gate 25. AND gate 25 is also coupled to noda 26
(VCO clock mignal 10). The output 29 of AND gate 25 is coupled
to the resat input of flip-flop 24,
.Rctorrinq 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 illusgtatcd in figqure 1 by rzising edga 18A of output 17. A
- falling edge of VCO clock 1o-tzigggrl zlip-flbp 23, causing
output 20 to go high as shown at rising edgs 21 of output 20 of
figure 1. A€ VCO clock signal 10 goes high (such as at rising
edge 11B), the outpﬁe oﬁ_AND.gato 25 goes high and resets flip-
flop 24, pulling output 17 low as shown by falling edge 19.
Falling edge 12B of Vco_élodk signal 10 then triggers flip-fiop



detode W ndow. Thus, the output pulse 20 is centered around the rising edge
11B of VCO ol ock 10 and occurs in tinme w ndow-31. The VCO clock signal Is a
sy;met i'Pal clack signal running at twice the data bit cell rate In the
pref ert@d enbodi ment of the .present invention. If the peak jitter is not
symetrical about the mean center p05|t|3n it is desired to shift the

nom nal center of the decode window to assure bit capture. In other

i nstances, (e.g. testing purposes), it may be desired to shift the nom nal

center position left or right as desired. However, the period of the decode
wi ndow shoul d r@mamueémmutm $OsUP | 15t a8LBHRIN Bk NG, #A%P A2+t he

data w ndow of the ’Wfé | ock
period. Shifting thgtr gag‘?i.cdyig e o .(ytlhgﬁ@g)’gli"gg )i%% ?’*‘ |°\(/d>e‘l gis‘?{%atsg 't he
rel ative positiamoirising igeddsseispladed $d1¢hidctalidng edimvosTieo wlml:kv\no
shifting capability facilitates automatic calibratjion, w ndow marg

testing, error 8edndoy Ihky $hetrhame doeking oironitnyat | The ”H&rW%Rﬁ
shifting circuidfy debelal! Jo%t gg t%ﬂ}u&#ﬁ}ﬁ %Jgpgélgglﬂtaﬁﬁ ﬁéy ei%itﬁgtnn.

coupl ed transistors are u |ze con ed “oscl |

(VCO . Supply vedinee p\x‘@&%u de¢okY ,cthi prdiantolnvanitees L rictaaspéeridens
58, 55, 47, 48, 73 and 67. VCC 44 is coupl ed t hrough di ode 49 to nods 50

and node 50 i s on {he asaprecy ©f theyiquestestanllsdelay ddas BRD (3h&ocdsting: &
of transistor 6gdsoadRiRasy. | s % dBbgtt 'Fra84%b 55 behflred® akunda the

xising edge 11B of VCO clock 10 and ocours in time window 31.
The VCO clock signal is a symmetrical clock signal running at
‘twice the data bit cell rate in the preferred -mbodiment of the

present invont:lon.

I2 the peak jitter is not symmetrical about the mean center
'posifioﬁ,_it_is desired to shift the nominal center of the decode
window to assure bit capture. In othef instances, (e.g. testing
purposes), it may be desired to shift the nominal center position
left or right as dcsirod. However, the period of the decods
window should remain constant.

As desoribed above, the centering of the data windoew of the

~ present invention depends on the symmetry of VCO olock pericd.

— Shifting the duty cyole of the VCO cleck 10 effactively shifts

the relative position of the DRD pﬁll. within the decode window,
The window shifting capability facilitates sutomatic calibration,
window margin testing, errox recovery, and systenatic error
cancellation. ' '

| The windéw shifting circultry is illustrated in tigurea J. A
plurality of enmitter coupled tranuioté:i are utilized ¢to form a

| voltage controlled oséillator (VCO). Bupply voltage VCC 44 is
:couplod éo the collectors of tfansiniotl 58, 55, 47, 48, 73 and
€7. VCC 44 is coupled through diode 45 to ﬁodo 50 and node 30 1is



nodm 54 (the collector of transistor 56); Transistors 47 and 48 are base
Coupl ed to voltage VC 45. The enmitter of transistor 48 and.bast of ™~
Zransistor 55 are coupled to nods 52. The emitter of transistor 47 apg bass
f transistor 73 are coupled to nodA 54. The emtter of transistor 73 is
bare coupled to transistos 66 and g% at node 65. The emtter of transistor
55 |I's base coupled to transistors and 58 at node 57. Node 65 is coupled
through resistor 62 to ground at node 64. Nods 57 I|s coupl ed through
resistor 61 to ground. The am ttersof transistors 58 and 67 are coupled to

ground at gedp1é¥ thiroays kdsistdi B t30nady ﬁB(eﬁmtumy ofA capacitor Se
is coupled to the emtters of transistors 66 and 56 at nodes 71 and 72

respecti veltynnmﬂ!ﬂ & cb(n!lpl 80 {w adio conpledt through ueeistopr 83cka s 4

70! A vooRBRRrEs (e, SofLRoE ok hrRosiBeny Bi) 1 AR REEE AR T Co.

The - Corrpkgafegg.‘)f“m.glwlqﬁtmlvcl%.VCO 38, is taken fromthe emtter
of transistor 67. Node 721 represents a voltage VA and node 72 represents a

vol tage Va. VA Thsl ewdtter of tragsintaxadd and dakerot mm&up: ISBuste ated in .
- figure 4. 'VA a d va are identical t.h VA hei |ft aIf cl ock

peri od fro ? %e bﬁ T‘ngrﬁ;ﬁ ”15’?&@ gibg W'nga by

consecut | Vtrihiﬁtﬁdggsaﬂfbﬁ%iehlﬁ no-&h' s4Cl anl iﬁﬁ&é 32 tfanadibor sed of

segM 33 from rising edge 1IC to fallng edge 120 and. segnent 34 from

falling edd® $sCoams ciouphed éuig&rlhﬂltmgmd $32 &t nodechsel yl‘hproport i onal
L0, 270, v S RERT ok iel Vo E e RRA B, AR e 0
at node 57. Node 65 is coup_lcd thz-ouqh resistor 62 to ground at o
node €4. Node 57 is coupled .throu'gh resistor 61 to ground.
The enittersof transistors £8 and 67 are ccubhd to ground
at node 64 through resistors €0 and 63 rcipeétiv.’ly; A capscitor
68 is coupled to the enitters of tnmi-teu' 66 and 56 at nodes
71 and 72 respectively. Node 71 is coupled to D/A converter 135
and represents a current :q.s. Node 72 is coupled to D/A
converter 136 and r.p’rnent.s_ eﬁ:rnnt. I70. A VCO signal 10 is
taken at node 59 from the emitter of transistor 58, The -
conplenent of VEO clock signal 10, VCO 38, is taken £rom the
enitter of transistor 67. Node 71 represefits & voltage VA and
node 72 reprssents a voltage VB, : ' U
VA and VB are timing voltago' wave :_orin- and are 111u§trat-d
in figure 4. VA and VB axe fdentical with VA baing shifted one
half clock pericd from VB, The WCO clock liqnal 10 has a pcriod
32 detined by consecutive :mﬂ\ edges 11C and 11D, This clock
period 32 is comprised of and:’ -

33 from rising edge 11C to

tnning odqo 12C and ng-mcnt 34 zrom hlung sdge 12¢C to rising
edge 11D, Segment 33 is inversely prpportionu to 170 whilc
segment 34 is 1nvsrs§1y proportional to current 169, Referring
briefly to figure 3, we sse that currents 169 and 170 are '



-9- controlled by digital control Inputs 137 and 135 respectively inputted
to D)A convertors 135 and 136 respectively. In this manner, |If Segnent 33
| S+ n?e‘éed (current 170 is decreased), currant 169 can be I noreaued so
that seglient 34 is decreased. The nzam cl ock period 22 can then be

mai ntai ned while tine tuning the adjustnent of period segnment. 33 and 34.
Referring to figures 1 and 4, if the dat-a8 l-i tter is such that the peak
jitter of the data is shifted to tho left of nomnal center position 14A
and | SA, the w ndow Shlftlng circuitry is utilized to | engthen period

segnment 33 and 8:):%;? ﬁ\iﬂgf%n%él?ﬁg p&gi L4 dﬁgg'i:{@&-ﬁ%%%ﬁ&?e

nmoan centor to t I’Ig positi on

shifting circui ttx;puttcut tbiwcbmmemammoms@ncetmmd Iertgileen
period segnment 34. T gg ¥ error correction codes are |gserted in the
"t

serial data str AR Tenk 33 Ak Jnoyensed (GHFrept X719 A& Agpreased),
noni tored and | foutoeit! 269 dhrd B 8h& -Safw%&.ggrl-&gdﬁt F4 06 E?S’nﬁ

m croprocessor inputs digital cont ro I nput s 136 to A converters
135 and 136 resptwm isazieycleck mudnecammdoehehbimdgltcﬁnwmh:l}hrra;md)é'-unine‘

W ndow shi 111 ng o1 Abusyarts B Rerfed sdsmtita 38, 83472 Vo tage control
ookl tor 7 262§LSI";§‘?§“§*E§%”?@%¢‘S e S e s
65 and 57 respecthatel/the peskitter 62 thapieth tis shiftad toctls deft of
_ nominal center position 14A and 1%A, the window shifting
o/ . eircuitrxy is utilized to lengthen paricd segment 33 and shorten
~ period segment 34. If the peak jitter lhlft_-. ‘the mean
- center to the right of noninal position 14A and 15A, the window
shifting cirouiﬁ:y is utilized to shorten period segment 33 and
~dengthen period segment 34.

Typically, errer correction codes are inserted in the serial
data stream to test for acouracy. The output of flip-fiop 23 is
monitored and if an error in the error correstion code is
detected, a microprocessor inputs digital control inputs 137 and
138 to D/A converters 135 uﬁd 136 rupoetlv-ly s0 that the .

windew shifting cirouitry may be utilized ¢o ropouition the
nominal center of the decode window. '
Alternate windew shifting cilrcuitry is 111u|trat§d in tigure

5. The voltage control oscillator is gsnerally as described in
figure 3 with the cxceﬁtion that eapacito: 74 is coupled to the
emitters of transistors 73 and S5 at nodes 65 and 87
respactively. (Cnpgoiﬁor 68 coupled to the emitters of
‘transistors 66 and %6 is elininated.) Alternate circuitry is
provided for adjusting currents 169 and I70.

" In the alternate enmbediment illustrated in figure S, current
169 is taken from node 75 and current I70 is taken frem node 76.



transistors 46 and 56 is elimnated.) Alternate circuitry is provided for

adjusting currents X69 and 170. In the alternate enbodi ment illustratéd in
igure 5 current 169 is taken fromnode 75 and current 170 is.takeR from 3
ode 76. - 10 - Nod. 75 is coupled to the ocllector of transistor-02.

The base of transistor 62 Is VA tm-np ¥ol t age signal 41. The emtter of

transistor 02 is coupled through resistor 84 to ground and through resistor
OS to node 39. Node 89 i coupled to input pad 94. Nods 76 is coupled to the
ool | oetor of transistor 83. The base of transistor *3 to VD timng voltage

35. The eni [ @f A - i ' E*KHH h$t Olamad gr ound

and t hroug Bths'l’gs)tio'tr Egﬁﬁ%;i;& %°dg§87&%§§ggg$tit Sgcoup tggsthg' Rgh%aaag'?,. Suppl y
vol t age VOBgdtransintopl 82 id VauginbmyecIfage siynaknil,t cThe cénittensesst ors SO |
and 51. The col]lectors of transistors 80 and 81 are ocupled to nodes 87 and

St respect FFaRGistar 82738 crupled) thxough sepistor 84 (4 SXEUNRi&es 78 and
79-to0 th gt 1 - t ] f
{ransi st or tAz6udh SUeRELE 84 o Bodfias HEAPUP) LN DA LbAHI Bepolt poa | o

transi stor 98Q 1s coupled to node 101. Node 01 is coupled to eni tter 122
of transistor 97. Node 101 in also coupled through resistor 104 to ground.

Enitter 140 of ¥edmJi&dsr cowplied o the Soileciareof 1Rrangiasor 198, sTB8upl ed to
e Bafh VA WG yotsuae 35. O ualer L7 1

transistor 83 is coupled through resistor 85 to ground and

th:_'ouqh resistor 86 to node 87. Node 87 is coupled to RF pad 93. o
Supply voltage vce 44 is coupled through noda 77 to the v/

snitters of transistors 60 and 8l1. The collectors of transistors

80 and 81 are coupled to nodes 57 and 89 res_poetivcly.-. Node ?7. '

(VCC 44) is also ecuphc_l through diodes 7é'and 79-to the bass of

transistors 80 and 81 respectively, The base of transistor 80 is

coupled to the collector of transistor 90. Emitter 139 of

transistor 50 is coupled to node 101. Node 101 is coupled to

emitter 122 of transistor 97. Node 101 is also coupled through

resistor 104 to ground.
'Emitter 140 of transistor 90 is coupled to node 114, Node

114 is coupled to emitter 132 of transistor 108 and through v

resistor 118 to ground at node 1132. Node 75 is coupled to the

couoctox" of transistor 96. Emitter 133 of transistor 96 is

couplad to node 100. Node 100 is coupled to emitter 121 of

transistor 97. The collector of transistor 97 is coupled to _

voltage VCC. Node 100 is coupled through resistor 103 to ground.
Enitter 124 of transistor 96 is ooupled to node 113, Nods -

113 is coupled to emitter 131 of transistor 108. The collector

o transistor 108 is coupled to voltage VCC. Node 113 is couplid

through resistor 117 to ground at nodes 112. o o
The base of transistor 81 is ceupled to the collector of |



collector of transistor 36. - Emtter 123 of transistor 96 is coupled to
node 100. Node 100 Is coupled to emtter 121-of transistor 97. The

col I getdf-.of transistor 17 as coupled to voltage VCC. Node 100 |s coupl ed
thro resistor 103 to ground. .Emtter 124 of transistor 96 in coupled to
node | 3. Nods 113 is coupled to emtter 131 of transistor 108. The
collector of transistor los |o coupléﬂlld vol tage VCC. Node 113 |s coupl ed
through resistor 117 to ground at nods 312. The base of transistor 61 is
coupled to thé collector of transistor 91. Umtter 12 of transistor 91

I s coupled to node 302. Node %@i | s coupled to fnitter iBO of .transi stor 98
and t hrough restcansiotex 81, (EBikter 235 o& trangisfion 91,18 faupled §a nede ) o

to node 115. Hoge 11hokd £04A°Hotiled e  Gitetdf o oirl ehiintor AP ch0

t hrough resistor 119 to ground at is coupled to the

col l ector of trehouwghoredistdi 108 rtal foodd.t r Enfttirmn28ses transpstatr 52 fwde
99. "Node 99 is coupled to emtter 129 of tr.ansistor 98 and through resistor

106 to ground. SOHPLEQ kechede 325, Mefdesiy$ dscopupled, Ho-amitrex, 134 Rf vcC
. f . : _ _ . I
o tter 133 of TrANEReH a4y e ERLANG rhf1NAE" LIS R GEuA B BoBRLPACC O

112. The collector ofode 28sisicvuple® td thesd1adotor \62 tReRsdddar 982 base of
transistors 9d, 90, 91 and 95 are coupled to node 107. Node 107 Is coupl ed

through resi st oFnistazn, 337 0f tupasiater 98I0 REUPAPE R 14889 1 1 Hodn P9 1s
resistor |11 t0o0i 00 o3 ROEFar' 135 of Wihiliok §8 N BRoRER AWILER 106

-mrrors which for _ .
' to ground. The collector of transistor 98 is coupled to voltage

N\ _ VCC. Emitter 128 of ﬁransiltor 93 is coupled to node 116, Node
' 116 is coupled to smitter 133 of transistor 109 and through
resistor 120 to ground at neds 115. The collector of tfansistor
109 is coupled to voltags VCC., The base of traniistors 96, 90,
91 and 95 are coupled to node 107. .Nbdp 107 is coupled through
resistor $2 to supply voltags VCC nﬁd through diode 110 and
resistor 111 ta'q:ouna at node 113.
Transistors 82 and §3 hr.'eurr;nt mirrors which form the
major source of current I69 and I70 at nodes 75 and 76
vespastively., Output paas xsys and aré: nay ba connected through
U external resistors to ground so that small systematic errors ca&n |
~be cancellsd. Output pads RS94 and RF93 also provide means of
determining #ha state of the window shifting qircuitry.
If the base voltags of cuter transistors $7, 98, 108 and 105
‘are higher than the base voltages of inner transistors 96, $0, 91 .
and $5, the inner transistors are off and ne window shifting
occurs. If transistor S8's base voltage is lower than the base
voltage of transistors 51 and 935, transistors S1 and Qs'turn on
‘and produce currsnts I70P and :70&.. current I70A adds directly
%o current I70 at node 76. Current I70B is mirrored at |
transistor 81 and coupled to node 89. This current I70B at nods



maj or source of current X69 and Z70 at nodes 75 and 76 rs&paztivw . _ Qutput

- paus aw an* 7rs3 nmay be connected through external resitstor. to beund
so that small systematic errors can be cancelled. output pads R394 aRgs RF93 3
al sp provide means of determining the state of the wi ndow shifting’
circuitry. if the base voltage of outer®ransistors 97, 9S, 108 and 109 are
hi gher than the base voltages of inner transistors 96, 90, 91 and 95, the

i nner transistors are off and no wi ndow shifting occurs& It transistor 96's
base voltage is |ower than the base voltage of transistors 91 and 95,

transi stors éﬁ%& qgﬁ r 1 1 rrent

X70A adds die%ég??gctggv‘c#; ?gﬁt@g g%gﬁo e#gegﬁrigngg%ig%ql s;ﬁhr ric?#ed at
transi stor GZcomglished byt ceducingithe divrentuin dntansifGonianodeurrentl2- 69
effeotively'subtracts_fron1cgrrent 169 at nqds 75. This_ is acconplished by

reduci ng t het'OR FEAR RoAR 83 Elowe, thyough masiaker B8y DPFedHcing 2 YOL%ads, s

t hr ough resi&;.ﬁ,rg.l At ﬂﬂd%&gg h\{/gktag@.mange at R894 which can be
base vo

detected. Xf t tage of transistor 37 i lovr than th base
vol t age of transixft the EKxkeamdl®iye Dfatsarmiistor 9857 dnd180ep riuinc ehe Usasant s

~169A and 1693 rspectively. rrent 269A add. to,current 169 at nods 75. -
Curr ent 1690"9@‘1‘7&_?&#’1&"%?%5%1‘89 89 xanpiskarss o8 and H0 pyeduge noge

L2001\ b R ek Sl oty B LRSY 0 O,
pad RF93. TranwientoZss 149 radd 1%, Onxireny I69BCdsj mimicred by ttransistor 80
and reduces current I70 at node 76 by acting through transistor o
83. cCurrant 1698, qoup1od to node 87, cauéol'n voltage drop s
across resistor 86 which may be detectsd at output pad RF93. |
Transistors ;oo'and'los. acting in cohjunctionlwith inner
transistors 96, 90, §1 and 98, allow ditferent magitudes of
window shigt. oOf éoﬁrno, if desired, any number of lavels of
nagitude contrel 6ould be uti;iz.d_without departing from the
scope of the present invention.
The base vpltagcl of tranliqto:l 97, 98 108 and 109 are set
by digital logic such as from a microprocessor. As with the
enbodiment of tigure 3; the data is tracked for accuracy of error
~ code fhseftl and the decode window is shifted left or right K;J
accordingly by manipulating the bass voltages on transistors 97
and 98. The magnitude of such window shifts is controlled by the
base voltages of transistors 108 and 109. | :
The window -hittgng ecircuitry of the present 1nvehtion
results in a proq:aﬁmablc deceds window. As previously
di-cua-ca,'prigr art decodars sst & nominal center based on an
assumption of qymmetriqal Jitter in the data stream. In the
- present invention, heﬁovor, the mean center of the jitter of the
dats strear is dgtgrmincd and the neﬁinal'centor of the deéodo
window is ihiftod to coincide with peak jitter shifts. In this



.t?an3|stors 96, t0, 91 and 95, allow different magitudes of w ndow shift.

0] courg; i f desi.red, any nunber of |evels of magitude control could be
utilized.without departlng fromthe scope-of the present invention. The
base vol'tages of transistors 97, 98 109 and 109 are set by digital |ogic
such as froma mcroprocessor. As with the enbodi nent of figure 3, the data
is tracked for accuracy of error cods iAserts and the decode wi ndow |s
shifted left or right accordingly by manipul ating the base vol tages on
transistors 97 and go. The magnitude=df such wi ndow shifts |Is oontrolled by
t he base voltages of transistors 108 and 109. The w ndow shifting circuitry
of the presemenhargnserial chits mayng 6% ldﬁcgﬁ de vi ndow. As
previ ously di scuused, prior art decoders set a nonlna tenter based on an
assunpti on of synnetrlcal jitter in the data stream in the present
i nvention, however, the nmean center of the jitter of the data streamlLs
- determ ned and the nomi nal center of the decode window in shifted to

coincide with peak jitter shifts. rn this " - 13 - manner, nerial data
- may be accurately decoded. - 14 - CLAIMS:
>



A—crrcuit for providing a progranmmbl e decode w ndow generator
corrprl eratl ng means for generating a first clock signak
havi mmﬂm"jm E tion point in each period of said first clock siﬁ@l;
dat g #eans coupled to a delayed read data (DRD) signal® and
said first clock signal, said DRD having a nmean center position, said
data synchroni zi ng neans being for IocﬁE]g said DRD signal to said first
cl ock signal, said data synchronising S outputting said decode wi ndow,
progranmm ng nmeans coupled to said cl odkL.AEMSrating nmeans for shifting said
first transition point and synchronizing said first transition point with -

said nean center position. 2. The circuit of claim 1l wherein said
clock generatling neandt clmauht skor providingea pregrammablesdecode or

(VGO . 3. windoW§erdr@tior (ﬁonﬁ;ﬂgm,{)g-v\her ein said data synchr oni zi ng

nmeans conprises a phase qu%e 00 e circu of chffu m 3

wherei n sai d phase | ocicd® Wﬁﬁ%’r%?qq'}%tf%cﬁ% 18 $-F169%

wherein the eloek =fgssl dhasdagd 4 | fpr"sh:o;tnms!cumixedpbnna fieedéeck | oop

to the reset e'}l%td Q)f %%1‘11 ffirtsstt fél&lé'acio% The circuit of
&FSi onp’rl ses fi

claim 4 wh nmm ng nea rst and second
control signals coupl edlat"@ ﬂrmhmizisnx deéanstcoupnledcomda cdelayedsi gnal s

for controlliraad eaasi(tDED) Oﬁiﬁﬁh!ﬁ and said 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 synchtonising

means outputting said decode window; o/
programming means coupled to ,sa’igl clock

generating means for shifting said first transition

point 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 1loop 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
gsignals 'coupled to said VCO, said first and second
control signals for controlling the position of said
first transition point without alteting saild period of
said first clock signal,



first tran§|t|on poi nt wi t hout alterlng said period of sald f|rsr rlnrk
signal .’ _, e i5 - 6. A circuit for providing a

corpr g el ook generating means for gereraling o f1rst : ommmntnmunnuln
period defined by consecutive falling edges; data synchroni Zing feans

~coupled to said first clock signal and to % del ayed read data (DRD)
signal, said data synchronizing nmeans belng]for detecting a rising edge of

said DRD signal #nd said fal'licigcedde dorsaiptoviding ! ack dicpdal . wdaiddwlat a
synchroni zi ng ne%% gg tting said decode wi ndow wherein said decode

w ndow has a ri sl &p 5@ Bdcked to said falling edge of said first clock

si gnal ; 'wi ndow shi fting nealockogenedatdngameans forcigerlersitdmg o diirst

shlftlng said rigijgred S Stg na {#gg

a nean center pO?I tlgc‘)‘ﬁ gﬁgﬁﬁl %ﬂ$ ﬁﬁgg ahd i‘aigihg R Cyﬁial
wherein said cloftrgénerelocly sdgnal chgrings aa Rraxiaed Egﬁ{‘F || &y
oscillator (VCO) cofisecutive FadldingCléidged; Ccl aim 7 mhereln sald data

synchroni zi ng neans conpri%gi flg%%c Qonﬁ%ﬁpnd f“d%s 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
gsaid 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 ddta

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 comprises 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 means for generating a first
clock signal, '



flops, said-seeend—flip-flop having an output coupled to a reset of said
fII’St flip-flo The circuit of claim8 wherein said window )
Lﬁ"ﬂmﬁ ﬂ'prl ses first and second control signals coupled towgaid &
aid rising edge of l6atd first clock signal. 10. < ~+- A
CIrCUIt f or prOV|d|ng a decode w ndow having at least first and second
edges conprising: clock generating means for generating a first clock
signal, . - 16 - said first clock signal having a period conprising a
first segnent and a second segnent separated at a transition point, said

first clockaddgtirsthmiaek sighedshaving & perivduconprieing im Hask of said
period.; a phase Iooked | oop .coupl ed to said first c]ock ﬁ gnal nd to a

del ayed re8890%R% ) B & | seguent geparabed ak 8 Fxp .
docode i nEBIE: ﬁ%ﬁ?%o%‘*%‘ S350 DA g Jead ﬁh%%@pag%%“%%?é.
fifth edgeefnsSas Cuddd RAlsy Said loop |ocking said second edge of said

decode wi ndow to said urt h edge of said first clock signalt shifting :
means ooupl ed ta phass fockadcloop eoupled dwd sadiddLitsk sevek slgnklsandt i ng
.means for shifting said transition 80|nt to be synchronous with said nean

center postei ndelayedrizesd daga: (BRDY | signals . \Hﬂéﬂepﬁnsﬁiﬂlﬂ v ingnarati ng

mean center position and at least £ifth and sixth edges, said
loop outputting saild decods window and logginq -;ld tirst edge or'
aai& decode window to sald £ifth edge ef said DRD iiqnal.'said' :
loop locking said sacond edge of said decoda window to said i
fourth edge of sald first clock signal; |

shifeing means coupled to said irst clook signal and said
DRD signal, eaid shifting means for shiftinq'.aid transition

point'to be synchronous with said mean centsr position.

1l. The circuit of claim 10 vherein said elock generating

means comprises a voltage control oscillator (VCO).

12. The oircuit of olaim 11 vherein said peried ot.said o
VCO is approximately twice tﬁat of said decode window. B
13.  The circuit of claim 11 wherein said phase locked loop
is comprised of first and second £11p-£1opl, sald zirst flip~flcp
having a 2irst data input couplcd to a legical ons, laid first
£lip-fiep having a first olock input coupled to said DRD signal,
said second flip-flep having a second input coupled to an cutput
of said first flip-flop, said sacond tlip-tlop having a second
clock input coupled to sald first cloock signal, said second £1lip-~
glop havinq a aecong output outputting said decode window, said
second output coupled to a first logic gate, said first clock



means conprises a voltage control oscillator (VOO . 12. The circuit of
claim 22 wherein said period of said VCOis approximately tw

n&u d(dec >gde window. 13. The circuit of claim1l wherein sai c”n‘"mm,lm“m””m
| oop |§'conpr|sed of first and second flip-flops, said first fip-f

having a first. data input coupled to a hogi cal one, said first fI|p flop
having a first clock input coupled to said DRD signal, said second

flip-flop having a second i:nput coupled to an output: of said first
flip-flop, said second flip-flop having a second clock input coupled to

wai B ofirot (
Sutputt] ng saiaoal SaErLed Bd «AIORERE Shote BT WAt AR GUER MfVing 0.
gate, said figiretcbatput cdupled ko M reset inpuﬂoz SA LN FixetU R ef-2 oA d

first logic gate, said | ogic gate having a first - output coupled to a roset
input of said first flip-flop. 14. The Crcuit of claim 123 wherein said

V0o, " Said 1 st Wont rne izenit o SHeER i vbRESTR HASE ARLERIES RPGRE
Second. s23%%?5953?89”ﬁ*?@%ﬁﬁméhgﬂéhﬁéﬂﬂ wighifs SRR Shupvee,
-cl ock signal sad@niedrs8O86hEIG) signal for altering the length of said first

- segment and said sscond eéntrol signal for altering the length of

-;16 sscond oigment, said shifting means such that said pericd of

said first clock signal remains cqnitant.




