VARI ABLE FREQUENCY OSCI LLATOR This invention relates to variable reﬁ_q%q.‘x_/g
oscillators.. According to the present .invention there is provid &1

varlable frequency oscillator conprising: a first phase-I|ocked | oop 5?
incl (di‘ng a first voltage controlled oscillator; a second phase-|ocked 5

| oop_jncluding a second voltage controlled scil | ator havi ng the sane
constagts as the first voltage controlled 05Cillator; an oscillator neans

fer generating a stable pulse train, the arrangenent being such that, in
operation, the first phase-l|ockg ﬁg@ﬁﬂ?rﬁs‘&' gWM th a sequence .of

I nput data, the second phase- IoMom sed with the

pul se trains fromthe oscillator neans, and the first vol tage controlled
oscillator in the first ‘phase-| ocked Ioop i-s stabilised by a control

vol tage applied to thieisSenvsdtionldedgesCodivapidined Bregubhdt 6scillatdrs.second
phase-1 ocked | oop; ‘and a digital circuit for counting pul ses generated at
‘regul ar intervals anscabeling téSthe presenheinvehtsios there v pdetidiedi modrjpahleod

of tinme to‘delay the sequence of the input data before application to the
first phase- | ockeeguersyposqiddaten camprisingsqacHapt chepetiocsed #egPi ncl ude a

ring oscillator for controlling the frequency of oscillation of each

vol tage 20  cormte3ptdy Bs%rlsFa‘f‘ﬂFa‘Eﬁ/ ceBrOtOPY iPRE HiRECT U Ar BRRCPR | RiiERGLASKED
i ing ooes ekl Pt R keRosh i ok fleEs [’%ﬁ%’?%%@?ﬂ[ﬁ'&?es
vol tage control lc%_(;tsgﬁ'&lsl LA tﬁsm?olftagé ogt@osl‘ied Uekffhator; an oscillator

~ m;ags for generating a stable pulse traln, the arrangement being
such that, in operation, the first phase-locked loop is synchronised

with a sequence of ihput data, the second phase-locked loop is

synchronised with the pulse trains from the oscillator means, and

the first voltage controlled oscillator in the first'phase-locked
loop is stabilised by a control voltage applied to the second voltage
controlled oscillator in the second phase—locked loop; and a digital
circuit_for counting pulses generated at regular intervals and delay-
15 ing the pulses bg a predetermined period'of time to delay the
kv/ | sequence of the input data before application to the first phase~
locked loop. . .
The variable freqﬁency oscillator.may inclode a ring oscillator
for controlling the frequency of osc;llation of each voltage
20 controlled oscillator by controlling the current flowing into
s | © the ring oscillator.
" The variable frequency oscillator preferably comprises
shifting means for shifting the phase of each output pulse from

the first voltage controlled oscillator in the first phase-locked



-2- loop by [err], a flip-flop circuit arranged to be set by the input data
and reset by the output fromthe shifting neans, and a cirpgpit arranged to
be triggered on the trailing edge of the output fromthe flip-flop circuit
for delivering a pul se having a predetermned 5 °~ pulse width. The _
invention is illustrated, ‘merely by way'_zgf exanmpl e, in the acconpanying -.
drawi ngs, in which:- Figure 1 is a blockK diagramof one enbodi nent of a,_z
vari abl e frequency oscillator according to the present invention; 10 hd
Figure 2(a) is a block diagramof a counter circuit of the variable

frequency 0sCidobaiyP00®] Fie@il-F1dp JTrOWte aftdibed StPbE] b 81k ¢ of part
-of the vari abl ebf rlgquency oiék(;:i ”3%,[ or of Ia:li 943’293 1, Fi gs&?'g? ?f?g?ﬂ{gggqa(b)

i Ilustrate reehdini] réeu By strel owtput Ofrioh 4e @hofcinkiWEahe, AnliSa &1RERAK
di agram of a -conventional -variable frequency oscillator; Figure 5is a
timng chart dreangdd tstbeatiriypeaad onotigatrailinkcedyecofitthesutpit tirem:
conventional variable frequency oscillator of 20 Figure 4 and the variable
frequency osdihel flip-figp Figenis for dadiivering 3 pulseghawing a pradekermijes
circuit diagramof the conventi onal ' '
5 pulse width.
The invention is iliustrated,'merely by'way of example, in
the accompanying drawings, in which:-
Figure 1 is a block diagram of one embodiment of a variable \J
frequency oscillatof according to the'present invention;
10 : Figure 2(a) is a block diagram of a counter circuit of the
" variable frequgncy oscillator of Figure 1;
Figure 2(b) is a circuit diagram of part of'the variable
frequency oscillator of Figure 1;
. Figures 3(a)'aﬁd 3(b) illﬁstrate'recording formats of a floppy
15 aisk; |
Figure 4 is a block diagram of a conventional variable
'frequency oscillator;
' - )
Figure 5 is a timing chart for illustrating and comparing the !

operations of the_cénventionai variable frequency oscillator of

20 Figure 4 and the variable frequency oscillator of Figure 1; and



vari abl e frequency oscillator of Figure 4. Before describing a conventi onal
vari abl e frequency oscillator (VFO for floppy disks, formats for data 34
witingfor floppy disks 5 and the functions for such a VFOw || be
descr.i bed. .Presently, IBMformat and simlar formats are nearly
exclustvely.used as formats for floppy disks and so these formats are
descripged bel ow. 10 - 4 - Referring to Figures 3(a) and 3(b), there are
shown a data pulse train read froma f| qpPpy disk 20 cm (8 inch) in dianeter
by means of a floppy disk drive (FDD). “Figure 3(a) shows a single density .
(FM recording on the disk. In this -case, one clock pulse 5 is admtted.
every 4 us of 1 bit cell of the fetched data pulse train. A VFO produces
data w ndow wavef or s @igusd®\Rsfd QEtiNeadeirupt | @8gtdnf bl t1iRNEodvaBPidnae

wi ndow waveforns are ANDed with the data pulse train to produce separate
data pul ses. Fi gwasidihie) £odfishicy déeiltod adrs FigudeMEM recording, in which
only when nei ghbouring bits are Os 10 is a clock pulse admtted. In

t hi-s case, :a- VFO pr odusferelaleacribidgva wanreintiomalf vardablle fregudray dedidlptdrse
train, and then the wi ndow wavefornms are ANDed with the data pulse train

for reproduction (FOHfcx £24ppy Aiskeepferuats |€ox datacywiting (fek) fioppryidisks er ,
called a mni-floppy disk, is used the period of bit cells is twce that of -
a 20 cm (8 ithch) apg the fynckions Jor gydnacYRO pilkde dnscaibpd.a Pressetivy a5l

read fromt h.e f Of)ﬂag Ia%ﬁ sim:l.lar formats are nearly exclu_sively used as formats

Y o ~ for floppy disks and so these formats are described below.

.10



drive are located precisely in standard positions within bit cells as shown
in Figures 3(a) and 3(b), data w ndow waveforns can be prodlz?qed by, for
exanpl e, a one-shot nultivibrator with relative ease. reality,
however, there arises a possibi I|ty that each pulse is shifted fromits
“standar d ‘position by about- 350 ns'with a 20 cm (8 inch) standard fl oppy.-.
disk -and [err] 700 ns with a mini-floppy disk at worst. This phenorrenon&,s
known as peak shift and is caused=h$ Tnterference between nei ghbouring %
wavef orns when data is read. 25 A VFO acts to produce correct data w ndow

waveforns froma fetched ~ -_5 ul se,. a| n acconpani ed by such peak
shift and to deri v@emnﬁaﬁ%rﬁﬂﬂ’?éss?ﬁ aﬁé% & TS TE AT D VFO i s

d bed de I " I h h

convent  onal rsi%’" sealh xefd el mrony %ém%gm&%&aié el B o

fl di sk d g_qpl h .

co?ngg?/at 1)? 40 sr gﬁgﬁmkgﬁei %&léadgie%t I VI Lr ato Og VO %agg rggo%t ?zFI ed
osci | lator (VaEhsAQ8 (kO IecSa1 1l EO Y@K O TR mscea@r LCondlRRbEE Gullse t he

phase conparator 404 through a gate circuit 410 for phase conparison with

10  the sout pyk dmEtédRvEry t4 i RN OB1t10811 oENehed Wb fkited a4t® phseC ergia.at or
404 is fed to a first lowpass filter 406 or a second | ow pass filter 407
via a switchi agveo perodices(08atao windnwy eavdforis gis $hasmuermy thoadagulse and

“then the signal is fed to the VCO 408, so that the frequency of oscillation
of the VCO 40&raithaand thepfthe window waveforms are ANDed with the data pulse

train to produce separate data pulses. I-‘igure 3(b) shows a double ;..J
~ density (MFM) recording, in which only when neighbouring bits are O's
10 is a clock pulsé admitted. In this case, a VFO produces data window
. waveforms from the fetched data puise tra'.in', -and then the window
| waveforms are ANDed with the data pulse train for reproduction of data. |
When a floppy disk 12.7 cm (5 inch) in diameter, called a mini-floppy
disk, is used the period of bit cells is twice that of a 20 cm (8 inch) |
s floppy disk. _
When the pulses of a data pulse frain read from the floppy disk
drive are located precisely in standafd positions within bit cells as
shown in Figures 3(a) and 3(b), data .window waveforms can be produced i
by, for e#mple, a one~shot multivibrator' with relative ease.
20 In reality, howé_ver, there arises a possibility that e#ch g_ulse is
shifted from its standard position by about * 350 ns'with a 20 cm
(8 inch) standard floppj disk and ¥ 700 ns with .a mini—floppir disk
at worst. This phenoménon is known as peak shift and :L§ caused by

interference between neighbouring waveforms when data is read.

25 A VFO acts to produce correct data window waveforms from a fetched .



15 frequency and phase of the w ndow signal, is controlled by the phase
di fference between;those signals. In particular, the phase conparator 404, 3§
the filter 406 or 407 and the VCO 408 form a phase- |ocked | oop, and the
circuit” does.pot respond to:rapid changes in data signals due to peak
shift~~the data signals being fetched for 20 application to the term nal
411. Nether, it responds to slow changes and produces a signal which is
synchroni sed with the input signal andHhe phase of which is always in step
with that of the input signal. The systemincludes both the first |ow pass
filter .406 respopding guickly to its input signal or having. a high cut-off
25 frequency angatt‘_’hg“ cb'fﬂ#’l 85\?°§’B§§iﬁqop¥e§"° PRk &g tgl'?ﬁﬁg'ﬁﬁ onl¥t o
its input signal égiya¥%£g.a | ow cut-off frequency. The two filters are
alternatively use 1"byp € operation .of the switching circuit 405 for the

r eason..descri bed hereigaf (e ' '
' 5' ﬂ?‘eéﬁ%w“@i‘_af cgwgﬁipgﬁiig‘ég%%iﬁé@ﬁﬁda&akf &%

cal l ed sync fields, tenint sectors for

synchronisation. ¥H8eefde®, AQyheoshidigutake shddsAeRid RohVi@iteodd1eVES 1n
Thus, the first filter 406 responding quickly is used for the fields and a

synchroni satson VbIdekSqiagrhintforms @ Ridhe datsRiedd VExrod he EREpgye GiskMaevd iiel ds
of recorded data are to be treated, the filter 406 is 10. changed over to
the filter 407, whppitied depentmihal\M0l tandi admiittpd ttosa phabe coppatrtiort 404

systemw || not respond to changes in the interval of pulses attributed to

peak shift. The sH¥eaph fpecnetrhofmgiviRmateh At i dh vettroBecantspliaddorqidhrtrs

prOQ§§S(N‘ or. a fl %REX 408 produces window waveforms which are supplied to the phase
- comparator 404 throhgh a gate circuit 410 for phase comparison with
- 10 the'outpﬁtlfrom the mnltivibrator.403a The output from_the
comparator 404 is fed to a first low-pass filter 406 or a second
low-pass filter 407 xié_a switching circuit 405 to remove the high
frequency compénents, and then the signal is fed to fhe VCO 408,
so that the frequency of oscillation of the.vco 408, that is, the
15 frequency and phase of the window signal, is controlled by the phase
.difference between those signals. In paréicular, the phase .
comparator 404, the filter 406 or 407 and the VCO 408 form a phase-
locked loop, and.the circuit does not respond to rapid changes in
data signals due to peak .shift, the.data signals being fetched for
"20 "application to fhe terminal 4ll. Rather, it responds to slow
changes and-producesra signal which is synchronised with the input
signal and fhe phase of which is always in step with that of the
input signal. The system incluées both.the first low-pass filter
406 responding quickly to its input signal or having a high cut-off

25 frequency and the second low-pass filter 407 responding slowing



di sk controller of the system using the floppy disk drrve and is 15

applied to a termnal. 402. Next, the operation of the one- t

mul tivibrator 403, a gate circuit 410 and an out put  wavef orfrt shapi ng
cir€uit 409 having an output terninal 412 are descri bed by referring to the
time chart of Figure 5. The nultivibrator 403 is triggered into action.on.
each rising 20 portion of data pul ses (waveform (a) of Figure 5) readgé
fromthe floppy disk drive and del T'\&ers pul ses having a pul se width that
-one-fourth the duration of one bit cell (waveform (b) of Figure 5). These

ul ses are appli ha e C rat 404 a tines, d durin
gync fields ?E& qgfeg’@g gﬁngé‘ %ﬁ/}fg ’\’f\ig\7ef msw?wavgform
(c)). The nult tQk of the
associ at ed si gkatg%luc rﬁg%c a't%ae%p s%e‘er?e%gﬁ ntﬁf %’Fofopﬁh‘r‘ﬁ%ﬁ drive
i's brought to &ﬁ%uﬁe%ef&t th@Cealtbn MWcr e medatﬁetcl el ds, the pulse.

~interval between fetched waveforns sonetines becones twice or half of the
period of w ndows Sany f1apih 90silihagCéveRliTbaced Huless\eeallddcsgid Bid1ds; om
the nultivibrator 403 and the wi ndow waveforns is inpossible. The gate

circuit 450 acesitten Sl ¢hé Hehd purghcns afpsectdrs Corhgyncbrgreisation.404 based
on the sync field signal fed to.the term nal 402 and consists of a SW tch

add a flip-fl oFhexefere,i popsakoshiffitetalesi pipasoin thaseffields, 1Thus, @aﬁ a pul se - ’

‘as shown in waveform (d) and reset on the transition
first filter 406 responding quickly is used for the fields and a

~

synchronisation with sync bits is effected rapidly. Thereafter, u

" when fields of recorded data are to be treated, the filter 406 is
10 changed over to the filter 407, which responds slowly to its input
signal, so that the system will not respond to cheng_es in t_he
interval of pulses attributed to peak shift. The signal for the
' changeover operation can be _suppl}ed from a processor or a flopby
disk controller of the system using the floppy disk drive and is
15 a'pblied to a terminal 402. Next, the operation of the one-shot
multivibrator 403-, a gate circuit 410 'and an output waveform shaping
‘'circuit 409 having an output terminal 412 are descr_ibed by referring
to the time chart o.f Figure 5. - ' u
| The multivibrator 403 is triggered intco action on each rising
20 port:l.on of data pulses (ﬁaveform (a) of Figure 5) read from the
floppy disk drive end delivers pulses having a pul.se' width that is
one-fourth the duration of cne bit cell (waveform (b) of Figure 5).
These pulses are 'applied to the phase comparator 404 at all times,
and during sync fields they are compared in phase with window

25 ﬁavefor‘ms {(waveform (c)). The multivibrator 403 serves to adjust

‘»



poi nts of each wi.ndow waveform (waveform (c)), that is, the |eading edge Lo
and the . trailing edge -of each pulse. The switch allows the output signal
fromthe flip-flop to be applied to the conparator 404 during data field
periods. ‘In-this way, during these peri'ods the 15 waveform (b) is
conpared in phase with each falling portion of the waveform (d) to prevent
occursgnce of conparison error due ta missing pulses. The output waveform
shaping circuit 409 brings each fetched pulse to the centre of each w ndow,
noves the pul ses and shapes them so that the circuit delivers waveforns as
shown by 20 wavefeotimings. ofl lthe sa3ptidtedi sidtnals isuachudhat Ugachl aftadphie
circuit such as a one-shot nultivibrator. Figure 6 is a circuit diagram of
the conventional %48@ shdohe fleppy glisk drive Tiwe bbbughitsts whe ozendeel dfyegiant om

| ines are denoted by the sane reference nunerals as those of Figure 4
except for a | owwirgow. pRysing Aets fdeldsuntheh PHbRSS interved shatysen fetehady

I ndi vidual circuits - 8 - to have both rapid _and sl ow responses, but

rather a portion YAefOme popetines beppresatitias g% hedsRhibe Rexied) OFo¥indavs hi s
filt Th t VEO h di.sad t t ff | t
Lo fabii catebt e BELPT FHFETS HOpHASPD HRCHr, the R fers e mlclvfieatof o
circuit as can be,peef, :g,mﬁaguf&v@foﬂﬂeg'ﬁg&éﬂ e SNORO aQeFéilg:'é{:ft Q10

requires 19 resistors and 6 capacitors as discrete conmponents

possi bl e even Wi tdetheo Riehoét dht éi‘éﬁbﬂ'a%ﬁiédouﬁ el sasp%xw&seo&ww%at S on
one. chlp by attaching the discrete
\_/ . the sync field signal fed to the terminal 402 and consists of a
switch_and a_flip—flop which is set on the rising portion of each
10'_. dsta pulse as shown in.waveferm (8) and reset on the trahsitioﬁ
| pbints'ef each window waveform (waveform (c)), that is, the leading
edée ane the tfailing edge of each pulse. The switch allows the
output signal from the flipfflop-to be applied to the comparator 404
.duriné_data fie;d periods. In.this way, during these periods the
15 waveform (b} is combared in phase with.eech falling portion of the.
waveform (d) to prevent occuirence of comparison error due to
missing pﬁlses. The output waveform shaﬁieg circuit 402 brings.each
N fetched pulse to the centre of each window, moves the pulses and-
shapes them, so that the circuit delivers waveforms as shown by
20 waveform (3). The shaping circuit is made up of a delay circuit
such as a_one-shot multiyibrator. _
Figure 6 is a.circuit_diagram of the cenventional VFO shown
in Figure 4. The blocks surreunded by phantom lines are denoted by

the same reference numerals as those of Figure 4 except for a low-

25 pass filter 601 which does not possess entirely individual circuits



conponents to the outside surface of the chip and fabricating the other 10
conponents in sem conductor integrated circuit form Fbmevsr, features

i nherent in sem conductor integrated circuitry cannot be f#lly derived from
such a construction. Specifically, the space to nount conponents cannot be
made smal|. A large nunber of junction points to not assure a good ~
rellablllty The nunber of steps for nounting 15 conponents and the c§%t
of fabricating the circuitry cannot.gbe reduced: A considerable limtati

i's inmposed on the design of such a chip for a sem conductor integrated

~.circuit. In particular, when connections are made to externally attached

conponents fr di baxe bath depid andssleMcoeRiQDses, but ggtherxrd portiontis?@sed chip,

a considerably larger chip area is needed than the case where no .
connections arforrERLTFARIE aBR E19YreFRARSSSOAN (HPRR tinothignfitexmsi stors in

-the outer buffer circuits are several tens of, tines as Iar%% as those of a

devi ce di spensing virens M&’rﬁi‘lﬁ cHithBes isoRe HFPEYRRTABTE, Firsteolh i8¢
kagi ng th t d.
di sadvantage %ﬁe %oﬁ‘\ge | onafa tl\ﬂs'—aol”r’]'g % ?er 131 %’5 ﬁ%ﬂ'f ?f a s§F'%°W88‘é%°§ary

di sadvant age o

af ter as$nbl Yint. ?;ﬁeascﬁ@gﬁqsbgﬁ ke dagt ﬁt_;gphmbke and cﬂ&‘é\gi%?nem Oar e

not avail abl e. erring now to Figure 1 there IS Sshown “one em f a .

variabl e frequensigeecs |deghbes( Y& Jestststiatintd 6! Sagalerdse a6 tisesctd | at or

202, a phase -conparator 204, a switching circuit 205, |ow pass filters 206,

207, an adder cfifioneatphage- sdipbbsikileCevén #ith taecbztiiaeraﬁ:mt tédhnligue itbCcui t

211, a frequency divider circuit 212, a c o
fabricate these components on one chip by attaching the discrete \/

.

components to the outside surface of the chip and fabricating_the other
1o components in semiconductor integrated circuit form. Honever, features
inherent in semiconductor integrated circuitry cannot be fully derived
from such a construction. SPecifical-ly, the space to mount
components. cannot be made small. A large number of junction points
to not assure a good reliability. The number of steps for mounting
15 compone_nts and. the cost of fabricating the circuitry cannot be
.lreduced. A considerable limitation is imposed on the design of such
_ a chip for a semiconductor integrated circuit. . s L_) .
‘ In particular, when connections are made to exter'nally' attached -
components from the inside of a semiconductor integrated circuit _
20 chip, a considerably 1arger chip area is needed than the case where T
| no connections_ are required, because pads for connection and
transistors in the ocuter buffer circuits are several tens of times
as 'lar.ge as those of a device dispensing with external connection. .

Furthermore, the cost of packaging the integrated circuit is increased. = °

25 Another disadvantage of the conventional VFO is that adjustments



second phase conparator circuit 214 and a second adder 216. 10 The

counter circuit 201 is set by the | eading edge of each data pulse, which is
read froma floppy disk drive (not shown) and applied to a term nal 219,

and coumt.s the pul ses generated by the crystal oscillator 202 until a .
certain count is reached, whereupon the counter 201 is reset and delivers a
pul séThe switching circuit 205 15 sel ects one of the filters 206, 207

dependi ng on whether a sync field dat'égsf'gn'a'l or a data field signal is

applied to a termnal 220. The filters have different passbands and when

the sync field si he t er
passband Is sel eci&ltalglmaﬁ%s%g F'Qg%gg%‘bl %&Ls%rm 0 tﬂgyout put fraga% ei t her
the first 20 fildBie 208 Hecibe vBERL fbd hohi28 eand the output froma

third low pass filter 205 and applies it to the control termnal of a

vol tage control | ed osqidfleﬁiﬂ{ aMCGh Pfiré O ¢RBEd Ak sHtRnl G UAAImEAt of a
oscillation of the VCO 209. The differentiating circuit 211 produces a

narrow pul se wherwvariisbler fréquegey dgeilifatbhe(VFol nadcotdionn to ghkeprdisent Ci rcui t
203 is reached. The adder 216 has the sane characteristics as the adder 208.
and adds a- ref er ekventignt o dthe] ¥WPQ inglufies aa cgubtex, circuit(20l,cf egrystal vol tage
source 217 to the out&Jt fromthe filer 21 to control a second

vol t age- control | RB&Y toK 22 Q7 e\maefempam%hz% Geﬁi@ﬁé’d‘gsﬁi%%‘i?ozq?ave

e sane ohl 2t MBS el a5 28 e e 8. F RS ST 55 o

fil @" 1206 or the Ekkﬁeq:ren‘g%mg circuit 211, a frequency divider circuit 212, a
s_econd. phase comparatoxr circuit 214 and a second. adder 2l6.

10 . The counter circuit 201 is set by .the leadipg_ edge of each data pulse,
which is read from a floppy disk drive (not shown) ‘and app‘lied to a
terminal 219, and counts tt_xe pulses generated by the .czystal
oscilllator 202 until a certain count is reached, whereupon th_e

: c.ount.er 2o:i. is ';:es_e:t and delivers a pulse.  The swj.tchiné circuit 205
"l5  selects one of the filters 206, 207 depending .on whefhef a sync field
| data signal or a data field signal is applied to a terminal 220. |
Thé filters hav.e' different passbands, and when tl'ge sync field signal
is to be passea, the filter 206 having a broader passband is selected.
The adder 208 forms the sum of thé output from either the first
20 filter 206 ox fhe second. filter 207 and the output from a third low-
:_ pass filter 205 and applies it to the control terminal of a voltage
ccntrolled oscillator (VCO} 209 to control the. frequency of
oscillation of the VCO 209. The differentiating circuit 211 produces
.4 narrow pulse when the trailing edge of the signal from a gate
25 circuit 203 .is reached. The adder 216 has the same characteristics

as the adder 208 and adds a reference voltage Vr generated by a



and the VCO 209, and a second phase-| ocked | oop, - which contains the second
phase conparator 214, the filter 215 and the VCO 218. In operation of the -
VFO constructed as descri bed above, the second phase-| ocked%l oop is | ocked.
in &tep with the output -signal 10 frequency ‘divider circuit 212, which
leldes f he out put frequency of the crystal oscillator 202 down into a - _
| oner frequency and - delivers a S|gnal of the free-running frequency =
needed by the VCO 209. O course, ~i¥ a state where the second phase- Iocﬁga
| oop is locked, the frequency of one |nput signal to the conparator 214 is
equal to 15 hat of and t he phase difference betmeen

t he H/vo si gnaF ﬁrgn‘ffeﬁf’i{]%?gt?‘g‘?ﬁr“s#ﬁn Fdhiiing %?%f ﬁ’? thofiler A1 sb‘; .

E t VCO
576 vary due POLRAtEseTHH PRESSBTEREEa s, Hechitaner ved ankn hihder St ure,
The oot put fr Susiofied 38 ?%’ﬁ*%t RV e s ‘?1%89 Fﬁi‘i%r o IS L vy o
oscillates atmhhethd Qfor 1 Rbltrifses WL ACKIAY yﬁarseusoa&atf&pa%i @ of the

negat.i ve feedback | oop. Wien the reference voltage [err], f or exanpl e hal f

the powes suppéntaind ithgephase Edaplaratbri 204)1€hé MMillted 2061 Selenel £ilber adder 216
and 25 the output fromthe filter 215 is applied to one input term nal
of 44 - 1l1and tthe V€®d209,288d z sehw@phasangmkee Igog, hehidBOxa{aind ahk d

oscillate at the free-running frequency at the tine the output fromthe
filter " second phase comparator 214, the filter 215 and the VCO 218.

In oper_ation of_the VFO constructed as described abave, the | LJ
'second phase-locked loop is locked in step with the output signal
10 fr'equency &.ﬁd_ér circuit 212, which divides the output frequency
of the crystal oscillator 202 down into a lower frequency and |
delivers a signal of the free-running frequency needed by the VCO 209.
Of course, in a state iv_here the second phase-=locked ioop is locked,
the frequency of one input signal to the cémparator 214 is equal to
15  that of the other signal and the phase difference between the two
's'igna.ls is kept constant. In éther words the VCO 218 alsc oscillates
at the free—running frequency. Even if the constants of the VCO 218 o
irary' due to changes' in the power supply voltage or 'aﬁbient temperature, g
' ageing, écgtter in the constants of the components- or other factors,
20  the output from the filter 215 is controlled so that the VCO 218
always oscillates at the free-running f:équ‘ency by virtue of the
action of the'qégative feedback loop. |
When the reference voltage V_+ for example half the power
~ supply voltage, is applied to one input terminal of the adder 216 and

25  the output from the filter 215 is applied to one input terminal of



206 or the filter 207 equals the reference voltage [err]. As long as the I
adders and the VCOs are symmetrically accurate, respectively, 5 a VCO
entirely free fromdrift and initial deviation can be attained even if such
VCGCs_ar’e enployed that could otherw se not be put into practical use due to

their i nst abi lity. This VCO oscillates at the free-running frequency when
the cawtrol voltage [err] is applied. The configuration described so far
can stabilise the operation of 10 the 209 in the first phase-| ocked

| oop. Referring next to Figure 2(a), the counter circuit 201 is shown in

detail. The count%_ghg&u'??e é%ésﬁ%ﬁeﬂeﬁgﬁr% qt gaﬁvg@%gpguoﬁdgﬁk?lsm

(waveform ;(a) of Figure i vers pul sé ose pul'se w

ohe-fourth the | ewt&e%reLMg'ére&M@,@fﬂ B DY e étl‘é out il £ich the filter

flip-flcps 302, 303 and a gate 304 produCe a short pulse to reset a
frequency divi der 264 beglUtte 80ltedN2o7 Qhualsl bhd Yel@rend0vdBadd & | cadi féhLdse
of each fetched data pulse which is applied to a terminal 308. A term nal
308 is connected tite mAders asd dhe OW0s| hxet symBI2ivdldycacmurgted, resproeivelyi,S
divided into a lower 20 frequency by the divider circuit 301. Wen the
di.vi der circhit 38 VPcentiively frpefropfdnift ans\dpitiiad Asvdation cande| artedned
carrier to.set a flip-flop 207. The confi_guration described thus far offers

a one-shot nul ti vP¥PaldSUSh ¥ FoamRIqvgd pHhaseco A P HIFBE L PR B dPER
wdeh. 25 ASO. 25880 8. UMICLS R2E et AL, SOBll Yo 'S L
L; o the _free-running frequency when the control voltage V'r is _appl;ed.
- The configuration described so far can stabilise the operation of
1o the VCO 209 in the first phase-locked loop.

. Referring next to Figure 2(a) L the countei circuit 20i is'
shown in detail. ‘The counter circuit 201 receives a fetched data
pulse train (waveform {4) of Figure 5) and delivers pulses whose

©  pulse width is 6ne-fourth the length of 1 bit cell (waveform (b)),
- -1% - that ig » £flip-flops 302, 303 and a gate 304 prodﬁce a short pulse

to reset a frequet_u:y divider circuit 301 and set a flip~flop 305
6n the leading edge of each fetched data pulse which is applied to
a terminal 306. A terminal 30B is connected to the crystal
oscillator 202 whose ocutput frequency is divided into a lower

20 - - frequency by the divider circuit 30l. V_mefx the divider circuit 301
receives pulses of t_he lower frequency, it delivers a carrier to
set a £lip-flop 207.
_ The configuration described thus far offers a on;a-shot
' multivibiator stably producing pulses having an accurate pulse width.

. 25 Also, as can be understé_od by comparison with the prior art VFO, the



novel configuration does not require resistor R and capacitor Cl. The
output- fromthe counter circuit 201 is applied to the phasg conparator 204,
and it is conpared in phase with the output waveform (c) 0% Figure 5 from
the VCO 209 and with the waveform (d) 5 during sync field and data.
field periods, respectively, by the action of the gate circuit 203. The .
-resul tant phase difference signal is supplied to the filter 206 responding-
qui ckly during sync field periods~ah@=to the filter 207 responding sl OV\A%
during data. field periods by the action of -the switching circuit 205 to .
filter 10 - out unwanted high frequency conponents. The output from either
fic_l ter is appl?%ltﬁmifﬁg%&g?'%gq??? EBRUFE| TeHEEPT Kquintt FaRAIE8E Syt ati on
~of the VCO 209, .Th h ' t r cones_fromihe,second .
The o&ir:‘ngtt ..g.{on{ Qg% hco%%ég . Q: 23]9 919 a ngﬁe% ﬁ%nxe:ltn? I;:vhgge

phase-| ocked | 00p amnd causes e 0 OSCiTl a ee-runni ng

I equency whendbgsbiznbbe. b8 i 8s Rmpardd 1thinadnith b obbbieer 207 15

. the reference voltage [err] as described previously. The output voltage
fromthe filtegav@brrich NeE FibhRl 528ront6d/eD 20oVahdl%ith therwidvedBaer(apt eady
state by making the free-running frequency equal to the w ndow frequency.:
The absol site vairiag Gfynchfieddr &) idata Fileld pefriods,OkespeictDéelyl ey lther pass
filter can be 20 I nvari ably kept constant by setting the voltage V to

t he average r actige off théaaget pircult|203gc Ther reayd tawte phaswe dbffqrencé r om t he
conparator 204 assunes a logic high state and the output voltage derived
when t he- out putignpdrits REPRIGRAFutEe Lidten L0GnEacpeniing. guickiy stunieg s¥BFt her,

shnce Lhe out bt b Sl L ST e, MOMALL. 2o WS aEl00%E0 110 U
field periods by the action of the switching circuit 205 to filter
1o out unwanted high frequency components. The output from either
.f.:l.lter is appliéa to the adder 208 to control the frequency of
oscillation of the VCO 209. The other input to the adder 208 comes
from the" second'lphase-lécked loop and causes. the vco 209 to
 oscillate '.at_:' the free-runn'ing'fr_equency when the 'output -from the
15 f.ilter.' 206 or the filter 207 is the reference voltagé Vr as described
'éreviously._ The output voltage from the filter 206 or the filtér 207
. assumes a value of Vr under steady state by making the free-running | o
fiequeﬂcy_equ’al to the window frequency. The absolute value of ~
the current flowing into, or out of, the low-pass filter caﬂ be
20  invariably kept constant by setting the voltage V_ to the average
value of the output voltage déri’ved when the output from the
_comparator 204 assumes a logic high state and the output voltage
derived wheh the output from the comparator 204 assumes a logic

low state. Further, since the output from the filter can be brought

25 quite close to the voltage vr under steady state, use of a charge



46 - 13 - punping circuit connected to the output of the conparator 204 W
di.spenses wi-th . active filters used in conventional devices as | ow pass
filters. This makes it very easy to fabricate the VFO in.the formof an -

i nt egrated ¢hrcuit. The output fromthe VCO 209 5 i s“fed back fromthe
corrparator 204 via the gate circuit 203 to forma |oop. Thus stable and
preciige wi ndows can be fornmed. In the conventional VFO a one-shot

mul tivibrator is used as the output wavetdrm shaping circuit 409 to del ay
each waveform (d) in Fi gure 5 so that it is noved to the centre of each

w ndow (see 10 waveform (c)) The enbodi ne pr esent tion
shown in Figure 19%%5%8%¢?P§°d% ?ﬂ# Vé&g tt°Fcu ar, the

+differentiat t 2 hor.t Fi
) o the tral | MERY ovf%hgcwﬁv%é?%l% feld S%%*ﬁ“%‘%ﬁﬁr E“"?’LB?‘.I 50 by
el uding the ! Dalb@hd e8{iers?) indl il £2bEU0sy 2o fmrian&ﬁe%@) The

fetched data pul se t the waveform (g)” of Figure 5 and it is not

passed through a gehfy forhCo¥ bn irdtd§ratiearsieuig. Wrhé duepits icpen théGvedR2d9 and
capacitors [err] contrary to the shaping circuit 409 as shown in Figure

6(a). In thesenbodi Hediback fdom thw eciparatonR0éavia tid gate alateitp@dIso
(waveform (g)) 20 is brought to the centre of each window, the
phase-shift circufdrm?d Qosohi f tThus etabhe 2@dgrecise \Min%ﬁscmb&nﬁ?@eéf [err]
or [err] (waveform (f) of Figure 5). This phase shift circuit can

be
readi |y constructed bys Ghmmvﬂlmi‘* "@Qu eh SPeTANPE B ELPIRTALPT uped as

mast €r - sl ave
ST\/ the output waveform shaping cireu:l.t 409 to delay each waveform (d)

in Figure 5 so that it is moved to the centre of each window (see-
10 waveform (c)). The embddiment of the present invention shown in
Figure 1 shapes waveforms in a different way. In particular, the
-differentiating circuit 211 produces short pulses (waveform (g) of
Figure 5) on the trailing edge of the waveform (d) and can easily
be fabriceted by .including the flip-flops 302, 303 and the gate 304
£ of Figure 2(a). The fetched data pulse train takes the waveform (g)
- of Figure 5, and it is' not passed throygh a delay circuit, thus
' dispensing with resistors R16' Rl'l' and capacitors Cs, 06 contrary
to the shaping circuit 409 as shown in Figure 6(a). 1In the -
‘embodiment of the invention, as each fetched data pulse (waveform (g))
20 is brought to the centre of each window, the phase-shift' circuit 210
shifts the .phase of the wihd_aws an angle of 90° or 270° (waveform (f)
- of Figure 5). This phase shift circuit can be readily constructed
by ferm:l.pg .a 1/2 frequency divider circuit by a master-slave
flip-flop,' because the phases of the output waveforms of the master

25 and slave flip~-flops are 909 out of phase. In the conventional VFO



flip-flop, because the phases of the output waveforns of the master 25

and sl ave flip-flops are 90 out of phase. In the conventional VFO - 14 -~
and -as shown in Figure 6 a'1/2 frequency divider circuit 60%fis

I noorporated into the VCO 408 to set the duty cycle of the output waveforns
. t06 50%~The waveforns (c) and.(f) of Figure 5 can be readily obtained by -

- feeding-the output fromthe nmaster 'flig-flop 5 back to the gate ci I’CLujf:
203 and supplying the inverted output~of the slave flip-flop to the =
termnal 221. Al the conponents of the VFO of Figure 1 except for the | ow

Uoo 200, 2150 e Row? o mEE e 2 eriditng) URHENT RuYBLTER 3907 0 217

‘oscl 'l ator e as digit
circuits. Funfh8oho 8t RAES th WRID2bd %o%é@%ﬂé‘h%&%& 56%8%1{%#&{ or
integrated circuit 1s not required. In addition V do not need high

accuracy or sha®dfdrhy tS50€.SCrhddvakaie. (handi (BYUbt Mbages bagibani ng from
the phase conparator 204 and ending with the VCO 209 as well as the circuit
st ages begi nnirasgiflyosbtaibed Hyhfequiiagectheoppipuat from the andtendilip-floph t he
VCO 218 can be nade sinpler and can be fabricated in the formof an

i nt egr at 8d ci back tto thef gpte Rjraeit 203 andgsmppleing the Havehtes cutentaefit or s
204, 214, switching circuit 205, |lowpass filters 206, 207, 215, adders
208, 216, Vcotherdave flignflapn ko sibgstermipat 224 cuit 210 are shown in

detail. 20 ° The blocks surrounded_b hantom | i nes_are denoted by the
sane reference nun@#gl?eagﬁmﬁnﬁ& ¥FQ ofFIAIFE !Lﬁ"SFPfC%PFegﬁOXﬂ'é'nce

pass filters 206, 207, 215, addexs 208, 216, reference voltage source v
217, VCOs 209, 218 and the crystal oscillator can be made as digital B
io . circuits. Further, any part externally attached to that s'emj.conductor.
integrated circuit is f:ot :;'equire_d. I;-s addition VCOs do not need
'~ high accuracy or stability as described above.
The circuit stages' beginning .from the phasé comparator 204 and |
enaing with the VCO 209 as well as -the.circuit stages beginning from
) t‘hé_ phase comparator 214 and ending with the VCO 218 can be made
simpler and can be _fal:;ricated :l.n the form of an intégrated circuit.
Referring next to Figure 2(b), the phase comparators.204, 214,
' switchin_g circuit 205, 1ow-pas_s £filters 206, 207, 215, addeis 208, 216,
VCOs 209, 218 and the phase-shift circuit 210 are shown in detail.
20  The blocks surrounded by phantom lines are denoted by the same
reference mmeréls as the components of Figure 1 for correspén.dence
to tlhiem except that a loyr-pa.ss filter 309 corresponds to both the .
filters 206, 207. The fil-ter. 309 includes a portion: equivalent to
the portion common to both filters 206, 207. Also; because the

‘25 phase-shift circuit 210 can be attained only by the slave flip-flop '

v _

i



to them except that a | owpass filter 309 corresponds to both the filters

206, 207. The filter 309 includes a portion equivalent to the portion _ 4
common to both-filfiers 206, 207. Al so, because the 25 phase-shift circuit
210 can be attainedonly by the slave flip-flop of the circuit 305 in

the VCO 209-as described already, the flip-flop 305 is divided into two by

a ph&#om line. Since the phase conpar at 214 and the adder 216 have

exactly the same internal'configuration§ as the conparator 204 and the
adder 208, respectively, 5 they are not shown in detail. Also, as the

VOO 218 |8 the ST chiof O 18 eh v 2bd) G/ SH208. AT, LG, RS gralleldy

circuit 210, its circuirtry 1s also not shown.. Term na

are connect ed t03b$1QsCOAERE GitbChid bR Xl phatich EidelUi $102Q3nef psuency

divider circuit 212 and 10  one input of the gate circuit 2
respectively. - Thompaaabor 214 Gihaothe\NBAGA 226 Haver éxac@lythe Nsdueairtiethall S
[err] are connected and the conbination of AND gates G3, (4 to which
transi stors T3, ¢dnfigeratdone setharcompaxatpnR04vahd thaaiided ,208¢ pxasgectivehy .,
whet her sync field signal or data field signal is applied to a term nal
220. This clusesthey areiniet ehawni imdeballol AlRe .t aathesYQR 318 1s Yhe sAve @Fe
conbi nation of the transistors [err& t o conduct selectively Wnere%gt he

phase di f f er encet8% §eupination of fha ¥FQ 205 apf the (RIRseehifh FiERMF e &1Bn dEs

| ow pass filter consi.sti of . resistors [err] and a capacitor [err] and a
sl ow response Ioﬁgﬁcé%gr‘f E%%{“c&ﬁéi%%’g of resistors R202, R203, 20

and capacitors C201 Cgermil38s Hod| B2y S¥)! SoPlaxk ' ARALSER 8o the counter
' circuit 291, gate circuit 203, freqpency'divider circuit 212 and

1o one input of the gate circuit 203} respectively. The combination

of AND gates Gl‘ G, to which transistors Tl' Tz are connected and

2
the combination of AND gates G3,.G4 to which'transistors T3, T4 are

. ¢onnected are alternatively enabled, depending on whether sync field
sigﬁal or data field sighal is applied to a terminal 220. This causes

15 the combination of the transistors Tl' Té_and the combination of the
trgnsistors Ta, T4 to conduct selectively whereby the phase difference

: . signal is alternately . transmitted to a quick response low-pass
A "

filter consisting of resistors R201' 3204_and a capacito; C2 and

02
a slow response low-pass filter consisting of resistors R2°2. 8203,
20 8204 and capacitors_CzOl, c20Q° The drain curregts of transistors

TlG' T17 are summed in the adder circuits 216, 208,and then the

resultant current is converted into a voltage by a transistor TS to

control the VCO 209. If transistp:s_Ts, 6 T7, TS' css Tg, T17,
T

TIB’ T19' Tzo, see 21have,the same constants, then their drain current

25 . will be equal to that of the transistor Tsuin the saturation region.



'[er.r] are summed in the adder circuits 216, 208, and then the resultant
current 'is converted into a voI_t'age-by a transistor [err] to control the-

- VCO 209. If transistors [err] [err] ...[err] have the. sanem@onstants t hen
thel™ drain current 25 will be equal to that of the transistor [err] in
the saturation reglon - 16 - In other words, the drain current of these
tranS|stors can be. controlled by the gate voItage of the transistors T16,w
.T17. Transistors [err] ... [err] ¥45constitute inverters and their =
odd- nunber ed stages are connected together to formring 5 oscillators

whose frequenc,{ of oscil:lation_ is controlled as the current fed to themis

~controll ed byIf RFhg%ergs: (thgcIxain ﬁ‘é“ﬁf“ér&q §'P?ﬁes taanpistars capde (g |
pur pose, transista m t.in urr t ar d t 0 ources of those
transistors. T?fetrd’ﬁlfﬁ)‘t oth§ ﬁ@ SQ s't"°é’(§ %rs't 7% 1ip-flop 305
via a buffer SO .hat o he frequenRcy i tahacycl e
is nodified. 'Elgﬁlsdé??rlsoﬁh‘l’ Bﬂéseilé-hll%ﬂ gl r(r;kf}?f ?@g%%gg?gédqu ut|g i sFﬁg
termnal 304 @feiBadBthBérdd bPadesORrd cohitttel [detned0Bo forhEfhgt Ne VCO 209

is-stabilised in the manner described previously, it is assured that even
ring oscsl | at escilaBtcs wWhédel Erédnienicg @i dsaillativns &s naintb611kd as theécept ed
.can be enployed.  The ring oscillators can be nade sinply by connecting an
odd nunber of cirrestt£sd sbates i® contraiiled thergate hewltagy ofsthd | ators do
not have parts such as capacitors, which are required to be

ext ernal | y at transdgtoxs Ther Fapt c Gieetuehisr purpoegr dirapsistors limiting current

-~

are connected to the sources of those transistors. The output of _ \_)
the ring oscillators is fed to the flip-flop 305 !ig.a buffer 306,
10  so that the frequency is halved and the duty cycle is modified.
No additionsl phase shift circuit is required hy utilisisg terminal
304 of the master flip-flop of the circuit 305. Since the VCO 209
is stabilised in.the maoner GEScribed_prcviously; it is assured that
even riné'oscillators whose instability could otherwise not be
lS-d accepted can be'employed. The ring oscillators can be made simply
'.by'connecting an odd number of inverter stages to one another, and
the ring oscillacors do oot have parts, such as capacitors, which
are required co be externally attached to the semiconductor integrated
circuit, and therefore they are quite easy to fabricate in the form
-+ 20 of a semiconductor circuit. A reference voltage source 217 has
'-resistors'Rzos, Ryoy for dividing chc power supply voltage down to
a reference voltage. If the relative accuracy between the
resistancés'of'both'resistors is good,'the'derived voltage will be
accurately a.desired fractioh of the power voltage, thereby they

25 easy to incorporste into a semiconductor integrated circuit. -



circuit, and therefore they are quite easy to fabricate in the form 20

of a sem conductor circuit. A reference voltage source 217 has resistors 50
R206' ;R207 for dividing the power supply voltage down to a reference

vol tage. If.the relative accuracy between the resistances of both resistors
is good, the derived voltage will be accurately a desired fraction of the
'pow'e’ixvol tage, thereby they 25 easy so_i ncorporate into a sem conductor
integrated circuit. - 17 - O _coursé, a vol tage generated using, for
éxanpl e, zener diodes can equally well be used. The current [err] of a

current source 3%3 course, a volta%é %fm\ég&_tﬂngptﬂrae%%gi@,g‘iebé& A1bdexnsi st or

T22 to control the gate vol tage transistors T26 8 for limting the

channel currentsch equilfiyl @it b@nded! Ofrhe Tdlred® . of fa bhireht dbarsé @03
[err] have the sane consgants, the currents will Be limted to [err]. A

transi stor T23 cod\eehbértiebeintor i alltage bg awaﬁéj&gert'nhl taricontdvd thmgrte
current of a transistor [err]. If transistors [err] have the sane

constants, then tdltages r€ntmnaistoriseTl,sT,4 ifortiianiting she |chamnednspErests 10
[err] forma switch called a charge punping circuit which has the sane '
function as5the ebrbertnangisterst Py ot Fagrsi Egd?'s teanpistoxe T,antgshS2g have
conbi nation of the transistors T2, T4 in the switchin lrcuyit ?8?'%}3%
phase differencetkd §A%¢ PRSFATLRe WS HUEPEF ¥t tlea&%‘%’g‘e Wapati 0TI
be charged or discharged.to,control . the volta 15 [

adder 216. As at2xSERYe e B HRT phad® B E‘ege\/&f)g%gl:i&;ga v%?tr!\lcg:gda‘g?&w

ret@ded_' _ of a transistor T,, If transistors T,g, T, T,4 have the same

constants, then the currents will be also limited to I . Transistors

1o - | form a switch called a charge pumping circuit which has

T257 T27
the same function as the combination of the transistors Tl' '1'3 and -

the combination of the transistors '.1‘2, '1'4 in the switching circuit. 295.

The phase difference signall from the comparator 214 causes a’
capacitor c2°3 to be charged or discharged to control the voltage
15 applied to the second adder 216. As a result, the output phase of
the VCO 218 is advanced or retarded.
The low-pass filter 215 consists of the current-limiting
A | '
2
Because the currents of the transistors T2-4, T,g are limited to I,

transistor T,, or T28' the resisto; 3205 and the capacitor 0203.

20 .the .quantity of charge conveyed from the transistor '1‘25 or '1‘27 to
~ the resistor R2°5 and the capacito: C2°3 is not affected by changes
in the potential across the terminals of the capacitor c203' that
is, the input voltage of the adder 216. That is, the potential
acress the capacitor 0203 can be varied substantially due to changes

. - 25 in constants of the VCO 218, but changes, for example, in the response



The | owpass filter 215 consists of the current-limting transistor T24 or
T28, the-resistor R205 and the capacitor C203. Because the currents of the
transistors T24, T28 are limted to [err], 20 t he quantitﬁ‘of char ge
conveyeg\fron1the transistor T25 or T27 to the resistor R and the
capaci tor C203 is not affected by changes in the potential across the -
‘terminals of the capacitor [err], that is, the input voltage of the addegﬁ
216. That is, the potential - acr oss=t He =capaci tor C203 can be varied B

_substantially due to changes 25 in constants of the VCO 218, ‘but changes,
for exanple, in e - nt of the second phase-| ocked
| oop caused thereg‘if‘ dsfcémg ?ﬁaﬁf’njtﬁﬁ?‘egt WP T’a'ﬁégnﬁeéﬁb‘b Jecitsar i ng

Figure 1 with g gq‘;&ﬁg that the points fromwhich signals are derived
for application to t - adders 208, 216, respectively, are different

fromeach other. The ¢8I BbOkotRENRy cempdiifs Fdule 154,281 |F'i%@zet B%P%&@t I on

of the second phase-| ocked | oop and so this resistor can be neglected: when

the circuit ofthei gpints 2fdahn Wi 6£giﬁ$e¢rlendﬁﬂvaalﬁxeappﬂ§a§1&htotdﬁé two
poi nts may be deened to be the sane. 10 It is to be understood

that neardy aldddexs208er216, ofespegtivel( [@recdiffiorerdtaliron @hetl dthethe form of
a conplementary MOS integrated circuit. OF course, bipolar or other
'seni conduct or Te\¥eedstemR,pe isstusexited togatabidise ithy opiyetienmirtheg seven

resi stors and three capacitors_are -al.so incorporated into an integrated
circuit in tfufecon phase-locked loop and so this resistor can be neglected

when the circuit of Figure 2(b) is discussed in principle. As such, 'i_)
the two peoints may be deemed to be the same.

1o It is to be understocd that nearly.all compohents of Figure
2(b) can.belfabricated in the form_of a complementary MOS integrated .
circuit; . Of course, bipolar or other semiconductor devices may be
used with equal utility. The iemaining seven resistors and three
capacitors are also incorpofated*inﬁe an integrated circuit in the:

15 following fashion. First, the resistors RQOG' R can be

207
incorporated into the integrated circuit only if their resistances
have a-sufficieﬁt relative accuracy. The accuracy required for the

.

capacitor C and the resistor R 5 is relatively low and so these

203 20!
are also capable of being incorporated into the integrated cizcﬁit.

'20 Likewise, the accuracy necessarf for the résistdrs and capacitors
in the filter 309 is not so high and hence they can be incorporated
into the integrated circuit. However, the constant of the filter
must be varied depending on ‘the kind, that is the dimensiops and so
on; of the floppy disk connected and so it may be desired that they

- 25 are attached to the integrated circuit externally. The oscillation



S

15 follow ng fashion. First, the resistors [err], [err]can be 52
i ncorporated into the integrated circuit only if their resistances have a

suf fici.ent relative accuracy. The accuracy required for the capacitor C203

and Lﬁe'respgtor [err] is relatively |ow and so these are al so capabl e of

bei ng.incorporated into the integrated circuit. 20 Li kewi se, the accuracy
necegsary. for the resistors and capach%qfs in the filter 309 is not so high
and hence they can be incorporated i'n the integrated circuit. However,

f'he constant of the filter nust be varied depending on the kind, that is

‘the di mensi ons adosaQNor Ahek it LhPRBYe Go5k HRNBEEHEUsiidaida by Y be

desired that they are attached to the Integrated circuit externally.

The oscill ation yeciprodal fd€eHE ¥qtdncgadivigiod Facdb206£ 2 Freiieficy alvinger
i ncreased by the reciprocal of the frequency division factor of a frequency

divider. circuit QeeaRC tothdcted W tre RefiBinal 1R D bf FFigure 11 and the helmei ne
constant of the filter 215 can be reduced by connecting all or a 5
portion of the fadongtencys dibei fititeri 21Suran De2réduced tiyeconjerhinghall oxnt nal

213 and connecting the crystal oscillator 202 di rectlggor t he remai ni ng
portion of §he diortimn ofi ¥heufrequepcy\idimidereciradhRignaR Segbehaith Jhe214.

This permits the mniaturisation of the capaci toraé er. % tQﬁ2 Edgs‘i* goro’_[ err]
and other el emerfteminge Pth PnfRANGRES TG BRA £TURFAS _'”15 te: febeY
oot oo 1t ! DT G OLR5E, B ) AR iecnd O
' \; | comparator 214. This permits the miniaturisation of the capacitor
C2°3. the resistor R2°5 and othér elements, wheréby the VFO circuit
10 of Figure 1 can be fabricated in the form of an integrated circuit .
w.ith ézeater ease. |
The VFO of Figu'ré 1 'requires an expensive and stable oscillétor
' - circuit, such as the crystal oscillator 202. The conventional_ -VFO of
Figure 4 does not need such an oscillator circuit_whe;n data is read
- 15 by the floppy disk drive, but needs it when data is written. In the
present invention, the crystal oscillator used for the writing '
‘operation can a’ls§ -be used for the reading operation and, consequently,
neither complication of the configuration nor increase in manufacturing
- costs is inﬁroduced, thus resulting in no problem. One might suppose
20 that the VFO of Figure 1 is more complex than the conventional VFO
of Figure 4 and that the manufacturing cost is increased by the
‘addition of a second phase-locked loop. In fact, however, the cpposite
is the case, Since externally attached parts are reduced substantially,
‘the area occupied by bonding pads for access to the integrated

s 25 circuit as well as the area required for buffer transistors connected



circuit, such as the crystal oscillator 202. The conventional VFO of Figure
4 does not need such an oscillator circuit when data is reagy 15 . by the
-fiappy di sk drive, but needs it when data is witten. In the present
i nvention, the crystal oscillator used for the wiiting operation can also
be used‘for the reading operation and, consequently, neither conplicatiop
of the configuration nor increasege i@_nanufacturing_costs is introduced, \ 7
"thus resulting in no problem One n ght suppose 20 that the VFO of Figure
1 is nore conplex than the conventional VFO of Figure 4 and that the

manuf act uri Nge£QEL dnpuk NGl B86shtIYarl Be Adlilcbd @0 ofgraat aseft phaséesd ocked

| oop. In fact, however, the opposite is the case. Since externally attached
parts are redssRgy 9Bsianipoptich of he senfionacetyi pokdayats diremipadmdl or
access to the integrated 25 circuit as well as the area required for
buffer transi &ieoases @eoapieddby them2iE ustallyhecrisigenabdydlaygep than dthepe
reduced to a great extent. These occupy a nmjor portion of a sem conductor

i ntegrated civhnletareandfithe aseeandophassrirrked kaeem Wepsterer itcdfisi derably
~larger than the whole area of. the second phase-| ocked_| oop. Th% efore, it
is 5  Possiprssible tegredncenthe sept- THRe SyBtaptish repRefier; Bh hs t he

nunber of externally attach parts further rmts ' | ost of
parts, assenbP{PPEDs f&ﬁ?ﬁ'ﬁgg’ba&%ﬁ% spacgggtrll‘gri cr%ggésgﬁlg%earsgl %"ggﬁh ity.

oo o DT Rl ot R, i 56D R e
| reliability. Furthermore, VCOs dispense with adjustments. during U
assembly operation,.because the free-xrunning frequency is adjusted
1o éutcmatically.
| As described so far, in accordance with the present invention,
the addition of a second phase-lockéd loop permits stabilisation of
components 1ncludin§ VCOs and so accurately .f.abricated components
are not required, so that the cémpment.s can be fabr_i_cated in ﬁhe'
15 fom of a semiconductor .integrated circuit with greater ease.
ﬁso, the circuit can be fabricated in the form of a digital circuit
‘by making tl;e best use of the reference frequency signal generated
by the crystal oscillator and replacing a conventionally used one-shot N
‘multivibrator with a counter circuit. The result is that the circuit
20  is made more accurate and the number of components is_reduced. .
"~ A variable frequency oscillator circuit according to the present
invention can be formed into a semiconductor integrated circuit with: |
: greater extent than the conventional VFO, thus permitting simplification
" of design of instruments and apparagus ' incfease in reliability of

- 25 . apparatus, decrease in the number of steps for assemblj, miniaturisation

o
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As described so far, in accordance with the present invention, the additiong
of a second phase-1ocked | oop permts stabilisation of conponents including
VCOs and so accurately fabricated conponents are not -required, so that the
conponents, can be fabricated in the 15 formof a sem conductor integrated
circuit with greater ease. Also, the circuit can be fabricated in the form
'of-ak(r:l)_gi tal circuit by making the be%l use of the reference frequency

si gnal ‘generated by the crystal oscilfator and replacing a conventionally
tUsed one-shot nultivibrator with a counter circuit. The result is that the

circuit 20 1S TR HNGuOMHAieall L el UGk ERTRBREN S |5 1 oduced

A vari abl e frequen 0SC ator circuit according to the present invention
¢an be fornmed into a $enjLRBOME hoted Rhed theOskesbh€ Untetitoh iredimy ext ent
than the conventional VFO, thus permtting sinplification of design of
instruments and pPAcAtidn 1nNVFORASEr hard aliskdidnd! thek Pase-Ignkedalogps in
decrease in the nunber of steps for assenbly, mniaturisation -21- of
appar at us and reduetfoxm of) sehibcominctaxcintdgrgtebcireditsi s to be noted that
the present invention can find application in VFOCs for hard disks and ot her
phase-1 ocked | oops in the formof sem conductor integrated circuits.
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CLAIMS 1. A variable frequency oscillator conprising: a first phase-

. lotked loop including a first voltage controlled oscillator; second
phase- | ocked | oop including a second voltage controlled oscilFator having
the sane constants as the first voltage controlled oscillator; 5.  an “
aoscillator neans for generating a stablgazulse train, the arrangenent being
such that, in operation, the first phase-locked |oop is synchronised wi{hta
sequence of input data, the second phase-|ocked | oop is synchronised with
the pulse train fromthe oscillator negns, and the first voltage controlled
osci-llator in 10 the first phase-| ock pis stabilised by a control
vol tage applied to the second voltage controlled oscillator in the second
phase- | ocked | oop; and. a digital circuit for counting pul ses generated at -
regul ar integyal § gnd 8¢l ehlerdc)Codtiih S8 D ¥oiprREHAG! 84188 GHagel 0d of tine .
to del ay the sequence of the input data before 15 application to the

- first phase- hogked16630RncRidind & Fi kb h61{dgeetitey1 10aCHEdiAl fordSa erbhidd i N
claiml1 including a ring oscillator -for. controlling the frequency of
oscillation phassadbcked lagge ioohidiog |2 desund veltage montosiiled| dsciratdoer current
flowing into the ring oscillator. 20 3. A variabl e frequency oscillator
as cl ai ned i having thel sgpe Topsrantssas Fhe (fifrst ikpliess sontyolied fosehitathe: phase
of each output pulse fromthe first voltage controlled oscillator in the

first pha®e- PBCI&SA1156p PRANGOIOr gengnabing Gpstahle Fulsqr¥idiBed 8 be set by

the input data and reset by the outpyt fromithe shiftin an 25  and- a
ci rc:Ji. Ito uar r aﬁ@éﬂgﬁﬁe’ﬁegﬂ'} 5&&;&%55? eéqe,raFiq%gtxéelcjgééiﬁg ppage-iocked | M\j}

loop is synchronised with a sequence of input data, the second
phaée-loéked loop is synchronised with the pulse train from the
oscillator means, and the first voltage controlled oscillator in

10 the first-phase-locked loop is stabilised ﬁy a control voltage applied
to the second vpitage controlied oscillator iﬁ the second phase-

| locked loop; and a digital circuit for counfing pulses generated

at regular intervals and delaying the pulses by a predetermined ~
period of tpme to délay the sequence of the input data before

i5 appiication to the first phase-locked loop.
2. A variable frequency oﬁcillator’as claimed in claim 1 including :.k_j
‘a ring oscillator for controlling the frequency of oscillation of
each voltage controllé‘_d oscillator by controlling the current flowing
into the ring oscillator. |

20 3. A vériable frequency oscillator as claimed in claim 1 or 2
comprising shifting means for shifting the phase of each output

pulse from the first voltage controlied oscillator in the first

¥)

" phase-locked loop by 90°, a flip-flop circuit arranged to be set
by the input data and reset by the output from the shifting means,

25 and a circuit arranged to be triggered on the trailing edge of the

I




- 23 .- output fromthe flip-flop circuit for delivering a pulse having a
predeterm ned pul se width. 4. A vari abl e frequency oscill ator
substantlally as herein described with reference to Figures 1, 2(a) and
2(b) of the 5 acconpanyi ng draw ngs. * cC L MS *
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output from thé flip-flop circuit for éelivering a pulse having
a predetermined pulse width.

4. . A variai:le frequency oscillator substantially as herein
_described with referen_ce to Figures 1', 2(a) and 2(b) of the

5 accompanying drawings.
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