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"VOLTAGE CONTROLLED O8CI LLLATOR CIRCUIT" This invention relates to voltage, - ,
controlled oscillator circuits. According to the present invention here £s5C
prévi ded a voltage controlled oscillator circuit conprising: a first 5 -
signal synthesising circuit for receiving two signals and producing a A ey
si gnal based on those signals, one of the two signals being an external
signal; a first voltage controlled oscillata~ connected to the output of

the Frst signal synthesising circuit; a phase-locked | oop consisting of a
second signal synthesising 10 circuit, a second voltage controlled

oscillator and a phase conparator; an oscillator for generating a signal of

a reference frequency the second signal synthesising circuit having the

sanme characteristics as the first signal synthesising circuit, the second

vol tage controlled oscillator being connected to the 15 output of the

second signal synthesising circuit and haV|no the sanme characteristics as

the first voltage control | edVOEASE | CONTROLLER O ATOB{ CIRCUIE Onpar at or  bei ng
connected to the output of the second voItage controlled oscillator, the

ot her input of 20 -2- the conparator being connected to the OSC|IIator,

t he out put of the conparator being connected to one input of the first

signal synthesising circuit which does not receive the external signal and

to one input of the second signal : :

This invention relates to voltage controlled oscillator
circuits.
According to the present invention there is provided
o a voltage controlled oscillétor circuit comprising: a first
5 signal synthesising circuit for receiving two signals and
producing a signal based on those signals, one of the two_signals
.being an external signal; a first voltage controlied oscillétor
connected to the output oflthe first signal synthesising circuit;
a phase-locked ioop consisting of_a second signal synthesising
10 circuit, a second voltage controlled oscillator and a phase
comparator; an oscillator for generating a_signal of a reference
frequency the second signal synthesising circuit having the
same characteristics. as the first signal synthesising circuit,
the second voltage controlled oscillator being connected to the
15 output of the second signal synthesising circuit and having the
same characteristics as the first voltage controlled osciilotor,
one input of the comparator being connected to the output of

the second voltage controlled oscillator, the other input of

20



5 synthesising circuit; and neans for supplying the reference frequency
signal to the second input of the second signal synthesising circuit. The
illator may be a crystal oscillator. The voltage controlled oscillator *
éigzuit, in one 10 enbodi nent, includes a frequency divider or frequency
erter connected between the second voltage controlled oscillator and
the conparator. The voltage cont7®1 | ed oscillator circuit, in another
enbodi ment, includes a frequency divider or frequency 15 converter
connected between the conparator and the oscillator. In a still further
enbodi nent the voltage controlled oscillator circuit includes a frequency
di vider or frequency converter. connected between the second voltage
controlled oscillator and the conparator and a further frequency 20 divider
or frequency converter connected between the conparator and the oscillator.
-3- In yet another enpbodi nent of the present invention the voltage |

cont rol I8¢ SEERFRERTOPSTIG EOMREFRL LRI 25F datAci Y FRIEr connected to the |

out put of e firs .t C L.l ed cillatar, . b5_. The
i nventi oorif %Ee icloin%a"s{art a?_eb(f%gircgﬁgé%%dv\%/ °g? l_en ‘éﬁpcl%ef'h? r?lﬁte acconpanyi ng
draw N9%;1ghly Whedksis AP UL Foukie! v?hi%hb(!l&%kn&u LAPOinLNe enbodi ment of a

vt

external signal and to one input of the second signal
5 synthesising circuit; and means for supplying the reference
frequency signal to the second input of the second signal
syntheéising circuit.
The oscillator may be a crystal oscillator. ’ i-J
The voltage controlled oscillator circuit,:ih one
10 embodiﬁent, includes a frequency divider or freéﬁency converter
connected between the second voltage controlléd oscillator
and the comparator.
The voltage controlled oscillator circuit, in another
embodiment, includes a frequency divider or frequency
15 converter connected between the comparator and the oscillator.
In é still further embodiment the voltage controlled
oscillator circuit includes a frequency divider or fregquency _ =
converter conneéted between the second voltage controlled
oscillator and the comparatbr and a further frequency
20 divider or frequency converter connected between éhe

comparator and the oscillator.
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voltage controlled oscillator circuit according to the present invention;

10 Figure 2 is a circuit diagram of another enbodi nent of_=a
voltage controlled oscillator circuit according to the present i on; .
- 4 - Figure 3 is a diagramof a conventional voltage controlled\Q | | ator ~

circuit; and Figure 4 is a diagram of another conventional voltage
convrqlled oscillator circuit. 5 . '%Conventionally, a quite large
nunbef  of vol tage-controll ed oscillator (VCO circuits have been suggest ed.
As an exanple, a VCOcircuit,for. use in a conplenentary netal -oxide
integrated circuit on one chip used for a phase-locked | oop is shown in
Figure 3, 'in which the electrig¢ current flowing into a capacitor Cl is
controlled by 10 the control voltage applied to the gate of an N-channel
transistor Nto control the frequency of oscillation. Resistors Rl, R2
determ ne the control voltage sensitivity coefficient and the free-running

frequency, respectively. Anqther VCO circuit i scl osed in Japanese
Pat ent Publication 15 IMEQBEWFéleH%g‘EW&ﬁm‘?ﬁSﬁgti%ﬁ?%‘tﬁn‘feﬁtm ch current
flowing into rinGkraSEildagl ot GO RE: DY LG GRLRALENL gggq\;}eg%uency

transistors T4l[err] 46 connecte e sources to control _ _
of oscillation. HiksadiCebsirndcebd ttohaise QY taﬂ%eofﬁrsttmltgéé CHhircQhed QUre

3 in dispensing with externally attached parts having a | ower
oscillator.
5 The invention is illustrated, merely by way of example,

in the accompanying drawings, in which:-

. _ Figure 1 is a block diagram of one embodiment of a
voltage conﬁrolled-oscillator circuit according to the
present invention; |

10 Figure 2 is a circuit diagram of another embodiment
of a voltage controlled oscillator circuit according to the

_Present invention;

C
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20 current consunption and requiring | ess space to nount conponents, but
it is difficult to obtain good accuracy and stability. Also, it cannot be
it hat ‘the VCO circuit of Figure 3 has sufficient stability. Generally, *
iat') nust be regulated in a VCO circuit are the 25 free-running
frequency and the voltage control sensitivity coefficient. The
free-running frequency is defyned as the frequency of oscillation when t7
control voltage applied to the control termnal of a VCOcircuit is at '
reference voltage |level, which is usually set.at .a central value of the
control | abl eriiRPges @6 4 ADadranods ageonveatichal voltiyd aswolidd t he case of a
CMXS IC, the reference level is set to one half that of the power supply
vol t ageosdifilatori eixasstimednd hat the di fference between the control voltage
Vlerr] and the reference voltage level V[err] is [err] , that AV [err]
[err] Figure 4 is a diagram of anothey eonventional yoltage Thus, it may al so
be said that the free-running frequency is the frequency of oscillation.
when Aqerp}led escijpatarorirediteontrol sensitivity coefficient Xv is
defined by f (2) where f

o5t he. fr ve- STMRRESAEI & e Aa¥Fe b0, 0f (PASIASET TP M (]| 15
0S¢ |1 abj25: ! [ty OR 2k £ kv Bob lsubed, | hECad UBBILAY, 4 Segency in 2

phase- |-ocke op has_an adverse e on the [oop uSe it introduces
drift ipgidRer for use in a complementary metal-oxide integrated circuit on

one chip used for a phase-locked loop is shown in Figure 3, in which

" the electric current flowing into a capacitor C1 is controlled by

" 10 the control voltage applied to the gate of an N~channel transistor Nl 1;}
determine

-4

to control the frequency of oscillation. Resistors Rl’ R2
the control voltage sensitivity coefficient and the free-running
frequency, respectively.
Another VCO ci;cuit ag disclosed in Japanese Patent Publication
15 No. B86509/8l is shown in Figure 4, in wiich current flowing into
ring oscillators is controlled by the gate voitage to transistors
T41-T46 connected to the sources to contrxol the frequency of
oscillation. This VCO circuit has advantages over the circuit of
Figure 3 in dispensing with externally attached parts having a lower
20 current consunption and requiring less space to mount components, ' 'K-J_
but it is difficult teo obtain good accuracy and stability. Also, it
cannot be said that the VCO circuit of Figure 3 has sufficient
stability.

Generally, what must be regulated in a VCO circuit are the

25 free-running frequency and the voltage control sensitivity coefficient.
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capture range of the.system Al so, dispersion in the frequency f ¢ due to

di spersion in constants of circuit conponents is so large that 20. . it W
cannot be neglected. Therefore, high-precision conponents have been ,
conventional ly used at the sacrifice of curtailnent of cost, or other g
adj ustments or alignnents using seni-afixed resistors or sem-fixed

capaci tors have been required after assenbly. Also, drift in voltage in t he
vol d&ge control sensitivity coefficiemtSkv in a 25. phase-locked | oop has
an adverse effect on the | ogp because it results -6- indrift in the
response velocity. These drafts are attributed to change in the anbient
tenperature, fl ué‘b%néﬁ@'rf‘i“ni‘tmérw dapfafyned s ge, fmmy of csshblatéen

constants, etc. %ECI ally, the free-runni ng frequency.5 fc is affected

greatly by these"p tte?sm*-tﬂ Wetagmgp % e FoRtFOh teRPtRd 0é Y5 ent
K can be reduced ovi din ffici en | at.i cki
characteristics %‘f% e 28 c?ﬂﬁ?o ? X gr'giigéal& %‘%J‘E’y s@(f’h?ﬁ' §ues
such that the valye,. % d%q Veoh oa'&hyﬁ I € Yng pts of
the circuit, althoug %Put e% accuracy é‘ﬁ g nstants o eI enent s
is not obtaisned. jFpdMee] 14 iHd EhdllILE ol b AES the ARPEBRNEewITDOSl ISR Mo Bhe @
vol tage control | ed osci I lator (VCO circuit according to the present
invention. The VBRLEith&tlicE theC powkas saprdpavoleydd.nesf WitNds abs@ied! that the
difference between the control voltage ve and the reference voltage
level Vs is Avc, that |
gﬁz 10 Thus, it may also be said that the free~running frequency is the
frequency of cscillation when Avc = 0, The voltage control sensitivity
coefficient K§ is defined by
. f°=fc+Kv. AV . ’ ....-(2)
where fc is the free-running frequency and f° is thelfrequency of
15 oscillation of the VCO circuit.

Drift in the free-running frequency in a phase-locked loop has
an adverse effect on the loop because it introduces drift in the
capture range of the system. Also, dispersion in the frequency fc
due to dispersion in constants of circuit components is so large that

e’ : 20 it cannot be neglected. Therefoze, high-precision components have
been conventionally used at the sacrifice of curtailment of cost, or
otherwise adjustments or alignments using semi+fixed resistors or
semi-fixed capacitors have been required after assembly. Also, drift

in voltage in the voltage control sensitivity coefficient Kv in a

25 . phase-locked loop has an adverse effect on the loop because it results



701, 703 designed so as to have the same characteristics. Al though 15

age is treated in this circuit, other physical quantities such as
nt- or electric charge can be simlarly treated. The circuit 701 has a~
c

acteristic expressed by VOI = f (V11E V21) (3) where f is an
arbitrary function when voltages V11 and V21 are 20 applied to termnals
709, 710, respectively, and a voltage VOl appears at output term nal 71Uf
the signal synthesising cirgugt. 701. For sinplicity, the equation above~T
expanded as follows: [err] + bV + ¢ . ... (4) [err] 11 -
21 where a, b and c are constants. 25 - S m | arly, when voltages V12
and V22 aneirapplincthd cespunse m@lecity.- 7- 711, 712, respectively, and a
vol tage V02 appears at output term nal 715 of the signal synthesising
circuit 703, meaesdesﬁsam p¥hributed to|changendnrileaputiantiol ds: V02= a VI2 +
bv22 +c .... (5) The present circuit also includes a pair of ' _
vol t age- ES‘P&%’-'GF‘F@G f)’é‘@?‘ﬁ"&?ﬁﬁé‘ o POVRRL SHRRATN B s AR af act eri stics. It

hei T r cERBRTIYL qtEierty 590, Spniria i%ﬁ?%ég"f g by 275 01T

(6) 1QLs affected greatly by éﬁgse éXté@z d-the other hand, (7) where
d |s a coﬁstan

variation in the ;oefficient KQ can be reduced by providing sufficient
relative tracking characteristics employing semiconductor and
integfated circuit techniques such that the value Kv depands on
relative accuracy among components of the circuit, althoﬁgh absolute
10 accuracy of the constants of elements is not obtained. \-j
Referring to Figure 1, there is shown cne embodiment of a
voltage controlled oscillator (VCO) circuit according to the present
invention. The VCO circuit includes signal synthesising circuits
701, 703 designed so aa to have the same characteristics. Although
15 voltage is treated in this circuit, other physical gquantities such
as curreht or electric charge can ha'similariy treated. The circuit
701 has a characteristic expressed by

= f (vll' v,,) eeee (3)

Vo1 21

where g.is an'arbiﬁrary funétion when voltages Vll and V21 are

20 applied to terminals 709, 710, respectively, and a voltage VOl

appears at output terminal 714 of the signal synthesising circuit
701. For simplicity, the equation above is expanded as'fcllaws:

v +bV

oo=2V

eese(d)

11 21t¢

where a, b and ¢ are constants.

25 Similarly, when voltages V12 and V22 are applied to terminals



Al so provided are a phase.conparator circuit 706 and an oscillator circuit
707, which generates a signal of a stable frequency, such as a crys )
oscillator circuit. The conparator 15 circuit 706 acts to conp e .
output fromthe VCO 704 in phase with the output signal fromthe at or *
circuit 707 and to deliver a signal whose frequency is proportional™t0 the

phase difference between the two signals. A lowpass filter 705 is inserted
into~tthe circuit to derive only a desTrEd’signaI conponent from the out put

20 fromthe phase conparator . circuit in the ordinary way. The output

fromthe filter 7 I §.4 Nversel d e i Nput _termnal 712 of the
si gnal synt hesi si ggl’ci%rl%:hir?slfgfgv%}%étgl%g; ﬁgs%z%ﬁ?e%gn%%afg%%‘ft circuit
706, filter 75 an i it 15 G pokrel ot | p 5 ked
| oop and the osci ?f%‘{lﬁ\%ﬁ -)fqrg Z%fuggys}-lglgh of th %%%sbe%%%’g#{/ggg} 3%%%2‘@%‘%’%3 to
the oscillation ferspiRRE YeohldWing redhtidaenénasi:| | ator circuit 707. It is
possi ble to cause the frequency of the output fromthe VCO 704 to agree
entirely even in.phase with t ﬂgeqwﬁcg \i_;r&ei- Dy virtua @) the
characteristics of the conparator citcuit 6 and the filter 705.
Al ternativel $, 5 The prasantf eingubh @}soripchedesad pedr mft velragesrotcblileda.
sudden change in the freque%%% fref Since a circuit oscillatin

r

sufficiently stabP§eildatrrgg 04 baving Fhe,sgpe chagagteriafics F%e‘-soF‘Eﬂ nary
, Ki th f th t id.will introd

rner okl 0 1 SSRO0SE, B ARSI OB S e

step wth 10 t Qﬁefffgébeeg@’vef veos 962 764 dah Sk GREvesBlM Hp' ESENCE Of error

i n phase ref

F) = Kvv,) +d eee (6)
_ 10 F, =K Vo, + 48 ceee (D

whezre 4 is a constant.
| Also provided afe a phase ccmp;rator circuit 706 and an
oscillator circuit 707, which generates a signal of a stable
frequency, such as a crystal oscillator circuit. The'cpmparqpcr
15 circuit 706 ac&s to compare ;he output from the VCO 704 in phase
with ﬁﬁe output signai from the oscillato:'c;rcuit 707 and to deliver
a signal whose frequenéy is_prpportional to the phase difference
between the two signal#. A iow-pass.filter'705 is inserted into
the circuit to der;v§ only a desired signal'component from the output
\hzi 20 from the éhase comparator circuit iﬁ the prdinary way. ihe output
" from the filter 705 is inversely fed back to the input terminal 712
of_fhe éigna; synthesising.circuit 703. That is, the.vco 704,
coﬁparator circuiﬁ 706, filtér 75 ;nd the signal synthesising
circuit 703 form a phase—locked loop and the oscillation frequéncy

25 of the second VCO is made equal to the oscillation frequency fref



is allowed, a considerable degree of freedomis given to the circuit

cogmthguration. If the oscillator circuit 707 does not operate stably and
J ‘/ , for exanple, takes place, the systemcan be so designed that it is ¢
| & Af fected thereby. 15 When the free-runni ng frequency of the

VCS-704 varies due to .ariation in the power supply voltage, tenperature
characteristics, ageing or the like, the systemautomatically increases. of
decreases the voltage applied B8o-the termnal 712 to maintain the el
oscillation frequency of the VCO 704 at fref ,Also, in the case where an 20
arbitrary value of voltage is applied to the termnal 711 of the signal -
synt hesi ef e cdsctlidtor O rchite 70D) t ageisappddibile (to tdiBet &emi Nal 712 is
automati.cally controlled so that the oscillation frequency of the VCO 704
may be kfysquencyf pEfthe| outpup cfizeinvitheoVCQq 704 \tal agreef eritiieenpelréred vol t age.

-9- Thus, when a reference voltage V is applied to the termnal 711 of the
signal syhPhess irRy the TEeRYVenFySL jonay [VavEie Of thel chagactaspbtiss o t he

t erm nal i s _aut gmati.cal adj usted such that- the oscillation frequency
of the \R%%ﬁf%aﬁ&&ﬁ ?‘dﬁ‘éifé/t"Béjf’Péng tilter7G3.-siAlkSFRatAvelYer e t he vol t age
appti ed t ) 71 f .t econd si gnal synt hesi si circuit 703

i s gl so ?‘g‘i& ?%q%:ﬁ:é@t g%n'bﬁa “%56 ng’? %}%eg?" a?° @ﬁ%gi%aﬁﬁe frcuit 701 as
shown i nefe @kl e fr ngy, LLdiaL ] enr]l,702 is set
to fref when t e%yoffgaﬁe g%%fei gdcj'? %uﬁgb‘%iel?%ﬁgl Q‘sif(fgpg?n\é%esrty ]g‘hal

synt hesi 7d Rgedifoe Uit dé:illatiRlciruls 709CGRAURE dritnatlyORdines)y HakER Si NO

circuit 701 and the VCO 702 _ y
the response of the system more rapid will introduce no problem.
Also, because the output frequency of the VCO 704 can be in step with
10 the frequency fref only in frequency and presencé of error in phase \';
is allowed, a considerable degree of freedom is given to the circuit
configuration. If the oscillator circuit 707 doés not operate stably
and jitter, for example, takes place, the system can be so designed
that it is less affected théreby. |
15 When the free-running frequéncy of the VCO 704 varies due to
~ariation in the power supply voltage, temperature characteristics,
ageing or the like, the system autamatically_inéreases or‘decreases
the voltage applied to the terminal 712 to maihtain the oscillation
frequency of the VCO 704 at fref' Also, in the case where an ;*
20 arbitrary-value of voltage is appliéd to the terminal 711 of the
signal synthesisiﬁg circuit 703, the.voltage épplied to the terminal

712 is autamatidally controlled so that the oscillation frequency of

the VCO 704 may be kept at fref' irrespective of the value of the

applied voltage.



have the sane characteristics as the signal synthesising circuit 702 and
the VCO 704, respectively. Wien the voltage applied to the termnal 709 is

~

Vs®* the frequency of oscillation of the VCO 702 ‘assunes a value f[err]i f
the frequency fref is set to a desired free- 15 runni ng frequency fc
Therefore, a voltage controlled oscillator circuit whose free-running
frequency is fc is provided by using the termnals 702, 713 as the control
t er mral and the output term nal respegtively,of the whole circuit of
Figure 1. The VCO circuit of _Figure 1 has been described thus far on the 20
assunption that the signal synthesising circuit 701 and the VCO 702 have

the same char-acteristimuspsvhbit Thfftdhes WOLERR 61 18 Sir16od leo/8R @éﬁ%ﬁ@ VCo
704, respectively. This assunption is quite reas%nabf%.{ Particularly en

the VCO circuit imif of rend sighal ayitneebsidy 6iicilie 703!, atheCléveli éf vBBEdyepai I
of elenments can be accurately 25 symmetrically fabricated on a chip, a
few mllinmetres iappdiedhto thelfermdnalk (732 dis. aBicmetidalily adjyatednéwwhatint the

fabricated at the sane tine, even if they experience ageing, their

characteristics cIpsdtatinn ifiyequense ofafreVCRi 104 s madeiedual tot £ s unli kel y

that the chagacteristics cone to differ_fromeach other wdely. Further, S
h

because each’ pai rifbf TiHiptira.vheze the woltagy appliedte dhe; texmdodl 712 &f thee

I _ : . o
Sare pover  Supp! Yeshole WSS SR AE 30009 1) SR PROU Leniner a0
possibility that dhend sIBaNAGHAhbsidiGg S8R Jof ids! Blovh HNFEAGIL 0f NEL
widely is also small. In"making designs for the integrated

frequency of oscillation of the VCO 702 is set to-'fre when the

£
voltage applied to the terminal 709 of the signal synﬁhesising circﬁit

N\ 10 701 is vé' because'ghe signal synthesising circuit 701 and the VCO 702
have the same characteristics as the signal synthesising circuit 702
and the VCO 704, respectively. When the voltage applied to the
terminal 709 is Vé,'the frequency of oscillétion of the VCO 702

assumes a value fc, if the frequency £ is set to a desired free-

ref

15 running frequency fc. Therefore, a voltage controlled oscillator
clrcuit whose free-running frequency is fc is provided by using the
terminals 702, 713 as the control terminal and the output terminal
respectively,of the whole circuit of Figure 1. |

The VCO circuit of Figure 1 has been described thus far on the

20 = assumption that the signal synthesising circuit 701 and the VCO 702
have .the same characteristics as the signal synthesising circuit 703
and the VCO 704, respectively. This assumption is quite reasonable.
Particularly when the VCO circuit is formed into a monolithic

integrated circuit, each pair of elements can be accurately

25 symmetrically fabricated on a chip, a few millimetres in each



10 circuit, if the symmetry of each pair of conponents is considered

so that variations in the characteristics may cancel each other, then
20Re vol tage controlled oscillator circuit can be obtained which is not*
accy uﬁ_ied by large drift. Referring next to Figure 2 there is shown N
anotNQey/ enbodi ment of 15 a voltage controlled oscillator (VCO circuit
according to the present invention in the formof a sem conductor ';J:
integrated circuit fabricated jn-the concept described above. A signal ~*
synthesising circuit 801 has transistors T1l, T2 whose drain currents are
changed by changing the gate voltages of the transistors. The drain
current difiensionf Shecd theSospanests hre Tabzicated dt thel same :-imee and caused to
flowinto a transistor T13, in which it is converted into a voltage. This
vol t age even dfptheydexperiender ageing) (thgdr charaeterisriss dhapgr dr (VCO) 802
consisting of a MOS transistor as its control valtage. This VCO includes an
odd nunifBf %3me; PARBRE MNithtigeandy#R Lfpigundikely 'E”P&ng?estors T7 T10, T8,

THI,--T9, T12 to formri | 1| ators. O he ransi stors T4, T5, T6
T15' T16 AmAcEpEiarin Sope Fo Alther; SRom pich pHET Aotk BPETRE’ ¢ or frer
tragnsis a t e f ﬁﬁgi ZTAISTS connect ed
to%tr:]ont trbg\ggﬁeg%&r Pgirftgggucp%%%‘gggoﬂt RePR ﬁgt"té?éﬁtﬁ at ofsi’ﬂ%m@{o e power
supply Rk same ¥ ShdppY an@Ndcabsd \¢Réy a8 dilsBadEANEY Abs@PebkimdbyPn.  IN
t he exanpl e, agm?%e J%??gges at terniﬁ%ls 815? 814 dechagg, the?grain
vol t age vatid 413 SinS t@iipetdture! Bitm tSmpohéitr €6 NdcmPbnent! i @emirfiminhan¥CO 802,

I ncreases, resulting in increase in the frequency of oscillation. This is
t he caseheipseilsility thatrthede rharacteristigadomentq 4} fiaxdfom each

other widely is also small. In making designs for the integrated
1o circuit, if the symmetry of each pair of components is considered .\_J
fully so that variations in the characteristics may cancel each other,
then a stablg voltage controlled oscillator circuit can be cbtained
which is not acccmpaniea by large drift.
Bafe::ing next to Figure 2 there is shown another embodiment of
15 a voltage controlled oscillator {(VCO) circuit according to the
present invention in the form of a semiconductor integrated circuit
fabricated on the concept described above. A signal synthesising

circuit 801 has transistors T., Tb whose drain curreats are changed

1
- by changing the gate voltages of the transistors. The drain current -

20 of the transistors Tl’ T, are combined intc one and caused to flow

2
into a transistor T13’ in which it is converted into a volt;ge.
This voltage is applied to a first voltage-controlled oscillator
(VCO) 802 consisting of a MOS transistor as its control voltage.
This VCO includes an odd number of inverter stages made up of
eeaT

25 transistors T7,_T to form ring oscillators.

10" Tgr T13°°Tgr T1a



v

10 is positive in-equation (6). Wwen the voltage |evels at the
termnals 812, 814 are high, if a high frequency of oscillation is desired,

then the polarities of the transistors in the VCO 801, 802 shoul d ‘be. .
reversed, that is, a P-channel transistor is changed to an N—cha L
transistor and vice versa, such that a, b and Kv 15 assune nel@liyxe

val:ues. The VCO circuit of Figure 8 .also includes buffer circuits 805, 806
“to ¥eliver an output. A signal syntﬁe’s’i Sing circuit- 803 and a vol tage
controlled oscillator 804 have the sanme circuit configurations as the
circuits 801, 802, respectively. Having the sane internal construction, the
20 const r uct i ¢hesftrapeipters Me Tyr Tgh rs- Fgr Hes Tiy MR comrekted ixhe
output fromthe VCO 804 is applied to a phase conparator circuit 808
through a buf f ers%59s ""ﬁ"c‘?’?sg%‘l"%(?ﬂ% EPFmeF  tRanpiabrys ¢ aRd tiectate

f.requency fref (=.,fc) t i sed a standard for the free- .running
frequency. UsuaIY°>}F @ f’?aé"?‘g;%ﬁ%efgug%ﬁf’ltg staget%"émpﬁtzfsde&} °n€r°é'o#’]:?ar,ator

circuit 808, in waele ish 'ﬁe&%meﬁf%w Rb25GedEd Bridl@he powed BupplYCEbs04-

This signal generated by the oscillator 811 is used together w timng

clock signags fogxe@tiify céntzolidver tHaCEfdqbkcys ol ibciinitiblle 2y thee@ipidie
like. If the frequency of clock signals necessary for another circuit

differs fromfa ad hize voltagesf stcpamminulslidlR dd@licdecraades thie HesinieoItage of
converter circuits can be connected to both or one of nodes 818, 819 to set
the frequency fctnagsistiorcfjuyenthatas the goptydlnpeltage of tha¥Re \BOds

oscillation of the oscillator circuit 811, the frequency of oscillation
di vi ded by an increases, resulting in increase in the frequency of oscillation.

This is the case where 2 and b are negative in equaticn {4) and K,
\_/a 10 is positive in equation (6). When the voltage levels at the -
. f.erm_:l.nals 812, 814 are high, if a high frequency of oscillation is
desired, then the polarities of the transistors in the VCOs 801, 802
should all be reverse&. that is, a P-channel transistor is changed
to an Nrchannel transistor and vice versa, such that a, b-and kv
15 assume negative values. ' The VCO cirt_:uit of Figuré 8 also includes
buffer circuits 805, 806 to del:l.ver. an output.
A signal synthesising circuit 803 and a voltage controlled
oscillator 804 have the same circuit configurations as the circﬁits
801, 802, respectively. Having the same internal consfruction, the
— 20 - construction of each of the circuits 803, 804 is not shown..
The output from the VCO 804 is applied to a phase comparator circuit
808 through a buffer 807. A crystal oscillator circuit 811 generates
a frequency fref (= fc) that is used as a standard for the free-
running. frequency. Usually, this signal is applied tc the phase

25' comparator circuit 808, in which it is compared in phase with the



I nteger, differences between those frequencies or the friequency of 10
oscillation nultiplied by a rational fraction. Any frequency divider
circuit or frequency converter circuit can be conprised of a digital

ci ﬂ? and no difficulty is introduced in formng it into a sem conductor
[ f-' gted circuit. Alowpass filter 817 renoves the high frequency )
perent s contained in the output fromthe phase 15 conparator circyij
808, and the output fromthe ¥2 kter 817 is fed back to a second input _
term nal 815 of the signal synthesising circuirit 803. Resistors RI, Rl2 are
connected to a first input termnal 813 to obtain_a fraction of the voltage
of the psmeBodbupPiip stonehgengratedpblt the Aestllates |81l 1% #peence | evel

sufficient to allow 20 an_oscil]atjon at frequency.fc js, provided.
Al t hougHtagether Wity timing ‘H?"f‘o?’r‘??‘f‘g% iflgfo? SR &H %ﬁéc ealfjém\’/‘al ues in a

sem conductoy Jntegrated circuit...fhe t] odkong those val ues
can be eﬂﬁ‘?&ﬁ%eéarg&%af’f alh o ?gea]]ﬂs:% pggg&gl-gyt% c%[ﬁgai a nore accurate

vol t age ' ' | §5638rs Fbs & USéHead zener diodes, to
25 o R e B e A e R ol gnal 13-
syng hesi ﬁJeQGeaEEEIf §iN {8y W1PERRNEE Ireeqiencyli doheExtat laichits ean dRPOSi te sides

of a resistor Ri4 inside the filter 817. This resistor serves to stabilise
t he phaseonhesteddtd @ophicr oms efit nodek \818heSlPate setnther freuencyt g case of :
Figure 1 5 - The configuration of Figure 2 consists entirely of MOS
transi sty @ frdguendyham ingsgen SimesRthe freguency pfaesqidiaticp of the3 and

crystal oscillator C. Absolute accuracy is not. required for
oscillator circuit 811, the frequency of oscillation divided by an

integer, differences between those frequencies or the frequency of

10 oscillation multiplied by a rational fraction. Any frequency divider \_)
circuit or frequency converter circuit can be comprised of a digital
circuit and no difficulty is introduced in forming it into a
semiconductor integrated circuit. A low-pass filter 817 removes the
high frequency components contained in the output from the phase

15 comparator circuit 808, and the output fram‘the filter 817 is fed
back to a second input terminal 815 of the signal synthesising
circuit 803. Resistors Rll’ R12 are connected to a first input
terminal 813 to obtain a fraction of the volﬁage of the power supply
so that an input signal level or reference level sufficient to allow

20 an oscillation at frequency fc is provided. Although it }s difficult
to form resistors having accurate values in a semiconductor integrated
circuit, the relative accuracy among those values can be enhanced
greatly. It is also possiﬁle to connect a more accurate voltage
source, such as a reference voltage source using zener diodes, to

25 this terminal. The input terminals 814, 8;5 of the signal



resistors and capacitors.and so resistors can be incorporated into a
sem conductor integrated circuit. Further, capacitor Cll1 can be 10 of ten
ihcorporated into it, although it depends on the required range of -~

oscillation frequency. Wien a | ow frequency is needed, a frequency divi.d ' :
circuit is connected to an output termnal 816 to increase the frequenc

oscillation of the phase-locked | oopr ¥ence, only a small value is
necessary for the capacitor Cl with the result that. 15 formng the
circuit into an integrated circuit is rendered easier. As described
herei nbefore, i revashenigirg clvFuikstare ponsctrd taAlffexsnt Reifts 8 WEPBLte
voltage controlled oscillator circuiit can be fabricated w thout usin

g
accuratel y fabri 98P B FGHERTsR] gipRifenthe S1iter Bl {-c Tl Tesi st seEYRS:
the VCO circuit jn formof .an 20 integrated cjrcuit. Thus, there are
“great advant ages™§ ﬁl:{lﬁ_ iifC%}'Eiplheﬁf'tsz"’?eodml???eqﬁofsrffn%’lfal\gﬁ e%o*‘”ﬁa‘ﬁf‘é’ﬁf ng of
conponent s and u e4VCO circuits shown in Figures 1 and 2
mp {%n;i{‘]:&{.? Ldse W%ﬁ?{% 1) 9 .

are conpared w CO circul hown in Figures 3 and 4 one m ght

suppose 255 that thme SdoEiGRATLEE2FMuID I coIBLS entiddlydsd MOSI LY,
‘however, when - 14 - the VCOcircuit of Figure 2 is fabricated in a

sem conduct or i ntxagsidteds citheriithan (desistoea R}S_CHFﬁl‘?,d dapatm:eicﬁu+ tc,Qnartdhat
chipis small. On the other hand, the VCO of "Fi gufe 4 requires exté‘ nal |y
attached parts, csystal geeddater §r gabaplutecrerypacy] 1pyndsorrtivized fds 5 on

a sem conductor integrated circuit and output transistors, for exanple, P4,
P5, N2, N3 for ofes#BtRYSt #R4 SaRasikeNg PRSP EeRdgtors can be incorporated into

a semiconductor integrated circuit. Further, capacitor C., can be

11
10 often incorporated into.it. although it_depends on the required range
of oscillatiqn frﬁquency. When a low frequency is needed, a frequency
divider circuit is connected to an output terminal 816 to increase
the frequency of oscillation of the phase-locked loop. Hence, only

a small value is necessary for the capacitor C., with the result that

1
15 forming the circuit into an integéated circuit is rendered easier.
As deséribed hereinbéfore, in accordance with the present |
 invention, a quite stable voltage controlled osciliator circuit can
be fabricated vithout using accurately fabricated components, which
makes it quite easy to fabricate the VCO circuit in the form of an
20 intéqréted circuit. Thus, there are great advantages in éﬁe vco
circﬁit'from the point of view of packaging of campoﬁeﬁts and
manufacture. .
When the VCO circuits shown in Figures 1 and 2 are compared

with the VCO circuit shown in Figures 3 and 4 one might suppose

25 that they are considerably more complex. In actuality, however, when



capacitor Cl and P1, Nl for driving the externally attached resistors RI,
R2. The area occupied by these parts is nuch greater than the area of the
. VCO ¢gircuit of the present invention. 10 The present invention

negc ates a stable oscillator circuit such as a crystal oscillator, but
t hild roduces no problem because |arge-scaled integrated circuits
fre

ly require stable refigrence pul se trains besides voltage-cont rolJ}d
oscilTator circuits and thesé pulse trains nay be al so used for that
purpose. In addition, 15 in the VCO circuits according to the present

i nventi Gile YooPBLEdIR| PiSREUSNGY £4RIcARAaSEl aBbenllickhautiebd the same circuit
by connecting frequency divider circuits or frequency converter circuits in

series Vintbgiated RAdeuit] Oeiy ar¥de’ oBéudie@ e tile @irddie &Od8a81B1pr 819 of
Figure 8 and controlling the frequency division ratio or other 20 factor

usi ng a ilsogmallci ronuthie ofhesohtumije the VEO iff Biknurecs deqtixescexterndllgccordi ng to
the present invention may be readily fornmed into an integrated circuit such
as a di ¢ittag¢hednpaxysatwhdchineeds ta laydesaraspesupded bycbonding pads cost and.

packagi ng space, thus greatly contributing to the manufacture of 25
deVi ces Fnk FAePbFRIIAEPE /Enragratas pircuit andnpyput transistprgofpEge control | ed

oscillator circ it.corp:)ri I ng: first. sigpal nthesising circuit for
recei vi ﬁd‘%'s 4n8se ahd‘éq)lr’lgﬁtfaﬁlﬁ gah%‘? @%ngﬁzg’éatﬁ?Fhfﬁose signal s, one of
the w0 aLofls OChRg A0 ©x'eBE M vAlPB exteliaif} atPlddAGORLLA! | o0
oscillato conrlectedf o ¥ he oufput” of the first signal ‘synthesising
.C"'CU't?Rl. R,. The area occupied by these parts is much greater than the
area of the VCO circuit of the present invention.
io The present invention necessitates a stable oscillator circuit i_)
such as a crystal oscillator, but this introduces no §roblem. because
large-scaled integrated circuits frequently require stable reference
pulse tr#ins besides.voltage-controlled oscillator circuits and
" these pulse trains'may be also used for that purpese. In addition,
15 in the VCO circuits according to the present invention, free-running
frequency can be set at will with thé same ciréuit by connecting
frequency divider circuits or frequéﬁcy converter ciréuits in
series with the node 716 or 717 of Figure 1 or the node 818 or 819
of F;gu:e‘s and cont:olling the frequehcy division_ratio or othexr
20 factor using a logic circuit. - | | o
A voltage controlled oscillator circuit aﬁcording to the present
invention may be.readily formed into an integrated circuit such as a
digital integrated circuit. This achieves a reductioﬁ in cost and -
packaging space, thus greatly contributingltc the manufacture of

25 devices incorporating VCO circuits.



LY

a phase-1 ocked | oop consisting of a second signal sm a

second voltage controlled oscillator and a phase co an oscill ator
for generating a signal of a reference frequency, th @@ H‘ Hmﬁﬂl
synthesising circuit having the 10 same characteristie€s ,’SI
'synthe5|5|ng circuit, the second voltage controlled OSCI||at0r belng

%%ct ed to the out put of the second signgls_synthesising circuit and '
havFFhg the sane characteristics as the first voltage controlled oscillator,
one input of the conparator.bei.ng connected to the output of the 15 second
vol tage controlled oscillator, the other £#aM8 of the conparator being-
connected to the oscillator, the output of the conparator being connected

to one input of the first signal s sing.jrcuit. which does not receive
the external signal* and Po"%ﬁ"ég? rﬁ?%l} ‘{J&f‘le‘% gg&’fﬁﬁ Sirghth c@%ﬁ"ﬁé%‘i'slang '
circuit; and neans; u n ref n frequenc naI

second i nput of thé‘%g%ac aaf SHJ"’?/eslgl 5Js'r%l§g€°§| F%‘qut mgz)éw gnﬂ'vof‘ age

cont rol | ed osci| | g@huciuCkidionts PedbdTeA bt Algihts | Budhiechnd Beo Qighldsat of

is a crystal oscillator. A vol tage contr d osci | lator ci cwt as
clainmed in 25 cl aidihg ]anOExt?ethﬂs‘iQh&lg 2 firegUaNeNgdickhtlRn18d oEELAURHEY
converter * L M S * -16- connected between the second voltage
control |l ed osci k| adonhected tdraneagrpatiicd®r thel first sfignall @3aesivihg Adilredit;
oscillator circuit as clained in

a phase-locked loop consisting of a second signal synthesising

circuit, a second voltage controlled oscillator and é phase
comparator; an oscillator for generating.a signal of a reference
NIV ' frequency, the second signal synthesising circuit having the
10 same characteristics as the first signal synthesising circuit,
the second voltage controlled oscillator being connecﬁed to the
output of the second signal synthesising circuit and having the
same characteri#tics as the first voltage controlled oscillator,
‘one input of the comparator being connected to the output of the
15 second voltage controlled oscillator, the other inputlof the
comparator being connected to the oscillator, the output of the
comparator being connected to one input of the first signal
synthesising'ci:éuit which does ﬁot receive-the external signal and
to one inpugréf the second signal éﬁn;hésising circuit; and means
20 for supplying alréference frequencg signal to the second input
' of the second signal synthesising circuit. |
2, A voltage controlled oscillﬁtor circuit as claimed in
claim 1t in which the oscillator is a crystal.oscillator.
3. A voltage controlled oscillator circuit as claimgd in

25 <claims 1 or 2 including a frequency divider or frequency converter



"o

any precedgrng—etarrs—+nreluding a frequency di vider or frequency 5
converter ﬂﬁ Prcted betmeen the conparator and the oscillator. 5. A !

vol tage c tor circuit as clained in any preceding claim
i ngRsdi ng der or frequency converter connected between the.
se{dyid vol t age controfled oscillator and the conparator and a further

P

freQUency divider or frequency 10 converter connected between the
conmparator and the oscillator. 6. _;g- A voltage controlled oscillator
~circuit as clainmed in any preceding claimin which a frequency divider is
connected to the output of the first voltage controlled oscillator. 8.

A voltage controlled oscillator circuit. substantially 15 as herein
descri bed WidrhetedEberaRnt thedBekcdd €d124ke iconticie® ckcplldtbgind 2 of the

acconpanyi ng draw ngs. 20
the comparato;.
4, A voltage controlled oscillator circuit as claimed in
any preceding claims including a frequency divider or frequency
S converter connected between the comparator and the oscillator.
5. A voltage controlled oscillator circuit as claimed in
any preceding claim including a ffequency divider or frequency
converter connected between the seconé voltage controlled oscillator
and the compérator and a further frequency divider or frequency g_/
10 converter connected between the comparatbr and the oscillator.
6. A voltage controlled oscillator circuit as claimed in
any preceding claim in which a frequency divider is connected
to the output of the first_yoltage'controlled oscillator.
8,. A voltége controlled oscillator circuit substantially

15 as herein described with reference to and as shown in Figure

1 or Figure 2 of the accompanying drawings.

20



