2237158 "SLI P PHASE CONTROL PHASE-LOCKED LOOP" The present invention
relates to a slip phase con- trol phase-locked |oop for generating a
frequency- controlled out'put signal. Analog and digital phase-|ocked | oops

(PLLYSare widely used,as highl'y-accurate frequencyicontrol | ede Ly |y cy S
I n radi o conmuni cati on sgstens or the like. One exanple of PLE?ggggzﬁgE%ig

produci ng an out put §"|§F|I|alPMé@iﬁgT%PLhFWEdﬂC@aWQPé'r si gnal / noi se) ratio
is a slip phase control PLL disclosed In Ja ai d- Open Pat ent
Publ i cati on No. 63(1988)-26589. The disclosed slip phase control PLL has a
yol tage- controlled oscillator (VCO, a phase conparator, a | owpass filter

(LPF), and a progranmabl e frequency divider which conprises a

pul se- swal I ow t ype r@es ¢pledehdC ok eptesna el atess vl h0W199upiRise ¥h-2 Mai N
gounter. The slip phase control PLL also includes a sawt 0ot h generator for

di vi di'ng éreadr phbse-liockedoloopt iforbygeneratihg( @ ifrequendiyegeonorberethan
0) in each peritod T and generat- ing a sawtooth wave having a period T. The
. out put si guépudf stigeradawt oot h generator is added or subtracted by the | ow
pass filter so that a slip phase waveform of the output sig- nal fromthe
phase conparat or whhRlog eadcdligdtedt phasekloibkedbdwepsr (@hddn@re since no
ripples are produced in a control voltage, particularly a_|ow voltage,

appl i ed t¥igréyvueedapsohighd yHaksusrtenhfregoencyeceptyoliieguoscindaof t he

VCO i s ingreased, a t he VCO can ,produc
'S I_%orsS n ragqo communicati%n sgs%ems or the like.

One example of PLL capable of producing an output
S signal having a high C/N (carrier signal/noise) ratio ié a
slip phase control PLL disclosed in Japanese Laid-Open -
Patent Publication No. 63(1988)-26589.

The disclosed slip phase control PLL has a voltage-
controlled oscillator (VCO), a phase comparator, a low-pass
filter (LPF), and a programmable frequency divider which
comprises a pulse-swallow-type 2-scale-factor prescaler, a
swallow counter, and a main counter.

The slip phase control PLL also includes a sawtooth
generator for dividing a variable division ratio by (n + q)
(g is an infeger other than 0) in each period T énd generat-
ing a sawtooth wave having a period T. The output signal of
the sawtooth generator is added or subtracted by the low-
pass filter so that a slip phase waveform of the output sig-
’ nal from the phase comparator will be canceled out.

with the above arrangement, since no ripples are

produced in a control voltage, particularly a low voltage,



an output signal of a high N ratio. In the programmable frequency

di vider, when the 2-scale-factor prescaler has division ratios of [err]

and [err] + 1, the swallow counter counts m pul ses according to a preset
nunber- m and the main counter divides the input frequency by n accordlngL?
to a preset nunber n. During an mcounting period in which n pulses are

bei ng cousppilibkd ltbethai vardgapeor tthe 2ikealof fthet HICOyr ehealnerise vi des the
input fre- quency by errL 1, and during the remaining (n - n)-counting
peri od, tﬁéggrgcéNE)fﬁgt& ep VES: dseAngirgiaged .t Rad her VICOe caguareduse

[err]. The to I Vi Si O t|o f the ranmabl e fre- quency divider
is given B§: ° ﬁ#ﬁneaep a hig% &/ nr%tﬁ%'x [err] = m+ [err] x n

(1) The slip phase cont rol PLL can ont an oscil| tion fr ency

i gy acoutately If,  bes P DAY o, SHAERCY ViR A %Zlepreset

gﬂggfred #aEFﬁz %EQ?QF gancgﬁhﬁﬁ %U ngﬁéqgl %-Eggggiaéﬁ% or#@ﬁa asgd on
this facty etharknatdokCestitdi® cthntd I ?ﬁi‘s%sara?:ﬁg:'r?ﬁﬁggl & phegddition

of a DA cénverter I ch counts output pulfses of

prescal er ndMbbePIman ahat Qh\éaha'iﬁ WolgltelN@ivides thd i8iptitSifRquahicy of the
2-scal e-factor prescaler is of

by n according to a preset number n. During an m-counting

period in which n pulses are being counted by the main

counter, the 2-scale-factor prescaler dividés the input fre-
.éuénéy by M

period, the 2-scale-factor prescaler divides the input fre-

+ 1, and during the remaining (n - m)-counting o/

- quency by M,
| The total division ratio g of the programmable fre-

quency divider is given by:
. "

mx (2% + 1) + (n -m x 2
m+ 2% «xn : ' cev(1)

q

The slip phase control PLL can control an oscilla-
tion frequency'highly accurately, but is relatively complex
in arrangement. ' ' ' -
The preset number m varies from 0 to ZM.— 1 in
order to generate a signal to be supplied to the LPF for
canceling out the slip phase waveform. Based on this fact,
efforts to reduce the circuit scale are directed to the
addition of a D/A converter which counts output pulses of e

the 2-scale-factor prescaler during an interval in which the



constant value of [err]. However, the 'D/A éonverter has a D/ A conversion
range which is limted to a pul se count that ranges fromO to n - [err],
and hence cannot achieve®a nultiple-frequency output capability. The
above_drawbacks should be elimnated ~is view of demands for highly
accurate frequency control, reduced circuit scales, and a reduced nunber of
signal processing cycles. The present invention provides a slip phase
control phase-| ocked | oop conpri sing: ’ a voltage-controlled

osci |l | at ordivbsiogenza&tiongofa theeqRescylesfaynbbr pbeseajepr ol amfbla
frequency dividing neans for producing a frequency-divided signal in
response t@°§§$§ngr§a&§ﬁc9fsﬂgnal supplied thereto, said binary
progranmabl-e frequency dividing nmeans including a 2-scal e-factor prescaler,
a swallow counter ‘and a main counter; phase- conparing/ integrating

S e S BB o S PR BRneFer, T BB TR0 Y
h - s e, s | yi ' t | lhd
Phese. COMahedh 472Vl 00 ¥ BB AR, EBoch o, 1,

converter sMal | oy oy el @Aind e QRPOVE" 1" i} PUIERIquaRly Huftpue g

converting means conngcted w th sard binary progra ~Trequency .
means for @éﬁaEQME?U NgTAe abdveSidriibdlaid Vehouam pai eiikinersy sigpnal

and outputting a pul se-w dt h-nodul ated signal corresponding to a phase slip
and a phaseiéhi fo£of demedidghagerconighds Shagealratle afpled@@incy control,

) reduced circuit scales, and a reduced number of signal

LJ‘ processing cycles.

The present invention provides a slip phase control
phase-locked loop comprising: a voltage-controlled
oscillator for generating a frequency signal; binary
programmable frequency dividing means for® producing a
frequency-divided signal in response to said frequency
signal supplied thereto, said binary programmable frequency
dividing means including a 2-scale-factor prescaler, a
-swallow counter and a main counter; phasé—comparing/
integrating means for comparing the phase of said
frequency-divided signal with the phase of a reference
frequency signal, integrating a phase-compared signal, and
applying the integrated signal to said voltage-controlled
oscillator; and D/A converting means comprising a D/A
converter swallow counter and a D/A converter main counter,
said D/A converting means connected with said binary

programmable frequency dividing means for D/A converting a



count, wherein said pulse-width converted signal is integrated
together with said phase- conpared signal and applied to said voltage
controlled oscillator. The present” invention also “provides a slip
phase control phase-|ocked | oop conprisigng: a voltage-controlled <
oscillator for generating a frequency signal; binary programmble
frequency dividing neans for producing a frequency-divided signal in
‘response to said frequency signal supplied thereto, said binary

pr ogr ammulsigrialegdentyedi \ﬁ!tbmgsaednﬁrequlemd:mgﬁlagmabcahd- foutputpingcd er,
a swallow counter and _a  main counter; phase-conparing/ integrating
means fmlmmﬁhrgnod@héte@hmn&if C@EFGSPPEQEEEcthh @ delasej grdlp
with the .phase : r ef erence, frequenc nal_, integratin _
phase- conﬁé\deoa sPBﬁﬁF’ s&‘ﬁ-(ftarﬂ)q y"r‘i‘l’gdtﬂ%aﬁﬁt‘éBF‘H £gdsisdena @%agd Rr&eige-

controlled oscill at and a

cougttta)/r, SQURty A FRRFSA, 5§&§| ngpg ?ﬁ ¥ ow TUBHEE
A th

corr esponé‘%hv%[fa%e%h;%”éﬁé*f%?%% P el SRl B YEL L S, ape
si gnal aftg&, A ,g@ugafﬁupgg §35°3h9*3§§ dCBHEEﬂggB‘fl ses, . and for

addi ng sal se-w dt ted sal d phase- conpar ed
signal . -5- The present invention further provi des a slip phase control
phase-| ocked | oop conprising: a voltage-controlled oscillator for
generating a 7THequpPEé¥enti Jiaventibnnaralsy ogpeovides faequaiey Phdss ng
means for producing a
control phase-locked loop comprising: a voltage-controlled
oscillator for <generating a frequency signal;  binary
programmable frequency dividing means for producing a.
frequency—dividedl signal ‘in response to said frequency
signal supplied thereto, said.binary proérammable frequency.
dividing . meahs including a 2-scale-factor prescaler, a
swallow counter - and a main counter; phase-comparing/
integrating means for comparing - the - phase of said
frequency-divided signal with the phase of a .reference
frequency signal, integrating a pﬁése-'compared signal, and
applying the integrated signal to said voltage- controiled
oscillator; and a D/A converter counter connected with said
main counter, said D/A converter causing said swallow
counter. to start 'counting, said D/A  converter counter
ouputting a pulée—width molduated signal corresponding to a
phase slip and a phase shift of-said phase-compared signal
after said main counter has finished counting pulses, and

for adding said pulse-width-modulated signal to said

phase-compared signal.

conv rter?’égﬁnter connggégdsﬁwhqtrpa g:J(rii‘ﬁrrﬁlgn



frequency-divided signal in response to sai'd frequency signal supplied
thereto, said binary progranmmabl e frequency dividing means including a
2-scal e-factor prescalet, a swallow counter and a main counter;
phasekponparlng/ integrating mneans for conparing the phase of
sai'd Trequency-divided signal with the phase of a reference frequency
signal, integrating a phase-conpared sig®al, and applying the integrated
signal to said voltage-controlled OSC|IIator and a D/ A converter counter
connected with said swallow counter and said main counter, said swallow
counter causing said D/A converter to start counting, said DA converter
count er outputting a pul se-w dth-nodul ated signal . correspondlng to a phase
slip and a-phase shift of said haae co after _said _swallow

ared si
counter has fiTHehRFRIRNE i r’rcj1 HHHtPGF aﬂg?ﬁbd%%l @ pHld® wPhEse

Todul d si | d d L. Enbodi f th
venti on TG by B, &%‘P §cs$'p REABIE o YO TR FonsEalIst o

i o?égLL accorgex\gkgEin ril Gfréﬁpéngyt he isﬁ'ﬂf‘gra@l Ber

slip phase con |ng eseht iAvent I on;

FIG 2 |s {§?mgbfgra@&% u% A% ﬁﬁ%?tﬁghngLLf3¥x”ﬂf&@ué9n&”°%her

enbodi nent of pr esent |nvent|on 3 I's a block di agram of
anot her preogg ediwaesncmghuudermunlzteépvns&e td t8eigl i prelasacy

control PLL shown in FIG 2. FI shows a slip phase control PLL
accordi ng $ignal supplied thereto, said binary programmable frequency
dividing means inclpding a 2-scale-factor prescaler, a
s swallow; counter and a main counter; phase-comparing/
integrating means for comparing the phase of said
frequency-divided signal with the phase of a reference
frequency signal, integrating a phase-compared signal, and
applying the integrated signal to said voltage-controlled
oscillator; and a D/A converter counter connected with said
swallow counter and said main counter, said swallow counter
causing said D/A converter to start counting, said DbDr/A
converter counter outputting a pulse-width-modulated signal
G corresponding to a phase slip and a phase shift of said
phase-compared signal after said swallow counter has

finished counting pulses, and for adding said pulse-width-

.modulated signal to said phase-compared signal.

- Embodiments of the present invention will now be
described by way of example only, with reference to the

accompanying drawings, in which:-



an enbodi ment of the present inventi'on. The slip phase con- trol PLL shown
in FIG 1 has a reference oscillator/divider 12, a quartz osci’llator 12x, a
phase conparator 14, a low pass filter 16, a voltage-controlled oscillator
(VCO 18, and a programmbl e frequency divider 22. Wien the VCO 18 is s
pulled in and locked in, it pro- duces an output signal [érr]. Mre ~

specifically, a reference frequency signal FR is produced by the reference

oscillator/divider 12 and sup- plied to the phase conparator 14. A signal
[err] which is to be frequency-divided is supplied fromthe VCO 18 to the
programmabl e frequency -6- i vider 22, which applies a frequency-divided
signal [err] having the sane frequency as that of the reference frequency
signal FR to the phase conparator 14. The phase conparator 14 supplies a
phase- conpar ed S|gnal Sp to the lowpass filter 16, which applies an inte-

grated control [£rid LOpid |ter&§%m Qrgﬂgﬁngﬁgégt%ﬁﬂ%ﬂcy

di vi der 22 supplle he Iomfpass converted
signal [ eggg a&wfaf&éreépaﬂdémsedﬁmeﬂeswthe ﬁf'ésén’ehﬁﬁeeﬁhiéh of the
phase-conpared signal Sp. At this tinme, the pulSe-w dth converted signa

DAp and t he phase-EDGpazefls sagbbbckpd fagrampofi &dsl opt prasavcpassoli lter 16
such that they cancel out each other. The control signal [err] produced by
the | ow [RIsls d¢¢oeding te amotherfembhodimenb®dfothegprésentent ) whi ch

t herefore has reduced rlpples
invention; and

FIG. 3 is a block diagram of another programmable

frequency divider unit for use in the slip phase control PLL ‘\)

shown in FIG. 2

FIG. 1 shows a slip phase control PLL according to
an embodiment of the present invention. The slip phase con-
trol PLL shown in FIG. 1 has a reference oscillator/divider
12, a quartz oscillator 12x, a phase compérator 14, a low-
pass filter 16, a voltage»controlled'oscillator (vco) 1is,

and a programmable frequency divider 22.

When the VCO 18 is pulled in and locked in, it pro- ' ::

duces an output sighal Fo-

More specifically, a reference frequency signal Fr
is produced by the reference oscillator/divider 12 and sup-
plied to the phase comparator 14.

A signal F¢ which is to be frequency-divided is
supplied from the VCO 18 to the programmable frequency

L 4

<



The above basic node of operation is Knomn'fron1Japanese Lai d- Open Pat ent
Publication No. 63(1988)-26589, for exanple, and will not be described in
further detail. The programuabl e frequency divider 22, which is an
esseri{ial feature of the present invention, will now be described bel ow
Jﬂe Erpgrannableq:reiﬁfncy di vider 22 has a 2-scal e-factor prescaler 32

i C 'Sd%wjl% de b thhidie Spkieila [Hedudneypal fvistuenigndlvigpd and which
has sel ectabl e division ratais%r'gf a svvaﬁodv‘\./1 cbl}}r??er 34, a mair-}ﬁnter 36, a
D A conveidwing Wlé ayames Uftefudiity ad/thaprofrile referametfreqiengnd a
gate 42. -7- The frequency-divided signal FD and the pul se-wi dth
conver t edssgrkal| Fg cto |the cohaswercamphrgtathe 4 ogr ammabl e fre- quency
divider 22 as follows: Denoted at CK is an internediate frequency-divided
clock signal, [errThe Bhase iGANRAREAT it FURPHISY R RRBTIC JIMRARSEY

%}Xi ?Fé fi%@&%%»ﬁi‘ﬁ#féﬂov?—tﬁ%é e e ash e bfe S

-scal e- t 2 |

conmter 608 HERAE a et G T AR RS oo
, man fﬁgg

conver si %{%ﬂ%ﬁ%@%ﬁé?nﬁfﬂ%%é@f%ﬁ% o-\%;?:%sunft er 3!2 I?S%&kpéﬁ +

[err]) p;&éféemiém_é&@ém a fgddEBEN LY | docksdpeidsianad [err]

according to the division ratio setting code m The main counter 36
phase slip and a phase shift of the phase-compared signal

Sp. At this time, the pulse-width converted signal DAp and
the phase-compared signal Sp are supplied to the low-pass
filter 16 such that they cancel out each other. The control
signal S¢ produced by the low-pass filter 16 is in the form
of a DC voltage (current) which therefore has reduced
ripples.

The above basic mode of operation is known from
Japanese Laid-Open Patent Publication No. 63(1988)-26589,
for example, and will not be described in further detail.

The programmable frequency divider 22, which is an

L essential feature of the present invention, will now be
described below.

The programmable frequency divider 22 has a
2-scale-factor prescaler 32 which is supplied with the sig-
nal Fc to be frequency-divided and which has selectable
division ratios, a swallow counter 34, a main counter 36, a
D/A converter swallow counter 38, a D/A converter main

counter 40, and a gate 42.



counts‘(n - 1) pulses of the clock signal CK according to the division
ratio setting code n. The D/A converter swal- | ow counter ‘38 counts p

pul ses of the clock pulse [err] according to the D/ A c¢onversion setting
code p. The D/A converter nain counter 40 counts (q + [err]) pul ses an{}é
al so counts the clock signal CK according to the D/A conversion setting
code q. The 2-scalehéagtequpnegcdlieidad eigndadsFphantlr éheqpaise-efidthe -
signal [err] by [err] + 1 during an interval in which the division control
si gnal MiEonsepted highalHppabeack, generdteddby the pregwemmpbde €Ee-si gnal
[err] by -8- 2M during an interval in which the division control signal
MOD i s ofquehcy diyifevecR2 aEefphdemRedi ate frequency- divided cl ock signal
CK i s produced by the

I 2 wh h i : ' :
frequencyAQIvidsd PﬁnPEéSSC nEFzsrisTIiI&e &ﬁ%@%bﬁggk %%rr 8&%¥ﬁgﬂy&gfpdes the
i nterme- ate freql yv-di vi ded _¢l,ock _Si I -1, - i '
the requ® SCR piOHBT, Paanh EBArEARY,statRR, £5F. thel profyaimidbil O el no
eac i me.it _counts - I . ' '
cach, L ectLagalealbue) o8I 55, ol SappBRse din inelauabla.s 0nal
i gnal [ il Digh FBspBKEl dYy, NEORN thial Ballon ceilinter acowps o q +

[err]) pu nter medfrate frequency-divided M cl ock signal'[err].'

After havipgi§9sAt edntkel( @igndl for o 2-ealeA faaterr tpafestmilerc@mt er 40
delivers the starting sig- nal [err]. The D/A converter nmin counter 40
keeps theMgghsan output signal from the swallow counter 34, Mgpz an

’

output signal from the D/A converter swallow counter 38, m
and n division ratio setting codes (numbers), and p and q
D/A conversion setting codes (numbers).

The swallow counter 34-coun£s (m + zM) pulses of.
the intermediate frequency-divided clock signal Cg according
to the division'ratio setting code m. The main counter 36
counts (n. - 1) pulses of the clock signal Cg according to
the division ratio setting code n. The D/A converter swal-
low counter 38 counts p pulses of the clock pulse Cg
according to the D/A conversion setting code p. The D/A
converter main counter 40 counts (q + 2M) pulses and also | o
counts the clock signal Cg according to the D/A conversion |
setting code q. |

The 2-scale-factor prescaler 32 divides the fre-

_quency of the signal F¢ by M during an interval in
which the division control signal Mgp is of a high (H) ._ s
level, and divides the frequency of thé_signal Fc by



wi dt h tonverted signal [err] lowin level until the next starting signal
['err] is applied thereto. The D/ A converter swallow counter 38 is
responsive to the startihg signal [err] for rendering the output signal
MOD2=pi gh in level during an interval in which it counts p pulses of the

I nternmedi ate frequency-divided clock signal CK. After having counted the p
pul ses, t4M% RAAmPraerictesval | D wiolkh cEhS8 Densiod esortroXlisigang si gnal
[err]. The D)A converter swallow counter 38 nmintains the output signa
[err] at Mppde laled lowi(L) tlevebupThedinketmediatexfrequendyng si gnal
lerr]. -9- When the starting signal err%1 I's supplied, the swal- |ow
count er Zulwisled <clogk | signatk mei$r§1é¢<ll'%¢ tRy rehe)prRscakes 3 wherk

signal [err] while the DJA converter svvall(gvv, counter 38 is counting the p

pul ses. the Fignpl feiHFeeanersy ivided obh hAMANLE- t he di sabling
signal [err], it unt s ain the clock signal n s ljed with the

st grti nEg si zgnal [gﬁﬁ .m*/ﬁgl%c’% eg@ﬁ%ﬁﬂ@%@@%&f@ c%t')'r‘ﬁgeﬁ%”

remai nin + . =, P S si,g- nal Jer [ eeps the
out put sgigj%'][e [éetreér‘#d%l?%-%%‘p#ée%glcfﬂﬁ%gg is%?‘fgcvﬁc nt er ﬂ%%spss?}f}e gut put
si gnal | 1diviagd i%ﬁ%. Wi t e tin

Si gnal %gﬁi.d#\r’%ﬁ%aﬁé{ Zeﬁd%jr'gi?%% §| [ sjl'?#'coén%ar oﬁl gnasf hi gh I n
level whestfHiiies KNenhl §Jﬁf‘ S4ER| £ Bfle 0L PEdustIned S- [€y rgulged gh in

| evel . The gate 42 keeps the division control signal [err% low in |evel
only when both outyutrespenseal o {lergtareingvweignake\sp;, the D/A

converter main counter 40 renders the pulse-width converted
hedd signal Dapp high in level during an interval in which it

counts (g + ZM) pulses of the intermediate frequency-divided
clock signal Ckg. After having counted the (g + ZM) pulses,
the D/A converter main counter 40 delivers the starting sig-
nal Spp. The D/A converter main counter 40 keeps the pulse-
width converted signal Dpap low in level until the next
starting signal Sq; is applied thereto.
The D/A converter swallow counter 38 is responsive
to the starting signal Sq; for rendering the output signal
U Mop2 high in level during an interval in which it counts p
pulses of the intermediate frequency-divided clock signal
Ck. After having counted the p pulses, the D/A converter
swallow counter 38 generates the disabling signal Spg. The
D/A converter swallow counter 38 maintains the output signal
Mop2 at a low level until it is supplied with the next
starting signal Spj.



The total division ratio d of the programable fre- quency divider 22 is
expressed by: d = ([err] + 1) x (m+ [err]) + [err] x {n -1- (m+ [err])} =
m+ [err] X n (2) The nudnber e of counted

pul ses of the pul se- wi dth converted S|gnal [err] is given by: e ([err'f
1) x p +[err] x (g + [err] - p) p+ [err] x q + [err] '
(3) The train of FWhéﬁStﬁéOﬁéhﬁiﬂjﬁsﬂgﬂaBrS@i fai supplihiedr, eﬁehaeaa-pm se
width ratio was follows: - 10 - [ ERR] When the pulse train is averaged,
there i s Diw atowenter Db4- countst pdpubseagef ( bhecintenmpdimteh i s
proportional to p + [err] x g + [err], i.e., the gulse wi dt h converted

si gnal [efre}quenmyc@metdqﬂ qlogk gignalsCkj wbileothreDrdl FORVRGLeL

TS pieudon esuobef LT3 bbb ohiRbks e Ere "
2 2, 3 d
B s R e

bits, &rrl 1e86With

Ther ef ore T‘Pt ?E ﬁé‘géjl&%l géfl #‘ {:igcb ziggﬁ\]ieF§i glr']xegr gggg% Ve\ll th the

accuracy 1 t smy0 Dithiile! 8A8MHGR126W! BBUALERN 3Re 1@bt ai ned a

hi ghl y aogér %géf§%#§o%%gé?gd $%Itage gr current) corresponding to a phase
counting the remaining (m + 2~ - p) pulses of the clock S#g—

-

nal Cg, it keeps the output signal Mgp: high in level. The

swallow counter 34 keeps the output signal Mpp; low in level

until it is supplied with the next starting signal Sr3.

The gate 42 renders the division control signal.MOD
high in level when either one of the suéplied output signals
Mopi. Mopz is high in level. The gate 42 keeps the division
control signal Mgp low in level only_when both output sig-
nals Mgpi., Mop2 are low in level.

The total division ratio 4 of the pfogrammable fre-
quency divider 22 is expressed by:

d=(2M+1) xm+2M +2Mx {n-1-(m+ 2"

=m+ 24 x N : g cee(2) i;)

The number e of counted pulses of the pulse-width.

converted signal Dap is given by:

e = (2M +1) x p + M & (q + M P)

Mg+ 2 . - .++(3) The

=p + 2
train of pulses from the D/A converter main counter 40 has a

pulse width ratio w as follows:

- 10 -



slip and a phase shift during a tine period T in which the Msignal [err]
is being frequency-divided by (n.[err] + m), the VCO 18 can produce a

hi ghly accurate output signal [err] which has a high N ratio and a good
NF. «{he slip phase control PLL of the aforesaid con- struction is of a
relatively sinple arrangenq@t for a q@duced circuit scale and signa

processi ng scal e, ‘ﬂ + scillation frequency, vw641 hi gh
accuracy. FIG 2 shows a,§I+pzbbhas{e control PLL according to anot her
enbodi nent,_of t ent, i nvention. hase contr PLL shown in
Fl e hadtien e BHESS AT 1, 1 /R TAGRE . EHATS, L AhtR Iqator 112%, a

gtz & U KR ety P s AR S hn (e
gggrég?ol _,p M?r%?%%ﬁk%%gc:ﬁat@gfmllﬂg%qua osc’;ﬂatgre

112x, the phase COoPREs Gd s 3:441n”19 |%V& Ojéét?rtollﬁle micﬂﬁ, 118 is
the sane as that of those shown in 1, an not be described in

detail . Thienit ST GeRb| e frequency d|V|der 122A, which is an essentia
feature of the present invention, 'l .now be scri bed bel ow. The
progranmabl e frequeryp & v2dero 192#\ dax A R-s T faat or presEcsm) er 132
which is supplied with the sig- nal [err] to be frequency-divided and which
has sel ect abl e di et @Ranples, whenwhl+ dv Cownt erthissAivishkom cakieer 136,

of the 2-scale-factor prescaler 32 are 32, 33), if the D/A
conversion setting code q is of 5 bits, then since the D/A
conversion setting code p is also of 5 bits,
0Sp+ 2% xqg< 2 | ce+(6)
Therefore, it is possible to effect a D/A conversion process
with the accuracy of 1024 points, i.e., 10 bits.
Inasmuch as there can be obtaiﬁed a highly accuréte
D/A converted voltage (or current) correspondiné to a phase
slip and a phase shift during a time period T in which the
signal Fc is being frequency-divided by (n-zM + m), the VvCO
18 can produce a highly accurate output signal.Fo which has
\ a high C/N fatio and a good NF.
The slip phase control PLL of the aforesaid con;
struction is of a relatively simple arrangement for a
reduced circuit scale and signal processing scale, and can
control an oscillation frequency_with high accuracy.
FIG. 2 shows a slip phase control PLL according to

3 another embodiment of the present invention. The slip phase
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and a?EZA converter counter 140. The frequency-divi ded signal, FD and the
pul se-wi dth converted signal [err] are generated by the programmable fre-
guency divider 122A as follows: Denoted at CK is an internediate
frequency-divided clock signal, [err] a starting signal for the
programmabl e frequency divider_ 122A

o coimamiasd s s i i kol Fefafbied il oo
DELgH e arie i b A
ijinvmieghtlt i (ﬁ v]'r‘g'f"%a%sfo_ré}%{e%i ghal Te‘?‘?]} ?@B‘%‘?‘%‘{'ﬁ?gﬁé‘? dl_—f}"éef:gg%aﬁ?ognd. -

B vt ENLLEL

internedi ate frequpéy-tike Weed £8 00k gam@a {K and prodreddiny Lbe
prescal er 32 when the sjgnal [err] is frequency-divided in this manner.
When the stcaided & oowtp S 2signalippd i edThe heperationoof cbhet eefed4 keeps
the division control signal [err] high in level while it i's counting m

pul ses cﬁendme¢s¢£&lﬂtb2ddd?i®qneht%rdthed@@attécksgibhéﬁofeli?ﬁrTﬁge

swal | ow counter 134 then keeps the division control_signal _[err].laowin

| evel untphaseccomnaratartlhy. st@alowTpass §§%B?Feh?5Th€nﬂa§ﬁeCXGﬂter 136

frequency-divid the i - di T _
O Ghks e Samd' a5 "Eriaf! SE°chbSSHENA 1A' #EE. °10%6nd' 42TL K DY

Lok

not be described in detail.

The programmable frequency divider 122A, which is
an essential featurezbf the present iﬁvention, will now be
described below. '

The prdgrammable freqﬁehcy divider 122A has a.
2-scale-factor preSéaler 132 which is_éupplied with the sig-
nal Fg to be frequency-divided aﬁd.ﬁhich has selectable _
division ratios, a swallbw counter 134, a main counter 136,
and a D/A converter counter 140. | :

The freqﬁency-divided signal ED'and thé pulse—width
converted signal DAP are generated by the programmable fre—
quency divider 122A as follows: | |

| Denoted at Ckx is an intermédiate frequenéy-divided
clock signai, Sp; a starting'signal fqr.the programmable
frequenéy divider 122A, Sp2 a starting sighal for the shal-'
low counter 134, Mgp a division'control.signal for the

2-scale-factor prescaler 132, m and n division ratio setting

- 12 -



the frequency-divided signal FD, and delivérs the starting signal [err]
each time it counts n pulses. In response to the starting signal [err], the
D) A converter counter 140 renders the pul se-wi dth converted sig- nal [err]
high®n level during an interval in which it counts p pulses of the

i nternmedi ate frequency-divided clock signal [err]. After having counted the

P pul ses, cédés D AuRBE¥E] | €and OpNd e/ A Ao ieery£68 et Sh@rédde® signal ST2.

The D)A - 13 - converter counter 140 keeps the:pul se-wi dth converted
signal [e(mhmberyin |level until the next starting signal [err] is applied
thereto. FIG 3 shows another programable frequency divider 122B which can
be used in place ofhehz-scabeafactde prescalencl3zlididbies 22heifirehe slip
phase control PLL illus- trated in Flyg 2. The programmabl e frequency

By o TR oxcent ot he stact moransl LoreT o earathe sl -
ow count B 4E00 ALRER R <oBftoh o inh Mamrols lof ikt 2 o'a °'°
grg;g;gf&é‘?gf { %‘# 4%2%?‘3?% fﬁrgz ?f-@%‘é‘??f n?%gaﬁéor%f%‘%ﬁbﬁt éwggﬁﬁhg'{:;ded
a divisi olgn c%?)%ﬁr'o a;‘?g%ﬁé#g?lt#gr@is%gl%ﬁ?:%%irbs%?}gs% %Og%?é%]énd n VD

divL;ion m&gigssgfténgoﬁo@§§ 1@ugpgrs&heafﬁkékﬁb§1£t§09yé§§§ﬁ@ysetting code
(n er)-divided clock signal Cg is produced by the prescaler 32 when
the signal Fg is frequency-divided in this manner.

When the starting signal Sq5 is supplied, the swal-
low counter 134 keeps the division control signal Mgp high
in level while it is counting m pulses of the intermediate
frequency-divided clock signal Cg. The swallow counter 134
then keeps the division control signal Mgp low in level
until the next starting signal Sp9 is supplied. -

The main counter 136 frequency-divides the interme-
diate frequency-divided clock signal Ckx by n, thus producing
the frequency-divided signal Fp, and delivers the starting
U signal Sqj each time it counts n pulses. "

In response to the starting signal Sg;, the D/A
converter counter 140 renders the pulse-width converted sig-
nal Dap high in level during an interval in which it counts
p pulses of the intermediate frequency-divided clock signal
Ck. After having counted the p pulses, the D/A converter

counter 140 delivers the starting signal Spp. The D/A

- 13 -



The 2-scal e-factor prescal er 132 divides the fre- quency of the signal
[err] by [err] + 1 during an interval in which the division control signa
[err] is of a high (H) level, and divides the frequency of the signal [err]
by [err] during an interval in which the division control_signal MDD is{@ﬁ
a low (L) level. The internedi ate frequency- divided clock signal [err] I'S
produced mmonvertersaainte3sZldhcreepe themiljerwidth domgriered -siignalkd in
this manner. - 14 - When the starting signal [err] is supplied, the

swal - | owDapurian irpiedsbintbl dile ekt c%’?ﬂﬁ*élngi%lﬁﬂa{ &1l hgh in |evel
while it is counting mpulses of the internediate frequency-divided cl ock
si gnal CkaPRidedh &Rt Qunt er 134 generates the starting signal ST21 when

| ow counter 134 t htL ook RIS G BHR, T MRt R o e e, ATy e
Ut 1] ok N B e 05 1 2eg 0P LA o E MO REL 10
Starting SBRRT AAAQE JRNTET NG LT DR ST o LIRS 8
starting drvadd [181 '"Bxcihe. DY A converter counter 141 renders the

pul se-wi dth converted sig--nal [err] high in level during an interval in
which it counts p mHegrafranmabld ef meglieney fadbvlderyr28pi tedessenk si gnal
CK. The D/ A converter counter 141 then keeps the pul se- width converted

si gnal [erbdjaligy tihe |sars amtihe tprogrammable tfrequeneinl d STRder s12ppl i ed
thereto. except that the startingléignal Sty is supplied to the swal- .
low counter 134 and another starting signal Spy; is supplied Q—J
to a D/A converter counter 141.

‘Denoted at Cx is an intermediate frequency-divided
clock signal, Sp; a starting signal for the programmable. -
frequency divider 122B, Spg9; a starting signal for the D/A
converter counter 141, Mop a division control signal for the
2-scale-factor prescaler 132, m and n divisién ratio setting
codes (numbers), énd p a D/A conversion setting code
(number). _ _

The 2-scale-factor prescaler 132 divides the fre- o
quency of the signal Fg by ZM + 1.dufing an interval in
which the division control signal Mgp is of a high (H)
level, and divides the frequency of the signal F¢ by
2, during an interval in which the division control signal
Mop is of a low (L) level. The intermediate frequency-
divided clock signal Cg is,produced by the prescaler 32 when

the signal F¢ is frequency-divided in this manner.
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The total division ratlo q" of the progrannable frequency dividers 122A,
122B i s expressed by: q = ([err] + 1) xm+ Jerr] x (n-mM M=m+ [err]
X n . .(7) The nunber e of counted pul ses of the
pulsex,duratlon converted signal [err] is given by: e = [err] x p The train
of pulses fromthe DA converter counter has a pul se duration ratio d as
follows: - 15 - WHerRRjheNstantingsismal 8y ils Bupplged , thhe eswal -

obtai ned a D/ A-converted vol tage (or current) which is proportional to p,

i.e., thedguieuaker i tokasredhs ghivisiqn mnieok Hvéigrealatumﬁqh n [err]
+p nust be satls- #¥élln order to obtain a cont aa us| varlable di vi si on

ratio, ¥ qi%ﬁ‘?}’r‘fﬂ?jsn%d?]tﬂ"}ﬁﬁﬁ%![ Y f aksh by: q
] et e A peseabies
\pg(r)otpg?'?i gng gﬁtetﬁ Etga(ﬁi/ﬁ ﬁ#@@[ t %ﬁﬁ%%@l%ﬁzfn I nver Isgl yI >
proporti Q!Bﬂnﬁi‘hdnd'f 2tné< > pﬂ%éﬁw%ﬂ&m\&ﬁl LiGrfan dy odugfe aWHghl y

accurate output sig- nal [err] which has a high N ratio and a good NF. As
can be unga sioartdy ArB4 htherb Reeplesthe @ik idhedithalonsieidalr Mgyint er

produces a D/ A-converted signha
low in level until the next starting signal S¢j 1is supplied.

The main counter 136 frequency-divides the interme-
diate frequency-divided clock signal Cg by n, thus producing
the frequency-divided signal Fp, and delivers the starting
signal Syp; each time it counts n pulses.

In response to the starting signal Sg53;, the D/A
converter counter 141 renders the pulse-width converted sig-
nal Dap high in level during an interval in which it counts
p pulses of the intermediate frequency—divided clock signal
Ck. The D/A converter counter 141 then keepé the pulse-
width converted signal Dpp low in level until the next
starting signal Sqg9; is applied thereto.

KJ The total division ratio g" of the programmable
frequency dividers 122A, 122B is expressed by:
q" = (ZMP+ 1) xm+ 2% x (o - m |
=m+ 2% xn ce e (T)
The number e of counted pulses of the pulse-
duration converted signal Dpp is given by: e = 2M x p

The train of pulses from the D/A converter counter

has a pulse duration ratio 4 as follows:

15 -



which i's proportional to the pulse count and inversely pro- portional to
the total division ratio, and the total divi- sion ratio is controlled by

the swal |l ow counter and the main counter. The limtati on which the

successive division ratios are subject to is [err] or higher, and theilqg?
sig- nal can be frequency-divided by n according to the preset nunber n r
the main counter without ag¥ special addition or subtraction processes. -
16 - The slip pfaSe—contrar PCC ZcBording to the present “i*d®ntion is
relatively sinple in arpaﬁgéneﬁtnfor hi ghl y accurately canceling out a slip
phase wawhennthé pudsphézraincdspavedagetiputhergndl, obltiadhneds aapplied to
the VCOto con- trol the osciltlation frequency with a high N ratio. The
pr ef er r eddébodnventedovolikaggr doancuryest)i whichn isr properiionad fiease
control PLL which can generate a_high- frequency | ocal oscillation signal
or transnPtttdeescthrabPulsgnwidiharopverked.#40081i Ragrval s or steps in a

T ety BheClsh1g s ReoPEWET Lo bRty ol he
i gnal ' protedoERgoBRa o th, BRRATE T shp3rbBiN IS Yk ably MEEsEeR) nign

I h h ' f ' d
descr; bect 2 0gnElf g e ET0R BatE LI EN Rt AR S AL ey
be nmade tbgr&ioeﬁﬁbpgut_departjng fronlthe.scope of the appended cl ai ns.

g2 2« (Mip) = 2w ML) ee(9)

In the range of 0sSps q - ZM,_there can be
obtained a highly accﬁrate averaged D/A.;oﬁverted voltage
(or Currentj) i.e}, the pulse-width convérted Signal Dap.,
which is proporfional to the D/A_conversion setfing code
(number) p and inversely proportional to m + oM x n, and
hence the_VCO 118 can produce é highly éccurateuoutéut sig;
nal Fo which has a high C/N ratio énd a qud.NF.

As_can'be_understood from the_ébove description,
the D/A converter counter produces a_D/A-converﬁed signal
which is proportional to the pulse count and inversely pro- o
portional to the totél division ratio;'and the total divi- | S‘J

sion ratio is controlled by the swalloh éounter and the ﬁain
counter. The limitation which the.successive division
ratios are subje;t to is 2M+l or highef,.and the input sig-
nal can be frequency-divided by n according_td the preset
number n for thé-main counter without any special addition

or subtraction processes.
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- 17 - -18- CLAIMs: 1. A slip phase control phase-I|ocked | oop
conprising: a voltage-controlled oscillator for generating a
frequency signal; binary progranmable frequency dividing neans for
producing a frequency-divided signal in response to said frequency signal
suppﬁféd thereto, said binary programmabl e frequency di vi di ng means

i ncl udi ng a 2-scal e-factor prescaler, a swallow counter and a main

counter; phase-conparpyy/dinty i ‘ﬂﬁﬁns for%agﬁaa i e of
sai d frequency-divi de'rc}ﬂgiéglnrlg%\nr?étié]t c’e p asep%? ag: re e?lr ncr{g’ t?.‘Irée ue%%?t
_signal, intjgieititth i& rRRGVEPYRHIE A larrandfethentPFor B ghll
“integrated  signal to said voltage-controlled oscillator; and A
converting resmuraiely icangeldny Aubdy aliiy pheld aaveddticiof ahé phasd-A
‘converter nmamin counter, said D/ A converting neans connected wth said
‘bi nary progcompades foukpwdnsighiali diwiygaledss appl iBdA toorther ¥iO0g ta Togaal

derived from sai d frequency  signal and out putting a

pul se-wi dt htweduthe Psaigdation fxamenay widha aphdgh &/MNpratdoa phase
shift of said phase-conpared signal at a preset count, wherein sai d
pul se-wi dth . converted signal is integrated together with said phase

conpared signal afite pppfdreddt enmdigents| o dbe qoebenti [iederason|daat or . 2. A
1P phase ool 5gl JPhase: Lacked LORRTOBRE! Shih San"SbhafSiEon hObhS]
frequency local oscillation signal or transmitted oscilla-
tion signal at successive intervals or steps in a radio
tfansmitter/receiver or the like.

The preferred embodiments of the present invention can also pro-
vide a slip phase control PLL which has a relatively simple
circuit arrangehent to reduce a circuit scale and a signal
processing scale and which controls an oscillated frequency

highly accurately.

Although certain preferred embodiments have been
shown and described, it should be understood that many
changes and modifications may be made therein without

departing from the scope of the appended claims.
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frequency signal; binary programmable frequency dividing neans for
produci ng a frequency-divided signal in response to said frequency si gnal
supplied thereto, said binary progranmbl e frequency : dividing means _

i ncl udi ng a 2-scal e-factor prescaler, a swallow counter and a main - 7w
counter; phase-conparing/integrating ﬁ%ah% Tor conparing the phase of séfd
frequency-divided signal wwth the phase of a reference frequency signal,

integratingégéﬂegse-conpared -19- signal, and applying the integrated
signal to | tage- controlled oscillator; and a D/ A converter counter
connected with said main counter, said DA converter causing said swal | ow

counter to,starty ligi S;{}Ehnafaé&gaﬁ Cﬁ&‘é(%tf&cﬁé’&”i&&poﬁbﬂﬂﬂgﬁﬁg.

pul se-w dt nDIduat correspondl ng t
shift of said pﬁaseveéﬁﬁaeeeoetgﬁérleéfteqsehlhat«arn dfmt ergqmart:mgshe@

i counting pgl ﬁangfyngmwlng sai.d pul se-w dt h-nodul ated signal to said
phase- conpare i.gnal hase contr ol e- | ocked | 00

conpri si ng: QFHE% CBHPFEFPQBB1§SCIf%%ﬁ%ﬁncyfOpfé%ﬁéﬁﬁ J%a for
frequency glrgﬂalqlrtg nar y £ requenay~dilvi ded egtiignay ﬁnvrnbsmonseartm stdd
produci ng f Y | e lg 1 ns e | I
suppl i ed t%éﬁﬁﬁgﬁgé. Q%M%gr%u% 3%5 E&ﬁf@@?eqﬁg%g %ﬁé%%# QESBEXm&a%E%
i ncl udi ng f£rgquencycal éhf‘%i'(ﬁl(ﬂg pr EReANEr | H‘%M}@W codnt ef— Eﬁé]-& gackor

counter; prescaler, a swallow counter and a main counter;

' - phase-~-comparing/integrating means £for comparing the
phase of said frequency-divided signal with the phase of a
reference - frequency signal, integrating a _phase—cqmpared
signal, and applying the integrated signal to said
voltage—controlled oscillator; and

D/A convertlng means compr:l.s:mg a D/A converter swallow
counter and a D/A converter main counter, ~said D/A
converting means connected with said binary programmable
frequency dividing means for D/A converting a signal derived
from said frequency signal and dﬁtputting” a
pulse-width-modulated signal correSponding to a phase slip
and . a phase shift of said phase-compared signal at a preset
count, wherein said pulse-width converted signal is
integrated together with said: phase compared signal and
applied to said voltage controlled oscillator.

2. A slip phase control phase—lpcked loop comprising:

a voltage-controlled oscillator for generating a
frequency signal; |

binary programmable frequency dividing means _for
producing a frequency-divided signal in response to said
frequency signal supplied thereto, said binary programmable
frequency dividing means including a 2-scale-factor
prescaler, a swallow counter and a main counter; '

phase-comparing/inteqrating means for comparing the
phasé of said frequency-divided signal with the phase of a
reference frequency signal, integrating a phase-compared

-
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phase-conparing/integrating nmeans for conparing the phase of said
frequency-divided signal with the phase of a reference frequency signal,
i ntegrating a phase-conpared signal, and applying the integrated
signal , to said voltage-controlled oiglllator and a D/ A converter
counter connected with said swal |l ow cGu and said main counter, said
swal | ow count er causing said DA converter to start counting, said EVA

converter ¢o Wi d [
cort espondt S 5/ o apfo AP ene® snedliatEd AP0 T ELe vol el
signal afecenrtrghled @aeilbatocounn@r has fini shed counti ng ulses,

and for addi ng sai d pul se-w dt h-nodul ated signal to said
phase- conpared si A slip phase control phase-1ocked | Qg

- p
substantially & %@F%lnSBPBFEtGESCFPHQ§QHthQQﬂ§9¥ﬁﬁmaWb thi g§pdd; grin

Figures 2 d¢surter, said D/A converter causing said swallow counter to
start counting, said D/A converter counter outputting a
pulse-width molduated signal corresponding to a phase slip
and a phase shift of said phase-compared signal after said
main counter has finished counting pulses, and for adding
said pulse-width-modulated signal to said phase-compared
signal.

—/ 3. A slip phase control phase-locked loop comprising:

a voltage-controlled oscillator for generating a
frequency signal;

binary programmable frequency dividing means for
producing a frequency-divided signal in response to said
frequency signal supplied thereto, said binary programmable
frequency dividing means including a 2-scale-factor
prescaler, a swallow counter and a main counter;

phase-comparing/integrating means for comparing the
phase of said frequency-divided signal with the phase of a
reference frequency signal, integrating a phase-compared
signal, and applying the integrated signal to said
voltage-controlled oscillator; and

a D/A converter counter connected with said swallow
counter and said main counter, said swallow counter causing
said D/A converter to start counting, said D/A converter
counter outputting a pulse-width-modulated signal
corresponding to a phase slip and a phase shift of said
) phase-compared signal after said swallow counter has
- finished counting pulses, and for adding said
pulse-width-modulated signal to said phase-compared signal.

4. A slip phase control phase-locked loop substantially as
hereinbefore described with reference to Figure 1 or Figures
2 to 3.

A



