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PHASE- LOCKED LOOP CI RCUI T AND RADI O COMMUNI CATI ON APPARATUS |
USI NG THE SAVE BACKGROUND OF THE | NVENTI ON :Wﬁfmefﬁag
present invention relates to a phase- | ocked | oop (hereinafter ¢
referred to PLL) for a transm s- sion systemincluded in a portable
term nal for convert- 51ng an internegLP[p frequency (IF) signal into a
radi o frequency (RF) signal mainly 1 the nobile comunication

and the portable term nal for r-adi i i using the PLL.
Orpy L%E:&DC%'H&{‘ ecf%dﬂl’ro AND

A PLL systemusing a local ‘signal ftrequen onvert an input

si gnal frequency f[erghprpt eoRPuURYERYTON appSRAPES (EeNueeay Ehagr]-flerr]
is described in Chapter 10.3 of "PHASELOCK TECHNI QUES"

(1 SBNO- 471-04294-3) issued by John Wley & Sons and is shown in Fig.
10. In Fig. 10, a phase conparator 18 conpares a phase of an input
signal 15 frequency flerr] with a phase of a reference signal frequen-
cy f[err] and PHrEERREIND QF JPiE BYUPHEGMnal to a phase di fference
bet ween the two input signhals. The output signal of the phase

conparator (PD) 18 is suppfiRpeseny inventigp ieLdfes t? UPHSED in which
unnecessary h ni 20 conponents and noise are ved fram.the out put
Si gnal MR pE et et SE 2 R A PR L S
a VCO 20. An oufput_freguenc err] of th 0.1s. ppl i.ed .t hrough .
a coupler 21 t%l(g#n?&é&&gzl?%l%&eeémjx%aé poretav\é%ztae’%“gl&ﬁl sfloﬁao VreerqfitJency

f:[feEre]r-r] AN ﬂJérr 'éﬁsw%d%tefﬁeé&deﬂy {1 JNIenA2 e/ b Flerrl]
frequency (RF) signal mainly in the mobile communication
and the portable terminal for the radioc communication
using the PLL.
| A PLL system using a local signal frequency f,,

10 to convert an input signal frequency f,, into an output
signal frequency f,,-f,;, is described in Chapter 10.3 of
"PHASELOCK TECHNIQUES" (ISBN0-471-04294-3) issued by John
Wiley & Sons and is shown in Fig. 10. In Fig. 10, a
phase comparator 18 compares a phase of an input signal

15 freguency fm with a phase of a reference signal frequen-
cy fiee and produces a signal proportional to a phase
difference between the two input signals. The output
signal of the phase comparator (PD) 18 is supplied to a
low pass filter (LPF) 19 in which unnecessary harmonic

20 components and noise are removed from the output signal
and an output signal of the low pass filter is supplied
to a VCO 20. An output frequency f,, of the VCO 20 is
supplied through a coupler 21 to a mixer 22 to be mixed
with a local signal frequency £,,. An output frequency

25 £, of the mixer 22 is given by f ..=f,,-f,.. Since the



- 2- out put frequency f[err] of the mxer 22 is equal to the
frequency f[err] when the PLL is in the | ock state, the I nput si gnal
#requency f[err] is converted into the out put frequency
flerr]=f[err]-f[err] of the VCO 5 As ot her exanples of the
PLL system for the frequency conversion, British Patent No. GB2261345
and United State Patent No. 5313173 nmay be referred to. These

ref erences al so use the sane nethod as the funda- mental principle of
the PLL circubttputOfrequency f.Jl Nofhehabniteted2ridvesyeal ctvtthé he out put
signal of the phase conparator 1s directly supplied to t he | ow pass
filter. Accor dreghgnciynfor ddent ahgbPadilnis in thehdothr ssettel i thetine, it is
necessary to broaden the frequency band of the PLL. On the other hand,
however, 15 wheutt Réghpéqfzrapebardfiss isr coavrsdedt hate theaopitapitem

t hat output noi se is increased. Further, the circuit described in
Chapter 10.3 &FeIPARSK| fer fieds e 'VCO. (| SBNO- 471- 04294- 3) i ssued by
John Wley_& Sons is not consi der.ed to b used in a gortablﬁ term nal .

20 5 Fig. 11 .ﬁ%at#’gf@w deSAte the BLY; sygtem for t
N |
[ype phace coRbarsEaey; E8pRags18n: "hre idn bEEREETToT epaaatotRaiar age

type phase conpa a ¥ §°0<e e voltage

out put type pbai%eaogmartat 95teng N%?» 5’3‘159'7&3&@%0%@ rakbedogsell I ator (VGO

24, a coupler 25, m xer a reset switc a power supply 28 for
use in shorte@h@geoie@e%@hbbsnalbbnasan@ha kaMePA&thod asf th&efukfa-

Usually, in the PLL circuit, the | ow pass filter, the VCO and the
coupl er are meated epwihbeépPelof the PLL circuit.

10 In the above-described circuit, the output
signal of the phase comparator is directly supplied to
the low pass filter. Accordingly, in order to obtain a
shorter settling time, it is necessary to broaden the
frequency band of the PLL. On the other hand, however,

15 when the frequency band is broadened, there is a problem
that output noise is increased. Further, the circuit
described in Chapter 10.3 of "PHASELOCK TECHNIQUES"
(ISBNQO-471-04294-3) issued by John Wiley & Sons is not
considered to be used in a portable terminal.

20 Fig. 11 illustrates an example of a circuit
configuration for shortening the settling time when a
voltage output type phase comparator is used. The PLL
circuit includes the voltage output type phase comparator
23, a voltage controlled oscillator (VCO) 24, a coupler

25 25, a mixer 26, a reset switch 27, a power supply 28 for
use in shortening of a settling time and a low pass
filter 29. Usually, in the PLL circuit, the low pass

filter, the VCO and the coupler are mounted on the PLL



3. circuit externally. In this exanple, since the reset swi tch
27 and the power supply 28 are connected to the | ow pass filter 29,

the reset switch 27 and the power supply 28 are al so

mount ed on the

PLL circuit externally. 5 Whil e the PLL operation is

perfornmed, the reset swtch 27 is qpgn_(off state).
cuit is in the phase-locked state, the VCO 24 produces an

When the PLL cir-
out put

signal having a fixed frequency as a center fre- guency. A small radio
comruni cat i on cdpsaridt exxtsunialdy.a ID0 thdst ebkaptiel cphione rbet kespér f or ns
transm ssion in the time division manner. In this operation, a

transni ssi on Switghed7o@nidh Ghiei PPwere sepPlyi R8uprei sonpekéadt op&htor m

transm ssion with the fixed center frequency and a trans-

m ssi on stop

period in whléPWtR§SFLE1&§€Fé@|ontP§ 6§ﬁﬁt syitePed7aPndr thRePPKEAsHI ssi On

period are perforned .. Further __there is

a communi_cation

systemin whi & 2tBh(?rt‘er alsq §'§'u8ﬁ:eldr 8&u§ﬁ€yplr-‘§' CRZIRYEE gETETRELLYIn

PLL IS Iacked

- d. | h ,
gieHer ent equegcys/ugf t g‘FhCl‘zllseprtek}?et i REF o d rp&‘ﬁhfeofﬁleggnc@q ation of
the |ocked stalge QL &utéﬁhs 22qg %p\Y?%Ot(of_f sta%g fohhéﬁs‘girixé' BYr! Rg PLL

operation is supplie o the rese swtc

S prOV|ded I n

order to appl¥yit ist @ f@sebnedltagereiherathe rtﬁéevc@wnzucer%&ubésclaﬁsed
(on state), an input potential of the VCO 24 bécones 0 25 volt and t

out put frequertitphac @iRmad MakiifgMaoFikkkda frequentiyOBsfl beguarey. fre-
The vol tage out put type phase conparator 23 requi res an operati onal
anplifier 272guencyonvey tsmad laradio communication apparatus such as a

10 portable telephone mostly performs transmission in the

time division manner. In this operation, a transmission

pericd in which the PLL circuit is locked to perform

transmission with the fixed center frequency and a trans-

mission stop period in which the PLL operation is can-

15 celed after the transmission period are performed repeat-

edly. Further, there is a communication system in which

the transmission frequency is changed at a certain peri-

od. In such a case, the PLL is locked in the same or

different frequency after a predetermined period from

20 cancellation of the locked state. For this end, a volt-

age for resetting the PLL operation is supplied to the

VCO. The reset switch 27 is provided in order to apply

the reset voltage. When the reset switch 27

is closed

(on state), an input potential of the VCO 24 becomes 0

25 wvolt and the output frequency becomes a minimum oscilla-

tion frequency.

The voltage output type phase comparator 23

requires an operational amplifier 272 for converting a



-4- voltage output into a current output in order to supply a

current to a low pass filter 271. The operational anpli- fier is
necessarily required to adjust its operation characteristic and
accordingly it is difficult to fabri- 5 cate the operational anplifier
into an 1 C chip. The negative DC voltage power supply 28 applies a
negati ve bi as voltage to an inverted 1 nput of the operational

anplifier 272 to thereby shorten the settling tinme of the PLL. Since
it is difficul¥oleagensiapettimto negaitvent Idutplt age ovddrt ned heuggleha p,
the circuit of the negative vol t age power supply 28 nust be di sposed
out si de of thecurrehr€ thi®.low pasSUMIERT Y7 THE Thé/Epe@ional ampli- A
phase-1 ocked | oop (PLL) circuit according to 15 the present invention

enpl oys a phastiebnparaeeesadrily reguived otr pAJusihel tBPORENFGIMe current
out put type phase conparator in the PLL circuit, it is not required

to use an oper%‘?@%?eﬁhﬁn&@i%?di@F%P’FWQ)la}ésl"FHSE difficylppyo PrL
circuit inc%udin t he current. output t%ﬁf' 20, phase co rator, the LPF and
a reset switchCehf bRe oreratipnahi Pl 1ifh U ARG CER 1 hetl® when a

or Wi th the cPYERE Yo RE Ry ROEREtE R i S Pl iS¢ TGt ne
start of cont rﬂiagfv%f@#%%%ﬁaﬂ he,d Qeked fﬁa@;@,%ﬁ ﬁ%% E@é%fastiém settling

time can be shortened. circult cor e present
invention real igsPiff€r 272 to thereby shorten the settling time of the

PLL. Since it is difficult to generate this negative
10 wvoltage within the IC chip, the circuit of the negative
voltage power supply 28 must be disposed outside of the

IC chip.

SUMMARY OF THE INVENTION
A phase-locked loop (PLL) circuit according to
15 the present invention employs a phase comparator of
current output type. By using the current output type
phase comparator in the PLL circuit, it is not required
to use an operational amplifier in a low pass filter
(LPF). The PLL circuit including the current output type
20 phase comparator, the LPF and a reset switch can be
fabricated within an IC chip. Further, when a current
source for supplying a current to the LPF is used togeth-
er with the current output type phase comparator, a time
from the start of control of the PLL to the locked state,
25 that is, the settling time can be shortened. The PLL
circuit according to the present invention realizes the

compatibility of the short settling time or increased



conpatibility of the short settling tinme or increased
-5- settling speed and | ow out put noi se w thout broadeni ng of
¢ he band of the PLL. Furt hernore, the radi o comruni cation
appar at us according to the present invention includes a transm s- 5
sion unit having the PLL circuit using th§ current output type phase
conpar at or . In the PLL cir&uit of the present invention,
since an operational anplifier is not required in the LPF and the
reset switch isethabhigcabpedd ananibe ebitputr Ablise WOtABLLI b¥oaA€ning of
productivity of the PLL can be inproved and the radi o conmuni cati on
appar at us cantbe badd sfatthe PLL. BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig. 1 is a block diagramillustrating an enbodi ment of a PLL circuit
according to the presentfurthemmon®, dire radio communicafign 2Apparaestusat es a
definite enbodi nent of a | ow pass filter used in the PLL circuit of
the present accorgjagtitenthe present inventign 3nfiudesi agtaanshddirng a
deflnlte exanpl.e 20 of a closed | oop transfer function in the enbodi nent
the PELOR: PR h@F’lPHetBPegé'Ert CiRGUALi BAing the current opfguty g
a bl ock dlagr mill stratln t her enbodi ment of a PLL circuit
according to ﬁg ppéggﬁtco arF%?Ention; 25 Fig. 5 is a block

diagram il lustrating angthghe prreTRYUIR L fkrd BrbsthtcHileAtgandi ng to

t he present
since an operational amplifier is not required in the LPF

and the reset switch is fabricated in an IC chip, reli-
10 ability and productivity of the PLL can be improved and

the radio communication apparatus can be made small.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram illustrating an

embodiment of a PLL circuit according to the present
15 invention;

Fig. 2 illustrates a definite embodiment of a
low pass filter used in the PLL circuit of the present
invention;

Fig. 3 is a diagram showing a definite example

20 of a closed loop transfer function in the embodiment of
the PLL circuit of the present invention:

Fig. 4 is a block diagram illustrating another
embodiment of a PLL circuit according to the present
invention;

25 Fig. 5 is a block diagram illustrating another
embodiment of a PLL circuit according to the present

invention;



i nvention;
6 is a block diagramillustrating still anot her enbodi nent of a PLL
eircuit according to the present invention; Fig. 7is a
bl ock diagramillustrating still 5 anot her enbodi nent of a PLL circuit
according to present i nvention; Fig. 8is acircuit
diagramillustrating a definite enbodlnent of a current output type
conparator used in the PLL circuit according to the 10 present

phase

i nventi on;
definite enbodi nent of a reset switch used in the PLL circuit of the
i nventamother embodiment ofig.PID ¢hrauibt cadcabrdigigante [thstrating a

pr esent

15 general

- 6- Fig

Fifl g6 9si 8 B16tkCaibgHbRyiaDustl&6ingt s0918

configuration of a PLL circuit; Fig. 11 is a

bl ock di agram présentatnvgnbi®hi circuit using a voltage output type
phase conpar at or; Fig. 12 is a block diagramillustrating an
exanpl e of a radio comufi@at VoAsSt arhifaek dpparanusligshgatingtaeiblL

circuit of the present invention 13.is a bl ock dlagram
i | lustrating a?ékf.er em%??bﬁ??td?fs?|??Ldﬁbﬁ¢ﬁﬁtEﬁékﬁﬁ TRIFHME to

t he present i hvention; and Fig. 14 is a block diagram
illustrating a TBYENTE2R i rcuit of still another embodi ment according to the
present invention.

10

15

20

25

Fig. 8 is a circuit diagram illustrating a
definite embodiment of a current output type phase
comparator used in the PLL circuit according to the
present invention:;

Fig. 9 is a circuit diagram illustrating a
definite embodiment of a reset switch used in the PLL
circuit of the present invention;

Fig. 10 is a block diagram illustrating a
general configuration of a PLL circuit;

Fig. 11 is a block diagram illustrating a PLL
circuit using a voltage output type phase comparator;

Fig. 12 is a block diagram illustrating an
example of a radio communication terminal apparatus using
the PLL circuit of the present invention;

Fig. 13 is a block diagram illustrating a PLL
circuit of still another embodiment according to the
present invention; and

Fig. 14 is a block diagram illustrating a PLL
circuit of still another embodiment according to the

present invention.
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DESCRI PTI ON OF THE PREFERRED EMBODI MENTS A PLL
circuit according to an enbodi nent of the present invention can be
used in a transmtter of a radi o communi cation term nal apparatus such

as a portable
exanmpl e of a radi o comunication termn nal -apparatus

5 telephone. Fig. 12 is a block diagramillustrating an

circuit according to the enbodi nent of the present invention. The
comuni cation term nal appa- ratus can use in various comrunication
systens such ZESCRIFGSIN @RITHE HREFERRED EMEODIMESTSTUNI cati ons), PDC
sonal Digital Cellular), PCN (Personal Conmmunication

Net wor k) and PHS ( Per sonfl PHarchiptwite ®yenwding to an embodiment \af ce

(Per-

produced by a user is converted into an electric audio signal "Audio

i ncluding the PLL

in" by means dfhey nRegent IweiHgen @ant behawed 48d & Sriemsaitdent @fa® i nput

t er m nal

and Q
degr ees.

nodul ati on m
| ocal oscillation'sig
and i s phase-
sup- 25 plie

of

a transmtter 40. The audi o signal "Audio

rafig, communigagion @Al CPRELStNG SUSReSS0R BOLLRS S -

in" is convert

i R B NP5 sl B TSRS, B, 20 0

‘ﬂéé%&éﬂ§$f§f§éﬁi‘ﬁﬂéﬁ%&dﬂ%ﬁﬁ;?ﬁnyggqi%%1b%gga

gene ocal gna

aﬁ%ggncy. A

gener at or

33

gﬂitd;l&f%ﬂ&erxgmté\lﬁ%&() AeBaS A ANAY e ie%:tbrcidllﬂxte?ﬁ: 3% to be

ation mxer 31. Theré€after, the signa

produced by tRéhdMipeisehk | iveiei.ed e &diimunlidatiion 3brminaQf g -

present
A | ocal

I nvention into a frequency of a transm s-

osci | lattumn cdrgnale sippidreEbus communication systems such as

10

15

20

25

GSM (Global System for Mobile Communications), PDC (Per-
sonal Digital Cellular), PCN (Personal Communication
Network) and PHS (Personal Handyphone System).

A voice produced by a user is converted into
an electric audio signal "Audio in" by means of a micro-
phone (not shown) and is inputted to an input terminal of
a transmitter 40.

The audio signal "Audio in" is converted by a
digital signal processing processor 30 into I- and Q-
channel signals having phases shifted from each other by
90 degrees. The I- and Q-channel signals are then modu-
lated in a modulation mixer 31 and are converted into an
IF band frequency. A local oscillation signal is gener-
ated by a local signal generator 33 and is phase-shifted
by 90 degrees by a 90-degree distributor 32 to be sup-
plied to the modulation mixer 31. Thereafter, the signal
produced by the mixer 31 is converted by a PLL circuit 34
of the present invention into a frequency of a transmis-

sion frequency band. A local oscillation signal supplied

sion frequency band.



- 8- to the PLL circuit 34 is generated by a | ocal signal

generator 35. An output signal of the PLL circuit 34 is anplified by
an output anplifier 36 and then transmtted froman antenna 38 through
a switch 37, which is connect- 5 ed to the antenna 38, the transmtter

i ncl udi ng the processor 30, the m xerg 31, the distributor 32, the

| ocal signal oscillator 33, the PLL iﬁ, the I ocal signal oscil-

| ator 35 and the anplifier 36 and a receiver 39. The circuit

portion includidgdHdenn xarraitit W ihyeHerdaware eydiastiodaut @igadl the PLL
34 and a part of the receiver 39 in an area surrounded by broken Iine
of Fi 9. Yercarather 3Hor i cat editiputa sdigigile dfCthlel PLL circuit 34 is
Referring nowto Figs. 1 to 9, the structure and operation of the PLL
ci rcuit accor dimpyitfoachdwrdipdivtputtc ampitl fdfert (36 @nds direni rowemisimgre taxde
descri bed. Fig. 1 illustrates a basic configuration of a
PLL circuit ad@smialy anrama hddinmigh & sagh 8denwhich ijsngenniesit- The

PLL circuit_inc]udes a current qut put t ype phase conparator 1, a
const ant cérr@ré Qi athedmazéi%r'eé@(e %Q”éﬁﬁ§,’ce§ HLRGLHEEads itheer 4, a vco

5, a coupler 6 and mxer 7. The constant., curcent squrce.2 supplies a
const ant cur r SR :&/ o) g&‘m &%ﬁ? &%Ea:ﬁ&li’“r%or gigv\a‘r%@eaﬁr‘%%&ut
term nal of t o es SWi i o] t.ed
between the i %L#[n V'sie?@;nma%nla]]lalo‘%oeIr 23;3,t -t?g% gvr\‘/praarés %lgjlet \grotc%ria%d'g?‘ﬁ(ei g%%%ér%& The
reset switch 3Jator 35 HRETHNHnM RGO & heRBlilved BoUi t.

The current output type phase conparator 1 conpares a phase of an input
signal frequency flerr] whd hefrcuit portion including the mixer 31,
10 the 90-degree distributor 32, the PLL 34 and a part of
the receiver 39 in an area surrounded by broken line of
Fig. 12 can be fabricated in a single IC chip.
Referring now to Figs. 1 to 9, the structure
and operation of the PLL circuit according to the embodi-
15 ment of the present invention are described.
Fig. 1 illustrates a basic configuration of a
PLL circuit according to the embodiment of the present
invention. The PLL circuit includes a current output
type phase comparator 1, a constant current socurce 2, a
20 reset switch 3, a low pass filter 4, a VCO 5, a coupler 6
and a mixer 7. The constant current source 2 supplies a
constant current (shown by arrow E) from the ground
toward an input terminal of the low pass filter 4. The
reset switch 3 is connected between the input terminal of
25 the low pass filter 4 and the ground. The reset switch 3
is open during operation of the PLL circuit.
The current output type phase comparator 1

compares a phase of an input signal frequency f;; with a



-9- phase of a reference signal frequency f[err] and produces a
current proportional to a phase difference thereof. Wen the PLL
.circuit is operated, the reset switch 3 is open. In order to shorten
the settling tine of the PLL, the 5 output current (shown by arrow a) of
t he phase conparat or 1 is added to thg constant current (shown by arrow
b) produced fromthe constant current source 2 in an adder 43 and a
sum current thereof is supplied to the | ow pass filter 4. Incidentally,
t he adder 43 pRaSBrekyasrgperend@ Ligrslcordguedc £]), eanh middicesNen t he
current out put type phase conparator 1 is operated by itself and the
phase differeauerehtt peopaotiopal togaapsas¢edifferendeecthgrest. Whamied,
the condition for causing the PLL to performthe stable settling
operation is theaPhbdcéxguitnbatapeyated, theizegeVervbichhd 19| PROR NG
equation (1): [err] wher e the maxi num val ue and the m ni num
val ue of the BE Orde€oﬁﬁoﬁ€ﬁftﬁﬂ the 69?5&%“@u?%%%t°§r€h¢[%*F] Eﬂ% I[err]

ut current of constant curre

Source 2 18 Ipfppt & cgarent ?gﬁgwnmg PfPpaa) 7T Eor BAPt R URRS B AL E ssar y
the current. oot Bt SEORG SHacaechRBaPaE: Srrannt Tondun B mrsad B0 an
source 2 and 598&8&&8 EQSmSEHECHantant current source 2 in an adderxr

43 and a sum current thereof is supplied to the low pass

filter 4. Incidentally, the adder 43 is merely signal

10 1lines combined with each other. When the current output

type phase comparator 1 is operated by itself and the

phase difference of the two input signals £, and £, is

varied, the condition for causing the PLL to perform the

stable settling operation is obtained experimentally and

15 4is given by the following equation (1):

0.5 (Tyy | Tyyl)tl

T

where the maximum value and the minimum value of the DC
component of the output current are I,, and I,,, respec-
tively, and the output current of the constant current
source 2 is I ..

20 The low pass filter 4 removes unnecessary
harmonic components and noise from the sum current of the
outputs of the curfent output type phase comparator 1 and

the constant current source 2 and converts the sum cur-



- 10 - rent into a voltage signal to be supplied to the VCO 5.

The output frequency f[err] of the VCO5 is inputted through t he
coupler 6 to the mxer 7 to be mxed with the |ocal oscillation signal
frequency f[err]. The output frequency 5 f[err] of the mxer 7 is given
by flerr] =f[err]-f[err]. Wen the PLL_ ;5 _is in the locked state, the
out put frequency f[err] of the m xer 9 Is equal to f[err].

Accordi ngly, the input signal frequency f[err] is converted into
flerr]=f[err]-fétrinto a voltage sigrdl.td bd |aigiplaierd to dafa nia® Xircuit
of an 10 enbodi nent of the low pass filter 4. Electric charges are
stored in the Tha eassut i ftegudndy B, DEE coiviedt5 ofs inputted otitpogh
current of the current output type phase conparator 1. A charged

vol tage i s supphe ezbuplened V@D the mixems 7 Heo deg muiixed|widge Wie tincdbw pass
filter 4. At the 15 sanme tinme, electric charges are also stored in
capacitors osgibl3tiomasigert | FRRAYIREY ofwopasthe i PRl FFRIVRNEH NSt ant
cur - rent produced from:t constant current. squrce and

accordi ngl y th%iﬁsrféf:atq?ﬁ Te5S % i@ Y Erefidrqgderi s el e fdsed as
conpared with fhe, ca h st cur source 2 i t

provi ded. Cons%a%u’érr%t y? W‘?ﬁ%}&é 51:%2 t Iﬁég ?ulzgr%u%ff]ie%iuﬂ% iésfa*"s r?of'rS ttgl%ed.

The current S%&é@dyf{g%&@@ft@@tfgwrﬁ&&oraingfp}”&%e%ﬁ £ ne; by pass

filter 4 may be controlled to be a predeternined constant current from

t he begi nni ng predue cONSi dek8RvErtad oeneyr £€0E tegnporarily at the
begi nni ng aﬁguégg¥igﬁtly smal | const ant dﬁrrgntg?hereafter. In the

| atter case, the speed ofigtogi pyluberetestai Getiig€Scircuitads ben
i ncreased as conpared with the forner case.

10 embodiment of the low pass filter 4. Electric charges
are stored in the low pass filter 4 by a DC component of
the ocutput current of the current output type phase
comparator 1. A charged voltage is supplied to the VCO 5
as the output voltage of the low pass filter 4. At the

15 same time, electric charges are also stored in capacitors
C, and C, of the low pass filter 4 by the constant cur-
rent produced from the constant current source 2 and
accordingly the speed of storing the electric charges is
increased as compared with the case where the constant

20 current source 2 is not provided. Conseguently, the
settling time of the PLL is shortened.

The current supplied from constant current
source 2 to the low pass filter 4 may be controlled to be
a predetermined constant current from the beginning or a

25 considerable large current temporarily at the beginning
and a slightly small constant current thereafter. In the
latter case, the speed of storing the electric charges

can be increased as compared with the former case.



The transfer function F(s) of the |ow pass filter 4 is given by the

foll ow ng equation (2): F(s)= [err] (2)
Operation of the PLL circuit is analyzed when the filter circuit shown
in Fig. 2 is used as the low 5 pass filter 4 of Fig. 1. Wen the phase

di fference conversion gain of the curpent output type phase

conparator 1 is Kd [A/lrad] and the sensitivity of the VCO 5is Klerr]
[rad/s/V], the open |oop transfer function Ho(s) of the PLL is given by

the follow ng equation (Bie transfer function FEerdd thd[eiw |ddsd [err]
Klerr]Klerr](S+ [err]) .......... 3

Cerr]S[err]($lered )4 is givEh by the foAlldwWiing Eguatimnpdl2e:[err] [rad/s]

and a zero [err] [rad/s] of the PLL are given by the follow ng
equati ons (4) and (5), respectively: [err] (4)
1
S+
Fls) - Ll (2)
C,5(8+ €1t G )
! C,C,R,

Operation of the PLL circuit is analyzed when
the filter circuit shown in Fig. 2 is used as the low
5 pass filter 4 of Fig. 1. When the phase difference
conversion gain of the current output type phase
comparator 1 is K; [A/rad] and the sensitivity of the VCO
5 is K, [rad/s/V], the open loop transfer function Ho(s)

of the PLL is given by the following eguation (3):

K
H = K;F(s)—
S
1
i KdK-/(S+C2R1) (3)
tC,
C,5% {8+ 21
! ¢,C,R,
10 At this time, a pole o, [rad/s] and a zero o,

[rad/s] of the PLL are given by the following equations

(4) and (5), respectively:




12 - [err] (5) Fig. 3 shows an

exanpl e of a frequency charac- teristic of a closed |oop transfer
function Hc(s) of the PLL. As shown in Fig. 3, the |l oop shows the
characteri s- tic of the Iow pass filter. Accordingly, the frequency 5
modul ation and the phase nodul ation withip,the | oop band can be
reproduced at the output of the VCO and unneces- sary signals beyond

t he band can be suppressed. However, when the | oop band is nade too
narrow, the nodul ation accuyacy @t Cthe out put @ﬁ the PLL is
deteriorated and 10 when the I%bp ank,is made tob broad, it is

i nsufficient to suppress noi se beyond the band. In order to satisfy
the standard such as GSM it is necessary to select the | oop band from
the range of 1 Mz to 3 Miz. Fig. 4 illustrates a PLL circuit
according to 15 another enbodi nent of the present invention. The PLL
circuit includes a current output type phase conparator 1, a constant

current source 2, a reséti%wid Fh@'s £n ®Fample) L & ifreguency; ohgeas- a
coupler 6, a mxer 7 and a ower supply 8. The constant current source
2 produces a_ \#5 S & f%ﬂwéfmﬁgﬁﬂ]ﬁ@%ssﬁgo&urgftﬂp&ﬁﬁés{ 6 #h s
ermnal o ow _pas ilter 0 rqund. e reset _s ch 3is
connect ed bet&ggh t K& 15 &?’f@?ﬁ?ﬁélsof%h% qpﬁg X WﬁaggefFﬁFch S3A& "t he

power supply &;ic of the low paBR fAUTeENl AWHRYLiLYRS,PRARE seampARALor 1

5 modulation and the phase modulation within the loop band
can be reproduced at the output of the VCO and unneces-
sary signals beyond the band can be suppressed. However,
when the loop band is made tooc narrow, the modulation
accuracy at the ocutput of the PLL is deteriorated and

10 when the loop band is made too broad, it is insufficient
to suppress noise beyond the band. In order to satisfy
the standard such as GSM, it is necessary to select the
loop band from the range of 1 MHz to 3 MH=z.

Fig. 4 illustrates a PLL circuit according to

15 another embodiment of the present invention. The PLL
circuit includes a current output type phase comparator
1, a constant current source 2, a reset switch 3, a low
pass filter 4, a VCO 5, a coupler 6, a mixer 7 and a
power supply 8. The constant current source 2 produces a

20 constant current (shown by arrow b) flowing from an input
terminal of the low pass filter 4 to the ground. The
reset switch 3 is connected between the input terminal of
the low pass filter 4 and the power supply 8.

The current output type phase comparator 1



«

- 13 - conpares a phase of an input signal frequency flerr] with a
phase of a reference signal frequency f[err] and produces a current
proportional to a phase difference thereof. Wen the PLL circuit is
operated, the reset switch 3 is open. 5 1n order to shorten the settling
time of the PLL circuit, the constanf,current (arrow b) produced from
t he const ant current source 2 is added to an output current (arrow a)
of the current output type phase conparator 1 and a sum current

thereof is supphipedelso &t Phaseworassn &Hﬁh%r s4gnalOfrequency £ OpArd igon of
the PLL circuit of Fig. 4 in whi ch the POM/pass filter & shown in Fi g.
2 is used i s phasenof @esefcetice\\bagnkble fregaknew Feh 8ndsprbasedst a
performthe reset operation, the capacitors Cerr] and Cerr] of t he

| ow pass filt eurdearte priogogdd oy la tposi phaeesevdiffigeentd therbofpowdhesuppl y
8. The voltage of the power supply 8 Is set to a value higher than an
i nput vol t age the Phd gdocuit i5 gpegpéed) rdhghsgsefesSPLECH BcéBt ORGSR -

conpl eted the settling operation (upon the | ocked state). \Wen the
reset switch 30 9T6FEN&R R BPe §%§Féﬁpantﬁ§esP§the BhlegirehHdt,

i schar ged T oMFd RS BBt ATty f BT Ot B 8-00uBld £rgm, FhE phogtant
R Lo o PR A" YAec0 o (8B 88 an oufplACLLErBhes (WD 35 0! 9°
of positive electric charges rom the capacftors err] ‘an err].

Cbnsequently,o&h%h§§hhrr%§ttbh%§u%i@?p%fphggspEbmﬁggﬁﬁbk ﬁsaﬁaoétgﬂﬁd'

When the current output type phase cofparato . i's operated by itself
and the phase ciirieprertRreboft 18 suppltiva itBPtheSiBRaAbaskS fYakkeds. t he

condition for causing

10 Operation of the PLL circuit of Fig. 4 in
which the low pass filter 4 shown in Fig. 2 is used is
now described. When the reset switch 3 is closed to
perform the reset operation, the capacitors C, and C, of
the low pass filter 4 are charged by a positive voltage

15 of the power supply 8. The voltage of the power supply 8
is set to a value higher than an input voltage of the VCO
5 at the time when the PLL circuit has completed the
settling operation (upon the locked state). When the
reset switch 3 is opened and the PLL operation is start-

20 ed, the electric charges stored in the capacitors C, and
C, are discharged toward the constant current source 2
and the phase comparator 1. The constant current source
2 facilitates the discharge of positive electric charges
from the capacitors C, and C,. Consequently, the set-

25 tling time of the PLL circuit is shortened.

When the current output type phase comparator

1l is operated by itself and the phase difference of the

two input signals is varied, the condition for causing



T 14 -

obt ai ned experinentally and is given by the foll ow ng

ferr]

the PLL to performthe stable settling operation is

equation (6):

where the naxi rum val ue and the m ni nrum val ue of the DC

5 component of the output current are I[err] and I[err] respec- tively,
and the output current of the constant gu;&egt source 2 flow ng from
the input termnal of the | ow pass filter 4 to the ground is Iferr].

The | ow pass filter 4 renoves unnecessary 10 harnoni c conponents and noi se
fromthe sum cthe RIL o tgearform alepuitahdie tdestdumnige bpeaattjon tiygpe phase
conparator 1 and the constant current source 2 and converts the sum

cur -

rent abited reeds @ty rsirgredllvt @rise isugdiviead biyo thiee foddowing

The

output frequency fl[err] of the VCO5 is inputted through 15 the coupler 6
to the mxer PIWRPOMK&F with the |ocal oscillation signal frequency

flerr].

The out put frequency flerr] of the mxer 7 is given by

flerr]=f[err]-f[err]. Wen the PLL is in the | ocked state, the output
frequency f[err] of the o 5(pmxer.-7 igs,equal to fl[err]. Accordingly, the

i nput signal 20 frequeney—iggﬁﬁ%;gﬁieeﬂg%{teh.&nto flerried[err]-flerr].
Fig. 5 illustrates another enbddi¥ent of the present invention. The PLL
circuit of Fig. 5 is charac- terized in that limters 9 and 10 are
connected to the

where the maximum value and the minimum value of the DC

5 component of the output current are I,, and I,,, respec-

tively, and the output current of the constant current

source 2 flowing from the input terminal of the low pass

filter 4 to the ground is Ig..

The low pass filter 4 removes unnecessary

10 harmonic components and noise from the sum current of the

outputs of the current ocutput type phase comparator 1 and

the constant current source 2 and converts the sum cur-

rent into a voltage signal to be supplied to the VCO 5.

The output frequency £, of the VCO 5 is inputted through

15 +the coupler 6 to the mixer 7 to be mixed with the local

oscillation signal frequency f,,. The output frequency

fier Of the mixer 7 is given by fp,.=f,,-f;;. When the PLL

is in the locked state, the ocutput frequency f ., of the

mixer 7 is equal to f,;. Accordingly, the input signal

20 frequency f,. is converted into fg=f ,-f;.

Fig. 5 illustrates another embodiment of the

present invention. The PLL circuit of Fig. 5 is charac-

terized in that limiters 9 and 10 are connected to the



- 15 - I nput portions of the current output type phase

conparator 1 in the sane configuration of the PLL circuit of Fig. 1.
MWhen a m xer type circuit using bipolar transistors is enployed in the
current output type phase 5 conparator 1 and an anplitude of an input
signal is smal l er than kT/q where g jg an amount of electric charg-
es of electrons, k is a Boltzmann's constant, and T is an absol ute

t enper at ur e, t he phase difference conversion gain of the current

out put type phagsricgmatiadng df s ciirddit depgnadengipeopHaee | nput
anplitude. The limters 9 and 10 anplify the input signals to the
current out putcompargtge Iphigs ethen rgaanrentaam £ gurratiore adfe thiee PAiplaimgad tof

t he input signal flerr] to a constant anplitude |arger than KT/ q,
so that the pHsdidffler erVE@fbcﬁq\i@r@rorFm eigicuitie usingohdPel@par at or 1
can be made constant. : i I lustrates another enbodi nent

of the %ﬁlﬁ%t%@mpﬁwﬁeru%ﬁur&few Futputs typeg phase
terized in hat Iow1 ass filters 11 onnected in
the same cohf it L (3 B ad‘fﬂlefﬁ‘{dleof"afn “é’ue% s 3% pass
filters 13 an sed revent unnecessar ni.cs from bei ng
inputted to tﬂsé&aﬁlae tLhm eérllg/% Whe A& 'S fce a[rr}?uxﬁ: C& ers ralrﬁ:d oduce

th nal s h nt |4 tHege ' he
e sig 3&’10 e eb D SOsia kafH)a{ gu%r&aﬂﬁx Widdstant, Hrid cc%'os?(?ntngly,

limters 9 an al n unnecessary arnoni ¢ conponénts.

the | ow pass fdddsnste temﬂéra‘%ﬂ& el2 tHMREd R AHNIRGRES FohRATITRIN
conponents. Fig. 7 illustrates another enbodi nent of a PLL
circuit accor djdih tcf tdtee phaseitit icueiid aypel hddd comparator 1 has
10 the dependency on the input amplitude. The limiters 9
and 10 amplify the input signals to the current output
type phase comparator 1 to increase the amplitude of the
input signal f,, to a constant amplitude larger than
kKT/q, so that the phase difference conversion gain of the
15 phase comparator 1 can be made constant.

Fig. 6 illustrates another embodiment of the
present invention. The PLL circuit of Fig. 6 is charac-
terized in that low pass filters 11, 12, 13 and 14 are
connected in the same configuration as the PLL circuit of

20 Fig. 5. The low pass filters 13 and 14 are used to
prevent unnecessary harmonics from being inputted to the
limiters 9 and 10. Since the limiters 9 and 10 produce
the signals having the constant amplitude, the output
signals of the limiters 9 and 10 contain unnecessary

25 harmonic components. Accordingly, the low pass filters
11 and 12 removes the unnecessary harmonic components.

Fig. 7 illustrates another embodiment of a PLL

circuit according to the present invention. The PLL



v

- 16 - circuit of Fig. 7 is characterized in that an anplifier
15 i s connected between the coupler 6 and the mxer 7 in t he sane
configuration as the PLL circuit of Fig. 1. By connecting the
anplifier 15, the PLL circuit can be 5 operated even when the output of
the VCO has a smal | anpl i t ude. - 16 - Fig. 8 illustrates an
enbodi nent of the cur- rent output type phase conparator 1.
Transi stors nay be of bipolar type. VDD is a power supply voltage.
Nuneral 10 l6cilemeiesof Bhgcal | £ chabsiteriddd pin ethatbadraidmphief cer
of is described in Chapter 10.3 of "DESI GN TECHNI QUE OF ANAL OG
| NTEGRATED Cl RCGhI s FEhhrshiPEed ISk tydarst théol amg)ler 6 and sthedl nbixeBai® ulean.
The G lbert multiplier 16 m xes i nput signals V[ferr] and V[err] and
ref erence signthe sgmer¢orfitigunstion s |the Phlodiircwl ¥ faf ditdall curlent s
I[err] and I[err] having phases opﬁﬁosite to each other. Bases of

1

transi stors qeonneching cBherambpfiew heheh Plly ghiTcWiterd3™ R&i ng t he
hase osite tgo that of the signal a ied t ses of tran-
s o1 SnoRsr S tuoh when pind SR8y ERRt (it "B BT A st oy it

the signal V[err],having the phase opposite to that of the signal
applied to a b%'géllgu%etransi stors (6. When anplitudes of the input

signals VLerr] and VIerrkigndgti6yyoeratelebanarosagigh? YEeral and

_Vlerr]
are larger than kT/q and a ector current of a transistor QL1 is

I[err], the retahtOButget @iv%él Phase ohpLrLEce 1 81 Mirdisidiend iy Bgnal s

V[err] and V[err] and the reference signals V[err] and V[err] and a
differential of bLpol&nttypel r]vbpeis]|a poowkie esufyl ¢ heoXkdgrer t Numddgl i er
oS 10 16 denotes a so-called Gilbert multiplier. Detail there-
of is described in Chapter 10.3 of "DESIGN TECHNIQUE OF
ANALOG INTEGRATED CIRCUIT FOR SUPER LSI (Last Volume)"
issued by Baifukan. The Gilbert multiplier 16 mixes
input signals V. and V,.” and reference signals Vg’ and
15 Vg~ to produce differential currents I, and I; having
phases opposite to each other. Bases of transistors Q2
and Q3 are applied with the signal V... having the phase
opposite to that of the signal applied to bases of tran-
sistors Q1 and Q4. Similarly, a base of transistor Q6 is
20 applied with the signal V,.” having the phase opposite to
that of the signal applied to a base of a transistors Q5.
When amplitudes of the input signals V,;* and V,.” and the

reference signals V" and V.,  are larger than kT/q and a
collector current of a transistor Qll1l is I,, the relation

25 of a phase difference ¢ of the input signals V,.* and V.~
and the reference signals V... and V., and a differential
current I,-I; produced by the Gilbert multiplier 16 is

given by the following equation (7):



"given by the followi ng equation (7):

I[err]-l1[err] = 1[err]([err]-1) .... (7)

Jransistors QL1, QL2 and QL3, resistors R6 and R7 and a const ant
current source I[err] constitute a bias circuit of the Gl bert

mul tiplier 16 using the current mrr circuit. The transistor Ql1
constitutes a current 5 source for the Transistors @ and @ connected to
t he collector of the transistor QL1. Nurmeral 17

denotes a charge punp circuit whichy
currents I[err]4 and I[err] of °° %%e

si ngl e- ended out put
Transi stors Q7

mrror circuit.

.gi_grnverts thg,qutput differential
Glbert multiplier 16 into a

10 signal to produce it as a current I[err].
and @B and resistors RL and R3 constitute a current

When a current mrror ratio determ ned by

characteristics of the resistors Rl and R3 and the transistors Q7 and
B is a, the relation ofTngngigtary [Brk,] Q2 arsl ki megistiors /G ypnd
transistors @ and QLO and resi s- tors R2 and R4 constitute a current

mrror circuiR?

of

QL6 and resis
When a curren
I[err]=c.l[er

WReh @ consiaglr CHFTemt FOMTFS Leert RRREEL tHESHE PRBSrel ation

RRAECINA oI K IS0 AL T L R
%ﬁ@f&?ﬂ ffgﬂi th%%%?%r%%sist ¢ l?hgohgkgkg%% OB urrent
T 5§ o5t FféPr an F

ained.” The currents err[ areé used

to obtain I erdohizldefrégh WS 'ransistors 05 and %%i%on%ehkbﬂskﬁa%ﬁ§ an

enbodi nent of the reset swtch. That is, t

to the

10

15

20

25

e reset swtch corresponds

collector of the transistor Qll.

Numeral 17 denotes a charge pump circuit which

converts the output differential currents I, and I, of

the Gilbert multiplier 16 into a single-ended output

signal to produce it as a current I, .. Transistors Q7

and Q8 and resistors R1 and R3 constitute a current

mirror circuit. When a current mirror ratio determined

by characteristics of the resistors Rl and R3 and the
transistors Q7 and Q8 is a, the relation of Ij=a-I, is
obtained. Similarly, transistors Q9 and Q10 and resis-
tors R2 and R4 constitute a current mirror circuit. When
a current mirror ratio thereof is E, the relation of
I,=b-I, is obtained. Further, transistors Ql14, Q15 and
Q16 and resistors R8 and R9 also constitute a current
mirror circuit. When a current mirror ratio thereof is
C, the relation of I,=c-I; is obtained. The currents I,
and I, are used to obtain I, ,=I,-I,.

Fig. 9 illustrates an embodiment of the reset

switch. That is, the reset switch corresponds to the

reset switch 3 of Fig. 1. Transistors of bipolar type



25 reset switch 3 of Fig. 1. Transistors of bipolar type

- 18 - are used. VDD is a power supply voltage. A
const ant current source I[err] is a bias circuit for the reset switch
3 and supplies a bias current to transistors QL7 and Q18. 5 Transistors
QL9 and QR0 and resistors R11 and R12 conski - tute a current mrror
circuit and when a current mrror ratro thereof is d, the relation of
I[err]=d.l[err] is obtai ned. When a voltage applied to an input
termnal IN f@dreamksed. trol of the time division operation is |arger
than the 10 reference voltage V[err], a transistor QL8 is turned off, so
that currents I[err] andvbPeis]aspawer| suppby emdtageansistoorss CAI9E and
QR0 are also turned off. When a base current of the transistor Q1 is

negl ected si nceurtrnNpeures rntsi @ bias simrpitafpaseheoreags swijch
transistor Q21 is given by 15 R10.I[err], while since the current |[err]
scarcely flows3 aME SUPPLi9% AR FYHrSnt g ﬂ"é'(?“tﬁlfSt% Het 3% @Y%t or

f th dly fl
eset swi tch SERRHESTR ST e Al nd e B R 0 AP0l 1 e
o the i nput Lrdlnpl s SR Srdfial Lher o %On&%qe{nenacesuvr%enacg%lvllxegfl the

t ransi st or 'S turne e current err]

I [err]=d. I[err [ r i , a¥y

t ransi st or Q21]!r |{sjiés s%%%otﬁ;%yéjegﬁg% rélh&l%?% 10[ Ter r] g[’ err ﬁk?éer rxl];@d When
the current |[ighdd 4 SySBtag® dpiiiddIed raf- “input il i3a 1P i ford Wdied on
when the base voltage is equal to 25 R10.d.I[err], the transistor Q1 is

turned on, so td4Et & the ﬁiméndwﬂléléhwd@exuﬁmﬂﬂ(ﬂbtxhﬂdvi'gﬂaundiﬁnd t he
reset 10 reference voltage V. ., a transistor Q18 is turned off, so
that currents I, and I, scarcely flow and transistors Q19
and Q20 are also turned off. When a base current of the
transistor Q21 is neglected since the base current is
small, a base voltage of a transistor Q21 is given by
15 R10-I,, while since the current I; scarcely flows, the
transistor Q21 is turned off, so that a collector current
of the transistor Q021 hardly flows. Accordingly, the
reset switch 3 becomes the off (open) state. When the
voltage applied to the input terminal is smaller than the
20 reference voltage Vi, the transistor Q18 is turned on
and the current Iz is Iz=d-I,~d-I.. Accordingly, the base
voltage of the transistor Q21 is substantially equal to
R10.d-I,. When the current I, is set so that the tran-
sistor Q21 is turned on when the base voltage is equal to
25 R10-d-I;, the transistor Q21 is turned on, so that a
terminal OUT is connected to the ground and the reset

switch 3 becomes the on (close) state.

The circuits shown in Figs. 8 and 9 employ



switch 3 becomes the on (close) state. The circuits shown in

Figs. 8 and 9 enpl oy - 19 -
bipolar transistors, while transistors of other kinds such as, for
exanpl e, MOSFET and MESFET nay be used to realize the sane function.
Fig. 13 illustrates a PLL circuit accordipg to 5 another enbodi ment of
the present invention. The PLL circuit of Fig. 13 is characterized in
that a frequency di vider 41 is connected between the current output
type phadel ppdrepa rtataors ils tams ,t whideupiremsi sttostsead ofthiehve kiiinder 7

in the sane configuration as the PLL circuit of Fig. 1. 10 A frequency

di vi si on rati custh tads o esempld,viMRSFES] argl MESFE]) wey e fusedr [tof [err] .

Fig. 14 |IIustrates a PLL circuit according to still anot her

enbodi nent of GafiFeddft SaRfeftunstiorne PLL circuit includes a

current output type phase fr en- conparator 42, a low pass filter

4, a VCO 5, a coupl er ]aqr‘gdl]al‘fﬁ"}@ o%.8 \iifeh ‘i%"ﬁh“a%‘?ﬁ’f e

between th fler and t he ref.eren GE 3l gn uency

Perrtis s anguff edetifierts, B il Posrpe' s HRVEN B endpe S o o

42 compares a Jihiase O of of 1ad " & Uil ddiBhll-of th ArRHASE erlluelloy Ne
nal fTre put

reference sig quency Terr] pro ces an
current. Wen ¢iig fdase cks]‘fc%ﬁ{g‘cecéaetsmen thed Q%ﬂr@mt o%'tﬂ)‘ulﬁ:l thiger r] and
the reference signal frequency flerr] is not small, the currént output

type phase fr gHRe comparsypar il vhe CIpaees ﬁlwsﬁ@é@n‘b)f ahed R daiput
signal 25 f[err] with a frequency of the reference signal frequency
flerr] ad ipy orhes essane eeyrrfirguotatpein @s rohe PLIheirewipass Fig. 1.
10 A frequency division ratio of the frequency divider 41 is
given by f../f;..
Fig. 14 illustrates a PLL circuit according to
still another embodiment of the present invention. The
PLL circuit includes a current output type phase frequen-
15 cy comparator 42, a low pass filter 4, a VCO 5, a coupler
6 and a mixer 26. When the phase difference between the
input signal f;, and the reference signal frequency £, is
small, the current output type phase frequency comparator
42 compares a phase of the input signal f,. with a phase
20 of the reference signal frequency £, and produces an
error output current. When the phase difference between
the input signal £f,, and the reference signal frequency
fzr is not small, the current output type phase frequency
comparator 42 compares a frequency of the input signal
25 f£,. with a frequency of the reference signal frequency £,
and produces an error output current. The low pass
filter 4 removes unnecessary harmonic components and

noise from the output current of the comparator 42 and



filter 4 renpves unnecessary harnoni c components and noi se fromthe
out put current of the conparator 42 and

- 20- converts the output current into a voltage to be supplied

to the VCO 5. An output frequency f[err] of the VCO5 is inputted to
the mxer 26 through the coupler 6 and is,, _~ mxed with the |ocal
oscillation signal frequency f[err] in % the m xer 26. An out put
frequency f[err] of the mxer 26 is equal to f[err] when the PLL

circuit is inddirdragkatheSiiitput currdeROolititadby vollhagenput bel guppblied
frequency f[err] is converted into flerr]=f[err]-f[err].

The phase compar athey VCO anedm qutase ffrequency ¥Q of adepatcat & i(sPFC) .
Since the PLL circuit is necessari- |y 1 ocked without the provision of
a switch when inputRE@ to thes miswed, 2théhrosgh $hiet coupdemot eaduitsed.
However, since the output voltage of the phase conparator is not

once reduced ¥4 aitthhcheedipsads osed lladdons gigeRl trequesncyl ficilfcuit
may be operated even if the constant current source for_incrg%sLng t he

settling speedhs WHRA f&a, An oupRute feQUERCY| frg PENEPEsMABETNERedSarily
hor t d. As d i.hed ab n r di t h t
Chvention. si FERAES s SRR S ORI Tehdrb e SRR E G and

th t ant L . . i,

nerconatint gt TP AHER U, obRRRRY T P e

circuit. Fur- jnyo fhegnDEe, since the settling tinme shortening circuit and
the reset switch aré cofine¢ted to the phase comparator, 25 the circuit

configuration suitable frhe thitaddt @i feor is named a phase freguen-
10 c¢y comparator (PFC). Since the PLL circuit is necessari-
ly locked without the provision of a switch when the PFC
is used, the reset switch is not required. However,
since the output voltage of the phase comparator is not
once reduced to 0O volt by means of the reset switch, the
15 PLL circuit may be operated even if the constant current
source for increasing the settling speed is provided,
while the settling time is not necessarily shortened.
As described above, according to the present
invention, since the phase comparator produces the cur-
20 rent output and the constant current is further added to
the current output, the setting time can be shortened
without widening of the band for the PLL circuit. Fur-
thermore, since the settling time shortening circuit and
the reset switch are connected to the phase comparator,
25 the circuit configuration suitable for the integrated

circuit can be realized.



Circuit can be realized. VWHAT | S
CLAIMED |I'S: 1. A phase-locked |oop circuit conprising: ———-a--cufr-ent

output type phase conparator (1) for convertln!ﬂﬁm dlfference

between a first signal (f[err])and a second signal “H
signal to be outputted, a low pass_filter (4)

current signal of said current output type phase conparator (D to produce
an out put signal; a voltage controlled oscillator (5)for producing a
si gnal having wa{mra(wemmrx(ﬁt[ erg:] ) corresponding to said output signal of
said | ow pass filter (4); a current source (2) for supplying a current
to an i nput ofl.said | ow basisasétlaeeked)loop cizruidsatommiising3) for
supplying to said voltage controlled oscillator (5) a reset voltage for
cancel ling a phase-| ocked @@Jar%n‘efcvmt@l‘@h’eme |pfdeel ¢carparagnr for g
frequency converter (7) for frequency-converting an output S|gnal of said
vol tage cont r IR |tRReSS A HIF iR Psaedrs éc fidsdi gianal snd

current sour oé (GRS a§C°{q3?4'%ﬁr%e?1§ﬁ“ﬂ%1hft3¥ tbher %03%“5 A
filter. 3. A Phager Locked: | popcal £l e pregrdlg %@H‘én

further conprising a reset” sw for o gar o age con roIIed

oscillator ar vVl age Molol & o the
phase- | ocked I%o s 4, Q{u asﬁg‘ﬂ‘gﬁ oogﬁ%ércwt accor |ng to

Claim 3, furtglegdmﬂ %'J\gnﬁ; Cég_tgq.laqr; for distributing said output signal
of said voltage controlled oscillator into an output termnal of said

phase-| ocked | oop circuid ddlitagd dcoptitoDied absk{TROtHNCSor I d®Ing 5.
A phase-| ocked loop circuit according to Claim 4, wherein said | ow pass
filter includes sigped trerwsirigpra frequency corresponding to said output
signal of said low pass filter; and
a frequency converter for freguency-converting
an output signal of said voltage controlled oscillator to
produce said second signal.
2. A phase-locked loop circuit according to Claim
1, further comprising a current source for supplying a
current to an input of said low pass filter.
3. A phase-locked loop circuit according to Claim
2, further comprising a reset switch for applying to said
voltage controlled oscillator a reset voltage for can-
celing a phase-locked state of the phase-locked loop.
4. A phase-locked loop circuit according to Claim
3, further comprising a coupler for distributing said
output signal of said voltage controlled oscillator into
an output terminal of said phase-locked loop circuit and
an input of said frequency converter.
5. A phase-locked loop circuit according to Claim

4, wherein said low pass filter includes capacitors for
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L 22 - shunting a predeterm ned frequency conponent of an input signal

thereto and which are supplied with electric charges by said current

source. 6. A phase-| ocked | oop circuit ac ' i 5,
wherein said current source includes a constant c}dmm“mng@qulfon
supplying a constant current to the input,,of saiicTaw "t and for
supplying electric charg- es to said capacitances. 7 A
phase-1 ocked |l oop circuit according to Claim 5, further conprising a DC
vol t age sour cesmaitiiany ed gredsrithirRee tf ratusiityl Gongemeinal ioTy asaiithpuaset
voltage, which is higher than an input voltage of said voltage <controlled
osci |l |l at or whesnigred pliesmetodsd whoeh isrd supdld gghasat edleedtdiaop, and
wherein said current source includes a constant current source for
suppl yi ng a cerhargasaihy aairdkmurrenthasounee.current is pulled out fromthe
i nput of said |ow pass filter when said reset switch is not operated. 8.
A phase-| ockeP1 oop cir chi PhagRolFFRA t PP Fircul t \FGATH Rt (Giiency
converter incu¥de a mxer (gircuit havi ng two inputs, one of which is

1 t

supplied with FRPUSHFHG TR S AWRA A PolRF E0d 9% or  and

t he ot her of \ghiCh | s.supplied w.th a signal qiavin a r.edet erm ned
ffequency, and 0 SRR 0G PR € Minaki e ettt S Hipue

Coryene e oY S oo ks L0 S g i W Qr?

phase-| ocked |QopSidLiH tCM@ﬁ&g.o Claim
7. A phase-locked loop circuit according to Claim
5, further comprising a DC voltage source connected to
said reset switch for generating said reset voltage,
which is higher than an input voltage of said voltage
controlled oscillator when the phase-locked loop is in
the phase-locked loop, and wherein said current source
includes a constant current source for supplying a con-
stant current so that the current is pulled out from the
input of said low pass filter when said reset switch is
not operated.
8. A phase-locked loop circuit according tc Claim
1, wherein said frequency converter includes a mixer
circuit having two inputé, one of which is supplied with
the output signal of said voltage controlled oscillator
and the other of which is supplied with a signal having a
predetermined frequency, and for generating an ocutput
signal in accordance with a difference frequency of said
two input signals to be supplied to said current output
type phase comparator as said second signal.

9. A phase-locked loop circuit according to Claim



- 23 - 1, wherein said frequency converter includes_ a_frequency divider

for frequency-converting the output signal of saiid voltage controlled

oscillator to produce said second signal. 10. [m"mm"m I m d | oop
circuit according to Caim 6, wherein when said 3” ﬂ Ee phase
conparator is operated by itself and a_phase di fféreficet bet ween *said two
I nput signals is varied, said current output type phase conparator
satisfies the followi ng equation: ( 0.5 ( I[err]- |I[err]] )+
ITerr]) /l1[errl, [whétednboaidieftadbenicy EbtvdfEss | it Budexidufesaqsemgyi mum
val ues of a DC conponent of the output current, respectively, and I[err]
s a val ue ofdiwidert pfivr cirequncy-canvexoirsg attte coutmnt sisgnalef | ow ng
toward the input of said |ow pass filter. 11. A phase-| ocked | oop
circuit accordéaidtwolragen cintowhbled oshihlatdod turperducritgaid tsgrophase
conparator is operated by itself and a phase difference between said two
i nput signal s $53%@&ki ed, said current output type phase conparator

tisfi the foll ow tion; (0.5 I (] -1
PLert]) /1 Lerift [ orr] SoRanhaRer dopker LoGRASHEEIET aFCORRAMIHP chbEtPni mum
I f t of the. t put t t.i I d
e U2 val ue of SarvBRTRIE HrP O e HETENT BT St SRR ng
out fromthe 'PQU6 éfégé§a$ Oitééig éﬁﬁvaSEﬁésé'é%f¥ reﬂé% betw ﬁ\ aid
P o T ab of ST

phase-| ocked | 0o Ireul cording to an one of CJarms 1 to “Turther
conprising a f{gStihpatt 8igndPE 14 diNEd ANsd IPUWuSEEl ot G $ali €hd I St

si gnal havi ng

phase comparator satisfies the following equation:

(0.5( Ty | Tyen | )4 Tope ) / LuaxS0. 6
where I,y and I, are maximum and minimum values of a DC
component of the output current, respectively, and I . is
a value of an output current of said constant current
source flowing toward the input of said low pass filter.
11. A phase-locked loop circuit according to Claim
7, wherein when said current output type phase comparator
is operated by itself and a phase difference between said
two input signals is varied, said current output type
phase comparator satisfies the following equation:

(0.5¢ lInml‘Im)”‘Ion)/ |Inml_<.0.6
where I,, and I,, are maximum and minimum values of a DC
component of the output current, respectively, and I, is
a value of an output current of said constant current
source flowing out from the input terminal of said low
pass filter.
12. A phase-locked loop circuit according to any
one of Claims 1 to 11, further comprising a first limiter

for limiting an input signal to said first signal having



- 24 - afixed anplitude to be outputted and a second—tiniter—for

limting the output signal of said frequency conv = | 4,,5€econd
. signal having a fixed anplitude. 13. A phaggm&mj&mnﬁﬂ urcui t
according to Claim 12, further conprising a seco S r for

filtering the input signal of said phaseslocked |bop circuit to produce an
out put signal and supplying said output®Signal to said first limter, a
third low pass filter for filtering an output signal of said first

limter to prdeicaedaikblitude IO AHbUHEA N &S &ietorid N9imitiegnal to
said current output type phase conparator, a fourth |ow pass filter for
filtering theforoulijuitingnte adutgaitd Sirgegierdy sadkdy eriegruanyp romshves tan

out put signal and supplying said output signal to said second limter, and
a fifth | ow passtd isait degorid |sigrialg haaningutg fil zsidgmalpldftusisi.d second
limter to produce said second signal_ and supplying said second signal to
said currentl®utput tyberPpasscledipfrieer cinouit accopdimasi |GkkEY | oop
circuit according to any one of Clainms 1 to 11, further conprising an

anplifier foréanHiiBAnFAPHRIANE &iSFRANDILAGRRSHIFHFETCHRE trolled
i1l at t ly it t i d fry - t . 1 A
gﬁglse- ?og[(edoif’g]g%?rc%/’?géu?qga%a%‘f%iﬁrfggq'ij%mgfa?sr%&dz B erS??'r]\ﬂ?éﬁ'eg% 198 d current
tput t ' i | t td [1€); A t,
out UL 10 i, Comatal e LWl et LRI dig St
signals are sypplieighdl S &Md 21 AP U Sni¥eS2id third low pass

filter for filtering an output signal of said first

limiter to produce said first signal and supplying said
first signal to said current cutput type phase
comparator, a fourth low pass filter for filtering the
output signal of said frequency converter to produce an
output signal and supplying said output signal to said
second limiter, and a fifth low pass filter for filtering
an output signal of said second limiter to produce said
second signal and supplying said second signal to said
current output type phase comparator.

14. A phase-~locked loop circuit according to any
one of Claims 1 to 11, further comprising an amplifier
for amplifying an output signal-of said voltage con-
trolled oscillator to supply it to said frequency con-
verter.

15. A phase~locked loop circuit according to Claim
2 or 3, wherein said current output type phase comparator
includes a Gilbert multiplier and first, second and
third current mirror circuits, and said first and second

input signals are supplied to differential inputs of said
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- 25 - Glbert multiplier, third and fourth signals—mhichﬂare T
differential output currents of said Gl bert nultl lier pplied to
said first and second current mrror circuits, m ﬂ B outEut
current of said second current mrror circuit bé said third
current mrror circuit, output currents of fald tHird and flrst current
mrror circuits being added to constitute he out put current of said

current output type phase conparator. 16. A phase-| ocked | oop
circuit accordicigpeatCmailmipliel?, thirdr ahd, fohethi Bignk@epwhaed wiet h of
said phase- locked loop circuit is between 1 Mz to 3 MHz. 17. A

radi o communi catiifdferasptdradt ostpat! ctirergnas bfasadit Gélbeatr moitipl iean
antenna, and a duplexer for selectively coupling any of an input of said
receiver and &eiogt puppdfiedaite seddsHirssr and secdndntenneptwhérepn  said
transmtter conprises: sai d phase-1ocked loop circuit set forth
in any of O aicAFcuits, 169@@%%}% ARG auftpé&u@ﬁéyeﬁﬁ Pﬁesai’-ﬁpﬁf’—c@ﬁénal
to a transm ssion frequency to su it to sai voltag 'ﬁ roIIed

Py

osci |l ator; anurrent mirror,cig i QﬁﬂPQf?Bppﬁdﬁdaﬁﬁl éﬁdoutput

si gnal of sai d volta e controlled Q CI|| tor to_produce ut put _si gnal
of said transmnmt % irror circul %put currenits of sa18 %R rd agg

first current mirror circuits being added to constitute
the output current of said current output type phase
comparator.
16. A phase-locked loop circuit according to Claim
i, 12, 13 or 14, wherein a loop band width of said phase-
locked loop circuit is between 1 MHz to 3 MHz.
17. A radio communication apparatus including a
transmitter, a receiver, an antenna, and a duplexer for
selectively coupling any of an input of said receiver and
an output of said transmitter to said antenna, wherein
said transmitter comprises:

said phase-locked loop circuit set forth in
any of Claims 1 to 16 for converting a frequency of the
input signal to a transmission frequency to supply it to
said voltage controlled oscillator; and

an output amplifier for amplifying an output
signal of said voltage controlled oscillator to produce

an output signal of said transmitter.



