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from a storage capacltance, which is charged by a charge pump circuit, which

5 arrangement comprises a phase detector which has an input which receives a signal
derived from the output signal of the variable-frequency oscillator, another input which
receives a signal from a reference oscillator, and a reset input, the charge pump circuit
comprising two current sources which each comprise a plurality of transistors operating
in parallel and which, respectively, charge and discharge the storage capacitance, which

10 charge pump circuit has two inputs, i.e. a first control input coupled to a first output of
the phase detector, which supplies a switching signal called the up-command signal,
which activates one of the current sources, and a second control input coupled to a
second output of the phase detector, which supplies a switching signal called the down-
command signal, which activates the other current source, in which arrangement the

15 time interval during which these two command signals are simultaneously active is
controlled by a reset signal from a logic gate which combines the up-command signal
and the down-command signal, which reset signal is applied to the reset input of the
phase detector after passage through a delay device.

20 BACKGROUND OF THE INVENTION
An arrangement of this type is known from the document EP-A-449,659.
For a linear operation of the charge pump circuit it is necessary that the
two current sources, which respectively charge and discharge the storage capacitance,
can be active at the same time. In this way even the smallest shift in time between the
25 up and the down command applied to the current sources of the charge pump will result
in a net charge of the storage capacitance and in this way a dead zone" in the control
of the voltage across this capacltance is avoided.
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Thus, the technical problem to be solved is to minimise the time interval
10 during which the two current sources of the charge pump are simultaneously active.
From a technological perspective it appears that the response times are
longest in the part relating to the charge pump, which employs transistors of large
dimensions, whereas the control signals can be obtained by meahs of low-consumption
logic circuits whose switching times are substantially smaller.

15 Therefore, ithasbéenproposedtousethéupanddowncommandsin
order to detect in a logical manner the instant at which these commands are
simultaneously active and to apply the resulting signal to a delay device which allows
for the comparatively large rise time of the current in the current sources of the charge
pump. The signal from this delay device is then applied to a reset input of the phase

20 detector or, which amounts to the same, to a logic device which sets the up and down
command signals to their inactive logic levels. |

_ A conventional delay device comprises a plurality of logic gates arranged
in series, the delay obtained at the output of this device being equal to the sum of
response times of all the gates of the device. If the performance of such a system as a

25 function of temperature is now considered it appears that the delay produced by the
delay device can be adapted correctly to the rise times of the current sources of the
charge pump at a given temperature, whilst at the limit temperatures of the specified
temperature range this delay is completely maladjusted.

Differences in performance as a function of the temperature arise in

30 particular from the fact that different technologies are used for the gates forming the
delay device and for the current sources of the charge pump.

In order to mitigate this problem it has also been proposed to use one of
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exclusively for producing the signal for resetting the up and down commands, without

10 the current supplied by these two transistors being used for charging and discharging the
storage capacitance. _ -

This is caused by the fact that if the current of the relevant transistors
would be used for charging or discharging the storage capacitance this would result in
the voltage swing available across this storage capacitance being reduced by two

15 forward diode voitages. |

Therefore, if low voltage operation is required with a maximal swing at
the output of the phase-locked circuit, this means that two transistors, whose areas are
not negligible, have to be reserved for measuring the current, the current supplied by
them not being used for charging and discharging the storage capacitance.

20
SUMMARY OF THE INVENTION

It is an object of the invention to solve the above problems. According to
the invention a phase-locked oscillator arrangement of the type defined in the opening
paragraph is characteﬁsedinthatﬂxedeliydevicecompﬁsesacunentsoureewﬂed

25 annexed current source, which is switchable and comprises a transistor forming a
matched pair with a transistor of one of the current sources of the charge pump circuit,

and comparison means for comparing the current supplied by said annexed current
source with a given threshold current, which means supply the reset signal when this
threshold is reached. | | o

30 The arrangement in accordance with the invention thus first of all uses the
up and down command signals combined in a gate detecting the active states of the
relevant signals, the resulting signal then being applied to the delay device which
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for -the aransiswod oflarmtruaimrﬂmm tathat of one of thiechafge Pump transistors thus
provides a sufficiently accurate indication of the operation of the current sources of the
charge pump as a function of time. However, if there is reason to assume that one of
10 the current sources of the charge pump will be slightly slower than the other current
source it may be advisable to use for the annexed current source a transistor of the same

type as that used in the slower current source of the charge pump.
It is common practice to use a parallel combination of transistors to
realise the current sources of the charge pump circuit, the number of active transistors
15 being programmable depending on the use. The increase in consumption as a result of
the annexed current source is then a substantially negligible fraction of the current
consumed by the entire circuit, also taking into account that the annexed current source
only supplies current during a very short time which is independent of the phaée error
to be corrected and which corresponds merely to the rise time of this annexed current
20 source. Since it is external to the charge pump circuit the transistor forming the annexed
current source is not subject to the bias restraints imposed on the transistors of the
charge pump, apart from the necessity of a correct niatching, as already mentioned.
A simple solution for the means for comparison of the current supplied by
. the annexed current source with a given current threshold is to use a load resistor in
25 series with said annexed current source, the voltage drop across this load resistor
providing the reset signal. However, this solution is not optimal in view of temperature
-variations. In a preferred embodiment of the invention said comparison means comprise
a current mirror having an input branch receiving the current from the annexed current
source and having an output branch, which forms the output of the delay device,
30 connected in series with an output of a reference current generator which supplies said
current threshold.
In this embodiment the comparison between the current supplied by the
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mirror are constructed by means of MOS-type field effect transistors.

BRIEF DESCRIPTION OF THE DRAWINGS
The nature of the invention and how it can be implemented will be more
15 fully understood with the aid of the following description with reference to the
accompanying drawings, given' by way of non-limitative eiamples.
Figure 1 is a simplified dlagram of a known phase-locked oscillator
arrangement using a phase detector having a reset input and delay device for the reset
signal. .
20 Figure 2 is the diagram of an oscillator arrangement in accordance with

the invention, : _
Figure 3 shows a part of a preferred variant of the delay device provided
in accordance with the invention.

25 DESCRIPTION OF EMBODIMENTS
| Figure 1 shows the general circuit diagram of a phase-locked oscillator
arrangement based on a principle which is common to the known arrangement and the
arrangement in accordance with the invention.
A variable-frequency oscillator 11 supplies an output signal whose

30 frequency is controlled by a control voltage VCD from a storage capacitance 13, which
is generally associated with a low-pass filter, not shown, which capacitance is charged
or discharged by means of a charge pump circuit 15. The output signal of the oscillator
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of a khowrd andadJeof thiskphase detectosican be reset to zero independently of the input signals.
The output 25 produces a up signal UP and the output 27 produces a down signal
. DWN, which are in synchronism with the respective rising edges of the input signals
applied to the inputs 18 and 20.
The up signal UP and the down signal DWN are applied as command
10 signals to the respective inputs 26 and 29 of the charge pump circuit 15 to activate a
c_harging current source 27 and a discharging current source 30, respectively. The
chargixlg and discharging currents are applied to the storage capacitance 13. The current
sources 27 and 30 of the charge pump circuit 15 are thus activated at instants whose
difference in time is representative of the difference in phase between the signals
15 compared by the phase detector 19, whereas the current sources are deactivated when
the up and down commands are reset to their inactive states under the influence of the
reset signal RST applied to the phase detector 19. |
To produce the reset signal RST the up signal UP and the down signal
DWN are applied to the input of a NAND gate 31, whose output signal is delayed in a
20 delay device 33. It is evident that the logic type of the gate 31 depends on the state of
" the up signal UP, the down signal DWN and the reset signal RST which is assumed to
be active, and on whether the delay device 33 is inverting or non-inverting. The NAND
gate 31 shown in Figure 1 is only one of the possible gate types and is merely an
example. |
25 In this way it is attempted to achieve that the current sources 27 and 30 of
the charge pump circuit 15 have the time to reach a significant fraction of their nominal
currents before they are turned off. ' |
As already stated, the known solution using a plurahty of gates in series
in order to form the delay device is not satisfactory because it does not guarantee a
30 correct compensation for the rise times of the current sources 27 and 30 of the charge

pump circuit at any temperature. .
When the delay provided by the delay device 33 is too short in relation to
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5 long the current sources 27 and 30 will simultaneously supply current for an excessive
time interval, which results in an unnecessary supply current consumption and in an
excessive noise of the frequency produced by the variable-frequency oscillator 11.

Figure 2 shows a more detailed diagram relating t6 a phase-locked
oscillator arrangement in accordance with the invention.

10 In this Figure elements having the same functions as those in Figure 1
bear the same reference signs. In a practical example the current source 27 of the -
charge pump circuit 15 comprises a plurality of bipolar transistors 40a-40b of the PNP
type, whose bases can be connected to a base current generator 41 under the influence

* of a switch 43 which is controlled by the up command signal UP. The collectors of

15 these transistors supply the current which charges the storage capacitance 13.

In a variant, which for the sake of clarity is not shown in the Figure, the
number of transistors 40a-40b operating in parallel can be programmable.
' The current source 30 of the charge pump circuit 15 likewise conipris&s a
plurality of bipolar transistors 40c-40d of the PNP type, of which all these transistors or

20 a programmable number of them can be operated in parallel under the influence of the

down command DWN, as a result of which a switch 45 is actuated and the voltage
supplied by the base voltage generator 41 is applied to the bases of the transistors 40c-
40d.

The collector currents of each of the transistors 40c-40d are applied to the

25 inputs of current mirrors 47-49 formed by bipolar transistors of the NPN type, which
current mirrors have their outputs coupled in parallel to supply the discharging current
of the storage capacitance 13. All the transistors 40a-40b, 40c-40d are of identical
construction and form matched pairs. This ensures a symmetrical operation of the
current sources 27 and 30. In accordance with the invention a delay circuit 53 is formed

30 by a PNP-type bipolar transistor 40e which receives the voltage supplied by the base
voltage generator 41 at its base via a switch 55, which is controlled by an AND gate 31
receiving the up command signal UP and the down command signal DWN at its inputs.
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transistor 40e, in such a way that the consumption represented by this reference current
I, can be small enough in relation to the overall consumption of the circuit.
Figure 3 is the diagram of a delay device 63 in a preferred embodiment of
the invention. In the same way as above this delay device 63 comprises a PNP type
15 transistor 40e forming a matched pair with any one of the transistors 40a-40b, 40c-40d
of the current sources shown in Figure 2. The base of said transistor receives an
activation signal conditioned by a logic gate 31, by means of which the simultaneous
activation of the up command UP and the down command DWN can be detected. In the
diagram shown in Figure 3 the voltage supplied by the base voltage generator 41 is used
20 for biassing the base of the transistor 40e and is applied vig a switch 64 controlled by
the gate 31. The means enabling an evaluation in the course of time of the current
supplied by the transistor 40e, which is the image of one of the transistors of the
current sources of the charge pump circuit, comprise a current mirror 65, which has an
input branch receiving the collector current from the transistor 40e and an output branch
25 connected to the output of another current mirror 67, referred to the supply voltage Vec
and comprising MOS transistors 68 and 69. Finally, a current source So, referred to the
reference voltage VEE, feeds a constant current I, into the input branch of the current
mirror 67. The output branch of the current mirror 65, which is coupled to the output
of the current mirror 67, forms a node on which the reset signal RST appears. The
30 combination formed by the current source So and the current mirror 67 constitutes the
equivalent of a reference current source such as that bearing the reference numeral 60 in
Figure 2.
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can be chosen to be, for example, 35% of the nominal current of the transistor 40e.
Under these conditions, which are given purely by way of example, the reset signal
RST will be produced when the current supplied by the transistor 40e has reached 70%
of its nominal value. Other values of the current I, and the ratio of the current mirror

10 67 can be chosen to obtain the same result.
If the current mirror 67 and the current mirror 65 are realised by means

of bipolar transistors it will be desirable to provide anti-saturation means for the
transistors involved in the output branches of these current mirrors.

In a preferred variant shown in Figure 3 the current mirror 67 and the
15 current mirror 65 are realised by means of MOS field effect transistors, for which the
saturation problems do not exist. The diodes 71 and 73 are connected in parallel
between the bipolar transistor 40e and the reference voltage terminal VEE. This
precludes saturation of this transistor. A resistor 75, shown in series with the gate of the
input transxstor of the current mirror 65, forms a means, known per se, of increasing
20 the switching speed of this current mirror. |
A delay circuit of this type is simple and compact. It enables the current
sources of the charge pump circuit to be reset in a precisely controlled manner, thereby
ensuring an optimum operation of the phase-locked oscillator.

. This Sheet Has Been Rerlaced

AW




e - ‘

time interval, which results in an unnecessary supply cU Eon;
and in an excessive noise of the frequency produced by tEJH'S SHEET HAS BEEw
vari abl e-frequency oscillator 11. Figure 2 shows a nore [det ai REFLACES am
relating to a phase-|locked oscillator arrangenent in accordance W tim tne
invention. In this Figure elenments having the sane functions as those in
Figure 1 [RHF 94!8d1lsame reference signs. lh a practical exanple t200t.199%:nNt
source 27 of the charge punp circuit 15 conprises a plurality of bipolar
transi stors 40a-40b of the PNP type, whose bases base
current gaCIcAINMS; 41 under the inftuenceof—a—switch 43 which is controlled

by the up command signal UP. ct thesHll mﬂl m/lﬁ ply the
current which charges the stﬁpgheeﬁ&as?m"iﬂ I h for
iiire

the sake of clarity is not sh t he nu er of transistors
40a- 40b operating in paral I:eI ble. The current source 30 of
the charge punp circuit 15 |i kew se conprises a plurality of bipolar

transi stors 40c-40d of the PNP type, of which all these transistors or a
programmabl e nunber of them can be operated in paral I eI under the influence

of the do comand [ o@&ﬂhfa g;mﬁgé B 4Rab y‘?cg,ed and
t he vol ta\gg suppl i ed y the %gse VO {age enera |vs alé-ﬂaegh t he

bases of tdseillatorisappliesran eﬂmtsimlcdﬂtmlledluywmmmm&onfasmdgeof t he
transi stors 4Qc-40d are.a Iled to the in uts of c rrent mrrors 47-49

formed by SBPYYRATE, WIHER i Hargedohy 1 ot RAgement COBPESRA o
their out pihse GétediorWhich 13'aR ihfat Which moesta%gm WEHEProfh (e dulfiie signal

5 of the variable-frequency oscillator, another input which receives a signal from a
reference oscillator, and a reset input, the charge pump circuit comprising two current
sources which each comprise a plurality of transistors operating in parallel and which,
respectively, charge and discharge the storage capacitance, which charge pump circuit
has two inputs, i.e. a first control input coupled to a first output of the phase detector,

10 which supplies a switching signal called the up-command signal, which activates one of
the current sources, and a second control input coupled to a second output of the phase
detector, which supplies a switching signal called the down-command signal, which
activates the other current source, in which arrangement the time interval during which
these two command signals are simultaneously active is controlled by a reset signal

15 from a logic gate which combines the up-command signal and the down-command
signal, which reset signal is applied to the reset input of the phase detector after passage
through a delay device, characterised in that the delay device comprises a current source
called annexed current source, which is switchable and comprises a transistor forming a
matched pair with a transistor of one of the current sources of the charge pump circuit,

20 and comparison means for comparing the current supplied by said annexed current
source with a given threshold current, which means supply the reset signal when this
threshold is reached. |
2. : An arrangement as claimed in Claim 1, characterised in that said
comparison means comprise a current mirror having an input branch receiving the

25 current from the annexed current source and having an output branch, which forms the
output of the delay device, connected in series with an output of a reference current
generator which supplies said current threshold.
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of the storage capacitance 13. Al the transistors 40a- W
identical construction and form matched pairs. This ensfirlé4S 8HEFTmAS BrrN !

operation of the current sources 27 and 30. |In accorda wi tFERUACED
invention a delay circuit 53 is formed by a PNP-type bipolar transt Ade
whi ch receives the voltage supplied by the base voltage generator 41 at - its
base viaa a switch 55, which is controlled by an AND gate 31 receiving the
up comurREF 98ldl UP and the down commbihd signal DWN at its in2l0t.1995
REPLACEMENT SHEET Date.. 10 AUG 1995 The transistor 40e is of a
construction identical to and forns a matched pair with any one of the
transi st @.s 40a- 40An sifangéfent s claimed inhClaim @) zharaterised incthat thelvatehor e
identical to thgt of the current source transistors 27 and 30 at an

t enper at RIETor|aRd the Tefereace, cusal generaarcare spRatpicisd by, meant O MQSTiype el st or
40e is aﬂfﬁkfﬂaﬁﬁk | oad resistor 57, which is also connected to a
reference vol tage E. A reference current source 60 permanently supplies a
ref erencd.current [Asrarfangement asclajmed indanyoone ofcthe laimssDto 3/ charadterisedd s o

connecited to the reference voltage VEE. The vo]tage drops produced, acr oss

Cher oS 4n gt b6 aRyiSs foFming i Sumam toulces afdhe See BB FREH B ces & he

reset si GRAkist3P forthink the %&E%cuﬁ&nﬂ Vdr@‘l’NPJi'yﬁie tﬁgolﬁr fHndi@brse choi ce of
and 59 t ernce

t he val ues o? the reSistors e refer urrent |err] can be

made smal |l er than the nom nal current of the
0N R

. This Sheet Has Been R“laced

TR
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transi stor 40e, in such a way that the consunption repredgnteo Dy—tH=s
reference current [err] can be small enough-in relation qu."fﬁaS’dé'éT HAB BEEN
consunption of the circuit. Figure 3 is ‘the diagram of aldel ay REELAEEDG3 i n
a preferred enbodi nent of the invention. In the sane way as above ThTs

del ay device 63 conprises a PNP type transistor 40e form ng a matched pair
with any &@FEF 94.5lhe transistors 40a-40b,1240c-40d of the current Fpof.4995
shown in Figure 2. The base of said transistor receives an activation
signal conditioned by a logic gate 31, by neans of which-the_sinultaneous
activati oABSTRAETup command UP and the down conmmand DWN can be detected——-

In the diagram shown in Figure 3 the voltage supplied by fl Sheetdns BQ|, hage
gener at or Pgisq-lgde@emtommgmhe base of the transi st DWM Tﬁ?&d .
i .

applied via a switch 64 controlled by the gate 31. The nea :
eval uation in the course of tinme of the current supplied by the or
40e, which is the image of one of the transistors of the current: sources' of
the charge punp circuit, conprise a current mrror 65, which has an input
branch receiving the collector current fromthe transistor 40e and an

out put branch conneﬁl%g%%g@%y i of another current mrror 67,

referred to the supply Vo ‘conprising MOS transistors 68 and

69. Fi nal | g, vatiablerfrequency usciltatsio(11) comislRd Byoa vVoRage(VC D) BnY £ Chii3ftanésE:

feeds a ¢ tant current [err] into the input branch of the current mrror
67. The og&;ut branch of the current mrror 65, which is coupled to the

out put _of - WRAafyl o P55 dnic il o WEndlel e ehlugE1ED 3 90 ST
m rror %7- aphase deteator (19) which verhpares tie phase bf aaipnal frof £ Méfefeibé GIBAEH as
that bear kﬁ? utriglethreeﬁch%;ee 8? &engurtrp%tasggng? o}' H.e variable-frequency oscillator (11) after
frequency division in a divider (17), which detector supplies an up-command signal
(UP) and a down-command signal (DWN) to the charge pump circuit (15)
- a logic gate (31) which detects the simultaneously active state of the command signals
10 (UP, DWN) and whose output signal is applied to the phase detector (19) as a reset
signal (RST) for this detector, after passage through a delay device (53).
In accordance with the invention the delay device comprises an annexed
transistor (40e) forming a matched pair with one of the transistors (40a-40b, 40c-40d)
forming the current sources of the charge pump circuit (15), and means (57, 59, 60, 62)
15 for supplying the reset signal (RST) when the current of the annexed transistor (40c)
reaches a given fraction of its nominal current, after being turned on by the logic gate
(31).

Field of use: frequency synthesizers.

Figure 2
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Figure 2. . REPLACEMENT SHEET Date ©..10. AUG 1995 In t ]
again, the ‘current [err] supplied by the current source | H %TﬁﬁﬁﬁﬁtN
fraction of the nominal current of the switchable currer LAGERed by

the transistor 40e. Preferably, the current mrror 65 has an output
current/input current ratio smaller than unity, for exanple of I/r2as——

indicated in the Figure. For a current mirror 67 w th unithy skt OBl th vaI ue
of the current [err] supplied by the (r:r ent source So ca m ?}‘

for exanple, 35%of the nom nal curr f the transistor

conditions, which are given purely by *way of exanpl e, the

w Il be produced when the current supplied by the transistor 40e has
reached 70% of its nom nal value. O her values of the current [err] and the
ratio of the current mrror 67 canbe chosen to obtain the sane result. |f
the current mrror 67 and the c are realised by nmeans of
bi polar transistors it will b esiraple 40 prOV|de antl saturation neans

for the transistors involved branches hese current
mrrors. Inaj’ﬁm—m' F mrror 67 and
the current mrjr calmmsadl by itant

transistors, f riﬁh }gthzg
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saturat.i on problens do not exist. The diodes 71 and 73 aré 98 @Fﬁ
-parall el between the bipolar transistor 40e and the refergnce vgedads: q_'AéqBEEN !
termnal VEE. This precludes saturation of this transi sto

shown in series with the gate of the input transistor of the current mrror
65, fornms a neans, known per se, of increasing the switching speed of this
current mrror. A delay circuit of this type is sinple andTikioSheatks Bdei Replaced
enabl es the current sources of the ghatge punp circuit to b i _
precisely controll ed manner, ther ebz geasuri ng an opti mum op

) ... 10

phase-1 ocked oscill ator. REPLA SHEET Date :.&% - ..

CLAI M5: 1. A phase-| ocked oscillator ar ang t I n which a

vari abl e-frequency oscillator supplres a controlled by a

control voltage froma storage capacitan e 'ch I s charged by a charge
punp circuit, ich'HrTangEnEhT‘CUﬂpT1 Phase—detector -whirep has an

i nput whi ch refcei vels «a~si gré® derived frpmthe output si of | t he

vari abl e-frequenc s@I | at e MRS sfgnal froma
reference osci Iéo =and a(re<et i nput=gtheNchar ge ppfrjﬁ- L rgui L conpri sing
two current ' ' S AL l‘.l-.l.l

Y Pk ot
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‘SOurces mhrch each conprise a plurality of transistors operatgng.n
N parallel and whi ch, respectively, charge and dlschargehﬁﬂeﬁhfﬁﬁékﬁi
tapacitance, which charge punp circuit has two inputs . e. mi‘rst cont rol
i nput ;coupled to a first output of the phase detector, which es a
smntchrng signal called the up-command signal, which activates one of the

current :gources, and_a second contr Mut coupl ed to—a—seecendoutput of
h

t he phasd det ector, which supplies a ching signal called th R MC
downz'conmmtand srgnal whi ch act’i vates e ot her current B
arra&@enent the time interval during which these two co re
sy nul't aneously active is controlled by a reset signal fr

i ch coibi nes the up-conmand signal and the down- conmmand S|gnal mhlch

reset signal is applied to the reddt input g ]_he phase detector after
passage through a delay device, c aracter sed'in that the del ay device

conprises a current source cg urrent S¢ o; which is
swi t chabl e and ee+sg SR EE—a WM th a
transi stor of one of the curr- our a0 the charoe punp c|rcuit, and

conmpari son nea s E@np 5|ng h i current nexed current
source with a gi en t hr esipol d ‘ ent, reset signal

when this thresh&qfd s rpdched. clained in
Claimi1, chdr ei sed iy Lr-- lsa dalorrazlrr

a current
m rror havin i n b 3 annexed

current source ad d i Ng i&e m am ' 5t J]th of the
del ay device,| clorject ed rie h an oy SEpflLef ¢ e current

_generat or mhicptﬁﬂaalies° ai d cufn; R) ¢ hr e FO :I:'

(UP)
(DOWN)

This is the replacement sheet

Dete: 5 h.] 5



SREPLACEMENT SHEET Date:. 1 0 AUG 1995-3. An arrangement as cl ai fred

. tn daim2, characterised in that the current mrror angpt Bel18E BLfRESaced
current generator are constructed by nmeans of MOS-type fi
transistors. 4. _ An arrangenent as clained in anzi ﬂﬂ u mai'ms

1 to 3, characterised in that ,the trangistors formng th es
of the charge punp circuit and the t I stor formng the annexed current
source are PNP-type bipolar transi st -—
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