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sampling phase detector and the control input of the VCO, the signal
processing means including two par- RELATED APPLICATIONS
alel  paths. The first path included frequency-sensi- tive filters (an LC
filter and an RC filter), which deter- The specification lodged in respect
of this appli-   5   mine normal loop-bandwidth characteristics for the
cation is a cognate of the disclosures in Australian  system to achieve
desired response characteristics to Provisional Patent Application No. PI
5477, entitled  changes in the reference signal. The second path is
"Integratable Phase Locked Loop", filed 18th Novem-  biased to be normally
non-conductive but to conduct ber, 1987, and Australian Provisional Patent
Applica-  in the event of high loop stress. This increases the tion No. PI
6631, entitled "Calibrator", filed 8th Feb-  10  loop bandwidth and hence
the control capability of ruary, 1988, and Australian Provisional Patent
Appli-  the loop until the control signal returns to the normal cation No.
PI 7879, entitled "A Modified Oscillator  narrow range; when this condition
Is reached, the sec- And Integratable Phase Locked Loop", filed 22nd Ap-
ond path becomes non-conductive and the system ril, 1988, all the
aforementioned Applications having  automatically reverts to Its normal
condition. been lodged in the name of the present Applicant.    15  Prior
art PLL's known to Applicant do not in fact achieve the goal of total
integration, In that they inte- FIELD OF INVENTION
grate many but not all components on the VLSI chip. US 4,626,798 discloses
a PLLwhich achieves to- The present invention relates to an integratable
tal integration, but it is only suitable for use at ex- phase-locked loop
(IPLL) for use in electrical or elec-  20  tremely high frequencies (quoted
as above 100 MHz). tronic circuit applications. More specifically, the
pres-  Not only are lower frequencies more commonly re- ent invention
relates to a phase-locked loop (PLL)  quired, but very high frequencies
require specialised suitable for Very Large Scale Integration (VLSI imple-
circuit techniques, for example Emitter-Coupled Log- mentation). Most
specifically, the present invention  ic, which is both costly to produce
and consumes relates to a substantially totally Integratable PLL. The   25
large amounts of electrical power in use. At the high IPLL of the present
invention has application in fre-  frequencies disclosed in US 4,626,798,
use is made quency synthesis and signal demodulation.          of the
resistance of the ordinary circuit wiring to form the LPF, (page 5, lines
45 to 50). This is not available PRIORART
at lower frequencies, where the values required for 30  such resistors
become excessive. Further, the elec- A prior art Phase Locked Loop (PLL)
comprises  trical value of suchwiring resistance is poorly control- at
least three elements; a Voltage (or Current) Con-  led in most practical
VLSI fabrication processes, trolled Oscillator (VCO), a Phase Detector or
Com-  which can lead to poor control of the LPF character- parator (PD),
and a Low Pass Filter (LPF). These ele-  istics. This may lead to
unpredictable behaviour in the ments are connected in a ring formation,
whereby the   35  presence of changes (e.g. modulation) in the Refer- PD
measures the difference In phase between an ex-  ence inputsignal.
Amathematical analysis in the book ternal Reference signal and the VCO's
output, and  by "Best" referred to above shows that even small this
difference filtered by the LPF serves to adjust the  changes in the LPF
characteristics may, in some cas- frequency of the VCO, so as to keep it in
synchronism  es, prevent the PLL from ever acquiring lock, or re- with the
Reference signal. Optionally, a Frequency   40  quire an excessive time to
acquire lock. Divider may be connected at the output of the VCO,     The
disadvantages of very high frequency oper- which then runs at a multiple of
the Reference fre-  ation, as noted above,will equally apply where a mod-
quency, and the entire  PLL constitutes a frequency  erate-frequency PLL is
to be realised by building a multiplier. This type of circuit is described,
inter alia,  very high frequency PLL, and passing the output in
"Phase-Locked Loops: Theory, Design & Applica-  45  through a frequency
divider to achieve a moderate tions", Best R. E., McGraw Hill 1984. Figure
1 shows  frequency output a prior art PLL
US 4,538,282 discloses a PLL which utilises the Other prior art PLL
circuits are exemplified    so-called "digital VCO" concept, whereby the
adjust- by "Hochschild" in US 4,538,282, "Kinkovsky, Sever-  able frequency
from the VCO is obtained by passing in' In US 4,571,731, and "Fried" in US
4,626,798.  50   a constant, high-frequency input through a variable US 3
805 183 is described in terms of discrete  frequency-divider circuit. The
output frequency is components, and certain of its components (eg cer-
then the original high frequency divided by the mod- tain capacitors, an
inductor, and the oscillator, which  ulus of the divider circuit may be a
YIG oscillator) are not integrable.           Such a system suffers from
two potential draw- A development of the basic phase locked loop   55
backs, namely that a separate high-frequency clock system  has been
described in US 3,805,183         source is necessary and that the output
frequency (Lance/California Microwave Inc). In this, signal proc-  will
never (except fortuitously) be exactly correct, essing means are interposed
between the output of a  since the divider modulus is constrained to be a
nu- 2  



3                   EP 0 390 800 B1                 4 merical integer.
Hence the output frequency typically  nal to the chip, as described. This
of course defeats hovers above and below the desired value. For many  the
goal of integration, or at least total integration. applications (e.g. data
recovery in communications     A further use of external components, in
prior art systems) this inaccuracy can be tolerated. However,  PLL designs,
has been in the VCO circuit. The reason if the PLL output is intended (for
example) to serve as   5   for their use here, is that passive components
(resis- the carrier frequency for a radio transmitter, a pure  tors and
capacitors) fabricated on VLSI chips, are frequency is required.
subject to very wide manufacturing tolerances (up to Other prior art PLL
circuits have required addi-  4 to 1). [These wide tolerances are a further
reason tional external components to control the operating  why
conventional resistor/capacitor LPF circuits are frequency of the VCO
and/or to determine the oper-  10  unsuitable for VLSI implementation,
necessitating ation of the LPF. Known PD circuits (suited to VLSI  SCF
circuits.] This translates Into a wide spread in the implementation) have
been fabricated from various  VCO's characteristics, which greatly adds to
the dif- arrangements of digital logic gates, and are described  ficulties
of PLL circuit design. By contrast, discrete in the book by "Best" referred
to above. Such circuits  components with tolerances as low as 1% are
readily generate an output, representing the analogue phase   15  available
from normal commercial sources. These ex- error, as a pulse-width modulated
(PWM) digital wa-  ternal components (including the processes of at-
veform, which is converted to an analogue voltage by  taching them to the
circuit) can greatly add to the cost the integrating action of the LPF. As
the loop ap-  of a completed product and substantially limit product
proaches correct lock, this error reduces towards  miniaturisation. zero,
represented in the PWM signal by a train of in-  20  A SCF may be employed
to act both as PD and creasingly narrow pulses. It can be shown mathemat-
LPF, in phase-sensitive circuit designs. The elements ically (by use of
standard Fourier transforms) that  of a PLL according to this priciple are
disclosed in such pulse-trains are equivalent to a set of sinusoidal
"Allen & Sanchez-Sinenclo" referred to above, who do waveforms, containing
increasing amounts of energy  not however, disclose the realisation of such
a circuit. at higher and higher frequencies, as the pulses be-  25  In
particular, the simple two-capacitor SCF shown come narrower. The required
LPF circuit Is commonly  therein, is inadequate for use in many practical
PLL fabricated from resistors and capacitors external to  designs. the VLSI
chip since, at low and moderate frequencies,  This simple type of PLL is
unsuitable for a fully- these components require values too large for prac-
integrated embodiment, due to the manufacturing tol- tical VLSI
implementation.                     30  erances aforesaid. These will
result in a large spread An alternative form of LPF, suited to VLSI imple-
In the initial VCO frequency (when the reference input mentation, is the
so-called Switched-Capacitor Filter  is first applied). Should this
frequency deviate  too far (SCF). This type of circuit is described in such
texts  from the correct value, a "false lock condition may re- as 'Switched
Capacitor Circuits (Allen & Sanchez-Si-  suit One such situation may cause
the SCF, which nencio, van Nostrandt 1984). Such circuits have,  35   may
be clocked by the VCO, to sample non-adjacent however, an inherent limit on
the maximum signal fre-  cycles of the input signal. In such a case, the
SCF will quency they can process. This limit is described by  still "see" a
steady DC value, and the PLL will reach the 'Nyquist Sampling Theorem,
which states that   a stable operating pointwith the VCO running at one-
such circuits cannot process signals containing ener-  half its intended
frequency. In practice, there are gy components at frequencies above
one-half of the   40   many more such "false lock" situations, which must
frequency at which the filter is itself clocked.    be carefully avoided.
The presence of these "false The foregoing discussion demonstrates that the
locks" has detracted from the usefulness of this PLL logic-gate type of PD,
and the SCF, are mutually in-  configuration in prior art. compatible
since, as exact synchronism is approach- ed, the logio-gate PD generates
increasingly narrow-  45   OBJECTS OF THE INVENTION er output pulses and
hence increasing output energy at progressively higher frequencies.
Eventually, such  An object of the present invention is to provide a
frequencies will exceed the "Nyquist Limit" (as descri-  PLL circuit which
alleviates some or all the disadvan- bed above) of the SCF, and the output
from said SCF  tages of the prior art. wll no longer correctly represent
the input signal. The  so  More specifically, the object of the invention
is to practical result is that such a PLL develops an output  provide an
integratable PLL circuit in which the dan- which "hunts" about the correct
frequency, In a simi-  gers of the "false lock" problems discussed above
are lar manner to the "digital VCO" concept described  alleviated or
overcome. above.
Accordingly, the present invention provides an in- The solution generally
adopted in prior art PLL  55  tegrable phase locked loop (IPLL) circuit
comprising: products (e.g. the Motorola MC4046 Integrated PLL,  sampled
data filter means which sample a reference and others) has been to retain
the logic-gate PD, and  signal to provide a control signal at its output
and to fabricate the LPF from discrete components, exter-  voltage or
current controlled oscillator means (VCO) 
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control input to which the output of the filter  ances. This minimises
manufacturing cost. means is fed, the oscillation frequency being regulat-
The IPLL allows the characteristics both of the ed by the control signal,
and which provide an output  VCO and the LPF to be closely controlled, so
provid- digital signal which is fed back to the filter means to  ing highly
predictable PLL characteristics. provide a clock signal for the sampling;
5       The IPLL is capable of generating a substantially characterized by
calibrator means coupling the output  spectrally pure output, that is,
whose outputfrequen- of the filter means to the control input of the VCO
and  cy is substantially constant, rather than hovering including
adjustable gain and/or bias means settable  about a "correct" value. to
determine the overall control-signal-to-frequency    The present invention
utilizes the ability of a SCF characteristic of the IPLL irrespective of
the control-  10  circuit to perform the duties of a PD in addition to its
signal-to-frequency parameter of the VCO.            primary filtering
function. The use of a SCF in this The IPLL may be substantially totally
Integrat-  mode may be understood when It is recalled that the able.
SCF, like all other sampled-data circuits, operates by The present
Invention may provide a frequency    taking a "snapshot" of its input
signal at regular in- dividerorcounterarranged to Inter-couple the Input of
15  stants in time, and then processing these "snap- the sampled-data
filter and the output of the VCO.   shots". If such regular "snapshots" are
taken of an ob- The divider may be programmable or predetermined    ject
describing some form of periodic motion (e.g. ro- such that the IPLL of the
present invention serves to  tation), a situation arises similar to that of
the well- function as a frequency multiplier.                  known
stroboscope, or automotive engine timing- The present invention thus
provides a calibrator  20  light. If the samples ("snapshots") are taken at
a rate arranged to inter-couple the sampled-data filter out-  equal to
thatof the object's periodic motion,the object put and VCO input .The
calibrator allows the IPLL      may appearstationary, sine the object is in
thesame characteristic to be adjusted or set to a particular de-  position
when each sample is taken. Further, If said sired value to compensate
forwide manufacturing tol-  input signal is of a substantially continuous
form (e.g. erances, or to be settable to any desired value within  25
sinusoldal or triangular, but not rectangular pulses), some range, or both.
any variation In the instant of sampling will manifest The IPLL of the
present invention may include    as a change in the "apparent" DC voltage
seen by the any known VCO and/or sampled-data filter.The type    SCF. The
device therefore exhibits a phase-sensitive of VCO and/or filter used may
be determined by the   characteristic. particular VLSI implementation or
IPLL application.  30  The electrical analogy of this is a periodically The
sampled-data filter may comprise any known       varying electrical signal,
which is then sampled at SCF and integrator.
regular intervals. Since such regular sampling is a Preferred embodiments
of the present invention   characteristic of the SCF's normal operation, It
is ap- will now be herein described with reference to the ac-  parent that
such action will occur when an input sig- companying drawings, wherein:
35   nal, varying at the same rate as the SCF Is Itself being Figure 1
shows a prior art PLL arrangement.      clocked, is applied to the SCF. The
SCF effectively Figure 2 shows an IPLL according to the present  samples
the same instant on successive cycles of the invention.
input waveform, and will therefore "see" a constant Figure 3 shows a
preferred form (only) of sam-   DC voltage at its input. Further, if said
input signal is pling filter.                                   40   of a
substantially continuous form (e.g. sinusoidal or Figure 4 shows a
preferred form (only) of VCO.   triangular, but not rectangular pulses),
any variation Figure 5 shows a calibrator in block diagramform.  in the
instantof sampling will manifest as a change in Figure 6 shows a preferred
form (only) of calibra-  the "apparent" DC voltage seen by the SCF. The de-
tion arrangement.                                    vice therefore
exhibits a phase-sensitive characteris- Figure 7 shows an alternative
preferred form of  45  tic. calibration.
The IPLLof the present invention includes a sam- Figure 8 shows the timing
of operations for the  pled-data filter, or a filter which operates in a
strobic calibration function of a discrete component test cir-  manner. The
sampled-data filter operates to strobo- cuit of the present invention.
scopically see, an input signal; i.e. the filter samples Figure 9 shows a
Voltage to Current Converter,  50  the inputsignal at points in time
determined by a clock according to prior art.
signal. If the frequency of (clock) sampling is substan- The IPLL is
capable of fabrication on convention-  tially equal to the frequency of the
input signal, the fil- al MOS (Metal-Oxide-Semiconductor) silicon "chips",
ter will "see" a DC signal. requiring no special processes or methods, at
mini- mum cost.                                      55   An Integratable
Phase Detector (PD) The IPLL is inherently tolerant to the wide varia- 



tions in component values which commonly occur in       In a SCF, a
"resistor" may be simulated by a ca- VLSI "chip" manufacture due to
manufacturing toler-  paitor interjacent between two (transistor) switches.
4    7                   EP 0 390 800 B1                 8 Such a
"resistor" when coupled with an additional ca-  usual practice, the circuit
is still referred to as a VCO pacitor provides a simple LPF. The
characteristics of  [Voltage-Controlled Oscillator), notwithstanding it is
such a SCF depend on the ratio of size of capacitors  in fact, current
controlled. The term Current-Control- used rather than their actual
capacitive value. The  led Oscillator is not often used.) frequency at
which the (transistor) switches are cy-   5  A calibrator is provided with
the IPLL as shown in cled is also of importance to the SCF characteristics.
Figure 2. The calibrator serves to alleviate 'false lock'. As shown in
Figure 3, S1, S2 and C1 provide a "re-  The following describes two
preferred methods and sistor" and in conjunction with C3, provide an LPF,
as  preferred apparatus of the calibrator. aforementioned. The additional
capacitor and switch (C2 & S3) provide a phase-advance characteristic In
10   Calibrator: First Embodiment (See Figures 5 and 6) the SCF, such
phase-advance serving to improve the damping of the complete PLL, causing
it to acquire     The underlying principle of the VCO calibration lock
(upon application of a suitable reference signal)  process may be found in
Analytical Geometry. The more rapidly. A control voltage output can be
taken  objective is to define the characteristic (i.e. the graph from C2,
rather than (in accordance with usual SCF   15  of output Frequency versus
Control Voltage/Current) practice) from the end of the chain, at C3. The
sam-  of the VCO. Without calibration, this characteristic pling of the
input signal is accomplished via any one  may be subject to very wide
manufacturing tolerano- of or all switches S1, S2, S3. (Preferably S1, S3
are  es, as noted above. operated substantially in unison, but in
opposition to  Given that the characteristic of the VCO approx- S2.
Further, the switches should preferably be so con-  20  imates somewhat a
straight line (at least over the trolled, that at no time are all three
closed simultane-  span of practical interest), It Is sufficient to
determine ously).                                            two points on
that line, for the entire line to be deter- With reference to Figures 2 and
3, the input to the  mined. The calibrator operates by determining two IPLL
can be a signal of a continuous form, i.e. an ana-  such points, near the
lowest and highest frequencies log signal. If the input signal has a
frequency substan-  25  at which the VCO is required to operate. tially
equal to the SCF clock frequency, the filter may  The calibrator may adjust
the performance of a see, a substantially constant DC voltage (by a proc-
Voltage (or current) Controlled oscillator, and may ess similar to that of
an optical stroboscope, as here-  compensate for manufacturing tolerances.
In circuit Inbefore described). The DC voltage seen may de-   parameters.
This can be advantageous In an IPLL due pend upon the point(s) in time at
which the input sig-  30  to possible wide production spreads of VLSI
charac- nal is sampled. In this way, an SCF may form an ideal  teristics.
Wide production spreads may result in a sampled-data filter.
wide variation in sensitivity of the VCO circuit (its fre- The output of
the filter (control volts), provides an  quency, as a function of the
controlling voltage/cur- input signal, or controlling signal, for the VCO
of the  rent). This can reduce the IPLL's accuracy or cause IPLL. The
output signal or oscillation of the VCO can   35  "false locking" as
described above. be used to provide the CLK signal for the SCF which    The
principle is that the control voltage is proc- enables sampling in the
sampled-data filter.       essed by a calibrating stage before being
applied to In order to alleviate the above-mentioned 'false  the VCO
circuit. This calibrator may have one or two lock' problem, the PLL is
arranged to enter a "set-up"  programmable or setable parameters; its gain
and/or mode when a new reference signal is applied. In this  40  its bias
or offset, which may be added to the output mode, the LPF output is forced
to a specific value,  value. The transfer function of the circuit may be:
and the VCO frequency is brought approximately to        Equation 1: Vo =
Bias + Vin x Gain some predetermined value, by a coarse adjustment,
where Vo = output; Vin = Input. as more fully described below. One or more
such ad-    The calibration process assigns value(s) to the justments may
be performed before the PLL is en-  45  gain and/or the bias. This can
preferably be done by abled to seek final lock. This method is especially
ef-  providing any form of known sequential logic control- fective in cases
where the PLL Is required to function  ler (such as a State Machine, or a
Microprogrammed as a frequency multiplier, since the frequency divider
Controller), which executes a calibration procedure at may be utilised to
perform the coarse-lock function.  start-up. In practical designs, such a
sequential con- Any suitable form of counter or divider may op-  50
troller may also be needed for other purposes, and tionally be fed by the
VCO output in order to provide  the calibration function may conveniently
be as- the sampled-data filter with a reduced clock frequen-  signed to
existing circuitry, by the addition of some cy. The IPLL can then function
as a frequency multi-  extra "programming". (For convenience, the process
plier, the multiplied frequency output being propor-  of determining the
operating algorithms of the control- 



tional to the division provided by the counter. The PLL   55  ler will be
described as programming", without prej- of Figure 2 Includes such an
(optional) counter.   udice as to the actual controller implementation i.e.
A known form of VCO Is shown In Figure 4, being  the programming may be
accomplished via hardware, a Source-Coupled Multivibrator. (Note that
following  firmware or software or a combination thereof).    9
EP 0 390 800 B1                 10 The calibration circuitry provides means
to over-  is reset to zero. The next lower significance register ride the
output of the filter, and force the filter's output  bit is then set to
one, and the process repeats until all signal to either a minimum or a
maximum value. The  bits have been set or reset as is required. gain and
bias inputs may be conveniently provided as   The maximum frequency setting
may be similar digital signals or data sourced from a counter or reg-   5
to the minimum frequency setting but the previously ister under the control
of a sequential controller or  set bias value can be retained and the
filteroutputcan may be provided via other convenient means.        be
forced to a maximum value. A similar process to A counter means (frequency
counter FC) can      that described above can adjust the gain, to set the
also be provided as an option, which may be clocked  VCO's intended maximum
frequency. by the VCO output, and which may be examined by  10    Having
set one or two operation limits of the the sequential controller, and may
alter the "pro-  VCO's control span for a particular application of the
gram's" flow of control and/or be utilised as data by  IPLL, the VCO's
sensitivity may be determinable, such program. When the IPLL is used as a
frequency  since it is known to be substantially linear, and two
multiplier, the FC may conveniently be the prescaling  points on that line
(in frequency and voltage) have divider hereinbefore described.
15  just been determined. We may now enable the filter The sequential
controller may be clocked (at    output, and allow the PLL to seek final
lock. least, during the calibration process) from the IPLL's  A preferred
embodiment of calibrator is shown in "reference" input signal, (see Figure
2) which is as-  Figures 5 and 6 of the accompanying drawings. The sumed to
be of known frequency. Alternatively, an-  drawings show the operation of
the controlled buffer otherclocksource of known frequency may be provid-
20  stage only: the design of digital circuits (Sequential ed. Hence the
time required to execute each "instruc-  Controllers, Counters, etc.) is
well known: details are tion" of the controller, is known.
available in many standard texts (such as Introducc Given the general
calibrator and method outline  tion to VLSI Systems, Mead & Conway,
Addison- described above, the calibration procedure may be as  Wesley
1980). The illustrated embodiment assumes follows (implemented by commands
from the sequen-  25  a CMOS fabrication process, however other MOS tial
controller).                                  processes (for example NMOS
or PMOS) could also The minimum frequency can be set by inducing    be
used. the filter's output to a LOW condition, approximately  The embodiment
predominantly makes use of to zero volts. Hence, using equation 1, the
output of  the so-called "current mirror circuit. This is a well- the
calibrator may simply be the value of the bias in-  30  known device, for
developing multiple current sourc- put. The bias input can be derived from
a counter or  es (or sinks), as accurately known multiples of a given
similar device, directed by the controller. The control-  input current.
Familiarity with this standard circuit Is ler may preload this counter or
register means, with  assumed. either a minimum or maximum value, as
required. It     With reference to Figure 5, the calibrator is imple- may
then preset the FC, and permit the VCO to incre-  35  mented as two,
Digital-to-Analogue Converters ment the FC for a known number of controller
"in-  (DAC). These circuits have the property of generating struction"
times (hence a known period). The count  an output current, which is
proportional to a digital in- remaining in the FC after this time can then
be tested  put value. D1 is a simple DAC of this type. D1 in prac- by the
controller, which then determines whether the  tice may comprise a
"multiplying DAC", having one in- VCO output frequency is above or below a
set point.  40   putfixed. D2 may be a "multiplying DAC", in which the If,
for example, we commenced by loading zero   output current is proportional
to the product ofthe dig- into the bias control bit register, we can expect
the  ital input as aforesaid, and of an additional (analogue) VCO frequency
to be low. While the frequency is low,  input. we may proceed to increment
the bias register, and     The filter of Figure 2 may generate a voltage
out- repeat the aforementioned FC count test. When the   45  put, and
therefore a Voltage-to-Current conversion set point is reached the VCO
lower limit has been set.  function is required to drive the DAC'S. In the
circuit If we elected to initialise the bias register to a maxi-  of Figure
6, the current through M5 is inversely pro- mum value, we may expect an
initially high VCO fre-  portional to the voltage input at M1, for values
be- quency, and can reduce the bias value until the set  tween the
transistor threshold voltage Vte, and point is reached.
50  Vdd/2. Because of this inverse relationship, the out- An alternative,
faster,, method of setting the reg-  put of the two DAC's can be subtracted
rather than ister bits, is the "successive approximation" method  added. In
Figure 6, the controlled output signal can commonly used in
Analogue-to-Digital Converters.   feed the gates of further transistors,
having a current 



The process begins by setting all register bits to zero  mirror
arrangement, replicating in proportion the cur- (assumed to represent
minimum VCO frequency).  55  rent through M5. This circuit is embodied
within the The most significant register bit is then set to one, and
Multiplying DAC, D2. the VCO frequency is tested as described above. If
A preferred form of DAC is shown in partof Figure the frequency is found to
be too high, the register bit  6. Transistors M9, Ml 2, MGn provide gain
values and 6    11                  EP 0 390 800 B1                  12
represent the first, second, nth gain control bit re-  Calibrator. Second
Embodiment (See Figures 7 to spectovely. M8, M13, MBn provide bias values
and     9) represent the first, second, nth bias control bit re-
spectively. There are as many transistors as there are  The calibrator
hereinafter described generally re- bits required. The more bits, the more
the precision   5   quires less circuitry than that of the first
embodiment, setting or adjustability, however, calibration time is  but it
does require a VCO circuit having an inherently proportional to the number
of bits. Practically, three  linear control characteristic, essentially
down to ap- or four bits provides sufficient accuracy and adjust-
proximately zero frequency. The multivibrator circuit ability. The
Illustration of Figure 6 provides 3 bits of  aforementioned for example,
exhibits this property, control, as an example only.                    10
as do many others which are also known. Given this, The significance of a
bit may depend on the      the first calibration point is implicitly
provided at the width/length ratio of the transistors. For example, if
zero current/frequency point, requiring only a single M13 Is twice the size
of M8, the M13 bit has twice the  calibration step, to set the
characteristic. In effect, the significance of the M8 bit, and so on. The
same may  characteristic is allowed to pivotaboutthe zero "point" apply for
the gain control. Assuming M7 is of substan-   15  until it intersects the
required calibration point. Con- tially the same width as M8, and each
succeeding     venlently, this (single) calibration point will be located
transistor is twice the width of its predecessor then,  as close as
possible to the final (i.e. in-lock) intended 11 = fixed bias current x
binary weighted value of bias  VCO frequency. This is accomplished quite
simply, in control bits.                                       the
following manner: Considering the D2 circuit, in Figure 6, transistor  20
The control voltage (from the filter) is multiplied M9 may form the second
half of a current mirror, when  by a constant, before being applied to the
VCO. This its gate is fed from bias out (M5). Hence the current  constant
is adjusted during the self-calibration proc- 12 is multiple of current
through M5 (the multiple being  ess. The use of.a multiplicative, rather
than additive, as the size ratio of M5 and M9). As aforementioned,
adjustment serves also to stabilise the VCO's sensi- there may be multiple
M9 switch/transistor pairs, con-  25  tivity function (i.e. the slope of
its response). Avaria- trolled by the several bits of the gain input.
Hence, the  tion of this second embodiment Is also possible, current 12 may
be proportional to the current through  wherein instead of multiplying the
control voltage (or M5, multiplied by the binary weighted value of the
current) by an adjustable factor, the timing capaci- gain bits. This
constitutes a multiplying DAC, whose  tor(s) in the VCO circuit itself is
similarly adjusted. output is inversely proportional to the control voltage
30   Since the VCO frequency is determined by the com- (Vin). Vin can be
the sampling filter output (optionally  bination of the control current and
the timing capaci- forced low or high, as described above).
tance, the effect is the same. In the VCO of Figure 4, The other DAC, D1,
may be formed by M8, M13,     this might be done by replacing the single
capacitor MBn transistor array and may operate substantially  shown, by a
plurality of capacitors each in series with identically, except that its
input control current has a   35   a suitable (transistor) switch, such
capacitor/switch fixed value. The current 11 hence is proportional to
pairs being connected in parallel, in place of the orig- the binary bias
value. The difference 11-12 can be tak-  inal capacitor. If these plurality
of capacitors are of en, and fed via the current mirror M10/M11, to the
suitably varied sizes, the associated switches may be VCO input as an
oscillation frequency controlling cur-  operated in a manner similar to
that aforesaid. A pro- rent                                            40
totype discrete component form of the PLL according Because of the inverse
relationship at D2, the cal-  to the present invention was made from
conventional ibration process outlined above may be modified
(discrete) components in order to test the aforemen- slightly. It may be
assumed that the VCO has a direct,  tioned described circuit. The majority
of the circuit not inverse, current/frequency control characteristic.  was
built from bipolar TTL components, with CMOS Vin may be forced to a maximum
and because of this  45   used for the analogue switches (used in the SCF
cir- inverse characteristic of the D2 voltage/current con-  cuits), and
their drivers. The operation of the self- verter circuit, the bias out
signal may reduce to zero.  calibrator is similar to that of a
successive-approxi- Hence, 12 is almost zero.
mation analogue to digital converter. It accepts a ref- Adjusting the bias,
as described above, adjusts  erence signal AC-IN, at 132kHz sinusoidal, 10V
peak 11 to bring the VCO to its maximum frequency. If bias   50  to peak.
The 132kHz logic clock, REF, is developed is held constant, Vin may be set
to zero and brings 12  from this, by the sine to square waveform converter.



to a maximum value having regard to the current val-  The prototype PLL
acquired lock (after completion of ue of the gain Input. This reduces the
value 11-12, and  the calibration function) in under 300micro-seconds, the
VCO output can then fall. Adjusting the gain can  over a reference
frequency range of 115 - 150kHz now bring the VCO to a correct minimum
frequency   55  (the design frequency is 132kHz). With-only 5 bits ac- i.e.
setting 12. The VCO is now substantially calibrated  tive, the acquisition
range reduced to 123 - 148kHz. and the IPLL can now be activated and
allowed to        Sinusoidal FM was recovered from 50 - 2500Hz, "lock".
for Reference input frequency deviations of  450 to 7    13
EP 0 390 800 B1                 14 2000 Hz. Improved performance is
anticipated in the  9. An IPLL as claimed in Claim 6 or 7, wherein the
contemplated embodiment of the present invention      calibrator means
further includes a register i.e. fully integrated PLL. A substantially MOS
process  adapted to multiply the second reference signal is contemplated
for the IPLL.                         by a constant. 5 10. An IPLL as
claimed In Claim 1, wherein capaci- Claims
tor/switch pairs are provided in association with the VCO in order to
influence the characteristic of 1. An integrable phase looked loop (IPLL)
circuit     the VCO. comprising:                                10 sampled
data filter means which sample a refer-  11. An IPLL as claimed in Claim 1,
further comprising ence signal to provide a control signal at its out-
counter or divider means (COUNTER) adapted to put; and
receive the digital signal and provide to the filter voltage or current
controlled oscillator means     means a divided or multiplied clock signal,
the (VCO) having a control input to which the output  15  IPLLproviding a
multiplied frequencyoutputfrom of the filter means is fed, the oscillation
frequen-  the VCO. cy being regulated by the control signal, and which
provide an output digital signal which is fed  12. An IPLL as claimed in
Claim 1, being adapted for back to the filter means to provide a clock
signal  operation at low or moderate frequencies. for the sampling;
20 characterized by calibrator means coupling the  13. An IPLLas claimed in
Claim 1 wherein the output output of the filter means to the control input
of  signal is substantially spectrally pure and there- the VCO and
including adjustable gain and/or       fore a single frequency. bias means
settable to determine the overall con- trol-signal-to-frequency
characteristic of the IPLL   25 irrespective of the
control-signal-to-frequency  Patentanspruche parameter of the VCO, 1.
Integrierbarer Phasenregelkreis (IPLL), beste- 2. An IPLL as claimed in
Claim 1, wherein the filter  hend aus Abtastdaten-Filtereinrichtungen,
means stroboscopically samples the reference   30  die ein Bezugssignal
abtasten, um an ihrem Aus- signal.
gang ein Steuersignal abzugeben, und  - spannungs- oder stromgesteuerten
Oszillator- 3. An IPLL as claimed in Claim I or2 being substan-
einrichtungen (VCO) mit elnem Steuerelngang, tially totally integratable.
denen das Ausgangssignal der Fiiterelnrichtun- 35      gen zugefflhrt wird,
wobel die Schwingungsfre- 4. An IPLL as claimed in Claim 1 or 2, being
fabri-   quenz vom Steuersignal reguliert wird, und die cated using
substantially MOS technology.          em digitales Ausgangssignal
erzeugen, des zu den Filtereinrichtungen rfckgekoppelt wird, urn 5. An IPHl
as claimed in Claim 1, wherein the filter     sin Taktsignal fOr die
Abtastung zu erzeugen, means includes a switched capacitor filter (SCF)  40
gekennzeichnet durch, and an Integrator means.
Elcheinrichtungen, die den Ausgang der Filtere- inrichtungen mit dem
Steuereingang der VCO 6. An IPLL as claimed in Claim 1, wherein the cali-
koppeln und einstellbare Verstarkungs- und/oder brator means includes at
least one digital to ana-  Vorspannungseinrichtungen enthalten, die ein-
logue converter (M9-M12-MGn, M7-M8-M13-  45        stellbar sind, urn die
Gesamt-Steuersignal/Fre- MBn; MDAC) and further wherein the character-
quenzcharaktmristik des IPLL unabhAngIg von istic of the VCO is determined
over the range op-  dem Steuersignalfrequenzparameter der VCO zu erating
frequencies of the IPLL.                   bestimmen. 7. An IPLL as claimed
in any one of claims 1 to 6,  50  2. IPLL nach Anspruch 1, 



wherein the calibrator means includes a digital to  dadurch gekennzelchnot,
dal die Filtereinrich- analogue converter (M9-M12-MGn) adapted to
tung des Bezugssignal stroboskopisch abtastet. set the slope or gain of the
calibrator. 3. IPLL nach Anspruch I oder 2, 8. An IPLL as claimed in any
one of claims 1 to 7,  55  dadurch gekennz.Ichnst, daG er im wesentli-
wherein the calibrator means includes a digital to  chen vollatindig
integrierbar ist. analog converter (M7-M8-M13-MBn) adapted to set the bias
of the calibrator.                4. IPPL nach Anspruch I oder 2, 8    13
EP O 390 800 BI                 14      *  C   L  M   S  * 2000 Hz.
Improved performance is anticipated in the  9. An IPLL as claimed In Claim
6 or 7, wherein the contemplated embodiment of the present invention
calibrator means further includes a register i.e. fully integrated PLL. A
substantially MOS process  adapted to multiply the second reference signal
is contemplated for the IPLL.                          by a constant. 5 10.
An IPLL as claimed in Claim 1, wherein capaci- Claims
tor/switch pairs are provided in association with the VCO in order to
influence the characteristic of 1. An integrable phase looked loop (IPLL)
circuit     the VCO. comprising:                                10 sampled
data filter means which sample a refer-  11. An IPLLas claimed in Claim
1,furthercomprising ence signal to provide a control signal at its out-
counterordivider means (COUNTER) adapted to put; and
receive the digital signal and provide to the filter voltage or current
controlled oscillator means      means a divided or multiplied clock
signal, the (VCO) having a control input to which the output  15
IPLLproviding a multiplied frequency outputfrom of the filter means Is fed,
the oscillation frequen-  the VCO. cy being regulated by the control
signal, and which provide an output digital signal which Is fed  12. An
IPLL as claimed in Claim 1, being adapted for back to the filter means to
provide a clock signal  operation at low or moderate frequencies. for the
sampling;                          20 characterized by calibrator means
coupling the  13. An IPLLas claimed in Claim 1,wherein the output output of
the filter means to the control input of  signal is substantially
spectrally pure and there- the VCO and including adjustable gain and/or
fore a single frequency. bias means settable to determine the overall con-
trol-signal-to-frequency characteristic of the IPLL   25 irrespective of
the control-signal-to-frequency  Patentanspr Oche parameter of the VCO. 1.
Integrierbarer Phasenregelkreis (IPLL), beste- 2. An IPLL as claimed in
Claim 1, wherein the filter   hend aus Abtastdaten-Filtereinrichtungen,
means stroboscopically samples the reference   30  die sin Bezugssignal
abtasten, urn an ihrem Aus- signal.
gang ein Steuersignal abzugeben, und spannungs- oder stromgesteuerten
Oszillator- 3. An IPLL claimed in Claim 1 or2 being substan-
elnrichtungen (VCO) mit einem Steuereingang, tially totally integratable.
denen das Ausgangasignal der Flitereinrichtun- 35      gen zugefflhrt wird,
wobei die Schwingungsfre- 4. An IPLL as claimed in Claim 1 or 2, being
fabri-    quenz vom Steuersignal reguliert wird, und die cated using
substantially MOS technology.          ein digitales Ausgangssignal
erzeugen, das zu den Flltereinrichtungen ruckgekoppelt wird, urn 5. An IPLL
as claimed in Claim 1, wherein the filter   ein Taktsignal fMr die
Abtastung zu erzeugen, means includes a switched capacitor filter (SCF)  40
gekennzeichnet durch, and an integrator means.
Eicheinrichtungen, die den Ausgang der Filters- inrichtungen mit dem
Steuereingang der VCO 6. An IPLL as claimed in Claim 1, wherein the call-
koppeln und einstellbare VerstArkungs- undloder brator means includes at
least one digital to ana-  Vorspannungseinrichtungen enthalten, die sin-
logue converter (M9-M12-MGn, M7-M8-M13-  45        steilbar sind, urn die
Gesamt-SteuersignailFre- MBn; MDAC) and further wherein the character-
quenzcharakteristik des IPLL unabhangig von istic of the VCO is determined
over the range op-  dem Steuersignalfrequenzparameter der VCO zu erating
frequencies of the IPLL.                   bestimmen. 



7. An IPLL as claimed in any one of claims 1 to 6,  50  2. IPLL nach
Anspruch 1, wherein the calibrator means includes a digital to  dadurch
gskennzelchnet, daB die Filtereinrich- analogue converter (Mg-M12-MGn)
adapted to         tung das Bezugssignal stroboskopiach abtastet. set the
slope or gain of the calibrator. 3. IPLL nach Anspruch 1 odor 2, 8. An IPLL
as claimed in any one of claims 1 to 7,  55  dadurch gekennzelchnet, daB er
im wesentil- wherein the calibrator means includes a digital to  chen
vollstindig integrierbar ist. analog converter (M7-M8-M13-MBn) adapted to
set the bias of the calibrator.                 4. IPPL nach Anspruch I
oder 2,    15                 EP0390800B1                     16   I     C
L  1   IIiI dadurch gekennzelchnet, daB er im wesentli-
Einzelfrequenz ist. chen unter Anwendung von MOS-Technologie hergestellt
ist. Revendications S. IPLL nach Anspruch 1,                      5 dadurch
gekennzelchnet, dall die Filtereinrich-  1. Circuit A boucle A verrouillage
de phase integra- tung ein geschaltetes Kapazltatsf liter (SCF) und  ble
(IPLL) comprenant: eine lntegratoreinrichtung aufweist.               des
moyens de filtrage de donnees echantillon- nees qui 6chantillonnent un
signal de reference 6. IPLL nach Anspruch 1,                      f0
pour fournir un signal de controls A la sortie; et dadurch gekennzelchnet,
daP. die Elcheinrich-      des moyens oscillateurs controlbs de voltage ou
tung wenigstens oenen DlgitalUAnalog-Umsetzer      de courant(VCO) qui
comprennent une entree de (M9-M12-MGn, M7-M8-M13-MBn; MDAC) auf-
controls alimentee par la sortie des moyens de weist, und dag weiterhin die
Charakteristik der   filtrage, la frequence d'oscillation etant r6gule VCO
Oiber den Betrlebsfrequenzbereich des IPLL   15  par la signal de controls,
et qul fournissent un si- bestimmt ist.
gnal digital de sortie qul ailments en retour les moyens de filtrage.
pourfournlrun signal d'horlo- 7. IPLL nach einem der Anspruche I - S.
go pour l'6chantillonnage; dadurch gekennzelchnet, dae die Elcheinrichtung
caracternse par des moyens de calibration cou- V'~    einen
Digital/Analog-Umsetzer (MWM12-MV Gn)  20    plant la sortie des moyens-de
filtrage A I'entr6e aufweist, der in der Lage st, den Abfall bzw. die  de
contrOls du VCO et comprenant des moyens Verstirkung der Elcheinrichtung
elnzustellen.      de gain et/qu de podarbsation ajustables pouvant Atre
regles pour d~terminerla caracteristique ge- 8. IPLL nach einem der
Ansprfiche I - 7,              nerale du signal controle A frequence de
l'IPLL in- dadurch gekennzelchnot, daB die Ebcheinichtung   25
dependamment du parametre du signal controle enen
DigitaU/Analog-Umsetzer(M7-M8-M13-MBn)        A frequence du VCO. aufweist,
und In der Lags ist, die Vorspannung der Eicheinrichtung elnzustellen.
2. IPLL selon la revendication 1, dens lequel les moyens de filtrage
echantillonnent Is signal de 9. IPLL nach elnem der Anspr~iche 6 oder 7,
30      r6f6rence stroboscopiquement. dadurch gekennzelchnet, daB die
Elcheinrichtung weiterhin sin Register aufwelst, das in der Lage  3. IPLL
selon la revendication 1 ou 2, en ce qu'il est ist, des zweite Bezugssignal
miteinerKonstanten    essentlellement integrable totalement. zu
multiplizieren. 3s  4. IPLL solon la revendication I ou 2, en ce qu'il est
10. IPLL nach Anspruch 1,                             fabriqu6 en utilisant
essentiellement une techno- dadurch gekennzeichnet, daB KondensatorlSchait-
logie MOS. Paare vorgesehen sind, die den VCO zugeordnet ki    sind, um die
CharakteristikderVCO zu beeinflus-  5. IPLL selon la revendication 1, dans
loquel les sen.                                      40       moyens de
filtrage comprennent un filtre A condensateur commutable (SCF) et des
moyons 11. IPLL nach Anspruch 1,                             d'int6gration.
gekennzeichnet durch Zahler- oder Tellereinrichtungen (COUNTER),    6. IPLL
selon la revendication 1, dans lequel lea die in der Lage sind, das
digitale Signal zu emp-  45  moyens de calibration comprennent au mains un
fangen und den Filtereinrichtungen sin geteiltes   convertisssor digital
analogique (Mg-Ml 2-MGn, oder multipliziertes Taktsignal zuzuflhren, wobei
M7-M8-M13-MBn ; MDAC) at oui en outre la ca- der IPLL von dem VCO Sin
multipliziertes Fre-     racteristique du VCO est determinee sur toute la 



quenzausgangssignal abgibt.                        gamme do frequence de
fonctionnement de 50     I'IPLL. 12. IPLL nach Anspruch 1, dadurch
gekennzeichnet, daB er zum Betrieb     7. IPLL selon lFune des
revendicatbons I A 6, dans bei niedrigen oder mittleren Frequenzen geeig-
lequel lea moyens de calibration comprennent un net Ist.
convertissour digital analogique (M9-M12-MGn) 5s      conru pour regler la
pentb ou Io gain du calibra- 13. IPLL nach Anspruch 1,
teur. dadurch gekennzeichnet, dal das Ausgangssi- gnal Im wesentlichen
spektralrehn und daher sine  8. IPLL selon I'une des revendications I A 7,
dans 9    17                 EP 0 390 8B1                    18 *S       c
L       S lequel les moyens de calibration cormiprennent un convertisseur
digital analogique (M7-M8-M13- MBn) concu pour regler la polartsation du
calibra- tour. 5 9. IPLL selon l'une des revendications 8 ou 7, dans lequel
les moyens de calibration comprennent un registre confcu pour multiplier
par une constante le deuxieme signal de r6f6rence. 10 10. IPLL selon Ia
revendication 1, dans lequel on trouve des paires
condensateurilnterrupteurs en association avec le VCO af in d'influencer
les ca- ract~ristiques du VCO. 15 11. IPLLselonla revendication 1,
comprenantencore des moyens de comptage ou de division (COMPTEUR) concus
pour recovoir le signal di- gital et fournir awx moyens de filtrage un
signal K     d'horloge divis6 ou multipli6, I'lPLLfournissant a   20 partir
du VCO une sortie defrhquence multipliee. 12. IPLL selon la revendication
1, en ce qu'il est concu pour fonctionner a des fr6quences basses ou
mod6r6es.                              25 13. IPLL selon la revendication
1. dans lequel le si- gnal de sortie eat essentiellement pur spectrale-
ment et en consequence a fr6quence unique. 30 35 40 45 50 56 10    


