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mpparatus for generating oscillations and its application

The present invention relates to an apparatus Zor gererating
oscillations in accordance with the first part cf claim 1 and a
preferred utilisation of the apparatus according to the
invention in accordance with the first part of the first use

claim.

Apparatus for generating oscillations, which are also referred
to as coscillators, emit, in known manner, periodic oscillations
which exhibit a sinuscidal, rectangular or other such periodic

waveform.

These output signalé are defined-py their amplitude and by their
frequency f, whose reciprocal defines the periodic time T which
is also referred to as the oscillatory period. Digital switching
stages are particularly suited for generating rectangular output
signals.

The so-called ring oscillator, which is known for example from
the book "Introduction to VLSI systems”, C. Mead, L. Conway,
Addison-Wesley Publishing Company, 1980, represents one known
embodiment of an oscillator using digital elements.

A ring oscillator is constructed in such a way that an odd
number of inverters are connected one behind the other in series
in a chain whereby the output of the last inverter is connected
to the input of the first inverter.

Each of these inverters causes a time delay and the oscillatory
period T of the output signal is determined by the number of
inverters and the respective delay times.

The oscillatory periocd T itself amounts to twice the total delay
time..

For various applications, but in particular in those cases in
which the output signal of an oscillator is intended to be
monitored by means of a phase controlled (PLL) circuit, it is
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‘advantageous if the oscillatory period T substantially
% corresponds to the total delay time of the inverter chaln being

)
4

used.

The object of the present invention is to oropose an apparatus
for generating oscillations which contains a chain of delay
elements and which makes it possible to generate periodic
oscillations having an oscillatory period T which substantially
corresponds to the total delay time of this chain.

This object is achieved for an apparatus of this category by the
features of claim 1.

In accordance with the invention,'it is proposed to connect a
chain of delay elements in serieé and to make taps at
predetermined points in this series circuit whereby the signals
obtained in this way are supplied to a logic stage which
contains logic modules. The logic stage is connected between the
output of the last delay element and the input of the first
delay element. '

Preferably, at least

- a first signal which is derived from the output signal of the
last delay element of the chain and

-~ a second signal which is derived from the output signal of a
delay element arranged within the chain

are supplied to the logic stage.

The logic circuit emits an input signal to the input of the
first delay element. A periodic stage-output signal is derived
from output signals of at least one of the delay elements or
from the output signal of the logic.stage. This has a periodic
time T which substantially corresponds to the total delay time
of the delay elements being used, in particular, when taking
into account delays in the logic stage or other conceivable
elements which may be arranged between the last and the first
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Nelay element. The total delay time results from the number of

N
~

fdglay elements and their individual delay times.

Y

The second signal causes the logic stage te switch- ove* the
input signal whereby, pOSSlblj time delayed, a switch-cver of
the stage-output signal is effected.

Inverters or other such modules known to the skilled person may
pe used for example as suitable delay elements.

With this oscillator arrangement, the advantage is achieved that
by the use of simple chips, an oscillator is realised which
delivers a periodic rectangular si ignal whose oscillatory period
T and /or duty factor TV is predeterminable.

If switch-over means are provided that alter the position of the
taps for the first or the second signal, then the frequency
and/or the duty factor of the output signal can still be varied
thereby even after the oscillator is in operation.

By means of a reference value stage which may be formed for
example as a data input device, as a store or the like, and a
reference-actual comparison stage which controls the said
switch-over means, the output signals can, to a large extent, be
predetermined and set.

In a further embodiment, the delay elements are so constructed
that the individual delay times of at least some of them are
adjustable. The periodic time and/or the duty factor can be set
in fine steps by an appropriate control means.

A preferred utilisation of the apparatus for generating
oscillations in accordance with the invention (oscillator)
consists in that it is used as part of a phase detector.

If the oscillator oscillates with an oscillator-cycle having a
predetermined frequency value, then periodic output signals are
derivable at the outputs of the individual delay elements which
are phase displaced relative to one another.
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;gﬁése phase displaced output signals are supplied to a
.rcomparison stage to which, furthermore, a test signgl that is to
; pe analysed is supplied. The comparison stage recognises when
the test éignal exhibits a predetermined valiue and which of the
digital, phase-displaced cutput signals exhibit a aigh (logical
1" or "high") value and which exhibit a low (logical "0" or
n1ow") value. The phase angle of the periodic output signal to
that of the test signal can thereby be inierred.

One use of the said kind is then very advantageous, in
particular, when the values for the frequency and/or the duty

factor of the oscillator signal are predeterminable.

This can be achieved in that indi&idual delay times and/or
positions of at least some of the delay elements are altered.

A further preferred utilisation of the oscillator in accordance
with the invention consists in that it is used as part of a
phase controlled (PLL) circuit.

This compares the output phase of any one of the stage-output
signals with the reference phase of a reference signal and, in
the event of an unwanted difference between these two phases,
emits an adjusting Signal. By means of the latter, individual
delay times and/or positions of at least some of the delay
elements are altered so that the said stage-output signal and
the reference signal are in phase with one another.

A utilisation of the oscillator in accordance with the invention
of this type may serve, inter alia, for maintaining the
individual delay times at predetermined values. The phase
displacement of a previously mentioned test signal can thereby
be very precisely determined.

Further features, advantages and details of the invention will
be explained in the following embodiments with the help of the
drawing. Therein '
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FLQ# 1 shows a first embodiment of the oscillator device in
ccordance with the invention,
X Figs. 22, b, ¢ signal waveforms for different versicns cf the

oscillator device in accordance with Fig. 1,

Fig. 3 a second embodiment of the cscillator in accordance with
the invention with a data input device,

Fig. 4 the flow diagram of a method Zfor setting the csciliatory
period and/or the duty factor TV,

Fig. 5 one possible realisation of the delay elements,

Fig. 6 a preferred utilisation of the oscillator in accordance
with the invention as part of a phase detector;

Fig. 7 embodiments of the logic stage.

Before going in detail into the description of the embodiments,
it is pointed out that the individually illustrated blocks in
the Figures merely serve for the better understanding of the
invention. Usually, some or several of these blocks are combined
into units. These may be realised in integrated or hybrid
technology or as a program controlled micro~computer or as a
part of a program suitable for its control. However, the
elements contained in the individual stages may also be executed
separately.

Hereinafter, means and signal waveforms in the Figures are each
provided with the same reference symbols and, once they have
been described, they will only be gone into again in the further
description in so far as this is necessary for an understanding
of the present invention.

Fig. 1 shows a first embodiment of the oscillator device in
accordance with the invention.
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, é;ain of delay elements 10.1, ..., 10.1 is connected one

b ind the other in series. A logic stage 11, which has an AND
gate 12 and a NOR gate 13 in this embodiment, is connected at
jes first input lla, which is identical to the fi_sL input 12a
of the AND gate 12, tc the cutput of the last delay element 10.1
which is constructed as an inverter.

The second input lilb of the logic stage 11, which corresponds to
the second input 12b of the AND gate 12, is connected to the
cutput of a delay element 10.m. Furthermore, the latter's output
is connected to the input of the delay element 10.m+1.

The output 12c of the AND gate 12 leads to a first input 13a of
the NOR gate 13. The latter's second input 13b, which
corresponds to the third input lic of the logic stage 11, is
connected to the output of a delay element 10.n which leads
additionally to the input of the delay element 10.n+l.

The output 13c of the NOR gate 13, which corresponds ta the
output 11d of the logic stage 11, leads to the first terminal of
a switch 20 whose second terminal is connected to the input of
the first delay element 10.1. The output signal of the
oscillator device is also present here.

The operation of versions of the oscillator in accordance with
Figure 1 will be described with the help of the diagrams of
Figure 2 which consists of the Figures 2a, b, c.

In a first version of the embodiment, the chain consists of 32
delay elements i.e. 1 = 32. The last delay element is thus
referenced 10.32. 22 is used for m, so that the output of the
22nd delay element 10.22 leads to the second input 1lb of the
logic stage 11. Furthermore, the output of the 15th (n) delay
element 10.15 is connected to the third input llc of the logic
stage 11.

Initially, it will be assumed that all of the inputs of the
delay elements 10.1, ..., 10.32 are at logical "0" (low).
Consequently, the 32nd delay element 10.32, which is executed as
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;finverter, emits a signal having logical "1" (high) at its

*ﬁput. Since, initially, low is prasent on the second input 12b
#- £ the AND gate 12, the latter emits a low signal Ircm its

- output 12c to the first input 13a of the NCR gate 13. Likewise,
since a low signal is present on the second input 13b of the NOR
gate 13, a high signal is available ét the output 13c of the NOR
gate 13.

The time waveforms of the output signals of the delay elements
10.22, 10.32, of the AND gate 12, of the delay element 10.15 as
well as of the NOR gate 13 are illustrated one below the other
in Figure 2a. It will be assumed hereinafter that each of the
delay elements has a delay time of one unit of time such as is
defined by the uppermost line of ‘Fig. 2a.

Both the AND gate 12 and the NOR gate 13 each exhibit a delay of
one time unit.

At the time point t = 0, the switch 20 is closed whereby the
high signal of the output 13c of the NCR gate 13 is applied to
the input of the first delay element 10.1. Thereby, a first
front i.e. a transition from "low"™ to "high", is caused which
reaches the output of the delay element 10.15 (10.n) and hence
the second input 13b of the NOR gate 13 (edge A) after a total
of 15 time units. This has the effect that at the time point t =
16, a low signal, which is supplied to the input of the first
delay element 10.1, is present at the output 13c of the NOR gate
13 (edge B). Thereby, a second front i.e. a transition from
"high" to "low" is caused which runs from the input of the first
delay element.

At the time point t = 22, the first front has reached the output
of the delay element 10.22 whereby a high signal is applied to
the second input 12b of the AND gate 12 (edge C). Since a high
signal is also present at the first input 12a, this has the
effect that at the time point t = 23, a high signal is present
at the output 12c of the gate 12 (edge D). The latter high
signal is present simultaneously on the first input 13a of the
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'}gate 13 whereby however, its behaviour is not affected since
pigh signal is already present at the second input_ 13b.

at the time point £ = 31, the second front has reached the
output of the delay element 10.15 and hence the second input of
the NOR gate 13 (edge E). However, as the high cutpuc signal of
the AND gate 12 is still present at its first input, ncthing
further happens for a time. At the time point t = 32, the first
front reaches the output of the last delay element 10.32. Since
this last delay element 10.32 is constructed as an inverter, the
first front causes a switch-over from "high" to "low" tc occur
(edge F). This low signal is present simultaneously on the first
input 12a of the AND gate 12 whereby this makes a low signal
available at the time point t = 33 (edge G) at ita output 13c.
The low signal is present simultanecusly on the first input 13a
of the NOR gate 13 and causes a switch-over from logical "0" to
logical "1" at its output 13c at the time point t = 34 (edge H}.

This output signal is present simultaneously on the input of the
first delay element 10.1 and causes a third front that
progresses through the chain of delay elements 10.1, ..., 10.32
and causes switch-overs of the corresponding gates 12 or 13
analogously to those already mentioned. Thereby, edges A', B',
C', etc are caused which have a significance analogous to the
edges A, B, C, etc that have already been described.

Consequently, a periodic signal, whose waveform is identical
with the output signal of the NOR gate 13 and which is drawn as
the lowermost curve in Figure 2a, is present at the output of
the oscillator device. One can see that the periodic time
amounts to T = 34 time units. This corresponds to the total
delay time of the 32 delay elements 10.1, ..., 10.32 and, in
addition, of the gates 12 and 13. That means ' '

T=1+ 2.
The duty factor TV of this signal, which is defined here as the

time for which the signal is "high", to the time for which the
signal is "low", amounts to




This Sheet Has Been Rep lade

[T
9 .

TV = 16 time units : 18 time units.

;s duty factor is determined by the position of the nth delay

_félement 10.n:
TV=n+ 1/ (L+1~-n}.

The numbers on the right hand side of this relationship arise
rom the first front needing n units of time in oxder to reach
the output of the nth delay element 10.n. After one further unit
of time i.e. after a total of n+l time units, the switch-over at
the output 13c of the NOR gate 13 occurs. Up to then, the
oscillator output signal is hlgh.‘

The denominator i.e. the time, in which the oscillator output
signal is low, is determined by

T-(n+1)=1+1-n.

The oscillatory period T is directly dependent on the number of
delay elements when the following conditions for n and m are
observed:

1.) n must be equal to or smaller than 1/2.

The edge E (see Figure 2a) then occurs in time before the edge
F. In the other case i.e. in the event that n is greater than
1/2, the edge E occurs in time after the edge F and thus the end
of the period of the output signal from gate 13 is not
determined by the output signal from element 10.32 which

represents a direct measure for the number of delay elements.
2.) m must be smaller than 2 * n.
In the event that m is greater than 2 * n i.e. if m were to be

greater than 30 in this example, then the edge C of the curve
10.m would have the effect that the edge D of the output curve

P
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.) m must be equal tc cr greater than 1 - (n + 1).

whe edge I of the curve 10.m would otherwise fall before the
edge F of the curve 10.1. Conseguently, both the edge G of the
output signal of gate 12 and the output sigral ¢f the gate 13
would not depend directly upen the magnitude 1 i1.e. upon the
number of delay elements.

It thus ensues that the signals obtained from the outputs of the
delay elements 10.n, 10.m and 10.l have to be selected in such a
way that a first switch-over of the oscillator output signal
(edges B, B', ...) is caused by the output signal of the nth
delay element (edges A, A', ...) and a second switch-over of the
oscillator output signal (edges H, H', ...) is caused by the
switch-over of the last delay element 10.1 {(edges H, H', ...).
Thereby, delays due to the logic stage 11 have teo be taken into
account. B

A manner of operation of this type is realised in this
embodiment by processing the output signal of the mth delay
element 10.m by the logic stage 11 as indicated. Thereby, m is
to be selected as indicated.

The presence of the switch 20 mainly serves to better describe
the manner of operation of the embodiment. It is however also
conceivable that it serves as an on / off switch.

In the event that the logic stage causes a delay other than the
one mentioned, then the values for the oscillatory period T and
the duty factor TV alter accordingly.

Signal waveforms for a further version of the first embodiment
are illustrated in Figure 2b. For this, the following parameters
were chosen:

=13, m= 26, 1 32.

B T
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= veforms illustrated arise, analogously to Lhose .0f Figure
aflf it is once more assumed that the switch 20 is -closed at

P . time point t = 0 and that a Zirst Iront, which represents a
.ransition from low to high, starts from the first delay element
10.1 and runs to further delay elements. At the time point € =
13, this first front reaches the second input 13b of the NOR
gate 13 whereby, at the time poiat t = 14, a second front is
caused at the input of the first delay element which gees from
nigh to low. The further definition of the illustrated signal
waveforms arises analogously as for the descripticn appertaining
to Figure 2a.

Ic is pointed out that a critical point occurs in this variant,
sincem = 2 * n, the edge E2 of ﬁhe output signal of delay
element 10.13 as well as the edge D2 of the output signal of the
gate 12 appear at the same time point (t = 17). In the
presentation made here, this should have no effect upon the
output signal of the gate 13, something which is not however
guaranteed in practice.

Signal waveforms of a further version of the embodiment of
Figure 1 are illustrated in Figure 2c. For this, there were
chosen

n 8, m =14, 1 = 20.
One can clearly see here that the periodic time T corresponds to
the above mentioned statement, namely

T=1+ 2 = 22 time units.

The further waveforms of the signals can be derived analogously
to those already mentloned and there is no need at this point to
go into this any further.

A further embodiment of the invention is illustrated in Figure
3. There, in addition to the oscillator device,'which comprises
the delay elements 10.1, ..., 10.1-1 and also the last delay
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,;;.10.1, there is illustrated an electronic control unit 14

for receives signals from a data input unit 15. Via -the

oror, reference values for the frequency fref, corresponding
o the reciprocal of the oscil latory period, and also for the :
>Nfﬁpduty factor TVref can be fed in. !

A further input of the control device 14 is connected to the
output 11d of the logic stage 11. The electronic control device
14 emits a signal STV to the control input of a duty factor
switch 16 to whose switching inputs, the outputs of the delay
slements 10n+1l, 10.n, ... are connected. The switching output of
the duty factor switch 16 is connected to the third input llc of
the logic stage 11.

Furthermore, the electronic control device 14 emits a control
signal Sm to the control input of a second switch 17, to whose
switching inputs, the outputs of the delay elements 10m+1l, 10.m,

- are connected. Its switching output is connected to the
second input 1lb of the logic stage 11.

Furthermore, the electronic control device 14 emits a signal Sf
Lo the control input of the frequency switch 18, to whose
switching inputs, the outputs of the delay elements 101-1, 10.l-
2, ... are connected.

Furthermore, the electronic control device 14 is connected to a
display device 19 upon which errors in entering the frequency
fref and/or the duty factor TVref can be indicated.

It is self evident that the display device 19 may be constructed
as a simple warning lamp as well as, as a display through which
a comprehensive description of the error can take place using
alphanumeric symbols. )

Further, the operational states of the oscillator can be
indicated by means of the display device 19.

The operation of the embodiment of Figure 3 will be explained
with the help of the flow diagram of Figure 4.
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gart at step 100, there follows the entry'cé.

gyalues for the frequency fref and for the ddty factor
_m;}a‘the data input unit 13 (step 101). A value lref is
”‘fled from the value fref in step 102 and a value mref is
B .cd from the value TVref,

?ép 103, it is determined whether the value lref is greater
maximum value lmax which corresponds to. the total number
elay elements, possibly taking into account further delays
?ﬁas by the gates 12, 13 for example. In the event that it is
i}, the method in accordance with the invention leads to step

f in which an error is lndlcated by the display uanit 19. In
iievent that it is determined in’ .step 103 that lref is equal
‘or smaller than lmax, the method leads to step 105 in which
15 determined whether nref is equal to or smaller than
g:/z. In the event that it is "no", this leads once more to an
E}r indization (step 106) and, in the event that the result of
step 105 is "yes",_the method continues with step 107. After
e steps 104 and 106, one returns once more to the step 101 in

fich a new entry of frequency fref and duty factor TVref can
gke place.

Jad

fI step 107, a value m is determined in accordance with the
gomments made above. Thereafter, there follows a step 108 in
Which

3 lref is associated with a suitable control signal Sf£,

Po nres with a suitable control signal STV and
£~ M with a suitable control signal Sm.

These control signals are passed onto the control inputs of the
gfcorresponding switches 16, 17 and 18. In step 109, the output
r Signal which is present on the output 13c of the NOR gate 13 is

Cmpared as regards its frequency and its duty factor with the
reference values and, in the event that a correction is

€quired, this is carried out in step 110. After the step 110,
T in the event that no correction is required in step 109, the

3 1nterrogatlon of step 109 occurs again.
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Hnarison of the output signal with the predetermined

nce values occurs by means of measures which are Xnown to
skllled person.

;5;' it is conceivable fcr example, to measure the actual
2 es by means of a frequency and phase measuring device and to
e the thus obtained values for the correction. Furthermore,

e use of a PLL circuit is also conceivable.

Ponsequently, in the embodiments of Figure 3, the oscillatory
ﬁericd T can be varied when the total number 1 of delay elements
#is altered by controlling the frequency switch 18.

E he duty factor TV may be predetermined by controlling the duty
;actor switch 16. :

;:he said controlling of the switches 16, 18 alters the
v?espective positions of the delay elements from which the first,
3}he second or the third signal are derived.

.3It is likewise conceivable that the individual delay times of at
§¢least some delay elements are altered. The oscillatory period T
B and/or the duty factor TV can thereby be varied in fine steps.

9¢ A preferred embodiment of one of the delay elements 10.1 ...
10.1-1 that is utilised is illustrated in Figure 5.

Thus, a signal present at the input 22a can be delayed and
emitted in non-inverted form at the output 22b by connecting a

first

ST inverter 20 and a second inverter 21 one behind the other.

The respective delay times of the inverters 20, 21 determine the

individual delay times of the delay element 10 illustrated in
Fig. s,

In addition in Fig. 5, there are provided a first delay
transistor 23 whose gate terminal leads to a first control input

24 and a second delay transistor 25 whose gate terminal leads to
@ second control input 26.
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1he delay transistors 23, 25 are connected in series with the
girst inverter 20, an earth terminal and a positive supnly

goltage U+t.

rne source-drain resistance of the controlled delay transi istors
23 or 25 is altered by control signals at one of the centrol

inputs 24, 26.

Upon an increase of th;s rasistance for the first delay
rransistor 23, the delay time of the first inverter 20 is
increased for signals having an edge at logical "low" present at
the input 22.

Upon an increase of the resistancé for the second delay
transistor 25, the delay time of the first inverter 20 is
increased for signals having an edge at logical "high" present
at the input 22.

Thus, the individual delay time of the first inverter 20 and
hence of the whole delay element 10 can be varied by control
signals at the control inputs 24, 26.

A preferred application for oscillator devices including delay
elements is illustrated in Fig. 6.

A switching device 27 contains a plurality of switching elements
27.1, ..., 27.1 which may be realised as registers, stores,
retaining members (latch) or the like. The inputs of the delay
elements 10.1, ..., 10.1 are connected to a respective one of
the first switching terminals of the switching elements 27.1,

.r 27.1.

Second switching terminals of the switching elements 27.2, ...,
27.1-1 are connected to both a respective input of the inverters
28.2, ..., 28.1-1 and a respective first input of the NOR gates
29.1, ..., 29.1-2.
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.iécond switching terminal of the first switching element
afijléads to the input of a first inverter 28.1 and_t@e second
;ﬁfching terminal of a last switching element 27.1 Is connected
y to the first input of a NOR gate 29.1-1.

The outputs of the inverters 28.1, ..., 28.1-1 are conrected to
respective second inputs of the NCR gates 29.1, ..., 29.1-1.

a control input of the switching device 27 leads to the output
a threshold value stage 30 to which a test signal that is to

Fh

o

pe analysed is supplied at its input.

The arrangement in accordance with Fig. 6 serves for determining
the phase angle of the test signal with reference to that
particular cycle at which the oscillator device is oscillating.

Upon exceeding or falling below a predetermined threshold value,
the test signal causes the threshold value stage 30 to emit a
signal having logical "high" or "low" at its output at the
relevant time point. ‘

For an edge denoted "high"”, the switching device 27 could be
controlled in such a way that all of the switching elements
27.1, ..., 27.1 are ciosed. In dependence upon, for which input
signal of the delay elements 10.1, ..., 10.1 there is a
transition from "high" to "low", one of the NOR gates 29 emits a
"high" signal.

This can be determined by a not-illustrated evaluating stage and
thereupon the phase angle of the test signal with reference to
the oscillator cycle can be inferred.

Preferably, the input stages of the inverter 28 are constructed
in such a way that short term applied voltages are ultimately
stored for example on the input (gate) capacitances.

A corresponding storagé of the output signals may occur however,
by means of the not-illustrated evaluating stage or its attached
store.

W T
_ 16

Replaced
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;Lermore conceivable that the switching devicer 27 is
Wi as a register, store,

retaining member {latch) or
¥~ and that a storage cf

signals cccurs here.

;istead of the NCR gates, EXCLUSIVE NOR gates are used, then

output signals additionally cccur upcn a transiticn from
®» to "high". |

3

slcns of this embodiment may contain combinations of Ieatures
Iwere previously menticned for the described embodiments.

Kus, =ae

setting of values for the oscillatory period T and/or
t7 factor TV by altering the .positions and/or individual
felay zimes of the delay elements is particularly advantageous.

h du

8 telsvision horizontal synchronisation pulse may serve as the
3

tEest signal for example. Its phase angle can be determined by

fthe phase detector illustrated in Fig. 6 and evaluated by

fhppropriate means. To this end, it is advantageous if the

;oscﬁllator device oscillates at exactly the same frequency as
g the clock frequency of the television set.

ﬂuThlS can be very closely approximated if the frequency of the
g Oscillator cycle is monitored by a PLL circuit and then matched
by a suitable control of the positions and/or individual delay

Cimes tc the clock frequency.

Other rsference frequencies may also be supplied to the PLL

stage instead of the clock frequency and the oscillator then
Cuned accordingly.

The logic stage 11 may be constructed from further combinations

oL digital modules which are known to the skilled person.

Exemplary embodiments are indicated in Fig. 7 which consists of
the Figures 7a, b, c.
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Yne embodiments illustrated up to now, we have assumed a last
'5iéy element 10.l having inverting properties. If, instead, a
Pr -inverting element is used then the logic stage 1l has to be
. dapted accordingly.

versions of the embodiments described may have at least one of
the following variants:

- the delay elements 10.1, ..., 10.1-1 may each censist of twe
inverters which are identical with the lth delay element 10.1
Thereby, the delay times of all of the delay elements are not
equal which, on the basis of the remarks above, leads to a
corresponding output signal;

- as part of the logic stage 11, reans may be provided which
detect the first switch-over of thé output signal of the nth
stage 10.n (edge A, A', ...) and thereupon-cause a first switch-
over of the oscillator output signal (edge B. B', ...).
Furthermore the corresponding state of the oscillator output
signal is maintained until the first switch-over of the output
signal of the last delay element 10.l occurs (edge F, F', ...).
This is detected and the oscillator output signal is thereupon
switched over (edge H, H', ...). The feeding of the output
signal of the mth delay element 10.m can thereby be dispensed
with;

- if stepped output signals are supplied to low pass filters or
the like, then sinusoidal, triangular etc output signals can be
cbtained.

Thus, an oscillator has been proposed which contains a chain of
delay elements and emits an output signal whose periodic time T
substantially corresponds to the total delay time of the whole
chain.

The oscillator in accordance with the invention exhibits a logic
stage to which signals, that may be tapped off from along the
chain or be generated by auxiliary means} are supplied. The
logic stage thereupon exerts an influence on the input signal of
the delay element located first in the chain.
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pparatus for generating oscillations which contains a chain
7 w”ﬁelay elements (10.1, ..., 10.1) and emits at least cne
_;;rlod_c stage—-output signal which is switched between a first
fvaLue (Logical "1") and a second value (logical "0") with a
periodic time T, characterised in that, there is provided a
logic stage {ll) to which there are suppiied at least

- a first signal which is derived from the ocutput signal of the
ast cdelay element (10.1) and

- a second signal which is derived from the output signal of a
xey delay element ({10.n) arranged within the chain,

and which emits an input signal to the input of the first delay
element (10.1), that the periodic time T has a value which
substantially corresponds to the total delay time of the delay
eslements (10.1, ..., 10.1) being used, that the second signal
causes a switch-over of the input signal of the first delay
element whereby the duty factor (TV) of the stage-output signal
is predetermined in accordance with the position of the key
delay element (10.n) and that the stage-output signal is derived
from output signals of at least one of the delay elements (10.1,
.+ 10.1) or of the logic stage (11).

2. Apparatus in accordance with Claim 1, characterised in that,
either a third signal is supplied to the logic stage (11) or
means, which are associated with the logic stage (11), control
the latter in such a way that a switch-over of the input signal
from its first value (logical "1") to its second value (logical
"0") is only caused by the first edge (A) of the second signal
and a switch-over of the input signal from its second value
(logical "O") to its first value (logical "1") is only caused by
the first edge (F) of the first signmal.

3. Apparatus in accordance with Claim 2, characterised in that,
the third signal supplied is derived from the output signal of a
further delay element (10.m) arranged within the chain.

This Sheet Has Been laccd'
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g atus in accordance with any of the Claims 1 to' 3,
P .rerised in that, there are provided control means (14) to

reference values for the stage Ltpuh signals are supplied

:
j\))
H
o
r
o
R
)
o]
Q
o
<
[\1}
f
j
o
n
ot
(4]
Te]
®
{
3)
s}
[
or
vy
o
t.
2
o
H
<
'E
e
DJ
t-
n
o
}.— ]
o
<
gl
r)
=
]
4]
o
Hh

jeast some of the delay elements (10.1, ..., 10.1) arranged
Fin the chain are predeterminable and are correspcndingl

<

?CchfOlled by the control means (14) so that the pericdic time
.~ and/or the duty factor {TV) of the stage-output signals
sdcot predetermined values.

z, Aprvaratus in accordance with any of the Claims 1 to 4,
characterised in that, the control means (14) contrcl switching
iavices (16, 17, 18) which alter 'the positions of those delay
2_sments from whose output signals-the first, the second and/or
-2e third signal are derived, and that the output signal of the
~ast delay element (10.1) of the chain is supplied to a first
inout (lla) of the logic stage (11) and a further output signal
27 a delay element (10.m, 10.m+l, ...) located in the chain is
supplied to a second input (11b) of the logic stage (1ll).

]

5. Use of the apparatus for generating oscillations in
accordance any of the Claims 1 to 5 as part of a phase detector,
characterised in that, the apparatus for generating oscillations
amits phase displaced stage-output signals which are formed from
cutput signals of at least some of the delay elements (10.1,

, 10.1) arranged in the chain whereby the phase displacement
c2Z the stage-output signals is determined by their position in
zhe chain.

7. Use in accordance with Claim 6, characterised in that, the
individual delay times of at least some of the delay elements
{10.1, ..., 10.1l) arranged in the chain are predeterminable and _
that the phase displacement of the stage~output signals is .
credeterminable by setting the individual delay times and/or by
altering the position of at least some of the delay elements

(10.1, ..., 10.1). ‘

DI Bmcvimst a2 v
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girdance with Claim 7, characterised in that, the ;

# generating oscillations is arranged as part of a i
(PLL) circuis which compares the ouuput Phase :
utput signal with the reference phase of a reference
_.d; in the event of 3 dl_-erence between these two
,;’emits an adjusting Signal by means of which the
ftdual delay times and/or the pcsitions of at

». least some of
delay elements (10,1,

e« 10.1) are alcered.
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us for generating oscillations and its application

: invention relates to an apparatus for generating
Pcillations in accordance with the first part of claim 1 and a
E eferred utilisation of the apparatus accerding to the
"}nve”__cn in accordance with the first part of the first use

aTus for generating oscilliations, which are alsc referred-
=2 zs oscillators, emit, in known manner, periodic oscillations

A R ]

wnlCnh exhibit a sinusoidal, rectangular or other such periodic

“sse output signals are defined by their amplitude and by their
Iraguency £, whose reciprocal defines the periodic time T which
3 also referred to as the oscillatory period. Digital switching
stages are partlcularly suited for generating rectangular output

siznals.

“ne so-called ring oscillator, which is known for example from
e book "Introduction to VLSI systems", C. Mead, L. Conway,
:ddison-Wesley Publishing Company, 1980, represents one known
smcccdiment of an oscillator using digital elements.

'l'J

A ring oscillator is constructed in such a way that an odd
aumcer of inverters are connected one behind the other in series
in 2 chain whereby the output of the last inverter is connected

to the input of the first inverter.

cZ these inverters causes a time delay and the oscillatory
period T of the output signal is determined by the number of
inverters and the respective delay times. The oscillatory period
itself amounts to twice the total delay time.

'.1

A :ing oscillator which contains a chain of delay elements and
L1Ts a periodic rectangular signal is described in IBM
Technical Disclosure Bulletin, No 10, 10 March 1973, pages 3108
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The ring oscillator contains a logic stage, to which

. are supplied a first signal that is derived fom-the
r signal of the last delay element and a second signal that
deerived from a delay element arranged within the chain of
éelay elements, and which emits an input signal to the input of
the first delay element. The periocdic time of the oscillator
signal thereby corresponds to the total delay time of the cdelay
siements used. Here, however, additional means are needed in
rder to multiply the pericdic time of the oscillatcr signal.
Tor various applications, but in particular in those cases in
~hich the output signal of an oscillator is intended to be
aonitored by means of a phase controlled (PLL) circuit, 1t is
dvantageous if the oscillatory period T substantially
rresponds to the total delay time of the inverter chain being
used.

The object of the present invention is to propose an apparatus
for generating oscillations which contains a chain of delay
siements and which makes it possible to generate periodic
oscillations having ah-oscillatory period T which substantially
corresponds to the total delay time of this chain and which
permits the periodic time of the oscillator signal to be

multiplied using simple means.

This object is achieved for an apparatus of this category by the
features of claim 1.

Continued on page 3, 3rd paragraph

As suitable delay elements ....
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F atus for generating oscillations which ccntains a chain

,féy elements (10.1, ..., 10.1} and emits at ieast cne
Fiic stage-cutput signal which is switched between a fixst
; (logical "1") and a second value (logical "C") with a
fédic time T, including a logic stage (11} tc which there are
Plied at least

s:rst signal which is derived from the cutput signal cf the
Bsr celay element (10.1) and

k2 second signal which is derived from the output signal of a
féy de_ay element (10.n) arranged-within the chain,

5énd which emits an input signal to the input of the first delay
Beicment (10.1), wherein the periodic time T has a value which
_?suos 1tially corresponds to the total delay time of the delay
?*elemen;s (10.1, ..., 10.1) being used and the second signal
ﬁ“causes a switch-over of the input signal of the first delay

ﬂ element whereby the duty factor (TV) of the stage-output signal
is oredetermined in accordance with the position of the key
delay element (10.n) and the stage~output signal is derived from
output signals of at least one of the delay elements (10.1, ...,
10.1} or of the logic stage (11),

characterised in that, the duty factor TV is settable and is
determined by the relationship

TV=(n+1) / (L+1=-n),

and that there is supplied to the logic stage (11) a third

o signal which is taken from a delay element (10.m) arranged
ceyord the delay element 10.n in the chain of the delay

» elements, which controls the logic stage (11) in such a way that
»f%f a switch-over of the input signal from its first value (logical
§ "l") to its second value (logical "0") is only caused by the
~irst edge (A) of the second signal and a switch-over of the
input signal from its second value (logical "0") to its first

5 value (logical "1") is only caused by the first edge (F) of the
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2. TUse of the apparatus Zor generating oscililations in

cccordance with Claim 1 as part of a phase detecter,

snzractzerised in that, the apparatus for generating oscilllations

smizs phase displaced stage-output signals which are formed from

suzsuT signals of at least some of the delay elements (10.1
10.1) arranged in the chain whereby the phase displacement

=% the stage-output signals is determined by their position in

~ne chain.

3. Tse in accordance with Claim 2, characterised in that, the
ndividual delay times of at least some of the delay elements
.20.1, ..., 10.1) arranged in the chain are predeterminable and
zhat the phase displacement of the stage-output signals is
cradeterminable by setting the individual delay times and/or by

altering the position of at least some of the delay elements
1, ..., 10.1).

s

(4]

H
iy

. Use in accordance with Claim 3, characterised in that, the
apparatus for generating oscillations is arranged as part of a
ohase controlled (PLL) circuit which compares the output phase
cZ a stage-output signal with the reference phase of a reference
signal and, in the event of a difference between these two
chases, emits an adjusting signal by means of which the
individual delay times and/or the positions of at least some of
the delay elements (10.1, ..., 10.l1l) are altered.

b

('l



