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Apparatus for generating oscillations and its application 

.. 
The present invention relates to an apparatus f.or generating 

oscillations in accordance with the first part cf claim l and a 

preferred utilisation of the apparatus according to the 

invention in accordance with che first part of the first use 
1 . c .... aim. 

Apparatus for generating oscillations, which are also referred 

to as oscillators, emit, in known manner, period:.c oscillations 

which exhibit a sinusoidal, rectangular or other such periodic 

waveform.. 

These output signa~s 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 period 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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if the oscillatory period T substantially 
corresponds to the total delay time of the inverter chain being 

used. 

The object of the present invention is to 9ropose an apparatus 
for generating oscillations which contains a chain of delay 
elements and which makes it possible to generate pe~iodic 
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 series 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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element. The total delay time results from· the number of 
elements and their individual delay times. 

The second signal causes t~e logic stage to switch-eve= the 
input signal whereby, possibly time delayed, a switch-over of 
the stage-output signal is effected. 

Inverters or other such modules known to the skilled person may 
be 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 s~gnal 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 pref erred 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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phase displaced output signals are supplied ~o ~ 

{~mparison stage to which, furthermore, a test signal that is to 

i"..-:oe analysed is supplied. The comparison stage recognises when 
.; ~-.: . 

the test signal exhibits a predeter:nined value and which of the 

digital, phase-displaced output signals exhibit a high (logical 

"1" or "high") value and which exhibit a low (logical "0" or 

"low") value. The phase angle of the periodic output signal to 

that of the test signal can thereby be inferred. 

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 individual 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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shows a first embodiment of the oscillator device in 
~aCc:ordance with the invention, 

Figs. 2a, b, c signal wavefor:ns for different versions cf the 
oscillator device in accordance with Fig. l, 

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

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

Fig. 5 one possible realisation o~ 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 detai.l 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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of delay elements 10.1, ... , 10.l is connected one 

.. ind the other in series. A logic stage 11, '.Nhich h9.S an AND 

<~te 12 and a NOR gate 13 in this embodiment, is cor:inected at 

its first input lla, which is ~dentical to the first input 12a 

of the Ai.'\JD gate 12, to the output of the last delay element 10. l 

which is constructed as an inverter. 

The second input llb of the logic stage 11, which corresponds to 

the second input 12b of the A.ND gate 12, is connected to the 

output of a delay element 10.~. Furthermore, the latter's output 

is connected to the input of the delay element 10.m+l. 

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 llc 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 lld of the logic stage 11, leads to the first terminal of 

a switch 20 whose second terminal is connected t~ 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. l = 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 llb 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 "O" (low). 

Consequently, the 32nd delay element 10.32, which is executed as 
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emits a signal having logi.cal ''l" (high) at its 

,'.put. Since, initially, low is present on the sec9nd.. input 12b 

:'&f the AND gate 12, the latter emits a low signal f::;om its 

:,~output 12c to the f~rs_t input 13a of the NOR gate 13. Likewise, 

since a low signal is present on the second i~put 13b of the NOR 

gate 13, a high signal is available at 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 Ai.~D 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 ·~ig. 2a. 

Both the AND gate 12 and the NOR gate 13 each exhibit a delay of 

one time unit. 

At the time point t = O, the switch 20 is closed whereby the 

high signal of the output 13c of the NOR 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 tran~ition from 

"high" to "low" is caused which ri.ins 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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13 whereby however, its behaviour is not affected since 

signal is already present at the second input_ l·3p. 

~~··'At the time point t = 31, the second front !'las :::eached 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 s~gnal of 

the AND gate 12 is still present at its first input, nothing 

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" to 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 simultaneously on the first input 13a 

of the NOR gate 13 and causes a switch-over from logical "0" to 

logical "l" 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 whi~h 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 signa_l 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 = l + 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 
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TV = 16 time units : 18 time u..~its. 

factor is determined by ~he position of the nth delay 

TV = n ~ l I (l + 1 - n}. 

T~e numbers on the right hand side of this relationship arise 

:~om the first front needing n units of time in order to reach 

the output of the nth delay element 10.n. After one further unit 

o: :ime 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 high: 

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 

I 

l 
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12 rises after the edge E of the curve 10.15 whereby a 

in the output signal 13 would be caused. 

m must be equal to er greater than l (:t + 1) • 

The edge I of the curve 10.m would otherwise fall before the 

edge F of the curve 10.l. Consequently, both the edge G of the 

output signal of gate 12 and the output signal of the gate 13 

would not depend directly upon the magnitude : ~.e. upon the 

nl..h"tlber 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.l (edges H, H', .•. ). 

Thereby, delays due to the logic stage 11 have to be taken into 

account. 

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 I 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: 

n = 13, m = 26, l = 32. 
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illustrated arise, analogously to those .of Figure . - . 

_:··if it is once more assumed that the switch 20 is_ ·closed at 

·e time point t = 0 and that a fi::st ::rant, which :?:"epresents a 

;;·transition from low to high, sta.=ts from the first delay element 

1o.l and runs to further delay elements. At the time point t = 

13, this first front reaches the second input l3b of the NOR 

gate 13 whereby, at the time poi~t t = 14, a second front is 

caused at ~he input of the first delay element which goes from 

high to low. The further definition of the illustrated signal 

waveforms arises analogously as for the description appertaining 

to Figure 2a. 

I: is pointed out that a critical point occurs in this variant, 

since m = 2 * n, the edge E2 of the 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 = a, m = 14, l = 20. 

One can clearly see here that the periodic time T corresponds to 

the above mentioned statement, namely 

T = l + 2 = 22 time units. 

The further waveforms of the signals can .be derived analogously 

to those already mentioned 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 
receives signals from a data input unit 15. Via -the 

tter, reference values for the f=equency fref, cor=esponding 
~ the reciprocal of· the oscillatory peiiod, and also fer the 

duty factor TVref can be fed in. 

A further input of the control device 14 is connected to the 
output lld of the logic stage 11. The electronic cont=ol 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 
elements lOn+l, 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 lOm+l, 10.m, 
... are connected. Its switching output is connected to the 
second input llb of the logic stage 11. 

Furthermore, the electronic control device 14 emits a signal Sf 
to the control input of the frequency switch 18, to whose 
switching inputs, the outputs of the delay elements 101-1, 10.1-
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 diaqram of Figure 4. 

I : 
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. 
~tart at step 100, there follows the entry·of. 

- .values for the frequency :ref and for the duty factor .. 
''.·a, the data input un:..:. 15 ( st:ep 101 l . A va.:..u.e lref is 

from the value f=ef in step 102 and a value mref is 
from the value TV::-ef. 

ep 103, it is determined whether the value l=ef is greater 
j~-a maximum value lm.ax which corresponds to. ~he total. number 
elaY elements, possibly taking into account further delays 
'_as by the gates 12, 13 for example. In the event that it is 

'n the method in accordance with the invention leads to step 
. ' 

}in which an error is indicated by the display finit 19. In - . 
event that it is determined in_step 103 that lref is equal 
r smaller than lmax, the method leads to step 105 in which 

is determined whether nref is equal to or smaller than 
·f/2. I:l the event that it is "no", this leads once more to an 
:.r i~di~ation {step 106) and, in the event that the result of 
· step 105 is "yes", the method continues with step 107. After 

steps 104 and 106, one returns once more to the step 101 in 
entry of frequency fref and duty factor TVref can 

107, a value mis determined in accordance with the 
made above. Thereafter, there follows a· step 108 in 

lref is associated with a suitable control signal Sf, 
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 
:corresponding switches 16, 17 and 18. In step 109, the output 
,·signal which is present on the output 13c of the NOR qate 13 is 
~:'compared as regards its frequency and its duty factor with the 
:· reference values and, in the event that a correction is 
;:~-required, this is carried out in step 110. After the step 110, 
,~.or in the event that no correction is required in step 109, the 
/interrogation of step 109 occurs again. 

• 
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of the output signal with the predetermined 
-···· ce values occurs by means of measures which are known to 

skilled person. 

s, it is conceivable fer example, to measure the ac~ual 
···ues by means of a frequency and phase :neasuri.:lg device and to 

the thus obtained val~es for the cor=ec~~on. ?urthermore, 
of a PLL circuit is also conceivable. 

in the embodiments of Figure 3, the oscillatory 
··eriod T can be varied when the total number l of delay elements 
,.s altered by controlling the frequency switch 18. 

duty factor TV may be predetermined by controlling the duty 

. he said controlling of the switches 16, 18 alters the 
_respective positions of the delay elements from which the first, 
:the second or the third signal are derived. 

~It is likewise conceivable that the individual delay times of at 
'least some delay elements are altered. The oscillatory period T 

.··and/ or the duty factor TV can thereby be· varied in fine steps. 

~.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 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. 5. 

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 whos·e gate terminal leads to 
a second control input 26. 

II 
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transistors 23, 25 are connected in series with the 

20 I an earth ter:ninal and a positi"'le ~upply 

The source-drain resistance of the controlled delay transistors 

23 or 25 is altered by control signals at one of ~he control 

inputs 24, 26. 

Upon an increase of this resistance for the first delay 

transistor 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 resistance 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, 

... , 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, •••I 29.1-2. 

B 

i 

l 
' 
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switching terminal of the first switching element 

to the input of a =irst inverter 28.l and the second 

tching terminal of a last switchi~g element 27.l rs connected 

of a NOR gate 29.1-1. 

The outputs of the inverters 28.l, ... , 28.1-1 are conr.ected to 

respective second inputs of the NCR gates 29.1, ... , 29.1-1. 

A cont=ol input of the switching device 27 leads to the output 

0 : a threshold value stage 30 to which a test signal that is to 

be 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 closed. In dependence upon, for which input 

signal of the delay elements 10.1, .•. , 10.l 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 storage of the output signals may occur however, 

by means of the not-illustrated evaluating stage or its attached 

store. 

-
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conceivable that the switching device· 27 is 
ed as a register, store, retaining :nember (latch) er 

·and that a storage cf signa:s· occurs here. 

stead of the NOR gates, EXC~USIVE NOR gates are used, then 
additionally occur upon a transition from 

"high". 

sicns of this embodiment may contain combina~ions of features 
·were previously mentioned for the described embodiments . 

. 5 , :he setting of values for the oscillatory period T and/or 
e duty factor TV by altering the.positions and/or individual 
lay ~:.mes of the delay elements is particularly advantageous. 

te.:.ev:.sion horizontal synchronisation pulse may serve as the 
·est s:.gnal for example. Its phase angle can be determined by 
.·he phase detector illustrated in Fig. 6 and evaluated by 
appropriate means. To ·this end, it is advantageous if the 

·_'osci.:.lat:or device oscillates at exactly the same. frequency as 
.·the clock frequency of the television set. 

·.·.· This can be very closely approximated if the frequency of the 
oscilla~or cycle is monitored by a PLL circuit and then matched 
by a su:.table control of the positions and/or individual delay 
times to the clock frequency. 

Other reference frequencies may also be supplied to the PLL 
stage instead of the clock frequency and the oscillator then 
tuned accordingly. 

The logic stage 11 may be constructed from further combinations 
of digital modules which are known to the skilled person. 

Exemplary embodiments are indicated in Fig. 7 wh~ch consists of 
the Figures 7a, b, c. 

i· 
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e embodiments illustrated up to now, we have assumed a last 

_~ay element 10.1 having inverting properties. If, inst~ad, a 

·n-inverti~g element is used then the log~c stage 11 has to be 

~adapted accordingly. 

versions of the embodiments described may have at least one of 

the following variants: 

- the delay elements 10.1, ... , 10.l-l may each consist of two 

inverters which are identical with the lth delay element 10.l. 

Thereby, the delay times of all of the delay elements are not 

equal which, on the basis of the remarks above, ·1eads to a 

corresponding output signal; 

- as part of the logic stage 11, means may be provided which 

detect the first switch-over of the 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 

obtained. 

Thus, an oscillator has been proposed which contains a chain of 

delay elements and emits an output signa.l whose periodic time T 

substantially corresponds to the total delay time of the whole 

chain. 

The oscillator in accordance with the invention exhibits a loqic 

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. 

I 
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illator in accordance with the invention may b-e u~ed as a phase detector. 

I 
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for generating oscil:ations which contains a chain 
. • ... (10 1 l" ., . .. . . ... . aelaY e..Lemen1..s - .J.., ... , 0 • .L 1 ana em:.:s a:: .:.eas ... one 

eriodic stage-output signal which is switched oetween a first 
/value (logical "l") and a second ?.ralue (logical "0") with a 

· d · ..... ·me .,, perio ic 1..i~ .1., 

logic stage (11) 

characterised in that, there is provided a 
to which t:.:iere a .... Q -'-

supplied at least 

- a first signal which is derived from the output signal of the 
:as~ delay element (10.l} and 

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

a~d which emits an input signal to the input of the first delay 
element (10.1), that the periodic time T has a value which 
s~bstantially corresponds to the total delay time of the delay 
elements (10.1, ... , 10.1) being used, that the second signal 
causes a switch-over o~ 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 "l") 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 "0") to its first value {logical "l") is only caused by 
the first edge (F) of the first signal. 

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. 

I 

i 

I 
l 
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in accordance with any of the Claims 1 ;o· 3, 

there are provided control means (14) to 

reference values for the stage-output signals are supplied 

a reference value stage, that the individual delay times of 

·t: least some of the delay elements (10.1, ... , 10.l) ar::-anged 

predeter:ninable and are cor::-espondingly 

~- ccnt:=olled by the cont::-ol means ( 14) so that: the periodic time 

~':': and/o.r the duty ::actor (TV) of the stage-output signals 

;ccpc predetermined values. 

-· Apparatus in accordance with any of the Claims 1 to 4, 

~~a=acterised in that, the control means (14) control switching 

.i:7:.ces (16, 17, 18) which alter ·the positions of those delay 

=:ements from whose ou~put signals the first, the second and/or 

:~e third signal are derived, and that the output signal of the 

:as~ delay element (10.1) of the chain is supplied to a first 

:~put (lla) of the logic stage (11) and a further output signal 

~=a delay element (10.m, 10.m+l, .•. ) located in the chain is 

s~?plied to a second 'input (llb) of the logic stage (11). 

5. Use of the apparatus for generating oscillations in 

accordance any of the Claims 1 to 5 as part of a phase detector, 

=~aracterised in that, the apparatus for generating oscillations 

=~:.ts phase displaced stage-output signals which are formed from 

=~tput signals of at least some of the delay elements (10.1, 

... , 10.l) arranged in the chain whereby the phase displacement 

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

::::e chain. 

Use in accordance with Claim 6, characterised in that, the 

i~dividual delay times of at least some of the delay elements 

(10.1, ..• , 10.1) arranged in the chain are predeterminable and 

:hat the phase displacement of the stage-output signals is 

predet~rminable by setting the individual delay time~ and/or J::>Y 

altering the position of at least some of the delay elements 

:10.1, •••I 10.l) o 

• 

.. 
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with Claim 7, characterised in that, the . generating oscillations is arranged as- pa;t of a 
-led (PLL) circuit which compares t~e output phase 

~he =ef erence phase of a reference -'d', in the event of a dif :erence between these two .-- emits an adjusting signal by means of which the ~ 

"dual delay times and/or the positions of at least some of . • +-s ( ~ Q 1 
• Q • I 1 '- d 

elay eiemen~ .~ .~, ... , ~ .~, are a~~ere . 
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generati~g oscillations and i~s application 

present invention relates to an apparacus for generating 
~illations in accordance with the first par~ of claim l and a 

utilisation cf ~he apparatus according to the 
in accordance with t~e first par~ o: ~he first use 

c.:.a:..::i. • 

~~~a=a~~s for generating oscillations, which are also referred­
:: ~s oscillators, emit, in known manner, periodic oscillations 
-,.;::.:.:::: exhibit a sinusoidal, rectangular or other such periodic 

:~ese output signals are defined by their amplitude and by their 
===~~ency f, whose reciprocal defines the periodic time T which 
:3 ~:so referred to as the oscillatory period. Digital switching 
s:ages are particularly suited for generating rectangular output 
s:.;::als. 

:~e so-called ring oscillator, which is known for example from 
-:=-:e 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 ri~g oscillator is constructed in such a way that an odd 
~~~ber of inverters are connected one behind the other in series 
~~ a chain whereby the output of the last inverter is connected 
to ~~e input of the first inverter. 

Each a= 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 
T itself amounts to twice the total delay time. 

A ring oscillator which contains a chain of delay elements and 
emits a periodic rectangular signal is described in IBM 
Technical Disclosure Bulletin, No 10, 10 March 1973, pages 3108 

. 
i t 
I I 
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• The ring oscillator contains a logic stage, to which 

are supplied a firs~ signal that is derived f~~m·the 

t·signal of the last delay element and a second signal that 

derived from 

C;ielaY elements, 
, $:' .... d 1 ./ the .L.l.rs 1.. e ay 

a delay element arranged within the chain of 

and which emits an input signal to the input of 

element. The periodic time of the oscillator 

5~gnal thereby corresponds to the total delay ti~e o~ the delay 

elements used. Here, however, additional means a=e needed in 

c::::-der to multiply the pericdic time of the oscillator signal. 

?o::::- various applications, but in particular in those cases i~ 

·,..;hic:h the output -signal of an oscillator is intended to be 

::nonitored by means of a phase controlled (PLL) circuit, it is 

advantageous if the oscillatory period T substantially 

c:or=esponds to the total delay time of the inverter chain being 

'.!Sed. 

:he object of the present invention is to propose 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 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 

~eatures of claim 1. 

Continued on page 3, 3rd paragraph 

As suitable delay elements •... 
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tus for generating oscil~ations whic~ contains a chain 
· (~a i io ,, d ..... - , .... aY elements .i.. _, ••• , ..... .:..,an emi1..s at: .:..eas1.. one 

·ic stage-output signal which is switched becNeen a fi=st 
(logical "l"l and a second value (logical "0"! with a 

odiC time T, including a logic stage (11) tc Nhich there are 
-i:;.ed at least 

::.:-st signal which is derived from the cutput signal o: the 
element (10.l) and 

second signal which is derived from the output signal of a 
de:ay element (10.n) arranged· within the chain, 

and "llih.:.ch emits an input signal to the input of the first delay 
elemer.~ (10.1), wherein the periodic time T has a value which 

:subsi:antially corresponds to the total delay time of the delay 
,:elements (10.1, ... , 10.1) being used and 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 the stage-output signal is derived from 
output signals of at least one of the delay elements (10.1, 
10.l) or of the logic stage (11}, 
characterised in that, the duty factor TV is settable and is 
de~er~ined by the relationship 

TV= (n + 1) I {l + 1 - n), 

... , 

and that there is supplied to the logic stage (11) a third 
signal which is taken from a delay element (10.m) arranged 
beyond the delay element 10.n in the chain of the delay 
elements, which controls the logic stage (11) in such a way that 
a switch-over of the input signal from its first value {logical 
"l") to its second value (logical "0") is only caused by the 
=i=st edge (A) of the second signal and a switch-over of the 
i:iput signal from its second value (logical "0") to its first 
"Jalue (logical "1") is only caused by the first edge (F) of the 

II 
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2. ~se of the apparatus :or generating oscillations in 

ac~cr~a~ce with Claim l as par~ of a phase detector, 

~~arac~erised in that, the apparatus for generating oscilla~ions 

~~~~s phase displaced stage-output signals which are for~ed from 

:·..:.~;~ . .:.-: signals of at least some of the delay elements ( 10 .1, 

... , 10.l) arranged in the chain whereby the phase displacement 

: : ~~e stage-output signals is de.termined by their position in 

:~e chain. 

3. ~se in accordance with Claim 2, characterised in that, the 

:~dividual delay times of at least some of the delay elements 

.:0.1, ... , 10.1) arranged in the chain are predeterminable and 

:~at the phase displacement of the stage-output signals is 

predeterminable by setting the individual delay times and/or by 

al~ering the position of at least some of the delay elements 

(2.C.1, ... , 10.1). 

4. Use in accordance with Claim 3, characterised in that, the 

~pparatus for generating oscillations is arranged as part of a 

phase controlled (PLL) circuit which compares the output phase 

~= a stage-output signal with the reference phase of a reference 

s~gnal and, in the event of a difference between these two 

phases, 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, ... , 10.1) are altered. 


