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[57] ABSTRACT

A saw-tooth wave voltage generator comprises an integrator 
formed by a capacitor charged by means of an invariable cur
rent associated with a stable two-state tunnel-diode triggering 
circuit. One of the states of the diode controls return of the 
saw-tooth wave voltage to a starting reference level by means 
of a control amplifier which includes a comparator stage to 
which is applied the reference voltage and the output voltage 
of the generator, and the other state of the tunnel-diode 
releases operation of the generator. A second control amplifi
er interconnected with the first one and which takes its input 
voltage from the comparator stage of the latter functions to 
detect arrival of the saw-tooth wave voltage near the value of 
the reference voltage and applies it to the triggering circuit to 
control the biasing of the tunnel diode.

6 Claims; 4 Drawing Figures
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SAW-TOOTH VOLTAGE WAVE GENERATOR
INCLUDING RAMP VOLTAGE SOURCE CONTROLLED 

BY DUAL STABLE STATE TUNNEL-DIODE
SWITCHABLE PERIODICALLY BY A GATING CIRCUIT

The present invention relates to improvements to sawtooth 
wave generators, particularly of the Miller integrators kind, 
with a view to obtaining both a more accurate triggering as 
well as a good stabilizing of the reference potential of the out
put voltage.

It is known that the name of sawtooth wave generators is 
given to circuits producing a voltage whose amplitude varies 
linearly as a function of time from a reference voltage to a 
maximum voltage, and then drops to its initial value before a 
new operational cycle.

Such circuits are generally made by an integrator circuit, of 
the Miller or bootstrap type, to which is associated a triggering 
circuit, namely, a tunnel diode, for instance and a chopping 
circuit.

The known generator circuits meet one or more of the fol
lowing conditions, but said conditions cannot be simultane
ously fulfilled:

a. stability of the reference potential of the sawtooth wave,
b. triggering the generator after stabilizing at the reference 

level,
c. minimum inactive interval between two consecutive saw- 

teeth, compatible with the two preceding conditions.
Known processes enable, by means of an output voltage 

control loop at a reference value during the return phase of 
the sawtooth voltage, to obtain a satisfactory long term stabili
ty of the inactive voltage of the sawtooth wave.

A first method consists of preventing, by means of a tem
porizing circuit, any new triggering of the generator during a 
time covering widely, the time strictly necessary for the return 
and stabilizing of the output voltage. If the integration dura
tion is widely variable, this also applies to the prevention dura
tion, which usually necessitates a supplementary switching. 
Furthermore, the prevention duration widely goes beyond the 
moment from which a new triggering would be possible: the 
time corresponding to this method is not satisfactory and is in
compatible with condition (c) above.

A second method consists of detecting the actual stabilizing 
of the control loop. Such process has the advantage of doing 
away with the switching of the preceding temporizing circuit. 
An aperiodic circuit can then be used which applies the fact 
that the control of the output voltage of an integrator is then 
effected. This control is obviously stabilized when the integra
tion current is zero, and this must be detected by checking the 
state of the signal in the control loop. This check can only be 
made with limited accuracy, due, particularly, to the fact that 
stability considerations in the high-frequency field limit the 
gain and band pass of the control loop. At the moment when 
the integrator can again begin another operational cycle, the 
preceding condition (c) can only be approximately obtained.

The object of the invention is to have the three preceding 
characteristics simultaneously obtained by means of a supple
mentary control, interconnected with the above control loop, 
and ensuring a precise point for triggering the generator.

The invention may particularly be applied to scanning 
generators for cathodic oscilloscopes in which the repetition 
frequency of the sawtooth wave must be regulated within 
fairly wide limits.

The invention relates to improvements of sawtooth wave 
voltage generators of the type comprising an integrator 
formed by a capacitor charged by means of an invariable cur
rent associated with a stable two-state tunnel-diode and a trig
gering circuit, one of said two states controlling the return of 
the sawtooth wave voltage to a reference value by means of a 
control amplifier, comprising a comparator stage to which are 
respectively applied the reference voltage and the output volt
age of the generator, the other one of said two states causing 
the integrator to operate, and in which the triggering from one 
of said stable states to the other is determined, on the one 
hand, by a signal coming from a limiting circuit detecting the

arrival of the sawtooth wave at a predetermined potential, and 
on the other hand, by a control pulse.

These improvements ensure, prior to this latter triggering, a 
precise return of the sawtooth wave voltage to the reference 

5 value, and said improvements are characterized in that a 
second control amplifier which is interconnected with the first 
one and the input voltage of said second control amplifier is 
taken in the comparator circuit of the first amplifier so as to 
detect the arrival of the sawtooth wave voltage near the value 
of the reference potential of the sawtooth wave voltage, said 
input voltage being applied on the triggering circuit for con
trolling the biasing of the tunnel-diode.

The return of the reference potential of the sawtooth wave 
j 5 is thus effected via the first control amplifier, formed by a low- 

drift comparator stage which provides a first control loop. A 
second amplifier detects in this first control loop, the arrival of 
the sawtooth wave voltage near the value of the reference 
potential. Said voltage then begins to bias the tunnel-diode 

20 contr°l!ing the operation of the generator thereby playing the 
part of a gate with respect to the triggering pulses. The biasing 
voltage of the diode is then reached, and when it is sufficient 
to enable the action of the triggering pulses, the corresponding 
circuit slows down the operating of the first control loop, then 

25 stops the same. This latter step takes place while very slightly 
deforming (less than 1/20,000th) the reference potential, 
which ensures an almost constant starting value of the saw- 
tooth wave.

There results from these arrangements an improvement of 
30 the operating of the generator with regard to the accuracy of 

the signals supplied and a simplification of the switching mem
bers annexed thereto.

For a better understanding of the invention, an example of 
application to a generator of the Miller integrator type will 

35 now be described but without being restricted to this type of 
generator.

In the accompanying drawings, given by way of nonrestric- 
tive examples:

FIG. 1 shows a known type generator circuit as state of the40 art.
FIG. 2 is an explanatory diagram of the working of the as

sociated tunnel-diode.
FIG. 3 shows the improved generator circuit according to 

^  the invention.
FIG. 4 is a corresponding explanatory diagram.
FIG. 1 shows a generator with a Miller integrator of known 

type and fed between two wires -U , +U. In this embodiment, 
a ramp generator means is constituted by a capacitor 10 

50 charged by a constant current I0 through a fixed resistance. 
The voltage appearing at the terminals of the capacitor 10 is 
amplified by means of a field effect transistor 11 with a high 
input impedance, a wide gain transistor 12 and an impedance
lowering transistor 13 on whose emitter the output signal U, is 

55 received. The charge of the capacitor is controlled by an aux
iliary triggering circuit comprising a tunnel-diode 15 con
nected into the collector circuit of a transistor 16 on whose 
emitter are applied triggering or synchronizing pulses from a 
synchronizing circuit by means of a transformer 17. The 

60 transistor 16, on the base of which is applied a constant poten
tial, thus provides the diode 15 with current pulses I(i 
calibrated in duration and amplitude.

FIG. 2 shows the characteristics of the diode 15 which is 
sensitized or biased by a fixed current Ii supplied on its anode, 

65 the amplitude of said current being comprised between the 
peak current and the valley current.

The anode of the diode 15 is connected to the base of a 
transistor 18, the collector of which being connected to the 
capacitor 10 by means of a diode 19, and the emitter being 

70 raised to a reference potential Ufi.
Lastly, a transistor 20 having through a resistor connected 

to the wire U the collector connected in the anode circuit of 
the diode 15 and the emitter connected to the output of the in- 
tegrator circuit forms a circuit limiting the sawtooth wave at a

75 level determined by a potential Unapplied on its base.
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By referring to the characteristics of FIG. 2, one supposes 
the diode is kept in its rest state A under the effect of the cur
rent I,. In these conditions, the transistor 18 is not conductive 
and the diode 19 is passing, so that the capacitor 10 is no 
longer charging or discharging. When a triggering pulse i„ 
reaches the diode 15, said diode switches and passes into a 
second state B following the course shown in dotted lines in 
FIG. 2 and in the direction /,.  The triggering square wave 
makes the transistor 18 conductive and is amplified by said 
transistor which, by inverting the polarization of diode 19, 
causes said diode to be nonconductive. The capacitor 10 
brought to potential U,, then begins to charge with a constant 
current and the voltage on emitter of the transistor 13 at the 
output of the generator varies linearly as a time function. 
When this voltage has reached the limiting potential UP, the 
transistor 20 becomes conductive and, transmitting the bias
ing current I,, brings back the diode 15 to its rest state A 
(course taken along the dotted line of FIG. 2, in the direction 
ft) . Then, the components 18 and 19 respectively become 
nonconductive and conductive, enabling the capacitor 10 to 
discharge down to the balancing potential fixed by the 
reference potential Ufi.

As it has been already stated, this known device has particu
larly the two following disadvantages:

a. the potential from which the capacitor 10 begins to 
charge which determines the reference potential U0 of the 
sawtooth wave representing the output signal U» is poorly 
defined, owing to the vagueness of the components, the cumu
lated deviations of the emitter-base potentials of the 
transistors, the voltage from which the diode 19 becomes 
passing and the source-grid voltage of the transistor 11.

b. untimely triggering of the integrator is possible from the 
moment when the limit voltage is reached, preventing the out
put voltage of the integrator from returning to the reference 
voltage U0 before supplying a new sawtooth wave. There 
results therefrom an erratic triggering (or “jitters”) which is 
shown on the next following sawtooth wave by a more reduced 
amplitude, or on the screen of the cathodic tube by an ad
vance of scanning. If, for instance, the sawtooth wave is trig
gered at -1  percent of its reference potential, then it will miss 
on the second scanning 1 percent of its amplitude reckoned 
starting from its theoretical starting point. A phenomenon of 
this kind becomes particularly harmful if this second scanning 
triggers, at a predetermined value of its output voltage, the 
start of a second time base. The error on this starting moment 
is then 1 percent of the period of the first time base. It will be 
perceived that such disadvantages prevent the using of this 
generator as a scanning generator for a cathodic oscillograph.

The invention provides a first improvement of this circuit 
consisting of looping the output voltage of the integrator with 
a two input control comparator stage on which a reference 
voltage is applied. In the circuit of the invention shown in FIG.
3, this differential stage is made by transistors 21,22 of a PNP- 
type paired in emitter-base voltage characteristics and in tem
perature coefficient in relation to the thermic drift due to the 
variations of these voltages. A reference voltage U'fi is applied 
on the base of the transistor 21 by way of a resistor bridge, 
while the output voltage U ', of the integrator is directly ap
plied to the base of the transistor 22. The emitters of these two 
transistors 21 and 22 are connected to the emitter of the 
transistor 18 as well as to a common biasing resistance 27 con
nected to —U. The diode 19 is now connected into the circuit 
of the collector of the transistor 21.

During the integration phase, the tunnel-diode 15 biased by 
a fixed current I', in position B, (FIG. 2) makes the transistor 
18 conductive which absorbs all the current supplied by the 
resistance 27 to the differential stage of the comparator 
21-22. No current then passes into the collectors of these 
transistors, and the diode 19 is biased in reverse, which ena
bles the capacitor 10 to go on charging. The charge ends as 
previously, when the limiting voltage U,. is reached, causing 
the saturation of the transistor 20, and the switching of the 
diode 15 in its state A (FIG. 2). The transistor 18 is again

made nonconductive, and the stage 21-22 is again passing, 
this stage operating as a control amplifier of the reference 
potential of the sawtooth wave determined by the voltage U 
This reference potential is thus defined by the characteristics 

5 of the transistors 21,22 and becomes established in the vicini
ty of the voltage U'„.

The characteristics of the mounting can be further im
proved. It must be considered that the discharge current of the 
capacitor 10 which is supplied through the diode 19 by the 
transistor 21 slightly deviates the total current (constant in 
principle) of the emitter circuit of the transistors 21 and 22 of 
the comparator stage. One has thus sought to make constant 
the current of the transistors 21 and 22, or more exactly the 

15 collector current of the transistor 21 by means of two other 
complementary transistors 23,24 mounted in parallel stage in 
the collector circuit of this transistor 21. As shown, the 
transistor 23 has its base raised to a positive fixed voltage U, 
by a resistor bridge. The collector-emitter circuit of the 

2o transistor 21 is in series with the resistance 25 of the integrator 
and the diode 19 in the collector circuit of the transistor 21. 
The base of the transistor 24 is at a voltage adjustable by 
means of a potentiometer 26 connected to +U and which ena
bles the slope of the sawtooth wave of the generator to be con- 

25 tinuously varied.
When the reference voltage is reached, the current supplied 

to the collector of the transistor 21 is constant and practically 
equal to the current in the common biasing resistance 28 of 
the stage 23-24. As the current passing into the resistance 27 

30 is itself roughly constant, this means that this control seeks an 
equilibrium state for which the respective currents in the 
transistors 21 and 22 are perfectly defined, the differential 
input voltage of the stage 21-22 is thus made stable and 
reproducible.

35 The collector current of the transistor 21 being thus made 
constant, one can advantageously use the transistors 21-22 
paired under the form of a double transistor possessing the 
characteristics previously specified.

The firSt contro1 thus ensures with respect to the tempera- 
40 ture, both the accuracy in absolute value and the indepen

dence of the reference potential of the sawtooth wave sup
plied by the generator.

It is now advisable to avoid untimely triggerings of the 
generator before its output voltage has dropped to the 
reference potential that has just been defined. To this end, the 
invention provides a control circuit to prevent the sensitiza
tion of the tunnel-diode during the whole of the time the 
capacitor of the generator is discharging, and which does not 

50 allow the applying of the sensitizing current unless the voltage 
of the sawtooth wave has reached a value very close to that of 
the reference potential.

The circuit which effects this second control essentially 
comprises the following elements (FIG. 3): a diode 30 placed 

5g into of the collector circuit of the transistor 22, said diode 
being connected to the wire +U via a resistance 29 and being 
biased by a low positive voltage U2; a transistor 31, whose base 
is connected to the collector of the transistor 22, acts as a link 
with a transistor 16' and plays the part of an impedance adap- 

60 tor; a capacitance-resistance 32 is also introduced between 
the emitter of the transistor 31 and the base of the transistor 
16'. The transistor 16' is mounted in series with a resistance 
35 and the tunnel-diode 15 to which it supplies part of the 
biasing current Ig. A terminal of the resistance 35 is connected 

65 to the base of a transistor 33 of a differential stage i.e., a two- 
input control comparator whose second transistor 34 has its 
base carried to a fixed low positive potential U3 and its collec
tor connected to the collector of the transistor 21. The 
transistor 16 and the synchronizing circuit 17 are connected 

70 to the anode of the tunnel-diode 15, and said anode is also 
connected to the resistance 35 as well as to a third way in 
which a current I', is sent, said current being slightly greater 
than the valley current of the diode 15.

Under these conditions, the biasing current I, of FIG. 2 now 
75 consists of 1',+Ij, as shown on the characteristic of FIG. 4,

5
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hence the existence of a new stable operational point A'. The 
partial biasing current I', is such that the superimposing of the 
currents r,-Hd on the tunnel-diode, in the absence of the cur
rent I„ controlled by the transistor 16', is insufficient for caus
ing the switching of the diode at B and the consecutive starting 
of the integrator to perform its integrating function.

The currents Idlr^'rt-I,,) and \d of the tunnel-diode 15 de
pend on the value of the peak current I„ of said diode. The 
relations between Id, I„, I', and l„ are approximately the follow
ing: 1,1=0.41,,, f^O.351,, and 1^=0.351^ so that the summation 
of the currents 1,1+1,-H', is approximately 1.11I„.

The prevention of biasing the diode 15 is effected as fol
lows: at the beginning of the discharge of the capacitor 10, the 
collector current of the transistor 22 is zero or produces, at 
the terminals of the resistance 29, an insufficient voltage drop 
for making the diode 30 nonconductive. During this period, 
the voltage applied on the base of the transistor 16' and con
trolled by the voltage existing on the base of the transistor 31 
causes said transistor 16' to be made nonconductive which 
consequently prevents the arrival of the current I„ in the diode 
15.

When the capacitor 10 reaches the end of discharging, the 
comparator stage 21—22 operates for controlling the reference 
level; at this moment, the current flowing into the transistor 22 
is such that, because of dispersions on the components and the 
effect of temperature variations, a voltage drop occurs in the 
resistance 29 which is always sufficient to make the transistor 
16' conducting through the transistor 31. The current I, can 
then reach the diode 15 to bias it. Before this operational step, 
the diode 30 limits the inverse base-emitter voltage of the 
transistor 16', whereby ensuring its protection.

Said inverse base-emitter voltage is applied through the 
transistor 31, connected in emitter-follower, and the mag
nitude of said voltage is the difference of the potentials sup- 35 
plied to the emitter of the transistor 16' and to the collector of 
the transistor 22. It is necessary to limit this inverse voltage 
and the diode 30 has been provided for that purpose. Said 
diode 30, moreover, plays the part of a threshold from which 
the second control is freed. As the comparator stage 21-22 
has a considerable voltage gain, this control begins to play a 
part when the output voltage of the integrator (during the 
return of the sawtooth wave), is very close to its reference 
level.

The triggering pulses I„ having a calibrated amplitude from 
the synchronizing circuit and the tunnel-diode being still 
biased through I ', ',  the tunnel-diode can switch under the ef
fect of a current Is of a given magnitude; a voltage U'3 is ap
plied to the base of the transistor 33 and the differential ampli
fier 33-34 becomes active.

The voltage U3, towards which the voltage U'3 tends to be 
by the means of the control, fixes the potential of the collector 
of the transistor 16' and hence regulates the biasing current 
supplied to the tunnel-diode through this transistor.

From this moment, the transistor 34 takes on the collector 
current of the transistor 21 the fraction necessary for stabiliz
ing the current in the resistor 35 and in the diode 15 at the 
given intensity I„. This slightly alters the working of the com-
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limiting stage, to prevent any deviation of the given intensity 
current passing through the diode 15.

The operation of the whole circuit is stabilized in high 
frequency by the capacitance-resistance circuit 32 which 
delays the action of the second control loop. Said capacitance 
is a low one and actually plays the part of a holdoff circuit 
solely for rapid scanning speeds. This is an advantage as com
pared with known circuits which necessitate great holdoff 
capacitances, which must be switched over with the integra
tion circuit elements used, and changed for each shape of 
desired sawtooth waves.

When the generator is operating as relaxed and no longer as 
triggered, the current I', may be increased by a fixed quantity 
corresponding to the amplitude of the calibrated triggering 
pulses la-

It is quite understood that the invention is not restricted to 
the single method of embodiment that has just been described 
by way of example, and that it is capable of modifications 
within the scope of the appended claims.

I claim:
1. A sawtooth voltage generator comprising:
a two stable state tunnel-diode having the anode thereof 

connected to a biasing current source and to a 
synchronization square wave generator and also to a gat
ing circuit whereby said tunnel diode is maintained in a 
first stable state when said gating circuit is nonconduc
tive;

a first two-input control comparator having one output and 
of which the first input thereof is connected to a first fixed 
potential source and the second input thereof is con
nected to the anode of said tunnel-diode, whereby said 
tunnel-diode is provided with an adjusted current for 
switching to a second stable state when said gating circuit 
is conductive;

a second two-input control comparator having two outputs 
of which the first output is connected to the output of said 
first control comparator;

a threshold circuit connected to the second output of said 
second control comparator and to said gating circuit, 
whereby said gating circuit remains nonconductive as 
long as said second output has not reached a given 
threshold; and

a second fixed potential source connected to the first input 
of said second control comparator of which the second 
input thereof is connected to the output of a ramp genera
tor means producing a ramp wave voltage, whereby said 
ramp wave voltage is returned to the value of said second 
fixed potential source when said tunnel-diode has 
reached the second stable state thus producing sawtooth 
voltage waves.

2. A generator according to claim 1 and which further in
cludes a voltage-limiting circuit connected between the anode 
of said tunnel-diode and the output of said ramp generator 
means whereby the magnitude of the sawtooth waves is 
limited.

3. A generator according to claim 1 wherein said ramp 
generator means includes a capacitance connected in series

parator stage 21-22: the current in the transistor 22 is such go with a charging resistance and the output of an amplifier hav-
t h a t  u / h f » n  f l n t i / i n n  t h r / M m h  r a c i c t r t p  7 0  5* ___i_ • i • ____________________ t . «. . .  . .that when flowing through resistor 29, it creates in said re
sistor the sufficient voltage drop for releasing the transistor 
16' and is thus precisely known.

The current in the transistor 21 results from the difference 
between the current in the resistor 27 and the one flowing 
through the transistor 22, and is thus also accurately known.

During the operating of this second control loop of the bias
ing current of the tunnel-diode, the above conditions are only 
very slightly modified, which corresponds to an uncertainty 
about the input differential voltage of the comparator stage 
21-22, which is much less than one twenty-thousandth of the 
amplitude of the sawtooth wave.

A diode 36, connected in the collector circuit of the 
transistor 20, is used for insulating the diode 15 from the col
lector resistance of this transistor, except at the moment of the

65
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ing an input which is biased to an adjustable potential and 
whereby the slope of said ramp may be adjusted.

4. A generator according to claim 2 in which said first two- 
input control comparator circuit comprises a capacitance-re
sistance circuit connected between said second two input con
trol comparator and said gating circuit.

5. A generator according to claim 2 in which said second 
two-input control comparator is formed by two transistors of 
the same type and paired in characteristic emitter-base volt
ages and in temperature coefficient with regard to thermic 
deviations due to the variations of these voltages.

6. A generator according to claim 5 and which further in
cludes a parallel two-transistor stage connected to the 
transistor circuit of said second two-input control comparator 
on which said reference voltage is applied, one of the two
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transistors of said parallel stage having its base raised to a 
second reference voltage, and the other transistor of said 
parallel stage being in series with a resistance input of said 
ramp generator means and having its base connected to the 
slider component of a potentiometer.

* * * * *
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