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LINEAR SAWTOOTH VOLTAGE-WAVE GENERA-
- TOR EMPLOYING TRANSISTOR TIMING CIR-
CUIT HAVING CAPACITOR-ZENER DIODE COM-
BINATION FEEDBACK )
Hugh L. Dryden, Deputy Administrator of the National
Aeronautics and Space Administration with respect to
an invention of Elberson D. Green and Martin G.

Woolfson

Filed Feb. 24, 1964, Ser, No. 347,101
2 Claims. (Cl. 307—88.5)

This invention relates in general to electric wave gen-
erators and more particularly to an improved gencrator
for providing a linear sawtooth voltage wave shape.

In high precision sweep or delay circuits, the slight ex-
ponential curvature of a sawtooth voltage waveform is
highly undesirable and methods of compensation must
be employed to produce the necessary degree of linearity.
The most direct method of producing a linear sawtooth
voltage is by increasing the source of potential used to
charge a capacitor so that during the time the capacitor
is charged it will charge linearly. However, there is a
definite practical limit to the magnitude of the source of
potential. Further, if transistors are to be used in the
circuit, high voitages become extremely impractical.

A more satisfactory manner to produce a linear saw-
tooth voltage would be to charge the capacitor from a
constant current source. One method of obtaining a
constant current is by use of a feedback circuit commonly
called a “bootstrap sweep circuit.” In one such bootstrap
sweep circuit the desired constant current source is ob-
tained by using a capacitor in the feedback path. How-
ever, the feedback capacitor will discharge and thereby
prevent a constant voltage from being maintained across
the charging resistor during the charging time. The saw-
tooth voltage obtained by this method will be nonlinear.

Another method of obtaining a sawtooth voltage utiliz-
ing a bootstrap sweep circunit would be by use of a zener
diode in the feedback path. The charging current in such
a circuit is equal to the zener voltage divided by the charg-
ing resistance and is substantially constant. However, the
theoretical maximum sweep voltage for the bootstrap
sweep circuit is the value of the source of potential.
Arnother drawback to the latter-mentioned circuit is that
the current through- the zener diode is a function of the
sweep voltage so that the voltage across the zener diode
changes due to its finite resistance.

In order to overcome the attendant disadvantages in the
prior art sweep circuits, the sweep circuit of the present
invention utilizes a pair of feedback loops. The first loop
contains a zener diode which maintains a relatively con-
stant charging current. The second loop contains a ca-
pacitor which allows the zener diode current to remain
relatively constant during the generation of the sweep
voltage while further allowing a charging capacitor to
charge to a relatively high voltage level.

More particularly, the circuit comprises an input ter-
minal for applying a source of pulses to the base of a
switching transistor. A charging capacitor is connected
across the collector-emitter circuit of the transistor. The
emitter of the transistor is grounded and the collector is
connected to one side of a charging resistor. The side
of the charging capacitor connected to the collector is also
connected to the base of a second transistor connected in
emitter-follower fashion. The collector of the second
transistor is connected to a source of positive potential,
whereas the emitter is connected to a source of negative
potential through a resistor. The output terminal of the
circuit is connected to the emitter of the second tran-
sistor. An anode of a zener diode is also connected to the
second transistor emitter and the cathode of the zener
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diode is connected to the other side of the charging re-
sistor. Also connected to the emitter in a second feed-
back path is a capacitor, the other side of which is con-
nected to a current limiting resistor. The current limit-
ing resistor has its other side connected to the cathode
of the zener diode. Further, the junction of the feed-
back capacitor and current limiting resistor is connected
to a source of positive potential through a diode. The
resultant combination of two feedback paths results in a
substantially linear output sawtooth voltage.

The advantages of this invention, both as to its con-
struction and mode of operation, will be readily appreci-
ated as the same become better understood by reference to
the following detailed description when considered in con-
nection with the accompanying drawings in which like
referenced numerals designate like parts through the fig-
ures, and wherein:

FIG. 1 is a circuit diagram of a presently known wave
shape generator which is shown to assist in an under-
standing of the invention, and

FIG. 2 is a circuit diagram of the novel wave shape
generator in accordance with this invention.

Referring now to the drawings, there is shown in FIG.
1 a well-known transistorized waveshape generator for
generating a sawtooth voltage. A source of pulses are
applied to an input terminal 12 connected to the base 14
of a switching transistor 16. Connected across the col-
lector 18 and emitter 22 of the transistor 16 is a charging
capacitor 24. One side of the charging capacitor is con-
nected to a source of reference potential and the other
side is connected to a charging resistor 26. The charging
resistor 26 is connected to a source of positive potential
through a current limiting resistor 28.

The collector 18 is also connected to the base 32 of a
second transistor 34. The collector 36 of the second
transistor 34 is connected to a source of positive poten~
tial, and the emitter 38 is connected to a source of nega-
tive potential through a current limiting resistor 42. Out-
put signals are taken from a terminal 44 connected to the
emitter 38. Further, a feedback path containing a zener
diode 46 has its anode connected to the emitter 38 and its
cathode connected to the junction of the charging resistor
26 and the current limiting resistor 28. The arrangement
for the transistor 34 will be readily recognized as an
emitter-follower circuit.

At time t;, when a pulse 48 is applied to the base 14, the
transistor 16 is rendered conductive, thereby causing the
capacitor 24 to discharge. At time 1, when the transistor
is again rendered nonconductive, the capacitor 24 begins
to charge through the charging resistor 26 and resistor 28
towards a value approaching B--. Further, due to the
emitter-follower arrangement of the transistor 34, the
output voltage 50 appearing at the output terminal 44
will approach the voltage across the capacitor 24.

The output voltage 50 appearing at terminal 44 is also
fed back to the junction of the resistors 26 and 28 through
the zener diode 46, so that the voltage across the resistor
26 tends to remain constant. Thus, the net result is a
substantially constant voltage across the resistor 26 result-
ing in a constant charging current to the capacitor 24.

The circuit of FIG. 1, however, has two drawbacks.
First, the peak sweep voltage is limited to a theoretical
maximum value of E,
where

Ep==B+-—(E;-|-iRy)

where E,=the voltage drop across the diode 46, and iRy
is equal to the voltage drop across the resistor 28. At the
maximum sweep voltage the current through the zener
diode will reduce to zero and the zener diode cuts off.
The second drawback to the circuit of FIG. 1 is that
since the current through the zener diode is a function of
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the sweep voltage, the voltage across the zener diode will
vary to a limited extent due to its finite resistance R, thus
preventing the voltage across the resistor 26 from remain-
ing constant.

In order to overcome the drawbacks of the circuit of
FIG. 1 there is shown a modified version thereof in
FIG. 2. A second bootstrap feedback circuit containing
a capacitor 53 is connected befween the emitter 38 and
resistor 28. Connected to the juiiction of the resistor 28
and capacitor 52 is a diode 54 having its anode connected
to a first source of positive potential (B+), while the col-
lector 36 is connected to a second source of positive po-
tential (B++). )

Operation of the device of FIG. 2 is similar to that
of FIG. 1, However, the second feedback path containing
the capacitor 52 allows the output voltage 56 at the ter-
minal 44 to be also feed back to the junction of the
resistor 28 and diode 54. Thus, the potential at the
junction of the resistor 28 and diode 54 can rise to a value
greater than the value of the first source of positive poten-
tial because of the additional voltage being fed back
through the capacitor 52. When the voltage at the junc-
tion of capacitor 52 and diode 54 rises to a value above
that of the first source of positive potential, the diode 54
will act as a switch and cut the first source of positive
potential out of the circuit. Also, due to the increased
voltage in the circuit caused by the capacitor feedback,
the zener diode no longer cuts off, as the sweep voltage
can now rise to a value greater than the source of refer-
ence potential. Therefore, due to the voltage applied by
the feedback capacitor 52, any change in the slope of the
sweep voltage caused by the voltage drop across the zener
diode will be minimized.

Thus, the modified circuit of FIG. 2 maintains the ad-
vantage of FIG. 1 in that the zener diode still allows a
a substantially constant charging current through the re-
sistor 26 which is substantially independent of changes
in the positive potential. However, the circuit is no
longer limited to a maximum sweep voltage as was
FIG. 1.

While the invention has been shown utilizing NPN
type transistors it will be readily recognized by those
skilled in the art that with minor modifications to the
circuit PNP, as well as other types of transistors, may be
employed in the circuit with the proper polarity applied
to the elements without departing from the spirit and
scope of this invention.

It should be further understood that the foregoing dis-
closure relates only to preferred embodiments of the in-
vention, and that it is intended to cover all changes and
modifications of the examples of the invention herein
chosen for the purpose of the disclosure which do not con-
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stitute departures from the spirit and scope of the in-
vention.

What is claimed and desired to be secured by Letters

Patent is:

1. A sawtooth voltage wave generator for producing

sawtooth waveforms of increased linearity comprising:

a switching transistor having a base, emitter, and col-
lector; - .

an output transistor having a base, emitter, and col-
lector and biased for emitter follower operation;

a charging capacitor connected between said switching
transistor collector and emitter;

means coupling said switching transistor collector to
said output transducer base;

a first diode connected with its anode to a source of
voltage;

first resistor coupled at one side to the cathode of
said first diode;

a second resistor connected between the other side of
said first resistor and said switching transient col-
lector;

a diode means connected between said output transistor
emitter and the junction of said first resistor and
said second resistor for maintaining a constant cur-
rent for said charging capacitor; and

a capacitor connected between said one side of said
first resistor and said switching transistor emitter and
cooperating with said diode means to provide an in-
creased period of response for said diode means
whereby sawtooth waveforms of increased linearity
are provided.

2. A sawtooth voltage wave generator in accordance

with claim 1 wherein said diode means is a 'zener diode.
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