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[57] ABSTRACT

A laser transmitter system is disclosed which utilizes
mechanical energy for generating an output puise. The
laser system includes a current developing device such
as a piezoelectric crystal which charges a storage
device such as a capacitor in response to a mechanical
input signal. The capacitor is coupled to a switching
device, such as a silicon controlled rectifier (SCR). The
switching device is coupled to a laser transmitter such
as a GaAs laser diode, which provides an output signal
in response to the capacitor being discharged.

6 Claims, 3 Drawing Figures
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LASER TRANSMITTER SYSTEM

Matter enclosed in heavy bracketsL Jappears in the
original patent but forms ne part of this reissue specifi-
cation; matter printed in italics indicates the additions

made by reissue.

FIELD OF THE INVENTION

This invention relates generally to a laser transmitter
system and particularly to a self operating laser trans-
mitter system utilizing mechanical energy for control-
ling a laser to generate and transmit an energy puise.

DESCRIPTION OF THE PRIOR ART

Systems using semiconductor GaAs lasers have been
developed to train military personnel in using the M-16
rifle. The laser system is attached to a rifle and fires
infrared laser “bullets” at infrared detector equipped
targets. The targets may be coupled into a computer
which scores hits whenever infrared energy strikes the
detectors. Power is supplied to the laser transmitter by
cumbersome batteries that are carried on the soldier’s
person and which are connected to the rifle via bulky
cables. |

Piezoelectric crystals have been used to generate a
spark for lighting a gas stove, a gas cigarette lighter,
and for firing a photoflash bulb without external batter-
ies or electrical power. However, piezoelectric crystals
have not been used to provide an infrared pulse n

response to a mechanical input signal.

SUMMARY OF THE INVENTION

Accordingly, it is the object of the present invention
to provide a simple and reliable laser transmitter sys-
tem.

It is another object of the present invention to pro-
vide a laser transmitter system for providing an output
pulse in response to a mechanical input signal.

It is another object of the present invention to pro-
vide a lightweight laser transmitter system requiring no
external electrical power source.

It is still another object of the present invention to
provide a laser signaling system that is compact and
completely self-contained.

In accordance with the foregoing objects, a laser
transmitter system according to the invention includes
a piezoelectric device coupled to a storage device for
storing the energy developed by the piezoelectric de-
vice. The energy storage device is coupled to a laser
transmitter by a switching device. In response to a
signal from the piezoelectric device, the storage device
is discharged through the laser transmitter thereby
producing an output signal.’

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic circuit diagram of a first em-
bodiment of the present invention;

FIGS. 2a-2c are diagrams of waveforms representing
voltages as a function of time at various points in the
circuit according to FIG. 1; and

FIG. 3 is a schematic circuit diagram of a second

embodiment of the present invention.
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DETAILED DESCRIPTION OF THE DRAWINGS

to FIG. 1, a laser trans-

Referring more specifically
infrared

mitter system is depicted for generating an

5 pulse in response to a mechanical input signal. Accord-

ing to the present invention, a jaser transmitter system
includes a piezoelectric crystal 10 that is excited to
produce an output signal by a mechanical force that
may be provided by a device such as a spring loaded
hammer 11, for example. A first electrode of the crystal
10 is coupled to ground and a second electrode 1s cou-
pled to the anode electrode of a first diode 12. A stor-
age capacitor 13 is coupled between the cathode elec-
trode of the diode 12 and ground. The cathode elec-
trode of the diode 12 is also coupled to the anode elec-
trode of a silicon controlled rectifier (SCR) 14. Other
suitable switching devices may be utilized in place of
the SCR 14. A laser transmitter, such as a GaAs laser
diode 15, is connected between the cathode electrode
of the SCR 14 and ground. A second diode 16 for
preventing a reverse voltage from damaging the laser
diode 15, is connected in parallel with the laser diode
15. A load resistor 17 is also connected in parallel with
the laser diode 15. The cathode electrode of a third
diode 18 is connected to the second electrode of the
piezoelectric crystal 10. The anode electrode of the
diode 18 is connected to first electrodes of resistors 19
and 20. The second electrode of the resistor 20 is con-
nected to ground. The primary winding 22 of a trans-
former 21 is connected between the second electrode
of the resistor 19 and ground. The secondary winding
33 of the transformer 21 is connected between the gate
electrode of the SCR 14 and ground. The transformer
21 is for purposes of isolation and for stepping down
the voltage generated by the piezoelectric crystal 10
and may be eliminated if the gate electrode of the SCR
14 can withstand the high voltage. Also the control
signal to the gate electrode of the SCR 14 may be sup-
plied by another suitable triggering circuit.

The operation of the invention according to FIG. 1 1s
now described with respect to FIGS. 2a-2c wherein a
force 11 is applied to the piezoelectric crystal 10 caus-
ing that crystal to supply an output signal as illustrated
in FIG. 2a. It is noted that the output signal is an AC
waveform, since the crystal may ring as a result of the
applied mechanical force. During the positive half
cycle of the output signal from the crystal 10, the diode
12 is forward biased thereby charging the storage ca-
pacitor 13 since the SCR 14 is not conducting at this
time.

During the negative half cycle output signal from the
crystal 10, the diode 12 is reverse biased and the third
diode 18 is forward biased which induces a current flow
through the primary winding 22 of the transformer 21.
The secondary winding 23 provides an output signal to
the gate of the SCR 14 which triggers and establishes a
current path between the capacitor 13 and the laser
diode 15. The waveform of the signal to the gate of the
SCR 14 is illustrated in FIG. 2b.

Referring now to FIG. 2¢, the waveform of the SCR
anode to ground, the SCR 14, in response to the signal
on the control gate the SCR 14 discharges the storage
capacitor 13 through the laser diode 15 which pro-
duces an infrared output pulse. The output puise may
be detected by remotely located IR detectors.

Referring now to FIG. 3, another embodiment of the
present invention is now described. Elements of the

circuit of FIG. 3 that are similar to elements of the
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circuit In FIG. 1 will have the same reference designa-
tion number but will be prefixed by the numeral ** 1.

According to the second embodiment of the present
invention, a laser transmitter system includes a piezo-
electric crystal 110 having first and second electrodes,
which crystal is excited to produce an output signal by
a mechanical device such as the spring-loaded hammer
111. The first electrode of the crystal 110 is coupled to
ground and the second electrode is coupled to the
anode electrode of a first diode 112. A storage capaci-
tor 113 1s coupled between the cathode electrode of
the diode 112 and ground. The cathode electrode of
the diode 112 is also coupled to the anode electrode of
a first silicon controlled rectifier (SCR) 114 which
discharges the capacitor 113 in response to a trigger
signal.

A GaAs laser diode 115 is connected between the
cathode electrode of the SCR 114 and ground. The
gate electrode of the SCR 114 is connected to a first
output terminal of a pulse code generator 36. A second
diode 116 and a resistor 117 are connected in parallel

with the GaAs diode 115. The anode electrodes of third
and fourth diodes 30 and 33 are coupled to the first
electrode of the piezoelectric crystal 110. The cathode
electrodes of the diodes 30 and 33 are coupled to sec-
ond and third storage capacitors 31 and 34, respec-
tively. The cathode electrodes of the diodes 30 and 33
are also coupled to the anode electrodes of second and
third SCRs 32 and 35, respectively. The cathode elec-
trodes of the SCRs 32 and 35 are also connected to the
GaAs laser diode 115, The gate electrodes of the SCRs
32 and 35 are coupled to second and third output ter-
minals of the pulse code generator 36. The SCRs 32
and 35 discharge the storage capacitors 31 and 34,
respectively, in response to trigger signals on their re-
spective control gates from the pulse code generator 36
at a predetermined time.

The cathode electrode of a fifth diode 118 is con-
nected to the second electrode of the piezoelectric
crystal 110, The anode electrode of the diode 118 is
connected to first electrodes of resistors 119 and 120.
The second electrode of the resistor 120 is connected
to ground. The primary winding 122 of an isolation and
stepdown transformer 121 is connected between the
second electrode of the resistor 119 and ground. The
first terminal of the secondary winding 123 of the trans-
former 121 is connected to a first input terminal of a
pulse code generator 36. The second terminal of the
secondary winding 122 and a second input terminal of
the pulse code generator 36 are connected to ground.
The pulse code generator is for selectively discharging
the storage capacitors in a predetermined time se-
quence. This predetermined time sequence is useful to
transmit code messges having more information than
an “‘on-off”’ signal represented as a single pulse of the
first embodiment. Since pulse code generators are gen-
erally known in the art, a particular pulse code genera-
tor is not described herein.

‘The operation of the circuit according to FIG. 3 is
similar to the operation of the circuit of FIG. 1 except
that the laser diode 115 may provide a series of output
pulses in a predetermined time sequence as a resulit of
the storage capacitors 113, 31 and 34 being selectively
discharged through the laser diode 115 at preselected
ttmes. Thus a coded output is generated by the laser
transmitter system. The coded output signal from the
laser transmitter system may be decoded by a suitable
decoding system utilizing IR detectors.
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It should be apparent from the foregoing that the
present invention provides a simple and reliable laser
transmitter system for converting mechanical energy
into an infrared output pulse from a laser diode.

Although the present invention has been shown and
described with reference to particular embodiments,
nevertheless, various changes and modifications obvi-
ous to one skilled in the art to which this invention
pertains are deemed to lie within the purview of the
invention.

What 1s claimed is:

1. A laser transmitter system comprising: mechanical
energy-producing means;

prezoelectric means for providing electrical signals in
response to said mechanical energy-producing
means;

a first diode coupled between said piezoelectric
means and a storage capacitor,

a storage capacitor coupled to said first diode, said
capacitor being charged in response to said piezo-
electric means:

sthcon controlled rectifier having first, second and
third electrodes, said first electrode being coupled
to said first diode, said stlicon controlled rectifier
for discharging said capacitor in response to a sig-
nal applied to said third electrode of said rectifier;

laser diode means coupled to said second electrode
of said silicon controlled rectifier for providing an
output signal in response to current being dis-
charged therethrough,

a second diode being coupled between said piezo-
electric device and a transformer; and

a transformer having primary and secondary wind-
ings, said primary winding being coupled to said
second diode, said secondary winding being cou-
pled to said third electrode of said silicon con-
trolled rectifier, said transformer for providing a
signal to said third electrode of said silicon con-
trolled rectifier in response to said piezoelectric
means.

2. A laser transmitting system comprising:

a ptezoelectric means for providing electrical output
signals in response to a mechanical input signal;

a first diode coupled to said piezoelectric means;

a capacitor coupled to said first diode, said capacitor
storing energy in response to said piezoelectric
means;

switching means having a current path and a control
electrode, said current path being coupled to said
capacitor for conducting energy stored in said ca-
pacitor in response to a signal applied to said con-
trol electrode:

laser means coupled to said current path of said
switching means for providing an output signal in
response to energy being conducted therethrough;

transformer means coupled between said piezoelec-
tric means and said control electrode of said
switching means, said transformer providing a sig-
nal to said control electrode of said switching
means In response to said piezoelectric means.

3. A laser transmitter system comprising:

piezoelectric means for providing an electrical out-
put signal in response to a mechanical input signal,

a first diode coupled between said piezoelectric
means and a capacitor;

a capacitor coupled to said first diode, said capacitor
for storing energy in response to a said piezoelec-
tric means;
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switch means having a current path and a control
electrode, said current path coupled between said
capacitor and laser means, for discharging said
capacitor in response to a signal applied to said
control electrode;

means coupling said piezoelectric means and said
control electrode of said switching means for pro-
viding said control electrode with a control signal;

laser means coupled to said current path of said
switch means for emitting an output signal in re-
sponse to said capacitor being discharged.

4. A laser transmitter system comprising:

a piezoelectric means for providing output signals in
response to a mechanical input signal,

energy storing means coupled to said piezoelectric
means for storing energy in response to said piezo-
electric means;

laser means for emitting an output signal i response
to energy being discharged therethrough,

switching means having a current path and a control
electrode, said current path being coupled between
said energy storing means and said laser means for
discharging said energy means through said laser
means in response to a signal applied to said con-
trol electrode; and

means coupled to said control electrode of said
switching means for providing a signal thereto.

5. A laser transmitter system comprising:

piezoelectric means for providing an output signal in
response to a mechanical input signal;
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energy storing means coupled to said piezoelectric
means for storing energy therefrom;

laser means for emitting an output signal in response
to the discharge of said energy storing means;

switch means coupling said energy storing means and
said laser means, said switching means having a
control electrode for switching said switching
means into conduction in response to a control
signal; and

means coupled to said control electrode providing a
control signal to said control electrode to discharge
said energy storing means through said laser diode
means thereby producing an output signal.

6. A laser transmitter system comprising:

piezoelectric means providing an output signal In
response to a mechanical input signal;

a plurality of energy storing means coupled to said
piezoelectric means for storing energy therefrom;

laser means emitting an output signal in response to
the discharge of any of said energy storing means;

a plurality of switch means each having a current
path and a control electrode, said current paths
respectively coupling said plurality of energy stor-
ing means to said laser means for selectively dis-
charging said energy storing means in response to
control signals being selectively applied to said
control electrodes at predetermined periods of
time for providing a coded output signal from said
laser means; and

means coupled to said plurality of control electrodes
for providing preselected-timed signals to said con-

trol electrodes of said switching means.
& * e ¥ %
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