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High Fidelity

Laser Pointer Audio Modulator - Laser Beam
Detector/Demodulator

Modulate a cheap laser pointer with voice or music.

If you'd like to experiment with point-to-point €e-space,
without a glass fiber) light-beam voice or othediau
communications, or with music transmission (sayg temote
clandestine radio transmitter), then these cirauitght be of
interest to you. The high-fidelity circuits emplaycheap laser
pointer as the light source and a readily availgbietodiode as
the detector. The system has been successfullyrdsrated to
a distance of 6.5 miles (10.5km).

Lasers are inherently non-linear devices; lasedesdappily
operate only in a narrow range of drive currents Tittle
current and the diode refuses to "lase". Too muchthe diode
self-destructs. Thus, efforts to directly modulataser with an
analog signal are usually unsatisfactory. The nagority of
laser modulators are of digital design; the modulatvitches
the laser between two discreet current levels, eping
information in the data encoded in the drive sighathis case,
the 'data’ is an FM subcarrier operating at arotskHz, and
the laser current levels are 0 and 30 mA (adjusjabl

Likewise, photodetectors operating in the real @aofl ambient
light noise sources, without benefit of a glasgffiransmission
medium, suffer from non-linearities of their owrhélFM
subcarrier is for the most part immune to detector-linearity.

The transmitting circuit is shown in Figure 1.
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Figure 1
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The circuit uses a method of generating FM cadlepe
modulation. Integrator Ula, comparator Ulb and limiter U3
form a free-running FM oscillator/modulator opengtiat twice
the operating output frequency. Integrator Ul&ésheart of
the modulator. The output of Ula is linear rampiotage of
either positive or negative slope. The slope igmheined by 1)
the value of the integrating capacitor connectimg 43 and 14
of Ula and 2) the sum of currents from Ulc, Uld BR&EQ
ADJ and LINEARITY ADJ potentiometers at the summing
point (pin 13) of the integrator. Negative feedbaakrent from
U2, through the FREQ adjust potentiometer, causesitcuit
to oscillate at a frequency determined by the coedbipositive
and negative slopes of the Ula output signal. Ttpub signal
(Ula pin 14) is a non-symmetrical (scalene) triangave. The
degree of assymmetry determines the period andlieus
frequency of the output signal; the greater the asymmely, t
lower the frequency. By controling the integra®®itput
slope, the combined input currents (from the aboestioned
sources) determine the instantaneous oscillatquéecy.

The output signal from Ula is presented to compatadb.
The output of Ulb will either be 'high’, near tlever rail
voltage, or 'low', near ground, depending on whretie pin 9
voltage is above or below the reference voltagpinriO.
Limiter U2 shortens the rise and fall times of thib output
signal. U2 provides the negative feedback sign#éi¢o
integrator, as explained above, and also clocksubulivider
U3a. U3a divides the signal frequency by 2 andrest
symmetry.

U4 is the laser driver. When the output of theip-flop (U3a)
is low, the driver connects the laser current spppthe 4.7 uF
coupling capacitor. This causes the lower Schaltkge to
conduct, charging the capacitor. When the D flggfis high
the driver connects the capacitor to the grouridTais
discharges the capacitor and causes the upper diadaduct.
The discharge current is delivered to the lasemtpoi The
driver's internal resistance and the forward vatdgpp of the
diodes work in conjunction with the pointer's imiglrresistor to
limit current flow through the circuit. Laser cuntecan be
monitored with a multimeter connected to TP4 an8.TP
Current flow from the current regulator is actualhe-half that
of instantaneous current flow through the lasedédj®ince
laser current flows for exactly one-half of the éinThe 2-ohm
scaling resistor establishes a nominal one-to-afttage drop to
instantaneous laser current relationship. Curtaough the
laser diode causes it to produce coherent ligatwéavelength
and dispersion typical of a laser diode. The ouguhe laser
diode is a series of light pulses in step withahgut of the FM
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subcarrier generator.

The laser is simply a cheap key-chain laser paiitiesrder to
work with the pulse modulator, the laser must biheftypenot
equipped with active current regulation. In other words
CHEAP. (Given a choice of laser pointers, wouldsbhéders of
this circuit should select the CHEAPEST one avéalalbuy
several.) Such pointers are equipped only witméarmal fixed-
value current-limiting resistor (value around 50r&). At the
time of this writing, such a pointer was availabére You
might also find one at your local 'dollar’ store.

Line and microphone amplifiers Ulc and Uld ampdihd
isolate their respective input signals and prete, via the
100k resistors, to the slope modulator, as expthaimve. The
amplifier circuits also each introduce a 6 dB paawe high-
frequency pre-emphasis, starting at around 1600 Hz.
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Prototype laser pointer modulator.

The black thing on the left is a condenser microphte; the
yellow thing at the top is a cheap laser pointer;ite gray
cord at the lower right is for connecting to a 9-18 DC
power source.

Here's a Laser Shotgun to mount your cheap laser jater in.

If you'd rather use a standard 650nm laser diode:
click here for wiring and mounting info.
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Reception

Detection (reception) of the laser pulses is acdmmgd with a
photodiode. The received signal is then filtered an
demodulated to recover the original audio signkg Tircuit for
the receiver used with the laser modulator appedfgure 2
below.
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Figure 2
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Virtually any photodiode should be usable in thisuit. Be
sure to select one that is sensitive to the wagdheaf the laser
you are using - visible (also called 'blue enhaldadhis case.

The detected 75 kHz optical signal from the phaiddiis
coupled to the base of 2N2222 transistor whichctely
amplifies the detected signal by a factor of al#f@ and
presents it to amplifier Ula. Ula amplifies andweb the
signal through limiter U2 to one-shot multivibratd8a. U3a
outputs pulses of fixed length (time duration)ritegrator Ulb.
The output of Ulb is an analog voltage that reprissihe
density of the input pulses - more pulses (higher input
frequency) generate a higher voltage; fewer puls&ger input
frequency) generate a lower voltage. Thus the Eaqy
modulated input signal is converted back to thgioal
transmitted analog audio signal. The integratooohices high-
frequency de-emphasis (roll-off) above about 16@0Hhis
roll-off is compensated for by complementary preplasis in
the audio amplifiers in the above (Fig 1) modulald? filter
Ulc, as shown, cuts off at about 16 kHz to allowhuisic
transmission. See note 1 if a more restrictiveUlezgy
response is needed.
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Prototype Laser Pointer Receiver

The photodiode is above the receiver, mounted oncamera tripod.
Earbuds are shown connected to the receiver in thishot. The receiver can also be connected to a
speaker or line input.
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Close-up of the mounted photodiode.
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Beam concentration can raise the signal to noise ofthe
detected optical signal, and may be necessaryndepeon the
transmitter-to-receiver distance and other factdese's a
Laser Beam Concentratorto mount your photodiode in for
increased sensitivity and range. The concentraas w
successfully used with the prototype modulator/deutetor
system to establish an audio link over a distafié&eomiles.

Photos of System DX Tests
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System Alignment

The laser pointer audio modulator requires aligrimEime
alignment procedure uses the discriminator in graabulator
as a 'frequency meter'. The procedure is not ditfiout should
be followed carefully for best results. Figure w8 the
modulator/demodulator interconnection used forrathgnt.

Figure 3
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Alignment steps:

1. Remove all audio inputs from the modulator circui
board. Remove the laser pointer from the modulator
circuit board connector. Remove the photodiode ftioen
demodulator circuit board connector.

2. Connect the modulator board to the demodulatardas
shown in Figure 3.

3. On the demodulator board connect the leads of a
multimeter to TP6 and TP7. Set the meter to thevoi2
scale (or nearest). Power the boards.

4. Rotate VR2 (LIN) on the modulator board to it¢reem
CCW position.

5. Adjust the FREQ control on the modulator boardafo
reading of zero volts (0.0v) on the multimeter.

6. With a clip-lead jumper, connect TP1 on the mathul
board to TP2 on the modulator board (this is thertbs
ground rail). Note the voltage reading on the mmutier;
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remove the jumper.

7. Connect TP1 on the modulator board to TP3 on the
modulator board (this is the board's positive sypail).
Note that the voltage reading on the multimeteros
opposite in polarity as the voltage noted in step 5. Adjust
the LIN control on the modulator for the same abtol
voltage reading noted in step 5. (For exampléyaf t
voltage noted in step 5 is +0.65 volts, adjustiiii
control for a reading of -0.65 volts.) Remove theper.

8. Remove board power; remove all jumpers; remoge th
multimeter; restore the original connections toldser
pointer and photodiode.

Fine Tuning:

The above procedure should produce acceptabletyidiet
most applications. Further improvement might besaad with
a tone generator and oscilloscope and/or distodratyzer as
follows:

With Oscilloscope:

1. Complete alignment steps 1-7 above.

2. Connect the tone generator (set to 1 kHz) to the
modulator audio line input jack; connect the ossitlope
to the demodulator audio output jack.

3. Increase the output level of the tone generatdfaa the
LINE MOD control on the modulator until distortiar
the displayed sinewave is noted.

4. Adjust the linearity control on the modulator the
purest (minimally distorted) sinewave.

5. Remove board power; remove the test equipmestne
the original connections to the laser pointer and
photodiode.

With Distortion Analyzer:

1. Complete alignment steps 1-7 above.

2. Connect the tone generator (set to 1 kHz) to the
modulator audio line input jack; connect the distor
analyzer to the demodulator audio output jack.

3. Increase the output level of the tone generatdfaa the
LINE MOD control on the modulator until an increase
distortion is noted on the analyzer.

4. Adjust the linearity control on the modulator for
minimum distortion.

5. Remove board power; remove the test equipmestne
the original connections to the laser pointer and
photodiode.
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Setting laser current:

1. On the transmitter board, connect the leads of a

multimeter to TP4 and TP5. Set the multimeter tare
millivolts.

Set the CUR control to MINimum resistance. Potlier
transmitter board.

. Adjust the CUR pot to the desired laser current
(ImV=1mA). [Note that as the resistance of the CUR
control is increased, the brightness of the laskr w
gradually increase. A point will be reached whemn ltser
begins to 'lase’. This will be seen as a relatigelgden
increase in brightness and will typically occurward 20
mA. A current setting of 30 mA is suggested. Curren
settings greater than 30 mA with a cheap lasent@oin
could result in shortened laser life.]

4. Remove board power; remove the multimeter.

Setting modulation levels:

1. There is no "correct" modulation level. Set the

modulation levels (LINE MOD and MIC MOD) as high
as you can get away with. The modulator will remain
linear up to a level where distortion will suddebly
noticed in the received audio. When distortionaticed,
back down the modulation level a little.
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