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The age of wireless is 
here. Although the term 
"wireless" has until re

cently implied radio, that is by 
no means the only wireless 
media. The Wireless Head
phone project described in 
this article uses a different 
form of wireless link-infrared. 
Using a 100-kHz frequency
modulated (FM) carrier, the 
Wireless Headphone has A 4-
kHz bandwidth, making it suit
able tor general-purpose lis
tening. Its high carrier fre
quency provides inter
terence-tree operation, even 
around most consumer IR re
mote controls, which operate 
with a carrier frequency of 40 
kHz. And it requires no special 
connections to the radio or lV 

The power requirements tor 
the system are modest: The 
transmitter requires a 7- to 14-
volt. 200-mA DC supply, while 
the receiver draws about 10 
mA (at minimum volume) from 
a 9-volt battery. The receiver 
has a volume control tor con
venience, although the audio 
source's volume control may also be 
used to that end. 

The Transmitter Circuit. The trans- 
mitter tor the Wireless Headphone 
(see Fig. 1) consists of a pair of infrared 
LED's and a CD4046 CMOS phase
locked loop (or PLL, which is com
prised of two phase comparators, a 
voltage-controlled oscillator or VCO, 
a source follower, and a Zener reter
encE')-coupled with a driver tran
sistor. Note that in this application, only 
the PLL's VCO is used. 

The VCO's supply voltage is sta
bilized by the internal Ze~er refer
ence. The VCO input at pin 9 is biased 
near the midpoint of the VCO's linear 
region. The VCO's programmable 
sensitivity and high input impedance 
eliminates the need tor signal pre
conditioning. 

Components C1 and R2 provide 
impedance matching tor low-imped
ance speakers; those components 
should be eliminated it the audio 
source has a high impedance (600 
ohms). The VCO frequency is set by R4, 
RS, and C4 tor a minimum frequency 
of 85 kHz, a maximum frequency of 
115 kHz, and a nominal center tre-

age is sufficient to drive the 
LED string. Allow 1.8 volt per 
LED, and select R7 so that the 
peak current through the LED's 
does not exceed the part 
specification (typically 100 
mA). 

The IR transmitter's supply 
voltage may be an unregu
lated DC source greater than 
7 volts. An internal Zener refer
ence at pin 15 of U1 regulates 
the supply to 5-6 volts tor the 
VCO. The current through the 
IR LED's may be adjusted by 
changing the value of R7 to 
suit the diode ratings. 

Headphones 

Receiver. The schematic di
agram of the receiver tor the 
Wireless Headphone-essen
tially a reverse-biased pho
todiode detector/amplifier
is shown in Fig. 2. That circuit 
consists of a CA3237 high
gain IR remote-control pre
amp (U1), a 4046 phase-lock
ed loop (U2), and an LM386 
low-voltage audio ampl ifier 
(U3). 
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Listen to your favorite 
music unencumbered from 
a headphone cord with 
this easy-to-build 
transmitter/receiver 
combination 

quency of 100kHz, which yields a VCO 
sensitivity of 7.5 kHz/volt. 

The VCO output at pin 5 of U1 drives 
a saturated common-emitter circuit. 
built around Q1 (a 2N2222A general
purpose NPN silicon transistor). Al
though U1's Zener reference decou
ples the VCO from supply variations, 
the I R-emitter current is not regulated. 
Components shown in the schematic 
should be suitable tor most applica
tions. The number of IR emitters (on 
our circuit. LED1 and LED2) connected 
to the collector of Q1 can be in
creased to provide increased room 
coverage, as long as the supply volt-

Integrated circuit U1-
which is designed tor 40-kHz carrier 
systems but can provide limiting ac
tion to up to 1 MHz---contains two am
plifiers whose gain is set by C6/R4, and 
C7 IRS. Together those components 
provide DC and low-frequency block
ing, while setting the combined gain 
of the amplifiers to about 85 dB at 100 
kHz. The Schmitt-trigger section (pins 4 
and 6) of U1 is not used. 

The IR remote-control preamp's 
output at pin 7 is AC coupled to the 
phase-locked loop, which operates 
with a 100-kHz center frequency. The 
PLL's 15-kHz capture range allows .tor 
considerable center-frequency mis
match with the transmitter while 
providing proper demodulat ion 
bandwidth and noise rejection. The 
VCO of the PLL has a range of ± 30 
kHz around the center frequency, 
which also allows for transmitter/re
ceiver mismatch without unduly sacri
ficing loop performance. 

The loop lowpass filter output con
tains the demodulated audio signal 
and is internally buffered at pin 10. The 
audio is filtered and fed through am
plitude control R12 to the non-invert
ing input of U3 (an LM386 low-voltage 
audio power amplifier), which pro- 31 
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Fig. 1. The transmitter for the Wireless Headphone is built around a CD4046 CMOS 
phase-locked loop or PLL, coupled with a driver transistor, and a pair of infrared 
LED's. Although the CD4046 is comprised of two phase comparators, a voltage
controlled oscillator (or VCO ), a source follower, and a Zener reference, only its VCO 
is used in this application. 
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Fig. 4. The receiver's full-size printed
circuit layout is shown here. 

require such a circuit to be enclosed 
in a metal case to provide elec
trostatic shielding. That may not be 
necessary, but is recommended for 
best range. 

Assembly. Most parts are quite non
critical. Many parts can be replaced 
with near value(s) without affecting 
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Fig. 2. The receiver for the Wireless Headphone consists of a CA3237 high-gain IR 
remote-control preamp (Ul, which is designed for 40-kHz carrier systems, ), a 4046 
phase-locked loop (U2) , and an LM386 low-voltage audio amplifier (U3 ). 
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Fig. 3. The transmitter's printed-circuit 
layout is shown here at full size. 

vides a 26-dB gain and will easily drive 
a paralleled pair of AC-coupled, low
impedance earphones. 

Voltage regulation in the receiver is 
provided by U1 and U2, with the as
sistance of R2 and R9. The receiver will 
operate from supply voltages as low 
as 7 volts, making battery operation 
(from a rechargeable 9-volt battery) 
highly practical. 

A final note regarding the high
gain receiver: Normal practice would 
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the circuit. The exceptions are noted 
on the schematic diagrams by as
terisks-those parts should not be re
placed with any other value. If you 
can not find the specified pho
todiode, one salvaged from a com
merciaiiR receiver should work well. It 
should have a capacitance of 30 pF 
or less at -5 volts, and be 0.1-inch di
ameter or less. The capacitor should 
be miniature radial-lead unit. 

Figure 3 shows a full-scale template 
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Fig. 5 . The size of the parts used to build the transmitter are important due to space 
constraints, thus, '14-watt or smaller resistors are a must and miniature (radial lead 
electrolytic or otherwise) capacitors are recommended. 

of the transmitter printed-circuit art
work, and Fig. 4 shows a full-scale 
template of the receiver's printed-cir
cuit artwork. Printed-circuit assembly 
is recommended, particularly for the 
receiver, which has a very high gain. 

fJ.s can be seen from the size of those 
foil patterns, the most important fac 
tor governing the use of a particular 
component is its physical size. Due to 
that factor, the smallest sized compo
nents ava ilable should be used. 

Once you have etched your boards 
and obtained all the parts, assemble 
the board for the transmitter guided 
by Fig. 5 and the board for the re
ce iver guided by Fig. 6. The audio and 
power connections to the receiver 
board are best handled by case
mounted connectors. 

The circuits, once assembled, 
should operate immediately without 
adjustment or alignment. The Zener 
references can be checked at pins 15 
and 16 of the CD4046's and at pin 9 of 
the CA3237. The transmitter and re
ceiver VCO's can be checked at pin 4 
of the two CD4046's. The free-running 
frequency of the transmitter should 
be 100 kHz ± 10 kHz; and the transmit
ter and receiver VCO frequenc ies 
should be identical when the two units 
are optically coupled and properly 

(Continued on page 92) 33 
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WIRELESS HEADPHONES 
(Continued from page 33) 

functioning. The VCO tests should be 
made without an audio input to en
sure a stable frequency reading. 

Implementation and Use. The re
ceiver may be mounted in a number 
of ways, depending on the user and 
the availability of parts. Perhaps the 
most obvious, but most difficult, is in a 
headset. The small size of the receiver 
ci rcuitry facilitates proportionally 
small packaging, but the added mass 
on a light-weight headset can result in 
an unstable mount. Use a large-size 
headset (full ear enclosure) and 
mount the receiver and battery as 
low as possible to maintain a low cen
ter of gravity. 

Placing the receiver and battery on 
opposite sides of the two speaker ele
ments is ideal or at least more bal
anced. Use shielded audio cable 
between the two headset speakers. 

An alternative packaging idea is to 
use a lapel mount, in which the re
ceiver and battery are combined in a 
single enclosure that is separate from 

SUPER RESOURCES 
(Continued from page 60) 

to get it serviced, and where to find 
articles about modifications. Com
parative feature and performance 
charts provide you with ammunition 
for your next dealer or flea-market vis
it. A glossary of radio features and 
terms is included for beginners. The 
Source book, published by the ARRL is 
$15. 

CQ Communications, Inc. has for 
several years offered communica
tions buyer's guides. Presently offered 
are: the CQ Amateur Radio Equip
ment-buyer's Guide, which features 
more than 1,000 amateur radio prod
ucts, specifications, and photos, as 
well as a manufacturer and dealer 
directory; and the Popular Communi
cations Guide, which covers re
ceivers, scanners, accessories, DX'ing, 
scanning, CB's, and antennas. 

Newest is a third publication, CQ's 
Guide to Amateur Radio. Not strictly 
an equipment-buyer's guide, its focus 
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Fig . 6 . The receiver's printed-circuit board should be assembled using 'Is-watt or 
smaller resistors and miniature (radial lead electrolytic and ceramic-disc) capacitors. 
The volume control (Rl2) can be a miniature PC-mounted potentiometer or 
conventional unit, which would have to be mounted off-board. 

the headphones. The photodiode 
may be oriented on the printed-cir
cuit board to permit side or front il
lumination relative to the printed
circuit board. 

is on articles written strictly for the 
newcomer by the best writers in ama
teur radio. Topics covered include li
censing and upgrading information, 
efficiently setting up your first ama
teur-radio station, packet-radio and 
repeater operating practices and eti
quette, mastering handheld radios, a 
small buyer's guide, a directory of 
manufacturers and dealers, and 
more. Each CQ guide is priced at 
$4.95 each plus $2.50 S/H. 

Communications Receivers, 2nd 
Edition, by Ray Moore, ex-K1DBR. is an 
authoritative storehouse of data on 
American general coverage com
munications receivers from 1932 to 
1981--especially useful if you seek an 
older, tube-type radio. Moore covers 
RME, National, Hallicrafters, Ham
marlund, Collins, and others, and 
shows photos of 375 receivers from 58 
companies. Including variations on 
the 375 receivers, over 700 radios are 
covered. The 115-page book is avail
able for $17.95 plus $2.50 S/H from 
RSM Communications. 

Shortwave Receivers Past and Pres-

No external lens is necessary at ei
ther the receiver or the transmitter-in 
fact I recommend against it in order 
to maintain a wide field of view at the 
receiver end. • 

ent(a 1987 "blue book" by Fred Oster-
• man, N8EKU) is a 104-page, illustrated 

directory of the vital statistics of more 
than 200 communications receivers 
manufactured over the past 20 years. 
It provides specifications and photos 
of most of the receivers it lists. Also 
included is a very useful chart that 
shows the new and the approximate 
used cost of each radio. Irs $8.95 plus 
$1 S/H from Universal Radio, Inc. 

Also offered by the same publisher 
as the World Radio and TV Handbook 
(WRTH) is the WRTH Equipment Buyers 
Guide, 1993 edition. The 160-page, 
$19.95 book offers authoritative test 
results on most modern receivers and 
a handy price vs. performance eval
uation. The Guide also includes a 
used radio-equipment checklist and 
advice on shortwave antennas. 

The Guide is distributed by Billboard 
Books but ifs also available from radio 
booksellers including Ham Radio 
Bookstore. The Bookstore offers the 
guide separately or you could pur
chase it together with the 1993 WRTH 
for $34.90 plus $4 S/H. • 




