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large. With P1 set to its maximum level, a 
stereo input of 10 mVrms is sufficient for the 
sound on the radio to remain clear. This also 
depends on the setting of the VCO. With a 
higher tuning voltage the input signal may 
be almost twice as large (see VCO tuning 
curve in the data sheet). Above that level 
some audible distortion becomes appar-
ent. If the attenuation can’t be easily set by 
P1, you can increase the values of R1 and R2 
without any problems.
Measurements with an RF analyzer showed 
that the third harmonic had a strong pres-
ence in the transmitted spectrum (about 
10 dB below the fundamental frequency). 

This should really have been much lower. 
With a low-impedance source connected 
to both inputs the bandwidth varies from 
13.1 kHz (P1 at maximum) to 57 kHz (with the 
wiper of P1 set to 1/10).
In this circuit the pre-emphasis of the input 
is missing. Radios in Europe have a built-in 
de-emphasis network of 50 µs (75 µs in the 
US). The sound from the radio will therefore 
sound noticeably muffled. To correct this, and 
also to stop a stereo receiver from mistakenly 
reacting to a 19 kHz component in the audio 
signal, an enhancement circuit Is published 
elsewhere in this issue (Pre-emphasis for FM 
Transmitter, also with a PCB).

Notice. The use of a VHF FM transmit-
ter, even a low power device like the one 
described here, is subject to radio regula-
tions and may not be legal in all countries.

(080727)

Internet Links
[1] http://datasheets.maxim-ic.com/en/ds/MAX2605-
MAX2609.pdf

[2] www.elektor.com/080727

Download
080727-1 PCB layout (.pdf), from 
www.elektor.com/080727

COMPONENT LIST

Resistors (all SMD 0805)
R1,R2 = 22kΩ
R3 = 4kΩ7
R4,R5 = 1kΩ
R6 = 270Ω
P1 = 10kΩ preset, SMD (TS53YJ103MR10 Vishay 

Sfernice, Farnell # 1557933)
P2 = 100kΩ preset, SMD(TS53YJ104MR10 Vishay 

Sfernice, Farnell # 1557934)

Capacitors (all SMD 0805)
C1,C2,C5 = 4µF7 10V
C3,C8 = 100nF

C4,C7 = 2nF2
C6 = 470nF

Inductors
L1 = 390nF, SMD 1206 (LQH31HNR39K03L Murata, 

Farnell # 1515418)
L2 = 2200Ω @ 100MHz, SMD, common-mode choke, 

1206 type(DLW31SN222SQ2L Murata, Farnell # 
1515599)

Semiconductors
IC1 = MAX2606EUT+, SMD SOT23-6 (Maxim 

Integrated Products)

Miscellaneous
K1 = 3.5mm stereo audio jack SMD (SJ1-3513-SMT 

CUI Inc, DIGI-Key # CP1-3513SJCT-ND)
K2 = 5-pin header (only required in combination 

wsith 090305-I pre-emphasis circuit)
K3 = USB connector type A, SMD (2410 07 Lumberg, 

Farnell # 1308875)

Servo Driver
Gert Baars (The Netherlands)

When it comes to driving a servo you typi-
cally have to send a PWM signal to the servo 
input. The frequency of this signal is about 
50 Hz and the duty cycle is variable. The duty 
cycle is usually between about 5 and 10%, 
corresponding with a pulse width of about 1 
to 2 ms. The conversion of a resistance value 
into a PWM signal is fairly straightforward 
when a variable RC time constant circuit is 
used. Converting a voltage into a PWM signal 
is a bit more difficult, but it does offer some 
useful advantages.

When the position of a servo can be control-
led via a voltage, it can be implemented via 
a potentiometer acting as a voltage divider. 
However, you could also use the output of 
a sensor such as a Hall sensor, an LDR or an 
NTC. That way you could easily create a feed-
back loop that takes account of the position, 
light intensity or the temperature, and use 
this to control the servo. This can in turn be 
used to open or close a gas or water valve, for 
example. The circuit can therefore be said to 
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be reasonably versatile.

There are special purpose PWM modula-
tor ICs available, but it’s just as easy to use 
a quad op amp such as an LM324. In the cir-
cuit op amp C is configured to output a bias 
signal of half the supply voltage. Op amp D 
is set up as a square-wave oscillator, with its 
frequency set to about 50 Hz, which is the fre-
quency required by the servo. The duty cycle 

50 Hz and the duty cycle can be varied from 
just under 5% to a good 10% when Uin var-
ies from 0.5 to 4 V. The servo, an RS-2 in our 
prototype, reacts to this with an angular rota-
tion of about 200 degrees. The transfer func-
tion in this case is therefore 200 / (4–0.5) = 57 
degrees per volt.

(090046)

is fixed and set to a value slightly higher than 
the maximum 10%.

This is followed by an integrator that changes 
the waveform of the pulse into a triangular 
form. Op amp B is configured as a compara-
tor that compares this triangular wave with 
the DC voltage Uin. The output of the compa-
rator is a PWM signal that is suitable to drive 
the servo directly. The frequency is about 

Chill Out Loud
Andrew Denham (United Kingdom)

Everyone knows that when the 
refrigerator door is casually closed 
it sometimes bounces open again 
just a little. Enough to put the 
fridge light on, but that’s often 
un-noticeable even at night unless 
one looks closely. After a day out, 
you may come home to sour milk 
and dodgy chicken. After several 
mornings with debatable milk, 
the author decided that some-
thing would have to be done, and 
came up with this little gizmo. The 
light in his fridge always comes 
on even with a 2 mm door open-
ing, so that’s a promising place to 
start.
The TEMT6000 phototransistor 
device from Vishay will ‘see’ vis-
ible light, and is both cheap and 
readily available. It has negligible 
dark current and can sink a few 
µA happily. Since a battery pow-
ered device is required, the cur-
rent for the entire circuit has to 
be as low as possible. A PIC with 
‘sleep’ mode is a good choice, 
and the 12F629 fits the bill nicely: 
small, cheap, easily obtained, with 
an internal RC oscillator on board, 
and up to five I/O pins as well.
According to the PIC12F629 data-
sheet [1] all pins have to be set as 
inputs and pulled high for best 
low power operation, and every 
peripheral in use will add some drain. Since 
the unit is permanently powered from a bat-
tery, there is no need for brown-out protec-
tion. No A/D or comparators are required, 
and no watchdog timer either, allowing the 
lowest power settings in Sleep mode to be 
exploited. Typical current here is shown as 
1.2 nA with a guaranteed maximum of 770 nA 
at a 3 V supply, reducing to 700 nA at 2 V.

an ability to deliver power at low 
temperatures.
An obvious choice to make 
a squawk is a piezo sounder, 
again cheap and easily obtained. 
This can be driven from the PIC 
directly across two ports and will 
withstand 3 Vp-p drive easily. After 
some testing, a Kingstate KPEG827 
[3] proved a worthy candidate. 
It makes sufficient racket at 3 V 
drive from about 2.0 kHz to about 
4.5 kHz.
The PIC program was developed 
using MikroElektronika products 
only: a fully paid up MikroBasic 
compiler and the BigPIC 4 board. 
However the f inal program is 
so small that it can be compiled 
using the free version of MikroBa-
sic (free up to 2 K of code, down-
load at [4]).
For the simple reason of ease, the 
PIC used is the 8-pin DIL version. 
This can be re-programmed easily 
using a simple DIL socket adapter. 
ICP is OK if you have to use SMD 
but the socket takes up a lot of 
room and negates the purpose 
of SMD in the first place on a very 
small PCB. I used the PicFlash2 
programmer again from MikroE, 
but could have used the on-board 
EasyPIC4 programmer. The source 
code used is available free from 
the Elektor website [5].
The timer will work with anything 

that can pull the GPIO.3 input Low and hold 
it Low, so could be used with bi-metallic tem-
peratures sensor, or the software adapted to 
read a One-Wire temperature sensor. It could 
also be used to sense over- or under-voltage 
etc. with some adaptation. The delay before 
the alarm sounds is adjustable from about 1 
to 255 seconds in software.
One word of warning: there are many PIC pro-

The type CR2032/1HF Lithium cell has a rated 
capacity of 230 mAh and a nominal voltage 
of 3 V [2]. On this basis with the typical cur-
rent in sleep mode the battery would last 
over 250 years, or effectively for its shelf life, 
so a CR2032 with tags is worth soldering in 
to a PCB. Even at the maximum Sleep cur-
rent, it would last for over 30 years — cer-
tainly longer than the fridge! One advantage 
of a Lithium battery is its long shelf life, and 
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