
↘ Solenoids at turn-on draw current 
that is much higher than the cur-

rent needed to keep the armature pulled 
in. Further, because of the power dissi-
pated in the coil, the solenoid’s tem-
perature will rise, and its dc resistance 
will increase. The applied voltage, 
therefore, must be increased to ensure 
reliable pull-in. Rather than increase the 
power supply voltage and current capa-
bility, this Design Idea presents a novel 
workaround based on a momentary volt-
age boost to turn on the solenoid.

The booster circuit operates from 
the existing supply voltage provided for 
the solenoid. Whenever the solenoid is 

to be switched on, the voltage-booster 
circuit is activated and charges a capaci-
tor to approximately double the supply 
voltage. After the capacitor is charged 
(after 470 msec), it is connected to 
the solenoid. The charged capacitor 
provides additional energy that aug-
ments the nominal power source used 
to operate the solenoid. The circuit will 
reliably operate the solenoid under low-
supply-voltage and high-temperature 
conditions. The booster circuit remains 
in standby mode after the solenoid is 
switched on.

The circuit in Figure 1 is designed 
to drive a solenoid rated at a 12V dc, 

nominal, supply voltage and a 0.8A, 
nominal, current. The 12V supply used 
to operate the solenoid also powers the 
voltage-booster circuit. With power 
applied, but before the control signal is 
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Figure 1 The voltage-booster circuit is designed to drive a solenoid rated at a 12V dc, nominal, supply voltage and a 0.8A, 
nominal, current.



high—that is, when switch S1 is open—the Q output 
of IC1 (first one-shot, pin 6) is low. This keeps IC2, 
a 555 timer IC, disabled. Note that pin 6 also wraps 
around to pin 4 to form a nonretriggerable one-shot. 
The Q output of the second one-shot is also low 
at this time.

Closing switch S1 turns on transistor Q1, which 
grounds the low side of the solenoid coil and applies 
a low-going logic signal to the trigger input of the 
first one-shot (IC1, pin 5). The Q output of IC1 goes 
high for 470 msec and enables IC2. IC2 produces a 
rectangular waveform at its output (pin 3); through 
the voltage-doubler components (C7, D5, and D4), C8
is charged to approximately 24V dc.

After the first one-shot times out and Q goes high 
(pin 7), it triggers the second one-shot via the pin-12 
input. This one-shot—also configured as nonretrig-
gerable—produces a high-going pulse at its Q output 
(pin 10) of about 100 msec. This pulse turns on Q3
and Q2 and applies 24V dc to the high side of the 
solenoid coil. As C8 discharges, the 24V decays to 
12V dc, the steady-state voltage for the solenoid; 
D3 supplies the steady-state voltage to the solenoid. 
Figure 2 shows the voltage waveforms.

To turn off the solenoid, remove the control signal by 
opening S1. This action turns off transistor Q1 but has no 
effect on the one-shot circuits.

In applications where multiple solenoids are to be switched 
on sequentially, you can effectively use the circuit with slight 
modification. Also, you can easily modify the circuit shown 
for solenoids operating from dc voltages other than 12V.EDN

↘ I recently had the opportunity to 
investigate a new micropower 

6-MHz LTC6255 op amp driving 
a 12-bit, 250k sample/sec LTC2361 
ADC. I wanted to acquire the FFT of a 
pure sinusoid of about 5 kHz. The prob-
lem is that getting the FFT of a pure 
sinusoid requires, well, a pure sinusoid. 
Most programmable signal generators, 
however, have fairly poor noise and dis-
tortion performance, not to mention 
digital “hash” floors, compared with 
dedicated op amps and good ADCs. You 
can’t measure 90-dB distortion and 
noise using sources that are “60 dB-ish.” 
So rather than try to find and keep an 
almost-ideal programmable signal gen-
erator, I decided to build up a low-dis-
tortion Meacham-bulb-stabilized Wien-
bridge oscillator using an ultralow-dis-
tortion LT1468-2 op amp (Figure 1).

The lightbulb amplitude-stabiliza-
tion technique relies on the positive 

temperature coefficient of the bulb 
impedance stabilizing the gain of the 
op amp to match the attenuation fac-
tor of 3 in the Wien bridge at its cen-
ter frequency. As the output amplitude 
increases, the bulb filament heats up, 
increasing the impedance and reducing 
the gain and, therefore, the amplitude. 
I did not have immediate access to the 
usually called-for 327 lamp, so I decided 
to try a fairly low-power, high-voltage 
bulb, like the C7 Christmas bulb shown. 
At room temperature, it measured 
316Ω; fresh out of the freezer (about 
−15°C), it measured 270Ω. Based on 
the 5W, 120V spec, it should be about 
2.8k at white hot. That seemed like 
plenty of impedance range to stabilize 
a gain of 3, so I decided to linearize it a 
bit with a series 100Ω resistor. 

For a gain of 3, the bulb plus 100Ω
must be half of the 1.24k feedback 
(or equal to 612Ω), so the bulb must 

settle at 512Ω. Roughly calculating a 
resistance temperature coefficient of 
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Figure 2 As C8 discharges, the 24V decays to 12V dc, the steady-state 
voltage for the solenoid; D3 supplies the steady-state voltage to the 
solenoid.
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Figure 1 This Meacham-lightbulb-
stabilized, low-distortion, low-noise 
5-kHz Wien-bridge sinusoidal  
oscillator’s RC feedback network  
attenuates by a factor of 3 at its mid-
band. The bulb’s self-heating forces  
a gain of 3 in the op amp. 
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