
primarily achieve the output’s reactive 
matching and higher frequency stabil-
ity. Capacitor C6 essentially shorts the 
bias resistor on the drain line without 
limiting the maximum stable gain. R3
on the bias line maintains the stabil-
ity of the amplifier. Shunt capacitor C5

also sinks high-frequency components 
and harmonics at the drain to ground. 
The ground vias at the source terminal 
create a small inductance for inductive 
degeneration of the amplifier for a good 
noise match.

Figure 2 shows a two-stage ampli-

fier with a bandpass filter between 
the amplifier stages. The developers 
manufactured the design on a standard 
four-layer, 62-mil-thick FR4 substrate. 
Unlike cost-effective, two-layer designs, 
this design uses additional layers for 
dc routing and passive antenna isola-
tion from high-gain-amplifier stages to 
prevent any potential signal leakage 
and feedback that may cause amplifier 
instabilities. The resulting structure 
achieves a 0.77-dB noise figure at room 
temperature, 28.5-dB gain, −16-dBm 
input power at 1-dB compression, and 
a −5.8-dBm third-order-intercept point. 
The output voltage-standing-wave ratio 
is 1.3-to-1. You can increase the third-
order-intercept level by increasing the 
drain bias current at the expense of an 
increased noise figure. 

Figure 3 shows measured gain per-
formance at −40-dBm input power and 
−11.5-dBm output power relative to the 
2.332-GHz center frequency. The cir-
cuit achieves out-of-band rejection with 
the help of the bandpass filter between 
the amplifier stages.EDN
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0-521-83526-7. 
3 “NE3509M04 hetero junction field 
effect transistor,” California Eastern 
Laboratories, http://bit.ly/JxjB2F.

↘ Solenoid loads generally exhibit 
large hysteresis. Application of 

the rated voltage actuates these loads. 
Once they are in position, however, you 
can use a significantly lower voltage to 
thereafter reliably hold them on. A 
lower sustaining voltage results in less 

heat production and higher efficiency. 
The circuit in Figure 1 operates 

solenoid-driven air valves in the 4.2m 
Discovery Channel Telescope. The 
24V-dc solenoid coil has a resistance of 
72Ω. Diodes D1 and D2 and capacitor 
C1 act as a ladder-type voltage multi-

plier. When Q1 is off, they charge C2 to 
approximately 1.5 times the peak-to-
peak voltage of the transformer’s sec-
ondary. The circuit in the figure shows 
approximately 24V.

When Q1 turns on, the 24V on C2
fires the solenoid. The solenoid current 

Simple solenoid driver is adaptable and efficient
Richard Oliver, Lowell Observatory, Flagstaff, AZ
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Figure 2 The bandpass filter between two amplifiers rejects out-of-band frequencies.

Figure 3 The measured amplifier response has a center frequency of 2.332 GHz.



reduces the voltage on C2 to a sustain-
ing level of approximately 7 to 8V.

The selection of C1 controls the 
sustaining voltage and the recharge 
time. Use an oscilloscope to confirm 

that, when the circuit is on, the voltage 
across C1 remains positive throughout 
its cycle. If it is not, use a larger capaci-
tor or substitute a nonpolarized unit. 
Once off, the circuit recharges rapidly, 

and the solenoid can fire again within 
1 sec. Note that capacitor selection 
should be for ±20%-value tolerance 
or better.

The most attractive feature of this 
circuit is that C1, a purely reactive com-
ponent, accomplishes the voltage drop 
to the sustaining voltage; therefore, no 
power is dissipated. C1 and C2 should 
have voltages higher than the firing 
voltage; this circuit uses 35V capaci-
tors. With appropriate tweaking, you 
can use this circuit for many solenoid-
driver applications.

The 4.3m Discovery Channel 
Telescope incorporates this circuit in 
its guider and wavefront-sensor systems 
to insert alignment masks into the light 
path. Work on the telescope is nearing 
completion, and it will come online 
this summer, complete with its own TV 
special on the Discovery Channel. Find 
details at the Lowell Observatory Web 
site (www.lowell.edu).EDN

↘ There are many approaches to 
the problem of activating a light 

when it becomes dark, and a recent 
Design Idea covers this topic (Reference 
1). Some approaches require a dc power 
supply and an electromechan-
ical relay, but a better 
approach involves feeding the 
device directly from the ac 
line, minimizing the number 
of components (Figure 1). 

The heart of the device is 
a light-sensitive cadmium-sul-
phide resistor, PR, with a resis-
tance of approximately 200 
kΩ in the dark and decreasing 
to a few kilohms in the light. 
PR and capacitor C1 form an 
ac-voltage divider. In daylight, 
the voltage across PR is too 
low to generate the required 
gate-trigger current to turn 
on bidirectional ac switch 
Q1, thus keeping the load—

usually a lamp—off. When it becomes 
dark, PR’s resistance rises, resulting in 
an increase in the TRIAC’s gate cur-
rent that triggers the TRIAC and lights  
the lamp.

The circuit uses inexpensive, off-
the-shelf components, including the 
VT90N1 photoresistor; a 0.1-μF, 275V 
capacitor; and an L2004F61 TRIAC 
with a load current of 4A rms, a peak 
blocking voltage of 200V, and a gate-
trigger current of 5 mA. The exact spec-
ifications of these components are not 
critical; you could use others instead.

Editor’s note: Attributes worth 
mentioning include the fact that the 

capacitor introduces a phase 
shift, which places the peak 
of the gate voltage close to 
the zero crossing of the load’s 
sine wave for optimum turn-
on timing. Another benefit 
is thermal hysteresis, which 
occurs due to the reduction 
of the required triggering 
voltage and current as the 
TRIAC warms up after the 
initial turn-on.EDN

RefeRence
1 Tran, Chau, “Simple night-
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2011, pg 49, http://bit.ly/
HPi1GG. 

Automatic night-light feeds  
directly from the ac line
Abel Raynus, Armatron International Inc, Malden MA 
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Figure 1 Capacitive-voltage division sets the precharge and sustaining voltages for 
efficient solenoid operation.
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Figure 1 The photoresistor activates the TRIAC and the load 
when darkness falls.
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