
Solid State 

MOTOR CONTROL CIRCUITS 

W ITHIN industry, solid-state devices and circuits are used 
extensively for controlling and driving electric motors 

and other electromechanical actuators , including solenoids, 
linear drives and electric valves. Similar techniques can be 
just as valuable for a variety of hobbyist, experimenter and 
home projects. Typically, solid-state circuits can be used in 
constant- and variable-speed motor controls for toys, and 
household appliances such as mixers, stirrers, grinders and 
fans , workshop tools , including drills and sanders , and even in 
more sophisticated applications, such as tape recorders and 
computer floppy-disk drives. The range of potential applica
tions, in fact , is virtually endless, limited only by the imagina
tion, skill, and resources of the hobbyist. 

By Lou Garner 

Small de motors of the type used in many toys can be con
trolled easily using a single low-to-medium-power transistor. 
A typical circuit is given in Fig. 1 A. Here, the motor's current, 
hence its speed , varies as Q1 's base bias is adjusted by po
tentiometer R2. Although a pnp transistor is shown, an npn 
type can be used , if preferred, simply by reversing the battery 
and motor connections. Bypass capacitor C1 is optional, as is 
the fuse . If the transistor is used at or near its maximum rat
ings, a suitable heatsink should be provided to prevent over
heating. In some applications it may be necessary to connect 
a small bypass capacitor (0.05 to 0.1 µF) across the motor 
terminals to reduce noise . Actual component values will de
pend, of course, upon the supply voltage, the transistor's 
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Fig. 2. A typical triac lig ht-dimmer circuit 
that can also be used for motor contro l. 
Component values depend on specific 
devices used and intended application. 

Fig. 3. Here so lid-state devices are 
used in circuit of starting winding 
for medium and higher-power ac motor. 
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Fi g. 1. Two basic motor control 
circuits. The one at (A) uses 
a transistor, while (B) is a 
circuit using an SCR for control. 
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characteristics , the type of operation re
quired , and the motor's rating . As a gen
eral rule , however, the values are not cri
tical. Generally, R1 is chosen to limit 
Q1 's maximum base bias and thus its 
maximum collector current and the top 
motor speed , with R2, typically from five 
to twenty times R1's value. If , for exam
ple, a 100-ohm resistor is used for R1 , 
R2 might have a value from 500 to 2000 
ohms. Similarly, if R1 's value is, say, 
10,000 ohms, R2 might range from 
50,000 to as much as 200,000 ohms. 
Where the motor's minimum as well as 

power-line frequency. Any variation from 
the design speed is caused by " slip
page" due to loading. Attempts to re
duce speed by controlling the line volt 
age or current may result in a severe 
loss of torque and power, perhaps even 
causing a stall and burn-out. 

Despite the limitations, solid-state 
controls can be used effectively for me
dium and higher power ac motor switch
ing applications. Suggested by RCA, the 
motor-starting switch illustrated in Fig . 3 
is a typical example. Suitable for medi
um-power motors operating on standard 

its maximum speed must be limited , a ,-------------------------- -------- 
second fixed resistor can be connected 
between R2's lower terminal and the 
power source, thus limiting its bias con 
trol range. 

Line-operated "universal" (ac/ dc) se
ries motors of the type found in many 
home appliances and small power tools 
can be controlled effectively using the 
SCR circuit illustrated in Fig . 1 B. Sug
gested by RCA in Power Options from 
the Powerhouse (publication No. 
2M1169) , the design uses two general 
purpose diodes, an SCR , a fixed resistor 
(R1) and a control potentiometer (R2) . 
As in the transistor circuit, the actual 
component values depend on the specif
ic semiconductor devices used , the mo
tor characteristics , and the mode of op
eration needed. RCA suggests SCR 
types S2060, S2061 , and S2062 for mo
tors requiring up to 4 amperes, type 
S2600 for requirements to 7 A, and type 
S2800 if as much as 10 A is needed. 
Again, heat sinking may be required . 

As long as maximum ratings are ob
served , most triac light dimmer circuits 
also can be used as light-duty speed 
controls for household appliances and 
small power tools . A typical circuit was 
described in this column in December, 
1977, and another is given in Fig. 2. As 
before , the component values depend 
on the specific devices used and the in
tended application (i.e ., motor rating and 
desired control range) . Typical values, 
however, are 0.1 µF for C1 and C2, 100 
µH for L, 2.2k to 4. 7k for R 1, and 50k to 
250k for R2. The diac may be type 
D3202Y or D3202U, while the triac may 
be types 2N5757, T2301 and T2302 for 
loads of up to 2.5 amperes , type T2500B 
for loads up to 6 A, and types 2N5571 , 
2N5572, T2800, T2850, T4100 and 
T 4120 for requirements up to 15 A. 

Unfortunately, not all ac motors are 
amenable to solid-state spe.ed control. 
With synchronous and induction motors, 
for example, speed is essentially fixed 
and is determined by design and the 
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household ac lines, the motor-starting 
circuit uses a triac as an automatic 
switch for the motor's start winding and 
its associated phase-shifting capacitor, 
C. The triacs used may range from types 
T2800 and T2850 for current require
ments of up to 8 amperes to types 
2N5567, 2N5569, and T4120 for loads of 
up to 15 A, or types 2N5441 and T6420 
for currents of up to 40 A. 

With the increasing popularity of solid
state motor controls , several semicon
ductor manufacturers have developed 
special !C's for such uses. The ICH851 O/ 
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Fully Synthesized General Coverage 


Receiver from McKAY DYMEK 


FEATURES 
• 	 Shor twave. CB, ham rad io, ships at 

sea, overseas phone calls. etc. 
• 	 Hi Fi, SWL, commercial, industrial 

and government uses. 
• 	 High leve l RF front end for excellent inter

modulation reject ion and sensitivity. 
• 	 Crystal fil te rs in first and second IF 

ampli fie rs, ceramic filter in thi rd IF. 
• 	 Quartz crystal tuning accuracy at all 

frequencies, no crystals to buy. 

• 	 Built in power supply for 11 0-120 or 
220-240 VAC switchable, 50-60 Hz. 

SPECIFICATIONS 

• 	 Low Phase Noise Synthesizer 

• 	 Solid state, phase locked , digital 
synthesis tun ing. 

• 	 Extreme ease of tuning at all 
frequencies. 

• 	 No mechanical tuning dial error or 
backlash . 

• 	 Switch selectable 4 or 8 kHz RF 
bandwidth. 

• 	 Built in monitor speaker with external 
speaker connectors. 

• 	 Switchable impulse noise limiters 
for AM and SSB. 

• Frequency coverage : 50 kHz to 29.7 MHz, conti nuous. Digi tal synthesis in 5 kHz steps, 
fi ne tune for + 5 kHz. 

• Reception modes: AM , upper sideband , lower sideband . CW. 

• Sensit ivity fo r 
for10dBS + N/ N: CW, SSS 

AM 

100 kHz 
5µ V 

1 Oµ V 

200 kHz 
1.5µV 
3.0µ V 

400 kHz-20MHz 
0.5µV 
1.0µV 

20MHz-29.7MHz 
0.75µV 
1.5 µV 

• Selectivity: - 6d 8 @+2 kHz or + 4 kHz and - 60dB @±5 kHz or ± 14 kHz 

• AM Harmonic distortion: 50% modu lat ion = 0.6% T.H .D.. . 
90% modulation = 1.5% T.H.D. (1 kHz modulation) 

• Frequency stability: Withi n ± 40 Hz in any 8 hour pe riod at a constant ambient of 25C. 
after 30 minute warm up. 

• Circuitry: 43 integ rated circui ts , 18 transistors, 16 FETs and 54 diodes. 

• Dimensions & Wt. : (W x D x H) 17.5 x 14.5 x 5.1 inches. Shpg . Wt. 19 lbs. (8.7 Kg) 

McKay Dymek Co. 
111 South Co llege Ave 
Claremont, CA 9171 1 
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Order factory direct. In Canada 

Exclusive rent/ own plan WSI Sales Company 
available in U.S. Ontario, N2H 3M2 

Nationwide 
Great Metropolitan 800/854-7769 
Sound Co. Ltd. 
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800/4 72-1783 

36 	 ON FREE INFORMATION CARO 

93 



330 kO 

12 

2 11 

3 10 

TAB TAB 

-=
4 9 

75 n 

.01 µ F 

i MOTOR 

RF 5 8 1--------,------+-.--<:J 1 O V TO 16 V 

100 kO 
6 7 

Rs 

ICF c:-J_ 
-=- Rp -=

100 kO 

8520/8530 family offered by lntersil, Inc. (1071 O N. Tantau 
Ave., Cupertino, CA 95014) is a representative example. As
sembled in 8-pin T0-3 style metal cases, the devices are hy
brid power amplifiers designed specifically for driving linear 
and rotary actuators , electric valves, push-pull solenoids, and 
ac or de motors. Available for operation on de supply sources 

SOCKET SALE 
WIRE WRAP SOCKETS 
14 Pin Wire Wrap 
16 Pin Wire Wrap 

.30 

.32 
.27/ 400 
.29/ 350 

EDGE CARD CONNECTORS 
44 Pin ST Edge Card Connector 1. 75 1.50/ 1 O 

100 Pin ST Edge Card Connector 3.50 3.00/ 10 
100 Pin WW Edge Card Connector 3.50 3.00/ 1 O 

All Sockets & Connectors Include Gold . 

SOLDERLESS 
BREADBOARDS 
SK 10 $16.50 

2.2" x 6.5" 

INCLUDING: 
Over 100 pieces of precut wire 
in assorted lengths - freel 
Choose 1 color: Red , Black, Blue, 
Yellow, Green , White , Orange 
Or Assortment. 

PAGE DIGITAL 
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135 E. Chestnut Street 4A 
Monrovia, California 91016 

Phone (213) 357-5005 

ORDERING INFORMATION 
• Orders under $25 and COD's, add $2 
• A ll others. sl1ipped Ppd_in U .S. via UPS 
• For Blue Label (Air) or 1st Class. add $1 
• We acce pt Visa & Master Charge 

Most oYders shipped same day 

Dealer .Inquiries Invited 
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Fig. 4. Typical closed-loop 
system using the F airchi ld 
µ A 7391 I C. The circuit includes 
thermal and overvoltage protection. 
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of up to ± 30 V, the ICH8510 will supply an output current of 
up to 1 A, the ICH8520 up to 2 A, and the ICH8530 up to 2.7 
A. The devices are protected against inductive kickback by in
ternal power limiting, have integral frequency compensation, 
offer an equivalent de gain of better than 100 dB, and require 
a standby quiescent current of only 20 mA. 

Manufactured by the Fairchild Camera and Instrument Cor
poration (464 Ellis Street, Mountain View, CA 94042) , the 
µA7391 represents another type of motor-control IC. It is de
signed for precision, closed-loop, systems such as capstan 
drives in automotive and portable tape players, in floppy-disk 
drives for computer mem.ories, and in data cartridge drives. 
Assembled in a 12-pin power package DIP with heavy heat
sink tabs, the device will deliver a motor starting surge current 
of up to 3.5 A and a running current of 2 A. It can be operated 
on de source voltages from 6.3 to 16 V. Intended for use with 
an external motor driven tachometer generator, it will accept 
tachometer inputs from 100 mV to 1.0 V p-p. The device in
cludes voltage regulator , pulse generator, comparator, ther
mal sensor, overvoltage sensor, and stall timing threshold and 
latch circuits as well as driver and power amplifier stages. In 
operation , the tachometer generator supplies an input signal 
proportional to motor speed . This signal is converted into fixed 
amplitude pulses and integrated by a standard R-C network 
before application to a comparator, where it is compared to a 
reference voltage representing the desired speed. The result 
of the comparison controls the duty cycle of the pulse width 
modulated switching motor drive output stage, thus closing 
the system's feedback loop and holding the motor speed to 
the rate established by the reference voltage. The thermal 
and overvoltage sensor circuits provide shutdown for self pro
tection while the "stall timer" circui t protects the motor itself 
from burn-out during extended mechanical jams. 

A typical application ci rcuit featuring the µA7391 is illustrat
ed in Fig. 4. The circuit component values will vary with the 
characteristics of the motor and tachometer used. 

As a general rule , layout and lead dress are not critical fac
tors when assembling and wiring motor-control circuits, 
although good wiring practice should be followed , with care 
taken to observe all de polarities and to avoid overheating the 
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semiconductor devices during installation. In addition, ade
quate heatsinks should be provided for the output drivers, 
whether transistors , SCR's, triacs, or IC's. 

Readers' Circuits. N·eeding a visual indicator for his ac 
line-operated TRANSMIT /RECEIVE antenna relay, Ted Reit
er (1442 Brook Drive, Titusville, FL 32780) , replaced his 
standard spdt unit with a dpdt version, planning to use the ex
tra contacts to control the indicator devices. After rejecting the 
use of neon lamps and short-lived incandescent types, Ted 
devised the circuit illustrated in Fig. 5. Permitting standard 
LED operation on the relay coil (ac line) voltage, Ted's design 

RI 
3.2K 
5-IOW

DI 
D2AC LINE 

LEDi 
(RED) 

LED2 ~ Dl,D2=1N4005 ,/ (GREEN)Kl 

Fig. 5. Reader's circuit provides visual 
indication of whether re lay is open or closed. 

avoids the need for a step-down transformer, battery, or con
ventional de power supply while retaining the low power and 
long life advantages offered by these devices . 

Ted writes that virtually any LED's will work in his circuit, in
cluding low-cost "surplus" types, but warns that the series 

dropping resistor, R1, gets rather warm during operation and 
should be mounted accordingly. 

Edward C. Mauro (12 Pyramid Lane, Rochester, NY 14624) 
thinks readers may find his digital-logic automatic pump con
trol circuit of interest and value. Used in conjunction with a 
transistorized relay to operate a water pump, Ed's circuit, Fig. 
6, provides automatic level control for a water tank or sump. 
Ed writes that he uses his model to empty a dehumidifier tank 

+12v 

OUT 

Fig. 6. Digital control circuit for a 
pump is controlled by level sensors. 

automatically in the summer and to control the level in a fur
nace humidifier overflow holding tank in theTMS* winter. 

Using standard CMOS 2-input NOR gates, the. circuit's op
eration is straightforward and easy to follow. HWS and LWS 
are the high and low water sensors, respectively. When the 

&w 
Hazeltine Puts Performance Into Economy Terminals. .Hazeltine Corporation, Greenlawn, N.Y. 11740 
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water level is below both, /C3's output is low. As the water lev
el rises past LWS, /C3's output remains low until HWS is 
reached. At this point, /C3's output goes high. Sensed by the 
transistorized relay, the high output switches the pump on. 
The water level starts dropping down past HWS, but /C3's 
output remains high due to the feedback loop to IC2, and the 
pump continues to operate. When the water level drops below 
LWS, however, /C3's output goes low and the pump shuts 
down completely. 

Ed has specified inexpensive, readily available components 
in his design . The HWS, LWS and GND sensors are one-inch 
diameter sections of standard pc board (unetched) . The LWS 
and GND sensors are suspended on insulated leads near the 
bottom of the tank, but above the pump intake level, while the 
HWS sensor is suspended at the desired pump "turn-on" lev
el. The circuit may be assembled on pert board, a suitably 
etched pc board , or on a wirewrap breadboard, as preferred. It 
may be used with virtually any standard transistorized relay 
circuit compatible with CMOS output levels. 

Device/Product News. Three new series of fast turn-off 
SCR's intended for high-speed switching applications such as 
power inverters, switching regulators, and high-current puls
ing are now available from RCA's Solid State Division (Box 
3200, Somerville, NJ 08876). Identified as the 85800, S5801, 
and 85802 series, the new devices may be used at frequen
cies of up to 25 kHz. Each series includes five types with volt
age ratings ranging from 200 to 600 volts. The turn-off times 
for an 8-A load is 6 µs for the 85800 series, 1 O µs for the 
S5801 series, and 15 µs for the 85802 series. All the devices 

are supplied in JEDEC T0-220A/B plastic packages. 
Motorola Semiconductor Products Inc. (P. 0 . Box 20912, 

Phoenix, AZ 85036) has added four new devices to its popular 
Switchmode® line of power transistors. Suitable for applica
tions as motor controls, inverters, solenoid and relay drivers, 
and in deflection circuits, the new units include the 10-A types 
MJ13014 and MJ13015, with Vceo ratings of 350 and 400 
volts, respectively, plus two 20-A Darlingtons, types MJ10008 
and MJ10009, rated at 450 and 500 volts. 

Motorola also has a new FM stereo demodulator IC which is 
fabricated using the latest in 12 L., Ion Implant, and Bandgap 
technologies. Designated type MC1309, the device requires 
no inductors and very few other external components. A sin
gle potentiometer sets initial subcarrier vco frequency in the 
PLL demodulator, while an external load resistor choice en
ables the unit to be inserted as a unity gain element in the FM 
receiver's audio path, and a LED driver output is provided to 
indicate stereo operation . For operation on 4.5 to 16 volts, the 
MC1309 is supplied in a standard 16-pin DIP. 

National Semiconductor Corporation (2900 Semiconductor 
Drive, Santa Clara, CA 95051) has developed a family of 
negative three-terminal adjustable voltage regulators . Desig
nated the LM137 series, the monolithic devices complement 
the LM117 series of positive three-terminal regulators. With 
outputs adjustable from - 1.2 to - 37 volts using only two ex
ternal resistors, the units have integral thermal regulation and 
a current rating of 1 .5 A. Other features of the series are a 
high ripple rejection of 75 dB and an rms output noise of a 
mere 0.003% of the output voltage up to 10 kHz. The LM137 
devices are in T0-3, T0-5, T0-220 and T0-202 packages. o 

MORE Hobby Electronic Projects from 
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You loved our first six HEP Projects ... so 
we've made it an even dozen! 

Six more exciting and functional electronic 
projects for home or lab. 

Six more ways to explore tomorrow through 
superior technology. 

More complex. 

More challenging. 

And HEP Projects give you a big head start 
by providing a printed circuit board, complete 
instructions and parts list. 

The new HEP Projects made easy: 
Digital Multimeter 
Amateur Radio 80-watt, 2-meter Amp 
99-Minute Countdown Timer 
Dawn-to-Dusk Lighting Control 
Infrared Intrusion Alarm 
CB Tone Squelch Alert 

And more on the way!!! 

Available at your nearest authorized HEP Di'stributor. 
For mail order information , write: Motorola Mail 
Order Sales, P.O. Box 27605, Tempe, AZ 85282 or 
circle reader information card. 

MOTOROLA 

Semiconductor Products Inc. 

POPULAR ELECTRONICS 96 




