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ULN 2003A Driver IC 

This IC drives inductive loads such as 
DC motors, solenoids and relays. 

The output of the circuit includes 
suppression diodes to prevent 
damage to the electronics.  The 
device that appears as an inverter is 
actually a Darlington Pair transistor 
drive circuit.  When the input is a 
logic high the output is driven to 0 
volts. The Darlington Pair transistor 
has a much greater Beta than a single 
NPN transistor.

The input is typically less than 1 mA. 
Output can handle at least 100 mA 
per channel.
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The top signal is measuring one of the outputs from the 
stepper motor.  The bottom trace is the step signal.  The 
signal is from the stepper control. Signal changes on a 
rising edge of the step signal.
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Clockwise Counter Clockwise
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Controller clock signal 
compared to coil signal.

The output changes on the 
rising edge of the clock.

There are 4 clock periods for 
4 steps.  One high and one 
low on the coil represents 
four steps.

4 steps * 7.5 deg./step = 30 degrees.
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CW direction: (direction = 0)

Lower signal rising edge leads 
the rising edge of the upper 
signal by 90 degrees.

CCW direction: (direction = 1)

Top signal rising edge leads 
the rising edge of the lower 
signal by 90 degrees.
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The two traces above are measuring the 
signal on the driver outputs connected to 
the yellow wire and the orange wire.

The direction of current flow in the coil 
changes on every two steps.
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The two traces above are measuring the signal on 
the driver outputs connected to the yellow wire 
and the blue wire.

The two signals are 90 degrees out of phase.  
When the motor is turning in one direction the 
signal is leading by 90 degrees, in the opposite 
direction the signal is lagging by 90 degrees to the 
other coil.
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The Hall Effect sensor, and the magnet were added to measure the RPMs of 
the stepper motor.  The magnet has three N/S poles that generate three 
pulses per revolution.
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The motor takes 480 ms. per revolution, 1/480 ms. = 2.08 revolutions per 
second or about 120 RPM.
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The Hall Effect sensor, and the magnet were added to measure the RPMs of 
the stepper motor.  The magnet has three N/S poles that generate three 
pulses per revolution.
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The motor takes 480 ms. per revolution, 1/480 ms. = 2.08 revolutions per 
second or about 120 RPM.
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Micro stepping improves step resolution and allows the stepper motor 
to turn smoother than in full step. Micro stepping improves the motor 
also torque.  The current through the coil changes using micro stepping.
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Assume Mode0 =H and Mode 2 = H.

This places the motor in 1/32 step micro step mode.

The motor will rotate at a step angle of (Motor step angle/32)

For example a 1.8 degree/step motor will have a step angle of 1.8 
deg/32 = 0.056 degrees/step.     (200 x 32 x 0.056) = 360 degrees.

To rotate the motor at 60 RPM or 1 REV/SEC a step time of 
1 second/(200 * 32) = 156 microseconds.
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The section of code above uses input polling to test the state of a 
mechanical switch. If the switch is a logic high an LED is turned on 
otherwise it is turned off.  This method is not efficient and most of the 
loop time is consumed in testing the switch.  If the loop if long then if may 
take time before the switch is tested and an event may be missed.



CAM8302E  F2018 Week 11 23

Lines 21-24 configure the interrupt.  The program is telling the Arduino 

that when a rising edge occurs on pin 2 (interrupt 0) then stop what the 

program is currently doing, execute the “slow” routine then return to 

where it was before the interrupt.
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This section of the code are the two functions that 
are executed when an interrupt occurs.
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Servo Motor – used in robotics and remote controlled devices. 
Position is controlled using PWM signal. The motor has a feedback potentiometer to 
determine the current position of the output control arm.  The servo motor moves 
CW and CCW with about 180 degrees of movement. The servo has a gear train to give 
it a greater torque. The variable resistor acts as a feedback signal.
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• A servo motor consists of 
four main sections:
• DC motor
• Gear set
• Potentiometer for 

feedback.
• Electronic Circuit
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Servo Motor Block Diagram (2nd image)

A servo Motor uses a feedback signal 
to control positioning.

The feedback can be as simple as a variable 
resistor or as complex as an absolute 
incremental optical encoder.
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• A servo motor connects to a 
controller using three wires.

• One of the wires connects to 
ground a second wire to 4.5 – 6.3 
volts DC. 

• The 3rd wire is the input signal. The 
signal originated from a controller 
producing a PWM output signal.

• The PWM signal has a period of 20 
ms. The time high ranges from 
about 1 to 2 ms.

34
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The absolute encoder knows the current position on startup of the 
system.  The encoder uses a pattern on the rotating disk and optics to 
determine position.  A quadrature encoder is an incremental encoder.



Servo hardware 
configuration.
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Servo Motor Connections to Arduino: Connect the power for the servo to a 4.5 
to 6.5 volt battery or DC power supply. The signal controlling the servo motor 
shaft position is controlled using an Arduino PWM output.
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Servo Motor Wiring

Servo Motor Shaft 
Position versus 
signal timing.



Servo Motor 
test program.
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Servo motor fully CCW. There are hard limits to the servo 
position, do not drive the motor to the maximum or 
minimum positions.

This screen captures shows a time high of  ~0.9 ms.
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Program Output



Servo motor at the middle neutral position. This is normally 
about 1.5 milliseconds.

This screen captures shows a time high of  ~1.5 ms.
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Program Output



Servo motor fully CW. There are hard limits to the servo 
position, do not drive the motor to the maximum or 
minimum positions.

This screen captures shows a time high of  ~2.1 ms.
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Program Output



Screen capture showing the period of the PWM for the Servo. The period equals 
20 milliseconds.  It is the time high that is changed to control position.
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Hall sensors detect the current position of the motor and electronic circuit 
energizes the coils in sequence.
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Nidec corp.
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• More Efficient than Brushed motors
• Less maintenance
• Easy to control, built-in
• Some have feedback
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Takes 5.65 sec/rev.
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Takes 8 sec for 20 
revolutions.
0.4 sec/rev
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Smaller Stepper Forward and Reverse. (Video)
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Lead Screw connected to stepper with flexible coupler. (Video)
Program uses interrupts.
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Forward and reverse.
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