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What is Back EMF?
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Stepper Motor Construction
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Driving a Stepper Motor

Winding current can be 
modulated so it approaches 
sine and cosine waveforms.



Back EMF in the Stepper Motor



Effect of BEMF on Winding Current
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Effect of BEMF on Winding Current

Yellow: Voltage  Green: Current

Low Voltage

Rotor Speed



Effect of BEMF on Winding Current

Yellow: Voltage  Green: Current

High Step Rate



Effect of BEMF on Winding Current
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Constant Current Drive

Yellow: Voltage  Green: Current



Effect of Supply Voltage on Constant Current High Voltage



Effect of Supply Voltage on Constant Current Low Voltage



Constant Current & BEMF

Yellow: Voltage  Green: Current

100% Duty Cycle



Yellow: Voltage  Green: Current

Constant Current & BEMF
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Using Back EMF Information
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Measuring the Back EMF



Back EMF Measurements vs. Rotor Speed
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How to Measure BEMF?
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Stall Detection 

Rotating

Back EMF = 3.6V
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MP6602 Stall Detection
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Low Step Rates



Load Torque Estimation

Unloaded Loaded

Magenta: Voltage  Yellow: Current



Load Torque Estimation via BEMF Measurement

No Torque Moderate Torque Near Stall



Load Torque vs. BEMF

0

50

100

150

200

250

300

0 2 4 6 8 10

B
a
c

k
 E

M
F

 M
e

a
s

u
re

m
e

n
t

Torque

AVG

MIN

MAX

0

20

40

60

80

100

120

140

160

180

200

0 0.5 1 1.5 2 2.5 3 3.5

B
a
c

k
 E

M
F

 M
e

a
s

u
re

m
e

n
t

Torque

AVG

MIN

MAX



Summary

• Stepper motors have back EMF, like any permanent magnet 

motor

• Back EMF effects the winding current, and the ability to step the 

motor at high speed

• Back EMF measurement can be used to provide stall detection, 

and in some cases provide diagnostic information
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