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Abstract 

A stepper motor is a control motor that converts an electrical pulse signal into a mechanical 
angular displacement, often acting as an actuator in a digital control system. When the 
stepper driver receives a pulse signal, it drives the stepper motor to rotate a fixed angle in 
the set direction (this angle is called the step angle). In normal motion, it has a fixed 
number of steps per revolution; when performing continuous stepping motion, its 
rotational speed maintains a strict correspondence with the frequency of the input pulse, 
and is not affected by voltage fluctuations and load changes.  

Keywords  

Stepper Motor; Drive mode; Step angle.  

 

1. Classification of Stepper Motors 

There are three main types of stepper motors in construction, namely reactive, permanent magnet and 

hybrid. 

1. Reaction formula (VR) 

There are windings on the stator and the rotor is made of soft magnetic material. Reactive stepping 

motor has a simple structure, low cost and step angle 

Small advantages, but its dynamic performance is poor, low efficiency, large heat generation, and 

reliability is difficult to guarantee. 

2. Hydromagnetic (PM) 

The rotor of the permanent magnet stepping motor is made of a permanent magnet material, and the 

number of poles of the rotor is the same as the number of poles of the stator. The permanent magnet 

stepping motor is characterized by good dynamic performance and large output torque, but the 

accuracy of the motor is poor, and the step angle is large, generally 7.50 or 150. 

3. Hybrid (HS) 

Hybrid stepper motors combine the advantages of reactive and permanent magnets. There are 

multi-phase windings on the stator and permanent magnet materials on the rotor. There are a number of 

small teeth on the rotor and stator to improve the accuracy of the step. The hybrid stepping motor is 

characterized by a large output torque, the dynamic performance is good and the step angle is small, 

but its structure is complex and the cost is relatively high [1]. 

The static technical specifications of the stepper motor mainly include the following items. 

A. Number of mouth phases: The logarithm of the excitation coils that produce different magnetic 

fields for the N and S poles. 
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b. Number of beats: The number of pulses required to complete a periodic change in the magnetic field 

or the number of pulses required to turn a pitch angle. 

c. Mouth angle: The angular displacement of a single pulse signal that drives the rotor of the motor.  

2. How the Stepper Motor Works 

The stepper motor is different from the continuous rotation of a normal DC motor, which is rotated 

step by step. The stepper motor is controlled by a pulse signal, and each time a control signal is 

received, it will be rotated through a certain angle (one step). And it is also different from the servo 

motor can only rotate a certain angle, the stepper motor can rotate continuously [2]. 

Figure 1 shows the internal structure of the stepper motor. This motor has six teeth on the rotor but no 

windings. There are 8 convex teeth on the stator, and each of the convex teeth is wound with a set of 

coils. The stator coil windings are connected in such a way that the two coils on the symmetrical teeth 

are connected in reverse, and the eight teeth form 4 pairs. So it is called a four-phase stepper motor. 

 
Fig 1. Internal structure of stepper motor 

Combined with the content in Figure 1, let us analyze the working principle of the stepper motor: 

(1) When the A-phase winding of the stepping motor is energized, the magnetic flux flows from the 

positive phase tooth of the stator to the negative phase tooth through the rotor of the soft iron core in the 

shortest path. In order to minimize the magnetic flux path, the rotor is forced to move under the action 

of the magnetic field force, so that the nearest pair of teeth is aligned with the excited one, and its state 

is as shown in Fig. 1-A. 

(2) On the basis of this position, the drive energizes the B phase again, at which time the convex teeth 

on the rotor closest to the B phase are attracted, and the rotor rotates counterclockwise 150, the state of 

which is shown in Figure 1-B. At this time, if the D phase is excited, the rotor will rotate 150 clockwise, 

and its state is as shown in Fig. 1-C. 

(3) In the order of driving, when phase C is energized, the rotor will continue to rotate l 50 according 

to the direction of motion of the previous step. 

Through the above introduction, we have a basic understanding of the drive of the stepper motor. By 

controlling the driving sequence of different phases, the rotation direction of the stepping motor can be 

changed. The number of driving pulses determines the angle of the motor rotation, and the time interval 

of the two driving pulses determines the rotation speed of the motor. 

3. Stepper Motor Drive 

As we all know, the stepper motor drive method has a full step, half step, subdivision drive. There are 

differences and connections between the three. At present, many drives on the market support 

subdivision driving methods. Now let's take a detailed analysis of the working principles of these three 

driving methods, and their respective advantages and disadvantages. 

Figure 2 is a schematic diagram of the internal stator of a two-phase stepper motor. In order to enable 

the rotor of the motor to rotate continuously and smoothly, the stator must generate a continuous, 

average magnetic field. Because from a macro perspective, the rotor of the motor always follows the 
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direction of the magnetic field synthesized by the stator of the motor. If the magnetic field of the stator 

synthesis changes too fast and the rotor does not follow, the stepper motor will be out of step. 

 
Fig 2. Schematic diagram of internal stator of two-phase stepping motor 

Since the rotor of the motor follows the magnetic field of the stator of the motor, the strength and 

direction of the stator magnetic field of the motor are determined by the stator combined current and 

proportional. That is, as long as the stator current of the motor is controlled, the purpose of driving the 

motor can be achieved. Figure 3 is a schematic diagram of current synthesis of a two-phase stepper 

motor. Where Ia is produced by the A-A' phase and Ib is produced by the B-B' phase. The current I 

generated by the two synthesis is the combined current of the stator of the motor, which can represent 

the magnitude and direction of the magnetic field generated by the stator of the motor. 

 
Fig 3. Schematic diagram of two-phase stepper motor current synthesis 

Based on the background description of the above stepper motor, the three methods of stepping, half 

step, and subdivision of the stepping motor are the same method, except that the current divides a circle 

(360°) into different thicknesses. 

3.1 Whole Step Drive 

 Because the rotor turns from one coil to the other without any stops in between, it is called a full-step 

drive [3]. For the full-step drive mode, the motor is a full step. For example, for a stepper motor with 

a step angle of 3.6°, the whole step drive is 3.6° for each step. 

Figure 4 is a schematic diagram showing the current sequence of the stator of the motor in the whole 

step drive mode: 

 
Fig 4. Schematic diagram of motor stator current sequence 
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As can be seen from the above figure, the whole step drive only has one phase energized at a time, so 

the drive circuit of this drive mode can be very simple, the program code is relatively easy to 

implement, and the phase sequence of the motor can be obtained from the above figure: 

BB’→A’A→B’B→AA’→BB’ 

Figure 5 is a current vector division diagram of this driving method: 

 
Fig 5. Current vector segmentation 

It can be seen that the current vector of the whole step driving method divides a circle into four parts. 

Figure 6 is a graph of the current I vs T of the A and B phases of the full-step driving method: 

 
Fig 6. A, B phase current I vs T map 

3.2 Half Step Drive 

For the half-step drive mode, the motor is one and a half steps. For a stepper motor with a steep angle 

of 3.6°, the half-step drive is one step away and is 1.8° (3.6°/2). 

The half-step mode is a combination of the first two modes. First, at one pole of the winding, only one 

winding is energized to point to the rotor (egg, single phase mode). Then, keep the previous winding 

energized and the other pole energized. In this way, the rotor moves halfway between the two poles, 

the same as the two-phase mode [4]. 

Figure 7 is a schematic diagram showing the current sequence of the stator of the motor in the half-step 

driving mode: 
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Fig 7. Schematic diagram of motor stator current sequence 

It can be seen from the above figure that the half-step driving method is relatively more complicated 

than the whole-step driving method. At the same time, both phases may need to be energized. If the 

torque required to rotate the motor is stable, it is necessary to energize when the two are energized at 

the same time. The current should be sin (45°) of the single-phase current, i.e. √2/2. Of course, it is 

possible to directly pass a current equal to the single-phase current. As a result, the torque during the 

rotation of the motor is not constant, but the benefit is the simplification of the drive circuit or software 

writing. 

The following is the drive phase sequence for this type of drive: 

BB’→BB’ A’A→A’A→B’B A’A→ B’B→B’B AA’→AA’→ AA’ BB’ 

If you need to reverse, just power up in the reverse direction of the above phase sequence. 

When the motor is energized according to the above phase sequence, the generated current vector can 

divide a circle into 8 parts, as shown in Figure 8: 

 
Fig 8. Current vector segmentation 

On the one hand, the half-step drive doubles the step resolution of the motor and the motor runs more 

smoothly. In contrast, the two-phase current diagram of the half-step drive mode is shown in Figure 9: 

 
Fig 9. Half-step drive mode two-phase current diagram 
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3.3 Subdivision Driver 

Subdivision drivers are also called micro step drivers. It controls the magnitude and proportion of the 

current in the windings of each phase of the motor, thereby reducing the step angle to a fraction of a 

fraction to a few tens of times (generally no less than 1/10). Improve the resolution of the stepper motor 

[5].As shown in Figure 10, we can see a certain law: 

Looking at the picture above, the current vector split circle is getting denser and denser, as shown in the 

figure above. This is a segmentation diagram of the 4 subdivision drive. From a macroscopic point of 

view, the angle of the motor rotor step will decrease as the number of subdivisions increases, and the 

motor rotation will become more and more stable and quiet. In a sense, the whole step and half step 

drive are also subdivision driven, and their relationship is like the relationship between square and 

rectangle. 

 

 
Fig 10. Current vector segmentation 

 
Fig 11. 4 subdivision drive mode two-phase current diagram 

Fig. 11 is a two-phase current diagram of the subdivision driving mode. As can be seen from the figure, 

the current curve of each phase is more delicate than the current curve of the half step driving. 

Current subdivision is one of the methods of subdivision driving. The implementation of constant 

current is commonly driven by chopping, and the given current is distributed by sine wave. The other is 

voltage subdivision. This method is to drive the motor coil than the voltage of the sine wave. It can 

realize the subdivision drive of the motor without feedback. However, due to the back EMF of the 

motor, the sine wave voltage cannot be driven. The sinusoidal current is generated, and the effect is not 

subdivided by current, but its driving circuit is relatively simple. 

4. Conclusion 

It can be seen that the disadvantage of the full-step drive is that the traced sine wave is rough. Using this 

method to drive the stepper motor, the motor will shake at low speed and the noise will be large. 



International Core Journal of Engineering Vol.4 No.6 2018                                                 ISSN: 2414-1895 

 

79 

 

However, the advantages of this type of drive: it is relatively simple in terms of hardware or software, 

so that the manufacturing cost of the drive is easily controlled. 

The advantages of the half-step driving method: the sine wave drawn is improved compared to the 

full-step driving method, and the accuracy is improved. This has the advantage that the motor's step 

angle resolution is doubled and the motor runs relatively quietly without changing the motor. 

Subdivision can improve the step angle resolution of the motor. However, this is not the original 

intention of the subdivision drive. It is to slow down the vibration and noise of the stepper motor and 

make the torque output of the motor smoother. This is a bit like the relationship between optical zoom 

and digital zoom of a digital camera. It is best to rely on the motor itself and the mechanical structure 

to improve the resolution of the stepper system. In engineering applications, the number of 

subdivisions of the motor may be different. At low speeds, the number of subdivisions may be 

increased, and when the speed is increased, the number of subdivisions may be reduced. 
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