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SVPWM Theory 

Introduction 
Space Vector Pulse Width Modulation (SVPWM) is an improved technique for generating a fundamental sine wave 
that provides a higher voltage to the motor; lower total harmonic distortion, and controls the number of short pulses in 
the PWM waveform. 
Sinusoidal PWM has the following drawbacks: 
• Lower output voltage: A sinusoidal PWM drive cannot provide a line-line output voltage as high as the line 

supply. 
• Short Pulses: The short pulses occur when the peak modulation signal is close to the peak carrier signal and 

contribute to inverter losses. 

Sinusoidal modulating 
wave

Carrier wave

PWM wave

 
Figure 1 · Sinusoidal PWM Waveform 

The strategy used in SVPWM technique is to modify the modulation of sine waves (input phase voltages) to increase 
the inverter voltage gain and also to reduce inverter losses.  
The SVPWM implementation can be configured to use one of the following techniques: 

1. MIN-MAX method 
2. Direct injection of third harmonic 
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SVPWM Theory 

MIN-MAX Method 
In the MIN-MAX method, the magnitude of a Common mode signal (𝑣𝑐𝑚) is subtracted from all the three phase 
voltages. 

𝑣𝑐𝑚 =
𝑚𝑎𝑥(𝑉𝐴  ,𝑉𝐵  ,𝑉𝐶) +  𝑚𝑖𝑛(𝑉𝐴  ,𝑉𝐵  ,𝑉𝐶)

2
 

EQ1 
The subtraction of the common mode voltage introduces a third harmonic component in the phase voltages. 
However, the line-to-line voltages are not affected because the same signal is subtracted from each phase voltage. 
The third harmonic component introduced by the common mode signal gives the following advantages: 
• For a given modulation index, the peak modulation voltage is farther from the peak carrier voltage. Thus, the 

number of short pulses is minimized. 
• Overmodulation is possible while keeping the peak of the carrier signal greater than the peak of the modulating 

signal. So, the line-to-line voltage would be same as the fundamental line-line supply voltage.  

Sine PWM

SVPWM
Common mode 
voltage (Vcm) 

or
OFFSET

1
0.866

-1
- 0.866

 
Figure 2 · SVPWM MIN-MAX Method  

Direct Injection of Third Harmonic 
The phase waveforms having no third harmonics can be generated by the addition of third harmonics in the 
sinusoidal reference waveform. Also, the voltage gain of the inverter can be improved by the addition of  
one-sixth of the third harmonic component of the phase voltage to the fundamental phase voltage. The addition of 
third harmonic component also improves the DC utilization of the inverter. The effect of addition of the third harmonic 
component is that it reduces the peak value of the resultant output voltage wave by a factor of 0.866 without any 
change in the fundamental input phase voltage as shown in EQ2. 
The general equation for modulating wave in this method is:  

𝑉 = 𝑘(sin(𝑤𝑡) +
1
6

sin(3 ∗ 𝑤𝑡))  

EQ2 

Where, 

k is a factor to increase the amplitude of the modulating waveform 
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Direct Injection of Third Harmonic 
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Figure 3 · Direct Injection of Third Harmonic Component 

For example, if the output must be a unity peak value and the reduction in peak introduced by the block is 0.866, the 
factor k must be 1.155(k * 0.866 = 1; k=1/0.866). This implies that a 15.5 percent boost is introduced in the phase 
voltage, which results in better utilization of the DC bus. 
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API Type Definitions 

This section lists the type definitions required to implement the MSS software libraries of SVPWM. 

svpwm_minmax_type 
Table 1 gives the type definition of svpwm_minmax_type. 

Table 1 · svpwm_minmax_type 
Name svpwm_minmax_type 

Type typedef struct 
{ 
int32_t va; 
int32_t vb; 
int32_t vc; 
int32_t va3h; 
int32_t vb3h; 
int32_t vc3h; 
}svpwm_minmax_type;Input 

File TypeDef.h 

Range int32_t va; This value refers to the phase A voltage. 

int32_t vb; This value refers to the phase B voltage. 

int32_t vc; This value refers to the phase C voltage. 

int32_t va3h; This value refers to the third harmonic injected phase A voltage. 

int32_t vb3h; This value refers to the third harmonic injected phase B voltage. 

int32_t vc3h; This value refers to the third harmonic injected phase C voltage. 
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API Type Definitions 

sine_3rdharmonic_inject_type 
Table 2 gives the type definition of svpwm_minmax_type. 

Table 2 · svpwm_minmax_type 
Name sine_3rdharmonic_inject_type 

Type typedef struct 
{ 
int32_t voltage_magnitude; 
int16_t sin_theta; 
int16_t sin_three_theta; 
int16_t sin_theta_minus120; 
int16_t sin_three_theta_minus120; 
int16_t sin_theta_plus120; 
int16_t sin_three_theta_plus120; 
int32_t va3h; 
int32_t vb3h; 
int32_t vc3h; 
}svm_3rdharmonic_inject_type; 

File TypeDef.h 

Range int32_t voltage_magnitude; This value refers to the phase A voltage. 

int16_t sin_theta; This value refers to the sine value of the angle. 

int16_t sin_three_theta This value refers to the third harmonic sine value of the angle. 

int16_t 
sin_theta_minus120; 

This value refers to the sine value of the angle delayed by 120 
degrees. 

int16_t 
sin_three_theta_minus120; 

This value refers to the third harmonic sine value of the angle 
delayed by 120 degrees. 

int16_t sin_theta_plus120; This value refers to the sine value of the angle advanced by 120 
degrees. 

int16_t 
sin_three_theta_plus120; 

This value refers to the third harmonic sine value of the angle 
advanced by 120 degrees. 

int32_t va3h; This value refers to the third harmonic injected phase A voltage. 

int32_t vb3h; This value refers to the third harmonic injected phase B voltage. 

int32_t vc3h; This value refers to the third harmonic injected phase C voltage. 
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SVPWM_MinMax_Lib_Calculate 

API Functions Description 

In this section, the functions required to perform various tasks involved in implementing SVPWM are described. 

SVPWM_MinMax_Lib_Calculate 
Table 3 gives the description of SVPWM_MinMax_Lib_Calculate function which is used to calculate the voltage offset 
from the minimum and maximum values out of the given three phase voltages and computes the corresponding third 
harmonic value using the MIN-MAX method. 

Table 3 · Specification of API SVPWM_MinMax_Lib_Calculate 

Syntax void SVPWM_MinMax_Lib_Calculate (svpwm_minmax_type *svpwm_ptr) 

Re-entrancy Re-entrant 

Parameters (Inputs) svpwm_ptr: Pointer to the SVPWM MinMax method structure 

Parameters (output) svpwm_ptr: Pointer to the SVPWM MinMax method structure 

Return None 

Algorithm Description 𝑣𝑜𝑙𝑡𝑎𝑔𝑒_𝑜𝑓𝑓𝑠𝑒𝑡 =  [𝑀𝐼𝑁(𝑣𝑎, 𝑣𝑏, 𝑣𝑐) + 𝑀𝐴𝑋(𝑣𝑎, 𝑣𝑏, 𝑣𝑐)]/2 
𝑠𝑣𝑝𝑤𝑚_𝑝𝑡𝑟 → 𝑣𝑎3ℎ =  2/√3 ∗ (𝑠𝑣𝑝𝑤𝑚_𝑝𝑡𝑟 → 𝑣𝑎 –  𝑣𝑜𝑙𝑡𝑎𝑔𝑒_𝑜𝑓𝑓𝑠𝑒𝑡) 
𝑠𝑣𝑝𝑤𝑚_𝑝𝑡𝑟 → 𝑣𝑏3ℎ =  2/√3 ∗ (𝑠𝑣𝑝𝑤𝑚_𝑝𝑡𝑟 → 𝑣𝑏 –  𝑣𝑜𝑙𝑡𝑎𝑔𝑒_𝑜𝑓𝑓𝑠𝑒𝑡) 
𝑠𝑣𝑝𝑤𝑚_𝑝𝑡𝑟 → 𝑣𝑐3ℎ =  2/√3 ∗ (𝑠𝑣𝑝𝑤𝑚_𝑝𝑡𝑟 → 𝑣𝑐 –  𝑣𝑜𝑙𝑡𝑎𝑔𝑒_𝑜𝑓𝑓𝑠𝑒𝑡) 

Sine_3rdH_Inject_Lib_Calculate 
Table 4 gives the description of Sine_3rdH_Inject_Lib_Calculate function which is used to generate sine voltages with 
direct addition of the third harmonic method. 

Table 4 · Specification of API SVPWM_MinMax_Lib_Calculate 

Syntax void Sine_3rdH_Inject_Lib_Calculate (sine_3rdharmonic_inject_type * 
sine_3rdh_ptr) 

Re-entrancy Re-entrant 

Parameters (Inputs) sine_3rdh_ptr: Pointer to the sine plus third harmonic structure 

Parameters (output) sine_3rdh_ptr: Pointer to the sine plus third harmonic structure 

Return None 

Algorithm Description 𝑉𝑎 =  𝑉𝑚 ∗ [sin(𝜃) +
sin(3 ∗ 𝜃)

6 ] 

𝑉𝑏 =
2
√3

∗ 𝑉𝑚 ∗ �sin(𝜃 − 120) +
sin�3 ∗ (𝜃 − 120)�

6 � 

𝑉𝑐 =
2
√3

∗ 𝑉𝑚 ∗ �sin(𝜃 + 120) +
sin�3 ∗ (𝜃 + 120)�

6
� 

Where, 
𝑉𝑎 = sine_3rdh_ptr→ va3h 
𝑉𝑏 = sine_3rdh_ptr→ vb3h 
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API Functions Description 

𝑉𝑐 = sine_3rdh_ptr→ vc3h 
𝑉𝑚 = sine_3rdh_ptr→ voltage_magnitude 
Sin(𝜃) = sine_3rdh_ptr→ sin_theta 
Sin(3𝜃) = sine_3rdh_ptr→ sin_three_theta 
sin(𝜃 − 120) = sine_3rdh_ptr→ sin_theta_minus120 
sin(3 ∗(𝜃 − 120)) = sine_3rdh_ptr→ sin_three_theta_minus120 
sin(𝜃 + 120) = sine_3rdh_ptr→ sin_theta_plus120 
sin(3 ∗(𝜃 + 120)) = sine_3rdh_ptr→ sin_three_theta_plus120 

Sine_3rdH_Variable_Update 
Table 5 gives the description of Sine_3rdH_Variable_Update function which is used to update different sine values for 
a particular reference phase angle (θ) and also magnitude of the third harmonic voltage.  

Table 5 · Specification of API Sine_3rdH_Variable_Update 

Syntax void Sine_3rdH_Variable_Update( 
sine_3rdharmonic_inject_type *sine_3rdh_ptr 
int32_t voltage_magnitude 
int32_t sin_theta 
int32_t sin_three_theta 
int32_t sin_theta_minus120 
int32_t sin_three_theta_minus120 
int32_t sin_theta_plus120 
int32_t sin_three_theta_plus120) 

Re-entrancy Re-entrant 

Parameters (Inputs) sine_3rdh_ptr: Pointer to the sine plus third harmonic structure 

Parameters (output) sine_3rdh_ptr: Pointer to the sine plus third harmonic structure 

Return None 

Algorithm Description sine_3rdh_ptr→ voltage_magnitude = voltage_magnitude 
sine_3rdh_ptr→ sin_theta = sin_theta 
sine_3rdh_ptr→ sin_three_theta = sin_three_theta 
sine_3rdh_ptr→ sin_theta_minus120 = sin_theta_minus120 
sine_3rdh_ptr→ sin_three_theta_minus120 = sin_three_theta_minus120 
sine_3rdh_ptr→ sin_theta_plus120 = sin_theta_plus120 
sine_3rdh_ptr→ sin_three_theta_plus120 = sin_three_theta_plus120 
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Product Support 

Microsemi SoC Products Group backs its products with various support services, including Customer Service, 
Customer Technical Support Center, a website, electronic mail, and worldwide sales offices. This appendix contains 
information about contacting Microsemi SoC Products Group and using these support services. 

Customer Service 
Contact Customer Service for non-technical product support, such as product pricing, product upgrades, update 
information, order status, and authorization. 

From North America, call 800.262.1060 
From the rest of the world, call 650.318.4460 
Fax, from anywhere in the world 408.643.6913 

Customer Technical Support Center 
Microsemi SoC Products Group staffs its Customer Technical Support Center with highly skilled engineers who can 
help answer your hardware, software, and design questions about Microsemi SoC Products. The Customer Technical 
Support Center spends a great deal of time creating application notes, answers to common design cycle questions, 
documentation of known issues and various FAQs. So, before you contact us, please visit our online resources. It is 
very likely we have already answered your questions. 

Technical Support 
Visit the Microsemi SoC Products Group Customer Support website for more information and support 
(http://www.microsemi.com/soc/support/search/default.aspx). Many answers available on the searchable web 
resource include diagrams, illustrations, and links to other resources on website.  

Website 
You can browse a variety of technical and non-technical information on the Microsemi SoC Products Group home 
page, at http://www.microsemi.com/soc/.  

Contacting the Customer Technical Support Center 
Highly skilled engineers staff the Technical Support Center. The Technical Support Center can be contacted by email 
or through the Microsemi SoC Products Group website. 

Email 
You can communicate your technical questions to our email address and receive answers back by email, fax, or 
phone. Also, if you have design problems, you can email your design files to receive assistance. We constantly 
monitor the email account throughout the day. When sending your request to us, please be sure to include your full 
name, company name, and your contact information for efficient processing of your request. 
The technical support email address is soc_tech@microsemi.com. 

My Cases 
Microsemi SoC Products Group customers may submit and track technical cases online by going to My Cases. 
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Product Support 

Outside the U.S. 
Customers needing assistance outside the US time zones can either contact technical support via email 
(soc_tech@microsemi.com) or contact a local sales office. Sales office listings can be found at 
www.microsemi.com/soc/company/contact/default.aspx. 

ITAR Technical Support 
For technical support on RH and RT FPGAs that are regulated by International Traffic in Arms Regulations (ITAR), 
contact us via soc_tech_itar@microsemi.com. Alternatively, within My Cases, select Yes in the ITAR drop-down list. 
For a complete list of ITAR-regulated Microsemi FPGAs, visit the ITAR web page.
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