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ʃɳʄɹɽɶʌɶ 

ʅˁˇˉˈˌ ˍʹˌ ˉʰˊˇˏˋʰˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌ ʶʾ˄ʰʽ ʹ ˉʰˊˇˎˋʾʰˋʹ ˍˊʽ˗˄ ˍʶ˔˄ʽˁ˗˄ ʵʽʰ˃ˈˊ˒˖ˋʹˌ 

ʶˏˊˇˎˌ ˉʰ˂˃˗˄όPulse Width Modulation Techniques), ˇʽ ˇˉˇʾʶˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˁˎˊʾ˖ˌ ˋʶ 

ʶ˒ʰˊ˃ˇʴʷˌ ˉˇˎ ʷ˔ˇˎ˄ ˄ʰ ˁʱ˄ˇˎ˄ ˃ʶ ˍʰ ʹ˂ʶˁˍˊˇ˄ʽˁʱ ʽˋ˔ˏˇˌΣ ˁʰʽ ʹ ˎ˂ˇˉˇʾʹˋʺ ˍˇˎˌ ˃ʶ ˍʹ˄ ʴ˂˗ˋˋʰ 

ˉʶˊʽʴˊʰ˒ʺˌ ˎ˂ʽˁˇˏ VHDL. ɶ ˉˊ˗ˍʹ ˍʶ˔˄ʽˁʺ ʶʾ˄ʰʽ ˃ʾʰ ʰˉ˂ʺ ʵ̔ ʰ˃ˈˊ˒˖ˋʹ ʶˏˊˇˎˌ ˉʰ˂˃˗˄όPulse Width 

Modulation), ʹ ˇˉˇʾʰ ʰˉˇˍʶ˂ʶʾ ʰ˄ʰˉˈˋˉʰˋˍˇ ˁˇ˃˃ʱˍʽ ˍ˖˄ ˉʶˊʽˋˋˇˍʷˊ˖˄ ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄˖˄ 

ˋˎˋˍʹ˃ʱˍ˖˄. ɶ ʵʶˏˍʶˊʹ ˍʶ˔˄ʽˁʺ ʰˉˇˍʶ˂ʶʾ ˃ʾʰ ʶ˄ʰ˂˂ʰˁˍʽˁʺ ˎ˂ˇˉˇʾʹˋʹ ˍʹˌ ˍʶ˔˄ʽˁʺˌ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ 

ʵʽʰ˃ˈˊ˒˖ˋʹˌ ʶˏˊˇˎˌ ˉʰ˂˃˗˄όSinusoidal Pulse Width Modulation) ʴʽʰ ˍˇ˄ ʷ˂ʶʴ˔ˇ ˍʹˌ ˍʱˋʹˌ ʶ˅ˈʵˇˎ 

ʶ˄ˈˌ ʰ˄ʰˋˍˊˇ˒ʷʰΣ ʹ ˇˉˇʾʰ ˎ˂ˇˉˇʽʶʾˍʰʽ ˃ʶ ʵˏˇ ˍˊˈˉˇˎˌΣ ʶ˄˗ ʹ ˍˊʾˍʹ ˍʶ˔˄ʽˁʺ ʰˉˇˍʶ˂ʶʾ ˃ʾʰ 

ˉʰˊʰ˃ʶˍˊʽˁʺ ˉˇ˂ˎ˒ʰˋʽˁʺ ʰ˂˂ʱ ˁʰʽ ˉˇ˂ˎʶˉʾˉʶʵʹ ʵʽʰ˃ˈˊ˒˖ˋʹ ʶˏˊˇˎˌ ˉʰ˂˃˗˄ ˃ʶ ˔˖ˊʽˁʱ 

ʵʽʰ˄ˏˋ˃ʰˍʰόSpace Vector Pulse Width Modulation).  ɼʰʽ ˇʽ ˍˊʶʽˌ ʰˎˍʷˌ ˍʶ˔˄ʽˁʷˌ ˎ˂ˇˉˇʽˇˏ˄ˍʰʽ ˃ʶ ˍʹ˄ 

ʴ˂˗ˋˋʰ ˉʶˊʽʴˊʰ˒ʺˌ ˎ˂ʽˁˇˏ VHDL  ˁʰʽ ʶ˂ʷʴ˔ˇ˄ˍʰʽ ˃ʶ ˍʹ˄ ˔ˊʺˋʹ ʶ˄ˈˌ Field Programmable Gate 

Array(FPGA). ʃʽˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˃ʾʰ ˃ʷʻˇʵˇˌ ʴʽʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ˍʹˌ PWM ˍʶ˔˄ʽˁʺˌ ʹ 

ˇˉˇʾʰ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ʷ˄ʰ ˃ʶˍˊʹˍʺ ʴʽʰ ˍʹ˄ ʶˉʾˍʶˎ˅ʹ ˍˇˎ ʶˉʽʻˎ˃ʹˍˇˏ duty cycle. ɳˉʾˋʹˌ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ 

н ˍʶ˔˄ʽˁʷˌ ˁʰʽ ʴʽʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ˍʹˌ  {t²a  ˈˉˇˎ ˋˍʹ˄ ˃ʾʰ ʷ˔ˇˎ˃ʶ ʵˎ˄ʰ˃ʽˁʺ ˉʰˊʰʴ˖ʴʺ 

ʹ˃ʽˍˇ˄ˇʶʽʵ˗˄ ʵʶʽʴ˃ʱˍ˖˄Σ ˈˉˇˍʶ ʰˎˍˈ ˔ˊʶʽʱʸʶˍʰʽΣ ʶ˄˗ ˋˍʹ˄ ʱ˂˂ʹ ʷ˔ˇˎ˃ʶ ʰˉˇʻʹˁʶˎ˃ʷ˄ʰ мллл 

ʵʶʾʴ˃ʰˍʰ ʹ˃ʽˍˈ˄ˇˎ ˋʶ ˃ʾʰ ROM  ˍʰ ˇˉˇʾʰ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ʴʽʰ ˄ʰ ˉʶˍˏ˔ˇˎ˃ʶ ˍʽˌ ʶˉʽʻˎ˃ʹˍʷˌ 

ˋˎʴˁˊʾˋʶʽˌ ˃ʶ ʷ˄ʰ ˍˊʽʴ˖˄ʽˁˈ ˉʰ˂˃ˈΦ ʂˋˇ˄ ʰ˒ˇˊʱ ˋˍʹ˄ SVPWM ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʷ˄ʰ ˉʰˊʱʵʶʽʴ˃ʰ 

ˉˊ̌ˋˇ˃ˇʾ˖ˋʹˌ ˉˇˎ ʰ˒ˇˊʱ ˋˍˇ ˔ʶʽˊʽˋ˃ˈ ˍ˖˄ ʵʽʰˁˇˉˍ˗˄ ʶ˄ˈˌ ˉʶ˄ˍʰ˒ʰˋʽˁˇˏΣ ˉʷ˄ˍʶ ʶˉʽˉʷʵ˖˄ 

ʰ˄ʰˋˍˊˇ˒ʷʰ ˁh ʽ ʷ˄ʰ ˉʰˊʱʵʶʽʴ˃ʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ʰ˂˂ʱ ˁʰʽ ˉˊʰʴ˃ʰˍʽˁʺˌ ˎ˂ˇˉˇʾʹˋʹˌ ˋʶ FPGA ˁʰʽ 

ˉʰˊʰˍʺˊʹˋʹˌ ˋˍˇ˄ ˉʰ˂˃ˇʴˊʱ˒ˇΣ ʴʽʰ ˍˇ ˔ʶʽˊʽˋ˃ˈ ˍ˖˄ ʵʽʰˁˇˉˍ˗˄ ʶ˄ˈˌ ˃ˇ˄ˇ˒ʰˋʽˁˇˏ ʰ˄ʰˋˍˊˇ˒ʷʰ 

ˍˊʽ˗˄ ʶˉʽˉʷʵ˖˄. ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍ˖˄ ˍˊʽ˗˄ ʰˎˍ˗˄ ˍʶ˔˄ʽˁ˗˄ ˉˊˇˋʵʽˇˊʾʸˇ˄ˍʰʽ ʻʶ˖ˊʹˍʽˁʱΣ 

ʰˉˇʵʶʽˁ˄ˏˇ˄ˍʰʽ ˃ʷˋ˖ ˉˊˇˋˇ˃ˇʽ˗ˋʶ˖˄ ˁʰʽ ʶ˒ʰˊ˃ˈʸˇ˄ˍʰʽ ˋʶ ˉˊʰʴ˃ʰˍʽˁʱ FPGA ˃ʷˋ˖ ˍ˖˄ ˇˉˇʾ˖˄ 

ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ˋʶ ˉʰ˂˃ˇʴˊʱ˒ˇΦ 

ʁʽ ʵʽʱ˒ˇˊʶˌ ˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌ ʴʾ˄ˇ˄ˍʰʽ ˃ʶ ˍʹ˄ ˔ˊʺˋʹ ˍ˖˄ ʶˊʴʰ˂ʶʾ˖˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ Modelsim Altera 

10.0c(Quartus II 11.1) Starter Edition, PSim ˁʰʽ Matlab-Simulink  ʶ˄˗ ʹ ˕ʹ˒ʽʰˁʺ ˎ˂ˇˉˇʾʹˋʹ ˉʱ˄˖ ˋˍˇ 

ˎ˂ʽˁˈ ʴʾ˄ʶˍʰʽ ˃ʶ ˍʹ˄ ˔ˊʺˋʹ ˍˇˎ ISE Design Suite 14.4 ̱ ʹˌ Xilinx. To FPGA ̱ ˇ ˇˉˇʾˇ ˔ˊʹˋʽ˃ˇˉˇʽʺˋʰ˃ʶ ɹ ʽʰ 

ˍʽˌ ˍʶ˔˄ʽˁʷˌ SPWM ˁʰʽ SVPWM ʺˍʰ˄ ˍˇ SPARTAN6 XC6SLX16(Package CSG324), ʶ˄˗ ʴʽʰ ˍʹ˄ PWM  ˍˇ 

SPARTAN3E. 

ɶ ʵʽˉ˂˖˃ʰˍʽˁʺ h ˎˍʺ ˔˖ˊʾʸʶˍʰʽ ˋʶ ˉʷ˄ˍʶ ʲʰˋʽˁʷˌ ʶ˄ˈˍʹˍʶˌΥ 

1) ɾʾʰ ʶʽˋʰʴ˖ʴʺ ˋˍʽˌ ʲʰˋʽˁʷˌ ʷ˄˄ˇʽʶˌ ˉˇˎ ʵʽʷˉˇˎ˄ ˍʰ FPGA. 

2) ʇ˂ˇˉˇʾʹˋʹ ˍʹˌ PWM ̱ ʶ˔˄ʽˁʺˌΦ 

3) ʇ˂ˇˉˇʾʹˋʹ ˍ˖˄ SPWM ̱ ʶ˔˄ʽˁ˗˄Φ 

4) ʇ˂ˇˉˇʾʹˋʹ ˍʹˌ ˉʰˊʰ˃ʶˍˊʽˁʺˌ ˉˇ˂ˎʶˉʾˉʶʵʹˌ ˁʰʽ ˉˇ˂ˎ˒ʰˋʽˁʺˌ SVPWM. 

5) ʅˎ˃ˉʶˊʱˋ˃ʰˍʰΦ 

ɽʷ˅ʶʽˌ ɼ˂ʶʽʵʽʱΥ ɶ˃ʽˍˇ˄ˇʶʽʵʺˌ ʵʽʰ˃ˈˊ˒˖ˋʹ ʶˏˊˇˎˌ ˉʰ˂˃˗˄Σ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ʵʶʽʴ˃ʱˍ˖˄ ʹ˃ʽˍˈ˄ˇˎΣ 

ʵʽʰ˃ˈˊ˒˖ˋʹ ʶˏˊˇˎˌ ˉʰ˂˃˗˄ ˃ʶ ˔˖ˊʽˁʱ ʵʽʰ˄ˏˋ˃ʰˍʰ ˍʱˋʹˌΣ ˉʰˊʰ˃ʶˍˊʽˁʺ ˋ˔ʶʵʾʰˋʹΣ ˉˇ˂ˎʶˉʾˉʶʵˇʽ ˁʰʽ 

ˉˇ˂ˎ˒ʰˋʽˁˇʾ ˃ʶˍʰˍˊˇˉʶʾˌΣ ʴ˂˗ˋˋʰ ˉʶˊʽʴˊʰ˒ʺˌ ˎ˂ʽˁˇˏ VHDL, FPGA. 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

ABSTRACT 

The scope of this diploma thesis is the presentation of three Pulse Width Modulation(PWM) 

techniques, which are mainly used in power electronic applications, and their implementation using the 

hardware descriptive language VHDL. The first technique is a simple Pulse Width Modualtion(PWM) 

technique, that is an integral part of most embedded systems. The second technique is an alternative 

implementation of the Sinusoidal Pulse Width Modulation(SPWM) technique used to control the 

output voltage of an inverter, which is implemented in two ways, while the third one is a parametric, 

multiphase and multilevel Space Vector Pulse Width Modulation(SVPWM) technique. These three 

techniques are implemented with the hardware descriptive language VHDL and are being controlled 

with the use of a Field Programmable Gate Array(FPGA). More specifically, one method is illustrated to 

implement the PWM technique which uses a counter in order to achieve the desired duty cycle. Also 

there are presented two ways in order to implement the SPWM technique where in the first one we 

produce dynamic sinusoidal samples when needed, while on the other one we have stored 1000 

samples of a sinusoidal wave in a ROM memory which we use in order to achieve the desired 

comparisons with a triangular wave. Regarding SVPWM an example of handling the switches of a five ς 

phase, five ς level inverter is presented as well as another example that has to do with the handling of 

a single phase inverter circuit of three levels. The results of these three techniques, are identified 

theoretically, are proved through simulations and are applied to real FPGAs through which are being 

observed with the use of an oscilloscope. 

The various simulations are done using the simulation tools Modelsim Altera 10.0c (Quartus II 11.1) 

Starter Edition, PSim and Matlab-Simulink and the digital implementation on the material is achieved 

with the use of the ISE Design Suite 14.4 Xilinx. The FPGA which was used for the techniques SPWM and 

SVPWM was SPARTAN6 XC6SLX16 (Package CSG324), while for the PWM technique we used 

SPARTAN3E. 

 

This diploma thesis is divided into five main sections: 

1) An introduction to the basic concepts of FPGAs. 

2) Implementation of the PWM technique. 

3) Implementation of the SPWM technique. 

4) Implementation of the parametric, multilevel and multiphase SVPWM. 

5) Conclusions. 

 

Key Words: Sinusoidal pulse width modulation, computation of sinusoidal samples, pulse width 

modulation with space vectors, parametric design, multilevel and multiphase converters, hardware 

description language VHDL, FPGA. 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

ʃʄʁɽʁɱʁʅ 

ɶ ˉʰˊˇˏˋʰ ʵʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰ ʶˁˉˇ˄ʶʾˍʰʽ ˋˍʰ ˉ˂ʰʾˋʽʰ ˍʹˌ ˉʶ˄ˍʰʶˍˇˏˌ ˎˉˇ˔ˊʶ˖ˍʽˁʺˌ ˒ˇʾˍʹˋʹˌ ˋˍʹ 

ˋ˔ˇ˂ʺ ɶ˂ʶˁˍˊˇ˂ˈʴ˖˄ ɾʹ˔ʰ˄ʽˁ˗˄ ϧ ɾʹ˔ʰ˄ʽˁ˗˄ ʇˉˇ˂ˇʴʽˋˍ˗˄ ˍˇˎ ɳΦɾΦʃΦ ʅˁˇˉˈˌ ˍʹˌ ʶʾ˄ʰʽ ʹ ˎ˂ˇˉˇʾʹˋʹ 

ˍˊʽ˗˄ ˍʶ˔˄ʽˁ˗˄ ʵʽʰ˃ˈˊ˒˖ˋʹˌ ʶˏˊˇˎˌ ˉʰ˂˃˗˄Σ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˋʶ ˔ʶʽˊʽˋ˃ˈ ʵʽʰˁˇˉˍ˗˄ ˃ʶˍʰˍˊˇˉʷ˖˄ ˇʽ 

ˇˉˇʾˇʽ  ʲˊʾˋˁˇˎ˄ ʶ˒ʰˊ˃ˇʴʺ ˋˍˇ˄ ˍˇ˃ʷʰ ˍ˖˄ ʹ˂ʶˁˍˊˇ˄ʽˁ˗˄ ʽˋ˔ˏˇˌ, ˃ʶ ˍʹ ʴ˂˗ˋˋʰ ˉʶˊʽʴˊʰ˒ʺˌ ˎ˂ʽˁˇˏ 

VHDL ˁʰʽ ˍʹ ˔ˊʺˋʹ FPGA. ɶ ˎ˂ˇˉˇʾʹˋʹ ˍ˖˄ ˍʶ˔˄ʽˁ˗˄ ʰˎˍ˗˄  ˈˉ˖ˌ ˁʰʽ ʹ ʴʶ˄ʽˁˈˍʶˊʹ ˃ʶ˂ʷˍʹ ˉʱ˄˖ ˋʶ 

ʻʷ˃ʰˍʰ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˋˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍ˖˄ FPGA ˋˍʰ ʹ˂ʶˁˍˊˇ˄ʽˁʱ ʽˋ˔ˏˇˌ ˉʰˊˇˎˋʽʱʸʶʽ ʽʵʽʰʾˍʶˊˇ 

ʶ˄ʵʽʰ˒ʷˊˇ˄ ʴʽʰ ˍˇˎˌ ʹ˂ʶˁˍˊˇ˂ˈʴˇˎˌ ˃ʹ˔ʰ˄ʽˁˇˏˌΣ ˁʰʻ˗ˌ ˋˎ˄ʵˎʱʸʶʽ ʱ˃ʶˋʰ ʵˏˇ ʶˉʽˋˍʹ˃ˇ˄ʽˁʱ ˉʶʵʾʰΥ 

ʶˁʶʾ˄ˇ ˍʹˌ ʶ˄ʷˊʴʶʽʰˌ ϧ ˍ˖˄ ʹ˂ʶˁˍˊˇ˄ʽˁ˗˄ ʽˋ˔ˏˇˌ ˃ʶ ʰˎˍˈ ˍ˖˄ ˃ʽˁˊˇːˉˇ˂ˇʴʽˋˍ˗˄ ˁʰʽ ˍ˖˄ ˕ʹ˒ʽʰˁ˗˄ 

ˋˎˋˍʹ˃ʱˍ˖˄Φ ɹʵʽʰʾˍʶˊʰ ʰˎ˅ʹ˃ʷ˄ˇ ʶʾ˄ʰʽ ˍˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ ˍˇ˄ ˍʶ˂ʶˎˍʰʾˇ ˁʰʽˊˈ ˂ˈʴ˖ ˍʹˌ ʰˎ˅ʰ˄ˈ˃ʶ˄ʹˌ h ˉˈ 

ˍʹ ˃ʾʰ ʶʽˋʰʴ˖ʴʺˌ ˍ˖˄ FPGA ˋʶ ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄ʰ ˋˎˋˍʺ˃ʰˍʰ ʰ˂˂ʱ ˁʰʽ ˍ˖˄ ʵˎ˄ʰˍˇˍʺˍ˖˄ ʰˉˈ ˍʹ˄ ʱ˂˂ʹ 

ˉˇˎ ˉˊˇˋ˒ʷˊʶʽ ˇ ˍˇ˃ʷʰˌ ˍʹˌ ʶ˄ʷˊʴʶʽʰˌ ˁˎˊʾ˖ˌ ˋʶ ʻʷ˃ʰˍʰ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˍʹ˄ ʶ˅ˇʽˁˇ˄ˈ˃ʹˋʹ ˁʰʽ ˍʰ 

ˇˉˇʾʰ ˃ˉˇˊˇˏ˄ ˄ʰ ˒ʷˊˇˎ˄ ˉˇ˂˂ʰˉ˂ʱ ˁʷˊʵʹ ˈ˔ʽ ˃ˈ˄ˇ ˇʽˁˇ˄ˇ˃ʽˁʱ ʰ˂˂ʱ ˁʰʽ ʴʽʰ ˍˇ ʾʵʽˇ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄Φ 

ʁʽ ˍʶ˔˄ʽˁʷˌ ˇʽ ˇˉˇʾʶˌ ʶ˅ʶˍʱˋˍʹˁʰ˄ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰΣ ʵˇˁʽ˃ʱˋˍʹˁʰ˄ ˍˈˋˇ ˋʶ ʶˉʾˉʶʵˇ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˈˋˇ ˁʰʽ ˉʶʽˊʰ˃ʰˍʽˁʺˌ ʶˉʽʲʶʲʰʾ˖ˋʹˌ ˋˍˇ ʶˊʴʰˋˍʺˊʽˇ ɾʽˁˊˇːˉˇ˂ˇʴʽˋˍ˗˄ ˁʰʽ 

ʌʹ˒ʽʰˁ˗˄ ʅˎˋˍʹ˃ʱˍ˖˄ ˍˇˎ ɳΦɾΦʃΦ 

ʅˍˇ ˉˊ˗ˍˇ ˁʶ˒ʱ˂ʰʽˇ ʰˊ˔ʽˁʱ  ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˁʱˉˇʽʰ ʴʶ˄ʽˁʱ ˋˍˇʽ˔ʶʾʰ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˋˍʹ˄ ʰˊ˔ʽˍʶˁˍˇ˄ʽˁʺΣ 

ˋˍʰ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ˁʰʽ ˃ʶʽˇ˄ʶˁˍʺ˃ʰˍʰ ʰ˂˂ʱ ˁʰʽ ˋˍʹ ʵʽʰʵʽˁʰˋʾʰ ˋ˔ʶʵʾʰˋʹˌ ˍ˖˄ FPGA. ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ 

ʴʾ˄ʶˍʰʽ ʰ˄ʰ˒ˇˊʱ ˋˍʹ ˔ˊʺˋʹ ˍ˖˄ ˕ʹ˒ʽʰˁ˗˄ ʶˉʶ˅ʶˊʴʰˋˍ˗˄ ˋʺ˃ʰˍˇˌ ʰ˂˂ʱ ˁʰʽ ˍ˖˄ FPGA ˋˍʰ 

ʹ˂ʶˁˍˊˇ˄ʽˁʱ ʽˋ˔ˏˇˌ ˁʰʽ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʷ˄ʰ ˉʰˊʱʵʶʽʴ˃ʰ ˉˇˎ ʰ˄ʰ˒ʷˊʶˍʰʽ ˋˍʹ ˋˏʴˁˊʽˋʹ ˍ˖˄ 

ʰˉˇʵˈˋʶ˗˄ ˍˇˎˌΦ ʆʷ˂ˇˌ ʴʾ˄ʶˍʰʽ ʰ˄ʰ˒ˇˊʱ ˋʶ ʲʰˋʽˁʱ ˋˍˇʽ˔ʶʾʰ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˋˍʹ ʴ˂˗ˋˋʰ ˉʶˊʽʴˊʰ˒ʺˌ 

ˎ˂ʽˁˇˏ VHDL. 

ʅˍˇ ʵʶˏˍʶˊˇ ˁʶ˒ʱ˂ʰʽˇΣ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʹ ˉˊ˗ˍʹ ˍʶ˔˄ʽˁʺ ʵʽʰ˃ˈˊ˒˖ˋʹˌ ʶˏˊˇˎˌ ˉʰ˂˃˗˄Φ ɮˎˍʺ ʶʾ˄ʰʽ ˃ʾʰ 

ʰˉ˂ʺ PWM(Pulse Width Modulation) ̱ ʶ˔˄ʽˁʺΣ ʹ ˇˉˇʾʰ ˉʰˊʱʴʶʽΣ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ˄ ʶʾˋˇʵˇ ˉˇˎ ˂ʰ˃ʲʱ˄ʶʽΣ 

ˍˇˎˌ ʶˉʽʻˎ˃ʹˍˇˏˌ ˉʰ˂˃ˇˏˌ ˋˍʹ˄ ʷ˅ˇʵˇΦ  

ʅˍˇ ˍˊʾˍˇ ˁʶ˒ʱ˂ʰʽˇ ˃ʶ˂ʶˍʱˍʰʽ ʹ ʵʶˏˍʶˊʹ ˍʶ˔˄ʽˁʺ ʵʽʰ˃ˈˊ˒˖ˋʹˌ ʶˏˊˇˎˌ ˉʰ˂˃˗˄Φ ɮˎˍʺ ʶʾ˄ʰʽ ʹ 

SPWM(Sinusoidal Pulse Width Modulation) ˍʶ˔˄ʽˁʺΣ ʹ ˇˉˇʾʰ ˉʰˊʱʴʶʽ ˍˇˎˌ ˉʰ˂˃ˇˏˌ ˔ʶʽˊʽˋ˃ˇˏ ˍ˖˄ 

ˍʶˋˋʱˊ˖˄ ʵʽʰˁˇˉˍ˗˄ ʶ˄ˈˌ ˃ˇ˄ˇ˒ʰˋʽˁˇˏΣ ˋˍʹ˄ ˉˊˇˁʶʽ˃ʷ˄ʹ ˉʶˊʾˉˍ˖ˋʹΣ ʰ˄ʰˋˍˊˇ˒ʷʰ ʲʰˋʽʸˈ˃ʶ˄ʹ ˋˍʹ 

ˋˏʴˁˊʽˋʹ ʶ˄ˈˌ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˃ʶ ʷ˄ʰ ˍˊʽʴ˖˄ʽˁˈ ˋʺ˃ʰΦ ɶ ˍʶ˔˄ʽˁʺ ʰˎˍʺ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ʶ ʵˏˇ 

ˍˊˈˉˇˎˌ ˇʽ ˇˉˇʾˇʽ ˁʰʽ ˋˎʴˁˊʾ˄ˇ˄ˍʰʽ ˃ʶ ʲʱˋʹ ˍʹ˄ ʰˁˊʾʲʶʽʰ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʰ˂˂ʱ ˁʰʽ ˍˇˎˌ 

ʰˉʰʽˍˇˏ˃ʶ˄ˇˎˌ ˉˈˊˇˎˌ ˉˇˎ ʵʶˋ˃ʶˏˇˎ˄ ʰˉˈ ˍˇ FPGA ɹ ʽʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʺ ˍˇˎˌΦ  

ʅ̱ ˇ ˍʷˍʰˊˍˇ ˁʶ˒ʱ˂ʰʽˇ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʹ ˍˊʾˍʹ ˁʰʽ ʰˉˇʵˇˍʽˁˈˍʶˊʹ ˍʶ˔˄ʽˁʺ ʵʽʰ˃ˈˊ˒˖ˋʹˌ ʶˏˊˇˎˌ 

ˉʰ˂˃˗˄Φ ɮˎˍʺ ʶʾ˄ʰʽ  ́SVPWM(Space Vector Pulse Width Modulation) ˍʶ˔˄ʽˁʺ ˁʰʽ ʹ ˇˉˇʾʰ ʰ˒ˇˊʱ ˋˍˇ 

˔ʶʽˊʽˋ˃ˈ ˍ˖˄ ʵʽʰˁˇˉˍ˗˄ ˉˇ˂ˎ˒ʰˋʽˁ˗˄ ʰ˂˂ʱ ˁʰʽ ˉˇ˂ˎʶˉʾˉʶʵ˖˄ ˃ʶˍʰˍˊˇˉʷ˖˄ ˃ʶ ˍʹ ˔ˊʺˋʹ ˔˖ˊʽˁ˗˄ 

ʵʽʰ˄ˎˋ˃ʱˍ˖˄Φ ɶ ˎ˂ˇˉˇʾʹˋʹ ʰˎˍʺ ʶʾ˄ʰʽ ʶˉʾˋʹˌ ˁʰʽ ˉʰˊʰ˃ʶˍˊʽˁʺ ˁʰʻ˗ˌ ʵʾ˄ʶˍʰʽ ʹ ʵˎ˄ʰˍˈˍʹˍʰ 

ˉˊˇˋʰˊ˃ˇʴʺˌ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˋʶ ˇˉˇʽˇʵʺˉˇˍʶ ʰˊʽʻ˃ˈ ˒ʱˋʶ˖˄ ˁʰʽ ʶˉʽˉʷʵ˖˄Φ ʅˍˇ ˁʶ˒ʱ˂ʰʽˇ ʰˎˍˈ 

ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʰ˄ʰ˂ˎˍʽˁʱ ʷ˄ʰˌ ʰ˂ʴˈˊʽʻ˃ˇˌ ʴʽʰ ˍʹ˄ ˍʶ˔˄ʽˁʺ SVPWMΣ ˃ʷˋ˖ ˍˇˎ ˇˉˇʾˇˎ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ 



 
 

ˉʷˊʰ ʰˉˈ ˍʹ˄ ʰˁˊʽʲʺ ˉˊˇˋʷʴʴʽˋʹ ˍˇˎ ˋʺ˃ʰˍˇˌ ʰ˄ʰ˒ˇˊʱˌΣ ˃ʷˋ˖ ˍʹˌ ˊˎʻ˃ʽʸˈ˃ʶ˄ʹˌ ʰʴ˖ʴʺˌ ˍ˖˄ 

ʹ˃ʽʰʴ˖ʴʽˁ˗˄ ʵʽʰˁˇˉˍ˗˄Σ ˁʰʽ ʹ ʶ˂ʰ˔ʽˋˍˇˉˇʾʹˋʹ ˍ˖˄ ʵʽʰˁˇˉˍʽˁ˗˄ ʰˉ˖˂ʶʽ˗˄Φ  

ʅˍˇ ˉʷ˃ˉˍˇ ˁʶ˒ʱ˂ʰʽˇ ʴʾ˄ʶˍʰʽ ˃ʾʰ ˋˏ˄ˇ˕ʹ ˍ˖˄ ˁˎˊʽˈˍʶˊ˖˄ ˋˎ˃ˉʶˊʰˋ˃ʱˍ˖˄ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˋˍʽˌ ˍˊʶʽˌ 

ˉˊˇʰ˄ʰ˒ʶˊʻʶʾˋʶˌ ˍʶ˔˄ʽˁʷˌΣ ˁʰʽ ˉʰˊʰˍʾʻʶ˄ˍʰʽ ˁʱˉˇʽʶˌ ˉˊˇˍʱˋʶʽˌ ʴʽʰ ˃ʶ˂˂ˇ˄ˍʽˁʺ ʷˊʶˎ˄ʰ ˁʰʽ ʶˊʴʰˋʾʰΦ  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

ɳʇʋɮʄɹʅʆɹɳʅ 

ʅˍˇ ˉ˂ʰʾˋʽˇ ˍʹˌ ˉʰˊˇˏˋʰˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌΣ ʻʷ˂˖ ˄ʰ ʶˁ˒ˊʱˋ˖ ˍʹˌ ʻʶˊ˃ʷˌ ˃ˇˎ ʶˎ˔ʰˊʽˋˍʾʶˌ 

ˋˍˇ˄ ʶˉʽʲ˂ʷˉˇ˄ˍʰ ˁʰʻʹʴʹˍʺ ˁΦ ʁʽˁˇ˄ˇ˃ʱˁˇ ɱʶ˗ˊʴʽˇ ʴʽʰ ˍʹ˄ ʶˎˁʰʽˊʾʰ ˉˇˎ ˃ˇˎ ʷʵ˖ˋʶ ˄ʰ ʰˋ˔ˇ˂ʹʻ˗ ˃ʶ 

ʷ˄ʰ ˍˈˋˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ ˁʰʽ ˉˊ˖ˍˈˍˎˉˇ ʻʷ˃ʰΦ ʆˇ˄ ʶˎ˔ʰˊʽˋˍ˗ ʴʽʰ ˍʹ˄ ʷ˃ˉˊʰˁˍʹ ʶ˃ˉʽˋˍˇˋˏ˄ʹ ˉˇˎ ʷʵʶʽ˅ʶ 

ˋˍˇ ˉˊˈˋ˖ˉˈ ˃ˇˎΣ ˍʹ˄ ˉʱ˄ˍʰ ˉˊˈʻˎ˃ʹ ˁʰʽ ʷʴˁʰʽˊʹ ʲˇʺʻʶʽʱ ˍˇˎ ʰ˂˂ʱ ˁʰʽ ˍʹ˄ ʱˊʽˋˍʹ ˋˎ˄ʶˊʴʰˋʾʰ ˃ʰˌΦ 

ɳˉʾˋʹˌ ʻʷ˂˖ ˄ʰ ʶˎ˔ʰˊʽˋˍʺˋ˖ ʽʵʽʰʽˍʷˊ˖ˌ ˍʹ˄ ˇʽˁˇʴʷ˄ʶʽʱ ˃ˇˎ ˁʰʽ ˍˇ ˒ʽ˂ʽˁˈ ˃ˇˎ ˉʶˊʽʲʱ˂˂ˇ˄Σ ˁʰʻ˗ˌ 

ˋˍʱʻʹˁʰ˄ ʵʾˉ˂ʰ ˃ˇˎΣ ˃ʶ ˋˍʺˊʽ˅ʰ˄Σ ˁʰʽ ˋˎ˄ʷʲʰ˂ʰ˄ ˍʰ ˃ʷʴʽˋˍʰ ˍˈˋˇ ˋˍʹ˄ ˇ˂ˇˁ˂ʺˊ˖ˋʹ ˍʹˌ ʶˊʴʰˋʾʰˌ 

ˈˋˇ ˁʰʽ ˁʰʻΩ ˈ˂ʹ ˍʹ ʵʽʱˊˁʶʽʰ ˍ˖˄ ˋˉˇˎʵ˗˄ ˃ˇˎΦ  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

ʃɳʄɹɳʋʁɾɳɿɮ 

ɼɳʊɮɽɮɹʁ 1ˇ: 

ɰɮʅɹɼɳʅ ɱɿʍʅɳɹʅ ɼɮɹ ɲɹɮɲɹɼɮʅɹɮ ʅʋɳɲɹɮʅɶʅ ʅɳ FPGA 

1.1 ɳʽˋʰʴ˖ʴʺΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ23 

мΦн ʃʶˊʽʴˊʰ˒ʺ ˍ˖˄ FPGAΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ23 

1.3 ʃ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ˁʰʽ ˃ʶʽˇ˄ʶˁˍʺ˃ʰˍʰ ˍ˖˄ FPGAΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ..26 

1.3.1 ʃ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ˍ˖˄ FPGAΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧн6 

мΦоΦн ɾʶʽˇ˄ʶˁˍʺ˃ʰˍʰ ˍ˖˄ FPGAΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦн7 

1.4 ʄˇʺ ʅ˔ʶʵʽʰˋ˃ˇˏ FPGAΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΧн8 

1.4Φм ɳʾˋˇʵˇˌ ʅ˔ʶʵʾʰˋʹˌΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧн9 

1.4.н ʃˊˇˋˇ˃ˇʾ˖ˋʹ ʅˎ˃ˉʶˊʽ˒ˇˊʱˌΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ..29 

1.4Φо ʅˏ˄ʻʶˋʹ ʅ˔ʶʵʽʱˋʹˌΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ..29  

1.4Φп ʇ˂ˇˉˇʾʹˋʹ ʅ˔ʶʵʾʰˋʹˌΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ.29 

1.4Φр ʃˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈˌ ˍʹˌ Xilinx ̀ ˎˋˁʶˎʺˌόFPGA)ΧΧΧΧΧΧΧΧΧΧΧΧΧΧ.30 

1.4.6 ʄˏʻ˃ʽˋʹ ˋˎˋˁʶˎʺˌ ̀ ˍˈ˔ˇˎΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ.30 

1.4Φт ɮ˄ˍʽˋˍˇʾ˔ʽˋʹ ʰˁˊˇʵʶˁˍ˗˄ FPGA ˃ ʶ ˋʺ˃ʰˍʰ ʶʽˋˈʵˇˎ ʶ˅ˈʵˇˎΧΧΧΧΧΧ32 

1.5 ʆʰ FPGA ̀ ˍʰ ʹ˂ʶˁˍˊˇ˄ʽˁʱ ʽˋ˔ˏˇˌΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ32 

мΦрΦм ʆʰ DSP ̀ ˍʰ ʹ˂ʶˁˍˊˇ˄ʽˁʱ ʽˋ˔ˏˇˌΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ..32 

1.5.2 FPGA ̫ ˄ʰ˄ˍʽ DSP ̀ ˍʰ ʹ˂ʶˁˍˊˇ˄ʽˁʱ ʽˋ˔ˏˇˌΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ33 

1.6 ɶ ʴ˂˗ˋˋʰ ˉʶˊʽʴˊʰ˒ʺˌ ˎ˂ʽˁˇˏ VHDLΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ.35 

мΦсΦм ʃ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ˍʹˌ VHDLΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ36 

мΦсΦн ɾʶʽˇ˄ʶˁˍʺ˃ʰˍʰ ˍʹˌ VHDLΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ36 



 
 

ɼɳʊɮɽɮɹʁ 2ˇ: 

ʇɽʁʃʁɹɶʅɶ ɼɮɹ ɮʃʁʆɳɽɳʅɾɮʆɮ ʆɶʅ PWM ʆɳʋɿɹɼɶʅ 

нΦм ɳʽˋʰʴ˖ʴʺΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ37 

2.2 ʌʹ˒ʽʰˁʷˌ ˍʶ˔˄ʽˁʷˌ PWM ̄ ʰˊʰʴ˖ʴʺˌΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ..37 

2.3 ʇ˕ʹ˂ʺˌ ˋˎ˔˄ˈˍʹˍʰˌ t²a ʴʶ˄˄ʺˍˊʽʰ ̡ ʰ̀ ʽˋ˃ʷ˄ʹ ̀ ʶ ˃ʶˍˊʹˍʺΧΧΧΧΧΧΧΧ38 

нΦоΦм ɮˊ˔ʽˍʶˁˍˇ˄ʽˁʺ ˋ˔ʶʵʾʰˋʹˌΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ.39 

2.3.2 VHDL ˁ ˗ʵʽˁʰˌ ʰˊ˔ʽˍʶˁˍˇ˄ʽˁʺˌΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ.39 

нΦоΦо ʃˊˇˋˇ˃ˇʾ˖ˋʹ ˋˍˇ ModelsimΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ41 

2.3.4 RTL Schematic ̀ ˍˇ Xilinx ISE ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ.42 

2.3.5 ɮ˄ ʰ˒ˇˊʱ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʹˌ ˋˎˋˁʶˎʺˌΧΦΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧп3 

2.4 ʃʶʽˊʰ˃ʰˍʽˁʺ ʵʽʰʵʽˁʰˋʾʰΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ44 

 

ɼɳʊɮɽɮɹʁ 3ˇ: 

ʇɽʁʃʁɹɶʅɶ ɼɮɹ ɮʃʁʆɳɽɳʅɾɮʆɮ ʆɶʅ SPWM ʆɳʋɿɹɼɶʅ 

оΦм ɳʽˋʰʴ˖ʴʺΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ47 

3.2 ʃˊˇˋˇ˃ˇʾ˖ˋʹ ˍʹˌ SPWM ̱ ʶ˔˄ʽˁʺˌ ˃ʶ ˍˇ PSimΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ.48 

оΦо ʌʹ˒ʽʰˁʺ ˎ˂ˇˉˇʾʹˋʹ ˍʹˌ SPWM ̱ ʶ˔˄ʽˁʺˌΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ.50 

3.4 SPWM ̱ ʶ˔˄ʽˁʺ ˃ʶ ˔ˊʺˋʹ ˃˄ʺ˃ʹˌ ROMΧΦΦΧΧ.ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧс1 

3.4.1 ʃʰˊʰʴ˖ʴʺ ɲʶʽʴ˃ʱˍ˖˄ ɶ˃ʽˍˈ˄ˇˎΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ61 

3.4.2 ʃʰˊʰʴ˖ʴʺ ʃʰ˂˃˗˄ ɲʽʰˁˇˉˍ˗˄ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ67 

3.4.3 ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˋ˔ʶʵʾʰˋʹˌΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ..70 

оΦпΦп ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉʶʽˊʰ˃ʰˍʽˁʺˌ ʵʽʰʵʽˁʰˋʾʰˌΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦ74 



  

3.5 SPWM ̱ ʶ˔˄ʽˁʺ ˃ʶ ʵˎ˄ʰ˃ʽˁˈ ˎˉˇ˂ˇʴʽˋ˃ˈ ʵʶʽʴ˃ʱˍ˖˄ΧΧΧΧΧΧΧΧΧΧΧΧΧ82 

оΦрΦм ʅˏˋˍʹ˃ʰ Xilinx Core GeneratorΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ83 

3.5.2 ɮ˄ʱ˂ˎˋʹ VHDL ˁ ˗ʵʽˁʰ ˋ˔ʶʵʾʰˋʹˌΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ83 

3ΦрΦо ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ̀ ˔ʶʵʾʰˋʹˌΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ..88 

оΦрΦп ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉʶʽˊʰ˃ʰˍʽˁʺˌ ʵʽʰʵʽˁʰˋʾʰˌΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ..93 

оΦс ʅˏʴˁˊʽˋʹ ˍ˖˄ ʵˏˇ SPWM ̱ ʶ˔˄ʽˁ˗˄ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ96 

 

ɼɳʊɮɽɮɹʁ 4ˇ: 

ʇɽʁʃʁɹɶʅɶ ɼɮɹ ɮʃʁʆɳɽɳʅɾɮʆɮ ʆɶʅ ʃɮʄɮɾɳʆʄɹɼɶʅ, ʃʁɽʇʊɮʅɹɼɶʅ ɼɮɹ 

ʃʁɽʇɳʃɹʃɳɲɶʅ SVPWM ʆɳʋɿɹɼɶʅ 

4.1 ɳʽˋʰʴ˖ʴʺΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ99 

пΦн ɶ ˍʶ˔˄ʽˁʺ SVPWMΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ100 

4.3 ʇ˂ˇˉˇʾʹˋʹ ʰ˂ʴˇˊʾʻ˃ˇˎΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ102 

4.3Φм ʃʰˊʰ˃ʶˍˊʽˁʺ ˋ˔ʶʵʾʰˋʹΣ ʰ˄ʶ˅ʱˊˍʹˍʹ ˍʶ˔˄ˇ˂ˇʴʾʰˌΧΧΧΧΧΧΧΧΧΧΧ..105 

4.3.2 ɮˉˇˋˏ˄ʻʶˋʹ ˁʰ˄ˇ˄ʽˁˇˉˇʽʹ˃ʷ˄ˇˎ ˋʺ˃ʰˍˇˌ ʰ˄ʰ˒ˇˊʱˌΧΧΧΧΧΧΧΧΧм09 

4.3.3 ʆʰ˅ʽ˄ˈ˃ʹˋʹ ˁ˂ʰˋ˃ʰˍʽˁˇˏ ˃ʷˊˇˎˌ ʰ˄ʰ˒ˇˊʱˌΧΧΧΧΧΦΧΧΧΧΧΧΧΧΧм12 

4.3.4 ʇˉˇ˂ˇʴʽˋ˃ˈˌ ˉʾ˄ʰˁʰ DΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧм16 

4.3.5 ɳ˅ʰʴ˖ʴʺ ˃ʶˍʰˍˇˉʽˋ˃ʷ˄˖˄ ʵʽʰ˄ˎˋ˃ʱˍ˖˄ ˃ʶˍʰʴ˖ʴʺˌΧΧΧΧΧΧΦΦΧΧΧм22 

4.3.6 ʇˉˇ˂ˇʴʽˋ˃ˈˌ ˔ˊˈ˄˖˄ ˃ ʶˍʰʴ˖ʴʺˌΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧм25 

4.3.7 ʇˉˇ˂ˇʴʽˋ˃ˈˌ ʵʽʰ˄ˎˋ˃ʱˍ˖˄ ˃ʶˍʰʴ˖ʴʺˌΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦ127 

4.4 ʃˊˇˋˇ˃ˇʾ˖ˋʹ ˁʰʽ ˉʁ ʽˊʰ˃ʰˍʽˁʺ ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ ʵʽ˒ʰˋʽˁʺˌ SVPWM 

ˍʶ˔˄ʽˁʺˌΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ133 



 
 

пΦпΦм ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ̀ ˔ʶʵʾʰˋʹˌΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧм33 

4.4.2 ɮ˄ʰ˒ˇˊʱ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʹˌ ˋˎˋˁʶˎʺˌΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦм36 

4.4.3 ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉʶʽˊʰ˃ʰˍʽˁʺˌ ʵʽʰʵʽˁʰˋʾʰˌΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧм38 

4.5 ʇ˂ˇˉˇʾʹˋʹ ˍʹˌ SVPWM ˃ ʶ ˍˇ Matlab SimulinkΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦм40 

ɼɳʊɮɽɮɹʁ 5ˇ: 

ʅʇɿʁʌɶΣ ʅʇɾʃɳʄɮʅɾɮʆɮ ɼɮɹ ɾɳɽɽʁɿʆɹɼɶ ɳʄɱɮʅɹɮ 

рΦм ʅˏ˄ˇ˕ʹ ˁʰʽ ˋˎ˃ˉʶˊʰˋ˃ʰˍʰΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦ142 

рΦн ɾʶ˂˂ˇ˄ˍʽˁʺ ʶˊʴʰˋʾʰΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ..144 

ʃʰˊʱˊˍʹ˃ʰΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ.145 
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ʃɳʄɹɳʋʁɾɳɿɮ ʅʋɶɾɮʆʍɿ 

ʅ˔ʺ˃ʰ мΦмΥ ɮˊ˔ʽˍʶˁˍˇ˄ʽˁʺ FPGAΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ23 

ʅ˔ʺ˃ʰ мΦнΥ ɳˋ˖ˍʶˊʽˁʺ ɮˊ˔ʽˍʶˁˍˇ˄ʽˁʺ FPGAΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ24 

ʅ˔ʺ˃ʰ мΦоΥ ɲʽʱʴˊʰ˃˃ʰ ɳˎʶ˂ʽ˅ʾʰˌ ς ɮˉˈʵˇˋʹˌΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦ25 

ʅ˔ʺ˃ʰ мΦп: ʄˇʺ ʅ˔ʶʵʾʰˋʹˌ FPGAΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ28 

ʅ˔ʺ˃ʰ 1.5: ʃ˂ʰˁʷˍʰ SPARTAN-3E Starter Kit (FPGAύΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ31 

ʅ˔ʺ˃ʰ 1.6: ʃ˂ʰˁʷˍʰ SPARTAN6  XC6SLX16 FPGAΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ31 

ʅ˔ʺ˃ʰ мΦтΥ ɾˉ˂ˇˁ ɲʽʱʴˊʰ˃˃ʰ ʶ˄ˈˌ ˍˎˉʽˁˇˏ DSPΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ..33 

ʅ˔ʺ˃ʰ мΦуΥ ʅˏʴˁˊʽˋʹ ʰˉˇʵˈˋʶ˖˄ ˍˇˎ Spartan 6 FPGA ˃ ʶ ʷ˄ʰ ʵʽˉˏˊʹ˄ˇ ʶˉʶ˅ʶˊʴʰˋˍʺΧΧΧΧ..34 

------------------------------------------------------------------------------------------------------------------------------ 

ʅ˔ʺ˃ʰ нΦмΥ ɱʶ˄ʽˁˈ ɾˉ˂ˇˁ ɲʽʱʴˊʰ˃˃ʰ ʌʹ˒ʽʰˁˇˏ ɳ˂ʷʴ˔ˇˎ ɾʶˍʰˍˊˇˉʷʰΧΧΧΧΧΧΧΧΧΧΧ....38 

ʅ˔ʺ˃ʰ нΦнΥ ɮˊ˔ʽˍʶˁˍˇ˄ʽˁʺ ˍʹˌ PWM ɱʶ˄˄ʺˍˊʽʰˌΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ.39 

ʅ˔ʺ˃ʰ нΦоΥ ʅʺ˃ʰˍʰ PWM ʅ˔ʶʵʾʰˋʹˌΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ..41 

ʅ˔ʺ˃ʰ 2.4: ɱʽʰ DUTY CYCLE = 001000000 =>  DUTY CYCLE = 25%..............................................41 

ʅ˔ʺ˃ʰ 2.5: ɱʽʰ DUTY CYCLE = 010000000 =>  DUTY CYCLE = 50%..............................................42 

ʅ˔ʺ˃ʰ 2.6: ɱʽʰ DUTY CYCLE = 011000000 =>  DUTY CYCLE = 75%..............................................42 

ʅ˔ʺ˃ʰ нΦтΥ RTL ̀ ˔ʹ˃ʰˍʽˁʺ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ʰˊ˔ʽˍʶˁˍˇ˄ʽˁʺˌΧΧΧΧΧΧΧ..ΧΧΧΧΧΧΧΧΧΧΧΧ..43 

ʅ˔ʺ˃ʰ нΦ8: ʇ˂ˇˉˇʾʹˋʹ ʰˊ˔ʽˍʶˁˍˇ˄ʽˁʺˌ ˋˍˇ FPGA Spartan 3E ˁʰʽ ʰˉʶʽˁˈ˄ʽˋʹ ˋˍˇ˄ 

ˉʰ˂˃ˇʴˊʱ˒ˇΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ44 

ʅ˔ʺ˃ʰ нΦ9: ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉʶʽˊʰ˃ʰˍʽˁʺˌ ʵʽʰʵʽˁʰˋʾʰˌ ʴʽʰ duty cycle 50%................................45 

ʅ˔ʺ˃ʰ нΦ10: ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉʶʽˊʰ˃ʰˍʽˁʺˌ ʵʽʰʵʽˁʰˋʾʰˌ ʴʽʰ duty cycle 75%..............................46 

------------------------------------------------------------------------------------------------------------------------------ 

ʅ˔ʺ˃ʰ оΦмΥ ɾˇ˄ˇ˒ʰˋʽˁˈˌ ʰ˄ʰˋˍˊˇ˒ʷʰˌ ˉ˂ʺˊˇˎˌ ʴʷ˒ˎˊʰˌ ˃ʶ ˉʹʴʺ ˍʱˋʹˌ ˎ˂ˇˉˇʽʹ˃ʷ˄ˇˌ ˃ʶ 

ʹ˃ʽʰʴ˖ʴʽˁˇˏˌ ʵʽʰˁˈˉˍʶˌ ˍˏˉˇˎ IGBTsΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ47 



 
 

ʅ˔ʺ˃ʰ оΦнΥ ɼˎˁ˂˖˃ʰˍʽˁˈ ʽˋˇʵˏ˄ʰ˃ˇ ˍʹˌ ˍʶ˔˄ʽˁʺˌ SPWM ˃ʶ ˍˇ ʶˊʴʰ˂ʶʾˇ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ 

PSimΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ48 

ʅ˔ʺ˃ʰ оΦоΥ ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˍˇˎ ˁˎˁ˂˗˃ʰˍˇˌ ˍʹˌ SPWM ˍʶ˔˄ʽˁʺˌ ˃ʶ ˍˇ ʶˊʴʰ˂ʶʾˇ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ PsimΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ49 

ʅ˔ʺ˃ʰ оΦпΥ ʌʹ˒ʽʰˁʺ ˎ˂ˇˉˇʾʹˋʹ ˍˇˎ ˍˊʽʴ˖˄ʽˁˇˏ ˉʰ˂˃ˇˏΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ55 

ʅ˔ʺ˃ʰ оΦрΥ ɲʹ˃ʽˇˎˊʴʾʰ ʲˊʰ˔ˎˁˎˁ˂˗˃ʰˍˇˌ ʶ˅Ω ʰʽˍʾʰˌ ˍʹˌ ˃ʹ ʽʵʰ˄ʽˁʺˌ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ ˍ˖˄ 

ʹ˃ʽʰʴ˖ʴʽˁ˗˄ ʵʽʰˁˇˉˍ˗˄ ˈˍʰ˄ ˍʾʻʶ˄ˍʰʽ ˋʶ ʰʴ˖ʴʺ ʺ ʰˉˇˁˇˉʺΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦ57 

ʅ˔ʺ˃ʰ оΦсΥ ɰˊʰ˔ˎˁˏˁ˂˖˃ʰ ˂ˈʴ˖ ʶʽˋʰʴ˖ʴʺˌ ˍˇˎ ΨΩ˄ʶˁˊˇˏΩΩ ˔ˊˇ˄ʽˁˇˏ ʵʽʰˋˍʺ˃ʰˍˇˌ ˋˍˇ˄ 

ʵʽʰˁˈˉˍʹ ˉˇˎ ˃ʶˍʰʲʰʾ˄ʶʽ ʰˉˈ ʰʴ˖ʴʺ ˋʶ ʰˉˇˁˇˉʺΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ..57 

ʅ˔ʺ˃ʰ оΦтΥ ɾˇ˄ˇ˒ʰˋʽˁˈˌ ʰ˄ʰˋˍˊˇ˒ʷʰˌ ˉ˂ʺˊˇˎˌ ʴʷ˒ˎˊʰˌ ˃ʶ ˉʹʴʺ ˍʱˋʹˌ ˎ˂ˇˉˇʽʹ˃ʷ˄ˇˌ ˃ʶ 

ʹ˃ʽʰʴ˖ʴʽˁˇˏˌ ʵʽʰˁˈˉˍʶˌ ˍˏˉˇˎ IGBTsΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ58 

ʅ˔ʺ˃ʰ оΦуΥ ʆʽ˃ʷˌ ɮˊ˔ʽˁ˗˄ ɲʶʽʴ˃ʱˍ˖˄ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ65 

ʅ˔ʺ˃ʰ оΦфΥ ʆʽ˃ʺ ɶ˃ʽˍˈ˄ˇˎ рллˇˎ ɲʶʾʴ˃ʰˍˇˌΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ66 

ʅ˔ʺ˃ʰ оΦмлΥ ʆʽ˃ʷˌ ʆʶ˂ʶˎˍʰʾ˖˄ ɲʶʽʴ˃ʱˍ˖˄ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ..66   

ʅ˔ʺ˃ʰ оΦммΥ ʃʰ˂˃ˇʾ ʵʽʰˁˇˉˍ˗˄ ˋˍʹ˄ ʰˊ˔ʺ ˍʹˌ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˉʶˊʽˈʵˇˎ ˃ʶ ˍˇ ʶˊʴʰ˂ʶʾˇ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ModelsimΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ70 

ʅ˔ʺ˃ʰ оΦмнΥ ʃʰ˂˃ˇʾ ˍ˖˄ ʵʽʰˁˇˉˍ˗˄ ˋˍʹ˄ ʰˊ˔ʺ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˉʶˊʽˈʵˇˎ ˃ʶ ˍˇ ʶˊʴʰ˂ʶʾˇ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ PSimΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ71 

ʅ˔ʺ˃ʰ оΦмоΥ ʃʰ˂˃ˇʾ ʵʽʰˁˇˉˍ˗˄ ʴʽʰ ˍˇ ʆκп ˍʹˌ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˉʶˊʽˈʵˇˎ ˃ʶ ˍˇ ʶˊʴʰ˂ʶʾˇ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ModelsimΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ71 

ʅ˔ʺ˃ʰ оΦмпΥ ʃʰ˂˃ˇʾ ʵʽʰˁˇˉˍ˗˄ ʴʽʰ ˍˇ ʆκн ˍʹˌ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˉʶˊʽˈʵˇˎ ˃ʶ ˍˇ ʶˊʴʰ˂ʶʾˇ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ModelsimΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ72 

ʅ˔ʺ˃ʰ оΦмрΥ ʃʰ˂˃ˇʾ ʵʽʰˁˇˉˍ˗˄ ʴʽʰ ˍˇ оʆκп ˍʹˌ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˉʶˊʽˈʵˇˎ ˃ʶ ˍˇ ʶˊʴʰ˂ʶʾˇ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ModelsimΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ73 

ʅ˔ʺ˃ʰ оΦмсΥ ʃʰ˂˃ˇʾ ʵʽʰˁˇˉˍ˗˄ ʴʽʰ ˍˇ ˍʷ˂ˇˌ ˍʹˌ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˉʶˊʽˈʵˇˎ ˃ʶ ˍˇ ʶˊʴʰ˂ʶʾˇ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ModelsimΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ73 

ʅ˔ʺ˃ʰ оΦмтΥ ΨΩɿʶˁˊˈΩΩ ʋˊˇ˄ʽˁˈ ɲʽʱˋˍʹ˃ʰΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ74 

ʅ˔ʺ˃ʰ оΦмуΥ ʇ˂ˇˉˇʾʹˋʹ ʰˊ˔ʽˍʶˁˍˇ˄ʽˁʺˌ ˋˍˇ FPGA Spartan 6 XC6LX16-CSонп ˁʰʽ ʰˉʶʽˁˈ˄ʽˋʹ 

ˋˍˇ˄ ˉʰ˂˃ˇʴˊʱ˒ˇ ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ75 



  

ʅ˔ʺ˃ʰ оΦмфΥ ɮˉʶʽˁˈ˄ʽˋʹ ˋˍˇ˄ ˉʰ˂˃ˇʴˊʱ˒ˇ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʴʽʰ ˍˇˎˌ ˉʰ˂˃ˇˏˌ ˇʵʺʴʹˋʹˌ 
ˍ˖˄ ʵʽʰˁˇˉˍ˗˄ ʴʽʰ ʶ˄ʶˊʴˇˉˇʽʹ˃ʷ˄ˇ ˍˇ resetΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ77 
 
ʅ˔ʺ˃ʰ оΦнлΥ ɮˉʶʽˁˈ˄ʽˋʹ ˋˍˇ˄ ˉʰ˂˃ˇʴˊʱ˒ˇ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʴʽʰ ˍˇˎˌ ˉʰ˂˃ˇˏˌ ˇʵʺʴʹˋʹˌ 
ˍ˖˄ ʵʽʰˁˇˉˍ˗˄ ʴʽʰ ʰˉʶ˄ʶˊʴˇˉˇʽʹ˃ʷ˄ˇ ˍˇ resetΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ78 
 
ʅ˔ʺ˃ʰ оΦнмΥ ɮˉʶʽˁˈ˄ʽˋʹ ˋˍˇ˄ ˉʰ˂˃ˇʴˊʱ˒ˇ ˍˇˎ ˋˎ˃ˉ˂ʹˊ˖˃ʰˍʽˁˇˏ ʸʶˏʴˇˎˌ ˉʰ˂˃˗˄ S1,Sн ˍʹˌ 
SPWM ̱ ʶ˔˄ʽˁʺˌ ˃ʶ ˔ˊʺˋʹ ROM ɹ ʽʰ ʶˏˊˇˌ ˉʰ˂˃˗˄ ˉʶˊʾˉˇˎ рл҈..............................................79 
  
ʅ˔ʺ˃ʰ оΦннΥ ɮˉʶʽˁˈ˄ʽˋʹ ˋˍˇ˄ ˉʰ˂˃ˇʴˊʱ˒ˇ ˍˇˎ ˋˎ˃ˉ˂ʹˊ˖˃ʰˍʽˁˇˏ ʸʶˏʴˇˎˌ ˉʰ˂˃˗˄ S1,Sн ˍʹˌ 
SPWM ̱ ʶ˔˄ʽˁʺˌ ˃ʶ ˔ˊʺˋʹ ROM ɹ ʽʰ ʶˏˊˇˌ ˉʰ˂˃˗˄ Sм ˉʶˊʾˉˇˎ тр҈ ˁʰʽ S2 25%.......................80 
 
ʅ˔ʺ˃ʰ оΦноΥ ɮˉʶʽˁˈ˄ʽˋʹ ˋˍˇ˄ ˉʰ˂˃ˇʴˊʱ˒ˇˎ ˍˇˎ ˋˎ˃ˉ˂ʹˊ˖˃ʰˍʽˁˇˏ ʸʶˏʴˇˎˌ ˉʰ˂˃˗˄ S3-S4 
ˍʹˌ SPWM ̱ ʶ˔˄ʽˁʺˌ ˃ʶ ˔ˊʺˋʹ ROMΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦ81 
 
ʅ˔ʺ˃ʰ оΦнпΥ ɮˉʶʽˁˈ˄ʽˋʹ ˋˍˇ˄ ˉʰ˂˃ˇʴˊʱ˒ˇ ˍˇˎ ˋˎ˃ˉ˂ʹˊ˖˃ʰˍʽˁˇˏ ʸʶˏʴˇˎˌ ˉʰ˂˃˗˄ S1,Sн ˍʹˌ 
SPWM ̱ ʶ˔˄ʽˁʺˌ ˃ʶ ˔ˊʺˋʹ ROM ɹ ʽʰ ʶˏˊˇˌ ˉʰ˂˃˗˄ Sо ˉʶˊʾˉˇˎ нр҈ ˁʰʽ S2 75%.......................82 

ʅ˔̋˃ʰ оΦнр: 1ʹ ʃʶˊʾˇʵˇˌ ɽʶʽˍˇˎˊʴʾʰˌΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ...89 

ʅ˔ʺ˃ʰ оΦнс: 2ʹ ʃʶˊʾˇʵˇˌ ˂ʶʽˍˇˎˊʴʾʰˌΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ89 

ʅ˔ʺ˃ʰ оΦнт: ʃʰ˂˃ˇʾ ʵʽʰˁˇˉˍ˗˄ ˋˍʹ˄ ʰˊ˔ʺ ˍʹˌ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˉʶˊʽˈʵˇˎ ˃ʶ ˍˇ ʶˊʴʰ˂ʶʾˇ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ModelsimΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ.ΧΧΧ..90 

ʅ˔ʺ˃ʰ оΦну: ʃʰ˂˃ˇʾ ʵʽʰˁˇˉˍ˗˄ ʴʽʰ ˍˇ ʆκп ˍʹˌ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˉʶˊʽˈʵˇˎ ˃ʶ ˍˇ ʶˊʴʰ˂ʶʾˇ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ModelsimΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ91 

ʅ˔ʺ˃ʰ оΦнф: ʃʰ˂˃ˇʾ ʵʽʰˁˇˉˍ˗˄ ʴʽʰ ˍˇ ʆκн ˍʹˌ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˉʶˊʽˈʵˇˎ ˃ʶ ˍˇ ʶˊʴʰ˂ʶʾˇ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ModelsimΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ91 

ʅ˔ʺ˃ʰ оΦол: ʃʰ˂˃ˇʾ ʵʽʰˁˇˉˍ˗˄ ʴʽʰ ˍˇ оʆκп ˍʹˌ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˉʶˊʽˈʵˇˎ ˃ʶ ˍˇ ʶˊʴʰ˂ʶʾˇ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ModelsimΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ92 

ʅ˔ʺ˃ʰ оΦом: ʃʰ˂˃ˇʾ ʵʽʰˁˇˉˍ˗˄ ʴʽʰ ˍˇ ˍʷ˂ˇˌ ˍʹˌ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˉʶˊʽˈʵˇˎ ˃ʶ ˍˇ ʶˊʴʰ˂ʶʾˇ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ModelsimΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ92 

ʅ˔ʺ˃ʰ оΦон: ΨΩɿʶˁˊˈΩΩ ʋˊˇ˄ʽˁˈ ɲʽʱˋˍʹ˃ʰΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ.93 

ʅ˔ʺ˃ʰ оΦооΥ ɮˉʶʽˁˈ˄ʽˋʹ ˋˍˇ˄ ˉʰ˂˃ˇʴˊʱ˒ˇ ˍˇˎ ˋˎ˃ˉ˂ʹˊ˖˃ʰˍʽˁˇˏ ʸʶˏʴˇˎˌ ˉʰ˂˃˗˄ S1-Sн ˍʹˌ 

SPWM ̱ ʶ˔˄ʽˁʺˌ ˃ʶ ʵˎ˄ʰ˃ʽˁˈ ˎˉˇ˂ˇʴʽˋ˃ˈ ʵʶʽʴ˃ʱˍ˖˄ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ95 

ʅ˔ʺ˃ʰ оΦопΥ ɮˉʶʽˁˈ˄ʽˋʹ ˋˍˇ˄ ˉʰ˂˃ˇʴˊʱ˒ˇ ˍˇˎ ˋˎ˃ˉ˂ʹˊ˖˃ʰˍʽˁˇˏ ʸʶˏʴˇˎˌ ˉʰ˂˃˗˄ S3-Sп ˍʹˌ 

SPWM ̱ ʶ˔˄ʽˁʺˌ ˃ʶ ʵˎ˄ʰ˃ʽˁˈ ˎˉˇ˂ˇʴʽˋ˃ˈ ʵʶʽʴ˃ʱˍ˖˄ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ96 



 
 

------------------------------------------------------------------------------------------------------------------------------ 

ʅ˔ʺ˃ʰ пΦмΥ ʆˊʽ˒ʰˋʽˁˈˌ ʰ˄ʰˋˍˊˇ˒ʷʰˌ ˃ʶ ˉʹʴʺ ˍʱˋʹˌ ˁʰʽ IGBTs ́ ˃ʽʴ˖ʴʽˁˇˏˌ ʵʽʰˁˈˉˍʶˌΧΧΦΦ101 

ʅ˔ʺ˃ʰ пΦнΥ ɾʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈˌ ʰˉˈ ˍˇ abc ̀ ˍˇ dq ̀ ˏˋˍʹ˃ʰ ˋˎ˄ˍʶˍʰʴ˃ʷ˄˖˄ΧΧΧΧΧΧΧΧΧ..102  

ʅ˔ʺ˃ʰ пΦоΥ ʋ˖ˊʽˁʱ ʵʽʰ˄ˏˋ˃ʰˍʰ ˒ʰˋʽˁ˗˄ ˍʱˋʶ˖˄ ˒ˇˊˍʾˇˎ ˍˇˎ ʰ˄ʰˋˍˊˇ˒ʷʰ ʵˏˇ ʶˉʽˉʷʵ˖˄ ˋˍˇ 

ʶˉʾˉʶʵˇ d-qΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ102   

ʅ˔ʺ˃ʰ пΦпΥ ɾˉ˂ˇˁ ʵʽʱʴˊʰ˃˃ʰ ˍʹˌ ˉˇ˂ˎ˒ʰˋʽˁʺˌ ˉˇ˂ˎʶˉʾˉʶʵʹˌ SVPWM. (a) ʃˇ˂ˎ˒ʰˋʽˁʺ 

ˉˇ˂ˎʶˉʾˉʶʵʹ SVPWM ʲʰˋʽˋ˃ʷ˄ʹ ˋʶ ˃ʾʰ ʵˏˇ ʶˉʽˉʷʵ˖˄ SVPWM. (b) ɾˉ˂ˇˁ ʵʽʱʴˊʰ˃˃ʰ ˍʹˌ 

ʵˏˇ ʶˉʽˉʷʵ˖˄ ˉˇ˂ˎ˒ʰˋʽˁʺˌ SVPWM.......................................................................................105  

ʅ˔ʺ˃ʰ пΦрΥ ɲʽʱʴˊʰ˃˃ʰ ˊˇʺˌ ˍʹˌ ˉˇ˂ˎ˒ʰˋʽˁʺˌ ˉˇ˂ˎʶˉʾˉʶʵʹˌ SVPWM ˃ ˇ˄ʱʵʰˌΧΧΧΧΧΧΧм08 

ʅ˔ʺ˃ʰ пΦсΥ ʃʰˊʱʵʶʽʴ˃ʰ ɮˉˇˋˏ˄ʻʶˋʹˌ ˋˍˇ˄ ɲʽˋʵʽʱˋˍʰˍˇ ʋ˗ˊˇΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦ109 

ʅ˔ʺ˃ʰ пΦтΥ ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˁˎˁ˂˗˃ʰˍˇˌ Vr_dec ˃ ʶ ˍˇ ModelsimΧΧΧΧΧΧΧм12 

ʅ˔ʺ˃ʰ пΦуΥ ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˁˎˁ˂˗˃ʰˍˇˌ Vf_sort ˃ ʶ ˍˇ ModelsimΧΧΧΧΧΧΧ115 

ʅ˔ʺ˃ʰ пΦф: ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˁˎˁ˂˗˃ʰˍˇˌ D_calc ˃ ʶ ˍˇ ModelsimΧΧΧΧΧΧΧ.121 

ʅ˔ʺ˃ʰ пΦмлΥ ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˁˎˁ˂˗˃ʰˍˇˌ Vd_extr ˃ ʶ ˍˇ ModelsimΧΧΧΧΧΧ124 

ʅ˔ʺ˃ʰ пΦммΥ ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˁˎˁ˂˗˃ʰˍˇˌ t_calc ˃ ʶ ˍˇ ModelsimΧΧΧΧΧΧΧ127 

ʅ˔ʺ˃ʰ пΦмнΥ ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˁˎˁ˂˗˃ʰˍˇˌ Vs_calc ˃ ʶ ˍˇ ModelsimΧΧΧΧΧΧ129 

ʅ˔ʺ˃ʰ пΦмо: ɴ˄ʰ ˋˁʷ˂ˇˌ ˃ʾʰˌ ˒ʱˋʹˌ ʶ˄ˈˌ ʰ˄ʰˋˍˊˇ˒ʷʰ ˃ʶ ʵʽˈʵˇˎˌ ˉʶˊʽˇˊʽˋ˃ˇˏ m ʶˉʽˉʷʵ˖˄ 

ˍʱˋʹˌόDCMI) ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΧ.131 

ʅ˔ʺ˃ʰ пΦмпΥ ʆˊʽ˒ʰˋʽˁˈˌ ʰ˄ʰˋˍˊˇ˒ʷʰˌ FCMI ̄ ʷ˄ˍʶ ʶˉʽˉʷʵ˖˄ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦ132 

ʅ˔ʺ˃ʰ пΦмрΥ ɼˏˁ˂˖˃ʰ ʽˋ˔ˏˇˌ ˃ʾʰˌ ˒ʱˋʹˌ SDCSMI ʰ˄ʰˋˍˊˇ˒ʷʰ ˉˇˎ ʷ˔ʶʽ ˎ˂ˇˉˇʽʹʻʶʾ ʰˉˈ 

˃ˇ˄ʱʵʶˌ ˃ˇ˄ˇ˒ʰˋʽˁˇˏ ʰ˄ʰˋˍˊˇ˒ʷʰ ˉ˂ʺˊˇˎˌ ʴʷ˒ˎˊʰˌΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ133 

ʅ˔ʺ˃ʰ пΦмсΥ ʃʰ˂˃ˇʾ ʵʽʰˁˇˉˍ˗˄ S1,Sо ˍˇˎ ˃ˇ˄ˇ˒ʰˋʽˁˇˏ ʰ˄ʰˋˍˊˇ˒ʷʰ ˃ʶ ˍʹ˄ ˍʶ˔˄ʽˁʺ SVPWM 

˃ʷˋ˖ ˍˇˎ ʶˊʴʰ˂ʶʾˇˎ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ModelsimΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ135 

ʅ˔ʺ˃ʰ пΦмтΥ ʃʰ˂˃ˇʾ ʵʽʰˁˇˉˍ˗˄ S1,S2,S3,Sп ˍʹˌ ˍʶ˔˄ʽˁʺˌ SVPWM ɹ ʽʰ ˃ˇ˄ˇ˒ʰˋʽˁˈ ʰ˄ʰˋˍˊˇ˒ʷʰ 

˃ʷˋ˖ ˍˇˎ ʶˊʴʰ˂ʶʾˇˎ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧм36 

ʅ˔ʺ˃ʰ пΦмуΥ ɮˉʶʽˁˈ˄ʽˋʹ ˋˍˇ˄ ˉʰ˂˃ˇʴˊʱ˒ˇ ˍˇˎ ˋˎ˃ˉ˂ʹˊ˖˃ʰˍʽˁˇˏ ʸʶˏʴˇˎˌ ˉʰ˂˃˗˄ S1-Sн ˍʹˌ 

SVPWM ̱ ʶ˔˄ʽˁʺˌΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ..139 



  

ʅ˔ʺ˃ʰ пΦмфΥ ɮˉʶʽˁˈ˄ʽˋʹ ˋˍˇ˄ ˉʰ˂˃ˇʴˊʱ˒ˇ ˍˇˎ ˋˎ˃ˉ˂ʹˊ˖˃ʰˍʽˁˇˏ ʸʶˏʴˇˎˌ ˉʰ˂˃˗˄ S3-S4 ˍʹˌ 

SVPWM ̱ ʶ˔˄ʽˁʺˌΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ..140 

ʅ˔ʺ˃ʰ пΦнл: ɾˉ˂ˇˁ ɲʽʱʴˊʰ˃˃ʰ ˍʹˌ ʃˇ˂ˎ˒ʰˋʽˁʺˌ ʃˇ˂ˎʶˉʾˉʶʵʹˌ SVPWMΧΧΧΧΧΧΧΧΧΧ.141 

ʅ˔ʺ˃ʰ 4.21: Simulink ˃ ˇ˄ˍʷ˂ˇ ˍʹˌ ˎ˂ˇˉˇʾʹˋʹˌ ˋˍˇ ˎ˂ʽˁˈ ˍˇˎ SVPWM h ˂ʴˇˊʾʻ˃ˇˎΧΧΧΧΧΦ141 

 

ʃɳʄɹɳʋʁɾɳɿɮ ʃɹɿɮɼʍɿ 

ʃʾ˄ʰˁʰˌ мΦмΥ ɰʰʻ˃ˇʾ ʰˉˈʵˇˋʹˌ Spatan6 FPGA / Dual Core DSPΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦо4 

ʃʾ˄ʰˁʰˌ мΦнΥ ɲʽʰ˒ˇˊʷˌ ʰ˄ʱ˃ʶˋʰ ˋˍʰ FPGA ˁ ʰʽ ˋˍʰ DSPΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ..34 

------------------------------------------------------------------------------------------------------------------------------ 

ʃʾ˄ʰˁʰˌ нΦмΥ ʋˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄ˇʽ ˉˈˊˇʽ ˍʹˌ ˋˎˋˁʶˎʺˌ ʴʽʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ˍʹˌ ˎ˕ʹ˂ʺˌ 

ˋˎ˔˄ˈˍʹˍʰˌ PWM ̱ ʶ˔˄ʽˁʺˌΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦп3 

------------------------------------------------------------------------------------------------------------------------------ 

ʃʾ˄ʰˁʰˌ оΦмΥ ʋˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄ˇʽ ˉˈˊˇʽ ˍʹˌ ˋˎˋˁʶˎʺˌ ʴʽʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ˍʹˌ SPWM ˍʶ˔˄ʽˁʺˌ 

˃ʶ ˔ˊʺˋʹ ˃˄ʺ˃ʹˌ ROMΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ..97 

ʃʾ˄ʰˁʰˌ оΦнΥ ʋˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄ˇʽ ˉˈˊˇʽ ˍʹˌ ˋˎˋˁʶˎʺˌ ʴʽʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ˍʹˌ SPWM ˍʶ˔˄ʽˁʺˌ 

˃ʶ ʵˎ˄ʰ˃ʽˁˈ ˎˉˇ˂ˇʴʽˋ˃ˈ ʵʶʽʴ˃ʱˍ˖˄ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΦ..98 

------------------------------------------------------------------------------------------------------------------------------ 

ʃʾ˄ʰˁʰˌ пΦм: ʋˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄ˇʽ ˉˈˊˇʽ ˍʹˌ ˋˎˋˁʶˎʺˌ ʴʽʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ˍʹˌ ʵʽ˒ʰˋʽˁʺˌ 

SVPWM ̱ ʶ˔˄ʽˁʺˌΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦ137 

 

 



 



  

23 
 

ɼɳʊɮɽɮɹʁ мˇ  

ɰɮʅɹɼɳʅ ɱɿʍʅɳɹʅ ɼɮɹ ɲɹɮɲɹɼɮʅɹɮ ʅʋɳɲɹɮʅɶʅ ʅɳ FPGA 

1.1 ɳʽˋʰʴ˖ʴʺ 

ʆ ̌FPGA (Field Programmable Gate Arrayύ Σ ˈˉ˖ˌ ʵʹ˂˗˄ʶʽ ˁʰʽ ˍˇ ˈ˄ˇ˃ʱ ˍˇˎΣ ʶʾ˄ʰʽ ˃ʾʰ ˋʶʽˊʱ ʰˉˈ 

˂ˇʴʽˁʱ ˁˏˍˍʰˊʰ ˁʰʽ ʵʽʰˋˎ˄ʵʷˋʶʽˌΣ ˍʰ ˇˉˇʾʰ ˃ˉˇˊˇˏ˄ ˄ʰ ʶˉʰ˄ʰˉˊˇʴˊʰ˃˃ʰˍʽˋˍˇˏ˄ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʽˌ 

ʰˉʰʽˍʺˋʶʽˌ ˍˇˎ ˔ˊʺˋˍʹΦ ɾˉˇˊˇˏ˃ʶ ˄ʰ ˍˇ ˋ˔ʶʵʽʱˋˇˎ˃ʶ ˁʰʽ ˄ʰ ˁʱ˄ˇˎ˃ʶ ʰ˂˂ʰʴʷˌ ˋʶ ʰˎˍˈ ˈˉˇˍʶ ˁʱˍʽ 

ˍʷˍˇʽˇ ʰˉʰʽˍʶʾˍʰʽΦ ʃʰˊʷ˔ʶʽ ʱ˃ʶˋʹ ˃ʶˍʰˋˍˊˇ˒ʺ ˁʰˍʰˋˁʶˎʺˌ ˁʰʽ ʰ˃ʶ˂ʹˍʷˇ ˁˈˋˍˇˌ ˉˊ˖ˍˇˍˏˉˇˎ ˁʱˍʽ ˍˇ 

ˇˉˇʾˇ ˍˇ ˁʰʻʽˋˍʱ ˁʰˍʱ˂˂ʹ˂ˇ ʴʽʰ ˍˇ˄ ˋ˔ʶʵʽʰˋ˃ˈ ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄˖˄ ˋˎˋˍʹ˃ʱˍ˖˄Φ ʅ˔ʹ˃ʰˍʽˁʱ ʹ ʵˇ˃ʺ ʶ˄ˈˌ 

CtD! ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˉʰˊʰˁʱˍ˖Υ 

 

ʅ˔ʺ˃ʰ мΦмΥ ɮˊ˔ʽˍʶˁˍˇ˄ʽˁʺ FPGA 

 

ʅˍˇ ˁʶ˒ʱ˂ʰʽˇ ʰˎˍˈΣ ʰˋ˔ˇ˂ˇˏ˃ʰˋˍʶ ˃ʶ ˍʹ˄ ˉʶˊʽʴˊʰ˒ʺ ˍ˖˄ ʲʰˋʽˁ˗˄ ˋˎˋˍʰˍʽˁ˗˄ ʶ˄ˈˌ FPGAΣ ˃ʶ ˍʰ 

ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ˁʰʽ ˃ʶʽˇ˄ʶˁˍʺ˃ʰˍʰ ˍʰ ˇˉˇʾʰ ˉʰˊˇˎˋʽʱʸʶʽ ˈˉ˖ˌ ˁʰʽ ˃ʶ ˍʹ˄ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʹ ˍ˖˄ FPGA 

ˋˍʰ ʹ˂ʶˁˍˊˇ˄ʽˁʱ ʽˋ˔ˏˇˌ ˍˇ ˇˉˇʾˇ ˁʰʽ ʰˉˇˍʶ˂ʶʾ ˍˇ ˁˏˊʽˇ ʻʷ˃ʰ ˍʹˌ ˉʰˊˇˏˋʰˌ ʶˊʴʰˋʾʰˌΦ 

мΦн ʃʶˊʽʴˊʰ˒ʺ ˍ˖˄ FPGA 

ɶ ʲʰˋʽˁʺ ʰˊ˔ʽˍʶˁˍˇ˄ʽˁʺ ˍ˖˄ FPGA h ˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˍˊʾʰ ˁˏˊʽʰ ˋˍˇʽ˔ʶʾʰΥ  

1) ʃˊˇʴˊʰ˃˃ʰˍʽʸˈ˃ʶ˄ʰ ˂ˇʴʽˁʱ ˃ˉ˂ˇˁΣ ˍʰ ˇˉˇʾʰ ˎ˂ˇˉˇʽˇˏ˄ ˍʽˌ ˂ ˇʴʽˁʷˌ ˋˎ˄ʰˊˍʺˋʶʽˌΦ 

2) ʃˊˇʴˊʰ˃˃ʰˍʽʸˈ˃ʶ˄ʶˌ ʵʽʰˋˎ˄ʵʷˋʶʽˌ ʴʽʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ʰˎˍ˗˄ ˍ˖˄ ˋˎ˄ʰˊˍʺˋʶ˖˄Φ 

3) ɾˉ˂ˇˁ ʶʽˋˈʵˇˎκʶ˅ˈʵˇˎ ʴʽʰ ˍʹ˄ ˉˊʰʴ˃ʰˍˇˉˇʾʹˋʹ ˋˎ˄ʵʷˋʶ˖˄ ʶˁˍˈˌ ˍˇˎ chip. 
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ɾʾʰ ˉʰˊˇˎˋʾʰˋʹ ˍʹˌ ˍˎˉʽˁʺˌ ʰˊ˔ʽˍʶˁˍˇ˄ʽˁʺˌ ʶ˄ˈˌ FPGA ̄ ʰˊˇˎˋʽʱʸʶˍʰʽ ˉʰˊʰˁʱˍ˖Υ  

 

ʅ˔ʺ˃ʰ мΦн: ɳˋ˖ˍʶˊʽˁʺ ɮˊ˔ʽˍʶˁˍˇ˄ʽˁʺ FPGA 

ʃʰˊʰˁʱˍ˖ ʰ˄ʰ˂ˏˇ˄ˍʰʽ ˍʰ ˍˊʾʰ ˁˏˊʽʰ ˋˍˇʽ˔ʶʾʰ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˋˍʹ˄ ʰˊ˔ʽˍʶˁˍˇ˄ʽˁʺ ˍ˖˄ FPGA ˁʰʽ ˍʰ  

ˇˉˇʾʰ ʰ˄ʰ˒ʷˊʰ˃ʶ ˉʰˊʰˉʱ˄˖Υ 

мύ ʃˊˇʴˊʰ˃˃ʰˍʽʸˈ˃ʶ˄ʰ ɽˇʴʽˁʱ ɾˉ˂ˇˁΥ 

ʁ ˋˁˇˉˈˌ ˍ˖˄ ˉˊˇʴˊʰ˃˃ʰˍʽʸˈ˃ʶ˄˖˄ ʰˎˍ˗˄ ˃ˉ˂ˇˁ ˋʶ ʷ˄ʰ FPGA ʶʾ˄ʰʽ ˄ʰ ˉʰˊʷ˔ˇˎ˄ ˍʰ ʲʰˋʽˁʱ 

ˎˉˇ˂ˇʴʽˋˍʽˁʱ ˁʰʽ ʰˉˇʻʹˁʶˎˍʽˁʱ ˋˍˇʽ˔ʶʾʰ ˍʰ ˇˉˇʾʰ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍʰ ˋˍʰ ˕ʹ˒ʽʰˁʱ ˋˎˋˍʺ˃ʰˍʰΦ ʆʰ 

ʲʰˋʽˁʱ ˂ˇʴʽˁʱ ˋˍˇʽ˔ʶʾʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˁʱˉˇʽˇˎ ʶʾʵˇˎˌ ˉˊˇʴˊʰ˃˃ʰˍʽʸˈ˃ʶ˄ʹˌ ˋˎ˄ʵˎʰˋˍʽˁʺˌ ˂ˇʴʽˁʺˌΣ 

flip-flops ʺ ˃ʰ˄ʵʰ˂˖ˍʷˌ ˁʰʽ ˁʱˉˇʽʰ ʴˊʺʴˇˊʹ ˂ˇʴʽˁʺ ˁˊʰˍˇˎ˃ʷ˄ˇˎ ʴʽʰ ˍʹ˄ ˃ʶʾ˖ˋʹ ˍˇˎ ˁˈˋˍˇˎˌ ˍʹˌ 

ʶˉʽ˒ʱ˄ʶʽʰˌ ʰ˂˂ʱ ˁʰʽ ˍʹˌ ˁʰʻˎˋˍʷˊʹˋʹˌΦ ɳˉʾˋʹˌΣ ʶˁˍˈˌ ʰˉˈ ˍʰ ʲʰˋʽˁʱ ˂ˇʴʽˁʱ ˃ˉ˂ˇˁΣ ˉˇ˂˂ʱ ˋˏʴ̝ ˊˇ˄ʰ 

FPGA ˉʶˊʽʷ˔ˇˎ˄ ʷ˄ʰ ʶˍʶˊˇʴʶ˄ʷˌ ˃ʶʾʴ˃ʰ ʰˉˈ ʵʽʰ˒ˇˊʶˍʽˁʱ ˃ˉ˂ˇˁΣ ˃ʶˊʽˁʱ ʰˉˈ ˍʰ ˇˉˇʾʰ ˃ˉˇˊˇˏ˄ ˄ʰ 

˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ˃ˈ˄ˇ ʴʽʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ ˋˎ˄ʰˊˍʺˋʶʽˌΣ ˈˉ˖ˌ ˃ˉ˂ˇˁ ʰˉˇˁ˂ʶʽˋˍʽˁʱ ʴʽʰ ˃˄ʺ˃ʹ ʰ˂˂ʱ ˁʰʽ  

ˉˇ˂˂ʰˉ˂ʰˋʽʰˋˍʷˌ ʺ ˉˇ˂ˎˉ˂ʷˁˍʶˌΦ ɰʶʲʰʾ˖ˌΣ ˉˊˇˋʰˊ˃ˇʸˈ˃ʶ˄ʹ ˃˄ʺ˃ʹ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˁʰʽ ˃ʷˋʰ ˋˍʰ 

˂ˇʴʽˁʱ ˃ˉ˂ˇˁ ʴʽʰ ˍˇ˄ ʷ˂ʶʴ˔ˇ ˍʹˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ˋˎ˄ʱˊˍʹˋʹˌ ˍˇˎ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇˎ ˃ʷˋʰ ˋˍˇ ˃ˉ˂ˇˁΦ 

 

нύ ʃˊˇʴˊʰ˃˃ʰˍʽʸˈ˃ʶ˄ʶˌ ɲʽʰˋˎ˄ʵʷˋʶʽˌΥ  

ʁʽ ˉˊˇʴˊʰ˃˃ʰˍʽʸˈ˃ʶ˄ʶˌ ʰˎˍʷˌ ˋˎ˄ʵʷˋʶʽˌ ˉʰˊʷ˔ˇˎ˄ ˋʶ ʷ˄ʰ FPGA ˍʹ˄ ʵʽʰˋˏ˄ʵʶˋʹ ʰ˄ʱ˃ʶˋʰ ˋˍʰ ˂ˇʴʽˁʱ 

ʰ˂˂ʱ ˁʰʽ ˋˍʰ ʶʽˋˈʵˇˎκʶ˅ˈʵˇˎ ˃ˉ˂ˇˁ ˃ʶ ˋˁˇˉˈ ˍʹ˄ ˇ˂ˇˁ˂ʺˊ˖ˋʹ ˍʹˌ ˇˊʽˋ˃ʷ˄ʹˌ ʰˉˈ ˍˇ ˔ˊʺˋˍʹ 

ˋ˔ʶʵʾʰˋʹˌΦ ɮˉˇˍʶ˂ˇˏ˄ˍʰʽ ʰˉˈ ˉˇ˂ˎˉ˂ʷˁˍʶˌΣ ˍˊʰ˄ʸʾˋˍˇˊ ʵʽʷ˂ʶˎˋʹˌ ˁʰʽ buffers ˍˊʽ˗˄ ˁʰˍʰˋˍʱˋʶ˖˄ ˍʰ 

ˇˉˇʾʰ ˎ˂ˇˉˇʽˇˏ˄ ˍʽˌ ʶˉʽʻˎ˃ʹˍʷˌ ˋˎ˄ʵʷˋʶʽˌΦ ɱʶ˄ʽˁʱΣ ˍʰ ˍˊʰ˄ʸʾˋˍˇˊ ʵʽʷ˂ʶˎˋʹˌ ʰ˂˂ʱ ˁʰʽ ˇʽ ˉˇ˂ˎˉ˂ʷˁˍʶˌ 
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˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˁʰˍʱ ˃ʺˁˇˌ ʶ˄ˈˌ ˂ˇʴʽˁˇˏ ˋˎ˃ˉ˂ʷʴ˃ʰˍˇˌ ʴʽʰ ˄ʰ ˋˎ˄ʵʷˋˇˎ˄ ˍʰ ˂ˇʴʽˁʱ ˋˍˇʽ˔ʶʾʰ ˃ʰʸʾ 

ʶ˄˗ ˁʰʽ ˍʰ ˍˊʾʰ ˉˊˇʰ˄ʰ˒ʶˊʻʷ˄ˍʰ ˋˍˇʽ˔ʶʾʰ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ˍʹ ˋˏ˄ʵʶˋʹ ˉʽˇ ʴʶ˄ʽˁ˗˄ ʵˇ˃˗˄Φ  

 

оύ ʃˊˇʴˊʰ˃˃ʰˍʽʸˈ˃ʶ˄ʶˌ ɳʾˋˇʵˇʽκɴ˅ˇʵˇʽΥ  

ʆˇ ˁˇ˃˃ʱˍʽ ʰˎˍˈ ʰ˄ʰ˒ʷˊʶˍʰʽ ˋˍʰ ʰˉʰˊʰʾˍʹˍʰ ˃ʷˋʰ ʴʽʰ ˍʹ˄ ʵʽʶˉʰ˒ʺ ʰ˄ʱ˃ʶˋʰ ˋˍʰ ˂ˇʴʽˁʱ ˃ˉ˂ˇˁ ˁʰʽ 

ˍʽˌ ˍʶ˔˄ʽˁʷˌ ʵʽʰˋˏ˄ʵʶˋʹˌ ˁʰʽ ˋˍʰ ʶ˅˖ˍʶˊʽˁʱ ˋˍˇʽ˔ʶʾʰ ˍˇˎ FPGA. ɮˎˍʱ ˍʰ ˋˍˇʽ˔ʶʾʰ ʶʾ˄ʰʽ ˋʹ˃ʰ˄ˍʽˁʱ ʴʽʰ 

ˍˇ FPGA ˁ ʰʽ ˁʰˍʰ˂ʰ˃ʲʱ˄ˇˎ˄ ʷ˄ʰ ˋʹ˃ʰ˄ˍʽˁˈ ˃ʷˊˇˌόˉʶˊʾˉˇˎ ˍˇ пл҈ύ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʱˌ ˍˇˎ. ʁ ˋ˔ʶʵʽʰˋ˃ˈˌ 

ˍ˖˄ ˉˊˇʴˊʰ˃˃ʰˍʽʸˈ˃ʶ˄˖˄ ˃ˉ˂ˇˁ ʶʽˋˈʵˇˎκʶ˅ˈʵˇˎ ʰˉˇˍʶ˂ʶʾ ˉˊˈˁ˂ʹˋʹ ˁʰʻ˗ˌ ˎˉʱˊ˔ʶʽ ˃ʶʴʱ˂ʹ ˉˇʽˁʽ˂ʾʰ 

ˈˋˇ˄ ʰ˒ˇˊʱ ˋˍʰ ˉˊˈˍˎˉʰ ˍʹˌ ˍʱˋʹˌ ˍˊˇ˒ˇʵˇˋʾʰˌ ʰ˂˂ʱ ˁʰʽ ˍʹˌ ˍʱˋʹˌ ʰ˄ʰ˒ˇˊʱˌΦ ɾʾʰ  ʰˉˈ ˍ̩̔  

ˋʹ˃ʰ˄ˍʽˁˈˍʶˊʶˌ ʰˉˇ˒ʱˋʶʽˌ ˋˍʹ ˋ˔ʶʵʾʰˋʹ ˍʹˌ ʰˊ˔ʽˍʶˁˍˇ˄ʽˁʺˌ ʶʽˋˈʵˇˎκʶ˅ˈʵˇˎΣ ʶʾ˄ʰʽ ʹ ʶˉʽ˂ˇʴʺ ˍ˖˄ 

ˉˊ˖ˍˇˍˏˉ˖˄ ˉˇˎ ʻʰ ˎˉˇˋˍʹˊʽ˔ˍˇˏ˄Φ ɮˎˍˈ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˉˊˇˋʶ˔ˍʽˁʱ ʶˉʽ˂ʶʴ˃ʷ˄ʰ trade-offsΦ ɶ 

ˎˉˇˋˍʺˊʽ˅ʹ ˉˇ˂˂˗˄ ˉˊ˖ˍˇˍˏˉ˖˄ ˃ˉˇˊʶʾ ˄ʰ ʰˎ˅ʺˋʶʽ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ˉˎˊʽˍʾˇˎ ˉˇˎ ʰˉʰʽˍʶʾˍʰʽ ʴʽʰ 

ˍʰ ˁˏˍˍʰˊʰ ʶʽˋˈʵˇˎκʶ˅ˈʵˇˎ ˋʹ˃ʰ˄ˍʽˁʱΦ  

ɳˁˍˈˌ ʰˎˍ˗˄ ʰ˅ʾʸʶʽ ˄ʰ ˋʹ˃ʶʽ˗ˋˇˎ˃ʶ ˉ˖ˌ ˍʰ FPGAΣ ˂ˈʴ˖ ˍʹˌ ʵˎ˄ʰˍˈˍʹˍʰˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ˍ˖˄ 

ˋˎ˄ʵʷˋʶ˖˄ ʰ˂˂ʱ ˁʰʽ ˍ˖˄ ˂ˇʴʽˁ˗˄ ˃ˉ˂ˇˁ ˉˇˎ ˉˊˇˋ˒ʷˊˇˎ˄Σ  ˉʰˊˇˎˋʽʱʸˇˎ˄ ˃ʶʴʱ˂ʹ ʶˎʶ˂ʽ˅ʾʰ ˋʶ ˋ˔ʷˋʹ 

˃ʶ ̱h  ̌˂ ˇˁ˂ʹˊ˖˃ʷ˄ʰ ˁˎˁ˂˗˃ʰˍʰ ʶʽʵʽˁˇˏ ˋˁˇˉˇˏΣ ˁʰʻ˗ˌ ʶˉʽˍˎʴ˔ʱ˄ˇˎ˄ ˃ʶʴʰ˂ˏˍʶˊʶˌ ˋˎ˔˄ˈˍʹˍʶˌ 

˂ʶʽˍˇˎˊʴʾʰˌ ʰˉˈ ˍʽˌ CPU  ̋  DSP ̀ ˎˋˁʶˎʷˌΦ ɮˎˍˈ ˒ʰʾ˄ʶˍʰʽ ˁʰʽ ˋˍˇ ˉʰˊʰˁʱˍ˖ ʴˊʱ˒ʹ˃ʰΥ  

 

ʅ˔ʺ˃ʰ мΦо: ɲʽʱɹ́ ʰ˃˃ʰ ɳˎʶ˂ʽ˅ʾʰˌ - ɮˉˈʵˇˋʹˌ 
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1.3 ʃ˂ ʶˇ˄ʶˁˍʺ˃ʰˍʰ ˁʰʽ ˃ʶʽˇ˄ʶˁˍʺ˃ʰˍʰ ˍ˖˄ FPGA 

ʆʰ FPGA ˉʰˊʷ˔ˇˎ˄ ˋˍʽˌ ˋ˔ʶʵʽʱˋʶʽˌ ˁʰʽ ʶ˒ʰˊ˃ˇʴʷˌ ˃ʰˌ ˉ˂ʹʻ˗ˊʰ ˉ˂ʶˇ˄ʶˁˍʹ˃ʱˍ˖˄ ʰ˂˂ʱ ˉʰˊˇˎˋʽʱʸˇˎ˄ 

ˁʰʽ ˋʹ˃ʰ˄ˍʽˁʱ ˃ʶʽˇ˄ʶˁˍʺ˃ʰˍʰ ˋˎʴˁˊʽ˄ˈ˃ʶ˄ʰ ˃ʶ ˍˇˎˌ ʶˉʶ˅ʶˊʴʰˋˍʷˌ ˕ʹ˒ʽʰˁˇˏ ˋʺ˃ʰˍˇˌΦ ʆʰ ˁˎˊʽˈˍʶˊʰ 

ʰˉˈ ˍʰ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ˁʰʽ ˍʰ ˃ʶʽˇ˄ʶˁˍʺ˃ʰˍʰ ʰˎˍʱ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˉʰˊʰˁʱˍ˖Φ 

 

1.3.1 ʃ˂ ʶˇ˄ʶˁˍʺ˃ʰˍʰ ˍ˖˄ FPGA 

ʆ hFPGA (Field Programmable Gate Arraysύ ʶʾ˄ʰʽ ˃ʾʰ ʶʽʵʽˁʺ ˁʰˍʹʴˇˊʾʰ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄˖˄ ˁˎˁ˂˖˃ʱˍ˖˄. 

ʆʰ ˁˏ ˊʽʰ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ˉˇˎ ˉˊˇˋ˒ʷˊˇˎ˄ ˍʰ CtD! ʶʾ˄ʰʽΥ 

1) ɮˉˈʵˇˋʹΥ ɽˈʴ˖ ˍˇˎ ƘŀǊŘǿŀǊŜ ˉʰˊʰ˂˂ʹ˂ʽˋ˃ˇˏΣ ˍʰ CtD! ˎˉʶˊʲʰʾ˄ˇˎ˄ ˍʹ˄ ˎˉˇ˂ˇʴʽˋˍʽˁʺ ʵˏ˄ʰ˃ʹ 

ˍ˖˄ 5{tΣ ˋˉʱʸˇ˄ˍʰˌ ˍˇ ˉˊˈˍˎˉˇ ˍʹˌ ʰˁˇ˂ˇˎʻʽʰˁʺˌ ʶˁˍʷ˂ʶˋʹˌ ˁʰʽ ʶˉʽˍˎʴ˔ʱ˄ˇ˄ˍʰˌ ˉʶˊʽˋˋˈˍʶˊˇˎˌ 

ˁˏˁ˂ˇˎˌ ʰ˄ʱ ˉʰ˂˃ˈ ˍˇˎ ˊˇ˂ˇʴʽˇˏΦ ɳˉʾˋʹˌ ʶ˂ʷʴ˔ˇ˄ˍʰˌ ˍʽˌ  ʶʽˋˈʵˇˎˌ ˁʰʽ ˍʽˌ ʶ˅ˈʵˇˎˌ ˋˍˇ ƘŀǊŘǿŀǊŜ 

ʶˉʾˉʶʵˇ ˉʶˍˎ˔ʰʾ˄ˇˎ˃ʶ ʴˊʹʴˇˊˈˍʶˊˇˎˌ ˔ˊˈ˄ˇˎˌ ʰˉˈˁˊʽˋʹˌ ˁʰʽ ʶ˅ʶʽʵʽˁʶˎ˃ʷ˄ʹ ˂ʶʽˍˇˎˊʴʾʰ ʴʽʰ ˄ʰ 

ˍʰʽˊʽʱʸʶʽ ˋ˔ʶʵˈ˄ ʰˁˊʽʲ˗ˌ ˋˍʽˌ ʰˉʰʽˍʺˋʶʽˌ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌΦ 

2) Time to Market: ɶ FPGA ˍʶ˔˄ˇ˂ˇʴʾʰ ˉˊˇˋ˒ʷˊʶʽ ʶˎʶ˂ʽ˅ʾʰ ˁʰʽ ˍʰ˔ʶʾʰ ˉˊˇˍˎˉˇˉˇʾʹˋʹ ʴʽʰ ˄ʰ 

ʰ˄ˍʰˉʶ˅ʷ˂ʻʶʽ ˋˍʽˌ ˉˊˇˋʵˇˁʾʶˌ ˍʹˌ ʰʴˇˊʱˌΦ ɾˉˇˊˇˏ˃ʶ ˄ʰ ˍʶˋˍʱˊˇˎ˃ʶ ˃ʾʰ ʽʵʷʰ ˁʰʽ ˄ʰ ˍʹ˄ 

ʶˉʰ˂ʹʻʶˏˋˇˎ˃ʶ ˋˍˇ ƘŀǊŘǿŀǊŜ ˔˖ˊʾˌ ˄ʰ ˃ˉˇˏ˃ʶ ˋˍʹ˄ ˃ʰˁˊʱ ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ !{L/ ˋ˔ʶʵʾʰˋʹˌΦ 

ɾˉˇˊˇˏ˃ʶ ˃ʶˍʱ ˄ʰ ˎ˂ˇˉˇʽʺˋˇˎ˃ʶ ˋˍʰʵʽʰˁʷˌ ʰ˂˂ʰʴʷˌ ˁʰʽ ˄ʰ ʶˉʰ˄ʶ˂ʷʴ˅ˇˎ˃ʶ ˍʹ˄ CtD! ˋ˔ʶʵʾʰˋʹ ˃ʷˋʰ 

ˋʶ ˗ˊʶˌ ʰ˄ˍʾ ʴʽʰ ʶʲʵˇ˃ʱʵʶˌΦ ɳʾ˄ʰʽ ʶˉʾˋʹˌ ʵʽʰʻʷˋʽ˃ˇ /ƻƳƳŜǊǎƛŀƭ hŦŦ ¢ƘŜ {ŜƭŦ όCOTS) hardware ˃ʶ 

ʵʽʰ˒ˇˊʶˍʽˁˇˏ ˍˏˉˇˎ ʶʽˋˈʵˇˎˌ ς ʶ˅ˈʵˇˎˌ ˇʽ ˇˉˇʾʶˌ ʶʾ˄ʰʽ ʺʵʹ ʶ˄˖˃ʷ˄ʶˌ ˋˍˇ CtD! ŎƘƛǇΦ ʆʷ˂ˇˌ ʹ 

ʰˎ˅ʰ˄ˈ˃ʶ˄ʹ ʵʽʰʻʶˋʽ˃ˈˍʹˍʰ ǎƻŦǘǿŀǊŜ ʶˊʴʰ˂ʶʾ˖˄ ˎ˕ʹ˂ˇˏ ʶˉʽˉʷʵˇˎ ˃ʶʽ˗˄ʶʽ ˍʹ˄ ʰˉʰˊʰʾˍʹˍʹ 

ˉˊˇʴˊʰ˃˃ʰˍʽˋˍʽˁʺ ʴ˄˗ˋʹ ˃ʶ ʰˊˁʶˍʱ ʶˉʾˉʶʵʰ ʰ˒ʰʾˊʶˋʹˌ ˁʰʽ ˋˎ˔˄ʱ ˉˊˇˋ˒ʷˊʶʽ Lt /ƻǊŜǎ 

όˉˊˇˁʰˍʰˋˁʶˎʰˋ˃ʷ˄ʶˌ ˋˎ˄ʰˊˍʺˋʶʽˌύ ʴʽʰ ˉˊˇʹʴ˃ʷ˄ˇ ʷ˂ʶʴ˔ˇ ˁʰʽ ʰ˄ʱ˂ˎˋʹ ˋʺ˃ʰˍˇˌΦ 

оύ ɼˈˋˍˇˌΥ ʆˇ NRE (Non Recurring Engineeringύ ˁˈˋˍˇˌ ˍʹˌ ASIC ˋ˔ʶʵʾʰˋʹˌ ˅ʶˉʶˊ˄ʱ ˁʰˍʱ ˉˇ˂ˏ ʰˎˍˈ 

ˍ˖˄ ʲʰˋʽˋ˃ʷ˄˖˄ ˋʶ  FPGA hardware ˂ˏˋʶ˖˄Φ ʆˇ ˃ʶʴʱ˂ˇ ʰˊ˔ʽˁˈ ˁˈˋˍˇˌ ʶˉʷ˄ʵˎˋʹˌ ˋˍʰ !{L/ǎ 

ʰˉˇˋʲʷ˄ʶˍʰʽ ʴʽʰ ʶ˒ʰˊ˃ˇʴʷˌ ˉˇˎ ˉˇˎ˂ˇˏ˄ ˔ʽ˂ʽʱʵʶˌ ŎƘƛǇ ˍˇ ˔ˊˈ˄ˇΣ ʰ˂˂ʱ ˁʱˉˇʽˇʽ ˔ˊʺˋˍʶˌ ˔ˊʶʽʱʸˇ˄ˍʰʽ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ƘŀǊŘǿŀǊŜ ˂ʶʽˍˇˎˊʴʾʰ ʴʽʰ ʵʶˁʱʵʶˌ ʺ ʶˁʰˍˇ˄ˍʱʵʶˌ ˋˎˋˍʺ˃ʰˍʰΦ ɳˉʾˋʹˌ ʹ ˒ˏˋʹ ʰˎˍʺ ˍˇˎ 

ˉˊˇʴˊʰ˃˃ʰˍʽʸˈ˃ʶ˄ˇˎ ˉˎˊʽˍʾˇˎ ˍˇˎ CtD! ˋʹ˃ʰʾ˄ʶʽ ˃ʹʵʶ˄ʽˁˈ ˁˈˋˍˇˌ ˁʰˍʰˋˁʶˎʺˌ ˈˉ˖ˌ ˁʰʽ 

ˋˎ˄ʰˊ˃ˇ˂ˈʴʹˋʹˌΦ ɳˉʶʽʵʺ ˇʽ ʰˉʰʽˍʺˋʶʽˌ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˋˎ˔˄ʱ ʰ˂˂ʱʸˇˎ˄ ˃ʶ ˍˇ ˔ˊˈ˄ˇΣ ˍˇ ˁˈˋˍˇˌ ʴʽʰ 

˃ʽˁˊʷˌ ʰ˂˂ʰʴʷˌ ˍˇˎ ƘŀǊŘǿŀǊŜ ˋˍˇ FPGA ʶʾ˄ʰʽ ʰ˃ʶ˂ʹˍʷˇ ˋˎʴˁˊʽ˄ˈ˃ʶ˄ˇ ˃ʶ ʰˎˍˈ ˍʹˌ ʰ˄ʰˁʰˍʰˋˁʶˎʺˌ ˍˇˎ 

ASIC. 

4) ɮ˅ʽˇˉʽˋˍʾʰΥ ʆʰ Processor ς based ˋˎˋˍʺ˃ʰˍʰ ˋˎ˔˄ʱ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ʰˊˁʶˍʱ ˋˍˊ˗˃ʰˍʰ ʰ˒ʰʾˊʶˋʹˌ 

ʴʽʰ ˄ʰ ʲˇʹʻʺˋˇˎ˄ ˍʹ˄ ˔ˊˇ˄ˇʵˊˇ˃ˇ˂ˈʴʹˋʹ ˍ˖˄ ʶˊʴʰˋʽ˗˄ ˁʰʽ ˍˇ˄ ʵʽʰ˃ˇʽˊʰˋ˃ˈ ˍ˖˄ ˉˈˊ˖˄ ʰ˄ʱ˃ʶˋʰ 

ˋˍʽˌ ˉˇ˂˂ʰˉ˂ʷˌ ʵʽʰʵʽˁʰˋʾʶˌΦ ɱʽʰ ˁʱʻʶ ʵˇˋ˃ʷ˄ˇ ˉˎˊʺ˄ʰ ʶˉʶ˅ʶˊʴʰˋˍʺΣ ˃ʾʰ ˃ˈ˄ˇ ʶ˄ˍˇ˂ʺ ˃ˉˇˊʶʾ ˄ʰ 

ʶˁˍʶ˂ʶˋˍʶʾ ʰ˄ʱ ˒ˇˊʱΦ ʅˍʰ Processor ς based ˋˎˋˍʺ˃ʰˍʰ ʶʾ˄ʰʽ ˋˎ˄ʶ˔˗ˌ ˋʶ ˁʾ˄ʵˎ˄ˇ ˇʽ ǘƛƳŜ ς critical 

ʶˊʴʰˋʾʶˌ ˄ʰ ʶˉʹˊʶʱʸˇˎ˄ ʹ ˃ʾʰ ˍʹ˄ ʱ˂˂ʹΦ ʆʰ CtD! ʰˉˈ ˍʹ˄ ʱ˂˂ʹ ʶ˂ʰ˔ʽˋˍˇˉˇʽˇˏ˄ ˍˇˎˌ ˁʽ˄ʵˏ˄ˇˎˌ 
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ʰ˅ʽˇˉʽˋˍʾʰˌ ˃ʶ ˍʹ˄ ˉˊʰʴ˃ʰˍʽˁʺ ˉʰˊʱ˂˂ʹ˂ʹ ʶˁˍʷ˂ʶˋʹ ˁʰʽ ˍˇ ˄ˍʶˍʶˊ˃ʽ˄ʽˋˍʽˁˈ ƘŀǊŘǿŀǊŜ ˁˇ˃˃ʱˍʽ ˍˇ 

ˇˉˇʾˇ ʶʾ˄ʰʽ ʰˉˇˁ˂ʶʽˋˍʽˁʱ ʰ˒ʽʶˊ˖˃ʷ˄ˇ ʴʽʰ ˍʹ˄ ˁʱʻʶ ʶˊʴʰˋʾʰΦ 

рύ ɾʰˁˊˇˉˊˈʻʶˋ˃ʹ ɲʽʰˍʺˊʹˋʹΥ ʆʰ CtD! ŎƘƛǇ ʶʾ˄ʰʽ CƛŜƭŘ ς ¦ǇƎǊŀŘŀōƭŜ ˁʰʽ ʵʶ˄ ˔ˊʶʽʱʸˇ˄ˍʰʽ ˍˇ˄ ˔ˊˈ˄ˇ 

ˁʰʽ ˍʰ ʷ˅ˇʵʰ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍʹ˄ !{L/ ʶˉʰ˄ʰˋ˔ʶʵʾʰˋʹΦ ʆʰ ˕ʹ˒ʽʰˁʱ ˉˊ˖ˍˈˁˇ˂˂ʰ ʶˉʽˁˇʽ˄˖˄ʾʰˌΣ ʴʽʰ 

ˉʰˊʱʵʶʽʴ˃ʰΣ ʻʷˍˇˎ˄ ˋˍʰ ˋˎˋˍʺ˃ʰˍʰ ʵʽʱ˒ˇˊʶˌ ˉˊˇʵʽʰʴˊʰ˒ʷˌ ˇʽ ˇˉˇʾʶˌ ˃ˉˇˊʶʾ ˄ʰ ʰ˂˂ʱʸˇˎ˄ ˃ʶ ˍˇ˄ 

ˁʰʽˊˈΦ ɯˊʰ ˇʽ ʰ˄ʰˉˊˇˋʰˊ˃ˇˋˍʽˁˈˍʹˍʰ ˍ˖˄ CtD! ˍˇˎˌ ʶˉʽˍˊʷˉʶʽ ˄ʰ ʰˁˇ˂ˇˎʻˇˏ˄ ˍʽˌ ˃ʶ˂˂ˇ˄ˍʽˁʷˌΣ 

ʰˉʰ́h ʾˍʹˍʶˌ ʰ˂˂ʰʴʷˌΦ ʆʷ˂ˇˌ ˁʰʻ˗ˌ ˍˇ ˉˊˇʿˈ˄ ʺ ˍˇ ˋˏˋˍʹ˃ʰ ˖ˊʽ˃ʱʸʶʽΣ ˃ˉˇˊˇˏ˃ʶ ˄ʰ ˁʱ˄ˇˎ˃ʶ 

˂ʶʽˍˇˎˊʴʽˁʷˌ ʲʶ˂ˍʽ˗ˋʶʽˌ ˔˖ˊʾˌ ˄ʰ ˋˉʰˍʰ˂ˇˏ˃ʶ ˔ˊˈ˄ˇ ʴʽʰ ˍʹ˄ ʶˉʰ˄ʰˋ˔ʶʵʾʰˋʹ ˍˇˎ ƘŀǊŘǿŀǊŜ ʺ ˍʹ˄ 

ˍˊˇˉˇˉˇʾʹˋʹ ˍˇˎ ʺʵʹ ˎˉʱˊ˔ˇ˄ˍˇˌ ˈˉ˖ˌ ʻʰ ʰˉʰʽˍˇˏ˄ˍʰ˄ ˋˍʰ !{L/Φ 

 

1.3.2 ɾʶʽˇ˄ʶˁˍʺ˃ʰˍʰ ˍ˖˄ FPGA 

1) ɾʶʴʰ˂ˏˍʶˊʹ ˁʰˍʰ˄ʱ˂˖ˋʹ ʽˋ˔ˏˇˌΦ 

2) ɽʽʴˈˍʶˊˇ ʰˉˇʵˇˍʽˁʺ ˔ˊʺˋʹ ˍˇˎ ˉˎˊʽˍʾˇˎΦ 

3) ɳʾ˄ʰʽ ˍʱ˅ʶʽˌ ˃ʶʴʷʻˇˎˌ ˉʽˇ ʵˏˋˁˇ˂ˇ ˄ʰ ˉˊˇʴˊʰ˃˃ʰˍʽˋˍˇˏ˄Φ 

4) ʆˇ тл҈ ˍˇˎ ˁˈˋˍˇˎˌ ʰ˄ʱˉˍˎ˅ʹˌ ˂ˇʴʽˋ˃ʽˁˇˏ ˉˊˇʷˊ˔ʶˍʰʽ ʰˉˈ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˍʹˌ ɳʽˋˈʵˇˎκɳ˅ˈʵˇˎ 

ʵʽʶˉʰ˒ʺˌ όʰ˄ˍʾ ʰˉˈ ʰ˂ʴˈˊʽʻ˃ˇˎˌύΦ 

рύ ɲʶ˄ ʶʾ˄ʰʽ ʹ ˁʰˍʰ˂˂ʹ˂ˈˍʶˊʹ ˂ˏˋʹ ʴʽʰ ʶ˒ʰˊ˃ˇʴʷˌ ˉˇˎ ʶ˃ˉʶˊʽʷ˔ˇˎ˄ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌ ʰˊʽʻ˃˗˄ ˁʽ˄ʹˍʺˌ 

ˎˉˇʵʽʰˋˍˇ˂ʺˌΦ ɮˁˈ˃ʰ ˁʰʽ ˇʽ ˎˉˇ˂ˇʴʽˋ˃ˇʾ ˃ʶ ˋˍʰʻʶˊʺˌ ˎˉˇʵʽʰˋˍˇ˂ʺˌ ʰˊʽʻ˃ˇˏˌ ˎ˕ʹ˂ʺˌ ʰˁˊʾʲʶʽʰˌ 

˔ˊʶʽʱʸˇ˄ˍʰʽ ˃ʶʴʱ˂ʹ ˉˇˋˈˍʹˍʰ ˂ˇʴʽˁ˗˄ ˁˎˍˍʱˊ˖˄ ʴʽʰ ˄ʰ ˎ˂ˇˉˇʽʹʻˇˏ˄Φ 
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1.4 ʄʁɶ ʅʋɳɲɹɮʅɾʁʇ FPGA 

ʅˍˇ ˋʹ˃ʶʾˇ ʰˎˍˈ ʻʰ ʰˋ˔ˇ˂ʹʻˇˏ˃ʶ ˋˎ˄ˇˉˍʽˁʱ ˃ʶ ˍʹ˄ ʵʽʰʵʽˁʰˋʾʰ ˉˇˎ ʰˉʰʽˍʶʾˍʰʽ ʴʽʰ ˍʹ˄ ˉˊʰʴ˃ʰˍʽˁʺ 

ˎ˂ˇˉˇʾʹˋʹ ˍʹˌ ʶˁʱˋˍˇˍʶ ˋ˔ʶʵʾʰˋʹˌ ˋʶ ʷ˄ʰ FPGA. ʆˇ ˉʰˊʰˁʱˍ˖ ˋ˔ʺ˃ʰ ʰˉʶʽˁˇ˄ʾʸʶʽ ˍʹ˄ ʰˁˇ˂ˇˎʻʾʰ ˍ˖˄ 

ʲʹ˃ʱˍ˖˄ ˉˇˎ h ˁˇ˂ˇˎʻʶʾˍʰʽ ʴʽʰ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˃ʾʰˌ ˇˉˇʽʰˋʵʺˉˇˍʶ ˋ˔ʶʵʾʰˋʹˌ ˋʶ ʷ˄ʰ FPGA. 

 

                                                                                                           

 

 

 

 

 

 

 

 

 

 

 

 

                                      

                                                                

 

ʅ˔ʺ˃ʰ мΦп: ʄˇʺ ʅ˔ʶʵʾʰˋʹˌ FPGA 

ʆʰ ʲʺ˃ʰˍʰ ˍˇˎ ˉʰˊʰˉʱ˄˖ ˋ˔ʺ˃ʰˍˇˌ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍʰ ʴʽʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ˍʹˌ ˇˉˇʽʰˋʵʺˉˇˍʶ 

ˋ˔ʶʵʾʰˋʹˌ ˋʶ FPGAΦ ʆʰ ʲʺ˃ʰˍʰ ʰˎˍʱ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ʰ˄ʰ˂ˎˍʽˁʱ ˉʰˊʰˁʱˍ˖Φ 
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1.4Φм ɳɹʅʁɲʁʅ ʅʋɳɲɹɮʅɶʅ 

ɮˎˍˈ ʶʾ˄ʰʽ ˍˇ ˉˊ˗ˍˇ ʲʺ˃ʰ ʴʽʰ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˃ʾʰˌ ˋ˔ʶʵʾʰˋʹˌ ˋʶ ʷ˄ʰ CtD!Φ ʅʶ ʰˎˍˈ ˍˇ ʲʺ˃ʰ ˇ 

VHDL(Very High Speed Integrated Chip Hardware Description Languageύ ˁ˗ʵʽˁʰˌ ˍʹˌ ʰˊ˔ʽˍʶˁˍˇ˄ʽˁʺˌ 

ˍʹˌ ˋ˔ʶʵʾʰˋʹˌ ˉˇˎ ʻʷ˂ˇˎ˃ʶ ˄ʰ ˎ˂ˇˉˇʽʺˋˇˎ˃ʶΣ ʴˊʱ˒ʶˍʰʽ ˃ʶ ˍʹ˄ ˔ˊʺˋʹ ˂ˇʴʽˋ˃ʽˁˇˏόXilinx ISE 14Φп ˋˍʹ˄ 

ˉˊˇˁʶʾ˃ʶ˄ʹ ˉʶˊʾˉˍ˖ˋʹύΦ ɮ˒ˇˏ ʴˊʰ˒ʶʾ ˇ ˁ˗ʵʽˁʰˌ ʴʾ˄ʶˍʰʽ ˋˎ˄ˍʰˁˍʽˁˈˌ ʷ˂ʶʴ˔ˇˌ ʴʽʰ ˉʽʻʰ˄ʱ ˋˎ˄ˍʰˁˍʽˁʱ 

˂ʱʻʹ. 

 

1.4Φн ʃʄʁʅʁɾʁɹʍʅɶ ʅʇɾʃɳʄɹʊʁʄɮʅ 

ʆˇ ʶˉˈ˃ʶ˄ˇ ʲʺ˃ʰ ʶʾ˄ʰʽ ʹ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌΦ ɮˎˍˈ ˍˇ ʲʺ˃ʰ ʶ˂ʷʴ˔ʶʽ ʰ˄ ʹ ʶʽˋʰʴˈ˃ʶ˄ʹ 

ˋ˔ʶʵʾʰˋʹ ʶʾ˄ʰʽ ˂ʶʽˍˇˎˊʴʽˁʱ ˋ˖ˋˍʺ ʺ ˈ˔ʽΦ  ɮˎˍʺ ʹ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˇ˄ˇ˃ʱʸʶˍʰʽ w¢[(Register Transfer 

Level) ˉˊˇˋˇ˃ˇʾ˖ˋʹΦ ɱʽ ʰˎˍʺ ˍʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ʴˊʱ˒ʶˍʰʽ ʷ˄ʰ ¢ŜǎǘōŜƴŎƘ ˋʶ ±I5[ ʴʽʰ ˍʹ˄ 

ʰˊ˔ʽˍʶˁˍˇ˄ʽˁʺ ˉˇˎ ʷ˔ˇˎ˃ʶ ˔ˊʹˋʽ˃ˇˉˇʽʺˋʶʽ ˁʰʽ ʹ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˒ʰʾ˄ʶˍʰʽ ˋˍˇ ·ƛƭƛƴȄ L{9 {ƛƳǳƭŀǘƻǊΦ ɮ˒ˇˏ 

ʶ˂ʶʴ˔ʻʶʾ ˉ˖ˌ ʶʾ˄ʰʽ ˂ʶʽˍˇˎˊʴʽˁʱ ˋ˖ˋˍʺ ˉʶˊ˄ʱ˃ʶ ˋˍˇ ʶˉˈ˃ʶ˄ˇ ʲʺ˃ʰΦ 

1.4Φо ʅʇɿɸɳʅɶ ʅʋɳɲɹɮʅɶʅ 

ʁ VHDL ˁ˗ʵʽˁʰˌ ˍʹˌ ʶˉʽʻˎ˃ʹˍʺˌ ˋ˔ʶʵʾʰˋʹˌ ˋˎ˄ˍʾʻʶˍʰʽ ˃ʶ ˍʹ˄ ˔ˊʺˋʹ ˍˇˎ  ·ƛƭƛƴȄ ·{¢ ˍˇ ˇˉˇʾˇ ʶʾ˄ʰʽ 

˃ʷˊˇˌ ˍˇˎ ·ƛƭƛƴȄ L{9 ˂ˇʴʽˋ˃ʽˁˇˏΦ ɶ ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ ˋˏ˄ʻʶˋʹˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ˄ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ 

ˍʹˌ ʰˊ˔ʽˍʶˁˍˇ˄ʽˁʺˌ ˋ˔ʶʵʽʰˋ˃ˇˏ ʹ ˇˉˇʾʰ ʷ˔ʶʽ ʶˉʽ˂ʶ˔ʻʶʾΦ ɾʶˍʱ ˍʹ˄ ˋˏ˄ʻʶˋʹ ˍʹˌ ˋ˔ʶʵʾʰˋʹˌΣ 

ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ʹ ʰ˄ʰ˒ˇˊʱ ˍʹˌ ˋˏ˄ʻʶˋʹˌ ʹ ˇˉˇʾʰ ˃ʰˌ ʵʾ˄ʶʽ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˍˇ ˉˈˋʰ ˂ˇʴʽˁʱ ˃ˉ˂ˇˁ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˁʰʽ ˉˇʽʰ ʶʾ˄ʰʽ ʹ ˔ˊʺˋʹ ˍʹˌ ˋˎˋˁʶˎʺˌ ˍʹˌ ʰˊ˔ʽˍʶˁˍˇ˄ʽˁʺˌ ˋ˔ʶʵʽʰˋ˃ˇˏ ˉˇˎ 

ˋˎ˄ˍʷʻʹˁʶΦ ɶ ˋˏ˄ʻʶˋʹ ˇˎˋʽʰˋˍʽˁʱ ˔ʰˊˍˇʴˊʰ˒ʶʾ ˍʹ˄ ˋ˔ʶʵʾʰˋʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ ˋʶ ˋ˔ʶʵʾʰˋʹ ˋˍˇ 

ʶˉʾˉʶʵˇ ˉˏ˂ʹˌόˍˊʰ˄ʸʾˋˍˇˊύΦ 

1.4Φп ʇɽʁʃʁɹɶʅɶ ʅʋɳɲɹɮʅɶʅ 

ɾʶˍʱ ˍʹ˄ ˋˏ˄ʻʶˋʹ ˍʹˌ ˋ˔ʶʵʾʰˋʹˌ ʰˁˇ˂ˇˎʻʶʾ ʹ ˎ˂ˇˉˇʾʹˋʺ ˍʹˌ ʹ ˇˉˇʾʰ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˍʰ ˉʰˊʰˁʱˍ˖ 

ʲ̋ ˃ʰˍʰΥ 

мύ ɾʶˍʱ˒ˊʰˋʹ 

нύ ʋʰˊˍˇʴˊʱ˒ʹˋʹ 

оύ  ʆˇˉˇʻʷˍʹˋʹ ˁʰʽ ʵʹ˃ʽˇˎˊʴʾʰ ˃ˇ˄ˇˉʰˍʽ˗˄ κ ʵʽʰˋˎ˄ʵʷˋʶ˖˄ 

ʃˊʽ˄ ˍʹ˄ ˃ʶˍʱ˒ˊʰˋʹ ˍʹˌ ˋ˔ʶʵʾʰˋʹˌΣ ʴˊʱ˒ʶˍʰʽ ʷ˄ʰ ¦ǎŜǊ /ƻƴǎǘǊŀƛƴŜŘ CƛƭŜ όUCFύ ʴʽʰ ˄ʰ ʰ˄ˍʽˋˍˇʽ˔ʾˋʶʽ 

ˍˇˎˌ ʰˁˊˇʵʷˁˍʶˌ ˍˇˎ CtD! ˃ʶ ˍʽˌ ɳʽˋˈʵˇˎˌ κ ɳ˅ˈʵˇˎˌ ˍʹˌ ˋ˔ʶʵʾʰˋʹˌΦ ɮ˃ʷˋ˖ˌ ˃ʶˍʱ ʹ ˃ʶˍʱ˒ˊʰˋʹ 

ˋˎʴ˔˖˄ʶˏʶʽ ʰˎˍˈ ˍˇ ʰˊ˔ʶʾˇ ¦/C ˁʰʽ ˍʹ˄ ƴŜǘƭƛǎǘ ˉˇˎ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˍʹ˄ ˋˏ˄ʻʶˋʹ ˁʰʽ ʹ ˔ʰˊˍˇʴˊʱ˒ʹˋʹ 

ʰ˄ˍʽˋˍˇʽ˔ʾʸʶʽ ˍʹ ˋ˔ʶʵʾʰˋʹ ˋˍˇˎˌ ʵʽʰʻʷˋʽ˃ˇˎˌ ˉˈˊˇˎˌ ˍˇˎ CtD!Φ ɮˎˍˈ ʶʾ˄ʰʽ ʷ˄ʰ ˉˇ˂ˏ ˋʹ˃ʰ˄ˍʽˁˈ ʲʺ˃ʰ 

ˍˇˎ ˋ˔ʶʵʽʰˋ˃ˇˏΦ ʆˇ ˍʶ˂ʶˎˍʰʾˇ ʲʺ˃ʰ ˍʹˌ ˋ˔ʶʵʽʰˋˍʽˁʺˌ ˎ˂ˇˉˇʾʹˋʹˌ ʶʾ˄ʰʽ ʹ ˍˇˉˇʻʷˍʹˋʹ ˍ˖˄ ˂ˇʴʽˁ˗˄ 
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˃ˉ˂ˇˁ ˍʹˌ ˋ˔ʶʵʾʰˋʹˌ ˋˍˇ CtD! ˁʰʽ ʹ ˋˎ˄ʷ˄˖ˋʺ ˍˇˎˌ ˗ˋˍʶ ˄ʰ ˁʰˍʰ˂ʰ˃ʲʱ˄ˇˎ˄ ˍˇ˄ ˂ʽʴˈˍʶˊˇ ʵˎ˄ʰˍˈ 

˔˗ˊˇ ˁʰʽ ˄ʰ ˉ˂ʹˊˇˏ˄ ˍʽˌ ˔ˊˇ˄ʽˁʷˌ ʰˉʰʽˍʺˋʶʽˌΦ ɮˎˍʺ ʹ ʶ˄ʷˊʴʶʽʰ ˉʰˊʱʴʶʽ ʷ˄ʰ b/5 ʰˊ˔ʶʾˇ ʶ˅ˈʵˇˎΦ  

 

 

1.4Φр ʃʄʁɱʄɮɾɾɮʆɹʅɾʁʅ ʆɶʅ ·L[Lb· ʅʇʅɼɳʇɶʅ όFPGA) 

ʇˉʱˊ˔ʶʽ ʹ ʵˎ˄ʰˍˈˍʹˍʰ ˉʰˊʰʴ˖ʴʺˌ  ʰˊ˔ʶʾˇˎ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ˃ʷˋ˖ ˍˇˎ ·ƛƭƛƴȄ L{9 ˁʰˍʱ ˍʹ˄ ˇˉˇʾʰ 

˃ʶˍʰˍˊʷˉʶˍʰʽ ˍˇ b/5 ʰˊ˔ʶʾˇ ˋʶ ʰˊ˔ʶʾˇ .L¢Φ ʃʰˊʱʴʶˍʰʽ ʷˍˋʽ ʷ˄ʰ ōƛǘǎǘǊŜŀƳ όʰˁˇ˂ˇˎʻʾʰ ʰˉˈ ˂ˇʴʽˁʱ л ˁʰʽ 

мύ ʴʽʰ ˍʹ˄ ʵʽʰ˃ˈˊ˒˖ˋʹ ˍˇˎ CtD!Φ ɮˎˍˈ ˍˇ ōƛǘ ʰˊ˔ʶʾˇ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˄ʰ ˉˊˇʴˊʰ˃˃ʰˍʾˋʶʽ  ˍˇ 

FPGA. 

 

1.4Φс ʄʇɸɾɹʅɶ ʅʇʅɼɳʇɶʅ ʅʆʁʋʁʇ 

ʇˉʱˊ˔ʶʽ ʹ ʶˉʽ˂ˇʴʺ ˍʹˌ ˉʰˊʰʴ˖ʴʺˌ ˋˍˈ˔ˇˎ twha κ !/9 ˋˍʹ˄ ˁʰˊˍʷ˂ʰ ʵʽʰʵʽˁʰˋʾʰˌ ˍˇˎ ·ƛƭƛƴȄ L{9 ʹ 

ˇˉˇʾʰ ˃ʶˍʰˍˊʷˉʶʽ ˍˇ ōƛǘ ʰˊ˔ʶʾˇ ˋˍˇ twha ʺ !/9 ʰˊ˔ʶʾˇΦ ɮˎˍˈ ˍˇ ʰˊ˔ʶʾˇ ˃ˉˇˊʶʾ ˄ʰ ΨΩˁʰˍʷʲʶʽΩΩ 

ʰˉʶˎʻʶʾʰˌ ˋˍʰ ˁˏˍˍʰˊʰ ˃˄ʺ˃ʹˌ ˍˇˎ CtD!Φ ʃˊʷˉʶʽ ˄ʰ ʲʶʲʰʽ˖ʻˇˏ˃ʶ ˈˍʽ ˍˇ CtD! ʶʾ˄ʰʽ ˋˎ˄ʵʶʵʶ˃ʷ˄ˇ ˃ʶ 

ˍˇ˄ ˎˉˇ˂ˇʴʽˋˍʺ ˈˉˇˎ ʰ˄ʰˉˍˏˋˋˇˎ˃ʶ ˍʹ˄ ˋ˔ʶʵʾʰˋʹΦ ɮ˒ˇˏ ΨΩˁʰˍʶʲʱˋˇˎ˃ʶΩΩ ̱ ˇ  ʰˊ˔ʶʾˇ  twha ʺ !/9 ˋˍˇ 

FPGA, ʶʾ˄ʰʽ ˉ˂ʷˇ˄ ʷˍˇʽ˃ˇ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˁʰʽ ˄ʰ ˎ˂ˇˉˇʽʺˋʶʽ ˍʹ˄ ˋ˔ʶʵʾʰˋʺ ˃ʰˌΦ ɾˉˇˊˇˏ˃ʶ ˄ʰ 

ʵ˗ˋˇˎ˃ʶ ʵʽʰ˒ˇˊʶˍʽˁˇˏˌ ˋˎ˄ʵˎʰˋ˃ˇˏˌ ʶʽˋˈʵ˖˄ ʴʽʰ ˄ʰ ʵˇˏ˃ʶ ˉ˖ˌ ʹ ʷ˅ˇʵˇˌ ˍˇˎ CtD! ʰ˂˂ʱʸʶʽΦ ɮˎˍʷˌ 

ˇʽ ʶʾˋˇʵˇʽ ˃ˉˇˊˇˏ˄ ˄ʰ ʵˇʻˇˏ˄ ʰˉˈ ʵʽʰˁˈˉˍʶˌΣ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ ʶˁʱˋˍˇˍʶ FPGA, ˍ˖˄ ˇˉˇʾ˖˄ ˇʽ ʰˊʽʻ˃ˇʾ 

ˍ˖˄ ʰˁˊˇʵʶˁˍ˗˄ ʷ˔ˇˎ˄ ʰ˄ˍʽˋˍˇʽ˔ʽˋˍʶʾ ˃ʷˋ˖ ˍˇˎ ¦/C ʰˊ˔ʶʾˇˎ ˃ʶ ˍʽˌ ʶʽˋˈʵˇˎˌ ˍʹˌ ʶˁʱˋˍˇˍʶ ˋ˔ʶʵʾʰˋʹˌ. 

ʁʽ ʷ˅ˇʵˇˌ ˃ˉˇˊʶʾ ˄ʰ ʰˉʶʽˁˇ˄ʽˋˍʶʾ ˋʶ LEDΣ ˋʶ LCD ˇʻˈ˄ʹ ʺ ˋʶ ˁʱˉˇʽˇ˄ ʰˁˊˇʵʷˁˍʹ ˍˇˎ FPGA,  ʰ˄ʱ˂ˇʴʰ 

˃ʶ ˍˇ ˍʽ ʶˉʽʻˎ˃ˇˏ˃ʶ ˁʰʽ ˍˇ ˍʽ ˉʰˊʷ˔ʶˍʰʽ ʰˉˈ ˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ FPGA ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶΣ ˍ˖˄ ˇˉˇʾ˖˄ 

ˇʽ ʰˊʽʻ˃ˇʾ ˍ˖˄ ʰˁˊˇʵʶˁˍ˗˄ ʷ˔ˇˎ˄ ʰ˄ˍʽˋˍˇʽ˔ʽˋˍʶʾ ˃ʷˋ˖ ˍˇˎ ¦/C ʰˊ˔ʶʾˇˎ ˃ʶ ˍʽˌ ʶ˅ˈʵˇˎˌ ˍʹˌ ˋ˔ʶʵʾʰˋʹˌΦ 

ʃʰˊʰˁʱˍ˖ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˍˇ {t!w¢!b о9 ˁʰʽ ˍˇ SPARTAN6  XC6SLX16 FPGA ˍʰ ˇˉˇʾʰ 

˔ˊʹˋʽ˃ˇˉˇʽʺˋʰ˃ʶ ʴʽʰ ˍʹ˄ ʵʹ˃ʽˇˎˊʴʾʰ ˍʹˌ PWM ˁ ʰʽ ˍ˖˄ SPWM ˁ ʰʽ SVPWM h ˄ˍʾˋˍˇʽ˔ʰΦ 
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                                             ʅ˔ʺ˃ʰ 1.5: ʃ˂ʰˁʷˍʰ SPARTAN-3E Starter Kit (FPGA) 

 

 

                                              ʅ˔ʺ˃ʰ 1.6: ʃ˂ʰˁʷˍʰ SPARTAN6  XC6SLX16 FPGA 
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1.4Φт ɮɿʆɹʅʆʁɹʋɹʅɶ ɮɼʄʁɲɳɼʆʍɿ FPGA ɾɳ ʅɶɾɮʆɮ ɳɹʅʁɲʁʇ-ɳʀʁɲʁʇ 

ɶ ʰ˄ˍʽˋˍˇʾ˔ʽˋʹ ʰˎˍʺ ʴʾ˄ʶˍʰʽ ˃ʶ ˍˇ ʰˊ˔ʶʾˇ ˉʶˊʽˇˊʽˋ˃ˇˏόUCF). ɮ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ FPGA ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˃ʶ ˍʰ ˋʺ˃ʰˍʰ ˍʹˌ ˋ˔ʶʵʾʰˋʺˌ ˃ʰˌ ˃ʶ ˍˇˎˌ ʵʽʱ˒ˇˊˇˎˌ ʰˁˊˇʵʷˁˍʶˌΣ 

ʵʽʰˁˈˉˍʶˌΣ ˍʰ LEDΣ ˍʹ˄ ˇʻˈ˄ʹ ˁʰʽ ˃ʷˋ˖ ʰˎˍ˗˄ ˃ˉˇˊˇˏ˃ʶ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˉˇˎ ΨΩˍˊʷ˔ʶʽΩΩ ˍˇ 

ˉˊˈʴˊʰ˃˃ʱ ˃ʰˌ ˋˍˇ FPGA ˄ ʰ ʰ˂˂ʱʸˇˎ˃ʶ ˍʽˌ ʶʽˋˈʵˇˎˌ ˁʰʽ ˄ʰ ˉʰˊʰˍʹˊˇˏ˃ʶ ˍʽˌ ʶ˅ˈʵˇˎˌΦ 

 

 

 

1.5 ʆʰ FPGA ̀ ˍʰ ʹ˂ʶˁˍˊˇ˄ʽˁʱ ʽˋ˔ˏˇˌ 

ɶ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰ ʰ˒ˇˊʱ ˋʶ ʻʷ˃ʰˍʰ ˉˇˎ ʰˋ˔ˇ˂ˇˏ˄ˍʰʽ ˃ʶ ˍʰ ʹ˂ʶˁˍˊˇ˄ʽˁʱ ʽˋ˔ˏˇˌ ˁʰʽ ˖ˌ ʶˁΩ ˍˇˏˍˇˎ 

ʻʰ ˁʱ˄ˇˎ˃ʶ ˃ʾʰ ʶʽˋʰʴ˖ʴʽˁʺ ʰ˄ʰ˒ˇˊʱ ˋˍʹ ˋ˔ʷˋʹ ˉˇˎ ʷ˔ˇˎ˄ ˍʰ FPGA ˃ʶ ˍˇ˄ ˍˇ˃ʷʰ ʰˎˍˈ ˈˉ˖ˌ ˁʰʽ ˍʽˌ 

ʰ˂˂ʰʴʷˌ ˍʽˌ ˇˉˇʾʶˌ ˃ˉˇˊˇˏ˄ ˄ʰ ʶˉʽ˒ʷˊˇˎ˄Φ ɳˉʶʽʵʺ ˋʺ˃ʶˊʰ ʴʽʰ ˍʽˌ ˉʶˊʽˋˋˈˍʶˊʶˌ ʶ˒ʰˊ˃ˇʴʷˌ ˉˇˎ 

ʰ˒ˇˊˇˏ˄ ˋʶ ʶ˄ʶˊʴʶʽʰˁʱ ʻʷ˃ʰˍʰ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ DSP ʻʰ ˁʱ˄ˇˎ˃ʶ ˃ʾʰ ˋˎ˄ˇˉˍʽˁʺ ʰ˄ʰ˒ˇˊʱ ˁʰʽ ˋʶ 

ʰˎˍʱ ˁʰʽ ʻʰ ʶ˅ʶˍʱˋˇˎ˃ʶ ˍʽˌ ɻ ʽʰ˒ˇˊˇˉˇʽʺˋʶʽˌ ˉˇˎ ˉˊˇˋ˒ʷˊˇˎ˄ ˍʰ FPGA. 

1.5.1 ʆʰ DSP ̀ ˍʰ ʹ˂ʶˁˍˊˇ˄ʽˁʱ ʽˋ˔ˏˇˌ 

ʁ ˕ʹ˒ʽʰˁˈˌ ʷ˂ʶʴ˔ˇˌ ˍ˖˄ ʵʽʰˁˇˉˍʽˁ˗˄ ˉʹʴ˗˄ ʶ˄ʷˊʴʶʽʰˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˉ˂ʷˇ˄ ʵˊʰˋˍʽˁʱ ˋˍʹ˄ 

ʲʽˇ˃ʹ˔ʰ˄ʾʰΣ ˂ˈʴ˖ ˍˇˎ ˔ʰ˃ʹ˂ˇˏ ˁˈˋˍˇˎˌΣ ˍˇ ˇˉˇʾˇ ˋˎ˄ˇʵʶˏʶˍʰʽ ˁʰʽ ʰˉˈ ˎ˕ʹ˂ʷˌ ʰˉˇʵˈˋʶʽˌΦ ɳˉʾˋʹˌ ˇʽ 

˕ʹ˒ʽʰˁˇʾ ʶ˂ʶʴˁˍʷˌ ʶˉʹˊʶʱʸˇ˄ˍʰʽ ˂ʽʴˈˍʶˊˇ ʰˉˈ ˍˇ˄ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁˈ ʻˈˊˎʲˇΣ ˍʹ˄ ˃ʶˍʰʲˇ˂ʺ ˍʹˌ 

ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˁʰʽ ʵʶ˄ ʶˉʹˊʶʱʸˇ˄ˍʰʽ ʰˉˈ ˍʽˌ ˃ʶˍʰʲˇ˂ʷˌ ˍ˖˄ ˋˍˇʽ˔ʶʾ˖˄ ˁʰʽ ˍʽˌ ʰˉ˗˂ʶʽʶˌ ˃ʶˍʰʴ˖ʴʺˌΦ 

ʃ˂ʷˇ˄ ˇʽ ʶˉʶ˅ʶˊʴʰˋˍʷˌ ˕ʹ˒ʽʰˁˇˏ ˋʺ˃ʰˍˇˌ ʰˉˇˍʶ˂ˇˏ˄ ʰ˄ʰˉˈˋˉʰˋˍˇ ˁˇ˃˃ʱˍʽ ˈ˂˖˄ ˍ˖˄ ˃ʶˍʰˍˊˇˉʷ˖˄ 

ʹ˂ʶˁˍˊˇ˄ʽˁ˗˄ ʽˋ˔ˏˇˌ ˁʰʽ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˁʰˍʱ ˁˏˊʽˇ ˂̍ʴ̌ ʴʽʰ ˍˇ˄ ˁʰˍʱ˂˂ʹ˂ˇ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈ 

ʰʴ˖ʴʺˌ ˍ˖˄ ʹ˃ʽʰʴ˖ʴʽˁ˗˄ ɻ ʽʰˁˇˉˍ˗˄ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽΦ   

ɱʽʰ ˂ˈʴˇˎˌ ˉ˂ʹˊˈˍʹˍʰˌ ˉʰˊʰʻʷˍˇˎ˃ʶ ˉʰˊʰˁʱˍ˖ ˁʰʽ ˍˇ ˃ˉ˂ˇˁ ʵʽʱʴˊʰ˃˃ʰ ʶ˄ˈˌ ˍˎˉʽˁˇˏ ʶˉʶ˅ʶˊʴʰˋˍʺ 

˕ʹ˒ʽhˁˇˏ ˋʺ˃ʰˍˇˌΦ ɮˎˍˈ ˍˇ ˁʱ˄ˇˎ˃ʶ ˁʰʻ˗ˌ ˋˎ˔˄ʱ ˍʾʻʶˍʰʽ ˍˇ ʶˊ˗ˍʹ˃ʰ ʴʽʰ ˍˇ ʰ˄ ˍʶ˂ʽˁʱΣ ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ 

ˎˉΩ ˈ˕ʽ˄ ˈ˂ʶˌ ˍʽˌ ˉʰˊʰ˃ʷˍˊˇˎˌΣ ʶʾ˄ʰʽ ˋˎ˃˒ʷˊˇˎˋʰ ʹ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʹ ˍ˖˄ FPGA ʷ˄ʰ˄ˍʽ ˍ˖˄ DSP ʴʽʰ ˍʹ˄ 

ˎ˂ˇˉˇʾʹˋʹ ˍʹˌ ʶˁʱˋˍˇˍʶ ˋ˔ʶʵʾʰˋʹˌΦ ʆˇ ˉʰˊʰˁʱˍ˖ ʵʽʱʴˊʰ˃˃ʰ ʰ˒ˇˊʱ ˋʶ ʷ˄ʰ˄ ʶʽʵʽˁˈ ʶˉʶ˅ʶˊʴʰˋˍʺ  

ʲʶ˂ˍʽˋˍˇˉˇʽʹ˃ʷ˄ˇ  ɹ ʽʰ ʴˊʺʴˇˊʹ ˂ʶʽˍˇˎˊʴʾʰΦ 
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ʅ˔ʺ˃ʰ 1.7Υ ɾˉ˂ˇˁ ɲʽʱʴˊʰ˃˃ʰ ʶ˄ˈˌ ˍˎˉʽˁˇˏ DSP 

ʅˍˇ ʶˊ˗ˍʹ˃ʰ ˍˇ ˇˉˇʾˇ ʰ˄ʰ˒ʷˊʻʹˁʶ ˁʰʽ ˉʰˊʰˉʱ˄˖ ˁʰʽ ʰ˒ˇˊʱ ˋˍˇ ʰ˄ ʻʰ ˉˊˇˍʽ˃ʺˋˇˎ˃ʶ ʴʽʰ ˍʹ˄ 

ˎ˂ˇˉˇʾʹˋʹ ˃ʾʰˌ ˋ˔ʶʵʾʰˋʹˌ ˍʹ ˔ˊʺˋʹ ʶ˄ˈˌ ˕ʹ˒ʽʰˁˇˏ ʶˉʶ˅ʶˊʴʰˋˍʺ ˋʺ˃ʰˍˇˌόDSPύ ʺ ʶ˄ˈˌ FPGA ʹ 

ʰˉʱ˄ˍʹˋʹ ˉˇʽˁʾ˂ʶʽ ʰˉˈ ʶ˒ʰˊ˃ˇʴʺ ˋʶ ʶ˒ʰˊ˃ˇʴʺΦ ɮ˄ʱ˂ˇʴʰ ˃ʶ ˍʰ ˋˍˇʽ˔ʶʾʰ ˁʰʽ ˍʽˌ ʰˉʰʽˍʺˋʶʽˌ ˉˇˎ ʷ˔ʶʽ ʹ 

ˁʱʻʶ ʶ˒ʰˊ˃ˇʴʺ ʰ˂˂ʱ ˁʰʽ ˍʹ˄ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ʹ ˉʰˊʰʴ˖ʴʺ ˍˇˎ ʶˁʱˋˍˇˍʶ ˉˊˇʿˈ˄ˍˇˌ ˃ˉˇˊʶʾ ˄ʰ 

ˉˊˇˍʽ˃ʺˋˇˎ˃ʶ ˍʹ˄ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʹ ʶ˄ˈˌ DSP  ̋  ʶ˄ˈˌ FPGA. 

1.5.2FPGA ̫ ˄ʰ˄ˍʽ DSP ̀ ˍʰ ɶ˂ʶˁˍˊˇ˄ʽˁʱ ɹˋ˔ˏˇˌ 

ɾʶ ʲʱˋʹ ˍʰ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ˉˇˎ ʰ˄ʰ˂ˏˋʰ˃ʶ ˉʰˊʰˉʱ˄˖Σ ʴʾ˄ʶˍʰʽ ˁʰˍʰ˄ˇʹˍˈ ˉ˖ˌ ʹ ʰˉˈʵˇˋʹ ˃ʶ ˍʹ 

˔ˊʺˋʹ ˍ˖˄ FPGA ʰˎ˅ʱ˄ʶˍʰʽ ˁʰˍʱ ˉˇ˂ˏΣ ʰ˄ʱ˂ˇʴʰ ˉʱ˄ˍʰ ˁʰʽ ˃ʶ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˉˇˎ ˎ˂ˇˉˇʽˇˏ˃ʶΣ ˈˉ˖ˌ 

˒ʰʾ˄ʶˍʰʽ ˁʰʽ ˋˍˇ ˉʰˊʰˁʱˍ˖ ˉʰˊʱʵʶʽʴ˃ʰ ˈˉˇˎ ˋˎʴˁˊʾ˄ˇ˄ˍʰʽ ˇʽ ʰˉˇʵˈˋʶʽˌ ʶ˄ˈˌ ʵʽˉˏˊʹ˄ˇˎ DSP 

ʶˉʶ˅ʶˊʴʰˋˍʺ ˁʰʽ ˍˇˎ Spartan-6 FPGAΦ ʆʰ ˉʰˊʰˁʱˍ˖ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʰ˄ˍ˂ʺʻʹˁʰ˄ ʰˉˈ ˋ˔ʶˍʽˁˈ ʱˊʻˊˇ 

ʶˊʶˎ˄ʹˍ˗˄ ˍʹˌ Xilinx ˁ ʰʽ ˍʹˌ National Instruments.  
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ʅ˔ʺ˃ʰ мΦуΥ ʅˏʴˁˊʽˋʹ ʰˉˇʵˈˋʶ˖˄ ˍˇˎ Spartan 6 FPGA ˃ ʶ ʷ˄ʰ ʵʽˉˏˊʹ˄ˇ ʶˉʶ˅ʶˊʴʰˋˍʺ 

 Dual-Core DSP Spartan-6 LX45 
FPGA 

ɰʰʻ˃ˈˌ 
ɮˉˈʵˇˋʹˌ 
(FPGA/DSP) 

Million MACS 
per Chip 

             600           14.500              24 

Million MACS 
per Watt 

             571               5.897              10 

Million MACS 
per Dollar 

               7                 279              40 

ʃʾ˄ʰˁʰˌ 1.1: ɰʰʻ˃ˇʾ h ˉˈʵˇˋʹˌ Spatan6 FPGA / Dual Core DSP 

ʂˉˇˎ MACS = Multiply-accumulate operations per second, ˁ ʰʽ h ˒ˇˊʱ ̀  ʁ˃ ʷˍˊˇ h ˉˈʵˇˋʹˌ ʁ ˄ˈˌ DSP. 

ʁ ˉʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʰˌ ʶʾ˄ʰʽ ʵʽʰ˒˖ˍʽˋˍʽˁˈˌ ˈˋˇ˄ ʰ˒ˇˊʱ ˋ̱ ʽˌ ʵʽʰ˒ˇˊʷˌ ʰ˄ʱ˃ʶˋʰ ˋʶ FPGA ˁʰʽ DSP 

ʶˉʶ˅ʶˊʴʰˋˍʷˌΦ ɾʶ ˁˈˁˁʽ˄ˇ ̝ ˊ˗˃ʰ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˍˇ ˋˍˇʽ˔ʶʾˇ ˍˇ ˇˉˇʾˇ ˎˉʶˊˍʶˊʶʾ ˋʶ ˁʱʻʶ ˁʰˍʹʴˇˊʾʰ: 

ʋɮʄɮɼʆɶʄɹʅʆɹɼɮ DSPs FPGA 

ɮˉˈʵˇˋʹ 600 MMACS 14,500 MMACS 

ʃʶˊʽ˒ʶˊʶʽʰˁʱ ʅˍʰʻʶˊʱ ɳˎʷ˂ʽˁˍʰ 

ʃˎˊʺ˄ʶˌ ɳˉʶ˅ʶˊʴʰˋˍʺ ɾˇ˄ˈˌ ʺ ɲʽˉ˂ˈˌ ʃˇ˂˂ʰˉ˂ˇʾ 

ʅ˔ʺ˃ʰ ɲʽʰ˃ˈˊ˒˖ˋʹˌ ʅˍʰʻʶˊʺ PWM ɳˎʷ˂ʽˁˍˇ 

ʋˊˈ˄ˇˌ ɮˉˈˁˊʽˋʹˌ 
ɰˊˈʴ˔ˇˎ 

         рл ˃ǎ            нΦр˃ǎ 

Silicon Gate Level(SGL) 
Reconfigurability 

                       -              Ҟ 

ʃʶˊʽʲʱ˂˂ˇ˄ ʅ˔ʶʵʾʰˋʹˌ C όʇ˕ʹ˂ˈˍʶˊˇ ɳˉʾˉʶʵˇ 
ɮ˒ʰʾˊʶˋʹˌύ 

VHDL & Verilog (RTL) 

ʃʾ˄ʰˁʰˌ мΦнΥ ɲʽʰ˒ˇˊʷˌ ʰ˄ʱ˃ʶˋʰ ˋˍʰ FPGA ˁ ʰʽ ˋˍʰ DSP 
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1.6 ɶ ʴ˂˗ˋˋʰ ˉʶˊʽʴˊʰ˒ʺˌ ˎ˂ʽˁˇˏ VHDL 

ɶ VHDL(VHSIC hardware description language  ̋ʴ˂˗ˋˋʰ ˉʶˊʽʴˊʰ˒ʺˌ ˎ˂ʽˁˇˏ VHSIC) ʶʾ˄ʰʽ ˃ʾʰ ʴ˂˗ˋˋʰ 

ˉʶˊʽʴˊʰ˒ʺˌ ˎ˂ʽˁˇˏ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋˍˇ˄ ʰˎˍˇ˃ʰˍʽˋ˃ˈ ʹ˂ʶˁˍˊˇ˄ʽˁ˗˄ ˋ˔ʶʵʽʱˋʶ˖˄όelectronic 

design automation) ʴʽʰ ˍʹ˄ ˉʶˊʽʴˊʰ˒ʺ ˕ʹ˒ʽʰˁ˗˄ ˁʰʽ ˃ʶʽˁˍ˗˄όmixed-signal) ˋˎˋˍʹ˃ʱˍ˖˄Σ ˈˉ˖ˌ ˍʰ 

FPGA ˁʰʽ ˍʰ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ʰ ˁˎˁ˂˗˃ʰˍʰΦ ɶ VHDL ˋˎ˄ʺʻ˖ˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ ˋˎʴʴˊʰ˒ʺ ˃ˇ˄ˍʷ˂˖˄ 

ˋʶ ˁʁʾ˃ʶ˄ˇ ˉˇˎ ˉʶˊʽʴˊʱ˒ˇˎ˄ ʷ˄ʰ ˂ˇʴʽˁˈ ˁˏˁ˂˖˃ʰΦ ɴ˄ʰ ˉˊˈʴˊʰ˃˃ʰ ˋˏ˄ʻʶˋʹˌ ˃ˉˇˊʶʾ ˄ʰ ʶˉʶ˅ʶˊʴʰˋˍʶʾ 

ʷ˄ʰ ˍʷˍˇʽˇ ˃ˇ˄ˍʷ˂ˇ ˃ˈ˄ˇ ʰ˄ ʶʾ˄ʰʽ ˃ʷˊˇˌ ˍʹˌ ˂ˇʴʽˁʺˌ ˋ˔ʶʵʾʰˋʹˌΣ ʶˉˇ˃ʷ˄˖ˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʷ˄ʰ 

ˉˊˈʴˊʰ˃˃ʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ʴʽʰ ˄ʰ ʵˇˁʽ˃ʰˋˍʶʾ ʹ ˂ˇʴʽˁʺ ˋ˔ʶʵʾʰˋʹ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˃ˇ˄ˍʷ˂ʰ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˉˇˎ ʰ˄ʰˉʰˊʽˋˍˇˏ˄ ˍʰ ˂ˇʴʽˁʱ ˁˎˁ˂˗˃ʰˍʰ ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋˍʹ ˋ˔ʶʵʾʰˋʹΦ ɶ ˋˎ˂˂ˇʴʺ 

ʰˎˍʺ ʰˉˈ ˃ˇ˄ˍʷ˂ʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˋˎ˄ʺʻ˖ˌ ʰˉˇˁʰ˂ʶʾˍʰʽ testbench. 

ɶ VHDL ʷ˔ʶʽ ʵˇ˃ʷˌ ˉˇˎ ˔ʶʽˊʾʸˇ˄ˍʰʽ ˍˇ˄ ˉʰˊʰ˂˂ʹ˂ʽˋ˃ˈ ˉˇˎ ˎˉʱˊ˔ʶʽ ˋˍʽˌ ˋ˔ʶʵʽʱˋʶʽˌ ˎ˂ʽˁˇˏΦ ɳˉʾˋʹˌΣ ʹ 

VHDL ʷ˔ʶʽ ʽˋ˔ˎˊˇˏˌ ˍˏˉˇˎˌ όstrongly typedύ ˁʰʽ ʵʶ˄ ˁʱ˄ʶʽ ʵʽʱˁˊʽˋʹ ˃ʶˍʰ˅ˏ ˁʶ˒ʰ˂ʰʾ˖˄ ˁʰʽ ˃ʽˁˊ˗˄ 

ʴˊʰ˃˃ʱˍ˖˄Φ ɱʽʰ ˍʹ˄ ʰˉʶˎʻʶʾʰˌ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ˋˎ˔˄˗˄ ˂ʶʽˍˇˎˊʴʽ˗˄ ˍˇˎ ˎ˂ʽˁˇˏΣ ˎˉʱˊ˔ˇˎ˄ ˉˇ˂˂ʱ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍʹˌ VHDLΣ ˈˉ˖ˌ ʷ˄ʰ ˃ʶʴʱ˂ˇ ˋˏ˄ˇ˂ˇ ʰˉˈ ˂ˇʴʽˁʷˌ ˉˊʱ˅ʶʽˌ ˈˉ˖ˌ ʹ nand ˁʰʽ ʹ norΦ ɶ 

VHDL ʶˉʽˍˊʷˉʶʽ ʶˉʾˋʹˌ ˍʹ ʵʶʽˁˍˇʵˈˍʹˋʹ ˉʽ˄ʱˁ˖˄ ˋʶ ˋʶʽˊʱ ʰˉˈ  ˍˇ ˃̔ ˁˊˈˍʶˊˇ ˉˊˇˌ ˍˇ ˃ʁ ʴʰ˂ˏˍʶˊˇ 

ʵʶʾˁˍʹ ʺ ʰ˄ˍʾˋˍˊˇ˒ʰ - ˁʰʽ ˇʽ ʵˏˇ ˋˎ˃ʲʱˋʶʽˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋˍˇ ˎ˂ʽˁˈΣ ʶ˄˗ ˋˍʽˌ ˉʶˊʽˋˋˈˍʶˊʶˌ 

ʱ˂˂ʶˌ ʴ˂˗ˋˋʶˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˃ˈ˄ˇ ˇ ˉˊ˗ˍˇˌ ˍˊˈˉˇˌ ʵʶʽˁˍˇʵˈˍʹˋʹˌΦ 

ɶ VHDL ʷ̝ ʶʽ ʵˎ˄ʰˍˈˍʹˍʶˌ ʶʽˋˈʵˇˎ ˁʰʽ ʶ˅ˈʵˇˎ ˋʶ ʰˊ˔ʶʾʰ ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˋʰ˄ ʴ˂˗ˋˋʰ 

ʴʶ˄ʽˁ˗˄ ˁʰʻʹˁˈ˄ˍ˖˄ ʴʽʰ ʶˉʶ˅ʶˊʴʰˋʾʰ ˁʶʽ˃ʷ˄ˇˎΣ ʰ˂˂ʱ ˍʰ ʰˊ˔ʶʾʰ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋˎ˄ʺʻ˖ˌ ʰˉˈ ʷ˄ʰ 

testbench ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ʴʽʰ ˍˇ˄ ˇˊʽˋ˃ˈ ʵʽʶʴʷˊˋʶ˖˄ όstimuliύΣ ʰ˂˂ʹ˂ʶˉʾʵˊʰˋʹ ̩˃ʶ ̱̌ ˄ ˔ˊʺˋˍʹ ˁʰʽ ʴʽʰ 

ˍʹ ˋˏʴˁˊʽˋʹ ˍ˖˄ ˂ʹ˒ʻʷ˄ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˃ʶ ˍʰ ʶˉʽʻˎ˃ʹˍʱ ʵʶʵˇ˃ʷ˄ʰΦ ʃʰˊˈ˂ʰ ʰˎˍʱΣ ˇʽ ˉʶˊʽˋˋˈˍʶˊˇʽ 

ˋ˔ʶʵʽʰˋˍʷˌ ʰ˒ʺ˄ˇˎ˄ ʰˎˍʺ˄ ˍʹ˄ ʶˊʴʰˋʾʰ ˋˍˇ˄ ˉˊˇˋˇ˃ˇʽ˖ˍʺΦ 

ɱʽʰ ʷ˄ʰ˄ ˉˊˇʴˊʰ˃˃ʰˍʽˋˍʺ ˔˖ˊʾˌ ʶ˃ˉʶʽˊʾʰ ʶʾ˄ʰʽ ˋ˔ʶˍʽˁʱ ʶˏˁˇ˂ˇ ˄ʰ ˉʰˊʱʴʶʽ ˁ˗ʵʽˁʰ ˉˇˎ 

ˉˊˇˋˇ˃ˇʽ˗˄ʶˍʰʽ ˃ʶ ʶˉʽˍˎ˔ʾʰ ʰ˂˂ʱ ʵʶ ˃ˉˇˊʶʾ ˄ʰ ˉʰˊʰ˔ʻʶʾ ˋʰ˄ ˉˊʰʴ˃ʰˍʽˁʺ ˎ˂ˇˉˇʾʹˋʹΣ ʺ ʶʾ˄ʰʽ ˉˇ˂ˏ 

˃ʶʴʱ˂ˇˌ ʴʽʰ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˋˍʹ˄ ˉˊʱ˅ʹΦ 

ɶ ˋ˔ʶʵʾʰˋʹ ˍˇˎ ˎ˂ʽˁˇˏ ˃ˉˇˊʶʾ ˄ʰ ʴʾ˄ʶʽ ˋʶ ʷ˄ʰ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ˇ ˉʶˊʽʲʱ˂˂ˇ˄ ʰ˄ʱˉˍˎ˅ʹˌ ʴʽʰ VHDL όʴʽʰ 

ˎ˂ˇˉˇʾʹˋʹ FPGA ˍʷˍˇʽʰ ʶʾ˄ʰʽ ˍˇ Xilinx ISEΣ ˍˇ Altera QuartusΣ ˍˇ Synopsys Synplify ˁʰʽ ˍˇ Mentor 

Graphics HDL DesignerύΣ ˗ˋˍʶ ˄ʰ ˉʰˊʰ˔ʻʶʾ ˍˇ ˋ˔ʹ˃ʰˍʽˁˈ ʵʽʱʴˊʰ˃˃ʰ RTL ˍˇˎ ʶˉʽʻˎ˃ʹˍˇˏ ˁˎˁ˂˗˃ʰˍˇˌΦ 

ɾʶˍʱ ʰˉˈ ʰˎˍˈΣ ˍˇ ˉʰˊʰʴˈ˃ʶ˄ˇ ˋ˔ʹ˃ʰˍʽˁˈ ʵʽʱʴˊʰ˃˃ʰ ˃ˉˇˊʶʾ ˄ʰ ʶˉʰ˂ʹʻʶˎˍʶʾ ˃ʶ ˔ˊʺˋʹ ˂ˇʴʽˋ˃ʽˁˇˏ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˉˇˎ ʵʶʾ˔˄ʶʽ ˍʽˌ ˁˎ˃ʰˍˇ˃ˇˊ˒ʷˌ ˍ˖˄ ʶʽˋˈʵ˖˄ ˁʰʽ ˍ˖˄ ʶ˅ˈʵ˖˄ ˍˇˎ ˁˎˁ˂˗˃ʰˍˇˌ ˃ʶˍʱ ˍʹ˄ 

ʵʹ˃ʽˇˎˊʴʾʰ ˍˇˎ ˁʰˍʱ˂˂ʹ˂ˇˎ testbenchΦ ɶ ʵʹ˃ʽˇˎˊʴʾʰ ˍˇˎ ˋ˖ˋˍˇˏ testbench ʴʽʰ ʷ˄ʰ ˁˏˁ˂˖˃ʰ ʺ ʷ˄ʰ˄ 

ˁ˗ʵʽˁʰ ˋʶ VHDL h ˉʰʽˍʶʾ ˍˇ˄ ˋ˖ˋˍˈ ˇˊʽˋ˃ˈ ˍ˖˄ ʶʽˋˈʵ˖˄Φ 

ʂˍʰ˄ ʷ˄ʰ ˃ˇ˄ˍʷ˂ˇ ˋʶ VHDL ˃ʁ ˍʰ˒ˊʱʸʶˍʰʽ ˋʶ Ϧˉˏ˂ʶˌ ˁʰʽ ʴˊʰ˃˃ʷˌϦ ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ʾʸˇ˄ˍʰʽ ˋʶ ˃ʽʰ 

ˉˊˇʴˊʰ˃˃ʰˍʽʸˈ˃ʶ˄ʹ ˂ˇʴʽˁʺ ˋˎˋˁʶˎʺ ˈˉ˖ˌ ʷ˄ʰ CPLD ʺ ʷ˄ʰ FPGAΣ ˍˈˍʶ ˍˇ ˉˊʰʴ˃ʰˍʽˁˈ ˎ˂ʽˁˈ ʶʾ˄ʰʽ ʰˎˍˈ 

ˉˇˎ ˊˎʻ˃ʾʸʶˍʰʽ ˁʰʽ ʵʶ˄ Ϧʶˁˍʶ˂ʶʾˍʰʽϦ ˇ ˁ˗ʵʽˁʰˌ VHDL ̀ ʶ ˁʱˉˇʽˇˎ ˍˏˉˇˎ ʶˉʶ˅ʶˊʴʰˋˍʺΦ 
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1.6.1 ʃ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ˍʹˌ ʴ˂˗ˋˋʰˌ VHDL 

ɶ ʴ˂˗ˋˋʰ ˉʶˊʽʴˊʰ˒ʺˌ ˎ˂ʽˁˇˏ VHDL ˉʰˊˇˎˋʽʱʸʶʽ ʵʽʱ˒ˇˊʰ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ˉˇˎ ˁʰʻʽˋˍˇˏ˄ ˍʹ 

˔ˊʹˋʽ˃ˇˉˇʾʹˋʺ ˍʹˌ ˋˎ˃˒ʷˊˇˎˋʰ ʴʽʰ ˃ʾʰ ˉ˂ʹʻ˗ˊʰ ʶ˒ʰˊ˃ˇʴ˗˄Φ ʆʰ ˋʹ˃ʰ˄ˍʽˁˈˍʶˊʰ ʰˉˈ ˍʰ 

ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ʰˎˍʱ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˉʰˊʰˁʱˍ˖Υ 

1) ʆˇ ʲʰˋʽˁˈ ˉ˂ʶˇ˄ʷˁˍʹ˃ʰ ˍʹˌ VHDLΣ ˈˍʰ˄ ʰˎˍʺ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˋ˔ʶʵʾʰˋʹ ˋˎˋˍʹ˃ʱˍ˖˄Σ ʶʾ˄ʰʽ ˈˍʽ 

ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ˉʶˊʽʴˊʰ˒ʺ ό˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹύ ˁʰʽ ˍʹ˄ ʶˉʰ˂ʺʻʶˎˋʹ όˉˊˇˋˇ˃ˇʾ˖ˋʹύ ˍˇˎ ʶˉʽʻˎ˃ʹˍˇˏ 

ˋˎˋˍʺ˃ʰˍˇˌΣ ˉˊʽ˄ ˍʰ ʶˊʴʰ˂ʶʾʰ ˋˏ˄ʻʶˋʹˌ ˃ʶˍʰ˒ˊʱˋˇˎ˄ ˍʹ ˋ˔ʶʵʾʰˋʹ ˋʶ ˉˊʰʴ˃ʰˍʽˁˈ ˎ˂ʽˁˈ όˉˏ˂ʶˌ ˁʰʽ 

ʴˊʰ˃˃ʷˌ). 

2) ɴ˄ʰ ʱ˂˂ˇ ˈ˒ʶ˂ˇˌ ˍʹˌ VHDL ʶʾ˄ʰʽ ˈˍʽ ʶˉʽˍˊʷˉʶʽ ˍˇ˄ ˇˊʽˋ˃ˈ ˍʰˎˍˈ˔ˊˇ˄˖˄ ˋˎˋˍʹ˃ʱˍ˖˄ όconcurrent 

systems). H VHDL ʶʾ˄ʰʽ ʴ˂˗ˋˋʰ ˊˇʺˌ ʵʶʵˇ˃ʷ˄˖˄Σ ˋʶ ʰ˄ˍʾʻʶˋʹ ˃ʶ ˍʽˌ ʵʽʰʵʽˁʰˋˍʽˁʷˌ ʴ˂˗ˋˋʶˌ 

ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ˈˉ˖ˌ ʹ BASICΣ ʹ C ˁʰʽ ʹ ˋˎ˃ʲˇ˂ʽˁʺ ʴ˂˗ˋˋʰΣ ˇʽ ˇˉˇʾʶˌ ʶˁˍʶ˂ˇˏ˄ˍʰʽ ʰˁˇ˂ˇˎʻʽʰˁʱΣ 

˃ʶ ˁʱʻʶ ʶ˄ˍˇ˂ʺ ˄ʰ ʰˁˇ˂ˇˎʻʶʾ ˍʹ˄ ˉˊˇʹʴˇˏ˃ʶ˄ʹΦ 

3) ɴ˄ʰ ʷˊʴˇ ˋʶ VHDL ʷ˔ʶʽ ˉˇ˂˂ʷˌ ʶ˒ʰˊ˃ˇʴʷˌΦ ɴ˄ʰ ˃ˉ˂ˇˁ ˎˉˇ˂ˇʴʽˋ˃ˇˏ όcalculation block) 

ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ˃ʽʰ ˒ˇˊʱ ʰ˂˂ʱ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˋʶ ʱ˂˂ʰ ʷˊʴʰΦ ɾˉˇˊˇˏ˄ ʶˉʾˋʹˌ ˄ʰ 

ˊˎʻ˃ʽˋˍˇˏ˄ ʵʽʱ˒ˇˊʶˌ ˉʰˊʱ˃ʶˍˊˇʽ ʵʽʰ˃ˈˊ˒˖ˋʹˌ ˁʰʽ ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎ ˃ˉ˂ˇˁ όˉʰˊʱ˃ʶˍˊˇʽ 

˔˖ˊʹˍʽˁˈˍʹˍʰˌΣ ˍˇ ˃ʷʴʶʻˇˌ ˍʹˌ ˃˄ʺ˃ʹˌΣ ʹ ʲʱˋʹ ˍ˖˄ ˋˍˇʽ˔ʶʾ˖˄ όelement baseύΣ ʹ ˋˏ˄ʻʶˋʹ ˃ˉ˂ˇˁ ˁʰʽ ʹ 

ʵˇ˃ʺ ʵʽʰˋˏ˄ʵʶˋʹˌύΦ 

4) ɴ˄ʰ ʷˊʴˇ ˋʶ VHDL ʶʾ˄ʰʽ ʶˉʾˋʹˌ ˃ʶˍʰ˒ʷˊˋʽ˃ˇΦ ɮ˄ ʷ˔ʶʽ ʵʹ˃ʽˇˎˊʴʹʻʶʾ ʴʽʰ ˃ʽʰ ʲʱˋʹ ˋˍˇʽ˔ʶʾ˖˄Σ ˃ˉˇˊʶʾ 

˄ʰ ˃ʶˍʰ˒ʶˊʻʶʾ ˋʶ ˃ʽʰ ʱ˂˂ʹ ʲʱˋʹΣ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ˋʶ ʷ˄ʰ VLSI ˃ ʶ ʵʽʱ˒ˇˊʶˌ ˍʶ˔˄ˇ˂ˇʴʾʶˌ. 

 

1.6.2 ɾʶʽˇ˄ʶˁˍʺ˃ʰˍʰ ˍʹˌ ʴ˂˗ˋˋʰˌ VHDL 

ɳˁˍˈˌ ʲʶʲʰʾ˖ˌ ʰˉˈ ˍʰ ˉʰˊʰˉʱ˄˖ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ˉˇˎ ˔ʰˊʰˁˍʹˊʾʸˇˎ˄  ˍʹ˄ ʴ˂˗ˋˋʰ ˉʶˊʽʴˊʰ˒ʺˌ ˎ˂ʽˁˇˏ 

VHDL,  ̄ ʰˊˇˎˋʽʱʸʶʽ ˁʰʽ ˃ʶˊʽˁʱ ˃ʶʽˇ˄ʶˁˍʺ˃ʰˍʰΦ ʆʰ ˁˎˊʽˈˍʶˊʰ ʰˉˈ ʰˎˍʱ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˉʰˊʰˁʱˍ˖Υ 

мύ ɶ VHDL  ʻʰ ˃ˉˇˊˇˏˋʶ ˄ʰ ˔ʰˊʰˁˍʹˊʽˋˍʶʾ ˖ˌ ˒˂ˏʰˊʹΣ ˁʰʻ˗ˌ ʴʽʰ ˍʹ˄ ˉʶˊʽʴˊʰ˒ʺ ˇˊʽˋ˃ʷ˄˖˄ 

˂ʶʽˍˇˎˊʴʽ˗˄ ʰˉʰʽˍˇˏ˄ˍʰʽ ʰˊˁʶˍʷˌ ʴˊʰ˃˃ʷˌ ˁ˗ʵʽˁʰΣ ˁʰʽ ˋˎ˄ʶˉ˗ˌ ˉˇ˂˂ʷˌ ˒ˇˊʷˌ  ˉʶˊʾˉ˂ˇˁʹ ˁʰʽ 

ʵˎˋ˄ˈʹˍʹΦ 

нύ ɳˉʾˋʹˌΣ ˎˉʱˊ˔ˇˎ˄ ʵˇ˃ʷˌ ˉˇˎ ʶ˅ˎˉʹˊʶˍˇˏ˄ ˉʰˊˈ˃ˇʽˇ ˋˁˇˉˈ ʰ˂˂ʱ ˉʰˊˇˎˋʽʱʸˇˎ˄ ˉˇ˂ˏ ʵʽʰ˒ˇˊʶˍʽˁʺ 

ˋˏ˄ˍʰ˅ʹΦ ʋʰˊʰˁˍʹˊʽˋˍʽˁˈ ˉʰˊʱʵʶʽʴ˃ʰ ʰˉˇˍʶ˂ˇˏ˄ ˇʽ ʵˇ˃ʷˌ case ˁ ʰʽ select. 

3) ɮ˄ˍʾˋˍˇʽ˔ˇ ˃ʶʽˇ˄ʷˁˍʹ˃ʰ ʰˉˇˍʶ˂ʶʾ ˍˇ ʴʶʴˇ˄ˈˌ ˉ˖ˌ ʵˇ˃ʷˌ ˉˇˎ ʷ˔ˇˎ˄ ˉʰˊˈ˃ˇʽʰ ˋˏ˄ˍʰ˅ʹΣ ˈˉ˖ˌ ˇʽ 

variables ˁ ʰʽ ˍʰ signalsΣ ˉʰˊˇˎˋʽʱʸˇˎ˄ ʵʽʰ˒ˇˊʶˍʽˁʺ ˋʹ˃ʰˋʽˇ˂ˇʴʾʰΦ 

пύ ʆʷ˂ˇˌΣ ˍˇ ˎ˂ʽˁˈ ˍˇ ˇˉˇʾˇ ˋˎ˄ˍʾʻʶˍʰʽ ʵʶ˄ ʶʾ˄ʰʽ ˉʱ˄ˍʰ ˉˊˇ˒ʰ˄ʷˌΣ ˈˉ˖ˌ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ʹ ʵʹ˃ʽˇˎˊʴʾʰ 

˃ʰ˄ʵʰ˂˖ˍ˗˄ ʰ˄ˍʾ ʴʽʰ flip-flop ˂ˈʴ˖ ˍʹˌ ˃ʹ ʵʺ˂˖ˋʹˌ ˈ˂˖˄ ˍ˖˄ ʵˎ˄ʰˍ˗˄ ˉʶˊʽˉˍ˗ˋʶ˖˄ ʰˉˈʵˇˋʹˌ ˍʽ˃ʺˌ 

ʶ˄ˈˌ ̀ ʺ˃ʰˍˇˌΦ 
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ɼɳʊɮɽɮɹʁ 2ˇ  

ʇɽʁʃʁɹɶʅɶ ɼɮɹ ɮʃʁʆɳɽɳʅɾɮʆɮ ʆɶʅ PWM ʆɳʋɿɹɼɶʅ 

 

2.1 ɳʽˋʰʴ˖ʴʺ  

ʅˍˇ ˁʶ˒ʱ˂ʰʽˇ ʰˎˍˈ ʻʰ ʰˋ˔ˇ˂ʹʻˇˏ˃ʶ ˃ʶ ˍʹ˄ PWM(Pulse Width Modulation)ˍʶ˔˄ʽˁʺΦ ɳʾ˄ʰʽ ˃ʾʰ ˍʶ˔˄ʽˁʺ 

ʵʽʰ˃ˈˊ˒˖ˋʹˌ ʹ ˇˉˇʾʰ ˉʰˊʱʴʶʽ ˉʰ˂˃ˇˏˌ ˃ʶˍʰʲ˂ʹˍˇˏ ˉ˂ʱˍˇˎˌ ʴʽʰ ˍʹ˄ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ˍˇˎ ˉ˂ʱˍˇˎˌ 

ʶ˄ˈˌ ʰ˄ʰ˂ˇʴʽˁˇˏ ˋʺ˃ʰˍˇˌ ʶʽˋˈʵˇˎΦ ɶ PWM ʶʾ˄ʰʽ ˋˍʽˌ ˃ʷˊʶˌ ˃ʰˌ ʷ˄ʰ ʰ˄ʰˉˈˋˉʰˋˍˇ ˁˇ˃˃ʱˍʽ ˈ˂˖˄ ˍ˖˄ 

ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄˖˄ ˋˎˋˍʹ˃ʱˍ˖˄Φ ʅˎ˄ʽˋˍʱ ˃ʾʰ ʶˎˊʷ˖ˌ ʰˉˇʵʶˁˍʺ ˍʶ˔˄ʽˁʺ ʶ˂ʷʴ˔ˇˎ ˋˍʽˌ ˉʶˊʽˋˋˈˍʶˊʶˌ 

ʹ˂ʶˁˍˊˇ˄ʽˁʷˌ ʶ˒ʰˊ˃ˇʴʷˌΦ ɶ PWM ʶʾ˄ʰʽ ˃ʾʰ ʽˋ˔ˎˊʺ ˍʶ˔˄ʽˁʺ ʴʽʰ ˍˇ˄ ʷ˂ʶʴ˔ˇ ʰ˄ʰ˂ˇʴʽˁ˗˄ ˋˎˋˍʹ˃ʱˍ˖˄ ˃ʶ 

ˍʽˌ ˕ʹ˒ʽʰˁʷˌ ʶ˅ˈʵˇˎˌ ʶ˄ˈˌ ʶˉʶ˅ʶˊʴʰˋˍʺΦ ɶ t²a ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋʶ ˉ˂ʺʻˇˌ ʶ˒ʰˊ˃ˇʴ˗˄ Σ ˉˇˎ 

ˁˎ˃ʰʾ˄ˇ˄ˍʰʽ ʰˉˈ ˃ʶˍˊʺˋʶʽˌ ˁʰʽ ʶˉʽˁˇʽ˄˖˄ʾʶˌ ˃ʷ˔ˊʽ ˍˇ˄ ʷ˂ʶʴ˔ˇ ˍʹˌ ʽˋ˔ˏˇˌ ˁʰʽ ˍʽˌ ʶ˒ʰˊ˃ˇʴʷˌ 

˃ʶˍʰˍˊˇˉʺˌΦ ʇˉʱˊ˔ˇˎ˄ ˉˇ˂˂ʷˌ ˃ʷʻˇʵˇʽ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ˄ ʰˊ˔ʽˍʶˁˍˇ˄ʽˁʺ ˁʰʽ ˍʽˌ ʰˉʰʽˍʺˋʶʽˌ ˍˇˎ 

ˋˎˋˍʺ˃ʰˍˇˌΦ ɶ ˎ˂ˇˉˇʾʹˋʹ ˍʹˌ ˋ˔ʶʵʾʰˋʹˌ ˍˇˎˌ ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ ˍˇ˄ ˍˏˉˇ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌΣ ˍʹ˄ 

ˁʰˍʰ˄ʱ˂˖ˋʹ ʽˋ˔ˏˇˌΣ ˍˇˎˌ ʵʽʰʻʷˋʽ˃ˇˎˌ ʹ˃ʽʰʴ˖ʴˇˏˌ ˁʰʽ  ˍʰ ˁˊʽˍʺˊʽʰ ˁˈˋˍˇˎˌ ˁʰʽ ʰˉˈʵˇˋʹˌΦ ʁʽ 

˕ʹ˒ʽʰˁʷˌ ˃ʷʻˇʵˇʽ ʶʾ˄ʰʽ ˇʽ ˉʽˇ ˁʰˍʱ˂˂ʹ˂ʶˌ ʴʽʰ ˍˇ˄ ˋ˔ʶʵʽʰˋ˃ˈ PWM ʴʶ˄˄ʹˍˊʽ˗˄ ˁʰʻ˗ˌ ʶʾ˄ʰʽ ˉˇ˂ˏ 

ʶˎʷ˂ʽˁˍʶˌ ˁʰʽ ˂ʽʴˈˍʶˊˇ ʶˎʰʾˋʻʹˍʶˌ ˋˍˇ˄ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁˈ ʻˈˊˎʲˇΦ 

 

 

 

 

 

 

2.2 ʌɶʊɹɮɼɳʅ ʆɳʋɿɹɼɳʅ  t²a ʃɮʄɮɱʍɱɶʅ 

ʃˇ˂˂ʷˌ ˕ʹ˒ʽʰˁʷˌ ˍʶ˔˄ʽˁʷˌ ʲʰˋʾʸˇ˄ˍʰʽ ˋˍʹ˄ ˔ˊʺˋʹ ˃ʶˍˊʹˍ˗˄ ˁʰʽ ˋˎʴˁˊʽˍ˗˄ ʴʽʰ ˍʹ˄ ˋ˔ʶʵʾʰˋʹΦ ɮˎˍʷˌ ˇʽ 

˕ʹ˒ʽʰˁʷˌ ˍʶ˔˄ʽˁʷˌ ʶʾ˄ʰʽ ʶˎˁˇ˂ˈˍʶˊˇ ˄ʰ ʶ˒ʰˊ˃ˇˋˍˇˏ˄ ʰˉˈ ˈˍʽ ˇʽ ʰ˄ʰ˂ˇʴʽˁʷˌΦ ɳˉʾˋʹˌ ʶʾ˄ʰʽ 

ʰˉˊˈˋʲ˂ʹˍʶˌ ʰˉˈ ˍˇ˄ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁˈ ʻˈˊˎʲˇΣ ˍʹ ˃ʁˍʰʲˇ˂ʺ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˁʰʽ ʵʶ˄ ʶˉʹˊʶʱʸˇ˄ˍʰʽ 

ʰˉˈ ˍʽˌ ˃ʶˍʰʲˇ˂ʷˌ ˍ˖˄ ˋˍˇʽ˔ʶʾ˖˄ ˁʰʽ ˍʽˌ ʰˉ˗˂ʶʽʶˌ ˃ʶˍʰʴ˖ʴʺˌΦ ɱʽʰ ʶ˅ʶ˂ʽʴ˃ʷ˄ʰ ˋˎˋˍʺ˃ʰˍʰ ʶ˂ʷʴ˔ˇˎΣ 

ʶʾ˄ʰʽ ʶˉʽʻˎ˃ʹˍʺ ʹ ˔ˊʺˋʹ ˍ˖˄ ˋˎˋˍʹ˃ʱˍ˖˄ ˕ʹ˒ʽʰˁʺˌ ʵʽʰ˃ˈˊ˒˖ˋʹˌΦ ʃʰˊʰˁʱˍ˖ ˉʰˊˇˎˋʽʱʸˇˎ˃ʶ ˍˇ 

ʴʶ˄ʽˁˈ ˃ˉ˂ˇˁ ʵʽʱʴˊʰ˃˃ʰ ˍˇˎ ˕ʹ˒ʽʰˁˇˏ ʶ˂ʷʴ˔ˇˎ ʶ˄ˈˌ ˃ʶˍʰˍˊˇˉʷʰΥ 
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                                       PWM ʅɶɾɮ 

                                         ɳɽɳɱʋʁʇ 

 

 

 

 

                                                                                                         FPGA 

ʅ˔ʺ˃ʰ нΦмΥ ɱʶ˄ʽˁˈ ɾˉ˂ˇˁ ɲʽʱʴˊʰ˃˃ʰ ʌʹ˒ʽʰˁˇˏ ɳ˂ʷʴ˔ˇˎ ɾʶˍʰˍˊˇˉʷʰ 

ʇˉʱˊ˔ˇˎ˄ ˉˇ˂˂ʷˌ ˕ʹ˒ʽʰˁʷˌ ˍʶ˔˄ʽˁʷˌ ʵʽʰʻʷˋʽ˃ʶˌ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ˄ ʵʽʱˍʰ˅ʹ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˁʰʽ ˍˇ˄ 

ˍˏˉˇ ˍˇˎ ˃ʶˍˊʹˍʺ ʰ˂˂ʱ ˋʶ ʰˎˍˈ ˍˇ ˁʶ˒ʱ˂ʰʽˇ ʻʰ ʰˋ˔ˇ˂ʹʻˇˏ˃ʶ ˃ʶ ˃ʾh  ʲʰˋʽˁ ̋ˍˇˉˇ˂ˇʴʾ hʴʶ˄̱̋́˄ ʽh̩  

t²aΦ ɮˎˍ ̋ʁ ʾ˄ʰʽ  ́̄ ʰˊʰˁʱˍ˖Υ 

ü ʇ˕ʹ˂ʺˌ ʅˎ˔˄ˈˍʹˍʰˌ t²a ɱʶ˄˄ʺˍˊʽʰ ʲʰˋʽˋ˃ʷ˄ʹ ˋʶ ɾʶˍˊʹˍʺΦ 

 

 

2.3 ʇʌɶɽɶʅ ʅʇʋɿʁʆɶʆɮʅ t²a ɱɳɿɿɶʆʄɹɮ ɰɮʅɹʅɾɳɿɶ ʅɳ ɾɳʆʄɶʆɶ 

ʅˏ˃˒˖˄ʰ ˃ʶ ʰˎˍʺ ˍʹ˄ ʰˊ˔ʽˍʶˁˍˇ˄ʽˁʺ ˎˉʱˊ˔ʶʽ ʷ˄ʰˌ ˎ˕ʹ˂ʺˌ ˍʰ˔ˏˍʹˍʰˌ ˃ʶˍˊʹˍʺˌ ˍ˖˄ N-bit ̱ ˇˎ ˇˉˇʾˇˎ ʹ 

ʷ˅ˇʵˇˌ ˋˎʴˁˊʾ˄ʶˍʶ ˃ʶ ˍˇ ˉʶˊʽʶ˔ˈ˃ʶ˄ˇ ʶ˄ˈˌ ˁʰˍʰ˔˖ˊʹˍʺΣ ˇ ˇˉˇʾˇˌ ʰˉˇʻʹˁʶˏʶʽ ˍˇ ʶˉʽʻˎ˃ʹˍˈ Řǳǘȅ ŎȅŎƭŜ 

ˍʹˌ ʶʽˋˈʵˇˎόN-bit ˍʽ˃ʷˌύΣ ˃ʶ ˍʹ˄ ʲˇʺʻʶʽʰ ʶ˄ˈˌ ˋˎʴˁˊʽˍʺΦ ɶ ʷ˅ˇʵˇˌ ˍˇˎ ˋˎʴˁˊʽˍʺ ʶʾ˄ʰʽ ΨΩ1ΩΩ ʴʽʰ ˈˋˇ 

˔ˊˈ˄ˇ ˇ ˃ʶˍˊʹˍʺˌ ˂ʰ˃ʲʱ˄ʶʽ ˃ʽˁˊˈˍʶˊʹ ˍʽ˃ʺ ʰˉˈ ˍˇ duty cycle. ɮ˄ˍʾʻʶˍʰΣ ˃ʹʵʶ˄ʾʸʶˍʰʽ ˈˍʰ˄ ˇ ˃ʶˍˊʹˍʺˌ 

ʷ˔ʶʽ ˍʽ˃ʺ ʾˋʹ ʺ ˃ʶʴʰ˂ˏˍʶˊʹ ˍˇˎ duty cycle. ɮˎˍʺ ʹ ʷ˅ˇʵˇˌ ˍˇˎ ˋˎʴˁˊʽˍʺ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˄ʰ 

ʶ˄ʶˊʴˇˉˇʽʺˋʶʽ ʷ˄ʰ˄ RS ˃ʰ˄ʵʰ˂˖ˍʺΦ  ɶ ʷ˅ˇʵˇˌ ˍˇˎ ˃ʰ˄ʵʰ˂˖ˍʺ ʵʾ˄ʶʽ ˍʹ˄ ʶˉʽʻˎ˃ʹˍʺ ʷ˅ˇʵˇ t²aΦ ʆˇ 

ˉ˂ʶˇ˄ʷˁˍʹ˃ʰ ʰˎˍʺˌ ˍʹˌ ˃ʶʻˈʵˇˎ ʶʾ˄ʰʽ ˈˍʽ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˄ʰ ʵʹ˃ʽˇˎˊʴʺˋʶʽ ʷ˅ˇʵˇ t²a ˎ˕ʹ˂ʺˌ 

ˋˎ˔˄ˈˍʹˍʰˌ ˁʱˍʽ ˍˇ ˇˉˇʾˇ ʵʶ˄ ʶʾ˄ʰʽ ʶ˒ʽˁˍˈ ˃ʶ ˍʹ˄ ˁʰ˄ˇ˄ʽˁʺ ˉˊˇˋʷʴʴʽˋʹ ˃ʶ ˃ʶˍˊʹˍʺΦ ʆˇ ˉʰˊʰˁʱˍ˖ 

ˋ˔ʺ˃ʰ ʰˉʶʽˁˇ˄ʾʸʶʽ ˍˇ ʰ˄ˍʾˋˍˇʽ˔ˇ ʵʽʱʴˊʰ˃˃ʰ ʰˎˍʺˌ ˍʹˌ ʰˊ˔ʽˍʶˁˍˇ˄ʽˁʺˌΥ 

        ɾɳʆɮʆʄʁʃɳɮʅΥ DC / ɮC 

A / D 

ɾɳʆɮʆʄʁʃɳɮʅ 

ɳɽɳɱɼʆɶʅ 

ό5{tκ˃tύ 

ɱɳɿɿɶʆʄɹɮ  PWM 

ɰɮʅɹʅɾɳɿɶ ʅɳ 

ɾɳʆʄɶʆɶ 
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2.3Φм ɮʄʋɹʆɳɼʆʁɿɹɼɶ ʅʋɳɲɹɮʅɶʅ 

                                           

                                                                                                                                           reset 

                                                                                                                                    

          

fclock                                                                                                                                                                                               PWM 

                                                                                                                                                                                

INPUT 

N-BIT DUTY 

CYCLE VALUE 

ʅ˔ʺ˃ʰ нΦнΥ ɮˊ˔ʽˍʶˁˍˇ˄ʽˁʺ ˍʹˌ PWM ɱʶ˄˄ʺˍˊʽʰˌ 

 

2.3.2 VHDL ɼʍɲɹɼɮʅ ɮʄʋɹʆɳɼʆʁɿɹɼɶʅ 

ʁ ˁ˗ʵʽˁʰˌ VHDL ɹ ʽʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ʰˎˍʺˌ ˍʹˌ ʰˊ˔ʽˍʶˁˍˇ˄ʽˁʺˌ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˉʰˊʰˁʱˍ˖Υ  

library IEEE; 

------------------- ɲɶɽʍʅɶ ʆʍɿ ɮʃɮʄɮɹʆɶʆʍɿ ʃɮɼɳʆʍɿ ʆʍɿ ɰɹɰɽɹʍɸɶɼʍɿ----------------------------------- 

  use IEEE.std_logic_1164.all; 

  use IEEE.numeric_std.all; 

    

---------------------------------------------------------------------------------------------------------------------------------------- 

--------------------- ɲɶɽʍʅɶ ʆɶʅ ɳɿʁʆɶʆɮʅ ʃʁʇ ɸɮ ʋʄɶʅɹɾʁʃʁɹɶʅʁʇɾɳ -------------------------------------- 

 

Entity PWM is 

Port (    Rst : In  std_logic; 

              Clk : In  std_logic; 

              Din : In  std_logic_vector (8 downto 0); 

N-BIT                

COUNTER    OUTPUT 

N-BIT REGISTER 

INPUT             OUTPUT 

                 

  N-BIT   COMPARATOR     

                          EQUAL 

G 

                            G < H 

H 

 

R 

                Q 

S 
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           PWMout : Out std_logic ); 

end PWM; 

---------------------------------------------------------------------------------------------------------------------------------------- 

------------- ɲɶɽʍʅɶ ɼɮɹ ʇɽʁʃʁɹɶʅɶ ʆɶʅ ɮʄʋɹʆɳɼʆʁɿɹɼɶʅ ʃʁʇ ɸɮ ʋʄɶʅɹɾʁʃʁɹɶʅʁʇɾɳ -------------- 

Architecture RTL_Comp of PWM is 

     signal Cnt : unsigned (7 downto 0); 

begin 

process (Clk,Rst) 

begin 

  if Rst='1' then 

    Cnt <= (others=>'0'); 

    PWMout <= '0'; 

  elsif rising_edge(Clk) then 

    Cnt <= Cnt + 1; 

    if unsigned(Din(7 downto 0)) >= Cnt  then 

      PWMout <= '1'; 

    else 

      PWMout <= '0'; 

    end if; 

  end if; 

end process; 

 

end RTL_Comp; 

---------------------------------------------------------------------------------------------------------------------------------------- 
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 2.3.3 ʃʄʁʅʁɾʁɹʍʅɶ ʅʆʁ MODELSIM 

ɱʽʰ ˍʹ˄ ʶˉʰ˂ʺʻʶˎˋʹ ˍʹˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˍʹˌ  ˉʰˊʰˉʱ˄˖ ˋ˔ʶʵʾʰˋʹˌ ˔ˊʹˋʽ˃ˇˉˇʽʺˋʰ˃ʶ ˍˇ ʶˊʴʰ˂ʶʾˇ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ Modelsim Altera 10.0c(Quartus II 11.1) Starter EditionΦ ɾʶ ʰˎˍˈ ˃ʶˍʰʴ˂˖ˍˍʾ ˋʰ˃ʶ ˍˇ˄ 

ˁ˗ʵʽˁʰ ˁʰʽ ˁʱ˄ʰ˃ʶ ˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌ ʴʽʰ ʵʽʰ˒ˇˊʶˍʽˁʱ DUTY CYCLEΦ ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍ˖˄ 

ˉˊˇˋˇ˃ˇʽ˗ˋʶ˖˄ ʰˎˍ˗˄ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˉʰˊʰˁʱˍ˖Υ 

                                ʄˇ˂ˈʽ                            Duty_Cycle                 ɾʶˍˊʹˍʺˌ  

 

ʅ˔ʺ˃ʰ нΦоΥ ʅʺ˃ʰˍʰ PWM ʅ˔ʶʵʾʰˋʹˌ 

 

ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʴʽʰ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˍʽ˃ʷˌ Duty Cycle ̄ ʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˉʰˊʰˁʱˍ˖Υ 

 

ʅ˔ʺ˃ʰ 2.4: ɱʽʰ DUTY CYCLE = 001000000 =>  DUTY CYCLE = 25% 
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ʅ˔ʺ˃ʰ2.5: ɱʽʰ DUTY CYCLE = 010000000 =>  DUTY CYCLE = 50% 

 

 

 

ʅ˔ʺ˃ʰ 2.6: ɱʽʰ DUTY CYCLE = 011000000 =>  DUTY CYCLE = 75% 

2.3.4 RTL SCHEMATIC ʅʆʁ XILINX ISE  

ʃʰˊʰˁʱˍ˖ ̄ ʰˊˇˎˋʽʱʸʶˍʰʽ ̱  ̌RTL Schematic ̱ ʹˌ h ˊ˔ʽˍʶˁˍˇ˄ʽˁʺˌ ̍ ˉˇˎ: 

RTL(Register Transfer Level) Ґ ʅ˔ʶʵʽʰˋˍʽˁʺ ʰ˒ʰʾˊʶˋʹ ˉˇˎ ˃ˇ˄ˍʶ˂ˇˉˇʽʶʾ ʷ˄ʰ ˋˏʴ˔ˊˇ˄ˇ ˕ʹ˒ʽʰˁˈ 

ˋˏˋˍʹ˃ʰ ˃ʶ ˍʹ˄ ˊˇʺ ˕ʹ˒ʽʰˁ˗˄ ˋʹ˃ʱˍ˖˄όʵʶʵˇ˃ʷ˄˖˄ύ ʰ˄ʱ˃ʶˋʰ ˋʶ ˁʰˍʰ˔˖ˊʹˍʷˌ ˁʰʽ ˂ˇʴʽˁʷˌ 

˂ʶʽˍˇˎˊʴʾʶˌ ˉˇˎ ʶˁˍʶ˂ˇˏ˄ˍʰʽ ˋʶ ʰˎˍʱ ˍʰ ˋʺ˃ʰˍʰΦ 
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ʅ˔ʺ˃ʰ нΦтΥ RTL ̀ ˔ʹ˃ʰˍʽˁʺ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ʰˊ˔ʽˍʶˁˍˇ˄ʽˁʺˌ  

ʃʰˊʰˍʹˊˇˏ˃ʶ ˉ˖ˌ ˈ˄ˍ˖ˌ ˇ ˃ʶˍˊʹˍʺˌ ˁʰʽ ˍˇ ˋʺ˃ʰ ʶʽˋˈʵˇˎ ʶʽˋʷˊ˔ˇ˄ˍʰʽ ˋʶ ʷ˄ʰ ˋˎʴˁˊʽˍʺ ˁʰʽ ʰ˄ʱ˂ˇʴʰ 

˃ʶ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ˉˊˇˁˏˉˍʶʽ ˁʰʽ ʹ ʷ˅ˇʵˇˌΦ 

 

2.3.5 ɮɿɮʊʁʄɮ ʋʄɶʅɹɾʁʃʁɹɶʅɶʅ ʅʇʅɼɳʇɶʅ 

ɾʶˍʱ ˍʹ ˋˏ˄ʻʶˋʹ ˍʹˌ ˋ˔ʶʵʾʰˋʺˌ ˃ʰˌ ˍʹ˄ ˇˉˇʾʰ ˁʱ˄ʰ˃ʶ ˃ʷˋʰ ʰˉˈ ˍˇ ʶˊʴʰ˂ʶʾˇ ISE Design Suite ˍʹˌ 

Xilinx ˉˊˇʷˁˎ˕ʶ ˃ʾʰ ʰ˄ʰ˒ˇˊʱ ˃ʶ ˍʰ ˂ˇʴʽˁʱ ˃ˉ˂ˇˁ ˍʰ ˇˉˇʾʰ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ʴʽʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ 

ˋˍˇ FPGA. ʆʰ ˋˍˇʽ˔ʶʾʰ ˍʹˌ ʰ˄ʰ˒ˇˊʱ ʰˎˍʺˌ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˉʰˊʰˁʱˍ˖Υ 

Slice Logic Utilization Used Available Utilization 

Number of Slices 9 960 0% 

Number of Slice Flip Flops 9 1920 0% 

Number of 4 input LUTs 16 1920 0% 

Number of bonded IOBs 11 66 16% 

Number of GCLKs 1 24 4% 
ʃʾ˄ʰˁʰˌ нΦмΥ ʋˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄ˇʽ ˉˈˊˇʽ ˍʹˌ ˋˎˋˁʶˎʺˌ ʴʽʰ ̱ ʹ˄ ˎ˂ˇˉˇʾʹˋʹ ˍʹˌ ˎ˕ʹ˂ʺˌ ˋˎ˔˄ˈˍʹˍʰˌ PWM 

ˍʶ˔˄ʽˁʺˌ  

ʃʰˊʰˍʹˊˇˏ˃ʶ ˉ˖ˌ ˇ ˔˗ˊˇˌ ˇ ˇˉˇʾˇˌ ʵʶˋ˃ʶˏʶˍʰʽ ʶʾ˄ʰʽ ˉˇ˂ˏ ˃ʽˁˊˈˌ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍˇ˄ ʵʽʰʻʷˋʽ˃ˇ ʰˉˈ ˍˇ 

FPGA. 
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2.4 ʃɳɹʄɮɾɮʆɹɼɶ ɲɹɮɲɹɼɮʅɹɮ 

ɱʽʰ ˄ʰ ʶˉʰ˂ʹʻʶˏˋˇˎ˃ʶ ˍʰ  ʻʶ˖ˊʹˍʽˁʱ ʰ˂˂ʱ ˁʰʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍ˖˄ ˉˊˇˋˇ˃ˇʽ˗ˋʶ˗˄ ˃ʰˌ 

ˉˊʰʴ˃ʰˍˇˉˇʽʺˋʰ˃ʶ ˋˍˇ ʶˊʴʰˋˍʺˊʽˇ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ PWM ˉʰ˂˃˗˄ ˃ʶ duty cycle 50% ˁ ʰʽ тр҈ ˃ʶ ˍʹ˄ 

˔ˊʺˋʹ ˍˇˎ FPGA SPARTAN-3E Starter Kit ˍˇ ˇˉˇʾˇ ˉʰˊˇˎˋʽʱˋˍʹˁʶ ˉʰˊʰˉʱ˄˖Φ ɮˁˇ˂ˇˎʻʺˋʰ˃ʶ ˍʰ 

ˉʰˊʰˁʱˍ˖ ʲʺ˃ʰˍʰΥ 

1) ʆʶˋˍʱˊʰ˃ʶ ˍˇ˄ VHDL ˁ˗ʵʽˁʰ ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˍ˖˄ PWM ˉʰ˂˃˗˄ ˃ʶ ˍʹ˄ ˔ˊʺˋʹ ˍˇˎ 

ˉˊˇʴˊʱ˃˃ʰˍˇˌ Xilinx ISE Design Suite. 

2) ɾʶ ˍʹ˄ ˔ˊʺˋʹ ˍˇˎ ʾʵʽˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌόXilinx ISE Design Suiteύ ΨΩ˒ˇˊˍ˗ˋʰ˃ʶΩΩ ˍˇ˄ VHDL ˁ ˗ʵʽˁʰ 

ˋˍˇ FPGA ̱ ˇ ˇˉˇʾˇ ˉˊˇʹʴˇˎ˃ʷ˄˖ˌ ʶʾ˔ʰ˃ʶ ˋˎ˄ʵʷˋʶʽ ˃ʶ ˍˇ˄ ˎˉˇ˂ˇʴʽˋˍʺΦ 

3) ʆʷ˂ˇˌ ˋˎ˄ʵʷˋʰ˃ʶ ˍˇ probe ˍˇˎ ˉʰ˂˃ˇʴˊʱ˒ˇˎ ˋˍˇ pin ˍˇˎ FPGA ˋˍˇ ˇˉˇʾˇ ʶʾ˔ʰ˃ʶ 

ˍˇˉˇʻʶˍʺˋʶʽΣ ˃ʶ ˍˇ ˁʰˍʱ˂˂ʹ˂ˇ ʰˊ˔ʶʾˇ ˉʶˊʽˇˊʽˋ˃˗˄Σ ˍʹ˄ ʷ˅ˇʵˇ ˍˇˎ ˁ˗ʵʽˁʱ ˃ʰˌΦ ʆʹ˄ ʶʾˋˇʵˇΣ 

˃ʷˋ˖ ˍʹˌ ˇˉˇʾʰˌ ʵʾ˄ˇˎ˃ʶ ˍˇ ʶˉʽʻˎ˃ʹˍˈ duty cycle ˍʹ˄ ˋˎ˄ʵʷˋʰ˃ʶ ˃ʷˋ˖ ˍˇˎ ʰˊ˔ʶʾˇˎ 

ˉʶˊʽˇˊʽˋ˃˗˄ ˃ʶ ˍˇˎˌ ˍʷˋˋʶˊʽˌ ʵʽʰˁˈˉˍʶˌ ˍˇˎ FPGA ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˁʰʽ ˋˍʰ ˉʰˊʰˁʱˍ˖ 

ˋ˔ʺ˃ʰˍʰΦ 

ʆˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ ʰˎˍʺˌ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˉʰˊʰˁʱˍ˖Υ 

 

           Duty Cycle 50% (1000)                                       Pin ɳ˅ˈʵˇˎ 

ʅ˔ʺ˃ʰ нΦ8Υ ʇ˂ˇˉˇʾʹˋʹ ʰˊ˔ʽˍʶˁˍˇ˄ʽˁʺˌ ˋˍˇ FPGA Spartan 3E ˁ ʰʽ ʰˉʶʽˁˈ˄ʽˋʹ ˋˍˇ˄ ˉʰ˂˃ˇʴˊʱ˒ˇ 
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ʂˉ˖ˌ ʲ˂ʷˉˇˎ˃ʶ ˁʰʽ ˉʰˊʰˉʱ˄˖ ʰ˄ˍʽˋˍˇʽ˔ʾˋʰ˃ʶ ˍʹ˄ ʶʾˋˇʵˇ ˍˇˎ VHDL ˁ ˗ʵʽˁʰ, ɻ ʹ˂ʰʵʺ ˍˇ ʶˉʽʻˎ˃ʹˍˈ 

duty cycle, ˃ ʶ ˍˇˎˌ п ʵʽʰˁˈˉˍʶˌ ˁʰʽ ʴʽʰ ˄ʰ ʵ˗ˋˇˎ˃ʶ duty cycle 50% (DIN = 1000) ̀ ʹˁ˗ˋʰ˃ʶ ˃ˈ˄ˇ ˍˇ˄ 

ˉˊ˗ˍˇ ʵʽʰˁˈˉˍʹΦ ɮˎˍˈ ˒ʰʾ˄ʶˍʰʽ ˁʰ˂ˏˍʶˊʰ ˁʰʽ ˋˍʹ˄ ˉʰˊʰˁʱˍ˖ ʶʽˁˈ˄ʰΥ 

 

 ɾˈ˄ˇ ˇ мˇˌ
 ɻ ʽʰˁˈˉˍʹˌ ON(1000). 

ʅ˔ʺ˃ʰ нΦ9Υ ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉʶʽˊʰ˃ʰˍʽˁʺˌ ʵʽʰʵʽˁʰˋʾʰˌ ʴʽʰ duty cycle 50% 

ʆʷ˂ˇˌ ʴʽʰ ˃ʶʴʰ˂ˏˍʶˊʹ ˉ˂ʹˊˈˍʹˍʰ ˉʰˊʰʻʷˍˇˎ˃ʶ ˍˇ ˉʶʽˊʰ˃ʰˍʽˁˈ ʰˉˇˍʷ˂ʶˋ˃ʰ ˁʰʽ ʴʽʰ Duty Cycle 75%. 

ʆ˗ˊʰ ʶʾ˄ʰʽ ˇʽ ʵˏˇ ˉˊ˗ˍˇʽ ʵʽʰˁˈˉˍʶˌ ON ̍ ˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˁʰʽ ̄ ʰˊʰˁʱˍ˖Υ 
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              1
ˇˌ

 ˁ ʰʽ н
ˇˌ

 ɲʽʰˁˈˉˍʹˌ ON(1100 => Duty Cycle 75%). 

ʅ˔ʺ˃ʰ нΦм0Υ ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉʶʽˊʰ˃ʰˍʽˁʺˌ ʵʽʰʵʽˁʰˋʾʰˌ ʴʽʰ duty cycle 75% 
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ɼɳʊɮɽɮɹʁ 3ˇ  

ʇɽʁʃʁɹɶʅɶ ɼɮɹ ɮʃʁʆɳɽɳʅɾɮʆɮ ʆɶʅ SPWM ʆɳʋɿɹɼɶʅ 

3.1 ɳʽˋʰʴ˖ʴʺ 

ʃˇ˂˂ʷˌ ʶʾ˄ʰʽ ˇʽ ˍʶ˔˄ʽˁʷˌ ˉˇˎ ˎˉʱˊ˔ˇˎ˄ ʴʽʰ ˍˇ˄ ʷ˂ʶʴ˔ˇ ˍʹˌ ˍʱˋʹˌ ʶ˅ˈʵˇˎ ʶ˄ˈˌ ʰ˄ʰˋˍˊˇ˒ʷʰΦ ɾʾʰ ʰˉˈ 

ʰˎˍʷˌ ʶʾ˄ʰʽ ˁʰʽ ʹ ʹ˃ʽˍˇ˄ˇʶʽʵʺˌ ʵʽʰ˃ˈˊ˒˖ˋʹ ʶˏˊˇˎˌ ˉʰ˂˃˗˄όSPWMύΦ ʅˍʹ˄ ˍʶ˔˄ʽˁʺ ʰˎˍʺ ˋʶ ʶˉʾˉʶʵˇ 

ˁˎˁ˂˗˃ʰˍˇˌ ʶ˂ʷʴ˔ˇˎ ʵʹ˃ʽˇˎˊʴˇˏ˄ˍʰʽ ʵˏˇ ʹ˃ʽˍˇ˄ˇʶʽʵʺ ˋʺ˃ʰˍʰ ʰ˄ʰ˒ˇˊʱˌΣ ʷ˄ʰ ʴʽʰ ˁʱʻʶ ˋˁʷ˂ˇˌ ˍˇˎ 

ˉʰˊʰˁʱˍ˖ ʰ˄ʰˋˍˊˇ˒ʷʰΥ 

 

ʅ˔ʺ˃ʰ оΦмΥ ɾˇ˄ˇ˒ʰˋʽˁˈˌ ʰ˄ʰˋˍˊˇ˒ʷʰˌ ˉ˂ʺˊˇˎˌ ʴʷ˒ˎˊʰˌ ˃ʶ ˉʹʴʺ ˍʱˋʹˌ ˎ˂ˇˉˇʽʹ˃ʷ˄ˇˌ ˃ʶ ʹ˃ʽʰʴ˖ʴʽˁˇˏˌ 

ʵʽʰˁˈˉˍʶˌ ˍˏˉˇˎ IGBTs. 

ʆʰ ˋʺ˃ʰˍʰ ʰˎˍʱ ʷ˔ˇˎ˄ ˃ʶˍʰ˅ˏ ˍˇˎˌ ˃ʾʰ ʵʽʰ˒ˇˊʱ ˒ʱˋʹˌ мулϲΦ ɳˉʾˋʹˌ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ˁʰʽ ˃ʾʰ ˍˊʽʴ˖˄ʽˁʺ 

ˁˎ˃ʰˍˇ˃ˇˊ˒ʺ ˃ʶʴʱ˂ʹˌ ˋˎ˔˄ˈˍʹˍʰˌόˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʰ ˋʺ˃ʰˍʰ ʰ˄ʰ˒ˇˊʱˌύ ʹ ˇˉˇʾʰ ˇ˄ˇ˃ʱʸʶˍʰʽ 

ˁˎ˃ʰˍˇ˃ˇˊ˒ʺ ˒ʷˊˇ˄ˍˇˌ ˋʺ˃ʰˍˇˌΦ ɼʰʽ ˍʰ ˍˊʾʰ ʰˎˍʱ ˋʺ˃ʰˍʰ ʶʾ˄ʰʽ ˋˎʴ˔ˊˇ˄ʽˋ˃ʷ˄ʰ ˃ʶˍʰ˅ˏ ˍˇˎˌ ˁʰʽ 

˃ˉˇˊˇˏ˄  ˄ʰ ʵʹ˃ʽˇˎˊʴʹʻˇˏ˄ ˃ʶ ʰ˄ʰ˂ˇʴʽˁʱ ʺ ˕ʹ˒ʽʰˁʱ ˁˎˁ˂˗˃ʰˍʰΦ ɶ ˂ˇʴʽˁʺ ˍʹˌ ˃ʶʻˈʵˇˎ ʰˎˍʺˌ ʶʾ˄ʰʽ 

ʹ ˉʰˊʰʴ˖ʴʺ ˉʰ˂˃˗˄ ˉˇˎ ʶ˒ʰˊ˃ˈʸˇ˄ˍʰʽ ˋˍʽˌ ˉˏ˂ʶˌ ˍ˖˄ ˍʶˋˋʱˊ˖˄ ʵʽʰˁˇˉˍ˗˄όS1,S2,S3,Sпύ ʰ˄ʱ˂ˇʴʰ ˃ʶ 

ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹˌ ˋˏʴˁˊʽˋʹˌ ˍ˖˄ ˋʹ˃ʱˍ˖˄ ʰ˄ʰ˒ˇˊʱˌ ˃ʶ ˍˇ ˒ʷˊˇ˄Φ ɿʰ ˍˇ˄ʾˋˇˎ˃ʶ ˉ˖ˌ ʴʽʰ ˍʹ˄ 

ʰˉˇ˒ˎʴʺ ʲˊʰ˔ˎˁˎˁ˂˗˃ʰˍˇˌΣ ʵˏˇ ʵʽʰˁˈˉˍʶˌ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ˋˍˇ ʾʵʽˇ  ˋˁʷ˂ˇˌόS1,Sн ʺ S3,Sпύ ʵʶ˄ ʻʰ 

ˉˊʷˉʶʽ ˋʶ ˁʰ˃ʾʰ ˉʶˊʾˉˍ˖ˋʹ ˄ʰ ʱʴˇˎ˄ ˃ʰʸʾΦ ɮˎˍˈˌ ʶʾ˄ʰʽ ˁʰʽ ˇ ˂ˈʴˇˌ ˉˇˎ ˋʶ ʵˏˇ ʵʽʰˁˈˉˍʶˌ ˍˇˎ ʾʵʽˇˎ 

ˋˁʷ˂ˇˎˌ ʶ˒ʰˊ˃ˈʸˇ˄ˍʰʽ ˋˎ˃ˉ˂ʹˊ˖˃ʰˍʽˁˇʾ ˉʰ˂˃ˇʾΦ ʁʽ ʰ˄ʰ˒ʶˊˈ˃ʶ˄ʶˌ ˁˎ˃ʰˍˇ˃ˇˊ˒ʷˌ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ 

ˉʰˊʰˁʱˍ˖ ˃ ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ ʶˊʴʰ˂ʶʾˇˎ ̄ ˊˇˋˇ˃ˇʾ˖ˋʹˌ PSim.  
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3.2 ʃˊˇ̀̌ ˃ˇʾ˖ˋʹ ˍʹˌ SPWM ̱ ʶ˔˄ʽˁʺˌ ˃ʶ ˍˇ PSim 

ɱʽʰ ˄ʰ ʴʾ˄ʶʽ ˉʶˊʽˋˋˈˍʶˊˇ ˁʰˍʰ˄ˇʹˍʺ ʹ ˉʰˊʰˉʱ˄˖ ˉʶˊʽʴˊʰ˒ʺ ˎ˂ˇˉˇʽʺˋʰ˃ʶ ˍʹ˄ SPWM ˍʶ˔˄ʽˁʺ ˃ʶ ˍʹ˄ 

˔ˊʺˋʹ ˍˇˎ ʶˊʴʰ˂ʶʾˇˎ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ PSim. ʆˇ ˁˎˁ˂˖˃ʰˍʽˁˈ ʽˋˇʵˏ˄ʰ˃ˇ ʴʽʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ʰˎˍʺ 

ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˉʰˊʰˁʱˍ˖Υ 

 

ʅ˔ʺ˃ʰ оΦнΥ ɼˎˁ˂˖˃ʰˍʽˁˈ ʽˋˇʵˏ˄ʰ˃ˇ ˍʹˌ ˍʶ˔˄ʽˁʺˌ SPWM ˃ʶ ˍˇ ʶˊʴʰ˂ʶʾˇ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ PSim 

ʃʰˊʰˍʹˊˇˏ˃ʶ ˉ˖ˌ ˇʽ ˉʰ˂˃ˇʾ ʴʽʰ ˍˇˎˌ ʵʽʰˁˈˉˍʶˌ S1 ˁʰʽ S3 ˉʰˊʱʴˇ˄ˍʰʽ ʰˉˈ ˍʹ ˋˏʴˁˊʽˋʹ ʶ˄ˈˌ 

ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˋʺ˃ʰˍˇˌ ˁʰʽ ˍˇˎ ˍˊʽʴ˖˄ʽˁˇˏ ˉʰ˂˃ˇˏ ˃ʶ ˍʹ ˃ˈ˄ʹ ʵʽʰ˒ˇˊʱ ˉ˖ˌ  ˍˇ  ʹ˃ʽˍˇ˄ˇʶʽʵʷˌ ˋʺ˃ʰ 

ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˍ˖˄ ˉʰ˂˃˗˄ ʴʽʰ ˍˇ˄ S3 ɻ ʽʰˁˈˉˍʹ ʷ˔ʶʽ ʵʽʰ˒ˇˊʱ ˒ʱˋʹˌ мулϲ ˃ʶ 

ʰˎˍˈ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍˇ˄ S1 ʵʽʰˁˈˉˍʹΦ ɳˉʾˋʹˌ ˉʰˊʰˍʹˊˇˏ˃ʶ ˉ˖ˌ ˇʽ ˉʰ˂˃ˇʾ ʴʽʰ ˍˇˎˌ 

ʵʽʰˁˈˉˍʶˌ S2 ˁʰʽ S4 ˉʰˊʱʴˇ˄ˍʰʽ ʰ˄ˍʽˋˍˊʷ˒ˇ˄ˍʰˌ ʰˎˍˇˏˌ ˍ˖˄ S1 ˁʰʽ S3 ʰ˄ˍʾˋˍˇʽ˔ʰ. ʁʽ ˁˎ˃ʰˍˇ˃ˇˊ˒ʷˌ 
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ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ˍʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˍˇˎ ˉʰˊʰˉʱ˄˖ ˁˎˁ˂˗˃ʰˍˇˌ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍʰ ˉʰˊʰˁʱˍ˖ 

ʴˊʰ˒ʺ˃ʰˍʰΥ  

 

ʅ˔ʺ˃ʰ оΦоΥ ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˍˇˎ ˁˎˁ˂˗˃ʰˍˇˌ ˍʹˌ SPWM ̱ ʶ˔˄ʽˁʺˌ ˃ʶ ˍˇ ʶˊʴʰ˂ʶʾˇ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ 

Psim 
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ʅʹ˃ʰ˄ˍʽˁˈ ˊˈ˂ˇ ˋˍʹ˄ SPWM ˍʶ˔˄ʽˁʺ ʵʽʰʵˊʰ˃ʰˍʾʸʶʽ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʵʽʰ˃ˈˊ˒˖ˋʹˌ ˉ˂ʱˍˇˎˌ ma ˈˉˇˎ 

ʽˋˇˏˍʰʽ ˃ʶ ˍˇ˄ ˂ˈʴˇ ˍˇˎ ˉ˂ʱˍˇˎˌ ˍˇˎ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˋʺ˃ʰˍˇˌ ʰ˄ʰ˒ˇˊʱˌόAr) ˉˊˇˌ ˍˇ ˉ˂ʱˍˇˌ ˍˇˎ 

ˍˊʽʴ˖˄ʽˁˇˏ ˋʺ˃ʰˍˇˌόAc). ɲʹ˂ʰʵʺ ʽˋ˔ˏʶʽΥ  

ü ma =    ̍ ˉˇˎ     0 < ma < 1. 

ɳˉʾˋʹˌ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ˃ʷʴʶʻˇˌ ˍʹˌ ˍʶ˔˄ʽˁʺˌ ʰˎˍʺˌ ʰˉˇˍʶ˂ʶʾ ˁʰʽ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʵʽʰ˃ˈˊ˒˖ˋʹˌ 

ˋˎ˔˄ˈˍʹˍʰˌ ˉˇˎ ˇˊʾʸʶˍʰʽ ˖ˌ ˇ ˂ˈʴˇˌ ˍʹˌ ˋˎ˔˄ˈˍʹˍʰˌ ˍˇˎ ˒ʷˊˇ˄ˍˇˌ ˋʺ˃ʰˍˇˌ(fc) ˉˊˇˌ ˍʹ ˋˎ˔˄ˈˍʹˍʰ ˍˇˎ  

ˋʺ˃ʰˍˇˌ ʰ˄ʰ˒ˇˊʱˌόfr). ɲʹ˂ʰʵʺ ʽˋ˔ˏʶʽΥ 

ü mf =  

ʂˋˇ˄ ʰ˒ˇˊʱ ˋˍʽˌ ˋˎ˔˄ˈˍʹˍʶˌ ʰˎˍʷˌ ʰ˅ʾʸʶʽ ˄ʰ ˋʹ˃ʶʽ˖ʻˇˏ˄ ˍʰ ˉʰˊʰˁʱˍ˖Υ 

1) ɶ ˋˎ˔˄ˈˍʹˍʰ ˍˇˎ ˋʺ˃ʰˍˇˌ ʰ˄ʰ˒ˇˊʱˌ fr ˉˊˇˋʵʽˇˊʾʸʶʽ ˍʹ˄ ʶˉʽʻˎ˃ʹˍʺ ˋˎ˔˄ˈˍʹˍʰ ˍʹˌ ˍʱˋʹˌ 

ʶ˅ˈʵˇˎ ˍˇˎ ʰ˄ʰˋˍˊˇ˒ʷʰ fo. 

2) ɶ ˋˎ˔˄ˈˍʹˍʰ ˍˇˎ ˋʺ˃ʰˍˇˌ ˒ʷˊˇ˄ˍˇˌ fc ˉˊˇˋʵʽˇˊʾʸʶʽ ˍʹ˄ ʶˉʽʻˎ˃ʹˍʺ ʵʽʰˁˇˉˍʽˁʺ ˋˎ˔˄ˈˍʹˍʰ ˍ˖˄ 

ʹ˃ʽʰʴ˖ʴʽˁ˗˄ ʵʽʰˁˇˉˍ˗˄ ˍˇˎ ʰ˄ʰˋˍˊˇ˒ʷʰ ˁʰʻ˗ˌ ˁʰʽ ˍʹ˄ ˋˎ˔˄ˈˍʹˍʰ ˍ˖˄ ʰ˄˖ˍʷˊ˖˄ ʰˊ˃ˇ˄ʽˁ˗˄ 

ˋˎ˄ʽˋˍ˖ˋ˗˄Φ 

 

3.3 ʌʹ˒ʽʰˁʺ ˎ˂ˇˉˇʾʹˋʹ ˍʹˌ SPWM ̱ ʶ˔˄ʽˁʺˌ  

ʅˍʹ˄ ˉʰˊˇˏˋʰ ʵʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ʵˏˇ ˍˊˈˉˇʽ ˕ʹ˒ʽʰˁʺˌ ˎ˂ˇˉˇʾʹˋʹˌ ˍʹˌ SPWM 

ˍʶ˔˄ʽˁʺˌΦ ɼʰʽ ˇʽ ʵˏˇ ˎ˂ˇˉˇʽˇˏ˄ˍʰʽ ˃ʶ ˍʹ˄ ʴ˂˗ˋˋʰ ˉʶˊʽʴˊʰ˒ʺˌ ˎ˂ʽˁˇˏ VHDLΦ ɶ ˁˏˊʽʰ ʵʽʰ˒ˇˊʱ 

ˋˎ˄ʾˋˍʰˍʰʽ ˋˍˇ ʴʶʴˇ˄ˈˌ ˉ˖ˌ ˋˍʹ ˃ʾʰ ˉʶˊʾˉˍ˖ˋʹ ˇ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˍʹˌ ˍʽ˃ʺˌ ˍˇˎ ʹ˃ʽˍˈ˄ˇˎ  ʴʾ˄ʶˍʰʽ ˋʶ 

ˁʱʻʶ ˔ˍˏˉˇ ˊˇ˂ˇʴʽˇˏ ʴʽʰ ˍʹ˄ ˉˊ˗ˍʹ ˃ʽˋʺ ˉʶˊʾˇʵˇ ˍˇˎ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˋʺ˃ʰˍˇˌ ʶ˄˗ ˋˍʹ˄ ʱ˂˂ʹ мллл 

ʵʶʾʴ˃ʰˍʰ ʹ˃ʽˍˈ˄ˇˎ ʷ˔ˇˎ˄ ʰˉˇʻʹˁʶˎˍʺ ˋʶ ˃ʾʰ ˃˄ʺ˃ʹ ROM  ˁʰʽ ʵʽʰʲʱʸˇ˄ˍʰʽ ʰ˄ʱ рлл ˔ˍˏˉˇˎˌ ˊˇ˂ˇʴʽˇˏ 

ˈˉ˖ˌ ʻʰ ˉʰˊˇˎˋʽʰˋˍʶʾ ʰ˄ʰ˂ˎˍʽˁʱ ˉʰˊʰˁʱˍ˖Φ  

ɮˊ˔ʽˁʱ ʻʰ ʰ˄ʰ˒ʶˊʻˇˏ˃ʶ ˋˍʰ ˋˍˇʽ˔ʶʾʰ ˉˇˎ ʶʾ˄ʰʽ ˁˇʽ˄ʱ ˁʰʽ ˋˍʽˌ ʵˏˇ ˎ˂ˇˉˇʽʺˋʶʽˌ. 

ü ʅˎ˔˄ˈˍʹˍʰ ɶ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ʅʺ˃ʰˍˇˌΥ  

ɶ ˋˎ˔˄ˈˍʹˍʰ ˍˇˎ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˋʺ˃ʰˍˇˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ˁʰʽ ˋˍʽˌ ʵˏˇ ˎ˂ˇˉˇʽʺˋʶʽˌ ʶʾ˄ʰʽ ʾˋʹ 

˃ʶ рл Hz. ɱʽʰ ˄ʰ ˎ˂ˇˉˇʽʺˋˇˎ˃ʶ ˍʹ˄ ˋˎ˔˄ˈˍʹˍʰ ʰˎˍʺ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ʷ˄ʰ ˃ʶˍˊʹˍʺ ˇ ˇˉˇʾˇˌ 

ʰˎ˅ʱ˄ʶʽ ˁʰˍʱ ʷ˄ʰ ˋʶ ˁʱʻʶ ʻʶˍʽˁʺ ʰˁ˃ʺ ˍˇˎ ˊˇ˂ˇʴʽˇˏ ˍʹˌ ˋ˔ʶʵʾʰˋʹˌΦ ɲʹ˂ʰʵʺ ʰˎ˅ʱ˄ʶˍʰʽ ˁʰˍʱ ʷ˄ʰ 

ˋʶ ˁʱʻʶ ˉʶˊʾˇʵˇ ˍˇˎ ˊˇ˂ˇʴʽˇˏΦ ɳˉʶʽʵʺ ˂ˇʽˉˈ˄ ˍˇ ˊˇ˂ˈʽ ˍ˖˄ FPGA ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ˍʾʻʶˍʰʽ ʾˋˇ 

˃ʶ нлns ˇ ˃ʶˍˊʹˍʺˌ ˇ ˇˉˇʾˇˌ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶΣ ʴʽʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ˍ˖˄ рл Hz, ʻʰ ˉˊʷˉʶʽ ˄ʰ 

˃ʶˍˊʱ ˃ʷ˔ˊʽ ˍʹ˄ ˍʽ˃ʺ ˉˇˎ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˍʹ˄ ˉʰˊʰˁʱˍ˖ ˉˊʱ˅ʹΥ  

ςπὲίzTcounter  => Tcounter = 1.000.000 
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ɮˎˍˈ ˉˊhˁˍʽˁʱ ˋʹ˃ʰʾ˄ʶʽ ˉ˖ˌ ʴʽʰ ˄ʰ ˇ˂ˇˁ˂ʹˊ˖ʻʶʾ ˃ʾʰ ˉʶˊʾˇʵˇˌ ˍˇˎ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˋʺ˃ʰˍˇˌ ʻʰ 

ˉˊʷˉʶʽ ˇ ˃ʶˍˊʹˍʺˌ ˄ʰ ˁʱ˄ʶʽ мΦлллΦллл ʲʺ˃ʰˍʰΦ ʅˍʹ˄ ˋ˔ʶʵʾʰˋʺ ˃ʰˌ ˇ ˃ʶˍˊʹˍʺˌΣ ʴʽʰ ˄ʰ ˇ˂ˇˁ˂ʹˊ˖ʻʶʾ 

˃ʾʰ ˉʶˊʾˇʵˇˌΣ ˉˊʷˉʶʽ ˅ʶˁʽ˄˗˄ˍʰˌ ʰˉˈ ˍˇ -нрлΦллл ˄ʰ ˒ˍʱˋʶʽ ˋˍˇ нрлΦллл ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˄ʰ 

ʴˎˊʾˋʶʽ ˉʱ˂ʽ ˋˍˇ -нрлΦлллΦ ɮˎˍˈ ˎ˂ˇˉˇʽʶʾˍʰʽ ˃ʶ ˍˇ ˉʰˊʰˁʱˍ˖ ˍ˃ʺ˃ʰ ˁ˗ʵʽˁʰΥ 

--------------------------------- Sinusoidal Frequency = 50Hz --------------------------------------------------   

  PROCESS(CLK,reset) 

    variable count2: INTEGER RANGE -250000 TO 250000 :=0; 

    begin 

    if(reset = '1') then 

      if(CLK'event and CLK='1') then  --- ʅ ʁˁ ʱʻʶ ʻʶˍʽˁʺ h ˁ˃ʺ ˍˇˎ ́ ˇ˂ˇʴʽˇˏ ̌  counter h ˎ˅ʱ˄ʶˍʰʽ ̋  ˃ ʶʽ˗˄ʶˍʰʽ  

        if(up1 = '1') then                        ---  h ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ˄ ˍʽ˃ʺ ˍˇˎ ˋʺ˃ʰˍˇˌ up1. 

          count2:= count2 + 1; 

          if(count2 = 250000) then  

            up1<='0'; 

          end if; 

        else  

          count2:= count2 - 1; 

          if(count2 = -250000) then  

            up1<='1'; 

          end if; 

        end if; 

      end if; 

    else 

      up1<= '1'; 

    end if; 

  end process; 

---------------------------------------------------------------------------------------------------------------------------- 
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ü ʅˎ˔˄ˈˍʹˍʰ ʆˊʽʴ˖˄ʽˁˇˏ ʅʺ˃ʰˍˇˌΥ 

ɶ ˋˎ˔˄ˈˍʹˍʰ ˍˇˎ ˍˊʽʴ˖˄ʽˁˇˏ ˋʺ˃ʰˍˇˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ˁʰʽ ˋˍʽˌ ʵˏˇ ˎ˂ˇˉˇʽʺˋʶʽˌ ʶʾ˄ʰʽ ʾˋʹ ˃ʶ 

рHˁz. ɮˎˍʺ ˎ˂ˇˉˇʽʶʾˍʰʽ ˈˉ˖ˌ ˁʰʽ ʹ ʰ˄ˍʾˋˍˇʽ˔ʹ ˋˎ˔˄ˈˍʹˍʰ ˍˇˎ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˋʺ˃ʰˍˇˌΣ ˁʰʽ 

ʲʰˋʾʸʶˍʰʽ ˋˍʹ˄ ˉʰˊʰˁʱˍ˖ ˉˊʱ˅ʹΥ  

 20ns * Tcounter => Tcounter = 10.000 

ɮˎˍˈ ˉˊʰˁˍʽˁʱ ˋʹ˃ʰʾ˄ʶʽ ˉ˖ˌ ʴʽʰ ˄ʰ ˇ˂ˇˁ˂ʹˊ˖ʻʶʾ ˃ʾʰ ˉʶˊʾˇʵˇˌ ˍˇˎ ˍˊʽʴ˖˄ʽˁˇˏ ˋʺ˃ʰˍˇˌ ˉˊʷˉʶʽ ˇ 

˃ʶˍˊʹˍʺˌ ˄ʰ ˁʱ˄ʶʽ млΦллл ʲʺ˃ʰˍʰΦ ʅˍʹ˄ ˋ˔ʶʵʾʰˋʺ ˃ʰˌ ˇ ˃ʶˍˊʹˍʺˌΣ ʴʽʰ ˄ʰ ˇ˂ˇˁ˂ʹˊ˖ʻʶʾ ˃ʾʰ 

ˉʶˊʾˇʵˇˌΣ ˉˊʷˉʶʽ ˅ʶˁʽ˄˗˄ˍʰˌ ʰˉˈ ˍˇ -нΦрлл ˄ʰ ˒ˍʱˋʶʽ ˋˍˇ нΦрлл ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˄ʰ ʴˎˊʾˋʶʽ ˉʱ˂ʽ 

ˋˍˇ -нΦрллΦ ʁ ˂ˈʴˇˌ ˉˇˎ  ʲʱʸˇˎ˃ʶ ˍˇ ˃ʶˍˊʹˍʺ ˄ʰ ˁʽ˄ʶʾˍʰʽ ˃ʶˍʰ˅ˏ ˍˇˎ -нΦрлл ˁʰʽ ˍˇˎ нΦрлл ˁʰʽ ˈ˔ʽ 

˃ʶˍʰ˅ˏ ˍˇˎ л ˁʰʽ ˍˇˎ млΦллл ʻʰ ʴʾ˄ʶʽ ˁʰˍʰ˄ˇʹˍˈˌ ˈˍʰ˄ ʻʰ ʶ˅ʶˍʱˋˇˎ˃ʶ ˍˇ˄ ˍˊˈˉˇ ˎ˂ˇˉˇʾʹˋʹˌ ˍˇˎ 

ˍˊʽʴ˖˄ʽˁˇˏ ˋʺ˃ʰˍˇˌΦ ɶ ˉʶˊʾˇʵˇˌ ˍˇˎ ˍˊʽʴ˖˄ʽˁˇˏ ˋʺ˃ʰˍˇˌ ˎ˂ˇˉˇʽʶʾˍʰʽ ˃ʶ ˍˇ ˉʰˊʰˁʱˍ˖ ˍ˃ʺ˃ʰ 

ˁ˗ʵʽˁʰΥ 

  ----------------------------------- Triangular Frequency = 5kHz ----------------------------------------------- 

  PROCESS(CLK,reset) 

    variable count1: INTEGER RANGE -2500 TO 2500; 

    variable up: STD_LOGIC; 

    begin 

      if(CLK'event and CLK='1') then    -- ʅʶ ˁʱʻʶ ʻʶˍʽˁʺ ʰˁ˃ʺ ˍˇˎ ˊˇ˂ˇʴʽˇˏ ˇ ˃ʶˍˊʹˍʺˌ ʰˎ˅ʱ˄ʶˍʰʽ ʺ ˃ʶʽ˗˄ʶˍʰʽ 

       if(reset = '1') then                        -- h ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ˄ ˍʽ˃ʺ ˍˇˎ ˋʺ˃ʰˍˇˌ up. 

        if (up = '1') then  

          count1:= count1+1; 

          if (count1 = 2500) then  

            up:='0'; 

            Triangular<='0'; 

          end if; 

        else 

          count1:= count1-1; 

          if (count1 = -2500) then 

            up:='1'; 
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            Triangular<='1';       --ʆʷ˂ˇˌ ˍʹˌ ˉʶˊʽˈʵˇˎ ˍˇˎ ˍˊʽʴ˖˄ʽˁˇˏ ˋʺ˃ʰˍˇˌΦ 

          end if; 

        end if; 

     else 

     up:= '1'; 

     count1:= 0; 

     Triangular<= '1'; 

     end if; 

   end if; 

  end process; 

------------------------------------------------------------------------------------------------------------------------ 

ü ʃ˂ʱˍˇˌ ɶ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ʅʺ˃ʰˍˇˌΥ  

ʆˇ ˉ˂ʱˍˇˌ ˍˇˎ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˋʺ˃ʰˍˇˌ ɮr ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˃ʶ ʲʱˋʹ ˍʹ˄ ˍʽ˃ʺ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ 

ʵʽʰ˃ˈˊ˒˖ˋʹˌ ma ˁ ʰʻ˗ˌ ˈˉ˖ˌ ʷ˔ˇˎ˃ʶ ʰ˄ʰ˒ʷˊʶʽ ˁʰʽ ʰ˄˖ˍʷˊ˖ ʽˋ˔ˏʶʽ ʹ ˋ˔ʷˋʹΥ 

ma =  

ɯˊʰ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ˄ ʶˁʱˋˍˇˍʶ ˋˎ˄ˍʶ˂ʶˋˍʺ ʵʽʰ˃ˈˊ˒˖ˋʹˌ ˉˇˎ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽΣ ˍˇ ˉ˂ʱˍˇˌ ˍˇˎ 

ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˋʺ˃ʰˍˇˌ ʻʰ ʵʾ˄ʶˍʰʽ ʰˉˈ ˍʹ˄ ˉʰˊʰˁʱˍ˖ ˋ˔ʷˋʹΥ 

Ar = ma * Ac 

ʂˉˇˎ Ar: ʃ˂ʱˍˇˌ ˍˇˎ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˋʺ˃ʰˍˇˌΦ 

            Ac: ʃ˂ʱˍˇˌ ˍˇˎ ˍˊʽʴ˖˄ʽˁˇˏ ˋʺ˃ʰˍˇˌΦ 

            ma: ʅˎ˄ˍʶ˂ʶˋˍʺˌ ʵʽʰ˃ˈˊ˒˖ˋʹˌΦ 

 

ü ʇˉˇ˂ˇʴʽˋ˃ˈˌ ɱ˖˄ʽ˗˄ ˍ˖˄ ɶ˃ʽˍˇ˄ˇʶʽʵ˗˄ ɲʶʽʴ˃ʱˍ˖˄Υ 

ɱʽʰ ˄ʰ ˎˉˇ˂ˇʴʾˋˇˎ˃ʶ ˍʰ ʹ˃ʽˍˇ˄ˇʶʽʵʺ ʵʶʾʴ˃ʰˍʰ ˉˇˎ ˔ˊʶʽʰʸˈ˃ʰˋˍʶ ʴʽʰ ˍʽˌ ˋ˔ʶʵʽʱˋʶʽˌ ˃ʰˌΣ ʶʾ˄ʰʽ 

ʰˉʰˊʰʾˍʹˍˇ ˄ʰ ʴ˄˖ˊʾʸˇˎ˃ʶ ˁʰʽ ˍʽˌ ʴ˖˄ʾʶˌ ˋˍʽˌ ˇˉˇʾʶˌ ʰˎˍʱ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄Φ ʁʽ ˋˎ˄ʰˊˍʺˋʶʽˌ ˉˇˎ 

˔́ ʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍˇˎ ʹ˃ʽˍˈ˄ˇˎΣ ˍʽˌ ˇˉˇʾʶˌ ʻʰ ʵˇˏ˃ʶ ˉʰˊʰˁʱˍ˖Σ ˂ʰ˃ʲʱ˄ˇˎ˄ ˖ˌ 

ʶʽˋˈʵˇˎˌ ʴ˖˄ʾʶˌ ˋʶ rad. ɸʷ˂ˇˎ˃ʶ ˂ˇʽˉˈ˄ ˄ʰ ʲˊˇˏ˃ʶ ˉˈˋʰ rad ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋʶ ˁʱʻʶ ˉʶˊʾˇʵˇ ˍˇˎ 

ˊˇ˂ˇʴʽˇˏ ˍʹˌ ˋ˔ʶʵʾʰˋʹˌΦ ɮˎˍˈ ˃ˉˇˊˇˏ˃ʶ ʶˏˁˇ˂ʰ ˄ʰ ˍˇ ˎˉˇ˂ˇʴʾˋˇˎ˃ʶ ʰ˄ ʻˎ˃ʹʻˇˏ˃ʶ ˉ˖ˌ ˇ 

˃ʶˍˊʹˍʺˌ ˍˇ˄ ˇˉˇʾˇ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ʴʽʰ ˍʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˍʹˌ ˋˎ˔˄ˈˍʹˍʰˌ ˍˇˎ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ 
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ˋʺ˃ʰˍˇˌ ˔ˊʶʽʱʸʶˍʰʽ рллΦллл ʲʺ˃ʰˍʰ ʴʽʰ ˄ʰ ˇ˂ˇˁ˂ʹˊ˖ʻʶʾ ʹ ˃ʽˋʺ ˉʶˊʾˇʵˇˌ ˍˇˎ ˋʺ˃ʰˍˇˌ ʰˎˍˇˏΦ 

ɯˊʰ ˃ʶ ʰˉ˂ʺ ˋˎ˂˂ˇʴʽˋˍʽˁʺ ˃ˉˇˊˇˏ˃ʶ ˄ʰ ˉˇˏ˃ʶΥ 

ɰʺ˃ʰˍʰ ɾʶˍˊʹˍʺ rad 

500.000 3.14 

1 x 

 

ɮˉˈ ˍˇ ˉʰˊʰˉʱ˄˖ ˉˊˇ˒ʰ˄˗ˌ ˉˊˇˁˏˉˍʶʽ ˉ˖ˌ ˍʰ rad ʰ˄ʱ ʲʺ˃ʰ ˍˇˎ ˃ʶˍˊʹˍʺΣ ʺ ʰ˄ʱ ˉʶˊʾˇʵˇ 

ˊˇ˂ˇʴʽˇˏΣ ʻʰ ʶʾ˄ʰʽΥ 

x = 
Ȣ

Ȣ
 Ғ сΦну ϝ мл-6. 

ɮˎˍʺ ˂ˇʽˉˈ˄ ˍʹ˄ ˍʽ˃ʺ ˍʹ ʻʷˍˇˎ˃ʶ ˋʶ ˃ʾʰ ˃ʶˍʰʲ˂ʹˍʺ ˉˇˎ ˍʹ˄ ˇ˄ˇ˃ʱʸˇˎ˃ʶ rad_offset ˁʰʽ ˍʹ˄ ˇˉˇʾʰ 

ˍʹ˄ ˉˊˇˋʻʷˍˇˎ˃ʶ ˋʶ ˁʱʻʶ ˉʶˊʾˇʵˇ ˊˇ˂ˇʴʽˇˏ ˋˍʹ˄ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ˍʽ˃ʺ rad ˗ˋˍʶ ˄ʰ ˂ʱʲˇˎ˃ʶ ˍʹ˄ 

ʶˉˈ˃ʶ˄ʹΦ ʁ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ʰˎˍˈˌ ˍˇˎ rad_offset ˎ˂ˇˉˇʽʶʾˍʰʽ ˋˍʽˌ ʵˏˇ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˋ˔ʶʵʽʱˋʶʽˌ ˃ʰˌ 

˃ʶ ˍʽˌ ˉʰˊʰˁʱˍ˖ ʵˏˇ ʶ˄ˍˇ˂ʷˌόɶ ʵʽʰ˒ˇˊʱ ˍˇˎˌ ʷ˔ʶʽ ˄ʰ ˁʱ˄ʶʽ ˃ʶ ˍˇ˄ ˍˏˉˇ ˍ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶύΥ 

 rad_offset<= MATH_PI/(500000.0);  -- ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋʶ ˉˊˈʴˊʰ˃˃ʰ ˉˇˎ ʵʶ˄ ˋˎ˄ˍʾʻʶˍʰʽ ʰ˂˂ʱ ˃ʰˌ      

                                                                  -- ̄ ʰˊʷ˔ʶʽ ˍʰ ˉˊˇˌ ʰˉˇʻʺˁʶˎˋʹ ˋʶ ROM ɻ ʶʾʴ˃ʰˍʰΦ 

rad_offset<= pi/( val_500000);             -- ʁʽ ʰˊʽʻ˃ˇʾ ʶʾ˄ʰʽ ˋʶ ˃ˇˊ˒ʺ ˋˍʰʻʶˊʺˌ ˎˉˇʵʽʰˋˍˇ˂ʺˌΦ 

ʆʷ˂ˇˌ ˇ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˍ˖˄ ʴ˖˄ʽ˗˄ ˉˇˎ ˔ˊʶʽʰʸˈ˃ʰˋˍʶ ʴʽʰ ˍʹ˄ ʶˏˊʶˋʹ ˍ˖˄ ˍʽ˃˗˄ ˍ˖˄ ʹ˃ʽˍˈ˄˖˄ 

ʴʾ˄ʶˍʰʽ ˃ʶ ˍʹ˄ ˉʰˊʰˁʱˍ˖ ʶ˄ˍˇ˂ʺ ˋʶ ˁʱʻʶ ˉʶˊʾˇʵˇ ˊˇ˂ˇʴʽˇˏΥ 

rad<= rad + rad_offset; 

 

ü ʇ˂ˇˉˇʾʹˋʹ ʆˊʽʴ˖˄ʽˁˇˏ ʃʰ˂˃ˇˏΥ 

ɱʽʰ ˄ʰ ʰ˄ʰˉʰˊʰˋˍʰʻʶʾ ˇ ˍˊʽʴ˖˄ʽˁˈˌ ˉʰ˂˃ˈˌ ˕ʹ˒ʽʰˁʱ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍʹ ʹ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʹ ʶ˄ˈˌ 

˃ʶˍˊʹˍʺ ˉˇˎ ʻʰ ʰˎ˅ʱ˄ʶʽ ʷ˖ˌ ˃ʾʰ ˃ʷʴʽˋˍʹ ˍʽ˃ʺ ˁʰʽ ʻʰ ˃ʶʽ˗˄ʶˍʰʽ ʷ˖ˌ ˃ʾʰ ʶ˂ʱ˔ʽˋˍʹΦ ʁʽ ʵˏˇ ʰˎˍʷˌ 

ˍʽ˃ʷˌ ʻʰ ʶʾ˄ʰʽ ˍˇ ˃ʷʴʽˋˍˇ ˁʰʽ ˍˇ ʶ˂ʱ˔ʽˋˍˇ ˉ˂ʱˍˇˌ ˍˇˎ ˍˊʽʴ˖˄ʽˁˇˏ ˉʰ˂˃ˇˏΦ ɱʽʰ ˄ʰ ʶˉʽ˂ʷ˅ˇˎ˃ʶ ˈ˃˖ˌ 

ˁʰˍʱ˂˂ʹ˂ʰ ʰˎˍʷˌ ˍʽˌ ˍʽ˃ʷˌ ʷˍˋʽ ˗ˋˍʶ ˇ ˃ʶˍˊʹˍʺˌ ʰˎˍˈˌ ˅ʶˁʽ˄˗˄ˍʰˌ ʰˉˈ ˍʹ˄ ʶ˂ʱ˔ʽˋˍʹ ˍʽ˃ʺ ˍˇˎ ˄ʰ 

˒ˍʱ˄ʶʽ ˋˍʹ ˃ʷʴʽˋˍʹ ˁʰʽ ˄ʰ ʶˉʽˋˍˊʷ˒ʶʽ ˁʰʽ ˉʱ˂ʽ ˋˍʹ˄ ʶ˂ʱ˔ʽˋˍʹ  ˋˍˇ ʵʽʱˋˍʹ˃ʰ ˃ʾʰˌ ˉʶˊʽˈʵˇˎ ʻʰ 

ˉˊʷˉʶʽ ˄ʰ ˂ʱʲˇˎ˃ʶ ˎˉΩ ˈ˕ʽ˄ ˋʶ ˉˈˋˇˎˌ ˁˍˏˉˇˎˌ ˊˇ˂ˇʴʽˇˏ ˇ˂ˇˁ˂ʹˊ˗˄ʶˍʰʽ ˃ʾʰ ˉʶˊʾˇʵˇˌ ˍˇˎ  

ˍˊʽʴ˖˄ʽˁˇˏ ˋʺ˃ʰˍˇˌΦ ʃʰˊʰˍʹˊˇˏ˃ʶ ˂ˇʽˉˈ˄ ˉ˖ˌ ʴʽʰ ˄ʰ ˇ˂ˇˁ˂ʹˊ˖ʻʶʾ ˃ʾʰ ˉʶˊʾˇʵˇˌ ˍˇˎ ˍˊʽʴ˖˄ʽˁˇˏ 

ˋʺ˃ʰˍˇˌ ˔ˊʶʽʱʸˇ˄ˍʰʽ млΦллл ʲʺ˃ʰˍʰ ˍˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄ˇˎ ˃ʶˍˊʹˍʺ ˈˉ˖ˌ ʰ˄ʰ˂ˏˋʰ˃ʶ 

ˉʰˊʰˉʱ˄˖Φ ɯˊʰ ʴʽʰ ˄ʰ ˃ˉˇˊʶʾ ˇ ˃ʶˍˊʹˍʺˌ ˉˇˎ ˉˊˇˋˇ˃ˇʽ˗˄ʶʽ ˍˇ ˍˊʾʴ˖˄ˇ ˄ʰ ʰˎ˅ʱ˄ʶˍʰʽ ʰˉˈ ˃ʾʰ 

ʶ˂ʱ˔ʽˋˍʹ ˍʽ˃ʺ ˃ʷ˔ˊʽ ˃ʾʰ ˃ʷʴʽˋˍʹ ˁʰʽ ˄ʰ ʶˉʽˋˍˊʷ˒ʶʽ ˁʰʽ ˉʱ˂ʽ ˋˍʹ˄ ʶ˂ʱ˔ʽˋˍʹ ˋˍˇ ʵʽʱˋˍʹ˃ʰ ˃ʾʰˌ 

ˉʶˊʽˈʵˇˎΣ ʻʰ ˉˊʷˉʶʽ ʹ ʶ˂ʱ˔ʽˋˍʹ ˁʰʽ ʹ ˃ʷʴʽˋˍʹ ˍʽ˃ʺ ˍˇˎ ˄ʰ ˉʰʾˊ˄ˇˎ˄ ˍʹ˄ ˍʽ˃ʺ ˉˇˎ ˇˊʾʸʶˍʰʽ ʰˉˈ ˍʹ˄ 

ˉʰˊʰˁʱˍ˖ ˋ˔ʷˋʹΥ  
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Ac = ± ȟ  = ± 
Ȣ

 = ± 2.500 

ʂˉˇˎΥ  Ac = ʆˇ ˉ˂ʱˍˇˌ ˍˇˎ ˍˊʽʴ˖˄ʽˁˇˏ ˋʺ˃ʰˍˇˌΦ 

             ʆmax,counter = ʆʰ ʲʺ˃ʰˍʰ ˉˇˎ ˉˊʷˉʶʽ ˄ʰ ˁʱ˄ʶʽ ˇ ˃ʶˍˊʹˍʺˌ ʴʽʰ ˍʹ˄ ˇ˂ˇˁ˂ʺˊ˖ˋʹ ˃ʾʰˌ ˉʶˊʽˈʵˇˎΦ 

ɮˎˍˈ ʴʾ˄ʶˍʰʽ ˉʽˇ ˁʰˍʰ˄ˇʹˍˈ ʰˉˈ ˍˇ ˉʰˊʰˁʱˍ˖ ˋ˔ʺ˃ʰΥ  

                Ac 

          ╣□╪●ȟ╒╞╤╝╣╔╡  ----------------------------------------------------------------------------------------------- 

 

 

  

                    0                                ╣□╪●ȟ╒╞╤╝╣╔╡      ╣□╪●ȟ╒╞╤╝╣╔╡    ╣□╪●ȟ╒╞╤╝╣╔╡                                             t 

  ɰʺ˃ʰˍʰ ɾʶˍˊʹˍʺ                                                                                                              ʆʷ˂ˇˌ ˉʶˊʾˇʵˇˎόTCOUNTER = ʆMAX) 

                                                 

                - ╣□╪●ȟ╒╞╤╝╣╔╡ ----------------------------------------------------------------------------------------------      

ʅ˔ʺ˃ʰ оΦпΥ ʌʹ˒ʽʰˁʺ ˎ˂ˇˉˇʾʹˋʹ ˍˇˎ ˍˊʽʴ˖˄ʽˁˇˏ ˉʰ˂˃ˇˏ 

ʅˎ˄ʶˉ˗ˌΣ ˃ʶ ʲʱˋʹ ˍʰ ˉʰˊʰˉʱ˄˖Σ ʴʽʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ˍˇˎ ˍˊʽʴ˖˄ʽˁˇˏ ˋʺ˃ʰˍˇˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ʷ˄ʰ 

˃ʶˍˊʹˍʺόcount_Acύ ˇ ˇˉˇʾˇˌ ʰˎ˅ʱ˄ʶˍʰʽ ˁʰʽ ˃ʶʽ˗˄ʶˍʰʽ ˃ʷ˔ˊʽ ˍʽˌ ˍʽ˃ʷˌ нΦрлл ˁʰʽ -нΦрлл ʰ˄ˍʾˋˍˇʽ˔ʰΦ 

ɮˎˍˈ˄ ˍˇ˄ ˃ʶˍˊʹˍʺ ˋˎʴˁˊʾ˄ˇˎ˃ʶ ˁʱʻʶ ˒ˇˊʱ ˃ʶ ˍʽˌ ʶˁʱˋˍˇˍʶ ˍʽ˃ʷˌ ˍˇˎ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˋʺ˃ʰˍˇˌΦ ɶ 

ˎ˂ˇˉˇʾʹˋʹ ʰˎˍʺ ʴʾ˄ʶˍʰʽ ˃ʶ ˍˇ ˉʰˊʰˁʱˍ˖ ˍ˃ʺ˃ʰ ˁ˗ʵʽˁʰΥ  

if(up_Ac = '1') then  

        count_Ac := count_Ac + 1; 

        if (count_Ac = 2500) then 

          up_Ac := '0'; 

        end if; 

 else 

        count_Ac:= count_Ac - 1; 

        if (count_Ac = -2500) then 

          up_Ac:= '1'; 
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        end if; 

  end if; 

ɱʽʰ ˄ʰ ʻʷˋ˖ ˍʽ˃ʺ ˋˍˇˎˌ ˍʷˋˋʶˊʽˌ ʵʽʰˁˈˉˍʶˌ ˋˎʴˁˊʾ˄˖ ʰˎˍˈ ˍˇ ˃ʶˍˊʹˍʺ ˃ʶ ˍʽˌ ˍʽ˃ʷˌ ˍ˖˄ 

ʹ˃ʽˍˇ˄ˇʶʽʵ˗˄ ˋʹ˃ʱˍ˖˄ ˇʽ ˇˉˇʾʶˌ ʲˊʾˋˁˇ˄ˍʰʽ ˁʱʻʶ ˒ˇˊʱ ˋˍʽˌ ˃ʶˍʰʲ˂ʹˍʷˌ CMPA ˁʰʽ CMPB.  

ɳ˄ʵʶʽˁˍʽˁʱ ʹ ˋˏʴˁˊʽˋʹ ʰˎˍʺ ʴʾ˄ʶˍʰʽ ˈˉ˖ˌ ˉʰˊʰˁʱˍ˖Φ ɿʰ ˍˇ˄ʾˋˇˎ˃ʶ ˉ˖ˌ ˋˍˇ˄ ˍʶ˂ʽˁˈ ˁ˗ʵʽˁʰ ˉˇˎ 

ˎ˂ˇˉˇʽˇˏ˃ʶ ˍˇ ˉʰˊʰˁʱˍ˖ ˁˇ˃˃ʱˍʽ ʵʶ˄ ˎˉʱˊ˔ʶʽ ʰ˃ʽʴ˗ˌ ˈˉ˖ˌ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˉʰˊʰˁʱˍ˖ ʰ˂˂ʱ ʷ˔ʶʽ 

ʵʽʱ˒ˇˊʶˌ ˉˊˇˋ˃ʾ˅ʶʽˌΦ ʆˇ ˉʰˊˇˎˋʽʱʸˇˎ˃ʶ ˈ˃˖ˌ ʷˍˋʽ ʴʽʰ ˄ʰ ʴʾ˄ʶʽ ˁʰˍʰ˄ˇʹˍʺ ʹ ʵʽʰʵʽˁʰˋʾʰ 

ʰˉˈʵˇˋʹˌ ˍʽ˃˗˄ ˋˍˇˎˌ ʵʽʰˁˈˉˍʶˌ:  

if (count_Ac < CMPA ) then  -- ɮ˄ ʹ ˍʽ˃ʺ ˍˇˎ ˉˊ˗ˍˇˎ ʹ˃ʽˍˈ˄ˇˎ ʶʾ˄ʰʽ ˃ʶʴʰ˂ˏˍʶˊʹ ˍˇˎ ˍˊʽʴ˗˄ˇˎ ˍˈˍʶ ˇ  

        S1:= '1';                            -- ɻ ʽʰˁˈˉˍʹˌ Sм ˉʰʾˊ˄ʶʽ ˍʽ˃ʺ ΨмΩ ʰ˂˂ʽ˗ˌ ΨлΩΦ 

       else 

        S1:= '0'; 

       end if; 

if(count_Ac < CMPB) then  -- ɮ˄ ʹ ˍʽ˃ʺ ˍˇˎ ʵʶˎˍʷˊˇˎ ʹ˃ʽˍˈ˄ˇˎ ʶʾ˄ʰʽ ˃ʶʴʰ˂ˏˍʶˊʹ ˍˇˎ ˍˊʽʴ˗˄ˇˎ ˍˈˍʶ ˇ 

        S3:= '1';                          -- ̌  ʵʽʰˁˈˉˍʹˌ Sн ˉʰʾˊ˄ʶʽ ˍʽ˃ʺ ΨмΩ ʰ˂˂ʽ˗ˌ ΨлΩΦ 

       else 

        S3:= '0'; 

end if; 

 

ü ʇ˂ˇˉˇʾʹˋʹ ΨΩɿʶˁˊˇˏΩΩ ʋˊˇ˄ʽˁˇˏ ɲʽʰˋˍʺ˃ʰˍˇˌΥ 

ɶ ˎ˂ˇˉˇʾʹˋʹ ʰˎˍʺ ʰ˒ˇˊʱ ˋˍʹ˄ ʶʽˋʰʴ˖ʴʺ ʶ˄ˈˌ ΨΩ˄ʶˁˊˇˏΩΩ ˔ˊˇ˄ʽˁˇˏ ʵʽʰˋˍʺ˃ʰˍˇˌ ʰ˄ʱ˃ʶˋʰ ˋˍʹ 

˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺ ˉˇˎ ʷ˄ʰˌ ʵʽʰˁˈˉˍʹˌ ˂ʰ˃ʲʱ˄ʶʽ ˂ˇʴʽˁˈ Ψ0Ω ˋˍʹ˄ ˉˏ˂ʹ ˍˇˎ, ˁʰʽ ˖ˌ ʶˁΩ ˍˇˏˍˇˎ ˍʾʻʶˍʰʽ 

ˋʶ ʰˉˇˁˇˉʺΣ ˁʰʽ ˍʹ ˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺ ˉˇˎ ˇ ʵʽʰˁˈˉˍʹˌ ˍˇˎ ʾʵʽˇˎ ˋˁʷ˂ˇˎˌ ˍˇˎ ʰ˄ʰˋˍˊˇ˒ʷʰΣ ˇ ˇˉˇʾˇˌ 

˂ʰ˃ʲʱ˄ʶʽ ˉʱ˄ˍʰ ˋˎ˃ˉ˂ʹˊ˖˃ʰˍʽˁʷˌ ˍʽ˃ʷˌΣ ʻʰ ˂ʱʲʶʽ ˂ˇʴʽˁˈ ΨмΩ ˋˍʹ˄ ˉˏ˂ʹ ˍˇˎΣ ˁʰʽ ˖ˌ ʶˁΩ ˍˇˏˍˇˎ ʻʰ 

ˍʶʻʶʾ ˋʶ ʰʴ˖ʴʺΦ  

ʁ ˂ˈʴˇˌ ˉˇˎ ˁʰʻʽˋˍʱ ʰˉʰˊʰʾˍʹˍʹ ˍʹ˄ ʶʽˋʰʴ˖ʴʺ ʶ˄ˈˌ ˍʷˍˇʽˇˎ ʵʽʰˋˍʺ˃ʰˍˇˌ ʶʾ˄ʰʽ ˉ˖ˌ ˈˍʰ˄ ʷ˄ʰˌ 

ʵʽʰˁˈˉˍʹˌ ˂ʰ˃ʲʱ˄ʶʽ ˂ˇʴʽˁˈ ΨмΩ ʺ ΨлΩ ˋˍʹ˄ ˉˏ˂ʹ ˍˇˎΣ ʵʶ˄ ˇʵʹʴʶʾˍʰʽ ʰˁʰˊʽʰʾʰ ˋʶ ʰʴ˖ʴʺ ʺ ʰˉˇˁˇˉʺ 

ʰ˄ˍʾˋˍˇʽ˔ʰΣ ʰ˂˂ʱ ˃ʶˋˇ˂ʰʲʶʾ ʷ˄ʰ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰΦ ɮ˄ ˂ˇʽˉˈ˄  ʵˏˇ ʵʽʰˁˈˉˍʶˌ ˍˇˎ ʾʵʽˇˎ ˋˁʷ˂ˇˎˌ 

ʶ˄ˈˌ ʰ˄ʰˋˍˊˇ˒ʷʰ  ˇʵʹʴʹʻˇˏ˄ ˍʰˎˍˈ˔ˊˇ˄ʰ  ̌ʷ˄ʰˌ ˋʶ ʰʴ˖ʴʺ ˁʰʽ  ̌ʱ˂˂ˇˌ ˋʁ ʰˉˇˁˇˉʺ ˍˈˍʶ ˋˍˇ 

ʵʽʱˋˍʹ˃ʰ ˉˇˎ ʻʰ ˃ʶˋˇ˂ʰʲʺˋʶʽ ˃ʷ˔ˊʽ ˄ʰ ʴʾ˄ʶʽ ʹ ˃ʶˍʱʲʰˋʹ ʰˎˍʺ ʻʰ ˎˉʱˊ˅ˇˎ˄ ˔ˊˇ˄ʽˁʷˌ ˋˍʽʴ˃ʷˌ 

ˁʰˍʱ ˍʽˌ ˇˉˇʾʶˌ ˁʰʽ ˇʽ ʵˏˇ ʵʽʰˁˈˉˍʶˌ ʻʰ ʲˊʾˋˁˇ˄ˍʰʽ ˍʰˎˍˈ˔ˊˇ˄ʰ ˋʶ ʰʴ˖ʴʺ ˃ʶ ˋˎ˄ʷˉʶʽʰ ˍʹ˄ 

ʵʹ˃ʽˇˎˊʴʾʰ ʲˊʰ˔ˎˁˎˁ˂˗˃ʰˍˇˌΦ ɶ ˉʶˊʾˉˍ˖ˋʹ ʰˎˍʺ ̄ ʰˊˇˎˋʽʱʸʶˍʰʽ ˁʰʽ ˋ˔ʹ˃ʰˍʽˁʱ ˉʰˊʰˁʱˍ˖Υ 
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S1                                                                                                                                              ɮʴ˖ʴʺ όɽˇʴʽˁˈ ΨмΩύ 

 

S2                                                                                                                                              ɮˉˇˁˇˉʺ όɽˇʴʽˁˈ ΨлΩύ 

                 ɲʽʱˋˍʹ˃ʰ ʃʽʻʰ˄ˇˏ ɰˊʰ˔ˎˁˎˁ˂˗˃ʰˍˇˌ 

ʅ˔ʺ˃ʰ оΦрΥ ɲʹ˃ʽˇˎˊʴʾʰ ʲˊʰ˔ˎˁˎˁ˂˗˃ʰˍˇˌ ʶ˅Ω ʰʽˍʾʰˌ ˍʹˌ ˃ʹ ʽʵʰ˄ʽˁʺˌ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ ˍ˖˄ ʹ˃ʽʰʴ˖ʴʽˁ˗˄ 

ʵʽʰˁˇˉˍ˗˄ ˈˍʰ˄ ˍʾʻʶ˄ˍʰʽ ˋʶ ʰʴ˖ʴʺ ʺ ʰˉˇˁˇˉʺ 

ʅˍˇ ˉʰˊʰˉʱ˄˖ ˋ˔ʺ˃ʰ ˉʰˊʰˍʹˊˇˏ˃ʶ ˉ˖ˌ ˈˍʰ˄ ˇʽ ʵˏˇ ˋˎ˃ˉ˂ʹˊ˖˃ʰˍʽˁˇʾ  ʵʽʰˁˈˉˍʶˌ S1 ˁʰʽ S2 

ˇʵʹʴˇˏ˄ˍʰʽ ˍʰˎˍˈ˔ˊˇ˄ʰ ʰˉˈ ʰʴ˖ʴʺ ˋʶ ʰˉˇˁˇˉʺ ˁʰʽ ʰˉˈ ʰˉˇˁˇˉʺ ˋʶ ʰʴ˖ʴʺ ʰ˄ˍʾˋˍˇʽ˔ʰ ˉˊˇˁˏˉˍʶʽ 

ʷ˄ʰ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ ˋˍˇ ˇˉˇʾˇ ʶʾ˄ʰʽ ˉʽʻʰ˄ʺ ʹ ˍʰˎˍˈ˔ˊˇ˄ʹ ʰʴ˖ʴʺ ˍˇˎˌ ˁʰʽ ʹ ʵʹ˃ʽˇˎˊʴʾʰ 

ʲˊʰ˔ˎˁˎˁ˂˗˃ʰˍˇˌΦ ɱʽʰ ˍˇ ˂ˈʴˇ ʰˎˍˈ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍʹ ʹ ʶʽˋʰʴ˖ʴʺ ˍˇˎ ΨΩ˄ʶˁˊˇˏΩΩ ˔ˊˇ˄ʽˁˇˏ 

ʵʽʰˋˍʺ˃ʰˍˇˌ ˉˇˎ ʰ˄ʰ˒ʷˊʰ˃ʶ ˉʰˊʰˉʱ˄˖Φ ʅˍˇ ˋʹ˃ʶʾˇ ʰˎˍˈ ʻʰ ˉˊʷˉʶʽ ˄ʰ ˉˊˇˋʷ˅ˇˎ˃ʶ ˉ˖ˌ ʴʽʰ ˍʹ˄ 

ˎ˂ˇˉˇʾʹˋʹ ʰˎˍʺ ʻʰ ˉˊʷˉʶʽ ˄ʰ ˍʹˊˇˏ˃ʶ ˍˇ˄ ˉʰˊʰˁʱˍ˖ ˁʰ˄ˈ˄ʰΥ 

ɼʰ˄ˈ˄ʰˌΥ ʁ ʵʽʰˁˈˉˍʹˌ ˉˇˎ ˁʰʻˎˋˍʶˊʶʾ ˄ʰ ˂ʱʲʶʽ ˍʽ˃ʺΣ ˂ˈʴ˖ ˍʹˌ ʶʽˋʰʴ˖ʴʺˌ ˍʹˌ ˁʰʻˎˋˍʷˊʹˋʹˌΣ 

ʶʾ˄ʰʽ ˉʱ˄ˍʰ ʰˎˍˈˌ ˉˇˎ ˃ʶˍʰʲʰʾ˄ʶʽ ʰˉˈ ʰˉˇˁˇˉʺ ˋʶ ʰʴ˖ʴʺΦ 

ʁ ˂ˈʴˇˌ ʴʽʰ ˍˇ˄ ˇˉˇʾˇ ˉˊʷˉʶʽ ˄ʰ ˍʹˊʶʾˍʰʽ ˉʱ˄ˍʰ ʰˎˍˈˌ ˇ ˁʰ˄ˈ˄ʰˌ ʴʾ˄ʶˍʰʽ ˁʰˍʰ˄ˇʹˍˈˌ ˃ʶ ˍˇ 

ˉʰˊʰˁʱˍ˖ ˋ˔ʺ˃ʰ ˋˍˇ ˇˉˇʾˇ ʶʽˋʱʴˇˎ˃ʶ ˍʹ˄ ˁʰʻˎˋˍʷˊʹˋʹ ʰ˄ˍʾʻʶˍʰ ʰˉˈ ʰˎˍˈ ˉˇˎ ˇˊʾʸʶʽ ˇ 

ˁʰ˄ˈ˄ʰˌΦ ʆʹ˄ ʶʽˋʱʴˇˎ˃ʶ ʵʹ˂ʰʵʺ ˋˍˇ ʵʽʰˁˈˉˍʹ ˉˇˎ ˃ʶˍʰʲʰʾ˄ʶʽ ʰˉˈ ʰʴ˖ʴʺ ˋʶ ʰˉˇˁˇˉʺΦ ʅˍˇ 

ˉʰˊʰˁʱˍ˖ ˋ˔ʺ˃ʰ ʻʶ˖ˊˇˏ˃ʶ ˍˇˎˌ ʵʽʰˁˈˉˍʶˌ ʽʵʰ˄ʽˁˇˏˌΣ ʻʶ˖ˊˇˏ˃ʶ ʵʹ˂ʰʵʺ ˉ˖ˌ ˃ʶˍʰʲʰʾ˄ˇˎ˄ 

ʰˁʰˊʽʰʾʰ ˋʶ ʰʴ˖ʴʺ ˁʰʽ ʰˉˇˁˇˉʺ ˈˍʰ˄ ˂ʱʲˇˎ˄ ˍˇ ˁʰˍʱ˂˂ʹ˂ˇ ˋʺ˃ʰ ˋˍʹ˄ ˉˏ˂ʹ ˍˇˎˌΦ ɶ ʻʶ˗ˊʹˋʹ 

ʰˎˍʺ ʵʶ˄ ʶˉʹˊʶʱʸʶʽ ˍˇ ˋˎ˃ˉʷˊʰˋ˃ʰ ˋˍˇ ˇˉˇʾˇ ʻʷ˂ˇˎ˃ʶ ˄ʰ ˁʰˍʰ˂ʺ˅ˇˎ˃ʶ ˁʰʽ ʴʾ˄ʶˍʶ ʴʽʰ ˂ˈʴˇˎˌ 

ʶˎˁˇ˂ˈˍʶˊʹˌ ˁʰˍʰ˄ˈʹˋʹˌ ˍˇˎ ˉʰˊʰʵʶʾʴ˃ʰˍˇˌΦ ɶ ˉʰˊʰˁʱˍ˖ ʶʽˁˈ˄ʰ ˉˊˇʷˁˎ˕ʶ ʰˉˈ ˍˇ ʶˊʴʰ˂ʶʾˇ 

ˉˊˇ̀̌ ˃ˇʾ˖ˋʹˌ Modelsim ʰ˒ˇˏ ʴˊʱ˕ʰ˃ʶ ʷ˄ʰ˄ ˃ʽˁˊˈ ˁʰʽ ʰˉ˂ˈ ˁ˗ʵʽˁʰ ʴʽʰ ˄ʰ ˃ʰˌ ʵ˗ˋʶʽ ˍˇ 

ʶˉʽʻˎ˃ʹˍˈ ʴʽʰ ˍˇ ˉʰˊʱʵʶʽʴ˃ʰ ʰˉˇˍʷ˂ʶˋ˃ʰ: 

 

                   ɮʴ˖ʴʺ S1 ˁ ʰʽ S2 => ɰˊʰ˔ˎˁˏˁ˂˖˃ʰΗΗ 

ʅ˔ʺ˃ʰ оΦсΥ ɰˊʰ˔ˎˁˏˁ˂˖˃ʰ ˂ˈʴ˖ ʶʽˋʰʴ˖ʴʺˌ ˍˇˎ ΨΩ˄ʶˁˊˇˏΩΩ ˔ˊˇ˄ʽˁˇˏ ʵʽʰˋˍʺ˃ʰˍˇˌ ˋˍˇ˄ ʵʽʰˁˈˉˍʹ ˉˇˎ 

˃ʶˍʰʲʰʾ˄ʶʽ ʰˉˈ ʰʴ˖ʴʺ ˋʶ ʰˉˇˁˇˉʺ 

ɱʾ˄ʶˍʰʽ ˂ˇʽˉˈ˄ ˒ʰ˄ʶˊˈ ʰˉˈ ˍʰ ˉʰˊʰˉʱ˄˖ ˉ˖ˌ ʴʽʰ ˄ʰ ˎ˂ˇˉˇʽʺˋˇˎ˃ʶ ˍˇ ΨΩ˄ʶˁˊˈΩΩ ʵʽʱˋˍʹ˃ʰ 

ˁʰʻˎˋˍʷˊʹˋʹˌ ˁʰʽ ˄ʰ ˃ʹ˄ ʷ˔ˇˎ˃ʶ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ʲˊʰ˔ˎˁˎˁ˂˗˃ʰˍˇˌ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍʹ ʹ ˍʺˊʹˋʹ 

ˍˇˎ ˁʰ˄ˈ˄ˇˌ ˉˇˎ ʰ˄ʰ˒ʷˊʰ˃ʶ ˉʰˊʰˉʱ˄˖Φ 
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ʆʷ˂ˇˌ  ˉˊʷˉʶʽ ˄ʰ ˃ʶ˂ʶˍʺˋˇˎ˃ʶ ˁʰʽ ˍʹ˄ ˍʽ˃ʺ ˉˇˎ ʻʰ ʶˉʽ˂ʷ˅ˇˎ˃ʶ ʴʽʰ ˍˇ ˔ˊˇ˄ʽˁˈ h ˎˍˈ ɻ ʽʱˋˍʹ˃ʰ h ˂˂ʱ 

ˁʰʽ ˍˇ˄ ˍˊˈˉˇ ˎˉˇ˂ˇʴʽˋ˃ˇˏ ʰˎˍˇˏ. ʆˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ ˁʰʻˎˋˍʷˊʹˋʹˌ ʻʰ ˉˊʷˉʶʽ ˄ʰ ˍʶʻʶʾ ˋʶ ˃ʾʰ 

ˍʽ˃ʺ ˂ʾʴˇ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˉˈ ˍˇ˄ ˋˎ˄ˇ˂ʽˁˈ ˔ˊˈ˄ˇ ˉˇˎ ˔ˊʶʽʱʸˇ˄ˍʰʽ ˇʽ ʹ˃ʽʰʴ˖ʴʽˁˇʾ ʵʽʰˁˈˉˍʶˌ ʴʽʰ ˄ʰ 

ˉʱ˄ʶ ˋʶ ʰˉˇˁˇˉʺΦ ɱʽʰ ˍˇ ˂ˈʴˇ ʰˎˍˈ ʹ ˁʰʻˎˋˍʷˊʹˋʹ ˉˇˎ ʶʽˋʱʴˇˎ˃ʶ ʻʰ ʶʾ˄ʰʽ ˍʹˌ ˍʱ˅ʹˌ ˍˇˎ м˃s. ɱʽʰ 

˄ʰ ˍʹ˄ ˎ˂ˇˉˇʽʺˋˇˎ˃ʶ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ ʷ˄ʰ ˃ʶˍˊʹˍʺ ˇ ˇˉˇʾˇˌ ʻʰ ʰˎ˅ʱ˄ʶʽ ˁʰˍʱ ʷ˄ʰ ˋʶ ˁʱʻʶ 

ˉʶˊʾˇʵˇ ˍˇˎ ˊˇ˂ˇʴʽˇˏ ˃ʷ˔ˊʽ ˃ʾʰ ˃ʷʴʽˋˍʹ ˍʽ˃ʺ ˁ ʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ʻʰ ˃ʹʵʶ˄ʾʸʶˍʰʽ ʴʽʰ ˄ʰ ʶʾ˄ʰʽ ʷˍˇʽ˃ˇˌ 

ʴʽʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ˍʹˌ ʶˉˈ˃ʶ˄ʹˌ ˁʰʻˎˋˍʷˊʹˋʹˌΦ ɶ ˍʽ˃ʺ ʰˎˍʺ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʰˉˈ ˍʹ˄ ˉʰˊʰˁʱˍ˖ 

ˋ˔ʷˋʹΣ ʵʶʵˇ˃ʷ˄ˇˎ ˈˍʽ ˍˇ ˊˇ˂ˈʽ ˍʹˌ ˋ˔ʶʵʾʰˋʺˌ ˃ʰˌ ˍʾʻʶˍʰʽ ʾˋˇ ˃ʶ нлns: 

1 s˃ =20ns ϝ ʆCOUNTER => TCOUNTER = 50. 

ɽˈʴ˖ ˍʹˌ ˉˇ˂ˎˉ˂ˇˁˈˍʹˍʰˌ ˉˇˎ ˉʰˊˇˎˋʽʱʸʶʽ ˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˁˇ˃˃ʱˍʽ ˁ˗ʵʽˁʰ ʰ˄ʰ˂ˏˇˎ˃ʶ 

ˉʰˊʰˁʱˍ˖ ˍʹ ˔ˊʹˋʽ˃ˈˍʹˍʰ ˁʰʽ ˂ʶʽˍˇˎˊʴʾʰ ˁʱˉˇʽ˖˄ ʲʰˋʽˁ˗˄ ˋʹ˃ʱˍ˖˄ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶΥ 

1) set_S1/3 : ʆʰ ˋʺ˃ʰˍʰ ʰˎˍʱ ˃ʰˌ ˉ˂ʹˊˇ˒ˇˊˇˏ˄ ʴʽʰ ˍʹ˄ ˍʽ˃ʺ ˉˇˎ ˉˊʷˉʶʽ ˄ʰ ʷ˔ˇˎ˄ ˇʽ 

ʵʽʰˁˈˉˍʶˌ S1 ˁ ʰʽ S3Φ ʂˉ˖ˌ ʷ˔ˇˎ˃ʶ ˉʶʽ ˁʰʽ ˉʰˊʰˉʱ˄˖ ˇʽ ʵʽʰˁˈˉˍʶˌ S2 ˁ ʰʽ S4 ̒ ʰ ˉˊʷˉʶʽ ˄ʰ 

ˉʱˊˇˎ˄ ˍʽˌ ˋˎ˃ˉ˂ʹˊ˖˃ʰˍʽˁʷˌ ˍʽ˃ʷˌ ˍ˖˄ S1 ˁʰʽ S3 ʰ˄ˍʾˋˍˇʽ˔ʰ ʴʽʰ ˍʹ˄ ʰˉˇ˒ˎʴʺ 

ʲˊʰ˔ˎˁˎˁ˂˖˃ʱˍ˖˄Φ ʁʽ ʵʽʰˁˈˉˍʶˌ ʰˎˍˇʾ ʷ˔ˇˎ˄ ˍʹ˄ ʵʽʱˍʰ˅ʹ ˍˇˎ ˉʰˊʰˁʱˍ˖ ˋ˔ʺ˃ʰˍˇˌΥ 

 

 

ʅ˔ʺ˃ʰ оΦтΥ ɾˇ˄ˇ˒ʰˋʽˁˈˌ ʰ˄ʰˋˍˊˇ˒ʷʰˌ ˉ˂ʺˊˇˎˌ ʴʷ˒ˎˊʰˌ ˃ʶ ˉʹʴʺ ˍʱˋʹˌ ˎ˂ˇˉˇʽʹ˃ʷ˄ˇˌ ˃ʶ ʹ˃ʽʰʴ˖ʴʽˁˇˏˌ 

ʵʽʰˁˈˉˍʶˌ ˍˏˉˇˎ IGBTs. 

 

ʆˇ ˁˊʾˋʽ˃ˇ ˋʹ˃ʶʾˇ ˋˍˇ ˁˇ˃˃ʱˍʽ ʰˎˍˈ ʶʾ˄ʰʽ ˉ˖ˌ ʻʷ˂ˇˎ˃ʶ ˄ʰ ʶʽˋʱʴʶˍʰʽ ʹ ʰ˄ʱ˂ˇʴʹ 

ˁʰʻˎˋˍʷˊʹˋʹ ˁʱʻʶ ˒ˇˊʱ ˉˇˎ ˍʰ ˋʺ˃ʰˍʰ set_S1/3 ʰ˂˂ʱʸˇˎ˄ ˍʽ˃ʺ ˁʰʽ ˈ˔ʽ ʴʽʰ ˈˋˇ ˔ˊˇ˄ʽˁˈ 

ʵʽʱˋˍʹ˃ʰ ʵʽʰˍʹˊˇˏ˄ˍʰʽ ˋˍʰʻʶˊʱΦ ɱʽʰ ˍˇ ˂ˈʴˇ ʰˎˍˈ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ˍʰ ˉʰˊʰˁʱˍ˖ ˋʺ˃ʰˍʰΦ 

 

2) Delay_eval_S1/3 : ʆʰ ˋʺ˃ʰˍʰ ʰˎˍʱ ˂ʰ˃ʲʱ˄ˇˎ˄ ˍʹ˄ ˍʽ˃ʺ ΨмΩ ˁʱʻʶ ˒ˇˊʱ ˉˇˎ ˍʰ set_S1/3 

ʰ˂˂ʱʸˇˎ˄ ˍʽ˃ʺΦ ʆʹ˄ ˍʽ˃ʺ ʰˎˍʺ ˍʹ˄ ʵʽʰˍʹˊˇˏ˄ ʷ˖ˌ ˈˍˇˎ ˇ ˃ʶˍˊʹˍʺˌ ˃ʷˋ˖ ˍˇˎ ˇˉˇʾˇˎ 

ˎ˂ˇˉˇʽʶʾˍʰʽ ʹ ˁʰʻˎˋˍʷˊʹˋʹ ˂ʱʲʶʽ ˍʹ˄ ˍʽ˃ʺ рл ˁʰʽ ˇˎˋʽʰˋˍʽˁʱ ˇ˂ˇˁ˂ʹˊ˖ʻʶʾ ˍˇ ʶˉʽʻˎ˃ʹˍˈ 

ΨΩ˄ʶˁˊˈΩΩ ʵʽʱˋˍʹ˃ʰ( 20ns * 50 = 1˃ s)Φ ɾˈ˂ʽˌ ʴʾ˄ʶʽ ʰˎˍˈ ˍʾʻʶ˄ˍʰʽ ˋˍʹ˄ ˍʽ˃ʺ ΨлΩ ˁʰʽ ˇʽ ˍʽ˃ʷˌ 

ˍ˖˄ ʵʽʰˁˇˉˍ˗˄ ˉ˂ʷˇ˄ ˉʰˊʰ˃ʷ˄ˇˎ˄ ˋˍʰʻʶˊʷˌ ʷ˖ˌ ˈˍˇˎ ˄ʰ ˃ʶˍʰʲ˂ʹʻˇˏ˄ ˍʰ set_S1/3 ˁʰʽ 
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ˁʰˍʱ ˋˎ˄ʷˉʶʽʰ ʴʾ˄ˇˎ˄ ΨмΩ ˍʰ Delay_eval_S1/3. ʆʷ˂ˇˌ ˃ˈ˂ʽˌ ˍʰ set_S1/3 ʰ˂˂ʱʸˇˎ˄ ˍʽ˃ʺ ˍˈˍʶ 

ʻʷˍˇˎ˃ʶ ˍˇ˄ ʵʽʰˁˈˉˍʹ ˉˇˎ ˉʱʶʽ ˋʶ ʰˉˇˁˇˉʺ ʾˋˇ ˃ʶ ΨлΩ ʶ˄˗ ʰˎˍˈ˄ ˉˇˎ ˉˊʷˉʶʽ ˄ʰ ˉʱʶʽ ˋʶ 

ʰʴ˖ʴʺ ˍˇ˄ ʻʷˍˇˎ˃ʶ ʾˋˇ ˃ʶ ΨмΩ ˃ˈ˂ʽˌ ˇ˂ˇˁ˂ʹˊ˖ʻʶʾ ˍˇ ʵʽʱˋˍʹ˃ʰ ˁʰʻˎˋˍʷˊʹˋʹˌόcount_S1/3 

Ґ ΨлΩ). ʅˍˇ ˉʰˊʰˁʱˍ˖ ˍ˃ʺ˃ʰ ˁ˗ʵʽˁʰΣ ˍˇ ˇˉˇʾˇ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ʴʽʰ ˄ʰ ʴʾ˄ˇˎ˄ ˉʶˊʽˋˋˈˍʶˊˇ 

ˁʰˍʰ˄ˇʹˍʱ ˍʰ ˉʰˊʰˉʱ˄˖Σ ʶ˂ʷʴ˔ˇˎ˃ʶ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ˍˇ ˇ ʵʽʰˁˈˉˍʹˌ S1 ̄ ˊʷˉʶʽ ˄ʰ ˉʱʶʽ 

ʺ ʲˊʾˋˁʶˍʰʽ ʺʵʹ ˋʶ ʰʴ˖ʴʺόset_Sм Ґ ΨмΩ) : 

 

 

if(set_S1 = '1') then                  -- ɸʷ˂˖ ʹ ˁʰʻˎˋˍʷˊʹˋʹ ˄ʰ ʶʽˋʱʴʶˍʰʽ ˃ˈ˄ˇ ˈˍʰ˄ ˍˇ Sм ʰ˂˂ʱʸʶʽ ˍʽ˃ʺ 

            if(Delay_eval_S1 = '1') then -- ˁ ʰʽ ˈ˔ʽ ʴʽʰ ˈˋˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ ˉʰˊʰ˃ʷ˄ʶʽ ˋˍˇ ˂ˇʴʽˁˈ ΨмΩ ʺ ΨлΩΦ   

       S2<= '0';                            -- ɼʰ˄ˈ˄ʰˌΥ ʃʱ˄ˍʰ ˁʰʻˎˋˍʶˊʶʾ ˇ ʵʽʰˁˈˉˍʹˌ ˉˇˎ ˉʱʶʽ ˋʶ ʰʴ˖ʴʺΗΗ               

        if(count_S1 = 50) then   -- ʇ˂ˇˉˇʾʹˋʹ ˍʹˌ ˁʰʻˎˋˍʷˊʹˋʹˌ ˃ʶ ˔ˊʺˋʹ ˃ʶˍˊʹˍʺ ҐҔ рлϝнлns = 1us!   

          S1<= '1';                              

          Delay_eval_S1:= '0';    -- ɮ˒ˇˏ ʴʾ˄ʶʽ ʹ ˁʰʻˎˋˍʷˊʹˋʹ ʵʶ˄ ʻʷ˂˖ ˄ʰ ˅ʰ˄ʰʴʾ˄ʶʽ ʴʽʰ ˈˋˇ ˔ˊˇ˄ʽˁˈ  

          count_S1:= 0;               --  ɻ ʽʱˋˍʹ˃ʰ  ʵʽʰˍʹˊʶʾˍʰʽ ʹ ˍʽ˃ʺ ˍˇˎ Sм ˋˍʰʻʶˊʺΦ 

 

ɽʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉΩ ˈ˕ʽ˄ ˍʰ ˈˋʰ ʶʾˉʰ˃ʶ ˉʰˊˇˎˋʽʱʸˇˎ˃ʶ ˉʰˊʰˁʱˍ˖ ˍˇ ˋˎ˄ˇ˂ʽˁˈ ˍ˃ʺ˃ʰ ˍˇˎ ˁ˗ʵʽˁʰ 

ˉˇˎ ˎ˂ˇˉˇʽʶʾ ˍʹ˄ ʶʽˋʰʴ˖ʴʺ ˍˇˎ ʶˉʽʻˎ˃ʹˍˇˏ ΨΩ˄ʶˁˊˇˏΩΩ ˔ˊˇ˄ʽˁˇˏ ʵʽʰˋˍʺ˃ʰˍˇˌΥ 

---------------------------------  Deadband Modulation ---------------------------------------------------- 

    if(set_S1 = '1') then                  -- ɸʷ˂˖ ʹ ˁʰʻˎˋˍʷˊʹˋʹ ˄ʰ ʶʽˋʱʴʶˍʰʽ ˃ˈ˄ˇ ˈˍʰ˄ ˍˇ Sм ʰ˂˂ʱʸʶʽ ˍʽ˃ʺ 

      if(Delay_eval_S1 = '1') then -- ˁ ʰʽ ˈ˔ʽ ʴʽʰ ˈˋˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ ˉʰˊʰ˃ʷ˄ʶʽ ˋˍˇ ˂ˇʴʽˁˈ ΨмΩ ʺ ΨлΩΦ   

        S2<= '0';                                 -- ɮˎˍˈ ˋˎ˃ʲʰʾ˄ʶʽ ˈˍʰ˄ ˍˇ Delay_eval_Sм Ґ ΨмΩΗΗ               

        if(count_S1 = 50) then        -- ʇ˂ˇˉˇʾʹˋʹ ˍʹˌ ˁʰʻˎˋˍʷˊʹˋʹˌ ˃ʶ ˔ˊʺˋʹ ˃ʶˍˊʹˍʺ ҐҔ 50*20ns = 1us!   

          S1<= '1'; 

          Delay_eval_S1:= '0';        -- ɮ˒ˇˏ ʴʾ˄ʶʽ ʹ ˁʰʻˎˋˍʷˊʹˋʹ ʵʶ˄ ʻʷ˂˖ ˄ʰ ˅ʰ˄ʰʴʾ˄ʶʽ ʴʽʰ ˈˋˇ ˔ˊˇ˄ʽˁˈ  

          count_S1:= 0;                   -- ɻ ʽʱˋˍʹ˃ʰ ɻ ʽʰˍʹˊʶʾˍʰʽ ʹ ˍʽ˃ʺ ˍˇˎ Sм ˋˍʰʻʶˊʺΦ 

        else 

          count_S1:= count_S1 + 1; 

        end if; 

      end if; 

    elsif(set_S1 = '0') then          -- ʆ ̌S1 ʁ ʾ˄ʰʽ ̋  ̄ ˊˈˁʶʽˍʰʽ ˄  hʴʾ˄ʶʽ ΨлΩΦ 

      if(Delay_eval_S1 = '1') then 
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        S1<= '0'; 

        if(count_S1 = 50) then 

          S2<= '1'; 

          Delay_eval_S1:= '0'; 

          count_S1:= 0; 

        else 

          count_S1:= count_S1 + 1; 

        end if; 

      end if; 

    end if; 

    if(set_S3 = '1') then                  -- ʆˇ Sо ʶʾ˄ʰʽ ʺ ˉˊˈˁʶʽˍʰʽ ˄ʰ ʴʾ˄ʶʽ ΨмΩΦ  

      if(Delay_eval_S3 = '1') then 

        S4<= '0'; 

        if(count_S3 = 50) then 

           S3<= '1'; 

           Delay_eval_S3:= '0'; 

           count_S3:= 0; 

        else  

           count_S3:= count_S3 + 1; 

        end if; 

      end if; 

    elsif(set_S3 = '0') then               -- ʆ ̌S3 ʁ ʾ˄ʰʽ ̋  ̄ ˊˈˁʶʽˍʰʽ ˄ hɹ ʾ˄ʶʽ ΨлΩΦ 

      if(Delay_eval_S3 = '1') then 

          S3<= '0'; 

          if(count_S3 = 50) then 

            S4<= '1'; 

            Delay_eval_S3:= '0'; 
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            count_S3:= 0; 

          else  

            count_S3:= count_S3 + 1; 

          end if; 

       end if; 

    end if;  

------------------------------------------------------------------------------------------------------------------------    

 

3.4 SPWM ̱ ʶ˔˄ʽˁʺ ˃ʶ ˔ˊʺˋʹ ˃˄ʺ˃ʹˌ ROM 

ɶ ˎ˂ˇˉˇʾʹˋʹ ˍʹˌ SPWM ˃ʶ ˔ˊʺˋʹ ˃˄ʺ˃ʹˌ ROM ʴʽʰ ˍʹ˄ ʰˉˇʻʺˁʶˎˋʹ ʹ˃ʽˍˇ˄ˇʶʽʵ˗˄ ʵʶʽʴ˃ʱˍ˖˄ 

ʰˉˇˍʶ˂ʶʾ ˍʹ˄ ˉˊ˗ˍʹ ʰˉˈ ˍʽˌ ʵˏˇ ˎ˂ˇˉˇʽʺˋʶʽˌ ˉˇˎ ʷ˔ˇˎ˃ʶ ʵʹ˃ʽˇˎˊʴʺˋʶʽΦ ʆˇ ˁˏˊʽˇ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ 

ʰˎˍʺˌ ˍʹˌ ˃ʶʻˈʵˇˎ ʶʾ˄ʰʽ ˈˍʽ ʵʶ˄ ˎˉˇ˂ˇʴʾʸʶʽ ʵˎ˄ʰ˃ʽˁʱ ˍʰ ʵʶʾʴ˃ʰˍʰ ˍˇˎ ʹ˃ʽˍˈ˄ˇˎ ʴʽʰ ˁʱʻʶ ʰˏ˅ʹˋʹ ˍˇˎ 

˃ʶˍˊʹˍʺ ˉˇˎ ˉˊˇˋˇ˃ˇʽ˗˄ʶʽ ˍˇ˄ ˍˊʽʴ˖˄ʽˁˈ ˉʰ˂˃ˈ ʰ˂˂ʱ ʷ˔ʶʽ ʰˉˇʻʹˁʶˎ˃ʷ˄ʰ ˋʶ ˃ʾʰ ˃˄ʺ˃ʹ ROM 1000 

ʵʶʾʴ˃ʰˍʰ ˍˇˎ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˋʺ˃ʰˍˇˌΦ  

ʆʰ ʵʶʾʴ˃ʰˍʰ ʰˎˍʱ ʰ˒ˇˊˇˏ˄ ˋˍˇ ˃ʽˋˈ ˍʹˌ ˉʶˊʽˈʵˇˎ ˍˇˎ ʹ˃ʽˍˈ˄ˇˎ ˁʰʻ˗ˌ ʴʽʰ ˍʹ˄ ʱ˂˂ʹ ˃ʽˋʺ ˉʶˊʾˇʵˇ 

ʵʽʰʲʱʸ˖ ˍʰ ʾʵʽʰ ˋˍˇʽ˔ʶʾʰ ʰ˂˂ʱ ˃ʶ ʰˊ˄ʹˍʽˁˈ ˉˊˈˋʹ˃ˇΗ 

ɱʽʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ˍʹˌ ˍʶ˔˄ʽˁʺˌ ʰˎˍʺˌ ʶˁˍʶ˂ˇˏ˄ˍʰʽ ʵˏˇ ʲʰˋʽˁʱ ʲʺ˃ʰˍʰΣ ˍˇ ˁʱʻʶ ʷ˄ʰ ʰˉˈ ʵʽʰ˒ˇˊʶˍʽˁˈ 

VHDL ˁ ˗ʵʽˁʰ: 

          мύ ʃʰˊʰʴ˖ʴʺ ɲʶʽʴ˃ʱˍ˖˄ ɶ˃ʽˍˈ˄ˇˎΦ 

         нύ ʃʰˊʰʴ˖ʴʺ ʃʰ˂˃˗˄ ɲʽʰˁˇˉˍ˗˄Φ 

ʆʰ ʵˏˇ ʲʺ˃ʰˍʰ ʰˎˍʱ ʶ˅ʶˍʱʸˇ˄ˍʰʽ ˉʰˊʰˁʱˍ˖Υ 

 

3.4.1 ʃʰˊʰʴ˖ʴʺ ɲʶʽʴ˃ʱˍ˖˄ ɶ˃ʽˍˈ˄ˇˎ 

ʆˇ ˉˊ˗ˍˇ ʲʺ˃ʰ ˍˇ ˇˉˇʾˇ ˉˊʷˉʶʽ ˄ʰ ˁʱ˄ˇˎ˃ʶ ʶʾ˄ʰʽ ˄ʰ ˎˉˇ˂ˇʴʾˋˇˎ˃ʶ ˍʰ ˋˍˇʽ˔ʶʾʰ ˍʰ ˇˉˇʾʰ ʻʰ 

ʰˉˇʻʹˁʶˏˋˇˎ˃ʶ ˋˍʹ ˃˄ʺ˃ʹ ROM. ɮˎˍʱ ʵʶ˄ ʶˉʽ˂ʷʴˇ˄ˍʰʽ ˍˎ˔ʰʾʰ ʰ˂˂ʱ ˁʰˍʰ˄ʷ˃ˇ˄ˍʰʽ ˋʶ ʾˋʰ ʵʽʰˋˍʺ˃ʰˍʰ 

ˋˍʹ ˃ʽˋʺ ˉʶˊʾˇʵˇ ˍˇˎ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˋʺ˃ʰˍˇˌΦ ɱʽʰ ˄ʰ ʴʾ˄ʶʽ ʰˎˍˈ ˉˊʷˉʶʽ ˄ʰ ʻˎ˃ʹʻˇˏ˃ʶ ˍˇ ˉ˖ˌ 

ˎ˂ˇˉˇʽʺˋʰ˃ʶ ˍʹ˄ ˋˎ˔˄ˈˍʹˍʰ ς ˉʶˊʾˇʵˇ ˍˇˎ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˋʺ˃ʰˍˇˌΦ ɮˎˍˈ ˍˇ ˁʱ˄ʰ˃ʶ ˃ʶ ˍʹ˄ 

˔ˊʹˋʽ˃ˇˉˇʾʹˋʹ ʶ˄ˈˌ ˃ʶˍˊʹˍʺ ˇ ˇˉˇʾˇˌ ʷˉˊʶˉʶ ˄ʰ ˁʱ˄ʶʽ ˋˎ˄ˇ˂ʽˁʱ мΦлллΦллл ʲʺ˃ʰˍʰ ˃ʷ˔ˊʽ ˄ʰ 

ˇ˂̌ˁ˂ʹˊ˖ʻʶʾ ʹ ˉʶˊʾˇʵˇˌ ˍˇˎ ʹ˃ʽˍˈ˄ˇˎόˁʱ˄ʶʽ ʷ˄ʰ ʲʺ˃ʰ ʰ˄ʱ ˉʶˊʾˇʵˇ ˊˇ˂ˇʴʽˇˏ(20ns)). ʅˎ˄ʶˉ˗ˌ ʴʽʰ ˍʹ˄ 

˃ʽˋʺ ˉʶˊʾˇʵˇ ʻʰ ˉˊʷˉʶʽ ˇ ˃ʶˍˊʹˍʺˌ ˄ʰ ˁʱ˄ʶʽ рллΦллл ʲʺ˃ʰˍʰΦ ʆʰ мΦллл ˂ˇʽˉˈ˄ ʵʶʾʴ˃ʰˍʰ ʹ˃ʽˍˈ˄ˇˎ ʻʰ 



62 
 

ˉˊʷˉʶʽ ˄ʰ ˍʰ ˁʰˍʰ˄ʶʾ˃ˇˎ˃ʶ ˋˍʰ рллΦллл ʰˎˍʱ ʲʺ˃ʰˍʰΦ ɮˎˍˈ ʴʾ˄ʶˍʰʽ ˉˊˇ˒ʰ˄˗ˌ ˃ʶ ˍʹ˄ ˉʰˊʰˁʱˍ˖ 

ˉˊʱ˅ʹ: 

ɰʺ˃ʰˍʰ κ ɲʶʾʴ˃ʰ Ґ  
Ȣ

Ȣ
 =500. 

ʅˎ˄ʶˉ˗ˌ ʰ˄ʱ рлл ʲʺ˃ʰˍʰ ˍˇˎ ˃ʶˍˊʹˍʺ ˉˇˎ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽ˗ ʻʰ ˎˉˇ˂ˇʴʾʸ˖ ˃ʾʰ ˍʽ˃ʺ ʹ˃ʽˍˈ˄ˇˎΦ ʆʰ 

ˋʹ˃ʰ˄ˍʽˁˈˍʶˊʰ ˋˍˇʽ˔ʶʾʰ ˍˇˎ ˁ˗ʵʽˁʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˍ˖˄ ʵʶʽʴ˃ʱˍ˖˄ ʰˎˍ˗˄ 

ˉʰˊʰˍʾʻʶ˄ˍʰʽ ˉʰˊʰˁʱˍ˖Υ 

мύ ɮ˄ʱ рлл ʲʺ˃ʰˍʰ ˍˇˎ ˃ʶˍˊʹˍʺ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽ˗ ˎˉˇ˂ˇʴʾʸ˖ ˃ʾʰ ˍʽ˃ʺ ʹ˃ʽˍˈ˄ˇˎΦ ʆʽˌ ˍʽ˃ʷˌ ʰˎˍʷˌ ˍʽˌ 

ʰˉˇʻʹˁʶˏ˖ ˋʶ ʷ˄ʰ ˉʾ˄ʰˁʰ sine_values ˇ ˇˉˇʾˇˌ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˉˊˇˋʹ˃ʰˋ˃ʷ˄ˇˎˌ ʰˊʽʻ˃ˇˏˌ 

ˋˍʰʻʶˊʺˌ ˎˉˇʵʽʰˋˍˇ˂ʺˌ ˁʰʽ ʵʹ˂˗˄ʶˍʰʽ ˈˉ˖ˌ ˉʰˊʰˁʱˍ˖Υ 

TYPE vector_array is ARRAY (0 TO 999) of sfixed(1 downto -18);    -- ʃʾ˄ʰˁʰˌ 1000 ̀ ˍˇʽ˔ʶʾ˖˄. 

signal sine_values: vector_array; 

 ʁ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˍ˖˄ ˍʽ˃˗˄ ʰ˄ʱ рлл ʲʺ˃ʰˍʰ ʴʾ˄ʶˍʰʽ  ˃ ʶ ˍˇ ˉʰˊʰˁʱˍ˖ ˍ˃ʺ˃ʰ ˁ˗ʵʽˁʰΥ 

if(counter > 499) then   

          counter:= 0;       -- ɾʹʵʶ˄̔ ˋ˃ˈˌ ˍˇˎ ˃ʶˍˊʹˍʺ ʴʽʰ ˃ʷˍˊʹˋʹ ˍ˖˄ ʶˉˇ˃ʷ˄˖˄ рлл ʲʹ˃ʱˍ˖˄Φ 

          sine_values(index)<= to_sfixed(SIN(rad),1,-18);      -- ɮˉˇʻʺˁʶˎˋʹ ̱ ʹˌ ̱ ʽ˃ʺˌ ̀  ʁ̄ ʾ˄ʰˁʰ. 

          index:= index + 1;     -- ɳˉˈ˃ʶ˄ʹ ʻʷˋʹ ˍˇˎ ˉʾ˄ʰˁʰΦ 

end if; 

2) ʂˍʰ˄ ˍˇ index ʴʾ˄ʶʽ ʾˋˇ ˃ʶ млллΣ ʷ˔˖ ʰˉˇʻʹˁʶˏˋʶʽ мллл ʵʶʾʴ˃ʰˍʰ ˁʰʽ ʷ˔ʶʽ ˍʶ˂ʶʽ˗ˋʶʽ ʹ ˉʶˊʾˇʵˇˌ ˍˇˎ 

ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˋʺ˃ʰˍˇˌ ʰ˒ˇˏ ʰˎ˅ʱ˄˖ ˍˇ index ˁʰˍʱ м ˁʱʻʶ рлл ʲʺ˃ʰˍʰόрлл ϝ мллл ҐрллΦлллύΦ ɮˎˍˈ 

ˎ˂ˇˉˇʽʶʾˍʰʽ ˃ʶ ˍˇ ˉʰˊʰˁʱˍ˖ ˍ˃ʺ˃ʰ ˁ˗ʵʽˁʰΥ 

if(index = 1000) then 

            stop<= '1';      -- ɮ˄ ˍˇ index ɹ ʾ˄ʶʽ мллл ʹ ʵʽʰʵʽˁʰˋʾʰ ʷ˔ʶʽ ˇ˂ˇˁ˂ʹˊ˖ʻʶʾΦ 

end if; 

оύ ʆʰ ʵʶʾʴ˃ʰˍʰ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ˍʰ  ʰˉˇʻʹˁʶˏ˖ ˋʶ ʷ˄ʰ ʰˊ˔ʶʾˇ ʶ˅ˈʵˇˎ ʰˉΩ ˈˉˇˎ ˃ˉˇˊ˗ ˄ʰ ˍʰ ˉʱˊ˖ 

ˁʰʽ ˄ʰ ˍʰ ʶʽˋʱʴ˖ ˋˍˇ˄ ˁ˗ʵʽˁʱ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽ˗ ʴʽʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˁ ʰʽ ˋˏ˄ʻʶˋʹ. ʆˇ ˈ˄ˇ˃ʰ ˍˇˎ ʰˊ˔ʶʾˇˎ 

ʰˎˍˇˏ ʶʾ˄ʰʽ sine_1000. ɶ ɻ ʺ˂˖ˋʺ ̱ ˇˎ ɹ ʾ˄ʶˍʰʽ ˃  ʁ̱  ̌̄ ʰˊʰˁʱˍ˖ ̱ ˃ʺ˃ʰ ˁ ˗ʵʽˁʰ: 

file      outfile  : text is out "sine_1000.txt";    --declare output file 

variable  outline  : line;    --line number declaration  
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 ɶ ʰˉˇʻʺˁʶˎˋʹ ˋˍˇ ʰˊ˔ʶʾˇ ʰˎˍˈ ʴʾ˄ʶˍʰʽ ˃ʶ ˍˇ ˉʰˊʰˁʱˍ˖ ˍ˃ʺ˃ʰ ˁ˗ʵʽˁʰΥ 

 temp:= to_slv(to_sfixed(SIN(rad),1,-18)); 

 write(outline,chr(0)&str(temp)&chr(0)&","); -- ʊʷˊ˄˖ ˍʰ ˋˍˇʽ˔ʶʾʰ ˋˍʹ˄ ʶˉʽʻˎ˃ʹˍʺ ˃ˇˊ˒ʺΦ 

  writeline(outfile,outline); 

ʁ˂ˈˁ˂ʹˊˇˌ ˇ ˁ˗ʵʽˁʰˌ ˉˇˎ ˃ʰˌ ʵʾ˄ʶʽ ˍʰ ʶˉʽʻˎ˃ʹˍʱ ʵʶʾʴ˃ʰˍʰ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˉʰˊʰˁʱˍ˖Φ ɿʰ ˋʹ˃ʶʽ˖ʻʶʾ 

ˉ˖ˌ ˇ ˁ˗ʵʽˁʰˌ ʰˎˍˈˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˃ˈ˄ˇ ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˍ˖˄ ʶˉʽʻˎ˃ʹˍ˗˄ ʵʶʽʴ˃ʱˍ˖˄ ˁʰʽ ʵʶ˄ 

ʶʾ˄ʰʽ ˋˎ˄ʻʷˋʽ˃ˇˌΦ 

------------------ ɲʺ˂˖ˋʹ ɮˉʰˊʰʾˍʹˍ˖˄ ɰʽʲ˂ʽˇʻʹˁ˗˄ ˁʰʽ ʃʰˁʷˍ˖˄------------------------------------------ 

use STD.TEXTIO.all; 

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

use work.my_data_types.all; 

use ieee.math_real.all; 

use ieee.fixed_float_types.all; 

use ieee.fixed_pkg.all; 

library std; 

use std.standard.all; 

use work.txt_util.all; 

-------------------------------------------------------------------------------------------------------------------------------------- 

---------------- ɲʺ˂˖ˋʹ ˍʹˌ ɳ˄ˈˍʹˍʰˌ  ˉˇˎ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ ------------------------------------------------ 

entity Sinusoidal_ROM_1000 is 

  GENERIC (fr: REAL:= 50.0; fc: REAL:= 5000.0); 

  port(clk: in STD_LOGIC); 

end Sinusoidal_ROM_1000;- 

------------------------------------------------------------------------------------------------------------------------------------ 

-----------------ɲʺ˂˖ˋʹ ˍʹˌ ɮˊ˔ʽˍʶˁˍˇ˄ʽˁʺˌ ˉˇˎ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ --------------------------------------- 
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Architecture behavioural of Sinusoidal_ROM_1000 is 

signal samples,rad_offset: REAL; 

signal rad: REAL:= 0.0; 

signal stop: STD_LOGIC:= '0'; 

TYPE vector_array is ARRAY (0 TO 999) of sfixed(1 downto -18); 

signal sine_values: vector_array; 

begin 

  PROCESS(clk) 

    variable index: INTEGER RANGE 0 TO 1000:= 0; 

    variable counter: INTEGER:= 499; 

    variable temp: STD_LOGIC_VECTOR(19 downto 0); 

    file      outfile  : text is out "sine_1000.txt";  --declare output file 

    variable  outline  : line;   --line number declaration   

    begin 

    if(stop = '0') then 

      if(clk'event and clk = '1') then 

        rad<= rad + rad_offset; 

        counter:= counter + 1; 

        if(counter > 499) then 

          counter:= 0; 

          sine_values(index)<= to_sfixed(SIN(rad),1,-18); 

          temp:= to_slv(to_sfixed(SIN(rad),1,-18)); 

          write(outline,chr(0)&str(temp)&chr(0)&","); 

          writeline(outfile,outline); 

          index:= index + 1; 

          if(index = 1000) then 

            stop<= '1'; 
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          end if; 

       end if;  

      end if; 

    end if; 

  end PROCESS; 

   

samples<= 2.0*(fc/(2.0*fr));     

rad_offset<= MATH_PI/(500000.0); 

end behavioural; 

------------------------------------------------------------------------------------------------------------------------------------ 

ʃʰˊʰˁʱˍ˖ ˉʰˊˇˎˋʽʱʸˇˎ˃ʶ ʶ˄ʵʶʽˁˍʽˁʱ ˁʱˉˇʽʰ ʰˉˈ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍ˖˄ ʵʶʽʴ˃ʱˍ˖˄ ˉˇˎ ˉˊˇʷˁˎ˕ʰ˄Φ 

ɶ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ʷʴʽ˄ʶ ˃ʶ ˍˇ ʶˊʴʰ˂ʶʾˇ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ Modelsim Altera 10.0c(Quartus II 11.1) Starter 

Edition. 

     ɮˊʽʻ˃ˈˌ ɲʶʾʴ˃ʰˍˇˌ   ʆʽ˃ʺ ɲʶʾʴ˃ʰˍˇˌ 

 

                                                                     ʅ˔ʺ˃ʰ оΦуΥ ʆʽ˃ʷˌ ɮˊ˔ʽˁ˗˄ ɲʶʽʴ˃ʱˍ˖˄ 

ʂˉ˖ˌ ʰ˄ʰ˃ʷ˄ʰ˃ʶ ˇʽ ˍʽ˃ʷˌ ˍ˖˄ ʰˊ˔ʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄ ʷ˔ˇˎ˄ ˍʽ˃ʷˌ ˃ʶʴʰ˂ˏˍʶˊʶˌ ˍˇˎ л ʰ˂˂ʱ ˁʰʽ ˃ʽˁˊˈˍʶˊʶˌ 

ˍˇˎ лΦрΦ 
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500
ˇ
 ɲʶʾʴ˃ʰ Ґ мόʆʽ˃ʺ ɶ˃ʽˍˈ˄ˇˎ  ʴʽʰ ˉκнύ 

 

                                                                       ʅ˔ʺ˃ʰ оΦфΥ ʆʽ˃ʺ ɶ˃ʽˍˈ˄ˇˎ рлл
ˇˎ

 ɲʶʾʴ˃ʰˍˇˌ 

ʃʰˊʰˍʹˊˇˏ˃ʶ ˉ˖ˌ ˋˍˇ ˃ʶˋʰʾˇ ʵʶʾʴ˃ʰόрллύ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ˈˉ˖ˌ ʰ˄ʰ˃ʷ˄ʰ˃ʶ ʹ ˍʽ˃ʺ м ˁʰʻ˗ˌ ˍˈˍʶ 

ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˍˇ ʹ˃ʾˍˇ˄ˇ ʴʽʰ ˍʽ˃ʺ ʾˋʹ ˃ʶ ˉκнΦ 

 ɮˊʽʻ˃ˈˌ ɲʶʾʴ˃ʰˍˇˌ  ʆʽ˃ʺ ɲʶʾʴ˃ʰˍˇˌ 

 

                                                                        ʅ˔ʺ˃ʰ оΦмлΥ ʆʽ˃ʷˌ ʆʶ˂ʶˎˍʰʾ˖˄ ɲʶʽʴ˃ʱˍ˖˄        

ʃʰˊʰˍʹˊˇˏ˃ʶ ˉ˖ˌ ˈˉ˖ˌ ʰ˄ʰ˃ʷ˄ʰ˃ʶ ˇʽ ˍʽ˃ʷˌ ˍˇˎ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˋʺ˃ʰˍˇˌ ˍʶʾ˄ˇˎ˄ ˋˍˇ ˃ʹʵʷ˄ ˈˋˇ 

ˉ˂ʹˋʽʱʸˇˎ˃ʶ ˉˊˇˌ ˍʰ ˃ʷˋʰ ˍʹˌ ˉʶˊʽˈʵˇˎ ˍˇˎΦ 
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3.4.2 ʃʰˊʰʴ˖ʴʺ ʃʰ˂˃˗˄ ɲʽʰˁ ˇ̄ˍ˗˄ 

ʅˍˈ˔ˇˌ ˍˇˎ ˁ˗ʵʽˁʰ ˉˇˎ ʻʰ ˉʰˊˇˎˋʽʱˋˇˎ˃ʶ ˋˍˇ ˍ˃ʺ˃ʰ ʰˎˍˈ ʶʾ˄ʰʽ ʹ ˉʰˊʰʴ˖ʴʺ ˍ˖˄ ˁʰˍʱ˂˂ʹ˂˖˄ 

ˉʰ˂˃˗˄ ʴʽʰ ˍˇˎˌ ʹ˃ʽʰʴ˗ʴʽ˃ˇˎˌ ʵʽʰˁˈˉˍʶˌ S1,S2,S3,S4. ɮˎˍˈ ʴʾ˄ʶˍʰʽ ʰˁˇ˂ˇˎʻ˗˄ˍʰˌ ˍʰ ˉʰˊʰˁʱˍ˖ 

ʲʺ˃ʰˍʰΥ 

мύ ɮˉˇʻʹˁʶˏˇˎ˃ʶ ˍʰ ʵʶʾʴ˃ʰˍʰ ˉˇˎ ˉˊˇʷˁˎ˕ʰ˄ ʰˉˈ ˍʹ˄ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ʵʽʰʵʽˁʰˋʾʰ ˋʶ ʷ˄ʰ ˉʾ˄ʰˁʰΣ ˃ʶ 

ˈ˄ˇ˃ʰ sine_values, ˉˇˎ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ мллл ˉˊˇˋʹ˃ʰˋ˃ʷ˄ˇˎˌ ʰˊʽʻ˃ˇˏˌ ˋˍʰʻʶˊʺˌ ˎˉˇʵʽʰˋˍˇ˂ʺˌΦ 

ɮˎˍˈ ɹ ʾ˄ʶˍʰʽ ˃  ʁ̱ ʹ˄ ̄ ʰˊʰˁʱˍ˖ ɻ ʺ˂˖ˋʹ: 

TYPE vector_array is ARRAY (0 TO 999) of sfixed(1 downto -18); 

CONSTANT sine_values: vector_array; 

2) ʂˉ̟ˌ ʷ˔ˇˎ˃ʶ ʰ˄ʰ˂ˏˋʶʽ ˁʰʽ ˉʰˊʰˉʱ˄˖ ʹ ˎ˂ˇˉˇʾʹˋʹ ˍˇˎ ˍˊʽʴ˖˄ʽˁˇˏ ˋʺ˃ʰˍˇˌ ʴʾ˄ʶˍʰʽ ˃ʶ ˍʹ˄ ˔ˊʺˋʹ 

ʶ˄ˈˌ ˃ʶˍˊʹˍʺόcount_Ac) ̍ ˉ˖ˌ ˉʰˊʰˁʱˍ˖Υ 

        if(up_Ac = '1') then  

          count_Ac := count_Ac + 1; 

          if (count_Ac = 2500 ) then 

            up_Ac := '0'; 

          end if; 

        else 

          count_Ac:= count_Ac - 1; 

          if (count_Ac = -2500) then 

            up_Ac:= '1'; 

          end if; 

        end if; 

3) ɳˉʶʽʵʺ ˍʰ ʵʶʾʴ˃ʰˍʰ ˉˇˎ ʷ˔ˇˎ˃ʶ ʰˉˇʻʹˁʶˏˋʶʽ ˍʰ ʷ˔ˇˎ˃ʶ ˎˉˇ˂ˇʴʾˋʶʽ ʰ˄ʱ рлл ʲʺ˃ʰˍʰ ˍˇˎ ˃ʶˍˊʹˍʺ 

ˍˈ̱ʶ ˁʱʻʶ рлл ʲʺ˃ʰˍʰ ʵʽʰʲʱʸˇˎ˃ʶ ˁʰʽ ʰˉˈ ˃ʾʰ ˍʽ˃ʺ ˍˇˎ ˉʾ˄ʰˁʰ ˃ʶ ˍʰ ʵʶʾʴ˃ʰˍʰΦ ɮ˒ˇˏ ˍʹ ʵʽʰʲʱˋˇˎ˃ʶ 

ʵʹ˃ʽˇˎˊʴˇˏ˃ʶ ˍʰ ʰ˄ˍʾˋˍˇʽ˔ʰ ˋʹ˃ʶʾʰ ˍ˖˄ ʵˏˇ ʹ˃ʽˍˇ˄ˇʶʽʵ˗˄ ˋʹ˃ʱˍ˖˄ ʰ˄ʰ˒ˇˊʱˌΣ ˍʰ ˇˉˇʾʰ 

ˋˎʴˁˊʾ˄ˇ˄ˍʰʽ ˃ʶ ˍˇ ˍˊʽʴ˖˄ʽˁˈ ˋʺ˃ʰΦ ʆʰ ʵˏˇ ʰˎˍʱ ˋʹ˃ʶʾʰ ʰˉˇʻʹˁʶˏˇ˄ˍʰʽ ˋˍʽˌ ˃ʶˍʰʲ˂ʹˍʷˌ CMPA ˁʰʽ 

CMPB ˃ʶ ˍʰ ʰ˄ʱ˂ˇʴʰ ˉˊˈˋʹ˃ʰ ˉˇˎ ʶ˅ʰˊˍ˗˄ˍʰʽ ʰˉˈ ˍˇ ʰ˄ ʲˊʽˋˁˈ˃ʰˋˍʶ ˋˍˇ мˇ ʺ ˍˇ нˇ ˃ʽˋˈ ˍʹˌ 

ˉʶˊʽˈʵˇˎ ˍ˖˄ ʹ˃ʽˍˇ˄ˇʶʽʵ˗˄ ˋʹ˃ʱˍ˖˄Φ ɲʽʰˁˊʾ˄ˇˎ˃ʶ ˂ˇʽˉˈ˄ ˍʽˌ ʵˏˇ ʰˎˍʷˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ˁʰʽ ʵʾ˄ˇˎ˃ʶ 

ˍʽ˃ʷˌ ˋˍʰ CMPA ˁ ʰʽ CMPB ̍ ˉ˖ˌ ˉʰˊʰˁʱˍ˖Υ 
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ü 1ˇ ɾʽˋˈ ˍʹˌ ʃʶˊʽˈʵˇˎ ˍˇˎ ɶ˃ʽˍˈ˄ˇˎόл - ̄ ύΥ 

ʅʶ ʰˎˍʺ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʽˋ˔ˏʶʽ ˈˍʽ ˍˇ ˋʺ˃ʰ pos_index Ґ ΨмΩΦ ɮ˄ ˂ˇʽˉˈ˄ ʽˋ˔ˏʶʽ ʰˎˍˈ ʷ˔ˇˎ˃ʶ ˍʽˌ 

ˉʰˊʰˁʱˍ˖ ʰˉˇʵˈˋʶʽˌ ˍʽ˃˗˄Υ 

------------------------------------- мˇ ɾʽˋˈ ˍʹˌ ʃʶˊʽˈʵˇˎ ˍˇˎ ɶ˃ʽˍˈ˄ˇˎόл - ̄ ύ ------------------------------------------- 

        if(pos_index = '1') then 

          CMPA:= "00"&Ar*sine_values(index);   -- ʅˍˇ ˉˊ˗ˍˇ ˃ʽˋˈ ˍʹˌ ˉʶˊʽˈʵˇˎ ʷ˔ˇˎ˃ʶ ʻʶˍʽˁʷˌ ˍʽ˃ʷˌ ˋˍˇ м
ˇ
  

          CMPB:= minus1*Ar*sine_values(index); -- ʹ˃ʾˍˇ˄ˇόCMPAύ ˁʰʽ ʰˊ˄ʹˍʽˁʷˌ ˋˍˇ н
ˇ
(CMPB). 

          index:= index + 1; 

          if(index = 1000) then  

            pos_index:= '0'; 

            index:= 0; 

          end if; 

----------------------------------------------------------------------------------------------------------------------------------------------- 

 

ü 2ˇ ɾʽˋˈ ˍʹˌ ʃʶˊʽˈʵˇˎ ˍˇˎ ɶ˃ʽˍˈ˄ˇˎόˉ ς н)̄: 

ʅʶ ʰˎˍʺ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʽˋ˔ˏʶʽ ˈˍʽ ˍˇ ˋʺ˃ʰ pos_index Ґ ΨлΩΦ ɮ˄ ˂ˇʽˉˈ˄ ʽˋ˔ˏʶʽ ʰˎˍˈ ʷ˔ˇˎ˃ʶ ˍʽˌ 

ˉʰˊʰˁʱˍ˖ ʰˉˇʵˈˋʶʽˌ ˍʽ˃˗˄Υ 

 else 

------------------------ 2
ˇ
 ɾʽˋˈ ˍʹˌ ʃʶˊʽˈʵˇˎ ˍˇˎ ɶ˃ʽˍˈ˄ˇˎόˉ ς нˉύ ---------------------------------------------------------- 

          CMPA:= minus1*Ar*sine_values(index); -- ʅˍˇ ʵʶˎˍʶˊˇ ˃ʽˋˈ ˍʹˌ ˉʶˊʽˈʵˇˎ ʷ˔ˇˎ˃ʶ ʰˊ˄ʹˍʽˁʷˌ ˍʽ˃ʷˌ  

          CMPB:= "00"&Ar*sine_values(index);      -- ̀ ˍˇ 1
ˇ
 ́ ˃ʾˍˇ˄ˇόCMPAύ ˁʰʽ ʻʶˍʽˁʷˌ ˋˍˇ н

ˇ
(CMPB). 

          index:= index + 1; 

          if(index = 1000) then 

            pos_index:= '1'; 

            index:= 0; 

          end if;         

------------------------------------------------------------------------------------------------------------------------------------------------ 
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4) ɮ˒ˇˏ ˍʰ ˋʺ˃ʰˍʰ CMPA ˁʰʽ CMPB ˂ʱʲˇˎ˄ ˍʽˌ ˍʽ˃ʷˌ ˍ˖˄ ʰ˄ˍʾˋˍˇʽ˔˖˄ ʹ˃ʽˍˈ˄˖˄Σ ˋˎʴˁˊʾ˄ˇ˄ˍʰʽ ˃ʶ ˍˇ˄ 

˃ʶˍˊʹˍʺ ˉˇˎ ˉˊˇˋˇ˃ˇʽ˗˄ʶʽ ˍˇ ˍˊʽʴ˖˄ʽˁˈ ˋʺ˃ʰ ˁʰʽ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹˌ ˋˏʴˁˊʽˋʹˌ 

ʰˉˇʵʾʵˇˎ˄ ˍʽ˃ʷˌ ˋˍˇˎˌ ˍʷˋˋʶˊʽˌ ʹ˃ʽʰʴ˖ʴʽˁˇˏˌ ʵʽʰˁˈˉˍʶˌ S1,S2,S3,S4. ɼʰˍʱ ˍʹ ˋˏʴˁˊʽˋʹ ʵʽʰˁˊʾ˄ˇˎ˃ʶ 

ʵˏˇ ˉʶˊʽˉˍ˗ˋʶʽˌ ʴʽʰ ˍˇ ˁʱʻʶ ʸʶˏʴˇˌ ʵʽʰˁˇˉˍ˗˄όS1,S2 ˁ ʰʽ S3,S4). ʁ ˁ˗ʵʽˁʰˌ ˉˇˎ ʰˉˇʵʾʵʶʽ ˍʽ˃ʷˌ ˋˍˇˎˌ 

ʵʽʰˁˈˉˍʶˌ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʰ ʵˏˇ ˉʽʻʰ˄ʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍ˖˄ ˋˎʴˁˊʾˋʶ˖˄ ʰˎˍ˗˄ ˉʰˊˇˎˋʽʱʸʶˍʰʽ 

ˉʰˊʰˁʱˍ˖: 

ü ɶ˃ʽʰʴ˖ʴʽˁˇʾ ɲʽʰˁˈˉˍʶˌ S1-S2: 

        if (count_Ac < CMPA ) then    

            set_S1:= '1';                  -- ʁ ʵʽʰˁˈˉˍʹˌ Sм ˉˊʷˉʶʽ ˄ʰ ˍʶʻʶʾ ˋˍˇ Ψ1Ω ˁʰʽ ˇ Sн ˋˍˇ Ψ0ΩΦ 

            Delay_eval_S1:= '1';   -- ɮ˒ˇˊʱ ˋˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ΨΩ˄ʶˁˊˇˏΩΩ ʵʽʰˋˍʺ˃ʰˍˇˌΦ   

        else                                    -- count_Ac > CMPA. 

            set_S1:= '0';                  -- ʁ ʵʽʰˁˈˉˍʹˌ Sм ˉˊʷˉʶʽ ˄ʰ ˍʶʻʶʾ ˋˍˇ ΨлΩ ˁʰʽ ˇ Sн ˋˍˇ ΨмΩΦ 

            Delay_eval_S1:= '1';   -- ɮ˒ˇˊʱ ˋˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ΨΩ˄ʶˁˊˇˏΩΩ ʵʽʰˋˍʺ˃ʰˍˇˌ 

        end if; 

ü ɶ˃ʽʰʴ˖ʴʽˁˇʾ ɲʽʰˁˈˉˍʶˌ S3-S4: 

       if(count_Ac < CMPB) then 

            set_S3:= '1';                -- ʁ ʵʽʰˁˈˉˍʹˌ Sо ˉˊʷˉʶʽ ˄ʰ ˍʶʻʶʾ ˋˍˇ ΨмΩ ˁʰʽ ˇ Sп ˋˍˇ ΨлΩΦ 

            Delay_eval_S3:= '1';  -- ɮ˒ˇˊʱ ˋˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ΨΩ˄ʶˁˊˇˏΩΩ ʵʽʰˋˍʺ˃ʰˍˇˌΦ   

        else                                   --  ɳʵ˗ ̔ ˋ˔ˏʶʽ count_Ac > CMPB. 

            set_S3:= '0';                 -- ʁ ʵʽʰˁˈˉˍʹˌ Sо ˉˊʷˉʶʽ ˄ʰ ˍʶʻʶʾ ˋˍˇ ΨлΩ ˁʰʽ ˇ Sп ˋˍˇ ΨмΩΦ 

            Delay_eval_S3:= '1';   -- ɮ˒ˇˊʱ ˋˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ΨΩ˄ʶˁˊˇˏΩΩ ʵʽʰˋˍʺ˃ʰˍˇˌΦ   

        end if; 

ɴ˔ˇ˄ˍʰˌ ˂ˇʽˉˈ˄ ˎˉΩ ˈ˕ʽ˄ ˍʰ ˍʷˋˋʶˊʰ ˉʰˊʰˉʱ˄˖ ʲʺ˃ʰˍʰ ʰ˂˂ʱ ˁʰʽ ˈ˂ʰ ˈˋʰ ʷ˔ˇˎ˃ʶ ˉʶʽ ʴʽʰ ˍʹ 

ʵʹ˃ʽˇˎˊʴʾʰ ˍ˖˄ ΨΩ˄ʶˁˊ˗˄ΩΩ ˔ˊˇ˄ʽˁ˗˄ ʵʽʰˋˍʹ˃ʱˍ˖˄Σ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍˇ ˉʰˊʱˊˍʹ˃ʰ  ̌ ˋˎ˄ˇ˂ʽˁˈ ̩

ˁ˗ʵʽˁʰ ̩̌  ˇˉˇʾˇˌ ˎ˂ˇˉˇʽʶʾ ˍʹ˄ ˍʶ˔˄ʽˁʺ SPWM ˃ ʶ ˍʹ ˔ˊʺˋʹ ˃ʾʰˌ ˃˄ʺ˃ʹˌ ROM ̱ ˖˄ мллл ˋˍˇʽ˔ʶʾ˖˄Φ 

ɱʽʰ ˍʹ˄ ʶˉʰ˂ʺʻʶˎˋʹ ˍʹˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺˋʰ˃ʶ ˍˇ ʶˊʴʰ˂ʶʾˇ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ Modelsim 

Altera 10.0c(Quartus II 11.1) Starter Edition. ʆˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˍʹˌ ˉʰˊʰˉʱ˄˖ 

ʰˊ˔ʽˍʶˁˍˇ˄ʽˁʺˌ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˉʰˊʰˁʱˍ˖Υ 

 

 



70 
 

3.4.3 ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˋ˔ʶʵʾʰˋʹˌ 

ü ɮˊ˔̋ ɶ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ʃʶˊʽˈʵˇˎΥ 

                                                   ɮˊ˔ʺ ɶ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ʃʶˊʽˈʵˇˎ                 ʃʰ˂˃ˇʾ ɲʽʰˁˇˉˍ˗˄ S1 S2 S3 S4 

 

ʅ˔ʺ˃ʰ оΦммΥ ʃʰ˂˃ˇʾ ʵʽʰˁˇˉˍ˗˄ ˋˍʹ˄ ʰˊ˔ʺ ˍʹˌ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˉʶˊʽˈʵˇˎ ˃ ʶ ˍˇ ʶˊʴʰ˂ʶʾˇ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ 

Modelsim 

ɮˉˈ ˍˇ ˉʰˊʰˉʱ˄˖ ˋ˔ʺ˃ʰ ʵʽʰˉʽˋˍ˗˄ˇˎ˃ʶ ˉ˖ˌ ʲˊʽˋˁˈ˃ʰˋˍʶ ˋˍʹ˄ ʷ˄ʰˊ˅ʹ ˍʹˌ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˉʶˊʽˈʵˇˎ 

ˁʰʻ˗ˌ ʹ ˍʽ˃ʺ ˉˇˎ ˉʰʾˊ˄ˇˎ˄ ˍʰ CMPA ˁʰʽ CMPB ˋˍˇ ˋʹ˃ʶʾˇ ˉˇˎ ʷ˔ˇˎ˃ʶ ˍˇ˄ʾˋʶʽ ʶʾ˄ʰʽ ҕпстΦлу 

ʰ˄ˍʾˋˍˇʽ˔ʰΣ ̱ ˇ ˇˉˇʾˇ ʶʾ˄ʰʽ ʰˊˁʶˍʱ ˃ʽˁˊˈˍʶˊˇ ˋˎʴˁˊʽ˄ˈ˃ʶ˄ˇ ˃ʶ ˍˇ ˉ˂ʱˍˇˌ ˍˇˎ ʹ˃ʽˍˈ˄ˇˎ Ar = 1750. 

ɳˉʾˋʹˌ ˈˉ˖ˌ ʰ˄ʰ˃ʷ˄ˇˎ˃ʶΣ ˋˍʹ˄ ʰˊ˔ʺ ˍʹˌ ˉʶˊʽˈʵˇˎ ˍˇˎ ʹ˃ʽˍˈ˄ˇˎ ˁʰʽ ˁʰʻ˗ˌ ˇ ˔ˊˈ˄ˇˌ ˉʶˊ˄ʱ ˃ʷ˔ˊʽ ˍʰ 

˃ʷˋʰ ˍʹˌ ˉʶˊʽˈʵˇˎ ˇ ʻʶˍʽˁˈˌό˃ʹʵʶ˄ʽˁˈˌύ ˉʰ˂˃ˈˌ ˍˇˎ ʵʽʰˁˈˉˍʹ S1(S2) ʰˎ˅ʱ˄ʶʽ ˋʶ ʵʽʱˊˁʶʽʰ ʰˉˈ ˍˇ˄ 

ʰ˄ˍʾˋˍˇʽ˔ˇ ʻʶˍʽˁˈό˃ʹʵʶ˄ʽˁˈύ ˉʰ˂˃ˈ ˍˇˎ ʵʽʰˁˈˉˍʹ S3(S4). ɮˎˍˈ ʴʾ˄ʶˍʰʽ ʶˎˁˇ˂ˈˍʶˊʰ ˁʰˍʰ˄ˇʹˍˈ ˁʰʽ ʰˉˈ 

ˍʹ˄ ʰ˄ˍʾˋˍˇʽ˔ʹ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˃ʷˋ˖ ˍˇˎ ʶˊʴʰ˂ʶʾˇˎ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ PSim ʴʽʰ ˍˇ ʵʽʱˋˍʹ˃ʰ л ς ʆκп ˍʹˌ 

ˉʶˊʽˈʵˇˎ ˍˇˎ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˋʺ˃ʰˍˇˌΥ 
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ʅ˔ʺ˃ʰ оΦмнΥ ʃʰ˂˃ˇʾ ˍ˖˄ ʵʽʰˁˇˉˍ˗˄ ˋˍʹ˄ ʰˊ˔ʺ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˉʶˊʽˈʵˇˎ ˃ʶ ˍˇ ʶˊʴʰ˂ʶʾˇ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ PSim 

ʃʰˊʰˍʹˊˇˏ˃ʶ ʰ˄ˍʾˋˍˇʽ˔ʰ ˍʹ˄ ʰˏ˅ʹˋʹ ˍˇˎ ʶˏˊˇˎˌ ˍˇˎ ˉʰ˂˃ˇˏ ˍˇˎ ʵʽʰˁˈˉˍʹ S1 ˁʰʽ ˍʹ˄ ˃ʶʾ˖ˋʹ ˍˇˎ 

ʶˏˊˇˎˌ ˍˇˎ ˉʰ˂˃ˇˏ ˍˇˎ ʵʽʰˁˈˉˍʹ S3. 

ü ʆκп ɶ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ʃʶˊʽˈʵˇˎΥ 

                                     ʆκп ɶ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ʃʶˊʽˈʵˇˎ 

 

ʅ˔ʺ˃ʰ оΦмоΥ ʃʰ˂˃ˇʾ ʵʽʰˁˇˉˍ˗˄ ʴʽʰ ˍˇ ʆκп ˍʹˌ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˉʶˊʽˈʵˇˎ ˃ ʶ ˍˇ ʶˊʴʰ˂ʶʾˇ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ 

Modelsim 
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ɮˉˈ ˍˇ ˉʰˊʰˉʱ˄˖ ˋ˔ʺ˃ʰ ʵʽʰˉʽˋˍ˗˄ˇˎ˃ʶ ˉ˖ˌ ʲˊʽˋˁˈ˃ʰˋˍʶ ˋˍˇ мκп ˍʹˌ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˉʶˊʽˈʵˇˎ 

ˁʰʻ˗ˌ ʹ ˍʽ˃ʺ ˉˇˎ ˉʰʾˊ˄ˇˎ˄ ˍʰ CMPA ˁʰʽ CMPB ˋˍˇ ˋʹ˃ʶʾˇ ˉˇˎ ʷ˔ˇˎ˃ʶ ˍˇ˄ʾˋʶʽ ʶʾ˄ʰʽ ҕмтпфΦус ˍˇ 

ˇˉˇʾˇ ʶʾ˄ʰʽ ˋ˔ʶʵˈ˄ ʾˋˇ ˃ʶ ˍˇ ˉ˂ʱˍˇˌ ˍˇˎ ʹ˃ʽˍˈ˄ˇˎ Ar = 1750. ʅʶ ʰˎˍˈ ˃ʱ˂ʽˋˍʰ ˍˇ ʵʽʱˋˍʹ˃ʰ 

ʰ˄ʰ˃ʷ˄ˇˎ˃ʶΣ ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˁʰʽ ˉʰˊʰˉʱ˄˖Σ ˄ʰ ʷ˔ˇˎ˃ʶ ˍˇ ˄˃ʶʴʰ˂ˏˍʶˊˇ ˋʶ ʵʽʱˊˁʶʽʰ ʻʶˍʽˁˈ ˉʰ˂˃ˈ ʴʽʰ 

ˍˇ  ɻ ʽʰˁˈˉˍʹ S1 ˁ ʰʽ ˍˇ ˃ʽˁˊˈˍʶˊˇ ʴʽʰ ˍˇ ʵʽʰˁˈˉˍʹ S3. 

 

ü ʆκн ɶ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ʃʶˊʽˈʵˇˎΥ 

                   ʆκн ɶ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ʃʶˊʽˈʵˇˎ 

 

ʅ˔ʺ˃ʰ оΦмпΥ ʃʰ˂˃ˇʾ ʵʽʰˁˇˉˍ˗˄ ʴʽʰ ˍˇ ʆκн ˍʹˌ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˉʶˊʽˈʵˇˎ ˃ ʶ ˍˇ ʶˊʴʰ˂ʶʾˇ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ 

Modelsim 

 ɮˉˈ ˍˇ ˉʰˊʰˉʱ˄˖ ˋ˔ʺ˃ʰ ʵʽʰˉʽˋˍ˗˄ˇˎ˃ʶ ˉ˖ˌ ʲˊʽˋˁˈ˃ʰˋˍʶ ˋˍˇ мκ2 ˍʹˌ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˉʶˊʽˈʵˇˎ 

ˁʰʻ˗ˌ ʹ ˍʽ˃ʺ ˉˇˎ ˉʰʾˊ˄ˇˎ˄ ˍʰ CMPA ˁʰʽ CMPB ̀ ˍˇ ˋʹ˃ʶʾˇ ˉˇˎ ʷ˔ˇˎ˃ʶ ˍˇ˄ʾˋʶʽ ʶʾ˄ʰʽ 0 ˁʰʽ ˇʽ ˍʽ˃ʷˌ ˍˇˎ 

CMPA(CMPB) ʵʶ˅ʽʱ ˍˇˎ ˋʹ˃ʶʾˇˎ ʰˎˍˇˏ ʶʾ˄ʰʽ ʻʶˍʽˁʷˌ(ʰˊ˄ʹˍʽˁʷˌ). ʅʶ ʰˎˍˈ ˃ʱ˂ʽˋˍʰ ˍˇ ʵʽʱˋˍʹ˃ʰ 

ʰ˄ʰ˃ʷ˄ˇˎ˃ʶΣ ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˁʰʽ ˉʰˊʰˉʱ˄˖Σ ʹ ʵʽʱˊˁʶʽʰ ˍ˖˄ ʻʶˍʽˁ˗˄ ˉʰ˂˃˗˄ ˍ˖˄ ʵʽʰˁˇˉˍ˗˄ S1 ˁ ʰʽ S3 

˄ʰ ˉʶˊʾˉˇˎ ʹ ʾʵʽʰΦ 
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ü оʆκп ɶ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ʃʶˊʽˈʵˇˎΥ 

                     оʆκп ɶ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ʃʶˊʽˈʵˇˎ 

 

ʅ˔ʺ˃ʰ оΦмрΥ ʃʰ˂˃ˇʾ ʵʽʰˁˇˉˍ˗˄ ʴʽʰ ˍˇ оʆκп ˍʹˌ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˉʶˊʽˈʵˇˎ ˃ ʶ ˍˇ ʶˊʴʰ˂ʶʾˇ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ 

Modelsim 

ɮˉˈ ˍˇ ˉʰˊʰˉʱ˄˖ ˋ˔ʺ˃ʰ ʵʽʰˉʽˋˍ˗˄ˇˎ˃ʶ ˉ˖ˌ ʲˊʽˋˁˈ˃ʰˋˍʶ ˋˍʰ оκп ˍʹˌ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˉʶˊʽˈʵˇˎ 

ˁʰʻ˗ˌ ˋˍˇ ˋʹ˃ʶʾˇ ˉˇˎ ʷ˔ˇˎ˃ʶ ˍˇ˄ʾˋʶʽ ˍˇ CMPA = -1749.86 ˁʰʽ ˍˇ CMPB = мтпфΦусΣ ˍʽ˃ʷˌ ˇʽ ˇˉˇʾʶˌ 

ʶʾ˄ʰʽ ˋ˔ʶʵˈ˄ ʾˋʶˌ ˃ʶ ˍˇ ˉ˂ʱˍˇˌ ˍˇˎ ʹ˃ʽˍˈ˄ˇˎ Ar = 1750. ʅʶ ʰˎˍˈ ˃ʱ˂ʽˋˍʰ ˍˇ ʵʽʱˋˍʹ˃ʰ ʰ˄ʰ˃ʷ˄ˇˎ˃ʶΣ 

ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˁʰʽ ˉʰˊʰˉʱ˄˖Σ ˄ʰ ʷ˔ˇˎ˃ʶ ˍˇ˄ ˃ʽˁˊˈˍʶˊˇ ˋʶ ʵʽʱˊˁʶʽʰ ʻʶˍʽˁˈ ˉʰ˂˃ˈ ʴʽʰ ˍˇ  ʵʽʰˁˈˉˍʹ S1 

ˁʰʽ ˍˇ ˃ʶʴʰ˂ˏˍʶˊˇ ɹ ʽʰ ˍˇ ʵʽʰˁˈˉˍʹ S3. 

ü ʆʷ˂ˇˌ ɶ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ʃʶˊʽˈʵˇˎΥ 

                             ʆʷ˂ˇˌ ɶ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ʃʶˊʽˈʵˇˎ 

 

ʅ˔ʺ˃ʰ оΦмсΥ ʃʰ˂˃ˇʾ ʵʽʰˁˇˉˍ˗˄ ʴʽʰ ˍˇ ˍʷ˂ˇˌ ̱ ʹˌ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˉʶˊʽˈʵˇˎ ˃ ʶ ˍˇ ʶˊʴʰ˂ʶʾˇ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ Modelsim 



74 
 

ɮˉˈ ˍˇ ˉʰˊʰˉʱ˄˖ ˋ˔ʺ˃ʰ ʵʽʰˉʽˋˍ˗˄ˇˎ˃ʶ ˉ˖ˌ ʲˊʽˋˁˈ˃ʰˋˍʶ ˋˍˇ ˍʷ˂ˇˌ ˍʹˌ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˉʶˊʽˈʵˇˎ 

ˁʰʻ˗ˌ ʹ ˍʽ˃ʺ ˉˇˎ ˉʰʾˊ˄ˇˎ˄ ˍʰ CMPA ˁʰʽ CMPB ˋˍˇ ˋʹ˃ʶʾˇ ˉˇˎ ʷ˔ˇˎ˃ʶ ˍˇ˄ʾˋʶʽ ʶʾ˄ʰʽ л ˁʰʽ ʶˉʾˋʹˌ ˇ ̔

ˍʽ˃ʷˌ ˍˇˎ CMPA(CMPB) ʵʶ˅ʽʱ ˍˇˎ ˋʹ˃ʶʾʰ ʰˎˍˇˏ ʶʾ˄ʰʽ ʰˊ˄ʹˍʽˁʷˌ(ʻʶˍʽˁʷˌ). ʅʶ ʰˎˍˈ ˃ʱ˂ʽˋˍʰ ˍˇ 

ʵʽʱˋˍʹ˃ʰ ʰ˄ʰ˃ʷ˄ˇˎ˃ʶΣ ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˁʰʽ ˉʰˊʰˉʱ˄˖Σ ʹ ʵʽʱˊˁʶʽʰ ˍ˖˄ ʻʶˍʽˁ˗˄ ˉʰ˂˃˗˄ ˍ˖˄ ʵʽʰˁˇˉˍ˗˄ 

S1 ˁ ʰʽ S3 ˄ ʰ ˉʶˊʾˉˇˎ ʹ ʾʵʽʰΦ 

ü ΨΩɿʶˁˊˈΩΩ ʋˊˇ˄ʽˁˈ ɲʽʱˋˍʹ˃ʰΥ 

 

ʅ˔ʺ˃ʰ оΦмтΥ ΨΩɿʶˁˊˈΩΩ ʋˊˇ˄ʽˁˈ ɲʽʱˋˍʹ˃ʰ 

                                                                                                           ΨΩɿʶˁˊˈΩΩ ʋˊˇ˄ʽˁˈ ɲʽʱˋˍʹ˃ʰ 

ɮˉˈ ˍˇ ˉʰˊʰˉʱ˄˖ ˋ˔ʺ˃ʰ ˉʰˊʰˍʹˊˇˏ˃ʶ ˉ˖ˌ ʰˉˈ ˍʹ˄ ʰˉˇˁˇˉʺ ˍˇˎ ʵʽʰˁˈˉˍʹ S3 ʷ˖ˌ ˍʹ˄ ʰʴ˖ʴʺ ˍˇˎ 

ʵʽʰˁˈˉˍʹ S4όˋˎ˃ˉ˂ʹˊ˖˃ʰˍʽˁˈˌ ˍˇ ˎS3) ˃ ʶˋˇ˂ʰʲʶʾ ˍˇ ˉʰˊʰˁʱˍ˖ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰΥ 

tDEAD = 201010000ps ς 200010000ps = 1000000ps = 1s˃. 

ɯˊʰ ˈ˄ˍ˖ˌ ˍˇ ˉʰˊʰˉʱ˄˖ ʵʽʱˋˍʹ˃ʰ ʶʾ˄ʰʽ ʾˋˇ ˃ʶ ˍˇ ʶˉʽʻˎ˃ʹˍˈόм˃s). 

 

оΦпΦп ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉʶʽˊʰ˃ʰˍʽˁʺˌ ʵʽʰʵʽˁʰˋʾʰˌ 

ʅˍˇ ˋʹ˃ʶʾˇ ʰˎˍˈΣ ʰ˒ˇˏ ˉˊˇˋˇ˃ˇʽ˗ˋʰ˃ʶ ˍˇ˄ ˁ˗ʵʽˁʰ ˉˇˎ ˎ˂ˇˉˇʽʶʾ ˍʹ˄ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ  SPWM ˍʶ˔˄ʽˁʺ 

ʶʾ˃ʰˋˍʶ ˋʶ ʻʷˋʹ ˄ʰ ΨΩ˒ˇˊˍ˗ˋˇˎ˃ʶΩΩ ˍˇ˄ ˁ˗ʵʽˁʰ ʰˎˍˈ ˋˍˇ FPGA ˁʰʽ ˄ʰ ˉʰˊʰˍʹˊʺˋˇˎ˃ʶ ˋˍˇ˄ 

ˉʰ˂˃ˇʴˊʱ˒ˇ ʰ˄ ˈ˄ˍ˖ˌ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ ʶʾʵʰ˃ʶ ˋˍʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹΣ ʽˋ˔ˏˇˎ˄ ˁʰʽ ˋˍʹ˄ ˉˊʱ˅ʹΦ ɱʽʰ 

ˍ̌  ˋˁˇˉˈ ʰˎˍˈ ˔ˊʹˋʽ˃ˇˉˇʽʺˋʰ˃ʶ ˍˇ FPGA Spartan 6 XC6LX16-CS324 ˍˇ ˇˉˇʾˇ ˃ʰˌ ʵʾ˄ʶʽ ˍʹ˄ 

ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ ˁʰʽ ʰˊʽʻ˃ˇˏˌ ˁʽ˄ʹˍʺˌ ˎˉˇʵʽʰˋˍˇ˂ʺˌ ˋˍʹ ˋ˔ʶʵʾʰˋʺ ˃ʰˌΦ ɱʽʰ ˄ʰ 

ˎ˂ˇˉˇʽʺˋˇˎ˃ʶ ˍʹ ˋ˔ʶʵʾʰˋʹ ˋˍˇ FPGA ʰˁˇ˂ˇˎʻʺˋʰ˃ʶ ˈ˂ʰ ˍʰ ʲʺ˃ʰˍʰ ˉˇˎ ˉʶˊʽʴˊʱ˕ʰ˃ʶ ˋˍˇ мˇ 

ˁʶ˒ʱ˂ʰʽˇ ˁʰʽ ˋˎ˄ʵʷˋʰ˃ʶ ˃ʷˋ˖ ˍˇˎ ʰˊ˔ʶʾˇˎ ˉʶˊʽˇˊʽˋ˃ˇˏ ˍʰ ˋʺ˃ʰˍʰ ˉˇˎ ˎˉˇ˂ˇʴʾʸˇˎ˄ ˍˇˎˌ ˉʰ˂˃ˇˏˌ 
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ˍ˖˄ ˍʶˋˋʱˊ˖˄ ʵʽʰˁˇˉˍ˗˄όS1,S2,S3,S4) ˃ʶ ˍʷˋˋʶˊʶʽˌ ʰˁˊˇʵʷˁˍʶˌ ˍˇˎ FPGA. ɮˎˍˈ ˍˇ 

ˉˊʰʴ˃ʰˍˇˉˇʽʺˋʰ˃ʶ ˃ʶ ˍʹ˄ ˉʰˊʰˁʱˍ˖ ʵʺ˂˖ˋʹ ˋˍˇ ʰˊ˔ʶʾˇ ˉʶˊʽˇˊʽˋ˃ˇˏΥ 

 

 

NET "S1"          LOC = "T12" |IOSTANDARD = "LVCMOS33";   -- ʅˏ˄ʵʶˋʹ ʅ̋ ˃ʰˍˇˌ S1 

NET "S2"          LOC = "V12" |IOSTANDARD = "LVCMOS33";   -- ʅˏ˄ʵʶˋʹ ʅ̋ ˃ʰˍˇˌ S2 

NET "S3"          LOC = "N10" |IOSTANDARD = "LVCMOS33";   -- ʅˏ˄ʵʶˋʹ ʅ̋ ˃ʰˍˇˌ S3   

NET "S4"          LOC = "P11" |IOSTANDARD = "LVCMOS33";    -- ʅˏ˄ʵʶˋʹ ʅ̋ ˃ʰˍˇˌ S4 

ɳˉʾˋʹˌ ʷ˔ˇˎ˃ʶ ʰ˄ʰ˒ʷˊʶʽ ˁʰʽ ˉʰˊʰˉʱ˄˖ ˉ˖ˌ ˍˇ ˊˇ˂ˈʽ ˍʹˌ ˋ˔ʶʵʾʰˋʺˌ ˃ʰˌ ˍʾʻʶˍʰʽ ʾˋˇ ˃ʶ нлns. ɶ 

ˉʶˊʾˇʵˇˌ ʰˎˍʺ ˍˇˎ ˊˇ˂ˇʴʽˇˏΣ ˁʰʻˇˊʾʸʶˍʰʽ ʰˉˈ ˍˇ ʰˊ˔ʶʾˇ ˉʶˊʽˇˊʽˋ˃ˇˏ ˃ʷˋ˖ ˍʹˌ ʰˉˇʵʽʵˈ˃ʶ˄ʹˌ ˋʶ 

ʰˎˍˈ ˋˎ˔˄ˈˍʹˍʰˌΦ ɱʽʰ ˄ʰ ˉʶˍˏ˔ˇˎ˃ʶ ˂ˇʽˉˈ˄ ˉʶˊʾˇʵˇ ʾˋʹ ˃ʶ нлns ʻʰ ˉˊʷˉʶʽ ʹ ˋˎ˔˄ˈˍʹˍʰ ˉˇˎ ʻʰ 

ʻʷˋˇˎ˃ʶ ˄ʰ ʶʾ˄ʰʽ ʾˋʹ ˃ʶΥ 

fclk =  
 

 = 50.000 kHz. 

ɮˎˍˈ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ʶ ˍʹ˄ ˉʰˊʰˁʱˍ˖ ʵʺ˂˖ˋʹΥ 

TIMESPEC TS_sys_clk_pin = PERIOD "CLK" 50000 kHz HIGH 50%; -- ʄˇ˂ˈʽ ʃʶˊʽˈʵˇˎ 20 ns. 

ɾʶˍʱ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˍˇˎ ʰˊ˔ʶʾˇˎ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ˍʹˌ ˋˎˋˁʶˎʺˌ ΨΩˍˊʷ˅ʰ˃ʶΩΩ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˃ʰˌ ˁʰʽ 

ˉˊˇʷˁˎ˕ʰ˄ ˋˍˇ˄ ˉʰ˂˃ˇʴˊʱ˒ˇ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ Σ ˍʰ ˇˉˇʾʰ ʰ˒ˇˊˇˏ˄ ˋˍˇˎˌ ˉʰ˂˃ˇˏˌ ˇʵʺʴʹˋʹˌ ˍ˖˄ 

ʹ˃ʽʰʴ˖ʴʽˁ˗˄ ʵʽʰˁˇˉˍ˗˄Φ ɮˊ˔ʽˁʱ ˉʰˊʰʻʷˍˇˎ˃ʶ ˉʰˊʰˁʱˍ˖ ˍʰ ˋˎˋˍʰˍʽˁʱ ˋˍˇʽ˔ʶʾʰ ˍʹˌ ˈ˂ʹˌ ʶ˒ʰˊ˃ˇʴʺˌ 

ˍʰ ˇˉˇʾʰ ʶʾ˄ʰʽΥ  

мύ ʁ ˎˉˇ˂ˇʴʽˋˍʺˌ(laptop) ˃ ʷˋ˖ ˍˇˎ ˇˉˇʾˇˎ ΨΩ˒ˇˊˍ˗˄ʶˍʰʽΩΩ ʹ ˋ˔ʶʵʾʰˋʺ ˃ʰˌ ˋˍˇ FPGA. 

нύ ʆˇ FPGA ̱ ˇ ˇˉˇʾˇ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶόSpartan 6 XC6LX16-CS324). 

3) ʁ ˉʰ˂˃ˇʴˊʱ˒ˇˌ ˋˍˇ ˄̌ ˉˇʾˇ ʰˉˇˍˎˉ˗˄ˇˎ˃ʶ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΦ 

ʆʰ ˍˊʾʰ ʰˎˍʱ ˋˍˇʽ˔ʶʾʰ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍˇ ˉʰˊʰˁʱˍ˖ ˋ˔ʺ˃ʰΥ  
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ʅ˔ʺ˃ʰ оΦмуΥ ʇ˂ˇˉˇʾʹˋʹ ʰˊ˔ʽˍʶˁˍˇ˄ʽˁʺˌ ˋˍˇ FPGA Spartan 6 XC6LX16-CS324 ˁ ʰʽ ʰˉʶʽˁˈ˄ʽˋʹ ˋˍˇ˄ ˉʰ˂˃ˇʴˊʱ˒ˇ 

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˉʶˊʱˋʰ˃ʶ ˁʰʽ ˍʽˌ ʵˏˇ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˎ˂ˇˉˇʽʺˋʶʽˌ ˃ʰˌ ˋˍˇ FPGA ˁʰʽ ˉʰˊʰˍʹˊʺˋʰ˃ʶ ˍʰ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˁʰʽ ˉʱ˂ʽ ˋˍˇ˄ ˉʰ˂˃ˇʴˊʱ˒ˇΦ ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ SPWM ˍʶ˔˄ʽˁʺˌ ˃ʶ ˔ˊʺˋʹ ˃˄ʺ˃ʹˌ 

ROM  ̄ ʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˉʰˊʰˁʱˍ˖Φ 

ʅʶ ˁʱʻʶ ʷ˄ʰ ʰˉˈ ˍʰ ˋˍʽʴ˃ʽˈˍˎˉʰ ˉˇˎ ˉʰˊˇˎˋʽʱʸˇˎ˃ʶ ˍˇˉˇʻʶˍˇˏ˃ʶ ˍʰ ʵˏˇ ˋˎ˃ˉ˂ʹˊ˖˃ʰˍʽˁʱ ˁʱʻʶ 

˒ˇˊʱ ˋʺ˃ʰˍʰΣ ʵʹ˂ʰʵʺ ˍˇˎˌ ˉʰ˂˃ˇˏˌ ˉˇˎ ˉˊˇˇˊʾʸˇ˄ˍʰʽ ʴʽʰ ˍʹ˄ ˇʵʺʴʹˋʹ ʺ ˍ˖˄ ʵʽʰˁˇˉˍ˗˄ S1 ˁ ʰʽ S2 ̋  

ˍ˖˄ ʵʽʰˁˇˉˍ˗˄ S3 ˁ ʰʽ S4. ʃʰˊʰˁʱˍ˖ ˉʰˊʰʻʷˍˇˎ˃ʶ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʴʽʰ ˍʰ ʸʶˏʴʹ S1,S2 ˁ ʰʽ S3,S4. 

ɮˊ˔ʽˁʱ ˉʰˊˇˎˋʽʱʸˇˎ˃ʶ ˍʹ˄ ʴʶ˄ʽˁʺ ʶʽˁˈ˄ʰ ˉˇˎ ˉʰˊʰˍʹˊˇˏ˃ʶ ˋˍˇ˄ ˉʰ˂˃ˇʴˊʱ˒ˇ ˈˍʰ˄ ʷ˔ˇˎ˃ʶ ˁʰʽ ˈˍʰ˄ 

ʵʶ˄ ʷ˔ˇˎ˃ʶ  ʶ˄ʶˊʴˇˉˇʽʹ˃ʷ˄ˇ ˍˇ  reset ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˉʰˊʰʻʷˍˇˎ˃ʶ ˍʰ ˋˍʽʴ˃ʽˈˍˎˉʰ ʰˉˈ ˍˇˎˌ 

ˉʰ˂˃ˇˏ ̩̄ ˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʴʽʰ ˍʰ ʸʶˏʴʹ ʵʽʰˁˇˉˍ˗˄ S1-S2 ˁ ʰʽ S3-S4. 

¶ ɽʶʽˍˇˎˊʴʾʰ Reset: 

ʆˇ ˋʺ˃ʰ reset ʴʽʰ ˄ʰ ʶʾ˄ʰʽ ʶ˃˒ʰ˄ʺˌ ʹ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ ˍˇ ʷ˔ˇˎ˃ʶ ˋˎ˄ʵʷˋʶʽ ˃ʶ ˍˇ˄  мˇ  

ʵʽʰˁˈˉˍʹ(sw<0>) ̱ ˇˎ FPGA ˃ ʷˋ˖ ˍˇˎ ʰˊ˔ʶʾˇˎ ˉʶˊʽˇˊʽˋ˃ˇˏ ˃ʶ ˍʹ˄ ˉʰˊʰˁʱˍ˖ ʵʺ˂˖ˋʹΥ  

NET "reset"          LOC = "T10" | IOSTANDARD = "LVCMOS33";  -- ɲʺ˂˖ˋʹ ʅʺ˃ʰˍˇˌ reset 

 

ɮˊ˔ʽˁʱ ˉʰˊʰʻʷˍˇˎ˃ʶ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˃ʶ ˍˇ reset ʶ˄ʶˊʴˇˉˇʽʹ˃ʷ˄ˇόreset Ґ ΨлΩύΦ ɮˎˍʺ ˉʰˊˇˎˋʽʱʸʶˍʰʽ 

ˋˍˇ ˉʰˊʰˁʱˍ˖ ˋ˔ʺ˃ʰΥ  
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                                                                                            reset onόΨлΩύ  

ʅ˔ʺ˃ʰ оΦмфΥ ɮˉʶʽˁˈ˄ʽˋʹ ˋˍˇ˄ ˉʰ˂˃ˇʴˊʱ˒ˇ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʴʽʰ ˍˇˎˌ ˉʰ˂˃ˇˏˌ ˇʵʺʴʹˋʹˌ ˍ˖˄ 

ʵʽʰˁˇˉˍ˗˄ ʴʽʰ ʶ˄ʶˊʴˇˉˇʽʹ˃ʷ˄ˇ ˍˇ reset 

 

ʃʰˊʰˍʹˊˇˏ˃ʶ ʰˉˈ ˍˇ ˉʰˊʰˉʱ˄˖ ˋ˔ʺ˃ʰ ˉ˖ˌ ˈˉ˖ˌ ʰ˄ʰ˃ʷ˄ʰ˃ʶΣ ˈˍʰ˄ ʶ˄ʶˊʴˇˉˇʽˇˏ˃ʶ ˍˇ ˋʺ˃ʰ reset 

ˍˈˍʶ ˇ ʷ˄ʰˌ ˉʰ˂˃ˈˌ ˍʾʻʶˍʰʽ ʾˋˇˌ ˃ʶ ˍˇ ΨлΩΣ ˋˍʹ˄ ˉˊˇˁʶʾ˃ʶ˄ʹ ˉʶˊʾˉˍ˖ˋʹ ˇ S1, ʁ ˄˗ ˇ ʱ˂˂ˇˌ ˍʾʻʶˍʰʽ 

ʾˋˇˌ ˃ʶ ˍˇ ΨмΩόS2) . 

ɮ˄ ʰˉʶ˄ʶˊʴˇˉˇʽʺˋˇˎ˃ʶ ˍ˗ˊʰ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ ˋʺ˃ʰˍˇˌ reset(reset Ґ ΨмΩ) ˍˈˍʶ ˉˊˇˁˏˉˍˇˎ˄ ˈˉ˖ˌ 

ʰ˄ʰ˃ʷ˄ʰ˃ʶ ˋˎ˃ˉ˂ʹˊ˖˃ʰˍʽˁˇʾ ˉʰ˂˃ˇʾ ˃ʶˍʰʲʰ˂˂ˈ˃ʶ˄ˇˎ ʶˏˊˇˎˌ ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˁʰʽ ˋˍˇ ˉʰˊʰˁʱˍ˖ 

ˋ˔ʺ˃ʰΥ 
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                                                                               reset offόΨмΩύ 

ʅ˔ʺ˃ʰ оΦнлΥ ɮˉʶʽˁˈ˄ʽˋʹ ˋˍˇ˄ ˉʰ˂˃ˇʴˊʱ˒ˇ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʴʽʰ ˍˇˎˌ ˉʰ˂˃ˇˏˌ ˇʵʺʴʹˋʹˌ ˍ˖˄ 

ʵʽʰˁˇˉˍ˗˄ ʴʽʰ ʰˉʶ˄ʶˊʴˇˉˇʽʹ˃ʷ˄ˇ ˍˇ reset 

 

ɮ˒ˇˏ ˉʰˊʰˍʹˊʺˋʰ˃ʶ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˃ʶ ʶ˄ʶˊʴˇˉˇʽʹ˃ʷ˄ˇ ˁʰʽ ʰˉʶ˄ʶˊʴˇˉˇʽʹ˃ʷ˄ˇ ˍˇ resetΣ ˍˇ 

ʰˉʶ˄ʶˊʴˇˉˇʽˇˏ˃ʶ ˁʰʽ ˉʰˊʰˍʹˊˇˏ˃ʶ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʴʽʰ ˍˇˎˌ ˉʰ˂˃ˇˏˌ 

ˇʵʺʴʹˋʹˌ ˍ˖˄ ʸʶˎʴ˗˄ ʵʽʰˁˇˉˍ˗˄ S1-S2 ˁ ʰʽ S3-S4. 
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¶ ɵʶˏʴˇˌ S1 ς S2: 

ɶ ʰˉʶʽˁˈ˄ʽˋʹ ˍ˖˄ ˉʰ˂˃˗˄ ʰˎˍ˗˄ ˒ʰʾ˄ʶˍʰʽ ˋˍˇ ˉʰˊʰˁʱˍ˖ ˋ˔ʺ˃ʰΥ  

 

                                                                                                                     Pin S1         Pin S2                  

ʅ˔ʺ˃ʰ 3.21Υ ɮˉʶʽˁˈ˄ʽˋʹ ˋˍˇ˄ ˉʰ˂˃ˇʴˊʱ˒ˇ ˍˇˎ ˋˎ˃ˉ˂ʹˊ˖˃ʰˍʽˁˇˏ ʸʶˏʴˇˎˌ ˉʰ˂˃˗˄ S1,S2 ̱ ʹˌ SPWM 

ˍʶ˔˄ʽˁʺˌ ˃ʶ ˔ˊʺˋʹ ROM ɹ ʽʰ ʶˏˊˇˌ ˉʰ˂˃˗˄ ˉʶˊʾˉˇˎ рл҈ 

 

 

ɱʽʰ ˃ʶʴʰ˂ˏˍʶˊʹ ˉ˂ʹˊˈˍʹˍʰ ˁʰʽ ˁʰˍʰ˄ˈʹˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˉʰˊʰʻʷˍˇˎ˃ʶ ˁʰʽ ˍˇ ˉʰˊʰˁʱˍ˖ 

ˋ˔ʺ˃ʰ ˋˍˇ ˇˉˇʾˇ ˉʰˊʰˍʹˊˇˏ˃ʶ ˉ˖ˌ ˍˇ ʶˏˊˇˌ ˍ˖˄ ˉʰ˂˃˗˄ ʴʽʰ ˍˇ˄ ʵʽʰˁˈˉˍʹ S1 ʁ ʾ˄ʰʽ ˉʶˊʾˉˇˎ ʾˋˇ 

˃ʶ тр҈ ʶ˄˗ ʴʽʰ ˍˇ˄ ʵʽʰˁˈˉˍʹ S2 ʾ ˋˇ ˃ʶ нр҈Υ  
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ʅ˔ʺ˃ʰ оΦн2Υ ɮˉʶʽˁˈ˄ʽˋʹ ˋˍˇ˄ ˉʰ˂˃ˇʴˊʱ˒ˇ ˍˇˎ ˋˎ˃ˉ˂ʹˊ˖˃ʰˍʽˁˇˏ ʸʶˏʴˇˎˌ ˉʰ˂˃˗˄ S1,S2 ̱ ʹˌ SPWM 

ˍʶ˔˄ʽˁʺˌ ˃ʶ ˔ˊʺˋʹ ROM ɹ ʽʰ ʶˏˊˇˌ ˉʰ˂˃˗˄ S1 ̄ ʶˊʾˉˇˎ 75% ˁ ʰʽ S2 25% 

ɮˎˍˈ ˉˇˎ ʰ˅ʾʸʶʽ ˄ʰ ˉʰˊʰˍʹˊʺˋˇˎ˃ʶ ˁʰʽ ʰˉˈ ˍʽˌ ʵˏˇ ˉʰˊʰˉʱ˄˖ ʰˉʶʽˁˇ˄ʾˋʶʽˌ ʶʾ˄ʰʽ ʹ 

ˋˎ˃ˉ˂ʹˊ˖˃ʰˍʽˁˈˍʹˍʰ ˍ˖˄ ˉʰ˂˃˗˄Σ ʹ ˇˉˇʾʰ ʶʾ˄ʰʽ ˁʰʻˇˊʽˋˍʽˁʺ ʴʽʰ ˍʹ ˋ˖ˋˍʺ ˂ʶʽˍˇˎˊʴʾʰ ˍʹˌ 

ˋ˔ʶʵʾʰˋʺˌ ˃ʰˌΦ 
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¶ ɵʶˏʴˇˌ S3 ς S4: 

ɶ ʰˉʶʽˁˈ˄ʽˋʹ ˍ˖˄ ˉʰ˂˃˗˄ ʰˎˍ˗˄ ˒ʰʾ˄ʶˍʰʽ ˋˍʰ ˉʰˊʰˁʱˍ˖ ˋ˔ʺ˃ʰˍʰΥ  

 

                                                                                                                Pin S3         Pin S4 

ʅ˔ʺ˃ʰ оΦн3Υ ɮˉʶʽˁˈ˄ʽˋʹ ˋˍˇ˄ ˉʰ˂˃ˇʴˊʱ˒ˇˎ ˍˇˎ ˋˎ˃ˉ˂ʹˊ˖˃ʰˍʽˁˇˏ ʸʶˏʴˇˎˌ ˉʰ˂˃˗˄ S3-S4 ̱ ʹˌ SPWM 

ˍʶ˔˄ʽˁʺˌ ˃ʶ ˔ˊʺˋʹ ROM  

 

 

ɱʽʰ ˃ʶʴʰ˂ˏˍʶˊʹ ˉ˂ʹˊˈˍʹˍʰ ˁʰʽ ˁʰˍʰ˄ˈʹˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˉʰˊʰʻʷˍˇˎ˃ʶ ˁʰʽ ˍˇ ˉʰˊʰˁʱˍ˖ 

ˋ˔ʺ˃ʰ ˋˍˇ ˇˉˇʾˇ ˉʰˊʰˍʹˊˇˏ˃ʶ ˉ˖ˌ ˍˇ ʶˏˊˇˌ ˍ˖˄ ˉʰ˂˃˗˄ ʴʽʰ ˍˇ˄ ʵʽʰˁˈˉˍʹ S3 ʶʾ˄ʰʽ ˉʶˊʾˉˇˎ ʾˋˇ 

˃ʶ нр҈ ʶ˄˗ ʴʽʰ ˍˇ˄ ʵʽʰˁˈˉˍʹ S2 ʾ ˋˇ ˃ʶ тр҈Υ  
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ʅ˔ʺ˃ʰ оΦн4: ɮˉʶʽˁˈ˄ʽˋʹ ˋˍˇ˄ ˉʰ˂˃ˇʴˊʱ˒ˇ ˍˇˎ ˋˎ˃ˉ˂ʹˊ˖˃ʰˍʽˁˇˏ ʸʶˏʴˇˎˌ ˉʰ˂˃˗˄ S1,S2 ̱ ʹˌ SPWM 

ˍʶ˔˄ʽˁʺˌ ˃ʶ ˔ˊʺˋʹ ROM ɹ ʽʰ ʶˏˊˇˌ ˉʰ˂˃˗˄ Sо ˉʶˊʾˉˇˎ н5% ˁ ʰʽ S2 75% 

ɼʰʽ ˉʱ˂ʽ ʰˎˍˈ ˉˇˎ ˉʰˊʰˍʹˊˇˏ˃ʶ ˁʰʽ ʰ˅ʾʸʶʽ ˄ʰ ˍˇ˄ʽˋˍʶʾ ʰˉˈ ˍʽˌ ˉʰˊʰˉʱ˄˖ ʰˉʶʽˁˇ˄ʾˋʶʽˌ ʶʾ˄ʰʽ ʹ 

ˋˎ˃ˉ˂ʹˊ˖˃ʰˍʽˁˈˍʹˍʰ ˉˇˎ ˉʰˊˇˎˋʽʱʸˇˎ˄ ˇʽ ʵˏˇ ˉʰ˂˃ˇʾΣ ˉˊʱʴ˃ʰ ʰˉʰˊʰʾˍʹˍˇ ʴʽʰ ˍʹ˄ ʰˉˇ˒ˎʴʺ 

ʲˊʰ˔ˎˁˎˁ˂˖˃ʱˍ˖˄Φ  

 

3.5 SPWM ̱ ʶ˔˄ʽˁʺ ˃ʶ ʵˎ˄ʰ˃ʽˁˈ ˎˉˇ˂ˇʴʽˋ˃ˈ ʵʶʽʴ˃ʱˍ˖˄ 

ɶ ʵʶˏˍʶˊʹ ʰˎˍʺ ˍʶ˔˄ʽˁʺ ˎ˂ˇˉˇʾʹˋʹˌ ˍʹˌ SPWM ˍʶ˔˄ʽˁʺˌ ˉʰˊˇˎˋʽʱʸʶʽ ˃ʾʰ ˁˏˊʽʰ ʵʽʰ˒ˇˊʱ ʰˉˈ ˍʹ˄ 

ˉˊˇʹʴˇˏ˃ʶ˄ʹ ˎ˂ˇˉˇʾʹˋʹΦ ʁʽ ˍʽ˃ʷˌ ˍ˖˄ ʵʶʽʴ˃ʱˍ˖˄ ˍˇˎ ʹ˃ʽˍˈ˄ˇˎ ˎˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ˃ʶ ˍʹ˄ ˔ˊʺˋʹ ʶ˄ˈˌ 

ˉˎˊʺ˄ʰ ˍˇˎ FPGA ʴʽʰ ˁʱʻʶ ˉʶˊʾˇʵˇ ˍˇˎ ˊˇ˂ˇʴʽˇˏ ˃ʷ˔ˊʽ ˄ʰ ˒ˍʱˋˇˎ˃ʶ ˋˍʹ ˃ʷˋʹ ˍʹˌ ˉʶˊʽˈʵˇˎ ˍˇˎ 

ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˋʺ˃ʰˍˇˌΦ ɳˉʾˋʹˌ ʰˉˇʻʹˁʶˏˇˎ˃ʶ ˁʰˍʱ ˍˇ ʵʽʱˋˍʹ˃ʰ ʰˎˍˈ ˋʶ ɻˏ ˇ ˉʾ˄ʰˁʶˌ ˍʽˌ ˍʽ˃ʷˌ ˍ˖˄ 

ʹ˃ʽˍˈ˄˖˄ ˇʽ ˇˉˇʾʶˌ ʶʾ˄ʰʽ ʾˋʶˌόˋ˔ʶʵˈ˄ύ ˃ʶ ˍˇ˄ ˃ʶˍˊʹˍʺ ˉˇˎ ˉˊˇˋˇ˃ˇʽ˗˄ʶʽ ˍˇ ˍˊʽʴ˖˄ʽˁˈ ˋʺ˃ʰΦ ʆʽˌ ˍʽ˃ʷˌ 

ʰˎˍʷˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ˋˍˇ ˎˉˈ˂ˇʽˉˇ ˍʹˌ ʵʽʰ˃ˈˊ˒˖ˋʹˌΦ ʅˎ˄ʶˉ˗ˌΣ ʴʾ˄ʶˍʰʽ ˁʰˍʰ˄ˇʹˍˈ ˉ˖ˌ ˋˍʹ˄ 

ˎ˂ˇˉˇʾʹˋʹ ʰˎˍʺ ˁʰˍʱ ˍˇ ˉˊ˗ˍˇ ˃ʽˋˈ ˍʹˌ ˉʶˊʽˈʵˇˎ ˍˇˎ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˋʺ˃ʰˍˇˌΣ ʵʶ˄ ˋˎʴˁˊʾ˄ˇˎ˃ʶ ˍˇ 

ˍˊʽʴ˖˄ʽˁˈ ̀ ʺ˃ʰ ˃ʶ ˍʰ ʹ˃ʽˍˇ˄ˇʶʽʵʺ ʵʶʾʴ˃ʰˍʰ ʰ˄ʱ рлл ˉʶˊʽˈʵˇˎˌ ˊˇ˂ˇʴʽˇˏ ʰ˂˂ʱ ˋʶ ˁʱʻʶ ˉʶˊʾˇʵˇΦ ɮˎˍˈ 

ʰˉˈ ˍʹ ˃ʾʰ ˃ʰˌ ˇʵʹʴʶʾ ˋʰ˒˗ˌ ˋʶ ˉʽˇ ʰˁˊʽʲʺ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʰ˂˂ʱ ʰˉˈ ˍʹ˄ ʱ˂˂ʹ ʰˎ˅ʱ˄ʶʽ ˍʹ˄ 

ˉˇ˂ˎˉ˂ˇˁˈˍʹˍʰ ˁʰʽ ˍˇˎˌ ˉˈˊˇˎˌ ˉˇˎ ˉˊʷˉʶʽ ˄ʰ ʵʽʰˍʶʻˇˏ˄ ʴʽʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ˍʹˌ ˋ˔ʶʵʾʰˋʹˌ ʰˎˍʺˌΦ 

ʃʰˊʰˁʱˍ˖ ˉʰˊʰʻʷˍˇˎ˃ʶ ˍʰ ˁˏˊʽʰ ˋˎˋˍʰˍʽˁʱ ˍʹˌ ˎ˂ˇˉˇʾʹˋʺˌ ˃ʰˌΣ ˍˇ˄ VHDL  ˁ˗ʵʽˁʰ ˍʹˌ ˋ˔ʶʵʾʰˋʹˌ 

ˈˉ˖ˌ ˁʰʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˍʰ ˇˉˇʾʰ ʰˉˇʵʶʽˁ˄ˏˇˎ˄ ˍʰ ʻʶ˖ˊʹˍʽˁ˗ˌ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ʰ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΦ 
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3.5.1 ʅˏˋˍʹ˃ʰ Xilinx Core Generator 

ʆ ̌ˋˏˋˍʹ˃ʰ ʰˎˍˈΣ ˍˇ ˇˉˇʾˇ ˉˊˇˋ˒ʷˊʶˍʰʽ ʰˉˈ ˍʹ˄ Xilinx, ʶˉʽˍʰ˔ˏ˄ʶʽ ˍˇ˄ ˔ˊˈ˄ˇ ˋ˔ʶʵʾʰˋʹˌ ˉʰˊʷ˔ˇ˄ˍʰˌ 

ˉˊˈˋʲʰˋʹ ˋʶ ˎ˕ʹ˂ʱ ˉʰˊʰ˃ʶˍˊʽˁˇˉˇʽʹ˃ʷ˄ʶˌ ˉ˄ʶˎ˃ʰˍʽˁʷˌ ʽʵʽˇˁˍʹˋʾʶˌ ʴʽʰ ˍʰ FPGA  ˍʹˌ Xilinx ˁʰʽ 

ˉʶˊʽ˂ʰ˃ʲʱ˄ʶˍʰʽ ˋˍˇ ʶˊʴʰ˂ʶʾˇ ISE Design Suite. ʃˊˇˋ˒ʷˊʶʽ ˃ʾʰ ˉ˂ʹʻ˗ˊʰ ʰˉˈ ˉˊˇˋʰˊ˃ˈˋʽ˃ʶˌ ʰˉˈ ˍˇ 

˔ˊʺˋˍʹ ˋˎ˄ʰˊˍʺˋʶʽˌ ˈˉ˖ˌ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ʵʽʱ˒ˇˊʶˌ ˃ʰʻʹ˃ʰˍʽˁʷˌ ˋˎ˄ʰˊˍʺˋʶʽˌΦ ɾʶ ˍʹ ˔ˊʺˋʹ ʰˎˍˇˏ 

ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ʶˉʽˍˎʴ˔ʱ˄ˇˎ˃ʶ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍ˖˄ ˍʽ˃˗˄ ˍˇˎ ʹ˃ʽˍˈ˄ˇˎ ˉˇˎ ʶˉʽʻˎ˃ˇˏ˃ʶΦ 

ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ˍˇ˄ ˉˎˊʺ˄ʰ CORDIC ˍˇˎ ˇˉˇʾˇˎ ʹ ˂ʶʽˍˇˎˊʴʾʰ ˉʶˊʽʴˊʱ˒ʶˍʰʽ 

ˉʶˊʽ˂ʹˉˍʽˁʱ ˉʰˊʰˁʱˍ˖Υ 

ü LogiCORE IP CORDIC v4.0 

ʁ ˉˎˊʺ˄ʰˌ CORDIC ˎ˂ˇˉˇʽʶʾ ˇˎˋʽʰˋˍʽˁʱ ʷ˄ʰ˄ ʰ˂ʴˈˊʽʻ˃ˇ ˉˇˎ ʶˉʽˍˊʷˉʶʽ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ 

ˍˊʽʴ˖˄ˇ˃ʶˍˊʽˁ˗˄ ˋˎ˄ʰˊˍʺˋʶ˖˄ ˃ʶ ˍʹ˄ ˔ˊʺˋʹ ʰˉ˂˗˄ ˇ˂ʽˋʻʺˋʶ˖˄ ˁʰʽ ˉˊˇˋʻʷˋʶ˖˄Φ ɮˎˍˈ ʰˉˇˍʶ˂ʶʾ 

ʷ˄ʰ ˃ʶʴʱ˂ˇ ˉ˂ʶˇ˄ʷˁˍʹ˃ʰ ʴʽʰ ˎ˂ˇˉˇʽʺˋʶʽˌ ˋˍˇ ˎ˂ʽˁˈ ˁʰʻ˗ˌ ˇʽ ˉˇ˂˂ʰˉ˂ʰˋʽʰˋˍʷˌ ʰˉʰʽˍˇˏ˄ ˔ˊʺˋʹ 

ˉˇ˂˂˗˄ ˉˈˊ˖˄Φ ɶ ˂ʶʽˍˇˎˊʴʽˁʺ ʰˎˍʺ ˃ˇ˄ʱʵʰ ˎˉˇ˂ˇʴʾʸʶʽ ˍʽ˃ʷˌ ʹ˃ʽˍˈ˄˖˄ ˁʰʽ ˋˎ˄ʹ˃ʾˍˇ˄˖˄ ˋʶ ˃ˇˊ˒ʺ 

ˋˍʰʻʶˊʺˌ ˎˉˇʵʽʰˋˍˇ˂ʺˌ ʰ˒ˇˏ ˍʹ ̩ʵ˗̀ˇˎ˃ʶ ˖ˌ ʶʾˋˇʵˇ ˃ʾʰ ʴ˖˄ʾʰ ˋʶ rad. ʁ ˂ˈʴˇˌ ˉˇˎ ˔ˊʶʽʱʸʶˍʰʽ 

˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ ˍˇ˄ ˉˎˊʺ˄ʰ ʰˎˍˈ ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˍˇˎ ʹ˃ʽˍˈ˄ˇˎ ʶʾ˄ʰʽ ˈˍʽ ˋˍʹ˄ ʴ˂˗ˋˋʰ 

ˉʶˊʽʴˊʰ˒ʺˌ ˎ˂ʽˁˇˏ VHDL ʹ ˋˎ˄ʱˊˍʹˋʹ ˉˇˎ ʵʾ˄ʶʽ ˍˇ ʹ˃ʾˍˇ˄ˇ ʵʶ˄ ʶʾ˄ʰʽ ˋˎ˄ʻʷˋʽ˃ʹ ˁʰʽ ˁʰˍʱ 

ˋˎ˄ʷˉʶʽʰ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˃ˈ˄ˇ ʴʽʰ ˂ˈʴˇˎˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˁʰʽ ˈ˔ʽ ˋ ʁˉˊʰʴ˃ʰˍʽˁʺ 

ˎ˂ˇˉˇʾʹˋʹ ˋʶ FPGA. 

3.5.2 ɮ˄ʱ˂ˎˋʹ VHDL ˁ ˗ʵʽˁʰ ˋ˔ʶʵʾʰˋʹˌ 

ɼʱˉˇʽʰ ˍ˃ʺ˃ʰˍʰ ˍˇˎ ˁ˗ʵʽˁʰ ʰˎˍˇˏ ʶʾ˄ʰʽ ˈ˃ˇʽʰ ˃ʶ ʰ˄ˍʾˋˍˇʽ˔ʰ ˍʹˌ ˎ˂ˇˉˇʾʹˋʹˌ ˃ʶ ˍʹ˄ ˔ˊʺˋʹ ROM ˁʰʽ 

ʵʶ˄ ʻʰ ˉʶˊʽʴˊʰ˒ˇˏ˄ ˅ʰ˄ʱ ˁʰʻ˗ˌ ʰˎˍˈ ʷ˔ʶʽ ʴʾ˄ʶʽ ˉʰˊʰˉʱ˄˖Φ ʅˍˈ˔ˇˌ ˍˇˎ ˁ˗ʵʽˁʰ ˉˇˎ ʻʰ 

ˉʰˊˇˎˋʽʱˋˇˎ˃ʶ ˋˍˇ ˍ˃ʺ˃ʰ ʰˎˍˈ ʶʾ˄ʰʽ ʹ ˉʰˊʰʴ˖ʴʺ ˍ˖˄ ˁʰˍʱ˂˂ʹ˂˖˄ ˉʰ˂˃˗˄ ʴʽʰ ˍˇˎˌ ʹ˃ʽʰʴ˗ʴʽ˃ˇˎˌ 

ʵʽʰˁˈˉˍʶˌ S1,S2,S3,S4. ɮˎˍˈ ʴʾ˄ʶˍʰʽ ʰˁˇ˂ˇˎʻ˗˄ˍʰˌ ˍʰ ˉʰˊʰˁʱˍ˖ ʲʺ˃ʰˍʰΥ 

мύ ʆˇ ˉˊ˗ˍˇ ʲʺ˃ʰ ˉˇˎ ˁʱ˄ˇˎ˃ʶ ʶʾ˄ʰʽ ˄ʰ ˁʰˍʰˋˁʶˎʱˋˇˎ˃ʶ ˍˇ˄ ˉˎˊʺ˄ʰ CORDIC ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˍ˖˄ 

ʶˉʽʻˎ˃ʹˍ˗˄ ˍʽ˃˗˄ ˍ˖˄ ʹ˃ʽˍˈ˄˖˄Φ ɮˎˍˈ ʴʾ˄ʶˍʰʽ ˃ʶ ˍʹ˄ ˔ˊʺˋʹ ˍˇˎ ʶˊʴʰ˂ʶʾˇˎ ISE Design Suite ˁʰʽ ˃ʶˍʱ 

ʰˉˈ ˁʱˉˇʽʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʵʽʰʵʽˁʰˋʾʰ ˉˊˇˁˏˉˍʶʽ ˍˇ ˉʰˊʰˁʱˍ˖ ˂ʶʽˍˇˎˊʴʽˁˈ ˃ˇ˄ˍʷ˂ˇ ˋʶ VHDL: 

LIBRARY ieee; 

USE ieee.std_logic_1164.ALL; 

-- synthesis translate_off 

LIBRARY XilinxCoreLib; 

-- synthesis translate_on 
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ENTITY sin_function IS 

  PORT ( 

    phase_in : IN STD_LOGIC_VECTOR(30 DOWNTO 0); 

    y_out : OUT STD_LOGIC_VECTOR(15 DOWNTO 0); 

    clk : IN STD_LOGIC 

  ); 

END sin_function_float; 

 

ARCHITECTURE sin_function_a OF sin_function IS 

-- synthesis translate_off 

COMPONENT wrapped_sin_function 

  PORT ( 

    phase_in : IN STD_LOGIC_VECTOR(30 DOWNTO 0); 

    y_out : OUT STD_LOGIC_VECTOR(15 DOWNTO 0); 

    clk : IN STD_LOGIC 

  ); 

END COMPONENT; 

 

-- Configuration specification 

  FOR ALL : wrapped_sin_function USE ENTITY XilinxCoreLib.cordic_v4_0(behavioral) 

    GENERIC MAP ( 

      c_architecture => 2, 

      c_coarse_rotate => 1, 

      c_cordic_function => 2, 

      c_data_format => 0, 

      c_family => "virtex7", 

      c_has_ce => 0, 
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      c_has_clk => 1, 

      c_has_nd => 0, 

      c_has_phase_in => 1, 

      c_has_phase_out => 0, 

      c_has_rdy => 0, 

      c_has_rfd => 0, 

      c_has_sclr => 0, 

      c_has_x_in => 0, 

      c_has_x_out => 0, 

      c_has_y_in => 0, 

      c_has_y_out => 1, 

      c_input_width => 31, 

      c_iterations => 0, 

      c_output_width => 16, 

      c_phase_format => 0, 

      c_pipeline_mode => -2, 

      c_precision => 0, 

      c_reg_inputs => 1, 

      c_reg_outputs => 1, 

      c_round_mode => 0, 

      c_scale_comp => 0, 

      c_xdevicefamily => "virtex7" 

    ); 

-- synthesis translate_on 

BEGIN 

-- synthesis translate_off 

U0 : wrapped_sin_function 
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  PORT MAP ( 

    phase_in => phase_in, 

    y_out => y_out, 

    clk => clk 

  ); 

-- synthesis translate_on 

END sin_function_float; 

ʆˇ ˃ˈ˄ˇ ˂ˇʽˉˈ˄ ˉˇˎ ʷ˔ˇˎ˃ʶ ˄ʰ ˁʱ˄ˇˎ˃ʶ ʴʽʰ ˄ʰ ˍˇ ˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ ˋˍˇ˄ ˁ˗ʵʽˁʱ ˃ʰˌ ʶʾ˄ʰʽ ˄ʰ 

ʵʹ˂˗ˋˇˎ˃ʶ ˍˇ ˋˍˇʽ˔ʶʾˇ ʰˎˍˈ ˋˍʹ˄ ʰˊ˔ʽˍʶˁˍˇ˄ʽˁʺ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ˁʰʽ ˄ʰ ˍˇˎ ʵ˗ˋˇˎ˃ʶ ˁʰˍʱ˂˂ʹ˂ʰ 

ˋʺ˃ʰˍʰ ʶ˅ˈʵˇˎ ˁʰʽ ʶʽˋˈʵˇˎΦ 

2) ɲʽʰˁˊʾ˄ˇˎ˃ʶ ˋˍˇ ˉˊˈʴˊʰ˃˃ʱ ˃ʰˌ ʵˏˇ ʲʰˋʽˁʷˌ ˉʶˊʽˈʵˇˎˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˇʽ ˇˉˇʾʶˌ ʵʽʰˁˊʾ˄ˇ˄ˍʰʽ ˃ʶˍʰ˅ˏ 

ˍˇˎˌ ˃ʶ ʲʱˋʹ ˍʹ˄ ˍʽ˃ʺ ˍˇˎ ˋʺ˃ʰˍˇˌ SAMPLES_READY ˁ ʰʽ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˉʰˊʰˁʱˍ˖Υ 

ü 1ʹ ʃʶˊʾˇʵˇˌ ɽʶʽˍˇˎˊʴʾʰˌ(SAMPLES_READY Ґ ΨлΩ): 

ɶ ˉʶˊʾˇʵˇˌ ʰˎˍʺ ʶˁˍʶʾ˄ʶˍʰʽ ʰˉˈ ˍʹ˄ ˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺ ˉˇˎ ˅ʶˁʽ˄ʱ ˄ʰ ΨΩˍˊʷ˔ʶʽΩΩ ˍˇ ˉˊˈʴˊʰ˃˃ʱ ˃ʰˌ 

˃ʷ˔ˊʽ ˄ʰ ˇ˂ˇˁ˂ʹˊ˖ʻʶʾ ʹ ˉˊ˗ˍʹ ˃ʽˋʺ ˉʶˊʾˇʵˇˌ ˍ˖˄ ʹ˃ʽˍˇ˄ˇʶʽʵ˗˄ ˋʹ˃ʱˍ˖˄Φ ɼʰˍʱ ˍʹ ˒ʱˋʹ 

ʰˎˍʺΣ ˋʶ ˁʱʻʶ ˉʶˊʾˇʵˇ ˊˇ˂ˇʴʽˇˏ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˁʰʽ ʰˉˈ ˃ʾʰ ˍʽ˃ʺ ʹ˃ʽˍˈ˄ˇˎ ʹ ˇˉˇʾʰ 

ˉˇ˂˂ʰˉ˂ʰˋʽʰʸˈ˃ʶ˄ʹ ˃ʶ ˍˇ ˉ˂ʱˍˇˌ ˍ˖˄ ʹ˃ʽˍˇ˄ˇʶʽʵ˗˄ ˋʹ˃ʱˍ˖˄(Ar) ˁʰʽ ˃ʶ ˍˇ ˁʰˍʱ˂˂ʹ˂ˇ 

ˉˊˈˋʹ˃ ̌ˁʰˍʰ˔˖ˊʶʾˍʰʽ ˋˍʽˌ ˃ʶˍʰʲ˂ʹˍʷˌ reg_CMPB ˁʰʽ reg_CMPB ˇʽ ˇˉˇʾʶˌ ˃ʶ ˍʹ˄ ˋʶʽˊʱ ˍˇˎˌ 

ˋˎʴˁˊʾ˄ˇ˄ˍʰʽ ˃ʶ ˍˇ˄ ˃ʶˍˊʹˍʺ ˉˇˎ ˉˊˇˋˇ˃ˇʽ˗˄ʶʽ ˍˇ ˍˊʽʴ˖˄ʽˁˈ ˋʺ˃ʰΦ ɶ ʰˉˈʵˇˋʹ ˍ˖˄ ˍʽ˃˗˄ 

ˎ˂ˇˉˇʽʶʾˍʰʽ ˃ʶ ˍˇ ˉʰˊʰˁʱˍ˖ ˍ˃ʺ˃ʰ ˁ˗ʵʽˁʰΥ 

reg_CMPA<= Ar*to_sfixed(sin_val,1,-14); 

reg_CMPB<= minus1*Ar*to_sfixed(sin_val,1,-14); 

 ɾˈ˂ʽˌ ˉʰˊʰˍʹˊˇˏ˃ʶ ʰˉˈ ˍʹ˄ ˋˏʴˁˊʽˋʹ ˍ˖˄ ʹ˃ʽˍˇ˄ˇʶʽʵ˗˄ ʵʶʽʴ˃ʱˍ˖˄ ˃ʶ ˍˇ˄ ˃ʶˍˊʹˍʺ ˍˇˎ 

ˍˊʽʴ˖˄ʽˁˇˏ ˋʺ˃ʰˍˇˌ ˉ˖ˌ ʹ ʰ˄ʽˋˈˍʹˍʰ ˃ʶˍʰ˅ˏ ˍˇˎˌ ʰ˂˂ʱʸʶʽ ˁʰˍʶˏʻˎ˄ˋʹ ˁʰˍʰ˂ʰʲʰʾ˄ˇˎ˃ʶ ˉ˖ˌ 

ʲˊʽˋˁˈ˃ʰˋˍʶ ˋʶ ˋʹ˃ʶʾˇ ʶˉʰ˒ʺˌ ˁʰʽ ˁʰˍʱ ˋˎ˄ʷˉʶʽʰ ʵʾ˄ˇˎ˃ʶ ˍʽˌ ˍʽ˃ʷˌ ΨлΩ  ʺ ΨмΩ ˋˍʰ ˋʺ˃ʰˍʰ 

sample_A ˁʰʽ sampleψɰ ˍʰ ˇˉˇʾʰ ˇʵʹʴˇˏ˄ ˋˍʹ˄ ʰˉˇʻʺˁ ʶˎˋʹ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ʰˎˍ˗˄ ˋˍˇˎˌ ʵˏˇ 

ˉʾ˄ʰˁʶˌ sine_values_A ˁʰʽ sine_values_B. ɱʾ˄ʶˍʰʽ ˂ˇʽˉˈ˄ ˁʰˍʰ˄ˇʹˍˈ ˉ˖ˌ ˁʰˍʱ ˍʹ˄ ˉʶˊʾˇʵˇ 

ʰˎˍʺ ʰˉˇʻʹˁʶˏˇˎ˃ʶ ˇˎˋʽʰˋˍʽˁʱ ˍʰ ˋʹ˃ʶʾʰ ʶˉʰ˒ʺˌ ˍ˖˄ ʵˏˇ ʹ˃ʽˍˇ˄ˇʶʽʵ˗˄ ˋʹ˃ʱˍ˖˄ ˃ʶ ˍˇ 

ˍˊʽʴ˖˄ʽˁˈ ˋʺ˃ʰ ˋʶ ʵˏˇ ˉʾ˄ʰˁʶˌ ʴʽʰ ˄ʰ ˍʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ ˁʰˍʱ ˍˇ ˎˉˈ˂ˇʽˉˇ ʵʽʱˋˍʹ˃ʰ ˍʹˌ 

ʶ˒ʰˊ˃ˇʴʺˌΦ ɱʽʰ ˁʰ˂ˏˍʶˊʹ ˁʰˍʰ˄ˈʹˋʹ ˉʰˊˇˎˋʽʱʸˇˎ˃ʶ ʶ˄ʵʶʽˁˍʽˁʱ ˍ ̌ˉʰˊʰˁʱˍ˖ ˍ˃ʺ˃ʰ ˁ˗ʵʽˁʰ 

ˉˇˎ ʰ˒ˇˊʱ ˋʁ ˃ ʷˊˇˌ ˃ˈ˄ˇ ˍʹˌ ˉˊˇʰ˄ʰ˒ʶˊʻʶʾˋʰˌ ˎ˂ˇˉˇʾʹˋʹˌ: 

if(count_Ac >= reg_CMPA) then 

   sample_A<= '1';    -- ʆ ̌sample_A ʁ ʾ˄ʰʽ ΨлΩ ʴʽʰ ̍ ˋˇ ̔ ˋ˔ˏʶʽ count_Ac < reg_CMPA. 
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    set_S1:= '0'; 

else 

   set_S1:= '1';     -- ɱʽʰ ˈˋˇ ʵʶ˄ ʰ˂˂ʱʸʶʽ ˒ˇˊʱ ʹ ʰ˄ʽˋˈˍʹˍʰΦ 

end if; 

if(count_Ac >= reg_CMPB) then    -- ʆ ̌sample_ɰ ʁ ʾ˄ʰʽ ΨлΩ ɹ̔ ʰ ̍ ˋˇ ̔ ˋ˔ˏʶʽ count_Ac < reg_CMPɰ. 

   sample_B<= '1';   

   set_S3:= '0'; 

else 

set_S3:= '1';     -- ɱʽʰ ˈˋˇ ʵʶ˄ ʰ˂˂ʱʸʶʽ ˒ˇˊʱ ʹ ʰ˄ʽˋˈˍʹˍʰ. 

end if; 

ü 2ʹ ʃʶˊʾˇʵˇˌ ɽʶʽˍˇˎˊʴʾʰˌόSAMPLES_READY Ґ ΨмΩ): 

ɶ ˉʶˊʾˇʵˇˌ ʰˎˍʺ ˅ʶˁʽ˄ʱ ˃ˈ˂ʽˌ ˇ˂ˇˁ˂ʹˊ˖ʻʶʾ ˍˇ ˃ʽˋˈ ˍʹˌ мʹˌ ˉʶˊʽˈʵˇˎ ˍ˖˄ ʹ˃ʽˍˇ˄ˇʶʽʵ˗˄ 

ˋʹ˃ʱˍ˖˄ ˁʰʽ ʶˁˍʶʾ˄ʶˍʰʽ ˃ʷ˔ˊʽ ˍʹ˄ ˇ˂ˇˁ˂ʺˊ˖ˋʹ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌΦ ʅˍʹ ˉʶˊʾˇʵˇ ʰˎˍʺ ʹ ˂ˇʴʽˁʺ 

ˎ˂ˇˉˇʾʹˋʹˌ ʶʾ˄ʰʽ ʰˉ˂ˇˏˋˍʶˊʹΦ ɼʱʻʶ ˒ˇˊʱ ˉˇˎ ˇ ˃ʶˍˊʹˍʺˌ ˉˇˎ ˉˊˇˋˇ˃ˇʽ˗˄ʶʽ ˍˇ ˍˊʽʴ˖˄ʽˁˈ 

ˋʺ˃ʰ ˒ˍʱ˄ʶʽ ˋˍʹ ˃ʷʴʽˋˍʹ ʺ ˋˍʹ ʶ˂ʱ˔ʽˋˍʹ ˍʽ˃ʺ ˍˇˎ ʶ˄ʶˊʴˇˉˇʽʶʾˍʰʽ ˍˇ ˋʺ˃ hTriangular ˍˇ ˇˉˇʾˇ 

˃ʶ ˍʹ ˋʶʽˊʱ ˍˇˎ ʶˉʽˍˊʷˉʶʽ ˋˍʽˌ ˃ʶˍʰʲ˂ʹˍʷˌ CMPA ˁʰʽ CMPB ˄ʰ ʵʽʰʲʱˋˇˎ˄ ʰˉˈ ˍˇˎˌ 

ʰ˄ʱ˂ˇʴˇˎˌ ˉʾ˄ʰˁʶˌ ˍˇ ʶˉˈ˃ʶ˄ˇ ˉˊˇˌ ˋˏʴˁˊʽˋʹ ˋˍˇʽ˔ʶʾˇΦ ɿʰ ˍˇ˄ʾˋˇˎ˃ʶ ˉ˖ˌ ˈˉ˖ˌ ʶʾʵʰ˃ʶ ˁʰʽ 

ˉˊˇʹʴˇˎ˃ʷ˄˖ˌ ˋˍˇˎˌ ˉʾ˄ʰˁʶˌ ʷ˔ˇˎ˃ʶ ʰˉˇʻʹˁʶˎ˃ʷ˄ʶˌ ˍʽˌ ˍʽ˃ʷˌ ˍ˖˄ ʹ˃ʽˍˈ˄˖˄ 

ˉˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ʷ˄ʶˌ ˃ʶ ˍˇ ˉ˂ʱˍˇˌ ˍ˖˄ ʹ˃ʽˍˇ˄ˇʶʽʵ˗˄ ˋʹ˃ʱˍ˖˄ ˁʰʽ ˃ʶ ˍˇ ˁʰˍʱ˂˂ʹ˂ˇ ˉˊˈˋʹ˃ˇΦ 

ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ˇ ˉʾ˄ʰˁʰˌ sine_values_A ˉʶˊʽʷ˔ʶʽ ʻʶˍʽˁʷˌ ʶ˄˗ ˇ sine_values_B ʰˊ˄ʹˍʽˁʷˌ ˍʽ˃ʷˌΦ 

ɱʽʰ ˍʹ˄ ʰˉˈʵˇˋʹ ˍ˖˄ ˍʽ˃˗˄ ʰˎˍ˗˄ ʶ˂ʷʴ˔ˇˎ˃ʶ ˍʹ˄ ˍʽ˃ʺ ˍˇˎ ˋʺ˃ʰˍˇˌ pos_indexΣ ˍˇ ˇˉˇʾˇ ˃ʰˌ 

ˉ˂ʹˊˇ˒ˇˊʶʾ ʴʽʰ ˍˇ ʰ˄ ʲˊʽˋˁˈ˃ʰˋˍʶ ˋˍˇ мˇ ʺ ˋˍˇ нˇ ˃ʽˋˈ ˍʹˌ ˉʶˊʽˈʵˇˎ ˍ˖˄ ʹ˃ʽˍˇ˄ˇʶʽʵ˗˄ 

ˋʹ˃ʱˍ˖˄Σ ˁʰʽ ʰ˄ʱ˂ˇʴʰ ˃ʶ ʰˎˍʺ ʵʾ˄ˇˎ˃ʶ ˋˍʰ CMPA ˁʰʽ CMPB ˍʽ˃ʷˌ ʰˉˈ ˍˇˎˌ ˉʾ˄ʰˁʶˌ 

sine_values_A ʺ sine_values_B. ɶ ˎ˂ˇˉˇʾʹˋʹ ʰˎˍʺ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍˇ ˉʰˊʰˁʱˍ˖ ˍ˃ʺ˃ʰ 

ˁ˗ʵ̔ˁ ʰΥ 

   if(SAMPLES_READY = '1') then 

-------------------- 0 ς ʆκн ˍʹˌ ʃʶˊʽˈʵˇˎ ˍˇˎ ɶ˃ʽˍˈ˄ˇˎ ------------------------------------------------------------------- 

      if(pos_index = '1') then 

        CMPA<= sine_values_A(index);   -- ɽʰ˃ʲʱ˄ʶʽ ˋˍˇ ʵʽʱˋˍʹ˃ʰ ʰˎˍˈ ʻʶˍʽˁʷˌ ˍʽ˃ʷˌΦ 

        CMPB<= sine_values_B(index);   -- ɽʰ˃ʲʱ˄ʶʽ ˋˍˇ ʵʽʱˋˍʹ˃ʰ ʰˎˍˈ ʰˊ˄ʹˍʽˁʷˌ ˍʽ˃ʷˌΦ 

        index:= index + 1; 
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        if(index = 99) then  

          pos_index:= '0'; 

          index:= 0; 

        end if; 

------------------------------------------------------------------------------------------------------------------------------------ 

      else  

-------------- ʆκн - ʆ ˍʹˌ ʃʶˊʽˈʵˇˎ ˍˇˎ ɶ˃ʽˍˈ˄ˇˎ ---------------------------------------------------------------------- 

        CMPA<= sine_values_B(index);   -- ɽʰ˃ʲʱ˄ʶʽ ˋˍˇ ʵʽʱˋˍʹ˃ʰ ʰˎˍˈ ʰˊ˄ʹˍʽˁʷˌ ˍʽ˃ʷˌΦ 

        CMPB<= sine_values_A(index);   -- ɽʰ˃ʲʱ˄ʶʽ ˋˍˇ ʵʽʱˋˍʹ˃ʰ ʰˎˍˈ ʻʶˍʽˁʷˌ ˍʽ˃ʷˌΦ       

        index:= index + 1; 

        if(index = 99) then 

          pos_index:= '1'; 

          index:= 0; 

        end if;         

---------------------------------------------------------------------------------------------------------------------------------------- 

    end if; 

   end if; 

3) ʆʷ˂ˇˌ ˎ˂ˇˉˇʽˇˏ˃ʶΣ ˈˉ˖ˌ ˁʰʽ ˋˍʹ˄ ˉʰˊʰˉʱ˄˖ ˋ˔ʶʵʾʰˋʹΣ ˍʰ ΨΩ˄ʶˁˊʱΩΩ ˔ˊˇ˄ʽˁʱ ʵʽʰˋˍʺ˃ʰˍʰ ˍʰ 

ˇˉˇʾʰ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍʰ ʴʽʰ ˍʹ˄ ʰˉˇ˒ˎʴʺ ʲˊʰ˔ˎˁˎˁ˂˖˃ʱˍ˖˄Φ ɮˎˍˈ ʴʾ˄ʶˍʰʽ ˁʰʽ ˉʱ˂ʽ ˃ʶ ˍʹ˄ 

˔ˊʺˋʹ ˍ˖˄ ˋʹ˃ʱˍ˖˄ set_S1,set_S3,Delay_eval_S1,Delay_eval_S3. ɲʶ˄ ʻʰ ʰ˄ʰ˂ˏˋˇˎ˃ʶ 

ˁʰʻˈ˂ˇˎ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ˍʹˌ ˂ʶʽˍˇˎˊʴʾʰˌ ʰˎˍʺˌ ˁʰʻ˗ˌ ʷ˔ʶʽ ʴʾ˄ʶ ʰ˄ʰ˂ˎˍʽˁʱ ˉʰˊʰˉʱ˄˖Φ 

 

ɾʶ ʲʱˋʹ ˂ˇʽˉˈ˄ ˍʰ ˉʰˊʰˉʱ˄˖ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍˇ ˉʰˊʱˊˍʹ˃ʰ ˍˇ ˋˏ˄ˇ˂ˇ ˍˇˎ ˁ˗ʵʽˁʰ ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ʴʽʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ʰˎˍʺ. 

 

3.5.3 ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ̄ ˊˇˋˇ˃ˇʾ˖ˋʹˌ ˋ˔ʶʵʾʰˋʹˌ 

ʅˍʹ˄ ʶ˄ˈˍʹˍʰ ʰˎˍʺ ˉʰˊˇˎˋʽʱʸˇˎ˃ʶ ʶ˄ʵʶʽˁˍʽˁʱ ˁʱˉˇʽʰ ˋˍʽʴ˃ʽˈˍˎˉʰ ʰˉˈ ˍʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˍʹˌ 

ˉh ˊʰˉʱ˄˖ ʰˊ˔ʽˍʶˁˍˇ˄ʽˁʺˌΣ ˗ˋˍʶ ˄ʰ ʶˉʰ˂ʹʻʶˏˋˇˎ˃ʶ ˍʰ ʻʶ˖ˊʹˍʽˁ˗ˌ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΦ ɶ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹ ʷʴʽ˄ʶ ˃ʶ ˍˇ ʶˊʴʰ˂ʶʾˇ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ Modelsim Altera 10.0c(Quartus II 11.1) Starter 
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Edition. ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˍʹˌ ˉʰˊʰˉʱ˄˖ ʰˊ˔ʽˍʶˁˍˇ˄ʽˁʺˌ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ 

ˉʰˊʰˁʱˍ˖Υ 

ü 1ʹ ʃʶˊʾˇʵˇˌ ɽʶʽˍˇˎˊʴʾʰˌΥ 

                                 {!at[9{ψw9!5¸ Ґ ΨлΩ          ǊŜƎψ/at!       ǊŜƎψ/at. 

 

                                                                            ʅ˔ʺ˃ʰ оΦ25: 1
ʹ
 ʃʶˊʾˇʵˇˌ ɽʶʽˍˇˎˊʴʾʰˌ 

ʃʰˊʰˍʹˊˇˏ˃ʶ ˉ˖ˌ ˈˉ˖ˌ ʰ˄ʰ˃ʷ˄ʰ˃ʶ ˋʶ ʰˎˍʺ ˍʹ˄ ˉʶˊʾˇʵˇ ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇ ˋʺ˃ʰ SAMPLES_READY = 
ΨлΩ ʶ˄˗ ˍʰ reg_CMPA ˁ ʰʽ reg_CMPB ˂ ʰ˃ʲʱ˄ˇˎ˄ ʵʽʰʵˇ˔ʽˁʷˌ ˍʽ˃ʷˌ ʴʽʰ ˄ʰ ˋˎʴˁˊʽʻˇˏ˄ ˃ʶ ˍˇ ˃ʶˍˊʹˍʺΦ 

ü 2ʹ ʃʶˊʾˇʵˇˌ ɽʶʽˍˇˎˊʴʾʰˌΥ 

                                  {!at[9{ψw9!5¸ Ґ ΨмΩ                          CMPA                CMPB 

 

ʅ˔ʺ˃ʰ оΦ26: 2
ʹ
 ʃʶˊʾˇʵˇˌ ˂ʶʽˍˇˎˊʴʾʰˌ 
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ʃʰˊʰˍʹˊˇˏ˃ʶ ˉ˖ˌ ˈˉ˖ˌ ʰ˄ʰ˃ʷ˄ʰ˃ʶΣ ˋʶ ʰˎˍʺ ˍʹ˄ ˉʶˊʾˇʵˇ ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇ ˋʺ˃ʰ SAMPLES_READY 

ʴʾ˄ʶˍʰʽ ΨмΩΦ ɳˉʾˋʹˌ ˍʰ ˋʺ˃ʰˍʰ reg_CMPA ˁʰʽ reg_CMPB ˋˍʰ˃ʰˍˇˏ˄ ˄ʰ ˂ʰ˃ʲʱ˄ˇˎ˄ ˍʽ˃ʷˌ ʶ˄˗ 

ʰ˄ˍʾʻʶˍʰ ˅ʶˁʽ˄ˇˏ˄ ˄ʰ ʰˉˇˁˍˇˏ˄ ˍʽ˃ʷˌ ˍʰ CMPA ˁ ʰʽ CMPB. 

ü ɮˊ˔ʺ ɶ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ʃʶˊʽˈʵˇˎΥ 

                                       ɮˊ˔ʺ ɶ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ʃʶˊʽˈʵˇˎ                 ʃʰ˂˃ˇʾ ɲʽʰˁˇˉˍ˗˄ S1  S2 S3 S4 

 

ʅ˔ʺ˃ʰ оΦн7: ʃʰ˂˃ˇʾ ʵʽʰˁˇˉˍ˗˄ ˋˍʹ˄ ʰˊ˔ʺ ˍʹˌ ʹ˃ʽˍˇ˄ˇʶʽʵ̌ ˏˌ ˉʶˊʽˈʵˇˎ ˃ ʶ ˍˇ ʶˊʴʰ˂ʶʾˇ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ 

Modelsim 

ɮˉˈ ˍˇ ˉʰˊʰˉʱ˄˖ ˋ˔ʺ˃ʰ ʵʽʰˉʽˋˍ˗˄ˇˎ˃ʶ ˉ˖ˌ ʲˊʽˋˁˈ˃ʰˋˍʶ ˋˍʹ˄ ʷ˄ʰˊ˅ʹ ˍʹˌ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ 

ˉʶˊʽˈʵˇˎ ˁʰʻ˗ˌ ʹ ˍʽ˃ʺ ˉˇˎ ˉʰʾˊ˄ˇˎ˄ ˍʰ CMPA ˁʰʽ CMPB ˋˍˇ ˋʹ˃ʶʾˇ ˉˇˎ ʷ˔ˇˎ˃ʶ ˍˇ˄ʾˋʶʽ ʶʾ˄ʰʽ 0. 

ɳˉʾˋʹˌ ˈˉ˖ˌ ʰ˄ʰ˃ʷ˄ˇˎ˃ʶΣ ˋˍʹ˄ ʰˊ˔ʺ ˍʹˌ ˉʶˊʽˈʵˇˎ ˍˇˎ ʹ˃ʽˍˈ˄ˇˎ ˁʰʽ ˁʰʻ˗ˌ ˇ ˔ˊˈ˄ˇˌ ˉʶˊ˄ʱ ˃ʷ˔ˊʽ 

ˍʰ ˃ʷˋʰ ˍʹˌ ˉʶˊʽˈʵˇˎ ˇ ʻʶˍʽˁˈˌό˃ʹʵʶ˄ʽˁˈˌύ ˉʰ˂˃ˈˌ ˍˇˎ ʵʽʰˁˈˉˍʹ S1(S2) ʰˎ˅ʱ˄ˇˎ˄ ˋʶ ʵʽʱˊˁʶʽʰ 

ʰˉˈ ˍˇ˄ ʰ˄ˍʾˋˍˇʽ˔ˇ ʻʶˍʽˁˈό˃ʹʵʶ˄ʽˁˈύ ˉʰ˂˃ˈ ˍˇˎ ʵʽʰˁˈˉˍʹ S3(S4). 
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ü ʆκп ɶ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ʃʶˊʽˈʵˇˎΥ 

                                 ʆκп ɶ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ʃʶˊʽˈʵˇˎ  

 

ʅ˔ʺ˃ʰ оΦн8: ʃʰ˂˃ˇʾ ʵʽʰˁˇˉˍ˗˄ ʴʽʰ ˍˇ ʆκп ˍʹˌ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˉʶˊʽˈʵˇˎ ˃ ʶ ˍˇ ʶˊʴʰ˂ʶʾˇ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ 

Modelsim 

ɮˉˈ ˍˇ ˉʰˊʰˉʱ˄˖ ˋ˔ʺ˃ʰ ʵʽʰˉʽˋˍ˗˄ˇˎ˃ʶ ˉ˖ˌ ʲˊʽˋˁˈ˃ʰˋˍʶ ˋˍˇ мκп ˍʹˌ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˉʶˊʽˈʵˇˎ 

ˁʰʻ˗ˌ ʹ ˍʽ˃ʺ ˉˇˎ ˉʰʾˊ˄ˇˎ˄ ˍʰ CMPA ˁʰʽ CMPB ˋˍˇ ˋʹ˃ʶʾˇ ˉˇˎ ʷ˔ˇˎ˃ʶ ˍˇ˄ʾˋʶʽ ʶʾ˄ʰʽ ҕмтпфΦуф ˍˇ 

ˇˉˇʾˇ ʶʾ˄ʰʽ ˋ˔ʶʵˈ˄ ʾˋˇ ˃ʶ ˍˇ ˉ˂ʱˍˇˌ ˍˇˎ ʹ˃ʽˍˈ˄ˇˎ Ar = 1750. ʅʶ ʰˎˍˈ ˃ʱ˂ʽˋˍʰ ˍˇ ʵʽʱˋˍʹ˃ʰ 

ʰ˄ʰ˃ʷ˄ˇˎ˃ʶΣ ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˁʰʽ ˉʰˊʰˉʱ˄˖Σ ˄ʰ ʷ˔ˇˎ˃ʶ ˍˇ˄ ˃ʶʴʰ˂ˏˍʶˊˇ ˋʶ ʵʽʱˊˁʶʽʰ ʻʶˍʽˁˈ ˉʰ˂˃ˈ 

ʴʽʰ ˍˇ  ʵʽʰˁˈˉˍʹ S1 ˁ ʰʽ ˍˇ ˃ʽˁˊˈˍʶˊˇ ʴʽʰ ˍˇ ʵʽʰˁˈˉˍʹ S3. 

ü ʆκн ɶ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ʃʶˊʽˈʵˇˎΥ 

                                    ʆκн ɶ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ʃʶˊʽˈʵˇˎ 

 

ʅ˔ʺ˃ʰ оΦн9:  ʃʰ˂˃ˇʾ ʵʽʰˁˇˉˍ˗˄ ʴʽʰ ˍˇ ʆκн ˍʹˌ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˉʶˊʽˈʵˇˎ ˃ ʶ ˍˇ ʶˊʴʰ˂ʶʾˇ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ 

Modelsim 
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ɮˉˈ ˍˇ ˉʰˊʰˉʱ˄˖ ˋ˔ʺ˃ʰ ʵʽʰˉʽˋˍ˗˄ˇˎ˃ʶ ˉ˖ˌ ʲˊʽˋˁˈ˃ʰˋˍʶ ˋˍˇ мκн ˍʹˌ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˉʶˊʽˈʵˇˎ 

ˁʰʻ˗ˌ ʹ ˍʽ˃ʺ ˉˇˎ ˉʰʾˊ˄ˇˎ˄ ˍʰ CMPA ˁʰʽ CMPB ˋˍˇ ˋʹ˃ʶʾˇ ˉˇˎ ʷ˔ˇˎ˃ʶ ˍˇ˄ʾˋʶʽ ʶʾ˄ʰʽ л ˁʰʽ ˇʽ ˍʽ˃ʷˌ 

ˍˇˎ CMPA(CMPB) ɻ ʶ˅ʽʱ ˍˇˎ ˋʹ˃ʶʾˇˎ ʰˎˍˇˏ ʶʾ˄ʰʽ ʻʶˍʽˁʷˌόʰˊ˄ʹˍʽˁʷˌύ. ʅʶ ʰˎˍˈ ˃ʱ˂ʽˋˍʰ ˍˇ ʵʽʱˋˍʹ˃ʰ 

ʰ˄ʰ˃ʷ˄ˇˎ˃ʶΣ ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˁʰʽ ˉʰˊʰˉʱ˄˖Σ ʹ ʵʽʱˊˁʶʽʰ ˍ˖˄ ʻʶˍʽˁ˗˄ ˉʰ˂˃˗˄ ˍ˖˄ ʵʽʰˁˇˉˍ˗˄ S1 

ˁʰʽ S3 ˄ ʰ ˉʶˊʾˉˇˎ ʹ ʾʵʽʰΦ 

ü оʆκп ɶ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ʃʶˊʽˈʵˇˎΥ 

                      оʆκп ɶ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ʃʶˊʽˈʵˇˎ 

 

ʅ˔ʺ˃ʰ оΦ30: ʃʰ˂˃ˇʾ ʵʽʰˁˇˉˍ˗˄ ʴʽʰ ˍˇ оʆκ4 ̱ ʹˌ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˉʶˊʽˈʵˇˎ ˃ ʶ ˍˇ ʶˊʴʰ˂ʶʾˇ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ 

Modelsim 

ɮˉˈ ˍˇ ˉʰˊʰˉʱ˄˖ ˋ˔ʺ˃ʰ ʵʽʰˉʽˋˍ˗˄ˇˎ˃ʶ ˉ˖ˌ ʲˊʽˋˁˈ˃ʰˋˍʶ ˋˍʰ оκп ˍʹˌ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˉʶˊʽˈʵˇˎ 

ˁʰʻ˗ˌ ˋˍˇ ˋʹ˃ʶʾˇ ˉˇˎ ʷ˔ˇˎ˃ʶ ˍˇ˄ʾˋʶʽ ˍˇ CMPA = -1749.89 ˁʰʽ ˍˇ CMPB = мтпфΦуфΣ ˍʽ˃ʷˌ ˋ˔ʶʵˈ˄ 

ʾˋʶˌ ˃ʶ ˍˇ ˉ˂ʱˍˇˌ ˍˇˎ ʹ˃ʽˍˈ˄ˇˎ Ar = 1750. ʅʶ ʰˎˍˈ ˍˇ ʵʽʱˋˍʹ˃ʰ ʰ˄ʰ˃ʷ˄ˇˎ˃ʶΣ ˄ʰ ʷ˔ˇˎ˃ʶ ˍˇ˄ 

˃ʽˁˊˈˍʶˊˇ ˋʶ ʵʽʱˊˁʶʽʰ ʻʶˍʽˁˈ ˉʰ˂˃ˈ ʴʽʰ ˍˇ  ʵʽʰˁˈˉˍʹ S1 ˁ ʰʽ ˍˇ ˃ʶʴʰ˂ˏˍʶˊˇ ʴʽʰ ˍˇ ʵʽʰˁˈˉˍʹ S3. 

ü ʆʷ˂ˇˌ ɶ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ʃʶˊʽˈʵˇˎΥ 

                        ʆʷ˂ˇˌ ɶ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ʃʶˊʽˈʵˇˎ 

 

ʅ̝ ʺ˃ʰ оΦ31: ʃʰ˂˃ˇʾ ʵʽʰˁˇˉˍ˗˄ ʴʽʰ ˍˇ ˍʷ˂ˇˌ ̱ ʹˌ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˉʶˊʽˈʵˇˎ ˃ ʶ ˍˇ ʶˊʴʰ˂ʶʾˇ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ 

Modelsim 
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ɮˉˈ ˍˇ ˉʰˊʰˉʱ˄˖ ˋ˔ʺ˃ʰ ʵʽʰˉʽˋˍ˗˄ˇˎ˃ʶ ˉ˖ˌ ʲˊʽˋˁˈ˃ʰˋˍʶ ˋˍˇ ˍʷ˂ˇˌ ˍʹˌ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˉʶˊʽˈʵˇˎ 

ˁʰʻ˗ˌ ʹ ˍʽ˃ʺ ˉˇˎ ˉʰʾˊ˄ˇˎ˄ ˍʰ CMPA ˁʰʽ CMPB ˋˍˇ ˋʹ˃ʶʾˇ ˉˇˎ ʷ˔ˇˎ˃ʶ ˍˇ˄ʾˋʶʽ ʶʾ˄ʰʽ л ˁʰʽ ʶˉʾˋʹˌ 

ˇʽ ˍʽ˃ʷˌ ˍˇˎ CMPA(CMPB) ʵʶ˅ʽʱ ˍˇˎ ˋʹ˃ʶʾʰ ʰˎˍˇˏ ʶʾ˄ʰʽ ʰˊ˄ʹˍʽˁʷˌόʻʶˍʽˁʷˌύ. ʅʶ ʰˎˍˈ ˃ʱ˂ʽˋˍʰ ˍˇ 

ʵʽʱˋˍʹ˃ʰ ʰ˄ʰ˃ʷ˄ˇˎ˃ʶΣ ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˁʰʽ ˉʰˊʰˉʱ˄˖Σ ʹ ʵʽʱˊˁʶʽʰ ˍ˖˄ ʻʶˍʽˁ˗˄ ˉʰ˂˃˗˄ ˍ˖˄ 

ʵʽʰˁˇˉˍ˗˄ S1 ˁ ʰʽ S3 ˄ ʰ ˉʶˊʾˉˇˎ ʹ ʾʵʽʰΦ 

ü ΨΩɿʶˁˊˈΩΩ ʋˊˇ˄ʽˁˈ ɲʽʱˋˍʹ˃ʰΥ 

 

                                             ΨΩɿʶˁˊˈΩΩ ʋˊˇ˄ʽˁˈ ɲʽʱˋˍʹ˃ʰ 

ʅ˔ʺ˃ʰ оΦ32: ΨΩɿʶˁˊˈΩΩ ʋˊˇ˄ʽˁˈ ɲʽʱˋˍʹ˃ʰ 

ɮˉˈ ˍˇ ˉʰˊʰˉʱ˄˖ ˋ˔ʺ˃ʰ ˉʰˊʰˍʹˊˇˏ˃ʶ ˉ˖ˌ ʰˉˈ ˍʹ˄ ʰˉˇˁˇˉʺ ˍˇˎ ʵʽʰˁˈˉˍʹ S1 ̫ ˖ˌ ˍʹ˄ ʰʴ˖ʴʺ ˍˇˎ 

ʵʽʰˁˈˉˍʹ Sнόˋˎ˃ˉ˂ʹˊ˖˃ʰˍʽˁˈˌ ˍˇˎ S1) ˃ʶ̀ˇ˂ʰʲʶʾ ˍˇ ˉʰˊʰˁʱˍ˖ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ ˍˇ ˇˉˇʾˇ 

ˍˇ˄ʾʸʶˍʰʽ ˁʰʽ ʰˉˈ ˍˇ ʾʵʽˇ ˍˇ ʶˊʴʰ˂ʶʾˇ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ: 

tDEAD = 1000000ps = 1˃ s.  

ɯˊʰ ˈ˄ˍ˖ˌ ˍˇ ˉʰˊʰˉʱ˄˖ ʵʽʱˋˍʹ˃ʰ ʶʾ˄ʰʽ ʾˋˇ ˃ʶ ˍˇ ʶˉʽʻˎ˃ʹˍˈόм˃s). 

 

3.5.4 ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉʶʽˊʰ˃ʰˍʽˁʺˌ ʵʽʰʵʽˁʰˋʾʰˌ 

ʅˍˇ ˋʹ˃ʶʾˇ ʰˎˍˈΣ ʰ˒ˇˏ ˉˊˇˋˇ˃ˇʽ˗ˋʰ˃ʶ ˍˇ˄ ˁ˗ʵʽˁʰ ˉˇˎ ˎ˂ˇˉˇʽʶʾ ˍʹ˄ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ  SPWM ˍʶ˔˄ʽˁʺ 

ʶʾ˃ʰˋˍʶ ˋʶ ʻʷˋʹ ˄ʰ ΨΩ˒ˇˊˍ˗ˋˇˎ˃ʶΩΩ ˍˇ˄ ˁ˗ʵʽˁʰ ʰˎˍˈ ˋˍˇ FPGA ˁʰʽ ˄ʰ ˉʰˊʰˍʹˊʺˋˇˎ˃ʶ ˋˍˇ˄ 

ˉʰ˂˃ˇʴˊʱ˒ˇ ʰ˄ ˈ˄ˍ˖ˌ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ ʶʾʵʰ˃ʶ ˋˍʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹΣ ʽˋ˔ˏˇˎ˄ ˁʰʽ ˋˍʹ˄ ˉˊʱ˅ʹΦ ɱʽʰ 

ˍˇ ˋˁˇˉˈ ʰˎˍˈ ˔ˊʹˋʽ˃ˇˉˇʽʺˋʰ˃ʶ ˍˇ FPGA Spartan 6 XC6LX16-CS324 ˍˇ ˇˉˇʾˇ ˃ʰˌ ʵʾ˄ʶʽ ˍʹ˄ 

ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ ˁʰʽ ʰˊʽʻ˃ˇˏˌ ˁʽ˄ʹˍʺˌ ˎˉˇʵʽʰˋˍˇ˂ʺˌ ˋˍʹ ˋ˔ʶʵʾʰˋʺ ˃ʰˌΦ ɱʽʰ ˄ʰ 

ˎ˂ˇˉˇʽʺˋˇˎ˃ʶ ˍʹ ˋ˔ʶʵʾʰˋʹ ˋˍˇ FPGA ʰˁˇ˂ˇˎʻʺˋʰ˃ʶ ˈ˂ʰ ˍʰ ʲʺ˃ʰˍʰ ˉˇˎ ˉʶˊʽʴˊʱ˕ʰ˃ʶ ˋˍˇ мˇ 

ˁʶ˒ʱ˂ʰʽˇ ˁʰʽ ˋˎ˄ʵʷˋʰ˃ʶ ˃ʷˋ˖ ˍˇˎ ʰˊ˔ʶʾˇˎ ˉʶˊʽˇˊʽˋ˃ˇˏ ˍʰ ˋʺ˃ʰˍʰ ˉˇˎ ˎˉˇ˂ˇʴʾʸˇˎ˄ ˍˇˎˌ ˉʰ˂˃ˇˏˌ 
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ˍ˖˄ ˍʶˋˋʱˊ˖˄ ʵʽʰˁˇˉˍ˗˄όS1,S2,S3,S4) ˃ʶ ˍʷˋˋʶˊʶʽˌ ʰˁˊˇʵʷˁˍʶˌ ˍˇˎ FPGA. ɮˎˍˈ ˍˇ 

ˉˊʰʴ˃ʰˍˇˉˇʽʺˋʰ˃ʶ ˃ʶ ˍʹ˄ ˉʰˊʰˁʱˍ˖ ʵʺ˂˖ˋʹ ˋˍˇ ʰˊ˔ʶʾˇ ˉʶˊʽˇˊʽˋ˃ˇˏΥ 

NET "S1"          LOC = "T12" |IOSTANDARD = "LVCMOS33";   -- ʅˏ˄ʵʶˋʹ ̀ ʺ˃ʰˍˇˌ S1 

NET "S2"          LOC = "V12" |IOSTANDARD = "LVCMOS33";   -- ʅˏ˄ʵʶˋʹ ̀ ʺ˃ʰˍˇˌ S2 

NET "S3"          LOC = "N10" |IOSTANDARD = "LVCMOS33";   -- ʅˏ˄ʵʶˋʹ ̀ ʺ˃ʰˍˇˌ S3   

NET "S4"          LOC = "P11" |IOSTANDARD = "LVCMOS33";    -- ʅˏ˄ʵʶˋʹ ̀ ʺ˃ʰˍˇˌ S4 

ɳˉʾˋʹˌ ʷ˔ˇˎ˃ʶ ʰ˄ʰ˒ʷˊʶʽ ˁʰʽ ˉʰˊʰˉʱ˄˖ ˉ˖ˌ ˍˇ ˊˇ˂ˈʽ ˍʹˌ ˋ˔ʶʵʾʰˋʺˌ ˃ʰˌ ˍʾʻʶˍʰʽ ʾˋˇ ˃ʶ нлns. ɶ 

ˉʶˊʾˇʵˇˌ ʰˎˍʺ ˍˇˎ ˊˇ˂ˇʴʽˇˏΣ ˁʰʻˇˊʾʸʶˍʰʽ ʰˉˈ ˍˇ ʰˊ˔ʶʾˇ ˉʶˊʽˇˊʽˋ˃ˇˏ ˃ʷˋ˖ ˍʹˌ ʰˉˇʵʽʵˈ˃ʶ˄ʹˌ ˋʶ 

ʰˎˍˈ ˋˎ˔˄ˈˍʹˍʰˌΦ ɱʽʰ ˄ʰ ˉʶˍˏ˔ˇˎ˃ʶ ˂ˇʽˉˈ˄ ˉʶˊʾˇʵˇ ʾˋʹ ˃ʶ нлns ʻʰ ˉˊʷˉʶʽ ʹ ˋˎ˔˄ˈˍʹˍʰ ˉˇˎ ʻʰ 

ʻʷˋˇˎ˃ʶ ˄ʰ ʶʾ˄ʰʽ ʾˋʹ ˃ʶΥ 

fclk =  
 

 = 50.000 kHz. 

ɮˎˍˈ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ʶ ˍʹ˄ ˉʰˊʰˁʱˍ˖ ʵʺ˂˖ˋʹΥ 

TIMESPEC TS_sys_clk_pin = PERIOD "CLK" 50000 kHz HIGH 50%; -- ʄˇ˂ˈʽ ʃʶˊʽˈʵˇˎ 20 ns. 

 

ɾʶˍʱ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˍˇˎ ʰˊ˔ʶʾˇˎ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ˍʹˌ ˋˎˋˁʶˎʺˌ ΨΩˍˊʷ˅ʰ˃ʶΩΩ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˃ʰˌ ˁʰʽ 

ˉˊˇʷˁˎ˕ʰ˄ ˋˍˇ˄ ˉʰ˂˃ˇʴˊʱ˒ˇ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΣ ˍʰ ˇˉˇʾʰ ʰ˒ˇˊˇˏ˄ ˋˍˇˎˌ ˉʰ˂˃ˇˏˌ ˇʵʺʴʹˋʹˌ ˍ˖˄ 

ʹ˃ʽʰʴ˖ʴʽˁ˗˄ ʵʽʰˁˇˉˍ˗˄Φ 

ʂˉ˖ˌ ˁʰʽ ˋˍʹ˄ ˍʶ˔˄ʽˁʺ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍʹˌ ˃˄ʺ˃ʹˌ ROM ʷˍˋʽ ˁʰʽ ʶʵ˗ ˉʰˊˇˎˋʽʱʸˇˎ˃ʶ ʵˏˇ ˋˍʽʴ˃ʽˈˍˎˉʰ ˍʰ 

ˇˉˇʾʰ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˋˍˇˎˌ ˉʰ˂˃ˇˏˌ ˇʵʺʴʹˋʹˌ ˍ˖˄ ʸʶˎʴ˗˄ ʵʽʰˁˇˉˍ˗˄ S1-S2 ˁʰʽ S3-S4. ʆʰ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍ˖˄ ˉʰ˂˃˗˄ ʰˎˍ˗˄ ˍʰ ˇˉˇʾʰ ˉʰˊʰˍʹˊʺʻʹˁʰ˄ ˋˍˇ˄ ˉʰ˂˃ˇʴˊʱ˒ˇ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ 

ˉʰˊʰˁʱˍ˖Υ  

¶ ɵʶˏʴˇˌ S1-S2:  

ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ ˉˊˇʷˁˎ˕ʰ˄ ʴʽʰ ˍˇ ʸʶˏʴˇˌ ʰˎˍˈ ˁʰʽ ˍʰ ˇˉˇʾʰ ˉʰˊʰˍʹˊʺʻʹˁʰ˄ ˃ʶ ˍʹ ʲˇʺʻʶʽʰ ˍˇˎ 

ˉʰ˂˃ˇʴˊʱ˒ˇˎ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍˇ ˉʰˊʰˁʱˍ˖ ˋ˔ʺ˃ʰΥ  
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                                                                                                                                           Pin S1     Pin S2 

ʅ˔ʺ˃ʰ оΦ33Υ ɮˉʶʽˁˈ˄ʽˋʹ ˋˍˇ˄ ˉʰ˂˃ˇʴˊʱ˒ˇ ˍˇˎ ˋˎ˃ˉ˂ʹˊ˖˃ʰˍʽˁˇˏ ʸʶˏʴˇˎˌ ˉʰ˂˃˗˄ S1-S2 ̱ ʹˌ SPWM ̱ ʶ˔˄ʽˁʺˌ 

˃ʶ ʵˎ˄ʰ˃ʽˁˈ ˎˉˇ˂ˇʴʽˋ˃ˈ ʵʶʽʴ˃ʱˍ˖˄  

 

ɳʾ˄ʰʽ ˒ʰ˄ʶˊˈ ˃ʶ ʲʱˋʹ ˍˇ ˉʰˊʰˉʱ˄˖ ˋ˔ʺ˃ʰ ˉ˖ˌ ˁʰʽ ˃ʶ ˍʹ˄ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʹ ˍˇˎ CORDIC ʴʽʰ ˍʹ˄ 

ˎ˂ˇˉˇʾʹˋʹ ˍˇˎ ʹ˃ʽˍˇ˄ˇʶʽʵˇˏˌ ˋʺ˃ʰˍˇˌ ˇʽ ˉʰ˂˃ˇʾ ˍ˖˄ ʵʽʰˁˇˉˍ˗˄ ˍˇˎ ʾʵʽˇˎ ˋˁʷ˂ˇˎˌ ˍˇˎ ʰ˄ʰˋˍˊˇ˒ʷʰ 

ˉˊˇˁˏˉˍˇˎ˄ ˋˎ˃ˉ˂ʹˊ˖˃ʰˍʽˁˇʾΦ 

 

 

¶ ɵʶˏʴˇˌ S3-S4: 

ʆʷ˂ˇˌΣ ʴʽʰ ˄ʰ ˇ˂ˇˁ˂ʹˊ˗ˋˇˎ˃ʶ ˍʹ˄ ˉʰˊˇˎˋʾʰˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Σ ˉʰˊʰʻʷˍˇˎ˃ʶ ˉʰˊʰˁʱˍ˖ ˁʰʽ ˍʰ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ ˉʰˊʰˍʹˊʺˋʰ˃ʶ ˋˍˇ˄ ˉʰ˂˃ˇʴˊʱ˒ˇ ʰˉˈ ˍʽˌ ʶ˅ˈʵˇˎˌ ˍˇˎ FPGA ˋˍʽˌ ˇˉˇʾʶˌ ʶʾ˔ʰ˃ʶ 

ˋˎ˄ʵʷˋʶʽ ˍˇˎˌ ˉʰ˂˃ˇˏˌ ʴʽʰ ˍʹ˄ ˇʵʺʴʹˋʹ ˍ˖˄ ʵʽʰˁˇˉˍ˗˄ S3 ˁ ʰʽ S4.  
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                                                                                                                                           Pin S3      Pin S4 

ʅ˔ʺ˃ʰ оΦ34Υ ɮˉʶʽˁˈ˄ʽˋʹ ˋˍˇ˄ ˉʰ˂˃ˇʴˊʱ˒ˇ ˍˇˎ ˋˎ˃ˉ˂ʹˊ˖˃ʰˍʽˁˇˏ ʸʶˏʴˇˎˌ ˉʰ˂˃˗˄ S3-S4 ̱ ʹˌ SPWM ̱ ʶ˔˄ʽˁʺˌ 

˃ʶ ʵˎ˄ʰ˃ʽˁˈ ˎˉˇ˂ˇʴʽˋ˃ˈ ʵʶʽʴ˃ʱˍ˖˄ 

ʂˉ˖ˌ ˋʶ ˈ˂ʶˌ ˍʽˌ ˉʰˊʰˉʱ˄˖ ʰˉʶʽˁˇ˄ʾˋʶʽˌ ʷˍˋʽ ˁʰʽ ʶʵ˗ ˉʰˊʰˍʹˊˇˏ˃ʶ ˍʹ ˋˎ˃ˉ˂ʹˊ˖˃ʰˍʽˁˈˍʹˍʰ ˉˇˎ 

ˉʰˊˇˎˋʽʱʸˇˎ˄ ˇʽ ˉʰ˂˃ˇʾ ˇʵʺʴʹˋʹˌ ̱ ˖˄ ʵˏˇ ʰˎˍ˗˄ ʵʽʰˁˇˉˍ˗˄ ˍˇ ˇˉˇʾˇ ʶʾ˄ʰʽ ˁʰʽ ˍˇ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ˇΦ 

 

оΦс ʅˏʴˁˊʽˋʹ ˍ˖˄ ʵˏˇ SWPM ̱ ʶ˔˄ʽˁ˗˄ 

ʅˍˇ ˋʹ˃ʶʾˇ ʰˎˍˈΣ ʰ˒ˇˏ ʶˉʰ˂ʹʻʶˏˋʰ˃ʶ ˃ʶ ˍʽˌ ˉʰˊʰˉʱ˄˖ ˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌ ˉ˖ˌ ˇʽ ʵˏˇ SPWM ˍʶ˔˄ʽˁʷˌ 

˃ʰˌ ʵʾ˄ˇˎ˄ ˍʰ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΣ ʻʰ ˍʽˌ ˋˎʴˁˊʾ˄ˇˎ˃ʶ ˃ʶ ʲʱˋʹ ˍˇˎˌ ˉˈˊˇˎˌ ˍˇˎˌ ˇˉˇʾˇˎˌ 

˔ˊʶʽʱʸˇ˄ˍʰʽ ʴʽʰ ˄ʰ ˎ˂ˇˉˇʽʹʻˇˏ˄Φ ɶ ˉ˂ʹˊˇ˒ˇˊʾʰ ʰˎˍʺ ˉʰˊʷ˔ʶˍʰʽ ˃ʷˋ˖ ˍˇˎ ʶˊʴʰ˂ʶʾˇˎ ISE Design Suite 

ˍʹˌ XilinxΦ ʃʰˊʰˁʱˍ˖ ˂ˇʽˉˈ˄ ˉʰˊʰˍʾʻʶ˄ˍʰʽ ʵˏˇ ˉʾ˄ʰˁʶˌ ˉˇˎ ˉʰˊˇˎˋʽʱʸˇˎ˄ ˍˇˎˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄ˇˎˌ 

ʰˉˈ ˍʽˌ ʵˏˇ ˋ˔ʶʵʽʱˋʶʽˌ ˉˈˊˇˎˌΥ 

1) SPWM ʆʶ˔˄ʽˁʺ ˃ʶ ˔ˊʺˋʹ ɾ˄ʺ˃ʹˌ ROM: 

Device Utilization Summary 

Slice Logic Utilization Used Available Utilization 
Number of Slice Registers 98 54,576 1% 

Number of Slice LUTs 1,997 27,288 7% 

    Number used as logic 1,971 27,288 7% 

    Number used as Memory 0 6,408 0% 
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Number of occupied Slices 641 6,822 9% 

Number of MUXCYs used 1,264 13,644 9% 

Number of LUT Flip Flop pairs used 1,999   

Number of bonded IOBs 6 218 2% 

Number of RAMB16BWERs 0 116 0% 

Number of RAMB8BWERs 0 232 0% 

Number of BUFIO2/BUFIO2_2CLKs 0 32 0% 

Number of BUFIO2FB/BUFIO2FB_2CLKs 0 32 0% 

Number of BUFG/BUFGMUXs 1 16 6% 

Number of DCM/DCM_CLKGENs 0 8 0% 

Number of ILOGIC2/ISERDES2s 0 376 0% 

Number of IODELAY2/IODRP2/IODRP2_MCBs 0 376 0% 

Number of OLOGIC2/OSERDES2s 0 376 0% 

Number of BSCANs 0 4 0% 

Number of BUFHs 0 256 0% 

Number of BUFPLLs 0 8 0% 

Number of BUFPLL_MCBs 0 4 0% 

Number of DSP48A1s 3 58 5% 

Number of ICAPs 0 1 0% 

Number of MCBs 0 2 0% 

Number of PCILOGICSEs 0 2 0% 

Number of PLL_ADVs 0 4 0% 

Number of PMVs 0 1 0% 

Number of STARTUPs 0 1 0% 

Number of SUSPEND_SYNCs 0 1 0% 

Average Fanout of Non-Clock Nets 3.88   

ʃʾ˄ʰˁʰˌ оΦмΥ ʋˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄ˇʽ ˉˈˊˇʽ ˍʹˌ ˋˎˋˁʶˎʺˌ ʴʽʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ˍʹˌ SPWM ̱ ʶ˔˄ʽˁʺˌ ˃ʶ ˔ˊʺˋʹ 

˃˄ʺ˃ʹˌ ROM 

2) SPWM ʆʶ˔˄ʽˁʺ ˃ʶ ɲˎ˄ʰ˃ʽˁˈ ʇˉˇ˂ˇʴʽˋ˃ˈ ɲʶʽʴ˃ʱˍ˖˄Υ 

Device Utilization Summary 

Slice Logic Utilization Used Available Utilization 
Number of Slice Registers 1,163 54,576 2% 

Number of Slice LUTs 3,262 27,288 11% 

    Number used as logic 3,218 27,288 11% 

    Number used as Memory 5 6,408 1% 

Number of occupied Slices 955 6,822 13% 

Number of MUXCYs used 2,296 13,644 16% 

Number of LUT Flip Flop pairs used 3,311   

Number of bonded IOBs 6 218 2% 

Number of RAMB16BWERs 0 116 0% 

Number of RAMB8BWERs 0 232 0% 

Number of BUFIO2/BUFIO2_2CLKs 0 32 0% 

Number of BUFIO2FB/BUFIO2FB_2CLKs 0 32 0% 

Number of BUFG/BUFGMUXs 1 16 6% 

Number of DCM/DCM_CLKGENs 0 8 0% 

Number of ILOGIC2/ISERDES2s 0 376 0% 

Number of IODELAY2/IODRP2/IODRP2_MCBs 0 376 0% 

Number of OLOGIC2/OSERDES2s 0 376 0% 

Number of BSCANs 0 4 0% 

Number of BUFHs 0 256 0% 

Number of BUFPLLs 0 8 0% 

Number of BUFPLL_MCBs 0 4 0% 

Number of DSP48A1s 3 58 5% 
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Number of ICAPs 0 1 0% 

Number of MCBs 0 2 0% 

Number of PCILOGICSEs 0 2 0% 

Number of PLL_ADVs 0 4 0% 

Number of PMVs 0 1 0% 

Number of STARTUPs 0 1 0% 

Number of SUSPEND_SYNCs 0 1 0% 

Average Fanout of Non-Clock Nets 3.29   

ʃʾ˄ʰˁʰˌ оΦнΥ ʋˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄ˇʽ ˉˈˊˇʽ ˍʹˌ ˋˎˋˁʶˎʺˌ ʴʽʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ˍʹˌ SPWM ̱ ʶ˔˄ʽˁʺˌ ˃ʶ ʵˎ˄ʰ˃ʽˁˈ 

ˎˉˇ˂ˇʴʽˋ˃ˈ ʵʶʽʴ˃ʱˍ˖˄ 

 

ɮˉˈ ˍˇˎˌ ˉʰˊʰˉʱ˄˖ ˉʾ˄ʰˁʶˌΣ ʴʾ˄ʶˍʰʽ ʶˏˁˇ˂ʰ ʰ˄ˍʽ˂ʹˉˍˈ ˉ˖ˌ ˈˉ˖ˌ ʰ˄ʰ˃ʷ˄ʰ˃ʶ ʹ ʵʶˏˍʶˊʹ 

ˎ˂ˇˉˇʾʹˋʹ ˍʹˌ SPWM ˍʶ˔˄ʽˁʺˌ ʹ ˇˉˇʾʰ ʰ˒ˇˊʱ ˋˍˇ ʵˎ˄ʰ˃ʽˁˈ ˎˉˇ˂ˇʴʽˋ˃ˈ ʵʶʽʴ˃ʱˍ˖˄ ʰˉʰʽˍʶʾ ˍʹ 

˔ˊʹˋʽ˃ˇˉˇʾʹˋʹ ˃ʶʴʰ˂ˏˍʶˊˇˎ ʰˊʽʻ˃ˇˏ ˉˈˊ˖˄ ˍˇˎ FPGA ʰˉˈ ʰˎˍʺ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˍʹ ˃˄ʺ˃ʹ 

ROM. ɮˎˍˈ ʶʾ˄ʰʽ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ˇ ˁʰʻ˗ˌ ˋˍˇ ˉˊˈʴˊʰ˃˃ʰ ˃ʶ ˍˇ ʵˎ˄ʰ˃ʽˁˈ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍ˖˄ ʵʶʽʴ˃ʱˍ˖˄ 

ˎˉˇ˂ˇʴʾʸˇˎ˃ʶ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎ CORDIC ˍʽˌ ˄ʷʶˌ ˍʽ˃ʷˌ ˉˇˎ ˔ˊʶʽʱʸˇ˄ˍʰʽ ʶ˄˗ ˋʶ ʰˎˍˈ ˃ʶ 

ˍʹ ˔ˊʺˋʹ ˍʹˌ ROM ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ʺʵʹ ˎˉˇ˂ˇʴʽˋ˃ʷ˄ʶˌ ˍʽ˃ʷˌΦ ɰʶʲʰʾ˖ˌ ˉʰˊˈˍʽ ˔ˊʶʽʰʸˈ˃ʰˋˍʶ 

ˉʶˊʽˋˋˈˍʶˊˇˎˌ ˉˈˊˇˎˌΣ ˂ʰ˃ʲʱ˄ˇˎ˃ʶ ˉʽˇ ʰˁˊʽʲʺ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΦ ɼʰ˂ˇˏ˃ʰˋˍʶ ˂ˇʽˉˈ˄ ˄ʰ 

ʶˉʽ˂ʷ˅ˇˎ˃ʶ ˃ʾʰ ʶˁΩ ˍ˖˄ ʵˏˇ ˍʶ˔˄ʽˁ˗˄ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ ʰ˄ ʻʰ ʻʷˋˇˎ˃ʶ ˖ˌ ˉˊ˗ˍʹ ˉˊˇˍʶˊʰʽˈˍʹˍʰ ˍʹ˄ 

ʰˁˊʾʲʶʽʰ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʺ ˍˇˎˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄ˇˎˌ ˉˈˊˇˎˌΦ 
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ɼɳʊɮɽɮɹʁ 4ˇ  

ʇɽʁʃʁɹɶʅɶ ɼɮɹ ɮʃʁʆɳɽɳʅɾɮʆɮ ʆɶʅ ʃɮʄɮɾɳʆʄɹɼɶʅΣ ʃʁɽʇʊɮʅɹɼɶʅ ɼɮɹ 

ʃʁɽʇɳʃɹʃɳɲɶʅ SVPWM ʆɳʋɿɹɼɶʅ 

4.1 ɳʽˋʰʴ˖ʴʺ 

ʆʰ ˍʶ˂ʶˎˍʰʾʰ ˔ˊˈ˄ʽʰΣ ˍˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ ʴʽʰ ˍʹ˄ ˍʶ˔˄ˇ˂ˇʴʾʰ ˍ˖˄ ˉˇ˂ˎ˒ʰˋʽˁ˗˄ ˃ʶˍʰˍˊˇˉʷ˖˄ ʷ˔ʶʽ ʰˎ˅ʹʻʶʾ 

˂ˈʴ˖ ˍ˖˄ ˉ˂ʶˇ˄ʶˁˍʹ˃ʱˍ˖˄ ˉˇˎ ˉˊˇˋ˒ʷˊʶʽ ʹ ˔ˊʺˋʹ ˉʶˊʽˋˋˇˍʷˊ˖˄ ˍ˖˄ ˍˊʽ˗˄ ˒ʱˋʶ˖˄ ˋʶ ʶ˒ʰˊ˃ˇʴʷˌ 

ˁʾ˄ʹˋʹˌΦ ɳˁˍˈˌ ʰˎˍˇˏΣ ʹ ˍʶ˔˄ˇ˂ˇʴʾʰ ˉˇ˂ˎʶˉʾˉʶʵ˖˄ ˃ʶˍʰˍˊˇˉʷ˖˄ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ʶˉʾˍʶˎ˅ʹ ˎ˕ʹ˂˗˄ 

ˍʽ˃˗˄ ʽˋ˔ˏˇˌ ˃ʶ ˍʹ˄ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʹ ˋˎˋˁʶˎ˗˄ ˉʶˊʽˇˊʽˋ˃ʷ˄ʹˌ ˍʱˋʹˌΦ ɶ ˉˇ˂ˎ˒ʰˋʽˁʺΣ ˉˇ˂ˎʶˉʾˉʶʵʹ 

ˍʶ˔˄ˇ˂ˇʴʾʰ ˋˎ˄ʵˎʱʸʶʽ ˍʰ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ˁʰʽ ˍ˖˄ ʵˏˇ ˍʶ˔˄ˇ˂ˇʴʽ˗˄Φ 

ʁʽ ˉʶˊʽˋˋˈˍʶˊˇʽ ʰˉˈ ˍˇˎˌ ʹ˂ʶˁˍˊʽˁˇˏˌ ˁʽ˄ʹˍʺˊʶˌ ˃ʶˍʰʲ˂ʹˍʺˌ ˍʰ˔ˏˍʹˍʰˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ˍˊʽ˒ʰˋʽˁʷˌ 

˃ʹ˔ʰ˄ʷˌΦ ʃʰˊΩ ˈ˂ʰ ʰˎˍʱΣ ʵʶʵˇ˃ʷ˄ˇˎ ˈˍʽ ˇʽ ˃ʶˍʰʲ˂ʹˍʺˌ ˍʰ˔ˏˍʹˍʰˌ ʶ˄ʰ˂˂ʰˋˋˈ˃ʶ˄ˇʽ ˁʽ˄ʹˍʺˊʶˌ 

ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ʷ˄ʰ˄ ʹ˂ʶˁˍˊˇ˄ʽˁˈ ˃ʶˍʰˍˊˇˉʷʰ ʽˋ˔ˏˇˌΣ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ ˒ʱˋʶ˖˄ ˍʹˌ ˃ʹ˔ʰ˄ʺˌ ˃ˉˇˊʶʾ ˄ʰ 

ʶʾ˄ʰʽ ˃ʶʴʰ˂ˏˍʶˊˇˌ ˍ˖˄ ˍˊʽ˗˄Φ ʆʰ ˁˏˊʽʰ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ˍʹˌ ˔ˊʺˋʹˌ ˃ʾʰ ˉˇ˂ˎ˒ʰˋʽˁʺˌ ˃ʹ˔ʰ˄ʺˌ ʷ˄ʰ˄ˍʽ 

˃ʾʰˌ ˍˊʽ˒ʰˋʽˁʺˌ ʶʾ˄ʰʽΥ 

ü ɮˎ˅ʹ˃ʷ˄ʹ ʰ˅ʽˇˉʽˋˍʾʰ ˁʰʽ ʰ˄ˍˇ˔ʺ ˋʶ ˋ˒ʱ˂˃ʰˍʰΦ 

ü ɾʶʴʰ˂ˏˍʶˊʹ ʰˉˇʵˇˍʽˁˈˍʹˍʰΦ 

ü ʇ˕ʹ˂ˈˍʶˊʹ ˉˎˁ˄ˈˍʹˍʰ ˁʰʽ ˃ʶʽ˖˃ʷ˄ʶˌ ˍʰ˂ʰ˄ˍ˗ˋʶʽˌ ˊˇˉʺˌΦ 

ü ʋʰ˃ʹ˂ˈˍʶˊʶˌ ʰ˄ʱ ˒ʱˋʹ ʰˉʰʽˍʺˋʶʽˌ ˔ʶʽˊʽˋ˃ˇˏ ʽˋ˔ˏˇˌΦ 

ü ɰʶ˂ˍʽ˖˃ʷ˄ʹ ˉˊˇˋʰˊ˃ˇˋˍʽˁˈˍʹˍʰΦ 

ü ɰʶ˂ˍʽ˖˃ʷ˄ʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ʻˇˊˏʲˇˎΦ 

ʁˊʽˋ˃ʷ˄ʶˌ ˉˊˈˋ˒ʰˍʶˌ ʶ˒ʰˊ˃ˇʴʷˌ ˉˇ˂ˎ˒ʰˋʽˁ˗˄ ˋˎˋˍʹ˃ʱˍ˖˄ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˔ʰ˃ʹ˂ʺˌ ˍʰ˔ˏˍʹˍʰˌ 

˃ʹ˔ʰ˄ʷˌΣ ˎ˕ʹ˂ʺˌ ˊˇˉʺˌ ˁʰʽ ˔˖ˊʾˌ ˕ʺˁˍˊʶˌ ˇʽ ˇˉˇʾʶˌ ʶ˒ʰˊ˃ˈʸˇ˄ˍʰʽ ˋʶ ʹ˂ʶˁˍˊʽˁʱ ˇ˔ʺ˃ʰˍʰ ˉˊˈ˖ˋʹˌΣ 

ˁʽ˄ʹˍʺˊʶˌ ˃ˇ˄ʾ˃˖˄ ˃ʰʴ˄ʹˍ˗˄ ʴʽʰ ˉˊˈ˖ˋʹ ˉ˂ˇʾ˖˄Σ ˁʽ˄ʹˍʺˊʶˌ ˃ˇ˄ʾ˃˖˄ ˃ʰʴ˄ʹˍ˗˄ ˃ʶ ˔ʰ˃ʹ˂ʺ 

ˍʰ˂ʱ˄ˍ˖ˋʹ ˊˇˉʺˌ ˁʰʽ ˋˍʹ˄ ˋʶʽˊʽʰˁʺ ʷ˄˖ˋʹ ʵˏˇ ˁʽ˄ʹˍʺˊ˖˄ ˃ʶ ˍʹ˄ ˎˉˇˋˍʺˊʽ˅ʹ ʶ˄ˈˌ ˃ˈ˄ˇ ʰ˄ʰˋˍˊˇ˒ʷʰΦ 

ɶ ˍʶ˔˄ˇ˂ˇʴʾʰ ˉˇ˂ˎʶˉʾˉʶʵ˖˄ ˃ʶˍʰˍˊˇˉʷ˖˄ ʲʰˋʾʸʶˍʰʽ ˋˍʹ˄ ˋˏ˄ʻʶˋʹ ˃ʾʰ̩ ˁˎ˃ʰˍˇ˃ˇˊ˒ʺˌ ˍʱˋʹˌ 

ʰˉˇˍʶ˂ˇˏ˃ʶ˄ʹ ʰˉˈ ʵʽʱ˒ˇˊʰ ʶˉʾˉʶʵʰ DC ˍʱˋʹˌΦ ʂˋˇ ʰˎ˅ʱ˄ʶʽ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ ʶˉʽˉʷʵ˖˄Σ ʹ ˋˎ˄ʻʷˋʽ˃ʹ 

ˍʱˋʹ ʶ˅ˈʵˇˎ ʰˉˇˁˍʱ ˈ˂ˇ ˁʰʽ ˉʶˊʽˋˋˈˍʶˊʰ ΨΩˋˁʰ˂ˇˉʱˍʽʰΩΩ ˁʰʽ ˉʰˊʱʴʶˍʰʽ ˁʰˍΩ ʰˎˍˈ˄ ˍˇ˄ ˍˊˈˉˇ ˃ʾʰ 

ˁˎ˃ʰˍˇ˃ˇˊ˒ʺ ʹ ˇˉˇʾʰ ˉˊˇˋʶʴʴʾʸʶʽ ˉ˂ʹˊʷˋˍʶˊʰ ˍʹ˄ ʹ˃ʽˍˇ˄ˇʶʽʵʺ ˃ˇˊ˒ʺ ˉˇˎ ʶʾ˄ʰʽ ˁʰʽ ʹ ʶˉʽʻˎ˃ʹˍʺΦ ʆʰ 

ˁˏˊʽʰ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ˍʹˌ ˔ˊʺˋʹˌ ˉˇ˂ˎʶˉʾˉʶʵ˖˄ ʰ˄ʰˋˍˊˇ˒ʷ˖˄ ʶʾ˄ʰʽΥ 

¶ ɲˎ˄ʰˍˈˍʹˍʰ ˉʰˊʰʴ˖ʴʺˌ ˎ˕ʹ˂ʺˌ ˍʱˋʶ˖ˌ ʰˉˈ ˋˎˋˁʶˎʷˌ ˉʶˊʽˇˊʽˋ˃ʷ˄ʹˌ ˍʱˋʹˌΦ 

¶ ʋʰ˃ʹ˂ʺ ʰˊ˃ˇ˄ʽˁʺ ˉʰˊʰ˃ˈˊ˒˖ˋʹΦ 

¶ ɾʶʽ˖˃ʷ˄ʶˌ ʰˉ˗˂ʶʽʶˌ ˃ʶˍʰʴ˖ʴʺˌΦ 

¶ ɮˎ˅ʹ˃ʷ˄ʹ ʰˉˇʵˇˍʽˁˈˍʹˍʰΦ 

¶ ɼʰ˂ʺ ʹ˂ʶˁˍˊˇ˃ʰʴ˄ʹˍʽˁʺ ˋˎ˃ʲʰˍˈˍʹˍʰΦ 
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ʁʽ ˉˇ˂ˎʶˉʾˉʶʵˇʽ ˃ʶˍʰˍˊˇˉʶʾˌ ʷ˔ˇˎ˄ ˃ʶ˂ʶˍʹʻʶʾ ʶˎˊʷ˖ˌ ˋʶ ˃ʶʴʱ˂ʹ ˉˇʽˁʽ˂ʾʰ ʶ˒ʰˊ˃ˇʴ˗˄Φ ʃˊˈˋ˒ʰˍʶˌ 

ʲʽˇ˃ʹ˔ʰ˄ʽˁʷˌ ʶ˒ʰˊ˃ˇʴʷˌ ˉˇ˂ˎʶˉʾˉʶʵ˖˄ ʰ˄ʰˋˍˊˇ˒ʷ˖˄ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˁʽ˄ʹˍʺˊʶˌ ˃ʹ˔ʰ˄˗˄ ʶˉʰʴ˖ʴʺˌΣ 

ʶ˄ʶˊʴʷˌ ʰ˄ˇˊʻ˗ˋʶʽˌΣ ʵʽʰˋˏ˄ʵʶˋʹ ʰ˄ʰ˄ʶ˗ˋʽ˃˖˄ ˉʹʴ˗˄ ʶ˄ʷˊʴʶʽʰˌ ˋˍˇ ʹ˂ʶˁˍˊʽˁˈ ʵʾˁˍˎˇ ˁʰʽ ˋˍʰˍʽˁˇˏˌΣ  

ˋˏʴ˔ˊˇ˄ˇˏˌ ʰ˄ˍʽˋˍʰʻ˃ʽˋˍʷˌΦ ʃˊˈˋ˒ʰˍʰΣ ʷ˂ʰʲʶ ˔˗ˊʰ ˃ʾʰ ˉˊ˗ˍʹ ˉˊˇˋˉʱʻʶʽʰ ʶ˄ˋ˖˃ʱˍ˖ˋʹˌ ʶ˄ˈˌ 

ˉˇ˂ˎʶˉʾˉʶʵˇˎ ʰ˄ʰˋˍˊˇ˒ʷʰ ˋʶ ˃ʾʰ ˉˇ˂ˎ˒ʰˋʽˁʺ ˃ʹ˔ʰ˄ʺ ˁʱˍʽ ˉˇˎ ˁʰˍʷʵʶʽ˅ʶ ˍʰ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ˍˇˎ 

ˋˎ˄ʵˎʰˋ˃ˇˏ ˍ˖˄ ʵˏˇ ˍʶ˔˄ˇ˂ˇʴʽ˗˄Φ 

ɶ SVPWM ˍʶ˔˄ʽˁʺ ˉˊˇˋ˒ʷˊʶʽ ˋʹ˃ʰ˄ˍʽˁʱ ˇ˒ʷ˂ʹ ˈˋˇ˄ ʰ˒ˇˊʱ ˋˍʹ˄ ʰˉˈʵˇˋʹ ˁʰʽ ʷ˔ʶʽ ʰˉˇʵʶʽ˔ʻʶʾ 

ʽʵʽʰʾˍʶˊʰ ʵʹ˃ˇ˒ʽ˂ʺˌ ˋˍʰ ˍˊʽ˒ʰˋʽˁʱ ˋˎˋˍʺ˃ʰˍʰΦ ʅˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰΣ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʷ˄ʰˌ ʴʶ˄ʽˁˈˌ 

ʰ˂ʴˈˊʽʻ˃ˇˌ ʴʽʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ˍʹˌ SVPWM ˍʶ˔˄ʽˁʺˌΦ ɮˎˍˈˌ ˇ ʰ˂ʴˈˊʽʻ˃ˇˌ ʶʾ˄ʰʽ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ʵˏˇ 

ˁˏˊʽ˖˄ ˉʰˊʰˍʹˊʺˋʶ˖˄Φ ʆʹ˄ ˉʰˊʰˍʺˊʹˋʹ ˉ˖ˌ ʷ˄ʰˌ ˉˇ˂ˎʶˉʾˉʶʵˇˌΣ ˉˇ˂ˎ˒ʰˋʽˁˈˌ ʵʽʰ˃ˇˊ˒˖ˍʺˌ ˃ˉˇˊʶʾ 

˄ʰ ˎ˂ˇˉˇʽʹʻʶʾ ʰˉˈ ʷ˄ʰ ˉˇ˂ˎ˒ʰˋʽˁˈ ʵʽʰ˃ˇˊ˒˖ˍʺ ʵˏˇ ʶˉʽˉʷʵ˖˄ ˁʰʽ ʰˉˈ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ʶ˄ˈˌ ˄ʷˇˎ 

ˉˇ˂ˎ˒ʰˋʽˁˇˏ SVPWM ʰ˂ʴˇˊʾʻ˃ˇˎ ʵˏˇ ʶˉʽˉʷʵ˖˄Φ ɶ ˍʶ˔˄ʽˁʺ ˉˇˎ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʴʽʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ 

ʶ˄ˈˌ ˉˇ˂ˎʶˉʾˉʶʵˇˎ ʵʽʰ˃ˇˊ˒˖ˍʺ ˃ʶ ˍʹ ˔ˊʺˋʹ ʶ˄ˈˌ ʵʽʰ˃ˇˊ˒˖ˍʺ ʵˏˇ ʶˉʽˉʷʵ˖˄ ˃ˉˇˊʶʾ ˄ʰ ʶ˒ʰˊ˃ˇˋˍʶʾ 

ˋʶ ˇˉˇʽˇ˄ʵʺˉˇˍʶ ʰˊʽʻ˃ˈ ˒ʱˋʶ˖˄ ˁʰʽ ʶˉʽˉʷʵ˖˄Φ ɳˉʾˋʹˌ ˉʰˊˇˎˋʽʱʸʶʽ ˉˇ˂ˏ ˔ʰ˃ʹ˂ˈ ˎˉˇ˂ˇʴʽˋˍʽˁˈ 

ˁˈˋˍˇˌΣ ʵʶ˄ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˍˊʽʴ˖˄ˇ˃ʶˍˊʽˁʷˌ ˋˎ˄ʰˊˍʺˋʶʽˌΣ ˍˇ ˇˉˇʾˇ ʶʾ˄ʰʽ ʰ˄ʶ˅ʱˊˍʹˍˇ ʰˉˈ ˍˇ˄ ʰˊʽʻ˃ˈ 

ˍ˖˄ ʶˉʽˉʷʵ˖˄ ˁʰʽ ʶʾ˄ʰʽ ˍʰʽˊʽʰˋˍˈ ʴʽʰ ˉˊʰʴ˃ʰˍʽˁˇˏ ˔ˊˈ˄ˇˎ ˎ˂ˇˉˇʽʺˋʶʽˌ ˋˍˇ ˎ˂ʽˁˈ. ʆʷ˂ˇˌ ʹ ˄ʷʰ ʰˎˍʺ 

ˍʶ˔˄ʽˁʺ ʵʽʰˍˎˉ˗˄ʶˍʰʽ ˋˍˇ ˃ʹ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ʷ˄ˇ ˉˇ˂ˎʵʽʱˋˍʰˍˇ ˔˗ˊˇ ʴʽʰ ʷ˄ʰ ʴʶ˄ʽˁˈ ʰˊʽʻ˃ˈ ˒ʱˋʶ˖˄Φ 

4.2  ɶ ˍʶ˔˄ʽˁʺ SVPWM 

ʆʰ ˍʶ˂ʶˎˍʰʾʰ ˔ˊˈ˄ʽʰΣ ʹ ˍʶ˔˄ʽˁʺ ʵʽʰ˃ˈˊ˒˖ˋʹˌ ʶˏˊˇˎˌ ˉʰ˂˃˗˄ ˃ʶ ˔˖ˊʽˁʱ ʵʽʰ˄ˏˋ˃ʰˍʰ ˍʱˋʹˌόSVPWM) 

ʲˊʾˋˁʶʽ ˃ʶʴʱ˂ʹ ʶ˒ʰˊ˃ˇʴʺ ˋˍˇˎˌ ʹ˂ʶˁˍˊˇ˄ʽˁˇˏˌ ˃ʶˍʰˍˊˇˉʶʾˌ ʽˋ˔ˏˇˌΦ ɮˉˇˍʶ˂ʶʾ ˃ʾʰ ˉˊˇʹʴ˃ʷ˄ʹ ˍʶ˔˄ʽˁʺΣ 

ʹ ˇˉˇʾʰ ʰˉʰʽˍʶʾ ˃ʶʴʱ˂ˇ ˎˉˇ˂ˇʴʽˋˍʽˁˈ ˒ˈˊˍˇΣ ˎ˂ˇˉˇʽʶʾˍʰʽ ˈ˃˖ˌ ˋ˔ʶˍʽˁʱ ʶˏˁˇ˂ʰ ˃ʶ ˕ʹ˒ʽʰˁʷˌ 

ʵʽʰˍʱ˅ʶʽˌ ʶ˂ʷʴ˔ˇˎΣ ˈˉ˖ˌ ʶʾ˄ʰʽ ˇʽ ˕ʹ˒ʽʰˁˇʾ ʶˉʶ˅ʶˊʴʰˋˍʷˌ ˋʺ˃ʰˍˇˌόDigital Signal Processor, DSPύ ʺ ˇʽ 

˃ʽˁˊˇːˉˇ˂ˇʴʽˋˍʷˌόmicroprocessors, P˃s). 

ɶ ˍʶ˔˄ʽˁʺ SPWMΣ ˃ʶ ˍʹ˄ ˇˉˇʾʰ ʰˋ˔ˇ˂ʹʻʺˁʰ˃ʶ ˉʰˊʰˉʱ˄˖Σ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʴʽʰ ˁʱʻʶ ˒ʱˋʹ ˔˖ˊʽˋˍʱΦ 

ɮˎˍʺ ˂ʶʽˍˇˎˊʴʶʾ ˁʰ˄ˇ˄ʽˁʱ ˈˋˇ ˇʽ ˍˊʶʽˌ ˒ʱˋʶʽˌ ˍˇˎ ʰ˄ʰˋˍˊˇ˒ʷʰ ˂ʶʽˍˇˎˊʴˇˏ˄ ʰ˄ʶ˅ʱˊˍʹˍʰ ˃ʶˍʰ˅ˏ ˍˇˎˌΦ 

ʂˍʰ˄ ˈ˃˖ˌ ʰˎˍˈ ʵʶ˄ ˋˎ˃ʲʰʾ˄ʶʽΣ ˈˉ˖ˌ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ˋʶ ʷ˄ʰ ˍˊʽ˒ʰˋʽˁˈ ˁʽ˄ʹˍʺˊʰΣ ˁʰʽ ˇʽ ˍˊʶʽˌ ˒ʱˋʶʽˌ 

ʵʶ˄ ʶʾ˄ʰʽ ˉ˂ʷˇ˄ ʰ˄ʶ˅ʱˊˍʹˍʶˌ ˃ʶˍʰ˅ˏ ˍˇˎˌ ʰ˂˂ʱ ˍˇ ˊʶˏ˃ʰ ˍʹˌ ˁʱʻʶ ˃ʽʰˌ ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ ʰˎˍˈ ˍ˖˄ ʱ˂˂˖˄ 

ʵˏˇ ˍˈˍʶ ʹ ˍʶ˔˄ʽˁʺ SPWM ʵʶ˄ ʵˏ˄ʰˍʰʽ ˄ʰ ˂ʱʲʶʽ ˎˉˈ˕ʹ ˍʹ˄ ʶ˅ʱˊˍʹˋʹ ʰˎˍʺΦ ɮ˄ˍʽʻʷˍ˖ˌ ʹ ˍʶ˔˄ʽˁʺ 

SVPWM ˂ʰ˃ʲʱ˄ʶʽ ˎˉˈ˕ʹ ʰˎˍʺ ˍʹ˄ ʶ˅ʱˊˍʹˋʹΣ ʰ˒ˇˏ ʹ ˂ʶʽˍˇˎˊʴʾʰ ˍʹˌ ʲʰˋʾʸʶˍʰʽ ˋˍʽˌ ˉˇ˂ʽˁʷˌ ˁʰʽ ˈ˔ʽ 

ˋˍʽˌ ˒ʰˋʽˁʷˌ ˍʱˋʶʽˌ ˍˇˎ ˒ˇˊˍʾˇˎΦ ɶ ˃ʷʻˇʵˇˌ SVPWM ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˍʰ ʵʽʰ˄ˏˋ˃ʰˍʰ ˁʰˍʱˋˍʰˋʹˌ ˍˇˎ 

ʰ˄ʰˋˍˊˇ˒ʷʰ ˁʰʻ˗ˌ ˁʰʽ ˍˇ ʵʽʱ˄ˎˋ˃ʰ ʰ˄ʰ˒ˇˊʱˌ ˍʹˌ ˍʱˋʹˌ ˗ˋˍʶ ˄ʰ ʵʽʰ˃ˇˊ˒˗ˋʶʽ ˍˇ ʶˏˊˇˌ ˍ˖˄ ˉʰ˂˃˗˄ 

ˉˇˎ ʻʰ ˇʵʹʴʺˋˇˎ˄ ˍˇˎˌ ʹ˃ʽʰʴ˖ʴʽˁˇˏˌ ʵʽʰˁˈˉˍʶˌ ˍˇˎ ʰ˄ʰˋˍˊˇ˒ʷʰΦ 

ɶ ʰˊ˔ʺ ˋˍʹ˄ ˇˉˇʾʰ ˋˍʹˊʾʸʶˍʰʽ ʹ ʰ˄ʱˉˍˎ˅ʹ ˍʹˌ ˍʶ˔˄ʽˁʺˌ SVPWM ʶʾ˄ʰʽ ʹ ʵˎ˄ʰˍˈˍʹˍʰ ˉˇˎ ˎˉʱˊ˔ʶʽ ˄ʰ 

ʶˁ˒ˊʰˋˍˇˏ˄ ˇʽ ˍʱˋʶʽˌ ʶ˅ˈʵˇˎ ʶ˄ˈˌ ˍˊʽ˒ʰˋʽˁˇˏ ʰ˄ʰˋˍˊˇ˒ʷʰ ˖ˌ ˋˍʰʻʶˊʱ ˔˖ˊʽˁʱ ʵʽʰ˄ˏˋ˃ʰˍʰ ˋˍˇ 

ʶˉʾˉʶʵˇ d-q. ɳ˄ʰ˂˂ʰˁˍʽˁʱΣ ˍʰ ʵʽʰ˄ˏˋ˃ʰˍʰ ˍʱˋʹˌ ˇ˄ˇ˃ʱʸˇ˄ˍʰʽ ˁʰʽ ˔˖ˊʽˁʱ ʵʽʰ˄ˏˋ˃ʰˍʰ ˍʱˋʹˌ(voltage 

space vectorsύΣ ˈ˃˖ˌ ʵʶ˄ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ʵʽʰ˄ˏˋ˃ʰˍʰ ˋˍˇ ˔˗ˊˇ ʰ˂˂ʱ ˋˍˇ ˃ʽʴʰʵʽˁˈ ʶˉʾˉʶʵˇΣ ʰ˒ˇˏ ˍʰ 

ˍˊʽ˒ʰˋʽˁʱ ˋˎˋˍʺ˃ʰˍʰ ˉˇˎ ʶ˅ʶˍʱʸˇˎ˃ʶ ʶʾ˄ʰʽ ˋˎ˃˃ʶˍˊʽˁʱ ˁʰʽ ʵʶ˄ ʶ˃˒ʰ˄ʾʸˇˎ˄ ˋˎ˄ʽˋˍ˗ˋʰ ˃ʹʵʶ˄ʽˁʺˌ 

ʰˁˇ˂ˇˎʻʾʰˌόzero sequence component). ɶ ˃ʷʻˇʵˇˌ SVPWM ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋʶ ʶ˒ʰˊ˃ˇʴʷˌ ˇʵʺʴʹˋʹˌ 
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ˁʰʽ ʶ˂ʷʴ˔ˇˎ ʶˉʰʴ˖ʴʽˁ˗˄ ˁʽ˄ʹˍʺˊ˖˄ ˁʰʽ ˁʽ˄ʹˍʺˊ˖˄ ˃ˇ˄ʾ˃˖˄ ˃ʰʴ˄ʹˍ˗˄Φ ʆʰ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ˍʹˌ ˍʶ˔˄ʽˁʺˌ 

SVPWM ʁ ʾ˄ʰʽ ˍʰ ʰˁˈ˂ˇˎʻʰΥ  

i. ɾʽˁˊˈˍʶˊʹ ʰˊ˃ˇ˄ʽˁʺ ˉʰˊʰ˃ˈˊ˒˖ˋʹ ˍʱˋʹˌ ˁʰʽ ˊʶˏ˃ʰˍˇˌ ʶ˅ˈʵˇˎΦ 

ii. ɮ̄ˇɻˇ̱ʽˁ̍ ˍʁ́  ̝́ ˊʺˋʹ ˍʹˌ ˍʱˋʹˌ ˍˊˇ˒ˇʵˇˋʾʰˌ ʶʽˋˈʵˇˎ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ ˍʶ˔˄ʽˁʺ SPWM. 

ʃʶˊʽ˂ʹˉˍʽˁʱ ˇʽ ʰˊ˔ʷˌ ˋˍʽˌ ˇˉˇʾʶˌ ˋˍʹˊʾʸʶˍʰʽ ʹ ʰ˄ʱˉˍˎ˅ʹ ˍʹˌ ˍʶ˔˄ʽˁʺˌ SVPWM ʁ ʾ˄ʰʽ ˇʽ ʰˁˈ˂ˇˎʻʶˌΥ  

¶ ʋʶʽˊʾʸʶˍʰʽ ˍʹ˄ ʹ˃ʽˍˇ˄ˇʶʽʵʺ ˍʱˋʹ ˖ˌ ʷ˄ʰ ˋˍˊʶ˒ˈ˃ʶ˄ˇ ˔˖ˊʽˁˈ ʵʽʱ˄ˎˋ˃ʰ ˋˍʰʻʶˊˇˏ ˉ˂ʱˍˇˎˌ ˁʰʽ 

ˋˍʰʻʶˊʺˌ ˋˎ˔˄ˈˍʹˍʰˌΦ 

¶ ɶ ˍʶ˔˄ʽˁʺ SVPWM ˎˉˇ˂ˇʴʾʸʶʽ ˉˊˇˋʶʴʴʽˋˍʽˁʱ ˍʹ˄ ˍʱˋʹ ʰ˄ʰ˒ˇˊʱˌ Vref ˃ʷˋ˖  ˋˎ˄ʵˎʰˋ˃˗˄ ˍ˖˄ 

ˇˁˍ˗ ʵʽʰ˄ˎˋ˃ʱˍ˖˄ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ˍʰ ˇˁˍ˗ ʵʽʰˁˇˉˍʽˁʱ ʵʽʰ˄ˏˋ˃ʰˍʰ όV0 ς V7) ˍʰ ˇˉˇʾʰ 

ʰ˒ˇˊˇˏ˄ ˋʶ ˈ˂ˇˎˌ ˍˇˎˌ ʵˎ˄ʰˍˇˏˌ ˋˎ˄ʵˎʰˋ˃ˇˏˌ ʰʴ˖ʴʺˌ ˁʰʽ ʰˉˇˁˇˉʺˌ ˍ˖˄ ʵʽʰˁˇˉˍ˗˄ ˍˇˎ 

ˉʰˊʰˁʱˍ˖ ˍˊʽ˒ʰˋʽˁˇˏ ʰ˄ʰˋˍˊˇ˒ʷʰΥ  

 
ʅ˔ʺ˃ʰ пΦмΥ ʆˊʽ˒ʰˋʽˁˈˌ ʰ˄ʰˋˍˊˇ˒ʷʰˌ ˃ʶ ˉʹʴʺ ˍʱˋʹˌ ˁʰʽ IGBTs ́ ˃ʽʴ˖ʴʽˁˇˏˌ ʵʽʰˁˈˉˍʶˌ  

 

ɿʰ ˋʹ˃ʶʽ˖ʻʶʾ ˉ˖ˌ ˇʽ ʵˎ˄ʰˍˇʾ ʵʽʰˁˇˉˍʽˁˇʾ ˋˎ˄ʵˎʰˋ˃ˇʾ ʶʾ˄ʰʽ ˇ˔ˍ˗ ˁʰʻ˗ˌ ˃ʶ˂ʶˍʱ˃ʶ ˃ˈ˄ˇ ˍʽˌ 

ʵˎ˄ʰˍʷˌ ˁʰˍʰˋˍʱˋʶʽˌ ˍ˖˄ ʵʽʰˁˇˉˍ˗˄ ˍˇˎ ˉʱ˄˖ ˍ˃ʺ˃ʰˍˇˌ ˍˇˎ ʰ˄ʰˋˍˊˇ˒ʷʰΦ ɮˎˍˈ ˁʰʻ˗ˌ ˇʽ 

ʰ˄ˍʾˋˍˇʽ˔ˇʽ ʵʽʰˁˈˉˍʶˌ ˍˇˎ ˁʱˍ˖ ˍ˃ʺ˃ʰˍˇˌ ʶʾ˄ʰʽ ˉʱ˄ˍʰ ˋˎ˃ˉ˂ʹˊ˖˃ʰˍʽˁˇʾ ʰˎˍ̠ .˄ 

¶ ʃˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈˌ ˋˎ˄ˍʶˍʰʴ˃ʷ˄˖˄ ʰˉˈ ˍˇ ˍˊʽ˒ʰˋʽˁˈ ˋˍˊʶ˒ˈ˃ʶ˄ˇ ˉʶʵʾˇ 

ʰ˄ʰ˒ˇˊʱˌ abc ˋˍˇ ʵʽ˒ʰˋʽˁˈ ˋˍʰˍˈ d-q ˉʶʵʾˇΦ ɴ˄ʰ ˍˊʽ˒ʰˋʽˁˈ ʵʽʱ˄ˎˋ˃ʰ ˍʱˋʹˌ 

˃ʶˍʰˋ˔ʹ˃ʰˍʾʸʶˍʰʽ ˋʶ ʷ˄ʰ ˋˍʰˍˈ ʵʽʱ˄ˎˋ˃ʰ d-q ˋˎ˄ˍʶˍʰʴ˃ʷ˄˖˄ ˍˇ ˇˉˇʾˇ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏʶʽ ˍˇ 

˔˖ˊʽˁˈ ʵʽʱ˄ˎˋ˃ʰ ˍˇˎ ʰʻˊˇʾˋ˃ʰˍˇˌ ˍ˖˄ ˍˊʽ˗˄ ˒ʰˋʽˁ˗˄ ˍʱˋʶ˖˄Φ ʁ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈˌ ʰˎˍˈˌ 

ʴʾ˄ʶˍʰʽ ˉʽˇ ˁʰˍʰ˄ˇʹˍˈˌ ˃ʶ ˍˇ ˉʰˊʰˁʱˍ˖ ˋ˔ʺ˃ʰ ˉˇˎ ʰ˒ˇˊʱ ˋʶ ˍˊʽ˒ʰˋʽˁʺ ˃ʹ˔ʰ˄ʺΥ  
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ʅ˔ʺ˃ʰ пΦнΥ ɾʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈˌ ʰˉˈ ˍˇ abc ̀ ˍˇ dq ̀ ˏˋˍʹ˃ʰ ˋˎ˄ˍʶˍʰʴ˃ʷ˄˖˄Φ 

 

¶ ʆʰ ʵʽʰ˄ˏˋ˃ʰˍʰ V1 ς V6 ʵʽʰʽˊˇˏ˄ ˍˇ ˉʶʵʾˇ ˋʶ ʷ˅ʽ ˍˇ˃ʶʾˌόˁʱʻʶ ˍˇ˃ʷʰˌ ˁʰ˂ˏˉˍʶʽ слϲύΦ ʁʽ ˍˇ˃ʶʾˌ 

ʰˎˍˇʾ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˁʰʽ ˋˍˇ ˉʰˊʰˁʱˍ˖ ˋ˔ʺ˃ʰΥ 

 
ʅ˔ʺ˃ʰ пΦоΥ ʋ˖ˊʽˁʱ ʵʽʰ˄ˏˋ˃ʰˍʰ ˒ʰˋʽˁ˗˄ ˍʱˋʶ˖˄ ˒ˇˊˍʾˇˎ ˍˇˎ ʰ˄ʰˋˍˊˇ˒ʷʰ ʵˏˇ ʶˉʽˉʷʵ˖˄ ˋˍˇ 

ʶˉʾˉʶʵˇ d-q. 

 

¶ ɶ ˍʱˋʹ ʰ˄ʰ˒ˇˊʱˌ Vref ˉʰˊʱʴʶˍʰʽ ʰˉˈ ʵˏˇ ʴʶʽˍˇ˄ʽˁʱ ˍˇˎ ʶ˄ʶˊʴʱ ʵʽʰ˄ˏˋ˃ʰˍʰ ˁʰʽ ʰˉˈ ˍʰ ʵˏˇ 

˃ʹʵʶ˄ʽˁʱ ʵʽʰ˄ˏˋ˃ʰˍʰόV0 = [000] ˁ ʰʽ V7 = [111]). 

 

4.3 ʇ˂ˇˉˇʾʹˋʹ ʰ˂ʴˇˊʾʻ˃ˇˎ 

ʅˍˇˎˌ ˉˇ˂ˎ˒ʰˋʽˁˇˏˌ ˃ʶˍʰˍˊˇˉʶʾˌΣ ʹ SVPWM ̱ ʶ˔˄ʽˁʺ ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ ˉˇ˂ˎʵʽʱˋˍʰˍˇ ˉˊˈʲ˂ʹ˃ʰ ˋˍˇ ˇˉˇʾˇ 

ʹ ʶˉʽ˂ˇʴʺ ˍˇˎ ʵʽʰ˄ˏˋ˃ʰˍˇˌ ˃ˉˇˊʶʾ ʰˉʶˎʻʶʾʰˌ ˄ʰ ʴʾ˄ʶʽ ˋʶ ʷ˄ʰ ˉˇ˂ˎʵʽʱˋˍʰˍˇ ˔˗ˊˇΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ˍˇ 

ˉˊˈʲ˂ʹ˃ʰ ʵʽʰ˃ˈˊ˒˖ˋʹˌ ʶ˄ˈˌ P ˒ʱˋʶ˖˄ ˃ʶˍʰˍˊˇˉʷʰ ʵʽʰ˃ˇˊ˒˗˄ʶˍʰʽ ˋʶ ʷ˄ʰ˄ P ʵʽʰˋˍʱˋʶ˖˄ ˔˗ˊˇΣ ˁʰʽ 

ʶˉʽ˂ˏʶˍʰʽ ʴʽʰ ˉˇ˂ˎʶˉʾˉʶʵʶˌ ˍˇˉˇ˂ˇʴʾʶˌ ˋˍʽˌ ˇˉˇʾʶˌ ˍˇ ʶˉʾˉʶʵˇ ʶ˅ˈʵˇˎ ˍʹˌ ˁʱʻʶ ˒ʱˋʹˌ ʶʾ˄ʰʽ ʷ˄ʰ 
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ʰˁʷˊʰʽˇ ˉˇ˂˂ʰˉ˂ʱˋʽˇ ʶ˄ˈˌ ˋˍʰʻʶˊˇˏ ʲʺ˃ʰˍˇˌ ˍʱˋʹˌ VDC. ʆ̫ ˍˇʽʶˌ ˍˇˉˇ˂ˇʴʾʶˌ ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ˇʽ 

ˉˇ˂ˎʶˉʾˉʶʵˇʽ ʰ˄ʰˋˍˊˇ˒ʶʾˌ ʰʽ˖ˊˇˏ˃ʶ˄˖˄ ˉˎˁ˄˖ˍ˗˄όflying capacitors) ˁʰʽ ʵʽˈʵ˖˄ ˉʶˊʽˇˊʽˋ˃ˇˏόdiode 

clamped), ʰ˂˂ʱ ˁʰʽ ˇ ̔ʰ˄ʰˋˍˊˇ˒ʶʾˌ ˉˇ˂˂ʰˉ˂˗˄ ʶˉʽˉʷʵ˖˄ ˉˇˎ ʰˉˇˍʶ˂ˇˏ˄ˍʰʽ ʰˉˈ ˃ˇ˄ˇ˒ʰˋʽˁˇˏˌ 

ʰ˄ʰˋˍˊˇ˒ʶʾˌ ˋˎ˄ʵʶʵʶ˃ʷ˄ˇˎˌ ˋʁ ˋʶʽˊʱ ˃ʶ ʰ˄ʶ˅ʱˊˍʹˍʶˌ ˉʹʴʷˌ ˍʱˋʹˌ ˈˉ˖ˌ ʶˉʾˋʹˌ ˁʰʽ ˇ ̔ˎʲˊʽʵʽˁˇʾ 

˃ʶˍʰˍˊˇˉʶʾˌΦ ɮ˒ˇˏ ˇʽ ˁʰˍʰˋˍʱˋʶʽˌ ˍ˖˄ ʵʽʰˁˇˉˍ˗˄ ˇˉˇʽʰˋʵʺˉˇˍʶ ˍˇˉˇ˂ˇʴʾʰˌ ˃ʶˍʰˍˊˇˉʷʰ ʽˋ˔ˏˇˌ 

˃ʷ˄ˇˎ˄ ˋʶ ʵʽʰˁˊʽˍʷˌ ˁʰˍʰˋˍʱˋʶʽˌΣ ʹ SVPWM ˍʶ˔˄ʽˁʺ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ˄ ˋˏ˄ʻʶˋʹ ʶ˄ˈˌ 

ʵʽʰ˄ˏˋ˃ʰˍˇˌ ˍʱˋʹˌ ʰ˄ʰ˒ˇˊʱˌ Vr ˃ʷˋ˖ ˃ʾʰˌ ʰˁˇ˂ˇˎʻʾʰˌ ˔˖ˊʽˁ˗˄ ʵʽʰ˄ˎˋ˃ʱˍ˖˄Σ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ 

ˁʱʻʶ ˁˏˁ˂ˇˎ ʵʽʰ˃ˈˊ˒˖ˋʹˌΦ ɼʱʻʶ ˔˖ˊʽˁˈ ʵʽʱ˄ˎˋ˃ʰ  Vsj ˉˊʷˉʶʽ ˄ʰ ʶ˒ʰˊ˃ˇˋˍʶʾ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ʶ˄ˈˌ 

˔ˊˇ˄ʽˁˇˏ ʵʽʰˋˍʺ˃ʰˍˇˌ t j ˃ ʶ ʲʱˋʹ ˍ̌ ˄ ˉʰˊʰˁʱˍ˖ ˄ˈ˃ˇ ɻ ʽʰ˃ˈˊ˒˖ˋʹˌ: 

Vr =  В  Vsj * Tj    

ˈ̄ˇˎ ˍˇ ʱʻˊˇʽˋ˃ʰ ˍ˖˄ ˔ˊˇ˄ʽˁ˗˄ ʵʽʰˋˍʹ˃ʱˍ˖˄ Tj ʻʰ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ʾˋˇ ˃ʶ ˍʹ˄ ˉʶˊʾˇʵˇ ʵʽʰ˃ˈˊ˒˖ˋʹˌ 

T  ̍ ˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˁʰʽ ˉʰˊʰˁʱˍ˖Υ 

В  ʆj = T 

ʆˇ ʵʽʱ˄ˎˋ˃ʰ ʰ˄ʰ˒ˇˊʱˌ ˋˎ˄ˇ˕ʾʸʶʽ ˍʹ˄ ˍʱˋʹ ʰ˄ʰ˒ˇˊʱˌ ʴʽʰ ˍʹ˄ ˁʱʻʶ ˒ʱˋʹ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌΣ ʶ˄˗ ˁʱʻʶ 

ʵʽʱ˄ˎˋ˃ʰ ˃ʶˍʰʴ˖ʴʺˌ ˋˎ˄ˇ˕ʾʸʶʽ ˍʹ˄ ʵʽʰˁˇˉˍʽˁʺ ˁʰˍʱˋˍʰˋʹ ˍʹˌ ˁʱʻʶ ˒ʱˋʹˌ ˍˇˎ ˃ʶˍʰˍˊˇˉʷʰΦ 

Vr = [Vr
1,Vr

2, Χ ,Vr
P ]T  ɴ    RP 

Vsj = [Vsj
1,Vsj

2Σ Χ ΣVsj
P]T   ɴ  RP 

ʅˎ˄ʶˉ˗ˌ ˍʰ ʵʽʰ˄ˏˋ˃ʰˍʰ ʰ˄ʰ˒ˇˊʱˌ ˁʰʽ ˃ʶˍʰʴ˖ʴʺˌ ʰ˄ʺˁˇˎ˄ ˋˍˇ˄ ˉˇ˂ˎʵʽʱˋˍʰˍˇ ˔˗ˊˇ RP ˈˉˇˎ P ʶʾ˄ʰʽ 

ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ ˒ʱˋʶ˖˄ ˍˇˎ ˃ʶˍʰˍˊˇˉʷʰΦ 

ʅˍʽˌ ˉʶˊʽˋˋˈˍʶˊʶˌ ˉˇ˂ˎʶˉʾˉʶʵʶˌ ˍˇˉˇ˂ˇʴʾʶˌ ˍˇ ʶˉʾˉʶʵˇ ˍʹˌ ˍʱˋʹˌ ʶ˅ˈʵˇˎ ˍʹˌ ˁʱʻʶ ˒ʱˋʹˌ Vs ʶʾ˄ʰʽ ʷ˄ʰ 

ʰˁʷˊʰʽˇ ˉˇ˂˂ʰˉ˂ʱˋʽˇ ʶ˄ˈˌ ˋˍʰʻʶˊˇˏ ΨΩʲʺ˃ʰˍˇˌΩΩ ˍʱˋʹˌ Vdc.  

Vs = n * Vdc  

ʅˎ˄ʶˉ˗ˌΣ ˍʰ ʵʽʰ˄ˏˋ˃ʰˍʰ ˁʰʽ ˇʽ ˔ˊˈ˄ˇʽ ˃ʶˍʰʴ˖ʴʺˌ ˃ˉˇˊˇˏ˄ ˄ʰ ˁʰ˄ˇ˄ʽˁˇˉˇʽʹʻˇˏ˄ ˃ʶ ˍʹ˄ ˔ˊʺˋʹ ˍˇˎ 

ˋˍʰʻʶˊˇˏ ʲʺ˃ʰˍˇˌ ˍʱˋʹˌ Vdc, ˁʰʽ ˍʹˌ ˉʶˊʽˈʵˇˎ ˃ʶˍʰʴ˖ʴʺˌ ¢ ʰ˄ˍʾˋˍˇʽ˔ʰ ˈˉ˖ˌ ˉʰˊˇˎˋʽʱʸʶˍʰʽ 

ˉʰˊʰˁʱˍ˖Υ 

vr =   ɴ    RP 

vsj =  ɴ    ZP 

t j =  

ɾʶ ʲʱˋʹ ˂ˇʽˉˈ˄ ˍʰ ˉʰˊʰˉʱ˄˖ ˇ ˄ˈ˃ˇˌ ʵʽʰ˃ˈˊ˒˖ˋʹˌ ʰ˂˂ʱ ˁʰʽ ˍʰ ˄ʷʰ ʵʽʰ˄ˏˋ˃ʰˍʰ ʰ˄ʰ˒ˇˊʱˌ ˁʰʽ 

˃ʶˍʰʴ˖ʴʺˌ ˃ˉˇˊˇˏ˄ ˄ʰ ʴˊʰ˒ˇˏ˄ ˈˉ˖ˌ ˉʰˊʰˁʱˍ˖Υ 
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vr = В  vsj * t j   ̍ ˉˇˎ В  t j = 1 

vr = [ur
1,ur

2, Χ ,ur
P ]T 

vsj = [usj
1,usj

2Σ Χ Σusj
P]T 

ɮ˄ ʰˎˍʱ ˍʰ ˒ʷˊˇˎ˃ʶ ˋʶ ˃ˇˊ˒ʺ ˉʽ˄ʱˁ˖˄ ˍˈˍʶ ˍˇ ˋˏˋˍʹ˃ʰ ˉˇˎ ˁʰ˂ˇˏ˃ʰˋˍʶ ˄ʰ ʶˉʽ˂ˏˋˇˎ˃ʶ ʶʾ˄ʰʽ ˍˇ 

ˉʰˊʰˁʱˍ˖Υ 

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
ợ
ρ
ό

ό
Ȣ
Ȣ
Ȣ
όỨ
ủ
ủ
ủ
ủ
ủ
Ủ

  =  

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
ợ
ρ ρ ȢȢȢ ρ
ό ό ȢȢȢό

ό ό ȢȢȢό
Ȣ Ȣ ȢȢȢ Ȣ
Ȣ Ȣ ȢȢȢ Ȣ
Ȣ Ȣ ȢȢȢ Ȣ
ό ό ȢȢȢό Ứ

ủ
ủ
ủ
ủ
ủ
Ủ

 * 

ụ
Ụ
Ụ
Ụ
Ụ
ợ
ὸ
ὸ
Ȣ
Ȣ
Ȣ
ὸ Ứ
ủ
ủ
ủ
ủ
Ủ

.  

ʆˇ ˉʰˊʰˉʱ˄˖ ˋˏˋˍʹ˃ʰ ʴˊʰ˃˃ʽˁ˗˄ ʶ˅ʽˋ˗ˋʶ˖˄ ˋˎ˄ʽˋˍʱ ˍˇ ˄ˈ˃ˇ ʵʽʰ˃ˈˊ˒˖ˋʹˌ ˁʰʽ ˉˊʷˉʶʽ ˄ʰ ʶˉʽ˂ˎʻʶʾ 

ʰˉˈ ˍˇ˄ ˉˇ˂ˎʶˉʾˉʶʵˇΣ ˉˇ˂ˎ˒ʰˋʽˁˈ SVPWM ʰ˂ʴˈˊʽʻ˃ˇΦ ɶ ˂ˏˋʹ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍˊʾʰ 

ʲʰˋʽˁʱ ʲʺ˃ʰˍʰΥ 

мύ ɮ˄ʰʸʺˍʹˋʹ ˃ʾʰˌ ˋʶʽˊʱˌ ʰˁʶˊʰʾ˖˄ ˋˎ˄ˍʶ˂ʶˋˍ˗˄ ʴʽʰ ˍʹ˄ ˉʰˊʰˉʱ˄˖ ˃ʺˍˊʰ ʹ ˇˉˇʾʰ ʻʰ 

ʶˉʽ˂ˏʶʽ ˍˇ ʴˊʰ˃˃ʽˁˈ ˋˏˋˍʹ˃ʰΦ 

нύ ɳˉʾ˂ˎˋʹ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˍ˖˄ ʴˊʰ˃˃ʽˁ˗˄ ʶ˅ʽˋ˗ˋʶ˖˄ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍ˖˄ ˔ˊˈ˄˖˄ 

˃ʶˍʰʴ˖ʴʺˌΦ 

оύ ɳ˅ʰʴ˖ʴʺ ˍʹˌ ʰˁˇ˂ˇˎʻʾʰˌ ˍ˖˄ ʵʽʰ˄ˎˋ˃ʱˍ˖˄ ˃ʶˍʰʴ˖ʴʺˌ ʰˉˈ ˍˇ˄ ˉʾ˄ʰˁʰΦ 

ʆˇ ˉˊˇʰ˄ʰ˒ʶˊʻʷ˄ ˉˊˈʲ˂ʹ˃ʰ ʵʽʰ˃ˈˊ˒˖ˋʹˌ ʶˉʽ˂ˏʶˍʰʽ ˃ʶ ˍʹ ʲˇʺʻʶʽʰ ʶ˄ˈˌ ˃ʰʻʹ˃ʰˍʽˁˇˏ ʰ˂ʴˇˊʾʻ˃ˇˎ 

ˍˇˎ ˇˉˇʾˇˎ ˍˇ ˃ˉ˂ˇˁ ʵʽʱʴˊʰ˃˃ʰ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˉʰˊʰˁʱˍ˖Υ 
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ʅ˔ʺ˃ʰ пΦпΥ ɾˉ˂ˇˁ ʵʽʱʴˊʰ˃˃ʰ ˍʹˌ ̄ ˇ˂ˎ˒ʰˋʽˁʺˌ ˉˇ˂ˎʶˉʾˉʶʵʹˌ SVPWM. (a) ʃˇ˂ˎ˒ʰˋʽˁʺ ˉˇ˂ˎʶˉʾˉʶʵʹ 

SVPWM ̡ ʰˋʽˋ˃ʷ˄ʹ ˋʶ ˃ʾʰ ʵˏˇ ʶˉʽˉʷʵ˖˄ SVPWM. (b) ɾˉ˂ˇˁ ʵʽʱʴˊʰ˃˃ʰ ˍʹˌ ʵˏˇ ʶˉʽˉʷʵ˖˄ ˉˇ˂ˎ˒ʰˋʽˁʺˌ 

SVPWM. 

 

4.3Φм ʃʰˊʰ˃ʶˍˊʽˁʺ ˋ˔ʶʵʾʰˋʹΣ ʰ˄ʶ˅ʱˊˍʹˍʹ ˍʶ˔˄ˇ˂ˇʴʾʰˌ 

ʃˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʵʹ˃ʽˇˎˊʴʺˋˇˎ˃ʶ ʷ˄ʰ ʴʶ˄ʽˁˈ ˉʰˊʰ˃ʶˍˊʽˁˈ ˁˏˁ˂˖˃ʰ ˍˇ ˇˉˇʾˇ ʻʰ ʶʾ˄ʰʽ ˁʰʽ ʰ˄ʶ˅ʱˊˍʹˍˇ 

ˍʹˌ ˍʶ˔˄ˇ˂ˇʴʾʰˌ ˎ˂ˇˉˇʾʹˋʹˌ ʰˁˇ˂ˇˎʻˇˏ˃ʶ ˍʰ ʵˏˇ ˉʰˊʰˁʱˍ˖ ʲʺ˃ʰˍʰΥ  

1) ʂ˂ʰ ˍʰ ˋˎˋˍʰˍʽˁʱ ˋˍˇʽ˔ʶʾʰ ʰˉˈ ˍʰ ˇˉˇʾʰ ʰˉˇˍʶ˂ʶʾˍʰʽ ʹ ˋ˔ʶʵʾʰˋʺ ˃ʰˌ ʴʾ˄ˇ˄ˍʰʽ ˉʰˊʰ˃ʶˍˊʽˁʱ 

˃ʶ ˍʹ˄ ˔ˊʺˋʹ ʶ˄ˈˌ VHDL ˉʰˁʷˍˇˎ ʰ˂˂ʱ ˁʰʽ ˍʹˌ ʶ˄ˍˇ˂ʺˌ GENERICόʴʶ˄ʽˁʺ ˉʰˊʱ˃ʶˍˊˇˌύ ʹ ˇˉˇʾʰ 

˃ʰˌ ʶˉʽˍˊʷˉʶʽ ˍˇ˄ ˇˊʽˋ˃ˈ ʴʶ˄ʽˁ˗˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˇʽ ˇˉˇʾʶˌ ʶˏˁˇ˂ʰ ˍˊˇˉˇˉˇʽˇˏ˄ˍʰʽ ˁʰʽ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ʶ˒ʰˊ˃ˇʴʷˌΦ ʁ ˔ˊʺˋˍʹˌ ˍˇ ˃ˈ˄ˇ ˉˇˎ ˉˊʷˉʶʽ ˄ʰ ˁʱ˄ʶʽ ʶʾ˄ʰʽ 

˄ʰ ˍˊˇˉˇˉˇʽʺˋʶʽ ˁʰˍʱ˂˂ʹ˂ʰΣ ˈˉˇˍʶ ʶˉʽʻˎ˃ʶʾΣ ˍˇ ˉʰˁʷˍˇ ʰˎˍˈ ʶʽˋʱʴˇ˄ˍʰˌ ˍʽˌ ʶˉʽʻˎ˃ʹˍʷˌ ˍʽ˃ʷˌ 

ˁʰʽ ˄ʰ ˅ʰ˄ʰˁʱ˄ʶʽ ˋˏ˄ʻʶˋʹ ˍʹ˄ ˋ˔ʶʵʾʰˋʺ ˍˇˎΦ ɾʶ ʰˎˍˈ ˍˇ˄ ˍˊˈˉˇ ˂ʰ˃ʲʱ˄ʶʽ ʷ˄ʰ ˄ʷˇ 

ˉʰˊʰ˃ʶˍˊʽˁˈ ˁˏˁ˂˖˃ʰΦ  
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ʂ˂ʰ ˍʰ ˋˎˋˍʰˍʽˁʱ ˋˍˇʽ˔ʶʾʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ˋˍʹ˄ ˋ˔ʶʵʾʰˋʹ ʶʾ˄ʰʽ ˉʰˊʰ˃ʶˍˊʽˁʱ ˂ˈʴ˖ ˍʹˌ 

˔ˊʺˋʹˌ ˍˇˎ ˉʰˊʰˁʱˍ˖ ˉʰˁʷˍˇˎΥ 

------------------------ ɲʺ˂˖ˋʹ ʰˉʰˊʰʾˍʹˍ˖˄ ɰʽʲ˂ʽˇʻʹˁ˗˄ ˁʰʽ ʃʰˁʷˍ˖˄ --------------------------------------------- 

library ieee; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

library ieee_proposed; 

use ieee_proposed.fixed_float_types.all; 

use ieee_proposed.fixed_pkg.all; 

use ieee_proposed.float_pkg.all; 

 

library std; 

use std.standard.all;  

------------------------------------------------------------------------------------------------------------------------------------------ 

---------------------------- ɲʹ˂˗ˋʶʽˌ ʆˏˉ˖˄ ɲʶʵˇ˃ʷ˄˖˄ ʃʰˁʷˍˇˎ -------------------------------------------------------- 

Package svpwm_constants is 

     CONSTANT N: INTEGER RANGE 0 TO 127:= 5;   -- ɲʺ˂˖ˋʹ ɮˊʽʻ˃ˇˏ ɳˉʽˉʷʵ˖˄ ˍˇˎ ɾʶˍʰˍˊˇˉʷʰΦ 

     CONSTANT P: INTEGER RANGE 0 TO 127:= 5;   -- ɲʺ˂˖ˋʹ ɮˊʽʻ˃ˇˏ ʊʱˋʶ˖˄ ˍˇˎ ɾʶˍʰˍˊˇˉʷʰΦ 

     CONSTANT Q: INTEGER RANGE 0 TO 127:= 9;   -- Bit ɼ˂ʰˋ˃ʰˍʽˁˇˏ ɾʷˊˇˎˌ ɮ˄ʰ˒ˇˊʱˌ. 

     CONSTANT I: INTEGER RANGE 0 TO 127:= 3;     -- Bit ɮˁʶˊʰʾˇˎ ɾʷˊˇˎˌ ɮ˄ʰ˒ˇˊʱˌ. 

                        ---------- ɲʹ˂˗ˋʶʽˌ ʃʽ˄ʱˁ˖˄ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʰˉˈ ˍʰ ʅˎˋˍʰˍʽˁʱ ʅˍˇʽ˔ʶʾʰ ------------- 

      TYPE vector_Vref is ARRAY(1 TO P) of sfixed(I-1 downto -Q); 

      TYPE vector_Vf is ARRAY(1 TO P) of sfixed(I downto -Q); 

      TYPE array_P is ARRAY(0 TO P) of INTEGER RANGE 0 TO P; 

     TYPE array_Vi is ARRAY(1 TO P) of INTEGER RANGE -2 TO 2; 
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     TYPE array_D is ARRAY(0 TO P, 0 TO P) of INTEGER RANGE 0 TO 1; 

     TYPE array_DP is ARRAY(1 TO P, 0 TO P) of INTEGER RANGE 0 TO 1; 

     TYPE array_V is ARRAY(1 TO P) of INTEGER RANGE 0 TO 1; 

     TYPE array_Vd is ARRAY(0 TO P) of array_V; 

     TYPE array_for_Vs is ARRAY(1 TO P) of INTEGER RANGE -2 TO 2;   

     TYPE array_Vs is ARRAY(0 TO P) of array_for_Vs; 

     TYPE array_tj is ARRAY(1 TO P+1) of sfixed(I+1 downto -Q);     

--------------------------------------------------------------------------------------------------------------------------- 

------------------------------------------------------------------------------------------------------------------------------------------ 

end svpwm_constants; 

ɮˉˈ ˍˇ ˉʰˊʰˉʱ˄˖ ˉʰˁʷˍˇ ʲ˂ʷˉˇˎ˃ʶ ˉ˖ˌ ʰˉˈ ˍʹ ˃ʾʰ ˇˊʾʸˇ˄ˍʰʽ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ ˒ʱˋʶ˖˄ ʰ˂˂ʱ 

ˁʰʽ ˍ˖˄ ʶˉʽˉʷʵ˖˄ ˍˇˎ ˃ʶˍʰˍˊˇˉʷʰΣ ˍˇˎˌ ˇˉˇʾˇˎ ̩˃ˉˇˊˇˏ˃ʶ ˄ʰ ˃ʶˍʰʲʱ˂˂ˇˎ˃ʶ ʰ˄ʱ ˉʱˋʰ 

ˋˍʽʴ˃ʺΣ ˁʰʽ ʰˉˈ ˍʹ˄ ʱ˂˂ʹ ˇˊʾʸˇ˄ˍʰʽ ʵʽʱ˒ˇˊˇʽ ˍˏˉˇʽ ˉʽ˄ʱˁ˖˄ ˇʽ ˇˉˇʾˇʽ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʰˉˈ 

ˍʰ ʵʽʱ˒ˇˊʰ ˋˎˋˍʰˍʽˁʱ ˋˍˇʽ˔ʶʾʰ ˍʹˌ ˋ˔ʶʵʾʰˋʹˌΦ  

ʆʷ˂ˇˌ ˄ʰ ˍˇ˄ʾˋˇˎ˃ʶ ˉ˖ˌ ˍˇ ˉʰˁʷˍˇ ʰˎˍˈ ˈˉ˖ˌ ˉʰˊʰˍʹˊˇˏ˃ʶ ʵʶ˄ ʷ˔ʶʽ ˋ˗˃ʰόPackage Body) 

ˁʰʻ˗ˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˃ˈ˄ˇ ʵʹ˂˗ˋʶʽˌ ʵʶʵˇ˃ʷ˄˖˄Φ  

2) ɶ ˋ˔ʶʵʾʰˋʺ ˃ʰˌ ʶʾ˄ʰʽ ʰ˄ʶ˅ʱˊˍʹˍʹ ˍʹˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄ʹˌ ˍʶ˔˄ˇ˂ˇʴʾʰˌ ˁʰʻ˗ˌ ˈ˂ʰ ˍʰ 

ˁˎˁ˂˗˃ʰˍʰ ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ ʶ˅Ω ˇ˂ˇˁ˂ʺˊˇˎ ˃ʶ ˍʹ˄ ʴ˂˗ˋˋʰ ˉʶˊʽʴˊʰ˒ʺˌ ˎ˂ʽˁˇˏ VHDLΦ ɾʾʰ 

ˍʷˍˇʽʰ ˉʶˊʽʴˊʰ˒ʺΣ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ˍˇˎ ˁˎˁ˂˗˃ʰˍˇˌ ʵʽʰ˃ˈˊ˒˖ˋʹˌ ˋʶ ˇˉˇʽˇʵʺˉˇˍʶ 

FPGAΣ ʶʽʵʽˁˇˏ ˋˁˇˉˇˏ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ˇ ˁˏˁ˂˖˃ʰ ʺ ʽˋˇʵˏ˄ʰ˃ˇ ˕ʹ˒ʽʰˁˈ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ˇ 

ˁˏˁ˂˖˃ʰΦ 

ɾʶˍʱ ʰˉˈ ʰˎˍʷˌ ˍʽˌ ʵʹ˂˗ˋʶʽˌ ʶʾ˃ʰˋˍʶ ʷˍˇʽ˃ˇʽ ˄ʰ ʰ˄ʰ˂ˏˋˇˎ˃ʶ ʲʺ˃ʰ-ʲʺ˃ʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ˍˇˎ 

ʰ˂ʴˇˊʾʻ˃ˇˎΣ ˇ ˇˉˇʾˇˌ ʲʰˋʾʸʶˍʰʽ ˋʶ ˃ʾʰ ˃ʶˍʰˍˈˉʽˋʹ ˁʰʽ ʷ˄ʰ˄ ʵˏˇ ʶˉʽˉʷʵ˖˄ ˉˇ˂ˎ˒ʰˋʽˁˈ SVPWM 

ʰ˂ʴˈˊʽʻ˃ˇΦ ʆʰ ʲʺ˃ʰˍʰ ʰˎˍʱΣ ʷ˅ʽ ˍˇ˄ ʰˊʽʻ˃ˈΣ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ʰˉˈ ˍˇ ˉʰˊʰˁʱˍ˖ ʵʽʱʴˊʰ˃˃ʰ ˊˇʺˌ ˁʰʽ 

ʰ˄ʰ˂ˏˇ˄ˍʰʽ ʶˁˍʶ˄˗ˌΥ  
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ʅ˔ʺ˃ʰ пΦрΥ ɲʽʱʴˊʰ˃˃ʰ ˊˇʺˌ ˍʹˌ ̄ ˇ˂ˎ˒ʰˋʽˁʺˌ ˉˇ˂ˎʶˉʾˉʶʵʹˌ SVPWM ˃ ˇ˄ʱʵʰˌΦ 

ɱʽʰ ˍʹ˄ ˁʰˍʰ˄ˈʹˋʹ ˁʰʽ ˍʹ˄ ʶˉʰ˂ʺʻʶˎˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˃ʶ ˍʰ ʻʶ˖ˊʹˍʽˁ˗ˌ 

ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ʰ ʶʽˋʱʴʰ˃ʶ ˖ˌ ˁʰ˄ˇ˄ʽˁˇˉˇʽʹ˃ʷ˄ˇ ˋʺ˃ʰ ʰ˄ʰ˒ˇˊʱˌ ˍˇ ˉʰˊʰˁʱˍ˖Υ  

Vref = [1.43,1.13,-0.73,-1.58,-0.25]. 

ɳˉʶʽʵʺ ˇʽ ˉˊʰʴ˃ʰˍʽˁˇʾόreal) ˍˏˉˇʽ ʵʶʵˇ˃ʷ˄˖˄ ʵʶ˄ ʶʾ˄ʰʽ ˋˎ˄ʻʷˋʽ˃ˇʽ ˋˍʹ˄ ʴ˂˗ˋˋʰ VHDL ʴʽʰ ˍʹ˄ 

ˎ˂ˇˉˇʾʹˋʹ ˍˇˎ ˉʰˊʰˉʱ˄˖ ʵʽʰ˄ˏˋ˃ʰˍˇˌ ʰ˄ʰ˒ˇˊʱˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ʰˊʽʻ˃ˇˏˌ ˋˍʰʻʶˊʺˌ 

ˎˉˇʵʽʰˋˍˇ˂ʺˌ ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˉʰˊʰˁʱˍ˖Υ  

Vref: vector_Vref:=("001011011101", "001001000011", "111010001010", "110011010111", "111110000000" ); 

ʂˉˇˎ ˇ ˉʾ˄ʰˁʰˌ vector_Vref  ̌ ˊʾʸʶˍʰʽ ˋˍˇ ˉʰˁʷˍˇ svpwm_constants ̄ ˇˎ ʷ˔ˇˎ˃ʶ ˇˊʾˋʶʽ ˉʰˊʰˉʱ˄˖Φ ɾʶ 

ʲʱˋʹ ʰˎˍˈ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˍʰ ʷ˅ʽ ʲʺ˃ʰˍʰ ˎ˂ˇˉˇʾʹˋʹˌ ˍˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎΥ  

 

 


