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Abstract 

 

In Air conditioning air blowers are working at full speed although the conditional 

area at set temperature. Tins situation consumed considerable amount of energy to 

drive \ the fan or blower and running the refrigeration cycle itself The amount of 

energy which is used to drive the air blower and refrigeration cycle of the air 

conditioning system can be considered as loss of energy. This loss can be minimized 

by introducing the Variable Speed Drive (VSD) to drive the air blower or fan by 

sensing the conditional area temperature etc. 

 

Cost of the VSD is very high in the local market, and it creates long pay back period 

for investment of installing a VSD for air conditioning system. Also electricity tariff 

in Sri Lanka is very high and has a trend of increasing. Therefore by introducing 

VSD the electrical energy used for Air conditioning can be minimized. 

 

By considering the above facts low cost VSD is useful for the local market. In this 

project low cost Micro controller has been used as the motor control unit. Micro 

controller generates PWM to drive IGBTs in power module. The method used to 

vary the speed of induction motor is varying the voltage and frequency by keeping 

voltage/frequency ratio constant. Micro controller senses the variable voltage created 

by the potential meter or controller. TIns voltage is converted into form of binary 

value by one of analog to digital converter in the micro controller. This value is used 

to calculate pulse width and number of pulses in the period. The software program 

senses the ON/OFF switch input for the Micro controller and accordingly Run or 

Stop the motor. 

 

The program can be further developed for improving reliability and safety of the 
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CHAPTER 1 

Introduction 

A variable speed drive regulates the speed of the motor, and in turn the speed of the pump or 

l~lll, bv controlling the energy that goes into the motor, rather than restricting the flow of a 

process running constantly at full speed. 

;\ variable speed drive can save over 60(% of the energy. This is possible as it controls the 

energ~' at source, only using as much as is necessary to run the motor with the required 

speed and torque much in the same way as the accelerator in the car controls the engine. As 

acceptance of the technology increases, variable speed drives are gaining market share 

across a range of Industries. During the last few decades, the variable speed controlling of 

J\C motors have been popular due to the achievements of higher efficiency, smooth 

controlling, reliability and the expanston of lifetime of the equipments. Es.pecially the 

variable speed controlling on induction machines have been very popular since the 

simplicity and the low cost of the machines itself Therefore several controlling mechanisms 

had been introduced on controlling the induction machine. Mainly, these are open loop 

control systems. During this project work it is tried to check the availability methods and to 

introduce closed loop control system on three-phase induction motor. In addition to that at 

the steady state operation a novel approach is proposed to eliminate the torque ripple in the 

torque profile. The controller is planned to be implemented in a microcontrollcr. 

Recently, electronic power and control systems have matured to allow these components to 

be used f(Jr motor control 111 place of mechamcal gears. These electronics not only control 



the motor's speed, but can improve the motor's dynamic and steady state characteristics. In 

addition, electronics can reduce the system's average power consumption and noise 

generation of the motor. Induction motor control is complex due to its nonlinear 

characteristics. While there arc different methods for control, Variable Voltage Variable 

Frequency (VVVF) or VI/is the most common method of speed control in open loop. This 

method is most suitable for applications without position control requirements or the need 

for high accuracy of speed control. Examples or these applications include heating, air 

conditiomng, l~ms and blowers. VI/ control can be implemented by using lovv cost 

microcontrollcrs, rather than using costly digital signal processors (DSPs). 

In manv heating, ventilation, and air conditioning (I IVAC) applications, air handler motors 

are either ofT, or on at full speed. llowcver, by adding variable speed control to the air 

handler. significant energy savings over the standard on/oiT control can be realized, resulting 

in significantly reduced cost of operation. The task or designing the variable speed air 

handler is greatly simplified by using the Microchip microcontrollcr. 

Achievernent in brief 

In particular, variable speed drives can be used to reduce energy consumption in fan and 

pump systems. A pump or fan running at half speed consumes only one-eighth or the energy 

or one running at full speed. The power required to run a pump or a l~m is proportional to 

the cube of the speed. This means that if I 00% flow requires full power, 75 1% requires 

(0 75)1cc 4211o or full power, and 50 1~o now requires (0.5)3= 12.5% of the power. 
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/\sa small reduction or the speed can make a big di!Tcrcnce on the energy consumption, and 

a~ man\ ran ;md pump systems run at less than full capacity a lot or the time. a vanahlc speed 

dnvc ca11 111ake huge savmgs compared to a motor driving an application u11dcr 

mechanical control A vanablc speed drive call also make it possible to slop a motor 

completely when it IS not requtred as re-starting with a variable speed drive causes I'm less 

stress than startmg d1recl on I me- soft start is an inherent feature of the drive. Regulating the 

motor speed has added benelil of easily accommodating capacity rises without extra 

lnvc..·stlncnl, as speed 111creases or 5-20(~/(J is no problem with an /\C variable speed drive as 

loll):! as there is enough spare capacity in the system. 
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Figure I. 1 - Variable speed drive l'or Air 11ow controll111g 

Hy malchlllg the per!'onnance of the molor to the needs of the process, vanablc speed drives 

c<lll L!-IVC major savings. compared to the wasteful practice or running the motor at full speed 

against ;1 restnct1o11 to lllodulatc outpu!. 
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CHAP1,ER2 

Design Consideration of the Variable Speed Controller 

2.1 Speed-Torque characteristics of the -Induction 1notor 

Torque 

I Locked Rotm Torque 

Breakdown Torque 

!/ 
I 

Torque 
Current 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Fuii1Load TorquR 

---·--------------------;----------------------------·--------··-------····-··--·------···r··------------·-------~----------L----- THA rr::D 
I 

Pull-up Torque 

~~---------------

Ns 

..... -----Slip Speed ~ 

Figure 2. 1- Speed-Torque characteristics of the Induction motor 
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Figure 2. 1 shows the typical speed-torque characteristics of an induction motor. The X axis 

shows speed and slip. The Y axis shows the torque and cunent. The characteristics are 

drawn with rated voltage and frequency supplied to the stator. During start-up, the motor 

typically draws up to seven times the rated current. This high current is a result of stator and 

4 



rotor flux, the losses in the stator and rotor windings, and losses in the bearings due to 

friction_ This high starting current overcomes these components and produces the 

momentum to rotate the rotor. At start-up, the motor delivers 1.5 times the rated torque of 

the motor. This starting torque is also called locked rotor torque (LRT). As the speed 

increases, the current drawn by the motor reduces slightly . 

The current drops significantly when the motor speed approaches ~80% of the rated speed. 

At base speed, the motor draws the rated current and delivers the rated torque. At base 

speed, if the load on the motor shaft is increased beyond its rated torque, the speed starts 

dropping and slip increases. When the motor is running at approximately 80% of the 

synchronous speed, the load can increase up to 2.5 times the rated torque. This torque is 

called breakdown torque. If the load on the motor is increased further, it will not be able to 

take any further load and the motor will stall. In addition, when the load is increased beyond 

the rated load, the load current increases following the current characteristic path. Due to 

this higher current llow in the windings, inherent losses in the windings increase as well. 

This leads to a higher temperature in the motor windings. Motor windings can withstand 

different temperatures, based on the class of insulation used in the windings and cooling 

system used in the motor. Some motor manufacturers provide the data on overload capacity 

and load over duty cycle. If the motor is overloaded for longer than recommended, then the 

motor may burn out. As seen in the speed-torque characteristics, torque is highly nonlinear 

as the speed varies. 1n many applications, the speed needs to be varied, which makes the 

torque vary. A simple method of speed control called, Variable Voltage Variable Frequency 

(VVVF or V/f). 
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2.2 Load characteristics of the Induction motor 

Constant Torque, Variable Speed Loads 

Torque // 

// 
/' 

/ Power 

Speed 

Figure 2.2- Constant Torque, Variable Speed Loads 

The torque required by this tyrc of load is constant regardless or the speed. In contrast, the 

pnwer 1s linearly proportional to the speed. Equipmcnts such as screw compressors, 

conveyors and feeders have th1s type of characteristic. 

Variable Torque, Variable Speed Loads 

Torque}/ 
~,/ 

_:::_~Power 
-~-·-Speed..,.. 

hgure 2.3 -Variable Torque, Variable Speed Loads 

6 



This is the most commonly found in the industry and sometimes is known as a quadratic 

torque load. The torque is proportional to the square of the speed, while the power is 

proportional to the cube of the speed. This is the typical torque-speed characteristic of a fan 

or a pump. 

Consbmt Power Loads 

Power 

.........__ 

--- Speed......_ 

Figure 2.4 -Constant Power Loads 

This type of load is rare and sometimes found in the industry. The power remains constant 

whi lc the torque varies. The torque is inversely proportional to the speed, which 

theoretically means infinite torque at zero speed and zero torque at inJinitc speed. In 

practice, there is always a finite value to the breakaway torque, required. This type or load is 

characteristic or the traction drives, which require high torque at low speeds ror the initial 

acceleration and then a much reduced torque when at running speed. 
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Constant l'ower, Constant Torque Loads 

Torque 

~r 

/,//~ 

Spe~d-,..._ 

Figure 2.5 -Constant Power, Constant Torque Loads 

Constant power , Constant torque load, as speed increases, the torque is constant while the 

power linearly increasing. When the torque starts to decrease, the power then remains 

constant. 

2.3 V If Control Theory 

As the speed-torque characteristics, the induction motor draws the rated current and delivers 

the ratcu torque at the base speed. When the load is increased (over-rated load), while 

running at base speed, the speed drops and the slip increases. As we have seen in the earlier 

section, the motor can take up to 2.5 times the rated torque with around 20% drop in the 

speed. Any further increase of load on the shall can stall the motor. 

The torque developed by the motor is direct proportional to the magnetic field produced by 

the stator. So, the voltage appl icd to the stator is direct proportional to the product of stator 

nux and angular velocity. This makes the tlux produced by the stator proportional to the 

ratio or applied voltage and t!·equcncy of supply. By varying the hequency, the speed of the 

motor can be varied. Therefore, by varying the voltage and frequency by the same ratio, flux 

and hence, the torque can be kept constant throughout the speed range. 

8 
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Stator Voltage (V) u (Stator Ji'Jux(<D )I x (Angular Velocity (w )) 

V o dl x 2rr f 

•D u Vzf' 

This makes constant V/{the most, common speed control of an induction motor. Figure 2.6 

shows the relation between the voltage and torque versus frequency. Figure 2.6 

demonstrates voltage and frequency being increased up to the base speed. At base speed, the 

voltage and frequency reach the rated values as listed in the nameplate. We can drive the 

motor beyond base speed by increasing the frequency further. However, the voltage applied 

cannot be increased beyond the rated voltage. Therefore, only the frequency can be 

increased, which results in the field weakening and the torque available being reduced. 

Above base speed, the factors governing torque become complex, since friction and windage 

losses increase significantly at higher speeds. Hence, the torque curve becomes nonlinear 

with respect to speed or frequency. 

t VRATED ·
Voltage 

TMAX 

t 
Torque 

VMIN 

0 

Constant Torque Region Constant Power Region 

·----------------

__ __1_--~-----~--~----~--~----·- ------'--- --~-------~----- -----~~ 

Min 
Speed 

Base 
Speed 

Figure 2.6 ~Speed torque characteristics of induction motor 
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CHAPTER3 

Theoretical Developtnents 

3.1 Principal of Sinusoidal PWM control 

In sinusoidal PWM, the firing instants required to synthesize correctly the pulse width 

modulateo wave arc detennined by comparing a triangular carrier wave and the reference 

modulation sine wave. The crossover points of the two waves determine the firing instants , 

as shown in the ligurc 3.1 
Phase /\ Plw3e n Phase l-

" 

F1gure 3.1 ~ Generation ofPWM wave 
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The pulse height of the pulse width modulated output signal is determined by the direct 

voltage on the supply side of the inverter. Also the pulse pattern is dependent on the ratio of 

the peak modulating voltage Vm, to the peak carrier voltage Vc. This ratio is called 

modulation index or modulation ratio, M 

M = Vm I V c =Modulation ratio 

M is in its usual range 0< = M <=I 

Another property of PWM waveform is the ratio between the frequencies of the carrier and 

modulating waveforms. 

P =Frequency of Carrier wave 

Frequency of Modulating Wave 

Carrier ratio 

According to these frequencies there are re two methods of sinusoidal PWM. 

I. Synchronous operation 

If the frequency of the triangular carrier wave is an integer multiple of the frequency of 

the modulating sine wave, then the modulation is synchronous. 

2. Asynchronous operation 

If the carrier frequency is not a multiple of the modulating waveform frequency, then the 

modulation is asynchronous. 

Numbers of switching pulses in each half cycle depend on the carrier ratio. Figure 3.1 

shows how an increase in carrier ratio changes the number of pulses within each half 

cycle. 
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3.2 I nvertcr Model 

The attention 1s drawn to 3- phase inverter since it is the commonly used inverter in the 

llldustrv. The J-phase inverter with its freewheeling diodes can be represented as shown in 

l"1gure .l 2. 

D
1 T1 ~D1 

Za .. ' __ liL_~J-T l~t ,, _____!Q_.-{==:1 zg) N 
lc r------1 

- ,...,_k~~l- --

Zc 

16 T~-

Vdc 

Figure 3.2 ·Three phase inverter model with freewheeling diodes 

T1 toT(, arc the switching devices and 0 1 to D(, arc the freewheeling diodes (used in order 

!"or 111ductivc current to !low after particular switch is turned ofT) and Za . l" and Zl. 

represents the star connected load. The relevant phases arc noted as A 13, and C and the 

neutral point as N. 

The current flow is always taken towards the load and hence Ia , lb amllc take the direction 

as shown. hJr the analysis free wheeling diodes arc neglected and the transistor switches arc 

considered as ideal switches. lienee the simple model which we use is shown below~ 

Ide 
+ 

Za 

Vdc 

'~'{ . T I' \ Zc 
6 T2 I 

Figure 3.3 Three phase inverter model without freewheeling diodes 
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The mid point of the voltage as "0" and hence the de voltage is divided into two portions of 

Vdc I 2. The phase voltages are considered as Van, Vbn and Yen. 

3.3 Output Voltages 

The output voltages are of three types; namely 

I. Pole voltages : Vao, V bo, V co 

2. Phase Voltages: Van, Vbn, Yea 

These voltages can be obtained by analyzing the inverter model. 

By applying Kirchof's voltage law; 

Van -co- Vao +Von 

Vba = Vbo 1 Von 

Yen= Yeo+ Von 

(I) 

(2) 

(3) 

(I )+(2)+(3); Van 1 Vba 1 Yen= Vao + Vbo +Yeo+ 3Von 

= 0 (because the output is considered as balance) 

hence Von=-( 1/3) (Vao + Vbo +Yeo) (4) 

13 



By using the 4111 equation in ( l ), (2) and (3); 

Van=- 2/3 Van -1/3 Vbo -1/3 Yeo (5) 

Vba =-1/3 Vao + 2/3 Vbo -1/3 Yeo (6) 

Van =-1/3 Vao-1/3 Vbo + 2/3 Yeo (7) 

This can be represented in matrix notation as; 

Van 2 -I -1 Vao 

Vbn 1/3 -1 2 -1 Vbo ( 8) 

Yen -I -I 2 Yeo 

The pole voltages Vao,Vbo and Yeo solely depend on the switching state and it can be 

written as; 

Vao= 

Vbo c-~ 

{ 

Vdc/2 when T 1 is ON 

-V dc/2 when T4 is ON 

~ Ydc/2 when T, is ON 

l -V dc/2 when T(, 1s ON 

(9) 

( 1 0) 

14 
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Vco = 

{ 

Vdc/2 when Ts is ON 

~ V dc/2 when T2 is ON 

(II) 

rhe line voltage as usually can be derived using phase voltages and hence can be 

represented mathematically as; 

Van= Van -Vbn 

Ybc = Ybn- Yen 

Yea= Yen- Van 

15 
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3.4 Micro Controller unit (MCU) Implementation 

In the MCU implementation, the software is responsible for continuously updating the PWM 

duty cycles. 

The PWM duty cycle calculations are based on a point in the sine wave. At full modulation 

(Maximum voltage), lOU percent duty cycle corresponds to the positive peak of the sine 

wave, and 0 percent duty cycle is equivalent to the negative peak. The zero crossover point 

is represented by 50 percent duty cycle, as can be observed in figure 3.4 

Resulting PWM 

~ 

iK1'I!t 

~ 

'"7'CJ% 

·~ 

r-11 I I I I I I ir-1 

~- ., 
..,._ I • ' • I 

40'llo 

30% 

ror. 
1()')1.~·· 

ll'1t I 1 I I I I I I I I I I I I I I I I I I I I f"1r ! .,...., I I I 1· .. , I 

Time Interval, AT 

Figure 3.4- Sinusoidal wave generation using PWM 

A HIGH =m. sin(<J)).50l!o +50 °;(1 

13 HIGH =m. sin( <I> - n: /3).50% +50% 

C H\CJH =m. sin(<ll + n: /3 ).50%+ 50 lYo 

Where m is the modulation index (0 to l, 0= zero voltage, I =full voltage) 

Since two PWM signals are required for each phase, the output duty cycle at the phase 

winding corresponds with the duty cycle of the top device. As an example. if the desired 

16 



output at the phase winding is 75 percent duty cycle, the top PWM would be 75 percent duty 

cycle and the bottom PWM would be at 25 percent in actual practice, the PWM at the phase 

winding will be slightly different because of the necessity for dead time. 

3.5 Changing output frequency 

The PWM duty cycles arc nonnally updated at a periodic rate, and the frequency of the sine 

wave determined by this up date rate (~T) and the number of samples points in a cycle. The 

relationship is given by 

Output frequency = 1 /(update rate X number of samples) 

To vary the frequency, either the number of sample points must be changed or the time 

between updates must be changed. When the number of samples is changed, the update rate 

is kept constant. The sample points typically come from a table, the number of sample points 

arc easily changed by varying the increment value through the table as given by equation 

(3.1) The resulting frequency can be calculated as shown in Equation (3.2) 

Number of samples== Table size 
Increment value 

(3.1) 

Output frequency = Increment value (3.2) 
Update rate X table size 

When the update rate is changed, number of samples is kept constant. The update rate is 

calculated by software, according to the speed set value of controller. 

17 
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CHAPTER4 

Micro Controller Unit for motor controls 

4 .1 MClJ Types for Motor Controls 

Smgle chip microcontrollcr devices are ideal for motor control applications. The advantage 

of a MCU for motor control design is that the MCU's program can be changed revised by 

changing a few lines of text in the source code. This source code is then converted into 

machine code by software compiler or assembler and is programmed into MCU. 

The microcontroller is a single-chip computer. It operates as stored program machine; that 

is, it must read its program code and data values from its memory in order to operate. Two 

common methods arc used to accomplish this. One is called Von Neumann architecture and 

has been employed in many MCU's . This method uses one data bus and memory space for 

both program code and data values, saving cost but slowing down the code execution. 

The other approach, called Harvard architecture, separates the program code and data values 

into two memory structures, allowing parallel loading or both at the same time. This 

technique speeds up execution time but requires more data pins. There arc some modified 

MCU versions of the Harvard architecture that usc only one external memory bus but usc 

both program and data buses internally. 

18 



The MCU can measure the motor's current, voltage, speed, temperature, and even magnetic 

flux and can then compute the best operating strategy for the motor. The MCU can allow the 

motor's speed or torque to be managed with high precision and can protect against or at lest 

detect motor fault conditions. 

4.2 PIC 18F4431 Microcontroller 

PIC 18F443 I microcontrollers offers high computational performance at an economical 

price, with the addition of high endurance enhanced Flash program memory and a high 

speed 10-bit AID converter. On top of these features, the PIC18F443 1 introduces design 

enhancements that make these microcontroUers a logical choice for many high performance, 

power control and motor control applications. These special peripherals include: 

• 14-bit resolution Power Control PWM Module (PCPWM) with programmable dead time 

insertion 

• Motion Feedback Module (MFM), including a 3-channel Input Capture (IC) Module and 

Quadrature Encoder Interface (QEI) 

• High-speed I O-bit A/D Converter (HSADC) 

The PCPWM can generate up to eight complementary PWM outputs with dead-band time 

insertion. Overdrive current is detected by off-chip analog comparators or the digital fault 

inputs. The MFM Quadrature Encoder Interface provides precise rotor position feedback 

and/or velocity measurement. 

19 
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PIC 18F4431 devices also feature Flash program memory and an internal RC oscillator with 

built-in Low power modes. 

4.2.1 Features of t8:F443l Microcontrollcr 

1. Nano Watt technology 

The PIC 18F443l microcontrollcr incorporates a range of features that can si!:,111ificantly 

reduce power consumption during operation. 

Key items include: 

• Alternate Run Modes: 

By clocking the controller from the Timerl source or the internal oscillator block, power 

consumption during code execution can be reduced by as much as 90%. 

Multiple Idle Modes: 

The controller can also run with its CPU core disabled, but the peripherals are still 

active. In these states, power consumption can be reduced even further, to as little as 4% 

or normal operation requirements. 

On-the-fly Mode Switching: 

The power-managed modes arc invoked by user code during operation, allowing the user 

to incorporate power saving ideas into their application's software design. 
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Lower Consumption in Key Modules: 

The power requirements for both Timerl and the Watchdog Timer have been reduced by 

up to SO<Yo, with typical values of 1.1 and 2.1 ~JA, respectively. 

2. Multiple Oscillator options 

The PIC 18F4431 mierocontroller otTers nine different oscillator options, allowing users a 

wtde range of choices in developing application hardware. These include: 

• Four crystal modes, using crystals or ceramic resonators. 

• Two external clock modes, offering the option of using two pins (oscillator input and a 

divide-by-4 clock output) or one pin (oscillator input, with the second pin reassit,rned as 

general 1/0). 

• Two external RC oscillator modes, with the same pin options as the external clock modes. 

• An internal oscillator block, which provides an 8 MHz clock and an INTRC source 

(approximately 31 kHz, stable over temperature and VDD), as well as a range of 6 user 

selectable clock frequencies (from 125 kHz to 4 MHz) for a total of 8 clock frequencies. 

Besides its availability as a clock source, the internal oscillator block provides a stable 

reference source that gives the family additional features for robust operation: 

• )<'ail-Safe Clock Monitor 

This option constantly monitors the main clock source against a reference signal provided 

by the internal oscillator. If a clock failure occurs, the controller is switched to the internal 

oscillator block, allowing for continued low speed operation or a safe application shutdown. 
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• Two-Speed Start-up 

This option allows the internal oscillator to serve as the clock source from Power-on Reset 

or wake-up from Sleep mode, until the primary clock source is available. This allows for 

code execution during what would otherwise be the clock start-up interval, and can even 

allow an application to perfonn routine Background activities and return to Sleep without 

rcturnmg to full power operation. 

3. Other Special Features 

• Memory Endurance: 

The enhanced Flash cells for both program memory and data EEPROM arc rated to last 

l'l)r many thousands of erase/write cycles - up to l 00,000 for program memory and 

I ,000,000 for EEPROM. Data retention without refresh is conservatively estimated to be 

greater than l 00 years. 

• Self-programmability: 

These devices can write to their own program memory spaces under internal software 

control. By using a bootloader routine located in the protected Boot Block at the top of 

program memory, it becomes possible to create an application that can update itself in the 

field. 

• Power Control PWM Module: 

In PWM mode this module provides l, 2 or 4 modulated outputs f()r controlling half

bridge and full-bridge drivers. Other features include Auto-Shutdown on fault detection 

and Auto-Restart to reactivate outputs once the condition has cleared. 
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• Enhanced (JSART: 

This serial communication module is capable of standard RS-232 operation using the 

internal oscillator block, removing the need for an external crystal (and its accompanying 

power requirement) in applications that talk to the outside world. 

• High-speed 1 O-bit AID Converter: 

This module incorporates Programmable Acquisition Time, allowing for a channel to be 

selected and a conversion to be initiated without waiting for a sampling period and thus, 

reducing code overhead. 

• Motion Feedback Module (MFM): 

This module features a Quadrature Encoder Interface (QEI) and an Input Capture (IC) 

module. The QEI accepts two phase inputs (QEA, QEB) and one index input (INDX) fi-om 

an incremental encoder. The QEI supports high and low precision positton tracking, 

direction status and change of direction interrupt, and velocity measurement The input 

capture features 3 channels of independent input capture with Timer5 as the time base, a 

special event trigger to other modules, and an adjustable noise filter on each IC input 

• Extended Watchdog Timer (WDT): 

This enhanced version incorporates a 16-bit prescaler, allowing a time-out range from 4 

ms to over 2 minutes, that is stable across operating voltage and temperature. 
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4.2.2 Power Control PWM Module 

The Power Control PWM module simplifies the task of generating multiple, synchronized 

pulse width modulated (PWM) outputs for use in the control of motor controllers and power 

conversion applications. In particular, the following power and motion control applications 

arc supported by the PWM module: 

• Three-phase and Single-phase AC Induction Motors 

• Switched Reluctance Motors 

• 13rushless DC (BLOC) Motors 

• Uninterruptible Power Supplies (UPS) 

• Multiple DC Brush Motors 

The PWM module has the following features: 

• Up to eight PWM 1/0 pins with four duty cycle generators. Pins can be paired io get a 

complete half-bridge control. 

• Up to 14-bit resolution, depending upon the PWM period. 

• "On-the-lly" PWM frequency changes. 

• Edge- and Center-aligned Output modes. 

• Single-pulse Generation mode. 

• Programmable dead time control between paired PWMs. 

• Interrupt support f()r asymmetrical updates in Center-aligned mode. 

25 



·Output overrides for Electrically Commutatcd Motor (ECM) operation; for example, 

Brushless DC motors. 

·Special Event comparator for scheduling other peripheral events. 

• PWM outputs disable feature sets PWM outputs to their inactive state when in Debug 

mode. 

I he Power Control PWM module supports four PWM generators and eight output channels 

on PIC llH--4431 device. A simplil'ied block diagram of the module is shown in Figure 4.2 

shows how the module hardware is configured lor each PWM output pair for the 

complementary output mode. 
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.t.2.3 Control Registers 

The operation or the PWM module is controlled by a total of 22 registers. Eight of these are 

used to configure the features ofthe module: 

• PWM T1mer Control register 0 (PTCONO) 

• PWM Timer Control register I (PTCON I) 

• PWM Control register 0 (PWMCONO) 

• PWM Control register l (l'WMCON I) 

• Dead Time Control register (DTCON) 

• Output Override Control register (OVDCOND) 

• Output State register (OVDCONS) 

• hwlt Contlguration register (FLTCONFIG) 
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There are also 14 registers that are configured as seven register pairs of 16 bits. These are 

used for the configuration values of specific features. They are: 

• PWM Time Base Registers (PTMRH and PTMRL) 

• PWM Period Registers (PTPERH and PTPERL) 

• PWM Special Event Compare Registers 

(SEVTCMPII and SEVTCMPL) 

• PWM Duty Cycle #0 Registers 

(PDCOH and PDCOL) 

• PWM Duty Cycle# I Registers 

( PDC I H and PDC I L) 

• PWM Duty Cycle 112 Registers 

(PDC2H and PDC2L) 

• PWM Duty Cycle #3 registers 

(PDCJH and PDCJL) 

All of these register pairs are double-buffered. 

4.2.4 Module Functionality 

The PWM module supports several modes of operation that arc beneficial for specific power 

and motor control applications. Each mode of operation is described in subsequent sections. 

TI1c PWM module is composed of several functional blocks. The operation of each is 

explained separately in relation to the several modes of operation: 

• PWM Time Base 
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• PWM Time Base Interrupts 

• PWM Period 

• PWM Duty Cycle 

• Dead Time Generators 

• PWM Output Overrides 

• PWM Faull Inputs 

• PWM Special Event Trigger 

4.2.5 PWM Time Base 

The PWM time base is provided by a 12-bit timer with prescaler and postscaler functions. A 

simplified block diagram ofthe PWM time base is shown in Fig 4.4. The PWM time base is 

configured through the PTCONO and PTCON I registers. The time base is enabled or 

disabled by respectively setting or clearing the PTEN bit in the PTCON I register. 
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Figure 4.4- PWM Time base block diagram 

The PWM time base can be configured for four difiCrcnt modes of operation: 

• hcc Running mode 

• Single-shot mode 

·Continuous Up/Down Count mode 

• Continuous Up/Down Count mode with interrupts for double updates 
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These four modes are selected by the PTMODl :PTMODO bits in the PTCONO register. The 

rrec Running mode produces edge-aligned PWM generation. The up/down counting modes 

produce center-aligned PWM generation. The Single-shot mode allows the PWM module to 

support pulse control of certain electronically commutated motors (ECMs) and produces 

edge-aligned operation. 

4.2.6 PWM Period 

The PWM period is defined by the PTPER register pair (PTPERL and PTPERH). The 

PWM period has 12-bit resolution by combining 4 LSBs of PTPERH and 8-bits of PTPERL. 

PTPER is a double-buffered register used to set the counting period for the PWM time base. 

The PTPER butler contents are loaded into the PTPER register at the following times: 

• Free Running and Single-shot modes: when the PTMR register is reset to zero alter a 

match with the PTPER register. 

Up/Down Counting modes: When the PTMR register is zero. The value held in the 

PTPER buffer is automatically loaded into the PTPER register when the PWM time base 

is disabled (PTEN = 0). 

The PWM period can be calculated from the following formulas: 

PWM period for free running mode 

. !'pwm= ( PTPER + I ) 
Fosc/(PTMRps/4) 

or 

Tpwm =~ !J:JPER I I) x PTMRps 
Fosc/4 
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PWM period for free lJp/Down counting mode 

TPWM c= (2 x PTPER) 
Fosc/(PTMRPS/4) 

The PWM frequency is the inverse of period~ or 

PWM frequency 
PWM period 

.f.2.7 PWM Duty Cycle 

PWM duty cycle is defined by PDCx (PDCxL and PDCxH) registers. There are a total of 4 

PWM Duty Cycle registers for 4 pairs of PWM channels. The Duty Cycle registers have 14-

hit resolution by combining 6 LSbs of PDCxH with the 8 bits of PDCxL. PDCx is a double-

buffered register used to set the counting period for the PWM time base. 

4.2.8 PWM Duty Cycle Registers 

There are four 14-bit special function registers used to specify duty cycle values for the 

PWM module: 

• PDCO (PDCOL and PDCOH) 

• PDCI (PDCILand PDCIH) 

• PDC2 (PDC2L and PDC2ll) 

• PDC3 (PDC3L and PDC3ll) 
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!'he value in each Duty Cycle register determines the amount of time that the PWM output 

1s in the active state. The upper 12 bits of PDCn hold the actual duty cycle value from 

PTMRII/L<Il :0>, while the lower 2 bits control which internal Q-clock the duty cycle 

match occurs. 

In l~dgc-aligned mode, the PWM period starts at Ql and ends when the Duty Cycle register 

matches the PTMR register as follows. The duty cycle match is considered when the upper 

12 bits of the PDC is equal to the PTMR. 

-t.2.9 Edge-Aligned PWM 

hige-aligned PWM signals are produced by the module when the PWM time base is in the 

Free Running mode or the Single-shot mode. For edge-aligned PWM outputs, the output 

ror a given PWM channel has a period specified by the value loaded in PTPER and a duty 

cvclc spcciJied by the appropriate Duty Cycle register (sec Figure 4.5). The PWM output is 

Jnvcn active at the beginning of the period (PTMR = 0) and is driven inactive when the 

value in the Duty Cycle register matches PTMR. A new cycle is started when PTMR 

matches the PTPER as explained in the PWM period section. If the value in a particular 

Duty Cycle register is zero, then the output on the corresponding PWM pin will be inactive 

I(Jr the entire PWM period. In addition, the output on the PWM pin will be active for the 

entire PWM period if the value in the Duty Cycle register is greater than the value held in 

the PTPER register. 
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4.2.1 0 Complementary PWM Operation 

I 

The Complementary mode of PWM operation is useful to drive one or more power switches 

in half-bridge configuration as shown in Figure 4.6. This inverter topology is typical for a 

3-phase induction motor, brushless DC motor or a three-phase Unintcrruptible Power 

Supply (UPS) control applications. Each upper/lower power switch pmr IS fed by a 

complementary PWM signal. Dead time may be optionally inserted during device 

switching where both outputs are inactive for a short period. In Complementary mode, the 

duty cycle comparison units are assigned to the PWM outputs as follows: 
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• PDCO register controls PWM 1/PWMO outputs 

• PDC l register controls PWM3/PWM2 outputs 

• PDC2 register controls PWM5/PWM4 outputs 

• PDCJ register controls PWM7/PWM6 outputs 

PWM 1/3/5/7 arc the main PWMs that are controlled by the PDC registers and PWM0/2/4/6 

arc the complemented outputs. When using the PWMs to control the half bridge, the odd 

numbcr PWMs can be used to control the upper power switch and the even numbered 

PWMs for the lower switches. 

+V 

0 
~ 
~ 
Q_ 

~® 
Q_ -

3 Phase 

I~ ~ 

Figure 4.6- Typical Load for Complementary PWM outputs 
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i he Complementary mode is selected for each PWM 1/0 pin pair by clearing the appropriate 

I 'MODx bit in the PWMCONO register. The PWM 1/0 pins are set to Complementary mode 

\w default upon all kinds of device resets. 

4.2.11 Dead Time Generators 

In power inverter applications where the PWMs are used in Complementary mode to control 

the upper and lower switches of a half-bridge, a dead time insertion is highly recommended. 

The dead time insertion keeps both outputs in inactive state for a brief time. This avoids any 

overlap in the switching during the state change of the power devices due to TON and TOFF 

characteristics. 

l3ccausc the power output devices cannot switch instantaneously, some amount of time must 

be provided between the turn-off event of one PWM output in a complementary pair and the 

tum-on event of the other transistor. The PWM module allows dead time to be programmed. 

Dead Time Insertion 

Each ~omp\ementary output pair for the PWM module has a 6-bit down counter used to 

produce the dead time insertion. As shown in Figure 4.7, each dead time unit has a rising 

and falling edge detector connected to the duty cyc\e comparison output. The dead time is 

loaded into the timer on the detected PWM edge event. Depending on whether the edge is 

rising or falling, one of the transitions on the complementary outputs is delayed until the 

timer counts down to zero. A timing diagram indicating the dead time insertion for one pair 

ofPWM outputs is shown in Figure 4.8. 
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4.J Control Strategy 

~.3. \ V/f Control with Current Feedback 

i\ lhsadvantage of open-loop Vir control is that the motor can stall if the speed is ramped up 

\l)l) q\.nck\:~ or \he hmL\ otherwise changes rapiu\y. Wi\hou\ sorne form o[ feedback, 1\ is 

\\\lflOssi\1\1.:: \.\) c\e\ec\. \\1\\c\.her \he n1o\m \S \uming, as expcc\.cl\, or \\' \\ is s\a\kd. 1\ s\a\\ 

'~ntscs high currents and. the motor loses torque. By monitoring current, excessive slip can 

hL' detected, and the motor frequency can be adjusted downward accordingly. J\ high-current 

'lllh.lition may also be caused by a malfunction of the inverter bridge. I r a high-current 

• ondition persists, the drive should be shut down to prevent motor overheating or other 

-latn<lgc 

\ cunceptual d1agram IS illustrated 111 Figure 4.9. The speed reference is provided by the 

•N't. 111 this case via a potentiometer connected to an ADC channel. The V/1' !'unction in 

r 1 rm ware calculates the maxi mum PWM duty cycle (am pi i tude) based upon the speed 

'L'Icrcnce. The DC bus (bridge) current is measured using a shunt resistor, which produces a 

\ oltagc proportional to the current through it. This voltage is amplitled and compared with 

o~11 external comparator to a rclercnce level that corresponds to the maximum allowable bus 

, urrcnt. The comparator output drives the Fault J\ input of the PIC 18F4431. 1r the F;ault 

tgnal is asserted, the PWM output is inhibited for the following PWM period. 

Speed ...... f V/f ;:nell. on 1-~~-....f--;~:--J >; .., 3-Phaso ___ [/ ___ )_ 
lleference \. \. Invertor---~.,... ACIM 

---------- ~~~;~nl t_-~f~!~""' '~'''"'"" D<tdg•~j ---- ~---'-
Current ---~--
Limit 

Figure 4.9 Block diagram of VSD with current Iced back 
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-t.3.2 V/f Control of blower motor with Air temperature Feedbacl< 

!~lock diagram of closed-loop speed control of air blower is illustrated in Figure 4. J 0. The 

,· 
1 c!Crcncc temperature is set by a potentiometer. This signal is used as ref'erence value for the 

1\ UC module of microcontrollcr. Air temperature feed back signal is generated by 

temperature sensor and it is used as input to ADC module. 

lhe temperature error signal is then used as an input to a proportional controller, which 

detenmnes the desired drive frequency to the motor windings. The standard V(( process 

determines the amplitude of the drive wavel~mn. The drive frequency and amplitude arc 

then used to update the PWM duty cycles of the six PWM channels that drive the three-

phase bridge. 

\ ClliJ!Cillll 

Rdcn·ncc 
-
~\ 

"" 
l'ropotional 
controller 

Tcmpcmlurc fccdbook 

~ V/F ... Function 

Propotionnl 
controller 

3-Phase 
... PWM 6 .... inverter .l .... 

bridge 

Air temperature 5cn~ing ... .... 

Figure 4. lO -Block diagram for closed loop Air blower speed control 
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4.4 Initializing The Power Control PWM Module And ADC 

Module 

The Power Control PWM module simplifies the task of driving a 3-phase inverter bridge by 

providing three pairs of complementary PWM outputs, with dead time inserted between 

complimentary channels. To initialize the PCPWM module: 

I. Conllgure the PCPWM time base: 

a) Select a PWM time base postscalc value of I: 1. 

b) Select a PWM time base prescale value input of 1: I (FOSC/4 ). 

c) Configure the PWM time base for Free-Running mode (for edge-aligned operation). 

1 Load the PTPERH:PTPI~RL register pair to obtain a PWM frequency. 

3. Contlgure the PCPWM output. 

a) Enable PWMO through PWM7 as outputs. 

b) Set the PWM 1/0 pairs (PWM0/1, 2/3 and 6/7) as complementary pairs. 

4. Configure the special event trigger: 

a) Set the special event trigger postscalcr to 1: I. 

b) Configure the special event trigger to occur when the time base is counting upwards. 

c) Enable updates from duty cycle and period buller registers. 

d) Configure for asynchronous overrides from the OVDCON register. 

5. Configure the PCPWM dead time: 

a) Select FOSC/2 as the dead-time prescalcr. 

b) Load DTCON<5 :0> with a dead-time value to achieve a 2 ~ts dead time. The actual 

value depends on the controller's clock frequency; refer to the data sheet to determine 

the proper value. 
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11 Disable the output overrides on the PWM pins by setting bits POVD<5:0>. 

·.1 Clear the special duty cycle register pair (SEVTCMPI I:SEVTCMPL). 

X l'lcar all of the regular PWM duty cycle register pairs (PDCxH:PDCxL) to set the duty 

cvclcs to 0. 

q Enable the PWM time base. 

4.5 Initializing the ADC n1odule 

One analog values is measured in this application: 

• ;\ N I ( LM 35DZ temperature sensor input for the speed reference) 

!"hi~ high-speed ADC incorporates several features, such as Auto-Conversion mode and a 

Fl FO result buftCr, that reduce the firmware overhead associated with monitoring multiple 

analog channels and enhance ADC throughput. 

To initialize the IISADC module: 

1. Configure ADC operation: 

a) Enable Continuous Loop mode. 

b) l~nable single-Channel mode. 

c l Asstgn VREFI and VREF-. 

d) Enable the FIFO buffer. 

c) Select the lefl-justi11ed format for the A/D result. 

I) Set the A/D acquisition time to 12 TAD (required for sequential conversion). 

g) Set the A/D conversion clock to FOSC/32 

h) Turn on the ADC. 
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4.6 V /F Control Firmware 

I he heart of the ACIM control is accomplished with the PCPWM peripheral operated in 

\ 'omplimcntary mode. The duty cycle of the three PWM channels are changed in a regular 

manner using a TimerO interrupt to synthesize the three-phase waveforms that drive the 

motor. A sine table is stored in program memory. It is transferred to data memory during 

1111ttalization for faster access. Three registers are used as offsets to the table through indirect 

addressing. Each of the offset values points to one of the values in the table, such that there 

1s always a 120-degrcc phase shift between the phases. 

In this application, the potentiometer detennines the target motor speed retcrencc signal. 

4.7 PWM Wavefonn Synthesis 

The sinusoidal waveform is created by constantly changing the PWM duty cycle for each 

output. The motor drive frequency determines how often the PWM duty cycle values arc 

updated and thus, the frequency of the synthesized waveform. The peak-to-peak drive 

amplitude corresponds to the maximum PWM duty cycle, as this generates the maximum 

voltage output of each half bridge of the inverter. 'T'he duty cycle determines the drive 

amplitude at any given point in the cycle. The duty cycle update rate is set by modilying the 

T1merO reload value. This determines the interval until next TimerO overflow. The PWM 

Dut:v Cycle (PDC) registers ofthe three PWM units arc modified as follows: 

43 



When a TimerO interrupt occurs, an updated target drive frequency is determined by 

F ~(i\DRESII/4) 

The sine value for each phase is read from the sine table, pointed to by the offset value 

for that phase. 

~' The PWM duty cycle for a particular phase is calculated by multiplying the sine value 

from the table by the updated motor drive frequency. The 16-bit product is stored in the 

PDC register for that phase. Steps 2 and 3 arc repeated for each phase. 

4. The offset values arc updated for the next table access. 

'i The TimerO reload value is calculated based on the updated motor drive frequency , 

where/is the drive frequency. In this program , the number of sine table entries is set at 

19. The reload value determines the value at which the PWM duty cycle is updated. 

6 The new PWM duty cycle values take effect at the beginning of the next PWM period. 

The duty cycle determines the drive amplitude at any given point in the cycle. 
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CHAPTERS 

Power Modules for Induction Motor Control 

5.1 Motor Drive Requirements 

J'hree-phase AC induction motor requires pulse-width modulated control of the six switches 

\ll a J-phasc inverter bridge connected to the motor's stator windings . The six switches 

l(mn J pairs of "half-bridges", which can be used to connect the leg of a winding to the 

positive or the negative high-voltage DC bus. As shown in the figure, two switches on the 

-.,ame ·'half-bridge" must never be on simultaneously, otherwise the positive and negative 

buses will be shorted together. This condition would result in a destructive event known as 

·:;iwot-through". If one switch is on, then the other must be ofT: thus, they are driven as 

L~omplcmcntary pairs. It should also be noted that the switching devices used in the half-

hndgc often require more time to turn oiTthan to turn on. For this reason, a minimum dead 

time must be inserted between the off and on time of complimentary channels. In these 

cases, sothvarc program develops necessary dead time between the complimentary channels. 

11owcr modules arc available in wide variety of configurations that accommodate most of the 

common motor drive topologies. 
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5.2 Six-Packs Configuration 

;\ common circuit configuration that is used for three-phase induction motor is Six-pack. 

Six-pack is a three-phase bridge arrangement, which consists of six transistors. The 

collector of upper transistors are all connected together to a common positive bus tenninal, 

the emitters of lower transistors are connected to a common negative terminal. The positive 

and negative terminals arc connected to a DC source. The three output terminals are 

connected to a three-phase motor. 

A six-pack module could consist of IGBTs, MOSFETs, bipolar transistors, or any other 

tvpe of power switching transistors. Large high voltage motor often usc an IGBT six-pack 

In PWM motor drive designs IGBTS are best suited for applications that require transistors 

rated at 400 V or higher, while MOSFETs are most effective for applications that require 

transistors rated less than I 00 V . 

Six- pack configuration is nearly universal in its suitability for different three~phase motor 

drive systems. High power six~packs often have a separate emitter terminal for the gate 

drive connection, as shown in figure 5.1. These tcnninals arc often called an emitter-Kelvin 

terminals. The ctTect of emitter inductance can be minimized by making usc of this terminal. 

The large currents switched by the power devices can create large voltage transients in the 

stray emitter inductance. The Kelvin tenninals arc not intended to be used for power 

connections, their internal wire bonds are not designed to handle high currents. 
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l'igure 5. I · Six-pack JGBT module with emitter Kelvins. 

5.3 Gate Drive requirements 

I( Jlns commonly used in motor drives, UPS and converters operating at de bus voltages up 

(1 1 hOOVI )(_' reqUire voltage drive in order to achieve a saturated "ON'' slate condition. The 

dmc ~1gnalmust have the liJIIowing characteristics 

• 1\11 amplitude or I OV to 15V. 

• 1\ \ow source resistance ror rapid charge anll discharge or the gate capacitance 

• ;\ lloating output so that high side switches can be driven. 

111 add1t1on to the above re(/ll/remcnls the aclunl driver should be capable or driving 

(lJ!IImwtlons of' devices in both low-side and high-side switch co11flgurations. W1th this 111 

!lllld the driver should also provide the /()!lowing: 

• I uw 1ntemal puwer loss at high switching licqucncy and maximum ol'L'iel voltage 

' ""'-'-'-\:\ ~\\'1\_\\\~ \\:..\\:..\\:..\\\:,_\:..~ \\'1~\'-. \>;:_".;>;:_\ \\\\;\.\\ "-,\~\\0..\'S 
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• Protect the power switch from damage by clamping the gate signal to the low state in 

the event of gate under voltage or over voltage or if the load current exceeds a 

predetermined peak value. 

• Protect the power switch by clamping the signal to the low state if the signal inputs 

are disconnected. 

Traditionally the f'unctions described above have required discrete circuits of some 

complexity but International Rectifier's IR2130 six-channel gate driver perlorm all the 

requirements for interfacing logic level control circuits to high power IGBTs in high-side/ 

low-side switch configurations using up to six devices. 

5.3.1 I R2130 Block Diagram 

J\s shown in Figure 5.2 the gate driver consists of six output drivers which receive their 

1nputs from the three input signal generator blocks each providing two outputs. The three 

low-side output drivers arc driven directly from the signal generators L I, L2 and L3 but the 

high-side drive signals HI, 112 and H3 must be level shifted bct()re being applied to the 

high-side output drivers. 

;\n under voltage detector circuit monitoring the vee level provides an input to inhibit the 

s1x outputs of the signal generator circuits. In addition, there arc individual under voltage 

lockout circuits for the high-side outputs should any of the floating bias supplies 1~1!1 below a 

predcterm i ned 1 eve!. 
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lhe ITRIP signal which can be derived from a current sensor in the main power circuit of 

the equipment (current transformer, viewing resistor, etc.) is compared with a 0.5volt 

reference and is then "OR-ed'' with the UV signal to inhibit the six signal generator outputs. 

i\ f~wlt logic circuit set by the 'UV or !TRIP inputs provides an open drain TTL output for 

svstem indication or diagnostics. There is also an internal current amplifier in the IR2 I 30 

ami IR2 J 32 that provides an analog signal proportional to the voltage difference between 

VSS and VSO. Thus, a viewing resistor in the main power circuit can provide a positive 

'oltagc at VSO and by suitable lccdback resistors the current ampliller can be scaled to 

generate 0-5Vdc as a function of actual load current. 

,---~~------------------ vs, 

mm <_)-----------tj HOt 

Rifi2 (}-----------, 
vs, 

FllfJ'l ().----------, 

HU2 

LTtTI~ I om~ I ~ 1 fl GENERATOR I 
_.:.--+---·v vs, 

FAlil i <?-4 I I I 1 I 
----·'-' VRl 

!103 

·-~ .. -

vee !1r--_::==---J.---.,-----r-+-H---------r--~ 

101 

CA (( 

I v~ 
vss (r--~ _ _ _ _ J 
'------------

Figure 5.2- Functional block diagram of theIR 2130 
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... 

5.3.2 Protection Circuits and Fault Reporting 

• lJ ndcr voltage Protection 

An under voltage condition on the vee level, defined as less than 8.9V (as Vee is reduced) 

and less than 9.3V nominal (as Vee is increased) causes all outputs to shutdown With vee 

at around 9 volts the drivers provide marginally adequate drive voltages to ensure full 

enhancement of the power switches for most applications. Separate UV lockout circuits are 

provided on the three high-side outputs. Thev also have a 0.4V hysteresis band with levels 

of 8.3 volts for a falling bias voltage and 8.7 volts for a rising voltage. Unlike the vee UV 

circuit they inhibit only their particular high-side output and do not affect the operation of 

any other output. 

• Current Trip 

In the event of a shoot-through current or an output overload it is desirable to tenninate all 

the output signals from the driver. This is accomplished through a current comparator circuit 

which monitors the voltage drop across a low side viewing resistor and compares it with a 

0.5 volt reference level. The current comparator output is "OR-ed" with the vee under 

voltage circuit output so that a fault condition of either type causes the fault logic circuit to 

actuate. 

• Fault Logic 

This circuit consists of a latch which is set by the conditions described incurrcnt trip and is 

reset by holding all three low-side inputs high for more than I 0 microseconds or by 
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recycling the VCC bias supply. When the fault latch is set it produces two output signals. 

( )nc is used to inhibit all three input signal generator circuits thus inhibiting all six outputs. 

The other output signal appears as a l~wlt indicator which goes low in the presence of a l~llllt 

condition. The active low condition can drive an LED fault indicator or extemal logic 

circuit. 

• Current Sensing in IR2130 

Using the same current viewing resistor the current sense voltage of 0-0.5V is amplified in 

the current amp! iller to generate a 0-5V analog function for processing in an external control 

c1rcuit. In actual operation the voltage diiTcrcncc between the Vso and Vss pins forms the 

1nput voltage for the non inverting amplifier although only the positive current is measured. 

Two resistors Rf ami RIN set the gain of the amplifier as shown in Figure 5.3. Actual 

voltage gain is given by the relationship 

VSINPUT 

CA-

Vee 

Vss 

OPAMP SPEC: 

GAO 
OUTPUT 

RIN ~ VSO RANGE: -5V TO 7V 
CA- RANGE: OV TO 7V 

V ss CAO RANGE: OV TO 5.2V 
UNITY GAIN: BANDWIDTH= 1 MHz 
SLEW RATE: 6V/J.!S AND -3.5V/!IS 

Figure 5.3- Block diagram of the Current Sensing amplifier 
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A= Rr+ RrN 
RrN 

for a gain of I 0 with RrN = Ik 

10 = Rr+ I k 
lk 

Rr+ \k= \\)\\_ 

Rr = 9 k 

Power for the current amplifier is supplied from VCC. 

5.4 Heat Sink Calculation for IGBT module 

Selection Details of I Icat Sink 

Thermal resistance of IGBT (TRG4 PC 30 KD) 

Junction to Case thermal resistance of!GBT (Roic) = 1.2 oc;w 

Case to Sink, flat, greased surface thermal resistance (Roes ) =0.24 °CIW 

Thermal resistance of Mica sheet+ Thermal compound = 1.6 °C/W 

Switching Loss of IG BT (@ 1=8/\, Tj =120 oc) =0.5 m.l 

Total switching loss at 5 kHz = 0.5 X I 0 -.1 X 5 X I 0 3 

=2.5W 

Total heat generated by 8 nos. of IGBTs (Pd) = 20 W 
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l 

13y Considering, surf~lce Area of 1-Ieat Sink= A m2 

Thermal resistance of heat sink (Rosn 1 =0.08/ A 

Maximum operating temperature ofjunction Cfjm )c= 150 "C 

Maximum ambient temperature era) = 30 oc 

(T.Jm --Ta) = (Ro1c +Roes I Ro,, ) X Pd 

( 150 -30 ) = ( 1.2+ 0.24 + 0. 125/ A ) X 20 

A = 0.0274 m2 = 274.00 cm 2 

Therefore I leal sink area should be more than the 274.00 cm 2 

Selected Heat sink has area or 667 cm 2 

Then opcrati ng junction temperature cl~jo 

("Ijo -Ta) = (Ro1e -f Roes + Rnsn ) X Pd 

(ljo -30 ) = ( 1.2+ 0.24 + 0. I 25/0.0667) X 20 

"ljo ~ 96.28 "C 
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Figure 5.4- Circuit diagram of IGBT driver & IGBT Power module 
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CHAPTER6 

Results 

Output Voltages Generated by PWM 
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CIIAPTER 7 

Conclusion and Future Developments 

7.1 Conclusion 

Constdering all the above research work and the results obtained, it can be concluded as 

follows. After power electronics start to pay a big role in the industry, VSD become much 

popular in speed control of Induction machines. Several advanced controlling techniques 

have been introduced and employed, especially for three phase induction machines during 

last few decades atler rapid inventions in power electronics. 

Variable Speed Drive constructed by this project with PIC 18F4431 which is dedicated for 

motor control applications. Software program generates PWM outputs to create required 

voltage wave forms and frequency at outputs of the IGBT power module. Output voltage 

and frequency can be set by varying the potentiometer position. Instant of potentiometer 

form of temperature controller can be used to vary output voltage and frequency. 

7.2 V/f Control with Velocity Feedback and Current Feedback 

In open-loop V/f control, the rotor is assumed to follow the rotating flux generated in the 

stator, with a certain degree of slip present depending upon the load. In many applications, 

the load can vary widely and the resulting motor speed will vary accordingly. To improve 

speed control, a f(mn of speed feedback can be added. 
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... 

J\ Sllllple implementation or closed-loop speed control is illustrated in Figure 7.1 The 

rel'crcnce speed is still set by a potentiometer or any other controller, as above. llowever, 

lllstead or directly using the reference speed to determine the drive fi·equency, it is 

compared to the actual motor speed to generate a speed error signal. Actual motor speed is 

established by a speed measurement with a tachometer signal. 

The speed error signal is then used as an input to a Proportional-Integral (PI) controller, 

which determines the desired drive frequency to the motor windings. The standard V/1' 

process determines the amplitude ofthe drive wavcl<.mn. The drive frequency and amplitude 

arc then used to update the PWM duty cycles of the six PWM channels that drive the three-

phase bridge. Current ICedback may also be used concurrently with velocity feedback. 

SpePd 
F~efPmr1ce , 

..... ( '
~·-·~~· --------·~···· ~-Speed -· .. ~ ····- · -- 3-Phase Erro~ .... IP.I Controll·e· rl ~ ... r/f Fun-:J~~~p ln .. verter -~~- ~ ... ( A.CIM 

·f:· I J ::J l Bridge --~-- i 
1 sreedF""""~ .••... _ J ~.,o,u;l ~·· . ~ ~ ·-r 
~- · ~culatlon 

Figure 7.1 -·Block diagram of VSD with Iced back control 
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7.3 Additional features for VSD 

1:ollowing features can be included in to the firm ware and software 

Key activity 

!'he main loop continuously checks key activity which is handled by the key service 

routine. Two push button switches toggle the motor between Run and Stop states and 

forward and reverse direction. When switching directions, the motor is first allowed to coast 

from its present angular velocity to zero and then accelerated to the reference speed in the 

opposite direction. This controlled manner of changing directions prevents high-current 

transicnls that could cause a fault. 

Fault Signals Monitoring 

l'hrcc fault signals can be monitored: overcurrent, ovcrvoltagc and over temperature. The 

overcurrcnt and overvoltagc faults use the hardware fault inputs to directly inhibit the 

J>CPWM outputs on a cycle-by-cycle basis. 

Over Current fault 

A shunt resistor in the negative DC bus gives a voltage proportional to the current flowing 

through the three motor phases. This voltage is amplified and compared with a reference 

stgnal using an external comparator. If the DC bus current signal exceeds the reference 

level, the tault input pin is driven low, indicating an overcurrent fault. Fault is indicated by 

blinking LED. 
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Over Voltage fault 

The DC bus voltage is attenuated using a voltage divider and compared with a fixed 

rcfCrcnce signal using an external comparator. The fault input pin is used to monitor the 

overvoltage condition. Fault is indicated by blinking LED. 

Over Tcmpt~rature fault 

The I(IBT power module can have a Negative Temperature Coefficient (NTC) thermal 

sensor that monitors the junction temperature ofthe IG BTs. This NTC can be connected to 

analog input through an analog optocoupler and is continuously measured the junction 

temperature of the I G l3Ts. If it exceeds reference value, overtemperature fault is indicated 

by blinking LED 

7.4 Pay back period for VSD 

Cost of l~lectronic Items 

Cost of Electrical Items 

=Rs 7,500.00 

=Rs 2,000.00 

Cost of casing ,!I cat sink cct. =Rs I ,500.00 

No of labour hours for assembling and testing of VSD .,.., 20 hr. 

Therefore cost of labour 

( )thcr over heads cost 

Total cost of VSD 

l3v considering 20% profit 

Value of VSD 

~ 20 X 200.00 t- Rs. 4,000.00 

= Rs 3,000.00 

=18,000.00 

~~ 3,600.00 

=2 I ,600.00 

62 



... 

Simple Pay bacl{ period 

By considering VSD will be installed t<x blower motor of package air conditioner having 

cooling capacity 50 kW, it will save the minimum of 5'% of total electrical consumption. 

Approximate Electrical energy saving per hour = 15 kW/hr X 0.05 =0.75 kW/hr 

Electrical energy saving per day, by considering 6 hours operation=. 0.75 X 6 = 4.5 kW/hr 

Cost of saving per day = 4.5 X 11.90 = Rs. 53.55 

!Unit cost of Electricity is Rs. 11.90 ( I kW/hr = Rs. 11.90)] 

Simple pay back period = 21,600.00/53.55 = 404 days 
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Appendix A 

Software Program for Micro Controller 

************************************************************************** 
include 
include 

<pi 8f443,1.inc> 
<AAinc> 

************************************************************************** 
CO\'W\G _CONF\G \ H, \Jx\J2 
CONFIG _CONFIG2L, OxOC 
CONFIG _ CONFIG2I-I, Ox3E 
CONFIG _ CONFJGJL, Ox3C 

! I J\GS hits 
:!define TIMERO OV FLAGO 
:define OFFSET! FLAG l 
.:Jcfine OFFSET2 FLAG 2 
:define OFFSET3 FLAG 3 
1dcfinc RUN 4 
ldcfincSTOP 5 
'dcflncFREQ UPDATE 6 

'"cys parameters 
idellnc KEY PORT PORTO 
rJefine RUN STOP KEY 7 

I ·D parameters 
1dcJine LED PORT PORTO 
tdcfinc RUN STOP LED 0 

I >utv cycle limit definition, 
tdcf"ineMINI-1 DUTY CYCLE 

- -

rdcfineMINL DUTY CYCLE 
OxOO 
Ox3C 

************************************************************************** 
1\;\M locations in Access hank, initialized 
************************************************************************** 
l IDATA ACS 
I J\L3LE OFFSET! 
I ;\BLE OFFSET2 
! ABLE OFFSET3 
I 1>/\GS 
I RI~:Q REF_ H 

res 
res 
res 
res 
res 
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FREQ REF_L res 
I·REQUENCY res 
J'EMP res 
\\ .. _M\) \ \es \ 
TEMP LOCATION res 2 

PDCOL TEMP res 
J>DCOI-I TEMP res 
PDClL TEMP res 

--

PDC1H TEMP res 
--

PDC2L TEMP res 
PDC2ll TEMP res 

-

SINE TABLE res Oxl4 ;Sine table 
--

temp res 1 
[Cill p 1 res I 

************************************************************************** 
RESETANDINTERRUPTVECTORS 

************************************************************************** 
STARTUP code OxOO 

goto Start 
CODE Ox08 
goto ISR HIGH 

PROG LOW CODE OxO 18 
goto JSR LOW 

;Reset Vector address 

;High priority ISR at Ox0008 

;Low priority ISR at OxOO 18 

************************************************************************** 
INITIALIZATION 

************************************************************************** 
Start 

clrf FREQUENCY 
clrf FLAGS 
call INIT PCPWM 
call INlT TMRO 
call INIT PORTO 
call COPY TABLE TO RAM - - -

call lNIT MOTOR START 
- -

WAIT HERE 
call KEY CHECK 
btfss FLAGS,RUN 
bra WAIT HERE 
clrf FLAGS 
call !NIT INTERRUPTS 
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************************************************************************** 
MAJN LOOP 

************************************************************************** 

MAIN LOOP 
bttss FLAGS,TIMERO _ OV _FLAG 
bra bypass 
call UPDATE PWM DUTYCYCLES 

·-- -

call UPDATE TABLE OFFSET 
- -

bcf FLAGS,TIMERO _ OV FLAG 
bypass 

bt1sc 
call 
btfss 
bsf 
call 
call 

FLAGS I ,FREQ __ UPDATE 
CALCULATE TIMERO RELOAD 

bra 

-~ -

ADCONO, GO 
ADCONO, GO 
KEY CHECK 
KEY PRESSED 

MAIN LOOP 

************************************************************************** 
INTERRUPT SERVICE ROUTINES 

************************************************************************** 
ISR HIGH 

btfsc INTCON,TMROIF 
bra 
RETFIE 

TIMERO OVERFLOW 
FAST 

TIMERO OVERFLOW 
movff FREQ_REF_H,TMROH 
rnovff FREQ_REF_ L,TMROL 
bsf FLAGS,TIMERO_OV_FLAG 
bcf INTCON,TMROIF 
RETFIE FAST 

************************************************************************* 
Low priority interrupt service routine 

************************************************************************** 
ISR LOW 

btfsc PIR 1 ,ADIF 
bra READ ADC RESULTS 

RETFIE FAST 

67 



.. 

READ ADC RESULTS -- ~ 

movff ADRESH,FREQUENCY 
movlw Ox30 
cpfsgt FREQUENCY 
movwf FREQUENCY 
movlw OxFO 
cpfslt FREQUENCY 
movwf FREQUENCY 
bsf FLAGS I, FREQ~ UPDATE 
bcf PIRI,ADIF 
RETFIE FAST 

************************************************************************** 
UPDATE PWM DUTYCYCLES 

~ ~ 

************************************************************************** 

UPDATE PWM DUTYCYCLES 
~ ~ 

movf TABLE_OFFSETI,W 
movf PLUSWO,W 
mulwf FREQUENCY, W 
movff PRODJ-l,PDCOH~TEMP 
movff PRODL,PDCOL~_TEMP 

UPDATE PWM2 
movf TABLE~ OFFSET2,W 
movf PLUSWO,W 
mulwf FREQUENCY, W 
movff PRODH,PDC I H __ TEMP 
movtT PRODL,PDClL_JEMP 

UPDATE PWM3 
movf TABLE_OFFSETJ,W 
movf PLUSWO,W 
mulwf FREQUENCY, W 
movff PRODH,PDC2H ~TEMP 
movff PRODL,PDC2L~TEMP 

TRUNCATE PWMI23 
bcf STATUS,C 
rlcf PDCOL ~TEMP,F 
rlcf PDCOI-I_TEMP,F 
rlcf PDCOL_TEMP,F 
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rlcf PDCOH_TEMP,F 
rlcf PDCOL~TEMP,W 

andlw Ox3 
movfT PDCOI-I~TEMP,PDCOL ~TEMP 
movwfPDCOI I TEMP 

bcf STATUS,C 
rlcf PDCII,_TEMP,F 
riel' PDC 11-l_TEMP,F 
rlcf PDCIL~TEMP,F 

rlcf PDC Ill TEMP,F 
rlcf PDC 1 L_TEMP, W 
andhv Ox3 
moviT PDCII-1 TEMP,PDCI L_TEMP 
movwf PDC Ill TEMP 

bcf STATUS,C 
rlcf PDC2L TEMP,F 
rlcf PDC2H_TEMP,F 
rlcf PDC2L TEMP,F 
rlcf PDC211 TEMP,F 
rlcf PDC2L~ TEMP,W 
andlw Ox3 
movff PDC2HTEMP,PDC2L TEMP 
movwf PDC21-l TEMP 

call CHECK LIMITS 

bsf PWMCON I, UDIS 
movff PDCOL_~rEMP,PDCOL 
movff PDCOH_TEMP,PDCOH 
movff PDC I L_TEMP,PDC 1 L 
movff PDC II I TEMP,PDC l 1-1 
movlT PDC2L TEMP,PDCJL 
movtT PDC2H __ TEMP,PDC31-l 

bcf PWMCONI, UDIS 

return 

************************************************************************** 
TABU: OFFSET 
************************************************************************** 

UPDATE TABLE OFFSET 
- ---

btfss FLAGS.OFFSETl FLAG 
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bra DECREMENT OFFSET! 
movlw (SINE_TABLE_ENTRIES-1) 
cpfslt TABLE_ OFFSET 1 
bra CLEAR OFFSET! FLAG -- -

inct' TABLEOFFSETI,F 
bra UPDATE OFFSET2 

CLEAR OFFSET! FLAG 
-- -

bcf FLAGS,OFFSET1 __ FLAG 

Dl~CREMENT OFFSET I 
dcfsnz T AI3 LE _ 0 FFSET 1 ,F 
bsf FLAGS,OFFSET1_FLAG 

l JPDATE OFFSET2 
btfss FLAGS,OFFSET2 _FLAG 
bra DECREMENT OFFSET2 
movlw (SINE TABLE ENTRIES-I) 

~~ --

cpfslt TABLE __ OFFSET2 
bra CLEAR OFFSET2 FLAG 

--· -

incf T ABLEOFFSET2,F 
bra UPDATE OFFSET3 

CLEAR OFFSET2 FLAG 
bel' FLAGS,OFFSET2 _FLAG 

DFCREMENT OFFSET2 
dctsnz TABLE CWFSET2,F 
bsf FLAGS,OFFSET2 __ FLAG 

UPDATE OFFSET3 
btlss FLAGS,OFFSET3 FLAG 
bra DECREMENT OFFSET3 
movlw (SlNE_TABLE __ ENTRlES-1) 
cpfslt TABLE_ OFFSET3 
bra CLEAR OFFSET3 FLAG 
incf TABLE_ OFFSETJ,F 
return 

CLEAR OFFSET3 FLAG 
- --

bcf FLAGS,OFFSET3 _ _FLAG 

DECREMENT OFFSETJ 
clcfsnz TABLE_OFFSETJ,F 
hsf FLAGS,OFFSET3 _FLAG 
return 
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************************************************************************** 
CALCULATE TIMERO RELOAD 

- -

************************************************************************** 

CALCULATE TIMERO RELOAD 
- -

bcf FLAGSI,FREQ __ UPDATE 
clrf TEMP 
clrf TEMPI 
movlw HJGH(FREQUENCY_SCALE) 
movwfTEMP LOCATION 
movlw LOW( FREQUENCY_ SCALE) 
movwfTEMP LOCATION+ 1 

continue subtraction 

Result 

rnovf FREQUENCY,W 
btfsc STATUS,Z 
return 
bsf STATUS,C 
movf FREQUENCY,W 
subwtbTEMP _LOCATION I l,F 
clrf WREG 
subw1bTEMP _LOCATlON,F 
btfss STATUS,C 
goto Result 
incf TEMP,F 
btfsc STATUS,C 
incf TEMPI,F 
goto continue subtraction 

bsf STATUS,C 
movlw OxFF 
subfwbTEMP,F 
subfwbTEMPI ,F 
movtf TEMP I ,FREQ_REF _H 
movff TEMP,FREQ_REF_ L 

return 
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************************************************************************** 
Check limits routine 
************************************************************************** 
CIIECK LIMITS 

CHK PWMO MIN 
-- ~ 

movf PDCOH_TEMP, F 
bnz Cl-IK PWM I MIN - -

movlw MINL DUTY CYCLE 
- ·-

C'Yl'S\!:,\. \1 DCm. ~Y~MP 
movwfPDCOL TEMP 

CHK PWM\ MlN 
~ -

movf PDCI \-\_TEMP, F 
bnz CHK PWM2 MIN - -
movlw MINL DUTY CYCLE - ~ 

cpfsgt PDC I L TEMP 
movwfPDC I L TEMP 

Cl-IK PWM2 MIN 
-- ---

movf PDC2l-I __ TEMP, F 
bnz DONE CHECK LIMITS -- ---

movlw MINL DUTY CYCLE 
- --

cpfsgt PDC2L~TEMP 
movwfPDC2L TEMP 

DONE CHECK LIMIT - -
return 

************************************************************************** 
Stops the motor by driving the PWMs to 0% duty cycle. 
************************************************************************** 

STOP MOTOR 
bcf PIE I ,A DIE 
bcf lNTCON,TMROIE 
clrf OVDCOND 
clrf TABLE OFFSET I 
clrf TABLE OFFSET2 
clrf TABLE OFFSETJ 
bcf FLAGS, TIMERO_ OV _FLAG 
bsf FLAGS I ,STOP 

return 

72 



************************************************************************** 
Starts motor from previous stop with motor parameters initialized 
************************************************************************** 
RUN MOTOR 

bsf FLAGSJ,RUN 
bcf FLAGS,FLAG}'AULT 
bsf PIE 1 ,ADIE 
call !NIT MOTOR START 

--- ·-· 

call UPDATE PWM DUTYCYCLES 
-- --

call UPDATE TABLE OFFSET 
~ --

bsf INTCON,TMROIE 
movlw b'llllllll' 
movwf OVDCOND 
return 

************************************************************************** 
KEY SWITCH SUBROUTINES 
************************************************************************** 
KEY CHECK 

btfss KEY __ PORT, RUN_ STOP_ KEY 
return 
bsf FLAGS,RUN 
return 

KEY PRESSED 

btfss 
go to 
btJss 
return 
go to 
bsf 
return 

KEY_PORT, RUN_STOP_KEY 
STOP MOTOR NOW 

-- -
FLAGS,STOP 

RUN MOTOR 
LED PORT,RUN STOP LED 

STOP MOTOR NOW 
call STOP MOTOR 
bcf LED~PORT,RUN~STOP_LED 

return 

************************************************************************** 
Initialize High-Speed ADC 
************************************************************************** 
!NIT HSADC 

movlw b'OOOOOOOO' 
movwfADCON I 
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movlw b'OO I I 00 I 0' 
movwfADCON2 
movlw b'OOOOOOOO' 
movwfADCON3 
movlw b'IIOOIIII' 
movwf ADCIIS 
movlw b'OOOOOO I 0' 
movwfANSELO 
movlw b'OOOOOO 1 0' 
movwfTRISA 

movlw b'OOOOO I 0 I' 
movwfADCONO 
return 

************************************************************************** 
Initialize PCPWM 
************************************************************************** 
!NIT PCPWM 

movlw b'OOOOOOOO' 
movwf PTCONO 

movlw OxF9 
movwf PTPERL 
movl w OxOO 
movwfPTPERI I 

mov I w b'O I 0 I 0000' 
movwfPWMCONO 

movlw b'OOOOOOO I' 
movwf PWMCON I 

movlw b'OOOO I 0 I 0' 
movwf DTCON 

movlw b'l I 11 I I I I' 
movwf OVDCOND 
mov I w b'OOOOOOOO' 
movwf OVDCONS 
movlw OxOO 
movwf SEVTCMPL 
movlw OxOO 
movwf SEVTCMPII 
bsf PTCON I, PTEN 
return 
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************************************************************************** 
Initialize Motor 
************************************************************************** 
!NIT MOTOR START 

movlw Ox09 
movwfT ABLE OFFSET I 
bsf FLAGS,OFFSETl _FLAG 
movlw0x03 
movwfTABLE OFFSET2 
bcf FLAGS,OFFSET2_FLAG 
movlw OxOF 
movwfTABLE OFFSETJ 
bcf FLAGS,OFFSETJ_ FLAG 
bsf PORTC,O 
bra CONT !NIT MOT 

CONT !NIT MOT 
movlw Ox30 
movwfFREQUENCY 
movlwOxFD 
movwfFREQ_REF _II 
movwfTMROH 
movlw Ox2C 
movwfTMROL 
movwfFREQ_ REF_ L 
bsf FLAGS,TIMERO _ OV FLAG 
return 

************************************************************************** 
COPY TABLE TO RAM 
************************************************************************** 
COPY TABLE TO RAM 

-- -- -

movlw UPPER sine table 
movwf'f'BLPTRU 
movlw HIGH sine table 
movwfTB LP' rHJ I 
movlw LOW sine table 
movwfTI3 LPTR L 
movlw LOW(SINE TABLE) 
movwfFSROL 
movlw I IIGII(SINETABLE) 
movwfFSROII 
movlw Ox14 
movwfTEMJ> 
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< WY AGAIN 
TBLRD*+ 
movff TABLAT,POSTINCO 
dccfsz TEMP,F 
bra COPY AGAIN 

movlw LOW( SINE _TABLE) 
movwf FSROL 
movlw I-IIGI-l(SINE TABLE) 
movwf FSROI I 
return 

'************************************************************************* 
SINE TABLE 

•************************************************************************* 
; 1\BLE code Ox0600 
.Jnc table 
· lx00,0x02,0x08,0x II ,Ox I E,Ox2E,Ox40,0x54,0x69,0x80,0x96,0xAB,OxBF,OxD I ,OxE I J)xEE 
· h:F7,0xFD,OxFF 

'************************************************************************* 
END 
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File AA.inc 

************************************************************************** 

Oscillator frequency 

!/define OSCILLATOR d'20000000' 

************************************************************************** 

TimcrO prcscalcr; 

:
1dcllncTIMERO PRESCALE d'l6' 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

l'hc sampling frequency 

'idcfincSINE TABLE ENTRIES d'37' 
- -

************************************************************************** 

'***SAMPLES_PER __ CYCLE = (SINE __ TABLE_ENTRIES-l)*d'2' 

INSTRUCTION _CYCLE= (OSCILLATOR)/d'4' 

I RU)UENCY __ SCALE= 

1 IN STR UCTI ON_ CYCLE/SAMPLES _PET{_CYCLE)/(TIMERO _PRESCALE/4) 

I imcr prcscalc/4 is done to compensate ADC multiplication factor of 4 to the frequency) 

"************************************************************************* 

P\VM frec1uency definition 

:dcllncPWM _FREQUENCY d'5000' 

M···························~·············································· 
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II File: 18f443l.lkr 
/I Sample linker script for the PIC 18F4431 processor 

LIBPATH. 

CODEPAC)E NAME=vcctors START=OxO 
CODEPAGE NAME=page · START=Ox2A 
CODEPAGE NAME=idlocs START=Ox200000 
CODEPAGE NAME=config START=Ox300000 
PROTECTED 

END=Ox29 PROTECTED 
END=Ox3FFF 
END=Ox200007 PROTECTED 
END=Ox300000 

CODEPAGE NAME=devid START=Ox3FFFFE END=Ox3FFFFF 
PROTECTED 
CODEPAGE NAME=cedata START=OxFOOOOO END=OxFOOOFF 
PROTECTED 

ACCESSBANK NAME=accessram START=,OxO 
DATABANK NAME=gprO START=--=Ox60 
DATABANK NAME=gprl START=OxlOO 
DATABANK NAME=gpr2 START=Ox200 
ACCESSBANK NAME=accesssfr START=OxF60 

SECTION NAME=~CONFIG ROM=config 
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END=Ox5F 
END=OxFF 
END=Oxl FF 
END=Ox2FF 
END==OxFFF PROTECTED 



PIC18F2331/2431/4331/4431 
Appendix B 

Pin Diagrams 
·---~---- ------· --------~----~-----------....---..---~~~--------~--------------· -----------·-----~------------

28-Pin SDIP, SOIC 

MCLRNrr/RE3 ---

RAO/ANO <"\'- [~ 
RA1/AN1 __ ,. 

RA2/AN2NREF-/CAP1/INDX ·- [~ 
RA3/AN3NREF+/CAP2/QEA •~-~-,. ~ 

RA4/AN4/CAP3/QEB ____ ,. [:: 6 

AVDD ---- [:::: 7 
AVss ____ .,. [_ 8 

OSC1/CLI<IIRA7 [~ 9 u 
OSC2/CLKO/RA6 L-::: 10 0: 

RCOfT 1 OSO{f1 CKI • ~ --- ... [~ 11 
RCifT10SI/CCP2ifLTA ____ ... L 12 

RC2/CCP1/FLTB [_ 13 

RC3fTOCI<IfT!iCI<IIINTO •---- [_ 14 

Note 1: Low-voltage programming must be enabled. 

40-Pin PDIP 

..._.___ __ .,. R87/KBI3/PGD 

RB6/KBI2/PGC 

...-.-,. RB511<BI1/PWM4/PGMI1l 

-- RB4/KBIO/PWM5 

RB3/PWM3 

RB2/PWM2 

RB1/PWM1 

__ , •- ~-,. RBO/PWMO 

20 ::J • --- Voo 

19 -:::1 •----- Vss 

18 --:1---- - ... RCT/RX/DT/SDO 
17 -l ____ ,. RC6fTX/CI<iSS 

16 ] RC!i/INT2/SCK/SCL 

15 ::J •---~~---,. RC4/INT1/SOI/SDA 

MClRNPP/RE3 ______ ,._ [ -c~T- - 40 _j •-~-.- RB7/KBI3/PGD 

RAO/ANO _,_ 

RA1/AN1 ____... 
RA2/AN2NREF-/CAP1/INDX -~-
RA3/AN3NREF+/CAP2/QEA 

RA4/AN4/CAP3/QEB ---
RA51AN5/LVDIN -

REO/AN6 
RE1//\N7 
RE2/AN8 

1\Voo 
AVss 

OSC1/CLKIIRA7 
OSC2/CLI<OiRA6 

RCOfT1 OSO/T1 CKI 
RC 1 fT1 OSI/CCP2/FLTA 

RC2/CCP1/FLTB 
RC3fTOCKI(1)fT5CKI(1)/INTO _____... 

RDO/TOCKI/T5CI<I ·
RDI/SDO 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
-~- ~ 

..-

~ ..-
M 

~ 
u. 
CCI ..-
u 
ii: 

39 J ..__ ... RB6/KBI2/PGC 
38 - _,____ RB5/KBI1/PWM4/PGMI2) 

37 •--·,. RB4/KBIO/PWM5 
36 ---- RB3/PWM3 
35 -- RB2/PWM2 
34 J _,. RB1/PWM1 
33 . _ ---- RBO/PWMO 
32 J •--Voo 
31 ::J •--- Vss 
30 ] •----- RD7/PWM7 
29 •- ______.._ RD6/PWM6 
28 •·---- ... R05/PWM414l 
27 J •------ RD4/FLTA13l 
28 ..,__ _ ___,._ RC7/RX/DTISDOI1l 
25 _... RC6/TX/CK/SS 
24 J •-·-- ,._ RC5/INT2/SCK(1)/SCLI1l 

23 •-- RC4/INT1/SOII1ltSDA11l 
22 _ _____.. RD3/SCK/SCL 
21 l _,____ RD2/SDI/SDA 

Not~ I: RC3 is the alternate pin for TOCKI/T5CKI; RC4 is the allernate pin for SDI!SDA; RC5 is the alternate pin 

for SCK/SCL 

2: Low-voltage programming must be enabled. 

3: RD4 is the alternate pin for FLTA. 

4: RD5 rs ttm Allernale pin for PWM4. 

'-----------~-- ---~--- ---------~-- ---------··-- ------- -- -----~-
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Appendix C 

PIC18F2331/2431/4331/4431 

TABLE 1-3: PIC18F4331/4431 PINOUT 1/0 DESCRIPTIONS 

Pin Name Description Pin Number ~in Buffer 
DIP TQFP QF_N_ Type Type 

--·c:::-c.:::cc:c_~:=:==---=.::t:cc-::=- ---------- 1===1================= -------
MCLR/V~'P/RE3 

MCLR 
18 18 Master Clear (input) or programming voltage (input). 

VP~' 

REJ 

OSC 1 /CLKI/RA 7 
OSC1 

CLI\1 

13 30 I 32 

p 

I 

ST 

ST 

ST 

Master Clear (Reset) input. This pin is an active-low 
Reset to the device. 
Programming voltage input. 
Digital input. Available only when MCLR is disabled. 

Oscillator crystal or external clock input. 
Oscillator crystal input or external clock source input. 
ST buffer when configured in RC mode. CMOS otherwise. 

I I CMOS I External clock source input. Always associated with pin 

1/0 TTL , F\A7 
I 
. OSC2/CLKO/RA6 

function OSC1. (See related OSC1/CLKI. OSC2/CLKO pins.) 
General purpose 1/0 pin. 

t4- r-3-1--t-3f 1-----1- ·-----loscillalor C:i-Y-Siaf-orcTockoutJ;-ut.-- ------ · -- -
OSC2 

CLI<O 

RAG 

1-\/\0/AND 
RAO 
AND 

-!--

2 19 

RA1/AN1 I 3 I 20 
R/\ 1 
AN1 

I-\A2/AN21VREF-/CAP1/I 4 I 21 
INDX 

R/\2 
/\N2 
VF<EF-
C/\P1 
INDX 

i R/\3//\N31Vr<EF+/ 
IC/\P2/QEA 

1-\/\3 
AN3 
VF<EF+ 
CAP2 
QEA 

5 22 

I-\/\4/AN4/C/\P3/QEB I 6 I 23 
RA4 
AN4 
CAP3 
QEB 

f\/\5//\N5/LVDIN I 7 I 24 
RA5 
AN5 

19 

20 

21 

22 

23 

24 

0 

0 

Oscillator crystal output. Connects to crystal or resonator 
in C1ystal Oscillator mode. 
In RC mode, OSC2 pin outputs CLI<O. which has 1/4 the 
frequency of OSC 1 and denotes the instruction cycle rate. 

1/0 1 TTL j General purpose 1/0 pin. ----- ---~-----------------··--------·- ------------~---- -----------
PORTA is a bidirectional 1/0 port. 

1/0 TTL I Digital I/O. 
I Analog Analog input 0. 

I 
110 TTL I Digital I/O. 

I Analog Analog input 1. 

I 
1/0 TTL Digital I/O. 

I Analog Analog input 2. 
I Analog NO Reference Voltage (Low) input. 
I ST Input capture pin 1. 
I ST Quadrature Encoder Interface index input pin. 

I 
1/0 TTL Digital I/O. 

I Analog Analog input 3. 
I Analog ND Reference Voltage (High) input. 
I ST Input capture pin 2. 
I ST Quadrature Encoder Interface channel A input pin. 

I 
1/0 TTL Digital 1/0. 

I Analog Analog inpul4. 
I ST Input capture pin 3. 
I ST Quadrature Encoder lnte1iace channel B input pin. 

I 

I Analog Analog input 5. 
LVDIN 

1/0 ~~TTL l Digitall/0. 

I Analog Low-voltage Deled input. 
________ L. _____ L_________ ----- -------------------------- --------- --------

Legend: TTL 
ST 
0 
OD 

= TTL compatible input 
= Schmitt Trigger input with CMOS levels 
=Output 
= Open-Dram (no diode to Voo) 

XI 

CMOS = CMOS compatible input or output 
I = Input 
P =Power 



-

PIC18F2331/2431/4331/4431 

TABLE 1-3: PIC18F4331/4431 PINOUT 1/0 DESCRIPTIONS (CONTINUED) 
i 

~~ -~~~--~----~ ~~-~~~~~-----~~-~ ~-- r-· ~- ·----

Pin Number Pin Buffer 

: 
Pin Name -- Description 

DIP TQFP QFN Type Type 
~-- ~ t--~ -- r-~- ~ 

PORTE is a bidirectional 1/0 port~ 

REO/AN6 8 25 25 
REO 1/0 ST Digital I/O. 
AN6 I Analog Analog input 6. 

RE1/AN7 9 26 26 
RE1 1/0 ST Digital I/O. 
AN7 

I 

I Analog Analog input 7. I 

lf'{E2/AN8 10 27 27 
I RE2 1/0 ST Digital I/O. 
I AN8 I Analog Analog input 8. I 

fvss 
-- --- -~------- -·· - ~-~- -----r--~-- ---~-~---~---~~ ~~~-~-----~----~- -~~~--~-~-~--~~- ~~ 

12, 6,29 6, 30, p - Ground reference for logic and 1/0 pins. 
I 

31 31 I 
I 

iVoo 11, 32 7,28 7, 8, p - Positive supply for logic and 1/0 pins. 
28, 
29 

-~. ~ ---- ~-~~ ~-- ~-- --·---- ------- ---------- -~-t------ ---~-------

NC I -- 12, 13 NC NC No connect 
13, 

i -~ -~j33,_~L~-- -~--- ~~ ~~-L___-~- ---~~~-~ I ~~- - --- -----··-- --------

Legend: TTL =TTL compatible input CMOS =CMOS compatible input or output 
ST 
0 
OD 

= Schmitt Trigger input with CMOS levels 
=Output 
=Open-Drain (no diode to Voo) 
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I =Input 
P =Power 

I 

I 

I 

I 
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PIC18F2331/2431/4331/4431 

TABLE 1-3: 
~-,----· 

Pin Name 

f~DO!TOCK' 
ROO 
TOCKI 
T5CKI 

~ RD1/SDO 
RD1 
SDO 

RD2/SDI/S 
RD2 
SOl 
SDA 

.RD3/SCK 
RD3 
SCK 
SCL 

IRD4/FLTA 
. RD4 

FLTA 

R05/PWM 
RDS 
PWM4 

IR06/PWM 
~ RD6 

PWM6 

:RD7/PWM 
RD7 
PWM7 

i 
Legend: TTL 

ST 
0 
00 

PIC18F4331/4431 PINOUT 110 DESCRIPTIONS (CONTINUED) 
---~---------------- ------------

Pin Number Pin Buffer 

DIP TQFP QFN Type Type 

19 38 38 
1/0 ST 
I ST 
I ST 

20 39 39 
1/0 ST 
0 -

21 40 40 
110 ST 

I ST 
1/0 ST 

22 41 41 
1/0 ST 
1/0 ST 
1/0 ST 

27 2 2 
1/0 ST 
I ST 

28 3 3 
1/0 ST 
0 TTL 

29 4 4 
1/0 ST 
0 TTL 

30 5 5 
1/0 ST 
0 TTL 

--~-~-

= TTL compatible input 
= Schmitt Trigger input with CMOS levels 
=Output 
= Open-Drain (no diode to Voo) 

De$cription 

-

PORTO is a bidirectional 1/0 port, or a Parallel Slave Port 
(PSP) for interfacing to a microprocessor port. These pins 
have TIL input buffers when PSP module is enabled. 

Digital I/O. 
TimerO external clock input. 
Timer5 input clock. 

Digital I/O. 
SPI Data out. 

Digital ItO. 
SPI Data in. 
12C Data 1/0. 

Digital I/O. 
Synchronous serial clock inpuUoutput for SPI mode. 
Synchronous serial clock input/output for 12C mode. 

Digital I/O. 
Fault interrupt input pin. 

Digital I/O. 
PWM output 4. 

Digital I/O. 
PWM output 6. 

Digital 1/0. 
PWM output 7. 

CMOS = CMOS compatible input or output 
I =Input 
P =Power 
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PIC18F2331/2431/4331/4431 

fABLE 1-3: PIC18F4331/4431 PINOUT 110 DESCRIPTIONS (CONTINUED) 

Pin 

I\CD/T1 0 
RCD 
T10 
T1C 

1\C1/T10 
fLTA 

RC1 
T10 
CCP 
FLTA 

I\C2/CC 
RC2 
CCP 
FLTB 

HC3/TDC 
INTO 

RC3 
TOC 
T5C 
INTO 

HC4/INT 
RC4 
INT1 
SO/ 
SDA 

I'C5/INT 
RC5 
INT2 
SCK 
SCL 

RC6/TX 
RC6 
TX 
CK 
ss 

HC7/RX 
RC7 
RX 
DT 
SDO 

-· 

-------------Pin Number- ~Pi~ Buff;-·~----~~-------~~.-----~----------
Name Descnption 

DIP TQFP QFN Type Type 

PORTC is a bidirectional 1/0 port. 

SO/T1CKI 15 32 34 
1/0 ST Digital I/O. 

0 0 - Timer1 oscillator output. 
I ST Timer1 external clock input. 

SI/CCP2J 16 35 35 

1/0 ST Digital i/O. 
I I CMOS Timer1 oscillator input. 

1/0 ST Capture2 input, Compare2 output, PWM2 output. 
I ST Fault interrupt input pin. 

'1/FLTB 17 36 36 
1/0 ST Digital i/O. 
1/0 ST Capture1 input/Compare1 outpu!/PWM1 output. 
I ST Fault interrupt input pin. 

KI/T5CKI/ 18 37 37 

1/0 ST Digital i/O. 
I I ST TimerO alternate clock input. 
I I ST TimerS alternate clock input. 

I ST External interrupt 0. 

/SDI/SDA 23 42 42 
110 ST Digital I/O. 

I ST External interrupt 1. 
I ST SPI Data in. 

1/0 ST 12C Data 1/0. 

'/SCK/SCL 24 43 43 
1/0 ST Digital I/O. 

I ST External interrupt 2. 
110 ST Synchronous serial clock input/output for SPI mod1 
1/0 ST Synchronous serial clock input/output for 12C modE 

~KISS 25 44 44 
110 ST Digital 1/0. 
0 - USART Asynchronous Transmit. 
1/0 ST USART Synchronous Clock (see related RX/DT). 

I ST SPI Slave Select input. 

JT/SDO 26 1 1 
110 ST Digital i/O. 

I ST USART Asynchronous Receive. 

.. --- -- _ _I__ - ___ j ______ 
110 ST USART Synchronous Data (see related TX/CK). 
0 SPI Data out. 

- -~---~ ~----~- ----------~--~ ------~-~-------·--------

Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output 
ST = Schmitt Trigger input with CMOS levels I =Input 
0 =Output P =Power 
OD = Open-Drain (no diode to Voo) 
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PIC18F2331/2431/4331/4431 

TABLE 1-3: PIC18F4331/4431 PINOUT 110 DESCRIPTIONS (CONTINUED) 

PinNa 

---------- ~------- ------------------ -------- r------- ---- ·-·-· -·-·-·--------------- ·---- ""l 
Pin Number Pin Buffer 

Description me 

~f~BO/PWMO 
RBO 
PWMO 

RB1/PWM1 
RB1 
PWM1 

IIRB2/PWM2 
RB2 
PWM2 

f~B3/PWM3 

RB3 
PWM3 

RB4/KBIO/PW 
RB4 
KBIO 
PWM5 

M5 

f-DIP 'TQFP 

33 8 

34 9 

35 10 

36 11 

37 14 

I 

QFN Type Type 

9 
1/0 TTL 
0 TTL 

10 
1/0 TTL 
0 TTL 

11 
1/0 TTL 
0 TTL 

12 
1/0 TTL 
0 TTL 

14 
1/0 TTL 

I TTL 
0 TTL 

RB5/KBI1/PW M4/ 38 15 15 
PGM 

RB5 
KBI1 
PWM4 
PGM 

RB6/KBI2/PG 
RB6 
KBI2 
PGC 

I RB7/KBI3/PG 

1 

RB7 
: KBI3 
I PGD 
I -

~ 

~ 

) 

Legend: TTL 
ST 
0 
OD 

1/0 TTL 
I TTL 

0 TTL 
1/0 ST 

39 16 16 
1/0 TTL 

I TTL 
1/0 ST 

_1_40 L17 _I ~7 . 1/0 TTL 
I TTL 

1/0 ST 
~--

= TTL compatible input 
= Schmitt Trigger input with CMOS levels 
=Output 
= Open-Drain (no diode to Voo) 

"-- ·-- "-

PORTS is a bidirectional I/O port. PORTS can be software 
programmed for internal weak pull-ups on all inputs. 

Digital I/O. 
PWM output 0. 

Digital I/O. 
PWM output 1. 

Digital I/O. 
PWM output 2. 

I 
Digital 1/0. 
PWM output 3. 

Digital 1/0. 

I Interrupt-on-change pin. 
PWM output 5. I 

Digita~ 1/0. 
Interrupt-on-change pin. I 
PWM output 4. 
Low-voltage ICSP programming entry pin. 

Digital I/O. 
Interrupt-on-change pin. 
In-Circuit Debugger and ICSP prog(amming clock pin. 

Digital 1/0. 
Interrupt-on-change pin. 
In-Circuit Debugger and ICSP programming data pin. 

-·-- ------~--------------~--~----------------------------------
CMOS = CMOS compatible input or output 
I =Input 
P =Power 
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lr-)ternotionol 
I~~R Rectifier 

Appendix n 

IR2130/IR2132 
-------------------------------------------------------------------~-~~.~-----------------------

3-PHAS'E BRIDGE DRIVER 
Features 

I 

• Floating channel designed for bootstrap operation 
Fully operational to +600V 

, Tolerant to negative transient voltage I 

· clV /cit immune 
• Gate drive supply range from 10 to 20V 
• Undervoltage lockout for all channels 
• Over-current shutdown turns off all six drivers 
" Independent half-bridge drivers 
~ Matched propagation delay for all channels 
·, Outputs out of phase with inputs 
~ Cross-conduction prevention logic 

Description 
\\"· 
j,fre IR2130/IR2132 is a high voltage, high speed 
power MOSFET and IGBT driver with three indepen
(IBnl high and low side referenced output channels. 
f,1roprietary HVIC technology enables ruggedized 
)THH1olitl1ic construction. Logic inputs are compatible 
:tilth 5V CMOS or LSTIL outputs. A ground-refer
flnced operational amplifier provides analog feedback 
of bridge current via an external current sense resis
tor. A cuner1t trip function which terminates all six 
6utputs is also derived from t11is resistor. An open 
'irnir1 FALJL T signal indicates if an over-current or 
inlclor-voltage shutdown has occurred. The output driv
erc; feature a high pulse current buffer stage designed 
lor rninirnurn driver cross-conduction. Propagation 
~lolays are matched to simplify use at high frequen
~los. Tt1e floating channels can be used to drive N
Ji 
i 

•I• 
.I. 

:nVpical Connection 

~-r··_.--:1 

' 

I. ____ _ 

'~cc <>-------- ± T I 
fliNDJ " ~ 

Clfli2] 

r hlllT cr----· 1-.-.h.l 

CIIC' o--~.--

t-
~ L1r iU o--- - _.._~---

< 
\,1\l 

Product Summary 

VoFFSET 600V max. 

lo+/- 200 rnA I 420 rnA 

Vour 10- 20V 

ton/oU (typ.) 675 & 425 ns 

Deadtime (typ.) 2.5 IJS (IR2130) 
0.8 IJS (IR2132) 

Packages 

# 
2B lead SOIC 

• 
20 Lead PDIP 

44 Lead PLCC w/o 12 Leads 

channel power MOSFETs or IGBTs in the high · 
configuration which operate up to GOO volts. 

L......__ !.-.....-..---<> 10 
·--o LOAD 
·--0 

,j 
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IR2130/IR2132 

Absolute Maximum Ratings 

International 
I~~R Rectifier 

Absolute Maxirnurn Ratings Indicate sustained limits beyond which damage to the device may occur. All voltage param
eters are absolute voltages referenced to Vso. Ths,.Thermel Resistance and Power Dissipation ratings are measured 
under board mounted and still air COfjdlllons. Additional lnlbrn1ation Is shown In Figures 50 through 53. 

Symbol ~ Definition Min. Max. Units 
f-Hgh Side Floating Su~el~ Vl:Jila!le 

- -
l---'{)3_u.;J_ -0.3 625 

Vst2L_ 'High Side Floating Oitsel Voltage Vat 2 3- 25 Vet 2 3 + 0.3 

~-LV High Sldw Floating Output Voltage V S1.2.3- 0.3 Vet.2.3 + 0.3 

- Vcg Low Side and Logic Fixed Supply Voltage 'h~., ., ,,. -0.3 25 

Vss Logic Ground ,, Vee- 25 Vee+ 0.3 

VLOt23 Low Side Output Voltage -0.3 Vee+ 0.3 

V1tl Logic Input Volta_ye (f-HN1 ,2,3, UN1 ,2,3 & !TRIP) Vss- 0.3 Vee+ 0.3 v 
VFLT FAULT Output Voltage v55 - 0.3 Vee+ 0.3 

VcAO Operallonal Amplifier Output Voltage v11s- o.3 Vee+ 0.3 

VcA- Operational Amplifier lnver11ng Input Voltage Vss- 0.3 Vee+ 0.3 

dV~ Allowable Offset Supply Voltage Transient - 50 
~:.:.::___ ~'o Package Power Dlssipallon @ T As +25"C (28 Lead DIP) - 1.5 

(20 Lead SOIC) - 1.6 w 
(44 Lead PLCC) - 2.0 --·----i---= . 

Rth.1A 1 Thermal ResiStance, Junction to Ambient (20 Lead DIP) - 03 
(28 Lead SOIC) - 78 ·crw -
(44 Lead PLCC) - 63 --

TJ Junction Temperature - 150 

r---- Ts Storage Temperature -55 150 ·c 
- TL _l{lad Temperatura (Soldering, 10 seconds) - 300 

--

Recommended Operating Conditions 
The lnpuVOutput logic timing diagram is shown In Figure 1. For proper operation the device should be used within the 
recommended conditions. All voltage parameters are absolute voltages referenced to Vso. The Vs offset raUr1g Is tasted 
with all supplies biased at 15V differential. Typical ratings at other bias conditions are shown In Figure 54. 

Symbol Definition Min. Max. Units 
_V~.L_ High Side Floating Supply Voltage Vs1.2.3 + 10 Vs1.2.J + 20 

~.L_ High Side Floating Offset Voltage Note 1 600 

~_LbL_ High Side Floating Output Voltage Vst.z.J Va1 23 
Vee Low Side and Logic Fixed Supply Voltage 10 20 

Vss Logic Ground -5 5 

VLOt2.3 Low Side Output Volla_g_e 0 Vee 
\fiN logic Input Voltage (HIN1 ,2,3, 0N1 ,2,3 & !TRIP) Vss Vss-+ 5 v 

VFLT FAULT Output Voltage Vss Vee 
VeAQ___ -----=- Operational Amplifier Output Voltage Vss 5 

VeA· Operational Amplifier Inverting Input Voltage Vss 5 

- _Tl\ ___ _ A_111blent Temperature -40 
- -

125 ·c 

Note 1: Logic operational lor Vs of (Vso- 5V) to (Vso + 600V). Logic stale held lor Vs of (Vso- 5V) to (Vso- Vss). 

192 
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International 
I\iR Rectifier 
INSULATED GATE BIPOLAR TRANSISTOR WITH 
ULTRAFAST SOFT RECOVERY DIODE 

Appendix E 

PD -91587A 

IRG4PC30KD 
Short Circuit Rated 

UltraFast IGBT 
.----____,...,--__, 

Features " 
• High short circuit rating optimized for motor control, 

lsc =101Js, @360V VeE (start), TJ::: 125"C, 
VGE = 15V 

• Combines low conduction losses with high 
switching speed 

• Tighter parameter distribution and higher efficiency 
than previous generations 

• IGBT co-packaged with HEXFRED™ ultrafast, 
uitrasoft recovery antiparallel diodes 

Benefits 
• Latest generation 4 IGBTs offer highest power density 

motor controls possible 

G, 

• HEXFRED ™ diodes optimized for performance with IGBTs. 
Minimized recovery characterisllcs reduce noise, EMI and 
switching losses 

• This part replaces the IRGBC30K02 and IRGBC30MD2 
products 

• For hints see design tio 97003 

Absolute Maximum ~atings 
Parameter 

VcES Collector-to-Emitter Voltage 

lc@ Tc" 2s·c Continuous Collector Current 

lc@ Tc = 100"C Continuoua Collector Current 

I eM Pulsed Collector Current <D 

it.M Clamped Inductive load Current Ill 

lr@ Tc = 1oo·c Diode Continuous Forward Current 

IFM Diode Maximum Forward Current 

lsc S!10rt Circuit Withstand Time 

Vc>~ Gate-to-Emitter Voltage 

Po@ Tc"' 25"C Maximum Power Dissipation 

Pn @ T c = 1 OO"C Maximum Power Dissipation 

T,r Oparallng Junotlon and 

Tsw Storage Tempen:lture Range 

Soldering Temperature, for 10 sec. 
Mounting Torque, G-32 or M3 Screw. 

Th~nnal Resistance 
Parameter 

Rux; Junction-to-Case - IGBT 

RuJC Junction-to-Case - Diode 

RQCS Case-to-Sink, flat, greased surface 

~k!A Junr.tion-to-Ambient, _typical socket mount 

Wt Weight 
--- ---

www.irf.com 

E 

n-channel 

VcES = 600V 

V CE(on) typ. = 2.21 V 

@VGE::: 15V, lc = 16A 

T0.247AC 

Max. Units 
BOO v 
~8 

15 

56 A 
58 
12 

56 
10 us 

:t20 v 
100 w 
42 

-55 to +150 
·c 

300 (O.Ojl3 ln. (1.6mm) from case) 
1o lbf•ln (1.1 N•m) 

Min. Typ. Max. Units 

- - 1.2 

- - 2.5 "C/W 

- 0.24 -
- ~ 40 

- 6 (0,21) 
.. 

g_ (oz) 
-

4/15/2000 
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IRG4PC30KD 
I nlernational 
IOR Rectifier 

Electrical Characteristics@ TJ = 2fi°C (unless otherwise specified) 
Param~t~r Min. Typ. Max. Units Conditions 

V(HR)CES Collectcr-to-Emltter Breakdown VoltageQl 600 - - v VGE ::: OV, lc = 250~A 
tW(!lR)CESii'ITJ T empemb.re Coeff. of B.-ed«lown Voltage - 0.54 - vrc VGE = OV, lc = 1.0rnA 

VcE(on) Collector-to-Emitter Saturation Voltage - 2.21 2.7 le = 16A VGE = 15V 

- 2.88 - v lc = 28A See Fig. 2, 5 

- 2.36 - lc: 16A, TJ = 150'C 

VGE(IIll Gate Threshold Voltage 3.0 - 6.0 VeE = VGe, le = 250~A 

AVGE(u,YATJ Temperature Coeff. of Threshold Voltage - -12 - mVI'C VeE= VGE. le = 250pA 

9te Forward Transconductance @) 5.4 8.1 - s Vee= 100V, le = 16A 

IcEs Zero Gate Voltage Collector Current - - 250 pA VGE = OV, VeE= 600V 

- - 2500 VGE = OV, VeE= 600V, TJ = 150'C 

VrM Diode Forward Voltage Drop - 1.4 1. 7 v le = 12A See Fig. 13 

- 1.3 1.6 le = 12A, TJ = 150'C 

IGES Gate-to-Emitter Leakage Current - - ±100 nA VoE = ±20V 

Switching Characteristics @ T J = 25°C (unless otherwise specified) 

Parameter Min. Typ. Max. Units Conditions 

Q, Total Gate Charge (turn-on) - 67 100 lc = 16A 

Q!L".__ Gate - Emitter Charge (turn-on) - 11 16 nC Vee= 400V See Flg.8 
- --
Ogc Gate - Collector Charge (tum-on) - 25 37 VGE = 15V 

l.:J(on) Tum-On Delay Time - 60 -
I, Rise Time - 42 - TJ = 25'C 

ns 
ld(ofl) Tum-Off Delay Time - 160 250 le = 16A, Vee= 480V 

It Fall Time - 80 120 VGE = 15V, RG = 23(2 

Eon Turn-On Switching Loss - 0.60 - Energy losses include "tall" 

Eoff Turn-Off Switching Loss - 0.58 - mJ and diode reverse recovery 

E1s Total Switching Loss - 1.18 1.6 See Fig. 9,10,14 

l,c Short Cirruit Withstand nme 10 - - IJS Vee= 360V, T.1 = 125oC 

VGE = 15V, RG = 10!l, VcPK < 500V 

t.l(oll) Turn-On Delay Time - 58 - TJ = 150'C, See Fig. 11,14 

t, Rise Time - 42 - le "' 16A, Vee = 480V 

Turn-Off Delay Time 
ns 

VGE = 15V, RG = 23rl, 4l(off) - 210 -
tr Fall Time - 160 - Energy losses include "tall" 

E1s Total Switching Loss - 1.69 - mJ and diode reverse recovery 

LE Internal Emitter Inductance - 13 - nH Measured 5mm from package 

C;es Input Capacitance - 920 - VGE = OV 

Caes Output Capacitance - 110 - pF Vee" 30V See Fig. 7 

Cres Reverse Transfer Capacitance - 27 - f" 1.0MHz 

lrr Diode Reverse Recovery Time - 42 60 ns TJ"' 25"C See Fig. 

- 80 120 TJ = 125"C 14 IF= 12A 

irr Diode Peak Reverse Recovery Current - 3.5 6.0 A T.1 = 25'C See Fig. 

- 5.6 10 T.1 = 125"C 15 VR = 200V 

Q,, Diode Reverse Recovery Charge - 80 160 nC TJ = 25'C See Fig. 

- 220 600 TJ = 125"C 16 dl/dt = 200AIJ~ 

1 

dl(re<;)Mfdt Diode Peak Rate of Fall of Recovery -=- 180 
1---

NIJS TJ = 25"C See Fig. 

During tb - 160 - TJ = 125'C 17 
- -

2 www.irf.com 
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- ~- -------~----- ----~-~--------~------~---~--~~~~~~~-~-~ -- _ _ApJlCll dix _ F 

- a:a July 21HI~> 
FAIRCHILD 
SF'[, lll.:~L:J~Jl)L_J[_:_;TCJI=l' 

Single-channel: 6N135, 6N136, HCPL-2503, HCPL-4502 
Dual-Channel: HCPL"2530, HCPL-2531 
High Speed Transistor Optocouplers 

Features 

• llipl1 speed I Mllil/s 

• SII)Hlllor 1 __ :~;111 I() liV/ps 

• I l11nl CIIAnnel HCI'L -2530/HCPL 2531 

• I lo1 rille wu1ldno volla(Je-<11.10V llMS 

• I; I H [Jllfll <Jill Rod () 70''C 

• lJ I rr!<:ll(Jrlized (File II EflOlOO) 

Applications 
• [ IIIH I f~t:f~/VPI S 

II l'td!:e lrclltslrllrner replnccnnenl 

• I ltlljllillnloriAce lo CMUS LS II L-1 IL 

• WhiG ll;mdwidlli armloy Cllli)JIIIly 

Package 

1 1)1lllr-, 1 iltr\ hdr/ ~.;P!l\li'OIH/lJc!Or \;orpornit!Jil 

Description 

Tile I !Cf'l.-4!i02/~ICPL-2fl03, GN 135/6 ami lll;f'L ~'5:10/HCf'l 
2531 oplocouplels conslsl ol an AIOaAs LElJ oplically co11plnd 
lo a high speed pl10lodetecto1 translsto1 . 

A separate COIIIIecl/nn for the bias of the plmtodiudn ilnpruvos 
the Speed by SeV8181 Old81S ofnlAgniliJrJe OVOJ CIHIVGntionnl 

phototlllnslstur oplocouplor s by rmlucinq lli\1 IJ11so -collot:\"1 
capaciltlllce of Ills inpul lransislor 

An lnler nalnolse shlold p1ovirJes supnllor crllnrnull 111odJJ 1 n;rH.: 
lion ol IUI1V/ps. AnlllllliOVOII IHlckngo Blluws Sll)mrior insirlnlliHI 

pm111illlng a <lllO V wo1ldn\j vollaqu COiilprllrHIIo indusl1y !;);1!1-
dald of 220 V 

Schematic 

! 
HIC u· . 

·_~ --t. ! -r~~-~~ -\1 

v, ~ . l 
~ -- I /_ r!QJ v, 

r j/ ! -
r ~ 

I•IIC ~~ ~--~-J[!i_]GIID 

Gr-11 :J5, 6r-ll :lG, IICPL 250J, II Crt -•IG02 

Pin 1 Is not cormndsU In 
rnrl ~JumUer IICPI -•1002 

'G -~ \ ;t·~· 
v,. T 
~-

- i 

v . i . 

-·nJ v Cl' 

)lll v,, 

L 
J oJv 0? @-t-.h 

~,__ ! 
I I~ ~. L~-~-

{ 
~ -~.l ~1111/ll 

IICf'l 25JOI!ICPI 2fl.ll 

www lnlw!rihfc:.(Hlll r !lt!l 

'-trlrJIP r:liilr11lf!l lilr/1 J5, (il•! 136 , IICPL <'liOJ, IICI'L 4502 Duni-CiwrHJel: IICI'L ;.>C,;-\11 IICI'l.-253 I flev. \0 3 
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Absolute Maximum Ratings (TA = 25°C unless otherwise specified) 

I 
~- -~ ~---·~~·- ~ ~-~ ~ -----~------- ----- -

Parameter 
~- --------

St(ll a1de I BllliJ'Jrature I - - ~~ ~ -~ ~~ ~~ ~-~~~-- ---~---------- -----------
Clper HIIIHJ lemperalure 

-~· .. --~~-----~--~·- ------~~--~---~ 

L oc.d Solcler 'lernperalure 

EMITTER 

I
, IJC/Avor,···1ge l'orward lnpul Curre111 Each Channel (Nole 1) 

----~--------- ----- ·-·-------- --- ·------------~-- . -----------------
l'<)dK hnwarcllnpu1 Curren! (50°o duly cycle, 1ms PW.) 

I Each Channel (No1e 2) 

l0 oak Transrenllnpul Curren!- ('.1 ps PW, 300 pps) 

11r,ver Sl) lnpul Voltage 

lrrpul Power Dissrpalrn11 

DETECTOR 

Each Channel 

Each Channel 

(6~1 135/6N 136 ami HCI'L-2503/4502) 

(HCPL 2530/2531 ) Each Cl1annel (Nole 3) 

Symbol 

T SH; 
---------· 

Tor'R 
---

Tsm 
~~-

11_ (avo) 

If' (pk) 

IF (lrans) 

VR 

l'u 

--- --·-~-·~ .. -----------~-~--·----~-~-~~---------~~ --·--~-------,------

Averaqe Ou1pul Crrrrer11 Eacl1 Channell 10 (avg) 

1\:ak Oulpul Curren! 

Lrnillur-f-Jase Reverse Volta\)e 

~)rrpply Vol! age 

Oulput Voltngc 

Base Curren! 

Eacl1 Channel lo (pk) 

(6N 135, 6N136 and HCPI_ ~2503 only) VEBR 

Vee 

Vo 

(6N135, 6N136 ancJ HCPL 2:>03 only) In 

Value 

-55 to •12~) 
--------- ---- ··-

~5S lo I 100 
-------------------

260 lor 1 o sec 
--------- -----

25 

bll 

1 0 

,. 
,) 

100 
4Ci 

8 

16 

5 

0 5 lo 30 

-0 5 lo 20 

:, 
--~-~-- ~------ --+--

I Oulpu1 power 

[ ct1ss1patior1 

(6N135. 6N136, HCPL-2503. HCPL~4502) (Note 4) PD 

(HCPL-2530, HCPL -2531) Each Channel 
----~-~------~~~--~~~---~----~~-~-

100 
----------

3b 
--~-----

Units 
(' 

'C 

'C 

nrA 

rnA 

A 

v 
mW 

rnA 

v 
v 
v 

rnW 

nrW 

2 www l(lHCillltJse1nl uHn 

:,IIHJI<: dtannel· GI~13C>, 6N13G , HCPL-2503, HCPL-4t>02 Duai~Channel: HCPL 2530, HCPL-2531 Rev. 10 3 
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