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ABSTRACT

This is a design project which to design a direct digital control of permanent magnet
BLDC motor for air conditioning. Mainly the task of this to developed a control to the
speed of BLDC motor that will determine the speed of compressor inside in an air-
conditioner, The project is divided into two main tasks; the simulation part and
circuitry part. This report will delivered resuits, discussion and feedbacks of the both
parts that had been handled. The simulation is build inside MATLAB/SIMULINK
while the circuitry part is built by using equipments of Lab-Volt. It composed from
blocks that are mainly based on calculation or theoretical value. So it is completely
logical blocks and shall not inferface with other Power Electronic block set
components inside MATLAB. From here the author learns relationship between
Sensorless BLDC motor and BLDC motor with Hall Sensor. In circuitry part, the
IGBT inverter by supplying PWM control signals. From here the author learns that
the output voltage depends on switching process and the DC input. Due to lots of
advantages deliver by BLDC motor, this project brings a lot of benefit.
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LIST OF ABBREVIATIONS

DDC - Direct Digital Control

AC — Alternating Current

DC — Direct Current

BLDC motor — Brushless DC Motor
PWM - Pulse Width Modulation
EMF - Electromotive Force

L~ Inductor

C- Capacitor



CHAPTER 1
INTRODUCTION

1.1 Background of Project

BLDC abbreviation for Brushless DC motor had been widely used due to its
advantages. In air conditioning, BLDC motor had been used in compressor to enable
the compressor to start at high revolution speed as soon the air conditioning system is
turned on. [1] This project mainly focused on the application of BLDC motor for

compact and small car air conditioner.

The drive system, use Direct Digitai Control or DDC as electronic control interface
for BLDC motor. Under DDC, microcontroller is implemented. This system had
contributed to hybrid vehicle such as Toyota’s new Prius, Toyota Harrier Hybrid and
Toyota Kluger Hybrid. This system had many advantages over universal DC motor or
brushed DC motor as stated under “Permanent Magnet Brushless DC motors for

Consumer Products”. [2]

1.2 Problem Statement

Originally, the most common brushed motor bad been widely used in many facilities
such as in vacuum cleaners and washing machines as the manufacturing cost being
quite low. However, many flaw arise such as relatively inefficient and having high
acoustic noise emissions. The BLDC motor had offers with potential of increasing the

efficiency and reliability.

Basically the purpose of this project is to control the speed of a BLDC motor for a car

air conditioner.



1.3 Objectives

The objectives of this project are as foilow:

To develop a digital controller to control the speed of BLDC motor for a car

air conditioner

s To design the control circuit, power circuit to operate the BLDC motor from a

battery source
s To model and simulate design with MATLAB/SIMULINK

e To construct the digita] controller and power circuits

1.4 Project Planning

During this semester, it is proposed to design and construct the controller for BLDC
motor. The process also involves simulation of the drive system using
MATLAB/SIMULINK. Also it is proposed to implement the microcontroller for
direct digital control. The full Gantt chart for the plan time frame is presented in

Appendix.



CHAPTER 2
LITERATURE REVIEW AND THEORY

In continuation of preliminary report submitted in the first semester, the following
chapters explain the project objectives of the second semester. Figure 1 show the
BLDC drive system,

bcpe i PWM
"I Boost Converter : m"w |
A Y
i i Position
Dt ks Sensor
Controller
EES S
Digital
Controller
A A

Figure 1 BLDC drive system



2.1 Brushless DC Metor

Figure 2 BLDC motor

The information provided by a vendor for a Brushless DC motor with integral
Electronics as shown in Figure 2 published [3] that it is typical for scientific
applications (stirring equipment, pumps, mixing machine) and industrial applications
(fans and conveyor). The motor itself is already equipped with internal drive
etectronics that provides control. There are two main components inside the motor;
internal speed regulation and electronic commutation. The full specification of the

motor are listed in the Appendix.

Generally the motor’s speed can be controlled by changing the terminal voltage. As
shown in Figure 3 it is observed that by increasing the terminal voltage, the speed

will also increase. [7]
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Figure 3 Torque-speed characteristic for BLDC motor.

A BLDC motor is a type of synchronous motor. As usual it consists of two main
parts- stator and rotor. The stator, it consists of piled steel laminations with windings

placed in the slots that are axially cut along the inner periphery. {7]

Figure 4 Stator of BLDC motor.



The rotor, it is made from permanent magnets that can vary from two to eight pole
pairs with alternate North (N) and South (S) poles. [7]. Figure 5 show the

arrangement of permanent magnets in Totor.

Circular core with magiwets Circtlar eore with reciangular Cirgular care with reciangular magnete
o0 the: petiphary magnats emdradded In the rofor inserted into the Totor cone

Figure 5 Arrangement of permanent magnet in rotor.

2.2  Simulation Tools

As explained earlier, the main simulation tools that will be used are PSPICE and
Matlab/Simulink. The project will be concentrated on first part; the simulation.
Matlab/Simulink is the most suitable simulation tools for an electromechanical
system. It is essential to develop the simulation model.

For a drive system such as a BLDC motor drive, the simulation tool would be

Matiab/Simulink to model the control aspects.



2.3 Pulse Width Modulation Inverter

Tyt (:-];S Dyt Tt (} Dpe T Q} Do+
L L ' -
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Figure 6 PWM inverter with R-L load

A PWM inverter as shown in Figure 6 is a part of the BLDC drive system, The
purpose of inverter itself is simply to invert DC to AC. The objective of using
specifically PWM inverter is to shape and control the three-phase output voltages in
magnitude and frequency with respect to the DC input voltage. The stator of the
motor is represented by the three phase loads. The input source voltage to inverter is
DC voltage, Vpc. The output will be displaced by 120° with respect to each other.
The output voltage for each leg (Vag, Vg, V) depends on the input voltage, Ve and
the switch status and independent of the output current. It also means that the output

voltage is independent of direction of the load current.



2.3.1 Operation of PWM Inverter

The inverter is fed by a dc voltage and has three phase-legs cach consisting of two
transistors and two diodes (labeled with subscripts a, b, ¢). With Sine-Triangle Pulse
Width Modulated (STPWM) control, the switches of the inverter are controlled
based on a comparison of the sinusoidal control signal and a triangular switching
signal. The sinusoidal control waveform establishes the desired fundamental
frequency of the inverter output, while the triangular waveform establishes the
switching frequency of the inverter. The ratio between the frequencies of the
triangle wave and the sinusoid is referred to as the modulation frequency ratio. The

switches of the phase legs are controlled based on the following comparison [10]:

Yeontrollphase -a) > Yy riangle > Ta+ is on
Ueontroliphase o) < Viriangle® T _ison
Veontroiiphase—b) = Viriangie> Ty, ison
Deontrol{phase -b) = Ytriangie T,_ison
Yeontrol{phase —¢) > Vi rigngie> Tg +-ison
v T, _.ison

conirol(phase —c) < yzria;ngie > T

Y eanird Y eoniral Y cosiral
iphasea ipthaset: iphase-<)

=
————

IR

Figure 7 Sine-triangle, pulse-width-modulated control waveforms, phase
voltages Vag and Vbg, and line voltage Vab



As shown in Figure 7, when the comparison is made, the output voltage range varies
from the input voltage value and zero. For the line voltage, the dc components will

cancel out. Thus the range will be from +Vpc to —~Vpc.



CHAPTER 3
METHODOLOGY

3.1 Flowchart

The flowchart shown in Figure 8 indicates the methodology of this project.

Conduct literature review on project:

Direct Digital Control of a Permanent Magnet BLDC motor for Air Conditioning

Configure the hardware specification.

l

l

Model of each component inside
MATLAB/SIMULINK

Simulate system inside
MATLAB/SIMULINK

l

Design a inverter controlled by
microcontroiier

A4

Fabricate system

Figurc 8 Flowchart
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3.2 Tools

The following tools are used for software and hardware requirements of the project:
- Matlab/Simulink
- Lab-Volt Power Electronics Equipment

The simulation is conducted using Matlab/Simulink. The results of the simulation
are discussed in Chapter 4 where the usage of this software is optimized. Most of
the circuits for this project are built in the Power Electronics laboratory using the
Lab-Volt Power Electronics Equipment. The prototype circuit is built from the

available modules in the laboratory and the motor purchased from vendors.

I AFier Fhww am T “3| To ger stesces, sslect AALTLAS B=lp or Uemds fraw the Erolp meou. :
;ﬁ”‘fm‘“ Ml 17 1B Apr &, 2000 LACELISY L, gpungresy ana useryEy 71 BLOCY stuulaTeioms 1 MALZ Bal ] i
= File JIGKE Jan 5, 007 425581 1] = :
=] myblic_mel2_sfun.dit DLL Fie 3IXE NovS, 2006 111118 | H
o] mytitie_mel2_shen.... MEXfie 231 KE Doc 26, 2006 12650 H
NEW CONTROLL. . Modsl BEKE Api 14,7004 1:01:36 k i
reotll, mal WAG-Gly YUB B Jan 11, 2007 3312 !
SETL.md! Mosdel 16 KB May 26, 2004 11:607 | i
8] SET1_sfun b DULFis 106 KB N8, 205 22030 !
& SET2 mdl Model i :
SETIm Muda) ! :
threshaold Mol 12 kD Myy 20,5004 407 ¥
22 KA ApcB 2004 11:412 GEIVi

Currad Dyt

1
F={O.
—as gl
det(3)

{ " n=8.325(6.3570.075-0.05'0.05]
- 0=0,9257 {0,350 075-0. 05305}
~pmal. 17{-0.170. 075-0.05*D.025)
& = G.0Z5T [D.270.05-0.357-0.025)

Sersings\uzes) ¥y Documenss)ft

and 9ectingah usert iy

Lal ¥ Instr i ¥ (438)

Figure 10 Lab-Volt Power Electronics Equipment
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CHAPTER 4
RESULTS AND DISCUSSION

4.1 Simulation with Matlab/Simulink

The main task of simulation is to handle the model and run it with the specified
design requirements. Initially the simulation is run for the inverter and BLDC motor
parts. The converter part is then simulated separately. Following is the explanation of

each block that is used for the simulation. The blocks are:

« mybldc block e 120 deg trigger block
s estimation block e Controller block

o zeto c.floss.ing block e All phase block

e IC block

D E"& s B oo o r B em D EAmbe PBEES
£

[

Lahe

3
f
!
=
|

—
R X
s .
EF e I—:—i
s ma—
.
Ll o

Figure 11 BLDC motor simulator
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4.1.1 The mybldc block

Ls|
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T e
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Figure 12 mybldc block

This block act as a BLDC motor, where it will take inputs of three-phase voltage and
load torque values. This block consists of two sub blocks; my state-space and S

function. The state space model is developed from the mathematical model

representing the motor equations.

T eayhlds, malzimahldc .
e Edt Ve Smoston Fomat Took Hel |

D.Eé.é A e S L Namd- - Q‘EQ--“#E‘E@

RN

: 2

Fourchie _ Ty Y

Figure 13 Inside of mybldc block
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Figure 15 S function parameters

If the models of the BLDC motor changes, the armature resistance and inductance

will need to change. However due to lack of information, the changes will be made

on resistance only. This are the outputs that produce from mybidc biock:

I u, I v, I w are the individual phase currents
wn is the rotor electrical speed in rad/s
angle is the rotor electrical position as compared to the initial position

EMF UEMF V. EMF W are the back emf values generated in the three

phases.

T UT V,I W are the individual phase torques.

14



e Friction: the values of the friction faced by the rotor. Contains both static and
coulomb friction.

e vris the neutral point node voltage.

4.1.2 The estimation block

Her-d anp

ESTIMATE

Figure 16 Estimation block

This block calculates the error between the actual and command speed. The input to
this block is taken from the myblde block and error gen block. The inputs will be the
actual value of the motor speed, rotor shaft position, the required rotor speed and
lastly the fed back from the output. From this block the outputs such as command
phase currents, error between command speed and actual speed and value of torque to
be generated are observed.

This block can be considered to be inside the BLDC motor itself in real world and

cooperates with the next block to perform the Hall Sensor part of the motor.

4.1.3 Zero crossing block

AN
Y]
Ty Fine Wave I |
i ' S
’W‘l Sira Waval plaw Wi Soopet E
H_M Scope?

Sine Wava2 ppep—

Figure 17 Zero crossing block
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This block performs the translation of Hall Sensor inside the BLDC motor. The input
parameters to this block are the back EMF for all the three phases from the motor.

Then the zero crossing will translate the input into 1 and 0 output only. The inputs

and output of all three phases are shown in Figure 18 to 20.

Figure 19 Zero crossing detection for Back EMF phase V and phase W
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Figure 20 Zero crossing detection for Back EMF phase U and phase W

4.1.4 IC and 120 deg trigger blocks

m W_ot
Usizr Ustsr_cut b

™ oth
sty outb

1_gt >
TWsta_sit b
W U ot >

e o

ArurESHCLD
] WL o

e

Figure 21  IC block
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Figure 22 120 deg trigger block

According to the author [9], the *IC’ block is used to hold the controller to its initial
state till the time motor picks up sufficient speed and the back EMF voltages are

significani. This system however resembles the sensorless BLDC. But it stil! would
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be significant for the use of the present work. Inside the IC block, there are a number

of swiiches to select the output. These switches will be changing with the threshold
time that had been set.
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Figure 23  Sub block of IC

Next would be the 120 deg trigger block which will give initial value to the system to
ramp up the motor for a threshold time. Then it will disconnect the 120 deg trigger

block from the system to perform the closed loop operation.

4.1.5 The Controller block
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Figure 24 - Controller block

The controller block takes the output of the IC block and triggers the appropriate
gates of inverter. This system will work as inverter to supply the input voltages to the

BLDC motor. The reference of inverter structure is as shown in Figure 25:
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Figure 25 Reference structure of Inverter

The sub system of the controller block can be viewed in Figure 26:
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Figure 26  Sub system of controller block
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4.1.6 The All Phase block
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Figure 27 All Phase Block

This block takes input from the controller which is meant for the gates of the inverter.
The output voltage at Phase U is observed. The results can be seen below. Due to

constant value in Gate 4, the phase voltage will take the positive terminal of the

voltage source.

Figure 28 Output of voltage at phase U
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4.2 Results and Discussion of simulation

The simulation is iniated with a specific the amount of DC input voltage to the
inverter. In this simulation it is assumed that the output from the converter is ideal
and without any losses. The specified amount that been change in the model are the

excitation voltage, resistance per phase, inductance per phase and speed reference.

4.2.1 Stator phase currents

Figure 29 show the result of simulation of stator phase currents. This stator currents
support the equation given where its will pass through resistance and inductance.

These currents are also proportional to the torque load on the motor shatft.

V, = IR+ pLI + BEMF ------(1)

- Torque =K, <[+ (2)

V.= Voltage applied to motor per phase
1= Stator currents per phase

p=d/dt

L = Inductance per phase

R = Resistance per phase

BEMTF = back EMF per phase
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Figure 29 Instantaneous currents in phase U,V and W

4.2.2 Rotor speed

The BLDC motor must produce speed that is equivalent to the reference speed. This
reference speed is entered into the estimate block. For this analysis the value had been
chosen to be 75 rad/s. Inside the estimate block, it will calculate error (difference of
actual to reference speed). Next, a simple PID controller will give required torque.
This will directly pass the information to BLDC metor that will force the motor to

require reference speed. Figure 30 show the rotor speed.

- * Actusl mtor speed {radfs}-- 3
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" Spesd (radre)
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: time o

Figure 30 Actual rotor speed
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At the early period, the motor does not react to any changes. At time 0.01, the speed
started to increase and experienced some overshoot. The overshoot maybe due to the
PID controller that had been used but the speed does not have oscillations and able to

achieve required speed at 0.02 sec.

4.2.3 Voltage applied to BLDC motor
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Figure 31 Voltage applied to Phase U, V and W

The voltage applied to motor is the output from changer block and all_phase block.
This combination of blocks .ca.m be deﬁned as inverter. The output will have variation
in frequency. This can be seen from Figure 31. The output is affected by Pulse Width
Moduiation (PWM) whlch is bdse*d on 'voltage to frequency ratio. For a fixed voltage,
the frequency can be varied. The voltage is varied from +160V to -160V. This will be

same to the other two phases.
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4.2.4 Back Electromotive Force

Back EMF or Back Electromotive Force is the potential difference experienced by the
stator coils induced by rotating permanent magnet of BLDC motor. Back EMF is
produced when the motor starts to spin. It will be directly proportional to the speed.
Figure 32 shows the shape of back EMF produced in the three phases. Each of the
phases will experience +3.65 V to -3.65 V. The back EMFs’ also experience
difference of 120° with each phase. For an ideal motor, assuming that the impedance

is equal to zero from equation 1 the back EMF will be equal to voltage supplied.

Back EMF
4 T T !
op—
24
” ! i 1 ]
0z, .05 208 E

0.2 04

T T T T : \

voltage

h @ N .
T
1

T )

005 . 008 o 12 Al
fime

Figure 32 Back EMF for Phase U,V and W

4.2.5 Currents after controller

The currents from the controller are shown in Figure 33 as affected by PWM. The
PWM is acting as a limiter to affect the excessive current which is limited by the
applied voltage at start up. The torque required is evaluated from the PID controller.
The output current is bounded fogetﬁér with the base current. To simplify the
simulation, only one phase is calculated and the other two is only repeated but shifted
by 120°. The currents generated from the controller is labeled as IUstar, IVstar and
IWstar.
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4.2.6 Zero crossing

Zgro crossing is to evaluate the zero crossing between two phases of back EMF. This
also will act like output from Hall sensor that gives 1 and 0. This signal can help to

synchronize the inverter and controller.
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In Appendix C, the output waveforms of the whole simulation are presented. The

steady state simulation resuits are satisfactory and as expected.

4.3 Construct the digital controller and power circuits

4.3.1 Designing boost converter

Adc-de boost converter with a controller connected to the gate of the MOSFET is
shown in Figure 35. The circuit is a type of flyback circuit. The basic concept is easy
to understand. When the MOSFET, Q, turns on, the current flows through the
inductor, L, begins to ramp up linearly resulting in energy storage in the inductor. The
MOSFET turns off before the inductor saturates. At this time, the inductor releases its
energy to the storage capacitor, C, and the load. Thus the output voltage is more than

the input voltage.
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The proposed design parameters for the boost converter are listed in Tablel.

Table 1 Design parameters

Parameters Value
Vi 12V
Vour 30V
Pour 40W
F=UT 1.5 kHz
n(efficiency) 80%
AVpror (output ripple voltage) 50 mV (2%)

From the parameters, the L and C components are designed for continuous current

operation as follows:

Duty cycle, D:

D=1f_lif'£m=1_£=(}_6 ...... (3)
v, 30

oui

The inductance minimum value, Logrir:
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Ly ==-(1=D)'D---(4)
T =0.6667ms
2 2
R;VA;&;QZSQ ...... (5)
}}om 0
L,.=720uH

L=1 mH, since L must be greater than Legrr.

Output ripple voltage:
Aaw _ D .. ()
Vv, RCf
B 0.6
(22.5)C(1.5k)
C = 888uF

The values of capacitor and inductor are implemented from above calculation to
design the boost converter for the system. The converter is connected to the inverter
to supply a constant value of voltage. The boost converter is assumed to work in

continuous conduction mode.

4.3.2 Experimental test on BLDC motor

The experimental setup for testing the BLDC motor is as shown in Figure 37. The
power supply as mentioned earlier comes from boost converter providing a fixed
value of DC voltage to the inverter. For this project, the main aim is to build a
controller that will be able to control the speed of BLDC motor, which takes the

response of BLDC motor and reference speed as input to the controller.
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Figure 37 Experimental sctup

The PWM controller provides gating pulses to turn-on the IGBT/MOSFET switches
of the inverter. These puises correspond to the signals generated by the Hall Sensor of
BLDC motor. Finally the inverter converts the DC voltage to an AC voltage
translated by the effect of pulses provided by the controller. This procedure continues
until the speed of BLDC motor match the reference speed.
Three types of tests are conducted on BLDC motor.

e Test BLDC motor without Hall Sensors feedback to the Lab-Volt controlier

» Test BLDC motor while Hall Sensor are attached along with constructed

controller

e Test BLDC motor with designes controller

Figure 38 Lab-Volt conirol unit and inverter
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4.3.3 Test BLDC motor without Hall Sensor feedback to the Lab-Volt controller

Yy

Lab-Volt
control unit

Figure 39 Test BLDC motor without Hali Sensor feedback to controller

In the first part, the test is conducted in the Power Electronics laboratory where the
Lab-Volts equipments are being used. The equipments that are involved in testing
are:

s Mobile Workstation (8110)

e Power Supply (8821-2X)

e Enclosure/power supply (8840)

e Connection leads and accessories (§931)

® Choppet/Inverter Control Unit (9029)

e Resistive loads (8311)

» Smoothing Taductors (8325-1X)

o IGBT Chopper/inverter module (8837-AX)
A variable DC voltage poWef supply is selected where the DC input can be varied
from zero to 315V. In the Chopper/Inverter control unit, the mode is chosen to be V/F
to obtain PWM response. The responses of pulses trigger the IGBT switches of the
controlled inverter by the control unit. There will be a knob call DC SOURCE 1 that
will regulate the duty cycle which will correspond to the frequency of the voltage

applied to the BLDC motor. Figure below show the Chopper/Inverter control unit.
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CHOPPER / INVERTER
CONTROL UNIT

Figure 40 Chopper/Inverter control unit

When DC SOURCE 1 is tuned from minimum to middle range of the knob, the shaft
of BLDC motor will turn in clockwise, and when turned from middle to maximum,
the shaft turns anticlockwise. From the conducted test the waveforms observed are

voltage supply, voltage from inverter, current from inverter and speed of motor. For

this part, the test is conducted in anticlockwise manner.
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Table 2 Resuits of test

Duty Cycie Input Voltage Voltage line to | Speed
line (rpm)
20% 30V 3.64V 390.3
30% 30V 5.38V 746.3
40% 30V 7.57V 1173.2
50% 30V 9.70V 1700.1
70% 0V 14.48V 310.25
80% 30V 15.49V 3646.7
100% 30V 17.32V 3805.1

The input voltage applied is 30 V but due to some losses the output display is less.

The control unit provides the PWM pulses to the IGBT inverter module. The

controller had established internally the triangular-wave and sine-wave signals to

generate the PWM control signals.

The difference can be detected from the duty cycle where the frequencies of PWM

control signdls are changing. From reference, the frequency that supplied to mofor

st be at least 10 times more than the freanency inside motor. So if the antrmt
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Figure 48 describes how the test is conducted. The Hall Sensor signals from motor

arc passed on to the designed controller. The performance of the controller is

explained in the following section.

4.3.4.1 Designed coniroller hardware

The designed controller circuit diagram is constructed based on the report of

Microchip AN857. The circuit is easy to design and to be implemented.
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Figure 50 Circuit diagram-part2

The coniroller is designed using PIC16F877. The coding to be implemented for the
microcontroller is presented in Appendix D. Pin 1 is to reset the whole process if a
fault occurs. There is a reset button attached to this pin which the user can press it
when reset condition is needed. Pins 2 and 3, determine the value of duty cycle to be
entered to the microcontroﬁer. At Pin 13, the clock input to the microcontroller is
given. The component attached is a crystal oscillator that provides a frequency of 20
MHz. There will be three pins 8, 9 and 10 that lead to Hall Sensors of the motor. Pins
that will give output pulses to the motor drive are Pins 15, 16, 17, 18, 23 and 24.

4.3.5 Test BLDC motor with the designed controller

This is the final part of fabrication of circuit, where the designed controller is fully
mstalied wilh the sysiem. trom here the conirolier will receive signais from tie Hail

sensors and give the pulses to inverter without depending on Lab-Volt control unit.
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Figure 51 Test BLDC motor with designed controller alone

4.3.6 Correction to the controller

The reference of Microchip AN857 had some error that gives some flaw to the
performance of the controller. Following is the correction to the controller circuit.
From previous circuit we can see that there is fatal error where the Vee is connected
directly to ground. This will cause fault to the circuit where it will gives overload
reading at the power supply. The correction below shows that there will be diode with
parallel capacitor and together with resistor between Vee and ground connection. This

will avercome the nrohlems that arice Dne to time constraint the anthor only

. B
3
i L i T 1
Loy P L5s 13 i H
1afT :‘E “""""‘""""""““‘1,,_.‘.5“ | H ;
fegd Pl IS = i i
AT LT 2. I _gj !
w T —23 T B ‘
2B ! Elag, ,u !j:j L
an H 1 E £ o 11k
i { s & EE‘? F4
- T i i -—
P iI | _Elgp e N e
ke | B i el s
v b A b e L) IR
T ol i L.~ y—
o  loal bodl ToAZEY
msg T ong
- e 4 L CHTER | A+HOTOR | +-(WOTOR |
" e Ll ik Ls
o vy L FLOSTAPIRY 1y FHAEE PUEES  PHASEC
AFE pagsd ) 'ﬁ‘ﬁﬁ- 2
: w1l v A Eg !
B Wy a2 . ?
47 BnEEn L =8 " ) it
Bi1 C L
[ }M"vf‘:—‘"'—"‘_th ) b
£7 KO i [ B
E i =
S
= v
7
&= > -

Figure 52 The correction of controller circuit



CHAPTER 5
CONCLUSION AND RECOMMENDATION

BLDC motor had started to take over in industrial applications due to its advantages
over the conventional motor, This project presenis one of BLDC motor application in
every day life. The project task is to control the speed of a permanent magnet BLDC
motor for air conditioning. The project is divided into two parts; simulation and

design of power and control circuits.

The simulation of the drive system is performed with Matlab/Simulink and the
circuitry part is being assembled in the Power Electronics laboratory. From the
simulation results, the author observed the similarity between Sensorless BLDC
motor and BLDC motor with Hall Sensors. The system of sensorless drive takes the
value back EMF and translate it as a parameter to control the motor but a BLDC
motor with sensor control takes the output of Hall Sensors. The simulation mainly
depends on the reference speed and impedance together with the excitation voltage
supply to the simulation block. This would directly give the correct output of actual
speed from the BLDC motor.

In designing the power circuit, there are a few considerations that must be taken into
consideration. The supply is from 12V battery which shows that this circuit is
efficiently able to work inside an air conditioner of a car. The design starts with
designing the boost converter provides an exact output of voltage. This voltage will
then supplied to inverter that controlled by PWM controller. The PWM control
signals play a main role to determine the output voltage of the inverter. To complete it
the system will be attach to a BLDC motor. From here, the author learned that the
output voltage is dependent on input voltage. To vary the output means to vary the

DC input voltage.

The Lab-Volt modules had been the main components in desiening hardware of the
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system circuits. In control circuits, the PIC microcontroller is fully used to create
control to system drive. The tests are done with two bases; first with Lab-Volt control
unit and second with designed controller. Most of the electronics components are
provided from Microchips Company. The BLDC motor is bought from LIN

Engineering.

As the design of the circuit is made in open loop manner, a closed-loop conirol can be
made for future work. Although there is some reference value added but there is no
implementation of PID controller for the feedback loop. Due to time constraint, the
tests could not be conducted on closed loop system. In closed loop method, the tasks
will be quite the same with additional work to find the proportional, integral and

derivative gain. Next is to fine tune each of the gains to get the best result.
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[137 http://ww].microchip.com/downloads/en/DeviceDoc/21425b.pdf
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APPENDIX B BLDC MOTOR SPECIFICATION

i i
Model | BL24A22-02 © BL24A30-04 1 BL24A38-02
Humber of Poles 4 4
Humber of Phase i 3 : ;
Rated Voitage (VIC) 36 ; 35 i 36 !
{Rated Speed (RPM) 4000 4000 4060 ;
15.58 2135 45.37
Powe 46 .92 133
pozk Torque {0z-in) 55.23 59.13 141.61
Paak Current {A) 6.8 . 145 17.6
orque Constant (0z-in/A)! 8.92 1’ 8.92 sz
| Back E.M.F. (V/iRPM) ] 6.6 6.5 ; 5.6 :
Rotor fnertia (ozin~2) | 041 065 | nes
Body Length (mm) {55 75 s
Body Length - ‘
{in)- Dimesnsion A : 2.17 2.95 3.74 |
Mass (Kg) i 0.5 0.75 1 ‘
BL24A22-02 (Testing Voltage 36vDC) BL24A30-D4 (Testing Valtage 36vDG)
HoTo : T - = TE A |nxrxi = Cﬂ,':?[}‘ R s T 13
I _ 1r " h [
i [ )
oty £ l‘; ¥
o L ;
g i . —o— Toqbbdmert L Ins - e Toique Spemd
. B i . --OT- 2 art grf (.|:'|: , == TarquisGiear) .
o Sen aa Y 0z am v ‘pa n G
. ikl EAl bl T Is!“ o S S ;‘:7 "l
F GE R
BL24A%5-02 (Testing Voltage 36vDC)
[SIEH

i B L T ETEIE R o

Confinusie
pealion -_
wal E P
T
!
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APPENDIX C RESULTS OF SIMULATION
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APPENDIX D CODING FOR MICROCONTROLLER

********i*****************************i*#*************i***************
*

Filename: sensored.asm *
Date: 11 Feb. 2002 *
File Version: 1.0 *

*

Aathor: W.R. Brown *

Company: Microchip Technology Incorporated *
*

i

*

Mp ea me e e A MR W W

************k******************************************#****fﬂ********
*

Files required: plé6f877.inc *

*

~~

*

*
**************************************t*#***************#*i***********

*

Notes: Sensored brushless motor control Main loop uses 3-bit *
sensor input as index for drive word output. PWM based on *
Timer0 controls average motor voltage. PWM level is determined *

PUM level is determined from ADC reading of potentiometer. *
L

e e e N W

P R THE TR LRE P

;*******************************i**************************************

list p=16£877 ; list directive to define processcr

Linclude <pl6fB77.ime> ; processor specific variable definitions

__CONFIG _CP_OFF & _WDT_OFF & _BODEW ON & _PWRTE ON & _HS_0SC & _WRT ENABLE OFF &
_IVP O &

_DEBUG OFF & _CPD_OFF

:*******t*****i**i*************i****t***************************ﬁ******
;*

;* Define variable storage

R

4

CBLOCE (0x20

ADC ; PWM¥ threshold is ADC result

LastSensor ; last read motor sensor data

DriveWord ; six bit motor drive data

ENDC

;**********************************************************************
'R.3

;* Define I/0

-%

4define OffMask Bf11010101°

#define DrivePori PORTC

#define DrivePortTris TRISC

#define SensorMask B’00000111°

#define SensorPort PORTE

#define DirectionBit PORTA,1
;****************it******************k**i*i******************ii*i***i**
org 0x000 ; startup vector

nop ; required for ICD operation

cirf PCLATH ; ensure page bits are cleared

gote Initialize ; go to beginning of program

ORG 0x004 ; interrupt vector locatioun

retfie ; return from interrupt
;**************************************i*********************f*********

.

¥’

;* Initialize I/0 ports and peripherals

W

Initialize

clrf DrivePort ; all drivers off

banksel TRISA

; setup I/0

clrf DrivePortTris ; set motor drivers as outputs
movlw B 00000011 ; A/D on RA(, Direction on RAL, Motor gensors on RE<Z : 0>
movwf TRISA ;

; setup Timer(

movlw Bf11010000' ; Timer(: Fosc, 1:2
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movwE OPTION REG

; Setup ADC (bankl)

moviw B'00001110¢ ; ADC left justified, ANO only
movwf ADCONL

banksel ADCOND

; setup ADC (bankQ)

movlw Bf1100000%* ; ADC clock from int RC, ANO, ADC on
movwf ADCONO

bsf ADCONO,GO ; start ADC

clrf LastSensor ; initialize last semsor reading

call Commutate ; determine present motor positieon

slr? ADC ; start speed control threshold at zero until first ADC

reading
;****'}:*********#**********************************#********************

-k

:* Main control loop

- J

Loop

call ReadADC ; get the speed contrel from the ADC
incfsz ADC,w ; if ADC is DxFF we’re at full speed - skip timer add
goto PWM ; add Timer0 to ADC for PWM

movf DriveWord,w ; force on condition

goto Drive ; continue

PHM

movE ADC,w ; restore ADC reading

addwf TMRO,w ; add it to current Timer0

movE DriveWord,w ; restore commutation drive data

btfas STATUS,C : test if ADC + Timer0 resulted in carry
andlw OffMask ; no carry - suppress high drivers

Driwve

movwf DrivePort ; enable motor drivers

call Commutate ; test for commutation change

goto Loop ; repeat loop

ReadADC

;**i***i***-k**************i***********i‘**************ii‘i’***************
.k

;

;* If the ADC is ready then read the speed control potentiometer
;* and start the next reading

st

;

btfsc ADCONO,NOT DONE ; is ADC ready?

return ; Bo - return

movf ADRESH,w ; get ADC result

bsf ADCONO,GO ; restart ADC

movwf BADC ; save result in speed contrel threshold

return ;
;*********************************-}t************************************

.

:* Read the sensor inputs and if a change is sensed then get the
:* corresponding drive word from the drive table
’-t

Commutate

movlw SensorMask ; retain only the sensor bits
andwi SensorPort,w ; get sensor data

xorwf LastSensor,w ; test if motion sensed
btfsc STATUS,Z ; zerc if no change

return ; no change — back to the PWM loop

xorwf LastSensor,f ; replace last sensor data with current
btfss DirectionBit ; test direction bit

goto FwdCom ; bit is zero - do forward commutation
; reverse commutation

moviw HIGH RevTable ; get MS byte of table
movwf PCLATH ; prepare for computed GOTO

movlw LOW RevTable ; get LS byte of table

goto Com2

FudCom ; forward commutation

moviw HIGH FwdTable ; get MS byte of table
movwf PCLATH ; prepare for computed GOTC

movlw LOW FwdTable ; get LS byte of table

Com2

addwf LastSensor,w ; add sensor offset

btfse STATUS,C ; page change in table?

incf PCLATH,f ; ves -~ adjust MS byte

call GetDrive ; get drive word from table

movwf DriveWord ; save as current drive woxd
return

GetDrive

movwf PCL
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. *********‘k*Vl‘k'\i‘W*****************************************************‘k*

i
»
7
r

:* The drive tablies are built based on the followiny assumptions:

;* 1) There are six drivers in three pairs of two

;* 2) Each driver pair consists of a high side {+V to motor) and low side [motor to
ground) drive
A 1 in the drive word will turn the corresponding driver on

The three driver pairs correspond toe the three motor windings: A, B and C

v 3)
4)
5)
&}
7}
8)

*
*
*
*
*
ig)
d*
*
*
*
*

ETE TR

w4 e e e e

N we

Winding A is

driven by bits <l1> and <0> where <1> is A’s high side drive

Winding B is driven by bits <3> and <2> where <3> is B’'s high mide driwve
Winding C is driven by bits <5> and <4> where <5> is C’s high side drive
Three sensor bits constitute the address offset to the drive table

A sensor bit transitions from a 0 to 1 at the moment that the corresponding

winding’s high
1) Sensor bit
11) Sensor bit
12) Sensor bit

FwdTable

retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw

B' 000000007
BfO0010010”
Bf GOGOLOGL"
B 0D01100D"
B’ 001001007
B 0GO001107
B’ 00100001"
B’ 00000000°

RevTlable

retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
END ;

B’ 000000007
B’ 00100001"
BT000001107
B O01001D0"
B’ 000110007
BF 000010017
B 000100L0D
B’ 00000000°

side forward drive begins.

<0> corresponds to winding A
<1> corresponds to winding B
<2> corresponds to winding C

;7 invalid
¢ phase
; phase
} phase
: phase
; phase
; phasa
; invalid

Wk M,

; inwalid
; phase /6
; phase /4
; phase /5
; phase /2
; phase /1
; phase /3
; invalid

directive ‘end of progra
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APPENDIX E DATASHEETS TCA4467

ICROCHIP

TC4468
TC4469

'\GIC-INPUT CMOS QUAD DRIVERS

\TURES

digh Peak Output Current .........ccccevvevrcvvnensns 1.2A
Nide Operating Range ...........ovseurcsemcivanns 4.5 to 18v
Symmetrical Rise and Fall Times ... 25nsec
Short, Equal Delay Times ......cccoocvveevveiveneens T5nsec
~atchproof! Withstands 500mA Inductive Kickback
} Input Logic Choices

— AND / NAND / AND + Inv

’kV ESD Protection on All Pins

JLICATIONS

3eneral-Purpose CMOS Logic Buffer
¥riving All Four MOSFETs in an H-Bridge

GENERAL DESCRIPTION

The TC446X family of four-output CMOS buffer/drivers
are an expansion from our earlier single- and dual-output
drivers. Each driver has been equipped with a two-input
togic gate for added flexibility.

The TC446X drivers can source up to 250 mA into loads
referenced to ground. Heavily loaded clock lines, coaxial
cables, and piezoelectric transducers can all be easily
driven with the 446X series drivers. The only limitation on
loading is that total power dissipation in the IC must be kept
within the power dissipation limits of the package.

The TC446X series will not latch under any conditions
within their power and voltage ratings. They are not subject
to damage when up to 5V of noise spiking (either polarity)
occurs on the ground iine. They can acceptup to half anamp

:"’I:"* S"I'j‘" M:*"'i%"‘"e" of inductive kickback current (either polarity) into their out-

‘EDVD‘::“:"" eral Urivers puts without damage or logic upset. In addition, all terminals

’in-Switching Network Driver are protected against ESD to at least 2000V.
ORDERING INFORMATION
Part No. Package Temp. Range
TC446xCOE 16-Pin SOIC (Wide) 0° to +70°C
TCA46xCPD 14-Pin Plastic DIP 0° to +70°C
TC446xEJD 14-Pin CerDIP —40° to +85°C
TC446xMJD 14-Pin CerDiP ~ §5° to +125°C
*A digit must be added in the "x" position to define the device input
configuration: TC446x— 7 NAND

8 AND
IC DIAGRAMS 9 AND with INV
4467 Vb TC4468 Voo TC4469 Vpp TC446X v
?14 14 ?14 DD

1

13 1A O
w52
28 o4
11 3a 03

D Dofon 22
3

18 4 03
i

é‘r 57

GNB GND

DDl

o RS Foom
]

v R

% av :;?;:D—D-l‘-’ow

Je e ‘Te-‘{’mg BT
éa:
5
&

é?

GND

Microchip Technotogy Ine.  DB21425A

TC4467/8/0-6 1021196
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LOGIC-INPUT CMOS QUAD DRIVERS

467
468
469
SLUTE MAXIMUM RATINGS* Package Thermal Resistance ,

14-Pin CerDiP RpJ-A corereenrevercrienscreninnnens. TODPCAN
FVORAGE et e +20V : ROU-G worererrseeeseesesseessseosmeenes 23°CIW
fDitage.......................... (GND - 5V} to (Vop + 03\/) 14-Pin Plastic DIP Rasa 80°C/W
um Chip Temperature [N T o RO 35°C/W
b1=T1 | 1141+ +1 5000 18-Pin Wide SOIC Rg.a 95°C/W
o] =10 - S —-65° to +150°C SOA

ROLC oreeereeereieeemrareeeseressesameere 28°C/W

wm Lead Temperature .
oldering, 10 S8C) .ot +300°C *Static-sensitive device. Unused devices must be stored in conductive
: : material. Protect devices from static discharge and static fields. Stresses
ting A mbient Temperature Range o . above those listed under Absolute Maximumn Ratings may cause perma-
DBVIGE oovvrvvviresns e 0°to +70°C  [ont damage to the device. These are stress ratings only and functional
DEVICE .oeieeciecrcrineeece e e e st e e —40° to +85°C operation of the device at these or any other conditions above those
8 T T T o —55° to +125°C indicated in the operational sections of the specifications is nat impiled.
ge Power Dissipation (Ta < 70°C) Exposure to Absolute Maximum Rating Conditions for extended periods
PiN CIDIP .cvroevsrineens cossnressersrmsesss s agmw My affect devios reliabilty
~Pin Plastic DIP ... 800mwW

=Pin Wide SOIC ...

>TRICAL CHARACTERISTICS: Measured at Ta = +25°C with 4.5V < Vpp < 18V, unless otherwise specified.

ol Parameter Test Conditions Min 1 Typ ] Max l Unit
Logic 1, High Input Voltage Note 3 2.4 —_ Voo v
Logic 0, Low Input Voitage Note 3 0 _ 0.8 vV
{nput Current OV EViN= Voo ) -1 — 1 (A

it
High Output Voltage lLpap = 100pA (Note 1) Vop - 0.025 — — v
Low Output Voltage 1Loab = 10mA (Note 1) —_ — 0.15 v
Output Resistance touTt = 10mA, Vpp = 18V — 10 15 Q
Peak Output Current ' — 1.2 —_ A
Continuous Output Current Single Output — — 300 mA

Total Package 500

Latch-Up Protection 45V <Vpp < 18V 500 r— — mA
Withstand Reverse Current

hing Time '
Rise Time Figure 1 — 15 25 nsec
Fall Time Figure 1 — 15 25 nsec
Delay Time Figure 1 o 40 75 nsec
Delay Time Figure 1 — 40 75 nsec

r Supply
Power Supply Current —_ 1.5 4 mA
Power Supply Voltage Note 2 4.5 — 18

H TABLE

lo. TC4467 NAND TC4468 AND TC4469 AND/INV

BA H H L L H H L L H H L L

SB H L H L H L H L H L H L

ITS TC448X L H H H H L L L L H L L

h L=Llow

36 10/21/96

© 2001 Microchip Technology inc.  DS21425A
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GIC-INPUT CMOS QUAD DRIVERS

TC44867
TC4468
TC4469
ZCTRICAL CHARACTERISTICS: Measured throughout operating temperature range with 4.5V < Vpg <18V,
uniess otherwise specified.
ol Parameter Test Conditions Min I Typ L Max ] Unit
of
Logic 1, High Input Voltage {Note 3) 24 —_— -— v
Logic 0, Low Input Voltage (Note 3) — — 08 Vv
Input Current OV < Vin < Vipp -10 — 10 PA
put
High Qutput Voltage Loap = 100uA (Note 1) Voo ~ 0.025 — — \'
Low Ouput Voltage lLoan = 10mA (Note 1) — _ 0.30 v
Output Resistance louT = 10mA, Vpp = 18V —_ 20 a0 £
Peak Output Current —_ 1.2 _ A
Latch-Up Protection 4.8V <Vpp £ 18V 500 e — mA
Withstand Reverse Current
iching Time
Rise Time Figure 1 — — 50 nsec
Fall Time Figure 1 — — 50 nsec
Delay Time Figure 1 —_ — 100 nsec
Delay Time Figure 1 — — 100 nsec
rer Supply
Power Supply Current | — — 8 | mA
Power Supply Voltage Note 2 | 45 — 18 [V

£8: 1. Totem-pole outputs should not be paralieled because the propagation delay differences from one to the other could cause one driver to drive
high a few nanoseconds before another. The resulting current spike, although short, may decrease the life of the device.
2. When driving all four outputs simultaneousty in the same direction, Voo shall be limited to 18V. This reduces the chance that intemnal

dv/dt will cause high-power dissipation in the device.

3.. The input threshold has about 50mV of hysteresis centered at approximately 1.5V. Slow moving inputs will force the device to
dissipate high peak currents as the input fransitions through this band. input rise times shauld be kept below Susecto avoid high intemal peak
eurrents during input transitions. Static input ievels shouid atso be maintained above the maximum or below the minimum input jevels
specified in the "Elecfrical Characteristics” {o avold increased power dissipation in the device.

CONFIGURATIONS
16-Pin SOIC (Wide)
w1 16 | | Voo
1BI l 2 15! IVDD
2a[ ] 3} 41 ]1Y
214 13 1 ]2y
3A m TC4467/18/9 | Em 3y
3s{ 1 &} R
eno[ 71 10] |48
eno[ 8 9 | ]4a

14-Pin Plastic DIP/CerDIP

1a[1]
182
2a (3]

s

28{4] TC4467/8/9

3A[5]
38[s]

GND[7]

14] Voo
13] 1v
2] 2y

[ o~

10} av
9] 48

3] A

Microchip Fechnology Inc.  DS21425A
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467
168
469

LOGIC-INPUT CMOS QUAD DRIVERS

ly Bypassing

rge currents are required to charge and discharge
zapacitive loads quickly. For example, charging a
F load to 18V in 25nsec requires 0.72A from the
's power supply.

' guarantee low supply impedance cver a wide fre-
y range, a 1uf film capacitor in parallel with one ortwo
luctance 0.1uF ceramic disk capacitors with short
ingths (<0.5 in.) normally provide adequate bypass-

nding

e TC4467 and TC4469 contain inverting drivers.
ial drops developed in common ground impedancas
wput to output will appear as negative feedback and
fe switching speed characteristics. Instead, individual
¥ returns for input and oufput circuits, or & ground
should be used.

. Stage

i input voltage level changes the no-load or quies-
upply current. The MN-channel MOSFET input stage
tor drives a 2.5mA current source load. With logic "0"
5, maximum quiescent supply currenf is 4mA. |ogic
put level signals reduce quiescent current to 1.4mA
wum. Unused driver inputs must be connected to Vpp
i Minimum power dissipation occurs for logic "1"
5.

i drivers are designed with 50mV of hysteresis. This
#s clean transitions and minimizes output stage cur-
iking when changing states. input voltage thresholds
proximately 1.5V, making any voltage greater than
pte Vppa logic 1 input . Input current is legs than 1 pA
Hs range.

ir Dissipation

e supply current versus frequency and supply current
s capacitive load characteristic curves will aid in deter-
; power dissipation cafculations. TelCom Semicon-
's CMOS drivers have greatly reduced quiescent DC
consumgption. .

aut signal duty cycle, power supply voltage and ioad
nfluence package power dissipation. Given power
ition and package thermal resistance, the maximum
+ operating temperature is easily calculated. The
plastic package junction-to-ambient thermai resis-
is 83.3°C/W. At +70°C, the package is rated at
N maximum dissipation. Maximum allowable chip
rature is +150°C,

96 10/21/96

Three components make up total package power
dissipation;

{1} Load-caused dissipation (P.)

(2) Quiescent power (Pq)

(3) Transition power (P1).

A capacitive-load-caused dissipation {driving MOSFET
gates), is a direct function of frequency, capacitive Ioad and
supply voltage, The power dissipation is:

PL=fC Vg?

where: = Switching frequency
C = Capacitive load
= Supply voltage.

A resistive-load-caused dissipation for ground-refer-
enced loads is a function of duty cycle, load current, and
load voitage. The power dissipation is:

PL=D{Vs-Vi) 1,
where; D = Duty cycle
= Supply voltage

V. = Load voltage
I = Load current.

A resistive-load-caused dissipation for supply-refer-
enced loads is a function of duty cycle, load current, and
output voltage. The power dissipation is:

PL=DVo i,

where: f = Switching frequency
Vo = Device output voltage
iL = Load currant,

Quiescent power dissipation depends on input signal
duty cycle. Logic HIGH outputs result in a lower power
dissipation mode, with only 0.6 mA total current drain {alt
devices driven). Logic LOW outputs raise the cutrentto 4 mA
maximum. The quiescent power dissipation is:

Pa = Vs (D(tw) + (1-D)IL),

where: |y = Quiescent current with all oufputs LOW
{4 mA max)
I = Quiescent current with all outputs HIGH
(0.6mA max)
D = Duty cycle

Vg =Supply voitage.

© 2001 Miorochip Technology Inc.  DS21426A
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GIC-INPUT CMOS QUAD DRIVERS

TC4467
TC4468
TC4469

Transition power dissipation arises in the
plementary configuration (TC446X} because the
ut stage N-channel and P-channet MOS transistors
ON simultaneously for a very short period when the
ut changes. The transition power dissipation is
oximately:

2 =fVg (10 x 10-9).

Package power digsipation is the sum of load, quies-
and transition power dissipations. An example shows
elative magnitude for each term:

= = 1000pF capacitive load

Vg =15V
3 =50%
I = 200kHz

?p = Package Power Dissipation = P + P + Py
= 45mW + 35 mW + 30 mW = 110mwW.

Maximum operating temperature:
Ty—8a (Pn) = 141°C,

where: Ty = Maximum allowable junction temperature
(+150°C)
QA = Junctiondo-ambient thermail resistance
(83.3°C/W) 14-pin plastic package,

Ambient nperating ternperature should not exceed +85°C for
"EJD" device or +125°C for "MD" device.

NOTE:

Vpp
o

tuF M= 1 = 0.4 uF CERAMIC

g 14 6
1AC—; 13 Vour
1so-2la 010470 pr
ZAO: 12 \4
s0-4g °
5
3A0-> 11
sosld o
3
4A0 10
wosld P>
Y

90%

10% 10%%

Input: 100 kHz, square wave,
trise = trany < 10nsec

Figure 1. Switching Time Test Circuit

Microchip Technolegy Ing.  DS2142548

TC44E7/6/0-6 10/21/96

63



LOGIC-INPUT CMOS QUAD DRIVERS

467
468
469
CAL CHARACTERISTICS
Rise Time vs, Supply Voltage Fall Time vs. Supply Voitage
: 140
2008 120 {2200 Plf\\
4600 T 100 | ™,
— pF § 1500 pF
[~ 1000 pP] < w0 N
N T P~—t 2 60 | 1000PF I T
N P —————— & T ———
— 470 pF e e 40 {— 470 pF — =
IR ) M -
| | )
3 5 7 9 11 13 15 17 19 s 5 7 8 1t 13 18 17T 19
VsuppLy V) VsuppeLy (V)
Rise Time vs. Capacitive Load Fall Time vs. Capacitive .oad
140
5v 120 5V
/ ’ T 100 )4
/. i, /
’ e P oV g‘ / }"1?3
1 g & 1
4 L // = 4 d 7//
Py
/’/ f:.ﬂ" 20 /’ ’;f
20 1000 10,000 %60 1000 10,000
CLoap (pF) €1 oap (PF)

Rise/Fall Times vs. Temperature Propagation Delay Time vs. Supply Voltage
VsyppLy=17.5V NN | |
CLOAtl = 470 pF _ - \ CLoAD = 470 pF

t el ] 50 N
(FALL) 4____’— g N Q (oY)
P - _ .
/ﬁr ' YHRISE) = a0 .
-
9 e
1T}
o 20
¢
—25 e 25 50 5 100 125 4 6 8 10 12 14 18 18
TEMPERATURE (°C) VsuppLy (V)

+6 10,2196
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GIC-INPUT CMOS QUAD DRIVERS

TC4467
TC4468
TC4469

3ICAL CHARACTERISTICS (Cont.)

Input Amplitude vs. Delay Times

n L] Ll
\ VDD =1V
b
{NPUT RISING

()]
] N 92
0 i N~

INPUT FALLING it
[} ——'1;—-.._,_____ .
(]

10
Vprive (V)

CGuiiescent Supply Current vs. Supply Voltage

/]
OUTPUTS =o/»/
/ /
S OUTPUTS = 1
4 & 8 10 12 i4 1% 18
VsuppLY (V) '
High-State Output Resistance
5
Py ——
5 TJ = +150°C
o r -
5 T;= +25°C T
".II-\
0
5
0
4 6 8 0 12 14 16 18
VsuppLy V)
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Propagation Delay Times vs. Temperature

o ™ T71
VDD =17.5v I
G 60— CLOAD =470pF tnt
E‘ VIN =0,5v A; _',.-—r-—""'
W 50 . '
5 /' =l
= ...--ﬂ"'_:.-r-""" —] tp2
> =
g
w
[~
30
20
~60 -40 -20 O 20 40 60 80 100 120
TEMPERATURE (°C}
Quiescent Supply Current vs. Temperature
38 . .
Vpn = 17.5V
3.0 Do =
3;2.5 ——
*:':;2'0 e OUTPUTS LOW
fi15
5
B0 GUTPUTS HIGH
0.5
]
60 ~40 -20 0 20 40 G0 B0 100 320
TyuncTion (°C
Low-State Output Resistance
35
30
5
g 20
—g \ 1:-’ =+‘!50°C
w15 i
BT
10
T,=+25°C
5 J
0
4 ) 8 10 12 14 16 18
Vsuppry V)
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LOGIC-INPUT CMOS QUAD DRIVERS

467
468
469

PLY CURRENT CHARACTERISTICS (Load on Single Output Only}

Supply Current vs. Capacitive Load Supply Current vs. Frequency
Go T 1
! - Pt
Vop = 18V A e | o Vpp = 18V| #2200 pF
// / 1 M= / 1069 pF
y /! T
{ / ¢ /
B
- 30
L 4 o
Al o 414
=T T 1 A e
N~y 200 kHz 10 s ar
[ s ey S S T, o
20 kHz 0 _
10 1000 10,000 ) 100 1000 10,000
CrLoap PP FREQUENCY (kHz)
Supply Gurrent vs. Capacitive Load Supply Current vs. Frequency
i 60 T T
Vpp © 12V Iz m..z’ Vpp=12V] | Iz'zo& pF
/ ) /
- o 49
/ £ /
o , 1 MHz - / 1000 pF
v 2% /
d % / /
A e . 500 kiHz H20 T AW
/_____—- ""- ’ =200 kHz 10 '// P /J 100 pF
— NSt
B 1900 10,000 % 100 1000 10,000
CLoap (PF) FREQUENCY {kHz)
Supply Current vs, Capacitive Load Supply Current vs. Frequency
I 69 T
VDD =V VDp = BV
50
T ,
> 2200
» 2 MHz 2 30 200 of
' [N
5 20 /|
1~ RT ™ = 71000 pF
il |t ] |
s : L= 'SOOI(H: 10 - pa - —
- _,—'
——— = S0k T o0
o 1000 10,600 % 100 1000 10,000
CLoap PF) FREQUENCY {kMHz)
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IGIC-INPUT CMOS QUAD DRIVERS

2A

TC4467
TC4468
TC4469
1CAL APPLICATIONS
Stepper Motor Drive Quad Driver for H-Bridge Motor Control
By 45V TO +15V
b4 .
- AIRPAX 18V Lia
TC4469 #MB2102-P2 TC4469
) 13 RED 7.5°/STEP ; N |
¢ DIRECTION q__/ " > ‘Ell—l
12 FWD 49 } +AA\A
AC G GRAY . 5
PV SPEED ~ W £ $-[()}-¢ MOTOR
so P T
' : N 1o
el I R L
d:) 10_BLK 7
> Vv
v 48-Volt, 3-Phase Brashiess Output Stage
48Y
0
R4 OR2 R3S
1&% 33 éss és.z o 14
K2 <k < kQ Vop
D1 1 1A
1"‘:5‘3 b g 1B 1¥ '1'3~'—I
2A
= N ,
K 5
5w 3A 14 [
= £
] N [ ‘
TC4469
GND_
L g $<UOTOR] $<HOTOR] $<WOTOR |
(FLOATAT33V) PHASE A PHASE B PHASE C
%
R7 v
a2 ? m o . {E
1| 1Y| <
12

2B 2Y

u2

3A

q11

3B ¥

LIRS o]t ha] -~

4B o

TC4469
GND

\Y4

f Microchip Fechnology ine.  DS21425A

67

TCH46TIB-E 10/21/96



LOGIC-INPUT CMOS QUAD DRIVERS

1467
{468
1469
KAGE DIMENSIONS
PIN1
14-Pin CerDIP
A arririr
300 (7.62)
.230f5.84)
L{:l [ I R Y I NN B Y I L
098 (2.49) MAX, .030 (0.76) MIN,
780 (19.81)
e 740 (18.80) —-—‘ a0 39
T 040 (1.02)
2200 (5.08) by —.020 {0.51) ==
160 4.08) | [] R
- 015 {0.38) _5 3° MIN.
200 {5.08) t 150(3.81) 008 (6.20)
{MlN.

110 (2.79)
090 {2.29)

-Pin Plastic DIP

B!

065 (1.65)
045 (1.14)

L s

020 {0.51)
018 (0.41)

/——* PiN 1

Y e oy I

—

6.60)

260
ﬁ 240 (6.10)
ThP Lo L G oo G o
310 (7.87)
770 (19.56) 290 (7.37)
745 (18.92) j*—']
200 (5.08) - ,
140 (3.56) 4 040 (1.02)
B I 020 {0.51) 015 (0.38 .
150 (3.81) o2t ‘008 ga.zo; -l 3°MIN.
115 (2.92)
___} | *H* |_-400 (10.16)
310 (7.87)
410 (278) O670(1.78) 022 (0.56)
000 (2.29) .045(1.14) 015 (0.38)
Nimensions: inches (mm)
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YGIC-INPUT CMOS QUAD DRIVERS

TC4467
TC4468
TC4469
CKAGE DIMENSIONS (Cont.)
16-Pin SOIC (Wide)
PIN 1
HAEREAAAA ]
o
299 (7.59) 419 {10.65)
291 (7.40) 398 (10.10)
iRiRiRiRiNiN i —
o 413 (10.49)
398 (10.10)
104 (2.64)
WHOOHANNY 4 joo7eey o j%\.imawaa}
A= = Torew AT ~7.009{0.23)
050 (1. 27y TYP. .019(0.48)  .004 (0.10} 050 (1.27
014 (0.36) 016 (0.40)
Dimensions: inches {mm)
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