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Abstract

This dissertation is to create an inverter for constant-speed control of 3-phase AC
induction motors varying with temperature, It can drive a 3-phase AC induction motor with the
size of less than 3 kW by means of IGBT devices as power swilching. The principle of switching
control is sinusoida! pulse width modulation (PWM) by the use of MC3PHAC together with
TLP250 for driving IGBT gates. The result of the experiment shows that the inverter can vary

speed of 589 — 1500 rpm when the temperature varies between 20 and 50 °C.
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Charactoristic(" Symbol Valuo Unit
Supply voltage Vop ~0.310 +6.0 A
Input vollage Vin ~0.3 to Vpp +0.3 v
Input high voltage Va Vpp + 0.3 A
Maximum current per pin excluding
Vpp 8nd Vs ! +25 mA
Slorage temperalure Tesg =55 lo +150 °C
Maximum curent out of Vgg IMVgg 100 mA
Maximum cument into Vpp IMVpp 100 mA

1. Voltages referenced 10 Vg
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Voltage Input PWM Frequency
Ole1V 5.201 kHz
1510226V 10.662 kHz
2751036V 15.873 kHz
405V 21,164 kHz
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Freescale Semiconductor MC3PHAC
Data Sheet Rev. 2, 7/2005

MC3PHAC Monolithic Intelligent
Motor Controller

Overview

The MC3PHAC Is & high-performance monalithlo Intelligent molor controller designad specifically to maat
the requirements for low-cosl, variable-spoed, 3-phage ac motor conlrol systems. The davice is adaptably
and configurable, based on its environment. It contains all of the active functions requirad to Implament
the confrol portion of an epen loop, 3-phase ac motor diive.

Ono of the unigua aspects of this davice is thal although It Is adaptablo and configurable basad on ite
environmant, it doas not require any software devalopmant. This makes the MC3PHAC a perfect fit for
cuzlomsr applicationa requiring ac motor control but with fimited or no soltware resources avallable.
The device features are:
e Volts-per-Heriz speed control
Digital signal processing (DSP) filtering to enhance epood stability
32-bil calcuiaions for high-precision oparaion
intemat enabled
No user software development required for operation
Goutput putss-width modufator (PWM)
3-phase waveform genaration
4-channel analog-to-digital convarter {ADC)
User configurabla for alandalone or hosled operation
Dynamic bus ripple eancellation
Selectablo PWM polarity and frequency
Selectable 50/60 Hz base frequoncy
Phase-lock loop {PLL) based system osclialor
Serial communications Interface (SCI)
Low-power eupply voltage detection circutt

Included In the MC3PHAC ara protective fealuros conslsting of de bus vollage monftoring and a syatem
tault Input that will inmaediately diaable the PWM module upon detection of a system faulf.
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Some target applications for the MC3PHAG include:
Low horsepowor HYAC molors

Home appllances

Commoerclal laundry and dishwashers
Procass control

Pumps and fans
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Figure 1. MCI3PHAC-Based Mator Conirol System

Aa shownt In Table 1, the MCIPHAC Is offered in thesa packages:
¢ Piaslic 28-pin dual In-ine package (DIP)
*  Plastic 28-pin small outfine integrated circult (SOIC)
* Plastic 32-pin quad flat pack (QFF)

Table 1, Ordering Informatlon

Device Tm;'::{:ﬂ“ga - Package
MC3FHAGVE 0C 10 +105°C Plastio 26-pin DIP
MGC3PHACVDW —40'Cto +105°C Plaatic 28-pin SOIC
MCSPHACVFA 4ATC 10 +105°C Plastc 32 pin GFP

MC3PHAC Monofiho inteligent Motor Cordroller, Rev, 2

2 Freescale Semiconductor
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Seo Flgure 2 and Figure 3 for tho pin connactions.
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Electrical Charactedatics

Electrical Charactoristics

Maximum Ratinga

Characterstict) Symbol Velue Unit
Supply witage Voo -0310 +6.0 Vv
Input vollaga Vin -0.3 o Vpp +0.3 v
Input high voltage Va Vop + 03 v
Meximum current per pin excluding Vipg &nd Vag ] +25 mA
Storage lomperature ™ ~5510 +160 *C
Maximum current oul of Vgg IMVpg 100 mA
Maximum current into Vg MVpp 100 mA

{. Voltages rafaronond 1o Vgg

Thia device contalna clrcultry lo protect the inputs agalinst damage due to high static voltages or olactic
fields; howavor, It |s advised that normal precautions be taken to avold application of any voltage higher
than maximum-rated voltages to this high-impedanca circult. For proper oparation, it Is recommandad that
Vi, and Viyq bo constralned to the ranga Vgg < (Vi or Vo) < Vpp. Reliabliity of operation s onhanced If
unused inpuls are connectad to an appropriate logic voltage lavel (for example, either Vgg or Vpp).

Functional Operaling Range

Characloristic Symbol Value Unit
Oparating temperalure ranga

{890 Tablo 1) Ta —40*C 1o +105°C b H

Operating vollage ranga Voo B.0L10% v

Control Timing

Characterisilc Symbol Value Unit
Oscilator Irequency!l} Foso 4.00%1% MHz
1. Follow e orysiaVresonalor manufactureds recommendstions, as he wonalor paremalare detgmine the extemal
vakies required for maximum stabifly and refisble siarting. foad ance valuss uged in the oscillalor

ciroui deaign should include all sirny capacilances.

MCIPHAC Nonokithic intelEgant Molor Contraller, Rov. 2
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DC Elecirical Characteristics

Charactoristicl] 8ymbol Min Max Unft
s e 2o o | Vw08 | = | v
Output high voftage RBRAKE (Ipepaxg = —15.0 mA) Vosna Voo -1.0 —_ v
Output Iowvultago {lLoad = 1.6 mA} v _ 0.4 v

All O ping axcept FAULTOUT and RETRY/TxD ot
CERILTOUT e AR Vou | = [ 10 [ v
'"R,ﬁ"p':'%‘ voltage Vg 07xVgp | Voo v
Ingﬂlplg;uh\ollago Vi Vs 0.3xVpo v
Voo supply current oo —_ .11 mA
VO poris high-mpadance leakage curront In — +6 RA
Input currant hn - £1 pA
Capactianca Cou - 12 oF
Porls (a8 input or output) Cin -— 8

Voo fow-votlaga Inhibit resot Vivri 3.80 43 v
Vo low-voltage resat/racovery hystoresis Vo 50 150 mv
Vop Powar-ori reset re-arm voltage Veor 3.85 445 Vv
Vpp Power-on fesat isa time remp rate “Rron 0.035 — Vims
Soral communications interfaco baud rale S§Clgp 0504 2630 Bils/sac
Voilage Booat\) Vaoost 0 100 %
Doad lime rangetd) DT pange 0 31.876 s
Ralry imep!¥ RT7ime o 4.55 Hours
Accoleretion rale ACpus 0.6 128 Hz/sec
Spaad control SPEED 1 128 Hz
PWM Frequency PWMcpeo 5201 21.104 kHz
High sida power transistor drive pump-up ima Trump o 101 ms

1.Vpp=56.0 Vda £ 10%

2. In standalone mode lo 0 to 35%

3. Limdad In slandalona moda 10 0.5 ¥ 8.0 us

4. Limhed in stardalone moda to D 1o -63 saconds

HCIPHAC Monokithic intelEgent Motor Controller, Rey, 2

Freescalo Semiconducior
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Pin Descriptions

Pin Descriptions

Table 213 a pin-by-pin functional description of the MC3PHAC, The pin numbars In the tabla refor to the

28-pin packagos (see Figura 2).

Table 2. MCIPHAC Pin Desciliptions (Sheet 1 of 2)

Nu?:l:l‘: or Pin Name Pin Function
. v "Reference voita g input for the on-chip ADC. For best signal-io-nolsa
REF porformanca, this pin should ba tied to Vpga {snalog).
Alogic 0 on [hia pin lorcas tha MCSPHAC lo its initial elartup slate, All
PWM outpuls are placed In a high-impedance modo. Resetlsa
2 AESET bidirectional pin, alowing a resel of the enlire systam. 11 ls driven low
when an Internal reast source is asserted (lor axample, loss of clock or
low Vpp).
3 vV Provides power for the analog portions of the MC3PHAG, which includa
oA the internal clock genaration circult (PLL) and the ADC
4 v Retuma powar fof the analog porfions of the MC3PHAC, which Include
83A the Internal clock generation clrcult (PLL) and the ADG
5 0SC2 Omil[alczl; ;:ulpul usad as part of a crystal or ceramic resonator clock
s 0SC1 Oacillalor Input used as part of a ¢ryatal or coramic resonator dock
clreuit. Can also accept a signal from an external canned oscllator (1
A capatitor from thig pin to ground atfecls tho stability and reaction ime
7 PLLCAP of tha PLL ¢lock clrcuit Smellar values reault in fastar tracking of the

ralarence fraquency. Larger velues result In boltor slability. A value of
0.1 iF I3 lypical.

PWMPROL_BASEFREQ

Input which is sampled &l specific moments during Initiakzation to
delermine tha PWM polarily and the bass frequency (50 or 60 Hz)

? PWM_U_TOP PWM output signal for the top transistor driving molor phase U

10 PWM_U_BOT PWM output afgnal for the botiom transistar driving molor phase U

11 PWM_V_TOP PWiM output algnat for the top (ransistor dilving motor phase V

12 PWM_V_BOT PV outpul signal for the bottom tranadstor driving molor phase V

13 PWM_W_TOP PWM output eignal for the top Imnslstor diiving motor phase W

14 "PWM_W_BOT PWM output elgnal for the bofiom Iransistor driving motor phase W
Aloglc high on this Input will Immexfiatefy disablo the PWM outputs. A

15 FAULTIN ;:nlrtyoﬁmnoul intarval will be inftiated onca this pln raturns to a logic low
In standalone moda, this pin Is an outpul that drives low to indicale the

18 PWMFREQ_RxD paramatar mux [nput pin Is reading an analog voltege lo spocify tha

desired PWM fraquency. In PC mastar software mode, this pin ia an
inptt which receives UART serial data,

MCIPHAC Monofithio Inteligent Motor Controller, Rev, 2

Freascale Somiconducior
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Pin Descriptions

Tabla 2. MCSPHAC Pin Descriptions (Sheet 2 of 2)

Pin
Number

Pin Nama

Pin Functien

17

RETRY_TxD

In standalone mode, this pin is an outpul thal drives low lo indicale the
parsmalar mux input pin |8 reading an analog voliage 1o spectly the time
lo wail afler a faull belora ra-enabling tha PWM outpuls. [n PC maalar
goftwara mede, this pin is an output thal tranamifta UART sorial data,

18

RBRAKE

Output which s driven lo a fogic high whenaver the voltage on Lhe de bus
nput pin axceads a presel lavel, Indicating a high bus voliaga, This
signal I Infendad to connect a resistor acrosa tha de bus capaditor o
prevant axcoas capacilor vollage.

19

DT_FAUETOUT

In standalone moda, this pin 13 an oulpul which drivas low to indicale the
paramator mux Input pin Is reading an analog vottage to specily the
dead-lime betweon Ihe on states of the top and bottom PWM dignals ot
a given molor phasa, In PC masior goftware moda, this pin ks an output
which 1 Qoas low whenever a faull condRion occura,

VBOOST_MODE

Al slariup, s input 12 samplad 1o delormine whalher o enter standalons
mada (loglc high) or PC master software mode {logle low). In
slandalone moda, 1his pin [s also used as &n output thal drives low to
indicale the parametar mux Inpul pin 18 reading an analog voliage to
spacily the amount of voitage boost to apply to the motor.

+8-voll digital power supply 10 the MC3PHAC

Digita] power supply ground return kor the MCaPHAC

Iriput which Is sampled lo delermine whether the motor should rolate in
tha forward or revarse direcion

Input which Is sampled to datermine whather the motor should be
unning.

MUX_IN

In slandalone mode, dwing knltiallzation Lhis pin is an oulpul that is vaed
{o determine PWM polarily and base frequency. Otherwise, i is an
analog input usad to read sevoral voltaga (evels that epacify MCIPHAC
openating pammeters.

20

SPEED

In standatone mode, during Intlalization this pin is an outpul that Ia used
lo determine PWM polarity and base fraquancy. Otherwise, ft s an
analog input used to road a voltage [eval corresponding to the daslred
sloady-aiate spead of the molor,

ACCEL

In atandatone mode. during Initialization this pin [s an outpant that Is used
lo determine PWM polarity and base frequency. Othacwise, iz an
anakeg Input used to read a vollage level comesponding (o the desired
acceleration of the molor,

28

oC_Bus

In atandalone moda, during inflializaticn this pin I an oulput that is used
fo dotermina PWM polaiity and base fraquency. Othomwise, it ix an
analop Inpst used 1o read a vollaga lavel proportional to the de bus
vollaga.

) mmm

tha MC3PHAC hbuodmamMHzmmarumnlummnta FoBow tha erysialressnalos

recommeandabons, as 1 oq‘mulnm or paramaiens delermine the exiamal values requind
for maximum stabity and rafable staring. load capaciance values usad in tha oacllator deaipn shoukd indude
al stray capacinnoes.

MCIPHAC Monofthio inteligent Motor Condrolier, Rev. 2
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Introduction

Introduction

The MCIPHAC Is a high-performance Inlelligent controllor designed specifically to meet the requirements
for low-cost, varlablo-apaed, 3-phase ac molor control syslems. The device (s adaptabla and
configurable, based on its envirecnment. Constructad with high-spead CMOS (complementary metel-
oxide samiconductor) technology. the MCIPHAC offers a high degree of performance and ruggedness
in the hoslile environmenta oftan found In motor control syatems.

Thoe duvice conslstsd of;
+ G-oulput pulse-width modidator (PWM)
+ 4-channe] analog-to-digital converter (ADC)
+ Phase-lock loop {(PLL) based systom osclllator
* Low-powar supply vollage detection circult
¢ Serial communications interface (SCI)

The serial communlcationa inlerface le usedin a mode, callad PC master soffware mode, wheraby control
of the MC3PHAC 1s from a host or mastes personal computer exacuting PC master software or
microcontroller emulating PC master sottware commands. In eithar case, control via the infernat Is
leasible.

Inciuded In the MC3PHAC are protactive foatures consisting of de bua monitoring and a sysiem fauit input
that will immadiately disable the PWM module upon detaction of a system fault.

Inciuded motor control features include;
¢« Open locp volls/Hertz spoed confrol
* Forward or reversa rotation
¢ Starl/stop motion
+ System tault Input
* Low-speed voltage bocst
¢ Intemal power-on reset (PORY)

Features

3-Phase Waveform Gensratlon — The MC3PHAC goneraleg slx PWM signals which have baan

modulated with variable voltage and variable frequancy Information [n order to control a 3-phase ac motor.

A third harmonic signal has been superimposed on top of the fundamental motor frequancy 1o achlava full

bus voltage ulilizelion, This reaults in a {5 percent Increnze in maximum output ampfitude comparad to
pure sine wave modulation.

Tha wavalorm is updated ai & 5.3 kHz rale (excepi when the PWM irequency I8 15.9 kHz), resulting In
near conlinuous wavaeform quality. Al 15.9 kHz, the waveform Is updated at 4.0 kHz.

D8P Flltering — A 24-bit 1IR dighal fifter Is used on the SPEED Input signal In standalone mode, resulting
in enhanced speed slabilty in nolsy environments, The sampling pedod of tha fillar s 3 ms {except when
tha PWM frequency la 156.8 kHz) and tt mimica the response of a single pole analog filter having a pole at
0.4 Hz. At a PWM frequancy of 15.9 kHz, tha sampling period 13 4 ms and the pole Is focated at 0.3 Hz.

MC3PHAC MonoEthlo Intelligent Motor Controller, Rev. 2
8 Freescale Semiconducior




Featuree

High Preclslon Calculations — Up o 32-bit variable resclution ls employed for precision controf and
emocth performance. For example, the molor spaad can ba controlled with a resclution of 4 mHz.

8mooth Voltage Transiiona — Whan the commandad spaed of tha motor paasaa through +1 Hz, the
voltage Is gontly applled or removed depending on the diraclion of the spaed change. This allminalgs any
pops or surges that may accur, especially under condiions of high-voltage boost at low frequencies.

High-8lde Bootstrapping — Many molor drive topologles (sspecially high-voltage drives) use
optocouplats fo supply the PWM signal to the high-aida translstora. Oftan, the high-slde translstor drive
circuitry containg & charge pump circuitio create a floating power supply for each high-skie transistor that
Is depandant on low-slde PWMs to dovelop powar. Whan the motor hag baan off for a periad of time, the
chargs on the high-side power supply capacitor is depleled and must ba raplanished before propesr PWM
opénation can rasuma.

To accommodate such topologlas, the MC3PHAGC will always provide 100 ms of 50 parcant PWM drive
fo only the low-side transistora each tims the molor 1a tumed on. Since the top iransistors remain off
during this tima, it has the effect of applying zero volis to the motor, and no motion cocurs. After this
peariod, molor wavaforrn modutation begine, with PWM drive also belng applied to the high-side
transislors.

Fast Veloclty Updating — During perlods when the motor spead Is changing, tha rate at which the
valocily is updaled ia critical o smooth operation. If theee updales ocour loo infrequently, a ratchaling
effeci will be exhibited on the molor, which Inthibits smooth torque parformance. However, valodlty
profiling is a very calculation Intensive oparation to perfom, which runs contrary to the provious
requirament.

In the MC3PHAC, a veloetty pipelining technlque i employed which allows finear Interpolation of the
velocily valuas, resulting in a new velocily value every 189 ps (262 ps for 15.9 kHz PWMs). Tha nat rasult
Ia ultra amooth velocity transitions, whera each velocity step Is not perceivahle by the motor.

Dynamic Bus Ripple Cancellation — The do bus voltage is sensed by the MC3PHAC, and any
daviations from a predotermined nom (3.5 V on the dc bus input plin) reault In comactions to the PWM
valuas to countaract the effact of the bus vollage changes on the molor currant. The frequency of this
calculation Is sufficlently high to parmit compansation for e fraquency ripple, as well as slowar bus
voltage changes rasulting from regeneration or brown out condftlons. See Figure 4.

Gelectable Base Frequency — Altemnating curront (ac) molors are deslgned to accept ratad voliage at
alther 50 or 80 Hz, depending on what reglon of tha world thay were designad to be used. The MCIPHAC
can accommodate both types of molors by allowing the voitage profile to reach meximum valug at elther
60 or 60 Hz This paramatar can bo specified at intiafization (n standalone modae, or it can be changed at
any time In PC mastor software mode.

Selectable PWM Polarity — The polastty of the PWM outputa may be specified such that a logic high on
a PWM output can alther bae the asserted or negated alate of the signal. In standalone mode, this
parametor ls spocified at Inltiallzation and applies to all slx PWM oulpuls. In PC master scftware moda,
the polarity of the top PWM signals can be specillad separataly from the polarity o the bottom PWM
signals. -

This spacification can be done at any ima, but once it is done, the polaritios are locked and cannol ba
changad until a reaet occurs, Also, any commands from PC masler software that would have tha offect
of anabling PWMas are provented by the MCIPHAC unfil the polarity haa baan spaciied.

UC3IPHAC Monokthlo Intelligont Molar Controller, Rev. 2

Fresscale Gamlconductor 9
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In standalone mode, the basa lraquency and PWM polarity are epecified at the same fme during
Intfialization by eonnacting elther pin 26, 26, 27, or 28 exclusively to the PWMPOL_BASEFREQ Input
During Initialization, pins 25, 28, 27, and 28 ara cycled one at a time 1o detesmine which one has baan
connacted to the PWMPOL_BASEFREG Input.

Table 3 shows the selected PWM polarity and base trequency as a function of which pin connaction is
made. Refor to the slandalone mode schematie, Figure 8. Only ona of these jumpars {JP {-JP4) can be
connactad at any ona time,

NOTE
iis nol nece z3ary o break this conneclion once the Intialzafion phase has
been compleled. The MC3FPHAC will function properly wiiie this
conneclion i in plice.

Table 3. PWM Polarity and Base Frequency Specliication In Standalone Mode

pwuﬂggﬂpgé% Pin PWM Polarlty Basa Frequancy
MUX_IN (JP1) Loglc low = on 60 Hz
SPEED (JP2) Logic high = on 60 Hz
ACGCEL {(JP3) Loglc low = on 60 Hz
DC_BUS (JP4) Logle high = on 60 Hz

MCIPHAC MonoKthlc Intslligent Motor Controller, Rav. 2
10 Freoscale Samiconducior
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Selectable PWM Frequenoy — The MC3PHAC accommodatas four discrele PWM frequencies and can
bo changed dynamicafly while the motor is running. This resistor can be a polentiometor or a fixed resistor
In the range shown In Table 4. In slandalone mode, tha PWM Irequency is spocified by applying a voliage
to the MUX_IN pin while the PWMFREQ_RxD pin i8 belng driven low. Tabla 4 shows the required voltage
lovals on tha MUX_IN pin and the associated PWM frequency for each vollage range.

NOTE
The PWM frequencies are based on a 4.00 MHz frequoncy appiied (o the
oscilalor inpuf.
Table 4. MUX_IN Reslstance Ranges and Corresponding PWM Frequencies
Voltage Input PWM Frequency
Olo1V 6.201 kHz
16lo2.285V 10.682 kHz
276103.5V 18.873 kHz
4tosSY 21.164 kHz

Seleclable PWM Dead Time — Bealdes baing able to epacily the PWM frequancy, the blanking time
Intarval between the on slates of the complomenlary PVWM palrs can also be spacified. Refer lo the graph
In Figura B for the resistance value versus dead time. Figure 9 assumas a 6.8 ki £5% puliup resistor, In
standalons moda, this Is done by

eupplying a vallage toiho MUX_IN pin while the DT_FAULTOUT pin I8 being driven low. In this way, doad
Eme can bo spacified with a scaling faclor of 2.075 s per volt, with a minimum value of 0.5 ps. In PG
master eoftware moda, this value can be selocted to ba anywhero between 0 and 32 ps.

In both siahdalona and PC master software modes, the dead ima value can be wiitten only ence. Furthor
uptjates of this paramoler aro locked oul unti! a reset condftion occura,

Speed Contro] — Tha synchronous mofor frequency can be specified In real ima to be any value from
1 Hz to 128 Hz by the voltage applied to the SPEED pin. The scaling factor is 25.6 Hz per volt. This
parameler can alse be contralled directly from PC masier softwara In real ime.

The SPEED pin Is procesesd by a 24-bit digita) filier to enhance the spaed siability in nolsy environments.
This fiiter la only activated In standalonae modae.

Accelaration Conlrol — Motor acceloration can be specified in real time to be In the range from 0.6
Hz/sacond, ranging to 128 Hz/second, by Ihe vollage applied to tho ACCEL pin. Tha scaling faclor ls 25.8
Hz/second per voit. This parameter can also be controlled diractly from PC master software In real ime.

Voltage Profile Generatlon — Thoe MC3PHAC controis the motor voltage In proportion to the specified
frequency, as Indicaled in Figure 5.

An ac motor is designed to draw a spacified amount of magnetizing current whon suppliad with rated
vollage at the base frequency. As the frequency decreases, assuming no stator losses, the voliage must
dacrease i exact proportion to malntain the required magnetizing cumrent. In reality, as the frequancy
dacroasas, the volinge drop In the sarles slator resistanca Increases In proportion to the voltage across
tha magnetizing inductance. This has the elfact of further reducing the voltage across the magnaetizing
inductor, and consequantiy, the magnetizing current. A schematic representation of this affact is

MC3IPHAC Monekthic Intetfigent Molor Controlier, Rev. 2
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#lustrated In Fligure 6. To compensate for this voitage loss, the voltaga profile Is boasted ovar the normal
voltege curve In Figure 5, so that tha magnetizing cumrent remalns constant over the speed range.

|w;|.._._...‘_._._._._._

YOLTAGE BOOST

mm/

Figure B. Voliape Profliing, Including Volage Boast

Figure 6. AC Motor 8ingle Phaze Model Bhowing Parasitic Stator Impedances

The MC3PHAC allows tha voltaga boost to be apecified as a percentagae of full voltage at 0 Hz, as shown
in Figure 5. In slandalone mode, voliage boost Ie spacified during the Inflalization phase by supplying
a voltaga to the MUX_IN pin whila the VBOOST_MODE pin Is belng driven low. Refar o the gmph in
Figura 11 for the raslistance value versus voltage boost. Figure 11 assumes a 8.8 k< pulfup reslstor, In
this way, voliage bocst can be spaciflad from 0 o 40 percent, with a scaling factor of B percant per voil.
In PC master soltware mode, the voltage boosl can be specified from 0 to 100 percent and can be
changad at anytime.

By uaing the voltage boost valuo, and the spacified basa fraquency, the MC3PHAC has all the Information
required to generate a voltage profile automatically based on the genemted wavelorm frequency. An
additional feature exists in PC maater software mode whareby thia vollage value can be overridden and
controlled In real time. Specilying a voltage lower than the normal volts-per-hertz profile parmiis a softer
torqua responsa In certain ergonomic situations. It also allowa for foad power factor conlrol and higher
operating afficlenclaa with high Inarila loads or other loads where Instantanecus changes in forque
demand ara not pemmitted. Detalls of thia feature are discussed In the PC Mastar Software Operation with
the MCSPHAC.

PLL Clock Qeneration — The OSC1 pin signal Is usad as a referance clock for an infermnal PLL clocking
circult, which I3 used to drive the Internal clocks of the MC3PHAC. This providea excelfant protection
apalnst noleo spikes that may occur on the OSC1 pin. In a clocking circuit that does not Incorporata a PLL,
a nolso spike on the dock Inpul can craate a clock edge, which violates the setup times of the dlocking

MCIPHAC Monokthic intelEgent Motor Condrolier, Rev. 2
i2 Freescale Semiconducior

78



g

Faaturee

logic, and can causa the devica to malfunction. The same nolse splke applied to the input of a PLL clock
circuit Is percelfved by the PLL as a chanpe In ils reference frequency, and the PLL oulput frequency
baegine to changa In an attampl to lock on 1o the new frequency. Howaver, before any appreciable ¢hange
can occur, the spike Ia gona, and the PLL sattles back into the true reference frequency.

Fault Protection — The MC3PHAC supports an elaborale range of fault protection and provention
featuras. If a fault does occour, the MC3IPHAGC Immediately disablos tho PWMs and wails unfil the fault
condition la cleared befora siarting a imer to re-enable the PWMs. Ratar to the graph in Figure 10 for the
resistance value versus relry time. Figure 10 assumes a 6.8 k2 pullup resistor. In standatone mode, this
timeout Interval is specified during the Infiallzation phasa by aupplying a voltage to the MUX_IN pin while
the RETRY_TxD pin [a belng driven low. in this way, the relry time can ba spacified from 1 to 60 soconds,
with a scaling factor of 12 soconda per volt. In PC mastor software mode, the relry ime can ba spacified
trom 0.25 sacond o over 4.5 hours and can be changed at any time.

The fauli protection and prevention features are:

+ External Fault Monitoring — The FAULTIN pln accepts a digital signal that Indicates a fault has
baan detected via extemal monltoring clrcuitry. A high level on this input results In the PWMa being
Immediataly disabled, Typlcal fault conditions might be a dc bus over vollage, bus over currant, or
ovar tompesature. Once this input rafums to a loglc low laval, the faull relry Smer begins running,
and PWMs are re-enabled sfter the programmed Gmeout valua Is reached.

+ Loat Clock Protecilon — H tha signal on tha OSC1 pin s lost altogether, the MCIPHAC will
Immediately disable the PWM outputs to protact the motor and power electronics. Thislsa special
fault condition In that It will aleo cause the MC3PHAG to be reset Lost clock dataction Is an
Important safoly conglderation, s many safoly regulalory agencies are now requiring a dead
crystal test be parformed as part of the certification process.

¢ Low Vpp Protection — Whanaver Vpg falls below Vi yr¢, &n on-board power supply monitor will
resof the MC3PHAC., This allowa the MC3PHAC fo operate propetly with 5 volt power suppifes of
either 5 or 10 percent tolarance,

+ Bus Volinge Integrity Monltoring — The DG_BUS pin Is monitored at a 5.3 kHz frequoncy
(4.0 kHz when the PWM frequency is set lo 15.9 kHz), and any voltage reading outside of an
accaptable window constitules a fault condition. In slandalone moda, the window threshokis are
fixed at 4.47 volts {128 parcent of nominal), and 1.75 volia (50 percent of nominal), where nominal
la dafined to be 3.5 volts. in PC masler aoftware mods, bolh tep and bottom window thrasholds can
be set Indapandently to any value batwean 0 volis (0 percent of nominal), and greater than 5 voits
(143 percant of nominal), and can ba changad at any lime. Once tha DC_BUS signal level relums
fo & vatlue within the acceplable window, the fault retry Bmer bagina running, and PWMs ara re-
enabled after he programmed timaout value [s reachad.

During powar-up, it ls possible that Vpp could reach operating voltage before the de bus capacilor
charges up fo its nominal value. When the dg bus Inlegrity Is checked, an under vollage would bo
detectad and troaled as a faull, with s associated fimeout period. To prevent this, the MC3PHAGC
monltors the de bus vollage during power-up in standalona mode, and waits untll it is higher than
the under voltage threshold before continuing. During this tima, all MC3PHAC functions are
suspended. Onca thia threshold s reached, the MCIPHAC will continue normally, with any furthar
under vollage conditions treatad as a fault

if dc bus voltage monitoring 1s not desired, a vollage of 3.5 volts + 5 percent should ba supplied fo
the OC_BUS pin through an impedance of betwaen 4.7 ki) and 15 k().

MC3PHAC Nonofithia inteligent Motor Controller, Rev, 2
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s Regenerailon Contrel — Regonerafion Is a procesa by which storad mechanlcal energy In the

motor and load [s tmnsterred back Inlo the drive electronice, usually as a result of an aggressive
doecelaration oparation. In special cases where this procosa occurs froquently (for oxample,
elavator motor control systems), It I8 economical to Incorporata special faaturea in the motor drive
to allow this anergy to be supplled back fo the ac mains. However, for most low cost ac drives, this
eneigy is stored In the dc bus capacitor by Increasing iis voltage. I ihis procoss Is loft unchecked,
the do bua veoliage can rise to dangerous levels, which can destroy the bus capacitor or the
transistors in the power invertar,

The MCIPHAC Incorporates two techniques to deal with regenerafion bafore it becomes a
problom:

= Reslstive Braking — The BC_BUS pin Is monitored at a 5.3 kHz froquancy (4.0 kHz when the
PWM frequancy Is set to 15.8 kHz}, and when the vollage reachas a cortain threshold, the
RBRAKE pin is driven high. This slgnal can ba used to control a resistive brake placed across
the do bua capscilor, such that machanical enargy from the moetor will be dissipatad as heatin
the reaisior versus belng elored as vollage on the capacitor. In standalone mode, the DC_BUS
threshold required {o asaert the RBRAKE signal s fixed at 3,85 volts {110 parcent of nomIinal)
whera niominal ls deflned to be 3.5 volts, in PC master eoftware mode, this threshold can be
sol fo any valua between 0 volls {0 percent of nominal) and greatar than 5 volis (143 percaent
of nominal) and can be changed at any ime.

— Automatle Deceleration Conltrol — When deceleraiing the motor, the MCIPHAC atternpta to
use the spacified accaleration value for daceleration as well. If the voltaga on the DC_BUS pin
reaches a certaln threshold, the MC3PHAC begins to moderale the decelaration as a function
of this voltage, as shown in Figure 7, The volizge range on the DC_BUS pin from when the
dacoleration bagins io decraase, to whon I reaches 0, Is 0.62 volts. In slandalone modsa, the
DC_BUS voliage whare decaleraion begins fo decreasa is fixed at 3.85 volts (110 parcent of
nominal} where nominal s defined to ba 3.5 volts. In PC master software mode, {his threshold
can bo gat to any value between O volie (0 percent ol nominal) and greater than 6 voits (143
percant of nominal) and can be changed al any time.

BUS WLTAGE

BEGN MODERATING DECEL
18 PROGAALMLAPLE
D{ PC WASTER SOFTWARE MODE)

Filgure 7. Deceleration as a Function of Bus Voltage
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Digital Power Supply Bypassing

Digital Power Supply Bypassing
Voo and Vgs are the digital powar supply and ground pins for tha MC3PHAC.

Fast signal transitions connacted intamally on these pins place high, short-duration current demands on
the powar supply. To prevent nolse problems, take spacial care to provide power supply bypassing al the
Vpp and Vgg pins. Place the bypass capacitors a8 closo as possibla to the MC3PHAC, Use a high-
frequency-response ceramic capacilor, such as a 0.1 pF, parallafed with a bulk capacitor In the range of
1 uF to 10 uF for bypassing the digital power supply.

Analog Power Supply Bypassing

Vppa and Vgg, are tha power supply pins for the analog portion of the clack generator and analog-to-
digilal convarter (ADC). Cn the schematics In thia document, analog ground [s labeled with an A and other
grounda are dighial grounds, Analog power Is labeled as +5 A. It I3 good practice to Isolate the analog and
digital +5 volt power supplies by using a small Inductor or a low valua reslstor less than & ohms in geriea
with the digHal power supply, {o create the +5 A supply. ADC Vgr Is the powar supply pln usad for sefting
the ADC's voltage referonce.

Dacoupling of these pins should be per the digital power supply bypassing, described praviousty. ADC
VRer (pin 1) and Vppa (pin 3) shall be connacted togather and connected to the same polential as Vop.

Grounding Considerations

Printed circuit board layout Is an Important design conelderation. (n paricular, ground planes and how
grounds are Hed togather Influence nolse Immunity. To maximize nolse Immunity, It Is Important to get a
good ground plane under the MC3PHAC. It is also important to separate analog and digia! grounds. That
Is why, shown on the schemaltics, there are two ground designations, analog ground Is marked with an A
and other grounds are dighial grounds. GND is tha digital ground plane and power supply retum. GNDA
is the analog circult ground. They are both the same reflarence voltage, but are routed separately, and tie
togelher at only one point.

Power-Up/Power-Down

Whaen powor I8 applled or removad, itis important that the invertar'a fop and bottom outpul trensiatora In
the same phase are not tumad on simullaneously. Since logic atales are not alwaya defined during power-
up, it ia Impertant to ensure that all power transistors remain off when the controller's supply voltage Is
below Its normal operating lavel. The MC3PHAC's PWM module oulputs make this easy by switching to
a high impedance configuration whenever the &-voil supply Is below its speciflod minimum,

The user should use pullup or pulidown realators on the output of the MCIPHAC's PWM oulputs to ensure
during power-up and powar-down, that the Invertar's drive Inputs arg at a known, tumad off, state.

MOC3PHAC Monokthic intelligent Motor Controller, Rev. 2
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Operation

The MC3PHAC molor controlier will operato In two modes. Tha first Is siandalone operation, whereby tho
MC3PHAC can ba used without any infervention from an extemnal pareonal computer, In standalone
mode, the MCIPHAC Is Inlalized by passive devices connected to the MC3PHAC and Input to the
system at powar-up/reset me. In slandalone mode, some parametars continue to be Input to tho systom
as it oparates. Spead, PWM frequancy, bus vollage, and acceleration parametars are input to the syslem
on a reat-ime basis,

The second moda of oparation Is called PG master softwaro mode. That operational mode requires the
use of a parsonal computer and PC master software exaecuting on the parsonal computer, communicating
with the MC3PHAC, or a microcontroller emulating PC master goftware commands. All command and
setup Informalion Is input to the MC3PHAC via ithe PC hoat.

8iandalone Operatlon

It the VBOOST_MODE pin Is high when the MC3PHAC I8 poweraed up, or after a reaat, the MC3PHAC
enters standalona mode. In this mode of operation, the functionality of many of the MG3PHAC pina
changae so that the device can control a motor without requiring setup information from an extemal master.
When operated In standalone mode, the MCIPHAC will drive certain pina commeeponding to parameters
which must be spacified, while simullaneously monltoring the response on gther ping.

In many cases, the parameter to be speciled is represented as an analog voltage presented to the
MUX_IN pir, while certaln other plns are driven low. tn 8o doing, the MCAPHAC can accommodate an
extemal analog mux which will switch various signals on the MUX_IN pln whan the slgnal salect line goes
low. All signals must ba In a ranga betwean 0 V and Vrer. As an economical alemative, an extomal
passive network can be connected to each of the parameler select output plns and the MUX_IN pin, as
shown In Figure 8.

The Thavenin equivalont impedance of this passive notwork as scon by the MUX_IN pln ls very important
and should be In the ranga of 6 kQ} to 10 k2, If tho realstance Is too high, leakage currant from the
tnput/output (VO) pine will cause an offset voltage that will affect the accuracy of the reading. i the
reslstance Is oo low, the parametar select pine will not be able 1o sink the required current foran accurate
reading. Using & pullup resiator value of 6.8 k& {as indicated in Figure 8), the resulting value for each
parameler a8 & funclion of the comesponding pulldown rasislor value Is shown In Figure 9, Figure 10,
Figure 11, and Table 4.

The START input pin {8 debounced intemally and a swiich can bae directly accommodated on this pin. The
input I3 level aansitive, but a logic 1 feval must exiat on the pin before a logle 0 laval will be processed as
a start signal. This will prevent an accidental motor slartup in the avent of the MC3PHAC being powerad
up, whora tho switch was loft In tho etart position.

The FWD input pin Is debounced inlemally and can directly accommodate & swilch connection. The Input
Is also lavel senslitive.

Figure 8 shows the Jumper arangamant connacted to the PWMPOL_BASEFREQ Input pin. For propar
oparation, one and only one jumper connaction can be made at any given ima. Table 3 shows the polarity
and base fraquency selections as a function of the jumper connaction.

MGIPHAC Monokithic intelEgant Wolor Controller, Rew. 2
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Siandalone Applicallon Example

Figure 12 shows an application example of the MCIPHAC, configured In standalone mods. Reslator
values and [umpers have been selecied to provide the following performance:

1. Base frequency of 60 Hz and positive PWM polarity (from Tabla 3)

2. PWM frequency rasisior 3.8 ki), which Implies 10.5682 kHz from Table 4), (6v/(3.9k + 6.6k))*3.9k =
1.82 volis
Dead-time resietor = 5.1 k{2, which Impflas 4.5 us (from Figure 8)
Fault ratry tima resistor = 8.2 k(}, which implles 32.8 seconds (from Figure 10).
Voitage boost reslstor = 12 kf2, which impliaa 26.6 percent (from Figure 11).

The vdper of the acceleration poleniomeler Is sat at 2.6 V = 64 Hz/sacond acceloration rate {from
the Acceleration Conlrot descripion on page 11.) The polentiometer, in this cass, coutd have been
a reslsior dividar. Il a reslstor divider is usad In place of the acceleration potentiomeler, keep the
total resistance of the two reaistors leas than 10 k(. Always use 4.7k} in seriea with tha cenler ol
the acealeration vollage dividar resistors, connacted fo the ACCEL {pln 27) as shown In the
application example, Flgure 12.

7. Cryslal/rasonator capacitor values are typlcal values from the manufacturer. Refer fo the
manufacturers data for actual values,

B

PC Maaler Software Operation

Intreduction fo PC Master Host Software

The MC3IPHAC Is compatible with Molorola’s PC master host software seral Interface protocol.
Communlcalion occurs over &n on-chip UART, on the MC3PHAC at 9600 baud o an extemal master
device, which may be a microcontrolier that alse hae an integrated UART or a personal computer via a
COM port. With PC master software, an extemal controller can monitor and control all aspacis of the
MC3IPHAC operalion.

When the MC3IPHAC la placed In PC mastor aottware mode, all contrel of the systamn |s provided through
the Intagraled UART, resident on the MC3PHAC. Inputs such aa START, , SPEED, ACCEL,
MUX_IN, and PWMPOL_BASEFREQ have no contralling Influence ovar oparation of tha syslam. Even
though the SPEED, START, and FWD Inputs are disabled while the systam I8 In PC master software
mode, through PC master sofhvare, It s possible to moniior tho state of those inpute.

The most popular master Implemeniation Is a PC, where a graphical user Interface (GUI) has been
layaraed on {op of the PC master software command prolocol, complete with a4 graphlcal data display, and
an ActiveX Interface. Figure 13 shows the MCGIPHAC configured in PC master software mode. Itis
beyond the scope of this documant to desciibe the PC mester goftware protocol or ita Implomentation on
a personal computer. Foy further infemmation on thasa topics, refar to olher Motorola documents relating
to the PC master software proloco! and avallabfity of PC master host software.

HWC3IPHAC Monofithia inteligent Motor Controller, Rev. 2
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Flgure 12, MCIPHAC Application Example in Siandslone Mode
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Figure 13. MC3PHAC Configuration for Using a PC as a Masler

PC Maslor Sofftware Cparalion with the MC3PHAC

Whon power Is first applied fo tho MC3PHAC, or if a logic low fevel Ia applied (o the FESET pin, the
MC3PHAC enters PC master goftware moda If the VBOOST_MODE pin Is low during the Initaltzation
phase. The MCSPHAC recognizes a subsact of the PC master software command sel, which is laled In
Table G.

Table B, Recognized PC Host Software Commands
Command Description
GETINFOBRIEF MlﬁaPHAO responds with briof sumenary of hardware setup and link configuration

READVARS MCAPHAC reads an a-bit variable at a spacified addross and responds with its value
READVAR1S MC3PHAC roads a 16-bft variabla al a epecified address and responds with lts value
READVARS2 MC3PHAC reads a 32-bit variablo al a epacified addiese and responds with Ite vaiuo
WRITEVARS MCAaPHAC wnites an 8-bit variable at a epecified eddoss
WRITEVAR 16 MC3PHAC writog a 18-bit variable al a specified address

With the READVARx commands, the addresses are checkad for validity, and the command s executed
only If the address [s within proper imits. [n general, a read command with an address value balow $0060
or above $EE03 will not exacute properly, but instead will retumn an Invalid operation rosponse, An

MC3IPHAG Honolithio Intelligent Moter Controller, Rev. 2
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oxcaption to this rule 18 that PG master software allows reading locations $0001, $0036 &nd $SFEO1; vhich
ere PORTB data register, Dead Time repgister and SIM Rosel Status reglsters reapactively. The
addrasses for ithe WRITEVARX commands ara chacked for valdity, and the datla flold is also limhted lo a
valld ranga for each variable. See Table 8 for a Iiat of valld data vatues and valld wiile addreasea,

Usar Interface variables and thelr aszociated PC master aoftware addreases within the MC3PHAC are

Bated in Table 8.
Table 6. User [nterface Varlables for Use with PC Master Software
Read/ | Bhze
Namo Addroas Wiite | (Bylos) Dascription Valld Data
Forward — $10
Dalerminas whether the motor showld :
Commanded direction| $1000 w 1 go forward, reversa, or slop Rmn_— $11
Command roset $1000 | W L O dgF HAC ta pariori an $30
dod Specifios the | v
Commanded PWM o8 (he lrequancy of the 108 kHz — $42
frequency('} $10001 W 1 | "MC3PHAC PWM frequency 16.0 kHz — $44
21.1 kHz — $48
bl Twuul valua supplied to the
Moasired genamior usad by the
period sooas ™ R 2 | MC3PHAC —valiela muilplied by | $0080-S0sER
250 ns to oblain PWM poriod
Spada“ﬂlopolamyol tha MCG3PHAC 84T +$50
PWM outpuls. This |a a wrlte onco
andpw $1000 | W 1 paramoter aftar resat g *; N ::;
pola Example: $50 = Botiomandiop PwM | S-T+388
outputs ara posifive polarity. ==
Specifies ﬂle'glsnd time usaed by tha
5 PWM generator.
Dead tmat®- @ (5 $0038 | AW ' | Doad timp = Vekie® 125 ns. $00-3FF
This (s a write-once parameter.
) Spacifias the motor frequoncy at which | 60 Hz —$60
Base froquancy® o] 3 ' | tulvottage'ls appliad 50 Hz — 301
Accolaralion®) $0080 | RW | 2 |Acceleration in Hz/sac (7.9 lormali® | $0000-$7FFF
Commandad motor Commanded lrnquoncyln Hz.
frequancy’® 0062 | AW 2 (8.8 formay)® $0000-$7FFF
Actual fraquency $0085 3 2 | Actualfrequency In Hz (8.8 format)™ | $0000-$7FFF
Stalust”? $00C8 R 1 Stalus byle $00-$FF
Vuttage booat so0sC | RW | 1 |CHEiilage. $00-§FF
g8 %Voltage boost = Valuw$FF
Voltage level {molor wavelorm
Moduatonindex | scost | R | 1 | fosdepacontedeumingnobs | goq gpr
Modulation index = valua/$FF
NC3PHAC MonofBthio intelEgent Motor Controller, Rev. 2
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Table 6, User Interface Variables for Use with PC Masier S8ottware (Continued)
Name Address | 085 (:Y'f:.) Desciiption Valid Dala
Maximum a¥owable modulation indox .
Maximum voliage $0075 RW 1 vafuo $00-$FF
%Maximum vollage = valus'$FF
Vi mﬂagom T} $0070 R 2 DC bas voliage reading $000-$3FF
Specifies tho dalay ime affer a AR
Faull timoout sooeA | W | 2 | Sondilonbalora re-onabing the $0000-$FFFF
Fault imaout » value * 0.262 Bac
Real-fime display of the faull imar
Fault timer $006D A/ 2 Elapsed faulf ime = value * 0.262 seo $0000-$FFFF
1 Vi readings above this valua resultin
\'f BRAKE Vg, 5 toadings above this valua rasultin
o ki so04 | AW 1 2 o RBRAKE pin being asserted, | SU000-803FF
Vg brovmout Vi readings below this velua resultin
valugh® $00cs | RW 2 an under voitage fault. $0000-$03FF
Vaus OVar voltage Vg readinga abova this value result in
valuel?® soote | RW 2 &n over voltage fault. $0000-$03FF
Speed In ADC et justifiod 10-bit ADC reading of the
vahual®? $0005 | R 2 | "SPEED Input pin. $0000-$FFCo
} Bit lield Indicating which sctup
Sotup $D0AE R 1 parameters have been initiafized $E0-$FF
bafore motion is permitiad
81 fiald Indicafing the current stale ol
Switch Inf $000t R 1 the star/stop and forward/roverse $00-$FF
‘ gufiches
Aesel alatus® $FE01 R 1 | Indicales causa of the lasl resat $00-8FF
Verslon $EE00 | R 4 | MCBPHAC version ASCII Tisid
1. The commandad P4 hequency carinot ba writian untl tha PWI ouipats exit the high-impedancs wiale. Tha default PYWIA
frequancy ls 15873 iz

2. The PWM cuipd ping ramain in & high-impedancs stais unt? this paramater is spacified.

3. This paramaler must be specified bafors molor molicn can be inifated by the MC3PHAG.

4. This Is a willa-once parameler, The firet wiite t Hils address will axacule normally. Furthar attempte al writing this
pargimitor will result in an Megal apamtion responea from the MCSFHAO,

§. Tha vakie of this paremetar i not valld unill tha PWM outputs exit the high-impedance state,

€. Tha data in this Sold is only valid for one read. Further reads Wil retum a vakue of $00.

7. Bea regixter bit dexcriptions loiowing this table.

8. Acosleration Is an unsignad value with the saven bits range of $00 o $7F = accelaration value ol 0 o
§27 Harw/second. Tha lower nina bits cons tha fractional portion of the accelerafion parawnater. lts range & $000 o
$1FF which equals 0 bo ~1. Tharefore, the mnge of acoekretion ke 0 1o 127.09 Hertr/secorc.

©. Commandad molar and ackual frequency are aigned vakisa with tha byta ranga of
mmlomb Incyolo 127 Hz. The fower byle I the fractional portion trequancy. s renge ks $00 lo 8FF

10, Vi it the voltago value appbed lo the DO_BUS anslog inpu pin. The ital converior is & 10-b convarte! with
a vonmmbmumumnhmmtnonﬁupp&?hhm 8 input pinVngr * $03FF.
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Each bit variable llsted In Table 6 I8 dafined In Figure 14, Figure 15, Figure 16, and Figura 17,

Addrass; $00CE
7 a B 4 3 2 1 L
Al OVER UNDER
G MOTCR | RESISTIVE | EXTEANAL
ENERGIZED] BRAKE |FAULTTRIP| VORAGE | VOLTAGE
Rassd 0 i 0 0 u 0 0
= Unimplermenied or Reserved U = Unatisciad
Figure 14. S8talus Reglater
Table 7. 8ialus Reglater Fleid Descriptions
Flold Dencription
a BPEED CHANGING Bt — This rezd-only b Indicates Il the motor is at & sleady speed orif i is
SPEED accalerating or daclerating.
CHANGING |0 Molor Is af a sloady spaad.
1 Mofor Is accelarating or decolanating.
5 FORWARD MOTION Bl — This read-only bit indicalas the diraction of the molor. Itelso indicates
FORWARD {il the motor is slopped.
MOTION |0 Meotor s rotating in the reverse direction.
‘ 1 Meolor ks rotating In the forward diraction, If this bit Ia & fogic 1 and the aclual fraquency (location
$0085 and $0086) i 0, the molor is stopped.
4 MOTOR ENERGIZED Bit — This read-only bit indicates PWM cutput aclivity
MOTOR |0 The PWM outputa are inactiva or tha boliom PWM oulpule ara In the pro-charge cyclo.
ENERGIZED |1 AR PWM culpuls are active,
a RESISTIVE BREAK Bit — This read-only bl indicates the stalo of the RERAKE output pin
RESISTIVE |0 The RBRAKE outpul pin is inactive and no braking s In progress.
BRAKE 1 The RBRAKE cutput pin I3 active. Braking Is [n progress.
2 EXTERNAL FAULT TRIP B!t — This read-only b indicatos a FAULT has cocurrad rasulfing from
EXTERNAL |a loglc 1 appliad to the FAULTIN pin.
FAULTTRIP {0 Alogk 0ls applied to the FAULTIN pin and no FAULT (imoout Isin progress.
1 Alogic 1 was applied to the FAULTIN pin and & FAULT timeout ls stl) in progress.
1 OVER-VOLTAGE TRIP Bit — Thia read-only bit indicales il the veltage at the DC_BUS pin
OVER gxcaeds he presel valua of Vpm over vollage focated at addrezs $0088 and $0089,
VOLTAGE |0 The vollage appllad to the DG_BUS pin is less than the praset valua of Vg4 over wilage and
TRIP a FAULT timacut la not In prograss,
1 The wliage applied to the DC_BUS pin has exceeded tha prasel vatue of Vi, , over vollage
and a FAULT timaeout Is atill in progress.
] UNDER-YOLTAQGE BIt — This read-only bit indicates If the voltape atthe DC_BUS pin I3 less
UNDER  {than the prosent value of Vg brownout localed &t address $0068 and $0067.
VOLTAGE |0 The wvollage appled to the DC-BUS pln Is greater than the proaat value of Ve under voftage
TRIP and a FAULT timeout Ia not in prog
’ 1 Tha vollage appiad to tha DC | BUS pin Is lesa than the prasent valua of Vi, under voage
and a FAULT timeotd is etill In progreas.
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. |= Unimplamanted or Rasarved

Figure 16. Setup Reglater
Table 8. Setup Reglater Fleld Deacriptions

Field Dateription
4 BASE FREQUENCY SET Bit — This road-only bil indicalas if the baze frequency parameler has
BASE been sat.
FREQUENCY |0 Basa frequoncy paramaler has nol baen sal.
SET 1 Ba»e Irequency paramaier has boeon sal
3 SPEED BET BIit — This read-only bit indicales if the speod paramater has boan seot.
SPEED {0 Speed parametar has not bean set.
SET 1 Spesd parameter has baen sot.
2 ACCELERATION 8ET BIt — This read-only bii indicales if tha accaleralion rale parameter hes
ACCELERA- |baen set.
TIONSET |0 Accelemfion rale parametar has nol baen sab
1 Acceleration rato parameoter has boon sal
1 POLARITY SET Bit — Thia read-only bit Indicates i Lhe PWM polarity parametars has been aet,
POLARITY |0 PWM polarity parameters has not baen sel.
SET 1 PWM polarity paramotors haa bean sat,
(1] DEAD TIME BET Bt — This read-only bit Indicalea i {he dead time parameter has been sel
DEADTIME [0 Dead fime parametar has not bean sat.
SET 1 Daad time paramoler has baen get.

MC3PHAC MonoRthie inteligent Motor Controlier, Rey. 2
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+“|= Unimplemenied or Reaarved U = Unafiecied
Figurs 16, 8witch In Reglster

Table 8. 8witch In Reglater Fleld Descriptions

2 1 [}
REGIBTOR [ -7 - [y
BRAKE |
0 u v

Fleld

Deteription
[ ETANT/BTOP Bit — This read-only bit indicaies the stale of the START input pin.
BTART! |0 The BTART input pin I al a kagic 0.
STOP 1 The STAAT Input pin Is al a logic 1. .
5 FWD/REVERSE Blt — This read-only bit indicates the state of the FWD inpul pin.
TWo/ 0 ‘The FIWD lnpul pin Is &l a foglc 0
REVERSE |1 The FWD input pin 15 al a fogic 1
a FAULT OUT B — This read-only bit indicales the stale of the DT_FAULTOUT culpud pin,
FAULT |0 The DT_FAULTOUT outpul pin I indicating & taull condition.
ouT 1 The OT_FAULTOUT outpul pin fa indicating no fault condibon.
2 RESISTIVE BRAKE Bit — This read-only bit indicates tho sate of roslsliva brake pin (RBRAKE),
RESISTOR |0 The RBRAKE output pin in inactive and no braldng is In progress.
BRAKE |1 The RBRAKE culput pin In active. Braking Is in progress,

MCGIPHAG MonoFthic intelligent Molor Controller, Rev. 2
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Operation
Address: $FEO1
L L] L] 4 3 ] 1 L
Al MCIPHAG | MespHag [POMASTER). . .7 o
POWER [ PFESET [runoTionaL(runoionay | SOFTHARE) . - 7} LOWNoo |- =
FAWT |  FAULT e T
3 0 0 0 0 0 0

| = Unimplemented of Reserved
Flgure 17. Reaet Slatus Reglater

Table 10. Resaet Biatua Register Field Deacriptlons

Field Doscription
7 POWER UP Bit — Thia read-only bit indicates the lasi system reael was caused by tha power-up
POWER UP {roral delection circuit.
0 Power-up resat was not the source of the readt or a read of the reset status regisler aftar the
first read.
1 Tho last react was caused by an inftial powet-up of the MC3PHAC.
[ RESET FiN Bit — This read-only bit Indficates the lasi syslem reset was caused from the HESET
RESET PIN |input pin,
0 The FESET pin was not the source of tha resal or & read of the reset slatus register aiter the
firet read.
1 Last rosel was caused by an extemal rosat applied lo the RESET input pin.
54 MC3IPHAC FUNCTIONAL FAULT Bite — This read-only bil Indicales if the last syslem reset was
MC3PHAC |the resull of an Intomal system ermor.
FUNCTIONAL |0 The FUNCTIONAL FALULT was nol the source ol the resat or 4 read of the rese! stalus reglster
FAULT BITS afar the firsl read.
1 MG3PHAC inlemal sysiem amor
PC MASTER |PC MASTER 8OFTWARE RESET COMMAND Blt — This read-only bit indicates tholast system
SOFTWARE |resel was the rasult of a PC masier software reset command.
RESET |0 The PC mastor software RESET COMMAND waa nol the source of the rasel or a read of the
COMMAND reaet statue registor afier the first read.
1 Tho MC3PHAGC was rezet by the PC masler software command resel as the result of a wike
of $30 to locatlon $1000
1 LOW Vjn VOLTAGE Bt — Thls raad-only bil indicales If the last tesal was the resull of low Vpp
LOW V, appiied (o the MC3PHAC.
VOLTA 0 The LOW Vo was not the source of Lhe reset or d read of the reset status ragister afler tha
first read.
¥ The last rezet was caused by the low power supply delection circult,
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Oparalion

Command Slale Machine

Whan using the PC master software mode of oparation, the command state machine govems bahavior
of the davice depanding upon Its current atate, system parameters, any new commands recelved via
tha communications link, and the prevalling conditions of the syatem. The command state dlagram fs in
Figure 18. itillustrates the sequance of commands which are necessary to bring the daevice from the reset
condillon to running the motor in a steady slate and depicis tha permissibla state transitions. The davice
will remaln within a given stafe unloss the conditions shown for & transition are mek

Some commands only causa a temporary state change to occur. White they are belng axeculad, the state
machine will automatically retum to the atate which existed prior 1o the command being recelved. For
example, the motor speed may be changaed from within any atate by using the WRITEVAR{6 command
to write fo the "Speed In* variabla, This will causa the "Rot 8paad* state to be momenlarly enlered, the
*8paed In" varable will be updated and then the original state will be re-entered. This allows the molor
spoad, acceoleration or base fraquency to be modified whether the motor is already accelerafing,
decelerating, or In a sleady state.

Each stato is describad here In more delail.
+ Reset — This slate s entered when a davice power-on reset (PORY), pln resal, loss of cryslsl,
intemally detected ermor, or reset command occurs from within any atate, In this state, the davice
Is Initialized and the PWM outputs are configured to high Impadanca. This stale Is then
automatically exited.

« PWMHIghZ — This stafeIs enterod from the reset slate, This state 1s also re-enlered after one and
onty ona of the PWM dead-ime or polarity parametsrs have been Initiallzed. In this state the PWM
outputs are configured {o a high-impedarnce siale as the device walts for both the PWM dead time
and polarity to be Initialized.

» 8etDeadTime (write once) — This elate Is entered from the PWMHIghZ elate the first ime thata
write to the PWM dead-lima variable occurs. In this state, the PWM dead time is initialized and the
slata Is then automatically exited. This state cannot be re-entarad, and henca the dead time cannot
be modifiad, unless thoe reset state is firet re-ontered.

s @8elPolarlty (write onca) — This stale la entered from the PWMHIghZ stale the first time that the
PWM polarity command [ recelved. In this slata, the PWM polarity is inlilalized and the state is
then automatically exited, This stata cannot be re-entered, and hence the polarity cannot be
modiad, unless the resatl atata is first re-entered.

¢  PWMOFF — This slate ls entered from the PWMHIghZ efato if both the PWM doad ime and
polarity hava boen configured. In this siate, the PWM Is activated and all the PWM oulpuls are
driven ofi for tha choaen polarity, The davico than walls for tha PWM bata frequancy, molor speed,
and acceleration fo ba Inltinlized.

*  PWMORPM — This state Is eniored from the PWMOFF state when the PWM base fraquency,
molor sapasd, and acceleration have been tnitlallzed, This siate can also be entered from tha
FvwdDacol or RevDece! states if a CmdStop command has been received, and the actual molor
epoed has decalaratod to 0 r.p.m. In this alate, the PWM pins are driven o thae oft state for the
chasen poiarity. The only exdi of this stale ia to ine PWMPump stale, which occurs when a CmdFwd
or CmdRev command is recelved.

WC3PHAC Monokthis intelligant Motor Cantrolier, Rev. 2
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Figure 18, PC Host Sofiware Command State Diagram
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PWMPump — This stata is entered from the PWMORPM stato whon a CmdFwd or GmdRav
command la recaivad. In this state the top PWM outputs aro driven off while the botiom PWM
outputs are driven with a 60 percent duty cycla. This allows high side transistor gate drive circuits
which requlre charge purmnp!ng from tha Jower transistors to be charged up prior to applying full
PWMs to energize the molor, Thiz state is automatically exited after the definad amount of ime
{8eo Elactrical Charactarislics).
PwdAccel — Thia slate is entared from the PWMPump slate afler a CmdFwd command is
received and the imeout Interval irom the PWMPump stale s completed. This state can also be
enterad from the FwdSteady slale if tho Spoed In vardable Is Increased above tho actuat curent
speod and the RevDecel siate if the actual motor speed equals 0 r.p.m. when a CmdFwd command
haa baen received. In this state the molor is acceleraled forward according 1o the chosen
narameters,
FwdBteady — This stale is entered from the FwvdAccel state afler the actual molor spead has
reached the requesied speed defined by the Spaed In variable, In this stata, the motor is held ata
constant forward spaed.
FwdDecel — This state la entered from the FwdAccel or FwdSteady slates whenaever a CmdStop
or CmdRav command is recelvad. This etato can also be antered from the FwdStaady state If the
Speed In varablo [a decreasod below the actual curent speed. In this state, the motor is
decelerated forward acconding fo the chosen parameters.
RevAccel — Thie siata Is entered from the PWMPump slate. Alter a CmdRev command Is
racaived and the timeout interval trom the PWMPump state Is completed. This state can also be
entarad from tho RavSteady state if the Spaed In vasiablo Is Increasad above the actual current
speed and the FwdDecel state if tha actual molor speed equals 0 r.p.m. when a CmdRevcommand
has boen recalvad. In this state, the molor is accelerated in reverse accarding to the chosen
paramelers.
RevEteady — This slale Is enlered from the RevAccel stafe after the actual molor spoed has
reachad the requosted specd dofined by the Spead Invariable, In this state, the motor Is held ata
constant reverse spaed.

RevDecel — This state ks entered from the RavAccel or RevSleady states whenever a CmdStop
or CmdFwd command s racalved. This state can also be entered from the RevSioady etata If tho
Spaad In variable is decroasad below the actual current speed. In thia siate, the motor ia
dacelerated In reverss according o the chosen paramelers.

8eiBasaFreq — This slato I8 anterod from any etale whenever a CmdBasaFragu command is
recaived. in this siate, the molor frequency at which full voltage ls appllad le configured and the
state la then automatically exited and the orginal state 1s re-entered.

BetAccel — This siats Is entered from any state whenever a write to the Acceleration varlable
occurm. In thiz staie, the molor accelemtion Is configured and the elate is then automatically extied
and the otiginal stale Is re-entered.

8el8peed — Thia stale Is enlered from any slate whenever a writs to the Spaed In variabio occurs,
In this state, the requested molor spead I8 configurad and the alate Is then automatically exited and
the original state Is ra-enterad.

Fauft — This &tate Is entared from any state whenevar a fault condition occura (gea Faull
Protaction on page 13), In this slate, the PWM outpuls are driven off (unless the faull siale was
entered from the PWMHIghZ state, In which case, the PWM oufputs remaln in the High Z state),
When the problom causing the fault condition |a removed, a timer is started which will wait a
specifiad amount of ime (which [a user programmabie) before axiting this state. Under nommal

MC3PHAC Monelithie intelligont Motor Conlroller, Rev. 2

Froescala Semiconducior

96



.
Opioieclated RS232 Interface AppEcation Example
oparating conditions, this timaaut will cause the Fault stale 1o be aulomatically exited to the
PWMORPM alate, where motion will once agaln ba inltiated if a CmdFwd or CmdRav has baon
racalvad. The exceptions to this rule are tho cazes whon tho Fault slats was entered from the
PWMHIghZ or PWMOFF statos, in which case, exiting from the Fault stale will retum back to these
statos.

Optoisolated R$232 Interface Application Example

Some motor control systems hava the control electronlcs oporating at the aama potsntial as tha high
voltage bus, Connecting a PG to that system could presaent salety issues, dua to the high voltage potential
betvrean the motor control system and the PC. Figure 19 I8 an example of a simple circull that can bo
used with {he MC3PHAC to isolate the sedal por! of the PC from the molor control system.

The clreuit in Figure 19 is the echematic of a half-duplex optolsolated RS232 Interface. This Isolated
terminalInterface provides a mergin of salety between the motor control gsystam and a personal computer,
The EIA RS232 spacification stalea the signal lovels can range from 13 to 225 volis. A Mark is defined by
ihe EIA RS232 specification as a signal that ranges from -3 10 —26 volts. A Space s defined as a signal
that ranges from 43 to +25 volts, Tharefore, fo meat the RS232 specification, signals to and from a
terminal must transiilon through O volts as It changes from a Mark to a Space. Breaking the clrcult down
Into an Input and output saction simplifies the explanation ¢f the ¢circuit,
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Flgure 19, Optolzolated R8232 Clrcult

To send data from a PC to the MC3PHAC, It is necesaary to satisfy the seral input of the MC3PHAC. In
tha idle condition, the seral inptt of the MCIPHAC must ba at a logic 1. To accomplsh thal, the transistor
in U1 must boe tumed off, The idle slate of the transmit data fine (TxD) from the PC gerial porl is a Mark
{3 o —25 volis). Theraefore, the diode in U1 Is off and the transistor In U1 Ia off, ylekding a logic 1 to the
MC3PHAC's sarial Input. When tha start bitis sant to the MC3PHAC from the PC’s sarlal paii, the PC's
TAD transiions from a Mairk lo a Space {+3 to 425 volts), thus forward biasing the diode in U1. Forward
biasing the diode in D1 tums on the tranalsior In U1, providing a logic O to the serial Input of the
MC3PHAC. Simply slated, the input half of the circult provides Input lsolation, signal inverslon, and level
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Optatsolated B5232 Interface Application Example

shifting from tha PC fo the MC3PHAC'a sarlal porl. An RS-232 line receiver, such as an MC1489, serves
the same purposa without the oplolaoiation function.

To send data from the MCAPHAC to the PC's serlal port Input, [t is nacessary o salisly the PC’s receolve
data (RxD) input requirements. In an idle condition, the AxD Input to the PC must be at Mark

{3 to 25 volts}. The dala terminal ready output (DTRAJ on tha PC outpuls a Mark when tha port Is
initiallzed. The request fo send (RT8) output[a eal to a Space (+3 to +25 volts) when the PC’s serlal port
le initializad. Bacausa the interface Ia hal-duplex, the PC's TXD output [s aleo at & Mark, as it is Idle. The
idla state of the MCIPHAC's sorial port output 13 e logic 1. The logic 1 out of the MC3PHAC's serial port
output poit forces the diode In U2 {o be tumed off. With the dieda In U2 tumead off, tha transistor in U2 is
also tumad off. The junction of D2 and D3 ara at a Mark (—3 to —25 voits). With the transistor In U2 fumed
ofl, the input |s pulled to a Mark through current limiting resistor R3, satistying the PC's sarial input In an
ke condition, When a atart bit is sent from the MCSPHAC's gorial port, it transtilons to a logle 0. That loglc
0 tums on the diode In U2, thus tuming on the trans!stor In U2. The conducting bansistor In U2 passos
the voltage output from the PC’s RTS oulput, that Is now et a Space {+3 to 425 volls), to the PC’s racelve
data (AxD) input. Capacitor C1 ls a bypasa capacior usad to stitfon the Mark signal. The output half ol
the circuit providas cutpul Isclelion, signal Invarsion, and tevel ghifting from the MC3PHAC's sarial output
port to the PC's sarial port. An RS-232 line driver, such &g a MC1488, serves the same purpose without
the optolsolation function.

MC3IPHAGC Monokthic Inteligent Motor Condroller, Rev. 2
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Mechanical Data

Mechanical Data

This subsection providas case oulting drawings for:

« Plastic 28-pin DIP, Figura 20
+ Plastic 28-pin S0IC, Figura 24
+ Plastio 32-pln QFP, Figure 22
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Figure 21. Piastio 28-Pin 80IC (Case 751F)

MC3PHAC Monokthio Intelligant Motor Controller, Rev. 2

Freascale Semiconducior

99



Mechanloal Data
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Figure 22, Plastic 32-PIn QFP (Case B73A)
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