PWM AND DC MOTOR CONTROL

Taken/modified from:
Mazidi/Causey: “HCS12
Microcontroller and Embedded
Systems,” chapter 17



TOPICS

« PWM to control motor speed.
 PWM features of the HCS12.

e Code HCS12 create PWM pulses.



DC Motor Interfacing and PWM

« DC motors have only + and — leads:

— Connecting them to a DC voltage source
—> rotates the motor in one direction

— Reversing the polarity, the DC motor will move
In the opposite direction

Clockwise Counter-
Rotation Clockwise
//_\‘ ’/_\ Rotation
MOTOR + MOTOR

DC Motor Rotation (Permanent Magnet Field)



DC Motor Interfacing and PWM:
Bidirectional control

» H-Bridge using simple switches:

— All switches are open - does not allow
the motor to turn
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H-Bridge Motor Configuration




gy bidirectional control

e Switch configuration for turning the motor in one
direction.

— when switches 1 and 4 are closed, current Is
allowed to pass through the motor
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H-Bridge Motor Clockwise Configuration



... DC Motor Interfacing and PWM
bidirectional control

Motor Operation SW1 SW2 SW3 SW4
Off Open Open Open Open
Clockwise Closed Open Open Closed
Counterclockwise Open Closed Closed Open
Invalid Closed Closed Closed Closed

ﬁ

dWhen switches 2
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2 5
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... DC Motor Interfacing and PWM:
bidirectional control

* H-Bridge controls can be created using relays,
transistors, or a single IC such as the L293.

— you must ensure that invalid configurations do not
occur, as shown below.

, ‘T 1 — Current flows directly to
g swrox ground, creating a short
'4@_*. circuit
swircr Y y swen — same effect as when
“ Al ” switches 1 and 3 or
| v sworremcun switches 2 and 4 are
) closed

H-Bridge in an Invalid Configuration
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PIN FUNCTION
PIN No. SYMBOL FUNCTIONAL DESCRIPTION FUNCTION

! IN1 Input terminal INT | IN2 OUT1 ouT2 MODE

2 N2 Input terminal

3 ouT1 Output terminal 1 1 L L Brake

5 ouT2 Output terminal

6 Vs Voltage supply terminal 1 0 H L CCW /CW

7 Vee Voltage supply terminal 0 0 High Impedance Stop




DC Motor Control using pulse
width modulation (PWM)

e Speed of a

motor depends on three factors:

— load, voltage, current

e For agiven

fixed load we can maintain a steady

speed using pulse width modulation (PWM).

e Changing (modulating) the width of the pulse
applied to the motor can increase/decrease the
amount of power provided increasing/decreasing

the motor s
e PWM IS wi0

peed.
ely used: Many microcontrollers

come with t
chip.

ne PWM circuitry embedded in the



.- . PWM

 Ability to control speed using PWM is one reason
DC motors are preferable over AC motors.

Ya POWER 25% DC

% POWER 50% DC —| | | —

7o POWER 75% DC — . | L

FULL POWER 100% DC —

Pulse Width Modulation



DC motor control with an
opto-i1solator

L Connection of a bipolar transistor to a motor:
— control circuit protected by the optoisolator
— motor & chip use separate power supplies

— capacitor across the motor used to reduce
EMI created by the motor
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DC motor control with an optoisolator

e Using a MOSFET

— The optoisolator protects the HCS12 from EMI

— The zener diode clamps gate voltage (< rated
maximum value)
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Programming
PWM channels

— HCS12 has 8
channels of 8-bit
PWM

— Two can combine
and create a 16-bit
PWM channel.

— HCS12 uses the
PORTP pins for the
PWM channels

|

PWM 1n HCS12:

Bus
Clock
» Clock
Select
Control
Enable
Polarity

Alignment —=

—_—

—_—

— -

_'_

Duty | Channel 7
_ = PTP.7

Feriod||Counter
Du Channel 6 o
= PTP.6

Period||Counter

Duty Channel 5
- —® PTP.5

Period||Counter

ity | Channel 4
—= PTP4

Feriond||Counter

Duty | Channel 0 =

PTP.0

Pariocd||Counter

PWM Channels and PORTP T




How PWM works (HCS12- other)

e Value in period register (PWMPERX)

determines the frequency of the pulses
out of the PORTP pin.

ClockA
ClockSA
ClockB
ClockSB

Using a
pre-scaler
logic
module

i

PWMDTYx

——

PWMCNTXx

_h.

—-

PWMPERX |

p—T

Period

Comparator

e

Comparator |

-

* Duty 5

PWMCNTx=PWMDTYx i

Flip-
Flop

PWMCNT, PWMPER, and PWMDTY
Registers used to generate PWM

PPx
pin

| PWMCNTx=PWMPERX



HCS12 PWM Blocks

Bus Clock

'

PWMDTYn Register

Programmable
Divider and
Clock Select

Logic

I

[

8-bit
Duty Cycle
Comparator

PWMCNTn Register

CLOCKA, CLOCK SA,
CLOCK B, CLOCK SB

[L

< f )b

[

PWMPERN Register

8-bit
Period
Comparator

-3 T Q
Toggle
FLIP-FLOP
R 9
RESET

PWMPOL'
PPOLn

MUX —3 Py




Programming PWM 1n HCS12:
Clock sources

« PWM channels get their clocks from the bus clock

e Two Input clocks:
— ClockA is used for input to Channels 0O, 1, 4, and 5
— ClockB is used for input to Channels 2, 3, 6, and 7

e Using the pre-scaler, ClockA can be divided
further, with the PWMPRCLK register

— also true for ClockB



Generating the PWM clock source

 ClockSA - To get a lower frequency for PWM
channels, divide ClockA further using PWMSCLA.

« PWMSCLA registers are used to scale ClockA to
ClockSA (scaled A).

— the highest number by which ClockA is divisible is 512
— the lowest number is 2.

XTAL Bus ClockSA

0SC Clock o ClockA 9N [ PWM CHANO
' +2 N=1 0234 [ PWM CHAN

ol N 1 N=0,1,2,3,..6,7 — T & L e PWM CHANA4

PLL 2 295,256 | pwM CHANS5

ClockA and ClockSA Frequencies



.. Programming PWM 1n HCS12:
clock sources

 ClockSB - same way as ClockSA, except
PWMSCLB is used.
— similar rates are available for ClockSB as for ClockSA
— In many applications we do not need to divide the clock

ClockSB
— PWM CHAN2
i 342 N=123.4 [ PWM CHAN3
O = | N=0123.6,7——T ST L PWM CHANG

PLL 2 299,256 | pWM CHAN7

XTAL Bus
0SC Clock N ClockB | . )\

ClockB and ClockSB Frequencies
(similar to ClockA/ClockSA but different
channels)



Programming PWM 1n HCS12: PWMCLK used

for clock source selection

| PCLKT | PCLEA | PCLES | PCLK4 [Pﬂ.m[ PCLE2 [ PCLKI | PCLKD |

PCLK7-PCLKO PWM Clock Selection

PCLKT: D7 PWM Channel 7 Clock Selection
1 = ClockSB is the clock source for PWM channel 7,
0 = ClockB is the clock source for PWHM channel 7.
PCLK6: D& PWM Channel & Clock Selection
1 = ClockS8B is the clock source for PWMN channel &,

PWM channels 0O, 1,
4. and 5, can choose
ClockA or ClockSA

0 = ClockB 15 the clock source for PWHN channel 6. e AISO true for CIOCkB

PCLKS: D5 PWM Channel 5 Clock Selection
1 = ClockSA is the clock source for PWM channel 5,
0 = ClockA is the clock source for PWHA channel 5.
PCLK4: D4  PWM Channel 4 Clock Selection
1 = ClockSA is the clock source for PWHM channel 4.
0 = ClockA is the clock source for PWH channel 4.
PCLK3: D3 PWM Channel 3 Clock Selection
1 = ClockSHE is the clock source for PWM channel 3,

and ClockSB when
using PWM channels
2,3,6,and 7

0 = ClockB is the clock source for PWM channel 3. : 1 1
PCLK2: D2 PWM Channel 2 Clock Selection — Th IS IS done USI ng

1 = ClockSH is the clock source for PWHN channel 2.

0= ClockB 15 the clock source for FWH channel 2.
PCLKI1: D] PWH Channel 1 Clock Selection

1 = ClockSA is the clock source for PWM channel 1.

0= ClockA 1s the clock source for PWM channel |.
PCLK®: DO PWM Channel O Clock Selection

1 = ClockSA is the clock source for PWM channel 0.

0= ClockA is the clock source for PWh channel 0.

PWMCLK (PWM Clock Selection) Register

the PWMCLK
register, as shown at
left



Programming PWM In HCS12: Channel polarity

e Use the PWMPOL register to choose the polarity,

as shown below

| PPOILT | PP | PROILS | PP | P‘F'*{}[..'il PP J PRI IFF[}].H[

PPOLT-PPOLO PWM Polarity Sclection

PPOLT: PWM Channel 7 Polarity Selection

| = PWM channel T outpat 15 high at the beginning of the peniod, then poes

low when the duty count 15 reached.
= PWM channel 7 outpart is low at the beginning of the period, then goes
high when the duty count is reached,

PPOLG6: PWHM Channel 6 Polanity Selection

| = PWM channel & output is high ot the beginning of the penod, then goes

lovwe when the duty count 15 reached.
h = PWM channcl & output 15 low at the begimning of the penod, then goes
high when the duty count is reached,

PPOLS: PWM Channel 5 Polarity Selection

| = PWM channel 5 output 15 high at the beginning of the peniod, then goes

low when the duby count 15 reached.
(h = P'WM channel 5 outpat is low at the beginning of the penod, then goes
high when the dury eount is reached,

PPOL4: PWM Channel 4 Polarity Selection

| = PWM channe] 4 output 15 high al the bepinning of the penod, then poes

low when the duty count 15 reached.
b= PWM channcl 4 outpat 15 low at the beginning of the period, then goes
high when the dutv count is reached,

FPOL3: PWM Chunnel 2 Polarity Selection
| = PWM channel 3 putput is high at the beginning of the period, then goes
low when the duty count 1= reached,
0= PWM channel 3 cutput is low at the beginning of the pericd, then goes
high when the duty count is reached.
PPOLL: PWM Channel 2 Polarity Selection
| = PWM chunnel 2 output is high at the beginning of the period, then poes
low when the duty count is reached,
0 =PWM channel 2 output is low at the beginning of the peried, then goes
high when the duty count is reached,
FPOLI: PWM Channel | Polarity Selection
| = PWM channel | output 15 high at the beginning of the peniod, then goes
low when the duty count 15 reached.
0= PWM chamnel | putput is low at the beginning of the peried, then poes
high when the duty count is reached,
PPOLD: PWAM Channel 0 Polarity Selection
| = PWM channel O output 15 high at the beginning of the period, then ooes
o when the duty count 15 reached.
0= PWM channel 0 putput is low at the beginning of the peried, then goes
high when the duty count is reached.

PWMPOL (PWM Polarity Selection) Register



.. Programming PWM 1n HCS12:
Left aligned PWM output

 To generate pulses for the PWM output, we have
the choice of making the pulse go high first
and then low, or the other way around.

o Also- Center Aligned outputs.

PPOLx Period = PWMPERXx

i -

=1 Positive Polarity

=0 Negative Polarity

-
PWMDTYXx

PWM Left Alignment
Output with Polarity



.. left/center aligned PWM output

 Use the PWMCAE register to choose the alignment,
as shown below.

PWMCAE (PWM Center Aligned Enable) Register

CAE7T

CAE6 | CAES | CAE4 | CAE3Y | CAE2 | CAEl | CAED

@—CA E0 PWM Center Aligned Enable

CAET: D7

CAE6: Do

CAES: D5

{:AE:‘; D4

PWM Channel 7 Center Aligned output mode

| = Channel 7 operates in Center Aligned output mode.
0= Channel 7 operates mn Left Aligned output mode.
PWM Channel 6 Center Aligned output mode

| = Channel 6 operates in Center Aligned output mode.
(} = Channel 6 operates in Left Aligned output mode,
PWM Channel 5 Center Ahigned output maode

| = Channel 5 operates in Center Aligned output mode.
(1 = Channel 5 operates in Left Aligned output mode.
PWM Channel 4 Center Aligned output mode

| = Channel 4 operates in Center Aligned output mode.
(} = Channel 4 onerates in Left Aligned outout mode.

CAL3: D3

CAEL: D2

CAElL: DI

CAEQ: DU

|

25% | ] 25%
[

50% | ' 50%

[ —

PWM Channel 3 Center Aligned output mode

| = Channel 3 operates in Center Aligned output mode.
(0= Channel 3 operates m Left Aligned output mode.
PWM Channel 2 Center Aligned output mode

| = Channel 2 operates in Center Aligned output mode.
0 = Channel 2 operates in Left Aligned output mode.
FWM Channel 1 Center Ahgned output mode

| = Channel 1 operates in Center Aligned output mode.
0= Channel 1 operates in Left Aligned output mode.
PWM Channel 0 Center Aligned output mode

| = Channel 0 operates in Center Aligned output mode.
(0 = Channel 0 operates in Left Aligned output mode.

75%

N

(@ (b)

L



Programming PWM 1n HCS12: Enabling

(turning on) the PWM channel

 Upon reset, PWM channels are disabled, i.e., no
clock is provided to them.

— Use the PWME (PWM Enable) register to enable (turn on)

a given channel, as shown below.

PWMET

PWMEG

PWMES] PWME4

PWME3

PWME2

PWME]

PWMEQD

PWMET-PWMED PWM Channel Enable

PWMET: D7

PWME®B: Do

PWMES: D3

PWME4: D4

PWM Channel 7 Enable
1 = PWM channel 7 is enabled.

0 =PWM channel 7 is disabled.

PW M Channel & Enable
| = PWM channel 6 is enahbled.

0= PWM channel 6 is disabled.

PWh Channel 5 Enable
| = PWM channel 5 15 enabled.

0 =PWM channel 5 is disabled.

PWH Channel 4 Enable
1 = PWM channel 4 is enabled.

0 =PWM channel 4 is disabled.

PWME3: D3

PWMEZ2: 132

PWMETL: DI

PWMED: DO

PWM Channel 3 Enable
1 = PWM channel 3 is enabled.
0 =PWM channel 3 1s disabled.
PWM Channel 2 Enable
| = PWM channel 2 is enabled.
0= PWM channel 2 15 disabled.
PWM Channel 1 Enable
| = PWM channel 1 1s enabled.
0= PWM channel 1 15 disabled.
PWM Channel 0 Enable
1 = PWM channel 0 is enabled.
0 = PWM channel 0 is disabled.

PWME (PWM Enable) Register



Programming PWM 1n HCS12: Counter,
Period, Duty Cycle Registers

dThree 8-bit registers associated with each channel
(8 channels):

— Counter (PWMCNTX) registers: PWMCNTO, PWMCNT]1,
PWMCNT?2, etc.

— Period (PWMPERX) registers: PWMPERO, PWMPER1,
PWMPER2, etc

— Duty Cycle (PWMDTYX) registers: PWMDTYO,
PWMDTY1, PWMDTY?2, etc.



Programming PWM 1n HCS12: Counter,
period, duty cycle registers

e Value in period register (PWMPERX) determines the
frequency of the pulses out of the PORTP pin.

PWMDTYx —=
Comparator —>
_h. I
L, | PWMCNTX Flip- PPx
ClockA - Flop pin
ClockSA Comparator —»
ClockB PWMPERX t——
ClockSB
Period
- . >
r Duty 5 :
PWMCNTx=PWMDTYx i PWMCNTx=PWMPERXx

PWMCNT, PWMPER, and PWMDTY in Creating the Duty Cycle



Programming PWM 1n HCS12: Counter,
period, duty cycle registers

The clock source (ClockA, ClockB, Clock SA, or
Clock SB) i1s connected to the PWMCNTX

I

eqgisters.

Upon enabling the PWM channel, the PWMCNTX
register starts to count up from zero.

As It counts up, its value is compared with the
period register (PWMPERX) value and when they
match, the output pin changes state.

t
t

"he value In the duty cycle register determines
ne duty cycle of the PWM pulses coming out of

ne PORTP pin.



Programming PWM 1n HCS12: PWM control
register (8 or 16 bit PWM resolution)

e The PWM control register can be used to select 8-
or 16-bit PWM channels, which are 8-bit by default.

— PWMCTL is also used to stop PWM output during
Wait and Freeze modes of the CPU operation

|:"n‘-;rﬁ|f_'n*~;-1:=|+;-u:~u"~.| COMO |FH‘.'|.-'.-‘-.II PI-'I?.IJ i) | il |

CONGT: D7

COM45: Db

COMN23: D3

Concatenate channels 6 and 7 1o create a 16-bit PWM channel

| = Channels & and 7 are concatenatod to ereate a Da=bit FWM channel

Channel & is the high byie and channel 7 is the low byte of the 16 bits
All the options (outpat pin, clock source, and so on} for channel 7 are
used for the [o-hit FWAL

hannels 6 and 7 are separate B-bit PWhMs
Congcatenate channels 4 and 3 1o create 2 16-bit PWM channel

| = Channels 4 and 5 are concatenated 1o create a | 6=-hit PWM channel

("hannel 4 iz the high byvte and channel 5 15 the low byie of the 16-hit.
All the options (outpat pin, clock source, and so on} tor channel 5 are
used for the 1 6-bar FWA,

0 = Channels 4 and 5 are separate B-bit PWMs,

Concatenate chamnpels 2 and 3 o create a 16:bit FWM channel

| = Channels 2 and 3 are concatenated 1o create
["hannel 2 15 the high byvie and channel 3 15 the low byie of the 16-bit.
All the options (output pin, clock source, and so on} for channel 3 are
used for the 16-bin PWA,

(1 = Channels 2 and 3 are separate B-bit PWMs.

a li=hit PWM chiannel,

CONGE: D4

PEWAL 13

PFRZ: [0

Concatenate channels @ and | to create a 1e-hit PW M channel,

| = Channels i and 1 are concatenated to create a 16-bit PWA channel.
Channel 0 15 the high byte and channel | is the low byte of the 16-bit
All the options (output pin, cleck source, and =0 on) for channel | are
wsed for the Lo-bit PWHA

0l = Channels 0 and | are separiie Habit PW M5

PWHR stops in Wait mode,

| = 5op the iput clock o the prescaler whenever the CPL 15 in

Wit mode.

0 = Allow the clock to the prescaler (o continue while m Wt mode.
PW M counter stops in Freeze mode

| = Dizable PWM input clock to the ||rr~,:-.-||.:| whenever the frari 1% in
Freeze mode,

0= Allow WM to continue while in Freeze mode.

Mote: Upon resed, the defoult value value for this register vs UGOUCOLG,

PWMCTL (PWM Control) Register



Steps in programming PWM 8-bit
channels 1n HCS12
Use PWMPRCLK to set prescaler value to bring

Bus frequency (Fbus) to the desired value of
ClockA (or ClockB).

If needed, use PWMSCLA (or PWMSCLB) to bring
down ClockA (or ClockB) even further to get
ClockSA (or ClockSB).

Use PWMCLK to select clock source of ClockA or
ClockB (or ClockSA/ClockSB) for desired channel.

Use PWMPOL to select polarity of the PWM
output.

Use PWMCAE to select Left/Center Aligned output.




. steps In programming PWM

Use PWMCTL register to select the 8-bit
channel and PWM operations during the wait
and freeze modes of the CPU.

_oad the value for the period of the PWM
pulses into the PWMPERX register.

_oad the value for the duty cycle of the PWM
pulses into the PWMDTYX register.

Clear the PWMCNTX register.

Enable (turn on) the desired PWM channel
using the PWMEN register.




- Several PWM registers h_ave to be
initialized before operation

Bus Clock

'

Programmable
Divider and
Clock Select
Logic

PWMDTYn Register

L

f

CLOCKA, CLOCK SA,

PWMCNTN Register

CLOCK B, CLOCK SB

[L

N
—/
—
g
N
—V/

¢

PWMPERn Register

8-bit
Duty Cycle | —l T Q
Comparator
Toggle
FLIP-FLOP
)
8-bit
Period
Comparator RESET

PWMPOL'
PPOLN

MUX —= Pvvin




PWM programming .

PP2  |— _-I

Assume XTAL = 4 MHz (Fbus = 2 MHz). Using channel 2, write a C program to cre-
ate the PWM pulses with a frequency of 50 Hz and 60% duty cycle. This is a C version
Example 17-11.

Solution:

We need to set PWMPRCLK = 30 for ClockB since ClockB = 2 MHz / 23 = 2 MHz/8
= 250 kHz. PWMSCLB = 50 since ClockSB = 250 kHz/(2 x 50) = 250 kHz/100 =
2,500 Hz. Since PWM_Freq = ClockSB/PWM_PER we need PWM Freq = 2,500
Hz/50 = 50 Hz, which means we must have PWMPER?2 = 50. For the duty cycle of 60%,
we need PWMDTY?2 = 30 since 50 x 60% = 30.

#include <mc9sl12dp512.h> /* derivative information */
void main ()

{
PWMPRCLK=0x30; //ClockSB=Fbus/8

PWMSCLB=0x32; //ClockSB/ (2x50)

PWMCLK=0x04; //use ClockSB for channel 2

PWMPOL=0x04; //high, then low for polarity

PWMCAE=0; //left aligned

PWMCTL=0; //8-bit chan, PWM during freeze and wait
PWMPER2=50; //PWM_Freg=ClockSB/50

PWMDTY2=30; //60% duty cycle

PWMCNT2=0; //clear PWMCNT?2

PWME=0x04; //turn on (start) PWM2

while (1) ;




PWM programming mon | -

PPO

‘ Assume XTAL = 4 MHz (Fbus = 2 MHz). Using channel 0, write a program to create
' the PWM pulses with a frequency of 2 kHz and 80% duty cycle. This is a C version of
Example 17-12.

Solution:

We need to set PWMPRCLK = 02 for ClockA since 2 MHz / 22 = 2 MHz/4 = 500 kHz.
We bypass the use of ClockA since we can get the PWM_Freq = ClockA/PWM_PER.
PWM_Freq = 500 kHz/ 250 = 2 kHz, which means we must have PWMPERO = 250.
For the duty cycle of 80% we have PWMDTYO0 = 200 since 250 x 80% = 200.

#include <mc9s12dp512.h> /* derivative information */
void main ()

{

PWMPRCLK=0x2; //ClockA=Fbus/4

PWMCLK=0x00; //use ClockA for channel 0

PWMPOL=0x01; //high, then low for polarity

PWMCAE=0; //left aligned

PWMCTL=0; //8-bit chan,PWM during freeze and wait
PWMPER0=250; //PWM Freg=ClockA/250

PWMDTY0=200; //80% duty cycle

PWMCNT0=0; //clear PWMCNTO

PWME=0x01; //turn on (start) PWMO

while (1) ;
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