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1 Introduction

The Pulse Width Modulator with Fault
protection (PMF) is a specialized and versatile
Pulse Width Modulator (PWM) module aimed
for motor control. It has several features that
allow smooth control of any 3-phase BLDC
motor. The PMF module is capable of
controlling most motor types: AC Induction
Motor (ACIM), both brushless BLDC and brush
DC motors, Switched Reluctance Motor (SRM),
Variable Reluctance Motor (VRM), and stepper
motors. It can also be used as a general purpose
PWM module.

This application note focuses on showing how
to configure the PMF module to achieve
different output combinations.
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2 PMF module overview

The PMF module can be configured for one, two, or three complementary pairs. All PWM outputs can
be generated from the same counter, or each pair can have its own counter for three independent PWM
frequencies. Complementary operation permits programmable dead-time insertion to avoid shortcuts.
Each counter value is programmable to support a continuously variable PWM frequency. Both edge-
and center-aligned synchronous pulse width-control and full range modulation from 0 percent to 100
percent are supported.
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Figure 1-Typical 3-phase BLDC motor application

Figure 1 features a typical 3-phase BLDC motor application with “Qn” representing the PWM channel
outputs of the PMF module.

3 Module initialization

This application note focuses on the different PMF’s output configurations, therefore the initialization
will be lightly covered, for a deeper understanding of the module initialization please refer to the
reference manual of your device.

The example provided with this application note configures the module in the following manner for each
of the available configuration:

Edge aligned mode, the PWM generator A generates the reload event (REV = 1), it is configured to
reload and restart the PWM counter on every cycle (LDQFQA = 0 and RSTRTA = 1), the PWM counter
runs at the core frequency (PRSCA = 0), a write to value register zero updates all the value registers
(VLMODE = 1), the reload interrupt is enabled and the PWM generator A outputs are enabled
(PWMRIEA = 1 and PWMENA = 1).
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For almost all the configuration examples except for the bipolar configuration the registers are being
buffered on commutation event with an external load ok enabled (ENCE = 1 and GLDOKA = 1), for the

bipolar configuration the commutation event is not being used as the PINv registers are not buffered on
commutation event.

4 Working modes

4.1 Independent high side fixed

commutation_—" 39 90 150°  210°  270°  330° 30

events

CIDIE I VI 1 VR I Y
AN
Qo | A-off A-off
a1 A-off —| I—I I—I I—I A-off
Q2 <Boff <Boff
Q3 |—| |—| B-off  B-off, I—I I—I
Q4 C-off C-off

Q5 Coffﬂﬂﬂl—' C-off

Figure 2- Independent high side fixed

In this configuration, the high side remains active throughout the corresponding phase. In the meanwhile

the low side performs the pulse width modulation with the complementary channel turned OFF. This
behavior can be observed in Figure 2.

This behavior is achieved by modifying the registers PMFCFG2 MSK, PMFOUTC and PMFOUTB as
showed in Table 1.

PMFCFG2_MSK chooses which channel is capable of generating an output and which channels are
turned-off or “masked”. There is a one to one correspondence between the bit position and the channel
that it controls, that is to say, bit Qg controls Channel 0 and so on and so forth. Setting bit x to 0 will
allow channel x to output the desired PWM signal and setting it to 1 will “mask” the channel by setting
the duty cycle for that channel to be 0 (therefore turning off the channel output).

In Table 1 it can be observed how Qg and Qs are the only enabled channels for the first commutation.
This correlates with the expected behavior in Figure 2.
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PMFOUTC_OUTCTL enables the control of the channel output with respect the PMFOUTB bits,
namely, if OUTCTLx is enabled (value of 1) the output of channel x will be controlled by the value of
PMFOUTBx. PMFOUTB can only set a channel to “active” or “inactive” (on or off respectively)
therefore it serves as a mechanism to set the fix the output of a channel without modifying the duty cycle
assigned to this channel.

It can be observed in Table 1 how PMFOUTC is configured in a way such that Q, is being controlled by
the value of PMFOUTBO which in this case is set to 1 therefore activating channel 0.

PMFOUTB controls the outputs of the channels if the corresponding PMFOUTC CTL bit is set,
otherwise the value of PMFOUTB does not have effect on the output and this is solely driven by

PMFCFG2_MSK.

In this example the high sides are being configured to become active (100 duty cycle) whenever the
corresponding bit in PMFOUTCL is set and the output is not being masked by PMFCFG2 MSK as can
be seen in Table 1, where in the first stage (30° - 90°) Qo is enabled by PMFCFG2 MSK (clear),

PMFOUTC_CTL is enabled (set) and PMFOUTB is set as well.
Table 1 - High side fixed

Register Bits 30°- 90° 90°- 150° 150°- 210° 210° - 270° 270° - 330° 330° - 30°
Mcas:n(:e\ll\sl)M Q5| Q4|03 [Q2[Q1|qofes|4|{Q3|e2|o1|qo]es|es]|e3]|02|Q1|qo]es|@s|a3|02|01|qo|qs|@4]03|Q2[Q1|qo]as|4|a3|Q2|Q1]|q0
PMFCFG2 |Value lj1(oj1f1jojoj1j1|1j1jofof1jafo|1f1faf1jarfojof1f1rjojrj1jof1j1jofo]1{f1|1
el 0x36 OXLE 0x1B 0x39 0x2D 027
Mask (PWM
channels) Q5[4 [03[Q2|Q1{Qo[Q5|Q4[03fQ2[Q1|QofQ5]|Q4]|Q3|Q2|Q1|QofQ5|Q4|Q3[Q2[Q1|Qo|Q5|Q4|Q3[q2[Q1|Qo|Qs|Q4|q3fa2zfQ1l]qo
PMFQUTC |Value 0|o|0|0O]O|1|[0fO]|OfO|0Of1]0]|O]|O ofojofojoj1|0f0fjoj1|O0|0O|0Of[0]JO|1|/0]|0Of0]|O
—
N 0x01 0x01 0x04 0x04 0x10 0x10
Mask (PWM
channels) Q5[4 [03[Q2|Q1|Qo[Q5(Q4[03fQ2[Q1|QofQ5]|Q4]|Q3|Q2|Q1|Q0ofQ5|Q4|Q3[Q2[01|Qo|Q5|Q4|Q3[q2[Q1]|Qo|Qs|Q4s|q3|a2fQ1l]qo
PMFQOUTB |Value o|1|0f1]0j1|0f1]|of1|0Of1])O|1|O|1(f{0|1]O|21(0O]2[0|1])O]|2|[0]|21|{0|21]0]|21|0]|21]|0]|1
—
e ox15 ox15 0x15 ox15 ox15 0x15
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4.2 Independent low side fixed

Commutation / 30 io 150

events

210° 270° 330° 30°
EEY | EER | SER . EE% . G TG
| MDD WD | R WER WD
Qo |_| [ 1] ][] <2ofs Aoty
a1 | Aoff! Aoff,
| BT[] <ot
03 T JeBoff, Boffy
R T
Qs | Coff,  Coff,

Figure 3- Low side fixed

In this configuration the low side remains active throughout the phase, meanwhile the modulation is
being performed by the high side, as can be observed in Figure 3.

This behavior is achieved by following the same logic as in described in section 4.1. The register
configuration is shown in Table 2.

Table 2 - Low side fixed

Regjster Bits 30°- 90° 90°- 150° 150°- 210° 210° - 270° 270° - 330° 330°- 30°
M:;Zn(:e\:!)M Q5|4 Q3| Q2| Q1|qofes|Qs|e3|Q2|Q1|qofes| Qa3 |Q2|Q1|qo] Qs[4 |Q3|Q2[01[qo]Qs|Q4fe3|a2|a1fqo]es|a4|a3|a2]ar|o
PMFCFG2 |Value tefola]a]ofolalela]a]olo] 220 ala] ]2 2 o o221 o 2] o2z o]o]1]1]2
N 0x36 OXLE 0x1B 0x39 0x2D o7
Mask (PWM
channels) Q5[ Q4 |03 Q2fQ1fofos5fQ4]e3|Q2|Q1|Qo]es|4]e3fq2]Q1|Qo]Q5|Q4|Q3[Q2]|Q1| Qo504 [Q3]|Q2|Q1[Qo| s |Q4|0s|02 Q1|0
PMFOUTC [Value olo|1]o]ofo[z[ofo]o]o]o]2]ofofofo]ofo]o]oo[z]ofo]o]o]o]z]o]ofo]z]0]0]0
o
N 0x08 0x20 0x20 0x02 0x02 0x08
Mask (PWM
channels) Q5|Q4[Q3]Q2(Q1{Q0|Q5[Q4|Q3|Q2[Q1[Q0|Q5[Q4]|Q3|Q2|Q1|Q0|Q5(Q4|Q3|Q2[Q1|Q0|Q5[Q4]Q3[Q2[Q1lQ0|Q5|Q4]Q3[Q2|Q1|Q0
PMFOUTB |Value tof1]o]z]o]2]olz]of2]olz]o]2]ola]o]z]o]2]o]z]o]2]o]z]o]2]o]2o]2]0]1]0
o
N 0X2A 0X2A 0X2A 0x2A 0x2A 0x2A
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4.3 Complementary high side fixed

Commutation / 30 90 150 210 270 330 30

h é niy g B  REG 0 4R
CED BB R OBED . WA W
Qo | aoff - [ ] [ [Meloffs,
Q | Aoff M1 M M M <Aoffy
QZE T [eBooff, B, 7]
Q3 r — | B-off EB-off,r ]
Q4 C-off | M —| ] —| C-off
Q5 C-off F ] I’ ] C-off

Figure 4 - High side fixed complementary mode

In this configuration the high side remains active throughout the phase, meanwhile the low side
performs the modulation in complementary mode, in other words, once the low side goes to its inactive
state the high side of the phase pair (i.e. Qo-Q1, Q2-Qs, Q4-Qs) goes to its active state. This allows a
better power dissipation and decreases the temperature increment in the power MOSFETs.

In order to achieve this behavior the pairs that will act in complementary mode must be enabled
simultaneously, such as in Table 3.

It can be seen how Q3-Q; are being enabled by PMFCG2 MSK as well as Qo, but in the case of Qo the
control of the channel is being carried out by PMFOUTB, because PMFOUTC_CTL is being enabled
for this channel. Since PMFOUTBO is being set this means Qg will be in the active state and Q; will
remain inactive.
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Table 3 - High side fixed complementary mode

Register Bits 30°- 90° 90°- 150° 150°- 210° 210° - 270° 270° - 330° 330° - 30°
Mcat?:n(:e\:\sl)M Q5 |04]03|2|e1fqofes|ea|es] 02 |0t|qof s |ea]es|ez|at]|qo]as|ea]es]z|ot|qofas || as |02]ot]|qo]as|ea]es|a2]ar|qo
PMFCFG2 |Vl 1{1({o0jo0j1|0f0jOf2)1|2fojojoj1fof1rfrjaj1j1fojojojajoj1j1jojojifofojof1|1
Value in
vawen 0x32 0X0E 0x08B 0x38 0xeC 0x23
Mask (PWM
channels) (o) eZ ) Ko% 1 Ko 2 KeZY el KoL} KoZH FoXH o7 Ko31 o1el KolcH NoZR Kok KoP2 feXY Kelill K013 KoZN KX Ko2 KeE Kolu) KoLH KoZl RoLN KoPH KeXY Nolil KoL} KoZH [oX] Ko 3 Kol Kol
PMFOUTC |Value ojojofoj|afrjojojofofrj1jofoj1j1fojojofoj1f1fojoy1j1jo0 ofoj1j1|of0]|0f0
—
reaimimal 0x03 0x03 0x0C 0x0C 0x30 0x30
Mask (PWM
channels) Q5]Q4]Q3|Q2[Q1|Q0fQ5|Q4[Q3[Q2]|Q1[Q0[Q5]Q4]|Q3|Q2[Q1]Q0fQ5]|Q4[Q3[Q2fQ1|Qo)Qs[Q4fQ3|Q2[Q1|QofQ5|Q4[Q3[q2faL|Qo
PMFOUTRB |Value o|j1jo0f12(of12j0|1j0f1{oj1jofa2joj1jojrjofajoj1fojrjofarjofajofajojrjofajof1
=
e 0x15 0x15 0x15 0x15 0x15 0x15
4.4 Complementary low side fixed
30° 90° 150° 210° 270° 330° 30°
Commutation / >
events i i i\ & ik PR E B FRENES 3 \i &
1[&N& A'A? AVl [ _ApahE _EhENE x| [ZIV&]
A\KE\K A\AN\A AVAO\A A\K X A\A\A FY Y
EU‘ 4 EQ—J‘ ‘] L ; l! A : + ; i il F
A
QO A-off p A_Off)
<>
- A A-off
Q2 | Boff T1 11 1] [] B-off
[ <> >
Q3 | B-off 7 M [ [TleB2ffs
Q4 | Coff Coff 1 M M
> >
i C-off C-off ] ]

Figure 5- Low side fixed complementary mode

In this configuration the low side remains active throughout the phase, meanwhile the low side performs
the modulation in complementary mode. The logic followed to achieve this behavior remains the same
as in section 4.3.
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The register configuration can be observed in Table 4.

Table 4 - Low side fixed complementary mode

Register Bits 30°- 90° 90°- 150° 150°- 210° 210° - 270° 270° - 330° 330° - 30°
Mca::n(:e\ll\sl)M Q5]Q4]Q3|Q2[Q1|Qof Q5|4 [Q3|Q2]Q1[qoles]|e4]|e3|Q2|01]qo| Q5|4 |a3|q2|ai|qo]as|as| a3 ]|q2|01]qo|es |43 |q2(a1]|qo
PMFCFG2 |Vale 1]1lolzlolololale]2lolololz]o]ofe]{2fz]z]olofo]2]ool2|2lol2]ololol2]2]2
N 0x34 0x1C 0x13 0x31 0X0D 0X07
Mask (PWM
channels) Q5]Q4]Q3|Q2[Q1|Q0fQ5|Q4[Q3|Q2]|Q1{Q0[Q5]Q4]|Q3|Q2[Q1]Q0fQ5|Q4[Q3[Q2[Q1|Qo]Qs|4fQ3]|Q2[Q1|QofQs|Q4[Q3[q2faL|Qo
PMFOUTC |Value olof1[zfolol2]2]olofo]olz]z]o]o]ofofoolofolz]2]ololololz]2]o]o]2]2]0]0
—
N 0X0C 0x30 0x30 0x03 0x03 0x0C
Mask (PWM
channels) (o eZ ) Ko% Ko 3 KeXY oLl KoL} KoZH FoXH o7 Ko31 oTel KolcH NoZR KoX1 KoP2 feXY Kelil KoL} KoZH KX KoZ2 KeEH Kolu) KoLH KoZH ok N KoPH eXY Nolil KoL} KoZH [oX] Ko 3 Kol Kol
PMFOUTB |Valte t{of2]ofzlo]2]of2]ofzlo]2]of2]olalo]2]o]2]olz]o]2]o]2]olz]o]2]o]2]0]2]0
—
el 0x2A 0x2A 0X2A 0x2A 0x2A 0x2A
4.5 Complementary bipolar
30° 90° 150° 210° 270° 330° 30°
Commutation / >
events i ik \k FRERE A |k \& A\A |4 F EF W
FAF F10¥ § : Al\al A7 Ji‘ ANk JA} A\l i [AW%]
A\K\K A\A\A I Y RY ) F' Y BY ! A\A A FY Y
i AI A I A A i : E i i i F i i
AN LD
QO A'Off r A_Off
«—> >
"1 MM LA — M A-off
Q2 | 1 1 Boff T1 [ 1 [ 111 B-off | —I
| «——> >
Q3 1 B-off — 1 1 e B-off 1 M
! «—> <>
Q4 | C-off |—| ﬂ — L Coff 1 M M1
> < >
Qs | C-off I—I I—I r ] C-off 1 1M —|
> >

Figure 6 -Complementary bipolar

In this configuration two phase pairs are being driven in complementary mode simultaneously. For this
configuration only the PMFCFG2 MSK and PMFCFG3_PINVXx registers need to be modified, since
none of the channels are being hold in a given state PMFOUTC_CTL is not used and must be cleared.
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The PMFCFG2 MSK mechanism remains the same as in the other configurations, the channels that will
be active during the commutation phase must be enabled by clearing their corresponding bits, as can be
seen in Table 5.

Since both pairs are being enabled at the same time high sides and low sides will become active at the
same time, thus “blocking” the motor so to speak, since the commutation won’t take place (High side
phase A with Low side phase B). In order to comply with the electrical requirements one pair must be
inverted. This is achieved by modifying the value of the registers in PMFCFG3.

In this example the pair Q3-Q, and Q;-Qo are being enabled simultaneously and the pair Q3-Q; (phase B)
is being inverted by modifying PMFCFG3, this can be seen in Table 5.

Table 5- Complementary bipolar

Register Bits 30°- 90° 90°- 150° 150°- 210° 210° - 270° 270° - 330° 330° - 30°
M:::n(:eYZ)M Q5 (4|3 Q2]|1|Qo|Qs|4[Q3]| Q2 |Q1fQo]Qs]|Q4|3|2]|Qi[Qo]Qs5]|Q4|@3|Q2]|Qi[Qo]Qs| Q4| Q3 |Q2|q1|qo]qs|Q4]|Q3]q2[q1]|qo
PMFCFG2 |Value 1[1]oJoJofofofo]2]z]o]o]o]ofolo]s]2f2 2] o o o]o]o o 2] 2]olo]o]o]o]o]2]2
N 0x30 0x0C 0x03 0x30 0x0C 0x03
PINVX C B A C B A Cc B A [} B A Cc B A [} B
PMECEG3 Value 0 1 0 1 0 0 1 0 0 0 0 1 0 0 1 0 1
N 0x02 0x04 0x04 0x01 0x01 0x02

5 Software Configuration

Within the software that comes along with this application note, there is a configuration file named
“config_me.h” in the folder “Drivers” inside the Sources folder. This header must be modified with
respect the desired behavior of the module. At the end of the file there are three definitions that will
define the overall configuration:

e PMF _MODE - Selects the configuration for the module, for example: Independent low side
fixed.

e ROUTE - Selects if the signal is routed to GPIOs or directly to the power MOSFETs.
o rotdir — Selects the direction in which the motor will rotate.

Other parameters such as Duty cycle, period of the PWM signal and dead time can also be configured
within this file.

WARNING

This example does not have any speed control implemented; therefore
caution must be taken while changing parameters such as the duty cycle or
PWM period to avoid any hazard.

6 Jumper Configuration

J15: Must be set to 2-3 Phase A from Hall/encoder interface is connected to port PT1.
J16: Must be set to 1-2 Phase B from Hall/encoder interface is connected to port PT2.
J14: Must be set to Port PPO is connected to EVDD at Hall sensor interface.

Configuring the PMF module in S12ZVM derivatives, Rev. 0
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J9: Must be open ON/OFF switch disabled.

Rest of the switches must be set as stated in the quick start guide of the development kit.

7 References

Following references are available at freescale.com

o MC9S12ZVM: Reference Manual, Rev 2.2
AN4704: 3-phase Sensorless BLDC Motor Control Kit with the S12 MagniV MC9S12ZVM
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