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Section 1 Introduction

Figure 1-1 is a block diagram of thelC_10B12C

Figure 1-1 MC_10B12C - Block Diagram
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1.1 Overview

The blockMC_10B12Cis a PWM motor controller suitable to drive instruments in a cluster configuration
or any other loads requiring a PWM sigfi&l. The motor controller hak2 PWM channels associated with
two pins each (24 pins in total)

1.2 Features

The MC_10B8®/C_10B12Cincludes the following features:

10/11-bit PWM Counter

11 bit resolution with selectable PWM dithering function

7 bit resolution mode (fast mode): duty cycle can be changed by accessing only 1 byte/output
Left, right or center aligned PWM

Output slew rate control

This module is suited for, but not limited to, driving small stepper and air core motors used in
instrumentation applicatiofi$ . This module can be used for other motor control or PWM
applications that match the frequency, resolution, and output drive capabilities of the{rhodule

fec 1,soc_1}

1.3 Modes of Operation

1.3.1 Functional Modes

1.3.1.1 PWM Resolution

The motor controller can be configured to either 11 or 7 bits resolution mode by clearing or setting the fast

bit{-} . This bit influences all PWM channéls 2}. For details, please refer4al.3.1 {-} .

1.3.1.2 Dither Function

Dither function can be selected or deselected by setting or clearing the DKFH.Gihis bit influences all
PWM channels/c_3}. For details, please refer1a3.1.2 {-} .

1.3.2 PWM Channel Configuration Modes

The 12 PWM channels can operate in 3 functional n{oded,soc_4} Those modes are, with some
restrictions, selectable for each channel independentl$} .

10
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1.3.2.1 Dual Full H-bridge mode A

This mode is suitable to drive a stepper motor or a®360gauge instrumef . For details, please refer IEI\:J
t04.1.1.2 {-} . In this mode two adjacent PWM channels are combined, and two PWM channels drize 4
pinsvc 1, soc_1}

1.3.2.2 Full H-bridge mode

This mode is suitable to drive any load requiring a PWM signal in a h-bridge configuration using-2 pins
For details please refer401.1.3 {vc_1, soc_1}

1.3.2.3 Half H-bridge mode

This mode is suitable to drive a%i@strument driven by one git} . For details, please refer 1a3.1.1
{vc_1, soc_1}

1.3.3 PWM Alignment Modes

Each PWM channel can operate independently in three different alignmentwodesoc 1} For
details, please refer t©1.3.3 {-} .

1.3.4 Low Power Modes

The behavior of the motor controller in low power modes is programfrabl® soc 6} For details,
please refer td.5 and4.6 {-} .

PRINTED VERSIONS ARE UNCONTROLLED EXCEPT WHEN STAMPED "CONTROLLED COPY"
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Section 2 External Signal Description

2.1 Overview

The motor controller is associated watipins. Table 2-1 lists the relationship between the PWM

channels and signal pins as well as PWM channel pair (motor number), coils and nodes they are supposed

to drive if all channels are set to dual full H-bridge configurdtion4,soc_4}

12

Table 2-1 PWM channel and pin assignment
FWM Channel giFWM Channel Pair J§Coil jifiNodel

VIOCOM
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<]
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g
g
g
g
g
1
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2.2 Detailed Signal Descriptions

2.2.1 MOCOM/MOCOP/MOC1IM/MOC1P — PWM Output Pins for Motor 0

IN RED

High current PWM output pins which can be used for motor driveThese pins interface to the coils of 3
motor G-} . PWM output on MOCOM results in a positive current flow through coil 0 when MOCOP s
driven to a logic high statg . PWM output on MOC1M results in a positive current flow through coil 1
when MOC1P is driven to a logic high sfate 1, soc_1}

O

2.2.2 M1COM/M1COP/M1C1M/M1C1P — PWM Output Pins for Motor 1

ROLLED

High current PWM output pins which can be used for motor driveThese pins interface to the coils of E
motor X¥-} . PWM output on M1COM results in a positive current flow through coil 0 when M1COP isO
driven to a logic high stateé . PWM output on M1C1M results in a positive current flow through coil ©
when M1C1P is driven to a logic high sfaje

2.2.3 M2COM/M2COP/M2C1M/M2C1P — PWM Output Pins for Motor 2

TAMPED

High current PWM output pins which can be used for motor driveThese pins interface to the coils of @
motor Z-} . PWM output on M2COM results in a positive current flow through coil 0 when M2COP isE
driven to a logic high stage . PWM output on M2C1M results in a positive current flow through coil %
when M2C1P is driven to a logic high sfaje -

2.2.4 M3COM/M3COP/M3C1M/M3C1P — PWM Output Pins for Motor 3

High current PWM output pins which can be used for motor driveThese pins interface to the coils of
motor Z-} . PWM output on M3COM results in a positive current flow through coil 0 when M3COP sl
driven to a logic high staé . PWM output on M3C1M results in a positive current flow through coil 17
when M3CL1P is driven to a logic high staje

D EXCEP

2.2.5 M4COM/M4COP/M4C1M/M4C1P — PWM Output Pins for Motor 4

UNCONTRO

High current PWM output pins which can be used for motor drive. These pins interface to the coils
motor 4. PWM output on M4COM results in a positive current flow through coil 0 when M4COP is drivepn
to a logic high state. PWM output on M4C1M results in a positive current flow through coil 1 when X
MAC1P is driven to a logic high state.

2.2.6 M5COM/M5COP/M5C1M/M5C1P — PWM Output Pins for Motor 5

RSIONS A

High current PWM output pins which can be used for motor drive. These pins interface to the coils
motor 5. PWM output on M5COM results in a positive current flow through coil 0 when M5COP is driv
to a logic high state. PWM output on M5C1M results in a positive current flow through coil 1 when L
M5C1P is driven to a logic high state.

PRINTEEVE

MOTOROLA 13



a)
m
x
Z
>
o
O
O
a)
m
-
-
O
X
|_
z
O
O
a)
m
o
=
<
|_
%
Z
L
T
=
|_
o
LLj
O
>
L
a)
m
-l
—
O
X
|_
z
O
O
Z
)
L
x
<
%
Z
O
7
h4
L
>
a)
m
|_
Z
v
o

Address offset |
500
I
502
505
505
507
[ S0C
SO0
L SOE
I
510
I S
5 S
SIS
5 T
I Y
 SIC
$1D

Block Guide

— S12MC10B12CV2/D V02.03

Section 3 Memory Map/Register Definition

3.1 Overview

This section provides a detailed description of all registers of the 1@ bitanneMotor Controller

modulg-} .

3.2 Module Memory Map

Table 3-2

shows the memory map of the the 101@itchanneMotor Controller module.

Table 3-1 MC_10B12C - Memory Map

Address offset Access

MCPER (high byte
MCPER (low byte
Reserved
RrReserved
Reservea
Reserved
RrReserved
Reservea
Reserved
RrReserved
Reservea
Reserved
RrReserved

Reservea
\V

~EFEEEEEEE = <
g O A -

<l
O

Reservea

U <l <l
()
]
(0]
@L
<
D
-
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Table 3-1 MC_10B12C - Memory Map
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3.3 Register Descriptions  {vc_7}
3.3.1 Motor Controller Control Register O

This register controls the operating mode of the motor controller n{edule

Register address offset $00

7 6 5 4 3 2 1 0
R 0 0
W MCPRE1 | MCPREO | MCSWAI FAST DITH MCTOIF
RESET: 0 0 0 0 0 0 0 0

|:‘ = Unimplemented or Reserved

Figure 3-1 Motor Controller Control Register 0 (MCCTLO)

MCPRE1, MCPREO — Motor Controller Prescaler Select

MCPRE1 and MCPREO determine the prescaler value which sets the Motor Controller Timer Counter
clock frequency §c){vc_8}. The clock source for the prescaler is the peripheral bus clggklfas

shown inFigure 4-14 {-} . Writes to MCPRE1 or MCPREDO will not affect the Timer Counter clock
frequency $¢ until the start of the next PWM peripd_9}. Table 3-3 shows the prescaler values

that result from the possible combinations of MCPRE1 and MCRRES)} .
Table 3-3 Prescaler Values

MCPRE[1:0] frc
00 feus
01 faus/2
10 faus/d
11 faus/8

MCSWAI — Motor Controller Module Stop in WAIT Mode
1 = Entering WAIT mode will stop the clock of the module and debias the analog cirguatri0}.
The module will release the pins_10}.
0 = Entering WAIT mode has no effect on the Motor Controller module and the associated port pins
maintain the functionality they had prior to entering WAIT mode both during WAIT mode and
after exiting WAIT modévc_10}.

FAST — Motor Controller PWM resolution mode
1 = PWM operates in 7 bit resolution (fast) mode, duty cycle registers of all channels are switched
to byte modé/c_2}.
0 = PWM operates in 11 bit resolution mode, duty cycle registers of all channels are switched to
word modévc 2}.

DITH — Motor Control/Driver dither feature enable (refedt@.3.5)
1 = Dither feature is enablpa_3}.
0 = Dither feature is disabléd: 3} .

16 MOTOROLA
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MCTOIF — Motor Controller Timer Counter Overflow Interrupt Flag

S . L |
This bit is set when a Motor Controller Timer Counter overflow ocfurs11}. The bitis cleared by LU
writing a ‘1’ to the bifvc_11,soc 11} DZ:
{wes12} _
{vee 12} >
ol
{ve_12} ©)
O
1 = A Motor Controller Timer Counter overflow has occufred 11}. 0
0 = A Motor Controller Timer Counter overflow has not occurred since the last reset or since the

bit was clearec_11}. 5
o
3.3.2 Motor Controller Control Register 1 -
O

This register controls the behavior of the analogue section of the Motor Controller as well as the intefipt

enable§} .

Register address offset $01

7 6 5 4 3 2 1 0
\|7V RECIRC 0 0 0 0 0 0 MCTOIE
RESET: 0 0 0 0 0 0 0 0

[ ] =uUnimplemented or Reserved

Figure 3-2 Motor Controller Control Register 1 (MCCTL1)

RECIRC — Recirculation in (Dual) Full H-bridge mode (Refed10.3.3)
0 = Recirculation on the high side transistots 1,soc_1} Active state for PWM output is logic
low, the static channel will output logic higiz_1,soc_1}
1 = Recirculation on the low side transisfors 1,soc_1} Active state for PWM output is logic
high, the static channel will output logic Iéve _1,soc 1}

RECIRC only affects the outputs in (Dual) Full H-bridge modes 1,soc_1} In Half H-bridge mode, the
PWM output is always active lofwc_1,soc_1} RECIRC =1 will also invert the effect of the S bits (refer 5
t04.1.3.2) in (Dual) Full H-bridge modgsc_1,soc_1} RECIRC should only be changed when no PWM
channel is operating in (Dual) Full H-bridge mode, otherwise erroneous output pattern may
occufvc_1,soc 1}

NCONTROLLED EXCEPT WHEN STAMPED

MCTOIE — Motor Controller Timer Counter Overflow Interrupt Enable
1 = Interrupt enabled} . An interrupt will be generated when the Motor Controller Timer Counte
Overflow Interrupt Flag (MCTOIF) is setc 11, soc_11}
0 = Interrupt disabldg@c 11, soc 11}

PRINTED VERSIONS ARE
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3.3.3 Motor Controller Period Register

The Period Register defines PER, the number of Motor Controller timer counter clocks a PWM period
lastg-} . The Motor Controller timer counter is clocked with the frequergy-f . If dither mode is

enabled (DITH = 1, refer t4.1.3.5 ), PO is ignored and reads as{ac0 13}. In this case PER = 2*
D[10:1Kvc_3}.

Register address offset $02, $03

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0
w
RESET: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PIO| P9 | P& | P7 | P6 | P5 | P4 | P3| P2 | PL| PO

[ ] =Unimplemented or Reserved

Figure 3-3 Motor Controller Period Register (MCPER) with DITH =0

Register address offset $02, $03

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

VFf/ 0 0 0 0 O 'pio| Po | Ps|P7 | Ps|Ps| pPal P3| p2]|p |0

RESET: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

[ ] =Unimplemented or Reserved

Figure 3-4 Motor Controller Period Register (MCPER) with DITH =1

Bit O can be set to every value with DITH = 1 but read accesses will always refutal@}.

For example programming MCPER to $0022 (PER = 34 decimal) will result in 34 counts for each
complete PWM perioghc_14}. Setting MCPER to 0 will shut off all PWM channels as if MCAM[1:0] is
set to 0 in all Channel Control registéfs after the next Period Timer Counter Overflow. In this case, the
motor controller releases all pirs_15,s0c_15}

This means that the port enable pins (which drive the OBE pins of the motor controller pads) are set to ‘0’
when the next period counter overflow occurs whereas the internal pwm outputs (which drive the DO pins
of the motor controller pads) keep their current va{fues15,soc_15} The motor controller runs through

an initialization phase if the period register is set to a value not eqUalctdl§,soc_15} The value of

the pwm outputs will switch to the correct value at the first (internally forced) Timer Counter
Overflow{vc_15,soc_15}

If the motor controller is set to a value not equal zero by a write access and gets cleared by an immediate
subsequent write access (next ips clock) one single PWM period will be generated. The motor controller
will shut off all PWM channels at the next PWM Timer Counter overlfow if the period register stays
cleared.

18 Motorola Confidential Proprietary MOTOROLA
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3.3.4 Motor Controller Channel Control Registers

S12MC10B12CV2/D V02.03

(@)
L

Each PWM channel has one associated control register to control output delay, PWM alignment arf¥
output modé} . The registers are named MCCCBMICCC11 In the following, MCCCO is described as £
a reference for all2 registers.

R
w
RESET:

Register address offset $10 .. $1B
7 6 5 4 3 1 0
MCOM1 MCOMO MCAM1 MCAMO 0 CD1 CDO
0 0 0 0 0 0 0
|:| = Unimplemented or Reserved

Figure 3-5 Motor Controller Control Register ChannelO

CD1, CDO — PWM Channel Delay

Each PWM channel can be individually delayed by a programmable number of PWM timer cou

clockgvc_16}. The delay will be nffc{vc_16}.

Table 3-4 Channel Delay

CD[1:0]

n [# of PWM clks]

00

0

01

10

11

1
2
3

MCOM1, MCOMO — Output Mode

MCOM1, MCOMO control the PWM channel’s output méde 1,soc 1}

Table 3-5 Output Mode
MCOM[1:0] Output Mode
00 Half H-bridge mode, PWM on MnCxM, MnCxP is released

01

Half H-bridge mode, PWM on MnCxP, MnCxM is released

10

Full H-bridge mode

11

Dual Full H-bridge mode

MCAM1, MCAMO — PWM Channel Alignment Mode

MCAM1, MCAMO control the PWM channel’'s PWM alignment mode and operpiori,soc_1}

MOTOROLA

Table 3-6 PWM Alignment Mode

MCAM[L:0]

PWM Alignment Mode

00

Channel disabled

.. 11 (MCCCO .. MCCC11)
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Table 3-6 PWM Alignment Mode

MCAM[1:0] [PWM Alignment Mode
01 left aligned
10 right aligned
11 center aligned

MCAM][1:0] and MCOM[1:0] are double bufferéet_17}. The values used for the generation of the
output waveform will be copied to the working registers either at once (if all PWM channels are disabled
or MCPER is set to 0) or if a timer counter overflow ocdurs 17}. Reads of the register return the most
recent written value, which are not necessarily the currently active {ralués}.
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3.3.5 Motor Controller Duty Cycle Registers

Each Duty Cycle Register sets the sign and duty functionality for the respective PWM Channel

IN RED

The contents of the Duty Cycle Registers define DUTY, the number of Motor controller timer countér
clocks the corresponding output is driven low (RECIRC = 0) or is driven high (RECIR@c= 1)
soc_1} Setting all bits to 0 will give a static high output in case of RECIRC = 0, otherwise a static Ic%l
outpufvc_1,soc_1} Values greater than or equal to the contents of the Period Register will generatea
static low output in case of RECIRC =0, or a static high output if RECIRQ@= 118}. The layout ofthe O

Duty Cycle Registers differ dependent upon the state of the FAST bit in the Control Registéep.

Yll

Register address offset $20 .. $37

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

VF:/ S S S S S D10 | D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

RESET: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

[ ] =Unimplemented or Reserved

Figure 3-6 Motor Controller Duty Cycle Register x (MCDCx) with Fast = 0

Register address offset $20 .. $37

15 14 13 12 11 10 9 8 7 6 5 4 3 2

V?/ S D8 D7 D6 D5 D4 D3 D2 0 0 0 0 0 0 0 0

RESET: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

I
o

|:| = Unimplemented or Reserved

Figure 3-7 Motor Controller Duty Cycle Register x (MCDCx) with Fast =1

Whenever FAST = 1, the bits D10, D9, D1, DO will be set to O if the Duty Cycle Register is
written{vc_19}.

NCONTROLLED EXCEPT WHEN STAMPED "CONTROLLE

For example setting MCDCx = $0158 with FAS: 0 gives the same output waveform as setting MCDCXD
= $5600 with FAST = 1 (with FAST = 1, the low byte of MCDCx needs not to be wfitter}.

ARE

The state of the FAST bit has only impact during write and read operations. A change of the FAST bit(@et
or clear) without writing a new value does not impact the internal interpretation of the duty cycle
valuegvc 19}.

PRINTED VERSION
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To prevent the output from inconsistent signals, the duty cycle registers are double HQuffe?&d. The
motor controller module will use working registers to generate the output $ignal8}. The working
registers are copied from the bus accessible registers at the following conditions:

MCPER is set to O (all channels are disabled in this case)
MCAM][1:0] of the respective channel is set to 0 (channel is disabled)
a PWM timer counter overflow occurs when in half H-bridge or full H-bridge mode

a PWM timer counter overflow occurs and the x of MCDCXx of the last written duty cycle register
was odd in dual full H-bridge moflee_20}.

In this way, the output of the PWM will always be either the old PWM waveform or the new PWM
waveform, not some variation in betwéen 20}.

Reads of this register return the most recent value witte@B0}. Reads do not necessarily return the
value of the currently active sign, duty cycle, and dither functionality due to the double buffering
schemévc 20}.

22
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Section 4 Functional Description

4.1 Modes of Operation

4.1.1 PWM Output Modes

The Motor Controller is configurable between three output mpaed. ,soc_ 1} Dual Full H-bridge mode
can be used to control either a stepper motor or a&@6@ore instrumefy} . In this case two PWM
channels are combingd. In Full H-Bridge mode, each PWM channel is updated indepenééntly
Half H-bridge Mode, one pin of the PWM channel can generate a PWM signal to contt@dia@de
instrument (or other load requiring a PWM signal) and the other pin is uflusetlsoc_1} The mode of
operation for each PWM channel is determined by the corresponding MCOM][1:0] bits in Channel Corfgol
Registerévc_1,soc_1} After a reset occurs, each PWM channel will be disabled, the corresponding plas
are releasddc_21,soc_21} p

GNTROLLED COPY" IN RED

Each PWM channel consists of two pffis. One output pin will generate a PWM sighat _1,soc_1} The
other will operate as logic high or low output depending on the state of the RECIRC bit (refdr.3a3

), when in (Dual) Full H-bridge mode, or will be released, when in Half H-bridge fwadé.,soc_1} The
state of the S bit in the Duty Cycle Register determines the pin where the PWM signal is driven in
H-bridge modévc_1,soc_1} When in Half H-bridge mode, the state of the released pin is determined
other modules associated with this{pm 1,soc_1}

Associated with each PWM channel pair n are two PWM channels, x and x+1lewhkeét* n and n(0,1,2...
5)is the PWM channel pair numbey . Duty Cycle Register x controls the sign of the PWM signal (whic
pin drives the PWM signal) and the duty cycle of the PWM signal for Motor Controller Channel
x{vc_1,soc_1} The pins associated with PWM Channel x are MNnCOP and M&COimilarly, Duty
Cycle Register x+1 controls the sign of the PWM signal and the duty cycle of the PWM signal for charfael
x+1{vc_1,soc 1} The pins associated with PWM Channel x+1 are MNnC1P and M{C1Whis is
summarized in tabl&éable 4-1 .

EXCEPT WHENISTAMPED

Table 4-1 Corresponding Registers and Pin Names for each PWM Channel Pair

PWM anne PWM Duty Cycle Register hannel Number Pin
Pair Number Channel Names
Control
Register
nm-m
. MCMCx MCDCx PWM Channel x, x = 2[d i
n

mm-ml
MCMCx+1 MCDCx+1 PWM Channel x+1, x = 2[d

mmm
MCMCO MCDCO PWM Channel 0 e

w
MCMC1 MCDC1 PWM Channel 1

PRINTED VERSIONS ARE UNCONTROLLED
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Table 4-1 Corresponding Registers and Pin Names for each PWM Channel Pair

annel Number Pin
Names
[MICOM ]

MCMC10 MCDC10
MCMC11 MCDC11

e}

PWM Channel 2
PWM Channel 3
PWM Channel 4
PWM Channel 5
PWM Channel 6
PWM Channel 7
PWM Channel 8
PWM Channel 9
PWM Channel 10

PWM Channel 11

{\te 22}

Vi OP

(MICTM
(T
[MZCOM
\ OP
(MZCTM
(ZCTP
[MSCOM
\ OP
(MSCIM
(M3CTP
[MACOM

M2

(MACTI

V14 P

[VECOM
\ OP
(VECTM
[MECTE

22}
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The procudedure traverses three s{a@b} .

Figure 4-1 Startup Procedure - States

The motor controller is disabl§ec_22}. The
4—«— pwm clock and the core clock are dis-
abledvc_22}. The device is waiting for a proper

initialization via the pheriperal bus inter-

facgvc_22}.

NO
Period register not cleared and at least one PWM
channel enabled?

YES

PREPARE Initialization of all buffer and working regis-
terdvc_22}.
The core clock and the pwm clock will be en-
abledvc_22}.
The motor controller is generating PWM output on at

least one chanrfgic_22}.

NO
Motor Controller Timer Counter overflow and pe-
riod register cleared and all channels dis-
YES abledvc_22}?

4.1.1.2 Dual Full H-bridge Mode (MCOM = 11)

ONS ARE UNCONTROLLED EXCEPT WHEN STAMPED "CONTROLLED COPY" IN RED

PWM Channel pairs x and x+1 operate in Dual Full H-bridge mode when both channels have been engbpled
(MCAM[1:0]=01, 10 or 11) and the corresponding output mode bits MCOM][1:0] in both PWM Chanr@
Control Registers are both §et 1,soc_1} >

A typical configuration in Dual Full H-bridge Mode is shownkigure 4-2 {-} . PWM Channel x drives
the PWM output signal on either MNCOP or MNnCQM. If MnCOP drives the PWM signal, MnCOM will
be output either high or low depending on the RECIRditL,soc_1} If MNCOM drives the PWM

signal, MnCOP will be an output high or I1éw¢_1,soc_1} PWM Channel x+1 drives the PWM output

PRINTED
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signal on either MNC1P or MnC1{Mc_1,soc_1} If MnC1P drives the PWM signal, MNC1M will be an
output high or loyvc_1,soc_1} If MnC1M drives the PWM signal, MNnC1P will be an output high or
low{vc_1,soc_1} This results in motor recirculation currents on the high side drivers (RECIRC =0) when
the PWM signal is at a logic high level, or motor recirculation currents on the low side drivers (RECIRC
= 1) when the PWM signal is at a logic low lgvel 1,soc_1} The pin driving the PWM signal is
determined by the S (sign) bit in the corresponding Duty Cycle Register and the state of the RECIRC
bit{vc_1,soc_1} The value of the PWM duty cycle is determined by the value of the D[10:0] or D[8:2]
bits respectively in the Duty Cycle Register depending on the state of the FAST bjt

PWM Channel x Mncop [ °
MnCOM [ ——— Motor n, Coil 0
Motor n, Coil 1
[ ]
b
PWM Channel x+1 MnC1P
MnC1M

Figure 4-2 Typical Dual Full H-bridge Mode Configuration

Whenever FAST = 0 only 16-bit write accesses to the Duty Cycle Registers are allowed, 8 bit write access
can lead to unpredictable duty cydles 2}.

When Fast mode is enabled (FAST = 1), 8 bit write accesses to the high byte of the Duty Cycle Registers
are allowed, because only the high byte of the Duty Cycle Register is used to determine the duty
cyclelve 2}.

The following sequence should be used to update the current magnitude and direction for coil 0 and coill
1 of the motor to achieve consistent PWM output:

1. Write to Duty Cycle Register x
2. Write to Duty Cycle Register x+1 .

At the next timer counter overflow, the duty cycle registers will be copied to the working duty cycle
registerévc_20}. Sequential writes to the Duty Cycle Register x will result in the previous data being
overwritte{vc_20}.

{vali20}
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{vc_20}
{ve 20}

fvc_21}
{licv21}

4.1.1.3 Full H-bridge Mode (MCOM = 10)

In Full H-Bridge Mode, the PWM Channels x and x+1 operate indepenflentlysoc 1} The Duty
Cycle Working Registers are updated whenever a Timer Counter overflow{occis .

4.1.1.4 Half H-bridge Mode (MCOM = 00 or 01)

In half H-bridge Mode, the PWM channels x and x+1 operate independently,soc_1} In this mode,
each PWM channel can be configured such that one pin is released and the other pin is a PWM
outpufvc_1,soc_1} Figure 4-3 shows a typical configuration in Half H-bridge Mdde

The 2 pins associated with each channel are switchable between released mode and PWM output
dependent upon the state of the MCOM][1:0] bits in the MCCCx (Channel Control) régistérsoc_1}
See register descriptidh3.4 {-} . In Half H-bridge mode, the state of the S bit has no effectl,soc_1}

Voou
released
MnCOP :l < >
PWM Channel x YO Y\
MnCOM ;
PaMOuptly |~~~
[ ]
Voou
Vssm
released
MnC1P |:|‘ —>
PWM Channel x+1 m
MnC1M
PWM Output
®* 7Y Y Y L
Vssm

Figure 4-3 Typical Quad Half H-bridge Mode Configuration
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4.1.2 Relationship Between PWM Mode and PWM Channel Enable

The pair of Motor Controller channels cannot be placed into Dual Full H-bridge mode unless both Motor
Controller channels have been enabled (MCAM[1:0] not equal to 00) and Dual Full H-bridge mode is
selected for both PWM channels (MCOMI[1:0] = #49) 1,soc_1} If only one channel is set to Dual Full
H-bridge mode, this channel will operate in Full H-bridge mode, the other as
programmef/c_1,soc 1,vc 22}

4.1.3 Relationship Between Sign, Duty, Dither, Recirc, Period and PWM
Mode Functions

4.1.3.1 PWM Alignment Modes

Each PWM channel can be programmed individually to three different alignment fApdése mode is
determined by the MCAM[1:0] bits in the corresponding Channel Control Régjister

Left aligned (MCAM[1:0] = 01): The output will start active (low if RECIRC = 0 or high if RECIRC =
1) and will turn inactive (high if RECIRC = 0 or low if RECIRC = 1) after the number of counts specified
by the corresponding Duty Cycle Register 1,soc 1}

Motor Controller ’_t\’_l—m \ \ N \
Timer Counter
|

Clock ! !
| | |
I I I
Motor Controller
Timer Counter |O """" 15 - 99 |0 """" R R 99 |O """"
PWM Output |
| . | . |
<«—— 1 period > < 1 period ———»

«—— 100 counts————»<—— 100 counts————

| | |
DITH = 0, MCAM[1:0] = 01, MCDCx = 15, MCPER =100, RECIRC =0
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Right aligned (MCAM[1:0] = 10): The output will start inactive (high if RECIRC =0 and low if RECIRC
= 1) and will turn active after the number of counts specified by the difference of the contents of Pe@)d
Register and the corresponding Duty Cycle Redistef,soc_ 1

Motor Controller m ’—'\’—‘ ’—N—‘ ’—N—‘ ’—N—‘
Timer Counter

| |

| |

Clock

Motor Controller !
Timer Counter

|
|
PWM Output ‘
I

-<«—— 1 period > < 1 periord ——

€— 100 counts—— »<— 100 counts— ¥

| | |
DITH = 0, MCAM[1:0] = 10, MCDCx = 15, MCPER = 100, RECIRC = 0

PRINTED VERSIONS ARE UNCONTROLLED EXCEPT WHEN STAMPED "CONTROLLED COPY" INR
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Center aligned (MCAM[1:0] = 11): Even periods will be output left aligned, odd periods will be output
right alignedvc_1,soc_1} PWM operation starts with the even pedod 1,soc_1}after the channel has

been enabled. PWM operation might start with the odd period if the channel has not been disabled before
changing the alignment mode to center aligned.

Motor Controller m \ \ \ N
Timer Counter

Clock : [ I
I I |
|
Motor Controller |
Timer Counter P R 99 ,0 ------------------ 85. 99 :0 _______
|
I
PWM Output :
[
< — 1 period > 1 period ————»

<«— 100 counts———— »<«— 100 counts——

DITH = 0, MCAM[1:0] = 11, MCDCx = 15, MCPER = 100, RECIRC =0

4.1.3.2 Sign Bit (S)

Assuming RECIRC = 0 (the active state of the PWM signal is low), when the S bit for the corresponding
channelis cleared, MnCOP (if the PWM channel number is averf), 1, 2...5seeTable 4-1) or MnC1P

(if the PWM channel number is odds 0, 1, 2...5seeTable 4-1), outputs a logic high when in (Dual)

Full H-bridge modévc_1,soc_1} In Half H-bridge Mode the state of the S bit has no effect1,soc 1}

The PWM output signal is generated on MNnCOM (if the PWM channel number is e, 1, 2...5see
Table 4-1) or MnC1M (if the PWM channel number is odd:= 0, 1, 2...Jfvc_1,soc_1}

Assuming RECIRC = 0 (the active state of the PWM signal is low), when the S bit for the corresponding
channel is set, MNCOM (if the PWM channel number is even 0, 1, 2...5see table 1-1) or MnC1M (if

the PWM channel number is odd=0, 1, 2...5seeTable 4-1), outputs a logic high when in (Dual) Full
H-bridge modévc_1,soc_1} In Half H-bridge Mode the state of the S bit has no effect1,soc_1} The

PWM output signal is generated on MnCOP (if the PWM channel number isewed, 1, 2...5seelable

4-1) or MnC1P (if the PWM channel number is odd; 0, 1, 2...Jvc_1,soc 1}

Setting RECIRC = 1 will also invert the effect of the S bit such that when S = 0, MNCOP or MnC1P will
generate the PWM signal and MNnCOM or MnC1M will be a static low ofstput,soc_1} When S =1,
MnCOM or MnC1M will generate the PWM signal and MnCOP or MnC1P will be a static low
outpufvc_1,soc_1} In this case the active state of the PWM signal will be{kighl,soc_1}

SeeTable 4-3 for detailed information about the impact of SIGN and RECIRC bit on the PWM output.
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Output Mode RECIRC SIGN Output M Output P
(Dual) Full H-bridge 0 0 PWM_B?! 1
(Dual) Full H-bridge 0 1 1 PWM_B
(Dual) Full H-bridge 1 0 0 PWM?2
(Dual) Full H-bridge 1 1 PWM 1

H-bridge don't care 0 PWM_B 1
H-bridge don'’t care 1 1 PWM_B
NOTES:

1. PWM_B: The PWM signal is low active. E.g. The waveform starts with 0 in left
aligned mode. Output M generates the PWM signal. Output P is static high.

2. PWM: The PWM signal is high active. E.g. The waveform starts with 1 in left
aligned mode. Output P generates the PWM signal. Output M is static low.

4.1.3.3 RECIRC Bit

The RECIRC bit controls the flow of the recirculation current of the{lpadbetting RECIRC = 0 will
cause recirculation current to flow through the high side transistors, while RECIRC = 1 will cause tit@
recirculation current to flow through the low side transisfors 1,soc_1} The RECIRC bit is only active £
in (Dual) Full H-bridge moddsc_1,soc_1}

TAMPED "CONTROLLED COPY" IN RED

HE

Effectively, RECIRC = 0 will cause a static high output on the output terminal not driven by the PWE
RECIRC = 1 will cause a static low output on the output terminals not driven by the R¥WM,soc 1}
To achieve the same current direction, the S bit behavior is inverted if RECIR@=1Lsoc_1} Figure
4-4, Figure 4-5, Figure 4-6 andFigure 4-7 illustrate the effect of the RECIRC bit in (Dual) Full
H-bridge modes} .

RECIRC bit should only be changed, when no PWM channel is operated in (Dual) Full H-bridgé mod

PRINTED VERSIONS ARE UNCONTROLPED EXCEPT
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VDDM

o— | ©

oo Jp-me

L . \

MnCOP MnCOM

-
L static O~| ] |—PWM 1

b 1
~ .

(D
P
1

¢

Figure 4-4 PWM active phase, RECIRC =0,S =0

VDDM

o— 1

m static O —ci |O— PWM 0
G 7 @ — ot
static 0 ~| [ ] |~ PWM 0
VSSM

o
<

¢

Figure 4-5 PWM passive phase, RECIRC=0,S=0
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VDDM

©

f oo [

C:)l — o—[} D
MnCOP MnCO

. oo

Figure 4-6 PWM active phase, RECIRC=1,S=0

VDDM

o— ] ©

e o=

o m [}

MnCOP MnCOM

PWM 1 *l ] |~ static 1

7

Figure 4-7 PWM passive phase, RECIRC=1,S=0
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4.1.3.4 Relationship between RECIRC bit, S bit, MCOM bits, PWM state and output
transistors

Please refer teigure 4-8 for the output transistor assignment:

VDDM

“Ib

L 14

MnCyM

Ik

7

Figure 4-8 Output transistor assignment

Table 4-4 illustrates the state of the output transistors in different states of the PWM Motor Controller
modul€-} . ‘= means that the state of the output transistor is not controlled by the Motor Cofatroller

Table 4-4 State of output transistors in various modes {vc_1,soc_1}

PRINTED VERSIONS ARE UNCONTROLLED EXCEPT WHEN STAMPED "CONTROLLED COPY"
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Mode MCOM[1:0] | PWM duty |RECIRC S T1 T2 T3 T4
off don’t care - don't care | don’t care - - - -
Half H-bridge 00 active don’t care | don't care - - OFF ON
Half H-bridge 00 passive don’t care | don't care - - ON OFF
Half H-bridge 01 active don't care | don'tcare | OFF ON - -
Half H-bridge 01 passive don’t care | don't care ON OFF - -
(Dual) Full 10 or11 active 0 0 ON OFF OFF ON
(Dual) Full 10or11 passive 0 0 ON OFF ON OFF
(Dual) Full 10o0r11 active 0 1 OFF ON ON OFF

MOTOROLA
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Table 4-4 State of output transistors in various modes

S12MC10B12CV2/D V02.03

{vc_1,soc_1}

Mode MCOM[1:0] | PWM duty |RECIRC S T1 T2 T3 T4
(Dual) Full 10or11 passive 0 1 ON OFF ON OFF
(Dual) Full 10o0r11 active 1 0 ON OFF OFF ON
(Dual) Full 10o0r11 passive 1 0 OFF ON OFF ON
(Dual) Full 10o0r11 active 1 1 OFF ON ON OFF
(Dual) Full 10or11 passive 1 1 OFF ON OFF ON

4.1.3.5 Dither Bit (DITH)

The purpose of the dither mode is to increase the minimum length of output pulses without decreasi

GNTROLLED COPY" IN RED

PWNM resolution, in order to limit the pulse distortion introduced by the slewrate control of the dutputs O

If dither mode is selected the output pattern will repeat after two timer counter ovepflovias . For the
same output frequency the shortest output pulse will have twice the length when dither feature is

selectedlvc_3}. In order to achieve the same output frame frequency, the prescaleMit ti®B12C

module has to be set to twice the division rate if dither mode is selected, e.g. with the same prescasgr
division rate the repeat rate of the output pattern is the same as well as the shortest output pulse

without dither mode selectpa 3}.
The DITH bit in the Control Register 0 enables or disables the dither fujwtici} .

DITH = 0: dither function is disablédc_3}.

(@)
L

PT WHEN &7

the

or

When DITH is cleared and assuming left aligned operation and RECIRC = 0, the PWM output will %ﬁart
at a logic low level at the beginning of the PWM period (Motor Controller Timer Counter = $0003} .
The PWM output remains low until the Motor Controller Timer Counter matches the 11 bit PWM du

cycle value, DUTY, contained in D[10:0] in MCD@x_3}. When a match (output compare between L
Motor Controller Timer Counter and DUTY) occurs, the PWM output will toggle to a logic high level ard

will remain at a logic high level until the Motor Controller Timer Counter overflows (reaches the conte
of MCPER - 1jvc_3}. After the Motor Controller Timer Counter resets to $000, the PWM output wil
return to alogic low levél/.c_3}. This completes one PWM peripa:_3}. The PWM period repeats every
P counts (as defined by the bits P[10:0] in the Motor Controller Period Register) of the Motor Contro
Timer Countefvc_3}. If Duty >= P, the output will be static lojvc_3}. If DUTY =$000, the output will
be continuously at alogic high leet 3}. The relationship between the Motor Controller Timer Counte
clock, Motor Controller Timer Counter value, and PWM output when DITH = 0 is shoftigume

4-9(-}.

MOTOROLA
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Motor Controller
Timer Counter Clock

L

I I
| | |
Motor Controller | | |
Timer Counter ... 0—-—-— 100—-—-199 0— - — - — 100 —- —199|0
I

PWM Output

| | |
4——1 Period ———»<4—1 Period ——»

|<¢—— 200 counts——»{<¢—— 200 counts——»]
I I I

Figure 4-9 PWM Output: DITH = 0, MCAM[1:0] = 01, MCDC = 100 MCPER = 200, RECIRC = 0
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DITH = 1: dither function is enabled

|
Please note if DITH = 1, the bit PO in the Motor Controller Period Register will be internally forced @o
and read back always ag/0 3}. >

When DITH is set and assuming left aligned operation and RECIRC = 0, the PWM output will startat a
logic low level at the beginning of the PWM period (when the Motor Controller Timer Counter=
$000)vc_3}. The PWM output remains low until the Motor Controller Timer Counter matches the 10 lﬁl
PWM duty cycle value, DUTY, contained in D[10:1] in MCD@sc_3}. When a match (output compare
between Motor Controller Timer Counter and DUTY) occurs, the PWM output will toggle to a logic hlgcﬁ
level and will remain at a logic high level until the Motor Controller Timer Counter overflows (reaches
the value defined by P[10:1] — 1 in MCPER) 3}. After the Motor Controller Timer Counter resets toQ
$000, the PWM output will return to a logic low leftel_3}. This completes the first half of the PWM P_:
periodvc_3}. During the second half of the PWM period, the PWM output will remain at a logic low Iev%
until either the Motor Controller Timer Counter matches the 10 bit PWM duty cycle value, DUTY,
contained in D[10:1] in MCDCXx if DO = 0, or the Motor Controller Timer Counter matches the 10 blt'
PWM duty cycle value + 1 (the value of D[10:1] in MCDCXx is increment by 1 and is compared with
Motor Controller Timer Counter value) if DO = 1 in the corresponding Duty Cycle Registed}. When &
a match occurs, the PWM output will toggle to a logic high level and will remain at a logic high level ur%
the Motor Controller Timer Counter overflows (reaches the value defined by P[10:1] — 1 in
MCPER)vc_3}. After the Motor Controller Timer Counter resets to $000, the PWM output will return tg
a logic low levejvc 3}.

This process will repeat every number of counts of the Motor Controller Timer Counter defined by tﬁe
Period Register contents (P[10:0§¢_3}. If the output is neither set to 0% nor to 100% there will be four'_
edges on the PWM output per PWM period in this geseS}. Therefore, the PWM output compare LU
function will alternate between DUTY and DUTY + 1 every half PWM period if DO in the correspondirﬁ
Duty Cycle Register is settdidc_3}. The relationship between the Motor Controller Timer Counter clock!
(frc), Motor Controller Timer Counter value, and left aligned PWM output when DITH =1 is shown@
Figure 4-10 andFigure 4-11 {-} . Figure 4-12 andFigure 4-13 show right aligned and center aligned —
PWM operation respectively, with dither feature enabled and 06} = Rlease note: In the following O
examples, the MCPER value is defined by the bits P[10:0], which is, when DITH = 1, always an ev
numbef-} .

NOTE: The DITH bit should only be changed if the motor controller is disabled (all channels dlsablec@r
period register cleared) in order to avoid erroneous waveforms.
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Motor Controller \ \ \ \
Timer Counter

Clock ! ! !
| | |
| | |
Motor Controller , 15 16. .- ... 9 0. .. ... 15 . 16 - ... 990 ... ...
Timer Counter | | |
PWM Output
| . |
< 1 period >

«—— 100 counts————»<—— 100 counts—————

Figure 4-10 PWM Output: DITH = 1, MCAM[1:0] = 01, MCDC = 31, MCPER = 200, RECIRC

=0

Motor Controller \ \ \ \
Timer Counter

Clock ; ; ;

Motor Controller !
Timer Counter 1 |

|
|
PWM Output | ‘
I

I
- 1 period >
€«— 100 counts—————— »<«— 100 counts————

Figure 4-11 PWM Output: DITH =1, MCAM[1:0] = 01, MCDC = 30, MCPER = 200, RECIRC

=0

{TBD} .
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Motor Controller \ \ \ \
Timer Counter

Clock ! ! !
| | |
| | |
Motor Controller , 84, ... 85. ... 9 0. .. ... 84. . ... 85.. .. 990 ... ...
Timer Counter | | |
|
PWM Output ‘
| I, |
- 1 period >

¢—— 100 counts————»<——— 100 counts—————

Figure 4-12 PWM Output: DITH = 1, MCAM[1:0] = 10, MCDC = 31, MCPER = 200, RECIRC
=0

Motor Controller \ \ \ \
Timer Counter

Clock ! I |
| [ |
| | |

Motor Controller

Timer Counter 1=~ """ " 18- 99 0------- B4 990 -
| | |

PWM Output ! : :
- 1 period >

€— 100 counts— »<— 100 counts— ¥

Figure 4-13 PWM Output: DITH = 1, MCAM[1:0] = 11, MCDC = 31, MCPER = 200, RECIRC
=0
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4.2 PWM Duty Cycle

The PWM duty cycle for the Motor Controller Channel x can be determined by dividing the decimal
representation of bits D[10:0] in MCDCx by the decimal representation of the bits P[10:0] in MCPER and
multiplying the result by 100% as shown in the equation below:

Effective PWM Channel X % Duty Cycle = %( [1.00%

Note x = PWM Channel Number =0, 1, 3,... 11 This equation is only valid if DUTY <= PER and PER
is not equal toc_1}.

Whenever D[10:0] >= P[10:0], a constant low level (RECIRC = 0) or high level (RECIRC = 1) will be
outpufvc_18}.

4.3 Motor Controller Counter Clock Source

Figure 4-14 shows how the PWM Motor Controller Timer Counter clock source is sefécted

rFr——_———— — —_ —_—_ — - — 1

: |Clocks and

| Clock | Reset

| Generator IGenerator

| Module

CLK !

I |

|  Peripheral I

I Bus |

| Clock fBUS |

T N J
Motor Controller 11/2
Timer Motor Controller Timer 11-bit Motor Controller
Counter Clock 1/4 Counter Clock fr¢ > Timer Counter
Prescaler Select 18

MPPREO, MPPREL Motor Controller Timer

Counter Prescaler
Figure 4-14 Motor Controller Counter Clock Selection

The peripheral bus clock is the source for the Motor Controller Counter Prégcalére Motor
Controller Counter Clock ratg £ is set by selecting the appropriate prescaler alue?3}. The prescaler
is selected with the MCPRE[1:0] bits in Motor Controller Control Register 0 (MCGV£.023}. The
Motor Controller Channel frequency of operation can be calculated using the following formula if DITH
=0:
fTC

Motor Channel Frequency (Hz) = BPERXM
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The Motor Controller Channel frequency of operation can be calculated using the following formula if
DITH = 1{vc_23}:

fTC
MCPERXxM/2

Note: Both equations are only valid if MCPER is not equaltp.M=1 for left or right aligned mode,
M=2 for center aligned mogié .

Motor Channel Frequency (Hz) =

OPY" IN RED

Table 4-5 shows examples of the Motor Controller channel frequencies that can be generated bas
different peripheral bus clock frequencies and the prescalefval&s}.

on

Table 4-5 Motor Controller Channel Frequencies (Hz), MCPER = 256, DITH =0,

MCAM=10, 01
Peripheral Bus Clock Frequency
Prescaler 16 MHz 10 MHz 8 MHz 5 MHz 4 MHz
1 62500 39063 31250 19531 15625
1/2 31250 19531 15625 9766 7813
1/4 15625 9766 7813 4883 3906
1/8 7813 4883 3906 2441 1953

Note: Due to the selectable slewrate control of the outputs, clipping may occur on short outpug-pulse

4.4 Output Switching Delay

T WHEN'STAMPED "CONTROLLED

In order to prevent large peak current draw from the motor power supply, selectable delays can be u%d to
stagger the high logic level to low logic level transitions on the Motor Controller o{stputfie timing
delay, g, is determined by the CD[1:0] bits in the corresponding Channel Control Register (MCMCx) aind
is selectable between 0, 1, 2, or 3 Motor Controller Timer Counter Clock yclés}.

XC

fVc_16}.

4.5 Operation in WAIT Mode

YNCONTROLLED

During WAIT mode, the operation of the Motor Controller pins are selectable between the following t
options:

1. MCSWAI = 1:All module clocks are stopped and the associated port pins are set to their ina
state, which is defined by the state of the RECIRC bit during WAIT frod6}. The Motor
Controller module registers stay the same as they were prior to entering WAIJvindile
Therefore, after exiting from WAIT mode, the associated port pins will resume to the same
functionality they had prior to entering WAIT mdde_6}.

e

D VERSIONSEARE

2. MCSWAI = 0:The PWM clocks continue to run and the associated port pins maintain the
functionality they had prior to entering WAIT mode both during WAIT mode and after exiting '-l'_J
WAIT modelvc_6}.

PRIN
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4.6 Operation in STOP and Pseudo-STOP Modes

All module clocks are stopped and the associated port pins are set to their inactive state, which is defined
by the state of the RECIRC itc_6}. The Motor Controller module registers stay the same as they were
prior to entering STOP or Pseudo-STOP mddes6}. moddvc 6}. Therefore, after exiting from STOP

or Pseudo-STOP modes, the associated port pins will resume to the same functionality they had prior to
entering STOP or Pseudo-STOP mdues6} .

Section 5 Reset

5.1 General

The Motor Controller is reset by system rgset 7}. All associated ports are released, all registers of the
Motor Controller module will switch to their reset state as defined in the Register Description

chaptefvc_7}.
Section 6 Interrupts

6.1 General
The Motor Controller has one interrupt soyrge

6.1.1 Timer Counter Overflow Interrupt

An interrupt will be requested when the MCTOIE bit in the Motor Controller Control Register 1 is set and
the running PWM frame is finishédc 11,soc 11} The interruptis cleared by either setting the MCTOIE
bit to O or to write a 1 to the MCTOIF bit in the Motor Controller Control Regigter @1,soc_11}

Section 7 Initialization/Application Information

Provide stepwise instructions for initializing the M&D} . Be as specific as possipl&D} . Include
flow charts and code examp{@®3D} . This information is intended for use by the device or SoC customer,
and is generally not included in functional verifica{ibBD} .
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