AN1082
K’L APPLICATION NOTE

DESCRIPTION OF THE ST72141 MOTOR CONTROL
PERIPHERAL REGISTERS

by Microcontroller Division Applications

INTRODUCTION

The ST72141 is designed for controlling Brushless Permanent Magnet DC motors with or
without sensors.

The motor control is performed by the hardware of the on-chip Motor Control peripheral
(MTC). The MTC is functionally divided into four parts.

— Zero-crossing and End of Demagnetisation detector

— Delay manager

— PWM manager

— Channel manager
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DESCRIPTION OF THE ST72141 MOTOR CONTROL PERIPHERAL REGISTERS

Figure 1. Peripheral general overview
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The procedure for driving the motor with the ST72141 is based on the detection of 3 events:
— Commutation event (C event)

— End of Demagnetisation event (D event)

— Zero crossing event (Z event)

The last two of these are physical events which are monitored and read by the ST72141. The

first event (commutation) is computed and triggered automatically by the ST72141 in order to
keep the motor running at optimum efficiency.
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DESCRIPTION OF THE ST72141 MOTOR CONTROL PERIPHERAL REGISTERS

Figure 2. Event Timing Diagram

| Step Time I
Timer ‘ | |
z | |
|
z | .
C D
(
I
C D
I I c D
I I
| o t
I I | -
I I
IDelay Time Demag'netisation
Time
VR02140B

These events always occur in the same order: first Commutation, then End of Demagnetisa-
tion and finally the back-EMF Zero Crossing event.

The Zero-Crossing and Demagnetisation detection part of the peripheral manages the two
physical events. In order to detect the Zero-Crossing event, the motor phase signal is sampled
at different frequencies depending on the driving mode. To detect the End of demagnetisation
event, it is always sampled at a fixed frequency of 800KHz in sensorless mode.

The delay manager is the part of the peripheral where the first event (commutation) is com-
puted: The computed delay is the time between the Zero Crossing event and the next Com-
mutation event.

The PWM manager part of the peripheral is the part which generates the PWM signals that are
applied to the switches in current or voltage mode, and are needed to detect the physical
events. The reference current of the motor (in current mode) and the reference voltage (in
voltage mode) are also generated in this part.

The last part, the channel manager, is where the six microcontroller outputs, connected to the
6 switches, are managed depending on the step configuration.
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DESCRIPTION OF THE ST72141 MOTOR CONTROL PERIPHERAL REGISTERS

In the ST72141 motor control peripheral, some registers have a preload register, they are in-
dicated in the figures by an asterisk (*). For example, the MPHST register (phase state reg-
ister) has a preload register meaning that it can be configured in advance, the values are
taken into account at the next Commutation event.

The MCRB register (Motor Control register B) has a partial preload register, only some bits
can be preloaded for the next commutation event.

The purpose of this application note is to give a precise description of all the registers of the
ST72141 motor control peripheral and the functions associated with them.
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DESCRIPTION OF THE ST72141 MOTOR CONTROL PERIPHERAL REGISTERS

1 ZERO-CROSSING AND END OF DEMAGNETISATION DETECTOR

Figure 3. Phase input sampling description
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MCIA, MCIB and MCIC are the analog voltage inputs where the phase voltage signal is read.

The IS[1:0] bits, bit 7 and bit 6 in the MPHST register, allow you to select the phase where the
back-EMF signal will be read. Phase A (from the MCIA input), phase B (from the MCIB input)
or phase C (from the MCIC input). For each step, the phase where the signal will be read to
detect the End of Demagnetisation event and the zero-crossing event is always the one which
is not energised. The signal coming from the phase is one of the inputs of the internal compa-
rator.

The VR[1:0] bits (bit 7 and bit 6 of the MCRB register) set the reference voltage threshold for
all analog input signals from the MCIA, MCIB or MCIC microcontroller inputs.

As we can see in Figure 3, the sampling frequency of the phase voltage signal is always
800Khz (4Mhz/5) for the detection of the end of demagnetisation event in sensorless
mode whichever mode is used to drive the motor (current or voltage mode).
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DESCRIPTION OF THE ST72141 MOTOR CONTROL PERIPHERAL REGISTERS

The sampling frequency of the phase voltage for detecting the Zero-crossing event depends
on the mode used to drive the motor in sensorless configuration.
— In current mode, this sampling frequency comes from the internal clock.

— In voltage mode, this sampling frequency comes directly from Timer A. Timer Ais an on-chip
timer peripheral of the ST72141 that is external to the motor control peripheral.

In sensor configuration, the sampling frequency of the signal from the motor sensor for zero-
crossing event detection is always 800 kHz.

The VOCL1 bit (bit 3 of the MCRA register) selects the driving mode (voltage mode or current
mode).
Figure 4. Hardware D event and Z event mechanism
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The REO bit (bit 6 of the MPAR register) selects the even or odd channel used to read the
back-EMF signal at the end of the PWM off-time.
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DESCRIPTION OF THE ST72141 MOTOR CONTROL PERIPHERAL REGISTERS

Figure 5. ZVD and CPB level selection
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The ZVD bit (bit 7 of the MPAR register) allows you to choose the Z event versus D event edge
polarity.

The CPB bit (bit 5 of the MCRB register) allows you to choose the edge polarity for detecting
the Zero Crossing event, to be falling edge or rising edge.

With the ZVD and CPB bits, you can select the transition pattern of both End of Demagnetisa-
tion and Zero Crossing events, if they have the same level or opposing levels for both high or
low levels.

The two first configurations (ZVD=0, CPB=1 or 0) are when Z and D events have opposing-
edge transition.

The two last configurations (ZVD=1, CPB=1 or 0) are when Z and D events have same-edge
transition.

In practice, in a Brushless Permanent Magnet DC motor, Z and D events always have op-
posing-edge transition.

The SR bit (bit 5 of the MCRA register) indicates if we are in sensor mode or in sensorless
mode, this bit is configured at the initialisation of the peripheral.
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DESCRIPTION OF THE ST72141 MOTOR CONTROL PERIPHERAL REGISTERS

The ST72141 motor control peripheral allows you to simulate the End of Demagnetisation
event. This is called software demagnetisation. The HDM and SDM bits (bit 3 and bit 4 of the
MCRB register) indicate if you are using a hardware demagnetisation (HDM bit is set) or soft-
ware demagnetisation (SDM bit is set). This is useful in certain cases (depending on the edge
of the detection of this event) when it is difficult to detect the hardware demagnetisation. The
HDM, SDM and CPB bits are accessed by preload register, this means that we can change
the configuration step by step. In Figure 4 we see the hardware demagnetisation and the Z
event mechanism. Figure 6 adds the software demagnetisation mechanism to the previous
figure (Figure 4).

The threshold voltage set by the VR[1:0] bits (Figure 3) is the same for the detection of the end
of demagnetisation and the zero crossing events. The threshold voltage can be selected from
four different values (0.2, 0.6, 1.2, 2.5V).

Figure 6. Software D event mechanism
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In our case, on the falling edge of the demagnetisation, we make a software end of demagnet-
isation event and on the rising edge of the demagnetisation, we have a hardware end of de-
magnetisation. When a step requiring hardware demagnetisation occurs, the time of this hard-
ware demagnetisation is captured in the MDREG register. This time will be used to compute
a software demagnetisation time for the next step.
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DESCRIPTION OF THE ST72141 MOTOR CONTROL PERIPHERAL REGISTERS

The value captured in the MDREG register when the hardware demagnetisation occurs is
computed with a corrector coefficient and then reloaded in the MDREG register in order to re-
spect 2 conditions:

— The software demagnetisation time computed must be always greater than the MTIM value
at the time the register MDREG is refreshed (if the MTIM value is greater than the software
demagnetisation value, no end of demagnetisation event will be detected and therefore the
window for monitoring the zero crossing event will not be opened).

— The software demagnetisation value must be always greater than the MCOMP register value
for the same step because MCOMP register contains the delay before the commutation, and
the end of demagnetisation event must always occur after the commutation event.
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DESCRIPTION OF THE ST72141 MOTOR CONTROL PERIPHERAL REGISTERS

2 DELAY MANAGER

Figure 7. Delay manager general overview
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When a Z event is detected in the Zero crossing detector part of the peripheral, the value of
the internal 8 bit timer of the peripheral (MTIM) is captured and then MTIM is reset (in auto
commutated mode). This value will be used with the delay coefficient (DELAY WEIGHT in
MWGHT register) to calculate the computed delay (time between the Z event and the next
commutation event).

We can calculate the computed delay on the actual Z event (Zn) or on the previous one (Z pre-
vious). It depends on the motor type. Z previous is useful for dissymmetrical motors.

In fact, when a Z event occurs, the value of MTIM is captured and put in the MZREG register
(Z actual) before the MTIM is reset and the value which was already in the MZREG register re-
sulting from the previous Z event is put in the MZPRV previous register).
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DESCRIPTION OF THE ST72141 MOTOR CONTROL PERIPHERAL REGISTERS

Figure 8. Commutation event generation
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DESCRIPTION OF THE ST72141 MOTOR CONTROL PERIPHERAL REGISTERS

MCOMP, MZPREV, MZREG and MTIM are updated on R event (MTIM ratio change).
All the data in the preload registers are transferred to the active registers at the C event.

The DCB bit in the MCRA register selects if the calculation of the computed delay is done with
Z actual or Z previous time. The step time (time between two Z events in auto-commutated
mode) is multiplied by the delay coefficient in the MWGHT register and then divided by 32.
The result of this operation gives the computed delay (time between the actual Z event and the
next commutation). This is done automatically by the microcontroller and keeps the motor run-
ning at optimum efficiency.

The result of the operation is put in the MCOMP register, when the MTIM value (reset on Z
event in auto-commutated mode) reaches the value in the MCOMP register, the commutation
will happen (C event).

The SWA hit (bit 2 of the MCRA register) indicates if we are in switched (starting sequence) or
auto-commutated mode. Effectively, in synchronous (switched) mode the MCOMP register
contains the imposed step time and not the computed delay.
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DESCRIPTION OF THE ST72141 MOTOR CONTROL PERIPHERAL REGISTERS

3 PWM MANAGER

Figure 9. PWM Manager General overview
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In current mode, Timer A sets the motor reference current (depending on the required torque).
This current reference is input to the internal comparator with the current feedback from the
motor. The internal clock sets the PWM frequency which will be applied to the switches. The
frequency of this PWM is also the sampling frequency of the phase voltage signal for detecting
the Z event in sensorless mode .

Each time (in current mode) the current feedback from the motor reaches the current refer-
ence set by Timer A, the PWM signal previously set by the internal clock goes off. The duty
cycle of this PWM is variable and has a minimum off-time to allow stabilization of the system
before reading.

In voltage mode, Timer A sets the voltage to be applied to the motor and this PWM signal is
also applied to the switches (in voltage mode, the internal clock is no longer used to set the
PWM signal applied to the switches, itis only used to sample at 800KHz the signal from the
motor phases). So, in voltage mode, the PWM frequency of Timer A is also the sampling fre-
guency of the phase voltage signal for detecting the zero crossing event in_sensorless mode
In voltage mode, the entry of the internal comparator compared to the current feedback from
the motor is not the current reference but the current limitation. As we can see in Figure 9, this
current limitation can be set by an external divider or directly on the OCP1A pin.
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DESCRIPTION OF THE ST72141 MOTOR CONTROL PERIPHERAL REGISTERS

Figure 10. Sampling clock generation
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DESCRIPTION OF THE ST72141 MOTOR CONTROL PERIPHERAL REGISTERS

Table 2. Off-Time Selection bits

Off-Time Off-Time
%};1 Ct))-:;o Sensorless Mode Sensor Mode
(SR bit=0) (SR bit =1)
0 0 5us
0 1 10 us
1.2
1 0 15 s > Hs
1 1 30 us

Figure 10 shows the sampling clock generation in current mode with the internal clock Motor
Control peripheral (4 MHz in this case).

The internal clock PWM signal must have a minimum off time of 5 us to allow the stabilization
of the system before reading, this off time is chosen between 4 values in sensorless mode (5,
10, 15, 30 us). In sensor mode, the off-time is fixed at 1.25 ps.

The SA[3:0] bits in the MPRSR register allow the user to change the internal clock frequency.
Increasing the frequency of the internal clock PWM signal increases the resolution (in current
mode) but there are more losses in the transistors.

Note: In either driving mode is (current or voltage mode) the sampling frequency of the phase
voltage for detecting the end of demagnetisation event is 800kHz (4MHz/5). If the MTC periph-
eral input frequency is different, this will change the sampling frequency.

Figure 11. Current feedback description
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DESCRIPTION OF THE ST72141 MOTOR CONTROL PERIPHERAL REGISTERS

In current mode, the current reference is provided to the comparator by the PWM output of the
Timer A, filtered through a RC filter.

The sensed current is input on the MCCFI pin. By setting the CFF bit, (bit 1 of the MCRB reg-
ister), a 2.5 ps filter at each switching on of the PWM can be applied on the comparator output,
to mask possible spikes due to the diode recovery current.

In voltage mode, the current comparator is used as a current limitation for safety purposes.
The current limit value is set by an external resistor divider (The resistor values are set by the
user depending on the application needs). This current limitation can be set also directly
throught the OCP1A pin.

Figure 12. MTIM overview
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DESCRIPTION OF THE ST72141 MOTOR CONTROL PERIPHERAL REGISTERS

All MTIM registers are in Read-Write mode until the internal clock is enabled (with MOE and
DAC bits). This is useful for initializing the timer, prescaler register and compare for start-up.

In sensorless and in synchronous (switched) mode, the prescaler is loaded with an initial value
and then it can be incremented or decremented by software.

In the MPRSR register (prescaler register), the ST [3:0] bits allow you to select the ratio of the
MTIM. Each ratio (from O to 15) corresponds to a minimum and maximum step time.

To start directly in auto-commutated mode, for example with sensors, write an appropriate
value in the MZREG register and MZPRYV register to perform a step calculation as soon as the
clock is enabled.

The MTIM 8-bit internal timer is designed to capture the Z event between 55h (85 decimal)
and FFh, this gives an accuracy of 1.17% (1/85) in the worst case. If there is an overflow (R+
event) or an underflow (R- event) of the timer, it is reset to its middle value =7Fh.

The R+ event means that MTIM reaches FFh before the Z event or the D event occurs.
The R- event means that MTIM value is under 55h when the Z event occurs.
R+ and R- events constitute the R event where some registers are updated.

When there is an R event (R+ or R-) on MTIM, the prescaler of MTIM is automatically incr-
mented or decremented order to keep the capture of the Z event between 55h and FFh.
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DESCRIPTION OF THE ST72141 MOTOR CONTROL PERIPHERAL REGISTERS

Figure 13. R+ and R- events
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For example: If the ratio of MTIM is 0101:

If there is an R+ event, we need to slow down the clock so the ratio is increased from 0101 to
0110.
If there is an R- event, we need to accelerate the clock, so the ratio is decreased from 0101 to
0100.

In both case, this is automatically done by hardware.

We have to get the R event in the speed software regulation.
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DESCRIPTION OF THE ST72141 MOTOR CONTROL PERIPHERAL REGISTERS

4 CHANNEL MANAGER

Figure 14. Channel manager part of the peripheral
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The MPHST register has a preload register and an active register.

The six channels can be divided into 2 groups in the MPAR register: Even channels and Odd
channels. This is to be able to apply the PWM to different groups for detecting events.

The MPAR register allows you to choose the parity of the outputs. For example T1, T3, T5 are
Odd and T2,T4,T6 are Even switches. This means that, depending on the event we are
waiting for, the PWM signal can be applied on the Odd or Even switches (this is determined by
the OS bits in the MCRB register). During the demagnetisation, the PWM signal is applied on
the high side switch or on the low side switch depending on the step configuration. For the
zero crossing event detection, PWM is always applied on the high side switch.
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DESCRIPTION OF THE ST72141 MOTOR CONTROL PERIPHERAL REGISTERS

The MPOL register can be used to select the polarity of each of the outputs: 0 means that the
output is active at low level, 1 means that the output is active at high level.
Table 3. Step behaviour summary

Mode OS2 bit PWM atter CDand before OSbi[é:O] PWM after D and before C
00 On even channels
=) 0 Not Alternate 01 On odd channels
Pf) 10 Alternate odd/even
O 11 All active channels
8 ﬁ 00 On even channels
O S
> 2 01 On odd channels
e 1 Alternate
§ é 10 Alternate odd/even
£ 11 All active channels
g | o 00 On even channels
L*OE 6': 01 On odd channels
> % X Unused 10 Alternate odd/even
(@]
% 11 All active channels
N
=) 00 On even channels
& 0 On even Channels 01 On odd channels
a 10 Alternate odd/even
’I\—'IT § 11 All active channels
3 B 00 On even channels
o &
>
;’ % 1 On odd channels 01 On odd channels
g 10 Alternate odd/even
IS 11 All active channels
S - 00 On even channels
5 6': 01 On odd channels
© ‘?’ X Unused 10 Alternate odd/even
(@]
% 11 All active channels
N

Table 3 shows how the PWM signal can be applied to the switches depending on the event
that has to be detected. For example in sensorless current mode, before the detection of the
end of demagnetisation event, the PWM signal can be applied to the odd channels or the even
channels to accelerate the demagnetisation (see application note AN1129). This depends on
the edge of the end of demagnetisation event. For the zero crossing event detection, the PWM
signal is applied to the even or odd channels, bearing in mind that the PWM signal is always
applied to the high side switch to detect the zero crossing event.
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DESCRIPTION OF THE ST72141 MOTOR CONTROL PERIPHERAL REGISTERS

APPENDIX 1: REGISTER DESCRIPTION

TIMER COUNTER REGISTER (MTIM)
Read Only
Reset Value: 0000 0000 (00h)

7

T7 T6 T5 T4 T3 T2

T1

T0

Bit 7.0 = T[7:0] : MTIM Counter Value.
These bits contain the current value of the 8-bit up counter.

CAPTURE Z,_; REGISTER (MZPRV)
Read Only
Reset Value: 0000 0000 (00h)

7

ZP7 ZP6 ZP5 ZP4 ZP3 ZP2

ZP1

ZP0

Bit 7:0 = ZP[7:0] : Previous Z Value.
These bits contain the previous captured BEMF value (Zy.1).

CAPTURE Z,, REGISTER (MZREG)
Read Only
Reset Value: 0000 0000 (00h)

7

ZC7 ZC6 ZC5 ZCA4 ZC3 ZC2

ZC1

ZCO0

Bit 7:0 = ZC[7:0] : Current Z Value.
These bits contain the current captured BEMF value (Zy).

COMPARE C,;; REGISTER (MCOMP)
Read/Write
Reset Value: 0000 0000 (00h)

7

DC7 DC6 DC5 DC4 DC3 DC2

DC1

DCO

Bit 7:0 = DCJ[7:0] : Next Compare Value.

These bits contain the compare value for the next commutation (Cy1)-

4
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DESCRIPTION OF THE ST72141 MOTOR CONTROL PERIPHERAL REGISTERS

DEMAGNETIZATION REGISTER (MDREG)
Read/Write
Reset Value: 0000 0000 (00h)

7 0

DN7 DN6 DN5 DN4 DN3 DN2 DN1 DNO

Bit 7.0 = DN[7:0] : D Value.
These bits contain the compare value for software demagnetization (Dy) and the captured val-
ue for hardware demagnetization (Dy).

AN WEIGHT REGISTER (MWGHT)
Read/Write
Reset Value: 0000 0000 (00h)

7 0

AN7 ANG6 ANS5 AN4 AN3 AN2 AN1 ANO

Bit 7:0 = AN[7:0] : A Weight Value.
These bits contain the Ay weight value for the multiplier. In auto-commutated mode the

MCOMP register is automatically loaded with:

ZyXMWGHT - Zyy x MWGHT
32(d) 32(d)

when a Z event occurs.
(*) depending on the DCB bit in the MCRA register.

PRESCALER & SAMPLING REGISTER (MPRSR)

Read/Write

Reset Value: 0000 0000 (00h)
7 0
SA3 SA2 SAl SAO ST3 ST2 ST1 STO

Bit 7:4 = SA[3:0] : Sampling Ratio.

These bits contain the sampling ratio value for current mode.

Bit 3:0 = ST[3:0]: Step Ratio.

These bits contain the step ratio value. It acts as a prescaler for the MTIM timer and is auto in-
cremented/decremented with each R+ or R- event.

4
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DESCRIPTION OF THE ST72141 MOTOR CONTROL PERIPHERAL REGISTERS

INTERRUPT MASK REGISTER (MIMR)
Read/Write (except bits 7:6)
Reset Value: 0000 0000 (00h)

7 0

HST CL RIM OIM EIM ZIM DIM CIM

Bit 7 = HST: Hysteresis Comparator Value.

This read only bit contains the hysteresis comparator output.
0: Demagnetisation/BEMF comparator is under VRgg

1: Demagnetisation/BEMF comparator is above Vregg

Bit 6 = CL: Current Loop Comparator Value.

This read only bit contains the current loop comparator output value.
0: Current sense voltage is under Vcereg

1: Current sense voltage is above VcRrer

Bit 5 = RIM: Ratio update Interrupt Mask bit.

0: Ratio update interrupts (R+ and R-) disabled

1: Ratio update interrupts (R+ and R-) enabled

Bit 4 = OIM: Multiplier Overflow Interrupt Mask bit.

0: Multiplier Overflow interrupt disabled

1: Multiplier Overflow interrupt enabled

Bit 3 = EIM: Emergency stop Interrupt Mask bit.

0: Emergency stop interrupt disabled

1: Emergency stop interrupt enabled

Bit 2 = ZIM: Back EMF Zero-crossing Interrupt Mask bit.

0: BEMF Zero-crossing Interrupt disabled

1: BEMF Zero-crossing Interrupt enabled

Bit 1 = DIM: End of Demagnetization Interrupt Mask bit.

0: End of Demagnetization interrupt disabled

1: End of Demagnetization interrupt enabled if the HDM or SDM bit in the MCRB register is set
Bit 0 = CIM: Commutation Interrupt Mask bit

0: Commutation Interrupt disabled

1: Commutation Interrupt enabled
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DESCRIPTION OF THE ST72141 MOTOR CONTROL PERIPHERAL REGISTERS

INTERRUPT STATUS REGISTER (MISR)

Read/Write

Reset Value: 0000 0000 (00h)
7 0
0 RPI RMI ol El VA DI Cl

Bit 7 = Reserved. Forced by hardware to O.

Bit 6 = RPI: Ratio Increment interrupt flag.

Autoswitched mode (SWA bit =0):

0: No R+ interrupt pending

1: R+ Interrupt pending

Switched mode (SWA bit =1):

0: No R+ action

1: The hardware will increment the ST[3:0] bits when the next commutation occurs and shift all
timer registers right.

Bit 5 = RMI: Ratio Decrement interrupt flag.

Autoswitched mode (SWA bit =0):

0: No R- interrupt pending

1: R- Interrupt pending

Switched mode (SWA bit=1):

0: No R- action

1: The hardware will decrement the ST[3:0] bits when the next commutation occurs and shift
all timer registers left.

Bit 4 = OI: Multiplier Overflow interrupt flag.
0: No Multiplier Overflow interrupt pending

1: Multiplier Overflow interrupt pending

Bit 3 = El: Emergency stop Interrupt flag.

0: No Emergency stop interrupt pending

1: Emergency stop interrupt pending

Bit 2 = ZI: BEMF Zero-crossing interrupt flag.
0: No BEMF Zero-crossing Interrupt pending
1: BEMF Zero-crossing Interrupt pending

Bit 1 = DI: End of Demagnetization interrupt flag.
0: No End of Demagnetization interrupt pending
1: End of Demagnetization interrupt pending

Bit 0 = Cl: Commutation interrupt flag

0: No Commutation Interrupt pending
1: Commutation Interrupt pending
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DESCRIPTION OF THE ST72141 MOTOR CONTROL PERIPHERAL REGISTERS

Table 4. Step Ratio Update

. . Clock Ratio Increment Ratio Decrement
MOE bit |[SWA bit Read
State (Slow Down) (Speed-Up)
0 x Disabled Write the ST[3:0] value_ directly in the MPRSR
register

AlWAVS DOS- Set RPI bit in the MISR |Set RMI bit in the MISR

1 0 Enabled s?/blep register till next com- | register till next com-
mutation mutation

1 1 Enabled Updated automatlcsg?/uzccordmg to MZREG
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DESCRIPTION OF THE ST72141 MOTOR CONTROL PERIPHERAL REGISTERS

CONTROL REGISTER A (MCRA)

Read/Write
Reset Value: 0000 0000 (00h)
7 0
MOE RST SR DAC VOC1 SWA CFF DCB

Bit 7 = MOE: Output Enable bit.
0: Outputs and Clocks disabled
1: Outputs and Clocks enabled

MOE bit MCO[5:0] Output pin State
0 Tristate
1 Output enabled

Bit 6 = RST: Reset MTC registers.

Software can set this bit to reset all MTC registers without resetting the ST7.
0: No MTC register reset

1: Reset all MTC registers

Bit 5 = SR: Sensor ON/OFF.

0: Sensorless mode

1: Sensor mode

Table 5. Sensor mode selection

SR hit Mode OS2 bit enable Behaviour of the output PWM
0 Sensors not used 052 “Before D” behaviour & “after D” behaviour
enabled
1 Sensors used 052 Only “after D” behaviour
disabled y

Bit 4 = DAC: Direct Access to phase state register.

0: No Direct Access (reset value). In this mode all the registers with a preload register are tak-
en into account at the C event.

1: Direct Access enabled. In this mode, write a value in the MPHST register to access the out-
puts directly. All other registers with a preload register are taken into account at the same time.
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DESCRIPTION OF THE ST72141 MOTOR CONTROL PERIPHERAL REGISTERS

Table 6. DAC bit meaning

Mb(iE Dt,)ﬁi\tc Effect on Output Effect on MTIM Timer
0 X High Z Clock disabled
1 0 Stgndard Standard running mode
running mode
MPHST register value (depending on .
1 1 MPOL register value) Clock disabled

Bit 3 = VOCL1: Voltage/Current Mode
0: Voltage Mode
1: Current Mode

Bit 2 = SWA: Switched/Autoswitched Mode

0: Switched Mode

1: Autoswitched Mode
Table 7. Switched and autoswitched modes

SWA bit Commutation Type MCOMP Register access
0 Switched mode Read/Write
1 Autoswitched mode Read only

Bit 1 = CFF:. Current Feedback Filter
0: Current Feedback Filter disabled

1: Current Feedback Filter enabled

Bit 0 = DCB: Data Capture bit

0: Use MZPRYV (Zp-1) for multiplication
1: Use MZREG (Zy) for multiplication
Table 8. Multiplier result

DCB bit Commutation Delay
0 MCOMP = MWGHT x MZPRV / 32
1 MCOMP = MWGHT x MZREG / 32
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DESCRIPTION OF THE ST72141 MOTOR CONTROL PERIPHERAL REGISTERS

CONTROL REGISTER B (MCRB)
Read/Write
Reset Value: 0000 0000 (00h)

7

VR1 VRO cpB* HDM* SDM* 0Ss2* (O

0So

Bit 7.6 = VR[1.0] : BEMF/demagnetization Reference threshold
These bits select the Vrgg value as shown in the following table.

VR1 VRO Vreg Voltage threshold
0 0 0.2V
0 1 0.6V
1 0 1.2v
1 1 2.5V

Bit 5 = CPB*. Compare Bit for Zero-crossing detection.

0: Zero crossing detection on falling edge

1: Zero crossing detection on rising edge

Bit 4 = HDM*: Hardware Demagnetization event Mask bit

0: Hardware Demagnetization disabled

1: Hardware Demagnetization enabled

Bit 3 = SDM*: Software Demagnetization event Mask bit

0: Software Demagnetization disabled

1: Software Demagnetization enabled

Bit 2:0 = 0OS2*,0S[1:0] : Operating output mode Selection bits
These bits are used to configure the various PWM output configurations.
Note: The OS2 bit is the only one with a preload register.
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DESCRIPTION OF THE ST72141 MOTOR CONTROL PERIPHERAL REGISTERS

Table 9. Step behaviour summary

Mode OS2 bit PWM after C and before D OSbi‘Ei:O] PWM after D and before C
00 On even channels
=)
& 0 Not Alternate 01 On odd channels
- 7 10 Alternate odd/even
ST 11 All activechannels
g § 00 On even channels
> 3 01 On odd channels
S 1 Alternate
§ é 10 Alternate odd/even
IS 11 All active channels
g fan 00 On even channels
% 6': 01 On odd channels
> % X Unused 10 Alternate odd/even
(@]
% 11 All active channels
N
= 00 On even channels
Tl
(g/:) 0 On even Channels 01 On odd channels
Tn/ 10 Alternate odd/even
’IHI\ 2 11 All active channels
5 B 00 On even channels
o e
> © 01 On odd channels
o 2] 1 On odd channels
S 10 Alternate odd/even
S 11 All active channels
S = 00 On even channels
5 6': 01 On odd channels
© % X Unused 10 Alternate odd/even
2 .
5 11 All active channels
)

* Preload bits, new value taken into account at next C event.
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DESCRIPTION OF THE ST72141 MOTOR CONTROL PERIPHERAL REGISTERS

PHASE STATE REGISTER (MPHST)

Read/Write

Reset Value: 0000 0000 (00h)

7

IS1*

ISO*

OO05*

004*

O0o3*

00o2* 0O0o1* (0]0]0)

Bit 7.6 = IS[1:0]* : Input Selection bits

These bits select the input to connect to the comparator as shown in the following table:

Table 10. Input channel selection

IS1 ISO Channel selected
0 0 MCIA
0 1 MCIB
1 0 MCIC
1 1 Not Used

Bit 5:0 =0O0[5:0]*: Channel On/Off bits
These bits are used to switch channels on/off at the next C event if the DAC bit =0 or directly

if DAC=1

0: Channel Off, the relevant switch is OFF, no PWM possible

1: Channel On the relevant switch is ON, PWM is possible.

Table 11. OO[5:0] bit meaning

00[5:0]

Output Channel State

0

Inactive

1

Active

* Preload bits, new value taken into account at next C event.
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DESCRIPTION OF THE ST72141 MOTOR CONTROL PERIPHERAL REGISTERS

PARITY REGISTER (MPAR)

Read/Write
Reset Value: 0000 0000 (00h)
7 0
ZVD REO OE5 OE4 OE3 OE2 OE1 OEO

Bit 7 = ZVD: Z vs D edge polarity.

0: Zero-crossing and End of Demagnetisation have opposite edges
1: Zero-crossing and End of Demagnetisation have same edge

Bit 6 = REO: Read on Even or Odd channel bit

0: Read the BEMF signal during the off time on even channels

1: Read on odd channels

Bit 5:0 = OE[5:0] : Output Parity Mode.

0: Output channel is Even

1: Output channel Odd
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DESCRIPTION OF THE ST72141 MOTOR CONTROL PERIPHERAL REGISTERS

POLARITY REGISTER (MPOL)
Read/Write
Reset Value: 0000 0000 (00h)

7 0

OT1 OT0 OP5 OP4 OP3 oP2 OP1 OPO

Bit 7.6 = OT[1:0]: Off Time selection.
These bits are used to select the off time in sensorless mode as shown in the following table.
Table 12. Off-Time bit Meaning

Off-Time Off-Time
oT1 oTo0
Sensorless Mode (SR=0) Sensor Mode (SR=1)
0 0 5us
0 1 10 ps
1 5 15 s 1.25 us
1 1 30 ps

Bit 5:0 = OP[5:0] : Output channel polarity.

These bits are used together with the OO[5:0] bits in the MPHST register to control the output
channels.

0: Output channel is Active Low

1: Output channel is Active High

Table 13. Output Channel state control

OP[5:0] bit 0O0[5:0] bit MCOQOI[5:0] pin
0 0 1 (Off)
0 1 0 (PWM possible)
1 0 0 (Off)
1 1 1 (PWM possible)

Note: The CPB, HDM, SDM, OS2 bits in the MCRB and the bits OE[5:0] are marked with *.
This means that these bits are taken into account at the following commutation event (in
normal mode) or when a value is written in the MPHST register when in direct access mode.
For more details, refer to the description of the DAC bitin the MCRA register. The use of a
Preload register allows all the registers to be updated at the same time.

4

32/35




DESCRIPTION OF THE ST72141 MOTOR CONTROL PERIPHERAL REGISTERS

Warning: Access to Preload registers

Special care has to be taken with Preload registers, especially when using the ST7 BSET and
BRES instructions on MTC registers.

For instance, while writing to the MPHST register, you will write the value in the preload reg-
ister. However, while reading at the same address, you will get the current value in the register
and not the value of the preload register.

All preload registers are loaded in the real registers at the same time. In normal mode this is
done automatically when a C event occurs, however in direct access mode (DAC bit=1) the
preload registers are loaded as soon as a value is written in the MPHST register.
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APPENDIX 2:

Figure 15. Detailed view of the MTC
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DESCRIPTION OF THE ST72141 MOTOR CONTROL PERIPHERAL REGISTERS

"THE PRESENT NOTE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING CUSTOMERS WITH INFORMATION
REGARDING THEIR PRODUCTS IN ORDER FOR THEM TO SAVE TIME. AS A RESULT, STMICROELECTRONICS
SHALL NOT BE HELD LIABLE FOR ANY DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO
ANY CLAIMS ARISING FROM THE CONTENT OF SUCH A NOTE AND/OR THE USE MADE BY CUSTOMERS OF
THE INFORMATION CONTAINED HEREIN IN CONNEXION WITH THEIR PRODUCTS.”

Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the consequences
of use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No license is granted
by implication or otherwise under any patent or patent rights of STMicroelectronics. Specifications mentioned in this publication are subject
to change without notice. This publication supersedes and replaces all information previously supplied. STMicroelectronics products are not
authorized for use as critical components in life support devices or systems without the express written approval of STMicroelectronics.

The ST logo is a registered trademark of STMicroelectronics
[J2000 ST Microelectronics - All Rights Reserved.

Purchase of PC Components by STMicroelectronics conveys a license under the Philips I°C Patent. Rights to use these components in an
I°C system is granted provided that the system conforms to the I1°C Standard Specification as defined by Philips.
STMicroelectronics Group of Companies
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http:// www.st.com
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