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ST72141K2

3 SUPPLY, RESET AND CLOCK MANAGEMENT

The ST72141K includes a range of utility features
for securing the application in critical situations (for
example in case of a power brown-out), and re-
ducing the number of external components. An
overview is shown in Figure 9.

Main Features

Main supply low voltage detection (LVD)
RESET Manager

Low consumption resonator oscillator
Main clock controller (MCC)

Figure 9. Clock, RESET, Option and Supply Management Overview
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ST72141K2

3.4 MAIN CLOCK CONTROLLER (MCC)

The MCC block supplies the clock for the ST7 The XT16 bit acts on the clock of the motor control
CPU and its internal peripherals. It allows the and SPI peripherals while the SMS bit acts on the
SLOW power saving mode and the Motor Contral CPU and the other peripherals.

and SPI peripheral clocks to be managed inde-
pendently. The MCC functionality is controlled by
two bits of the MISCR register: SMS and XT16.

Figure 17. Main Clock Controller (MCC) Block Diagram
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ST72141K2

INTERRUPTS (Contd)

Table 5. Interrupt Mapping

. L Exit
v | e o |y | ram | e
HALT
RESET Reset N/A Highest | Yes FFFEh-FFFFh
TRAP Software Interrupt Priority no FFFCh-FFFDh
0 Not used FFFAh-FFFBh
1 EIO External Interrupt Port A7..0 (C5..0%) N/A yes FFFAh-FFFBh
2 El1 External Interrupt Port B7..0 (C5..0%) yes FFF8h-F=F9h
3 Motor Control Interrupt (events: R, Z) no FF4/-rFt5h |
4 MTC Motor Control Interrupt (events: C, D) MISR no FF=2ii FFF3h
5 Motor Control Interrupt (events: E, O) ro FFFOh-FFF1h
6 SPI SPI Peripheral Interrupts SPISR | o' | FFEEN-FFEFh
7 TIMER A TIMER A Peripheral Interrupts TASR | " no FFECh-FFEDh
8 TIMER B TIMER B Peripheral Interrupts TBSR \ no FFEAh-FFEBh
9 Not used NI FFE8h-FFE9h
10 Not used \<J | FFE6h-FFE7h
11 Not used \J v FFE4h-FFE5h
12 Not Used \ Lowest FFE2h-FFE3h
13 Not Used \_/ Priority FFEOh-FFE1h

4
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ST72141K2

I/0 PORTS (Cont'd)

CAUTION: The alternate function must not be ac-
tivated as long as the pin is configured as input
with interrupt, in order to avoid generating spurious
interrupts.

Analog alternate function

When the pin is used as an ADC input, the I/O
must be configured as floating input. The analog
multiplexer (controlled by the ADC registers)
switches the analog voltage present on the select-
ed pin to the common analog rail which is connect-
ed to the ADC input.

It is recommended not to change the voltage level
or loading on any port pin while conversion is in
progress. Furthermore it is recommended not to
have clocking pins located close to a selected an-
alog pin.

WARNING: The analog input voltage level must
be within the limits stated in the absolute maxi-
mum ratings.

6.3 /0 PORT IMPLEMENTATION

The hardware implementation on each 1/O port de-
pends on the settings in the DDR and OR registers

34/133

and specific feature of the 1/0 port such as ADC In-
put or true open drain.

Switching these 1/0O ports from one state to anoth-
er should be done in a sequence that prevents un-
wanted side effects. Recommended safe transi-
tions are illustrated in Figure 24 Other transitions
are potentially risky and should be avoided, since
they are likely to present unwanted side-effects
such as spurious interrupt generation.

Figure 24. Interrupt I/O Port State Transitions

@ s (@) v (O — = (D

INPUT INPUT OU'TRU/ OUTPUT
floating/pull-up floating ojen diain push-pull
interrupt (reset state)

@ =DDR, OR

The 1/0 oot register configurations are summa-
rized &5 fLlivws.
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ST72141K2

I/0 PORTS (Cont'd)

Interrupt Ports
PA7:0, PB5:3 (with pull-up)

MODE DDR OR
floating input 0 0
pull-up interrupt input 0 1
open drain output 1 0
push-pull output 1 1
True Open Drain Interrupt Ports
PB2:0 (without pull-up)
MODE DDR OR
floating input 0 0
floating interrupt input 0 1
true open drain (high sink ports) 1 X
Table 8. Port Configuration
Input b Output
Port Pin name -—
OR=0 Nk -1 OR=0 OR=1
Port A PA7:0 floating pu’l-cp interrupt open drain push-pull
Port B PB5:3 floating cull-up interrupt open drain push-pull
PB2:0 floating floating interrupt true open drain

4
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ST72141K2

MOTOR CONTROLLER (Cont'd)

Demagnetization (D) Event

At the end of the demagnetization phase, current
no longer goes through the free-wheeling diodes.
The voltage on the non-excited winding terminal
goes from one of the power rail voltages to the
common star connection voltage plus the BEMF
voltage. In some cases (if the BEMF voltage is
positive and the free-wheeling diodes are at
ground for example) this end of demagnetization
can be seen as a voltage edge on the selected
MCIx input and it is called a hardware demagneti-
zation event Dy. See Table 13.

If enabled by the HDM bit in the MCRB register,
the current value of the MTIM timer is captured in
register MDREG when this event occurs in order
to be able to simulate the demagnetization phase
for the next steps.

When enabled by the SDM bit in the MCRB regis-
ter, demagnetization can also be simulated by
comparing the MTIM timer with the MDREG regis-
ter. This kind of demagnetization is called software
demagnetization Dg.

If the HDM and SDM bits are both set, the first
event that occurs, triggers a demagnetization
event. For this to work correctly, a Dg event must

Figure 30. D Event Generation Mecharism

not precede a Dy event because the latter could
be detected as a Z event.

Software demagnetization can also be always
used if the HDM bit is reset and the SDM bit is set.
This mode works as a programmable masking
time between the C and Z events. To drive the mo-
tor securely, the masking time must be always
greater than the real demagnetization time in order
to avoid a spurious Z event.

When an event occurs, (either Dy or Dg) the DI bit
in the MISR register is set and an interrupt request
is generated if the DIM bit of register MINF. is set.

Warning 1: Due to the alternate autun.au~ capture
and compare of the MTIM tirer wit~ 'IDREG reg-
ister by Dy and Dg events, ii.e MDREG register
should be manipulated wiin spzcial care.

Warning 2: To avc'd ¢ s /stem stop, the value writ-
ten to the MDREG .<egister in Soft Demagnetiza-
tion Mode (SDI'1 = 1) should always be:

— Greater 'nun the MCOMP value of the commuta-
tion befere the related demagnetization

— Greater than the value in the MTIM counter at
trat moment (when writing to the MDREG regis-
ter).
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ST72141K2

MOTOR CONTROLLER (Cont'd)
8.1.4.2 Delay Manager

Figure 33. Overview of MTIM Timer
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This part of the MTC contains aii the time-related
functions, its architecturz is hased on an 8-bit shift
left/shift right timer shown in Figure 33. The MTIM
timer includes:

— An auto-unda:ed prescaler

— A carture/compare register for software demag-
netization simulation (MDREG)

- 1wo cascaded capture register (MZREG and
VIZPRYV) for storing the times between two con-
secutive BEMF zero crossings (Z events)

— An 8x8 bit multiplier for auto computing the next
commutation time

— One compare register for phase commutation
generation (MCOMP)

The MTIM timer module can work in two main
modes. In switched mode the user must process
the step duration and commutation time by soft-
ware, in autoswitched mode the commutation ac-
tion is performed automatically depending on the
rotor position information and register contents.

(574

Table 17. Switched and Autoswitched Modes

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

Switched Mode

This feature allows the motor to be run step-by-
step. This is useful when the rotor speed is still too
low to generate a BEMF. It can also run other
kinds of motor without BEMF generation such as
induction motors or switch reluctance motors. This
mode can also be used for autoswitching with all
computation for the next commutation time done
by software (hardware multiplier not used) and us-
ing the powerful interrupt set of the peripheral.

In this mode, the step time is directly written by
software in the commutation compare register
MCOMP. When the MTIM timer reaches this value
a commutation occurs (C event) and the MTIM
timer is reset.
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MOTOR CONTROLLER (Cont'd)

Table 21. Step Frequency/Period Range

Step Ratio Bits Maximum Minimum Minimum Maximum
ST[3:0] Step Frequency Step Frequency Step Period Step Period
0000 23.5 kHz 7.85 kHz 42.5 us 127.5 us
0001 11.7 kHz 3.93 kHz 85 s 255 s
0010 5.88 kHz 1.96 kHz 170 us 510 us
0011 2.94 kHz 980 Hz 340 us 1.02 ms
0100 1.47 kHz 490 Hz 680 Us 2.04 ms
0101 735 Hz 245 Hz 1.36 ms 4.08 ms
0110 367 Hz 123 Hz 2.72ms 8.16 ms
0111 183 Hz 61.3 Hz 5.44 ms 16.32' ms
1000 91.9 Hz 30.7 Hz 10.9 ms 325 ms
1001 45.9 Hz 15.4 Hz 21.8 ms "~ 65.2ms
1010 229 Hz 7.66 Hz 43.6 ms 130 ms
1011 11.4 Hz 3.83 Hz 87 n> 261 ms
1100 5.74 Hz 1.92 Hz 174 ns 522 ms
1101 2.87 Hz 0.958 Hz 549 ms 1.04s
1110 1.43 Hz 0.479 Hz © 697 ms 2.08s
1111 0.718 Hz 0.240 Hz ___|‘_ 1.40s 417s

Table 22. Modes of Accessing MTIM Timer-Rel7.ce\! Registers

State of MCRA Register Bits

-—

Access to MTIM Timer Related Registers

RST bit | SWA bit

MOE bit

Read Only Access

Read / Write Access

Mode

0 0

Configuration Mode

MTIM, MZPRV, MZREG, MCOMP,
MDREG, ST[3:0]

Switched Mode

MTIM, MZPRYV,
MZREG, ST[3:0]

MCOMP, MDREG,

RMI bit of MISR:

0: No action

1: Decrement ST[3:0]
RPI bit of MISR:

0: No action

1: Increment ST[3:0]

Emergency Stop

MTIM, MZPRV, MZREG, MCOMP,
MDREG, ST[3:0]

Autoswitched Mode

MTIM, MZPRYV,
MZREG, MCOMP,
ST[3:0]

MDREG,RMI, RPI bit of MISR:
Set by hardware, (increment ST[3:0])

Cleared by software

4
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ST72141K2

MOTOR CONTROLLER (Cont'd)
Table 32. Multiplier Result

Table 33. Step Behaviour Summary

DCB bit Commutation Delay
0 MCOMP = MWGHT x MZPRV / 32
1 MCOMP = MWGHT x MZREG / 32

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

7 0

VR1 | VRO | CPB* | HDM* | SDM* | OS2* | OS1 | OSO0

Bits 7:6 = VR[1:0]: BEMF/demagnetization Refer-
ence threshold

These bits select the Vggp value as shown in the
following table.

VR1 | VRO Vger 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-c
tection.

0: Zero crossing detection onr felling <dge
1: Zero crossing detection o1 1'sing edge

£705811¢ de-

Bit 4 = HDM*: Hardware Demagnetization event
Mask bit

0: Hardware emagnetization disabled

1: Hardwa:= Demagnetization enabled

3it 5 = SDM*: Software Demagnetization event
Miask bit

0: Software Demagnetization disabled

1: Software Demagnetization enabled

Bits 2:0 = 0S2*,0S[1:0]: Operating output mode
Selection bits

Refer to the Step behaviour diagrams (Figure 40,
Figure 41, Figure 42) and Table 33.

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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Mode 0S2 | PWM after C [?_3] PWM after D and
bit | and beforeD | " . before C
bits
00 On even
channels
Same as 01 On odd
0 after D and channels
2 before C 10 Continuous
& » All acive
| chainels
o (%] -
n|o Cheven
=~ 1% 00 ;
o8 ciannels
S| 2 I _\; NJ = |
% 3 01 On odd
3 1 Alternate |_ channels
IS 10 |Alternate odd/even
(0] n
2 11 All active
= | channels
> I\ &
_ 00 On even
i | channels
| 5‘) 01 On odd
| ' |l x Unused channels
§ 10 |Alternate odd/even
3 All active
11
channels
00 On even
channels
= On odd
o
E}': 0 On even 0 channels
& Channels
L 10 |Alternate odd/even
§ » All active
—~|5 channels
- (]
| c On even
8 c% 00 channels
= o1 On odd
8 1 cﬁgn%i(ljs channels
E 10 |Alternate odd/even
‘ac: | All active
ot 11
S channels
(@)
_ 00 On even
- channels
o On odd
% X Unused 01 channels
§ 10 |Alternate odd/even
3 All active
11
channels
Note: For more details, see Step behaviour dia-

grams (Figure 40, Figure 41, and Figure 42).

* Preload bits, new value taken into account at
next C event.
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ST72141K2

MOTOR CONTROLLER (Cont'd)

Note: The CPB, HDM, SDM, OS2 bits in the
MCRB and the bits OE[5:0] are marked with *. It
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, re-
fer to the description of the DAC bit in the MCRA
register. The use of a Preload register allows all
the registers to be updated at the same time.

72/133

Warning: Access to Preload registers

Special care has to be taken with Preload regis-
ters, 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 register.
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 regis-
ters at the same time. In normal mode this 1s done
automatically when a C event occurs, heviavar in
direct access mode (DAC bit=1) the ureinad regis-
ters are loaded as soon as a valu= ‘s ‘written in the
MPHST register.
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ST72141K2

MOTOR CONTROLLER (Cont'd)
Table 38. MTC Register Map and Reset Values

Address i
Register 7 6 5 4 3 2 1 0
(Hex.) Name
0060h MTIM T7 T6 T5 T4 T3 T2 T TO
Reset Value 0 0 0 0 0 0 0 0
0061h MZPRV ZP7 ZP6 ZP5 ZP4 ZP3 ZP2 ZP1 ZPO
Reset Value 0 0 0 0 0 0 0 0
0062h MZREG ZC7 ZC6 ZC5 ZC4 ZC3 ZC2 ZCA ZCO0
Reset Value 0 0 0 0 0 0 0 9
0063h MCOMP DC7 DC6 DC5 DC4 DC3 DC2 DC» oCo
Reset Value 0 0 0 0 0 0 ) 0
0064h MDREG DN7 DN6 DN5 DN4 DN3 DN2 ‘ N DNO
Reset Value 0 0 0 0 0 C 0 0
0065h MWGHT AN7 ANG6 AN5 AN4 AN3 !  AN2 AN1 ANO
Reset Value 0 0 0 0 0 0 0 0
0066h MPRSR SA3 SA2 SA1 SA0 LTS ST2 ST1 STO
Reset Value 0 0 0 0 0 0 0 0
0067h MIMR HST CL RIM Qira EIM ZIM DIM CIM
Reset Value 0 0 0 G 0 0 0 0
0068h MISR RPI RM._I Ol El Zl DI Cl
Reset Value 0 0 ! 0 0 0 0 0 0
0069h MCRA MOE RST ! SR DAC VOCH1 SWA CFF DCB
Reset Value 0 O 0 0 0 0 0 0
006Ah MCRB VFRA1 | VRO CPB HDM SDM 0Ss2 0OS1 0Sso
Reset Value ) 0 0 0 0 0 0 0
MPHS™ 151 1SO 005 004 003 002 001
006Bh Reset Velue 0 0 0 0 0 0 0 000
006Ch ["=AR ZVD REO OE5 OE4 OE3 OE2 OE1 OEO
Hiecat Value 0 0 0 0 0 0 0 0
1—
(URLh MPOL OoT1 OT0 OP5 OP4 OP3 OoP2 OP1 OPO
: Reset Value 0 0 0 0 0 0 0 0

Related Documentation

AN1082: Description of the ST72141 Motor Con-
trol Peripherals

AN1083: ST72141 BLDC Motor Control Software
and Flowchart Example

AN1129: PWM Management for BLDC Motor
Drives Using the ST72141
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AN1130: An Introduction to Sensorless Brushless
DC Motor Drive Applications with the ST72141

AN1276: BLDC Motor Start Routine for the
ST72141 Microcontroller

AN1321: Using the ST72141 Motor Control MCU
in Sensor Mode

4




ST72141K2

WATCHDOG TIMER (Cont’d)
8.2.3 Functional Description

The counter value stored in the CR register (bits
T6:T0), is decremented every 12288 machine cy-
cles, and the length of the timeout period can be
programmed by the user in 64 increments.

If the watchdog is activated (the WDGA bit is set)
and when the 7-bit timer (bits T6:TO) rolls over
from 40h to 3Fh (T6 become cleared), it initiates a
reset cycle pulling low the reset pin for typically
500ns.

The application program must write in the CR reg-
ister at regular intervals during normal operation to
prevent an MCU reset. The value to be stored in
the CR register must be between FFh and COh
(see Table 39 . Watchdog Timing (fCPU = 8
MHz)):

— The WDGA bit is set (watchdog enabled)

— The T6 bit is set to prevent generating an imme-
diate reset

— The T5:T0 bits contain the number of increments
which represents the time delay before the
watchdog produces a reset.

Table 39. Watchdog Timing (fcpy = 8 MHz2)

8.2.6 Register Description
CONTROL REGISTER (CR)
Read/Write

Reset Value: 0111 1111 (7Fh)

7 0

WDGA | T6 T5 T4 T3 | T2 | T TO

CR Register WDG timeout yperiod
initial value (r1s’
Max FFh 03.204
Min Coh 7536

Notes: Following a rese', \he watchdog is disa-
bled. Once activated i. cannot be disabled, except
by a reset.

The T6 bit can e used to generate a software re-
set (the \WW.2CGA bit is set and the T6 bit is cleared).

If thc wa cndog is activated, the HALT instruction
viill generate a Reset.

8.2.4 Low Power Modes

Mode Description

WAIT No effect on Watchdog.
Immediate reset generation as soon as

HALT the HALT ipstrugtion is exeouted. if.the
Watchdog is activated (WDGA bit is
set).

8.2.5 Interrupts
None.
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Bit 7= WDGA Activation bit.

This bit is set by software and onlv clea.ed by
hardware after a reset. When WuG4 - 1, the
watchdog can generate a res=t

0: Watchdog disabled

1: Watchdog enabled

Bit 6:0 = T[6:0] / bit imer (MSB to LSB).

These bits za1 taiii the decremented value. A reset
is prodiic 2 when it rolls over from 40h to 3Fh (T6
beccn es cleared) if WDGA=1.

STATUS REGISTER (SR)
Read/Write
Reset Value*: xxxx xxxx0

7 0

WDOGF

Bit 0 = WDOGF Watchdog flag.

This bit is set by a watchdog reset and cleared by
software or a power on/off reset. This bit is useful
for distinguishing power/on off or external reset
and watchdog reset.

0: No Watchdog reset occurred

1: Watchdog reset occurred

* Only by software and power on/off reset
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ST72141K2

16-BIT TIMER (Cont'd)
Figure 49. Input Capture Block Diagram

ICAP1] ¢ ¢ (Control Register 1) CR1
pin
5 p| EDGE DETECT| |EDGE DETECT ICIE IEDG1
ICAP2| | CIRCUIT2 CIRCUITH —
pin (Status Register) SR
I
IC2R Register IC1R Register ICF1 ICF2 0 0 | n—‘
7y a
t 3
L
16-BIT (CoEt[oi_‘%cgister 2) CR2
[
16-BIT FREE RUNNING | Cui | €Co |IEDG2
COUNTER

Figure 50. Input Capture Timing Diagram

TIMERCLOCK _ [ | 1 [
COUNTER REG'STzH — FFo1 X FF02 X FE03 X
‘CAPi PIN
ICAPi FLAG |
ICAPi REGISTER X FFO03

Note: Active edge is rising edge.
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ST72141K2

16-BIT TIMER (Cont'd)
Notes:

1.

After a processor write cycle to the OC/HR reg-
ister, the output compare function is inhibited
until the OCILR register is also written.

. If the OCJE bit is not set, the OCMP;j pin is a

general I/O port and the OLVLi/ bit will not
appear when a match is found but an interrupt
could be generated if the OCIE bit is set.

.When the timer clock is fcpy/2, OCFi and

OCMPi are set while the counter value equals
the OCIR register value (see Figure 52). This
behaviour is the same in OPM or PWM mode.
When the timer clock is fepy/4, fcpy/8 or in
external clock mode, OCFi and OCMPi are set
while the counter value equals the OCIR regis-
ter value plus 1 (see Figure 53).

. The output compare functions can be used both

for generating external events on the OCMPi
pins even if the input capture mode is also
used.

. The value in the 16-bit OC/R register and the

OLVi bit should be changed after each suc-
cessful comparison in order to control an output
waveform or establish a new elapsed timeout.

Figure 51. Output Compare Block D’aryran

Forced Compare Output capability

When the FOLV/ bit is set by software, the OLVL/
bit is copied to the OCMPi pin. The OLV; bit has to
be toggled in order to toggle the OCMPi pin when
it is enabled (OCJE bit=1). The OCF; bit is then not
set by hardware, and thus no interrupt request is
generated.

FOLVL/ bits have no effect in either One-Pulse
mode or PWM mode.

v AV

16 BIT FREE RUnNWNG oc1E|loc2e cci | cco
COUNTLE %
16-bit /L ‘ ‘ (Control Register 2) CR2
e\ ‘ + | (Control Register 1) CR1
,TUTPUT COMPARE S b Latch [
CIRCUIT OCIE OoLv2 10LvL2 OLVLA1 1 1 OCMP1
I t Pin
16-bit$ 16-bit l =3
» eh —1 ocmP2
OCH1R Register Y Y —P Pin
OCF1 OCF2| 0 0 0
OC2R Register

(Status Register) SR

4
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ST72141K2

16-BIT TIMER (Cont'd)
8.3.4 Low Power Modes

Mode Description

WAIT No effect on 16-bit Timer.
Timer interrupts cause the device to exit from WAIT mode.
16-bit Timer registers are frozen.
In HALT mode, the counter stops counting until Halt mode is exited. Counting resumes from the previous
count when the MCU is woken up by an interrupt with “exit from HALT mode” capability or from the counter

HALT reset value when the MCU is woken up by a RESET.
If an input capture event occurs on the ICAPI pin, the input capture detection circuitry is armed. Consequent-
ly, when the MCU is woken up by an interrupt with “exit from HALT mode” capability, the ICFibit is set, and
the counter value present when exiting from HALT mode is captured into the IC/R register.

8.3.5 Interrupts

Enat'le | Exit Exit

Interrupt Event EF\ient (‘,:n*:r from from

39 | Fit | Wait | Halt

Input Capture 1 event/Counter reset in PWM mode I(,?: ICIE Yes No
Input Capture 2 event | ICF2 Yes No
Output Compare 1 event (not available in PWM mode) ¥ _ "1 OCF1 OCIE Yes No
Output Compare 2 event (not available in PWM mode) OCF2 Yes No
Timer Overflow event \/ TOF | TOIE | Yes No

Note: The 16-bit Timer interrupt events are connectec to the same interrupt vector (see Interrupts chap-
ter). These events generate an interrupt if the corresponding Enable Control Bit is set and the interrupt
mask in the CC register is reset (RIM instruction).

8.3.6 Summary of Timer modes

VIODES A\ AVAILABLE RESOURCES
input Capture 1 Input Capture 2 | Output Compare 1| Output Compare 2
Input Capture (1 ancor 2) Yes Yes Yes Yes
Output Compare 1 an/or 2) Yes Yes Yes Yes
One Pulse moie No Not Recommended”) No Partially 2
PWM Mce No Not Recommended® No No

1) €zc 1ote 4 in Section 8.3.3.5 One Pulse Mode
<) ;e note 5 in Section 8.3.3.5 One Pulse Mode
3) See note 4 in Section 8.3.3.6 Pulse Width Modulation Mode
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16-BIT TIMER (Cont'd)

Table 42. 16-Bit Timer Register Map and Reset Values

Address

Register

(Hex.) Label 7 6 S 4 3 2 1 0
Timer A: 32| CR1 ICIE OCIE TOIE FOLV2 FOLV1 OLVvL2 IEDG1 OLVL1
Timer B: 42| Reset Value 0 0 0 0 0 0 0 0
Timer A: 31| CR2 OC1E OC2E OPM PWM CCi1 CCo IEDG2 EXEDG
Timer B: 41| Reset Value 0 0 0 0 0 0 0 0
Timer A: 33| SR ICF1 OCF1 TOF ICF2 OCF2 - - -
Timer B: 43| Reset Value 0 0 0 0 0 0 0 ¢
Timer A: 34| ICHR1 MSB LSB
Timer B: 44| Reset Value - 1 -
Timer A: 35| ICLR1 MSB LSB
Timer B: 45| Reset Value - -
Timer A: 36| OCHR1 MSB LSB
Timer B: 46| Reset Value - L -
Timer A: 37| OCLR1 MSB LSB
Timer B: 47| Reset Value - -
Timer A: 3E| OCHR2 MSB LSB
Timer B: 4E| Reset Value - -
Timer A: 3F| OCLR2 MSB LSB
Timer B: 4F| Reset Value - -

1—

Timer A: 38| CHR MCh LSB
Timer B: 48| Reset Value d 1 1 1 1 1 1 1
Timer A: 39| CLR MSB LSB
Timer B: 49| Reset Vaiue 1 1 1 1 1 1 0 0
Timer A. 3.\: ACHR MSB LSB
Timer B: 4\| Reset Value 1 1 1 1 1 1 1 1
Tim2i A: 3B| ACLR MSB LSB
‘imer B: 4B| Reset Value 1 1 1 1 1 1 0 0
Timer A: 3C| ICHR2 MSB LSB
Timer B: 4C| Reset Value - -
Timer A: 3D| ICLR2 MSB LSB
Timer B: 4D| Reset Value - -
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SERIAL PERIPHERAL INTERFACE (Cont'd)
8.4.4.4 Write Collision Error

A write collision occurs when the software tries to
write to the DR register while a data transfer is tak-
ing place with an external device. When this hap-
pens, the transfer continues uninterrupted; and
the software write will be unsuccessful.

Write collisions can occur both in master and slave
mode.

Note: a "read collision" will never occur since the
received data byte is placed in a buffer in which
access is always synchronous with the MCU oper-
ation.

In Slave mode
When the CPHA bit is set:

The slave device will receive a clock (SCK) edge
prior to the latch of the first data transfer. This first
clock edge will freeze the data in the slave device
DR register and output the MSBiIt on to the exter-
nal MISO pin of the slave device.

The SS pin low state enables the slave device but
the output of the MSBit onto the MISO pin does
not take place until the first data transfer clock
edge.

When the CPHA bit is reset:

Data is latched on the occurrence of the first clock
transition. The slave device does not have any
way of knowing when that transition will occur;
therefore, the slave device collision occurs when
software attempts to write the DR register after its
SS pin has been pulled low.

For this reason, the SS pin must be high, between
each data byte transfer, to allow the CPU to write
in the DR register without generating a write colli-
sion.

In Master mode

Collision in the master device is de.fined as a write
of the DR register while the ii1ternal serial clock
(SCK) is in the process oi trunsfer.

The SS pin signal niust be always high on the
master device.

WCOI. L

The vJCOL bit in the SR register is set if a write
cnlision occurs.

No SPI interrupt is generated when the WCOL bit
is set (the WCOL bit is a status flag only).

Clearing the WCOL bit is done through a software
sequence (see Figure 60).

Figure 60. Clearin tae WCOL bit (Write Collision Flag) Software Sequence

1¢t Ciep Read SR OR
l
y THEN
2nd Step | Read DR \?VPCIEESO

Clearing s2yquence after SPIF = 1 (end of a data byte transfer)

Read SR
THEN
\ SPIF =0
: WCOL=0 if no transfer has started
Write DR WCOL=1 if a transfer has started

Clearing sequence before SPIF = 1 (during a data byte transfer)

before the 2nd step

st Step Read SR
y THEN Note: Writing to the DR register
2nd Step Read DR WCOL=0 instead of reading in it does not
reset the WCOL bit
102/133 IS73
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ST7 ADDRESSING MODES (Cont'd)
9.1.6 Indirect Indexed (Short, Long)

This is a combination of indirect and short indexed
addressing modes. The operand is referenced by
its memory address, which is defined by the un-
signed addition of an index register value (X orY)
with a pointer value located in memory. The point-
er address follows the opcode.

The indirect indexed addressing mode consists of
two sub-modes:

Indirect Indexed (Short)

The pointer address is a byte, the pointer size is a
byte, thus allowing 00 - 1FE addressing space,
and requires 1 byte after the opcode.

Indirect Indexed (Long)

The pointer address is a byte, the pointer size is a
word, thus allowing 64 Kbyte addressing space,
and requires 1 byte after the opcode.

Table 48. Instructions Supporting Direct,
Indexed, Indirect and Indirect Indexed
Addressing Modes

N etructions. Function
LD Load
CP Compare
AND, OR, XOR Logical Operatione |
ADC, ADD, SUB, SBC fi\:rt]hr}.r‘;;:‘:zl;'c\)tr,']\gltlon/subtrac-

+ (J_
BCP J_B. ompare

Short Incti zctions Only Function
cLe Clear
l_I_I\’J UEC Increment/Decrement
INZ Test Negative or Zero
CPL, NEG 1 or 2 Complement

BSET, BRES Bit Operations
BTJT, BTJE Blt Test and Jump Opera-
tions

SLL, SRL, SRA, RLC,

RRC Shift and Rotate Operations

114/133

SWAP Swap Nibbles

CALL, JP Call or Jump subroutine

9.1.7 Relative Mode (Direct, Indirect)

This addressing mode is used to modify the PC
register value by adding an 8-bit signed offset to it.

Available Relative Direct/ .
R . Function
Indirect Instructions
JRxx Conditional Jump
CALLR Call Relative

The relative addressing mode consists of two sub-
modes:

Relative (Direct)
The offset follows the 2pceze.
Relative (Indirect)

The offset is de<red in memory, of which the ad-
dress foilo vs thie opcode.
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10.7 PERIPHERAL CHARACTERISTICS

WATCHDOG
Symbol Parameter Conditions Min Typ Max Unit
. ) 12,288 786,432 tepu
twwpg) | Watchdog time-out duration
fcpu=8MHz 1.54 98.3 ms
twogrsT | Watchdog RESET pulse width 500 ns

Recommended operating conditions with Ty=-40 to +125°C and Vpp-Vgg=5V unless otherwise specified.

MOTOR CONTROL

Symbol Parameter Conditions Min Typ " Mz, ‘ Unit
VorrseT | Comparator offset error <10 100 mV
Vmrchyst | MCIA/B/C comparator hysteresis 2) 35 21 130 mV
trropag | Comparator propagation delay 1 us
AVREF | Reference voltage tolerance 5 %
VRer o
R1 30
R2 J 70 ke
VcREek resistance bridge I &
__R2
““R1+R2 07
Ad/o o tolerance 5 %
Note:

1) Unless otherwise specified, typical data is wased on T = 25° C and Vpp-Vgg =5 V. This data is provided only as de-
sign guidelines and are not tested.

2) The Viyrchyst hysteresis is corctant.

Figure 64. Motor Conti ¢! C omparator Characteristics

¥
VOFFSET
VoFFSET
l — -
COMPARATOR o
. | | [
Vin ST & — IDEAL éa
T
| | o ':_)
; | |— REAL | 3©
«—' tproPAG «— tproPAG ©
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