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ST7MC1xx/ST7MC2xx

1 INTRODUCTION

The ST7MCx device is member of the ST7 micro-
controller family designed for mid-range applica-
tions with a Motor Control dedicated peripheral.

All devices are based on a common industry-
standard 8-bit core, featuring an enhanced instruc-
tion set and are available with FLASH, ROM or
FASTROM program memory.

Under software control, all devices can be placed
in Wait, Slow, Active-halt or Halt mode, reducing
power consumption when the application is in idle
or stand-by state.

Figure 1. Device Block Diagram

The enhanced instruction set and addressing
modes of the ST7 offer both power and flexibility to
software developers, enabling the design of highly
efficient and compact application code. In addition
to standard 8-bit data management, all ST7 micro-
controllers feature true bit manipulation, 8x8 un-
signed multiplication and indirect addressing
modes.

The devices feature an on-chip Debug Module
(DM) to support in-circuit debugging (ICD). For a
description of the DM registers, refer to the ST7
ICC Protocol Reference Manual.
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On some devices only, see Table 1, “ST7MC Device Pin Description,” on page 12
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ST7MC1xx/ST7MC2xx

Table 1. ST7MC Device Pin Description

Pin n° Level Port Main
§ § § E § E Pin Name % §_ §_ Input | Output fu(r:f:tt::n Alternate function 2
HHFFRERRES
PFoO/ 2 m;-gnzt?za- ADC Ana-
47139 (43| - | - | - m([szEM / /0| Ct XX X[ X | X |Port FO tion log Input 8
8 Output”)

7) -
48|40 (44| - | - | - f\::,\]éMCZEM o | ey X|[x| |x]|x|X]|PortF1 “é':gft%'v”: Qg?nngg
49 (a1| - | - | -] - AP\::r\i/'E)ACO/ /0| Cr X | x X| X | X | Port F2 g'ﬁt'”(fzgg'; Qg?ng‘zf‘m
50(42|45| - | - | - | PF3/BEEP I/O|Cy| HS | X[ X X | X | Port F3 | Beep Signal Output
51(43| - | - | - | - | PF4 I/O|Ct| HS | X | X X | X | Port F4
52144 | - | - | - | - |PF5 I/O|Cy| HS [ X |X X | X | Port F5
53| -|-|-1|-1]-1|PHO /0| Tt X[ X X | X | Port HO
54| - | - | - | - | - | PH1 /0| Tt X[ X X | X | Port H1
55| - | - | -] -1 - |PH2 /O | Tt X| X X | X | Port H2
56| -|-|-|-1]-|PHS3 /0| Tt X[ X X | X | Port H3

PDO/ Timer A Output Compare
2
5745|146 |29 | 25| 21 hoﬂgg\ljvzhﬂ_\/A\l/g)/ /0| Ct X X | X | X | Port DO MTC PWM Output W9
AIN11 ADC Analog Input 11
PD1 (HS)/ '1I'imerAOutput Compare
58|46 |47 |30 |26 | 22 I\O/I(C:“P!I\I/DV}V_I\%)/ I/O|Ct| HS | X ei0 X | X | Port D1 MTC PWM Output V)
MCDEM”) MTC Demagnetization”)
PD2/ICAP2 A/ Timer A Input Capture 2
59|47 |48 |31 |27 |23 | MCZEM?/ |I/0|Ct X| ei0 [X| X | X |PortD2 | MTC BEMF”)
AIN12 ADC Analog Input 12
Timer A ADC
60| 48 | 49 |32 |28 | 24 f\ﬁ’\ﬁ/gCAPLA/ 10 | Cq x| |eio| x| x | X | Port D3 | Input Analog
Capture 1 Input 13
Timer A External Clock
PD4/ ' source
611495033 |29|25 E)C('[%_;(IN):«/;C /0| Ct X| ei0 [X]| X | X [PortD4 ICC Clock Output
ADC Analog Input 14
6250|5134 |30|26 .IP_AD‘/?A/:CN??A /0| Ct X| ei0 [X]| X | X [PortD5 ICC Data Input
ADC Analog Input 15
63|51 |52 |35|31|27 | PD6/RDI I/O|Ct| HS | X ei0 X | X | Port D6 | SCI Receive Data In
64|52 |53 |36 |32|28 | PD7/TDO I/O|Ct| HS [ X | X X | X [ Port D7 | SCI Transmit Data Output
65|53 |54| - | - | - |Vsso S Digital Ground Voltage
66|54 |55| - | - | - |Vppo S Digital Main Supply Voltage
67| - |- |-1|-1]-|PH4 /O | Tt X|X X | X | Port H4
68| -|-|-|-1]-1|PH5 /0| Tt X[ X X | X | Port H5
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ST7MC1xx/ST7MC2xx

Table 2. Hardware Register Map

Address Block REgLs;Ier Register Name SRt::t?:: Remarks
0050h MTIM Timer Counter High Register 00h R/W
0051h MTIML Timer Counter Low Register 00h R/W
0052h MZPRV Capture Z,,.; Register 00h R/W
0053h MZREG Capture Z,, Register 00h R/W
0054h MCOMP Compare C,,, Register 00h R/W
0055h MDREG Demagnetization Register 00h R/W
0056h MWGHT A, Weight Register 00h R/W
0057h MPRSR Prescaler & Sampling Register 00h R/W
0058h MIMR Interrupt Mask Register 00h R/W
0059h MISR Interrupt Status Register 00h R/W
005Ah MCRA Control Register A 00h R/W
005Bh MCRB Control Register B 00h R/W
005Ch MTC MCRC Control Register C 00h R/W
005Dh MPHST Phase State Register 00h R/W
005Eh (Page 0) | yipFR D event Filter Register OFh | RW
005Fh MCFR Current feedback Filter Register 00h R/W
0060h MREF Reference Register 00h R/W
0061h MPCR PWM Control Register 00h R/W
0062h MREP Repetition Counter Register 00h R/W
0063h MCPWH Compare Phase W Preload Register High 00h R/W
0064h MCPWL Compare Phase W Preload Register Low 00h R/W
0065h MCPVH Compare Phase V Preload Register High 00h R/W
0066h MCPVL Compare Phase V Preload Register Low 00h R/W
0067h MCPUH Compare Phase U Preload Register High 00h R/W
0068h MCPUL Compare Phase U Preload Register Low 00h R/W
0069h MCPOH Compare Phase 0 Preload Register High OFh R/W
006Ah MCPOL Compare Phase 0 Preload Register Low FFh R/W
0050h MDTG Dead Time Generator Enable FFh
0051h MPOL Polarity Register 3Fh
0052h MPWME PWM Register 00h
0053h MTC MCONF Configuration Register ooh | SeeMTC
0054h (page 1) MPAR Parity Register 00h description
0055h MZRF Z event Filter Register OFh
0056h MSCR Sampling Clock Register 00h

ogggr\;o Reserved Area (4 Bytes)
006Bh DMCR Debug Control Register 00h R/W
006Ch DMSR Debug Status Register 10h Read Only
006Dh DM DMBK1H Debug Breakpoint 1 MSB Register FFh R/W
006Eh DMBK1L Debug Breakpoint 1 LSB Register FFh R/W
006Fh DMBK2H Debug Breakpoint 2 MSB Register FFh R/W
0070h DMBK2L Debug Breakpoint 2 LSB Register FFh R/W
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ST7MC1xx/ST7MC2xx

6 SUPPLY, RESET AND CLOCK MANAGEMENT

The device includes a range of utility features for Main features
securing the application in critical situations (for 3 Reset Sequence Manager (RSM)

example in case of a power brown-out), and re- 1 Crystal/Ceramic resonator oscillator
ducing the number of external components. An " y

overview is shown in Figure 13. m System Integrity Management (SI)
For more details, refer to dedicated parametric — Main supply Low voltage detection (LVD)
section. — Auxiliary Voltage detector (AVD) with interrupt

capability for monitoring the main supply

— Clock Security System (CSS) with the VCO of
the PLL, providing a backup safe oscillator

— Clock Detector

— PLL which can be used to multiply the fre-
gk/ﬁ_ri]cy by 2 if the clock frequency input is
z

Figure 13. Clock, Reset and Supply Block Diagram
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* It is recommended to decouple the power supply by placing a 0.1uF capacitor as close as possible to Vpp

g
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ST7MC1xx/ST7MC2xx

POWER SAVING MODES (Cont’d)
8.4.2 HALT MODE

The Halt mode is the lowest power consumption
mode of the MCU. It is entered by executing the
‘HALT instruction when the OIE bit of the Main
Clock Controller Status register (MCCSR) is
cleared (see section 6.4 on page 37 for more de-
tails on the MCCSR register).

The MCU can exit Halt mode on reception of either
a specific interrupt (see Table 8, “Interrupt Map-
ping,” on page 44) or a RESET. When exiting Halt
mode by means of a RESET or an interrupt, the
oscillator is immediately turned on and the 256 or
4096 CPU cycle delay is used to stabilize the os-
cillator. After the start up delay, the CPU resumes
operation by servicing the interrupt or by fetching
the reset vector which woke it up (see Figure 31).

When entering Halt mode, the I[1:0] bits in the CC
register are forced to ‘10b’to enable interrupts.
Therefore, if an interrupt is pending, the MCU
wakes up immediately.

In Halt mode, the main oscillator is turned off caus-
ing all internal processing to be stopped, including
the operation of the on-chip peripherals. All periph-
erals are not clocked except the ones which get
their clock supply from another clock generator
(such as an external or auxiliary oscillator).

The compatibility of Watchdog operation with Halt
mode is configured by the “WDGHALT” option bit
of the option byte. The HALT instruction when ex-
ecuted while the Watchdog system is enabled, can
generate a Watchdog RESET (see section 14.1 on
page 290 for more details).

Figure 30. Halt Timing Overview

Figure 31. Halt Mode Flow-chart

256 OR 4096 CPU
RUN | HALT | ~cycLE DELAY RUN
- : >
[ RESET
— OR
HALT INTERRUPT

INSTRUCTION FETCH
[MCCSR.OIE=0] VECTOR

HALT INSTRUCTION
(MCCSR.OIE=0)

ENABLE

WATCHDOG

1
v
WATCHDOG OSCILLATOR  OFF
RESET PERIPHERALS 2 OFF
CPU OFF
I[1:0] BITS 10

OSCILLATOR  ON
PERIPHERALS OFF
CPU ON
I[1:0] BITS XX 49

v

256 OR 4096 CPU CLOCK
CYCLE DELAY

v

OSCILLATOR  ON
PERIPHERALS ON
CPU ON
[1:0] BITS XX

v
FETCH RESET VECTOR
OR SERVICE INTERRUPT

A 4

4

Notes:

1. WDGHALT is an option bit. See option byte sec-
tion for more details.

2. Peripheral clocked with an external clock source
can still be active.

3. Only some specific interrupts can exit the MCU
from Halt mode (such as external interrupt). Refer
to Table 8, “Interrupt Mapping,” on page 44 for
more details.

4. Before servicing an interrupt, the CC register is
pushed on the stack. The I[1:0] bits of the CC reg-
ister are set to the current software priority level of
the interrupt routine and recovered when the CC
register is popped.
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WINDOW WATCHDOG (Cont'd)

The application program must write in the
WDGCR register at regular intervals during normal
operation to prevent an MCU reset. This operation
must occur only when the counter value is lower
than the window register value. The value to be
stored in the WDGCR register must be between
FFh and COh (see Figure 35):

— Enabling the watchdog:
When Software Watchdog is selected (by option
byte), the watchdog is disabled after a reset. Itis
enabled by setting the WDGA bit in the WDGCR
register, then it cannot be disabled again except
by a reset.

When Hardware Watchdog is selected (by option
byte), the watchdog is always active and the
WDGA bit is not used.

— Controlling the downcounter:
This downcounter is free-running: It counts down
even if the watchdog is disabled. When the
watchdog is enabled, the T6 bit must be set to
prevent generating an immediate reset.
The T[5:0] bits contain the number of increments
which represents the time delay before the
watchdog produces a reset (see Figure 35. Ap-
proximate Timeout Duration). The timing varies

4

between a minimum and a maximum value due
to the unknown status of the prescaler when writ-
ing to the WDGCR register (see Figure 36).

The window register (WDGWR) contains the
high limit of the window: To prevent a reset, the
downcounter must be reloaded when its value is
lower than the window register value and greater
than 3Fh. Figure 37 describes the window watch-
dog process.

Note: The T6 bit can be used to generate a soft-
ware reset (the WDGA bit is set and the T6 bit is
cleared).

— Watchdog Reset on Halt option
If the watchdog is activated and the watchdog re-
set on halt option is selected, then the HALT in-
struction will generate a Reset.

10.1.4 Using Halt Mode with the WDG

If Halt mode with Watchdog is enabled by option
byte (no watchdog reset on HALT instruction), it is
recommended before executing the HALT instruc-
tion to refresh the WDG counter, to avoid an unex-
pected WDG reset immediately after waking up
the microcontroller.
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(Cont'd)

Read/Write
Reset Value: 0000 0000 (00h)

7 0

OC1E|OC2E |OPM |PWM|CC1|CCO|IEDG2| EXEDG

Bit 7 = Output Compare 1 Pin Enable.

This bit is used only to output the signal from the

timer on the OCMP1 pin (OLV1 in Output Com-

pare mode, both OLV1 and OLV2 in PWM and

one-pulse mode). Whatever the value of the OC1E

bit, the Output Compare 1 function of the timer re-

mains active.

0: OCMP1 pin alternate function disabled (I/O pin
free for general-purpose 1/0O).

1: OCMP1 pin alternate function enabled.

Bit 6 = Output Compare 2 Pin Enable.

This bit is used only to output the signal from the

timer on the OCMP2 pin (OLV2 in Output Com-

pare mode). Whatever the value of the OC2E bit,

the Output Compare 2 function of the timer re-

mains active.

0: OCMP2 pin alternate function disabled (I/O pin
free for general-purpose 1/O).

1: OCMP2 pin alternate function enabled.

Bit 5 = One Pulse Mode.

0: One Pulse Mode is not active.

1: One Pulse Mode is active, the ICAP1 pin can be
used to trigger one pulse on the OCMP1 pin; the
active transition is given by the IEDG1 bit. The
length of the generated pulse depends on the
contents of the OC1R register.

90/309

Bit4 = Pulse Width Modulation.

0: PWM mode is not active.

1: PWM mode is active, the OCMP1 pin outputs a
programmable cyclic signal; the length of the
pulse depends on the value of OC1R register;
the period depends on the value of OC2R regis-
ter.

Bit3, 2 = Clock Control.
The timer clock mode depends on these bits:

fopu/ 4 0 0
fopu/2 0 1
fopu/ 8 1 0
External Clock (where
. 1 1
available)

: If the external clock pin is not available, pro-
gramming the external clock configuration stops
the counter.

Bit1 = Input Edge 2.

This bit determines which type of level transition
on the ICAP2 pin will trigger the capture.

0: A falling edge triggers the capture.

1: A rising edge triggers the capture.

Bit0 = External Clock Edge.

This bit determines which type of level transition
on the external clock pin EXTCLK will trigger the
counter register.

0: A falling edge triggers the counter register.

1: A rising edge triggers the counter register.

4
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LINSCI™ SERIAL COMMUNICATION INTERFACE (LIN Mode) (cont’d)

10.5.9.3 LIN Reception

In LIN mode the reception of a byte is the same as
in SCI mode but the LINSCI has features for han-
dling the LIN Header automatically (identifier de-
tection) or semiautomatically (Synch Break detec-
tion) depending on the LIN Header detection
mode. The detection mode is selected by the
LHDM bit in the SCICRS.

Additionally, an automatic resynchronization fea-
ture can be activated to compensate for any clock
deviation, for more details please refer to Section
10.5.9.5 LIN Baud Rate.

LIN Header Handling by a Slave

Depending on the LIN Header detection method
the LINSCI will signal the detection of a LIN Head-
er after the LIN Synch Break or after the Identifier
has been successfully received.

Note:

It is recommended to combine the Header detec-
tion function with Mute mode. Putting the LINSCI
in Mute mode allows the detection of Headers only
and prevents the reception of any other charac-
ters.

This mode can be used to wait for the next Header
without being interrupted by the data bytes of the
current message in case this message is not rele-
vant for the application.

Synch Break Detection (LHDM = 0):
When a LIN Synch Break is received:

— The RDRF bit in the SCISR register is set. It in-
dicates that the content of the shift register is
transferred to the SCIDR register, a value of
0x00 is expected for a Break.

— The LHDF flag in the SCICRS register indicates
that a LIN Synch Break Field has been detected.

— An interrupt is generated if the LHIE bit in the
SCICRS register is set and the I[1:0] bits are
cleared in the CCR register.

— Then the LIN Synch Field is received and meas-
ured.

— If automatic resynchronization is enabled (LA-
SE bit = 1), the LIN Synch Field is not trans-
ferred to the shift register: There is no need to
clear the RDRF bit.

— If automatic resynchronization is disabled (LA-
SE bit = 0), the LIN Synch Field is received as
a normal character and transferred to the
SCIDR register and RDRF is set.

4

Note:

In LIN slave mode, the FE bit detects all frame er-
ror which does not correspond to a break.

Identifier Detection (LHDM = 1):

This case is the same as the previous one except
that the LHDF and the RDRF flags are set only af-
ter the entire header has been received (this is
true whether automatic resynchronization is ena-
bled or not). This indicates that the LIN Identifier is
available in the SCIDR register.

Notes:

During LIN Synch Field measurement, the SCI
state machine is switched off: No characters are
transferred to the data register.

LIN Slave parity

In LIN Slave mode (LINE and LSLV bits are set)
LIN parity checking can be enabled by setting the
PCE bit.

In this case, the parity bits of the LIN Identifier
Field are checked. The identifier character is rec-
ognized as the third received character after a
break character (included):

. parity bits .
LIN Synch LIN Synch Identifier
Break Field Field

The bits involved are the two MSB positions (7th
and 8th bits if M = 0; 8th and 9th bits if M = 0) of
the identifier character. The check is performed as
specified by the LIN specification:

start bit parity bits ~ stop bit
\< identifier bits \‘ ;
'~ [IDO[ID1]ID2[ID3[ID4 [ID5 | PO | P1
f‘ Identifier Field >I
P0= ID0® ID1 ® ID2 ® ID4
Pl= ID1® ID3 ® D4 @ ID5 M=0
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LINSCI™ SERIAL COMMUNICATION INTERFACE (LIN Mode) (cont’d)

10.5.9.4 LIN Error Detection
LIN Header Error Flag

The LIN Header Error Flag indicates that an invalid
LIN Header has been detected.

When a LIN Header Error occurs:
— The LHE flag is set

— Aninterrupt is generated if the RIE bit is set and
the I[1:0] bits are cleared in the CCR register.

If autosynchronization is enabled (LASE bit = 1),
this can mean that the LIN Synch Field is corrupt-
ed, and that the SCl is in a blocked state (LSF bit is
set). The only way to recover is to reset the LSF bit
and then to clear the LHE bit.

— The LHE bit is reset by an access to the SCISR
register followed by a read of the SCIDR register.

LHE/OVR Error Conditions

When Auto Resynchronization is disabled (LASE
bit = 0), the LHE flag detects:

— That the received LIN Synch Field is not equal to
55h.

— That an overrun occurred (as in standard SCI
mode)

— Furthermore, if LHDM is set it also detects that a
LIN Header Reception Timeout occurred (only if
LHDM is set).

When the LIN auto-resynchronization is enabled
(LASE bit = 1), the LHE flag detects:

— That the deviation error on the Synch Field is
outside the LIN specification which allows up to
+/-15.5% of period deviation between the slave
and master oscillators.

— A LIN Header Reception Timeout occurred.
If THEADER > THEADER MAX then the LHE flag is
set. Refer to Figure 67. (only if LHDM is set to 1)

— An overflow during the Synch Field Measure-
ment, which leads to an overflow of the divider
registers. If LHE is set due to this error then the
SCI goes into a blocked state (LSF bit is set).

— That an overrun occurred on Fields other than
the Synch Field (as in standard SCI mode)

Deviation Error on the Synch Field

The deviation error is checking by comparing the
current baud rate (relative to the slave oscillator)
with the received LIN Synch Field (relative to the
master oscillator). Two checks are performed in
parallel:

— The first check is based on a measurement be-
tween the first falling edge and the last falling
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edge of the Synch Field. Let us refer to this peri-
od deviation as D:

If the LHE flag is set, it means that:
D > 15.625%

If LHE flag is not set, it means that:
D < 16.40625%

If 15.625% <D < 16.40625%, then the flag can
be either set or reset depending on the dephas-
ing between the signal on the RDI line and the
CPU clock.

— The second check is based on the measurement
of each bit time between both edges of the Synch
Field: this checks that each of these bit times is
large enough compared to the bit time of the cur-
rent baud rate.

When LHE is set due to this error then the SCI
goes into a blocked state (LSF bit is set).

LIN Header Time-out Error

When the LIN Identifier Field Detection Method is
used (by configuring LHDM to 1) or when LIN
auto-resynchronization is enabled (LASE bit = 1),
the LINSCI automatically = monitors the
THEADER MaX condition given by the LIN protocol.

If the entire Header (up to and including the STOP
bit of the LIN Identifier Field) is not received within
the maximum time limit of 57 bit times then a LIN
Header Error is signalled and the LHE bit is set in
the SCISR register.

Figure 67. LIN Header Reception Timeout

SEEE IO b

" LIN Synch ! LIN Synch : Identifier
' Break . Field v Field :
g f >,
- ' THEADER .

The time-out counter is enabled at each break de-
tection. It is stopped in the following conditions:

- A LIN Identifier Field has been received

- An LHE error occurred (other than a timeout er-
ror).

- A software reset of LSF bit (transition from high to
low) occurred during the analysis of the LIN Synch
Field or

If LHE bit is set due to this error during the LIN
Synchr Field (if LASE bit = 1) then the SCI goes
into a blocked state (LSF bit is set).
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SERIAL COMMUNICATION INTERFACE (Cont'd)

Table 21. SCI Register Map and Reset Values

Addr. .
Register Name 7 6 5 4 3 2 1 0
(Hex.)
0018h SCI1SR TDRE TC RDRF IDLE | OR/LHE NF FE PE
Reset Value 1 1 0 0 0 0 0 0
0015h SCI1DR DR7 DR6 DR5 DR4 DR3 DR2 DR1 DRO
Reset Value - - - - - - - -
SCI1BRR SCP1 SCPO SCT2 | SCT1 SCTO0 SCR2 SCR1 SCRO
001Ah | LPR (LIN Slave Mode) LPR7 LPR6 LPR5 LPR4 LPR3 LPR2 LPR1 LPRO
Reset Value 0 0 0 0 0 0 0 0
001Bh SCI1CR1 R8 T8 SCID M WAKE PCE PS PIE
Reset Value X 0 0 0 0 0 0 0
001Ch SCI1CR2 TIE TCIE RIE ILIE TE RE RwWU SBK
Reset Value 0 0 0 0 0 0 0 0
001Dh SCI1CR3 LDUM LINE LSLV LASE LHDM LHIE LHDF LSF
Reset Value 0 0 0 0 0 0 0 0
SCHERPR ERPR7 | ERPR6 | ERPR5 | ERPR4 | ERPR3 | ERPR2 | ERPR1 | ERPRO
001Eh | LHLR (LIN Slave Mode) | LHL7 LHL6 LHL5 LHL4 LHL3 LHL2 LHLA1 LHLO
Reset Value 0 0 0 0 0 0 0 0
SCHTPR ETPR7 | ETPR6 | ETPR5 | ETPR4 | ETPR3 | ETPR2 | ETPR1 | ETPRO
001Fh | LPRF (LIN Slave Mode) 0 0 0 0 LPRF3 | LPRF2 | LPRF1 | LPRFO
Reset Value 0 0 0 0 0 0 0 0
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MOTOR CONTROLLER (Cont'd)

Note given by the sampling of MCIA with MCIB falling

If only one encoder output is available, it may be ~ €dges.
input either on MCIA or MCIB and an encoder 10.6.6.14 Summary

clock signal will still be generated (in this case the |5, Detection block set-up for the different avail-
frequency will be 50% less than with two inputs. able modes is summarized in the Table 35.

The state of EDIR bit will depend on signals
present on MCIA and MCIB pins, the result will be

Table 35. Input Detection Block set-up

TES[1:0] bits .
Input Detection Sensor Type Edge sensitivity SR T [h I]Ed IS[1:0] bits
Block Mode bit (Tacho -cge (Input Selection)
Selection)
00
Position Sensor | Hall, Optical,... | Both rising and falling edges 1 00 01
10
00
Sensorless N/A N/A 0 00 01
10
. . Any configuration dif-
Incremental Both rlsmg and falling edges ferent from 00: 11
Encoder (imposed)
0110 11
00
Rising edge 01 01
Speed Sensor X 10
Tachogenerator. 00
Hall, Optical... Falling edge 10 (1)(1)
00
Both rising and falling edges 11 01
10
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MOTOR CONTROLLER (Cont'd)
m 12-bit Mode (PMS bit = 0 in the MPCR register)

This mode is useful for MCMPO values ranging
from 9 bits to 12 bits. Figure 121 presents the way
Compare 0 and Compare U, V, W should be load-
ed). It requires loading two bytes in the MCMPxH
and MCMPxL registers (i.e. MCMP0O, MCMPU,
MCMPV and MCMPW 16-bit registers) following
the sequence described below:

— write to the MCMPXL register (LSB) first
— then write to the MCMPxH register (MSB).

The 16-bit value is then ready to be transferred in
the active register as soon as an update event oc-
curs. This sequence is necessary to avoid poten-
tial conflicts with update interrupts causing the
hardware transfer from preload to active registers:
if an update event occurs in the middle of the
above sequence, the update is effective only when
the MSB has been written.

m 8-bit PWM mode (PMS bit = 1 in MPCR register)

This mode is useful whenever the MCMPO value is
less or equal to 8-bits. It allows significant CPU re-

source savings when computing three-phase duty
cycles during PWM interrupt routines. In this
mode, the Compare 0 and Compare U, V, W reg-
isters have the same size (8 bits). The extension of
the MCMPx registers is done in using the OVFx
bits in the MPCR register (refer to Figure 121).
These bits force the related duty-cycles to 100%
and are reset by hardware on occurence of a
PWM update event.

Note about read access to registers with
preload: during read accesses, values read are
the content of the preload registers, not the active
registers.

Note about compare register active bit loca-
tions: the 13 active bits of the MCMPx registers
are left-aligned. This allows temporary calculations
to be done with 16-bit precision, round-up is done
automatically to the 13-bit format when loading the
values of the MCMPx registers.

Note about MCMPOX registers: the configuration
MCMPOH=MCMPOL=0 is not allowed

Figure 121. Comparison between 12-bit and 8-bit PWM mode

b7 b0 b7 b0
PWM frequency
EERENEEEEEEEEEEEEE set-up
12-bit PWM mode MCMPO MCMPOL
(PMS bit = 0) b7 b0 b7 b0
Ph
2% o
MCMPxH MCMPxL y
b7 b0 b7 b PWM frequency
EEENEEENpEEEEEEEE set-up
8-bit PWM mode MCMPOH MCMPOL
(PMS bit = 1) b7
[TTTTTTT] ‘haery
, cycle set-up
MCMPxH MCMPxL
s
L owJonfon] | [ | L o
MPCR . Equivalent bit location
Bit extending comparison range
|:| Bit not available
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MOTOR CONTROLLER (Cont'd)

POLARITY REGISTER (MPOL)
Read/Write (some bits write-once)
Reset Value: 0011 1111 (3Fh)

7 6 5 4 3 2 1 0

ZVD [ REO | OP5 | OP4 | OP3 | OP2 | OP1 | OPO

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 High or Low channel bit
0: Read the BEMF signal on High channels
1: Read on Low channels

Note: This bit always has to be configured whatev-
er the sampling method.

Bits 5:0 = OP[5:0]": Output channel polarity.
These bits are used together with the OOI[5:0] bits
in the MPHST register to control the output chan-
nels.

0: Output channel is Active Low

1: Output channel is Active High.

* Write-once bits; once write-accessed these bits
cannot be re-written unless the processor is reset
(See “Caution: Access to write-once bits” on
page 220.).

Table 75. Output Channel State Control

OP[5:0] bit 00[5:0] bit MCOI[5:0] pin
0 0 1 (Off)
0 1 0 (PWM possible)
1 0 0 (Off)
1 1 1 (PWM possible)

Warning: OP[5:0] bits in the MPOL register must
be configured as required by the application be-
fore enabling the MCOI[5:0] outputs with the MOE
bit in the MCRA register.
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10-BIT A/D CONVERTER (ADC) (Cont'd)
When a conversion is complete:

— The EOC bit is set by hardware

— An interrupt reguest is generated if the ADCIE
bit in the MCCBCR register is set (see section
6.4.7 on page 38).

— The result is in the ADCDR registers and re-
mdains valid until the next conversion has end-
ed.

To read the 10 bits, perform the following steps:
1. Poll the EOC bit or wait for EOC interrupt

2. Read ADCDRLSB

3. Read ADCDRMSB

The EOC bit is reset by hardware once the AD-
CDRMSB is read.

To read only 8 bits, perform the following steps:
1. Poll the EOC bit or wait for EOC interrupt
2. Read ADCDRMSB

The EOC bit is reset by hardware once the AD-
CDRMSB is read.

Changing the conversion channel

The application can change channels during con-
version. In this case the current conversion is
stopped and the A/D converter starts converting
the newly selected channel.

ADCCR consistency

If an End Of Conversion event occurs after soft-
ware has read the ADCDRLSB but before it has
read the ADCDRMSB, there would be a risk that
the two values read would belong to different sam-
ples.
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To guarantee consistency:

— The ADCDRMSB and the ADCDRLSB are
locked when the ADCCRLSB is read

— The ADCDRMSB and the ADCDRLSB are un-
!ockedtwhen the MSB is read or when ADON
is reset.

Thus, it is mandatory to read the ADCDRMSB just
after reading the ADCDRLSB. Otherwise the AD-
CDR register will not be updated until the AD-
CDRMSB is read.

10.8.4 Low Power Modes

Note: The A/D converter may be disabled by re-
setting the ADON bit. This feature allows reduced
power consumption when no conversion is need-
ed.

Mode
Wait

Description
No effect on A/D Converter
A/D Converter disabled.

After wake up from Halt mode, the A/D
Halt Converter requires a stabilization time
tsTap (see Electrical Characteristics)
before accurate conversions can be
performed.

10.8.5 Interrupts

Enable Exit Exit
Control | from from
Bit Wait Halt

Interrupt Event
Event Flag

End of Conver-

: EOC |ADCIEV| Yes No
Sion

The ADCIE bit is in the MCCBCR register (see
section 6.4.7 on page 38)
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10-BIT A/D CONVERTER (ADC) (Cont'd)
Table 85. ADC Register Map and Reset Values

Address i
Register 7 6 5 4 3 2 1 0
(Hex.) Label
oF ADCCSR EOC PRSC1 PRSCO ADON CS3 CSs2 CS1 CSo
Reset Value 0 0 0 0 0 0 0 0
oF ADCDRMSB D9 D8 D7 D6 D5 D4 D3 D2
Reset Value 0 0 0 0 0 0 0 0
30 ADCDRLSB 0 0 0 0 0 0 D1 DO
Reset Value 0 0 0 0 0 0 0 0
240/309
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INSTRUCTION SET OVERVIEW (Cont’d)

Mnemo Description Function/Example Dst Src " 0| N|Z|C
ADC Add with Carry A=A+M+C A M N| Z]|C
ADD Addition A=A+M A M N| Z]|C
AND Logical And A=A.M A M N | Z
BCP Bit compare A, Memory | tst (A . M) A M N Zz
BRES Bit Reset bres Byte, #3 M
BSET Bit Set bset Byte, #3 M
BTJF Jump if bit is false (0) btjf Byte, #3, Jmp1 M C
BTJT Jump if bit is true (1) btjt Byte, #3, Jmp1 M C
CALL Call subroutine
CALLR | Call subroutine relative
CLR Clear reg, M 0 1
CP Arithmetic Compare tst(Reg - M) reg M N| Z|C
CPL One Complement A = FFH-A reg, M N Z 1
DEC Decrement decY reg, M N Z
HALT Halt 1 0
IRET Interrupt routine return Pop CC, A, X, PC 1 10 C
INC Increment inc X reg, M
JP Absolute Jump jp [TBL.w]
JRA Jump relative always
JRT Jump relative
JRF Never jump jrf
JRIH Jump if ext. INT pin =1 (ext. INT pin high)
JRIL Jump if ext. INT pin=0 (ext. INT pin low)
JRH Jumpif H=1 H=17?
JRNH JumpifH=0 H=0"7?
JRM Jump if 11:0 = 11 1:0=117?
JRNM Jump if 11:0 <> 11 1:0<> 117
JRMI Jump if N = 1 (minus) N=17?
JRPL Jump if N = 0 (plus) N=07?
JREQ Jump if Z =1 (equal) Z=17
JRNE JumpifZ=0 (notequal) | Z=07?
JRC Jumpif C =1 C=17?
JRNC JumpifC=0 C=07
JRULT | JumpifC=1 Unsigned <
JRUGE | JumpifC=0 Jmp if unsigned >=
JRUGT | Jumpif (C+Z=0) Unsigned >
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12.3 OPERATING CONDITIONS
12.3.1 General Operating Conditions

SUPPLY VOLTAGE [V]

OF PARAMETRIC

DATA)

Symbol Parameter Conditions Min Max Unit
fepu Internal clock frequency versus Vpp 0 8 MHz
Extended operating voltage No Flash Write/Erase. Analc: 3.8 5.5
parameters not guaranteed
Voo Standard operating voltage 45 5.5 v
Operating voltage for flash Write/Erase | Vpp = 11.4 to 12.6V 4.5 5.5
) 6 Suffix Version -40 85 °C
Ta Ambient temperature range - -
C Suffix Version -40 125
Figure 130. fcpy Max Versus V;;
fepy [MHZ]
FUNCTIONALITY
FUNCTIONALITY ﬁ\lU'IAHRIA'\Xll-REEiD
NOT GUARANTEED S
IN THIS AREA (UNLESS
OTHERWISE
SPECIFIED
IN THE TABLES

Note 1: Clock Detector, ADC, comparator and OPAMP functionalities guaranteed only within 4.5-5.5V
voltage range.

Note:

Some temperature ranges are only available with a specific package and memory size. Refer to Ordering

Information.

Warning: Do not connect 12V to Vpp before Vpp is powered on, as this may damage the device.
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MOTOR CONTROL CHARACTERISTICS (Cont'd)

12.12.2 Input Stage (comparator + sampling)

Symbol Parameter Conditions Min Typ Max Unit
Comparator input volt-
Vin age range Vgga - 0.1 Vpp+0.1| V
Votiset | Comparator offset error 5 40" mV
lofiset | INput offset current 1 HA
Comparator propagation
tpropag delay 35 100 ns

Time waited before sampling when com-
tstartup | Start-up filter duration® | parator is turned ON, i.e. CKE=1 or 3 us
DAC=1 (Wlth fPEFHPH = 4MHZ)

Time needed to generate a capture in
tachogenerator mode as soon as the MCI 4/ fnte
input toggles

Time needed to capture MTIM in MZREG
(BEMF) when sampling during PWM sig-
nal OFF time as soon as MCO becomes
ON

3/ fmtc (see Figure 150)

Time needed to set/reset the HST bit
when sampling during PWM signal OFF
time as soon as MCO becomes ON
(BEMF)

1/ fmtc (see Figure 150)

Time needed to generate Z event (MTIM
captured in MZREG) as soon as the com-| 1 /fgcg + 3/ fiyc (S€€ Figure 151)
parator toggles (when sampling at fgcg)

tsampling | Digital sampling delay 3) | Time needed to generate D event (MTIM _
captured in MDREG) as soon as the com-| 1 /fggp + 3/ fic (S€€ Figure 151)
parator toggles

Time needed to set/reset the HST bit Delay programmed in DS bits

vyhen sampling during PWM signal ON (MCONF) +1 / f e

time after a delay (DS>0) as soon as )

MCO becomes ON (see Figure 152)

Time needed to generate Z event (MTIM Delay programmed in DS bits
in MZREG) when sampling during PWM (MCONF)

signal ON time after a delay (DS>0) as +3/ fme

soon as MCO becomes ON (see Figure 152)

Time needed to generate Z event (MTIM Delay programmed in DS bits
captured in MZREG) when sampling dur- (MCONF)

ing PWM signal ON time at fgcr after a +1/fgcp+ 3/ fmic
delay (DS>0) (see Figure 152)

Note:

1. The comparator accuracy is dependent of the environment. The offset value is given for a comparison done with all
digital I/Os stable. Negative injection current on the I/Os close to the inputs may reduce the accuracy. In particular care
must be taken to avoid switching on I/Os close to the inputs when the comparator is in use. This phenomenon is even
more critical when a big external serial resistor is added on the inputs.

2. This filter is implemented to wait for comparator stabilization and avoid any wrong information during start-up.
3. This delay represents the number of clock cycles needed to generate an event as soon as the comparator output
or MCO outputs change.

Example: In tachogenerator mode, this means that capture is performed on the 4th clock cycle after comparator commu-
tation., i.e. there is a variation of (1/f) or (1 / fscp) depending on the case.
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LD PFDDR,A; Write into PFDDR
LD A, #8$ff

LD PFOR,A
LD A,PFDR
AND A, #$02

LDY,A
PxDDR

LD A X
cp A,#$02
jrne OUT
TNZY
jrne OUT
LD A,#$01

LD sema,A ; set the semaphore to '1' if edge is
detected

RIM ; reset the interrupt mask
LD A,sema ; check the semaphore status

; Write to PFOR

; store the level after writing to PxOR/

; check for falling edge

4

CP A #$01

jrne OUT

call call_routine; call the interrupt routine
RIM

OUT: RIM

JP while_loop

.call_routine ; entry to call_routine
PUSH A
PUSH X
PUSH CC
.exti_rt

LD A,#$00
LD sema,A
IRET

; entry to interrupt routine
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16 REVISION HISTORY

Table 95. Revision History

Date

Revision

Description of Changes

April-2005

Added one sales type (ST7FMC1K4T6)

Changed port description for MCES in Table 1, “ST7MC Device Pin Description,” on

page 12 and added note 3

Changed register addresses in Table 15, “PWM Auto-Reload Timer Register Map and Re-
set Values,” on page 74

Changed title of Figure 123 on page 227 and Figure 124

Changed Table 36 on page 166

Changed MTIM timer value to 100h in section “b” on page 171

Changed text above Figure 98. on page 177 (15kHz instead of 20kHz and replaced fcpy =
4MHz by f\y1c = 4MHz) and changed Figure 98 (15kHz instead of 20kHz)

Changed Figure 107. on page 188

Changed Figure 108. on page 189

Changed Figure 115 on page 197

Changed description of OQ[5:0] bits in the MPHST register (section 10.6.13 on page 206)
Changed min and max values for Rpy in section 12.9.1 on page 266

Changed Figure 144 and Figure 145. on page 267 and notes

July-2005

Added ST7FMC1K2T3 and ST7FMC1K6TC sales types (updated device summary on 1st
page and “Supported part numbers” on page 292)

Changed V1. and V,r, in section 12.3.2 on page 250

Removed note 1 in section 12.4.4 on page 253

Changed Ijnypiny in section 12.8.1 on page 263 and removed note 1 for V,_and V
Changed Ry max in section 12.9.1 on page 266 and removed note 1 for V, V|yand Roy
Removed subsection in Important Notes Section 14 : “Op-Amp input offset voltage”

Notes for Table in Section 12.13 updated, removing link to "Op-Amp input offset voltage”

Nov-2005

Flash memory data retention changed (first page and Section 12.6.2)

Removed references to true open drain I/Os.Updated Table 1 on page 12: replaced
MCZEM5) by MCZEM®), and replaced Port HO, Port H1, Port H2 and Port H3 respectively
by Port H4, Port H5, Port H6 and Port H7 (in the rows corresponding to PH4, PH5, PH6 and
PH7 in the “Pin name column”

Updated note 8 in Table 1 on page 12

Added section 5 on page 24

Added note to section 6.1 on page 28

Added note to section 6.2.1 on page 29 and updated Figure 15. on page 29

Changed section 10.5.5.2 on page 110 (when a character transmission is complete, etc.)
Modified Table 34 on page 161 (window and event filters column)

Replaced MISR register by MIMR register in the 3rd paragraph of “Switched Mode” on page
168

Removed caution and added notes 3 and 4 below Figure 93. on page 170 in section 10.6.7.2
on page 170

In section 10.6.6.11 on page 163 and in Figure 94 on page 172, replace “TES[1:0] = 00,01
or 10” by “TES[1:0] = 00,10 or 11”

Changed V|1, ayp) min value in section 12.3.3 on page 250

Changed section 12.5.3 on page 256

Changed I parameter description and note 4 in section 12.8.1 on page 263

Updated note 3 in section 12.8.1 on page 263

Added note to Figure 138. on page 264

Removed 32K ROM versions: changed “Supported part numbers” on page 290 and “ST7MC
MICROCONTROLLER OPTION LIST” on page 291

Changed “FLASH/FASTROM DEVICES ONLY” on page 297 (added table) and added “RE-
SET VALUE OF UNAVAILABLE PINS” on page 300

Modified section 15.5 on page 300

Added Important Notes subsection section 15.5 on page 300: “Injected Current On PD7”
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