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ST7MC1xx/ST7MC2xx

PIN DESCRIPTION (Cont'd)
Figure 5. 56-Pin SDIP Package Pinouts

OCMP1_B/PE1 —]
ICAP2_B/PE2 ]
ICAP1_B/PE3 ]

Vpp/ICCSEL ]
(HS) MCO0 ]
(HS) MCO1
(HS) MCO2

(HS) MCO3

(HS) MCO4 —

(HS) MCO5

MCES =

0OSC1 ]

0SC2 —]

Vss_1

Vdd_1 —|

PWM2 / (HS) PA1 ]
AINO / PWMO / PA3 —]
ARTCLK / (HS) PA4 —
AIN1/ARTIC1 / PA5 —
ARTIC2 / PA6 —|
MCVREF / PB0 ]
MCIA / PB1

MCIB / PB2 ]

MCIC / PB3 —]

MISO / PB4 —|

AIN3 / MOSI / PB5 —|
SCK / (HS) PB6 —]
AIN4 / SS /(HS) PB7 —]

0 N O~ WD =

- a4 a4 a4 ©
A WO N =2 O

— PEO (HS) / OCMP2_B
— Vpp_2

1 Vgg_2

— PD7 (HS) / TDO

1 PD6 (HS) / RDI

— PD5/AIN15/ICCDATA
— PD4 /EXTCLK_A /AIN14 /ICCCLK
— PD3/ICAP1_A/AIN13
— PD2/ICAP2_A/AIN12
— PD1 (HS) / OCMP1_A
— PDO/OCMP2_A/AIN11
— PF3 (HS) / BEEP

— PF1/MCZEM / AIN9
— PFO/MCDEM / AIN8
— RESET

— Vbp_o

—Vss_o

— Vssa

-— VaRer

— PC7 / MCPWMW / AIN7
— PC6 / MCPWMV

PC5/ MCPWMU

PC4 / MCCREF *
OAZ / MCCFI1 / AIN6
PC3/OAN

PC2/ OAP

PC1 / MCCFIO/AINS
PCO(HS)

IRIRIRIRIRIN

(HS) 20mA high sink capability
eix associated external interrupt vector

* Once the MTC peripheral is ON, the pin PC4 is configured to an alternate function. PC4 is no longer usable as a digital /O

4
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ST7MC1xx/ST7MC2xx

3 REGISTER & MEMORY MAP

As shown in Figure 8, the MCU is capable of ad-
dressing 64K bytes of memories and I/O registers.

The available memory locations consist of 128
bytes of register locations, up to 2Kbytes of RAM
and up to 60Kbytes of user program memory. The
RAM space includes up to 256 bytes for the stack
from 0100h to O1FFh.

Figure 8. Memory Map

The highest address bytes contain the user reset
and interrupt vectors.

IMPORTANT: Memory locations marked as “Re-
served”’ must never be accessed. Accessing a re-
served area can have unpredictable effects on the
device.

0000h . . 0080h
HW Riglt;siterzs ! Short Addressing
007Fh (see Table 2) o RAM (zero page)
0080h « 1 OOFFh
| 1 0100h
RAM v LA
D 256 Bytes Stack +1000h
(1536/1024 oo yles Stae : 60 KBytes
768/384 Bytes) L oo !
067Fh N 16-bit Addressing 40000
0680h ! RAM . 48 KBytes
S Reserved . 01FFh ' 8000h
1000h . ! g: S%EE | 32 KBytes
Program Memory " o 067Fh :
(60K, 48K, 32K, 16K, 8K) | | 7~ ., C000h
FFDFh : . 16 KBytes
L o e e e e e e e e e e e = = = = = = = = = 1
FFEON Interrupt & Reset Vectors ! ! E000N 8 KBytes
— (see Table 8) . - - FFEFh

As shown in Figure 9, the MCU is capable of ad-
dressing 64K bytes of memories and I/O registers.

The available memory locations consist of 128
bytes of register locations, up to 1536 bytes of
RAM and up to 60 Kbytes of user program memo-

4

ry. The RAM space includes up to 256 bytes for
the stack from 0100h to 01FFh.

The highest address bytes contain the user reset
and interrupt vectors.
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ST7MC1xx/ST7MC2xx

6.4 MAIN CLOCK CONTROLLER WITH REAL-TIME
The Main Clock Controller consists of three differ-
ent functions:

m a programmable CPU clock prescaler

m 3 clock-out signal to supply external devices

m 3 real-time clock timer with interrupt capability

Each function can be used independently and si-
multaneously.

6.4.1 Programmable CPU Clock Prescaler

The programmable CPU clock prescaler supplies
the clock for the ST7 CPU and its internal periph-
erals. It manages Slow power saving mode (See
Section 8.2 SLOW MODE for more details).

The prescaler selects the fopy main clock frequen-
cy and is controlled by three bits in the MCCSR
register: CP[1:0] and SMS.

6.4.2 Clock-out Capability

The clock-out capability is an alternate function of
an I/O port pin that outputs a fogco clock to drive

CLOCK AND BEEPER (MCC/RTC)

external devices. It is controlled by the MCO bit in
the MCCSR register.

CAUTION: When selected, the clock out pin sus-
pends the clock during Active-halt mode.

6.4.3 Real-time Clock Timer (RTC)

The counter of the real-time clock timer allows an
interrupt to be generated based on an accurate
real-time clock. Four different time bases depend-
ing directly on fogco are available. The whole
functionality is controlled by four bits of the MCC-
SR register: TB[1:0], OIE and OIF.

When the RTC interrupt is enabled (OIE bit set),
the ST7 enters Active-halt mode when the HALT
instruction is executed. See Section 8.4 ACTIVE-
HALT AND HALT MODES for more details.

6.4.4 Beeper

The beep function is controlled by the MCCBCR
register. It can output three selectable frequencies
on the BEEP pin (I/O port alternate function).

Figure 19. Main Clock Controller (MCC/RTC) Block Diagram
BC1| BCO
MCCBCR
BEEP
_| BEEP SIGNAL —
*| GENERATOR
MCO
4
RTC
DIV128 = GCOUNTER
MCCSR I
MCO CPo|sms| TB1| TBo| OIE| OIF
MCC/RTC INTERRUPT
f f l l (AND TO MTC
CLK 0sc2 Q) PERIPHERAL)
1
DIV'2 plv24,8,16 feu  CPUCLOCK

\] \

DIV24,8,16 >

PERIPHERALS

t > TO CPU AND

DIV 2 — fADC

TO MOTOR
. CONTROL
MTC  PERIPHERAL

4
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ST7MC1xx/ST7MC2xx

INTERRUPTS (Contd)

Figure 24. External Interrupt Control bits

PORT D [6:4] INTERRUPTS EICR
PDOR.6 I: IS30 | 1531
PDDDR6 |_> SENSITIVITY PD6
PD6 Dﬂ ‘ i0 INTERRUPT SOURCE
| FD —™| CONTROL PD5 eio UPT SOURC
———
|
| IPABIT ! PD4
|
—
PORT D [3:1] INTERRUPTS EICR
PDOR.3 IS30 | 1531
PODDR.3 SENSITIVITY PD3
EEEE— .
PD3 O > CONTROL PD2 ei0 INTERRUPT SOURCE
| PD1 M
|
| _
|
PORT A3, PORT A[7:5] INTERRUPTS EICR
PAOR.7 1S20 | 1S21
PADDR.7j >
»| SENSITIVITY PA7 M
PA7 O > > .
CONTROL PAG ei1 INTERRUPT SOURCE
[ PA5 "
| PA3
I —
|
PORT C [3:1] INTERRUPTS EICR
PCOR.3 IS10 | IS11
PCDDR.
CDDR3 |_> SENSITIVITY PC3
PC3 ?ﬁD > PC2 ei2 INTERRUPT SOURCE
|

CONTROL
—

| IPBBIT
PORT C0, PORT B[7:6] INTERRUPTS EICR
PCOR.0 [: IS10 | IS11
PODDRO \_, SENSITIVITY PCO
PCO O > CONTROL ei2 INTERRUPT SOURCE
[
|
| _
|
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(Cont'd)

Read Only
Reset Value: 0000 0000 (00h)
The three least significant bits are not used.
7 0

ICF1 |OCF1| TOF | ICF2 |OCF2|TIMD| 0 0

Bit 7 =

0: No input capture (reset value).

1: An input capture has occurred on the ICAP1 pin
or the counter has reached the OC2R value in
PWM mode. To clear this bit, first read the SR
register, then read or write the low byte of the
IC1R (IC1LR) register.

Bit 6 =

0: No match (reset value).

1: The content of the free running counter has
matched the content of the OC1R register. To
clear this bit, first read the SR register, then read
or write the low byte of the OC1R (OC1LR) reg-
ister.

Bit 5 =

0: No timer overflow (reset value).

1: The free running counter rolled over from FFFFh
to 0000h. To clear this bit, first read the SR reg-
ister, then read or write the low byte of the CR
(CLR) register.

4

Reading or writing the ACLR register does
not clear TOF.

Bit4 =

0: No input capture (reset value).

1: An input capture has occurred on the ICAP2
pin. To clear this bit, first read the SR register,
then read or write the low byte of the IC2R
(IC2LR) register.

Bit 3 =

0: No match (reset value).

1: The content of the free running counter has
matched the content of the OC2R register. To
clear this bit, first read the SR register, then read
or write the low byte of the OC2R (OC2LR) reg-
ister.

Bit2 =

This bit is set and cleared by software. When set, it
freezes the timer prescaler and counter and disa-
bled the output functions (OCMP1 and OCMP2
pins) to reduce power consumption. Access to the
timer registers is still available, allowing the timer
configuration to be changed while it is disabled.

0: Timer enabled

1: Timer prescaler, counter and outputs disabled

Bits 1:0 = Reserved, must be kept cleared.
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ST7MC1xx/ST7MC2xx

SERIAL PERIPHERAL INTERFACE (cont’d)

SPI CONTROL/STATUS REGISTER (SPICSR)
Read/Write (some bits Read Only)
Reset Value: 0000 0000 (00h)

7 0

SPIF |WCOL| OVR |MODF - SOD | SSM | SsI

Bit 7 = SPIF

This bit is set by hardware when a transfer has
been completed. An interrupt is generated if
SPIE =1 in the SPICR register. It is cleared by
a software sequence (an access to the SPICSR
register followed by a write or a read to the
SPIDR register).

0: Data transfer is in progress or the flag has been
cleared.

1: Data transfer between the device and an exter-
nal device has been completed.

Note: While the SPIF bit is set, all writes to the
SPIDR register are inhibited until the SPICSR reg-
ister is read.

Bit 6 = WCOL

This bit is set by hardware when a write to the
SPIDR register is done during a transmit se-
quence. It is cleared by a software sequence (see
Figure 60).

0: No write collision occurred

1: A write collision has been detected

Bit5=0VR S

This bit is set by hardware when the byte currently
being received in the shift register is ready to be
transferred into the SPIDR register while SPIF = 1
(See Section 10.4.5.2). An interrupt is generated if
SPIE = 1 in the SPICR register. The OVR bit is
cleared by software reading the SPICSR register.
0: No overrun error

1: Overrun error detected

Bit 4 = MODF L

This bit is set by hardware when the SS pin is
pulled low in master mode (see Section 10.4.5.1
Master Mode Fault (MODF)). An SPI interrupt can
be generated if SPIE =1 in the SPICR register.
This bit is cleared by a software sequence (An ac-
cess to the SPICSR register while MODF = 1 fol-
lowed by a write to the SPICR register).

0: No master mode fault detected

1: A fault in master mode has been detected

Bit 3 = Reserved, must be kept cleared.

(574

Bit 2 = SOD

This bit is set and cleared by software. When set, it
disables the alternate function of the SPI output
(MOSI in master mode / MISO in slave mode)

0: SPI output enabled (if SPE = 1)

1: SPI output disabled

Bit 1 = SSM

This bit is set and cleared by software. When set, it

disables the alternate function of the SPI SS pin

and uses the SSI bit value instead. See Section

10.4.3.2 Slave Select Management.

0: Hardware management (SS managed by exter-
nal pin) L

1: Software management (internal SS signal con-
trolled by SSI bit. External SS pin free for gener-
al-purpose 1/O)

Bit 0 = SSI

This bit is set and cleared by software. It acts as a
‘chip select’ by controlling the level of the SS slave
select signal when the SSM bit is set.

0: Slave selected

1: Slave deselected

SPI DATA I/O REGISTER (SPIDR)
Read/Write
Reset Value: Undefined

7 0

D7 D6 D5 D4 D3 D2 D1 DO

The SPIDR register is used to transmit and receive
data on the serial bus. In a master device, a write
to this register will initiate transmission/reception
of another byte.

Notes: During the last clock cycle the SPIF bit is
set, a copy of the received data byte in the shift
register is moved to a buffer. When the user reads
the serial peripheral data 1/O register, the buffer is
actually being read.

While the SPIF bit is set, all writes to the SPIDR
register are inhibited until the SPICSR register is
read.

Warning: A write to the SPIDR register places
data directly into the shift register for transmission.

A read to the SPIDR register returns the value lo-
cated in the buffer and not the content of the shift
register (see Figure 55).
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LINSCI™ SERIAL COMMUNICATION INTERFACE (SCI Mode) (cont'd)

CONTROL REGISTER 2 (SCICR2)
Read/Write
Reset Value: 0000 0000 (00h)

7 0

TIE | TCIE | RIE ILIE TE RE [Rrwu?|sBK"

This bit has a different function in LIN mode, please
refer to the LIN mode register description.

Bit 7 = TIE Transmitter interrupt enable

This bit is set and cleared by software.

0: Interrupt is inhibited

1: In SCl interrupt is generated whenever
TDRE =1 in the SCISR register

Bit 6 = TCIE Transmission complete interrupt ena-

ble

This bit is set and cleared by software.

0: Interrupt is inhibited

1: An SCl interrupt is generated whenever TC = 1
in the SCISR register

Bit 5 = RIE Receiver interrupt enable

This bit is set and cleared by software.

0: Interrupt is inhibited

1: An SCl interrupt is generated whenever OR = 1
or RDRF = 1 in the SCISR register

Bit 4 = ILIE Idle line interrupt enable

This bit is set and cleared by software.

0: Interrupt is inhibited

1: An SCl interrupt is generated whenever
IDLE = 1 in the SCISR register.

Bit 3 = TE Transmitter enable

This bit enables the transmitter. It is set and
cleared by software.

0: Transmitter is disabled

1: Transmitter is enabled

Notes:

— During transmission, a “0” pulse on the TE bit
(“0” followed by “1”) sends a preamble (idle line)
after the current word.

— When TE is set there is a 1 bit-time delay before
the transmission starts.

Bit 2 = RE Receiver enable

This bit enables the receiver. It is set and cleared
by software.

0: Receiver is disabled in the SCISR register

(574

1: Receiver is enabled and begins searching for a
start bit

Bit 1 = RWU Receiver wake-up

This bit determines if the SCI is in mute mode or
not. It is set and cleared by software and can be
cleared by hardware when a wake-up sequence is
recognized.

0: Receiver in active mode

1: Receiver in mute mode

Notes:

— Before selecting Mute mode (by setting the RWU
bit) the SCI must first receive a data byte, other-
wise it cannot function in Mute mode with wake-
up by Idle line detection.

— In Address Mark Detection Wake-Up configura-
tion (WAKE bit = 1) the RWU bit cannot be mod-
ified by software while the RDRF bit is set.

Bit 0 = SBK Send break

This bit set is used to send break characters. It is
set and cleared by software.

0: No break character is transmitted

1: Break characters are transmitted

Note: If the SBK bit is set to “1” and then to “0”, the
transmitter will send a BREAK word at the end of
the current word.

DATA REGISTER (SCIDR)
Read/Write
Reset Value: Undefined

Contains the Received or Transmitted data char-
acter, depending on whether it is read from or writ-
ten to.

7 0

DR7 | DR6 | DR5 | DR4 | DR3 | DR2 | DR1 | DRO

The Data register performs a double function (read
and write) since it is composed of two registers,
one for transmission (TDR) and one for reception
(RDR).

The TDR register provides the parallel interface
between the internal bus and the output shift reg-
ister (see Figure 62).

The RDR register provides the parallel interface
between the input shift register and the internal
bus (see Figure 62).
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MOTOR CONTROLLER (Cont'd)

All detections of Z,, events are done during a short
measurement window while the high side switch is
turned off. For this reason the PWM signal is ap-
plied on the high side switches.

When the high side switch is off, the high side
winding is tied to OV by the free-wheeling diode,

Table 24. Step Configuration Summary

the low side winding voltage is also held at OV by
the low side ON switch and the complete BEMF
voltage is present on the third winding: detection is
then possible.

St
Configuration P
4 z, Z3 %4 Ts Ts
% N Current direction AtoB AtoC BtoC Bto A Cto A CtoB
> % High side TO TO T2 T2 T4 T4
% 'ga Low side T3 T5 T5 T T1 T3
= = 0O0[5:0] bits in MPHST register | 001001 | 100001 | 100100 | 000110 | 010010 | 011000
E ] Measurement done on: MCIC MCIB MCIA MCIC MCIB MCIA
g .g' IS[1:0] bits in MPHST register 10 01 00 10 01 00
Lo Back EMF shape Falling Rising Falling Rising Falling Rising
=5 CPB bit in MCRB register 0 ] 0 ] o ]
o @ (ZVD bit = 0)
= -
2 < Voltage on measured pow.]t at the oV HY oV HY oV HY
. ® O start of demagnetization
o35 &
¢ E N
S o B
S ¢ c
T 5 2 HDM-SDM bits in MCRB register 10 11 10 11 10 11
T 3E
T o
©c ©
T
|5 PWM S'dde selection to accelerate | |\ sige | High Side | Low Side | High Side | Low Side | High Side
= emagnetization
N
° 2
c 'S ;i ; -
=] 5 Driver selection tg aqcelerate de T To T To T T4
£ magnetization
a

For a detailed description of the MTC registers,
see Section 10.6.13.

10.6.4 Application Example: AC Induction

Motor Drive

Although the command sequence is rather differ-
ent between a PM BLDC and an AC three-phase
induction motor, the Motor Controller can be con-
figured to generate three-phase sinusoidal voltag-
es.

A timer with three independent PWM channels is
available for this purpose. Based on each of the
PWM reference signal, two complemented PWM
signals with deadtime are generated on the output
pins (6 in total), to drive directly an inverter with tri-
ple half bridge topology.

(574

The variable voltage levels to be applied on the
motor terminals come from continuously varying
duty cycle, from one PWM period to the other (re-
fer to Figure 75 on page 144). The PWM counter
generates a dedicated Update event (U event)
which:

— updates automatically the compare registers set-
ting the duty cycle to avoid time critical issues
and ensure glitchless PWM operation.

— generates a dedicated U interrupt in which the
values for the next coming update event are
loaded in compare preload registers.

The shape of the output voltage (voltage, frequen-
cy, sinewave, trapezoid, ...) is completely man-
aged by the applicative software, in charge of
computing the compare values to be loaded for a
given PWM duty-cycle (refer to Figure 76).
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MOTOR CONTROLLER (Cont'd)
10.6.6.8 Position Sensor Mode

In position sensor mode (SR=1 in MCRA register),
the rotor position information is given to the periph-
eral by means of logical data on the three inputs
MCIA, MCIB and MCIC (Hall sensors).

For each step one of these three inputs is selected
(IS[1:0] bits in register MPHST) in order to detect
the Z event. Be careful that the phase comparator
is OFF until CKE and /or DAC bits are setin MCRA
register.

In sensor mode, Demagnetization and the related
features (such as the special PWM configuration,
Dg or Dy management, programmable filter) are
not available (see Table 32)

Table 32. Demagnetisation access

SR bit Demagnetisation feature
MCRA register availabilty
1 NO
0 YES

In sensor mode configuration the rotor detection
doesn’t need a particular phase configuration to
perform the measurement and a Z event can be
read from any detection window. The sampling is

158/309

done at a selectable frequency (fscp), see Table
82. This means that Z event position sensoring is
more precise than it is in sensorless mode.

There is no minimum off time required for current
control PWM in sensor mode so the minimum off
time is set automatically to Ous as soon as the SR
bit is set in the MCRA register and a true 100%
duty cycle can be set in the PWM compare U reg-
ister for the PWM generation in voltage mode.

In Sensor mode, the ZEF[3:0] bits in the MZFR
register are active and can be used to define the
number of consecutive Z samples needed to gen-
erate the active event.

Procedure for reading sensor inputs in Direct
Access mode: In Direct Access mode, the sen-
sors can be read either when the clock are ena-
bled or disabled (depending on CKE it in MCRA
register). To read the sensor data the following
steps have to be performed:

1. Select Direct Access Mode (DAC bit in MCRA
register)

2. Select the appropriate MCIx input pin by means
of the 1S[1:0] bits in the MPHST register

3. Read the comparator output (HST bit in the
MREF register)

4




ST7MC1xx/ST7MC2xx

MOTOR CONTROLLER (Cont'd)
10.6.6.10 Commutation Noise Filter

For D event detection and for Z event detection
(when SPLG bit is set while DS[3:0] bits are reset),
sampling is done at fgcg during the PWM ON or
OFF time (“Sampling block” on page 159). To
avoid any erroneous detection due to PWM com-
mutation noise, an hardware filter of 1ps (for fpgg.
ipH = 4Mhz) when PWM is put ON and when PWM
is put OFF has been implemented. This means

that, with sampling at 1MHz (1pus), due to this filter,
1 sample are ignored directly after the commuta-
tion.

This filter is active all the time for the D event and
it is active for the Z event when the SPLG bit is set
and DS[3:0] bits are cleared (meaning that the Z
event is sampled at high frequency during the
PWM ON or OFF time).

Table 34. Sensor/sensorless mode and D & Z event selection

Sampling
SR|SPLG|DS[3:0] Mode | OS[2:0] Event detection |behaviourfor| Window and Behaviour of the
bit| bit bits bits L;se sampling clock Z event Event Filters output PWM
detection
D: fgcE At the end of “Before D” behaviour,
Sensors . .| the offtime of | € € “between D and Z” be-
0 0 000 Enabled | Z: SA&OT config. . o, O . « ”
not used the PWM sig- | 2 = 3 L haviour and “after Z
PWM frequency nal O Bdao r% & behaviour
. Duringofftme| &€ & & & T, | ‘Before D" behaviour,
Sensors D:1gcF orONtimeof | ® ® ® ® & |“between D and Z” be-
o 1 000 |\ ot used Enabled Z:fscr the PWMsig-| @ © © © & | haviour and “after 2’
nal 202900 g behaviour
L Lo o
LlJ “ ti 1
Not D: fscr During ON A N % Before D” behaviour,
0| 0 |equalto| 3" | Enabled |Zz: SASOT config.| tmeofthe | & & § & g |PetweenDand Z'be-
000 not used PWMsignal | © & i© i = haviour and “after Z
PWM frequency g st :Eg behaviour
(]
Not ¢ During ON -§ L?>j -g o 2] “Before D” behaviour,
D: = = « 2] _
0| 1 |equalto Sensors | e led SCF timeofthe | = @ = N be““.’ee”Da[?dz b?
000 not used Z: fscF PWM signal | © N haviour and “after Z
9 behaviour
Position During OFF |No Z Window Filter
1 X xxx | Sensors OS1 dis- 7§ time or ON | Only Z Event Filter | “Before Z” behaviour
used abled - 'SCF time of the is active in and “after Z” behaviour
PWM signal Sensor mode

Note: For fgcr selection, see Table 82
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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
166/309 KYI
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MOTOR CONTROLLER (Cont'd)
10.6.9.3 Dead Time Generator

When using typical triple half bridge topology for
power converters, precautions must be taken to
avoid short circuits in half bridges. This is ensured
by driving high and low side switches with comple-
mentary signals and by managing the time be-
tween the switching-off and the switching-on in-
stants of the adjacent switches.

This time is usually known as deadtime and has to
be adjusted depending on the devices connected
to the PWM outputs and their characteristics (in-
trinsic delays of level-shifters, delays due to power
switches,...).

When driving motors in six-step mode, the dead-
time generator function also allows synchronous
rectification to be performed on the switch adja-
cent to the one where PWM is applied to reduce
conduction losses.

Figure 111. Dead Time waveforms

For each of the three PWM channels, there is one
6-bit Dead Time generator available.

It generates two output signals: A and B.

The A output signal is the same as the input phase
signal except for the rising edge, which is delayed
relative to the input signal rising edge.

The B output signal is the opposite of the input
phase signal except the rising edge which is de-
layed relative to the input signal falling edge.

Figure 111 shows the relationship between the
output signals of the deadtime register and its in-
puts.

If the delay is greater than the width of the active
phase (A or B) then the corresponding pulse is not
generated (see Figure 112 and Figure 113).

Reference : :
. 5V
Input signal
. D oV
Output A : o
ued . 5V
! '<—>I Delay ov
1 1 5V
Output B — . ov
: Delay !
Figure 112. Dead time waveform with delay greater than the negative PWM pulse
1 ' 5V
Input
1 I OV
Output A : 5V
: : Delay . ov
: ' ' 5V
Output B ' oV
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MOTOR CONTROLLER (Cont'd)
10.6.10 PWM Generator Block

The PWM generator block produces three inde-
pendent PWM signals based on a single carrier
frequency with individually adjustable duty cycles.

Depending on the motor driving method, one or
three of these signals may be redirected to the oth-
er functional blocks of the motor control peripheral,
using the PCN bit in the MDTG register.

When driving PM BLDC motors in six-step mode
(voltage mode only, either sensored or sensor-
less) a single PWM signal (Phase U) is used to
supply the Input Stage, PWM and Channel Man-
ager blocks according to the selected modes.

For other kind of motors requiring independent
PWM control for each of the three phases, all
PWM signals (Phases U, V and W) are directed to
the channel manager, in which deadtime or a high

Figure 117. PWM generator block diagram

frequency carrier may be added. This is the case
of AC induction motors or PMAC motors for in-
stance, supplied with 120° shifted sinewaves in
voltage mode.

10.6.10.1 Main Features

= 12-bit PWM free-running Up/Down Counter with
up to 16MHz input clock (Ft0)-

m Edge-aligned and center-aligned
operating modes

m Possibility to re-load compare registers twice
per PWM period in center-aligned mode

Full-scale PWM generation
PWM update interrupt generation
8-bit repetition counter

8-bit PWM mode

Timer re-synchronisation feature

PWM

MPCR Register

12-bit Compare 0 Register

.

MREP Registe

Repetition
counter

—» U

Clear or Up/Down

Fmtc_, Prescl:alelf I>
Up to 16MHz | PCP[2:0] bits

12-bit PWM Counter

MPCR Register

4—i CMS bit

1l

U\r‘

13-bit Compare U Register

U-h

13-bit Compare V Register

Notes:
m Preload registers transferred
to active registers on U event
L event:

U Update of compare registers
PWM interrupt generation

UsAl  13-bit Compare W Register I

200/309

4




ST7MC1xx/ST7MC2xx

MOTOR CONTROLLER (Cont'd)

If the 13-bit Compare register value is greater than
the extended Compare 0 Register (the 13" bit is
set to ‘0’), the corresponding PWM output signal is
held at ‘1°.

If the 13-bit Compare register value is 0, the corre-
sponding PWM output signal is held at ‘0’.

Figure 119 shows some center-aligned PWM
waveforms in an example where the Compare 0
register value = 8.

Figure 119. Center-aligned PWM Waveforms (Compare 0 Register = 8)

2

3 o

4 o
1 Compare Register value = 4
2 Compare Register value =7
3 Compare Register value > =8
4 Compare Register value =0
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MOTOR CURRENT FEEDBACK REGISTER
(MCFR)

Read/Write

Reset Value: 0000 0000 (00h)

7 6 5 4 3 2 1 0

RPGS | RST | CFF2 | CFF1 | CFFO | CFW2 | CFW1 | CFWO

Bit 7= RPGS: Register Page Selection:
0: Access to registers mapped in page 0
1: Access to registers mapped in page 1

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

Bits 5:3 = CFF[2:0]: Current Feedback Filter bits
These bits select the number of consecutive valid
samples (when the current is above the limit)
needed to generate the active event. Sampling is
done at fPERlPH/4'

Table 67. Current Feedback Filter Setting

CFF2 | CFF1 | CFFO | Current Feedback Samples
0 0 0 1
0 0 1 2
0 1 0 3
0 1 1 4
1 0 0 5
1 0 1 6
1 1 0 7
1 1 1 8

4

Bits 2:0 = CFW[2:0]: Current Window Filter bits:

These bits select the length of the blanking win-
dow activated each time PWM is turned ON. The
filter blanks the output of the current comparator.

Table 68. Current Feedback Window Setting

CFW2 | CFW1 | CFWO0 Blanking Window
0 0 0 Blanking window off
0 0 1 0.5pus
0 1 0 1ps
0 1 1 1.5ps
1 0 0 2ps
1 0 1 2.5ps
1 1 0 3us
1 1 1 3.5pus

Note: Times are indicated for 4 MHz fpgrpH
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Register Name 7 6 5 4 3 2 1 0
MCPWL CPWL7 | CPWL6 | CPWL5 | CPWL4 CPWL3 0 0 0
Reset Value 0 0 0 0 0
MCPVH CPVH7 | CPVH6 | CPVH5 | CPVH4 CPVH3 | CPVH2 | CPVH1 CPVHO
Reset Value 0 0 0 0 0 0 0 0
MCPVL CPVL7 CPVL6 CPVL5 CPVL4 CPVL3 0 0 0
Reset Value 0 0 0 0 0
MCPUH CPUH7 | CPUH6 | CPUH5 | CPUH4 CPUH3 | CPUH2 | CPUH1 CPUHO
Reset Value 0 0 0 0 0 0 0 0
MCPUL CPUL7 CPUL6 CPUL5 CPUL4 CPUL3 0 0 0
Reset Value 0 0 0 0 0
MCPOH 0 0 0 0 CPOH3 CPOH2 CPOH1 CPOHO
Reset Value 1 1 1 1
MCPOL CPOL7 CPOL6 CPOL5 CPOL4 CPOL3 CPOL2 CPOLA1 CPOLO
Reset Value 1 1 1 1 1 1 1 1

Table 84. MTC Page 1 Register Map and Reset Values

Register Name 7 6 5 4 3 2 1 0
MDTG PCN DTE DTG5 DTG4 DTG3 DTG2 DTG1 DTGO
Reset Value 1 1 1 1 1 1 1 1
MPOL ZVD REO OP5 OP4 OP3 OoP2 OP1 OPO
Reset Value 0 0 1 1 1 1 1 1
MPWME DG PWMW PWMV PWMU OT3 oT2 OT1 OT0
Reset Value 0 0 0 0 0 0 0 0
MCONF DS3 DS2 DSH DS0 SOl SOM XT16 XT8
Reset Value 0 0 0 0 0 0 1 0
MPAR TES1 TESO OE5 OE4 OE3 OE2 OE1 OEO
Reset Value 0 0 0 0 0 0 0 0
MZFR ZEF3 ZEF2 ZEF1 ZEFO ZWF3 ZWF2 ZWF1 ZWFO0
Reset Value 0 0 0 0 1 1 1 1
MSCR S8V SCF1 SCFO ECM DISS
Reset Value 0 0 0 0 0 0 0 0
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INSTRUCTION SET OVERVIEW (Cont’d)

11.2 INSTRUCTION GROUPS

The ST7 family devices use an Instruction Set
consisting of 63 instructions. The instructions may

be subdivided into 13 main groups as illustrated in
the following table:

Load and Transfer LD CLR
Stack operation PUSH POP RSP
Increment/Decrement INC DEC
Compare and Tests CP TNZ BCP
Logical operations AND OR XOR CPL NEG
Bit Operation BSET BRES
Conditional Bit Test and Branch BTJT BTJF
Arithmetic operations ADC ADD SuB SBC MUL
Shift and Rotates SLL SRL SRA RLC RRC SWAP SLA
Unconditional Jump or Call JRA JRT JRF JP CALL | CALLR NOP | RET
Conditional Branch JRxx
Interruption management TRAP WFI HALT | IRET
Condition Code Flag modification SIM RIM SCF RCF
Using a pre-byte PDY 90 Replace an X based instruction

The instructions are described with one to four op-
codes.

In order to extend the number of available op-
codes for an 8-bit CPU (256 opcodes), three differ-
ent prebyte opcodes are defined. These prebytes
modify the meaning of the instruction they pre-
cede.

The whole instruction becomes:

PC-2 End of previous instruction

PC-1 Prebyte

PC opcode

PC+1 Additional word (0 to 2) according

to the number of bytes required to compute the ef-
fective address

These prebytes enable instruction in Y as well as
indirect addressing modes to be implemented.
They precede the opcode of the instruction in X or
the instruction using direct addressing mode. The
prebytes are:
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using immediate, direct, indexed, or inherent ad-
dressing mode by a Y one.

PIX 92 Replace an instruction using di-
rect, direct bit, or direct relative addressing mode
to an instruction using the corresponding indirect
addressing mode.

It also changes an instruction using X indexed ad-
dressing mode to an instruction using indirect X in-
dexed addressing mode.

PIY 91 Replace an instruction using X in-
direct indexed addressing mode by a Y one.

11.2.1 lllegal Opcode Reset

In order to provide enhanced robustness to the de-
vice against unexpected behaviour, a system of il-
legal opcode detection is implemented. If a code to
be executed does not correspond to any opcode
or prebyte value, a reset is generated. This, com-
bined with the Watchdog, allows the detection and
recovery from an unexpected fault or interference.

Note: A valid prebyte associated with a valid op-
code forming an unauthorized combination does
not generate a reset.
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SUPPLY CURRENT CHARACTERISTICS (Cont'd)
12.4.2 Wait and Slow-wait Modes

Symbol Parameter Conditions Typ | Max D1 unit
Supply current in Wait mode 2) % _ _
(see Figure 133) kﬂ foso—16MHZ, fcpu—sMHZ 8 12
oo Supply current in Slow-wait mode 2) %8 mA
(see Figure 134) L‘>) foso=1 GMHZ, fCPU=500kHZ 3.5 5
<
Figure 133. Typical Ipp in Wait vs. fcpy Figure 134. Typical Ipp in Slow-wait vs. fcpy
8.0 25
7.0
60 L 20
~ 50 15 L
TE, 4.0 E
2., 20
20 05
1.0 ’
0.0 T 0.0
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
Fcpu Mhz Fcpu Mhz
Notes:

1. Data based on characterization results, tested in production at Vpp max. and fgpy max.
2. Measurements are done in the following conditions:

- Program executed from RAM, CPU running with RAM access. The increase in consumption when executing from Flash
is 50%.

- All /O pins in input mode with a static value at Vpp or Vgg (no load)
- All peripherals in reset state.

- LVD disabled.

- Clock input (OSC1) driven by external square wave.

- In Slow and Slow-wait mode, fcpy is based on fog divided by 32.

To obtain the total current consumption of the device, add the clock source (Section 12.5.3) and the peripheral power
consumption.

4
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PACKAGE CHARACTERISTICS (Cont'd)

13.2 THERMAL CHARACTERISTICS

Symbol Ratings Value Unit
Package thermal resistance (junction to ambient)
LQFP80 14x14 55
LQFP64 14x14 55
RthJa LQFP44 10x10 68 °C/wW
LQFP32 7x7 80
SDIP32 400mil 63
SDIP56 600mil 45
Tymax Maximum junction temperature) 150 °C
Pbmax Power dissipation 2) 500 mwW

Notes:

1. The maximum chip-junction temperature is based on technology characteristics.
2. The maximum power dissipation is obtained from the formula Pp = (T -Tp) / Rinya-

The power dissipation of an application can be defined by the user with the formula: Pp=P\yt+PpoRT
where Pyt is the chip internal power (Ipp X Vpp) and Ppogrt is the port power dissipation depending on
the ports used in the application.
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IMPORTANT NOTES (Cont'd)

15.2 CLEARING ACTIVE INTERRUPTS OUTSIDE
INTERRUPT ROUTINE

When an active interrupt request occurs at the
same time as the related flag or interrupt mask is
being cleared, the CC register may be corrupted.

Concurrent interrupt context

The symptom does not occur when the interrupts
are handled normally, i.e. when:

- The interrupt request is cleared (flag reset or in-
terrupt mask) within its own interrupt routine

- The interrupt request is cleared (flag reset or in-
terrupt mask) within any interrupt routine

- The interrupt request is cleared (flag reset or in-
terrupt mask) in any part of the code while this in-
terrupt is disabled

If these conditions are not met, the symptom can
be avoided by implementing the following se-
quence:

Perform SIM and RIM operation before and after
resetting an active interrupt request

Ex:
SIM
reset flag or interrupt mask
RIM

Nested interrupt context
The symptom does not occur when the interrupts
are handled normally, i.e. when:

- The interrupt request is cleared (flag reset or in-
terrupt mask) within its own interrupt routine

- The interrupt request is cleared (flag reset or in-
terrupt mask) within any interrupt routine with high-
er or identical priority level

- The interrupt request is cleared (flag reset or in-
terrupt mask) in any part of the code while this in-
terrupt is disabled

If these conditions are not met, the symptom can
be avoided by implementing the following se-
quence:

PUSH CC

SIM

reset flag or interrupt mask
POP CC
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15.3 TIMD SET SIMULTANEOUSLY WITH OC
INTERRUPT

If the 16-bit timer is disabled at the same time as
the output compare event occurs then the output
compare flag gets locked and cannot be cleared
before the timer is enabled again.

15.3.1 Impact on the application

If the output compare interrupt is enabled, then the
output compare flag cannot be cleared in the timer
interrupt routine. Consequently the interrupt serv-
ice routine is called repeatedly and the application
gets stuck which causes the watchdog reset if en-
abled by the application.

15.3.2 Workaround
Disable the timer interrupt before disabling the tim-

er. While enabling, first enable the timer, then en-
able the timer interrupts.

Perform the following to disable the timer

— TACR1 or TBCR1 = 0x00h; // Disable the com-
pare interrupt.

— TACSR | or TBCSR |= 0x40; // Disable the timer.

— Perform the following to enable the timer again

— TACSR & or TBCSR & = ~0x40; // Enable the
timer.

—TACR1 or TBCR1 = 0x40; // Enable the compare
interrupt.

15.4 LINSCI LIMITATIONS

15.4.1 LINSCI wrong break duration
SCI Mode

A single break character is sent by setting and re-
setting the SBK bit in the SCICR2 register. In
some cases, the break character may have a long-
er duration than expected:

- 20 bits instead of 10 bits if M=0
- 22 bits instead of 11 bits if M=1.

In the same way, as long as the SBK bit is set,
break characters are sent to the TDO pin. This
may lead to generate one break more than expect-
ed.

Occurrence

The occurrence of the problem is random and pro-
portional to the baudrate. With a transmit frequen-
cy of 19200 baud (fCPU=8MHz and SCI-

BRR=0xC9), the wrong break duration occurrence
is around 1%.
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