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ST7MC1xx/ST7MC2xx

8-bit MCU with nested interrupts, Flash, 10-bit ADC,
brushless motor control, five timers, SPI, LINSCI™

Features

= Memories
— 8K to 60K dual voltage Flash Program memo-
ry or ROM with read-out protection capability,
In-application programming and In-circuit pro-
gramming.
— 384 to 1.5K RAM

— HDFlash endurance: 100 cycles, data reten-
tion: 40 years at 85°C

Clock, reset and supply management

— Enhanced reset system

— Enhanced low voltage supervisor (LVD) for
main supply and auxiliary voltage detector
(AVD) with interrupt capability

— Clock sources: crystal/ceramic resonator os-
cillators and by-pass for external clock, clock
security system.

— Four power saving modes: Halt, Active-halt,
Wait and Slow

Interrupt management

— Nested interrupt controller

— 14 interrupt vectors plus TRAP and RESET

— MCES top level interrupt pin

— 16 external interrupt lines (on 3 vectors)

Up to 60 I/O ports S .

— up to 60 multifunctional bidirectional I/O lines

— up to 41 alternate function lines

— up to 12 high sink outputs

5 timers

— Main clock controller with: Real-time base,
Beep and clock-out capabilities

— Configurable window watchdog timer

— Two 16-bit timers with: 2 input captures, 2 out-
put compares, external clock input, PWM and
pulse generator modes

— 8-bit PWM Auto-reload timer with: 2 input cap-
tures, 4 PWM outputs, output compare and

time base interrupt, external clock with
Table 1. Device summary

LQFP80
14x14

LQFP64
14x14

LQFP44 LQFP327x7
10x10

event detector

= 2 Communication interfaces
— SPI synchronous serial interface

— LINSCI™ asynchronous serial interface

m Brushless motor control peripheral
— 6 high sink PWM output channels for sine-
wave or trapezoidal inverter control

— Motor safety including asynchronous emer-
gency stop and write-once registers

— 4 analog inputs for rotor position detection
(sensorless/hall/tacho/encoder)

— Permanent magnet motor coprocessor includ-
ing multiplier, programmable filters, blanking
windows and event counters

— Operational amplifier and comparator for cur-
rent/voltage mode regulation and limitation

= Analog peripheral
— 10-bit ADC with 16 input pins

= In-circuit Debug
m Instruction set
— 8-bit data manipulation

— 63 basic instructions with illegal opcode de-
tection

— 17 main Addressing modes
— 8 x 8 unsigned multiply instruction
— True bit manipulation

m Development tools
— Full hardware/software development package

ST7MC2N6 ')/ ST7TMC2S4 / STZTMC2S6 / STZMC2S7 / ST7TMC2S9
Features ST7MC1K2/ST7MC1K4 / STTMC2R6 / STZMC2R?7 / STZMC2R9 / STZMC2M9
Program memory - bytes 8K 16K 16K 32K 48K | 60K
RAM (stack) - bytes 384 (256) 768 (256) | 768 (256) 1024 (256) 1536 (256)
Perioheral Watchdog, 16-bit Timer A, LINSCI™, 10-bit ADC, MTC, 8-bit PWM ART, ICD
eripherals - ] SPI, 16-bit Timer B
Operating .
Supply vs. Frequency 4.5 10 5.5V with fopy<8MHz
-40°C to +85°C | -40°Cto | -40°C to +85°C . . -40°C to
Temperature Range /-40°C to +125°C | +85°C | -40°C to +125°C -40°Cto +85°C +125°C
Package LQFP32 LQFP32 LQFP44 SDIP56"//LQFP64 [ LOFP64/44 [ LQFP80/64 | LOFP44
Note 1: For development only. No production
April 2009 Rev 13 1/309
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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

2 PIN DESCRIPTION
Figure 2. 80-Pin LQFP 14x14 Package Pinout
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(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 I/O
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ST7MC1xx/ST7MC2xx

PIN DESCRIPTION (Cont'd)
Figure 3. 64-Pin LQFP 14x14 Package Pinout
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(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 I/O
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ST7MC1xx/ST7MC2xx

PIN DESCRIPTION (Cont'd)
Figure 4. 32-Pin SDIP Package Pinouts
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MCO3 [] 5 ei0 28 [1 PD3/ICAP1_A/AIN13
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(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 1/0
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ST7MC1xx/ST7MC2xx

PIN DESCRIPTION (Cont'd)
Figure 5. 56-Pin SDIP Package Pinouts
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(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
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ST7MC1xx/ST7MC2xx

PIN DESCRIPTION (Cont'd)

Figure 6. 44-Pin LQFP Package Pinouts
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(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 I/0
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ST7MC1xx/ST7MC2xx

PIN DESCRIPTION (Cont'd)
Figure 7. 32-Pin LQFP 7x7 Package Pinout
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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 /0
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ST7MC1xx/ST7MC2xx

PIN DESCRIPTION (Cont'd)
For external pin connection guidelines, See “ELECTRICAL CHARACTERISTICS” on page 247.
Legend / Abbreviations for Table 1:
Type: | = input, O = output, S = supply
Input level: A = Dedicated analog input
In/Output level: Ct= CMOS 0.3Vpp/0.7Vpp with Schmitt trigger
T1= Refer to the G&H ports Characteristics in section 12.8.1 on page 264
Output level: HS = 20mA high sink (on N-buffer only)
Port and control configuration:
— Input: float = floating, wpu = weak pull-up, wpd = weak pull-down, int = interrupt 1), ana = analog
— Output: OD = open drain, PP = push-pull
Refer to “I/O PORTS” on page 54 for more details on the software configuration of the 1/O ports.
The RESET configuration of each pin is shown in bold which is valid as long as the device is in reset state.
Table 1. ST7MC Device Pin Description

Pin n° Level Port Main
o .
S8I3(8|F|9|S| PinName | 2|« | 5 Input ) | Output |function| .t function 2
EE|s k|2 FlE| 8 s (after
= © - [l =)
g|e|8|9|8|9 £18 |8 gE|ES|&|
111(8]1]5]|1]|MCO3(HS) o HS X | Motor Control Output 3
2129|262 |MCO4(HS) 0] HS X | Motor Control Output 4
313|101 3| 7 | 3 | MCO5 (HS) 0] HS X | Motor Control Qutput 5
4| af11] 48] 4|MCESY I [Ct X MTC Emergency Stop
5| -1-1-1|-1|-]|PGO /O | Tt X| X X | X | Port GO
6| -|-1]-1-1-]PG1 /0| Tt X[ X X | X | Port G1
70 -1-1-1-1-]|PG2 /0| Tt X[ X X | X | Port G2
8| -1|-1]-1|-]|-|PG3 /O | Tt XX X | X | Port G3
9151120595 |o0sct® | Extgrnal glock mpgt or Resonator
oscillator inverter input
10/ 6 [13| 6 |10| 6 | OSC2Y I/0 Resonator oscillator inverter output
"7 014 7] - |- |Veq? S Digital Ground Voltage
12/ 8 [15] 8| - | - | Vgq ¥ S Digital Main Supply Voltage
13|91 - | -1 -1 - | PAOPWM3 /0| Ct X[ X X | X | Port AO | PWM Output 3
141016 | - | - | - | PA1/PWM2 I/O|Cy| HS | X[ X X | X | Port A1 | PWM Qutput 2
1511 - | - | - | - | PA2PWM1 /0| Ct XX X | X | Port A2 | PWM Output 1
PA3/PWMO/ . PWM Out- | ADC Ana-
161217 9 |11 | 7 AINO /0| Ct X| eilt |X| X | X |PortA3 but 0 log Input 0
17113 (18| - | - | - gﬁi(HS)/ART_ I/O|Ct| HS | X[ X X | X | Port A4 | PWM-ART External Clock
PWM-ART
18|14 |19 | 10| 12| g | PAS/ARTICI/ 1,5 1 o x| leit|x]| X | X | Port A5 | Input Cap- |APC Analog
AIN1 Input 1
ture 1
19/15(20| - | - | - | PA6/ARTIC2 |0 |Cy x| eit X | X | Port ag | pWM-ART Input Capture
2016 | - | - | - | - | PA7/AIN2 I/O|Ct X eil | X| X | X | Port A7 | ADC Analog Input 2
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ST7MC1xx/ST7MC2xx

Table 1. ST7MC Device Pin Description

Level

Port

Main
o .
BI3(8|F|9|S| PinName | 2|« | 5 Input ) | Output |function| .t function 2
EE|s k|28 FlE| 8 s (after
= © - [l =)
S1S|8|9|8 |9 |5 |8 8|5 8|
21|17 1211113 | 9 | PBO/MCVREF |I/O|Ct X|X X| X | X | Port BO | MTC Voltage Reference
22 (18|22 |12 |14 |10 | PB1/MCIA /0| Ct XX X | X | X |PortB1 | MTC Input A
23119123 (13|15 |11 | PB2/MCIB /0| Ct X|X X| X | X |PortB2 | MTC Input B
24120 |24 |14 |16 |12 | PB3/MCIC /0| Ct X| X X| X | X | PortB3 | MTC Input C
25|21|25(15| - | - |PB4MISO  |1/O|Cy X | X X | X | Port B4 gzt'aMaSte"”/ Slave Out
SPI Master
26| 22|26 16| - | - | PBOMOSV 51, X | X X | X | Port BS | Out/ Slave | ADC Ana-
AIN3 log Input 3
In Data
27|23 |27 |17 | - | - | PB6/SCK l/O|Ct| HS | X| ei2 X | X | Port B6 | SPI Serial Clock
SPI Slave
08|24 |28 |18| - | - | PB7/SS/AING |10|Cr| HS [Xx| |ei2| | X | X | PortB7 | Select (ac- | APC Ana-
. log Input 4
tive low)
29 - | - | -|-]|-|PG4 /O | Tt XX X | X | Port G4
30| -|-|-1]-1]-]|PG5 /0| Tt X|X X | X | Port G5
31| - | -|-1]-1]-|PG6 /0| Tt X|X X | X | Port G6
32(-|-1]-1|-1|-1|PG7 /0| Tt X| X X | X | Port G7
33(25(29| - | - | - |PCO I/O|Ct| HS | X ei2 X | X | Port CO
) MTC Cur-
PC1/MCCFI0® . rent Feed- | ADC Ana-
34(26(30| - | - | - JAING /0| Ct X| ei2 [X| X | X |PortC1 back Input | log Input 5
0%
35|27 3119 |17 | 13 | PC2/0OAP /0| Ct X ei2| X| X | X | Port C2 | OPAMP Positive Input
36 (2832|2018 |14 | PC3/OAN /0| Ct X|X|ei2| X| X | X | Port C3 | OPAMP Negative Input
OAZ/ Opam Eg-rl;tCFcégg- ADC analo
37|29 |33|21 |19 | 15| MCCFI1®  |I/0 X pamp 9
Output | back Input | Input 6
AING 16)
38|30 | 34| 22| 20| 16 | PC4/MCCREF | 1/0 | Cy x|x| |x]|x|x|Portca |MTC Current Feedback
Reference
39(31(35| - | - | - ,\PA%E’/MCPW' /0| Ct X | X X | X | Port C5 | MTC PWM Output U
40(32 (36| - | - | - PCe/ I/O|C XX X | X | Port C6 | MTC PWM Output V&
MCPWMV® T
PC7/ ADC Ana-
41|33|87(23| - | - | MCPWMW®) |1/O|Cq XX X| X | X |PortC7 MTC PW'\,!I) log
Output W
AIN7 Input 7
42134 |38 (24|21 |17 | VaRer I Analog Reference Voltage for ADC
43(35[39]25| - | - | Vgga® S Analog Ground Voltage
44136 |40 |26 |22 |18 VSS,OS) S Digital Ground Voltage
45|37 |41 27|23 |19 VDD_05) S Digital Main Supply Voltage
46|38 |42 |28 |24 |20 | RESET /0| Ct Top priority non maskable interrupt

4
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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
14/309 "_l
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Table 1. ST7MC Device Pin Description

Pin n° Level Port Main
o -
BI3(8|F|9|S| PinName | 2|« | 5 Input ) | Output |function| .t function 2
%2328 FlE 8 s (atter
= © - [l =)
S|9(8(9|8|¢ aEEEHEEE s
69| - | - | -] -] - |PH6 /0| Tt X | X X | X | Port H6
70| - | - | - - | PH7 /0| Tt X|X X | X | Port H7
PEO/ Timer B Output Compare
71|55 |56 | 37 * | ocMP2_B I/O|Ct| HS | X[ X X | X | Port EO >
PE1/ Timer B Output Compare
72|56 |1 (38| - | - OCMP1_B /0| Ct X| X X| X | X | Port E1 1
73|57 2 (39| - | - | PE2/ICAP2_B |I/O|Ct XX X | X | Port E2 | Timer B Input Capture 2
74|58 | 3 40| - | - | PESG/ICAP1_B/|I/O|Ct X[ X X | X | X | Port E3 | Timer B Input Capture 1
PE4/ Timer B External Clock
75159 - | - | - | - EXTCLK B /0| Ct X| X X | X | Port E4 source
76|60 - | - | - | - |PE5S I/0| Ct X|X X| X | X | Port E5
Must be tied low. In the program-
ming mode when available, this pin
77161 4 41| 1 |29 | Vpp/ICCSEL acts as the programming voltage in-
put Vpp./ ICC mode pin. See section
12.9.2 on page 269
78|62 | 5 (42| 2 | 30 | MCOO (HS) 0] HS X | MTC Output Channel 0
7963 | 6 43| 3 |31 | MCO1 (HS) (0] HS X | MTC Output Channel 1
80|64 | 7 |44 | 4 | 32 | MCO2 (HS) (0] HS X | MTC Output Channel 2
Notes:

1. In the interrupt input column, “eiX” defines the associated external interrupt vector. If the weak pull-up
column (wpu) is merged with the interrupt column (int), then the 1/0 configuration is pull-up interrupt input,
else the configuration is floating interrupt input

2. If two alternate function outputs are enabled at the same time on a given pin (for instance, MCPWMV
and MCDEM on PD1 on LQFP32), the two signals will be ORed on the output pin.

3. MCES is a floating input. To disable this function, a pull-up resistor must be used.

4. OSC1 and OSC2 pins connect a crystal/ceramic resonator or an external source to the on-chip oscilla-
tor; see Section 1 INTRODUCTION and Section 12.5 CLOCK AND TIMING CHARACTERISTICS for
more details.

5. It is mandatory to connect all available Vpp and Vppp pins to the supply voltage and all VSs and VSsSA
pins to ground.

6. MCCFI can be mapped on 2 different pins on 80 ,64 and 56-pin packages. This allows:

- either to use PC1 as a standard I/O and map MCCFI on OAZ (MCCFI1) with or without using the oper-
ational amplifier (selected case after reset),

- or to map MCCFI on PC1 (MCCFIO) and use the amplifier for another function.

The mapping can be selected in MREF register of motor control cell. See section MOTOR CONTROL for
more details.

7. MCZEM is mapped on PF1 on 80, 64 and 56-pin packages and on PD2 on 44 and 32-pins.
MCDEM is mapped on PFO on 80, 64 and 56-pin packages and on PD1 on 44 and 32-pin packages.

8. MCPWMYV is mapped on PC6 on 80 and 64-pin packages and on PD1 on 44,and 32-pins packages.
MCPWMW is mapped on PC7 on 80, 64 and 44-pin packages and on PDO on 32-pins package.

9. Once the MTC peripheral is ON (bits CKE=1 or DAC=1 in the register MCRA), the pin PC4 is configured
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to an alternate function. PC4 is no longer usable as a digital I/O.I

10. On the chip, each I/O port has 8 pads. Pads that are not bonded to external pins are in input pull-up
configuration after reset. The configuration of these pads must be kept at reset state to avoid added cur-
rent consumption. Refer to section 15.7 on page 303

16/309
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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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Table 2. Hardware Register Map

Register . Reset
Address Block Label Register Name Status Remarks
0000h PADR Port A Data Register oon" | RW
0001h Port A PADDR Port A Data Direction Register 00h R/W
0002h PAOR Port A Option Register 00h R/W2)
0003h PBDR Port B Data Register 0oh" R/W
0004h Port B PBDDR Port B Data Direction Register 00h R/W
0005h PBOR Port B Option Register 00h R/W
0006h PCDR Port C Data Register ooh" R/W
0007h Port C PCDDR Port C Data Direction Register 00h R/W
0008h PCOR Port C Option Register 00h R/W
0009h PDDR Port D Data Register 00h" R/W
000Ah Port D PDDDR Port D Data Direction Register 00h R/W
000Bh PDOR Port D Option Register 00h R/W
000Ch PEDR Port E Data Register ooh" R/W
000Dh Port E PEDDR Port E Data Direction Register 00h R/W?2)
000Eh PEOR Port E Option Register 00h R/W?)
000Fh PFDR Port F Data Register 00h" R/W
0010h Port F PFDDR Port F Data Direction Register 00h R/W
0011h PFOR Port F Option Register 00h R/W
0012h PGDR Port G Data Register ooh" R/W
0013h Port G PGDDR Port G Data Direction Register 00h R/W
0014h PGOR Port G Option Register 00h R/W
0015h PHDR Port H Data Register 00h" R/W
0016h Port H PHDDR Port H Data Direction Register 00h R/W
0017h PHOR Port H Option Register 00h R/W
0018h SCISR SCI Status Register COh Read Only
0019h SCIDR SCI Data Register xxh R/W
001Ah SCIBRR SCI Baud Rate Register 00h R/W
001Bh LINSCI™ SCICR1 SCI Control Register 1 xxh R/W
001Ch SCICR2 SCI Control Register 2 00h R/W
001Dh SCICR3 SCI Control Register 3 00h R/W
001Eh SCIERPR SCI Extended Receive Prescaler Register 00h R/W
001Fh SCIETPR SCI Extended Transmit Prescaler Register 00h R/W
0020h Reserved Area (1 Byte)
0021h SPIDR SPI Data I/O Register xxh R/W
0022h SPI SPICR SPI Control Register Oxh R/W
0023h SPICSR SPI Control/Status Register 00h R/W
18/309 IS73
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Table 2. Hardware Register Map

Register

Reset

Address Block Label Register Name Status Remarks
0024h ITSPRO Interrupt Software Priority Register 0 FFh R/W
0025h ITSPR1 Interrupt Software Priority Register 1 FFh R/W
0026h ITC ITSPR2 Interrupt Software Priority Register 2 FFh R/W
0027h ITSPR3 Interrupt Software Priority Register 3 FFh R/W
0028h EICR External Interrupt Control Register 00h R/W
0029h FLASH FSCR Flash Control/Status Register 00h R/W
002Ah WDGCR Window Watchdog Control Register 7Fh R/W

WATCHDOG
002Bh WDGWR | Window Watchdog Window Register 7Fh | RW
002Ch MCC MCCSR Main Clock Control / Status Register 00h R/W
002Dh MCCBCR Main Clock Controller: Beep Control Register 00h R/W
002Eh ADCCSR Control/Status Register 00h R/W
002Fh ADC ADCDRMSB| Data Register MSB 00h Read Only
0030h ADCDRLSB | Data Register LSB 00h Read Only
0031h TACR2 Timer A Control Register 2 00h R/W
0032h TACR1 Timer A Control Register 1 00h R/W
0033h TACSR Timer A Control/Status Register xxh R/W
0034h TAIC1HR Timer A Input Capture 1 High Register xxh Read Only
0035h TAIC1LR Timer A Input Capture 1 Low Register xxh Read Only
0036h TAOC1HR | Timer A Output Compare 1 High Register 80h R/W
0037h TAOC1LR Timer A Output Compare 1 Low Register 00h R/W
0038h TIMER A TACHR Timer A Counter High Register FFh Read Only
0039h TACLR Timer A Counter Low Register FCh Read Only
003Ah TAACHR Timer A Alternate Counter High Register FFh Read Only
003Bh TAACLR Timer A Alternate Counter Low Register FCh Read Only
003Ch TAIC2HR Timer A Input Capture 2 High Register xxh Read Only
003Dh TAIC2LR Timer A Input Capture 2 Low Register xxh Read Only
003Eh TAOC2HR | Timer A Output Compare 2 High Register 80h R/W
003Fh TAOC2LR Timer A Output Compare 2 Low Register 00h R/W
0040h SIM SICSR System Integrity Control/Status Register 000x000x b| R/W
0041h TBCR2 Timer B Control Register 2 00h R/W
0042h TBCRH1 Timer B Control Register 1 00h R/W
0043h TBCSR Timer B Control/Status Register xxh R/W
0044h TBIC1HR Timer B Input Capture 1 High Register xxh Read Only
0045h TBIC1LR Timer B Input Capture 1 Low Register xxh Read Only
0046h TBOC1HR | Timer B Output Compare 1 High Register 80h R/W
0047h TBOC1LR Timer B Output Compare 1 Low Register 00h R/W
0048h TIMER B TBCHR Timer B Counter High Register FFh Read Only
0049h TBCLR Timer B Counter Low Register FCh Read Only
004Ah TBACHR Timer B Alternate Counter High Register FFh Read Only
004Bh TBACLR Timer B Alternate Counter Low Register FCh Read Only
004Ch TBIC2HR Timer B Input Capture 2 High Register xxh Read Only
004Dh TBIC2LR Timer B Input Capture 2 Low Register xxh Read Only
004Eh TBOC2HR | Timer B Output Compare 2 High Register 80h R/W
004Fh TBOC2LR Timer B Output Compare 2 Low Register 00h R/W
KYI 19/309
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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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Table 2. Hardware Register Map

Register

Reset

Address Block Label Register Name Status Remarks
0074h PWMDCR3 | PWM AR Timer Duty Cycle Register 3 00h R/W
0075h PWMDCR2 | PWM AR Timer Duty Cycle Register 2 00h R/W
0076h PWMDCR1 | PWM AR Timer Duty Cycle Register 1 00h R/W
0077h PWMDCRO | PWM AR Timer Duty Cycle Register 0 00h R/W
0078h PWMCR PWM AR Timer Control Register 00h R/W
0079h PWM ART ARTCSR Auto-Reload Timer Control/Status Register 00h R/W
007Ah ARTCAR Auto-Reload Timer Counter Access Register 00h R/W
007Bh ARTARR Auto-Reload Timer Auto-Reload Register 00h R/W
007Ch ARTICCSR | AR Timer Input Capture Control/Status Reg. 00h R/W
007Dh ARTICR1 AR Timer Input Capture Register 1 00h Read Only
007Eh ARTICR2 AR Timer Input Capture Register 2 00h Read Only
007Fh OPAMP OACSR OPAMP Control/Status Register 00h R/W

Legend: x=undefined, R/W=read/write

Notes:

1. The contents of the 1/O port DR registers are readable only in output configuration. In input configura-
tion, the values of the I/O pins are returned instead of the DR register contents.

2. The bits associated with unavailable pins must always keep their reset value.

4
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4 FLASH PROGRAM MEMORY

4.1 INTRODUCTION

The ST7 dual voltage High Density Flash
(HDFlash) is a non-volatile memory that can be
electrically erased as a single block or by individu-
al sectors and programmed on a Byte-by-Byte ba-
sis using an external Vpp supply.

The HDFlash devices can be programmed and
erased off-board (plugged in a programming tool)
or on-board using ICP (In-Circuit Programming) or
IAP (In-Application Programming).

The array matrix organisation allows each sector
to be erased and reprogrammed without affecting
other sectors.

4.2 MAIN FEATURES

m 3 Flash programming modes:

— Insertion in a programming tool. In this mode,
all sectors including option bytes can be pro-
grammed or erased.

— ICP (In-Circuit Programming). In this mode, all
sectors including option bytes can be pro-
grammed or erased without removing the de-
vice from the application board.

— IAP (In-Application Programming) In this
mode, all sectors except Sector 0, can be pro-
grammed or erased without removing the de-
vice from the application board and while the
application is running.

m ICT (In-Circuit Testing) for downloading and
executing user application test patterns in RAM

m Read-out protection

m Register Access Security System (RASS) to
prevent accidental programming or erasing

4.3 STRUCTURE

The Flash memory is organised in sectors and can
be used for both code and data storage.

Figure 9. Memory Map and Sector Address

Depending on the overall Flash memory size in the
microcontroller device, there are up to three user
sectors (see Table 3). Each of these sectors can
be erased independently to avoid unnecessary
erasing of the whole Flash memory when only a
partial erasing is required.

The first two sectors have a fixed size of 4 Kbytes
(see Figure 9). They are mapped in the upper part
of the ST7 addressing space so the reset and in-
terrupt vectors are located in Sector 0 (FOOOh-
FFFFh).

Table 3. Sectors available in Flash devices

Flash Size (bytes) Available Sectors

4K Sector 0
8K Sectors 0,1
> 8K Sectors 0,1, 2

4.3.1 Read-out Protection

Read-out protection, when selected, provides a
protection against Program Memory content ex-
traction and against write access to Flash memo-
ry. Even if no protection can be considered as to-
tally unbreakable, the feature provides a very high
level of protection for a general purpose microcon-
troller.

In Flash devices, this protection is removed by re-
programming the option. In this case, the entire
program memory is first automatically erased and
the device can be reprogrammed.

Read-out protection selection depends on the de-

vice type:

— In Flash devices it is enabled and removed
through the FMP_R bit in the option byte.

— In ROM devices it is enabled by mask option
specified in the Option List.

4K 8K 10K 16K 32K 48K 60K & FLASH
1000h, " ST ST ST S ST~~~ MEMORY SIZE
L
TFFFR . o o o o e e e e e e e e e e e e e e e e e e e o o
PN - <4 SECTOR 2
BFFFh. _ _ _ _ - _ - - - _ - _ - __
D7FFh. _ _ _ _ - _ _ - _ _
DFFFh . . _ _ 2 Kbytes | 8 Kbytes | 16 Kbytes | 24 Kbytes | 40 Kbytes | 52 Kbytes
EFFFh 4 Kbytes <4~ SECTOR 1
" EFERR 4 Kbytes <4 SECTOR 0
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FLASH PROGRAM MEMORY (Cont'd)

4.4 1CC INTERFACE

ICC (In-Circuit Communication) needs a minimum
of four and up to six pins to be connected to the
programming tool (see Figure 10). These pins are:
— RESET: device reset
— Vgg: device power supply ground

Figure 10. Typical ICC Interface

— ICCCLK: ICC output serial clock pin
— ICCDATA: ICC input/output serial data pin
— ICCSEL/Vpp: programming voltage

— OSC1(or OSCIN): main clock input for exter-
nal source (optional)

pﬂllcatlon board power supply (see Fig-
ure 10 ote 3

PROGRAMMING TOOL
| ICC CONNECTOR |
ICC Cable
APPLICATION BOARD
T (See Note 3) . .. - _______.7" ICC CONNECTOR
.( ) . OPTIONAL — HE10 CONNECTOR TYPE
: . (SeeNoted) |[9]
' | 10| [8][6] [4][2
! . D D D D APPLICATION
! ' - RESET SOURCE
' ) See Note 2
' 10kQ N O
APPLICATION Cis B I
POWER SUPPLY See Note 1
r
[ APPLICATION
) g 10
g 3
ST7 w
n
(@]
o

Notes:

1. If the ICCCLK or ICCDATA pins are only used
as outputs in the application, no signal isolation is
necessary. As soon as the Programming Tool is
plugged to the board, even if an ICC session is not
in progress, the ICCCLK and ICCDATA pins are
not available for the application. If they are used as
inputs by the application, isolation such as a serial
resistor has to implemented in case another de-
vice forces the signal. Refer to the Programming
Tool documentation for recommended resistor val-
ues.

2. During the ICC session, the programming tool
must control the RESET pin. This can lead to con-
flicts between the programming tool and the appli-
cation reset circuit if it drives more than 5mA at
high level (push pull output or pull-up resistor<1K).
A schottky diode can be used to isolate the appli-
cation RESET circuit in this case. When using a
classical RC network with R > 1K or a reset man-

4

agement IC with open drain output and pull-up
resistor > 1K, no additional components are need-
ed. In all cases the user must ensure that no exter-
nal reset is generated by the application during the
ICC session.

3. The use of Pin 7 of the ICC connector depends
on the Programming Tool architecture. This pin
must be connected when using most ST Program-
ming Tools (it is used to monitor the application
power supply). Please refer to the Programming
Tool manual.

4. Pin 9 has to be connected to the OSC1 or OS-
CIN pin of the ST7 when the clock is not available
in the application or if the selected clock option is
not programmed in the option byte. ST7 devices
with multi-oscillator capability need to have OSC2
grounded in this case.
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FLASH PROGRAM MEMORY (Cont'd)

4.5 ICP (IN-CIRCUIT PROGRAMMING)

To perform ICP the microcontroller must be
switched to ICC (In-Circuit Communication) mode
by an external controller or programming tool.

Depending on the ICP code downloaded in RAM,
Flash memory programming can be fully custom-
ized (number of bytes to program, program loca-
tions, or selection serial communication interface
for downloading).

When using an STMicroelectronics or third-party
programming tool that supports ICP and the spe-
cific microcontroller device, the user needs only to
implement the ICP hardware interface on the ap-
plication board (see Figure 10). For more details
on the pin locations, refer to the device pinout de-
scription.

4.6 IAP (IN-APPLICATION PROGRAMMING)

This mode uses a BootLoader program previously
stored in Sector 0 by the user (in ICP mode or by
plugging the device in a programming tool).

This mode is fully controlled by user software. This
allows it to be adapted to the user application, (us-
er-defined strategy for entering programming
mode, choice of communications protocol used to
fetch the data to be stored, etc.). For example, it is
possible to download code from the SPI, SCI or
other type of serial interface and program it in the
Flash. IAP mode can be used to program any of
the Flash sectors except Sector 0, which is write/
erase protected to allow recovery in case errors
occur during the programming operation.
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4.7 RELATED DOCUMENTATION

For details on Flash programming and ICC proto-
col, refer to the ST7 Flash Programming Refer-
ence Manual and to the ST7 ICC Protocol Refer-
ence Manual.

4.8 REGISTER DESCRIPTION

FLASH CONTROL/STATUS REGISTER (FCSR)

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

7 0

0 0 0 0 0 0 0 0

This register is reserved for use by Programming
Tool software. It controls the Flash programming
and erasing operations.

4
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5 CENTRAL PROCESSING UNIT

5.1 INTRODUCTION

This CPU has a full 8-bit architecture and contains
six internal registers allowing efficient 8-bit data
manipulation.

5.2 MAIN FEATURES

m Enable executing 63 basic instructions

m Fast 8-bit by 8-bit multiply

m 17 main addressing modes
addressing mode)

Two 8-bit index registers

16-bit stack pointer

Low power Halt and Wait modes

Priority maskable hardware interrupts
Non-maskable software/hardware interrupts

(with indirect

Figure 11. CPU Registers

5.3 CPU REGISTERS

The six CPU registers shown in Figure 11 are not
present in the memory mapping and are accessed
by specific instructions.

Accumulator (A)

The Accumulator is an 8-bit general purpose reg-
ister used to hold operands and the results of the
arithmetic and logic calculations and to manipulate
data.

Index Registers (X and Y)

These 8-bit registers are used to create effective
addresses or as temporary storage areas for data
manipulation. (The Cross-Assembler generates a
precede instruction (PRE) to indicate that the fol-
lowing instruction refers to the Y register.)

The Y register is not affected by the interrupt auto-
matic procedures.

Program Counter (PC)

The program counter is a 16-bit register containing
the address of the next instruction to be executed
by the CPU. It is made of two 8-bit registers PCL
(Program Counter Low which is the LSB) and PCH
(Program Counter High which is the MSB).

7 0

LI L]

RESET VALUE = XXh
7 0

L] ]

RESET VALUE = XXh
7 0

LTI

RESET VALUE = XXh

l15 PCH 8|7 PCL 0|

LTI ]]

RESET VALUE = RESET VECTOR @ FFFEh-FFFFh
7 0

11 [1 [11[H]10]n]Z] C]

RESETVALUE=1 1 1 X 1 X X X

15 8|7 0]

HINEEEREEEEEEEEE

RESET VALUE = STACK HIGHER ADDRESS

ACCUMULATOR

X INDEX REGISTER

Y INDEX REGISTER

PROGRAM COUNTER

CONDITION CODE REGISTER

STACK POINTER

X = Undefined Value

(574
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CENTRAL PROCESSING UNIT (Cont'd)
Condition Code Register (CC)
Read/Write

Reset Value: 111x1xxx

7 0

1 1 11 H 10 N 4 C

The 8-bit Condition Code register contains the in-
terrupt masks and four flags representative of the
result of the instruction just executed. This register
can also be handled by the PUSH and POP in-
structions.

These bits can be individually tested and/or con-
trolled by specific instructions.

Arithmetic Management Bits
Bit 4 = H Half carry.

This bit is set by hardware when a carry occurs be-
tween bits 3 and 4 of the ALU during an ADD or
ADC instructions. It is reset by hardware during
the same instructions.

0: No half carry has occurred.
1: A half carry has occurred.

This bit is tested using the JRH or JRNH instruc-
tion. The H bit is useful in BCD arithmetic subrou-
tines.
Bit 2 = N Negative.
This bit is set and cleared by hardware. It is repre-
sentative of the result sign of the last arithmetic,
logical or data manipulation. It's a copy of the re-
sult 71" bit.
0: The result of the last operation is positive or null.
1: The result of the last operation is negative

(that is, the most significant bit is a logic 1).

This bit is accessed by the JRMI and JRPL instruc-
tions.

26/309

Bit 1 = Z Zero.

This bit is set and cleared by hardware. This bit in-

dicates that the result of the last arithmetic, logical

or data manipulation is zero.

0: The result of the last operation is different from
zero.

1: The result of the last operation is zero.

This bit is accessed by the JREQ and JRNE test
instructions.

Bit 0 = C Carry/borrow.

This bit is set and cleared by hardware and soft-
ware. It indicates an overflow or an underflow has
occurred during the last arithmetic operation.

0: No overflow or underflow has occurred.

1: An overflow or underflow has occurred.

This bit is driven by the SCF and RCF instructions
and tested by the JRC and JRNC instructions. It is
also affected by the “bit test and branch”, shift and
rotate instructions.

Interrupt Management Bits

Bit 5,3 = 1, 10 Interrupt

The combination of the 11 and 10 bits gives the cur-
rent interrupt software priority.

Interrupt Software Priority § 10
Level 0 (main) 1 0
Level 1 0 1
Level 2 0 0
Level 3 (= interrupt disable) 1 1

These two bits are set/cleared by hardware when
entering in interrupt. The loaded value is given by
the corresponding bits in the interrupt software pri-
ority registers (IxXSPR). They can be also set/
cleared by software with the RIM, SIM, IRET,
HALT, WFI and PUSH/POP instructions.

See the interrupt management chapter for more
details.
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CENTRAL PROCESSING UNIT (Cont'd)

Stack Pointer (SP)
Read/Write
Reset Value: 01 FFh

15 8

0 0 0 0 0 0 0 1

7 0

SP7 | SP6 | SP5 | SP4 | SP3 | SP2 | SP1 | SPO

The Stack Pointer is a 16-bit register which is al-
ways pointing to the next free location in the stack.
It is then decremented after data has been pushed
onto the stack and incremented before data is
popped from the stack (see Figure 12).

Since the stack is 256 bytes deep, the 8 most sig-
nificant bits are forced by hardware. Following an
MCU Reset, or after a Reset Stack Pointer instruc-
tion (RSP), the Stack Pointer contains its reset val-
ue (the SP7 to SPO bits are set) which is the stack
higher address.

Figure 12. Stack Manipulation Example

The least significant byte of the Stack Pointer
(called S) can be directly accessed by a LD in-
struction.

Note: When the lower limit is exceeded, the Stack
Pointer wraps around to the stack upper limit, with-
out indicating the stack overflow. The previously
stored information is then overwritten and there-
fore lost. The stack also wraps in case of an under-
flow.

The stack is used to save the return address dur-
ing a subroutine call and the CPU context during
an interrupt. The user may also directly manipulate
the stack by means of the PUSH and POP instruc-
tions. In the case of an interrupt, the PCL is stored
at the first location pointed to by the SP. Then the
other registers are stored in the next locations as
shown in Figure 12.

— When an interrupt is received, the SP is decre-
mented and the context is pushed on the stack.

— On return from interrupt, the SP is incremented
and the context is popped from the stack.

A subroutine call occupies two locations and an in-
terrupt five locations in the stack area.

CALL Interrupt PUSH Y POP Y IRET RET
Subroutine Event or RSP
@ 0100h
SP
SP ’ SP
—> Y —>
CcC CC CcC
A A A
X X X
op PCH PCH PCH |
MY PCL PCL PCL >
PCH PCH PCH PCH PCH | o,
@ 01FFh| PCL PCL PCL PCL PCL —p
Stack Higher Address = 01FFh
Stack Lower Address = 0100h
"l 27/309




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

SYSTEM INTEGRITY MANAGEMENT

— Clock Detector

r— - - - — — — — — n
| |
1 fosc
| CLOCK SECURITY SYSTEM fCLlK MAIN CLOCK | fcpu
| —p| CONTROLLER —»
ving PLL WITH REALTIME |
0SC2 <= —p| 8Mhz 16Mhz,, | | cLock (mcerrTo) | M
OSCILLATOR 1/2 Safeosc lock >
0SC1 == foscl— | T L
Diy2 OPT CKSEL
SICSR, page 1
v |
| A 0Ivc LOIPLL|6|CK|O|
| GE EN|CK |EN]| © |SEL
| A 4

[
AVD Interrupt Request __ 1] WATCHDOG

7 RESET SEQUENCE | i
RESET., 3 MANAGER |SICSR, page o|4|_D—> v ¢ || TMER WDG)
(RSM) PATAVDJAVDILVD| "[CSS|CSSWDG
| GE| IE | F |RF IE]D [RF] |
I \_l—Dy
| T CSS Interrupt F!equest
[ _|
LOW VOLTAGE
Ves — [1 4 DETECTOR
Vop — [IL—; (LVD)
AUXILIARY VOLTAGE
4 DETECTOR —
(AVD)

* 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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6.1 OSCILLATOR

The main clock of the ST7 can be generated by a
crystal or ceramic resonator oscillator or an exter-
nal source.

The associated hardware configurations are
shown in Table 4. Refer to the electrical character-
istics section for more details.

External Clock Source

In this external clock mode, a clock signal (square,
sinus or triangle) with ~50% duty cycle has to drive
the OSC1 pin while the OSC2 pin is not connect-
ed.

Crystal/Ceramic Oscillators

This family of oscillators has the advantage of pro-
ducing a very accurate rate on the main clock of
the ST7. In this mode, the resonator and the load
capacitors have to be placed as close as possible
to the oscillator pins in order to minimize output
distortion and start-up stabilization time.

This oscillator is not stopped during the RESET
phase to avoid losing time in its start-up phase.

See Electrical Characteristics for more details.

Note: When crystal oscillator is used as a clock
source, a risk of failure may exist if no series resis-
tors are implemented.

4

Table 4. ST7 Clock Sources

Hardware Configuration

o ST7
S 0SC1 0SC2
O
g
g
i EXTERNAL
SOURCE
ST7
0SC1 0SCc2

Crq Cro

LOAD
>— CAPACITORS —"

777

Crystal/Ceramic Resonators
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6.2 RESET SEQUENCE MANAGER (RSM)

6.2.1 Introduction

The reset sequence manager includes three RE-
SET sources as shown in Figure 15:

m External RESET source pulse

m Internal LVD RESET (Low Voltage Detection)

m Internal WATCHDOG RESET

Note: A reset can also be triggered following the
detection of an illegal opcode or prebyte code. Re-

fer to section 11.2.1 on page 244 for further de-
tails.

These sources act on the RESET pin and it is al-
ways kept low during the delay phase.

The RESET service routine vector is fixed at ad-
dresses FFFEh-FFFFh in the ST7 memory map.

The basic RESET sequence consists of 3 phases
as shown in Figure 14:

m Active Phase depending on the RESET source
m 256 or 4096 CPU clock cycle delay (selected by
option byte)

m RESET vector fetch

Caution: When the ST7 is unprogrammed or fully
erased, the Flash is blank and the RESET vector
is not programmed. For this reason, it is recom-
mended to keep the RESET pin in low state until
programming mode is entered, in order to avoid
unwanted behavior.

Figure 15. Reset Block Diagram

The 256 or 4096 CPU clock cycle delay allows the
oscillator to stabilise and ensures that recovery
has taken place from the Reset state. The shorter
or longer clock cycle delay should be selected by
option byte to correspond to the stabilization time
of the external oscillator used in the application.

The RESET vector fetch phase duration is 2 clock
cycles.

Figure 14. RESET Sequence Phases

RESET

INTERNAL RESET
256 or 4096 CLOCK CYCLES

FETCH

Active Phase VECTOR

6.2.2 Asynchronous External RESET pin

The RESET pin is both an input and an open-drain
output with integrated Ry weak pull-up resistor.
This pull-up has no fixed value but varies in ac-
cordance with the input voltage. It can be pulled
low by external circuitry to reset the device. See
Electrical Characteristic section for more details.

A RESET signal originating from an external
source must have a duration of at least t, rg1L)in In
order to be recognized (see Figure 16). This de-
tection is asynchronous and therefore the MCU
can enter reset state even in Halt mode.

Vbp
Ron
RESET <-— [j Filter —% > :ZIR\II;FSEETNAL
|« PULSE { YlYLAETg:B SSCROEDS: TRESET R
[~ GENERATOR \ \ LVD RESET
7777
Note 1: See “lllegal Opcode Reset” on page 244. for more details on illegal opcode reset conditions.
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RESET SEQUENCE MANAGER (Cont'd)

The RESET pin is an asynchronous signal which
plays a major role in EMS performance. In a noisy
environment, it is recommended to follow the
guidelines mentioned in the electrical characteris-
tics section.

6.2.3 External Power-On RESET

If the LVD is disabled by option byte, to start up the
microcontroller correctly, the user must ensure by
means of an external reset circuit that the reset
signal is held low until Vpp is over the minimum
level specified for the selected fogc frequency.

A proper reset signal for a slow rising Vpp supply
can generally be provided by an external RC net-
work connected to the RESET pin.

Figure 16. RESET Sequences

6.2.4 Internal Low Voltage Detector (LVD)
RESET

Two different RESET sequences caused by the in-
ternal LVD circuitry can be distinguished:

m Power-On RESET

m Voltage Drop RESET

The device RESET pin acts as an output that is

pulled low when Vpp<V|t, (rising edge) or
Vpp<Vr. (falling edge) as shown in Figure 16.

The LVD filters spikes on Vpp larger than tyypp) to
avoid parasitic resets.
6.2.5 Internal Watchdog RESET

The RESET sequence generated by a internal
Watchdog counter overflow is shown in Figure 16.

Starting from the Watchdog counter underflow, the
device RESET pin acts as an output that is pulled
low during at least t,rsT1 )out-

ViT4(LVD)
ViT.LvD)

EXTERNAL WATCHDOG
RESET RESET
ACTIVE RUN ACTIVE RUN
PHASE PHASH
1 1 1 1
! 1 1 1
! | I 1
! 1 | 1
! [ | 1
' . . twrsTLout
—>—:<— ! —>'
1 | 1
EXTERNAL ' ' ! ! ;
RESET i !
SOURCE . ! :
1 : 1
RESET PIN
1
WATCHDOG '
RESET >

WATCHDOG UNDERFLOW J

1 INTERNAL RESET (256 or 4096 Tgpy)
VECTOR FETCH

4
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6.3 SYSTEM INTEGRITY MANAGEMENT (SI)

The System Integrity Management block contains
the Low Voltage Detector (LVD), Auxiliary Voltage
Detector (AVD) and Clock Security System (CSS)
functions. It is managed by the SICSR register.

Note: A reset can also be triggered following the
detection of an illegal opcode or prebyte code. Re-
fer to section 11.2.1 on page 244 for further de-
tails.

6.3.1 Low Voltage Detector (LVD)

The Low Voltage Detector function (LVD) gener-
ates a static reset when the Vpp supply voltage is
below a V|1. reference value. This means that it
secures the power-up as well as the power-down
keeping the ST7 in reset.

The V. reference value for a voltage drop is lower
than the Vt, reference value for power-on in order
to avoid a parasitic reset when the MCU starts run-
ning and sinks current on the supply (hysteresis).

The LVD Reset circuitry generates a reset when
Vpp is below:

— Vi1 When Vpp is rising
— V1. when Vpp is falling

Figure 17. Low Voltage Detector vs Reset

The LVD function is illustrated in Figure 17.
Provided the minimum Vpp value (guaranteed for
the oscillator frequency) is above V., the MCU
can only be in two modes:

— under full software control

— in static safe reset
In these conditions, secure operation is always en-
sured for the application without the need for ex-
ternal reset hardware.
During a Low Voltage Detector Reset, the RESET

pin is held low, thus permitting the MCU to reset
other devices.

Notes:

The LVD allows the device to be used without any
external RESET circuitry.

The LVD is an optional function which can be se-
lected by option byte.

It is recommended to make sure that the Vpp sup-
ply voltage rises monotonously when the device is
exiting from Reset, to ensure the application func-
tions properly.

A Vpp

Virs
VlT_
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SYSTEM INTEGRITY MANAGEMENT (Cont'd)
6.3.2 Auxiliary Voltage Detector (AVD)

The Voltage Detector function (AVD) is based on
an analog comparison between a Vir_aypy and
ViT+(avD) reference value and the Vpp main sup-
ply. The V1. reference value for falling voltage is
lower than the V|7, reference value for rising volt-
age in order to avoid parasitic detection (hystere-
sis).

The output of the AVD comparator is directly read-
able by the application software through a real-
time status bit (AVDF) in the SICSR register. This
bit is read only.

Caution: The AVD function is active only if the

LVD is enabled through the option byte (see sec-
tion 14.1 on page 290).

6.3.2.1 Monitoring the Vpp Main Supply

If the AVD interrupt is enabled, an interrupt is gen-
erated when the voltage crosses the Vi, avp) or
V|T-(AVD) threshold (AVDF bit tOggleS).

Figure 18. Using the AVD to Monitor Vpp

In the case of a drop in voltage, the AVD interrupt
acts as an early warning, allowing software to shut
down safely before the LVD resets the microcon-
troller. See Figure 18.

The interrupt on the rising edge is used to inform
the application that the Vyp warning state is over.

If the voltage rise time t,, is less than 256 or 4096
CPU cycles (depending on the reset delay select-
ed by option byte), no AVD interrupt will be gener-
ated when V|1, avp) is reached.

If t,, is greater than 256 or 4096 cycles then:

— If the AVD interrupt is enabled before the
Vit+(avp) threshold is reached, then 2 AVD inter-
rupts wilf be received: the first when the AVDIE
bit is set, and the second when the threshold is
reached.

— Ifthe AVD interrupt is enabled after the Vi1, (avp
threshold is reached then only one AVD interrupg
will occur.

A VDD

ViT4(AVD)

ViT.(AvD)
ViT4(LVD)

Vi1 (LvD)

Early Warning Interrupt
(Power has dropped, MCU not
not yet in reset)

AVDF bit

AVD INTERRUPTF

REQUEST L
IF AVDIE bit = 1 I L

! INTERRUPT PROCESS
LVD RESET :

T— INTERRUPT PROCESS

4
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SYSTEM INTEGRITY MANAGEMENT (Cont'd)
6.3.3 Clock Security System (CSS)

The Clock Security System (CSS) protects the
ST7 against main clock problems. To allow the in-
tegration of the security features in the applica-
tions, it is based on a PLL which can provide a
backup clock. The PLL can be enabled or disabled
by option byte or by software. It requires an 8-MHz
input clock and provides a 16-MHz output clock.

6.3.3.1 Safe Oscillator Control

The safe oscillator of the CSS block is made of a
PLL.

If the clock signal disappears (due to a broken or
disconnected resonator...) the PLL continues to
provide a lower frequency, which allows the ST7 to
perform some rescue operations.

Note: The clock signal must be present at start-up.
Otherwise, the ST7MC will not start and will be
maintained in RESET conditions.

6.3.3.2 Limitation detection

The automatic safe oscillator selection is notified
by hardware setting the CSSD bit of the SICSR
register. An interrupt can be generated if the CS-
SIE bit has been previously set.

These two bits are described in the SICSR register
description.
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6.3.4 Low Power Modes

Mode Description

No effect on SI. CSS and AVD interrupts
cause the device to exit from Wait mode.
The CRSR register is frozen.

The CSS (including the safe oscillator) is
disabled until Halt mode is exited. The pre-
vious CSS configuration resumes when the
MCU is woken up by an interrupt with “exit
from Halt mode” capability or from the coun-
ter reset value when the MCU is woken up
by a RESET. The AVD remains active, and
an AVD interrupt can be used to exit from
Halt mode.

Wait

Halt

6.3.4.1 Interrupts

The CSS or AVD interrupt events generate an in-
terrupt if the corresponding Enable Control Bit
(CSSIE or AVDIE) is set and the interrupt mask in
the CC register is reset (RIM instruction).

Event Enable | Exit Exit
Interrupt Event Flag Control| from | from
Bit Wait | Halt
CSS event detection
(safe oscillator acti- | CSSD | CSSIE | Yes No™
vated as main clock)
AVD event AVDF | AVDIE | Yes Yes

Note 1: This interrupt allows to exit from Active-
halt mode.
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SYSTEM INTEGRITY MANAGEMENT (Cont'd)
6.3.5 Register Description

SYSTEM INTEGRITY (SI) CONTROL/STATUS REGISTER (SICSR, page 0)

Read/Write
Reset Value: 000x 000x (00h)

7 0
PAG | AVD | AVD | LVD | | CSS | CSS |WDG
E IE F | RF IE | D | RF

Bit 7 = PAGE SICSR Register Page Selection
This bit selects the SICSR register page. It is set
and cleared by software

0: Access to SICSR register mapped in page 0.

1: Access to SICSR register mapped in page 1.

Bit 6 = AVDIE Voltage Detector interrupt enable
This bit is set and cleared by software. It enables
an interrupt to be generated when the AVDF flag
changes (toggles). The pending interrupt informa-
tion is automatically cleared when software enters
the AVD interrupt routine.

0: AVD interrupt disabled

1: AVD interrupt enabled

Bit 5 = AVDF Voltage Detector flag

This read-only bit is set and cleared by hardware.
If the VDIE bit is set, an interrupt request is gener-
ated when the AVDF bit changes value.

0: VDD over V|T+ AVD threshold

1: VDD under VlT-(AVD) threshold

Bit 4 = LVDRF LVD reset flag

This bit indicates that the last Reset was generat-
ed by the LVD block. It is set by hardware (LVD re-
set) and cleared by software (writing zero). See
WDGRF flag description for more details. When
the LVD is disabled by OPTION BYTE, the LVDRF
bit value is undefined.

Bit 3 = Reserved, must be kept cleared.

Bit 2 = CSSIE Clock security syst interrupt enable
This bit enables the interrupt when a disturbance

4

is detected by the Clock Security System (CSSD
bit set). It is set and cleared by software.

0: Clock security system interrupt disabled

1: Clock security system interrupt enabled

When the PLL is disabled (PLLEN=0), the CSSIE
bit has no effect.

Bit 1 = CSSD Clock security system detection
This bit indicates a disturbance on the main clock
signal (fogc): the clock stops (at least for a few cy-
cles). It is set by hardware and cleared by reading
the SICSR register when the original oscillator re-
covers.

0: Safe oscillator is not active

1: Safe oscillator has been activated

When the PLL is disabled (PLLEN=0), the CSSD
bit value is forced to 0.

Bit 0 = WDGRF Watchdog reset flag

This bit indicates that the last Reset was generat-
ed by the Watchdog peripheral. It is set by hard-
ware (watchdog reset) and cleared by software
(writing zero) or an LVD Reset (to ensure a stable
cleared state of the WDGRF flag when CPU
starts).

Combined with the LVDRF flag information, the
flag description is given by the following table.

RESET Sources LVDRF | WDGRF
External RESET pin 0 0
Watchdog 0 1
LVD 1 X

Application notes

The LVDRF flag is not cleared when another RE-
SET type occurs (external or watchdog), the
LVDRF flag remains set to keep trace of the origi-
nal failure.

In this case, a watchdog reset can be detected by
software while an external reset can not.
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SYSTEM INTEGRITY MANAGEMENT (Cont’d)

SYSTEM INTEGRITY (SI) CONTROL/STATUS REGISTER (SICSR, page 1)

Reset Value: 00000000 (00h)

7 0
PA 0 VCO | LO | PLL 0 CK- 0
GE EN | CK | EN SEL

Bit 7 = PAGE SICSR Register Page Selection
This bit selects the SICSR register page. It is set
and cleared by software

0: Access to SICSR register mapped in page 0.

1: Access to SICSR register mapped in page 1.

Bit 6 = Reserved, must be kept cleared.

Bit 5 = VCOEN VCO Enable

This bit is set and cleared by software.

0: VCO (Voltage Controlled Oscillator) connected
to the output of the PLL charge pump (default
mode), to obtain a 16-MHz output frequency
(with an 8-MHz input frequency).

1: VCO tied to ground in order to obtain a 10-MHz
frequency (f,co)

Notes:

1. During ICC session, this bit is set to 1 in order to
have an internal frequency which does not depend
on the input clock. Then, it can be reset in order to
run faster with an external oscillator.

Bit 4 = LOCK PLL Locked

This bit is read only. It is set by hardware. It is set
automatically when the PLL reaches its operating
frequency.

0: PLL not locked

1: PLL locked
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Bit 3 = PLLEN PLL Enable

This bit enables the PLL and the clock detector. It
is set and cleared by software.

0: PLL and Clock Detector (CKD) disabled

1: PLL and Clock Detector (CKD) enabled

Notes:

1. During ICC session, this bit is set to 1.

2. PLL cannot be disabled if PLL clock source is
selected (CKSEL= 1).

Bit 2 = Reserved, must be kept cleared.

Bit 1 = CKSEL Clock Source Selection

This bit selects the clock source: oscillator clock or
clock from the PLL. It is set and cleared by soft-
ware. It can also be set by option byte (PLL opt)
0: Oscillator clock selected

1: PLL clock selected

Notes:

1. During ICC session, this bit is set to 1. Then,
CKSEL can be reset in order to run with fogc.

2. Clock from the PLL cannot be selected if the
PLL is disabled (PLLEN =0)

3. If the clock source is selected by PLL option bit,
CKSEL bit selection has no effect.

Bit 0 = Reserved, must be kept cleared.
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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
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MAIN CLOCK CONTROLLER WITH REAL-TIME CLOCK (Cont'd)

6.4.5 Low Power Modes

Bit 6:5 = CP[1:0] CPU clock prescaler

These bits select the CPU clock prescaler which is
applied in the different slow modes. Their action is
conditioned by the setting of the SMS bit. These
two bits are set and cleared by software

Mode Description

No effect on MCC/RTC peripheral.

Wait MCC/RTC interrupt cause the device to exit
from Wait mode.
No effect on MCC/RTC counter (OIE bit is

Active- set), the registers are frozen.

halt MCC/RTC interrupt cause the device to exit
from Active-halt mode.
MCC/RTC counter and registers are frozen.

Halt MCC/RTC operation resumes when the
MCU is woken up by an interrupt with “exit
from Halt” capability.

fcpy in Slow mode CP1 CPO
fosca/2 0 0
fosco/ 4 0 1
fosca /8 1 0
fosce /16 1 1

6.4.6 Interrupts

The MCC/RTC interrupt event generates an inter-
rupt if the OIE bit of the MCCSR register is set and
the interrupt mask in the CC register is not active
(RIM instruction).

Event Enable| Exit Exit

Interrupt Event Fla Control| from | from

9 | Bit | wait | Halt

Time base overflow OIF OIE Yes No 1)
event
Note:

The MCC/RTC interrupt wakes up the MCU from
Active-halt mode, not from Halt mode.

6.4.7 Register Description

MCC CONTROL/STATUS REGISTER (MCCSR)
Read/Write

Reset Value: 0000 0000 (00h,

7 0

MCO SMS | TB1

CP1 ‘ CPO

TBO | OIE | OIF

Bit 7 = MCO Main clock out selection

This bit enables the MCO alternate function on the

PFO I/O port. It is set and cleared by software.

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

1: MCO alternate function enabled (fogco0n 1/0
port)

Note: To reduce power consumption, the MCO
function is not active in Active-halt mode.
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Bit 4 = SMS Slow mode select

This bit is set and cleared by software.

0: Normal mode. fepy = fosce

1: Slow mode. fcpy is given by CP1, CPO

See Section 8.2 SLOW MODE and Section 6.4
MAIN CLOCK CONTROLLER WITH REAL-TIME
CLOCK AND BEEPER (MCC/RTC) for more de-
tails.

Bit 3:2 = TB[1:0] Time base control

These bits select the programmable divider time
base. They are set and cleared by software.

Time Base
fosca =4MHz | fogco=8MHz
16000 4ms 2ms 0 0
32000 8ms 4ms 0 1
80000 20ms 10ms 1 0
200000 50ms 25ms 1 1

A modification of the time base is taken into ac-
count at the end of the current period (previously
set) to avoid an unwanted time shift. This allows to
use this time base as a real-time clock.

Bit 1 = OIE Oscillator interrupt enable

This bit set and cleared by software.

0: Oscillator interrupt disabled

1: Oscillator interrupt enabled

This interrupt can be used to exit from Active-halt
mode.

When this bit is set, calling the ST7 software HALT
instruction enters the Active-halt power saving
mode.

4
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MAIN CLOCK CONTROLLER WITH REAL-TIME CLOCK (Cont'd)

Bit 0 = OIF Oscillator interrupt flag

This bit is set by hardware and cleared by software
reading the CSR register. It indicates when set
that the main oscillator has reached the selected
elapsed time (TB1:0).

0: Timeout not reached

1: Timeout reached

CAUTION: The BRES and BSET instructions
must not be used on the MCCSR register to avoid
unintentionally clearing the OIF bit.

MCC BEEP CONTROL REGISTER (MCCBCR)
Read/Write
Reset Value: 0000 0000 (00h)

7 0

‘00 sTs | IE

0 0 ‘AD-‘ADC

BC1 | BCO

Bit 7:4 = Reserved, must be kept cleared.

Bit 3 = ADSTS A/D Converter Sample Time

Stretch

This bit is set and cleared by software to enable or

disable the A/D Converter sample time stretch fea-

ture.

0: AD sample time stretch disabled (for standard
impedance analog inputs)

1 AD sample time stretch enabled (for high imped-
ance analog inputs)

Bit 2 = ADCIE A/D Converter Interrupt Enable
This bit is set and cleared by software to enable or
disable the A/D Converter interrupt.

0: AD Interrupt disabled

1 AD Interrupt enabled

Bit 1:0 = BC[1:0] Beep control
These 2 bits select the PF1 pin beep capability.

BC1 BCO Beep mode with fogco=8MHz
0 0 Off
0 1 ~2-KHz Output
1 0 ~1-KHz Beep signal
1 1 ~500-Hz ~50% duty cycle

The beep output signal is available in Active-halt
mode but has to be disabled to reduce the con-
sumption.

Table 5. Main Clock Controller Register Map and Reset Values

Address Register
(Hex.) Label 7 6 4 3 2 1 0
0040h SICSR, page0 PAGE VDIE VDF LVDRF CFIE CSSD | WDGRF
Reset Value 0 0 X 0 0 0 X
0040h SICSR, pagei PAGE VCOEN | LOCK PLLEN CKSEL
Reset Value 0 0 X 0 0 0 0
002Ch MCCSR MCO CP1 CPO SMS TB1 TBO OIE OIF
Reset Value 0 0 0 0 0 0 0
002Dh MCCBCR ADSTS | ADCIE BC1 BCO
Reset Value 0 0 0 0 0 0 0
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7 INTERRUPTS

7.1 INTRODUCTION

The ST7 enhanced interrupt management pro-

vides the following features:

m Hardware interrupts

m Software interrupt (TRAP)

m Nested or concurrent interrupt management
with  flexible interrupt priority and level
management:

— Up to 4 software programmable nesting levels
— Up to 16 interrupt vectors fixed by hardware
— 2 non maskable events: RESET, TRAP

— 1 maskable top level event: MCES

This interrupt management is based on:

— Bit 5 and bit 3 of the CPU CC register (11:0),

— Interrupt software priority registers (ISPRx),

— Fixed interrupt vector addresses located at the
high addresses of the memory map (FFEOh to
FFFFh) sorted by hardware priority order.

This enhanced interrupt controller guarantees full
upward compatibility with the standard (not nest-
ed) ST7 interrupt controller.

each interrupt vector (see Table 6). The process-
ing flow is shown in Figure 20

When an interrupt request has to be serviced:

— Normal processing is suspended at the end of
the current instruction execution.

— The PC, X, A and CC registers are saved onto
the stack.

— 11 and 10 bits of CC register are set according to
the corresponding values in the ISPRXx registers
of the serviced interrupt vector.

— The PC is then loaded with the interrupt vector of
the interrupt to service and the first instruction of
the interrupt service routine is fetched (refer to
“Interrupt Mapping” table for vector addresses).

The interrupt service routine should end with the
IRET instruction which causes the contents of the
saved registers to be recovered from the stack.

Note: As a consequence of the IRET instruction,
the I1 and 10 bits will be restored from the stack
and the program in the previous level will resume.

Table 6. Interrupt Software Priority Levels

Interrupt software priority | Level I 10
7.2 MASKING AND PROCESSING FLOW Level 0 (main) Low 1 0
The interrupt masking is managed by the 11 and 10 Level 1 L 0 1
bits of the CC register and the ISPRx registers Level 2 0 0
which give the interrupt software priority level of Level 3 (= interrupt disable) High 1 1
Figure 20. Interrupt Processing Flowchart
R PENDING Y _ Y
> <~_NTERRUPT >\ MCES
N Interrupt has the same or a N
lower software priority
than current one 1:0

{ '

FETCH NEXT

INSTRUCTION

THE INTERRUPT
STAYS PENDING

Y

Interrupt has a higher
software priority
than current one

RESTORE PC, X, A, CC
FROM STACK

EXECUTE
INSTRUCTION

Y

STACK PC, X, A,CC

LOAD I1:0 FROM INTERRUPT SW REG.

LOAD PC FROM INTERRUPT VECTOR
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INTERRUPTS (Contd)

Servicing Pending Interrupts

As several interrupts can be pending at the same
time, the interrupt to be taken into account is deter-
mined by the following two-step process:

— the highest software priority interrupt is serviced,

— if several interrupts have the same software pri-
ority then the interrupt with the highest hardware
priority is serviced first.

Figure 21 describes this decision process.
Figure 21. Priority Decision Process

PENDING
INTERRUPTS

Different

SOFTWARE
PRIORITY

v
HIGHEST SOFTWARE
PRIORITY SERVICED

HIGHEST HARDWARE
PRIORITY SERVICED

When an interrupt request is not serviced immedi-
ately, it is latched and then processed when its
software priority combined with the hardware pri-
ority becomes the highest one.

Note 1: The hardware priority is exclusive while
the software one is not. This allows the previous
process to succeed with only one interrupt.

Note 2: RESET, TRAP and MCES can be consid-
ered as having the highest software priority in the
decision process.

Different Interrupt Vector Sources

Two interrupt source types are managed by the
ST7 interrupt controller: the non-maskable type
(RESET, TRAP) and the maskable type (external
or from internal peripherals).

Non-Maskable Sources

These sources are processed regardless of the
state of the 11 and 10 bits of the CC register (see
Figure 20). After stacking the PC, X, A and CC
registers (except for RESET), the corresponding
vector is loaded in the PC register and the 11 and
10 bits of the CC are set to disable interrupts (level
3). These sources allow the processor to exit Halt
mode.

m TRAP (Non Maskable Software Interrupt)

This software interrupt is serviced when the TRAP
instruction is executed. It will be serviced accord-

(574

ing to the flowchart in Figure 20 as a MCES top
level interrupt.

m RESET

The RESET source has the highest priority in the
ST7. This means that the first current routine has
the highest software priority (level 3) and the high-
est hardware priority.

See the RESET chapter for more details.

Maskable Sources

Maskable interrupt vector sources can be serviced
if the corresponding interrupt is enabled and if its
own interrupt software priority (in ISPRx registers)
is higher than the one currently being serviced (11
and 10 in CC register). If any of these two condi-
tions is false, the interrupt is latched and thus re-
mains pending.

m MCES (MTC Emergency Stop)

This hardware interrupt occurs when a specific
edge is detected on the dedicated MCES pin or
when an error is detected by the micro in the motor
speed measurement. The interrupt request is
maintained as long as the MCES pin is low if the
interrupt is enabled by the EIM bit in the MIMR reg-
ister.

m External Interrupts

External interrupts allow the processor to exit from
Halt low power mode.

External interrupt sensitivity is software selectable
through the External Interrupt Control register
(EICR).

External interrupt triggered on edge will be latched
and the interrupt request automatically cleared
upon entering the interrupt service routine.

If several input pins of a group connected to the
same interrupt line are selected simultaneously,
these will be logically ORed.

m Peripheral Interrupts

Usually the peripheral interrupts cause the MCU to
exit from Halt mode except those mentioned in the
“Interrupt Mapping” table.

A peripheral interrupt occurs when a specific flag
is set in the peripheral status registers and if the
corresponding enable bit is set in the peripheral
control register.

The general sequence for clearing an interrupt is
based on an access to the status register followed
by a read or write to an associated register.

Note: The clearing sequence resets the internal
latch. A pending interrupt (i.e. waiting for being
serviced) will therefore be lost if the clear se-
quence is executed.
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7.3 INTERRUPTS AND LOW POWER MODES

All interrupts allow the processor to exit the Wait
low power mode. On the contrary, only external
and other specified interrupts allow the processor
to exit from the Halt modes (see column “Exit from
Halt” in “Interrupt Mapping” table). When several
pending interrupts are present while exiting Halt
mode, the first one serviced can only be an inter-
rupt with exit from Halt mode capability and it is se-
lected through the same decision process shown
in Figure 21.

Note: If an interrupt, that is not able to Exit from
Halt mode, is pending with the highest priority
when exiting Halt mode, this interrupt is serviced
after the first one serviced.

Figure 22. Concurrent Interrupt Management

7.4 CONCURRENT & NESTED MANAGEMENT

The following Figure 22 and Figure 23 show two
different interrupt management modes. The first is
called concurrent mode and does not allow an in-
terrupt to be interrupted, unlike the nested mode in
Figure 23. The interrupt hardware priority is given
in this order from the lowest to the highest: MAIN,
IT4,1T3,1T2,IT1, ITO, MCES. The software priority
is given for each interrupt.

Warning: A stack overflow may occur without no-
tifying the software of the failure.
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Figure 23. Nested Interrupt Management
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7.5 INTERRUPT REGISTER DESCRIPTION

CPU CC REGISTER INTERRUPT BITS
Read/Write
Reset Value: 111x 1010 (xAh)

7 0

1 1 }] H 10 N 4 C

Bit 5, 3 =11, 10 Software Interrupt Priority

These two bits indicate the current interrupt soft-
ware priority.

Interrupt Software Priority | Level 1 10
Level 0 (main) Low 1 0
Level 1 L 0 1
Level 2 0 0
Level 3 (= interrupt disable*) | High 1 1

These two bits are set/cleared by hardware when
entering in interrupt. The loaded value is given by
the corresponding bits in the interrupt software pri-
ority registers (ISPRx).

They can be also set/cleared by software with the
RIM, SIM, HALT, WFI, IRET and PUSH/POP in-
structions (see “Interrupt Dedicated Instruction
Set” table).

*Note: MCES, TRAP and RESET events can in-
terrupt a level 3 program.

4

INTERRUPT SOFTWARE PRIORITY REGIS-
TERS (ISPRX)

Read/Write (bit 7:4 of ISPR3 are read only)

Reset Value: 1111 1111 (FFh)
7 0

ISPRO |11_3 (103 (1_2([10_2|11_1]l10_1|11_0]10_0

ISPR1 1_7(10_7|(11_6[10_6|11_5]|10_.5|11_4]10_4

ISPR2 [11_11(10_11{11_10{l0_10{11_9|10_9|11_8|10_8

ISPR3 1 1 1 1 [M_13|l0_13|I1_12]l0_12

These four registers contain the interrupt software
priority of each interrupt vector.

— Each interrupt vector (except RESET and TRAP)
has corresponding bits in these registers where
its own software priority is stored. This corre-
spondence is shown in the following table.

ISPRXx bits

11_0 and 10_0 bits*
11_1 and 10_1 bits

Vector address

FFFBh-FFFAR
FFF9h-FFF8h

FFE1h-FFEOh 11_13 and 10_13 bits

— Each 11_x and 10_x bit value in the ISPRXx regis-
ters has the same meaning as the 11 and 10 bits
in the CC register.

— Level 0 can not be written (11_x=1, 10_x=0). In
this case, the previously stored value is kept. (ex-
ample: previous=CFh, write=64h, result=44h)

The RESET, TRAP and MCES vectors have no
software priorities. When one is serviced, the I1
and 10 bits of the CC register are both set.

*Note: Bits in the ISPRx registers which corre-
spond to the MCES can be read and written but
they are not significant in the interrupt process
management.

Caution: If the [1_x and 10_x bits are modified
while the interrupt x is executed the following be-
haviour has to be considered: If the interrupt x is
still pending (new interrupt or flag not cleared) and
the new software priority is higher than the previ-
ous one, the interrupt x is re-entered. Otherwise,
the software priority stays unchanged up to the
next interrupt request (after the IRET of the inter-
rupt x).

43/309




ST7MC1xx/ST7MC2xx

INTERRUPTS (Contd)

Table 7. Dedicated Interrupt Instruction Set

Instruction New Description Function/Example 1 H 10 N z C
HALT Entering Halt mode 1 0

IRET Interrupt routine return Pop CC, A, X, PC 1 H 10 N Z C
JRM Jump if 11:0=11 (level 3) 11:0=11 7

JRNM Jump if 11:0<>11 11:0<>11?

POP CC Pop CC from the Stack Mem => CC I H 10 N z C
RIM Enable interrupt (level 0 set) Load 10in 11:0 of CC 1 0

SIM Disable interrupt (level 3 set) Load 11in 11:0 of CC 1 1

TRAP Software trap Software NMI 1 1

WFI Wait for interrupt 1 0

Note: During the execution of an interrupt routine, the HALT, POPCC, RIM, SIM and WFI instructions change the current
software priority up to the next IRET instruction or one of the previously mentioned instructions.

Table 8. Interrupt Mapping

Source . Register Priorit Exit Address
N’ Block Description Label Order :I’:I;?) Vector

RESET Reset N/A yes FFFEh-FFFFh

TRAP Software interrupt no FFFCh-FFFDh

Motor Control Emergency Sto MISR
0 MCES or Speed error inter?upt Y ep MCRC Highest no FFFAh-FFFBh
1| "Ces | Sate oselator acivation miemept | Sicsm | | ves | FrFmFFRon
2 ei0 External interrupt port yes FFF6h-FFF7h
3 eit External interrupt port N/A yes FFF4h-FFF5h
4 ei2 External interrupt port yes FFF2h-FFF3h
5 Event U or Current Loop or Sampling Out| MISR/MCONF no FFFOh-FFF1h
6 MTC Event R or Event Z no FFEEh-FFEFh
7 Event C or Event D MISR no FFECh-FFEDh
8 SPI SPI peripheral interrupts SPICSR yes FFEAh-FFEBh
9 TIMER A | TIMER A peripheral interrupts TASR v no FFE8h-FFESh
10 TIMER B | TIMER B peripheral interrupts TBSR no FFE6h-FFE7h
11 | LINSCI™ | LINSCI™ Peripheral interrupts SCISR II_DO'WG"tSt no FFE4h-FFE5h
— - riority

2 | ADG | ABG End of comversion memupt ADGS yes | FFE2N-FFEQN
T e e o | eeeoneetn

Note 1. Valid for Halt and Active-halt modes except for the MCC/RTC or CSS interrupt source which exits from Active-
halt mode only.
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7.6 EXTERNAL INTERRUPTS

The pending interrupts are cleared writing a differ-
ent value in the 1Sx[1:0], IPA or IPB bits of the
EICR.

Note: External interrupts are masked when an 1/0
(configured as input interrupt) of the same inter-
rupt vector is forced to Vgg.

7.6.1 1/0 PORT INTERRUPT SENSITIVITY

The external interrupt sensitivity is controlled by
the IPA, IPB and ISxx bits of the EICR register
(Figure 24). This control allows to have up to 4 fully
independent external interrupt source sensitivities.

4

Each external interrupt source can be generated
on four (or five) different events on the pin:

Falling edge

m Rising edge

m Falling and rising edge

m Falling edge and low level

m Rising edge and high level (only for ei0 and ei2)

To guarantee correct functionality, the sensitivity
bits in the EICR register can be modified only
when the 11 and 10 bits of the CC register are both
setto 1 (level 3).
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Figure 24. External Interrupt Control bits
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|
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7.7 EXTERNAL INTERRUPT CONTROL REGISTER (EICR)

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

7 0

IS11 | I1IS10 | IPB | IS21 | I1S20 | IS31 | IS30 | IPA

Bit 7:6 = IS1[1:0] ei2 sensitivity

The interrupt sensitivity, defined using the 1S1[1:0]
bits, is applied to the following external interrupts:
- ei2 (port C3..1)

External Interrupt Sensitivity

1S11 | IS10
IPB bit =0 IPB bit =1
0 0 Falling edge & Rising edge
low level & high level
0 Rising edge only Falling edge only
1 0 Falling edge only Rising edge only
1 1 Rising and falling edge

- ei2 (port CO, B7..6)

1S11 |IS10 External Interrupt Sensitivity

0 0 Falling edge & low level

Rising edge only

0 1
1 0 Falling edge only
1 1 Rising and falling edge

4

These 2 bits can be written only when 11 and 10 of
the CC register are both set to 1 (level 3).

Bit 5 = IPB Interrupt polarity for port C

This bit is used to invert the sensitivity of the port
C[3:1] external interrupts. It can be set and cleared
by software only when I1 and 10 of the CC register
are both set to 1 (level 3).

0: No sensitivity inversion

1: Sensitivity inversion

Bit 4:3=1S2[1:0] ei1sensitivity

The interrupt sensitivity, defined using the 1S2[1:0]
bits, is applied to the following external interrupts:
- eil (port A3, A5...A7)

1S21 | 1S20 External Interrupt Sensitivity
0 0 Falling edge & low level
0 1 Rising edge only
1 0 Falling edge only
1 1 Rising and falling edge

Bit 2:1=1S3[1:0] eiOsensitivity
The interrupt sensitivity, defined using the 1S2[1:0]
bits, is applied to the following external interrupts:
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EXTERNAL INTERRUPT CONTROL REGISTER (EICR) (Cont'd)
- ei0 (port D6..4)

External Interrupt Sensitivity

1S31 | 1S30
IPA bit =0 IPA bit =1
0 0 Falling edge & Rising edge
low level & high level
0 1 Rising edge only Falling edge only
1 0 Falling edge only Rising edge only
1 1 Rising and falling edge

- ei0 (port D3..1)

1S31 |1S30 External Interrupt Sensitivity
0 0 Falling edge & low level
0 1 Rising edge only
1 0 Falling edge only
1 1 Rising and falling edge

These 2 bits can be written only when 11 and 10 of
the CC register are both set to 1 (level 3).
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Bit 0 = IPA Interrupt polarity for port D

This bit is used to invert the sensitivity of the port D
[6:4] external interrupts. It can be set and cleared
by software only when I1 and 10 of the CC register
are both set to 1 (level 3).

0: No sensitivity inversion

1: Sensitivity inversion
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Table 9. Nested Interrupts Register Map and Reset Values

Address Register
(Hex.) Label 7 6 5 4 3 2 1 0
eil ei0 MCC + Sl MCES
0024h ISPRO 11_3 10_3 1_2 10_2 1_1 10_1
Reset Value 1 1 1 1 1 1 1 1
MTC C/D MTC R/Z MTC U/CL ei2
0025h ISPR1 11_7 10_7 11_6 10_6 11_5 10_5 11_4 10_4
Reset Value 1 1 1 1 1 1 1 1
SClI TIMER B TIMER A SPI
0026h ISPR2 _11 10_11 11_10 10_10 11_9 10_9 11_8 10_8
Reset Value 1 1 1 1 1 1 1 1
PWMART AVD
0027h ISPR3 1_15 10_15 1_14 10_14 11_13 10_13 11_12 10_12
Reset Value 1 1 1 1 1 1 1 1
EICR 1S11 1IS10 IPB 1S21 1S20 IPA
0028h Reset Value 0 0 0 0 0 0 0 0
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8 POWER SAVING MODES

8.1 INTRODUCTION

To give a large measure of flexibility to the applica-
tion in terms of power consumption, four main
power saving modes are implemented in the ST7
(see Figure 25): Slow, Wait (Slow-wait), Active-
halt and Halt.

After a RESET the normal operating mode is se-
lected by default (Run mode). This mode drives
the device (CPU and embedded peripherals) by
means of a master clock which is based on the
main oscillator frequency divided or multiplied by 2
(fosca)-

From Run mode, the different power saving
modes may be selected by setting the relevant
register bits or by calling the specific ST7 software
instruction whose action depends on the oscillator
status.

Figure 25. Power Saving Mode Transitions

A High
RUN

sLow
WAIT
SLOW WAIT

ACTIVE HALT

HALT

Low
POWER CONSUMPTION
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8.2 SLOW MODE

This mode has two targets:

— To reduce power consumption by decreasing the
internal clock in the device,

— To adapt the internal clock frequency (fcpy) to
the available supply voltage.

Slow mode is controlled by three bits in the MCC-
SR register: the SMS bit which enables or disables
Slow mode and two CPx bits which select the in-
ternal slow frequency (fopy)-

In this mode, the master clock frequency (fosco)
can be divided by 2, 4, 8 or 16. The CPU and pe-
ripherals are clocked at this lower frequency
(fepu)-

Note: Slow-wait mode is activated when entering
the Wait mode while the device is already in Slow
mode.

Figure 26. Slow Mode Clock Transitions

fosco/2 ~ fosco4  fosce
fopu | .

o v -
& | cP1o 00 > of
8 1 1
! ;
s SMS T
T NORMAL RUN MODE
NEW SLOW REQUEST
FREQUENCY
REQUEST

4




ST7MC1xx/ST7MC2xx

POWER SAVING MODES (Cont’d)

8.3 WAIT MODE

Wait mode places the MCU in a low power con-
sumption mode by stopping the CPU.

This power saving mode is selected by calling the
‘WFTI’ instruction.

All peripherals remain active. During Wait mode,
the 1[1:0] bits of the CC register are forced to ‘10’,
to enable all interrupts. All other registers and
memory remain unchanged. The MCU remains in
Wait mode until an interrupt or RESET occurs,
whereupon the Program Counter branches to the
starting address of the interrupt or Reset service
routine.

The MCU will remain in Wait mode until a Reset or
an Interrupt occurs, causing it to wake up.

Refer to Figure 27.

4

Figure 27. Wait Mode Flow-chart

OSCILLATOR ON
PERIPHERALS ON

(WFI INSTRUCTION}P CPU OFF

I[1:0] BITS 10

INTERRUPT

Y OSCILLATOR  ON
PERIPHERALS OFF
CPU ON
[1:0] BITS 10

v

256 OR 4096 CPU CLOCK
CYCLE DELAY

v

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

A 4
FETCH RESET VECTOR
OR SERVICE INTERRUPT

Note:

1. 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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POWER SAVING MODES (Cont’d)

8.4 ACTIVE-HALT AND HALT MODES

Active-halt and Halt modes are the two lowest
power consumption modes of the MCU. They are
both entered by executing the ‘HALT’ instruction.
The decision to enter either in Active-halt or Halt
mode is given by the MCC/RTC interrupt enable
flag (OIE bit in MCCSR register).

MCCSR
OIE bit

0 Halt mode
1 Active-halt mode

Power Saving Mode entered when HALT
instruction is executed

8.4.1 ACTIVE-HALT MODE

Active-halt mode is the lowest power consumption
mode of the MCU with a real-time clock available.
It is entered by executing the ‘HALT’ instruction
when the OIE bit of the Main Clock Controller Sta-
tus register (MCCSR) is set (see section 6.4 on
page 37 for more details on the MCCSR register).

The MCU can exit Active-halt mode on reception
of either an MCC/RTC interrupt, a specific inter-
rupt (see Table 8, “Interrupt Mapping,” on
page 44) or a RESET. When exiting Active-halt
mode by means of an interrupt, no 256 or 4096
CPU cycle delay occurs. The CPU resumes oper-
ation by servicing the interrupt or by fetching the
reset vector which woke it up (see Figure 29).

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

In Active-halt mode, only the main oscillator and its
associated counter (MCC/RTC) are running to
keep a wake-up time base. All other peripherals
are not clocked except those which get their clock
supply from another clock generator (such as ex-
ternal or auxiliary oscillator).

The safeguard against staying locked in Active-
halt mode is provided by the oscillator interrupt.

Note: As soon as the interrupt capability of one of
the oscillators is selected (MCCSR.OIE bit set),
entering Active-halt mode while the Watchdog is
active does not generate a RESET.

This means that the device cannot spend more
than a defined delay in this power saving mode.
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Figure 28. Active-halt Timing Overview

ACTIVE
256 OR 4096 CPU

RUN | HALT | "cyclEDELAY D | RUN

T ) >
I RESET
— OR
HALT

INSTRUCTION INTERRUPT  FETCH

[MCCSR.OIE=1] VECTOR

Figure 29. Active-halt Mode Flow-chart

OSCILLATOR _ ON
GALT INSTRUCTIO@} PERIPHERALS 2 OFF

(MCCSR.OIE=1) CPU OFF
I[1:0] BITS 10

: @
N Y
INTERRUPT 3

OSCILLATOR ~ ON
Y PERIPHERALS OFF
CPU ON
I[1:0] BITS XX 4

v

256 OR 4096 CPU CLOCK
CYCLE DELAY

OSCILLATOR  ON
PERIPHERALS ON
—P|cpu ON
I[1:0] BITS XX 4

v

FETCH RESET VECTOR
OR SERVICE INTERRUPT

Notes:

1. This delay occurs only if the MCU exits Active-
halt mode by means of a RESET.

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

3. Only the MCC/RTC interrupt and some specific
interrupts can exit the MCU from Active-halt mode
(such as external interrupt). Refer to Table 8, “In-
terrupt 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 restored when the CC
register is popped.
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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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9 1/0 PORTS

9.1 INTRODUCTION

The I/O ports offer different functional modes:
— transfer of data through digital inputs and outputs

and for specific pins:

— external interrupt generation

— alternate signal input/output for the on-chip pe-
ripherals.

An 1/O port contains up to 8 pins. Each pin can be
programmed independently as digital input (with or
without interrupt generation) or digital output.

9.2 FUNCTIONAL DESCRIPTION

Each port has two main registers:
— Data Register (DR)

— Data Direction Register (DDR)
and one optional register:

— Option Register (OR)

Each I/O pin may be programmed using the corre-
sponding register bits in the DDR and OR regis-
ters: Bit X corresponding to pin X of the port. The
same correspondence is used for the DR register.

The following description takes into account the
OR register, (for specific ports which do not pro-
vide this register refer to the I/O Port Implementa-
tion section). The generic I/O block diagram is
shown in Figure 32

9.2.1 Input Modes

The input configuration is selected by clearing the
corresponding DDR register bit.

In this case, reading the DR register returns the
digital value applied to the external I/O pin.

Different input modes can be selected by software
through the OR register.

Notes:

1. Writing the DR register modifies the latch value
but does not affect the pin status.

2. When switching from input to output mode, the
DR register has to be written first to drive the cor-
rect level on the pin as soon as the port is config-
ured as an output.

3. Do not use read/modify/write instructions (BSET
or BRES) to modify the DR register as this might
corrupt the DR content for I/Os configured as input.

External interrupt function

When an 1/O is configured as Input with Interrupt,
an event on this I/0O can generate an external inter-
rupt request to the CPU.
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Each pin can independently generate an interrupt
request. The interrupt sensitivity is independently
programmable using the sensitivity bits in the
EICR register.

Each external interrupt vector is linked to a dedi-
cated group of I/O port pins (see pinout description
and interrupt section). If several input pins are se-
lected simultaneously as interrupt sources, these
are first detected according to the sensitivity bits in
the EICR register and then logically ORed.

The external interrupts are hardware interrupts,
which means that the request latch (not accessible
directly by the application) is automatically cleared
when the corresponding interrupt vector is
fetched. To clear an unwanted pending interrupt
by software, the sensitivity bits in the EICR register
must be modified.

9.2.2 Output Modes

The output configuration is selected by setting the
corresponding DDR register bit. In this case, writ-
ing the DR register applies this digital value to the
I/0 pin through the latch. Then reading the DR reg-
ister returns the previously stored value.

Two different output modes can be selected by
software through the OR register: Output push-pull
and open-drain.

DR register value and output pin status:

DR Push-pull Open-drain
0 VSS Vss
1 Vpp Floating

9.2.3 Alternate Functions

When an on-chip peripheral is configured to use a
pin, the alternate function is automatically select-
ed. This alternate function takes priority over the
standard I/O programming.

When the signal is coming from an on-chip periph-
eral, the 1/O pin is automatically configured in out-
put mode (push-pull or open drain according to the
peripheral).

When the signal is going to an on-chip peripheral,
the 1/0 pin must be configured in input mode. In
this case, the pin state is also digitally readable by
addressing the DR register.

Note: Input pull-up configuration can cause unex-
pected value at the input of the alternate peripheral
input. When an on-chip peripheral use a pin as in-
put and output, this pin has to be configured in in-
put floating mode.
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I/0 PORTS (Cont'd)
Figure 32. I/0O Port General Block Diagram

ALTERNATE ]
QggIIESSTSER . OUTPUT Voo P-BUFFER
—_— (see table below)
0
Y.
— © ALTERNATE PULL-UP
K + ENABLE (see table below)
<ﬁ!> DR r 4D )0—44[ Voo
= oo |- ﬂ%
. ', PULL-UP o ol [
. . CONDITION
o OR [
> b
S W If implemented %[
w 1
S| ' ORSEL v —
'.*{ : N-BUFFER 1L DIODES
‘. : (see table below)
,DDRSEL |
: )/ . +—» ANALOG
.‘ ; oMos < INPUT
\ , 7 SCHMITT
“DDS/EL [ 1 K TRIGGER

\\ 7 0 | -

. » ALTERNATE
| INPUT
EXTERNAL
INTERRUPT
SOURCE (eiy)

Table 10. I/0 Port Mode Options

Di
Configuration Mode Pull-Up P-Buffer lodes
to VDD to VSS
Input Floating v.vith/v.vithout Interrupt Off Off
Pull-up with/without Interrupt On
On
Push-pull off On On
Output Open Drain (logic level) Off
True Open Drain NI NI NI (see note)

Legend: NI - notimplemented

4

Off - implemented not activated
On - implemented and activated

Note: The diode to Vpp is not implemented in the
true open drain pads. A local protection between
the pad and Vgg is implemented to protect the de-
vice against positive stress.
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I/0 PORTS (Cont'd)
Table 11. I/0 Port Configurations

Hardware Configuration
NOT IMPLEMENTED IN, - =, = =~ ~ _ DR REGISTER ACCESS
TRUE OPEN DRAIN - pb N e
VOPORTS '
’D,'i PULL-UP - w
CONDITION «——
L REGISTER DATA BUS
R
> [ @o * -
5
8 > ALTERNATE INPUT
— EXTERNAL INTERRUPT
&P SOURCE (eiy)
INTERRUPT
CONDITION
p ANALOG INPUT
NOT IMPLEMENTED IN ~ _ _ _ _ _ _ _ )
| TRUEOPENDRAIN . - v - DR REGISTER ACCESS
/0 PORTS .7 B ——
= » ,
] ~ -
o
5 DR R/W
o REGISTER DATA BUS
= <+« L
<
o
e
z
& g)
o) ALTERNATE ALTERNATE
— — ENABLE OUTPUT
NOT IMPLEMENTED IN  _ _ _ _ _ _ )
TRUE OPEN DRAIN _ - - - DR REGISTER ACCESS
& - s /—/‘S
T | VOPORTS Fj .
:) 1
o 7
5 L DR R/W
e} - REGISTER DATA BUS
- < [ 1
-]
&
I
: — 1
z ALTERNATE ALTERNATE
— — ENABLE OUTPUT
Notes:

1. When the 1/O port is in input configuration and the associated alternate function is enabled as an output,
reading the DR register will read the alternate function output status.

2. When the I/O port is in output configuration and the associated alternate function is enabled as an input,
the alternate function reads the pin status given by the DR register content.
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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.

9.3 /0 PORT IMPLEMENTATION

The hardware implementation on each I/O port de-
pends on the settings in the DDR and OR registers
and specific feature of the 1/0 port such as ADC In-
put or true open drain.

Switching these I/O 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 33 on page 57. Other
transitions are potentially risky and should be
avoided, since they are likely to present unwanted
side-effects such as spurious interrupt generation.

4

Figure 33. Interrupt I/O Port State Transitions

@D «» @ «» (0D «» D

INPUT INPUT OUTPUT OUTPUT
floating/pull-up floating open-drain push-pull
interrupt (reset state)

@ =DDR, OR

9.4 LOW POWER MODES

Mode Description
Wait No effect on 1/O ports. External interrupts
cause the device to exit from Wait mode.
Halt No effect on I/O ports. External interrupts
cause the device to exit from Halt mode.

9.5 INTERRUPTS

The external interrupt event generates an interrupt
if the corresponding configuration is selected with
DDR and OR registers and the interrupt mask in
the CC register is not active (RIM instruction).

Enable| Exit Exit

Event Control| from | from

Interrupt Event

Flag | “'git | wait | Halt
External interrupt on DDRx
selected external - ORX Yes

event
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I/0 PORTS (Cont'd)

9.5.1 1/0 Port Implementation

The I/O port register configurations are summa-

Interrupt Ports
PA6, PA3, PB6, PC3, PC1, PD5, PD4, PD2 (with

rised as follows. pull-up)
Standard Ports MODE DDR OR
PA4, PA2:0, PB5:0, PC7:4, floating input 0 0
PD7:6, PE5:0, PF5:0, PG7:0, PH7:0 pull-up interrupt input 0 1
open drain output 1 0
MODE DDR OR
— push-pull output 1 1
floating input 0 0
pull-up input 0 1
open drain output ! 0 PA7, PAS5, PB7, PC2, PCO, PD6, PD3, PD1 (with-
push-pull output 1 1 out pull-up)
MODE DDR OR
floating input 0 0
floating interrupt input 0 1
open drain output 1 0
push-pull output 1 1
Table 12. Port Configuration
. Input Output
Port Pin name OR=0 OR=1 OR=0 OR=1
PA7, PA5 floating floating interrupt open drain push-pull
Port A PAG, PA3 floating pull-up interrupt open drain push-pull
PA2:0 floating pull-up open drain push-pull
PB7 floating floating interrupt open drain push-pull
Port B PB6 floating pull-up interrupt open drain push-pull
PB5:0 floating pull-up open drain push-pull
PC7:4 floating pull-up open drain push-pull
Port C PC3, PC1 floating pull-up interrupt open drain push-pull
PC2, PCO floating floating interrupt open drain push-pull
PD7, PDO floating pull-up open drain push-pull
Port D PD6, PD3, PD1 floating floating interrupt open drain push-pull
PD5, PD4, PD2 floating pull-up interrupt open drain push-pull
Port E PES5:0 floating pull-up open drain push-pull
Port F PF5:0 floating pull-up open drain push-pull
Port G PG7:0 floating pull-up open drain push-pull
Port H PH7:0 floating pull-up open drain push-pull
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I/0 PORTS (Cont'd)

Table 13. I/O Port Register Map and Reset Values

Address Register

(Hex.) Lgbel 7 6 5 2 1 0

Reset Value
of all I/O port registers 0 0 0 0 0 0

0000h PADR

0001h PADDR MSB LSB

0002h PAOR

0003h PBDR

0004h PBDDR MSB LSB

0005h PBOR

0006h PCDR

0007h PCDDR MSB LSB

0008h PCOR

0009h PDDR

000Ah PDDDR MSB LSB

000Bh PDOR

000Ch PEDR

000Dh PEDDR MSB LSB

000Eh PEOR

000Fh PFDR

0010h PFDDR MSB LSB

0011h PFOR

0012h PGDR

0013h PGDDR MSB LSB

0014h PGOR

0015h PHDR

0016h PHDDR MSB LSB

0017h PHOR
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10 ON-CHIP PERIPHERALS

10.1 WINDOW WATCHDOG (WWDG)

10.1.1 Introduction

The Window Watchdog is used to detect the oc-
currence of a software fault, usually generated by
external interference or by unforeseen logical con-
ditions, which causes the application program to
abandon its normal sequence. The Watchdog cir-
cuit generates an MCU reset on expiry of a pro-
grammed time period, unless the program refresh-
es the contents of the downcounter before the T6
bit becomes cleared. An MCU reset is also gener-
ated if the 7-bit downcounter value (in the control
register) is refreshed before the downcounter has
reached the window register value. This implies
that the counter must be refreshed in a limited win-
dow.

10.1.2 Main Features
m Programmable free-running downcounter
= Conditional reset

— Reset (if watchdog activated) when the down-
counter value becomes less than 40h

— Reset (if watchdog activated) if the downcoun-

Figure 34. Watchdog Block Diagram

’ée7r)is reloaded outside the window (see Figure

m Hardware/Software =~ Watchdog activation
(selectable by option byte)
m Optional reset on HALT  instruction

(configurable by option byte)
10.1.3 Functional Description

The counter value stored in the WDGCR register
(bits T[6:0]), is decremented every 16384 fogco
cycles (approx.), and the length of the timeout pe-
riod can be programmed by the user in 64 incre-
ments.

If the watchdog is activated (the WDGA bit is set)
and when the 7-bit downcounter (T[6:0] bits) rolls
over from 40h to 3Fh (T6 becomes cleared), it ini-
tiates a reset cycle pulling low the reset pin for typ-
ically 30us. If the software reloads the counter
while the counter is greater than the value stored
in the window register, then a reset is generated.

RESET WATCHDOG WINDOW REGISTER (WDGWR)
- W6 | W5 | W4 | w3 w2 WA wWo
comparator
=1 when
T6:0 > W6:0 CMP
Write WDGCR
. WATCHDOG CONTROL REGISTER (WDGCR)
WDGA T6 T5 T4 T3 T2 T TO
MCC/RTC 6-BIT DOWNCOUNTER (CNT)
r - — T 1
fosca+—p| pives |
| + | WDG PRESCALER
DIV 4
| 12-BIT MCC |
| RTC COUNTER |
TB[1:0] bits
MSB [. LSB
|11| L1 |65I |$| 1 (MCCSR |
I________Re_QISte_r)_l

60/309

4




ST7MC1xx/ST7MC2xx

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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10.1.5 How to Program the Watchdog Timeout more precision is needed, use the formulae in Fig-

Figure 35 shows the linear relationship between  ure 36.

the 6-bit value to be loaded in the Watchdog Coun- Caution: When writing to the WDGCR register, al-
ter (CNT) and the resulting timeout duration in mil- ways write 1 in the T6 bit to avoid generating an

liseconds. This can be used for a quick calculation immediate reset.
without taking the timing variations into account. If

Figure 35. Approximate Timeout Duration

3F

38

30

28

20

18 -

CNT Value (hex.)

10

08

00

1.5 18 34 50 65 82
Watchdog timeout (ms) @ 8 MHz fggco

98 114 128
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Figure 36. Exact Timeout Duration (i, and t;,a,)

WHERE:

tminO = (LSB + 128) X 64 x tOSCZ

tmaxo = 16384 X tosco

tOSCQ = 125ns if fOSCZ =8 MHz

CNT = Value of T[5:0] bits in the WDGCR register (6 bits)

MSB and LSB are values from the table below depending on the timebase selected by the TB[1:0] bits
in the MCCSR register

TB1 Bit TBO Bit Seleqted MCCSR msB | LsB
(MCCSR Reg.)| (MCCSR Reg.) Timebase
0 0 2ms 4 59
0 1 4ms 8 53
1 0 10ms 20 35
1 1 25ms 49 54

To calculate the minimum Watchdog Timeout (t,i,):

IF cm{“—"%} THEN t . =t . +16384 X CNTX t

osc2

4CNT
MSB

min0

ELSEt . =t . o+ [16384>< (CNT—[ D + (192 + LSB) x 64 x [4CNTH Xt g0n

MSB

To calculate the maximum Watchdog Timeout (t,ax):

IF CNT S[Mf_@} THENt =t o +16384X CNTX t

0 osc2

4CNT

ELSEt MSB

=t

= taxo* [16384>< (CNT—[

4CNT
D + (192 + LSB) x 64 x [M—SBH Xt

Note: In the above formulae, division results must be rounded down to the next integer value.
Example:
With 2ms timeout selected in MCCSR register

Value of T[5:0] Bits in
WDGCR Register (Hex.)

Min. Watchdog
Timeout (ms)

Max. Watchdog
Timeout (ms)

tmin tmax
00 1.496 2.048
3F 128 128.552

4
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WINDOW WATCHDOG (Cont'd)

Figure 37. Window Watchdog Timing Diagram

T[5:0] CNT downcounter

A
WDGWR

3Fh

| | |

1 1 ;

+———r¢—> fime”

Refresh not allowed Refresh Window | (step = 16384/fogc2)

T6 bit
Reset ]

10.1.6 Low Power Modes

Mode | Description
Slow | No effect on Watchdog: The downcounter continues to decrement at normal speed.
Wait | No effect on Watchdog: The downcounter continues to decrement.
OIE bitin |WDGHALT bit
MCCSR in Option
register Byte
No Watchdog reset is generated. The MCU enters Halt mode. The Watch-
dog counter is decremented once and then stops counting and is no longer
able to generate a watchdog reset until the MCU receives an external inter-
Halt rupt or a reset.
0 0 If an interrupt is received (refer to interrupt table mapping to see interrupts
which can occur in halt mode), the Watchdog restarts counting after 256 or
4096 CPU clocks. If a reset is generated, the Watchdog is disabled (reset
state) unless Hardware Watchdog is selected by option byte. For applica-
tion recommendations see Section 10.1.8 below.
0 1 A reset is generated instead of entering halt mode.
No reset is generated. The MCU enters Active Halt mode. The Watchdog
Active- counter is not decremented. It stop counting. When the MCU receives an
1 X oscillator interrupt or external interrupt, the Watchdog restarts counting im-
halt mediately. When the MCU receives a reset the Watchdog restarts counting
after 256 or 4096 CPU clocks.

10.1.7 Hardware Watchdog Option

If Hardware Watchdog is selected by option byte,
the watchdog is always active and the WDGA bit in
the WDGCR is not used. Refer to the Option Byte
description.
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10.1.8 Using Halt Mode with the WDG
(WDGHALT option)

The following recommendation applies if Halt
mode is used when the watchdog is enabled.

— Before executing the HALT instruction, refresh
the WDG counter, to avoid an unexpected WDG
reset immediately after waking up the microcon-
troller.
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WINDOW WATCHDOG (Cont’d)
10.1.9 Interrupts
None.

10.1.10 Register Description
CONTROL REGISTER (WDGCR)
Read/Write

Reset Value: 0111 1111 (7Fh)

7 0

WDGA | T6 | T5 T4 | T3 | T2 | T1 TO

Bit 7 = WDGA Activation bit.

This bit is set by software and only cleared by
hardware after a reset. When WDGA =1, the
watchdog can generate a reset.

0: Watchdog disabled
1: Watchdog enabled

Note: This bit is not used if the hardware watch-
dog option is enabled by option byte.

Bits 6:0 = T[6:0] 7-bit counter (MSB to LSB).
These bits contain the value of the watchdog
counter. It is decremented every 16384 fogco CY-
cles (approx.). A reset is produced when it rolls
over from 40h to 3Fh (T6 becomes cleared).

4

WINDOW REGISTER (WDGWR)
Read/Write
Reset Value: 0111 1111 (7Fh)

7 0

W6 | W5 | W4 | W3 | W2 | W1 | WO

Bit 7 = Reserved

Bits 6:0 = W[6:0] 7-bit window value
These bits contain the window value to be com-
pared to the downcounter.
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Table 14. Watchdog Timer Register Map and Reset Values

Address Register
(Hex.) Label 7 6 5 4 3 2 1 0
002Ah WDGCR WDGA T6 T5 T4 T3 T2 T1 TO
Reset Value 0 1 1 1 1 1 1 1
002Bh WDGWR 0 W6 W5 W4 W3 w2 W1 Wo
Reset Value 0 1 1 1 1 1 1 1
66/309
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10.2 PWM AUTO-RELOAD TIMER (ART)

10.2.1 Introduction

The Pulse Width Modulated Auto-Reload Timer
on-chip peripheral consists of an 8-bit auto reload
counter with compare/capture capabilities and of a
7-bit prescaler clock source.

These resources allow five possible operating
modes:

— Generation of up to 4 independent PWM signals
— Output compare and Time base interrupt

Figure 38. PWM Auto-Reload Timer Block Diagram

— Up to two input capture functions
— External event detector
— Up to two external interrupt sources

The three first modes can be used together with a
single counter frequency.

The timer can be used to wake up the MCU from
Wait and Halt modes.

PWMCR OEx OPx OCRXx <: DCRx
- - REGISTER REGISTER
: | 7] i
PORT
PWMx <— [ ——— ALTERNATE POLARITY COMPARE
FUNCTION CONTROL
ARR I\ 8-BIT COUNTER LOAD
REGISTER (CAR REGISTER)
INPUT CAPTURE LOAD ICRx
—_—
ARTICx N, CONTROL REGISTER
_ . AN
ICSx ICIEx ICFx | . ICCSR
ICx INTERRUPT
fext
ARTCLK — [ )}/
fcounTeER
fepu
MUX
fieut | PROGRAMMABLE
PRESCALER 4—‘
EXCL| cc2 | cc1 | cco | TCE |FCRL| OIE | OVF | ARTCSR
4\_D—>OVF INTERRUPT

4
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ON-CHIP PERIPHERALS (Cont’d)
10.2.2 Functional Description

Counter

The free running 8-bit counter is fed by the output
of the prescaler, and is incremented on every ris-
ing edge of the clock signal.

It is possible to read or write the contents of the
counter on the fly by reading or writing the Counter
Access register (ARTCAR).

When a counter overflow occurs, the counter is
automatically reloaded with the contents of the
ARTARR register (the prescaler is not affected).

Counter clock and prescaler

The counter clock frequency is given by:

fCOUNTER = f|NPUT / 200[230]

The timer counter’s input clock (fiypyT) feeds the
7-bit programmable prescaler, which selects one
of the 8 available taps of the prescaler, as defined
by CC[2:0] bits in the Control/Status Register
(ARTCSR). Thus the division factor of the prescal-
er can be set to 2" (where n =0, 1,..7).

This fynpyT frequency source is selected through
the EXCL bit of the ARTCSR register and can be
either the fopy or an external input frequency fexr.

The clock input to the counter is enabled by the
TCE (Timer Counter Enable) bit in the ARTCSR
register. When TCE is reset, the counter is
stopped and the prescaler and counter contents
are frozen. When TCE is set, the counter runs at
the rate of the selected clock source.

Figure 39. Output compare control

Counter and Prescaler Initialization

After RESET, the counter and the prescaler are
cleared and lePUT = fopu.

The counter can be initialized by:

— Writing to the ARTARR register and then setting
the FCRL (Force Counter Re-Load) and the TCE
(Timer Counter Enable) bits in the ARTCSR reg-
ister.

— Writing to the ARTCAR counter access register,

In both cases the 7-bit prescaler is also cleared,
whereupon counting will start from a known value.

Direct access to the prescaler is not possible.

Output compare control

The timer compare function is based on four differ-
ent comparisons with the counter (one for each
PWMx output). Each comparison is made be-
tween the counter value and an output compare
register (OCRXx) value. This OCRXx register can not
be accessed directly, it is loaded from the duty cy-
cle register (PWMDCRX) at each overflow of the
counter.

This double buffering method avoids glitch gener-
ation when changing the duty cycle on the fly.

| RTARR=FDh
1 1 w
FDh

foounTer | | A | * I * I *
counter {_ Fon X FEn >< Frn X

OCRx FDh

PWMDCRx FDh X

PWMx
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ON-CHIP PERIPHERALS (Cont'd)

Independent PWM signal generation

This mode allows up to four Pulse Width Modulat-
ed signals to be generated on the PWMx output
pins with minimum core processing overhead.
This function is stopped during Halt mode.

Each PWMx output signal can be selected inde-
pendently using the corresponding OEXx bit in the
PWM Control register (PWMCR). When this bit is
set, the corresponding /O pin is configured as out-
put push-pull alternate function.

The PWM signals all have the same frequency
which is controlled by the counter period and the
ARTARR register value.

frwm = fcounTer / (256 - ARTARR)

When a counter overflow occurs, the PWMx pin
level is changed depending on the corresponding
OPx (output polarity) bit in the PWMCR register.

Figure 40. PWM Auto-reload Timer Function

When the counter reaches the value contained in
one of the output compare register (OCRXx) the
corresponding PWMx pin level is restored.

It should be noted that the reload values will also
affect the value and the resolution of the duty cycle
of the PWM output signal. To obtain a signal on a
PWMx pin, the contents of the OCRXx register must
be greater than the contents of the ARTARR reg-
ister.

The maximum available resolution for the PWMx
duty cycle is:

Resolution = 1/ (256 - ARTARR)
Note: To get the maximum resolution (1/256), the
ARTARR register must be 0. With this maximum

resolution, 0% and 100% can be obtained by
changing the polarity.

A
2555
DUTY CYCLE . .
REGISTER
(PWMDCRKX)

COUNTER

AUTO-RELOAD
REGISTER
(ARTARR) - -

000

WITH OEx=1
AND OPx=0

WITH OEx=1
AND OPx=1

PWMx OUTPUT

Figure 41. PWM Signal from 0% to 100% Duty Cycle

fcOUNTER | + | |

A

ARTARR=FDh

[ YO S O W Y N

COUNTER

FDh >I< FEh >I<

-
FFh X FDh

OCRx=FCh

=1
0

]

OCRx=FDh

OCRx=FEh !

PWMx OUTPUT
WITH OEx:
AND OPx

OCRx=FFh ! !
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ON-CHIP PERIPHERALS (Cont'd)

Output compare and Time base interrupt

On overflow, the OVF flag of the ARTCSR register
is set and an overflow interrupt request is generat-
ed if the overflow interrupt enable bit, OIE, in the
ARTCSR register, is set. The OVF flag must be re-
set by the user software. This interrupt can be
used as a time base in the application.

External clock and event detector mode

Using the fext external prescaler input clock, the
auto-reload timer can be used as an external clock
event detector. In this mode, the ARTARR register
is used to select the ngygnT NUMber of events to
be counted before setting the OVF flag.

NEVENT = 256 - ARTARR

Caution: The external clock function is not availa-
ble in Halt mode. If Halt mode is used in the appli-
cation, prior to executing the HALT instruction, the
counter must be disabled by clearing the TCE bit
in the ARTCSR register to avoid spurious counter
increments.

Figure 42. External Event Detector Example (3 counts)

fexT=fcounTer | ’+‘ | * I *

[ S I W

ARTARR=FDh

COUNTER

Foh X FEn X FFh >< FDh >< FEh >< FFh >< FDh >
OVF - - : f

=

IF OIE=1

[

INTERRUPT

ARTCSR READ ARTCSR READ

[

INTERRUPT
IF OIE=1

v
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ON-CHIP PERIPHERALS (Cont'd)

Input capture function

This mode allows the measurement of external
signal pulse widths through ARTICRX registers.

Each input capture can generate an interrupt inde-
pendently on a selected input signal transition.
This event is flagged by a set of the corresponding
CFx bits of the Input Capture Control/Status regis-
ter (ARTICCSR).

These input capture interrupts are enabled
through the CIEx bits of the ARTICCSR register.

The active transition (falling or rising edge) is soft-
ware programmable through the CSx bits of the
ARTICCSR register.

The read only input capture registers (ARTICRx)
are used to latch the auto-reload counter value
when a transition is detected on the ARTICx pin
(CFx bit set in ARTICCSR register). After fetching
the interrupt vector, the CFx flags can be read to
identify the interrupt source.

Note: After a capture detection, data transfer in
the ARTICRXx register is inhibited until it is read
(clearing the CFx bit).

The timer interrupt remains pending while the CFx
flag is set when the interrupt is enabled (CIEx bit
set). This means, the ARTICRXx register has to be
read at each capture event to clear the CFx flag.

The timing resolution is given by auto-reload coun-
ter cycle time (1/fcounTER)-

Note: During Halt mode, if both input capture and
external clock are enabled, the ARTICRXx register
value is not guaranteed if the input capture pin and
the external clock change simultaneously.

Figure 43. Input Capture Timing Diagram

External interrupt capability

This mode allows the Input capture capabilities to
be used as external interrupt sources. The inter-
rupts are generated on the edge of the ARTICx
signal.

The edge sensitivity of the external interrupts is
programmable (CSx bit of ARTICCSR register)
and they are independently enabled through CIEx
bits of the ARTICCSR register. After fetching the
interrupt vector, the CFx flags can be read to iden-
tify the interrupt source.

During Halt mode, the external interrupts can be
used to wake up the micro (if the CIEXx bit is set).

fcounTer | * | * | *

Pl LA LA

COUNTER

ARTICx PIN

01h >< 02h >< 03h >< 04h >< 05h >< 06h >< 07h >

/

A INTERRUPT

=

CFx FLAG

xxh

X

04h

ICRx REGISTER
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ON-CHIP PERIPHERALS (Cont'd)
10.2.3 Register Description

CONTROL / STATUS REGISTER (ARTCSR)
Read/Write
Reset Value: 0000 0000 (00h)

7 0

EXCL| CC2 | CC1 | CCO | TCE [FCRL| OIE | OVF

Bit 7 = EXCL External Clock

This bit is set and cleared by software. It selects the
input clock for the 7-bit prescaler.

0: CPU clock.

1: External clock.

Bit 6:4 = CC[2:0] Counter Clock Control
These bits are set and cleared by software. They
determine the prescaler division ratio from fj\pyT-

fCOUNTEH With f|NPUT=8 MHz| CC2 | CC1 | CCO
lePUT 8 MHz 0 0 0
lePUT /2 4 MHz 0 0 1
lePUT /4 2 MHz 0 1 0
lePUT/B 1 MHz 0 1 1
lePUT/ 16 500 kHz 1 0 0
f|NPUT /32 250 kHz 1 0 1
f|NPUT / 64 125 kHz 1 1 0
f|NPUT/ 128 62.5 kHz 1 1 1

Bit 3 = TCE Timer Counter Enable

This bit is set and cleared by software. It puts the
timer in the lowest power consumption mode.

0: Counter stopped (prescaler and counter frozen).
1: Counter running.

Bit 2 = FCRL Force Counter Re-Load

This bit is write-only and any attempt to read it will
yield a logical zero. When set, it causes the contents
of ARTARR register to be loaded into the counter,
and the content of the prescaler register to be
cleared in order to initialize the timer before starting
to count.

Bit 1 = OIE Overflow Interrupt Enable

This bit is set and cleared by software. It allows to
enable/disable the interrupt which is generated
when the OVF bit is set.

0: Overflow Interrupt disable.

1: Overflow Interrupt enable.

Bit 0 = OVF Overflow Flag

This bit is set by hardware and cleared by software
reading the ARTCSR register. It indicates the tran-
sition of the counter from FFh to the ARTARR val-
ue.
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0: New transition not yet reached
1: Transition reached

COUNTER ACCESS REGISTER (ARTCAR)
Read/Write
Reset Value: 0000 0000 (00h)

7 0

CA7 | CA6 | CA5 | CA4 | CA3 | CA2 | CA1 CAO0

Bit 7:0 = CA[7:0] Counter Access Data

These bits can be set and cleared either by hard-
ware or by software. The ARTCAR register is used
to read or write the auto-reload counter “on the fly”
(while it is counting).

AUTO-RELOAD REGISTER (ARTARR)
Read/Write
Reset Value: 0000 0000 (00h)

7 0

AR7 | AR6 | AR5 | AR4 | AR3 | AR2 | AR1 ARO

Bit 7:0 = AR[7:0] Counter Auto-Reload Data

These bits are set and cleared by software. They
are used to hold the auto-reload value which is au-
tomatically loaded in the counter when an overflow
occurs. At the same time, the PWM output levels
are changed according to the corresponding OPx
bit in the PWMCR register.

This register has two PWM management func-
tions:

— Adjusting the PWM frequency
— Setting the PWM duty cycle resolution

PWM Frequency vs Resolution:

ARTARR . fowm

I Resolution

value Min Max

0 8-bit ~0.244 kHz | 31.25 kHz
[0..127] > 7-bit ~0.244 kHz 62.5 kHz
[128..191] > 6-bit ~0.488 kHz 125 kHz
[192..223 ] > 5-bit ~0.977 kHz 250 kHz
[224..239 ] > 4-bit ~1.953kHz | 500 kHz
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ON-CHIP PERIPHERALS (Cont'd)

PWM CONTROL REGISTER (PWMCR)
Read/Write
Reset Value: 0000 0000 (00h)

7 0

DUTY CYCLE REGISTERS (PWMDCRXx)
Read/Write
Reset Value: 0000 0000 (00h)

7 0

OE3 | OE2 | OE1 | OEO | OP3 | OP2 | OP1 | OPO

DC7 | bCé6 | DC5 | bC4 | DC3 | DC2 | DC1 | DCO

Bit 7:4 = OE[3:0] PWM Output Enable

These bits are set and cleared by software. They
enable or disable the PWM output channels inde-
pendently acting on the corresponding I/O pin.

0: PWM output disabled.

1: PWM output enabled.

Bit 3:0 = OP[3:0] PWM Output Polarity

These bits are set and cleared by software. They
independently select the polarity of the four PWM
output signals.

PWMx output level
OPx
Counter <= OCRx Counter > OCRx
1 0 0
0 1 1

Note: When an OPx bit is modified, the PWMx out-
put signal polarity is immediately reversed.

4

Bit 7:0 = DC[7:0] Duty Cycle Data
These bits are set and cleared by software.

A PWMDCRXx register is associated with the OCRx
register of each PWM channel to determine the
second edge location of the PWM signal (the first
edge location is common to all channels and given
by the ARTARR register). These PWMDCR regis-
ters allow the duty cycle to be set independently
for each PWM channel.
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ON-CHIP PERIPHERALS (Cont'd)

INPUT CAPTURE
CONTROL / STATUS REGISTER (ARTICCSR)
Read/Write

Reset Value: 0000 0000 (00h)

7 0

0 0 CS2 | CS1 | CIE2 | CIE1 | CF2 | CF1

Bit 7:6 = Reserved, always read as 0.

Bit 5:4 = CS[2:1] Capture Sensitivity

These bits are set and cleared by software. They
determine the trigger event polarity on the corre-
sponding input capture channel.

0: Falling edge triggers capture on channel x.

1: Rising edge triggers capture on channel x.

Bit 3:2 = CIE[2:1] Capture Interrupt Enable
These bits are set and cleared by software. They
enable or disable the Input capture channel inter-
rupts independently.

0: Input capture channel x interrupt disabled.

1: Input capture channel x interrupt enabled.

Bit 1:0 = CF[2:1] Capture Flag

These bits are set by hardware and cleared by
software reading the corresponding ARTICRx reg-
ister. Each CFx bit indicates that an input capture x
has occurred.

0: No input capture on channel x.

1: An input capture has occurred on channel x.
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INPUT CAPTURE REGISTERS (ARTICRX)
Read only
Reset Value: 0000 0000 (00h)

7 0

IC6 IC5 IC4 IC3 IC2 IC1 ICo

‘ IC7

Bit 7:0 = IC[7:0] /nput Capture Data

These read only bits are set and cleared by hard-
ware. An ARTICRx register contains the 8-bit
auto-reload counter value transferred by the input
capture channel x event.
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PWM AUTO-RELOAD TIMER (Cont'd)
Table 15. PWM Auto-Reload Timer Register Map and Reset Values

Address i
Register 7 6 5 4 3 2 1 0
(Hex.) Label
0074h PWMDCR3 DC7 DC6 DC5 DC4 DC3 DC2 DCH DCO
Reset Value 0 0 0 0 0 0 0 0
0075h PWMDCR2 DC7 DC6 DC5 DC4 DC3 DC2 DC1 DCO
Reset Value 0 0 0 0 0 0 0 0
0076h PWMDCRH1 DC7 DC6 DC5 DC4 DC3 DC2 DCH DCO
Reset Value 0 0 0 0 0 0 0 0
0077h PWMDCRO DC7 DC6 DC5 DC4 DC3 DC2 DC1 DCO
Reset Value 0 0 0 0 0 0 0 0
0078h PWMCR OE3 OE2 OE1 OE0 OP3 OP2 OP1 OPO
Reset Value 0 0 0 0 0 0 0 0
0079h ARTCSR EXCL cc2 CC1 CCo TCE FCRL OIE OVF
Reset Value 0 0 0 0 0 0 0 0
007Ah ARTCAR CA7 CA6 CA5 CA4 CA3 CA2 CA1 CAO
Reset Value 0 0 0 0 0 0 0 0
007Bh ARTARR AR7 ARG AR5 AR4 AR3 AR2 AR1 ARO
Reset Value 0 0 0 0 0 0 0 0
007Ch ARTICCSR CS2 CSH CIE2 CIE1 CF2 CF1
Reset Value 0 0 0 0 0 0 0 0
007Dh ARTICR1 IC7 IC6 IC5 IC4 IC3 Ic2 IC1 ICO
Reset Value 0 0 0 0 0 0 0 0
007Eh ARTICR2 IC7 IC6 IC5 IC4 IC3 IC2 IC1 ICO
Reset Value 0 0 0 0 0 0 0 0
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10.3 16-BIT TIMER

10.3.1 Introduction

The timer consists of a 16-bit free-running counter
driven by a programmable prescaler.

It may be used for a variety of purposes, including
pulse length measurement of up to two input sig-
nals (input capture) or generation of up to two out-
put waveforms (output compare and PWM).

Pulse lengths and waveform periods can be mod-
ulated from a few microseconds to several milli-
seconds using the timer prescaler and the CPU
clock prescaler.

Some devices of the ST7 family have two on-chip
16-bit timers. They are completely independent,
and do not share any resources. They are syn-
chronized after a Device reset as long as the timer
clock frequencies are not modified.

This description covers one or two 16-bit timers. In
the devices with two timers, register names are
prefixed with TA (Timer A) or TB (Timer B).

10.3.2 Main Features
m Programmable prescaler: fop, dividedby 2,4 or 8.
m Overflow status flag and maskable interrupt

m External clock input (must be at least 4 times
slower than the CPU clock speed) with the choice
of active edge

m Output compare functions with
— 2 dedicated 16-bit registers
— 2 dedicated programmable signals
— 2 dedicated status flags
— 1 dedicated maskable interrupt
m Input capture functions with
— 2 dedicated 16-bit registers
— 2 dedicated active edge selection signals
— 2 dedicated status flags
— 1 dedicated maskable interrupt
Pulse width modulation mode (PWM)
One pulse mode
Reduced Power Mode

5 alternate functions on I/O ports (ICAP1, ICAP2,
OCMP1, OCMP2, EXTCLK)*

The Block Diagram is shown in Figure 44.

*Note: Some timer pins may not available (not
bonded) in some devices. Refer to the device pin
out description.
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When reading an input signal on a non-bonded
pin, the value will always be ‘1’.

10.3.3 Functional Description
10.3.3.1 Counter

The main block of the Programmable Timer is a
16-bit free running upcounter and its associated
16-bit registers. The 16-bit registers are made up
of two 8-bit registers called high & low.

Counter Register (CR):

— Counter High Register (CHR) is the most sig-
nificant byte (MS Byte).

— Counter Low Register (CLR) is the least sig-
nificant byte (LS Byte).

Alternate Counter Register (ACR)

— Alternate Counter High Register (ACHR) is the
most significant byte (MS Byte).

— Alternate Counter Low Register (ACLR) is the
least significant byte (LS Byte).

These two read-only 16-bit registers contain the
same value but with the difference that reading the
ACLR register does not clear the TOF bit (Timer
overflow flag), located in the Status register, (SR),
(see note at the end of paragraph titled 16-bit read
sequence).

Writing in the CLR register or ACLR register resets
the free running counter to the FFFCh value.
Both counters have a reset value of FFFCh (this is
the only value which is reloaded in the 16-bit tim-
er). The reset value of both counters is also
FFFCh in One Pulse mode and PWM mode.

The timer clock depends on the clock control bits
of the CR2 register, as illustrated in Table 16 Clock
Control Bits. The value in the counter register re-
peats every 131 072, 262 144 or 524 288 CPU
clock cycles depending on the CC[1:0] bits.

The timer frequency can be fcp/2, fopu/4, fopu/8
or an external frequency.
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16-BIT TIMER (Cont’d)

Figure 44. Timer Block Diagram

| INTERNAL BUS |
fopu i
—| 16-BIT TIMER PERIPHERAL INTERFACE \
A A ? A ? A
8 high 8 low
8-bit 8 k8 8 48 8 18 8 48
buffer < < < <
EXEDG X g 8 2 3 2 3 3 3
16 v
12 OUTPUT || OUTPUT INPUT INPUT
Ly 1 Ly SCUNTER 1l coMPARE | | COMPARE || CAPTURE || CAPTURE
8 REGISTER REGISTER | | REGISTER || REGISTER | | REGISTER
1 2 1 2
EXTCLK ALTERNATE —a
pin COUNTER
ﬁx % REGISTER > 16 16
i16
CC[1:0]
| TIMER INTERNAL BUS |
16I 16
v
OVERFLOW
OUTPUT COMPARE —p{ EDGEDETECT |¢——1] ICAP1
DETECT CIRCUIT CIRCUIT1 :
CIRCUIT 'S pin
|
i 6 » EDGEDETECT |¢—{1 jcap2
CIRCUIT2 pin
i > 0 oCMP1
v v v »| LATCHf o
ICF1|OCF1| TOF [ICF2|OCF2TIMD| O 0 >
(Pontrpl/Status RegisteR | LATCH2 —»0 0CMP2
cs > )
| pin
N 1 |
TOIE|FOLV2|FOLV1[OLVL2|IEDG1[OLVL1 OC1E|OC2E| OPM [PWM | CC1 | CCO [IEDG2|EXEDG

TIMER INTERRUPT

(Control Register 1) CR1

(See note)

(Control Register 2) CR2

Note: If IC, OC and TO interrupt requests have separate vectors
then the last OR is not present (See Device Interrupt Vector Table)
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16-BIT TIMER (Cont'd)

16-bit read sequence: (from either the Counter
Register or the Alternate Counter Register).

Beginning of the sequence

Read »| LS Byte
At t0 MS Byte is buffered
_vV_
" Other

instructions,

Returns the buffered
LS Byte value at t0

Read
At 10 +At |LS Byte

Sequence completed

The user must read the MS Byte first, then the LS
Byte value is buffered automatically.

This buffered value remains unchanged until the
16-bit read sequence is completed, even if the
user reads the MS Byte several times.

After a complete reading sequence, if only the
CLR register or ACLR register are read, they re-
turn the LS Byte of the count value at the time of
the read.

Whatever the timer mode used (input capture, out-
put compare, one pulse mode or PWM mode) an
overflow occurs when the counter rolls over from
FFFFh to 0000h then:

— The TOF bit of the SR register is set.

— A timer interrupt is generated if:
— TOIE bit of the CR1 register is set and
— | bit of the CC register is cleared.

If one of these conditions is false, the interrupt re-
mains pending to be issued as soon as they are
both true.
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Clearing the overflow interrupt request is done in
two steps:

1. Reading the SR register while the TOF bit is set.
2. An access (read or write) to the CLR register.

Notes: The TOF bit is not cleared by accesses to
ACLR register. The advantage of accessing the
ACLR register rather than the CLR register is that
it allows simultaneous use of the overflow function
and reading the free running counter at random
times (for example, to measure elapsed time) with-
out the risk of clearing the TOF bit erroneously.

The timer is not affected by Wait mode.

In Halt mode, the counter stops counting until the
mode is exited. Counting then resumes from the
previous count (Device awakened by an interrupt)
or from the reset count (Device awakened by a
Reset).

10.3.3.2 External Clock

The external clock (where available) is selected if
CCO0=1 and CC1=1 in CR2 register.

The status of the EXEDG bit in the CR2 register
determines the type of level transition on the exter-
nal clock pin EXTCLK that will trigger the free run-
ning counter.

The counter is synchronised with the falling edge
of the internal CPU clock.

A minimum of four falling edges of the CPU clock
must occur between two consecutive active edges
of the external clock; thus the external clock fre-
quency must be less than a quarter of the CPU
clock frequency.
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Figure 45. Counter Timing Diagram, internal clock divided by 2

crucock U UUUHUUUHUUUUTLI
INTERNAL RESET —l

TIMER CLOCK J I_l I_l ﬂ ﬂ ﬂ I_I I_L

COUNTER REGISTER ____\ FFFD) FFFE| FFFF 0000 Y 0001 0002 {0003 Y

TIMER OVERFLOW FLAG (TOF) ’

Figure 46. Counter Timing Diagram, internal clock divided by 4

crucoe JUUUUL  JUUUUTUTUU]

INTERNAL RESET —I

TIMER CLOCK ﬂ J I_l
a

0000 | 0001

COUNTER REGISTER FFFCX FFFD

TIMER OVERFLOW FLAG (TOF) |

Figure 47. Counter Timing Diagram, internal clock divided by 8

CPU CLOCK , ,

INTERNAL RESET -‘

TIMER CLOCK I_l J—

TIMER OVERFLOW FLAG (TOF)

Note: The Device is in reset state when the internal reset signal is high, when it is low the Device is run-
ning.
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10.3.3.3 Input Capture

In this section, the index, i, may be 1 or 2 because
there are 2 input capture functions in the 16-bit
timer.

The two input capture 16-bit registers (IC1R and
IC2R) are used to latch the value of the free run-
ning counter after a transition detected by the
ICAP/ pin (see figure 5).

MS Byte
ICHR |

LS Byte
ICLR |

ICIR |

ICR register is a read-only register.

The active transition is software programmable
through the IEDGi bit of Control Registers (CRi).

Timing resolution is one count of the free running
counter: (fopy/CC[1:0]).

Procedure:

To use the input capture function select the follow-
ing in the CR2 register:

— Select the timer clock (CC[1:0]) (see Table 16
Clock Control Bits).

— Select the edge of the active transition on the
ICAP2 pin with the IEDG2 bit (the ICAP2 pin
must be configured as floating input).

And select the following in the CR1 register:

— Set the ICIE bit to generate an interrupt after an
input capture coming from either the ICAP1 pin
or the ICAP2 pin

— Select the edge of the active transition on the
ICAP1 pin with the IEDG1 bit (the ICAP1pin must
be configured as floating input).
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When an input capture occurs:
— ICFibit is set.

— The ICR register contains the value of the free
running counter on the active transition on the
ICAP/ pin (see Figure 49).

— A timer interrupt is generated if the ICIE bit is set
and the | bit is cleared in the CC register. Other-
wise, the interrupt remains pending until both
conditions become true.

Clearing the Input Capture interrupt request (i.e.
clearing the ICFj bit) is done in two steps:

1. Reading the SR register while the ICFibit is set.
2. An access (read or write) to the ICILR register.

Notes:

1. After reading the ICHR register, transfer of
input capture data is inhibited and ICF/ will
never be set until the ICiLR register is also
read.

2. The ICR register contains the free running
counter value which corresponds to the most
recent input capture.

3. The 2 input capture functions can be used
together even if the timer also uses the 2 output
compare functions.

4.In One pulse Mode and PWM mode only the
input capture 2 can be used.

5. The alternate inputs (ICAP1 & ICAP2) are
always directly connected to the timer. So any
transitions on these pins activate the input cap-
ture function.

Moreover if one of the ICAP/ pin is configured
as an input and the second one as an output,
an interrupt can be generated if the user toggle
the output pin and if the ICIE bit is set.

This can be avoided if the input capture func-
tion i is disabled by reading the IC/HR (see note
1).

6. The TOF bit can be used with interrupt in order
to measure event that go beyond the timer
range (FFFFh).
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Figure 48. Input Capture Block Diagram

ICAP1] (Control Register 1) CR1
pin v v
0 > EDGE DETECT |, |EDGE DETECT ICIE IEDG1
IcAP2| p| CIRCUIT2 CIRCUITH — |
pin (Status Register) SR
IC2R Register IC1R Register ICF1 ICF2 0 0 0
f f f
I |
16-BIT (Control Register 2) CR2
16-BIT FREE RUNNING CC1 | cco (IEDG2
COUNTER
Figure 49. Input Capture Timing Diagram
TIMER CLOCK
COUNTER REGISTER FFo1 X FF02 X FF03 X
ICAPi PIN
ICAPi FLAG |
ICAPi REGISTER X FFO3

Note: The active edge is the rising edge.

Note: The time between an event on the ICAPI pin
and the appearance of the corresponding flag is
from 2 to 3 CPU clock cycles. This depends on the
moment when the ICAP event happens relative to
the timer clock.

4
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10.3.3.4 Output Compare

In this section, the index, i, may be 1 or 2 because
there are 2 output compare functions in the 16-bit
timer.

This function can be used to control an output
waveform or indicate when a period of time has
elapsed.

When a match is found between the Output Com-
pare register and the free running counter, the out-
put compare function:

— Assigns pins with a programmable value if the
OCIE bit is set

— Sets a flag in the status register
— Generates an interrupt if enabled

Two 16-bit registers Output Compare Register 1
(OC1R) and Output Compare Register 2 (OC2R)
contain the value to be compared to the counter
register each timer clock cycle.

MS Byte
OCHR |

LS Byte
OCILR |

OCR |

These registers are readable and writable and are
not affected by the timer hardware. A reset event
changes the OCIR value to 8000h.

Timing resolution is one count of the free running
counter: (fCPU/CC[1 :0]).

Procedure:

To use the output compare function, select the fol-
lowing in the CR2 register:

— Set the OCE bit if an output is needed then the
OCMPi pin is dedicated to the output compare i
signal.

— Select the timer clock (CC[1:0]) (see Table 16
Clock Control Bits).

And select the following in the CR1 register:

— Select the OLVLibit to applied to the OCMPi pins
after the match occurs.

— Set the OCIE bit to generate an interrupt if it is
needed.

When a match is found between OCRI register
and CR register:

— OCFi bit is set.
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— The OCMP; pin takes OLVLi bit value (OCMP/
pin latch is forced low during reset).

— A timer interrupt is generated if the OCIE bit is
set in the CR2 register and the | bit is cleared in
the CC register (CC).

The OCIR register value required for a specific tim-
ing application can be calculated using the follow-
ing formula:

Aocr= At-fery
PRESC
Where:
At = Output compare period (in seconds)
fecpu = CPU clock frequency (in hertz)

PRESC = Timer prescaler factor (2, 4 or 8 de-
pending on CC[1:0] bits, see Table 16
Clock Control Bits)

If the timer clock is an external clock, the formula
is:

A OCIR = At + fEXT

Where:
At = Qutput compare period (in seconds)
fext = External timer clock frequency (in hertz)

Clearing the output compare interrupt request (i.e.
clearing the OCFi bit) is done by:

1. Reading the SR register while the OCFi bit is
set.
2. An access (read or write) to the OCILR register.

The following procedure is recommended to pre-
vent the OCFi bit from being set between the time
it is read and the write to the OCIR register:

— Write to the OC/HR register (further compares
are inhibited).

— Read the SR register (first step of the clearance
of the OCFi bit, which may be already set).

— Write to the OCILR register (enables the output
compare function and clears the OCF; bit).

4
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Notes:

1.

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

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

general /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.

. In both internal and external clock modes, OCFi

and OCMPi are set while the counter value
equals the OCIR register value (see Figure 51
for an example with fop» and Figure 52 for an
example with fop/4). This behavior is the same
in OPM or PWM mode.

. The output compare functions can be used both

for generating external events on the OCMP/
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 50. Output Compare Block Diagram

Forced Compare Output capability

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

FOLVLibits have no effect in both one pulse mode
and PWM mode.

16 BIT FREE RUNNING oc1el ocoe ce1 | cco
COUNTER
16-bit ‘ ‘ (Control Register 2) CR2
v v | (Control Register 1) CR1
OUTPUT COMPARE OCIE FOLV2| FOLV1OLVL2 OLVL1 Lateh [
CIRCUIT 1 {1 OCMP1
7y [ — Pin
16-bit 16-bit |l
v < Lelh —1 ocmP2
OC1R Register Y Y — Pin
OCF1 ocr2| o | o | o
OC2R Register
(Status Register) SR
Ays 83/309
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Figure 51. Output Compare Timing Diagram, fyyuer =fcpu/2

INTERNAL CPU CLOCK

TIMER CLOCK

COUNTER REGISTER

OUTPUT COMPARE REGISTER /i (OCRj)
OUTPUT COMPARE FLAG i (OCFi)

OCMP/ PIN (OLVLi=1)

RERRRNRNRNRRRRRRRARNRNAE
[T T T T JL

2ECF{2EDO X 2ED1X2ED2) 2ED3( 2ED4(_

2ED3

—
——

Figure 52. Output Compare Timing Diagram, fyyuer =fcpu/4

INTERNAL CPU CLOCK
TIMER CLOCK
COUNTER REGISTER

OUTPUT COMPARE REGISTER /i (OCRJ)

OUTPUT COMPARE FLAG i (OCFi)

OCMP/ PIN (OLVLi=1)

L
] | o

2ECF{2EDO X 2ED1X2ED2) 2ED3( 2ED4(_

2ED3

—
—
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10.3.3.5 One Pulse Mode

One Pulse mode enables the generation of a
pulse when an external event occurs. This mode is
selected via the OPM bit in the CR2 register.

The one pulse mode uses the Input Capturei
function and the Output Compare1 function.

Procedure:
To use one pulse mode:

1. Load the OC1R register with the value corre-
sponding to the length of the pulse (see the for-
mula in the opposite column).

2. Select the following in the CR1 register:

— Using the OLVL1 bit, select the level to be ap-
plied to the OCMP1 pin after the pulse.

— Using the OLVL2 bit, select the level to be ap-
plied to the OCMP1 pin during the pulse.

— Select the edge of the active transition on the
ICAP1 pin with the IEDG1 bit (the ICAP1 pin
must be configured as floating input).

3. Select the following in the CR2 register:

— Set the OC1E bit, the OCMP1 pin is then ded-
icated to the Output Compare 1 function.

— Set the OPM bit.

— Select the timer clock CC[1:0] (see Table 16
Clock Control Bits).

One pulse mode cycle
When ICR1 = Counter
event occurs [P OCMP1 = OLVL2
on ICAP1 Counter is reset
to FFFCh
ICF1 bit is set
A 4

When

counter L5 OCMP1 = OLVL1
L]

When a valid event occurs on the ICAP1 pin, the
counter value is loaded in the ICR1 register. The
counter is then initialized to FFFCh, the OLVL2 bit
is output on the OCMP1 pin and the ICF1 bit is set.

Because the ICF1 bit is set when an active edge
occurs, an interrupt can be generated if the ICIE
bit is set.

(574

Clearing the Input Capture interrupt request (i.e.
clearing the ICF/ bit) is done in two steps:

1. Reading the SR register while the ICFibit is set.
2. An access (read or write) to the IC/LR register.

The OCI1R register value required for a specific
timing application can be calculated using the fol-
lowing formula:

t.f -
OC/R Value = —1CPU_ -5
PRESC
Where:
t = Pulse period (in seconds)

fecpy = CPU clock frequency (in hertz)

PRESC = Timer prescaler factor (2, 4 or 8 depend-
ing on the CC[1:0] bits, see Table 16
Clock Control Bits)

If the timer clock is an external clock the formula is:
OCR=t+ fEXT '5

Where:
t Pulse period (in seconds)
fext = External timer clock frequency (in hertz)

When the value of the counter is equal to the value
of the contents of the OC1R register, the OLVL1
bit is output on the OCMP1 pin, (See Figure 53).

Notes:

1. The OCF1 bit cannot be set by hardware in one
pulse mode but the OCF2 bit can generate an
Output Compare interrupt.

2. When the Pulse Width Modulation (PWM) and
One Pulse Mode (OPM) bits are both set, the
PWM mode is the only active one.

3.1f OLVL1=0OLVL2 a continuous signal will be
seen on the OCMP1 pin.

4. The ICAP1 pin can not be used to perform input
capture. The ICAP2 pin can be used to perform
input capture (ICF2 can be set and IC2R can be
loaded) but the user must take care that the
counter is reset each time a valid edge occurs
on the ICAP1 pin and ICF1 can also generates
interrupt if ICIE is set.

5. When one pulse mode is used OC1R is dedi-
cated to this mode. Nevertheless OC2R and
OCF2 can be used to indicate a period of time
has been elapsed but cannot generate an out-
put waveform because the level OLVL2 is dedi-
cated to the one pulse mode.
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Figure 53. One Pulse Mode Timing Example

IctR - - -X 01F8 ¥ 2ED3
COUNTER  O1F8 XFFFCXFFFDXFFFEX: :XzEDOX 2ED1><22IIEEDD2;></Z><I?FFCXFFFD

ICAP1
OLVL2 ‘ OLVL1 OLvVL2

compare1

OCMP1

Note: IEDG1=1, OC1R=2EDOh, OLVL1=0, OLVL2=1

Figure 54. Pulse Width Modulation Mode Timing Example

counTer 34E2( X X ><:// :X X XX Yeae2)FFFC
] oz ' | OLVL1 /_|01_T

compare2 comparel compare2

Note:
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—l Pulse Width Modulation cycle

—»

16-BIT TIMER
10.3.3.6 Pulse Width Modulation Mode

v

Note:

Procedure

Notes:
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16-BIT TIMER

10.3.4 Low Power Modes

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 Device is woken up by an interrupt with “exit from Halt mode” capability or from the counter reset
Halt value when the Device 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 Device is woken up by an interrupt with “exit from Halt mode” capability, the ICFi bit is set, and
the counter value present when exiting from Halt mode is captured into the IC/R register.

10.3.5 Interrupts

Input Capture 1 event/Counter reset in PWM mode ICF1 ICIE Yes No
Input Capture 2 event ICF2 Yes No
Output Compare 1 event (not available in PWM mode) OCF1 OCIE Yes No
Output Compare 2 event (not available in PWM mode) OCF2 Yes No
Timer Overflow event TOF TOIE Yes No
Note:
10.3.6 Summary of Timer modes
Input Capture (1 and/or 2) Yes Yes Yes Yes
Output Compare (1 and/or 2) Yes Yes Yes Yes
One Pulse Mode No Not Recommended”) No Partially 2
PWM Mode No Not Recommended®) No No

3) See note 4 in Section 10.3.3.6 Pulse Width Modulation Mode

4
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Each Timer is associated with three control and
status registers, and with six pairs of data registers
(16-bit values) relating to the two input captures,
the two output compares, the counter and the al-
ternate counter.

Read/Write
Reset Value: 0000 0000 (00h)
7 0

ICIE|OCIE|TOIE{FOLV2|FOLV1|OLVL2(IEDG1|OLVLA1

Bit7 = Input Capture Interrupt Enable.

0: Interrupt is inhibited.

1: A timer interrupt is generated whenever the
ICF1 or ICF2 bit of the SR register is set.

Bit 6 = Output Compare Interrupt Enable.

0: Interrupt is inhibited.

1: A timer interrupt is generated whenever the
OCF1 or OCF2 bit of the SR register is set.

Bit 5 = Timer Overflow Interrupt Enable.

0: Interrupt is inhibited.

1: A timer interrupt is enabled whenever the TOF
bit of the SR register is set.

4

Bit4 = Forced Output Compare 2.

This bit is set and cleared by software.

0: No effect on the OCMP2 pin.

1:Forces the OLVL2 bit to be copied to the
OCMP2 pin, if the OC2E bit is set and even if
there is no successful comparison.

Bit3 = Forced Output Compare 1.

This bit is set and cleared by software.

0: No effect on the OCMP1 pin.

1: Forces OLVL1 to be copied to the OCMP1 pin, if
the OC1E bit is set and even if there is no suc-
cessful comparison.

Bit2 = Output Level 2.

This bit is copied to the OCMP2 pin whenever a
successful comparison occurs with the OC2R reg-
ister and OCxXE is set in the CR2 register. This val-
ue is copied to the OCMP1 pin in One Pulse Mode
and Pulse Width Modulation mode.

Bit1 = Input Edge 1.

This bit determines which type of level transition
on the ICAP1 pin will trigger the capture.

0: A falling edge triggers the capture.

1: A rising edge triggers the capture.

Bit0 = Output Level 1.

The OLVLA1 bit is copied to the OCMP1 pin when-
ever a successful comparison occurs with the
OC1R register and the OC1E bit is set in the CR2
register.
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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.
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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.
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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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Read Only
Reset Value: Undefined

This is an 8-bit read only register that contains the
high part of the counter value (transferred by the
input capture 1 event).

Read/Write
Reset Value: 1000 0000 (80h)

This is an 8-bit register that contains the high part
of the value to be compared to the CHR register.

7 0 7 0
MSB LSB MSB LSB
Read Only
Reset Value: Undefined Read/Write

This is an 8-bit read only register that contains the
low part of the counter value (transferred by the in-
put capture 1 event).

Reset Value: 0000 0000 (00h)

This is an 8-bit register that contains the low part of
the value to be compared to the CLR register.

7 0 7 0
MSB LSB MSB LSB
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Read/Write
Reset Value: 1000 0000 (80h)

This is an 8-bit register that contains the high part
of the value to be compared to the CHR register.

Read Only
Reset Value: 1111 1111 (FFh)

This is an 8-bit register that contains the high part
of the counter value.

7 0 7 0
MSB LSB MSB LSB
Read/Write Read Only

Reset Value: 0000 0000 (00h)

This is an 8-bit register that contains the low part of
the value to be compared to the CLR register.

7 0
MSB LSB
Read Only

Reset Value: 1111 1111 (FFh)

This is an 8-bit register that contains the high part
of the counter value.

7 0
MSB LSB
Read Only

Reset Value: 1111 1100 (FCh)

This is an 8-bit register that contains the low part of
the counter value. A write to this register resets the
counter. An access to this register after accessing
the CSR register clears the TOF bit.

7 0

MSB LSB

4

Reset Value: 1111 1100 (FCh)

This is an 8-bit register that contains the low part of
the counter value. A write to this register resets the
counter. An access to this register after an access
to CSR register does not clear the TOF bit in the
CSR register.

7 0
MSB LSB
Read Only

Reset Value: Undefined

This is an 8-bit read only register that contains the
high part of the counter value (transferred by the
Input Capture 2 event).

7 0
MSB LSB
Read Only

Reset Value: Undefined

This is an 8-bit read only register that contains the
low part of the counter value (transferred by the In-
put Capture 2 event).

7 0
MSB LSB
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Timer A: 32 ICIE OCIE TOIE FOLV2 FOLVA1 OLVL2 IEDGH1 OLVL1
Timer B: 42| Reset Value 0 0 0 0 0 0 0 0
Timer A: 31 OC1E OC2E OPM PWM CCH1 CcCo IEDG2 EXEDG
Timer B: 41| Reset Value 0 0 0 0 0 0 0 0
Timer A: 33 ICF1 OCF1 TOF ICF2 OCF2 TIMD - -
Timer B: 43| Reset Value 0 0 0 0 0 0 0 0
Timer A: 34 MSB ) ) ) ) ) ) LSB
Timer B: 44| Reset Value - -
Timer A: 35 MSB ) ) ) _ ) . LSB
Timer B: 45| Reset Value - -
Timer A: 36 MSB ) ) ) _ ) . LSB
Timer B: 46 | Reset Value - -
Timer A: 37 MSB ) ) ) _ ) . LSB
Timer B: 47 | Reset Value - -
Timer A: 3E MSB ) ) ) _ ) . LSB
Timer B: 4E| Reset Value - -
Timer A: 3F MSB ) ) ) _ ) . LSB
Timer B: 4F | Reset Value - -
Timer A: 38 MSB LSB
Timer B: 48 | Reset Value 1 1 1 1 1 1 1 1
Timer A: 39 MSB LSB
Timer B: 49| Reset Value 1 1 1 1 1 1 0 0
Timer A: 3A MSB LSB
Timer B: 4A| Reset Value 1 1 1 1 1 1 1 1
Timer A: 3B MSB LSB
Timer B: 4B| Reset Value 1 1 1 1 1 1 0 0
Timer A: 3C MSB h ) ) h ) i LSB
Timer B: 4C| Reset Value - -
Timer A: 3D MSB i i i i i i LSB
Timer B: 4D| Reset Value - -
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The Serial Peripheral Interface (SPI) allows full-
duplex, synchronous, serial communication with
external devices. An SPI system may consist of a
master and one or more slaves or a system in
which devices may be either masters or slaves.

m Full duplex synchronous transfers (on three
lines)

Simplex synchronous transfers (on two lines)

Master or slave operation

6 master mode frequencies (fcpy/4 max.)

fcpu/2 max. slave mode frequency (see note)

SS Management by software or hardware

Programmable clock polarity and phase

End of transfer interrupt flag

]\c/|Vrite collision, Master Mode Fault and Overrun
ags

In slave mode, continuous transmission is
not possible at maximum frequency due to the
software overhead for clearing status flags and to
initiate the next transmission sequence.

4

Figure 55 on page 96 shows the serial peripheral
interface (SPI) block diagram. There are three reg-
isters:

— SPI Control Register (SPICR)
— SPI Control/Status Register (SPICSR)
— SPI Data Register (SPIDR)

The SPI is connected to external devices through
four pins:

— MISO: Master In / Slave Out data
— MOSI: Master Out / Slave In data

— SCK: Serial Clock out by SPI masters and in-
put by SPI slaves

— S8S: Slave select:
This input signal acts as a ‘chip select’ to let
the SPI master communicate with slaves indi-
vidually and to avoid contention on the data
lines. Slave SS inputs can be driven by stand-
ard I/O ports on the master Device.
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(cont’d)

< Data/Address Bus >

t Read
Interrupt
request
Read Buffer
7 0
8-bit Shift Register
SPIF (wWCOL OVR|MODH 0 |[SOD |SSM | SsI
Frff T
SS
> SPI o la
L1« > STATE <
CONTROL
l 7 f T 0
— SPIE | SPE |SPR2|MSTR|CPOL|CPHA| SPR1|SPRO
MASTER
CONTROL (4 L 4 —
q
d
SERIAL CLOCK |
GENERATOR ;
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(cont’d)

A basic example of interconnections between a
single master and a single slave is illustrated in
Figure 56.

The MOSI pins are connected together and the
MISO pins are connected together. In this way
data is transferred serially between master and
slave (most significant bit first).

The communication is always initiated by the mas-
ter. When the master device transmits data to a
slave device via MOSI pin, the slave device re-
sponds by sending data to the master device via

the MISO pin. This implies full duplex communica-
tion with both data out and data in synchronized
with the same clock signal (which is provided by
the master device via the SCK pin).

To use a single data line, the MISO and MOSI pins
must be connected at each node (in this case only
simplex communication is possible).

Four possible data/clock timing relationships may
be chosen (see Figure 59 on page 100) but master
and slave must be programmed with the same tim-
ing mode.

MSBit ¢—— LSBit MSBit ¢—— LSBit
8-bit SHIFT REGISTER 4—[]MISO MISO {1 8-bit SHIFT REGISTER
% 3
|7 []MOSI MOSI 4
SPI
CLOCK ASCK SCK.L,
GENERATOR - _

SS +5V SSE

\, Not used if SS is managed

C/ by software

4
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(cont’d)

As an alternative to using the SS pin to control the
Slave Select signal, the application can choose to
manage the Slave Select signal by software. This
is configured by the SSM bit in the SPICSR regis-
ter (see Figure 58).

In software management, the external SS pin is
free for other application uses and the internal SS
signal level is driven by writing to the SSI bit in the
SPICSR register.

— SS internal must be held high continuously

There are two cases depending on the data/clock
timing relationship (see Figure 57):

If CPHA = 1 (data latched on second clock edge):

— SS internal must be held low during the entire
transmission. This implies that in single slave
applications the SS pin either can be tied to
Vgg, or made free for standard 1/0 by manag-

mgsthe SS function by software (SSM = 1 and

SSI =0 in the in the SPICSR register)

If CPHA = 0 (data latched on first clock edge):

— SS internal must be held low during byte
transmission and pulled high between each
byte to allow the slave to write to the shift reg-
ister. If SS is not pulled high, a Write Collision
error will occur when the slave writes to the
shift register (see Section 10.4.5.3).

MOSI/MISO Byte 1 Byte 2 Byte 3 ){(
Master SS / I (N

Slave SS
(if CPHA = 0) \ / A\ / A\ /

Slave SS
(if CPHA = 1) \ /

SSM bit
S8l bit - __
! ! SS internal o
SS external pin ﬂ
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(cont’d)

In master mode, the serial clock is output on the
SCK pin. The clock frequency, polarity and phase
are configured by software (refer to the description
of the SPICSR register).

The idle state of SCK must correspond to
the polarity selected in the SPICSR register (by
pulling up SCK if CPOL = 1 or pulling down SCK if
CPOL =0).

To operate the SPI in master mode, perform the
following steps in order:

1. Write to the SPICR register:
— Select the clock frequency by configuring the
SPR[2:0] bits. a oy guring

— Select the clock polarity and clock phase by
configuring the CPOL and CPHA bits. Figure
59 shows the four possible configurations.

The slave must have the same CPOL
and CPHA settings as the master.

2. Write to the SPICSR register:
— Either set the SSM bit and set the SSI bit or

clear the SSM bit and tie the SS pin high for
the complete byte transmit sequence.

3. Write to the SPICR register:
— Set the MSTR and SPE bits
__ MSTR and SPE bits remain set only if
SSis high).
if the SPICSR register is not writ-
ten first, the SPICR register setting (MSTR bit)
may be not taken into account.

The transmit sequence begins when software
writes a byte in the SPIDR register.

When software writes to the SPIDR register, the
data byte is loaded into the 8-bit shift register and
then shifted out serially to the MOSI pin most sig-
nificant bit first.
When data transfer is complete:

— The SPIF bit is set by hardware.

— An interrupt request is generated if the SPIE
bit is set and the interrupt mask in the CCR
register is cleared.

Clearing the SPIF bit is performed by the following
software sequence:

1. An access to the SPICSR register while the
SPIF bit is set

2. A read to the SPIDR register

4

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

In slave mode, the serial clock is received on the
SCK pin from the master device.

To operate the SPI in slave mode:

1. Write to the SPICSR register to perform the fol-
lowing actions:

— Select the clock polarity and clock phase by
configuring the

POL "and CPHA bits (see
Figure 59).

The slave must have the same CPOL
and CPHA settings as the master.

— Manage the SS pin as described in_Section
10.4.3.2 and Figure 57. If CPHA =1 SS must
be held low continuously. If CPHA =0 SS
must be held low during byte transmission and
pulled up between each byte to let the slave
write in the shift register.

2. Write to the SPICR register to clear the MSTR

bit and set the SPE bit to enable the SPI I/O

functions.

When software writes to the SPIDR register, the
data byte is loaded into the 8-bit shift register and
then shifted out serially to the MISO pin most sig-
nificant bit first.

The transmit sequence begins when the slave de-
vice receives the clock signal and the most signifi-
cant bit of the data on its MOSI pin.

When data transfer is complete:
— The SPIF bit is set by hardware.

— An interrupt request is generated if SPIE bit is
set and interrupt mask in the CCR register is
cleared.

Clearing the SPIF bit is performed by the following
software sequence:

1. An access to the SPICSR register while the
SPIF bit is set

2. A write or a read to the SPIDR register

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

The SPIF bit can be cleared during a second
transmission; however, it must be cleared before
the second SPIF bit in order to prevent an Overrun
condition (see Section 10.4.5.2).
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(cont’d)

Four possible timing relationships may be chosen
by software, using the CPOL and CPHA bits (See
Figure 59).

The idle state of SCK must correspond to
the polarity selected in the SPICSR register (by
pulling up SCK if CPOL = 1 or pulling down SCK if
CPOL =0).

The combination of the CPOL clock polarity and
CPHA (clock phase) bits selects the data capture
clock edge.

Figure 59 shows an SPI transfer with the four com-
binations of the CPHA and CPOL bits. The dia-
gram may be interpreted as a master or slave tim-
ing diagram where the SCK pin, the MISO pin and
the MOSI pin are directly connected between the
master and the slave device.

: If CPOL is changed at the communication
byte boundaries, the SPI must be disabled by re-
setting the SPE bit.

SCK A
(CPOL = 1) ‘ ‘ ‘ | ‘ ‘ |
SCK ‘ ‘ ' ‘ ‘ ‘
(CPOL = 0) +

f
|
|

MISO >0<><><>< SBltX B|t6 >< B%tsX

Blt4 X B|t3 >< B|t2 X B|t1 X LSB|t><

(from master)

wosWAWA u

B"5X Bit 4 X Bit3 X BItZX Bit 1 X L$B|t

>;

(from slave)

SS_\
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=
@ |
o

|
|
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|
1
| |

-

SCK

(CPOL = 1) , .

SCK
(CPOL = 0) 4
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6

Bit 4

MISO W MéBitX Bi

(from master)

Bit 5 ><

>< Eiit3>< Bit2>< Bit 1
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MOSI 4< '6><

(from slave) ‘

Ss

B:it5 X B|t4 X Sns >< Bitz X Biit1 >< LéBit XM‘
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W

CAPTURE STROBE |

(to slave)

—
NN

Note: This figure should not be used as a replacement for parametric information.
Refer to the Electrical Characteristics chapter.
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ST7MC1xx/ST7MC2xx

SERIAL PERIPHERAL INTERFACE (cont'd)
10.4.5 Error Flags
10.4.5.1 Master Mode Fault (MODF)

Master mode fault occurs when the master de-
vice’s SS pin is pulled low.

When a Master mode fault occurs:

— The MODF bit is set and an SPI interrupt re-
quest is generated if the SPIE bit is set.

— The SPE bit is reset. This blocks all output
from the device and disables the SPI periph-
eral.

— The MSTR bit is reset, thus forcing the device
into slave mode.

Clearing the MODF bit is done through a software
sequence:

1. A read access to the SPICSR register while the
MODF bit is set.

2. A write to the SPICR register.

Notes: To avoid any conflicts in an application
with multiple slaves, the SS pin must be pulled
high during the MODF bit clearing sequence. The
SPE and MSTR bits may be restored to their orig-
inal state during or after this clearing sequence.

Hardware does not allow the user to set the SPE
and MSTR bits while the MODF bit is set except in
the MODF bit clearing sequence.

In a slave device, the MODF bit can not be set, but
in a multimaster configuration the device can be in
slave mode with the MODF bit set.

The MODF bit indicates that there might have
been a multimaster conflict and allows software to
handle this using an interrupt routine and either
perform a reset or return to an application default
state.

10.4.5.2 Overrun Condition (OVR)

An overrun condition occurs when the master de-
vice has sent a data byte and the slave device has
not cleared the SPIF bit issued from the previously
transmitted byte.

When an Overrun occurs:

— The OVR bit is set and an interrupt request is
generated if the SPIE bit is set.

In this case, the receiver buffer contains the byte
sent after the SPIF bit was last cleared. A read to
the SPIDR register returns this byte. All other
bytes are lost.

The OVR bit is cleared by reading the SPICSR
register.

10.4.5.3 Write Collision Error (WCOL)

A write collision occurs when the software tries to
write to the SPIDR register while a data transfer is
taking place with an external device. When this
happens, the transfer continues uninterrupted and
the software write will be unsuccessful.

Write collisions can occur both in master and slave
mode. See also Section 10.4.3.2 Slave Select
Management.

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 CPU oper-
ation.

The WCOL bit in the SPICSR register is set if a
write collision 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. Clearing the WCOL Bit (Write Collision Flag) Software Sequence

Read SPICSR
1st Step
v RESULT
2nd Step SPIF=0
Read SPIDR WCOL = 0

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

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

Read SPICSR
1st Step
¢ RESULT Note: Writing to the SPIDR register in-
2nd Step Read SPIDR _ stead of reading it does not reset the
WCOL=0 | wcoL bit.

4
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SERIAL PERIPHERAL INTERFACE (cont'd)
10.4.5.4 Single Master and Multimaster
Configurations

There are two types of SPI systems:

— Single Master System

— Multimaster System

Single Master System

A typical single master system may be configured
using a device as the master and four devices as
slaves (see Figure 61).

The master device selects the individual slave de-
vices by using four pins of a parallel port to control
the four SS pins of the slave devices.

The SS pins are pulled high during reset since the
master device ports will be forced to be inputs at
that time, thus disabling the slave devices.

Note: To prevent a bus conflict on the MISO line,
the master allows only one active slave device
during a transmission.

For more security, the slave device may respond
to the master with the received data byte. Then the
master will receive the previous byte back from the
slave device if all MISO and MOSI pins are con-
nected and the slave has not written to its SPIDR
register.

Other transmission security methods can use
ports for handshake lines or data bytes with com-
mand fields.

Multimaster System

A multimaster system may also be configured by
the user. Transfer of master control could be im-
plemented using a handshake method through the
I/O ports or by an exchange of code messages
through the serial peripheral interface system.

The multimaster system is principally handled by
the MSTR bit in the SPICR register and the MODF
bit in the SPICSR register.

Figure 61. Single Master / Multiple Slave Configuration

SS SS SS SS |4
L p SCK SCK SCK SCK

Slave Slave Slave Slave
Device Device Device Device

MOSI MISO MOSI MISO MOSI MISO MOSI MISO

MOSI MISO

SCK
Master £
Device no_

5V p SS
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ST7MC1xx/ST7MC2xx

SERIAL PERIPHERAL INTERFACE (cont'd)
10.4.6 Low Power Modes

Mode Description

No effect on SPI.
Wait SPI interrupt events cause the device to exit
from Wait mode.

SPI registers are frozen.

In Halt mode, the SPI is inactive. SPI opera-
tion resumes when the device is woken up by
an interrupt with “exit from Halt mode” capa-
bility. The data received is subsequently read
Halt from the SPIDR register when the software is
running (interrupt vector fetching). If several
data are received before the wake-up event,
then an overrun error is generated. This error
can be detected after the fetch of the inter-
rupt routine that woke up the Device.

form an extra communications cycle to bring the
SPI from Halt mode state to normal state. If the
SPI exits from Slave mode, it returns to normal
state immediately.

Caution: The SPI can wake up the device from
Halt mode only if the Slave Select signal (external
SS pin or the SSI bit in the SPICSR register) is low
when the device enters Halt mode. So, if Slave se-
lection is configured as external (see Section
10.4.3.2), make sure the master drives a low level
on the SS pin when the slave enters Halt mode.

10.4.7 Interrupts

Enable Exit Exit
Control| from from
Bit Wait Halt

Event

Interrupt Event Flag

10.4.6.1 Using the SPI to wake up the device
from Halt mode

In slave configuration, the SPI is able to wake up
the device from Halt mode through a SPIF inter-
rupt. The data received is subsequently read from
the SPIDR register when the software is running
(interrupt vector fetch). If multiple data transfers
have been performed before software clears the
SPIF bit, then the OVR bit is set by hardware.

Note: When waking up from Halt mode, if the SPI
remains in Slave mode, it is recommended to per-

4

SPI End of

Transfer Event SPIF Yes
Master Mode SPIE Yes

Fault Event MODF No

Overrun Error OVR

Note: The SPI interrupt events are connected to
the same interrupt vector (see Interrupts chapter).
They generate an interrupt if the corresponding
Enable Control Bit is set and the interrupt mask in
the CC register is reset (RIM instruction).
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10.4.8 Register Description

SPI CONTROL REGISTER (SPICR)
Read/Write

Reset Value: 0000 xxxx (0Oxh)

7 0

SPIE | SPE | SPR2 | MSTR | CPOL | CPHA | SPR1 | SPRO

Bit 7 = SPIE

This bit is set and cleared by software.

0: Interrupt is inhibited

1: An SPl interrupt is generated whenever an End
of Transfer event, Master Mode Fault or Over-
run error occurs (SPIF =1, MODF =1 or
OVR = 1 in the SPICSR register)

Bit 6 = SPE

This bit is set and cleared by software. It is also
cleared by hardware when, in master mode,
SS =0 (see Section 10.4.5.1 Master Mode Fault
(MODF)). The SPE bit is cleared by reset, so the
SPI peripheral is not initially connected to the ex-
ternal pins.

0: 1/0 pins free for general purpose 1/0

1: SPI 1/O pin alternate functions enabled

Bit 5 = SPR2

This bit is set and cleared by software and is
cleared by reset. It is used with the SPR[1:0] bits to
set the baud rate. Refer to Table 18 SPI Master
Mode SCK Frequency.

0: Divider by 2 enabled

1: Divider by 2 disabled

Note: This bit has no effect in slave mode.

Bit 4 = MSTR

This bit is set and cleared by software. It is also

cleared by hardware when, in master mode,

SS =0 (see Section 10.4.5.1 Master Mode Fault

(MODF)).

0: Slave mode

1: Master mode. The function of the SCK pin
changes from an input to an output and the func-
tions of the MISO and MOSI pins are reversed.
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Bit 3 = CPOL

This bit is set and cleared by software. This bit de-
termines the idle state of the serial Clock. The
CPOL bit affects both the master and slave
modes.

0: SCK pin has a low level idle state

1: SCK pin has a high level idle state

Note: If CPOL is changed at the communication
byte boundaries, the SPI must be disabled by re-
setting the SPE bit.

Bit2 = CPHA

This bit is set and cleared by software.

0: The first clock transition is the first data capture
edge.

1: The second clock transition is the first capture
edge.

Note: The slave must have the same CPOL and
CPHA settings as the master.

Bits 1:0 = SPR[1:0]

These bits are set and cleared by software. Used
with the SPR2 bit, they select the baud rate of the
SPI serial clock SCK output by the SPI in master
mode.

Note: These 2 bits have no effect in slave mode.

Table 18. SPI Master Mode SCK Frequency

Serial Clock SPR2 SPR1 SPRO
fopu/4 1
foru’® 0o | °
fcpu/16 0 1
fopu/32 1 0
fopu/64 o 1
fcpu/128 1
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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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SERIAL PERIPHERAL INTERFACE (Cont'd)
Table 19. SPI Register Map and Reset Values

Address Register
(Hex.) Label 7 6 5 4 3 2 1 0
oo21h | SPIDR MSB L[SB
Reset Value X X X X X X X X
SPICR SPIE SPE SPR2 MSTR CPOL CPHA SPR1 SPRO
0022h
Reset Value 0 0 0 0 X X X X
0023h SPICSR SPIF WCOL OVR MODF SOD SSM SSi
Reset Value 0 0 0 0 0 0 0 0
106/309
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10.5 LINSCI SERIAL COMMUNICATION INTERFACE (LIN MASTER/SLAVE)

10.5.1 Introduction

The Serial Communications Interface (SCI) offers
a flexible means of full-duplex data exchange with
external equipment requiring an industry standard
NRZ asynchronous serial data format. The SCI of-
fers a very wide range of baud rates using two
baud rate generator systems.

The LIN-dedicated features support the LIN (Local
Interconnect Network) protocol for both master
and slave nodes.

This chapter is divided into SCI Mode and LIN
mode sections. For information on general SCI
communications, refer to the SCI mode section.
For LIN applications, refer to both the SCI mode
and LIN mode sections.

10.5.2 SCI Features
m Full duplex, asynchronous communications
m NRZ standard format (Mark/Space)

m Independently programmable transmit and
receive baud rates up to 500K baud

m Programmable data word length (8 or 9 bits)

m Receive buffer full, Transmit buffer empty and
End of Transmission flags

m 2 receiver wake-up modes:
— Address bit (MSB)
— Idle line
m Muting function for multiprocessor configurations

m Separate enable bits for Transmitter and
Receiver

m Overrun, Noise and Frame error detection

4

m 6 interrupt sources

— Transmit data register empty

— Transmission complete

— Receive data register full

— ldle line received

— Overrun error

— Parity interrupt
m Parity control:

— Transmits parity bit

— Checks parity of received data byte
m Reduced power consumption mode
10.5.3 LIN Features
— LIN Master

— 13-bit LIN Synch Break generation
— LIN Slave

— Automatic Header Handling

— Automatic baud rate resynchronization based
on recognition and measurement of the LIN
Synch Field (for LIN slave nodes)

— Automatic baud rate adjustment (at CPU fre-
quency precision)

— 11-bit LIN Synch Break detection capability

— LIN Parity check on the LIN Identifier Field
(only in reception)

— LIN Error management
— LIN Header Timeout
— Hot plugging support
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LINSCI™ SERIAL COMMUNICATION INTERFACE (cont'd)

10.5.4 General Description
The interface is externally connected to another
device by two pins:

— TDO: Transmit Data Output. When the transmit-
ter is disabled, the output pin returns to its /O
port configuration. When the transmitter is ena-
bled and nothing is to be transmitted, the TDO
pin is at high level.

— RDI: Receive Data Input is the serial data input.
Oversampling techniques are used for data re-
covery by discriminating between valid incoming
data and noise.

Through these pins, serial data is transmitted and

received as characters comprising:

— An Idle Line prior to transmission or reception
— A start bit
— A data word (8 or 9 bits) least significant bit first

— A Stop bit indicating that the character is com-
plete

This interface uses three types of baud rate gener-
ator:
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— A conventional type for commonly-used baud
rates

— An extended type with a prescaler offering a very
wide range of baud rates even with non-standard
oscillator frequencies

— A LIN baud rate generator with automatic resyn-
chronization

4
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LINSCI™ SERIAL COMMUNICATION INTERFACE (SCI Mode) (cont'd)
Figure 62. SCI Block Diagram (in Conventional Baud Rate Generator Mode)
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LINSCI™ SERIAL COMMUNICATION INTERFACE (SCI Mode) (cont'd)

10.5.5 SCI Mode - Functional Description
Conventional Baud Rate Generator Mode

The block diagram of the Serial Control Interface
in conventional baud rate generator mode is
shown in Figure 62.

It uses four registers:

— 2 control registers (SCICR1 and SCICR2)
— A status register (SCISR)

— A baud rate register (SCIBRR)

Extended Prescaler Mode

Two additional prescalers are available in extend-
ed prescaler mode. They are shown in Figure 64.

— An extended prescaler receiver register (SCIER-
PR)

— An extended prescaler transmitter register (SCI-
ETPR)

Figure 63. Word Length Programming

10.5.5.1 Serial Data Format

Word length may be selected as being either 8 or 9
bits by programming the M bit in the SCICR1 reg-
ister (see Figure 63).

The TDO pin is in low state during the start bit.
The TDO pin is in high state during the stop bit.

An Idle character is interpreted as a continuous
logic high level for 10 (or 11) full bit times.

A Break character is a character with a sufficient
number of low level bits to break the normal data
format followed by an extra “1” bit to acknowledge
the start bit.

9-bit Word length (M bit is set)

Data Character

Possible Next Data Character
Parity
Bit Next

| Start

Bn| mm| mn| mm| mw| mm| mw| mm| BW7|mw |%%ﬂ Bit

Start

|
o

Idle Line

Break Character

Start
Bit

Extra | Start
7 | Bit

8-bit Word length (M bit is reset)

Possible Next Data Character
Data Character Parity
Bit Next
Start Stop | Start

Bit | BitOI Bit1 | Bit2 | Bit3 | Bit4| Bit5 | Bit6| Bit7| 2P | Bit

Idle Line

Break Character

|
]

Start
Bit
Start
E,)at,ra Bit
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LINSCI™ SERIAL COMMUNICATION INTERFACE (SCI Mode) (cont'd)

10.5.5.2 Transmitter

The transmitter can send data words of either 8 or
9 bits depending on the M bit status. When the M
bit is set, word length is 9 bits and the 9th bit (the
MSB) has to be stored in the T8 bit in the SCICR1
register.

Character Transmission

During an SCI transmission, data shifts out least
significant bit first on the TDO pin. In this mode,
the SCIDR register consists of a buffer (TDR) be-
tween the internal bus and the transmit shift regis-
ter (see Figure 62).

Procedure
— Select the M bit to define the word length.

— Select the desired baud rate using the SCIBRR
and the SCIETPR registers.

— Set the TE bit to send a preamble of 10 (M = 0)
or 11 (M = 1) consecutive ones (ldle Line) as first
transmission.

— Access the SCISR register and write the data to
send in the SCIDR register (this sequence clears
the TDRE bit). Repeat this sequence for each
data to be transmitted.

Clearing the TDRE bit is always performed by the
following software sequence:

1. An access to the SCISR register

2. A write to the SCIDR register

The TDRE bit is set by hardware and it indicates:
— The TDR register is empty.
— The data transfer is beginning.

— The next data can be written in the SCIDR regis-
ter without overwriting the previous data.

This flag generates an interrupt if the TIE bit is set
and the I[I1:0] bits are cleared in the CCR register.

When a transmission is taking place, a write in-
struction to the SCIDR register stores the data in
the TDR register and which is copied in the shift
register at the end of the current transmission.
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When no transmission is taking place, a write in-
struction to the SCIDR register places the data di-
rectly in the shift register, the data transmission
starts, and the TDRE bit is immediately set.

When a character transmission is complete (after
the stop bit) the TC bit is set and an interrupt is
generated if the TCIE is set and the I[1:0] bits are
cleared in the CCR register.

Clearing the TC bit is performed by the following
software sequence:

1. An access to the SCISR register

2. A write to the SCIDR register

Note: The TDRE and TC bits are cleared by the
same software sequence.

Break Characters

Setting the SBK bit loads the shift register with a
break character. The break character length de-
pends on the M bit (see Figure 63).

As long as the SBK bit is set, the SCI sends break
characters to the TDO pin. After clearing this bit by
software, the SCl inserts a logic 1 bit at the end of
the last break character to guarantee the recogni-
tion of the start bit of the next character.

Idle Line

Setting the TE bit drives the SCI to send a pream-
ble of 10 (M =0) or 11 (M = 1) consecutive ‘1’s
(idle line) before the first character.

In this case, clearing and then setting the TE bit
during a transmission sends a preamble (idle line)
after the current word. Note that the preamble du-
ration (10 or 11 consecutive ‘1’s depending on the
M bit) does not take into account the stop bit of the
previous character.

Note: Resetting and setting the TE bit causes the
data in the TDR register to be lost. Therefore the
best time to toggle the TE bit is when the TDRE bit
is set, that is, before writing the next byte in the
SCIDR.
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LINSCI™ SERIAL COMMUNICATION INTERFACE (SCI Mode) (cont'd)

10.5.5.3 Receiver

The SCI can receive data words of either 8 or 9
bits. When the M bit is set, word length is 9 bits
and the MSB is stored in the R8 bit in the SCICR1
register.

Character reception

During a SCI reception, data shifts in least signifi-
cant bit first through the RDI pin. In this mode, the
SCIDR register consists or a buffer (RDR) be-
tween the internal bus and the received shift regis-
ter (see Figure 62).

Procedure
— Select the M bit to define the word length.

— Select the desired baud rate using the SCIBRR
and the SCIERPR registers.

— Set the RE bit, this enables the receiver which
begins searching for a start bit.
When a character is received:

— The RDRF bit is set. It indicates that the content
of the shift register is transferred to the RDR.

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

— The error flags can be set if a frame error, noise
or an overrun error has been detected during re-
ception.

Clearing the RDRF bit is performed by the following
software sequence done by:

1. An access to the SCISR register

2. A read to the SCIDR register.

The RDRF bit must be cleared before the end of the
reception of the next character to avoid an overrun
error.

Idle Line

When an idle line is detected, there is the same
procedure as a data received character plus an in-
terrupt if the ILIE bit is set and the I[I1:0] bits are
cleared in the CCR register.

Overrun Error

An overrun error occurs when a character is re-
ceived when RDRF has not been reset. Data can
not be transferred from the shift register to the
TDR register as long as the RDRF bit is not
cleared.

When an overrun error occurs:
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— The OR bit is set.
— The RDR content will not be lost.
— The shift register will be overwritten.

— An interrupt is generated if the RIE bit is set and
the I[I1:0] bits are cleared in the CCR register.

The OR bit is reset by an access to the SCISR reg-
ister followed by a SCIDR register read operation.

Noise Error

Oversampling techniques are used for data recov-
ery by discriminating between valid incoming data
and noise.

When noise is detected in a character:

— The NF bit is set at the rising edge of the RDRF
bit.

— Data is transferred from the Shift register to the
SCIDR register.

— No interrupt is generated. However this bit rises
at the same time as the RDRF bit which itself
generates an interrupt.

The NF bit is reset by a SCISR register read oper-

ation followed by a SCIDR register read operation.

Framing Error
A framing error is detected when:

— The stop bit is not recognized on reception at the
expected time, following either a desynchroniza-
tion or excessive noise.

— A break is received.

When the framing error is detected:

— the FE bit is set by hardware

— Data is transferred from the Shift register to the
SCIDR register.

— No interrupt is generated. However this bit rises
at the same time as the RDRF bit which itself
generates an interrupt.

The FE bit is reset by a SCISR register read oper-
ation followed by a SCIDR register read operation.

Break Character

— When a break character is received, the SCI
handles it as a framing error. To differentiate a
break character from a framing error, it is neces-
sary to read the SCIDR. If the received value is
00h, it is a break character. Otherwise it is a
framing error.
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LINSCI™ SERIAL COMMUNICATION INTERFACE (SCI Mode) (cont'd)

10.5.5.4 Conventional Baud Rate Generation

The baud rates for the receiver and transmitter (Rx
and Tx) are set independently and calculated as
follows:

fcpu fcpu

T™X=——— RxX=——
(16«PR)-TR (16-PR)-RR

with:

PR =1, 3, 4 or 13 (see SCP[1:0] bits)
TR=1,2,4,8, 16, 32, 64,128

(see SCT[2:0] bits)

RR=1,2,4,8, 16, 32, 64,128

(see SCR[2:0] bits)

All these bits are in the SCIBRR register.

Example: If fcpy is 8 MHz (normal mode) and if
PR =13 and TR=RR =1, the transmit and re-
ceive baud rates are 38400 baud.

Note: The baud rate registers MUST NOT be
changed while the transmitter or the receiver is en-
abled.

4

10.5.5.5 Extended Baud Rate Generation

The extended prescaler option gives a very fine
tuning on the baud rate, using a 255 value prescal-
er, whereas the conventional Baud Rate Genera-
tor retains industry standard software compatibili-

ty.
The extended baud rate generator block diagram
is described in Figure 64.

The output clock rate sent to the transmitter or to
the receiver will be the output from the 16 divider
divided by a factor ranging from 1 to 255 set in the
SCIERPR or the SCIETPR register.

Note: The extended prescaler is activated by set-
ting the SCIETPR or SCIERPR register to a value

other than zero. The baud rates are calculated as
follows:

f fop
Tx = CcPU Rx = cpPu

16-ETPR*(PR*TR) 16-ERPR*(PR*RR)

with:
ETPR =1, ..., 255 (see SCIETPR register)
ERPR =1, ..., 255 (see SCIERPR register)
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Figure 64. SCI Baud Rate and Extended Prescaler Block Diagram
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LINSCI™ SERIAL COMMUNICATION INTERFACE (SCI Mode) (cont'd)

10.5.5.6 Receiver Muting and Wake-up Feature

In multiprocessor configurations it is often desira-
ble that only the intended message recipient
should actively receive the full message contents,
thus reducing redundant SCI service overhead for
all non-addressed receivers.

The non-addressed devices may be placed in
sleep mode by means of the muting function.

Setting the RWU bit by software puts the SCI in
sleep mode:

All the reception status bits can not be set.
All the receive interrupts are inhibited.

A muted receiver may be woken up in one of the
following ways:

— by Idle Line detection if the WAKE bit is reset,
— by Address Mark detection if the WAKE bit is set.
Idle Line Detection

Receiver wakes up by ldle Line detection when the
Receive line has recognized an Idle Line. Then the
RWU bit is reset by hardware but the IDLE bit is
not set.

This feature is useful in a multiprocessor system
when the first characters of the message deter-
mine the address and when each message ends
by an idle line: As soon as the line becomes idle,
every receivers is waken up and analyse the first
characters of the message which indicates the ad-
dressed receiver. The receivers which are not ad-
dressed set RWU bit to enter in mute mode. Con-
sequently, they will not treat the next characters
constituting the next part of the message. At the
end of the message, an idle line is sent by the
transmitter: this wakes up every receivers which
are ready to analyse the addressing characters of
the new message.

In such a system, the inter-characters space must
be smaller than the idle time.

Address Mark Detection

Receiver wakes up by Address Mark detection
when it received a “1” as the most significant bit of
a word, thus indicating that the message is an ad-
dress. The reception of this particular word wakes
up the receiver, resets the RWU bit and sets the
RDRF bit, which allows the receiver to receive this
word normally and to use it as an address word.

This feature is useful in a multiprocessor system
when the most significant bit of each character
(except for the break character) is reserved for Ad-
dress Detection. As soon as the receivers re-
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ceived an address character (most significant bit
=’1"), the receivers are waken up. The receivers
which are not addressed set RWU bit to enter in
mute mode. Consequently, they will not treat the
next characters constituting the next part of the
message.

10.5.5.7 Parity Control

Hardware byte Parity control (generation of parity
bit in transmission and parity checking in recep-
tion) can be enabled by setting the PCE bit in the
SCICR1 register. Depending on the character for-
mat defined by the M bit, the possible SCI charac-
ter formats are as listed in Table 20.

Note: In case of wake-up by an address mark, the
MSB bit of the data is taken into account and not
the parity bit

Table 20. Character Formats

M bit | PCE bit Character format
0 0 | SB | 8 bit data | STB |
1 | SB | 7-bit data | PB | STB |
1 0 | SB | 9-bit data | STB |
1 | SB | 8-bit data | PB | STB |

Legend: SB = Start Bit, STB = Stop Bit,

PB = Parity Bit

Even parity: The parity bit is calculated to obtain
an even number of “1s” inside the character made
of the 7 or 8 LSB bits (depending on whether M is
equal to 0 or 1) and the parity bit.

Example: data = 00110101; 4 bits set => parity bit
will be 0 if even parity is selected (PS bit = 0).

Odd parity: The parity bit is calculated to obtain
an odd number of “1s” inside the character made
of the 7 or 8 LSB bits (depending on whether M is
equal to 0 or 1) and the parity bit.

Example: data = 00110101; 4 bits set => parity bit
will be 1 if odd parity is selected (PS bit = 1).

Transmission mode: If the PCE bit is set then the
MSB bit of the data written in the data register is
not transmitted but is changed by the parity bit.

Reception mode: If the PCE bit is set then the in-
terface checks if the received data byte has an
even number of “1s” if even parity is selected
(PS =0) or an odd number of “1s” if odd parity is
selected (PS = 1). If the parity check fails, the PE
flag is set in the SCISR register and an interrupt is
generated if PCIE is set in the SCICR1 register.
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LINSCI™ SERIAL COMMUNICATION INTERFACE (SCI Mode) (cont’d)
10.5.6 Low Power Modes

10.5.7 Interrupts

Mode Description Enable| Exit | Exit
Event
No effect on SCI. Interrupt Event Control| from | from
i : - i Flag | “'Bit | wait | Halt
Wait SCl interrupts cause the device to exit from 1 al a
Wait mc?de. Transmit Data Register TORE| TIE
SCl registers are frozen. Empty
Halt In Halt mode, the SCI stops transmitting/re- Transmission Com-
. . U TC | TCIE
ceiving until Halt mode is exited. plete
Received Data Ready RDRE
to be Read RIE Yes No
Overrun Error or LIN OR/
Synch Error Detected | LHE
Idle Line Detected IDLE | ILIE
Parity Error PE PIE
LIN Header Detection | LHDF| LHIE
The SCI interrupt events are connected to the
same interrupt vector (see Interrupts chapter).
These events generate an interrupt if the corre-
sponding Enable Control Bit is set and the inter-
rupt mask in the CC register is reset (RIM instruc-
tion).
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10.5.8 SCI Mode Register Description
STATUS REGISTER (SCISR)

Read Only
Reset Value: 1100 0000 (COh)

7 0
TDRE| TC |RDRF| IDLE | oRr" | NF" | FE" | PEV
Bit 7 = TDRE

This bit is set by hardware when the content of the
TDR register has been transferred into the shift
register. An interrupt is generated if the TIE =1 in
the SCICR2 register. It is cleared by a software se-
guence (an access to the SCISR register followed
by a write to the SCIDR register).

0: Data is not transferred to the shift register

1: Data is transferred to the shift register

Bit6 =TC

This bit is set by hardware when transmission of a
character containing Data is complete. An inter-
rupt is generated if TCIE = 1 in the SCICR2 regis-
ter. It is cleared by a software sequence (an ac-
cess to the SCISR register followed by a write to
the SCIDR register).

0: Transmission is not complete

1: Transmission is complete

Note: TC is not set after the transmission of a Pre-
amble or a Break.

Bit 5 = RDRF

This bit is set by hardware when the content of the
RDR register has been transferred to the SCIDR
register. An interrupt is generated if RIE = 1 in the
SCICR2 register. It is cleared by a software se-
qguence (an access to the SCISR register followed
by a read to the SCIDR register).

0: Data is not received

1: Received data is ready to be read

Bit 4 = IDLE

This bit is set by hardware when an Idle Line is de-
tected. An interrupt is generated if the ILIE =1 in
the SCICR2 register. It is cleared by a software se-
qguence (an access to the SCISR register followed
by a read to the SCIDR register).

0: No Idle Line is detected

1: Idle Line is detected

Note: The IDLE bit will not be set again until the
RDREF bit has been set itself (that is, a new idle line
occurs).
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Bit 3=OR

The OR bit is set by hardware when the word cur-
rently being received in the shift register is ready to
be transferred into the RDR register whereas
RDRF is still set. An interrupt is generated if
RIE = 1 in the SCICR2 register. It is cleared by a
software sequence (an access to the SCISR regis-
ter followed by a read to the SCIDR register).

0: No Overrun error

1: Overrun error detected

Note: When this bit is set, RDR register contents
will not be lost but the shift register will be overwrit-
ten.

Bit 2 = NF Character Noise flag

This bit is set by hardware when noise is detected
on a received character. It is cleared by a software
sequence (an access to the SCISR register fol-
lowed by a read to the SCIDR register).

0: No noise

1: Noise is detected

Note: This bit does not generate interrupt as it ap-
pears at the same time as the RDRF bit which it-
self generates an interrupt.

Bit 1 = FE Framing error

This bit is set by hardware when a desynchroniza-
tion, excessive noise or a break character is de-
tected. It is cleared by a software sequence (an
access to the SCISR register followed by a read to
the SCIDR register).

0: No Framing error

1: Framing error or break character detected

Note: This bit does not generate an interrupt as it
appears at the same time as the RDRF bit which it-
self generates an interrupt. If the word currently
being transferred causes both a frame error and
an overrun error, it will be transferred and only the
OR bit will be set.

Bit 0 = PE Parity error

This bit is set by hardware when a byte parity error
occurs (if the PCE bit is set) in receiver mode. It is
cleared by a software sequence (a read to the sta-
tus register followed by an access to the SCIDR
data register). An interrupt is generated if PIE = 1
in the SCICR1 register.

0: No parity error

1: Parity error detected
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CONTROL REGISTER 1 (SCICR1)
Read/Write
Reset Value: x000 0000 (x0h)

7 0

R8 T8 SCID M |WAKE|pce?| PS PIE

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

Bit 7 = R8 Receive data bit 8
This bit is used to store the 9th bit of the received
word when M = 1.

Bit 6 = T8 Transmit data bit 8
This bit is used to store the 9th bit of the transmit-
ted word when M = 1.

Bit 5 = SCID Disabled for low power consumption
When this bit is set the SCI prescalers and outputs
are stopped and the end of the current byte trans-
fer in order to reduce power consumption.This bit
is set and cleared by software.

0: SCl enabled

1: SCI prescaler and outputs disabled

Bit 4 = M Word length

This bit determines the word length. It is set or
cleared by software.

0: 1 Start bit, 8 Data bits, 1 Stop bit

1: 1 Start bit, 9 Data bits, 1 Stop bit

Note: The M bit must not be modified during a data
transfer (both transmission and reception).
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Bit 3 = WAKE Wake-Up method

This bit determines the SCI Wake-Up method, it is
set or cleared by software.

0: Idle Line

1: Address Mark

Note: If the LINE bit is set, the WAKE bit is deacti-
vated and replaced by the LHDM bit.

Bit 2 = PCE Parity control enable

This bit is set and cleared by software. It selects
the hardware parity control (generation and detec-
tion for byte parity, detection only for LIN parity).
0: Parity control disabled

1: Parity control enabled

Bit 1 = PS Parity selection

This bit selects the odd or even parity when the
parity generation/detection is enabled (PCE bit
set). It is set and cleared by software. The parity
will be selected after the current byte.

0: Even parity

1: Odd parity

Bit 0 = PIE Parity interrupt enable

This bit enables the interrupt capability of the hard-
ware parity control when a parity error is detected
(PE bit set). The parity error involved can be a byte
parity error (if bit PCE is set and bit LPE is reset) or
a LIN parity error (if bit PCE is set and bit LPE is
set).

0: Parity error interrupt disabled

1: Parity error interrupt enabled
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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
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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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LINSCI™ SERIAL COMMUNICATION INTERFACE (SCI Mode) (cont'd)

BAUD RATE REGISTER (SCIBRR)
Read/Write
Reset Value: 0000 0000 (00h)

7 0

SCP1 [ SCP0O | SCT2 | SCT1 | SCTO | SCR2 | SCR1 | SCRO

Note: When LIN slave mode is disabled, the SCI-
BRR register controls the conventional baud rate
generator.

Bits 7:6 = SCP[1:0] First SCI Prescaler

These 2 prescaling bits allow several standard
clock division ranges:

PR Prescaling factor SCP1 SCPO
1 0
0
3 1
4 0
1
13 1

Bits 5:3 = SCT[2:0] SCI Transmitter rate divisor
These 3 bits, in conjunction with the SCP1 and
SCPO bits define the total division applied to the
bus clock to yield the transmit rate clock in conven-
tional Baud Rate Generator mode.

120/309

TR dividing factor SCT2 SCT1 SCTO

1 0
0

2 1

0

4 0
1

8 1

16 0
0

32 1 1

64 ] 0

128 1

Bits 2:0 = SCR[2:0] SCI Receiver rate divider
These 3 bits, in conjunction with the SCP[1:0] bits
define the total division applied to the bus clock to
yield the receive rate clock in conventional Baud
Rate Generator mode.

RR dividing factor SCR2 SCR1 SCRO

1 0
0

2 1

0

4 0
1

8 1

16 0
0

32 ] 1

64 ] 0

128 1
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LINSCI™ SERIAL COMMUNICATION INTERFACE (SCI Mode) (cont'd)

EXTENDED RECEIVE PRESCALER DIVISION
REGISTER (SCIERPR)

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

7 0

EXTENDED TRANSMIT PRESCALER DIVISION
REGISTER (SCIETPR)

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

7 0

ERPR | ERPR | ERPR | ERPR | ERPR | ERPR | ERPR | ERPR
7 5 4 2 1

ETPR | ETPR | ETPR | ETPR | ETPR | ETPR | ETPR | ETPR
7 5 4 2 1

Bits 7:0 = ERPR[7:0] 8-bit Extended Receive
Prescaler Register

The extended Baud Rate Generator is activated
when a value other than 00h is stored in this regis-
ter. The clock frequency from the 16 divider (see
Figure 64) is divided by the binary factor set in the
SCIERPR register (in the range 1 to 255).

The extended baud rate generator is not active af-
ter a reset.

4

Bits 7:0 = ETPR[7:0] 8-bit Extended Transmit
Prescaler Register

The extended Baud Rate Generator is activated
when a value other than 00h is stored in this regis-
ter. The clock frequency from the 16 divider (see
Figure 64) is divided by the binary factor set in the
SCIETPR register (in the range 1 to 255).

The extended baud rate generator is not active af-
ter a reset.

Note: In LIN slave mode, the Conventional and
Extended Baud Rate Generators are disabled.
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LINSCI™ SERIAL COMMUNICATION INTERFACE (LIN Mode)

10.5.9 LIN Mode - Functional Description.

The block diagram of the Serial Control Interface,
in LIN slave mode is shown in Figure 66.

It uses six registers:

— 3 control registers: SCICR1, SCICR2 and
SCICR3

— 2 status registers: the SCISR register and the
LHLR register mapped at the SCIERPR address

— A baud rate register: LPR mapped at the SCI-
BRR address and an associated fraction register
LPFR mapped at the SCIETPR address

The bits dedicated to LIN are located in the
SCICRS. Refer to the register descriptions in Sec-
tion 10.5.10for the definitions of each bit.

10.5.9.1 Entering LIN Mode

To use the LINSCI in LIN mode the following con-
figuration must be set in SCICR3 register:

— Clear the M bit to configure 8-bit word length.
— Set the LINE bit.
Master

To enter master mode the LSLV bit must be reset
In this case, setting the SBK bit will send 13 low
bits.

Then the baud rate can programmed using the
SCIBRR, SCIERPR and SCIETPR registers.

In LIN master mode, the Conventional and / or Ex-
tended Prescaler define the baud rate (as in stand-
ard SCI mode)
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Slave

Set the LSLV bit in the SCICR3 register to enter
LIN slave mode. In this case, setting the SBK bit
will have no effect.

In LIN Slave mode the LIN baud rate generator is
selected instead of the Conventional or Extended
Prescaler. The LIN baud rate generator is com-
mon to the transmitter and the receiver.

Then the baud rate can be programmed using
LPR and LPRF registers.

Note: It is mandatory to set the LIN configuration
first before programming LPR and LPRF, because
the LIN configuration uses a different baud rate
generator from the standard one.

10.5.9.2 LIN Transmission

In LIN mode the same procedure as in SCI mode
has to be applied for a LIN transmission.

To transmit the LIN Header the proceed as fol-
lows:

— First set the SBK bit in the SCICR2 register to
start transmitting a 13-bit LIN Synch Break

— reset the SBK bit

— Load the LIN Synch Field (0x55) in the SCIDR
register to request Synch Field transmission

— Wait until the SCIDR is empty (TDRE bit set in
the SCISR register)

— Load the LIN message ldentifier in the SCIDR
register to request Identifier transmission.

4
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LINSCI™ SERIAL COMMUNICATION INTERFACE (LIN Mode) (cont'd)
Figure 65. LIN Characters

8-bit Word length (M bit is reset)

Next Data Character

Data Character Next

BT sito] Bit1| Bit2] Bita| Bia| Bits| Bite) Bit7]Slop Star

J ldle Line SEIFI

LIN Synch Break = 13 low bits

| I | I I I | I I I |

LIN Synch Field

Star
Bxird B

LIN Synch Field Next
BT Biok Bit1] Bitzy Bits| &Y Bits| Bitav Bt Stor] B2
< >

Measurement for baud rate autosynchronization

4
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LINSCI™ SERIAL COMMUNICATION INTERFACE (LIN Mode) (cont'd)
Figure 66. SCI Block Diagram in LIN Slave Mode
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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
125/309




ST7MC1xx/ST7MC2xx

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).

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

If LHE bit is set due to this error during Fields other
than LIN Synch Field or if LASE bit is reset then
the current received Header is discarded and the
SCI searches for a new Break Field.

Note on LIN Header Time-out Limit

According to the LIN specification, the maximum
length of a LIN Header which does not cause a
timeout is equal to 1.4*(34+1)=49

TBIT_MASTER:
TeiT_masTER refers to the master baud rate.

When checking this timeout, the slave node is de-
synchronized for the reception of the LIN Break
and Synch fields. Consequently, a margin must be
allowed, taking into account the worst case: This
occurs when the LIN identifier lasts exactly 10
TeiT MASTER Periods. In this case, the LIN Break
and Synch fields last 49 - 10 = 39TgT maSTER P€-
riods. a

Assuming the slave measures these first 39 bits
with a desynchronized clock of 15.5%. This leads
to a maximum allowed Header Length of:

39 x (1/0.845) TgiT masTER + 10TRIT MASTER

=56.15 TgiT_sLAvE

A margin is provided so that the time-out occurs
when the header length is greater than 57
TeIT sLave periods. If it is less than or equal to 57
TeiT sLave periods, then no timeout occurs.

Figure 68. LIN Synch Field Measurement

LIN Header Length

Even if no timeout occurs on the LIN Header, it is
possible to have access to the effective LIN head-
er Length (Theaper) through the LHL register.
This allows monitoring at software level the
TeraME max condition given by the LIN protocol.

This feature is only available when LHDM bit = 1
or when LASE bit = 1.

Mute Mode and Errors

In mute mode when LHDM bit = 1, if an LHE error
occurs during the analysis of the LIN Synch Field
or if a LIN Header Time-out occurs then the LHE
bit is set but it does not wake up from mute mode.
In this case, the current header analysis is discard-
ed. If needed, the software has to reset LSF bit.
Then the SCI searches for a new LIN header.

In mute mode, if a framing error occurs on a data
(which is not a break), it is discarded and the FE bit
is not set.

When LHDM bit = 1, any LIN header which re-
spects the following conditions causes a wake-up
from mute mode:

- A valid LIN Break Field (at least 11 dominant bits
followed by a recessive bit)

- A valid LIN Synch Field (without deviation error)
- A LIN Identifier Field without framing error. Note

that a LIN parity error on the LIN Identifier Field
does not prevent wake-up from mute mode.

- No LIN Header Time-out should occur during
Header reception.

tcpy = CPU period
tgg = Baud Rate period  tsr = 16.LP.tcpy

SM = Synch Measurementt Register (15 bits)
BR

LIN Synch Break

LIN Synch Field

Next

—I //
77

o

Extry B mi itt] Bitdf mita] mindf sits| Bivey mieASiop] B

N

Measurement = 8'TBR = SM'tCPU'

LPR(n)

>< LPR(n+1)

LPR = tBR / (16.tcpu) = Rounding (SM / 128)

4
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10.5.9.5 LIN Baud Rate

Baud rate programming is done by writing a value
in the LPR prescaler or performing an automatic
resynchronization as described below.

Automatic Resynchronization

To automatically adjust the baud rate based on
measurement of the LIN Synch Field:

— Write the nominal LIN Prescaler value (usually
depending on the nominal baud rate) in the
LPFR / LPR registers.

— Set the LASE bit to enable the Auto Synchroni-
zation Unit.

When Auto Synchronization is enabled, after each
LIN Synch Break, the time duration between five
falling edges on RDI is sampled on fgpy and the
result of this measurement is stored in an internal
15-bit register called SM (not user accessible)
(See Figure 68). Then the LDIV value (and its as-
sociated LPFR and LPR registers) are automati-
cally updated at the end of the fifth falling edge.
During LIN Synch field measurement, the SCI
state machine is stopped and no data is trans-
ferred to the data register.

10.5.9.6 LIN Slave Baud Rate Generation

In LIN mode, transmission and reception are driv-
en by the LIN baud rate generator

Note: LIN Master mode uses the Extended or
Conventional prescaler register to generate the
baud rate.

If LINE bit = 1 and LSLV bit = 1 then the Conven-
tional and Extended Baud Rate Generators are
disabled: the baud rate for the receiver and trans-
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mitter are both set to the same value, depending
on the LIN Slave baud rate generator:

fcpu
(16.LDIV)

Tx=Rx=

with:

LDIV is an unsigned fixed point number. The man-
tissa is coded on 8 bits in the LPR register and the
fraction is coded on 4 bits in the LPFR register.

If LASE bit = 1 then LDIV is automatically updated
at the end of each LIN Synch Field.

Three registers are used internally to manage the
auto-update of the LIN divider (LDIV):

- LDIV_NOM (nominal value written by software at
LPR/LPFR addresses)

- LDIV_MEAS (results of the Field Synch meas-
urement)

- LDIV (used to generate the local baud rate)

The control and interactions of these registers is
explained in Figure 69 and Figure 70. It depends
on the LDUM bit setting (LIN Divider Update Meth-
od)

Note:

As explained in Figure 69 and Figure 70, LDIV
can be updated by two concurrent actions: a
transfer from LDIV_MEAS at the end of the LIN
Sync Field and a transfer from LDIV_NOM due
to a software write of LPR. If both operations
occur at the same time, the transfer from
LDIV_NOM has priority.

4
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LINSCI™ SERIAL COMMUNICATION INTERFACE (LIN Mode) (cont'd)
Figure 69. LDIV Read / Write Operations When LDUM = 0

Write LPR  Write LPFR

MANT(7:0)

FRAC(3:0)

LDIV_NOM

Write LPR

LIN Sync Field
Measurement

MANT(7:0)

FRAC(3:0) | LDIV_MEAS

|

MANT(7:0) | FRAC(3:0) | LDIV > Baud Rate
/ / Generation
Read LPR  Read LPFR
Figure 70. LDIV Read / Write Operations When LDUM = 1
Write LPR  Write LPFR
LIN Sync Field
MANT(7:0) |FRAC(3:0)| LDIV_NOM Measurement
RDRF =1
MANT(7:0) | FRAC(3:0) | LDIV_MEAS

Update
at end of
ynch Field

.

MANT (7:0)

FRAC(3:0)

e

Read LPR

Read LPFR

Baud Rate
Generation

4
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10.5.9.7 LINSCI Clock Tolerance
LINSCI Clock Tolerance when unsynchronized

When LIN slaves are unsynchronized (meaning no
characters have been transmitted for a relatively
long time), the maximum tolerated deviation of the
LINSCI clock is +/-15%.

If the deviation is within this range then the LIN
Synch Break is detected properly when a new re-
ception occurs.

This is made possible by the fact that masters
send 13 low bits for the LIN Synch Break, which
can be interpreted as 11 low bits (13 bits -15% =
11.05) by a “fast” slave and then considered as a
LIN Synch Break. According to the LIN specifica-
tion, a LIN Synch Break is valid when its duration
is greater than tggrkts = 10. This means that the
LIN Synch Break must last at least 11 low bits.

Note: If the period desynchronization of the slave
is +15% (slave too slow), the character “00h”
which represents a sequence of 9 low bits must
not be interpreted as a break character (9 bits +
15% = 10.35). Consequently, a valid LIN Synch
break must last at least 11 low bits.

LINSCI Clock Tolerance when Synchronized

When synchronization has been performed, fol-
lowing reception of a LIN Synch Break, the LINS-
Cl, in LIN mode, has the same clock deviation tol-
erance as in SCI mode, which is explained below:

During reception, each bit is oversampled 16
times. The mean of the 8th, 9th and 10th samples
is considered as the bit value.

Figure 71.Bit Sampling in Reception Mode

Consequently, the clock frequency should not vary
more than 6/16 (37.5%) within one bit.

The sampling clock is resynchronized at each start
bit, so that when receiving 10 bits (one start bit, 1
data byte, 1 stop bit), the clock deviation should
not exceed 3.75%.

10.5.9.8 Clock Deviation Causes

The causes which contribute to the total deviation
are:

— DyRa: Deviation due to transmitter error.
Note: The transmitter can be either a master
or a slave (in case of a slave listening to the
response of another slave).

— DmEeas: Error due to the LIN Synch measure-
ment performed by the receiver.

— DquanT: Error due to the baud rate quantiza-
tion of the receiver.

— DRec: Deviation of the local oscillator of the
receiver: This deviation can occur during the
reception of one complete LIN message as-
suming that the deviation has been compen-
sated at the beginning of the message.

— D¢ Deviation due to the transmission line
(generally due to the transceivers)

All the deviations of the system should be added
and compared to the LINSCI clock tolerance:

Dtra + Dveas +Dauant + Drec + Dol < 3.75%

I [ [ I I [ I I | I I [
[ R N R | I
| | : : : : : : s:|:1mpled values : : : : | :
A/~
Sample
clock 1 ? % 10 [11 Fz 13 [14 15 (16
| | | |
| | L 6/16 o :
| |‘ L
:4 7/16 > < 7/16 o
L One bit time I
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LINSCI™ SERIAL COMMUNICATION INTERFACE (LIN Mode) (cont’d)

10.5.9.9 Error due to LIN Synch measurement

The LIN Synch Field is measured over eight bit
times.

This measurement is performed using a counter
clocked by the CPU clock. The edge detections
are performed using the CPU clock cycle.

This leads to a precision of 2 CPU clock cycles for
the measurement which lasts 16*8*LDIV clock cy-
cles.

Consequently, this error (Dyeas) is equal to:
2/ (128*LDIVyn)-

LDIV N corresponds to the minimum LIN prescal-
er content, leading to the maximum baud rate, tak-
ing into account the maximum deviation of +/-15%.

10.5.9.10 Error due to Baud Rate Quantization

The baud rate can be adjusted in steps of 1 /(16 *
LDIV). The worst case occurs when the “real”
baud rate is in the middle of the step.

This leads to a quantization error (DquanT) €qual
to 1 /(2*16*LD|VM|N)

10.5.9.11 Impact of Clock Deviation on
Maximum Baud Rate

The choice of the nominal baud rate (LDIVyom)
will influence both the quantization error (DquanT)
and the measurement error (Dyeas)- The worst
case occurs for LDIVyn.

4

Consequently, at a given CPU frequency, the
maximum possible nominal baud rate (LPRyN)
should be chosen with respect to the maximum tol-
erated deviation given by the equation:

DTRA +2/ (128*LD|VM|N) +1/ (2*16*LD|VM|N)
+ DREC + DTCL < 3.75%

Example:

A nominal baud rate of 20Kbits/s at Tgpy = 125ns
(8 MHz) leads to LDIVpop = 25d.

LDIVpin =25 - 0.15"25 =21.25

Dmeas =2/ (128*LDIVyyn) * 100 = 0.00073%
Dquant =1/ (2*16*LDIV)yn) * 100 = 0.0015%

LIN Slave systems

For LIN Slave systems (the LINE and LSLV bits
are set), receivers wake up by LIN Synch Break or
LIN Identifier detection (depending on the LHDM
bit).

Hot Plugging Feature for LIN Slave Nodes

In LIN Slave Mute Mode (the LINE, LSLV and
RWU bits are set) it is possible to hot plug to a net-
work during an ongoing communication flow. In
this case the SCI monitors the bus on the RDI line
until 11 consecutive dominant bits have been de-
tected and discards all the other bits received.
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LINSCI™ SERIAL COMMUNICATION INTERFACE (LIN Mode) (cont’d)

10.5.10 LIN Mode Register Description
STATUS REGISTER (SCISR)

Read Only

Reset Value: 1100 0000 (COh)

7 0
TDRE| TC |RDRF| IDLE | LHE | NF | FE | PE

Bits 7:4 = Same function as in SCI mode, please
refer to Section 10.5.8 SCI Mode Register De-
scription.

Bit 3 = LHE LIN Header Error.

During LIN Header this bit signals three error

types:

— The LIN Synch Field is corrupted and the SCl is
blocked in LIN Synch State (LSF bit = 1).

— A timeout occurred during LIN Header reception

— An overrun error was detected on one of the
header field (see OR bit description in Section
10.5.8 SCI Mode Register Description)).

An interrupt is generated if RIE = 1 in the SCICR2
register. If blocked in the LIN Synch State, the LSF
bit must first be reset (to exit LIN Synch Field state
and then to be able to clear LHE flag). Then it is
cleared by the following software sequence: An
access to the SCISR register followed by a read to
the SCIDR register.

0: No LIN Header error

1: LIN Header error detected

Note:

Apart from the LIN Header this bit signals an Over-
run Error as in SCI mode, (see description in Sec-
tion 10.5.8 SCI Mode Register Description)

Bit 2 = NF Noise flag

In LIN Master mode (LINE bit=1 and LSLV bit = 0)
this bit has the same function as in SCI mode,
please refer to Section 10.5.8 SCI Mode Register
Description

In LIN Slave mode (LINE bit =1 and LSLV bit = 1)
this bit has no meaning.

Bit 1 = FE Framing error.
In LIN slave mode, this bit is set only when a real
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framing error is detected (if the stop bit is dominant
(0) and at least one of the other bits is recessive
(1). Itis not set when a break occurs, the LHDF bit
is used instead as a break flag (if the LHDM
bit = 0). It is cleared by a software sequence (an
access to the SCISR register followed by a read to
the SCIDR register).

0: No Framing error

1: Framing error detected

Bit 0 = PE Parity error.

This bit is set by hardware when a LIN parity error
occurs (if the PCE bit is set) in receiver mode. It is
cleared by a software sequence (a read to the sta-
tus register followed by an access to the SCIDR
data register). An interrupt is generated if PIE = 1
in the SCICR1 register.

0: No LIN parity error

1: LIN Parity error detected

CONTROL REGISTER 1 (SCICR1)
Read/Write
Reset Value: x000 0000 (x0h)

7 0

R8 T8 SCID M |WAKE| PCE PS PIE

Bits 7:3 = Same function as in SCI mode, please
refer to Section 10.5.8 SCI Mode Register De-
scription.

Bit 2 = PCE Parity control enable.

This bit is set and cleared by software. It selects
the hardware parity control for LIN identifier parity
check.

0: Parity control disabled

1: Parity control enabled

When a parity error occurs, the PE bit in the
SCISR register is set.

Bit 1 = Reserved

Bit 0 = Same function as in SCI mode, please refer
to Section 10.5.8 SCI Mode Register Description.
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CONTROL REGISTER 2 (SCICR2)
Read/Write
Reset Value: 0000 0000 (00h)

7 0

TIE | TCIE | RIE ILIE TE RE RWU | SBK

Bits 7:2 Same function as in SCI mode, please re-
fer to Section 10.5.8 SCI Mode Register Descrip-
tion.

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:

— Mute mode is recommended for detecting only
the Header and avoiding the reception of any
other characters. For more details please refer to
Section 10.5.9.3 LIN Reception.

— In LIN slave mode, when RDRF is set, the soft-
ware can not set or clear the RWU bit.

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.

CONTROL REGISTER 3 (SCICR3)
Read/Write
Reset Value: 0000 0000 (00h)

7 0

LDUM| LINE | LSLV | LASE | LHDM |LHIE | LHDF | LSF

Bit 7 = LDUM LIN Divider Update Method.

This bit is set and cleared by software and is also

cleared by hardware (when RDRF = 1). It is only

used in LIN Slave mode. It determines how the LIN

Divider can be updated by software.

0: LDIV is updated as soon as LPR is written (if no
Auto Synchronization update occurs at the
same time).

(574

1: LDIV is updated at the next received character
(when RDRF = 1) after a write to the LPR regis-
ter

Notes:

- If no write to LPR is performed between the set-
ting of LDUM bit and the reception of the next
character, LDIV will be updated with the old value.

- After LDUM has been set, it is possible to reset
the LDUM bit by software. In this case, LDIV can
be modified by writing into LPR / LPFR registers.

Bits 6:5 = LINE, LSLV LIN Mode Enable Bits.
These bits configure the LIN mode:

LINE LSLV Meaning
0 X LIN mode disabled
0 LIN Master Mode
! 1 LIN Slave Mode

The LIN Master configuration enables:

The capability to send LIN Synch Breaks (13 low
bits) using the SBK bit in the SCICR2 register.

The LIN Slave configuration enables:

— The LIN Slave Baud Rate generator. The LIN
Divider (LDIV) is then represented by the LPR
and LPFR registers. The LPR and LPFR reg-
isters are read/write accessible at the address
of the SCIBRR register and the address of the
SCIETPR register

— Management of LIN Headers.
— LIN Synch Break detection (11-bit dominant).

— LIN Wake-Up method (see LHDM bit) instead
of the normal SCI Wake-Up method.

— Inhibition of Break transmission capability
(SBK has no effect)

— LIN Parity Checking (in conjunction with the
PCE bit)

Bit 4 = LASE LIN Auto Synch Enable.

This bit enables the Auto Synch Unit (ASU). It is
set and cleared by software. It is only usable in LIN
Slave mode.

0: Auto Synch Unit disabled
1: Auto Synch Unit enabled.

Bit 3 = LHDM LIN Header Detection Method

This bit is set and cleared by software. It is only us-
able in LIN Slave mode. It enables the Header De-
tection Method. In addition if the RWU bit in the
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SCICR2 register is set, the LHDM bit selects the
Wake-Up method (replacing the WAKE bit).

0: LIN Synch Break Detection Method

1: LIN Identifier Field Detection Method

Bit 2 = LHIE LIN Header Interrupt Enable
This bit is set and cleared by software. It is only us-
able in LIN Slave mode.
0: LIN Header Interrupt is inhibited.
1: An SCl interrupt is generated whenever
LHDF = 1.

Bit 1 = LHDF LIN Header Detection Flag

This bit is set by hardware when a LIN Header is
detected and cleared by a software sequence (an
access to the SCISR register followed by a read of
the SCICRS register). It is only usable in LIN Slave
mode.

0: No LIN Header detected.

1: LIN Header detected.

Notes: The header detection method depends on
the LHDM bit:

— If LHDM = 0, a header is detected as a LIN
Synch Break.

— If LHDM =1, a header is detected as a LIN
Identifier, meaning that a LIN Synch Break
Field + a LIN Synch Field + a LIN Identifier
Field have been consecutively received.

Bit 0 = LSF LIN Synch Field State

This bit indicates that the LIN Synch Field is being
analyzed. It is only used in LIN Slave mode. In
Auto Synchronization Mode (LASE bit = 1), when
the SCl is in the LIN Synch Field State it waits or
counts the falling edges on the RDI line.

Itis set by hardware as soon as a LIN Synch Break
is detected and cleared by hardware when the LIN
Synch Field analysis is finished (See Figure 72).
This bit can also be cleared by software to exit LIN
Synch State and return to idle mode.

0: The current character is not the LIN Synch Field
1: LIN Synch Field State (LIN Synch Field under-

going analysis)
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Figure 72. LSF Bit Set and Clear

11 dominant bits parity bits .
<> ! :
%. ' LT LT
LSF bit . : .
LIN Synch *  LIN Synch . Identifier I
Break Field Field

LIN DIVIDER REGISTERS

LDIV is coded using the two registers LPR and LP-
FR. In LIN Slave mode, the LPR register is acces-
sible at the address of the SCIBRR register and
the LPFR register is accessible at the address of
the SCIETPR register.

LIN PRESCALER REGISTER (LPR)
Read/Write
Reset Value: 0000 0000 (00h)

7 0

LPR7 | LPR6 | LPR5 | LPR4 | LPR3 | LPR2 | LPR1 | LPRO

LPR[7:0] LIN Prescaler (mantissa of LDIV)

These 8 bits define the value of the mantissa of the
LIN Divider (LDIV):

LPR[7:0] Rounded Mantissa (LDIV)
00h SCI clock disabled
01h 1
FEh 254
FFh 255

Caution: LPR and LPFR registers have different
meanings when reading or writing to them. Conse-
quently bit manipulation instructions (BRES or
BSET) should never be used to modify the
LPR[7:0] bits, or the LPFR[3:0] bits.
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LIN PRESCALER FRACTION REGISTER

(LPFR)

Read/Write

Reset Value: 0000 0000 (00h)
7 0
0 0 0 0 LPSFR LP2FR LP1FR LPOFR

Bits 7:4 = Reserved.

Bits 3:0 = LPFR[3:0] Fraction of LDIV

These 4 bits define the fraction of the LIN Divider
(LDIV):

LPFR[3:0] Fraction (LDIV)
Oh 0
1h 1/16
Eh 14/16
Fh 15/16

1. When initializing LDIV, the LPFR register must
be written first. Then, the write to the LPR register

4

will effectively update LDIV and so the clock gen-
eration.

2.In LIN Slave mode, if the LPR[7:0] register is
equal to 00h, the transceiver and receiver input
clocks are switched off.

Examples of LDIV coding:

Example 1: LPR = 27d and LPFR = 12d
This leads to:

Mantissa (LDIV) = 27d

Fraction (LDIV) = 12/16 = 0.75d
Therefore LDIV = 27.75d

Example 2: LDIV = 25.62d

This leads to:

LPFR = rounded(16*0.62d)

= rounded(9.92d) = 10d = Ah

LPR = mantissa (25.620d) = 25d = 1Bh

Example 3: LDIV = 25.99d
This leads to:

LPFR = rounded(16*0.99d)
= rounded(15.84d) = 16d
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LIN HEADER LENGTH REGISTER (LHLR)
Read Only
Reset Value: 0000 0000 (00h).

7 0

LHL7 | LHL6 | LHL5 | LHL4 | LHL3 | LHL2 | LHL1 | LHLO

Note: In LIN Slave mode when LASE =1 or LHDM
=1, the LHLR register is accessible at the address
of the SCIERPR register.

Otherwise this register is always read as 00h.

Bits 7:0 = LHL[7:0] LIN Header Length.

This is a read-only register, which is updated by
hardware if one of the following conditions occurs:
- After each break detection, it is loaded with
“FFh”.

- If a timeout occurs on Theaper it is loaded with
00h.

- After every successful LIN Header reception (at
the same time than the setting of LHDF bit), it is
loaded with a value (LHL) which gives access to
the number of bit times of the LIN header length
(TheaDER)- The coding of this value is explained
below:

LHL Coding:

THEADER_MAX = 57

LHL(7:2) represents the mantissa of (57 - TygaD-
ER)

LHL(1:0) represents the fraction (57 - THeADER)

LHL[1:0] Fraction (57 - THEADER)
Oh 0
1h 1/4
2h 1/2
3h 3/4

Mantissa Mantissa
LHL[7:2
7221 | (57 - TugapER) (THeADER)

Oh 0 57

1h 1 56

39h 56 1
3Ah 57 0
3Bh 58 Never Occurs
3Eh 62 Never Occurs
3Fh 63 Initial value
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Example of LHL coding:

Example 1: LHL = 33h = 001100 11b
LHL(7:3) = 1100b = 12d

LHL(1:0) = 11b = 3d

This leads to:

Mantissa (57 - Theaper) = 12d
Fraction (57 - ThgapeR) = 3/4 = 0.75
Therefore:

(57 - THeaDER) = 12.75d

and TheapeR = 44.25d

Example 2:

57 - TheaDER = 36.21d

LHL(1:0) = rounded(4*0.21d) = 1d
LHL(7:2) = Mantissa (36.21d) = 36d = 24h
Therefore LHL(7:0) = 10010001 = 91h

Example 3:

57 - THeaDER = 36.90d

LHL(1:0) = rounded(4*0.90d) = 4d

The carry must be propagated to the matissa:
LHL(7:2) = Mantissa (36.90d) + 1 = 37d =
Therefore LHL(7:0) = 10110000 = AOh
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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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10.6 MOTOR CONTROLLER (MTC)

10.6.1 Introduction

The ST7 Motor Controller (MTC) can be seen as a
Three-Phase Pulse Width Modulator multiplexed
on six output channels and a Back Electromotive
Force (BEMF) zero-crossing detector for sensor-
less control of Permanent Magnet Direct Current
(PM BLDC) brushless motors.

The MTC is particularly suited to driving brushless
motors (either induction or permanent magnet
types) and supports operating modes like:

— Commutation step control with motor voltage
regulation and current limitation

— Commutation step control with motor current
regulation, i.e. direct torque control

— Position Sensor or sensorless motor phase com-
mutation control (six-step mode)

— BEMF zero-crossing detection with high sensitiv-
ity. The integrated phase voltage comparator is
directly referred to the full BEMF voltage without
any attenuation. A BEMF voltage down to
200 mV can be detected, providing high noise
immunity and self-commutated operation in a
large speed range.

— Realtime motor winding demagnetization detec-
tion for fine-tuning the phase voltage masking
time to be applied before BEMF monitoring.

— Automatic and programmable delay between
BEMF zero-crossing detection and motor phase
commutation.

— PWM generation for three-phase sinewave or
three-channel independent PWM signals.
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Table 22. MTC Functional Blocks

Section Page

Input Detection Block 146
Input Pins 146
Sensorless Mode 149

D Event detection 150

Z Event Detection 151
Demagnetization (D) Event 153

Z Event Generation (BEMF Zero Crossing) | 155
Protection for ZH event detection 157
Position Sensor Mode 158
Sampling block 159
Commutation Noise Filter 162
Speed Sensor Mode 164
Tachogenerator Mode 164
Encoder Mode 165
Summary 166
Delay Manager 168
Switched Mode 169
Autoswitched Mode 171
Debug Option 172
Checks and Controls for simulated events 175
Speed Measurement Mode 180
Summary 185
PWM Manager 185
Voltage Mode 185
Over Current Handling in Voltage mode 186
Current Mode 186
Current Feedback Comparator 186
Current feedback amplifier 188
Measurement Window 188
Channel Manager 190
MPHST Phase State Register 191
Emergency Feature 191
Dead Time Generator 194
Programmable Chopper 199
PWM Generator Block 200
Main Features 200
Functional Description 201
Prescaler 201
PWM Operating mode 201
Repetition Down-Counter 205
PWM interrupt generation 205
Timer Re-synchronisation 206
PWM generator initialization and start-up 206
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Table 23. MTC Registers

Register
. . page
Register Description (RPGS Page
bit)
MTIM Timer Counter Register 0 207

Timer LSB (mode depend-

MTIML 0 207
ent)
MZPRV | Capture Z,,_1 Register 0 207
MZREG | Capture Z, Register 0 207
MCOMP | Compare C,,,4 Register 0 207
MDREG | Demagnetization Reg. 0 207
MWGHT | A,, Weight Register 0 208
MPRSR | Prescaler & Sampling Reg. 0 208
MIMR Interrupt Mask Register 0 208
MISR Interrupt Status Register 0 209
MCRA | Control Register A 0 210
MCRB | Control Register B 0 212
MCRC [ Control Register C 0 213
MPHST | Phase State Register 0 214
MDFR D Event Filter Register 0 216
MCFR Curr.ent Feedback Filter 0 215
Register
MREF Reference register 0 217
MPCR | PWM Control Register 0 218
MREP Repetition Counter Reg. 0 219
MCPWH [ Compare W Register High 0 219
MCPWL | Compare W Register Low 0 219
MCPVH | Compare V Register High 0 219
MCPVL | Compare V Register Low 0 219
MCPUH | Compare U Register High 0 220
MCPUL | Compare U Register Low 0 220
MCPOH | Compare 0 Register High 0 220
MCPOL | Compare 0 Register Low 0 220
MDTG Dead Time Generator reg. 1 221
MPOL Polarity Register 1 222
MPWME | PWM register 1 223
MCONF | Configuration register 1 224
MPAR Parity register 1 225
MZFR Z Event Filter Register 1 226
MSCR | Sampling Clock Register 1 227
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10.6.2 Main Features

m Two on-chip analog comparators, one for BEMF
zero-crossing detection, the other for current
regulation or limitation

m Seven selectable reference voltages for the
hysteresis comparator (0.2V, 0.6 V,1V, 1.5V,
2V,2.5V, 3.5V)and the possibility to select an
external reference pin (MCVREF).

m 8-bit timer (MTIM) with three compare registers
and two capture features, which may be used as
the Delay manager of a speed measurement
unit

m Measurement window generator for BEMF
zero-crossing detection

Filter option for the zero-crossing detection.
Auto-calibrated prescaler with 16 division steps
8x8-bit multiplier

Phase input multiplexer

Sophisticated output management:

— The six outﬁut channels can be split into two
groups (high & low)

— The PWM signal can be multiplexed on high,
low or both groups, alternatively or simultane-
ously, for six-step motor drives

— 12-bit PWM generator with full modulation ca-
pability (0 and 100% duty cycle), edge or cent-
er-aligned patterns

— Dedicated interrupt for PWM duty cycles up-
?atlng and associated PWM repétition coun-
er.

— Programmable deadtime insertion unit.

— Programmable High frequency Chopper in-
sertion and high current PWM outputs for di-
rect optocoupler drives.

— The output polarity is programmable channel
by channel.

- rogrammable bit (active low) forces the
outputs in HiZ, Low or High state, depending
on option byte 1 (refer to “ST7IfMQ Device
t(_30n)f|gurat|on And Ordering Information” sec-
ion).

— An “emergency stop” input pin (active low)
aswchronousl forces the outputs in HiZ, Low
or High state, depending on option byte 1 ((r)e-
fer to “ST7FMC Device Configuration And Or-
dering Information” section).
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10.6.3 Application Example: PM BLDC motor
drive

This example shows a six-step command se-
quence for a 3-phase permanent magnet DC
brushless motor (PM BLDC motor). Figure 74
shows the phase steps and voltage, while Table
24 shows the relevant phase configurations.

To run this kind of motor efficiently, an autoswitch-
ing mode has to be used, i.e. the position of the ro-
tor must self-generate the powered winding com-
mutation. The BEMF zero crossing (Z event) on
the non-excited winding is used by the MTC as a
rotor position sensor. The delay between this
event and the commutation is computed by the
MTC and the hardware commutation event C,, is
automatically generated after this delay.

After the commutation occurs, the MTC waits until
the winding is completely demagnetized by the
free-wheeling diode: during this phase the winding
is tied to OV or to the HV high voltage rail and no
BEMF can be read. At the end of this phase a new
BEMF zero-crossing detection is enabled.
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The end of demagnetization event (D), is also de-
tected by the MTC or simulated with a timer com-
pare feature when no detection is possible.

The MTC manages these three events always in
the same order: Z generates C after a delay com-
puted in realtime, then waits for D in order to ena-
ble the peripheral to detect another Z event.

The BEMF zero-crossing event (Z), can also be
detected by the MTC or simulated with a timer
compare feature when no detection is possible.

The speed regulation is managed by the micro-
controller, by means of an adjustable reference
current level in case of current control, or by direct
PWM duty-cycle adjustment in case of voltage
control.
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Figure 73. Chronogram of Events (in Autoswitched Mode)

Cy event

Zy or Zg event
Dy event

Dg event

Cn processing
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Figure 74. Example of Command Sequence for 6-step Mode (typical 3-phase PM BLDC Motor

Control)
Step 21 22 23 24 25 26 21 22 23 — HV
Switch .« .« .« . .
o Tl T
PR S S |
2 1 1 1 : 1 : : : 1 :
3 : 1 : : : 1 : 1 1 1
4 1 1 I 1 1 I 1 1
5 ! . L .
Node : : : : : : : :

HV
B Hv2

HV
HV/2
Cc o

HV
A HV2 ' 1
0 1 1 1

Note: Control & sampling PWM influence is not represented on these simplified chronograms.

HV/2

(BEMF induced by rotor) _AY
- approx. HV/2 (PWM on
- approx. 0V PWM off

Superimposed voltage = _ _ | -

2

23

-
— P PC—»
HV

24

Cp |

| %5 ’Zs )

<->l
Demagnetization

'‘Commutation delay

Wait for BEMF = 0

t
\?WM off pulses
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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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Finally, the PWM modulated voltage generated by
the power stage is smoothed by the motor induct-
ance to get sinusoidal currents in the stator wind-
ings.

The induction motor being asynchronous, there is
no need to synchronize the rotor position to the
sinewave generation phase in most of the applica-
tions.

Part of the MTC dedicated to delay computation
and event sampling can thus be reconfigured to

perform speed acquisition of the most common
speed sensor, without the need of an additional
standard timer.

This speed measurement timer with clear-on-cap-
ture and clock prescaler auto-setting allows to
keep the CPU load to a minimum level while taking
benefit of the embedded input comparator and
edge detector.

Figure 75. Complementary PWM generation for three-phase induction motor (1 phase represented)

*

U event

Compare preload
register processing

MCPO -

MCPU

PWM generator
counter

| 1
1 1
| 1
1 1
| 1
1 1
| 1
] 1

Signal ' L

MCO1 . L

Mcoo T . |
Dead time : :Hli L
insertion . R—n
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Figure 76. Typical command signals of a three-phase induction motor

Phase A *

Phase B *

Phase C *

PWM
period

PWM output | '

Duty Cycle | 5194 5094 4goh

1
PWM output | | |
- ===

1
|
e vl I~ -
Duty Cycle | 99%I 100% 99%I
1

PWM output | I I I

Duty Cycle
YIYEE ) ot 0% 1 1% 1

* These simplified chronograms represent the phase voltages after low-pass filtering of the
PWM outputs reference signals
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10.6.5 Functional Description

The MTC can be split into five main parts as
shown in the simplified block diagram in Figure 77.
Each of these parts may be configured for different
purposes:

INPUT DETECTION BLOCK with a comparator,
an input multiplexer and an incremental encoder
interface, which may work as:

— A BEMF zero-crossing detector

— A Speed Sensor Interface

The DELAY MANAGER with an 8/16-bit timer
and an 8x8 bit multiplier, which may work as a:
— 8-bit delay manager

— Speed Measurement unit

The PWM  MANAGER, including a
measurement window generator, a mode
selector and a current comparator.

The CHANNEL MANAGER with the PWM
multiplexer, polarity programming, deadtime
insertion and high frequency chopping
capability and emergency HiZ configuration
input.

The THREE-PHASE PWM GENERATOR with
12-bit free-running counter and repetition
counter.

10.6.6 Input Detection Block

This block can operate in Position sensor mode, in
sensorless mode or in Speed Sensor mode. The
mode is selected via the SR bit in the MCRA reg-
ister and the TES[1:0] bits in MPAR register (refer

146/309

to Table 35 for set-up information). The block dia-
gram is shown in Figure 78 for the Position Sen-
sor/Sensorless modes (TES[1:0] = 00) and in Fig-
ure 88 for the Speed Sensor mode (TES[1:0] = 01,
10, 11).

10.6.6.1 Input Pins

The MCIA, MCIB and MCIC input pins can be
used as analog or as digital pins.

— In sensorless mode, the analog inputs are used
to measure the BEMF zero crossing and to de-
tect the end of demagnetization if required.

— In sensor mode, the analog inputs are used to
get the Hall sensor information.

— In speed sensor mode (e.g. tachogenerator), the
inputs are used as digital pins. When using an
AC tachogenerator, a small external circuit may
be needed to convert the incoming signal into a
square wave signal which can be treated by the
MTC.

Due to the presence of diodes, these pins can per-
manently support an input current of 5mA. In sen-
sorless mode, this feature enables the inputs to be
connected to each motor phase through a single
resistor.

A multiplexer, programmed by the IS[1:0] bits in
the MPHST register selects the input pins and
connects them to the control logic in either sensor-
less or tachogenerator mode. In encoder mode, it
is mandatory to connect sensor digital outputs to
the MCIA and MCIB pins.
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Figure 77. Simplified MTC Block Diagram
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Figure 78. Input Stage in Sensorless or Sensor Mode (bits TES[1:0] = 00)
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10.6.6.2 Sensorless Mode

This mode is used to detect BEMF zero crossing
and end of demagnetization events.

The analog phase multiplexer connects the non-
excited motor winding to an analog 100mV hyster-
esis comparator referred to a selectable reference
voltage.

IS[1:0] bits in MPHST register allow to select the
input which will be drive to the comparator (either
MCIA, B or C). Be careful that the comparator is
OFF until CKE and/or DAC bit are set in MCRA
register.

The VR[2:0] bits in the MCRC register select the
reference voltage from seven internal values de-
pending on the noise level and the application volt-
age supply. The reference voltage can also be set
externally through the MCVREF pin when the
VR[2:0] bits are set.

Table 25. Threshold voltage setting

VR2 | VR1 | VRO Vref voltage threshold
1 1 1 Threshold voltage set_ by
external MCVREF pin
1 1 0 3.5V*
1 0 1 2.5V~
1 0 0 2v*
0 1 1 1.5V*
0 1 0 A
0 1 0.6V*
0 0 0.2v*

*Typical value for Vpp=5V.

BEMF detections are performed during the meas-
urement window, when the excited windings are
free-wheeling through the low side switches and
diodes. At this stage the common star connection

4

voltage is near to ground voltage (instead of Vpp/2
when the excited windings are powered) and the
complete BEMF voltage is present on the non-ex-
cited winding terminal, referred to the ground ter-
minal.

The zero crossing sampling frequency is then de-
fined, in current mode, by the measurement win-
dow generator frequency (SA[3:0] bits in the
MPRSR register) or, in voltage mode, by the PWM
generator frequency and phase U duty cycle.

During a short period after a phase commutation
(C event), the winding where the back-emf will be
read is no longer excited but needs a demagneti-
sation phase during which the BEMF cannot be
read. A demagnetization current goes through the
free-wheeling diodes and the winding voltage is
stuck at the high voltage or to the ground terminal.
For this reason an “end of demagnetization event”
D must be detected on the winding before the de-
tector can sense a BEMF zero crossing.

For the end-of-demagnetization detection, no spe-
cial PWM configuration is needed, the comparator
sensing is done at a selectable frequency (fscp),
see Table 82.

So, the three events: C (commutation), D (demag-
netization) and Z (BEMF zero crossing) must al-
ways occur in this order in autoswitched mode
when hard commutation is selected.

The comparator output is processed by a detector
that automatically recognizes the D or Z event, de-
pending on the CPB or ZVD edge and level config-
uration bits as described in Table 30.

To avoid wrong detection of D and Z events, a
blanking window filter is implemented for spike fil-
tering. In addition, by means of an event counter,
software can filter several consecutive events up
to a programmed limit before generating the D or Z
event internally. This is shown in Figure 79 and
Figure 80.
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10.6.6.3 D Event detection

In sensorless mode, the D Window Filter becomes
active after each C event. It blanks out the D event
during the time window defined by the DWF[3:0]
bits in the MDFR register (see Table 26). The reset
value is 200ps.

This Window Filter becomes active after both
hardware and software C events.

The D Event Filter becomes active after the D Win-
dow Filter. It counts the number of consecutive D
events up to a limit defined by the DEF[3:0] bits in
the MDFR register. The reset value is 1. The D bit
is set when the counter limit is reached.

Sampling is done at a selectable frequency
(fscr ), see Table 82.

The D event filter is active only for a hardware D
event (Dy). For a simulated (Dg) event, it is forced
to 1.

Figure 79. D Window and Event Filter Flowchart

C to D window fil-

WINDOW
FILTER

Sampling

EVENT
FILTER

No Yes

"4 Reset counter

Limit=1?

A
Increment counter|

Yes

No

Yes |4

Set the D bit

DWF3|DWF2|DWF1|DWFO0| ter in Sensorless [SR=1
Mode (SR=0)

0 0 0 0 5 s

0 0 0 1 10 ps

0 0 1 0 15 us

0 0 1 1 20 ps £
0 1 0 0 25 ps 2
0 1 0 1 30 ps o
0 1 1 0 35 s 2
0 1 1 1 40 pis N
1 0 0 0 60 ps =
1 0 0 1 80 us z
1 0 1 0 100 ps b
1 0 1 1 120 ps =
1 1 0 0 140 ps 2
1 1 0 1 160 ps

1 1 1 0 180 ps

1 1 1 1 200 ps
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Note: Times are indicated for 4 MHz fpgrpH

Table 27. D Event filter Setting

DEF3 | DEF2 | DEF1 | DEFO | D event Limit | SR=1
0 0 0 0 1
0 0 0 1 2
0 0 1 0 3
0 0 1 1 4
0 1 0 0 5
0 1 0 1 6

0 1 1 0 7 2

[T

0 1 1 1 8 £

4

1 0 0 0 9 it

[m]

1 0 0 1 10 o

=2
1 0 1 0 11
1 0 1 1 12
1 1 0 0 13
1 1 0 1 14
1 1 1 0 15
1 1 1 1 16
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10.6.6.4 Z Event Detection

In sensorless mode, the Z window filter becomes
active after each D event. It blanks out the Z event
during the time window defined by the ZWF[3:0]
bits in the MZFR register (see Table 28). The reset
value is 200ps. This Window Filter becomes active
after both hardware and software D events.

The Z Event Filter becomes active after the Z Win-
dow Filter. It counts the number of consecutive Z
events up to a limit defined by the ZEF[3:0] bits in
the MZFR register. The reset value is 1. The Z bit
is set when the counter limit is reached.

Sampling is done at a selectable frequency
(fscr), see Table 82.

The Z event filter is active only for a hardware Z
event (Zy). For a simulated (Zg) event, it is forced
to 1. Z event filter is also active in sensor mode.

Figure 80. Z Window and Event Filter Flowchart

D
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WINDOW
No  Endof FILTER
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FILTER
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No
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Table 28. Z Window filter Setting

4

D to Z window fil-
ZWF3|ZWF2|ZWF1 |ZWFO0| ter in Sensorless [SR=1
Mode (SR=0)
0 0 0 0 5 ps
0 0 0 1 10 ps
0 0 1 0 15 ps
0 0 1 1 20 ps
0 1 0 0 25 ps
0 1 0 1 30 ps No
0 1 1 0 35 ps Win-
0 | 1 1 1 40 us l‘:’i‘ljt‘é"r
1 0 0 0 60 ps after
1 0 0 1 80 ps D
1 0 1 0 100 ps event
1 0 1 1 120 ps
1 1 0 0 140 ps
1 1 0 1 160 ps
1 1 1 0 180 ps
1 1 1 1 200 ps
Note: Times are indicated for 4 MHz fpgrpH

Table 29. Z Event filter Setting

ZEF3 | ZEF2 | ZEF1 | ZEFO Z event Limit
0 0 0 0 1
0 0 0 1 2
0 0 1 0 3
0 0 1 1 4
0 1 0 0 5
0 1 0 1 6
0 1 1 0 7
0 1 1 1 8
1 0 0 0 9
1 0 0 1 10
1 0 1 0 11
1 0 1 1 12
1 1 0 0 13
1 1 0 1 14
1 1 1 0 15
1 1 1 1 16
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Table 30 shows the event control selected by the
ZVD and CPB bits. In most cases, the D and Z
events have opposite edge polarity, so the ZVD bit

is usually O.

Table 30. ZVD and CPB Edge Selection Bits

ZVD bit CPB bit Event generation vs input data sampled
DWF ZWF ZEF
<~ = DEF < —> < =
0 0 < > | —
C sDH sz
A
DWF ZWF ZEF
< > <~ > < >
0 1 DEF [ L
74 4
C Dy Z
A
DWF ZWF ZEF
<~ > < > < >
1 0 DEE] .
C sDH gZ
DWF ZWF ZEF
<~ > < > < >
1 1
DEF
c < esDH 1

Note: The ZVD bit is located in the MPOL register, the CPB bit is in the MCRB register.

Legend:

DWF= D window filter

DEF= D event filter

ZWF = Z window filter

ZEF = Z event filter

Refer also to Table 34 on page 162.
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10.6.6.5 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 30.

The D event filter can be used to select the
number of consecutive D events needed to gener-
ate the Dy event.

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 simulat-
ed 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 81. D Event Generation Mechanism

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

Simulated 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 Cy and Z events. To drive the
motor 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 MIMR is set.

Caution 1: Due to the alternate automatic capture
and compare of the MTIM timer with MDREG reg-
ister by Dy and Dg events, the MDREG register
should be manipulated with special care.

Caution 2: Due to the event generation protection
in the MZREG, MCOMP and MDREG registers for
Soft Event generation ( See “Built-in Checks and
Controls for simulated events” on page 175.), the
value written in the MDREG register in soft demag-
netisation mode (SDM=1) is checked by hardware
after the C event. If this value is less than or equal
to the MTIM counter value at this moment, the
Software demagnetisation event is generated im-
mediately and the MTIM current value overwrites
the value in the MDREG register to be able to re-
use the right demagnetisation time for another
simulated event generation.
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n | n | * i .
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i =l ] 0
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Table 31. Demagnetisation (D) Event Generation (example for ZVD=0)

Htl):::\ll Meaning CPB bit =1 CPBbit=0
D = Dg = Output Compare [MDREG, MTIM registers]
Undershoot due to Weak / null
motor parasite or first undershoot and
sampling BEMFgositive
%5 2
P
HVV . HV
:—] HVV
Simulated Mode :
0 (SDM bit =1 and .
HDM bit = 0) | B
Hv/2 | Hv/2 HV/2 -
R 11| <t o ov
D= DH + DS D= DH
(Hardware detection or Output compare true) (Hardware detection only)
Undershoot due to Weak / null
motor parasite or first undershoot and
sampling BEMFgositive
Zs 2 %
HV o N.—h
Hardware/Simulat- : |
] ed Mode o0 G
(SDM bit = 1 and K/ ¥
HDM bit = 1) ' -
HV/2 T
Hv/2 *
- (")
o ov ;
DH DH 4
(*) Note: This is a zoom to the additional voltage induced by the rotor (Back EMF)
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10.6.6.6 Z Event Generation (BEMF Zero
Crossing)

When both C and D events have occurred, the
PWM may be switched to another group of outputs
(depending on the OS[2:0] bits in the MCRB regis-
ter) and the real BEMF zero crossing sampling can
start (see Figure 87). After Z event, the PWM can
also be switched to another group of outputs be-
fore the next C event.

A BEMF voltage is present on the non-powered
terminal but referred to the common star connec-
tion of the motor whose voltage is equal to Vpp/2.

When a winding is free-wheeling (during PWM off-
time) its terminal voltage changes to the other
power rail voltage, this means if the PWM is ap-
plied on the high side driver, free-wheeling will be
done through the low side diode and the terminal
will be OV.

This is used to force the common star connection
to OV in order to read the BEMF referred to the
ground terminal.

Consequently, BEMF reading (i.e. comparison
with a voltage close to 0V) can only be done when
the PWM is applied on the high side drivers. When
the BEMF signal crosses the threshold voltage
close to zero, it is called a hardware zero-crossing
event Zy. A filter can be implemented on the Z,
event detection (see Figure 83).

The Z event filter register (MZFR) is used to select
the number of consecutive Z events needed to
generate the Zy event. Alternatively, the PZ bit
can be used to enable protection as described in
Figure 83. on page 157

For this reason the MTC outputs can be splitin two
groups called LOW and HIGH and the BEMF read-
ing will be done only when PWM is applied on one
of these two groups. The REO bit in the MPOL
register is used to select the group to be used for

4

BEMF sensing (high side group). It has to be con-
figured whatever the sampling mode.

When enabled by the HZ bit in MCRC register, the
current value of the MTIM timer is captured in reg-
ister MZREG when this event occurs in order to be
able to compute the real delay in the delay manag-
er part for hardware commutation but also to be
able to simulate zero-crossing events for other
steps.

When enabled by the SZ bit set in the MCRC reg-
ister, a zero-crossing event can also be simulated
by comparing the MTIM timer value with the
MZREG register. This kind of zero-crossing event
is called simulated zero-crossing Zg.

If both HZ and SZ bits are set in MCRC register,
the first event that occurs, triggers a zero-crossing
event.

Depending on the edge and level selection (ZVD
and CPB) bits and when PWM is applied on the
correct group, a BEMF zero crossing detection (ei-
ther Zy or Zg) sets the ZI bit in the MISR register
and generates an interrupt if the ZIM bit is set in
the MIMR register.

Caution 1: Due to the alternate automatic capture
and compare of the MTIM timer with MZREG reg-
ister by Zy and Zg events, the MZREG register
should be manipulated with special care.

Caution 2: Due to the event generation protection
in the MZREG, MCOMP and MDREG registers for
Soft Event generation, the value written in the
MZREG register in simuated zero-crossing mode
(SZ=1) is checked by hardware after the D (either
Dy or Dg) event. If this value is less than or equal
to the MTIM counter value at this moment, the sim-
ulated zero-crossing event is generated immedi-
ately and the MTIM current value overwrites the
value in the MZREG register. See “Built-in Checks
and Controls for simulated events” on page 175.

The Z event also triggers some timer/multiplier op-
erations, for more details see Section 10.6.7
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Figure 82. Z Event Generation
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10.6.6.7 Protection for Zy event detection

To avoid an erroneous detection of a hardware
zero-crossing event, a filter can be enabled by set-
ting the PZ bit in the MCRA register. This filter will
ensure the detection of a Z event on an edge
transition between D event and Z,, event.

Without this protection, Z, event detection is done
directly on the current sample in comparison with
the expected state at the output of the phase com-
parator. For example, if a falling edge transition
(meaning a transition from 1 to O at the output of
the phase comparator) is configured for Z,; event
through the CPB bit in MCRB register, then, the
state O is expected at the comparator output and

Figure 83. Protection of Zy event detection

once this state is detected, the Z event is gener-
ated without any verification that the state at the
comparator output of the previous sample was 1.
The purpose of this protection filter is to be sure
that the state of the comparator output at the sam-
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filter, the Zy event generation is done on edge
transition level comparison.
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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)
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10.6.6.9 Sampling block

For a full digital solution, the phase comparator
output sampling frequency is the frequency of the
PWM signal applied to the switches and the sam-
pling for the Z event detection in sensorless mode
is done at the end of the off time of this PWM sig-
nal to avoid to have to re-create a virtual ground
because when the PWM signal is off, the star point
is at ground due to the free-wheeling diode. That's
why, the sampling for Z event detection is done by
default during the OFF-state of the PWM signal
and therefore at the PWM frequency.

In current mode, this PWM signal is generated by
a combination of the output of the measurement
window generator (SA[3:0] bits), the output of the
current comparator and a minimum OFF time set
by the OT[3:0] bits for system stabilisation.

In voltage mode, this PWM signal is generated by
the 12-bit PWM generator signal in the compare U
register with still a minimum OFF time required if
the sampling is done at the end of the OFF time of
the PWM signal for system stabilisation. The PWM
signal is put OFF as soon as the current feedback
reaches the current input limitation. This can add
an OFF time to the one programmed with the 12-
bit Timer.

For D event detection in sensorless mode, no spe-
cific PWM configuration is needed and the sam-
pling frequency (fscr see Table 82) is completely
independent from the PWM signal.

In sensor mode, the D event detection is not need-
ed as the MCIA, MCIB and MCIC pins are the dig-
ital signals coming from the hall sensors so no
specific PWM configuration is needed and the
sampling for the Z detection event is done at
fscr, completely independent from the PWM sig-
nal.

In sensorless mode, if a virtual ground is created
by the addition of an external circuit, sampling for
the Z event detection can be completely independ-
ent from the PWM signal applied to the switches.
Setting the SPLG bit in the MCRC register allows a
sampling frequency of fgcg for Z event detection
independent from the PWM signal after getting the
D (end of demagnetisation) event. This means that
the sampling order is given whatever the PWM
signal (during the ON time or the OFF time). As
soon as the SPLG bit is set in the MCRC register,
the minimum OFF time needed for the PWM signal
in current mode is set to Ops and a true 100% duty

4

cycle can be set in the 12-bit PWM generator com-
pare register in voltage mode.

Specific applications can require sampling for the
Z event detection only during the ON time of the
PWM signal. This can happen when the PWM sig-
nal is applied only on the low side switches for Z
event detection. In this case, during the OFF time
of the PWM signal, the phase voltage is tied to the
application voltage V and no back-EMF signal can
be seen. During the ON time of the PWM signal,
the phase voltage can be compared to the neutral
point voltage and the Z event can be detected.
Therefore, it is possible to add a programmable
delay before sampling (which is normally done
when the PWM signal is switched ON) to perform
the sampling during the ON time of the PWM sig-
nal. This delay is set with the DS [3:0] bits in the
MCONF register.

Table 33. Delay length before sampling

DS3 | DS2 | Ds1 | Dso | Delayaddedto
sample at Ton
No delay added.
0 0 0 0 Sample during
Toff
0 0 0 1 25 s
0 0 1 0 5ps
0 0 1 1 7.5 ps
0 1 0 0 10 ps
0 1 0 1 12.5 ps
0 1 1 0 15 ps
0 1 1 1 17.5 s
1 0 0 0 20 ps
1 0 0 1 22.5 s
1 0 1 0 25 ys
1 0 1 1 27.5 s
1 1 0 0 30 us
1 1 0 1 32.5us
1 1 1 0 35 s
1 1 1 1 37.5 us
Note: Times are indicated for 4 MHz fpgrpH

As soon as a delay is set in the DS[3:0] bits, the
minimum OFF time for the PWM signal is no long-
er required and it is automatically set to Ops in cur-
rent mode in the internal sampling clock and a true
100% duty cycle can be set in the 12-bit PWM
generator compare U register if needed.
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Depending on the frequency and the duty cycle of
the PWM signal, the delay inserted before sam-
pling could cause it sample the signal OFF time in-
stead of the ON time. In this case an interrupt can
be generated and the sample will not be taken into
acount. When a sample occurs outside the PWM
signal ON time, the SOI bit in the MCONF register
is set and an interrupt request is generated if the
SOM bit is set in the MCONF register. This inter-
rupt is enabled only if a delay value has been setin
the DS[3:0] bits. In this case, the sampling is done
at the PWM frequency but only during the ON time
of the PWM signal. Figure 84 and Figure 85 shows
in detail the generation of the sampling order when
the delay is added.

For complete flexibility, the possibility of sampling
at fgcr high frequency during the ON time of the
PWM signal is also available when the SPLG bit is
set as if there is a delay value in the DS[3:0] bits.
This means that when the sampling is to be per-
formed, after the delay a sampling window at fgcp
frequency is opened until the next OFF time of the
PWM signal. The Sampling Out interrupt will be
generated if the delay added is longer than the
duty cycle of the PWM signal. As the SPLG bit is
set and a value has been put in the DS[3:0] bits,
no minimum off time is required for the PWM sig-
nal and it is automatically set to Ops in current
mode. A true 100% duty cycle can be also set in
the 12-bit Timer in voltage mode. Figure 86 shows
in detail the sampling at fgcg high frequency dur-
ing ON time.

Figure 84. Adding the Delay to sample during ON time for Z detection
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In conclusion, there are 4 sampling types that are
available for Z event detection in sensorless
mode.

1. Sampling at the end of the OFF time of the
PWM signal at the PWM frequency

2. Sampling, at a programmable frequency inde-
pendent of the PWM state (during ON time or
OFF time of the signal). Sampling is done at
fscr, see Table 82.

3. Sampling during the ON time of the PWM sig-
nal by adding a delay at PWM frequency

4. Sampling, at a programmable frequency during
the ON time (addition of a programmable delay)
of the PWM signal. Sampling is done at fgcF,
see Table 82.

Note 1: The sampling type is applied only for Z
event detection after the D event has occured.
Whatever the sampling type for Z event detection,
the sampling of the signal for D event detection is

Figure 86. Sampling during ON time at fgcf

always done at the selected fgcr frequency (see
Table 82), independently of the PWM signal (ei-
ther during ON or OFF time). Table 34 explains the
different sampling types in sensorless and in sen-
sor mode.

Note 2: When the MOE bit in the MCRA register is
reset (MCOx outputs in reset state), and the SR bit
in the MCRA register is reset (sensorless mode)
and the SPLG bit in the MCRC register is reset
(sampling at PWM frequency) then, depending on
the state of the ZSV bit in the MSCR register, Z
event sampling can run or be stopped (and D
event is sampled).

Note 3: When BEMF sampling is performed at the
end of the PWM signal off-time, the inputs in OFF-

state are grounded or put in HiZ as selected by the
DISS bit in the MSCR register.

Note 4: The ZEF[3:0] event counter in the MZFR
register is active in all configurations.
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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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Figure 87. Functional Diagram of Z Detection after D Event
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10.6.6.11 Speed Sensor Mode

This mode is entered whenever the Tacho Edge
Selection bits in the MPAR register are not both re-
set (TES[1:0] = 01, 10 or 11). The corresponding
block diagram is shown in Figure 88.

Either Incremental Encoder or Tachogenerator-
type speed sensor can be selected with the 1S[1:0]
bits in the MPHST register.

10.6.6.12 Tachogenerator Mode (1S[1:0] = 00, 01
or 10)

Any of the MClIx input pins can be used as a tacho-
generator input, with a digital signal (externally
amplified for instance); the two remaining pins can
be used as standard I/O ports.

A digital multiplexer connects the chosen MCIx in-
put to an edge detection block. Input selection is
done with the 1S[1:0] bits in the MPHST register.

An edge selection block is used to select one of
three ways to trigger capture events: rising edge,
falling edge or both rising and falling edge sensi-

tive; set-up is done with the TES[1:0] bits (keeping
in mind that TES[1:0] = 00 configuration is re-
served for Position Sensor / Sensorless Modes).

Having only one edge selected eliminates any in-
coming signal dissymmetry, which may due to
pole-to-pole magnet dissymmetry or from a com-
parator threshold with low level signals.

Figure 89 presents the signals generated internal-
ly with different tacho input and TES bit settings.

Note on Hall Sensors: This configuration is also
suitable for motors using 3 hall sensors for position
detection and not driven in six-step mode (refer to
“Speed Measurement Mode” on page 180).

Note on initializing the Input Stage: As the
IS[1:0] bits in the MPHST register are preload bits
(new values taken into account at C event), the in-
itialization value of the 1S[1:0] bits has to be en-
tered in Direct Access mode. This is done by set-
ting the DAC bit in the MCRA register during the
speed sensor input initialization routine.

Figure 88. Input Stage in Speed Sensor Mode (TES[1:0] bits = 01, 10, 11)

Input Block Input Comparator Block Event Detection
4_—" _______ _><______§coﬁer_>
P In1 Incremental Clk%
Encoder Direction
P In2  interfface D
MPHST Register . %
Input,, Sel 1S[1:0] m
MCRC Register
Tach0§ or MCIA & MPAR Register
Encoder 00 TES[1:0]
MCIB + Tacho
Tacho$ Capture
é‘r?cgde(ir »L 01 >|_f{_or_§\_orﬂ’—>
TachoS or MCIC 10
Free 1/0
§= According to 1S[1:0] bits setting
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10.6.6.13 Encoder Mode (IS[1:0] = 11)

Figure 90 shows the signals delivered by a stand-
ard digital incremental encoder and associated in-
formation:

— Two 90° phased square signals with variable
frequency proportional to the speed; they
must be connected to MCIA and MCIB input
pins,

— Clock derived from incoming signal edges,

— Direction information determined by the rela-
tive phase shift of input signals ( + or -90°).

The Incremental Encoder Interface block aims at
extracting these signals. As input logic is both ris-
ing and falling edge sensitive (independently from
TES[1:0] bits setting), resulting clock frequency is
four times the one of the input signals, thus in-
creasing resolution for measurements.

It may be noticed that Direction bit (EDIR bit in
MCRC register) is read only and that it does’nt af-
fect counting direction of clocked timer (cf Section
). As a result, one cannot extract position informa-
tion from encoder inputs during speed reversal.

Figure 89. Tacho Capture events configured by the TES[1:0] bits
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input
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Figure 90. Incremental Encoder output signals and derived information
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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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Note on using the 3 MCIx pins as standard

I/0s: When none of the MCIx pins are needed in
the application (for instance when driving an in-
duction motor in open loop), they can be used as

standard 1/O ports, by configuring the Motor Con-

Table 36. MCIx pin configuration summary

troller as follows: PCN=1, TES#0 and 1S=11. This
disables the MCIx alternate functions and switch-
es off the phase comparator. The state of the MCIx
pins is summarized in Table 36.

Input
PCN | TES|SR|IS[1:0] MCIA MCIB MCIC Detection Comments
Block Mode
00 |Analog Input|Hi-Z or GND | Hi-Z or GND All MCIx pi d
01 |Hi-Z or GND [Analog Input|Hi-Z or GND| Sensorless X pins are reserve
0 - - - for the MTC peripheral
10 |Hi-Z or GND | Hi-Z or GND | Analog input
11 NA NA NA NA
0 00 00 |Analog Input|Standard I/O | Standard I/O Positi . 1 t6 3 MCIX bi d
01 |Standard I/O|Analog Input|Standard 1/O ostion rom 1 1o 5 WILIX pIns reserve
Sensor depending on sensor
1 10 |Standard I/O|Standard 1/0|Analog Input
11 |Standard /0| Standard /0| Standard /O NA All MCIx pins are standard 1/Os.
Phase comparator is OFF
#0 | X XX NA NA NA NA
00 [Analog Input|Standard I/O|Standard I/O Phase comparator is ON.
01 [Standard I/O]Analog Input|Standard 1/0 NA The 1S[1:0] bits must not be modified
to avoid spurious event detection
00 | x 10 |Standard I/0O|Standard 1/0|Analog Input in Motor Controller
All MCIx pins are standard 1/Os.
11 |Standard I/0|Standard I/O | Standard I/O NA Recommended configuration:
1 phase comparator OFF
00 | Digital Input |Standard I/0|Standard 1/0O Speed S
01 |Standard /O] Digital Input |Standard 1/0] >PS€¢ =ensor
— Tachogenerator .
#00( x | 10 |Standard I/O|Standard I/O| Digital Input Phase comparator is OFF
- . Speed Sensor
11 | Digital Input | Digital Input | Standard 1/O Encoder

*When PCN=0, TES=0 SR=0, inputs in OFF-state are put in HiZ or grounded depending on the value of
the DISS bit in the MSCR register.

Notes:

1. Analog input: Based on analog comparator and analog voltage reference. The corresponding digital
I/O is disabled and data in the DR register is not representative of data on the input.

2. Digital input: Use of standard V|, V| I/O level. This input can also be read via the associated I/O port.

4
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10.6.7 Delay Manager

Figure 91. Overview of MTIM Timer in Switched and Autoswitched Mode
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This part of the MTC contains all the time-related
functions, its architecture is based on an 8-bit shift
left/shift right timer shown in Figure 91. The MTIM
timer includes:

— An auto-updated prescaler
— A capture/compare register for simulated de-
magnetization simulation (MDREG)

— Two cascaded capture and one compare regis-
ters (MZREG and MZPRYV) for storing the times
between two consecutive BEMF zero crossings
(Zy events) and for zero-crossing event simula-
tion (Zg)

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

— One compare register for phase commutation
generation (MCOMP)
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The MTIM timer module can work in two main
modes when driving synchronous motors in six-
steps mode.

In switched mode the user must process the step
duration and commutation time by software.

In autoswitched mode the commutation action is
performed automatically depending on the rotor
position information and register contents. This is
called the hardware commutation event Cy. When
enabled by the SC bit in the MCRC register, com-
mutation can also be simulated by writing a value
directly in the MCOMP register that is compared
with the MTIM value. This is called simulated com-
mutation Cg (See “Built-in Checks and Controls for
simulated events” on page 175.).

Both in switched mode and autoswitched mode , if
the SC bit in the MCRC register is set (software
commutation enabled), no comparison between
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the MCOMP and MTIM register is enabled before
a write access in the MCOMP register. This means
that if the SC bit is set and no write access is done
after in the MCOMP register, no Cg commutation
event will occur.

In Speed Measurement mode, when using encod-
er or tachogenerator speed sensors (i.e. both
TES[1:0] bits in the MPAR register are not reset

and the input detection block is set-up to process
sensor signals), motor speed can be measured
but it is not possible drive a motor in six-step
mode, either sensored or sensorless.

Speed Measurement mode is useful for motors
supplied with 3-phase sinewave-modulated PWM
signals:

— AC induction motors,

— Permanent Magnet AC (PMAC) motors (al-

thou%h it needs three position sensors, they

calns) e handled just like tachogenerator sig-
nals).

This mode uses only part of the Delay Manager’s

resources. For more details refer to “Speed Meas-

urement Mode” on page 180.

Table 37. Switched and Autoswitched modes

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

10.6.7.1 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
Table 38. Step Update

MCOMP. When the MTIM timer reaches this value
a commutation occurs (C event) and the MTIM
timer is reset.

At this time all registers with a preload function are
loaded (registers marked with (*) in Section
10.6.13). The CI bit of MISR is set and if the CIM
bit in the MIMR register is set an interrupt is gener-
ated.

The MTIM timer prescaler (Step ratio bits ST[3:0]
in the MPRSR register) is user programmable. Ac-
cess to this register is not allowed while the MTIM
timer is running (access is possible only before the
starting the timer by means of the CKE bit) but the
prescaler contents can be incremented/decre-
mented at the next commutation event by setting
the RMI (decrement) or RPI (increment) bits in the
MISR register. When this method is used, at the
next commutation event the prescaler value will be
updated but also all the MTIM timer-related regis-
ters will be shifted in the appropriate direction to
keep their value. After it has been taken into ac-
count, (at commutation) the RPI or RMI bit is reset
by hardware. See Table 38.

Only one update per step is allowed, so if both RPI
and RMI bits are set together 