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ST7MC1/ST7MC2

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 mem-
ory or ROM with read-out protection capabili-
B, In-Application Programming and In-Circuit

rogramming.

— 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

— 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
captures, 4 PWM outputs, output compare

and time base interrupt, external clock with
event detector

Table 1. Device Summary

.o

LQFP64 LQFP44
LQFP80
LQFP32 7x 7 SDIP32

= 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 inﬁuts for rotor position detection
(sensorless/hall/tacho/encoder)

— Permanent magnet motor coprocessor includ-
ing multiplier, programmabile 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
m 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

Features ST7MC1 ST7MC2
Program memory - bytes 8K 16K 32K 16K 32K 48K | 60K
RAM (stack) - bytes 384 (256) 768 (256)| 1024 (256) | 768 (256) 1024 (256) 1536 (256)

Watchdog, 16-bit Timer A, LINSCI™, 10-bit ADC, MTC, 8-bit PWM ART, ICD

Peripherals N | SPI, 16-bit Timer B

Operating .

Supply vs. Frequency 4.5 to 5.5V with fop<8MHz

-40°C to +85°C o o -40°C to -40°C to +85°C o o

Temperature Range /-40°C to +125°C | "40°C to +85°C +195°C  |-40°C to +125°C -40°C to +85 °C

Package LQFP32 SDIP32] LQFP32 LQFP44 SDIP56"//LQFP64] LQFP64/44 [LQFP80
Note 1: For development only. No production
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ST7MC1/ST7MC2

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.

8-BIT CORE
ALU
RESET—»
Vpp <> CONTROL
Vss —»
Vop —» LvD
AVD
OSC1 «—» S: 0SC
0SC2 «»
— SCI/LIN
— PORT D
PD7:0
(8-Dhs) D— TIMER A
“—  10-BIT ADC
VAREF —»
Vssa—»p
PORT E!
PE5:0
(6-01t) <:D:>|: TIMER B!
PORT F!
PF5:0 D[
(6-bits) MCC/RTC/BEEP"

@

08 08¢ 0 30808

PROGRAM
<—>| MEMORY
(8K - 60K Bytes)
— RAM
(384 - 1536Bytes)
- PH7:0 "
<—>| PORTH" < (B.its)
PG7:0 "
<> portah  —<LL>RETR
>
S
B> WATCHDOG
7
> —
<—>{ PWMART
& KLI>PAT:0 R
o (8-bits)
5 <—> PoRTA
oy}
&
<=> PORTB [
<=>MTc voLT INPUT—LT> BB7O
ey sPIt —
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K —">MOTOR CONTROL—
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K — >|DEBUG MODULE

On some devices only, see Table 1, “ST7MC Device Pin Description,” on page 12
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ST7MC1/ST7MC2

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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ST7MC1/ST7MC2

PIN DESCRIPTION (Cont’d)
Figure 3. 64-Pin LQFP 14x14 Package Pinout
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Ves 100 7 42 [0 PF3(HS)/BEEP
Vopo_10 8 41 [0 PF2/MCO/AIN10
PWM3/PAO ] 9 40 [d PF1/MCZEM / AIN9
PWM2 / (HS) PA1 ] 10 39 [1 PFO/MCDEM /AIN8
PWM1/PA2 [ 11 38 [1 RESET
AINO / PWMO / PA3 12) ei 37 O Vopo
ARTCLK / (HS) PA4 [] 13 36 [J Vssoo
AIN1/ARTIC1/PA5 ] 14 35 [ Vssa
ARTIC2/ PA6 [] 15 | eil ei2 34 [0 Varer
AIN2/ PA7 [ 1 ~— 33 [0 PC7/MCPWMW / AIN7
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=

SCK / (H
AIN4 / SS /(HS) PB7

* MCCREF / PC4
MCPWMU / PC5
MCPWMV/ PC6

(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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ST7MC1/ST7MC2

PIN DESCRIPTION (Cont’d)
Figure 4. 32-Pin SDIP Package Pinouts

ICCSEL/Vpp [] 1 4 32 [ PD7 (HS)/ TDO
MCOO [] 2 31 [ pPD6 (HS) / RDI
MCO1 [ 3 30 [ PD5/AIN15/ICCDATA
MCO2 [] 4 29 ] PD4/EXTCLK_A/AIN14/ICCCLK
MCO3 [] 5 ei0 28 [] PD3/ICAP1_A/AIN13
MCO4 ] 6 27 [ PD2/ICAP2_A/MCZEM/ AIN12
MCO5 ] 7 26 [ 1 PD1 (HS)/ OCMP1_A/MCPWMV / MCDEM
MCES [] 8 25 ] PDO/OCMP2_A / MCPWMW / AIN11
osct [ 9 24 1 RESET
0sC2 [] 10 23 [ vpp o
AINO/PWMO/PA3 [ 11 22 1 vgg o
AIN1/ARTIC1/PA5 [] 12 > eit 21 [ Vaper
MCVREF/PBO [] 13 20 [ PC4 / MCCREF *
MCIA/PB1 [] 14 19 "1 OAZ/MCCFI1/ AIN6
MciB/PB2 ] 15 _ (18 Pca/oan
Mcic/PB3 [] 16 e|2<17 1 pc2/0AP
(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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ST7MC1/ST7MC2

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

U 56 1 PEO (HS) / OCMP2_B

OCMP1_B/PE1 —] 1
ICAP2_B/PE2 — 2 55— Vpp_2
ICAP1_B/PE3 — 3 541 Vgg 2
Vpp/ICCSEL ] 4 53 =1 PD7 (HS)/ TDO
(HS) MCOO — 5 52 =1 PD6 (HS) / RDI
(HS) MCO1 = 6 51F= PD5 / AIN15 / ICCDATA
(HS) MCO2 —{ 7 _ 50 =1 PD4 /EXTCLK_A / AIN14 / ICCCLK
(HS) MCO3 =] 8 €0\ 49— PD3/ICAP1_A/AIN13
(HS) MCO4 = 9 481 PD2/ICAP2_A / AIN12
(HS) MCO5 = 10 471 PD1 (HS) / OCMP1_A
MCES — 11 46— PDO/OCMP2_A / AIN11
0sCc1 — 12 45— PF3 (HS) / BEEP
0SC2 — 13 44— PF1/MCZEM / AIN9
Vss_1 — 14 43— PFO/MCDEM / AIN8
Vdd_1 — 15 42— RESET
PWM2 / (HS) PA1—] 16 41=Vop_o
AINO / PWMO / PA3 ] 17) eil 40=Vss o
ARTCLK / (HS) PA4 = 18 39— Vssa

AIN1/ARTIC1/PAS — 19\ ag = VAREF
ARTIC2 / PAG —]| 20> eil 37/ PC7/ MCPWMW / AIN7
MCVREF / PB0 — 21 36 PC6/ MCPWMV
MCIA /PB1 — 22 35— PC5/ MCPWMU
MCIB / PB2 —{ 23 34— PC4 / MCCREF *
MCIC / PB3 = 24 331 OAZ/MCCFI1 / AING
MISO / PB4 = 25 321 PC3/OAN
AIN3 / MOSI / PB5 —{ 26 _{ 31=3 Pc2/0AP
SCK/(HS)PBE —{ 27\ 2| 30l= PC1/MCCFI0/AINS
AIN4 / S5 /(HS) PB7 28> ez 29F=1 PCO(HS)

(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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ST7MC1/ST7MC2

PIN DESCRIPTION (Cont'd)

Figure 6. 44-Pin LQFP Package Pinouts

(HS) MCO3 [

(HS) MCO4 [

(HS) MCO5 [

MCES []

0OSC1 [

0SC2 ]

Vss_1

Vpp_1 O

AINO / PWMO / PA3 [

AIN1/ARTIC1/ PA5 [

MCVREF / PBO [

(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 /0
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RESET

Vbo_o

Vss_ o
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ST7MC1/ST7MC2

PIN DESCRIPTION (Cont’d)
Figure 7. 32-Pin LQFP 7x7 Package Pinout
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(HS)MCO3 1 @ ~—_/241 PD3/ICAP1_A/AIN13
(HS) MCO4 2 ei0 <23:| PD2/ICAP2_A/MCZEM /AIN12
(HS) MCO5 {3 22[1 PD1 (HS)/OCMP1_A/MCPWMV / MCDEM
MCES 4 210 PDO/OCMP2_A /MCPWMW /AIN11
0SC1 05 201 RESET
0SC2 6 19 Vpp o
AINO / PWMO / PA3 7) oit ei2 18[1 Vgg o
AIN1/ARTIC1/PA5 []8 N 173 VAREF
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Z
(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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ST7MC1/ST7MC2

PIN DESCRIPTION (Cont’d)
For external pin connection guidelines, See “ELECTRICAL CHARACTERISTICS” on page 246.
Legend / Abbreviations for Table 1:
Type: | = input, O = output, S = supply
Input level: A = Dedicated analog input
In/Output level: Cy= CMOS 0.3Vpp/0.7Vpp with Schmitt trigger
T1= Refer to the G&H ports Characteristics in section 12.8.1 on page 263
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 ), ana= analog
— Output: OD = open drain, PP = push-pull
Refer to “I/O PORTS” on page 53 for more details on the software configuration of the 1/0 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
° :
8|38 (F|9|8| PinName | 2| =| 5 Input Output |function| ;. hate function 2
EE|sE|e |k FlE| & s (after
=3 ®© —— [l =)
S|S|8|9(8|S 15 |8 g5 8| gl
1|11[(8|1]5]|1]|MCO3(HS) (0] 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 Output 5
441148 4][MCESD I [Ct X MTC Emergency Stop
5| -1-1-1|-1]-]PG0O I/O| Tt X | X X | X | Port GO
6|-|-1|-1]-1|-1PGt /10| 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 X | X X | X | Port G3
9!l51012/5 |95 |0sct? | Extgrnal glock mpgt or Resonator
oscillator inverter input
10/ 6 (13| 6 |10| 6 | OSC2¥ 1/0 Resonator oscillator inverter output
M| 7 |14 7| - | - |Ves s S Digital Ground Voltage
1218 (15| 8 | - | - | Vyq_1 S Digital Main Supply Voltage
139 -| -1 -1 - | PAO/PWM3 /0| Ct X | X X | X | Port AO | PWM Output 3
141016 | - | - | - | PA1/PWM2 I/O|Ct| HS | X | X X | X | Port A1 | PWM Output 2
15111 - | - | - | - | PA2PWM1 /0| Ct X | X X | X | Port A2 | PWM Output 1
PA3/PWMO/ . PWM Out- | ADC Ana-
16|12 (179 (11| 7 AINO I/O|Ct X| eilt [X| X | X |PortA3 put 0 log Input 0
17113 (18| - | - | - zﬁ;(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) 51 x| eit| x| x| x | Port A5 | input Cap- |APCAnalog
AIN1 Input 1
ture 1
19/15(20| - | - | - | PA6/ARTIC2 |10 |Cy x| eit X | X | Port ag | pWM-ART Input Capture
20|16 | - | - | - | - | PA7/AIN2 I/O|Ct X eil| X | X | X | Port A7 | ADC Analog Input 2
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ST7MC1/ST7MC2

Table 1. ST7MC Device Pin Description
Pin n° Level Port Main
° .
8|38 (F|9|8| PinName | 2| =| 5 Input Output |function| ;. hate function 2
EE|s k|28 Fl1E| & s (after
=] © - [l =)
g|g|3|S(8|¢c 15 |8 gz 58| gl
2117 (21 11|13 | 9 | PBO/MCVREF |I/O|Cyt X|X X| X | X | Port BO | MTC Voltage Reference
2218|2212 |14 |10 | PB1/MCIA I/O|Ct XX X| X | X |PortB1 | MTC Input A
23|19 (23|13 |15| 11 | PB2/MCIB /0| Ct XX X| X | X | PortB2 | MTC Input B
24120 |24 |14 |16 | 12 | PB3/MCIC /0| Ct XX X| X | X | Port B3 | MTC Input C
25|21 25(15| - | - |PB4MISO  |1/O|Cy x| x X | X | Port B4 gzt'aMaSte”"/ Slave Out
SPI Master
262226 16| - | - | PBOIMOSV 5, X| X X | X | PortB5 | Out/ Slave | ADC Ana-
AIN3 log Input 3
In Data
27|23 |27 |17 | - | - | PB6/SCK I/O|Cr| HS [ X| ei2 X | X | Port B6 | SPI Serial Clock
SPI Slave
28|24 |28|18| - | - |PB7/SS/AING |O|Cr| HS [X| |ei2| | X | X | PortB7 | Select (ac- | APC Ana
. log Input 4
tive low)
29| - | - | -] -] - |PG4 I/O| Tt XX X | X | Port G4
30| -|-|-1|-1]-]|PG5 /0| Tt XX X | X | Port G5
31| - | -|-1|-1]-|PG6 /0| Tt XX X | X | Port G6
32(-|-1-|-1]-|PG7 /0| Tt XX 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| - | - | - JAIN5 /0| Ct X| ei2 [X]| X | X |PortC1 ba)cklnput log Input 5
05
35|27 |31 (19|17 | 13 | PC2/OAP /0| Ct X ei2| X| X | X | Port C2 | OPAMP Positive Input
36|28|32|20|18| 14 | PC3/OAN /0| Ct X|X|ei2|X| X | X | Port C3 | OPAMP Negative Input
OAZ/ Opam Ir\g-rl;tCF(é:g- ADC analo
37|29 (83|21 |19 | 15| MCCFI13/  |I/0 X pamp g
Output | back Input | Input 6
AING 15)
38|30 | 34| 22|20 | 16 | PC4/MCCREF | /O | Cy x|x| |x]|x|x|Portca | MTC Current Feedback
Reference
39/31(35| - | - | - ;%S/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 V7
MCPWMV?) T
PC7/ ADC Ana-
41(33|37|23| - | - | MCPWMW") |I/O|Ct XX X| X | X | PortC7 MTC PW'\7/; log
Output W
AIN7 Input 7
42|34 38|24 |21 |17 | VaRer | Analog Reference Voltage for ADC
43(35(39|25| - | - |Vgsa S Analog Ground Voltage
44|36 |40| 26|22 |18 | Vgg o S Digital Ground Voltage
45|37 | 41|27 23|19 | Vpp o 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 § § Pin Name % §. ‘é_ Input Output fu(r;;:tt::n Alternate function 2
HHF FREROES
PFo/ 6 m;gnzt(iaza- ADC Ana-
47139 |43 | - | - | - XI&DEM / /0| Ct X | X X | X | X |Port FO tion log Input 8
8 Output®
6) B
48|40 (44| - | - | - i::,\]éMCZEM "o | ey X[x| |x|X|X|PortF1 gIthuBtE)MF Qg?négfg
49(a1| - | - | - | - i.F,\i/'z)ACO/ /0| Cr X | X X| X | X | Port F2 gst'”(ffs':é'; @g?ﬂggfm
50(42|45| - | - | - | PF3/BEEP I/O|Ct| HS | X | X X | X | Port F3 | Beep Signal Output
511483| - | - | - | - | PF4 /IO|C+| HS | X | X X | X | Port F4
52144 | - | - | - | - |PF5 I/O|Ct| HS | X | X X | X | Port F5
53| - | -|-|-|-|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| - | -|-|-|-|PH3 /0| Tt X | X X | X | Port H3
PDO/ Timer A Output Compare
2
57145|46 |29 | 25| 21 3%“;@2,\]@/7)/ /0| Ct X X | X | X | Port DO MTC PWM Output W7
AINT1 ADC Analog Input 11
PD1 (HS)/ '1I'imerAOutput Compare
58|46 |47 |30 |26 |22 I\?ICC;I\F{I\WI\X\%)/ I/O|Ct| HS [ X ei0 X | X | Port D1 MTC PWM OutputV7)
MCDEM®) MTC Demagnetization®
PD2/ICAP2 A/ Timer A Input Capture 2
59|47 | 48|31 |27 |23 | MCZEM®/ |I/O|Ct X| ei0 |[X|X | X |PortD2 | MTC BEMF®
AIN12 ADC Analog Input 12
Timer A In- | ADC Ana-
60| 48 | 49 |32 |28 | 24 iﬁ’\ﬁ/'?,CAPLA/ V0 | Cy x| |eio|X| X | X | Port D3 | put Capture | log
1 Input 13
Timer A External Clock
PD4/ . source
6149|5033 |29 |25 gé{%ﬁﬁ:ﬂc /0| Ct X| ei0 [X]| X | X |PortD4 ICC Clock Output
ADC Analog Input 14
PD5/ICCDA- . ICC Data Input
6250|5134 30|26 TA/AIN15 /0| Ct X| ei0 [X]| X | X |PortD5 ADC Analoa Inout 15
g Inp
63|51 |52 |35|31 |27 | PD6/RDI I/O|Ctr| 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| - | - | - |Vsso2 S Digital Ground Voltage
66|54 (55| - | - | - |Vppo S Digital Main Supply Voltage
67| - |-|-1|-1]-|PH4 I/O| Tt X | X X | X | Port H4
68| - | -|-|-|-|PH5 /0| Tt X | X X | X | Port H5
14/308 ﬁ




ST7MC1/ST7MC2

Table 1. ST7MC Device Pin Description

Pin n° Level Port Main
P .
8|38 (F|9|8| PinName | 2| =| 5 Input Output |function| ;. hate function 2
%2328 FlE| & s (atter
=3 ®© —— [l =)
g|g a < a S £ 3 8 8 £|88 a reset)
69| - | - | -] -] - |PH6 /0| Tt X|X X | X | Port H6
70| - | - | - - | PH?7 /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
72156 | 1 38| - | - OCMP1_B /0| Ct XX X| X | X | Port E1 1
73|57 |2 (39| - | - | PE2/ICAP2_B |I/O|Cyt X | X X | X | Port E2 | Timer B Input Capture 2
74|58 | 3 (40| - | - | PE3/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 XX X | X | Port E4 source
76|60 - | - | - | - | PES /0| Ct X|X X| X | X | PortE5
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 268
78162 | 5 (42| 2 | 30 | MCOO (HS) 0] HS X | MTC Output Channel 0
79(63| 6 43| 3 |31 | MCO1 (HS) 0] HS X | MTC Qutput 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 I/O 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. 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 (MCCFI0) 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.

6. 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.

7. 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.

8. 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 15.6 on page 302

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

‘ﬁ 15/308
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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 R_Ie_g::jterzs ' Short Addressing
007Fh (see Table 2) Lo RAM (zero page)
0080h " | Q0FFh
| ! 0100h
RAM Do ol
\ | 256 Bytes Stack 1 1000h
(1536/1024 o- ytes stac ! 60 KBytes
768/384 Bytes) L %;EEE :
067Fh . 16-bit Addressing + 4000h
0680h . RAM , 48 KBytes
OFFFh Reserved 1 O1FFh . 8000h
1000h X : 8: 82;’22 | 32 KBytes
Program Memory ' ' or067Fh :
(60K, 48K, 32K, 16K, 8K) | | "~ ., C000h
FEDFh . . 16 KBytes
L e e s e e e m e e e e e e e = = = = = - 1
FFEON | |nterrupt & Reset Vectors ! ! E000h =2 KBytes
FFFFh (see Table 8) ' + - FFFFh

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-
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ry. The RAM space includes up to 256 bytes for
the stack from 0100h to O1FFh.

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 RW2
0003h PBDR Port B Data Register oonh") 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 RW2
000Eh PEOR Port E Option Register 00h R/W2
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 SCICRS3 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

IS73 17/308
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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
18/308 KYI
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Table 2. Hardware Register Map

Address Block Riglti:ler Register Name g:jj; 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,,4 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) MDFR D event Filter Register OFh R/W
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 02h see MTC
0054h (page 1) MPAR Parity Register 00h description
0055h MZRF Z event Filter Register OFh
0056h MSCR Sampling Clock Register 00h

0885732;0 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.
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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.

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 24K 32K 48K 60K & FLASH
1000h, " S ST ST S ST~~~ MEMORY SIZE
BFFFh. © & o o o ol o o e e e e e e e e e e e e e e e e o o
7435 5 1
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
" EFFER 4 Kbytes 4 SECTORO
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FLASH PROGRAM MEMORY (Cont’d)

4.4 ICC 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)

— Vpp: application board power supply (see Fig-
a6 Nota 3) P PPly ( g

PROGRAMMING TOOL

| ICC CONNECTOR |

ICC Cable
APPLICATION BOARD
| (SeeNote3) . .- _ ______. . ICC CONNECTOR
. . OPTIONAL : HE10 CONNECTOR TYPE
! . (SeeNoted) [[9]
' ' 10/ [ 8][6] [4] ]2
' ' 19| D D D D APPLICATION
! ' - RESET SOURCE
1 | See Note 2
- 10kQ N
APPLICATION Cus I
POWER SUPPLY See Note 1
r
[ APPLICATION
(%)) o
%] o 110
g 3
ST7 w
n
o
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-
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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.

4

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.
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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 LT ]

RESET VALUE = XXh
7 0

L] ]

RESET VALUE = XXh
7 0

LTI

RESET VALUE = XXh

115 PCH 8|7 PCL 0l

LI ]]

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|

HINEEENEENEREEEE

RESET VALUE = STACK HIGHER ADDRESS

ACCUMULATOR

X INDEX REGISTER

Y INDEX REGISTER

PROGRAM COUNTER

CONDITION CODE REGISTER

STACK POINTER

X = Undefined Value
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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 z 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 7" 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.

4

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 I1 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
Subroutine Event
@ 0100h
SP
SP I
— > Y
CC CC
A A
X X
PCH PCH
SP PCL PCL
—>
PCH PCH PCH
@ 01FFh|_PCL PCL PCL

Stack Higher Address = 01FFh
Stack Lower Address = 0100h

RET
or RSP

POPY IRET

SP

CcC

PCH
PCL
PCH
PCL

SP

PCH
PCL

SP
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6 SUPPLY, RESET AND CLOCK MANAGEMENT

The device includes a range of utility features for Main features

securing the application in critical situations (for 5 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-
gkjﬂeﬁcy by 2 if the clock frequency input is
z

Figure 13. Clock, Reset and Supply Block Diagram

SYSTEM INTEGRITY MANAGEMENT

r— - - - — — — — — |
| |
T fosc
| CLOCK SECURITY SYSTEM fC|_|K MAIN CLOCK | fcpu
| —p| CONTROLLER —»
wihz PLL WITH REALTIME |
0SC2 <= — 8Mhz | |cLock (mecmTo)| M
OSCILLATOR 1/2 —>
0SC1 == fosc— | T LL
D|r/2 OPT| CKSTEL
SICSR, page 1 v
|
| IPA 0|vc LO|PLL|6|CK|0‘
| GE EN|CK | EN | SEL
A 4
| — Clock Detector |

& s
RESET SEQUENCE | AVD Interrupt Request |  WATCHDOG

[
RESET ., — | MANAGER | SICSR, page 0|4,_D—> v ¢ TIMER (WDG)
D

(RSM) PA|AVD|AVD|LVD CSS|CSS
Y GE|IE| F |RF IE[{D |RF

|
| | |
| CSS Interrupt Fle
L . _
LOW VOLTAGE
Vss — [1 » DETECTOR

Vpp, —= (LVD)

quest

AUXILIARY VOLTAGE
> DETECTOR -
(AVD)

* It is recommended to decouple the power supply by placing a 0.1pF capacitor as close as possible to Vpp
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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.

28/308

Table 4. ST7 Clock Sources

Hardware Configuration

o ST7
S 0SCH 0sC2
o
g
E
i EXTERNAL
SOURCE
o
£ ST7
S 0SC1 0sC2
3
o
O
€ | ] |[J| ||
5 | | L] | |
s | 7777 Cu LOAD Co 7777
§~ >— CAPACITORS —"
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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 243 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 Roy 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, rg1)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 =— [

L

Filter —@Q >

INTERNAL
RESET

PULSE

] GENERATOR

/(L WATCHDOG RESET
ILLEGAL OPCODE RESET ")

LVD RESET

7777

Note 1: See “lllegal Opcode Reset” on page 243. for more details on illegal opcode reset conditions.

4
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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

= 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,,rsTL)out-

ViT4(LVD)
ViT.LvD)

EXTERNAL WATCHDOG
RESET RESET
RUN ACTIVE RUN ACTIVE RUN
PHASE PHASH
I 1 1 1 I
1 1 1 1 !
1 1 1 | |
[ 1 1 | 1
vt 1 ' t [
th(RSTL)inl : | , W(RSTL)out
1 1 U
1 1
EXTERNAL ! ' _

RESET '
SOURCE :
1

RESET PIN . o

WATCHDOG '
RESET >
WATCHDOG UNDERFLOW A
1 INTERNAL RESET (256 or 4096 Tcpy)
VECTOR FETCH
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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 243 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 V1. reference value. This means that it
secures the power-up as well as the power-down
keeping the ST7 in reset.

The V|1 reference value for a voltage drop is lower
than the V r, 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
— Vy1. 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|t., 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

ViTe
VlT_

4
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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 Vit ayp) and
ViT4(avD) reference value and the Vpp main sup-
ply. The V1. reference value for falling voltage is
lower than the V1, 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 V|t avp) of
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 Vpp 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|t (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 wil? 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 interrupz
will occur.

A VDD

ViT+(AVD)

ViT.(AvD)
ViT4(LVD)

ViT-(LvD)

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

AVDF bit

AVD INTERRUPTF
REQUEST
IF AVDIE bit =1

LN

LVD RESET

i L INTERRUPT PROCESS
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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.

4

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
previous CSS configuration resumes when
the MCU is woken up by an interrupt with
“exit from HALT mode” capability or from
the counter 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 VIT-(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
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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 [ , [VeO[ Lo [PLL] "ok |
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 (fyco)

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

4

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 foge.

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 CLOCK AND BEEPER (MCC/RTC)

The Main Clock Controller consists of three differ-
ent functions:

m a programmable CPU clock prescaler
m a clock-out signal to supply external devices
m a 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

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 AC-
TIVE-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
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MCCBCR
BEEP
| BEEP SIGNAL —
>| GENERATOR
MCO
A
RTC
DIVi28 ™ COUNTER
MCCSR ]
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MCC/RTC INTERRUPT
f f l (AND TO MTC
o sco PERIPHERAL)
1
DIV 2 DIV2,4,8,16 fopu CPU CLOCK

\ \

DIV2,4,8,16 >
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t > TO CPU AND

PIV2 == fanc TO MOTOR

. CONTROL
MTC  PERIPHERAL
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MAIN CLOCK CONTROLLER WITH REAL TIME CLOCK (Cont’d)

6.4.5 Low Power Modes

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.

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 "
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‘ CP1 | CPO | SMS | TB1

TBO ‘ OIE ‘ OIF

Bit 7 = MCO Main clock out selection

This bit enables the MCO alternate function on the

PFO 1/O port. It is set and cleared by software.

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

1: MCO alternate function enabled (foggo0n I/0
port)

Note: To reduce power consumption, the MCO
function is not active in ACTIVE-HALT mode.

(574

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

fepy in SLOW mode CP1 CPO
fosca / 2 0 0
fosca / 4 0 1
fosco /8 1 0
fosca /16 1 1

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.
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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

AD-
STS

ADC

0 | o :

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
consumption.

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, page1i 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 BCH1 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 11 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 i 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
N PENDING Y _ Y
> <~_INTERRUPT >\ MCES
N Interrupt has the same or a N
lower software priority
than current one
*7 i 11:0
FETCH NEXT THE INTERRUPT g
INSTRUCTION STAYS PENDING 528
< ‘o- o
© =g
0 20
T oL
Z 83
83
2EG
g 8BS
£
) £
RESTORE PC, X, A, CC EXECUTE /
FROM STACK INSTRUCTION STACK PC, X, A, CC
LOAD I1:0 FROM INTERRUPT SW REG.
LOAD PC FROM INTERRUPT VECTOR

4
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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

A 4
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-
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ing to the flowchart in Figure 20 as a MCES top
level interrupt.

s 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 exit-
ing HALT mode, the first one serviced can only be
an interrupt with exit from HALT mode capability
and it is selected through the same decision proc-
ess 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,IT3, T2, 1T1, 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 =1, 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.
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INTERRUPT SOFTWARE PRIORITY REGIS-
TERS (ISPRX)

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

Reset Value: 1111 1111 (FFh)
7 0

ISPRO [1M_3 (103 |1_2|l10_2|M1_1]l0_1|I11_0]|10_0

ISPR1 1_710_7|(11_6(10_6|11_5|10_5|11_4|10_4

ISPR2 [11_11{l0_11{[1_10{l0_10|11_9|10_9|11_8|10_8

ISPR3 1 1 1 1 [1_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 [1_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 11_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).
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Table 7. Dedicated Interrupt Instruction Set
Instruction New Description Function/Example 1 H 10 N V4 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=117?
JRNM Jump if 11:0<>11 [1:0<>11?
POP CC Pop CC from the Stack Mem => CC I H 10 N z C
RIM Enable interrupt (level O set) Load 10in 11:0 of CC 1 0
SIM Disable interrupt (level 3 set) Load 11 in 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

Exit

N° Source Description Register Priority from Address
Block Label Order | 11 Vector
RESET Reset N/A yes FFFEh-FFFFh
TRAP Software interrupt no FFFCh-FFFDh
Motor Control Emergency Sto MISR
0 MCES or Spegd error inter?upt Y Stop MC?:{C Highest no FFFAh-FFFBh
1| "G |Sate oscaioractvaton memcpt | Sicsn | ||| ves | FEFsnFFon
2 ei0 External interrupt port yes FFF6h-FFF7h
3 eil 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 MISR no FFEEh-FFEFh
7 Event C or Event D no FFECh-FFEDhA
8 SPI SPI peripheral interrupts SPICSR yes FFEAh-FFEBh
9 TIMER A | TIMER A peripheral interrupts TASR v no FFE8h-FFE9h
10 TIMER B | TIMER B peripheral interrupts TBSR no FFE6h-FFE7h
11 | LINSCI™ | LINSCI™ Peripheral interrupts SCISR ||;OW§tSt no FFE4h-FFE5h
— - riority
2 | 406 | ADG Endof comersion miamupt ADCS yes | FFEZM-FFESH
I e o | Feeoneetn

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.

4
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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 I/O
(configured as input interrupt) of the same inter-
rupt vector is forced to Vgs.

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

Falling edge

= Rising edge

m Falling and rising edge

m Falling edge and low level

m Rising edge and high level (only for €i0 and ei2)

To guarantee correct functionality, the sensitivity
bits in the EICR register can be modified only
when the 1 and 10 bits of the CC register are both
setto 1 (level 3).

4
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Figure 24. External Interrupt Control bits
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7.7 EXTERNAL INTERRUPT CONTROL REGISTER (EICR)

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

7 0

IS11 | IS10 | 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 |I1S10
IPB bit =0 IPB 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

- ei2 (port CO, B7..6)

1S11 |IS10 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
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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)

e Bit 0 = IPA Interrupt polarity for port D
1S31 |1S30 External Interrupt Sensitivity This bit is used to invert the sensitivity of the port D
IPA bit =0 IPA bit =1 [6:4] external interrupts. It can be set and cleared
: _ by software only when 11 and 10 of the CC register
o | o Falling edge & Rising edge are both set to 1 (level 3).
low level & high level 0: No sensitivity inversion
0 1 Rising edge only Falling edge only 1: Sensitivity inversion
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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Table 9. Nested Interrupts Register Map and Reset Values
Address Register
(Hex.) Label 7 6 5 4 3 2 1 0
eil i0 MCC + SI MCES
0024h ISPRO 1.3 10_3 1_2 10_2 11_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 1_7 10_7 1_6 10_6 11_5 10_5 11_4 10_4
Reset Value 1 1 1 1 1 1 1 1
SCI TIMER B TIMER A SPI
0026h ISPR2 1_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 1_12 10_12
Reset Value 1 1 1 1 1 1 1 1
EICR 1S11 1IS10 IPB 1S21 1S20 IPA
S 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), AC-
TIVE 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
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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
MCCSR register: the SMS bit which enables or
disables Slow mode and two CPx bits which select
the internal slow frequency (fcpy).

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 enter-

ing the WAIT mode while the device is already in
SLOW mode.

Figure 26. SLOW Mode Clock Transitions
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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.
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Figure 27. WAIT Mode Flow-chart
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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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8.4 ACTIVE-HALT AND HALT MODES

ACTIVE-HALT and HALT modes are the two low-
est power consumption modes of the MCU. They
are both entered by executing the ‘HALT’ instruc-
tion. 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

Power Saving Mode entered when HALT
instruction is executed

0 HALT mode

Figure 28. ACTIVE-HALT Timing Overview
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Figure 29. ACTIVE-HALT Mode Flow-chart

1 ACTIVE-HALT mode

8.4.1 ACTIVE-HALT MODE

ACTIVE-HALT mode is the lowest power con-
sumption mode of the MCU with a real time clock
available. It is entered by executing the ‘HALT’ in-
struction when the OIE bit of the Main Clock Con-
troller Status register (MCCSR) is set (see section
6.4 on page 36 for more details on the MCCSR
register).

The MCU can exit ACTIVE-HALT mode on recep-
tion of either an MCC/RTC interrupt, a specific in-
terrupt (see Table 8, “Interrupt Mapping,” on
page 43) or a RESET. When exiting ACTIVE-
HALT mode by means of an interrupt, no 256 or
4096 CPU cycle delay occurs. The CPU resumes
operation by servicing the interrupt or by fetching
the reset vector which woke it up (see Figure 29).

When entering ACTIVE-HALT mode, the I[1:0] bits
in the CC register are forced to ‘10b’ to enable in-
terrupts. 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 run-
ning to keep a wake-up time base. All other periph-
erals are not clocked except those which get their
clock supply from another clock generator (such
as external 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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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, “Interrupt Mapping,” on page 43 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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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 36 for more de-
tails on the MCCSR register).

The MCU can exit HALT mode on reception of ei-
ther a specific interrupt (see Table 8, “Interrupt
Mapping,” on page 43) 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
oscillator. After the start up delay, the CPU
resumes operation by servicing the interrupt or by
fetching the reset vector which woke it up (see Fig-
ure 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
causing all internal processing to be stopped, in-
cluding the operation of the on-chip peripherals.
All peripherals are not clocked except the ones
which get their clock supply from another clock
generator (such as an external or auxiliary oscilla-
tor).

The compatibility of Watchdog operation with
HALT mode is configured by the “WDGHALT” op-
tion bit of the option byte. The HALT instruction
when executed while the Watchdog system is en-
abled, can generate a Watchdog RESET (see sec-
tion 14.1 on page 290 for more details).

Figure 30. HALT Timing Overview

Figure 31. HALT Mode Flow-chart
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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). Re-
fer to Table 8, “Interrupt Mapping,” on page 43 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 1/0O 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 /0O 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 1/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/O 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 reqister.

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/O 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 Vbb 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 I/O 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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Figure 32. I/O Port General Block Diagram
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Table 10. I/O Port Mode Options
Di
Configuration Mode Pull-Up P-Buffer lodes
to VDD to VSS
Input Floating v.wth/v.vlthout 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
Off - implemented not activated
On - implemented and activated
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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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Table 11. I/O Port Configurations
Hardware Configuration
NOT IMPLEMENTED IN. - = ¢ =~ ~ _ DR REGISTER ACCESS
TRUE OPEN DRAIN - b N P
/0 PORTS > '
F’; PULL-UP - w
,’ CONDITION «—
e REGISTER DATA BUS
R
—> @c ’ -
5
L P ALTERNATE INPUT
— EXTERNAL INTERRUPT
&P SOURCE (eiy
INTERRUPT
CONDITION
p ANALOG INPUT
NOT IMPLEMENTED IN  _ _ _ _ _ _ _ )
~ | TRUEOPENDRAN . - v~ - DR REGISTER ACCESS
I/O PORTS .7 —
= » ,
D -~
=
) DR RW
O REGISTER DATA BUS
= <“«— L
<
o
aQ
Z
= )
o) ALTERNATE ALTERNATE
— — ENABLE OUTPUT
NOT IMPLEMENTEDIN ~ _ _ _ _ _ _ N
TRUE OPEN DRAIN . - DR REGISTER ACCESS
& - s /_—/R
& | Vo PORTS > I .
:) 1
D_ 7
5 .- DR RW
o - - REGISTER DATA BUS
- <+— [ 9
-}
a
I
& - )
z ALTERNATE ALTERNATE
— e — ENABLE OUTPUT
Notes:

1. When the I/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 1/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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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 1/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 56. Other
transitions are potentially risky and should be
avoided, since they are likely to present unwanted
side-effects such as spurious interrupt generation.
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Figure 33. Interrupt I/O Port State Transitions
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9.4 LOW POWER MODES

Mode Description
WAIT No effect on I/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 - Yes
ORXx

event
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9.5.1 I/0 Port Implementation Interrupt Ports
The 1/O port register configurations are summa- 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
oben drain output ! 0 PA7, PA5, 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 PA6, 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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Table 13. I/O Port Register Map and Reset Values

Address

Register

(Hex.) Label 7 6 5 0

Reset Value
of all I/O port registers 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
m Conditional reset

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

— Reset (if watchdog activated) if the down-

Figure 34. Watchdog Block Diagram

counter is reloaded outside the window (see
Figure 37)

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 Wi+ WO0
comparator
=1 when
‘T6:O > W6:0 CMP
]
Write WDGCR AN
. WATCHDOG CONTROL REGISTER (WDGCR)
WDGA T6 T5 T4 T3 T2 T1 TO
MCC/RTC 6-BIT DOWNCOUNTER (CNT)
r —_— = — — !
fOSCZ—f—» DIV 64 |
| + | WDG PRESCALER
DIV 4
| 12-BIT MCC |
| RTC COUNTER |
TB[1:0] bits
MSB [. LSB
|11|||||65||§||<WCCSR |
I________Re_glste_r)_l
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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. It is
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
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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

Figure 35 shows the linear relationship between
the 6-bit value to be loaded in the Watchdog Coun-
ter (CNT) and the resulting timeout duration in mil-
liseconds. This can be used for a quick calculation
without taking the timing variations into account. If

Figure 35. Approximate Timeout Duration

more precision is needed, use the formulae in Fig-
ure 36.

Caution: When writing to the WDGCR register, al-
ways write 1 in the T6 bit to avoid generating an
immediate reset.
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Figure 36. Exact Timeout Duration (i, and t;,.,)

WHERE:

tminO = (LSB + 128) X 64 X toscz

tmaxo = 16384 X togco

tosc2 =125ns if foscg =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 Sele(fted 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.,in):

IF CNT < [Mf?J THEN t . =t +16384 x CNT x t

min min0 osc2
4CNT 4CNT
ELSE . =t . o+ [16384X(CNT MSBD + (192 + LSB) x 64 [ MSBH X 10

To calculate the maximum Watchdog Timeout (t,,.x):

IFCNT<[M§?} THEN t__ =t o+16384 X CNT xt

osc2

4CNT

4CNT
ELSE t +[ﬂﬁ84x(CNT—[Rm§§I)+(192+LSB)x64x[Rm§§}JXtosc2

max = 'max0

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
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Figure 37. Window Watchdog Timing Diagram

T[5:0] CNT downcounter
A

WDGWR

3Fh

| 1 R
< »>< pl fime”
Refresh not allowed Refresh Window | (step = 16384/fp5c2)

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 10.1.8 Using Halt Mode with the WDG

If Hardware Watchdog is selected by option byte, ~ (WDGHALT option)
the watchdog is always active and the WDGA bit in The following recommendation applies if Halt
the WDGCR is not used. Refer to the Option Byte mode is used when the watchdog is enabled.

description.

4

— 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).
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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.

4
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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 T TO
Reset Value 0 1 1 1 1 1 1 1
002Bh WDGWR 0 W6 W5 w4 W3 w2 Wi Wo
Reset Value 0 1 1 1 1 1 1 1

4
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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 OCRx <: DCRx
ST - REGISTER REGISTER
L i lL LOAD
PORT
PWMx <— [ ——— ALTERNATE POLARITY COMPARE
FUNCTION CONTROL
ARR ﬂ 8-BIT COUNTER LOAD
REGISTER (CAR REGISTER)
INPUT CAPTURE LOAD ICRx
—_—
ARTICx L1 CONTROL REGISTER
y
- . A
ICSx ICIEX ICFx | : ICCSR
)—» ICx INTERRUPT
fext
ARTCLK — [ }——
fcounTeER
fepu
MUX
fiPut | PROGRAMMABLE
PRESCALER ‘—‘
EXCL| cc2 | cc1 | cco | TCE |FCRL| OIE | OVF | ARTCSR

4\_D—>OVF INTERRUPT
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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:

foounTer = finput / 26C120)

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 = fcpu.

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 (PWMDCRXx) at each overflow of the
counter.

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

RTARR=FDh

o ) L Lk LA

1 ! 1
) . X 2
COUNTER< FDh >|< FEh >|< FFh >|< FDh FEh X FFh >< FDh >< FEh >< FFh >
OCRx FDh >< FEh
PWMDCRx FDh >< FEh

PWMx

4
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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 1/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 (OCRx) the
corresponding PWMXx 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 | |

\

LA LA L4 |

ARTARR=FDh

COUNTER

FDh >I< FEh >I<

—
FFh X FDh

X

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 ngyenT NUuMber 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 ap-
plication, prior to executing the HALT instruction,
the counter must be disabled by clearing the TCE
bit in the ARTCSR register to avoid spurious coun-
ter increments.

Figure 42. External Event Detector Example (3 counts)

fext=fcounTer I ’+‘ | * | *

[ S O W

ARTARR=FDh

COUNTER

OVF

FDh >< FEh X FFh X FDh X FEh X FFh >< FDh>:
T

=

IF OIE=1

[

INTERRUPT

ARTCSR READ ARTCSR READ

[

INTERRUPT
IF OlE=1

> ¢
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ON-CHIP PERIPHERALS (Cont’d)

Input capture function

This mode allows the measurement of external
signal pulse widths through ARTICRXx 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 ARTICRx reg-
ister 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 | * | A | *

S N N

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 fjypyT-

fCOUNTER With lePUT=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/8 1 MHz 0 1 1
f|NPUT/ 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.

(574

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 | CAO

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 . fewm

| 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 ~0.977kHz | 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 | DC6 | DC5 | DC4 | 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.
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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.

4

INPUT CAPTURE REGISTERS (ARTICRXx)
Read only
Reset Value: 0000 0000 (00h)

7 0

IC7 IC6 IC5 IC4 IC3 1C2 IC1 ICO

Bit 7:0 = IC[7:0] Input 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 DCH1 DCO
Reset Value 0 0 0 0 0 0 0 0
0076h PWMDCR1 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 OEO0 OP3 OoP2 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 CAO0
Reset Value 0 0 0 0 0 0 0 0
007Bh ARTARR AR7 AR6 AR5 AR4 AR3 AR2 AR1 ARO
Reset Value 0 0 0 0 0 0 0 0
007Ch ARTICCSR CSs2 CS1 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: fp dividedby 2,4 or 8.
m Overflow status flag and maskable interrupt

m External clock input (must be at least 4 times
slower thanthe 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.

(574

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 fcpu/z, fcpu/4, fcpu/8
or an external frequency.
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16-BIT TIMER (Cont'd)
Figure 44. Timer Block Diagram
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TIMER INTERRUPT 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
_V_
" Other

instructions,

Returns the buffered
LS Byte value at t0

Read
Att0 +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.

4

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