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ST/MC1K2-Auto, ST/MC1K6-Auto
ST/MC254-Auto, ST/MC2S6-Auto

8-bit MCU for automotive with nested interrupts, Flash, 10-bit ADC,
brushless motor control, 5 timers, SPI, LINSCI™

Features

Memories

— 8to 32 Khyte dual voltage Flash program
memory or ROM with read-out protection
capability, in-application programming and
in-circuit programming

— 384 to 1 Kbyte RAM

— HDFlash endurance: 100 cycles, data
retention 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
oscillators and by-pass for external clock,
clock security system.

— 4 power saving modes: Halt, Active rait,
Wait and Slow

Interrupt management

Nested interrupt ccauc'ler

— 14 interrupt *.ec.o.s plus TRAP gnc rasat

— MCES tor leve! interrupt pin

— 16 externatinterrupt linas (¢ S vectors)

Up ic 24 1/O ports
Up to 34 multiiuactional bidirectional I/O
lines

— Upto 29 uch sink outputs

5timers

-- 1zin clock controller with: real-time base,
peep and clock-out capabilities

— Configurable window watchdog timer

— Two 16-bit timers with: 2 input captures, 2
output 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
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— SPI synchroirous cerial interface

— LINSCI™ &3ynchronous serial int2iiace

Brushless 1notor control peripheral

— 6 igh sink PWM o it ut channels for
sinewave or ‘rareroidal inverter control

— Motor safcty including asynchronous
emernc ey stop and write-once registers

— 4 aneloginputs for rotor position detection
(se.nsorless/hall/tacho/encoder)

- Permanent magnet motor coprocessor
including multiplier, programmable filters,
blanking windows and event counters

— Operational amplifier and comparator for
current/voltage mode regulation and
limitation

Analog peripheral

— 10-bit ADC with up to 11 input pins

In-circuit debug

Instruction set
— 8-bit data manipulation

— 63 basic instructions with illegal opcode
detection

— 17 main addressing modes

— 8x8 unsigned multiply instruction
— True bit manipulation
Development tools

— Full hardware/software development
package
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1 Description

The ST7MC1K2-Auto, ST7TMC1K6-Auto, ST7TMC2S4-Auto, and ST7TMC2S6-Auto devices are members
of the ST7 microcontroller family designed for mid-range automotive applications with a motor control
dedicated peripheral.

All devices are based on a common industry-standard 8-bit core, featuring an enhanced instruction 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.

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 additicn to
standard 8-bit data management, all ST7 microcontrollers feature true bit manipulation, 8x8 uasiar.ed
multiplication and indirect addressing modes.

The devices feature an on-chip debug module (DM) to support in-circuit debugging (iC0). For a
description of the DM registers, refer to the ST7 ICC Protocol Reference Manua'.

Table 1. Device summary
Program RAM Operating l
Device 9 (stack) - | supplyvs. | Temn.1ange |Package Peripherals
memory - bytes
bytes frequency
ST7MC1K2-Auto | Flash/ROM 8 K | 384 (256) [40°C to 85°C/ Watchdog, 16-
4510%:8 4010 125°C | LQFP32 | it timer A, -
ST7MC1K6-Auto | Flash 32 K 1024 (256) | 7222V [.40°C to 125°C LINSCI™, 10-
with fepy < bi
ST7MC2S4-Auto | Flash/ROM 16 K | 768 (256) | 8 MKz ( . itADC, MTC, | gp,
wv4d ACCIOB5°CIT | rpay | B-DItPWM | q6.pit
ST7MC2S6-Auto | Flash 32 K 1.021(2R6) -40°C to 125°C ART,ICD | {imer B
IS7] 19/371
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Figure 1. Device block diagram
8-bit core <:> Program
ALU << : > memory
RESET (8K - 32K bytes)
—>
Vep 4> Control RAM
Ves —p <:> 384 - 1024 bytes
SS
Voo —» LVD >
> PotH®  (— [T SPHTO @
AVD — (8-bits)
OSC1 ¢» PG7:0 W
0SC2 4> %: 0sc <> K=> ot ®  — LT (8-bits)
>
—  scmn K> §
m <:> Watchdog
(@]
] Portd |K=> 2> PWMART |
PD7.0 > G T SPATO @
(8-bits) ] ) o — 1 @
Timer A > <:> Port A il
> & AN
us)
10bitabc  K—>|§ —
< : >| FortB ]
K Si ——————
V. F——3
SSA—p> (@an >‘ MTC voltinput  — T T > (';?b?t:‘%
o Lol |
PortE >
PESO R <> osh®
(6-bits) o
TimerB—,<:::>
L <:> Port C —
<o RS,
K\~ “bits
— oort F (@) <:'> <:> Motor control
P50 < ) [ [ ]<4— MCES
- i
(6-bits) |~ L_{Mcc/rRTC/Beep @)
<:> Debug module

L. On some devices only; see Table 2: Device pin description on page 23

J
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Pin description

2

Pin description

Figure 2.

44-pin LQFP package pinouts

PEO (HS)/OCMP2_B
PD7 (HS)/TDO
PD6 (HS)/RDI

PE2/ICAP2_B

VpplICCSEL
PE3/ICAP1_B
PE1/OCMP1_B

n
<
N
o)
8]
=

PD5/AIN15/ICCDATA

44 43 42 41 40 39 38 37 36 35 34,

(HS) 20mA Figh sin < capability

eix ass. c'ated external interrupt vector

(HS)MCO3 1 @ 33
(HS) MCO4 2 ei0( 32
(HS) MCO5 3 a1
MCES 4 30
0sC1 s 29
OSC2 ¢ 28
Vss_ 17 27
Vop_1[]g 26
AINO/PWMO/PA3 []9 oil o5
AINI/ARTIC1/PA5 [10 ei2 20
MCVREF/PBO 11 \ 23

12 13 14 15 16 17 l_P 1220 21 22

OO0OoOOgoOrTr Iororod

N M S 1) O NN MmN X

o AR R SR S R

goaaa™~0naog

ID202G355HL 23T

OQ‘)@OIIS<LLLL|

S233s3g5°° Sk

SN) ‘U) S O

Z 0 5 oS S

< zZ ‘é
< <

O dTOOoOoooOoOgQ

* U1 ce the MTC peripheral is ON, the pin PC4 is configured to an alternate function. PC4 is no longer usable as a digital 1/O.

PD4/EXTCLK_A/AIN14/ICCC K
PD3/ICAP1_A/AIN13
PD2/ICAP2_A/MCZEN'+ IN7.2
PD1 (HS)/OCMPi_A'M'C_PWMV/MCDEM
PDO/OCMP?_* M N 11

RESTT

Vbp_

Vss_o

Vssa

VAREF

PC7/MCPWMW/AIN7
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Figure 3.  32-pin LQFP 7x7 package pinout

X
-
O
O
O
I
< Z
£ <
aZ
O
Q5 0
,-\,-\,-\—'DD<—I
nhoWwEZX S5O
IIIU)AA\—Il_
Vvvommzx
88885 a58
000 eR8 8
SssLRELE
minininlninlnls!
32 31 30 29 28 27 26 25
(HS)MCO3 1 ¢ ~— 241
(HS) MCO4 ]2 ei0 (233
(HS) MCO5 3 2217
MCES []4 210
0osc1 s 2001
0SC2 6 1901
AINO/PWMO/PAS CI7\ .\ ei2 18[1
AINL/ARTIC1/PA5 []8 Py 170
9 1011121314 1516
EjEpEpEpEEEE N
BaaBO00YX=
g aangac gy
LId0aZayp
Hooo <ty
Szl 0x
o g8
= s =
Z
<

(HS) 20mA high sink capabhil ty
eix associated extern: ! |, ter upt vector

PD3/ICAP1_A/AIN13
PD2/ICAP2_A/MCZEMI/AIN12

PD1 (HS)/OCMP1_A/MCPWM /MZUEM
PDO/OCMP2_A/MCPWM'W ‘Al 111
RESET

Vbp_o

Vss_o

Vpog -

* Once the MTC porpheral is ON, the pin PCA4 is configured to an alternate function. PC4 is no longer usable as a digital I/O.

For external pin connection guidelines, see Section 12: Electrical characteristics on

pane 312.
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ST7MC1K2-Auto, ST/TMC1K6-Auto, ST7/MC2S4-Auto, ST7TMC2S6-Auto

Pin description

Legend/abbreviations for Table 2:

Type
| = input
O = output
S = supply

Input level

Output level

Port and control configuration

HS = 20mA high sink (on N-buffer only)

Ct = CMOS 0.3Vpp/0.7Vpp with Schmitt trigger
Tt = refer to the G and H ports characteristics in Section 12.8.1 on page 329

Input: float = floating, wpu = weak pull-up, int = interrupt, ana = analog
Output: OD = open drain, PP = push-pull

Refer to Section 5: Central processing unit on page 37 for more details on the softviai= configuration of
the 1/O ports.

The reset configuration of each pin is shown in bold which is valid as long ¢s the device is in the reset

state.
Table 2. Device pin description(l)
nuzlr;)er Level Vort Wain
Sl Pin name s& o= ;put Output fu(r;?tt;cr)n Alternate function®
il 1|25l E| &0
1 1 |MCOS3 (HS) _‘J_ HS X | Motor control output 3
2 2 |MCO4 (HS) (0] HS X | Motor control output 4
3 3 |MCO5 (I—.S‘_) AY (0] HS X | Motor control output 5
4 | 4 |MoESY | |Cr X MTC emergency stop
|2G0 o | Ty x | x X | x [PortGo
= : ©) PG1 /0 | T X | X X | X |Port G1
| PG2 /10 | T X | X X | X |Port G2
PG3 /1O | Tt X | X X | X |Port G3
s | 5 Josci ' St decinto s
6 | 6 |0sSc2® 110 Resonator oscillator inverter output
7| ® |vss 1 S Digital ground voltage
8 | ® |vpp 1™ S Digital main supply voltage
PAO/PWM3 /O | Ct X X | X |Port AO PWM output 3
®) | ® | par/PWM2 /0 | Ct | HS Port A1 |PWM output 2
PA2PWM1 /O | Ct X X | X |Port A2 PWM output 1
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ST7MC1K2-Auto, STTMC1K6-Auto, ST/MC2S4-Auto, ST7TMC2S6-Auto

Table 2. Device pin description(l) (continued)
Pin Level Port )
number Main
. e function .
o &)
T |y Pin name Sl ol s Input Output (after Alternate function
o o S a
L6 6 2l 5 %5 sls | « ol a reset)
Mk EREEEECE
PWM ADC
9 7 | PA3/PWMO/AINO /0| Ct X eil X | X | X |Port A3 analog
output O .
input O
®) | ® |pA4 (HS)/ARTCLK o | Cr| HS | X | X X | X |Port A4 Z\é\é'\lf'ART external
PWM-ART | 202
10 | 8 |PA5/ARTIC1/AIN1 /0 | Ct X eil| X | X | X |Port A5 input | analog
captue 1 |input1
. AWN-ART input
© | © PA6/ARTIC2 /0 | Ct X eil X | X |Port A6 | apture 2
PA7/AIN2 /O | Ct X eil| X | X | X |Po A7 ADC analog input 2
11 | 9 |PBO/MCVREF /10 | Cy X | X X | X | X lortBO |MTC voltage reference
12 | 10 |PB1/MCIA /10 | Ct X | X )(_L, ! X |Port Bl MTC input A
13 | 11 |PB2/MCIB /O | Ct X | X 2| X | X |Port B2 MTC input B
= +_
14 | 12 |PB3/MCIC /0| Ct XX X | X | X |PortB3 MTC input C
15 PB4/MISO o | Cr X | x X | X |portga |SP!masterinslave out
| data
=W
| SPI ADC
N, master
16 PB5/MOSI/AIN3 o | Cr X | X X | X |Port B5 analog
out/slave |.
. input 3
in data
17 PB6/SCk /O |Cr|HS | X ei2 X | X |PortB6 |SPI serial clock
SPI slave
® . select " apc
18 | ~R7/SS/AIN4 IO |Cr|HS | X ei2 X | X |Port B7 (active analog
input 4
I low)
—
| PG4 10| Tt X | X X | X |Port G4
PG5 /O | T X | X X | X |Port G5
®) PG6 /o | Tt X | X X | X |Port G6
PG7 /O | T X | X X | X |Port G7
PCO /IO |Cr|HS | X ei2 X | X |PortCO
®) | ® |pci/mccFIo®/AINS | 110 | Cr X| ei2 |X| X | X |PortC1 analog
feedback inout 5
input 08 P
19 | 13 |PC2/0AP /O | Ct ei2 Port C2 | Op-amp positive input
20 | 14 |PC3/OAN /10 | Ct X |ei2 X | X |PortC3 |Op-amp negative input
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Pin description

Table 2. Device pin description(l) (continued)
Pin Level Port )
number Main
. e function .
o (@)
T |y Pin name Sl ol s Input Output (after Alternate function
o o S a
L6 6 2l 5 %5 sls | « ol a reset)
Mk EREEEECE
Op-am !\:/Iu-lr—rint ADC
21 | 15 |oAazMcCFII®)/AING | 110 X p-amp analog
Output feedback inout 6
input 18 P
22 | 16 |PC4/MCCREF Vo | Cr X | X X | x| x |portca |MIC current feedback
reference
© | © PC5/MCPWMU /10 | Ct X X | X |PortC5 MTC PW ¢ itput U
PC6/MCPWMV10) /O | Cr PortC6 |NT7 Fwivl output V(10
(10) MTC PWM | ADC
23 | ® ESWMCPWMW Ao Cr X | X X| X | X |Psuz? |output analog
w(10) input 7
24 | 17 |Varer I | Analog reference voltage for ADC
25 | ©) |vgga” S i l Analog ground voltage
26 | 18 |Vgg o S | Digital ground voltage
_ 20
27 | 19 VDD_0(7) S Digital main supply voltage
28 | 20 |RESET /O | Ct Top priority non maskable interrupt
(I;/leTn?a neti ADC
PFO/MCDEMUY/AING |10 | 21 X | X X | X | X |Port FO Zationg analog
output(ll) input 8
, MTC ADC
PF1/MCEM)/AING | 1/O |CT X | X X | X | X |PortF1 |BEMF analog
output®® | input 9
® | ® Main clock | ADC
| Pr-2/MCO/AIN1O /10 | Cy X | X X | X | X |PortF2 |out analog
| (fosc/Z) input 10
|
PF3/Beep O |Ct|HS | X | X X | X |PortF3 Beep signal output
PF4 O |Cr|HS | X | X X | X |PortF4
PF5 O |Cr|HS | X | X X | X |PortF5
PHO /0 | T X | X X | X |Port HO
PH1 /10 | T X | X X | X |PortH1
® | © |pH2 /o | Tt X | X X | X [Port H2
PH3 /1O | Tt X | X X | X |PortH3
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Table 2. Device pin description(l) (continued)
Pin Level Port )
number Main
. e function L2
T |y Pin name l_g = Input Output (after Alternate function®
o o S a
L6 6 2l 5 %5 sls | « ol a reset)
J |1 3 |0 2 S \‘/é' gl O | &
Timer A output
compare 2
PDO/OCMP2_A/
29 | 21 MCPWMW@9/AINTL /0| Ct X X | X | X |Port DO \I\//Iv'(I'I%)PWM output
ADC analog inpu: 11
Timer A cutput
PD1(HS)/OCMP1_A/ compace 1
30 | 22 |MCPwWMV10) I/0 | Cr| HS | X ei0 X | X |PortD1 |%iTC FWM output V10
(11) \_
MCDEM MTC
demagnetization!)
i Timer A input capture 2
PD2/ICAP2_A/ ; | (11)
31| 23 MCZEMAL/AINT2 /O | Ct X ei0 X | X | X |PortD2 MTC BEMF
ADC analog input 12
! Timer A |ADC
32 | 24 |PD3/ICAP1_A/AIN13 /1O | Ct X ei0| X | X | X |PortD3 input analog
‘ capture 1 |input 13
Timer A external clock
PD4/EXTCLK_A/ICCC | source
33 | 25 |LK/ U0 Cr X ei0 X | X | X |PortD4
AIN14 ICC clock output
ADC analog input 14
ICC data input
34 | 26 | PD5/IC.CDATA/AINLS /10 | Ct X ei0 X | X | X |PortD5
ADC analog input 15
35 | 27 |2C6/RDI /IO |Cr|HS | X ei0 X | X |[Port D6 |SClreceive data in
| .
26 | 28 |PD7/TDO o | cr | Hs | x | x X | x |portp7 | SC! transmitdata
| output
Vss 2" S Digital ground voltage
VDD_2(7) S Digital main supply voltage
©) | ©) | PH4 /o | Tt Port H4
PH5 /O | T X X | Port H5
PH6 /0 | Tt Port H6
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Table 2. Device pin description(l) (continued)
Pin Level Port )
number Main
. e function L2
T |y Pin name l_g = Input Output (after Alternate function®
o o S a
L | W 2l s =l sle | = ol a reset)
S 10 |e|glEls o
®) PH7 /o | Tt X | X X | X |Port H7
37 PEO/OCMP2_B o | cr|Hs | x | x X | X |portgo | TimerB output
compare 2
38 PE1/OCMPL_B o | Cr X | x x| x | x |portg1 | TImer B output
compare 1
®) -
39 PE2/ICAP2_B /0 | Ct X | X X | X |[PortE2 |Timer B irput capture 2
40 PE3/ICAP1_B/ /10 | Ct X | X X | X | X [PortE3 Time: L irput capture 1
Tin o
PE4/EXTCLK_B 10 | Cy X | x X | X |portga — Mm-erBexternal clock
®) | source
PE5 /O | Ct X | X X | X | X |Po.tE5
I lvust be tied low. In the
| programming mode when
41 | 29 |VpplICCSEL | | available, t_hls pin acts_ as the
programming voltage input Vpp/
| ICC mode pin. See Section 12.9.2
on page 334
42 | 30 | MCOO (HS) (@) r X | MTC output channel 0
— _'_
43 | 31 |[MCO1 (HS) (O : HS X | MTC output channel 1
=N
44 | 32 | MCO2 (HS) J_O | | HS X | MTC output channel 2

1. Onthe chip, each I/O port hac cigh: pads. Pads that are not bonded to external pins are in input pull-up configuration after
reset. The configuration of 11es2 pads must be kept at reset state to avoid added current consumption. Refer to
Section 15.6 on pagz 556

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

3. Inthe ‘nterrip. column, ‘eiX’ defines the associated external interrupt vector. If ‘wpu’ is merged with ‘int’, then 1/O
confizuauar is pull-up interrupt input, otherwise the configuration is floating interrupt input.

4. 'WMICES s a floating input. To disable this function, a pull-up resistor must be used.
<. PIn(s) not present on package configuration.

6. OSC1 and OSC2 pins connect a crystal/ceramic resonator or an external source to the on-chip oscillator; see Section 1:
Description and Section 12.5: Clock and timing characteristics for more details.

It is mandatory to connect all available Vpp and Vppa pins to the supply voltage and all Vgg and Vgga pins to ground.

8. 'MCCFI can be mapped on two different pins on 80-, 64- and 56-pin packages. This allows:
- either using PC1 as a standard 1/0O and mapping MCCFI on OAZ (MCCFI1) with or without using the operational amplifier
(selected case after reset),
- or mapping MCCFI on PC1 (MCCFI0) and using the amplifier for another function. The mapping can be selected in the
MREF register of Motor Control cell (see Motor controller (MTC)) for more details.

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.

10. 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.

11. 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.
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3

Register and memory map

As shown in Figure 4 and Figure 5: Memory map and sector address on page 34, the MCU is capable of
addressing 64 Kbytes of memories and I/O registers.

The available memory locations consist of 128 bytes of register locations, up to 1 Kbytes of RAM and up
to 32 Kbytes of user program memory. 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.

Caution: Memory locations marked as ‘reserved’ must never be accessed. Accessing a reserved
area can have unpredictable effects on the device.
Figure 4. Memory map
0000h . 0080h
HW registers ' .
(see Table 3) : Short addressing
' RAM (zero page)
007Fh o 00FFh
1K cea 0100h
047Fh 256 bytes stac.’
01FFh \
R q 0200h
eserve ' 1€ -oif e.drlcessing
: RAM
v O1FFh (3%4) _ -
8000h | or 037Fh (734) 1 8000 M K bytes
.1 or 047Fh (1024
Program memory Ve
(32K, 16K, 8K) ; C000h
16 Kbytes
FFEOh 2 O R V. .o
Interrupt and reset vectors : ' E000h 8 Kbytes
(see Table 22) ! .
FFFFh L — _[ . - '_:FFFh
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ST7MC1K2-Auto, ST7TMC1K6-Auto, ST7/MC2S4-Auto, ST7TMC2S6-Auto Register and memory map

Table 3. Hardware register map
Address Block Register Register name Reset Remarks
label status

0000h PADR Port A data register ooh® | R/W®
0001h Port A | PADDR Port A data direction register 00h R/W
0002h PAOR Port A option register 00h RW®)
0003h PBDR Port B data register ooh® |R/wW
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 ooh® v
000Ah Port D PDDDR Port D data direction register 00h RN
000Bh PDOR Port D option register 0%h R/W
000Ch PEDR Port E data register aoh® | RW
000Dh PortE |PEDDR Port E data direction register 00h R/WG)
000Eh PEOR Port E option register 00h R/WE)
000Fh PFDR Port F data register o0oh®  |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 reais:er ooh®  |R/wW
0013h Port G PGDDR Port G data ciirec’ic:i register 00h R/W
0014h PGOR Port G option cyister 00h R/W
0015h PHDR Port H data register ooh® |R/wW
0016h Port H PHDDR 201 H  ata direction register 00h R/W
0017h PHOR Pcrt H option register 00h R/W
0018h SCIER SCI status register COh Read only
0019h SCINK SClI data register xxh®  |R/W
001Ah CCiBRR SCl baud rate register 00h R/W
001Bh LINSC] ¥ SCICR1 SCI control register 1 xxh R/W
ooich | SCICR2 SClI control register 2 00h R/W
001Dh ! SCICR3 SCI control register 3 00h R/W
001Fh | SCIERPR SCI extended receive prescaler register 00h R/W
N Ft 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
0024h ITSPRO Interrupt software priority register O 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 R/W
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Table 3. Hardware register map (continued)
Address Block Register Register name Reset Remarks
label status

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 TAICILR Timer A input capture 1 low register xxh Read only
0036h TAOC1HR Timer A output compare 1 high register 80h RW
0037h TAOCILR Timer A output compare 1 low register oob FRw
0038h Timer A | TACHR Timer A counter high register =1'h Read only
0039h TACLR Timer A counter low register FZh 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 reqistz xxh Read only
003Dh TAIC2LR Timer A input capture 2 low reniste xxh Read only
003Eh TAOC2HR Timer A output compare 2 1i¢'1 r2gister 80h R/W
003Fh TAOC2LR Timer A output compare 2 1w register 00h R/W
0040h SIM SICSR System integrit/ ¢ Hynci/status register 000x000x b | R/IW
0041h TBCR2 Timer B conti 0l rzgister 2 00h R/W
0042h TBCR1 Timer B cuntrol register 1 00h R/W
0043h TBCSR Tirer 2 control/status register xxh R/W
0044h TBIC1HR "ime: B input capture 1 high register xxh Read only
0045h TBIC1LR Tuner B input capture 1 low register xxh Read only
0046h TBCZIH? | Timer B output compare 1 high register 80h R/W
0047h TRBOC'LR Timer B output compare 1 low register 00h R/W
0048h TIMER B | TBIZHR 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
00D TBIC2LR Timer B input capture 2 low register xxh Read only
0CACN TBOC2HR | Timer B output compare 2 high register 80h R/W

| GU4Fh TBOC2LR Timer B output compare 2 low register 00h R/W

30/371 ‘ﬁ




ST7MC1K2-Auto, ST7TMC1K6-Auto, ST7/MC2S4-Auto, ST7TMC2S6-Auto Register and memory map

Table 3. Hardware register map (continued)
Address Block Register Register name Reset Remarks
label status
0050h MTIM Timer counter high register 00h R/W
0051h MTIML Timer counter low register 00h R/W
0052h MZPRV Capture Z,, register 00h R/W
0053h MZREG Capture Z, register 00h R/W
0054h MCOMP Compare C,,, register 00h R/W
0055h MDREG Demagnetization register 00h R/W
0056h MWGHT A, weight register 00h R/W
0057h MPRSR Prescaler and 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 RMNv
005Bh MCRB Control register B 00h CPRIWw
005Ch MTC MCRC Control register C 00h W
005Dh MPHST Phase state register 2°h R/W
005Eh (page 0) MDFR D event filter register 0~h 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 preloaa reister high 00h R/W
0064h MCPWL Compare phase W prelcaa register low 00h R/W
0065h MCPVH Compare phase V nreivaa register high 00h R/W
0066h MCPVL Compare ph7se Vv or:load register low 00h R/W
0067h MCPUH Compare phcose 'J preload register high 00h R/W
0068h MCPUL Compare zhase U preload register low 00h R/W
0069h MCPOH Compcre phase 0 preload register high OFh R/W
006Ah MCPOL ~oimnrale phase 0 preload register low FFh R/W
0050h MDTG ueadtime generator enable FFh
0051h MPC! Polarity register 3Fh
0052h MPWME PWM register 00h
0053h MTC | \acoNF | Configuration register o2h | SeeMTC
0054h (Pag= 1, \ipaR Parity register ooh | description
0055h MZRF Z event filter register OFh
0056h . MSCR Sampling clock register 00h
Nt
02’?6?‘: ¥ 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 3. Hardware register map (continued)
Address Block Register Register name Reset Remarks
label status

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 register 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 Op-amp |OACSR Op-amp control/status register 00h | R"W

1. The contents of the I/O port DR registers are readable only in output configuration. In input configurat.or. th 2 values of the
1/0 pins are returned instead of the DR register contents.

R/W = read/write
The bits associated with unavailable pins must always keep their reset value.

4. x =undefined.
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4

4.1

4.2

4.3

Flash program memory

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 individual sectors and programmed on a byte-by-
byte basis 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 organization allows each sector to be erased and reprogrammed without
affecting other sectors.

Main features

® 3 Flash programming modes:

— Insertion in a programming tool. In this mode, all sectcrs including option bytes
can be programmed or erased.

— ICP (in-circuit programming). In this mode, 2!l seciors including option bytes can
be programmed or erased without remeviag the device from the application board.

— 1AP (in-application programming) Ir tric znode, all sectors except Sector 0, can be
programmed or erased witheut 1 2moving the device from the application board
and while the application is runr.ing.

® ICT (in-circuit testing) for dowriioading and executing user application test patterns in
RAM

® Read-out protectin
® Register acness scourity system (RASS) to prevent accidental programming or erasing

Structure

vho “lash memory is organized in sectors and can be used for both code and data storage.

Depending on the overall Flash memory size in the microcontroller device, there are up to
three user sectors (see Table 4). 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 5). They are mapped in the
upper part of the ST7 addressing space so the reset and interrupt vectors are located in
Sector 0 (FOOOh-FFFFh).

Table 4. Sectors available in Flash devices
Flash size (bytes) Available sectors
4K Sector 0
8K Sectors 0,1
> 8K Sectors 0,1, 2
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43.1

4.4
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Read-out protection

Read-out protection, when selected, provides a protection against Program Memory content
extraction and against write access to Flash memory. Even if no protection can be
considered as totally unbreakable, the feature provides a very high level of protection for a
general purpose microcontroller.

In Flash devices, this protection is removed by reprogramming 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 device 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.

Figure 5. Memory map and sector address

8K 16K 32K <« Flash memory size
TFFFh .« o o Lo
1

| 4— Sactor 2

BFFFh - _ _ - - _ ...
24 K *oa

DFFFh . - -« o . 8 Kbytes_ - 4_<b; s
EFFFh. - _ . _. 4 Kbytes < Sector 1
FFFFh - - - - - - - | 4 ¥hytes «— Sector 0

ICC interface

ICC (in-circuit commuruccticn) needs a minimum of 4 and up to 6 pins to be connected to
the programming tao! (See Figure 6). These pins are:

RESET: devic.a reset

V3s. Gavice power supply ground

ICCCLK: ICC output serial clock pin

1CCDATA: ICC input/output serial data pin

ICCSEL/Vpp: programming voltage

OSC1(or OSCIN): main clock input for external source (optional)
Vpp: application board power supply (see Figure 6, Note 3)

e 6 6 ¢ 0o O
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Figure 6. Typical ICC interface

Programming tool

‘ ICC connector ‘
A

ICC cable
‘(Seemote3) . Otl T
! . Optiona —

! ' (see note 4 ICC connector

: .( ) @ HE10 connector type
. | 2

: : Application
: : Vosoa reset source
| |

C R
L1 Ser not&h|
- A\

Apncation /O

Application board

Application
power supply

RESET

ICCCLK

ST7

ICCSELNpp
ICCDATA

1. Ifthe ICCCLK or ICCDATA pins are only used as outputs in the crpiication, no signal isolation is necessary. As soon as the
programming tool is plugged to the board, even if an ICC szssi 1. is 1ot in progress, the ICCCLK and ICCDATA pins are
not available for the application. If they are used as inputs 1y th:: application, isolation such as a serial resistor has to
implemented in case another device forces the signal. Refer i the programming tool documentation for recommended
resistor values.

2. During the ICC session, the programming tol 'nuist control the RESET pin. This can lead to conflicts between the
programming tool and the application reset c'rcuit if it drives more than 5mA at high level (push-pull output or pull-up
resistor < 1K). A schottky diode can be wsed tu isolate the application reset circuit in this case. When using a classical RC
network with R > 1K or a reset manageimeiit IC with open drain output and pull-up resistor > 1K, no additional components
are needed. In all cases the user m.'st »nsure that no external reset is generated by the application during the ICC session.

3. The use of Pin 7 of the ICC cunver.or depends on the programming tool architecture. This pin must be connected when
using most ST programming tonls (it is used to monitor the application power supply). Please refer to the programming tool
manual.

4. Pin 9 has to be rannected to the OSC1 (or OSCIN) pin of the ST7 when the clock is not available in the application or if the
selected clo~k »zann is not programmed in the option byte. ST7 devices with multi-oscillator capability need to have OSC2
grounded i~ this case.

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 customized
(number of bytes to program, program locations, or selection serial communication interface for
downloading).

When using an STMicroelectronics or third-party programming tool that supports ICP and the specific
microcontroller device, the user needs only to implement the ICP hardware interface on the application
board (see Figure 6). For more details on the pin locations, refer to the device pinout description.
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4.7

4.8
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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, (user-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.

Related documentation

For details on Flash programming and ICC protocol, refer to the ST7 Flash Erojramming
Reference Manual and to the ST7 ICC Protocol Reference Manual.

Flash control status register (FCSR)

FCSR Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0

R/W

This register is reservea ‘v use by programming tool software. It controls the Flash
programming and eracing operations.
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5

5.1

5.2

5.3

5.3.1

5.3.2

5.3.3

Central processing unit

Introduction

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

Main features

Enable executing 63 basic instructions

Fast 8-bit by 8-bit multiply

17 main addressing modes (with indirect 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

CPU registers

The six CPU registers shown in Figuie 7 are not present in the memory mapping and are
accessed by specific instructions.

Accumulator (A)

The accumulator ic an S-bit general purpose register used to hold operands and the results
of the arithmetic aa logic calculations and to manipulate data.

Index iegisters (X and Y)

irhese 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 following instruction refers to the Y register).

The Y register is not affected by the interrupt automatic 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).
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Figure 7. CPU registers

7 0
| | | | | | | | | Accumulator
Reset value = XXh

7 0
‘ | | | | | | | X index register
Reset value = XXh

7 0
| I | l | | l | | Y index register
Reset value = XXh

l15 PCH 8|7 PCL 0
HNEEEERRRRREEER Program counter
Reset value = reset vector @ FFFEh-FFFFh
7 0
|1 |1 ||1| H| |0| N| z| c| Condition code register
Resetvalue= 1 1 1 X 1 X X X

15

8|7 0]
LITTITTTITTTITTTLT]  stackpointer
Reset value = stack higher address

X = undefined value
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5.34 Condition code register (CC)

CcC Reset value: 111x 1xxx
7 5 4 3 2 1 0
1 11 H 10 N Zz C
R/W R/W R/W R/W R/W R/W R/W

The 8-bit condition code register contains the interrupt masks and four flags representative
of the result of the instruction just executed. This register can also be handled by the push

and pop instructions.

These bits can be individually tested and/or controlled by specific instructions.

Table 5. CC register description

Bit Name Function
Interrupt management bits
The combination of the 11 and 10 bits gives \he cu.rent interrupt software
priority:
10: Interrupt software priority = level C (:mzin)
01: Interrupt software priority =2\ %
53 11,10 00: Interrupt software priority =\2vel 2
' (interrupt) 11: Interrupt software prioity = level 3 (interrupt disable)
These two bits ar: seticleared by hardware when entering in interrupt. The
loaded value is gi.'en oy the corresponding bits in the interrupt software
priority reqisters (IXSPR). They can be also set/cleared by software with the
RIM S'\, 1RET, HALT, WFI and push/pop instructions. See Section 7:
Int=r.upts or. page 59 for more details.
Arthrnetic management bit
| This bit is set by hardware when a carry occurs between bits 3 and 4 of the
ALU during an ADD or ADC instructions. It is reset by hardware during the
4 4 same instructions.
\alf carry) 0: No half carry has occurred

1: A half carry has occurred

This bit is tested using the JRH or JRNH instruction. The H bit is useful in
BCD arithmetic subroutines.

N
(negative)

Arithmetic management bit

This bit is set and cleared by hardware. It is representative of the result sign

of the last arithmetic, logical or data manipulation. It's a copy of the result 7th

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 instructions.
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5.3.5

Note:
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Table 5. CC register description (continued)

Bit Name Function

Arithmetic management bit
This bitis set and cleared by hardware. This bit indicates that the result of the
z last arithmetic, logical or data manipulation is zero.

(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.

Arithmetic management bit
This bit is set and cleared by hardware and software. It indicates an overflow
or an underflow has occurred during the last arithmetic operation.
0 Cc 0: No overflow or underflow has occurred
(carry/borrow) | 1: An overflow or underflow has occurred
This bit is driven by the SCF and RCF instructions and tested hv tho JxC and
JRNC instructions. It is also affected by the “bit test and bren~h”, shift and
rotate instructions.

Stack pointer register (SP)

SP Reset value: 01 FFh

15 14 13 12 11 10 9 8
2 7 1
W RIW
7 6 £ 4 3 2 1 0
\~ SP[7:0]
)\t RIW RIW

The ste2ls hointer is a 16-bit register which always points to the next free location in the
stack. 1* is decremented after data has been pushed onto the stack and incremented before
de 2 is popped from the stack (see Figure 8).

Since the stack is 256 bytes deep, the 8 most significant bits are forced by hardware.
Following an MCU reset, or after a reset stack pointer instruction (RSP), the stack pointer
contains its reset value (the SP7 to SPO bits are set) which is the stack higher address.

The LSB of the stack pointer (called S) can be directly accessed by an LD instruction.

When the lower limit is exceeded, the stack pointer wraps around to the stack upper limit,
without indicating the stack overflow. The previously stored information is then overwritten
and therefore lost. The stack also wraps in case of an underflow.

The stack is used to save the return address during 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 instructions. In the case of an interrupt, the PCL is stored at the first location
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pointed to by the SP. Then the other registers are stored in the next locations as shown in
Figure 8.

® When an interrupt is received, the SP is decremented 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 interrupt five locations in the stack area.

Figure 8.  Stack manipulation example

Call Interrupt RET
subroutine event Push'Y Pop Y IRET or RSP
@ 0100h
— —
I
|
SP —
sp — Y spP N |
N > [R—
CcC CcC CcC
A A A
X X L _’ |
PCH PCH ' PCH
N PCL PCL pcL| SP_
PCH PCH PCH | PCH PCH
' SP
@ O01FFh PCL PCL |_P_.L j PCL PCL —

Stack higher address = 01FFh
Stack lower address = 0100h
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Supply, reset and clock management

Introduction

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

For more details, refer to dedicated parametric section.

Main features

® Reset sequence manager (RSM)
® 1 crystal/ceramic resonator oscillator
® System integrity management (Sl)

Main supply low voltage detection (LVD)

Auxiliary voltage detector (AVD) with interrupt capaniity 1or monitoring the main
supply

Clock security system (CSS) with the VCO of \he PLL, providing a backup safe
oscillator

Clock detector

PLL which can be used to riultin *the frequency by 2 if the clock frequency input
is 8MHz.
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Figure 9. Clock, reset and supply block diagram

System integrity management

r—— - - — — — — — — — 1
| I
| [fose\ |
; f
| Clock security system fc'-lK Main clock controller Eﬁ
q PLL P with real time clock
0SC2 «—» » 8MHz 16MHz | (MCC/RTC) futc
Oscillator 112 Safeosc lock —
OSCl1 «—p fosc | J |
DIV2|OP CKSEL
I I
| SICSR, page 1 |, | |
I PAl o [ved LofPLL] § [ck] ol
| GE EN|CK|EN| | [SEL " |
| _{
I I
I 4 I
| —1 Clock detector |
I I
> I Y = W I
Reset sequence L AVD interruni reguest '] watchdog timer
RESET «—»[— manager | SICSR, page 0| — - l | (WDG)
(RSM) | PAJA mAvDI VD[ ) [csslcsswod |
GE, It | = |RF IE| D|RF
A | "t |
| CSS interrupt rbquest
e N\ — 1 4
Vss — B[} B _»  Low voltage detector
VM —p A (LVD)
| Auxillary voltage detector| |
(AVD)
1. s recommended to decouple the power supply by placing a 0.1pF capacitor as close as possible to Vpp
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Oscillator

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

The associated hardware configurations are shown in Table 6. Refer to the electrical
characteristics 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 OSCL1 pin while the OSC2 pin is not connected.

Crystal/ceramic oscillators

This family of oscillators has the advantage of producing a very accurate rate cn the raein
clock of the ST7. In this mode, the resonator and the load capacitors have tc pe ~laced as
close as possible to the oscillator pins in order to minimize output distoition and start-up
stabilization time.

This oscillator is not stopped during the reset phase to avoid ‘0s:ng time in its start-up
phase. See Section 12: Electrical characteristics for more deta'ls.

When crystal oscillator is used as a clock source, a risk 7 failure may exist if no series
resistors are implemented.

Table 6. ST7 clock sources
Hzrdware configuration
ST7
é 0OSsC1 osc2
S [ ] L]
X T
5 | NC
- External
| source
g ST7
8 OSsC1 0scC2
§ [ ] [ ]
[®)
: Nl ] T
3 | L] |
= c c
[ L1 L2
§ Ve Load Ve
O capacitors
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6.4

6.4.1

Note:

Caution:

6.4.2

Reset sequence manager (RSM)

Introduction

The reset sequence manager includes three reset sources are shown in Figure 11.
® External RESET source pulse

® Internal LVD reset (low voltage detection)

® internal watchdog reset

A reset can also be triggered following the detection of an illegal opcode or prebyte code.
Refer to Section 11.2.2 on page 309 for further details.

These sources act on the RESET pin and it is always kept low during the delay phase.
The reset service routine vector is fixed at addresses FFFEh-FFFFh in the ST7 memory/
map.

The basic reset sequence consists of three phases as shown in Figure *C

® Active phase depending on the reset source

® 256 or 4096 CPU clock cycle delay (selected by option ivte)

® Reset vector fetch

When the ST7 is unprogrammed or fully erased, ti:e Fiash is blank and the reset vector is

not programmed. For this reason, it is recommea:2d to keep the RESET pin in low state
until programming mode is entered, in order \5 <void unwanted behavior.

The 256 or 4096 CPU clock cycle delay a'luws the oscillator to stabilize and ensures that
recovery has taken place from the resel state. The shorter or longer clock cycle delay
should be selected by option by*e to correspond to the stabilization time of the external
oscillator used in the apol.cauon.

The reset vector fetch otase duration is 2 clock cycles.

Figure 10. Rusct sequence phases

| Reset
) Internal reset Fetch
Active phase 256 or 4096 clock cycles vector

Asynchronous external RESET pin

The RESET pin is both an input and an open-drain output with integrated Rqy weak pull-up
resistor. This pull-up has no fixed value but varies in accordance with the input voltage. It
can be pulled low by external circuitry to reset the device. See Section 12: Electrical
characteristics for more details.

A reset signal originating from an external source must have a duration of at least trsTL)in
in order to be recognized (see Figure 12). This detection is asynchronous and therefore the
MCU can enter reset state even in Halt mode.
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Figure 11. Reset block diagram

Vbp

Ron

Reset «—»[ | Filter [%o > Inrteeég?l
pul Watchdog reset
< ulse 1)
lllegal opcode reset
] generator LVI:g) reszt

7777

1. See Section 11.2.2: lllegal opcode reset on page 309 for more details on illegal opczu> 1 2<et conditions.

The RESET pin is an asynchronous signal which plays a major rolz in =S performance. In
a noisy environment, it is recommended to follow the guidelir.es mantioned in the electrical
characteristics section.

External power-on reset

If the LVD is disabled by option byte, to si=it uo the microcontroller correctly, the user must
ensure by means of an external reset circ 1 tnat the reset signal is held low until Vpp is over
the minimum level specified for the seiczied fogc frequency.

A proper reset signal for a slew ising Vpp supply can generally be provided by an external
RC network connected to the RESET pin.

Internal low vaitage detector (LVD) reset

Two diffzrent reset sequences caused by the internal LVD circuitry can be distinguished:
® Pcwer-on reset
& Voltage drop reset

‘rhe device RESET pin acts as an output that is pulled low when Vpp < V14 (rising edge) or
Vpp < V1 (falling edge) as shown in Figure 12.

The LVD filters spikes on Vpp larger than typp) to avoid parasitic resets.

Internal watchdog reset

The RESET sequence generated by a internal watchdog counter overflow is shown in
Figure 12.

Starting from the Watchdog counter underflow, the device RESET pin acts as an output that
is pulled low during at least t,yrsTi)out-
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Figure 12. Reset sequences

VITsvD) |- - -\ - - - -
ViT(Lvb)

LVD
reset

r\»§(:tive phase

External

th(RSTL)in

RESET . I
source ' !
RESET pin(» , A

Watchdog
reset

External
reset

Active
phase

»>—

Watchdog

reset
Run Active Run
phase|

€—> twizsTL)out

Watchdog underflow J

—

Internal reset (256 or 4096 Tcpyy)

B Vector fetch
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System integrity management (Sl)

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.

A reset can also be triggered following the detection of an illegal opcode or prebyte code.
Refer to Section 11.2.2 on page 309 for further details.

Low voltage detector (LVD)

The low voltage detector function (LVD) generates 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 V1. reference value for a voltage drop is lower than the V1, reference value for rower-
on in order to avoid a parasitic reset when the MCU starts running and sinks cuir2iit on the
supply (hysteresis).

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

® V|, when Vpp is rising

® V1. when Vpp is falling

The LVD function is illustrated in Figure 13.

Provided the minimum Vpp value (guarantee’ in: the oscillator frequency) is above V1., the
MCU can only be in two modes:

® under full software control

® in static safe reset

In these conditions, sectr upcretion is always ensured for the application without the need
for external reset harcwau e.

During a low vo'ic.9e aetector reset, the RESET pin is held low, thus permitting the MCU to
reset other cev'ces.

The LVT alluws the device to be used without any external reset circuitry.
The LVD is an optional function which can be selected by option byte.

It1s recommended to make sure that the Vpp supply voltage rises monotonously when the
device is exiting from reset, to ensure the application functions properly.

Figure 13. Low voltage detector vs reset

AVpp
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6.5.2

Caution:

Auxiliary voltage detector (AVD)

The voltage detector function (AVD) is based on an analog comparison between a Vv (avp)
and Vi (avp) reference value and the Vpp main supply. The V1. reference value for falling
voltage is lower than the V|1, reference value for rising voltage in order to avoid parasitic
detection (hysteresis).

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

The AVD function is active only if the LVD is enabled through the option byte (see
Section 14.1 on page 356).

Monitoring the Vpp main supply

If the AVD interrupt is enabled, an interrupt is generated when the voltage crosses (ha
ViT+(avD) OF ViT(avp) threshold (AVDF bit toggles).

In the case of a drop in voltage, the AVD interrupt acts as an early wari.ir.q, anowing
software to shut down safely before the LVD resets the microcontroller Sze Figure 14.

The interrupt on the rising edge is used to inform the applica*or: that the Vpp warning state
is over.

If the voltage rise time t,, is less than 256 or 4096 CPL ¢/ ies (depending on the reset delay
selected by option byte), no AVD interrupt is gensretec when Vit avp) is reached.
If t,,, is greater than 256 or 4096 cycles ther:

e Ifthe AVD interrupt is enabled be:fore e Vir,ayp) threshold is reached, then two AVD
interrupts are received: the first wircn the AVDIE bit is set, and the second when the
threshold is reached.

e Ifthe AVD interrupt ic eri@aled after the Vi, avp) threshold is reached then only one
AVD interrupt ocr.urs
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Figure 14. Using the AVD to monitor Vpp

AV
bo Early warning interrupt
(power has dropped, MCU not yet in reset)

6.5.3

Note:
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Vhyst
Vitsavp) | - - - - - - - L
Vitavoy |- - oo oo NP LY
L (Y e N e
R B R e N . .
! e «—» tyy voltage rise time
AVDF bit o X 1 D¢ 0 ( ~ \
AVD interrupt I : : i —\7
request if !_I. ' I—
AVDIE bit = 1 ' t ! Y
. “— Interrupt process : ! — Interrupt process
LVD RESET : ] J'— —

Clock security system (CSS)

The clock security system (CSS) protects the ST7 against main clock problems. To allow the
integration of the security feat'ires in the applications, it is based on a PLL which can
provide a backup clock. The ~I.L can be enabled or disabled by option byte or by software. It
requires an 8-MHz inpu: cincic and provides a 16-MHz output clock.

Safe oscillator ¢arntrol
The safe ciscilletor of the CSS block is made of a PLL.

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

“he clock signal must be present at start-up. Otherwise, the ST7TMC1K2-Auto,
ST7MC1K26Auto, ST7TMC2S4-Auto, and ST7MC2S6-Auto do not start and are maintained
in reset conditions.

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 CSSIE bit has been previously set.
These two bits are described in the SICSR register description.
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6.5.4

6.5.5

Low power modes

Table 7. Effect of low power modes on Sl

Mode Description

Wait | 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
Halt | 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.

Interrupts

The CSS or AVD interrupt events generate an interrupt if the corresponding enrakle coun.rol
bit (CSSIE or AVDIE) is set and the interrupt mask in the CC register is rese’ (RiM
instruction).

Table 8. Slinterrupt control/wake-up capability
Interrunt event Event fla Enablecontro' Exit from Exit from
P g i WAIT HALT
CSS event detection . cSsD |  CSSIE Yes No®
(safe oscillator activated as main clock)
AVD event AVOFR AVDIE Yes Yes

1. This interrupt allows to exit from Active Halt \..ude.

System integrity contrui/status register (SICSR, page 0)

SICSR, page 0 Reset value: 000x 000x (00h)
7 b 5 4 3 2 1 0
‘ PAGT- 7‘ AVDIE AVDF LVDRF Reserved CSSIE CSSD WDGRF
Rw RIW R/W RIW - RIW RIW R/W

Table 9. SICSR (page 0) register description

Bit| Name Function

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

7 | PAGE

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 information is automatically
cleared when software enters the AVD interrupt routine.

0: AVD interrupt disabled

1: AVD interrupt enabled

6 | AVDIE
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Table 9. SICSR (page 0) register description (continued)
Bit| Name Function
Voltage detector flag
This read-only bit is set and cleared by hardware. If the AVDIE bit is set, an interrupt
5 | AVDF request is generated when the AVDF bit changes value.
0: Vpp over Vit (ayp) threshold
1: Vpp under V|r(ayp) threshold
LVD reset flag
This bit indicates that the last reset was generated by the LVD block. It is set by
4 | LVDRF | hardware (LVD reset) and cleared by software (writing zero). See WDGREF flag
description for more details. When the LVD is disabled by option byte, the LVDRF bit
value is undefined.
3 - Reserved, must be kept cleared
Clock security system interrupt enable
This bit enables the interrupt when a disturbance is detected L ¢ the: clock security
> | cssiE 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 Z3SIE bit has no effect.
Clock security system detection
This bit indicates a disturbance or t1e main clock signal (fosc): The clock stops (at
least for a few cycles). It is <2t 1y n:rdware and cleared by reading the SICSR
1| CSSD register when the origin- ox c.'l=2(or recovers.
0: Safe oscillator is not a~tive
1: Safe oscillatcr has peen activated
When the PL'_is a'sabled (PLLEN = 0), the CSSD bit value must be kept cleared.
Watchdoy reset flag
This Lit indicates that the last reset was generated by the watchdog peripheral. It is
se. by hardware (watchdog reset) and cleared by software (writing zero) or an LVD
o lweare | reset (to ensure a stable cleared state of the WDGRF flag when CPU starts).
Combined with the LVDREF flag information, the flag description is given below:
00: Reset sources = external RESET pin

01: Reset sources = WDG
1X: Reset sources = LVD

Application notes

The LVDREF flag is not cleared when another reset type occurs (external or watchdog), the
LVDRF flag remains set to keep trace of the original failure.

In this case, a watchdog reset can be detected by software while an external reset can not.
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6.5.6

System in

SICSR, page
7

tegrity control/status register (SICSR, page 1)

1 Reset value: 0000 0000 (00h)
6 5 4 3 2 1 0

PAGE

Reserved VCOEN LOCK PLLEN Reserved CKSEL Reserved

R/W

Table 10.

- R/W RO R/W - R/W -

SICSR (page 1) register description

Bit| Name

Function

7 | PAGE

SICSR register page selection
This bit selects the SICSR register page. It is set and cleared by softwar 2.

0: Access to SICSR register mapped in page 0
1: Access to SICSR register mapped in page 1

Reserved, must be kept cleared

5 |VCOEN

VCO enable

This bit is set and cleared by software.

0: VCO (voltage controlled oscillator) conne~tec 1o the output of the PLL charge
pump (default mode), to obtain a 16 Mz octput frequency (with an 8 MHz input
frequency)

1: VCO tied to ground in order to ektuiit a 10 MHz frequency (fyco)

Note: During ICC sessior, (i bitis set to 1 in order to have an internal frequency

which does not depend ¢n th 2 input clock. Then, it can be reset in order to run faster

with an external oscill~tor.

4 | LOCK

PLL locked
This bit is -ecd only. It is set by hardware. It is set automatically when the PLL
reach.a. it operating frequency.
.21 not locked
1: PLL locked

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:
- During ICC session, this bit is set to 1.
- PLL cannot be disabled if the PLL clock source is selected (CKSEL = 1).

Reserved, must be kept cleared.

1 | CKSEL

Clock source selection
This bit selects the clock source: oscillator clock or clock from the PLL. It is set and
cleared by software. It can also be set by option byte (PLL opt).
0: Oscillator clock selected
1: PLL clock selected
Notes:
- During ICC session, this bit is set to 1. Then, CKSEL can be reset in order to run
- Clock from the PLL cannot be selected if the PLL is disabled (PLLEN = 0).
- f the clock source is selected by PLL option bit, CKSEL bit selection has no effect.

Reserved, must be kept cleared
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6.6

6.6.1

6.6.2

Caution:

6.6.3

6.6.4
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Main clock controller with real time clock and beeper
(MCC/RTC)

The main clock controller consists of three different functions:
® aprogrammable CPU clock prescaler,

® aclock-out signal to supply external devices,

® areal time clock timer with interrupt capability.

Each function can be used independently and simultaneously.

Programmable CPU clock prescaler

The programmable CPU clock prescaler supplies the clock for the ST7 CPU and its iniernal
peripherals. It manages the Slow power saving mode (see Section 8.2: Slow moce o n ore
details).

The prescaler selects the fop; main clock frequency and is controlled b, \hr2e bits in the
MCCSR register: CP[1:0] and SMS.

Clock-out capability

The clock-out capability is an alternate function of ar( 1"C port pin that outputs a fogc, clock
to drive external devices. It is controlled by the MCC wit in the MCCSR register.

When selected, the clock out pin suspend's e Clock during Active Halt mode.

Real time clock timer (RTC)

The counter of the real tin'e cicci< timer allows an interrupt to be generated based on an
accurate real time cloc!<. -our different time bases depending directly on fogc, are available.
The whole functionai‘ty is controlled by four bits of the MCCSR register: TB[1:0], OIE and
OIF

When o 1 C interrupt is enabled (OIE bit set), the ST7 enters Active Halt mode when the
HALT i struction is executed. See Section 8.4: Active Halt and Halt modes for more details.

Beeper

The beep function is controlled by the MCCBCR register. It can output three selectable
frequencies on the beep pin (/O port alternate function).
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6.6.5

Figure 15.

Main clock controller (MCC/RTC) block diagram

BC1| BCO
MCCBCR
v VvV
Beep signal
> generator —» Beep
—» MCO
A
RTC
DIV128 counter
MCCSR T
MCO CPO[SMS| TB1| TBO| OIE| OIF
¢ ’ i i \L 4\—D_’ MCC/RTZ invarrent
0sc2 T -
CLK DIV 2 | DIV2, 4,8, 16 [P (and tc M.TC peripheral)

f
€Y~ CPU clock to

CPU and
) peripherals
v v DIV2 [vfy e

DIV 2, 4,8,16 [P £
e \ MTC y, To motor control

peripheral

Low power modes

Table 11.  Effect of low puvwe - modes on MCC/RTC

Mode Description

Wait Nn ¢ ffe >t on MCC/RTC peripheral.

 MCiZ/RTC interrupt cause the device to exit from Wait mode.

Active halt No effect on MCC/RTC counter (OIE bit is set), the registers are frozen.
b (/ MCC/RTC interrupt cause the device to exit from Active Halt mode.
|A WA
| 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.
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6.6.6 Interrupts

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

Table 12.  MCC/RTC interrupt control/wake-up capability

Interrupt event Event flag | Enable control bit | Exit from WAIT | Exit from HALT

Time base overflow event OIF OIE Yes No®@

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

6.6.7 MCC control status register (MCCSR)

MCCSR Reset value: 00°0 00175 (V0h)
7 6 5 4 3 2 1 0
MCO CP[1:0] SMS TB[1:0] J_ _JHE OIF
R/W R/W R/W R/W '\ R/W R/W

Table 13. MCCSR register description

Bit | Name ~unction

Main clock out selection
This bit enables the MCQ alte rriate function on the PFO I/O port. It is set and cleared
by software.
7 | MCO 0: MCO alternate function disabled (I/O pin free for general-purpose 1/0)
1: MCO alternate function enabled (fogc0n I/0 port)
Note: T reduce power consumption, the MCO function is not active in Active Halt
mode.

CF'J _lock 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
5.5 TP[L:0] set and gleared by software:

: 00: fcpy in slow mode = fogco/2

| 01: fepy in slow mode = fogco/4

10: fCPU in slow mode = f0502/8

11: fcpy in slow mode = fogco/16

Slow mode select
This bit is set and cleared by software.
4 | sms 0: Normal mode. fcpy = fosceo
1: Slow mode. fcpy is given by CP1, CPO
See Section 8.2: Slow mode and Section 6.6: Main clock controller with real time
clock and beeper (MCC/RTC) for more details.

J
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Table 13. MCCSR register description (continued)

Bit | Name Function

Time base control
software:
and 2 ms (foscz = 8 MHZ)
3:2 TB[lO] and 4 ms (foscz = 8 MHZ)

and 10 ms (foscz =8 MHZ)

and 25 ms (foscz =8 MHZ)

used as a real time clock.

These bits select the programmable divider time base. They are set and cleared by
00: Time base (counter prescaler 16000) = 4 ms (fogco = 4 MHz)

01: Time base (counter prescaler 32000) = 8 ms (fogco = 4 MHz)

10: Time base (counter prescaler 80000) = 20 ms (fogcz = 4 MHz)

11: Time base (counter prescaler 200000) = 50 ms (fogc, = 4 MHz)

A modification of the time base is taken into account at the end of the ¢ irvent period
(previously set) to avoid an unwanted time shift. This allows this time: besc tu be

Oscillator interrupt enable
This bit set and cleared by software.

1 OIE 0: Oscillator interrupt disabled
1: Oscillator interrupt enabled

This interrupt can be used to exit from Ac*ve halt mode. When this bit is set, calling
the ST7 software HALT instruction ete-s the Active HALT power saving mode

Oscillator interrupt flag

(TB1:0).
0: Timeout 1'0. icac1ed
1: Timerswu reached

0 OIF

rey'sicr to avoid unintentionally clearing the OIF bit.

This bit is set by hardwa. e ar d cleared by software reading the CSR register. It
indicates when set that the main oscillator has reached the selected elapsed time

Cautivrn: “'he BRES and BSET instructions must not be used on the MCCSR

57/371




Supply, reset and clock management ST7MC1K2-Auto, ST7TMC1K6-Auto, ST7TMC2S4-Auto,

6.6.8 MCC beep control register (MCCBCR)

MCCBCR Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
Reserved ADSTS ADC IE BC[1:0]
- RIW R/W RIW

Table 14. MCCBCR register description

Bit | Name Function

74 - Reserved, must be kept cleared

A/D converter sample time stretch

This bit is set and cleared by software to enable or disable the A/D converter samrpie ‘in.2 stretch
3 | ADSTS feature.

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

A/D converter interrupt enable

> | ADC IE This bit is set and cleared by software to enable or disakl= the A/D converter interrupt.
0: AD Interrupt disabled
1: AD Interrupt enabled

Beep control
These 2 bits select the PF1 pin beep capawiiy:
00: Beep mode (with fogco = 8 MHz) -~ oif
01: Beep mode (with fogco =  MHz) = .~2 kHz (output beep signal ~50% duty

cycle)
1:0 | BC[1:0] | 10: Beep mode (with i 5 » = 8 MHz) = .~1 kHz (output beep signal ~50% duty
cycle)
11: Beep mcde (viih foger = 8 MHZz) = .~500 Hz (output beep signal ~50% duty
cycle)
Tk e baen output signal is available in Active Halt mode but has to be disabled to reduce the
conumption.
6.6.9 Main clock controller register map and reset values
Tahe 15. Main clock controller register map and reset values
Address (Hex.) | Register label 7 6 5 4 3 2 1 0
SICSR, page0 | PAGE VDIE VDF LVDRF CFIE CSSD |WDGRF
0040h
reset value 0 0 0 X 0 0 0 X
0040h SICSR, pagel | PAGE VCOEN | LOCK | PLLEN CKSEL
reset value 0 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 0
002Dh MCCBCR ADSTS | ADCIE BC1 BCO
reset value 0 0 0 0 0 0 0 0
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Z

7.1

7.2

Note:

Interrupts

Introduction

The ST7 enhanced interrupt management provides the following features:
® Hardware interrupts
® Software interrupt (TRAP)

® 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),

o fixed interrupt vector addresses located at the higi- ¢ dcresses of the memory map
(FFEOh to FFFFh) sorted by hardware priority cruer.

This enhanced interrupt controller guarantees iu!! Lupward compatibility with the standard
(not nested) ST7 interrupt controller.

Masking and processing flow

The interrupt masking i3 m«naged by the 11 and 10 bits of the CC register and the ISPRx
registers which ¢ive (e interrupt software priority level of each interrupt vector (see
Table 16). The prosessing flow is shown in Figure 16.

When an i teriupt request has to be serviced:

® No.mal processing is suspended at the end of the current instruction execution.

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

o |1 and 10 bits of CC register are set according to the corresponding values in the ISPRx
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 Table 22: Interrupt
mapping 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.

As a consequence of the IRET instruction, the 11 and 10 bits are restored from the stack and
the program in the previous level is resumed.
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Table 16. Interrupt software priority levels
Interrupt software priority Level 11 10
Level 0 (main) Low 1 0
Level 1 0 1
Level 2 0 0
Level 3 (interrupt disable) High 1 1
Figure 16. Interrupt processing flowchart
. Pendin Y AV
> interrupqt > MCE/’/ =B
Interrupt has the same or a \
lower software priority i
N than currentone =~
¢7 N 11:0
Fetch next The interrurt
instruction stays per 1np
T
I
f ) | Interrupt has a higher
IRET (7 software priority
than current one
N
Restore PC, X, A, CC Execite : 4
from stack instructicn Stack PC, X, A, CC
\./ Load 11:0 from interrupt SW reg.
. Load PC from interrupt vector
7.2.1 Servicing peinaing interrupts
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As sev<idi ‘inweirupts can be pending at the same time, the interrupt to be taken into account

is detei'nined by the following two-step process:

% the highest software priority interrupt is serviced,
n if several interrupts have the same software priority then the interrupt with the highest

hardware priority is serviced first.

Figure 17 describes this decision process.
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Note:

71.2.2

7.2.3

1

Figure 17. Priority decision process

Pending
interrupts

Different

Software
priority

Highest software
priority serviced

Highest hardware
priority serviced

When an interrupt request is not serviced immediately, it is latched a~d then processed
when its software priority combined with the hardware prioritv Lacornes the highest one.

The hardware priority is exclusive while the software one iz now. This allows the previous
process to succeed with only one interrupt.

Reset, TRAP and MCES can be considered as hcoving the highest software priority in the
decision process.

Different interrupt vector sources

Two interrupt source types are imanaged by the ST7 interrupt controller: the non-maskable
type (reset, TRAP) and th 1maskable type (external or from internal peripherals).

Non-maskab:= swurces

These snuicas are processed regardless of the state of the 11 and 10 bits of the CC register
(see F.oure 16). After stacking the PC, X, A and CC registers (except for reset), the
connspunding vector is loaded in the PC register and the 11 and 10 bits of the CC are set to
Gisavle interrupts (level 3). These sources allow the processor to exit Halt mode.
® TRAP (non maskable software interrupt)
This software interrupt is serviced when the TRAP instruction is executed. It is serviced
according to the flowchart in Figure 16 as a MCES top level interrupt.
® 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 highest hardware priority.
See Section 6.4: Reset sequence manager (RSM) for more details.
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7.2.4 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 conditions is false, the interrupt
is latched and thus remains pending.
® 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 register.
® External interrupts:
External interrupts allow the processor to exit from HALT low power mode.
External interrupt sensitivity is software selectable through the external interr ipt control
register (EICR).
External interrupt triggered on edge is latched and the interrupt reg.est automatically
cleared upon entering the interrupt service routine.
If several input pins of a group connected to the same ir.fer.uyt line are selected
simultaneously, these are logically ORed.
® Peripheral interrupts:
Usually the peripheral interrupts cause the vi".') 10 exit from Halt mode except those
mentioned in Table 22: Interrupt manpin
A peripheral interrupt occurs when < cnecific flag is set in the peripheral status
registers and if the corresponding erable bit is set in the peripheral control register.
The general sequence for <learing an interrupt is based on an access to the status
register followed by & read ¢r write to an associated register.
Note: The clearing sequenc?2 receus the internal latch. Therefore, a pending interrupt (that is, an
interrupt waiting .9 he serviced) is lost if the clear sequence is executed.
7.3 Interrupts and low power modes
A'l mterrupts 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 Table 22: Interrupt mapping). When several pending interrupts
are present while exiting 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 process shown in
Figure 17.
Note: If an interrupt, that is not able to exit from Halt mode, is pending with the highest priority
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when exiting Halt mode, this interrupt is serviced after the first one serviced.
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7.4

Concurrent and nested management

Figure 18 and Figure 19 show two different interrupt management modes. The first is called
concurrent mode and does not allow an interrupt to be interrupted, unlike the nested mode
in Figure 19. The interrupt hardware priority is given in this order from the lowest to the
highest: MAIN, IT4, IT3,IT2, IT1, ITO, MCES. The software priority is given for each
interrupt.

Warning: A stack overflow may occur without notifying the software of
the failure.

Figure 18. Concurrent interrupt management
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Figure 19. Nesiad interrupt management
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7.5 Interrupt registers
7.5.1 CPU CC register interrupt bits
CPU CC register Reset value: 111x 1010 (xAh)
7 6 5 4 3 2 1 0
1 11 H 10 N z C
R/W R/W R/W R/W R/W R/W R/W
Table 17. CPU CC register interrupt bits description
Bit | Name Function
Software interrupt priority
These two bits indicate the current interrupt software priority:
10: Interrupt software priority = level 0 (main)
01: Interrupt software priority = level 1
53|11 10 00: Interrupt software priority = level 2
' ' 11: Interrupt software priority = level 3 (interrupt :‘isabfe)(l)
These 2 bits are set/cleared by hardware when ar.(ering in interrupt. The loaded
value is given by the corresponding bits ‘n ‘e interrupt software priority registers
(ISPRx). They can be also set/cleare 1 b 7 software with the RIM, SIM, HALT, WFI,
IRET and push/pop instructicns ‘sce Table 19: Dedicated interrupt instruction set).
1. MCES, TRAP and reset events can interruat a | 2vel 3 program.
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Interrupts

Interrupt software priority registers (ISPRX)

ISPRO Reset value: 1111 1111 (FFh)
7 6 5 4 3 2 1 0
113 10 3 1.2 10_2 111 10 1 11.0 100
R/W R/W R/W R/W R/W R/W R/W R/W
ISPR1 Reset value: 1111 1111 (FFh)
7 6 5 4 3 2 1 0
117 107 I1 6 0 6 115 0 5 11 4 IC_4
R/W R/W R/W R/W R/W R/W R/W <IW
ISPR2 Reset vaite: 1111 1111 (FFh)
7 6 5 4 3 A 1 0
1111 10_11 11_10 10_10 11.9 |(,—_9_ 1.8 10_8
R/W R/W R/W R/W RNV - R/W R/W R/W
ISPR3 Reset value: 1111 1111 (FFh)
7 6 5 4 3 2 1 0
1 1 1 1 11.13 10_13 11_12 10_12
RO RO _RO RO R/W R/W R/W R/W

These four regis.2is vontain the interrupt software priority of each interrupt vector.

® Each intewruri vector (except reset and TRAP) has corresponding bits in those
regicters where its own software priority is stored. This correspondence is shown in
Talle 18.

o TFachll_xand I0_x bit value in the ISPRX registers has the same meaning as the I1
and 10 bits in the CC register.

® Level 0 can not be written (I1_x =1, I0_x = 0). In this case, the previously stored value
is kept. (example: previous = CFh, write = 64h, result = 44h)

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

Table 18. ISPRx interrupt vector correspondence

Vector address ISPRX bits

FFFBh-FFFAh
FFFOh-FFF8h
FFE1h-FFEOh

11._0 and 10_0 bits®
I11_1 and 10_1 bits
I11_13 and 10_13 bits

1. Bits in the ISPRx registers which correspond to the MCES can be read and written but they are not
significant in the interrupt process management.
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Caution:

7.6

7.7

Note:

7.71
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If the 11_x and 10_x bits are modified while the interrupt x is executed the following behavior
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 previous one, the interrupt x is re-entered.
Otherwise, the software priority stays unchanged up to the next interrupt request (after the
IRET of the interrupt x).

Interrupt instructions

Table 19. Dedicated interrupt instruction set®

Instruction New description Function/example 1| H|IO|N]|] Z|C
HALT Entering Halt mode 1 0

IRET Interrupt routine return Pop CC, A, X, PC 11 H 10 N h Z_ T
JRM Jump if 11:0 = 11 (level 3) 11:0=11"7 ",V

JRNM Jump if 11:0 <> 11 11:0<>117 |_ \/

Pop CC Pop CC from the stack Mem => CC | 2 _!1_ 0| N| Z]|C
RIM Enable interrupt (level 0 set) |Load 10in11:00ofCC | 1 0

SIM Disable interrupt (level 3 set) |Load 11 in 1.0 L_f‘L,_C 1 1

TRAP Software TRAP Softwaie 'Kﬂ_ 1 1

WFI Wait for interrupt o~ vl 1 0

1. During the execution of an interrupt routine, the HALT, popCC, RIM, SIM and WFI instructions change the
current software priority up to the next IPET instruction or one of the previously mentioned instructions.

External interrupts

The pending inten s are cleared writing a different value in the 1Sx[1:0], IPA or IPB bits of
the EICR.

Externc.t interrupts are masked when an 1/O (configured as input interrupt) of the same
Misirupt vector is forced to Vgg.

I/O port interrupt sensitivity

The external interrupt sensitivity is controlled by the IPA, IPB and ISxx bits of the EICR
register (Figure 20). This control allows to have up to four fully independent external
interrupt source sensitivities.

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

Rising edge

Falling and rising edge

Falling edge and low level

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

To guarantee correct functionality, the sensitivity bits in the EICR register can be modified
only when the 11 and 10 bits of the CC register are both set to 1 (level 3).
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Figure 20. External interrupt control bits
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Sensitiv ty PA7
PA7 O > control PA6
EEEY-E—
| L PA5 eil interrupt source
| I PA3

PC3
PC2

EICR
FCOR3 1S10 1S11
FCDODR.3 j )
L' \—y Sensitivity
3 DﬂD;» control
' 5
I IPA bit

Port CO, port B[7:6] interrupts EICR
IS10 | IS11
PCOR.O j}
PCDDR.0
Sensitivity
PCO O » control
I

> ei2 interrupt source
PC1

ei2 interrupt source
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External interrupt control register (EICR)

EICR
7

Reset value: 0000 0000 (00h)
6 5 4 3 2 1 0

1S1[1:0]

IPB 1S2[1:0] 1S3[1:0] IPA

R/W

R/W R/W R/W R/W

Table 20. EICR register description

Bit | Name

Function

7:6 | 1S1[1:0]

Interrupt sensitivity (ei2 sensitivity)

The interrupt sensitivity, defined using the IS1[1:0] bits, is applied to the “ol'owiny
external interrupts:
External interrupt ei2 (port C[3:2]):
00: External interrupt sensitivity = falling edge and low level (*T 3 hi. = 0)
and rising edge and high level (IPB bit = 1)
01: External interrupt sensitivity = rising edge only (i3 hit - 0)
and falling edge only (IPB bit = 1)
10: External interrupt sensitivity = falling ed:-e <n'y (IPB bit = 0)
and rising edge only (IPB bit = 1)
11: External interrupt sensitivity = riciny' ond falling edge (IPB bit = 0 and IPB bit = 1)
External interrupt ei2 (port RI7.C}:
00: External interrupt sersivacv - falling edge and low level
01: External interrupt se.sitivity = rising edge only
10: External interrupt sensitivity = falling edge only
11: External irtarrpt sensitivity = rising and falling edge
These 2 bite car be written only when 11 and 10 of the CC register are both setto 1
(level 2).

5 P3

Intzunt polarity (for port C)

Ivus bit is used to invert the sensitivity of port C[3:2] external interrupts. It can be set
and cleared by software only when I1 and |0 of the CC register are both setto 1
(level 3).

0: No sensitivity inversion

1: Sensitivity inversion

4:31S2[1:0]

Interrupt sensitivity (eil sensitivity)

The interrupt sensitivity, defined using the 1S2[1:0] bits, is applied to the following
external interrupts:

External interrupt eil (port A3 and A5):

00: External interrupt sensitivity = falling edge and low level

01: External interrupt sensitivity = rising edge only

10: External interrupt sensitivity = falling edge only

11: External interrupt sensitivity = rising and falling edge

J
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Table 20. EICR register description (continued)
Bit | Name Function
Interrupt sensitivity (eiO sensitivity)
The interrupt sensitivity, defined using the 1S2[1:0] bits, is applied to the following
external interrupts:
External interrupt eiO (port D[6:4]):
00: External interrupt sensitivity = falling edge and low level (IPA bit = 0)
and rising edge and high level (IPA bit = 1)
01: External interrupt sensitivity = rising edge only (IPA bit = 0)
and falling edge only (IPA bit = 1)
2:1|1S3[1:0] 10: external interrupt sensitivity = falling edge only (IPA bit = 0)
and rising edge only (IPA bit = 1)
11: external interrupt sensitivity = rising and falling edge (IPA bit = 0 and IP* bit = 1)
External interrupt eiO (port D[3:1]):
00: External interrupt sensitivity = falling edge and low level
01: External interrupt sensitivity = rising edge only
10: External interrupt sensitivity = falling edge only
11: External interrupt sensitivity = rising and falling e2g-
These 2 bits can be written only when 11 and 10 of \»& CC register are both set to 1
(level 3).
Interrupt polarity (for port D)
This bit is used to invert the sensitivi'y L port D [6:4] external interrupts. It can be set
0 IPA and cleared by software only wher 1 and 10 of the CC register are both setto 1
(level 3).
0: No sensitivity inversion
1: Sensitivity inversior.

Nested interrupts register map and reset values

Table 21. = Neswed interrupts register map and reset values
Addrecs (Hex.) | Register label 7 6 5 4 3 2 1 0
i eil ei0 MCC + S| MCES
0024h ISPRO 1.3 [103 112|102 ] 111101
Reset value 1 1 1 1 1 1 1 1
MTC C/D MTC R/Z MTC U/CL ei2
0025h ISPR1 1.7 | 107 | 116 | 106 | 115|105 | 114|104
Reset value 1 1 1 1 1 1 1 1
SCI Timer B Timer A SPI
0026h ISPR2 1111 {1011 11,10 (1010 | 11.9 | 109 | 11.8 | 10_8
Reset value 1 1 1 1 1 1 1 1
PWMART AVD
0027h ISPR3 1115 |10 15 | 1114 {10 14 | 11.13 | 10 13 | 1112 | 10_12
Reset value 1 1 1 1 1 1 1 1
EICR IS11 IS10 IPB 1S21 1S20 IPA
0028h Reset value 0 0 0 0 0 0 0 0
69/371




Interrupts ST7MC1K2-Auto, ST7/MC1K6-Auto, ST7/TMC2S4-Auto, ST7/MC2S6-Auto
7.9 Interrupt addresses
Table 22.  Interrupt mapping
. Register | Priority | Exitfrom Address
No. | Source block Description label order HALT® vector
Reset Reset ; Yes FFFEh-FFFFh
N/A
TRAP Software interrupt No FFFCh-FFFDh
0 MCES Motor_ control emergency stop or speed MISR . No FEFAN-FEEBh
error interrupt MCRC Highest
; . : priority
1 |McC/RTC CSS Main cloc_:k control_ler Flme_ base interrupt| MCCSR Yes FEESh-FEE9h
Safe oscillator activation interrupt SICSR
2 ei0 External interrupt port Yes FF=6n-FFi=7h
3 eil External interrupt port N/A Yes F~=r4h-FFF5h
4 ei2 External interrupt port ‘es FFF2h-FFF3h
5 Event U, current loop or sampling out MISR/ No FFFOh-FFF1h
! P Ping MCONF
6 MTC Event R or event Z No FFEEh-FFEFh
M'SR
7 Event C or event D No FFECh-FFEDhQ
8 SPI SPI peripheral interrupts | <FICSR Yes FFEAh-FFEBhO
9 Timer A Timer A peripheral interrupts TASR No FFE8h-FFE9h
10 Timer B Timer B peripheral interrupts TBSR v No FFE6h-FFE7h
11 LINSCI™ LINSCI™ peripheral nt=r:ip's SCISR Lowest No FFE4h-FFES5h
— W priority
Auxiliary voltage detzcior interrupt SICSR
12 AVDIADC ADC ena 97 ccversion interrupt ADCSR Yes FFE2h-FFESh
PWNi ART overflow interrupt ARTCSR
13 PWMART Lr‘\NM ART input capture interrupts ARTICCSR No FFEOh-FFELh

1. Valid for Halt ar.d Active Halt modes except for the MCC/RTC or CSS interrupt source which exits from Active Halt mode
only.

70/371
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8

8.1

Power saving modes

Introduction

To give a large measure of flexibility to the application in terms of power consumption, four
main power saving modes are implemented in the ST7 (see Figure 21): Slow, Wait (Slow
Wait), Active Halt and Halt.

After a reset the normal operating mode is selected 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 frequen